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Format of the Individual Research Activity Reports

A. Research outline
e Abstract of current research (in Japanese and English).
B. Publications

e Selected publications of the past five years (up to ten items, including books).
As an exceptional rule, the lists inclucle all the publications issued in the period
2020.1.1~2020.12.31

C. Invited addresses

e Selected invited addresses of the past five years (symposia, seminars etc., up to ten items).
D. Courses given

e For each course, the title, a brief description and its classification are listed.
Course classifications are:

1. graduate level or joint fourth year/graduate level;

2. third year level (in the Faculty of Science);

3. courses in the Faculty of General Education®;

4. intensive courses.

*Courses in the Faculty of General Education include those offered in the Department of Pure and

Applied Sciences (in third and fourth years).

E. Master’s and doctoral theses supervised

e Supervised theses of students who obtained degrees in the academic year ending in March,
2018.

F. External academic duties

e Committee membership in learned societies, editorial work, organization of external sym-

posia, etc.
G. Awards
e Awards received over the past five years.
H. Host of Foreign Visiter by JSPS et al.

e Brief activities of the visitors; topics, contents and talk schedules, up to five visitors



1. EABIRESRS

Individual Research Activity Reports

##% (Professors)

=H 38t (AIDA Shigeki)

A. T

MR FRRADGE L Hk, 7 7 3ATHREX
N5 fifE A (=Rough differential equation,
RDE & WEFLT %) OfIZH, A1 T — i, Mil-
stein ¥Tf8l, Crank-Nicolson T {Bl7e & D {LUfE A
EZon, ISHEEETHE. HEXTVWBEHEA
DRMKEM [0,7) TEZERINTWVWEHA, 20
X [ D HERR i {KT/N Y, (N € N) &/NX[H
[(k—1)T/N,kT/N] TOEFREEFED R4 % i\
THOM X, o XV BilgEhs. 2o
U Y 72 > T OIAM 22 [ 1

1 S#ElEfMs< LziomEss XN - x, a8
0 IR TBAE—F (N~ (a > 0) D
F—R—7Y) OPE

2. A=K =2 o tbhozgE, EHRLL-
e No(xXN) — X)) ORERA A OUE

Thod. BEEEIEIILVF VT —LVO5E,
RIVF U=V E AW T, BB SE X
NTW5.

UL L, DAY ZEBENSEED T T/NAT
IFE X N5 RDE OB&E, S VF 7 —ik%
WS ZeNTET BEDINS DOMFEEE%
AT E R,

—Ji, RIRTED Y 4 —F — I AN SEE DR
LHRDIGE, E—A Y MDD S DA DUR
DHED LWV S FE U WEER (4 IRE— A v MEH) »3
2000 %12 Nualart, Peccati 512 & b 554,
U W UM ER E BEASHESL S NBRD 7. 2 o DR
REHWT, Bffize 1 ocERMD X054
DFEH Nourdin 5 DJEL THbH 7z,

LB ABERELFRT, N—AMRT A=K HP
1/3 < H < 1/2 DIGAEOIREHT 50 v iE#HD
K¢, Nourdin & DFERZHLIET BT 1 IKITLDY

BNTIEBLERAE DM R DA DIRE 21T - 72 (Osaka
J. Math. 57 (2020), no. 2, 381-424).

e DBLDHBDIX, ZIRED RDE OFED
EFbE nrepiase NooxY) - X,) ogs
2 ERED 4 IRE— A v NEHZE W7 RIS
XHBIEED, T ODWTIZT TITH4 235
BT AR DIFEEIZ X DIZER D SN TWVWD
(Firz, Riedel, Nualart, Tindel, etal.).

S, KBREHFAT, $F5A—K pe0,1] %
WAL, Zhoorpiai XNV v Ho#k X,
&S 55 L WRLEeuEE X0 28AL
(XN = x,, x VD = xS AasE & ST
TEHEMEEMED TV D, EEQ L, FEELLE
RIS A =R EEATVWED, ZDNRFTA—X
BT B MR kXN BN sk s
BRGFHi 2 R > Z L 2R T &8 IldH B, 1R
DA, ZOMMEEREA VWS Z LIZL > TE
+ 2 FEDFEH KDL T— D N— A MEEDIE
BT 70 VETHRBI I N AWML HREADEE
HABGERNEONDE Z Db h o Tx.

T oIZFHK*~ 1%, RDE OfED< Y TNV DOEKRT
DA FIREMEDH U WA 2572, ZDFEHOF
ExlAGHLET, ZIRGEDOEE DR Dk
EEEDTNWDLELIATHS.

The same as It0’s stochastic differential equa-
tions, there are several approximation solutions
to RDEs(=Rough differential equations), e.g.,
the Euler, Milstein and Cranek-Nicolson ap-
proximation. Let Xt(N) be an approximation to
the solution X;, where N(€ N) corresponds to
the mesh size of approximation solution. The
basic problem is to determine the convergence
speed of X{™ — X, (e.9. X =X, = O(N—9)
as N — oo0) and the identification of the limit

distribution of the normalized error distribu-



tion of NO‘(Xt(N) — X;) as N — oo. There
have been many deep studies when the driving
process of the SDE is a semimartingale. How-
ever, this theory cannot be applied to solutions
to Gaussian RDEs. In this case, some people
(Nourdin, Friz, Riedel, Nualart, Tindel, etal.)
already started the study of the above problems
by using the 4-th moment theorem which were
obtained by Nualart and Peccati in 2000s. I
also obtained several limit theorems in one di-
mension cases jointly with Nobuaki Nanaguma
(Osaka J. Math. 57 (2020), no. 2, 381-424) for
the fractional Brownian motion with the hurst
parameter 1/3 < H <1/2.

I approach this problem by introducing an
interpolation approximation processes Xt(N’p )
(p € [0,1]) where XV = x, xMV) = xV)
jointly with Naganuma. Ueda Kento (second
year master course student) determined the
limit distribution in the case of Milstein scheme
for any H > 0 in one dimensional cases by us-
ing this idea. We also obtained a new proof of
the Malliavin differentiability of the solution to
RDE and we plan to apply the argument and
method to the problem of the analysis of the

limit distribution of the above problem.

B. F& L

1. S. Aida and N. Naganuma, “Error

analysis for approximations to one-
dimensional SDEs via the perturbation
method”, Osaka J. Math. 57 (2020), no.
2, 381-424.

2. S. Aida, T. Kikuchi and S. Kusuoka :
“The rates of the LP-convergence of the
Euler-Maruyama and Wong-Zakai ap-
proximations of path-dependent stochas-
tic differential equations under the Lip-
schitz condition”, Tohoku Math. J. (2)
70 (2018), no. 1, 65-95.

3. S. Aida :

“Semi-classical limit of Schrédinger op-
erators in infinite dimensional spaces”,
Sugaku Expositions 29 (2016), 203-226.

C. HEaFEE

10.

. Weak Poincaré

. On a certain class of path-dependent

stochastic differential equations,
“Japanese-German Open conference on
stochastic analysis 2019”7, &K%, 2019
4,9 A.

. On a certain class of path-dependent

stochastic differential equations,

“New Directions in Stochastic Analysis:
Rough Paths, SPDEs and Related Top-
ics”, LY v, KA, 2019 4E 3 A.
inequalities on path
spaces : non-explosion case, “Tokyo one-
day workshop on stochastic analysis and
geometry”, BFUKF K F B HRRL 7 5%
B, 2018 4 11 A.

. BRI R Y TRERIT DN T, “HER

figtfr & 2 DIEH”, FHELR PR E AR
B, 2018 £ 7 H.

. Rough differential equations contain-

ing path-dependent bounded variation
terms, Workshop on “Mathematical fi-
nance and related issues”, KB K22
Bty &— 2018 4, 3 H.

. Asymptotics of spectral gaps on in-

finite dimensional spaces, Tokyo-Seoul
conference in Mathematics —Probability
Theory—, HE K, 2017 4, 12 A.

. Asymptotics of spectral gaps on loop

spaces, Metric Measure spaces and
Ricci curvature, Max-Planck Institute
for Mathematics, &~ >, KA Y, 2017,

September.

. Support theorem for reflected diffusion

processes, RIMS #fge54x TR/ VR
VL], BERKRFBERARIT IR ZERT, 2016
12 H.

. Rough differential equations contain-

ing path-dependent bounded variation
terms, W THERMENT & 2 D]
JUMKRZF: (BB v > /R R), 2016 4F 11 H.
Reflected rough differential equations via

controlled paths, Rough paths, Regular-



ity structures and related topics, Math-
ematisches Forschungsinstitut Oberwol-
fach, Germany, May, 2016.

¥

1. SRR I MR 2EMN], R, 046, <

3 7 HEH R ¥ ORI DI HIHS L O
R—THO ORI EAEIT > 7. (BE
ARG HARIER 4 FAEMNITGER)
CHERFEHE T VR ROEE L
R— DI I DN - R D ILHE Ik
S, SSUNR % & o 72 IR D 3RS, KB
D aR A, rp DR PR E B 7 & 0D SR AE B
DI E T > 72, (3 HEEMITH#ER)

. HERMREIT Y - HERKGHE XA - < VF v
TV AR & T E D W
W FIRR N DRI DONWTHER L 7=
(B AFRE - 4 FAEIEER)

. R XE - Bk Ve — 2B
DAT 4 VF = ARMFITIE 2 DO
Bnad. 55 OBEBNE FREFBBR
51, (V=< v EREIALR=Z)FEHEL
TEWMNLEL. UL pIREB ) VAL
(1 <p<?2) OABRKEINTNSE
B YUV IO L TREETILELRD .
p BREFNUEREWVIEE R ZDERIME I
B, YV IHEAL UTHEERTER
{75, HERBREOY Y TR ATID &
S BENERIMEL 2L 20561 T
3] REERTLIHEG, EHEEOX IV
Fur—MEE L IZUT THEERD] &
LTEZSINDZON RN THB. Lh
U, fEREREL SEE D TFIREDY ] 124
7235 T 7 NRAL VIR EHNZY VI
4 DGR D LR A Terry Lyons 12 & b 2
KINFH L WES - s AREAOHRAE
XhTWwa., ZoHEHIE EIvILFY
F=IVDHT IV — %R - fERER
ULCHEHAMEETH L. Z0OHFEBETIE, 20
F 7 RATEEN X B My AR DONT
Gubinelli (2 & D EA X N/ HEHIH SR &
WOBERZE NICU T EIT > 2. (BOR
KRBT - 4 FEILEER, 700 HHFHERE)

E. &+ - itimx

1. (L) tEH & A (UEDA Kento):
—fDN— A MEBEFED 1 IR T
Z0 HEENZ K > T B I N B 5 7 W
HRRTBITB I a kA v EDOMAES
T DOWE

2. (&%) @ K (TAKAI Hiroki):

S INRAMTD T VB LT 4 — 27 DI
SRR

3. (f&t) #H Kigt (MATSUI Hiroki):

V¥ v 78 RDE DD A HEME L Z D
B

F. XAMf%E S — e 2

1. Journal of Stochastic Analysis (Commu-
nications on Stochastic Analysis 75 %
FRZEEE) O associated editor

2. Journal of Mathematical Sciences, the
University of Tokyo OfiEZRE

3. Stochastic Processes and their Applica-
tions (Elsevier) @ asscociated editor

4. Vo4 VRIS E S THERMRNT & %
D] (2020.11.24~11.25) HEEA

#H# #BHE (ARAI Toshiyasu)

A. TR

w8 Lo FERBEH g iz & 25 MHEM
WOP(g) 1& EROEIIES X 1T L T g(X)
HEH) WO ERTHY, ERIFES g DELD
FHIZE D ZOGFEHGRNE S AARR D Z EAH S
NTWDY, 206 OFFRIE, BEIZGEHRIER X
WK T & - 72 Comprehension Axiom 72 & &
WOP(g) AFETHDZE2BUTHLONTL
fo. % 2T —f3iz ACA LT, WOP(g) O
HREmPANE P B0 B RIBI . g DEBUNAEIR ¢'(0) &
FLWIZ &R UK. GEIHOBIE, BEREMED IR
NOMDIAAZRMT B2 L, RUEDHDIAA
D, g(X) B3 g-HOFHBAABEN:Z H Wz
IARIZH 5.

F7z, 2 BRI HR O —# SBL TO A v M
F %, AERDIEHHX % Gentzen-Takeuti i (2 fi#
WLUTHRUZ SBL OF vy MNEEI, 2 BEH



AL—CA + BI ©, 55 WA U = & 72 5 F R
BEARTREIEF 2 D LG d KPi @ 1-consistency
LR%ETHS.

The well ordering principle WOP(g) for a nor-
mal function g on ordinals states that whenever
a well order X is given, g(X) is also a well
order. Its proof-theoretic strength is known
to depend on the normal functions g. Proofs
of these facts were obtained by showing that
WOP(g) is equivalent to a Comprehension Ax-
iom, whose strength has been determined. We
show in general that the proof-theoretic or-
dinal of WOP(g) over ACAy is equal to the
least fixed point g'(0) of the normal function
g. The key in our proof lies in an extraction
of an embedding from derivations of the well-
foundedness, and of an extendability of embed-
dings through an indiscernibility of g-terms in
g(X).

Second, we show a cut-elimination theorem for
a subsystem SBL of second order logic calcu-
lus through an analysis of finite proof figures
a 14 Gentzen-Takeuti. The theorem for SBL is
equivalent to the 1-consistency of the second-
order arithmetic AJ—CA + BI, or equivalently
of the set theory KP¢ for recursively inaccessi-

ble ordinals.
B. FFKiw X

1. FrflE - “&BE - B LA, HRENE
2016 £ 11 A

2. T. Arai : “Derivatives of normal func-
tions and w-models”, Arch. Math. Logic
57 (2018), 649-664.

3. T. Arai : “Cut-eliminability in second
order logic calculus”, Ann. Japan Asso.
Phil. Sci., 27 (2018), 45-60.

4. T. Arai : “Proof-theoretic strengths of
weak theories for positive inductive def-
initions”, Jour. Symb. Logic 83 (2018),
1091-1111.

5. T. Arai : “Cut-elimination for w;”, Ann.
Pure Appl. Logic 169 (2018), 1246-1269.

6. T. Arai: “Proof-theoretic strengths of
the well ordering principles”, Arch.
Math. Logic 59 (2020), 257-275.

7. T. Arai, D. Ferndndez-Duque, S. Wainer
and A. Weiermann: “Predicatively un-
provable termination of the Ackerman-
nian Goodstein process”, Proc. Amer.
Math. Soc. 148 (2020), 3567-3582.

8. T. Arai: “Cut-elimination for SBL”, in
The Legacy of Kurt Schiitte, ed. by R.
Kahle and M. Rathjen, Springer (2020),
pp. 265-298.

9. T. Arai: “Ordinal Analysis with an In-
troduction to Proof Theory”, Springer
202049 H

. PSR

1. Finitary analyses of regularities, Oper-
ations, Sets, and Types, Bern, Switzer-
land. Apr. 2016.

2. fE%EE, WG E D > TR I W, K
RO iR T E R &
ZDIH] L 2016 £ 9 H.

3. MrN D EAR TR D RIKGRHZER], B 5L
AR OHI2, 2016 4 11 H.

4. Proof-theoretic strengths of weak the-
ories for positive inductive definitions,
LMU Miinchen, Germany. Feb. 2018.

5. Some results in proof theory, Logic Col-
loquium 2019, Praha, Czech. Aug. 2019.

6. Mahlo classes for first-order reflections,
Workshop on Proof Theory, Modal Logic
and Reflection Principles (WORMSHOP
2019), Universitat de Barcelona, Spain.
Nov. 2019.

. AR

1. BOHGRELY: - IRHBE XD: Godel 12 & 5
FogeMEz# Uk, BFoRRAMLzH
U7, Aot o e U CRIEH
IRBEE & FE B HI D a— R{L &L THh
5, 1 BEEM PA 28 AT 5720IZHBD
ML 2T -72. o PA ORI



% Geiix, X RNWEEH) DRk 2 3R -
FETUT, 51-m e e A B R EH Z R A
. TNSHERBUT, FE-BLUPHE-FRE
MM OIEHE 5 272, ZDE, HFEK
BITEREOEZFZHHEL T, 1 B
D5eetE 2 IEHR E TR, 2 OX
T2 B o et 2k Lz, (B
KFbT - 4 FEIL@GER)
CBUEERGE XA, BUERGESE TR AR,
R. Hindley, “Basic Type Theory”, M.
H. Sgrensen and P. Urzyczyn, “Lectures
on the Curry-Howard Isomorphism”, P.
Smith, “An Introduction to Godel’s The-
orems”, “#FHMEIw”. (FHEHHEER 4
EAz)
. éf%%ﬁ(? IT: GHEICBT 2 A DR L
T, (REME & IRREN) A— b~ bY
IERIEEE, IERIEREL, SUIR E HSCE & SR
HEEE FTyvaxurid—r~ by,
pumping lemma, F 2 —Y > 7§ & G
AR, i - G RER, 2 5 A P & NP,
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. Characterization of F-concavity and

heat flow: We introduce a notion
of F-concavity which largely general-
izes the wusual concavity. By the
use of the notions of closedness un-
der positive scalar multiplication and
closedness under positive exponentiation
we characterize power concavity and
power log-concavity among nontrivial F-
concavities, respectively. Furthermore,
we discuss the strongest F-concavity pre-
served by the Dirichlet heat flow, char-
acterizing log-concavity also in this con-
nection. This is a joint work with Paolo
Salani (Univ. of Florence) and Asuka

Takatsu (Tokyo Metropolitan Univ.)

. Solvability of nonlinear parabolic sys-

tems: We study qualitative properties of
the initial trace of the solution to a non-
linear parabolic system and obtain nec-
essary conditions on the initial data for

the existence of solutions. Furthermore,



we study sufficient conditions on the ini-
tial data for the solvability of the nonlin-
ear parabolic system and clarify optimal
singularities of the initial functions for
the solvability. This is a joint work with
Yohei Fujishima (Shizuoka Univ.)

. Decay estimates for Schrodinger heat
Let H (= —A + V be
a nonnegative Schrodinger operator on
L?(RY), where N > 2 and V is a radi-

ally symmetric inverse square potential.

semigroup:

We obtain sharp decay estimates of oper-
ator norms of V®e~* in Lorentz spaces.
These decays depend on the criticality of
H and the behavior of the correspond-
ing positive harmonic functions and their
derivatives. This is a joint work with Yu-
jiro Tateishi (Univ. of Tokyo, D2).
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My main research interest has been to develop
mathematical analysis for structured popula-
tion dynamics models in biology, demography
and epidemiology. Recent my concern focuses
on the following two topics:

[1] Age-structured epidemic models with boost-
ing and waning of immune status: The dynam-
ics of immune status among host individuals
plays a crucial role in the spread of infectious
diseases. Individuals which have just recov-
ered from disease obtain any immunity, how-
ever, its level of effectiveness is not necessarily
time-constant but can vary as time evolves. An
individual’s immunity may decay as time goes
by, while it could be regained by boosting, which
means the immunity enhancement by continued
or intermittent exposure to infectious agent.
In a series of papers of 1980s, J. L. Aron devel-
oped mathematical models for malaria to con-
sider the effect of immunity boosting by rein-
fection, in which the recovered individuals are
assumed to be partially susceptible and infec-
tive, and their immune status can be boosted
by reinfection. In my formulation of the Aron
model, the boosting effect is expressed by a
boundary condition such that the immunity
clock (time since recovery) is reset to zero by
boosting (reinfection). That is, the reset of the
immunity clock means the boosting of immu-
nity to the level that is attained by the natural

recovery from clinical infection. For this Aron—

Inaba formulation, a crucial assumption is that
newly boosted individuals has the same immu-
nity level as individuals who have just recovered
from symptomatic infection.

In this joint study with K. Okuwa and T. Ku-
niya, we extend the Aron—Inaba model so that
the effect of boosting is that the immunity clock
is reset to any time less than the recovery-
age at which reinfection occurs. If the im-
munity level is monotone decreasing with re-
spect to the recovery-age, our assumption im-
plies that newly boosted (reinfected) individu-
als could get, with a given probability, any level
of immunity between the maximum level that
is gained by recovery from symptomatic infec-
tion status and the level at reinfection. We
have established the well-posedness result of
our basic system. Then we investigated the ini-
tial invasion condition which is formulated by
the local stability of disease-free steady state.
Thirdly we considered the existence of endemic
steady states. Finally we provided a bifurca-
tion analysis of endemic steady states. Based
on Lyapunov—-Schmidt type arguments, we de-
termined the direction of bifurcation that en-
demic steady states bifurcate from the disease-
free steady state when the basic reproduction
number passes through the unity. We gave a
necessary and sufficient condition for backward
bifurcation to occur.

[2] Possible effects of mixed prevention strategy
for COVID-19 epidemic: The pandemic coron-
avirus disease 2019 (COVID-19) has spread and
caused enormous and serious damages to many
countries worldwide. One of the most typical
interventions is the social distancing such as
lockdown that would contribute to reduce the
number of contacts among undiagnosed indi-
viduals. However, prolongation of the period
of such a restrictive intervention could hugely
affect the social and economic systems, and the
outbreak will come back if the strong social dis-
tancing policy will end earlier due to the eco-

nomic damage. Therefore, the social distanc-



ing policy should be followed by massive test-
ing accompanied with quarantine to eradicate
the infection. In this joint study with T. Ku-
niya, we construct a mathematical model and
discuss the effect of massive testing with quar-
antine, which would be less likely to affect the
social and economic systems, and its efficacy
has been proved in South Korea, Taiwan, Viet-
nam and Hong Kong. By numerical calculation,
we show that the control reproduction number
is monotone decreasing and convex downward
with respect to the testing rate, which implies
that the improvement of the testing rate would
highly contribute to reduce the epidemic size
if the original testing rate is small. Moreover,
we show that the recurrence of the COVID-19
epidemic in Japan could be possible after the
lifting of the state of emergency if there is no

massive testing and quarantine.
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I am working on Equilibrium, Nonequilibrium
statistical mechanics of quantum systems, us-
ing operator algebra theory. About nonequilib-
rium systems, I mainly worked on a state called
NESS(Nonequilibrium steady state), which is a
steady state far from equilibrium. In particu-
lar, T proved Green-Kubo formula with Prof.
V.Jaksic and Prof. C.A.Pillet, under some
physically reasonable conditions. By using
this result, we could prove Green-Kubo for-
mula for locally interacting Fermion systems
and spin Fermion systems. Furthermore, with
Prof. V.Jaksic, Prof. C.A.Pillet, and Prof.
R.Seiringer, T showed some function that ap-
pears in nonequilibrium statistical mechanics
can be seen as a rate function of a hypothe-
sis testing.

About equilibrium states, I am studying proba-
bility distributions in quantum systems. I stud-
ied one dimensional quantum spin model, and
showed large deviation principle.

Using the large deviation principle for joint dis-
tributions in quantum spin systems with re-
spect to the trace state, I showed that macro-
scopic observables can be approximated by
commuting matrices in the norm topology.

I also study ground states of quantum spin sys-
tems. In this setting, Hamiltonian is given by
a sequence of self-adjoint matrices. The exis-
tence of the uniform gap between the lowest
eigenvalue and the rest of the spectrum is an
important issue which decides the property of
ground states. Recently, classification of such
a gapped Hamiltonians attracts a lot of atten-
tions. In the one dimension, I introduced a sub-
class which we can show the gap and character-
ized this class by five physical properties. I also
defined an invariant of SPT phases in one and

two dimensional quantum spin systems.
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. Y. Ogata,

Y. Kawahigashi, Y. Ogata, E. Stormer,
Normal states of type III factors Pacific
Journal of Mathematics 267 (2014) 131—
139.

Y. Cl-
Classification of gapped parent Hamil-

Ogata,

tonians of quantum spin chains, Comm.

Math. Phys. 338 (2015) 1011-1042.

. Y. Ogata, A class of asymmetric gapped

Hamiltonians on quantum spin chains
and its characterization I, Comm. Math.
Phys. 348 (2016), 847-895.

. Y. Ogata, A class of asymmetric gapped

Hamiltonians on quantum spin chains
characterization II, Comm.

Math. Phys. 348 (2016), 897-957.

and its

. Y. Ogata, A class of asymmetric gapped

Hamiltonians on quantum spin chains

and its characterization III, Comm.
Math. Phys.352 (2017), 1205-1263.

H. Tasaki, Lieb-Schultz-
Mattis type theorems for quantum spin
chains without continuous symmetry
Comm. Math. Phys. 372 (2019), 951—

962.

. S. Ejima, Y. Ogata, Perturbation theory

of KMS states Ann. Henri Poincare 20
(2019), 2971-2986.

. A. Moon, Y. Ogata, Automorphic equiv-

alence within gapped phases in the
bulk Journal of Functional Analysis 278
(2020), Issue 8, 108422

. Y. Ogata, A Zs-Index of Symmetry Pro-

tected Topological Phases with Time
Reversal Symmetry for Quantum Spin
Chains. Comm. Math. Phys. 374(2)
705 - 734 2020 4 3 H.

Y. Ogata A classification of pure states
on quantum spin chains satisfying the
split property with on-site finite group
symmetries. Transactions of the Ameri-

can Mathematical Society, Series B 8(2)
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Quantum Systems and Effective Theo-
ries, Oberwolfach, 2016 49 A
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and its characterization,

Hamiltonians on quantum spin chains
and its characterization, QMath13, 2016
£10 A

. Y. Ogata Classification of gapped Hamil-
tonians on quantum spin chain,Mini
Course Thematic semester Mathemati-
cal challenges in many-body physics and
quantum information 2018 4£ 10 A

. Y. Ogata Lieb-Schultz-Mattis type the-
orems for quantum spin chains with-
out continuous symmetry, Quantum In-
formation and Quantum Statistical Me-
chanics - Montreal, 2018 4 10 A

. Classification of symmetry protected
topological phases
chain, NCGOA Spring Institute 2019 4E
5HTH

. Classification of symmetry protected

in quantum spin

topological phases
chains, BIRS-CMO WorkshopTopologi-
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tems 2019 4£ 6 H 3 H
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in quantum spin
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ID 1937 Many-Body Quantum Systems
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. Classification of symmetry protected
topological phases in quantum spin
chains, Thematic program Quantum In-
formation. Madrid 2019 £ 9 A 19 H

. A classification of pure states on quan-
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erty with on-site finite group symmetries,
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tors and Applications 2019 ££ 10 H 28 H
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A. TR

1. L TWEa X OEHE D O DRk & E

MIZBEZ BT, AR BUEE O F AR DR
Fla LRI NS i hm Y
U, Y PWEBEHETH 5562 RE.
BE Aut(Y/ ko) /Aut®(Y/ko) 13 A RAE K T
HBZemRU, ZORREMITMA
~ A S0 IE accept Tz (BRXX Y A b DR
X 3),

. T.-C. Dinh ##. H.-Y. Lin i+, D.--
Q. Zhang # % & OILFFFFET, d IR
PRAT N/l Al 2 12N GUAG S N =)
C—ETEHT2EAMAE g oL, fEH
g |HYY(X) @ 7 )V LABEREE m — 0o 1T
BT g [HY (X)) = O(m?-2) & &
3l EmUz, IR 3UOTDES
® Lo Bianco M LOMEROIETH B &
& £1Z, Cantat #HEZD ICM 2018 L R —
b DORIEIZX 4 % optimal 7R fRE % (T E
RILIZBWTEZ S, ZOMFIE, KiFk
BEZpEL L TW/ “T.-C. Dinh, H.-
Y. Lin, K. Oguiso, D.-Q. Zhang, Derived
lenghts and nilpotency class of zero en-
tropy groups acting on compact Kahler
manifolds" DEIEE & HIZ, ZDFWSITHN
Z 7= (Arxiv1810.04827, Version 2),
R ARG I - (OBRRY
AN 3) TOWMMFHENPE >N ITERD,
H.-Y. Lin f§4:, D.-Q. Zhang % & D3
A7ayzs bt (BEEITH) AL,
LEl 2 OFERZE d MOLEEN KL RE X
RELIMER) 220 o (REWHZE
RN 1 OERT) = hu¥—5TEH
T5HECRE g IZAFET 58 U AR E
FEER (—MIZIEFH) D Gelfand-Kirillov
Wt (22T n(X,g) &EL) OFFAf
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WKIEHT 22 2EZA T, d>37%561F
n(X,g) <2d*> —3d+1ThHbILER
UZeo BT, X D37 — NV SRk 72 5 1%
n(r,g) <d>+1ThHdI2LeZOHRRNE
REHBRUT,

. After suggestions and questions by the

referee, I proved: Let Y be a smooth
projective surface defined over ko, an
algebraic closure of the prime field F,
of odd characteristic. Then, the group
Aut(Y/ko)/Aut®(Y/ ko) is finitely gener-
ated unless Y is a rational surface. This
was added in the paper 3 in the list in B

below.

. As a joint work with Professors T.-C.

Dinh, H.-Y. Lin, and D.-Q. Zhang, we
proved: Let X be a compact Kihler man-
ifold of dimension d > 1 . Let g be
any automorphism of zero entropy of
X. Then [[(g™)* a1 x)ll = O(m*4=2)
(m — o0). This generalizes a re-
sult of Doctor Lo Bianco and also an-
swers a question posed by Professor Can-
tat in ICM report 2018 in an optimal
way. This result is also added in “T.-
C. Dinh, H.-Y. Lin, K. Oguiso, Derived
lenghts and nilpotency class of zero en-
tropy groups acting on compact Ké&h-
ler manifolds" with other major revisions

(Arxiv1810.04827, Version 2).

. In a joint work in progress with Pro-

fessors H.-S. Lin and D.-Q. Zhang, we
proved that the Gelfand-Kirillov demen-
sion of the twisted homogeneous coordi-
nate ring associated to an automorphism
of zero-entropy of a complex projective
variety of dimension d is bounded from
the above by 2d? — 3d + 1 for d > 3. We
also proved that it is bounded by d? + 1
when X is an abelian variety of dimes-
nion d, which is optimal. This joint work

has been started by my talk, on some re-



lation with Gelfand-Kirillov demensions
and a result explained in 2 above, at
Tokyo-Kyoto Algebraic Geometry Sem-
inar (Talk 3 in List C).

B. F& L

. Catanese, Fabrizio; Oguiso, Keiji: “The
double point formula with isolated sin-
gularities and canonical embeddings", J.
Lond. Math. Soc. (2) 102 (2020), no.
3, 1337-1356.

. Oguiso, Keiji; Yu, Xun: “Minimum posi-
tive entropy of complex Enriques surface
automorphisms", Duke Math. J. 169
(2020), no. 18, 3565-3606.

. Oguiso, Keiji: “A surface in odd char-
acteristic with discrete and non-finitely
generated automorphism group", Ad-
vances in Math. 375 (2020), 107397, 20
pp.

. Lazi¢, Vladimir; Oguiso, Keiji; Peternell,
Thomas: “Nef line bundles on Calabi-
Yau threefolds, I", Int. Math. Res. Not.
IMRN (2020), no. 19, 6070-6119.

. Oguiso, Keiji: “No cohomologically triv-
ial nontrivial automorphism of general-
ized Kummer manifolds", Nagoya Math.
J. 239 (2020), 110-122.

. Oguiso, Keiji; Peternell, Thomas: “On
the homeomorphism type of smooth pro-
jective fourfolds", Acta Math. Vietnam.
45 (2020), no. 1, 137-160.

Yu,
phism groups of smooth quintic three-
folds", Asian J. Math. 23 (2019), no. 2,
201-256.

. Dinh, Tien-Cuong; Oguiso, Keiji:

. Oguiso, Keiji; Xun: “Automor-

“A
surface with discrete and nonfinitely
generated automorphism group", Duke
Math. J. 168 (2019), no. 6, 941-966.

. Oguiso, Keiji: “A few explicit examples
of complex dynamics of inertia groups
on surfaces — a question of Professor

Igor Dolgachev", Transform. Groups 24
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10.

1.

(2019), no. 2, 545-561.

Oguiso, Keiji: “Pisot units, Salem num-
bers, and higher dimensional projective
manifolds with primitive automorphisms
of positive entropy", Int. Math. Res.
Not. IMRN (2019), no. 5, 1373-1400.

C. HEAFE«

K. Oguiso, “On Gelfand-Kirillov dimen-
sions of twisted homogeneous coordinate
rings of projective varieties in the view
of complex dynamics", Complex Dynam-
ics and Related Topics, 7-11 December
2020, RIMS (online).

. K. Oguiso, “Smooth projective rational

varieties with non-finitely generated dis-
crete automorphism group", ZAG semi-
nar, 8 December, 2020 (online).

. K. Oguiso, “Gelfand-Kirillov dimensions

of twisted homogeneous coordinate rings
arising from 3-dimensional projective va-
rieties", Tokyo-Kyoto Algebraic Geome-
try Seminar, 11 November, 2020 (online).

. K. Oguiso, “Smooth projective ratio-

nal varieties with nonfinitely generated
discrete automorphism group", Fudan-
SCMS AG Seminar, 21 May, 2020 (on-

line).

. K. Oguiso, “Projective rational mani-

folds with non-finitely generated discrete
automorphism group and infinitely many
real forms" (Video of my talk is avail-
able), Complex Dynamics, 27-31 Jan-
uary, 2020, CIRM, Luminy, France.

. K. Oguiso, “Finite generation problem

of the discrete automorphism group of a
smooth projective variety" (3 one hour
lectures), Lecture Series in Algebraic
Geometry, August 26 — September 27,
2019, Morningside Center of Mathemat-
ics, Beijing, China.

. K. Oguiso, “A surface in odd character-

istic with discrete and non-finitely gener-

ated automorphism group", Derived Cat-



10.

. K. Oguiso,

egories and Geometry in Positive Char-
acteristic, June 30— July 06, 2019, the
Stefan Banach International Mathemat-

ical Center, Warsaw, Poland.

. K. Oguiso, “Coble’s question and com-

plex dynamics of inertia groups on K3
surfaces", Birational Geometry and Fano
varieties dedicated to V. Iskovskikh,
June 24-28, 2019, Steklov Mathematical
Institute, Moscow, Russia.

“Minimum positive en-
tropy of complex Enriques surface au-
tomorphisms", Special Session on Com-
plex Geometry and Dynamical Systems,
the Vietnam-USA Joint Mathematical
Meeting, June 10-13, 2019, the Inter-
national Center for Interdisciplinary Sci-
ence and Education (ICISE), Quy Nhon,
Vietnam.

K. Oguiso, “Inertia Groups, Decomposi-
tion Groups and Smooth Projective Vari-
eties with Nonfinite Generated Automor-
phism Groups", Algebraic, Complex and
Arithmetic Dynamics, Simons Symposia,
May 19-25, 2019, Schloss Elmau, Ger-

many.
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1.

REF XF /BB AR HERE LS A 50
T B DB AR BB & - SRR
ZiRRE ZDEHARE o 1T L, o-BER
ERRR OB & T DEFAED 72D D E+53
Feft% | Keeler D3¢ “Criteria of sigma-
ampleness" (JAMS 2000) (Z W, BT
DEBEHIHE L HITHEIL 72, o-BER
EARRRICAT S 2 (JEA ) $& U IR EERR
ROl Noether 1%, L7 Keeler D3
X & Artin-Van den Bergh O 55K 5 XX
“Twisted homogeneous coordinate rings"
WZHRWRF L7z, MEDOE DI o-BEHE
R DEOFIHAFET B8, £ DIRITLT
» % Gelfand-Kirillov Yt H A (@6
RINIZT Y b E—FEII R D) DOARITK
FTANEBAZREIZRS (Keeler +¢),
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ZDFEHZE U721, 18 U N HIREREER D
Gelfand-Kirillov {RJtH8, ZRAKDIRIETZ
THRAE U 7= R0 78 2 T B D & G
IND L (FemEsE 2, 3125 L7z, Dinh-
Lin-Oguiso-Zhang OFER KO Z iz HD
< Lin-Oguiso-Zhang 2 & % B{EE T D
WzEkE RO —) & Z D7 %, Dinh-Lin-
Oguiso-Zhang OFERDFEH & £ Z THEE
1275 B ARBURAT - RO & & £
.27,

BRI (BB LS 1 & —4) B

RELEEDEHERE TREHFEZ LI LD
DEERFTOE T AEHEEZHY L7z,

CWARSY (B S 2, AR—L) WNH

DFEDEARM IR Z & OffEE ., BED DL
BEHARE ZTOIH, 7)) —v ey
ZOFEHABD D £ T, EIT, AEEREED
BRlE AR F) (SR> THEBIL 72,

CBEERER T CCRFA X — L) N2 B OVZEE]

LIRIE GG, ML EROITHIERR, EA N
7 POVZER], H QYERIBGAR DR TH
BN TR N e R, 2. 3IRDIE
Ji17%1 0 Jordan BEHENS, #IFEIE /115D
TRBEB e WA HRRANDIRHZRE %2, S
28 —LFETITYES 2, RBEFEOHEAE
B RO IXFRS TRHIL 72,

TR YT 4 TR TBROBTE -2 0

R 7a YT 07— (A
FEaf. S X — L 31 THIERAT & ARBEE
fil] EWSZA MILVOTFR, NAHNVOEH
DUIERMNI X BN S AL, HEEHY
SPETH] HHAR 0D B2 AR R 7 & D& % fift
U715, W o DR 3 IR O
MG L BE2 709 2 L ORI (RS & KR
ROWRE AW HIERGEH) %5 272,
F/2. BEZHDOIGHE UTHRAHNOER
D—Mft & DAL &% U 7z,

E. &+ - Ftiwx

1. (L) E5H#EKR (TAMANOI Ryouta):

Unirationality of RDP Del Pezzo Sur-

faces of degree 2.
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£ #Z (KANAI Masahiko)

A. TR

JREINEGHE D & I 5OHMENR % Al
BUTH2HH 30 EA8RE L, EEELVEICS
WTHBEBWILENREZRELTWS., &ZAT, &
T THEEED @] BEREE 2 IS0 RITEA 725
A, TNEHET 2 FEIHAEGOERDAIZE
EINBZZLHALIELIETHS. UL, ZhiC
KU, BHZEBEOE®RICIE, ThRERIL
TERT 282 2D EOENREEPELET 1T
TTH5. ZOMmEEDL L, 2018-19 FFEIG &
% & 2020 FEEH Thompson AEIZEHT 2 Hi5E %
T2 FETH-72. &b EBMAEKIZIE, Thompson
B F I3\Wbwp 3 lattice-ordered group TH 5 &
WS R 5 HFEL, O lattice & U TD5ESM
LR L, TS5ICZDIRHELT, F o (fk
LTo) WEHEAHEMIZEI T 5 McCleary—Rubin
DOEMEHAAT S, 512, F ONHHCH
BIZBI9 % Brin OFER D —% 1% R H IV
RIZEDE, AR T 2. £22h e i3MAE
Thompson # F 2EH 9 % MR TZEMIC A L
THERWEIEA D 5. £ DWW T O BRI 7 fiff
FSEHTTIZTIZANT NS, BLEAY 2020 4
EDOMEHBE TH o7z, &I 2H, EEE2EBUH
RanF Iz, HYBROA VT 1 P
HEREEZ2BOLH5HKB BT H M a0 )3t
KiEbh, MRz T 2 2 LIEARARET
Holz. TD=H, IEIZELTIE, FLAYE
B o722 03 ODBEIRTH 5.

About thirty years have passed since Gromov
initiated what is nowadays called geometric

group theory, and it has become a kind of pop-

17

ular field in mathematics in Japan as well. If
a group one picks up is, so to speak, a genuine
“discrete” group, only combinatorics is avail-
able for him to investigate that group. On the
contrary, in case the group he picks up is a rich
one, he finds, behind the group, a nice space
on which the group acts, and a wide variety of
structures on the space that is invariant under
the action. Under this guiding principle, I in-
tended to make the following researches, in the
academic year 2020-21, following those made in
the previous couple of years.

I started our researches with the observation
that the Thompson group F' is a so-called
lattice-ordered group. Via a completion of it as
a lattice, we reproved a theorem of McClearly—
Rubin on the automorphism of F' (as a group).
In addition, we reconstruct a part of the cel-
ebrated work of Brin again on the automor-
phisms of F based on a viewpoint from the the-
ory of dynamical systems. It was also planned
to explore a certain infinite dimensional space
that is hiding behind the Thompson group F'.
However, COVID-19 pandemic destroyed my
research plan totally: No essential progress was

made in the past year.

D. #%

1. TECEERI AR, TR
W e U B EBERHE.

2. MM % 1), DR REE) : 2
M LAEEZNGE U BEHERH.

3. BT 2], AR FEE] - FH
1 EEAZNRE U BHERH.

4. T XB - Mo &ie 1 ) s L%
FHEZEMICE T 2 AMIEEE, 500 &G
#, NRIZER4FEB LORFBE.

5. [h R S 2L

R AR

F. XM — AR ARFE S XA T — L iFESE
B



g 2% (KAWAZUMI Nariya)

A. TR

F 72 2B T Riemann HOE Y 2 F 1 2RO
HEHESPIZTEZ LI12H B, EFEIE, Goldman
Turaev Lie A & GHEH S L OEHHEDOH
CRBEBEEOR UNEE I FED Y — % FUDNIHISE
LTW3,

1. (ABPHE G (BEHEAK - #3E) & OHLFH
72) EEOBER D E DM E D & iz ik
327 FMHEIIZDWT, £ O HAHRED
SEERAEER ) 2% Goldman Turaev Lie &
REUZBE L THERBINE L 725 Z & &R
U7z, ZHZ & D Johnson ¥R TG D %
7RI RAE DT R S Nz, T2 & 2T
H b L — 21342 T Z OHIFIZMD 4l
% B8],

2. (MRE K (RHRARZHEEHE) L0
AE & DILFEAFZE) dhim EoSg > &
B AR DN Bz B 1 5 Turaev RN
FERSE S O fE1Z Bernoulli 28N 5 Z
& &AL, [FRFZ Bernoulli BUZBE9 5
Kronecker B0 —#ft % & Ak UGEMA
L7z [B4],

3. 0 oA EHmEIZ>WT, f5HE
BT K BBERIEBIZBIT 2 Turaev REGIN
MO T vV IVRKRES X7 [B6], Turaev
RGO T Y VERTREIEHES O
=D, TONHDTE 57,

4. (Anton Alekseev Ik (Geneve KX), A%
$ £ U Florian Naef [k (MIT) & @t [H i

7%) ERDmE DI sz diEa sk
HHTENZ D\ T, BT O SEABED LR &
RO framing ZMEYNZEE U GAEIC, X
g AR Vergne % & Afb L., ER]
BE =D Turaev REGIELAD formal
Btk O L G L7z, & <IZ, IE
RIRE b € — Turaev RIGIMEIZHKT 5
Johnson #[F B D HIHI S F IS A b
L—2zksbDLFETH S [B2][B5.
o T, BREHD Goldman fEIEDE
RERRELEZ 270 01E, IRk - &%
JEBOIL L 705 Z L E2FEBHL 72 [B1], BA
LOMEDRIE & L THTRWERED
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DI E D S a vy Ml IZ D
WT framing DFE Y —EHITBET 3
GRERFEHOBUESE S Z5HR L 72 B3],

5. (ABEKSB LU Naef K& DHFINFZ) [B5]
DELEDOHFNIH 2 “EHRRI YA 7%
Turaev IZ & % gate derivative ® —HEfK %
FAWWTALAHIIC R U, [B5] DFEHHDAL
RS AL 217 - 72,

6. (Christine Vespa K (Strasbourg X) & @
HEME) BEHFEOH RO A U NG
EARERY—IZDWT PROP % &
AUT7z,

7. (Arthur Soulié¢ K (Glasgow X) & OIL[A]
F5%) BHREHORPUNEZEIRED Y —
HTh-o-T, BRI FRER Y —RED
ETHHERFZSBRWHEZFRRL, ZoR
D ETO Tor BEZFRL 7=,

8. Siegel R PZE[MIZHK T 5 Laplace {’Fﬁq
FIZB U T Kawazumi-Zhang A% &
d’Hoker-Green-Pioline-Russo (Z & > ’CE
B2 CEAERBTHEZLVRINTY
%, ZAUTH U CIREME MR 3 T I
BERBTIIARNZ & 2L -,

My primary interest has been in clarifying the
topology of the moduli space of compact Rie-
mann surfaces. In this decade, I mainly study
the Goldman-Turaev Lie bialgebra and the sta-
ble twisted cohomology of the mapping class

group and the automorphism group of a free

group.

1. (a joint work with Yusuke Kuno (Tsuda
University)) We showed the free vector
space over the fundamental groupoid on
a compact borderd oriented surface is
a Goldman-Turaev involutive bimodule.
As an application, we found out a ge-
ometric constraint on the image of the
Johnson homomorphism of the largest
Torelli group [B8]. For example, all the

Morita traces are outside of our con-

straint.

2. (a joint work with Shinji Fukuhara



(Tsuda and Kuno) We

proved that the Bernoulli numbers ap-

University)

pear in the value of the Turaev comod-
ule structure map at the logarithm of
a based simple closed curve on a sur-
face, and formulated and proved a gen-
eralization of Kronecker formula for the
Bernoulli numbers [B4].

. We computed the tensor description of
the Turaev cobracket on the genus 0 bor-
dered surface with respect to the group-
like expansion coming from the exponen-
tial function [B6]. This was the first com-
plete computation of the tensor descrip-
tion of the Turaev cobracket.

. (a joint work with Anton Alekseev
(U. Geneve), Kuno and Florian Naef
(MIT)) We formulated a variant of the
Kashiwara-Vergne problem for any com-
pact connected oriented surface with a
generating system of its fundamental
group and a suitable framing of its tan-
gent bundle, and gave a formal descrip-
tion of a regular homotopy version of the
Turaev cobracket on the surface. In par-
ticular, the constraint of the Johnson im-
age coming from the regular homotopy
Turaev cobracket is equivalent to that
from the Enomoto-Satoh trace [B2][B5].
Moreover we prove that any group-like
expansion inducing a formal description
of the Goldman bracket is conjugate to
a special/symplectic expansion [B1]. As
a biproduct of these works, we computed
the mapping class group orbits in the ho-
motopy set of framings of a compact con-
nected oriented surface with non-empty
boundary [B3].

. (a joint work with Kuno and Naef) Using
a double version of Turaev’s gate deriva-
tives, we re-construct the double diver-
gence, which plays a central role in [B5],
topologically. This leads us to a topolog-
ical abbreviation of the proof of [B5].
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6. (a joint work with Christine Vespa (U.

Strasbourg)) We introduced a PROP
structure to the stable twisted cohomol-

ogy of the automorphism group of a free

group.

. (a joint work with Arthur Soulié(U. Glas-

gow)) We discovered the first example
of a module of the mapping class group
whose stable cohomology group is NOT a
free module over the stable cohomology
More-

over we computed its Tor-group over the

algebra with trivial coefficients.

algebra.

. With respect to the Laplacian coming

from the Siegel upper-half space, the
Kawazumi-Zhang invariant on the mod-
uli space of compact Riemann surfaces
was proved to be an eigenfunction in
genus 2 by d’"Hoker-Green-Pioline-Russo.
We proved it is not an eigen-function of
the Laplacian in non-hyperelliptic genus
3.

B. FKHi L

1. A. Alekseev, N. Kawazumi, Y. Kuno

and F. Naef: “Goldman-Turaev formal-
ity implies Kashiwara-Vergne", Quantum
Topology 11 (2020) 657-689.

. A. Alekseev, N. Kawazumi, Y. Kuno and

F. Naef: “The Goldman-Turaev Lie bial-
gebra in genus zero and the Kashiwara-
Vergne problems”, Adv. Math. 326
(2018) 1-53.

. N. Kawazumi: “The mapping class group

orbits in the framings of compact sur-
faces", Quarterly J. Math., 69 (2018)
1287-1302.

. S. Fukuhara, N. Kawazumi and Y. Kuno:

“Self-intersections of curves on a surface
and Bernoulli numbers", Osaka J. Math.,
55 (2018) 761-768.

. A. Alekseev, N. Kawazumi, Y. Kuno

and F. Naef: “ Higher genus Kashiwara-
Vergne problems and the Goldman-



Turaev Lie bialgebra", C. R. Acad. Sci.
Paris, Ser. 1. 355 (2017) 123-127.

. N. Kawazumi: “A tensorial descrip-
tion of the Turaev cobracket on genus
0 compact surfaces", RIMS Kokyuroku
Bessatsu B66 (2017) 1-13.

. N. Kawazumi and Y. Kuno: “ The
Goldman-Turaev Lie bialgebra and the
Johnson homomorphisms", ‘Handbook of
Teichmueller theory’, edited by A. Pa-
padopoulos, Volume V, EMS Publishing
House, Zurich, (2016) pp. 98-165.

. N. Kawazumi: “Some algebraic as-
pects of the Turaev cobracket", preprint,

arXiv: 1904.06686 (2019).
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. The Turaev cobracket and gate double
derivatives 2019 4 6 H 3 H, Conference:
New developments in quantum topology,
Department of Mathematics, University
of California, Berkeley. (7 A U & &%)
.27 7 iR 2019 A 7 H 13 H, EED
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. Gate double derivatives, 2019 4 7 H 18
H, ‘Expansions, Lie algebras and Invari-
ants’ , CRM, Montreal (77 %)

. Gate double derivatives, 2019 4 9 H
23 H, Geometry and Topology seminar,
Mathematics Research Unit, University
of Luxembourg (V27 &> 7)1 7)

. Formality of the Goldman bracket, Sem-
inar "Homotopy Algebra and Geometry",
2019 # 9 H 27 H, Mathematics Re-
search Unit, University of Luxembourg
(Vo yTN2)

. A double version of Turaev’s gate deriva-
tives, Séminaire Algebre et topologie,
2019 £ 10 A 22 H, IRMA, University
of Strasbourg. (75~ X)
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. The mapping class group orbits in the

framings of compact surfaces, Geometry
and Topology seminar, 2020 4 2 A 17
H, Mathematics Research Unit, Univer-
sity of Luxembourg (V27 &> 7V 7))
Formality of the Goldman-Turaev Lie
bialgebra and its applications (3)(4),
Interactions entre algebre et géométrie
2020 % 2 A 26 - 27 H, IRMA, University
of Strasbourg. (77 > X)

A double version of Turaev’ s gate
derivatives Teichmiiller Theory: Classi-
cal, Higher, Super and Quantum 2020 4
10 A 9 H, Centre International de Ren-
contres Mathématiques. (7 7 ¥ X)(F
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suaki): Bounded cohomology of volume-
preserving diffeomorphism groups
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braid groups and spin structures

F. MAsEs — e 2

MRER TV —< VHIZBE S 2 AL AT
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AR &Rz (KAWAHIGASHI Yasuyuki)

A, FTEIEE

DN FE@MIZEWT, B
BEROMSHNTHEZAEAT T bi-unitary

connection 1%, Bultinck-Mariéna-Williamson-

Jones

Sahinoglu-Haegeman-Verstraecte © ® 2 Xt b
Ru Y ANVHEFIZET 2 RIEDMRXIZH TS 4-
tensor % 52 5. %5 X projector matrix prod-
uct operator & IFIEN 2 HHIEHEEEZ X 7=,
HxIIRET b O OHPERRDIELA, bi-
unitary connection ®AEAHITHORFERD k
X ® higher relative commutant (Z—8% 2% Z &
U7z, T 200 b Ru Uik &8s
HFROBEREZ X SIZHEDLIEDTH 5.

A Dbi-unitary connection in subfactor theory
of Jones producing a subfactor of finite depth
gives a 4-tensor appearing in a recent work

of

Haegemana-Verstraete

Bultinck-Mariéna-Williamson-Sahinoglu-
on 2-dimensional
topological order and anyons. In their work,
they have a special projection called a pro-
jector matrix product operator. We prove
that the range of this projection of length k is
naturally identified with the kth higher relative
commutant of the subfactor arising from the
bi-unitary connection. This gives a further
connection between 2-dimensional topological

order and subfactor theory.

B. &L

1. M. Bischoff, Y. Kawahigashi, R. Longo,
K.-H. Rehren, “Phase

in algebraic conformal QFT?”,

boundaries
Com-
mun. Math. Phys. 342 (2016), 1-45.
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2. Y. Kawahigashi, “A relative tensor prod-
uct of subfactors over a modular ten-
sor category”, Lett. Math. Phys. 107
(2017), 1963-1970.

3. S. Carpi, Y. Kawahigashi, R. Longo,
M. Weiner, “From vertex operator al-
gebras to conformal nets and back”,
Mem. Amer. Math. Soc. 254 (2018), no.
1213, vi+85 pp.

4. Y. Kawahigashi, “Conformal field the-
ory, vertex operator algebras and oper-
ator algebras”, Proceedings of the In-
ternational Congress of Mathematicians,
Vol. III, 25972616, World Scientific, Rio
de Janeiro, 2018.

5. Y. Kawahigashi, The relative Drinfeld
commutant of a fusion category and a-
induction, Internat. Math. Res. Notices.
2019 (2019), 6304-6316.

6. Y. Kawahigashi, A remark on matrix

product operator algebras, anyons and

subfactors, Lett. Math. Phys. 110
(2020), 1113-1122.
7. Y. Kawahigashi, Projector matrix

product operators, anyons and higher

relative commutants of subfactors,

arXiv:2102.04562.

8. Y. Kawahigashi, Two-dimensional topo-

logical order and operator algebras
arXiv:2102.10953.
C. Mg«
1. Matrix product operator algebras,

anyons and subfactors, “C*-algebras”,
Oberwolfach (Germany), August 2019.

2. Matrix product operator algebras,
anyons and subfactors, Functional Anal-
ysis Seminar, UCLA (U.S.A.), October
2019.

3. Matrix
anyons and subfactors, Operator algebra
seminar, Fields (Canada),
November 2019.

4. Mathematics of topological quantum

product operator algebras,

Institute
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computing and operator algebras, “Indo-
Japan Joint Workshop on Quantum
Computing and Quantum Information”,
Indian Statistical Institute, Kolkata (In-
dia), January 2020.

. Topological phases of matter, tensor cat-

“Non-

commutative Geometry and its Applica-

egories and operator algebras,

tions”, National Institute of Science, Ed-
ucation and Research (India), January
2020.

. Topological phases of matter and oper-

ator algebras, (Five lectures), Universita
di Roma “Tor Vergata” (Italy), February
2020.

. Topological order, tensor networks and

Orders
Higher Structures”, Erwin Schrédinger
Institute, Vienna (Austria) [Online], Au-
gust 2020.

subfactors, “Topological and

. Topological order, tensor networks and

subfactors, Mathematical Picture Lan-
guage Project Seminar, Harvard Univer-
sity (U.S.A.) [Online], December 2020.

. Topological order, operator algebras and

topological quantum field theory, Cat-
egory seminar, Universidad Nacional
Auténoma de México (Mexico) [Online],
December 2020.

Topological order, tensor networks and
operator algebras, “Quantum Math, Sin-
gularities and Applications”, Okinawa
Institute of Science and Technology

(Japan) [Online], February 2021.
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&F *— (GIGA Yoshikazu)

A. fTEEEE

ISP IERRIE B R DM X, MRIBE, TRIRT%E
D &S BRARBFEIZ T TIER L, EEHMTCE -5
THEHEETH D, TODICHBHAR 2z id T
% IR R R DB X, BRI L &
FIFLEMEEET LA THERD, TOD
O, RO - — RO & S IR RTE D & i
DFFHTVEE DFRERT 247 o 7z, BUBIAECSRITBAT
DEBHTH DB,

1. 774 - A b= ZHRN : 3MTIRD
Ba. YIEEDOKE X OHIRE D3Ik
MIER K E TRO S PRI FIET 50
. BRAIRRMERETE T, 2000 FFICHR X
N7 LA HD 7T OOMDS> 5D 1 DIz
BoTWb, —HT, MEROKRKD LS %4
W Lok E, RANF T+ - X
M= 2HARARLVERINETY I 571
THEAPRVIEUVIEAVWShTWS, Z0
FHRERIZ DV TIE 3 RITI T H - T H KR
KK 7238 & DD GFERT STV 5,
LU, 7V 357« 7 HRBRROMD, B
B - A =2 ZAHEXOHETIEL
TELNEIPIZDVTIE, TRLF—ik
WZEBPEBRINTWBEIFTTH -7,
Z D 7= D HAE DI DWW THRWRE A
BETH>7z, ZHUIHL, T - ¥—&
KIERIMMED MR ZHLRS 5 Z ik b, #]
HEOWD T 2INEETD DL, Z
OELNEE I FXERBE TR U, R
KSR OBE OMOINFERIL, ZD5H
BTRADEDE R -T2,

2. 7V ARTA VIR « AR
R, RETRLVF—DARIHETH 5,
ZOHT, RT3V X — B DX R
BDGEIZ. 7V AXRT 1 U EihiRK e
FHENT WD, Zhik, L8R
Rk, FRRILCGRERT, ZOMOEHHE
HBITIR R, 7V AZ 51 iR
it 5 R R D W HIE T D % & R X R H S
WO ElENTER, LAL, NI
He— k72 BREN 11233 B G B IERIRILTH -
Tzo ZHUZH LU TEOHMEEM L, 2
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VARSI A vlliEOMEIZ, BEIIZL > T
HHERD DB IAITHEENND,

3. Kb R O R R EE SR O R X
AZALE LT, 2WAERIZEDHD
. BEAIZE B E DD 2 DHHMRKT
Hb, WEREIZOWTIE, TOREEE
THERXNIESASHONTWEN, 0D
BREBEEIZOWTIEEL bho TR,
2 RITERDIZEIZOWTE 2, REHE
BRI N TWAar -7, TOHHIL,
KETOKEHEANDIERY DESIZ, F
DEEMROMESEMBL T, 2 BARERIZ
RoTULEINLSTH D, BAMNTIL,
REREER K T OMDZEE) I NIV MY - ¥
AR Z RMNIER I N TV S
N, ZTOFREICHEENRVEETHZ, Z
DRI LT, #ERDIE Z 25/ D1
Rk, RERENKESSERDS>BZ
LERUEZ, EHITHRERIRE KD,

Analysis of nonlinear nonequilibrium phenom-
ena is important not in natural sciences includ-
ing materials science, fluid mechanics but also
in industrial technology. Mathematical analysis
on nonlinear diffusion equations is a key to form
various theoretical foundation for phenomena.
For this purpose we analyze not only fundamen-
tal problems like unique existence of a solution
but also analytic properties of solutions. Here

is explanation of our typical achievements.

1. Navier-Stokes equations: It is a famous
open problem whether or not a smooth
solution exists globally-in-time for three-
dimensional flow when the initial veloc-
ity is not necessarily small. This prob-
lem became one of the famous seven un-
solved mathematical problems posed by
Clay Institute in 2000. If one considers a
fluid in a thin film like the atmosphere,
the primitive equation derived from some
anisotropic Navier-Stokes equations is of-
ten used. For this equation, it is known

that there exists a global smooth solution



even for three-dimensional flow. How-
ever, the convergence of a solution of
the anisotropic Navier-Stokes equations
to that of the primitive equation was only
proved by an energy method. For this
reason, a strong assumption on deriva-
tive of initial data was assumed. We
weaken the assumption on initial data for
the convergence in various setting by us-
ing el pi maximal regularity theory. In
particular, our convergence theorem un-
der the no-slip condition is the first result
in this field.

. Crystalline mean curvature flow: An
anisotropic mean curvature flow is a gra-
dient flow of surface energy. If the sur-
face energy density is piecewise linear,
the flow is called crystalline mean cur-
vature. This equation is a singular diffu-
sion equation like the total variation flow
equation, so the definition of a solution
itself is non trivial. A level set method
for the initial value problem to the crys-
talline mean curvature flow has been es-
tablished by the author’s group. How-
ever, if there is a spatially non uniform
driving force, it was an open problem.
We establish the theory including this
situation. It should be noticed that the
value of crystalline curvature may be dif-
ferent depending on driving force term.

. Growth rate of a crystal surface: There
are two typical mechanisms of the growth
of a crystal surface. One is by two-
dimensional nucleations, the other is
by screw dislocations. The equation
which describes screw dislocations is
well-known. However, its growth rate
has been unknown. The growth rate
even for two-dimensional nucleation was
not studied. The reason is that the
horizontal spreading velocity depends on
the curvature so that the equation be-

comes an equation of the second order.

24

In mathematical analysis, large time be-
havior has been actively studied for the
Hamilton-Jacobi equation. However, our
setting is not included in such a the-
ory. For this problem, we show that the
growth rate depends on the shape of the
nucleation place. Moreover, we charac-

terize the growth profile.

B. FE&

1. Y. Giga, M. Gries, M. Hieber, A. Hussein

and T. Kashiwabara : “The hydrostatic
Stokes semigroup and well-posedness of
the primitive equations on spaces of
bounded functions", J. Funct. Anal. 279
(2020) 108561.

. K. Furukawa, Y. Giga, M. Hieber, A.

Hussein, T. Kashiwabara and M. Wrona:
“Rigorous justification of the hydrostatic
approximation for the primitive equa-
tions by scaled Navier-Stokes equations”,
Nonlinearity 33 (2020) 6502-6516.

. Y. Giga, R. Nakayashiki, P. Rybka and

K. Shirakawa : “On boundary detach-
ment phenomena for the total varia-
tion flow with dynamic boundary con-
ditions", J. Differential Equations 269
(2020) 10587-10629.

. Y. Giga, Q. Liu and H. Mitake : “On a

discrete scheme for time fractional fully
nonlinear evolution equations", Asymp-
tot. Anal. 120 (2020) 151-162.

. Y. Giga, K. Sakakibara, K. Taguchi and

M. Uesaka: “A new numerical scheme for
discrete constrained total variation flows
and its convergence", Numer. Math. 146
(2020) 181217,

. Y. Giga, H. Mitake and H. V. Tran: “Re-

marks on large time behavior of level-set
mean curvature flow equations with driv-
ing and source terms", Discrete Contin.
Dyn. Syst. Ser. B 25 (2020) 3983-3999.

. Y. Giga and N. Pozar : “Viscosity so-

lutions for the crystalline mean curva-



ture flow with a nonuniform driving force
term", SN Partial Differ. Equ. Appl. 1
(2020) Article number: 39.
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Modica-Mortola functional and its ap-
plications, Partial Differential Equations

under Various Metrics, Okinawa Insti-

8. Y. Giga and Z. Gu : “On the Helmholtz tute of Science and Technology Graduate
decompositions of vector fields of University, Japan (& > J 1 V), 2020 4
bounded mean oscillation and in real 12 H.

Hardy spaces over the half space"', Adv. CHERIE T 0 7 - BV N T PLEEE O B
Math. Sci. Appl. 29 (2020) 87-128. 7 R BAK PR, Workshop on Analysis in

9. T. Hidaka, K. Imamura, T. Hioki, Kagurazaka 2021, BRER KM T 29
T. Takagi, Y. Giga, M.-H. Giga, Y. BB (v F4),2021 £ 1 A.
Nishimura, Y. Kawahara, S. Hayashi, T. . On total variation flow type equa-
Niki, M. Fushimi and H. Inoue : “Pre- tions, Seminar Analysis and Applica-
diction of compound bioactivities us- tions, Delft University of Technology, the
ing heat-diffusion equation", Patterns 1 Netherlands (4> 7 A V), 2021 4 3 A.
(2020) 100140. . On some macroscopic models of phase

10. Y. Giga, F. Onoue and K. Takasao : “A transitions, Nonlinear Science Seminar,
varifold formulation of mean curvature Graduate School of Frontier Sciences,
flow with Dirichlet or dynamic boundary The University of Tokyo, Japan (# ¥ Z
conditions", Differential Integral Equa- 1), 2021 £ 3 H.
tions 34 (2021) 21-126. . Spatially discrete total variation map

11. Y. Giga, H. Mitake, T. Ohtsuka and H. flow and its time discrete approximation,
V. Tran, “Existence of asymptotic speed Differential Equations for Data Science,
for birth and spread model equations", Research Institute for Mathematical Sci-
Indiana Univ. Math. J. 70 (2021) 121- ences (RIMS), Kyoto University, Japan
156. (AvI4),2021 3 H.

12. K. Furukawa, Y. Giga and T. Kashi- A ARATREI NS MECILE O
wabara, “The hydrostatic approximation B, ¥EEe, HEKFRFEHIER PR
for the primitive equations by the scaled B (Xvo1),2021 3 A.
Navier-Stokes equations under the no-
slip boundary condition", J. Evol. Equ, D. &3
published online (2021). N

1. fiftr e XH « RS ansos # X o B ) 72 4]
C. Mg ELTOREFHREOHEAITO>VWTE
DIFRDFEF 7 S YIEFE O a] g 12 D

1. A finer singular limit of a single-well THEBI L2, TR MEMIZBITS
Modica-Mortola functional and its ap- HWa HBRAO MR ZEH L7725 2
plications, Nonlocal diffusion problems, T, b ORI DWW T oMM
nonlocal interface evolution, IMPAN fREMGmE R L 72, FoRE (Z77EY M)
(The Institute of Mathematics of the Pol- DETHTUHEEN-ETRNI LIZL
ish Academy of Sciences), Poland (# v~ HNEEX ZFH L7z, X 5ITHERRERER
74 V), 2020 4 10 H. ADISFIZ O Wiz, (BELRFE - 4

2. On total variation flow type equations, A EERE)

SN PDE Webinar, Springer Nature, BB IS B AR E
Switzerland (&> 7 ), 2020 4£ 10 A. VARV 728, IR OBER QAT U
3. A finer singular limit of a single-well TENTNDETD 5 MFHE z M Uz,



(B AR AR )

E. &+ - Mt
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(& £) N # KX (TSUBOUCHI
Shuntaro): Regularity on solutions of

equations involving one-Laplacian and p-
Laplacian with an external force term (1-
FITIVT Ve p-TTIIT VEELHN
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Yoshikazu Giga, Matthias Hieber, Pe-
ter Korn and Edriss Titi, MFO-Webinar
Mathematical Advances in Geophysical
Flows, Mathematisches Forschungsinsti-
tut Oberwolfach, Germany (4 > 71 V),
202046 H15H, 17 H, 19 H.

Yoshikazu Giga, Kohichi Sudoh, Etsuro
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. Hirofumi

Yokoyama, Surface and Interface Dy-
namics, Graduate School of Mathemat-
ical Sciences, The University of Tokyo,
Japan (%> 74 ), 2020 4 6 A 29 H-7
H1H.

. Yoshikazu Giga, Kohichi Sudoh, Etsuro

Yokoyama, Surface and Interface Dy-
namics I[, Graduate School of Mathemat-
ical Sciences, The University of Tokyo,
Japan (A~ 71 ), 2020 4 10 A 21 H-
22 H.

. Yoshikazu Giga, Qing Liu and Xiao-

dan Zhou, Partial Differential Equations
under Various Metrics, Okinawa Insti-
tute of Science and Technology Graduate
University, Japan (4> 74 V), 2020 4
12 4 8 H-11 H.

Notsu,  Yoshikazu Giga,
Masato Kimura, Hiroshi Kokubu, Sho
Sonoda and Tomohiro Taniguchi, Dif-
ferential Equations for Data Science
2021 (DEDS2021), Research Institute
(RIMS),
Kyoto University / Mathematical Inter-
disciplinary Research Station (MIRS),
Kanazawa University (4> 71 ), 2021
3 H 8 H-10 H.

for Mathematical Sciences
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1. Ngbd Quoc Anh (VNU University of Sci-
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(#1#) A new point of view on the solu-
tions to the Einstein constraint equations
with arbitrary mean curvature, Geomet-
ric Analysis and General Relativity, Bg
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23 H.

. Michal Lasica (Institute of Mathematics

of the Polish Academy of Sciences)
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AH B¥F (KIDA Yoshikata)

A. W TEIE

BEBRREIZ & D HERE AN ORMER & 2D
BB FEERRIC DO WTHIZEL T W 5. FMERGRD
PRI 72V & AR S 2 BERICGRE O f b ) 7 M &
OEEIZDOWTHRIZART WS, BT, [FRMERGR
@ (Jones—Schmidt) ZZEMEIZ R IGT B EEDMEE
PATHZPe VS HEPBEELR->T WS,
ERBEDS LB NE & £ DITIXPRIENENED BB TH B
R, FhETTRFLTRY. AXX DS B
BOBERBETHDIehbhroTW0WED, %
D EREZRE MUK TZHT S TR,
WEBRENEM: 1L, MIROFLEEDE WS HE %
BRI E RME U 2 & R d Z 2 A'T
5. WBEOETIE, MBOFLE D DRI
ULl OMBEE IR L2, ZIcED & SEE
& —Riz, EREDO FC-Fba & DB L
ZOMEEZELE L. B G O FC-HLklX, G
DL TEDOHIMEEED G THIRERTH S &>
RHDOHS B EAREEERT 2 (FC 1 finite
conjugacy DHETH 5). WEBOH.LE L DHD
BEi-T, B G IZHL, HLED FC-HL
IR A X R RS R IE, G ikeettz
EOZ eI NS, BURTIZ, ZEMD LS
Ey a3y ME (ZEEDZOICBREREE) %
ARTUTE, BRI S 2 OB 72 5 % PN
PEORD D IZER LR NIER ST, —ONER
PENERER D DIZHEL .

I am studying measure-preserving actions of
countable groups on a standard probability
space and their orbit equivalence relations. Es-
pecially T am interested in relationship be-
tween algebraic properties of equivalence rela-
tions and analytic properties of acting groups.
Among others, it is unclear which analytic
propeties of groups correspond to (Jones-
Schmidt) stability of equivalence relations. For
a countable group to admit stability, inner
amenability is necessary, but is not sufficient.
It is known that some kind of negation of Kazh-
dan’s property is also necessary, but its precise
formulation is still unclear.

Inner amenability can be regarded as a

27

functional-analytic formulation of having infi-
nite center. In past work, I solved the afore-
mentioned problem for groups with infinite cen-
ter. Based on this, this year I considered the
problem for more general groups, that is, for
groups with infinite FC-center. For a group G,
we mean by its FC-center the subgroup of G
consisting of all elements whose centralizer is of
finite index in G (where FC is an abbreviation
of “finite conjugacy”). Similarly to the case of
groups with infinite center, it is expected that
a group admits stability if its FC-center does
not have the relative Kazhdan’s property. At
the moment, to realize stability or the Schmidt
property (which is a property necessary for sta-
bility), we have to assume some algebraic con-
dition in place of inner amenability, and it is
difficult to deal with general inner amenable

groups.
B. FE&E

1. Y. Kida and R. Tucker-Drob : “Groups
with infinite FC-center have the Schmidt
property”, published online in Ergodic
Theory Dynam. Systems.

2. Y. Kida and R. Tucker-Drob : “Inner
amenable groupoids and central se-
quences”; Forum Math. Sigma 8 (2020),
€29, 84 pp.

3. Y. Kida : “The modular cocycle from
commensuration and its Mackey range”,

Operator algebras and mathematical

physics, 139-152, Adv. Stud. Pure
Math., 80, Math. Soc. Japan, Tokyo,
2019.

CARERF LI — P, BUF 70
(2018), 337-356.

5. Y. Kida : “Splitting in orbit equivalence,
treeable groups, and the Haagerup prop-
erty”, Hyperbolic geometry and geomet-
ric group theory, 167-214, Adv. Stud.
Pure Math., 73, Math. Soc. Japan,
Tokyo, 2017.

6. Y. Kida : “Stable actions and central ex-



tensions”, Math. Ann. 369 (2017), 705
722.

. L. Chifan, Y. Kida, and S. Pant : “Prime-

ness results for von Neumann algebras
associated with surface braid groups”,
Int. Math. Res. Not. IMRN 2016, no.
16, 4807-4848.
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1. HERORE & HulE FER 6RO NERAENENE, 25 16

10.

[EfRE - AT - %% % I ) —, Zoom T
DA VT A VEE, 2021 42 H.

. An invitation to measured group theory,

4 B Ak I F—, Zoom TOA YV
Z 1 VB, 2021 4 2 A.

AT E FMEBE R OBFEIC D WT, Rk

KFHGER, Zoom TOA VY T4 VI,
2020 4 10 A.

. Groups with infinite FC-center have the

Schmidt property, Measurable, Borel,
and Topological Dynamics, CIRM (7 Z
v A), 2019 4 10 A.

. Groups with infinite FC-center have the

Schmidt property, Classification Prob-
lems in von Neumann Algebras, BIRS

(1FK), 2019 4£ 9 A.

- WUBRMEBRA DIV, #EE R, K,

2019 6 H.

. (1) Orbit equivalence relations generated

by the Baumslag-Solitar groups, (2) Sta-
ble orbit equivalence relations, T)L I —
N B3R O Bl DS, HUHS R S SO A A it
AT, 2018 4£ 10 H.

. Inner amenable groupoids, {EF 35 i

D i D AE R, U K 22 B A WF 2 7
2018 4£ 9 A.

. Central sequences in the full group

and lifting problems, Operator Algebras
at UCLA: A celebration of Masamichi
Takesaki, UCLA (7 A U 77), 2018 4 4
H.

BEECRED =)L I — NHEGR O, H AR
KRR, HABF 2 HBETHZER G,

RAUREE, 2018 4 3 H.
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D. #%

1. BRARZEE I F - (BERZE) (G- 7
oL/ L ANVAN/D- -V rFiE Gi
H ) RN LD 2% Eig L7z, (¥
BT AR )

2. #fivwa vy« T (BEROBF 2D
FHRpe7vayT47-)  BOEDANMZ
BTy bATBREMHU-. (K
E-ESUIEEE SEE . £ )

3. R RZETOHEPHER [HENERE. B
B L EOMEADOHEFRERRIZDWT]
2020 4£ 10 5 6 H-9 H.

i

G. 321

Ll

1. HARZEAGRELE, 2019 4 2 H.
2. AABF2ERFTH, 2018 F 3 H.

3. % 5 M{EHZEERE, 2016 4 10 H.

I 817 (KOBAYASHI Toshiyuki)

A. WAL

2016-2020 @ 5 ERIIZBWTIE, EIIKUTD 3
F—< DOHREEITV, BRETH 1,400 R—Y
DX % Ulz, AT 2020 40 CHRIZER
wo TB. R BT 5ES (1], [2],--- T
FKildT 5,

1. MR N A RR OB & 2 4ERE

[RELD IR (2B LT, EYEREER S E &
WHGR IS e T e T e RELEZ (HA
Befe 70 JEAFRL AR AR R S FE S TR,

1A (EVERELGR) DI OBt DE L7205 K-
admissibility 2B L T [Ann. Math., 1998] Tk
NI HE R DD LD T & ZFEI U 72 [2].
1.B.(EMMEEER 2) Real shperical D&% A
U, Rl & RN FRezflabes 2 i
£oT, DIRAIOEEEDERY - AFRIEDPHIZ
PRAE S 1B 72 D DRE DHID i BEA-53 G % AT
MEHETH Z [Adv Math] 2D, HEZRMFICHD
WT MRS HEEE L 72 (Dynkin 90 5&it &5,
SCHR [13])s

1.C.(E 2B 11— BRI ik v D 38053 18 H 3R
W FMERR AR FH R DR L WG (F-method) %



$2I8 L 7z [Contemp. Math.]. & 512, ®I$RBIME
RO— B & A S HE T, Pevzner, Soucek,
Orsted, AR 5 & HFT, &% 3 F BT
7 C F-method Z &M L, # L\ uFRMEROH
SEAZ DO (Rankin—Cohen {Ef#E* Juhl ®
WAL I MEHRD—AL) 2L 72 ([Selecta
Math. 2016], ## [1]).
1.D. (&G 2BV D ik i o 73 S )
NN ER R Z, JERAEHIZEETED T
BATIZHERR L, ERICHFETEITAIT1T L
TnrIaEREEL, —Ritn—-LV U VREE
TNZ, ZDEAOEY %5 Z 72 (Memoirs of
AMS, 2015, fT5IfE~DILIRIZEZ [2], B. Speh
L), 7z, WEHBE LT KBTI T4 v
2 OB EEA L [11].
3. FEfREE
FHEORFEDEF—T7TH2 [V —~< ¥
D PR 2 B R 7 AdilE ] I2DWT, FrLWw
239 5 AT SOV G DRSS & TH A
RATE, BT 2 e LT, BEBEEOER
DA Hifg M % EWIZ R d 5 sharpness &\ 5
REBAL, BRI IaT—EMET
BERMMARY N T LEERL, EiiD i
[Adv. Math. 2016] Z KL 7z, 512, BfmD
5% 2 G [JLT2019] & U [Progr. Math. 2017]
TR W TR % O 72 38053 A F 28R 0D il <€ B
ZAEAL, The “LETRW ART b LD
W2 ICIE A U7 [11,12].
4. FEXTFRZE S D KIS ARAT
NERDT AT« 7 &2AWT, 2R G/H
DIERIRELDS LP fBIIN L 72 5 72 DBFE+4r5%
% H P 05E I3 U [J. Euro. Math.
2015], T % H P —oGE&ICHIEL -
(Y. Benoist & #£[f], Margulis it 5 (2 #8# [3]).
X 50T B 3 WS [4] TIXIEREIE N A i B 5
RO ETY, B4 [5] T, &
BEIVE &\ S RITEI 7RV Y, ) — I DR FRIZ
M3 AMMMHE, YTV o T 1 v 7 LRRARD
MR LW S B RTITEE, BET, M
ZEAROMEEmAMEE L Th T RETH S Z
EERFEHL 72,

For the last five years, I have been working on

the following research topics.
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1. Analysis on manifolds with group sym-
metries

This is a challenge to the global analysis on
homogeneous spaces beyond symmetric spaces.
1.A I introduced a notion of real spherical man-
ifolds and established a geometric criterion for
finite multiplicities in the induced/restricted
representations with T.Oshima.

1.B Jointly with T. Matsuki, we classified all
symmetric pairs that yield finite-multiplicity
branching laws based on the criterion given by
microlocal analysis.

1.C Jointly with Y. Benoist [J. Euro. Math.
"15], we proved a criterion for LP-temperedness
of the regular representation on G/H in the
generality that G D H are pair of reductive
groups, and in [3] for general H. A com-
plete description of nontempered homogeneous
spaces G/H with H C G reductive has been
accomplished in [4], and a further connection
with other branches of mathmatics has been
explored in [5].

2. Analysis on locally symmetric spaces—
beyond the Riemannian case

Developing my long motif on discontinuous
groups beyond the Riemannian case, I initiated
the study on global analysis on locally non-
Riemannian symmetric spaces with F. Kassel
in [Adv. Math. 2016] and proved the existence
of “stable spectrum” under deformation of dis-
continuous groups. Further new ideas are pro-
posed in [Progr. Math. 2017], [JLT2019], and
[11,12].

3. of

Branching problems

Restriction representations:

and symmetry
breaking operators

3.A Concerning the discretely decomposability
of the restriction of representations, I proved in
[2] the converse of one of the main theorem in
my previous paper [Ann. Math., 1998].

3.B In the BGG category O, I proposed a new
effective method to find singular vectors (‘F-
method’), and joint with B. Orsted, V. Soucek,

P. Somberg, M. Pevzner, and T. Kubo de-



termined explicit formulae of covariant differ-
ential operators in various geometric settings
([Adv. Math. 2015], [Selecta Math. 2016], and
book [1]).

3.C With B. Speh, I classified symmetry break-
ing operators (SBOs) of principal series for a
pair of Lorentz groups (Memoirs of AMS 2015
and book [2]), which give the first successful for
the complete classification of SBOs. A part of
this work is extended to higher rank case.

3.D As an “inversion” of the symmetry break-
ing, I introduced the concept of “holographic

transform” joint with Pevzner [10].
B. &
(BRI 2020 SERABED £ DD AZFLHKT 5. 2016

F ~ 2019 FEDFHXIL, {FEED Annual Report
ZRCHK. )

1. /MR AT, #RIEIN7Z2F BE 22 M (Tempered
Homogeneous Spaces), 2021 4F & H A%
FREBURNT DB 2RRGRE T 7 2
k22 b, 14 pages.

2. T. Kobayashi. Admissible restrictions of
irreducible representations of reductive
Lie groups: Symplectic geometry and
discrete decomposability. To appear in
the special volume memory of Bertram
Kostant, Pure and Applied Mathemat-
ics Quarterly. Available also at arXiv:
1907.12964.

3. Y. Benoist and T. Kobayashi, Tempered
homogeneous spaces II, In: Dynamics,
Geometry, Number Theory: The Im-
pact of Margulis on Modern Mathemat-
ics (eds. D. Fisher, D. Kleinbock, and
G. Soifer), The University of Chicago
Press, to appear. Available also at arXiv:
1706.10131.

4. Y. Benoist and T. Kobayashi,

pered homogeneous spaces III, preprint.

Tem-

51 pages. To Appear in Journal of Lie
Theory.
5. Y. Benoist and T. Kobayashi,

pered homogeneous spaces IV, preprint.

Tem-
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10.

11.

12.

13.

33 pages.

. T. Kobayashi, Branching laws of uni-

tary representations associated to mini-
mal elliptic orbits for indefinite orthog-
onal group O(p,q), preprint, 37 pages.
arXiv: 1907.07994.

T. Kobayashi and B. Speh, Distin-
guished representations of SO(n+1,1) x
SO(n,1), periods and branching laws,
preprint, 33 pages. To appear in Simons
Proceedings, Springer. Available also at
arXiv: 1907.05890.

. T. Kobayashi and B. Speh. A hidden

symmetry of a branching law. In V. Do-
brev, editor, Lie Theory and Its Appli-
cations in Physics, Springer Proceedings
in Mathematics & Statistics, vol. 335,
pp- 1528, Springer Nature, 2020.

. T. Kobayashi. Topics on global analysis

of manifolds and representation theory
of reductive groups. In V. Dobrev, edi-
tor, Lie Theory and Its Applications in
Physics, Springer Proceedings in Mathe-
matics & Statistics, vol. 335, pp. 3—-13.
Springer Nature, 2020.

T. Kobayashi and M. Pevzner, Inversion
of Rankin—Cohen operators via holo-
graphic transform, Annales de I'Institut
Fourier (Grenoble) 70, (2020), pp. 2131-
2190.

F. Kassel and T. Kobayashi. Spectral
analysis on standard locally homoge-
neous spaces, preprint, 69 pages, ArXiv:
1912.12601.

F. Kassel and T. Kobayashi. Spectral
analysis on pseudo-Riemannian locally
symmetric spaces. Proc. Japan Acad.
Ser. A Math. Sci., 96(8):69-74, 2020.
INKRIB AT, ZRRAR E D KIS & iR R
DB, (Global analysis on manifolds
and representation theory of reductive
groups), in Japanese, #HfiAr i 5 A i
%i$% 2139, pp. 1-10. In:Developments in
Representation Theory and Related Top-



i

Il

. T. Kobayashi and B. Speh.

ics (ed. Yoshiki Oshima), (2020).

. T. Kobayashi, T. Kubo, and M. Pevzner.

Conformal Symmetry Breaking Opera-
tors for Differential Forms on Spheres,
2170,
Springer, 2016 4, ix+192 pages. ISBN:
978-981-10-2656-0.

Lecture Notes in Mathematics.

Symme-
try Breaking for Representations of Rank
One Orthogonal Groups II, Lecture
2234 Springer,
2018, xv+342 pages. ISBN:978-981-13-

2900-5.

Notes in Mathematics.

. T. Kobayashi. s #H#%E, f#3:V -0

RIGRIZ BT 2L O#E, In: BHNER
Fra=%YREAMI , pages 214-242. K
HIXE, 2018.

C. HEaFEE

1. Regular Representations on Homoge-

neous Spaces, (1.A.~1.E. TIXi##E % 1
ML, AR IZEZ BN, KER
T ULTRAEALCZDOTIDITE L
®%. ) 1.A. A Foundation of Group-
Col-

loquium di dipartimento. Dipartimento

theoretic Analysis on Manifolds.

di Matematica, UniversitAf di Roma
"Tor Vergata”
2021.

Reductive Groups from Geometric and

(online), 18 February
1.B. Representation Theory of

Analytic Methods (in honour of Simon
Gindikin). Kavli IPMU, Japan, 27—
28 January 2020; 1.C. Regular Rep-
resentations on Homogeneous Spaces.
(plenary lecture). International Work-
shop: Lie Theory and Its Applications
in Physics (LT-13). Varna, Blugaria, 17—
23 June 2019; 1.D. Regular Represen-
tations on Homogeneous Spaces. (open-
RIMS Workshop: Devel-

opments in Representation Theory and

ing lecture).
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Related Topics (orgznizer: Yoshiki Os-
hima). RIMS, Kyoto University, 9-12
July 2019; 1.E. Regular Representa-
tions on Homogeneous Spaces. Dynam-
ics of Group Actions: a conference in
honor of Yves Benoist. Cetraro, Italy,

27-31 May 2019.

. A Program for Branching Problems in

the Representation Theory of Real Re-
ductive Groups: Classification Problem
of Symmetry Breaking Operators. Rep-
resentation Theory inspired by the Lang-
lands Conjectures (organized by B. Speh
and P. Trapa), in connection with the
AMS-AWM Noether lecture by Birgit
Speh. Denver, USA, 17 January 2020.

. Global Geometry and Analysis on Lo-

cally Symmetric Spaces—Beyond the
Riemannian Case. (3.A.-3.J. T3
ZA MV, NERIIMEIZRLREN, K&
BT—RELULTIRELAZDTI] DT
t® 5. ) 3.A. Global Analysis of Lo-
cally Symmetric Spaces with Indefinite-
metric. Seminar. University of Padova,
Italy, 3 June 2019. 3.B. Global Anal-
ysis of Locally Symmetric Spaces with
Indefinite-metric. Okla-
homa State University, 3 May 2019.
3.C. Global Analysis of Locally Sym-
metric Spaces with Indefinite-metric.
Colloquium. Yale University, USA, 17
April 2019. 3.D. Semisimple Symmetric

Colloquium.

Spaces and Discontinuous Groups: What
I Learned from Professor Toshio Oshima.
RERBE S A Wil S 2. Josai
University, Tokyo, Japan, 26-27 Decem-
ber 2018.
tion and Applications” M. Vergne #(#%
Fl/&2%E4. Luminy, France, 8-12 October
2018. 3.F. Symposium on Representa-
tion Theory 2018. Tottori, Japan, 13-
16 November 2018. 3.G. Colloquium.
Hiroshima University, Japan, 6 Novem-
ber 2018. 3.H. (plenary lecture). The

3.E. “Geometric Quantiza-



Tohoku
University, Sendai, Japan, 28-31 August
2018. 3.I. Glances at Manifolds: Aleksy
Tralle BIEEFLRMFLES. the Jagiel-
lonian University, Krakow, Poland, 2-6
July 2018. 3.J. Analysis on Manifolds
with Symmetries and Related Struc-
tures. University of Bath, UK, 28-29
June 2016.

. The Kemeny Lectures 2017, I. “Uni-
versal sounds” of anti-de Sitter mani-
folds.

cal to global-geometry of symmetric

65th Geometry Symposium.

The Kemeny lectures, II. Lo-

spaces with indefinite-metric, III. Anal-
ysis on locally pseudo-Riemannian sym-
metric spaces. Dartmouth College, USA,
3-5 May 2017.

. Analysis of minimal representations-
an approach to quantize nilpotent or-
bits. (5.A.~5.B. Tlki#E X 1 b~ L,
NEIGME A IR R BN, KEhT—
SELULTREREALULAZDTIDIZEED
%. ) 5.A. Representation Theory at
the Crossroads of Modern Mathematics:
Alexandre Kirillov ##% 81 falaiff5E e
%3, Reims, France, 29 May-2 June 2017.
5.B. Conformal Geometry and Branch-
ing Problems in Representation Theory.
Symposium on Representation Theory
2016. Okinawa, Japan, 29 November 29-
2 December 2016. (A% ).

. Symmetry Breaking Operators in Con-
formal Geometry. (6.A.-6.K. Ti&i#i#
ZA MV, NEIIE<IZRZEN, KRE
BT LUTREALAZDTIDIZEE
& 5. ) 6.A. Branching Problems and
Symmetry Breaking Operators. Geome-
try, Symmetry and Physics. Yale Univer-
sity, USA, 23 April 2019. 6.B. Journées
SL2R de théorie des représentations
et analyse harmonique (Hubert Ruben-
thaler LR B GMZEES). LR.MA.,
University of Strasbourg, France, 22-

23 March 2018. 6.C. (opening lec-
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ture).  Joint meeting of X. Interna-

tional Symposium: Quantum Theory
and Symmetries and XII. International
Workshop: Lie Theory and Its Appli-
cations in Physics. Varna, Bulgaria,
19-25 June 2017.
ture), the XXXV Workshop on Geo-
metric Methods in Physics. Bialowieza,
Poland, 2-8 July 2017. 6.E. Symposium

on Representation Theory 2017. Isawa,

6.D. (plenary lec-

Yamanashi, Japan, 28 November-1 De-
cember 2017.
. 6.F. “Geometry and Analysis
with

(plenary lecture), H
on Locally Symmetric Spaces
Indefinite-metric—after 145 years of
Collo-

quium. Friedrich-Alexander-Universitét

Klein’s Erlangen Program”.

Erlangen-Niirnberg, Germany, 25 July
2017. 6.G. Sophus Lie Seminar. Got-
tingen, Germany, 30 June-1 July 2017.
6.H. Harmonic Analysis and the Trace
Formula. Oberwolfach, Germany, 21-
27 May 2017. 6.I. AMS Special Ses-
sion on Harmonic Analysis (Olafsson #(
% 65 JEal RS S). Atlanta, USA, 4
January 2017. 6.J. Conference on Ge-
ometry, Representation Theory and the
Baum-Connes Conjecture (Baum #({%
80 KAl &fFEE ). The Fields Insti-
tute, Toronto, Ontario, Canada, 18-22
July 2016. 6.K. Geometry, Representa-
tion Theory, and Differential Equation,
Kyushu University, Japan, 26-19 Febru-
ary 2016.

. F-method for Constructing Symmetry

Breaking Operators. (7.A.-7.D. TI&
R XA ML, NRIIME % IR BN,
KERhTF—xe L TERALAEDTL D
IZE & 3. ) 7.A. Finite Multiplicity
Theorems and Real Spherical Varieties.
FA A A 3 J O B 3 A TR 4 2, (open-
ing lecture) Tokyo, March 27-29, 2019.
7.B. Abstract Branching Laws for Uni-
tary Highest Weight Modules and Lo-



calness Theorem. 7.C. V. Some Fur-
ther Perspectives from the General The-
ory. (7.B. & 7.C. I& The 20th Hakuba
Workshop on Number Theory in 2017:
Automorphic Differential Operators on
Siegel Modular Forms (organized by T.
Ibukiyama @ 5 [H]#fGaEE#H (2 #H) D
2 D). Nagano, Japan, 3-7 September
2017. ) 7.D. F-method III. Geome-
try, Representation Theory, and Differ-
ential Equations. Kyushu University, 16-
19 February 2016.

. Birth of New Branching Problems. HZA
B2 70 AFR S R, HA
BA2MFRAEIRR, B AY, Japan,
15-18 September 2016.

. Branching Laws for Infinite Dimensional
Representations of Real Lie Groups;
Symmetry Breaking Operators. (9.A.—
9.F. TIXF#H XA ML, NEILME % 1 H7
RBEMW, RERT—LUTIEALUARDT
12z &®H5. ) 9.A. Joachim Hilgert
B R B S EE 4. Paderborn, Ger-
many, 23-27 July 2018. 9.B. (plenary
lecture). the 32nd International Collo-
quium on Group Theoretical Methods
in Physics (Group32). Czech Techni-
cal University, Prague, Czech Republic,
9-13 July 2018.
theory,

9.C. Representation
geometry, and quantization:
the mathematical legacy of Bertram
Kostant. MIT, USA, 28 May-1 June
2018. 9.D. Workshop on New De-
velopments in Representation Theory
(opening lecture), Singapore, 14 March
2016. 9.E. (2 [H]# %55 ) Berkeley-
Tokyo Winter School: Geometry, Topol-
ogy and Representation Theory. Uni-
versity of California, Berkeley, USA, 8-
19 February 2016. 9.F. (opening lec-
ture). Journees SL2R (Strasbourg, Lor-
raine, Luxembourg, Reims): Théorie des
Representations et Analyse Harmonique.

Institut Elie Cartan de Lorraine, France,
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10.

1.

9-10 June 2016.
B SN 72 F B 22 8] (Tempered Homoge-
neous Spaces). HAREF 2 AF 2 BT
FRRRRGEE (BISKE, AT Y),
16 March 2021.

. AR

BRI AR ICCRHE) (Av o1 V) 7
)V IHERE, WEE4, Taylor R, (R4,
Lagrange D AREIBIE, ELLEBE,
NHBROH L, LLEBERDORS % #
FEU. (BEZHXRL, 2448, AR
AR —)

B e R IV - BUF iR XD (B

KFW -4 EEIGEHR, 21 )
Visible actions on complex manifolds
and multiplicity-free representations (#
LMK LW IE R & EEE L.
(B & DM ) Multiplicity-free property
of representations is an algebraic un-
derlying structure of various expansion
theorems in classical analysis. In the
course, I begin with many examples of
multiplicity-free representations, ranging
from algebraic and combinatorial repre-
sentation theory to classical analysis, and
from finite-dimensional cases to infinite-
dimensional cases with continuous spec-
trum. Then I explain a new approach to
produce multiplicity-free representations
systematically, namely, the theory of vis-
ible actions on complex manifolds and
the propagation theorem of multiplicity-
free property. This course is an out-
growth of my previous course at Har-
vard University and at Tata Institute
(Panorama lecture in the occasion of Ra-

manujan’s 125 years anniversary).

- B XB (BER AR A D

Bl & RIGfRNT ], (RPIECER 4
E), 2020 4E5 A 19 H.

MRS XA, BOER IS, A T

A b “Differential Analysis on Complex
Manifolds” (Wells) ¥ & ¢F, “Harmonic



Analysis in Phase Space” (Folland) (¥
FIBEERL 4 FE)

E. &1 - HLEx

1.

. (& £)Pérez

(FRFETE L) GHERZE (ITO Yohei): Irregu-
lar Riemann-Hilbert correspondence and
enhanced ind-sheaves (A~ & ¢ 52 s Y
Riemann—Hilbert %fJ& & enhanced ind-
sheaf).

CERRE L) B (KANNAKA

Kazuki): Spectral analysis on complete
anti-de Sitter 3-manifolds (5&fifiZ 3 X
FER K - VY R=Z AR EDART bV
fiEt)

Valdés,

Valdés, Victor): Construction of vector-

Victor (Pérez
valued Differential Symmetry Breaking
Operators for the group SO(4,1) (Hf
SO(4,1) 12X 4 BT MV DA SR
PR AEFZEORERIZ D\WT)

F. XMf5Ed — € A

1.

Kavli IPMU (%) di i #EReHS), LR Rl
SRR EGHE (2009.8 2011.5); FAEMIZ
& (Principal Investigator) Af{T (2011.6—-

A

[Vrvy—=FLDITT 1+ Z—]

2.

Editor in Chief, Japanese Journal of
(H & # % 2-Springer-
Nature) (2006 )

Mathematics

. Editor, International Mathematics Re-

search Notices (Oxford X% HK) (2002-
2021)

. Editor in Chief, Takagi Booklet, vol. 1—

22 (HA#FZ) (2006 )

. Editor, Geometriae Dedicata (Springer)

(2000~ )

. Editor, Advances in Pure and Applied

Mathematics (de Gruyter) (2008 )

. Editor, International Journal of Mathe-

matics (World Scientific) (2004 )

. Editor, Journal of Mathematical Sci-

ences, The University of Tokyo (2007—
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10.

11.

12.

13.

14.

15.

16.

17.

2

2 REOFEL L]

18.

19.

20.
21.

22.

23.

24.

25.

)

. Editor, Kyoto Journal of Mathematics

(2010-)

Editor, Representation Theory (7 XV 7
#H¥4) (2015-2019)

Editor, AMS Translation Series (7 X Y
AR (2016-)

Editor, Tunijian Journal of Mathematics
(2017-)

Editor, Special Issue in commemoration
of Professor Kunihiko Kodaira’s centen-
nial birthday (J. Math. Sciences, The
University of Tokyo) (2015).

Editor, Special Issue in honor of Pro-
fessor Masaki Kashiwara’s 70th birthday
(Publ. RIMS) 2017-2021.

Chief Editor, Mikio Sato’s Collected Pa-
pers, (Springer-Nature).

SENT M, THESZ S B2 R (2 18 &) ),
TALS7EdPE BF DD (2 14 & + Jl&
DI, THTFHEE HFEOME (£ 40 &F
E)] D3V —AREERE

WEZE, BFEDOBE i, e, 7, (with 77
%, WHRFEL), REKRZEHRE, 2016.

HLEBHEFEHEOREZAR:
Committee (International Prize, #1% %
M, [E4) 2018.
HLEBEEOREEZEER:
tee (mathematics), 2019-2020.

b 5 EBE A2 DETH, 2019-2022.
b 5EBREOREZES:
tee (mathematics), 2020-2021.
EWN#EAZE: Prize Committee HARF

KHEFE - MFEAM (anonymous) (various

Prize

Prize Commit-

Prize Commit-

years)

FH R B R AT AR S & Z B (2015—
2017; 2017-2019)

FAE R AR R AT AR e B FTZ B (2007
2009; 2009-2011; 2015-2017; 2017-2019;
2021 )

B EEDOREZE: HA (JSPS), Kk
[ (NSF-AMS), EU, K1Y, L2 &y 7
V7w NRILAIE - & ¥ (various years)



(B2 0 A — 5 F 4 75 ¥

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

A —HF 4 ¥ —, Integral Geometry, Rep-
resentation Theory and Complex Anal-
ysis, Kavli Institute for the Physics and
Mathematics of the Universe, 27-28 Jan-
uary 2020.

A—=HFA P —, @RV I F v —, %24 [H
(BRFKF IPMU, 2019 4 12 A); £ 23 [1]
CRERR L, 2019 4 6 A) (with Y.
Kawahigashi, T. Kumagai, H. Nakajima,
K. Ono and T. Saito).

A —HF 4 ¥—, Summer School on Rep-
resentation Theory, V —FFDOFE/EH & X
ISfRNTIZEE S 52 I ) —, (virtual EE
Bt I+ —1nR), 1822 August 2020
(Fro1V).

A —HF 4 ¥ —, Summer School on Rep-
resentation Theory, V —FFDOFE/EA & X
WENTIZEAT 52 I+ —, EREREE I
F—=n A, 20-24 August 2019.

A —HF 4 ¥—, Summer School on Rep-
resentation Theory, Y —HEDOF/EH & X
BEIZEAT 52 I+ —, EREREE I
FT—1T A, 19-23 August 2018.

% —J 34 ¥ —, Summer School on Rep-
resentation Theory, VU —BEDB/EH & K
BT s I —, ERERE I
F—1T A, 16-20 August 2017.
Scientific Committee, Visible Actions
and Multiplicity-free Representations.
XVIIth International Conference on Ge-
ometry, Integrability and Quantization.
Varna, Bulgaria, 2016.

% —J %4 ¥ —, Summer School on Rep-
resentation Theory, V —HFDOF/EA & X
B I —, FEEEE IS —NT X,
10-14 August 2016.

A =74 ¥ —, Winter School 2016 on
Representation Theory of Real Reduc-
tive Groups, H I K% K% R F
rgERt, 22-27 January 2016. Coorga-
nized with Toshihisa Kubo and Hideko
Sekiguchi.

A—=HFAH— GRV I F v —, F 17 [H
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CRER RO, 2016 456 H), 25 18 [1l
(BOEKR, 2016 11 A) , & 19 [ (F
HRRLHIRAH, 2017 47 H), 5520 | (R
WA, 201745 11 H) % 21 [\ CRABKRZE
KA, 2018 4 6 ), 26 22 [l (REIRZE,
2018 4% 11 A) (with Y. Kawahigashi, H.
Nakajima, K. Ono and T. Saito)

36. A—AF ¥ — U —Ham- Kk IS —
(2007—present H K; 2003-2007 RIMS;
1987-2001 H oK)

i

G. 3%k

s

1. HABFSHRE (2019) TEFOBTE |,
e, 7l RURKF IS, (GRIERIG, TRz
2K DHFAZE).

2. TAYAEF LT zu— (2017) T
D —BEDREE R & R BRI S 5 Bk
(Contribution to Structure Theory and
Representation Theory of Reductive Lie
groups).

3. [FEORE] R KPR GRICE T
LR, Hh—fE (2020 4 & (2021 4 3
A), #% - &EE),

HAZRELF (2019 £ (2020 4E 3 H), #1R),
ARG/ (2016 £ (2017 4 3 B), #1%).

H. #A»PSDOEI R —

1. Romeo  Troubat, Ecole  normale
supérieure, France, March—July, 2020.
Ecole normale supérieure 7* & 0 8 #i 84
P W RMECHERICE TS 3
F—EBEUEEEITo 2.

%% %5 (SAITO Shuji)

A. TR

T F — 7 B O R IX BT D F R 7R
KgRMETH D, TOEANLRT AT 71X
Grothendieck 1Z & %% DT, 1980 4E 12 Beilin-
son WIEMEIZFHE L TEAMEL . 2OFH
F, EF—T7OBEITEND HLBEDIFIEE T
WLTWE., EF—T7OEITEF 71+ v 27 IKE
0y — X IFENn 2 Nz areEn Yy —Binz



HAHT. EF T4 v r7akERI—E, AF—
LAOIARERY—MimDOHEBEL R, #WYRHD
BWHE%H72TAF— 24 X 12xd % Atiyha-
Hirzebruch B XX 7 MLFI%F LT, Quillen
DREM K Bl e BfR T 5 & FRINTWS -

B = HY (X, Z(—q)) = K_p_qo(X).

X DMKk Lo CHESYITH 5 & &, Bloch
DRI Y 1 27 V% IV TREZE L 72 EIR Chow B
NEF 714y rakeEny—0x#Hz2R-32
& %, Bloch-Lichtenbaum, Friedlander-Suslin,
Levine 72 % »3/% U 7z. Voevodsky 1%, = fHE
DM % B4 L, %0 H' Beilinson 3% L 7=
#1157 Bloch &K Chow #%AEAHNT I &%
U7z, Voevodsky O#Ew %, AL-AZEMZE/ED
Nisnevich A1 B39 % & D PG 12 JE DWW T
5. k EDBITHE S DRAF— LD THE
2@ Nisnevich AifHICET 5725 DT E%
NST & U, ZOHT ALREWRZAZTHDDR
T ARMIE % Hins THT.

Bloch D& X Chow #f & Voevodsky D HGa ik,
Beilinson @ FHIZER2BEZ %2525 L MNT
SRV, WO, KRB K G, HERAZ
HTAF— LT L TEBIER ALREM % 7=
IRV S5THD. Voevodsky DHGm % HL5E L
T, MRAEZHFTAF -2 L TEHEIND
MEZRZT LD RELEREBET L2 LT,
WEZRIFROHETH 5.

FofsETuy =27 Tk, ZORMELERT S
72D —D2D ke UT, "HARE" DM % i
LTWwa. fHEREIE, Hlxs 288 NST OFi
Wl RSCris 2T 5. 612, BUTFD LD
73 Hlngs ICIXBIRWHRZET. FIRIEE, BS
272 W HRAREHE (FE H 72 unipotent #43 & £ D
ZexIT. BIZIXIERAX — A G,), BaK
KRDOE QF, de Rham-Witt J&@ W,,Q ' RSCris
BT 5. 50T, RSCnis & NST O 6 4
EHNREMBBIETHLTHY, TV
Mg Z A TND DT, BAOMERE?SH LW
MHEEEESD Z R TES.

Beilinson ¥R O R HME TOED D &
FEREVWEIEN, $TIRVWL O DI %5
TW3. Voevodksy #° Hlyis (272 URERAL 72
Bz BRI, akE R Y — O, 2
FERY-—OHERAR, WohrRTu—7 v
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TR, Gysin RIIDOFEER L1, RSCyis I
PRS2 Z I LZ. ZOIRHE LT, A
XF—LOFHNRE I3 RER Y —DJH
BEHGORBBIZKII U, Zhidilaigs e
LU T, Grothendieck Z X 2WAHADED 3k
TR YIS BIEGEBRP, GrosiZL s de
Rham-Witt D IR E B Y — 12720 T B EES
BEELEDOTHE. 5206, HEHE
DAFED Y — EITRBOVISOEMZMEL 22
ETHD. TRy, tHER»SH -2 A
AREBZEFR LD, Bloch-Srinivas D5 27 = v
ZEAVTH LW RER Y —OMHEH % RT
ZEIZBHEIIL .

MWHEDS 5> —D>DOREIE, /7 ER & DRET
H5. HEBOHEGNZ LD, EEBUZS T 5
1D LEEBORSER, B OICBITAEH1 D
AIRE > $éitye D FE IE HI 7 e B A % A — B 2 Pl A 12
BWTHADZEDVAHRIZRDDDOH 5.

A fundamental open question, dating back to
A. Grothendieck and early days of algebraic
geometry, formulated as a precise conjecture
by Beilinson in 1980, predicts the existence
of a certain category called category of mo-
tives, which gives rise to a universal cohomol-
ogy theory called motivic cohomology. Mo-
tivic cohomology should underlie various co-
homology theories for schemes and be related
to Quillen’s algebraic K-theory via an Atiyha-
Hirzebruch type spectra sequence for any (rea-

sonably good) scheme X :
Ep? = Hi"(X,Z(—q)) = K_p—q(X).

When X is smooth and quasi-projective over a
field k, S. Bloch’s higher Chow groups, given
in terms of algebraic cycles, plays the role of
motivic cohomology, as established by works
of Bloch-Lichtenbaum, Friedlander-Suslin and
Levine. Voevodsky constructed a triangulated
category DM which gives rise to Bloch’s
higher Chow groups in the way expected by
Beilinson.  Voevodsky’s theory is based on
the category NST of Nisnevich sheaves with
transers and a full subcategory HIyis C NST of

Al-invariant objects. Voevodsky proved that



NST is a Grothendieck abelian category and
defined the triangulated category DM of ef-
fective motives as the localization of the derived
category D(NST) of complexes in NST with re-
spect to an Al-weak equivalence.

Bloch’s higher Chow groups and Voevodsky’s
theory fail to give a complete answer to Beilin-
son’s conjecture since algebraic K-theory is no
longer Al-invariant for singular schemes. How
would it be then possible to extend Voevod-
sky’s theory to construct a larger category sat-
isfying the expected properties even for singular
schemes? This seems a difficult question which
does not yet have a satisfactory answer.

In one of my research projects, we propose the-
ory of reciprocity sheaves as a potential at-
tempt toward the question. The reciprocity
sheaves form a full abelian subcategory RSCnis
of NST that contains HIy;s as well as non-Al-
invariant objects such as (sheaves represented
by) smooth commutative algebraic k-groups
(which may have non-trivial unipotent parts,
e.g. the additive group scheme G, ), the sheaf of
Kéhler differentials 2° and the de Rham-Witt
sheaves W, Q. Moreover, RSCujs is closed un-
der taking sub and quotient objects in NST and
equipped with a (lax) monoidal structure, thus
allowing one to manufacture new reciprocity
sheaves out of known ones.

It seems to be still a long journey to the fi-
nal destination but some crops have been al-
ready gathered. Many basic properties proved
by Voevodksy for Hlyjs such as the local in-
jectivity, the cohomological purity, the projec-
tive bundle formula, the smooth blowup for-
mula, the Gysin sequence can be extended
to RSCyis-

a formalism of push-forward maps of coho-

As an application, we construct

mology of reciprocity sheaves along projective
morphisms. As special cases, the construc-
tion gives Grothendieck’s pushforward maps
for Kéhler differentials and Gros’ pushforward
maps for de Rham-Witt differentials for pro-

jective morphisms without using the general
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machinery of Grothendieck and Ekedahl du-
ality. In fact we construct the pushforward
along quasi-projective morphisms for cohomol-
ogy with proper support, which for the K&h-
ler (resp. the de Rham-Witt) differentials was
done by Chatzistamatiou-Riillingin. Another
application is a construction of a formalism of
of proper correspondence actions on cohomol-
ogy of reciprocity sheaves. It allows us to pro-
duce new (stably) birational invariants as well
as obstructions for the existence of zero-cycles
of degree 1 out of reciprocity sheaves, and also
to prove the vanishing of cohomology using de-
compositions of the diagonals, a method em-
ployed first by Bloch-Srinivas.

Another distinguished feature of reciprocity
sheaves is its connection with ramification the-
ory: Emerging is a motivic ramification theory
which provides a unified framework to under-
stand wild ramification of ¢-adic sheaves of rank
1 in positive characteristic and irregular singu-
larities of integrable connections of rank 1 in

characteristic 0.

B. F&Kiw X
1. Rillling and S. Saito : “Reciprocity
sheaves and their ramification filtra-

tions", to appear in J. Inst. Math.
Jussieu. (2021).
2. B. Kahn, H. Miyazaki, S. Saito and T.
Yamazaki : “Motives with modulus, I:
Modulus sheaves with transfers for non-
proper modulus pairs", to appear in Epi-
journal de Geometrie Algebrique (2021).
3. B. Kahn, H. Miyazaki, S. Saito and
T. Yamazaki : “Motives with modulus,
IT: Modulus sheaves with transfers for
proper modulus pairs", to appear in Epi-
journal de Geometrie Algebrique (2021).

. B. Kahn, S. Saito and T. Yamazaki :
“Reciprocity sheaves, II', to appear in
Homology, Homotopy and Applications
(2021).

5. S. Saito : “Purity of reciprocity sheaves",



10.

11.

12.

13.

14.

15.

16.

Advances in Math. 365 (2020), 107067.

. M. Kerz, S. Saito and G. Tamme : “To-

wards a non-archimedean analytic ana-
log of the Bass-Quillen conjecture", J.
Inst. Math. Jussieu 19 (2020), no. 6,
1931-1946.

. S. Saito and K. Sato : “On p-adic van-

ishing cycles of log smooth families",
Tunisian J. Math. 2 (2020), no. 2, 309—
335.

. S. Kelly and S. Saito : “Smooth blowup

square for motives with modulus"', Bul-
letin of the Polish Academy of Sciences -
Mathematics. (2020) to appear.

. V. Cossart, U. Jannsen and S. Saito :

“Desingularization: Invariants and
Strategy: Application to Dimension 2",
Lecture Notes in Mathematics. 2270
(2020), Springer-Verlag, Berlin.

M. Kerz, S. Saito and G. Tamme : “K-
theory of non-archimedean rings I", Doc-
umenta Math. 24 (2019), 1365-1411.

F. Binda and S. Saito : “Relative cycles
with moduli and regulator maps", J. Inst.
Math. Jussieu. 18, no, 6 (2019) 1233-
1293.

K. Riilling and S. Saito : “Higher Chow
groups with modulues and relative Mil-
nor K-theory", Trans. AMS. 370 (2018),
987-1104.

U. Jannsen, S. Saito and Y. Zhao : “Du-
ality for relative logarithmic de Rham-
Witt sheaves and wildly ramified class
field theory over finite fields", Composi-
tio Math. 154 (2018) 1306-1331.

S. Kelly and S. Saito: “Weight homology
of motives', Internatinal Math. Research
Notices. 13, no. 1 (2017), 3938-3984.
B. Kahn, S. Saito and T. Yamaz : “Reci-
procity sheaves, I", Compositio Math.
152 , no. 9 (2016), 1851-1898.

M. Kerz and S. Saito :

0-cycles with modulus and higher dimen-

sional class field theory", Duke Math. J.

“Chow group of
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165 , no. 15 (2016), 28112897 .

C. HEaFEE

. Purity for reciprocity sheaves, General-

izations of Al-Homotopy Invariance in
Algebraic Geometry and Homotopy The-
ory, Haus Kranich, Zinnowitz, Germany,
April 3-8, 2016.

. Purity for reciprocity sheaves, Interna-

tional conference in K-theory, Western
Sydney University, Australia, August 16-
20, 2016.

. Purity of reciprocity sheaves and mo-

tive of modulus, Algebro-geometric and
homotopical methods, Institut Mittag-
Leffler, Stockholm, Sweden, April 4-14,
2017.

. Rigid analytic K-theory, Motivic homo-

topy theory and refined enumerative ge-
ometry, University of Duisburg-Essen,
Essen, Germany, April 9-14, 2018.

. Rigid analytic K-theory, K-theory in al-

gebraic geometry and number theory,
Hausdorff Research Institute for Mathe-
matics, Bonn Germany, May 15-19, 2017.

. Motives with modulus and cdh descent

Algebraic K-
theory and Arithmetic, Polish Academy

for reciprocity sheaves,

of Sciences Conference Center, Bedlewo,
Poland, August 20-16, 2017.

. Motivic interpretation of Artin conduc-

tors, Conference on Algebraic Geometry
and Number Theory on the occasion of
Jean-Louis Colliot-Thelene’s 70th birth-
day, Villa Finaly, Firenze, Italia, Decem-
ber 4-6, 2017.

. Rigid analytic K-theory and p-adic

Chern characters, The conference "Arith-
metic Geometry : l-adic and p-adic
aspects" , University of Tokyo, Tokyo

Japan, September 10-14, 2018.

. Rigid analytic K-theory and p-adic

Chern characters, A conference ‘Geome-

try: Local and Global’ on the occasion



of Prof. V. Srinivas’s 60-th birthday,
Tata Institute of Fundamental Research,
Mumbai, India, October 1-5, 2018.
10. Theory of motives with modulus, Arith-
metic and Algebraic Geometry 2019 on
the occasion of Prof. Terasoma’s 60-
th birthday, University of Tokyo, Tokyo
Japan, January 21-25, 2019.
11. Rigid analytic K-theory and p-adic
Chern characters, Workshop on arith-
metic geometry,
Komaba, March 18-22, 2019.

Theory of motives and ramification the-

Tokyo-Princeton at

12.
ory, Enriques Lecture, Seminar of Geom-
etry and Algebra, University of Milano,
February 11, 2020.
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1. #hiva vy 7i#EE
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G.
TURL N (201 74)

%
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#Ek B (SAITO Takeshi)

A. WF7EmE

IR TE4 L AXIR S 22 \W S BE R ER o 7 1
THEDODIERZ LB 74V L —va vk, BR
AR RRIGEITIRE TE D Z L HBWEERE D 2 -
=0T, ¥TZOMXETHRUER L. Z 0k
REMS &, DR R % FRKDOWMA
RNEHEODIIBZENTESL. £/, FREIR
EIIGEICREITLILI2L D, DERIICLS
T4 =Y avOREOTLELNEDT,
Z DL H e LR U 7.
BEBDAF—L EOT X —IVEBOREEDES
DEDDBAIDOEEIZZDLESBRAF— A LOR
BERMEHEINTOVRNWI L THS. MOk
M, Leibniz Bl Z Z N Z i Witt X2 b LD E
E#ETH5%IHAL, Frobenius fEfI#E %> T
BIETHZ 22D, MO EH% &
1 LT, Frobenius-Witt 4 XD IEE % &
U7z, ESICIEMAF =LA ETIE, Z OB
BMpD7 74— LOBHMMEETH S & ZFEH
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L7z, ZOZ %2> TREROBEREEHL
2. SITPIZOVTDOHEZHRNMEEDS & T,
RRAEVEFEET DI EHLEZ. 202 204
RizowTzxrhzTnimsz el LR L 7-.

I found last year that the definition of filtra-
tion by ramification groups of Galois groups of
a complete discrete valuation field with not nec-
essarily perfect residue field is reduced to those
with perfect residue field. As an application,
the graded quotients are related to differential
forms of the residue fields. I completed an ar-
ticle on this result and submitted to a journal.
I also obtained a characterization of the filtra-
tion by the reduction to the perfect residue field
case. This result is also written up and is sub-
mitted.

A first obstruction in the definition of the sin-
gular support of an étale sheaf on a scheme
of mixed characteristic is the absense of the
cotangent bundle. By modifying respectively
the additivity by the polynomial defining the
addition of Witt vectors and the Leibniz rule
using the Frobenius, we define the module of
Frobenius-Witt differentials as a modification
of that of usual differentials. I proved that the
module of Frobenius-Witt differentials on a reg-
ular scheme is locally free on the fiber of char-
acteristic p. Using this result, I define a mod-
ification of the cotangent bundle on the fiber
of characteristic p. Further, under a certain
strong assumption on the sheaf, I proved the
existence of the singular support. I completed
two articles on these results and submitted to

a journal.
B. #Kifw

1. T. Saito “Characteristic cycles and the
conductor of direct image", Journal of
the American Mathematical Society Ar-
ticle electronically published, 2020.

2. K. Kato, T. Saito “Coincidence of two
Swan conductors of abelian characters”,

Epijournal de Géométrie Algébrique,



epiga:5395, 11 novembre 2019, Volume 3
. K. Kato, I. Leal, T. Saito “Refined Swan
conductors mod p of one-dimensional
Galois representations”, Nagoya Mathe-
matical Journal 236 (2019), 134-182.

. T. Saito “Ramification groups of cover-
ings and valuations”, Tunisian Journal
of Mathematics Vol. 1, No. 3, 373-426,
2019

. T. Saito “On the proper push-forward of
the characteristic cycle of a constructible
sheaf”, Proceedings of Symposia in Pure
Mathematics Volume: 97; 2018; Alge-
braic Geometry: Salt Lake City 2015,
Part 2, 485-494

. T. Saito, Y. Yatagawa “Wild ramifica-
tion determines the characteristic cycle”,
Annales Scientifiques de I’Ecole normale
superieure, 50, fascicule 4 (2017), 1065-
1079.

. T. Saito “Characteristic cycle of the ex-
ternal product of constructible sheaves”,
Manuscripta Mathematica, 154, Issue 1-
2, 2017, pp 1-12.

. T. Saito “Wild ramification and the
cotangent bundle”, Journal of Algebraic
Geometry, 26 (2017), 399-473.

. T. Saito “The characteristic cycle and
the singular support of a constructible
sheaf”,

207(2), (2017) 597-695,

Inventiones  mathematicae,

. HBEFER

. Wild ramification and the cotangent
bundle in mixed characteristic. Eighth
Pacific Rim Conference, 7 August 2020,
Online. (7 A Y %) Colloquium at Uni-
versity of Minesota, Feb 18 2021, Online.
(7 AV 7)

. Graded Quotients of
Groups of a Local Field with Imper-
fect Residue Field, January 7, 2020,
International conference on arithmetic

geometry 2020, TIFR, Mumbai. (1 ~

Ramification
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10.

. Characteristic cycle

K) mercredi 22 janv. 2020, THES. (7
I VA)

. Etale Cohomology and the Characteris-

tic Cycle, September 6, 2019, BICMR,

Pekin University. (H[H)

. Ramification groups of a local field

(with Ahmed Abbes and Kazuya Kato),
September 5, 2019 CAS Beijing. (1)

. CC, Wild Ramification and Irregular

Singularities, Sep 25, 2019 at IMPAN in
Warsaw, Poland. (F—35 > K)

. Characteristic cycle of a constructible

sheaf, Arithmetic Geometry in Carthage,
Summer School, Tunisian Academy Beit
al-Hikma, Carthage, Tunisia Thursday,
June 20-21, 2019. (Fa=Y7)

of constructible
sheaves and restriction to curves. "Arith-
métique et géométrie algébrique’, une
conférence en ’honneur d’Ofer Gabber,
a l'occasion de son soixantiéme anniver-
saire, & I'THES, Vendredi 15 juin, 2018.
(77 > A) Cohomology of algebraic va-
rieties CIRM October 19th, 2018. (7 5
VA)

. Characteristic cycle of an étale sheaf

and its functoriality, Purdue University,
September 24-28, 2018. (7 X VU %)

. Characteristic cycles and the conduc-

tor of direct image, Interactions between
Representation Theory and Algebraic
Geometry, the University of Chicago,
August 22, 2017 (7 AV A) , p 2
RED Y — EHERMT, HAUEEKE
11 A 16 H, The Legacy of Carl Friedrich
Gauss, Dec 18, 2017, TSIMF, Sanya, (1
[#) . Motives in Tokyo on the occation
of Shuji Saito’s 60th Birthday March 26,
2018, Univ. of Tokyo.

Characteristic cycle of an f-adic sheaf, £{
Fameasila, FilGEE, BENKY,
2016 £ 9 H 17 H, HILKRFREE I F—
20171 H26H, H12m ERES R
B f@r - RATF R I — 2017 E 2 H



13 H, JAMI 2017 Local zeta functions
and the arithmetic of moduli spaces: A
conference in memory of Jun-Ichi Igusa
March 22-26, 2017 Johns Hopkins Uni-
versity (7 A Y 77) , Fukuoka Interna-
tional Conference on Arithmetic Geom-
etry in 2017 April 20, (HA). Work-
shop on arithmetic geometry at Tambara
2017 May 22, (HA) . Algebraic Analy-
sis in honor of Masaki Kashiwara’s 70th
birthday IHES, June 9 2017 (75 > &) .
Algebraic Analysis and Representation
Theory — In honor of Professor Masaki
Kashiwara’s 70th Birthday — RIMS June
28 (HZA) . Regulators in Niseko 2017,
2017 4£ 9 A 4 H. Tokyo-Lyon Satellite
Conference in Number Theory, Univ. of
Tokyo, February 21 (Wed), 2018. £ 34
mRAERL ST =7 ay 7 [HERY
8T 2018 4E 11 A 12 H (H) HAEK
M Arithmetic and Algebraic Geome-
try 2019 - in honour of Professor Tomo-
hide Terasoma’s 60th birthday - January
25 (Fri), 2019 B K#3, CAS Beijing,
September 4, 2019 (F[E)

. AR

L. SRR+ MO ED T GEE) D

( BT

EE - AR

1. (l+) W K% (TAKEUCHI Daichi):

On the epsilon factors of ¢-adic sheaves
on varieties.

. (B L) 43 18 (IMAT Koto): Ramifica-
tion groups of some finite Galois exten-
sions of maximal nilpotency class over lo-
cal fields of positive characteristic.
(L) & H K (YOSHIDA Takumi)
On the 2-part of Birch-Swinnerton-Dyer
conjecture for elliptic curves with com-

plex multiplication by the ring of integers

of Q(V=7).
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F. X5Mf5E s — e 2

1. Journal of Algebraic Geometry, T 7 «
R —
2. Documenta Mathematica, TF 1 X —

3. Japanese Journal of Mathematics, T 7

B#k E— (SAITO Norikazu)

A. WIS

HIRERE, BREREE, E0TEIC X 5 IR
W X OBAERNT, Rz, HRADMDRD
MHEZ BT 2B RA X — LA DIRE L TDFH
RN, BEC, SRR D 72 D O fRHT LR O i
FExlToTWD., SHEEDELRBRIZIROMY .

1) R ORI TER S N7 BRSO
B EHBE T2 -00H L WEEET DA
BREFZEZREL, WAWAR VA% HVWTH
AP 2 E U7z, (R e o HLFERTS)
2) Coulomb 7 — ¥ @ FT® Maxwell /ifEA D
HIHAME S FUE RIS U T, A RE R IZ
HOKEREZAXF—LEMBL, TOZYMEE
BGEEL 72, (B NR& OILFMTE)

3) G — L AR D E SR D WTHIZEL
7. Rz, Fokker—Plank /224 L T Baba—
Tabata B LFGEGIZEHL, AF¥F—LDLE
PEIZOWTER U, LT, BodinkfEc
WHET MM AF— LT OVWTER L., (HEE
A, FHHIRSE, FH LX)

My current research theme is development of
numerical schemes to solve PDEs using com-
puters, in addition to verification of them and
their feasibility. Discretization of PDEs using
finite element, finite difference, and finite vol-
ume methods is the central concern of my re-
search. Some associated themes are the sta-
bility of solutions (numerical and approximate)

and analysis of the asymptotic dependence of



errors on discretization parameters.

1) We proposed new mass-lumping finite ele-
ment schemes for solving spherically symmetric
solutions of semilinear heat equations in an n
dimensional ball. The schemes enjoy the pos-
itivity preserving property and optimal order
error estimates in several norms are derived.

(This is a joint work with T. Nakanishi.)

2) We applied the finite element exterior cal-
culus (FEEC) to an initial-boundary value
problem for the Maxwell equation under the
Coulomb-gauge constraint condition. (This is
a joint work with M. Miyashita.)

2) We studied the finite difference approxi-
mation for solving the mean-field game equa-
tion. In particular, we examined the stability of
Baba-Tabata’s upwind approximation applied
to the Fokker—Planck part. We also studied
a linear scheme for the optimal transport prob-
lem. (This is a joint work with T. Kashiwabara,
H. Yoshida and D. Inoue.)

B. 3G

1. N. Saito, Y. Sugitani, and G. Zhou:
“Unilateral problem for the Stokes equa-
tions: the well-posedness and finite el-
ement approximation”, Appl. Numer.
Math. 105 (2016) 124-147.

2. G. Zhou and N. Saito: “The Navier-
Stokes equations under a unilateral
boundary condition of Signorini’s type”,
J. Math. Fluid Mech. 18 (2016) 481-510.

3. G. Zhou and N. Saito:

methods for a Keller-Segel system: dis-

“Finite volume

crete energy, error estimates and numeri-
cal blow-up analysis”, Numer. Math. 135
(2017) 265-311.

. T. Kemmochi and N. Saito: “Discrete
maximal regularity and the finite ele-
ment method for parabolic equations”,
Numer. Math. 138 (2018) 905-937.

5. M. Miyashita and N. Saito: “Hybridized
discontinuous Galerkin method for ellip-

tic interface problems: error estimates
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under low regularity assumptions of solu-
tions”, J. Sci. Comput. 76 (2018) 1657—
1673.

6. N. Saito and Y. Sugitani: “Analysis of
the immersed boundary method for a fi-
nite element Stokes problem”, Numer.
Methods Partial Differential Equations
35 (2019) 181-199.

7. Y. Ueda and N. Saito: “The

sup condition and error estimates of

inf-

the Nitsche method for evolutionary
diffusion-advection-reaction equations”,
Jpn. J. Ind. Appl. Math. 26 (2019) 209-
238.

8. Y. Ueda and N. Saito:

and error estimates for the successive-

“Stability

projection technique with B-splines in
time”, J. Comput. Appl. Math., 358
(2019) 266-278.

9. Y. Chiba and N. Saito:
maximum principle and L°° analysis of

the DG method for the Poisson equa-

“Weak discrete

tion on a polygonal domain”, Jpn. J. Ind.
Appl. Math., 36 (2019) 809-834.
T. Nakanishi and N. Saito:

ment method for radially symmetric so-

10. “Finite ele-
lution of a multidimensional semilinear
heat equation”, Jpn. J. Ind. Appl. Math.,
37 (2020) 165-191.

C. MgaFEL

1. Discrete maximal regularity and the fi-
nite element method for parabolic prob-
lems (invited lecture), CJK2016: The
Sixth China-Japan-Korea Joint Confer-
ence on Numerical Mathematics, August
22-26, 2016, NIMS, Daejeon, Korea

2. Penalty methods and the immersed
boundary method, International Semi-
nar on Applied Mathematics for Real-
world Problems II, October 28-29, 2016,
Research Institute for Electronic Science
(RIES), Hokkaido University

3. Convergence of the immersed-boundary



10.

. Outlet boundary conditions

finite-element method for the Stokes
problem (invited lecture), ECM 2017:
International Conference on Engineering
and Computational Mathematics, May
31-June 2, 2017, The Hong Kong Poly-
technic University, Hong-Kong, China

. Banach-Nec¢as-Babuska @ & ¥ & DG

time-stepping %, RIMS :[FIAFZE (26
B < BT~ O S HTRR—PEER - 55 - IS
Fi—, 2017 411 A 8 H-10 H, HABKZ
AT A S

. N. Saito, Variational analysis of the

discontinuous Galerkin time-stepping
method for parabolic equations, Interna-
tional Workshop on Numerical Methods
for Partial Differential Equations, March
26-28, 2018, The Hong Kong Polytechnic

University, Hong-Kong, China

- BB OFEA, BUEMTE < 0 —, 2018

5 H 8 H, REKFRZEEBERZEM

SRt

. Variational analysis of the DG time-

stepping method for parabolic equations,
CJK2018: The Seventh China-Japan-
Korea Joint Conference on Numeri-
cal Mathematics, August 20-25, 2018,
Shiinoki Cultural Complex, Kanazawa,

Japan

. Variational analysis of the DG time-

stepping method for parabolic equations,
The Japan-Taiwan Joint Workshop on
Numerical Analysis and Scientific Com-
putation, November 24-26, 2018, Na-
tional Taiwan University, Taipei, Taiwan
for the
equations, MS21:
New Mathematical Tools Clini-
The 6th International

Navier—Stokes
for
cal Medicine,
Conference on Computational and
Mathematical Biomedical Engineering,
June 10-12, 2019, Tohoku University,
Sendai, Japan

Outlet boundary conditions for the

Navier—Stokes equations, Mathematics
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. AH A

- BEEREEE I (A

and Computation for Clinical Problems:
I, IT and III, ICTAM 2019: The 9th In-
ternational Congress on Industrial and
Applied Mathematics, 15-19 July 2019,

Valencia, Spain

. AR

R - BUE AT D AT
#. YRR FRE SRR DR,
BUER Y, W AR OLERE, It
BEETR, (BREES - BT 3 AT
. A M 5:353)

PR T - BHRBEON
B0 TEHREE, (BT - BB 3
AR R, BELORES:451)
ARER 4 ) W
o> 75 RE R D B by

B (A BARIER 4 54) 28R

53 FiFE A DA BRE SR L

B - R

. (RS L) dig i (NAKANISHI Toru):

Finite element analysis for radially sym-
metric solutions of nonlinear heat equa-

tions

XY — 2

- R ZFEBER R TR - B 7oy T4

7 [ B e K R (WINGS-FMSP) 7'
I LhA—T 4 % —X—

- FRR PR ZZ BRI SR B s B

BFEgEERr 2 — v a2 —K

3. Journal of Scientific Computing fR5#ZE &
4. Numerische Mathematik fRf#EZE

5. International

Journal
Mathematics fREZE

of Computer

. Japan Journal of Industrial and Applied

Mathematics fREZEE

. Journal of Mathematical Sciences, the

University of Tokyo #iEZE

8. JSIAM Letters fEEE

. BAB RS i EEaR A
10.

HABYER RoWH  BEMHFAZRR



(2020 45 10 A 31 H) FE7&EA

HAIS ALY 2 M, RRE2E

HAIS B2 TR G & B
Mrl WFgEie B

H A S B2 2 2020 EEES (2020 4
9 H 810 H) EI7£HR

H ARG 2 4 2020 RS 24
FeFRx (2021 £ 3 H 4-5 H) 7 EE

H ARG B 2 =i 2o s TS 8
I — OB (2020 £ 12 A 23 H, A v
F94V)

MG SZATBOE N AR U ST PE SE BT AR
HEAT (KISTEC) Ofireiks THze#,
HEfiE Db DIeHEY (A 71 v] ~
B, TRTENTBERNEED 561 [
[ O MER 1 BE U 8 o o & 7%
L, B2 W [EEOM 2 B
KNP L2 k), 53 H TENEOB
a3 M C R, BB 4 ] TREED
G 4 HRRARE, AIRESRE L L]
(2020 4 10 A 21-23 H)

11.
12.

13.

14.

15.

16.

&H JZ (SHIHO Atsushi)

A THZEREEE
(1) HE 0 ORI E BRIAD & % DY)

£ & S O EIF R N T — LHEABE OB 72 5E
FO—HEFEH L, Andreatta-Tovita-Kim 12 &
2 WU AR D p (R O E S DFERIZ B 1)
% KR I MAREL P RE A %2 G- A 72 5 S & SO
U, ThhZE I /. (B. Chiarellotto [k, V.
Di Proietto K & D 3:[FIffF5E.)

(2) BHp >0 D2k k EORBEHAKS
LT, WS oRWI Y2 MEARHBERES
o) A& vakseEny - —8HL, B
HENZY Yy RakeEny—e—HL, »OHR
R W (k) ML B LR WE p i akE
0y —HERAEET D h LD MBI D WTH]
EWMEHEA T, SHEER, FHEAHIOVWTO
HEMNMLED T, TOXS> R RERY—H
MOMFAES 2 Z L ZFEI U 72, WEAEREE £ CTOREE
L AbETHLERENTHS. (V. Ertl [, J.
Sprang Ik & O IL[FEIHFSE.)
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(1) We revised the article in which we proved
the coincidence of several definitions of rel-
atively pro-unipotent de Rham fundamental
groups of certain morphisms with sections of
log algebraic varieties of characteristic 0 and
in which we gave a purely algebraic proof of
the transcendental part of the proof of p-adic
good reduction criterion of hyperbolic curves
by Andreatta-Iovita-Kim. It was accepted for
publication. (Joint work with B. Chiarellotto
and V. Di Proietto.)

2)

problem of good integral p-adic cohomology

We continued to consider the existence

theory for algebraic varieties which coincides
with log crystalline cohomology when it is
smooth and has a nice compatcification, which
coincides rationally with rigid cohomology and
which is finitely generated over W (k). In this
academic year, we proved the existence of such
a cohomology theory under a certain strong as-
sumption on resolution of singularities. We are
writing an article on this result, together with
a result obtained in previous academic years.

(Joint work with V. Ertl and J. Sprang.)
B. FE&E X

1. B. Chiarellotto, V. Di Proietto and A.
Shiho: “Comparison of relatively unipo-
tent log de Rham fundamental groups",
arXiv:1903.03361v2 (120 pages), to ap-
pear in Memoirs of the Amer. Math.
Soc.

2. V. Ertl and A. Shiho:

ness of integral overconvergent de Rham-

“On infinite-

Witt cohomology modulo torsion", To-
hoku Math. J. 72(2020), 395-410.

3. H. Esnault and A. Shiho: “Chern classes
of crystals", Trans. Amer. Math. Soc.
371(2019), 1333-1358.

. K. Hirayama and A. Shiho: “On com-
parison between relative log de Rham-
Witt cohomology and relative log crys-
talline cohomology", arXiv:1803.09245.
(54 pages)



5.

6.

H. Esnault and A. Shiho: “Conver-
gent isocrystals on simply connected va-
rieties', Ann. Inst. Fourier, 68 (2018),
2109-2148.

V. Di Proietto and A. Shiho: “On the
homotopy exact sequence for log alge-
braic fundamental groups", Doc. Math.
23(2018), 543-597

K. S. Kedlaya and A.Shiho: “Corri-
gendum: Local and global structure of
connections on nonarchimedean curves",
Compositio Math.  153(2017) 2658-
2665.

CEHE B REu Y —R$k, HrFmE

B0 5, HIrifik, 2016.

C. MEaFEE

. On integral p-adic cohomology, Alge-

braic geometry and arithmetic geometry
conference 2019, University of Science
and Technology of China(t[®), 2019 4
12 H 17 H.

. On integral p-adic cohomology, Over and

around sites in characteristic p, in honor
of Bernard Le Stum, Universita degli
Studi di Padova(f %V 7), 2019 4 9 A
18 H.

. On the finiteness problem of inte-

gral overconvergent de Rham-Witt co-
homology modulo torsion, Workshop on
arithmetic geometry Tokyo-Princeton at
Komaba, HERZ R Z Gk 21558
201943 H 19 H.

. On relative log de Rham-Witt complex,

Arithmetic Geometry and de Rham The-
ory, VAST(X FF 1), 2018 4£ 12 H 4 H.

. On de Jong conjecture, F-isocrystals and

families of algebraic varieties (a part of
the Simons semester program ‘Varieties:
Arithmetic and Transformations’), IM-
PAN Warsaw(K— 7 >~ F), 2018 4 11 H
13 H.

. Overconvergence and examples, F-

isocrystals and families of algebraic vari-
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eties (a part of the Simons semester pro-
gram ‘Varieties: Arithmetic and Trans-
formations’), IMPAN Warsaw(®HX — Z ~
F), 2018 4 11 A 12 H.

7. On de Jong conjecture, Arithmetic Ge-
ometry: [-adic and p-adic aspects, B I
RERZGBERI 2R, 2018 £ 9 H
11 H.

8. On relative log de Rham-Witt complex,
Arithmetic and Algebraic Geometry —
A conference in honor of Ofer Gabber
on the occasion of his 60th birthday,
THES(7 5 »A), 2018 4£ 6 H 13 H.

9. Remarks on p-adic Fuchs theorem and p-
adic local monodromy theorem, A%+ 3
F—, HALKRY, 201843 A 22 H.

10. Comparison of relatively unipotent log
de Rham fundamental groups, p ¥ 3 7
TR Y- HERRATE 2, REE R,
2017 411 H 16 H.

D. %

1. RECE 1L fhdh, #7007 Bz >\ C il
Ure. (3 44T %)

2. WU IL: ORI (T, 75, L 1
WHBRR, FRRIEOVTHEEL . (&
BN )

E. &+ - i

1. (&%) 2= 2 (LI Kimihiko): Prismatic

and g-crystalline sites of higher level
F. Mg s — e 2

1. Journal of the Mathematical Society of
Japan fRERE

2. WM TR GR & = DJEA ) (5
KRFBPERITARSERT) EEZERZER
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%

il

55 13 [ (P& 28 ) AR 2 H



& #& (TAKAGI Shunsuke)

A. TR

SHEER FREGOZRMEIZ O WTIHEL 7.
RrRZEREHRR (JUNRE) & OIEFIFFRIZE T,
PAFD 2 DOfERZ1F7=.

(1) X 2 Q EE#FEI N7z Q-Gorenstein [ERZ kR
hed5. Blinz EFGEIE, FEHAF—LA
X oDV X — B := Spec Z[1/n] T, &
K7 7AN= X, WX LRABIZZ2bDREHN
%. Ma-Schwede %, X »% Q-Gorenstein T»H 5
rE, BHBMApE B LOT 7 A N— X, 5 F
EAZR 5K, X &m 2 8B R R R AU o7z
MWZ L EGEHLZ. ZORROEM e U THL
%, X % Q-Gorenstein ThH b & X, HHHM
pE€ B LEDT7 7 A= X, BIERND F fi/k 5
i, X FE A BEER RS U R nwZ e %
FEHA L 7z, ¥ 512 Ma-Schwede DFERZ, X
Q-Gorenstein & IZBR S R WEEIZ—EL 7=,
(2) R ZFIREDPZERARTH D & 5 RERE O
BffEERE U, X — B := Spec R % [E £ Vi
4t ¥ 9 5. Esnault-Viehweg 1385 0 D&,
BI7 7 AN — Xy B3 2 ROuH BURR 72 518, &
7 7 AN— X, BABIRKNTH S Z & &FEH
U7z, ZORROEFEIZE T 28 L TR~
i, BT 70N —= Xy B 200 F BRI 51, %
PR 7 7 AN X & FIEAITHE Z L &
FEBHL 7z,

R 2 DORERE T, AN AR A e A
DEFIZE T % Liedtke-Martin-Matsumoto @
TR % H NI L 72

This year I have worked on deformation prob-
lems of F-singularities. In particular, in joint
work with Kenta Sato (Kyushu University), we
prove the following two results.

(1) Let X be a Q-Gorenstein normal variety
over Q. We can pick an integer n > 1 and a
flat morphism X — B := Spec Z[1/n] from
a normal scheme X whose generic fiber X, is
isomorphic to X. Ma-Schwede proved, under
the assumption that X is Q-Gorenstein, that X
has only log terminal singularities if the closed
fiber A}, is F-regular for a single p € B. As an

analog of their result, we prove, under the same
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assumption on &', that X has only log canonical
singularities if the closed fiber A}, is normal and
F-pure for a single p € B. In addition, we
generalize the result of Ma-Schwede to the case
where X’ is not necessarily Q-Gorenstein.

(2) Let R be a DVR of equal characteristic with
perfect reside field k£ and X — B be a proper
flat morphism. When £ is of characteristic zero,
Esnault-Viehweg proved that if the closed fiber
Xp is two-dimensional log terminal, then so is
the generic fiber &;,. As a characteristic p > 0
analog of their result, we prove that if the closed
fiber &} is two-dimensional F-regular, then so
is the geometric generic fiber A%.

As an application of the above two results, we
give an affirmative answer to a conjecture of
Liedtke-Martin-Matsumoto on deformations of
isolated linearly reductive quotient singulari-

ties.
B. F&KiwX

1. K. Sato and S. Takagi : “Arithmetic and
geometric deformations of F-pure and F-
regular singularities", arXiv:2103.03721.

2. K. Sato and S. Takagi : “Weak Akizuki-
Nakano vanishing theorem for globally
F-split 3-folds", arXiv:1912.12074.

3. S. Takagi :
merically Q-Gorenstein varieties”, J. Al-
gebra 571 (2021), 266-279.

. K. Sato and S. Takagi : “General hyper-

“Finitistic test ideals on nu-

plane sections of threefolds in positive
characteristic”, J. Inst. Math. Jussieu.
19 (2020), no. 2, 647-661.

5. Y. Gongyo and S. Takagi : “Kollar’s in-
jectivity theorem for globally F-regular
varieties”, Eur. J. Math. 5 (2019), 872—
880.

6. B. Bhatt and K. Schwede and S. Takagi :
“The weak ordinarity conjecture and F-
singularities”, Higher dimensional alge-
braic geometry, 11-39, Adv. Stud. Pure
Math., 74, Math. Soc.
2017.

Japan, Tokyo,



7.

10.

. V. Srinivas and S. Takagi :

. H. Dao and S. Takagi :

A. Singh, S. Takagi and M. Varbaro :
“A Gorenstein criterion for strongly F-
regular and log terminal singularities”,
Int. Math. Res. Not. IMRN 2017,
no.21, 6484-6522.

“Nilpotence
of Frobenius action and the Hodge filtra-
tion on local cohomology”, Adv. Math.
305, (2017), 456-478.

“On the rela-
tionship between depth and cohomolog-
ical dimension”, Compos. Math. 152
(2016), no.4, 876-888.

Y. Gongyo and S. Takagi : “Surfaces
of globally F-regular and F-split type”,
Math. Ann. 364 (2016), 841-855.

- HERFEE

. On vanishing theorems for Frobenius

split varieties in positive characteristic,
Joint Tokyo/Kyoto Algebraic Geometry
Seminar, A > 71 >, 2020 4 6 H.

. F-singularities and singularities in bira-

tional geometry I, II, IIT Bombay Vir-
tual Commutative Algebra Seminar, 7
VT4, 2020 F 9 H.

. Arithmetic deformations of F-singulari-

ties, MSRI Fellowship of the Ring, Na-
tional Seminar, > 71 >, 2021 £ 1 H.

. Arithmetic deformations of F-pure sin-

gularities, OIST Workshop "Quantum
Math, Singularities and Applications", 7
VT4, 2021 F£2 H.

. Deformations of F-pure and F-regular

singularities, Zoom Algebraic Geometry
Seminar, A > 71 >, 2021 4 3 H.

.
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RECE XH - B el 2 10 o] g6
DEFHOFERZMH U /2. 3IMILTEERX
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& BB D% & O H R 2 F A L
Too IRIZ, IEREE DR RS ORI
3% Hochster DEE]% & D H1F, Polstra
X Carvajal-Rojas—Stébler 12 & % {43 1)
BAERZMA U, miglZ, ERIROA T
TN DL THEDO A IZET S HEICD
WCHRE L 72, FRBDO5EE 15 F£20 L
BRI T W2 2%, Ma-Schwede 1&/%—
7z b FERGREHNS Z LT, BEE
BOBEIZH RO ERVE VLD & %
AEFA U 72, SEFEER DG ORI Z S U 72
#, Ma-Schwede DFFHD T 1 7 « 7 O
U7z, (BOERFR - 4 FEILEEER)

- AREE XC (RD) - A BAEE D KRBT O LA
AN

HIHIZDOWTEHE L, McKay MDA
AT o Tz, (PSR 3 AR M) 36 E%)

- AR IT SRR P OB HIHIZ D
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E. &+ - Ftiwmx

1.

(&L (i 8 (YAMAGUCHI Tatsuki):
A characterization of multiplier ideals

via ultraproducts.

F. Mf5E S — e 2

1.
2.

G. %

1.

Algebra & Number Theory fiEZE.
Journal of the Korean Mathematical So-
ciety ftEZE.

HABZERREE P2 EEEE.
GRS TRUEEE | SR
XA BRI - ZEITBERM ST B
FHAEAIEE v X — FMHEER.
ARG X - — HEEA.
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M0 DR AL F R AU,

2. R 29 fEERVEEAN 2 8 O GRS K E
KU FRIFHE, EHEE [EEROF
% AN 72 U BT 2 IZ BN B R R D
AN

it # (TSUJI Takeshi)

A. TR

p & Hodge #ifi, pE IR EO Y —fab L%
NODEHIZDOVWTHRL T WS, EFEEXT
@ Matthew Morrow K & O H[FI#F5E THEZE L
7=, Bhatt-Morrow-Scholze 2 & 5% p # Hodge
HEE D U WL A T OREBER R - #H5T Breuil-
Kisin-Fargues D ifi X % 2020 £ DRKIZ 5T/
7. BEFT p # Simpson Xf )& Tl small #—
LI & small % Higgs AN T 5. ki
Morrow [ & OO T, 2018 FEIZ,
MiZFOH a7 - aFREBTY—IZ BMS O p i
Hodge Blim CEA I N/ 135 UHE] 2/
&, BEGEE RO HAL I RER Y- IR
HBZENHHINT W, ORI KIEbIX
— IR T, TOREEOMIHANRE L 725
TWz. 2020 EEE, BE p T 5NN I VIR
HBrEbOaAFEDTY—IZDOWTIE, Higgs 5D d
L8 p IR MEDED H &, KIRM 72 LA 5
MDD Z & %ZGEH L 72, 12 Laurent Berger
K & @ Lubin-Tate (p, ") IHAEED AL R 551
BWT, 2018 F 2, Hodge filtration DFE X A3
p X DI/INZ W F I crystalline RELD L 2
R BRI OB AFEORATE Y 2 J 1 42/
ERWEEAL (FR) AEonTWE. 20
AL THW GBI (o, 1) MEIC & 2508
(Schneider-Venjakob) 7%, & % d A % FH
LN Z HETE SN T WS EH, FHOIEH
DREEHE L 25T\, 2020 F£EIX, TORBRD
BB RIS & 1372, (o, 1) IIEE, Wach MEED
BFEY 274 ~OFH EIFE oS <, Z
DO U WHERRIE 2 W72 PR OGRS % O R
Thb.

Takeshi Tsuji is working on p-adic Hodge the-
ory, p-adic cohomology, and their applications.

He completed a paper on the joint work with
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Matthew Morrow on a theory of coefficients:
relative Breuil-Kisin-Fargues modules in the
new frame work of integral p-adic Hodge theory
recently introduced by Bhatt-Morrow-Scholze.
The integral local p-adic Simpson correspon-
dence asserts the correspondence between small
generalized integral representations and small
integral Higgs bundles. In the joint research
with Morrow mentioned above, Takeshi Tsuji
proved that there exists a natural comparison
isomorphism between the cohomology groups of
these two objects after the operation “décalage"
(introduced by BMS) applied to the Galois co-
homology of a generalized representation. It is
known that such an isomorphism does not ex-
ists globally in general, whose obstruction has
been the next problem to study. In 2020, he
proved that the isomorphism exists when the
degree of the cohomology is small relative to
p under a certain assumption on p-adic con-
vergence of Higgs fields. In the joint study
with Laurent Berger in 2018 on Iwasawa theory
of Lubin-Tate (¢,T')-modules, Takeshi Tsuji
formulated a multivariable explicit reciprocity
laws (as a conjecture) for F-analytic crystalline
representations with length of Hodge filtration
smaller than p by using the local module of the
Lubin-Tate formal group. It relies on the de-
scription of Iwasawa modules in terms of (¢, I')-
modules by Schneider-Venjakob, and one of the
main obstructions to prove the conjectural for-
mula has been the fact that the description is
constructed in an indirect way via certain du-
alities. In 2020, he obtained a new direct con-
struction of the description, and the method is
suitable for the liftings of (¢,T')-modules and
Wach-modules to the local moduli. He plan to
study the conjecture by using the new construc-

tion.
B. F#&Kim X

1. T. Tsuji, Crystalline Z,-representations
and Aing-representations with Frobenius,

the proceedings of Simons symposium:



p-adic Hodge theory 2017, Springer 2020,
161-319.

. T. Tsuji, Notes on the local p-adic Simp-
son correspondence, Math. Ann. 371
(2018), 795-881.

. T. Tsuji, Saturated morphisms of log-
arithmic schemes, Tunisian Journal of
Mathematics 1 (2019), 185-220.

. A. Abbes, M. Gros and T. Tsuji, The p-
adic Simpson Correspondence. Annals
of Mathematics Studies 193, Princeton

University Press, 616pp., 2016 February.

C. MR«

. Coefficients in integral p-adic Hodge the-
ory via generalized Aj,¢-representations,
p-adic cohomology and arithmetic geom-
etry 2019, LK%, 2019 4£ 11 A

. Coefficients in integral p-adic Hodge the-
ory, Arithmetic Geometry in Carthage,
Tunis, Tunisia, 2019 4E 6 A

. Coefficients in Integral p-adic
Hodge Theory via Generalized Aj,¢-
representations and g-connections,
Simons symposium: p-adic Hodge the-
ory (2019), Elmau, Germany, 2019 4 4
H

. (p,T)-modules and formal moduli for
Lubin-Tate formal groups, Workshop on
arithmetic geometry, Tokyo-Princeton at
Komaba, the University of Tokyo, 2019
H3H

. p 1 Simpson &, REBAVBEGE & Z D
JA, HEKFBEL TR SEAT, 2018 4R
11 H

. Recent progress in integral p-adic Hodge
theory. Tokyo-Lyon Conference in Math-
ematics, the University of Tokyo, 2018
2 H

. The relative Fontaine-Laffaille theory
and Aj;,r representations with Frobenius.
Algebraic K-theory and arithmetic, Pol-
ish Academy of Sciences Conference Cen-

ter, Bedlewo, Poland, 2017 4 8 H
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8.

The relative Fontaine-Laffaille theory
and Ajnr representations with Frobenius.
Simons Symposium on p-adic Hodge
Theory, Schloss Elmau, Germany, 2017
H5H

9. p & Simpson X, HAREF2 2017 £E

10.

o, MG, HHRER, 2017
#£3H

Notes on the local p-adic Simpson cor-
respondence, Séminaire de Géométrie
Arithmétique Paris-Pékin-Tokyo, Insti-
tut des Hautes Etudes Scientifiques
(IHES), France, 2016 4 3 H

D. i##%
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F. XAMf5E S — e 2

1. Journal of Mathematical Sciences, the
University of Tokyo, TF 1 X —
2. Journal de Théorie des Nombres de Bor-

deaux, TF 1 X —
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EEIN (TOKIHIRO Tetsuji )

A. HF7EmE

AR, IMAE YRR IE, MR, MY s
HEWZEBEWMEBWEEI NS TRLVEA] SE
NHRERRIDEVEITY, WERKTZZ 2N
BSOS >TERZ. ZO-HOBIET L EL
T, INETHMAK T2 RAAREFE 7L
EREL, TOETIHN, 2R THEII N
2 MifaERE, ZAIlaE)RE, EZ T KO Mo H)
RZEMMIZHIATESLZ 2R L TE . KRIE
WEZDETINE IRITICIERL, 2 RITRRRIC 3
VoL MERERER I NS Z 2R UK. £
7z, MAEFFENE U - RICEREENER S NS
BRI DO W T OBIE TV EFH /IR L7z, &
50T, EMERNZ I DR & 722 KRBT AT
DEBHFHRERET IV EHEERL, BEME
T, MEDELDIIZEDELB TS5 27 ZIVH
R =DV 2475 7=,

In recent years, it has become clear that vascu-
lar endothelial cells behave in a peculiar man-
ner called "cell mixing," in which cells follow
and overtake each other during angiogenesis to
form a blood vessel network. As a mathemat-
ical model for this, we have proposed an anti-
phase oscillator model with elliptic particles,
and have shown that this model can qualita-
tively explain the two-cell dynamics, multicell
dynamics, and gene KO cell dynamics observed
in two-dimensional in vitro systems.

This year, we extended this model to three di-
mensions and showed that three-dimensional
vascular structures are generated as well as
two-dimensional ones. We also developed a
new mathematical model for the mechanism

of lumen formation after angiogenesis. In ad-
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dition, we reconstructed a simultaneous ordi-
nary differential equation model that qualita-
tively represents the elongation and bifurcation
of blood vessels, and analyzed the fractal pat-
terns caused by the union and bifurcation of

blood vessels using the exact solutions.
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Biol., 437, pp.141-148 (2018).
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roki Kurihara and Kenji Yasuda: “Com-
munity effect of cardiomyocytes in beat-
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cells”, Scientific Reports 7, 15450 (2017).
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fumi and Tetsuji
extension to the two-dimensional dis-
crete Toda lattice equation”, Journal
of Mathematical Physics 58, 012702
(2017).

9. K. Matsuya, F. Yura, J. Mada, H. Kuri-
hara, T. Tokihiro, “A Discrete Mathe-
matical Model for Angiogenesis”, SIAM
Journal on Applied Mathematics, Vol-
ume 76 (2016) 2123-2417.

10. Masataka Kanki, Takafumi Mase and
Tetsuji Tokihiro, “Singularity confine-
ment and chaos in two-dimensional dis-
J. Phys. A: Math.
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tems, Differential Equations and Appli-
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(2018).
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I have been working on the geometry of strictly
pseudoconvex domains and CR structures on
their boundaries from the point of view of
Parabolic Geometry. This year, I continued
the project of the slice theorem for CR struc-
tures on the sphere. On the analysis side, the
main result is the subelliptic estimate for the
Laplacian for the deformation complex of the
The definition of the 4th or-
der Laplacian in this context has freedom in

the definition. It turned out that, with a good

CR structures.

choice of the Laplacian, one can get the esti-
mate quite naturally. The slice theorem has an
application to the rigidity theorem of the CR
sphere and I am writing a paper which also in-

clude it.
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2. Log term of the Bergman kernel and the
deformation complex for CR structures,
Math department colloquium, Prince-
ton Univ. (USA), September 2017 and
Taipei Conference on Geometric Invari-
ance and Partial Differential Equations
(Taiwan), January 2018

3. @ and @-prime curvature in confor-
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mal and CR geometry (3 lectures); In-
tegral invariants on CR manifolds (50
min talk), JAMI, Johns Hopkins Univ.
(USA), March 2018

. Relative fundamental solution to the

CR invariant powers of sub-Laplacian
and the deformation complex of CR
structures, Taipei Conference on Geo-
metric Invariance and Partial Differen-
tial Equations, Institute of Mathematics,

Academia Sinica (Taiwan), January 2019

. Global invariants of strictly pseudocon-

vex domains, Mathematics Colloquium,
UCSD (USA), February 2019
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Korea Institute for Advanced Study
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My research field is inverse problems in mathe-
matical sciences.  In particular, I am studiyng
determination of parameters such as coeffi-
cients, nonhomogeneous terms in evolution
equations and determination of shapes of do-
mains from overdetermining data. Recently I
have started to study fractional diffusion equa-
tions comprehensively. I publish a part of such
a theory in [6] (in the next item B).

1. I published 18 refereed journal articles in the
fiscal year 2020 ([1]-[18] in section B). In [7],
[10] T proved the stability for problems back-
ward in time for fractinal diffusion equations,
which is very different from the heat equation
and the wave equation whose orders of the time
derivatives are one and two respectively. In
[8], T simplified the method for proving the sta-

bility for inverse problems for partial differen-



tial equations by Carleman estimates ([8]), and
such a method was well applied to obtain the
stability and the uniqueness ([5]). Moreover
I published a paper ([12]) on environmental
problems, and a comprehensive work on inverse
problems for viscoelasticity ([16]).

Other works cover mathematical analysis for
inverse problems such as the uniqueness and
the conditional stability for inverse coefficient
problems, forward problems such as initial-
boundary value problems for fractional partial
differential equations, the uniqueness in the
inverse problems of determining Riemannian
metrics by Dirichlet-to-Neumann map.

2. I have applied mathematics in oder to solve
problems in the real world such as industry.
Mathematics is not only a system of theories
but also is powerful machinery for solutions
of practical problems, by its character of
abstraction and generalization. Moreover by
applications, one expects more development
In 2019 T continued

activities of the mathematics for industry. I

of mathematics itself.

am one of the main organizers of ”Study Group
Workshop for Solving Problems from Industry
and Engineering". In spite of limitations
by the corona disaster, the workshop was
organized in December of 2020 within FMSP
Graduate School Program and Cooperative
Math. Program:

http://fmsp.ms.u-
tokyo.ac.jp/FMSP201214.pdf

Companies and an incorporated administrative
agent proposed problems on machine learning,
asset managements, measurements process for
shafts, and the participants composed mainly of
graduate students have worked towards practi-
cal solutions. Moreover I have continued joint
research projects with companies.

In March 2021, I became a correspondence
member of Accademia Peloritana dei Peri-
colanti (in Messina, Italy, founded in 1729) in
addition to honorary member of Academy of

Romanian Scientists.

54

B. F&KHisC
TARTEHAD.

1. Kian, Yavar and Yamamoto, Masahiro,
“Well-posedness for weak and strong
solutions of non-homogeneous initial
boundary value problems for fractional
diffusion equations", Fract. Calc. Appl.
Anal. 24 (2021) 168-201.

2. Choulli, Mourad; Hu, Guanghui; Ya-
mamoto, Masahiro, “Stability estimate
for a semilinear elliptic inverse problem",
NoDEA Nonlinear Differential Equations
Appl. 28 (2021) no. 4, 37

3. Luchko, Y. and Yamamoto, M., “The
general fractional derivative and related
fractional differential equation", 20pp,

in Special Issue of "Mathematics (ISSN

2227-7390)": "Fractional Integrals and
Derivatives: "True" versus "False"", ed:
Luchko, Y.,
https://www.mdpi.com/2227-
7390/8/12/2115/pdf

4. Yamamoto, M., “On time fractional

derivatives in fractional Sobolev spaces

and applications to fractional ordinary

differential equations", 21pp. in "Non-
local and Fractional Operators'. eds:
Beghin, L., Mainardi, F. and Gar-

rappa, R., SEMA SIMAI Springer Series,
Springer-Verlag, Cham, Switzerland.

5. Yamamoto, M. and Kaltenbacher, B.,
“An inverse source problem related to
acoustic nonlinearity parameter", 45 pp.
in "Time-dependent Problems in Imag-
ing and Parameter Identification". eds:
Kaltenbacher, B., Schuster, T. and Wald,
A. Springer-Verlag, Cham, Switzerland.

6. Kubica, Adam, Ryszewska, Katarzyna

“Time-

A

Springer-

and Yamamoto, Masahiro,
fractional differential equations.
theoretical  introduction,
Verlag, Singapore, 2020.

7. Floridia, G. and Yamamoto, M. “Back-



10.

11.

12.

13.

14.

15.

ward problems in time for fractional
diffusion-wave equation", Inverse Prob-
lems 36 (2020), no. 12, 125016, 14 pp.

. Huang, X.; Imanuvilov, O. Yu. and Ya-

mamoto, M., “Stability for inverse source
problems by Carleman estimates", In-
verse Problems 36 (2020) 125006, 20 pp.

. Tiba, Dan; Yamamoto, Masahiro, “A

parabolic shape optimization problem",
Ann. Acad. Rom. Sci. Math.
Appl. 12 (2020) 312-328.

Li, Zhiyuan; Ya-

mamoto, Masahiro, “Well-posedness for

Ser.

Floridia, Giuseppe;

the backward problems in time for gen-
eral time-fractional diffusion equation”,
Atti Accad. Naz.
Mat. Appl. 31 (2020) 593-610.

Bellassoued, Mourad; Moufid, Chaima;

Yamamoto, Masahiro, “A Carleman esti-

Lincei Rend. Lincei

mate for the linear magnetoelastic waves
system and an inverse source problem in
a bounded conductive medium", Appl.
Anal. 99 (2020) 2428-2456.

Chen, Yu; Cheng, Floridia,
Giuseppe; Wada, Youichiro, and Ya-

mamoto, Masahiro, “Conditional stabil-

Jin;

ity for an inverse source problem and an
application to the estimation of air dose
rate of radioactive substances by drone
data", Math. Eng. 2 (2020) 26-33.

Li, Zhiyuan; Huang, Xinchi; Yamamoto,
Masahiro, “A stability result for the de-
termination of order in time-fractional
diffusion equations", J. Inverse Ill-Posed
Probl. 28 (2020) 379-388.

Golgeleyen, Fikret and Yamamoto,
Masahiro, “Uniqueness of solution of an
inverse source problem for ultrahyper-
bolic equations", Inverse Problems 36
(2020) 035008, 17 pp.

Elschner, Johannes; Hu, Guanghui; Ya-
mamoto, Masahiro, “Single logarithmic
conditional stability in determining un-

known boundaries", Appl. Anal. 99

55

16.

17.

18.

19.

20.

21.

22.

23.

(2020) 725-746.
Imanuvilov, Oleg Yu. and Yamamoto,
Masahiro, "Carleman estimate for linear
viscoelasticity equations and an inverse
source problem", STAM J. Math. Anal.
52 (2020) 718-791.

Cheng, Jin, Liu, Yi-kan, Wang, Yan-bo
and Yamamoto, Masahiro, ”Unique con-
tinuation property with partial informa-
tion for two-dimensional anisotropic elas-
ticity systems', Acta Math. Appl. Sin.
Engl. Ser. 36 (2020) 3-17.

Li, Zhiyuan, Huang, Xinchi and Ya-
mamoto, Masahiro, ”Initial-boundary
value problems for multi-term time-
fractional diffusion equations with z-
dependent coefficients", Evol. Equ. Con-
trol Theory 9 (2020) 153-179.
Imanuvilov, O. Yu. and Yamamoto,
M, "Carleman estimate and an inverse
source problem for the Kelvin-Voigt
model for viscoelasticity", Inverse Prob-
lems 35 (2019) 125001, 45 pp.

Oleg Yu;

Masahiro, ”Stability for determination

Imanuvilov, Yamamoto,
of Riemannian metrics by spectral data
and Dirichlet-to-Neumann map limited
on arbitrary subboundary', Inverse
Probl. Imaging 13 (2019) 1213-1258.
Cannarsa, P., Floridia, G., Gogeleyen, F.
and Yamamoto, M, "Inverse coefficient
problems for a transport equation by lo-
cal Carleman estimate", Inverse Prob-
lems 35 (2019) 105013, 22 pp.

Li, Zhiyuan and Yamamoto, Masahiro,
”Unique continuation principle for the
one-dimensional time-fractional diffusion
equation", Fract. Calc. Appl. Anal. 22
(2019) 644-657.

Dou,

Masahiro,

Fangfang and  Yamamoto,
"Logarithmic stability for
a coeflicient inverse problem of cou-
pled Schrédinger equations', Inverse

Problems 35 (2019) 075006, 17 pp.



24. Li, Zhiyuan and Yamamoto, Masahiro,
"Inverse problems of determining coeffi-
cients of the fractional partial differential
equations", Handbook of fractional cal-
culus with applications. Vol. 2, pp.443-
464, De Gruyter, Berlin, 2019.

25. Luchko, Yuri and Yamamoto, Masahiro,
"Maximum principle for the time-
fractional PDEs", Handbook of frac-
tional calculus with applications, Vol. 2,
pp. 299-325, De Gruyter, Berlin, 2019.

26. Huang, Xinchi; Li, Zhiyuan; Yamamoto,
Masahiro, ”Carleman estimates for the
time-fractional advection-diffusion equa-
tions and applications", Inverse Prob-
lems 35 (2019), 045003, 36 pp.

27. Hémberg, Dietmar; Lu, Shuai; Ya-
mamoto, Masahiro, "Uniqueness for an
inverse problem for a nonlinear parabolic
system with an integral term by one-
point Dirichlet data", J. Differential
Equations 266 (2019), 7525-7544.

28. Romanov, Vladimir G.; Yamamoto,
Masahiro, ”Recovering two coefficients
in an elliptic equation via phaseless in-
formation", Inverse Probl. Imaging 13
(2019) 81-91.

BB, TAVIEFEEDT — X RX— A Math-
SciNet 12 & 2 #8[ D £E ¥k 5365 B TH %
(51 FHEH#X 1868).

RO RIANT OARDEE, MEHITo72

1. IXRDEHDOH BRI L\ W
By =a—hrTL A 2020 4E

2. ITXRDEDDD>H PRI LV =M
B}l —a—brFL A 2021 4

3. IXZADEZDDD->BERRI LW U
—a—bFrIFL R 2021 4

C. HEAFEE

1. Some inverse problems for time-
fractional diffusion equations, Interna-
tiona Workshop on Fractional Calculus,
Ghent Analysis & PDE Center, Ghent

56

University, 10 June 2020

. On an initial boundary value problem for

generalized time-fractional partial differ-
ential equations: one unified approach,
” Recent Progress in Nonlocal Model-
ing, Analysis, and Computation” South-
ern University of Sciecne and Technol-
ogy, Shenzhen, 16 June 2020

. The well-posedness for the direct

problem and inverse problems for time-
fractional partial differential equations:
some fundamentalstudies, Southeast

University, Nanjing, 23 July 2020

. Direct and inverse problems for time-

fractional partial differential equations:
some recent results, Shanghai University
of Finance and Economics Fudan Univer-

sity, 3 August 2020

CETFOVERENL Y Ta—F 5 AT ED

HHE, “JST Ml & I F— U — X [HEb
ZEERE” 202049 H 8 H

. Unique existence of solutions for some

time fractional partial differential equa-
tions and some inverse problems: re-
cent results, “Nonlocal Diffusion Prob-
lems, Nonlocal Interface Evolution Insti-
tute of Mathematics", Polish Academy of
Sciences, 3 October 2020

. The theory of the direct problem

and several inverse problems for time-
fractional partial differential equations,
“Inverse and Ill-posed Problems: Theory
and Numerics

XIT International Scientific Conference
and Young Scientist School", Novosibirsk
State University, Mathetical Center in
Akademgorodok, 10 October 2020

. Uniqueness and stability for inverse

problems for fractional partial differen-
tial equations on the basis of the forward
analysis, “4th Annual Conference Nu-
merical Methods for Fracional-derivative
Problems", Beijing Computational Sci-

ence Research Center, China, 24 October



Real World Applications" 2011 4F —B{7E

2020 9. Guest Professor of Southeast University
9. Stability for inverse problems and related (Nanjing, China)
problems for evolution equations by Car- 10. Senior researcher of Research Center
leman estimates, ” Belt and Road” On- of Nonlinear Problems of Mathematical
line Workshop on Contemporary Applied Physics, Peoples’ Friendship University
Mathematics Shanghai University of Fi- of Russia, Moscow
nance and Economics, Fudan University,
12 December 2020 Y
PAE, Ay o4 iz kv Ef
) . i 1. the 2014 William F. Ames JMAA Best
10. Applied Mathematical Analysis - resolu-
] Paper Award
tions of real-world problems and deepen-
. . . 2. The Gold Medal for "For Great Contri-
ing of theories — IV —~ =T RI¥HT A o _ o
53— 422 L LR Academy of ?utlons 3n Mathematics", 2012, @ > 7 &
Romanian Scientist, 6 September 2019 FTATI = v RY T
3. Honorary Member of Academy of Roma-
% nian Scientists (2019 4£ 4 A& 0)
4. Accademia Peloritana dei Pericolanti (-
1. BTV 70 & NTHEE - B 3 AR M 1 ZYT . AwviF. 1729 RIS DANE A
wE. A A& — HMPREBS AR 28 (202143 HED)
A DA
2. i XC « HREO AP CHOE R JEARLDE Y X —
732 6 I AT IR IS G O fifd, B
3 A, A A 2K — 1. Yavar Kian 20/03/07 - 20/05/05 Aix-
3. A SRR RO Marseille University 7 5 > A, FEEEEHE
5> 75 R 2 D ¥ R R oD 2 [F AfF 5%
F. ST — P 2 2. Piermarco Cannarsa 20/02/12-
2020/02/19, University Rome Tor
1. Editorial board ” Journal of Inverse and Vergata 1 2V 7, iRALEIE AR X D
Nl-posed Problems", 2011 4 —H{f£ I D LR E
2. Editorial board of ”Journal of the China 3. Oleg Emanouilov 20/01/04 - 20/01/15
Society of Industrial and Applied Math- Colorado State University 7 A V 77, 5%
ematics (J. of Chinese STAM)", 2011 4£ SRAE Y RTRE 2 & ORGSR 0D 30 R RE o 2L
—HifE [P
3. "Editorial board of ”Applicable Analy- 4. Kazufumi Ito 19/12/24 - 20/01/05 North
sis'. 2011 fE—HIE Carolina State University 7 A VU 71, #
4. Board of "The Journal of World Mathe- RERLEE 0D 33 [ RE oD [ I 5
matical Review" 5. Mourad Choulli 19/08/08 - 19/08/15
5. Advisor Board of "Inverse Problems in University of Lorraine 7 7 » A, # M1
Science and Engineering', 2011 4F —B{{£ FreARITB 9 % i O LR
6. Editorial Board of "Nonlinear Analysis:

== .
7. Fellow at Institute of Physics (Great = AL (YOSHIDA Nakahiro)

Britain) 2011 4—2014 4
8. Honorary professor of East China Insti-

tute of Technology (China)

A. WoEREEE
BRI FE fe b L P B AR, HESROB AR O RE
P, OMRER, WO, 2 IV F -0,

57



Malliavin fi##fr, §H&7 71+ v A, #at¥HE

B,

1.
2.

TR 2 AL T WD

Malliavin fi#ffr & FiRH &
BAEERSHEBRZ/{OTILF I —
V249 BT R O WESE

. NAUANIIF Y —/AAXARTOTL

TRY =Y v e O

. Euler-Maruyama 3T /{5272 O & B

5. Skorohod F&43 Dl & B
6. fractional Brownian motion O jN.EEIE Dl

iR B

. Wiener MEEEUZ T 2 —REHAR

8. LU FE fifhfr D P AR
9. BRIFHEBEN T TORTI T2 VT 112

10.

11.

12.

13.

14.

15.

16.

17.
18.

W DEARERRNT & 8T A MY v 7 HEE
B D B

VXU TTANR = BENERT T 1)
T 1 HERE

ER AL P fi T & R B ROE R & B A 1
Foffidt € 7 OHEHIE R

AL FE AT & 19 TR L

Tl SRBFE D A — AHEE

HY #EEEe ) =R - 7 7 #EE

TRy HfE R 2 A RHfE 7L T
) X L

OBV —=R-5 7 U3Iv b A —K—-
T

IBALHEHGERE D HEE

R, ARENIHTEYIaL—va
v MEHENY 7 o =7 ORI (YUIMA
I 7uavz s h)

I am studying quasi likelihood analysis, asymp-

totic decision theory, statistics for stochas-

tic processes, limit theorems, asymptotic ex-

pansion, semimartingales, Malliavin calculus,

quantitative finance, statistical machine learn-

ing and computational statistics:

1. Malliavin calculus and limit theorems

. Asymptotic

. Asymptotic expansion for a martingale

that has a mixed normal limit distribu-
tion

expansion of the pre-

58

10.

11.

12.

13.
14.

15.

16.

17.

18.

. Asymptotic

averaging estimator under microstruc-
ture noise
Euler-

expansion  in

Maruyama approximation

. Asymptotic expansion of Skorohod inte-

grals

. Asymptotic expansion of various func-

tionals of a fractional Brownian motion

. General expansion formula for Wiener

functionals

. Theory of the Quasi-Likelihood Analysis

(QLA)

. Quasi-Likelihood Analysis for volatility

in finite time horizon and asymptotic ex-
pansion of the QLA estimators

Jump filters for stable volatility estima-
tion

Partial Quasi-Likelihood Analysis and
inference for a statistical model having
long-memory components
Quasi-Likelihood Analysis and informa-
tion criteria for model selection

Sparse estimation of stochastic processes
Applications of the HY estimator to lead-
lag estimation

Adaptive estimation methods for
stochastic differential equations
Statistical inference for point processes
applied to lead-lag phenomena and limit
order book

Estimation for a degenerate diffusion
process

Statistical package for simulation and
statistical analysis for stochastic differ-

ential equations (YUIMA III Project)

B. F&iisC

1.

. Muni Toke, I., Yoshida, N.:

T. Suzuki and N. Yoshida:

ized least squares approximation meth-

“Penal-

ods and their applications to stochastic
processes”, Japanese Journal of Statis-
tics and Data Science (2020)

“Marked
point and intensity

processes ra-



10.

11.

2.

. Podolskij,

. Inatsugu,

tios for limit order book modeling”,
arXiv:2001.08442 (2020)

. Delattre,S.,Gloter,A.,Yoshida, N.:“Rate

of Estimation for the Stationary Distri-
bution of Stochastic Damping Hamilto-
nian Systems with Continuous Observa-
tions”, arXiv:2001.10423 (2020)

M., Veliyev, B., Yoshida,
N.: Edgeworth expansion for Euler ap-
proximation of continuous diffusion pro-
cesses”, The Annals of Applied Probabil-
ity, 30, 4 (2020) 1971-2003

. C. Tudor and N. Yoshida: “Asymptotic

expansion of the quadratic variation of
a mixed fractional Brownian motion”,
Statistical Inference for Stochastic Pro-
cesses, 23 (2020) 435-463

. N. Yoshida: “Asymptotic expansion of

a variation with anticipative weights”,
arXiv:2101.00089 (2020)

. Gloter, A., Yoshida, N.: “Adaptive es-

timation for degenerate diffusion pro-
cesses”, Electronic Journal of Statistics,
15 (2021) 1424-1472

. Mishura, Y.,Yoshida,N.:“Divergence of

an integral of a process with small ball
estimate”, arXiv:2102.01616 (2021)
H.,Yoshida, N.: “Global
jump filters and realized volatility”,
arXiv:2102.05307 (2021)

N.  Yoshida: “Simplified

likelihood analysis for a locally asymp-

quasi-
totically random field”,
arXiv:2102.12460 (2021)

Inatsugu, H.,Yoshida, N.: “Global jump

quadratic

filters and quasi-likelihood analysis for
volatility”, Annals of the Institute of Sta-
tistical Mathematics, on-line (2021)

C. HEaFEE
1.

Global jump filters and quasi likelihood
analysis for Volatility. CMStatistics
2018, Pisa, Italy, 2018.12.15 f4AFaH

Global jump filters and quasi-likelihood

10.

1.

analysis for volatility. DynStoch2019,

Delft, Holland, 2019.6.12

. Adaptive and non-adaptive estimation

of degenerate diffusion processes. The
Third YUIMA Conference, Bressanone,
Ttaly, 2019.6.27

. Asymptotic expansion for functionals of

a fractional Brownian motion. Fourth
Conference on Ambit Fields and Related
Topics 4-8 August, 2019, Sandbjerg Fs-
tate, Sgnderborg, Denmark, 2019.8.6 4
e

. Asymptotic expansions in non-ergodic

62nd ISI World
2019, IPS-159,

Convention Center,

stochastic systems.
Statistics
Kuala Lumpur
Kuala Lumpur, Malaysia, 2019.8.23 4
AR R

Congress

. Asymptotic expansion of an anticipa-

tive functional. Asymptotic expansion
and Malliavin calculus II, Institut Henri

Poincaré, Paris, France, 2019.12.11

. HERBFR DK E O MER & 6. 25 8 [Hlik

JRFEBER P EREA /YT ar ¥ — b,
BEREZRA KT, HE, 2019.9.28 KEZH
EE 20

. Estimation for degenerate diffusion pro-

cesses. CMStatistics, University of Lon-
don, London, UK, 2019.12.15 fA{¥#i4iH

. Non-adaptive estimation for a degener-

ate diffusion The 13th International Con-
ference of the ERCIM WG (CMStatistics
2020), 2021.12.20 BFFEHE

Quasi-likelihood analysis for stochastic
differential equations: volatility estima-
tion and global jump filters. Asia-Pacific
Seminar in Probability and Statistics,
Online. 2021.2.17 18R #H

. AR

e - MERHET Y I Vv F v 7 —
NVDER, POREH, AER, FOBIRE
B, Ny 20— RILFor—), BIY
R~V F o7 =B U CERL L



Too (BOHLRZERE - 4 AR IEGR )

. WERARET LS - HERAEEE 1T : HEHE TV
U TDERAMRDMEL, T o2t
35 M2 ORFEFHHENIEIC DWW TR L 72,
MG DRI, HERZH, MWRoMm,
oA, oA, IfEE. B, R
/O 27 GV (NI /N -/ O i SVA NI = it
DA, FAFD SHIFHE, ARifEE. +2
M, SEfitE. A - 7T v 2T 2 VO,
L=<V vz 7 DEREEHFL 2,
HE ST CONNIE € =318 ST =)

- BOEERER - WESRRGEEE IT RO D
AFTRER, W R D BERE I D W TR L
Teo HHERE, REDIEAN & —BME, fR/DN
IV b T A MR, M HEE & O E R
M, ATy TR, RERRE. %
A OWE., [HREHREICBE U THIAL
Too (BOHLKRZEBE - 4 FREIEGR )

. et BRI R V - #ERKEN: XC
TEHER D FEBEIZ DN TREE U 72, HER DA
DHLD Ho, ZERIER DA, —MALYAT
B, $IEATH. ¢ . F 0. AU A -
VA TET IV, RFHME, EERSH. 2
XA, R A, EBI AT IZBE U TRl
HIU 720 (BOBERZFPE - 4 A IERER)

. AET B ORI R TV - MR XE Bk~
TRl ERE  AREHHE D TR B L . T
WIS T SRR B LY I 2L —
TavDidDd R NNy T—Y YUIMA %
HAWTHEHE LUK, YUIMA OBE&E» 510
b, WRMH ABRROA 7Y =7 Mb, ¥
Iab—vay, RIA-RHEE, LEE
FEE B DR RED M B L S Z DRk~ 25y
MIEE RN Utz, (BERRNE - 4 A E
G

. weat B R RR R VI - MR GHE XF
Y ITNF T - OEFEMG, Doob-
Meyer /3f#, I >Ryt AX— £ITIL
Frr—)b, WP HIEE, BT LF
TV DRRARENE, I LF U -
IR AHERFE . 2 IREENERE, purely
discontinuous local martingale, 7> & A
I, FFRER, 2 IXVFUTr—L0
FHERBUZ DOWTIER U 72, (B 2R -
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S S E S B = )

MiatT — X kT 10 &gty 7 b VT T R %
W2 2 BTED AM#ERE, R Offiv
Timolad, FEBEHHOYIal—Ya
V. BRSNS BRI
BLUCHEE R Z/AL. RiICksT—%
AT D B EFA L 72, (B R)

WRET — R AR L R 7 R U7 RO

BEAR 72 N G & KRG D BN S % fil it
Ulze 7—X2O7Hy b, ¥YIalb—T3
v MRRE R, WERAE, FERER 2R Bl R A
AR E T X OHEN, HE, ME. S
Mro [EURDHCBEI L CTEE U2, (BIIERRE
%)

E. &+ - ftimx

1.

(Gr X +) Wk &FE (INATSUGU
Haruhiko):
Stochastic Differential Equations with

Statistical Inference for

Jumps: Global Filtering Approach.

F. XHMfZEs — e A

1.

ot At BB ST Y A 2 AT BRI A T 2
R —Em B

2. HAT 2 F a7 —=ileEA

. Statistical Inference for Stochastic Pro-

cesses, editorial board
AT BCEI S E S R EEE

5. (R HmfiBocibt >y 2 —HH

o

Q

%

Zoom Asia-Pacific Seminar in Probabil-
ity and Statistics, Online, 2020.11.18-
2021.3.24, A—HF A1 ¥ —

i

L

CERSHIE) Vaes s et VR e PN

Y40y PR )7 (WILLOX Ralph)

A. Wi
SAEEFEE UT RO 4 OB Y L R
LB DOWTHIEZITV, MIEREE2 S,

o A= I VRKRFE (Za—V—=FVR) D

Doyong Um & Université Paris - Saclay
@ Basile Grammaticos & Alfred Ramani
& OILFEAFE T, HEik KAV AREA DK



IZHB I SRR EOME, KON THEON
7 BAR D B & 12 B D < AR A Ml
2ERL, BN KAV ARNCEREABL
ADMWE 2R WRREAPFEET S L
EREAIL 7=, FEROE -2 FRKT DL
BRI BRI i AT H B [B.G).
P K% D Junkichi Satsuma & Basile
Grammaticos & D IL[FIFFSET, Moteshar-
rei et al. A% 2014 It FHEOE T IV
& U T#EME L7z THuman and Nature Dy-
namics Modell ZH#& L, &> & —fki
HEE2TERTEI2ETNLVOHF LY T A%k
KL, DI AEENDETINVARRX
DAL 24T 5 72DI2H L WL Tk %
BAFL 72, ZORREZFERT B UIBEIC
FATMEEE SR A T H S [B.10].

Basile Grammaticos & Alfred Ramani &
AW5ER D Takafumi Mase & @D H:[Efif 5%
T, BEDOKEE TEHIRITTOMNEHERIZE
TR R ONE & BRDOKEAEIZ L2
IRBOER & DRAREZEE U2, #IEAEE
72 2D HEAD coupling 5 ELNS
TG D EAR D 5 i & IRBUE K & DRIR
DWW T DFIIBTEEL R TH 5.
Takafumi Mase & 7 1+ 5 Y RD h w )b
2 K% D Jarmo Hietarinta & O R4
T, 2T ETERI NS ES R
ROWHME - FEFERED 2 DN
B entropy OFHEIZE D &S %
ZoThEWVND F—TIZDOVWTHEL G &
EMEEITo72. TOMBRERKRT 25
XIFBEAERHFTH 5.

tion (based on their singularity struc-
ture). As a result, we also discovered sin-
gularities for the discrete KdV equation
that do not enjoy the singularity confine-
ment property. The first part of these
results was reported in [B.8].

In collaboration with Junkichi Satsuma
(Musashino University) and Basil Gram-
maticos, I studied the so-called “Hu-
man and Nature Dynamics Model” pro-
in 2014

for describing societal collapse. We con-

posed by Motesharrei et al.

structed a broad class of models that de-
scribe much more general collapse sce-
narios than those in the original model,
and we developed a new discretisation
technique which can be used to obtain
discrete version of the equations con-
tained in this class of models. These re-
sults were reported in [B.10].
Continuing the joint research I started
in 2019 with Basil Grammaticos, Alfred
Ramani and Takafumi Mase (also from
this institute), I studied possible connec-
tions that may exist between the singu-
larities that arise in bi-rational mappings
on higher dimensional spaces and the de-
gree growth of the iterates of such map-
pings. We are currently finishing a paper
detailing this connection for mappingss
that are obtained by coupling lineariz-
able second order maps.

In collaboration with Jarmo Hietarinta

(Turku University, Finland), Takafumi

The research I conducted over the past year

. . L M dIh 1 tinued -
mainly concerned the following 4 topics in ase a ave also contitiied out e

mathematical physics. search on the influence that specific ini-

tial value and boundary value problems

e Together with Doyong Um (the Univer- have on algebraic entropy computations

sity of Auckland), Basil Grammaticos for difference equations defined on a two-

and Alfred Ramani (Université Paris - dimensional lattice. We are currently

Saclay) I studied the singularity struc-
ture of reductions of the discrete KdV

writing a paper announcing our results.

B. F&KHisC

equation, as well as the integrability of

the mappings obtained through reduc-
1. T. Mase, R. Willox, A. Ramani and B.
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10.

. R. Willox:

. J.J.C. Nimmo,

Grammaticos: “Singularity confinement
as an integrability criterion”, J. Phys. A:
Math. Theor. 52 (2019) 205201 (29pp).
“Discrete solitons with in-
ternal degrees of freedom: discovered at
last?”, JPSJ News and Comments 16, 05

(2019) (2pp).

. B. Grammaticos, A. Ramani and R.

Willox:
equations from an Eél
J. Math. Phys. 60 (2019) 063502 (16pp).

“Restoring discrete Painlevé

)_associated one”,

. A. Ramani, B. Grammaticos, R. Willox

and T. Tamizhmani: “Constructing dis-
crete Painlevé equations: from Eél) to
Agl) and back”, Journal of Nonlinear
Mathematical Physics 26 (2019) 520-
535.

. R. Willox: “¥g0 FOFEN", BHEY 674

(2019), 32-33.
C.R. Gilson and R.
Willox: “Darboux dressing and undress-
ing for the ultradiscrete KdV equation”,
J. Phys. A: Math. Theor. 52 (2019)
445201 (36pp).

. J. Hietarinta, T. Mase and R. Willox:

“Algebraic entropy computations for lat-
tice equations: why initial value prob-
lems do matter”, J. Phys. A: Math.
Theor. 52 (2019) 49LT01 (13pp).

. D. Um, R. Willox, B. Grammaticos and

A. Ramani: “On the singularity struc-
ture of the discrete KdV equation”, J.
Phys. A: Math. Theor. 53 (2020)
114001 (24pp).

. B. Grammaticos, A. Ramani, R. Willox

and J. Satsuma: “Discrete Painlevé
equations from singularity patterns: The
asymmetric trihomographic case”, J.
Math. Phys. 61 (2020) 033503 (20pp).
R. Willox and J.

“Revisiting the Human and

B. Grammaticos,
Satsuma:
Nature Dynamics model”, Regular &
Chaotic Dynamics 25 (2020) 178-198.
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. Singularity

C. HEaFEE

. Nonlinearity, non-locality and conserva-

tion laws, FQXi workshop “Quantum
Rogue Waves as Emerging Quantum
Events”, Ecole Centrale de Marseille,
France, 2016 4£ 6 H.

. Full-deautonomisation or how to obtain

the algebraic entropy of a map from
singularity confinement, SIDE XII con-
ference “Symmetries and Integrability
of Difference Equations”, Sainte-Adele,
Québec, Canada, 2016 4 7 H.

confinement, anticonfine-
ment and algebraic entropy, AMS Fall
Western Sectional Meeting, University of

Denver, Denver, USA, 2016 4E 10 H.

. From singularity patterns to algebraic

entropies, ISQS25 —the XXVth Inter-
national Conference on Integrable Sys-
tems and Quantum Symmetries, Prague,
Czech Republic, 2017 4£ 6 A.

XN T =25y RV Y - 7 VI A UN

e Ao, R &Rk T IR, R
BlZOMED Y - AR %R - BERESE, ML
- BAREESAE, 2017 4 8 A.

CRESHUADEREM Y bo Y- 11,

FERRI B R 2E D B i — B & 6
JUMIR IS D 5eiT SRR R, Ju
MR, 2017 F 11 H.

. Solution to the direct and inverse scat-

tering problems for the ultradiscrete
KdV equation, Integrable systems, spe-
cial functions and combinatorics, Sabhal
Mor Ostaig —the Gaelic College, the Isle
of Skye, UK, 2019 4 6 H.

. On the direct and inverse scattering

problems for udKdV, China-Japan Joint
Workshop on Integrable Systems 2019,

#E(L, 2019 4F 8 H.

. Integrability tests for lattice equations —

or why lattice equations are more inter-
esting (and subtle) than ordinary map-

pings, Integrable Systems 2019, The Uni-



10.

versity of Sydney, Australia, 2019 £ 11
H.

Discretising and ultradiscretising the
“Human and Nature Dynamics Model”
— new challenges and the limits of mod-
elling, From Nonlinear Waves to Inte-
grable Systems, Tsuda University, Insti-
tute for Mathematics and Computer Sci-
ence, held online on Zoom, 2020 4 11 H.

D. f##%

10.

11.

OB AE2 (ARRXALZ—)

- BORRFAEGE (S1 X —L4) - RS T

HED AFTE (BEARATIRREE 1 424E)

BRI ERREE (S1 2 —24) oD

FEREEAM OEE (B ariFRe 1
)

OS] (S2 Z—L1)  AHEHFD

AMaER (B AR 1 4£4)
B IR R (S2 X — L) - B
FAFIOEE (BEAATHIRRRE 1 4£4)

CHAREY I -0 (BERE) (S AR

Z—) HRBZIZEHN M fERIZD
WTDHiRt I 7 — (BEAIRATHRE 2
)

CBUEFE XA (SEAZRZ—) 4 FAEOH

it IS — (B4 4E4)

- BIGEE TT - BIGE Y - JERR 8O

(SERAAX =) : A L=NAKAT, Bha i
HEIZB T2 ERBR Z AR T 2HHET
VRN A— b2 b rOBEE, ROFN
5DETNDMMIIZONTH L Dl (F
A - ARG BARR AR
HARF 4 54 - KFBAEDBEER)

RGN Cagees
D AMGER (BRI 1 424E)

- AR FEE (A ¥ AR X —) - WHRS

FAFIOEE (BEARATHERE 1 4£4)
BAREAGESE (A XA X —) 4 FEOHR
wik I — (B4 4E)

JEFHECE XA - SRR R VIID (A
AR =) TR R, FHCHR T
EDEE, RO 2GR 3RO T LT
EEINTVLIEMERAD TRERICBE T
LAMAMEIZOWTEm U 5% (B4

12.

1.

1.

S PNE AU OBk = ))

WA AR A AR TH BHERIFER L
BT 73 SR D JE N & fl B 70 5 % 281 F 730 8 &
ML Th o, SR OS2 54
DGz RML, RBTY hoe—ek
A UIADE, R Laurent Bif7s X
DR 2 B S % 72 D D EE LS
BAULZ. AT, JAH - AP
e KAV AREREOME & /D 7255
LOBREMHL, #¥TIE, EIT QRT
TR & BB VLT = ARERIT D W TSR
L7-.

Course contents: In this course, starting
from simple examples explaining the dif-
ference between solvable chaos in discrete
dynamical systems and genuinely inte-
grable discrete systems, I introduced the
main concepts that are needed to under-
stand the idea of ‘integrability’ for map-
pings of the projective plane: algebraic
entropy, singularity confinement, as well
as the Laurent phenomenon. In the first
part of the course I explained the proper-
ties of the Hirota-Miwa and discrete KAV
equations, as well as their relation to in-
tegrable mappings of the plane. In the
latter part of the course I mainly concen-
trated on QRT-type mappings and dis-
crete Painlevé equations.
BRI PR S T (A A A X —) JEGE
T [Mathematical Writing & Communi-
cation] (ZDOWTHI LA A L= NZAFERD
W (BLHE - FoPM a—24)

E. &1 - L

(f&+) ¥ ¥k (IINO Hirotaka): Dis-
cretization of integrable sub-cases of the
Hénon-Heiles system and the Lorenz sys-

tem.

F. XMAZES — €A

VIV = FEEEFFSEAT [Instituts Internatio-

naux de Chimie et Physique, fondés par



E. Solvay] #F#A.

2. HABZR - ME7 o —EEHZ8 & -
Z8.

3. Journal of Physics A: Mathematical and
Theoretical, Advisory Board Member.

4. Journal of Mathematical Sciences, the
University of Tokyo, Editorial Board
Member.

5. Co-organizer of the conference “From
Nonlinear Waves to Integrable Systems”,
Tsuda University, Institute for Mathe-
matics and Computer Science; held on-
line, on Zoom (2020 4£ 11 A 7 H~8 H).

6. RAKFHEBEZHE S ELEZE T
D TERE L KREED 72O O &R B
B EEO—BE LT, 2020 £ 6 A 5
Hiz THEE ¥ 2 0 R -G RE) 12D
W T U 7. (http://high-school.c.u-
tokyo.ac.jp/lecture_ time/2020s.html)

H. ooy x—

1. Sanjay RAMASSAMY (IPhT-CEA
Saclay, France) 2020 4 2 H 11 H ~
18 H. During his stay, Dr. Ramas-
samy gave two seminars for graduate
students:  “Embeddings adapted to
two-dimensional models of statistical
mechanics” (on 13 February 2020)
and “Cluster algebras in geometric
dynamical systems” (on 17 February
2020).



HEHIE (Associate Professors)

EBh XBF (ASUKE Taro)

A. fFZEIEEE
ERMEIZOWT, RMEEC Fatou #£4 - Julia
EHICEHLU TR L, gL T,
HIAMERZRIZ DO WTH N, £/, Fatou £
& - Julia £E41ZDOWTIX, Fatou EE5D LY,
Julia & DR IZ DWW THHART=.

I studied foliations, especially their character-
istic classes and Fatou-Julia decompositions.
Specifically, I studied characteristic classes for
deformations of foliations. In particular, I stud-
ied the FLK class which is the most fundamen-
tal one which is not a derivative of ‘classical’
secondary classes such as the Godbillon—Vey
class. Some non-trivial examples as well as suf-
ficent conditions for its vanishing, quite related
with transverse projective structures, are ob-
tained. On the other hand, I studied classifica-
tions of Fatou sets for singular foliations. I also
studied hyperbolicity of the Julia sets. These
are done by means of some fundamental ten-

SOrSs.

B. F&HiC

1. T. Asuke: “Notes on ‘Infinitesimal
derivative of the Bott class and the
Schwarzian derivatives’”, Tohoku Math.
J. 69 (2017), 129-139.

2. T. Asuke : “On deformations and rigid-
ity of the Godbillon—Vey class”, Geome-
try, Dynamics, and Foliations 2013, Ad-
vanced Studies in Pure Mathematics 72,
2017, 1-18.

3. T. Asuke: “On Thurston’s construc-
tion of a surjective homomorphism
H**+(BT',,Z) — R”, by Tadayoshi
Mizutani, Geometry, Dynamics, and Fo-
liations 2013, Advanced Studies in Pure
Mathematics 72, 2017, 211-219 (trans-
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lation).

4. T. Asuke : “Fatou and Julia sets of foli-
ations”, J. Math. Soc. Japan 72 (2020),
1145-1159.

. HEEFER

1. A Chern—Weil construction for deriva-
tives of characteristic classes, Foliations
2016, Bedlewo (Poland), 2016/7/16.

2. Characteristic classes for infinitesimal
deformations of foliations, Workshop :
Residues, dynamics and hyperfunc-
tions, Hokkaido University (Sapparo),
2017/7/28.

3. A remark on the Fatou sets of foliations
of CP?, Complex foliations, dynamics
and geometry, Universidade Federal Flu-
minense, Niter6i, Rio de Janeiro (Brasil),
2018/7/24.

4. On the Fuks-Lodder-Kotschick class
for deformations of foliations, Contem-
porary Mathematics in Kielce 2020,
Katedra Matematyki, Wydzial Nauk
Scistych i Przyrodniczych, Uniwersytetu
Jana Kochanowskiego w Kielcach, Kielce
(Poland) 2021/2/24 (HMEZZEHED LA
Yo TR .

5. EEOERIZEY 5 H 2R HEHIZOWT,
2021 FEHABERER, BERT: (X
Z4 ), 2021/3/16.

. AR

1. RZ MVIEKT © X7 S OVIRET O B 72
HIIZDOWTH#R U (B nn e
).

2. W AR . H SRR R 2
HRZDOWTCHER L7 (BT
).

3. ARBUREUY: - ARELREUT O SRR 7 SR 12
DWTCi# L7 (BEF AT R).



4. BFiEsE XB (BUR R M
HRER - R MV ER] CELTAR
7 SIVIB D IIFERL BN DHIAHIT DONWT
#E U7z (020/4/13, 14:55~15:55) (4 4
AT EER).

5. BUEiam XE (BRZEER) /H¥% (K¥EB)
CERE OBE, BT OMERIC D WTHERR
W72 FA & R R U 72 (R R FBE -
4 AR IR R

F. XMfF5E s — € A

1. EEREDRMY L ZDInH (Workshop
on geometry of foliations and its applica-
tions), 2020 4£ 12 A 12 H ~13 H, 4B
BEKN (). Zoom zFHWTA VI A
T hAfE.

paIER #2417 (ABE Noriyuki)

A. TR
RTEDORBGROMILZ T o T 0D, SEEI,
FITIERERIC 1T B MR OB 72 R B GR
T 22T o 7. WEFEE, ZOXRHHZ R
BT BT EE 7% Hecke BOH L \WEH
A7, SEEBEXINEZT, KR Hecke BT
WUTCTHKDORRZ S5 A7 [2. &b, Zho6D
BERIZBWTIE, MR LB WEEZR - T
WBZ L AERTEDIZEDHZF 2y 7OLIZW
FEERLUTW ., SEEIE, Zo&MFEHOX
DF v 7 URTOVRMFICESHZ S Z LITHI)
L7z [1].

I study representation theory of reductive
groups. In this year, I studied rational repre-
sentation theory of algebraic reductive groups.
In the last year, I constructed a new realization
of the Hecke category. The Hecke category is
used to describe the representation theory. In
this year, I constructed a similar realization for
the singular Hecke category [2]. In these the-
ories, I needed a one condition which cannot

be checked easy. In this year, I gave another

condition which can be checked easier [2].

66

B. FKif
1. N. Abe, “A homomorphism be-
tween  Bott-Samuelson  bimodules”,

10.

11.

12.

. N. Abe,

arXiv:2012.09414.

. N. Abe, “On singular Soergel bimod-

ules”, arXiv:2004.09014.
“A Hecke action on GiT-
modules”, arXiv:1904.11350.

. N. Abe, F. Herzig and M.-F. Vigneras,

“Inverse Satake isomorphism and change
of weight”, arXiv:1805.00244.

. N. Abe, “Extension between simple mod-

ules of pro-ppp-Iwahori Hecke algebras”,
arXiv:1705:00728.

. N. Abe, “A bimodule description of the

Hecke category”, Compositio Math (Z$g
T E.

. N. Abe, “Parabolic inductions for pro-

p-Iwahori Hecke algebras”, Advances in
Mathematics Volume 355, 2019.

. N. Abe, “A comparison between pro-p-

Iwahori Hecke modules and mod p repre-
sentations”, Algebra & Number Theory,
Vol. 13 (2019), No. 8, 1959-1981.

. N. Abe, “Involutions on pro-p-Iwahori
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(2019), 57-87.
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adic groups”, Representation Theory 22
(2018), 119-159.

N. Abe, G. Henniart and M.-F. Vi-
gnéras, “Modulo p representations of re-
ductive p-adic groups: functorial proper-
ties”, Trans. Amer. Math. Soc. 371
(2019), 8297-8337.
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Langlands correspondences, Contemp.
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. Mod p representations and pro-p-Iwahori
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K, 2019 42 H 14 H.

. Mod p representations and pro-p-Iwahori

Hecke algebra, Number / Representa-
tion Theory seminar, Toronto Univer-
sity, 2019 4 1 H 23 H.

. Mod p representations and pro-p Iwa-

hori Hecke algebras, 2018 ICM satel-
lite conference on Automorphic Forms,
Galois Representations and L-functions,
Universidade Federal do Rio de Janeiro,
Rio de Janeiro, 2018 4£7 A 25 H.
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avaFy A, HEKRY, 201844 H 18 H.
A classification theorem of irreducible
admissible mod p representations and its
consequences, Arithmetic Geometry and
Related Topics, EEAT, 20174 11 H
21 H.,
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Bonrz. ZNFRK GIEERE), WBK (31
i K%), Skibsted & (X —7 AK%F) Dt
g Tdh b, iRk s 2 & 25HE L
TW3., FESEEHRPIIE LEOMEEZ S HIC
D, YaZVININ DT UIZNT BERN
AL G & PR RGLB SR O HEEZ R L, &
S IZHELT S DB R R R R 2 57, BED
FERIX Skibsted & (A —7 AK%) & OHLE
WTHY, FMECEEFRATHS.

In the former half of the year we constructed
the stationary scattering theory for the Stark
Hamiltonian, and characterized spatial asymp-
totics of the generalized eigenfunctions of min-
imal growths in terms of the scattering ma-
trix. Since the Stark potential lacks spherical
symmetry, a choice of the conjugate operator
for commutator arguments is non-trivial. We
found presumably the best one by trial and er-
ror. We also obtained an optimal version of the
radiation condition bounds by applying a pre-
sumably new method. This is a joint work with
Adachi (Kyoto Univ.), Itakura (Kobe Univ.)
and Skibsted (Aarhus Univ.), and was accepted
for publication in a journal. In the latter half
of the year we further developed the above re-
sults. We proved the equivalence of the sta-
tionary and time-dependent scattering theories,
and obtained a pseudodifferential expression for
the scattering matrix. This is a joint work with
Skibsted (Aarhus Univ.), and was submitted to

a journal.

B. &L

1. T. Adachi, K. Itakura, K. Ito and E.
Skibsted: “New methods in spectral the-
ory of N-body Schrédinger operators”,
Rev. Math. Phys. 33 (2021), 2150015.

2. T. Adachi, K. Itakura, K. Ito and E.
Skibsted:
N-body Schréodinger operators”, Spec-

“Commutator methods for
tral Theory and Mathematical Physics,
STMP 2018, Santiago, Chile

3. K. Ito and E. Skibsted, “Spectral theory
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on manifolds”, Advanced Studies in Pure
Mathematics related to MSJ-SI 2018.

. K. Tto and E. Skibsted, “Radiation con-
dition bounds on manifolds with ends”,
J. Funct. Anal. 278 (2020), 108449.

5. T. Adachi, K. Itakura, K. Ito and E.
Skibsted, “Spectral theory for 1-body
Stark operators”, J. Differential Equa-
tions. 268 (2020), 5179-5206.

6. K. Tto and E. Skibsted:
dependent scattering theory on mani-
folds”, J. Funct. Anal. 277 (2019) 1423~
1468.

7. K. Ito and A. Jensen: “Branching form

“Time-

of the resolvent at threshold for ultra-
hyperbolic operators and discrete Lapla-
cians”, J. Funct. Anal. 277 (2019) 965—
993.

8. K. Ito and A. Jensen: “Resolvent expan-
sion for the Schrodinger operator on a
graph with infinite rays”, J. Math. Anal.
Appl. 464 (2018) 616-661.

9. K. Tto and A. Jensen:

pansion for the Schrodinger operator
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sio Kato Centennial Conference, RIMS
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1. Hypergeometric expression for the resol-
vent of the discrete Laplacian in low di-
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2. Hypergeometric expression for resolvent
of the discrete Laplacian in low dimen-
sion, H AR & 2020 FEEER, —KiE
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3. Hypergeometric expressions for resol-

vents of the discrete Laplacians in low
dimensions, #fzEEx 156 29 [\ BOEYH
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. Hypergeometric expressions for resol-

vents of the discrete Laplacians in low
dimensions, The 17th Linear and Nonlin-
ear Waves, EIEVBRR iV X — (¥
T YW | REE O, 2019 4 10 H.

method for the Stark
Hamiltonian, QMath14: Mathematical
Results in Quantum Physics, Aarhus
University, 7> ~—2 £, 2019 4 8 H.
the Stark
Hamiltonian, 15 M KF AR M5 /572 XA 5%
B2 FEMRE, 2019 46 H.
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. Zeroth order conjugate operator in IN-
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e (ABERY) TBE SO e Z DR
HEBKRE:, 2019 46 A.

method for the Stark
Hamiltonian, &A@ #F5E<, RAGHX
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. Commutator methods for the Stark

Hamiltonian, Workshop on “Spectral
theory & semiclassical analysis”, Institut
Mittag-Leffler, A7 = —F > £, 2019
FE2H.

Rellich’s theorem for the Stark Hamilto-
nian, ¥Ya b —F 1 ¥ H—HREANOKH
& Z D8 (Mathematics of Schrédinger
Equations and Related Topics, in honor
of Professor Kenji Yajima on his 70th
birthday), & i 37 A RAE, &5 R
e, 201941 A.
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Using C-groups and Tannakian local Langlands
parameters, we gave a canonical formulation of

the local Langlands correspondence in f-adic



coefficients.

In a joint work with Jean-Stefan Koskivirta, we
gave a description of the space of mod p auto-
morphic forms on the moduli space of G-zips in
terms of Brylinski-Kostant filtration. We also
gave an equivalence of categories between the
category of automorphic vector bundles on the
the moduli space of G-zips and a category of
modules with some additional structures. Fur-
ther, we constructed partial Hasse invariants
on flag spaces over Shimura varieties of Hodge
type.

In a joint work with Wushi Goldring and Jean-
Stefan Koskivirta, we showed that the cone gen-
erated by the weights of all mod p automor-
phic forms is generated by the weights of partial

Hasse invariants under some condition.
s 2A
B. #F&KiwX

1. N. Imai: “Local Langlands corre-

spondences in f-adic  coefficients”,
arXiv:2003.14154.

2. N. Imai : “Convolution morphisms and
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phic vector bundles on the stack of G-
zips, to appear in Forum Math. Sigma.

4. N. Imai and T. Tsushima : “Affinoids
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simple supercuspidal representations II:
wild case”, to appear in Math. Ann.

5. N. Imai and T. Tsushima : “Affinoids
in the Lubin—Tate perfectoid space and
simple supercuspidal representations I:
tame case”, Int. Math. Res. Not.
(2020), no. 22, 8251-8291.

6. N. Imai and Y. Mieda : “Potentially good
reduction loci of Shimura varieties”, Tu-
nis. J. Math. 2 (2020), no. 2, 399-454.
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Jacquet—Langlands correspondences for

Imai and T. Tsushima : “Local
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Kyoto J. Math. 58 (2018), no. 3, 623
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8. N. Imai and T. Tsushima : Affinoids in
Lubin—Tate surfaces with exponential
full level two, Around Langlands Cor-
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groups, Tokyo-Lyon Satellite Conference
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Fargues’ conjecture, UK-Japan Winter
School 2018 on Number Theory, King’s
College London, ¥ ¥V A, 2018 £ 1 H 8
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inghua Sanya International Mathematics
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Jean-Stefan Koskivirta, JSPS #hE A%
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worked on Shimura varieties.
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2019 4 4 H~. He worked on p-adic co-
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A. 7S

YTV T4y 2B S Floer M
. ZFDJEME LT Hamilton J15 5% @ &
BIZDWTHIZEL T\W3B, SHEEIZLA T OIS
AR o7z, (1) EEOBER (BXUM) &
Riemann Z Kz LT, FOHEN— T2/
DSAZEREQY - oEXIERNALED
HEEHLZ, INSDAERIE, SRIKD AL
AREERD STEEY VIV TF 4 v I REE—E
THEFHINEZEDTH S, BESAFTOHRXI
BWTINS DAL ROIAN M 23 L
Tzo ETLRRARDPESKROGEICRERDEH %
TV, YU TV o774y 7RRIZDWTOREAID
R QRO EMELP DT, (2) HOAMRBEMS
EHY—0D Reeb NERANDIGHIZOWT, Hi4E
EECTIZHEL R RMEzEHE DI AV MI
HENIRET U 7=,

I’'m working on Floer theory in symplectic ge-
ometry and its applications to periodic orbits
of Hamiltonian systems. Research activities in
this academic year are as follows. (1) I defined
a family of quantitative invariants of Rieman-
nian manifolds with boundaries (and corners),
which are defined from S'-equivariant homol-
ogy of free loops spaces of manifolds. Con-
jecturally, these invariants are equal to S'-
equivariant symplectic capacities of unit cotan-
gent bundles. In a paper being submitted, I
proved basic properties of these invariants. I
also computed these invariants of rectangles,
and checked that the result is consistent with
known results about symplectic capacities. (2)
I revised two papers on applications of embed-
ded contact homology to Reeb dynamics, fol-

lowing comments by referees.
B. F&KGi

1. K. Irie: “Equidistributed periodic orbits
of C'*°-generic three-dimensional Reeb
flows”, accepted to J. Symplectic Geom.

2. K. “Remarks about the C°°-

lemma for

Irie:

closing three-dimensional



Reeb flows”, accepted to Kyoto J. Math.

3. K. Irie :
pseudo-holomorphic disks”, J. Topology.
13 (2020), 870-938.

. K. “A
Vilkovisky structure in string topology
via de Rham chains”, Int. Math. Res.
Not. IMRN 2018, no. 15, 4602-4674.

5. M. Asaoka and K. Irie : “« A C*°-closing

lemma for Hamiltonian diffeomorphisms

“Chain level loop bracket and

Irie chain level Batalin-

of closed surfaces”, Geom. Funct. Anal.
26 (2016), no. 5, 1245-1254.
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faces”, UK-Japan Winter School (Varia-
tional problems in Geometry and Mathe-
matical Physics), University of Leeds (-
¥FUR), 201941 H

2. “Equidistributed periodic orbits of C*°-
generic three-dimensional Reeb flows”,
Geometry and Everything (Fukaya 60),
K, 2019 4 2 H

3. “Equidistributed pedioriodic orbits of

Reeb

Analytic low-dimensional dy-

C>-generic  three-dimensional
flows”,
namics (Lyubich 60), Fields Institute
(FF+&) 201946 A

4. “Symplectic homology capacity of con-
vex bodies”, Interactions of symplectic
topology and Dynamical systems, Palaz-
zone di Cortona (4 XU 7) , 20194 6
H

5. Symplectic A& & Hamilton 1 %32 D
WwoE, HABRZSMZ 2, @RKE,
201949 H
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A. T

BT HZIIB1 5 WKB %, Borel $H11E%
resurgence HEz @ U CHERIZENLL 25
DAL WKB i tdh 5. FhldEi12584 WKB
AT Iz 5D < R LW HEAOWE, B
LU Z DD B ADISHIZB Y 5 W58 E Y #
ATWVWD. BT Z ZHUEE, TR IR % K
DAL R DML & 5692 WKB fi#h & % &5
DU % & 1 HhAR D BLERIZ B9 2 #2812 B D LA
TE7z. WA ARAOHIEBRE LTHSNBR
BAR (A2 DOVERER) (2R U T AZAR MG X
ZEHAT I LT, LOMH HERND WKB f#d
MlEng, 2w oraFilifRoMmo KT
H5.

» B EM RO U TR bR, &b
MOV ZEHT 5 &, MHNEERICBIT 55



BL Bk 2 D B I B 9 2 i Fourier Z#t& LU C
Painlevé /XD - KK T 5. Painlevé
HRERMIANBET 2% Fo I —HmiHREAR
DT R FRRIZ A AR L= & BB Fourier 22
EEUTHEINSE., 25 Lisovyy 5 8%
2012 R HIP R 2 F D TR L 72 - B D
WKB 728 TH 5 LRI N B 0, Wi
OEARBRE RET Z I35 HBOKE nifE
Th5.

F7z, ZORTHIROPAHOR OIEFE L LT, 8
MR HRERXE2EL 7 5 2D FHERD Voros
FREL & IR IE N B 5 37 AH FR3 A6 =X 0D 43 i B $ oD
AL LTRIND ZEWRIND (INHETE,
TIEE T K & OILFFSE). —H T, Voros FRE
IZX9 % Stokes BIRIZ T T AR =2, B\
Bridgeland iz & b R EGEE A 1172 BPS
W& & Z NI BES % Riemann—Hilbert [ &
BHEICEDD ZERMONT VWS, 205 2HlA
&by, fiHMEH L0 AR X)L ¥ —% BPS
AEEEAVTRRT 2AREELS Z L ITRIL
7z (Omar Kidwai K& OILFEIFFSE).

T LIS EE T Stokes B4 X resurence LG
E3RNLEHREDEFALRE L DEKIZONV
TLEHR L. FBET 74 N —OEE»— D
Seifert FE T Y —ERMH & FDOHFOFETHIZH T
% Witten—Reshetikhin-Turaev (WRT) RZ &
RUTH B ¢- I (WRT &) 28 AL, TD
q-FEELD 1 OEBIZE T BFFRE L U T Witten—
Reshetikhin-Turaev A2 EBPEITLINSE Z & %
RU7Tz (B2, M LR K, FIRA K & DFHE
72). Z O WRT BB OHELIE Gukov—Marind—
Putrov D EIZEOWTE D, WRT RELED
EHEED 20T 5 resurgence fEfT 2 HWTHE D,
B 1 OFBIZHT 5 WRT AEROEICIE
Gukov—Pei—Putrov—Vara O TR DFEHH % Seifert
FERY—KRADGEEERAT VWS, £-H~ I
WRT B D 723 -7 45> Fi RN D BAKE % 5K
&, TN % IuIZ AJ-FROSMREES 1T - 72.

Exact WKB analysis enables us to treat the
traditional WKB approximation in a mathe-
matically rigorous manner through the Borel
summation and resurgent analysis. Recently, I

am studying the framework of quantum curves
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which relates the exact WKB analysis to the
topological recursion. Applying the topological
recursion to a given algebraic curve (spectral
curve), we can construct a WKB solution of a
certain differential equation (quantum curve)
which has the original spectral curve as the
classical limit.

If we apply this machinery to a certain family
of spectral curves of genus 1, we can construct
the Painlevé 7-function as the discrete Fourier
transform of the topological recursion partition
function. We may also construct a formal so-
lution of the isomonodromy system associated
with the Painlevé equation in a similar manner.
This is expected to be closely related to the 7-
function constructed by Lisovyy et.al through
the conformal field theory, but it is still chal-
lenging to establish a relation between topolog-
ical recursion partition function and (irregular)
conformal blocks.

As another consequence of the theory of quan-
tum curves, for a certain class of spectral
curves, we may describe the Voros coefficient of
Schrédinger type equations as a difference value
of topological recursion free energy (joint work
with Tatsuya Koike and Yumiko Takei). Since
the Voros coefficient is also related to cluster
algebras and the Riemann—Hilbert problem as-
sociated with a BPS structure, we can derive a
formula which enables us to express the topo-
logical recursion free energy in terms of the BPS
invariants (joint work with Omar Kidwai).
Resurgent analysis also allows us to study
quantum invariants of 3 manifolds. For Seifert
homology 3-sphere with arbitrary number of
singular fibers with a knot inside, we associate a
g-series (WRT function) whose special values at
root of unities recover the Witten—Reshetikhin—
Turaev invariants (joint work with Hiroyuki
Fuji, Hitoshi Murakami, and Yuji Terashima).
The construction is based on ideas of Gukov—
Mariné—Putrov; that is, WRT function is con-
structed as the median sum of perturbative

part of the WRT invariant. Our result gives



a proof of a conjecture by Gukov—Pei-Putrov—-
Vara for the Seifert manifolds with a knot in-
side. We also derive a ¢-difference equation sat-
isfied by the WRT function, and tested the AJ-

conjecture partially.
B. FEFEw

1. H. Fuji, K. Iwaki, H. Murakami
and Y. Terashima, Witten-Reshetikhin—
Turaev function for a knot in Seifert
manifolds, to appear in Communications
in Mathematical Physics.

2. K. Iwaki, 2-parameter 7-function for the
first Painlevé equation: Topological re-
cursion and direct monodromy prob-
lem via exact WKB analysis, Commu-
nications in Mathematical Physics, 377
(2020), 1047-1098.

3. H. Fuji, K. Iwaki, M. Manabe and 1. Sa-
take, Reconstructing GKZ via topologi-
cal recursion, Communications in Math-
ematical Physics, 371 (2019), 839-920.

4. K. Iwaki, T. Koike and Y. Takei,
Voros Coefficients for the Hypergeomet-
ric Differential Equations and Eynard-
Orantin’s Topological Recursion - Part II
: For the Confluent Family of Hyperge-
ometric Equations, Journal of Integrable
Systems, 4 (2019).

5. T. Aoki, K. Iwaki and T. Takahashi, Ex-
act WKB analysis of Schrodinger equa-
tions with a Stokes curve of loop type,
Funkcialaj Ekvacioj, 62 (2019), 1-34.

6. M. Hirose, K. Iwaki, N. Sato and
K. Tasaka, Duality /Sum formulas for it-
erated integrals and their application to
multiple zeta values, Journal of Number
Theory, 195 (2019), 72-83.

7. K. Iwaki, O. Marchal and A. Saenz,
Painlevé equations, topological type
property and reconstruction by the topo-
logical recursion, Journal of Geometry
and Physics, 124 (2018), 16-54.

8. K. Iwaki and O. Marchal, Painlevé 2
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equation with arbitrary monodromy pa-
rameter, topological recursion and de-
terminantal formulas, Annales Henri
Poincaré, 18 (2017), 2581-2620.

. K. Twaki and A. Saenz, Quantum curve

and the first Painlevé equation, SIGMA
(Symmetry, Integrability and Geometry:
Methods and Applications), 12 (2016),
011.

K. Iwaki and T. Nakanishi, Exact WKB
analysis and cluster algebras II: Simple
poles, orbifold points, and generalized
cluster algebras, International Mathe-
matics Research Notices, IMRN2016
(2016), 4375-4417.

C. MEAFEE

. Topological recursion, exact WKB anal-

ysis and Painleve equation, Integrable
Systems 2020 (online), December 4,
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ric Correspondences of Gauge Theories,
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sity, Beijing.
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tum geometry, and related topics, 3-7

December 2018, Kyoto University.
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. Exact WKB analysis and related topics

(4 talks), School and International Con-
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ference on Geometry and Quantization
(GEOQUANT 2017), July 31- August
11, 2017, Centre for Quantum Geometry
of Moduli Spaces, University of Aarhus,

Denmark.

. Exact WKB analysis and related topics,

Irregular Connections, Character Vari-
eties and Physics, 6-9 March 2017, Paris
VII, France.

. Exact WKB analysis, Painlevé equations

and the Stokes phenomenon, Topological
Recursion and its Influence in Analysis,
Geometry, and Topology, July 4-8, 2016,
Hilton Charlotte University Place, Char-
lotte, NC.

Exact WKB analysis, cluster algebras
and Painlevé equations, String-Math
2016, 27 June - 2 July, 2016, College de

France.
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Omar Kidwai (JSPS fellow). We studied
a relationship between topological recur-
sion and BPS structure. In particular,

for a class of spectral curves, we obtained
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an explicit formula which describes the
topological recursion free energy in terms
of BPS invariants. The result is available
in the preprint arXiv:2010.05596.

#H —fA (UEDA Kazushi)

A. THFHEEE

Imperial College London ® Yanki Lekili & & 3
AT, FERY—WI T —"HREOHEET-
2o BT, INETOHERTEAMLL A% IH
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T —NFEICBET 2 PR EED 20Ot LD
BMRERAICTUCHEH L2, 72, ZOBRET
IR T{EDEIZ B 1T 5 Calabi-Yau 5Effi{b O
x5 27, X612, FERY—-NI T =R
DFRE LT, ALED 2 RILEA LD B O
Milnor 7 7 A X—=D ¥ > LI F 14 v 7 AKE
0 — R R ELR U 72,
KIERKRFDORINNF 2K & FFE T, FEr R
BT FZ DI ZAT o 720 KT, FElmIRHBRIR IR e
%Wz AS IERIRB OS2 5 2 72, Zhik
Bondal-Polishchuk ¥ Van den Bergh & O#E55R
ZREURSEHEUZ ETHIRULAZBDIZR ST
W5,

GIRKFEO KB h4T KL I E T, TV BIEE Eo
RETE RBRDOIIZE %2 1T 5 72, FRZ. O(2,4;7) (2
X3 B RIS S REE REAEA 4, 4, 6, 8, 10,
10, 12, 30 DFEIE AR THEK X N, ZFDEKERIZ
A8, 20,60 D3 OTEMENG Z L &R LT
T, 50 (2,18) DA =FEY 2 7 =K
BS 2 Fe At = R RBRAY, B U RARE R
BRIZEHA 132 OREE A & EHA 264 DRERAZ
MAT/ONDZ 2R Uz, TOEA 132 DR
Bl AL Borcherds B TH 2 6N REEAT
Hb, ZNSDKEROGEHIF K3 HEOEY 25
A EEFARLZ IZE o TRINS,

#l R R OFEEHE, KRR D K)H 2
KBXOHREKRFEO=ZWEAK L ILFE T, #i4t
# Grassmann % k@ Calabi-Yau 52258 %12
BT 55 21T o 72, Kz, HI4AEL Garssmann
LA LSRR FZLENZ MVRT, 31Kt
Calabi-Yau 5t 2R EZ%25A5 K52 b Dz
U7z, Rz, Eg # Grassmann KD E £



& LT, #H LW 3L Calabi-Yau Z KD %
H.Z27,
HEBRZOFHHES K ORFEKRED =HEA
KedtET, REMEY a VBT 5058 %2 17 -
7=, H5iZ, Hartley—Schaffalitzky (2 & % S5k
JAE B D REBCRATI 72 B UL R OREH % 5- 2 7=,
HRRZEO ZHEAK T @\ AR T
¥ IWIZ X BHEMFHEZRDZRRIZET 058
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5z5Z¢%mR LT,

In a joint work with Yanki Lekili at the Imperial
College London, we proved a conjecture relat-
ing the wrapped Fukaya category of the Milnor
fiber of an invertible polynomial and the cate-
gory of matrix factorizations of the sum of the
Berglund—Hiibsch transpose and a monomial in
the case when the polynomial defines a simple
singularity in dimension greater than one. We
also obtained a result on the relation between
matrix factorizations and Calabi—Yau comple-
tion along the way. As an application, we gave
an explicit computation of the Hochschild co-
homology group of the derived n-preprojective
algebra of a Dynkin quiver for any n > 1, and
the symplectic cohomology group of the Milnor
fiber of any simple singularity in any dimension
greater than one.

In a joint work with Shinnosuke Okawa at Os-
aka University, we gave a construction of AS-
regular algebras from acyclic spherical helices,
generalizing works of Bondal-Polishchuk and
Van den Bergh.

In a joint work with Atsuhira Nagano at
Kanazawa University, we showed that the ring
of modular forms with characters for O(2,4;7)
is generated by forms of weights 4, 4, 6, 8, 10,
10, 12, and 30 with three relations of weights
8, 20, and 60.

Atsuhira Nagano at Kanazawa University, we

In another joint work with

showed that the ring of modular forms with
characters for the even unimodular lattice of
signature (2,18) is obtained from the ring of

modular forms without characters by adding a
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Borcherds product of weight 132 with one rela-
tion of weight 264, where V is a 2-dimensional
C-vector space. The proofs of these results are
based on the study of moduli of K3 surfaces.

In a joint work with Makoto Miura at the Uni-
versity of Tokyo, we showed that spherical 2-
designs give stationary points of the classical
mechanical system of particles in a Euclidean

space interacting by a double-well potential.

B. ¥&Ki X

1. Y. Lekilh and K. Ueda:

mirror symmetry for Milnor fibers of sim-

“Homological

ple singularities”, Algebraic Geom., to
appear.

2. A. Nagano and K. Ueda: “The ring of
modular forms of O(2,4) with charac-
ters”, Hokkaido Math. J., to appear.

3. M. Miura and K. Ueda: “Spherical 2-
Designs as stationary points of many-
body systems”, Graphs and Combina-
torics, to appear.

4. B. Kim, J. Oh, K. Ueda and Y. Yoshida,
Residue mirror symmetry for Grassman-
nians, Schubert Calculus and Its Appli-
cations in Combinatorics and Represen-
tation Theory, Springer Proceedings in
Mathematics & Statistics, 332, 307-365,
2020.

5. A. Tto, M. Miura, and K. Ueda, Pro-
jective reconstruction in algebraic vision,
Canad. Math. Bull. 63 (3), 592-609,
2020.

6. Y. Nohara and K. Ueda, Potential func-
tions on Grassmannians of planes and
cluster transformations, J. Symp. Geom,
18 (2), 559-612, 2020.

7. A. Tto, M. Miura,
K. Ueda,

Grothendieck ring of varieties: the case

S. Okawa, and

Derived equivalence and

of K3 surfaces of degree 12 and abelian
varieties of degree 12 and abelian vari-
eties, Selecta Math. 26 (38), 2020.

8. Go-Grassmannians and derived equiva-



10.

. K. Hashimoto and K. Ueda,

lences, Manuscripta Math. 159, 549-559,
2019.

Recon-
struction of general elliptic K3 sur-
faces from their Gromov-Hausdorff lim-
its, Proc. Amer. Math. Soc. 147 (2019),
1963-1969.

A. Tto, M. Miura, S. Okawa,
K. Ueda, The class of the affine line

is a zero divisor in the Grothendieck

and

ring: via Go-Grassmannians, J. Alge-

braic Geom. 28 (2019), 245-250.
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. Noncommutative del Pezzo surfaces,

Freemath seminar, 2020 £ 5 A 26 H.

. Matrix factorizations and mirror symme-

try, Moduli Spaces seminar, University of
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(1) To describe the motion of atmosphere or
ocean in which the horizontal scale is much
large than the vertical one, the so-called prim-
itive equations are derived from the Navier—
Stokes equations assuming the hydrostatic bal-
ance. We have rigorously justified the hydro-

static approximation, which were formally dis-



cussed before based on dimensional analysis.
More precisely, in the situation where the as-
pect ratio goes to 0, we proved that the solu-
tion of the anisotropic Navier—Stokes equations
converge to that of the primitive equations.

(2) Signorini and Coulomb boundary condi-
tions are frequently utilized to formulate con-
tact problems in elasticity. Although they are
well studied for stationary settings, the analy-
sis of non-stationary problems becomes much
harder; in particular, existence and uniqueness
of a solution remain open. We have proposed a
new Signorini-type contact condition which in-
volves velocity, establishing the well-posedness

of the problem for in the Tresca friction setting.
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6516.

78

6. G. Zhou, I. Oikawa and T. Kashiwabara:
“The Crouzeix—Raviart element for the
Stokes equations with the slip bound-
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Recently quivers and their mutations play piv-
otal role in mathematics and mathematical
physics such as integrable systems, low di-
mensional topology, representation theory, al-
There

are various proposals which relate mutation

gebraic geometry, WKB analysis, etc.

sequences with gauge theories and/or three-
dimensional hyperbolic manifolds. In order to
study these proposals mathematically, it is use-
ful to associate invariants with mutation se-
quences themselves.

In a recent joint work with Yuji Terashima
(Tohoku University), we introduced a parti-
tion g-series Z(v) for a quiver mutation loop
~ (a loop in a quiver exchange graph in clus-
ter algebra terminology). This has following
remarkable properties: (1) Z(y) is invariant
under “inversion” and “cyclic shift” of v; so
it may be regarded as a monodromy invari-

ant. (2) Z(v) satisfies pentagon identities, sim-



ilar to those for quantum dilogarithms. (3) If
the quivers are of Dynkin type or square prod-
ucts thereof, they reproduce so-called fermionic
character formulas of certain modules associ-
ated with affine Lie algebras. They enjoy nice
modular properties as expected from the con-
formal field theory point of view. (4) If a muta-
tion sequence is reddening, then the partition
g-series is expressed as an ordered product of
quantum-dilogarithms; this coincides with the
combinatorial Donaldson-Thomas invariant of
the initial quiver.

The idea of partition g¢-series is also applicable
to mutation sequences with free boundary con-
ditions (as opposed to mutation loops with pe-
riodic boundary conditions). In the joint work
with Y. Terashima and Y. Mizuno, we intro-
duce a new type of invariants which uses ¢-
binomial coefficients as local weights. This in-
variants turn out to be expressed as a ratio of
two combinatorial DT invariants.

The definition of Z(v) requires only combina-
torial data of quivers and mutation loops, and
completely independent of the details of the
problem. It is hoped that a deeper understand-
ing of the partition g-series shed new lights on
dualities and quantization.

I am now working on how extend these ideas to
obtain quantum invariants of three manifolds,

directly from ideal triangulations.
B. ##5
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2017,
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Mathematics Research Notices,
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series” International Conference on Ge-
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2015 Instituto de Ciencias Matematicas
(ICMAT), Campus de Cantoblanco,
Madrid, Spain, September 18, 2015.
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Stefan Friedl, Alexander Neumann, $##AKIERH &
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#E D1 U Blanchfield 23012 & 2 T 5 O FF-Afi
%5 Z7-. B Laurent ZIHAERD 5 DEHYER B E.
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I pursued new applications of twisted intersec-
tion forms and twisted Blanchfield forms of a
manifold associated to representations of the
fundamental group in low-dimensional topol-
ogy. In particular, I studied the concordance
and the Gordian distance of knots, using such
pairings.

In joint work with Stefan Friedl, Alexander
Neumann and Masaaki Suzuki we presented a
lower bound of the Gordian distance of knots
in terms of twisted Blanchfield forms. For each
ring homomorphism from the integral Laurent
polynomial ring the minimal size of a hermi-
tian matrix representing the Blanchfield form
We
showed that if the principal ideals generated

over the target ring is a knot invariant.

by the images of the Alexander polynomials of
two knots under the ring homomorphism are
coprime, then the Gordian distance between
the knots is greater than or equal to the in-
variant of the connected sum of one knot and
negative the other. This extends the work by
Maciej Borodzik and Stefan Friedl on the alge-
braic unknotting number of a knot. We applied
the lower bound to determine the Gordian dis-
tance between some prime knots with crossing

numbers less than 10.
B. FEin X
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“A note on the existence of essential tri-
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branched surfaces", Topology Appl. 225
(2017) 75-82.

3. S. Friedl, T. Kitayama and M. Nagel :
“Representation varieties detect essential
surfaces", Math. Res. Lett. 25 (2018)
803-817.

4. T. Hara and T. Kitayama: “Character
varieties of higher dimensional represen-
tations and splittings of 3-manifolds", to
appear in Geom. Dedicata.

5. T. Kitayama, M. Morishita, R. Tange
and Y. Terashima : “On certain L-
functions for deformations of knot group

Amer. Math.

representations’, Trans.

Soc. 370 (2018) 3171-3195.

C. MEAFEE

1. Representation varieties detect splittings
of 3-manifolds, Rigidity School, Nagoya
2016, A EKRF, HA, 2016 4£ 7 H.

2. Representation varieties detect splittings
of 3-manifolds, The second Australia-
Japan Geometry, Analysis and their Ap-
plications, FHBKZF, HA, 2017 £ 1 H.

3. Representation varieties detect split-
tings of 3-manifolds, Invariants in Low-
dimensional Topology, Korea Institute
for Advanced Study, ¥, 2017 4£ 5 H.

4. Representation varieties and essential
surfaces, New Development in Teich-
miiller Space Theory, M##E}FH M K%
BEk%, HA, 2017 # 11 A.

5. Torsion polynomial functions and essen-
tial surfaces, Low Dimensional Topology
and Number Theory X, Jull K%, HAR,
2018 4£ 3 H.

6. Twisted Alexander polynomials and L2-
Euler characteristics, New development
of low-dimensional topology, VUZ=D %1%
MEEME, HA, 2018 4 12 A.

7. Character varieties and essential sur-
faces, The 14th East Asian Conference
on Geometric Topology, H1E, 2019 4 1
H.



10.

1.

. Character varieties and essential sur-

faces, Low-Dimensional Topology Work-
shop 2019, University of Regensburg, N
14,2019 4 10 H.

. Twisted Alexander polynomials and L?*-

Global Analysis
Seminar, University of Regensburg, -
v, 2019 4F 12 H.

Representations of fundamaetal groups
3-manifold RIKEN
iTHEMS Math Seminar, & >~ 7 1 >,
2020 £ 11 H.

Euler characteristics,

and topology,

+ - R

. (lB+t) fki# T (SATO Chihiro): Co-

compactly cubulated 7 V7 « Y EED vir-

tual specialness IZ DWW T

. (L) 4D MisE (SHUIN Tsuyoshi): Al-

gebraic unknotting number ® —f&DE 3
IRTCL BRARA~ DHLEE & Blanchfield form 2
DN T

. (L) fiffi &% A (FUSE Otohito): Cha

& Orr 12 & b E#E X 7= transfinite Mil-
nor RZ®E®D torus bundle DHIZ BT 3

realizable class

. (L) it EF# (YUI Seira): 1 IRot %

2% W7z 3IRITEE MR D AR D e 4
JIEFE {~H 13 AT REME DI E & F Dt

F. XM — e 2

The 16th East Asian Conference on Ge-
ometric Topology, &>~ Z 1 >, 2021 £ 1
H 25 H-28 H, A

Nt #A (KOIKE Yuta)

1.

A, WP
SEBIZEIZITD 2 20 F —< 2 DWW THIZE %
fTo7=.

Xiao Fang X & & 12 @Rt Wishart 47
IO ERGELUZET 25527 o72. X =
(Xik)1<i<ni<k<d ZF¥F0, 380 1 DAL

82

FERHRED 2RO n xd 7 v R LThE
bf,%XXTwﬁ%&ﬁ%%<L£%&
DEMUNERTRHSND () RILT ¥ K
R MLEW LT3, X O HFEUEE
MRS5S, n® = o(d) THNIEW
D434 718 Wassestein FEEfIZBI L T (g) X
TCAHEEH AT TE S Z VIS H
TWVW5. 5EEDOMIETIX, X OEEL D
AR 6 IRE—A Y N ZRDEGHICH UL
BOBBNITHZ EERUT.

- HRAL R I WUAT A & K D ML R X

bV D RN X9 B 88 & IR ot H 0 R RE
BIZBUANKRL -2 HET WS
% Victor Chernozhukov K& & ¢ Denis
Chetverikov K & & H 1247 - 7. IRt % d,
Yo TN E n & UGS, ZOEL —
FOA—Z—DFRE LT (8d)1/2 g5
LENTHEY, ZOA—X =Dl TH 3 &
FRINTWVWS. HERNT FILO3AHD
WM IR B E & R D A2 1E, FEBRIZZ 0
L—hiZlogn 2FL72A—X—DEKT
X % Z &) Xiao Fang & & DHIERE O
ZIZBVWTRINT WS, SEEDOHET
1, HERARZ MVD lo-/ VLD —HEIZE
ReahmhiE, HUIERLY — MK TE S
ZeEmUT.

In this academic year, I have mainly studied

the following two subjects:

1. T have studied normal approximation to

high-dimensional Wishart matrices with
Xiao Fang. Let X = (Xx)1<i<n,1<k<d
be a random matrix whose entries are
i.i.d. with mean 0 and variance 1. Then,
let W be the (g)—dimensional random
vector obtained by stacking the upper
triangular entries of - XXT exclud-

Vd
ing the diagonal entries. It is known
that, when entries of X are normally
distributed, the law of W can be ap-
proximated by the (7)-dimensional nor-
mal distribution in terms of the Wasser-

stein distance, provided n® = o(d). In



this academic year, we have shown that
the same approximation result holds true
when entries of X have finite sixth mo-
ments.

2. Collaborating with Victor Chernozhukov
and Denis Chetverikov, I have stud-
ied improving the convergence rate in
an ultra high-dimensional central limit
theorem for sums of independent ran-
dom vectors with non-singular covari-
ance matrices. It is known that a lower
bound of this convergence rate is given
by (@)1/2, where d is the dimension
of the random vectors and n is the sam-
ple size, and this rate is conjectured to be
optimal. In the last academic year, my
join work with Xiao Fang showed that
(@)1/2 logn gives an upper bound
when the laws of the random vectors
have log-concave densities. In this aca-
demic year, we have shown that the same
is true when the /,,-norms of the random

vectors are uniformly bounded.
B. FE&GEC

1. Y. Koike, “Inference for time-varying
lead-lag relationships from ultra high
frequency data”, to appear in Jpn. J.
Stat. Data Sci. (20214).

2. X. Fang, Y. Koike, “High-dimensional
central limit theorems by Stein’s
method”, to appear in Ann. Appl
Probab. (2021+).

3. Y. Koike, “Notes on the dimension
dependence in high-dimensional cen-
tral limit theorems for hyperrectangles”,
to appear in Jpn. J. Stat. Data Sci.
(2021+).

4. V. Chernozhukov, D. Chetverikov, Y.
Koike, “Nearly optimal central limit
theorem and bootstrap approxima-
tions in high dimensions”, preprint,
arXiv:2012.09513 (2020).

5. X. Fang, Y. Koike, “Large-dimensional
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central limit theorem with fourth-
moment error bounds on convex sets
and balls”, preprint, arXiv:2009.00339
(2020).

. X. Fang, Y. Koike, “New error bounds

in multivariate normal approximations
via exchangeable pairs with applications
to Wishart matrices and fourth moment
theorems”, preprint, arXiv:2004.02101
(2020).

7. Y. Koike, “De-biased graphical Lasso for

high-frequency data”, Entropy 22 (2020)
456.

. T. Hayashi, Y. Koike, “No arbitrage and

lead-lag relationships”, Statist. Probab.
Lett. 154 (2019) 108530.

9. Y. Koike, Z. Liu, “Asymptotic proper-

ties of the realized skewness and related
statistics”, Ann. Inst. Statist. Math. 71
(2019) 703-741.

10. Y. Koike, Y. Tanoue, “Oracle inequali-

ties for sign constrained generalized lin-
ear models”, Econom. Stat. 11 (2019)
145-157.

C. HEEFEE

IR 2 WANASE AN SY 2V

THLBGAFED RV 7 MEE, RIKRT:
M. F—a2pErIF— v o1 B,
2021 £ 3 A.

. Homogeneous sum 2 %3 % &Rt Hui

PREH, HAMZE S 2021 FEER, A7
1 VI, 2021 4 3 H.

N IR A WA WAL MNP RE 2V

PEBGRFED R 7 MHERE, MR IR DR
W D FGRE DR 2021, 42T A v B,
2021 4 3 H.

. YUIMA » #2%, % 5 [ YUIMA 21—

Y—=2 F 51 VB, 2021 43 A.

. Multi-Scale Analysis of Lead-Lag Re-

lationships in High-Frequency Financial
Markets, The LiU Seminar Series in
Statistics and Mathematical Statistics,

online, 2020 4 12 H.



6. NASDAQ-BATS I5[Aifllo Y — K - 577
BAGRD ~ )V F 2 — VAR, 2020 4EEEHRRET
Fila, A2 74 CHE, 2020 410 H.

7. EHE T — ZRATICNEE ST S SRt
DV PR E BE D BB DWW T, iR &
T —, A 71 UhfE, 2020 £ 10 H.

8. Multi-Scale Analysis of Lead-Lag Re-
lationships in High-Frequency Finan-
cial Markets, 11th CEQURA Conference
2020 on Advances in Financial and In-
surance Risk Management, online, 2020
9 H.

9. ERTTAHUMBER T HE O BER O FER, HAREL
42 2020 EEMFREIRE, AV T4
B, 2020 4E 9 H.

10. YUIMA 281350 — K - 5 7@t DBl
DR, 2020 FEHEFBEY 2EA KA,
F o4 VR, 2020 49 A.
D. &%

L $REET — & @A 11 . 2 ERMEN S X O
RYIfE O RI2KBFEHZHOIC
Poo Fz. (BELATATRFLHR)

2. MEHT — KT T : SREHE O (Gl
FhE - MEUER - HEE - MAERY) & R
L 2FEBE PR 2. (BEFHETH
R

3. fRATEHRERIGEZ 2. [Stein © /KIS X 3
ERGEMARM ) U R FERZIT -
7z (SRR, HEUERNL RS, 2020 4 10~
12 A)

E. &1 - FLiwmx

1. (L) K& %ih (OGA Akihiro): Drift
estimation for a multi-dimensional dif-
fusion process using Deep Neural Net-
works.

2. (lB+) R Kl (KATSUYA Daisuke):
Scaled Lasso estimation of sparse preci-

sion matrices in a general setting.

F. XPMfF5E s — € A

1. HAMGE 2 KR H

84

2. HASEH - fE55ME - TH¥2 KRfH

3. “Asia-Pacific Financial Markets” Asso-
ciate Editor

4. FREHBERMIEAT B BRI

B

G. %%

il

I

L. %5 1 [ IST R K RS E, 2019 £ 9
H.
2. 2 32 [MUNIIRFZE8EEIE, 2018 429 .

% £8 (GONGYO Yoshinori)

A. TRFIHEE

LA, — AL X I RS B RN R
FHIBRME DGR (A 5 K & Wei-Chung Chen
KEoHE) oo Blbahiz7 v A N—
L DL EEEEER D & DHLERDOMIEIZ DWW TR
AL & DIfFEE AT o 7z, #HlE ZhiE D £<
WoTWE KD TIEHAFIZE EHTHKRTENIF
LEZTWS, ZoOMUH, BILORER, X
Du Bois #RIZDOWT DGR EZ{To 7z, EIT
FE KZDEE KB KX Utah K@ Christopher
Hacon RIZEEZBEWTE 5 o720 LA S5
LTWz, ZARIEZLTWVWEZEEHH>T L
DT — AT L EAY > TR < TIRFEIZ
K DT T WD, FERUESRERITIIR L 720,

ol

5

In this academic year, I was trying to complete
the collaborated paper with Professor Yusuke
Nakmura and Doctor Wei—Chung Chen about
the minimal log discrepancy for generalized
pairs. Moreover I studied about the extension
problem on the pluri-caninical system from the
singular fiber on some flat families. I hope that
this works well and to complete this work near
future. For other topics, I was thinking about
log deformations, the construction of degenera-
tions, and the relative du Bois Complex. I was
indebted to Professor Taro Sano and Christo-
pher Hacon for discussion for these topics on a
regular basis. By such reasons, I am very sorry
but the complete of the above joint work is de-

lay. So I expect the next academic year for its



complete.

B. F&KGmC

1.

10

. P. Cascini,

. Y. Gongyo and S. Takagi

O. Fujino and Y. Gongyo : “On log
canonical rings" Higher dimensional al-
gebraic geometry—in honour of Profes-
sor Yujiro Kawamata’s sixtieth birthday,
159-169, Adv. Stud. Pure Math., 74,
Math. Soc. Japan, Tokyo, 2017.

and Karl
Schwede : “Uniformbounds for strongly
F-regular surfaces" Trans. Am. Math.

Soc. 368, No. 8, 5547-5563 (2016).,

Y. Gongyo,

. Y. Gongyo, Z. Li, Z. Patakfalvi, K.

Schwede, H. Tanaka, and H. R. Zong :
“On rational connectedness of globally
F-regular threefolds" Adv. Math. 280
(2015), 4778,

: “Surface
of globally F-regular and F-split type"
Math. Ann. 364 (2016), no. 3-4, 841-
855.,

. Y. Gongyo and S-i. Matsumura : “Ver-

sions of injectivity and extension theo-
rems' Ann. Sci. Ec. Norm. Supér. (4)
50 (2017), no. 2, 479-502

. Y. Gongyo, Y. Nakamura, H. Tanaka :

“Rational points on log Fano threefolds
over a finite field", J. Eur. Math. Soc.
(JEMS) 21 (2019), no. 12, 3759-3795.

. A. Broustet and Y. Gongyo : “Remarks

on log Calabi—Yau structure of va-
rieties admitting polarized endomor-
phism', Taiwanese J. Math. 21 (2017),
no. 3, 569-582,

. S. Ejiri and Y. Gongyo : “Nef anti-

canonical divisors and rationally con-
ncected fibrations", preprint, Compos.
Math. 155 (2019), no. 7, 1444-1456.

. Y. Gongyo and S. Takagi : “Kollar’s in-

jectivity theorem for globally F-regular
varieties", Eur. J. Math. 5 (2019), no.
3, 872-880.

S. R. Choi and Y. Gongyo: “On a
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generalized Batyrev’s cone conjecture",
preprint, arXiv:2002.11071,

C. MgaF£

10.

. Nef anti-canonical divisors and rationally

conncected fibrations, AG seminar at
UCLA, , 24th Apr. 2020,

. On a generalized Batyrev’s cone conjec-

ture, Zoom Algbraic Geometry seminar ,
, 23th Apr. 2020,

. A generailization of Batyrev’s cone con-

jecture Algebraic Geometry in Auckland,
University of Auckland, NZ, 16-20th De-
cember 2019

. A generailization of Batyrev’s cone con-

jecture , #OPEARBERMF S VR T A
2019 26th—29th November, 2019

. A generailization of Batyrev’s cone con-

jecture , I RY:, avu XU A A, 14th
November, 2019

. A generailization of Batyrev’s cone con-

jecture , JHU AG seminar, 1st, October,
2019

. ACC for LCT and Boundedness of Fano

varieties after Birkar, Hacon, Mckernan,
and Xu , £ 21 RILAHEEBGREE LS VK
¥ I, 13th—16th July. 2019,

. Nef anti-canonical divisors and rationally

conncected fibrations, Birational Geom-
etry and Fano varieties, Moscow, 24th—
28th Jun. 2019,

. A generailization of Batyrev’s cone con-

jecture , Algebraic Geometry Interna-
tional Conference, KIAS, 3rd-7th Jun.
2019,

A generailization of Batyrev’s cone con-
jecture , BGMS seminar at MSRI, 4th
Apr. 2019,

D. i

R 10 AT DALY, K2

D—fREIZ DWW TaEZE U 7 (BEETRETH
PR R)



2. BUEEPEM RS BRSO HE

F. S5 — e A

1. SRR RARBEE T I F—DHEEA,

2. Zoom Algebraic Geometry seminar iz
A

3. Algebraic Geometry East Asia seminar

THEEA,

iR3 %M (SAKAI Hidetaka)

A. T

EREIZ BT W SRR, 2D TR DOME
%, &<z, WEEGE, THEOROHERE WD
BRI ofToTEL

BOEDAERITLAT D@D .

1. 4Ry RO S EEZ HNE U
T, &7y 7 AMGRADLHE NG
250 AMBOIMUGERXEZ, NIV UR
D TRDT=.

2. 7y o AMARRNOEER» /OS5 4
DD 4RGNV T 2 BUARRIC L T, BB
RO L 2WGE0BEEZ, 2 2FEED
4RGN VNVT = BARRR LR ARER L DX
Iz 27 (I EHER, hiHrRKke OHHE
%),

3. NKRE - N K B A S MR E O 2 BT
g BNV YRODEEITY, NZREAT
TEeNDEDEELN IV N VL i ot
BN, £z, RV y NEBORKLED
11o7=.

4. WA g 2N ARANORHEARAAZRRKL,
ZTOEHELMEEIZEEHEZ D72 (LOHAE KL D
FEFEHFST).

5 »5 q BEEOSV LT = HRREARO—REE,
AGT SIS D g B Z > TR L 72 (FifRE R
K, AHEAIKE OILFEHLT).

My research interest is in theory of differential
and difference equations in complex domains.
In particular, I have been studying special func-
tions and integrable systems in this field.

Recent results are as follows:
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1. All of 4 4-dimesional Painlevé-type equa-
tions which is obtained from deformation the-
ory of Fuchsian equations, were formulated and
expressed in the form of Hamiltonian systems.
This is motivated by an attempt to classify the
4-dimensional Painlevé-type equations.

2. We gave a correspondence between 22 4-
dimensional Painlevé type equations and Fuch-
sian and non-Fuchsian linear differential equa-
tions.  This is obtained from a degenera-
tion scheme of the 4 4-dimensional Painlevé
type equaitons which is calculated from de-
formation theory of Fuchsian equations. This
study contains only unramified case, and ram-
ified case would be another story (joint work
with KAWAKAMI Hiroshi and NAKAMURA
Akane).

3. We gave a classification of Hamitonian sys-
tems corresponding to Oguiso-Shioda’s calssi-
We also

construct a kind of Backlund transformations

fication of rational elliptic surfaces.

of the Hamiltonian systems.

4. We constructed “middle convolution” for
linear g-difference equations of Fuchsian type.
Some important properties of the transforma-
tion are proved (joint work with YAMAGUCHI
Masashi).

5. We gave a concrete expression of general
solutions of a ¢-Painlevé equation. We used ¢-
analog of AGT correspodence. (joint work with
JIMBO Michio and NAGOYA Hajime).

B. &L

1. H. Sakai and M. Yamaguchi:

tral types of linear g-difference equations

“Spec-

and g-analog of middle convolution”, Int.
Math. Res. Not. IMRN (2017), no. 7,
1975aA52013.

2. M. Jimbo, H. Nagoya, and H. Sakai:
“CFT approach to the g-PainlevAI VI
equation”; J. Integrable Syst. 2 (2017),
no. 1, xyx009, 27 pp.

3. K. Hiroe, H. Kawakami, A. Nakamura,

and H. Sakai: “4-dimensional Painlevé-



MSJ Memoirs, 37.
Mathematical Society of Japan, Tokyo,
2018.

4. T. Mase,
Sakai: “Discrete Hamiltonians of dis-
crete Painlevé equations”, Ann. Fac.
Sci. Toulouse Math. 29 (2020), no. 5,
1251-1264.

type equations”,

A. Nakamura, and H.

C. HgaFE&

1. Ordinary differential equations on ratio-
nal elliptic surfaces: Integrable systems,
symmetries, and orthogonal polynomials
(ICMAT, Madrid, Spain) 2017 4 9 H.

2. Discrete Painlevé equations: Joint Math-
ematics Meetings AMS Special Session
(Washington State Convvention Center,
Seattle, USA) 2016 % 1 H.

3. A rigid,

equation can be reduced to a 1st or-

irreducible Fuchsian linear g-

der equation by integral transforma-

tion:  25th International Conference
on Integrable Systems and Quantum
Symmetries (Czech Technical University,
Prague, Czech) 2017 4 6 H.

. CFT approach to the g-Painlevé equa-
tions (joint work with M. Jimbo and H.
Nagoya): Asymptotic, Algebraic and Ge-
ometric Aspects of Integrable Systems
(TSIMF, Sanya, China) 2018 4 4 A; 1]
o REHRD 5 J 2 2H0EME & 2 DA
(R REEEAN) 2018 4E 9 AH.

5. Discrete of
Painlevé equations (joint work with
T. Mase and A. Nakamura):
Systems Workshop 2019
of Sydney, Sydney, Australia) 2019 4
11 H.

6. Painlevé ARERNOMR: HAKZSME
faakte, BB RGO R 2R A
(o4 2)2020 49 H.

7. Painlevé HEMBNE & L5 2020 4
ERERY VARV T L (A TF1Y) 2020
11 AH.

Hamiltonians discrete

Integral
(University
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2. BHEMNTE 1L . HEMNTF DS (34
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A BRRBIERL
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gy (BEAHE

E. &+ - i
1. (fg1) i #=tH (HOSOI Tatsuya): 4 B

2 F IR A FifE RO WIE I & AF T 5
BHRFEE RO R & £ DRIz
WT.

F. MAzes — e 2

1. Funcialaj Ekvacioj fitE &8
G. ZH
2019 4R H ARBUEE 2RI E

¥H =2t (SAKASAI Takuya)

A. TR

I 7FRERY—FIZIEUCHEADEY 2514
ZE R DAL A MEE X SRR D A & 78 Ehk < 72t
AEROEENH R LR ->TWS, £TD 1 DT
H5 Lie IO I 7K EQ YV —%2F{ARBIIHTz-
T, Hf Lie RO > > TV 2 F 1 v 74 Lie
REOMEEZHSNIZT B2 L ITEERERE R
D. & IZEDWSY Lie REDUE 1 THEE XN
24 Lie REUZR TS 2 Z & Ikl o 54487
12X 9 2468 Johnson ¥R DOHERET S Z
LeHETHY, RERMELR-o-TWVWD., 54
E, FRHKZK, S8ARIEHKE OHFMZEIC X
D, % 7,8 Johnson # A% %X, & 7 Johnson
HERBOBEREL, 8 ITDOVWTIE 1 DD
EROWTTRTIREL 7=,

The graph homology has many applications

to to topological properties of various moduli



spaces and invariants of manifolds. In the study
of the Lie case, the symplectic derivation Lie
algebra of a free Lie algebra plays an impor-
tant role. Especially, it is important to de-
termine the subalgebra of the derivation Lie
algebra generated by its degree 1 part, which
turns out to be the same as the image of ratio-
nal Johnson homomorphisms for mapping class
groups of surfaces. This academic year, in a
joint work with Shigeyuki Morita and Masaaki
Suzuki, we investigated the 7th and 8th John-
son homomorphisms. In particular, we deter-
mined the images of the 7th and the 8th up to

1 component.
B. FE&E

1. T. Sakasai, S. Morita and M. Suzuki
: “An abelian quotient of the symplec-
tic derivation Lie algebra of the free Lie
algebra”, Experimental Mathematics 27
(2018) 302-315.

2. T. Sakasai, S. Morita and M. Suzuki

“Symmetry of symplectic derivation

Lie algebras of free Lie algebras”, RIMS

Kékyufoku Bessatsu B66 (2017) 185—
193.

3. T. Sakasai :

mapping class groups and monoids of ho-

“Johnson-Morita theory in

mology cobordisms of surfaces”, Winter
Braids Lecture Notes, 3 (2016) Course
no IV, 1-25.

4. FFE o dhm O GBI & B EREO AR
oD aREn Y — 2T 5 InE
TOHIHERILDEER, 5 % 70 & 54 3
=, HA#F 2 (2018) 225-254.

5. T. Sakasai, S. Morita and M. Suzuki :
“Torelli group, Johnson kernel and in-
variants of homology spheres”, Quantum
Topology 11 (2020) 379-410.

6. T. Sakasai and G. Massuyeau : “Morita’s
trace maps on the group of homology
cobordisms”, Journal of Topology and
Analysis 12 (2020) 775-818.
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C. HEaFEE

1.

10.

LT 7 RER Y —

TS TREUYV—LEV T A EMDFR
TR Y, L ORMFEINEG & AR
BN DR~ IR & £ DA EEADIS
H, ERABEILFHEEAGR T = RERT,
2018 4 8 H.

. Computations on Johnson homomor-

phisms, Cohomological study of mapping
class groups and related topics, IRMA
(73 VA), 2018 F 9 H.

. Torelli group, Johnson kernel and invari-

ants of homology 3-spheres, bR B Y —
Kl I —, WEREE, 2018 4F 11 .

. Topological studies of moduli spaces of

Riemann surfaces and their generaliza-
tions, Quantum Math, WHHEEMFH M AT
Be k¥, 2019 4 3 H.

E#H &, EN-
COUNTER with MATHEMATICS, #1
K, 2019 4 3 H.

. Computations on Johnson homomor-

phisms and their applications, Compu-
tational Problems in Low-dimensional
Topology II, il 7 H it KX % B K F,
2019 4 4 H.

. Johnson homomorphisms up to degree 7,

Va vy VEEREL Y Z O JE0 2019, B
%2019 4 5 .

. Computations in symplectic derivation

Lie algebras and their applications,
Graph complexes in algebraic geometry
and topology, The University of Manch-

ester (1 ¥V ), 2019 4 9 H.

. Higher dimensional extensions of John-

son homomorphisms via bordism groups,
ROt b Re Y —in H#f 2019, HE7-H
AR > 2 —, 2019 4E 11 H.

(1) Outer space and tropical curves, (2)
Applications of the moduli space of trop-
ical curves, Y =< VHEIDE Y 2 T 1 2]
DEEM, WECRYE, 2020 45 1 H.
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FEOY-BORBICETIHE LY.
(3 FHE M EERR)

3. MATERERIGES 11/ R Y —RRlEES 11

[Kontsevich 1IZ& 577 7 RERY—D

Hi# e ZORA] L0 S 21 B VT, Gk
O 2T o 7. (BhiEE, £ BE R
REFEGL BRI SR, 2020 42 7 B
1307 A 17 H)

- TR S

1. (L) =% WEsh (TAKANO Akihiro):
Studies on the Tong-Yang-Ma represen-
tation —Twisted Alexander invariants

and extensions of the representation—.
F. WAz — e 2

1. gEdes: 6T R MRu Y-V Y RYY
L XAV TA4 Y (2020 £ 10 A, K¥ET A
7V hD Zoom (2 & BA YT A VEAE)
aa A

2. EBH7ES: The 16th East Asian Con-
ference on Geometric Topology (2021 4£
1H, RETAD Y MO Zoom IZ& B4V
7 1 Vi), Program Committee & Lo-
cal Organizing Committee.

3. Wit KRB & RpVERIC BE S & ALAH A
(2021 £ 3 H, A¥T A1 > b D Zoom
ZEBA VT A VRME) tHEEA.

4. WH5i84: Thompson ff & Z D JEI (2021
3 H, REHNKFROTITARET 17
Y D Zoom (T & BN TV REHE) i
aa A

£~ H #F (SASADA Makiko)

A, R

AEEILX, HDEIEDOERET VX LRI —ET
VDEHEDLIZDONWTDIFERZIT > 7. JIsT 5
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BEEDOR) T —ETFI, BLUDH 2P EHT
MR E S ET IV LU THWS NT E-Fik%
WAL 4 DDOEARR=Z /AU ET VKL
T, EETNETEDDEMHMN 2 DOEARN LR
D550 1 2ITGLTWsZ e, ZLT, D
RGBT 5 DN 12k - T, s
TEEEMAPRES T oD Z e rsnTn
. IO, TN NITHINT 52 HEHZ
Lk BERBE MG T L4 00FRET VX LKY
Y—ETMIH L TCEL Lz REFEDORY v —
ETANDHELDENE LT, BREE T IO
BT, MRS 2 ERE IR L T\ B 72D1T,
EHMIERDDZ LI TELD, Tharael
B ZcidcEnn. £/2, Zoe¥Ec X
LZRBEERNT, INSDIREE, B LUEEEE
FILOEOBEGEER U, ZHhi2k b, $TICEE
HIDOKER %2 B U 74t Hr L WBIRE R L, 612
WL DD KRR & 5 2 7. REFSEIE David
Croydon K& O H:FETH 5.

This academic year, I studied stationary mea-
sures for certain zero-temperature random
polymer models. 1 apply techniques devel-
oped for understanding the stationary measures
of the corresponding positive-temperature ran-
dom polymer models and some deterministic
discrete integrable systems. For the four basic
beta-gamma models (i.e. the inverse-gamma,
gamma, inverse-beta and beta random poly-
mers), it is known that the maps underlying
the systems in question can each be reduced to
one of two basic bijections, and that through
an ‘independence preservation’ property, these
bijections characterize the associated station-
ary measures. We derive similar descriptions
for the corresponding zero-temperature maps,
whereby each is written in terms of one of
two bijections. One issue with this picture is
that, unlike in the positive-temperature case,
the change of variables required is degenerate
in general, and so whilst the argument yields
stationary solutions, it does not provide a com-
plete characterization of them. We also derive

from our viewpoint various links between ran-



dom polymer models, some of which recover
known results, some of which are novel, and
some of which lead to further questions. This

is a joint work with David Croydon.
B. F&FKG X

1. K. Sato, M. Sasada : “Thermal Con-
ductivity for Coupled Charged Harmonic
Oscillators with Noise in a Magnetic
Field” , Commun. Math. Phys. 361-3
(2018), 951-995.

2. M. Sasada : “On the Green-Kubo for-
mula and the gradient condition on cur-
rents ” , Ann. Appl. Probab. 28, No. 5,
(2018), 2727-2739.

3. D. A. Croydon and M. Sasada : “In-
variant measures for the box-ball sys-
tem based on stationary Markov chains
and periodic Gibbs measures” , J. Math.
Phys. 60 083301 (2019).

4. K. Sato, M. Sasada and H. Suda : *
5/6-Superdiffusion of energy for coupled
charged harmonic oscillators in a mag-
netic field” , Comm. Math. Phys. 372-1
(2019), 151-182.

5. D. A. Croydon, M. Sasada and S. Tsuji-
moto : “Dynamics of the ultra-discrete
Toda lattice via Pitman’s transforma-
tion” , RIMS Kokyuroku Bessatsu, 78
(2020), 235-250.

6. D. A. Croydon, M. Sasada : “General-
ized hydrodynamic limit for the box-ball
system” | Comm. Math. Phys., (2020).

7. O. Blondel, C. Erignoux, M. Sasada and
M. Simon : “Hydrodynamic limit for
a facilitated exclusion process” , Ann.
Inst. H. Poincaré Probab. Statist., 56-1
(2020), 667-714.

8. D. A. Croydon, T. Kato, M. Sasada
and S. Tsujimoto : “Dynamics of the
box-ball system with random initial con-
ditions via Pitman’s transformation” |,
Mem. Amer. Math. Soc., accepted.

9. D. A. Croydon, M. Sasada : “Discrete

10.

integrable systems and Pitman’ s trans-
formation” , Proceeding of “The 12th
Mathematical Society of Japan, Seasonal
Institute (MSJ-SI) Stochastic Analysis,
Random Fields and Integrable Probabil-
ity." 7 13, accepted.

D. A. Croydon and M. Sasada : “Du-
ality between box-ball systems of finite
box and/or carrier capacity” , RIMS
Kokyuroku Bessatsu,79 (2020), 63-107.

C. HEaFEE

10.
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. Discrete classical integrable systems and

generalized Pitman’s transform, Particle
Systems and PDE’s VIII, the University
of Lisbon, Portugal, 2019 ££ 12 H.

. Geometric Perspective for the Theory of

Hydrodynamic Limits, iTHEMS math-
phys joint seminar, Online, 2020 4 8 A.

. Hydrodynamic limit of nongradient

models, One World Probability Seminar,
Online, 2020 4 10 H.

Discrete integrable systems and Pit-
man’ s transformation, UCLA probabil-
ity seminar, Online, 2020 4£ 11 A.

. Geometric Perspectives for the Theory of

Hydrodynamic Limits, Department Col-
loquium at McMaster University, Online,
2020 4 11 A.

- WK IR R D BT M E % (Part 1)

R EERGR & Z DJE 3, Online, 2020 4
12 A.

General solutions and invariant mea-
sures for systems of KdV- and Toda-type
locally-defined dynamics, Cornell proba-
bility seminar, Online, 2020 4F 12 H.

. General solutions and invariant mea-

sures for systems of KdV- and Toda-type
locally-defined dynamics, Kansai Proba-
bility Seminar, Online, 2020 4 12 H.

- FERIRLILE TOVIZ S 2 SRS £ B 0D

TR E 5 HERFR S > R Y 7 L, Online,
2020 12 A.

Pitman’ s transform description and in-



variant measures for KdV- and Toda-
type discrete locally-defined dynamics,
University of Arizona and University of
Utah Mathematical physics and proba-

bility joint online seminar, Online, 2021
£ 3 H.
E. &+t - i

1. (1) ZMH ¥ (SUDA Hayate):

limits of stochastic harmonic chains with

Scaling

long-range interactions.
F. NAgEd — e A

1. ESIRERR AN BALZEWISERT &= BAR
728

CBEAY vy JME SR

. BARZMR S HMEERZER

. BEEENEMR Ay b U — 2 AR

. Probability Theory and Related Fields,
Associate Editor

T = W N

6. Annales de I'Institut Henri Poincaré,
Probabilités et Statistiques, Associate

Editor

T4 B3F (SHIMOMURA Akihiro)

A. F7ER g

BABUIRIT® 7 — V) Tfiffr O FiEE2 VT, FEESA
RO HEROMEEZIT -2, HlzxIE,
EREH T —a Y RT VY v L & 0 EPHITH
HISEHEMRT Yy L BESN—FY — -
7 Ay 7 RGRADOYIHHEREIZ O WT, hEwn
FIAT — 2/ U T, 4 % R D IRpfE KR
—RAEL ZOWHERIZDOWTHRE Lz, Thi
B LT, FEREBEGRIIOWTHRE 2175 7.

I studied on the theory of evolution equations
and partial differential equations by using func-
tional analysis and Fourier analysis. For ex-
ample, I considered the existence, uniqueness

and the large time behavior of dispersive global
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solutions to the initial value problem of the
Hartee-Fock type equation with a long-range
potential for small initial data. I also studied

real analysis.

C. HEERFR
1. HERDEHENA NS, EREDDDENK
BeEHRE, RRREERERERYI -1
A, 2016 £ 7 H.
D. ##

1. YI4ERE I F— VERR} THEMT 2 D EERE ) -
BUAHNZ BB R B %, (PR
WIERRE, 14FEE BER, SEARLX—).

2. PSRN - AT VI« BEEURAT O S
DiEE. (BEERERE - 4 FELEHER, S
LARAR—).

3. BLEEfEAT AR - AT XB - EMRNTY O
HeEoi#EE. Fio, L2/ (ofim) &V
AL 7EEOEBEZODVTHEHELE. (B
PERFBE - 4 FAEGEGER, A B XA X —).

F. XHMfZE S — €A

L. HA%Y 2 2020 £ 2EKAEA (G

).

BHA E— (SHIRAISHI Junichi)

A, WS

Affine screening operator {ZfJff U 7z screened
vertex operators % i\ T, B 2 M IR A B
nglN (z,pl|s, k|g,t) (non-stationary Ruijsenaars
function) ZHEA L7, ZHid affine Laumon
spaces @ Euler characteristics % 5 -2 5.
A—R gk kg BWMYITEIE E MR t — ¢
IZBWT fglN (z,p|s, klg, q/t) &
inant integrable character 2 1/(p™;p™)s (HI
b, gl, character) 2 EU 725 DICA5. WK
FEN (2, pls, klg, t) CEF B %O DD TIAES
Nz, Thoz2MMEThIEATo@EY. £,
bispectral, & O, Poincaré duality A% b 322
PRI NS, bispectral duality 7* 5, evalua-

INT

, SAlN @ dom-



tion formula 235, EFRIFMDO ISR &
EXET D, (1) W FEN (2, pls, klg,t) & EY
CHREE TN, ZOMR £ — 1 2HL5 Z &D
TE5, (i) 2NhE e (z,plslgt) LTI,
fSt'g?lN (z,pls|q,t) & elliptic Ruijsenaars oper-
ator OFE A% 5 2 5. Poincaré duality 12
3% D affine Toda limit t — 0 &5
95 22T, IEEH affine g-difference Toda op-
erator T8v (1) A L7z, 72, HZ affine ¢-
difference Toda (t — 0), &, elliptic Calogero-
Sutherland (¢,t — 1) HREADMRIZHWT, £
FROFERT 5 Z L 2BIkL 2.

Based on the screened vertex operators associ-
ated with the affine screening operators, I intro-
duced the formal power series nglN (x,pls, k|g,t)
which I call the non-stationary Ruijsenaars
function. We identify it with the generat-
ing function for the Euler characteristics of
the affine Laumon spaces. When the param-
eters s and k are suitably chosen, the limit
t — q of nglN(a:,p|s7/$\q,q/t) gives us the
dominant integrable characters of sl ~ multi-
plied by 1/(p™;p™)eo (d.e.
ter).

the g?l 1 charac-
Several conjectures are presented for
nglN (x,p|s, k|g,t), including the bispectral and
the Poincaré dualities, and the evaluation for-
mula. The main conjecture asserts that (i)
one can normalize nglN (z,pls, |g,t) in such a
way that the limit k — 1 exists, and (ii) the
limit fSt'glN (z,pls|q,t) gives us the eigenfunc-
tion of the elliptic Ruijsenaars operator. The
non-stationary affine g-difference Toda opera-
tor TEN (k) is introduced, which comes as an
outcome of the study of the Poincaré duality
conjecture in the affine Toda limit ¢ — 0. The
main conjecture is examined also in the limit-
ing cases of the affine ¢-difference Toda (¢ — 0),
and the elliptic Calogero-Sutherland (g, — 1)

equations.
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B. FKif
1. E. Langmann, M. Noumi and
J. Shiraishi, Basic Properties
of Non-Stationary Ruijsenaars
Functions, SIGMA 16  (2020),
105, 26  pages arXiv:2006.07171

https://doi.org/10.3842/SIGMA.2020.105

2. J. Shiraishi, Affine screening operators,
affine Laumon spaces and conjectures
concerning non-stationary Ruijsenaars
functions. J. Integrable Syst. 4 (2019),
no. 1, xyz010, 30 pp.

3. A. Hoshino and J. Shiraishi, Macdon-
ald polynomials of type C, with one-
column diagrams and deformed Catalan
numbers, SIGMA Symmetry Integrabil-
ity Geom. Methods Appl. 14 (2018),
Paper No. 101, 33 pp.

C. HEHFEE

1. J. Shiraishi, Branching formula for g-
Toda function of type B, Workshop on
Elliptic Integrable Systems March 7th-
9th 2021 over Zoom

2. J. Shiraishi,

cerning non-stationary Ruijsenaars func-

Some conjectures con-

tions, New Connections in Integrable
Systems September 29 aAS October 2,
2020
3. J. Shiraishi, Affine screening operators,
affine Laumon spaces, and conjectures
concerning non-stationary Ruijsenaars
functions, “Elliptic integrable systems,
special functions and quantum field the-
ory” 16-20 June 2019 Nordita, Stock-
holm.
B4 A4 —, Kostka polynomials
with one column diagrams of type B,,
C, and D,,, HAEFSHES, 2019 3 H
20 H, A TH¥ERY
5. BB A&, H A —,
for Koornwinder polynomials with one-

column diagram HAF2KFTREH R

Matrix inversion



£ 2018 4E 9 H 24 H, MILIK%

6. 24 AW —, —%18 C,D 7 Mac-
donald ZTHAXDHRARX, HABYE A
2, 2018 £ 3 A 20 H, _FEKRZ

7. J. Shiraishi, Some conjectures about du-
ality identities associated with affine root
systems and screened vertex operators
with toroidal structure, “Exact methods
in low dimensional statistical physics”
(from 25 July to 4 August, 2017, Insti-
tut d’Etudes Scientifiques de Cargese).

. AR

1. BORRIA R, RO, #HE, 2020 FEE Y
B, BEEFIR 1 FENR.

2. MIERBUE, KO, #H, 2020 FEHLY
W, BRI 1 FENR.

3. WM ARG, 2020 FELF
SN L EPIE

4. ISABE XG, Bk VI 2020 4
EEZW, 4 FRFEHNR. JEEH Ruijse-
naars BIBUZDWT

M, MaE

O %F (SEKIGUCHI Hideko)

A. TR

BELYH CTHN D Penrose £ it 7% Bl Lie fif
DRBIERD LG SR L TWE . Rz, FE
% RkAR O AT 3% % I\ T Penrose 210D — %
ftzERm L, TOHT, FELERXITOL=X
DRBIZBARIIZE o X &S LA TVET.
Penrose ZH DB LY 1 7 V421 EORMS 5fE
RREWMZTIHEDRDH O £3. BHFENFES VT
LVoT 4y 2BDGE, ZORBLHEAREZ A
HHNZEZE Z N U (BEA-Gel'fand DB H
BAREZESBIC—RILLZEELTWD), HiZE
DKIBIE 2T Penrose B THROND I L%
AFRHL £ U 7=,

¥ i X [Contemporary Mathematics, AMS]
T, 2 DOMHBERDAEMT T A VSR L
® Dolbeault IR ET Y —BTEH I NS ER
WU RBDOENZHEEHE (VA A X —ZH) 7
ETE2HODNRTA—RE, REORKREMIZD
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WTHERLE Uz, ISR DK % JEE R
BUZTHERE L, ST =& ) £ % H 517z
BLCHIBRL 7z & & DEAKK RSO AN %
Penrose Z#a HHWTREL £ L7z, FIZ, £0D
DIEANIEEETH D, S ST R T RE
D ET. OEERKER 23 Tk 2 20RL5E
TR L ORERR S N7 BRI TR BIA R BT 72
% Z & Penrose 2z HWTCHEAT & 5 —4i
ZRUE U7

I have been studying so called the Penrose
transform, which originated in mathematical
physics. My view point is based on representa-
tion theory of semisimple Lie groups, especially,
a geometric realization of singular (infinite-
dimensional) representations via the Penrose
transform. Our main concern is with the char-
acterization of the image of the Penrose trans-
form by means of a system of partial differential
equations on the cycle space, e.g., a generaliza-
tion of the Gauss—Aomoto—Gelfand hypergeo-
metric differential equations to higher degree.
In [Contemporary Mathematics, AMS] I dis-
cussed intertwining operators between Dol-
beault cohomologies on two indefinite Grass-
mannian manifolds, and studied a condition
on the possible parameters in connection with
singular representations. I have extended
my previous results to non-tube domains of
type AIIl [Internat. J. Math., 2011}, and
found explicit branching laws with respect to
symmetric pairs of certain family of infinite-
dimensional representations which are realized
in the spaces of Dolbeault cohomologies on non-
compact complex homogeneous manifolds [In-
ternat. J. Math., 2013].

B. FE&w

1. H. Sekiguchi: Twistor and Penrose trans-
form for indefinite Grassmannian mani-
folds, in preparation.

2. H. Sekiguchi: F{7r3&fae & KBGm. T4
FOBUE wl, pp. 22-35. HUEKFHIRE,
2016.



3. H. Sekiguchi : V—8R& U —&, BlAEE,
BUF L (eds. JIIXBE BB, PEF-M2, Rk
B, FiH2), (2016).

C. MEaFEE

1. Representations of semisimple Lie groups
and Penrose transform, Tokyo-Lyon
Conference in Mathematics (February
19-20, 2018, organizers: Taro Asuke, Eti-
enne Ghys, Toshitake Kohno, Takashi
Tsuboi), Graduate School of Mathemat-
ical Sciences, The University of Tokyo,
February 20, 2018.

2. Representations of Semisimple Lie
Groups and Penrose Transform, bR H
V- K IF—, U —fim - Rk I

F—aH, RHERFERELGBERIZME
B, September 26, 2017.
3. Representations Lie

Groups and Penrose Transform, Col-

of  Semisimple

loquium, Reims France,

September 27, 2016.

University,

. AR

1. SCRVE LR (SRR (BRI
B 1 AR S1 X— L),

2. MRLABCE: (BEEFIERL T3 1 RN
%62 XH—h, A LAAX—)

3. BUBRVEREGR T (CORME): S 2O R
Wy, MRS, ER (B SOR A

SEAAZ—).
A B L R (BB A
AR R,

E. &1 - Mthmx

1. (&B+) H LW\ (INOUE Yui): Benoist—
Kobayashi B D15 & — AR D H
2 EH 22 M DRI 2 BT DM &1
APEIEIZ DWW T

F. XMfFsEy — A

1. BRSO LR HEE (2017 )
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2. HARCERWBURIT 2T RI2Z A (2017 41
FE).

3. A—HF 1 ¥ —, Integral Geometry, Rep-
resentation Theory and Complex Anal-
ysis, Kavli Institute for the Physics and
Mathematics of the Universe, 27-28 Jan-
uary 2020.

H# 2 (TANAKA Hiromu)

A. THFTHEE

BRI BT 2 REE AR DIUNE 7L B G A3t
RT—<Thd, REEIL, FEHO 3 RITOM
INETFN TR T T LET 7 ) BRI DWTHE
ZELTz, TNSDWSET —<IZBIL TV 528
LWiERDEONZ, FEREBTEIRIED S
EITHEZTVD 2y, REEE G S gzt
W DFETHD,

I study minimal model program for algebraic
varieties in positive characteristic. In this aca-
demic year, I studied three-dimensional mini-
mal model program and varieties of Fano type
in positive characteristic. 1 established some
new results on these topics. Since I think that
these results can be more developed, I will fur-
ther study these topics in the next academic

year.
B. FE&Ew

1. H. Tanaka : “Minimal model program for
excellent surfaces”, Ann. Inst. Fourier
(Grenoble) 68 (2018), no. 1, 345-376.

2. H. Tanaka : “Behavior of canonical di-
visors under purely inseparable base
changes”, J. Reine Angew. Math. 744
(2018), 237—-264.

3. H. Tanaka : “Infinite dimensional excel-
lent rings”, Comm. Algebra 47 (2019),
no. 2, 482-489.

. P. Cascini, H. Tanaka: “Purely log termi-
nal threefolds with non-normal centres in
characteristic two”, Amer. J. Math. 141
(2019), no. 4, 941-979.



10.

A. Sannai, H. Tanaka : “Infinitely gen-
erated symbolic Rees algebras over fi-
nite fields”, Algebra Number Theory 13
(2019), no. 8, 1879-1891.

. Y. Gongyo, Y. Nakamura, H. Tanaka :

“Rational points on log Fano threefolds
over a finite field”, J. Eur. Math. Soc.
21 (2019), no. 12, 3759-3795.

. Y. Nakamura, H. Tanaka:“A Witt Nadel

vanishing theorem for threefolds”, Com-
pos. Math. 156 (2020), no. 3, 435-475.

. H. Tanaka: “Abundance theorem for sur-

faces over imperfect fields”, Math. Z.
295 (2020), no. 1-2, 595-622.

. P. Cascini, H. Tanaka : “Relative semi-

ampleness in positive characteristic”,
Proc. Lond. Math. Soc. (3) 121 (2020),
no. 3, 617-655.

H. Tanaka : “Pathologies on Mori fibre
spaces in positive characteristic”, Ann.
Sc. Norm. Super. Pisa Cl. Sci. (5) 20
(2020), no. 3, 1113-1134.

C. HEHFEE

. Rational points for Fano varieties over

finite fields and vanishing theorems for
Witt vector cohomologies, fAEM ¥ 2
F—, WILKRZ, 2018 4 7 H.

. On varieties of Fano type in positive

characteristic, Modern Algebraic Geom-
etry, dbBUKZ:, HlE, 2018 4£ 7 H.

. On minimal model program in positive

characteristic, fREGETFIRIGS >R
L, IR, 2018 4 10 H.

. On varieties of Fano type in positive

characteristic, 2018 Fall Program of
Moduli Spaces and Varieties, Shanghai
Center of Mathematical Science, H[E,

2018 4E 11 H.

. On Witt analogues of the Kodaira van-

ishing theorem, Algebraic Geometry in
Positive Characteristic and Related Top-
ics, The University of Tokyo, Japan,
2018 # 12 A.
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10.

NS eLYERE S T
1

. Del Pezzo fibrations in positive charac-

teristic, Del Pezzo surfaces and Fano va-
rieties, Heinrich Heine Universitdt Diis-
seldorf, Germany, 2019 £ 7 A.

. On Mori fibre spaces in positive charac-

teristic, 7 7 / Z A K OB 3 & R
frsf, JUMIREE, 2019 48 11 .

. On Mori fibre spaces in positive char-

acteristic, Tokyo-Seoul Conference in
Mathematics 2019 - Algebraic Geometry
-, The University of Tokyo, Japan, 2019

11 AL

. Rational points and minimal model pro-

gram in positive characteristic, RIMS
Symposia: Rational Points on Higher Di-
mensional Varieties, Research Institute
for Mathematical Sciences, Japan, 2019
12 H.

On Mori fibre spaces in positive charac-
teristic, Algebraic and Arithmetic Geom-
etry Conference, the University of Sci-
ence and Technology of China, China,
2019 £ 12 A.
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Bl e T o7, (S1 & — L, BEFIH
IR )

: KRILAREL DB AER
BId &, (S1 & — A, HEFIETR

Rl %)

. BRBEE IS BEEROBRIE W

Tl ROEHRETo72.(S EAZA R —,
BB IETEE )

- AREEFE XA - ARERE SR © A HRERGR D A

. TN B R R L oo s
MOEMAE MBI 72.(S L AR Z—, K
BB - 4 MR m %)

CBEERE Y 35— 10 —HOARIEE AWV

THBZROMWE LT 72.(S LA AR —,
BRI B )

- TRU/NE FOVERER AR | SR AR G 3,

2020 £ 11 H 9 H~2020 4 11 4 13 H.
F8i/NE TOVERGERIZ D W THIFEF AT D AR
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F. XM — e 2

L R RABEE 2 X - —1iEhA.

K&l i (HASEGAWA Ryu)

A. tFTEmE

(1) BoEHEARREDOWFSE: MacLane (2 & 51k
7o —L Y AEHIE, e ZEE /1 RHE
ZBEWTHRzESAEFERZ & 2Bk L TWa,
Ihig & IR A AT S 2 DODHIFVWOTEHEL W
PNoTHD, DULEHRBEIZZREEa -V VA
EHIEE D M2, —DDIKERD fHH e LT,
2DODHDPELVRESPHETEZT LTI XA
WNHbLERINZZFERTOIR LV AEH
WO DET B,
HHEEOELHEERRED X —REIXTr s
FIVIEHEOETIVIMIIB T2 EBETH B,
Lawvere-Lambek (2 & % 7 L X FHHE & T HIL b
B & OFRMEMEOF I ZFEL, WA WS
IS5 N T WS, AW TR RIS S
LEO EICEEHRIIPANGNS Z & 2R LT,
AR OB 2 BIZEHER T 2 721 TIEED
T, K OWELAEREMESZ L TEOMIZLEIE
BB A S, EikEeAiREEZ R Uz, 2tk
DI B W TIE—#fbae — L v ZEHEA
(IF1F) WO LD Z AR Nz,

(2) BT OFEADHE: TvrIIvrF
FEDZ% AU T THEIEI LT WS, L
72D o THEFO S LA XEHEDIKR 2 BT 5 Z &
FEET 1970 D Plotkin OHFFEIZi % H L
TREWERZED, TOWEHEZHETHHDL L
T, Reynolds Ok U 25 1 ASEEHER) 72 B IR
ELUTHENZL TW5,

REUER 7 IR ER 120 S B e a2 R 5, ST
B0 SEDMEEEIRIRTH RO DT & 2 HFET
2 DPMERMEZR 5 1F, BRiROMIR TR Y Lo T
WEZETRTASHEDMTHD LD & &R
AET 2 DNEEMETH B, Tl 3 EREe
A% 1% Sabry-Felleisen D& D% HE L TWA
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WA EREINTWS, LrLWIhbEEERR
ELTEATELD D, ThEZ A0, TL—H%
FRWTCEHBRRIZT SR> TN o Tz, RIS
TIIW D TEHBEARR & A D & 5 BRIEIF O DA
REMFELZ, TLTESMEIIEDE, TG
FARRDW I REMEE2E DI E2R L, £
LHBEARROMELRIZ L VRS Fons 2 &
U7z,

(1) Study of computational systems based on
categories: A classical coherence theorem by
Mac Lane ensures that diagram chasing in the
free monoidal category, for example, is straight-
forward. It is because two morphisms having
the same domain and the same codomain are
always equal. If we consider a little more com-
plex categories, the coherence does not hold any
more. One possible way to handle general cases
is to extend the notion so that the generalized
coherence holds whenever there is a procedure
to decide equality between two morphisms.

One-to-one correspondences between certain
categories and computational systems are fun-
damental facts in the model theory of program-
ming languages. After the discovery of the
correspondence between cartesian closed cat-
egories and the lambda calculus by Lawvere
and Lambek, various correspondeces have been
found by now. In our study, we exhibit that
computational rules can be directly installed on
the categorical model of the linear logic. It is
not enough to make a carbon copy translation
of the rules of the calculus side. We need to de-
velop a refined system in the category side. We
verified termination and confluence. Therefore
we have succeeded in proving that the categor-
ical model of the linear logic (almost) satisfies

the generalized coherence theorem.

(2) Study of complete call-by-value calculi:
Most programming lauguages are implmented
under the call-by-value evaluation strategy.
Therefore it is important to develop the study

It dates
Reynlolds’

of call-by-value lambda calculi.
back to Plotkin’s work in 1970’s.



continuation-passing-style transformation now
takes the position of standard semantics to sig-
nify the meaning of the call-by-value calculi.

We discuss the completeness of the standard
semantics. It is soundness that ensures that
every property of the language remains to hold
in the semantics; in contrast, it is completness
that ensures that every property valid in the
universe of the semantics can be restored on
the language. A dozen of systems satisfying
completeness have been proposed, such as the
one by Sabry and Felleisen. They are, how-
ever, unsatisfactory in the computational point
of view. Indeed, except very few, they are not
even computational systems. We proposed the
first call-by-value calculus that can be reason-
ably called a computational system. We estab-
lished various properties that are expected to
holds, making essential use of the completness.
Moreover, we showed that these properties are

characterized by a type system.
B. F&&Kif X

1. R. Hasegawa:“A Categorical Reduction
System for Linear Logic”, Theory and
Applications of Categories, Vol. 35,
2020, No. 50, pp 1833-1870.

2. R. Hasegawa:“Complete Call-by-Value
Calculi of Control Operators II: Strong
Termination”, Logical Methods in Com-
puter Science, March 2, 2021, Volume 17,
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In the last academic year, I proved the forward
Ergodic Closing Lemma for C'' endomorphisms
on a compact manifold whose critical points
are disjoint from the closure of the union of
supports of all invariant measures. In this aca-
demic year, I tried to prove the forward Closing
Lemma without any generic condition (in the
measure-theoretical sense) for the case where
critical points are disjoint from the limit sets.
This is essentially the extension of the result of

the last academic year.
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earity 29 (2016) 3597-3624.
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Lemma and the Entropy Conjecture for
nonsingular endomorphisms away from

tangencies”, Discrete Contin. Dyn. Syst.
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closing lemma, &0 RN EES,
AR FIRIHERT, 2016 41 A.
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of ergodic measures with a numerically
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3. A refinement of Mané’s generic di-
chotomy for surface diffeomorphisms, [ZE
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2017, RERZEREREE I F =D X,
2017 410 A.

4. On linearly entropy expansive diffeomor-
phisms, [ZEEHEE & 5 FIFEEE 2018
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Groups 2018, HEKF EREEE I F—
N Z 2018 4R 10 H.

5. An asymptotic closing lemma and its ap-
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. Description of long-time steady
states of quantum integrable sys-
tems by quasilocal conserved quan-
tities

General isolated quantum systems re-
lax from a nonequilibrium state to a
thermal equilibrium state, whereas inte-
grable systems relax to a steady state dif-
ferent from a thermal equilibrium one.
This is because many conserved quan-
tities of integrable systems restrict re-
laxation processes. Some of non-local
conserved quantities of integrable sys-
tems are known to possess extensivity in
a large system described by thermody-
namics, in which physical quantities like
energy possess extensivity. By focusing
on such quasilocal conserved quantities,
we showed that relaxation states of inte-
grable systems are described by a set of
functionally independent extensive con-
served quantities.

. Vertex-operator formulation of hid-
den supersymmetry

A supersymmetry is generated by super-
charges and an energy operator (Hamil-
tonian). A supersymmetry needs to be
modified on a discrete system, since it
contains the translation symmetry which
breaks in a discrete system. For instance,
the actions of supercharges are redefined
to change the system length on a certain
class of integrable spin chains possessing
a hidden supersymmetry. We formulate
these supercharges by using vertex oper-
ators. Subsequently, we show the equiv-
alence between the discrete analog of the

supersymmetry on a spin chain and the
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supersymmetry on a system obtained as
the continuum limit of the corresponding
spin chain.

3. Construction of stochastic pro-
cesses associated with higher-
dimensional representations of
quantum groups
The asymmetric simple exclusion pro-
cess, one of 1-dimensional multi-particle
random walks, is a solvable stochas-
tic process whose time development is
determined by a matrix given by the
fundamental representations of quantum
groups (Markov matrix). We construct
new integrable stochastic processes by
using the higher-dimensional representa-
tions of the quantum groups as Markov
matrices. A Markov matrix must satisfy
the positivity of non-diagonal elements
and the zero-sum rule for each column.
Therefore, the higher-dimensional repre-
sentations constructed from the fusion
rule cannot be used as a Markov matrix.
We construct a matrix equipped with the
two requirements above by decomposing

the fused matrix in a proper way.
B. &KL

1. C. Arita and C. Matsui:“Phase coex-
istence phenomena in an extreme case
of the misanthrope process with open
boundaries”, Europhys. Lett. 114
(2016) 60012.

2. C. Matsui:“Spinon excitations in the
spin-1 XXZ chain and hidden supersym-
metry”, Nucl. Phys. B913 (2016) 15—
33.

3. C. Matsui and T. Prosen:“Construction
of the steady state density matrix and
quasilocal charges for the spin-1/2 XXZ
chain with boundary magnetic fields”,
J. Phys. A: Math. Theor. 50 (2017)
385201.

4. C.  Matsui:“Nonequilibrium  physics
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Systems, Wuppertal University (Ger-
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model”, International Workshop: Theo-
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Lee Institute (China), 2019 4 8 H.
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I have been working on various mathematical
aspects of two-dimensional conformal field the-
ories. Currently, I am mainly working on sym-
metries of vertex operator algebras (VOAS).
One of the major achievements in this direc-
tion is construction of commutative nonasso-
ciative algebras associated with partial triple
systems. This is obtained by further inves-
tigating a result of M. Miyamoto that a 3-
transposition group acts on a vertex operator
algebra of a certain type, inteded to under-
stand the action of such a 3-transposition group
by constructing a commutative nonassociative
algebra from the Fischer space corresponding

to the 3-transposition group, and used to a

complete classification of 3-transosition groups
that act on vertex operator algebras in the way
described by Miyamoto. Such an algebra is
now called the Matsuo algebra associated with
a partial triple system. A class of commuta-
tive nonassociative algebras called axial alge-
bra, which includes the Matsuo algebra, was
introduced and studied further by researchers
in many countries of the world such as USA,
UK, Belgium, and Russia.

More recently, in a joint work with A.P.
Veselov, we obtained a unversal formula, in the
sense of P. Vogel, for Hilbert series of minimal
nilpotent orbits by means of the three parame-
ters that are known to express the dimensions
of the adjoint and certain other representations
of simple Lie algebras. As a corollary, in the
same joint work, we derived a formula which
describes the degrees of the adjoint varieties of

the corresponding types.
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My research interests are in representation the-

ory, in particular representation theory of real



reductive groups and complex reductive Lie al-
gebras. A finite dimensional Lie algebra is a
semidirect product of a reductive algebra and a
nilpotent algebra. This fact more or less im-
plies any finite-dimensional symmetry is un-
derstood as a combination of a reductive Lie
group and a Lie nilpotent group. Nilpotent
groups can be understood as combinations of
abelian groups. So, reductive groups form es-
sential parts of symmetries. Recently, I have
been working mainly on the classification of
the homomorphisms between scaler generalized
Verma modules.

Let g be a complex semisimple Lie algebra and
let p be its parabolic subalgebra. The induced
module of one-dimensional representation of g
is called a (scalar) generalized Verma mod-
ule. If g is a Borel subalgebra, it is called
a Verma module. Classification of the homo-
morphisms between scalar generalized Verma
modules is equivalent to that of equivariant dif-
ferential operators between the spaces of sec-
tions of homogeneous line bundles on general-
ized flag manifolds. So, it is important from
the viewpoint of the parabolic geometry. A
sufficient condition for the existence of the ho-
momorphisms between Verma modules is given
by [Ve]. Bernstein, I. M. Gelfand, and S. 1.
Gelfand proved the condition of Verma is also
a necessary condition. Later, Lepowsky stud-
ied the generalized Verma modules case and
As Lep-

owsky pointed out, the classification problem

obtained some elementary results.

for homomorphisms between generalized Verma
modules is much more difficult than the Verma
modules. The problem is still open. I have clas-
sified the homomorphisms between scalar gen-
eralized Verma modules associated with max-
imal parabolic subalgebras.([Mal]) Soergel es-
tabulished that blocks of category O are char-
acterized in terms of integeral Weyl groups. Us-
ing this result of Soergel, we can construct a ho-
momorphism between scalar generalized Verma

modules associated to a general parabolic sub-
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algebra from a homomorphism between scalar
generalized Verma modules associated to a
maximal parabolic subalgebra. We call such a
homomorphism an elementary homomorphism.
I proposed the following conjecture.
Conjecture An arbitrary nontrivial homomor-
phism between scalar generalized Verma mod-
ules is a composition of elementary homomor-
phisms.

The conjecture in the case of the Verma mod-
ules is nothing but the result of Bernstein-
Gelfand-Gelfand. The conjecture is affirma-
tive in the case of the type A. Unfortunately,
the method of [Ma3] is not applicable to gen-
eral parabolic subalgebras of other classical
Lie algebras. However, using the method, we
can generalize the result of (A) to a class of
parabolic subalberas of simple Lie algebras of
type B and C. junder the assumption that the
infinitesimal character is regular, If the moment
map of the cotengent bundle of the generalized
flag variety to its image, we may remove the

assumption..
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I am interested in the local Langlands cor-

respondence, which parametrizes irreducible
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smooth representations of a p-adic reductive
More

specifically, I am mainly working on the prob-

group by local Galois representations.

lem relating the f-adic étale cohomology of the
Rapoport-Zink spaces and the local Langlands
correspondence.

This year, I continued my research on the re-
lation between the étale cohomology of the
Rapoport-Zink space of the symplectic simil-
itude group GSp(4) and the local Arthur
classification. The local Arthur classification
parametrizes irreducible representations ap-
pearing as local components of global automor-
phic representations by A-parameters, which
are variants of local Galois representations. It
can be regarded as a generalization of the local
Langlands correspondence in some sense. The
étale cohomology Hp, of the Rapoport-Zink
space for GSp(4) is equipped with actions of
G = GSpy(Qp), its inner form J, and the Weil
group of Q.
of the G-supercuspidal part of Hg, by means
of the local Arthur classification of G and J.

Last year I gave a description

This year, I found a slight modification of the
method that can also be applied to describe the
J-supercuspidal part of Hﬁz. The remaining
problem is how the tensor product of a non-
supercuspidal representation of G and that of
J contributes to Hj,. It turned out that such
a representation does not appear in ng{z, up to
some technical difficulty. Next year I would like

to try to resolve this difficulty.
B. F#Ew X
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tations”, Mathematical Research Letters
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. Y. Mieda : “Parity of the Langlands pa-
rameters of conjugate self-dual represen-
tations of GL(n) and the local Jacquet-
Langlands correspondence”, Journal of
the Institute of Mathematics of Jussieu
20, 2017-2043.



. Y. Mieda : “On irreducible components
of Rapoport-Zink spaces”, International
Mathematics Research Notices, Volume
2020, 2361-2407.

. N. Imai and Y. Mieda : “Potentially
good reduction loci of Shimura vari-
eties”, Tunisian Journal of Mathematics
2 (2020), 399-454.

. Y. Mieda : “Note on weight-monodromy
conjecture for p-adically uniformized va-
rieties”, Proceedings of the American
Mathematical Society 147 (2019), 1911
1920.

. T. Tto, T. Koshikawa and Y. Mieda :
“Galois representations associated with a
non-selfdual automorphic representation
of GL(3)”, preprint, arXiv:1811.11544.

. ZR P Arthur 78 & 2 DB, RIMS
A e BT TAE G & € D AL
20161, 75-126.

C. MEaFE&

. Local Saito-Kurokawa A-packets and /-
adic cohomology of Rapoport-Zink tower
for GSp(4), REE R, HREEZ, o7
KB ZOFL, 5#HRE (X F4Y),
2021 # 1 A.

. Local Saito-Kurokawa A-packets and /-
adic cohomology of Rapoport-Zink tower
for GSp(4), The Eighth Pacific Rim Con-
ference in Mathematics, UC Berkeley (4
Vo4 ), 2020 4 8 A.

. Local Langlands correspondence and p-
adic geometry, NTU Mathematics Collo-
quium, ENZEEKRY, 2020 4£3 H.

. Introduction to the Langlands program,
EAERY, 2020 4F3 H.

. Local Saito-Kurokawa A-packets and /-
adic cohomology of Rapoport-Zink tower
for GSp(4), Arithmetic Geometry and
Representation Theory, & [ R & fH,
2019 £ 12 H.
ChAZRBMHO T A -V akERY -
GL(3) ® H A A TR WRELR B OB &
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10.

1.

1.

IZOWT, BRHARZESERE IS —, B
FRERY, 2019 47 H.

Local Shimura varieties and the Fargues-
Fontaine curve, RTG Research Work-
shop 2019, UC Berkeley, 2019 4 5 H.

. On the formal degree conjecture for sim-

ple supercuspidal representations, Work-
shop on arithmetic geometry, Tokyo-
Princeton at Komaba, B K%, 2019
3 H.

. Cohomology of perfectoid spaces and

their reductions, with application to the
local Langlands correspondence, Arith-
metic and Algebraic Geometry 2019, 3
HAY, 2019 £ 1 H.

Cohomology of affinoid perfectoid spaces
and their reductions, Arithmetic and ge-
ometry of local and global fields, Tuan
Chau (RXMF L) |, 2018 4£6 H.
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2. 75— kD GL, O LD
Wiz ko &, 77—V EOHFREER%E
EEL, TOEMOERRIGHEICET S
Harish-Chandra O E ¥ DLH%E 5 X 7=.
¥/, 77—V EOHFMERDEMIZE
NBERBE U THRUKRBEZEHRL, HIRT
VY VIR RIS & DEAVEE & R 7.
(Bl kbt - 4 FAEEHER)
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(1) BH T#§ (SHIMADA Ryosuke):
Geometric Structure of Affine Deligne-

Lusztig Varieties for GL3
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A. TR

MR e U T- T & 725 OIRFERIBRM S
BATH Y, FiZ Hamilton-Jacobi (HJ) AREA
WCHENZBEWTE 2, 20 HI HERE, WFh
¥, RO, BOEGIE, MO —LICB5H
BRERARBRATH L. EFE, RAARRNICKHT S
YEL, MRORFREZEE &\ o7z, AR LT
RN E LS R LTE R, Zh o O T,
TRt AR B 1T 2R AR B S FE AR 2 1%
ERIZUTWEA, FAIREROFBEGRIZIA LD
—E, NFREGEREOBEIZEHL TE 2. BIK
Mz, AARKXOERIZHE NIV MUR, X
BHEENINV N VROBEBREZED LS LT 55
Kolmogorov-Arnold-Moser (KAM) Bw, F7-
ZD—RALIZOWT, TOFBEICHBL TE 7.
Kz, SRR,

(a) %S - DHEET VBN S HI HRER,
(b) s I R R A DO — b a —
= T4V 7 VHEOMO KRS,
Z S R OB,

SR — LB Bl B SRR

()
(d)

WZOWTHD A, ZOorDEREBSLIEMNT
7. WX UT, SEEI (1], 2], 3], [4] (B.
KREMLEBR) 2REUE.

The main subject of my research is nonlinear
Partial Differential Equations, and in partic-
ular T have made some special effort to the
study on the Hamilton-Jacobi (HJ) equation.
This equation is an important fundamental
equation for various branches of science like
classical mechanics, geometric optics, calculus
of variations, optimal control and differential
games. This year, I focused on problems re-
lated to various properties of viscosity solu-
tions of Hamilton-Jacobi equations appearing
in the context of classical mechanics and crys-
tal growth. In particular, I have worked on the

following topics:

(a) Large time behavior for a Hamilton-

Jacobi equation in a critical Coagulation-
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Fragmentation model,

(b) The generalized Cauchy-Dirichlet prob-
lem for graph mean curvature flow with
driving force,

(¢) A level set approach for multi-layered in-
terface systems,

(d) The selection problem for some first-

order stationary mean-field games,

I got several results and published papers [1],
[2]7 [3]7 [4] below.

B. F&KHi L

1. H. Mitake, H. V. Tran, T. S. Van:
“Large time behavior for a Hamilton-
Jacobi equation in a critical Coagulation-
Fragmentation model",
Comm Math Sci.
from arXiv:2004.13619.

. H. Mitake, L. Zhang : “Remarks on the
generalized Cauchy-Dirichlet problem for

to appear in

Preprint is available

graph mean curvature flow with driving
force", to appear in SN Partial Differen-
tial Equations and Applications.

. H. Mitake, H. Ninomiya, K. Todor-
oki : “A level set approach for multi-
layered interface systems', Interfaces
Free Bound. 22 (2020), no. 4, 383—400.

. D. A. Gomes, H. Mitake, K. Terai : “The
selection problem for some first-order
stationary mean-field games", Netw.
Heterog. Media 15 (2020), no. 4, 681—
710.

. Y. Giga, H. Mitake, H. V. Tran : “Re-
marks on large time behavior of level-set
mean curvature flow equations with driv-
ing and source terms, Discrete Contin.
Dyn. Syst. Ser. B 25 (2020), no. 10,
3983-3999.

. Y. Giga, Q. Liu, H. Mitake : Discrete
schemes for time-fractional fully nonlin-
ear evolution equations and their conver-
gence", Asymptot. Anal. 120 (2020), no.
1-2, 151-162.

. W. Jing, H. Mitake, H. V. Tran : “Gen-



10.

eralized ergodic problems: existence and
uniqueness structures of solutions', J.
Differential Equations 268 (2020), no. 6,
2886-2909.

. H. Mitake, H. V. Tran, Y. Yu, “Rate of

convergence in periodic homogenization
of Hamilton-Jacobi equations: the con-
vex setting, Arch. Ration. Mech. Anal.
233 (2019), no. 2, 901-934.

. Y. Giga, H. Mitake, T. Ohtsuka, H. V.

Tran : “Existence of asymptotic speed of
solutions to birth and spread type non-
linear partial differential equations", to
appear in Indiana Univ. Math. J.

H. Mitake and K. Soga:“Weak KAM the-
ory for discount Hamilton-Jacobi equa-
tions and its application", Calc. Var.
Partial Differential Equations 57 (2018),
no. 3, Art. 78, 32 pp.

C. HEHFEE

. Large time behavior for a Hamilton-

Jacobi equation in a critical Coagulation-
Fragmentation model, 2020 Seoul-Tokyo
Conference, #* > 7 VB, 2020 F 11
H 27 H.

. GBAbREME Hamilton-Jacobi R D E Wy

fE1ZEE), 2020 £ 1950 AR X O AT
921, A T4 VB, 2020 4£ 12 H 20 H.

LB pHEETVIZENAANAILNY - Y

aeHAEA, & 38 [ W BT B R
FERgitEs, v 71 VB, 2021 4F
1H25H.
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CEiTa YT 4 TR (A L= ANRER)
. gt e XFO(BERKRFBE, 700 F&H) « B

B (2 Bl B S8 R IR R i RE X
ZHABEINEZ NIV Y - VAU LR,
SR 2 BN B R R A
e UT, BHA, BRI

b9 B S RER 3 D — D O Rl M AR 3 0 FE
IZDOWTHELZ., 512, ZoloHE L
T, MVEMME, YIEACRE, MBS
EN o TR IZ D W TR U T

5. AN (A XA AR —, HEEFIRETH
PR (—av)

6. MABDFOHE (AvARX—, HAEF
AT R) (o <)

=24 A (MIYAMOTO Yasuhito)

A. FFEEEE

Fa AL & B DRy A 2 i L TWvW 5.
TEARIZ D7 D MR Z RITHIZE L TE 208, |
D 3FETHYBL OIS I &R FENTZ. #WED
OB T — < IFIRDED -

1. B ARA DAY [1,2,7] YIHIBEEA
L>® 2B 2541%, IBIHO K
WS IR RATREAMFAET 208, L™ I
BE 7 ngGEE, RO EEIXE
TiEZRW. [1] TIRIEBBEHYZ2ECH
B + (=A% = f(u), [2] TlE=
HEEHROMHE AR v = Au+ |[u)>Nu,
[7] TIEIEEBESR EZiETn LD KEWH
KEZFMEHIZFREDENL R uy, =
Au+g(v), vy = Av+ f(u), ITHLT, %
NENARL 257200 (1FI1F) o 72 4]
SHBIEUIZ B9 B MR A3 Sk 2 3R 7z,

2. EBMIE%ERFD 1%t Allen-Cahn 572
XDPIRKEE & REM [3] BATHTLIZE W
T, (=1,1) E® Neumann [

1
du” + (1 —u?) (u—g/ udm) =0
-1

i, BHRP S 1 IRAIEL Z ORI D E
Mo 2WNIET B Z LS NT WA,
ZDFFETIE, 1 IRDEHDT X TDORED
TREMERPE L, 2 IR IR 3R B 5
WofRow et SLEP %% AW THRE
U7,

3. BEER AR DMEE [4,6,9,10] [4] T,
IR IHD FEH B Er RO L =,
BN R R R OAFLE - — 7, CF (0, oc]
28T 5 IR OR RN DR &% R



U7z, [10] Ti&, EEEIPREOL E, R
fROBEAEHEEZF-IZERL, ThEAV
T singular extremal solution @77 724
WO 2TRo7z. T o OIZEIT N
BEEK (RBXY) L OHEMAMIETICE L.
R oMz A WT, [6] TIHMRED
BT k-~ 7 v iR O BB R R
D, [9] TIE S LORIMERGEI I B 1T
5 S AL EEE S Emden-Fowler /52 =
D IEAEBON MR DS 2 B 5 22 U 7z,

4. sBEAFBRINOEDEEAWLHEBED
fRBA [5]: L? / VL —ERMEDILT, —M
W72 ERREIE F(u) £38 /T 0 PR
BIEDORT VY VIHV (z) 2FDT %
V¥ —

inf / [Vul* + V(z)u? — F(u)dx

Jul?,=aJry 2
D I/NT 2V F —fRDIFAE L IEAFAEIZ DV
TimU7-.

5. BlREERREBDIATRHRT (8] —MHIC
KRIE 2 W& & 8 6 3 oD [ A5 4 & A B
BEHRINIZERRT 2 FHIFMO THEETH
BZENFISNTVWA. [4] 1F 1 RTKM
(—1,1) £ Gel’fand I v + 1 e* =0
® Dirichlet M % ZEE L, FHMIK (L
MLK) BEHFELZFEEHNT, £2TO
TEAEARIZ 3517 2 KR ALIE A A R E o [ A 4
CEABBEZERMICERT S Z &Ik
L7-.

My research area is parabolic and elliptic equa-
tions. I mainly study elliptic problems for 10
years. However, I am studying also parabolic
problems for the past three years. Recent top-

ics are listed below:

1. Solvability of parabolic problems
[1,2,7] If the initial function is in L*°,
then it is known that a local-in-time so-
lution exists. However, the existence
of a solution is not trivial if the ini-
tial function is not in L*°. We study
u + (—=A)%u = f(u) in [1], uy = Au +
|u|>Nu in [2] and u, = Au + g(v) and
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vy = Av 4+ f(u) in [7]. We obtain al-
most optimal integrability conditions for
initial functions such that a solution for

parabolic problems exists.

. Stability of solutions for one-

dimensional nonlocal Allen-Cahn
equation [3] In the previous study the
global bifurcation diagram of the Neu-

mann problem

1
du” + (1 —u?) (u—g/ udx) =0
-1

on (—1,1) was obtained. In this study
we determine the stability of each solu-
tion on the first branch. The first branch
has a second bifurcation point. Then, we
determine the stability of a solution in a
singular perturbation regime of d on the
second branch is determined, using the
so-called SLEP method.

. Structure of solutions to supercriti-

cal problems [4,6,9,10] In [4] we show
the existence and uniqueness of a radial
singular solution u* when the principal
part of the nonlinear term is uP or e“.
Moreover, we show that the classical so-
lution u converges to the singular solu-

tion u* in C?

loc(07oo] as Hu”oo — 00. In

[10] we define a new weak eigenvalue and
obtain a new characterization of a sin-
gular extremal solution. The radial sin-
gular solution plays an important role in
the study of the solution structure. We
study the solution structure of positive
radial solutions of a k-Hessian equation
of Matsukuma type (resp. an Emden-
Fowler equation on a spherical cap) in
[6] (resp. [9]), using a radial singular so-

lution.

. Minimization problem with L?3-

constraint [5] The existence and nonex-
istence of global minimizers of the L2-

constraint minimization problem

2
inf / [Vul” + V(2)u? — F(u)dx
RN

flul|? ,=a 2
L



are considered. Here, V() is nonpositive
and V(z) — 0 as |z| — oo,

. Exact eigenvalues and eigenfunc-
tions [8] Every solution of the Dirich-
let problem u’ 4+ Ae* = 0 in (—1,1),
which we call a one-dimensional Gel’fand
problem, can be written explicitly. We
consider the linearization problem of
the Dirichlet problem at each solution.
We succeeded in obtaining exact expres-
sions of all eigenvalues and eigenfunc-
tions of the linearization problem, using
a method developed by Prof. T. Wakasa
(Kyushu tech).

B. &L

1. T. Giraudon and Y. Miyamoto, “Frac-

tional semilinear heat equations with sin-
gular and nondecaying initial data", to
appear in Rev. Mat. Complut.

. Y. Miyamoto, “A doubly critical semi-
linear heat equation in the L' space", to
appear in J. Evol. Equ.

. Y. Miyamoto, T. Mori, T. Tsujikawa
and S. Yotsutani, “Stability for station-
ary solutions of a nonlocal Allen-Cahn
equation", J. Differential Equations 275
(2021) 581-597.

. Y. Miyamoto and Y. Naito, “Fundamen-
tal properties and asymptotic shapes of
the singular and classical radial solu-
tions for supercritical semilinear elliptic
equations", NoDEA Nonlinear Differen-
tial Equations Appl. 27 (2020) Paper No.
52, 25 pp.

. N. Ikoma and Y. Miyamoto, “The com-
pactness of minimizing sequences for a
nonlinear schrédinger system with po-
tentials”, Calc. Var. Partial Differential
Equations 59 (2020) Paper No. 48, 20
pp.

. Y. Miyamoto, J. Sanchez and V. Ver-
gara, “Multiplicity of bounded solu-

tions to the k-Hessian equation with
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. A. Kosaka and Y. Miyamoto,

a Matukuma-type source”, Rev. Mat.
Iberoam. 35 (2019) 1559-1582.

7. Y. Miyamoto and M. Suzuki, “Weakly

coupled reaction-diffusion systems with
rapidly growing nonlinearities and sin-
gular initial data”, Nonlinear Anal. 189
(2019) 111576, 21 pp.

8. Y. Miyamoto and T. Wakasa, “Exact

eigenvalues and eigenfunctions for a one-
dimensional Gel’fand problem”, J. Math.
Phys. 60 (2019) 021506, 11pp.

“The
Emden-Fowler equation on a spherical
cap of S””, Nonlinear Anal. 178 (2019)
110-132.

10. Y. Miyamoto and Y. Naito, “Singular ex-

tremal solutions for supercritical elliptic
equations in a ball”, J. Differential Equa-
tions 265 (2018), 2842-2885.

C. MEEFEE

. Existence and uniqueness of singular so-

lutions for supercritical semilinear ellip-
tic equations, HAEF 4 2021 FEFER,
BOHE I (25 1 ), 2021 43 H

. A doubly critical semilinear heat equa-

tion in the L' space, &5 4 [A] 5 &Ik #R e
X & BRI 23 R SRR X DR D2 ), IR
RFE (A T4),2021 42 H 16 H

. A doubly critical semilinear heat equa-

tion in the L' space, 25 38 [ JuMNIZ B 1}
Zims AR A EE S, N KRFE (v
512, 2021 451 H 25 H

. (1) A doubly critical semilinear heat

equation in the L' space, (2) Radial sin-
gle point rupture solutions for a general
MEMS model, HA#¥ 422 2020 FEMKZE
wadka, BAKE (271 ), 2020
9 H

. Pattern formation and the “hot spots”

conjecture, Analysis seminar, Univercity
College Dublin (Ireland), Feb. 18, 2020.

. Weakly coupled reaction-diffusion sys-

tems with rapidly growing nonlinearities



and singular initial data, Comenuis Univ.
(Slovakia), Seminar, Feb. 21, 2019.

. Exact eigenvalues and eigenfunctions
for a one-dimensional Gel’fand problem,
Journée d’Analyse Non Linéaire, Univer-
sité Paris-Sud (France), Sept. 21, 2018.

. (1)A limit equation and bifurcation di-
agrams of semilinear elliptic equations
with general supercritical growth (Spe-
cial Session 18) (2) Exact eigenvalues
and eigenfunctions for a one-dimensional
Gel'fand problem (Special Session 101),
The 12th AIMS Conference on Dynami-
cal Systems, Differential Equations and
Applications, Taiwan Univ. (Taiwan),
July, 2018.

. Intersection number and applications for

semilinear elliptic equations with general

supercritical growth, 8th Euro-Japan

Workshop on Blow-up, Tohoku Univ.

(Japan), June 5, 2018.
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% A& 4% ¥ (SUZUKI
Local in time solvabil-
ity for reaction-diffusion systems with

rapidly growing nonlinear terms
F. NAsEs — e A

1. HARE S MG RREER

2. ML FAFEEZR (REHNKRT A
AR

3. (MEEN) AREESHMENT £ I - — FOREE

KH B (YONEDA Tsuyoshi)

A, TFSEREE

Clay BT 2000 i, B ORMBREEZ 7
DEFZ, TDOSHEDVEDH 13 KT Navier-
Stokes FFER D & H 73 fig 1 IR ] R I HY 1277 7
TEDN, EEMOBEPERILDN] TH
5, ZDRMIRMBEIX, Leray(1934) »» o %
. Fujita-Kato(1964) 12 & 2 i#@fE DAERIZ & -
TR R U 72D, BRI IZIZE - T
WRW, ZORREE LT, MAEGRERICARERNIC
WAES 2 IR AR 2 2R < 583 2 2 DR b
BEPFHZFIZZS o TS b,
—H T, ZOIMIAEIZ L > TEET NS ELH
i SEERICHENRRELTVWDS, LrLan
5, BLIRAFZEY 1 R TH, FERIBERTDE D%
Fd DIFKREHL <. TAE] &0 S EiE.



Z U IHiEh) AEREITER L7225 (Bul T,
TAREFHOIEMIEEEZ > E< 526N TVS
I CcES TV —N—av¥a—F41
(BsEE) ) EFBLTETVS),

EROFREHEOB IR E R £ 272 BT, RO
EOERPEIE TR ORKBETH 5 vortex
stretching (3D), vorrex thinning (2D) O #(%
fihir) &ML Z & [3,5,6,8] & T4 FFHE
BEFIZ X D IERMER DO IR OISR 1I2H 5
[1,2,4], ¥z [5][8] Tl vorex stretching & ze-
roth law & OB 2B 5 A2 U7z, Zeroth law
&%, Navier-Stokes AR DKGMEREZ £ 1A
RIFL7zE & ROy A bn 7+ — (BED
L2 7V = 5) HRMERREUC K % A —
X—TRBRIZHERT DI THD, Zhid. i
NDELRTH 272 DRHEELIERD —~DT
H . $#Z Onsager FPHEDEIFRE 2> TV B3,
Z D zeroth law E RO KR % H 5315
WX B TH o7z, TNDHBEIZR 572D
1¥. Bourgain-Li(2015) ** Kiselev-Sverak(2014)
FIZ & % Euler AW D breakthrough A3
o ITMlZR S\, NS BRE O FIEE
BRffi 9% Z & T, zeroth law & BUEMENT & DR
., MATHOTHS DT B Z & HE:,

7o FERGMER I 1B AR BB D 2R R
MBATVD, £\ o 7% o 7RIS IX
V. Arnold: Ann. Inst. Fourier (1966) DX ® &
SIRERMOMESTEFERADS [A157—12&3
Wk JEE) % R3 o [ldsiE 1 o Ac A2 R it
MCTHD, TDILEPEEAD L. EIRGTIEER
WAL EDRHIN U THRIRD A Z/L Z &
MTED,] Arnold D Z DFMIENH VW EHTSH
2120 rb 5T, Tk KRS (R EY
4 REHART) 2L H2LIFRILV, wWThiZ
LTH, 2O field 1281 5 il O H 5 s
R (ERIFFERL TWb) TH S Misiolek (IUMJ
1993) & Misiolek (Proc. AMS 1996) % Hi¥& &
EUT, FRDOIEREA =X L DIE 2 #ED T
W3,

PAIFT. ZDEHOKEE [5] & [4] 23 L 72\,

o 5] Hxlk., NAT—LDE RKAT—)
@ anti-parallel 72 {%%& % HIHAMHE & U 7235
& ® 3 ¥Rt Navier-Stokes Jit DAL % H D
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Teo D XD R UGELE DY Tk [E] HY 722 Jib {h
] 28| ITI22R0L. HIZZDA
S = X L% di5 T, zeroth law ¥ vortex
stretching (2 & > THEBIN B Z L 2T
FIZEERA L 72z, % 9\ o 7z Navier-Stokes
MERRT 28, KEEBMHEEEICXS
Navier-Stokes FLift D EH i 7545 H : Goto-
Saito-Kawahara(2017) 2 2&I1Z L7z, Z
D& S 7 THEN MRl 224, 5%,
Z @ zeroth law 12 ¥ D 2 ELIE O HF iR
WE2ERIEINFELRDESS,

[4] Bk & #E M m EoIEEMA 1 T —
DA% DL EF Z 72, Misiotek
(1996) Tid. W RTFER e Stk (B
T M-criterion & IER) Z#EHEL, ok
BROFHEERLT WD, 7272, HHO
SIFRIEE oIS T2 TH O, BREPHEM
M2 81 2 R OFEN %GR U725
WBHEELUR P27z, ZZTHEXIEZD M-
criterion % ffi o T, HRD LKA HE T
LR BIEEMA A T —RIZ BT B D
FAEZR Uz, Z OREAHEAERIZ 433 <
THRL, ZORITBEWT [BRK] A% critical
manifold 1272 > TW3 Z & HHH 52T H
Ferz, B I3V HEEETOL DI,
FERMERR D (A eI R 72 A 71 = X T
£3) TR Lo TERINT
W RIS EEIZE S 5,

My recent research interest is mathematical
turbulence, in particular, to clarify the mecha-
nism of vortex-stretching, vortex-thinning and
shear-flow on various manifolds like ellipsoids.

I would explain my recent results [5,6,4] in the

following:
e [5] By DNS of Navier-Stokes tur-
bulence, Goto-Saito-Kawahara (2017)

showed that turbulence consists of a self-
similar hierarchy of anti-parallel pairs of
vortex tubes, in particular, stretching in
larger-scale strain fields creates smaller-
scale vortices. Inspired by their numeri-

cal result, we examined the Goto-Saito-



Kawahara type of vortex-tubes behav-
ior using the incompressible 3D Navier-
Stokes equations. More precisely, we
considered the NS equations under the
following 2 + %—dimensional situation:
small-scale horizontal vortex blob be-
ing stretched by large-scale, anti-parallel
pairs of vertical vortex tubes. We proved
a modified version of the zeroth law (but
very close to the actual zeroth-law) in-
duced by such vortex-stretching.

[6] In steady-state two dimensional tur-
bulence, vortex thinning process is one
of the attractive mechanism. By
direct numerical simulation to the
two-dimensional Navier-Stokes equations
with small-scale forcing and large-scale
damping, Xiao-Wan-Chen-Eyink (2009)
found an evidence that inverse energy
cascade may proceed with the vortex
thinning mechanism. On the other hand,
Alexakis-Doering (2006) calculated up-
per bound of the bulk averaged enstro-
phy dissipation rate of the state-state
two dimensional turbulence. In partic-
ular, they showed it vanishes in the or-
der Re~!, when the external force is only
on the single scale, and were emphasiz-
ing that, in this Re™! scaling, the flow
exhibits laminar behavior, since energy
is concentrated at relatively long length
scales (independent of Reynolds num-
ber). In [6], we showed that the vortex-
thinning provides strictly slower vanish-
ing order of the enstrophy dissipation
than Re™!.

[4] Existence of a conjugate point in the
incompressible Euler flow on a sphere
and an ellipsoid is considered.  Mi-
siotek (1996) formulated a differential-
geometric criterion (we call M-criterion)
for the existence of a conjugate point in
a fluid flow. In [4], it is shown that no

zonal flow (stationary Euler flow) satis-
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. I-J. Jeong and T. Yoneda,

. I-J. Jeong and T. Yoneda:

. L. Lichtenfelz and T. Yoneda:

. L-J. Jeong and T. Yoneda:

fies M-criterion if the background mani-
fold is a sphere, on the other hand, there
are zonal flows satisfy M-criterion if the
background manifold is an ellipsoid (even
it is sufficiently close to the sphere). The
conjugate point is created by the fully
nonlinear effect of the inviscid fluid flow

with differential geometric mechanism.

B. FE&w

1. T. D. Drivas, G. MisioACek, B. Shi, and

T. Yoneda, Conjugate and cut points in

ideal fluid motion, submitted.

. T. Tauchi and T. Yoneda, Some positiv-

ity results of the curvature on the group
corresponding to the incompressible Eu-
ler equation with Coriolis force, submit-
ted, arXiv:2103.00192

Quasi-
streamwise vortices and enhanced
dissipation for the incompressible 3D
submitted,

Navier-Stokes equations,

arXiv:2012.14621

. T. Tauchi and T. Yoneda: Existence of

a conjugate point in the incompressible
Euler flow on an ellipsoid, submitted,
arXiv:1907.08365

Vortex
stretching and enhanced dissipation law
for the incompressible 3D Navier-Stokes

equations, to appear in Math. Annal.

. L-J. Jeong and T. Yoneda: Enstrophy

dissipation and vortex thinning for the
incompressible 2D Navier-Stokes equa-
tions, to appear in Nonlinearity.

“A lo-
cal instability mechanism of the Navier-
Stokes flow with swirl on the no-slip flat
boundary", to appear in J. Math. Fluid
Mech.

“Three-
dimensional Euler flow generating in-
stantaneous vortex stretching and re-

lated zeroth law, Nagare: Journal of
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Japan Society of Fluid Mechanics: 7% h34
39 (2020) 230-239.

. E. Nakai and T. Yoneda: “New applica-

tions of Campanato spaces with variable
growth condition to the Navier-Stokes
equation", Hokkaido Math. J. 48 (2019)
99-140.

G. Misiotek and T. Yoneda: “Continuity
of the solution map of the Euler equa-
tions in Holder spaces and weak norm
inflation in Besov spaces", Trans. Amer.
Math. Soc. 370 (2018), 4709-4730.

C. MEHFREE

. Quasi-streamwise vortices and enhanced

dissipation for the incompressible 3D
Navier-Stokes equations, analysis and
PDEs seminar, Cergy Paris Universite

(online), France, Jan. 2021

. Vortex stretching and enhanced dissipa-

tion for the incompressible 3D Navier-
Stokes equations, International Work-
shop on Multi-Phase Flows: Analysis,
Modelling and Numerics, Waseda Uni-

versity (online), Tokyo, Dec. 2020

. Instantaneous vortex stretching and en-

ergy cascade on the incompressible 3D
Euler equations, National Chiao Tung

University, Hsinchu, Taiwan, Aug. 2019

. Recent topics on well-posedness and sta-

bility of incompressible fluid and re-
lated topics, Summer Graduate School,
Mathematical Sciences Research Insti-
tute (MSRI), Berkeley, CA, USA, July-
Aug. 2019

. BRI 2R 2 B 5 3 ot Euler

- FAUTEEE S B zeroth law (2D WT,
A K ZIHEY 2 I+ —, Kyoto Un-
viersity, May 2019.

. Instantaneous vortex stretching and en-

ergy cascade on the incompressible 3D
Euler equations, KIAS workshop, Math-
ematics of Fluid Motion II: Theory and
Computation, KIAS, Korea, Dec. 2018.
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1.

Instantaneous  vortex-stretching and
anomalous dissipation on the 3D Euler
equations, The 12th AIMS Conference
on Dynamical Systems, Differential
Equations and Applications, National
Taiwan University, Taipei, July 2018.

Instantaneous  vortex-stretching and
anomalous dissipation on the 3D Euler
equations, 2018 International Confer-
ence on Mathematical Fluid Dynamics
School of Mathematics and Information
Science, Henan Polytechnic University,

China, May 2018.

- Bk T BRI BEE R O BUAMENT ¢ [BHRTRAR

1 ® vortex breakdown & 2 IRICELIRIZH
3 vortex thinning, SEAKZE G R &
I 7 —, Dec. 2017.

An instability mechanism in the vorticity
on the axis for the axisymmetric Euler
equations, Princeton Tokyo Mathemat-
ical Fluid Dynamics, Princeton Univer-
sity, Princeton, USA, Nov. 2017.
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EEMEORRET A AFA L KERE
RREBFEOHERBE A FHERE ORI
BV THEHERM A2 ICBN R WA,
HEEO 7Y v b ERALUEEZEL T
05, FHEOMEIR LU THoREHNZ
NTWBEIFWRR, 2T, HERE
DFFM e fRE T A R ER L, RS
VY MEREAAUZBERICIS Y2 —2y b
LCRETE I EITo7, TORR, %
EDT VI — M Tk, FERI I
VT A & A U 72 D 352588 O e D
Moz h S 72 7Y v b &
DEHIRIZRN > 72 L DEERIGH Z LM
T&/, SHEEIF. auFMTcOA T4
VlBRIIIETED IO BELFEDA VA
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b, VATLOEEEX, 1. BREME S 2B
HOEBEAFEE LN Y3V HIATT
BRDERE R, 2. NSk bz B
MR 72 0T D 1k [ & G & Dz Y] D B
7 EEC HEARE. 3. HEIRE L 72 BRD
i 1] & G OB & LA S R 7z web
R—=UENHT IR D, ZOVAT
L& 0 FEEEFIL, BRORIZ WA
XFERBAEIKL THIET 22 TE
5 &322, FRLLUENIEINZNE R
WOTEANLVALRLKFET ZENTES
kO b, SHBRIEARKLEZVAT LEH
W B RO FEIEERZ 1T > T W<,
EREEEY AT LADRER

HAHE L THES(7 7 > A - 23Y), Morn-
ingside Center of Mathematics(#[E - 4k
W) O 3HETHET NS THENY BGn
Ffal 2 X F— 1 OBUF Al fE Ak E ik &
WU T, B M 72 B O 2 ks
570D MET AT LDOREFEEITo TV
%, SHEEIR. H323 LD Y T A Y
AT L7213 T7% < Zoom X YouTube 7 1
TE Mo thiky AT L ORFKET - 72,
SHIE, HEHEAYITA DAL TV Y R
WRIZBNETEDLI VAT LEWEL
TWw<,

CBRICEETZERORECEE, ARIIC

BAY 2 EERRLEMERITREI LT
T AR B HGR [EI BE 2238 (1955). B AU
Wi EER 2 (1969). 2 RRIKGm E B2
(1973) 72 & DHPE 7 — 7 (3t 297 &)
EHERWEEHRE UTEMICIGHET
572D DREFEHIEDOWEEIT> T3,

. Educational practice of using the ex-

plainer video of math exercises

. Development of video shooting method

of the blackboard for video streaming

3. Depelopment of distance learning system

. Research study on preservation, conser-

vation and exhibition of mathematics

material
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BEEHOEWVIZOWVWTHIELTWS, SHEE
H. AREEDA Y U PURITERRRIZ I & D /EH
LTWTZEDEHTALERAY VG A Y -
V—EER DB L E, TDEIIBRAEUEL A
vy U—iEE DT DR, TOAEY -V —
WEOEBZLEEFERICEZ S 2 & TS D IRE
ARG 7- T REZMEEZESHZ S L L THED,
EFLIThRPr o7z,

I have studied difference between locally linear
group actions and smooth ones on 4-manifolds.
This year, I tried and failed to derive con-
straints of a smooth group action on a Spin
4-manifold by using a Spin-structure, a Spin®-
structure and its complex conjugate which are

invariant under the action.
S3E 2
D. ##

BRI . KETHRFEEFID
DIFEIZDOWTDHE 21T > 7z, (BEZ
SRR AR IR THE 1 454 S1 X — L)

- BORRVA IR . RE TR A0
DEBFEIZOWTDHE 21T o7z, (BEFE
ERETARAE IR T 1 44 S1 X — L)

- BURIE R Y - MR & ARELREL
FOYHIZONT OB &RITo 7z, (P
FERHTIERFE AR T 1 4R 52 X — L)
- BURIEE R Y - MR & AR ELRE
FOPBIIZONT OB Z2IT -7, (FE
FHSHTHIG AR T3 1 52 S2 & — 4)
. WO L A FOHEE 21T o
Tzo (BEFIRHGRAIM T8 1 £4 A
EAAR—)

- BT A - WA OHE 21T -
Tzo (BEFIBRIMIGRAEERM T 1 4 A
CARR =)
ARHLAREUA Y - BRI DS 217 -
Too (BEFUAGMAEMN 1 14 A
CARR—)

- RRLRBCEEE - SRR OWHE 21T o
Too (BEZFIMATHIRRER TH 1 44 A
CAAL—)

. BFHBMIEY I F - (2B EBOM
21 HEBEBDOMDITOWTRIL 7,
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(BRI IR S1 2 — 1)
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4% # (GOCHO Toru)

A. fFFEmEE

PLAE R85 D BEERIZATBES B R RITH LT, “BF
ZEE" L WS RAN SR ERERD S L 2AAT
W5, FDDIZ, YTV IT 4y IERKRD
— TR OYEREZ I RE T Y —X LR
HZ KB ICADHEEZFARTWS. T ZHED
WMEZ2ELT, EHZO VTV T 1 v 74K
DIV —TZEEDRZE K #HZIE, BRICEDEHE
PERT 2 Z L 2MENPD, b=V v 7 LREPZ
DERRXIIH LT, Wnd 250 P20
%KD=, TOMRER, ZhoDEN NP Z
DffZ, BFarsEnY -2 oBGondMo ik
XL ZDMDBHLFED “q-FL" 1IZR>TWVWEZ
Lotz EHEHHOERIC KNI, Fkk
DFEEIL, [HZ elliptic cohomology # H\W\WTH
AHRTHD LI IClbNEDT, ZOHAEIC, &
DEDREEPFSND Z LI D DS % i
FTWB&ZATHB.

I have been trying to have a better understand-
ing of various topological invariants associated
with topological field theories from the view-
point of "Bo-kuukan". For that purpose, I have
been studying the structure of the semi-infinite
equivariant cohomology and “the semi-infinite
equivariant K group” of the loop space of a
symplectic manifold. In the last few years, I
found that there exists a natural action of dif-
ference operators on the equivariant K group of
the loop space of a symplectic manifold, and I
obtained the corresponding difference equation
and its solutions in the case of a toric mani-
fold and its complete intersection. As a result,
I found that the difference equation and its so-
lution so obtained are a kind of "g-analogue" of

the differential equation and its solutions asso-



ciated with their quantum cohomology. Using
my formulation, the same consideration seems
to be possible also in the case of the equivariant
elliptic cohomology, and I have been studying

to clarify what kind of structures we obtain in

this case.
D. i##%
1. BOERLE Y« B —F4ED S1 X —
LDHHE
2. BUAHEERGREY - BB D S2 X —
LDEH
3. MO FHE  BE—HFEDA AR
R — DR FDHE
4. FEIRBUAEE - HEFED A AR
& — DFFIIREZ DEHE
5. BFEIF =)L TU - DEIEF I -

BE— T T NI, RS RRE R
FIZB B HEHARNLE Z & EFIZED £
FCEBH L 7=,

458 b3 (KONNO Hokuto)

A. T

FIEINE TH A RCERIERDIEIZN S 27 —
VG E FNMIEET o TE . SHEEDET
LRI, ROy — VR BERAE 4 Rt
ZRRAANIEIR T 2 DN 252550 TH 5.
(BRIOEB K & QLR ) BARRIZIZITO &
SMFERTH L. BHRNE 4 RTEHRIKDIE S
NRENGEZ o0, TOEFELUTHNS 3K
TTERRRDEVNEHTH L L TEH. ZDLE, 4
RITCE IR DIED A2 & (EREIZIER XD
) 1z, W\oPSITHRT HHFIPFESND LWV
SOMNEMETHS. ZOHIE, (ETHRWHE
o) B 4 IRTTE KDY 4 Tk Donladson ®
MAbEEIZfH4 3 5. Donladson @ X f1{bE
MO 4 RGEHRKRDEIZNT Y 7 —Ya v
I Baraglia IZ X W BERSNTEHED, 72 (J
TRWEMO) BRA E 4 RITERRIEANDOHEER X
Frgyshov IZ& W ¥ T W5, SEIOHK X D
1%, Baraglia - Frgyshov O#ERZHEEGLZED
LLTENMEETNSG., JHE LT, BRATE 4R
TCERRIRD FFEE - WD FEHEFHORORE YD
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FOFERDFERA L Manolescu @ Seiberg—Witten
Floer ZE F€E P E—HIz <. BEL T,
Seiberg-Witten Floer % &€ b & — R DD
HBHBIZA>TEZDOT, EEDOELILFEIZ
ZDHEfHIZH T SNz,

I have been working in the study of gauge the-
ory for families of closed 4-manifolds. In this
year, I got stared to extend gauge theory for
families to 4-manifolds with boundary. (This is
joint work with Masaki Taniguchi.) Our result
is described as follows. Suppose that we are
given a smooth family of 4-manifolds bounded
by a trivial family of 3-manifolds. The main re-
sult states that we may find a constraint, com-
ing from the smoothness of the family, on an
invariant of families of 4-manifolds, which is in-
tuitively an invariant of the intersection forms.
This constraint corresponds to Donaldson’s di-
agonalization theorem in the case for a single
closed 4-manifold. A version of the Donald-
son’s diagonalization for families of closed 4-
manifolds was recently given by Baraglia, and
a version for single 4-manifolds with bound-
ary was given by Frgyshov. Our result is for-
mulated as unification of their results. As an
application, we showed that there is homo-
topical difference between the homeomorphism
groups and diffeomorphism groups of many 4-
manifolds with boundary. The above result was
already posted on arXiv and submitted to a
journal.

The proof of the above result is based on
Manolescu’ Seiberg-Witten Floer stable homo-
topy type. We also considered other applica-
tions of Seiberg—Witten Floer stable homotopy

type.
B. FKHi L

1. H. Konno : “Bounds on genus and con-

figurations of embedded surfaces in 4-
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manifolds", J. Topol. 9 (2016), no. 4,
1130-1152.

. H. Konno: “Positive scalar curvature and

higher-dimensional families of Seiberg-
Witten equations", J. Topol. 12 (2019),
no. 4, 1246-1265.

. H. Konno and M. Taniguchi : “Positive

scalar curvature and 10/8-type inequali-
ties on 4-manifolds with periodic ends",
Invent. Math. 222 (2020), no. 3, 833-
880.

. D. Baraglia and H. Konno: “A gluing for-

mula for families Seiberg-Witten invari-
ants", Geom. Topol. 24 (2020), no. 3,
1381-1456.

. H. Konno : “Characteristic classes via 4-

dimensional gauge theory", to appear in

Geom. Topol.

. T. Kato, H. Konno, and N. Nakamura :

“Rigidity of the mod 2 families Seiberg-
Witten invariants and topology of fam-
ilies of spin 4-manifolds", to appear in
Compos. Math.

. D. Baraglia and H. Konno : “A note on

the Nielsen realization problem for K3
surfaces", to appear in Proc. Amer.

Math. Soc.

. H. Konno and N. Nakamura : “Con-

of
from  Pin™ (2)-monopole",
arXiv:2003.12517.

straints on families smooth 4-

manifolds

. H. Konno and M. Taniguchi: “The

groups of diffeomorphisms and homeo-
morphisms of 4-manifolds with bound-
ary", arXiv:2010.00340.

T. Kato, H. Konno, and N. Naka-
mura : “A note on exotic families of 4-

manifolds", arXiv:2101.00367.

C. HEHFEE

High-dimensional wall crossing and glu-
ing in Seiberg-Witten theory, 5§ 63 [0]3%
22> YR L, IR, 2016 4 8 H

. A cohomological Seiberg-Witten invari-
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equality, Low Dimensional Topology and
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. Complex of embedded surfaces in a 4-

manifold and family Seiberg—Witten the-
ory, The East Asian Symplectic Confer-
ence, Sichuan University (f1[E) , 2017 4£
10 H

Gauge theory for families of 4-manifolds,
Gauge Theory and Applications, the
University of Regensburg ( K1) | 2018
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. Gauge theory for families of 4-manifolds,
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¥, 2018 4E8 H

. Characteristic classes via 4-dimensional
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Confluence
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manifolds, Four manifolds:
of high and low dimensions, the Fields
Institute (Z7 &) , 2019 &£ 7 H
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motopy Theory and Low-Dimensional
Topology, University of Oregon (7 XV
71) , 2019 4E 8 H
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Gauge Theory Virtual, &> Z 1 > [T A
Y ), 202141 H
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A. TR

(1) LSC 74 & PIA THZMFEL 7=, PERERER
120 LT PIA PRZFEHL, DR & U TR
B UTLSC PREFHT 2 Z N TEL
(B. F&KEL D 1, SLHEEN K & DILFEMZE).
2 & LSC FHAUCE L T, BiZED 2 DD
B (EMmERSROGA LERNEROLE) 28
BLIENT T ATHIAT 2 Z & TE 2.

(2) HEBEEBMED B LT, IS 70
Bhr s % R 7. BT 7 OIS B+ 5
KENWE ZATHEELIHNIZR D, &5 Grosse-
Kunstleve ¥ Brunner, Sloane iZ & 3 ¥4 % &5
MICAERI U 7 (B. SRS D 2). AW 1A
KE /A FOEFZHWTWS.

(1) I studied the LSC conjecture and the PIA
conjecture. We proved the PIA conjecture for
quotient singularities and the LSC conjecture
for hyperquotient singularities. This allows us
to integrate two known results on the LSC con-
jecture, the case of hypersurface singularities
and the case of quotient singularities.

(2) I investigate the coordination sequences of
periodic graphs. We proved that the coordina-
tion sequences of periodic graphs are of quasi-
polynomial type, which gives the affirmative
answer to a conjecture by Grosse-Kunstleve,
Brunner and Sloane. The proof is based on the

theory of finitely generated monoids.
B. &K

1. Y. Nakamura, K. Shibata: “Inversion
of adjunction for quotient singularities”,
preprint, available at arXiv:2011.07300.

2. Y. Nakamura, R. Sakamoto, T. Mase, J.
Nakagawa: “Coordination sequences of

crystals are of quasi-polynomial type”,
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Acta Crystallogr. Sect. A77 (2021), no.
2, 138-148.

3. Y. Nakamura: “Dual complex of log
Fano pairs and its application to Witt
vector cohomology”, to appear in Int.
Math. Res. Not. IMRN.

4. Y. Nakamura, H. Tanaka: “A Witt
Nadel vanishing theorem for threefolds”,
Compos. Math. 156 (2020), no. 3, 435—
475.

5. K. Hashizume, Y. Nakamura, H. Tanaka:
“Minimal model program for log canoni-
cal threefolds in positive characteristic”,
Math. Res. Lett. 27 (2020), no. 4, 1003-
1054.

6. Y. Gongyo, Y. Nakamura, H. Tanaka:
“Rational points on log Fano threefolds
over a finite field”, J. Eur. Math. Soc.
(JEMS) 21 (2019), no. 12, 3759-3795.

7. M. Mustata, Y. Nakamura: “A bound-
edness conjecture for minimal log dis-
crepancies on a fixed germ”, Contemp.
Math., 712 (2018), 287-306.

8. Y. Nakamura, J. Witaszek: “On base
point free theorem and Mori dream
spaces for log canonical threefolds over
the algebraic closure of a finite field”,
Math. Z. 287 (2017), no. 3-4, 1343-1353.

9. Y. Nakamura : “On minimal log discrep-
ancies on varieties with fixed Gorenstein
index”, Michigan Math. J. 65 (2016), no.
1, 165-187.

10. Y. Nakamura: “On semi-continuity prob-
lems for minimal log discrepancies”, J.
Reine Angew. Math. 711 (2016), 167-
187.
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1. “Inversion of adjunction for quotient sin-
gularities”, Zoom Algebraic Geometry
Seminar, &> 71 VB, 2021 £ 2 A.

2. “Inversion of adjunction for quotient sin-
gularities”, Fudan-SCMS AG Seminar,
Fudan University, H1E (&> 7 1 VBilfi),
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3. “Inversion of adjunction for quotient sin-
gularities”, FiE Mt I F—, AV 51 U
£, 2020 42 12 H.
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A. THZEEEE

Heegaard Floer € 1 ¥ — % 3 IRTTE BRAK P i
CHOMMHAZERE L LTRISNT WS, ZORE
BOET MRB Y —NRERZMEET 5 D0AK
MEDERANTH . =ML 71k, BF
FEBY—I2BWT, Kixir e ZATEERAE
ZHoTW5S. RAE=AHiZEfM 275 7 @ Heegaard
Floer FEB Y —IZDWTOH%EEIT>TE /-
(—#Bi% Zhongtao Wu [ & D ILFEIHFZE).
GrEEffFonk=MlizEMss70oMR &
$ 5. Sink % source & 7 3 JHAD R\ & KE
5. Gkt c 525, GOUIZER
§ ZERITEY, (G,0) ® Kauffman REDH
4 S(G,0) 2% Z %. Kauffman RIEDE # 1T
DWTZIITRULLBRZWE, MK G 27
FILToaa i flabemice ks hs. SG,0)
I& Heegaard Floer + = — VKD LStk E
2B 2o TS, BAETOMZEIZE W
T, &R s € S(G,0) IT& A, € Z[t~1/2 /2]
ERG U, REM 3 55 As & G DR
REZIZHB I EEHL . S4EE, LHEW
%24 Zhongtao Wu K & HIZIRDER 2 G 7 ¢

119

S(G,d) & G @ spanning tree & DFEHRZHN,
ZsES(G,S) Agli=1 & G @ weighted number of
spanning trees & —®9 5. Z ® number (¥
F7HERIZBWTLSHONTVWERTHY,
Laplacian 74 %2 o CEHHE T HZ RN TE 3
(matrix tree EHL).

RIER S, g ) Do B gl(1[1) BF AL
52 BRI L > THd o7z, 5,

DAZEE, %L T Heegaard Floer FEHB Y —®D
B RO Y- flEZ5 S EHET 5 FE
TH5.

AN

-
—

Heegaard Floer homology is a topological in-
variant defined for a 3-dimensional manifold or
a knot embedded in S3.

of my research is to understand the quantum

The main purpose

topological meaning of this invariant. It is well-
known that trivalent spatial graphs take on a
big role in the construction of various quan-

I
have been studying the Heegaard Floer homol-

tum invariants for a 3-manifold or a knot.

ogy for a trivalent graph in recent years (partly
joint with Zhongtao Wu).

Let G be an oriented trivalent graph diagram
without sink or source vertices. Assign an edge
coloring ¢ to G and choose a generic base point
0 in G. Let S(G,d) be the set of Kauffman
states of (G,d). Here we omit the definition
of a Kauffman state, which is defined combina-
torially on the diagram G. The set S(G,0) is
the generating set of a certain Heegaard Floer
chain complex of G. In our previous research,
we defined a quantity A, € Z[t~/2 t'/?] for
each state s, and proved that the state sum
>ses(c,5) As 18 a topological invariant of G.
This year Zhongtao Wu and I proved the fol-
lowing result: By investigating the relation
of S(G,6) and the spanning trees of G, we
found that ZSGS(G,(S) Agli=1 coincides with the
weighted number of spanning trees of G. This
number is a classical well-known value in graph
theory and can be calculated using Laplacian
matrix (matrix tree theorem).

In my previous research, I proved that the state



sum ZSQS(G’(;) Agli=1 can be regarded as a
gl(1]1) quantum invariant. In the future, we
will continue to study the quantum topological
aspects of ZseS(Gﬁ) Agli=1 and that of Hee-
gaard Floer homology.

B. &L

. Yuanyuan Bao and Zhongtao Wu, An
Alexander polynomial for MOY graphs,
Selecta Math. (N.S.) 26 (2020), no. 2
Article No. 32.

. Yuanyuan Bao, A topological interpre-
tation of Viro’s gl(1|1)-Alexander poly-
nomial of a graph, Topology Appl., Vol.
267, (2019), pp. 106870, 25.

The Heegaard Floer

complexes of a trivalent graph defined on

two Heegaard diagrams, SU#HEKZFEERHF

#geek, No. 2129, (2019), pp. 69-82.

. Yuanyuan Bao, Heegaard Floer homol-

. Yuanyuan Bao,

ogy for embedded bipartite graphs, it
H K BORAFEE 25 8%, No. 2004, (2016),
pp.1-12.
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graphs, KB 32 K% Friday Seminar,
Zoom, 2020 4 10 A.

. Alexander

polynomial of MOY

polynomial and
trees, #EKk KOOK + X 7 — 2020, Zoom,
2020 49 A.

. The Heegaard Floer homology of a triva-

spanning

lent graph defined on two Heegaard di-
agrams, Intelligence of Low-dimensional
Topology, TR K, 2019 4 5 H.

. A topological interpretation of Viro’s
gl(1]1)-Alexander polynomial of a graph,
East Asia conference on Gauge theory
and related topics, FABKF, 2018 & 9
H.

. The Alexander polynomial of a trivalent
spatial graph and its MOY-type rela-
tions, ML MR FEE X IF—, REX
TRF, 2017 H 12 H.
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6. The Alexander polynomial of a colored
trivalent graph and its MOY-type rela-
tions, 4 ¥Rt b A\ ¥ —, KK K2,
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. The Alexander polynomial of the bal-
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. Heegaard Floer homology for embedded
bipartite graphs, Intelligence of Low-
dimensional Topology, #F K%, 2016
5 H.
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12 & B EH 51F Laurent MRz NZDh L
WS & Laurent W RN B 5 G122 DA
ZE o TR NS Z L EH 2D EVD
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I studied discrete equations with the Laurent

property, focusing on the irreducibility and



coprimeness properties. It is known that if
one performs a Laurent monomial transforma-
tion (the transformation defined by a Laurent
monomial) of the dependent variable of a Lau-
rent recurrence, the obtained equation often
has the Laurent property but does not neces-
sarily have the irreducibility. I discussed the
condition for such a transformation to preserve

the Laurent property (and the irreducibility).
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1. T. Mase, A. Nakamura, H. Sakai, Dis-
crete Hamiltonians of discrete Painlevé
equations, accepted, to appear in Annales
de la Faculté des Sciences de Toulouse,
arXiv:2001.02535.

2. Y. Nakamura, R. Sakamoto, T. Mase,
J. Nakagawa, Coordination sequences of
crystals are of quasi-polynomial type,
Acta Crystallographica Section A: Foun-
dations and Advances AT7 (2021): 138
148.

3. J. Hietarinta, T. Mase, R. Willox, Al-
gebraic entropy computations for lat-
tice equations: why initial value prob-
lems do matter, Journal of Physics A:
Mathematical and Theoretical 52 (2019):
49L.T01.

4. R. Kamiya, M. Kanki, T. Mase, T. Tok-
ihiro, Algebraic entropy of a multi-term
recurrence of the Hietarinta-Viallet type,
RIMS Kokyiroku Bessatsu B78 (2020):
121-153.

5. B. Grammaticos, A. Ramani, R. Willox,
T. Mase, Detecting discrete integra-
bility: the singularity approach, Non-
linear Systems and Their Remarkable
Mathematical Structures, N. Euler (Ed.)
(CRC Press, Boca Raton FL, 2018),
arXiv:1809.00853.

6. R. Kamiya, M. Kanki, T. Mase, N.
Okubo, T. Tokihiro, Toda type equations
over multi-dimensional lattices, Journal
of Physics A: Mathematical and Theoret-
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the coprimeness property of discrete sys-
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tion, SIGMA 14 (2018): 065.

A. Ramani, B. Grammaticos, R. Willox,
T. Mase, J. Satsuma, Calculating the al-
gebraic entropy of mappings with uncon-
fined singularities, Journal of Integrable
Systems 3 (2018): xyy006.
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do matter, Integrable Systems 2019, Syd-
ney (Australia), November 2019.

- [RIHAR S, 2 B 22 23 5 R s\ D ) e 22

2019 EEBMAERAX I F—, HEE,
2019 4 3 H.

. TSRS B B ARRAOIRBIEAKIZ DN,

MRV« v X2 —& I+ — 2019, RE
IR, 2019 4 2 H.

. T. Mase, R. Willox, A. Ramani, B.

Grammaticos, Dynamical degrees and
singularity patterns, International Con-
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The Tenth IMACS International Con-
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2017.

7. TEMESE SR, FEEED 2 B2 SRR O A AE
£, T2V ) — - RI AR KR
2017, REA KL (FEA), 2017 4F 3
H.

8. T. Mase, Spaces of initial conditions for
nonautonomous mappings of the plane,
Workshop on Discrete Painlevé equa-
tions, Tokyo (Japan), December 2016.

9. MW, ZRouk 1 ORI R,
AR REPEDBR & R, AR F R
FENTIZERT (GXER), 2016 4 9 H.

i

L. BB P PR aiiar, A &
AAR— BB SR AE (21-24). R
DEOEEH 2 A T4V TlTo7-.

2. MRELRECF Y HEPMATERE, A &
AAZ— BRI =R 1A (21-24). fREL
RBFOEE 2LV 74V Tiio Tz,

3. ARB L AT (W) FHFEB 2 AFE, A £ A
AR — BWEMEFTEENSR. [REE
Bl OFIEREEA Y T U TITo 72

4. BUFFEMBEE: BEEEMATHER, S
AAR— A ¥AAR— 1-2EERNR. &
BRI S DA T 2EM 2 AV 5
1V TRITT 7=

122



RHEHIR (Project Professors)

AH &% (OHTA Yoshihiro)

A. TR

o BB 2 FHW T BEMEe ARy MICHERT
% Al (Artificial Intelligence) DR % 7 A
YV b= THREMEL v R —T Y IR TIT -
TW5, EHENOMMIREEE ¥y 7T — X T
FTHOHARRORY NOKZDIT,
BUEIE, BiatR, B3 Wbi. IR s L e
s Z L TRIAMSAZHEEL TE D, KZIGH
e LTI E %2 - OB e &
RFDEHEED A=A LOHE X =7y b2 L
W3,

EETORBE & ik, DNA 4% #1512 RNA
polymerase 1T (RNAPII) & WS BERIZ Lk > T
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T REEOBRRBREZITS 2 3L VD
PERTH D, £ I T, BIEAFTRELRFHBIZ BT
ZENRREOMGEE 2 MEE U, HELZET LD
HEMEZHGET 5720, BEfRY 2LV —Y 3
VR E OB TFIEPBHE 25,
FxldelA— b~ b2z AW RNAPII © ¥
Tab—vavit&oT, HEZLZLZMSH
e UCHBI§ 25O F2HHLZ, 20
HE 2 ALK & 575 O RNAPIT & D RFZEf# o [#
BiZ & > T RNAPII OZEAEI 5 Z & 2R,
B D FAT BB OBIES BT 5 Z 3T
&7,

— T, EVIEESBHIZET B KB RAGE R
FIRATAE 7 & DEBRTFIEDOHESIZ L > T, E
EEOREE L L s o< F UGN EIRIZE L
TWbZeEbhroTETWS, TDH, I
A= I PV EAVEZEEETVIZOVWTSH, Y
1 NOFRZLE T ANZETIVEEATS
BT E 7z, WA IBARME R ZRIRT 572
O, ERLNVA—FY Y DETINTHS ASEP
ZHLiR L. DNA MHEDS 3UGGHRBERHIZH 5 Y A
MNATE/RZE AT S Z & T RNAPII O
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AREL BB ETIVEME L, ZOFHET
NDYIalb—varviERIZEk->T, —HDOEIE
FAZ DWW T OB EEROKE R 2 FREICHERT S Z
EMMTET,

By leveraging applied mathematical analysis,
the research and development of AI (Artifi-
cial Intelligence) for the automated robot as
joint research with Isotope Science Center and
others are ongoing. We target to develop an
autonomous discovery robot that can perform
complicated and delicate work and even big
data analysis.

Currently, we are promoting integrated stud-
ies by collaborating with municipalities, lead-
ing companies, hospitals, research institutes,
etc. In particular, as an application, we target
our interests to develop drugs using radioactive
substances and to elucidate the mechanism of
the transcription of genes.

Transcription is a fundamental cellular process
in which the RNA polymerase enzymes play a
central role. In eukaryotes, RNA polymerase
IT (RNAPII) is responsible for this process, and
genome-wide studies show that transcription by
RNAPII is dynamically regulated. Due to the
experimental difficulty in the molecular biologi-
cal approach, the picture of the gene transcrip-
tion remains snapshot rather than dynamical
views. Therefore, to reveal the principles of
transcription, the mathematical modeling and
simulation by fusing deep spatiotemporal anal-
ysis of real data are crucial.

By the cellular automaton (CA) simulation of
the mobility of RNAPII over long distances, we
found that the RNAPII molecules move as a
free flow state, though there exist regions of
reduced velocity, as far as the time interval be-
tween nearest RNAPII molecules is larger than
the time required for an RNAPII passing the

exclusion length in the reduction region. If the



reduction is strong enough to reach a certain
threshold, a transition occurs from the free flow
state to the states with congested and repeti-
tive flows.

On the other hand, by combining next-
generation sequencing and chromosome confor-
mation capture (3C), it becomes evident that
chromatin domains representing the transcrip-
tion basic structural units move dynamically
within the nucleus. Therefore, it is required
to apply this dynamical movement and config-
urational changes to the CA model.

We previously identified transitions of RNAPII
in the spatial configuration of DNA. Our for-
mulation was extending the asymmetric simple
exclusion process (ASEP) and derived an ana-
lytical expression for the dwell time distribution
of the RNAPIIs during transcription. Also, we
adopt the RNAPII transfer methods by map-
ping n forward (or backward) jump routes and
m proximal points. Then we show that the sim-
ulation results of this model are consistent with
the experimental findings for actual gene tran-
scriptions. After that, we will make a detailed
comparison of the results from the realistic sim-
ulation for a specific gene with the experimental
data obtained here. Studies in this model also
emphasize RNAPII flow stability and a fault-

tolerant system of the gene transcription.
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of Industrial and Applied Mathematics
(2019) 36:25-51.

2. Hosokawa Y, Hosokawa I, Shindo S,
Ohta Y, Ozaki K, and Matsuo T :
“Alkannin inhibits CCL3 and CCL5 pro-
duction in human periodontal ligament
cells”, Cell Biology International, Vol-
ume 40, Issue 12, December 2016, Pages
13804A51385.
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The subjects of my research are K3 surfaces,
Enriques surfaces, elliptic surfaces, Coble sur-
faces, abelian varieties and Calabi-Yau varieties
in positive characteristic. Lately, I also study
the structure of Richelot isogenies of algebraic
curves which are used in the theory of post
quantum crypto-system.

I've been studying Enriques surfaces in charac-
teristic 2. Over the complex number field En-
riques surfaces with finite automorphism group
contain a finite number of nodal curves and S.
Kondo classified these surfaces into 7 classes,
using configurations of nodal curves. In posi-
tive characteristic, the number of nodal curves
which are containd in an Enriques surface with
finite automorphism group is also finite, but
the situation of their configurations is different.
In particular, in charactersitic 2, Bombieri and
Mumford showed that Enriques surfaces are di-
vided into 3 classes, i.e., singular, classical and
supersingular ones. As a joint work with S.
Kondo and G. Martin, we showed that the con-
figurations of nodal curves of Enriques surfaces
with finite automorphism group in characteris-
tic 2 are given as follows: 3 types for singular
Enriques surfaces, 8 types for classical Enriques
surfaces and 5 types for supersingular Enriques
surfaces. We also gave the structures of finite
automorphism groups. It is worth noticing that
all three types for singular Enriques surfaces
appear in charactersitic 0, but that the type
which appears in characteristic 0 for other cases
is only type VII.

Jointly with S. Schuett, I also study the uni-

rationality of K3 surfaces and the structure of



abelian surfaces with automorphism of order 3,
and gave some results.

As a joint-work with Katsuyuki Takashima, we
calculated the number of Richelot isogenies for
superspecial curves of genus 2, and made clear

the structure of their isogeny graph.
B. F&amX
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Related Topics, Univ. of Tokyo, Tokyo,
December 18, 2018;  (IEAEZER DR fw
) 2017 AR H AR 2 RBUAE R
B, HHECARS S, March 26, 2017.

. Zariski K3 surfaces, & 6 [RIRECRMAIH5E

Ha—FH—, FEEHE, B, January 13,
2019; "K3 surfaces and Related Topics",
Nagoya Univ., December 20, 2017.

. Construction of numerically trivial auto-

morphism of Enriques surfaces in char-
acteristic 2, Research Seminar Algebraic
Geometry, Leibnitz Univ. Hannover,

Germany, September 4, 2018.

8. Automorphism groups of Enriques sur-



faces with quasi-elliptic fibration in char-
acteristic 2, Conference on Differential,
Algebraic and Topological Methods in
Complex Algebraic Geometry, Cetraro,
Italy, September 10, 2018.

. Classification of Enriques surfaces with
finite automorphism groups in charac-
teristic 2, Algebraic Geometry Confer-
ence, Hotel Libero, Busan, Korea, March
29, 2017; New Trends in Arithmetic and
Geometry of Algebraic Surface, Banff
International Research Station, Banff,
Canada, March 17,2017; Arithmetic and
Algebraic Seminar, University of Ams-
terdam, The Netherlands, September 5,
2017.

10. Enriques surfaces in characteristic 2,

Summer School 2016 of the IRTG "Mod-

uli and Automorphic Forms", Vlieland,

The Netherlands, August 31, 2016.

F. XHMfF5Ey — e A

. 2012 HEEE~2021 4R BRI RSB E
HEEZAREZAR

. 2016 4F 6 H~2021 £ 5 H HAHF M
HEAME

3. 2016 FE~2021 FE BEEEEZEE

4. 2018 AR B 34 [ UHR ELHE AR B0 ]
MZAERZER, #AZARER

5. 2018 4EJE BAR DKL T RESMNRIFAMZ A
2REH

6. 2019 fEFE FUAL KA - B ERSN
HEHiZ B 2Z A

7. 2020 FERE FUHERLR RS EMTER T RN
1Y) —FRBEREER

G. %

2017 AR H AR 2 REBEH
L SO

1. MR I - — ) B BREER BRI
2. WISE Program FoPM + X J— 6 [A]
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A 23X (KOHNO Toshitke)
A. fFFEmEE

SRR D FEARE DRRER B,
R/ I-REEIGTHH, ZOWMEE, &R
BUZILER 3 2 e 2 1178 - 2. BRI, K-
T. Chen IZ X2 RMFED Y-z HNT,
EIRD A E b E—HEFEOEIRE & U TORBUTHE
RUZZ. R, EPHEEEICOWT, BRAREE
0 Y —Heft & BRI ELR U, T i i 0D il B
ED2WEE NE—RUZDOWTHFHRE, £/, Wi
BEMOEGET, BIRO KZ #kizesil, 56
12, ZThETIZBonTWiz KZ AADE/ N
0 —KRE LB E OFMRE SIREICIRES 5
ZEIZOWTHIFEL 2. B E LTHlAD S a R
VT 4 ZALDRTEORIZME L, Kontsevich
DD 2 MOBEADHLRE LT, #iE#A0E &
FIEN D 4 ot 2R N O dhE DAL AZ B % E
L7-.

SEHEAR S RVEHD

Linear representations of the fundamental
groups of manifolds correspond to the holon-
omy representations of flat vector bundles over
the manifolds. I generalized this construction
to higher categories and investigated the theory
of representations of homotopy path groupoids
by means of the notion of formal homology con-
nections due to K.-T. Chen. In particular, in
the case of hyperplane arrangements, I gave an
explicit description of formal homology connec-
tions and studied homotopy 2-types of the com-
plement of hyperplane arrangements. I defined
higher KZ connections for configuration spaces
and investigated a higher category extension of
the relation between the monodromy represen-
tations of KZ connections and quantum groups.
As an application I constructed representations
of the category of braid cobordisms and defined
topological invariants for 2-dimensional braids

as a 2-category version of the Kontsevich inte-

gral.
B. F&Em L
1. T. Kohno : Higher holonomy maps

of formal homology connections and



braid cobordisms, Journal of Knot The-

ory and Its Ramifications Vol. 26

(2016), 1642007 (14 pages), DOLI:
10.1142/50218216516420074
. T. Kohno : Quantum representations of

braid groups and holonomy Lie algebras,
Advanced Studies in Pure Mathematics
72 (2017), 117-144.

. T. Kohno

KZ connections and conformal blocks,

Configuration spaces,

Topology of Arrangements and Rep-

resentation  Stability, Oberwolfach
Reports No.2 (2018), 52-54 DOI:
10.4171/OWR/2018/2

. T. Kohno : Homological representations

of braid groups and the space of confor-
(eds.),
Perspectives in Lie Theory, Springer IN-
dAM Series 19, DOI 10.1007/978-3-319-
58971-8, 2018.

. T. Kohno :
perplane arrangements, Furopean Jour-
nal of Mathematics, (2019), 1-23 DOI
10.1007/s40879-019-00382-z

. T. Kohno :
ated integrals, 2020, https://www.ms.u-
tokyo.ac.jp/ kohno/papers/HHILpdf

mal blocks, F. Callegaro et al.

Higher holonomies for hy-

Higher holonomy and iter-

C. HEaFEE

. Local systems on configuration spaces,
KZ connections and conformal blocks,
Topology of Arrangements and Rep-
resentation Stability, Mathematisches
Forschungsinstitut Oberwolfach, Jan-
uary 2018.

. Higher category extensions of KZ con-
nections and representations of braid
cobordisms, 10le rencontre entre math-
ématiciens et physiciens théoriciens,
IRMA, Strasbourg, June 2018.

. Introduction to representation theory
of braid groups, The 1st International
Undergraduate Mathematics Summer

School Peking University, July 2018.

10.

1.

1.

. Quantum symmetry in homological rep-

resentations of braid groups, East
Asian Conference on Geometric Topol-

ogy, Peking University, January 2019.

. Mathematical forms - collection of ge-

ometric models at the University of
Tokyo,

Forms in Nature and Art, The Univer-

Tokyo-Berkeley Symposium -

sity of Tokyo, January 2019.

. Higher category extensions of holon-

omy maps and iterated integrals, Higher
structures in algebra, geometry and
quantum field theory, University of Ham-

burg, February 2019.

. Higher holonomy maps and iterated inte-

grals, New trends in geometry and math-
ematical physics, CSF Monte Verita, Au-
gust 2019.

. Mathematical forms - geometric models,

lattices and crystals, Design Innovation
from Nature Symposium, Jacobs Hall,
UC Berkeley, November 2019.

. Higher holonomy maps and iterated in-

tegrals, Hyperplane Arrangements and
Singularities, Graduate School of Math-
ematical Sciences, the University of
Tokyo, December 2019.

Higher holonomy functors and iterated
integrals, Homotopy Theory Symposium

2020, online, November 2020.

. AR

BB TR IR E © Academic writing 12
B3 % FoPM 712 5 LAD##% T, oral
presentation (2B 2R & HY U 7=,

AR Y — B A

BT 0 B R (Kavli
IPMU) :EHI%H (ML)

2. Kyushu Journal of Mathematics, Editor.

. Annales de I'Institut Henri Poincaré D,

Editor.

. East Asian Conference on Geometric



Topology, Program Committee Member.

Il ZF— (NAKAGAWA Junichi)

A. fFZEIEEE

RS ITBFEEH LS ) R—=Ya v
EHERE - (1) BURIZ X DB U 72 il A D 2
THEMAOMEZ & 5 2, HEDORIEE B S h
2B 8, (2) BFEIC X DREEL 2 MAa% D
B FHEMOFEMEEZX D, Y aX—2Ah 5%
LWtz Al 325 2 2, (3) HEfiohinz
DL EAiER O BEEBIE PR A D K % X
D, A1/ R=vaViZBIFEZL, TDd, H

WSRO AR Z T 57002 5 RS i 0D B0 B G 22 B
LT, =— XTS5 £l & ik i T D4

ExHET.

I have used mathematics to create an interdis-
ciplinary platform for dealing with the prob-
lems of industry and society. This is the con-
cept of mathematical innovation: (1)Clarifica-
tion of the principle of the problem by looking
at the real-world problems an abstracted frame-
work using mathematics (2)Reconstruction of
the existing technical concept based on the con-
structed framework and creating new techno-
logical concept by “ think from zero ” using
mathematics (3) Applying the technology and
attempting to promote it among the manufac-
turing field and society, and leading them to in-
novation. With my domestic and international
networks, I propose an appropriate technology
toward industrial needs at the fastest speed in
the world using cutting-edge mathematical the-

ories.

B. F&&Kif

[1] T. Kumano, J. Nakagawa, A derivation of
coincidence relations utilizing quaternion and
matrix based on the hexagonal lattice for ma-
terial engineers, International Journal of Math-
ematics for Industry, vol.11, No.1 (2019)

[2] H. Hamada, S. Matsutani, J. Nakagawa, O.
Saeki, M. Uesaka, An algebraic description of

screw dislocations in SC and BCC crystal lat-
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tices , Pacific Journal of Mathematics for In-
dustry, PJMI-D-16-00014R3 (2018)
[B] HIE—, [ Y XAV TN TTY TIX]
B YE - MR e OEED A, ISTIEEE 28 &
4+ (2018)
[4] A. Micheletti, J. Nakagawa, A. A. Alessi, D.
Morale, E. Villa, A germ-grain model applied
to the morphological study of dual phase steel,
Journal of Mathematics in Industry, 6(1), 1-24
(2016)
5] IWARBE, dllE—, ek 515y
WS« BEEFROPHME & BalORERR (£ D
=) L BRI —, 9H5 (2016)
6] WAREZ, HilE— WEEIHITIHEEL
W BEETIRONANE & Bl ok (Z0
=), BFE IS —, 7THS (2016)
C. HEA¥EE
(1] HIE —, AR R P B R 2R A A
BUPRAT 2R IE [T — XY A TV ATB I 58
FA/R=vav] PHETHD, JST CRDS
BELARBE, T2 OmEcET 23—,
JST Web g 2021.2.24
(2] HITE—, BRECR R BB 2 SR AL
ORI [T — R Y1 TV AT BB A
JR=Yav] BHETLO, HARGHBHE YR
2019 FEEF R, RERFBELRIERF SRR 2
%2 2019.9.4
[3] J. Nakagawa, Creating an Interdisciplinary
Platform Based on Inverse Problems, Interna-
tional Conference on Inverse Problems, & H.X
% (2018.10.12-14)
[4] il —, 80E 702 2281 2 BELIE D
Bk &, BEERLE EWE - MRl OEEED R IZ D
WT, HARBUEER 2016 FEEMFR AR 87
HEET — 2 ay T ~WEMEREEIZET T
B 285~ BE KT, 2016.9.16
[5] FJIITE—, 8& 7 v 212 81 2 BEHIHFZE D
Bk &, BOEERE: EWE - MR OEEED R IZ D
W, HAKEM Y2 2016 EEERK S FEHEIC
WA BEF — AT - BEE - BHRBEP S B DO
D~—, JUNKRF, 2016.9.13

D. i#&
1.t e 11

2

BoEY F— 2P ATy



ADEDLDIZDONWT H#HEEITo 7z, BHEBED
BHRTOF— XY 1 T2 2B 8% - et
OMEHOHEFIEN (12 H4H), T—XDOEH
B ZCTHME BN ST & Dk D50 5 4
EFNDH L WEEMEORE %, FMSP A%
FEERA S O HH &2 BT (12 H 25 H)

2. tERBOHEEAZE @RI

R 5% (FUIIWARA Takeo)
A. TZEREEE

o BENBEABIERICEDVWRESEFHE
ETIERFENFEDHRL:

BB 3 55 D K FURLEN A (e % i < %)
HHTL Y AL GREL), 8L
BIRTRIZB T 107 /MizES S
JRridEDZ % ([E A RS & LI R
2%V B DTFENFAFHEDMH
¥ GRE2) Z2{roTWw5b. FEZERICET
BRIFINFK—2RET 5 BB
1597,

Molecular Dynamics based on semi-
empirical Hamiltonian: A novel tight-
binding method is developed, based
on the extended Hiickel approximation,
with referring the electronic structure
and the total energy, obtained by the
first principles method. The parameters
of semi-empirical Hamiltonian are so ad-
justed by computer that the result can
reproduce the those of the first principles
calculation. We have obtained a general
formula for the total energy functional in
real space.
XRREZMICES T E2HEERBFTOREY
B RERITE T SEFEOR ML, XFR
HEDTEDLLIZAIZEDN O DOHEEST
WS, Ak, RFEEIRHEEE LTRDE
BB LB ORERE L, EEL T
W5, —fEEn Tl S FEFNTEN U TRUAH
MmEiEl, TNERRT S TIHE T n s
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Z . MATLAB THREEE 2 LS Hik
ZIlAD & & B ITHFEOWAG 2 SRIZ R AL
LTW5.

Basic education of mathematics in
social sciences : Mathematics is an es-
sential skill and deeply used everywhere
in many disciplines. We are currently
developing a lecture style of mathemat-
ics for social sciences. In the class, we
use MATLAB program to give students
hands-on experience of applying mathe-
matics to their topics.

COVID-19 : COVID-19 : COVID-19
DEXAFIv I A%FART HHEET I
(SIR-i model) ZFEFELZDX A FI v
AZWHSMIZ U,

Mathematical Analysis of Epidemic
Disease Models and Application
to COVID-19:
els for infectious diseases are consid-

The exact solutions of SIR

Mathematical mod-

ered.
model are analyzed in terms of oscilla-
tory motion in susceptible-infected (S-
I) phase space. SIR model can not ap-
ply the effects of repeated epidemics, and
then, we introduce inflow population into
SIR model and name it SIR-i model.
Stability is analyzed around a stable
equilibrium point in S-I phase space.
The nature of the phenomenon is gov-
erned by (contact rate)x (inflow popula-
tion)=(removal rate) and (removal rate).
Numerical examples are shown and dis-
cussed with parameters of COVID-19.

B. F&KHi L

1. T.Fujiwara, "Mathematical Analysis of
Epidemic Disease Models and Applica-
tion to COVID-19", Journal of the Phys-
ical Society of Japan 90, 023801 (2021).

. T. Fujiwara, S. Nishino, S. Yamamoto,
T. Suzuki, M. Ikeda, and Y. Ohtani,

tight-binding

"Total-energy  assisted

method based on local density approx-



imation of density functional theory",
Joul. Phys. 87, 064802
(2018).

LSO OR, MEH RS, ORHE nZR T, BRI %
K, “BHHEBREE OB SHZDOZDODOY
AT LBAF”, THFHE, vol.66, no.5, 13,
(2018).

W T, AN AET, =i, R
R, “OCW MITEEa T IV EROR)
RDOHA”, TH¥HE, vol.66, no.3, 73,
(2018).

CERER, B ERBREEHET S, K
BB (1 =2 2t), vol.645, 2017 4F
3 H%, 59, (2017).

BRI, MATLAB 274 v 7 AR — ],
(RERF R 2 2021).

), BRI, BRI R, RBEEE 2
& RIF =B, (W 2020).

L R, CRFRFOBIEE L JEE
(EARBHFAE 2019)

CBINEE, SRR, BERBRWE, RS 1

& RRIFEM AR, (WHEEE 2019).

HEE, SRR, TR B R, BUEMr

HB—im WOEDTHE 2 & RERZRE

(N HZEEH 2017).

WEE, SRR, BB AR, BUEET

WM OB EE 1B BN AR,

(WHZ I 2016).

BRI R, AU, “hZ (BH T2

2016)

Soc. Jpn.

10.
11.

12.

C. HEHFEE

BAT— L HRD T T
BB 5 T¥E - TIHRFROER — K
FHBEETOLE LT, HEKRZLENR
THATIvIRIF— THEHRKE WS B
T¥%M, 202142 H 13 H

CBERFE TS0,
B

AR,

1. ‘Av ) —-

HA LY
%5 68 [FFIRKE - LEHEEMSE
2020 F9 H 11 H
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B % (MURATA Noboru)

A. fFFEmEE

AR DB BERE 2 BOLNIZ E T LB L TTEITG
AT 5ZLICIDMATWS, RIZKEDT—X
N5 Z DRERIINGE % 15T 2T E &2 W4
12, k2 RFEE TV I XL QBRI RUEHE DE
MiaziioTWad. £7=, WK, HE, FHL0v-o
T AR DI R T 255 O A R BRI © Bk & 5
B, I OENTIZE U G500 Hik % s
LTW3.,

We try to understand learning mechanisms of
biological systems mathematically, and to ap-
ply them to a variety of problems in the field
of engineering. Particularly, we focus on statis-
tical learning, which enables us to capture the
probabilistic structure inside a large amount of
data, and analyze dynamics and convergence
property of various learning algorithms. We are
also interested in generating mechanisms of bi-
ological signals such as EEG (electroencephalo-
gram), EMG (electromyogram), and voice, and
we study on signal processing methods suitable

for analyzing them.
B. F&iL

1. T. Aritake, H. Hino, S. Namiki, D.
Asanuma, K. Hirose and N. Murata:
“Single-molecule localization by voxel-
wise regression using convolutional neu-
ral network", Results in Optics, 1 (2020)
100019.

. S. Sonoda and and N. Murata: “Trans-
port analysis of infinitely deep neural
network", Journal of Machine Learning
Research, 20 (2019) 1-52.

. T. Iwasaki, H. Hino, M. Tatsuno, S.
Akaho and N. Murata:

neural connections from partially ob-

“Estimation of

served neural spikes", Neural Networks,
108 (2018) 172-191.

. S. Sonoda, K. Nakamura, Y. Kaneda, H.
Hino, S. Akaho, N.Murata, E. Miyauchi
and M. Kawasaki: “EEG dipole source



10.

localization with information criteria for
multiple particle filters", Neural Net-
works, 108 (2018) 68-82.

. Y. Fujimoto, H. Kikusato, S. Yoshizawa,

S. Kawano, A. Yoshida, S. Wakao, N.
Murata, Y. Amano, S. Tanabe and Y.
Hayashi: “Distributed energy manage-
ment for comprehensive utilization of
residential photovoltaic outputs", IEEE
Transactions on Smart Grid, 9 (2018)
1216-1227.

. S. Sonoda and N. Murata: “Neural net-

work with unbounded activation func-
tions is universal approximator", Applied
and Computational Harmonic Analysis,
43 (2017) 233-268.

. H. Hino, J. Fujiki, S. Akaho and N.

Murata: “Local intrinsic dimension esti-
mation by generalized linear Modeling",
Neural Computation, 29 (2017) 1838-
1878.

. T. Kato, H. Hino and N. Murata: “Dou-

ble sparsity for multi-frame super resolu-
tion", Neurocomputing, 240 (2017) 115—
126.

. T. Chiba, H. Hino, S. Akaho and N. Mu-

rata: “Time-varying transition probabil-
ity matrix estimation and its application
to brand share analysis", PLoS ONE, 12
(2017) e0169981.

K. Takano, H. Hino, S. Akaho and N.
Murata: “Nonparametric e-mixture esti-
mation", Neural Computation, 28 (2016)
2687-2725.

. iR

1.

BELRL e 1 BT — X AT O A
%, A EBERIC L > THRNBSIZEN,
KREHHEHNE D ER Z B L, T — RIEHT O
JiEEFEET 5.

. BRI T - BERET — XA O AT

#, EUOTKRBBET — 2 BT HBIRE %
FERUGHET 2 2L 8T, B L THRS
T — R DIARM LTI % P 5.
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FHEHAEZIR (Project Associate Professor)

TN & (TAKEUCHI Tomoya)

A. TR

W, BEETY v, R, Ty
ALEDOWE, motIiZIhs O z@L THE
ON-HRZTEH L AL LEcHEkEIZEND
MEDOEHMIEDORE L FXE2ITT>oT 0D,

My research field is inverse problems, mathe-
matical optimization, mathematical modeling
and their application to real world problems

arising from industry.

B. &L

1. G. Tanaka, R. Nakane, T. Takeuchi, T.
Yamane, D. Nakano, Y. Katayama and
A. Hirose: “Spatially Arranged Sparse
Recurrent Neural Networks for Energy
Efficient Associative Memory”, IEEE
Trans. Neural Netw. Learn. Syst, Vol.
31, no. 1, (2020) pp. 24-38.

2. T. Takeuchi, Y. Hirata, S. Horai, and
K. Aihara: “Japan’s R&D Project of
Ramp Forecasting Technology: A Fore-
cast Integration Method", The 17th In-
ternational Workshop, Stockholm, Swe-
den, 17-19 Oct, 2018.

3. T. Takeuchi: “The Proximal Method
of Multipliers for a Class of Nons-
mooth Convex Optimization", SEISAN
KENKYU 70, 157-164, 2018.

4. S. Okuno, T.Takeuchi, S. Horai, K. Ai-
hara and Y. Hirata: “Avoiding Un-
derestimates for Time Series Prediction
by State-Dependent Local Integration",
METR 2017 - 22 November 2017.

5. K. Tto, B. Jin and T. Takeuchi: “On
the Legendre tau method for fractional
boundary value problems with a Caputo
derivative”, Frac. Cal. Appl. Anal. vol.
19 (2016), pp. 357 - 378.
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6.

B. Jin and T. Takeuchi: “Lagrange op-
timality system for a class of nonsmooth
convex optimization”, Optimization, vol.

65 (2016), pp. 1151 - 1166.

C. MEEFE«

1.

Numerical homogenization of dual-phase
steel by nonlinear conjugate gradient
method, RIMS Workshop on "Recent de-
velopments on inverse problems for par-
tial differential equations and their appli-
cations", Research Institute for Mathe-
matical Sciences, Kyoto University, 2021

01 H6 H-8 H.

. A mathematical model for elastic-plastic

composites and homogenization, Anal-
ysis, Control and Inverse Problems for
PDEs, Napoli, Italy, November 26-30,
2018.

. Prediction-step-dependent expert ad-

vice: Application to wind energy ramp
forecasting, Grand Renewable Energy
2018 International Conference, PACI-
FICO Yokohama, 2018 4£ 7 A 19 H.

. Augmented Lagrangian Methods for

Convex Optimization, iTHES(RIKEN)-
AIMR(Tohoku)-IIS(Tokyo) Joint Sym-
posium: "New Horizon of Mathemati-
cal Sciences", Suzuki Umetaro Hall at
RIKEN Wako campus, Japan, April 28,
2016.

D. i##%

1.

BORRVEILRE - R SO M
W (FERLTE 1A ST X — L)

CRRARECE 1 - AR AR

R (PR R 1 AR S2 21— 1)

- RRUAREE 2 - A AR O E &

HOE (LR DML AR A B AR K )



FHEBIZ (Project Research Associates)

He #—B8 (TANAKA Yuichiro)

A. TR

GzazEfEa "I ) —H. 7T 2Z00E
(72 id 22HCABEH) L. ZOREE
REAEG LLET, ZDOLE, HEHM—TF A
ACGMPFIELTGE =G AG™ Wb &E
T, ZOHNVRUHRIE. B. Hoogenboom iz
koT. GO 2 DOXE 7, p 1T 50
G = GTAGH ~t —ffhEnE L 7= (CWI Tract,
5, Stichting Mathematisch Centrum, Amster-
dam, (1984)), & 52, E. Heintze, R. Palais,
C. Terng, G. Thorbergsson (Conf. Proc. Lec-
ture Notes Geom. Topology, IV, 1995) DY K &
MRARBUZ K (BT AR ZE R sie% 895 (1995).
J. Algebra 197 (1997)) (2 & > THINZIZ, XEH
A FR S WG E ARSI N E Uz,
FRKFMX 2 T, 7R G = HAL % Gelfand ¥
(G,H), (G,L) T LTHEATWET (720U,
SO(8) DYk BMABNZHEEIREE T ),
XTI, MARKIZEB IV MEIERS W
KRR 2 BE 328G B & FH W COMi A BRES 3 FE oD
(H,L) =3 5 milEARE H\G/L 2h->TH
0. Rplga 2 LTar /82 b Gelfand iz
TN G = HAL 23 CwEd, 22T, #
FDHM (Ge, He) WEZIXT L7325 G DB
SR H 2 MBS W ET,

We let G be a connected compact Lie group
and 7 an involution with G7 its fixed points
subgroup. Then we have the Cartan decom-

GTAG™ for some torus A C

position G
G. The decomposition has been extended as
G = G"AG" for commuting involutions y and
7 by B. Hoogenboom (CWT Tract, 5, Stichting
Mathematisch Centrum, Amsterdam, (1984)),
and further, for general involutions p and 7
by E. Heintze, R. Palais, C. Terng and G.
Thorbergsson (Conf.
Geom. Topology, IV, 1995) and by T. Matsuki
(Surikaisekikenkyusho Kokyuroku 895 (1995),

Proc. Lecture Notes
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J. Algebra 197 (1997)) independently. In the
article B.2 below a decomposition G = HAL
is given for compact Gelfand pairs (G, H) and
(G, L) except for some cases where special ge-
ometries of SO(8) arise. This article discusses a
double coset decomposition of a real reductive
group G with respect to reductive absolutely
spherical subgroups H and L by using Mat-
suki’s results on double coset decompositions
for symmetric pairs, and obtains G = H AL for

a compact Lie group G as a special case.
B. FE&E

. Yuichiro Tanaka, A Cartan decomposi-
tion for Gelfand pairs and induction of
spherical functions, preprint.

. Yuichiro Tanaka, Double coset decom-
position for reductive absolutely spher-
ical pairs, accepted for publication in
Proceedings of Tunisian-Japanese Con-
ference 2019.

. Yuichiro Tanaka, Visible actions of com-
pact Lie groups on complex spherical va-
rieties, accepted for publication in Jour-
nal of Differential Geometry.

. Yuichiro Tanaka, A Cartan decomposi-
tion for a reductive real spherical homo-
geneous space, accepted for publication
in Kyoto Journal of Mathematics.

. HHRE— BB, ERERS RRAR A O AT AR 4R
X DIGH, HAES 2 2019 4 E KR
BRI, AR RHREEHT 7 A b
72 b (2019) , 67-76.

. HARE—ER, ERREZERIAA~D a8 b
U —BHZ & B ABRE I DWW T, SO
Wil eaaise 8%, RIMS, Kyoto University,
No. 2139 (2019), 37-49.

. Yuichiro of

multiplicity-free of

SO(N) and visible actions, Acta Appl.

Math. 142 (2016), 189-205.

Tanaka, Geometry

representations



C. HEaFEE

10.

. HAFRHE—ER, Gelfand SFOEREEEIZ DWW T,

Langlands and Harmonic Analysis (28 5
[H]), Zoom meeting, 202143 H 9 H.

B, EEANOMEBEEIZD

W T, Workshop on "Actions of Reduc-
tive Groups and Global Analysis", Zoom
meeting, 2020 4 8 H 19 H.

. Yuichiro Tanaka, A Cartan decomposi-

tion for a reductive real spherical sub-
group, 6th Tunisian-Japanese Confer-
ence, Mahdia, Tunisia, December 16,
2019.

- e — BE, EIRIRSBRAR A O IR

& X O, AAKT 2 2019 4 EKEFR
BRI, @IKT ARF v N A 2019
9 H 18 H.

. HeE— BB, Introduction of symplectic

techniques for group actions, Workshop
on "Actions of Reductive Groups and
Global Analysis", R KZ ERERE®E I
F=ND A, BEEE, 201948 H 21 H.

. R EE—RS, HERREHEAD N b

V=B & B aRMERIC D WT, R
EZ DRI EORESE, TR KB
WF5err, 2019 4 7 H 10 H.

- H R B, R R SRRSO RIS

VRV R, 2018 SEERBGRT —2 Y a vy
7, N KRZBFEF v 8, 201943 H
12 H.

- kg RS, G ZhkiA B E A BRI D

W, Langlands and Harmonic Analysis
(B4R, RTAFN) =T 2y TR,
KAE, 20194F3 H 6 H.

. HA i —EF, Neeb K& Miglioli K ® i@

3 Multiplicity freeness of unitary rep-
resentations in sections of holomorphic
Hilbert bundles @ # 41, Workshop on
"Actions of Reductive Groups and Global
Analysis', HEAKZEREREZIF—17
A, BEFBIE, 2018 4E 8 A 20 H.

M i —BR, A spectral set on a stack,

Langlands and Harmonic Analysis (£ 3
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[, WIZWORE L, S, 2018 4 3 A
15 H.

D. %

1. BRI S (AR ST
B3 % W (AT %)

| BOP IR () SR
CERY R e LAt ol oo £
RO, BRI T B
(B AT R %)
HERATE R GRS Y
(B SRR )

A ZF (YAMAMOTO Hiroko)

A. ffFFEBEEE

SOSHEEUR 72 EIZ BN B XX — VI R D F 7
ot R Td 5. AREEIE, (1): AR 5z
RO JIGHEHOEBL, (ii): IR R AR
% fif 0> 2 e VERTREIZ B D LA 72,

(i): RIGHEBGEBUL, Mo HRROM % % a0
BOGHER AR RROIZ L EMTE2Z L TH
D, BRx R ARERTK U, B O R EERE
MARAORMZEATEL L WIS S, B
i, SO HE 2 S BEAEMAETH 5. A
22Tk, AR E) GRE RO & 2 5o D SOSk
BABRARRIZEVEMTESZ L AR L. Kz,
FEARBUTEIZ B 2 R h DL EE X, it &
7.

(ii): FEmrFRE AR, B H2 A A M
N AR TRIN, WRIHEZ & £0 < THETHK
fifg X0 OV A fif7n ¥ Dbk < e IEH A A S EICED
ZEPHISENTWS, 2O &S HIEAMHMOE S
I s, AT SOV AT XS B2 ENE R
—MIZERIRT 2 Z L IFIERICEHETH B, K%
T, FERATR ISR R R DRI 2 L2 E M
Mz U 570, MELEHARDO AT hLH
BIZK T 5 Evans BB ORR 21T -7, ZThiZ
i, Fredholm 751312 & - THE#H X N 5
MBI TH v, Deng-#ifE (2006) 23HERL L 72 D
CRROMEEZE L DTH L. £, RN
ISHEECRE RIS 2 ROSHEHGE L & DBIFRE F
N, BUEMTFER & DLIRE 1T o 7=,



My research is mainly concerned with reaction-
diffusion systems and pattern formation. In
this year, we studied (i): a reaction-diffusion
approximation of semilinear wave equations
and (ii): stability problem of solutions for non-
local evolution equations.

(i): Reaction-diffusion approximation is an ap-
proximation method that a solution of a dif-
ferential equation is approximated by a solu-
tion of reaction-diffusion system. This method
attracts interest from a viewpoint that it is
possible to apply the nature of semilinear
parabolic system to various differential equa-
tions.  We showed that solutions of a 2-
component reaction-diffusion system approxi-
mate those of a semilinear wave equation. In
particular, we considered an extension of sev-
eral assumptions of a reaction term.

(ii): Nonlocal evolution equations are integro-
differential equations, and it is well known that
there are many types of solutions in the non-
local evolution equations, for example, stand-
ing pulse solutions and traveling wave solutions.
Since the nomlocal evolution equations have
such a various solutions, it is important to dis-
cuss the stability of the solutions generally. In
order to discuss the stability problem for the so-
lutions of nonlocal reaction-diffusion equations,
we constructed the Evans function for spec-
tral problems associated with linearized opera-
tors. The Evans function is an analytical func-
tion based on the Fredholm determinant, and
it has similar properties to the original Evans
function constructed by J. Deng and S. Nii in
2006. Moreover, we studied the relationship
between the nonlocal reaction-diffusion equa-
tions and its reaction-diffusion approximation
and observed instability of a steady-state solu-

tion in numerical simulations.
B. #FKiwX

A

reaction-diffusion approximation of a

1. H. Ninomiya and H. Yamamoto,

semilinear wave equation, J. Differential
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Equations 272 (2021), 289-3009.

. A. Sekisaka and H. Yamamoto, Insta-
bility in the nebula model of compres-
sive viscous gases, Phys. D 403 (2020),
132290.

. I. Takagi and H. Yamamoto, Locator
function for concentration points in a
spatially heterogeneous semilinear Neu-
mann problem, Indiana Univ. Math. J.
68 (2019), 63-103.

. M. Iida, H. Ninomiya and H. Yamamoto,
A review on reaction-diffusion approx-
imation, J. Elliptic Parabol. FEqu. 4
(2018), 565-600.

. H.

H. Yamamoto,

Ninomiya, Y. Tanaka and

Reaction-diffusion
approximation of nonlocal interactions
using Jacobi polynomials, Jpn. J. Ind.
Appl. Math. 35 (2018), 613-651.

. H. Y.

H. Yamamoto, Reaction,

Ninomiya, Tanaka  and

diffusion
and non-local interaction, J. Math. Biol.
75 (2017), 1203-1233.

. H. Yamamto, Concentration points in
stationary solutions of spatially het-
erogeneous reaction-diffusion equation,
Proceedings of 43rd Sapporo Sympo-
sium on Partial Differential Equations,
Hokkaido University technical report se-
ries in mathematics, No. 175 (2018), 89—
93 (& L).

C.

HIBHFE R

1. R RIS BTG ERITH 9 % Evans
B9%#% (The Evans function for reaction-
diffusion equations with nonlocal ef-
fects), 2021 4EE H AR FE R T2 (IS
AR, BRERIAT, 2021 43 H 15-18
H (4> 71 UBf).

- WL D DR SRS R T B KOG HE
BOERL, B & FE W Oz T 72
BF#E 24 SESSION “Young Mathe-
maticians’ Challenge”, 2021 4F 3 H 13-14
H (4> 74 UBf).



3. A reaction-diffusion approximation of
a semilinear wave equation, Czech-
Japanese Seminar in Applied Mathemat-
ics, January 5—7, 2021 (online).

4. B FE AR T 5 Evans BI#K,
2020 G G RS S, 2020 F
12 A 1820 H (4> 7 1 VFif).

5. REAZADHAENARLE & b E K
0, FH T K DA D EERE TR AR SE
£, BB RERZRS RS
B, 2020 4£ 1 H 6-7 H.

6. WHE HRAIZE S B SOGHEBOE AL, Work-
shop on Nonlinear PDE in Numazu, A
HiEfbe £ —, 20194 6 A 1-2 H.

7. Concentration points in stationary so-
lutions of a spatially heterogeneous
reaction-diffusion equation, The 43rd
Sapporo symposium on partial differ-
ential equations, Hokkaido University,
Japan, August 21-23, 2018.

. AR

1. BOERR 2R (Mo E) « BEE
TGRSR, S1 X — 4. MRS I
B4 2 E 21T o 7.

2. BRI AR (MR - BEY
HRTHAGRERE R, S1 X — 4. MBI
B 5HE 2T 7.

3. BB (MBS Y) « BEY
IETHHRRRREE S, S2 X — 4. AR FEI
B 5B 21T 7.

4. WMo Y o BE SRR
F, A Z—L. WOEPZIIETHHEE
T-o7=.
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BIEHHIEE (Special Visiting Chairs)

WEEHIF (Visiting Professors)

A 7% (HOMMA Mitsuru)

A. TFZEREE

[E3EFHD Web 77 v 20 7' F — X &2 BEHE T
IV DRGES |
EIEHEEADOT 22 A0 7 F—& 2 \»> Big
Data DffgE, Web 7 7t A0 ZZMA T, &
—X—DEMNET—&%®, T2 7% Web R
WP S, T—XOIEHGER. 72 0hmET
Vo THITIE, Web OT 27 & Z{7H D FH|HIT
DWTHFEZIT>TW5D, AW TIE, EBEDFE
T—=REEHLTIT> T3,

Mathematical Models from the Big Data: a
true web access data set

We are considering the Models for the Web Ac-
cess Data. We can use the true Web Access
data which are making from marketing survey

monitors. We are thinking suitable models.

%R ¥ (FUJIWARA Hiroshi)

A. HF7EmE

BHMFEE I F—D—Be U CEEEEHEE L
T, HHEAKKEH 16 : 50~18 : 35 & & EMEL 7=,
T —~ :TAl LR 73HHE (KSHERZ2E0)
EFREETOH B LX) L, BT
T =& U T~ th 2 a i g il & BERE R G ] i B
T 70— FIT KB FHFRMRRMESEIC M T~ L
7, BR LT, SHOEHREY S L OHEHRT
FIZBUAFEEIN LY FORERFENI, [5EH
{LEEBEIZ A5 72 AT (ANTHIRE) 1, MEBEHE O X
SR bmEmE b, MRTE2HA N N—FXa) T+
DOEFNE] O3 2B oNd, RIFFETODHEY
M T, 2O DMLY RIZIf- T, TAL b &
FEHE] 2ET—~ & U SHERO RETRRIZ $ il
LA/ INE TVARAN (R oS S A R R AN S Y RS
HEIZEKY 70 —FIZOoOWT#HmL5Z & & L,
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AREEEE R IZ BT BB AN T Tu—FI1T s
BRIt REEMRRE T 70— 5 & B
AR Y e —F 2 AT L & Uiz, 5
THE, =—XAVTVFy Rey—XAFYTV
TYRDTTu—FE2XTIVITTBHZ LT, M
TR T E A D BRI 2 2R R ORGSR % 34
Alze 1. T a U ARMEEEREL, AT
N3O0V avroikIng, §1EMAL
BEIZA-AT, §2MHAREDS 57325 @K
b, §3WKTEH A N—kFal) T DEENK

I carried out a 16:50-18:35 lecture as a
university-industry research collaboration lec-
ture as part of an information mathematics
seminar every Thursday. A common theme:
With "the new mathematical science to assume
Al and a quantum calculation (including the
code theory) the subject' I did this and did
it with ... for a ... society problem solution
type and new study system construction by
the basics theory recurrence type approach as
a subtheme. By way of background, "AI (ar-
tificial intelligence) which the big flow of the
development trend in today’s information sci-
ence and computer science entered for a prac-
tical use stage," I include three of "the impor-
tance of the cyber security to increase" "further
speedup of the operation speed". I decided to
lecture about mathematical scientific approach
in new information science/computer science
while a master featuring the theme of "Al and a
quantum calculation", and touching the battle
front of the code theory along this trend in the
university-industry research collaboration lec-
ture in this study. As for the characteristic in
the mathematical scientific approach in this co-
operation lecture, a social problem decided to

use basic theory recurrence type approach to-



gether with approach of being settled. In other
words, I tried the construction of the practi-
cal and theoretical study system shown below
by performing pairing of approach of needs-
oriented and the seeds-oriented. = The section
constitution book cooperation lecture is com-
prised of three following sections. § 1.AI that
entered for 1 practical use stage, § 2. Further
speedup of operation speed, § 3.Importance of

the cyber security to increase.

B. &L
1. BRI CREZEE I3RS, E D [H

JEVE AT EEIED A AR (g T L),

T ALER 22 2258 2018 4E 1 A, Vol. 59,
No.1, 2-3.

. BREVE: BE CHARIBREETION 1V
K —2 oy MDA T 21 R DREF DY
7, (NextPublishing) &> 7<% F (R_—
N=nw 7)) 1TV AR&ED, 2016 4 6
H

 RRIETE: EEE CORHARRE S O Hom A & e
510T /AR—="T Iy v 7r—L [BE
MOERE - @, AY— MY RSN
VAT T ET) ) (BRETVE (3, W), 1IN
il (¥12), NHAL (B1E)), 1 >~ 7L A FE
ERELVR—bT V=X 2018 4E5 H.

. BRIETE: BEE e 7Y 2] RR
D HARIEHIE” | PHP WF%¢FT, 2018 4E 8
H.

 BRIEE: EEE CBEENTCTELMREST  H
ARG, 2018 £ 9 H.

COBRIETE, A 17 N EEE C DRSO ©

D —X—im— kT eREH~L” | H

AFEFHE R, 2019 4 3 H.

FEIEVE, fth: EFE “SDGs OARE ¥R Y

ERNZ X B2HATFFEY T4 DBER” | h

JfRE AL, 2020 4E 7 H.

C. MEHFEE

1. San Diego-Japan Innovation: Common
Avenues in IoT and Biotech, An Evening
of Art and Science Conference, UC San

Diego Japan and San Diego, May 15,
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2015.
2. Japan-Israel Cyber Security Coalition,
Cybertech 2019, Tel Aviv, Jan. 29, 2019.
3. IoT/5G Technology & Business in Japan,
Greater Sci-tech innovation conference

2020, Shenzhen, China, Nov. 11, 2020.

D. ##%

HHErE IS —

FrilavF oA VADORGYEILRTS HT7T HD
AR—=FERYLATD 22 MO#HZEIT> 72, Hi
Wi, 5 A7TH RZBIRH?EZhokED
MPFT=HIFEZIZWBDNR PR H T E T AT
KDMP?ZD7=HDEIRFORE LT 7?1 5 H
14 H TERALEBSIZ A>7-A T OME - BIfE - R
ki, 21 B T3 ¥a—R0itkns s HAEEED
IoRbEmE bl 6 HAH TFL =ttt
BRTEHAN—Fa )T+ DEEEL 11 H
FHAR AT OFEAi R & 5L & 722 2 e 5 1. 18
HI#larva—7+1 vy 7oEEbhrs:Era
DEL, TH2HIFLT =224 8-
BogEl. 9 H TEBFE»T1—TF7—=
VAL 16 H THla Yy Y a—F 4 V7 DEE
[bFFEOHEALBTFI VY a—F 1 V7 DREIZ
HERPHEOHEFI OG5 BEHIZ 10 A1
HIV 27 &B A4 NN—HEPSXT NT
AbRYy FT—=A) SHI=Za—=F 0%y b
J—hoTF4—5—=v I~ 15 | [Ha
Y¥aA—T 1 v OEEAAFIEOER L & T O
Ya—7 1 v/ OER=EREGDEFEM] 22 H
M&HE¥2Y) 71 10 KB 2020 »5¥ 0 b F
AbEFZZBL 29H (T4 =T —=V 7D
filido b - 2 LFE ek HE), 11 A5 H IPC
WS, WFHE LI ?, By — b &iE 70, 19
H TOEAEG EH UHEFOZERE( 71 T
Mzksa¥u hT AN 26 H FTAI %% % 551k
FREERT LTI AL, 12 H 3 H TPC-LAN
WS - 70 v ORME - B0 — bOFEERL 10
H FTEB AT A N =Ky > 20
IZka¥u bI AN 17 H TAT OBEFEH I
BUANHEE I IAR) V), 24 H 2y b Y
VA - GPU O -2 AHWETF7— M,
1 H7H MR EBEREADY 1 N —Kg e
Amazon/Google D1 kT A ~J D 13 [{



FIRFFRIFRE (JSPS Fellow)

#Lt BEZ (INOUE Eiji)

A. HrgERg

Chen—Donaldson-Sun & Tian 2 k377 /%
PR @ Kéahler—Einstein st & O FEIZE T 5
Yau-Tian-Donaldson T D f#EH%, L 0 —#
DIRIEZ AR R$ 5 YTD $48 % b e e
ULTERAIZIIZEINSG LDz o7 cscK GtE &
K &M 7275, Chen—Cheng, Berman-Darvas—
Lu, Chi Li & 5 D522 & b, F4813 Bouckson—
Jonsson IZX DFEILINTELIETNFATASL
HART YUY IVinOMEIZIRE L.

YTD FARERERIIE AN 5 —iik2 iS¢
L EEREDEM EOBBLE— X v N EH
CHRETE DL A6, AIRIXITD Kempf-Ness
EMEHRE L UTTRINS RRED, LRI
NINPZT Y- b—=FAEADHZ & =, P
THE—A Y NEBROGIVHES L HAK ED “fF”
Bz Tl TR E DR Lo > > T L o
FAvIMEEERTEIENTES. ZOER
TN TV T 4y JEINET 5 E— A
v NEBES5 2500 Lahdili © “fR7 AT —
R THB. ZRRAD K ZE TR WS DR
LD D ERAICBEH U T, B B HRE
B e — 2RO ERTEIT 255 ICELH
Bh, — BB EKRIEIZE - 72354 )Y extremal
SR, BREEBIC Y © 125 A A EE DT AL U
72 LT &7z p-cscK FHEICIGT 5.
REEDFEZ 5 BEIL, p-cscK FHE L K ZF
MDA BT 2 mlRbOMEZ XL,
ZDOEAMCDOE WK 72 e U T, — MBI EE
BALIZB DB 7 — 5 — Gt D %M LD Calabi
R ONBEBOERICIEER EONBEE»H D,
Donaldson B> () X 7R MEAIZHT 3
Rz ko B S Calabi BORBEEO FH 125
HEDBIBUZ D\ T D minimax B 0 & FEL & R
TELEWVIHMUWHEMIZHEL I L THS.
BARPNZIEBI RO Z & Z25EAH L 7=,

1. Perelman ® W T bt —%7r —5 —
FrEOHR LOREBLE RS L, DR

ML p-cscK BTETH 5.
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2. (Fs2#IZLEZ) WIYbaE—0D7 7
A N—4D sup % Calabi BLOPLEK % 5
Z, TD FHRIZEE L T Donaldson %D A%
KDL 5. F72, FHRIE p-cscK GHIC
Lo TDAERKIND.

3. EFl® Donaldson B O AERIZBEWTT
A NEAANZEN D D%, AARSBTE
HIhdprzrbov¥—7, Zhzikit
FBEMDHDT 7 1 N —1% uK PEE I
AN

BB LOMEOENMNE, 2o p Ty brE—%
BAET Z2RMEPEIC—REFEET E2rE VWS 2
THDH. FHETNE, uK ELZE TR VLA Z
pK ELZERSRRARICBEE D5 Z LN TE S,
SE DM THELEMEN S, ZDOREIL p-cscK
FHREOFAEIZBE T 5 MR & SO R BRICH 5 2
EDbhNb. ZOFEME® Minimax EHO#]
HMpoThe, p Ty bOE—ETF A MNRADZE
il & b k& < HY)72REkC e R Bk S h
5 eNHBEINEA, JET IV F X F A psh i
DZERIDZ DEHTH 5. BUEZ OIGRES % i
HTW5.

This year, I proved the following.

1. Perelman’s W-entropy can be regarded
as a functional on the tangent bundle of
the space of Kéhler potentials. The crit-
ical points of this functional is precisely
p-cscK metrics, which I introduced in the
following second article.

. The supremum of the minus of the W-
entropy along fibres give a Calabi type
functional p on the space of Kihler met-
rics. I proved a version of Donaldson’s in-
equality sup uxa (X, L;7) < inf pu(w) for
the lower bound of this functional. The
minimum is attained by a Kéhler metric
if and only if it is a p-cscK metric.

. If a “test configuration” (X, £; ) attains

a maximum of uxa, then its central fibre



is uK-semistable.

B. ¥&KiwX

1. E. Inoue : “The moduli space of Fano

manifolds with Kéhler—Ricci solitons",
Adv. Math. Vol. 357, Article 106841,

2019.
. E. Inoue “Constant p-scalar cur-
vature Kéhler metrics — formulation

and foundational
arXiv:1902.00664.

. E. Inoue :

results”, preprint,
“Equivariant calculus on u-
character and pK-stability of polarized
scheme”, preprint, arXiv:2004.06393.

. E. Inoue : “Entropies in p-framework
of canonical metrics and K-stability, I
— Archimedean aspect: Perelman’s W-
entropy and p-cscK metrics”, preprint,

arXiv:2101.11197.

C. HEaFE&

1. Perelman’s p-entropy in Kahler geome-

try and p-cscK metrics, 2 22 [A] £ Rk
Eon i, ©IR (online), Nov. 26-
27, 2020.

. p-cscK metrics, pK-stability and a La-
grangian formalism, 5 26 A4 £ (> >
BT L, &R (online), Nov. 2-5, 2020.
. p-cscK metrics and pK-stability of po-
larized manifolds, Seminar on Geometric
Complex Analusis, HFK# (online), H
=, July 13, 2020.

. p~cscK metrics and pK-stability of po-
larized manifolds, Séminar du CIRGET
/ Géométrie et Topologie, UQAM (on-
line), Montreal, June 12, 2020.

ghiE e pK-ZE M, SRR
M 17— 7 —ZRKDOBFMERT R & T D
W1 "R LR, KL, Feb. 20-22,
2020

. pcscK FHE, Mo bR Y-k 35—, &1
#BREE, FHB, June 4, 2019.

. p~cscK metric, NCTS Workshop on An-

. p-cscK

142

10.

11.

12.

13.

14.

15.

16.

alytic Trends in Complex Geometry and
Related Fields, Taipei, June 17-21, 2019.

. The moduli space of Fano manifolds

admitting Kéhler-Ricci solitons, Singu-
lar metrics in complex Kéhler geometry,
CIRM, Marseille, Feb. 2019.

. Kéhler-Ricci soliton and moduli space of

Fano manifolds, The 24th Symposium on
Complex Geometry, <R, Nov. 13-16,
2018.

Canonical metrics on compact Kéhler
manifolds and moduli spaces of complex
structures, ¥t I+ —, HHEKRT, £
w2, Nov. 6, 2018.

Moduli space of Fano manifolds admit-
ting Kéhler-Ricci solitons, 55 65 [0] 34
FYURY Y A A, Aug. 28-31, 2018.

Kéhler-Ricci soliton and K-stability, be-
yond Kéhler-Einstein, Younger genera-
tions in Algebraic and Complex geom-
etry V, WfEa I 2=« 779, &H,
Aug. 6-9, 2018.

Moduli space of Fano manifolds ad-
mitting Kahler-Ricci solitons, HAYAMA
Symposium on Complex Analysis in
Several Variables XX & Pacific Rim
Complex-Symplectic Geometry Confer-
ence, WFEEN ¥ >~ & —, B, July 13-
17, 2018.

On complex analytic moduli space of
Fano manifolds admitting Ké&hler-Ricci
solitons, The 2nd Symposium in Geom-
etry and Differental Equations, Shang-
haiTech University, Shanghai, June 11-
15, 2018.

Kahler-Ricci K-stability and
moduli space of Fano manifolds, #3&f##
il I F—, WECKRZE, WA, May 2018.

Moduli of Fano manifolds admitting

soliton,

Kahler-Ricci solitons, Mathsci Freshman
Seminar 2018, F#EKF, 34R, Feb. 2018.
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G. %t
2018 4 B KRB AR 2SR WFSE R
RH

L,

AAR B8 (OHKUBO Yusuke)

AL TR

FHBEED - HAIEETHORBERE O
KO OhTHRINT. Kz ¢-FHZESEM
ZOFEABEE (¢-FHBEH) 1% Verma module @
Whittaker X2 MV HWTHRKT 2 Z 2T
3. FREZHERAORFIRERY -, T
7 4 ¥ Demazure DB L H FVEKR?H
v, Macdonald B DBLMBRE LTH 52 5
nas.

SEEFERK AAKICE> TPHEINZ B H
D g-Toda BABDHRARZFEHAL 2. Z OHHR
ANIE B RO ¢-FHEEE A BLD -7 HBEIEK T
BRI 5 2R Akt b, FEHHIZ A B ¢-F H
BB DBEHEBIR A (¢- BT D £ & Bl 7=
fRA) 2R L, DIEAREOEENE LTSI L
WZEoTHZBIZENTES. MORIZHIF 55
BORAK®P, ZDRIEARD Macdonald BIEA~
DFH EIFIZDOWTHEIEDH 2 HRZE D95
TV,

X 502, SEBEITERD Koornwinder fEFHZED H
%52 Sergeev-Veselov @ Super Macdon-
ald % HR @ Ding-Iohara-Miki fR#IZ & 2 #E %
ZDOWTHEERLT-.

The g¢-difference analogue of the Toda sys-
tem has been studied in the connection with
representation theory of the quantum groups.
In particular, the eigenfunctions of the g¢-
Toda difference operators (g-Toda functions)
can be constructed by Whittaker functions in
the Verma module. Moreover, the g-Toda func-
tions are closely related to the quantum coho-
mology of flag manifolds and and affine De-
mazure characters. They can also be given as
the degeneration limit of the Macdonald poly-
nomials.

In this year, I presented a proof of the explicit

formula for the By ¢-Toda functions, which
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was conjectured by A. Hoshino and J. Shi-
raishi. This explicit formula can be regarded as
a branching formula from the By ¢-Toda func-
tion restricted to the Ay — ; g-Toda functions.
The proof is given by a contiguity relation of
the Ay -1 ¢-Toda functions and a recursion
relation of the branching coefficients

Furthermore, I have studied the free field rep-
resentation of higher-order operators of the
Koornwinder polynomials and construction of

Sergeev and Veselov’s super Macdonald poly-

nomials by the Ding-Iohara-Miki algebra.
B. F&Kifw

1. A. Hoshino, Y. Ohkubo, J. Shiraishi.
“Branching Formula for ¢-Toda Func-
tion of Type B.” arXiv:2103.04378
[math.QA].

. M. Fukuda, Y. Ohkubo, J. Shiraishi,
“Non-stationary

Ruijsenaars  func-

1/N

t and intertwin-

operators of Ding-lohara-Miki
algebra,” SIGMA 16 116 (2020).
arXiv:2002.00243 [math.QA].

. M. Fukuda, Y. Ohkubo and J. Shiraishi,

“Generalized Macdonald Functions on

tions for

ing

Fock Tensor Spaces and Duality Formula
for Changing Preferred Direction,” Com-
mun. Math. Phys. 380 (2020) no.1, 1-
70, arXiv:1903.05905 [math.QA].

4. Y. Ohkubo, “Kac determinant and sin-
gular vector of the level N representa-
tion of DingadASIoharad ASMiki algebra,”
Lett. Math. Phys. 109, no. 1, 33 (2019)
[arXiv:1706.02243 [math-ph]].

5. H. Awata, H. Kanno, A. Mironov,
A. Morozov, A. Morozov, Y. Ohkubo
and Y. Zenkevich, “Generalized
Knizhnik-Zamolodchikov equation

for Ding-Iohara-Miki algebra,” Phys.

Rev. D 96, no. 2, 026021 (2017)
[arXiv:1703.06084 [hep-th]].
6. H. Awata, H. Kanno, A. Mironov,

Al. Morozov, An. Morozov, Y. Ohkubo



and Y. Zenkevich,“Anomaly in RTT re-
lation for DIM algebra and network ma-
trix models,” Nucl. Phys. B 918, 358
(2017), arXiv:1611.07304 [hep-th].

. H. Awata, H. Kanno,
Al. Morozov, An. Morozov, Y. Ohkubo
and Y. Zenkevich, Calabi-
Yau threefolds as quantum integrable

R-matrix and RTT re-
lations,” JHEP 1610, 047 (2016),
arXiv:1608.05351 [hep-th].

. H. Awata, H. Kanno, T. Matsumoto,

A. Mironov,

“Toric

systems.

A. Mironov, Al. Morozov, An. Morozov,
Y. Ohkubo and Y. Zenkevich, “Explicit
examples of DIM constraints for network
matrix models,” JHEP 1607, 103 (2016),
arXiv:1604.08366 [hep-th].

C. MEaFEE

1. RAREE, [FEER Ruijisenaars BAE &
DIM ¥ #HE 5w & B O ol o it
&, Zoom 43, 2020 4 10 H

2. RAREE, AAl—, MHELZ, [FEEH
Ruijsenaars B# & Ding-Tohara-Miki X
D intertwining /EFHFE] HARERES
K2z, HAKY, 2020 /£ 3 H

3. Yusuke Ohkubo

mula for the intertwiners of the Ding-

“Matrix element for-

Iohara-Miki algebra and its application,”
The 2nd Meeting for Study of Number
theory, Hopf algebras and related top-
ics, The University of Toyama, February
2020

C RAGREE, AAE—, BHEZ,
Iohara-Miki fA%(® 2N fffi intertwining /¢
HRDOITHERZ AKX HABELMFERE,
BIRKF, 2019 9 H

. fRHEZ, KAREE, HAR—, TKoorn-
winder fEF 3 ® Fock Z2ff] L COFEH ],
HABZERMEFERZ, IWERFE. 2019 49
H

. Yusuke Ohkubo, “Free field representa-

Ding-

tion of the Koornwinder operator,” Work-
shop and School “Topological Field The-
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ories, String theory and Matrix Mod-
els - 2019," Lebedev Physical Institute
(Moscow), August 2019

. Yusuke Ohkubo, “ Generalized Macdon-
ald functions, AGT correspondence and
intertwiners of DIM algebra,” Interna-
tional Workshop Lie theory and its ap-
plications in physics, Bulgarian academy
of science (Varna) June 2019

. Yusuke Ohkubo, “Explicit formula for
generalized Macdonald functions and q-
deformed AGT correspondence,” WF5E4E
42 [Algebraic Lie Theory and Represen-
tation Theory] , IIEHREE (FFE) 2019
£5H

. “Explicit formula for generalized Mac-
donald functions and proving g-deformed
AGT conjecture,” One day workshop
of JSPS-RFBR joint project
ical Field Theories and String Theory,”

“Topolog-

Nagoya university, March 2019.
10. “Singular vectors of DIM algebra and
generalized Macdonald functions arising
from AGT correspondence,” Keio High
Energy Physics Seminars, Keio univer-

sity, July 2018.

1Ef% Je8 (SATO Kouki)

A. THFIHEEE

ARIEFEDHIFETIE, Aliakbar Daemi K - &2 1F
B e OFZEE LT, 1Y AXY Y - T L
THEERDOHIZH L WRERBEFREZEAL, ZDHE
EENFER Y —ARAERIIR TSI L%
FFHH U7z, ZOISHE LT, WEEERRK L 72K
fEDRER Y —FAEAEE r, £ Daemi [KOARZE
&) ONFD—BAbiZiz> TV B ALERD K
ORI L7z, 72, —fOYF A 7 )L bk
TR Y— 3ERMIZHT B T(1) DFHEFIER ()
DEREMAN%E G 2 7=,

In this year, as joint work with Aliakbar Daemi
and Masaki Taniguchi, we introduced a new

equivalence relation on the set of instanton



Floer chain complexes and proved that the
equivalence class is a homology cobordism in-
variant. As its application, we succeeded to
construct a family of homology cobordism in-
variants which generalizes both the real-valued
invariants 7, which we constructed in the last
year and Daemi’s invariants I'(z). Moreover,
we gave a method for computing I'(1) of a gen-
eral Seifert homology 3-sphere and a connected
sum formula of T'(i) between Seifert homology

3-spheres.
B. F&FKFm X

1. K. Sato and M. Taniguchi : “Ratio-

nal homology 3-spheres and simply
connected definite bounding", Algebr.
Geom. Topol. 20 (2020), no. 2, 865aAS-

882.

C. HEHFEE

1. Region-valued concordance invariant
from Heegaard Floer homology, #% b &
0 Y —"20, Zoom(A v T 1 »BAE), 2020
9 H.

. Filtered instanton Floer homology and
the homology cobordism group, MIT Ge-
ometry and Topology Seminar, Zoom (7
V74 VBfE), 2020 4 11 H.

. Freed and Uhlenbeck
Four-Manifolds] Chapter 6, 4 b A1
¥ —"21, Zoom(F* > 7 1 VM), 2021 4 2

H.

[Mnstantons and

&HA i (TAKATA Doman)

A. TR

Atiyah-Singer DfEEEHIL, I 827 M HERIK
DM ARZE & (Dirac EHZ L IFIEN S H 5
Fredholm fEFHZ DHE) A%, FIIMAHKNIZFE
TEHILzTRIDIEHTHS. TOEHD
RR TR E 525 DA, BROHEDHKWTH
5. 54U EAKRKIZIX, Kasparov iZ& %3Ea
VXD b RRAKR D [A] 28 F7 BOE B % R 7R 5 61T
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ROt T 5 Z A, ROMFEOEHNTH 5.
% @ Kasparov OFFEUEHIE, DIFD X512 3 B
Bzt TcE s, 340bb, (1) FXABN
& Dirac fEHZEIX, T—MbI N7k Tl MM
Wiz 5>, (2) ZD4EEIE, Index element
EEEN D KK FEDJuh & FE ] iy Fife &
(RMTASLTEHER) TLk-oTkES. (3) %
® Index element % Symbol element & X1
3 REKK BEOEHRZ I 5PE D, 312 Symbol
element & Index element 7213 2S5 FE 2 (K #
i) Poincaré BUON). SEEE, (2) & (3) D
FRYRICHRIZ £ N B NE R L 7=,
HMERANS. (2) & (3) 2AHED L, Symbol
element 721775, FEMHEEMKFREIZL - T
fRFTIFR DGR CE A Z 2 Il D, TDOFHi%
PAHFRH AN THAR IR, REFE ORI, S
DIV —THE LSt BEE P ORI V87 MEH
U TWBERARIZH U T Z O FHHH AL TE G
EENMEL, TNEFIRE LI THD (EIL, i
MR AN TEBRD TR X, D327 b
V—HON— TR UTIEERTE %), LT
ZOFERIZ, TNETORD (1), (2), (3) 2B
DIIRENE LA TH D, LS FZREEHEA,
TODATY TERBEUTEELEES > TR,
WEEE TR AR 7R E GO THEL ZiaXDHs,
“Topological Aspects of the Equivariant Index
Theory of Infinite-Dimensional LT-Manifolds”
THd (FLT) b

F7-, EEEIZHKL 72 K B Poincaré M
xf & T, Witten FEK % Jf w] 4 58 A 1R 12 1
KT B WVWIHFEEIT>TWAD, HiZ, Higson-
Kasparov-Trout ® C* B#ZJSH LT, 3o
7 NERIRTT — VR & R T 5 &0 S 5
%z, SHRFZOMBEHRLF L KFATIT>TWD.
INSIZHET M ITVTNE RUETH 577,
INETONEDOREBEENLT, Hilzkniiic
LHELTWE LI A THD.

The Atiyah-Singer index theorem states that
an analytic quantity of a compact manifold
(the Fredholm index of the Dirac operator) can
be computed in terms of algebraic topology.
The big goal of my research is to formulate

and prove an infinite-dimensional version of this



theorem. Concretely, I would like to generalize
the index theorem for non-compact manifolds
equipped with a proper and cocompact group
action proved by Kasparov. This theorem can
be divided into three parts: (1) The equivari-
ant Dirac operator has a well-defined analytic
index in a generalized sense; (2) This index is
determined by a K K-element called the “in-
dex element” by a noncommutative geometrical
procedure (called the analytic assembly map);
and (3) The index element is determined by
the “symbol element” which is an element of
the RK K-group, and vice versa (K-theoretical
Poincré duality). In this year, I studied an
aspect connecting the infinite-dimensional ver-
sions of (2) and (3).

Let me explain the detail. As a consequence
of (2) and (3), the analytic index is com-
pletely determined by the symbol element with
a noncommutative geometrical procedure. We
call this procedure the topological assembly
map. The result of this year is the following:
I formulated an infinite-dimensional version
of the topological assembly map for infinite-
dimensional manifold equipped with a proper
cocompact action of the loop group of S*; and
I computed it (in fact, the “former half” of this
topological assembly map can be generalized
to the case for the loop group for a general
compact Lie group). Moreover, this result is
consistent with my previous results about the
infinite-dimensional version of (1) and (2). This
means that the LS'-equivariant index theorem
is completed except for remained two steps. In
the paper “Topological Aspects of the Equivari-
ant Index Theory of Infinite-Dimensional LT-
Manifolds” (preprint) which I wrote this year,
I explained this result and the result which I
explained in the annual report of the last year.
After T wrote a paper, I started a research to
construct the Witten genus in terms of non-
commutative geometry by the K-theoretical
Poincaré duality which I constructed last year.

Moreover, I started a research of gauge the-
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ory for non-compact manifolds using the C*-
algebras of Higson-Kasparov-Trout, with pro-
fessor Tsuyoshi Kato (Kyoto Univ.). Although
I have not written papers on these themes, I
have been challenging myself to new fields mak-

ing use of the research experience so far.
B. F&&KG L

1. D. Takata : “Topological Aspects of the
Equivariant Index Theory of Infinite-
Dimensional LT-Manifolds”, 2007.08899.
preprint.

. D. Takata : “LT-equivariant Index from
the Viewpoint of KK-theory A Global
Analysis on the Infinite-dimensional
Heisenberg Group”, Journal of Geome-
try and Physics. 150 (2020).

. D. Takata : “An infinite-dimensional in-
dex theorem and the Higson-Kasparov-
Trout algebra”, 1811.06811. preprint.

. D. Takata : “A Loop Group Equivariant
Analytic Index Theory for In
finite-dimensional Manifolds”, doctoral
thesis (Kyoto university), (2018).

. D. Takata :

etry and an index theory of infinite-

“Noncommutative geom-

dimensional manifolds”, In: Quantum
Theory and Symmetries with Lie Theory
and Its Applications in Physics Volume
1, Springer Proceedings in Mathematics
and Statistics, 18, (2018), pp. 377-381,
Springer.

. D. Takata: “An Analytic LT-equivariant

Index and Noncommutative Geometry”,

Journal of Noncommutative Geometry,

13 (2019), no. 2, pp. 5534AS586.

D. Takata : “Naturality of FHT isomor-

phism”, Journal of GGT, 10, 2016, pp.

1-41.

C. HEAFE«

1. An infinite-dimensional index theory and
the Higson-Kasparov-Trout algebra, Op-

erator algebra seminar, FEast China Nor-



mal University, August 2020.

. Atiyah-Singer D& #E B D PR IR LIz
M T, HARBY S 2020 &S, HAK
¥, 2020 £ 3 A GFillauF v A1 IV AGT
2D E k).

CERRIRGTE BRIR D K HERH Poincaré M
o, BVE S — VMY I —, K,
2020 FE 1 H.

. An infinite-dimensional index theory and
the Higson-Kasparov-Trout algebra, {Fff
REL I —, HEORF, 2019 4 12 H.

. Loop group and an index theory for
infinite-dimensional manifolds, Geome-
try and Topology Seminar, Washington
University in St. Louis, April 2019.

. Towards the infinite-dimensional-version
index theorem: the latter half of the
assembly map, The Pennsylvania State
University (U.S.A.), March 2019.

. Towards the infinite-dimensional-version
index theorem: Poincaré duality, Non-

The
Pennsylvania State University (U.S.A.),
February 2019.

CRBCERL E T DR, I 5 — X FMEDFH,
AR, 2018 49 H.

. Towards an infinite-dimensional index
theorem, fEHEEROBEDHERE, AKX
%, 2018 4E 8 H.

Towards an infinite-dimensional index

commutative geometry seminar,

10.
theorem, K-theory and index theory, Ky-
oto University, August 2018.

£ElL 91X (TATEYAMA Shota)

A. fgEEEE

(1)VMO &E%= & 2BMEBET (4 v o XFERX
D LP #MERICH T 22 1 BHIOANILY —
FMf (QEESEKR 1) VMO &3 Vanishing Mean
Oscillation DB T, VMO &ff: & 13E HEH T
FMZBEWTER OB E e L iz ¥ ric
KT BZeTHD. —H, 71¥v 7 AHHR
L2 NDT VLAY — DR T — L 5B
N5HMEAXTHY, 2 MO EIZE L TIHEMBRS
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BATHD. BFOMIETIE, 2 B EHRED
VMO %79 LT 1 3y 7 2 /RO
LP FSVERRDAFAE DR & 72 H3, REMEfR O TE HI VB
e —fffio T, T, —fRIZZDk SR
FRRRT U Tio—EME 2R <, 220 1 BB
DAV R =Gl RO ERIME DR TH 5. AR
22T, KM SR 2 D TR 5 Z & T, B
FOWETH - 72 HRERD LP RVEfR O IR
DWCHIRTz, 728, TOWRNEEEES T
7 FFERORAWIRIZE] (2019 4F 12 H) THRERL
7. MUR%FZeO-ELHRZT MELRRSIH
B 2ZEL, 2019 £ 9 HICEE eI
Wi /RO LP KR O e E OW%E] T
[HAR 2 E R A E ] 2ZE U7,
(2) TLIFEMMAERE - KYPRFRERICHT 2@
RIEEEMBED LP ¥R O RREEEGHETME, 7
HEEEBRUZER 1 BHIDOANILY —FE (X
X 3) MMIBEE M & %, BB o R
BlchHy, MOKE X% EFICHIET 2 &M80:4 &
DHRATH S, BAFOMZEIE, 22 (FF2E) &
BUTHAT U e\ i AT R JE R o i RE Rz
NI DEDDATH Y, fift oD [FFE R i M 3 2
RO EGBHALEERBETH 7. Lh
U, d SR O IRE M I = T A T4 T %
Iz sz 2T, AEANOBEHHHEZLT7Z. £0
TAT 4T eld, ENOEEYICML VK S
BE % i U 7 R K O R O IRE) % GEAE S 5 B
ATy I ARERE AN T, TN
RORETH 5. T, NIV F v 72 REAR e
DB B AR 2 RS —, BRI T,
Shahgholian(2008) 2 & b Ji {Hl b F5 [ RE o R M At
D7 1 M OFHIiR G2 5N TE Y, ZDFE
FHOB#IE, SHETEIC & 0 N 7 BEBUE BRI B
REBDEERTEZ DI THEFELEL LW
LEDTHo7z. ZOFIEDU IR % 17\ F HipH %
JEAF, BN ST AR AR E R R B &
S U7, BB, BB ONBITEER L LT
ERREEIC BT TH .

(3) BRI —HRBMEFRAICHT S LP 3
MROANI Y —FFE (FERAHL2) 1 M EIC
B U TP USRI S K % B D58 IR —
BRI B S RE R D LP KEVERR IS 259 L5
I ARERER U, IS5, VT Y I RER
M5 AV R — oM AT, R T B KA B R O

- -
[N,



VFw 2R RERERUEZ. 200, 1 BMSEI
U CIEERRE%E P’ - 72 Koike-Swiech D —#
DIZET 10 FERIRMIRTH > -METH S, K
MR T 2580V F Y I REREZRTITE,
53 TEBDOMEPBEL 250, MR
A % - 7z Koike-Swiech(2009) DL TIE, 1 B4
W EIZ B A R R B D AR LT O
IR G R SN T, KR TIE, T ORERIE % X
Pl R U HRR U, AL IR S 5, $5 L
F v I RERDK DI D7D D 1 B EATUK
U DIEOZMZ R U 72,

4) 75TAY - UYTFL—TDEE (#CER
MAEE0HEREE L, BRER CTEUMIERSE
B IRORRERE) (KRR 1) HEHE
JifE % - 72 Capuzzo Dolcetta-Vitolo(2007)
&, BREBETEANAVF Y I ARAEREH WS Z L
T, DK ESM % W72 TR U TR
R 2R U7z, ARIFZETIE, KO ED I
BT 2 SRR ISR BV T, — By B
A TR E & D 5E R I — BRI R AR U
WUTEMZRL . RFZEOREIE, M5
BABETHE VT v 7 RERZE VDB, Bl
NVF Y 7 DB M EIZFHE L 72X TH B.
Z DANEL, Friedman(1957) ORREHPI T f F2
KT BRI D LD TH 5.

(1) The local Holder continuity estimate on
the space derivative of LP-viscosity solu-
tions of fully nonlinear uniformly second-order
parabolic partial differential equations when co-
efficients in vanishing mean oscillation in the
space variables is established when p > n + 2.
(2) The global equi-continuity estimate on LP-
viscosity solutions of bilateral obstacle prob-
lems with unbounded ingredients is established
when obstacles are merely continuous. The ex-
istence of LP-viscosity solutions is established
via an approximation of given data. The local
Holder continuity estimate on the first deriva-
tive of LP-viscosity solutions is shown when the
obstacles belong to C*#, and p > n.

(3) The weak Harnack inequality for LP-
of fully nonlinear

viscosity supersolutions

second-order uniformly parabolic partial dif-
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ferential equations with unbounded coefficients
and inhomogeneous terms is proved. It is shown
that Holder continuity of LP-viscosity solutions
is derived from the weak Harnack inequality
for LP-viscosity supersolutions. The local max-
imum principle for LP-viscosity subsolutions
and the Harnack inequality for LP-viscosity so-
lutions are also obtained. Several further re-
marks are presented when equations have su-
perlinear growth in the first space derivatives.
(4) The Phragmén-Lindelof theorem for clas-
sical solutions of linear parabolic equations in
cones, whose vertex is the origin of R**!, was
established by Avner Friedman in 1957. It is
extended to fully nonlinear parabolic equations

with unbounded coefficients.

B. F&Ki
1. S. Tateyama : “The  PhragmAln-
LindelA#if theorem for LP-viscosity

solutions of fully nonlinear parabolic
equations with unbounded ingredients”,
Journal de MathAlImatiques Pures et
AppliquAles, 133 (2020) 172-184.

. S. Koike, A. Swiech and S. Tateyama :
“Weak Harnack fully

nonlinear uniformly parabolic equations

inequality for

with unbounded ingredients and applica-
tions”, Nonlinear Analysis, 185 (2019)
264-285.
. S. Koike and S. Tateyama, On LP-
viscosity solutions of bilateral obstacle
problems with unbounded ingredients,

Mathematische Annalen in press, (2019).

C. HEaFEE

. Holder gradient estimates on LP-
viscosity solutions of fully nonlinear
parabolic equations with VMO coeffi-
cients, M HFER DR AT, HE T3
KFHZEE 2019 4 12 A.

. Holder

viscosity solutions of fully nonlinear

I N
s =1

gradient estimates on LP-

parabolic equations with VMO coefhi-



cients, 28 166 RIS M & I I —, B
HERLRZE MR, 2019 4F 11 H.
. Holder

viscosity solutions of fully nonlinear

gradient estimates on LP-
parabolic equations with VMO coeffi-
cients, H# K% NLPDE * X + —, 5#
REEHLAREZERE, 2019 4 11 H.

. The

fully nonlinear parabolic equations with

Phragmén-Lindel6f theorem for

unbounded ingredients, Viscosity solu-
tion approach to asymptotic problems in
front propagation, dynamical system and
related topics, RIMS, Kyoto University,
Japan, 2019 £ 7 H.

. The
fully nonlinear parabolic equations with
unbounded ingredients, ¥ & K= 90 [[]
AT X, B ERSFEHIEER, 2019 4 4 H.

. SERIERRIE /5 78 X oo i ] B R g
5 LP REMERRIZ DT, BEAR KRG A R AT
T I —, MARZRZ G AARIZEAR SR
2018 £ 10 H.

. SEARIERRIE 75 R 5K oDl 0 e R kg
B LP KEMEMRIZ DWT, A KRN £ 3
F—, FFRFEAEES, 2018 4 5 H.

. Existence of LP-viscosity solutions to the

Phragmén-Lindel6f theorem for

double obstacle problem with unbounded
ingredients, The 19th Northeastern Sym-
posium Mathematical Analysis, Faculty
of Science Building, Hokkaido Univer-
sity, Japan, 2018 4£ 2 H.
. Existence of LP-viscosity solutions to the
double obstacle problem with unbounded
ingredients, # F D7z DRMD HiEA &
BOEfRAT (56 11 =), KR I F—n
T A, 2018 4£ 2 H.
The

fully nonlinear parabolic equations with

10. Phragmén-Lindel6f theorem for
unbounded ingredients, Fast Asian Core
Doctoral Forum on Mathematics, Seoul
National University, Korea, 2017 ££ 1 H.
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T#& BBE (TSUCHIYA Akiyoshi)

A. WL

FEEEm, REG B 2 T ifgi L T
W5, SEEDOWFDOH TRIZIRD 2 DDRKFERIC
BLCHIHY 5.

1. Castelnuov b—"1 v 7 ZRRADRIEAT 1T :

n RTCHEBEFNENLZRAE X & X LOBERE
R LT/ U, M (X, L) & n IROTIRMZ Bk &
IFEN D, BB R U, Wi & i
N5 RMBLERAD D EBERICB VW TEELAL
BENEHETE 5. HEHIE Castelnuovo 12 & 2 i
FROFEHUZEE T 2 LR O @EIRITHR & U T Wi
WO LR% 5 272, Castelnuovo fiiliZ ik & 13
Z OWIHREHRAZ O ERIZET 5HDDZ & &2
B —H, BT EER LRSS —D v 7 Lk
FINLIZHIELTED, BWoltEzznTh
WX Z N TES. IS FIMZ HKD
WEBIZHE T2 R DIHT, (SIS B 0RkE ~— Y v
7 ZREAR DY Castelnuovo & 72 3 T+ 5M %,
h* LA EEN DT MZHERDO AL & % H
WTHR . UL, WERICR T RZRZRWE
&, Wi b —1 v 7 ZER{AKD Castelnuovo M i
T 282 HEAED h* ZIEADATHE L
BWIZ e ERIHIEFRER L. %I T spanning
CIFEN S FNZHAOEIZEHL, —#&
DT IMZHEARIZ L, BT 28N —Y v
7 % kKDY Castelnuovo & 72 5 BB+ 5%
spanning & h* ZLIHAZHAWTE 72, ZOH
Refifoid@mr olI0DORRELESL Z LW T
&, Castelnuovo b—Y v 7 ZEMAD L HKIZ &
BRI T SE IR U 72

2. XFRAMNZ HAR DIRRE A

SRR L AR IS A RIS Z 712 58
TMZHETH 5. SRR Z HRO R I EAR
ETNEMENDRMBELORKRN LB TEET
WZBN B A RO EBEOE D ELR%E 5
Z%5. ZOBGEDSIEE, WFNLNZ RO IR
LR 2 GHE T 2 2EER I TN T WS, &
B, 120, BRI TT, BROMTT7DY
BT T 25 FRA N % HARD KRBV EIR S



TWd. —/5T, TOFHERRIIHRNZMETD
D, TOMEBRRIGETE7 770> V- -ME%
FLTVWBEDOREOR SR>z, T I TRERND
MZHEEDOERE, oIk EREL EOAL
BTHD h ZHAOARE 77 7DOFEEHW
THRBMWE%2ITR > (KEHESR K DILFEF
%8). ZTORRER, YAV a v IS TIDIEE, %
DIKFE® h* ZIEAN S 5 T D%ET Yy F V70
READMEBERAZ 5 Z L THETESZ L
Bbohol, RIZTDEE, b ZHAD v EH
PEEIEEN BNV EEZROZ L 2RI I EIlH
I UTz. $h 0 XA S 7 ENE TS5 7
WHIBR L7z &, ZOH ARV Y a ziicT 3
SFRAMZ ERDKRES KO h* ZTHAO A%
777Dy FVIOMBERCTE R, D
NRD S, CHENT S TEERIZEIGT 5 1 ZIER
EIFEN DAL R OHEE R T LI LT, £
D h* ZIHAD v AN X D ROVEREZFED Z
L &G 72,

I have studied lattice polytopes, which are con-
vex polytopes all of whose vertices are lattice
points, from viewpoints of combinatorics, alge-
bra and geometry. I explain the following two
results.

1. A combinatorial characterization of Castel-
nuov toric varieties:

For an m-dimensional complex projective va-
riety X and an ample line bundle L on X,
the pair (X, L) is called an n-dimensional po-
larized variety. For each polarized variety, we
can define an invariant which is called sectional
genus. Sectional genus plays an important role
in the classification theory of polarized vari-
eties. Fujita gave an upper bound for the sec-
tional genus as a higher-dimensional version
of the Castelnuovo bound. A polarized vari-
ety is called Castelnuovo if the sectional genus
achieves the upper bound. On the other hand,
there is a one-to-one correspondence between
lattice polytopes and polarized toric varieties,
and we can read off properties of polarized toric
varieties from the associated lattice polytopes

vice versa. Kawaguchi gave a characterization
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of Castelnuovo toric varieties whose associated
lattice polytopes have interior lattice points in
terms of an invariant of lattice polytopes which
is called an h*-polynomial. However, I found
an example which implies that we cannot char-
acterize Castelnuovo toric varieties whose asso-
ciated lattice polytopes have no interior lattice
points by using only ~A*-polynomials. Moreover,
I succeeded in showing that a polarized toric
variety is Castelnuovo if and only if the asso-
ciated lattice polytope is spanning and the h*-
polynomial satisfies a condition. As a corollary
we can get the Kawaguchi’s characterization.
2. A volume formula for symmetric edge poly-
topes:

Symmetric edge polytopes are lattice polytopes
arising from finite graphs. The normalized vol-
ume of a symmetric edge polytope gives an
upper bound on the number of possible solu-
tions of Kuramoto equations, which appears in
Kuramoto model describes
Re-

cently, many researchers try to compute the

Kuramoto model.

the behavior of interacting oscillators.

normalized volume of symmetric edge poly-
topes. In fact, for cycles, complete graphs
and complete bipartite graphs, the normalized
volume of the symmetric edge polytopes were
computed. However, a combinatorial interpre-
tation of the normalized volume of symmet-
ric edge polytopes was not known. So I and
Ohsugi Hidefumi tried to give formulas of the
normalized volume and h*-polynomials of sym-
metric edge polytope in terms of graph invari-
ants. As a result, we succeeded in computing
normalized volume and h*-polynomials of the
symmetric edge polytopes of suspension graphs
by counting perfectly matchable sets. In par-
ticular, in this case, we know that the h*-
polynomials of the symmetric edge polytopes
On

the other hand, we gave another formula of the

of suspension graphs are ~-nonnegative.

h*-polynomial of the symmetric edge polytope
of the suspension of a cactus graph by using

matchings. From the formula we found a con-



nection between h*-polynomials of symmetric
edge polytopes and p-polynomials, which ap-
pear in the context of chemical graph theory,
and we showed that the h*-polynomial of the
symmetric edge polytope of the suspension of a
cactus graph is real-rooted, which is a stronger

property than y-nonnegativity.

B. FEFGE

1. T. Hibi and A. Tsuchiya: “Odd cycles and
Hilbert functions of their toric rings”,
Mathematics 8 (2020) 22.

2. T. Hibi and A. Tsuchiya : “Classification
of lattice polytopes with small volumes”,
J. Comb. 11 (2020) 495-509.

3. H. Ohsugi and A. Tsuchiya : “Enriched
chain polytopes”, Israel J. Math. 237
(2020) 485-500.
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(NB): R 2 A 3h AEHER 7 D R, (NK):
BE R Weil R7125683 B /NEEIE B O A KT,
(ND):A5# 0 TEHTERVWRRADEE L VS,
3 M O IEABUMUR: DI 72 B A B N TN 7z,
Z ZCAREEIL, BORKRFEOW LR K & LT,
Du Val del Pezzo i D EEED 3 FEE DRI 72
B4k (NL):) 7 b AT BN 2 HF 2 L 7.
e LT, (NK) = (ND) = (NL) = (NB) T
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BN 5 Du Val del Pezzo Bz 2 L 7=, &
W2, B0 DBED Ye Ik B2 FH LM EDS
A MAGDES T LT, BEA 2 7213 3 Ol
A2, Picard #1 1 @ Du Val del Pezzo BiE D 43
HEH 27

A surface S over an algebraically closed field
k is a Du Val del Pezzo surfaces if its anti-
canonical divisor is ample and it has only Du
Val singularities. When the Picard number of
S equals one and k is of characteristic zero,
there is the classification of such surfaces. Even
in the case of characteristic at least five, the
classification of S is reduced to the case of
characteristic zero since we can lift S to the
Witt ring (preserving singularities). However,
in characteristic two, there is an example Sy
of Du Val del Pezzo surfaces which is not
liftable. On the other hand, Sy have the fol-
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lowing three pathological property; (NB):the
non-existence of smooth effective anti-canonical
divisors, (NK):the failure of the Kodaira van-
ishing theorem for ample Weil divisors, and
(ND):the inclusion of singularities which can-
not appear in characteristic zero.

In this year, in collaboration with Tatsuro
Kawakami in University of Tokyo, we studied
the relationship between the above three patho-
logical property on Du Val del Pezzo surfaces
and (NL):the non-liftability. As a result, we
showed that (NK) = (ND) = (NL) = (NB),
and for each of four property, we classified Du
Val del Pezzo surfaces satisfying the given prop-
erty. Moreover, combining this classification
and the Ye’s method in characteristic zero, we
gave the classification of Du Val del Pezzo sur-
face with Picard number one in characteristic

two or three.
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72D AN RERERRNSEME 2525 Z L IZh

U7z. (Michal Hrbek & Jan Stovicek & @ 4t[H]
%)

EDZODTF—=XITMAT, 7TV v 2E8KENT
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Parshin iIZ2& % 2 IRcDT T —ILELEED R —
R—AF—LANEPERT D ETHALZSEDTH
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TTVw ZEIRBRT 7 74 v DEEIZIE [B.5] T
BAINZF =y VERTHRIZERINE Z L
ZAEAAL 7=,
PALEDRRIEF e UTHEfihTH 5.

One of the main results in this academic year
is a structure theorem for flat cotorsion mod-
ules over a noetherian algebra, i.e., a module-
finite (possibly non-commutative) algebra over
a commutative noetherian ring. In general, the
class of cotorsion modules is defined as the right
Ext!-orthogonal class to all flat modules. It
is known that modules being flat and cotor-
sion have good homological properties as well
as projective modules and injective modules.
Enochs proved that each flat cotorsion module
over a commutative noetherian ring is isomor-
phic to a direct product of completions of free
modules over localized rings with respect to all
prime ideals. In joint work with Ryo Kanda, we
have generalized this fact to the case of noethe-
rian algebras. As a corollary, we have given
an explicit one-to-one correspondence between
the isomorphism classes of indecomposable in-
jective left modules and those of indecompos-
able flat cotorsion right modules, and further
revealed that this correspondence is compati-
ble with a duality for topological spaces called
Ziegler spectra, which are associated to module
categories.

Another main result is a concrete construction
of (not necessarily compact) silting/tilting ob-
jects in unbounded derived categories of com-
mutative noetherian rings. Tilting theory plays
an important role in the study of triangulated

equivalences, and it have been actively stud-
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ied, extending its framework to silting theory
in order to make a mutation operation possi-
ble.

assumed to be compact, their definitions are

While silting/tilting objects are usually

extended to non-compact objects, and such silt-
ing/tilting theory has been developing from the
viewpoints of t-structures, localization theory,
Grothendieck derivators, etc. However, con-
crete and interesting examples of non-compact
silting/tilting objects were known only in quite
restricted situations. In joint work with Michal
Hrbek and Jan Stovicek, we have concretely
constructed natural and non-trivial silting ob-
jects by using the notion of local cohomology,
and we have also given a mild ring-theoretic
condition that makes these silting objects tilt-
ing.

In addition to the two themes above, I have
studied adelic complexes, which were intro-
duced by Beilinson extending Parshin’s 2-
dimensional adeles to the case of arbitrary
noetherian schemes. Although the actual con-
struction of adelic complexes are relatively
complicated, I have proved that the adelic com-
plex over an affine noetherian scheme of finite
Krull dimension can be clearly realized as a
Cech complex introduced in [B.5].

Papers containing these results are in prepara-

tion.
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R Kx+ADPR T THEEIBBDNE25
N7ze &, Kx + A H semi-ample THA S &\
SFRTHD, BIREMEROHERIZED, &
R BIAESE S (X, A) T Kx + A DX 7 TH
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DODMEBE2FDZ L & semi-ample TH 5 Z &Ik
HThsd, LI ZEWHOSNTVWD, —H, K
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DWTEEH U7z, & 0 ERERITIE, SR Mo B A
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U7zo 2 OFEHRIIIEE Hu K& OILEME TE
At & RHBUAEHE I 12 B 1 B RN E FOLVELER D
R —AbIZ i > TV B,

¥z, ZO2 ODFERMAMCEH, BIFKE DIt
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TN BIIEER DS IR ICIRE TS 2 2 &8
Wi nd, ZOREEZAT ST, AR
A% — LD BN EHE LT O A ¥ — L |
OEHMMOE X IZHE T 2R 257,

The main results of the research of this year
are the minimal model theory for log abundant
log canonical pairs and a result on the non-
vanishing conjecture for generalized log canon-
ical pairs.

Firstly, I explain the minimal model theory
for log abundant log canonical pairs. The prop-
erty of being log abundant for log canonical
pairs is an important property and it is deeply
related to the abundance conjecture in the min-

imal model theory. The abundance conjecture
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predicts that for any projective log canonical
pair (X, A) such that Kx + A is nef, Kx + A
is semi-ample. By the result by Fujino and
Gongyo, it is known that for any projective log
canonical pair (X, A) such that Kx + A is nef,
Kx+A is semi-ample is and only if (X, A) is log
abundant. On the other hand, there is another
important conjecture of the minimal model the-
ory, called the existence of log minimal models.
In this year, I proved a relation between the
property of being log abundant for log canoni-
cal pairs and the existence of log minimal mod-
els. More precisely, for a given projective log
canonical pair (X, A), I proved that there is a
minimal model program for (X,A) such that
there are only finitely many log abundant log
canonical pairs in the minimal model program.
From this result, for any projective log abun-
dant log canonical pair (X, A), if all minimal
model program for (X, A) preserve the prop-
erty of being log abundant then (X,A) has a
log minimal model. Furthermore, a special case
of this result recovers the results of the minimal
model theory by Birkar and Hacon—Xu, and it
also shows of the minimal model program of
dimension six in a special case.

Secondly, T explain a result on the non-
vanishing conjecture for “generalized log canon-
ical pairs”. The notion of “generalized log
canonical pairs” was introduced by Birkar and
Zhang in 2016, and it plays an important role
for the development of the birational geom-
etry. Though the definition of “generalized
log canonical pairs” is artificial, it appears
in various situations in the birational geome-
try. Moreover, it is expected that the minimal
model theory for generalized log canonical pairs
can be established as the case of the usual log
canonical pairs. In the research of this year,
I proved the non-vanishing conjecture, which is
one of conjectures of the minimal model theory,
fro generalized log canonical pairs with a polar-
ization. This result is a partial generalization

of the minimal model theory for log canonical



pairs with a polarization, which was proved by
my joint work with Hu in last year.
Furthermore, by a joint work with Professor
Fujino, I got a result on log canonical modifica-
tions for normal pairs. Log canonical modifica-
tion is a kind of partial resolutions of singular-
ities. By using the result, we may expect that
we can reduce geometry of varieties with bad
singularities to that of varieties with log canon-
ical singularities. By applying the result, we
obtained a result on semi-log canonical modifi-
cations for  reducible schemes and the length

of rational curves for quasi-log schemes.
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K3 % mitosis FEFIZDBL 2 JGH L T, iz
Kogan % A B1®D Demazure #&fh & BIHAS 1F
7-. ZOBRIE C BoGE E THRICHERS 1,
YTV F 4 v 2 Gelfand-Tsetlin ik LD
Ya—R)b - AV FaTAOHRERET S
HRBZiz> > 7V 275 1 v 2 Gelfand-Tsetlin
LRI T 5 (B) Kogan i OBE&REZEAL,
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CHOY2—~)V MNEEINSOEDOME L TR
U7z,

Schubert calculus is a research area on the in-
tersection theory of Schubert varieties, and one
of its aim is to compute the structure con-
stants of the cohomology ring of a flag variety
with respect to the basis consisting of Schu-
bert classes (i.e. cohomology classes of Schu-
bert varieties). To make such computation,
it is important to realize Schubert classes as
concrete combinatorial objects such as Schu-
bert polynomials. Through an identification of
the cohomology ring of the type A flag variety
with the polytope ring of the Gelfand—Tsetlin
polytopes, Kiritchenko—Smirnov—Timorin real-
ized each Schubert class of type A as a sum
of reduced (dual) Kogan faces of the Gelfand—
Tsetlin polytopes. In this academic year, we
generalized this result to the type C flag vari-
ety using the theory of Kashiwara crystal bases.
We first explicitly described string parametriza-
tions of opposite Demazure crystals in general
Lie type, which give a natural generalization
of reduced dual Kogan faces. This result can
also be seen as an explicit description of semi-
toric degenerations of opposite Schubert vari-
eties, which generalize Kogan—Miller’s degen-
eration into a union of irreducible toric vari-
eties associated with reduced dual Kogan faces.
We then related reduced Kogan faces with De-
mazure crystals in type A using the theory of
This rela-
tion is naturally extended to the case of type

C, which leads to the theory of Schubert cal-

mitosis operators on pipe dreams.

culus on symplectic Gelfand—Tsetlin polytopes.
More concretely, we introduced the notion of
(dual) Kogan faces of the symplectic Gelfand—
Tsetlin polytopes, and realized each Schubert

class of type C' as a sum of these faces.

B. FKif
1. N. Fujita:  “Schubert calculus from
polyhedral parametrizations of De-



10.

mazure  crystals”, preprint 2020,
arXiv:2008.04599v1.

. H. Abe, N. Fujita, and H. Zeng: “Fano

and weak Fano Hessenberg varieties”,
preprint 2020, arXiv:2003.12286v1.

. N. Fujita and H. Oya: “Newton—

Okounkov polytopes of Schubert vari-
eties arising from cluster structures”,

preprint 2020, arXiv:2002.09912v1.

. N. Fujita and A. Higashitani: “Newton—

Okounkov bodies of flag varieties
and combinatorial mutations”, Int.
Math. Res. Not., published online,
DOI:10.1093/imrn/rnaa276.

. N. Fuyjita, E. Lee, and D. Y. Suh:

“Algebraic and geometric properties of
flag Bott—Samelson varieties and appli-
cations to representations”, Pacific J.
Math. 309 (2020), 145-194.

. H. Abe, N. Fujita, and H. Zeng: “Ge-

ometry of regular Hessenberg varieties”,
Transform. Groups 25 (2020), 305-333.

. N. Fujita: “Polyhedral realizations of

crystal bases and convex-geometric De-
mazure operators”, Selecta Math. (N.S.)
25 (2019), Paper No. 74, 35 pages.

. N. Fuyjita: “Newton-Okounkov bod-

ies for Bott—Samelson varieties and
string polytopes for generalized De-
mazure modules”; J. Algebra 515 (2018),
408-447.

. N. Fujita:  “Folding procedure for

Newton—Okounkov polytopes of Schu-
bert varieties”, Comm. Algebra 46
(2018), 2666—2692.

M. Bernal Guillén, D. Corey, M. Donten-
Bury, N. Fujita, and G. Merz: “Kho-
vanskii bases of Cox—Nagata rings and
tropical geometry”, in Combinatorial Al-
gebraic Geometry, Fields Inst. Commun.
Vol. 80, Springer, New York, 2017, 159
179.
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C. HEaFEE

. “Introduction to Newton—Okounkov

bodies from cluster algebras I, II”,
QSMS Winter school on mirror symme-
try and related topics, QSMS, ¥, %
VS5, 2021 42 A.

. “Introduction to crystal bases I, II /

Newton—-Okounkov bodies of flag and
Schubert varieties I, II”, Combinatorics
on Flag Varieties and Related Topics
2021, Ajou University, #[E, * > 51 >,
2021 £ 1 H.

. “Newton—Okounkov bodies arising from

cluster structures and mutations on poly-
topes”, Legendrians, Cluster algebras,
and Mirror symmetry, #[E, 4> 71 |
2021 £ 1 H.

. “Newton—Okounkov bodies arising from

cluster structures”, Online Algebraic Ge-
ometry Seminar, Nottingham University,
AXVA, A4, 20204 11 H.

. “Schubert calculus from polyhedral

parametrizations of Demazure crystals”,
MAERREEIF— AT 1, 2020 4
11 H.

. “Combinatorial mutations on

representation-theoretic polytopes”,
AR ORI DR, RIMS, #
¥4, 2020 410 H.

. “Newton-Okounkov MEB L 27 7 &

2—REN 5HEL B b= v ZiR{E”, H
AREFE 2 2020 FEFES - PR Y =4
Bl - Fralid, HAKZ, 2020 4£ 3 A
(COVID-19 DIz L b ik, 77 A K
52 N OFGOR).

. “Newton-Okounkov polytopes of flag va-

rieties and tropicalized cluster muta-
tions”, 5 15 BEIRE - ffMT - BT ¥E & X
F—, BIREKT, 2020 £ 2 H.

. “Newton—Okounkov polytopes of flag

varieties from cluster algebras”, Toric
Topology 2019 in Okayama, Okayama
University of Science, (L, HA, 2019
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10. “Classification of weak Fano Hessenberg
varieties”, Hessenberg varieties 2019 in
Osaka, Osaka City University, XBx, H
A, 2019 £ 11 H.

W3 #58 (MATSUI Hiroki)

A. W 7EmE

i einds L RECEMFZICODVWTHRER
U — R 2 JH 2 SR ET>TWD. AR T
WESEEIIT oD S bEEREDITDONWT
ZOWE AT

T UV IV =MA%M%1E Balmer (2 & - TAIBRE 1
=a%Thh, TUVILEMEE AR /AR
BN R FEEZHNVTIHET 25D TH S.
BARINZIE, GRo6N=TF Y IVEABT WU
T Balmer AR k5 A &\ 5 fiFHZEM % ot X
H, ZOMAHEMEBLT T IZOWTHRSE 2 W»
SHDTHD. TVINZARMEIINETIZ
N RIN 2D TWT, AlERGR, RBEEMF,
AIRBEOEY 27 —RBliw, RERE M-
Wo 7Rk RABIZ B WT, TZIXEHNAEL D
FUYVINEMEENET ZEERFEL R ST
5. LnU, TYYVINEAKMAZEET VY VG
PR VCEABIIH U CIEATE R WEERT
Hb. FTIT, TVINEZARTFEOEMUE T
VGRS R R 0 B U TREET S 2 v
SHEITHRRMETH L. SEEE, Saxoh
7= =ZMB D thick MABE & WO BEEZEAL
ZOMEEHWTEZABDARY ML LI
HEEEALE. BIZ, F—F—AF—L XD
SRR, A YVERE, RREIZOWTESL,
X OHBMPHEMINSD=ZHEBEDART T
LTHIAHZER e UL THlDIAEND Z L 2R LT,
ToI, FUYVILEMEIZOWTIE, ZITES
INZART N T LE Balmer AR T LDHA
RIZDWTHISE R 1T 5 72,

I have studied commutative algebra and alge-
braic geometry from the homological insight. I
will explain the following result, which is the
main topic of my study.

Tensor triangular geometry is the theory ini-
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tiated by Balmer. This theory aims to study
tensor triangulated categories by commutative-
algebraic and algebro-geometric approaches.
Namely, for a given tensor triangulated cate-
gory T, he introduced a topological space called
the Balmer spectrum of T, which reflects the
structure of the lattice of radical thick sub-
categories of 7. Although tensor triangular
geometry is quite successful, it cannot be ap-
plied to triangulated categories without tensor
structures. These triangulated categories con-
tain important ones, such as the bounded de-
rived category and the singularity category of
a noetherian scheme. Therefore, it is a natural
and important problem to develop an analogous
theory of tensor triangular geometry for tri-
angulated categories without tensor structures.
This year, I introduced the notion of a prime
thick subcategory of a given triangulated cate-
gory T, and used this to define a topological
space, which we call the spectrum of T. Espe-
cially, I studied these concepts for the perfect
derived, the bounded derived, and the singu-
larity categories of a noetherian scheme X. I
proved that certain subspaces of X is contained
in the spectra of these triangulated categories
as topological spaces. 1 also studied the re-
lation between our spectrum and the Balmer

spectrum for a tensor triangulated category.
B. &KL

1. H. Matsui, T. T. Nam, R. Takahashi, N.
M. Tri, and D. N. Yen: “Cohomological
dimensions of specialization-closed sub-
sets and subcategories of modules', Proc.
Amer. Math. Soc. 149 (2021), no. 2
481-496.

. O. Celikbas, H. Matsui, and A. Sadeghi:

“On an example concerning the second

)

rigidity theorem", to appear in AMS
Contemp. Math.
. H. Matsui and R. Takahashi:

tions in module categories, derived cat-

“Filtra-

egories and prime spectra", to appear in



Int. Math. Res. Not. IMRN

O. Celikbas, U. Le, and H. Matsui: “On
the depth and reflexivity of tensor prod-
ucts", arXiv:2102.01575.

. H. Matsui: “Prime thick subcategories

and spectra of derived and singular-
ity categories of noetherian schemes",
arXiv:2102.11317.

C. ML

1.

Introduction to Triangulated Categories
in Commutative Algebra, Algebra Semi-
nar, West Virginia University, 2020 4 1
H24H,27H

CEABOARY NS LAEZTOAHEEGAD

I, HABES 2020 EEES, HAKE
BT 228K 2020 423 A 16 H

. Construction of spectra of triangulated

categories, Mini Workshop on “Derived
categories of Coherent Sheaves", & #§K
HR, 2020 453 H 16 H, 17 H

B O SEE Y AF ARSI NT L

DA EEIZDOWT, ATBRRA Y T 1~
7 —2 ¥ 3w 7 (online), 2020 4 11 H 21
H-23 H

. Subcategories of modules/derived cate-

gories and subsets of Zariski spectra, H
54 R 3+ — (online), 2020 4
123 10H
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)l R (IKEGAWA Takashi)

A. WL

o EFHEICL 2BERFEAMBRA LR
4 v X — v ¥ v 7 % PBL
(Project/Problem  Based
D & S REFENC & B EERE M (F
EEED) OBFRIZET 5 Ak a2 5E LU
TW3,

o BEXRY NT—V LITEINI—VDEIEE

vadl”
Ry vy —2&dubh e UL@EER Y b
7= DIRB N ERITHEMET VA
MELTWE, 512, BfExy bT—2
EELTHEOND T OREMT—X%
ffi 72 fTBI N Z — DB E T IV RIS L
TWw3,

o KA XEERMAM DEE HiEH
B, wEE, e rvgo ks i
Fei SCE D E B % 7] 1 X & 2 BE Sk
A EFEL TWWd,

Learning)

e Methodology for

talented

nurturing of

mathematical persons

through academic-industrial col-
laboration
I explore the methodology to nurture
talented mathematical persons includ-
ing students through academic-industrial
collaboration such as internship and
project/problem based learnings.

e Mathematical models of communi-
cation networks and network-user
trajectory patterns
I develop the mathematical models to
represent the behavior of communication
networks, especially wireless networks,
and to represent the trajectory patterns
obtained from communication networks.

e Methodology for improvement of
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technical writhing and presentation
skills

I study the methodology to improve the
skills for writing technical documents
such as scientific papers and technical re-

ports and presentation.

B. F&&iiisC

1. T. Tkegawa : “Goodput analysis for lossy
low-speed wireless networks during mes-
sage segmentation”, 2021 IEEE Wireless
Communications and Networking Con-
ference (IEEE WCNC 2021), Nanjing,
China, March (2021), accepted.

2. WIl BEH] : “R v 2=V REINFAET 5

Wry NI —2TOTy KTy MEM—
Y b0 AN I FEE T B AR D 1
G, MR TR 2SS B BT
fii 45 (2021) 17-26.

3. I B iR R Y MU —2IZBT5H)

o T — R R ROMETI, w2l
TRIKEMEEE B BT ¥ 44 (2020)
23-28.

4. T. Ikegawa : “Effect of payload size on

mean response time when message seg-
mentations occur: Case of burst packet
VALUETOOLS 2019: Pro-
ceedings of the 12th EAI International

arrival”,

Conference on Performance Evaluation
Methodologies and Tools (2019) 7-14.

5. Wil BT SR - BiE Do DX
EZERE - TVEYAY v K7 HARFE AL
(2018) pp. 253 (Hi%E).

6. Il R : “BEEELEDFY VT EZD
THA V7 B I T TR
VA 2018] (2018) 176-181 (fAfrEX).

7. T. “Effect

size on mean response time when

Tkegawa: of payload

message occur us-

MX/G/1

segmentations

ing queueing  model”,



https://arxiv.org/abs/1803.10553
(2018).

I BER], B Kk, I e ¢
T — 2~ A =2 7 %E”, FiE 2017-
1133 (2017).

. T.

ted Packet Size Preservation Prop-

Ikegawa: “Effect of Retransmit-
erty on Data-Unit-Size Distribution
and Goodput for Stop-and-Wait Proto-
col”, https://arxiv.org/abs/1610.00149
(2016).

M) BEE - €2015 AR THFREZEHOF v
U 7RSS SRIEE) | S — ST 2 2015
EEESEF Y ) TR I — R —
o, AABCERMCEEIE, 21 (2016) 3137
(fBfFEm ).

10.

C. HEHFEE

CTFAVRVRNT VAT k= A= a3 VIR
BMZ HREEEXE Y VT TS v
DEERE, RESS KR TR & iSE) | 2021
F1Hb5H (HfHEEE)

CEBR [TOZANIAT v T) BELT
NTARA Y MIEANOHEUE, AATZHE
WZEaIEH =, 3E07, 2020 £ 9 H.

CBEPNEREZDS | BEOMI—Z T
HEED 7 DIZ—, B KERZEGBER
FFERL, 2019 4E 3 H (1BAHETEH).

. Effect of Payload Size on Goodput
when Message Segmentations Occur for

Case of Packet-

Recovered by Stop-and-

Wait Protocol, the Thirteenth Interna-

Wireless Networks:

Corruptions

tional Symposium on Operations Re-
search and Its Applications, ISORA
2018, Guizhou China, Aug. 2018.

. Career Support Activities for Math-
ematical Students through Academic-
Industrial Collaboration, Forum on

Innovation Talent through Academic-

Industry Partnerships, Shanghai Univer-

sity of Finance and Economics, Oct.

2017 (Keynote speach).
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. T SCEER D 72 8 OFAl - WA R O
FEFGAREEEEZMH L2 72D
B, HALYHEWMIHEHS, 2017 4F 8
A.

CBE TRV A AN BIZE T B
FHEHFTORREHE, B TLR70 7 2
VaFVHEHREZTEHEEY VORI T L,
2017 4E 3 H (HafFakiEH).

CHARBZERIBIT 5% v ) 7RG
B, 555 MY - BEERIZ D00 F v V)
TNRAEIF—: 2T v )7 O
R B 2 BEAE, HARER
2016 - 3 H (HB1Fasi).

Bt EhEAEO N O — T — 7 EED

BNDHH 2 W ARSR—, B D)2 F

DTz IZ—, HEKRF KBRS

728, 2016 4E 3 H (HE155H).

BEA ) R=a vV AMERT IV AT A

DRI T, CBRIEEZFEHE K

o BUERLERTER U 72 BOBRIA RO

BIEFHA ) ARG Y R YT A 2016 4

2 A (FBfea).

10.

F. SMfsE s — e 2

1. 2021 IEEE Wireless Communications
and Networking Conference (IEEE

WCNC 2021) TPC Member.

N7 #FHHE (KAWAMOTO Atsushi)

A. WAL

s RO MBI OWTHEEZIT> TV
5. BARINZIE, (R R ORI R 2
WS WM BT B —EME & LEME DI %
LTW5.

AR, SEEEBBE R S AT % W &
A=V X Vi OMEET>TH D, 1 FERHHE
HRRE 1/2 Rk BB R % & O R B R FE
FERPE RO RE TR B I E DRSS (T
K& DILFEZE) HERX [3] & U THIRE 7.

GBI, ERZRITDGED 1/2 Bk EIEE
BRI REAZE X, REHZRE T 50
CHREEREL & PRE B W I D W TSR L 7.



Z DIFEEBBEILBOA TR T B 77— L~ V3l
ZEWML, TOh— L~ Vi E W TR
BT 5L VEFM & Sz U 72 GERBEEG & 2[R
WHoe).

I have been working on inverse problems for
partial differential equations. More precisely,
I have been studying the uniqueness and the
stability in inverse problems of determining the
source term or the coefficients in partial differ-
ential equations.

In recent years, I have been working on inverse
problems and Carleman estimates for some
fractional diffusion equations. The work on in-
verse problems for a first and half order time
fractional diffusion equation (Joint work with
Prof. M. Machida) was published as an article
[3].

In this academic year, We considered a half or-
der time fractional diffusion equation in multi
dimensional case in space, and we studied the
inverse problems of determining the source

We derived

the Carleman estimate for this fractional dif-

term or the diffusion coefficient.

fusion equation. Then we established the sta-
bility estimates in inverse source and inverse
coefficient problems by using the Carleman es-

timate (Joint work with Dr. X. Huang) .

B. FE&iwX

1. Atsushi Kawamoto: “Holder stability es-
timate in an inverse source problem for
a first and half order time fractional dif-
fusion equation”, Inverse Probl. Imaging
12 (2018) 315-330.

. Atsushi Kawamoto: “Lipschitz stability
estimates in inverse source problems for
a fractional diffusion equation of half or-
der in time by Carleman estimates”, J.
Inverse Ill-Posed Probl. 26 (2018) 647—
672.

. Atsushi Manabu
Machida: “Lipschitz Stability in Inverse

Kawamoto and

Source and Inverse Coefficient Problems
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for and Half-order
fractional Diffusion Equation”, STAM J.
Math. Anal. 52 (2020) 967-1005.

. Atsushi Manabu
Machida: “Global Lipschitz stability for

a fractional inverse transport problem

a First- Time-

Kawamoto and

by Carleman estimates”, Appl. Anal.
100 (2021) 752-771.

C. HEaFE&

1. Carleman Estimates and Inverse Source

for  Fractional Diffusion
Equations, 2nd East
of TPIA-Young Scholars
NCTS(National Center for Theoretical
Sciences), Taipei, Taiwan, November
2016. (Invited talk)

. Inverse problems for parabolic integro-
differential equations, # FAI%EE S [
gy - RE) - R OHIE &R MR &
fEEME-] |, FEELKS, 2017 4 8 H.

. Inverse problems for a first- and half- or-

Problems
Asia  Section

Symposium,

der time fractional diffusion equation, #f
FrgeE S NkE) - IRE) - i O HIfE & ¥R
B & BUEETR- ), RO EEREREE, 2019
£ 8 H.

& =R (GIGA Mi-Ho)

A. fFFEmEE

Fe B AR Z ALV DD OFRE LR
IZDWTCR B DN %247 - 7.

FEE SR CTHRE T RV —BEIZH 2D
DRI 7y b EIENS S RE ST
5 &5 BRI, 2 REIERRIE R AR 2L BL AR B
NHBRATERANIZRDT Z 2 2ks. fEos
T ARBYNIERT D T L12 & DBk~ 2 i E B
ZWESL U7z, S O PHIERIZ N 97 % FESE 5 i
RILOIRD, REFETEER PR E R 77— LB 12 &
BBl E R U7z,

—h, MEEEICBITE27 7y NHOHN D
RIEILHIR 7 &1, 4 BORRIK AR TR
BREN>%., RETZANVF—=DRIVRAXRIT AV



T, WAREN1IRELDRKEWEE, #EEROD)
%2 X9 ODE R RBABARDELHERZ
BHU, Ka—BE»r 53552 /EDHEICE
T B YIME IR U C IR AT 0 — RARAE N 2 R
U7z,

F - BHERIR OB E 2R T DRk RET IV EE
SN IR R O BT 5 2 212D\ TR
U7z,

ot L siEOB & 2 )AL T,
RIBEIZ D35 T — R L R L U 7=,

This work is concerned with analysis of gen-
eralized solutions for some nonlinear evolution
equations with singular diffusivities.

We are interested in a singular anisotropic cur-
vature flow. In evolving curves governed by sin-
gular interfacial energy density with corners, we
often observe that a flat portion called a facet
appears. Such a phenomena can be described
as a nonlinear degenerate singular parabolic
partial differential equation of second order.
We also found a time—discrete deterministic
game approximation for an anisotropic curve
shortening flow in the plane. By introducing
suitable notion of solutions we have been es-
tablising various comparison principles and ex-
istence theorems.

On the other hand, we also focused on a sur-
face diffusion flow with very singular interfacial
energy in crystal growth, which is a forth or-
der nonlinear partial differential equations. For
crystalline energy density we derived an ODE
system with a system of algebraic equations to
describe the solution and local-in-time unique
solvability of the solution for an initial curve in
a special family of piecewise linear functions,
provided that the growth order of the energy
density is super linear.

In the meanwhile we explain several models
describing motion of complex fluids from syn-
thetic viewpoint of variational theory.

As an application of motion of a surface by
diffusion equations, we established a method

for data separation which leads creation of new
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medicine.
B. F#Ew X
1. M.-H. Giga, A discrete deterministic
game approach for the planer motion by
crystalline energy, Proc. of Workshop:
Emersing Developments in Interface and
Free Boundaries (eds. C. M.Elliott et
al.) Overwolfach Reports, 14 (2017), 295-
296.

. M.-H. Giga, A. Kirshtein and C. Liu:
“Variational modeling and complex flu-
ids ", Y. Giga, A. Novotny
(eds), Handbook of Mathematical Anal-
ysis in Mechanics of Viscous Fluids,vol.1
(2018), 73-113, Springer.

. M.-H. Giga, Crystalline surface diffu-

In :

sion flow for graph-like curves, Proc. of
Workshop: Surface, Bulk, and Geomet-
ric Partial Differential Equations (eds. C.
M. Elliott et al.), Overwolfach Reports,
16(2019), 194-197.

. T. Hidaka, K. T. Hioki,
T. Takagi, Y. Giga, M.-H. Giga, Y.
Nishimura, Y. Kawahara, S. Hayashi, T.
Niki, M. Fushimi and H. Inoue : “Pre-

diction of compound bioactivities us-

Imamura,

ing heat-diffusion equation", Patterns 1
(2020) 100140.

C. HEaFE&

1. A discrete deterministic game approach

for the planer motion by crys-
talline energy, (Journée d’Analyse Non
Linéarire, Organized by Jan Elias and
Danielle Hilhorst), Laboratoire de math-
ématiques analyse numérique et edp,
Université de Paris-Sud 11, UMR 8628,
Paris, France, Jun 6, 2016.

A discrete deterministic game ap-
proach for the planer motion by crys-
talline energy, (Emerging Developments
in Interfaces and Free Boundaries (Jan-
uary 22-28, 2017), Organized by Charles
M. Elliott, Yoshikazu Giga, Michael



Hinze and Vanessa Styles) Mathema-
tisches Forschungsinstitut Oberwolfach,
Germany, January 27, 2017.

. On planar anisotropic curvature flow

and its approximation by deterministic

games, (Partial Differential Equations
and their Applications 2016/17 Orga-
nized by Charles M. Elliott, Jose Dodor-
igo ) University of Warwick, United

Kingdom, May 3, 2017.

Crystallline surface difusion flow for
graph-like curves, (Surface, bulk and ge-
ometric partial differential equations: in-
terfacial, stochastic, non-local and dis-
frete structionres (January 20-25, 2019),
Organized by Charles M. Elliott, Harald
Garcke and Ralf Kornhuber) Mathema-
tisches Forschungsinstitut Oberwolfach,
Germany, January 25, 2019.

. On crystalline surface diffusion flow for
graph-like curves, PDE Seminar series
(Seminar by NYU-ECNU Institute of
Mathematical Sciences at NYU Shang-
hai), Zhongbei
Campus, East China Normal University
Shanghai, April 23, 2019.

. Crystalline surface diffusion flow for

Geography Building,

graph like curves, mini-symposium 2020
(Analysis on metric spaces unit) Par-
tial Differential Equations under Various
Metrics (December 8-11, 2020), Orga-
nized by Yoshikazu Giga, Qing Liu, Xi-
aodan Zhou), Okinawa institute of sci-
ence and technorogy graduate university,
Japan (online), December 8, 2020.

#K 8 (SUZUKI Takumi)

A. BB R B DT D —YRIEIZ L9 /)L
LIS (0 < g < 1) 2Tz &izkv HWE
el L, TOHNEE» /™o NS HERD
MEEZF Rz, Rz, #EED LP GHMEPERK
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B BLBCEROMEEZE 2 7. BENIZIE, T
)V I — N7 Gl RE, T)LV I — NIYZRIEHOER,
T T — FIZRILBOARIZ DO W TN, %
7, TNFNOEFIUIZOVWTCYIalb—Yay
{1077,

TOMTIE, BT — RO 28572,

We construct an objective function that con-
sists of a quadratic approximation of a loss
function term and LP penalty term (0 < g < 1)
and investigate the properties of the estima-
tors which obtained from the objective func-
tion. In particular, we interested in the L9-
boundedness of the estimators and convergence
We

also treat variable selection problem in stochas-

rate in consistency of variable selection.
tic processes as applications. Concretely, we
study ergodic point processes, ergodic diffusion
processes and non-ergodic diffusion processes.
Additionally, we run simulation in each case.

Other than that, we analyze medical data.
B. FKif

1. T. Suzuki :

approximation methods and their appli-

“L? penalized least squares

cations to point processes', B KZ{E L
H (2017)
. T. Suzuki, N. Yoshida :

least squares approximation methods

“Penalized

and their applications to stochastic pro-
cesses", Japanese Journal of Statistics
and Data Science, 3(2), 513-541.

. T. Suzuki :
Approximation Methods and Their Ap-

“Penalized Least Squares

plications to Stochastic Processes", B

REETE LGRS (2020)
C. HEEFEE

. point process & % @ intensity (2 2\ T,
CREST gt <% 1 [ YUIMA = —
Y- BHEKY 2016 41 A.

. Penalized LSA methods, fiit¥~—+% 3
F— 2017, HiAREHYT, 2017 £ 8 A.



. Cox ETNWVIZBII2EHBERDY I 2L —
¥ 3 v, CREST igifE&x:28 3 [l YUIMA
I—P—2a1—A, FHRKF, 2017T44E9 A.

. L7 penalized LSA methods and their ap-
plications to stochastic processes, JST
CREST - & &H%) - AlMap &RV VRY
DL TR — R A2 2 B 2018
2018 £ 1 H.

. L? penalized LSA methods and their
applications
CREST 55 8 2 3 & 75 D #7 51 #E I
BOE DR, AR, 2018 4 1 .

CEIAG E LSA 20y Ialb—Ya Yy,
Fatt ~— 3 — 2018, IR IR,
2018 4£ 8 A

. Penalized Least Squares Approximation
Methods, HA®F 2 T5E - FEIERERK
ZEsi e 2018) , HIARZFEHE ¥ v > /82
2018 4E 11 H

. Penalized least squares approximation
methods, ¥V RY D L [ERTEMET —
ROMEHET V) V71, WM KRZETHESF ¥
VIRA 2019 8 H

to stochastic processes,

F. XS — e 2

- ABE R IREIRE IR E T (
AT B

B 2 (SEKINO Nozomu)

A. TR

SMIEE A E T DT DT 74 N—FECH, 1
G L7z —H— oz HNTHRES &
U7z,

I tried to research 3-manifolds by using its
fibered knots and the corresponding Heegaard
splitting.

B. FE&Ew

1. N. Sekino: “Genus one fibered knots in 3-
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manifolds with reducible genus two Hee-
gaard splittings”,
Applications 239

Topology and its

(2018) 46-64.

. N. Sekino: “Lens spaces which are realiz-
able as closures of homology cobordisms
over planar surfaces”,

Illinois J. Math.Volume 64, Number 4
(2020), 481-492.

C. HEaFEE

BTV 3L RRIE D GOF-knot,
GD2016-14> FIAHEE & BEREE | 4618, 2016
£ 12 H.

. AR TERL 2 Heegaard 2% RiD 3 Wt
Z R D GOF-knot, HILFESHE I F—
2017 , IR, 2017 £ 9 H.

. Genus one ?bered knots in 3-manifolds
with reducible genus two Heegaard split-
tings, The 13th East Asian School of
Knots and Related Topics, KAIST (%
&), 2018 4 1~2 H.

. AT 72 FEEN 2 Heegaard £ % #F D ZRkA
DFEE 1 7 7 4 N—F50H, JREKRF B R
aoy— - &t I — [REKRF, 2018 4F
10 H.

. EmE AT _E @ homology cobordism @ Bt
ELTRING LV AEM, ii%Es K
ot b AT Y —in {H#H 2019) , HE2H
MERER Y > & — 2019 4F 10 H.

RE] — (IPPEI Nagamachi)

A. TR

SRR, EEROK K OB E D ER
IR AREUR C DR EFICE T 2% 21770 5 72
AIFFEIEERIK & DHLFEMFETH 5. BARK it
ZENA L LTI, C Xgpee k Spec K D ERL
C(i) TSN =V AF—LDMHEE, Gy,
D Weil filfR 2 HWTEILR U7z, £72, C DR
2 U CREBUMNMEER R 2 W Tl e AR R 2 €
#L, ZOREREZHVCTEFELHBDOZDIRS



FENEFLR U 7.

This year, I studied singular points of regu-
lar algebraic curves geometrically integral over
This study
Let

fields of characteristic p > 0.
was joint work with Teppei Takamatsu.
C — K be such an algebraic curve over such
a field. Write C(¢) for the normalization of
C Xgpec Kk Spec KP'. We studied the Picard
scheme of C(i) over K?™" and described the
structure of this group scheme by using the
Weil restriction of G,,,. Also, we defined a new
invariant of a singular point of C' by using dis-
crete valuation ring theory, and described genus

changes and conductors by using this invariant.

B. F&&Hi L

1. I. Nagamachi : “On a good reduction cri-
terion for proper hyperbolic polycurves
with sections”, Hiroshima Math. J. 48
(2018), pp. 223-251.

. I. Nagamachi : “Criteria for good reduc-
tion of hyperbolic polycurves”, arXiv:
1801.08728v2[math.NT].

. I. Nagamachi : “On homotopy exact se-
quence for normal schemes”, arXiv:
1811.11395v3[math.NT].

. I. Nagamachi : “On the Hom Version of
the Grothendieck Conjecture for Hyper-
bolic Polycurves of Dimension 2”, arXiv:
1902.02058[math.NT].

. I. Nagamachi: “Good reduction of hyper-
bolic polycurves and their fundamental
groups: A survey”, submitting to RIMS
Kokytiroku Bessatsu.

. I. Nagamachi and T. Takamatsu : “The
Shafarevich conjecture and some exten-
sion theorems for proper hyperbolic poly-
curves”, To appear in Mathematical Re-

search Letters.

C. HEHFEE

1. On the Hom version of the Grothendieck

conjecture for hyperbolic polycurves of
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dimension 2, fREMELR & = O L
2019, IR K S BB AT 55 AT, 2019
12 A.

CMREAZ Y 7 DREME—ZRINTDON
T, RIeRZEEG & Rt I —,
KBCR:, 2019 4812 A.

MBAZ Y Z7DERE P E—ZEINIIDOWN
T, HABERKFERADRR, &IRKE,
201949 A.

. The Shafarevich conjecture and some ex-
tension theorems for proper hyperbolic
polycurves, #in & H & I F—, T KT
BUEHE, 2019 4£ 9 H.

. On the Hom version of the Grothendieck
conjecture for hyperbolic polycurves of
dimension 2, Fundamental groups: Ge-
ometry and Arithmetic, School of Math-
ematical Sciences, USTC, Hefei, Anhui,
China, 2019 4£ 8 H.

. On the Hom version of the Grothendieck
conjecture for hyperbolic polycurves of
dimension 2, £ 13 [\ fERBGRIAEE R,
JUM K (GHRF v >3 R), 2019 4E 8 H.

. On homotopy exact sequences for normal
algebraic stacks, JA B RKFRBF L I F—,
JRESRFHEEES BUFRt, 2019 426 H.

. On the Hom version of the Grothendieck
conjecture for morphisms from regular
varieties to hyperbolic polycurve of di-
mension 2, £ 18 [HJ5 Bl & BB GRE R,
JR B RFBRZEER, 2019 47 H.

. On homotopy exact sequences for normal

schemes, A KZEREE I F—, A KFE

FREEREERL, 2019 4 3 H.

On homotopy exact sequences for normal

schemes, % 24 [EREFHFIE S, HIKE

KRG 728, 2019 4 2 H.

10.

&4 @4 (HASHIMOTO Kenji)
A WEERTE
K3 i ICE RN v T L 257 1 v ZI2/ERT

LGB DONWT, MK 11 OB H 25 Z &
HontTwsd, XS WRMIZEIT S, AIRAF



OER® GEv > TV o5 4w 77) SRDHEE
% U 7= (Simon Brandhorst K& OH:FEZE), H
12, mARAIEL 3840 % £ DR Myg.Cy DFZEIZD
W, K3 HiHDORELZHRIKE L TOERSGHEX
L. ZUVEFEHE U TORMEMZBARIZE R
72o (G 1)

K3 dhin o RO H B OB e LT, #
LWAZE - YOZRRIK (D) 2L, Z
DHTYE - Y ILRRIKIET — T =MD ZM 1L 7=
XF, PlETH > TRy FH by 2EEICKRE
T25ZLNTED (EEKAPK L ORI,
S 2),

F/-. K3hmoke., s 2 REE RO
BIZDOWTHANT (MHH—A K, KEFHPiTFRKED
HFAMZE), K2, DO I ~)L MERE R
XY % K3 B O I DWW THR 7,

It is known that there are totally eleven maxi-
mal finite groups acting on K3 surfaces sym-
plectically. We classified the extensions of
such actions (as non-symplectic actions of fi-
nite groups). This is a joint work with Si-
mon Brandhorst. In particular, in the case of
the group Msy.Cy with maximal order 3840,
we gave an explicit project model of the corre-
sponding K3 surface and the group action con-
sisting of Cremona transformations. [1]

As an application of automorphisms of K3 sur-
faces with infinite order, we constructed new
families of Calabi—Yau threefolds (CY3s). Each
CY3 in the family is non-Ké&hler and simply
connected, and the second Betti number by is
unbound (arbitrarily large). This is a joint
work with Taro Sano. [2]

We also studied certain families of K3 sur-
faces and the corresponding ring of automor-
phic forms (a joint work with Atsuhira Nagano
and Kazushi Ueda). In particular, we studied a
family of K3 surfaces corresponding to certain

Hilbert modular forms.
B. F&inX

1. S. Brandhorst and K. Hashimoto: “Ex-

tensions of maximal symplectic actions
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on K3 surfaces”, arXiv:1910.05952, to
appear in Annales Henri Lebesgue.

. K. Hashimoto and T. Sano: “Examples
of non-Kéhler Calabi-Yau 3-folds with
arbitrarily large bo”, arXiv:1902.01027.

. K. Hashimoto and K. Ueda:

struction of general elliptic K3 surfaces

“Recon-

from their Gromov-Hausdorff limits”,
Proc. Amer. Math. Soc. 147 (2019), no.
5, 1963-1969.

K. Hashimoto, JongHae Keum and
“K3 surfaces with Pi-

card number 2, Salem polynomials and

Kwangwoo Lee:

Pell equation”, J. Pure Appl. Algebra
224 (2020), no. 1, 432-443.

. K. Hashimoto and A. Kanazawa :
“Calabi-Yau threefolds of type K (I)
Classification”, International Mathemat-
ics Research Notices, Vol. 2017, Issue 21,
6654-6693.

. K. Hashimoto, Hwayoung Lee and K.

Ueda: “On a certain generalization of tri-

angle singularities”, manuscripta math.

153 (2017), 35-51.

Jae-Seung Jeong, Hantao Lu, Ki Hoon

Lee, K. Hashimoto, Suk Bum Chung and

Kwon Park: “Competing states for the

fractional quantum Hall effect in the 1/3-

filled second Landau level”, Phys. Rev. B

96 (2017), 125148.

. K. Hashimoto
“Calabi-Yau threefolds of type K (II)
Mirror symmetry”, Communications in
Number Theory and Physics 10 (2016),
no. 2, 157-192.

and A. Kanazawa:

C. HEAFE&

. Generalized triangle singularities (H A
FE), I 7 —XWMEDEEME 2020, AT 1 v
FzetEsx, 2020 49 H

. Period map of a certain family of K3
surfaces with an S; action, Japanese—
European symposium on Symplectic Va-
rieties and Moduli Spaces 4ASthird edi-



tionaAS, HFFLRIAY, 2018 4 8 .

. Mirror symmetry for complete intersec-
tion K3 surfaces in weighted projective
spaces, Working Workshop on Calabi—
Yau Varieties and Related Topics, ##
b k2, 2018 4 8 H.

. Global sections of some special elliptic
surfaces, Workshop on algebraic surfaces
2018, Leibniz University Hannover, Ger-
many, 2018 4 3 H

. Global sections of some special elliptic
surfaces, UC Riverside Algebraic Geom-
etry Seminar, UC Riverside, USA, 2018
2 H.

. Symplectic automorphisms of K3 sur-
faces and applications, 11th Conference

on Arithmetic and Algebraic geometry,
R, 2018 4E 1 A.

" R
A. TR

ITAERMILREY L BEE OO R Ik A o A B X0 B0
AOJEH %5 U T Harish-Chandra fJIEE O 24
& E B 2 P ORE KT T VD,

LI, REL AU T 3 DOBROIMERZE.
1 2HIE PU(1,1) DA RHER O ERFRID
DBWETNVERDPIFATVDEEDIZDOVWTTH
5. BEHRBARLE AR5 ERFIKRET
H > T, Gauss BEIEROE Y 2 Bk EOE TV
WA LR SN DBEIET B T LA
Mmootz

2 DHIE—#®D Noether FEHEME £ F BT
LU D IO ERMROMETDH 5.
IR UN D INEEZE W72 RE O K% W R
LTI DI hD DT, SEEFLFEE RO
A KA THERIICELDTVS. Thid
Fabian Januszewski K (Paderborn K%) & @
HFEHFETH 5.

3 DHIZEE T L O MY L D[R 2SR D
MTH D, FIDITdiil Lie $f OREHER 72 B
TEXDEB > LT (EMEZ TR & 25U 7=,
IZH Gauss B ECRIZHHEEZHBEKL TZ
NSO Galois fEHZ R D9 & GHE RO/ HH

(HAYASHI Takuma)

-
—
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L

U7z, 8200 D MO XM LA D IREBZ S
LDFMXBAKRTDTETHD.

I have been workin on integral models of
Harish-Chandra modules and related geometry,
motivated by applications to rationality and in-
tegrality of special values of automorphic L-
functions.

In this year, I obtain three results. One is on
fractional models of principal series representa-
tions of finite covering groups of PU(1,1). The
result is that there exists a model of a princi-
pal series representation over a localization of
the ring of Gauss integers such that it is not
isomorphic to its conjugation, but that its base
change to the complex numbers is isomorphic
to its conjugation.

The second result is on the theory of twisted
D-modules on smooth schemes over Noether
schemes. This is a joint work with Fabian
Januszewski (Paderborn University). We have
been working on it for geometric construction
of representations over commutative rings. We
finished establishing the basic part, and are
writing a paper on it.

The third one is to on construction of equivari-
ant line bundles on partial flag schemes with-
out base points. I classified all partial flag
schemes (precisely speaking, parabolic types)
of the standard half-integral models of classi-
cal Lie groups. Then I computed and classified
when equivariant line bundles on partial flag
schemes over the half Gauss integers admit Ga-
lois actions. I will submit a paper on this result
right after I finish writing down the paper on

twisted D-modules.

B. FE&C

1. T. Hayashi:“A construction of (g, K)-
modules over commutative rings”, Lie
Theory and Its Applications in Physics,
Springer Proceedings in Mathematics &
Statistics 2019 (2020).

2. T. Hayashi:“A descent theorem of closed



10.

1.

orbits in some partial flag schemes”, 2020

KRB ¥ R AHHIE (2020).

. T. Hayashi:“Half-integrality of the KGB

decomposition for SLg”, MBI 57
FgEk 2161, 38-45, 2020-6.

. T. Hayashi:“Dg analogues of the Zuck-

erman functors and the dual Zuckerman
functors I”, Journal of Algebra 540, 274—
305 (2019).

. T. Hayashi:“Half-integrality of the closed

SO(3)-orbit on the flag variety of SL3”,
HCHR g AT T 5% BT A 55 Bk 2139, 165-176,
2019-12.

. T. Hayashi:“Half-integrality of the closed

SO(3)-orbit on the flag variety of SL(3)”,
%5 5 [A] Algebraic Lie Theory and Repre-
sentation Theory #R& & F (2019).

. T. Hayashi:“Half-integrality of the KGB

decomposition for SL3”, 2019 & Kz
TURY Y LGS (2019).

. T. Hayashi:“Flat Base Change Formu-

las for (g, K)-modules over Noetherian
rings”, Journal of Algebra 514, 40-75
(2018).

. T. Hayashi:“Integral models of Harish-

Chandra modules of the finite cover-
ing groups of PU(1,1)”, arXiv preprint
arXiv:1712.07336 (2017).

T. Hayashi:“Dg analogues of the Zuck-
erman functors and the dual Zuck-
erman functors II”, arXiv preprint
arXiv:1606.04320 (2016).

C. MEaFE&

A descent theorem of closed orbits in
some partial flag schemes. 2020 &%
By Y RY I L, AV T4 B, 2020
11 A.

. Rings of definition of closed K-orbits in

some partial flag varieties, Friday Tea
Time Zoom Seminar, % >~ 7 1 > B,
2020 £ 10 H.

. A descent theorem of closed K-orbits in

partial flag varieties, Workshop on "Ac-
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tions of Reductive Groups and Global
Analysis", &> 7 VBfE, 2020 4£ 8 A.

4. Half-integrality of the KGB decomposi-
tion for SLs. 2019 fEFERBwmS VK IW
L, Y r I 4 ZhtHRE, 2019 411 A.

5. Half-integrality of the K GB decomposi-
tion for SLs. FBifw& £ DMEE M
T, HOER R S R AR A A ZE T, 2019 4R
10 H.

6. A construction of integral models of
Harish-Chandra modules. Summer
School on L2-Torsion and Symmetric
Spaces, University of Gottingen, 2019 4F
10 H.

7. Half-integrality of the KGB-
decomposition for SLs: From combina-
torics to algebraic geometry. Workshop
on “Actions of Reductive Groups and
Global Analysis”, FURXKZ EREERE £ I
F—=7 R, 2019 £ 8 H.

8. Half-integrality of the closed SO(3)-orbit
on the flag variety of SLs. REFwE =D
JEA 38 D e, HUHR R SRR AR AT A ST,
201947 H.

9. A construction of (gK)-modules over
commutative rings. 13-th edition of the
International Workshop: Lie Theory and
Its Applications in Physics (LT-13), the
Guest House of the Bulgarian Academy
of Sciences, 2019 4F 6 A.

10. Half-integrality of the closed SO(3)-orbit
on the flag variety of SL(3). Algebraic
Lie Theory and Representation Theory,
= ffE, 2019 4E 5 A.

WE ME (MATSUYUKI Takahiro)

A. TRFEE

7747V =2 a yOAEEAE M —RRER
A, HLEEE 2235412 Shlessinger-Stasheff % #56
CUMEIZE D RIshTWD, FAlk, FERiwX
WBWTHMAS 7 7 A N—HIZHF LT, FE b
V—REZEHWSZLI2&->T, Bl EE
de Rham IR EOY—$HE ULTHEL, 57



7 7R DEBRE G AT, RMEEITFRE MY —
REBDOBEOREFE UTHERL ZFBEEIZ OV
T. Milnor-Wood B AERDFEM &2 ik A4 72,

Characteristic classes for a simply-connected
fibration are known as Shlessinger-Stashefl’s
construction. In the papers below, we con-
structed similar characteristic classes for dif-
ferential fiber bundles as de Rham cohomology
classes through homotopy algebra, and related
to a certain graph complex. I also tried to prove
Milnor-Wood type inequality for characteris-
tic classes constructed as a certain obstruction

class for a family of homotopy algebras.
B. F&am X

1. T.Matsuyuki, Double graph complex and
characteristic classes of fibrations, Pa-
cific Journal of Mathematics, vol. 301,
no. 2, (2019), 547-574.

. T.Matsuyuki, of Cu-

characteristic

Obstruction

algebra models and
classes, math.AT:1809.00363, (2018).

. T. Matsuyuki and Y. Terashima, Char-
acteristic classes of fiber bundles, Algebr.

Geom. Topol. 16 (2016), no. 5, 3029—

3050.

4. H.Kajiura, T.Matsuyuki, and
Y.Terashima, Homotopy theory of
A-algebras and characteristic classes
of fiber bundles, math.GT:1605.07904,
(2016).

C. MEAFER

1. EF IV EEE L Milnor-Wood A%, H
KB 2MERAE DRI, BBAKT, 2020
£9H.

2. HFHZEM L UL To® Chen FHEDZERM, H
KB 2MERE IR, RINKE, 2019
H£9H.

3. Chen EF NVOEMEEOIAFERY —,
ZE[H] D AREHY - TR E TV & 2 DL,
fEMRZ, 2019 42 9 H.

4. Obstruction class of a deformation of ho-
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motopy algebra models, H A FERER,
HUR TR, 2019 4 3 A.

. Moduli space of Chen’s connections and
characteristic classes, Building-up Differ-
entiable Homotopy Theory, Ju /K%,
20194 3 H.

. Characteristic classes of fiber bundles

and homotopy algebra models, The 14th

East Asian Conference on Geometric

Topology, Peking University (AR

FIE), 2019 4£ 1 H.

Maurer-Cartan BRKEE L 7 7 A N —

ROBEEE BE+FE M-t I —,

Rk RF, 20194 1 H.

. Kontsevich ® 2 7 7K EHD Ik E
oy—, 2O~z oOnT, MLk 3
F—, BT, 2018 F 11 H.

. REME—REBETFTVOLEEREEL 7 7 A

N—HORMERE, FE =YV RYY

I, HURT2ER, 2018 4 11 H.

T7ryA4 7V —YavoRkEEe s s 74

1k, HABZESMERE IR, MILKRZ,

2018 4£ 9 H.

10.

MARRA Pasquale

A. WFFEREEE

My research activity is focussed on topological
states, in particular topological superconduc-
tivity in condensed matter systems, Thouless
quantum pumps in cold atoms, and on the var-
ious generalizations of the Harper-Hofstadter
model. In my research, I use analytical and
numerical methods such as the theory of tight-
binding models, the calculation of topological
invariants, transport properties, response spec-
tra, and perturbation theory. I acquired a the-
oretical knowledge of one dimensional topolog-
ical superconductors, Hofstadter-like systems,
and their generalizations. I implemented nu-
merical tools to calculate the band structure,
edge states, local density of states, topological
invariants, localization length, coherence time,

Josephson current, and other measurable prop-



erties.

B. FKHiC

. Topologically quantized

. Topologically

. Disorder-induced Thouless pumping of

ultracold atoms in an optical lattice,
S. Nakajima, N. Takei, K. Sakuma, Y.
Kuno, P. Marra, Y. Takahashi, preprint,
arXiv:2007.06817 (2020)

current in
quasiperiodic  Thouless pumps, P.
Marra, M. Nitta, Phys. Rev. Research 2,
042035(R) (2020)

nontrivial Andreev
bound states, P. Marra, M. Nitta,

Phys. Rev. B 100, 220502(R) (2019)

. Degeneracy lifting of Majorana bound

states due to electron-phonon interac-
tions, P. P. Aseev, P. Marra, P. Stano,
J. Klinovaja, D. Loss, Phys. Rev. B 99,
205435 (2019)

. Editorial for the volume Topological

states of matter:
tions, R. Citro, P. Marra, F. Romeo,
Eur. Phys. J. Spec. Top. 227, 1291-1294
(2018)

Theory and applica-

. A zero-dimensional topologically non-

trivial state in a superconducting quan-
tum dot, P. Marra, A. Braggio, R. Citro,
Beilstein J. Nanotechnol. 2018, 9, 1705-
1714 (2018)

. Controlling Majorana states in topologi-

cally inhomogeneous superconductors, P.
Marra, M. Cuoco, Phys. Rev. B 95,
140504(R) (2017)

. Fractional quantization of charge
and spin in  topological quan-
tum pumps, P. Marra, R. Citro,

Eur. Phys. J. Spec. Top. 226, 2781-2791
(2017)

. Signatures of topological phase transi-

tions in Josephson current-phase discon-
tinuities, P. Marra, R. Citro, A. Braggio,
Phys. Rev. B 93, 220507(R) (2016)
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. Decoherence  of

10. Theoretical approach to resonant inelas-

tic x-ray scattering in iron-based super-
conductors at the energy scale of the su-
perconducting gap, P. Marra, S. Sykora,
J. van den Brink, Sci. Rep. 6, 25386
(2016)

C. MEAFE&

. Topological nontrivial Andreev bound

states, double dimensionality, and syn-
thetic dimensions, University of Salerno,
Italy, 13 January 2020

. Topologically nontrivial Andreev bound

states, CMD2020GEFES,
Spain, 1 September 2020

Madrid,

. The Hofstadter model, fractality, and

topology, Graduate School of Mathemat-
ical Sciences, The University of Tokyo,
Komaba, Tokyo, Japan, 18 December
2019

. Topological nontrivial Andreev bound

states, double dimensionality, and syn-
thetic dimensions,
Japan, 21 August 2019

Kyoto University,

. Topological states of matter induced by

spatially modulated fields, Keio Univer-
sity, Yokohama, Japan, 17 April 2019
bound
states by electron-phonon interaction,
18th  RIKEN
change/Discovery  Evening,
Saitama, Japan, 1 March 2019

Majorana

Interdisciplinary  Ex-
RIKEN,

. Electron-phonon coupling in supercon-

ducting nanowires, 4th SuperFox con-
ference on Superconductivity and Func-
tional Oxides, University of Salerno,

Italy, 14 September 2018

. Fractional quantization of the charge

and spin transport
pumps, 16th RIKEN Interdisciplinary
Exchange/Discovery Evening, RIKEN,
Saitama, Japan, 11 November 2017

in 1D quantum

. Pinning Majorana states to domain

walls in amplitude-modulated magnetic



textures, TO-BE Fall meeting (To-

wards Oxide-Based Electronics), Ljubl-

jana, Slovenia, 29 September 2016
10. Manipulating Majorana edge states via
amplitude-modulated magnetic fields,
Conference of the Condensed Matter
Division, European Physical Society,
Groningen, Netherlands, 5 September
2016

= EA (MIURA Makoto)

A. HF7EI S
SHEEIXFEICHTE - Y ILSRADIZEIELY #
AZ. FHRBEBER I MTH T - Y I LRRIK
(AR, AT - YULKRIK) X, ZOA 1 T —
BORERPE D DT SRR o TRV, 2RIK
BARIZOVWTO THIFEE] &, BFEE»SBY
WEFPS SR Mk E RN TS, FEEE B
HMOF—2%2R57E3TH, I 7-/FEEES
Bhn AT —BOMADRD 72 &, BREN
T—RORHEN DLBIRT LI LN TE S,
LDl HIoNTWBE AT - VILERIKD R Y
VDT —RDIFLAE XN =V v I LEROM
HE & WS 722 —DD I I AN SH/LNEEDT
(ZN 721 T 30,000 Ml 2)., BEERTOT —
BR—=AFZRIEERNT WD L EDE 5 2574
W, ZZTEHEEIZ. NI - YILHREKD Ky
VDT — R R— A% KIGIZIEIRT 5 728 DHi5E
WCHUD MLA S, BARIIZIE, — D HA Y — R
2T B EELRARIZ B WTEZERY MLRED 5
ERNLLUTHBRINEATY - YUEHAKEZH
BIZED, TOFRYy VHERTEHESTL WS T
oY/ hEEDE, ik, EAKIZIZTYa
VRIS 5 AR 2 b IVRS 2 £ B % W
TEHALHETLZLWIFTTH DA, HERIC
FOWRETEH D, FEBOKEL LTIE AN
7 MIVRIIOF OFEM % BEE LIRWEHHIZ DWW
T, AEWERETRy VBEHET S s S
LEEDZENTER, ZOMFKEFOY T b Y
TEMAWT, FBLHLIIINETIZAShTY
Mo 2 BIANEL T 5 A VA RREDHIZH B Y
=B DATE YT LERRD KA %
R, VTV v ERT U,
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The geography of Calabi-Yau 3-folds have
attracted interest from both mathematicians
and physicists, although it is still not known
whether the Euler numbers of Calabi-Yau 3-
folds are bounded or not. Even among the
known database of Calabi—Yau 3-folds, we can
observe many characteristic features of the dis-
tribution like the biased ratio between the even
half-Euler numbers and the odd one, as well
as the mirror symmetry. However, most of
the known Hodge data of Calabi-Yau 3-folds
are coming from a specific type; hypersurfaces
of toric 4-folds, which is around 30,000 data.
Thus, the present database lacks diversity and
seems unsatisfactory for discussing the genuine
geography of Calabi—Yau 3-folds. Based on this
motivation, this year, I have been working on
the research to expand the database of Calabi—
Yau 3-folds. More precisely, I have been work-
ing and made some progress on the project to
compute all the Hodge numbers of Calabi—Yau
3-folds that are described as complete intersec-
tions of equivariant vector bundles on homo-
geneous spaces for semi-simple Lie groups in
general. This is basically a calculation of spec-
tral sequences associated with the Koszul com-
plexes using representation theory, but there is
a difficulty due to the computational complex-
ity either. As a result at this stage, I have
created a computer program to calculate the
Hodge numbers at a reasonable speed when the
morphisms in the spectral sequences are sim-
ple enough. My coauthors and I have applied
this developing software to investigate Calabi—
Yau 3-folds of Picard number one in exceptional

Grassmannians and revised a preprint.

B. %R

1. Daisuke Inoue, Atsushi Ito and Makoto
Miura, I-functions of Calabi—Yau 3-folds
in Grassmannians.
Theory Phys. 11 (2017), no. 2, 273-309.

. Makoto Miura, Minuscule Schubert vari-

Commun. Number

eties and mirror symmetry. SIGMA 13



(2017), 067, 25 pages.

. Atsushi Ito, Makoto Miura, Shinno-
suke Okawa and Kazushi Ueda, The
class of the affine line is a zero divi-
sor in the Grothendieck ring: via G-
Grassmannians. J. Algebraic Geom. 28
(2019), 245-250.

. Makoto Miura, Complete intersection
Calabi-Yau threefolds in Hibi toric va-
rieties and their smoothing. Algebraic
and Geometric Combinatorics on Lattice
Polytopes, (2019), 280-295.

. Daisuke Inoue, Atsushi Ito and Makoto
Miura, Complete intersection Calabi—
Yau manifolds with respect to homoge-
neous vector bundles on Grassmannians.
Math. Z. 292 (2019), 677-703.

. Atsushi Ito, Makoto Miura and Kazushi
Ueda, Projective reconstruction in alge-
braic wvision. Canadian Mathematical
Bulletin, 63(3) (2020), 592-609.

. Atsushi Tto, Makoto Miura, Shinnosuke
Okawa and Kazushi Ueda, Derived equiv-
alence and Grothendieck ring of wvari-
eties: the case of K3 surfaces of degree 12
and abelian varieties. Sel. Math. New
Ser. 26, 38 (2020).

. Makoto Miura and Kazushi Ueda, Spher-
ical 2-Designs as Stationary Points of
Many-Body Systems. Graphs Combin.
37 (2021), no. 2.

. Atsushi Ito, Makoto Miura,
suke Okawa and Kazushi Ueda, Calabi—
Yau complete intersections in excep-
tional Grassmannians. arXiv:1606.04076

[math:AG] (replaced in 2021).

Shinno-

C. HEHFEE

. Higher dimensional multi-view geometry.
Current Topics in Algebraic and Sym-
plectic Geometry, FHEKZ: 201743 H 9
H.

. (1) Derived

Grothendieck ring of varieties.

and

(2)

equivalence
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10.

. 27 lines on a cubic surface.

Projective reconstruction in algebraic
vision. [EJ#IH, IBS-CGP, 2017 4 12
H 12 H.

. Hibi toric varieties and mirror symmetry,

Algebraic and Geometric Combinatorics
on Lattice Polytope, KB K%, 2018 4F 8
H1H.

. Multiview varieties and reconstruction

problems. Algebraic geometry and com-
puter vision (SS-09), Joint meeting of the
Korean Mathematical Society and the
German Mathematical Society, #EY 7
)V, COEX, 2018 410 H 6 H.

FEELRR EOFEBER PR E, FD5E

ERNIZOVWT. T—2ovay S TRE%
f & RBlGm) , @INKFE, 20191 H9
H.

. Looking through high-dimensional cam-

eras. BK21 PLUS distinguished scholar
colloquium, & E KRS, BELKFRE, 2019
412 H 20 H.

IV FE o =AM AR RE R L
F— (FvF4v) , Wl KRE, 2020 7
H 28 H.

Three W’s
Seminar (online), KIAS, 2020 4£ 9 A 7
H.

. Reconstruction problems in algebraic vi-

sion, Workshop on “Recent develop-
ments on inverse problems for partial
differential equations and their applica-
tions", RIMS (online), 2021 4£ 1 A 8 H.
4 RoeEF OFHRBMERICH T T, V-2
Yav 7 IVREAWEA VRS T4 7
REUOEREL , JUMKRFE IMI (> F 4
V) , 202142 H 9 H.
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Fix DC1, DC2 : HAZ kI - FjlifsE A DC
FMSP a—24 : B¥7vr 547 - V=T« VI R¥ERE IO T 5 La—RE

Y 3 4% (Third Year)

®R &Z (INATSUGU Haruhiko)

A. T

REEX, Vv v T2 EOHERM iR OHE
HEREEERIZ DWW, fREHE L OILFEHETHES
NEEREZ 2ROV Yy —F VIR T L LD
2, TS R LM IZE L O, IFEENEILLA
TD 2 D2IZKAETN5,

B2, NI A MYy I REEDOD & TOMEHIE
HHEERE LT, Yy v T2 E0HRMs HERD
PEECH (R 74 V7 1) OXF A= H#ftEDM
BaH o7z, RITAVT 1 - NTA—XDOHE
ZHloTlR, T—RIZEEND Y v v FI3H#E
REKRESEDIHERL D, ZORRN MR
- BRE D FGIED Bl - EHON S5 RkD 5N
T\, ATFETIE. TOHMEZERT 572D
FLOWAEE LT, BT —X2TRTEHWT,
BT REWEN T — X EMILT 2 TREWT 1L
& —] (global filter) D 5iEZEHEA L., £ DHGRM
MEZHSMIZUZ, £DD AT, TNZELL
RN OPSHAIIZED A, RTIT 14V T 1485
A— R OERAEHERD X O~ XHiEmo—HiE
BEICHREERMEZFEH L2, £72, BfEY I 2
L=y a itk o T, RFEEPBEFEMELD D
Vv VT ERGRADOLEMIRETE, HOR
TTAVT 4 - NTA=RELDEREICHEETE
2oz, AFEOFHAMZRLZ,
ARWFGEIEY ¥y —F IV TZHIN, AINEFTE
Th5 1],

BT, I UNRTANY w I RBED T T, Kk
M7 4NV E—DHEIZE>T, Vv Ta2E0H
RYHFRRNIHT BRI F 1V T 1 OFFIE
“global threshold realized volatility" % 2% L.
Z O —EE B KON ERME (ZECR) % GERH U
7o TDIDZT,BUAY I 2L —vavil&oT,
Bk% 72 r — 20128\ T GRV 27 FiE (bipower

variation, minimum realized volatility) % A
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BHREE SO L 2R LT, AWED 1LY
v —F R TH B (2.

I worked on statistical inference theory for
stochastic differential equations (SDEs) with
jumps. I submitted two co-authored papers
with my supervisor and wrote the doctoral dis-
sertation by combining them. Our results are
twofold.

First, we dealt with the problem of paramet-
ric estimation of volatility parameter for SDEs
with jumps. In estimating the volatility pa-
rameter, jumps in the observations distort es-
timation results greatly and hence more effec-
tive schemes to detect and eliminate jumps are
needed both theoretically and practically. To
this end, we proposed the new method, which
we call “global filter", that makes use of all
observations to detect increments that should
be eliminated, and proved its theoretical prop-
erties. Moreover, we applied this method to
the framework of quasi-likelihood analysis and
constructed the maximum likelihood and the
Bayesian estimators for the volatility parame-
ter. We showed their consistency and asymp-
totic normality. By numerical simulations, we
showed that our new method eliminates jumps
and estimates true volatility parameter more
effectively and stably than previous methods.
The paper reporting these results is already ac-
cepted and is to be published [1].

Second, in the nonparametric setting, we ap-
plied the global filter to obtain the new esti-
mator of integrated volatility, “global thresh-
old realized volatility" (GRV), for SDEs with
jumps. We proved its consistency and asymp-
In ad-

dition, we conducted numerical simulation to

totic normality (stable convergence).



show that the GRV outperforms the previous
methods (bipower variation and minimum re-
alized volatility). We submitted the paper re-

porting some of these results [2].
B. F&&KiX

1. H. Inatsugu and N. Yoshida : “Global
jump filters and quasi-likelihood analysis
for volatility", Forthcoming in Annals of
the Institute of Statistical Mathematics.

. H. Inatsugu and N. Yoshida:“ Real-
ized volatility with a global jump filter
forhigh intensity of jumps', Submitted to

Bernoulli.

#EIl &KX (INAYAMA Takahiro)

(%18 DC1)

(FMSP 21— 2:)
A. TR
L2 3PN, L2 SRR, RO T M VRORFR
TV I — bR E Vo 75 A FUMTIZE L T
5. AEBFEIZATOBEEE-.
(1) WEAERE, M &K e OILFEMEIZE VT
twisted Hérmander condition &\ Z&ff:% & A
U, 23 Griffiths P IEMEMEZRTZ L Z2GEHL
TW/z. Z D% Deng-Ning-Wang-Zhou I, ## 5
MRFEIIH U T, 20540 EEN % R
TZEERMALE. EFIIOMEEISHL, X
7 MVHR DRGNS B R AR DO E
1 ORELL ZORED T, P EMEAR KRR
FAHREZRONRY MVRRHRO 3 RE D Y — DK
EHAGEA U2, Zhid, Nadel #, Griffiths #4,
KO BRI O IEE LD — (LI HHYS 5.
(2) Berndtsson, #l¥7-%%, Deng-Ning-Wang-
Zhou FEDWZEIZ £ 0, H 5FD Hormander E
DFB AL T 5 Z & &, FHRI’IEMME2Z R
ZEeWEETH B DR ONTWVWS. EHIX
ZOMEEMLUED, (n,q)-FRITx LT Hor-
mander B0 L2 FHHiA K O LD Z & &, GHEM
uniform (g — 1)-positivity & FEX 5 EfEME % £
DIZEWAMETHEZ L ERLT.
(3) (MFF LRI & DILEMFLE) (E,h) 2T b
WK E & 20 Lo Griffiths # EEZRGHE L §
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52%E (SME ®det E,S™h ® deth) L
EEiERZehHonTtnwsd. 222
75 (SME @ det B, S™h @ det h) £7%8(, 721
(S™E,S™h) (R D L? FHAX L? IhiEEE L
JFondn, ZnoDEMED (E,h) @ Griffiths
PIEMEE e 2TRMEIZRD Z 2R U, 2Tk
Griffiths - IEE 7R FHRIZ 02 i 72 22 BT ) %
BE27-Z8iZh 5.

I study L2-esimates, L?-extension and singular
Hermitian metrics on holomorphic vector bun-
dles. I obtained the following results.

(1) I introduced the twisted Hormander con-
dition last year with Genki Hosono, and
proved that this condition implies Griffiths
semi-positivity. After that, Deng-Ning-Wang-
Zhou proved that this condition implies Nakano
semi-positivity for smooth Hermitian metrics.
Applying this result, I propose a definition
of singular Nakano semi-positivity, and prove
Demailly-Nadel-Nakano type vanishing theo-
rems.

(2) It is knwon that a certain kind of Hérman-
der’s condition is equivalent to the positivity
of metrics, due to Berndtsson, Hosono-Inayama
and Deng-Ning-Wang-Zhou. I generalize these
results for partial positivity. I show that this
Hormander type condition for (n,q)-forms is
equivalent to uniform (¢ — 1)-positivity.

(3) (joint work with Genki Hosono) It is known
that if (F, h) is Griffiths semi-positive, (S™FE ®
det E,S™h ® deth) is Nakano semi-positive
Then L2-estimates and L2-
extensions hold for (S™E ®det E, S™h®det h)
and (S™E, S™h). We prove that all these con-

ditions are equivalent to the Griffiths semi-

for m > 1.

positivity of (E, h). This work gives a new char-

acterization of Griffiths semi-positivity.
B. F#Ew X

1. Takahiro Inayama : “L? estimates and
vanishing theorems for holomorphic vec-
tor bundles equipped with singular Her-

mitian metrics", Michigan Math. J. 69,



(2020), 79-96.

. Takahiro Inayama : “Curvature currents
and Chern forms of singular Hermitian
metrics on holomorphic vector bundles",
J. Geom. Anal. 30, (2020), 910-935.

. Genki Hosono and Takahiro Inayama :
“A converse of Hérmander’s L2-estimate
and new positivity notions for vector
bundles", Sci. China Math. (2020),
(DOI: 10.1007/s11425-019-1654-9)

. Takahiro Inayama : “From Hoérman-
der’s L%-estimates to partial positivity",
arXiv:2008.08287, accepted for publica-
tion in Comptes Rendus Mathématique.

. Takahiro Inayama : “Pseudonorms on
direct images of pluricanonical bundles",
submitted, arXiv:1910.05771.

. Takahiro Inayama : “Nakano positiv-
ity of singular Hermitian metrics and
vanishing theorems of Demailly-Nadel-
Nakano type", arXiv:2004.05798.

. Genki Hosono and Takahiro Inayama :
“A remark on characterizations of Grif-
fiths positivity through asymptotic con-

ditions", submitted.

C. HEHFEE

. L? estimates and vanishing theorems
for holomorphic vector bundles equipped
with singular Hermitian metrics, H &K%
T 2018 EEF S, HEKT, 2018 4 3
H.

. A converse of Hérmander’s L2-estimate
and new positivity notions for vector
bundles, Workshop on Complex Analytic
and Algebraic Methods in Dynamics, K
BTNz K:, 2019 £ 1 H.

. The twisted Hormander condition and
new positivity notions for vector bundles,
fEMTRM Y2 I 5 —, HEHEBKRY, 2019
£ 4 H.

. New positivity notions for vector bun-
dles (short communications), HAYAMA

Symposium on Complex Analysis in Sev-
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eral Variables XXI, Shonan Village Cen-
ter, Hayama, July 14, 2019. ()

. Positivity of singular Hermitian met-
rics on vector bundles, Young Mathe-
maticians Workshop on Several Complex
Variables 2019, KPiZ K%, 2019 4F 9
H.

. Pseudonorms on direct images of pluri-
canonical bundles, £ Z#EHBGwRL ¥ 2
F—, HALKF, 2019 4 12 H.

. ZEEEROIEGIE IS T 585/ VLIt
WT, HARF 2 2020 FEF R, HAKRZ,
2020 4 3 H (R IZEOCGEEIXRE).

. Nakano positivity of singular Hermi-
tian metrics and vanishing theorems of
Demailly-Nadel-Nakano type, # 3% f##fr
BTt I —, RER, 2020 4 7 H.

. From Hérmander’s L?-estimates to pos-

itivity, 2 26 FIEREM S VR TT L X

v I 4 v (Zoom i), 2020 4F 11 H.

L? BERIZ & 2 IEfEME ORI & Z D)k

M, Z2EBEBGRETA Y 71 VilR=,

* > 74 v (Zoom i), 2020 4 12 H.

10.

i

G.
WHRERHRE, AR, 2018 4 3 H.

%

I

B —t8 (KANNAKA Kazuki)

(%% DC1)

(FMSP 21— %)
A. fFFEBEE
5 (p,q) D C® HOIEBILKFRAARE T >
VYIVEET D O ML kEEEY — < v SRR
IR, FIZADHSH ¢ 0 DRY —< &k
1 ORu— LV Y YERRIREIEIENS, V-
VERRIRDEE L RFRICEYD — < VS RRMRITIE S
TIVTVEMEND ZROMAMMERAENERS
nNd, V=<VEEDT 7527 »IdKEHEI
DERZETH BN, a—L U YEREDS TS5
T AIKEM BT R S B A EETH D |
Z DEE B DEVERMEE X LR T > Ry
MTHBHE, i LTIRIFEAZHSNT
WA, INRBET IR Y — < v SRl e BOR R



ZEIZBWT, I 75T vEED TWERZ)
W VeI 38 % FN 72 KIS RAT DR 2 BlGA L.
K% Fanny Kassel K& OEFRIFFZETWHL DD
BARWFERE G 272, HIZEH 2R 7%58) —<
VIRARE B FRERIIR LTS TV T v D
5E [ A % SEBRAE S FL L 72,

Y —~ YRR RN R ZE R O T H . Wrifidh
L 1 OEMET— L VY ERIKIZE R - Yy
R—ZRARCIFEN S, K 3Rt A. BE
RREBFEPH SN TWD, HIRETIE, 3R
TEDR R+ T B —ZhRIRDHT 72 78 KISk %
ERU, BonfR (BRI 3,4) 2L
XL TEedHT,

FRMX 3 T, 4 DDELI»S ) — B
SO00(2,2) DIERAEKDOE N BEEFEKL L, T D
KR - ¥ w & =281 S00(2,2)/S00(2,1) ~D 1
FH D A A e M - RAS Efe M D A2 & & A
OHHEZEE 2 HAVWTER 2, T5IZFDO—DD
fie LT, BMALTOMKEMERIZKREL RS
k7 AR 2 R U 7,

FERAML 4 T IV MR - Uy X =L Rk
DTV T VOMERARY N T LD (L2-) EE
BIZOWTHERELZ, HRE m PRELBE
mBHIFY, EAMBE LT d4m(m — 1) 2FOEA
B EIRIZ % SRR T &, X 512 Z DRERIZR
K- Vv X —EDOERIZE U TLERNTHHH
ZEEHA L 72,

A pseudo-Riemannian manifold is a C°°-

manifold equipped with a smooth non-

degenerate symmetric bilinear tensor of signa-

ture (p,q)
and Lorentzian if ¢

It is called Riemannian if ¢ = 0
1. As in the Rie-

mannian case, a pseudo-Riemannian manifold

has a second-order differential operator called
the Laplacian. The Laplacian of a Rieman-
nian manifold is an elliptic operator, but the
Laplacian of a Lorentzian manifold is not el-
liptic but hyperbolic. In the Lorentzian set-
ting, the eigenvalue distribution of the Lapla-
cian are rarely known when the manifold is
compact. Toshiyuki Kobayashi initiated global
analysis on pseudo-Riemannian locally sym-

metric spaces using “intrinsic” differential op-
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erators such as the Laplacian. He gave some
basic results in collaboration with Fanny Kas-
sel. For example, they found infinitely many
stable eigenvalues of the Laplacians of special
pseudo-Riemannian locally symmetric spaces.
Among pseudo-Riemannian locally symmetric
spaces, a Lorentzian manifold with constant
sectional curvature —1 is called an anti-de Sit-
ter manifold. There are a rich family of anti-de
Sitter 3-manifolds. In the doctoral course, I
pursued new global properties of anti-de Sitter
3-manifolds, and summarized results obtained
in Papers 3,4 as a doctoral dissertation.

In Paper 3, I constructed infinitely gener-
ated subgroups of the Lie group SOg(2,2)
from a quadruple of sequences, and found a
properness criterion and a sharpness criterion
for their action on the anti-de Sitter space
S00(2,2)/S00(2,1) using asymptotic behav-
iors of sequences. As a result, I constructed dis-
continuous groups for the anti-de Sitter space
for which the asymptotic growth of the count-
ing is as rapid as we wish.

In Paper 4, I considered the (L2-)multiplicity
of discrete spectrum of the Laplacian on com-
pact anti-de Sitter manifolds. I proved that the
larger the natural number m, the more eigen-
functions with eigenvalue 4m(m — 1) are con-
structed, and that the construction is stable un-
der any small deformation of the anti-de Sitter

structure.
B. F&#KGm X

1. K. Kannaka, X F - Vv X —ZZ[Ei2 B 1
% fERRAE R D IR A E M 2 B S W H DA
HRBOHEOR X LIFIizo2nwT, FAK
FRORMEN I FEAT 508k 2103, KHiw &
PRI, A, fRRT %2 & < 2 38R (F7eRE
. JRRIA (BB K)), 2018, 43-59.

. K. Kannaka, On the discrete spectrum
of a certain non-sharp locally anti-de Sit-
ter space, IREBKFEIRMENT A FE AT A FE IR
2136, (RIER, (RILKRBL & Z D JEL (fF
FfREE: ERIE (RIRK¥)), 2019, 11



pages.

3. K. Kannaka, Counting orbits of cer-
tain infinitely generated non-sharp
discontinuous  groups for the 3-
dimensional anti-de Sitter space, 27
pages, arXiv:1907.09303v2.

4. K. Kannaka, Linear independence
of generalized Poincaré series for
anti-de Sitter 3-manifolds, 18 pages,
arXiv:2005.03308.

C. HEAFER
1 KK - ¥y & —22l 2 R AR 1 oD 5

G 2 E e\ b B AR RO BE D
ﬁ&i FizonT, “) —< VEICEE S 5
RIFHRATZE” ) BREURZE R B LR 2 55
B, 2018 458 H.

. #X “Poincare series for non-riemannian
locally symmetric spaces ", F. Kassel and
T. Kobayashi(2016) ® 3 IRt K - ¥
v X — MR 5 72 f , Workshop
on “Actions of Reductive Groups and
Global Analysis”, FIEKZEREREE I
F—nI A, 2018 4 8 A.

XK Uy Z—ZERNT B B R AE A D iR
R %A X 72\ B AR O BLE
OEZ EFIZ2o0nT, A AR Y —%3
7 —, FESRFE R BT REL 2018 4
12 H.

. On the discrete spectrum of a certain

h

“

non-sharp locally anti-de Sitter space,
B, REIRBL L O RFL” (R
F: AW (SINKT)), HE K LR
f5EAT, 2019 4£ 1 H.

LR YUy R—ERICE TS, HDSMERE
FROREGEHOHEDOZ EIFIzDonT,

M) —~ VI - ANdfihtam ] roesEs, 5
FHKS2, 2019 4 2 H.

. @ X “Proper affine actions and geodesic
flows of hyperbolic surfaces”(W. M.
Goldman, F. Labourie, G. Margulis,
2009) D #A4r, Workshop on "Actions of
Reductive Groups and Global Analysis",
HRAZERERE I =17 A, 2019
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£ 8 H.

CRBFR R - VY R —EEHOHERA R - S

LOEBEIZOWT, LEEGE I > —,

SIRKFYTI4 T FH, 2019 £ 10 A.

RBVSTR=INPAL/A N = B VAV 7+ JINOT: 354

AR [T LOBEMBEIZDOWT, 2019 FE

KEHWY—rvay 7, REINhD V2

(BEUESIAEZE 2 v &2 —) |, 2020 4E 1

H.

. The multiplicity of discrete spectrum
for 3-dimensional Lorentzian manifolds,
East Asian Core Doctoral Forum on
Mathematics 2020, Kavli IPMU, Tokyo,
January, 2020.

10. “Quotients compacts des groupes ultra-

mATtriques de rang un” (F. Kassel) ®

# /v, Workshop on “Actions of Reduc-

tive Groups and Global Analysis”

seminar, 2020 4 8 H.

, Zoom

=14

G. ZE

2018 4 3 A HHBZMEREE, KA KFERYE
BB Rl o B

itH B (KITAOKA Akira)
(FMSP 22— 24:)

A, TZEREEE

SAEIZ, L v X2 _E @D Rumin KO KT HY
RRE ke DWVWTHFHNT,

BEZRRIRIZ BT, ke(0) IZEMAERTH 5,
Rumin & Seshadri % 3 ¥kt ST-FERAF &4k % K
SRR EIZBWT ke(0) =0 2R L7z, — AT,
Rumin A (TBET 2 TR E Te X ke %
HWTEHINTE L., 3ot S-IERT &k~
ARERE EIZBWT, Te & Tyr DLW Z D
Rumin & Seshadri iZ &k > CEEHHEI Nz, TH 5
DEXDP—RDOR T TELWRE S P EEZ DD
XEARTH 5,

70 4£D Ray DFmL & Littlewood-Richardson
DARZIGHTZZ ik, 2=€EYVaF—k
0/ I=DFETEZRIMUVNYRVE Dk %
Hurwitzze B8 OAERHO TEKMIZEEZ R I &
R U7z, B2, LY X528/ BT, ke(0) =0



%i?b\ Tg @1@%6&%be0 ﬂﬂi’C\ Tg ODTdR
Bz ED, PRI TWAERITBEREZRK
F7=,

In this year, I research the analytic torsion func-
tion kg associated with the Rumin complex on

the lens spaces.

On contact manifold, x¢(0) is a contact inveri-
ant. Rumin and Seshadri showed that x¢(0) =
0 on 3-dimensional Sasakian manifolds with S-
action. On the other hand, the analytic tor-
sion Tg¢ associated with the Rumin complex
is defined with k¢, and the torsion Tg agrees
with the Ray-Singer torsion Tyg for flat bundles
with unimodular holonomy on 3-dimensional
Sasakian manifolds with S'-action. It is natu-
ral to ask whether such relations hold for higher

dimensions.

With the Littlewood-Richardson rule and a pa-
per of Ray, on flat vector bundles with a uni-
modular holonomy over lens spaces, I expressed
explicitly the analytic torsion functions associ-
ated with the Rumin complex in terms of the
Hurwitz zeta function. As a corollary, I showed
ke(0) = 0 and I determined the analytic tor-
sions. Moreover, we give a formula between

this torsion and the Ray-Singer torsion.
B. F&FKGm X

1. A. Kitaoka :“Ray-Singer Torsion and the
Rumin Laplacian on lens spaces”, avail-
able online at arXiv:2009.03276.

. A. Kitaoka
ated with the Rumin complex on contact
spheres”, Internat. J. Math. 31 (2020),
no.3, 2050112.

. A. Kitaoka

: “Analytic torsions associ-

: “Analytic torsions asso-
ciated with the Rumin complex on
contact spheres”, available online at

arXiv:1911.03092.

C. HEaFEE

1. Analytic torsions associated with the
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Rumin complex on contact spheres,
&  Poisson
Seminar, University of
UrbanadASChampaign. 2020 4 3 H 2
H,

. Analytic torsions associated with the Ru-

Symplectic Geometry

Illinois  at

min complex on contact spheres, #3%3%
fal 39—, HORKE, 2019 12 H 9 H.

. An analytic torsion associated with the

Rumin complex on the CR sphere, Young

Mathematicians Workshop on Several

Complex Variables 2019, KBX I K%,

201949 H9 H,

Analytic torsions associated with the

Rumin complex on contact spheres,

HAYAMA Symposium on Complex

Analysis in Several Variables XXI,

Shonan Village Center. 2019 4 7 H 14

H,

. An analytic torsion associated with the
Rumin complex on the CR spheres, 2018
g SEBEBGRA 2 I —, RIRHZ
KEKRZE, 2018 4 12 H.

. Eigenvalues of Rumin-Seshadri laplacian
on spheres, Berkeley Tokyo Summer

School Seminar, University of California,

Barkeley, 2017 4E 8 A.

The Rumin-Seshadri torsion function on

the spheres, HAYAMA Symposium on

Complex Analysis in Several Variables

XX & Pacific Rim Complex-Symplectic

Geometry Conference, Shonan Village

Center, 2018 £ 7 H.

. B E® Rumin-Seshadri fR=REEL, K
ANt IS —, AR, 2018 4£ 2 H.

AH ER (KIMURA Mitsuaki)

A THFEHIE
1982 £ Gromov DFHXUAE, HER I FET Y —
W OMBEEIZL > TSR INTE . L



MU, ~RIZIFERIFEO Y —DHAIZNET
HD. EBURBOGHE®EZ2 5. 2IRARIKE
0=k, BEYEE T & X B R R o SR B R
ERAWTHERRL SR EINTE 2. 3IRAER2
FEBRY—IZD0WTI, HHEHPMEEICXL 2080
EREZRE, LIXS KHERVPMEP o720, 224
HETWLSDOPDOBEENETET WS,

Tk, MARMBEEOFR ITERY —-B L0
BRHERIELZ DWW TS 2 175 7=,

o (JIIIGRS @ G & DILFETE) G- A A HHEH
MW 5>#s2EAL, TOMELIGH
ZDOWTHARN, G-AZEEAER RN T
% Bavard W EH ZFEH L 72, 72, #
YRR DRI O W T H R, g > 2
D& E, Ham(3,,w) £D Sympy(X,, w)-
AEFHERT CTd 5 Py @ Calabi M
T1E, Symp(Sy,w) EICHERL AW 2 &
FRUEZ RELULT, 77 v AMERR
Sympy(Xy,w) — H'(Z,,R) U)K #E[H
BEinwl a2 Rz GiX2)
Brandenbursky & Marcinkowski O ## 5
DR Z AT o 7=, 1% 513 A BRAKEL 5T i
V=< VLRI M O & 2 FEOEHMEE Ty
D3IRERIRER Y — HY(Ty) T2
WTHAN, (M) 25 T+o8EH] e &
dimg H} (Ta) BERTH B Z L 2R LT
Wiz BxE, S ORER & SRR 22
DS BGEITHER U2, T D7dIT ) VA
flflarEa Y- WO MERZEEAL .
(G 3)

a7 MHRE X O mEAER S R
BE Gy ® 3XAERIFEVY— HP(Gx)
WDOWTHAN, EEOE X 1220 T
dimg HP (Gs) BERTHZ Z L 2R LT
Brandenbursky & Marcinkowski @ #% 5
&0, x(B) <0 DHBERAN—ZINT
Wz x(B) > 0 OEGEDFE-> T\, Z
N% WS % 7212, Gambaudo-Ghys #
D SR ZE TR L, AHIC & 2 BT
Ho—#bznmU77z. (i 4)

7w, ISEGEL, B FMIAR, R AR 0
FERMRIC LD, LA K & DI S
ESITRELEEENESNT WS, (X 5,6)
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Since Gromov’s seminal paper in 1982,
bounded cohomology has been extensively
studied by many authors. Although, the com-
putation of bounded cohomology is difficult in
general. We consider the real coefficient case.
The second bounded cohomology has been rela-
tively well studied by using a real-valued func-
tion on a group, which is called a quasimor-
phism. Except the early works of Yoshida and
Soma, it seems that there have been few results
on the third bounded cohomology for a while,
but several results have appeared in the last few
years.

We study bounded cohomology and quasimor-

phisms on certain diffeomorphism groups.

e (joint work with Morimichi Kawasaki)
We introduce the notion of G-invariant
quasimorphism and study its properties
and applications. We prove Bavard’s du-
ality theorem for G-invariant quasimor-
phisms. We also study the extension

We show

that Py’s Calabi quasimorphism, which

problem of quasimorphisms.

is a Sympg(X,,w)-invariant quasimor-
phism on Ham(3,,w), does not extend
to Sympy(X4,w) if g > 2. As a corollary,
if g > 2, we show that the flux homomor-
phism Symp,(X,,w) — H'(Z,4,R) does
not have a section homomorphism. (Pa-
per 2)

We generalize the result of Branden-
bursky and Marcinkowski. They studied
the third bounded cohomology Hj(Tar)
of a certain transformation group Tas
on a complete Riemannian manifold M
of finite volume. They proved that
dimg H3(Ty) is infinite if m (M) is
“complicated enough”. We extend their
results to the case where the volume of M
can be infinite. To do this, we introduce
the notion of norm controlled cohomol-
ogy. (Paper 3)

e We study the third bounded cohomology

H}(Gs,) of the area-preserving diffeomor-



phism group Gy on a compact surface
Y. We show that dimg HP(Gs) is infi-
nite for every surface ¥. Although the
case x(X) < 0 is covered by the result
of Brandenbursky and Marcinkowski, the
To deal with

this case, we define a higher-degree ver-

case x(X) > 0 remains.

sion of Gambaudo—Ghys’ construction
and prove the injectivity theorem, which
is a generalization of Ishida’s result. (Pa-

per 4)

In addition, the joint work with Morimichi
Kawasaki, Takahiro Matsushita, and Masato
Mimura has yielded results that are further
developed from those of the above-mentioned

joint work with Kawasaki. (Paper 5, 6)
B. F&Em X

1. M. Kimura:

norms on the commutator subgroup of

“Conjugation-invariant

the infinite braid group”, J. Topol. Anal.
Vol. 10, No. 02, pp. 471-476 (2018)

. M. Kawasaki and M. Kimura: “G-
invariant quasimorphisms and symplec-
tic geometry of surfaces”, to appear in
Isr. J. Math.

. M. Kimura:
homology of transformation groups”,
arXiv:2007.02649

. M. Kimura:

“Norm controlled co-

“Gambaudo—Ghys con-

struction on bounded cohomology”,
arXiv:2009.00124

. M. Kawasaki, M. Kimura, T. Matsushita
and M. Mimura: “Bavard’s duality the-
orem for mixed commutator length”,
arXiv:2007.02257

. M. Kawasaki, M. Kimura, T. Matsushita
and M. Mimura: “Commuting symplec-
tomorphisms on a surface and the flux
homomorphism”, arXiv:2102.12161

C. ML

1. Conjugation-invariant norms on the
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commutator subgroup of the infinite
braid group, Geometric Analysis on Dis-
crete Groups, RIMS, Kyoto Univ., May-
June, 2016

. Conjugation-invariant norms on the
commutator subgroup of the infinite
braid group, Rigidity school, Nagoya
Univ., July 2016

.G AERER B & Bavard W, #(
TGSA & I —, BEKRY¥, 2019 4F 12 H

. B akERrY— EDO Gambaudo-Ghys
MRk, HALKS O H & 3 9 — 2020, 2020 4
10 A4

. B akEnY— ED Gambaudo-Ghys
MR, TR AR Y -2 3I)F— HET
FEARF, 2020 410 A

- BRSO REFOFRIRER Y —,
W bRoY—¥ 35—, HEKFE, 2020
F£11H

. i O R RO A a ke R
V—, EEHEORME L DI, 2020
£ 12 H

. Bounded of
preserving diffeomorphism groups, bR
0y — Kt I —, BHE K, 2021 £ 1
H

. Norm controlled cohomology of transfor-
mation groups, #EfiliEE, KR, WO 5
AR ZDAEE, 2021 41 H

cohomology volume-

$5K % (SUZUKI Masamitsu)
(%4 DC2)
(FMSP 21— 24:)
A. TS
M < KT B IR I & R D AL SOSHE A FE R
DOJHMERE (P SUERE) 258 U7 (1%
FKam X =2 FIIMEIZ (1], 2], 3] £ 5 5).
RTOFMIXIZBEWT, RO AT & AT
ZPRET BB OB &M EF2 2L 2 H
eds.
(1] & [2] T, PATFOES SRR 255



5.
Oru = Au+ f(u,v) in Q% (0,7T),
O = Av + g(u,v) in Q% (0,7),
u(z,t) =v(z,t) =0 on 90 x (0,7),
u(z,0) = uo(z),v(z,0) = vo(z) in Q.

2T, QIFREERY £ L<IE, C? OB
ZR/ORN NOERMEK, N>1, T>0TdHhD,
FHREE ug & v 1ZFFA LT 5. FHAER 2
T\WGE I, BEREEERERS L.

1] Ti&, f(u,v), glu,v) BENETH v DA, u
DHIMIFT 284 (weakly coupled system T
HEGE) #ERTE. Q=RN &L, f(u,v),
g(u,v) ZZNEFN g(v), flu) &T 5. f,g DH
LT (f(u),g(v) = ("), p>1,q2>1
NEFO5NDE. FMITE ARG N4 & LR %217
W, W R AR DAFAE & IEAFAE DAL R 2 15 7.

[2] T, f(u,v) = ePrvtP2V g(y, v) = enr¥tazv
DEEEERTS. Q& RY LI, C? o5
FRafEo RN NOFFIERE T 5. p1,p2,q1, 02
2T 0 ET, (p1,p2) # (0,0), (q1,92) #
(0,0) THBLT5. (p1,p2,q1,q2) DETOH
AEHEIIH U T, KERFROFIE L FFEE
EMEICIRE T 2B O RS M 257, Ik
MR OFIECE LTk, (R RArR 2 AR
DEHFEL T D L) £iE-)Il E-Sierzgga (2016) T
KIN=T AT T E2HAWGE & AR TYIHRIRK
ML EWHFETING Z L 2R UK. BRIIZ
AT D HIETREAEPIEFLEP ZHETE
RN, AR D EEHE WS L HET E 54
W OB 22T, X512, REFgEEIGHL,
Flu,v) & glu,v) Bz T Th BBE I
U T H MR RIT R DAL & IAAAEDRER 2157,
[3] T, Caputo D= TDIEEEBPERRI M %
Ry DL DL SRR 2 EE T 5.

Ot u = Au+ f1(z,t,v) in Q% (0,7),
0 %v = Av+ fo(z, t,u) in Qx (0,7,
u(z,t) = v(z,t) =0 on 990 x (0,7T),
u(z,0) = uo(z),v(z,0) = vo(z) in Q.

ZIZT, 0<ay<ap<1&9%. QIZC?Hk
OBRERD RN NoARMEE, N>1,T>0
THY, fi, foPENTN v, v lZBLTLIERX
WRTB2LEE2TIIEZS. ik, BMARELRD
Bt % £ U7 Gal-Warma (2017) % A4 Fik
ZHWT, KRR OFAE & FFEOR R 2

184

7. KT, 0 < ap = ax < 1 DHHEIE, KET
BT oEBDOETOMAGDLEIIN LT, KiH
JRI T R DAFAE & FEAFAE &2 TERE I PR AE S % 4] 9B
BOMBEARMEEFZ. $72, 0< a1 = a2 <
1, fi(z, t,v) = [p[Pr~to, folz,t,u) = |ulP>~tu
DIGEE, BEEMD (o = ax = 1) THD
Quittner-Souplet (2001) DOFEH & FIET 5.

I considered initial value problems (initial
boundary value problems) for reaction-diffusion
systems with rapidly growing nonlinear terms.
(Please see “Publications". They are written as
[1], [2] and [3] in order.) In each paper the aim is
to obtain integrability conditions of initial data
which determine the existence/nonexistence of
a local in time solution.

In [1] and [2] we study the reaction-diffusion

system
v = Au + f(u,v) in Q x (0,7),
Orv = Av + g(u,v) in Q x (0,7),
u(z,t) =v(z,t) =0 on 09 x (0,7T),
u(z,0) = uo(z),v(x,0) = vo(x) in Q,

where € is the entire R" or a bounded domain
in RN with C? boundary, N > 1, T > 0 and
the initial functions ug and vy are nonnegative.
If the boundary does not exist, the boundary
condition is not imposed.

In [1] let 2 = RY and we consider f(u,v) and
g(u,v) as g(v) and f(u), respectively (weakly

coupled). A typical example is (f(u),g(v))
(e*",e"), p > 1 and ¢ > 1. This is a joint
work with Professor Yasuhito Miyamoto. We
deduced existence and nonexistence results.
In [2] we consider the case where f(u,v) =
eP1utP2? and g(u,v) = eNt92v. The four
exponents (p1,p2,q1,q2) are nonnegative with
(p1,p2) # (0,0) and (q1,92) # (0,0). The do-

main Q is RY or a bounded domain in R with

C? boundary. I obtained integrability condi-
tions of (ug,vo) which explicitly determine the
existence/nonexistence of a local in time solu-
tion in all the cases (p1,p2,q1, g2). For the exis-
tence result, we can take a wider class of initial

functions than suggested in Ishige-Kawakami-



Sierzega (2016) (when a local in time solution
is considered in the sense of the definition in
[2]). I concretely gave an example of initial data
which satisfy the integrability conditions but do
not belong to the suggested class. Moreover,
applying the obtained results, I had existence
and nonexistence results of the system when
f(u,v) and g(u,v) are both e*” +°,

In [3] we study the fractional in time weakly

coupled reaction-diffusion system

0 u = Au+ fi(z,t,v) in Q x (0,7,
0;%v = Av + fo(z,t,u) in Q% (0,7),
u(z,t) =v(z,t) =0 on 092 x (0,T),
u(z,0) = uo(z),v(z,0) = vo(x) in Q,

where 0 < a1 < ag < 1 and T > 0. The
fractional derivatives are meant in a general-
ized Caputo sense and 2 is a bounded domain
in RN, N > 1, with C? boundary. We mainly
consider the case where f; and fo polynomi-
ally grow with respect to v and w, respectively.
I obtained existence and nonexistence results
by using methods including Gal-Warma (2017),
which studied a scalar case. In particular, when
0 < a1 = ag < 1, I derived integrability condi-
tions of (ug,vg) which explicitly determine the
existence/nonexistence of a local in time solu-
tion for all the possible combinations of con-
stants, which appear in our assumption. More-
over, when 0 < a1 = as < 1, fi(z,t,v) =
[v|Pr=tv and fo(w,t,u) = |u[P2~1u, our results
correspond to the results of Quittner-Souplet
(2001), the case where the system has integer

in time derivatives, a1 = as = 1.
B. F&FKGm X

1. Y. Miyamoto and M. Suzuki : “Weakly
coupled reaction-diffusion systems with
rapidly growing nonlinearities and singu-
lar initial data”, Nonlinear Anal. 189
(2019), 111576.

. M. Suzuki: “Local existence and nonexis-

tence for reaction-diffusion systems with
coupled exponential nonlinearities”, J.

Math. Anal. Appl. 477 (2019), 776
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804.

. M. Suzuki : “Local existence and nonex-
istence for fractional in time weakly cou-
pled reaction-diffusion systems”, SN Par-
tial Differ. Equ. Appl. 2 (2021), Article
number 2, 27 pp.

C. HEAFE&

- WRE DK E IEPIH & R O B
A, %839 MREAREFL IS —,
7V —=vikTIV= iR, 2017 £ 9 H.

. Weakly coupled reaction-diffusion sys-
tems with rapidly growing nonlinearities
and singular initial data, F A% 2019
EEER, JETHEKRE, 2019 4 3 H.

. Local existence and nonexistence for
reaction-diffusion systems with coupled
exponential nonlinearities, ZIE K2 B
B R I —, BIEKT, 2019
- H.

. Local existence and nonexistence for
reaction-diffusion systems with coupled
exponential nonlinearities, 2§ 41 [ F§JE
IR T I —, HEE R R R
il <A, 2019 4E 8 H.

. Local existence and nonexistence for
reaction-diffusion systems with coupled

HAB Y=

2019 FEEMFR A DRI, RIKE, 2019

9 H.

. Local existence and nonexistence for

exponential nonlinearities,

reaction-diffusion systems with coupled
exponential nonlinearities, &M% - K%
R R AR, AR, 2019 4F
11 A.

. Local existence and nonexistence for
reaction-diffusion systems with coupled
exponential nonlinearities, 28 45 [0 /i
MR R, HAZ TR, 2019 412 4.

. Local existence and nonexistence for

coupled

reaction-diffusion systems, 2020 4E & #k

AR, VT VEE, 2020 4F 9

fractional in time weakly

I I\
FRE

H.



9. Local existence and nonexistence for
reaction-diffusion systems with coupled
exponential nonlinearities, 2020 Seoul-
Tokyo Conference, & > 7 1 B, 2020
£ 11 H.

10. Local in time solvability for reaction-

diffusion systems with rapidly growing

nonlinear terms, WINGS-FMSP, FMSP

B tEhag s, 4> T VB, 2021 4E 3

H.

AH ¥ (SUDA Hayate)

(% DC2)

(FMSP 2 — 2 4)
A. WFTEEE
Fat DT kS S R O MBI DWW TS %
ToTW5. FHZHAEIR, Bk B R OMERN €
TV T H BIRE)F#E TR S 0 5 RE LS
REBFDNLGP SHHITLT WS,
AR, ZIENET 2 RIEHAAR (2|70 2 —
00,0 > 2) ZFFD K D IRl RPFMIRE) - E TV
IZ2WT, RD energy (& phononic energy &
thermal energy (273 fif X 11, Wi 1% 527 5 REZEfH
2= VTINHRT B Z 2R UL £z, ROR
IARNVF—ZRIFT D LD BRAGHBIMA &7t
RFHNIRHFHHIZ BT 2 TRV F =MD EHRK
NI RS ARERTRS T 2 RL, 72
NG DI FREEIZ IS U T % OO A7 2 D BRI S
L5FEFVHERBEILERUT.

I am working on problems of probability the-
ory originated from statistical mechanics. Cur-
rently, I am studying anomalous heat transport
in chains of oscillators from a mathematical
point of view. In this year, I consider one-
dimensional harmonic chains with stochastic
noises and long-range interactions which have
polynomial decay rate |z|™% 2z — 00,0 > 2. 1
show that the energy of the system is decom-
posed into phononic energy and thermal energy,
and both of them converge at different space-
time scale. I also show that the macroscopic be-

havior of the energy distribution in a stochastic
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harmonic chain with an external field that con-
serves the total energy of the system follows
a fractional diffusion equation, and that the
macroscopic behavior of other conserved quan-
tities differs depending on the symmetry of the

external field.
B. F&KimX

1. K. Saito, M. Sasada, H. Suda : “5/6-

Superdiffusion of energy for coupled

charged harmonic oscillators in a mag-

netic field 7, Commun. Math. Phys.
372, (2019) 151-182

. H. Suda :

fusion equations derived from stochas-

“A family of fractional dif-

tic harmonic chains with long-range in-

teractions ”

, accepted for publication in
Ann. Inst. H. Poincare Probab. Statist.
arXiv: 1912.01753

. H. Suda :
harmonic chains with noises and long-

RIMS Kokytiroku

“Superdiffusion of energy in

range interactions”
No.2116 (2019)
O “RERFIEG T — X O KBS
HEARIZEZET VAL BORR P E B
2L X — 2020, LMSR 2020-14
. H. Suda :

fusive scaling limits of stochastic har-

“Superballistic and superdif-

monic chains with long-range interac-

tions ", arXiv: 2102.02954

C. MgaF£

. Superdiffusion of energy in harmonic
chains with noises and long-range inter-
actions, MRS VR A, FWHKFE
MR S5, 2018 4F 12 H.

. Superdiffusion of energy in harmonic
chains with noises and long-range inter-
actions, i [RAL 1R & HfE R 5 O #F @
XIV, R TR, 2019 1 H.

- BRI 5 KEHEEHEBE & B O e R
IREFSUIZ BT B TV F — D REHLHUC
DWT, RIRKZFMERRE I F—, RKIRKX
201947 H.



. Short communication "Scaling limits of
stochastic harmonic chains with long-
range interactions" MFO, Germany 2019
9 H

. REREEAH B 2 R DRI $H O B4R
BIZBENZ D WT, HEERRte I - —, B
JEFFAKE, 2019 410 H.

. Macroscopic behaviors of stochastic har-
monic chains with long-range interac-
tions, The 18th Symposium Stochastic
Analysis on Large Scale Interacting Sys-
tems, KBKZF, 2019 4 11 H.

. Macroscopic behaviors of stochastic har-
monic chains with long-range interac-
tions One-day Symposium: Hydrody-
namic limit and related topics, 5§ H X
¥, 2019 F 12 H.

. Fluctuations of normal modes of stochas-
tic harmonic chains with long-range in-
teractions, fEFRAKLT-5%, R DM E
XV, ZREZ K5 2020 4 1 H.

NG D B B HERFAFIIRE) 7 B DWW T, T

KT3I F—, 20209 H

Superdiffusion of energy in stochastic

harmonic chains, AIP %%+t I J —,

202142 A

10.

E. &+ - i

1. (R tE L) ZiW M (SUDA Hayate) :
“Scaling limits of stochastic harmonic

chains with long-range interactions "

F. WAz — e 2
JUNKRFE A - T %7 - A4 V& ANV ZEAT 2020
R AL REIR AW (6 FoE) ML AL 15
RN EHR Ty N7 — 2 L HERR TR
DA MBZEA

G.

K
i3

1. AR RZHRELR A SRR E, 2018
3 H.
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N KE (TAKEUCHI Daichi)
(%% DC2)
(FMSP 2 — 2 %)
A. fFFFEmEE

SARREE, WEEEICE EREE . AR R AR
S 2HEKmARDO R 70 v HT %5
L7z,

X AR E EOWS»RLRkike U, B
[ X AL 2EZ5, fOMVFRR e X 1T
FUT 2z IZBEROHEREE RO (Q), MEFH
AN, ZHXEFAED ¢ Galois REETH Y,
FREOEMS 225 DTHD, — /T, B
DIMALFEFFR DS kb EOIEBRALIFRBIRIEE X H
BRTE2Z o3I <MonTnd, ZOMEE
ADORE. 3 7bb Milnor 8. 5 RO (Qu)s
DEWICIZFE LWV E WS Z &2 Deligne 12 & DR
INTWS (Milnor A=), S4EEIEZ D Milnor
ARDOKEEL LT, k DEBEPNHFBORIX,
R®(Qo), DR 71 Y RTAHREBIEARD
HHIREZHNTRRTESLZ L ZFFHL 72,

R 2 DIFIE Witt BRADFES EIF 25 2
NEEWZ e otz, HULBIHTZ L, f
O Witt BAOFS LI f: X — Al &2
WY (ZZ2TX X 0 W(k) ~NOWES»RE
bR, 20 fhoExs W(k) EOBREIEIE
ROHFADFE S EIFOEY Az ks 3, HiTik
kjo(k) DR ED S Z L3y otz, TORE
BE Arf AR 240, B2 OB&DRFA
ToaVRFIRIO AMf REREAVCHATE
52 &%mUTz,

ER OFEROEEEIELUZ OV THER L 7=,
X ZHEEAHEER R AR AR ER A ¥ — A
El,. ze X 27 74 NN—EDERT, 2 DIT
XIEREWEOoNETDE, ZOXIBRELANS
(B BEETD) IEEALIFRAAIEIE R % R U .
FIRIELHD GO E I ZhoHHR 2 HWTHE
Hid4 7Y a Y RNT%2RRT2A0R%2 P L%,
DFRPIEL W &1k R OFERKIEKIZH LT
ISHEP D72,

F—R—BFEAF—L X ZDOLOBEK f €
INX,0x) T LT, f B9 % tame nearby
cycles functor OB % FA7z, R, WAL ATEE
MEXREEZHEDZ 2, AL OEEEEZRL
2o X DEEEAHERE ED A X — LT, f DEITLD

-
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FlERUDKHE, 25 51 Deligne. Gabber 2
Fpk<HoNnFERTH B,

This year, continuing the study of the previ-
ous year, I studied the local epsilon factors of
the vanishing cycles complex which is associ-
ated with isolated singular points.

Let X be a smooth variety over a finite field
k and f: X — A} be a function on it. For
an isolated singular point x € X of f, the
vanishing cycles complex R®;(Q¢), supported
at x is defined. This is a bounded complex
of l-adic representations of the absolute Ga-
lois group of some local field which measures
complexity of the singularity. On the other
hand, as classically known, one can also attach
a non-degenerate symmetric bilinear form over
k to an isolated singularity. Milnor formula,
which is proved by Deligne in positive charac-
teristic case, states that the total dimension of
R®;(Qe)s is equal to the rank of the bilinear
form, namely, the Milnor number.

This year, I considered its refinement to the lo-
cal epsilon factor of R®;(Qg), and gave a for-
mula which expresses the local epsilon factor in
terms of the discriminant of the bilinear form
when the characteristic of k is odd. When the
characteristic is 2, I found that taking a lift of f
to the Witt ring gives a correct invariant. More
precisely, if one takes a lift f: X — A%,V(k) of
f, where X is a smooth W (k)-scheme whose
reduction is X, the discriminant of the bilinear
form constructed from such one lift f is inde-
pendent of the choice of the lift and gives an
element of k/p(k). This seemingly new invari-
ant in characteristic 2 is named as Arf invari-
ant and I proved that the local epsilon factor of
R®(Q¢)s can be described in terms of the Arf
invariant in characteristic 2.

T also considered the same problem in the mixed
characteristic setting. Let X be a regular
scheme flat of finite type over a discrete val-
uation ring R. Let x € X be a closed point in

the closed fiber away from which X is smooth
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over R. From such a singularity, I constructed
a non-degenerate symmetric bilinear form (in
a suitable sense) and, when the residue char-
acteristic is odd, I formulated a conjecture on
expressing the local epsilon factor in terms of
the discriminant, as in the positive character-
istic case. I verified this conjecture for finite
separable extensions of discrete valuation rings.
For a noetherian excellent scheme X with a
function f € T'(X,0x), I studied a tame
nearby cycles functor with respect to f, and
proved some of basic properties, such as preser-
vation of the constructibility, the perversity,
and compatibility with the duality. When X
is a scheme over a discrete valuation ring and
f is the pullback of a prime element, they are

well-known results due to Deligne and Gabber.
B. F&iC

1. D. Takeuchi : “Symmetric bilinear forms
and local epsilon factors of isolated
singularities in positive characteristic”,
arXiv:2010.11022.

. D. Takeuchi: “On continuity of lo-
cal epsilon factors of f-adic sheaves”,
arXiv:2003.06931.

. D. Takeuchi: “Characteristic Epsilon Cy-

cles of fl-adic Sheaves on Varieties”,

arXiv:1911.02269.

D. Takeuchi : “Blow-ups and class field

theory for curves", Algebra Number The-

ory 13 (2019), no. 6, 1327-1351.

C. HERFE&

. “Symmetric bilinear forms and local
epsilon factors of isolated singularities
in positive characteristic”, Seminar at
School of Mathematical Sciences, Peking
University (4> Z -« > BfE) , 2020 4£
11 H.

. “Symmetric bilinear forms and local ep-
silon factors of isolated singularities in
positive characteristic”, ¥ 10 ¥
L, BEREE (v o4 VBE). 2020 4



11 H.

3. “Symmetric bilinear forms and Milnor
formula for local epsilon factors”, & 19
ERFSYNZLES 6 SN N
1 V). 2020 49 H.

4. “Characteristic epsilon cycles of f-adic
, Singularities and
Arithmetics. ALK, 2020 4F 2 H.

5. “Characteristic epsilon cycles of f¢-adic
sheaves on varieties”, {REIEERGH & %
DA, FERKR SRR ZE T 2019E
12 H.

6. “Characteristic epsilon cycles of f-adic
sheaves on varieties”, fREIF I T F 7 4,
FILKF, 2019 4F 12 H.

7. “Blow-ups and the class field theory for
curves”, REIEEGR & 2 DM, EKHK
FRPLENTIEZEHT. 2018 4 11 .

8. “Blow-ups and the class field theory for
curves”, fREF 31 £ 7 L RFEKEE, 2018
5 H.

sheaves on varieties”

Q
K
i

1. 2020 42 H AR 2 R SASE i B
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Fix BB (NAKATSUKA Shigenori)
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(FMSP =1 — 2 /)
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Gaitto-Rapcak IZ & > TFHEI A W A—/3—
REDT 71> aty MEOBOBONE, Rz
% &% & Feigin-Semikhatov IZ & > TFHA I
TWe, BIFEZTIINBET S A B W e 25
EZEXIMHETSE AW A—"—REDRE DM
WS L, ZORIGANDIGHIZBT 2158 %
11-o7=.
9, ~MITW RA-—RN-—REWEH27 71
TEAAREUZ D o T Miura B & IEN 2 4 %
HoTWVW5B. Z DL generic 72 L X)L Tl HLE
T OBIED 2R AR OB TREBO T &
N, FERETLIHET S W REDOM D Feigin-

Frenkel AU MEDFFHH CEER&H 2R3, L
MNURPS, RERMPEILIBEILAIEZ
D & 5 7¢ generic L RVDIMIH Y, 2TDL
RV TOHRGEFEERMETH -2, £7, Z
DHGHEE W A —N—REDERICH D HRE
A== (RE) BADOXRIZIFESEL Z LI

& o TR 7.
Er, T74 VA= N—THERKOEHESEER
& Z DERAEAFRKIZ L B generic & LRIV TOR

BT (Wb BHAFER) OMEE —B IR
U, —MIZ W 2= 83— B AT 2 w1 A
FEx, EHROBLIZBRDT 71 v A——THHRN
BOEMAEHFRIZEEN T 5 E#rD 2D< 5
Tz F7z, A= X—=THRWEGEIG/-ER e
AR Lie 8D BGG SHRICEHN S $ 5
FEHINTWVWI LW HEREAAEDESLZ L
— D W A — X —REL D R A FH 3 D Ik
é\b"&fiﬁﬁ'ﬂ_é ZENTEZ, ZhEE#E»D &
LU T Thomas Creutzig [k & ;e REHK & D ILFE
52T Bk @ Feigin-Semikhatov 2 & % F4H % fi#
WU, THTHOCORE»S S S — 2 FHHERT
% &\ D A - AR B DREEGE D BERET 2 & 0 S
FOFWEEREGZ. Zhickh, ABIW ZA—
N—RBUZBT BRI 72 L RV T D Cy RA R
A& W o 2 TH AR O £ B G % RS 5 b
TOHEARMN M2 R U 72,
X512, ZDOHD Thomas Creutzig K & 7t RE
BEEGE & Oeefit G & D IEFEAFZE Tl Bk o L~
ZBIT B AT W 2 — 8 — RO KB R D
S, 7a—Ya AIOWE L\ D REGRO FL
) 72 R & R U 7.

I studied on the dualities among affine cosets
of W-superalgebras, conjectured by Gaiotto-
Rapcak, and in particular, those between sub-
regular W-algebras of type A and principal W-
superalgebras of type A, which was originally
conjcectured by Feigin-Semikhatov, and then
studied on the application to the representation
theory.

Firstly, I proved the injectivity of the Miura
maps for arbitrary W-superalgebras by reduc-

ing the problem to a statement on algebraic

supergeometry behind the W-superalgebras.



Moreover, I constructed the Wakimoto realiza-
tions for affine vertex superalgebras associated
with arbitrary basic classical simple Lie super-
algebras. By using this realization and the ge-
ometric meaning of the screening operators of
W-algebras, I understood the geometric mean-
ing of screening operators for W-superalgebras.
Thereby, I proved the Feigin-Semikhagov con-
jecture in a joint work with Thomas Creutzig
and Naoki Genra. We improved the statement
of the original conjecture to a reconstruction
type theorem of these algebras from the other
one. This enabled us to establish the ratio-
nality and Cs-cofiniteness results of principal
W-superalgebras of type A at certain specific
levels.

Secondly, I classified the irreducible represen-
tations and the fusion rules among them for
the principal W-superalgebras of type A at
the above levels in a joint work with Thomas

Creutzig, Naoki Genra and Ryo Sato.

B. F&KEm X
1. S. Nakatsuka : “Miura maps and
Parabolic Wakimoto resolutions”, ap-

pendix to [N. Genra: Screening opera-
tors and parabolic inductions for affine
Wh-algebras, Adv. Math., 369, 2020,
107179, 62pp.]
. S. Nakatsuka: “On Miura maps for W-
superalgebras”, arXiv: 2005.10472.
. S. Nakatsuka, T. Creutzig,
N. Genra: “Duality of
W-algebras and principal
superalgebras”, arXiv: 2005.10713.
. S. Nakatsuka:

tion of integrable Hamiltonian hierar-

and
subregu-
lar W-

“A geometric construc-

chies associated with the classical affine
Wh-algebras”, arXiv: 2006.00302.

C. MR

1. Geometric construction of integrable
Hamiltonian hierarchies associated with

the classical affine W-algebras, Vertex

190

Operator Algebras and Conformal Field
Theory, P& I F—17 A, 2018 £ 7
H.

. The double coset realization of W alge-
bras and its application, Workshop on
Finite Groups, vertex algebras and alge-
braic combinatorics, 574, 2019 4 3 A.

. W-algebras and integrable systems, Ge-
ometric and arithmetic aspects of W-
algebra, France, 2019 % 5 H .

. New dualities in W-superalgebras, Ver-
tex Operator Algebras and Related Top-
ics in Kumamoto, BEARKEE, 2020 4 2 A.

W-

algebras and principal W- superalgebras,

. Dualities between subregular
Mathematics-String Theory Seminar,
Kavli IPMU, 2020 4 3 H.

. On Gaiotto-Rapcak’s dualities in W-
superalgebras and their affine cosets,
Representation seminar, F# A, 2020
5 H.

. Fusion rules of lattice cosets with an ap-
plication to Feigin-Semikhatov duality,
ARG O Bk O HE R, 7K
%2020 4E 10 A.

. Duality of subregular W-algebras and
principal W-superalgebras of type A and
their representations in rational cases,
Rocky Mountain Representation Theory
Seminar, University of Alberta, 2020 4
12 A.

. Feigin-Semikhatov conjecture and its ap-

plications, Mathematics-String Theory

Seminar, Kavli IPMU, 2021 £ 1 A.

Feigin-Semikhatov duality, 28 17 [B#(%

arTRER, LEERE, 2021 43

H.

10.

FEE # (NAKANISHI Toru)
(FMSP 22— &%)
A BFEREEE
Fhid, AIREHRIEIC L 5 mIOou R RO



BRW P D BUEEH A FIRIZDOWTHIEL TE X L
To. BROIRMEZIES 5 Z & T, @ocfiER
DHPPES SHEREIZR D L S I HSER £ 7.

Ut = Ugg + nT_lugE +ulu|in  (0,L) x (0,T)

(1)
u(0,z) = ¢(x) in (0,L) (2)
g (t,0) = u(t, L) =0 in (0,7), (3)

ZIZT, o BEREKT, n IEOBKERLET.
FOBKIE (1)-(3) DEREMEZFR TSI &I
HHET. AETOFEDOHISE T H % Nakanishi-
Saito (Japan Journal of Industrial and Applied
Mathematics, 37(1), 2020) iZ&WT, (1)-(3) iz
EHEREREREZ @A L, DORMEZHZEL £ L
7z. LnU, BHERZF— A3 WL D905
H0 xd. HIRIE, PORMELY n <3 DEE LY
REBVWEWS ZENHDET. fEoT, (1)-(3)
U TR B E R AR ERE R RELE L
o ZTIT, EEDO n > 21K LT, EEMEIX
RMEZFEH L, EAMBEICCALUE U, S4EE
BRSO B R OB B L — b &2k
52U E L.

I studied numerical methods for comput-
ing the radially symmetric solution for high-
dimensional semilinear heat equation by the fi-
nite element method. By assuming the spher-
ically symmetry, the initial-boundary value
problem to a multidimensional heat equation

is reduced to

Uy = Uy + ——tp +ulu|® in (0,L) x (0,T)

(4)
u(0,2) =¢(z) in (0,L) (5)
ug(6,0) =u(t,L) =0 in (0,7), (6)

where « is a positive constant and n is a positive
integer. I am interested in computing the blow-
up solutions of (4)-(6). In our previous study,
Nakanishi-Saito (Japan Journal of Industrial
and Applied Mathematics, 37(1), 2020), I ap-
plied the standard FEMs to (4)-(6) and studied
However, those
For
example, we could show the convergence only

for n < 3.

their convergence properties.

standard schemes have some difficulties.
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Therefore, 1 proposed new mass lumping fi-
nite element schemes to (4)-(6). I also proved
positivity-preserving property and convergence
Furthermore, I applied the

In this

for any n > 2.
scheme to the blow-up computation.
year, I succeeded in searching for the number
of numerical blow-up points and the blow-up

rate of the numerical blow-up solution.
B. FKifw

1. T. Nakanishi and N. Saito:

ment method for radially symmetric so-

“Finite ele-

lution of a multidimensional semilinear
heat equation”, Jpn. J. Ind. Appl
Math. 37, Issue 1 (2020) 165-191.

. T. Nakanishi and N. Saito:

lumping finite element method for ra-

“A mass-

dially symmetric solution of a multidi-
mensional semilinear heat equation with

blow-up”, arXiv: 2012.06422.

C. HEaFEE

L. “HBRERIRIC & 5 @RI ERUE R

D B TR ik D FAEL g b
AASHBHE Y2 £, HEB KT
2018 -9 A

2. “BIRERIKIC & 5 @mUon iR
D BR TR D T AT
HABF = (ICHEFEI M), BILKZ
2018 9 A

3. “HRZEHRIEIC L 2 muonFR BT A
D BR X F il D FAEL AT

Bt - PR R R FEE D 7 D 5
DB - BEEMPIE LR 2018, AR

2018 £ 11 H
4. “HREFRIEIZ L D @mIRot BT RA
D BRSO TR D B AT
ISTHECE AR R, EER KT
2018 12 A
5. “BUfEfEsr ® MATLAB Ym 253 v 27

oetEs  REfE Galerkin ARERED
WEHRE ZTOFL : 2k s DR, 7
Za=ws |
2019 42 H



6. “Numerical analysis for radially symmet-
ric solutions of semilinear heat equa-
tions”

The 9th International Congress on In-
dustrial and Applied Mathematics, Va-
lencia, Spain

201947 H

7. “N IRTCFAIE BTG 72 K O BROS R 1250 4
S L WE LR RIE REZELL

AARSHBE Y Fx, HARY
2019 £ 9 H

8. “N IRIGAE BT R X D BROE R 12
B8 U WWE BRI IR ESRGE
HARF 2 JCHBFDORIR), £IRKFE
2019 49 A

9. “ERIRTTAERRIE BT R A D BROWFR AR D il
A
INHBE 7 Ly v av v I — TR
-

2019 4 11 H

10. “N XTGBT R R O BROW FRi (2
B U WE B PRA IRESRE M
BB G RIS, AR
2019 412 H

BH BEA (MUKAI Asato)
(1 DC2)

A. TR

& TE R D IRBEBL R & 5l ik 3 2 e L 5 N D
AR RTEIZ 2N R EA RN G U ARADE
LM% R OMINAMERSE D Z 1 7 1 2 )L &Gl §
2 R PR E AL M AR RIS LU TG
EEREE AW A IRLRFRMORR 217> T
W5, MARBFEIX KB NL KR OBITR K Ot
ERFZEIC D <. B FE IR EARE 2 IR
HEALTE D 2Tk U Tl g3 G BRI
ETCUNFELR VIR AEBRELVRES 5. /&
FIRITIBFOEE I L > THI SN TE Y Hx I
ZOHTHRESHETORIRAH AN T IX
2\ type ITIBEFRMRIZEH L TWS. RFETIE
type IT JEFAR ORI BT 2 JLBRANARGE & L T
51545 Herrero—Velazquez '94 O Fik % KAk
U, file UTEAHDOERTENKT S type 11

JRFR % OWNERL & TR L7z, 22 CTlA
% —fRAE U 72720 Tl 1B RO WHLE %
REZENZ AT U s WEEIR EARER & 0 @R DIHE TE&
HLUTWS, ZIUTBFEIELNT AT 2 R sun s b
DTV T 7 A NG REH R T D 5 IETER % BAR
BZRER L 7= 2 Bk 5. BIEIXERO FiE%E
Bos PR b AR AR IS 5 2 & TR
R DETER DN 2D TN 5.

We are concerned with blow-up mechanisms in
Fujita equation with a weighted reaction term
and a parabolic—elliptic system of chemotaxis.
As for Fujita equation, a pioneering work due to
Herrero and Veldzquez 94 proved that there ex-
ist radial type II blow-up solutions by matched
asymptotic expansions. We revisit the idea of
their construction and obtain refined estimates
for such solutions. As a consequence, we ob-
tain an example of solutions witch blow up at
the zero point of the weighted term. Now, we
apply the method to the parabolic—elliptic sys-
tem of chemotaxis and analyse a concentration
phenomenon of chemotaxis. This is based on
a joint work with Yukihiro Seki (Osaka City
University).

B. F&iiiL

1. K. Ishige and A. Mukai, Large time be-
havior of solutions of the heat equation
with inverse square potential, Discrete
Contin. Syst. 38 (2018), no.8,
4041-4069.

2. K. Ishige, Y. Kabeya and A. Mukai,

Hot spots of solutions to the heat equa-

Dyn.

tion with inverse square potential, Appl.
Anal. 98 (2019), no.10, 1843-1861.
3. A. Mukai and Y. Seki, Refined con-
struction of Type II blow-up solu-
tions for semilinear heat equations with
Joseph—Lundgren supercritical nonlin-

earity, preprint.

C. MEEFEE

1. Refined construction of Type II blow-up



10.

solutions for a semilinear heat equation
with Joseph—Lundgren supercritical non-
linearity, &5 22 [HJL BB RN IAZE 2
JRF (FvI4v) , 2021 42 A.

. Refined construction of Type II blow-up

solutions for a semilinear heat equation
with Joseph—Lundgren supercritical non-
linearity, Seoul-Tokyo Conference, B
RE (A2 I4) ,2020 411 H.

. Refined construction of Type II blow-up

solutions for a semilinear heat equation
with Joseph—Lundgren supercritical non-
linearity, #§F8 - Ry i RE AW si s
= HEAKRE (X T4 V), 2020 411 A.

. Refined construction of Type II blow-up

solutions for a semilinear heat equation
with Joseph—Lundgren supercritical non-
linearity, OS Fihl+t I F+—, HIL KT (4

Y54v) 202049 A.

. Refined construction of Type II blow-up

solutions for a semilinear heat equation
with Joseph—Lundgren supercritical non-
linearity, #F D 7= DWMS HFER &
ST, fER R, 2020 4F 2 H.

. Large time behavior of solutions of the

heat equation with inverse square poten-
tial, JA BB I —, KB KZ,
2019 42 A.

. Large time behavior of solutions of the

heat equation with inverse square po-
tential, Workshop on Nonlinear Partial
Differential Equations ~Japan-China
Joint Project for Young Mathematicians

2018~, HEA K, 2018 4 10 H.

. The heat equation with a dynamical

boundary condition, ¥+ I F — & AR
WEOZR, BEEtIF -7 2, 2018
ETH.

. Large time behavior of solutions of the

heat equation with inverse square poten-
tial, MZ ¥ I —, =K%, 2018 4 4
H.

Large time behavior of solutions of the

heat equation with inverse square poten-
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tial, BI%E - @ REMERI AR Y YR Y Y
2 2018, HALKT, 2018 4 2 .

G. %
1. 25 19 BLERBCA MR ZE 2 BB KA X —
f%u"}%i%' 2018 /2 .
2. P 29 SEEE LR SOIFERZE, 2018 4 3
H.

7 #th (MORI Michiya)
(4% DC2)
(FMSP 73— 2 4)

A. SRR

MEINETEIZ, EHRRICBERT 5 REME
IZOWTHIRLTE 2. Thabb, 577 AD
ERFZREEZ, TOHWEOGHTRE DG
EROES L DD—RIBIZOVWT DML ZT-
T&7. BT, SHERER U 5w DWW T
5.

97 TlX, FMSP 7u 2 5 A #-&8FE L5
7] DR E LT, Web R—=V2RDRTHEE%:
BUFHIZEL D S HiEICOWTEHRE T o 72,
12, FADHFFET — < IZ3E Banach ZEf 0 #iikE %
AT A2FNLTIZOVWTEZ L. G.P. Gehér
K (1% A, Reading X%) & OILFABFZ G
8) T, ¥ Hilbert %[ H OHIRZEM P(H)
RO IEHEREE 12 DWW TR, FE U 72 iR d
2L, P(H) 5T ESE~NORRHT, —IH
R Tl d TH D] 220D EL
A&, WO MEEEZ L. Zhik, Wigner D
=RV KA=RY)EHES X% O Uhlhorn 2
L2 —BAbicEEO I S NI ARBREETH 5.

T2 lx, ZOMEOKRBRTD > 5EIZHT 5
SeelE x5 272, P. Semrl K (RupR=7,

Ljubljana X%) & OHLFRBIZE GAxX9) Tk, &
# Hilbert Z4[H LA FHE B DL EHR DI
FRFIZDWTHZE L 2. =D O EME IR
U, TOHWEDREFIEFFAREED S 52 L,
PERZE EEEH O BERIGEBR OIS 7 5 AD—
B3I a8\ E ZOERIE, fFHZERFE
% Pick BEUZ X D KD 1F % Loewner OJE
HoFEWMeEZ NS, £/, REFEFRED



RNIZ LB EENBRRREGZ, W O2rDHEE%Z
H\ 7z, G 10 TiE, von Neumann D55
WORMHE TN T B RMEGZ TN, KA LG
Fr o] R FH SR ER D BR B BL D 8\~ 72 1 KR B £ A3k
DD Z & xE Wz, TN von Neumann 2 &
5 1 BIBRICH T 2R OIRICH 5. -,
I BB KO III # von Neumann BRIZH L, &
el I/ FH SR BR DT IR D BRI B AYEE « [F] B & AH{BL
ThHhbdZe%mmRUT.

I am interested in preserver problems in the set-
ting of operator algebras. In this research area
we study mappings between operator algebras
that preserve certain structures. In what fol-
lows I summarize the contents of my papers I
announced this academic year.

In Paper 7 I reported the result of “Mathemat-
ical Research on Real World Problems”, which
I attended as a student of the FMSP Program.
I discussed a method to treat the space of web
pages in mathematical language, in particular,
in terms of Banach space theory. In Paper 8
(joint work with G.P. Gehér, Univ. of Reading,
UK), we studied the metric structure of P(H),
the projective space of a complex Hilbert space
H. For a given distance d, we consider the
following question. What is the general form
of bijections of P(H) onto itself that preserve
pairs of distance d in P(H)? This question is
a natural one that is motivated by the classical
Wigner’s unitary-antiunitary theorem and its
generalization by Uhlhorn. We completed the
answer to the question. In Paper 9 (joint work
with P. Semrl, Univ. of Ljubljana, Slovenia) we
studied order isomorphisms between collections
of bounded self-adjoint operators on a complex
Hilbert space. For a pair of operator domains
we proved that the class of local order isomor-
phisms between them coincides with that of
biholomorphic automorphisms of the operator
upper half-plane. This result can be regarded
as an analog of Loewner’s theorem, which char-
acterizes operator monotone functions by Pick

functions. We also gave a concrete description
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of local order isomorphisms by some succinct
formulae. In Paper 10, I studied lattice isomor-
phisms of projection lattices of von Neumann
algebras. I proved that such isomorphisms are
in one-to-one correspondence with ring isomor-
phisms of the algebras of locally measurable
operators. This gives a generalization of von
Neumann’s result on von Neumann algebras of
finite type. I also proved that every ring iso-
morphism between locally measurable operator

algebras of von Neumann algebras of type I

and IIT is similar to a real *-isomorphism.
B. K

1. M. Mori: “Tingley’s problem through the
facial structure of operator algebras", J.
Math. Anal. Appl. 466 (2018) no. 2,
1281-1298. HHERFELFHX.

. M. Mori and N. Ozawa : “Mankiewicz’s
theorem and the Mazur—Ulam property
for C*-algebras", Studia Math. 250
(2020) 265-281.

. M. Mori : “Isometries between projection
lattices of von Neumann algebras", J.
Funct. Anal. 276 (2019) no. 11, 3511-
3528.

. M. Mori : “Order isomorphisms of opera-
tor intervals in von Neumann algebras",
Integral Equations Operator Theory 91
(2019) no. 2, Art. 11, 26 pp.

. M. Mori : “On 2-local nonlinear surjec-
tive isometries on normed spaces and C*-
algebras, Proc. Amer. Math. Soc. 148
(2020) No. 6, 2477-2485.

. M. Mori and P. Semr] : “Continuous co-
existency preservers on effect algebras”,
J. Phys. A 54 (2021) no. 1, 015303.

SRR A Y = TR DNy NN D
HHIAAIZDWT?, HEB P FEEME L
Z — LMSR 2020-6.

. G.P. Gehér and M. Mori : “The struc-
ture of maps on the space of all quan-
tum pure states that preserve a fixed

quantum angle”, accepted for publica-



tion in Int. Math. Res. Not. IMRN,
arXiv:2102.05780.

. M. Mori and P. Semrl : “Loewner’s the-
orem for maps on operator domains”,
preprint, arXiv:2006.04488.

10. M. Mori: “Lattice isomorphisms between

projection lattices of von Neumann alge-

bras”, Forum Math. Sigma 8 (2020) e49.

C. HgaFE&

. Isometries between substructures of op-
erator algebras (2 talks), Linear Analysis
Seminar, Texas A&M University, 7 X 1
71, 2019 2 H.

. Isometries between projection lattices of
von Neumann algebras, Operator Alge-
bras, Groups and Applications to Quan-
tum Information Workshop II, ICMAT,
Madrid, A1 >, 2019 45 H.

. Isometries between projection lattices of
von Neumann algebras, Seminar za alge-
bro in funkcionalno analizo, University of
Ljubljana, AB~X=7, 2019 4 5 H.

. Order isomorphisms of von Neumann al-
gebras, IWOTA 2019 (Special Session:
Preserver Problems in Operator Theory
and Functional Analysis), Instituto Su-
perior Técnico, Lisbon, )V s AL, 2019
T H.

. Continuous coexistency preservers on ef-
fect algebras, Analizis szeminarium, Uni-
versity of Szeged, /N> 77V —, 2020 4 2
H.

. Order embeddings of matrix intervals,
UMPA ENS de Lyon, 7 7 > A, 2020 4. 2
H.

. Lattice isomorphisms between projection
lattices of von Neumann algebras, Bk
RREGEA Y I VIEHERYE I ) —,
Zoom, 2020 £ 4 H.

. Lattice isomorphisms between projection
lattices of von Neumann algebras, Pre-
server Webinar, Zoom, 2020 4 6 H.

. Loewner’s theorem for maps on operator
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domains, RIMS 5% (KRR TFEH
FRmOBEDHEE |, Zoom, 2020 4E 9
H.

Loewner’s theorem for maps on operator
domains, fEfHFE - MFHREGRAER,
Zoom, 2020 4 11 A.

10.

#i B3& (MORIWAKI Yuto)
(FMSP 7 — 24)
A. THFHEE
EHISFE, LA Z R D ot 0g 0 &
T (CROLHTEG ) OBFEIIIREE & 17V EL
TORERER,
1. ZTRTHMIHERDOENL
HERYIELIZ B W T, PSRRI bootstrap equa-
tion L IPHENDZEREHNTERINT WD, E
#13 [3] IZHB W T bootstrap equation % JtiZ full
vertex algebra WO Rz EE L, /2D
BBl LT, BEHERD b B A ZLar 8y M
THIN S LR GEGR & A U 72,
2. ZRTHIHERDER
Lo TMmOER L, iz ks 2 LTl
THHEDEETHS, LrL, BRIZBVWTIR
FRA 2BV ERERIZHEHBLTCLEY, DI L
WG D8R T 2 AR T B5I2HT>TD
KREBRBEEIZR>TWD, BRHEHITZ DY
E. HEEOELTH O IBORETHMDOMKERE
WaEERTA2ZIWEE UTEIEFEICEHET
Hd, 4 ITBWT, EHFRouDILILE
@ current-current 2JE & XN 5 A K %, full
vertex algebra O b % JEIZ AT BB T HE
% U 7z, current-current ZIZB U TIEFERD
M. FHZEDIESE 2 @Y OEZ S 8T
FEETE 5,
3. EANKEER
b2 GHGwRNOHEFL T, BETENI SV
RILDOIEHHREERAAE U B 572 05 v R
&\, current-current 2% TH N 3 L5
D H A RBHEOAN B D H I % mass & FEK,
Z i full vertex algebra O [F D E AT E D
Bz EFThd, 4zt fidzhzix
EFBAR (EAAR) &AWL, RO KA
v MED SO ORBOMICER BT 550,



2 B [2) TEAL 2 FER %R E AV TH
ETELILERLULIEZNTHD, TNITED, 7
R ODRBOBICERIFLET L &, *
NSEOREEIE T —_VEEMEIZR S Z &35
nd,

This year, the author conducted a mathemat-
ical study of two-dimensional quantum field
theory with the conformal symmetry (two-
dimensional conformal field theory), and ob-
tained the following results.

1. Formulation of two-dimensional con-
formal field theory

In theoretical physics, conformal field theory
is defined using an equation called the boot-
strap equation. In [3], the author defined an
algebra called a full vertex algebra based on
the bootstrap equation. As a concrete exam-
ple, the conformal field theory that appears in
the toroidal compactification of string theory
was constructed.

2. Deformation of two-dimensional con-
formal field theory

Deformations of a quantum field theory are ex-
tremely important tools in constructing the-
ories. However, in the deformation, various
quantities diverge infinitely, which is a major
obstacle to the mathematical construction of
quantum field theory. A deformation is often
obtained as an approximation in physics, and
thus it is very important to construct a rigor-
ous deformation of quantum field theory both
In [4], the au-

thor constructs a deformation called a current-

in physics and mathematics.

current deformation of the two-dimensional
conformal field theory mathematically strictly
based on the formulation of the full vertex al-
gebra. Regarding the current-current deforma-
tion, the problem of divergence can be avoided
by properly rearranging the order of operators.
3. Mass formula and deformation

Starting from a conformal field theory, how
many non-trivial theories are generated by de-

formations? Is an interesting question. The re-
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ciprocal sum of the orders of the automorphism
groups of conformal field theories that appear
in a current-current deformation is called a
mass. This is a weighted enumeration of the
full vertex algebras. In [4], I proved a formula
that counts this (mass formula).

The point of the proof is that it is possible to
determine whether there is a deformation be-
tween two algebras using an equivalence rela-
tion introduced in a completely different con-
text [2]. This shows that, for example, when
there are deformations between two algebras,

their categories are equivalent as abelian cate-

gories.
B. FE&Ew

. On classification of conformal vectors in
vertex operator algebra and the vertex
algebra automorphism group, J.Algebra,
546, (2020), 689-702, arXiv:1810.04899.

. Genus of vertex algebras and Mass for-
mula, to appear in Math. Z,
arXiv:2004.01441

. Full vertex algebra and bootstrap — con-
sistency of four point functions in 2d
CFT, arXiv:2006.15859

. Full vertex algebra and non-perturbative
current-current deformation of 2d CFT,
arXiv:2007.07327

C. HEaFEE

1. “On deformation of two dimensional con-
formal field theory”, Conference, Kyoto
university, Japan, December 2020.

. “Current-current deformation of two

field theory”,

Ehime Algebra Seminar, Ehime univer-

dimensional conformal
sity, Japan, November 2020.

. “Current-current deformation of two di-
mensional conformal field theory and
Mass formula”, Representation The-

ory Seminar, RIMS, Kyoto university,

Japan, November 2020.

. “Current-current deformation of two di-



mensional conformal field theory”, Con-
ference, RIMS, Kyoto university, Japan,
October 2020.

. “Deformation of two-dimensional confor-
mal field theory and vertex algebra”,
Seminar, University of Tokyo, Japan,
November 2019.

Sheng Xiaobing (8% /\iK)

A. WFoEREE

Thompson’s group F, T and V were first intro-
duced by Richard Thompson from logical point
of view, while they have turned out to be one
of the most mysterious family of the groups.
In the past year, we have conducted research
on the generalised Thompson’s groups T, of
Thompson’s group 7', and obtained results on
the subgroups distortion of Thompson’s groups.
So far, there are more topological and dynami-
cal results on these groups, while we focus more
on the view point of Geometric group theory.
Thompson’s groups are not Gromov hyperbolic
geometric results on these groups indicate that
they might have some “hyperbolic-type" prop-
erties defined in a more general sense. For
the current work, we investigate the geomet-
ric properties and the combinatorial properties
of generalisations of Thompson’s groups. We
focus on divergence properties of the Brown-
Thompson’s groups F,, T, and V,, and the
braided Thompson’s groups BF', BV and found
out that these groups also have a lower bound
on the divergence function for the first part
while investigate combinatorially the torsion
elements of the two dimensional Thompson’s

group 2V for the second part.

Thompson # F, T, V & 1965 412 Richard
Thompson Z & D & K X 717z unsolvable word
problem W5 WHEZFOHTHD, TH5ITT,
V I3ERERER B IC 202 2 & AN EEE & 1,
Higman X Brown 72512 & B kaE & i, B4
BEIRECEE 2R D Z e RSN, THET
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DT, T OHEERE T, 725 T @ quasi-isometric
WS MEEZROMDIAAZMET 2 Z L AT
E, ~ATT 25 T, DEDARIIFEL RV
TR LT, 2o MU TV VEEDHLE F,,
T, Vo, BE, BV ORI ZEEZFAN v
TV VD Brown (L BIEER Fy,, T, V, &7
L1 RI§ BF, BV OFEM%HN, F,, Ty, Vi,
BF MBI F88 e fsb, BV ddka e
AR AR O Z L 2T 5. — T,
HABDEWRBIADS 2T b TV VEE 2V
DRUNTIZDOVWTHART WS,

B. F&&Kii L

1. Xjaobing Sheng “Generalised Thomp-
son’s group 1), in T ", fELF.

. Xiaobing Sheng “Quasi-isometric em-
bedding from the generalised Thomp-
son’s group 7, to T", arXiv preprint

1803.00866.

C. MgaF£

1. On the generalised Thompson’s group 715,

in T, discussion time, MINI SYMPO-

SIUM: New development in Teichmiiller

space theory, iRl £ K F B K5,

2017411 H

. Quasi-isometrically embedded subgroup
T,, of Thompson’s group 7', 3-manifolds
and Geometric Group Theory, CIRM, 7
Z VA 201846 H

. Quasi-isometrically embedded subgroup
T, of Thompson’s group T, [HEERE &
sy FIAERE 2018 WF7E8E22 | Foliations and
Diffeomorphism Groups 2018, ¥l k%
EREREEE I F—17 R, 2018 4 10 A

. Quasi-isometrically embedded subgroup
T,, of Thompson’s group T, BIHE F3%
filt I —, WHE TR, 2018 4210 H

. Quasi-isometrically embedded subgroup
T, of Thompson’s group 7', 14th East
Asian Conference on Geometric Topol-
ogy, Pekin University, fF[E, 2019 4 1 H

. Contracting boundary of the CAT(0)
space, S =—"7 —2 ¥ a v 7 [Low Di-



mensions, Waseda University, 2019 4F
12 A

. Quasi-isometrically embedded subgroup
T, of Thompson’s group T, East Asian
Core Doctoral Forum on Mathematics,
University of Tokyo, 2020 4£ 1 A

. Some combinatorial properties of Brin-
Thompson’s groups, AL L Z D JE
i, Waseda University, 2020 4F 12 A

. Divergence property of Brown Thomp-

and Brin-Thompson’s

son’s  groups

groups, 16th Fast Asian Conference
on Geometric Topology, University of

Tokyo, Zoom conference, 2021 % 1 H

Y 2 4 (Second Year)

iR #34 (IIDA Nobuo)

(%##& DC1)

(FMSP 2 —A4)
A. TR
3, A RTERAD I VY —, BXC, avxs
b, YTV 7T 1y 7REE % Seiberg-Witten
Hiwx FHWTHZE L TWw 5. Seiberg-Witten #
D —D>DMIE & U T, 3, 4 RIGERARD A
&R % , Seiberg-Witten AR & X iEh 5 IEkR
RS ARX2 S Hid v Z e fTbh
T&E .
AAEERNE, FRALFIF TR DA D IER K & O3 [H
fzEiz & 0, TSeiberg-Witten Floer =€ b &¥—
aIVRT MAER] ZHERUZ. 2L, B 3K
TLERRIR EICaY 27 MEENG AN L &,
H DIRTCOIERM D 5 F D 3 IRTCEFRED A & % ¥
IZ U725 DD Seiberg-Witten Floer &€ b &—
RA TANDLERE b E—EHEIFSEROTE
FH5LVWHIEDTHB. 7272L, 2T TD 3R
ZRRIRIZH 1Betti B TH L LT 5. BT
T, ZOMEDHEE2HT 3.
Kronheimer-Mrowka (&, 3523 > & 7 MEE
LD 4 MTEHRKIIT LTS 2BVWTEE
SBBEDO A LR EZRERL 2. £ ORI
X N7z Seiberg-Witten AN 5 K T N5
(3+1)TQFT MAZETH 5 E / H—) Floer #
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OB TIX, Z® Kronheimer-Mrowka D RZ
=i, ZOBRTE 4 L RRIKDIFH & B O
IR MEEORHRD HEAW OL54b
DTdH 5. Kronheimer-Mrowka-Ozsvath-Szabd
WX RS NZE /) R—)L Floer SET Y —5
ELUTDE/R=—INaAVRI NAEEE, oV &
7N 3MILEFIK EDa Y Ry MEEDE R %
(BT 2] ZeZ2WREIZLAZ2DTHS. T4
bH B/ R=—NVAVRI NAEEDA VT Y b
T—RIFaA VR T MEENG R 5N 3 kot
BRATH D, ZNEBEFIZE D 4 RTLHREE B
e LRV, ZHIEE /) K—)b Floer B Pl
ATHIDTERTEHLALALETHD.

—J%, avas rEEE IO AMEE LT,
Bauer-Furuta 2 & % Seiberg—Witten gD
B BRI TCELO FiE I8 % F U, Manolescu &
Seiberg-Witten Floer hE€ b ¥ —& 4 7 & & IE
nd (3+1)TQFT BAZRZMK L 2. T4k
B 3 IRICERRIRIZHT L, B2 T2/ TH-T,
PzhEn Y —% 2% &€/ HR—)l Floer ZEH
Ve HETLbDE5A 5L VWIEIKT, £
/J R =)V Floer DK EMNTHD. 772U
bﬁ%3ﬁmiﬁ%iﬁﬂwmﬁ#ﬂnféé
95,

F % D [Seiberg-Witten Floer € hE— 2
X7 NARZ&E] 1%, Seiberg-Witten Floer &€ b
=2 A TORMAMIBNTHRER I N, €/ F—
VAV R NREROREELRBZNELDTH
%. ¥£7-, [Seiberg-Witten Floer FE bt — 2
YR NARER] D, BRI LR E U TR
PR LR icary 27 Mgz $ D 4 5%
BRAKIZ X 9% Bauer-Furuta BIAZ &N S, a7
27 MEEOERE THEEL] 2HDIZh>TW
52 aERTEMRERUZ. BXIZIOARE
BOEARKRMEE 2PN, WL DO R ARHIZ
WU Z DAL ZFRL .

T, AOEMKE, YVa -V T7LIRKED
Anubhav Mukherjee K & O HLFRHZEIZEWT,
OB LM DARER % ET Bauer-Furuta B0
ARERIZXT 5 adjunction AERZFEHL, Th
EHWCY YTV T4y 7 RHEDOME 2T
BRIXTE 0 HWDAADEED HEFHDOAT A A
MEICBT 2IaHE 5 & 7.



I study topology and contact and symplectic
structures of 3 and 4-manifolds using Seiberg-
Witten theory. As one aspect of Seiberg-
Witten theory, geometric information of 3 and
4-manifolds has been extracted from a non-

linear equation called Seiberg-Witten equation.

This year, I constructed "Seiberg-Witten
Floer contact invariant" with Masaki
Taniguchi(Riken). To a closed contact 3-

manifold, this associates a stable homotopy
map up to sign from a sphere to the Seiberg-
Witten Floer homotopy type of the 3-manifold
Here, we assume

that the 1st Betti number of the 3-manifold is

with reversed orientation.
zero. The following is a background for this
invariant.

Kronheimer-Mrowka constructed an integer(up
to sign)-valued invariant for a 4-manifold with
contact boundary. Later, a (3+1)TQFT type
invariant called monopole Floer theory is con-
structed from the Seiberg-Witten equation
and from the viewpoint of this Floer the-
ory, Kronheimer-Mrowka’s invariant above can
be regarded as a "mixture" of the informa-
tion of the 4-manifold with boundary and
that of the contact structure on the boundary.
The monopole contact invariant constructed by
Kronheimer-Mrowka-Ozsvath-Szabd is an ele-
ment of monopole Floer homology group and
enables one to "isolate" the information of the
contact structure. In other words, the in-
put data of the monopole contact invariant is
a closed 3-manifold equipped with a contact
structure and it does not require a 4-manifold
bounding the 3-manifold. The definition of
this invariant requires the framework of the
monopole Floer theory.

On the other hand, as a different direction
from the contact structure, Manolescu con-
structed another (3+1)TQFT type invariant
called Seiberg-Witten Floer homotopy type ex-
panding Bauer-Furuta’s method called finite di-
mensional approximation of the Seiberg-Witten

equation. This is a refinement of monopole
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Floer theory in the sense that it gives a closed
3-manifold a "space' whose suitable homology
group recovers the monopole Floer homology
group. Here, we assume the 1st Betti number
of the 3-manifold is zero.

Our "Seiberg-Witten Floer contact invariant" is
constructed in the framework of the Seiberg-
Witten Floer homotopy type and should be
a refinement of Kronhiemer-Mrowka-Ozsvath-
Szabd’s monopole contact invariant. Also, we
proved a result which claims that our "Seiberg-
Witten Floer contact invariant' is in a sense
something "isolating" the information of the
contact structure from the Bauer-Furuta type
invariant for 4-manifold with contact boundary
that I constructed last year in my master thesis.
We investigated basic properties of our invari-
ant and calculated some simple examples.

As a joint work with Masaki Taniguchi(Riken)
and Anubhav Mukherjee(Georgia Tech), we
also proved an adjunction inequality for Bauer-
Furuta invariants including the invariant of my
master thesis, and gives an obstruction to ori-
entasion reversing codimension-0 embedding of
symplectic fillings and a result on sliceness of

knots.

B. F&iL

1. Nobuo Iida, A Bauer-Furuta type refine-
ment of Kronheimer-Mrowka’s invarint
for 4-manifolds with contact boundary,
arXiv:1906.07938, preprint.

. Nobuo Iida and Masaki
Seiberg-Witten Floer homotopy con-

Taniguchi,

tact invariant, joint work with Masaki
Taniguchi, arXiv:2010.02132 , preprint.

. Nobuo Iida, Anubhav Mukherjee, and
Masaki Taniguchi, An adjunction in-
equality for Bauer-Furuta type invari-
ants, with application to sliceness and
4-dimensional topology, joint work with
arXiv:2102.02076 , preprint.



C. HEaFEE

Seiberg-Witten Floer homotopy contact
invariant, The 16th East Asian Confer-
ence on Geometric Toplogy, Online, Jan.
2021

Seiberg-Witten Floer homotopy contact
invariant, International Workshop on 4-
Manifold Theory and Gauge Theory, On-
line, Nov. 2020

A Bauer-Furuta type refinement of
Kronheimer-Mrowka’s invarint for 4-
manifolds with contact boundary, Four
Dimensional Topology, Osaka Univer-
sity, Nov. 2019

A Bauer-Furuta type refinement of
Kronheimer-Mrowka’s invarint for 4-
manifolds with contact boundary, Floer
Homotopy Theory and Low-Dimensional
Topology, University of Oregon, Aug.
2019

A Bauer-Furuta type refinement of
Kronheimer-Mrowka’s invarint for 4-
manifolds with contact boundary, Kan-
sai Gauge Theory Seminar,Kyoto Uni-
versity, Jul. 2019

A Bauer-Furuta type refinement of
Kronheimer-Mrowka’s invarint for 4-
manifolds with contact boundary, Kyoto
Young Topologists seminar, Research In-
stitute for Mathematical Science(RIMS),

Feb. 2019

h Z&# (OKI Yasuhiro)
(%1 DC1)
(FMSP 2 — 2 4)
A. TR
B Z KDL p i@t O ¥ B & O Z OEGRIWIG
FIZDOWTHIE L TWnd. AREEE, BUFOREE
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(1) Hodge W2 KD Kisin—Pappas € 7
JV @ basic locus 12 B 1F % 5Efii{b A%, Hamacher—
Kim 2 & - THik & 1172 Rapoport—Zink Z2[#

iR

= =97AN)
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CEoT—HbanNsZ L2 LE. Zhid,
PEL #Z 51} % Rapoport—Zink 12 & % RO
Ho—bThd. £/, Ll OFECRIEEIZ
BoNAY JIIVERIZKTY 5 Rapoport—Zink 22
MDEEMOHREZH NS Z T, ALY VB
T BENERAET p TOLRUBRARY ¥ LI
RKNRTHRY w7 THBEHDIZDWT, basic locus
DIEIE D BARFLR % 1572

(2) VARVEEIEDRS ANRY Y VI KN TR v 8
DHETHAOND LD nIRAE ) VEHIZNT 5
Rapoport—Zink 2% % A, T SITEBEARY v )L
LAV D n+1IRAY VRS % Rapoport—
Zink ZERI~NDMDIAAEZEZ D, TNHITRL
THGHW Gan—Gross—Prasad 1 7 V2 E&H L,
—HDBEIZF DX EBOHEEIT -T2, T,
HEANRY ¥ )L L RV DEE D He-Li-Zhu OFEH
DEFETHS.

(3) MFEKR LT B X Z DM 2 IRIEK L 12X
U, T%L EOREHD Q EAD Weil HIBED
¥y h—F AT, L/LT © VLGN Q LA
HRIThR6REEDETE. I 61T, p 2R HML
U, Krp 2 T(Qp) DEKI VNI MRIGEEE T
5. Z0rE HFXT(Qy) =T(Q) - Krp DEE
WZDOWTHEHE L., REEIE, p>22D L/Q N
T —NIHERE WD DT T, L/Q DHLRIREL
232 THEHOYINARWARSIFEFERVEKI DI L
EAEA L2, — 4, 5 TRHRWEEIZTIX, FX05
DNz D7 L/Q 7% SEBRAERERL L 7=

N
ey

I study the geometry of mod p reduction of
Shimura varieties and their arithmetic applica-
tions. In this year, I obtained the following
results.

(1) T proved that the completion along the
basic loci of Kisin—Pappas integral models
of Shimura varieties of Hodge type are uni-
formized by the Rapoport-Zink spaces con-
structed by Hamacher-Kim. This is a gen-
eralization of the results on the case of PEL
type of Rapoport—Zink. Moreover, combining
with the description of the underlying space of
the Rapoport—Zink spaces for spinor groups ob-
tained by the last year, I obtained a concrete

sedcription of the basic loci of Shimura varieties



for spinor groups.

(2) Consider a Rapoport—Zink space for spinor
group with special maximal parahoric level
structure and a codimension 1 embedding into
that with hyperspecial level structure. Then
I defined arithmetic Gan—Gross—Prasad cycles
for these, and computed intersection multiplici-
ties in some cases. This is a variant of the result
of He—Li—Zhu.

(3) For a totally real field Lt and its totally
imaginary quadratic field extension L, let T be
the subtorus of the Weil restriction over Q of
the multiplicative group over L consisting of
all elements such that the norm map of L/L™
is rational over Q. Moreover, let p be a prime
number, and and K7, the maximum compact
open subgroup of T'(Q,). Then I considered
whether the equality T(Q,) = T(Q) - K1 is
affirmative or not. In this year, under the con-
ditions p > 2 and that L/Q is abelian, I proved
that the equality holds if the degree of L/Q is
not divisible by 32. On the other hand, if not,
then I constructed infinitely many L/Q’ s such
that the equality do not hold.

B. &L

1. Y. Oki, On supersingular loci of Shimura
varieties for quaternionic unitary groups
of degree 2, to appear in manuscripta
math.

2. Y. Oki, On the supersingular locus of the
Shimura variety for GU(2,2) over a ram-
ified prime, arXiv:2002.01158.

3. Y. Oki, Notes on Rapoport-Zink spaces
of Hodge type with parahoric level struc-
ture, arXiv:2012.07076.

4. Y. Oki, Rapoport—Zink spaces for spinor
groups with special mazimal parahoric

level structure, arXiv:2012.07078.

C. MR

1. On supersingular loci of Shimura vari-
eties for quaternion unitary groups of de-
gree 2, fREFE I T F U A, WK, 2019
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5 H.

. On supersingular loci of Shimura vari-
eties for quaternion unitary groups of de-
gree 2, Workshops on Shimura varieties,
representation theory and related topics,
JeiEiE R, 2019 427 H.

. On some moduli spaces of supersingu-
lar QM abelian 4-folds, Supersingular
abelian varieties and related arithmetic,
HE R KR, 2019 4E9, 10 A.

. On the

Shimura variety for GU(2,2) over a ram-

supersingular locus of the
ified prime, Arithmetic Geometry and
Representation Theory, & [ I K 42 ff,
2019 fF 12 H.

. Basic loci of some Shimura varieties for
unitary groups in four variables over a
ramified prime, East Asian Core Doc-
toral Forum on Mathematics, 5 K%
Kavli IPMU, 2020 4£ 1 A.

. On basic loci of Shimura varieties for
spinor groups, fEIEELGR & Z D 4,
R K BUHE R A A SR AT, 2020 4F 11,
12 A.

LAY VBTN T B EN L ERIKD basic
locus (Z2\WT, % 2 [ A BB I =
U—2oYav 7 202142 H.

i

G. %

s

1. 2018 AR AR RE

2 #XB (KAMEOKA Kentaro)
(FMSP 22— 2 %)
A. W
EEHRLUTOROPSEEIIHRY 2L —T 1
> AT — VRN T B B 72 73 iy SR AT R A A
ZEAL, TOHREIZBETDEHEHEDT 1 VHIE
FOEAEBEHRO 7 7 VEMMiOiEHEZfT o7z, £
727 =) T EMICB T BEEREMIC L DR 2
V=T« v —EHZEOBELILG DML (i E
KDORBIZESZ) Rk ERFEDRELILE
D WLIMGRBR AR D U DIFS2 % & R X E 7.



In this year, I introduced a new semiclassical
framework for the discrete Schrédinger oper-
ators and proved the Weyl law for eigenval-
ues and the Agmon estimate for eigenfunc-
tions in this setting while these are not yet an-
nounced. Moreover, I developed the study of
resonances for the discrete Schrodinger opera-
tors by Fourier complex distortion (suggested
by Shu Nakamura) and the study of the lim-
iting absorption characterization of Stark reso-

nances.
B. ¥&Kiw X

1. K. Kameoka : “Remarks on Semiclassical
Wavefront Set", to appear in Funkcialaj
Ekvacioj.

. K. Kameoka : “Semiclassical study of
shape resonances in the Stark effect", to
appear in Journal of Spectral Theory.

. K. Kameoka and S. Nakamura : “Res-
onances and viscosity limit for the
Wigner-von Neumann type Hamilto-
nian", to appear in Pure and Applied

Analysis.
C. HEHFEH

. Semiclassical shape resonances for the
Stark Hamiltonian, F#&ERKFEZART K
WY I - —, FEEKRTF, 2019 46
H.

. Semiclassical shape resonances for the
Stark Hamiltonian, fEfH i+t I+ —,
FUAR R, 2019 4F 11 A.

. Semiclassical shape resonances for the
Stark Hamiltonian, A2 k)L - BLELHR
BRI T L, BTN BB,
2020 £ 1 H.

. Resonances and complex absorbing po-
tential method for the Wigner-von Neu-
mann type Hamiltonian, fEfH it I
F—, HEKRF (A T4 V), 2021 41
H.

. Resonances and complex absorbing po-

tential method for the Wigner-von Neu-
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mann type Hamiltonian, f&#4) /524
BeER, AV T4, 2021 3 AFE.

{£#% 3 (SATO Ken)
(FMSP 21— &%)
A. TREREE
RBUKIZHFH LT F a2 b —X— TN B EVTE
# X1, Dirichlet DB AXZHL T, ¥—X
BEEL D W FRAE SR & O GRIICEE & & &G
VD Z A HIIZE 5 11T 5 Beilinson 12
FOoLvF¥arv—x—ofiE—MtEh, REZ
FAIKDEF T 4 v 7 2FET Y =05 Deligne 2
RERY—ADEHE U TEHIND LS4
z. ZOLFalb—X—FHRIZLBITOMEIL, %
Mtk DEF— 7 D L B DRIk O fEHEEGR 5
LEET B Z BRI N TVED, FREMNED
SNDZEWHEDPD SNTWVWDE T — X ITEAD .
=L, INS0BEEPS, L¥al—X—0ff
IZHN B RFRBEIEUL G 2 & A N7 REZ RRIKDE
A, EATHMEE R EET 2 LI E T
D, EB, L¥al—X—EHROMEIZITBERMBE
, RV v ZEEIR L OB KRR O Rk
EAEND ZehHonT WD, FAEEHC K3 i
HDOHED L ¥ 2L —X—EfDfE L U THN DR
FRBIBUTIEE U CgE L, iR E R (T BE
% Kummer HEDHKED EOHZEFT 1 v Y
ARERY—DIEDBED L F 2L —R—Dffidr 5
s=1
/s=0 =0 \/s(s —1)(s —a)t(t—1)(t —b)

(7)
DI a,b 1IZB 2 ZHERBEBIENG Z & %
AUz, ZORRED»S, KIWMHOREMEZEZ S
T, BRUEY A Vo, -GG
f—varvihoTwhwltbbnd., KEE
DY A 7V LiFsE % #E®, Kummer
DA CFEEA, HELT 7 VzED LS
WAEHAT 202 EET 52 LT, LDk
DRIRMEICET 2R 24, ool
BHATVWIRWEDI YA IV 2L DS SHKRT
52 IR Lz, ERAREEE, Beilinson ¥
B IDZERINTNDBEY 2 7 — i
7o ¥ OB 2R S REAIZEA U T, BRE DS RSB
AL 7.

t=s

dsdt




Beilinson defined regulator maps from motivic
cohomology of algebraic varieties to Deligne co-
homology. It is conjectured that values of regu-
lator relate to values of L-function of motives if
varieties are smooth projective and defined over
Q. Though there are few cases that the conjec-
ture is true, the special functions appearing in
the value of the regulator map seem to have a
deep connection with arithmetic and geometric
properties of the given algebraic varieties. In
fact, many interesting functions such as hyper-
geometric functions or polylog functions appear
in the value of the regulator maps. I study
the special functions appearing in the values
of the regulator map on the K3 surface fami-
lies. I constructed explicitly certain family of
elements in motivic cohomology of the family
of Kummer surfaces associated with products
of elliptic curves and showed that their values
via the regulator map is a multi-valued holo-
morphic function about a,b having an integral
expression (1). Considering the periods of such
K3 surface, I showed that these cycles are not
torsion on the very general member of this fam-
ily. This year I examined the action on these
cycles by automorphism group of Kummer sur-
face and we get the relation between special
functions in (1). Furthermore, I succeeded to
construct more non-trivial cycles in very gen-
eral cases. I also studied about modular variety
such as modular curves, about which Beilinson

conjecture holds.
B. &KX

1. Indecomposable parts of higher Chow
groups of a certain type of Kummer sur-
faces, HEIRZFELIN, 2019.

. Construction of higher Chow cycles and
calculation of the regulator map, Jt#EE
REBF SR (178), 2020.

AR MV EE Wz cloaking de-
vice JEAND 7 70 —F | BRI SE BT
2L X —, 2021.
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C. HEaFEE

. Kummer #i{f _E® regulator O F&, 2
12 | KRR IR 2 BRI 7 5 2, 2018 4 9
H.

. Higher Chow groups of Kummer sur-
faces, & 2 [MBEH A& I F—, 2019 4F 2
H.

. Explicit calculation of values of the regu-
lator maps on a certain type of Kummer
surfaces, REFITF T L, 2019 7 H.

. Calculation of the regulator map,
Younger generations in Algebraic and
Complex geometry VI, 2019 4 8 H.

. Construction of higher Chow cycles and
calculation of the regulator on certain
surfaces, Regulators in Niseko 2019, 2019
9 H.

. » 5D Kummer i iI2E 135 L ¥ 2
L—%—0EHHE, JuBESGRE I —, 2019
10 H.

f£8k 1&N (SATO Yusuke)

A, BB EIROTORR R D 7 Loy bR R
SR DAFAE B O = J1 A S D W THFZE %
f1272.SL(n,C) DHMKEHSHE G 12 X 5422
M C/G WUy MNERGBHEERDZOD
+53 Gt % ESUOGES B W TMNUEEO ik
FVKEHRTR UL, D%, 527 +05%408
two-parameter D[RR ADBEIZIZI LA
v NREFR SRR RO OO BE SRR 5
TWdZ e ZmUTk, @mRkocHE s BURRIE 2019
AR R A IE G 3K [ g F 52 51 D Fujiki-Oka #5522
MR EZTRT27-2DIZEALZEDTHS.
IR L TR B 13 Fujiki-Oka 55 5 SR A5\
DI LNy MNRERGHEIZ BT 205 ME
ROTHEEE FHIN TS A 72, & 723K [0 P R 2 51T
%f U T Fujiki-Oka ¥ RRHE X b — D v 7 Sk
KTH O FETRIRTE ZH%, 3 oK (0] s Rr 2 5
7Y Gorenstein(F 7z (3 KFFRA) TH D & ST
ZOROREMNITE A REHNTT- 7.

-
—

In this year, I studied the existence of crepant



resolutions for high dimensional quotient sin-
gularities and the Mckay correspondence. We
showed a sufficient condition of existence of
crepant resolution for Gorenstein Abelian quo-
tient singularities in all dimensions by using
Ashikaga’s continued fractions (joint work with
SATO Kohei). After that, we show a condi-
tion for two-parameter Gorenstein cyclic quo-
tient singularities to have a crepant resolution
in any dimension. The Ashikaga’s continued
fraciton controls the Fujiki-Oka resolution for a
cyclic quotient quotient singularity. Our result
gives the condition when the Fijiki-Oka resolu-
tion coincide with a crepant resolution. More-
over, I showed that a two dimensional contin-
ued fraction can be represented a binary tree,
and I characterized the shape of the binary tree
obtained from the two dimensional continued
fraction for the three dimensional Gorenstein

(or terminal) quotient singularity.
B. &K

1. K.Sato and Y.Sato, On existence of

crepant resolutions for Gorenstein
abelian quotient singularities, preprint,
arXiv:math/2004.03522.

. Y.Sato, Fujiki-Oka resolution for three-
dimensional cyclic quotient singularities

via binary trees, submitted.

C. HEaFEE

. Hilb®(C*) and Crepant resolutions of
certain abelian groups in SL(4,C), HA
B2 ERBR, WMILIKT, 2018 49 H.

. Hilb®(C*) and Crepant resolutions of
certain abelian groups in SL(4,C),
McKay Correspondence and Noncommu-
tative Algebra, # i E K, 2018 4£ 11 A.

CEIRITGD 7 LNy MRRERIH S G-e
XV N AF— L B 24 BREESE TS
2, WK, 2019 4 2 H.

. SL(4,C) DERT — RVEHDEED 2 L%
Y NRRAMIEE G-e VRV R AF — A
IZDOWT, 5 15 MIEERAH TR,
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JbiEE K F,2019 4 3 H.

. Crepant resolution for four dimensional
Gorenstein quotient singularity, £/ [E#
FREBAE R KRR, MK, 2019
8 H.

. Existene of crepant resolution via multi-
dimensional continued fraction, GTM *
I —, HECREA 7V B s
BERE 2019 4 11 A.

. Binary tree and continued fraction for
cyclic quotient singularities, 21th & Hh
W7 —2>ay 7, EERFERE REER Y
FSA RF ¥ U8R, 2019 4E 12 A,

. Crepant resolutions for two-parameter
cyclic quotient singularities, The McKay
correspondence Mutation and related
topics, Online seminer , 2020 4£ 7 H.

. Fujiki-Oka resolution for two parameter
cycylic quotient singularities, HARKZZHF
#5+% I 7 —, Online seminer 2020 £ 8
H.

B8R &#& (SATOMI Takashi)
(%4 DC1)
(FMSP 72— 24)

A TSR
FIEFEIZ2DDTF—IZTDOVWTHELT WS,

1. Wang-Maiden DAEFADI=EV a2 T —
[t a oo fEELEAD AL
9, MEZEM X LB ¢: X — Rxo
XL, (X =R O5EIENFRRD HE S
ZH75) B ¢*: R — Rxo ZEHE L .
aAZEVa I /Ay s bEGITH
U, RATARSBIE f: Roo — RICET
BN P(G) 2IRD & 51280 5.
P(G): G LOEZEDIEE ¢1,éo: G —
Rxo XU, [5f o (¢1 % ¢2)(g9)dg <
Jr [ o (87 * 63)(y)dy DI Y LD,
Wang-Maiden 1% f 23D & 1244
P(R) B DD Z AR L. A —
AL, (1)f WM TH2 8, (2)f
%M P(R) #A7-9 2%, (3)fnr>2ayv



RN NSRRI WL S BRAED G
CHL f 2 P(G) RBETIE, HERT
FEfETHBZ & ERLTI-.
LAZEVaT—REarAT MELD
Young D& AIABAE X O 5l E
1+1/p=1/p1+1/ps ZHT=F XS E
B1<pi,p,p<oo ZEETS. EED
A=V aI—RFra A7 MG IR
LU Young 8 Y (G) := sup{||¢1 * 2|l |
[01llp, = llP2llp, =1} B 1THTFTHS.
9, X G =R DHAICY(G) Off
EHRIICG X DkA kR ZFAT.
Beckner (& || * @3], BERKIZHRD 72D
DB & 732 2 B A DR DY Gauss
B0l L 2R_T L THIOTHHAL
7z. Brascamp-Lieb 1% Y (R") = Y (R)"
L, n 500 DEEDY (R") DR
TN E 95 Z & TREAH L /2. Barthe
132 BAE i & A F HEINAE J S O R
EFERXEMo XD EENLIEHE S X 7.
Bennet-Bez 13 ¢, ¢ ZWIHIEE 4 2
IEBOARERZ2% 2, B RET 2 Zh
SDBAABD LP J VAR TEHZ L
% ffi 5> THERA LU 7z. Cordero-Erausquin-
Ledoux (F5a#E 8 % K& 2 MDY ¢ * o
DM T Y bu¥—% B SRS 5 M
EARBINZRAFTH D Z L ERT I & Tl
AL 7=.

Fournier & G 232323 /37 N igia
HERZHRVWI e Y(GQ) <1 2HEMETH
BILERL, X5LIOBEDY(G) D
ERC P 1IERMETHEZLERLEZ. FA
X HTR D Wang-Maiden O ARZER D —#Ab
EHoCTC=Y(R)eRhBILERLE.

I am studying two themes.

1. The generalization of Wang-Maiden’s in-

equality to unimodular locally compact
groups

For any function ¢: X — R>( on a mea-
sure space X, a function ¢*: R — Rxg
(that is the symmetric decreasing rear-

rangement when X = R) is defined.
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For any unimodular locally compact
group G, the condition P(G) with re-
spect to a locally integrable function
f: R>0 — R is defined as follows.

P(G): [uf o (b1 * é2)o)dg < [of o
(91 * ¢3)(y)dy holds for any functions
¢1,92: G — Rx>o.

Wang-Maiden proved that f satisfies
P(R) if f is a convex function. I gen-
eralized this, that is, I showed that the
followings are equivalent: (1) f is a con-
vex function, (2) f satisfies P(R), (3) f
satisfies P(G) for any G that has no open

compact subgroup.

. The optimal constant of Young’s convo-

lution inequality on unimodular locally
compact groups

Suppose 1 < p1,p2,p < oo satisfy 1 +
1/p = 1/p1 + 1/pa. For any unimodular
locally compact group G, the Young con-
stant Y (G) = sup{[|1 * dallp | [61]lp, =
|p2llp, = 1} is not more than 1.

I studied several ways to obtain Y (G) ex-
plicitly when G = R™. Beckner proved
it by showing that if [[¢] * ¢3[,  is at-
tained the maximum then ¢] and ¢35
are Gaussian functions. Brascamp-Lieb
proved it by using Y (R") =Y (R)" and
investigating behavior of Y (R™) when
n — oo. Barthe proved it more directly
by using change of variables and the
weighted AM-GM inequality. Bennett-
Bez proved it by considering the heat
equalities of which initial conditions are
oVt and ¢5?, and showing the LY-norm
of their convolution is monotonically in-
creasing in time. Cordero-Erausquin-
Ledoux proved it by evaluating differen-
tial entropy of the convolution and find-
ing the relation between this problem
and Y (R™).

Fournier proved that Y(G) < 1 if and
only if G has no open compact subgroup

and the supremum C' of Y (G) in this case



is less than 1. I showed C = Y(R) by us-
ing the generalization of Wang-Maiden’s

inequality.
B. F&KamX

1. T. Satomi : “AMHHAELEMIZ L 5%
HZEM LDz AIABD AR NIV,
RECR TR B B R 2 W FE BHE 1 5
(2019).

. T. Satomi : “/FFra /N7 ME LD 72 A
ABD LP ILEM: & Young D AR DR

R, HUERR A B R AT AT 2E i oe ik 2139
(2019) 136-147

. T. Satomi : “/AFra /N7 S DG HAH
1ZB99 % Young-Beckner-Fournier O A%
ROBEER", KBliw> v RY7 A 2020
AEEEE (2020) 129-140.

C. HEHFEE

. Selberg’s expander construction (after
Tao) 122\ T, Workshop on “Actions of
Reductive Groups and Global Analysis”
(HEEA IR EAE) | HURKRZE R E
Bt I F—nv A 2017 S A

. (1) Freiman’s product theorem @ #f T,
(2) Balog-Szemerédi-Gowers @ & H @
Al D R & — i DA% E D R
5%, Workshop on “Actions of Reductive
Groups and Global Analysis” (15 A : /)
MRAITHRE) |, RERFEREERE 35—
NI, 2018 8 H.

B LD BABBKD L FHiie 75 7
MEROMMR, EHERE IF— (HEEA:
TWRBZIE) |, WA R FEERI R,
201944 H.

LD BARIZET S Young O ARLE
KNOHLR, RIMS HFEHE [RERE 2D
JAA B O] (HEEA - RKEFBEE)
FARRZZ BT IIZERT, 2019 42 7 H.

. Larsen-Pink-Tao (2 & % SL4(k) @ Prod-
uct theorem D #H 4, Workshop on “Ac-
tions of Reductive Groups and Global
Analysis” (HEEA : INRBITHEA) | K
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RAFEFRERY I F—17T Z, 2019 F 8
H.

L AZEVaT—RFEFaY S MELTO
T2 72 HAHD LP §Tfi & Young O ARER
DR, 2019 FERB@RT —2 > a v 7,
BRIND VR (SHURSAEEYE 2 v
& —) (HEHA : P Z5E4E) | 2020 4F 1
H.

LT AIAARD LP )V 2T % Beckner
DAEAXD, MEHEAD b L T DIk
F, Workshop on “Actions of Reductive
Groups and Global Analysis" (55 A : /)
MBITHE) |, AV T4 >, 2020 4 8 H.

RN PREDBEAAAITHET B
Young-Beckner-Fournier ® A~% 2 D iz i#
ER, 2020 FEERBERY VR YT L (HE
A T, BE-EE) AV T
17,2020 411 A.

LAZEVaT—RFaAYAs M ELED
YoungaASBeckneraASFournier O & #jA
ARERDBEER, HABF 2 2021 4F
BES T4, 2021 3 A.

£8 &A (SANO Taketo)
(%4 DC2)

A, FSERESE

122 1 'Khovanov homology DEFMDFHIE |
Khovanov homology %75 O RE M % R T
link cobordism (2B U CTRIFIIZHIREE S Z & A
SNTWS. REMDHFRIZEL TWL D005
TR D BH, e A YF )LD homology
G2 B THERHY - ARERN IR 3 E % B
L35, YT, WEEEOMZER RO L
LT, &Yy INie7 7ua—FTREDALENE
EHERU 72, WEEE DL T, homology BED &
LREDEFE (Lee $H) @ cobordism (2T 2R
BENEREL TV, ZOBERINEIT + THDY
B LI EROGEEZHESTH LT, 50
BAWIZEEST SN TE 5.

(##% 2) Bar-Natan 7€ b E—B DK
Khovanov homology 1213\ < D DERFEN H
D, TNONS s AERREDEELALEZRED
B Y i+ 5. Lipshitz-Sarkar i 2014 D iw ¢



T, Khovanov homology D ZEMHMEH TH %
Khovanov homotopy type Z Mk L7z, Z DO
%75, Khovanov homology DZFEIZX LT % i#
HATEENES PIZDOWTIX 2020 EDOR R TH
KIERTH - 7208, FAIEEDO—DTH S Bar-
Natan homology (23X L C homotopy type %
I EITRIIL, TSICEDLERE Y-
B ZRTELEZ. ZD%, Bar-Natan homotopy
type ZHWT s-AZL R % 2K (FE ME—1)
CREELT 2 Z EHROFEETH 5.

Research 1 “Fixing the functoriality of
Khovanov homology"

Khovanov homology is functorial up to sign
with respect to link cobordisms. The sign in-
determinacy has been fixed by several authors,
by extending the original theory both concep-
tually and algebraically. Based on our previous
research, we proposed an alternative approach:
we stay in the classical setup and fix the func-
toriality by simply adjusting the signs of the
morphisms associated to the elementary cobor-
disms.
Research 2
type"

There are several deformed versions of Kho-

“A Bar-Natan homotopy

vanov homology theory. In 2014, Lipshitz and
Sarkar constructed a spatial refinement of Kho-
vanov homology, called Khovanov homotopy
type. Whether other deformations admit such
refinement was open at the time of 2020. We
succeeded to construct a spatial refinement of
Bar-Natan homology, which is one of the de-
formed theories, and moreover determined its
stable homotopy type. As a future prospect,
based on this construction, we aim to spatially

(homotopically) refine Rasmussen’s s-invariant.
B. FE&Ew

1. Taketo Sano : “Fixing the functoriality
of Khovanov homology:
proach", arXiv (2020) 2008.02131.

2. Taketo Sano : “A Bar-Natan homotopy
type', arXiv (2021) 2102.07529.

a simple ap-
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C. HEaFEE

1. Fixing the functoriality of Khovanov ho-
mology: a simple approach, {4 bR 1
V=20 (AT 1Y), KK, 2020
9 H.

= #% (TAKASE Hiroshi)

(2% DC2)

(FMSP 2 —2/k)
A. HrFERE
Lorentz %tk 1 ® Laplace-Beltrami fEff 3% %
AWTRR &2 Wi B ENL AR RIS 5%
JFIEREFEHEEHELTVWD. 20 AR
Einstein ARAZHIIL THONDZHDTH D
EAPOEFEELET S HERNTHS. Lizdis
THRFEHRESHEZEZ 5 Z L 3WHZICE
WTIRE D DOIIFREMBEIZHY 5. 20K
BRI UEMMTE L2 §Hiicd 5 Carleman 7
flizfEr L, BT —2 %3287 M BRI &
Lorentz ZRRARDIRAD—E T L 272 & D5
£ & Holder 2252 VEREA 2 LRI U 7=
FEHAD £ — & 722 5 Carleman 1l % 15 5 12 (ZHE A
BB D~y 7 TS B A7 (312
T2)IRENPBETH L. FREDHERITHAZE L 72
\ Riemann %K EORE RN, 2O &
»OEE DM E EARBE LTERZ LT
HiR (2B 9 % & % +43 & F T Carleman FHifi A
Bohd. &I ADVEEAREMKIFT % Lorentz
SRR £ DB LRI D W TR — K 7 B A
BORRIZET 2M5EIE AR+ TH D, BEIIY
W% D EE) & U T Lorentz #H& % ¢ 2 72 R
R 72 B AR DELY J5 &, R RIS 22 HL D
F ORGP SHZE%TT > T\ 5. R AR 722
BEAEBERS Z LB TENE, BROLM(E
Holder Z2E M3l %2 & N X ¥ 7= Lipschitz %
EMEREAN 213 5 N2 ATHeMED B 5.
F7-3Ea %2 e Lorentz k4K ETOREN S
BAZOWTHEIEkZ R > TWa. #iER anti-
de Sitter Z2[#] £ T® Laplace-Beltrami /Ef & 1
FHEIENE AL CIRILT 27280, BiRDEE L
AT AREETH S, BUEIEZ 0 Ea vy
b 7 Lorentz Z#%k | ¢ Carleman F7-iffi DL



By
=1
=

L, ZTOISHE UTHRO— Bk O %2
HEL TS Z2EDTWE., X 5I2Z OREIZY
BB W TIE AAS/CFT 3tk & BifRH H 5 Z
EDRFSNTEY, ZOHANDIGHSHEIZA
NTHEZIT V0.

I study inverse source problems for systems of
wave equations on Lorentzian manifolds. The
systems are derived by linearizing the Einstein
equation and describe propagations of gravi-
tational waves. Therefore, physically speak-
ing, the inverse source problems are related to
the problems of determining sources of gravita-
tional waves. I established the Carleman esti-
mate, which is one kind of L? energy estimates
with weight functions, and proved conditional
Holder stability for the inverse source problem.
To obtain the Carleman estimate, which plays
an important role to prove the Holder stability,
one needs an geometric assumption on Hessian
of the weight function related to curvatures.
For wave equations the coefficients of which are
independent of time on Riemannian manifolds,
one can prove the Carleman estimate by choos-
ing the distance function with respect to the
metric as the weight function. However, there
are not sufficient results regarding the way to
choose weight functions for wave equations with
time-dependent coefficients on Lorentzian man-
ifolds. I study the way to choose weight func-
tions not only locally but also globally in time.
If one obtains the global Carleman estimates
with the suitable weight function, there is some
possibility of proving global Lipschitz stability
for the inverse problems as an improvement of
the local Holder stability.

Moreover, I am interested in analysis of inverse
problems for wave equations on non compact
Lorentzian manifolds. Because the Laplace—
Beltrami operator on the anti-de Sitter space
has degenerate principal parts, the analysis is
more difficult. T make efforts to establish the
Carleman estimate on the anti-de Sitter space

and apply the estimate to obtain unique contin-
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uation properties from infinity. In addition, it
is known that the unique continuation property
is related to the AdS/CFT correspondence and
I am curious about applications to their prob-

lems.
B. F&inX

. Hiroshi Takase, Inverse source problem
related to one-dimensional Saint-Venant
equation, Applicable Analysis, published
online.

. Hiroshi Takase,

lem for a system of wave equations

Inverse source prob-

on a Lorentzian manifold, Communica-
tions in Partial Differential Equations,
45(10):1414-1434, 2020.

. HEEFER

. Inverse problem related to the St.
Venant equation for one dimensional wa-
ter flow, A3 Workshop on Applied In-
verse Problems in 2017 CSIAM Annual
Meeting, Qingdao, China, Oct. 12-15,
2017.

related to the St.
Venant equation for one dimensional wa-
ter flow, The 3rd Winter School on Com-
putational Science and Machine Learn-

811,

. Inverse problem

ing, Gangwon-do, Korea, Jan.
2018.

. Inverse source problem related to the
gravitational wave in general relativity,
The 9th International Conference on In-
verse Problems and Related Topics, Na-
tional University of Singapore, Singa-
pore, Aug. 13-17, 2018.

. Inverse source problem related to the
gravitational waves in general relativ-
ity, International Conference on Inverse
Problems, Fudan University, China, Oct.
12-14, 2018.

. Inverse source problem related to the
gravitational waves in general relativity,

Analysis, Control and Inverse Problems



for PDEs, University of Napoli Federico
I1, Ttaly, Nov. 26-30, 2018.

. Global Lipschitz stability by an inter-
nal subboundary observation for inverse
hyperbolic problems, INDAM intensive
trimester “Shape optimization, control
and inverse problems for PDEs”, Univer-
sity of Napoli Federico I, Ttaly, Jul. 1-5,
2019.

. Uniqueness and stability for inverse hy-
perbolic problems by an internal obser-
vation, Russia-Japan Workshop “Math-
ematical analysis of fracture phenom-
ena for elastic structures and its appli-
cations”, Novosibirsk State University,
Russia, Nov. 11-13, 2019.

. Inverse source problem for Klein—Gordon
equation in de Sitter space-time, RIMS
Workshop on “Analysis of inverse prob-
lems through partial differential equa-

tions and related topics”, RIMS, Jan. 8-

10, 2020.
9. Inverse problems for general first-order
hyperbolic equations, The Second

Russia-Japan Workshop “Mathematical
analysis of fracture phenomena for
elastic structures and its applications”,
online, Dec, 15-17, 2020.

Inverse problems for wave equations on
Lorentzian manifolds, &% KF MMt I

7 —, online, Dec. 18, 2020.

10.

il

G. %

/

1. 2018 R BELRLAFSERERE

&3 B8 (TSUTSUI Yuki)

A. TR

FOELMENRIZI bR HNVEMETH S, K
W RREOEET Vv Vi Z DL A T o
7V ABERRTFEIIOVWTHRLTWS., —X
JLERTH & MR RO ERET 7 7 1 VERRRIE
FE AV K3 i & EEN . H3E K3 o
A= VEREHIC Lo THREINSE L SIZ b
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ALV KIHMHEDOE I — VB LA T4 T
ABEEIZL >THREINS.

SEEIZ IR AL K3 i EOR -2 5
) —<rv=avy hEOEHROMEDDHIZ A Y
71V K3 g O REE & L1 7« 7 v AfEEH
EOBBMEIZBIL T & DFERCIAR 7z, ik
BN EHT T 74 UERRRE UTEBIEINS b
oAV K3 BOLVA T« 7 v AEENE
DIT—Rx BOEOHFIE AT I &HH
KkBHEFIZEIL. ToEBEOT T, homEH
WZEBbuYhn sy~ —ilime MAEHALTY
560D &Y FEHERBIGRMEZS72.

My main research interest is in tropical geom-
etry. In particular, I study integral affine sur-
faces with singularities and their radiance ob-
structions. An integral affine manifold with sin-
gularities which is homeomorphic to a 2-sphere
is called a tropical K3 surface. Just as the
Picard group of a complex K3 surface is de-
termined by the period, the Picard group of a
tropical K3 surface is determined by the radi-
ance obstruction.

This year, in order to study the Riemann-Roch
type theorem for divisors on tropical K3 sur-
faces, I studied the relationship between the
geometric structure of tropical K3 surfaces and
their radiance obstruction in detail. This is
based on the fact that the radiance obstruction
of a tropical K3 surface B realized as an in-
tegral affine manifold with singularities can be
regarded as a positive divisor class of its mirror
dual B. In the process, I obtained a more pre-
cise relationship between the tropical Kummer

surfaces of other researchers and the one I have

used.
B. F&KimX

1. Y. Tsutsui :
tropical Kummer surfaces”, K%
HRLEFERME LR (2019)

“Radiance obstructions of

C. MgaF£

1. Radiance obstructions of tropical Kum-



mer surface, 7—27 > a v 7 [ H
1 2 REH - M AA DRG] R, &
iR, 2019 4E 3 A

. Radiance obstructions of tropical Kum-
mer surfaces, Young Researchers’ Work-
shop on Non-Archimedean and Tropical
Geometry, Regensburg, N7, 2019 4 7
H

. Radiance obstructions of tropical Kum-
mer surfaces and their quotients,
B~ — 22— 2019, 2019 4 8 H

FH# #1E (TERAI Kengo)

(%1% DC2)
A. T 7EREE
Bl IR RR 2 S B X 0 B IR R SRR
ROBEEEN 2T > TWD, RRHZIERIZ LT Z
YRELTERMETRE TR MDY O D S 5EA,
§59 %% 4 37 Hamilton-Jacobi-Bellman SR H
X NG, REETIR, O EERY R
DEFIHERBIZE D MA . BIEIHEERMEE X,
Bl R I R 2 R, BI5IR XN S IE
DNFTA—=REXOIED 72 & & DEOMIITE
> 0Ths. BMAGRACHRELRD
BHELELRLZ[LUT, MOBIZ DWW THIREE
BMERROSNTWRWZ EAEIT 5N 5. AERE
OO HATIE, HEDNI VT VDB
U CTHPERR DS 2RI T 5 Z 8, BLUZ
DR B A I A A A R RE & X 5 8 ERE
fRIZIR>T\WB Z L ZFFHLZ.

The main subject of my research is Nonlinear
Partial Differential Equations. In particular, I
study some PDE systems which arise in the lit-
Weakly

coupled systems of Hamilton-Jacobi-Bellman

erature of optimal control problems.

(HJB) equations arise in the literature of them
with random switching costs, which are gov-
erned by specific Markov chains. In this year, I
addressed the vanishing discount problems for
uncountable infinite systems of weakly coupled
HJB equations. The vanishing discount prob-

lem is how the solution behaves as the discount
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factor tends to zero. In the case of uncountable
infinite systems, it is worth emphasizing that
we need to take into account possibly the lack
of equi-continuity of the viscosity solution. In
this year, with a specific Hamiltonian, I proved
the convergence of the solution and showed the
solvability of the corresponding additive eigen-

value problems.
B. ¥

1. N. Almayouf, E. Bachni, A. Chapouto,
R. Ferreira, D. Gomes, D. Jordao, D.
Evangelista, A. Karagulyan, J. Monaste-
rio, L. Nurbekyan, G. Pagliar, M. Piccir-
illi, S. Pratapsi, M. Prazeres, J. Reis, A.
Rodrigues, O. Romero, M. Sargsyan, T.
Seneci, C. Song, K. Terai, R. Tomisaki,
H. Velasco-Perez, V. Voskanyan and X.
Yang, “Existence of positive solution for
an approximation of stationary mean-
field games”, Involve 10, 2017, 473-493.

L SEHAEIE, CSE¥S T — ABERIZEIN D 1 B
D IERRTEAR P 53 T3 72 2R D ALY E A fE R
RUZDWTY, 8 40 BIFE ARG F 2 3
F—ELE, 2018, 33-42.

. SFHRAERAE, <72 IR — Rk FitzHugh-
Nagumo J& kR D23 FE”, BRg
EEPNE NS T o R SNV Y
2019.

. K. Terai,

weakly coupled systems of ergodic prob-

“Uniqueness structure of

lems of Hamilton-Jacobi equations”,
NoDEA Nonlinear Differ.
26, no. 6, 2019, Paper No. 44, 16pp.

. D. A. Gomes, H. Mitake and K. Terai,

“The selection problem for some first-

Equ. Appl

order stationary mean-field games”, Net-
works and Heterogeneous Media 15(4),
2020, 681-710.

. K. Terai, “Remarks on the vanishing
discount problem for infinite systems
of Hamilton-Jacobi-Bellman equations”,
preprint in arXiv: 2011.00201, 2020.



C. HEaFEE

1.

10.

YT — MTEN B M AR D IE
fili 5 B % 12 D\ T, Workshop 2016 on
Mathematics and Mathematical educa-
tion, ZRREE KRZ, 2016 4£ 9 H.

LT — MTBN S WD SRR D A

< VB FYERIEIZ DWW T, R R0
B RAEJRBE & 2 o 30 5 2 [, bk
#, 2017 4E 3 H.

BB — LAEERIC N D 1 B O IERRIE

T8 5y 3 RE 2R D IR E A Ml R I D W
T, BREHBEAEZETFLIF— FH 40 [0,
i T.3E K%, 2018 4E 8 H.

. 99%% 4 Hamilton-Jacobi 3. R DD —

RVERE, RGEAMES 5 4 [, H
ARLTRY, 2018 £ 12 A.

. ZBHIE—H72 E % FitzHugh-Nagumo X

JEHEHCR D TR, JERIR R TR
A& 2273 R 26 13 ], EHRRFEH A, 2019
2 H.

. Uniqueness structure of weakly cou-

pled systems of ergodic problems for
Hamilton-Jacobi equations, H AR¥ 4
BB AR AGR DB S, RE TR, 2019
£ 3H.

. Uniqueness structure of weakly coupled

systems of ergodic problems of Hamilton-
Jacobi equations, FMSP Btk & i, =
R, 2019 4 3 H.

. The vanishing discount problem for sta-

tionary first-order mean-field games, Vis-
cosity solution approach to asymptotic
problems in front propagation, dynam-
ical system and related topics, RIMS,
2019 7 AH.

. Remarks on the vanishing discount prob-

lem for infinite systems of Hamilton-
Jacobi-Bellman equations, At K2 {w
Mo AR I F—, AT 1>, 2020 4
12 H.

Remarks on the vanishing discount prob-
lem for infinite systems of Hamilton-
Jacobi-Bellman equations, HAES B
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BHBERMmOBE, A5 1, 2021 4£ 3
H.
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G. 3%t

L

1. T80% - BRI EH IS T E D72 D
HAOW - BERATLLES 2019) RZ b
WAR—FK.

@& #X (FUKUSHIMA Shota)
(FMSP 21— /%)

A. THTEHIE

ZRRA_ED Schrodinger /5558 2\ D i 0D 1 a0 il
%, BEFEFOAFEIZL > THRLTWS. &
R (1) R E0E AU & 5 Feynman ##H
43 % F\~ 7z Schrodinger /5 F2 2 D fift O #E k& iR
r, (ii) XK EES % W72 Schrodinger /72
R L DR RMEDRRBITH Y MA T

(i) Feynman fEEF{7 & 1%, Schrodinger /2
DEARfREE ) “ZBREID 2 5% KSR 2RO 2R
WO MA” 2 FWTHIRT 2 HiETH 5. 5
BRC R ZE Il R RPN E 2 Bk T 5 2 &
T Schrédinger HERDEARME XK T L &
FTELRVE WS Z LA Cameron (1960) 12 &
DRENTWA, BIOBENZIE YLD ik
U T ENERIC & 2 AN H 5. 0k
Feynman (2 & 25 € 0T, B2 < 2EI LT
JFonsHnfor$HRRTER LTI %
AL, REASEZMAL THMREE DI L
T “BRRBZEFR LOMD” 2FBHT2L 0550
Thb. MEIAFEOHEIIE T INT b
Riemann £k EDRD SN RTF ¥ v L%
F§D Schrodinger HFERIZ X U TR E5E 0%
HYNZER L, T ORI ELE B A A T — %
THHIE X 117z Schrodinger HFERNDEARMIZ, IR
BH 1 &Y KE W Sobolev 22fA 5 L2 ZERI~D
PERZE OV LAAEIZBE L TR 5 Z & Z2EEHA L
7z. Euclid ZZ[# D K 23 HEAUZ & % Feynman
R 128 L Tl Fujiwara (1979), Kumano-
go (2004), Ichinose (2020) 7 £ OHIZEH H 5. —
Ti %R LD Feynman REEE S 2B L T OMFZE
=% Miyanishi (2014) 252 6D D, % < 137
o7z,



(1) FrvRip i 5 A % B o e M % & SR i s oy
A5 THEREMEICB I IR BN EHEL
TS 272DICHVWS N EATHS. Euclid
ZEIZ B 1) % Schrodinger ARERIC & 2 FIRPEH
£ 4 DOEREIE Nakamura (2005) 12 & W #R S0,
Z DFERIX Tto (2006) 12 & > TERELFHRE Z FED
Euclid ZZRICHEEE X 7z, BT 2 45 D5 % B
AT, WL 22 end 2RO S RRkIK BT
DRI TE DN E D P EFART VS, B
MTREEBRIBEONTORWVE, ZhETO
R K TEERICRTE 2 e PRI NS,

I study the construction and the analysis of the
solution to Schrodinger equations on manifolds
by the microlocal analysis. In this year, I stud-
ied (i) the construction and the analysis of the
solution to Schrédinger equations by the time-
slicing approximation of the Feynman path in-
tegrals and (ii) the propagation of the homoge-
neous wavefront sets by the Schrédinger equa-
tions.

(i) The Feynman path integrals are a method
for constructing fundamental solutions to
Schrédinger equations by “integration over the
set of all paths connecting two points on the
configuration space. ” It is showed by Cameron
(1960) that it is impossible to construct a com-
plex measure which realizes the Feynman path
integrals. However, there is another method
for the justification, the time-slicing approxi-
mation. In this method, which is the original
idea by Feynman, one realizes the “integration
on the space of paths” by calculating integra-
tions over finite dimensional spaces of broken
paths obtained by dividing the time segment,
and taking the fine-partition limit. In this year,
I constructed an appropriate time-slicing ap-
proximation of the fundamental solutions to the
Schrodinger equations with smooth potentials
on compact Riemannian manifolds and proved
that the time-slicing approximation converges
to a fundamental solution to the Schrodinger
equation modified by the scalar curvature in

the norm operator topology from the Sobolev
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space with degree larger than 1 to the L? space.
The construction of the Feynman path integrals
by the time-slicing approximation on Euclidean
spaces is studied by Fujiwara (1979), Kumano-
go (2004) and Ichinose (2020) for example. On
the other hand, there are a few studies on that
on the manifolds, for example Miyanishi (2014).
(ii) The homogeneous wavefront sets are used
for the analysis of singularities of functions con-
sidering not only the high frequency compo-
nents but also the behavior near infinity. The
propagation of the homogeneous wavefront sets
by Schrédinger equations on Euclidean spaces
is investigated by Nakamura (2005) and the re-
sult is extended to the case of Euclidean spaces
with scattering metrics by Ito (2006). I study
whether one can carry out a similar analysis on
manifolds with asymptotically hyperbolic ends.
I have not obtained any result yet. However,
considering the calculation I did, I expect that

this problem is solved affirmatively.

B. ¥&Kin X

1. S. Fukushima:“L? boundedness of pseu-
dodifferential operator on manifold with
end”, B KB LR

. S. Fukushima:“Time-slicing approxima-
tion of Feynman path

arXiv:2009.13281

integrals on
compact manifolds",
[math-ph)].

. S.  Fukushima:“L? of

pseudodifferential operators on man-

boundedness

ifolds with ends”, arXiv:2011.06162
[math.AP].
C. Mg«

. On L2-boundedness of pseudodifferential
operator on the hyperbolic space, £ 28
B By e Wy AR KKR 27T,
2018 4 11 H.

. L?
operators on manifolds with end, 2§ 172
[\ FERERFARY MVESRY I F— F
BT, 2019 F 7 H.

boundedness of pseudodifferential



3. On elliptic differential operators on man-
ifolds with end, 25 29 [0] ZEYH & B0
B, WA~ R TIb, 2019 4 11 H

. On pseudodifferential operators on man-
ifolds with ends, A2 hJL - BiEL IBFH >
VRTY L, WA B2 8E, 2020
F1H.

. Riemann Z ik EOMAEAZS X OHl
HIARIZDWT, 88 2 [a] AT ML - BELAS
Fhhshe, BT, 2020 4F 2 H.

=)l ¥ (YOSHIKAWA Shou)

(%4 DC2)

(FMSP 2 — 2/E)
A. TSR
FOMENRIEZDOH S, £9 20, FjkzH
CHEFBI R E2 R ORBEREONETH 5.
2T, Rk E GRS 2, FETRWE
WH RN b Thsd. BLEHERIZBEWV
T, ZD &5 BRERADFTHRMEEIZ DWW THE
U7z, T LD, BUNETIVHEEICB\WTE
GRS E B TROE WO R E G, £/,
KB B IZOWTHMELTWS. Ttk
v, HEOHEONEY, WEHRAFIZHENT
HELLHFKD 2 5 ATHSD, Fano Bl L\
AL DERRERBL T WD Z DG
7. R, ETHARZ &S Rk E QR RS
BEFEORBEHAEDNGEZ 5Nz &, TOLH
K EHEETHDE L, FanoMThHdZ &
MHIETH 2 & WO FERZ 572, ARG X
BFEMEIZ X 2 EHTALRMETH Y, Fano &l
EZ S TIRZRWV. ULE>TIORREIZ, Rkna
H CHERTY SR & RE D &\ 5 M AU BE [ il 72
BRTHRZNZNZEEZEERLTWVWS. Z O
IZHBWT, HOHRNEG %2 H 2 EEKTHRIEL 72
BNETINVTB T T L (AEBNETILVTBST S
L) EEHMICANSZZEDPEETH S, KrZ, FH
BRHT 7 AN—EERGZ 5N EIZ, 2O
7 7 AN—DEMEOHEERY» S, HEY LB
BTE/-Z i, KELERTH 7.
£ 5 —DN, BB =KL R T 5
INETVEERTH 5. ZIRTEEARARICEET 2 @/
TV, EERBAROGE X IMKRFERT

-
—
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b5, Frz, ESTREEROEED L HFARS
NTWVW5. ZNo OFERD—I % BAEITHREL
oo THUZE D, KGR EDH BFEOLRMEANZ
DEHR LIZEFICRVWET LV ER2EDZ 2234
o7z,

I have two topics. The first one is the classifica-
tion of varieties admitting a special endomor-
phism, where “special endomorphism” is one
of the generalizations of non-invertible polar-
ized endomorphisms. I studied local properties
of such varieties two years ago and I proved
that such varieties have singularities which are
important in the minimal model theory. Af-
ter that, I study global properties and I got
a classification of such surfaces and a property
related to being of Fano type, which is a impor-
tant global property of projective variety in the
minimal model theory. more precisely, I proved
that the variety is rationally connected if and
only if it is of Fano type when it has an int-
amplified endomorphism. This results means
that admitting an int-amplified endomorphism
is not preserved under birational morphisms.

The second one is the minimal model theory
for threefolds in mixed characteristic. Over the
complex field, it is classical result. Recently, it
is well-studied in positive characteristic. I ex-
tended this result in mixed characteristic. Fur-
thermore, it is followed that a special variety
over a global field has a good reduction over its

integer ring.
B. FEFE

1. S. Yoshikawa: “Singularities of non-Q-
Gorenstein varieties admitting a polar-
ized endomorphism” , arXiv:1811.01795.

. Y. Matsuzawa and S. Yoshikawa: “Int-
amplified endomorphisms on normal pro-
jective surfaces”, arXiv:1902.06071.

and S. Yoshikawa:

“Kawaguchi-Silverman conjecture

. Y. Matsuzawa
for
endomorphisms on rationally connected
int-amplified

varieties admitting an



endomorphism”, arXiv:1908.11537.

. S. Yoshikawa: “Global F-splitting of sur-
faces admitting an int-amplified endo-
morphism”, arXiv:1911.01181.

. S. Yoshikawa:

of

int-amplified
arXiv:2002.01257.

S. Yoshikawa:

toric varieties via int-amplified endomor-

phisms”; arXiv:2010.06426.

. T. Takamastu and S. Yoshikawa: “Min-

“Structure of Fano

fibrations varieties  admitting

an endomorphism”,

“Characterization of

imal model program for semi-stable
threefolds
arXiv:2012.07324.

in mixed characteristic”,

C. MEaFEE

. Singularities of non-Q-Gorenstein vari-
eties admitting a polarized endomor-
phism. fE Lt IF— HAKRZEXH
TR, 2018 4 12 H.

. Singularities of varieties admitting a po-
larized endomorphism Work shop on
Complex Analytic and Algebraic Meth-
ods in Dynamics, KPR 2K, 2019 4 1
H.

. Singularities of varieties admitting a po-
larized endomorphism, valuations and
birational geometry, 7 7 > A, 2019 4
5416 H

. Mori fiber spaces of varieties admitting a
polarized endomorphisms, Younger gen-
erations in Algebraic and Complex ge-
ometry VI, KKK, 2019 4E 8 AH.

. Kawaguchi-Silverman conjecture for ra-
tionally connected varieties admitting an
intamplified endomorphism, 35k IR £ 3%
i[> R D AL B, 2019 4 10 A.

. Kawaguchi-Silverman conjecture for ra-
tionally connected varieties admitting an
intamplified endomorphism, # 3% J1% %
Do & 2D sE, RIMS, 2019 4
12 H.

. Equivariant minimal model program and
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its applications, A few days conference
on algebraic geometry, arithmetic and
complex dynamics, db#iE K5, 2019 4
12 H.

. Fano fibration of varieties admitting a
special endomorphism, & > 7 1 VB K
AGEIF—, XA F10,2020 £ 6 H.

. Structure of varieties admitting an int-

amplified endomorphism, Seminar on Al-

gebraic Dynamics, %> 7 >, 2020 4E 7

H.

Structure of varieties admitting an int-

amplified endomorphism, I IFF % %% % {a]

SURITL AVTA v, 2020 4F 10 A.

Minimal model program for semi-stable

10.

11.
threefolds in mixed characteristic, B X
HARBEEM I F—, AV T4, 2020
F£1H.

HYoRAY T TR
(ZHANPEISOV Erbol)

(#4ik DC2)
A. W
AR R AR R 2 MR & U TR, Fr
CIBFDEE DR EFT > TS, BEHRGRER
EIHEN D EREESFE R up = Au+ [uP T 1
ZOWTIE, W E 2 eEMo R T, Bp
WY RV 7 BEF OGE IR S EALRS & TR
i, MR ROBER L F UE S TR (XA
TI1IER) TEHIEPNRINTVWS. EFETIE, &
W OO EFAEEHTH S, Va—EILEE
HOMEDRREIZ & > TR HRERR T
HHEYIM IO A 2T 7 A% —HREANRITKL
THBREMEOWEN R INTE Y, EEREZ X
FUZUHIO AR & 0 IRV 2 BRI
e TRMARZA T TR RI T NS, FHl
N TRVWERIFTXLF —OHRFAMENFIND Z
EMEZDZERIZRY, BMOARRIEVTD
ZOBKFTMIDE DR SNT VARV, DL EOH
SR BEA TRIUTIRD 2 DOWIRIER %1572
1. EEE ik e os S
L0 A & T 7 A% —FFERRADE DAL
PEE TRV F—HHEIZERL T, KRB L OHAT



TRV X — O, R IE R E A VW2 T —
AN Ty A& BEMIC & - TR AR
UL TH A T ITEZR U, ZOFEHET
3V 2 —EVELEM %/t X200 O TR & EAEARIZ
RopEF e, FBRICET &MY KL
THERETORPTE A TIFEZRLTWVWS
DAL DRELTH S,

2. SN TR WS

RATT LD BHLIBRT 22K E XA T 11
BREGLTEHRL, BROES L OBBREFHN .
HARBNZIE 2 A 7 11 @R E A DS IR DB D 5T
EEHEERVEGEEREXAA T IERELSIXEILRD
Z&, TRhbBRATIFHANK O LD & %2R
U, BROEZED L X241 7 IER SV ER
MIZRBZeRR UL 24 71 IEBRESDWE
FEMOARERUIBVTEHLVWHDELEZ S,

I studied on the blow-up problem for nonlin-
ear parabolic system, especially on the blow-
up rate of its solution. For semi-linear heat
equation u; = Au + |u|? ~ 'u, also known as
Fujita equation, it was shown that on a con-
vex domain or entire space with Sobolev sub-
critical exponent, the solution including sign-
changing solution blows up as fast as the spa-
tially homogeneous solution does. We call this
solution the type I blow-up solution. In recent
years, due to the development of the research
on the Liouville-type theorem which ensures
the nonexistence of the solution, the blow-up
problem has been studied also on the parabolic
Gross-Pitaevskii system. The type I estimate
is proved for the positive solutions to this sys-
tem with more restrictive range of the expo-
nent. When the domain is not convex, little is
known for the blow-up estimate mainly because
the monotonicity of the energy is not assured.
Considering these situations, I obtained the fol-
lowing two results.

1. The case of a convex domain or entire space
Since the parabolic Gross-Pitaevskii system has
the similarity property and the energy struc-
ture, we proved the type I estimate for this

system by using global or local energy estimate
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and bootstrap argument using the maximal reg-
ularity theorem. In this way, we do not use the
Liouville-type theorem. Therefore we can deal
with sign-changing solutions and all Sobolev
subcritical exponents are allowed. This is the
improvement of the preceding research.

2. The case of non-convex domain

We define the type II blow-up set on which the
type II blow-up occurs, and studied on its rela-
tion with the blow-up rate. More precisely we
show that if the type II blow-up set does not
contain the boundary point, then it is empty
set, that is, type I blow-up occurs and that
if it contains the boundary point, then the all
points of the type II blow-up set are accumu-
lation points. We consider the idea of type II
blow-up set as completely new one even for the

scalar equations.
B. F&iwmX

1. E. Zhanpeisov : “Blow-up rate of sign-
changing solutions to nonlinear parabolic
systems", arXiv:2012.06786.

C. HgaF£

. Blow-up rate of sign-changing solutions
to nonlinear parabolic systems, i+t
I 7 — 2018 Summer School of Applied
Analysis J& - E OFRR, Hidtte I - —
NI X 2018 F 8 H.

. Blow-up rate of sign-changing solutions
to nonlinear parabolic systems, [LIJEFE
FRERE R 2018, LRELAD X £iRRE
REDOIISHDOERE, 2018 F9 H.

. Blow-up rate of sign-changing solutions
to nonlinear parabolic systems, It K%
ISREE R I —, /ALK, 2019 4E 1 H

. Blow-up rate of sign-changing solutions
to nonlinear parabolic systems, £ 20 [f]
LR RERRAR -y v a v, K
bkF, 2019 4 2 H.

. IR L R R D RF S A AR D JEF
#FAi, FMSP Bed: S e, iR 5
Iy VA, 2019 4 3 H.



. Blow-up rate of sign-changing solutions
to nonlinear parabolic systems, Summer
School on Applied Inverse Problems and
Related Topics, HE KF KR EE X I
F—=T X, 2019 £ 8 H.

T BEBRMRAEZT 1 V-7, HE K2,
2019 £ 2 H.
8. FEXERD S DIREMPID DD ART 1+ &

N—7, BECKE, 2019 4F 12 A,
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Y 1 %4 (First Year)

%5 #1 (GOTO Yuki)

(FMSP 11— 2%)
A. TR
BIEE F T2 &6 E, Girard 12 & 2 580G
DEGRNE TV Z KT 2 FIHEICDOWTH%E &
H7.
W O & MRk, HEGREOMAKRRICDH, EHEL
EHEMHEAN 2D O & HHGRIEN S DD 2 L
HB. TUT, EHFERREARIENE O B
T TV & HIR LT, o HER R 2 AR AL R B 0 e
MKETIVIE, Z OREBIER BRGNS 0 S
NTVERVWE WS BREHE. TnEHEERT,
AAEFE I, T SR AR R EE O R R O
MIETIVOMKIEE 525720, ZOKRORE
HEEE T BEHR T OMRE 5225 A% —H
HEICIEE L, &2 HENEE O E Z o
D IR T 5 HIEIZ DWW T 217 - 7=,
HARHNZIE, MO &S BRI D MlAEITo72. £,
T/ A XNVHBPN S AR —HAEEGDT2DD—
ik Lcaiond Chu iz %E 2, &
% C ® Chu #p Chu(C, L) D RRER, ARABER,
BP0 iR ¥ OXTEOBERINMELEZ 5 D7
I, bOBECIZEDE DI BEMENBETHD
PIZDOWVWT, ZLTHULHO2DTHhNIEEND Y
DEIRETHEILNEDIZDONVWT, BHEB LU
FEREITo7z. FiZ, Chu K Chu(C, L) D&
HoEmtELEz, OB CENEDATA
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2B C/(A(L) DEmIEGEICRESIED L WD
Barr D714 F7 %25 &2, DB C ITHER
S eERE L.

X 51T, AR —HAEE LORBEE O G
HEBE7-DDREM»D & Bkl LT, §i
EEFE TOMIE TR > T\, "R EDNEE L
HEF TGN LT Mod B K Uit EEFPES
& B GRS PPoset 2012, Girard 2 &
5 RG] L AR E G AP KT Coh % HKk-o
7z. LT, ZORE Coh WERIZA X —HHMH
Dhf&E RO I L 2R L, SFENGER A EARH
WEDES BB THEZONDEPIZDOVWTEHEL
7=. ¥7z, Coh LOIEBHHEE T DMEHPUZ DV
T, TNREDEI BRI THEAOND D EEHE
U7z,

As in the previous year, I continued my research
on method of constructing categorical models
of Girard’s linear logic.

As with ordinary logic, there are two systems of
linear logic: intuitionistic and classical. Com-
pared to categorical models of intuitionistic lin-
ear logic, construction methods and concrete
examples of those of classical linear logic is not
so well known.

Therefore, in this year, I focused on star-
autonomous categories, which give an interpre-
tation of the multiplicative and negative opera-
tors in the classical system, and studied how to
construct the interpretation of the exponential
operators on them.

Specifically, I worked on the following topics.
First, I considered Chu construction, which is
known as a general method for obtaining star-
autonomous categories from monoidal closed
categories, and discussed what conditions are
necessary for a category C in order for the Chu
construction Chu(C, L) to have various categor-
ical structures such as limits, colimits and (epi,
mono)-factorisations. In addition, I also dis-
cussed how those categorical structures of the
Chu construction Chu(C, 1) are given.

In particular, based on the Barr’s idea of re-

ducing various categorical structures of the Chu



construction Chu(C, 1) to those of the original
category C and the slice category C/(A (L), I
considered the necessary condition C must sat-
isfy.

In addition to Mod, the category of modules
on a commutative ring and homomorphisms,
and PPoset, the category of pointed posets and
monotonic maps, I also considered Coh, the
category of Girard’s coherence spaces and lin-
ear stable maps, as concrete examples of star-
autonomous categories. I confirmed that Coh
actually has the structure of star-autonomous
category, and calculated the concrete form of
the various structural morphisms on it. T also
discussed the concrete form of the interpreta-

tion of the exponential operator on Coh.
B. #&&5

1. Y. Goto “Explicit construction of cofree
precomonoids and comonoids for cate-
gorical models of linear logic” (2020) {&
EER S, RAURZERZ B R AR
Y. Goto
cofree precoalgebras and coalgebras”,
arXiv:2009.06741 (2020)

2. “Explicit construction of

7% BA (SAITO Yuta)
(FMSP 2 —2)

A. fFgEEEE

MEAu 7 REHEZFANDERTH S (p, 1) MIEE
WCHELR D D B, SAEEIXVEEE ICE S E p it
Hu 7 REEZFERDDIHN SN (p,T)
I#ED —fAt T % Lubin-Tate (¢, I') II#FD i
R PEIZ DWW THISE &2 4T o 7o, PR (o,T)
MO AN TEEREETH D, (FEDOHDH
(p,T) MEIZBINEKTH B Z & A Cherbonnier
& Colmez IZ k> CiEHENTWSB. —HT—/
DFEFR F 25892570707 KB ZHFH LD
IZFHW 573 Lubin-Tate (o, T') IIFEQH G T
BNETRWHI» SN TE D, X512 Lubin-
Tate (o,T) MEEOREHR A F OFEITGTDHLY /1T
WiF 9 2 Z LIWICRKNLT, Au 7 REIIHIET S
Lubin-Tate (¢, ') IO @PRMEAF L OEL Y
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FIEET 2 WO RENR D D, T IERMR
Thd. SHEFIAMELZEECORS L THRS
N5 1LIRITED (p, 1) MHEIZ & 5 FAHIERDHERIC
LD /ES5ND 2 RGLD trianguline 7 (o, T) ANFE
2R LT, FEEOME CHENEHFEHNTA
I ZREIHEZ TV, ZORR L LTI OGAICE
INRMENRRERITOED FITHkos W &R LT,
ZDFERE L OIFXIE4RETETHS.

I'm interested in (¢, I')-modules used to inves-
tigate Galois representations. In this year, con-
tinuing from last year, I studied about overcon-
vergence of Lubin—Tate (¢, I')-modules which
is generalization of cyclotomic (p,T")-modules
used to investigate p-adic Galois representa-
toins. Overconvergence is basic and important
property of (¢, I')-modules and it is proved that
any cyclotomic (¢,T')-modules are overconver-
gent by Cherbonnier and Colmez. On the other
hand, in the case of Lubin—Tate (p, I')-modules
used to investigate Galois representations with
coeflicients in local field F' it is known that they
are usually not overconvergent and because the
construction of Lubin-Tate (p,T')-modules de-
pends on a choice of uniformizers of F', we
don’t know whether the overconvergency of the
Lubin-Tate (¢,I")-module attaching to a Ga-
lois representation depends on a choice of uni-
formizers. In this year, I calculated the func-
tor which I presented last year with trianguline
(p,T')-modules which are extensions of a ring
of priods by a (p,I')-module of rank 1 twisted
by a character. As a result of this calculation,
in this case, I showed that the overconvergency

does not depend of the choice of uniformizers.
B. ¥

1. Y. Saito :

(p,T')-modules for different uniformiz-

“Overconvergent Lubin—Tate

ers”, BB RFE LR (2019).
C. ML
1. Overconvergent  Lubin-Tate  (p,T)-

modules for different uniformizers, f#
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{£# #— (SATO Shoichi)
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A. T e

FAlk, FERBBE MY % R D R D Wil
R > TWD, BB X, WHEE T,
BRI RN GH CEE R E A R L TW»
%, H<hOHSNTVWAIHBL T 2, Hlx
. 797 RV EET D BATOEE LD
BHEZET UL LS &35 &, IFBEBBEMS
Bnd, D7z, HFBEEEMS % AW BT
TAE, WES, BER EGH O A S1EH 2 HD
TW5, AEFEI, REIERERES M I % R D8k
HARRD T+ ) 7 LRI EE BRI EIZ D
THIZEEfTW, TOARRNIBIT2R L5220
IR D FMEMEIZ DWW TRz, DD 5gfE (kilk
filg & BREER) 1k, T ENEAMEIE, 20K
BAESICEAINZBRTH D, ZDOHwTI
HEHLUTWSEBOMENEZ D, HlZEY R A
BRATHo T HMORMEEITEHTIE RV, H
. AWED &S R AR TR, BEEOLED
TIMEDOFEEZTOEEIGHTE I 213U
<, ZODHEMOBBRMEIRE ORMTH - 7=,
Z 2T, AFETIE, MIHMERERRICW L D2
DIER Uiz &, Ealo RN E T 2 kitkfiE
L BB FETH B Z L R L2, T O
xR T % 1 D AR R D 55D
BRI OWTHEL 2D TOIERTH 5,

My research interests are differential equations
with fractional derivatives. Fractional deriva-
tives play an important role in many contexts
in physics, engineering, and finances. Even the
diffusion phenomenon, which has been known
for a long time, appears as a fractional deriva-
tive when considering diffusion in a medium
having a fractal structure. For this reason, dif-
ferential equations with fractional derivatives
have attracted interest from various aspects
of mathematical science in recent years. In
this year, we have studied the initial-boundary

value problem with zero Dirichlet conditions
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for the time-fractional diffusion equation and
researched whether two notions of weak solu-
tions in this problem are equivalent. The def-
inition of viscosity solutions and distributional
solutions are based on the maximum principle
and the variational principle, respectively. Be-
cause the two theories focus on different prop-
erties of the function, it is nontrivial whether
the equivalence of the two notions of weak so-
lutions. Moreover, in the case of the time-
fractional heat equation, it is difficult to apply
the method of the previous research. In this
study, we proved that the viscosity solution and
the distributional solution in this problem are
equivalent under some assumptions of the ini-

This is the first

result of investigating the relationship between

tial value and the operator.

weak solutions of the partial differential equa-

tions with the time-fractional derivative.
B. F&KiwX

1. S. Sato, Equivalence of viscosity solu-
tions and distributional solutions for the
time-fractional heat equation, &l k%

R BEEERAITFERHE LR, 2020 4F.

C. HEHFEE

. Equivalence of viscosity solutions and
distributional solutions for the time-
fractional heat equation, 28 21 [A]JLER%K
RN, JLEE RS, 2020 4F 2 H.

. Equivalence of viscosity solutions and
distributional solutions for the time-
fractional heat equation, FMSP B4 5
HEEZ, RKRYE, 2020 £ 3 H

. Equivalence of viscosity solutions and
distributional solutions for the time-

2020 Seoul-

Tokyo Conference - Partial Differen-

fractional heat equation,

tial Equations AAS (Virtual Conference),
zoom (7 > 7 A VhifE), 2020 4 11 H.
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BB 23 (TSURUSAKI Hisanori)
(FMSP 21— 2k)

A. THFEEE
C LOBERRICHEM Y — A2 B % nilpotent
orbit &, T TIKAFEINT VB, FTERILH
wAKDE D% principal orbit & 5, nilpotent
orbit IZ1&, slp-triple 2S5 Z &N TE 5,
ZAUZ RS U, H. Nicolai, D. I. Olive ®fiffZET
%, hyperbolic Kac-Moody Lie algebra {Z&
T. Z® principal SO(1,2) subalgebra H3#% T
B2 ERUT,
ORI DWISE TIE, T @ principal SO(1,2)
subalgebra D 512 X )G9 2 sly-triple D ik
BIIZB ERH S, rank 2 symmetric hyper-
bolic Kac-Moody Lie algebra. 3724 % Cartan

matrix A3
(¢ 5) e

T % Kac-Moody Lie algebra D& IZRE L.
principal OflfR% 4L 7=,

BARBIZ I, sly-triple {X,Y, H} T#® > T, com-
pact involution wy IZXULTY = w(X) TH O,
¥ 7z, nilpositive element %% real root vector M
EDEMICFET L VWO KM 2AZTEDES
ZTze TD 2 DD%MIL, principal 2354 TH
2INTVWBEEHEDTH 5B,

X % real root vector DAL S & L TE W
LE, FOHHE%Z X D length £ K X2 L1127
%, X @ length 7 2 DIAD & Ei%, Fff% A7
F slp-triple IZFELRWZ &b h o7z, X D
length 232D & &k, V—+ %2 o, SHID 2 FE
B, X 2T 5 2 DD real root vector
DHI% ORIDN — FERIZET & &, &b i Az
$ slp-triple 2R L 72,

RERK U 7z slo-triple (22\WTC, WS35 weighted
Dynkin diagram % K&, % 7z Casimir jc® Car-

2
—a

—a

2
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tan subalgebra ~® adjoint action O [E4Aff % 3k
D7z,

REOHE T, MIFONEDOHEE L LT, #
% U 7z sla-triple DfEFHTH & £ & D hyperbolic
Kac-Moody Lie algebra g Z 335 & &, £¥D
& 572 slo-module 23N 2 DN DWTHIZE L 72,
DEEIZE NS sly-module 1X, 2 HHE p %
o T EAEMED -, p—4,p—2,p, p+2,p+4, - - -
T 1RGO ZEMPEE>72ELTED,
NDEAGHED KNF AN RISV T WS Y
ST, BRI, #EBIRICOD highest or lowest
module, ZDftiD K& 3FTBEIZHPNDE, gD
J— bk % real root Tdh 5 type B, real root [F
T L UTEIS 5 imaginary root TH 5 type
C, FN LA D imaginary root TH % type A IZ
SiFB L, 1ZE A YD imaginary root X type A
BN, InsD— MIBET 50— hZEH
. sy ITX B ARIZBEVTIX, 7k 53 MRK
JC T highest or lowest module (2725 Z & 23
Molz, type B & CDEEIIHL <. BIRTIX
ED & 57 module BWENB D> TR
M type B DEEDMEIHT & i type C D&
HHBWICIATE 2 Z 2B bh o7z, type B
P COBETH, MBRGAICEFHRTED X
5 7% module BN L hbh b, ZHIZLoTg
DRDTERLLEEZRDDZLPTETND, %
DAt module D HIZ %, unitarizable & 725 F
RHNERIL, MRFIREREEND D, fHELRHNI
BWTI, type B C DI — MZBETBHL— b
72 % 8 % module 1, HRRIXIG module 12722
BlzbR< &, ERAEH, MRIIERBUTLD L0
5T eNbhot,

-

-
—

Nilpotent orbits in finite-dimensional simple
Lie algebras on C have already been classified.
Among them, the one with the largest dimen-
sion is called a principal orbit. An sls-triple can
be associated with a nilpotent orbit.
Correspondingly, the study by H. Nicolai and
D. 1. Olive showed that the principal SO(1,2)
subalgebra can be constructed in a hyperbolic
Kac-Moody Lie algebra.

Last year, keeping in mind the construction of

slo-triples corresponding to this construction of



principal SO(1,2) subalgebras, I removed the
restriction of principality, in the case of rank 2
symmetric hyperbolic Kac-Moody Lie algebras,

whose Cartan matrix is

(

Explicitly, I considered sly-triples {X,Y, H},
which satisfy that Y = wy(X) for the compact

2

—a

—a

2) (a>3).

involution wyp, and that the nilpositive element
X lies in the space spanned by the real root
vectors. These two conditions are satisfied in
the principal case.

When X is written as a linear combination of
real root vectors, I defined the length of X as
the number of the terms. When the length of
X is not 2, I showed that there is no sls-triple
satisfying the conditions.

When the length of X is 2, I classified the roots
When X is written

as a sum of two real root vectors in the root

into a-type and B-type.

spaces of different types, I constructed an sls-
triple satisfying the conditions.

I calculated the weighted Dynkin diagram cor-
responding to the sls-triple, and I computed the
eigenvalue of the adjoint action of the Casimir
element to the Cartan subalgebra.

This year, I continued from last year’s work
and studied what kind of sly-modules appear
when the original hyperbolic Kac-Moody Le
algebra g is decomposed by the action of the
constructed slo-triple. the slo-module appears
in this case consists of one-dimension spaces
p—4p—2,p,p+
2,p + 4,---, using certain rational number p.

whose eigenvalues are --

These modules can be divided into three types
depending on whether each module has finite
dimension, has infinite dimension and is high-
est or lowest module, or has infinite dimension
and is not highest nor lowest module.

I divided the roots of g into type B, which are
real roots, type C, which are imaginary roots
that can be written as the difference of two real
roots, and type A, which are other imaginary

roots. Most of the imaginary roots will be type
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A. T discovered that the root spaces of roots of
type A belong to an infinite-dimensional high-
est or lowest module in the decomposition by
the sly-module.

In the case of type B and C, it is difficult and
we do not know what kind of modules will ap-
pear, but I discovered that if we can figure out
tha case of type B, we can figure out the case
of type C automatically. In simple cases, we
can calculate what modules appear for type B
and C roots, and thus we can obtain the com-
plete decomposition of g. the modules which
are infinite-dimansional and are not highest nor
lowest module include principal and comple-
mentary series representations that are unita-
rizable, but in the simple case, the modules for
the root space of type B and C are principal
or complementary series, except in the case of

finite-dimensional modules.
B. F&KiwX

1. H. Tsurusaki:
perbolic Kac-Moody Lie algebra IZ &\

“Rank 2 symmetric hy-

T real root vector M ik % ZZ[EIZ nilposi-
tive element % % D sly-triple”, B K
{133 (2020)

C. MEEFEE

1. Rank 2 symmetric hyperbolic Kac-
Moody Lie algebra {Z & W T real root
vector D ik % Z2 ]2 nilpositive element
% D sly-triple, 2020 FEERH @S »
b, A T4 (Zoom M) , 2020
£ 11 H.

#518 M#2 (TSURUHASHI Tomonori)

A. WS

FHFFRADGIRIZDOWT, RO IERIME & #8 D A
AR DBIRZHZE L 72, RO IERIMED KW
BITIIIREAHE D IAATTRE L 72 B T & % M7 3FA
IZE o TR U, ROIERIMEATE NG A ITIHE DA
AR LR S IR WNMRDPIFAET 5 Z & 2D DO F



FIZE o TR U, &7, WS ZHEGEZEAT
5 LT, TS DRERBWYMK 22 I THD A HE
R B & S IR IE 4L L 7,

We studied the relationship between regular-
ity and uniqueness of a weak solution for a di-
vergence equation. We proved that good reg-
ularity makes a solution renormalized by the
commutator estimates and that bad regularity
gives the existence of a non-renormalized solu-
tion by the convex integration method. Fur-
thermore, we introduced the microscopic struc-
ture and showed that the difference of these re-
sults comes from the existence of a microscopic

external force.
B. #&Ki X

1. T. Tsuruhashi : “Convex integration ap-
proach to a divergence equation", B X
FE LR (2020).

. T. Tsuruhashi : “On divergence of prod-
ucts of irregular scalar and solenoidail
vector fields", Advances in Mathematical

Sciences and Applications, accepted.

C. HEHFEE

1. Convex integration approach to a diver-
gence equation, £ 21 [A] b BB R BT
e RAR—F3K, dbiiE KT, 2020 4F 2
H.

. On irregular pairs satisfying a divergence
equation, Seoul-Tokyo Conference, 7 »
74,2020 £ 11 A.

K
i3

L. 55 21 ML 7 BH R AR —

B, 2020 £ 2 H.

2. HARPHE R Z AR RE, 2020 4 3
H
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# ¥ (HAYASHI Kohei)
(FMSP 22— 2 4)

A. ffFZEBEEE

T YR LAHEIEHT 2 I 7 0k RETINVESE
Z, BWYNZATr—VEEzfi5 Zickb<rnm
Y EORMBENZEHT 5 25, I
Er I BEE OB FEIZI D AT WD, K
12, REREZRT 3 ETFIVICEED DD, &
L THo - ICH Ehi &, HAET S 2
R 1R E T IS 2 S A O REIZHL D #H A
7. BEREEEKICT MR & KRN
BT RBAT—NVEFEE LS EIHODbND,
2 PO BE 5L H D R P J % Bl ik 3 5 B s L
EEHTHIENTES, BLRCTIEEARN
2 M CHMERIGE 2 R, REEDOHETIE
k7 DILEAIERE 2 & 2 >, ThE Dl
BRSNS R AR 2R FRET VKT S
P % Y (AR

—F, FULRRERE B MY T S A — VR
FVEHINZRAED T v X LABFEFKEIL,
Kardar-Parisi-Zhang (KPZ) /AfE& 5 #ER
Rty R CHEMICHREINE Z %D
EFVIZRHLTHSNTEY, 20k > 2MEE
BRI T 5 Z e 2 HBLTWS., KIEE
WAERAY) v — 2 IEEN 5 E TV E TR,
S (AT XL X—) 76 KPZ fifE %8
ARBTG5 WS G D M A 72, IR B
U T, =Mz LTt b, 2DE
HMEH K D 32D O’Connell-Yor & 7L & I
AR v — RN EloYEE &z U, 2
Bir o KPZ fife X0 EH I N5 2 & Fak O
RTHIONT WD, —H, KERE B ICHER D
DEHMENRL L L DE TN E LT, Beta-Gamma
ETNEIFENS 4 DDETFILRHSNT WS,
IS U CGEYNCR A TNIC T 2 A — Y
VR4S &, 4 DDEFIIE O’ Connell-Yor €
FICHRET A Z & 2R L, X SITRTMEDR
RAEFAU CEEBI 256125 X130 2R
5 KPZ ARERVEIND Z & G 7.

Consider a microscopic model where many par-
ticles randomly interact with each other. Then
we take scaling limits to derive partial differen-

tial equations which describe time evolution of



macroscopic quantities. Such a limiting pro-
cedure is called the hydrodynamic limit and
we are interested in interface evolution models.
We continued to consider problems of interface
appearance by strong competition among two
kinds of species. We take the hydrodynamic
limit and a singular limit to let the competition
rate tend to infinity, simultaneously. Then one
can derive free-boundary problems which de-
scribe time evolution of interface between two
phases of particles. In this research, we partic-
ularly studied the case where the competition
dynamics between two kinds of species is un-
balanced (in the master theses) and the case
where microscopic particles jump according to
a non-linear diffusion dynamics. We proved
the hydrodynamic limit theorem for these cases
and derived limiting equations directly from the
particle systems.

On the other hand, by taking a scaling limit
corresponding to the central limit theorem, we
can derive stochastic partial differential equa-
tions (SPDE) which describes random time
evolution of macroscopic quantities. In par-
ticular, for interface evolution models, it is
known that a SPDE called the Kardar-Parisi-
Zhang (KPZ) equation is universally derived
from many microscopic models and mathemat-
ical analysis of such a universality is an impor-
tant issue. In this year, we mainly considered
the model called directed polymers to derive
the KPZ equation from their partition function
(free-energy). As an important example, it is
known that a stationary polymer model called
the O’Connell-Yor model, whose time variable
is continuous while its spatial variable is dis-
crete, satisfies the above universality conjec-
ture: the KPZ equation is derived by a scal-
ing limit for its partition function in a recent
work. On the other hand for fully discrete
cases, there are four known stationary polymer
models whose time and space variables are both
discrete, which are called Beta-Gamma models.

We proved that these four models all degen-
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erate to the O’Connell-Yor model under some
proper scaling along time direction. As a con-
sequence, we can show that the KPZ equation
is derived from these four discrete models with
stationarity with the help of the result for the
O’Connell-Yor polymer model.

B. F&KG L

1. K. Hayashi:

for exclusion processes with two com-

“Spatial-segregation limit

ponents under unbalanced reaction”,
arXiv:2002.04802.

C. MEaFE&

. Derivation of a stochastic Burgers equa-
tion from stationary square lattice poly-
R VRY T L, AVTA Y,

2020 /£ 12 .

. Derivation of a stochastic Burgers equa-

mers, H

tion from stationary square lattice poly-
mers, BEERFH 1% E L OB 5 55 11,
FrI4,20204F 11 A.
. Scaling limits for log-partition function
EHE T
F—FvIAY, FVTA v, 2020 9
H.

. Spatial-segregation limit for exclusion

of directed polymers, #f

processes with two components under
unbalanced reaction, FMSP B4 £ v i
&, HUR KT, 2020 4E 3 AH.

. Spatial-segregation limit for interacting
particles systems with two component,
MR R A I — 2020, FARAY:, 2020
2 H.

. Spatial-segregation limit for interacting
particles systems with two components,
R F5R, fERIG OB XV, KREX
F R, 2020 4E 1 H.

. Spatial-segregation limit for interacting
particles systems with two-components,
One-day Symposium: Hydrodynamic

limit and related topics, December, 2019,

Waseda University

. Spatial-segregation limit for interacting



particles systems with two components,
2019 fEMERIR S VR Y T L, BEHERIAK
¥, 2019 £ 12 H.

. Spatial-segregation limit for interacting
particles systems with two components,
The 18th Symposium Stochastic Analy-
sis on Large Scale Interacting Systems,
KPRKZE, 2019 4E 11 AH.

10. Spatial-segregation limit for interacting

particles systems with two-components,

Tekamy v 7~ —+ I F— 2019, = H

HRETAZS (BHREAET) |, 2019 48
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BF F— (HARAKO Shuichi)

A. TR

BERETH->T, 2O LD [Q,Q] =0 %7
THRI MG Q 2HAT-HD% Q LIk, &
SWVIEIRBAN S Z ke WS, Q ZRRIKIR
Lie (H) B Loo-fRE Poisson 2f7 & %
12D, Lyakhovich, Mosman, Sharapov(2009)
%> Kontsevich(1999), Bruce(2017) 5i12& 9 Q
LR OO IR INTE D, EFD
FEEX 27 7R E 0 Y — L OBELR S5 T
%, HERIKRD LTHEE DM S P RL KL H
FRIZ Riemann FIE&%2HF X5 I &N TE BHH,
NIZEVEBRSI NI L Q ZHRADRMEHH
& ORE W5 L 7z,

Kontsevich 12 & % Q ZHAKDREFHOHE G/ T
&, BB g2 NXTA—ReT25H5 Lie R{E
Cg DIAREBRY—HNS Q ZRRIKDRMK % 1
B C &%, Lie fR¥ ¢y 13 Lie fi#1,, a, £ &3
IZ Kontsevich IZ& W EAINZHDTHD, T
NoxT IV T4 v 7 Lie RELE N
%, lg, a4 1327 7% Riemann HIDEY 271
22 OBEN D D, REB Y B He(cy) 13 ¢y
DdH B Lie R cf OFERY =R Ho(c))
ILEOREIND, Hy(cf) DV YTV I T4y
U REES Ho(ch )P BT T 7HRER Y —
LRI L TH Y, Willwacher, Zivkovié(2015) %

-
—
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Conant, Gerlits, Vogtmann(2005) 12 & % G154
RPHSENT WS, LHU He(c)) TNHEIZD
WTIRE SIS TV, 1 IROEZIEE S0
TED, g > 4DHEHIT 2MDEBAITDONWTIX
FFG X [1],[2) KBWTIRE Lz, THIT. &
R DG DIRTE R ¢q DHLIRMER T DWW TS
U7zo

A supermanifold equipped with an odd vector
field @ satisfying [Q, Q)] 0 is called a Q-

manifold or a dg-manifold. Lie algebras, Lie

algebroids, L..-algebras, and Poisson geometry
are examples of Q-manifolds. Lyakhovich, Mos-
man, Sharapov(2009), Kontsevich(1999), and
Bruce(2017) study the theory of characteristic
classes of Q-manifolds, which are known to be
related to characteristic classes of foliations and
graph homology. We can consider a Rieman-
nian metric on a supermanifold similar to that
on a usual smooth manifold. We studied rela-
tions between characteristic classes defined by
such a metric and ones of a Q-manifold.

In the theory of characteristic classes of Q-
manifolds by Kontsevich, we can construct a
characteristic class of a Q-manifold from a cer-
tain Lie algebra c, parameterized by a posi-
tive integer g. The Lie algebra c, is intro-
duced with the Lie algebras 1, a; by Kontse-
vich. They are called the symplectic derivation
Lie algebras. The Lie algebras 1, and a4 are
related to the moduli spaces of graphs and Rie-
mann surfaces. The homology group H,e(cg)
is determined by the homology group H,(c] )
The

symplectic invariant part H,(c])5P of H,(c])

of a certain Lie subalgebra c; of cg.

corresponds to the commutative graph homol-
ogy, and we have the computational results by
Willwacher, Zivkovié(2015) and Conant, Gerl-
its, Vogtmann(2005). However, the entire ho-
mology group H,e(cy) is not known well. The
first homology group is well-known. We deter-
mined the second homology group in the case
g > 4 in [1],[2].

termination of the higher degree part and an

Moreover, we studied the de-



extension of c,.
B. F&im X

1. S. Harako
Q-manifolds", BEKFE LR (2020).
2. S. Harako :

group of the commutative case of Kontse-

: “On characteristic classes of

“The second homology

vich’s symplectic derivation Lie algebra",
preprint, arXiv:2006.06064 (2020).

C. MEEFEE

1. The symplectic derivation Lie algebra
of the free commutative algebra, Intel-
ligence of Low-dimensional Topology, &
Vo4, 202045 H

. On a computation of the symplectic
derivation Lie algebra, YV — = >/ (Z B8
BT DALMY, AT A ) 2020 4 8
H

G. ZH
Ny N U 2R SR W S e e R o S B
H, 2020 f£ 3 H

& &H > (ZHA Chenghan)
(##& DC1)

A WHEEREE

R AT & D=2 DD B IRZ IHA T
H BHE1E BRI ARIE A do) AdeaAds
PEIEVRTH S, TN T, Givental KIZ L3
& . total descendent potential 237E K X v, f
® total descendent potential & FFIX#1 T\ F
¥, Fan-Jarvis-Ruan X, f7 @ FJRW ~4& &
DRI A f @ total descendent potential &
—HITBDEHAALELE, 51T, f D total
descendent potential % f D E AfEEE (A XA
T DRATHEWVIE X1 T) DERIY Y-
AEEE D 7-BI%TH 5 D%, Givental-Milanov
& Frenkel-Givental-Milanov {2 & - TEEH Z 1
FU7, TORLELTIE, T ® FJRW A4 &
OB DSE 22 A v Y AR E D BT H
52¢TY, UL, ZOBRIZINIRRELD
DET, Thbb, FIRW gD REZEM AR
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PR E SR D Milnor B2 & Al —i2 ¥ F L7z— A,
Milnor & & 569 6 Bz Y —RED ANV & >
HWABROE— bz 2 5 R EAITHRNTIE D
DEEA, WRINZE—LE2/FS720IZ, L—F
M7 oG (BBIZRESAD Milnor RTH 5) %
FIETABENDH D ET, Thik [B. FRiwx]
TR U 72 DRI M7 & da,

X K-HE T2 0ZE XA TE S 2 »
ST b ET, TOXIRBREHETH
£, A E. Chiodo-A#¥-Ruan & Chiodo—
Nagel D XH 5F N E L7z, BERIIZ, 77
J - M=V v Z#EKR X O I T —0 Milnor #41-
DA 7 K-8 KO(X) LA~ TESLZ 2 HA
BREAKRICGEPHINE U, ZTOR—(biX, AHE
%% FA\C Milnor #&1% H*(X; C) IZHDAA,
F v — VRGO T HEEE2HNT KY9(X) %
HY(X;C) 2R WS 2 ThHhD, APE
Bz & o T Milnor ¥ DG F 7213 F v — > faiE
BARD T-HEBIEIC &> T KO(X) o2 LTORK
¥ (H*(X;C) iZd5) I, BFIFERY—D
M-EoRGE Mo T nE T, MR SA» SR
HKDITZ—THBILIFIFLAERY, THIZH
B 53, Chiodo- AB-Ruan &7 =)V v — - X
1 TORRSRD T-EOMEDHLY 2 HREL T
WE9, H*(X;C) O¥EMWd Milnor B Hjy (2
FEHI N, FARZ, KO(X) 1k f ORZTHINE
DREOEY LB CTEESMAONE T, HEDHR
XUZiE, Chiodo-Nagel H% Hy & i# )7 AH A #iE
HKarkeEo Y -—HOMORREHEA D L7,
F vy —vEEEGParER Y — & K-BiRD M
DB GG REE L. TR OB D 7 &
VT — BB AN KD UBTVWET,
TYH 5, Chiodo—A&A—Ruan & Chiodo—Nagel
DAL TED > L BAEMIZFHL, BRL T =
W — - XA TORRED T-FEEEVTAET S
DT D 9, ATHERL T, S, ELWAL
MR K-BReF v —VEESEHROEELZAID £
U7z, TD L, KIFROREIZX, 73— &
A TDZHAD AR ST — IR D W% % IH
RXCBWEHATT, TCHERLIMEEZHERALTE
DET,

In the case of a simple weighted homogeneous

singularity f on 3 variables, the standard holo-



morphic volume form dxy A dzs A dxg is prim-
Therefore, following Givental, we can
The latter
will be called, the total descendent potential

itive.

define total descendent potential.

of f. Fan—-Jarvis—Ruan proved that the gener-
ating function of FJRW invariants of f7 coin-
cides with the total descendant potential of f.
Furthermore, Givental-Milanov and Frenkel-
Givental-Milanov proved that the total descen-
dant potential of f is a 7-function of the princi-
pal Kac—Wakimoto hierarchy of the same type
A, D, or E as the singularity f. Finally, the
outcome of the above work is that the gener-
ating function of FJRW

a 7-function of an appropriate Kac—Wakimoto

invariants of f7 is

hierarchy. However, there is still a small gap in
this statement. Namely, while the state space
of FJRW theory is identified explicitly with the
Milnor ring of the singularity, the identification
of the Milnor ring and the Cartan subalgebra
of the corresponding simple Lie algebra is given
by a period map and it is not explicit. In order
to obtain an explicit identification, we need to
determine the image of the root lattice in the
Milnor ring of the singularity. This is exactly
the problem that we want to solve in the fol-
lowing paper.

It turns out that our answer can be stated quite
elegantly via relative K-theory. The idea to
look for such a description comes from the work
of Iritani, Chiodo—Iritani—-Ruan, and Chiodo—
Nagel. More precisely, Iritani was able to prove
that the Milnor lattice of the mirror of a Fano
toric orbifold X can be identified with the topo-
logical K-ring K°(X). The identification uses
a period map to embed the Milnor lattice in
H*(X;C) and a certain I'-class modification
of the Chern character map to embed K°(X)
in H*(X;C). The lattice in H*(X;C), ob-
tained either as the image of the Milnor lattice
via the period map or as the image of K°(X)
via the I'-class modification of the Chern char-
acter map, is known as I'-integral structure

in quantum cohomology. Isolated singulari-
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ties are almost never mirror models of a man-
ifold. Nevertheless, Chiodo—Iritani-Ruan have
proposed an analogue of the I'-integral struc-
ture for singularities of Fermat type. The ana-
logue of H*(X;C) is played by the Milnor ring
Hy, while K°(X) is replaced with an appro-
priate category of equivariant matrix factoriza-
tions of f. Finally, Chiodo—Nagel were able to
find an isomorphism between H; and an ap-
propriate relative orbifold cohomology group.
Since, the Chern character gives an isomor-
phism between cohomology and K-theory and
the Grothendieck group of the category of ma-
trix factorization also has the flavor of a topo-
logical K-ring, after expecting more carefully
the constructions in Chiodo—Iritani—-Ruan and
Chiodo—Nagel, we see that there is a natural
candidate for a I'-integral structure for Fermat
type singularities. After several trial and errors
we were able to find the correct topological K-
ring and the correct modification of the Chern
character map. Moreover our proposal makes
sense not only for Fermat type polynomials, but
more generally for an arbitrary invertible poly-
nomial. We believe that our results can be gen-
eralized to all invertible polynomials, but that

would require some additional work.
B. ¥

1. T. Milanov and C. Zha : “Integral Struc-
ture for Simple Singularities, SIGMA 16
(2020) 081, 28 pages.

a1 ¥ (HU Xin)

(FMSP 21— 24:)
A. fFFEmEE
DU OMEDOHRIFIRDO LSz Kilgnsg. =
NAZHE > THEE 2B 5.
1. EHY PATORLY v v HRADMHD A
WIMEEIZ B 2401%%, MY bATDRLY <Y
THERMED Gevrey 7 7 ADMEE 2B\ 2.
2. DBWHES TS5V T DA T —HERFAS
FRPRIZDOWT, WA AR L, HEHE Y %



BUAHN R A IR A ) 2 BHE R FIEDO—DTH
%, fatEZEE JHEearewnwo723I210
BRROWENS, 20ROV 7 a2 E 284 ¢
570 DHIMTH 5, Wil & ZZMIZ DWW TEY) 24
F—=RX—DHTRTr—NVEHBL, A7r—1 7%
T A= RITRRBEIEZR TV, ¥ 7RI A—&
PIE D RERIFE IR AR & B3 5 kIR, FiiRh
FREFR EFEEN T WD, FAROARERZ KLY
Y UABRAPSEET ABICHWONZEDTH
0. WRIIERROARETS 2 ZIZHKT 25D T
Hb, EAT —NVEMBDOREHET T2 T v
Ry v hAEAERLE LT, Mo LR
RTI ARG % ATz, BeAR 1T E DR FABIR
FA T —FHRERNERMZTI 2 RT,

My research result can be concluded into the
following parts.

1, T research basic property for the solution
of non-cutoff Boltzmann equation and find the
Gevrey class regularity for the solution of the
non-cutoff Boltzmann equation.

2, I research in the hydrodynamic limit, hydro-
dynamic limit is one of the important meth-
ods strictly based on statistical physics in
mathematics. Statistical physics derives the
macroscopic properties of the system from
the properties of micro-systems such as atoms
and molecules, makes scale transformation in
proper sequence ration for time and space and
then carry out limit operation of calibration
parameters. The method to derive the time
evolution equation that macro-parameter fol-
lows is called hydrodynamic limit. Starting
from Boltzmann equation of scaling change, I
research its hydrodynamics limit of a-scaled
Boltzmann equation and well posedness of its
solution and finally deduce that the hydrody-
namics limit is the solution of the Euler equa-

tion.
B. F&KiwX

1. H. Chen, W.-X Li,X. Hu and J.P Zhan :
“The resolvent of the linearized Boltz-

mann operator with a stationary po-

tential”, J. PSEUDO-DIFFER. OPER.
(2020) 733aA8-751

2. H. Chen, H.Chen, X. Hu and Y. Duan :
“LOWER BOUNDS OF DIRICHLET
EIGENVALUES FOR A CLASS OF
FINITELY DEGENERATE GRUSHIN
TYPE ELLIPTIC OPERATORS”, Acta
Math. Sci. (2017) 37B(6):16534A3-1664

3. H. Chen, X. Hu and J.P Zhan : “The
Cauchy problem for a class of nonlinear
degenerate parabolic- hyperbolic equa-
tions”, Sci China Math (May 2019) Vol.
62 No. 5: 8394AS-852

C. HEaFE&

1. The hydrodynamic limit of low tempera-
ture kinetic models, G FE T L vy ¥ a
XvEIF— 2020 12 A7 H.
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A. fFZEIEEE

BGVWEHE X IZEHLTWS TS, 20
& & Hilbert %[ L?(X) ED G Da=x2V %K
BN DRERIIN & 70 B D &\ D R BlIE A B
5. X "REZ KDL HITIEZ, X A Lie #f
G OEEZM G/H (H 13EME) O5E IS
, Z 0¥k ZiX Benoist-Kobayashi D#F4EIZ &
Y, Benoist-Kobayashi Tz k> Ta=& V&
B L?(G/H) OREBIEIHERRETH 5. B+
H X Tl G BRI DG AT, W 22D
HARE H Oz U THAERNTIEEZHWT
Benoist—Kobayashi €8 % BRIk, =4
V&R L2(G/H) ORERMEDHE % 5 2 7=.

Let G be a group acting on a manifold X.
My research interest is when the unitary rep-
resentation of G' on the Hilbert space L?(X) is
tempered. In the setting where G acts alge-
braically or on algebraic variety X, this prob-
lem is reduced to the case where X = G/H
with H connected, and Benoist—Kobayashi es-
tablished a criterion for the temperedness of the
unitary representation L?(G/H) by means of
the Benoist—Kobayashi constant. In my mas-
ter thesis, I calculated the Benoist—Kobayashi
constant when G is a general linear group and
H belongs to some families of subgroups of
G by a combinatorial approach, and detected
the temperedness of the unitary representation
L?(G/H).

B. F#&Kim X
1. Y. Inoue : Benoist-Kobayashi &# ® &t
& — AR D & 5 S D RIS

S RRIEIVE DA ERIVEIEIZ D WT,
HRFELF (2020), ii + 65pages.

C. MEHFEE

1. Lefschetz decomposition and representa-
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FEF4E (Master’s Course Student)

tion of sl(2), Workshop on “Actions of
Reductive Groups and Global Analysis”
(A=A F AP = IMNRRITEIR), B K
FEREEE I F—NT R, 2019 F 8 H.

. L2(R") OATHIEFE DO LP PR - FHUZ
DWW T after Benoist—Kobayashi, Work-
shop on “Actions of Reductive Groups
and Global Analysis” (A —HF 4 ¥ —:
INKERATHUR), > T4 ) 2020 4E 8 H.

S #E (IMAI Koto)

A. WA

K ZRIREDP TR p > 0 DREFKE§5.
K @ p %X Galois #k X134 T Artin-Schreier
EREHOETZETHRONS. a 2 K DIt
T, (M v(a) PATp LEHVIZERLEDL L,
L/K % 2P —x = a TEFEI N5 Artin-Schreier
RkEd 5. L/K OBEFIL, D LA E 500K
HORBENIEAHIIRIBRADRTTH Y,
—v(a) ICFLWZ ERHSNTWS., BFOFHHE
i%, Brylinski(1983) (2 & o T — % DA BRI A #
Galois fEKIZ—Mfb X N7z, KRifFeTIiE, ZoD
G A — DI Galois HERDHAIZDWT
To7z.

-
-

Let K be a local field of characteristic p > 0
and of perfect residue field. Every Galois p-
extension can be obtained by stacking Artin-
Schreier extensions. Let a be an element of
K whose valuation is negative and prime to p,
and L/K an Artin-Schreier extension defined
by 2P — x = a. The conductor of L/K is the
largest index where the quotient of the upper
ramification groups is non-trivial, and equals to
—v(a).
generalized to general finite abelian extensions

by Brylinski (1983). In my study, I calculated

The calculation of the conductor was

the conductor for some non-abelian Galois ex-

tensions.



B. G

1. K. Imai: “Ramification groups of some fi-
nite Galois extensions of maximal nilpo-
tency class over local fields of positive
characteristic, B3 K% K Z B B EL 7
rgERHE L3 L, (2020).

¥H #A (UEDA Kento)

(FMSP a— 24:)
A. B E
FOW5EE 7 7 M5 /R (RDE) O#Uff#RTEIC
U TPUREZRE U, Z OPBRER I 5317
DHDRETH %,
AEERE ULz Tid, N"—AME
BHR0< H<1/227%57 755X (fBm)
THEIEN2 1 td RDE X L T,
RA EE NS BUEMRIE I & 2 320 A & PoE
U7z,
fBm %7 57 V@O —BAbIc Y- 2 H T A
i, N—A ML IZBm ORTA—=XTHH,
0< H<1Dffizr 3,
AN L IZRE o RohroTWnD L LK
DIty £EAR 5™ & DIGE % 7 DILHE TH
EU7 No(y — ™) DS B HERERD Z &
Thb,
1RITDBED I Y 2 XA VEDHEENE L,
H>1/30BAETUMERHIAT VRS,
U735 T, AFEIZ &L > THEDN— A M EE
IIRUTINTakA VIEDOBAENGERDS T
EINTERIEITRD,
RGO & 70 5 FIEIZBEHRE TH 2 2H %
BB O RFEROERIZED L,
BMERFOFIRIZRAOHBETH DI H >
1/3 DB SN T Wz, TOFEIFT 782
EWVSBUAREE ICRILT 2B DT, 1 IRGETDH
LPTETEN—A MEBANE 2138, B
NI |1/ H ] O U TREOEMENEDL LR
T B, LRIETIR OFM™P &\ DI (REL W
138 <) OB FMESEMENED K E RIS TH S5,
ZRILTIE T T NADKE L 2 DEPUZET 58
HEMED D 5,
ARG Z OB FMEDE B B EE & R

IV a
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5HLDTH5,

. ZOFHICZE-TINYa g vERST
Z DD BRI LT HR DN — A SRz
L CHEENMIZRDD ZENTE D,

I have calculated the rate of convegence and the
asymptotic error distributions of numerical so-
lutions for rough differential equations(RDE).

In my master’s thesis, I calculated error distri-
butions of Milstein scheme for one-dimension
RDE driven by fractional Brownian mo-
tion(fBm) with Hurst exponent 0 < H < 1/2.

“fBm” is gaussian process that generalizes
Brownian motion. It have one parameter called
Hurst exponent H(0<H<1).

When it is defined y; is the exact solution of
RDE, Qt(m) is the numerical solution of RDE,
o is the rate of convergence of g, the asymp-
totic error distribution is the stochastic process
defined by lim,_eo N®(y; — ™).

Even in one-dimensional case, the asymptotic
error distribution of milstein method for RDE
driven by fBm is calculated only when H is over
than 1/3..

So, by my work, It have been completed to cal-
culate that the asymptotic error distribution of
milsitein method for arbitary Hurst exponent.
The main technique of my thesis is based of
the preprint of Professor Shigeki Aida and As-
sistant professor Nobuaki Naganuma.

The technique of the preprint is suitable for
multidimentional RDE with Hurst index over
1/3.

It is based of rough path, so, same as rough
path, the more H goes down, the more compli-
cated the technique is.

In one-dimensional case, boundedness of the
term written in 8§M ™F is the most difficult
part,but my work canceled the barrier of the
boundedness.

On the other hand, in multidimensional case,
not only boundedness, but also construciton
and approximation of the multidimensional

rough path are very complicated and difficult



parts.

The technique has the universality, in other
words, not only Milstein scheme but also
Crank-Nicolson scheme and other schemes in
the low Hurst exponent can be studied by the

technique.

C. MEHFEE

1. T 75 RO BAERE
WRHEFEIF— - T IA
2020 £ 9 H. Zoom Iz KB H v 51 B

&Il #% (OIKAWA Mizuki)

A. WFoEmE

LT 55 B GR35 O & 1 & IR IX N B WL o L
MO—FTH D, AR & AR5 T
FEEHHZEREZEZ D L— Y v 1 VEKEIZD
B, %< QHKEWBIAWEE B > TN 5,
S5 8GR O B M E RIS BAFEE U RN
mENMETHBZEE R Y b - B RERMETH
2 TH R AEFHEAE - #7222 ML TH % Segal
HIPGHEGRDAH SN T WD, 205 DEFMER
{LOMOBERIEIEEBETD 0, BIFROHES 1% IR
BB TS 5, & <IThal. THREHZE
REPSEB Ry b 2R T 2 HEE% Segal
WHHmOSECHMTEL I LN RINT
&, Segal LGOIV EETH L LH X
5N5,

Segal HJEI5HER & 13, HSATE Riemann M LD
EAIRZ MOVHIZH U Hilbert 22RO o EH 3%
DL Z2E D YT HHAITH > T, Riemann
H DFENE DTN T BN & DN % 7z
TEDOTH D, B THSNT WS Segal I
SEEROBARBNIEE 7 2 VI AV IEENh 5 E
DTH Y., Riemann DAY VHEE % W TE
HIDHLDL AV VEEEZHAVWRVWEDD 2
HEWFET S, fiZE2ACYHBE 7z VI 4V,
BEEIIEACVHEHZ NI AV ERRZ 2IZL
£,

AFETIEH, ZOS5HDIACVEHEHT 2V I A
VICHEHULTE SIZEELSERLZ, AYVHH
7 )V I A Vi, Segal HIGHERO AN,
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2= )M EIEIEN D Riemann i OEZ L&
W ARSI A ST WS, —f
TR T, FFACYHBZ7 VI A viaz
)W EFZLWI e 2 RL, AYVHBTZ o)L
SAVEEAVVEBT VI AV OE-EDE N
ZH S MMT U Tz,

Conformal field theory is a branch of the area of
theoretical physics called quantum field theory.
It is related to many interesting mathematical
objects such as moonshine phenomena, which
give quite nontrivial relationship between mod-
ular forms and finite groups. There are several
mathematical objects which formulate this sub-
ject: conformal nets, vertex operator algebras
and Segal conformal field theories. They give
an analytic one, an algebraic one and a geo-
metric one respectively. The relationship be-
tween these objects are nontrivial and it is an
important mathematical problem to establish
it. In particular, recently it was showed that
construction of conformal nets from vertex op-
erator algebras can be understood in terms of
Segal conformal field theory. This suggests the
importance of studying Segal conformal field
theory.

A Segal conformal field theory is an assignment
of a vector space which consists of operators
between Hilbert spaces to a holomorphic vector
bundle on a Riemann surface with boundary. It
should satisfy several axioms such as the com-
patibility with sewing Riemann surfaces. The
known examples of Segal conformal field theory
are free fermions. One of them depends on spin
structures on Riemann surfaces, and the other
does not. Let us call them the spin free fermion
and the non-spin free fermion respectively.

In this work, the non-spin free fermion was ex-
amined more in detail. The spin free fermion
was known to satisfy not only the axiom of Se-
gal conformal field theory but also the compati-
bility with the complex conjugation of Riemann
surfaces called unitarity. On the other hand, it

was proved in this work that the non-spin free



fermion does not satisfy unitarity, clarifying dif-

ference between two free fermions.
C. OEEFFR

1. Mathematics of 2-dimensional chiral con-
formal field theory, 2019 4 & B8 B A #F
Figx, ZHEEMFBT 2019 49 H.

. An introduction to modular forms and
moonshine phenomena, 2020 B8 T i
WRFAVY T4V, v T4 VB CRILX
%), 2020 4E 9 H.

HH %
A. WFoEREE

Large scale geometry D335 5 Lie B - %
Ml - BIEAT - REGR OB 5 ik %
O, BARBIZ BT 2 BB L 7.

F (OKUDA Takako)

%f%

I have followed some previous researches on Lie
groups, homogeneous spaces, functional anal-
ysis and representation theory from the view-
point of large scale geometry and I am working

on some specific examples.

C. HEEFEE

CEBHRAIC LD Weyl OFEARNDEH
(after Dodziuk),
of Reductive Groups and Global Analy-
sis”, RHEKRFEREEREELIF—1NTVZ,
2019 4 8 H.

. Standard measure @7z 9 AENIZD
WT after Bernstein, Workshop on “Ac-

Workshop on “Actions

tions of Reductive Groups and Global
Analysis”, > 74>, 2020 & 8 A.

14t % (KITAMURA Kan)
(FMSP 21— 24)

A THZEREEE
PEFHRBRR O TOIEAHERMIZE T 5, &1

B K MmN EEEIZOWTIHEL TW5,
FREAZA 7 K BEmz s I 2 AW ERE L LT,

=}

=C6
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Ao EHa s b EFHO CHRADIE

M oz0RFRZEBIRFRE L TELRT
AN P EFHOEAEZE5Z2FLE LTINS
M2 5 5,

BLIEEZTVWBETEN IV NT Ml 1T,
Z OfEH OFE DRI DWW T & TR
RS W — DR O R D G E DL
RAEZEATz, $EBATCVIEHANAHLLE &
121 imprimitivity TELOREMMB KL T B Z & %
RUTze RITEHDOFEE LR ER UG X5
% Kasparov B OBF A #2250 N ChfETH
52 ¢%ERUE, ZTNIEFHAMAETHOLE
Frobenius #H EAEDHELR, T2 FE TR
5 HIAMADQHERM DE;E D Green—Julg O EH
DL > TV,

X5k —flz, oV Y NETROEREC
{188 U 7z quantum double ®— &L DFEF 2%
DHRBOMRBIENIOVTHEERL, LEALZ
& MZ D quantum double ® —f{LIZX LT H AL
MTBHIEERLU,
ZUCIOFEOME%ZIGHT 2 & T,
a v 87 b &E TR L Z D BichonNeshveyev—
Yamashita O EWK TO twist DHZ K Hin%
W U7z, Rz, 2o e LTiRon sk
R PRI D W T ) 2 & fF R T
M D FELX Baum—Connes T8 DL D i3z A3
D twist D FTREZND Z & 2R LT,

torsion-free

In the context of noncommutative geometry
from the operator algebraic viewpoint, there is
a construction called induction which produces
an action of a locally compact quantum group
on a C*-algebra from an action of its closed
quantum subgroup. Induction is a fundamen-
tal tool in equivariant K-theory.

When the quantum groups are compact, we
generalized the construction of induction for an
arbitrary homomorphism of quantum groups
which need not give a closed quantum sub-
group. We proved an analogue of imprimitivity
theorem when the action is free. We also proved
the adjointness of the functors between equiv-
ariant Kasparov categories given by this induc-

tion and pullback of actions. This statement



unifies the analogue of Frobenius reciprocity
for a closed quantum subgroup and Green—Julg
theorem for a homomorphism from a compact
quantum group to a trivial group.

More generally, we considered this induction for
a generalization of quantum doubles of compact
quantum groups and proved the same things as
above.

We applied this construction of induction to
compare the equivariant K-theories of a com-
pact quantum group and its twist in the sense
of Bichon—Neshveyev—Yamashita. Especially,
we proved the analogues of torsion-freeness and
Baum—Connes conjecture for the duals of com-
pact quantum groups are preserved under the

twist when certain conditions are satisfied.
B. FEKiw X

1. K. Kitamura : “On induction along a

homomorphism of compact quantum
groups", BIEKFAE LR

C. MEHFREE

1. KK B Z 2B Gz o>wT,
g sE s, P8 = T A KAE, 2019
9 H.

. BostaASConnes type systems for func-
tion fields, BIBURITIFS R, A>T 1 v,
2020 4£ 9 H.

. On induction along a homomorphism of
compact quantum groups, B KA A [H
Frv o4 MERRREIF—, AT,
2021 4£ 1 H.

@ik B (KINJO Tasuki)
(FMSP 72— 2 /k)

A. WML
IFRERY—WHRFLVIEY Y b= AREE
(CoDT AZER) IZD2WTHIERfTT-oTW5
NERFLRY Y - b= A RER (DT FZ5)
DERREL T, Joyce HIZ &> TEAINT
LOTHL, SEERRIC, RBFHEH>T 7 1 >~

-
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F=Uw 7TV T LRRIRD /NG R SRR
DR =G T X I L RRERDEED CoDT
REBIZDWTIHTL L 72, FEATHHE D CoDT A
ZRIZDOWT, CoDT AL & & uod i o fE
DEV2T7ADRVIVL—T HED Y — % FEA]
JFARRTTRTE EIFEN S D EFHLZ, Z
DEH % PO FEESED b LR RIS 5 Z L iz
Lo T RAEEEAHHOH L WK Z R L, ¥4
RN 7235412 Behrend-Fantechi D€ 3% & O [FfE
MEFHA L 72, % Oftt, Davison K & K3 i o
612 BPS O BENME DB LA D R H D5 %
fioTWd, 774V b=V v I A7EYI%kk
HDONERSRED CoDT HigiZBIL T, 2
FER YR —VREOBEEEE2H 52T
DT/PT DB tZFEHAL 72,

My research area is cohomological Donaldson—
Thomas (CoDT) theory. This is a sheaf cat-
egorification of the original DT invariant in-
troduced by Joyce and his collaborators. This
year, I studied CoDT theory for local surfaces
and small crepant resolutions of affine toric
Calabi-Yau 3-folds. Concerning CoDT the-
ory for local surfaces, I proved the dimensonal
reduction theorem which relates the CoDT
invariants for local surfaces and the Borel-
Moore homology of the moduli stack of coher-
ent sheaves on the base surfaces. Regarding the
dimensional reduction theorem as a Thom iso-
morphism theorem for dual obstruction cones,
I proposed a new construction of the virtual
fundamental classes, and its coincidence with
Behrend—Fantechi’s definition under the quasi-
projectivity assumption. As another applica-
tion, I study cohomological integrality state-
ment for K3 surfaces with Davison. Concerning
CoDT theory for small crepant resolutions of
affine toric Calabi—Yau 3-folds, I proved a cat-
egorification of the DT /PT correspondence us-

ing the cohomological Hall algebra structures.
B. F&Ew X

1. T. Kinjo : “Dimensional reduction in co-

homological Donaldson-Thomas theory",



arXiv:2102.01568.

C. HEHFEE

1. Dimensional reduction for (—1)-shifted
cotangent stacks, AG seminar (online),
Regensburg university. 2020 4 7 H 23
H.

2. Dimensional reduction in cohomological
Donaldson-Thomas theory. GTM sem-
inar (online), Kavli IPMU. 2021 % 2 A
25 H.

BR B (KATSUMI Satoshi)

A TREHEE

[T A AAEE CR ZRAIZEWVWT, 1 8I28
B IFENPRE 22D R AL U 7 Bl R
B ORTA Va2 vEMBEROHR RS RO
5ZrEHMNET S, BLMXTIEL FIIBIT5
Re 2707 —ih#, ROZ O IER 5O I
DaITRTOITHIHT A VY a2k U EMEX
DIFEZE R LT,

The purpose is to find a contact form which
simplifies the pseudohermitian torsion, pseudo-
hermitian curvature, and their some covariant
derivatives at a fixed point within the class of
pseudo-Einstein contact forms on a locally em-
beddable CR manifold. In the master thesis,
we show that there exists a pseudo-Einstein
contact form which kills the torsion, the scalar
curvature, and their covariant derivatives for

holomorphic indices.

EHTH (SHIMADA Ryosuke)
(FMSP 22— 24:)
A. fFZEIEEE
SEREIL GLs & basic R b IZNTET 771V
Deligne-Lusztig 21k X, (b) DAl FHINGE %

fifgEL 7=

k% qgloixhrsmldike L, Gz nAfNR
BHEL T2, S5 AN 2HEMNavycsbeL
be Gk(t)) &35, (7774 TIAT=
7Y DHD) 77 74V Deligne-Lusztig £ BRIk
X\ (b) 17 88H) Deligne-Lusztig Z & DL — 7
BT 2HUTHD. £E5 X00)(k) X777
1V T ITAR=T VD k EHORFHHSEET
HO, o THHED 1> NAF—LOMER %
k<L EBITIE X\(b) 13k ERFTE R ¥ —
LTHBIEREILHMOENTWVS.

7 7 7 4 > Deligne-Lusztig % k& @ 3% {1 (¥
MEIFELDALIZE s THIERESNTE. #l
Z ¥ Kottwitz & Rapoport (2 & D7 7 741 ¥~
Deligne-Lusztig ZH(IEDBIERTHZ2NE S 0%
WET BHBELRHEEENGZ5NTVWS. 61
1, Xa(b) # 0 TR U, BRI GG AR S
NTW3. BaETIE X\ (b) DB IRTTO R W EER
I3 B &N T A — X fHT B S R T 7.
WE G=GL3 &L, Dbl basic THdH&T
5. ZOrE, 7771 Deligne-Lusztig % #
OB 2 B TIRE L 7. FIZETORER K
43 H3E7 LAY Deligne-Lusztig 284K & HBRRGT T
774 VEHEDEMTH D LS hGa e e TRE
U7z, 20546, SRS T EWIIR D 57230,

In this year, we study the geometric structure of
affine Deligne-Lusztig varieties X (b) for GL3
and b basic.

Let k be a field with g elements, and let G be a
split connected reductive group over k. Fur-

ther, let A be a dominant coweight, and let

b e G(k((1)))-

riety X (b) (in the affine Grassmannian) is an

An affine Deligne-Lusztig va-

analogue of classical Deligne-Lusztig varieties
for loop groups. The set X (b)(k) is a locally
closed subset in the k-valued points of the affine
Grassmannian for G, so it inherits the structure
of a reduced sub-ind-scheme. In fact, it is well
known that X (b) a scheme locally of finite type
over k.

The geometric properties of affine Deligne-
Lusztig varieties have been studied by many

people. For example, there is a simple cri-



terion by Kottwitz and Rapoport to decide
whether an affine Deligne-Lusztig variety is
non-empty. Moreover, for X, (b) # (), we have
an explicit dimension formula. Recently, the
parametrization problem of top-dimensional ir-
reducible components of X (b) was also solved.
Now, let G = GL3 and let b basic. In this case,
we completely determine the irreducible com-
ponents of the affine Deligne-Lusztig variety. In
particular, we classify the cases where all of the
irreducible components are classical Deligne-
Lusztig varieties times finite-dimensional affine

spaces. If this is the case, then the irreducible

components are pairwise disjoint.

B. &5
R. Shimada, Geometric structure of affine
Deligne-Lusztig varieties for GL3, 2021,

arXiv:2102.09169.

¥ @I58 (SHUIN Tsuyoshi)

A. WFFEEE

M. Borodzik & S. Friedl & i 2014 (2, Blanch-
field form & FEIEHN 2 &5 H K O fili 2 [#
X(K) offRKHEHEEDO 1 RAETD Y —
T®H % Alexander MBE Hy (X (K);Z[tH1])
DRT Y VT NK) H (X(K); Z[t*']) x
HU(X(K)ZIY) = Q)/Zi) ko0 T,
MEK) REATFIOHNY A X n(K) 28 K DR
BRSO HEEER v, (K) & —BT25Z %2R L
7. BT, #CH K C 93 oREFE D
HARIHEE uo(K) € Zso %, O EHZM X (K)
O Alexander JIEE Hy (X (K); Z[t+1)) 2SEBAIC 72
% DIZ 73 £1-framed Dehn FAff 0 x4 [\ 54
CARRTIEIZE ST, TORLEER—HROEH 3
RILZRRIR M OIFEPL 1 RaFER Y —H
a € HY(M;Z) i L TZ D kernel (23 %
BB D 1 kAT 0 Y =R HY(M; Z[t*])
HWN 722 £ TIZHEL Dehn FAR O A 15K
EUTHER L, ug(a) € Zso ZH7-IZEEL 72,
T 502 HY(M;Z[tFY]) o Uik gt ki
BTELZRTV VI Na) : THY(M; Z[tFY]) x
TH(M;Z[tH)) — Q(b)/Z[tT] ie2WwT, D
RIUTHID BN 1 X n(a) P ug(a) 2 T o5F
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fliLTWdZeERL, ZTNEEBEWT uy(a) D
BRI 25 % 5 2 7=

M. Borodzik and S. Friedl
K S3,
on its Alexander module of knot comple-
ment X (K), AK) H (X (K); Z[t*Y]) x
Hi(X(K);Z[tT])  —  Q(t)/Z[tt], called
Blanchfield form has the information for
the algebraic unknotting number wu,(K) of
K. They showed n(K), which is the min-

imal size of representation matrix for A(K)

showed that

for any knot C the pairing

agree with u,(K). In my thesis, I regard
uq(K) as minimal number of +1-framed Dehn
surgery needed to change the Alexander mod-
ule Hy (X (K); Z[t*']), which is the first homol-
ogy group of infinite cyclic covering of X (K),
into a trivial module. I introduced new invari-
ant u, () for first nontrivial cohomology class
a € HY(M;Z) of closed oriented 3-manifold
M as the minimal number of Dehn surgery
needed to change H{(M;Z[t*']), the first ho-
mology group of infinite cyclic covering with
respect to the kernel of «, into trivial module.
I showed that n(«), the minimal size of repre-
sentation matrix for the pairing on torsion part
of HX(M;Z[tT]), MNa) : TH(M;Z[tH]) x
THY(M;Z[R) — Q(b)/Z[t*'], is a lower
bound for u,(«). I demonstrated how to com-

pute u,(a) using the fact above.
B. FKiw

1. T. Shuin : “Algebraic unknotting num-
ber @ —f& DM 3 IRIT L ERIKAN DILR &
Blanchfield form (Z2WT", HFEKZEKX
FHBELRL A S RHE L ER ST (2021).

=% Btsh (TAKANO Akihiro)
A THFEE

Tong, Yang & & U Ma i%, HAMEE B, DR
B, — GL,(Z[t*']) TH > T, Artin ZRIZH
B &L o Y, ERATH L 1 6T S iy
WZEBE5BRBDIZODVWTHIR 2T - 7.

> >
— —



T, T2 x2EAHTAITHS. ol D&
S R FME P E 2 R TARBERIC 2 L
PRNEWDI Z e ERUEZ. 12 ISR L D
HMoNTWE Burau ZHT, £5 120820k
YO THRAINSH DT, Tong-Yang-Ma RKIi
XN S, Burau REIZZINETE S MHES
NTWZDIZX L, Tong-Yang-Ma RIIEH E D
INTIHDo7z. KoTHRIK, ZTORBIZEL
TIRD 3 DODT Fu—F TR EITo7-. 48,
2 & 3 1& Arthur Soulié (Glasgow K%) & Dk
FfFETH 5.

1. AU Alexander AZEEDFHH : FAlX, &
12 & % Burau REUZAFBE U 72 AR
DR U Alexander FEEDEH %
A LT, Tong-Yang-Ma REUZABEL 7=
LN Alexander A2 &% GHH L 7-.

. AN U TREBEANOHEE : Burau REUZ
WHUTIE, BRCWLSDRDHETARNY v
THREAEHNEERN I N TE. FxZzoh
T%, Silver & Williams %37 - 7= HiE %
AT, Tong-Yang-Ma R¥E AN VT
WARHBLXT Yz LTy KA MY Vv THEA
HAIER L7z, F72, Massuyeau, Oancea
B & U Salamon D i & AW TRl D LR
FiEEE#R LT,

. Long-Moody #EX D # i : Long-Moody
&, MAKREEORBLA S8 L WK%
W9 2% HETHB. FAlkZ % Tong-
Yang-Ma £BLUZ#EH L, 78R RE2175
ZETWL O OWEEBIEL .

Tong, Yang, and Ma researched representations
B, — GL,(Z[t*']) of the braid group B,
such that the i-th generator o; in the Artin
presentation maps to the regular matrix I; 1 @
T & I,_;—1 where T is a 2 x 2 regular matrix.
They found that there essentially, namely up
to equivalent and transposition, exist only two
non-trivial representations of this type. One is
the unreduced Burau representation that has
already been known and the other is a represen-
tation discovered for the first time at that time

and called the Tong-Yang-Ma representation.
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The Burau representation has been studied a
lot so far, however the Tong-Yang-Ma repre-
sentation has not been done much. Therefore,
I researched the Tong-Yang-Ma representation
with the following three approaches. 2 and 3
are joint works with Arthur Soulié (University

of Glasgow).

1. Computations of the twisted Alexan-
der invariant: I calculated the twisted
Alexander invariant of the braid group
associated with the Tong-Yang-Ma rep-
resentation by using the method of the
computations of the invariant associated
with the Burau representation by Mori-
fuji.
The Bu-

rau representation has already been ex-

. Extensions to string links:

tended to string links in several ways.
I extended the Tong-Yang-Ma represen-
tation to string links and welded string
links by using the method of Silver and
Williams. Also, I defined another exten-
sion by using an argument of Massuyeau,
Oancea and Salamon.
. Applying the Long-Moody construc-
tion: The Long-Moody construction is
a method to construct a new representa-
tion of the braid group from the represen-
tation of that. I applied this construction
to the Tong-Yang-Ma representation and
observed some properties by conducting

a matrix presentation.

B. F&&Kii L

1. Arthur Soulié and Akihiro Takano: “Ex-
tensions of Tong-Yang-Ma representa-
tion”, arXiv:2012.03767.

. Akihiro Takano: “Studies

Tong-Yang-Ma representation —Twisted

on the

Alexander invariants and extensions of
the representation—", B E K& L i
(2021).



C. HEaFEE

. Extensions of Tong-Yang-Ma representa-
tion, HEZFARF bR Y- I F— &K
HL TR (zoom), 2020 4 10 H.

. Extension of Tong-Yang-Ma representa-
tion, #E U H O I, HEL 7 K¥
(zoom), 2020 4 12 H.

. Extension of Tong-Yang-Ma representa-
tion, The 16th East Asian Conference
on Geometric Topology, HZAR, BHIE K%
(zoom), 2021 = 1 H.

A KB (TSUBOUCHI Shuntaro)

A. TR

il il 22 ] T o0 )L % — LR D s/ MR B L
THENS, 1-9 7737 v8&Cp-7 7707V
(272U, 1<p<oo &9 3) 2EHLNNEME
R 2 M BRI FRE RO MO IERIMEIZ DWW Tt
KUtz p-F TV TV IERRD 1-5 757
ViE, BRCIEHMEICE LT, TR A E S &
<hhroTwiawy., ZOMEIFBANIZIE, 1-7
TIVTUDNEBDOESKE (77ky M) LB
WTBWRRILEEGE 2R >, twi K<Ash
RERFEICEZEDOTHS. EHMEICELT, p-T
TIVTE LT TIVTUTHBBE O DON?
ZOMIZNT 2 BENLFERE, HOWIZTIED
M, 52PN TE. BRI TOE
DTh5.

1. fRORFRY 7oy VIERIME 2R U, R
TARE MU, ANEOEANEDREZ, b
R—=Z B W TR R ZEMEDO T TRL
7-ZeThs.

2. @BMTH Y, Ty MBETIERVE
WIORED T T, fROMAINESTH S Z

LERRU. TUE, RO Dkt &
B2 1-BAIDFRTH 5.

INSDFEREELRLE L TE LD,

BAE, MRICBT AREROBREIToTWAS. &
7z, JBATY 7w VIERIPEORERIZOWTS, K
MBELITEAANDHEZAATNE LA TH S,
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I studied regularity on solutions to singular
elliptic partial differential equations involving
one-Laplacian and p-Laplacian, where 1 < p <
0o, with an external force term. This type of
equation often appears in a minimizing prob-
lem of a crystal surface energy functional. Un-
like the p-Laplace operator, analytical proper-
ties of the one-Laplace operator have not been
well-understood, especially for regularity. This
problem is basically due to the well-known fact
that the one-Laplacian has strong diffusivity
over a facet, which consists of degenerate points
of functions. “When it comes to regularity,
does the p-Laplace operator overcome the one-
Laplace operator?” 1 gave the following two
results, which are partially affirmative answers

to this question.

1. I showed local Lipschitz regularity of so-

lutions. It is remarkable that our reg-

ularity assumption of the external force
term in Lebesgue spaces is optimal.

. Under the assumption that a solution is
convex and the facet of a solution is non-
empty, I proved that its derivative is al-
ways continuous. This is the first re-

sult which establishes the continuity of

derivatives of solutions.

These results were contained in my master the-
sis.

I am now improving results on convex solutions.
I am also trying extending the result on local

Lipschitz regularity for parabolic equations.

B. F&&Kii L

1. S. Tsubouchi : “Local Lipschitz bounds
for solutions to certain singular elliptic
equations involving the one-Laplacian’,
Calc. Var. Partial Differ. Equ. 60: 33
(2021), 35 pages.

. S. Tsubouchi: “Regularity on solutions to
equations involving one-Laplacian and p-
Laplacian with an external force term",
Master’s Thesis in Univ. of Tokyo, 2021.
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1. Regularity on solutions to equations in-
volving one-Laplacian and p-Laplacian
with an external force term, 2§ 22 [A[dk
HBUER R R R AR —ky v ay, ®
LK Jzoom (4> T 1 VBAE), 2021 4 2
H.

. Regularity on solutions to equations in-
volving one-Laplacian and p-Laplacian
with an external force term, WINGS-
FMSP Be/EfEagss, WAtk /zoom (F
VoA VB, 2021 £ 3 H.

K
i3

1. 25 22 MHEEB AN ER R AR —% v
vaVIEFRRAX—E, 2021 F2 H.
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e A (FUSE Otohito)

A. TR

Jae Choon Cha & Kent E. Orr (2 & » CiEERE
% XN 7z transfinite Milnor A28 & IEIXN 5 [
E O o N7 3 IRILE AR D AL EIZ D WTHE
x0Tz,

Milnor A2 &L, #& A4 H 2l OFEATED Fi
e RAIIT £ B0 m (5% \ L)/mi(S®\ L)y & FIE
BOHLK TN X B/ F/F, ORI X 0@
L5, AHDFEBTY - RLT 1 XLHA
ZwmTHbD. Cha & Orr ¥, ZOLREEZE, £
DIEWHEDSH L TERESINLIMEIT 5N
Ml 3R MIADFRER Y —a RNV TF 4 LR
BEANECIRUZ. L0 BEKRIZIE, oL
EHZIND., T, HEMEIT SN 3K
TLERRY 2EETS. T LT, fiomEoir
SN 3IRAEERER M TH->T, 5 (@
RITHE LWV HFHE £ 1I2DWT, M OREARRE
® homology localization @ HULNEE NFIZ & 5 P4
D Kk BH 7 (M)/m (M), 55 Y DZFhADR
MAFEET D LS5O L, STy —#
Hy (1 (Y)/m1(Y),) DIE 6,(M) 55 M OHEAK
M] Dt H2ERBIZL B LTESRS N, Z
ik, AL k+1FBHIZEES EXE0ES 1%
HETDEIRFERY—ARLT 4 RALARLE
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Lo TW5.,

AWETIE, ZOBEEINZZRARY & LTE/
R 3 —»ISL(2,Z) OERMEKO TR 5h3
E57 S LDk —F AHERAEBAD, FL
EAMEE S DRED Y — B Hy(my(Y)/m(Y),)
X, BB MIZOWTDG,(M) 275D > BED7%

THNEEZ, RO K IZOWTEHHEL 2.

closed 3-

manifolds which is called transfinite Milnor in-

I studied invariants of oriented

variants, recently defined by Jae Choon Cha
and Kent E. Orr.

Milnor invariants are homology cobordism in-
variants of links obtained by comparing lower
central quotients (5% \ L)/m(S® \ L)x of
fundamental groups of link complements with
lower central quotients F/Fy of free groups.
Cha and Orr extended these invariants to
homology cobordism invariants of oriented
closed 3-manifolds defined in a broader set-
ting. More specifically, it is defined in the
following manner. Firstly, fix an oriented
closed 3-manifold Y. Then, for another ori-
ented closed 3-manifold M such that there is
an isomorphism from k-th lower central quo-

tient 7y (M) /m (M
tion of the fundamental group of M to that

),. of the homology localiza-

of Y for some (possibly transfinite) ordinal &,
0.(M) € Hs(w/&)/wl/(?) ) can be defined

as the image of the fundamental class [M] of

K

M by a certain homomorphism, and this is in-
variant under homology cobordism and deter-
mines whether the isomorphism can be lifted to
(k + 1)-th stage.

I
Hy(m1(Y)/m(Y),)
groups consisting of the elements which can

computed the homology groups

and subsets of these
be realized as 6,(M) for some M for k < oo,
when the fixed manifold Y is a torus bundle
over S!' whose monodromy is an element of

finite order of SL(2,Z).

B. ¥&Kin X

1. O. Fuse: “Cha & Orr iZ& W @&EI N/



transfinite Milnor RZ & ® torus bundle
DHNZ B B realizable class”, B K
i (2020).

M BEA (HORIUCHI Kota)

A. WF7EmE

FAK TR E NS = F P RUR 5> 5 R R o W] gk 1z >
WCHLRZ FF > T\ 5. BREIEN & OIS A
R, LIEU IR o EMEAZRTBHEIZBN
52 EDHISNT WS, AREEITFEBEIERRLIH
% B DIRHITEN & 0 BRI SR R o af gk iz
DWT DT ETT - 7. FRIMIERVIEE £ D5l
WA & FE I RUR ) RO AT Iz D W TEE
MAFERPZ L BONTWEHRT, ZTOHM%E &
0 FERRIE D 1 K & D @ R B IR I I 3
LZDRERB TR, I T, A% TIE, FERR
WD F N TOEE & & B FOMERM B L O
TEDFIFIDAE D T THREFEIERILIEE B D i
ROTRVEZZFIH U 72, & DRSS Sk AN e IR
KOOI D P\ % "I REIZT 5.

I am interested in the solvability of elliptic par-
tial differential equations with forcing terms. It
is well known that partial differential equations
with forcing terms often appear in phenom-
ena that represent interactions with light. In
this year, I studied the solvability of an elliptic
partial differential equation with a exponential
nonlinear term and a forcing term. While many
detailed results have been obtained on the solv-
ability of elliptic partial differential equations
with a power-type nonlinear term and a forc-
ing term, it is not easy to apply the discussion
to the exponential-type nonlinear term with a
higher degree of nonlinearity. In this study, I
prove the solvability of the equation with the
exponential nonlinear term under the assump-
tion of the behavior of the nonlinear term at
the origin and certain structural conditions and
dimensional constraints. This structural con-
dition makes it possible to handle exponential

nonlinear terms.
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B. F&KHisC

1. K. Horiuchi, 5800 S % % i I
F 2 S P AR 5 R A o0 P R, SRR
S AEBHORIEIRHE LR X, (2021).

C. HEaFEE

1. Existence and non-existence of solutions
to a semilinear elliptic equation with ex-
ponential nonlinearity, £ 22 BIALEHEF
fEtrifsE s, WALKRY: / zoom (A > 1 >
Bfi), 2021 4 2 H.

. Existence and non-existence of solutions
to a semilinear elliptic equation with ex-
ponential nonlinearity, WINGS-FMSP,
FMSP Bt dag s, Al k% / zoom
(X741 Vhfk), 2021 4 3 H.

W 38 (MATSUI Hiroki)

A. fFgEmE
EENEPTONIERDTWEY Y v TDH BN
2 E T NG T 7R ABRRZOVWTE X S.
Uy U THEDT T ARRNIEY v v T EfEA
DIGHPRFTE 5. BITHRICE D & T 7Ha
HREROMOFGMEETIRILY ¥ TDH D546
ERALTEZ N hoTWDE, 22T, Rl
SIZRDOYIAMEIZBE T 2o NPT ITOVWTERT
5. HWEEONRADGE LR, RAOFNIGE
BPUIHWS Z e BN TE RV, 22T, RIfETIE
HEMEE L OFEH ORI H W o e FEE MW,
FROWMAMEICET 2O PR TH D Z L 2m
T F 7, EENEE O AR G 2 Vg,
f DYAEDI T IZB§ 23l A% 525 Z &' T
5.

I consider rough differential equations driven
by paths with jumps, which have begun to be
studied in recent years. Jump-driven rough dif-
ferential equations are expected to have appli-
cations to jump processes. Prior research has
shown that the continuity theorem for solu-
tions of rough differential equations holds for

the case with jumps. Here, I further mention



the smoothness of the solution with respect to
the initial value. Unlike the case of continuous
paths, we cannot use the line approximation of
paths. In this paper, I show differentiability of
the solution with respect to the initial value us-
ing the method in the proof of the continuity
theorem. Using the inequality of the continuity
theorem, it also is possible to obtain an evalu-

ation formula for the derivative of the solution.
B. FEKiw X

1. H. Matsui : “¥ ¥ > 71 RDE Of#DIH 5
TREME & F OFEM", BRE R R HEEER
FHIERME LT (2021).

FIBEFE R

1. ¥ v > 7% RDE Of# DMy alggtt & = D
AP, & LR SRR, UK /zoom (A v

I 1 VBIfE) 2021 48 2 A.

=2 - (MIYAZAWA Jin)
(%4 DC1)
(FMSP 2 — 2 %)
A BT
ARAEEI O MAZRE T3 72D0H 5.

1. FRABOKEFELERAL TWS 4 IRt
ZRRRIZDWT, £ DEZ Seiberg-Witten
RIEROEH p 2B 5 divisibility O F

L FEMFAARERR 3 RGEE RN D A v
c HEEDILIE L mod?2 f8EK.

BELMmXONAIL 2 BHOWMETH 5.

1 HHDOARIZOWTHHET 5. FBALEK
BEARER LT3 4 IRt kK £ T Seiberg-
Witten SRR % & 2, HRRGEMZTS &
Z/pZ ER L T\ 5 Bk O [ O [[ 2 544315
b, ZOREGHISFEEINIHEE K B
DHDEB/EZEBLWDB L, HZ Seiberg-Witten
RERDFEH p 12D\ T D divisibility 2305 5.
Uir U, BAEIEE 2R BARGIE R D2 > TWawn,
2BHOMEIZDWTHHT S, Ik 8k +3
RICHIRARD Pint HiED» 5 EH I ND skew-
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adjoint 7% Dirac fEFHZ D mod?2 8#UZE$ 2 ift
RTH5. PinS W&, Pint Mg L Spin® H
EoED —B{LTH Y, Freed & Hopkins 12 &
D 2019 FEICEA I N7z, SHF 2 D mod?2 B
1 Pint B§iEX° Spin® BHEDIHEITIX 012725
TLESHDOTHS. AMHFETIL, 2D mod2 i
By RO LA LI ARICHEE I NS Spin
HEED mod2 faN—H T2 2R L. 5
12, SIRILE IR DG A 121X Spin RV T + X L
ZHWAHR RSN E R S N, EEHEITMENTR
fRR AR O —H e LTERLE NS, 3
oG DBEITIE mod2 8 EANIE B R 724l % HE K
THIENTET.

FEBDOIEAFIE L Witten deformation T#H 5.
AMEDIGHE LT, HRNEILRIZE > TEAZ
N7z Pin=(2) €/ K=V DEY 271 EHOM
ST A REME 2 M AHICHE T E B SRR S X
7z, £/, ZOIGHE LT Pin=(2) €/ K —)LD
TV a7 A EMORERDRRN 4 IRTE KD
Blafs 2R TER. EVaATA DEEf
AR MEDSRIAHINICHIE CTE D LDtz &
TH5% Pin™(2) €/ K= VALBEDX 57454
ArfificE a2 idbhns.

I obtained two results this year.

1. An inequality related to the divisibility
of Z/pZ equivariant Seiberg-Witten in-
variants.

. A generalizatoin of Spin¢ structure for
3-manifolds which are not assumed to be
oriented, and a mod2 index related to

the structure.

The second one is the main result I obtained in
my MSc thesis.

The first result is about 4-manifolds with Z/pZ
The

main idea is to comstruct Z/pZ equivariant

action where p is a prime number.

maps between spheres with Z/pZ action by us-
ing Seiberg-Witten equations and finite dimen-
sional approximations. We consider its induced
maps on equivariant K groups to obtain the in-
equality.

So far I have not found an example of 4-



manifold with Z/pZ action for which the in-
equality is non-trivial.

The second results is about mod2 index of
skew-adjoint Dirac operator defined on a 8k +
3 dimensional manifold with Pini structure.
Piné+ structure is a generalization of Pin™
structure and Spin¢ structure introduced by
Freed and Hopkins in 2019. Two special cases
of this structure are Pin™ structure and Spin¢
structure for which the mod2 indices are van-
ishes. I showed that this mod2 index coinsides
with a mod 2 index for the canonically induced
Spin structure on characteristic submanifolds.
In the 3-dimensional case, we define the topo-
logical index to be the Spin bordism class of
the characteristic submanifold, and the main
theorem is interpreted as the equality between
the analytic index and the topological index.
We have several non trivial examples for 3-
dimensional cases.

The method of proof is the Witten deformation.
As an application of our study, we have a topo-
logical method to detect orientability of moduli
space of Pin~ (2) monopole which is introduced
by Nobuhiro Nakamura. We give an example
of 4-manifold whose whose Pin~(2) monopole
moduli is unorientable. We expect more appli-
cations to study of Pin~(2) monopole invariant

in the future.
B. F&in X

1. J. Miyazawa : “[4 & {7 A AIBEZ 3 ¥RIG
ZHRIEANDAY v ¢ BiEDHLE & mod2
PR, REURZAE LR (2020).

C. HEHFEE

. Seiberg-Witten equation and Topology,
BEH AN IS —, B3 H, HERKT,
202042 A

I E T ARTREZR 3 RIS RRIRAD A v
c HEE DPEER & mod?2 ¥BH, BT — U
MmEIf—, AT, 2021 FE2 H.
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O % (YAMAGUCHI Tatsuki)

A. THFERE

HEZE W2 IEREOR RSO W T O
EiTo Tz, WG OBEOFIEO IS IE
Schoutens D7 A4 F7 TH 5, X 5T
E B R R S OBBRIZOVWTHRLT WS,
HEA T 7 IVOHEMUES L UT ultra- 1 77
7% E A L, Schoutens iZ & %R0 — itz 5
%22 x I ET, B T 7 IVOMEHE
%R RS U SRR B IE R D R TO R A T
TIVOWRBFENIDOVWTDORRE G2, F Mk
Cohen-Macaulay MIEE & F-5F RS OBRIZWT
BTNV B,

The use of ultraproducts in commutative alge-
bra is an idea of Schoutens. He also showed
the relation between ultraproducts and log-
terminal singularities. We introduce ultra-test
ideal, which is similar to usual test ideal. We
tried to generalize results of Schoutens’, and we
get an characterization of multiplier ideals via
ultraproducts and a result about an behavior of
multiplier ideals under pure ring extensions. I

also study a relation between maximal Cohen-

Macaulay modules and F-singularities.

mHF 2 (YUI Seira)

A. TRFEE

2012 412 Boyer, Gordon, Watson Z & - TH#2
H X N7z L-space ¥4 T, irreducible ratio-
nal homology 3-sphere Y %% L-space TH 5 Z
e, ZOHAEE MY P non-LO THBZ LW
FfECTHD & FHRLTNWS.

B G PEREERA TR (LO) TH S &I,
EEDI f,g,h € GIZH LT g < hkwoli
fg < fR WO D &L D% G O2ERF < BFE
TH5ZLTHD. 2D &5 BRENEFTPFHELRD
£ E, GlEnon-LO THBHE NI,

rational homology 3-sphere Y O{Effi & LTI,
S3 WOKEOH K 123 - 72 Dehn surgery 73% X
55, ZDZEMO L-space M 1% ELEIHFZE & 11
TH D, Ozsvith & Szabé 13, ¥ OH O ¢(K)
% FH\\ T L-space surgery % if 3 G HRE r O



ZHHR U7z, (positive) L-space surgery % #
THEOH % (positive) L-space knot &5

Z DR HR ZBIIZ LU T L-space knot K 12 >
T Dehn surgery U T 5 12 LR D FEARFED
non-LO TH % Z & 2R TR L k2 1ZfTb 1T
WA, —~ROEEZITT 5 non-LO D& 1L L
WHETH 5. Bolt, Fii S Nz L hRIKD B
M non-LO TH 570D, $EOHDOILAFEZEE T
5+ 5% (property (D)) 7% Nie lZ &> THA
TNz, ZHiEnon-LO 2RO REBLDOR
WEMREFEZ LA TV,

LM T, LIRTHFERDOT AT 7 2 HWT
property (D) D#LER T % property (D) 5-%,
ZDJ5HALE LT L-space T %2 & EWIZ LT
% 3IRTE RO MDOBI % 5 2 7-. BARIAIZ
i, T,gg;ll?gil’n,TIﬁ;qéiq # twisted torus knot
M property (D) &7z L, U725 T Dehn fill-
ing UTHES5NDELRREDEAREED non-LO T
HBIZL%ERLT. Motegi @ L-space knot 2
MY 2R eabEs LT, T " Mo
twisted torus knot DOFEHRIL L-space % & &
IZEFELTWE Z e bbb,

In 2012, Boyer, Gordon, and Watson conjec-
tured that an irreducible rational homology 3-
sphere Y is an L-space if and only if its fun-
damental group 71Y is non-LO, which is called
L-space conjecture.

A group G is left-orderable (or LO) if there ex-
ists a total order < on G such that g < h im-
plies fg < fh for any f,g,h € G. Otherwise, G
is non-LO if there exists no total order < like
that.

The well-known method for constructing ra-
tional homology 3-sphere Y is Dehn surgery
along a knot K in S3. It is relatively studied
well whether these spaces are L-space or not.
Ozsvath and Szabd specified the range of ra-
tional coefficient r admitting L-space surgery
by using g(K), a genus of K. K is called a
(positive) L-space knot if it admits (positive) L-
space surgery.

Based on the above result, Many studies proved

that a rational homology 3-sphere which is
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obtained by Dehn surgery along a certain L-
space knot is non-LO. However, in general it is
difficult to determine whether a given group is
LO or not. Recently, Nie gave sufficient con-
dition, called property (D), on knot fundamen-
tal group for a fundamental group of resulting
manifold by Dehn surgery to be non-LO. This
condition gives a computable method for judg-
ing non-LO.

In a master’s thesis, I give property (D’), which
is generalization of property (D), using an idea
from 1-dimensional dynamical system and give
new examples supporting L-space conjecture.

Specifically, I prove that twisted torus knots

(k—1)g£1,n pp—gq,1
quiLq ’ Tp,mp+q

fundamental groups of resulting manifolds by

have property (D’), thus

Dehn surgery are non-LO.
By combining with Motegi’s result showing

k—1)gx1l,n

that a twisted torus knot T,£ g1 is an L-

space knot, we can say that these new results

T(k—l)q:l:l,n

kqt1.q affirm L-space conjecture.

for

B. #&i

1. S. Yui: “VIRGGHFHRE AW 3IRIEE R
RO FEARED L A NE 7 A T REME DY E
EZOIA", BERERF BRI 5T
BHMELERsC (2021) .

G. %
FUA KRB AR SRR E, 2021 £ 3 H

=H [E (YOSHIDA Takumi)

A. TR

8\ Birch-Swinnerton-Dyer T48 (LR, #fW\
BSD $#) IZ DWW % L 7z, Coates. Li, Tian,
Zhai i, BSD ¥4 2 HHn%2# X5 LT,
Y a7 —hifk Xo(49) OREBRMED 2 kDY 1 A
MZBWTIRW BSD PREDALT S Z & 2R L
7zo PMITDRREIHKL, LHELDY A AL
IZDWTHRW BSD $4HZ R U 7=,



I studied the full Birch-Swinnerton-Dyer con-
jecture (the full BSD conjecture). By consider-
ing the 2-part of the BSD conjecture, Coates,
Li, Tian, and Zhai proved the full BSD con-
jecture for infinitely many quadratic twists of
the modular curve X((49). I expanded the re-
sult and prove the full BSD conjecture for more

twists.
B. F&im X

1. T. Yoshida : “On the 2-part of the Birch-
Swinnerton-Dyer conjecture for elliptic
curves with complex multiplication by
the ring of integers of Q(v/—7)", Hal X
BRI RHE L (2021).

B2 X (WATANABE Yuta)

A. T

BELRPZT DO EDOEMNRZ MV R % 725
1% K D356 O R PV % AT Tk 2 FH v
TR L TW3, BARIIZIE L2 39 K RAT
JEOIREMZ FEE L LT, H»2HEOEES
FRIR TR O NI DOWED & DA\ T ADEFEL IR
RADILIER . EHIRZ MV ORE % 72 FAE M
¥ Hermite BEDWIETH 5,

Bt Tid, HILWZRFERTH 5 Lefschetz ##
SPETHI ) W A B % % B A A IR 02 FO T Stein 2
BRIA, BREFMLHEAR ETEXZRITHEND
D, IhEdHEOHM™ Kihler ZERK, %
2 b Kéhler ZHRIKANILIR U 72, JBATAIZEIC4S T
WESHWEIE LT, quasi-torus B3db 5, F7z.
ZDMERORERRIGEEFZEAD I LT, HEHED
EAEMEZ R 72 ERIR 2 VR ZRE S EEL IR
XU, Serre BUEM % 2 >3 k Kahler %
BRER D 5 358 Kéhler ZARRANIEIR U 72, Btk
2, JefFRgE & [ERRIZ Lefschetz 8- i) Wr & B
DEDIENT T ZADERLHRIRANDILE % 1F7=,

I study the geometric properties of complex
manifolds and holomorphic vector bundles on
them under various conditions, using analyti-
cal methods. Specific studies is extensions of

properties on certain complex manifolds to a
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wider class of complex manifolds, various pos-
itivity of holomorphic vector bundles and sin-
gular Hermitian metrics, using the L2-estimate
and the Ohsawa-Takegoshi extension theorem
as the main tools.

In the master paper, there is a previous studies
that considered the Lefschetz hyperplane theo-
rem, which is the classical result, on Stein mani-
folds and complex projective manifolds by using
plurisubharmonic functions, and I extended it
to certain pseudoconvex Kéhler manifolds and
compact Kéhler manifolds. One example that
does not belong to a previous studies situation
is a quasi-torus. Since considering a special
case of this result, for complex manifolds with
holomorphic vector bundles with some kind of
positivity, I extended the Serre duality theorem
from compact Kéhler manifolds to weakly pseu-
doconvex Kéhler manifolds. Finally, I obtained
an extension of the Lefschetz hyperplane theo-
rem to a wider class of complex manifolds, as

in previous studies.
B. FKifw L

1. Y. Watanabe :

borhoods of non-pluriharmonic loci in

“Cohomology on neigh-

pseudoconvex Kihler manifolds ", B

KEIE L (2021).

% % (LI Kimihiko)
(FMSP 22— &%)

A. TR
HAMToTWADREILTIV AT+ v o3
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) ZZ VOB MEHE & WS, Frobenius descent
EIHENBEERE R LU, TV AT v I3k
EnY-—RGIhsparEn Y —MHixrHE—75%
EWVWIRATEZONZFH L VI FER Y M
Thb, FMrDarED Y —HE OREGRYEZESE
7D HIREH 2\ S & DA EEREE %2 H 5
7, Bhatt-Scholze 2 & D ) X< F 1 v ak
ERY— K S—LaRERY—, BEHDY
JAZXY) vareERY—, BEMD pEZ X -
AREDY—, Ay IRED Y — & DOHESERED
A X 7z, I, pEIREOTYV—HEBRIZOW
T fTThbnELOND -7 VAR Y VY IKE
OYV—KR¢R - 5—L3FE0Y-=2Hb0, Z
NHENTV AT 4y 7 AREDY— L BEREIZH
BRLUTWBZEDFEHEI N, TYRAYT v 7 Ak
EOV—%FHETBDIZ ¢-F - 5—LBKEHW
oNBdZeBbhrotz, £z, 7 VAXY V2
FERY—dq=10DWE/NEHETIYVARY v
IREQYV—2EZDLILITHYL, g=1 D5
BlFZVAR) vaRrERY—RELTEIEN
HRE X 5 2%, Bhatt-Scholze 12 & O EBEIZAL D
AVASN

HAESEEDELHRXIZEWTE LV XL O]
BETVAITAvIBE0 2V ARY VY
1 MZBEWTHERE L, Frobenius descent o AL
MINSDYA M ETHONEDZ L EZRLUZ, £
7z, TVART 4w 28 g7 VARYYIAKE
0y — & ORI 2 & L~V OS2 W TR
U, LRV (m—1)D g2 VAR) VHA R
LV mDTVAIT 4y 7891 FORIZZY
ARNVOBEEERRDNDZ 2 Z2R U, EIZ,
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e LT, MBS L VT AT 1y 79
A MZBITEHRBOMEDONEFEZ AR, BEE p
RS AN OBEER E2E X, p RO
—DOTHBHTVAYT A Y7 IAREDTY—IZDOW
TOMGMEEDSE I ThDb, ETEHRLZLA
Mm®DgZVAXRY) vyaAaFERY—%2#HETS
72HDL R m D g-R - T — LEEROREREIZ
D2WTH, Gros-Le Stum-Quirds 12 & % twisted
divided power IZ& 27 70 —F THEZ T3,

My research is mainly focused on the prismatic
cohomology. This is defined by Bhatt-Scholze
in Prisms and prismatic cohomology in 2019
and it is specializes to p-adic cohomology the-
ory, which is the theory of arithmetic geom-
etry I major in. There are various cohomol-
ogy theories on algebraic varieties of character-
istic p such as crystalline cohomology and p-
adic étale cohomology. We can think of the log
crystalline cohomology when the variety is not
proper (so that the usual cohomology theory
does not work), and think of the higher level
structure when the variety is not smooth, or
degenerate in addition. Crystalline cohomol-
ogy and the higher level structure on it is de-
fined by Berthelot. p-adic cohomology is usu-
ally defined on a site which represents ‘topo-
logical space’, with respect to a crystal, which
means a sheaf of modules with a good property.
Berthelot showed the equivalence between the
category of crystals on the higher level crys-
talline site and that on the crystalline site of
level 0 (which coincides with the crystalline
site), and this equivalence is called the Frobe-
nius descent. Prismatic cohomology is the new
cohomology theory which attempts to general-
ize these cohomology theories. For constructing
the relations between the cohomology theories,
it is important to show the comparison theo-
rems between them. Bhatt and Scholze have
shown the comparison theorems between the
prismatic cohomology and the de Rham coho-
mology, the integral crystalline cohomology, the

integral p-adic étale cohomology and Aj.s co-



homology. Moreover, as the g-deformation of
the p-adic cohomology theories, we can get the
g-crystalline cohomology and the g-de Rham
cohomology, which is shown to be closely re-
lated to the prismatic cohomology. So we can
compute prismatic cohomology by ¢g-de Rham
complex. As g-crystalline cohomology is equiv-
alent to think of the crystalline cohomology on
the infinitesimal neighborhood of ¢ = 1, it is
expected to recover the crystalline cohomology
when ¢ = 1, and this actually comes true, which
is also shown by Bhatt and Scholze.

In my master thesis, I constructed the pris-
matic and g-crystalline sites of higher level, and
proved the analogue of the Frobenius descent
on these sites. Also, I compared the relation-
ship between the prismatic and g-crystalline co-
homology by the concept of higher level, and
showed the equivalence between the category
of crystals on the level (m —1) g-crystalline site
and that on the level m prismatic site. More-
over, when g = 1, I showed the equivalence be-
tween the category of crystals on the level m
g-crystalline site and that on the level m crys-
talline site. In the future, I want to construct
the log structure on the higher level prismatic
site, think of the theory of the coefficient on
it and the relationship between this and the
p-adic differential equations, for the purpose of
advancing the theory of the prismatic cohomol-
ogy, which is one of the p-adic cohomology the-
ories. On the other hand, I want to construct
the level m ¢-de Rham complex in order to com-
pute the level m g-crystalline cohomology de-
fined above by using the theories about twisted

divided power defined by Gros-Le Stum-Quirés.
B. F&Kif

1. K. Li : “Prismatic and g¢-crystalline sites
of higher level”, arXiv:2102.08151.
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A. fFFEmEE

—izky, BRFEG CHLT, B ag -
G — ZWEH I Nz, ZTOMBUIRD & 51tk
BHZeBHoNE, YV 2ELAED G IER%Z
ROl »r ol o Ax—0e$5, £z,
FEED1#ceGIINLTY ={y} £T5&

—length Oy~ ifo#1
ag(o) = .
_ZTEG\{l} aG(T) lf oc=1.
B ag 7 G ORFDEETH 2 Z L —)iz
o y¥aINs, FED G ORE M IZHLT,
TNT 4 VETF ag(M) € Q ZIRD & S ITHESR
35

ag(M) = é cag(o) - Tr(o : M) .

ag(M) WEHTH S Z L 2R, - P
WAEHTE 2 20 Z A oNTWV S,
—H, X=Y/Gel, 22 yDfeT5, £,
U=X\{z}, V=Y\{y} LT, GHERT
R=E f:V UDHATHTHSE, ZDL
&, Bflag BIRD LD IZRES

_ SV/U,Y(U) -1
as(7) {SV/U,Y(U) +1G] -1

ifo#£1
ifo=1.

722U, syuy (o) € CHy(Y\V)®z Q IZAT >
B sy u(0) € CHo(V\V) 07 Q DL F 5,
£7z, Swx(F) € CHy(X\U) ®z Q 2 A7 V¥
Sw(F) € CHo(U\U) ®7 Q Dt 3§25, 7L
T4 VEF ag(M) 1ZIRD & 510 FKE D

ag(M) = Swx (F) + dim M — dim M© .

Bj:U— X 2HBALTSEE, Swx(F) &k
DEHITEKEDZ hmEEick ) PRINE

Swx (F) =(CCjF — rankF - CC5Qq,
T;(X)T*X S CH()(LL') ~7.

ZDTHEE R, =V TFHEIGIHATE 5,

T, BORMEY A 2ILVDEEKZ L Q NT ML
Zorsa Ry T4 - EARMTH D, Fiz,
ffFRV EOGHREETHD, 22T, GHZE
BOBDZ0R Y F 1 — 2% Kq(Qu{G)) &
T2, VEDGHRZEREGIZNLUT, Keq(Qe{G})
FREDRMY 1 2V EERZTENIE, CCq e G



THRYT, ZDEE, D XD REHEARDHIGT
x5
fiCCG.eqG = CCqeqRf.G .

ZOARDLEMEANT, REREHETESZ
e, AROAMEHNT, A7V Sw(F) %25
BTz z2iffLTW3, Thizkvt—
FRPMHTELZ L WS Z D EHETH 5,
AR T, G AZEORKRGETH L GIEA
EROEAEZEZATC VD, ZOLE, K(QIG)) %
BIRERDLE QG MEtoEDZ7a & v 5 4 —
IREET D, GIEH%ZFOE G O K(Q/[G]) #%
BOFEY 1 7V CCeG PIRD LS IZES
5, TEOZR—VE h W = X &, LEDA
L= AHERADH W - C 2 LT, ueW
ZRVEWIIL SSG B L L, c= f(u) & ¥
5L, OCcG IFRD &5 7% K(QG)) n%ER%
7=

—totdu ((h*G)(ey, f) = (CCaG, df )r+wu

27U, ¢u((h*G)iey, ) B c DAV ITEHS N
MBI 2L, AT ViR SW & W T
tot ZFF Hom(SW,—) @ — £ 95, THiE3
VF—AROBEME VR B, EE, ROARN
Mmonsd,

dim CCeG = CCG.

CCqCG DM ZRTIT, FIEED G EH
2RO G EAED o e GIZHLT, KD LD
BINF—RDREWMZT ZHREORMEY 1 7L
CC,G DIFEZFEAT 2

(CCoG, df )rw,u

= — Te(o : totg((h*G) ey, f)) -
INEAWVWT, CCaG PIRDARNT—EIZHE
INhs

Tr(o: CCcG) = CC,G.

TC, LOoLSITERSI N GIEAZEOEO
K(Q[G)) REORMEY 1 7L e — L FHOHM
REEZ5,

9, ERLAZFITRLUT, ORI SNT
W5

f*f*Fﬁf*@(@@Fg,

77U, EcU RESSTHB, 72, RIC 2H
F G GC OB TL T 5L, RIC IIHEY

A 2 NVEFLaTH B, =770, GE % G EH
2RO G OAEH R TS, TNEHAWT,
RO DPRANAXDEATE S

CCHjF = 1 > CCyy(o) - Tr(o : Fy) .
|G| ceG
772U, CCyyy(0) % CCojifQu £ %0 0 # 1
DEE, ROAXDPTHEND

SV/U(U) = _(CCV/U(U)vT)*(X)T*X )
¥z, ROAADFHINDG,

SV/U(I) = (CCV/U(U)

—|G|- CCHQY, TX X )1+ x -
ZOF/EPRENE, BRI Nz v
T, E—VFHENIHTE S,
GRZEREZEZZ2%L %, LoD LpBiales
HOMEIISBEOHETH S, T EOTHIZH
BEREBVPHFEARNEAVTCERTESZ VWS Z
LERMFL TV S,

Serre defines a function ag : G — Z for a finite
group G. This function is defined as following.
Let Y be a smooth and separated scheme with
G-action over a perfect field. For any 1 # o €
G, suppose that Y7 = {y}, then

—length Oy- ifo#1
ag(o) = )
— ZTEG\{l} aG(T) lf g = ]. .
The function ag is conjectured by Serre to be
a character of G. For any representation M of

G, Artin conductor ag(M) € Q is defined as
cag(o) - Tr(o: M) .

If we can show that ag(M) is an integer, then
the conjecture of Serre can be proved.

On the other hand, let X = Y/G and z be
the image of y. Moreover, let U = X\{z} and
V =Y \{y}, G be the Galois group of the étale
morphism f : V — U. Therefore, the function

ag can be represented by

_ Sv/va(U) -1
a(e) {SV/U,Y(U) +1Gl -1

ifo#1
ifo=1.

S CH()(Y\V) Rz Q

be the image of the Swan character class

Next, let Sv/U7y(O')



syu(o) € CHo(V\V) ®z Q, and Swx (F) €
CHy(X\U)®zQ be the image of the Swan class
Sw(F) € CHy(U\U) ®z Q, then the Artin con-
ductor ag(M) can be represented by

ag(M) = Swx (F) + dim M — dim M€ .

Let j : U — X be the open immersion, then
Swx (F) is conjectured by Saito to be

Swx (F) =(CCjF —rankF - CC5Qq,
TxX)r«x € CHyo(z) ~7Z.
If this conjecture is solved, the conjecture of
Serre can be proved.
Let K(Q) be the Grothendieck group of the
category of Q-vector spaces, then we have
K(Q)) ~ Z.
characteristic cycles of constructible sheaves
can be regarded as K (Qy).
tice that G acts on V and f*F is a G-

equivariant sheaf on V, we expect that there

Hence the coefficients of the

Moreover, no-

exists an abelian category of G-equivariant
Qe-vector spaces with Grothendieck group
Keq(Qe{G}), and there exists characteristic cy-
cles of G-equivariant sheaves with coefficient
Keq(Qe{G}). If such construction exists, we
denote the K.q(Q¢{G})-coefficient characteris-
tic cycle of any G-equivariant sheaf G on V' by

CCq,eqG, and expect a projection formula
f!CCG,ch = CCG,chf*G .

We expect the left hand side of the above for-
mula can be used for calculating the intersec-
tion numbers and the right hand side can be
used for calculating the Swan classes. The goal
is to use those constructions to prove the con-
jecture of Serre.

In our research, we only consider sheaves with
G-actions, which can be regarded as a kind of
G-equivariant sheaves. Let K(Q[G]) be the
Grothendieck group of the category of finitely
generated left K (Q[G])-modules. We define
for any sheaf G with G-action a K(Q[G])-
coefficient characteristic cycle CCgG, which

can be characterized by

—totgu((h*G)yey, ) = (CCaG, df ) rw,u

for any étale morphism h : W — X, any mor-
phism f : W — C to a smooth curve, and
any at most isolated SSG-characteristic point
u € W with ¢ = f(u). Here, ¢, ((h*G)(cy, f) is
the stalk of the vanishing cycle of G around
c along f at w, and tot is the homomor-
phism of the Grothendieck groups defined by
Hom(SW, —) @ —, where I is the Absolute Ga-
lois group of the generic point of C' and SW is
the corresponding Swan module. Moreover, we

have
dim CCzG =CCG.

Actually, in order to show the existence of
CC¢G, we first define for G and any 0 € G a
Z-coefficient characteristic cycle CC,G which

is characterized by

(CCO'G7 df)T*W,u
= —Tr(o : totdu (K" G) ey, f)) -
Then by the above formula, CCsG can also be

characterized by
Tr(o : CCeG) = CC,G .

Next, we consider the relationship between the
definition of characteristic cycles with coeffi-
cients K(Q/[G]) and the conjecture of Serre.
First of all, for the lisse sheaf F considered

above, we have
Jof'F = f*@(@@FEa

where £ € U is the generic point. Moreover, we
also define a derived functor RT'¢ for sheaves
with G-actions, and prove that this functor
commutes with the vanishing cycle functor.

Then we can prove a decomposition formula

. 1
CC]IF = @ . Z OCV/U(O') . TI'(O' : FE) .
ceG
where CCy (o) is defined to be CCuir f+Qe.
Next, we conjecture that the following formula
syyu(o) = —(CCyy(0), Tx X)r-x ,

together with the formula

syyu(l) == (CCyyy(o)
- 1G| - CCHQy, T X)r+x



hold. Then the conjecture together with the
decomposition formula discussed above imply
the conjecture of Serre.
¥9, EdRUZFIZRLT,
W5

IROERIDH 5T

Jo'F >~ f.Qu ®@Fga

For the G-equivariant case, we also expect
such decomposition formula and conjecture as
above, and the projection formula is expected

to be used for proving the conjecture.
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R g OBEM IR EO A U HEEAND Artin
T A RBE Bygrn DIEHIZOWTHI%E LTz, 2
DIERIEHTREE Sogyo DIEHIZARS Z LK
NTWb, B g DAY VHEED Syyyo-#iHE &
FWEDOAY b —f G; 25t LK, 204
YV ha ¥ —#E Riemann QMR TN TH
B0, fRCHEEMNAREEHE 5 2 72, 0T
NOFBEIZDWTOD Artin 7L A1 REHZDOWTO
Y b —HOEHBHaIRED Y % 31X
FTREL T,

I studied the action of the Artin braid group
Bsg42 on the spin structures on a hyperelliptic
curve of genus g. The action reduces to that
of the symmetric group Sog42. I computed the
S2442-orbits and the isotropy group G; of each
orbit, which is known in the classical theory
of Riemann surfaces. I gave a purely combi-
natorial proof for this. Moreover I computed
the rational cohomology group of the isotropy
group in the Artin braid group at each orbit up

to degree 3.
B. F&&Kih

1. Xiaomeng Li and Gefei Wang : “A

moment-angel manifold whose cohomol-

ogy has torsion", Homology Homotopy
Appl. 21(2) (2019) 199-212.

2. Gefei Wang :

spin structures',

“Artin braid groups and
& L5
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1. A moment-angle manifold whose coho-
I 2016 7
, B EUREE, HE, 2016 4F 8

mology is not torsion free
AR BETE SR G b
H

2. A moment-angle manifold whose coho-
mology is not torsion free a5 4 LA
A, BMNARTE, i, 2017 428 H

3. The cohomology operation on moment-
angle complexes REFAEEM R 2, W BHK
%2 iE, 2018 F 11 A
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A, TSEREEE

MOEMIIEARERTH D, T NIZBIBIRT O
— B C. Hilbert 22 H L OAFRREHFE S
h B(H) 2 %X, TORVEHBITOWTHAL
S&WVWSHD7, fEAZKEERIE von Neumann E: &
CHBRO-DOD7 I AIZKHE NS, Bz, Fl
von Neumann & & Z OFIME 252 L T\ 5,
AR, AT IL BUR T EROMFE & £ OB OIEH
Z 92 L Tz, Von Neumann BEDBREE L
DFIOBEEE 1T A FEROME CEEREH %
H7-9, von Neumann ED .04 1%, Murray
¢ von Neumann (Z & - T, WER II; MK+
B R L HMEE F, ORHEFER L(F,) 2XHld5%
OIZEAIN, 0%, 1 BN TR X
THEREE L FOIRFEZMAL T McDuff
& Sakai FIEFHEZRIEFBL D 11; TR 7 BRATE
3252 %27R U7, 512, Connes 2D
SO EMLE LT, I MAFBROSHIZET
% Fields EZEEMEZ B U7z, TN UK. von
Neumann DD HEIXA S HEINT WS
Rzt o 1L B FERAOE-H D) iﬁf%%&ﬂ?
e

SEDERNE, FAITFDFIIRD B
R EMIEL Tz, BRBHROBEER 11, 2K
FEOWE N C M IZHLT, d& M NNY C
MNM®Y %%2%, NCMDPEROHEZT %
D&, M'NANY X M NM* O 11, B K5
THY, Mind 3 Jones fBUIARTH S Z &H®

@ Pimsner-Popa



LT E % ([Ocneanu, 1988] & Kawahigashi,
1992, 1993)), UL, U N C M IR D
TEFTE, MR M N NY OFERIZHRETR
W, M'N N IZRF TR0 d Lo,
Jones fEBITEHRTER< LD, TULT, &M
SHIRHE Eypaye OFPEIZE THHEL W, Jones
& M'NNY C M'N MY 23 fEBR7%: Pimsner-Popa
fa# (Jones D —Mifb) 2> L7,
FhIZZ DREZFIRTZ, KT N C M HYEROZE
X &R HEAENE (TPopa, 1994] OFEIRT) M
WEDL ERZFEL TV, TOHE NCM
1¥ lgenerating property] %>, i.e.

M =\/(N;n M);
k

N =\/(N.nN).

k
%3723 Jones tunnel { Ny}, DEIET 5, i
ZFHUIOWTELHR A E N,

My research interests are the theory of operator
algebras, which is a branch of functional analy-
sis and studies certain subalgebras of bounded
linear operators on a Hilbert space. The the-
ory is mainly separated into two theories: von
Neumann algebras theory and C*-algebras the-
ory. I am studying the rigidity theory of von
Neumann algebras.

I have been studying the ultrapower techniques
of von Neumann algebras and their applica-
tions this year. The notions of ultrapower al-
gebras and central sequence algebras play an
important role in the theory of type II; fac-
tors. Central sequences of a von Neumann al-
gebra were introduced by Murray and von Neu-
mann to distinguish the hyperfinite II; factor
R and the free group factor L(F,,). Later, the
ultrapowers M“ and the central sequence al-
M' N M“ for a II; factor M

gebras M,
were used to show the existence of uncount-
ably many non-isomorphic type II; factors by
McDuff and Sakai.

them and deduced his celebrated theorem on

Connes further analyzed

the classification of injective II; factors. Since
then, ultraproduct technique has been widely
studied especially in the classification of group

actions on II; factors.
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We studied the Pimsner-Popa index of central
sequence subalgebras during the second half of
this year. Let N C M be an inclusion of hy-
perfinite II; factors of finite Jones index, and
consider the inclusion M’ N N* C M’ N M¥.
If N C M has a finite depth, then M’ N N¥ is
a II; subfactor of M’ N MY with finite index,
called the central sequence subfactor. However,
if the depth of the original subfactor N € M
is infinite, then the result is less clear. In this
case, M'NN* need not to be a factor. Although
we can still define its generalized Pimsner-Popa
index, it is intractable to calculate the condi-
tional expectation Ejp;nn«. Jones has conjec-
tured that the index is infinite.

I have been studying this problem and aim to
show the infinite-index of M'NN“ C M'NM%
at least when NV C M is strongly amenable in
the sense of Popa. Under such circumstances,
N C M has the so-called generating prop-
erty, i.e. there exists a generating Jones tunnel
{Ny}. I have completed my master’s thesis on

this topic.
C. MEEFEx

1. Classification of Regular Subalgebras of
the Hyperfinite II; Factor.

2019 RIS IS &, —EHIRFEAFH A
B,
2019 £ 9 H.

. Vanishing 2-cohomology of Free Cocycle
Actions of Amenable Groups.
2020 BABEITISER, AV 51 .
2020 £ 9 H.
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(2. Cohy, p(X) EOMERZEM:DSELNY) %
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9, 1 DHOHKER S1EIRIE Bayer, Macri, H
HIZE2HDT, 5 1 2OMKAERT 77 E
EwF, AVvvaFar, BizkdH0TT,
£, S DWITLA 1 T, X DRTA 2 L FDHH
2. ERD 2 DOREEIELE Y, dmX =1
DEE. 2 DOMEIEE UZENSRLE 52 T,
72 dimX =2 OFE. INoH L THNIK,
2 % H QL ENESRM ORI 3 Rt D ERALAREL
ZRRKIZXF 9 5 Bogomolov-Gieseker D A% %
FERAS B2 kR 5 A E T,

The concept of stability conditions comes from
the study of Dirichlet branes in string theory,
especially from M. R. Douglas’s work on -
stability. In mathematics, we concern about
the space of stability conditions Stab(D) on a
fixed triangulated category D. This was first
introduced by Bridgeland in [?]. It turns out
that the theory of stability condition has many
connections with other area, such as counting
invariants, representation theory, homological
mirror symmetry, and classical algebraic geom-
etry. Moreover, it provides a framework for the
study of moduli spaces of complexes of sheaves
on varieties.

The research of stability condition starts with
vector bundles on smooth projective curve.
Naturally, we want to generalize HN filtration
to higher dimension. But it is not easy and
there are many different generalizations of sta-
bility, Bridgeland stability is one of them. The

key idea is to change the category in which we



define stability. Roughly speaking, a stability
condition on a fixed triangulated category D,
is a pair (Z, A), where A is a heart of bounded
t-structure on D and Z: K (D) — C is a group
homomorphism satisfying the two properties
above. If D is the bounded derived category of
coherent sheaves on a smooth projective variety
X over C, we usually require that Z need to fac-
tor through the numerical Grothendieck group
N(X) and a technical condition, called the sup-
port property. Let Stab(X) be the set of all sta-
bility conditions with the support property on
the smooth projective variety X. The main the-
orem proved by Bridgeland is deformation the-
orem in [?]. It says that we have nice topology
on Stab(X) to make it to be a complex mani-
fold and the most common description is that
II: Stab(X) — Homz(N(X),C),(Z,A) = Z is
a local homeomorphism.

Many mathematicians have already dealt with
some situations in lower dimension so far. For
example, Okada proved that Stab(P!) = (C?
in [?], and for curve C of genus g ; 1, Macri
proved that Stab(C) = GL/QFER) in [?]. Arcara
and Bertram proved that Stab(X) is not empty
when X is a surface in [?].

As mentioned before, the original motivation
for Bridgeland stability comes from string the-
ory. In particular, it requires the construc-
tion of stability conditions on Calabi-Yau three-
folds. In order to construct stability conditions
on three-fold X over C, Bayer, Macri and Toda
generalized the Bogomolov-Gieseker inequality
for three-folds in [?]. At first, as in the sur-
face cases, given B € NS(X)q and ample class
w € NS(X)q, they use classical slope-stability
on Coh(X) to define Coh, p(X) as a tilting
heart of Coh(X) with respect to a torsion pair.

And they construct group homomorphism
A
Y

Then
they use an analogue of slope-stability on
Coh,, g(X) to define Cth,B(X) as a tilt of

which is motivated by string theory.
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COhw,B(X).
(Zw737Cth,B(X)) is a stability condition on

Finally, they give a conjecture:

X. In fact, they also proved that this conjec-
ture is correct if and only if the generalized
Bogomolov-Gieseker type inequality conjecture
for three-folds is correct. And they used it to
give stability conditions on P3. However this
is not correct for all three-folds, since Schmidt
gave a counterexample in [?]. We still do not
know whether Stab(X) = ? in this situation.
Nowadays many mathematicians work hard in
this field.

There are several different ways to construct
stability conditions on three-fold of special
type. For example, if X and S are smooth
projective varieties, and if there is a heart
of bounded t-structure A on D’(X), then
Abramovich and Polishchuk construct a heart
of bounded t-structure Ag on D?(X x S) with

respect to A in [?, ?]. Following by their

method, If there is a stability condition o
(Z,A) on X with some assumption, then Liu
gives a family of stability conditions on prod-
uct variety X x S with respect to o in [?].

In my master thesis, We give an introduc-
tion to two constructions of stability conditions
on smooth projective varieties of product type
X xS in this paper. One construction follows
from Bayer, Macri and Toda, and the other con-
struction follows from Abramovich, Polishchuk
and Liu. We also compare the two construc-
tions when the dimension of S is one and the
dimension of X is less than or equal to two.
When dim X = 1, two constructions are ex-
actly the same. And when dim X = 2, if they
are the same, then the second construction will
be another way to prove Bogomolov-Gieseker
inequality on 3-dimensional product type vari-

eties.

E. B+t - i
Mao Tianle: On comparison of two kinds of con-

structions of stability conditions on product va-



rieties.

E /MR (XIA Xiaokun)
(FMSP 22— 2 k)

A. WA
A. Bayer DFERIZE 2 & 1S SRS B
X AEEMABRTFIRER Y —BEL OO0
1, X OEBARMEORICE I 28BS £/
MiAEFIARERY—BEEHEY. Lo,
BFE VOB & - T, ik HfiE T Ik
EOYV-BMAEONET.
BEFIFERY-8P, L) oY HEMiTo~
=V AL RRIKO BB T B AR MLV OBER
i, I —FMEICMBEI N TEENE L.
7 =X FEDOE & T, KXY MVIZHERY 1 2
VIR U ET. KERZ MVOEAIE, REN
FEMER RAB T U S IEEMHE TRV E WS MER
HE, V=P ROETOMBE2FE->TWET. &K
b — IR HERE, R T 0 R = ARk
SIROSNBKHRZ MLVDRTREDETHZ L
IZHhh £T7.
AW D HFE L, ERO@ERE e WO B L -
T, KPR MVOESIZRE 22 2FARNSE Z

LIZHD E U PHM T v R 2L RRER I
T ERHRT PIVOERIL, MG L
NHEREBUTITbhET. B
IT—xFEDE & T, HU A - v = R J(ﬁ
U ET. —BOGEEEMT 5720121, R
0DITHUET - T4y T VRERETH->T, TD
WHDHISHE T2 B %2 Db DD I
NI 2HELGEERTIHENRDHDILDDOPD E
T ZTO &S BARERE, BHISNA T OB
DAKETBDT, FillwG&aEA 5 LIk
D, EZFNGEZIRTEIENTEET.
AFRIZEWT, FAlE, BEEM P* 2>
AREZRPR O I b B ARt REE D WV FE L 7.
Qr=c¢€", Q=€ 2/ LaTERELET.
U (E):=e i —mry(E) tBE%T. ZIT,
U : K°(BI(P")) — H*(BL(P")) WABDH V=
Bk D F v —VIERADEBERTT. AWFZEDE
AL [0 (O0) BREARZ MV THE] LS b

7l

~
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DTY. ZIZ7T, 0 & BI(P") OkERETT.

According to A. Bayer, if a smooth projective
variety X has semi-simple quantum cohomol-
ogy, then the blow-up of X at any number of
points also has semi-simple quantum cohomol-
ogy. Therefore, new semi-simple quantum co-
homology algebras can be constructed by ap-
plying blow-up operation. The notion of a
reflection vector in quantum cohomology and
more generally in the theory of semi-simple
Frobenius manifolds is motivated by mirror
symmetry. Namely, under the mirror symme-
try phenomenon reflection vectors correspond
to vanishing cycles. They have all the proper-
ties of a root system, except that the invariant
bilinear pairing does not have to be positive
definite. The most general goal is to classify
the system of reflection vectors associated with
semi-simple Frobenius manifolds. The starting
point of my study was to investigate the ef-
fect of applying the blow-up operation on the
set of reflection vectors. The definition of a
reflection vector for a semi-simple Frobenius
manifold is given via the so called 2nd struc-
ture connection. The latter, under mirror sym-
metry corresponds to the Gauss—Manin con-
nection. It turns out that in order to under-
stand the general case, one has to understand
the contribution to the second structure con-
nection coming from genus-0 Gromov—Witten
invariants whose degree is supported in the ex-
ceptional divisor. Such invariants depend only
on a tubular neighborhood of the exceptional
divisor, so we can understand them by consider-
ing a specific example. In my study, I took the
simplest possible target, that is, the projective
space P™. Suppose that Q1 = e]* and Q3 = ™
are the Novikov variables. Put U.(F) :
e~ P12y (F), where ¥ : K°(BI(P")) —
H*(BL(P™)) is Iritani’s I'-class modification of

the Chern character map. Our main result is

that U, (O) is a reflection vector, where O is
the structure sheaf of BI(P").



PALREZ VALDALS VAnctor
(RLZX LT R EY ML)

A. TR

G oORE (ILV) LWOHE G ORBE (r, W)
PR BNFIZ, (1], V) 25 (1, W) ~D
G WMEEGH 2RI EENIERSR (Symmetry
Breaking Operator) &5 5. ZOXFRMEREN
fERR MRS 22 212 &>T, 10|, OHIRE
IRBER R (ARl IRl ORE) & < R T
BRI NS,

Z DX FRVERR I D FE 3R & AT 7RG E TH A,
WMAEHZETEHET L0 (Mo HERNIER
%) OMBIEP BRI Nz, BARINIZIE, Lie
HGDOGE BENTNEHIK X DY ITEH
U, X,)Y ORZ MVIR VW 5260722
5. T D5E O N R AR FH 3R 22 [
DOED G FHELMAERZ D C°(X,V) —
Co(Y, W) iextins 5. 8k X = G/P D
Y = /)P DEERIKT, <2 RLE VW B
ZNTENHELEEE P, P’ OB BIRTRIUCFE
TR FIVROGEIT, T O NFRER N
VEFZE % W3 % Fik (The F-method) %% 2013
FZINKBITHREIZ L - TIRE S 1.
ZDFEERHANT, IMREE L Pevzner Ja4EN,
EMROBEIZ 6 RIIOAFHN (G,G') IZHL
T RFREBNIERZEEZ B R ICHER L, 28
U7z, X512 2016 4RIz, /MRS, AdRiEd &
Pevzner %612 &k - T, REIZB I 2WHERD
DT W FMERNE R R PG RIS N,
Z DJi$ TRUIAFEE F-method 2 H\WT, X
(G,G") = (SO(4,1),50(3,1)) X325~ b
IAE D TN E R 2R L, 8L
7. BARIIZ, SB LDV 3 DRI VK
V§—S? & S? LOBEME L, — S ITHLT
PUR D % Rk U 7=

IR A: B R FRER AR 2R

AU
TRER

D:C™ (83,V5) — C* (S Lum)

PEES D720 D 3 DMD/NT A =X (N, v,m) €
C? X Z DBEN 352 RD XK.

I8 B: T QWD WSEBNEIR & § X TR
L, o8&,

Given representations (II, V') of a Lie group G
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and (7, W) of a Lie subgroup G’ C G, we say

G/’ V)
to (m,W) is a Symmetry Breaking Oper-

that a linear G’ homomorphism from (II

ator. Constructing these symmetry breaking
operators helps us to understand better the be-
haviour of the abstract irreducible decomposi-

tion of II

o (the so-called branching law prob-
lems).

A way of constructing these operators has
been discovered recently in a geometric setting;
namely, when we consider symmetry breaking
operators that can be written as differential op-
erators (Differential Symmetry Breaking
Operators). More concretely, suppose that
the Lie groups G D G’ act respectively on two
manifolds X DY, and let V and W be two vec-
tor bundles over X and Y respectively. In this
setting, the differential symmetry breaking op-
erators correspond to the G’-equivariant differ-
ential operators between the spaces of smooth
sections D : C®(X,V) — C>®(Y,W). If the
manifolds X = G/P DY = G'/P' are flag
varieties, and the vector bundles V and W are
those associated to two finite dimensional rep-
resentations of the parabolic subgroups P and
P’, a method of constructing these differen-
tial symmetry breaking operators (called the
F-method), was proposed in 2013 by professor
Toshiyuki Kobayashi.

By using this method, professors T. Kobayashi
and M. Pevzner constructed and classified all
differential symmetry breaking operators for 6
different symmetric pairs (G,G’) in the line
bundle case. Moreover, in 2016, professors T.
Kobayashi, T. Kubo and M. Pevzner classified
all symmetry breaking operators for differential
forms on spheres.

Following this line, I used the F-method to con-
struct and classify all vector-valued differen-
tial symmetry breaking operators for the pair
(G,G") = (50(4,1),50(3,1)) during the aca-

demic year 2020. More concretely, for a rank 3

vector bundle Vf — S3 over the 3-sphere and a

line bundle £, ,, — S? over the 2-sphere, I gave



a solution to the problems below.

Problem A: Give necessary and sufficient con-
ditions on the 3-tuple of parameters (A, v, m) €
C? x Z, for the existence of differential symme-

try breaking operators
D: 0™ (S3,V3) — C* (S, Lom)

Problem B: Construct and classify all of those

operators.

B. FE&E

1. E. MartApn-Peinador and V. PAlrez
ValdAls : “A class of topological groups
which do not admit normal compatible
locally quasi-convex topologies", Rev. R.
Acad. Cienc. Exactas FAnps. Nat. Ser.
A Math. RACSAM, Vol. 112, no. 3,
(2018) pp. 867-876.

2. V. PAlrez ValdAls : “Normality and Du-
ality on Topological Groups", F#BKZE
BUENTIRSE T S Bk 2139, RIMS L [H fif
7% (ABAED), RBlim & 2 O/ N T OER
(2019), 100-112.

3. V. PAlrez ValdAls : “Construction of
vector-valued Differential ~Symmetry
Breaking Operators for the group
SO(4,1)", KPR FLGHERIEARFER
&L (2021).

C. HEHFREE

1. Duality and Normality on Topologi-
cal Groups, Workshop of Young Re-
searchers, Faculty of Mathematics of
the Complutense University of Madrid
(Spain), September 2018.

2. Normality and Duality on Topological
Groups, RIMS [ (ARME) %
Bl & £ DA B OEER] (HFTREE :
RETTSE) | HHR FEE AT i 5T,
2019 7 H.

3. Introduction to a criterion on proper ac-
tions due to T. Kobayashi, Workshop
on “Actions of Reductive Groups and
Global Analysis" 2019. HE K% EHE
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Bt I =7 A 2019 4E 8 A.

. Introduction to the F-method due to T.

Kobayashi and M. Pevzner, Workshop
on “Actions of Reductive Groups and
Global Analysis" 2020. N—F ¥ )L 7 —
7ay T, 2020 48 A.



2. FMAREE

Graduate Degrees Conferred

W BEXSEGE BB
(Doctor of Philosophy in the field of Mathematical Sciences : conferee, thesis title,
and date)

& RREELT
o #R 4,0 % (LIN Dexie)
Monopole Floer homology for codimension-3 Riemannian foliations
(RRIE 3 ) — < VEREICNT 2E /K- - 7L T — - FEBY—)
14 September. 2020
e Burkin, Sergei Vladimirovich
Twisted arrow categories of operads and Segal conditions
(AT K ORNGE v — 7 L4
14 September. 2020
o R ZF (ITO Yohei)
Irregular Riemann-Hilbert correspondence and enhanced ind-sheaves
(A HEAE s 2 538 Riemann-Hilbert St & #5 K )
14 September. 2020
o fIl HR (INAYAMA Takahiro)
Studies on singular Hermitian metrics on holomorphic vector bundles via L? estimates and
L? extension theorems
(L2 Ffi, %O, L? SLREHIZ & B EAIRZ MVRORFRTIL I — b EHREOHFS)
14 September. 2020
e H I Bi— (INOUE Eiji)
Theory on KAdhler metrics with constant exponentially weighted scalar curvature and ex-
ponentially weighted K-stability including KAdhler-Ricci solitons
(TF—=9—-VvF - VI 2aAETLEEREANT I —HE DT —F —FrE L BEUR K %
D ML)
14 September. 2020
o ARHY % (KIMURA Mitsuaki)
Bounded cohomology of volume-preserving diffeomorphism groups
(SRR B O R IR e Y —)
23 March. 2021
e fHIX £ (INATSUGU Haruhiko)
Statistical Inference for Stochastic Differential Equations with Jumps : Global Filtering
Approach
(Vv v TR EUHERW RN $ DHEHER - KIS T « V& =12 &k 5 /)
23 March. 2021
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o 7 0¢Zi 7% (MORIWAKI Yuto)
Two-dimensional conformal field theory, current current deformation and mass formula
(ZIRHTEGHEwRDO ALV AL Y MR L EAARN)
23 March. 2021
o Hrh —i (KANNAKA Kazuki)
Spectral analysis on complete anti-de Sitter 3-manifolds
(5EfE7R BIRTLK R - ¥y X—Z R ED AT NUIERT)
23 March. 2021
o It H (KITAOKA Wataru)
Ray-Singer torsion and the Laplacians of the Rumin complex on lens spaces
(L v X2 £ Ray-Singer ##3% £ Rumin KD 5 7527 V)
23 March. 2021
o HiK I (SUSUKI Masamitsu)
Local in time solvability for reaction-diffusion systems with rapidly growing nonlinear terms
(3 < JER S 2 IERRID I & Fp D N SIS AR R 2K D IRg ] = e v g e )
23 March. 2021
e ZHHH Ui (SUDA Hayate)
Scaling limits of stochastic harmonic chains with long range interactions
(FRPREEAE B & R D R FI IR ED B9 2 A7 — VR
23 March. 2021
o 1N K& (TAKEUCHI Daichi)
On the epsilon factors of ¢-adic sheaves on varieties
(ZRRIR LD (DA T m VIRFIZDOWT)
23 March. 2021
o K HifE (NAKATSUKA Shigenori)
Feigin-Semikhatov conjecture and its applications
(Feigin-Semikhatov FA & Z D5 H)
23 March. 2021
o 7 i (NAKANISHI Toru)
Finite element analysis for radially symmetric solutions of nonlinear heat equations
(FERHE BT X DB FMIEIZ 0 3 % A TR ELR T
23 March. 2021
o [ EA (MUKAI Asato)
Asymptotic analysis for solutions to semilinear heat equations
(CEMUE BT R DR IZ 3 5 il i A )
23 March. 2021
o & i@t (MORI Michiya)
On the geometry of projections of von Neumann algebras
(von Neumann ERD 45 R D ETHEIE IZ DWW T)
23 March. 2021
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* BLSNEE LHmXER

(Master of Mathematical Sciences : conferee, thesis title, and date)

o (/i T= (SATO Chihiro)
Cocompactly cubulated 7V 7 1 > #® virtual specialness {Z 2\ T
23 March. 2021
o =H JEA (MIYATA Akihito)
Young tableaux, $#1Z, shifted tableaux (2B 3 % Ml &t
23 March. 2021
o (LI B (YAMAGUCHI Tatsuki)
A characterization of multiplier ideals via ultraproducts
(BEFEIC & 2 |EA T 7 )V DR
23 March. 2021
o M %K (IINO Hirotaka)
Discretization of integrable sub-cases of the HAInon-Heiles system and the Lorenz system
(A4 72854 D HAInon-Heiles 52 & Lorenz & D#fiAL)
23 March. 2021
e L W\ (INOUE Yui)
Benoist-Kobayashi &8 D5 & —EARIIBED & 5 FHEZEM O HEIZ 09 2 Z8 I O R A5 ia
HEIZDWT
23 March. 2021
o JHil MER (INOMATA Kaisei)
B B KP F&fE Iz disk 3 2 R TR SRR DWW T
23 March. 2021
o 53 W (IMAI Koto)
Ramification groups of some finite Galois extensions of maximal nilpotency class over local
fields of positive characteristic
(ERRB D EATR LOREBERKD D BERIRX Galois 5K D7 I5F)
23 March. 2021
o ffiH f# A (UEDA Kento)
— D N— A MEBUEFED 1 RGBT T 0 VBB X o THREIS N5 T 7 EMS ARERICE
%IV a & A VRO DIRE
23 March. 2021
o JJII Hitgl (OIKAWA Mizuki)
Nonunitarity of a free fermion Segal conformal field theory
(HH 7 =)V I 4 Segal LI ERDOIEL =X V)
23 March. 2021
o K& %i5A (OOGA Akihiro)
Drift estimation for a multi-dimensional diffusion process using Deep Neural Networks
(=2 —F N3y b —2 % N SUGTHBGRRC AT 5 B ) 7 )
23 March. 2021
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o =i T8 (KATSUMI Satoshi)
The normal form of pseudo-Einstein structure
(— MBI BT B AN — ZREEATHI D scaled Lasso #ExE)

23 March. 2021

5 Kifi (KATSUYA Daisuke)

Scaled Lasso estimation of sparse precision matrices in a general setting
(— 7RI BT B AN — ZAREEATHID scaled Lasso #EXE)

23 March. 2021

et fit (KITAMURA Kan)

On induction along a homomorphism of compact quantum groups
(TR b EFHOERBLIET M LUELIZDWT)

23 March. 2021

7Bk BR (SAITO Yuta)

Overconvergent Lubin-Tate (¢,I')-modules for different uniformizers
(8725 FI0ITA % #IPUR Lubin-Tate (p,I') IFEHZ DWW T)

23 March. 2021

i 3 (KINJYO Tasuki)

Dimensional reduction in cohomological Donaldson-Thomas theory
(IREBY—HRFILRY Y - h =< ZIERIZE T BIRTTETT)

23 March. 2021

S Tl (SHIMADA Ryosuke)

Geometric Structure of Affine Deligne-Lusztig Varieties for GL3

(GL3 ®7 7 7 4 > Deligne-Lusztig £ kA D ki)

23 March. 2021

B JllsE (SYUIN Tsuyoshi)

Algebraic unknotting number O —#&DE 3 KILLRRIEANDHLGR & Blanchfield form (Z2WT
23 March. 2021

6nZ H Kfit (TAKAIT Hiroki)

Z I NARAATD T ¥ X LY — 2 O I FMGRER

23 March. 2021

=1 BESA (TAKANO Akihiro)

Studies on the Tong-Yang-Ma representation - Twisted Alexander invariants and extensions
of the representation -

(Tong-Yang-Ma RIUZBIT 24%% - 4 U Alexander AZ & & RELDILIE -)
23 March. 2021

EhH X (TAMANOI Ryota)

Unirationality of RDP Del Pezzo surfaces of degree 2

(%% 2 @ RDP Del Pezzo i O HABNMEIZ DWT)

23 March. 2021

PN #KES (TSUBOUCHI Syuntaro)

Regularity on solutions of equations involving one-Laplacian and p-Laplacian with an exter-
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nal force term

(1-5 7537 p-F 757 vEEUHANEMNE LRRAOMD EATE)

23 March. 2021

B (HIGASHI Kohei)

Fuzzy cellular automaton models for traffic flow

(ZRBHDOT7 7V — &)l - A—=b< bV ET))

23 March. 2021

fife & A (FUSE Otohito)

Cha & Orr (2 & Y & X 1172 transfinite Milnor AZ&®D torus bundle DHIIZH 1) % realizable
class

23 March. 2021

#iH &t (HOSOI Tatsuya)

4 & 2 IRFIRWI TR D WIHMEIZAAT 3 2 ERFE 2 KD T Nsif & £ DPCRIZ DWW T
23 March. 2021

JEN K (HORITA Kouta)

FRBULIERZ H 2 B D sRi A & g P B G 70 75 R 2 o v gk

23 March. 2021

At PR (MATSUI Hiroki)

¥y v 7 RDE O D53 vl fedk & £ O FEi

23 March. 2021

HiEE [ (MIYAZAWA Jin)

] E AT AR ATREZR 3 IRTEERRIRAND A Y ¢ §EDHRIE & mod 2 55K

23 March. 2021

HhH B (YUI Seira)

1 OEHFFR % Wz 3 ROLE RRIR D AT D e A ZNE AT FTREMEDHIE & 2 D
23 March. 2021

#HH F (YOSHIDA Takumi)

On the 2-part of the Birch-Swinnerton-Dyer conjecture for elliptic curves with complex
multiplication by the ring of integers of Q(v/—7)

(Q(V=T) DEERBRIZ & 2 MR KO M MR IZ B 13 % Birch-Swinnerton-Dyer F4HD 2
BT DWW

23 March. 2021

Z NEZ (LI Kimihiko)

Prismatic and g-crystalline sites of higher level

(Bl TVAIT A v I7BEW g7 VAR v - HA b

23 March. 2021

J43% #ik (WATANABE Yuta)

Cohomology on neighborhoods of non-pluriharmonic loci in pseudoconvex KAdhler mani-
folds

(BN — 7 —ZHIRIC BT 2L ERMRESOEHE LOIFRED Y —)

23 March. 2021
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o £ #IE (WANG Gefei)
Artin braid groups and spin structures
(Artin 7L+ F#EE spin #&EIZDWT)
23 March. 2021
o & {# (ZHU Haozhe)
Ultrapower Algebras and Central Sequence Subfactors
(BBFEER & LR 7 Rl 7 BR)
23 March. 2021
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3. PSS - RAEEMZ Y v—FIL £ 275

Journal of Mathematical Sciences
The University of Tokyo, Vol. 27

Vol. 27 No. 1  Published November 6, 2020

Jingjun HAN, Jihao LIU and Joaquin MORAGA

Bounded Deformations of (e,q)-Log Canonical Singularities.

Makoto SAKAGAITO

On a generalized Brauer Group in Mized Characteristic Cases.

Parsa BONDERSON, Eric C. ROWELL and Zhenghan WANG

On Realizing Modular Data.

abdelwaheb IFA, Hanen LOUATI and Michel ROULEUX

Bohr-Sommerfeld Quantization Rules Revisited: The Method of Positive Commutators.
Jheng-Jie CHEN

On a Chern Number Inequality in Dimension3.

Teruo NAGASE and Akiko SHIMA

Properties of Minimal Charts and their Applications VI:The Graph F in a Chart F of Type
(m;2.3.2).
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4. NHBE - MRERF

Public Lectures - Symposiums - Workshops, etc

Surface and Interface Dynamics

June 29 — July 1, 2020
Zoom meeting ID: 916 1021 5351

Program

Monday, June 29

10:00 — 12:00

Dionisios Margetis (University of Maryland—College Park)
Crystal Surface Evolution and Faceting:

Macroscopic Problems with a Touch of Discreteness

Hiroki Hibino (Kwansei Gakuin University)

Crystal growth of two-dimensional materials and heterostructures
17:00 — 19:00

Olivier Pierre-Louis (CNRS, Institut Lumiére Matiére-Lyon)
Interface collisions

Ken Shirakawa (Chiba University)

Constrained optimal control problems for Kobayashi—Warren—Carter type

systems of grain boundary motions

Tuesday, June 30

10:00 — 12:00

Dionisios Margetis (University of Maryland—College Park)
Mesoscale Aspects of Crystal Growth:

Some Insights into the Dynamics of Steps and Terraces

Yuki Ueda (Waseda University)

Numerical computations of split Bregman method for fourth order total
variation flow

17:00 — 19:00

Olivier Pierre-Louis (CNRS, Institut Lumiére Matiére-Lyon)
Inhomogeneous Nucleation in crystal growth

Tatsuya Miura (Tokyo Institute of Technology)

On the disconnectedness of minimal surfaces

Wednesday, July 1

10:00 — 12:00
Takeshi Ohtsuka (Gunma University)
Evolution of spiral steps by crystalline eikonal-curvature flow

Free Discussion
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17:00 — 19:00

Glen Wheeler (University of Wollongong)

On global analysis for some “H ! gradient flows” of length
Piotr Rybka (University of Warsaw)

A sixth order Cahn-Hilliard type equation with a small deposition rate

Organizers:

Yoshikazu Giga (The University of Tokyo)
Koichi Sudoh (Osaka University)

Etsuro Yokoyama (Gakushuin University)

LR T IR D AERHER AR BB & A (A) 19H00639

ICMS 7—2>av7
WIE - AIHIRE - BER : BRI EEZE DRHE

2021 4£ 1 H 14 H 14:00-16:00
F oA R

10:00 Opening

14:00-14:25 EREBE CGRRKFRFFEFRMZER)

AL Bl D AR 12 F D < L RB I B Bk oD BRI SEBR & R DB ST s 2@ L T

14:30-14:55 MAE—H CGERKZETA Y b—=THRE& v & —), FHE— (HEKRET 1Y b—=THhE
R —)

1% MRS AT SR BR T3 & N A RIS T — X112 X B REIN 3 IRtk D -F

15:00-15:25 KHEER (Arithmer P&, HEKERZREBERRI LT ERD

B NTHIBEDOEZ D72 & ~D IS

15:30-16:00 /SR NVF 4 AH v a v

F BEEE— (HEKEREREBEER R

SNV AN KEEAE R CRRERZREEHILR SRR, EEMEE, MEPE—B, hHE—, KHEES
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MRS S — N F =2 7 - X)) 5 ¥ a— LR

March 17 — March 19, 2021
I A Rk

Program

Wednesday, March 17

17:30 — 18:30 Matthew Morrow (CNRS, IMJ-PRG)

Progress in syntomic cohomology
Thursday, March 18

17:30 - 18:30 Matthew Morrow (CNRS, IMJ-PRG)

Progress in syntomic cohomology
Friday, March 19

18:00 — 19:00 Matthew Morrow (CNRS, IMJ-PRG)

Progress in syntomic cohomology
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o HIF

SiFh
CEAR HPE K CRECRZE R R e Rt )
: 562 WKB fifth & < 0 )54

Al
i H

A
i H

Al

Gl

o HI :
AT
A

5. HREESR

6 H5H (&) 15:30~16:30
T VoA R

11 20 H (&) 15:30~16:30
BiF
SR B K (RECRZE R BB R A ST R
: {EELGR & F ORI 5

T oA B

112 A 18 H (&) 15:30~16:30
S
D R K RORRZE R BRI 5T R
: Hilbert O

A OV L

:2021 41 H 22 H (£) 15:30~16:30
WA
R

: Convolution algebras and a new proof of Kazhdan-Lusztig formula

T v T A B
s % K (Kavli IPMU)

$2021 E3 H 19 H (&) 15:00~16:00
i
DT S K CRERPE R RL A 2E R
D R T RIS SRR IR DRI R

F 51 R

2021 £ 3 H 19 H (4) 16:30~17:30
F v a R

M B30 K (B R FRASERTE - B AT KR ERECER 2 ZER])
CERBEICBITSE Fu I —XRB X KEMS
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o HI
it
EH

o [HHF :
AR

A H

o HIf:

Gl
i H

o HHF:
AT

e H

o HHF :
AR K (BURKRZFER BRI A ZER])

: Nakano positivity of singular Hermitian metrics and vanishing theorems of Demailly-

A fili
e H

6. RAEITF—

Seminars

HMRMRATRA € S F—

5 A 18 H (H)10:30 — 12:00

CHn AR (RBCREE)
: Cheng-Yau FHEDOFMERE N CR AR

5H25H (H)10:3O —12:00
AABZE (BRI AP - KBEA)

: Optimal destabilizer for a Fano manifold

6 A 8 H (H)10:30 - 12:00

R ENE VU NPN I

: Oka properties of complements of holomorphically convex sets

6 A 29 H (H)10:30 — 12:00
HFE A (LA

: Cohomology and normal reduction numbers of normal surface singularities

7 A 6 H (A)10:30 — 12:00

Nadel-Nakano type

o HHF :
Fr AT
BH -

o HHEF :
AR
: B pE

& H

o HIf:

it il
& H

o HHF :
D IRER TR K (BEREIRFAKRE)

: Spectral convergence in geometric quantization

Al
i H

o HHEF :
AR

& H

7 H 13 H (H)10:30 — 12:00
H B BT CRERZER AR A 28R
w-cscK metrics and « K-stability of polarized manifolds

10 A 12 H (H)10:30 — 12:00
B9 0 JBRER (FE KRB BRI AR

10 A 19 H (H)10:30 — 12:00

R (RAERT)

: On projective manifolds with pseudo-effective tangent bundle

10 A 26 H (J3)10:30 — 12:00

11 A9 H (J1)10:30 — 12:00
PP O (R TR
JEFTE — X B DB IR M2 B 72 A WREEME I DWW T
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o HHF :
AR
H

AT
HE

Eiaill]
e H

Aff
e H

genus

Al
i H

Fr AT
H

o HIf:
ErAii]
B -

o HHF:
A A
EH

o HIF :
Fr Al
H

11 A 30 H (H)10:30 — 12:00
itk WS (CRBR T SE R A RSl S0 R BRI 58T )

: On asymptotic base loci of relative anti-canonical divisors

£ 12 A 14 H (H)10:30 — 12:00

ST B (B

: On Levi flat hypersurfaces with transversely affine foliation

.12 H 21 H (4)10:30 - 12:00
: Martin Sera (F#FEMHENF KT

: On a mixed Monge-AmpAlre operator for quasiplurisubharmonic functions

£ 2021 451 A 18 H (/)10:30 — 12:00

W (ERIT (KBRS K)

: The hydrodynamic period matrices and closings of an open Riemann surface of finite

£ 2021 4 1 A 25 H (3)10:30 — 12:00
: Young-Jun Choi (Pusan National University)

: Existence of a complete holomorphic vector field via the Kéhler-Einstein metric

ROV —kEBEIF—

£ 6 A 23 H (4)17:00 — 18:00

GE b CRECR R BEERI AT 5ER))

: Gauge theory and the diffeomorphism and homeomorphism groups of 4-manifolds

6 A 30 H (4)17:00 — 18:00

: Daniel Matei (IMAR Bucharest)

Homology of right-angled Artin kernels

7 A7 H (4K)17:00 - 18:00

5]y NI (N =P NE )
: Abelian quotients of the Y-filtration on the homology cylinders via the LMO functor

7 H 14 H (4)17:00 — 18:00
WL B (U KBRS

: Kobayashi’s properness criterion and totally geodesic submanifolds in locally symmet-

ric spaces

o HHF :
SRR
H -

7H 21 H (XK)17:00 — 18:00
Sergei Burkin (BREURZERZFAFIRIZEAHFER})

wisted arrow categories of operads and Segal conditions
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o HIHF

AR

A H

i Fl
i H

Fiaill]
e H

A fili
e H

arfil -

A H

o HIF:
AT

i H

o HHF :
R

i H

o HIf:

il
& H

: 7 H 21 H (4k)18:00 - 19:00
Dexie Lin (R K RZEHBELRI AR

: Monopole Floer homology for codimension-3 Riemannian foliation

27 H 28 H (4k)17:00 — 18:00
: Anderson Vera (FUHSK SR A 55 7T
: A double filtration for the mapping class group and the Goeritz group of the sphere

£ 9 H 29 H () 17:00 — 18:00
D AR BEE BUE KRR FEBCERI SR SR

: Witten-Reshetikhin-Turaev function for a knot in Seifert manifolds
:10 A 6 H (4k)17:30 — 18:30

R AR (BB R
D BB E LA D Atiyah-Patodi-Singer D8 E RA M VI 4 — T =) I %V

:10 A 20 B (4)17:00 - 18:00

Alexandru Oancea (Sorbonne Université)

: Poincaré duality for free loop spaces

10 H 27 H (2k)17:00 — 18:00
ZH # (BOR K REGBIRREM TR

: Vassiliev derivatives of Khovanov homology and its application

11 A 17 H (K)17:00 — 18:00
SHR R (k)

: Lefschetz fibration on the Milnor fibers of simple elliptic and cusp singularities

11 3 24 H (4)17:30 — 18:30
[ T (RBK )

: Intersection of Poincare holonomy varieties and Bers’ simultaneous uniformization

theorem

o HHEF :
AR

& H

o HIf:

il
i H

o HIf:
R

R H

o HHy :
Fr AT

& H

12 A 1 H (4K)17:00 — 18:00
EE] S (K BAE)

: Goeritz groups of bridge decompositions

12 4 8 H (k)17:30 — 18:30
e (RFRE)

: The intersection polynomials of a virtual knot

12 A 15 H (4)17:00 — 18:00
& T (KA

: Braids, triangles and Lissajous curve

2021 £ 1 H 12 H (4)17:00 — 18:00
RN W58 RRRZFRZ BRI Z R )

: Bounded cohomology of volume-preserving diffeomorphism groups
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Lie & - REM/EI S —

o HIFf: 7 H 14 H ()17:30 — 18:30
AT B SR (JRBRY KRFBEER T RRIESER)
7 H : Kobayashi’s properness criterion and totally geodesic submanifolds in locally symmet-

ric spaces

BiEmF IS —

o HI: 6 23 H (4)16:30 - 18:00
FEAT . AERE 18 (R R RZBIEHRE TR 5ER
TEH : 2 IROEAFEEZE B DEMD HFERUT KT B ERIE D> D kS B 75 W& R A7 B i

o HI: 6 A 30 H (4)16:30 — 18:00
RAA < A it (REILEFRAL R I
BH : S ER O RS R A7 B EAE fRAT

o HIEE: 7 A 21 H (K)16:30 - 18:00
AT AN B (BB R R TEMITR
BH S HhAR O HIR S AT & A ETR I 6 2 M S SR EE R

e HIFF: 10 H 27 H (44)16:30 — 18:00
AT : Buyang Li (The Hong Kong Polytechnic University)
fH : Convergent evolving finite element algorithms for mean curvature flow and Willmore

flow of closed surfaces

e HIiF :12 A1 H (k)16:30 — 18:00
A e T (R R TSR
EH : 2R LRl b & A BRIZ DWW T

5
e HIFf: 12 A 15 H (24)16:30 — 18:00
il : Ming-Cheng Shiue (National Chiao Tung University)
B H : Tterated pressure-correction projection methods for the 2d Navier-Stokes equations

based on the scalar auxiliary variable approach

e HIFF: 2021 4£1 H 12 H (/k)16:30 — 18:00
AN . 2O BERE (P RFERFER Y AT LEHEVTIER)
#H : DGNet: LAV ¥ —{RAF - BORRIZ R OB E T v 7 & 2zl 2 B - I6H
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o HIF
il
EH

o HI
il

PDE =@fiffRs

: 10 A 27 H (:k)10:30 — 11:30
: Son Tu (University of Wisconsin Madison)

: Vanishing discount problems for Hamilton-Jacobi equations on changing domains

:12 A1 H (4K)10:30 — 11:30
: Michal Lasica (Institute of Mathematics of the Polish Academy of Sciences / University

of Tokyo)

& H

o HI
il
EH

: Existence of the -1harmonic map flow

BatfEEIF—

:4 A 16 H (K)17:00 - 18:10
B B (REKRP)

: GHawkes process and Edgeworth expansion with application to Maximum Likelihood

Estimator

o HIf:

A fii
& H

o HIEf:
R

i H

o HHF :
EATIN

A H

o HIf:

il
i H

o HIf:

Fiil]
e H

o HHF :

Al
i H

o HIf:
EALIT

e H

5H1H (%)17:00 — 18:10
: Xiao Fang (Chinese University of Hong Kong)

: High order distributional approximations by Stein’s method

10 A 19 H (H)10:30 — 11:10
N R (RORRF R BERCER 2 ZE R

: Hamiltonian Monte Carlo In Bayesian Empirical Likelihood Computation

11 A 18 H (/)14:30 — 16:00
Sanjay Chaudhuri (National University of Singapore)
: Handling the underlying noise of Stochastic Differential Equations in YUIMA project

11 H 27 H (#)17:00 — 18:10
: Yuliya Mishura (Taras Shevchenko National University of Kyiv)

: Processes with small ball estimate: properties, examples, statistical inference

12 A 16 B (7)14:30 — 16:00
: Parthanil Roy (Indian Statistical Institute, Bangalore)

: How to tell a tale of two tails?

2021 41 A 13 H (7K)14:30 — 15:30
: Pierre Lafaye de Micheaux (UNSW)
: Depth of Curve Data and Applications

2021 4 2 A 17 H (K)14:30 — 15:30
Nakahiro Yoshida (University of Tokyo)

: Quasi-likelihood analysis for stochastic differential equations: volatility estimation and

268



global jump filters

HHF
AR

& H

H g -
A
D T ZGEEL R W2 M HEE B OSRERHER

A H

HI -
: Arthur-César Le Bras (CNRS & Université Paris 13)

: Prismatic Dieudonné theory

Eiail]
e H

HIR
Fr AT

A H

HIF
DR fE— (BURKREE)
: Shintani generating class and the p-adic polylogarithm for totally real fields

A fili
i H

HEF :
R

e H

HIE
S

A H

2021 4 3 24 H (/K)14:30 — 16:00
Rachel Fewster (University of Auckland)

: Stochastic modelling in ecology: why is it interesting?

2021 4 3 A 29 H (H)14:00 — 15:10
4R R (URKRF)

REFEOOFT A

4 A 22 H (4K)17:30 - 18:30

5H 13 H (7k)17:30 — 18:30
Yifeng Liu (Yale University)

: On the Beilinson-Bloch-Kato conjecture for Rankin-Selberg motives

5 A 27 B (K)17:30 - 18:30

6 H 17 H (%)17:30 — 18:30
Christophe Breuil(CNRS, Université Paris-Sud)

: On modular representations of GLs(L) for unramified L

11 A 18 H (#)17:00 — 18:00
N RE (RE KPR PG EAF S8R

: Symmetric bilinear forms and local epsilon factors of isolated singularities in positive

characteristic

HIE
A

e H

HI
AL

& H

HEF :
AR Sz (BUE KT RFEGBCER AR IR

Gl
e H

12 A 16 H (7k)17:00 — 18:00
IH —fd (BERAKRT)

: ORigid analytic Hyodo—Kato theory with syntomic coefficients

2021 4E 1 H 20 H ()17:00 — 18:00
T BA (REKRFEREGEERI A ZER])

: Overconvergent Lubin-Tate( ¢, I )-modules for different uniformizers

2021 4£ 3 H 10 H ()17:00 — 18:00

Geometric Satake equivalence in mixed characteristic and Springer correspondence
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o HIF

AR
e

o HIf:

Fiill]
e H

o HHF :

Al
i H

o HI:
AL

A H

o HIKf
il

BH

o HHF :
AL

i H

o HHEF :
Fr ALl

& H

o HI
Bt
EH

HIE
A

e H

o HHF :
Fr AT

& H

o HIf:

af
i H

ERFREI—

:4 416 H (R)16:45 — 18:15
Cyril Houdayer (Univ. Paris-Sud)

Structure theorem for unitary representations of irreducible lattices in product groups

4 A 23 H (K)16:45 - 18:15
AR Ol (RERFERZG BRI ASERL)

: Lattice isomorphisms between projection lattices of von Neumann algebras

4 730 H (K)16:45 — 18:15
: Felix Parraud (ENS Lyon)

: A new construction of deformation quantization for Lagrangian fiber bundles

5H 7H (K)16:45 — 18:15
IR BT (U B R AT 527

: A new construction of deformation quantization for Lagrangian fiber bundles

:5 H 14 H (K)16:45 — 18:15

: BRES B (R RSB R AT WSS

Connes’ bicentralizer problem for g-deformed Araki-Woods algebras
5 H 21 H (R)16:45 — 18:15

B Pt (U8 T oK)

: Partition functions as C*-dynamical invariants and actions of congruence monoids

5 H 28 H (/)16:45 - 18:15
FEH B (KRBT

: Tensor product decompositions and rigidity of full factors

:6 34 H (K)16:45 - 18:15

20 N S S B 3 NE )

: Equivariant Os-absorption theorem for exact groups
6 A 11 H (R)16:45 — 18:15

('~ # (Oslo X%)

: Homology and K-theory of torsion free ample groupoids and Smale spaces

6 A 18 H (KR)16:45 - 18:15
R 4758 (%5 RE)

: On Arveson’s boundary theorem

6 25 H (A)16:45 — 18:15
: Remi Boutonnet (Univ. Bordeaux)

: RProperly proximal groups and their von Neumann algebras
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o HIHF
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AT
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A fili
e H

arfil -

e H

o HIF:
AT

& H

o HHF :
R

A H

:7TH2H (KR)16:45 - 18:15
HH EE (JUiX)

: Outer actions (G-kernels) of discrete amenable groupoids on injective factors

:7H9H (KR)16:45 — 18:15
: Amine Marrakchi (ENS Lyon)

: Affine isometric actions of groups on L,-spaces : dependence on the value of p

:7TH 16 H (K)16:45 — 18:15
Christian Voigt (Univ. Glasgow)

: Complex quantum groups and the Baum-Connes conjecture

£10 H 1 H (K)16:45 - 18:15
B O (KBRS )

: A characterization of the Razak-Jacelon algebra

:10 A 8 H (K)16:45 — 18:15
INRC B RS RS R AR AT A SE T )

: An entropic proof of cutoff on Ramanujan graphs

10 A 15 H (AK)16:45 — 18:15
Sven Raum (Stockholm Univ.)

: SStructure of Hecke von Neumann algebras and applications to representation theory

10 A 22 H (4)16:45 — 18:15
EH AR (IR T E )

: C'*-algebras generated by multiplication operators and composition operators by func-

tions with self-similar

o HHF :
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e H

o HHEF :
AR

& H

o HIf:
AR

& H

o HIEf:

A fl
E H

o HHF :
Fr AT

& H

10 A 29 H (A&)15:30 — 17:00

BA W (m—<E 2 K¥)

: Continuum (free) fields from lattice wavelet renormalization
11 A 5 H (K)16:45 — 18:15

Zhengwei Liu (Tsinghua University)

: Subfactors and Quantum Fourier Analysis

11 H 12 H (K)16:45 - 18:15
Sutanu Roy (HURKZEKZRBERRI A ZER]

: An infinite-dimensional index theory and the Higson-Kasparov-Trout algebra

11 A 19 B (4K)16:45 — 18:15
: Vincenzo Morinelli (1 —< 2 KF)

: Covariant homogeneous nets of standard subspaces

12 A 3 H (K)16:45 — 18:15
Benoit Collins (HAH)

: Generalized strong asymptotic freeness
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o HIHF

AT

A H

o HIf:
AT

EH

o HHF:
AT

e H

o HHF :
R

e H

o HI:
EALIT

& H

:12 A 10 H (R)16:45 — 18:15
Gabor Szabo (KU Leuven)

: Towards an equivariant Kirchberg-Phillips theorem

2021 4 1 4 7 H (AK)16:45 - 18:15
SR A (BAEK)

: The Green-Tao theorem for number fields

2021 4 1 A 21 H (4)16:45 — 18:15
M i (ROR KRR Z BRI Z0 R

: On induction along a homomorphism of compact quantum groups

2021 4 1 A 28 H (K)16:45 - 18:15
James Tener (Australian National Univ.)

: Finite-index subfactors and rational conformal field theory

2021 4 2 A 28 H (K)16:45 — 18:15
Sebastiano Carpi (Univ. Rome, "Tor Vergata")

: Conformal nets from positive energy representations of the Zamolodchikov W3 algebra

with central charge greater than or equal to two

o [HHf

Fr AT
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o HIf:

af il
i H

o HHF:

Al
e H

o HHIF :
AR

A H

o HIf:

A fili
i H

e CREE

.5 3 7 H (4K)16:50 — 18:35
BB PE (FRA ST 0 — Kty K27 —)
Al L BETEME (SR Z2E0) 2 BEE T 297280

5 A 14 A (K)16:50 - 18:35
DRI PE (Rt e — RNV R AT —)
CERMLEBIZ A=A T D E - BIAE - Rk

5 H 21 H (AK)16:50 — 18:35
DR B (MR T a— RNV R a7 —)
DAY a—ROFEED S HEHED X 5755 Ed b

6 11 H (’R)16:50 — 18:35
BRI VE (R 70— KAV R 2T —)
LB AT DR & 5 & 7 2 Kb

6 A 18 H (K)16:50 — 18:35
DRI PR (MRS T e — RNV KR T =)
OV Y a—T 0 v OEHEEN S BT ADE
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o H:7H2H (K)16:50 — 18:35
AR BRI PR (MRS TE— RNV R ZT )
BH : TV = YA N—HEDOEE

o HIF:7H9H (k) 16:50 — 18:35
AT R VR (R T E— RNV KR T =)
EH  BFEE» ST — T 5 —= v I ADHE

o HIt§: 7 A 16 H (£)16:50 — 18:35
FIT - BRI (MR AT o — RAY KR 7 —)
BH oY a—T 1 VI OEENAFEOHEALBEFI VY2 —T 1+ VI ORKIZH HHEE
(CADEX i}

o HI§: 10 A1 H (K)16:50 — 18:35
FEAE OB PR (RS T e - RNV R AT )
BH YL T LB AN—KER ST O R T ARy P T— oA

o HI: 10 H 8 H (K)16:50 — 18:35
A BRI PE (KRS T o — RV R AT )
EH: —a—S LV xw NT—I ST —T5—= VI~

e HIFF: 10 H 15 H (K)16:50 — 18:35
AEAE R VR (MR T E— RNV KR T =)
BH: O a—F 4 VI OEETFHEOEBEEF IV a—T 1 VI OREAR=FERED
R

e HIK : 10 A 22 H (R)16:50 — 18:35
A R VE (MR T e — AV R & T —)
EH Bl x )70 10 RER 2020 25X I AMNEERD

o HI: 10 A 29 H (K)16:50 — 18:35
AT R P (BRI T I — KAy K27 —)
BH: T4 =75V I DHMHHD - wLUFEY LEAFE

o Hit§: 11 A5 H (K)16:50 — 18:35
ST - B PE (MR 2H 70— FAY KR 7 —)
H  PCHIUS, WHEREEIZ?, 277 —b2iE?

o HI: 11 419 H (K)16:50 — 18:35
A BRI PR (MRS T E— RNV RZ T )
MH  OEAESEHLEFOER-T( 7Y 7 MZE5E¥a S A b

o I : 1126 H (K)16:50 — 18:35
A ORI VR (MRS T E— RNV K& T —)
BH Al 2 X2 5bFEE L mRT LT XA

o HIf: 12 A 3 H (K)16:50 — 18:35
A BRI PR (MREHE T E— RNV RE T =)
H : PC-LAN W55t - 7V v OO0 - 877 — b DERE
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o Hf:12 A 10 H (K)16:50 — 18:35
A BRI PR (MR A& T E— RNV RE T =)
HEH . HEES A A NNy 23z kB NS A b

o HIFF: 12 H 17 H (A&)14:55 — 16:40
AT . mE e (ZZEEE)
BH : BE73va—XTHMITLWVWEHEME L 20565

e HIKF:12 A 17 H (’K)16:50 — 18:35
AR BRI PR (MRASHE TR RNV RZT—)
HEH Al OBWMFEE Iz T a0 25 AR ) v

o HIFF:12 A 24 H (KR)14:55 — 16:40
A - T SO (SHAH)
BH : [EEHT 7 7 OB L SIS H

o I : 12 24 H (4)16:50 - 18:35
A BRI VR (MRS T E— RNV K& T —)
BH : 2y PUYRAES - GPU O - 2 AHET Y — b

o FIE: 2021451 A 7 H (K)16:50 — 18:35
AT BRI TR (MRARA T E— R AV R R T —)
BH : MifAEEREADY A N —KE L Amazon/Google DX T kT X b

o FIHF : 2021 451 F 14 H (K)16:50 — 18:35
HHT 85K 28K (NTT)
BH  BFEME B IR0 ETIER S O 5L

o FIIF : 2021451 H 21 H (K)16:50 — 18:35
A K ZE (NTT)
BH : FARB YA E TR ETE/RS L0 MR EHE

o FIB: 20214 2 A 4 H (4)16:50 — 18:35
A I et (BRN24E QunaSys)
EH: #Brarvta—gzfHunkarbFitE - Py Iar—vay

e HIFf: 2021 4£3 A 11 H (K)16:50 — 18:35
AR =N BHFE (BRAF)
BH W& RO WE

ISR E I —

e HIFf: 10 A 8 H (AK)16:00 — 17:30
Al mH BA (RAEKRZERZEGELRI AR
H : Refined construction of Type II blow-up solutions for semilinear heat equations with

J osephéASLundgren supercritical nonlinearity
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o HHEF :
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o HIf:
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BRBEET) v/ —

6 A 24 H (/)15:00 — 16:30

: Martin Skrodzki (RIKEN iTHEMS)
: Combinatorial and Asymptotical Results on the Neighborhood Grid Data Structure

11 A 11 H ()17:00 — 18:00
K B (HEEE - EERREERL

11 A 18 H (7K)17:00 - 18:00
Giorgio GUBBIOTTT (The University of Sydney, School of Mathematics and Statis-

: Recent developments on variational difference equations and their classification

12 H 9 H (K)17:00 — 18:30
Anton DZHAMAY (University of Northern Colorado))

: Gap probabilities in the Laguerre unitary ensemble and discrete PainlevAl equations

2021 £ 1 H 13 H ()17:00 — 18:00
Kl B (HURKZERZR - G Ubizeg!)

: Tetrahedron and 3D reflection equation from PBW bases of the nilpotent subalgebra

of quantum superalgebras

o MK :
AR
WL OO FBPEHEE T IVIZONVT

& H

o HIHf

FIEAOE - HEBEEYREEIT—

11 4 26 H (K)15:00 — 16:00
P ATE (FUERERFHE TRy - Boie Rl

. 2021 41 5 14 H (4)15:00 — 16:00
Erili

Horst Malchow K (Institute of Environmental Systems Research, School of Mathe-

matics/

EH

Computer Science, Osnabrueck University)

Functional response of competing populations to environmental variability
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7. BAZ2MMREIFINHRERAE (HRZEE) VA K
JSPS Fellow List

& HEf
o M i
SRR IR T2 BRAR D F580E B & FE T ] 77
o KA FHil
HIUIGH G & 7 — D 3 O R T
o (L Yokt
—fD 4 RFTEERARIZ BT BFECH Iy a— KXV A
o & MK
R TCAREN S RRAR DR/ E TV B GR & K 52 R PR
o JiEH iEH
Newton-Okounkov Mi{& % F\ 7z 152 L BRAR D I 58
o M Bl
K SLEIRNT 2 FH O 72 W HRER R D WSS
o L7} HiE
ST Z TR & HUl & U 72887 2 TR O 23 LR B O IERIME (2 B9 B B%%

o NN K
A 7va R REY A 2
o 1fE Hi
U IAR—FY 2T — RO KM
o TN K&
D% U7z E& DRBMEN T > 75 v 3B ORIz DWW T
R TCHRE T 8E TV I2 B 1) 5 B LK
o HiJf HE
RREENZ B 5 TRV F—DRNDOFE
RCIE N =IN
BB SR S HE P B 75 R X D e & Wil A
o Elil K
AT 7 4 VERRIE RO ZFD 387 MUIZET B H5E
o A& ith
Ve ZEER O RAFE DRfF5E
oﬁ$*ﬁ
AR & 227 MOV
o fHILI HK
N7 MVHEORER TV I — b EHE & AR R O NE G E O EAE M D58
o J L B

Fe—S5— Y F - VY NEREDT Y IREEEADEY 25 1 2O
o Jif I HEER

TRy AR HLRRRIZE T 55
o It ZiR

BATI TR & 2 BN Z RSB L OJEFT Langlands S ORF52Z 813 5 R
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o M H&
Cayley 7'Z 7 @ expander D1l & FAFIMENT - RBliw & O
o iR
Deligne-Lusztig 2 b{K D & FT{ASELUZ DWW T
o flH W54
F—VMEE AR Y —
e KOSKIVIRTA, Jean-Stefan Harry Antero
G Vv Tx AW EN SRR DR & 3% p REFE XD
e GAISIN, Ildar Maratovich
Deligne-Lusztig Z /K & Fargues-Fontaine #iifg
e ZHANG, Longjie (i #E4E)
ERB 11T & DI RGO DO EE) & Z DG
e RIZZI, Luca
BfEE R & spherical ZRRIADERTE D ~ L Y BIH#E

& HR
o FHIL FHA
FEa IR i B 5 R 2K D R VR AR R B D 1AL
o IR JAH
W ARE D efil & IR RA DIt
o A B
R - RIGREAZ S DI TR X OMa 2 BT & E MR ARNT

o FH: B

AT R ok 3 & FERR RS0 SRR AR D 59 KAM Bl 2 F 7o B fitfr
o RN fHAHR

LG & B A A D

e ZHANPEISOV Erbol
FERRIE A B 572 2R D SR FE S DNl 25 8y
o Ul &
0 — L > LR b O SRR G 73 R B 9 % bt AT
o 5l A
fi B e A B & R DRI BRAR D A58
o PO I
KT B IERRIE I % £ D JE BRI O HEH A 12 2N D ) B
o Hi% E—
TR — < R ERZEfE o a2 > 82 b Clifford—Klein 2 O {F7E R
o N {h %
AWt R Y =X — UM
o MY HA
sAEROWES IO T 2 KL E & OBIROMS
e ZHA Chenghan
ZIRICOMEEA T 1 R =y AL RRARD JE R B4
o Bk 52T
LR TR E TNVIIKT BATIEMRIZ X 2 7 HK TR — VI 28155
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e LEE Chunghyun
A LG D SRR UE DR B & OV AL D FR 23 Y 7 ik
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8. ®/HM2EFEEEIYH—URLI
Visitor List of the Fiscal Year 2020

A 2 AR ISERHIAMNE 2 & AR TR E D —TBD ) A M TH 5.
T—&iF, BAE (FEMEERSA, ToES), MHARREEMEOIETSH 5. HEME, 4/7/
HOMEIZEFAZENTH DD, 1 2020 F0 & EIFAEM U 72, BFMNIIE L 7.

Here is the list of a part of the foreign researchers who visited our Graduate School in the fiscal
year 2020.

The data are arranged in the order of Name (Institution, its Country), the period of the stay.
The date of the stay is denoted in the order of Year/Month/Day, but the year is omitted in case
of 2020.

e Qiang LIU (Department of Mathematics, National University of Singapore * ¥ > # K —)l)

5/30-6/14
o JiHEE (LPSM, Universite de Paris ©+ 7 7 > A) 2021/3/1-2021/5/31
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ABE Noriyuki (P8 #247), 66
AIDA Shigeki (£ f4), 1
ARATI Toshiyasu (¥ #U5), 3
ASOU Kazuhiko (R HIE), 114
ASUKE Taro (/@81 KH8), 65

BAO Yuanyuan (ffl ), 119

FUJITA Naoki (F#H E#), 158
FUJIWARA Hiroshi (#J5 #), 139
FUJIWARA Takeo (B %K), 131
FUKUSHIMA Shota (&8 #X), 211
FUSE Otohito (fiifi #A), 237

GIGA Mi-Ho (E# M%), 164
GIGA Yoshikazu (% %£—), 23
GOCHO Toru (% ), 115
GONGYO Yoshinori (¥ ), 84
GOTO Yuki (£ #ifi), 217

HARAKO Shuichi (¥ %), 223
HASEGAWA Ryu (E#JIl 37), 96
HASHIMOTO Kenji (F&A i), 168
HASHIZUME Kenta (K& #X), 155
HAYASHI Kohei (kk %), 222
HAYASHI Shuhei (% &), 97
HAYASHI Takuma (#k #if8), 170
HIRACHI Kengo (¥t f%), 51
HOMMA Mitsuru (4[] 7), 139
HORIUCHI Kota (¥ FEX), 238
HU Xin (3 ¥v), 227

IIDA Nobuo (fiH #54:), 198
IKEGAWA Takashi (#1l &), 162
IMAI Koto (53 iil#8), 228

IMAI Naoki (4# E%), 69

INABA Hisashi (fg3 #), 7
INATSUGU Haruhiko (ffiik &), 176
INAYAMA Takahiro (ffil #X), 177
INOUE Eiji (JF | Bi—), 141

INOUE Yui (1= B\, 228

IPPEI Nagamachi (Ef] —¥), 167
IRIE Kei (AL B), 71

ISHIGE Kazuhiro (5% #), 5

ITO Kenichi (f'i f#£—), 67

IWAKI Kohei (&R #F), 72

KAMEOKA Kentaro (4 @A), 201
KANAI Masahiko (3 #Z), 17
KANNAKA Kazuki (Hv —¥), 178
KASHIWABARA Takahito (15 % A), 77
KATO Akishi ()i S52), 79
KATSUMI Satoshi (35 &), 233
KATSURA Toshiyuki (k #147), 126
KAWAHIGASHI Yasuyuki (/8 #2), 21
KAWAMOTO Atsushi (JIlIA& #58), 163
KAWAZUMI Nariya (J7% ), 18
KIDA Yoshikata (KH RHF), 27
KIMURA Mitsuaki (AHf {ii5), 181
KINJO Tasuki (&% 3), 232
KITAMURA Kan (dtAf fit), 231
KITAOKA Akira (4LF H), 180
KITAYAMA Takahiro (Al &#4), 80
KIYONO Kazuhiko (7% MIfZ), 114
KOBAYASHI Toshiyuki (/Mk #17), 28
KOHNO Toshitke (/% #3), 128
KOIKE Yuta (/M #K), 82

KONNO Hokuto (4% 4t3}), 116

LI Kimihiko (% A7), 243
LIU PELJIANG, 244
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MAO Tianle (& XK%%), 249

MARRA Pasquale, 172

MASE Takafumi (FI#f £5), 120
MATSUI Chihiro (A F8), 98
MATSUI Hiroki (Fa#t #&#H), 160
MATSUI Hiroki (faf #Efi), 239
MATSUO Atsushi (2 /£), 101
MATSUYUKI Takahiro (1A% #(%1), 171
MATUMOTO Hisayosi (fAZ4% A 3%), 102
MIEDA Yoichi (Zf% #—), 104
MITAKE Hiroyoshi (Z47 k%), 106
MIURA Makoto (=i ELA), 174
MIYAMOTO Yasuhito (A % A), 107
MIYAZAWA Jin (& 12), 239

MORI Michiya (% iith), 193
MORIWAKI Yuto (#Ml# i#%), 195
MUKAI Asato (F# EA), 192
MURATA Noboru (ffH #), 132

NAGAOKA Masaru (Eff X), 152
NAKAGAWA Junichi (41l ), 130
NAKAMURA Tsutomu (¥4 77), 153
NAKAMURA Yusuke ({1 Bik), 118
NAKANISHI Toru (#174 1), 190
NAKATSUKA Shigenori ({1 5ff) , 189

OGATA Yoshiko (#4 ¥5¥), 11
OGUISO Keiji (/MR i#3), 14
OHKUBO Yusuke (KA H), 143
OHTA Yoshihiro (KM ), 123
OIKAWA Mizuki (KJII #i#), 230
OKI Yasuhiro (' Z4 ), 200
OKUDA Takako (BH #7), 231

PALREZ VALDATS VAnctor, 252

SAITO Norikazu (¥ &—), 41
SAITO Shuji (751t %), 35

SAITO Takeshi (% %), 39
SAITO Yuta (B BEX), 218
SAKAI Hidetaka ($J+ k%), 86
SAKASAI Takuya (#H =), 87
SANO Taketo (f£%F &A), 206
SASADA Makiko ({4 [ H7), 89
SATO Ken (k% #), 202

SATO Kouki (i Jeff), 144
SATO Shoichi (1 #1—), 218
SATO Yusuke (5% &), 203
SATOMI Takashi (#5 #3), 204
SEKIGUCHI Hideko (BT %7, 93
SEKINO Nozomu (Bi% %), 167
SHENG Xiaobing (B /hK), 197
SHIHO Atsushi (R %), 44
SHIMADA Ryosuke (M3 7##), 233
SHIMOMURA Akihiro (Fkf BI7F), 91
SHIRAISHI Junichi (E175 #—), 91
SHUIN Tsuyoshi (BRI fls), 234
SUDA Hayate (ZHH ¥), 186
SUZUKI Masamitsu (#3K I¥ii), 183
SUZUKI Takumi (%4 #ii#f), 166

TAKAGI Shunsuke (#FAR #24f), 46
TAKANO Akihiro (#% BE5L), 234
TAKASE Hiroshi (##f %), 207
TAKATA Doman (HH i), 145
TAKEUCHI Daichi (ffA K#), 187
TAKEUCHI Tomoya (774 HIi&), 134
TANAKA Hiromu (Bt 2), 94
TANAKA Yuichiro (H#H HE—HR), 135
TATEYAMA Shota (&l 1K), 147
TERAI Kengo (SF3 1), 210



TOKIHIRO Tetsuji (434 #iR), 50
TSUBOUCHTI Shuntaro (F£ #KER), 236
TSUCHIYA Akiyoshi (14 W), 149
TSUJT Takeshi (i ), 48
TSURUHASHI Tomonori (#f§ &1it), 221
TSURUSAKI Hisanori (#i {£1)), 219
TSUTSUI Yuki (fi3F %), 209

UEDA Kazushi ([ —#), 75
UEDA Kento (Fi f#£A), 229

WANG Gefei (E #3E), 247
WATANABE Yuta (3% #ik), 242
WILLOX Ralph, 60

XIA Xiaokun (& /Mg), 251

YAMAGUCHI Tatsuki (1LiF1 #), 240
YAMAMOTO Hiroko (IIA %¥F), 136
YAMAMOTO Masahiro (1A %), 53
YONEDA Tsuyoshi (kH Hil), 110
YOSHIDA Nakahiro (&H L), 57
YOSHIDA Takumi (% [%), 242
YOSHIKAWA Shou (#/1l ), 213
YUI Seira (i 2%#), 241

ZHA Chenghan (& &7 >, 225
ZHANPEISOV Erbol, 215
ZHU Haozhe (% ¥#7), 248

X A, 1
JLB KER, 65
WA FIE, 114
fers %47, 66
Bt U, 3

i G4, 198
I R, 162
FE ML, 5
P ff—, 67
FeR HiZ, 176
FEl &K, 177
HE BT 141
HE v, 228
SH A, 228
S E5, 69
AJL B, 71
AR HEE, T2

JA4HEY IR TIIVT, 60
fiHE —f, 75
T A, 229

KUl ERH, 230
I Ho e, 247
KA T, 143
K %, 123
WH 5T, 11
R, 200
INRE R, 14
Bl %7, 231

s vawayr, 251
MR &N, 77
A R, 233

ke 4T, 126
TigE s, 79
&H HE, 17
) fEKHR, 201
Y K, 18
W Rz, 21
JUA #sk, 163
Hr —H, 178

B R, 164
B’ €, 23
AH BF, 27
Juld H, 180
Jeft i, 231
duill &4, 80
KA 58, 181
TEEy fE, 114
SR B, 232

/N HiR, 82
e gk, 128
Al 1, 115
T HiRE, 217
INVR 247, 28
MEZE A, 84
S5 kst 116

+ vavay, 225
7w 7, 35

I %, 39
ik, 41

Tk BK, 218
Wt FE, 86

Wit =i, 87

iz B k5, 89
1k B, 202

TR ekt 144
g #—, 218
TERE 847, 203

HE #&, 204
1EB & A, 206
FrRAY 7 TR, 215

IV vy AUy, 197
B E, 44

BH T, 233

TR OBEYE, 91

va awFy, 248
BUED MISE, 234

A #—, 91

#hk i, 166
R I, 183
JEH Y, 186

B %1, 93
BA% 7528, 167

wA B, 46
i &, 207
a3, 145
=¥ WELA, 234
TN KE, 187
A RISk, 134
BELFRK, 147
Hr 2, 94

H i E—ER, 135

it i, 48

7 1EE, 149
A 558, 209
BN BAKE, 236
I f5h, 219
G Fn, 221

SFH fEE, 210
R5A #1798, 50
ER X, 152

1l #—, 130

R R, 189
s i, 190
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EI —¥, 167
b 7, 153
iR Bk, 118

NA 77y, 119
fad K, 155

A 5, 168

Ewll 5z, 96

W AEE, 97

R, 222

B, 170

R 55—, 223

S EE, 51

7 v, 227
wE MK, 211
B ER, 158
I Bk, 131
BRI PE, 139
filfe %A, 237

RLUZX NVFA EZ b, 252

RN BEXR, 238
A 7, 139

M G¢s, 120

W T2, 98

FAF: HERS, 160

FAF: PR, 239

W =, 101

AR A%, 102

W WE, 171
SSNRAZTL 172

= EA, 174
=% ¥, 104
=8 K, 106
HiE {2, 239

=R ZA, 107

mF RA, 192
K 5, 132

EY FUIY, 249
A Ui, 193
Rl 3%, 195

(I, 240
iz %F, 136
A& B, 53

A 2R, 241
I, 213
HH [T, 242
HE I, 57
KH I, 110

J ¥3vka, 243
Vo g3y, 244

T35 HiK, 242
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