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1992 4F 4 FITRRGE S N BEERPARTERNE, L OB PR BE, BEEITBEHK
B, BEPIEERIERIE — IERBUA R & B & 9 D HOZSERE T 2022 4EEEIZ AN
30 FHEZMA 9, AERHE, KEBRDO AR S TERBFHE LS MR T, BAEHR
ZiE, HEKRF ORI O ZEHH., BETAENOBFT 2 HL TR ToL, &
ARG BRAR AR OB ARR Y I - AOHHBEE 2> TWET, Tk, B
HFERLAINT S 2 S BIFEIC W25 —EH U 72 F 4 DL TT,

A, FHI - A DL —UEAOESIZ LD, BROBH» S KEDOT -2 F 505 &
212D, ZOMHANDHIFHIEE L —~HTIA, By T —RB3E<DGHE/ 1Y —T
HH, TIhoRENRERE T UGS 57201213, BHROBERRE & it 5 2
EWEIETY, £/, EMBEROMED & 51T, MERZFTHRIC LRI 7 5 e niE
3EBEH 0. EITICIREE R BEL TR B E IR D £, ZD &I, RERBIE LB
DIBENFIIEE S I RIS, TR YA TV ACBVWTEHEBFZORENTIETE T
EL o THE D, MEECE LMD F RN & OEREN RO TR L DRI T S
S ADBRITHIET N L BELRIEEIC £ THE - RO E JA T 7 Y ZERE O 3¢ B
RIFERZHHOTHY, TW2HBHTHLI5TT,

2012 FEIZAMERNZBWT BWver 74 7 - V=T« V7 REBE] (FMSP) 233G
BEARDHRIEL UTEINE 0, TEFH T4 2 0D & JRAIL 2 i X TR EEREIZDRD
TU—=NVIZHERT D) — X =B, BEFEOP @A THELETH] - I —EL
SIS 2 EDMREE S N T 0 ST Ak - RHL, RFEHRAEEZWET S
Ll ZBDE L, 2OTRT T LITHE, 2019 FEICHBFRZEBEABAZELBE 7
025 5 (WINGS) O—B& LTEYW 7 0> T« 7 EBE AR (FMSP) 2B S hE
U7, WINGS-FMSP (&% TIFBELZRMIERL RIFEOIERL B s Bl R 2 25 Rt
THRMZER R TERMERL EERERL RESUEZERL Kavli IPMU OjH#
BizLs 7077 LTY, FMSP CEASINEBEERERE B LmBls], T
WE SRR | TR BE AL | TRERBEREEMR ., T 2=y T Y
DA—AT =7 FRRMAWEASNT VRS, X7UBRFEDOHEBRZELR 702 F Lz
FIRE N7z 1252 BR8N S 2 Bl - % 71 275 L (FoPM) ) O#E#EREE LT, 54
MO LELRERT 2172 > TV,

2021 AEEICE T B UMERD A Y N—DOZEEEZM VLT, ME FEELYIHE
RPN F A VAT 4 72— b 2021 FERFBHEL=NELZELUE Ui, #5
75 1-##5% DY Henri Poincaré Prize (International Association of Mathematical Physics) %
ZEU K U, WREREEA 2021 2 A ABFARTHE (KB K IEFH) 2%
UE U7z, INARE R & AR — K (BELRZE I SORHE L 3RRE T 4) A3, The Journal
of Mathematical Analysis and Application (JMAA) 2020 Wong Prize E%%E U % U7z,
{2 MBEFHEEEEAY 1 1 HIT [E IR R R R AR A R ik B i < ZMERrse B (Y 2
Y 7TYRE) 2022 4B 1 TR FEEERI P ERME 2 B U X U, SRETR (P
DC1, FMSP I — %) 532021 FFH AR A2 BEEBEABEHE 2 2E LU £ LUk,

2021 EEIZE T 2 MR OBE D RFILL N DB D T U7z, MTNIEILBURAY 2021 4 4
A1 HMT TARMERHERRICEEINE U, 4 A 1 HMT T, HRE— R R
FERHRHEBIBU» S AWFERIBIAUC ., B SE /T RO HAL R A BB R Pl B 25 & o & — B
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7o ANHERFHEBBD KIRANERF A, AR FRAT BB AL F W 5e i AR SR 8 &
LTz hE L7,
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ADBRBLIED =D, FMERA (AvTF~> FR) CRML £ U7z,
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X, 2L DOBETHYIA VR 2T DI LITRDELE, WolED, BUWERET
TUM, REEERM L 72 KFEBE TR AR IR Z dmE Rz U, 512, 2022 4F
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2021 FFEEHE - TP VT KRELREEZERT LI LN TEE U, MERIA Y
N—=DORHEZES>FTED Y THAD, THIZIMAT, ZORERIFHIZE 20 b 5T
BRI ERIOIEEI 2 H 2 BB X TLZE o TW A HEBERE D S5 2 12 < B 7=
LEd,

2021 £ 9 A
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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
2021.1.1~2021.12.31

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,
2021.

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. TEIEEE

MR HREROLG G L AR, 7 7 /XA THE) X
N34 /ifE X (=Rough differential equation,
RDE & WG9 %) Ofgicd, A1 77—, Mil-
stein ¥7fEl, Crank-Nicolson ¥ Bl 7 & D i {LUfE A3
Zz2oN, WAEEETHS. EXATWVWBEAHREN
MREXE [0,7] TEREINTWEHA, 20
X D #ERRG  {KT/NHY_, (N € N) &/NK
[(k — 1)T/N,kT/N] TOERBIHAEDRIS % A
THOM X, OEpr X R E D, 20
ST 2 72 > T DOFEARM 72 T IX

1 pdElaf»< Lo XNV - X, »
0 IZNKTHAE—=F (N7 (> 0) D
F—=R—=7 ) OWYE

2. A== a Lbhoga, ERLL
e No(x) — X,) ORI OUE

Th5. WEEEREITLF TS —LDGEE
TIVF = )UEE T, R A B R AR X
NnTna,

UL, —DOH Y R@RPSEED T T NAT
lFEi X5 RDE OBEE, ~ VF U r—IuifE%
AWBZeNTET, BEOINS OWERE%
HWHTE W,

—H, ABRTD T 4 —F =N F A S EF BHER
EHRDYGE, E—A Y N OIHED S 4 OIR
PHES EWVSF LU WRER (4 IRE— A v b)) A
2000 4EA1Z Nualart, Peccati 512 & W &S, #
U\ UL B BR E LA X R 7. TS O
REHAWT, §iflize 1 ocHERMD i R05E
DIFZED Nourdin & DEL TIiTh 7z,
A2HBKBEEILFT, N—ZA RS TA—R HH
1/3 < H <1/2 DGEDIEERT Z 7 ViEH O
K, Nourdin & DFERZ LIRS 52X T 1 LD
BT REZE DR PR 73 A DR TE % T > 72 (Osaka

J. Math. 57 (2020), no. 2, 381-424).

Bx DELDDHZDIX, ZRtD RDE OHED
EfbE nepass NooxNY) - X,) s
IZ ERED 4 IRE— A v NEBLE W T T RS
XRBZZEEDN, ZHIZDOWTIRT TITRE~ 1235
BTN DI HIZ K DR ED SN TWD
(Firz, Riedel, Nualart, Tindel, Liu, etal.).
SHIE, KRR AT, N5 A=K pe0,1] %
WAL, zhsompiai xN rEoBR X,
ERERT 55 LWL e XN 2EA L
(XN = x, xY = x ) SEasss & S
TEMEEMD TR, W DI TEEAR AL,

1 WFEGELGERIE ST A — X & EATY
B, 0T A—RIZET B AR
AEXNP) BN AT K B 7R\ Bk T %
DItERTIL

2. RDE Offt X, OB f(X,)) LARKITY
1 —F—H & A DR

Thd. BEIZ ROV TNV ELRTY
VIS ORI E HWTH S, IThh, SEEIC
EHOH-7HERTHD, TN THYEE LD
EMTRTURINAZZ LTS, BEEX 202
CEAVTHIXEFLOTNVWRLIATHS.

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 XM — X, (e.g. XV =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, Liu,
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 dimension 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 have been studying this problem by intro-
ducing an interpolation approximation pro-
cesses Xt(N’p) (p € [0,1]) where Xt(N’O) =
Xt,Xt(N’l) = Xt(N) jointly with Naganuma.

The point in our argument is the following

1. there exist uniform estimates of the
derivatives 8’;X§N’p) in pand N,

2. Estimates of the products of f(X;) and
the products of low dimensional Wiener

chaos.

We proved the item 2 by using the estimates of
the Malliavin derivatives and the multidimen-
sional Young integrals. We prepare the paper
concerning the limit theorem the error distri-
butions of RDEs.

B. FE&wX

1. S. Aida and N. Naganuma,

analysis for

“Error

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.

C. HEaFEE

1. On a certain class of path-dependent
stochastic differential equations,
“Japanese-German Open conference on
stochastic analysis 2019”7, &K%, 2019
9 H.

2. On a certain class of path-dependent

stochastic differential equations,
“New Directions in Stochastic Analysis:
Rough Paths, SPDEs and Related Top-
ics”, LY v, Ry, 2019 48 3 A.

3. Weak Poincaré

spaces : non-explosion case, “Tokyo one-

inequalities on path

day workshop on stochastic analysis and
geometry”, BN KY R Z B BORRLF 05T
&, 2018 4£ 11 A.

4. REEEIKAEHERM Y HRRIT DOV T, “HER
fifet & 2 DI, TR R BB 5%
Bl 2018 £ 7 H.

5. Rough differential equations contain-
ing path-dependent bounded variation
terms, Workshop on “Mathematical fi-
nance and related issues”, KPR 2
Bty &— 2018 4, 3 A.

6. Asymptotics of spectral gaps on in-
finite dimensional spaces, Tokyo-Seoul
conference in Mathematics —Probability
Theory—, HEKY, 2017 4, 12 A.

7. Asymptotics of spectral gaps on loop
spaces, Metric Measure spaces and

Ricci curvature, Max-Planck Institute

for Mathematics, & >, KA Y, 2017,

September.

D. i3

1. FERARET I MR, HERAE, 2, <)L
37 R Y ORERGRO I FES L O
R—IEDOERLEAEITo 7z, (&
FEBER A A ARRIARL 4 FAE A R)

2. WY - HERMGFE XA - < VF v
TV AHER S L IO W
T W5y SiFR RN DRI DWW TR L 7=
(B KR - 4 FEEILEHER)



F. Wotzes — e 2

1. R RTS8

2. ASPM Mtk ZE2WEEZEE

3. Journal of Stochastic Analysis (Commu-
nications on Stochastic Analysis 7* 5 %
FRZH) @ associated editor

4. Journal of Mathematical Sciences, the
University of Tokyo Dff%ZER

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

6. F > 71 URMRERSE RS THERENT & <
D] (2021.11.4~11.5) HZEA

## BE (ARAI Toshiyasu)

A. TR

IE e # E ERIBI# g 12 & 2 B F0 1 R
WOP(g) 1& MEEDEIES X 12X L T g(X)
HHEFI WS EETH Y, EHIFEB g DELD
FIZE D ZDFEHGRNRE AR5 Z LR S
NTWD, 25 OFEEIE, BEIC AL R0 S
MEERIT & - 72 Comprehension Axiom 7 & &
WOP(g) MRS THS 2 L 2L THSHTL
2. 22T —MRIZ ACAy ETIE, WOP(g) Dt
B ERHINE R B0 B RIBE g DBUNAEIR ¢'(0) &
HFLWIZ MUz, GEHORI, BN DFEH
NOMDAAREZMET AL, KOZOMHDIAA
D, ¢(X) 2B 2 g-HOFHB AR GEM:Z W7z
IEERIZH 5.

7z, 2 B MEHBE D~ SBL TOH v MY
F %, HROFH X% Gentzen-Takeuti i 12 fif
WUTHRUZ. SBL ®F vy MNEEI, 2 BEAM
AL—CA+BI D, » 2 WAL Z &2 HHIGH
B AR BB B D Adw KPi @ 1-consistency
LRETHD.

X \Z, D. Fernadndez-Duque, S. Wainer, A.
Weiermann & #£[6T, ATRy #* 5 7 72y i %
Goodstein F| DR E U TE A 7=

X o, Hp R DE ) 77 7% R U 72, 3
HH G D R HIHO ML D & A, T T & LT
(% I3-Comprehension Axioms ¥ Cfifai U 7=.

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 l4 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 KPi for recursively inaccessi-
ble ordinals.

Third, we jointly with D. Fernandez-Duque, S.
Wainer, A. Weiermann, give an independent
proposition from ATRg, which is an extension
of Goodstein sequences.

Third, we complete a monograph on ordinal
analysis. In the monograph, we expound rudi-
ments of proof theory, and ordinal analysis up

to I1}-Comprehension Axioms.

B. F&Kif

1. T. Arai :
tions and w-models”, Arch. Math. Logic
57 (2018), 649-664.

2. T. Arai :
order logic calculus”, Ann. Japan Asso.
Phil. Sci., 27 (2018), 45-60.

3. T. Arai :
weak theories for positive inductive def-
initions”, Jour. Symb. Logic 83 (2018),
1091-1111.

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

“Derivatives of normal func-

“Cut-eliminability in second

“Proof-theoretic strengths of



5.

10.

11.

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

. T. Arai, D. Fernandez-Duque, S. Wainer

and A. Weiermann: “Predicatively un-
provable termination of the Ackerman-
nian Goodstein process”, Proc. Amer.
Math. Soc. 148 (2020), 3567-3582.

. T. Arai: “Cut-elimination for SBL”, in

The Legacy of Kurt Schiitte, ed. by R.
Kahle and M. Rathjen, Springer (2020),
pPp. 265-298.

. T. Arai: “Ordinal Analysis with an In-

troduction to Proof Theory”, Springer
202049 H

. T. Arai: “A simplified ordinal analysis of

first-order reflection”, Jour. Symb. Logic
85 (2020) 1163-1185.

WU - < BUA R Wi, SRAEURE
HiZ 2021 4 A

T. Arai, S. Wainer and A. Weier-
mann: “Goodstein sequences based on
a parametrized Ackermann-Péter func-
tion", Bull. Symb. Logic 27 (2021) 168—
186.

. HEEFER

1.

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

. Some results in proof theory, Logic Col-

loquium 2019, Praha, Czech. Aug. 2019.

. Mahlo classes for first-order reflections,

Workshop on Proof Theory, Modal Logic
and Reflection Principles (WORMSHOP
2019), Universitat de Barcelona, Spain.
Nov. 2019.

CEF SR A2 B Z T\ 5, GEIH EEHR O

i & o, BN KA RPN 2 A, 2021
£ 12 H

AR

1.

BRI - A XD: GEHGR O — 5
5 % ordinal analysis @ %] % # U

7-. w-logic % sequent calculus 2 & D
EALT, D w-model 123 %524eM
ZmU7T. RIZIEFE L regular ordinal
F® normal function # & U closed un-
bounded set % #ilH L T, normal function
MHIZ derivative 2D Z & 2k X7z, %
nh 5 w-logic TP cut-elimination 73JIE
PR EDREBBEBZE7-6TZ 2 2FHL
7. 2o E2HWT, ACAy DFEHHZRINE
BN ey &BILDFHEERTZ. £
D1z ID; @ ordinal analysis & % D7z
IZAEL & 72 % collapsing function 7% & U
7o (BURKZFRE - 4 FAELERR)

B XA, BRI 7R A N, M,

Zeman, “Inner Models and Large Car-
dinals”, M. Forman “Ideals and Generic
Elementary Embeddings”. —(BZ 8%
B4 44:)

CERPRECE T BHRICE T 28 o B &

LT, BIAEIRMER, LY XX -
BRI & OFMME, F v —F DIRIE,
Fa—V M e IR AREN:, T 1
77 b, GHEATREME, KR E AR, K
i - fEIEBE, 79 X P & NP, NP-5¢4
¥, 2 5 2 PSPACE, PSPACE-524: 1472
EERHEUZ. (EEHEER 3 F4)

BRI TR T 2B oY L

LT, (Rt e FpEt) A—bx by,
IEHIE5E, ERIERB, SR A H S & IR
HHEE Tyvaikorvit—hv by,
pumping lemma, F 2 —V > 7 & G5
AIREME, R - fEIGH R, 2 7 A P & NP,
NP-524 1, 2 5 2 PSPACE, PSPACE-

TEMREEHFHUZ. (BEABHEEER
RHEERE3 AR

CBCE T SRR O 1 BB OMS -

T B (BRI TR %)

E. &4 - G
1. (&%) ¥ %# (KEN Eitetsu): On some

B _generalizations of the pigeonhole and

the modular counting principles over V0.



A% #5854 (ISHIGE Kazuhiro)
A. WAL
L. FEF RN & FR BRIV R SR A D

0 such that problem (P) possesses a solu-
tion if 0 < k < k* and it does not possess

no solutions if k > x*. Furthermore, in

fRDIFAE « FEFAEIZ DWW TR &2 1T - 7=
FEFRIEIZB T 5 Y 2 i M & D F,
FEFRHADKREZERT NI A=K k1T
KUT, v < k" O IZMBEE, K > Kk*
72 OSRNG0 BB £ DIFIEE
RUTz. 5602, BERGEHY 2 BAE 9 DUR
RolE WRTHDE k= r* DGHITHEDN
7272 —DOGFEHETAZEER LU 2T
MEAMK GRILK), R ER (FHEE
K) L OIEFETHB.
. R R R B B RO ST R R %
158, MROZEMBREDEA WIFEE L
B R 79D, SREBTIRR R Tl
DB OEXIZ & > THEAREA L AR
TR fROBETMAE SN T, FEH, fif
D EIREGEER 2175 OVWRETH D, K
e T, 2017 AEI2 B 2 )1 Lk K, 58
AERIC L OWFZE 2 WR U, FEFFRD B
BB & O A BB AR
$ 2 FI BT RE D R O v YR 3 PR B % 47 o
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. We study the existence and the nonexis-
tence of solutions to an inhomogeneous
nonlinear elliptic problem with exponen-
tial nonlinearity. Under a suitable inte-
grability condition on p, we show that

there exists a threshold parameter x* >

the case of 2 < N < 9, we prove that
the problem possesses a unique solution

if K = k*. This is a joint work with Prof.
Okabe and Prof. Sato.

. In the study of the higher order asymp-

totic expansions of solutions to parabolic
equations, the decay of solutions plays
an important role. For fractional dif-
fusion equations, the slow decay of
the corresponding fundamental solution
makes difficult to obtain the higher order
asymptotic expansions of solutions. In
this work, as an improvement of the pre-
vious joint work with Prof. Kawakami
and Mr. Michihisa (2017), we obtain the
higher order asymptotic expansions of
the large time behavior of the solution to
the Cauchy problem for inhomogeneous
fractional diffusion equations and nonlin-
ear fractional diffusion equations. This is

a joint work with Prof. Kawakami.

. We introduce a notion of F-concavity

which largely generalizes the usual con-
cavity. By the use of the notions of
closedness under positive scalar multipli-
cation and closedness under positive ex-
ponentiation we characterize power con-
cavity and power log-concavity among
nontrivial F-concavities, respectively. In
particular, we have a characterization
of log-concavity as the only F-concavity
which is closed both under positive scalar
multiplication and positive exponenti-
ation.  Furthermore, we discuss the
strongest F-concavity preserved by the
Dirichlet heat flow, characterizing log-
concavity also in this connection. This
is a joint work with Prof. Takatsu and

Prof. Salani.



B. G

1.

M. Fila, K. Ishige, and T. Kawakami :
“The large diffusion limit for the heat
equation with a dynamical boundary
condition", Commun. Contemp. Math.
23 (2021), 2050003.

. Y. Fujishima and K. Ishige : “Initial

traces and solvability of Cauchy prob-
lem to a semilinear parabolic system", J.
Math. Soc. Japan 73 (2021), 1187-1219.

. K. Ishige and Y. Tateishi : “Decay es-

timates for Schrodinger heat semigroup
with inverse square potential in Lorentz
spaces. II", to appear in Discrete Contin.

Dyn. Syst.

. Y. Fujishima and K. Ishige : “Optimal

singularities of initial functions for solv-
ability of a semilinear parabolic system",

to appear in J. Math. Soc. Japan.

. K. Ishige, P. Salani, and A. Takatsu :

“Power concavity for elliptic and
parabolic boundary value problems on
rotationally symmetric domains', to

appear in Commun. Contemp. Math.

. K. Ishige, P. Salani, and A. Takatsu :

“New characterizations of log-concavity
via Dirichlet heat flow", to appear in

Ann. Mat. Pura Appl.

. K. Ishige and Y. Tateishi : “Decay es-

timates for Schrédinger heat semigroup
with inverse square potential in Lorentz

spaces', to appear in J. Evol. Equ.

. K. Ishige, S. Okabe, and T. Sato:

“Thresholds for the existence of solutions
to inhomogeneous elliptic equations with
general exponential nonlinearity", to ap-

pear in Adv. Nonlinear Anal.

C. HEHFEE

1.

Power concavity and Dirichlet heat flow,
PDE seminar, KAIST (Online), 2021 4£
5 H.

. Power concavity and Dirichlet heat flow,

New Trends in Nonlinear Diffusion: a

Bridge between PDEs, Analysis and Ge-
ometry, BIRS (Ounline), 2021 # 9 H.

. Dirichlet heat flow Z & > TREZI NS

MIPERE, @ b KA 2 X 0 —, 2021 4
10 H.

. Dirichlet heat flow IZ & > TIREFEI N5 1

Ve, % e85 2 (Online), 2021 4
11 A.

. Concavity property preserved by the

Dirichlet heat flow, 16th Aoba-yama
PDE Seminar “Reaction-Diffusion Equa-
tions” (Online), 2022 £ 1 H.

. Dirichlet heat flow IZ & > TIREFEI NS

MERER, ARILEEES (Online), 2022 4 1
H.

D. i##%
1. B IV . W R—=THEain0#H (3 F4E

)

- MENTERP R T A IV OEE (3 4

)

RS X B e R T JERR )

RO R B 5 B S +0
ST OWTHEE U 72 (BELRERL - 4 4
A dEH )

CEEE R LEKRT): BMMEOER

LM E, Concavity maximum principle,
EEDKEME SRS L R R D
fige D B MIMERF S 2 B U 72 (REEBE - 4 4F
A ALERE )

E. &4 - L
1. (L) MA H (OKAMOTO Jun):

Convergence of some non-convex ener-

gies under various topology.

C(@RFEM L) 4 8 = #5 (TATEISHI

Yujiro): Optimal decay estimates for
Schrodinger heat semigroups with in-

verse square potential in Lorentz spaces.

C@EEML) FUuRa YT AR

(ZHANPEISOV Erbol): Local existence
and blow-up rate of solutions to nonlin-

ear parabolic equations.

L(EBL) Yy ¥y b YA (CHAN-

PISET Um): Heat equation with a dy-



namical singular potential on the bound-

ary.

F. MAzes — e 2

1. HABUA MR

2. HABZ2BEMAECHERN ZER
%8

3. MBUIRAGm AR EZARER

4. Editor of “Partial Differential Equations
and Applications"

5. Editor of “Journal of Mathematical Sci-

ences"

#E%¥E & (INABA Hisashi)

A. T ZEEEE
FERFEERN, EYE, AOF, EFHIIERNS
REEERRER 1 F 2 2 2= TN OB, B
FCETVHEHRIC L 2 BGHELFRIEL I L
Thbd, RULDMEIIUATDOLS>TH S :

(1] S RBE DAl & I % B U 7= ks 1k
EYEE TV OWS . F A MABEIZ B 24
RO XA F I 7 ANFRBHFEDOFRATICEE R
BEZRFH L TV D, R S [IE L 7 RIS
PORBEMEZEBFELTWVWED, TOEMMEDO LR
VIR A E Tz <, 2T 5, Rk
PMEEREE B ICBETHTHAHD, —H&
PR & DEflIZ & o T, kTS (boosting)
ZEbHD DB, 1980 FRICHNZT BV DY
FVTETMITBWTIE, A MEKEEL3 DD
RAE (RSZVE, JEMMERYE, MyEmEMEEE) 2h
S, REMRMERGE S EIE U 22K, a0
IR, M AR T A INE S, TORE
REBFHEREI LV ELEI NS, THYET VI
B2 RET— A MhRIE, FREIC L > THRIE
et (EfED 5 ORI HFICV Y hIh
LW BREMIZE > TRBEINT VWS,
REtD Y 2y MIEEFREREP S ORIEIZE > T
BFONDHRIEKIEANDHREE T — A N2 EEKT 5,
ZD7 Uy —REETFIMICEIT B EARRRE IR,
T— A N INTMEEE, EEEER SR L 7
X0 OfER & A UKMEDRBENEEZFDLEED T
ETHB, KRF, BAWKEOLFEFRIZENT
E, ZOREEED, GET—A Mo THRE

HRERHIZ R AER I BT 2 L D BRTOAED
RfZ) 2y had & Uiz, L ~)Ladafg
e L HITHFARAD L TV B DO THIVE, FIRY
W&o T, ERFEBYED S OEENSB LN R
RKOGIEEL T =) p 5 AL RO L T 2V ET
DIEBDO LV DORBEMNED, HEHRTHEOND
TR IDRERFERLTWS, Txlx, Z0E
TN DOBFHGEYIMEZ R L, IR AR, v
T I I ERMOGHEEMEERG Lz, VT T
T—=Y a3y bOEIMIZ & o T, EAREAEERD
12BR2EEDIVT Iy 2ERBDODEDS
%% 2, BB A 2 BB+ 5% 52 7z,
[2] #BL O\ FRAT OMEIHEK DR RIZDOVWTD
W52 0 2019 FEICIR E - 7258 o b ) EYYE D
Ny TFIv o, HREEICRELARZA -V %G
ZTW5, HBIRRGIH D7z Df A, K
FEMAARM OEfZ IR T 20y 787 VD LD
AL AW RBCR CTH D, LLARDS, 1t
AW O RIS RFE S AT LT KR E R
BERITTNS, RFWNZTA—-—IDPZIZ, #
PRBEL R BORIZ R < Ftl) 2 Z L3R, 21
W&, BEHIEOZDITIE, 2RI RBOE
IFKETAME, TRz HL I EEEC X - THE
b nide sy, BAKE OLFRRICS
WT, BAIIKET AN LIBHORE MG 2
7ZODETINVEME L, KET A N & IREBeR
1, HEREY AT LADHERDRL, OB
MVE T CITERE, BB, RhFL, BEELREC
BWTHHINTWS, BHEFHRICE-T, EW
HAERDPBRERO Mo RBPIERTcHE L
PRINDD, ZHIFMERIVNS VBT,
WA ERAPEYEAER O T IZx LTI
BEHTHEILERERLTWS, 517, HLH
KET AN L RERHENZ L, BRFEERES
DR E L HI1Z, FRITVEESETHAI L%
RUTz,

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, I 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

subclass which we can show the gap and char-

acterized this class by five physical properties.

I also defined an invariant of SPT phases in one

and two dimensional quantum spin systems and

Fermionic systems.
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6. 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)
39 - 65 (2021)

7. C. Bourne, Y. Ogata, The classifica-
tion of symmetry protected topological
phases of one-dimensional fermion sys-
tems” , Forum of Mathematics, Sigma 9,
(2021).

8. Y. Ogata, Y. Tachikawa, H. Tasaki, Gen-
eral Lieb-Schultz-Mattis Type Theorems
for Quantum Spin Chains, Communica-
tions in Mathematical Physics 385, 79-99
(2021).

9. Y. Ogata, An H3(G, T)-valued index of
symmetry-protected topological phases
with on- site finite group symmetry for
two-dimensional quantum spin systems ,
Forum of Mathematics, Pi 9, (2021).

10. Y. Ogata,

protected topological phases with re-

A Zs-index of symmetry

flection symmetry for quantum spin
chains” , Communications in Mathemat-
ical Physics 385, 1245-1272 (2021).

C. MEaFEFE
1. Classification of symmetry protected

topological phases
systems TAMP ONE WORLD TAMP

in quantum spin
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MATHEMATICAL PHYSICS SEMI-
NAR (online) 2020 4 12 B 15 H

. Classification of symmetry protected

topological phases
chains CURRENT DEVELOPMENTS
IN MATHEMATICS 2020 Harvard Uni-
versity MIT (online) 2021 41 H 4 H

in quantum spin

. The classification of symmetry protected

topological phases of one-dimensional
fermion systems Cx-algebras, K-theories
and Noncommutative Geometries of Cor-
related Condensed Matter Systems: 2021
FE5H20H

. Classification of symmetry protected

topological phases in quantum spin sys-
tems Summer School on Current Topics
in Mathematical Physics 2021 £ 7 H (A
AANA TV v R)

. Classification of symmetry protected

topological phases in quantum spin sys-
tems International Congress in Mathe-
matical Physics (ICMP) 4 {&G##H 2021
H8H2H (AL ANAT YY)

. Classification of gapped ground state

phases in quantum spin systems Seminal
Interactions between Mathematics and
Physics. II (4 £ Y 7 Rome NT 7V v
F) 2021 %9 A 30 H

. Classification of gapped ground state

phases in quantum spin systems THES
Quantum Encounters Seminar (7 5 ~

A1) 2021 10 H5H

. Classification of SPT-phases Topology

and Entanglement in Many-Body Sys-
tems (77 & Banff &> 71 V) 2021 4
10 H12 H

. Classification of gapped ground state

phases in quantum spin systems Theoret-
ical studies of topological phases of mat-
ter 2021 4F 10 A 18 H (N1 7V w V)
An invariant of symmetry protected
topological phases with on-site finite
group symmetry for two-dimensional

Fermion systems Webinar “Analysis,
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Quantum Fields, and Probability” 2022
F1HIBH (KA YAVITAY)

. AR

1.

W B Z D B F O AMGEEE (AT
ARIE)

W R (RTHIRRAR)

3. fRITE T — ) TIENT (3 4R

F. XHMFsEs — e A

1.

5. Communications

Journal of Mathematical Physics Edito-
rial Advisory Board

. International Union of Pure and Applied

Physics Commission C18 member

. Journal of Statistical Physics associate

editor

BB 2021 Summer School 135 A
in Mathematical

Physics Associate editor

G. %

Henri Poincaré Prize (International Association

of Mathematical Physics)

INAE BT (OGUISO Keiji)
A. TR

1.

Tien-Cuong Dinh 264, Xun Yu 64 & @
LR T, FBUR LEN IR TARnSE
Rz MR EAE T 5, HEERNEA M S
DFAEZ R U, ZOFERIF, 2002 F12
Kharlamov 12 & > TR I N TEE, £ 4
DIFFEEIT & o THRIbN TV MEA D
MR E %25 25, BARIIZIE, P x P!
DFFRIZR 17 FUCTOIESE S W&l % AT
ik, SO2EHBHOWNETVTH
5. H\MZEFE TG M R O BRI AT
bid %2 v~ — K3 i & 2 85 2k
FIZEHTAHZ L TRUK, BRI,
"Tien-Cuong Dinh, Keiji Oguiso, Xun
Yu, Smooth complex projective rational
surfaces with infinitely many real forms"
(arXiv:2106.05687)

IZE e, BERMFTH 5,

2. 2021 FEEHRIIZ. NCTS Scholar & LT



BEBICHER L, "R E & Kawaguchi-
Silverman T4 (Q LD 5 » s MR
BELHRAE X OBCER fFItBLT, &
x € X O f-#iiEdS well-defined TU 2%
Zariski B% 72 51X, BRI ap(x) D3E
E0. NFRBE BT 2725505 F
) "ZDOWT, REETH o7 f BIEBLE
LGB THILEOHANE LRI L& —
DOEBIZU T, RFEBREM T O #HRE
(ENZBEKRY. 100 72665% 9 [) % U7,
ZD#HFEE EF 5> NIFIZ. Jungkai Chen &
4. Hsueh-Yung Lin 4 & O ILRAFFEH
MED, WEEZ: X PIRT d TARIEA]
B q(X)>0D5A0HCNEMRER f I
X9 %5 Kawaguchi-Silverman FH1Z D W
T, (i) INERFTENZET q(x) > d — 1 DY
HOEENEY (i) O D>DHIMNEE
ER<, d =3 DEAEDOEENMER (i)
d=37T f PHCRHEDEEDEEMMHR
(iv) d = 3 DHEIT, FRDHEHREIETH
% well-defined 2B PEIFIET D LD
TRINEIR GG & R IERIE DA D optimal 727
TOWE, X IBEREFTH S,

. Jointly with Professors Tien-Cuong Dinh
and Xun Yu, we have shown the exis-
tence of smooth rational complex sur-
face with infinitely many mutually non-
isomorphism real forms. This gives a fi-
nal complete answer to a question posed
by Kharlamov 2002 and reasked several
mathematicians since then. More pre-
cisely, we have shown that the blowing
up S of P! x P! at very special 17 points
admits infinitely many real forms by us-
ing rich geometry of the Kummer surface
Km (E x F) associated with the product
of some non-uisogenous elliptic curves F
and F', which is obtained as the minimal
model of some double cover of S. Our
result is in:

"Tien-Cuong Dinh, Keiji Oguiso, Xun

Yu, Smooth complex projective rational

14

surfaces with infinitely many real forms"
(arXiv:2106.05687)

and is under evaluation (23 February
2022).

. In 2021 (October-December), I visited

NCTS as a NCTS scholar and have
had an opportunity to give regular lec-
tures (9 100 minute lectures for gradu-
ate students of NTU) on "height func-
tions and Kawaguchi-Silverman Conjec-
ture (KSC)", which asserts that, for a
smooth projective variety X and its dom-
inant self-map f defined over Q, the
arithmetic degree ay(x) exists, coincides
with the first dynamical degree d; for
any closed point z € X such that the
f-orbit of x is well-defined and Zariski
dense, aimed to get some new insight in
almost nothing known case where f €
Bir (X).

Hsueh-Yung Lin were interested in this

Professors Jungkai Chen and

problem and our joint work started. By
now, we have obtained the following on
KSC for f € Bir(X) of an irredular
varieties with dim X = d and irregu-
larity ¢(X) > 0: (i) KSC is affirma-
tive if Kodaira dimension x(X) = 0 and
q(z) > d —1; (ii) KSC is affirmative if
d = 3 modulo one possible exceptional
case; (iii) KSC is affirmative if d = 3 and
f € Aut (X); (iv) determination of the
pairs (k(X), (X)) in which f € Bir (X)
always admits a point x whose f-orbit is
well-defined and Zariski dense in an op-
timal form for d = 3. Our preprint is

under preparation (23 February 2022).

B. F&FKGm X
1. T.-C. Dinh, H.-Y. Lin, K. Oguiso, De-Qi

Zhang : “Zero entropy automorphisms of
compact Kéahler manifolds and dynam-
ical filtrations", accepted by Geometric
and Functional Analysis (1 March 2022);

an older longer version is available at
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. K. Oguiso, De-Qi Zhang :

. K. Oguiso, S. Schroeer:

. K. Oguiso, X. Yu:

arXiv:1810.04827 (version 2, under a dif-
ferent title).

“Wild au-
tomorphisms of projective varieties, the
maps which have no invariant proper
subsets', Adv. Math. 396 (2022)

108173.

. T.-C. Dinh, K. Oguiso, X. Yu: “Smooth

rational projective varieties with non-
finitely generated discrete automorphism
group and infinitely many real forms",
Math. Ann. (online first) 19 May 2021.
“Unirational-
ity and geometric unirationality for hy-
persurfaces in positive characteristics",
Journal of the Institute of Mathematics
of Jussieu (online first) 08 March 2021.

“Minimum posi-
tive entropy of complex Enriques surface
automorphisms", Duke Math. J. 169
(2020), 3565-3606.

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

istic with discrete and non-finitely gener-
ated automorphism group", Adv. Math.
375 (2020), 107397.

. V. Lazi¢, K. Oguiso, Th., Peternell: “Nef

line bundles on Calabi-Yau threefolds, 1",
IMRN (2020), 6070—6119.

. K. Oguiso: “No cohomologically trivial

nontrivial automorphism of generalized
Kummer manifolds", Nagoya Math. J.
239 (2020), 110-122.

. T.-C. Dinh, K. Oguiso: “A surface with

discrete and nonfinitely generated auto-
morphism group", Duke Math. J. 168
(2019) 941-966.

K. Oguiso: “Pisot units, Salem numbers,
and higher dimensional projective man-
ifolds with primitive automorphisms of
positive entropy"', IMRN (2019), 1373—
1400.
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9. K. Oguiso,

C. Mgz
1. K. Oguiso, “On finite generation prob-

lem of the discrete part of the automor-
phism group of a smooth projective va-
riety", Lakeside Colloquium NTU and
Academia Chinica, 13 December 2021 (in

person)

. K. Oguiso, “Smooth complex projective

rational varieties with infinitely many
real forms", Seminar on Algebraic Geom-
etry East Asia, November 19, 2021 (on-

line)

. K. Oguiso, “Real form Problem of a

Smooth Complex Projective Variety",
NCTS Workshop on Arithmetic and
November 2021,

Tunghai University, Taiwan (in person)

Algebraic Geometry,

CNRE BR CORAHLE OB, R

ROME", EHERBMFEOFME 1T, 2021
FIOH (XvIF40 v, KIRWMKRF (AR
¥ ¥ viR))

. K. Oguiso, “Some aspects of real form

problem of a smooth complex projective
variety", Conference on Complex Anal-
ysis and Geometry, August 2021, NUS
and IMS, Singapore (online)

. 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, 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, “A surface in odd character-

istic with discrete and non-finitely gener-
ated automorphism group", Derived Cat-
egories and Geometry in Positive Char-
acteristic, June 30— July 06, 2019, the
Stefan Banach International Mathemat-
ical Center, Warsaw, Poland (in person).

“Minimum positive en-



10.

tropy of complex Enriques surface au-
tomorphisms", Special Session on Com-
plex Geometry and Dynamical Systems,
the Vietnam—USA Joint Mathematical
Meeting, June, 2019, the International
Center for Interdisciplinary Science and
Education (ICISE), Quy Nhon, Vietnam
(in person).

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, 2019, Schloss Elmau, Germany (in

person).

. R

1.

2.

HARRYY I F—L (HERYE) (23—
V- TIVF Yy a7 EEwAM] (SFHX
TR % 2 BEp Sk L7z, (BHEGE 1,2
)

L RFEEEY I —v UNMRIEEE,

ik & dhi O ) ZdEE L 72, (3T
JHRRRR 1,2 4R2E)

ST e T4 TR (RO —

ZOFRETBYT 4T —)DS>H, 2[d
Dk (ERREADARECRMAM) %
1727, (BTHIRRAE 1,2 4E42)

E. &1 - i
1.

(& +) BAKEE (Hashimoto Keijgo): &
=)V DN E N K3 i o H 2RO &
INEZY baE—IZDWT

(L) k% KR &% (Sasaki Yuya): On

real forms of Fermat hypersurfaces

F. X% — e 2
1.

one of NCTS Scholars (from January
2019)

2. one of editors of J. Algebraic Geom.

5.

. one of editors of J. Math. Soc. Japan

(by 2022 June).

. the vice chief editor of J. Math. Sci.

Univ. of Tokyo.
HASF 2P MERRESA
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6. SR FRE BRI EE ZAREE
(2021 4 6 H T 1)

7. AR R AT SHM AR ER
(2021 4£ 6 B T 1)

8. One of organizers of the international

/

conference "Recent Developments in Al-
gebraic Geometry, Arithmetic and Dy-
namics" June 2021, IMS, Singapore (on-
line)

9. One of organizers of "Session: Algebraic
Geometry and Related Topics" in Na-
tional Taiwan University-The University
of Tokyo, December 2021 (oneline)

10. NHK # > 7 1 VERE THBED» S 7 SHR
B (ER LA F ) ToEE (TR
B RBGEAMT] 202241 H 22 H)

A% & (KAWAZUMI Nariya)

A. fFFZEBEE

F7z 50 E Riemann HDEY 2 F 1 ZEE DAL
HEHS T EZ LIZH B, ITiElIE. Goldman
FEERE R Turaev RGN & OEIHI DIV — 7
RGBS KOCEHBEO B ARERFOR TN
ZREIARED Y —Z2JUMIHFEL TW5,

1. (REECK (BHBARAELIR) XL UA
HPMET G (FREHZAK - 2232) & O HLFEIBIY)
il b o> 2k 5D & B P iR OBz B 1
% Turaev RIEEHGESH DOFEIZ Bernoulli
BN S Z & &2 L. AR Z Bernoulli
BIZBI9 %5 Kronecker BHRA D —Mfb %
&L UFEH U 72 [B5).

2. FE 0 oSS S iz > W T, R
Bz X D REIREFIIZEI Y % Turaev RGN
BT vV NVERES X7 BT, Turaev
RIGIMED T VYV VFRTRERIEHEI N
=Dk, TNBHIDTHE 57z,

3. (Anton Alekseev K (Geneve K), A¥FIK
B £ U Florian Naef K (Copenhagen X)
& DILFESE) LR D E DU 6 7zl
3 v87 MHIAEICOWT, HliTH O AR D
R RO framing % WY1 [EE L
S EIT WIS S Vergne Mz &



AEU. EHIFE b =D Turaev R
IEEDY formal 2tk 2 D Z & ZFEA L
7z. &<z, EHIKRE b ¥— Turaev &4E
A IZ 3R 3 % Johnson YE[R A% il
MR N L — 22 &k 55 D L FE
T®» 3 [B1][B3][B6][B9]. F->T. #EiRiE
fAY Goldman fHIEDOI AL RE 52 5
ROIE, ZRIRTE - RIREB DA% & 7
52 e Z&FHL 72 [B2), M EOWFEDHI
EYE LTETRVWER 2D DMEDITS
nrzEgE o > %2 Ml IZ DWW T framing
DHRENE—HEHITHB T D EEEEM
DEEEAZFFE L (B4, 512, [B6]
DELDOHFNIH D BRIV A I V%
Turaev {2 & % gate derivative ® —Efii %
FWTAHAERIZ R U, [B6] DFEHH DAL
IS AL 2 17 5 7=,

4. (Christine Vespa [k (Strasbourg X) & ®
HFEME) BHRHEOE CRBEHEOR U NG
FEIAFREDT Y —IZDOWT wheeled PROP
MEZE AL B8],

5. (Arthur Soulié K (Glasgow K) & D4L[A]
W7%) GEEHORUNEZEIRED Y —
HTh-o-T, HHAK I FED Y —RBD
ECcHBEERSMWHERER L, 2o/
B ETO Tor BEFHEL 7,

My primary interest has been in clarifying
the topology of the moduli space of compact
Riemann surfaces. In this decade, I mainly
study various loop operations on a compact
oriented surface, which include the Goldman
brakcet and the Turaev cobracket, and the sta-
ble twisted cohomology of the mapping class

group and the automorphism group of a free

group.

1. (a joint work with Shinji Fukuhara
(Tsuda University) and Yusuke Kuno
(Tsuda University)) We proved that the
Bernoulli numbers appear in the value of
the Turaev comodule structure map at
the logarithm of a based simple closed

curve on a surface, and formulated and
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proved a generalization of Kronecker for-

mula for the Bernoulli numbers [B5].

. 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 [B7]. This was the first com-
plete computation of the tensor descrip-

tion of the Turaev cobracket.

. (a joint work with Anton Alekseev

(U. Genéve), 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 fundamen-
tal group and a suitable framing of its
tangent bundle, and gave a formal de-
scription of a regular homotopy ver-
sion of the Turaev cobracket on the
surface. In particular, the constraint
of the Johnson image coming from the
regular homotopy Turaev cobracket is
equivalent to that from the Enomoto-
Satoh trace [B1][B3|[B6][B9]. Moreover
we prove that any group-like expan-
sion inducing a formal description of the
Goldman bracket is conjugate to a spe-
cial/symplectic expansion [B2]. 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 [B4]. Moreover, using a dou-
ble version of Turaev’s gate derivatives,
we re-construct the double divergence,
which plays a central role in [B6], topo-
logically. This leads us to a topological
abbreviation of the proof of [B6].

. (a joint work with Christine Vespa (U.

Strasbourg)) We introduced a wheeled
PROP structure to the stable twisted co-
homology of the automorphism group of

a free group [BS].

5. (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

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

F. Naef: “The Goldman-Turaev Lie bial-
gebra and the Kashiwara-Vergne prob-

lem in higher genera', preprint, arXiv:

algebra with trivial coefficients. More- 1804.09566 (2018)

over we computed its Tor-group over the

C. OeEFEE
algebra.
1. A double version of Turaev’s gate deriva-
B. J&3i tives, Séminaire Algebre et topologie,

1. N. Kawazumi: “Some algebraic aspects 2019 4 10 A 22 H, IRMA, University

of the Turaev cobracket", ‘Topology and
Geometry’, edited by A. Papadopoulos,
EMS Publishing House, Zurich, 2021, pp.
329-356.

. 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. I. 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 C. Vespa: “On the
wheeled PROP of stable cohomology
of Aut(F,,) with bivariant coefficients",

preprint, arXiv: 2105.14497 (2021)
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of Strasbourg. (77 > A)

L=V R~ VIRIIAE & BGSERE, Thoede

2 T2 I a7 —2EMeNEHBMT)
2020 4E 2 A 12 H, &5 5B 2ot F S
VR —

. 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 2)

. Formality of the Goldman-Turaev Lie

bialgebra and its applications (3)(4),
Interactions entre algebre et géométrie
2020 4£ 2 A 26 - 27 H, IRMA, University
of Strasbourg. (77 ¥ X)

. A double version of Turaev’s gate deriva-

tives, Teichmiiller Theory: Classical,
Higher, Super and Quantum 2020 4 10
H 9 H, Centre International de Rencon-
tres Mathématiques. (7 7 Y A)(A ¥ Z

1)

. A double version of Turaev’s gate deriva-

tives, RIMS #5844 [Geometry of dis-
crete groups and hyperbolic spaces] 2021
6 H 2 H, WABKZBOERENIATERT (4
YIAY)

Db ARBRY - —— BERNRE O & R

A5, 2021 FEHERE THERZEORK
Jedii) 2021 4 6 H 19 H, AR =S F AL
(Avo1YV)

) = VENZ B S AL AH AT oD

RIMS H:[FIAFSE [EE%& M2 OFERE 11
2021 £ 9 A 8 H, H=E KZHBELMEN L
Ft - R SERZRBEZET (A1 V)



9. (AEFHER K & 3] BT ) —(RBk

Y&JT HAABZE2KERE DRI bARn
DR BRI, 2021 4

95]55,%%ﬁ%(i/74/)

A double version of Turaev’s gate deriva-

fFRBY—¥ 34— 2021 4£ 10 A

27 H, RBXKRZFELZEAR S RHEEE A E (W)

10.

tives,

D. %
1. BRI - [mEE, AR - R
(BB — % 1 R M % L Y)
2. Bl T Bl HITEE 1 C°° ZHAK
OAMMES X OUE, (RFH 3 LR
i)
ISR — ¥ A
1. igEsEs 1) —< 2 i B3 5 AL AH S
¥ OHEEA, 2021 # 8 A
2. Online seminar on Johnson homomor-
phisms and related topics &k A, 2021
10 A» 5
3. HAB 2 MEERER, 2018 £ 7 H
"o
HAS A 2B EMAECHERNZE R
8, 2020 £ 7 A5

e

G. %
1

2021 FEEHAKRF2BMPE (AFHENK L
I7])

i

AR ZFz (KAWAHIGASHI Yasuyuki)
A. TR
Jones DIEMEMEL ZHE VKT Z LIZL > THRE
AIRO IT; BERD R FER %2 E AT X 5 WARIK
Jt C* B2D commuting square DR %, K
HAfExRa=2Y - 7Ja—Ya yEDOEEELH
WTEHZ7Z., ZORED commuting square Xk
BRIZE o TSI N DT, HoMEE DT
LB DORERIC BN TD LD
7% commuting square Z 52 TW5Z & &Z/RL
2. THIEDIBAHELT, 520N HIAR
DFEER II; RO RrRE2EALT XS LER
ot C* BRD commuting square DO+ 5
ATz,
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‘We

dimensional commuting square of C*-algebras

give a characterization of a finite-
with a normalized trace that produces a hy-
perfinite type II; subfactor of finite index and
finite depth in terms of Morita equivalent uni-
tary fusion categories. This type of commuting
squares were studied by N. Sato, and we show
that a slight generalization of his construction
covers the fully general case of such commuting
squares. We also give a characterization of such
a commuting square that produces a given hy-
perfinite type II; subfactor of finite index and
finite depth.

B. FE#Ew X
1. Y. Kawahigashi, “A relative tensor prod-

uct of subfactors over a modular ten-

sor category”, Lett. Math. Phys. 107
(2017), 1963-1970.

2. S. Carpi, Y. Kawahigashi,
M. Weiner,
gebras to conformal nets and back”,
Mem. Amer. Math. Soc. 254 (2018), no
1213, vi+85 pp.

3. Y. Kawahigashi, “Conformal field the-

ory, vertex operator algebras and oper-

R. Longo,

“From vertex operator al-

ator algebras”, Proceedings of the In-
ternational Congress of Mathematicians,
Vol. III, 25972616, World Scientific, Rio
de Janeiro, 2018.

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

5. Y. Kawahigashi,

product operator algebras, anyons and

A remark on matrix

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

product operators, anyons and higher

relative commutants of

arXiv:2102.04562.

7. Y. Kawahigashi, Two-dimensional topo-

subfactors,

logical order and operator algebras, In-
ternat. J. Modern Phys. B 35 (2021),



8.

2130003 (16 pages).

Y. Kawahigashi, A characterization of
a finite-dimensional commuting square
producing a subfactor of finite depth,
arXiv:2111.14332.

C. HEaFEE

1.

. Tensor networks,

. Tensor networks,

. Tensor networks,

. Topological

. Tensor networks,

. Tensor networks,

Connections, subfactors and tensor net-
works, Fusion categories and tensor net-
works, American Institute of Mathemat-
ics (U.S.A.) [Online], March 2021.
commuting squares
and higher relative commutants of sub-
factors, Functional Analysis Seminar,
UCLA (U.S.A.) [Online|, April 2021.
commuting squares
and higher relative commutants of sub-
factors, Special Week on Operator Alge-
bras 2021, East China Normal University
(China) [hybrid], June 2021.

commuting squares
and higher relative commutants of sub-
factors, Special Session: Quantum
groups and algebraic quantum field the-
ory, International Workshop on Operator
Theory and its Applications, Lancaster
University, U.K. [Online], August 2021.
order, tensor categories
and operator algebras, MSJ-KMS Joint
Meeting 2021, [online], September 2021.
commuting squares
and higher relative commutants of sub-
factors, Subfactors, Vertex Operator Al-
gebras, and Tensor Categories, Insti-
tute for Advanced Study in Mathematics
(China) [online], September 2021.
commuting squares
and higher relative commutants of sub-
factors, 7EHZERH D O DR, R
HEfF [online], September 2021.

CMNEBOYUANET IV a— X O

¥, bR TAVRFEOBIE L Kk, B
FeAfifiBLEEHE [online], September 2021.

. Tensor networks and operator algebras,
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10.

1.

Complex geometry and related topics,
International House of Japan [hybrid],
January 2022.

A

dimensional

characterization of a  finite-

commuting square pro-

ducing a subfactor of finite depth,
UCLA

Functional Analysis Seminar,
(U.S.A.) [Online], February 2022.
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BERIFOWE 7O VYT 1 T S, W,
i, THR: BOEFMEEIZ LD AL
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SRWVHOARBIEHARED ART VI
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E. &+ - ftimx

1.

(Rt L) LN ZEl ¥ (YAMASHITA
Mayuko): Differential models for the An-
derson dual to bordism theories and in-
vertible QFT’s

. (fB%) B # % (SUI Hakui): The Uni-

versal Coefficient Theorem and The El-
liott Program for Unital Separable Nu-

clear C*-algebras

. (I 1) fE AL (MUKOHARA Miho):

C*-simplicity of relative profinite com-
pletions of generalized Baumslag-Solitar

groups

F. XMf5Es — A

1.

Communications in Mathematical

Physics @ editor.

. International Journal of Mathematics M

chief editor.

. Japanese Journal of Mathematics @

managing editor.

. Journal of Mathematical Physics @ as-

sociate editor.

. Journal of Mathematical Sciences, the

University of Tokyo @ editor-in-chief.

. Journal of Topology and Analysis @ ed-

itor.



7. Letters in Mathematical Physics @ edi-
tor.

8. Reviews in Mathematical Physics @ as-
sociate editor.

9. Mathematical Physics Studies (Springer)

D editor.

S NE S 6 RIS = I )

7% “Operator Algebras and their Appli-

cations” @ (2021 4F 4 H 1 H-2022 4 3

A 31 H) A —%F 1 -

Vv — 27 — VR B [REME 3 D8O |

(R RZRZ BB MR, AV T

A, 202041 H 2729 H) oA — 4+

A H—.

Theoretical studies of topological phases

of matter (FESKZZIEMEYIBLZERFSEHT, /N

47U v N, 2021 4£ 10 H 1822 H) ®

F—=HFAHF—.

M O~ R Y VO BRG] (R

HRFPRZHRER AR, A2 51 2,

2022 4E 2 A 22-25 H) DA —HF 1 HF—.

10.

11.

12.

13.

AH B¥ (KIDA Yoshikata)

A TSR

BEHORE D WL [ A BT B e 2 47 o 72,
FERME &, RO TE#RI NS AMBKT
B, BAFWEGRIC B 2 EEFROM&D, =
VT — NHEGRISHIGYI TH 5. TR FEYE

HRZEMAO HHERERICN S5, HudF e 2

BT 2METEHS. HTH, NRRRTE
# I N5 Baumslag-Solitar # (BS ) Ofiffsi%
To7z

BS(p,q) = (a,t | ta?t™" = a?).

ZIZTp,qlE2<p<qzim=dBETH5.
B (p,q) A LTEES BS BEATH N
FfEAE S e WS MEOERZ HIFL TV 5.

WEDOHMZET, BS B OREMERE R 22 A~ D H ]
HIFERIZR U, WL D OBuERTI AL & 2157,
FITHEBEIIRZDON, RTEHEINDIEY 2
7 —¥ERT m: BS(p,q) = RY TH%: m(a)
1, m(t) = q/p. BEDHILTIX, G = BS(p,q)
& H =BS(p,q) WHERMER S, kermg &

21

kermy PHERMETHE Z L 2R L. REE
i, kerm DEARR (p,q) ICNUTHERE Z X Fye
WCHIERMBTH B L DiEHE LD, £/,
D ERDB— BS FHHLERFIREN & S T DN T
EHUT-.

I am studying measure equivalence for discrete
countable groups. Measure equivalence is an
equivalence relation between discrete countable
groups, which is an ergodic-theoretic counter-
part of the notion of quasi-isometry in ge-
ometric group theory. This notion is also
closely related with orbit equivalence between
free probability-measure-preserving (p.m.p.)
actions of countable groups on standard prob-
I studied

Baumslag-Solitar (BS) groups defined by the

ability spaces.  Among others,

presentation
BS(p.q) = (a,t | taPt™! = a),

where p and ¢ are integers with 2 < p < g.
My goal is to determine whether BS groups are
measure equivalent or not for different param-
eters (p, q).

In my past study, I obtained a few orbit-
equivalence invariants for free p.m.p. actions of
BS groups. One of important notions in defin-
invariants is the modular homomor-
BS(p,q) — R} defined by m(a) =1
and m(t) = ¢/p. In my past study, I proved
that if G = BS(p,q) and H = BS(p/,q’) are

measure equivalent, then kermg and kermpg

ing those

phism m:

are measure equivalent. This year I wrote down
the proof that ker m is measure equivalent to
the group Z x F,, and considered whether this

claim extends to generalized BS groups.

B. F&&Ki
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),



CAREERF Ty I — N,

€29, 84 pp.

. 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.

¥ 70
(2018), 337-356.

. 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.

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

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

C. HEHFEE

1.

On treeings arising from Baumslag-
Solitar groups, Groups and Dynamics:
Topology, Measure, and Borel Structure,
MFO (KA, ¥ F4 &), 2022 4 1
H.

. BB E R O ME & Baumslag-Solitar A,

BN R kAt =, 2021 £ 11 H.

. BRI & WUOE R E RS £R D PR GENEE, 55 16

EAREL - T - ¥ ¥ I > —, Zoom T
DA VT A VM, 2021 2 H.

. An invitation to measured group theory,

%4 B A& I F—, Zoom TDA YV
Z 4 B, 2021 £ 2 H.

CHIEAN S FER RO D WT, AL

KEFH,FES, Zoom TDA Y T 1 B,
2020 4 10 A.

. Groups with infinite FC-center have the

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

. Groups with infinite FC-center have the

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

(3 4), 2019 49 H.
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8.

10.

1.

2.

e A B PR AN D,
2019 4 6 H.

KR, AR,

. (1) Orbit equivalence relations generated

by the Baumslag-Solitar groups, (2) Sta-
ble orbit equivalence relations, =)L I —
N BH G D Bl D ¥, SRR R R A it
%%, 2018 4£ 10 A.

Inner amenable groupoids, 7E &5
D el D HE e, HUES K S BOR M it 2R A
2018 £ 9 H.

. AR

BORRL IR (). MR 223 k-
THEIZRBEARFEIZOWTHEL -
(BB IR A )

FRELRECY 1 BB o, 178 R D e #7s
CIZOWTHEL - (BEEI NS
i)

R 20 AR DIEH, XTIV

M, T oAl iz onT#HRL -,
(BB IR S )

fEfT S XG - B evmBls: IV: BERUR &
18 7] L BR GR D AR F 78 FEE I DWW TR
U7z, BARENIZIIBANOANE 2o 72 (1)
HOHWAZ e ZOHARME. SL,(R)
& SL,(Z) (n>3) BAXZUHEHDZ
& (2) ARX MR D ORI EBEOEMIZ
B899 % Hjorth OEE (—D DO HRHH
FEWEWASEMEOEHORERE L & £
W), (3) MAaOEHE (h XX UEELD
HOBIANDIERIEEERE S D) £ ZDH
fERIFRIK T d % Adams-Spatzier @ & H.
(4) Gaboriau (2 & % 3 A b O HiGn (FA
HIAB L U “Treeings realize the cost” D
EH) (5) Margulis & Zimmer O Wil E #i
DB Mackey DIAEHEIZ & 5, Zimmer
DEBDOMEMN. (6) Furman O ¥+ —.
ZOIHE UT, @S o msE T
% HIE FMEFEORE, B KO, s H 5L
PEREHL. (B RFNG - 4 AR EEER)

LR T OE RS THEGE e =

o I— KB 90 4 x 10 [&, 2021 4E 10
A-11 A.



E. &+ - i
1. (L) B (ITO Kei): HEHFRIZ
fTHES 2 RE-HADABD Cartan FB4
R
2. (lBL) &N K (MORIKAWA Kota):
Graphon DS S X 7ZIBE S T 7 #
i & OVH BRE G AT REMEIC DWW T

G. ZE
1. AR AE, 2019 4£ 2 H.
2. HABMFREEFTE, 2018 £ 3 H.

I 817 (KOBAYASHI Toshiyuki)

A. WA

2017-2021 @ 5 ERFIZBWTIE, EIZTFD 3
F— < O AT, BETH 1,200 R—
DX %E LT,

1. WHMERNAERR OB & 2 HEE—E

fify ) —RED RO RBLD TR (ZBIL T,
EVERELGR 2> & E BIEER IC LS ¥ T r s S
AEREL [11).

1AL (GEME R B R ) RN 23 15 Bl oD B G oD B & 732
% K'-admissibility @ 175 ([Ann. Math.,
1998] O FEEHD 1 ) A%, EIBE+HEMET
HHIrTrTVIT 4y I RMOFEE
CHEHIL 7= [2).

1.B.(EMEREEER 2) YNE WY SRR R I % 5
RECHIR U 72 & S OBEHMEPAR - HFUTR D7
DOHESRM %5 Z [3,10,13], Kz, R
% £ DORBELO B DTS~ D RBLAE S EE
2H O —AZAENEROHRZEH L TAM
U7z,

1.C.(CE BB 1—xf FRVEm 4 Do) 1 I 3R)
HFMERNAEFAZEOH L WHERIE (F-method) %
RIEL, F LW EHAFZEDRE (Rankin—Cohen
PER R Juhl DIPARE L EHRD ML) %
R U7z (J[Adv. Math. 2015], [Selecta Math.
2016], [Lect. Notes Math. 2016]).

1.D. (8B 2— PRk D i o 73 R 5 G
NN ER %R 2, JERFERHZEETED T
ML, ERICHET I T I h2REL,
B. Speh & 3\ T Z D HEA D KLH % 5 2 7=
(Memoirs of AMS, 2015, 17 51{H~ D LR 133
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(2], I [0]), £7, WAME LT “Fu

7574y A OREE ALK (1], [Ann.
Inst. Fourier, 2020].

2. TEfwuhf
FHEORFDEF—T7THD [)—< VY
D Pt 2 B 7o AR I2DWT, Hr LWV
Iz 3 2 A7 MOV G O RS D T A
AT, TR e YEfE & U T, BEECRE O /EH
D A % 2 M9 % sharpness &\ D
MRE2EAL, SRt X A1 Iad—%EWMET
BEBMIMART 8T LEMERL, EiD i
[Adv. Math. 2016] Z ik L 7=, =512, KD
55 2 X [JLT2019] & U [Progr. Math. 2017]
TRaIV TR PR 2 FI D 72 3000 £ F SR ER D Rl e B
ZAEHIL, T EREEN LY — < R RzE
D ARZ MOVIENTIZIE- U 72 [12],

3. FEXSFRZERE D KR
NERDTA T« T E2AWT, FHEZEMW G/H O
ERIRBAA LP BN E 725 72D D BE+ 75
& H D 0%E G U [J. Euro. Math.
2015], TN % H P —OBE&ITHIRL 72
(Y. Benoist & :[F, B [4]). & 512 2B 3 &
3 [4] TR IR N 7 f R B S B 22 [ D 58 42 7 4y
BEAT, 43 [5] TIE, I e v S i
e eV AY, ) —AREX DGR 12 B9 2 ALAH M
8, YTV 71y 2 SRROEMNE e
WO WA RMANIEE, BLC, MEHAEAOMAY
mE e zhENFETH S Z & AL, &
51T [7,8] 2F LT,

For the last five years, I have been working on
the following research topics.
of

Branching problems

1. Restriction representations:

and symmetry
breaking operators

Branching problems in a broad sense try to un-
derstand the behavior of the restriction of ir-
reducible representations to subgroups. I pro-
posed in [Progr. Math., 2015] a general pro-
gram to advance branching problems for reduc-
tive groups, see [11] also for a survey.

1.A Concerning the discretely decomposability

of the restriction of representations, I proved in

[2] by using symplectic geometry, the converse



of one of the main theorems in my previous
paper [Ann. Math., 1998].

1.B I proved a criterion for finite multiplic-
ity /bounded multiplicity of the restriction of
‘small’ infinite-dimensional representations to
reductive subgroups in [3,10,13]. In particu-
lar, I classified the triples (G, H, G") such that
(G,H) is a symmetric pair and that any ir-
reducible H-distinguished representations have
bounded multiplicity when restricted to an-
other symmetric pair (G, G’).

1.C 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 formulase of covariant differ-
ential operators in various geometric settings
([Adv. Math. 2015], [Selecta Math. 2016], and
[Lect. Notes Math. 2016]).

1.D 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.

1.E As an “inversion” of the symmetry break-
ing, I introduced the concept of holographic
transform joint with Pevzner ([Ann. Inst.
Fourier 2020], [1]).

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 small deformation
of discontinuous groups. Further new ideas are
proposed in [Progr. Math. 2017], [JLT2019],
and [11,12].

3. Analysis on manifolds with group ac-
tions

This is a challenge to the global analysis on

homogeneous spaces beyond symmetric spaces.

24

Jointly with Y. Benoist [J. Euro. Math. ’15],
we proved a criterion for LP-temperedness of
the regular representation on G/H in the gen-
erality that G D H are pair of reductive groups,
and in [4] for general H. A complete descrip-
tion of nontempered homogeneous spaces G/H
with H C G reductive has been accomplished
in [5], and a further connection with other dis-
ciplines of mathematics has been explored in

[6]. Further references include [7,8].
B. FE&Ew X
(FRSCI 2021 FELABED H DD A% FL#KT 5. 2017

F ~2020 FE DI, #®ED Annual Report O
FAEFE TR, )

1. T. Kobayashi. Branching laws of unitary
representations associated to minimal
elliptic orbits for indefinite orthogonal
group O(p, q). Advances in Mathematics
388, (2021), Paper No. 107862. 38 pages.
DOLI: 10.1016/j.aim.2021.107862.

2. T. Kobayashi. Admissible restrictions of
irreducible representations of reductive
Lie groups: Symplectic geometry and
discrete decomposability. Pure and Ap-
plied Mathematics Quarterly 17, (2021),
pp- 1321-1343. Special volume in mem-
ory of Bertram Kostant.

3. T. Kobayashi. Bounded Multiplicity
Theorems for Induction and Restriction.
Journal of Lie Theory, 32, (2022), pp.
197-238.

4. 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), pp. 213-245, The University of
Chicago Press, 2022.

5. Y. Benoist and T. Kobayashi. Tempered
homogeneous spaces III. Journal of Lie
Theory, 31, (2021), pp. 833-869.

6. Y. Benoist and T. Kobayashi, Tem-

pered homogeneous spaces IV, preprint.



7.

10.

11.

12.

13.

14.

e
I

. T. Kobayashi and B. Speh.

35 pages, arXiv: 2009.10391. To appea
J. Inst. Math. Jussieu.

Y. Benoist, Y. Inoue, and T. Kobayashi,
Temperedness criterion of the tensor
product of parabolic induction for GL,,,

preprint. 14 pages. arXiv: 2108.12125.

LN AT, KRN FE 22 M (Tempered

Homogeneous Spaces), 2021 4 & H A%
FRAE RN B2 R T 7 A
k2 2 b, 14 pages.

. T. Kobayashi and B. Speh. Distin-

guished representations of SO(n+1,1) x
SO(n, 1), periods and branching laws. In
W. Miiller, S. W. Shin, and N. Tem-
plier, editors, Relative Trace Formu-
las, Simons Symposia, pages 291-319.
Springer, 2021. DOI: 10.1007/978-3-030-
68506-5-8.

T. Kobayashi, Multiplicity in restrict-
ing small representations, preprint. Proc.
Japan Acad. 98, Ser. A Math. Sci.,
(2022), pp. 19-24.
T. Kobayashi,

branching problems of representations,

Recent advances in

To appear in Sugaku Expositions, Amer.
Math. Soc. arXiv: 2112.00642.

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

T. Kobayashi, Multiplicity in restricting
minimal representations, preprint.

T. Kobayashi, Conjectures on reductive
homogeneous spaces, 19 pages. To ap-
pear in "Mathematics Going Forward” ,

Lecture Notes in Mathematics, vol.2313.

Symme-
try Breaking for Representations of Rank
One Orthogonal Groups II, Lecture
Notes in Mathematics. 2234 Springer,

2018, xv+342 pages. ISBN:978-981-13-
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2900-5.

2. T. Kobayashi. 7 H#E, f#d:) —Ho

RBGIZB T 2 R0 DR, In: R
Froa=%YRHEAMI , pages 214-242. &
HEE, 2018.

C. MEaFE&

1. Regular Representations on Homoge-

neous Spaces, (1.A.-1.E. TIXi&H X
ML, ARIGME 2 IZHBREHN, KEXR
T EUTRAELZDOTIDIZERE
®»%. ) 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).

Related Topics (organizer: 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.

27-31 May 2019.

Cetraro, Italy,

. Limit Algebras and Tempered Repre-

sentations. (2.A.-2.D. Tl X 7
MoV, WERIRMEZICHZDD, KEk
TR ELULTRAELZDOTIDIZERE
5. ) 2.A. (opening lecture). RIMS
Workshop: Lie Theory, Representation
Theory and Related Areas.
10 August 2021. 2.B. Limit Algebras

(online),



and Tempered Representations. (ple-
nary opening lecture). XIV. Interna-
tional Workshop: Lie Theory and Its
Applications in Physics.
line), 20-26 June 2021. 2.C. Limit al-

gebras and tempered representation. Lie

Bulgaria (on-

Groups and Representation Theory Sem-
inar. The University of Tokyo, 15 June
2021. 2.D. This is What I do: Limit
algebras and tempered representations.
Representation Theory & Noncommuta-
tive Geometry. AIM Research Commu-
nity (online), 8 April 2021.

. Global Geometry and Analysis on Lo-
cally Symmetric Spaces—Beyond the
(3.A.—3.K. Tidik
HAA MV, NERMEZIZRLZH, K
ERT—XEUTREALZDTI DIZE
t® 5. ) 3.A. Global Analysis of Lo-
cally Symmetric Spaces with Indefinite-

Riemannian Case.

metric. Colloquium, National Univer-

sity of Singapore. (online), 13 August
2021. 3.B. Sound of an anti-de Sit-
ter manifold. (opening lecture). In-
augural Day of the French-Kazakhstan
(online), 25
June 2021. 3.C. Global Analysis of Lo-

cally Symmetric Spaces with Indefinite-

school of Mathematics.

metric. Seminar. University of Padova,
Italy, 3 June 2019. 3.D. Global Anal-
ysis of Locally Symmetric Spaces with
Indefinite-metric. Okla-
homa State University, 3 May 2019.
3.E. Global Analysis of Locally Sym-
metric Spaces with Indefinite-metric.
Colloquium. Yale University, USA, 17
April 2019. 3.F. Semisimple Symmetric

Colloquium.

Spaces and Discontinuous Groups: What
I Learned from Professor Toshio Oshima.
KER MRS /L SMAER.
University, Tokyo, Japan, 26-27 Decem-
ber 2018.
tion and Applications” M. Vergne #({#%

Fl&% 4. Luminy, France, 8-12 Octo-

Josai

3.G. “Geometric Quantiza-

26

ber 2018. 3.H. Symposium on Repre-
sentation Theory 2018. Tottori, Japan,
13-16 November 2018. 3.I. Colloquium.
Hiroshima University, Japan, 6 Novem-
ber 2018. 3.J. (plenary lecture). The
Tohoku
University, Sendai, Japan, 28-31 Au-
gust 2018. 3.K. Glances at Manifolds:
Aleksy Tralle iR Bl W55 2. the
Jagiellonian University, Krakow, Poland,
2-6 July 2018.

65th Geometry Symposium.

. The Kemeny Lectures 2017, I. “Uni-

versal sounds” of anti-de Sitter mani-
folds.

cal to global-geometry of symmetric

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 orbits.
Representation Theory at the Crossroads
of Modern Mathematics: Alexandre Kir-
illov Z#% 81 il Wi <. Reims,
France, 29 May-2 June 2017.

. Symmetry Breaking Operators in Con-

formal Geometry. (6.A.-6.1. Tl i#i
A MV, NWEBMHEZIZRRED, KE
BT ELTHEHEAILAZDTIDIZEE
® %. ) 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 ZIBERIGMEESR). LR.M.A.,
University of Strasbourg, France, 22-
23 March 2018.

Joint meeting of X. Interna-

6.C. (opening lec-
ture).
tional Symposium: Quantum Theory
and Symmetries and XII. International
Workshop: Lie Theory and Its Appli-
cations in Physics.

19-25 June 2017.

Varna, Bulgaria,

6.D. (plenary lec-



ture), the XXXV Workshop on Geo-
metric Methods in Physics. Bialowieza,
Poland, 2-8 July 2017. 6.E. Symposium
on Representation Theory 2017. Isawa,
Yamanashi, Japan, 28 November-1 De-
cember 2017. (plenary lecture), H
A, 6.F. “Geometry and Analysis
on Locally Symmetric Spaces with
145 years of
Collo-

quium. Friedrich-Alexander-Universitéit

Indefinite-metric—after

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 Session on
Harmonic Analysis ("Olafsson ##% 65 ji%
FLRMIZEEESR). Atlanta, USA, 4 January
2017.

. F-method for Constructing Symmetry
Breaking Operators. (7.A.-7.D. T
AR A NIV, ARG 2 R BN,
RKERT—< e LUTIERLUARDTLI D
IZE &3, ) 7.A. Finite Multiplicity
Theorems and Real Spherical Varieties.
AR GRS Gl S B =, (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. & The 20th Hakuba
Workshop on Number Theory in 2017:
Automorphic Differential Operators on
Siegel Modular Forms (organized by T.
Ibukiyama @ 5 [A]3# f5z sk (5 ) D
2 D).
2017. )
20 August, 2021, Workshop on "Actions
of Reductive Groups and Global Analysis
(Online Tambara), August 17-21, 2021.

. Branching Laws for Infinite Dimensional

Nagano, Japan, 3-7 September
7.D. Holographic Transform,

Representations of Real Lie Groups;

27

10.

Symmetry Breaking Operators. (8.A.-
8.D. TIIFEH X A Mb, WAIXME %127
BN, RERTF—LLUTIEEILUARDT
1 DIz e®H5. ) 8.A. Joachim Hilgert
B RB R SIS S, Paderborn, Ger-
many, 23-27 July 2018. 8.B. (plenary
lecture). the 32nd International Collo-
quium on Group Theoretical Methods
in Physics (Group32). Czech Technical
University, Prague, Czech Republic, 9-13
July 2018. 8.C. Representation theory,
geometry, and quantization: the math-
ematical legacy of Bertram Kostant.
MIT, USA, 28 May-1 June 2018. 8.D. A
Program for Branching Problems in the
Representation Theory of Real Reduc-
tive Groups: Classification Problem of
Symmetry Breaking Operators. Repre-
sentation 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.

LRSI 72 FE %2 (Tempered Homoge-

neous Spaces). HARBF 2 F 2 BEURHT
FORRRREEHE (BIGKT, A2 71Y),
16 March 2021.

Bounded multiplicity in the branching
problems of “small” infinite-dimensional
representations, 5 October 2021. YV —#f
i BB IF— (FAVITAY), HH
K.
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)V IHEE, MBS, Taylor BERH, W5y,
Lagrange DARERTBIE, T BIE, M
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Lie Groups and Analytic Approach to
Representation Theory (V) —#f D KB



DN B & BT TFIE) GEE OB )
I explained some basic concepts in rep-
resentation theory of real reductive Lie
groups, and highlighted “multiplicity” of
irreducible representations occurring in
regular representations. I elucidated an
idea of the proof for the following theo-

rem by using simple examples:

geometry

<— representation theory,

real spherical +— finite multiplicity,

spherical

- BT XB (BRSO

Rl & Rt ], (B EBCAR 4 4R
), 202146 A 8 H

BCEZE XA, BOERIAGE, B 7 A

I “Heat Kernels and Dirac Operators”
(Berline, Getzler, Vergne) 8 £ U}, “Rep-
resentations of Semisimple Lie Algebras
in the BGG Category O” (Humphreys)
(BRLEBUERL 4 2R
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BT 2 WA D GHIE S Lie REAN DR
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(V% —FLDLF ¢ X —]
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Editor in Chief, Japanese Journal of
(H & # % £-Springer-
Nature) (2006 )

Mathematics

. Editor, International Mathematics Re-

search Notices (Oxford XFHiK) (2002
2021)

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

22 (HABCEL) (2006 )

. Editor, Geometriae Dedicata (Springer)

(2000~ )

. Editor, Advances in Pure and Applied

Mathematics (de Gruyter) (2008- )
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20.
21.

22.

23.

24.

Editor, International Journal of Mathe-
matics (World Scientific) (2004 )

. Editor, Journal of Mathematical Sci-

ences, The University of Tokyo (2007-

)

. Editor, Kyoto Journal of Mathematics

(2010-)

Editor, Representation Theory (7 X VU 7
B¥2) (2015-2019)

Editor, AMS Translation Series (7 XV
AF2) (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).

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).

SEST IR, TIESZE8 R B (2 18 &),
THSTFEE BP0 (& 14 & + J%&
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WEEER, BFEDOBRIE i, e, 7, (with 7
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-MRFORER Y]
HLEBEHRFEEOREZ B 2
Committee (International Prize, %
f, E4t) 2018.

» 3 EBREOREZES: Prize Commit-
tee (mathematics), 2019-2020.

H B EREZE2DOEMLAE, 2019-2022.

b HEBEEDOREZAS: Prize Commit-
tee (mathematics), 2020-2021.
ENEEZA: Prize Committee HAREY:

HEFHE - MFEAM (anonymous) (various
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HARZZ R T 2e & H Z A (2015
2017; 2017-2019)
HARRZE R Tse A S FTZ A (2007
2009; 2009-2011; 2015-2017; 2017-2019;
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26.
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28.
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31.

32.
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34.
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D—HORMEHLE
KIGfgtricBd 5+ 3+ —, (virtual £
FEE Y2 I+ =1 R), August 17-21,
2021 (%> 51 V).

A — 7> 4 ¥ —, Integral Geometry, Rep-

resentation Theory and Complex Anal-

resentation Theory,

ysis, Kavli Institute for the Physics and
Mathematics of the Universe, 27-28 Jan-
uary 2020.

A—=HFAF— BRV I F v —, 5§ 24 [H]
(KT IPMU, 2019 4 12 A); 2 23 [
(B0 K22 BOI, 2019 46 6 H) (with Y.
Kawahigashi, T. Kumagai, H. Nakajima,
K. Ono and T. Saito).

% —J %4 ¥ —, Summer School on Rep-
resentation Theory, V —FFDOFE/EA & X
IfRMTIZ B 5 I —, (virtual EEE
Bt I —w &), 1822 August 2020
(AvZ4v).

% —J 34 ¥ —, Summer School on Rep-
resentation Theory, V —REDRE/ER & K
W BT 22—, EEREREEI
F—= A, 20-24 August 2019.
F—HF 4 ¥—, Summer School on Rep-
resentation Theory, Y —FEDOF/EA & X
BT 22—, EFEREEE I
F—AB R, 19-23 August 2018.

F—7 %4 ¥ —, Summer School on Rep-
resentation Theory, V —FEDRA/EH & X
BT 22—, EEEEE I
F—= A, 16-20 August 2017.
A—=HFAHF— GRV I F v —, 519 [H
(FHB R ARG, 2017 4E 7 H), 20 [
CRIKRY, 2017 11 H) 58 21 [\ (F#EBK
SHRCEWE, 2018 4E 6 H), 522 1] (BRETK
%, 2018 4£ 11 H) (with Y. Kawahigashi,
H. Nakajima, K. Ono and T. Saito)
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1. HABCESHIRE (2019) TRZEOBIE |,
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2. TAVAIBF LT za— (2017) TR
U —RE DR & RGN 5 H#Ek
(Contribution to Structure Theory and
Representation Theory of Reductive Lie
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), - &EE),
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7k $7 (SAITO Shuji)

A. fFFZEBEE

T F — 7 B O M F XA BOR AT D AR 2
KgREETH D, TOEANLT AT 71
Grothendieck IZ & %% DT, 1980 412 Beilin-
son XEMIZFHRe LTENLLZ. TDOFH
i, EF—T7OBELITENDHIEDOIFHEE T
HLUTWE, EF—7OBIFEF 71y 7 aKE
OY— N3 EEN I RERn Y —Higk
AT, EF T4 v AFERY—E, AF—
LOIaFRED Y -BEROEME D, WYL H D
BWHEB #2723 AF—L4 X 1I28$ % Atiyha-
Hirzebruch B D A X2 ~VF|% 4 LT, Quillen
DRI K HEREBFRT 2 e PN TWS ¢

EY? = HY Y(X,Z(—q)) = K_,_4(X).

X MRk LS CTHEFINTH S & &, Bloch
DRI 1 27V % W TE S L 72 iR Chow B
NEF T4y 7arERY—0HEE2REZTZ
& %, Bloch-Lichtenbaum, Friedlander-Suslin,
Levine 725 73Rk U 7z. Voevodsky 1%, =ZAH
DM Z K5 L, %17 Beilinson ASHIFE L 72
Ji¥ET Bloch ® &R Chow BEZEAMT I & &
~U7z. LA UARH S Bloch @ EiR Chow #f &
Voevodsky @O#i%, Beilinson ® FIZ582 7%k



BEAEHGZDIENTERV. LWS50H, Vo
evodsky O HGiIE, A-AZE% KD Nisnevich
BOHBIZEDIVWTWBIZE2hb5T, — AT
B K IR RR2ZHFTAF-LIIHLT
FH P ALREN 2SRV LSTH D, *
Z T Voevodsky OMima itk U T, HEMAZHF
TAXF—LIZHUTEHREIh I UE 2T
FORELIMENPT 5 Z A EELRMEL
85,
oWy s hTIE, ZOMERRRT
572D —D2D ik LT, "MHEME" O %R
HLUTWa., 202l s720icn 200
WMeE2EATS. b LoMRAERIE2DHES M
RAF— L 2RO %3 B ED Nisnevich ET ‘%
% (transfer) EIFIEN2HEEZFEOHDZH D
ZSEENST &L, TOHRTALREMZ AT
THDODRT AT % Hlngs TRY. BED
Voevodsky DGR CARBEN R %EH 2 R7=4THD
THb. MEEI, Hlns 2 &8 NST O 75
B RSCnis 2T 5. 51, UMFD LSRR
Hlnis CIEES RVWHR 2G50, HIAE, Bo»
7 AR (FEEIAZR unipotent ¥ &R D Z
LEFT. BIZIEIERAX—L4 G,), Bk
DE QF, de Rham-Witt & W, Q! 2% RSCyis 2
B 5. X512, RSCri 1 NST 12 BT HA
NREERAREZWMBEETHUTED, TV
VKGR ZTWB DT, BERIOHEEH 5 H
ULWHEEZES Z ENTE 5.

Beilinson ¥R O R HILE TOED D 1
FREEWEDERN, TTIZVWL D2 DINE %5
TW53. Voevodksy 7 Hlyis (272 W UEEHA L 7=
Bex AR, akEn Y — Ok, o
FEOVY—DOHERAR, WohrhTo—Ty
TRA, Gysin RIIDOFAEZR LXK, RSO 12
PR T 5 icfILiz. ZomAE LT, A
F— L DHHNBEHIZIR -7z FER Y —DJE
BEBROBEIZEIIL 72, ZHIERRRBE L
L T, Grothendieck iZ X 2O RDED I &
ERY—IZZWT BIEGE SR, GrosiZL b de
Rham-Witt [ED I HRE B Y — 1272\ T BIEEE
BEELEDOTHD. £S5 —DO0IGHIE, HAEHE
DAFERY— EITREIIGDIEHZRREL -2
ETHDL., ZNTKD, HEE» SHTRNEH
REEEMK L7720, Bloch-Srinivas D727 = v
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JEHAVWTHELVWIRER Y —DOMBER 27T
ZEWZHE U (22 EFTRHATFEEE TORE
Th5).

MEREDOS 5> —D2>0ORHIE, 2w e ORE T
H5. HEROMHGIZ LY, FEHICET 2 /K
1D LERBDORDS, B 0IZEITSE 1O
S EROIENLRREEE T — 7 HmW
WA B Z EDAERIZAR 7=, AR T
5. HHEE F € RSCnis & k L8RS 5 h 7
2AF—LUIZEWL, bk OO A F—L4 X
LZDEDHNT « THT D OMl (X, D) %%
FTA=R—L$BFU) LEO714 NV L —Ya v
F(X,D) Cc F(U) B"E&Ens. FU)»U D
T — ~OVIEARRE 100 (U) OftEEAk o TR OB
B, ZTDOT7 4NV ML= 3 VIINNE-RHAE
L2857 5. ch(k)=0TFU)MU L
DI OESRBRDH/THDOEGEE, D7«
VU= a v idERO AN ERSE2E T 5. F
Nk EOMHBARBBTRIINIGAEIX, 0D
7 1)V b L — 3 v Rosenlicht-Serre 3% % L
EFEELTS. INODOFERIZEDZDT 1«
Vbbb —Yavid THER F 220w 5EF—
THMDIE T 4V L —Yay] 2ENS. &
SIZEF—TMMNDIET7 1 VL= 3 viZzn
U Zariski-Nagata Bl OMPMEEE 2R L7z, %
7= Abbes-Saito D IFHFEFHD HFIEIZ L D EFH X
NEZRDT4 NV L —varvk—HT5ILbxR
L.

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 :
EYT = HY (X, 72(—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 Hlyis 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 Hly;s as well as non-A’-
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
Kihler differentials Q¢ and the de Rham-Witt
sheaves W,, Q. Moreover, RSCyis 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-
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tive bundle formula, the smooth blowup for-
mula, the Gysin sequence can be extended
to RSCNiS.

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
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 ramification theory for reci-
procity sheaves which provides a unified frame-
work to understand wild ramification of charac-
ters of abelian fundamental groups in positive
characteristic and irregular singularities of inte-
grable connections of rank 1 in characteristic 0.
More precisely, for F' € RSCyjs and a smooth
scheme U over k, we defined a natural filtra-
tion on F(X, D) C F(U) parametrized by pairs
(X, D) of a separated scheme X of finite type
over k and a (possibly empty) effective Cartier
divisor D on X such that U = X \ D. If F(U)
is the group of characters of the abelian fun-
damental group 73"(U), we showed that the
filtration retrieves Kato-Matsuda’s Swan con-

ductor. If ch(k) = 0 and F(U) is the group

of integrable connections of rank 1 over U, we



showed that the filtration retrieves the irreg-
ularity of connections. If F' is represented by
a commutative algebraic group, the filtration
Moti-
vated by these results, we call the above fil-

retrieves Rosenlicht-Serre’s conductor.

tration the motivic ramification filtration of a
reciprocity sheaf F' € RSCyis. Moreover, we
showed that the motivic filtration satisfies the
Zariski-Nagata purity and coincides with an-
other filtration defined in the way as in Abbes-

Saito’s ramification theory.
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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-
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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.

. Theory of motives with modulus, Arith-

metic and Algebraic Geometry 2019 on
Terasoma’s 60-
th birthday, University of Tokyo, Tokyo
Japan, January 21-25, 2019.
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. Rigid analytic K-theory and p-adic

Chern characters, Workshop on arith-
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suke): Steinberg symbols and reciprocity

sheaves.

& 3% (SAITO Takeshi)

A. fFFFEmEE

AR DS D J& e Ak D 43 ISERE DB B 12 DN T
MR ADNTEHETE LI LTI OMHOHEREI—
BEOWZDT, RIEEEE Z OBMPGHIZ DWW
TORDFERZEEIBD, ZNETIT 300 R—Y
$TE7/. TOHT, Bk Lot ko x—
VIE OB A DU AR O RO 3 > 82 M
U0 HT U \WEEH % 1572,

FKAEHRE U 72 Frobenius-Witt %>, B D 2
F—LLOZX—VEDORRE, FIEREORERE
WZOWTDHRIDL 7)) —LR=IAKEZDT
WET L7z, HIHD 2 DITEELSREL TV S,

The foundation on the ramification groups of
local fields with imperfect residue fields was laid
last year by the definition of the characteristic
forms on the graded quotients. I started writ-
ing a book on the theory and geometric applica-
tions and nearly 300 pages are already written.
On writing, I find a new proof of the dimen-
sion formula for nearby cycles of étale sheaves
on curves over a local field without using com-
pactification of the curve.

I received referee reports on the three articles
submitted last year on Frobenius-Witt differ-
entials, singular supports of étale sheaves on
schemes of mixed characteristic and the graded
quotients of ramification groups and revised
them. The first two are accepted for publica-

tion.
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. Graded Quotients of

2. Wild ramification and the cotangent

bundle in mixed characteristic Eighth
Pacific Rim Conference 7 August, 2020
(7 A Y 7 online) Colloquium at Univer-
sity of Minesota, Feb 18, 2021.
Ramification
Groups of a Local Field with Imper-
fect Residue Field, January 7, 2020,
International conference on arithmetic
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I VRA)
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Pekin University. (H1[E)
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June 20-21, 2019. (Fa=Y7)

. Characteristic cycle of constructible

sheaves and restriction to curves. "Arith-
métique et géométrie algébrique", une
conférence en I’honneur d’Ofer Gabber,
a l'occasion de son soixantiéme anniver-
saire, & I'THES, Vendredi 15 juin, 2018.
(72 v &) Cohomology of algebraic va-
rieties CIRM October 19th, 2018. (75
VA)

. Characteristic cycles and the conduc-

tor of direct image, Interactions between
Representation Theory and Algebraic
Geometry, the University of Chicago,
August 22, 2017 (7 AU H) , p i
RED Y — EHEREMY, RAERKY
11 A 16 H, The Legacy of Carl Friedrich
Gauss, Dec 18, 2017, TSIMF, Sanya, (f
%) . 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,
HIEKRZERBELIF— 20171 A 26
H, 28121 BRE KRB b - &7
Fv I — 2017 £ 2 H 13 H, JAMI
2017 Local zeta functions and the arith-

10.

metic of moduli spaces: A conference in
memory of Jun-Ichi Igusa March 22-26,
2017 Johns Hopkins University (7 AV
77) , Fukuoka International Conference
on Arithmetic Geometry in 2017 April
20, (HA). Workshop on arithmetic ge-
ometry at Tambara 2017 May 22, (H
A) . Algebraic Analysis in honor of
Masaki Kashiwara’s 70th birthday THES,
June 9 2017 (7 5 v &) .

Analysis and Representation Theory — In

Algebraic

honor of Professor Masaki Kashiwara’s
70th Birthday — RIMS June 28 (HZA) .
Regulators in Niseko 2017, 2017 4 9 H
4 H. Tokyo-Lyon Satellite Conference in
Number Theory, Univ. of Tokyo, Febru-
ary 21 (Wed), 2018. &5 34 [ #F & id
R7—2 Y ay 7 ERRIZEEM ) 2018
£11 H 12 H (B) 5REBE Arithmetic
and Algebraic Geometry 2019 - in honour
of Professor Tomohide Terasoma’s 60th
birthday - January 25 (Fri), 2019 Bk
¥, CAS Beijing, September 4, 2019
(R ED

E. &+ - tE+iwx
1. (&%) ¥ Y8 (MATSUDA Koji): Tor-
sion points of elliptic curves over multi-

quadratic fields and cyclotomic fields

F. WAz — e 2
1. Tokyo—Berkeley Workshop on Number
Theory March 14-17, online % — 74
A H—
2. Journal of Algebraic Geometry, T 7 «
R —
3. Documenta Mathematica, TF 1 X —

. Japanese Journal of Mathematics, T 7
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1t H—

ik E— (SAITO Norikazu)

A. WEREEE

AIRERE, ARARGE, 207K X 2 IEE R
W iR BB, FiiZ, SARADMDRD
MHEZ BB 2B RA X — LA DRE L TDFH
RN, B &, BT D 72 ORI O M
FafToTWVWD., SHEEDELRIUTIRDEY .

1) Coulomb 7" — ¥ @ FT®D Maxwell fEAD
R AR U T, IRZE[MC DA REFE AR
fRMTIZHE DO BIRERAF - L2 MR L, TOFZ
Y MGEL 72, (H TR & OFEMEMIT)

2) ¥ — L SRR A D S RIEIZ D\ THESE
477 o 7=, BT, fictitious play 12%D < KIE
k2= AL, X512, Cole-Hopf Z#1% M L
REMICALU . RELUZEDAF—LOLEME
SRR ZZEHL 2. (RSN, LR, &
FHJAEH, Gl o L RYE)

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 applied the space-time finite element
exterior calculus (FEEC) to a time-periodic
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 approxima-
tion for solving the mean-field game equation.
In particular, we proposed a linearly solvable
finite difference scheme, applying the fictitious
play iteration and Cole—Hopf transformation.
The stability and convergence of the scheme are

examined. (This is a joint work with T. Kashi-



wabara, D. Inoue, H. Yoshida and Y. Tto.)
B. F#&Kim X
1. G. Zhou and N. Saito:

“Finite volume
methods for a Keller-Segel system: dis-
crete energy, error estimates and numeri-
cal blow-up analysis”, Numer. Math. 135
(2017) 265-311.

. T. Kemmochi and N. Saito:

maximal regularity and the finite ele-

“Discrete

ment method for parabolic equations”,
Numer. Math. 138 (2018) 905-937.

. M. Miyashita and N. Saito: “Hybridized
discontinuous Galerkin method for ellip-
tic interface problems: error estimates
under low regularity assumptions of solu-
tions”, J. Sci. Comput. 76 (2018) 1657—
1673.

. 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.

. 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.

. 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.

. 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: “Finite ele-
ment method for radially symmetric so-
lution of a multidimensional semilinear
heat equation”, Jpn. J. Ind. Appl. Math.,
37 (2020) 165-191.

. N. Saito: “Variational analysis of the
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10.

discontinuous Galerkin time-stepping
method for parabolic equations”, IMA J.
Numer. Anal., 41 (2021) 1253-1278.

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”, Int. J. Comput. Math.

C. MEaFE«
1.

Convergence of the immersed-boundary
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 I:HE#FZE (A6
) - BT 22 O B BT RR—BEER - 5K - b
F—, 2017 # 11 H 8 H-10 H, =&KX
BT A SE AT

. 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

- BEfREAT OFE, BUEMTE < —, 2018

5 38 H, HEKFRZEEER M

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-



10.

. Outlet boundary conditions

tional Taiwan University, Taipei, Taiwan
for the
Navier—Stokes equations, Mathematics
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

. The Keller—Segel system of chemotaxis,

finite element method, and finite volume
method, Colloquium (online), The Hong
Kong Polytechnic University, 17 May,
2021, Hong Kong.

. BUEFENTIZ BT DRk 2 il HDDOLD

R AT D I B F RO MZE 2 (on-
line), 2021 %46 H 24 H.

Analysis of the finite element method for
the Stokes problems with singular source
2021 EIMS

International Conference on Computa-

terms (plenary lecture),

tional Mathematics (online), Ewha Insti-
tute of Mathematical Sciences (EIMS),
Ewha Womans University, 25-27 August,
2021, Korea.

. AR

1.

. MRS

PR T - SHE - BUERRAT O A
% LR - SR LR O R,
BB, B A OINIERNE,
AN, (B - B 3 R
H¥. BOLHEE 2:353)
SO 1 - AR O
BT > T AR, (FIAHS - B 3
BRI . B B451)

IS XA - BB VI : w5

HEROEMRED —D>TH 2 EREFREIL
IZOWT DX POEERGFHEE LT, Btk
AN T 2 AREREZ RS 7. K
17, bEGEAL (R EERD) Pk,
FHRBRPOEAL, FOREMERIR
MEHS T U, —DDEER BRI,
Bk% 2228 LTk, SUPG(streamline up-
wind Petrov-Galerkin) %, GLS(Galerkin
least-squares) %, Douglas-Wang ED%

TENE - WORMVEREH 2 fF3 95 Z & Th - /-
(B R DG - 4 FAEIEEERR)

BB I — 10 - BB O AM (i
B HEARZER 3 4F)

- BB TL RS 5 R D BUEET

G HARRL AR 4 A7)

- BRZEWRSE © RIS T H TV D EAERNT

G e BRI RE 4 47)

E. &+ - iR

1.

GE®H +) = F X (MIYASHITA
Masaru): Some new approaches to the
finite element method for digital twins

of plasma

F. XMHZES — A

1.

FR K ERR SRS - B 7n T+
7 [E B sk B (WINGS-FMSP) 71
I HA—F 4 R =R —

B R R BRI SURE I e

BEFEEERE L 2 — vV X —K

3. Journal of Scientific Computing %8

. Numerische Mathematik fF$Z 8

5. International

Journal of Computer

Mathematics fREZE

. Japan Journal of Industrial and Applied

Mathematics fREEZE

. Journal of Mathematical Sciences, the

University of Tokyo fmfEZ 8

8. JSIAM Letters fitEZEE
9. HAMYE S tadEEATE

10.

11.
12.

B - R E S BOE FFSE D720 D
D8 - BEERERIE R iR 2021 (H AR
=, HASHBEY 2, MEtBEEERES)
2021 £ 11 A 13 H, ET£R
HAGHEH Y 2 HH, RKR2A
HAS B 2 TRIZEFART R & B
Br) WEgEile Eef

&M JZ (SHIHO Atsushi)

A. THFEE

B8 p > 0 DRk EORBE KL T,
o ORWa V8T MEDSERE 2 A 1
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Bz 2ax) vakskeEny—e —HL, GHK
YUYy RakeEry——HL, »OAEEER
W(k) L2 E50BRWEp#EarEO Y —
HERDS, RESMEIZ OV TOmMWMEED T TF
T2 EHMELEZ. ZopiEarErY —H
A DEARKMEE, BAEHX Chern HEHRIZDOWT
FlEmEERL TS, (V. Ertl K, J. Sprang
K& O ILFEFLE.)

We proved the existence of good integral p-adic
cohomology theory for algebraic varieties over
a perfect field k of characteristic p > 0 which
coincides with log crystalline cohomology when
it is smooth and has a nice compatcification,
which coincides rationally with rigid cohomol-
ogy and which is finitely generated over W (k).
We continue to study basic properties, concrete
examples and Chern class map of this p-adic co-

homology theory. (Joint work with V. Ertl and

J. Sprang.)

B. &K
1. V. Ertl, A. Shiho and J. Sprang:
“Integral p-adic cohomology theo-

ries for open and singular varieties”,
arXiv:2105.11009. (50 pages)

2. 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.

3. V. Ertl and A. Shiho: “On infinite-
ness of integral overconvergent de Rham-
Witt cohomology modulo torsion”, To-
hoku Math. J. 72(2020), 395-410.

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

5. 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)

6. H. Esnault and A. Shiho:

gent isocrystals on simply connected va-

“Conver-

38

rieties”, Ann. Inst. Fourier, 68 (2018),
2109-2148.

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

8. K. S. Kedlaya and A.Shiho:

gendum: Local and global structure of

“Corri-

connections on nonarchimedean curves”,
Compositio Math. 153(2017) 2658-2665.

C. MEa¥EE
1. BparsEo Y —HRIIOWT, ¥
2, FEREHERBEHE (XA T4

V), 2021410 H 27 H.

2. On integral p-adic cohomology, Alge-
braic geometry and arithmetic geometry
conference 2019, University of Science
and Technology of China(H[H), 2019 4
12 417 H.

3. 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 H
18 H.

4. On the

gral overconvergent de Rham-Witt co-

finiteness problem of inte-

homology modulo torsion, Workshop on
arithmetic geometry Tokyo-Princeton at
Komaba, KT RZEGBELRI AR,
20194 3 A 19 H.

5. On relative log de Rham-Witt complex,
Arithmetic Geometry and de Rham The-
ory, VAST(X FF 4), 2018 £ 12 A 4 H.

6. 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 > N), 2018 4F 11 H
13 H.

7. Overconvergence F-

isocrystals and families of algebraic vari-

and examples,

eties (a part of the Simons semester pro-

gram ‘Varieties: Arithmetic and Trans-



formations’), IMPAN Warsaw (R — 5 »
F), 2018 £ 11 A 12 H.

8. On de Jong conjecture, Arithmetic Ge-
ometry: [-adic and p-adic aspects, B E{
RERFHBER AR, 2018 £ 9 H
11 H.

9. 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,
IHES(7 7~ X), 2018 4 6 H 13 H.

10. Remarks on p-adic Fuchs theorem and p-

adic local monodromy theorem, &+t I
F—, HALKF, 2018 4 3 A 22 H.
. AR
L BFEI: SEARR—IZBWT, XRDF
Erandi, 1750, s 1 AR, 175
DWTHE L7z, (BB R)
2. BFEIL: A R AAZ—IZBWVWT, XRD¥
EWNFIT, 1740, # L RAR, 751
DWCHR L. (BB HTEEER)
3. WD AR - WD AR ORI
DWCHHE L., (BB ETHEEER)
C BERRBEENGR 1L - REE XD - e K€
0y —REOEBEHREIZOWTHHEL .
(B RFRE - 4 FAEILBGER)

5. BUAFRIGER 8 Tp MMy AREAAM] :p
R D E MR DR p E D TR
DIGEEHTH % p it Fuchs EHL & p i
FATE/ e I —@HIZDOWCH#EHEL 7.
(Erhidss, HER%, 2021410 H 25 H
~29 H)

E. &t - fftiw
1. (& L) £ i (WANG Peiduo) : On
generalized Fuchs theorem over p-adic

polyannuli

F. A fges — e 2
1. Journal of the Mathematical Society of
Japan fR%EZEE
2. s TR EGR & = DA (L
REFBERRTIIZET) EHEERER
3. FUAR K S BUH AR AT AFE 2 T 3 R e A B A 5
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[EHBRXA e Ia—F—HHDOHEMND |
ik e =

=K 8 (TAKAGI Shunsuke)

A. THFHEEE

A AEEEIFAEEL 0 DFR/NE T OVELEIZ Bl B 5 LN
DEZDWTHIZE U7z, Rk (udlk
%) LORFAMEICBNT, UTOMEEE:.
(1) Esnault-Viehweg &, 2 ¥RI0R #bi A 52 m
WINERTHI-ND Z & %L 7-. Esnault-
Viehweg Difinz H W5 &, —HBRTTH HER
7 7 4 N—= Q-Gorenstein TH UK, EHA
REMNEETHREZ-NEZ 2 REINSE. FHix
W, AT S R B R B AN S AR R A
EOERCTHRIEND I L EHH L. ZZTH
BB R R R A 2 1, B R R R R DI
Q-Gorenstein DIFE~ND—MILTH S, T D
RDFRE LT, Esnault-Viehweg D H D K22
PEIRTDOHENDILEIF S NG,

(2) AHERTIE, ERT 7103 =0 Q-
Gorenstein TH 1K, AL B HER 5 50130
ERTHEINDZ L ERLUEZ., BAIERESD
INBTZBIL T, Bk T 7 1 N — D SR
BEEHOR O, BT 7 A N—IEAERW
NBPIEHERF RS A FFDOZ L 2FEHL 2. Z ZTfF
B M B HE R T T 2 0, RO R B D JE
Q-Gorenstein DHEND—ILTH 5. T OfE
RORZRELUT, AAOKHROIEMIFREDOLE
ANOHRBF SN 5.

This year I have worked on deformation prob-
lems of singularities in the minimal model pro-
gram. In particular, in joint work with Kenta
Sato (Kyushu University), we prove the follow-
ing two results.

(1)

dimensional

Esnault-Viehweg proved that two-

log terminal singularities
Their

argument tells us that an analogous statement

are

invariant under small deformations.

holds in higher dimensions if the generic fiber
is Q-Gorenstein. As a generalization of this
result to the higher dimensional base case, we

prove that valuatively log terminal singulari-



ties are invariant under a deformation over a
smooth base. Here, valuatively log terminal
singularities are a generalization of log terminal
singularities to the non-Q-Gorenstein setting.

(2) S. Ishii proved that isolated log canoni-
cal singularities deform to log canonical sin-
gularities if the generic fiber is Q-Gorenstein.
As a generalization of this result to the non-
isolated case, we prove that if the special fiber
has log canonical singularities, then the generic
fiber has valuatively log canonical singularities.
Here, valuatively log canonical singularities are
a generalization of log canonical singularities to

the non-Q-Gorenstein setting.
B. &5

1. K. Sato and S. Takagi :

of log terminal and semi log canonical

“Deformations

singularities", preprint (2022).

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

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

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

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

plane sections of threefolds in positive

“Finitistic test ideals on nu-

characteristic”, J. Inst. Math. Jussieu.
19 (2020), no. 2, 647-661.

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

7. S. Takagi and K.-i. Watanabe : “F-
singularities: applications of character-
istic p methods to singularity theory”,
Sugaku Expositions 31 (2018), 1-42.

8. 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. Japan, Tokyo,
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10.

1.

2017.

. 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.

V. Srinivas and S. Takagi : “Nilpotence
of Frobenius action and the Hodge filtra-
tion on local cohomology”, Adv. Math.

305, (2017), 456-478.

- HEHFER
1.

Kodaira vanishing for thickenings of
globally F-regular varieties, IIT Bombay
Virtual Commutative Algebra Seminar,
FVI4v,2022F2H.

- IERUA R 2 75 DR B O R FHRE IS D

\J\T, ﬂ@%?w@%ﬁbmgﬂ@,& 3 j___’ *
B ve K&, 2022 41 A.

W

REF XH - RBOEEAY © 2016 12 Yve
André 12 & - TEMK TP G T I fF
PENTER, (RO ARG H 23
HERLTWD. KFEX T, E Linquan
Ma & Karl Schwede IZ & > TEA I N7z
BESOREEROEHREMRNL, FIREX
ERUNE TOVELER 2B B R A D T
DT DWTHEFLL 2. Ma-Schwede @
HERIZEERORRESAOMB/THS F i
BEGHE THEIZLTWADT, FRES
FIZDOWTEME L 72, (BORAFBL - 4 4

AIEFER)

. BRI B - AR T AR
DEWRIFIZODVWTHEBLZ. (BEET
HTHAARAE A 28

- BORREUE R K OV R O R 8GR 0

BHREIZODVWTH#HEL .
HARER)

(BEZEME

- B - TR ICBE T S

BefTl o7z, (BEFE BARRERL
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% B\ T, Ma-Schwede DRI DR 55
I DWTHRH L7, (BART - Sl
#-9H6~10H)



E. &1 - tim
1. (f8L) 3 F A (KAWAKAMI Tatsuro):
Studies on the Bogomolov-Sommese van-
ishing theorem and Du Val del Pezzo sur-
faces in positive characteristic.
2. (L) &Il ¥ (YOSHIKAWA Shou):
Studies on algebraic varieties admitting
a polarized endomorphism and the min-
imal model program in mixed character-
istic.
F. A fge s — e 2
1. Algebra & Number Theory fEZH.
2. Journal of the Korean Mathematical So-
ciety ffEZH.
3. BASZ2RBUEE M2 EEEE.
4. BEEEE TS .
5. SCHRRLEE BEAEAN - EATBURMISTAT B
FRAE A v X — EM AR
6. RFEAHEGR 2 I - — HEEA.
LR TR O L Wilea ke I —
I 11 (KBemisz k% -1 H 12~14H,3 A
9~11 H - N1 7V v FEA) {HEEA.

EN|

K
i3

1. 2019 B H AR A 2R EE, ZEEH
M0 DR F R

2. WK 29 MR R 7 B O SRR K E
KA TFREHRE, EHEEH EEROF
% N 72 U BT 2 Bl 2 R A
AR

=W B (TAKAYAMA Shigeharu)

A. WA

BERELREREOEEH f: X — Y IIHL, Fr
HIZ7AN—FMIILDESNS Y EORK, £
IEZNIZET 25 0L BIGHIZBWTH
N, TOWEIFNH EATRTHS. Lz X O
ERIERR, h 2ZD—2DTLI—bEEET
5. 77 AN—RSIT X VIEGRE f.(Kx/y ® L)
ik (FHECIX Y b 29 ) Ax—FEA L) &
W L2 EHE g HAS. fAES B TRVESEICIE
g BRREZ/EB 5. LELESHOHMRE
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DFT, g DRFRMELEA IV RTH B Z &R
INTVWS. ZHIZELT, SEEITROMER%
fG7-. Y IZHBAMAMR {t € C; |t| <1} &L, f i
Y\{0} E@Eod, f: X - Y IF¥ELELT 5.
IDEE f(Kyy ® L) O L? G158 g 135K
0 D& b T Mumford DEIE T good TH 5.

For a holomorphic map f : X — Y between
complex manifolds, functions on Y obtained by
fiber integrals appear quite often and are im-
portant in various applications. We let L be a
holomorphic line bundle on X equipped with
a Hermitian metric h. Then the direct im-
age sheaf f,(Kx/y ® L) admits a canonical L*-
metric g obtained by fiber integrals. This g can
be singular if f has singularities. It is expected
that the singularities of ¢ would be mild under
some reasonably weak assumptions on f. Our
result is as follows. Suppose Y is a unit disc
{t € C; |t| <1}, f is smooth over Y \ {0}, and
f: X — Y is semi-stable. Then the singularity
of the L?-metric g on f.(Kx,y ® L) around the
origin 0 is good in the sense of Mumford.
B. FEFEw X
1. S. Takayama: “Singularities of L?-metric
in the canonical bundle formula”, Amer.
J. Math., accepted.

2. S. Takayama: “Asymptotic expansions
of fiber integrals over higher-dimensional
bases”, J. 773
(2021), 67-128.

3. S. Takayama:

reine angew. Math.,

“Moderate degeneration
of Kéhler-Einstein manifolds with neg-
ative Ricci curvature”, Publ. RIMS. 55
(2019) 779-793.

4. S. Takayama: “Moderate degenerations
of Ricci-flat Kéhler-Einstein manifolds
over higher dimensional bases”, J. Math.
Sci. Univ. Tokyo 26 (2019) 335-359.

5. S. Takayama: “A filling-in problem and
moderate degenerations of minimal al-
gebraic varieties”, Algebraic Geom. 6
(2019) 26-49.

6. M. Paun and S. Takayama: “Positivity



. G. Heier and S. Takayama:

of twisted relative pluricanonical bundles
and their direct images”, J. Algebraic
Geom. 27 (2018) 211-272.

“ Effec-
tive degree bounds for generalized Gauss
map images”, Advanced Studies in Pure
Math., Math. Soc. Japan, 74 (2017) 203—
235.

C. HEHFEE

1.

. Moderate

. Moderate

Asymptotic expansions of fiber integrals
and applications, 55 15 [FREL - it - %%
s I —, EIRERE, 2020 42 H.

. Asymptotic expansions of fiber inte-

grals and application, Birational geom-
etry and moduli spaces, F—A ~ 71U 7
(¥ F=—K%¥), 2019 4 12 A.

. Asymptotic expansions of fiber inte-

grals, Tianyuan International Workshop
in Several Complex Variables H1E (&),
20194E 7 H.

. Degeneration of Kahler-Einstein mani-

folds, 2018 International conference on
complex geometry and several complex
variables, Chinese Academy of Sciences,
FE (b)), 2018 £ 7 H.

of  Kahler-
FEinstein manifolds, Mini-workshop on
Complex Geometry, KIAS, &E (V ¥
V), 2017 F 12 H.

degeneration

of Kéhler-
Einstein manifolds with negative Ricci
curvature, £ 23 [EIEREM S 2RIV L,
AN SCA2EE, 2017 42 11 H.

degeneration

.7 7 AN — 2R DM ERE R & TR R,

REUEFY VRV T L, RIRKRE:, 2017 4F 9
H.

. Moderate degenerations of Calabi-Yau

manifolds over higher dimensional bases,
Analytic Methods in Algebraic Geome-
try Day, Northwestern Univ., ¥4 3, 7
AV AERE, 2017 3 H.
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1. MR 1 EERBEBGRO I R N,
EHIME, 33— — o T, BRTHE L
CEZOVWTHEBRE LR, (B 2 £4 (B
1))

2. BORRLIAIGRE - @R THARZBED S5 RF
TEIBENDBEL LR 2#ELT-
7o, (BEETFHATHHIRR )

3. WAMAY  BURREIEIc s Ehi &, &
MECHEE U707 - B % R IR S B 7l
FORRKZHE Z T HFEZOVTHEHEHEL
7o, (BEEFIAHIEER)

F. MfsE s — e 2

1. (Organizer) 5 22 [A]2 28 $0E R b 5511
VURIT L, AT VM, 2021 £ 7
A.

2. (Organizer) MEREMFADFEME IT) |
170y FH#E (KIKBZRFEBE O A >
74 ), 2021 £ 9 H. mERZE LR AT
WA RIMS SRS (AFRL), KPRz
REFBEAW TR

3. (Organizer) % 27 [AI#EHEEM >V RT Y
YNAS VIR NON TN R S
V54 ), 2021 4 11 H.

4. (Editor) Forum Mathematicum.

it i (TSUJI Takehi)

A. TR

p & Hodge ¥, p#IFER Y —fab L UZh
5 DIRFAIZ D WTHIZEL TWA. Bhatt-Morrow-
Scholze Z & %% p # Hodge Hig D Hr L Wi
A TOH/RBHERADT 710 —F 1%, Morrow K
& DILEME TRIGRIT ARG 5B AL M
%t BKF Jn## & Bhatt-Scholze %% A U 7z pris-
matic cohomology @ HARLRE L LTH S DN
% prismatic crystal 234 %. Frobenius ##& {7
ETI, MEVPRBNICEBERETHL L%
REEWE LU LERXTHALZ. ZOIFRE
oY —DIRIEARRMETH D, TOEfFE L
T, T q¢— 1 DPEBFERNTFOMERLIC SR ET
q Bife, q-Higes Ha > — M FiEE2EEL,
Poincaré O ZFHL7Z. o Z2HWT, #



JEERDS g-crystalline prism ECTEZRI N T W5
£1Z, prismatic crystal X ZDIAFEBT Y —D,
bounded prismatic envelope £ ® g¢-Higgs MIEE
¢ g-Dolbeault #k% W3k 2 5.2, D
M UTEROZDOFREHEHHO I RET Y =
—HTBHZLERLUT.

Takeshi Tsuji is working on p-adic Hodge the-
ory, p-adic cohomology, and their applications.
There are two approaches to the coefficients
for the new framework of integral p-adic Hodge
theory by Bhatt-Morrow-Scholze. One is rela-
tive BKF-modules introduced in the joint work
with Matthew Morrow. The other is prismatic
crystals which naturally appear as coefficients
of prismatic cohomology theory by Bhatt and
Scholze. We have proved that their categories
are equivalent globally in the second version of
our joint paper released in 2021. It is then natu-
ral to compare the cohomologies. Takeshi Tsuji
developed a general method to deal with ¢-
connections and ¢-Higgs fields on é-rings with-
out assuming ¢ — 1 is a non-zero divisor, and
then proved Poincaré lemma. By using this
method, he gave a local description of a pris-
matic crystal and its cohomology in terms of
a ¢-Higgs module and its g-Dolbeault complex
on a bounded prismatic envelope when the base
prism is defined over g-crystalline prism. As
an application, he proved a comparison isomor-
phism between the cohomologies for the two

theories of coefficients mentioned above.

B. F&Em X

1. M. Morrow, T. Tsuji, Generalised rep-
resentations as g-connections in integral
p-adic Hodge theory, arXiv:2010.04059,
submitted.

2. T. Tsuji, Crystalline Z,-representations
and Ains-representations with Frobenius,
the proceedings of Simons symposium:
p-adic Hodge theory 2017, Springer 2020,
161-319.

3. T. Tsuji, Saturated morphisms of log-

arithmic schemes, Tunisian Journal of
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Mathematics 1 (2019), 185-220.
4. T. Tsuji, Notes on the local p-adic Simp-
son correspondence, Math. Ann. 371

(2018), 795-881.

C. MEEFE«

1. Integral cohomologies in the p-adic Simp-
son correspondence, Arithmetic Geome-
try - Takeshi 60, K, 2021 4£ 9 A

2. Coefficients in integral p-adic Hodge the-
ory via generalized Aj,¢-representations,
p-adic cohomology and arithmetic geom-
etry 2019, ALK, 2019 4F 11 H

3. Coefficients in integral p-adic Hodge the-

ory, Arithmetic Geometry in Carthage,
Tunis, Tunisia, 2019 4£ 6 A

. Coefficients in Integral p-adic

Hodge Theory via Generalized Ajp¢-

representations and g-connections,
Simons symposium: p-adic Hodge the-
ory (2019), Elmau, Germany, 2019 4 4
H

5. (¢,T')-modules and formal moduli for
Lubin-Tate formal groups, Workshop on
arithmetic geometry, Tokyo-Princeton at
Komaba, the University of Tokyo, 2019
H3H

6. p ¢ Simpson Xfit, REFIEBEEGR L D
JA, FER BN AR SE AT, 2018 4R
11 H

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

8. The relative Fontaine-Laffaille theory
and Ajyr representations with Frobenius.
Algebraic K-theory and arithmetic, Pol-
ish Academy of Sciences Conference Cen-
ter, Bedlewo, Poland, 2017 4£ 8 H

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

#5H
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DWTOEAMGESR. M EHEY, $EE?
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2. PR R L LR AR D
Wik 2 Y, (BEEHATHERR S, R
2, 3%, S1)
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W 7a &z thote. (BEEFIRH AR
%, MR 2, 34, S2)

4. BFFREMER Y. MO 1 - AR
B 1 OWEYE. M2 HEY. (BEFHE
WIRRFERS SR, FERL 2, 3%, S2)

5. WM E 2. WMOMDFDHERE. LK
B DME (~v 2174), BERS, MIRHK
B, RERD R EEH- T2, (BEFHHET
WIS, BRL 2, 35 A)

6. WML FHE WO T 2 DEE.
EA AT R, BERL 2, 38, A)

7. REF XE - SSRGS I p &
Hodge iR Di#%. Poincaré D4 % H
W7z de Rham OEEDFERIZIE Beilin-
son OFiE % BT 5 AWM » SBNA L
To. (BERKRYPL - 4 FHIEFER)

(&

F. SAMZEY — e A
1. Journal of Mathematical Sciences, the
University of Tokyo, TF 1 & —
2. Journal de Théorie des Nombres de Bor-

deaux, TF 1 X —

B3h #% (TOKIHIRO Tetsuji)

A. WF7EmE

MEFEDOBIHET VIZHWT, MEED/ X —
VORI EER L, ZOBHETIVIE, BED
in vitro EEIZED & MEFEREO ME DM E
& Sy IS M AE i S oD N R AR S 02 & - T
IND EME L. MR RO B2 % 8N
W iR EHWCERLZEDTH D, BK
DRR—iF, MRS ZIZ & 2 AR O ARG 5
FE. AR <RI L, X S A ok
ZHKIFT 5, MEOHERONEEZEATZZ
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LT, MEMEY N7 =2 HNOEDKE X DR
WA % I & A R ARE O (2 B L Cafkin
Uiz, E72. BoNENX—VOR#E<ILVF 7
7 ZIOVIRGLTE & & F\WTaM L7z,

We discuss the characteristics of the patterns of
the vascular networks in a mathematical model
for angiogenesis. Based on recent in vitro ex-
periments, this mathematical model assumes
that the elongation and bifurcation of blood
vessels during angiogenesis are determined by
the density of endothelial cells at the tip of the
vascular network, and describes the dynamical
changes in vascular network formation using
a system of simultaneous ordinary differential
equations. The pattern of formation strongly
depends on the supply rate of endothelial cells
by cell division, the branching angle, and also
on the connectivity of vessels. By introduc-
ing reconnection of blood vessels, the statistical
distribution of the size of islands in the network
is discussed with respect to bifurcation angles
and elongation factor distributions. The char-
acteristics of the obtained patterns are analysed
using multifractal dimension and other tech-
niques.
B. F#Ew X
1. Jun Mada and Tetsuji Tokihiro, “Pattern
formation of vascular network in a math-
ematical model of angiogenesis 7, Japan
Journal of Industrial and Applied Math-
ematics. Published online: 18 November
2021;  https://doi.org/10.1007/s13160-
021-00493-9
2. Yuri Kominami, Tatsuya Hayashi, Tet-
suji Tokihiro and Hideki Ushio, “Pep-
tidomic analysis characterising proteol-
ysis in thaw-aging of beef short plate
"Food Chemistry: Molecular Sciences
Volume 3, 100051 (2021).
3. Ryo Kamiya, Masataka Kanki, Taka-
Tokihiro,

“Coprimeness-preserving discrete KdV

fumi Mase, and Tetsuji

type equation on an arbitrary dimen-



10.

sional lattice ”J. Math. Phys. 62,
102701 (2021).

. Kohei Higashi, Junkichi Satsuma and

Tetsuji Tokihiro, "Rule 184 fuzzy cellu-
lar automaton as a mathematical model
for traffic low*, Japan J. Indust. Appl.
Math. 38, (2021) 5794AS609.

. Yuri Kominami, Tatsuya Hayashi, Tet-

suji Tokihiro and Hideki Ushio, “A
Novel Analysis of the Peptide Termi-
nome Characterizes Dynamics of Prote-
olytic Regulation in Vertebrate Skeletal
Muscle Under Severe Stress "Proteomes
2019, 7(1), 6.

. Naoko Takubo, Fumitaka Yura, Kazuaki

Naemura, Ryo Yoshida, Terumasa Toku-
naga, Tetsuji Tokihiro and Hiroki Kuri-
hara, “Cohesive and anisotropic vascular
endothelial cell motility driving angio-
genic morphogenesis ”Scientific Reports
volume 9, Article number: 9304 (2019).

. Masataka Kanki, Takafumi Mase and

Tetsuji Tokihiro, “On the Coprimeness
Property of Discrete Systems without
the Irreducibility Condition”, SIGMA 14
(2018), 065, 17 pages.

. Ryo Kamiya, Masataka Kanki, Taka-

fumi Mase, and Tetsuji Tokihiro, “A two-
dimensional lattice equation as an exten-
sion of the Heideman-Hogan recurrence”,
J. Phys. A: Math. Theor. 51, 125203
(2018) (16pages).

. Tatsuya Hayashi, Tetsuji Tokihiro, Hi-

roki Kurihara, Fumimasa Nomura and
Kenji Yasuda, “Integrate and fire model
with refractory period for synchroniza-
tion of two cardiomyocytes”, J. Theor.
Biol., 437, pp.141-148 (2018).

Tatsuya Hayashi, Tetsuji Tokihiro, Hi-
roki Kurihara and Kenji Yasuda: “Com-
munity effect of cardiomyocytes in beat-
ing rhythms is determined by stable
cells”, Scientific Reports 7, 15450 (2017).
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C. HEaFEE

1. “IMEH LB E TV, 4 42 [A] MCME
Iy —, REHRFZLETY & —,
20214, TH21 H

2. “Mathematical model for the dynamics
of endothelial cells in angiogenesis”, The
38th JSST Annual International Con-
ference on Simulation Technology, New
Well City Miyazaki(Miyazaki, Japan),
November 5-7 (2019).

3. “MEHAEDBILE TV, AR BT
DL, JUKIGHEIZMZERT, 2019 4F,
10 H31H

4. “AIMaP WZEE 20 & 555 55 @l & 3 7] i
BN AT - PR E A Z B 2019,
Fo A —7 Vo8V A, 2019 4F, 3 A 10 H.

5. “WREIZ BT BERA & HERIAME” ) & SR AT
DSEHERER YT,  JUMREE, 2018 4E 9 A
10 H.

6. “Co-primeness preserving extensions of
discrete integrable equations”, The 12th
AIMS Conference on Dynamical Sys-
tems, Differential Equations and Appli-
cations, Taipei (Taiwan), July 5 - 9
(2018).

D. %
1. BAGBOEIT - JEAE0H : eV A— b= b
Y OBIE TN ADRRHIZ D WTHI L
7. (BORRZERG - 4 FAEEER)
E. &+ - i
1. (L) WH —I% (SAKAI Kazuma): A

mathematical model for the dynamics of

endothelial cells in angiogenesis.

F. WAzEs — e 2
1. Discrete Dynamics in Nature and Soci-

ety, editor.



i #E (HIRACHI Kengo)

A. fFZEEEE

SEE I CR AR R AL & % Bl Ao
HiEZHWCHRT 2 HHEEER L, ThET
FEMERDRFRALRT, 2TORKICLS A
=) VI TRZEREDE CRAZLEL UTESE
UL TE 72, UL QHIRD Ty -
ANDEHATIRZERMBEBUZ LB AT —Y v 7T
DAFAEIRTT AL R E ST 20 ERH D L
WS o7, TNODAEREZEKT 57
DIz, FTEMILROL EFMBERIZ LD AT —
VU 7T AREME A MR L 72, £ L TR
DYy MIBETLLHAL LTHWALRER
WBU7-, JeHE LT3t CR &Mk EDw 7 —
W D R D B4 D 5 TEH %2 BARKIZ KR U 7.

I have studied the local invariants of contact
forms on CR manifolds. By definition, the lo-
cal CR invariants are local invariants of con-
tact forms that are covariant under the scal-
ings by all smooth functions. However, in view
of the applications to the @-curvature and the
Szegd kernel, it turns out that a weaker notion
of invariants — that are covariant only for the
scalings by pluriharmonic functions — are more
useful. To describe such weak invariants, I con-
structed a normal form of contact forms under
the scalings by pluriharmonic functions. Then
I expressed the weak invariants as polynomials
in the jets of the contact forms in normal form.
As an application, I wrote down the asymptotic
expansion of the Szeg6 kernel on 3-dimensional
CR manifolds up to the 5th order.
B. &KX
1. b {5 CR 4, PR MOME, £
BRI SR ek se ik 2211 (2022), 86-93
2. K. Hirachi, Normal form for pseudo-
Einstein contact forms and intrinsic
CR normal coordinates, Preprint (2021),
arXiv:2112.08079
3. S. Alexakis and K. Hirachi:

Kahler Invariants and the Bergman ker-

Integral

nel asymptotics for line bundles, Adv.
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Math. 308 (2017), 348-403
4. K. Hirachi, Y. Mat-
sumoto: Variation of total Q-prime cur-
Math.

T. Marugame,

vature on CR manifolds, Adv.
306 (2017), 1333-1376

C. MEaFE«

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

2. 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

3. Global invariants of strictly pseudocon-
vex domains, Mathematics Colloquium,
UCSD (USA), February 2019

4. Invariant theory for the Szegd kernel,
Progress in Several Complex Variables,
Korea Institute for Advanced Study
Seoul, (Korea), October 2019

5. The Monge-Ampere equations, the Berg-
man kernel, and geometry of pseudo-
convex domains (5 lectures), Cauchy-
Riemann Equations in Higher Dimen-
sions, ICTS Bangalore (India), July—
August 2019

6. Local and global invariants of CR geome-
try, The 6th Workshop “Complex Geom-
etry and Lie Groups”, Online, Feburary
2021

7. CR #An], IR o i, R A D3
M I, AV o1 v & Ry k%#, 2021
H£9H

8. Invariant theory for the Szegd ker-
nel, Virtual East-West Several Complex
Variables seminar, November, Online,
2021

9. Normal form for pseudo-Einstein con-



tact forms and intrinsic CR normal co-
ordinates, The Conference on Complex
Geometric Analysis in honor of Kang-
Tae Kim’s 65th birthday, Online &
POSTECH (Korea), January 2022

D. i
1. M IL, REE: 1 28GR D A
Mg s L OWE (R 3 4
E. &t - ftiw
1. (f&t) K4& M (OOHASHI Yusuke):
Parameter dependence of the asymptotic
expansion of the weighted Bergman ker-
nels.
F. MAzEs — e 2

1. HAHY: 2 HEEAREER

2. Nagoya Journal of Mathematics #tEZ &

3. Complex Analysis and its Synergies #if
ZH

L SEREEGREEL Y YR Y Y L MEAR

5. epiMaths committee Z&

WA & (YAMAMOTO Masahiro)

A. WA

FADW AT IR 2 I BT 2 W TH 5.
B2, BBERE R T — &0 5 FIE R ORI
FEFRIED & D7 T A =&, X 5IZHEALL
Do TV AR EZRET 5 &0 S WD
MRIZHEFEL TS, ZhoDMEIEa v Ea—
AWrfER kR O LS ICFEH Eo Rty 55
LRMETH D, T OB AR ZERE
TWAIZHEL ST, 2O &S Wil F7-
ET XY —IVDOERTHYTRWZDIZ, TDOE
EHIRFSE IE T TR, FAOD 2R BRI AR
FRERIT R 2 W I B\ CE M ORE & 5k
b, T o OFER % Fbfighs L B 1T 5 Z & T
B 5. BOL IR LTS FE X D MR RE & i
REDWIRIRAFZZ & 0 < A, YIIME - BEFER
RE D ILE R OMEHEZ 1T 5 72,

1. 2021 FEIXEG Z O % 15 Mz HK L
7= (B H®D [1]-[15D. [1], [4], [6] - [8],[11] - [13],
[15] I FHEEE R i i 7 X D B G 2 72 1)
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ORI T 25 0T, IR NS H
FE R0 IR R 53 5 72 X0 SR B 5 R XU
g BRI DWWk, [2), 3], [5], [9], [10],
[14] b 3,

2. PEESUIR K BIE OFUEMEIR D 72 DT & G
AT2Z2IIELTWS. BEEETNHKRTSE
MEUHGRARTH BT TR, Mgkt —
D Z I BIE ORFED R IZ K E 720 & FeHE T
5, ¥FZTOLIBIGHIZELE > THFEHMARDS
RBIZDOD s Z e b IfFTE 5, HEEELEDTED)
% 2011 LR, ML TIroTW5, 2021
FEEFX I FMTED & S RIGENIHIR %521 72
B, AVITAVTUTRD LS ICEER LS TIZT
FRED» S OPEMPDIZODART A I )V —
T —o ay TEHEBUL
http://fmsp.ms.u-
tokyo.ac.jp/FMSP220131.pdf

MERFX S v 7 b ORI 7 )V T X LD
EOMEPRER PSRRI N, EEZRLE
UL722EIZE O RAR SNz, £7-0%ELD
fE R DL FEHEEIT>TWD.

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 established such a the-
ory.

1. I published 15 refereed journal articles in
the fiscal year 2020 ([1]-[15] in section B).

(1], [4], [6] - [8],[11] - [13], [15] study the funda-
mental theory and inverse problems for time
fractional diffusion-wave equations, while [2],
(3], [5], [9], [10], [14] are concerned with various
inverse problems for partial differential equa-
tions such as Burgers equations, degenerate
parabolic equations.

2. T 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 January - February of 2022 within FMSP
Graduate School Program and Cooperative
Math. Program:

http://fmsp.ms.u-
tokyo.ac.jp/FMSP220131.pdf

Companies proposed problems on material sci-
ences and control process for shafts, and the
participants composed mainly of graduate stu-
dents have worked towards practical solu-
tions. Moreover I have continued joint research

projects with companies.

B. F&Kifw

1. M. Yamamoto, Fractional calculus and

time-fractional differential equations: re-

visit and construction of a theory, Math-

ematics, Special issue Fractional Inte-

grals and Derivatives: “ True ”

“ False” , https://www.mdpi.com/2227-
7390/10/5/698/pd

2. Apraiz,

versus

Jone; Cheng, Jin, Doubova,
Anna, Fernandez-Cara, Enrique and Ya-
mamoto, Masahiro; Uniqueness and nu-
merical reconstruction for inverse prob-
lems dealing with interval size search, In-
verse Probl. Imaging 16 (2022) 569-594.

3. Imanuvilov, Oleg Y.; Kian, Yavar; Ya-
mamoto, Masahiro; Inverse parabolic
problems of determining functions with
one spatial-component independence by
Carleman estimate, J. Inverse Ill-Posed
Probl. 30 (2022) 191-203.

4. Kian, Xue,

Qi; Yamamoto, Masahiro Identification

Yavar; Soccorsi, FEric;

of time-varying source term in time-
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10.

11.

12.

. Apraiz, J.;

. Yamamoto, Masahiro;

fractional evolution equations, Commun.
Math. Sci. 20 (2022) 53-84.

Doubova, A.; Fernandez-
Cara, E.; Yamamoto, M. Some inverse
problems for the Burgers equation and
related systems, Commun. Nonlinear
Sci. Numer. Simul. 107 (2022) Paper

No. 106113, 23 pp.

. Luchko, Yuri; Suzuki, Anna; Yamamoto,

Masahiro, On the maximum principle for
the multi-term fractional transport equa-
tion, J. Math. Anal. Appl. 505 (2022)
No.1, Paper No. 125579, 14 pp.

On time frac-
tional derivatives in fractional sobolev
spaces and applications to fractional or-
dinary differential equations. Nonlocal
and fractional operators, 287-308, SEMA
SIMAI Springer 26,
Cham, 2021.

Ser., Springer,

. Liu, Yikan; Hu, Guanghui; Yamamoto,

Masahiro, Inverse moving source prob-
lem for time-fractional evolution equa-
tions: determination of profiles, Inverse
Problems 37 (2021), no. 8, Paper No.
084001, 24 pp.

. Cannarsa, Piermarco; Doubova, Anna;

Yamamoto, Masahiro, Inverse problem
of reconstruction of degenerate diffusion
coefficient in a parabolic equation, In-
verse Problems 37 (2021) no. 12, Paper
No. 125002, 56 pp.

Choulli, Mourad; Yamamoto, Masahiro,
Global stability result for parabolic
Cauchy problems, J. Inverse Ill-Posed
Probl. 29 (2021) no. 6, 895-915.

Ren, Xinchi; Ya-

mamoto, Masahiro, Conditional stabil-

Caixuan; Huang,
ity for an inverse coefficient problem of
a weakly coupled time-fractional diffu-
sion system with half order by Carleman
estimate, J. Inverse Ill-Posed Probl. 29
(2021) 635-651.

Yamamoto, M. Uniqueness in deter-



13.

14.

15.

AN

mining fractional orders of derivatives
and initial values, Inverse Problems 37
(2021) no. 9, Paper No. 095006, 34 pp.
Kian, Yavar; Li, Zhiyuan; Liu, Yikan;
Yamamoto, Masahiro The uniqueness of
inverse problems for a fractional equation
with a single measurement, Math. Ann.
380 (2021) 1465-1495.

Fragnelli, Genni; Yamamoto, Masahiro
Carleman estimates and controllability
for a degenerate structured population
model, Appl. Math. Optim. 84 (2021)
999-1044.

Liu, J. J.; Sun, C. L.; Yamamoto, M.
Recovering the weight function in dis-
tributed order fractional equation from
interior measurement, Appl. Numer.

Math. 168 (2021) 84-103.

T AV AEEELD T — XX — A Math-

SciNet 12 & 2 #5| ORI 5966 Bl TH 5
(51 HZEHEEL 2078),
AR OSCRIENT DARDEE, MEHITo7

L. IXRDEZHDD->B XX I LW B
—a—brIFLA 2021 4
C. OEHFEH
1. The well-posedness for the direct

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

University, Nanjing, 23 July 2020

fundamentalstudies,

. 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

L EFVEERLT 70— F 15 7 O

A, “IST iz I+ — U — X THEMK
FEERE” 202089 H8H

. Unique existence of solutions for some

time fractional partial differential equa-
tions and some inverse problems: re-

cent results, “Nonlocal Diffusion Prob-
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10.

. The theory of the

lems, Nonlocal Interface Evolution Insti-
tute of Mathematics", Polish Academy of
Sciences, 3 October 2020

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
2020

. Stability for inverse problems and related

problems for evolution equations by Car-
leman estimates, ” Belt and Road” On-
line Workshop on Contemporary Applied
Mathematics Shanghai University of Fi-
nance and Economics, Fudan University,
12 December 2020

. Carleman estimates and inverse prob-

lems for transport equation, Analysis
and Numerics of Design, Control and In-
verse Problems, INAAM Roma, 1 July
2021

. Direct and inverse problems for time-

fractional partial differential equations-
a Nonlinear Theory, Analysis, Control,
and Numerics for PDE Models of Inter-
est to Physics and Life Sciences, Centro
Internazionale per la Ricerca Matemat-
ica Levico Terme (Trento), 24 September
2021

Inverse problems for transport equations
of first order by Carleman estimate,
Eurasian Conference on Applied Math-

ematics, Novosibirsk, 16 December 2021
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E. &+ - iR

1.

(i £) @l A& (TAKASE, Hi
roshi): Inverse problems for hyperbolic
partial differential equations with time-

dependent coefficients

F. XAMAf%E S — e 2

1.

*x

@
Kl
i

1.

Editorial board ” Journal of Inverse and
TIll-posed Problems". 2011 4F —3fE

. Editorial board of ”"Journal of the China

Society of Industrial and Applied Math-
ematics (J. of Chinese STAM)", 2011 4
—HifE

. "Editorial board of ”Applicable Analy-

sis". 2011 4 —HifE

Advisor Board of "Inverse Problems in
Science and Engineering", 2011 4 — 2020
LES

. Editorial Board of "Nonlinear Analysis:

Real World Applications" 2011 4 — B4

. Fellow at Institute of Physics (Great

Britain) 2011 4—2014 4

Honorary professor of East China Insti-
tute of Technology (China)

Guest Professor of Southeast University

(Nanjing, China)

the 2014 William F. Ames JMAA Best
Paper Award

1.
2.

. Piermarco

. The Gold Medal for "For Great Contri-

butions in Mathematics", 2012, @ > 7 &
FETHATI— - IR TEH

. Honorary Member of Academy of Roma-

nian Scientists (2019 4 4 H& )

. Accademia Peloritana dei Pericolanti (-

RV T Aw¥F 1729 A1) DINELA
=8 (202143 H&D)

AP SO Y R —
1.

Yavar Kian 20/03/07 - 20/05/05 Aix-
Marseille University 7 5 > A, FEFEEEH
{0 5 R A D W [ o S [F A 58
20/02/12-
2020/02/19, University Rome Tor
Vergata 1 &V 7R(LELEY) AR DM
D SRS

Cannarsa

. Oleg Emanouilov 20/01/04 - 20/01/15

Colorado State University 7 A U 77, 5%
S R 2R & TR ER O i T RE D 3
[Hl i 5%

. Kazufumi Ito 19/12/24 - 20/01/05 North

Carolina State University 7 A U 41k}
BHF 0 W O e [F 5T

. Mourad Choulli 19/08/08 - 19/08/15

University of Lorraine 7 7 ¥ A 5
FERUZBE S & WA RE o L [F A 55

HH BAE (YOSHIDA Nakahiro)

A. WA

AL R T, i e B, TR E R DR E!
. MRER, WL, 2 IV F T -l
Malliavin fi##fr, GH&7 71 F v A #HEt7EE

B,

RG2S LTV S

Malliavin fif##fr & FRRR &5
BATHI G EBIRICE > LVF U7 —
W23 B ER

. NRAZBANIIVF v —) A XA FTDT L

TR — Yy THEE RO R
Euler-Maruyama JE {187 O i iz J& B

5. Skorohod & 73 i T & B
6. fractional Brownian motion iM% Dl



Sy

. Wiener INEEEUZ T 2 —fEHA R

8. LU LA D B G
9. FRIFHEHRBHI T TORT T4 VT 11

10.

11.

12.
13.
14.
15.

16.

17.
18.
19.
20.

KT AL LERT L NT XA N v I HEE
B O T P B

VYT T4 NR=BENERT T 1)
T 1 HEE

R BREADLR AT & R ROEAE & A3 1
KD #iat € 7L O HERIFR 3y

AU gty & 1Y i i

file R EFE D 28— AR

HY #EEE V) — R - 7 JHEE

ey RT3 2 G BHEE 7L T
UBZ N

MBREY—-R-57 UIv b A —K—-
T

IBAHEBOERE DHEE

[R5 HE iy & A A7 AR A

SR A2 L D DR R G~ oD it

MRBA HERINTEYIal—va
v BREHETY 7 b =7 OBEFE (YUIMA
VARNEE/AN

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 expansion for a martingale

that has a mixed normal limit distribu-

tion

. Asymptotic expansion of the pre-
averaging estimator under microstruc-
ture noise

. Asymptotic  expansion in  Euler-

Maruyama approximation

. Asymptotic expansion of Skorohod inte-

grals

. Asymptotic expansion of various func-

tionals of a fractional Brownian motion

o1

10.

11.

12.

13.
14.

15.

16.

17.

18.
19.

20.

. 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

Causal inference and survival analysis
Limit theorems applied to causal infer-
ence

Statistical package for simulation and
statistical analysis for stochastic differ-

ential equations (YUIMA Project)

B. &L

1.

Podolskij, 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”,



10.

. N. Yoshida:

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

arXiv:2101.00089 (2020)

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

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

“Simplified

likelihood analysis for a locally asymp-

quasi-

quadratic random  field”,

arXiv:2102.12460 (2021)

totically

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

filters and quasi-likelihood analysis for
volatility”, Annals of the Institute of Sta-
tistical Mathematics, on-line (2021)
“Marked
point processes and intensity ratios for
limit order book modeling”, Japanese
Journal of Statistics and Data Science,
on-line (2022)

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

of Estimation for the Stationary Distri-
bution of Stochastic Damping Hamilto-
nian Systems with Continuous Observa-
tions”, to appear in Annales de I’ Institut

Henri Poincaré

. Yoshida, N.: “Quasi-likelihood analysis

and its applications”, to appear in Sta-
tistical Inference for Stochastic Processes
Mishura, Y., Yoshida, N.: “Divergence of
an integral of a process with small ball
estimate”, to appear in Stochastic Pro-

cesses and their Applications

C. MEaFEE
1.

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 A

. Quasi-likelihood analysis for stochastic

differential equations: volatility estima-
tion and global jump filters. Statistics
and Mathematical Statistics seminar,
Linkoping, Sweden, Online, 2021.4.13 &

a1
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10.

1.

. Recent developments in the theory of

asymptotic expansion. Modern Stochas-
tics: Theory and Applications V, Kyiv,
Online, 2021.6.1 A% #H

. Ibragimov-Khasminskii theory and re-

cent developments in statistical infer-
ence for stochastic processes. Advances
in Stochastics & Statistics in honor of
Rafail Z. Khasminskii 90th anniversary,
Online 2021.6.10 #A£53#iH

. Global jump filters and realized volatil-

ity. ISI World Statistics Congress 2021,
Hague, Virtual 2021.7.16 #A#7i&i#H

. Adaptive estimation for a degenerate dif-

fusion process. HARFRMEREG AR

£, 2021.9.16

. Edgeworth expansion for the FEuler-

HABY 2

Maruyama approximation.
MERAE DRI, 2021.9.16

. SelEIE R A 3B < KRB EIEE T

VY I~EEEDETY v DD DfE
By ZDFEHE~ CREST B DHHER
FrHETLZETY VI PHEOME] KR
AR >R Y 4 Online, 2021.9.23

. Asymptotic expansion in volatility para-

metric estimation revisited. SMSP2021:
Statistical Modeling for Stochastic Pro-
cesses and related fields, Osaka, Online,
2021.9.27 fEfr#EH

Asymptotic expansion in volatility para-
metric estimation revisited. CMStatis-
tics 2021, London, Online, 2021.12.19 4
(ST

. R

TSR AT A - HER G 1T : #REHE TV
EUTDEMRERD RS, TN 51K
T 5 R 2 ORFEFHERNE I D W TS L 72,
MERMEDREL, MERL. MR M. W
WA, kAR, IRHE, B, FRerEr
. Zoiada. Mok, ek, FRECR
IR, SefED EHRHE, RRHE. +4
PE, SEMME, o4 - 7T v oy sV OEH,
L=<y vz 7 xDEMERHBAL -,



(BREBUARE, B dh@as )

- BORRRENE - MR 1T BUERRGET RO
AFTRERR, W H G D BRE I D W TR L
Too ELHERE. KEOEA & —RRIME, B
Iy b T A MEE, M H#EEROHNE FH#
M. DU ATy THER., RERRE. %
T OME., i RE B U CHHL
Too (BURKZRE - 4 EAEILEFHER)

. MR BB R VI - Bk X G #i
FHHERI D W R % . SR BT O i A
T. EEMEOEIZ X SR WAIET KK
ZHERG U 72, AT BRANIRERE 7L, RUGEFE,
FREEFED R T T 4 ) 7 1 #EEDHI % W
T, WERDOWHEHRER Z LS 57201
IS BEIEEE L, WSRO S5E ORE
HEJ D P PEER 2 BEBL L 72, —GR %
BB 2 728 O 5L & 72 B HER 0 3 A
IRz B 245 R % ¥ U 7z, Tbragimov-
Khasminskii #5f % JERTEREERITEA T
LEOR IV Ry 7 R RET 5. HGHRE
IR 2 2 HAB K 2 R ER % ZE
U7zo I AR KR 22 AL R & UL &
HERGOIFRIZ L b, HETEOMIRE L,
RARIR, Ao XHERE T DM 28) % R U
o BERIT, BEBURFEBLII S Wz o)L I —
RIILHGEFEDHEE, AT TV TV XL
L EiEfE CTHRE X N SRR M SRR R A
o AR I &k B e, BHEREO A
PR RO BNIC DK R T T4 U T 1 %
T A — ZHERE N OFAL I AT D it FH %
U7z, (BELRZERE - 4 FAEmEER)

. AR B ARG X - B X H: <L
F U —VHDBIRE R Z A U, HEHE
ANDIGHAI Nz, D EBEOAMHE 3
N7 ME, D EZH EORRIGEHI DR A
A& C-ZA4 3 A, Aldous DX A b
FAGMIZTONWTEE LT, T 51T, HERE
BINOLZEMINROBEZ ML, LT
V= VEIDRA H T A EFEAND L E L
WEGEHLU 7z, I6HE LT, %&E Wiener
BERD T v X LB EFOZERIER
ZRUTz, IRERMREROIET)LIT— K
IR FIZ B 2 R 2 U, A RRER
FEHHEBRNC BT 2 PHERDOR T T 1 Y

53

T AT A= ZHEEADIGHIZE U TR
U7z, it s Rk VII - B X
G T 7 IR 2 58 F AT RE 75 UL i
oMb 27PN e, T OREDMERIZHE
IRHERAE Z DEIENVBE T E 5, (B
Kbt - 4 FAELEHER)

E. &1 - Hlimx
1. () HEER (GODA Masatoshi): Sta-

tistical inference for Hawkes processes.
(Hawkes MFEIZ 5 1) 2 HEEHOHER)

2. (f+) g EfE (KURISAKI Masahiro):
Parameter estimation for ergodic lin-
ear stochastic differential equations from
partial and discrete observations. (f#%!
Ry AR TRINEZ IV T —FT 1 v
7 TIVIZBUT B35 87 D BB I 3
DT A —RHEE)

3. (B+) By &t (BABA Tomoya): Con-
sistency of the Kaplan-Meier estimator
of the potential survival function by us-
ing coarsened exact matching. (£
E1FBBD coarsened exact matching %
F\W72 Kaplan-Meier 7€ & D —24)

F. WAz — e 2
1. MR ZEAT U R 2 @A B G 58 &
2 —EBHIR
2. HR7 2 F a7 ) —2#HEA
3. Statistical Inference for Stochastic Pro-
cesses, editorial board
4. (i) LRt v 2 —
Asia-Pacific Seminar in Probability and
Statistics (APSPS), A —HF A ¥—
6. FHERFBERFIT AT HEIER

ot

%

il

G.
o 8 [ PR BCIARNE E R (2019)

v40v 2R F)LT7 (Willox Ralph)

A R

SEEIZEEL UTTRD 4 D OKREYHE L BEfRT
BIRBIZ DWW TR 21T\, IR & 57z,

e The University of Auckland (New



Zealand) @ Doyong Um, Université
Paris-Saclay @ Basile Grammaticos &
Alfred Ramani & BEH K% D Junkichi
Satsuma & QIR T, HE KAV A&
XNORRLDTRIRDEEZITV, ZPOR
E=RaE S Epa ERER (S E R F = F SN i
DHLUWRESOMEEZERA L. £z,
Z ORI DR R L W AKREOR RS D
HAEF % fii .72 symbolic dynamics T#td
e B LB LTz, ZORERITEEIZ
[B.10] KREFHATH S,

AW 7R D Hirotaka lino & @ 3 & #f 5%
T, F#7% Lorenz ROWMBEF 8T —AD
BB 2 B2 L 72, BARBNIZIE. Rk
TA—R—IZBWTHMBEBTRETE
% Lorenz RO W DM %2 R ORERL%E 2
DRIEL, T ENOMECROALES X
U symplectic &R Ex2MKT 5 Z &I
& o TEZDOEEEGR D Liouville A M %
BB R U7z, @RI (B8] ITHE X
nr-.

Basile Grammaticos & Alfred Ramani &
AW5ER D Takafumi Mase & @ H:[Ffif 5%
T, WEEDKEE TRIRITCOMNEBERIZE
1T B RER R ORE & B DO KEAEIZ L 5
REIER & DBfRE R L. #E L EE
72 2D HERD coupling 55N 5
FEHRIE D BEAR O 5 i & IRBUE K & DBIfR
ZOWTOFIFBEERPTH 5.
Takafumi Mase & Turku University
(Finland) @ Jarmo Hietarinta & o (A
78T, 2RO T ETERS N DIHA
RN OWHME - BEFERED R D
RE entropy DFHRIZE D & 5 g%
H756TNEVSHEIZDOWTSES T &
WEMIEEIT o7, TOMRERRT D50
XIFBEAERHTH 5.

cos and Alfred Ramani (Université
and Junkichi

(Musashino University) I succeeded in

Paris-Saclay), Satsuma
giving a full classification of the singular-
ities that can arise in the discrete KdV
equation. In this classification we also
discovered a completely new type of sin-
gularity which takes the shape of an in-
finite strip on the lattice and which can
interact in a nontrivial way with all the
other types of singularities. We were also
able to describe interactions of such sin-
gularities with singularities that take the
form of diagonals traversing the lattice,
in terms of a very simple symbolic dy-
namics. These results were reported in
[B.10].

In collaboration with Hirotaka Iino
(Graduate School of Mathematical Sci-
ences) I studied integrability-preserving
discretisations of a sub-case, integrable
in terms of elliptic functions, of the
famous Lorenz system. In particular,
we proposed two different discretisations
of this system and proved their Liou-
ville integrability by explicitly construct-
ing their conserved quantities and sym-
plectic structures. Preliminary results
concerning these discretisations were re-
ported in [B.8].

Continuing the joint research I started
in 2019 with Basil Grammaticos, Alfred
Ramani and Takafumi Mase (Graduate
School of Mathematical Sciences), I stud-
ied possible connections between the sin-
gularities that arise in bi-rational map-
pings on higher dimensional spaces, and
the degree growth of the iterates of such

mappings. We are currently finishing a

The research I conducted over the past year

mainly concerned the following 4 topics in paper detailing this connection for spe-

mathematical physics. cial mappings that are obtained by cou-

pling linearizable second order maps.

e Together with Doyong Um (the Uni- e In collaboration with Jarmo Hietarinta

versity of Auckland), Basil Grammati- (Turku University, Finland), Takafumi

54



Mase and I have also continued our re-
search on the influence that specific ini-
tial value and boundary value problems
have on algebraic entropy computations
for difference equations defined on a two-
dimensional lattice. We are currently fin-

ishing a paper announcing our results.

B. FFKiw X
1. 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: “flg 0 DI, FELRIS 674
(2019), 32-33.

. JJ.C. Nimmo, 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.

. H. Iino and R. Willox:

of an integrable sub-case of the Hénon-

“Discretisation

Heiles system” (in Japanese), Reports of

55

10.

. R. Willox:

Institute for Mathematics and Computer
Science, Tsuda University 42 (2021) 135—
140.

“Discretising and ultradis-
cretising the ‘Human and Nature Dy-
namics Model’ — new challenges and the
limits of modelling —”, Reports of Insti-
tute for Mathematics and Computer Sci-
ence, Tsuda University 42 (2021) 1-16.
D. Um, A. Ramani, B. Grammaticos, R.
Willox and J. Satsuma: “On the singu-
larities of the discrete Korteweg-de Vries
equation”, J. Phys. A: Math. Theor. 54
(2021) 095201 (26pp).

C. MEaFEE

1.

From singularity patterns to algebraic
entropies, ISQS25 —the XXVth Inter-
national Conference on Integrable Sys-
tems and Quantum Symmetries, Prague,
Czech Republic, 2017 £ 6 H.

LRV T =y Ry - T VI A UN
e RO, B &Rk e IRIRS S, B

REEDHED D - AIRR - BELESE, WL
i - SRR AAE, 2017 48 A.

CRESBHCRADERE Y b — 11,

FERRIE B RIF 25 OO Fr Wl — Biaw &6 —
JUMIRZIS S R 5ei SRR R,
MR, 2017 411 A.

. 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 4E 6 H.

. On the direct and inverse scattering

problems for udKdV, China-Japan Joint
Workshop on Integrable Systems 2019,
(), 2019 4E 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-
versity of Sydney, Australia, 2019 ££ 11



7.

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.

. The singularity structure of integrable

lattice equations, Integrable Systems
2021, The University of Sydney, Aus-
tralia, held online through Zoom, 2021

£ 12 A.

AR

1.

BORRZIRE (ST X —2) : By 5
HED AT (BEEIRATIERRE 1 424E)

- BEREEREE (S1 2 —24) oD

FREMEAM OWE (BB AT 1
)

AR 1 (S2 R—L) WA RS F D

AFTEEE (B araie 1 4£48)

C BCF RS (S2 X — L) oD

FAMOHE (BT 1 424E)

CEEY I a b —Ya v - S —o L

BB T (S XA AKX —) EETHTD
NEPHET IV EEEY I 2L -V 3
VIZDOWTDOAMGESR (BB AR
PEAK - USTEP 4:)

- BAGORCEE T - JERUP R - BIGUE

(SEARAR—) : FL=ZNAFERT, B4
BRAWIIE T2 ERRAL E R 5B
EFIREILI— b by OWRE, KO
ZNSDETIVOMHIZDOWTEH LU 5
(B8 4 AR - RPRRAE - BB PG B
RBLE R B AR 4 RO IRHER)
WA 2 (A X AR =) AT
D AMGESR (BRI ATHERRE 1 422E)

WS S (A v AR X =) RS

FAMOHE (BT 1 424)

CCHEE XE - BB EEE V (A &

A AR =) HEOMBIR T A RS RIZD
WTH U Bz (BRI 4 E4E - RFEBE
DIEHER)
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10.

WA - ERZOTAIED RNDAME LT,
Bk 2 708 i © FERIBAR ) Rz B 1
5 TR ICDWT# Uz, ke
WO S HFEL, ARBRADRGFENR
PRE, FE72I3N IV D UHER EIZDWT
SEH L, fERRIROT AR R IS BES 2 8P
M@ (Lax pair) &{RfF&E & DR, #¥
MIEDHLIED & 15 6 4 5 JERROT AT R R
DRERE & FE S & 2 DR D 2 7 B
IZDOWTaE U7z,

Course contents: this course is intended
as an introduction to the field of infinite
dimensional integrable systems, focusing
on several aspects of “integrability" for
nonlinear partial differential equations.
Starting from the notion of a “symme-
try”, I first discussed the link with con-
served quantities and Hamiltonian struc-
tures for such equations. In the latter
half of the course I explained the link
between the underlying linear structure
(Lax pair) for integrable systems and the
existence of infinitely many conservation
laws, symmetries and tau functions for
the associated integrable hierarchies.
BRI E T (A B XA AKX —) KEE
T [Mathematical Writing & Communi-
cation] (ZDWVWTFH L 2 A L= NZAEAD
M (B L3R FoPM 32— 2 4E)

F. XMf5Es — A

1.

Vv = EEESEAR [nstituts Internatio-
naux de Chimie et Physique, fondés par
E. Solvay| FFi&E.

CHABF S N7 co—@EEE R -

ZA.

. Journal of Physics A: Mathematical and

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

. Journal of the Physical Society of Japan,

Associate Editor.

. Organizer of the mini-symposium “Mod-



eling infectious disease: COVID-19
and beyond”, organized in collabora-
tion with Pdle Santé, IJCLab, Univer-
sité Paris-Saclay et IN2P3/CNRS, in the
framework of the strategic Partnerships
Project (Paris Grandes Ecoles Group) of
the University of Tokyo; online through
Zoom (2021 £ 3 3 9 H~10 H).
7. ICIAM2023 712 LA RELSERE.

H. A ro0ey X —

1. Alexander STOKES (#hE ARERIfFZEE -
JSPS postdoctoral fellow) 2021 4 11 A
29 H~2023 4 11 4 28 H.
hZeaf - THEROS VLT = GREAR O &AM
FRBEROILRAN - FR& o bhoe—
&R
Research theme: “Extending the geo-
metric theory of discrete Painlevé equa-
tions: singularities, entropy and integra-

bility”



HEHIE (Associate Professors)

EBh XBF (ASUKE Taro)

AL TR

LR EORMEREB XU Fatou £4 - Julia £&
IZDWTHZE L 7. BRI BE L Tid, Rric g
DEMICET ZRMEEY, 0 X5 Rk
MPERTEMIZDOWTHRZ, £z, Fatou A -
Julia £E&IZDOWVWTI, Julia fEED TV IT— R
IZDWTFNRT.

I studied foliations, especially their character-
istic classes and Fatou-Julia decompositions.
Specifically, I studied characteristic classes for
deformations of foliations, and the space of such
classes. On the other hand, I studied ergodicity

of Julia sets of foliations.
B. F&inmX
1. T. Asuke: “Notes on

derivative of the Bott class and the

‘Infinitesimal

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?"*Y(BI',,,Z) — R”, by Tadayoshi
Mizutani, Geometry, Dynamics, and Fo-
liations 2013, Advanced Studies in Pure
Mathematics 72, 2017, 211-219 (trans-
lation).

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

1145-1159.
5. T. Asuke: “On the Fuks-Lodder—
Kotschick class for deformations of

foliations”, Proceedings of the confer-
Contemporary Mathematics in
Kielce 2020, February 24-27 2021, 2021,

ence
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1.

1-15.

- FIgEFER
I

Characteristic classes for infinitesimal
deformations of foliations, Workshop :
Residues, dynamics and hyperfunc-
tions, Hokkaido University (Sapparo),

2017/7/28.

. A remark on the Fatou sets of foliations

of CP?, Complex foliations, dynamics
and geometry, Universidade Federal Flu-
minense, Niterdi, Rio de Janeiro (Brasil),
2018/7/24.

. EE G D Fatou 2481220V T, HAE

42 2020 IS, FAKEELTEE,
2020/3, {ZHFFAED 7D Ik, HHILHK
OB

. On the Fuks—Lodder—Kotschick class for

deformations of foliations, Contempo-
rary Mathematics in Kielce 2020, Kate-
dra Matematyki, WydzialNauk Scistych
i Przyrodniczych, Uniwersytetu Jana
Kochanowskiego w Kielcach, Kielce
(Poland), 2021/2/24 ({B445 D EILD 7=
& 2021 FIZHHE)

EEOEIZET 55 A RHEEHIZOWT,

HARBF 2 2021 FEFS, BERY (F
T4 Y), 2021/3/16.

. AR

Bt L WO FOAMGHESE (BB
IEUE S e =)

LR NIVERET : R N VRO A%

(BB AR AT )

B XE (CEER) - %R (R%ED « 8

FEXRI MO THEEEREMSICET
5 AMiE#. HET MVIGORS R,
Frobenius OEM, RHEFIZH T 2584k
REIZDWTHE AT (LR - 4 4
HmEE).

- BT XC (R « 2R ED T >V L



2B 2 AMGESE (FRAEEE 3 AR AE 1T A8 38)

5. BUEEYE XB (BEA ) - CPY o
HERDIBRES LWL DD — R {kizD
W, LEELTH#ELZ (021/5/19) (B
R 4 AT HER).

F. XA S — X

LE B ME@ ¥ vy XY 7 A
(’21/10/21~23), F .

2. R TEERERLE DRMY & Z DR )
(Avo4y, 21/12/10~12), Hik.

3. gete e TEEERE DR F & Z DG ]
(Avo41yv, 20/12/12~13), Hik.

4. ESZAFZEHFEIEN B e iR Bsns A%
AU S B di 2 SRR (2020 4R,

5. HABFRFEE, 2019 4.

6. WFoetEe TEEfERE D RAMY & Z DIEH )
(BB R, '19/12/13~15), A,
7. g TG ORMT & Z DG ]
GREBEUE K%, '18/12/14~16), A,
8. Wgtte R TEEEHIE DRAMT & Z DG ]
CRAEBEUE K%, 17/12/15~17), LA,

fa[ER #2417 (ABE Noriyuki)

A. TR
RTEDRBGROMILZ T o T 0D, SEEN,
EEHOMHNRBEBEO 70 R=Y KD RE
Z, TVIA—TNORBE-AVIIFTTDL
® Braden-MacPherson J& & B#@ft T 5 Z & %23k
ATz, BARNRBEGR EGEHD B & £ 70 5 &
Teo TzDED, MPWHEZERL &2 20T
&9, SBEWIAPICIXES R o7, KO OEHS
DFEBIIREEDFRETH 5.

I study representation theory of reductive
groups. In this year, I tried to find a relation
between representations of the Frobenius ker-
nel of an algebraic reductive group over posi-
tive characteristic field and Bradn-MacPherson
sheaves on the moment graph attached to al-
coves. I found a way to formulate the rela-
tion, but I could not solve some problems on

the proof. I will continue this study in the next

year.
B. FKi
1. N. Abe: “A Hecke action on GiT-
modules”; arXiv:1904.11350.
2. N. Abe:
ules”, arXiv:2004.09014.
3. N. Abe:
tween
arXiv:2012.09414.
4. N. Abe:
modules of pro-p-Iwahori Hecke alge-
bras”, Journal of the Institute of Mathe-
matics of Jussieu (Z#&H T E.
5. N. Abe, F. Herzig and M.-F. VignAlras:

“Inverse Satake isomorphism and change

“On singular Soergel bimod-

“A homomorphism be-
Bott-Samelson bimodules”,

“Extension between simple

of weight”, Representation Theory Z#g
By

6. N. Abe: “A bimodule description of the
Hecke category”, Compositio Math., Vol.
157, Issue 10, 2133-2159.

7. N. Abe: “Parabolic inductions for pro-
p-Iwahori Hecke algebras”, Advances in
Mathematics Volume 355, 2019.

8. 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.

9. N. Abe:
Hecke algebras, Represent. Theory 23
(2019), 57-87.

10. N. Abe, G. Henniart and M.-F.

VignAlras: “On pro-p-Iwahori invariants

“Involutions on pro-p-Iwahori

of R-representations of reductive p-adic
groups”, Representation Theory 22

(2018), 119-159.

C. OeEFEE

1. Koszulity in BGG category O (survey),
Winter School on Koszul Algebra and
Koszul Duality, KIKH LK% + A~ 5
{,2022 42 H 20 H.

2. Bott-Samelson [ il il # o [d] @ ¥ [\ £
2021 HEFERBEH YV EI I L, A T4
v, 2021 4 11 A 19 H.



3. Achar-Makisumi-Riche-Williamson @ fi:
HOMA, R D R B O iR 2,
FvI4 v, 2021 8 H 26,27 H.

4. On Soergel bimodules, London Algebra
Colloquium, %> 71 >, 2020 4£ 4 A 1
H.

5. On Soergel bimodules, i KFRAE & I
F—, AT, 2020446 H 5 H.

6. On Soergel bimodules, 2 15 [E{REK - fi#
Mr - el I —, BIREKREE, 2020 F
2H 14 H.

7. On Soergel bimodules, Geometry and
representation theory, Institut Henri
PoincarAl, Paris, France, 2020 4 1 H
31 H.

8. On Soergel bimodules, Arithmetic Ge-
ometry and Representation Theory, &L,
2019 412 H 16 H.

9. A Hecke action on G17T-modules, Modu-

lar Representation Theory, Clay Mathe-

matics Institute, Oxford, 2019 4£ 10 H 3

H.

On Soergel bimodules, 2019 4E& RIMS

A (AFT) TREwE 2 ORE5

B, AT, 2019 47 F 11 H.

10.

=

1. PERE I S — VERRL « R F O &Iz D
WT, 7= TR TORRILYE %
1107z, (BB

2. AR A - [FEE - LU D FEARH
meEE. (BEER 2 454 (2H)

3. B fiam XC / KB : Koszul 3O 2 B
TEH#EEIT o7, Koszul RO EHZ &
oS Koszul BOSHEIZ DWW T DFHA
U7z, F£72, Koszul B WIEEIZH M
KPEBRFOEND Z L WHD I L%, Soergel
IR BT 22 HIZEAIL, £h
M OB 5 Koszul B & BE 9 5
ZEERBHAL . (BURKRFR - 4 FEHE
HE)

E. &+ - hiwmx
1. (B+) /NE F1/E (OHARA Kazuma):

Hecke algebras for tame supercuspidal
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types.
F. XMHZES — €A

1. WFeRa THRARBIRO REGROMEZ |,
THERA.

ik f&2— (ITO Kenichi)

A. fFFZEBEE

LSIEEITEIZLTD 3 20O 421iT-7-. £7¢,
AT O T T e L, FoLY
Ry s OBMER O TOERERMEZFAE L. W
KODDEEKHERRPRBRSNA, BHI N
BTOEREFEIENTET, 2 —Hidkr
LTW5. fEIEREEURICRLBT FETH
5. ZH Jensen & (A=W KR—K%¥) BLO®
Parra (& (FVY - # MY v I RF) L OHLFEWISE
Thd. T, BT T OIS 75
VTUIIRL, TOTRTOEARBE LTTART
D — AL E A BEE R AR L 72, 1ot K
2T DHEITIE, EBMOE#RE HWT I DR
AEDOH PSS ) — VBB EZEOH T Z &8
TE, Tho B bAA0BADOED L —ET 5.
— /T 3L EOBE I, EBINOEHRAFIH
TERWD, WYIRET 7Y — VBT AR L

LUTRRITHD., INEHSIIRELEURIZRES
I FTETHD. Tk Jensen K (A —ILHR—

=AY,

K¥) LORFAMRETHD. mikic, 2—2V Y
Rl oy al—F 1 v H—ERHZIZEL, *
DUVYNRY N DFHli 2 EREART FIVIST A —
LT LA L. HY e Bboh s EMTO
AR S N HY, S LTEELDHBITIED D
DU R 2D 5. Z ik Skibsted & (A —7
AKRF) L OEFAMFETHS.

This year I worked on the following three top-
ics. First, for the discrete Laplacian on the tri-
angular lattice I computed the asymptotic ex-
pantions of its resolvent around thresholds. I
obtained several expressions, but they were not
clean. The project was suspended since then,
and I will resume it in the following years. This
is a joint work with Jensen (Aalborg Univer-
sity) and Parra (The Pontifical Catholic Uni-



versity of Chile). Secondly, for the discrete
Laplacian on the hypercubic lattice of a gen-
eral dimension I constructed all the fundamen-
tal solutions and all the generalized eigenfunc-
tions. In the dimensions 1 and 2 the lattice
Green functions can be chosen from them since
some additional information is available, and it
of course coincides with the know ones. How-
ever in the higher dimensions the same argu-
ment failed since no additional information was
available. I will resume it in the following years.
This is a joint work with Jensen (Aalborg Uni-
versity). Lastly, for the Schrédinger operator
on the Euclidean space I computed the resol-
vent bounds for complex spectral parameters.
It seemed successful, but it still takes some time
to be a paper. This is a joint work with Skib-

sted (Aarhus University).
B. FFKFm X

1. K. Ito and E. Skibsted: “Stationary scat-

tering theory for one-body Stark opera-

tors, I1”, Ann. Henri Poincaré 23 (2022),
513-548.

2. K. Ito and A. Jensen:

expression for the resolvent of the dis-

“Hypergeometric

crete Laplacian in low dimensions”, In-
tegr. Equ. Oper. Theory 93 (2021), 32.
3. 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.
4. T. Adachi, K. Itakura, K. Ito and E.
Skibsted:
N-body Schrodinger operators”, Spec-

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

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

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

7. T. Adachi, K. Itakura, K. Ito and E.
Skibsted, “Spectral theory for 1-body
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Stark operators”, J. Differential Equa-
tions. 268 (2020), 5179-5206.
8. K. Ito and E. Skibsted:
dependent scattering theory on mani-
folds”, J. Funct. Anal. 277 (2019) 1423—
1468.
9. 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.
10. 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.

C. MEaFE«

1. Pseudodifferential expression for the S-
matrix of perturbed Stark Hamiltonian,
EMNMR AR I F—, EMKE (v
Z4Y) , 2021 4 12 H.

2. Hypergeometric expression for the fun-
damental solution to the 2-dimensional
discrete Laplacian (2 ¥XC#ERL Laplace
VeI R DEEARSRIZ N B BEMER) |
PG R, KT (v 710 V) 2021
£ 11 H.

3. Hypergeometric expression for the re-
solvent of the discrete Laplacian in
low dimensions, Effective models, criti-
cal phenomena and spectral methods in
Quantum Transport (dedicated to Arne
Jensen’s 70th birthday), Aalborg, 7 ¥
v—JFEE (X714 ) 2021 410 B.

4. Pseudodifferential expression for the S-
matrix of perturbed Stark Hamiltonian,
o5 174 IR 2 X —, HEERLK
¥ (AvIayv) 2021 T H.

5. Hypergeometric expression for the resol-
vent of the discrete Laplacian in low di-
mensions, #43 HREADREIIIZE, FHEB
KFE (FvI4v) ,2020 4 12 AH.

6. Hypergeometric expression for resolvent

of the discrete Laplacian in low dimen-



sion, HABES 2020 HEAES, —ME
H, HAKT, 2020 4 3 A.

7. Hypergeometric expressions for resol-
vents of the discrete Laplacians in low
dimensions, #5EE< 155 29 [A] g
WA AR, KA YEY NEANTY
VAR TOV, ML ERT, 2019 4 11 A.

8. Hypergeometric expressions for resol-
vents of the discrete Laplacians in low
dimensions, The 17th Linear and Nonlin-
ear Waves, EIEVIBRR i v X — (¥
7YY | BB T, 2019 4E 10 H.

9. Commutator method for the Stark
Hamiltonian, QMath14: Mathematical
Results in Quantum Physics, Aarhus
University, 7~ ~—2 £H, 2019 £ 8 A.

10. Commutator method for the Stark
Hamiltonian, 13 M K7 AR5 /572 XA 5%
Ea, FEMKEE, 2019 £F 6 H.
D. %%

L. fgetfes VIIL - BB iR G RAmtAL
AR 7 M VZERS & O Schwartz O
s MEEICB T Bk, (BOLRZRL - 4 4
i)

2. EEHTE T WEHRS LV — WD O
HERFHIZHE T 5%, (BEFIMAH
RBERIER)

3. FEANTFEE I HEHR B LTIV~ —

DICET L EE. (BABRFMREGARBF

SEiE)

BERR Y 3 0 — 11 BEURAT 22 D JL i

3ot —RH HEHEZBHGAR

FIEERER )

5. BB ICCRHE): KRR M
M. (BEAIATHFREHR)

6. fRNT AR [ B AT ML - BCELEE R 2
B9 2 AMEEE. (Brhilg, RRKFERZ
BeBCRY ERL ISR, 11 H 4,589 H)

E. &+ - ftimx
1. (f8+E) Bk f#KE (KAMEOKA Ken-

taro): Studies on semiclassical analysis

and resonance theory (47 BLfRHT & g
HEROMFLE).
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2. (L) % MA (FUKUSHIMA Shota):
Microlocal construction and analysis of
the Schrodinger propagators on mani-
folds (ZHAEEDO a2 L —F 1V H—
I [T XEE 1 FH 8 OD 8 SR P R 7 R & T )

3. (L) H)II &t (TAGAWA Tomoya):
— IR DIRE) R T VY v L&D
Schrodinger 1 3120 3 % Rellich #
esiil

F. MAze s — e A
1. HARBE2EEAR GRS B#RER
= ZAER
2. HABF 2WBURIT R HRAEEA
(B 53 5 78 X D B B i b 27 A B 58 2 L —
7)
3. KPR K2 I — H#HEEA

SH# B (IMAI Naoki)

A. THFHIE

Maria Fox K & OHLFEAFFEIZENT, GU(2,n—2)
DENZRRARD MM I B 1T & DR R
AT DVWTHR, K0 BRIz I3 R 2
23 DRI S % Deligne-Lusztig 2 REA_L D i A
F— OB AF—LE UTEHL, BERHRS
DT DWTHAARTZ.

Jean-Stefan Koskivirta K& O LFRIBFZEIZH W
T, Hodge BIENZRRIKD L OJEZER % W TH
4> Hasse AERZMHKL 7. & 5I12H % Hasse
ALEBORIANY MUVREAWIHEZEZ, %
N & HWTH S Hasse R &8O REGRIIEEIC
DWTHANRTz.

Alexander Bertoloni Meli K& Alex Youcis K
& DIHLFEMZEIZE T, SLy, B Langlands /3
TA—RDEY 2T M EMKEL, T0%EM
7 & Weil-Deligne Langlands /87 X — X D%
Y aJ 12D Jacobson—Morozov Hf % ik
U7z. X 512, Jacobson-Morozov 5 A3 # %)
Langlands /839 A —XDEYV 274 D ETHE%
5252 ¢%mRU7T.

In a joint work with Maria Fox, we studied

the supersingular locus of a reduction at an



inert prime of the Shimura variety attached
to GU(2,n — 2). More concretely, we realized
the irreducible components of the supersingu-
lar locus as closed subschemes of flag schemes
of Deligne-Lusztig varieties, and studied their
intersections.
In a joint work with Jean-Stefan Koskivirta,
we constructed partial Hasse invariants using
flag spaces over Shimura varieties of Hodge
type. Moreover, we gave factorizations of par-
tial Hasse invariants via automorphic vector
bundles, and studied representation theoretic
properties of partial Hasse invariants using the
factorizations.
In a joint work with Alexander Bertoloni Meli
and Alex Youcis, we constructed a moduli space
of Langlands parameter of SLo-type, and a
Jacobson—Morozov morphism from the space
to the moduli space of Weil-Deligne Langlands
parameters. Moreover, we showed that the
Jacobson-Morozov morphism gives an isomor-
phism over the moduli of discrete Langlands
parameters.
B. F&Ki X
1. A. Bertoloni Meli,
A.  Youcis : “The
morphism for Langlands parameters in
the relative setting”, arXiv:2203.01768.
2. N. Imai and J.-S. Koskivirta : “Partial
Hasse invariants for Shimura varieties of
Hodge-type”, arXiv:2109.11117.
3. N. Imai and M. Fox : “The supersingular

N.

Jacobson—Morozov

Imai and

locus of the Shimura variety of GU(2,n—
2)”, arXiv:2108.03584.

. N.
spondences
arXiv:2003.14154.

5. N. Imai : “Convolution morphisms and

Kottwitz conjecture”, arXiv:1909.02328.

6. N. Imai and T. Tsushima : “Geometric

Imai : “Local Langlands

f-adic

corre-

in coefficients”,

realization of the local Langlands corre-
spondence for representations of conduc-
tor three”, Publ. Res. Inst. Math. Sci.
58 (2022), no. 1, 49-77.
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7. N. Imai and J.-S. Koskivirta : Automor-
phic vector bundles on the stack of G-
zips, Forum Math. Sigma 9 (2021), Pa-
per No. e37, 31 pp.

8. N. Imai and T. Tsushima : “Affinoids
in the Lubin-Tate perfectoid space and
simple supercuspidal representations II:
wild case”, Math. Ann. 380 (2021), no.
1-2, 751-788.

9. 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.

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

C. HEA¥E£
1. /BT Langlands X & & @O &%fafb, 3555
£ WE KR, 2021 48 10 A 29 H.
2. Convolution morphisms and Kottwitz
conjecture, Caltech number theory semi-
nar, Caltech, 7 AV 4, 2020 4£ 2 A 13 H.
3. Geometrization of the local langlands
correspondence, 25 18 [A] L FEEGR AT SE £
= THGRIZE I DM AR | SIRKEY
FTI7A4N - 7TY, 2019 4 12 A 27 H.

. Convolution morphisms, geometric Sa-
take equivalence and Kottwitz conjec-
ture, The conference on the Legacy of
Elie Cartan, Tsinghua Sanya Interna-
tional Mathematics Forum, H1[E, 2019 4
12 420 H.

5. Langlands functoriality in the ge-

ometrization of the local Langlands

correspondence, New Developments
in Representation Theory of p-adic
Groups, Mathematisches Forschungsin-
stitut Oberwolfach, -, 2019 4£ 10
H2H.

6. JFT Langlands %fs D&% m{k & BIFM:, /X
WEY VR Y D L HILKE, 2019 £ 9

H3H.



. Local Shimura varieties and the Fargues-
Fontaine curve, RTG Research Work-
shop 2019, UC Berkeley, 7 X U 77, 2019
5 H15H, 16 H.

8. Deligne-Lusztig

stack, International

Conference on Arithmetic Geome-
try, In honor of Michael Rapoport’s
71st birthday, Morningside Center of
Mathematics, FF[E, 2019 4 3 A 18 H.

9. Geometric realization of Heisenberg—
Weil representations for finite unitary
groups, Tokyo-Lyon Satellite Conference
in Number Theory, B &K%, 2018 4 2
H21H.

10. Non-semi-stable loci in Hecke stacks and

Fargues’ conjecture, UK-Japan Winter

School 2018 on Number Theory, King’s

College London, ¥ ¥ Y A, 2018 £ 1 H 8

H.

i

1 B w11 - REE XF o fEAF —
2R FEH B D R FIH B O Deligne—
Lusztig Bl % - 7. (BORKPWE - 4 4
A dkEEER)

2. vy T4 TiE (BRoBY — %
DFRE 78T ¢ 7 —): Langlands %t
. (BERZEI AT 28 )

3. BN IV: RSN SRR, (RhaEE)
$a E R TSRS R 1 i S O
2a—2, 2021410 A.

E. &t - i
1. (R L) # F (TAKAMATSU
Teppei): On the arithmetic finiteness of

=Rl "AN

ISR

irreducible symplectic varieties.

2. (A L) A #HiE (YAMAMOTO
Yuki): On the restrictions of supercus-
pidal representations for inner forms of
GLy.

3. (f&1) & gk (KONDO Ayao): Local-
global divisibility of rational points on
GLs-type varieties over global fields.

. (fBt) & &# st (YOSHISHIGE Hajime):

Comparison of Picard groups of rigid
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spaces for analytic topology and wv-
topology.

5. (&) R w2z (BANDO Katsuyuki):
Geometric Satake equivalence in mixed
characteristic and Springer correspon-

dence.

F. }Aur5E s — A
1. 2021 £ A AZ AR ARES

il

G. %%
LENRFREIY—FTUr—RFRZE
(2019 4 2 H)

H. #2508 Y & —

1. Ildar Gaisin, JSPS 4 A BIAF %% &,
2019 4F 4 H~2021 4 4 H. He worked
on p-adic cohomology.

2. Alex Youcis, JSPS #+E A5 WE 5% &,
2021 % 9 A ~. He worked on local Lang-

lands correspondence.

EXR #F (IWAKI Kohei)

A. TR

BT HZIB1 %5 WKB %, Borel #H11E%
resurgence Hlig % @ U CHEMICER/AL LD
DM5Es WKB @i Th 5. FhidE 12584 WKB
fi iz 50 < R LM HREAOWE, b
L Z DM EF A~ DI FIZ BT 272 HEL D LA
TWa. BT Z ZHER, 7RI R 2 /D
P AR AL R D Rk & 524 WKB fififfr & % 5 O
DI 2R THRROEG, B & U %D Painlevé S
A0 BPS fifid & OBIFRME B3 2 55T HL D #
ATWS. SEEAHENE LR S BPS HidE e
DBEBEIZDVT WL DPRERBSNZD T,
IR ZIZ DWW TS 5.

WM REMT T, B2 6z AT Mvihific st
UTUTFD 2 DOMEPEHRIN5:

(i) PrAHRE RO BT L F —
(ii) BPS it

A IZATHRELC B 1 % F T 4L — DR
THY, %#FE WKB iz 81F % Stokes 77
7 (spectral netwrok) DRALDIEH % juilE #



INg. —HT 5 LMEIXEERIED, Gauss D
R AREAB LXOZTOERIZLVESND
W AR O EH BB e UTHEL B A7 MVl
iz LT, ZOHMET X IVF¥—% BPS R&E
EHWCEHR T2 AAEZEL Z LI L (R
KEH JSPS #2922 ® Omar Kidwai K& 03
FRFZE). BRIEFR X LTELDHTH D, $TIK
E T AY Advances in Mathematics & D HIiK &
NTWa. £72, 51 £ E Omar Kidwai K& D
HEMREIZE Y, LERDARZ MVEERIZH LT
RLAHRTHT AL X D 23 BB D Borel #1& BPS it
29 % Bridgeland @ 7-Bi8A AR K12 — 2
THIELERLE ZHLOERELTTIZITLY
Yy heLTEed, HiticEfmhThs.
UEMPRXEULTELOEBBTH BN, SIEE
FHHIT RV =085 A — X2 T 5inER
AROEH FDAK L Painlevé HFEA DA
MO RE DBEEDOHER R EET o7 REE
EZNSDFERIZOVWTEIL, faxxe LTl
OBEFETHD.

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
which relates the exact WKB analysis to the
topological recursion. I also investigated a re-
lationship among topological recursion, BPS
structure and exact WKB analysis (spectral
networks).

Through joint works with Omar Kidwai (Univ.
Tokyo, JSPS fellow), we find a formula which

relates

(i) free energy in the topological recursion,
(if) BPS structure

which are defined through (a class of) spec-
tral curves. More precisely, we find an explicit
formula which describes the topological recur-
sion free energy via the BPS invariants. The
latter is defined by investigating the degener-
ation of Stokes graphs (spectral networks) in
the exact WKB analysis. We also find that,
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the Borel sum of topological recursion partition
function agrees (up to an overall factor) with
the Bridgeland’s T-function associated with the
corresponding BPS structure. The first result
is already published electrically from Advances
in Mathematics, while the second result is sum-
marized in the recent preprint (which was sub-
mitted to a journal).

In addition, I also investigated the asymptotic

expansion of topological recursion free energy

when a parameter in the defining equation of
spectral curve becomes large.

B. F&Kifw
1. K. Iwaki and O. Marchal, “Painlevé 2

equation with arbitrary monodromy pa-
rameter, topological recursion and de-
terminantal formulas”, Annales Henri
Poincaré, 18 (2017), 2581-2620.
2. 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.

3. T. Aoki, K. Iwaki and T. Takahashi, “ Fz-
act WKB analysis of Schrodinger equa-
tions with a Stokes curve of loop type",
Funkcialaj Ekvacioj, 62 (2019), 1-34.

4. K. T. Koike and Y. Takei,
Voros Coefficients for the Hypergeomet-

Twaki,

ric Differential Equations and Eynard-
Orantin’s Topological Recursion - Part I1
: For the Confluent Family of Hypergeo-
metric Equations, Journal of Integrable
Systems, 4 (2019).

5. H. Fuji, K. Iwaki, M. Manabe and I. Sa-
take, “Reconstructing GKZ via topologi-
cal recursion”, Communications in Math-
ematical Physics, 371 (2019), 839-920.

6. K. Iwaki, “2-parameter t-function for
the first Painlevé equation: Topological
recursion and direct monodromy prob-
lem via exact WKB analysis'", Commu-
nications in Mathematical Physics, 377
(2020), 1047-1098.



7. H. Fuji, K. Iwaki, H. Murakami and Y.

Witten-Reshetikhin-Turaev
function for a knot in Seifert mani-
folds,
Physics, 386 (2021), 225-251.

Terashima,

Communications in Mathematical

. K. Iwaki and O. Kidwai, Topological re-

cursion and uncoupled BPS structures
I: BPS spectrum and free energies, Ad-
vances in Mathematics, 398 (2022), Pa-
per No.108191.

C. HEHFEE

1.

Topological recursion and Painlevé I 7-
function (invited), IX Workshop on Ge-
ometric Correspondences of Gauge The-
ories, June 17-21, 2019, SISSA, Italy.

. Painlevé 7-function and topological re-

cursion (invited), Moduli Spaces, Rep-
resentation Theory and Quantization,
June 24-28, 2019, Research Institute for

Mathematical Sciences, Kyoto, Japan.

. Topological recursion, exact WKB anal-

ysis and Painlevé equation (invited),
University of Amsterdam String Seminar
(online), November 10, 2020, University
of Amsterdam, Netherlands.

. Topological recursion and uncoupled

BPS structure arising from spectral
of hypergeometric type (in-
vited), SISSA’s Integrable Systems and
Mathematical Physics seminar (online),

November 25, 2020, SISSA, Italy.

curves

. Topological recursion, exact WKB anal-

ysis and Painleve equation (invited), In-
tegrable Systems 2020 (online), Decem-
ber 4, 2020, University of Sydney, Aus-

tralia.

. Topological recursion, quantum curves

Ap-

plicable resurgent asymptotics: towards

and Painleve equations (invited),

a universal theory, ARA Focus Week,
Exact Quantisation/Exact WKB and
April 30, 2021,

Isaac Newton Institute for Mathematical

Resurgence (online),

10.

. Topological

Sciences, United Kingdom.

recursion, Painlevé 7-
exact WKB analysis
of Moduli
Spaces, Cluster Algebras and Topolog-

June 4, 2021,

function and
(invited), Combinatorics
ical Recursion (online),

Moscow, Russia.

. Topological recursion, uncoupled BPS

structures and exact WKB (invited),
BPS states, mirror symmetry and exact
WKB (online), July 2021. Sheffield Uni-
versity, United Kingdom.

. 56% WKB fiftffr & £ O Ji4 (8155 H),

H AR 7 2 BRUG B GR 0 Bl 1R G,
2021 9 H 14 H.

Topological recursion, uncoupled BPS
structures and exact WKB analysis (in-
vited),
grable Systems 2022 (online), February
6, 2022, Kobe University, Japan.

Algebraic Geometry and Inte-
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1.

2.
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AR 2 X AGERE
0y )

Organizer (with S. Hirose, S. Kamimoto

(BRI 1 7

and S. Sasaki) of the online workshop
“Exact WKB Analysis, Microlocal Anal-



ysis, Painlevé Equations and Related
Topics", 11 - 15 Octobar 2021, RIMS,
Kyoto University, Japan.

H. #shir 50y % —
1. Omar Kidwai
JSPS AMEAKFHIWIFEE (2019 4EHE & U ik
). SAHAMILSR, BPS fi4, 5242 WKB
fEMT iz B 258217 o T\W B, LFEFFSE
TR O NI TA. WFEHEEE ) CRiEL
7-EDTH 5.

#H —fA (UEDA Kazushi)
A WHEEREEE
Imperial College London @ Yank: Lekili [% & &
FAT, "ERY—MWI T —HNFRMEDOHIZE % 1T -
oo B2, INETCOMETERML WL IH
KD Milnor 7 7 A N—IZ T2 FERY I
7 —FRERRGEICEEH L. £72, K3 i
HOWES P TEERKRTFOMESELLTHELOND
Weinstein ZHKIZT 2R ERY—NI 7 —F
HEENMLL, RTOmEN 2 £7213 4 DBEI
FERA U 7=.
Loughborough K% ® Tarig Abdelgadir K, X
BRAFDK)H 2t K& New South Wales X
% ® Daniel Chan K & [T, FErHRBE%MA
FOMFEET o7z, BT, LEBERK D
SEBAL, ZEPEERNZHROET 251
A&y 773 Hassett D RIED fif B fiAF & 2252 IR
DEVaIALABMTHEILER L. £,
1 IRICDWE S PIRHBIAR Y 27 DA Ry 27 {51
MEET 2R, FEQY—RITAERRT —X
Ve UTOMRER>HE R U, T0IdIET
# del Pezzo BE DBIL TR Z 2 AR D 1 IRILIZ
R 2EBE5Z5.

In a joint work with Yanki Lekili at the Imperial
College London, we proved a conjecture on ho-
mological mirror symmetry for Milnor fibers of
invertible polynomials in special cases. We also
formulated a conjecture on homological mirror
symmetry for the complement of smooth ample

divisors in K3 surfaces, and proved it when the

67

degree is either 2 or 4.

In a joint work with Tarig Abdelgadir at Lough-
borough University, Daniel Chan at the Uni-
versity of New South Wales, and Shinnosuke
Okawa at Osaka University, we introduced the
notion of stable orbifold projective curves, and
showed that the moduli stack of stable orbifold
projective curves is isomorphic to the moduli
stack of weighted pointed stable curves in the
sense of Hassett with respect to the weights de-
termined by the automorphism groups of the
stacky points. We also showed that a family
of one-dimensional smooth cyclotomic stacks
with colliding stacky points has a limit as an
abelian category which is of finite homological
dimension. This gives a one-dimensional ana-
log of similar phenomena for noncommutative
del Pezzo surfaces.

B. F#Ew X

1. A. Nagano and K. Ueda: “The ring of
modular forms of O(2,4) with charac-
ters”, Hokkaido Math. J., to appear.

2. A. Nagano and K. Ueda: The ring of
modular forms for the even unimodu-
lar lattice of signature (2,18), Hiroshima
Math. J., to appear.

3. K. Hashimoto and K. Ueda, The ring
of modular forms for the even uni-
modular lattice of signature (2,10),
Proc. Amer. Math. Soc. 150, 547-558,
2022.

. Y. Lekilh and K. Ueda:
mirror symmetry for Milnor fibers of sim-
8

“Homological

ple singularities”, Algebraic Geom.
(5), 562-586, 2021.

5. M. Miura and K. Ueda: “Spherical 2-
Designs as stationary points of many-
body systems”, Graphs and Combina-
torics 37, 485449492 (2021)

6. 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.

7. A. Tto, M. Miura, and K. Ueda, Pro-
jective reconstruction in algebraic vision,
Canad. Math. Bull. 63 (3), 592-609,
2020.

8. Y. Nohara and K. Ueda, Potential func-
tions on Grassmannians of planes and
cluster transformations, J. Symp. Geom,
18 (2), 559-612, 2020.

9. A. Tto, M. Miura,
K. Ueda, Derived

Grothendieck ring of varieties: the case

S. Okawa,

equivalence and

and

of K3 surfaces of degree 12 and abelian
varieties of degree 12 and abelian vari-
eties, Selecta Math. 26 (38), 2020.

C. M¥HFEFE

1. Noncommutative local Calabi-Yau 3-
folds, UNIST International Workshop
on Geometry and Mathematical Physics
2022, 2022 4= 2 A 14 H, online.

2. Homological mirror symmetry for affine
K3 surfaces, The 6th Workshop “Com-
plex Geometry and Lie Groups”, 2021 4
2 H 17 H, online.

3. Noncommutative del Pezzo surfaces,
ZAG seminar, 2020 4 11 A 24 H, online.

4. Noncommutative del Pezzo surfaces,
Freemath seminar, 2020 4£ 5 H 26 H, on-
line.

5. Matrix factorizations and mirror symme-
try, Moduli Spaces seminar, University of
Melbourne, 2020 £ 5 H 6 H, online.

D. i##%

1. W AN (BB TSR

2. ¥ HHEMIEY I F—)b : GEH & FHAE,
Avigad—de Moura—Kong Z & % xf 3% B4 3iE
%R Lean 3 DF 22— b U 7L “Theo-
rem Proving in Lean’ Ofii#%, 4> 74
VOHmEAA L, EBRIZ Lean 3 ZH#EL
DO otz (BEAWATHIREHER)

3. ®fa]% XH : BFE FE—GRICAITZ2HET
B gL LTo%ES, FE ME—#E
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B, BRONKEZROEHLELTOME,
B &z DgeEl, REEHROD Lagrange 22X
Floer ¥y & £t &N — FEforE R
¥ —, Lagrange h—5 A7 74 7L —V a3
VOIRZEMOBT 7 74 UREiEE baEsy
W%, Strominger—Yau-Zaslow F4Y,
NV EeZEDIT—, b=V v ILkkikE
D3I 7—, McKay x{s, dg BORER ]
B DFEBIZOWT, AMRLR MRS %
1107, (BELRZERL - 4 AW
BRI AT Y- I T —%
FRMEIZBE S 2 AP R 21T o 72, (B
g, AdBERELITCBELR SR,
7TH12H~16H)

E. &4 - i
1. (f&+) MAsK (OKAMOTO Yukihiro):

Towards a topological interpretation of
the Legendrian contact homology of unit

conrmal bundles.

R 2A (KASHIWABARA Takahito)
A. TSRS

(1) REXWED & 512, KEHED AT —Nn
FTEFHDAT = &0 HRELGE (BEENI
7 AR M0 ORIBRIZEWT), FRIADIEH)
ERTFET - AL —27 ZAHERD S Bk E P
Zli7=d 7V I T 1 TARAPEHINS. 0
dan OB IEL LI, FEIBRRRAEOEEIZD
WTHIS T WA, WHANIC X 0 EERED &
UEMEDOGETERBRORERAK D LD Z & %R
Ue. &7z, Tex 3B 2 RO B2 L L]
D & THIRDREI KIS FEAET 5 Z & & GEH
U7z, 20U, AT —)VARGBEEZEHEIZENT
TV IT 4 THBRREBR U ROFREE X
TW5.

(2) Y= a ) — =M —u VEBEMI, H
PR % 0 Bl o 8 AL IC W S 1 B R
MR TH D, L ITEERETIX X
RINTWD—AT, HEHMEDMIT XM
HELL 20, MOFIEP— B ARBRMETH
5. BxlE, HEEZAGEII MY =3 ) —=Rl%
TaRREL, 7—uVEEE N LA BRI



LU 7=METHNIE, MOFEL —BEERFON
52 k&R 72,

(1) To describe the motion of atmosphere
or ocean in which the horizontal scale is
much large than the vertical one (i.e., in the
zero aspect-ratio limit), the so-called primitive
equations are derived from the Navier—Stokes
equations assuming the hydrostatic balance.
We have extended the justification of hydro-
static approximation, which was known for the
periodic boundary condition, to the case of the
no-slip boundary condition. Moreover, we con-
structed a global strong solution based on the
anisotropic base space ngLg, which seems the
first result considering a scaling invariant space
for 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.
B. F&&Kif
1. G. Zhou, I. Oikawa and T. Kashiwabara:
“The Crouzeix—Raviart element for the
Stokes equations with the slip bound-
ary condition on a curved boundary”, J.
Comput. Appl. Math. 383 (2021), doi:
10.1016/j.cam.2020.113123
2. G. Zhou, T. Kashiwabara, I. Oikawa, E.
Chung, and M.-C. Shiue:
sis on the penalty and Nitsche’s meth-

“An analy-

ods for the Stokes—Darcy system with a
curved interface”, Appl. Numer. Math.
165 (2021), 83-118.

3. T. Kashiwabara and T. Tsuchiya: “A ro-
bust discontinuous Galerkin scheme on
anisotropic meshes”, Jpn. J. Ind. Appl.
Math. 38 (2021), 1001-1022.
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4. K. Furukawa, Y. Giga and T. Kashi-

1.

1.

wabara: “The hydrostatic approxima-
tion for the primitive equations by the
scaled Navier—Stokes equations under
the no-slip boundary condition”, J. Evol.

Equ. 21 (2021), 3331-3373.

. Y. Giga, M. Gries, M. Hieber, A. Hus-

sein, T. Kashiwabara: “The primitive
equations in the scaling-invariant space
L (LY)”. J. Evol. Equ. 21 (2021), 4145

4169.

. HEEFER

HWE % &4 Signorini BIEHlZAM: & Tresca
JEH SR C ORI EMEAR R RD — =
AlfE M, Elastic and dissipative motions of
curves and interfaces in continuum me-
dia, A > 74>, 202146 H 14 H.

- FEE R TR B - Signorini BYEE SRS AR R

BDOBEIMEIZ DWT, HARHIGEHS, &
Vo4, 2021 410 A 29 H.

. Semigroup and maximal regularity ap-

proach to the primitive equations, The
Third Russia-Japan Workshop “Math-
ematical analysis of fracture phenom-
ena for elastic structures and its applica-
(CoMFo0S21), Online, December
14, 2021.

tions”

. M %5 Signorini BUEMIZMA L Tresca

PR T T ORE B AT A D — &
HfEE, JERUERR AR I 7 —, 5
BEKRY, 202242 H 15 H.

. HE %G Signorini BEHlZAM: 2 Tresca

BEERSM N T ORI ERME AR GRER D — =
AR, AbREIS HBCEMIE S, A)IIEBGE
AL WDZWEME, 202243 A 19 H.

. AR

W RE R - BUR AR -
R NERBUEHOEREE - 72 (BEF
PRI 2 AR ).

- RHEECE IT - BB - BUE AT R O

B, R AR 2 BulffRT &
Poo 7o (CBELRZERE - 4 FEAEFE ).

- BRI E - BURREE E B D
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57 MR BCRL A E AL (2018)

inikE 258 (KATO Akishi)

A. fFTEIEEE

fifi (quiver) & £ M4 % (mutation) 1, 27 7 &
Z—RE LBz, AIRDR - EXRC PR Y — -
KRB - RBORMY - WKB iRl S I ER
pEICEBEL THNOMEE LTIHEHZED T
W5, KT, fROZSS] (mutation sequence) &
7 — Y HERX 3 IR T % bRk O B MR IE &
N, TDOAEEZ LA ERE R 5 FBD
B RBE L n o7z,

FIESFIRHS — K (GRALRZ:) & LRI HE W
T. 526N MERDF] v (quiver mutation
loop = 7 7 A X —fRED exchange graph ED
— TS T U, 431 g BB Z () EIEiER
DREBEER L, Tx, UTFTO LI RFL
WHEEZR D, (1) Z(y) IZMEZEEDS] v O KL
BfERKEY 7 OB L TARETH D, BRI
T/ NuI-DAfZEEEEZONDS, (2) HELE
DH v DEFIZH L, BFXA 07 L ERkRR Y
2 avBBEAZH723, (3) ADE#IT v ¥
B EDRT S HRICERZS ND L g FEX
3774 v ) —BRIZHEEY % coset BLALTEEH
MCHND 7 oL IR (MR TR FREEA R —
WU, WY g XFMAMEDS & T Z(y) ITREFE
A&725%, (4) reddening sequence &\N5 7 T A
DRG] v 12 U, DRSS EF X070
BT I, combinatorial Donaldson-Thomas
invariant & —¥3 5%,

L g BEDF ZF1F. FBERRME TR T
b, WG EOAERE L ZERKXFEIZTL TS
BEHTRETH S, ZOHEEFREIIN ST 2 HH
Wt &2 R T 72DIZ, c-vector TWREfITF Tz
FHrH b — 5 AEEBE LTEZX 2D ERTDH
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5, MEEIZ. FURAR R & KEFHEK (& £IZH
HIEKRT) & OHFEMHSEIZHWT, Boltzmann
weight % ¢- “JEMRE L 3 2 S ELBEE (partition
function) 2 EA L, ZOMHEZMNL, ZD5
BB, FEIX5I DR D 2 DD HE g HEL
(Hl&Eim DT A4 &) othe LTHFIFBHI L
MREATE S5, TORE, DSBS X700 ¢
BB OBk 2 7 RWEE Z 5 E Mk T WS, 2
fid g BRECC D FLBI RIS AR T — X D AP S
EHRI N, LR TEARTROFMIT IR S 7
WOT, DO ERIZH B LEONE ZBIET
5 ETEro i an s,

BRI AT DE A Fi % TR, 3MiEhk
ko7 AZEEE, BEARKDEIOT 21 oHE
BEIZHER S DR HED T W 5,

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 q-series Z() for a quiver mutation loop
v (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 ~; 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 ¢-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() 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. &K

1. A. Kato, Y. Mizuno and Y. Terashima,
and q-

Quiver mutation sequences

International
2017,

binomial identities,
Mathematics Research Notices,

doi: 10.1093/imrn/rnx108

. FEEFER

1. “NFDOEE —HIL - &1 - X—" HAK
P HREES HATRKRY 2019 4 3
H

2. “Quiver mutation loops and partition ¢-
series” fffZeE e [V —~ VHNICBEE T B AL
FHAAT | BRECRZZBELR A AR 2017
9 H

3. “Quiver mutation loops and partition g¢-
series” i AIGEH H AR Z 2 R TR
Ty ¥ a VEWMRFEHEA 2017 £ 3 H

-
L UGS IIL : B0R T35 1 5 BOH
FINFE, (RRIBIS, BRI L
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B BEER. 7 — UWRRE, TAIRRL, AL
Mo ME, LPEMERS L, (BEX
bt - 4 R4 IEGER)

2. N7 MOVIERT (BRI R 22

3. RFRERY I F— v BUEYEADOFH N
figehr 15 & AN PEER R (Ridk - — %) ~ D
UNERC ¢ =P iR Yat =

E. &+ - itimx

1. (L) B EE (NAGASAKA At-
suhide) : EBAMNE /I T7DFB /) I —ff
AR L #OHHGRADIGH (Holonomy
preserving transformation of weighted

graphs and its application to knot the-
ory)

el & (KITAYAMA Takahiro)

A. THFHEEE
BEARFHDORIUAIBES 2 M HAZL R DMK IT b
ARY =285 LWIEHZER L. KT,
Blanchfield JER & H\WT, #EOHD 4 oK
IZDWTHIZEL, F£72, 3IRGEERMAD Thurston
norm (BT A Y — AL EZE L7z,

KO H DA EE 4 OTRBUE, FBOH ZBER
ZHRD, MEHOERFENERLEETDH S &
D73, 4 RSTERIRIZ R AT I DA & v 7= i
OE/NEHTH 5. Feller & Lewark 1%, FEOH
DNAHIIEE 4 RoTFER D 2 505, Bt 1 %
RALTHRLONZTHO/EN 0 THE &L D7,
Blanchfield JE XD RBATHI D /N 1 RIZ5F L
WZ & %R U7z, Stefan Friedl & Mark Powell
EDHFEMEIZBWT, FKLlL, Freedman &
Quinn OIRMEIHDAAEH % T, Feller &
Lewark OEHD & b EERNLHIFGIHEZ 5 X 7.

¥ 7z, K. Ohshika, A. Papadopoulos #fi “In the
tradition of Thurston II” D —~2DEIZB VT,
Thurston norm DFZEE L7z, £9°, 3Kt
% kAR D Thurston norm O FEAMEHIZDWT F
L&, EEOEEEIZE VT, Thurston norm &
BRZ IR AR & DRRIZDOWTEHIHL 2. B
HERRHIZ DWW T O OO FHPMEDS 21 /2.

I pursued new applications of topological in-



variants associated to representations of the
fundamental group in low-dimensional topol-
ogy. In particular, I studied the 4-ball genus of
a knot, using its Blanchfield pairing, and wrote
a survey of the Thurston norm of a 3-manifold.
The topological integral 4-ball genus of a knot
is the minimum number of a locally-flat embed-
ded surface in the 4-ball cobounding the knot
the fundamental group of whose complement is
infinitely cyclic. Feller and Lewark have shown
that twice the topological integral 4-ball genus
of a knot is equal to the minimum size of ma-
trices representing its Blanchfield pairing and
having signature 0 after substituting 1 for the
variable ¢. In joint work with Stefan Friedl and
Mark Powell we provided another more direct
proof of their theorem, using the sphere embed-
ding theorem by Freedman and Quinn.

Also, I presented an overview of the study of the
Thurston norm as a chapter in the book “In the
tradition of Thurston, I1” edited by K. Ohshika
and A. Papadopoulos. I first reviewed funda-
mental properties of the Thurston norm of a
3-manifold. In the main part I described its
relationships with other various topological in-
Some conjectures and questions on

variants.
related topics were also collected.
B. K

1. S. Friedl, L. Lewark, T. Kitayama, M.
Nagel and M. Powell: “Homotopy ribbon
concordance, Blanchfield pairings, and
twisted Alexander polynomials”, to ap-
pear in Canad. J. Math.

2. S. Friedl, T. Kitayama and M. Nagel :
“A note on the existence of essential tri-
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”,
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Geom. Dedicata 213 (2021) 433-466.

5. T. Kitayama: “A survey of the Thurston
norm", to appear in the book“In the tra-
dition of Thurston, II”, edited by K.
Ohshika and A. Papadopoulos (Springer,
2022).

6. T. Kitayama, M. Morishita, R. Tange
and Y. Terashima: “On certain L-
functions for deformations of knot group
representations”, Trans. Amer. Math.
Soc. 370 (2018) 3171-3195.

C. MEEFEE

1. Representation varieties detect split-
tings of 3-manifolds, Invariants in Low-
dimensional Topology, Korea Institute
for Advanced Study, ¥[E, 2017 £ 5 A.

2. Representation varieties and essential
surfaces, New Development in Teich-
miiller Space Theory, M##E}ZH M KF
BERE, HA, 2017 45 11 H.

3. Torsion polynomial functions and essen-
tial surfaces, Low Dimensional Topology
and Number Theory X, JuMl k%, HA,
2018 £ 3 H.

4. Twisted Alexander polynomials and L2-
Euler characteristics, New development
of low-dimensional topology, 42D &k
MEEME, HA, 2018 £ 12 A.

5. Character varieties and essential sur-
faces, The 14th East Asian Conference
on Geometric Topology, H[E, 2019 4 1
H.

6. Character varieties and essential sur-
faces, Low-Dimensional Topology Work-
shop 2019, University of Regensburg, K
A, 2019 % 10 A.

7. Twisted Alexander polynomials and L2-

Global Analysis

Seminar, University of Regensburg, -

Euler characteristics,

v, 2019 4 12 A.
8. Representations of fundamaetal groups
and  3-manifold topology, RIKEN

iTHEMS Math Seminar, & >~ 7 1 »,



10.

2020 4£ 11 A.

VARYaAya—& AR UM Alexander
ZIHA, N-KOOK ¥ I+ —, A 71 v,
2021 # 5 A.

Ribbon concordance and twisted Alexan-
der polynomials, b AR Y —¢ a3 a—
22021, AV T4 v, 2021 9 H.
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HARIERRE)
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FCIE, HARRE, dhmatotE, 3%
BRAKDH &Kk, FRoMER, V—TE
B, Bkm @, Haken hierarchy, Seifert
SRR D HE, JST e, P48,
virtually Haken F48, #843#E D 7 it 2 HL
0 Bz, (BERRERE - 4 FAELEER)
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Nt #X (KOIKE Yuta)

A. THFHE
SEEIZEIZUTO 3 20T —<ITDOWTH%E:
To7z.

1. @IRTEHEMRZE 2 560, FHt
FEATH OB KEHEOFEH ALY — RIZD
WTHFZE L 7=,

2. FEBAL AR EAT A 2 R DN HER N S
VDR 3 % B R o6 H D AR PR E LS
BIFAIUELY — b 2WET AW % Xiao
Fang [k & &£ 12T -72. W%z d, Vv
TVEE n & ULZGE, ZORL— 10
A—H—DFHRE LT ()2 pmisn
TEY, 20X —X—E#EThs 2P
INTWS., FAKEETXEEICT- 24t
FIRFZEIZ & 0, HERNZ M VO 3D
DR & RO B izt (12512 1og
DA —=RX—DPNHKHL — MNP ERLTEBZ
EMRINTWSD. F7, Victor Cher-
nozhukov ¥ & ¢F Denis Chetverikov K
L BITTo HIEE O HFEPFIT LD,
TERRT NV D foo-/ IV AD—FRIZ A F
THHGHEICHRUCINEL — b 2EKT
ELZENRINTVWD. SEEDHE
TlX, HER N2 ML D53 H DS — R IZ R
MR 2 R D5 A%, R LY — b
(lo82d)1/2 2R TE B L BRI

3. MERIK & & $12, HAREBIFFZ L — 7
(JPX) S RIEINETF 1 v 2 F— R %
LT, 2018 FIZ HURGFEZR IS AT CELA
SNtz EGEEERE (ETF) 2435~ —
T kA ZHIED ETF oSt Esr
RIZG X 708 % hr LTz,

In this academic year, I have mainly studied

the following three subjects:

1. T have studied the growth rate of the
maximum eigenvalue of the realized co-
variance matrix in the high-dimensional
and high-frequency asymptotic regime.

2. Collaborating with Xiao Fang, I have
studied 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 academic year be-
fore last, my join work with Xiao Fang
showed that (10%#)1/ 2logn gives an up-
per bound when the laws of the random
vectors have log-concave densities. Also,
my joint work with Victor Chernozhukov
and Denis Chetverikov in the last aca-
demic year showed that the same is true
when the /..-norms of the random vec-
tors are uniformly bounded. In this aca-
demic year, we have attained the optimal
rate (@)1/2 when the laws of the ran-
dom vectors have uniformly log-concave
densities.

. Collaborating with Takaki Hayashi, I
have analyzed how the market-making
system for Exchange Traded Funds
(ETFs) on the Tokyo Stock Exchange,
which was introduced in 2018, affected
lead-lag relationships between ETFs; us-
ing tick data provided by Japan Ex-
change Group (JPX).

B. F&Kih
1. Y. Koike,

“High-dimensional central
limit theorems for homogeneous sums”,
to appear in J. Theoret. Probab.
(2022+).

. X. Fang, Y. Koike, “New error bounds
in multivariate normal approximations
via exchangeable pairs with applications
to Wishart matrices and fourth mo-
ment theorems”, Ann. Appl. Probab. 32
(2022), 602-631.

. A. Oga, Y. Koike, “Drift estimation
for a multi-dimensional diffusion process

using deep neural networks”, preprint,
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10.

. X. Fang, Y. Koike,

. Y. Koike,

arXiv:2112.13332 (2021).

“High-dimensional
by Stein’s
Probab. 31

theorems
Appl.

central limit
method”, Ann.
(2021), 1660-1686.

. Y. Koike, “Inference for time-varying

lead-lag relationships from ultra high fre-
quency data”, Jpn. J. Stat. Data Sci. 4
(2021) 643-696.

“Notes on the dimension
dependence in high-dimensional cen-
tral limit theorems for hyperrectangles”,

Jpn. J. Stat. Data Sci. 4 (2021) 257-297.

. V. Chernozhukov, D. Chetverikov, Y.

Koike,

theorem

“Nearly optimal central limit
and bootstrap approxima-
tions in high dimensions”,

arXiv:2012.09513 (2020).

preprint,

. X. Fang, Y. Koike, “Large-dimensional

central limit theorem with fourth-
moment error bounds on convex sets
and balls”, preprint, arXiv:2009.00339

(2020).

. 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.

C. MEAFE&

1.

FEHL I3 WAT ) O @ OeHE R & E R,
HAR A2 2022 FEER, HERFPHEHY
2022 4 3 H (BBl o v F 0 A L A RS
JEFERIZE DAV T A VHMBIZARE 725
722, TTARNT 7 NDADFKR).

L EIRIET — RIATHT B IERDERL: Bk D i

B, 2Rk &R G E TV OB & 5 i
HTKROE W, & > T 1 B, 2022 4 2
H.

. REGESFEEIFIZ BT 5 ETF x—7 v b

A A T HIEEADRATIEITBIRA DR
#r, 2021 FEE4 2 JAFEE k&, AV 54
B, 2022 4£ 2 A.



10.

11.

12.

. Central

. Gaussian

. Gaussian

in

high-

developments,

limit  theorems

dimensions: Recent
15th International Conference on Com-
putational and Financial Econometrics
(CFE 2021), King’s College London,
London, UK (hybrid), 2021 4 12 H.

high-

Recent progress,

approximation for
dimensional data:
Maths &  Stats
(Macquarie University), online, 2021 4

10 H.

Colloquium  Series

to  high-
dimensional Wishart matrices under a
moment assumption, H AT & 2021 4£
EMEREIBIE, VT4 VFME, 2021

F9H.

approximation

. R FRERE TIVIS BT 2 ERocHE S

BATHIHERE, 2021 FEHGBEESEE K
&, AV T4 UhME, 2021 F£9 A.

. Global jump filter iZ&£DO<KIF T 1Y

T4 HEEIEDELR, % 6 [ YUIMA 21—
Y2, 51 VR, 2021 4 8 A.

. De-biased graphical Lasso for high-

frequency data, #iFHEERMFZEAT V) X 2
FRATHRE I ZE & > X — 85 8 [m<Bhs v R
TN TR@AERT 2 FEREADOIIGE
Fam L, Ay 71 VB, 2021 4 8
H.

Bootstrap test for multi-scale lead-lag
relationships in high-frequency data,
Bernoulli-IMS 10th World Congress in
Probability and Statistics, online, 2021
ETH.

Drift estimation for a multi-dimensional
diffusion process using deep neural net-
works, The 4th International Conference
on Econometrics and Statistics (EcoSta
2021), online, 2021 4 6 H.

ESHE BRI B 1 5 2 EEATIEITRMR
DY x—7 Ly ME, 2021 RGO
Y I — (MEHBELHERT), A>T 1 VB
1, 2021 4E£ 6 H.

(0]

D. i##%

1. MEEHT — R AT 1 . 22N B & R
RARNT OEMEE R IZKB2FEH %2z
o Tz, (BEFIATHIRIEER)

2. MEFT — RARNT T RREMF O IR (Flib i
AlE - MR - HEE - ERY) & R I
X BEHE I FE o 2. (BEFIRET
AR )

3. MEHU BRI V - HERGEF XC:
BRREH D AR, H A RO, A
A RNVATETINIREDIEZ, KIEHER
MO o 72, (BHKRFRE - 4 F4EHL
AR

E. &+ - ftiwmx

1. (&+) #4K st (SUZUKI Kaishu): Non-
parametric estimation of the diffusion co-
efficient of a one-dimensional diffusion
process using deep neural networks.

2. (Bt) A B (FUKAMI Riku): <J)LF
V= VENE ) A XERED )V NT A
MY Z[EEE T IVIZH T 5 deep neural
network % F U 728 I HEE .

F. xAfges — e X
1. HAMGEH A2 RS
2. HARGHEL - GESGHE - TE¥S Ralf
3. “Asia-Pacific Financial Markets” Asso-
ciate Editor
4. MEEHEEERAT & BUEEUR

G. ZH
1. 28 1 [ IST SRR KR SG0&RE, 2019 4 9

H.
2. %6 32 /NIFFZEESEE, 2018 4£ 9 H.

X &% (GONGYO Yoshinori)

A. fFFEEEE

E9. SEEIXT ZHBUEID A TIRSUERZE L
T\ 7z — AL & 30 72 BB/ B 0 D R B
DWVWTOHFFNEBEHRK L Wei-chung Chen K& D
HFWM X% arXiv IZHRTE 72, £7- C. Hacon
KREFEMERBVASIFELTVE I LD, Z2H



D, —DIFNBERBIZDOWTDMIETDH 5,
ZHESEERITED VT WBDT, REEER X
2w, B 5 DI RHLER E EE O MEL & i
Thd, —WEANOIREHEIX, BRiREEMgT 2
ZEIZ X DEEAMNER L, FZ TSI MAT
WEDIFZENDKIBILTHZD, ZTH56EBr-
&Ry VHERRHEBER DL D TWRWD T,
FNERAENLEIEES, ZOWKIEE S
L b 251285, BBRICSFEEERL 5
1. BATRIESG D & A7z L O PO WL T
Hb, 77/ ERIKCHLTEBREVSI LWL
BEaz2EALT, MHRPHEOHNEZEMORET
TOWEE T2, 770 - I DA
WP RERETDEMLTHI L ETIFHTE
DT, TOFHRARIELZSTHBILET
Eahot, TrTu - JIIX DA T
WH Lo T QITRIFES TR WTFHRDOT, Z
DOFRERERTICAHRFROFEHZ TR S &
72\,

In this academic year, I have completed the
joint paper "On a generalized minimal log dis-
crepancies" with Wei-chung Chen and Yusuke
Nakamura, which appeared on the arXiv.
Moreover, I have studied two projects with
Christopher Hacon. The first one is on the
log variation. This work has almost been com-
pleted. So I think that we can make it pub-
lic in the next academic year. The second one
is the study of "Formal extension and its ap-
plications". We have proved the generic for-
mal extension theorem by using ring theoretic
arguments. Now we have been studying its
globalization. For this purpose, the vanishing
theorem does not enough in the current sta-
tus. We want to overcome this obstruction.
Probably we need to take time for studying
this project. Finally I have studied Mukai type
conjecture about a characterization of products
of projective spaces by a viewpoint from the
local-global correspondence. I have proved this
conjecture, up to Ambro-Kawamata’s effective
non-vanishing. So I have figured out that it is

a very reasonable conjecture. But the assum-

ing conjecture is too difficult to prove by the

current technique in birational geometry. So I

want to remove this assumption.

B. #Kifw
1. 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.

2. P. Cascini, and Karl
Schwede : “Uniformbounds for strongly
F-regular surfaces" Trans. Am. Math.
Soc. 368, No. 8, 55475563 (2016).,

3. Y. Gongyo and S. Takagi
of globally F-regular and F-split type"
Math. Ann. 364 (2016), no. 3-4, 841-
855.,

4. Y. Gongyo and S-i. Matsumura : “Ver-

Y. Gongyo,

: “Surface

sions of injectivity and extension theo-
rems" Ann. Sci. Ec. Norm. Supér. (4)
50 (2017), no. 2, 479-502

5. 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.

6. 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,

7. S. Ejiri and Y. Gongyo : “Nef anti-
canonical divisors and rationally con-
ncected fibrations", preprint, Compos.
Math. 155 (2019), no. 7, 1444-1456.

8. Y. Gongyo and S. Takagi : “Kollar’s in-
jectivity theorem for globally F-regular
varieties", Eur. J. Math. 5 (2019), no.
3, 872-880.

9. S. R. Choi and Y. Gongyo : “On a gener-
alized Batyrev’s cone conjecture", Math.
Z. 300 (2022), no. 2, 1319-1334.

10. W. Chen, Y. Gongyo, and Y. Nakamura:

“On a generalized minimal log discrep-



ancy ", preprint, arXiv:2112.09501.

C. DEa¥EH

1. Recent development of the minimal
model theory, “F#KFHEMB A E
KERAR” L2021 £ 12 H8 H

2. Minimal model program (Expository
talks) “Interactions of new trends in Al-
gebraic Geometry and Singularities” (Oc-
tober 11-15, 2021)

3. TRV XV AFHOEEDHERE, #4tiER
FRBEEMF 2 IF—, 202146 HT7TH

4. Nef anti-canonical divisors and rationally
conncected fibrations, AG seminar at
UCLA, , 24th Apr. 2020,

5. On a generalized Batyrev’s cone conjec-
ture, Zoom Algbraic Geometry seminar ,
, 23th Apr. 2020,

6. A generailization of Batyrev’s cone con-
jecture Algebraic Geometry in Auckland,
University of Auckland, NZ, 16-20th De-
cember 2019

7. A generailization of Batyrev’s cone con-
jecture , #OFHALREBERMFE S VKD T L
2019 26th—29th November, 2019

8. A generailization of Batyrev’s cone con-
jecture , JRFIKE, ava ¥ L A, 14th
November, 2019

9. 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 , 2 21 FEILZHEBEREE LS VR
T I, 13th-16th July. 2019,

10.

L. WS Fheam « Z2EBORMEEBUE, ¥
B, B L UMD OEBEHARIZD
WCa R U7z (BT RS 22)

2. Zii7u v T4 TiE (BROKFE—FD
FRe7a T 7 —)(—HHY) £
B O EBDRERIZ DWW T

3. BB ML II(CCRME): A fE - N bz
A A N U T AAREUE:

7

4. REMERR I - R XC:V —< V. &
FL KRG

5. FEEERBIRRAIGE S 11 - R80 XH:Eooik
B DO RIFRIN 72

6. BUESAZEHEH T (R34 12/6 12/10) :
FARAB/INE 7OV B G

E. &+ - i
1. (L) &% KE (YOSHINO Taro):The
degree of irrationality of Fano complete

intersections

F. MAgEd — e A
1. R KRARBEE T2 I - — DIHEE A,
2. Zoom Algebraic Geometry seminar g%
A,
3. Algebraic Geometry East Asia seminar

THEEA,

] FH (SAKAI Hidetaka)

A. T

BRI BT 2 LR, Z0 RO
%, &I, BkEEGE, THEOROMRE WD
BRPSIToTE.

B DFERIZUATOEY .

1. 4y = AERRROSEE2HE U
T, &7y 7 ARGHREAOELI IS
L5604 FEOIHNAHERNEZ, NIV HFUAR
D THRDT=.

2. 7y AMGRAOEER» SR/RONS 4
DO 4R NT 2 BARRIT LT, A
BADDIL 2WgGaDiRbEa#E 2, 2 2D
4RGNV T o B R R G R e o5
x5 A (JIEHER, #RbrREKE DHLE
fifge).

3. NKRE - NI K 5 E S M R O 2 BT
BT BN YRODEETY, NZRIEAT
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BRIz, T, Ry IV NEBROERLES
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ZOFEGRWEIZIEHEZ DU (LOKAEKE D
HLFEIH5E).



5 »5% q BEEOSV LT = HREAO—#RERE,
AGT D g FEM 2 > TRERL U 72 (i8R
K, #&RAIKE OHFEMLT).

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:

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 Béacklund 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 g-Painlevé equation. We used ¢-
analog of AGT correspodence. (joint work with
JIMBO Michio and NAGOYA Hajime).

B. KX
1. H. Sakai and M. Yamaguchi:

tral types of linear g-difference equations

“Spec-

and g-analog of middle convolution”, Int.
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Math. Res. Not. IMRN (2017), no. 7,
1975aA52013.

2. M. Jimbo, H. Nagoya, and H. Sakai:
“CFT approach to the g-PainlevAl VI
equation”; J. Integrable Syst. 2 (2017),
no. 1, xyx009, 27 pp.

3. K. Hiroe, H. Kawakami, A. Nakamura,
and H. Sakai:

type equations”,

“4-dimensional Painlevé-
MSJ Memoirs, 37.
Mathematical Society of Japan, Tokyo,

2018.
4. T. Mase, A. Nakamura, and H.
Sakai: “Discrete Hamiltonians of dis-

crete Painlevé equations”, Ann. Fac.
Sci. Toulouse Math. 29 (2020), no. 5,
1251-1264.

C. MEEFE«

1. Ordinary differential equations on ratio-
nal elliptic surfaces: Integrable systems,
symmetries, and orthogonal polynomials
(ICMAT, Madrid, Spain) 2017 4 9 H.

2. A rigid, irreducible Fuchsian linear q-
equation can be reduced to a 1st or-
der equation by integral transforma-
tion:  25th International Conference
on Integrable Systems and Quantum
Symmetries (Czech Technical University,
Prague, Czech) 2017 4 6 H.

3. CFT approach to the ¢-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 H; #f
R R & WA 2 BHEE & 2 DIt
(RECEEAT) 2018 4E 9 AH.

4. Discrete of
Painlevé equations (joint work with
T. Mase and A. Nakamura):
Systems Workshop 2019
of Sydney, Sydney, Australia) 2019 4
11 H.

5. Painlevé SREARDOHR: HABF2MKE
feaakts, BTG R 2

Hamiltonians discrete

Integral
(University
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6. Painlevé EEUEKER & LG R 2020 4
ERBHS VRO L (v T4 ) 2020
#£11 A.
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3. AREURATE - fRATE XH 2 SV = fifE
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EAESEER)
4. WERMZ © DERDHEE (PEFRE
HARBIZR)

5. MEERMIEEY - MR oMY (BE
FERE ERBERL
F. Wawtzes — e 2
1. Funcialaj Ekvacioj fiffZ 8

G. ZH
2019 5 H AR 2R 72 E

H#H 85t (SAKASAI Takuya)

A. TR

HH Lie RO > TV 7T 1w 74 Lie A%
DHHEIZDWT, ZTDIRED E Lie REDIREL 1
THEH S N5 Lie REZRET 5 Z & Idilim
DEHIFRETNT T 568 Johnson ¥ERTI DF %
WETEHILLFA%SETHY, RELRMEL LT
W5, FHKZK, SARIERKE OHLFHFFRIC &
D, 5 8 Johnson #ERIDBDIPRE % HED T\
», Frx OB R & Kupers, Randal-Williams
DEHOMEREGOEL ZETREEDIFLI L
MWTE T

% 7z, Kim-Manturov (2 & > TEH X 7z, i
D= HEIOZEMP SESNDEE TE ZEH
U, HFrEHIK, A K e £FT, 2D Artin £
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WIS TH B T, 2EHL, Zh S ORUNMER
RXT =N DWREEIT o2, 7z, ZORED
n =25 D& ZIZIX property (T) ZFzmnwZ &
AL 72

In the study of the symplectic derivation Lie
algebra of a free Lie algebra, it is important to
determine the subalgebra generated by its de-
gree 1 part, which turns out to be the same as
the image of rational Johnson homomorphisms
for mapping class groups of surfaces. This aca-
demic year, in a joint work with Shigeyuki
Morita and Masaaki Suzuki, we investigated
the 8th Johnson homomorphism. By com-
bining our computational result and a recent
work by Kupers and Randal-Williams, we de-
termined the image of the homomorphism.
Also, in a joint work with Yuuki Tadokoro and
Kokoro Tanaka, we studied the groups I'? de-
fined by Kim-Manturov in their study on the
space of triangulations of surfaces. We defined
the “Artin conterpart” fi of T* and deter-
mined minimal generating systems and abelian-
izations. Also, we showed that I's does not have
property (T).
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. Wit o i o GEBERE L B RO SN
HoEMEEDarER Y —IZBT 520k
TOHH L B DHERE, 5 5 70 & 54 3



5, HAREF4x (2018) 225-254.

. T. Sakasai, S. Morita and M. Suzuki :

“Torelli group, Johnson kernel and in-
variants of homology spheres”, Quantum
Topology 11 (2020) 379-410.

. T. Sakasai and G. Massuyeau : “Morita’s

trace maps on the group of homology
cobordisms”, Journal of Topology and
Analysis 12 (2020) 775-818.

C. ML

1.

Torelli group, Johnson kernel and invari-
ants of homology 3-spheres, bR B Y —
K I —) BEKY, 2018 4 11 H.

. Topological studies of moduli spaces of

Riemann surfaces and their generaliza-
tions, Quantum Math, HHER}FHAMT KT
Bek, 2019 4 3 H.

LI 7FRERY - EHEEIEH, EN-

COUNTER with MATHEMATICS,
K%, 2019 4E 3 H.

. Computations on Johnson homomor-

phisms and their applications, Compu-
tational Problems in Low-dimensional
Topology II, ¥ ##l Bl 2% £ Al K 5 B K,
2019 4 4 H.

. Johnson homomorphisms up to degree 7,

Vayvy VR D E 2019, HEK
%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,
{RIRIE S AR E Y — in | 2019, HE7-H
AR > 2 —, 2019 4F 11 AH.

. (1) Outer space and tropical curves, (2)

Applications of the moduli space of trop-
ical curves, Y =< VHEIDE Y 2 T 1 2]
DFEM, WECKRYE, 2020 45 1 H.

. Higher dimensional extensions of John-

son homomorphisms via bordism groups,

80

Geometry of discrete groups and hyper-
bolic spaces, HLH AR EEEMEMTAFSET (A
VIV, 2021 FE 6 H.

10. On a group of Kim-Manturov, Workshop
on Groups in Geometry, B T3 K7,
2021 4F 12 H.

D. i##%

1. A& XC - AAHREME 1T : BT 7 o
W=V FIVOEH L ZDOHAMEIZ DN
TEHAL, #1E R LNy RV KM
FIZOWTAMBAAZHHL 2. (B
KB - 4 FAH@EGER)

2. BRI AERRE (M) . Av T A VT, B
HRFEEONA 2 HEERZ & & 123N
U7z, R % HEFR T 5 72 0 O RTEMRE /N
TANGREERTo T2, (BEFLIRETHRE
i)

E. &+ - -t

1. (ML) B /K (SHENG Xiaobing):
Geometric and combinatorial properties
of some generalisations of Thompson’s
groups.

2. (L) /NE 52 RB (KOSUGE Ryotaro):
Hhim O B4 H#ED Chillingworth #43HEZ
2D2WT

F. WAz — e 2

1. WEHE4S: Geometry of discrete groups
and hyperbolic spaces (2021 4 6 H, &
HR LIRS, A2 T4 ), i
A

2. 74 v+ I7F—: Johnson homomor-
phisms and related topics (2021 4 10, 11
H,2022 %1 H,2 A), #HiEA.

t£% M #F (SASADA Makiko)

A. TR

G T 1 D KA FLAE PR A & 5 % 5 i i 22
flzit LC, L2 RE AL, —EORMEDS &
T, ¥ 7 MAES L2 OHIF RO S HRE A Y
SOZ L RAH U ZO S mAMREIIE,
IR O 0TS B R A — U R 0D FiE B
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TERERN S, T ORI E AT R % W TR
WCRHTHIEDNTELLMFINTELN, E
M7 AL & BB G IX 2 E Tirb T
Motz Tx OFERIE, URTOML TR T W, ¥
7 MR —RREAR R D o fiRE B &5 F Iz 3D <
LEDTHD. ZOMERIE, —MbHEtuEfE, 2k
MR 7 & D — M 228 T 5URE TIOVICHET T 5
ZeNTES. ZOWFEIEIRAHE— K & D [H i
KTH5.

We rigorously formulate and prove for a rela-
tively general class of interactions the charac-
terization of shift-invariant closed L?-forms for
a large scale interacting system on a crystal lat-
tice. Such characterization of closed forms has
played an essential role in proving the diffusive
scaling limit of nongradient systems. The uni-
versal expression in terms of conserved quan-
tities was sought from observations for specific
models, but a precise formulation or rigorous
proof up until now had been elusive. Our re-
sult is based on the universal characterization
of shift-invariant closed uniform forms studied
in our previous article. Our result is applica-
ble for generalized exclusion processes, multi-
species exclusion processes, and more general
lattice gas models. This is a joint work with
Kenichi Bannai.
B. F&EEm X
1. K. Saito, 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-
" Ann. Appl. Probab. 28, No. 5,
(2018), 2727-2739.
3. D. A. Croydon and M. Sasada : “In-

variant measures for the box-ball sys-

rents

tem based on stationary Markov chains
and periodic Gibbs measures” , J. Math.
Phys. 60 083301 (2019).
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4. K. Saito, 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, 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., (2020).

6. 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.

7. 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.

8. O. Blondel, C. Erignoux, M. Sasada and
M. Simon :
a facilitated exclusion process” , Ann.
Inst. H. Poincaré Probab. Statist., 56-1
(2020), 667-714.

9. D. A. Croydon, M. Sasada :

integrable systems and Pitman’ s trans-

“Hydrodynamic limit for

“Discrete

formation” , Advanced Studies in Pure
Mathematics 87 381-402 (2021).

D. A. Croydon, M. Sasada :
ized hydrodynamic limit for the box-ball
system” , Comm. Math. Phys., 383(1)
427-463 (2021).

10. “General-

C. MgaF£

1. Hydrodynamic limit of nongradient
models, One World Probability Seminar,
Online, 2020 4£ 10 A.

2. Geometric Perspectives for the Theory of
Hydrodynamic Limits, Department Col-
loquium at McMaster University, Online,
2020 # 11 A.

3. Pitman’ s transform description and in-
variant measures for KdV- and Toda-

type discrete locally-defined dynamics,



10.

University of Arizona and University of
Utah Mathematical physics and proba-

bility joint online seminar, Online, 2021

F3H.

- VAR AR BR O M 7 5 TR A A

¥# ¥ 24—, Online, 2021 4£ 9 H.

. Varadhan O/ R OS2 E b &

FERRIZ D WT, BURMER Rt I —, B
KFREGEHERI AR FERL, 2021 4F 10 A.

. On Varadhan’ s decomposition theorem

in an abstract setting, Rigorous Statisti-
cal Mechanics and Related Topics, On-
line, 2021 4 11 H.

. Varadhan O X o EEH O &y

72 Ak & iEH, The 19th Symposium
Stochastic Analysis on Large Scale, On-
line, 2021 £ 12 H.

. A probabilistic view of the box-ball sys-

tem and other discrete integrable sys-
tems, Pacific Workshop on Probability
and Statistical Physics, Online, 2021 4F
12 A.

. On Varadhan’ s decomposition theorem

in a general setting, 5th Colloquium
on Interacting Particle Systems, Online,
2022 41 H.

Topological structures and the role of
symmetry in the hydrodynamic limit of
nongradient models, One world IAMP
mathematical physics seminar, Online,
202243 A

. AR

1.

ffE At 101 - MR A - SR & 1
RrfE, BERUREE < L F > 7 — )L O PR EEE,
Bt g Bl 4 DARERE 2 o 7. (BELK
Fht - 4 FAEIERER)

. EERERCRR RIGE R VIL - iy XA R T

PRFRETHEINS KEHEZRD I
2 RZOMHBEFMDP S, < 27 122X
AR ZEET 5 Z &, feEDE
AW TEETH D, FARIFmERIZ, KE
HIE & Rp DR @D 5, DD~ 7 a R
7 A — 2B B PE RN R R iR
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3.

ZEHT DEFCEE IR TIETH D, 30
FELL Rz o TR I N T E 7. 3
B AR JIENBIEWT T ADET
LV OAIEN im0 E Hif L TEA
SNz, WEREREZEM Eo—/ME e WS B
mEEALLZIRERY—DEALIZD
WTHBAT U7z, RRICIRZERTE T, AT
FRER BT B AN R FIHE LT, b
ATEER ST T LD R LT A =7
Eiko7z. TO%, MIRERZER Lok
TRV -k, ZORMBIFBRADIGHIZ
DWTH o7z, (BELKZRE - 4 F4EL@
i)

MEHRARET T T PRI 5D < BURHEHR R
DORBHIEZ P > 7=, (3 FEHITH#ERE)

2MivarF a7 (RAAX -4 [HE
W) : MR E R, BEREFEOE X
Fafh Uk, (BB ERREER)

F. }Ar5Es — ¥ A

1
2
3.
4

o

. BB PMERRER

. HABCES HWARKAGEER

HULZERFSERr  AIP £ v 2 —REWRE
BB BORALE 71 7T LB
Hy—x> 77 V-7 {#HEEA
WA ¥y 2

6. RIEEANEMR S v b7 —2 HMHHER

10.

11.

[u—y

Probability Theory and Related Fields,
Associate Editor

Annales de Il'Institut Henri Poincaré,
Probabilités et Statistiques, Associate
Editor

. International Mathematical Union Com-
mittee for Women in Mathematics, Am-
bassador

AHIFEGES [ Catch-all Mathematical Col-
loquium of Japan] fH&5A

7 —2 ¥ aw 7 [PDEs and Probability
Theory -beyond boundaries] fH&EA

K
i3

2021 A 11 H ESEFSERSE RN BEAEAN
fcBUESRE < AMERFREE (Vay TV

XE)



T4 BEF (SHIMOMURA Akihiro)

A. fFZEEEE

BN 7 — ) T OFEEZHWT, REA
RGPS ARRROMIEzTo72. HIRE,
BREF T —a Y RT VY v L & 0PI
HYLREHMART Yy L EES A=Y — -
7 % v 7R OYMEREIZOWT, hEwn
FIAT — 2/ U T, 4l % Ry D I K
—BEEL ZOIHERIZOWTHRET Lz, Fhi
B LT, EBEEGRIZOWTERET 21T - 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
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.

D. %

1. FIERY I F—)VEE T2 R
BOAHZ B TR A R 2 B B SCHR D
e, (BEFIAHERE, 184 HR, S
EAAR—).

2. HABIZEY I F— )L THRRZIZEHN S
NHER]  BREOHEEEH -2 (BE
FURRTHIERAE, 2 A HLR, S AR X —).

3. BUFaETE XA - BEHBER 4 FED L

IS (BPEEER 4 A, S XA

AR —).

. BRI - bt VIL - BT O Bl
D, (BELRZEE - 4 FAEEE, S
TARAAR—).

5. ®FHBEMEY I F—b TEERTGe LN
VN ZEE OIS EER] - MRYOTe VR
U 22 OIS 2 kO imiE. ()
FAATHARRRE, A AR X —).

6. EMMNF I 7V T ORBEOFEE.
(B HRIMEAE e BRRER 3 4
A, ABAAR=).

7. FEENTAEE I TEMENE I (77— T
fRAT D) DFEFRITHTIRT 2 E. (&
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BRI A BARER 344, A
ZAAR—).

8. BUFRAGEZE « HAEBUER 4 D
I - (HEEHBUER 4, A X
AR =),

9. JLERfRAT AL - AT XB  EMNTF D
B oS ¥z, LP-22f (Okih) &V
AL 7B ORIz OWTERELE. (K
BURZBE - 4 FEAIGEHER, A A AKX —).

HfA #— (SHIRAISHI Junichi)
A. WS

Edwin Langmann K, g EMS K, & OILFEH
iz k. HBHBEE Ruijsenaars 2 2 /EFAZD
W] IRF [ 6 PR DRE R & 1770 5 72, IR D 2 FRFH D [
AREBDHER S Nz, (1) #MBEEH Ruijsenaars
2o F OWNE 3 Hif#, Z 211 Macdonald 1
MZICEY 2inEamfE (B - 9A) 2HHE
UTHM Y/ — 4 p iBd 2 SREE e U TR
IND, T OB B FEE LUK U TR
M# %5 %%, (ii) Macdonald £ IHR % #]IHIZ
Fb, p T2 LTEDSNSMH, TD
FAE - PURZ . (1) Ok B R IZ LTdh 5D
N EMET Z 212k > TR L 72,

BESK, AARBIKE ORFAMEZLY, B,
B g 2 FHARAOBAEKIZOVWTOFHE
(B - BA) 1I220WT, MG R oz,

By the collaboration with Edwin Langmann
and Masatoshi Noumi, the joint eigenfunctions
for the elliptic Ruijsenaars difference operators
are constructed. We have studied the two types
of eigenfunctions as follows. (i) Asymptotically
free solutions. These are the p series having
the asymptotically free Macdonald functions
(Noumi, Shiraishi) as their leading terms, being
convergent hence representing analytic func-
tions in certain domains. (ii) Eigenfunctions as
the p series having the Macdonald polynomials
as their leading terms. The existence and the
convergence in this case are proved by applying
a certain integral transformation to the asymp-

totically free solutions as stated in (i) above.



By the collaboration with Ayumu Hoshino and 3.

Yusuke Ohkubo, a proof for the conjecture

(Hoshino, Shiraishi) is obtained concerning the

explicit formula for the eigenfunctions of the 4.

type B, g¢-difference Toda system.
B. &K

1. E. Langmann, M. Noumi and J. Shi-
raishi, Construction of Eigenfunctions
for the Elliptic Ruijsenaars Difference
Operators. Commun. Math. Phys. 391
(2022), 901-950, 10.1007/s00220-021-
04195-8.

2. A. Hoshino, Y. Ohkubo and J. Shiraishi,
Branching formula for ¢-Toda functions
of type B, Lett. Math. Phys. 111 (2021),
126, 10.1007/s11005-021-01461-7.

3. 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

4. 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.

5. A. Hoshino and J. Shiraishi, Macdon-
ald polynomials of type C, with one-

column diagrams and deformed Catalan

10.

numbers, SIGMA Symmetry Integrabil-
ity Geom. Methods Appl. 14 (2018), Pa-
per No. 101, 33 pp.

C. MEaFEHE
1. J. Shiraishi, Quantization of Discrete

Sixth Painleve Equation and Shakirov’s

KAREE, B A —, 2 5 4 B g
FHBEBOHRARNHAE A KERE D
Bl (FEEK) 2021 9 H 14 H.

J. Shiraishi, Branching formula for g-
Toda function of type B, Workshop on
Elliptic Integrable Systems March 7th-
9th 2021 over Zoom

. J. Shiraishi, Some conjectures con-

cerning non-stationary Ruijsenaars func-
tions, New Connections in Integrable
Systems September 29 4AS October 2,
2020

. 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.

. B A% [ 41—, Kostka polynomials

with one column diagrams of type B,,
C, and D,,, HARZ#E2H 2, 2019 4£ 3 H
20 H, RETHEKRY

. EW A B A —, Matrix inversion

for Koornwinder polynomials with one-
column diagram HAZ2MEREG SR

£, 2018 4£9 H 24 H, 1Lk

EBEA galE—, 58 C,D & Mac-

donald ZTHRDWHREAR, HAKFERE
£, 2018 4E 3 H 20 H, HEK%

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).

Conjecture, 2022 Workshop on Elliptic D. 3%

Integrable Systems, March 8th-11th 2022
over Zoom.

2. RAGRES, A A # —, B B & £2F
Koornwinder fEfi# & C #! Macdonald
ZIHA LI, HABERFE S (FEKR) 2022
£ 3 H 30 H.

1.
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A HARER O AN 12T B H Y
FRERRIZTOWT DA,

4. IGHEC XE, BEREE A - 2 W R
BMEBET PO ZIVRBUZDWTHIHL
7. ABOER W REIZ2WT, (1) gl
RO baA ZVREEFANTE DR
WALDESITHREIND D, (2) Vv v
TUREE U TOREKIE, £7, (3) W<
DD GEMAIFH) HRERZEEZEALT
x0 7V 75K E ((REMREET)
kT B RN ARBANDER
W REBUZDOWT, gl MOEF PO A X)L
RE e BEFUNEEE Wz (B BFEER 1
72) MR TELZ L 2HPILE.

0 %F (SEKIGUCHI Hideko)

A. TR

B CHN S Penrose 2% Y HH Lie #f
DRIGRONIEGD SR L TWET. K, FE
% BRAR D A REE % FI\ T Penrose Z# D —f%
fbzE%L, ZOHT, KEQERX TOI=X
D EBEBERIIZESZ LS LA TVET.
Penrose ZH# DG IEY 1 2 V421 LD RS 5
RRE2W=THEVH D £3. BEBIFEY VT
VoT 4y 2O E, ZORBS FEARE A
HHNZZE Z TN U (FA-Gel'fand DR A H
BARZEBICBAELEZEZLTWD), HiIZZ
D KIGfREP 2T Penrose BMTHONDL I L %
ERAL £ L 7=,

F 2 i 3 [Contemporary Mathematics, AMS]
T, 2 DOMERDALEMT T A< v EhkiK L
® Dolbeault I EB Y —FTEIHI NS MK
WG RBLDOBNAEEHZE (V1 A X —£H) W7
T DD TA—RE, REDOREMEIZD
WTERLE U7, IRIZRERDKE R %2 G IR
BUZHER L, ST =& ) KEH %2 H 5 W FRRC
BALCHIRL 7z & & DEAKK RSO AKX %
Penrose Z2#12FHWTHREL £ L. KT, £D
DIEANGEELETH O, X SITHEERIIZ iR AT BE
A0 9. OEEFKR 2,3 Tl 2 D0REHE
FLIRIR ETRER S 72 IR T R RI BN 73
% Z & Penrose 2% W CRFHT & 5 — il
ZRUE U7
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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. F&KiwnxX
1. H. Sekiguchi: Twistor and Penrose trans-
form for indefinite Grassmannian mani-

folds, in preparation.

C. HEaFE«

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

Groups and Penrose Transform, h & H

UKl I F—, ) — B - FBRE 3

F— AR, FHERZEREGHBEB AT

Semisimple Lie



&, September 26, 2017.

. il

1. BOERRL R (R (R T
M1 RIS ST 2 —L).

2. BERRIZILRE (MAORA %) (M
B IL TID 8 1 42383 S1 & — L),

3. RRELCECE: (IR T8 1 e
%92 Z—L, A vARR—).

A, BTSSR (B EER TT, TIT 80 1 48
K, S2 X—D, A ERARAR—).

F. SAMZEY — e R

1. AARBZERINRER (2017 ).

2. HABC AW 2RI Z A (2017 4
2019 4EE).

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. fFZEIEE

EREEUZ B 1T 2 REE BRIR DR/ E 7L HiL R A3
BT —XThb, FMEEIX, EEHROMNE T IV
s LTy ) MEKIZOWTHIZEL 72,
NS DIET —<IZEL TV S8 L WigR
X EXSY W

I study minimal model program for algebraic
varieties in positive characteristic. In this aca-
demic year, I studied minimal model program
and varieties of Fano type in positive character-
istic. I established some new results on these
topics.
B. ¥
1. 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.
2. A. Sannai, H. Tanaka : “Infinitely gen-

erated symbolic Rees algebras over fi-
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nite fields”, Algebra Number Theory 13
(2019), no. 8, 1879-1891.

3. 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.

4. Y. Nakamura, H. Tanaka:“A Witt Nadel
vanishing theorem for threefolds”, Com-
pos. Math. 156 (2020), no. 3, 435-475.

5. H. Tanaka: “Abundance theorem for sur-
faces over imperfect fields”, Math. Z.
295 (2020), no. 1-2, 595-622.

6. P. Cascini, H. Tanaka : “Relative semi-
ampleness in positive characteristic”,
Proc. Lond. Math. Soc. (3) 121 (2020),
no. 3, 617-655.

7. H. Tanaka : “Pathologies on Mori fibre
spaces in positive characteristic”, Ann.
Sc. Norm. Super. Pisa Cl. Sci. (5) 20
(2020), no. 3, 1113-1134.

8. K. Hashizume, H.
Tanaka : “Minimal model program for
log canonical threefolds
characteristic”, Math. Res.
(2020), no. 4, 1003-1054.

9. H. Tanaka : “Invariants of algebraic va-

Y. Nakamura,

in positive
Lett. 27

rieties over imperfect fields”, Tohoku

Math. J. (2) 73 (2021), no. 4,
4714AS538.

10. H. Tanaka : “On p-power freeness in pos-
itive characteristic”, Math. Nachr. 294
(2021), no. 10, 19684A4S1976.

C. EaFE#E

1. On Witt analogues of the Kodaira van-
ishing theorem, Algebraic Geometry in
Positive Characteristic and Related Top-
ics, The University of Tokyo, Japan,
2018 fF 12 H.

2. Del Pezzo fibrations in positive charac-
teristic, Del Pezzo surfaces and Fano va-
rieties, Heinrich Heine Universitdt Diis-
seldorf, Germany, 2019 4 7 A.

3. On Mori fibre spaces in positive charac-



10.

teristic, 7 7 / SRR K O BEE 3 5 AR
fars, JuplRE, 2019 4E 11 A.

. On Mori fibre spaces in positive char-

acteristic, Tokyo-Seoul Conference in
Mathematics 2019 - Algebraic Geometry
-, The University of Tokyo, Japan, 2019

F11 4.

. 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 A.

. 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 4F 12 A.

. On Mori fibre spaces in positive char-

acteristic, Zoom in Algebraic Geometry,
Zoom, 2021 £ 1 H.

. On Mori fibre spaces in positive charac-

teristic, Workshop on birational geome-
try, Zoom, 2021 4= 4 H.

. Pathological examples in minimal model

program of positive characteristic, Arith-
metic algebraic geometry and mathemat-
ical physics, Zoom+ M #B K% RIMS,
2021 £ 12 H.

Pathological examples in minimal model
program of positive characteristic, Na-
tional Taiwan University-The University
of Tokyo, Zoom+National Taiwan Uni-
versity, 2021 4F 12 H.

. AR
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BBV EEERE - BB F DE AT
THMEEIT o7z, (S1 X— L, BEFH
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HEEiT-o 7.
HR)

5. (RBCERHIEE 11 : Wi » AR OR
Blamo @y, (A v AAX— 3HEERMT
)

(A £AZR—, 34EERT

E. &+ - Hitinx
1. (1) BH MR (ASAT Masaya): #F £
B BT BRI 3IRIC T 7 /) ZRRRIZ D
WT

F. XAMFES — A
L R KRB T2 I - —1itEhA.
2. VRIRRBCRMIF Y VR YT L 2021 HEGA.L

FH £ (TERADA Itaru)
A. THFHEE
ARG, Brauer diagram & updown tableau O X}
& % 52 % Stanley/Sundaram DXt %, HE
KA ZE 1 & symplectic form & flag 1ZBE§
5H5RBEEEZRHEEL TERMITHERT
&5 Z &% mRU7 (“Brauver diagrams, updown
tableaux and nilpotent matrices”, J. Algebraic
Combin. 14 (2001), 229-267) A%, Z AL
T, Springer 2 & % —f{t & 1172 Steinberg %
iR % W T Trapa 735 Z 7z, Brauer diagram
B DS APMEE O AR & o ] O 5T B
THMGEEED T WD, K2, Trapa & FHELD
Witz B DORBERRBIZELTEAS &,
% @ Robinson—Schensted it ® — ¥ 234 5 4
5. 7, O N pu TEAD v O Littlewood-
Richardson tableau I%, Grassmann % fkfk & R
ERRBIZ D S E B B B VBN BRIR D BER
43 % parametrize 3 5. Azenhas DR L7z, u
& v 2 R#Y 5 Littlewood—Richardon tableau
DE DA BHH, RG22/ D D BRI H 5
FlERIINBBMNKS ORI OEEN & —3T
B aALE (2010 1231 2T 5 K¥EDE
IF-BLUEHETXY) UEFTHAERE I
F—TCHEEFEEL, a2 &BHICHES). Zn
IZBHHE U, Azenhas D2 HE OX &M O G
WIZEHA %, Azenhas D /gt Z2i&F E THWRA S
SER L7, 205 % hive L WHOBEERZ W2



S\ X, Azenhas, King Mk & O IR & L
T L7 (arXiv:1603.05037 121247 (109pp.),
RBGTIRAS IR A [B1]). X 612, FEHARTIZ 1
THEE I NS flag 2ERD R TEERIKE & <L
&% H D, AR abel p HOMBIIOELE L LTV
Z D “REBLR” BT 25 AT T\ S,

In relation to my former study on a ge-
ometric interpretation of Stanley and Sun-
daram’s correspondence between the Brauer di-
agrams and the updown tableaux by construct-
ing an algebraic variety concerning nilpon-
tent linear transformations, symplectic forms,
and complete flags (“Brauer diagrams, up-
down tableaux and nilpotent matrices”, J. Al-
gebraic Combin. 14 (2001), 229-267), some
progress has been made on the study of the
correspondence between the Brauer diagrams
and the standard tableaux with even column
lengths, given by Trapa using Springer’s gener-
alized Steinberg variety. In particular, a cor-
respondence similar to Trapa’s for the alge-
braic variety mentioned above produces a part
of the ordinary Robinson—Schensted corerspon-
dence. In another direction, the Littlewood—
Richardson tableaux of shape \/u and weight
v parametrize the irreducible components of
a certain algebraic variety defined using the
Grassmannian and a nilpotent linear transfor-
mation. The bijection between the Littlewood—
Richardson tableaux switching u and v, as de-
scribed by Azenhas, has been shown to coincide
with the bijection between the irreducible com-
ponents induced by a natural correspondence
between the dual Grassmannians (talks were
given at a seminar at University of Coimbra and
at the 65th Séminaire Lotharingien de Combi-
natoire in 2010; the paper is under prepara-
tion for publication). A combinatorial proof
of the involutiveness of Azenhas’ bijection has
been completed by following her method up to
a certain point. These have been converted
into collaborations with Azenhas and King us-

ing the notion of hives (a preprint was stored in
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arXiv:1603.05037 (109 pp.), and an extensively
revised edition has been published [B1]). Also
in progress is the study of the set of composition
series of a finite abelian p-group and its “scalar

extensions”, which have a structure similar to

)

the variety of flags fixed by a unipotent linear

transformation.
B. F&&Ki
1. I. Terada, R. C. King, and O. Azen-
has:  “The symmetry of Littlewood—

Richardson coefficients: a new hive
model involutory bijection”, STAM J.

Discrete Math. 32 (2018) 2850-2899.

C. HEAFEL
1. On an involution on the set of

Littlewood—Richardson tableaux—A
module model for Azenhas’ bijection,
Algebraic and enumerative combina-
torics in Okayama, R ILIK% KT B HR
BIEIZERL 2018 42 2 A.
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2. Btfiin XB - MlAEE: Young M IC
BE s AEm. SRIXRICHAT SR
#7212 % H L, Robinson—Schensted
WIRDERKK R E2MH LD,
Robinson—Schensted XfJ&iZ & - THEFIZ
W63 % Young #2DJE %, NEF D D #EEK
DI H] - WATRIFIDORE ST Lo
TR % C. Greene OFER %, JEHRIR
A7 7 7 DAZERIZHLRT 5 Saks D
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W)

3. BT XREMITO 1 BEBEROMOE -
R EDHEME. (P AT R R)
ARECE TIL: RO LK, & < IT Galois $5K

DG, (3 FEAEMITER)
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£ 51275, Mix BHEID A > 7ZEADHLR % E5
U7,
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(1) The study of the back-end of compilers.
Compilers are largely composed of two phases:
parsing and code generation. Although the for-
mer a has standard mathematical theory, the
latter, often called back-end, has no standard
reasoning, thus treated in an ad hoc manner
The
goal of this research is to establish a theoretical

foundation for the back-end. The traditional

for each implementation of a language.

method carries out stepwise code translations
from the high-level programming languages to
those of target architectures. We have proposed
a method of compiler construction with no code
translations, instead successively transferring
mathematical models. We made preparatory
investigations toward allowing multiple archi-
tectures as compiler targets.

(2) The study of computational systems on cat-
egories. Diagram chasing is easy if we only have
to check the validity of a diagram, whereas it
is completely non-trivial if we must construct
the diagram by ourselves. The classical coher-
ence theorem asserts that it turns out to be
trivial, e.g., for the monoidal category. Unfor-
tunately, the theorem does not apply to more
complicated categories. One-to-one correspon-
dences between categories and computational
systems are the underscoring basis in the the-
ory of programming languages. A number of
correspondences are known, following the dis-
covery of the relation between lambda calcu-
lus and cartesian closed categories by Lawvere
and Lambek. The computational systems have
the notion of computation, as their names im-
ply. We thus naturally expect that the cor-
responding categories also have computational
facilities. We have shown that a suitable com-
putational structure is available for the linear
category corresponding to linear logic. This ob-
servation enables us the automatic construction
of commutative diagrams. We considered ex-

tensions to the categories possessing the Mix



rule.
(3) The combinatorial optimization of dy-
namic graphs. Traditional graph theory ap-
plies mainly to static graphs. Standard texts
of graph theory seldom deal with the situa-
tion where graphs change their shapes dynam-
ically. We are concerned with dynamic graphs
in the study of computational structures in cat-
egories. We have thus investigated basic graph-
theoretical concepts, such as matching, in the
context of dynamic graphs. In particular, we
have explored effective algorithms in terms of
combinatorial optimization.

B. &

1. R. Hasegawa: “A Categorical Reduc-
tion 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,

Issue 1
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A. T

—WE4E 12 UK & 17z forward Ergodic Closing
Lemma ([1] 2) 1%, 2> /827 s &kkik Eo CF
endomorphism IZ2DWT, T DEHHDEENT
RTOAREHEDEDNESDHL L LD 574
WeE (BAONAEAREBHEIZETS)IFEAL
TRTOFZOWT, B C EHZ L viRWE
Rk CRHBIEIZ § 5 T & AS AT HEZR T /5 Bl D A BRES
DPRROMBENSIHEDTH o7z, SHEEIZHE S
TZOHAIZF v v THREDP o772, ZDHE
S D B MR N7 (2] 300). O
&, BHU 254 & 72 2 O F R O RS A4
SIZREINIE, ZORPFUT L S5 TEBIZEH LS Z
LA THB L NS bDOTHY, ZNITE>T
forward Ergodic Closing Lemma DFEHHEHK S
ki -,

The forward Ergodic Closing Lemma published
in the academic year before last (see [1]) is that:
for a C' endomorphism on a compact manifold
whose critical points are disjoint from the clo-
sure of the union of supports of all invariant
measures, we can find almost every point (with
respect to a given invariant measure) having a
finite part of its forward orbit which is closable
in a strong sense. In this academic year, a gap
was found in the proof, so we proved a lemma
filling that part (see [2]).
that if the length of the finite part of the for-

The lemma claims

ward orbit is sufficiently long then it is actually
closable independent of the choice of it, from
which the proof of the forward Ergodic Closing

Lemma itself became simpler.

B. F&&KiwC
1. S. Hayashi: “A forward Ergodic Closing
Lemma and the Entropy Conjecture for
nonsingular endomorphisms away from

tangencies", Discrete Contin. Dyn. Syst.
40 (2020) 2285-2313.

2. S. Hayashi: “Erratum and Addendum
to "A forward Ergodic Closing Lemma

and the Entropy Conjecture for nonsin-



gular endomorphisms away from tangen-
cies" (Volume 40, Number 4, 2020, 2285-
2313)", Discrete Contin. Syst.
(2022) Online First.

Dyn.

. TR
1. A refinement of Mané’s generic di-
chotomy for surface diffeomorphisms, [ZE
JE W& & P EAHTE 2017 iR
Foliations and Diffeomorphisms Groups
2017, REKRZERERE I F =D X,
2017 4£ 10 A.

. On linearly entropy expansive diffeomor-
M8 Jg ke &ty R A 2018 A
72842 | | Foliations and Diffeomorphisms
Groups 2018, HEKF EREEE I F—
NP2 2018 410 H.

phisms,

. An asymptotic closing lemma and its ap-
plications, £ D 1% RiHFiHES, HAKYF
WEFHIRWHERT, 2019 4 1 H.

. The forward Ergodic Closing Lemma for
nonsingular C' endomorphisms, RIMS
MEER TH¥ER - mHI
FIFC-1 HHERY: 2019 46 H
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WE E (MATSUO Atsushi)
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RO RE LU 217> 7z, s CIEARE L
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fFo77,
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HOEAP R WEAEICERE®RERD XS ERb
TR R fTbhTnWa, 5Hl, FinOME T
KTpZricky, HEBNREEZEORTY A
ANMBED S 5735 — AP R oD Y, THR
RBOIEBHIRIZ WL DL DOWEEZ T Z AT
DT, INSDOBEEID AN TEfihH%
1To7ze 7272, FEBIZIX, EBEFIHEILSA Y
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732 % AEHOBE R E XML D TR E 572,

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).
As I was appointed to deliver a series of lectures
on vertex algebras as one of the minicourses in
a summer school, I reconsidered basic theory
of vertex algebras. In the lectures, I was to
explain especially twisted modules over vertex
algebras.

Although the concept of twisted modules over
vertex algebras had been originally defined ac-
cording to the decomposition of the vertex alge-
bra with respect to an action of a cyclic group
of automorphisms of finite order, it was pointed
out recently that the concept generalizes to the
case without such a group action. In prepar-
ing for the lectures, I achieved several improve-
ments in basics of twisted modules by modi-

fying the formulations, and I included them as



well as some other reformulations and improve-
ments in the lectures, which was acutally deliv-
ered online from Tokyo.

After the summer school, I continued reformu-
lating concepts and improving proofs in basics
of vertex algebras for the lecture notes to be
published in the proceedings of the summer

school.
B. F&imX
1. IR E: “RFEHFEZ I UOH”, HEKRF
Hik 2, 2019, CGRE KR AT 26)
2. A. Matsuo and A.P. Veselov:

sal formula for the Hilbert series of mini-

“Univer-

mal nilpotent orbits", Proc. Amer. Math.
Soc. 145 (2017), 5123-5130.

C. M¥HFEFE

1. “Introduction to vertex algebras and ver-

tex operator algebras”, Minicourse for

Graphs and Groups, Geometries and
GAP (G2G2) Summer School — Exter-
nal Satellite Conference of the 8th Euro-
pean Congress of Mathematics. Rogla,
Slovenia, June 2021. (10 Lectures deliv-
ered online.)

2. “Around Symmetries of Vertex Opera-
tor Algebras”, The International Con-
ference and PhD-Master Summer School
on Graphs and Groups, Representations
and Relations, Novosibirsk State Univer-

sity, Novosibirski, Russia, August, 2018.
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Introduc-

nite dimensional structures:

tion to vertex algebras After its discovery
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by R.E. Borcherds in 1986, the cocept
of vetex algebras has proved to be cru-
cial in various areas of mathematics and
physics. This course serves as an elemen-

tary introduction to vertex algebras.

WA A% (MATUMOTO Hisayosi)
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My research interests are in representation the-

ory, in particular representation theory of real
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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 module.
If g is a Borel subalgebra, it is called a Verma
module. Classification of the homomorphisms
between scalar generalized Verma modules is
equivalent to that of equivariant differential op-
erators between the spaces of sections of homo-
geneous line bundles on generalized flag man-
ifolds. So, it is important from the viewpoint
of the parabolic geometry. A sufficient condi-
tion for the existence of the homomorphisms
between Verma modules is given by Bernstein,
I. M. Gelfand, and S. I. Gelfand proved the con-
dition of Verma is also a necessary condition.
Later, Lepowsky studied the generalized Verma
modules case and obtained some elementary re-
sults. As Lepowsky pointed out, the classi-
fication problem for homomorphisms between
generalized Verma modules is much more dif-
ficult than the Verma modules. The problem
is still open. I have classified the homomor-
phisms between scalar generalized Verma mod-
ules associated with maximal parabolic sub-
algebras. Soergel estabulished that blocks of
category O are characterized in terms of inte-
geral Weyl groups. Using this result of Soergel,
we can construct a homomorphism between
scalar generalized Verma modules associated

to a general parabolic subalgebra from a ho-



momorphism between scalar generalized Verma
modules associated to a maximal parabolic sub-
algebra. We call such a homomorphism an el-
ementary homomorphism. I proposed the fol-
lowing 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.

Inthis academic year, I obteined the following
result. Let V7 and V5 be finite-dimensional ir-
reducible representations of p. For ¢ = 1,2, we
put M; the induced g-module from V;. Then we
have dim Homy (o)(M1, M2) 6 dim V;dim V5.
Applying the translation principle, we get that
dim Homy o) (M1, M2) 6 dim Vi dim V5 is less
than an constant only depended by g and p.

C. MgaFE#
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. (2) On the homomorphisma between
scalar generalized Verma modules for
complex simple Lie algebras of type B
and C,
“ Advances and Perspectives in Repre-
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International Symposium on

sentation Theory ”
Qingdao, China
. (3) On the homomorphisma between

scalar generalized Verma modules for
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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 lo-
cal Langlands correspondence in some sense.
The étale cohomology Hp, of the Rapoport-
Zink space for GSp(4) is equipped with actions
of G = GSp,(Qp), its inner form J, and the
Weil group Wq, of Q. This year I applied re-
cent results of Fargues-Scholze to refine the re-
sult I obtained last year, and succeeded to give
complete description of the irreducible decom-
position of the G-supercuspidal part of Hy, as
a representation of G x J x Wq, by means of the
local Arthur classification. It is possible to have
a similar result on the J-supercuspidal part of
Hi,.

I also worked on the Arthur conjecture for
automorphic representations of an inner form
of GSp(4).

Gan-Tantono and Chan-Gan, I explicitly con-

Based on previous works by

structed the local A-packets of an inner form
of GSp(4) over a p-adic field, and checked the
expected character identities. I think that the
Arthur conjecture can be deduced from this re-
sult by standard argument. I plan to work it

out in the next year.
B. F&Kif
1. Y. Mieda:
and f-adic cohomology of Rapoport-Zink
tower for GSp(4)”, Mathematische An-
nalen ([ZEEERIRE .
2. Y. Mieda : “On the formal degree conjec-

“Lefschetz trace formula

ture for simple supercuspidal represen-
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tations”, Mathematical Research Letters
28 (2021), 1227-1242.

3. 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
19 (2020), 2017-2043.

4. Y. Mieda : “On irreducible components
of Rapoport-Zink spaces”, International
Mathematics Research Notices, Volume
2020, 2361-2407.

5. N. Imai and Y. Mieda : “Potentially
good reduction loci of Shimura vari-
eties”, Tunisian Journal of Mathematics
2 (2020), 399-454.

6. Y. Mieda : “Note on weight-monodromy
conjecture for p-adically uniformized va-
rieties”, Proceedings of the American
Mathematical Society 147 (2019), 1911-
1920.

7. T. Ito, T. Koshikawa and Y. Mieda :
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HEROWORMENIZ DWW THR, RS 7
BB NINtY - YL HRER
DIFHTIERMEfEE R 2 FIFH U 725 DA ER
Thd. I ORMEMERIE 1980 F£R 25
2000 AT T TREOBEYINE (FE, —&
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E. &+ - ftiwmx
1. (&) FJ @1 (TERAI Kengo):
Some asymptotic problems for systems

of Hamilton-Jacobi-Bellman equations.

=248 ZA (MIYAMOTO Yasuhito)

A. W FEIE

FEH B & B DR FiFE R E e L TW 5.
15 ML RS H BRI AR E T L T E 7293,
FEMBLCE: - 28l 2 VT, EED 3 FITY
BOFIZE NEZFENTE . WK 2 FEDEEK
T —IZRDMEY :

1. RHE2AERXD Liouville B EE [1,7]:
1] FRMH AER (—A) %0 > (I *
uP)u? a.e. in RN O EMEMOFIEE 72 1%
FEFLEDZOD p,q,a, B, N IZBHT 554
BRI, 22T, Ig(z) = Aglr|~ V9
X Riez RF > ¥ IV TH 5. [7] TIHRM
DAER £A™u > (U(|z]) * uP)u? in RN
IZOWT ERl & AkOME 2 5 L 7.

2. REFBRVEZF OAEREROSKERX
[5,6]: ERk4EI% O Dirichlet M@ —AU =
(A+0|VU?) /(1 —U) O IR D524 53 1%
M%7 5], —MRIRIERIPIH & KD
FEX Au=1/f(u) (ZZT f(0)=0%
723 &3 %) DERNFRDRAMDIALE,
—TEME, AR & B B0 2 A & SR
U, 16 % HAWTHIGT 5 Dirichlet [
BAU + N f(1=U) =0 QERAIFMED 53
I [ 5X% fHF5E L 72 [6].

3. SERAFRADEDEZAVWRIBEDR
BA [2,10]: L2 / Vo —EDHESZMDT
T, —fRAY7ZIERIPIH F(u) &= TO0 12
BETLZEORT VY ¥ VIH V (x) 25D
IRIF—DR/INT IV F —fF

/ [Vul®
Ry 2

DIFAE L FEFEIETDWVWTHIZL 72 [10].
[10] @ F k% FH\» T#NL Schrodinger &
DIGE =L T [2].

+ V(z)u? — F(u)dz

inf
llul? ;=
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4 ERBARBAOBR ORI I [3]:
S e e T L L R T
w =0,0<7r < oc0lZXHLT, phitE
R OBE (o, 8,7) DETOMAED
FIZDOWT 2 DDRDR i E KD 7=, W
R R IZHOSFRBEBUZE T 2 m-7 75
VT UR ANV T VEEL. ZOMEI
£oT, <A TWBEYakT - Vv
RV VB DO — ALY T 2 gz R
T L7,

5 MBI ARAROATREN [4,8]: 2HES
TIVT VERRL, RN KEEZRD
BB ARRRICH LT, —REFLVR—2
e B 2 KD & & W R AR R
FIELIFHEDEH LR 5 E ML
7= [4]. BEH R O = Au+ u|>Nu in
RN EA 7 — NV ARZE L 73570 LYRY) T
WFRT R WZ RS NT WD, K
UCHEPFAT 2 &5 Ry EBIZET 5
B3 G % W HBE R D WM & L T
Flik U7z [8].

6. IER/FITEAFFD 1 R5t Allen-Cahn 772
XDDIREE & REMN [9]: LATHEICE
WT (—1,1) E® Neumann [f#

1
du’” + (1 —u?) <u—g/ udz) =0
-1

D1 E— FEOBENIEXRNIZ, EHHE
5D 1 RBBEDOR & FDRD S 2RI
TEHERENSRBIENRHELSMIZINT WY

2. ZOWETIE, 1 IRDEFKOETOM
DOEEMEREL, 2RI 135 B ES)

IR (d > 0WNI Ve X)) OORENE
% SLEP &I Eh 3 FiE2HWTHRE
L7-.

My research area is parabolic and elliptic
PDEs. I am mainly studying elliptic problems
for more than 15 years. However, I am recently
interested in parabolic problems. Topics in re-

cent two years are listed below:

1. Liouville theorem for partial dif-
In [1]

a necessary and sufficient condition on

ferential inequalities [1,7]:



p,q,a, B, N for existence of a positive
solution for (—A)*/2 > (Iz * uP)ul
a.e. in RY is studied. In [7] the inequal-
ity £A™u > (¥(|x]) * wP)ud in RN is
studied.

. Bifurcation diagram for elliptic
PDEs with singular nonlinearities
[5,6]: A complete bifurcation diagram
for positive solutions of —AU = (A +
5|VU|?)/(1 — U) on a ball is obtained
in [5].
properties of a degenerate radial solu-
tion for Au = 1/f(u) are studied in [6].
Moreover, a bifurcation diagram for the

Dirichlet problem AU +\/f(1-U) =0

on a ball is studied.

Existence, uniqueness and other

. Constraint variational problems
[2,10]: In [10] existence and nonexis-
tence of minimizers for
Vu|?
inf / [Vul” + V(z)u?
RN 2

]2, =a

— F(u)dz

is studied. Here V(z) < 0, # 0 and
V(xz) = 0 as || = oco. The same prob-
lem for a nonlinear schrédinger system is
studied in [2].

. Intersection number for a quasi-
linear elliptic equations [3]: When
p is supercritical in some sense, the
intersection number of two solutions
for == (re /|81 ) + kre=P-vub 4
uP = 0, 0 < r < oo is obtained. We
found a certain exponent which corre-
sponds to the Joseph-Lundgren exponent
for the Laplacian case.

. Solvability for parabolic problems
[4,8]: In [4] existence and nonexistence
of solutions for parabolic equations with
fractional Laplacian are studied. In [§]
a necessary and sufficient condition for
existence of a solution for the so-called
doubly critical parabolic problem Jyu =
Au + |u|?Nu is obtained.

. Stability and bifurcation diagram

for a non-local Allen-Cahn equa-
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tion in an interval [9]: In the previ-
ous study the complete bifurcation dia-
gram of 1-mode solutions for the Neu-

mann problem

1
du” + (1 —u?) (u—g/ udm) =0
-1

on (—1,1) was obtained. In this study we
determine the stability of each solution
on the first branch. The first branch has
a second bifurcation point. Then we de-
termine the stability of a solution on the
second branch in the case where d > 0 is

small, using the so-called SLEP method.

B. F&FKGm X
1. M. Ghergu, Z. Liu, Y. Miyamoto and

V. Moroz, “Nonlinear inequalities with
double Riesz potentials", to appear in
Potential Anal.

. N. Tkoma and Y. Miyamoto, “The com-
pactness of minimizing sequences for a
nonlinear schrédinger system with po-
tentials", to appear in Commun. Con-
temp. Math.

. K. Ikeda, Y. Miyamoto and K. Nishigaki,
“Intersection properties for singular ra-
dial solutions of quasilinear elliptic equa-
tions with Hardy type potentials', to ap-
pear in Complex Var. Elliptic Equ.

. T. Giraudon and Y. Miyamoto, “Frac-
tional semilinear heat equations with sin-
gular and nondecaying initial data", to
appear in Rev. Mat. Complut.

. M. Ghergu and Y. Miyamoto, “Radial
regular and rupture solutions for a PDE
problem with gradient term and two pa-
rameters", Proc. Amer. Math. Soc. 150
(2022) 1697-1709.

. M. Ghergu and Y. Miyamoto, “Radial
single point rapture solutions for a gen-
eral MEMS model", Calc. Var. Partial
Differential Equations 61 (2022) Article
47, 29 pages.

. M. Ghergu, Y. Miyamoto and V. Moroz,



10.

“Polyharmonic inequalities with nonlo-
cal terms", J. Differential Equations 296
(2021) 799-821.

. Y. Miyamoto, “A doubly critical semi-

linear heat equation in the L' space’,
J. Evol. Equ. 21 (2021) 151-166.

. 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.

N. Ikoma and Y. Miyamoto, “Stable
standing waves of nonlinear schrédinger
equations with potentials and general
nonlinearities", Calc. Var. Partial Differ-
ential Equations 59 (2020) Article 48, 20
pages.

C. MEaFEE

1.

Polyharmonic inequalities with nonlocal
terms, HABFES 2022 FEFE, HEK
F(ArI14v),2022 43 H 28 H.

. Singular solution and separation prop-

erty for semilinear elliptic equations with
general supercritical growth, H &L [E 4T
7244 International Workshop on Non-
linear Elliptic Equations and Its Appli-
cations(F > 7 A V), Jan. 26, 2022.

. Stable standing waves for nonlinear

Schrodinger equations with potentials
and general nonlinearities, 2§ 175 [a]#1%4
WigR 2 I —, REEPRRE (A 71
v), 2021 410 A 23 H.

. Stable standing waves for nonlinear

Schrodinger equations with potentials
and general nonlinearities, H A&R#%# &
2021 EFMERESBIE, TEXY (Fv
54 >), 2021 49 A 14 H.

- PR SR P LS R X oD RO PR R oD R SE

Part 1 & 2, RIMS %S (RFT) [
> iR A DR D AT ) | ZUERR
(Fv712), 2021 6 H 29, 30 H.

. PEEGSRE PR G R X D BRI R S & 435

Wi, ISR & S 0 —, SRR (A 5

100

10.

1.

1), 2021 4 4 A 15 H.

. Existence and uniqueness of singular so-

lutions for supercritical semilinear ellip-
tic equations, HAREF 4 2021 EEFES,
BEHE BRI K (VT4 V), 2021 £ 3 B
15 H.

. A doubly critical semilinear heat equa-

tion in the L' space, %8 4 [ X GHER G TE
R IEMIE B AGRROMOZEE), =i
K (Fv T4 ), 2021 4£2 A 16 A.

. A doubly critical semilinear heat equa-

tion in the L' space, 2§ 38 [EALMIZ B 1)
B oy SRR R 2, UM R (v
14 V),2021 41 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, HAEF 2 2020 FEKZE
BWAEDRR, BAKE (A7 1Y), 2020

F£9H 23 H.

. A
TR YT 4 TR (S ARAR -2 13

FlD>H 4[E): Fa—)rTZRE2—2D
AMPEEE (BB - 2 F4)

Rty ARG (SEARZ =) 1HE 2

P oMM R (BARK, 775
AR, BENGRER) & BBURNT 2 Fo
TIRHL 7= (A HER 3 - 4 44E)

BRI IS I (SEARX—) &

ke TR 3T il % 32a8 4 2
#clm L7z GRAEBER 4 44)

CRREMTE (A RARR =) ZEHE 1A/ L

HIZXB EDOA R T —T 4V R HRRERITSE
b9 2 [E Al D BRI R R DWW THIZE L
WEERMABEL - (A BER4F4)

BRI (A AKX —4 13 EDS

B 1 E) : FERIE R /3R O e P B
i (A AR 2 4£4)

E. &+ - it

(L) 1k AMIER (SAKUMA Masaki):
B O VN ML O — Ak & R S
LB AP S 2 ER B MERTE AN D
;|
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Bi# (Reseach Associates)

JFE #1Z (KIYONO Kazuhiko)

A. TFTEIEE

4 I RRRIZ BT B RATRRIE BE L 18 5 2
BRRHERDBEWNZOWTHIZEL TW5,

BRI AV 4 RIS AR DREAER D175 A E
MENEHMATH D LI BRAE Y - ¥ —HEEADR
B EIFTAE VREEANDR D EIFICId R > Tz
WHEDZFMALTE A VIEEANDRS LIFTF
LB Lo neiEimLzoE0n, Gt
BIZMEWAH D X5 BDOTEZBEL TAK, L
AL, FLEELVI Eidbh>TWnARY,

I have been studying the difference between lo-
cally linear group actions and smooth ones on
4-manifolds.

I had studied group actions on spin 4-manifolds
using the lift actions on the spin® structures
with trivial determinant line bundle which do
not act on the spin structures few years ago.
Though I concluded at that time that this
method would not yield results that could not
be obtained by using the lift actions on the spin
structures, I reconsidered because there seems
to be a mistake in the calculation. However, I

have not yet come to the correct calculation.

D. %%

1. BORBLEEMEY - KPP TR R LR
DIFEIZDOWTDEHE 24T > 7z, (BEE
ERATIIRRAE R TR 1 454 S1 X — L)

- BRI EBEEY . KETRFEFID
DHEFEIZOWTDHE 217072, (BESE
AT EARR AR AR T2 1 4 S1 X —4)

- BUPIE R Y - R & ARELRE
FOYUHIZDOVTOHY &21F o7z, (B#E
FERHTAGRAE AR 1] 1 4 S2 X — L)
- BUAIRE R Y - B & AR ELARE
FOYHIZONWTOHE ERITo 72, (P
FHBHTIHERFE AR T B 1 4 S2 X — L)
- AT L A EOEE 21T o
Too (BEZFIMATHIRRER T8 1 44 A
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TR AL )

WM FEE - MM FOEE 21T o
Too (BELMATHIGEREER TH 1 F4 A
TR AL )

AR AREA R - MR D E 21T o
Too (BEFIETHIREHB I H 1 4 A
CAAR—)

AR RECA R SR D E 21T o
Too (BEZMMATHIAHER TH 1 F4 A
CAAK—)

. BFHBMEY I TV [ZEHEROM
31 BEBBBOWIZDOWTHHL 7,
(B ZRATIERRE S1 & — L)
LYHMBMEY ISV TEBRAETHS
B SEBEBOR S & XY N VIRNT
ZOWTHEBL 2, (B IRRTHIZR A
CAAK—)

10.

45 # (GOCHO Toru)

A. ffFFEEEE

PLAE 5 D BLERIC AT BE S 2 RERITH LT, “BE
2B E WS RAD SRR RD D T L 2RAT
W5, FDDIZ, YTV IT 4y ISRKD
— TR O RREZ 3R E B Y —X LR
2 KH ICASHEEZHNTWS. ZZHIED
MEZEBLT, EHEZO VTV T 1 v 74K
DIV — T M DFEZE K B, BRICEDEHE
WERTAZ e 2MEND, b=V v I7ERIEPZ
DREERIIZHLUT, HnT 220 Y ZD
iz kD7, ZTOMER, ZhosDESHEAPE
DI, BFIFERT Y =0 5E 5N kR
ACZDOMDH LD “q-Fl4L" 1ZR>TWVWE D
EWRnm o7z EHHGOERMLIZ ENIE, Fkk
DEIX, [HZ elliptic cohomology # HWTH
HRETHZEHICBONEDT, ZOHAEHIL, ¥
D &S BEENFOND Z LT D DR E K
TTWBEZATHS.

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. 3%
1. BRI P I  BE—FED S1 X —
L DEH
2. BULSLER GRS - BE LD S2 X —
YNOY: -]
3. WMDY - HE-FEDA AR
B — DRSS DEHHE
4. SERBUFEHY - BEE—FED A AR

B — DRFILRES: D

L EBFEIF -V TU LK DFEIBFE T -
BRE RN, S FRREREE
B BEARNIRE X SR IERITE D B
TaBH U 7=,
CBREYIF—L [P o< 0B I
P2 N RUT, R SRR B R
FATBT B HEANILE Z SR IEFICHD k
FCEEA L 7=,
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5% b3} (KONNO Hokuto)
A. THFEHEE
7= BHGEER, 7 — VHEROKRTE h R b
— WA EADIGHTH . SHEEIE, 3
DDHELDBTF—IZDOVWTIFREZR T 2. BAID
TODFFAERITFH U E L DT D & BFEH A
REDOMFEIE TV T v N OHEBRRETH 5.
#95®ﬁﬁi,ﬁlﬁ7—ﬁ$ﬁétﬁﬁé%
DTH5 (ROEMMEKE OHFANE). G2 oh
WD SRR IEA N S —iiREH B2 HET S
PE X 22 TE DS, 4 RIS TH -
THRIZZDOFRERY =28 S x §3 0z & [
THEHLE5RED (FEBY— S X 83 LIFIENh
%) IZRHULTE, E<HASNTVWBRIEAN T —il
KEEDOHFED O DFEEIFHAT WL H, EH
RRETHD. DT T AD 4 IRTERKITHT S
IEA7 S —ihiREtEOREZ, JEINLEW % R DIk
AR b AIRTLERRIED LD Seiberg-Witten
MimEERTEHILIZLD 5 X D% J. Lin
BIUOROEMEICE VBRI T W, &
EEDFERTIL, Manolescu @ Seiberg-Witten
Floer ZiEFE MY —MEZHNS I LT, 05
DEATTBHREREMEL, LRI LHEELZS
7-. ZOREEIL, Seiberg-Witten Hin % AW T
ZOAMETHESNE LD L U TIZFEENIZE
tE@NEEbNEEDTHS.
ZOHDHTEIE, 3 IKIGE A LD involution &
WOHIZET2H0THS (FEK - /O EM
K oFAMIE). A UEER 52 - AT
oY — 3 3KE D _ED involution TH - T, ZD[E
EREEGPRIRT 2 THND XS5 RBDITHL,
Seiberg-Witten Floer % H € b =MD LIz
FEXNBMEHEE X5 Z LT, involution (ZX}
9% Floer K HERINSMAZ R ZG7-.
Witten Floer ZE S E M- RIZFEEI N
HIERIGEE ORZBEHTERT L D LIFHRR
O, MEEERENERE LUz, 410t AY VLK
R D _E® involution ¥ Seiberg—Witten AFFERIZ
FHETHEAD IR THD. THITIhiEH
W, ARG R AN 4 OGS RIS U TR L
7z involution (ZX9 % 10/8 BIANEA & BiF (T &
ARTCERRIZHE U 2. 6 & LT, BRAE
4 RTEZRRARIZ XT3 % non-smoothable 7 FEAE
% detect U7z, X512, X o8 0H IR

Seiberg—



7z 8% O BN EHE I U LR @ involution (2
NI AZREATSZ T, EOHIZNTS
Floer K Mt ARZER L 10/8 B D HlH % 157=.
ZHIZIFRECH DO WL D DO AREBEADIES 726
HA»dH 5. HlZIE, stabilizing number & FEIEH
BHREOHD 4 GG RERD, ol T
V= bRO YIS T T —THIZE L SR
2ENET DN, ZoHEHNTYO TR
INTz.

=DOHOW, RO —VHROERN X 4
IRTEZRAEANDISHTH 5 (BHEGEAEK - Anub-
hav Mukherjee & - 2 0 IERI K & O ILFEIHZE).
Seiberg-Witten HFERDHE%E, 23> X7 MMEE
TG UTe 3 IRGE IR Z B ST R DB AT & 4
WIS RAD ETERT L2 LT, BRTE 4R
TEERRR DI R R GAR D BUE I 7 AN 2 8 % 58 2%
U7z, EHEZIX, IV X7 MEEPIHELET LY v
TVIT 4y IMENRE--aI—-VEM->THES
NBEIVNRT MARGTEERRDIEEZELETSH T
ETIDRELERRFERINDG. ZORLEEZHN
T, BRANME 4 RS HED EOZF Y F v 77
WA MG XYV F v ZRRRT 1 OHNE
FeiA % detect U7z, MFEAZE(E, Kronheimer—
Mrowka 2MEIZEZ L TV v X 7 MNERE R
DA RGLERIRD RE R D EIRDELITH 203,
BSUC B 2 MAAMERDT 1 b -2
LiEMERD =012, HREDIY XY MEED
LRIOBEAROERE2 BE-ALEEE2EHT LT
RBVERTHDZLER VLT,

I have been working on applications of gauge
theory to low-dimensional topology and geom-
etry. In this year, I studied three different
themes.

The first study, which is joint work with Masaki
Taniguchi, is about positive scalar curvature
metrics. It is a classical question whether a
given smooth manifold admits a positive scalar
curvature metric. For a 4-manifold whose ho-
mology is isomorphic to that of S! x S3, clas-
sical obstructions to the existence of positive
scalar curvature metric vanish or are not well-
defined. Recently, J. Lin and Taniguchi and I

constructed new obstructions to this class of 4-
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manifolds by considering Seiberg—Witten equa-
tions on 4-manifolds with periodic end. In the
study in this year, we constructed a new ob-
struction which unites J. Lin’s obstruction and
our past obstruction. Our new method is based
on Manolescu’s Seiberg—Witten Floer stable
homotopy type, and this obstruction seems to
be the best possible obstruction which can be
obtained from Seiberg—Witten theory along the
direction started by J. Lin.

The second study, which is joint work with
Jin Miyazawa and Masaki Taniguchi, is about
involutions on 3-manifolds and knots. For a
given involution on a spin rational homology 3-
sphere whose fixed-point set is of codimension-
2, we considered an induced involutions on the
Seiberg-Witten Floer stable homotopy type of
the 3-manifold, and defined a Floer K-theoretic
invariant of involution using this induced ac-
tion. This induced action on Seiberg—Witten
Floer stable homotopy type is not a usual
one considered in equivariant theory, but is
a 3-dimensional analogue of Yuya Kato’s in-
volution on the Seiberg-Witten equations in-
duced from an involution on a closed spin 4-
manifold. Using this induced action and K-
theoretic invariant, we extended a 10/8-type in-
equality for involutions by Kato to 4-manifold
with boundary. As an application, we detected
non-smoothable involutions on some spin 4-
manifolds with boundary. Furthermore, apply-
ing this framework to the covering involution
of the double branched covering of S® along
a given knot, we defined a Floer K-theoretic
invariant of a knot and obtained a 10/8-type
constraint on knots and surfaces bounded by
them. This constraint has an interesting ap-
plication to knot theory: for example, we gave
the first example of a knot for which a certain
4-dimensional knot invariant, called stabilizing
number, behaves differently in the smooth cat-
egory and in the topological category.

The third study, which is joint work with
Nobuo Iida, Anubhav Mukherjee, and Masaki



Taniguchi, is about applications of gauge the-
ory for families to 4-manifolds with bound-
ary. We defined numerical invariants of dif-
feomorphisms of a 4-manifold with bound-
ary, equipped with a contact structure on the
boundary, by considering families of Seiberg—
Witten equations. More precisely, these in-
variants are defined by considering families of
non-compact 4-manifolds, which is modeled
by a 4-manifold obtained by attaching a cone
with a symplectic structure induced from the
contact structure with the original 4-manifold
with boundary. Using these invariants, we de-
tected exotic diffeomorphisms of 4-manifolds
with boundary and exotic codimension-1 sub-
manifolds of 4-manifolds with boundary. These
invariants are parametrized analogue of an in-
variant of 4-manifolds with contact boundary
due to Kronheimer and Mrowka, but as a non-
trivial twist, we found that it is effective to
take into account the fundamental group of the
space of contact structures on the boundary
to obtain information about isotopies of diffeo-

morphisms on the boundary.

B. FEFEX
1. 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
formula for families Seiberg-Witten in-
variants”, Geom. Topol. 24 (2020), no.
3, 1381-1456.

. H. Konno :
4-dimensional gauge theory”,
Topol. 24 (2020), no. 3, 1381-1456.

. T. Kato, H. Konno, and N. Nakamura :
“Rigidity of the mod 2 families Seiberg-

“Characteristic classes via

Geom.

Witten invariants and topology of fami-
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lies of spin 4-manifolds”, Compos. Math.
157 (2021), no. 4, 770-808.
. D. Baraglia and H. Konno: “A note
on the Nielsen realization problem for

K3 surfaces”, to appear in Proc. Amer.

Math. Soc.
7. H. Konno and N. Nakamura: “Con-
straints on families of smooth 4-

manifolds from Pin™ (2)-monopole”; to
appear in Algebr. Geom. Topol.
. H. Konno :

Witten invariant emerging from the ad-

“A cohomological Seiberg-

junction inequality”, to appear in J.
Topol.
“On the

Bauer-Furuta and Seiberg-Witten invari-

. D. Baraglia and H. Konno :

ants of families of 4-manifolds”, to ap-
pear in J. Topol.
H. Konno and M. Taniguchi: “The

groups of diffeomorphisms and homeo-

10.

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.

H. Konno and M. Taniguchi : “Positive

11.

12.
scalar curvature and homology cobor-
dism invariants”, arXiv:2104.10860.

H. Konno, J. and M.
Taniguchi :  “Involutions,
Floer K-theory”, arXiv:2110.09258.

13. Miyazawa,

knots, and

C. HEaFEE

1. Gauge theory for families of 4-manifolds,
Gauge Theory and Applications, the
University of Regensburg (N1 %), 2018
FTH

. Difference between the diffeomorphism

of 4-

Confluence

and homeomorphism groups
manifolds, Four manifolds:
of high and low dimensions, the Fields
Institute (77 %) , 2019 £ 7 H

. The

phism groups of 4-manifolds, Floer Ho-

diffeomorphism and homeomor-



10.

. Floer

motopy Theory and Low-Dimensional
Topology, University of Oregon (7 A
77) ,20194FE8 A

. Seiberg-Witten theory for families I, 1T

(Eft#5E#) |, Gauge Theory Virtual, &
VSAY [TAYH], 202141 H

. Gauge theory and diffeomorphism and

homeomorphism groups, H A% 2021
EEER KGR, T2 71 v [BERR
KF¥], 2021 %3 H

K-theory for Stanford
Topology Seminar, 7 > J - > [Stanford

University], 2022 41 A

knots,

. Seiberg-Witten Floer K-theory for knots,

CGP Seminar, #* ¥ 7 1 » [IBS-CGP],
202241 A

. Positive scalar curvature and higher-

dimensional families of Seiberg-Witten
equations, Seminar on Seiberg-Witten
theory, &~ 74 > [N V], 2022 4 2
H

. Floer K-theory for knots, MIT Geome-

try and Topology Seminar, & >~ 7 1
[MIT], 202242 H

Recent developments in Seiberg-Witten
theory (EHRIAZ) | AV T 1 v (HEKRF
FERITECERZ L], 2022 4 3

. AR

1.

BRI E SR KT RO DS -
WA & BRI D S O . (i
SRR, ST X — 4 - S2 R— 1)

CFIBRIRRE - BUAICET 2B (B

EPERATHIERAE, S X A% —)

- BB AR - R -

IR OBEY . (BEEFH AT, A &
A AL —)
S R VR E i . S (VR E A R ap )
FANOFER. (BEE 3 HEE, A kX
AR —)

. FMSP 2B I BRI SE - AP Y
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M i—EF (TANAKA Yuichiro)
A. THFEHEE

INMBITERIZ & » TEA I N7 ER LRI
AR EHOB@RTIZ, ) =T Y82 b
THEPHEIAV NI THEILEMDT., 7=,
KEDERIXTCTH 2 BRI T TH % % [Md
TV —HOREOMEGEMEZHE -MIZHES Z &
MTE D, SHEEDOHIET, ERARBESIREAD
AN NERIZK BEHAOERAEIMED S inner
type DI >N T NERIZ L BIEHDENHE
5NBZ LD Tz,

The notion of visible actions on complex mani-
folds has been introduced by T. Kobayashi with
the aim of uniform treatment of multiplicity-
free representations of Lie groups. This year
I have found that the strong visibility of the
action of a compact real form on an irreducible

complex algebraic variety implies that of the ac-
tion of a non-compact real form of inner type.
B. F&Kiw

1. Yuichiro Tanaka, A Cartan decom-
in-
J.
Japan, Advance Pub-
2022) DOLI:

position for Gelfand pairs and

of

Soc.

duction
Math.
lication 1-25 (February,
10.2969/jmsj/85588558.

. Yuichiro Tanaka, Double coset decompo-

spherical functions,

sition for reductive absolutely spherical
pairs, Geometric and Harmonic Analy-
sis on Homogeneous Spaces and Appli-
cations, Springer Proceedings in Mathe-
matics & Statistics 366, 229-267, 2021.

. Yuichiro Tanaka, Visible actions of com-
pact Lie groups on complex spherical
varieties, J. Differential Geom. 120
(2), 375-388, (February 2022) DOL:
10.4310/jdg/1645207534.

. Yuichiro Tanaka, A Cartan decomposi-
tion for a reductive real spherical homo-
geneous space, Kyoto Journal of Mathe-
matics, Advance Publication, 1-8, (2022)
DOLI: 10.1215/21562261-2021-0020.



. HHRHE— R, EERBRZ BRIk~ O ALK E
EZDIHH, AR 2 2019 FEKER
BRI, BRI RIREET 7 A b
Z 27 b (2019) , 67-76.

. HHEE—RR, EREREBRAAD 2N b
V=B & B ARERIZ DWW T, B
Mritgeragze sk, RIMS, Kyoto University,
No. 2139 (2019), 37-49.

C. M¥aFEHE
1. HHE—BR, EEEEOI=2) ) v
12D\, Lie i - XBidt I F—, Zoom
meeting, 2022 4 3 H 15 H.

. R —BR, AR SEBRER RSN B A
VRV HIZDOWT, Lie B - Bt 2
7 —, Zoom meeting, 2021 4E 11 A 23 H.

CHAFHE— BB, G ZRRAR EOEHTIZ O W
T, Workshop on "Actions of Reduc-
tive Groups and Global Analysis", Zoom
meeting, 2021 48 H 18 H.

. HE—EE, Gelfand X OBREEIZ DWW T,
Langlands and Harmonic Analysis (5 5
[f]), Zoom meeting, 202143 H 9 H.

CHE B, MEEEEOMEFEHRICD
W T, Workshop on "Actions of Reduc-
tive Groups and Global Analysis", Zoom
meeting, 2020 48 H 19 H.

. Yuichiro Tanaka, Cartan decomposition
for a reductive real spherical homoge-
neous space, 6th Tunisian-Japanese Con-
ference, Mahdia, Tunisia, December 16,
2019.

. FH R —BR, ERERZ BRIR A~ O AT B E
X DIHHE, HAKZE S 2019 FEKFR
AR, @INKE ARF ¥ 8, 2019
F9H 18 H.

. H Pk — AR, Introduction of symplectic
techniques for group actions, Workshop
on "Actions of Reductive Groups and
Global Analysis", BIXAZF ERERE & I
F—T, BEEBR, 201948 A 21 H.

. HARE—ER, ERERERIRAD a8 |
U —BEZ KB WHRERICOWT, REGH
& DRI DR, FUERK BT
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fF%ErT, 2019 47 H 10 H.
10. HI R RE—BR, G BLEBRIR BTN 4 5 7
R Vo R, 2018 FERBGwRT —2 Y a vy
7, SV KRR ¥ 8 R, 2019 4E 3 H
12 H.
£
1. BORRLE B (RS - MLREL):
R - MEAREUCBE S 2 Y (R
LIE SR &)
- BUA BB GR T (R - AR
Ry - AREUREIZ BT 2 Y (B ERET
WIRRFEE )
AR MRS R B
(BB A )
- RRBURBUA R BRELRBUAICB S B
(BRI G 28 )
. RN ERENRIZB T Bl
DFENE (BRI E)

PRt B8 (NAKAMURA Yusuke)

A. WYL

(1) BEEEIZE Ehi & LSC T & PIA T %
F U T, WEEE BAIEERIC L o THEL 574
Rl U C PIA PREZEEIIL Tz, SARE
Z TN RRHCIRR L, i e UL THEL
7o (B. FRIWXD 1, SEHEN K & OILFEMSR).
(2) —fX} (generalized pair) IZ2WT ACC ¥
e LSC $RZMIEL 7= @H DX (log pair)
ZOWTHIS N TV ARERNY Iz OVWTH
IELWZ & ZEEH L, fixXe LTHRKRLL (B F#
Fin XD 2, W. Chen [ & BESEH#i K & O S H
%).

(1) As joint work with K. Shibata, we contin-
ued to study the LSC conjecture and the PIA
conjecture from the previous year. Last year,
we proved the PIA conjecture for quotient sin-
gularities for linear group actions. This year,
we extended it to nonlinear group actions.

(2) As joint work with W. Chen and Y. Gongyo,
we studied the ACC conjecture and the LSC

conjecture for generalized pairs. We proved



that some results known for usual log pairs are

also true for generalized pairs.
B. FE&E
1. Y. Nakamura, K. Shibata: “Inversion of
adjunction for quotient singularities II:

Non-linear actions”, preprint available at
arXiv:2112.09502.

2. W. Chen, Y. Gongyo, Y. Naka-
mura: “On generalized minimal log
discrepanc”,  preprint available at

arXiv:2112.09501.
. Y. Nakamura, J. Song: “Upper bounds
of orders of automorphism groups of leaf-
less metric graphs”, preprint available at
arXiv:2110.05946.
. Y. Nakamura, K. Shibata:

of adjunction for quotient singularities”,

“Inversion

preprint, Algebraic Geometry 9 (2022),
no. 2, 214-251.

. Y. Nakamura, R. Sakamoto, T. Mase, J.
Nakagawa: “Coordination sequences of
crystals are of quasi-polynomial type”,
Acta Crystallogr. Sect. A77 (2021), no.
2, 138-148.

. Y. Nakamura: “Dual complex of log
Fano pairs and its application to Witt
vector cohomology”, Int. Math. Res.
Not. IMRN 2021, no. 13, 9802-9833.

. Y. Nakamura, H. Tanaka: “A Witt
Nadel vanishing theorem for threefolds”,
Compos. Math. 156 (2020), no. 3, 435
475.

. 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.

. 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.

M. Mustata, Y. Nakamura: “A bound-

edness conjecture for minimal log dis-

10.

crepancies on a fixed germ”, Contemp.
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Math., 712 (2018), 287-306.

C. OEEFEH
1. “Inversion of adjunction for quotient sin-
gularities”, Algebraic Geometry and Re-
lated Topics, National Taiwan Univer-
sity, B8 (4> 71 VEME), 2021 4£ 12 A.
. “Minimal log discrepancies of quotient
singularities”, Interactions of new trends
in Algebraic Geometry and singularities,
OIST (4 ¥ 71 vBf), 2021 4 10 H.
. “Inversion of adjunction for quotient sin-
gularities”, Zoom Algebraic Geometry
Seminar, &> 71 B, 2021 £ 2 A.
“Inversion of adjunction for quotient sin-
gularities”, Fudan-SCMS AG Seminar,
Fudan University, H1E (&> 7 1 »Bilfi),
2021 E 1 H.
. “Inversion of adjunction for quotient sin-
gularities”, R H I+ —, A 51 V5
8, 2020 4E 12 H.

.

1. B (BB 1A, @A),

2. tHRBOHEBIE k 77 7.
RS — A

1. (A—HF A ¥ —) Algebraic Geometry in

East Asia Online Seminar, * > 7« »Fd
(2 EMIZ 1), 2020 4 8 H-.

ol
i

—_

. 2018 AR AARE R E B L ES
2018 4F 10 H.

E#R 2% (MASE Takafumi)

A. WL

Laurent M % £ 22£4 AT DOWT, FITHERN
P& coprimeness (H\MZFHEEM) OB AL SH
N7z,

LT (R MoceE) &L, L LTE#S
NBMIEOHEIRED IR EEZ L. DS
RS, 02D L WEEET 4 D054



. Laurent V% £ > (& DO H ) HI4E D
Laurent ZIHAIZ7 %)

. BRI E R (£ @ Laurent ZIHADEER
272 %)

. coprimeness % 723 (% @ Laurent % I1H

KRBV HENZRITRD)

Laurent HLIHX SRR R D@ i ¢ B U

2\ (Laurent BIHA & LTI 2 DI

FIHAfE D A)

B3 2 56, L NOMLED L WHEKIZB W T,
ZOHRRIE 4 DOFM 232 & %, DAATE
BHL T\,

SAEEX, 4 DHIZH B Laurent HIHR D 5
WZDOWTEIZELE L. FOFER, Laurent P&
coprimeness 7* &, Laurent HIHER O ME HHE >
Zenbhol. INEMAWSE I LT, KFSH
RABO & D0 X WHEEL T Laurent M, BERIME,
coprimeness % jii 72 372 5 1, EED X \WHHIET
I 3DDOMWEMES Zehbrd. THITE
Y, Laurent M, BEfYIE, coprimeness 1%, (472 <
bty bTEZDRO L) FIBITHKRIEL RV
BRRCEEOWETH L Z Lhbh oz,

I studied discrete equations with the Laurent
property, focusing on the irreducibility and co-
primeness properties.

Let L be a lattice and consider an autonomous
discrete equation on L. T had already proved
that if the equation satisfies the following four

properties

1. it has the Laurent property (i.e. each it-
erate is a Laurent polynomial in the ini-
tial variables),

. it has the irreducibility (i.e. each iterate
is irreducible as a Laurent polynomial),

. it has the irreducibility (i.e. each pair of
iterates is coprime as Laurent polynomi-
als),

. Laurent monomials appear only as initial

values,

on one good domain, then the equation pos-
sesses the above four properties on any good

domain as well.
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This year, I considered the condition about
Laurent monomials. I proved that this con-
dition follows from the Laurent and coprime-
ness properties. This means that if a discrete
autonomous equation satisfies the Laurent, ir-
reducibility and coprimeness properties on one
good domain, then the equation also possesses
these three properties on any good domain.
Therefore, these three properties are, as far as
considered together, independent of the choice

of domains and inherent in the equation.

B. F&Gm
1. R. Kamiya, M. Kanki, T. Mase, T. Tok-
ihiro, Coprimeness-preserving discrete

KdV type equation on an arbitrary di-
mensional lattice, Journal of Mathemat-
ical Physics 62 (2021): 102701.

. T. Mase, A. Nakamura, H. Sakai, Dis-
crete Hamiltonians of discrete Painlevé
equations, Annales de la Faculté des Sci-
ences de Toulouse, 6 (2021): 1251-1264.

. 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.

. 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.

. 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.

. B. Grammaticos, A. Ramani, R. Willox,
T. Mase,
bility:

Detecting discrete integra-
the singularity approach, Non-
linear Systems and Their Remarkable
Mathematical Structures, N. Euler (Ed.)
(CRC Press, Boca Raton FL, 2018),



arXiv:1809.00853.

. R. Kamiya, M. Kanki, T. Mase, N.
Okubo, T. Tokihiro, Toda type equations
over multi-dimensional lattices, Journal
of Physics A: Mathematical and Theoret-
ical 51 (2018): 364002.

. R. Kamiya, M. Kanki, T. Mase, T. Tok-
ihiro, Nonlinear forms of co-primeness
preserving extensions to the Somos-4 re-
currence and the two-dimensional Toda
lattice equation —investigation into their
extended Laurent properties—, Journal of
Physics A: Mathematical and Theoretical
51 (2018): 355202.

. T. Mase, Studies on spaces of initial con-

ditions for nonautonomous mappings of

the plane, Journal of Integrable Systems

3 (2018): xyy010.

M. Kanki, T. Mase, T. Tokihiro, On

the coprimeness property of discrete sys-

10.

tems without the irreducibility condi-
tion, SIGMA 14 (2018): 065.

C. MEaFEHE
1. T. Mase, Integrability tests for lattice

equations - or why initial value problems
do matter, Integrable Systems 2019, Syd-
ney (Australia), November 2019.

. TEI AR R 2 P R A O ) A 4E 22
2019 FHBSHEAAL IS —, HBE,
20194 3 H.

. RS, 5 HRRAORBIERKIZDOWT,
WAEASRY 4 R =% 3IF— 2019, BF
2019 %2 AH.

. T. Mase, R. Willox, A. Ramani, B.
Grammaticos, Dynamical degrees and
singularity patterns, International Con-
ference on Symmetry and Integrability in
Difference Equations, Fukuoka (Japan),
November 2018.

.M S, R, Willox, A. Ramani, B.
Grammaticos, ¥ 52 A UiA o & REH
TV bu— 1, FEREIEENSE O FEGT -
BER & Z D6 H-, W KRS 1 R 5E R
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(%), 2017 4 11 A.

D. i#%

1. BORRLZ SRR Y SRS aiERE, S1
K — L, BRI TS 4R (18-20). 1Bk
NF, MEREFOEE 2 AV FA4 T
f1-o7-.
BRI AT AR, 52
R— L, BRI S 14 (18-20).  1HBR
DF, MIEREZOHEEE2 A VI (4T
1To7=.

WO T S B ATERE, A &
AZR— BRI S 14E (18-20). R
D DIEE % X H T - 7.
BB E: BEE AR, A &
A AR — BRI S8 1 4E (18-20). KU
REFE D %2 N TIT - 7=,
OIS Y BEETIATIHIAR, A &
A AR — BB 14E (20-23). MBI
FOHE % NHTIT-> 72,

AR Y BRI ATIERE, A &
AAR— BRRL 1 4E (24-27). FRIBAR
Bz oE 2 ] Tiro 7.

BUE P IEAHGRE: BRI aTERE, S &
AAR— 1-2 AR, BEZBEDS
ORFAIZHET AEMEA Y T 1 TRITA
F7=.

BAO Yuanyuan (ff EE)

A. TFFEEE

Viro I3 & 7B U, (gl(1]1)) O BEFIZREL % Fi
LT, MEMToN=AMM%Em T T 70 gl(1]1)-
Alexander ZHAXZ MK L 72, SHEE, ZOLIH
RO D BRED—IREEG WP Z IR T L FRIE DO RE &
275 Z A L7 (A G & OILFREFZD).
PFFELLCHERS,

R DB E A1 T RE 2 3 IRTTL kIR M 1% 3 1K
TEERE O OPED EMEAHE L ITih - =R TR
5nd. LW MOFMRILIFENS. AU 3
R 2% 1Ak D FATRBLAY Kirby B8 & I IEN0 5
BETBOHS ZNTES.

Peft EHAEH DR TFALED —IKFEEG T, Kirby
BEITEEZEZRWVEDIE, 3WTEHREDORE



& & 72 %. Reshetikhin & Turaev (Z#]HTI D
FH#tZRALU T3 RIERIRD R T ALEREEZ/E-
. WORHWEZBEEEY 27T vV ILHE
T, PHH® quantum dimension 23FEFR LD
Rz K.

Costantino, Geer & Patureau-Mirand (CGP)
I¥ Reshetikhin & Turaev O #imk O # &% %
Z Tz, B 514 relative G-modular B &\ 5 &
AL, ZOXShEEEROBE»S 30t
MRIKDAREEEZFEND Z L 2R LT,
T VY IVEDNE B B A relative G-modular 4
TH Y, FEHHMP quantum dimension H3FEE 7
E D EAM: % T 72 X 220 relative G-modular B+
% AFET 5.

7513 Uy(gl(1]1)) oo RETH 2 U O
MEBICERINEE Mg 2% 272, ZOH
I relative G-modular B T® % 2 & 5 »BFED
EZARHTH BH, bt Mg iI25d 5
Alexander ZIHAZFHL T AM,T,w) £\ 5
BE2HEL, £UTAM,T,w) i Kirby BT
AETHHIEZHHLEZ., £oT, ZOEI3
IRTCE KD AERIZIN B B E R T-.

TEYVas—

By using the irreducible representations of the
g-deformed universal enveloping superalgebra
U,(gl(1]1)), Viro defined the gl(1]|1)-Alexander
polynomial for oriented trivalent graphs. This
year, we showed that a certain linear sum of
such polynomial provides a topological invari-
ant for 3-manifold (This is a joint work with
Noboru Ito). The details are as follows.

Given a framed link L in S2, the integral
surgery along L produces a 3-manifold. The
link L is called a surgery presentation of the
resulting manifold. Kirby calculus says that
any 3-manifold can be obtained in this way.
In addition, surgery presentations of the same
3-manifold are related to each other by Kirby
moves.

A linear sum of quantum invariants of framed
links defines a topological invariant for 3-
manifolds, if it is invariant under Kirby moves.
Reshetikhin and Turaev gave the first rigorous

construction of 3-manifold invariant along this
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line. Their invariant was defined for a modu-
lar category, which is semisimple and all simple
objects are required to have non-zero quantum
dimensions.

Costantino, Geer and Patureau-Mirand (CGP)
extended Reshetikhin and Turaev’s construc-
tion to categories which may not be semisimple
or may contain objects with zero quantum di-
mensions. They proposed the concept: relative
G-modular category and proved that the quan-
tum invariant of framed links constructed from
a relative G-modular category can be used to
define a 3-manifold invariant.

In our research, we consider a category Mpg of
finite dimensional modules over a subalgebra
U of U,(gl(1]1)). Instead of proving that Mp
has a relative G-modular category structure, we
show directly that a value A(M,T',w) defined
from Mp is invariant under Kirby moves. So
the flavor of this research is quite combinatorial
without involving many algebras. However we
believe the existence of a relative G-modular
category structure on M. We hope to discuss
this topic in our future work. In the definitions
of compatible triple, Kirby color and the proof
of our main result, we imitate many ideas from
CGP.

B. F&KHisC
1. Yuanyuan Bao and Zhongtao Wau,

Alexander polynomial and spanning
trees, Internat. J. Math. 32 (2021), no.
08, 2150073.

2. Yuanyuan Bao and Zhongtao Wu, An
Alexander polynomial for MOY graphs,
Selecta Math. (N.S.) 26 (2020), no. 2
Article No. 32.

3. 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, HU#HEKZEERHT

FZUS%, No. 2129, (2019), pp. 69-82.

4. Yuanyuan Bao,
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BELTV, BRRE KT, 2021 4212 H.
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graphs, KBX 32 K% Friday Seminar,
Zoom, 2020 4E 10 AH.
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trees, #ik KOOK + 27— 2020, Zoom,
2020 9 H.

4. The Heegaard Floer homology of a triva-
lent graph defined on two Heegaard di-
agrams, Intelligence of Low-dimensional
Topology, H#ARY:, 2019 4F 5 H.

5. A topological interpretation of Viro’s
gl(1]1)-Alexander polynomial of a graph,
East Asia conference on Gauge theory
and related topics, HHB K, 2018 4 9
H
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spatial graph and its MOY-type rela-
tions, MIBLERYE LI F— REL
TR, 2017 4 12 H.
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2017 £ 11 H.
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anced bipartite graph, #(%3 b Fw Y — 17,
BLRIBERYE, 2017 3 H.
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AH #£% (OHTA Yoshihiro)
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% AT (Artificial Intelligence) DRFZERHFE%E 7 A
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FTHOHAKRORY NORKE2DIT,
WA, BiaiR. B2, Wb, DR e &
#92Z L TRIGMHFEEZHEEL TE D, FiToH
HE U TG E % > 72 38D & | i
LT DIEGED A=A LDEHE X =7y he L
TW3,

BT ORE LIk, DNA Bl % # % i2 RNA
polymerase II (RNAPII) & WO BEHEIZ L > T
BETHFTEN RNA BERINIBE 2L
MEMOBEAFI] LHFEX 5N TWDS, —HT,
TREDERYTH S RNA LR HEZEEMELRE <M
INRY— M2 FFD 720, Mz AW ERIZE W
TERHE D fREEDBRBIRZITS Z L 3HL VD
PERTH B, I T, BIEALATREREIRIZE T
LEATRREOMEEZ e L, FEEL7ZET VD
HHEMEEZRGET 5720, BEHCRY Ial—Ya
VIR OBCEBIENFENBHEE LD,

Fx x4 — < &AWV RNAPIL O ¥
Salb—YavitkoT, HELALEZLAEVSH
Hite UCHEHET 2 EORTZ2HEH Lz, 20
A LA & BT U5 D RNAPIL & D REZ2R] o [
Pz & - T RNAPII ORI 2 Z & 2R U,
EHORET 2HEROMEL BN T2 Z 2N T
&7,

—HT. EWEZESEIZE T B AR EGEE
TR E R & D FERFIEDOESIZ L o T, S
EEORM L 705 7 a v F UEEDEIIIIC L
TWBIZLeHEDLM>TETWVWS, TDH, &IV
=M EAVWEEEETVIZOWTS, Y
1 NOBELE T ANZETIVEEAT S
BB T E 7z, A IIARME R 2 RS 572
O, HRELVA— P b YDETFILTHS ASEP
PR U, DNA f1ED% 3 IRGTBEREIZH 5% 1
NETEHEEAT 5 Z L T RNAPI O#E#B
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AREL RO FBET VAR L7z, ZOHHRET
VDY Iab—ya VEERIZK 5T, —Hoi#z
TAIZOWTOMBIFEROME R % EMEICHBT 5 Z
EMWTET,

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.

B. F&EEm X
1. BIRIESE, B HARE, (EH R, KREEXR,
CBMILRBED T /) T —¥ a v aERT
570D HELY AT L7 SHBEE (H
AR R) 32 % 15 (2022).

. Yoichi Nakata, Yoshihiro Ohta and
Yoichiro Wada: Transcription Dynam-
ics: Cellular Automaton Model of Poly-
merase Dynamics for Eukaryotes. In:
Tokihiro T. (eds) Mathematical Model-
ing for Genes to Collective Cell Dynam-
ics, (2021) p.1-23, Springer.

L BIRGES, AfEEA, kR, PR E L,
J\BIEHS, KEER, “HREtZIRED X 51T
FonTwson?, TH¥+EI+S—1 (H
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AFFam4L) 2020 4 6 A5 p. 36.

. Yoichi Nakata, Yoshihiro Ohta and
Sigeo IThara: “Periodic orbit analysis for
the deterministic path-preference traflic
flow cellular automaton”, Japan Journal
of Industrial and Applied Mathematics
(2019) 36:25-51.
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A. HRIEREE

EEBIZBWT, K3 #iH, Enriques B, #&H
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LRI EDINFZRIT R > T WD, £, B
AR NEFHESTHOYS NS Jacobi ZRKAD
Richelot isogeny (2% Bk %> T3

H OB AEA AR 4 Enriques il IC & EN 2
nodal HIFROFIIHRMETH 2 Z L BH LTV
5h, BREUK EDHE, nodal HiFRD 723 con-
figulation &, Gk & > T 7 REEIZHEEE
N, TNTNOHEOHCRBEBEOMEL EY 2
TABPPREINT WD, 2 ORBEEARK
k@ Enriques #iT 1%, Bombieri-Mumford {2 &
5B CHRM S vz & 51T singular, classi-
cal, supersingular ® 3 D243 234, fHDEE &
YRR LEMAEET 5. @iz, G. Martin &
DALFMZE T, HE 2 OFRA R KD
Enriques #Hifii ® nodal Hi##D configuration I3,
singular Enriques & 3 f%H, classical Enriques
1% 8 f¥H, supersingular Enriques & 5 f¥HZ 7



I WO HR2E ThrthoBE&ICH
C AR D RS % 5- 2 /2. singular Enriques Hf
M configuration ® 3 FEEIIEZLUA ETHlh
% configulation (Z2TH £ 5 M, classical &
supersingular &%, £ 2B NS VII B O
configuration IZEEHE ETHNZEDLH LU
TH DM, ZDOMD configuration (&4 THIED
HDTH 5.

B2 0BRE DFERE%ZF D Coble HIHIZD
W, &8I 2 K & D EFERFSE T, nodal #hifgo
729 configulation % W C 7 HEHIZHFETE S
Z e EFEHLU T,

supersingular K3 #H D B4 B D RIEYX, A1
SOHCHEZAT 27 — NIVl OFEHEIZ DWW
TI% M. Schuett & DIFFFFE TV < D DR
5 A7

Richelot isogeny D\ T, &k w3 & O L FE T
72 C, FE 2 @ superspecial HiffD 723 isogeny
757D edge DIEHERBERIRL, TDF 57
DEFEWPS M UT.

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
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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.

I also classified Coble surfaces with finite auto-
morphism group in characteristic 2 by a joint-
work with S. Kondo.

Jointly with S. Schuett, I study the unirational-
ity 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. FEGm L
1. T. Katsura, Decomposed Richelot iso-
genies of Jacobian varieties of curves of
genus 3, J. Algebra., 588 (2021), 129-147.
doi.org/10.1016/j.jalgebra.2021.08.020
. T. Katsura and N. Saito, On multicanon-
ical systems of quasi-elliptic surfaces, J.
Math. Soc. Japan, 73(4) (2021), 1253-
1261. doi: 10.2969/jmsj/85058505
. T. Katsura and K. Takashima, Count-
ing Richelot isogenies between super-
special abelian surfaces, in “Proceed-
ings of the Fourteenth Algorithmic Num-
ber Theory Symposium (ANTS-XIV)”
(edited by Steven Galbraith),
Book Series 4, Mathematical Sciences
Publishers, 2020, 283-300.
DOI 10.2140/0bs.2020.4.283
T. Katsura and M. Schuett,
with 9
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Berkeley,
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doi.org/10.1016/j.jpaa.2020.106558.
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5. T. Katsura and M. Schuett, Zariski
K3 surfaces, Zariski K3 surfaces,
Rev. Mat. Iberoam, Eur. Math.
Soc., 36 mno.3 (2020), 869—894, DOI
10.4171/RMI/1152.

6. T. Katsura, S. Kondo and G. Martin, On
classification of Enriques surfaces with fi-
nite automorphism group in characteris-
tic 2, Algebraic Geometry 7 (4) (2020),
390—459, doi:10.14231/AG-2020-012

7. T. Katsura and S. Kondo, On En-
riques surfaces in characteristic 2 with
finite group of automorphisms, J. Al-
gebraic Geometry, 27 (2018), 173—202,
doi.org/10.1090/jag/697.

8. T. Katsura, On the multi-canonical sys-
tems of quasi-elliptic surfaces in charac-
teristic 3, the EMS Series of Congress
Report, European Mathematical Society,
2018, 153—157.

9. T. Katsura, Lefschetz pencils on a cer-
tain hypersurface in positive character-
istic, Advanced Studies. Pure Math.,74
(2017), 265278
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1. Decomposed Richelot isogenies of curves
of genus 3, [HREEHEES L ZOESA
DISH ] HFEER, NKREX R - 747 -
A VXA VHZERT [Zoom],2021 4 8 H
30 H.

2. On the classification of Enriques surface
with finite automorphism group, Con-
ference on Theory and Applications of
Supersingular Curves and Supersingu-
lar Abelian Varieties, RIMS Conference
[Zoom], HEHEKFBORMENTHZEAT, Octo-
ber 13, 2020.

3. Counting Richelot isogenies of supersin-
gualr curves of genus 2, Seminar of Al-
gebraic Geometry in East Asia [Zoom)],
October 9, 2020.

4. Supersingular Richelot isogenies of
curves of genus 2, &G FERBERATF T —
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10.

7 vay 7 HARSEKZ G446 BRAHERT,
December 27, 2019.

. On the supersingular locus of the mod-

uli space of principally polarized abelian
varieties in positive characteristic, "Su-
persingular abelian varieties and related
arithmetic", Nagoya Univ., September
30, 2019.

. Algebraic geometry in positive character-

istic, Research Seminar Algebraic Geom-
etry, Leibniz University Hannover, Au-
gust 15, 2019; Conference on Algebraic
Geometry in Positive Characteristic and
Related Topics, Univ. of Tokyo, Tokyo,
December 18, 2018; (IEAZ# D R AT
) 2017 4R H AR 2 RBUAE R i
H, EHNRF I, March 26, 2017.

. Zariski K3 surfaces, & 6 BB MHT%E

L o—F—, FEHEE, T4, 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.

. 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,
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Analysis of nonlinear nonequilibrium phenom-

ena is important not in natural sciences includ-



ing materials science, fluid mechanics but also
in industrial technology. Studying smoothing
effects due to diffusion or friction in the frame-
work of differential equations and variational
problems is a key to handling engineering prob-
lems, for example, reduction of noises from im-
ages. Here is explanation of our typical achieve-

ments.

1. Kobayashi-Warren-Carter energy: The
Kobayashi-Warren-Carter  energy is
widely used as an energy taking bulk
structure like crystalline direction of
each grain (crystal) into account in
researches on multi-grain problems in
materials science. However, its singular
limit as letting the thickness of an inter-
face (grain-boundary) to zero was not
known even in one-dimensional setting.
This is because conventional L' topology
misses such a limit. We are able to catch
the singular limit by introducing the
notion of graph-convergence.

2. 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.
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.

3. Navier-Stokes equations: It is a famous
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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.

B. K
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.

2. 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.

3. Y. Giga, F. Onoue and K. Takasao : “A

varifold formulation of mean curvature
flow with Dirichlet or dynamic boundary
conditions”, Differential Integral Equa-
tions 34 (2021) 21-126.

4. Y. Giga, H. Mitake, T. Ohtsuka and H.



10.

1.

V. Tran : “Existence of asymptotic speed
for birth and spread model equations”,
Indiana Univ. Math. J. 70 (2021) 121-
156.

. K. Furukawa, Y. Giga and T. Kashi-

wabara : “The hydrostatic approximation
for the primitive equations by the scaled
Navier-Stokes equations under the no-
slip boundary condition”, J. Evol. Equ.
21 (2021), 3331-3373.

. Y. Giga, M. Gries, M. Hieber, A. Hus-

sein and T. Kashiwabara : “The primitive
equations in the scaling invariant space
L*(LY)”, J. Evol. Equ. 21 (2021), 4145
4169.

. Y. Giga, J. Okamoto and M. Uesaka :

“A finer singular limit of a single-well
Modica-Mortola functional and its appli-
cations to the Kobayashi-Warren-Carter
energy”, Adv. Calc. Var., published on-
line (2021).

. M.-H. Giga, Y. Giga, R. Kuroda and Y.

Ochiai : “Crystalline flow starting from a
general polygon”, Discrete Contin. Dyn.
Syst. 42 (2022), 2027-2051.

.Y. Giga and Z. Gu : “Normal trace for

vector fields of bounded mean oscilla-
tion”, Potential Anal., published online
(2022).

Y. Giga, H. Mitake and S. Sato : “On
the equivalence of viscosity solutions
and distributional solutions for the time-
fractional diffusion equation”, Journal of
Differential Equations 316 (2022), 364
386.
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Modica-Mortola functional and its appli-
cations, ESI workshop: Free Boundary
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ture, SIAM Conference on Analysis of
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Zumino-Witten B O 70y 7 LM O[H
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I proved that the set of morphisms of the
Temperley-Lieb-Jones category is isomorphic
to the space of conformal blocks in the Wess-
I de-

scribed the braid group action on these spaces

Zumino-Witten conformal field theory.

and showed that the above isomorphism is
equivariant and that the representations are
unitary and irreducible.

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 iterated integrals based on the no-

tion of formal connections due to K.-T. Chen.
B. FEKim X
1. T. Kohno :

braid groups and holonomy Lie algebras,

Quantum representations of

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 DOLI:
10.4171/OWR/2018/2

3. T. Kohno : Homological representations



of braid groups and the space of confor-

mal blocks, F. Callegaro et al. (eds.), Per-

spectives in Lie Theory, Springer INdAM 6.

Series 19, DOI 10.1007/978-3-319-58971-
8, 2018.

integrals, Homotopy Theory Symposium
2020, online, November 2020.
Monodromy representations in higher
categories and iterated integrals, B K
FRELREAF RS2 2021 £ 3 .

4. T. Kohno : Higher holonomy and it- 7. Quantum computation and homological
erated integrals, Topology and Geome- representations of braid groups, Work-
try, A collection of papers dedicated to shop on "Computational Knot Theory"
Vladimir G. Turaev (ed. A. Papadopou- KAIST (on line), Korea, June, 2021.
los), European Mathematical Society 8. BURMERL D & 22 [H] D Al {b T B % 55t A iR
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6. T. Kohno : Temperley-Lieb-Jones cate- 10. Temperley-Lieb-Jones category and the
gory and the space of conformal blocks, space of conformal blocks, Low Di-
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3. Mathematical forms - geometric models,
lattices and crystals, Design Innovation
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FAB LOBUEFIEOFEE ED 7.

Molecular Dynamics based on semi-
empirical Hamiltonian: A novel tight-
binding method has been developed,
based on the extended Hiickel approxi-
mation, with reference to the electronic
structure and the total energy, obtained
by the first principles method. These
semi-empirical Hamiltonian parameters
are determned by computer, so that
the result can reproduce the electronic
structure of the first principles calcula-
tion. We have defined a general func-
tional expression and numerical calcula-
tion method that express the total en-

ergy in real space.

XRREMICES T E2HEERBFTOREY
B EHRTB T BEFONAIZ, XBR
HEDTELLIZAZEN Y PDOHEE S
TWa. Hxild, RFABHERELTLD
FHIZEELULHEZOREZME L, £
LTwd., —fimTldz < EFIZELT
BeEMGmz# L, BARMICER a2 7 4
MATLAB TZNEZEBRSE S &0 fik
ERATVWD., 5127075 LEHFED
—LERBZEET A M EHRL, FE
ZIRATNS.

Basic education of mathematics in
social sciences : The use of mathe-
matics in the real world is widespread
and deepening. We are conducting lec-
tures that are more practically related to
the Faculty of Economics. Incorporate
mathematical theory based on examples
instead of general theory, and we are

trying to let them experience concretely
with the calculation program MATLAB.

B. F3KG L
L. BRIERECR, « THREEREE ) C3ETn s

I LORMA", T#HHE, 70, (2022) 58.
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. T.Fujiwara, "Mathematical Analysis of

Epidemic Disease Models and Applica-
tion to COVID-19", J. Phys. Soc. Jpn 90,
(2021) 023801.

. T. Fujiwara, S. Nishino, S. Yamamoto,

T. Suzuki, M. Ikeda, and Y. Ohtani,

"Total-energy  assisted  tight-binding
method based on local density approxi-
mation of density functional theory", J.
Phys. Soc. Jpn. 87, (2018) 064802.
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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. FEFE

1. T. Aritake, H. Hino, S. Namiki, D.
Asanuma, K. Hirose and N. Murata:
“Fast and robust multiplane single-
molecule localization microscopy using a
deep neural network”, Neurocomputing,
451 (2021) 279-289.

2. K. Oda, R. Kawamata, S. Wakao and
N. Murata: “Fast Multi-objective Op-
timization of Magnetic Shield Shape by
Combining Auto-Encoder and Level-set
Method”, TEEE Transactions on Mag-
netics, 57(7) (2021) 1-5.

3. 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.

4. S. Sonoda and and N. Murata: “Trans-
port analysis of infinitely deep neural
network”, Journal of Machine Learning
Research, 20 (2019) 1-52.

5. T. Iwasaki, H. Hino, M. Tatsuno, S.

125

10.
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. S. Sonoda and N. Murata:

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
localization with information criteria for
multiple particle filters”, Neural Net-
works, 108 (2018) 68-82.

“Neu-
ral network with unbounded activation
functions 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.
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MEEATVDOBMEGEPNETD 52,
Ambrosio & Tortorelli iZ & » TH X 5 N7zl
B WS Z 212 & o TEUEFE L IR 12
BIZRBZ Db > T3,
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EROETINIC, ZREMYEORERRR O XA F
I 7 A %GR § % Kobayashi-Warren—Carter &
TN 5. AT N E KWC FLEIE D FHE A
1d, AT PR TIZAROMIED 2 FTHZ S
13 Dirichlet LD EA, KWC LK T
LR OMMNED 1 FTH 2 SN b 2EENEBIC
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S, MAEK (FEKY) SEHE K (B
K¥) L oFEMIET, TFHBD ST 7 DIHR]
WS KDL VAIHEHEL, ¥ 5ITLiME
MbHFTILitkoT, 1 TO KWC L.
BONERREMBE2REEOT 5 Z 2L
72, ARESCIX 44 6 A1Z Advances in Calculus
of Variations 7 & iR E 117z,

X517, R#ERIL, Ambrosio—Tortorelli JNLES%K
DOFRFRMBTHW SN 3 slicing DT 27 =v 7 %
AWBZETHIRTIZE HEREIENTE S.
AFGRIGHCEEEMFTH 5.

For the minimization problem, it is useful to
consider another form of a functional giving
an approximation for a difficult function. For
example, the Mumford—Shah type functional,
which is used in image processing and segmen-
tation problems, is difficult to compute numer-
ically because it contains the surface area of a

discontinuous set of functions, but it has been
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found that the approximate functional given by
Ambrosio and Tortorelli is very easy to com-
pute numerically.
On the other hand, the Kobayashi-Warren—
Carter model, which describes the dynamics of
grain boundaries in polycrystalline materials,
is a model similar to the Ambrosio—Tortorelli
functional. The difference between the AT and
KWC functionals is that the term of the Dirich-
let functional, given by the square of the abso-
lute value of the gradient in the AT function,
becomes a total variation functional, given by
the square of the absolute value of the gradient
in the KWC function. This difference, however,
makes the AT and KWC functions behave de-
cisively differently.
In collaboration with Jun Okamoto (The Uni-
versity of Tokyo) and Yoshikazu Giga (The
University of Tokyo), we have succeeded in
characterizing the precise singular limit of the
KWC functional in one dimension by providing
a finer topology of “graph convergence of func-
tions” and by allowing multi-valued functions.
The results of this study are currently being
submitted.
This paper was published by Advances in Cal-
culus of Variations in June this year.
Furthermore, the results can be extended to
some extent to multi-dimensional domain by
using the slicing technique used in the singu-
lar limit of the Ambrosio—Tortorelli functional.
These results are currently in preparation.
B. F&#Gm
1. Hamada, H., Matsutani, S., Naka-
gawa, J., Saeki, O., and Uesaka, M.:
“An algebraic description of screw dislo-
cations in SC and BCC crystal lattices”,
Pac. J. Math. Ind. 10, 3 (2018).
J., Nakanishi,
,  Uesaka, M.

. Kumamoto,
Makita, M.

S.,
,  Yasug-



ahira, Y., Kobayashi, Y., Na-
gayama, M., Denda, S., and Denda, M.:
“Mathematical-model-guided devel-
opment of full-thickness
equivalent”; Sci. Rep. 8, 17999 (2018).

. Giga, Y., Sakakibara, K., Taguchi, K.,
and Uesaka, M.:

scheme for discrete constrained total

epidermal

“A new numerical

variation flows and its convergence”, Nu-
mer. Math. 146, 1814A$217 (2020).

. Uesaka, M., Nakamura, K.-I., Ueda K.,
and Nagayama M.: “Stability of sta-
tionary points for one-dimensional Will-
more energy with spatially heteroge-
neous term”, Physica D: Nonlinear Phe-
nomena, 417, 132812 (2021).

. Nakatani, M., Kobayashi, Y., Ohno, K.,

Uesaka, M., Mogami, S., Zhao, Z.,
Sushida T., Kitahata H., and Na-
gayama, M.: “Temporal coherency of

modulates tactile
Rep. 11, 11737

mechanical stimuli
form perception.” Sci.
(2021).

. Ohno, K., Kobayashi, Y., Uesaka, M.,
Gotoda, T., Denda, M., Kosumi, H.,
Watanabe, M., Natsuga, K., and Na-
gayama, M.: “A computational model of
the epidermis with the deformable der-
mis and its application to skin diseases.”
Sci. Rep. 11, 13234 (2021).

. Giga, Y., Okamoto, J., and Uesaka,
M.: “A finer

single-well Modica—Mortola functional

singular limit of a
and its applications to the Kobayashi-
Warren—Carter energy” Adv. Cal. Var.,
pp. 000010151520200113 (2021).

C BIRGESE, FrHAEE, EREREE, KHEAR,
BUWGLHRBEDT ) T— a vaEgRT
57D HELY AT L7, IEHBCE (H
KGO R) 32 % 1 5 (2022).

C. MEHFEE

1. A finer singular limit of a single-well

Modica-Mortola functional and its appli-
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10.

cations to the Kobayashi-Warren-Carter
energy, Surface and Interface Dynamics
II, online, 2020 4E 10 H.

. WEANDREFE OIS & T OB fE

Mr, % 4 BIRHINT 5 7 L RTfiER,
HA KR RAFERT, 2019 4F 10 H.

. The well-posedness and its short-time

asymptotics of the reaction-diffusion-
particle model for camphor motion
in two dimension, 9th International
Congress on Industrial and Applied
Mathematics, Valencia, Spain, 2019 4 7
H.
RLHEOHIE TIVIZ BT MDD W
FAL & M D Z HAIZIRIZ DOWT, 525
EFRETLFEHES, KEY=Zv Y71,
2019 £ 5 H.

- MR 2 Z B BRI O BUERHRIRIZ DWW T,

R - FEEAF I 7 ZADOEME 17, HEK
FRIEBEHERRIASER, 2019 4E 4 H.

. The well-posedness and its short-time

asymptotics of the reaction-diffusion-
particle model for the camphor motion in
two dimension, 2018 China-Japan Work-
shop on Nonlinear Diffusion Problems,
Shanghai, China, 2018 4£ 11 A.

A variational problem arising from the
modeling of epidermal basement mem-
brane and its analysis, A3 Foresight Pro-
gram The 5th Joint Workshop, Mathe-
matics of Biology, Fluid Dynamics and
Gangneung, Korea,

Material Sciences,
2018 4£ 10 A.

REEEBEOETY V7 FOBERMNTIC

DWT, BIHIRT T 7 LiirifsetEs, H
ARFEIRWMERR, 2018 4 10 H.

. Lie FHEGARD 1-FFI G4 B S 5 Kl

HEALA ¥ — 212 D\WT, AP BT
Fi2 2018, AJINREGLE L WO EWERE,
2018 # 2 AH.

A discrete total variation flow with rota-
tion matrix-valued function coming and
directional data processing in crystal

structure, Inverse problems and medi-



cal imaging, B E K RZEBEHBIEASE
B, 2018 42 H.
. il
1. f2BOEeNERNE 1T (10/8, 10/15 #H24):
FAL, 2 U THEERZ 32T E S 6 H
INTVE~IEHEGID S AT &8
DS ORA FILVT, BRI, AT OF
BNz OWTHEHZL -,

#F %R (HSU Penyuan)

A. TR

WD FIIB T 2 RERAEADF T+ - A h—
7 28R (BN S 50 2 HcifsE L <
WET, NS HRERSIEEMEMERME TR O EE) %
ks s AL LT HWeE T, 3ot
N Sz U T, HIRIHETHRIEET 20ES
MEIV=T AMEE UTHARKRBIREETH
DET, ZOMBEIZILT, WAWART Tu—
FIBHIEDDH > T, TD—DIL Serrin DA%
7290 Lo g (RefERATIsERE) DIEE AT HE
MEZEZDHZLTHYET, DT 70 —F 134
ZIEX, 74— VAEDZEF TH 5 Fefferman K
T OF Constantin FAMHREE U 7z 8] i) 1F AV E
EThHY T, BUERECHRDO D07 Fu—
F RO Z ORET 2 iAROREZ I ATV E
$, BARMICIZIROMEZED flA TE TR %E
EFEULR, 1. NSAHRAIHLT, 2%k
FHIZB T BREFESRRIETTO Y 77 1 VRGE
HOMEL Z0IGM, 2. NS HRER O FRN
HE B OBUEMENT, 3. KREEIEBII KT 2 EALN
& Serrin Gl KOV EH AN S ERIIZN U, FAA4EME &
—RMEIZDOVWTOER, 4. EAREMEI EHEN
SAHRAIT B U 1 VR EE O,

My research interest lies in the area of fluid
mechanics, especially incompressible Navier-
Stokes equations. So far I have worked on ques-
tions involving regularity criterion for the in-
compressible Navier-Stokes equations and ob-
1. A Liouville
type result for a backward global solution to the

tained the following results.

Navier-Stokes equations in the half plane with

the no-slip boundary condition and its applica-
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tion to a geometric regularity criterion. 2. A
numerical simulation based on the axisymmet-
ric Navier-Stokes equations for hyperbolic flow
with swirl. 3. Introduction of a weighted Serrin
condition that yields a necessary and sufficient
initial value condition to guarantee the exis-
tence of local strong solutions contained in the
weighted Serrin class. 4. A liouville type result
on stationary solutions to the 3D Navier-Stokes
equations for viscous incompressible flows in
the presence of a linear strain.

B. F&Kiw

1. Reinhard Farwig, Yoshikazu Giga and
Pen-Yuan Hsu: The Navier-Stokes equa-
tions with initial values in Besov spaces
of type By, 39 Journal of the Korean
Mathematical Society, 54 (2017) no.5,
1483-1504.

. Reinhard Farwig, Yoshikazu Giga and
Pen-Yuan Hsu: On the continuity of the
solutions to the Navier-Stokes equations
with initial data in critical Besov spaces,
Annali di Matematica 198 (2019) no.5,
1495-1511.

. Yoshikazu Giga, Zhongyang Gu and Pen-
Yuan Hsu: Continuous alignment of vor-
ticity direction prevents the blow-up of
the Navier-Stokes flow under the no-slip
boundary condition, Nonlinear Analysis,
189 (2019) 111579.

C. HEaFE«

1. Initial value conditions for the Navier-
Stokes equations in the weighted Serrin
class, NCTS PDE Workshop on Fluid
Dynamics and Related Problems, Na-
tional Taiwan University (Taiwan), Sep.
2017.

. A Liouville theorem for the planar
Navier-Stokes equations with the no-slip
boundary condition and its application
to a geometric regularity criterion, Na-
tional Central University (Taiwan), Sep.
2017.



3. Swirling flow of the Navier-Stokes equa-
tions near a saddle point and no-slip flat
boundary, Conference on Mathematical
Fluid Dynamics, Bad Boll (Germany),
May 2018.

4. Continuous alignment of vorticity direc-
tion prevents the blow-up of the Navier-
Stokes flow under the no-slip boundary
condition, RIMS Gasshuku-style Semi-
nar Workshop on physical and mathe-
matical approaches to geophysical fluid
problems, Jb#iE =+ 2, Sep. 2019.

5. Continuous alignment of vorticity direc-
tion prevents the blow-up of the Navier-
Stokes flow under the no-slip boundary
condition, UTokyo-NTU Joint Sympo-
sium in Mathematics, The University of
Tokyo, Dec. 2019.

6. National roadkill survey results and dis-
cussion on reducing outdoor breeding
cats (poster session), 26th Annual Meet-
ing of The Association of Wildlife and
Human Society, Gifu, Nov. 2021.
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FHEBIZ (Project Research Associates)

AN #X (KIMURA Yuta)

A THZEREEE
REEDEAE % B &3 5 = A1 B O [l I 2D 5
Lo THIWE NG, ZDODBRROENB &
OB EERMETH S, I SFEEOMET

DARD 1 & 2 Owigie /B U7z, 2 OWFSEI3MER
POHIRFETH 5.
1. & —RE DGR & 2 Uik B

RZWHMA XL 35, RIMEEL L THERAERK
7% RIEA 22 X —RE LR, R BPMEDE S
2, ZEOBUID & DMINEED — /b T & 5 UM
TNEEAY R SE-H1-Reiten 12 & WA X7z,
FHEK E DLFAMETHEEARL 5L T
&, RIS X OCEBEER B TR 5
ZeZERUE. HIZZEOHBHITEHI L Z2RL
7=, A ONIEERE O KA 72t U s o3 B & HERE N
FENRIELTWD Z BRI S s N T\,
JRFb TR U NI B MR 725 Z e 2R L, B
R UNESE O E R PMEDOELEICRE S
BEFEEEALL. RIZT 1 X VAR (AW
77 7) O R BRBUERE DO U5 % 5%
L7z,
iR RER D I G

ﬁ&b)%ﬁ%éé’bé RIS RS T 1, AR AR D
RIGRZ2HIHT 2R TH D, MRS DN

5 A B, EHHRAE I (X HAMR R R OZ
W%k #4595 7212 Crawley-Boevey & Holland

W DEAINE, TN FROBAUITEAR N &4
7% Z T, BISHREII 0L L TERS
5. Crawley-Boevey K & O ILFIFSETHHEE
ARU L TIE, B RO EL A 77V
W IN OIEA 77 VLR U . 78 T
HoErsBond s 7037w x—ke, 11
DIEA T T IVRHIRT B E2RLEZ. 205
DFERIF T IZH L THI ST W7z Buan-Tyama-
Reiten-Scott DFERD—fEfbE > T3,

Tilting objects control equivalences of triangu-
lated categories, such as derived categories of
algebras. So constructing and classifying tilting

objects are important problems. This academic
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year, I studied the following topics 1 and 2. The
second one will be published in a journal.

1. Tilting theory of Noetherian algebras and
torsion classes.

Let R be a commutative Noetherian ring. We
call an R-algebra A Noetherian algebra if A is
If Ris a
field, silting modules are introduced by Adachi-

finitely generated as an R-module.

Iyama-Reiten from the viewpoint of mutation
as a generalization of tilting modules.

In this academic year, by a joint work with Pro-
fessor Iyama, we proved that localization func-
tors preserve silting modules and silting com-
plexes. Moreover we proved that the converse
is also true. It was known that silting modules
correspond to some torsion classes of the mod-
ule category of A. We proved that localization
functors preserve torsion classes, which implies
that the classification problem of torsion classes
can be reduced to that of finite dimensional al-
gebras. For a Dynkin quiver (a directed graph)
Q, we classified all torsion classes of the path
algebra of @) over R.

2. Tilting theory of deformed preprojective al-
gebras.

The preprojective algebra II is defined from a
quiver @, which controls representation the-
ory of Q.
gives a resolution of a simple singularity. The

It is also known that the algebra

deformed preprojective algebra II* was intro-
duced by Crawley-Boevey and Holland to study
deformations of a simple singularity, where A is
a weight. In this academic year, by a joint work
with Professor Crawley-Boevey, we proved that
the annihilator ideal of a simple II*-module is
a tilting ideal. We also proved that there ex-
ists a bijection between tilting ideals of II* and
the Coxeter group defined by a graph which is
obtained from simple modules. These results

generalize results by Buan-Iyama-Reiten-Scott
for II.



B. G

1.

. O. Iyama and Y. Kimura :

. Y. Kimura

. Y. Kimura and Y. Mizuno :

. Y. Kimura :

. Y. Kimura :

Y. Kimura and W. Crawley-Boevey :

“On deformed preprojective algebras”,

arXiv:2108.00795.

“Classifying

subcategories of modules over Noethe-

7, arXiv:2106.00469.
“Tilting and

rian algebras’
silt-
ing theory of noetherian algebras”,
arXiv:2006.01677.

. M. Flores, Y. Kimura and B. Rognerud

“Combinatorics of quasi-hereditary
structures”, J. Combin. Theory Ser. A
187 (2022), Paper No. 105559, 54 pp.
“Two-term
tilting complexes for preprojective alge-
bras of non-Dynkin type”, Comm. Alge-
bra 50 (2022), no. 2, 556-570.

“A
hereditary algebras via thick subcate-
Math. Soc. 148

characterization of
gories”, Proc. Amer.
(2020), 2819-2822.
“Singularity categories of
derived categories of hereditary algebras
are derived categories”, J. Pure Appl. Al-
gebra 224 (2020), no. 2, 836aA3859.

. Y. Kimura, “Tilting and cluster tilting

for preprojective algebras and Coxeter
groups”, Int. Math. Res. Not. IMRN, no.
18, pp. 5597-5634.

. Y. Kimura, “Tilting theory of preprojec-

tive algebras and c-sortable elements”, J.
Algebra, 503, pp. 186—221.

C. MEHFEE

1.

Subcategories and silting objects of
Noetherian algebras, 2 5 3 [MERim P &
UREGHY VARV L, IHAKRE (XY T
1), 2021 4E9 A.

- AR —REDE DB, AT A

VB X — 2021, BREHKY: (4
YI4 V), 2021 6,7 A.

. Classifying torsion classes over noethe-

rian algebras, OCAMI &+ I +—, kX
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BfiNI KRS (v T4 ), 2020 4 12 A.
. Torsion classes over noetherian algebras,
Bt S v I —ovay s 5
12,2020 % 11 A.
5. Combinatorics of quasi-hereditary struc-
tures 1I, Paris Algebra Seminar, & >~ 2
12,2020 % 6 H.

A 2F (YAMAMOTO Hiroko)

A, fFFEBEE

ROGHEEGR 72 SV BN B X & — VIR E A £
BRIFENRTH S, AFEIL, (1) HEHZ R
AR B R ISR B SRS REGERL, (i): JF
JR It SRR AT X3 2 fift o> 22 e M TR HL D 4L
AT

(i): KIGHEHGEBUL, W AR OM % % im0
ROSHAE GRERRDOMBIZ L DIEMT 52 & TH
9, %b&ﬁ&ﬁuﬁb'ﬁgwﬂw¥ﬁmm%
MARAORMEREATEL L WO B S,
A & SR FHOWH A o BEAEELLETH 5. Aif
ZEC, IHBUHZ RO BB E) iR Rtz 2
5 O RRHEE AR R ORI K DEMTE S Z
EERRUZ. 50T, PRRELEE) 5 R X O KIRHE
BOE AU B U CIERAH D & 2 BT 5 Z 2 8
T&E7-.

(ii): AR ARERIBIEE AT WS
AR TRI N, ETHARX SV AR E DRk %
REHHMREEBIZED IR oNTWS. Z
DESRIEHMOEE 0o, EITHMER OV
AR 75 ¥ DL ENE R FE I ERT B 2 L IXIEE
WCEHETH S, AW TIE, JEETRIGILECR D
i3 2 EEE R L 5720, HEALEA
FDOARZ MVRIEIZN T 5 Evans BIE O L
177z, ZHIEAREE, Fredholm 751Nz k- C
EHES N DR TS Y, Deng-#/E (2006)
PR LD LFAROMEZEOLDTH 3.
£72, ®5IERATHE RO ROGHLEA AT U
T, RIGHLEGEML % W T2 ez R 5
ENRTEBZLEHERLAEZ. ZIZENEBREK (H
BRF) L DELFEFIEIZHEISEDTH 5.

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
with damping and (ii): stability problem of so-
lutions for nonlocal reaction-diffusion systems.
(i): Reaction-diffusion approximation is an ap-
proximation method that solutions of differen-
tial equations are approximated by solutions
of multi-component reaction-diffusion systems.
This method attracts interest from a viewpoint
that it is possible to apply the nature of semi-
linear parabolic system to various differential
equations. It is an important approximation
We

proved that the solution of a semilinear wave

method in both theory and application.

equation with damping can be approximated
by the solution of a two-component reaction-
diffusion system. Furthermore, we relaxed the
condition of the nonlinear term for the reaction-
diffusion approximation of the semilinear wave
equation.

(ii): Nonlocal evolution equations are expressed
as integro-differential equations, and it is well
known that there are many types of solutions to
the nonlocal evolution equations such as trav-
eling wave solutions and pulse solutions. Since
the nonlocal equations have such various solu-
tions, it is very important to discuss the sta-
bility of the traveling wave solutions and pulse
solutions in general. In order to discuss the
stability problems for the solutions of nonlo-
cal reaction-diffusion systems, we constructed
the Evans function for the spectral problem

The

Evans function is an analytical function based

associated with the linearized operator.

on the Fredholm determinant, and it has sim-
ilar properties to the original Evans function
constructed by Deng-Nii(2006). Moreover, we
proved that the stability problem for the non-
local equation with a certain nonlocal term can
be investigated by studying the stability prob-
lem for the reaction-diffusion system that ap-
This is a
joint work with Ayuki Sekisaka(Meiji Univer-
sity).

proximates the nonlocal equation.
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B. F&KHisC

1.

. H. Ninomiya and H. Yamamoto:

H. Sekisaka-Yamamto: “A reaction-
diffusion approximation of a semilinear
wave equation with damping”, submit-
ted.

“A
reaction-diffusion approximation of a

semilinear wave equation”, J. Differential

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. 4

(2018) 565-600.

Equ.

. H. Ninomiya, Y. Tanaka and H. Ya-

mamoto: “Reaction-diffusion approxi-
mation of nonlocal interactions using Ja-
cobi polynomials”, Jpn. J. Ind. Appl.

Math. 35 (2018) 613-651.

. H. Ninomiya, Y. Tanaka and H. Ya-

mamoto: “Reaction, diffusion and non-
local interaction”; J. Math. Biol. 75
(2017) 1203-1233.

C. ML

1.

BB SRR T B SUGIREGE R, 265 5 8]
PSR ER 5 #E 3 & FEROE 0 UM R D
fig D), AT A VB, 2022 £ 2 H
17-18 H.

- FERATSOGIRECR D AT IR 1T B L RE

PR, 2021 FEERRARFEEGHAMEES,
F 54 VEME, 2021 412 H 17-19 H.

PRI B R RN B RO HEHIGE AL,

BMRBRISHBZ Y I F—, v 51 VB,
2021 4 11 A 27 H.

IR RS IR RRRIT N $ % Evans



BA% (The Evans function for reaction-
diffusion equations with nonlocal ef-
fects), 2021 M H AR ERFE 2 (IS
FORR), BERIARE (A 714 VH
), 2021 4£ 3 A 15-18 H.

WL D DR HRERRITH T B KRk
BOEABL, #0583 E O EEIZ ) 72 T
WFEE RS SESSION  “Young Mathe-
maticians’ Challenge” , > 7 1 > i,
2021 4£ 3 H 13-14 H.

. A reaction-diffusion approximation of
a semilinear wave equation, Czech-
Japanese Seminar in Applied Mathemat-
ics, A 71 HfiE, 2021 1 A 5-7 H.
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BIEHHIEE (Special Visiting Chairs)

WEEHIF (Visiting Professors)

%R ¥ (FUJIWARA Hiroshi)

A. WA

HMB L I F—D B UTEEEEE R
UC, mAAKKEH 16 : 50~18 : 35 ##&F & EfEL
7zo TAT L B&T7EIEE XL T 272 R BEERLE
i) 2E@ET—~<e Lz, HRELTE. 5
HOEHEB S S OCHEHRTEICB A FHE N >
FOREmmE. TEABBEREIZA-7 AL (A
THIGE) |, THBEEED X 5735 @b, T
TEHEHAN—Fa) T+ DEENE] O3 D20H
Fohd, RIS TOREY HEGERETIZ, 20 b
LY RIZif> T, Hi- 2 Emele /BT Fc s
1 BEHEBIEN Y Ta—FIZonWTHmL s Ik e
U7,

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. With "the new math-
ematics science to assume Al and a quantum
calculation the subject" I assumed this a com-
mon theme. By way of background, "AI (arti-
ficial intelligence) which the big flow of the de-
velopment trend in today’s information science
and computer science entered for a practical
use stage," I include three of "the importance of
the cyber security to increase" "further speedup
of the operation speed". In the university-
industry research collaboration lecture in this
study, I decided to discuss it about mathemat-
ics scientific approach in new information sci-

ence/computer science along this trend.
B. F&&Kif
LB “HREPECIEIRELDS, HMAD
MM AT HEAZED AR A (BIEHD 5
)7 IR 2018 45 1 A, Vol
59, No.1, 2aAS3.

134
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N=nw27), A7V A R& D,2016 4 6
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BRIEVE: ERE R [TV 2ub) KR
O HARIEMRS” | PHP WF5EFHT,2018 4 8
A.

. R EHEE B TCEAOPRES”  H
AFFamtL, 2018 4 9 A.

TR, 17 NERE TREEORR] O
U — X —d——Hhi s o REELL” | H
AHEFORE Rk, 2019 4F 3 H.

7. RRIEVE, Ml EEE “SDGs OAE ¥R L &
AUz LBV 2T FE ) 71 DER" ik
REFAE,2020 4E 7 H.

C. MEEFER

1. Hiroshi Fujiwara San Diego-Japan Inno-

vation: Common Avenues in IoT and
Biotech, An Evening of Art and Science
Conference, UC San Diego Japan and
San Diego, May 15, 2015.

. Hiroshi Fujiwara Japan-Israel Cyber Se-
curity Coalition, Cybertech 2019, Tel
Aviv, Jan. 29, 2019.

. Hiroshi Fujiwara IoT/5G Technology

& Business in Japan, Greater Sci-tech

innovation conference 2020, Shenzhen,

China, Nov.11, 2020.
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FIRFFRIFRE (JSPS Fellow)

£ElL 91X (TATEYAMA Shota)

A. TFTEIEE

(H)VMO #EB &=L OB8MET7 1y  AAER
D LP MMERICH T 22 1 BEHIOANILY —
FFME (363} 1) VMO & % Vanishing Mean
Oscillation DB T, VMO &t & 135 REAT Y
ZMITBWTER O B ER L iz Yoz
WKTBZeTHDE. —H, 7TAH¥Fy 7 2ASER
L2 ADTVA Y —DHERMD T — L0558
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MlpEE R &3, BHRERMEO A TH v,
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REHWZHT, INURERAEORLTH 5.
T, WAV TFy o REXRE RO H 5 w5 &
fiiz 3. —7A, BELTIE, Shahgholian(2008)
(2 &0 bR E R O RV R D22 1 B DFE
M5z 5N TH Y, ZOAHOEIE, SHEIC
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ZBHIETHFFERELLWVWIHDTHo7. 2D
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(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 parabolic bilateral obsta-
cle problems with unbounded ingredients is es-
tablished when obstacles are merely continu-
ous. The existence of LP-viscosity solutions
is established via an approximation of given
data. The local Holder continuity estimate on
the space derivative of LP-viscosity solutions is

shown when the obstacles belong to C*+#, and

p>n+2.

B. F#Ew X

1. S. Tateyama : “HAfilder gradient esti-

mates on LP-viscosity solutions of fully
nonlinear parabolic equations with VMO
coefficients”, Partial Differential Equa-
tions and Applications, 2(6) (2021) 1-22.

. S. Tateyama : “On LP-viscosity solutions
of parabolic bilateral obstacle problems
with unbounded ingredients’, J. Differ-
ential Equations, 296 (2021) 724-758.

. S. Koike and S. Tateyama, On LP-
viscosity solutions of bilateral obstacle

problems with unbounded ingredients,

Mathematische Annalen, 377 (2020)
883-910.

4. S. Tateyama : “The PhragmAIn-
LindelAtif theorem for LP-viscosity

solutions of fully nonlinear parabolic
equations with unbounded ingredients”,
Journal de MathAImatiques Pures et
AppliquAles, 133 (2020) 172-184.

5. S. Koike, A. Swiech and S. Tateyama :



“Weak Harnack

nonlinear uniformly parabolic equations

inequality for fully

with unbounded ingredients and applica-
tions”, Nonlinear Analysis, 185 (2019)
264-285.

C. OuER*
1. Holder LP-

viscosity solutions of fully nonlinear

gradient estimates on
parabolic equations with VMO coeffi-
cients, 7 HTEADRARIIRZE, BOX T2
KZFHER 2019 4F 12 A.

. Holder

viscosity solutions of fully nonlinear

gradient estimates on LP-
parabolic equations with VMO coeffi-
cients, £ 166 RIS I F —, B
PR R ZA e, 2019 4F 11 H.

. Holder gradient estimates on LP-
viscosity solutions of fully nonlinear
parabolic equations with VMO coeffi-
cients, H# K% NLPDE % I + —, 5#f
RFEHEIZERL, 2019 45 11 A.

. 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 4£ 7 A.

. The
fully nonlinear parabolic equations with
unbounded ingredients, ¥ & K225 90 [A]
Rk X, S E KRB, 2019 4 4 .

. SEAIERRIE 5 R 5K oD g 0 e T g
% LP KSMEMRIZ DT, BEAK 2 G F R T
T I —, MARFZRF B A ARREAR SR
2018 #£ 10 H.

. SERIERRIE /5 R X o0 Tl U b R ) g
% LP REVERRIZ DWW T, A KT 2
T —, MRS, 2018 4E 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
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of Science Building, Hokkaido Univer-
sity, Japan, 2018 4 2 A.
. Existence of LP-viscosity solutions to the
double obstacle problem with unbounded
ingredients, #FD 7= DM HREN &
B pT (36 11 [), B KT I 5=
7 A, 2018 4£ 2 H.
The

fully nonlinear parabolic equations with

10. Phragmén-Lindelof theorem for
unbounded ingredients, East Asian Core
Doctoral Forum on Mathematics, Seoul
National University, Korea, 2017 ££ 1 H.
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SEEDOXELME DO —DI, 58 Gorenstein
JEAEE E@ Gorenstein 233 & = @D Gorenstein 4
FIMBEIZX U T, Auslander-Ringel-Tachikawa
BOKRE2EX-ZTHD, BT, 56 Goren-
stein #ER A AR Cohen—Macaulay REHTH 5
Z ¥t &, Gorenstein #ZMMBED L EBDETD
BRI AR R 87 b THB Z EDE
Iz 722 Z e &R U7z, Z ORFFIZEET % ¥Efiih
DX 1k Rosanna Laking KiZ & 2 1#%% & A T
W5,

RN AEEBEEL L LT, Cohen-
Macaulay £ £ DK Cohen—Macaulay H#EE B
K O EMENIRE D MR A B D& 2 BB LT
AU, #hZH large Cohen—Macaulay IIEE, &
L O large IE¥ENMBELIFATWD, ZH 6 D
&RIZFEDWT, Auslander—Buchweitz @ Cohen—
Macaulay #EELD large Cohen—Macaulay i % 58
ERNVUNFOFELE UTE X2, £72, EXE
In#E % F >R Cohen—Macaulay Bt D%
BRIZH LT, &K Cohen—Macaulay JIEE & large
Cohen—Macaulay fil## @ fi] 12 Govolov—Lazard
BMOEMMPHOIIDZI B2 R LU, 512, ¥
EMWIERETH B Z &% Gorenstein TH B Z &
DRHOT %2, RAUANOBE» 65252k
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Ll arXiv T [B.1] & UTAB L. Al
~NE R U7, —2HIE Michal Hrbek K& Jan
Stovicek K& DILFMETH D, AR —X —
BREOIFERERBEIZE TS (a7 b EIER
572\ MEREEARD BRI 2k 2 52 T 5,
Z OWMFRIZET dam ik kEiETh b, 3DH
iX. Beilinson #* Parshin (2 &% 2 (RO 7T 5 —
VELBD =R —AF =L~ T 58
WEHALL, 77V v 7EEKE XN D R0
W ThHb, 7771 v F—R—AF—L LTI
[B.6] TEA L7z Cech HKIZE>TTF IV v 2
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One of the main results in this academic year is
an Auslander—Ringel-Tachikawa type result for
a Gorenstein order over a complete Gorenstein
local ring and its Gorenstein-projective mod-
ules. In particular, I proved that the Goren-
stein order is of finite Cohen—Macaulay rep-
resentation type if and only if every indecom-
posable pure-injective object in the stable cat-
egory of Gorenstein-projective modules is com-
pact. The paper containing this result is in
preparation and includes an appendix written
by Rosanna Laking.

In relation to the above research, I introduced
the notions of large Cohen—Macaulay modules
and large canonical modules over an order,
which are infinitely generated versions of max-
imal Cohen—Macaulay modules and canonical
modules over an order. Based on these no-
tions, I gave a perfect cotorsion pair that yields
an infinitely generated version of Auslander—
Buchweitz’s Cohen—Macaulay approximations.
Moreover, for an order over a finite-dimensional
Cohen-Macaulay ring with a canonical module,

I established a Govorov—Lazard type theorem

between the maximal Cohen-Macaulay mod-
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ules and the large Cohen—Macaulay modules.

I also gave characterizations for the order to

be non-singular and Gorenstein from the view-

point of cotorsion pairs.

Besides the above themes, I worked on three

projects continuing from the last academic

year. The first one is joint work with Ryo

Kanda, and this proves a structure theorem of

flat cotorsion modules over a Noether algebra.

A paper on this work was posted on arXiv as

[B.1], and submitted to a journal. The second

project is joint work with Michal Hrbek and

Jan Stoviéek, and this concretely constructs

(possibly non-compact) silting objects in the

unbounded derived category of a commutative

noetherian ring. A paper on this work is go-
ing to be completed. The third project stud-
ies adelic complexes, which were originally in-
troduced by Beilinson generalizing Parshin’s
2-dimensional adeles to arbitrary noetherian

schemes. 1 am writing a paper that gives a

clearer construction of the adelic complex over

an affine noetherian scheme of finite Krull di-

mension by using a Cech complex introduced

in [B.6].

B. FKi

1. R. Kanda and T. Nakamura : “Flat co-
torsion modules over Noether algebras”,
arXiv:2108.03153, 44 pages.

. M. Hrbek and T. Nakamura : “Telescope
conjecture for homotopically smashing t-
structures over commutative noetherian
ring”, J. Pure Appl. Algebra 225 (2021),
no. 4, 106571, 13 pages.

. T. Nakamura and P. Thompson : “Mini-
mal semi-flat-cotorsion replacements and
cosupport”, J. Algebra 562 (2020), 587—
620.

. T. Nakamura, R. Takahashi, and S.
Yassemi : “Little dimension and the im-
proved new intersection theorem”, Math.
Scand. 126 (2020), no. 2, 209-220.

. T. Nakamura : “Cosupports and minimal

pure-injective resolutions of affine rings”,



J. Algebra 540 (2019), 306-316.

. T. Nakamura and Y. Yoshino : “Local-
ization functors and cosupport in de-
rived categories of commutative Noethe-
rian rings”, Pacific J. Math. 296 (2018),
no. 2, 405-435.

. T. Nakamura and Y. Yoshino : “A local
duality principle in derived categories of
commutative Noetherian rings”, J. Pure
Appl. Algebra 222 (2018), no. 9, 2580-
2595.

C. M¥EFE«
1. “Indecomposable pure-injective objects

in stable categories of Gorenstein-
projective modules over Gorenstein or-
ders”, Online Satellite Event to Homo-
logical Methods in Representation The-
ory, 2022 £ 2 A

. “Koszul duality functors”, Winter School
on Koszul Algebra and Koszul Duality,
KK KRZ, Bt XAV T4 v,
202242 H

. “The definable subcategory induced by a
large canonical module”, FD Seminar, 7
VIA v, 2022 2 H

. “Indecomposable pure-injective balanced
big Cohen-Macaulay modules”, % 42 [A]
THBHRY VRY T L, 51, 2021
#£11 H

. “Flat cotorsion modules over Noether al-
gebras and derived categories”, Triangu-
lated Categories in Representation The-
ory, ¥ ¥ 74 >, 2021 £ 11 A

. “Adelic complexes over commutative
noetherian rings”, H A FARMER G5
Bl& FEERE X510, 202149 H

. “Large tilting objects induced by codi-
mension functions and homomorphic im-
ages of Cohen-Macaulay rings”, 2§ 53 [0l
Hinb L OREGRY VR YT A IHAOKRE,
FrI4,2021 £ 9 H

. “Toward large Cohen-Macaulay repre-

sentation theory via purity”, %8 66 [#]{&

139

BEVRY TN, ATV, 2021 £ 8
H
. “Large tilting and cotilting objects in de-
rived categories of commutative noethe-
rian rings”, A > 7 1 VARG I ) —
2021, 2021 46 H
10. “Large tilting objects in derived cate-
gories of commutative noetherian rings”,
OCAMI ¥t I F —, KBz K%, &
VT4V, 2021 E3 H
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We consider some inverse problems for several
partial differential equations in mathematical
physics by the method of Carleman estimate.
In particular, in the recent year, we focus on the

time-fractional differential equations (TFDE).

Numerous field experiments show that TFDE
gives a better description of the solute trans-
port in highly heterogeneous media than the
classical diffusion equation. In recent decades,
TFDE has been a well-known model for anoma-
lous diffusion. Moreover, TFDE with a second-
order time derivative, so-called time-fractional
wave equation, is also important as a candidate
model of photoacoustic tomography.

By definition, the time-fractional derivative
does not admit Newton-Leibniz formula, which
prevents us from establishing Carleman esti-
mate for TFDE directly in general cases. How-
ever, in some special cases, we manage to prove
Carleman estimate for TFDE. For example, in
the case that the highest time derivative is a
first order, we can consider an equivalent cou-
pled parabolic system instead, while in the case
of a second order, we regard the fractional
derivatives as perturbations and move them
into the source term. In such cases, we are
able to apply the Carleman estimate of either
parabolic type or hyperbolic type and result
in the stability estimates for inverse problems.
Moreover, in the case that the highest order of
the time derivative is one half which is a spe-
cial rational number, we can regard the solution
to TFDE as a solution to a higher order partial
differential equation which includes a first-order
time derivative and fourth-order space deriva-
tives. Therefore, we can immediately apply the
Carleman estimates for such higher order par-
tial differential equations to prove the stability
estimates for some inverse source problems and

inverse coefficient problems.
B. KX
1. X. Huang, Z. Li and M. Yamamoto:

“Carleman estimates for the time-
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fractional advection-diffusion equations
and applications”, Inverse Problems 35
(2019) 045003.

. X. Huang, Y. Kian, E. Soccorsi and M.

Yamamoto: “Carleman estimate for the
Schrédinger equation and application to
magnetic inverse problems”, Journal of
Mathematical Analysis and Applications
474 (2019) 116-142.

. Z. Li, X. Huang and M. Yamamoto:

“Initial-boundary value problems for
time-fractional  diffusion

with

multi-term

equations x-dependent  coeffi-
cients”, Evolution Equations & Control

Theory 9 (2020) 153-179.

. Z. Li, X. Huang and M. Yamamoto: “A

stability result for the determination of
order in time-fractional diffusion equa-
tions”, Journal of Inverse and Ill-posed
Problems 28 (2020) 379-388.

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

mamoto: “Stability for inverse source
problems by Carleman estimates”, In-

verse Problems 36 (2020) 125006.

. X. Huang: “Carleman estimate for a gen-

eral second-order hyperbolic equation”,
“Inverse Problems and Related Topics”
Chapter 7, Springer, Singapore, 2020,
DOLI: 10.1007/978-981-15-1592-7.

. X. Huang: “Inverse coefficient problem

for a magnetohydrodynamics system by
Carleman estimates”, Appl. Anal. 100
(2021) 1010-1038.

. C. Ren, X. Huang and M. Yamamoto:

“Conditional stability for an inverse coef-
ficient problem of a weakly coupled time-
fractional diffusion system with half or-
der by Carleman estimate”, Journal of
Inverse and Ill-posed Problems 29 (2021)
635—651.

. X. Huang and A. Kawamoto: “Inverse

problems for a half-order time-fractional
diffusion equation in arbitrary dimension

by Carleman estimates”, Inverse Prob-



lems and Imaging 16 (2022) 39-67.
“Carle-

man estimates for a magnetohydrody-

10. X. Huang and M. Yamamoto:
namics system and application to inverse
source problems”, Mathematical Control
and Related Fields (2022) in press, DOI:
10.3934 /mcrf.2022005.

C. MEHFEE

1. Inverse problems for a magnetohydrody-
namics system by Carleman estimates,
The 9th International Conference on In-
verse Problems and Related Topics, Na-
tional University of Singapore, Singa-

pore, 2018 4£ 8 H.

. Carleman estimate for the Schrédinger
equation and application to magnetic
inverse problems, Workshop for young
scholars, Control and inverse prob-
lems on waves, oscillations and flows,
Doshisha University, 2018 4% 8 H.

. Carleman estimate for the Schrédinger
equation and application to magnetic in-
verse problems, International Conference
on Inverse Problems, Fudan University,
China, 2018 4£ 10 H.

. Inverse problems for a magnetohydrody-
namics system by Carleman estimates,
The 17th Workshop on Mathemati-
cal Analysis for Nonlinear Phenomena,
Kanazawa, Japan, 2019 4£ 2 H.

. Carleman estimates for a time-fractional
advection-diffusion equation and ap-
plication to inverse source problems,
(1) The 11th Conference on Inverse
Problems, Imaging and Applications,
Lanzhou, China, (2) Applied Inver Prob-
lems Conference 2019, Grenoble, France,
2019 % 6,7 H.

. (D)

fractional advection-diffusion equation

Carleman estimate for a time-

and application to a lateral Cauchy prob-
lem, (2) Inverse problems for a magneto-

hydrodynamics system by Carleman esti-
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mates, International Congress on Indus-
trial and Applied Mathematics 2019, Va-
lencia, Spain, 2019 £ 7 H.

. Inverse problems for a magnetohydrody-
namics system by Carleman estimates,
Summer School on Applied Inverse Prob-
lems and Related Topics, Tambara Insti-
tute of Mathematical Sciences, 2019 4F 8
H.

. Inverse source problems for the time-
fractional differential equations with in-

Workshop for

young scholars Control and inverse prob-

teger time derivatives,

lems on waves, oscillations and flows,
Tokyo University of Science, 2019 4% 8
H.

. Inverse

diffu-

sion/wave equations with time-fractional

source problems for
derivatives by Carleman estimates, The
17th Mathematics Conference for Young
Researchers, Hokkaido
online, 2021 4£ 3 H.

of

equations

University,

10. Well-posedness time-fractional
with  time-

related

diffusion-wave

dependent coefficients and

topics, Workshop for young scholars
Control and inverse problems on waves,
oscillations and flows, online, 2021 4E 9

H.
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Since starting my JSPS Postdoctoral Fellow-
ship on 29 November 2021 I have begun work
with Professor Ralph Willox in several direc-
tions within the area of discrete integrable sys-
tems, under the single theme of extending ideas

from the geometric theory of discrete Painlevé



equations. In particular we have begun work polynomials and Painlevé equations, ei-

on the following three topics. ther differential or discrete, based on the
o geometric theory. We have applied this
e We have begun preliminary work toward ] )
) to study several examples of differential
the development, in the case of delay- ) L
) ] . ) systems related to different families of
differential equations, of a wversion of

Halburd’s method for deducing the de-

gree growth of iterates of certain discrete

orthogonal polynomials. We also ap-

plied a similar method to compare dif-

) ) ferent Hamiltonian forms of differential
equations directly from the structure of ) ) )
o . Painlevé equations. A paper based on
their singularities.

this work has been submitted.
e With Galina Filipuk, I studied a Hamil-

tonian system related by an algebraic

e With a view to a deeper algebro-
geometric understanding of the relation-

ship between singularities and integra- o )
o ) ) ) but not birational transformation to the
bility in higher dimensional discrete sys- ) ) )
fourth Painlevé equation and showed
tems, we have constructed several exam- ] ) ) o
] ) ) ) that it admits a kind of regularisation on
ples of four-dimensional mappings with ) ] ]
) ) rational surfaces, despite not having the
the singularity confinement property but ) ) o
o ) Painlevé property. We are finalising a
non-vanishing algebraic entropy. )
) paper based on this work currently.
e We have made steps toward settling an ) ) o
) . . e Also together with Galina Filipuk, I
important conjecture regarding the re- ] ) ]
) ] o studied double scaling phenomena in
lation between singularities and entropy ) ) ) )
) ) ) ) differential equations related to semi-
for three-point discrete equations. This ) ) ]
) . classical orthogonal polynomials, in
conjecture states that if one takes an ) o )
) ) which the limit causes a degeneration
appropriate non-autonomous generalisa- . . )
) ) ) . from one Painlevé equation to another.
tion of an equation whose singularities ] ) )
) We have given a geometric explanation
are confined, then the evolution of var- ) )
] ) o of this fact, and are currently preparing
ious parameters required for this singu- . ]
) ) a paper reporting this.
larity structure to remain unchanged un- . .
o e In collaboration with Alexander Veselov
der de-autonomisation reflects the alge- ) )
. ) (Loughborough University) and John
braic entropy of the equation. A proof of ) )
. ) o Gibbons (Imperial College London), I
this conjecture would justify the method ) ) )
) ) have been studying delay-differential
of singularity confinement and full de- ) . ]
o ) . analogues of the Painlevé equations. Of
autonomisation as a test for integrability ) . ) ) )
) ) ) particular interest is a delay-differential
in this class of equations. ) ) ) )
version of the first Painlevé equation

Prior to the JSPS Fellowship my research in related to Shabat’s dressing chain of

2021 was grouped mainly into the following Schrédinger operators.

projects. .
B. F&&Kiw

e Together with Anton Dzhamay (the Uni- 1. A. Stokes:

“Full-parameter discrete

versity of Northern Colorado), Galina
Filipuk (Warsaw University), and Adam
Ligeza (Warsaw University), I have ap-
plied a method proposed in [B.3] for iden-
tifying connections between recurrence

coeflicients for semi-classical orthogonal
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Painlevé systems from non-translational
Cremona isometries”, J. Phys. A: Math.
Theor. 51 (2018) 495206 (31pp).

2. A. Stokes: “Singularity confinement in

delay-differential Painlevé equations”, J.



Phys. A: Math. Theor. 53 (2020) 435201
(31pp).

. A. Dzhamay, G. Filipuk and A. Stokes:
“Recurrence coefficients for discrete or-
thogonal polynomials with hypergeomet-
ric weight and discrete Painlevé equa-
tions”, J. Phys. A: Math. Theor. 53
(2020) 495201 (29pp).

. A. Dzhamay, G. Filipuk, A. Ligeza and
A. Stokes: “Hamiltonian structure for a
differential system from a modified La-
guerre weight via the geometry of the
modified third Painlevé equation”, Appl.
Math. Lett. 120 (2021) 107248 (7pp).

. A. Dzhamay, G. Filipuk and A. Stokes:
“On differential systems related to gen-
eralized Meixner and deformed Laguerre
orthogonal polynomials”, Integral Trans-
forms Spec. Funct. 32 (2021) 483-492.

. A. Dzhamay, G. Filipuk, A. Ligeza and
A. Stokes:

to the second Painlevé equation', Pro-

“On Hamiltonians related

ceedings of the conference Contemporary
Mathematics in Kielce 2020, February
24-27 2021, (2021) 73-84

C. DgaFEH
1. Full-parameter discrete Painlevé systems
from non-translational Cremona isome-
tries, & LHGH L I ) —, HIFAHE KT

T2EER, 2018 4 11 H.

. Why take the geometric approach to
Painlevé equations?, Dynamical Systems
Seminar at the Institute of Mathemat-
ics, Warsaw University, Poland, 2019 £
12 A.

. An introduction to the geometry of dis-
crete Painlevé equations, Analytic The-
ory of Differential Equations Seminar,
Banach Center, Mathematical Institute
of the Polish Academy of Sciences, War-
saw, Poland, 2020 4F 2 H.

. Singularity in

confinement delay-

differential Painlevé equations, FAS-
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net20 Workshop (Formal and Analytic
Solutions of Differential Equations on
the Internet), School of Architecture,
University of Alcald, Spain, held online,
2020 £ 6 H.

5. What is an integrable difference equa-
tion?, What is ...? Seminar (WiSe),
University of Queensland, Australia,
held online, 2021 4£ 3 A.

. Identifying Painlevé equations related to
orthogonal polynomials:

approach, OPSFOTA (Orthogonal Poly-

nomials,

the geometric

Special Functions, Operator
Theory and Applications) Seminar, In-
ternational Centre for Mathematical Sci-
ences, Edinburgh, Scotland, held online,
2021 £ 5 H.

. Geometric regularisation of a Hamilto-
nian system from a rational Calogero
potential related to the fourth Painlevé
equation, School of Mathematics and
Physics of

Portsmouth, UK, 2021 4F 11 H.
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k% 2R T AR RIC B W T, WInT 55
W5 TR R DIEDBIZIE 2 %> i (ODE #Ifi%)
DS KB & H RS, Bz, (1) [ U UR
B b O ENIERIE I R AR ICB T 5
ODE #ifigt (2) ZALEEMAKSHRIZH TS5 ODE
#figg (3) p-Laplacian fif2XZ 51+ % ODE #dfiE
DM EZEFIZ DOWTHZEE T o 7. (1) [ UHEHEK
¥ e B OFENIERRE B L A RIZB T S
ODE #lfi#t : ODE fROZEENZ L > THERIND
HBEEMIZ L > TEHEPNEHEARIED 25587
Fiff Ol EiE 2 R/ b, TOMGELE AN T —
FE R D fift D = YRl J B BEER &2 FI T ODE BLfig
DL H 5 A HFEADEEZHWTRETE
52 xamUT. #ERE UTHUEGREE S D
558 IERRE L SRR D ODE B figd |3 Hi
FREREIIRRDZ VAT LEOIESEE %2 E D
ZEBHS T T, (2) BIEK SRR



B17% ODE 1fif : Z AL EBASRERNIZ BT 5
DR IE Barenblatt fi# & FFIFX 5 H CAHLL
BEHNTHRINDIDNIFLALTHY, X5
2, MR AR KD B & 2 A THELEfRT KR
52 ENRETHD. RiftFiTlE, ODE MR DF:
Bz O CIRREHEECE % R D A A7 9 2 3k
BRERE % R DRI HEEE T & - Tl L SR Ene
fRIT &1 -7z, 2T XD, BFOMSERER &Ik
4 B2 2 #G & RO SIRENE B AR S N, £
0o OEEIEN D BRI IRIA T — )L & R D E
FHREROME UTREINDE Z LS 2o
7z. (3) p-Laplacian H#RIZEH1F %5 ODE Blfi :
ODE M D% — Wik 5% Barenblatt fif# & IFFIE
NHZACHMEZEZHWTEERINSZ L ZRL
. ZHUE. (2) OFIZ LA, SR
DABNMAT T 25 IIEE O IR D T D £
FMFIINDZ 22 RL TS,

We investigate the large time behavior of solu-
tions for the various type of nonlinear parabolic
equations, where the solution behaves like the
ODE solution, which we call ODE type solu-
tion. Especially, we conducted the research for
the following cases: (1) weakly coupled non-
linear parabolic system, (2) parabolic porous
medium equation and (3) parabolic p-Laplacian
For the research (1):

the parabolic system having a special struc-

equation. we derived
ture by using the certain transformation which
is based on the fact that the solution behaves
like the ODE solution. The structure enable us
to apply the known results for the higher or-
der asymptotic expansion of the solution in the
case of scalar equations. As a result, we showed
that asymptotic behavior of the ODE type so-
lution can be described as solutions of the Heat
equation and peculiar behavior of the solution
our system has, which is different to the scalar
equation. For the research (2): Most of work is
shown that asymptotic behavior of the solution
for porous medium equation is described as the
self-similar solution which is called Barenblatt
solution. Furthermore, there is little study on

the higher order asymptotic behavior of the so-
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lution. In this research, by using the property
of the ODE type solution, we approximated a
nonlinear diffusion term by the linear diffusion
which is only dependent on the time. For this
reason, we are able to obtain the higher order
asymptotic expansion of the solution which is
very different to known results so far. Higher
order asymptotic expansion of the ODE type
solution is described as a time rescaling solu-
tion of the Heat equation. For the research (3):
Second order asymptotic of the ODE type so-
lution is described as the self-similar solution
which is called Barenblatt solution. Contrary
to the research (1), we observe that higher or-
der asymptotic expansion of the ODE type so-
lution preserves the diffusion nonlinearity our
equation has in the case that nonlinear diffu-
sion term is governed by the gradient of the
solution.

B. F&&Kiw

1. Junyong Eom and Ryuichi Sato, Large
time behavior of ODE type solutions
to parabolic p-Laplacian type equation.

Commun. Pure Appl. Anal. 19 (2020),

4373-4386.

. Junyong Eom and Kazuhiro Ishige,
Large time behavior of ODE type so-
lutions to a nonlinear parabolic system.
Nonlinear Anal. 191 (2020), 111631, 19
pp.

. Junyong Eom and Kazuhiro Ishige,
Large time behavior of ODE type so-
lutions to nonlinear diffusion equations,
Discrete Contin. Dyn. Syst. -A 40
(2020), 3395-3409.

. Junyong Eom and Gen Nakamura, Com-
pleteness of representation of solutions
for stationary homogeneous isotropic
elastic/viscoelastic systems, Quar. Appl.
Math. 77 (2019), 497-506.

C. HEAFE&

1. Expression of the peak time for time-

domain boundary measurements in dif-



10.

11.

fuse light, RIMS Workshop on - Theory
and practice in inverse problems -, On-

line.

. Existence of Peak Time and Point Target

Approximation for Time-domain Fluo-
rescence Diffuse Optical Tomography,
Workshop for young scholars - Control
and inverse problems on waves, oscil-
lations and flows -, Online, September
2021.

. Asymptotic expansion of ODE type so-

lutions to a nonlinear parabolic system,
2020 Seoul-Tokyo Conference - Partial
Differential Equations -, Online, Novem-
ber 2020.

. FERUEIYIR TS 5 ODE H4f o i &

B, AAF2 2019 FEKFREDRZ,
BIRKE, 2019 4R 9 A.

. FEROEIIIR TN S ODE HUf o i &

B, IGAENT 2 I —, AR, 2019 4
10 H.

. Large time behavior of ODE type so-

lutions to a nonlinear parabolic system,
Summer school on applied inverse prob-
lems and related topics, Tambara insti-
tute of mathematical sciences, August
2019.

. FERE IR IC S S ODE R o ik

JEBH, BT £ < — , BIERZ,
2019 4 7 H.

. FERIRALE A D ODE #Ufi o IRff] K

R IERE, A2 2019 FEEER, B
TERY, 2019 4 3 H.

. Large time behavior of ODE type so-

lutions to nonlinear diffusion equations,
The 20th Northeastern Symposium on
Mathematical Analysis, Tohoku Univ.,
Feb 2019.

HARCHLE 72 XD ODE BLfE D IR K I8
WL R, FEPRE Ad R B4y 5 R Rt
ZEe, RBUFLREE, 2018 4 11 H.
Reconstruction of the shear modulus of
viscoelastic systems in a thin cylinder:

an inversion scheme and experiments, A3
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12.

Workshop on Applied Inverse Problems
and Related Topics, The University of
Tokyo, Nov 2017.

Reconstruction of the shear modulus of
viscoelastic systems in a thin cylinder:
an inversion scheme and experiments, #
Torzethe NE) - kH) - RO HIE &%
i -BlGR & BUEFTSE- 1, RERKRE, 2017
i 8 H.



HEMRRE (Project Researchers)

skills
I study the methodology to improve the

)il el (IKEGAWA Takashi)
A. WA
o EFHEICK ZBERFEAMENS LR

1 v &2 — v ¥ v 7 % PBL
(Project/Problem  Based
D & S IREF I K B EEBEFEAM (3
L EE) OBEBICEY % ik &5 L
T3,

skills for writing technical documents
such as scientific papers and technical re-

Learning) ports and presentation.

B. FE&E
1 Wi BEw] - “RSPAETHEINT Y M &
HRk g B (K - KBRS Yy T —2 T

o BEXRY NT—V ETEINY—VDOHIEE

T

iRy Ny —2 &b LZ@ERY b
7= OiRZEVERITIBEET NV E
WL TWnw5, 512, WfExry b7 —2
ZELTCHEONDE -V OREMT—X %
o 2 TE R — 2 OBHEE TN E2HEL
w3,

BT SLEVERR M DB LR
B, wEE, L rvgaklo ks i
Bt e O fE R A & ) E X & 2 80E Ak
MAEMIELTWVWD,

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.
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.
Methodology for improvement of

technical writhing and presentation
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DT Ry MEi—N— X MAIZE Y b
MODKETIHEE ", MEN IR K
FiZees B BT ¥4 46 (2022) 7-15.

. T. Tkegawa : “Science and technology

fields and higher education institutions
with mathematically trained contribu-
Metadata analysis of IEEE pa-
pers”, 2021 IEEE Frontiers in Education
Conference (IEEE FIE 2021), Lincoln,
Nebraska, USA, October (2021) 1-9.

tors:

. 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) 1-7.

I BEE] Ry =Y REINFKET B %

fry NI —2TDT Yy KTy MMEHi—
Ey RO ARSI R E T B EIR O 5
B, RN TRERZE Sl B B L
W 45 (2021) 17-26.

S B, B Rk, IR wz ¢

WZef] s — X v o =2 Z8E” . KEE 2017-
1133, H#iF 6877677 (2021).

I BEE] R R Y MU —2IZEB T 5 H)

o T — R R ROBETT, W2l
TRIKEHEE S B BT ¥ 44 (2020)
23-28.

. T. Tkegawa : “Effect of payload size on

mean response time when message seg-
mentations occur: Case of burst packet

VALUETOOLS 2019: Pro-

arrival”,



10.

il

ceedings of the 12th EAI International
Conference on Performance Evaluation
Methodologies and Tools (2019) 7-14.
Fedl: “frged - BfiE Db DX
FER - 7L ¥ AV vy N7 HARGEGHE
(2018) pp. 253 (H3H).

I B CBRFEEBEOF Y ) T 2D

FHA L7, B I F— B RS A X
VA 2018] (2018) 176-181 (fAf#iNX).
T. “Effect of payload

size on mean response time when

Tkegawa:

message
ing  MX/G/1
https://arxiv.org/abs/1803.10553
(2018).

segmentations occur  us-

3 ”
queueing  model”,

C. HEHFEE

1.

BEAM A ER U T\ 2R HE A 2 B &
HEHERMEIEEE X DA X T —X&
fEtr—, BARTZEABMEHE S, 2C12,
2021 49 A.

T VRV T VAT A — A= a VIR

EMAFWEHGBIGHER Y F v ) 7 FHA
R, R LB | 2021
H1H5H (AR

BB TN AT 0T BELUE

NTARA Y MHIEANOHGE, HALZHE
W<, 3E07, 2020 4 9 A.

CBEEPANEEREZDS ) OB —Z T

HEAED 7z Iz —, WAIKFERZBELR
FHIERE, 2019 5 3 H (FAfFHTH).

. Effect of Payload Size on Goodput

when Message Segmentations Occur for
Case of Packet-
Recovered by Stop-and-

Wireless Networks:
Corruptions
Wait Protocol, the Thirteenth Interna-
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-
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sity of Finance and Economics, Oct.
2017 (Keynote speach).

. B SCEAER D 72 D DEAM - RIEHARR D1
FEHEHRBREEEZHHL Y INAD
FiYE, HALZEHEWGHERS, 2017 4 8
H.

B TRV A I ARHIIB T D E
FHEHEOBREHE, B TRV n 7 =
VaFIVEEHRBERTRES VARV YL,
2017 4 3 H (481534 E).

F. A s — e A
1. 2022 IEEE Wireless Communications
and Networking Conference (IEEE
WCNC 2022) TPC Member.
. 2021 IEEE Wireless Communications
and Networking Conference (IEEE

WCNC 2021) TPC Member.

#% % (KAMIYA Ryo)

A. TR

AHAZ XD RHEFRERV R S D AT R
DHBADED, BRALAAUAD LEFET S Co-
primeness M & FEEN 2 HE XA ESME L & D &
SHERIZHBZVFART VWS, 2IRITHKTF LD
AL R EN AR TH 2HEEHR KAV RS
Coprimeness %2>, —FH, REWT Y bo
E—DETH Y, Mo ORISR ARATHS
Hietarinta-Viallet &3\ % Coprimeness M % £f
DIEDHONT WS, MEHRK, M E K,
REATTIR I & DL E S DT, Bl KAV fif2
A & Hietarinta-Viallet AR ZRRIZRIGE & U
TEUCREEZ RO FHIBRAREERE L, TO
Coprimeness M:%&/R U 7=,

I am studying the relationship between inte-
grability and the coprimeness-property of inte-
grable difference equations whose time evolu-
tion is described by rational expressions. The
discrete KdV equation, which is an integrable
difference equation on a 2-dimensional lattice,
On the other
hand, the Hietarinta-Viallet equation, which

also has coprimeness-property.



has positive algebraic entropy and is there-
fore non-integrable, is also known to have
coprimeness-property. In collaboration with
Masataka Kanki, Takafumi Mase, and Tetsuji
Tokihiro, We considered an arbitrary multidi-
mensional system of lattice equations including
the discrete KAV equation and the Hietarinta-
Viallet equation as special cases and showed

that they have coprimeness-property.

B. ¥
1. R. Kamiya, M. Kanki, T. Mase and T.
Tokihiro: “Coprimeness-preserving dis-

crete KdV type equation on an arbitrary
dimensional lattice”, J. Math. Phys. 62
(2021) 102701 ;

. R. Kamiya, M. Kanki, T. Mase and T.
Tokihiro: “Algebraic entropy of a multi-
term recurrence of the Hietarinta-Viallet
type”, RIMS Kokyuroku Bessatsu B78
(2020), 121-153 .

. R. Kamiya, M. Kanki, T. Mase, N.
Okubo and T. Tokihiro : “Toda type
equations over multi-dimensional lat-
tices”, J. Phys. A: Math. Theor. 51
(2018) 364002 (16pp).

. R. Kamiya, M. Kanki, T. Mase and
T. Tokihiro:

tice equation as an extension of the

“A two dimensional lat-

Heideman-Hogan recurrence”, J. Phys.
A: Math. Theor. 51 (2018) 125203
(16pp).

. R. Kamiya, M. Kanki, T. Mase and T.
Tokihiro: “Nonlinear forms of coprime-
ness preserving extensions to the Somos-
4 recurrence and the two-dimensional
Toda lattice equation —investigation into
their extended Laurent properties—", J.
Phys. A: Math. Theor. 51 (2018) 355202
(23pp).

. R. Kamiya, M. Kanki, T. Mase and
T. Tokihiro:

non-integrable extension to the two-

“Coprimeness-preserving

dimensional discrete Toda lattice equa-
tion”, J. Math. Phys. 58, (2017) 012702.
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C. HEEFEE
1. M2 HADORIZNNBES 2 #ECLFR D

BN DWT, HAIS FBE A 25
e, FPEARE, 2019 423 H

. Two dimensional lattice equation as ex-
tension of Heideman-Hogan recurrence.
Symmetries and Integrability of Differ-
ence Equations, Fukuoka, (R A X —F%)
2018 4£ 11 A.

#&FH =2 (GIGA Mi-Ho)

A. ffFZEBEEE

Fe R IEE AR 2 B W OO RE SRR
WIZDOWTIAEBEDIE 21T o 72,

FEE SRR CRE T RV X —BEICH 23D
DRI 7y b EIENS S RE AT
B &5 mBIGUE, 2 REFERRI R AL AR 2L B AR D
N HBRATEANIZRDT Z 2 Hks. o s
FAZBYNZEET 5 Z &I & Dbk~ 7 b e B
% WENL U 7z S B O BAMFRIZ K9 2 FESE S5 R
RIEOIRD | REFETEEBAPE R 7 — L BER 12 &
B UR e TN O

—F., EEERIZBTA27 72y bHIOBE NS
KA SR 2 %, 4 BORRILE A TR
BENS L. REATALTF—=DTYVART AV
T, WAREN1IRLDKEWEES, EEBROD)
E%KT ODE R & RESGHEA R0 R %
HH L, KO —REB» 57455 55 REDHKICE
T2 WIHME 6 U TR iR O — AR & R
L7z
E-HHERAROB) E 2R T DR IRET IV EE
SRR IR ST 5 Z 2T D W TR
L7-.

o IBGRERIC X AHEOB & 2EH LT,
RISEIZ D735 T — R4 HfETE & ST U T2

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
medicine.

B. FFEw 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-
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ric Partial Differential Equations (eds. C.
M. Elliott et al.), Overwolfach Reports,
16(2019), 194-197.

. T. Hidaka, 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-

K. Imamura,

ing heat-diffusion equation", Patterns 1
(2020) 100140.

. M.-H. Giga, Y. Giga, R. Kuroda and
Y. Ochiai, Crystallilne flow starting from
a general polygon, Discrete and Contu-
ous Dynamical Systems, Online(2021),
DOI:10.3934/dcds.2021182.

C. MgaFE«

1. A discrete deterministic game approach
for the planer motion by crystalline en-
ergy, (Emerging Developments in In-
terfaces and Free Boundaries (January
22-28, 2017), Organized by Charles
M. Elliott, Michael
Hinze and Vanessa Styles) Mathema-

Yoshikazu Giga,

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.

A8 #FE (SEKINO Nozomu)

A. TR

SMIEL LR T DT DT 714 N—FECH, 1
L7z —H— Rz HNTHRES &
U7z,

I tried to research 3-manifolds by using its
fibered knots and the corresponding Heegaard

splitting.
B. FFKEm X
1. N. Sekino: “Genus one fibered knots in 3-
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.

. N. Sekino: “The existence of homologi-
cally fibered links and solutions of some
equations”,

Topology and its Applications 302

(2021).
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C. OEEFEH
1. AT 2 Heegaard 2% KD 3 T
Z KD GOF-knot, HILFESHE I F—
2017 , IR, 2017 £ 9 H.

. Genus one fibered 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 £ % 1D 2Rk
DFEE 1 7 7 4 N—FEO0H, JREKRF MR
0Y— - i I — KEAE, 2018 4
10 H.

. FfiEHE =@ homology cobordism D
ELTRINS LY XE/, REs TR
YOt b ARB Y — in [ 2019) , HEH
ARt > & —, 2019 4 10 A.
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Fi (CHIBA Yuki)

A TR

NERIE, PR RS, 2o
D7 SBIKRE IR TE L. TDHED
1 D12 Morse N H 25, WHHBERNICED
KESINDINFZRIINUTCHHAT 2546, HEH
BOBGOELEIHEEZ T 2HENH 5. BETFOFIE
3, XEEEZHWT, BEICEBE2ECHEEEE
RUTBY, BENLRWV—TF, sHRIZ MR
ZZ2WE WS HEDH 5. ORI 25
M, R IA N 2R BEEFEOMHIEEZIT,
AR O YRS 5 & 12, Runge-Kutta i%
&7 7 1 VIR %E W7z Morse 43 fif D 3 %
IZDWTRIRN L LT, T oI, BREF
HFIZOWT, BFOFELDFHE I M Edb e
U7zt 217\, SHERBPIZ 51 d 2 & 2R
L7=.

7z, FEOBALZE D D202, WD
DOEHET ML, ZOFHEZE AW THEE DR
RET->TZ. TORER, Slow-Fast ROIE % Fr
DHELE T U CTIEY G E 2175 Z e dd
TERrolz. W ABRROFBEFEELLEHELL
D, DEDNRIA—R—%EHETHREDTRE



ToTW5D, iz DREIZEDLEZEDIZHR-
TEY, BFRIZINAEDNENE DR > TWNW5.

A dynamical system can be decomposed into
a recurrent part, such as equilibrium points,
and gradient-like structure connecting each re-
current part. Morse decomposition is one of
the method. If we apply to a dynamical sys-
tem represented by ordinary differential equa-
tions, it is necessary to approximate the image
of rectangular regions. Present method uses in-
terval arithmetic to compute the rectangle con-
taining the image through ODE, which is accu-
rate but computational cost is very expensive.
We studied computational methods that re-
duce computational cost at the expense of some
accuracy and proposed an efficient implemen-
tation of Morse decomposition using Runge-
Kutta method and affine approximation. Fur-
thermore, we applied the proposed method to
some ODE in order to make a comparison with
the existing method. It was shown that the pro-
posed method reduces the computation time.

To confirm the usefulness of the method, the
structure of several mathematical models was
verified using this method. As a result, the cal-
culation could not be performed properly for
the mathematical model with the structure of
the Slow-Fast system. Although we have tried
to change the method of computing the dif-
ferential equations and the parameters of the
partitioning, it has been tailored to individual

problems and is currently not very versatile.
B. F&Kif
1. Y. Chiba and N. Saito :

maximum principle and L analysis of

“Weak discrete

the DG method for the Poisson equation

on a polygonal domain”, Jpn. J. Ind.
Appl. Math. 36 (2019) 809-834.

. TEKE “EV OEREZ AW FRARIR:
FNDPTENT & 2RI E ) B D EIE”, FH
BBz L & — (2019) LMSR 2019-
14.

3. Y. Chiba and T. Miyaji

==
i

and T.
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Ogawa : “Computing Morse decomposi-
tion of ODEs via Runge-Kutta method”,
JSIAM Letters, 13 (2021) 40-43

C. HEEFEx
1. L™

Galerkin methods for the Poisson equa-

error estimates of discontinuous

tion on a polygonal domain, STAM: East
Asian Section Conference 2017, #[H,
2017 # 6 A.

. N ot ER 3% E D Poisson /2 Rz %
35 A Galerkin %, H A5G S B2
22017 AL, BB RZEEH X v
XA, 201749 AH.

. Discontinuous Galerkin method for an N-
dimensional spherically symmetric Pois-
son equation, SIAM: East Asian Section
Conference 2018, HR, 2018 4 6 H.

. 185 R iEE E O Robin B &M %2R
Poisson SRR $ % Nitsche %, HA
B 2018 FEMEFR A DR, MK
EHE X Y V8, 2018 9 AH.

. 185 7% E D Robin R &M %2R
Poisson /3 #2325 Rt Galerkin
%, BABUES 2019 FEAR, R TEKR
FRIIF v 8 A, 2019 4 3 H.

. Nitsche’s method and discontinuous
Galerkin method for Poisson equation
with Robin boundary condition in a
smooth domain, International Congress
on Industrial and Applied Mathematics
2019, Ao >, 2019 F 7 H.

. — %At Robin B 5t &M 123 9 5 A i
Galerkin 75, HARIGHEH 72 2019 4£E
FEa WRAZHGF v /8 A 2019 £ 9
H.

S DEER Eo SRR T AT T
) v NEURESE Galerkin ¥, RIMS R
7% FRLF W 2 AL SR LT O
AR AT 572, R R 2 B AR AT A 25 7, 2019
F11H

. Runge-Kutta 512 & % Morse 73 fi# D35l
SR OVERE, HASHBELY 25 17 [BI4F

TR AFERE, AV T4 v, 2021 4E 3
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10. RungeadASKutta %12 & % ODE ® Morse
DIROEMGEHR, ICHBFE 7 Vy vay
I+ —2021, AF1, 2021 £ 12 H

¥ JRF (CHIHARA Ryohei)

A. THZEEEE

FABSIE 7 L > MIZIURS 23552 D W T H
LTWwd. kIRBERR ¢ %R DRIEL kA%
(M,¢) &L, M LD (n— k) X L? Rk
MOIRBFEIVL MNEMZE H &35, BIES
&7 3 eknr 575 H Oz C &
5L, CITEAMNME 5. 52 ERITH
TEREHT XX — O EIMISERZE d %
fioT, Flw) = [ |ldw|dv iZ &> TEDS. C
ETO F(w) Oiil{bilEzE % 2 5 &Mtk S
EL2MwTF(w) =0&%0, w i XHEKE
AV NEEDD. ZOMBEISGEEREEZEH L
THZ2LN5 4] {WF} 1, HBHEEEHL > b
W TR T 5. MEIRS 2 SN I E OO
EHLUTEDES RHBIEN L Y b w™ 23E5
NBEN? LWSZET, TORIZDOVWTEELT
W5,

I am studying a sequence that converges to
a closed calibrated current. Let (M, ¢) be a
calibrated manifold with a calibration form ¢
of degree k. Let H be the real Hilbert space
consisting of all L? differential forms of degree
(n — k). Let C be a closed convex cone of cal-
ibrated sections in H. Moreover, a variant of
total variation energy is defined by [ 2 [dwldv.
Given a optimizing problem of F(w) subject to
w € C, at a extreme point w, F(w) =0 and w
defines a closed calibration current. The point
sequence {w*} given by applying the proximity
point method to this problem converges weakly
The

question is what closed calibration current w

to some closed calibration current w®.

can be obtained for a given initial value w%? I

am studying this point.
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T2 ENTED (EHREBK & DIEFBSE,
A3 2)o

We mainly studied on automorphisms of K3
surfaces. In particular, we published the fol-
lowing papers.
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 Myy.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]
B. &K

1. S. Brandhorst and K. Hashimoto:

tensions of maximal symplectic actions

LLEX_

on K3 surfaces”, Ann. Henri Lebesgue 4
(2021), 785-809.

. K. Hashimoto and T. Sano: “Examples
of non-Kéhler Calabi-Yau 3-folds with
arbitrarily large by”, to appear in Geom.
Topol.

. 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,

Kwangwoo Lee: “K3 surfaces with Pi-

JongHae Keum and

card number 2, Salem polynomials and
Pell equation”, J. Pure Appl. Algebra
224 (2020), no. 1, 432—443.

. K. Hashimoto and A. Kanazawa :
“Calabi-Yau threefolds of type K (I)
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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.

C. OEEFEH
1. Generalized triangle singularities (H A
FE), I 7 —XWMEDEEME 2020, AT 1 v
zetesx, 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-
tiondAS, HEUHIRLRY:, 2018 4F 8 1.
. Mirror symmetry for complete intersec-
tion K3 surfaces in weighted projective
spaces, Working Workshop on Calabi-

245 33
¥

Yau Varieties and Related Topics,
bk, 2018 4E 8 H.

. Global sections of some special elliptic
surfaces, Workshop on algebraic surfaces
2018, Leibniz University Hannover, Ger-
many, 2018 ££ 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,
BIKRTF, 2018 1 H.
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WzAER, £ D —fD Wiener MBI Z KR 5 &
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B3, 2019 AT &R D FRAE M 2 5 2 5 Wk
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% )4 % Z & T, fractional Brownian motion
WX OERE S NSRBI AEADHEIZLDE
TNEINDLHERBEDO “RESOHERETH S
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Ke K7z, ZOE, Wk RO —GEn % @3
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D% factor IZH DRERZBDORNIT K > TX
I3 functional 12X LT, A — & —FEAfi% #
DRUTOBENEUDRE., ZhicL T, EH
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BrHAWEA—X—0REARNEE-72. Z0D
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T HEMEIZ & - THEZ % functional DA —& —D
ZALERZ B Z L IZH I .
S B A — X — OFEM XML R & D BIEVw—
OMBEIZBWTHHEIGATRETH D, F7z, FIE
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HY, TOUEHEITHEEL LI 57O 0T E
BEIZ OWTH 2 REITTW5,

Limit theorems on the Wiener space has been
developed since the discovery of the fourth mo-
ment theorem in 2005 closely relating to the
Malliavin calculus and Stein’s method. At first,
the theory was initiated in the setting of se-
quences of random variables belonging to a
Wiener chaos of a fixed order. After the Malli-
avin calculus was set to the main tool of this
theory, Wiener functionals in general can be
tackled within this theory and quantitative es-
timates for the limit theorems can be derived
with Stein’s method.

While the limit distributions of classical central
limit theorems have deterministic variances, in
the field of statistical analysis of non-ergodic
models, estimators converge to mixed normal
distributions, which are a generalization of nor-
mal distribution whose variance is allowed to
be a random variable. The convergence occur-
ring in this situation is often a stable conver-
gence, which is well studied in the framework
of the semimartingale theory. Conditions of
stable convergences were given using the Malli-
avin calculus since 2010. Quantitative ones and
asymptotic expansion were presented in 2016
and 2019, respectively.

This year, the author applied the theory of
asymptotic expansion to the realized volatility
estimator for the model given by the solution
of SDE driven by fractional Brownian motion.
Through this work, there was a need to repeat-
edly calculate the order of functionals which are
represented as sums of random variables having
as factors elements from Wiener chaos corre-
sponding to the increment of fBm. To solve
this problem, he developed a method to calcu-
late the order through exponents defined using
some weighted graph related to each functional.
This exponent can be used to tell the change
of the order of functionals by the action of

certain operation appearing in the calculation



in the asymptotic expansion. The exponents
are applicable to more general cases other than
the asymptotic expansion. He also conducted
some numerical experiments by Monte Carlo
method and checked that the asymptotic ex-

pansion contributes to better approximations.
B. FFKiw X
1. H.Yamagishi : “Asymptotic expansion of
multiple Skorohod integrals by the com-
mutation relation”, B & K& I G

(2019)

¥v—35 NZAA—L (MARRA Pasquale)

A. WA

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. F&&KiX

1. Majorana/Andreev crossover and the
fate of the topological phase transition
in inhomogeneous nanowires, P. Marra,
A. Nigro, J. Phys.: Condens. Matter 34
124001 (2022)

2. 1D Majorana Goldstinos and extended
supersymmetry in quantum wires, P.

Marra, D. Inotani, M. Nitta, preprint,
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10.

11.

. Competition and

. Topologically

arXiv:2106.09039 (2021)

. Dispersive 1D Majorana modes with

emergent supersymmetry in 1D prox-
imitized superconductors via spatially-
modulated potentials
fields, P. Marra, D. Inotani, M. Nitta,
preprint, accepted on Phys. Rev. B,
arXiv:2106.09047 (2021)

and magnetic

interplay between
topology and quasi-periodic disorder in
Thouless pumping of ultracold atoms,
S. Nakajima, N. Takei, K. Sakuma, Y.

Kuno, P. Marra, Y. Takahashi, Na-
ture Physics 17, 844a4AS849 (2021)

. Topologically quantized 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: Theory and applica-
tions, R. Citro, P. Marra, F. Romeo,
Eur. Phys. J. Spec. Top. 227, 1291-1294

(2018)

. 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
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1.

. Topologically

Extended quantum-mechanical super-
symmetry in Majorana nanowires, APS
March Meeting 2022, Chicago, USA, 14
March 2022

nontrivial phases in-
fields
“The-

oretical studies of topological phases of

duced by

one-dimension, YITP workshop

inhomogeneous in

matter” , Yukawa Institute for Theoret-
ical Physics, Kyoto University, Japan,
18 October 2021

. Topologically nontrivial Andreev bound

states, 1D Majorana fermions, and su-
persymmetry in quantum wires, CMD29
online series, mini-colloquium “Bound
states in hybrid superconductor nanos-

tructures” , online meeting, 29 June 2021

. Topological superconductors with peri-

odically modulated magnetic fields An-
dreev vs Majorana bound states, and
emergent supersymmetry, APS March
Meeting 2021, Chicago, USA, 17 March
2021

. 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, Kyoto University,

Japan, 21 August 2019

. Topological states of matter induced by

spatially modulated fields, Keio Univer-
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states by electron-phonon interaction,
18h RIKEN
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Saitama, Japan, 1 March 2019

Decoherence Majorana
Interdisciplinary — Ex-
RIKEN,

Electron-phonon coupling in supercon-
ducting nanowires, 4th SuperFox con-
ference on Superconductivity and Func-
tional Oxides,
Italy, 14 September 2018

Fractional quantization of the charge

University of Salerno,

and spin transport in 1D quantum
16th RIKEN Interdisciplinary

Exchange/Discovery Evening, RIKEN,

pumps,

Saitama, Japan, 11 November 2017
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A. WA

MEEM 2 T 22 7 A X —%%EH
WTRLER LD, oy 522 —REzo0n
THRMKOEINENLT 20E 2, GRED 2
FAR—RBUZOWTHLT DI &R LT, £
72. Dehn V4 A MZBT 2 HIEAFIZ DOV TIE
I3 AR—=RED -7 PVB IO F-ZHEA L
DEFRE/ON, TS IFHEILARFO ARG
KEFFEERIK & O L FFFEIZE D <, By the

representation of the earthquake theorem with
cluster algebras of surface type, we show this
theorem for cluster algebras of finite type. We
get the relation between the earthquake defor-
mation with respect to Dehn twist and c-vector
and F-polynomial. This is done with Tsukasa
Ishibashi and Shunsuke Kano.

C. MEaFEHE
1. Earthquake maps of a once-punctured

torus, B TEAFH PR, 2018, 4 H

. Earthquake maps of a once-punctured
torus, FFRHKFHEFER, 2018, 4 H

. Earthquake theorem of cluster algebras
of finite type, Korea Institute for Ad-
vanced Study, 2022, 1 A

.77 AR—REEMELET, HALKF Y
i, 2022, 2 A

fhH #4% (IIDA Nobuo)
(%4 DC1)
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TavIRE AV RO NEETHS.
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J— VB &, WIS SRR BT — U
& XN B R GT O R % R0 AR E PDE
EELT LM TH Y, ZD PDE O %@ L
TEDEMIKD RN FZTARD L NS T DA
WZiTbhT&R F—=YHmIIWHEICHEL,
BUE BRI Z DL IIc 072 2 508 L Bk R D
HDTH DD, FHTEEDHIEL TWBDIEEIL,
3, 4 IRTEZ KK £ D Seiberg-Witten HFER B &
O ASD FfERXTH 3. 215D PDE I, 3, 41K
TCERREDMWI b RO Y — 2N EE L LT,
HERREE R LT E R,

ff, TV T 4y RS av R MNEE
&, D ZRRIR LDRMEETH D, ThEN
TV ITavIRA, avx s vERE X
naMakwAzxHwciddcEs, Y7Ly
T4 v MG MEBUR TSR L TREEI NS
fIMETH O, ML DM NIk T 5. 2
VR MEERFEOTE K L TERSI NS K
fETHY, YTV T4 v 2% EoHhD
RV 1 WL AN D 2MEE T &, %
DLIZFEEI NG 3V X T MG T QAT
H5. Fi, EEERID X D%, RIRTG 1 DL RRIK
SISV 25 2N DN R P G4
REAATITOBIZ, av &7 vE&IZY T L
IF 4y IEED Toh LA L LToOKE %
SZENTES,

Seiberg-Witten AL, 4 IRT LK LD >
VIV I T4y IREEB XU 3 ML RRE LD
VR MG L EELBEAKRERED. Seiberg-
Witten HAFEXOED 7 — VEMEEHOB A LIS
12 & D, Seiberg-Witten R& & & LK IXN 5 4
RIGEREDEBEAZRPEZIND.
NET Yy VI T 490 4 RITERRIRITH L
TIXIEEBI & 725 Z & % Taubes 12 & > TEFHA
ANz ORI, YUV T a oy 2kEE
% FH\ T, Seiberg-Witten 552z 0 fif % BH R Y
KR T 22N TES 0w HFITHDL.
7z, TNz U LT 5 Taubes D1 H I

-
—



% % U, Kronheimer-Mrowka &, Bifiz 3> X
7 MEEZFD 4 IRTGERRIRIZAT U, Seiberg-
Witten AZEBOER L LT, BHREAE R 2T
F L7 iz, E/K—=J) Floer hEBY—&
Xi¥N % Seiberg-Witten £AZ&®D (3+1) TQFT
{bA Kronheimer-Mrowka (2 & - THENL X 4, %
@ Fefll A D th © Kronheimer-Mrowka-Ozsvath-
Szab6 IZ& b, 3> &7 M 3 RITEL KD R
ETENMENMINAE, ZOFRLEREIL, £/ K-
Navry v AEEE XIEN, EO Kronheimer-
Mrowka OREEN S, IV X7 MEEOIEHR %
ML DERDIENTES.

WHEIF, BBV, BRIZavy ks b
MEE 2 B D 4 IOGERRIKIZTH 9 5 Kronheimer-
Mrowka @O RZ & %, Bauer-Furuta O RIR G
EBOFEIZE D, RENE—KE UTHEELL
T ARE R %ML 7Z. ¥£72, Anubhav Mukherjee
K, AHEBKE ORRARRIIBENTIDORE
BEORMEMICHEZ 5 A 72, 72, AOEBK
& O EMFEITE W T, Manolescu @ Seiberg-
Witten Floer FE b ¥ —BIOPHAIZBE T, €
JR=NV AV R PAEBDKE b= K
U7z, BU1E, 58 b3} [, Anubhav Mukherjee [,
A O IER K & ORI S W T, Kronheimer-
Mrowka D ARZ&ED, FHIZa Y &7 MEEN S
Z 6Nz ARTE KD T 2=V a v i
L, TORHEZER DL WS EIT>TW
5. £72, ASD AREROML a7y —VBIIT 3
ERP, VTV ITF vy, AR MG
DEARIZ OV TDEREBIT> TV D,

The main topics of the author’s research are
gauge theory and symplectic, contact struc-
tures.

Gauge theory is a theory to study non lin-
ear PDEs with infinite dimensional symme-
tries on differentiable manifolds. Geometry
of the manifolds has been intensively studied
through analysis of such PDEs. Gauge theory
has its origin in physics and now has a lot of
connections with various fields of mathemat-
ics. Among those, the author mainly studies
Seiberg-Witten equation and ASD equation on
3- and 4-manifolds. These PDEs have played an
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important role in studies of differentiable topol-
ogy of 3 and 4-manifolds.

On the other hand, symplectic and contact
structures are geometric structures on differen-
tiable manifolds and these can be described us-
ing differential forms called "symplectic forms"
and "contact forms" respectively. Symplectic
structure is a structure that can be defined on
even dimensional manifolds and it has its ori-
gin in mechanics in physics. Contact structure
is a structure that can be defined on odd di-
mensional manifolds. A typical example is the
contact structure induced on a codimension 1-
submanifold in a symplectic manifold satisfying
some properties. Contact structure can play a
role of "glue" for symplectic structures when we
do some cut-and-paste operations (such as con-
nected sum) for symplectic manifolds.
Seiberg-Witten equation is closely related to
symplectic structures on 4-manifolds and con-
tact structures on 3-manifolds. An inte-
ger valued invariant for closed 4-manifolds
called "Seiberg-Witten invariant" is defined
by counting the number of gauge equivalence
classes of solutions to Seiberg-Witten equa-
tion. Taubes proved that this invariant is
This

result is based on the fact that we can ex-

non-trivial for symplectic 4-manifolds.

plicitly construct a solution of the Seiberg-
Witten equation using symplectic structure.
Stimulated by Taubes’s works starting from
this, Kronheimer and Mrowka constructed an
integer-valued invariant for 4-manifolds with
contact boundary, which is a variant Seiberg-
Witten invariant. Later, a (3+1)-TQFT type
extension of Seiberg-Witten invariant called
monopole Floer homology is established and in
that framework, Kronheimer-Mrowka-Ozsvath-
Szabé constructed an invariant for contact
structures on closed 3-manifolds, which is called
the monopole contact invariant. We can regard
that this invariant extracts information on con-
tact structure from Kronheimer-Mrowka’s in-

variant above.



refinement of

4-

The author constructed a

Kronheimer-Mrowka’s invariant for

manifolds with contact boundary using
Bauer-Furuta’s method of finite dimensional
approximation in his master thesis. In a
joint work with Anubhav Mukherjee and
Masaki Taniguchi, the author gave geometric
applications of this invariant. In a joint work
with Masaki Taniguchi, the author constructed
a homotopy version of the monopole contact
invariant. Now the author is studying family
version of Kronheimer-Mrowka’s invariant and
its applications with Hokuto Konno, Anubhav
Mukherjee and Masaki Taniguchi. The author
is studying ASD equations for various gauge
groups and their relations to symplectic and

contact structures.
B. F#Kim X

1. Nobuo Iida :

refinement of Kronheimer-Mrowka’s in-

“A Bauer—Furuta type

variant for 4-manifolds with contact

boundary”, Algebraic & Geometric
Topology Volume 21 issue 7 (2021) 3303—
3333,

“

. Nobuo Iida and Masaki Taniguchi :
Seiberg-Witten Floer homotopy contact
invariant", Studia Scientiarum Mathe-
maticarum Hungarica Combinatrics, Ge-
ometry and Topology, Volume 58 (2021):
Issue 4 (Dec 2021) 505-558.

. Nobuo Tida, Anubhav Mukherjee and
Masaki Taniguchi “An adjunction in-

equality for Bauer—Furuta type invari-

ants, with application to sliceness and 4-

dimensional topology", arXiv:2102.02076

, preprint.
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1. A Bauer-Furuta type refinement of

Kronheimer-Mrowka’s invarint for 4-
manifolds with contact boundary, Kyoto
Young Topologists seminar, EF#BKZEE
BRAEATIZERT, 2019 4 2 H.

2. A Bauer-Furuta type refinement of
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Kronheimer-Mrowka’s invarint for 4-
manifolds with contact boundary, B
J— VMY I —, ZEKF, 2019 F 7
H.

. A Bauer-Furuta type refinement of

Kronheimer-Mrowka’s invarint for 4-

manifolds with contact boundary, Floer

Homotopy Theory and Low-Dimensional

Topology, 7 A U A &RE AL IV K%,

2019 £ 8 H.

A Bauer-Furuta type refinement of

Kronheimer-Mrowka’s invarint for 4-
manifolds with contact boundary, 4 X
JthARTY— KK, 2019 4F 11 H.

. A Bauer-Furuta type refinement of

Kronheimer-Mrowka’s invarint for 4-
manifolds with contact boundary, k&
by —<giEt I — UMK, 2020 4 1
H.

. Seiberg-Witten Floer homotopy contact

invariant, International Workshop on 4-

Manifold Theory and Gauge Theory, 7

Vo4, 2020 F 11 A.

Seiberg-Witten Floer homotopy contact

invariant, The 16th East Asian Confer-

ence on Geometric Toplogy, > 7 1 >,

2021 % 1 H.

. Seiberg-Witten Floer homotopy and con-
tact structures, bR Y — KL I F—,

WK, AV 54,2021 410 A.
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ik, EKm ERELAMOYID B WT, 1FE
AWERTDANBETTZ I 7PHRTZL0VIHDTH
%, ZONCREERIE, 1 RouiEkIzB 15 D -k
DGR % Lot HBIZEA T % Slicing method
ERHWADIZ#EEG L TH D, Kobayashi-Warren-
Carter TR V¥ —DEZRICHEBIZE T 5 T-IPUKE
e BRIZRD B Z LTI U7z, 2 OFf AR
B LTEs AT RLE—NEBIE, s/hto
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We consider the singular limit problem of
a single-well Modica-Mortola energy and the
Kobayashi-Warren—Carter energy. In this
study, We introduce a new convergence concept
called sliced graph convergence. Sliced graph
convergence is, roughly speaking, graph con-
vergence in almost every slice line for dense di-
rection. This is because the method used to
show I'-convergence in multi-dimensional do-
mains, called the "slicing method," is also used
for finer topology. The energy functional ob-
tained as this singular limit is also shown to
have the remarkable property of a minimiz-

ing function that is concave concerning the

strength of jumps of a function.
B. FFKFm X
1. Yoshikazu Giga, Jun Okamoto, Masaaki
Uesaka,

single-well

“A finer singular limit of a
ModicaaASMortola

its

func-
tional applications to the
KobayashiaAS WarrenaASCarter
energy” , Advances in Calculus of Vari-
ations, DOI : 10.1515/acv- 2020-0113,
(2021).

2. Jun Okamoto,

and

“Random discretization
of O’ Hara knot energy” , Advances in
Mathematical Sciences and Applications,
Vol.30, pp.507-520, (2021).
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1. 29X LT —&2% v 7))V ED Total
Variation 2 & 527574y b, F—X4
[ oD BEfE & T BB, SRR EE, 2018 4R
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. O'Hara TAIVF—0DF > & Ll &
AR, M LR < —, MILKRZE,
201942 H.

. Random discretization of O’Hara knot

energy, & 20 M ALBRBA M FTiS (OR

A& —FFK), ALK, 2019 4 2 H.

Random discretization of O’Hara knot

energy, FMSP B/ £ iss, B K,

2019 F 3 H.

. Random discretization of O’Hara knot
energy, H A ¥ 2 2019 FEEFE 2,
TR, 2019 4E 3 H.

. O'Hara TAIVF—0D T > X L &
MR, HORHERR 2 I - —, BIGKZE,
201945 H.

Random discretization of O’Hara knot

.
R

energy, Viscosity solution approach to
asymptotic problems in front propaga-
tion, dynamical system and related top-
ics, RIMS, 2019 47 A.

. O’'Hara TXIV¥—DF v & L HEL
CoE AR, 55 41 [ R R T 3
F—,2019 4 8 H.

. Random discretization of O’Hara knot

energy, Geometry and Probability 2019,

KBRS, 2019 429 H.

O’Hara TAIVF—0D T > X Ll &

AR, H AR 2 S - SRR SE

R (KAR—IEHK), R, 2019 4

10 A.

Random discretization of O’Hara knot

energy BAVHfERG - NLPDE &H+© I +—,

AR, 2020 41 H.
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O 72y AR IR, RIS SRR A 3 —,

JeHEE R, 2020 4E 11 A.

A finer singular limit of a single-well

ModicadASMortola functional and its

applications to the KobayashiéASWar—

rendASCarter energy, &5 22 [l BECH R

Wrifges (RA X —%K), HILKZ, 2021

F£2AH.

. A finer singular limit of a single-well



Modica-Mortola functional and its appli-
cations to the Kobayashi-Warren-Carter
energy, BILBIT G FRIMR, AV F1 ¥
B, 2021 4£ 11 AH.

A finer singular limit of a single-well

ModicadASMortola functional and its

15.

applications to the KobayashiaASWar-
renAASCarter energy, & 23 [l It 5 £
fRATIF 2 (R AR —H3K), L8 KRF,
2022 £ 2 H.
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i, Colliot-Théléne-Suresh IZ & > THE S N7z,
Bruhat—Colliot-Thélene—Sansuc—Tits IZ & > T
EFoNMENEENTH 5720 DHEEDES
NI —BlbTH B, X5, p>2 DG W
DY # ® Hodge MM 7 — X2 Hh 2 REEED
BEIZh (Agy) WEENTHSZ &R U,

-
—

I study arithmetic geometry on Shimura va-
rieties and related arithmetic. In this year, I
analyzed the weak approximation on reductive
connected groups over the rational number field
Q.

Let G be a reductive connected groups over Q.
Let p be a prime number and K, a parahoric
subgroup of G(Q,). Then we consider the ques-
tion (Ag,p) of whether G(Q,) is generated by
G(Q) and K,,. If G is a torus, this is a precision
of the question proposed by Bruhat—Colliot-
Thélene—Sansuc—Tits. In this year, I obtained
the following.

(1) Let L be a CM field, and LT the maxi-
mum totally real subfield of L. We denote by
T+ the subtorus of Resy, /oG, consisting of
elements whose image under the norm map of
L/L* is contained in G,,. If L/Q is abelian,
then T proved that whether or not (Ar

L/L+,p)

holds is the same as my result obtained in the
last year. On the other hand, I gave a proof
of the assertion that (ATL/L . p) is affirmative
if the degree of L/Q is less than or equal to
6. Moreover, I applied these results to a study
on the prime-to-p Hecke actions on the sets of
connected components of Shimura varieties for

CM unitary groups in odd variables.



(2) Assume that G splits over a Galois exten-
sion field F' of Q, such that F/Q, is totally
ramified or all Sylow subgroups of its Galois
group are cyclic. Then I proved that (Ag,p)
is affirmative. This is a partial generaliza-
tion of the affirmative criteria for the ques-
tion raised by Bruhat—Colliot-Théléne—Sansuc—
Tits, which are obtained by Colliot-Thélene—
Suresh. Furthermore, I also gave the positivity
of (Ag,p) in the case p > 2 and G is the alge-

braic group appearing in some Shimura datum
of Hodge type DH.

B. i

1. Y. Oki, On supersingular loci of Shimura
varieties for quaternionic unitary groups
of degree 2, manuscripta math. 167
(2022), 263-343.

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.

5. Y. Oki, On the connected components of
Shimura varieties for CM unitary groups

in odd variables, arXiv:2104.13086.
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1. On supersingular loci of Shimura vari-
eties for quaternion unitary groups of de-
gree 2, fAEFE a0 F U A, WK, 2019

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,
JbifEE R, 2019 4 7 A.

. On some moduli spaces of supersingu-
lar QM abelian 4-folds, Supersingular

abelian varieties and related arithmetic,

B AR, 2019 4E 9, 10 H.
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. On the of the

Shimura variety for GU(2,2) over a ram-

supersingular locus
ified prime, Arithmetic Geometry and
Representation Theory, & (IR K &,
2019 F£ 12 A.

. Basic loci of some Shimura varieties for
unitary groups in four variables over a
ramified prime, FEast Asian Core Doc-
toral Forum on Mathematics, 35 K%
Kavli IPMU, 2020 4 1 H.

. On basic loci of Shimura varieties for
spinor groups, fREMEEEGR & * D AL,
FOHS K S SO g AT A 9 T, 2020 4R 11,
12 H.
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locus 122\ T, 25 2 [6 i 7 8w I
T—rvay T MERYE 2021 2 H.

. On the of
Shimura varieties for CM unitary groups
in odd variables, 58 20 [0lJ& &AL & 2 5GH
B IREKRF, 2021 £ 7 H.
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in odd variables, Berkeley—Tokyo work-
shop on Number theory and Arithmetic
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BALMEADHNTOEMEDOELRER %
WCREH U7z, 2 DHIGER Y 2V —T « v —
EFHZOEABEBOBRBBRIZET 25D TH
5. PHMMERET T VAT —HEZHWTHE
EHEBOT 7€ ViliZ R U7z, 7272 U Klein-
Rosenberger (2008) A¥BEIZ & 5 3 i T 4l 72 85
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I obtained two results in this year. The first is
the proof of the characterization of resonances
of Stark Hamiltonians by the complex absorb-
ing potential method. I proved this result using
the complex distortion outside a cone, which I
introduced in a previous work. The second is on
the exponential decay of eigenfunctions of dis-
crete Schrodinger operators. In a semiclassical
setting, I showed the Agmon estimate for eigen-
functions using a Finsler metric. It turned out
later that a similar result was already obtained
by Klein-Rosenberger (2008) in a special case
by a different argument. I also proved the op-
timal anisotropic exponential decay at infinity
of eigenfunctions of discrete Schrédinger oper-

ators in the non-semiclassical standard setting.
B. F&&Kif
1. K. Kameoka : “Remarks on Semiclassical
Wavefront Set”, Funkcialaj Ekvacioj, 64-
2 (2021), 189-198.

. K. Kameoka : “Semiclassical study of
shape resonances in the Stark effect”, J.
Spectr. Theory, 11-2 (2021), 677-708.

. K. Kameoka and S. Nakamura : “Res-
onances and viscosity limit for the
Wigner-von Neumann-type Hamilto-
nian”, Pure and Applied Analysis 2-4
(2020), 861-873.

R KR B R BT RS L IR
m PR B, BB EERMAEL X —
20214A913.

. K. Kameoka : “Complex absorbing po-

tential method for Stark resonances”, J.
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Math. Phys. 63-2 (2022), 022103.

6. K. Kameoka : “Semiclassical analy-
sis and the Agmon-Finsler metric
for discrete Schrodinger operators”,

arXiv:2108.11078.
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Stark Hamiltonian, F#ERKFEART K
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H.

. Semiclassical shape resonances for the
Stark Hamiltonian, fEH it I F+ —,
FAERKRAE, 2019 4F 11 A.

. Semiclassical shape resonances for the
Stark Hamiltonian, A2 b - §ELAK
By RV Y L, RETHN BB,
2020 £ 1 H.

. Resonances and complex absorbing po-
tential method for the Wigner-von Neu-
mann type Hamiltonian, /w1t I
F—, FHEKRFE (A1), 2021 #1
H.

. Resonances and complex absorbing po-
tential method for the Wigner-von Neu-
mann type Hamiltonian, fm#4> /524
gt (Fv o4 V), 2021 4E 3 A.

. Resonances and complex absorbing po-
tential method for the Wigner-von
Neumann type Hamiltonian, Séminaire
EDP-PM, LAGA, Institut Galilée, Uni-
versité Sorbonne Paris Nord, France (F
¥I4v), 202143 H.

. Discrete Schrodinger and

Finsler metric, A% ~)b - #iELHGw &

Z DA, RIMS (X541 ), 2021 4

12 H.

operators

G. %

2019 4 3 A BEBEMENRE, ®ERFERE
Be AR AR 2R



sk 3R (KAWAKAMI Tatsuro)

(F#% DC1)

(FMSP 3 — 2/)
A. TR
SAEEIE E T IR O BIIEEEIN 7B E K TR
W I 5 U Bogomolov-Sommese 5 I & B %
AU, ZOIALE LT, SEA/NERTEOIEA R
K ELATHE S 272 Bl A3 43 K & W Witt 2R
RS B ARETH B Z L R L 72 (RS 5).
INEIRTT S IEE AR W & D2 7R BT 1 IARE DS 5 BA BT
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T, ZONBNRS B ATREME 12T & A
MR F DI IRITIZ B S 5 DIREDBRHTH B
N, F ARG Z %5 BT 2o OEIRAR
HThdePHING. EE, Bo»rR FAH
T 1 Witt BICR S EFTRETH 5 Z L 215
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THDHZEHEAHAL.

In this year, I proved the Bogomolov-Sommese
vanishing theorem for a log canonical projec-
tive surface whose log canonical divisor is not
big, and as an application, I showed that a
log smooth projective surface of non-positive
log Kodaira dimension lifts to the ring W (k)
of Witt vector in large characteristic(Paper 5).
It is well-known that a smooth projective sur-
face of non-positive Kodaira dimension lifts to
W (k) when the characteristic is bigger than
five, and the above result can be seen as a log
version of this fact. By research in the previous

year(Paper 3), when we treat a singular surface,
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it is often more suitable to consider “log lifta-
bility”, a liftability of a pair of a log resolution
and its exceptional divisor than that of a sur-
face itself. By results in Paper 5, we can see
that a normal projective surface whose canoni-
cal divisor has non-positive Iitaka dimension is
log liftable to W (k) in large characteristic.

For the log liftability, we need the assumptions
of the characteristic and the Iitaka dimension
of the canonical divisor, but this is expected
to be unnecessary when we treat a “global F-
splitting” surface. Indeed, every smooth glob-
ally F-split projective surface lifts to W (k). In
this year, I prove that every globally F-split
surface is log liftable to W (k) in joint work with

Bernasconi, Brivio, and Witaszek(Paper 6).

B. F&#F
1. T. Kawakami, Bogomolov-Sommese type
vanishing for globally F-regular three-
folds, Math. Z. 299(3)(2021), pp. 1821-
1835.

. T. Kawakami, On Kawamata-Viehweg
type vanishing for three dimensional
Mori fiber spaces in positive characteris-
tic, Trans. Amer. Math. Soc. 374(2021),
pp. 5697-5717.

. T. Kawakami and M. Nagaoka, Patholo-
gies and liftability of Du Val del Pezzo
surfaces in positive characteristic, to ap-
pear in Math. Z.

. T. Kawakami and M. Nagaoka, Classi-
fication of Du Val del Pezzo surfaces of
Picard rank one in positive characteris-
tic, preprint, arXiv:2012.09405.

. T. Kawakami, Bogomolov-Sommese

vanishing and liftability for surface
pairs in positive characteristic, preprint,
arXiv:2108.03768.

. F. Bernasconi, I. Brivio, T. Kawakami, J.
Witaszek, On the log liftability of glob-
ally F-split surfaces over the Witt vec-

tors, preprint.
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Bogomolov—Sommese type vanishing
theorem on globally F-regular three-
folds(A 2 & =), BIRARBEEATE SV RY
7 L, WRIEEE 7 — b > & —, October

21-25, 2019.

. Bogomolov—Sommese vanishing theorem

on smooth Fano threefolds and its appli-
cations, 7 7 / kR OB 2RI
fal=, Fupl K%, November13-15, 2019.

. Bogomolov—Sommese type vanishing for

globally F-regular 3-folds, Singularities
and Arithmetics, B4t A%, Februaryl17-
20, 2020.

. On liftability of Du Val del Pezzo sur-

faces in positive characteristic, f# ¥ 5
I F—, HAKRY (Zoom Fif), September
2, 2020.

. Pathologies on Du Val del Pezzo surfaces

in positive characteristic, B AFUARMREHE
fif X F—, Zoom Fif#, Octorber 7, 2020.

. On liftability of Du Val del Pezzo sur-

faces in positive characteristic(R A & —),
BRI ARBORMZE Y VR Y L, Zoom FafE,
October 21, 2020.

. Bogomolov-Sommese vanishing and lifta-

bility for surface pairs in positive char-
acteristic, Algebraic Geometry Seminar,
the University of Utah, 7 A Y % (Zoom
Baf#), March 9, 2021.

. On liftability of log surfaces in positive

characteristic, Wl RBERMF > VR D
2, Zoom Bilf, October 28, 2021.

. Quasi F-splitting and del Pezzo surfaces,

NTU-UTokyo Bilateral Meeting, & &
(Zoom BHfé), December 9-10, 2021.
#F 3L del Pezzo Hhif, AR &
I —, JUMKZ, December 20, 2021.
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FEy s DE&EE—2 2 UTHREL b
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1. Hawkes process and Edgeworth ex-
pansion with application to MLE

I provided a rigorous mathematical foundation
of the theory for the higher-order asymptotic
behaviour of the one-dimensional Hawkes pro-
cess with an exponential kernel. As an im-
portant application, I gave the second-order
asymptotic distribution for the maximum likeli-
hood estimator of the exponential Hawkes pro-
cess. Finally, by using R, numerical simula-
tions were given to confirm the usefulness of
the above theory and to compare it with the

bootstrap method.

2. Multivariate Hawkes process analysis
of posts on a web service

We proposed a method for the modelling of
propagation of text data in website space
among some groups by using a multivariate
For

estimation, we introduced a hybrid method

Hawkes process with a sparse structure.

using the quasi-maximum likelihood estima-
tor (QMLE) and the L!'-penalized QMLE. As
a real example, we investigated posts on a
web service about uncomfortable gender expe-
riences, which were classified into 12 groups by
user’s age and sex, and we calculated the mag-

nitude of the correlation between each group.

3. Sparse estimation for generalized ex-
ponential marked Hawkes process

I established a framework for the penalized
method to ordinary method (P-O) estimation

when there might be nuisance parameters, and
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the true value of the parameter might be at
the boundary of the parameter space. In par-
ticular, I gave sufficient conditions for the ora-
cle properties and evaluated the probability of
the correct variable selection. As an important
application, I established a sparse estimation
method for the generalized exponential marked
Hawkes process by the P-O estimator. Finally,
by using Python, numerical simulations were
given for several important examples and com-

pared with the classical methods.

4.
and its application to Twitter data

Hawkes process marked with topic

We proposed a method to model propagation of

text data in website space among some groups

by using a generalized exponential marked

Hawkes process where we set the proportion of

each topic as marks by Latent Dirichlet Allo-

cation. By this model, we can quantify the im-

pact of each topic of past tweets on the prob-

ability of the occurrence of the next tweet. As

a real example, we modelled the time intervals

of tweeting by the United States, Chinese, and

British embassies’ accounts from 1st February

to 27th September 2020 by the Hawkes process

marked with topic. We see that, for example,
the topic related to Covid-19 in a tweet excites
future tweeting among all accounts.

B. FKi

1. M. Goda : “Hawkes process and Edge-
worth expansion with application to
maximum likelihood estimator”, Statis-
tical Inference for Stochastic Processes,
24 (2021) 277-325.

. M. Goda, R. Yano and T. Mizuno :
“Multivariate Hawkes process analysis of
posts on a web service about uncom-
fortable gender experiences”, Journal of
Complex Networks, 9 (2021).

. M. Goda : “Sparse estimation for gener-
alized exponential marked hawkes pro-
cess”, arXiv 2107.14004 (2021)

4. M. Goda, T. Mizuno and R. Yano :



“Hawkes process marked with topic and
its application to Twitter data analysis”,
COMPLEX NETWORKS 2021 Book of
Abstracts, (2021)
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mation, the 4th International Conference
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A, EATHMEE EECBEET 2 LI E T
D, EE, L¥al—X-EHOMIZITERMAE
#, RV v FEEIR L OBIKE KRB DRk
EABND ZERHSNTNS. FAIFRHZ K3 il
HEDLF 2 b — X —EROMEE L THN S Rk
BEIZTIEE UTIZEL T W 5. RAISHEM R D 1E
FUZATFES 5 Kummer BITIOKE X — T O LD
HEEFT4 Y7 AREAY—DIEDEDL ¥ 2

V=X —DfE» 5
=0 \/s(s—1)(s —a)t(t —1)(t —b)

I
(1)

DR a,b ITBT 2L MEERIEHEPEHNE Z &
ZRUTZ. ZORRNPS, KIHEORHZS X
52T, LEEF Y sy 7akRERY—
DILDIEIE, +o—EEN—YarveiposTwn
BN bbb, KEEXEFEO K3 ik
X —-To fEeELTOHCRE], X020
HOAMOEF T4 v o7 IFET I —DILDEN
DOERIIZDWTIIE L. TR LToH R )
Cld, EZEMT L 2RER XY OB ORT
T, X T %2HE2L5RE0THY, EVaT
1M EOYEKRS XOCBEFOH R SF
S5NDLDONMBKTHE. KAEEZZIDOLS R
Mk UCoOHCHB] 25, KEE, KLk 7
O —7 v 77 & ORAZR RN LT E S IR
DS P EEEL, —MNRERES, TOIGH
LT K3MEHRX - T O EELTOHCH
B BIOZOEF T4 v 7 IFEAY—DTD
EANDOIERZEY 23k R a2 972 72, %
DFERE LT, (1) ORFRBEBUZET 5% < OB
BRSO NTZ. Sk, MOZRRIKDEIZOWT
H e UCOECRE] SXU0Zz0E D
EFT 4w 7 ARED Y —DILDRANDIEH %%
A25ZeT, LEROIS AL L THN Rk
BB 2G50 HETHS.

t=s

dsdt

Beilinson defined regulator maps from motivic
cohomology of algebraic varieties to Deligne co-
homology. It is conjectured that values of reg-
ulator relate to values of L-function of motives

if varieties are smooth projective and defined



over Q. Though there are few cases that the
conjecture is true, the special functions appear-
ing in the value of the regulator map seem to
have a deep connection with arithmetic and ge-
ometric properties of the given algebraic vari-
eties. In fact, many interesting functions such
as hypergeometric functions or polylogarithm
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 families. I constructed explicitly cer-
tain family of elements in motivic cohomology
of the family of Kummer surfaces X — T as-
sociated with products of elliptic curves and
showed that their values via the regulator map
is a multi-valued holomorphic function about
a,b having an integral expression (1). Consid-
ering the periods of such K3 surface, I showed
that these elements are not torsion on the very
general member of this family. This year I stud-
ied “automorphisms of a family” X — T and its
action on the elements of the motivic cohomol-
ogy. An “automorphism of a family” is a pair
of an automorphism of base scheme T and an
automorphism of the total space X which pre-
serves X — T. Typically, “automorphisms of a
family” are obtained by considering a universal
family of a moduli space and an automorphism
of the functor. This year I studied about the
behavior of “automorphisms of a family” under
the geometric construction such as cyclic cov-
ering, base change and the blowing up and get
general results. As an application of the gen-
eral results, we obtain the specific description of
“automorphisms of a family” of the K3 surface
family and their action on elements of motivic
cohomology. As a result, we have many rela-
tions about the special function in (1). My next
aim is to apply these general results to other
families of varieties and get relations about spe-

cial functions appearing as periods of varieties.
B. F&Kif
1. Indecomposable parts of higher Chow

groups of a certain type of Kummer sur-
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faces, HIAKFE LI, 2019.

. Construction of higher Chow cycles and
calculation of the regulator map, AtiEHE
KFBUFEHSSE (178), 2020.

3. FARY MIVIEE%Z H\\ 72 cloaking de-
vice fERAD 7 70 —F | B R T 5 EAN
gL & —, 2021.

C. MEEFEE

1. Kummer ffifi_E® regulator ® &5, 2
12 [F R R IR % BRI 7 8 2, 2018 4 9
H.

. Higher Chow groups of Kummer sur-
faces, &5 2 [MBEEH 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
H£9H.

. » 5D Kummer i IZE 15 L ¥ 2
LV—&2 -8, JBERGRE I+ —, 2019
10 A.

BER &%& (SATOMI Takashi)

(%4 DC1)

(FMSP 2 — 2 %)
A. W
MIZR EOBARAADHDIZETSD (W20
FBERID) REREZ DI =FEYa I —{Ara
YRT MG LITHRT A% AT o TV A,
BRI, MOARERDILIRIZDOWTHIZEL T
W5,

1. MEEE BEARAADERIZET 2 AER :
EREOMBEK f: Rso - R RO
HIBIE ¢1,d0: G — [0,1] 1KLL [ fo
(¢1%d2)(9)dg < 2 [11 () dy+ (|| ol -



loal)f (gl &% &1 > A% 4 51
U7z, TNIEBERIAAD LP /W LPT Y
FEE—2FHiT 2 A AERE2 52, G=R
DEEIZESHLT DHIVHEAET L. &
512, TD% & LU T Brunn-Minkowski—
Kemperman OAER & D @WAER % E
Wiz,

2. Wang-Madiman 1Z & % B A&AA & Bl 5
2B 5 AREA
HIR O ALER%E VT, (LD A HIBE K
o1, ¢2: G — R>o XU [of o (o1 *
$2)(9)dg < [g fo (67 * ¢3)(y)dy DD
NOHEERUE (: ZT o 1% ¢ DRFRIR
PHEHESETS). ZhiZ G =R OGS
® Wang-Madiman O AR5 X O HE5E 12 &
7=5.

3. () Young DA X & Hausdorff-Young
DAE XD FHER
1+1/p=1/p1+1/ps &A= & 5 254K
1< p1,p2,p < o0 ZEET 5L, Young
DAREXDREE Y (G) := sup{||¢1 *
ballp | 1011y = ll@2llp, = 1} E 1 EAFT
# %. Fournier I G M>3R 7 b

RN EFFZ VI Y(G) < 1A
FECHodZaml, THIZIDGLED
Y(G) ® LB 1 KETH S Z L ER L,
X AR O Wang-Madiman O A% X0
PE58 % FH\ T Fournier O X8R % E L 7.
Thabb, (1)G PP VNI R
SRRV L (2)G OEAER S A
avRs hThwI ke 3)Y(G)<Y(R)
MIRCHMTHEZ L ERLUZ. o
T, Klein—Russo D&% A 5 Hausdorff—
Young ODAEXDEREEL H(G) BHF L
WM G Z 5N, TiRbbh, AiROFE
M (HH(G) < HR) L BFRMETH
5. X517, ¥ Young D AENTH @
DERMBE DD & ZFEL /.

I am studying a generalization for any unimod-
ular locally compact group G of inequalities
(some of which are known) for the integral of
the convolution on R. That is, I am studying a

generalization of the following inequalities.
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1. An inequality for the composition of con-

vex functions with convolutions:

I had fo o (¢1 * ¢o)(g)dg <
2 [y f)dy + (g2l = )£ ()
for any convex functions f: R>p — R
and any measurable functions
¢1,02: G — [0,1].  This gives in-
equalities which bound LP-norm and the
entropy of the convolution. There are
examples where the equality holds in
the case of G = R. As a corollary, I had
a stronger version of Brunn—Minkowski—

Kemperman inequality.

. An inequality for the convolution and the

rearrangement by Wang—Madiman:

By using the above inequality, I showed
Jo o (b1 * do) < Jpfoe (el
¢3)(y)dy for any measurable functlons
¢1,02: G = R>p, where ¢* is the sym-
metric decreasing rearrangement of ¢.
This is a generalization of the inequality

by Wang-Madiman in a case of G = R.

. The optimal constants of (the reverse)

Young’s inequality and the Hausdorff—
Young inequality:

When real numbers 1 < py,p2,p < o0
with 1 4+ 1/p = 1/p1 + 1/ps are fixed,
the optimal constant Y (G) := sup{]|¢1 *
ballp | 1611y, = lé2llps = 1} of Young’s
inequality is not more than 1. Fournier
proved that Y(G) < 1 holds if and only
if G has no open compact groups, and
furthermore, the upper bound of Y (G)
in this case is less than 1. T improved
Fournier’s claim by using the generaliza-
tion of the inequality of Wang—Madiman
described above. That is, they are equiv-
alent that (1) G has no open compact
groups, (2) the connected component of
G is not compact and (3) Y(G) < Y(R)
holds. Thus, the optimal constant H(G)
of the Hausdorff-Young inequality has a
new bound from above by a result of

Klein—Russo. That is, these conditions



are also equivalent to (4) H(G) < H(R).
Furthermore, I showed that the similar
claim holds for the reverse Young’s in-

equality.

B. K
1. T. Satomi : “SHATAFHA G D ERIZ & 555
BZEM LDz HIABD AR MOV,
B R RS B BB i 28 BHE 16 X
(2019).

. T. Satomi : “/FGAr3a > /37 FEELED 72 A
AAD LP IR & Young DAERDE
7, AR LB RN I SE Tk se ik 2139
(2019) 136-147.

. T. Satomi : “J&ffr 3 > /37 MDD B HIAA
IZB89 % Young-Beckner-Fournier O R5%
NOBREER”, KB VKT U L 2020
FEAE (2020) 128-139.

. T. Satomi : “An inequality for the com-
positions of convex functions with con-
volutions and an alternative proof of the
Brunn-Minkowski-Kemperman inequal-
ity”, arXiv preprint arXiv:2111.15349
(2021).

C. M¥HFEF«

Bt LD - AARBERD L? §iflie 75 7

HiGw OB, MEHRRYE I — (HEEA

R E) | RO R FABELRI AR,

20194 4 H.

BEEDEAAAIZET D Young D AE
KXDHLGR, RIMS HLFRfFSE [REw & £ D
JAAE DR (EEA - REFHREA)
FUEBR SRR A 287, 2019 4E 7 H.

. Larsen-Pink-Tao ({2 & % SLg(k) @ Prod-
uct theorem D #f 41, Workshop on “Ac-
tions of Reductive Groups and Global
Analysis” (H#EEFA - /INRRITHRE) | )
HRZEREEY I F—/7 2, 2019 4 8
H.

LAZEVaT—RREFaY s MEETD
Telz HIAHBD LP FElli & Young D AE X
D%, 2019 FERB@RT -2 v a v 7,
RRISNH W2 (SHURNLAEEYE 2 v
& —) (HEFHA : FHZEZE4E) | 2020 4F 1

1.
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H.

L T2 ARIAAD LP )V IZEIT % Beckner
DARFERD, MBEBAND B Z DIk
F, Workshop on “Actions of Reductive
Groups and Global Analysis” ({55 A :
INKERATSRAE) |, AV 51 >, 2020 4E 8 H.

RN OB AIAAZIZET S
Young-Beckner-Fournier ® 4<% 2 o f i
ERL, 2020 FEERBERY YR YT L (HE
A R, BEE-AREE) AV T
42,2020 4E 11 A.

LAZEYVaT—RaY AN MEELD
Young-Beckner-Fournier @ /& & A & AR5E
XD EER, HAEF 2 2021 FEES,
FY T4, 2021 43 H.

L AZEVaT—RavAAs MNEEDE
AAABEMBEBDEKIZETEAEXL
Kemperman O &M ADJHA, RIMS H[H]
e (AL TV —HGh, RBawmb L U0%
DL E) (MEEA - BEESERE) | &
V54,2021 48 A

. “An Inverse Theorem for an Inequality

of Kneser” (T. Tao) ®#i4r, Workshop

on “Actions of Reductive Groups and

Global Analysis” (135 A : INRBITHEAE) |

FY T4, 2021 48 H.

A=FVaTg—RFary Ao NEEDEA

ABIZE T 5 A% R & Kemperman D 5E

HADGH, HARBY 2 2021 FEKRFR

BARE, AV I 12,2021 9 A

10.

£% &A (SANO Taketo)

(#x DC2)
A. FTEEEE
(#% 1) [Bar-Natan FE b E—B DK
WELEJE DA% T, Khovanov homology DZFED
—DT& % Bar-Natan homology {ZX L TZ®D
EHMERZEELUZ., LT TR
ZROZEMWFS LI ZERBRTE TR
W, EELVARVDOETT 4V L — a3 YHRERK
TENE, ZEIAFE MR (FET 0D
—faRED Y —HE) EHWT s AERNEE
TEBHILZRUE.



(W% 2) THOMFLY FE0Y—QsE7 LT
1) L]

D TY S RFEOHIFENKE O LR,
Khovanov-Rozansky (& HOMFLY % H= D
#fbTd 5 HOMFLY homology % & AU 7=.
4 1¥ Rasmussen 12 & 5 HOMFLY homology
DEAMEEHNT, TOFETIVTY XLEZHE
U, FEBIZ 695 O THIZH L TEZDHRED

VR Y L .

Research 1

typell
This research follows the one done in the pre-

“A Bar-Natan homotopy

vious fiscal year, where we constructed a spa-
tial refinement of a variant of the Khovanov ho-
mology, namely the Bar-Natan homology. Al-
though the problem of spatially lifting the s-
invariant is unsolved, we have shown that, hav-
ing proved that the spatial refinement admits
a quantum filtration, we may define a spatial
refinement of the s-invariant using stable coho-
motopy groups (or any other general cohomo-
logical theories).
Research 2 “Computations of HOMFLY
homology"
This is a joint work with Keita Nakagane (Up-
psala university). Khovanov and Rozansky in-
troduced the HOMFLY homology, which is a
categorification of the HOMFLY polynomial.
Based on the formalization by Rasmussen, we
gave an explicit algorithm for computing the
HOMFLY homology, and determined the ho-
mologies for 695 prime knots.
B. FFKFm X

1. Taketo Sano : “Fixing the functoriality

of Khovanov homology: a simple ap-

proach", Journal of Knot Theory and Its
Ramifications Vol. 30, No. 11, 2150074
(2021).

2. Taketo Sano : “A Bar-Natan homotopy
type', arXiv (2021) 2102.07529.
3. Keita Nakagane and Taketo Sano:“Com-

putations of HOMFLY homology", arXiv
(2021) 2111.00388.
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FIgEAE R

Bar-Natan =€ ¥ —RBIONEK, HAEE

£ 2021 FERFRENHE, TEAYE O+

¥I4v) 202149 H.

. Bar-Natan € b E—R DMK, Ao
V=KWt 3=, HEKE (A T4y
_, 2021 12 AH.

1.

Yxv Y v #AEY (Sheng Xiaobing)

A. TR

N TV VR R, T, V 3D IR DL
SERINZEDTHIH, BICLFHE SR
% (string rewriting system), =€ b ¥ —f, #
AEbtiw, NERZY, MOZ L DEEDOHE
EOBBRARBINTVET.
AWETIE, b TV UBEE R TV VDO WL
DPD—MRALIZDNT, Z OB F R XM A
BEEMMBEZFARNELEZ. T30 v-br TV
BEF, T, V,®7VLA R TV U BF, BV,
BF, BV &\ o =BEDFHMEIZ O WTHR, Th
SO R BB ER>I L2 RLELE.
L7z, MAGDENRBRP S 26 b TV >
B2V DRUNTGIZOWTHR, HRAUNE L
& % D Baumslag-Solitar BEAE OEEIZ L DHIA
bW e ERLUEUKE. T, Jones Dt
HIZHEDOWT, b TV UBEOR R T SRS
Ho¥ % BRI RERE L £ U7z,

Thompson’s groups F, T, V were first con-
structed from a logic point of view while later
found to have connections with many other
branches of mathematics such as string rewrit-
ing systems, homotopy theory, combinatorics
and dynamical systems.

On one hand, we investigate the geometric
properties and the combinatorial properties of
some generalisations of Thompson’s groups.
We focus on divergence property of the Brown-
Thompson groups F,, T, and V,, and the
braided Thompson 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 el-



ements of the two dimensional Thompson group
2V for the second part and found out the group
does not contain infinite torsion groups and
certain Baumslag-Solitar groups. We also ex-
tended the theory into nV for any positive in-
teger n.

One the other hand, we investigate the connec-
tion between knot theoretic and group theoretic
properties of Thompson’s group F' and provide
sequences of concrete examples of knots and
links that can be constructed from F' motivated

by V. Jones’ work lately.

B. i
1. Xjaobing Sheng : “Generalised Thomp-
son’s group 1), in T", ELiwC.

. Xiaobing Sheng : “Quasi-isometric em-
bedding from the generalised Thomp-
son’s group T, to T", to appear in Tokyo
Journal of Mathematics.

. Xiaobing Sheng : “Divergence properties
of the generalised Thompson’s groups
and the braided-Thompson’s groups',
arXiv preprint 2106.15571, submitted.

C. HEHFEE

1. On the generalised Thompson’s group 715,

in T, discussion time, MINI SYMPO-

SIUM: New development in Teichmiiller

space theory, H#ERIZE A KT B K2,

2017 4E 11 A.

. Quasi-isometrically embedded subgroup
T,, of Thompson’s group 7', 3-manifolds
and Geometric Group Theory, CIRM, 7
VA, 2018 6 H.

. Quasi-isometrically embedded subgroup
T,, of Thompson’s group T, [EEE#E &
W53 FIFHAE 2018 %5442 | Foliations and
Diffeomorphism Groups 2018, & K%
EEEE Y2 I =17 A, 2018 4£ 10 H.

. Quasi-isometrically embedded subgroup
T,, of Thompson’s group T, BHE# F %
il I —, HETEKRT, 2018 4 10 A.

. Quasi-isometrically embedded subgroup

T, of Thompson’s group T, 14th East
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Asian Conference on Geometric Topol-
ogy, ALK, FE, 2019 4 1 AH.

. Contracting boundary of the CAT(0)
space, 2 =—"7 —2 ¥ a v 7 [Low Di-
mensions] , FREHKXY:, 2019 4£ 12 H.

. Quasi-isometrically embedded subgroup
T,, of Thompson’s group 7', East Asian
Core Doctoral Forum on Mathematics,
R KRR GBELRIEMSERE, 2020 4F 1
H.

. On Thompson’s groups, GGTEA, light-
ening talk, &> F 4 >, 2020 4 10 A.

. Some combinatorial properties of Brin-
Thompson’s groups, MM FHEE & Z DR
A, RREHEKY, 2020 £ 12 H.

10. Divergence property of Brown Thomp-

son’s groups and braided Thompson’s

groups, 16th East Asian Conference on

Geometric Topology, BE KY KB

BEEFERL, A2 54>, 2021 41 H.

11. Divergence property of Brown Thomp-

son’s groups and braided Thompson’s

groups, GAGTA, * > Z 1 >, 2021 4 6

H.

12. Divergence property of Brown Thomp-

son’s groups and braided Thompson’s

groups, World of GroupCraft, > 7 1

>, 2021 8 A.

Some obstructions on subgroups of Brin-

Thompson’s groups 2V, H£& 0 ¥ I F—,

BORTEEKRY, 2021 £ 12 A.

Some obstructions on subgroups of Brin-

Thompson groups 2V, bR\ Y — kit

I -, R R R T BB R R SR

(Fro4), 2021 41 H.

13.

14.

= #8& (TAKASE Hiroshi)

(%#4ik DC2)

(FMSP 0 —2/E)
A. B
O—LYYEMEEDS TS5 A~V b T I/EM
F& A CRLR X 2 8 S BRI 4 iR I
B9 2 FIHRE S B E R L TN D, TV



vakA vHBRRAEREAL THOND Z DR
RFENHEOERFE 2GR T 2 e LTSN
TWa. Lhio CHRIFEHIRESREZE X 5 2
CATWHELFT B W TR E S O PR PE I A
L b, ZoARERACKHUEAMNE L2 FHiTH
LZHh—L iz, BT —&%2a v
7 MBSt E O — L VY SRRE DB O —ET
& o7z EFDZMALE AV X —RIZ MR & G
HAL 7.

OB L 2B — L~ v Eli % 15 5 1213 E A
BB~y & T 5T 28R E D BT
H5. FBEHPRIIEFELRWY =< Y Z A E
DWEN AL, £ OEFHED S E X SRR %
HABBE L OERZ E THRIZET 255 +0
FMETFTH—VY VFHEIAR O N D, & ZA 0%
BAERKAET 5 0 — L v Y SRR L OB 2
RIZ DV TUIIAE— 2R E AR OERIZE T 20
FIEA T TH 5. BEFIHRLNOER L LT
O—V YRR R R 22 E AR O
Wb e, REKRBIZRELD O D S W5
o T\W\W5a. RIS 2 EARBEIRS Z &
MWTENE, HHR DR &~V X — B2 E VR
iz & ORI Ty ekl % 45
LB Z eI NS.

FIEa vy Mea—L YW ERHME L TORE)
AR OWTHHEZ R > TW5. gl T v
F-RYY XR—EHE ETDTTIF ARV T Ik
MR FEEEDB AL TR T 5728, RidRD
FRIEDIGE L AT PNETH 5. B
ZDFaAVNRY Neu— L UV ERME L TD A —
L VIl ORI &, ZDISHE U TRO — R
fo 2 B D HENL K NIRRT 2 DT WD, &
SIZZNETOMEIZENT, —HEONA 5T
AN TIHREDRMI AR L TH— V< VFE
iz U7z, S8IFHRRD I I A2 I 51K
W, &0 — BRI RE TR S B R AR AT
EWHETITETHD.

The author studies inverse source problem for
a system of wave equations on a Lorentzian
manifold. The system, which is derived by
linearizing the Einstein equation, is known as
one of governing equations describing propaga-

tions of gravitational waves. Therefore, phys-
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ically speaking, the inverse source problem is
related to a problem of determining a source
of gravitational wave. The author established
the Carleman estimate, which is one kind of
L? energy estimates with weight functions, and
proved conditional Holder stability for the in-
verse source problem.

To obtain the Carleman estimate, which plays
an important role to prove the Holder stabil-
ity, one needs a geometric assumption on the
Hessian of a weight function related to curva-
tures. For wave equations the coefficients of
which are independent of time on Riemannian
manifolds, one can prove the Carleman esti-
mate by choosing the distance function with
respect to the Riemannian metric as the weight
function. However, there are not sufficient re-
sults regarding the way to choose weight func-
tions for wave equations with time-dependent
The au-

thor studies the way to choose weight functions

coefficients on Lorentzian manifolds.

not only locally but also globally in time. If one
obtains the global Carleman estimates with the
suitable weight function, there is some possibil-
ity of proving global Lipschitz stability for the
inverse problems as an improvement of the local
Holder stability.

Moreover, the author is interested in analysis
of inverse problems for wave equations on non-
compact Lorentzian manifolds. Because the
Laplace—Beltrami operator on the anti-de Sit-
ter space has degenerate principal parts, the
analysis is more difficult. The author makes
efforts to establish the Carleman estimate on
the anti-de Sitter space and apply the estimate
to unique continuation properties from infinity
and inverse problems. In addition, the author
established a Carleman estimate for a certain
first-order degenerate equation. He plans to
generalize the methodology to wider class of de-

generate equations.
B. ¥
1. H. Takase:“Inverse source problem for a

system of wave equations on a Lorentzian



manifold”, Comm. Partial Differential
Equations 45 (2020) no. 10 1414-1434.

. H.  Takase:“Infinitely = many  non-
uniqueness examples for Cauchy prob-
lems of the two-dimensional wave and
Schrédinger equations”, Proc. Japan
Acad. Ser. A Math. Sci. 97 (2021) no. 7
45-50.

L A n—F v e EE RO
O — ¥ —REDIE— N, BELRE Tt
721 & — 2021, LMSR 2021-7, 2021.

. G. Floridia and H. Takase:“Inverse prob-
lems for first-order hyperbolic equations
with time-dependent coefficients”, J. Dif-
ferential Equations 305 (2021) 45-71.

. G. Floridia and H. Takase:“Observability
inequalities for degenerate transport
equations”, J. Evol. Equ. 21 (2021) no.
4 5037-5053.

. H. Takase:“Inverse source problem re-
lated to one-dimensional Saint-Venant

equation”, Appl. Anal. to appear.

C. HEHFEE

. 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.

. 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

il

for PDEs, University of Napoli Federico
I, Italy, 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 II, 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 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 first-order hyper-

bolic equations, Analysis and Numerics
of Design, Control and Inverse Problems,
online, Jul. 2021.

. Observability inequalities for advection

equations, The Third Russia—Japan
Workshop “Mathematical analysis of
fracture phenomena for elastic structures
and its applications”, online, Dec. 14-16,
2021.

. Inverse problems for wave equations with

time-dependent principal parts, RIMS
Workshop on “Theory and practice in in-

verse problems”, online, Jan. 5-7, 2022.
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=W TIE (TAKAMATSU Teppei)
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(FMSP 2 —2%)
A. WAL

SEBIZET, FHEPRF ORI —FK & D ILH
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J:@%?ﬁ%ﬁi X OFRIER L/M (2T 2 twisted
form &%, M EQLZARY THO, Y 8 X &
MBI 25 &5 20D Z e THD. Filk, X H
WS v TV T4 v 2% MKDGET L/M W
K0 DIRDFRRIERDGEIZ,
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FREIE, RIS &, BEER EOZKREKDOE
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% RA D412, Shafarevich A8 D FEHIZ KTh
U7z, BRI v TV o7 4 v 7 284K K3 Hlim
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ZRRK M AT, WS D RANEIRTT 0 DZ R
DAL UTCHEICHELREL#HEZ HDBZ &R
MohTwa., 5%l FEROBENY Y T2
T 1 v 7 %KX, Calabi-Yau Z#RARIZ3 L T,
G E AR 2T > TV E 2.

twisted form

In this year, firstly, I studied the behavior of

genus changes of normal curves via purely in-
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separable extensions of base fields. This is joint
work with Ippei Nagamachi at Kyoto Univer-
sity. More concretely, we give a refined version
of Tate’s genus change formula, which states
that genus change can be divided by (p —1)/2.
Here, genus changes are important invariants of
curves that measure the smoothness of curves.
In our study, we calculated genus changes by
using new invariants which can be defined ring-
theoretically. Moreover, as an application, we
proved the relation between genus changes and
Jacobian numbers, which are also important in-
variants of curves.

Moreover, I also studied the finiteness of ir-
reducible symplectic varieties, including the
finiteness of twisted forms, that were already
proved last year, and the Shafarevich conjec-
ture. Irreducible symplectic varieties are the
higher-dimensional analogue of K3 surfaces,
and they are known to be one of the building
blocks of weak-Calabi—Yau varieties. This re-
sult is written in my Ph.D. thesis.

In the future, I would like to study the reduc-
tion and the finiteness for irreducible symplec-

tic varieties and Calabi-Yau manifolds.
B. FKi

1. I. Nagamachi and T. Takamatsu: “The
Shafarevich conjecture and some exten-
sion theorems for proper hyperbolic poly-

curves", Mathematical Research Letters

1232 R AE W A

. T. Takamatsu: “On the Shafarevich con-
jecture for Enriques surfaces", Mathe-
matische Zeitschrift volume 298 (2021),
489-495.

. T. Takamatsu: “On a cohomological
generalization of the Shafarevich conjec-
ture for K3 surfaces", Algebra Number
Theory 14 (2020), no. 9, 2505-2531.

. T.Takamatsu: “On the Shafarevich con-
jecture for irreducible symplectic vari-

arXiv:2201.00482.

. I. Nagamachi and T. Takamatsu:

eties",
13 On

behavior of conductors, Picard schemes,



and Jacobian numbers of varieties over
imperfect fields", arXiv:2110.03917.

. T. Takamatsu: “On the finiteness of
twists of irreducible symplectic vari-
eties",
arXiv:2106.11651.

. T. Takamatsu and S. Yoshikawa: “Min-
imal model program for semi-stable
threefolds
arXiv:2012.07324.

. T.Takamatsu: “Reduction of bielliptic

surfaces", arXiv:2001.06855.

in mixed characteristic",

C. HEaFEE

1. On the Shafarevich conjecture for irre-

ducible holomorphic symplectic varieties,
REEEBGR & = D JF34 2021, HEKZ,
2021 12 H 13 H.

. Minimal model program for semi-stable
threefolds in mixed characteristic, J§lE%
BTy Y RY T L2021, AV T A,
2021 4£ 10 A 26 H.

. Minimal model program for semi-stable
threefolds in mixed characteristic, The
9th East Asia Number Theory Confer-
ence, MHIREFEREE (A 71 V), 2021
8 H 24 H.

. Minimal model program for semi-stable
threefolds in mixed characteristic, MIT
number theory seminar, Massachusetts
Institute of Technology (7 XV 7, #* v
Z4 ), 2021 43 H 31 H.

. On finiteness of twisted forms of hyper-
kahler varieties, POINT: New Develop-
ments in Number Theory, > 7 1 >,
2021 23 A 3 H.

. On the finiteness of twisted forms of hy-
perkahler varieties, 8 19 [Eili& A &%
WMES AV T, 202049 H S8 H.

. On the Shafarevich conjecture for mini-
mal surfaces of Kodaira dimension 0, X
HEaoxv L ’ERE, 2019 45 H.

. K3 Him @ Shafarevich F#ED 3 +x €1
V—IZ & BRIz oW T, ARE S GR
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¥ % D 2018, SEAE, 2018 4F 11 H.
. GSp 281+ % Deligne-Lusztig £k &
affine Deligne-Lusztig 254K & D LI, #1
aE -t I - —, 5HEKREE, 2018 4 4 H.
Deligne-Lusztig Z A D isocrystal 12 &
Baik, 5 23 [MIREBCE FIdi s, KRBCK
% 2018 4£ 3 H.
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My main research interest is in tropical geom-
etry. In particular, I study divisor class on in-
tegral affine manifold with singularities and an
analog of Euler characteristic of it. There is an
analog of Riemann-Roch theorem for tropical
curves, but a higher dimensional version does
not exist so far. This is because the higher co-
homology of a line bundle on a tropical mani-
fold is not still defined. On the other hand, the
Euler characteristic of ample line bundle on a
toric variety, which is closely related with trop-
ical geometry, can be considered as the number
of lattice points on a convex lattice polytope.

In this year, I focused on the above point and
consider a construction problem for an analog
of a complex of convex lattice polytopes and
the number of weighted lattice point of it for a
divisor class on some integral affine manifolds
with singularities and tropical manifolds, and
an analog of Riemann-Roch type theorem for
toric variety, which is about an explicit relation-
ship between the number of weighted lattice
points and the Chern class of the divisor class.
This formulation is different from the exist-
ing Riemann-Roch theorem for tropical curves.
In the case of integral affine manifolds these
analogs correspond for a Lagrangian submani-
fold of a Lagrangian torus fibration and its Eu-
ler characteristic of Floer cohomology. Besides,
we proved an analog of Riemann-Roch theorem
in the sense of the above explanation for com-
pact tropical curves and compact integral affine

manifolds with a Hessian form.
B. FEin X
1. Y. Tsutsui :

tropical Kummer surfaces”, B k25
BRI TRME 13 S (2019)

“Radiance obstructions of

C. OEEFEH
1. Radiance obstructions of tropical Kum-
mer surface, 7 —2 ¥ a v 7 [#fFizH
15 RE - MlAEDERTAR] H R, &
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WK, 2019 42 3 A
. Radiance obstructions of tropical Kum-
mer surfaces, Young Researchers’ Work-
shop on Non-Archimedean and Tropical
Geometry, Regensburg, K1, 2019 4 7
H
. Radiance obstructions of tropical Kum-
mer surfaces and their quotients, EFK
B ~—2 27— 2019, JEHH, 2019
F£8H
HB b EHNVERRRIZET 187 RO
Z B F4mba sy —2
aw 7 BEENL RS, 2022 4 2 A
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BIREIPIENBIEDNRT A =R E2X O IZEDIT
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SN 7GR GR DR A T HEI 5 K E & B
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The main subject of my research is Nonlinear
Partial Differential Equations. In particular,

I study some PDE systems which appear in



the literature of optimal control theory. These
PDE systems of first-order are often described
by Hamilton-Jacobi-Bellman equations coupled
with continuity equations. Because of non-
linearity, we can not expect the existence of
classical solutions. Therefore, there are sev-
eral frameworks of weak solutions. Moreover,
several researchers investigate the properties of
weak solutions.

In this year, with Professor Hiroyoshi Mitake,
we considered the vanishing discount problems
for first-order mean field games. The vanishing
discount problem is how the solution behaves as
the discount factor tends to zero. In particular,
we worked with the weak solutions introduced
by Cardaliaguet and Graber.

Firstly, we proved the well-posedness of dis-
count problem. Next, we obtained and the con-
vergence of weak solutions to the corresponding
limit problem along subsequences. However,
the limit problem has multiple weak solutions.
Therefore, it is not clear whether the conver-
gence depends on its subsequences or not. Fi-
naly, we give a necessary condition that any
limit of solutions under subsequence satisfies.
As an application, we show a nontrivial exam-

ple to get the convergence of weak solutions.
B. &K
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, volume 10, No.3
(2017), 473-493.

. K. Terai,

weakly coupled systems of ergodic prob-

“Uniqueness structure of

lems of Hamilton-Jacobi equations”,

NoDEA Nonlinear Differ. Equ. Appl. 26
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(2019) no. 6, Paper No. 44, 16pp.

.D. A. Gomes, H. Mitake and K.
Terai, “The selection problem for some
first-order stationary mean-field games”,
Netw. Heterog. Media 15 (2020), no. 4,
681-710.

. K. Terai,

ing discount problem for infinite sys-

“Remarks on the wvanish-

tems of Hamilton-Jacobi-Bellman equa-
tions”, Adv. Calc. Var. (2021), DOI:
10.1515/acv-2020-0116.

. H. Mitake and K. Terai, “On weak so-
lutions to first-order discount mean field

games”, preprint in arXiv: 2108.10306.
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. Uniqueness structure of weakly cou-
pled systems of ergodic problems for
Hamilton-Jacobi equations, H AR ¥ &
BB GR D B, RE TR, 2019
£ 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,

20197 H.

Remarks on the vanishing discount prob-

lem for infinite systems of Hamilton-



Jacobi-Bellman equations, At & & K%
W AR IF—, T T, 2020 £
12 H.

. Remarks on the vanishing discount prob-
lem for infinite systems of Hamilton-
Jacobi-Bellman equations, H AR F 2 &
BEBRRNRORE, AV T 1, 2021 4E 3
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5. AAEREIFIWEEREIZE] EHiE (1) Feynman #%
BRI DFIRIT X 2 L Rkik LD Schrodinger /1%
RNOERMOFER &, (2) T MERRE R
® Schrodinger AFERIC & 2 R RO RIE OIS
EiTo7z. AETENTNOEOBE % kR 5.
(1) Feynman #8857 & 13, BT ROREFREEZ
MEAPNEBREMEE T2 DERAEDEI LT
KETL2FETH D, BFAITHE 72 Feynman
BRI DE R D — DI 2 LR DH 5.
Z 1 Feynman # #8477 % A BRoT D HREIFE
DORERE UCTEHT 2L 0I5 DTHS. FAILHE
FEIZ D 337 b Riemann Z Rk LD 7%
O 6 PRKRT VY ¥ )% KD Hamiltonian 12X
UEYNZ D EE L2 ER L, TNDRLHEK L
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DWTHAMRDEIRPEALT I L 2R Uz &
510z, R ELEALZ B 1 2RI O EV 1T
& > T Schrodinger AREROMBIHNENT 5 Z
EHRUI. oDz Mmoo —ife L
TE LD,

(2) B DOR RMIE, BHEES L WD, FATHIC
BABOERKET 2R EEGE2EATLHI L
THARBZ N TE 5. LH»LU, Schrodinger
BRI 2BEMOEBZERT 572012138
HOWHERZITTIEALHATH D, HilZI1EEM
HEGIZB T MO EDETHNS
N5 ESRHOKHEHEEPBEL L. FAXH
Be-tA (Amer. J. Math. 2009) (Zf€W radially
homogeneous wavefront set &\ IR HHEA %
WTIHET VT M LRME ED Schrodinger AT
DOREMOEFE2FRT 2 Z LITf L7z (K
s 3). Z DR OREIXNEMIZ Euclid B2
NI 22230 & T U FEE WS Z 2T
EHLWVWS 22 THB. 7z, AEHIC R
SEHFED 7 7 A% e > Mz LT, LA
R U T (FFRKiwL 2) DNEEFIMHT 5 Z &)
TE, FHBERBEVIAATWLELTE
OB U7z (FRIML 4). FERIML 2 & DE N
X, WM ERRD 7 5 A% SRR O 3BT RAF
LaWETidLzZeThsd. ZhnickhiEa
VND S B RRAE L TR R R & & D R
WHTER L5124 5.

I study a construction and analysis of solutions
to the Schrodinger equations on manifolds by
the microlocal analysis. In this year, continu-
ing from last year, I studied (1) a construction
of fundamental solutions to Schédinger equa-
tions on manifolds by the Feynman path inte-
grals, and (2) a propagation of singularities for
Schrédinger equations on non-compact mani-
folds.
study briefly.

In the following, I will describe each

(1) The Feynman path integral is the method
of describing the time development of a quan-
tum system as “a sum of waves whose phase
is the action functional”” One of mathemati-
cally rigorous methods of formulating the Feyn-

man path integral is the time-slicing approxi-



mation. It is the method that one define the
Feynman path integral as a limit of oscilla-
tory integrals on finite dimensional spaces. Last
year, I defined the time-slicing approximation
for the Hamiltonian with the smooth potential
on a general compact Riemannian manifold ap-
propriately and proved that it converges to the
fundamental solution to the Schrédinger equa-
tion modified by the scalar curvature. This re-
sult was published this year (Publication 1). In
my study this year, I extended my result to the
case of the Hamiltonian with a smooth vector
potential. I also proved that the curvature term
of the modified Schrodinger equation varies by
the choice of the amplitude function in the defi-
nition of the time-slicing approximation. These
results are contained in my Ph.D. thesis.

(2) Singularities of functions can be investi-
gated by wavefront sets, which is defined by
the local high frequency component of the func-
tion. However, the usual wavefront set is not
enough for describing the propagation of sin-
gularity for the Schrédinger equation, and we
need another notion of wavefront set which en-
ables us to investigate the behavior of func-
In the Pub-

lication 3, I succeeded describing the propa-

tions near infinity, for example.

gation of singularities under Schrodinger equa-
tions on non-compact manifolds by the radi-
ally homogeneous wavefront set, which was in-
troduced by Ito-Nakamura (Amer. J. Math.,
2009). The characteristic of my result is that
one can employ the same method both in the
cases of asymptotically Euclidean and hyper-
bolic manifolds. In addition, I sophisticated my
previous result (Publication 2) inspired by the
construction of the pseudodifferential calculus
in my proof of the propagation of singularity,
added a new result, and wrote the paper (Pub-
lication 4). The difference from the previous
paper (Publication 2) is that one describes the
class of the pseudodifferential operators inde-
pendently of the metric on the manifold. This
enables us to apply the theory of pseudodif-
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ferential operators on non-compact manifolds

more flexibly.

B. FKiw
1. S. Fukushima: “Time-slicing approxima-
tion of Feynman path integrals on com-
pact manifolds”, Ann. Henri Poincaré 22
(2021) 3871-3914.

. S. Fukushima: “L?
pseudodifferential operators on man-
ifolds with arXiv:2011.06162
[math.AP].

. S. Fukushima:
larities under Schrédinger equations on
manifolds with ends”, arXiv:2201.09466
[math.AP].

. S. Fukushima:

dodifferential operators and resolvent

boundedness of

ends”,

“Propagation of singu-

“Semiclassical pseu-

parametrices on manifolds with ends”,
arXiv:2201.10331 [math.DG].

R CEEOEFEIZL AR T YT
VDTHA 27 BB EEEREL X —
LMSR-2021-5 (2021).

C. M¥EFEH«

1. On L?-boundedness of pseudodifferential
operator on the hyperbolic space, £ 28
| HORYHE L Mo R KKRIZZZT

2018 # 11 A.

. L? boundedness of pseudodifferential op-
erators on manifolds with end, 2§ 172 [€]
FEBERFART MVEGRE I
Bk, 2019 47 H.

. On elliptic differential operators on man-
ifolds with end, 25 29 [6] ZERYIEE & 43 5
B HEN<Y YR TIV, 2019 4E 11 A.

. On pseudodifferential operators on man-
ifolds with ends, A2 L - 8L AREH >
YARYD L, R T EA B B2, 2020
F£1H.

. Riemann %R EOMOERAZES & O#l
HIFRIZDWT, B2 8] AT ML - BELS
Fibims, B, 2020 4F2 H.

. Feynman path integrals and fundamen-

2% 33
—, ¥H

tal solutions to Schrédinger equations on



compact manifolds, 2021 E D {EfH Ziw >
VRYD I, F T4 v (Zoom), 2021 4E 9
H.

. Feynman path integral construction of
fundamental solutions to Schrédinger
equations on compact manifolds, {Ef 5%
fit I F—, *A> I 4V (Zoom), 2021 4E
10 A.

. Construction of fundamental solutions to
Schrédinger equations on compact man-
ifolds by Feynman path integral meth-
ods, 2021 RIMS F:FEHHZE (RBTL) AR
7 bV - LR E F DRI, AV T A v
(Zoom), 2021 4£ 12 H.

of

equations

. Propagation singularities  for
Schrédinger
manifolds with ends, R85 572 XU

B, AV T4 v (Zoom), 2022 - 3 H.
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1-b. FEIEANYTRWEE

RATT L0 EHELIGEHRT D2 hE2 21071
IBREAGLERL, BROES L OBEBREFANT
BARBNTIE R A 7 1L I@ERE A DHEIB O BER D 5
EEFRVEGEERXAATINIERESIIEILRD
2, IbbRA T IFMAKD DT & %R
U7z, REIZIZBWTIEZ 1 TIHIBRES L VD
MazEm U <EALL.

2. A BB U B 5 R R DR D S5 AT AE

i R R RO HAME R AR I BE 3 2 2
HFED—DId, R B 2 K oI E IS 2 = AT
" fiFE M T H 5. Kozono-Yamazaki '94 1 FEFIX
RV 7EVAZEM NG, (RY) 2BAL, 7RV
HEOMS AL K SRV T ADYIAEIZ T
U CHEYIMEERUZ. ZOFERIEFRRY 7
L A 22 B 1 5 B DI AT & R B R
FRAOBEROHMVIEIKGFEL TV E20, B
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DT 25GECEHEHEH T2 Z 2 3#L W
IO ICBbn g, AW TR AR
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FEEE-S7-. 12720, Z0FNn0>0,0>1¢&
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B OERE KBS INS O HERDMDIELE
SR B &R, BT LNRY) EP T R
I QIHIMEIZ N U T2, & O FRIZ )RR
WZHEDOWTED, IV VHIEOHMA 2EL LD R
MPEIZIUTEAT 2 Z LS Ebn s,
ARHF5E Tl Kozono-Yamazaki '94 D Fik % FKE
SEMENIEFIRAY 7 E LA EH NG (RY) 12
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1. The blow-up rate of solutions

For the semi-linear heat equation u; = Au +
|u[P ~ 'u, it was shown that on a convex do-
main or the entire space with Sobolev subcrit-
ical exponent, the possibly sign-changing solu-

tion blows up as fast as the spatially homoge-



neous solution does (type I blow-up). In re-
cent years, due to the development of the re-
search on the Liouville-type theorem, the blow-
up problem has been studied also on the non-
linear parabolic systems. The type I estimate is
obtained for the positive solutions to the non-
linear parabolic systems. When the domain is
not convex, little is known for the blow-up es-
timate mainly because the monotonicity of the
energy is not assured. Considering these situa-
tions, I obtained the following two results.

1-a. convex domains or the entire space

Using the similarity property and the energy
structure of the parabolic Gross-Pitaevskii sys-
tem, we proved the type I estimate for this sys-
tem by using local energy estimates and the
maximal regularity theorem. In this way, we do
not use the Liouville-type theorem. Therefore
we can deal with sign-changing solutions. This
is the improvement of the preceding research.
1-b. non-convex domains

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. We intro-
duced the notion of type II blow-up set in this
research.

2. Local existence of the solutions to higher or-
der parabolic equations

One of the main subjects of research on Fu-
jita equation is the local solvability of the
Cauchy problem with singular initial data. Ko-
zono and Yamazaki ’94 introduced inhomoge-
neous Besov-Morrey spaces N, ;’I,T(RN ) and es-
tablished the well-posedness of solutions for a
large class of initial data including distribu-
tions other than Radon measures. Their ar-
guments are based on delicate decay estimates
of the heat kernel in inhomogeneous Besov-
Morrey space and the power nonlinearity of the
semilinear parabolic equation. It seems difficult

to apply their arguments to the case of frac-

182

tional diffusion 6 # 2 and the case of the non-
linearity depending on Vwu. In this study, we
deal with the existence of the solutions to the
semilinear parabolic equations dyu+ (—A)%u =
|uP~!u and viscous Hamilton-Jacobi equations
dyu+ (—A)Su = |VulP. Ishige, Kawakami and
Okabe (arXiv) developed the arguments on the
majorant kernel and obtained sufficient condi-
tions for the existence of solutions for the initial

data in L}

L (RM) or Radon measures. Their ar-

guments are based on the comparison principle,
and it seems difficult to apply their arguments
to initial data such as the derivative of Radon
measures. In our study, we developed the ar-
guments in Kozono-Yamazaki '94 and proved
the unique existence of the solutions in inho-
mogeneous Besov-Morrey spaces N . (RN) for
general 6 > 0 and 6 > 1, respectively. This en-
ables us to take distributions other than Radon
measures as initial data.
B. F&Ew X

1. E. Zhanpeisov: “Blow-up rate of sign-
changing solutions to nonlinear parabolic

systems”, Adv. Differential Equations,
26 (2021) 563-584.

C. MEaFE«

1. Existence of solutions to nonlinear

parabolic equations in Besov- Morrey
spaces, & 15 [l HF D 7= O RS H
R & BEE RN, Zoom 12Xk B AV T A v
R, 2022 4E 2 A.

. Existence of

solutions to nonlinear

parabolic equations
spaces, REARKZILAMN 2 I F —, fER
R, 202241 A.

. Existence of solutions for fractional semi-

in Besov-Morrey

linear parabolic equations in Besov-
Morrey spaces, bt I F—, B
KR, 2021 4 12 A 16 H.

Blow-up rate of sign-changing solutions
to nonlinear parabolic systems, RIMS
FHES (A TRRGRADILN D
AEERE A & EERAISH £ T, FALRE,



2021 4£ 10 A.
5. FERME AL TR AR D FF 5 2L D fRE

FEifli, BRAEKZE OS Kl I —, HILK
¥, 2021 £ 8 A.

. FERRE L S RE R DTS2 AL R D JEFE
AP, % 19 BIPERIE AR RN I —
@ KUE, 5i##8E K, 2021 5 A.

. Blow-up rate of sign-changing solutions
to nonlinear parabolic systems, HAEZ
22021 FEER, BIGFRBRFEL TEE,
2021 4£ 3 H.

. Blow-up rate of sign-changing solutions
to nonlinear parabolic systems, Summer
School on Applied Inverse Problems and
Related Topics, B K7 EJREE X I
F— A 2019 48 H.

. SRR I L SR KGR D R 5 AL R D 1§
FEFEAN, FMSP Fi/ESE bR, R KE,
2019 # 3 A.

10. Blow-up rate of sign-changing solutions

to nonlinear parabolic systems, 5 20 [7]

AT AR A L~y ¥ 3y, #

JbRF, 2019 4E 2 H.

Y 2 4 (Second Year)

%k #58 (GOTO Yuki)

(FMSP 21— 2 4:)
A. fFZEIEE
AEE, B 7ar5T47 - )—F1 VIRF
Bt (FMSP) AV ¥ 2520 —Be LT, K
FHE OBEmINERIZE T 25t % E12iT o 7.
AR, BEMCEEIEE U WA R, BERR ek
AT D=2 2 DB S L fThh T
270, PRI 24T o 2R IE 72700,
B DO BRI 2 B R T 2Rl LT,
UTD 2 Sy sns.
1AHS, B 1Ed 502 8ENRE T4
EENEELS TH] LW ERTHEILT 2 HH
THYH, TONEKPHOEAERNZFHIZONTD
BHRITBEL LR\, 20720, —REZ3 2D
DOEEDS, BRI 2RI X o THRIXE UG
ZLTWAEHBTEZ 22D, Zhizky,
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B 2 B RIS O BGR % B OB IR D i
FMHETE2MREE EENS.

2 N, PG IERE G S VEEA D B Z &Y
H<hLHIONT WS, D7D, FFEMEEED
BEERANAEIR 1, Haskell 2532570207 3
VIEHETENERBEO L EDSHESZS.
ULz E 2T, HHTEOBGRINAERIZ DWT
WHEL, Rz TV > X & IEN 2 & & Btk y
ORI ODVWTERLZ., ZOMRELLT,
B OB FER L Y ADNRT A=K R
EBZ e EIBILE. E, Ly Ak, B
Mo r5 IV FEHETHLNTWS, KRER
ATV bO—MR PR L DEH LD T
572D T—XEETHB.

X oIz, LR ER—-21ZLT, BREYED
AV R—7x—AD Haskell FTDFEEEH%F
KLz, 22T, EDLOOTRISIVIE
P (BAEL < i T3 Python TIE7 <)
Haskell #:&ZAZHEIX, UFD 3 HTHB. F
3, Haskell I$FHIRIfI 1) S5E42D T, Python %
CrEWENEFzy 7 OBREEZI SN S .
% U'C, Haskell I&fhigfbizifi<, #HRO BN
fpflE 7 a7 o L UCEBT 500 +07%5
FEMERE R > T\ B . Bz, Haskell 1213 &
BNV Y AT T VDRI TIFELT
WERTH 5.

In this year, as a part of a curriculum of Lead-
ing Graduate Course for Frontiers of Mathe-
matical Sciences and Physics (FMSP), I mainly
studied the categorical interpretation of ma-
chine learning.

Machine

progress in recent years, and its mathematical

learning has made remarkable
analysis has also been widely done to provide
a theoretical foundation, but there are still few
studies that interprets it in terms of category
theory.

There are two advantages to considering a
category-theoretic interpretation of machine
learning.

First, category theory is a theory that abstracts

any mathematical concepts in the form of “ob-

jects” and “morphisms” between them, and



does not require any information about the con-
crete content of the objects or morphisms. Be-
cause of this characteristic, two seemingly dif-
ferent concepts may turn out to have the same
structure via category-theoretic abstraction. It,
therefore, creates the possibility that the the-
ory of one mathematical concept can be used
to analyse other mathematical concepts.
Second, it has long been known that category
theory is closely related to type theory. There-
fore, a categorical interpretation to a math-
ematical concept gives a guideline for deal-
ing with it in programming languages such as
Haskell.

Taking the above into account, I studied the
categorical interpretation of machine learning,
and in particular considered the relationship
between the concept of “lenses” and machine
learning. As a result, I proved that each
method of machine learning can be regarded
as a parameterisation of a lens. Note that a
lense is a data structure used in functional pro-
gramming languages to get and update a part
of a larger object.

Furthermore, based on the aforementioned re-
sults, I created an example implementation of
the interface for machine learning on Haskell.
The reasons for choosing Haskell (instead of
Python which is widely used today) as the pro-
gramming language for implementation are the
following three points. First, since Haskell is
a statically typed language, it can enjoy the
benefits of static type checking unlike Python;
second, Haskell is strong in abstraction and has
sufficient language features to realise the afore-
mentioned categorical interpretation; and fi-
nally, Haskell already has a well-developed lens
library.

B. F&&Kif
1. Yuki Goto,

cofree precoalgebras and coalgebras”,
arXiv:2009.06741 (2020)

“Explicit construction of
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B BA (SAITO Yuta)

(FMSP 22— %)
A WS
REEHEAEDOT R — L arER Y —RLIZHRIZ
Bha a7 REEZFARDZEETH D (p,I) M
FECHERD D 5. Bl M W (o, 1) IIEEA E B
%08 D & 5 72 2019 FEO p #ERBUCBET 2
X ([EG19]) icHlkZ2 > TW5D. Z 0%, —
DDEE X7z mod p DA TRED ED p i
FKEIZET2EY 2 51 HHTH 2L WEROHE
DO—f%ft & LT, mod p DA 7 RELDEE % 4
Uiz a—nNVREY 271 DHEREITIMXT
HB. DT —=NLVBREY 2T A DRERKITER
pHERBTDODET 251 2B T5DTHRIMASH
(o, 0) MBFEDEY 271 ZMHRTHI LITL-T
EHINTWD., BREOMEE LA p R
DWRIZHOWONLIEBELREEDO—DTHY, %
72 Z OMX O TEARBROBERTIEIEHI N TY
Ko ZEEO— DR UMK LAEZEY 251
ARy I7EHWAZLIZL > TIEHINT WS 72
b, ZDOFML DI p ERBLDOHFEIZB T —
DORERMETHELFZ5.
INEZFEIE T, Mo (o, 1) MEE, FHICfH
T o LR L LT &7z Lubin-Tate (¢, )
BHTRILCELIBREY2TAAXY ZOWERZITD
TEMNTELDD, £TNNTELLELYDE
SR ENOMBENE WD Z Ik ERS, BT
RET->TWS.

235 3R
[EG19] M. Emerton, T. Gee, Moduli stacks of

etale (¢,T')-modules and the existence of
crystalline lifts, arXiv:1908.07185.

I'm interested in (¢, I')-modules used to investi-
gate Galois representations. Recently, I'm con-
cerned with the paper([EG19]) in which cyclo-
tomic (¢, I')-modules play an important role.
In this paper, writers constructed global mod-
uli stacks of Galois representations with out re-
strection of underlying modp representations,
as generalization of the theory of deforma-
tion rings which is the moduli theory of Ga-

lois representations over a fixed modp repre-



sentation. They didn’t construct these moduli
stacks of Galois representations directly, but
constructed the moduli stacks of cyclotomic
(¢, T')-modules instead. In response to this pa-
per, I study whether we can construct mod-
uli stacks of other (¢,T')-modules, especially
Lubin—Tate (¢, I')-modules, which I have stud-

ied long time.
B. &KX
1. Y. Saito,

(¢, I')-modules for different uniformizers,
arXiv:2106. 16005(2021).

Overconvergent Lubin—Tate

C. OEHFER
1. Overconvergent  Lubin-Tate (¢,T')-
modules for different uniformizers, %%

anmExy s, 2021 41 A.

£k $1— (SATO Shoichi)

(FMSP 11— 2%)
A. fZEIEEE
ik, EBBEEMS 2E0WHMA ARERIZONT
Bk 2> T\ 5, IEBEEMD T, WY T
FL BRI CIRI NG CEERRE 2 R L
TW53, ZTD7=8, FEEEEEM S %2 AW 80T
T WES, BER EIGHOM G S1EH 2 £D
TWb, RMEEIX, KRESAHTT2Oo07—-7%
Pz,
IR H A2 R DI R R T« U o
L RS FUE R EI D W TR 24TV, D
FRRITBIT B ER B = DOFMEDRMENMIZ DWW
T#NTz, ZD OG5 (HilkfR & HEEEYR) 12, %
NENFKEFRE, 202K I0EAINZTE
fRCTHs5, —DDOHEHTIZEHL TV KD
BRI, FIZHHERAREATH > THHMD
FEMEIZEBA TR, ARFZE T, FIHIE/E
ARV ODDREE Lz &, EilofifEX
2B T DRGSR & BB FE T H B Z & &Gk
L7z, Z ORERIE, KFHEFEBEREM O HE R
TR OEMEOBEBMIZ O WTHE L ZHTD
MERTHD, ZOWEIE, BERE-HE. =K
FHBEZ L O LFEMTETH 5,
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7z, ZEEIEBBIEM S H e f DI AR R O
AR LT O] HE BT SUE R I D W T b fifFgE
EiTolz, ZOHABRNEH =MD EEATY
%, ZOMEORAMR Y 2H T2 T, VD
HER, To VI Ve ) A < VEEOBO N
RER Uz, BERIZ, ROARZE W THEO KR
HEEEES R U, ZOW%IE, a—h -
V7 hBE, Rk ORFEIRETH D,

My research interests are differential equations
with fractional derivatives. Fractional deriva-
tives play an important role in many contexts
in physics, engineering, and finances. For this
reason, differential equations with fractional
derivatives have attracted interest from various
aspects of mathematical science in recent years.
We studied the initial-boundary value prob-
lem with zero Dirichlet conditions for the time-
fractional diffusion equation and researched
whether two notions of weak solutions in this
problem are equivalent. The definition of vis-
cosity solutions and distributional solutions are
based on the maximum principle and the vari-
ational principle, respectively. Because the two
theories focus on different properties of the
function, it is nontrivial whether the equiva-
lence of the two notions of weak solutions. In
this study, we proved that the viscosity solution
and the distributional solution in this problem
are equivalent under some assumptions of the
initial value and the operator. This is the first
result of investigating the relationship between
weak solutions of the partial differential equa-
tions with the time-fractional derivative. This
is a joint work with Prof. Yoshikazu Giga and
Prof. Hiroyoshi Mitake.

We also studied the initial-boundary value
problem for the space-fractional diffusion equa-
tion on the half-line. The equation involves the
Caputo derivative. By deriving a fundamen-
tal solution ¥ to a space-fractional diffusion
problem, We showed properties of ¥ as well
as formulas for solutions to the Dirichlet and

Neumann problems. Finally, we showed the in-



finite speed of propagation, using the solution

formula. This is a joint work with Prof. Piotr

Rybka and Tokinaga Namba, Ph.D.

B. FKif

1. S. Sato, Equivalence of viscosity solu-
tions and distributional solutions for the
time-fractional heat equation, BRII K%
REFZBBELRIA SERME L5 S, 2020 4F.

. T. Namba, P. Rybka, S. Sato, Special So-
lutions to the Space Fractional Diffusion
Problem, arXiv:2111.01197.

. Y. Giga, H. Mitake, S. Sato, On the
equivalence of viscosity solutions and
distributional solutions for the time-
fractional diffusion equation, Journal of
Differential Equations, Volume 316, 15
April 2022, Pages 364-386.

C. M¥fFEF«
1. Equivalence of viscosity solutions and
distributional solutions for the time-
fractional heat equation, 28 21 [AldLH%K

FRENTISE 2, dbiiEE K5, 2020 42 H.

. Equivalence of viscosity solutions and
distributional solutions for the time-
fractional heat equation, FMSP P45
HHEESE, REUREE, 2020 42 3 H.

. Equivalence of viscosity solutions and
distributional solutions for the time-
fractional heat equation, 2020 Seoul-
Tokyo Conference - Partial Differen-
tial Equations 4AS (Virtual Conference),
zoom(F > 7 A VHifE), 2020 4 11 H.

- SR PRECT R O RE M iR & R BE E R 0D (]
fE e, BT - BB RO T E O
7= DRE - BRER LS 2021,
SpatialChat (4 > 7 1 » (i), 2021 4 11

a

K
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1. 25 21 BUGRBCA T SE 2, B/ R A X —
B, 2020 4E 2 H.

2019 F & BORRIEHERFEREE (&

TEs0), 2020 4E 3 A.

2.
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3. B - BERIE RIS TR E D 72D DR
D Ep - BEMMIE AR R 2021, XA PR A
X—HE, 2021 F11 H.

Bl% &3 (TSURUSAKI Hisanori)

(FMSP 21— 2 %)
A. THFHEEE
C EoOABRRTEM Y —REBIZH 1T 2 nilpotent
orbit X, T TCIZHFEINTWVWS, RTEHRLH
RAKDH D% principal orbit £ W5, nilpotent
orbit (Z1%, sly-triple Z XG0} 2 Z LW TE 3,
ZHZst U, H. Nicolai, D. I. Olive D72 T
lZ. hyperbolic Kac-Moody Lie algebra (Z &\
T. Z O principal SO(1,2) subalgebra 23K T
32 ERUT,
FLOHFIE £ TOWZETIE, Z D principal SO(1,2)
subalgebra DRI IET 2 sly-triple DAL %
RPEIZE A5, rank 2 symmetric hyperbolic
Kac-Moody Lie algebra, 9 74 % Cartan ma-

trix A%

2 —a
(2 5) @=3
T» % Kac-Moody Lie algebra D& IZBRE L,
principal OfIfR % U 7=,

HARMIZ I, slp-triple {X,Y, H} T#® > T, com-
pact involution wy 12X LU TY = wo(X) THH.
¥ 7z, nilpositive element #* real root vector M
RAOZEMIZHFET 2L WO 2 AZTHDES
ATz, 2D 2 DD%MIE, principal i54E TH
INTVWBREDTH B,

X % real root vector DFEEAESA L LTHE WA
L&, FOEHE%E X O length & £ X2 &12F
%, X @ length 2% 2 PIAAD & Ed, Kz Hiz
J slp-triple XFELRWZ &30 o7, X D
length 232 DX EiX, V—b%E B BRID2FH
BT, X 2HET 5 2 DO real root vector
Millc DEON— NEMIZET & &, M2 A7
T slp-triple 2R U 7=,

RERR U 7z sla-triple I22\W T, X $ % weighted
Dynkin diagram % K&, % 7z Casimir 7t® Car-
tan subalgebra ~® adjoint action Ol % 3K
D7z,

F 7z, WU 7z sly-triple DEHTH 2 H & D



hyperbolic Kac-Moody Lie algebra g % 2 f# 3
L&, YOXD7% slo-module DB N S 9 ZD
WTIRFE L 7=,

ZDBEIZHENS sly-module X, HEHEEE p &
o T EAEMED -, p—4,p—2,p, p+2,p+4, -
TH 1D ZEMPEE S EZLTED
NOEAED KNF AN EEIZHE N T WD Y
5T, BIRKGE, $BIRSLD highest or lowest
module, ZDMD K EL 3FEHIZH»PNB, gD
Jb— b % real root TdH 5 type B, real root [F
Tz e U TE % imaginary root TH 5 type
C, NP imaginary root TH 5 type A IZ
MFB e, 1FEAED imaginary root & type A
KRB, TnHDL— MZET B — b2
X, sy TXBARIZBENTIE, 275 THEERX
JCC highest or lowest module (2725 Z & 23b
noiz,

ARIEDHFFETIE, type B B & type C DG E
EMET L7z, type C D& X type B DIEEIC
J##& T &, type B @& 1% highest module T
% lowest module T% 72 WHEER Xt module 12
BBHIENbrol, ZTHIZEY, g BT
ED & 57 module IZHREINDDLNTERITH
Mo 722 227 5%, Nilpotent orbits in finite-

-
N =

dimensional simple Lie algebras on C have al-
ready been classified. Among them, the one
with the largest dimension is called a principal
orbit. An slo-triple can be associated with a
nilpotent orbit.

Correspondingly, the study by H. Nicolai and
D. I. 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, T considered sly-triples {X,Y, H},
which satisfy that Y = wo(X) for the compact

2

—a

—a

) e
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involution wg, 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 slo-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 sls-triple. the slo-module appears
in this case consists of one-dimension spaces
sp—4,p—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
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.

This year’s study examined the type B and type
C cases. The type C case can be attributed
to the type B case, and the type B case is an

infinite-dimensional module that is not highest



nor lowest module. This means that we know
what kind of module appears when g is decom-
posed.
B. FKif
1. H. Tsurusaki:
perbolic Kac-Moody Lie algebra (Z 35\
T real root vector ik % ZE[1Z nilposi-
tive element % % D sly-triple”, HE KT
L3z (2020)

“Rank 2 symmetric hy-

C. HEHFEE

1. Rank 2 symmetric hyperbolic Kac-
Moody Lie algebra IZ 3\ T real root
vector D ik % ZE[H1Z nilpositive element
% % D slp-triple, 2020 f£ERBHH S >~ K
VL, AV T4 (Zoom EH) , 2020
£ 11 A.

548 Mg (TSURUHASHI Tomonori)

A TFSEREEE

FER AR RDFMIZDOWT, RO IEAIME & DA
AATREMEDBIRZFE L 72, RO IEAIMEA B W
BIZHEDIAATTRRE R SR WERFIET D L %
MMAIC K DR U, BN IHOFAEE U
THRTESZ 2R U, £z, BRI
ROFEDIE—TVEIZBI T 5 #5 R & 2 BERBUIH D
BIZHILR L, EESO RS U TR
R IBUTAFIEL 5 5 2 & &R LT,

We studied the relationship between regularity
and uniqueness of a weak solution for a diver-
gence equation. We proved that bad regularity
gives the existence of a non-renormalized so-
lution by the convex integration method and
that it comes from the existence of a “micro-
scopic external force.” In addition, we extended
the results on non-uniqueness for a transport-
diffusion equation to that with a fractional dif-
fusion. We constructed examples for which

uniqueness fails when the velocity field is ir-

regular.
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B. FKiw

1. T. Tsuruhashi : “On divergence of prod-

ucts of irregular scalar and solenoidail

vector fields”, Advances in Mathemati-

cal Sciences and Applications, 30 (2021)
1-21.

. T.  Tsuruhashi : “Remarks

uniqueness for a transport equation

on non-
with a fractional diffusion”, Advances
in Mathematical Sciences and Applica-
tions, 30 (2021) 415-427.

C. OEEFEH

1. Convex integration approach to a diver-
gence equation, 25 21 []Jb BEF M 1T
Foax RAR—FF, LifEE R, 2020 4 2
H.
On irregular pairs satisfying a divergence

equation, Seoul-Tokyo Conference, 7 >
74,2020 411 A.
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B, 2020 4 2 .
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# RF (HAYASHI Kohei)
(FMSP 21— 24)

A. W
SURLIIMHEMEHTEZI 20N TFRETILVE
EZ, BYWZATr—V#E2IT5Z2 212k~

s EORERERIZEH TS,
SRR E I BE QR W BIZHL D MLA TV
5. &0 BEEIIZIE, FfEAREZRTSETIV
BRI D O, AR MO SR Kz
R TR ZIR I Bk 772 & % 3lik 5 TR R
W AR L UTH S v Kardar-Parisi-Zhang
(KPZ) HEADEHIZIYMA TS, KPZ )5
BAFIhEFTIEZLoIZuRrs8HianT
B, ETNVOFMKS a2 oL 7
BEnTws., ZoLSmEEEICNL, HERHR

Do 7 7u—F UfRilZ HEd 2 L Y HI



Thd. £7-, KPZ iFBRAOWLEZMHITHI &
T, SO BB OM E LR Burgers /X
ZHED Z oD, Burgers ARERIE A HINIZ
RN ERT HEATHY, EB, —EHHADOR
NOHBETNEMHAGE LTINETAT -
MRz X D EHINTEZ, b, fEkeET LD
5 KPZ AR ZEHT 57-00121F TEIEHCE+
HaEhE GERMEREARTRN) ) WO EE
PRHTZENEETH - 7-.

—7%, O’Connell-Yor €T EIEENE KR v —
BEOHHITXVF =6 KPZ AREANER X
N5 ENREIZHR - TEEH I Nz, O’Connell-
Yor ETVIFHEFRT Vv L V(z) =1 —
r—e T IZEVEHINDZIETLNTHDEEZS
N, KPZ ARRRNOBEHOZDIZIERT ¥ v L
% V(z) =2%/2+ --- & Taylor BB L#FIK T
VYUY VS ERD T ZENTE, TOETN
THRIED TBIHIE GANET v vav) +#
FIEH] WO IRONENEETHD. AT
ZORIZERL, RFrv vyl k¥o3Isuiz
BRE) 4 B X R H o BEILHIT WIS T 5 850 & Hl HY
52T KPZ /ifEA % L —HRET VD
SEHT DL WVWHHFRICH DA TNS. EEE,
gTASEP LIEiZ N3 I 7 uki 7% % Mt L,
KPZ AR E2EHTEZ 20 TER. 58T E
DT T —FERMOEFTNVIZEEH TSI 2T
TN MEDD B0 EHERL, HRINIET VA
5 KPZ iz HHd5Z L2 HELTWA.

I am mainly concerned with a problem to ex-
plain macroscopic phenomena by taking scal-
ing limit of microscopic system where agents

Such a

problem is related to non-equilibrium statisti-

randomly interact with each other.

cal mechanics and the purpose of the research
is to derive some partial differential equation(s)
of macroscopic quantities. More specifically, I
am interested in interface growth model, which
is particularly described by a stochastic PDE
called the Kardar-Parisi-Zhang equation (KPZ
equaiton, in short). KPZ equation is used for
a model for tumor growth or burning paper,
etc, and it is expected that the equation has a

universality. Indeed, several microscopic mod-
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els from which the KPZ equation is derived are
studied. The purpose of the research is to clar-
ify what makes the KPZ equation a universal
object. Our starting point is that tilt of the so-
lution of the KPZ equation satisfies the stochas-
tic Burgers equation, which is a kind of flow
equation. In particular, extracting a heat dif-
fusion term with some perturbation is crucial
to derive the KPZ equation in the limit.

Recently, it is shown that the KPZ equation
is derived from the scaling limit of so called
the free energy of the O’Connell-Yor polymer
model. The O’Connell-Yor polymer can be
viewed as a model which is driven by the Toda

In this

x

lattice potential V(z) = 1 — 2z — e™®.
case, we can expand the driving potential as
V(x) = 2%/2+- -+ and thus extract the heat dif-
fusion term with some additional terms. In this
year, I am focusing on this point and trying to
obtain such a decomposition for other models.
As aresult, I succeeded to derive the KPZ equa-
tion from an interacting particle system which
To

further generalized the result, checking robust-

is related to qTASEPs as a special case.

ness of the above approach and derivation of
the KPZ equation form more abstract model

will be taken into account.
B. FFEw X
1. Kohei Hayashi and Kei
“Fractional SDE-Net:
Time Series Data with Long-term Mem-
ory”, preprint, arXiv: 2201.05974.
. Kohei

tuations

Nakagawa:

Generation of

Hayashi: “Equilibrium fluc-

for totally asymmetric in-
teracting particle systems”,
arXiv:2201.01987.
. Kohei Hayashi:

problem with non-linear diffusion from

preprint,

“A one-phase Stefan

highly competing two-species particle
systems”, preprint, arXiv:2106.00242.
. Kohei

limit for exclusion processes with two

Hayashi: “Spatial-segregation

components under unbalanced reaction”,

Electron. J. Probab. 26 (2021), 1-36.
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C. HEHFEE

1.

10.

Equilibrium fluctuations for a class of to-
tally asymmetric systems, MER#®m Y > 2
Y-k IF—-F T4, August 2021,

Online.

. Spatial-segregation limit for exclusion

processes with two components under
unbalanced reaction, PSPDE IX, July,
2021, Braga+Online.

. A one-phase Stefan problem with non-

linear diffusion from highly competing
two-species interacting particles: PDEs
and Probability Theory - beyond bound-

aries -, June, 2021, Online.

. A one-phase Stefan problem with non-

linear diffusion from two-species interact-
ing particles, HURMER®R £ I F —, 2021
FE4H.

MR VU=, V- ay TS

MEHRIZRons @i ry vy —2o &
PR T RORER] , AV T4 v, 2021
£2H.

. Derivation of a stochastic Burgers equa-

tion from stationary square lattice poly-
mers, MRS VRIT L, AV ITA Y,
2020 fE 12 H.

. Derivation of a stochastic Burgers equa-

tion from stationary square lattice poly-
mers, BEFF 7B L OEE T 2F5E 10,
*r54 72,2020 4 11 H.

. Scaling limits for log-partition function

of directed polymers, fRin# F &
Fe A VTAY, AV TA Y, 2020 4 9
H.

. Spatial-segregation limit for exclusion

processes with two components under
unbalanced reaction, FMSP B 4k £ fh i
£, WAECKYE, 2020 4£ 3 H.
Spatial-segregation limit for interacting
particles systems with two component,
MR AR I — 2020, HEKF, 2020
FE2H.
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12.

13.

14.

15.

16.

17.
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S

Spatial-segregation limit for interacting
particles systems with two components,
JEBRRE R, BRI DM ARIARd, &R
LTKRFE, 2020 4E 1 AH.
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 fFEfERIRS VR Y T L, BHEHRRK
%, 2019 412 A.

Spatial-segregation limit for interacting
particles systems with two components,
The 18th Symposium Stochastic Analy-
sis on Large Scale Interacting Systems,
KBCR:, 2019 48 11 A.
Spatial-segregation limit for interacting
particles systems with two components,
HARY 2 B - BB 2S5O F it
HHED O DL - FEMM LR
2019, HEKF, 2019 4 10 H.
Spatial-segregation limit for interacting
particles systems with two-components,
MRy > 7~ —+& I F— 2019, & H
AT AZE (EHEXET) | 2019 4 8
H.

KPZ universality for interacting parti-
cle systems, MERZmY ¥ — A 7 — )b 2018
(Young Forum) , & K%, 2018 4£ 8 H.
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A. T

YTV T4y o) —REE LTSNS
) —RED 3 2%FND S5 B, commutative world &
EN BRI (¢}, BB B, Y —REc, D (T)
REOY-REENL Z 21X, BERED -FETH
D Loo-REBPERBER 2l LTED QS
FRIRDRFEFOIEEHM ZHRDE Z L ITBWTEH



HTHD, TDY—Rfc, D () FERY—HE
EEHET 572012, ¢ 12V —WRBUMEEE 52 5
TTR—FNREZOND, TDD, ¢, D Ny,
ZfEEZ SO 1IRY) —REfiakEnY—%, VU7
VI T 14w JBORBGR® Y =1 b EIFEN SR
BT 2 VTN,

¥ 7z, almost commutative algebra £ U < 1% e-
commutative algebra & IFFIXi 2 RO
7207, TOMREIE Scheunert(1979) 12 &> T
BAI NI, BARBCC B & iR D — D
O—ffbThb, TI T, BEKRKP Z IREA
SEMIRE AR, ZRRARDOBEEER I almost
commutative algebra % X{JH X5 Z & TR
BRI EZEZ DN TES, ZOEDLHK
MIZEL T, QZRRRIZBIT 2 Q. T4bb
BREUER D L DU & W0 (REBUERE PR M &
DX M D WTHIZE L 72,

A series of Lie algebras {c4}, called the com-
mutative world is one of the three series of Lie
algebras known as the symplectic derivation Lie
algebras. Knowing the (co)homology group of
the Lie algebra c4 is important for studying the
non-triviality of the characteristic classes of a
Q-manifold. Q-manifold is a kind of superman-
ifolds and has examples including L,-algebras
and foliations, etc. In order to compute the
(co)homology group of the Lie algebra ¢y, an
approach of providing a Lie bialgebra structure
on ¢4 is considered. I studied the first cohomol-
ogy group of ¢, with values in /\209 by using the
representation theory of symplectic groups and
a grading called weight.

I also studied algebras called almost commuta-
tive algebras or e-commutative algebras. This
algebra is a generalization of superalgebras
and graded-commutative algebras introduced
by Scheunert(1979). Hence, a geometric mean-
ing of an almost commutative algebra is consid-
ered by corresponding the algebra of functions
on a manifold to this algebra, the same way as
supermanifolds or Z-graded manifolds. I stud-
ied the counterparts in this kind of manifolds, of

Q-structures, that is, structures of differential
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graded algebra on functions, and the character-

istic classes of Q-manifolds.
B. F&KiwxX
1. S. Harako : “On characteristic classes of
Q-manifolds”, HERFE LFHC (2020).
2. S. Harako :

group of the commutative case of Kontse-

“The second homology

vich’s symplectic derivation Lie algebra”,
preprint, arXiv:2006.06064 (2020).

C. MEA¥EE
1. The symplectic derivation Lie algebra

of the free commutative algebra, Intel-

ligence of Low-dimensional Topology, &

VT4V, 202045 H

. On a computation of the symplectic
derivation Lie algebra, YV —~ Y THIZH
W B AR 2E, A 51 ) 2020 4E 8
H

. The commutative case of the symplectic
derivation Lie algebra, 8 & RpME¥H1Z B
T BB, A 510>, 2021 3 H

. The symplectic derivation Lie algebra
and its homology, Poisson {1 & % D J&
A, Ao 4,2021 412 A

. Computation of the symplectic deriva-
tion Lie algebra via classical representa-
tion theory, The 17th East Asian Con-
ference on Geometric Topology, & >~ Z 1
v, 2022 %1 A

. Computational results for the symplectic
derivation Lie algebras, HANZ 2 2022
RS BEKRY, 2022 4£ 3 H
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#LE K& (INOUE Daisuke)
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KB A R R g 2 BUEGH R T VT X
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Wb 0N, BHOHHIRE 2 A b EERNMET S
XOBE IS mEmEMEE . AHEIINT 53
A MBI E £ DHEM % Nash fidNEgk I 5 &
SIIBEIE G T —LThHE, EH 60/
BbH. 2MOBE %Gk 5 Fokker-Planck A
e L OR#EZLTTE % ik 9 5 Hamilton-
Jacobi-Bellman HFEAD# R e U TEHTE
%, —H. Tho O HRER % B 2 il
FIREIZ IS 2Bz, SER 2 2H 5,

1. ity Ak, SRR A O
Rob L IEN LI NG, AREOEN
IZDOWT DORIEZ ETNITEMI L 2 WIGE D
H5,

. RO AR B, BEAS
D AN DR DMEGE & 10T B BUE
FHRIEDHENL X N TV,

INSIT U, WEEEIZLLT OW5e % £ U 72,

L. modimE 2 WG 7 L) L0
F(FRML 1), FGT — L% AN 7=l
7N T) XLOHRE [MHFEHX 1]

2. Hamilton-Jacobi-Bellman 73 & &2 %t 3
% DFESIEDPCRGEH [T 2]

RO 1. TlE. BUEEHREO MR ISR SR
DR % BUNGERIT 2 & WO REZ AWV T WL
LM, BURZ iz EhTcwawy, Znzis
NIRRT 2 0M 2. TH B, 5. 2. DIIsE2E
MEsD, Fd % R R S — 2T B EiE
RO 2 RGES 5 Z L A HETH 5,

I aim to establish numerical algorithms for
large-scale control problems. I am particularly
interested in the optimal transport problem, in
which the distribution of a population is moved
to minimize its cost, and the mean-field game,
in which a population with a cost function for
the distribution is moved to achieve a Nash
equilibrium. Both problems is arranged as a
coupled system of the Fokker-Planck equation,
which describes the movement of the distribu-
tion, and the Hamilton-Jacobi-Bellman equa-
tion, which describes the optimal action of the

population. On the other hand, there are two
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issues when applying these PDEs to actual con-

trol problems.

1. Since the above PDEs are justified under
the limit of an infinite number of popula-
tions, they may not adequately approxi-
mate the problem with finite number of
populations.

. Numerical methods for the above PDEs
that are easy to implement and have con-
vergence guarantees have not yet been
established.

To address these issues, the following researches

were conducted last year.

1. Proposal of a control algorithm using
optimal transport [paper 1], Proposal
of a control algorithm using mean-field
games [oral presentation 1]

differ-

ence method for the Hamilton-Jacobi-

. Proof of convergence of the

Bellman equation [oral presentation 2]

In 1., the solution of the numerical method is
assumed to approximate the exact solution of
the PDE. However, this assumption is currently
not satisfied. This problem is partially solved
in 2. T will continue the research on 2. and
aim to guarantee the convergence of the numer-
ical method for optimal transport problems and

mean-field games.
B. FKif
1. D. Inoue, Y. Ito, and H. Yoshida, “Op-

timal Transport-based Coverage Control
for Swarm Robot Systems: Generaliza-
tion of the Voronoi Tessellation-based
Method”, TEEE Control Systems Let-
ters, 2021, Vol. 5, Issue 4.

C. HEEFEL
1. D. Inoue, Y. Ito, T. Kashiwabara, N.
Saito, and H. Yoshida, “Model Pre-
dictive Mean Field Games for Control-
ling Multi-Agent Systems”, IEEE Inter-

national Conference on Systems, Man,



and Cybernetics 2021 (SMC 2021), Mel-
bourne, Australia, 2021.

LR R, Gk R, S E R, MR S
A, 75 H—, Hamilton-Jacobi-Bellman
FHRERNITTd 5 R LS EOIREER, H
A FEE A2 2021 EEAES, 2021.

WEH A (UEDA Kento)
(FMSP 22— 24:)
A TRZEREEE
FADFEN GUXIERER 7 5 7 V& H) (fBm) THE
B 5 MERE M i (SODE)

dys = p(ye)dt + o (y;)d By

DRI L, ZORENFE KDL LT
H5,

SODE RN 2 VW TEBI N L HD HE
KXThbh., ZoGE, BEBEIVELF VT —
NTHD Bm IZL->THEINS DI, EFE
DRSO TIER LS, Y TN d
27 7Tk TEESINSG,

ZZT, WEEMERLSHBIZLIZN->T, Kl t =
k271281 % fBm OY ¥ TV S ADME % AT
BTHD, ZOXKKLNIHBIT BHE L RO
il & BIRIIZFHR A e iR mfE Th > T, f
BRAOEOM y, ITIURT 20 o™ % MR
FHRRROBUEREE NS,

ZoeE. M, 5 00 B M, VT
My(ye — ™) 222 3y ez %, 20 M,
BB 9 OIGRR L W Y S
Wi,

Wk, BRI A 2RO T, WL DD DR E
2 UL H > 1/3 QEEIZDBRRAEDHPHS
NTW7z, —D—DOHEMIEITIXPIR L W
H OHPARBTIAAET 505, RS TWD &
O JENEAERTE D RN U T EE 46 DR %
BT 2 HIEE B LM THRAT LI LN TE
Teo 7B I OBUEMEB RO PR & PR I3 BE
HOFERTH 5,

SO LR TR, & 0 IUHGEEE 0 3\ FUE R
FEoEFR L, TOXEHLAEINDHED
Wk & EY b U7z, BUEREIRE L BE SN EIH
DINHEZFHELTB O, ZODRINTHIXEAES
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A DFIHEILTERT B,
FEIHDFHHEITIIETMIE 2 L, RO
AL 2R BRERIC & o THESREFE D §9IPUR % %] &
EDE—AYPFHEICREESE, TOE—AV b
Tz <~V T NUIRETIZ &Ko TIT S, —HRIRIE
AU TSR & B2 2 /HIRIC & - THRN R
REITWV, Sewing lemma 72 % HWT/NAZ L
D A % & TRl 2 Z A TE B,

Pt
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My research interest is to find the error distri-
bution for the numerical solution of stochastic
ordinary differential equations (SODESs) driven

by fractional Brownian motion (fBm).

dy; = p(ye)dt 4 o (y;)d By

The SODE is an integral equation defined using
stochastic integrals, in this case by rough inte-
grals against sample paths of fBm, rather than
the usual Ito integral construction, because the
stochastic integrals are driven by fBm, which is
non-martingale.

Then, It can be generated the value at time
t = k27" of the sample path of fBm accord-
ing to the joint probability distribution. The
stochastic process that can be calculated se-
quentially from the values at each time and
the initial values of the equation, and if Q,En)
converges to the exact solution y;, then @t(") is
called the numerical solution of SODE.

~(n)

In addition, when M, (y. — 4. Y. us-
n—oo

ing M,, with M,, —— oo, this M,, is called

n—oo

) -y

the rate of convergence of the numerical solu-
tion 5", and Y is called the error distribution.
Previous studies has shown that, the error dis-
tribution was known for some numerical solu-
tions only for H > 1/3, except for special cases.
Although there is always a range of H that does
not converge for each numerical solution, I dis-
covered in my master’s thesis a method to jus-
tify the convergence of the error distribution
for a more general series of numerical solutions
than previously known. In addition, the con-

vergence and convergence rate of this numerical

solution itself are known results.



In addition, I discovered a candidate of the nu-
merical solution with a faster convergence rate
and justified the convergence of the term as-
sumed to be the principal term. Currently, I
am calculating the convergence of terms ex-
pected as remainder terms, and if this approach
is suceeded, the calculation of the error distri-
bution will be accomplished.

For the computation of the principal terms, we
follow the previous studies and use the classi-
cal theory of stochastic processes to attribute
the weak convergence of stochastic processes to
the moment evaluation at each time, and the
moment evaluation is performed by the Malli-
avin analysis. On the other hand, the reminder
term is explicitly indicated and evaluated by

pathwise evaluation using the Sewing lemma.

C. MgaFER
L. 25 7153 FiRE R D BUE A
MR FEIF—- A I4 ) E—H
£1:2020/9/8

2. 1 IRIC T 7 e R FikE R DAL DR
Yyt
WRwtEFLIF— AV II ) E— |
Z1:2021/8/25

3. :Numerical solution and error distribu-

tion of 1-dimentional SDE driven by fBm
RN & 2O ) E— MBSV E—
~Z&1:2021/11/5

Ik /8% (ETO Tokuhiro)

A. TFZEEEE

RN Nl E 2 DZWE T 2 il o8 % 5did
TEHETINELT, IEIEREML FREADNE
FINTWS., TOHTHKFIZ Mullins-Sekerka
MEEZHELTWS. ZNEAT 77 VEED
KRl chh, REick->TRTsNZ 2 DD
72 58 O W RE L S IR AL BT
o5, S L TOREREIZFHEOhER £ 721
SEEMRIZE DGR 5N, EREOHAED Y ¥
YTIZE VBT ERLTVWS. AFETIR
Mullins-Sekerka [FIRENEUEEHTIIZ T 70— F
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U7z, B ORI TIRITIHE S &, dhikE 72
(R T ANE S B2 T AR AR HERR L T B
—J5, R TIRZ S LRIz <720, Kz
2 YRGS B A AR I & 0 AR ERE R 2
DDMHEBIZA T SNTVWBRNEZE X7, LML
AR T 22 0, B IRGE XA R
CEENZ A v ¥ 2 &3 ET 2 BUEEH R T E LS
LWz, Ay Y a b ARBUiEIEAEE LT
RABRIEZRA U, X 5 0ES 5l 2z v
KOPDHRIZEVEATTIHELL, TNZIFH
FERZEBINT Ty Ial—vaviEiTho
7z, T OF RIS E-KIE T K2 & 5 Hele-Shaw
MEANDOT Tu—F HikLFAKTH I, 777
A SRR DOIBIIE R DR T e S5 ne 2
ADELS>TVWE. TOEGENERR>T W5
HH AR X0 T R AE DRI Y, [ A ¥ — L THERK
INDLMFFBELALIZBWT ED & 5123l X
B DT D WTHREE L, R iR #E 2 O 5
728 D53 U & I AR B S 5+ S % ok
D7z, BB, Wil AAEIR OB EICHIRE
TH < BAihfR % W T Mullins-Sekerka 355U R
HOBEY I 2 —ya vz B0 AR,

Various partial differential equations have been
considered so far to describe a motion of an
interface that separates a domain in RV into
two phases. Among such equations, we are
studying the Mullins-Sekerka problem. The
Mullins-Sekerka problem is a variant of the Ste-
fan problem. Therein, the change of tempera-
ture of two different materials promptly finishes
and the temperature on the interface is given
by its mean curvature. The interface evolves
in time at the speed being equal to the jump
of the normal derivative of the temperature of
the materials across it. In this study, we ap-
proach to the problem in terms of a numer-
ical method. While existing results excluded
the case where curves and interfaces touch the
boundary, we consider the situation where R?
is separated into a bounded domain and an un-
bounded one by a simply closed curve. How-
ever, typical numerical methods like the finite

difference method or finite element method are



not applicable because of the unboundedness
of the underlying domain. Therefore, we adopt
the charge simulation method as a mesh-less
numerical method. The evolving curve is ap-
proximated by a sequence of polygons. Though
we follow the scheme proposed by Sakakibara
and Yazaki whose aim is to solve the Hele-
Shaw problem, we have to solve additionally
the Laplace equation in the unbounded domain.
We investigate how the changing ratio of either
the length of the curve or the area surrounded
by the curve and derive a sufficient condition on
the number of collocation points and the time
step to ensure the curve shortening property
still valid even when the curve is discretized by
a polygon. Finally, we attempt to modify the
scheme to be able to treat the case where the
end points of the curve are bounded onto the

boundary of the underlying domain.

B. F&KEm X
1. T. Eto : “On a discrete scheme for the
Mullins-Sekerka flow and its fine prop-
2202.13261.

erties”, arXiv:

(2022)

preprint,

C. ¥aFEHE
1. On a Discrete Scheme for the Mullins-
Sekerka Equation and Its Fine Prop-
SIAM Conference on Analy-

sis of Partial Differential Equations

erties,

(PD22), Poster session, happening virtu-
ally, March, 2022.

&Il 3% (OIKAWA Mizuki)
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MOEY 25120 EORBEESND Z W5
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Z DRI EERMETH D, HkoflL
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UT, A IV EBEROLE I LU T a-fE
XN B REFLDOFED S EEOMAELE AN
BohdZ Mo NTWD,

A4 7NV I ER R 5 5 b e KRBl L
WHRBDO—fbEzEZ oG, K%L, Bl
2020 FFIZHBKIZ L D a-iBERNKRE DG G
Wbz Z 2 2%, BOWRE»PSEY 2
T AEHBEMERL LS5 2 TERATH 5.
-FEIZEDEY 2T - AEHBDOMKDOEE
ATy TIZhA I IVILIEIGH GO REHE O
Frobenius RBCSROMER D H 5, AW TIX
Z DM R RN RBIBICHER U 72, X 512, KRB
BoLE L FRZ. Z ORAHET >V VBRI
LEDTHBEILERLUZ,

It is known that when a chiral conformal field
theory satisfies a condition, rationality, we can
obtain modular invariant functions i.e. func-
tions on the moduli space of elliptic curves by
combining the characters of its representations.
In general for a chiral conformal field theory
combinations of the characters of its modules
are not unique and classifications and construc-
tions are important problems. As an example
of constructions, it is known that we can obtain
combinations of characters by certain induction
of representations called a-induction.

When a chiral conformal field theory admits
a group action we can consider twisted rep-
resentations, which give a generalization of
the notion of representations. This work is
an attempt to obtain modular invariant func-
tions from twisted representations, based on
the recent work by Nojima which generalizes
a-induction in the twisted case.

An important step in the construction of mod-
ular invariant functions by a-induction is the
construction of certain Frobenius algebra ob-
jects in the representation category of a chi-
ral conformal field theory. In this work I gen-
eralized this construction in the twisted case.
Moreover, I showed that this construction is
purely tensor-categorical as in the ordinary

case.



B. &K
1. M. Oikawa : “Frobenius algebras associ-
ated with the a-induction for twisted
representations of conformal nets”; in

preparation.

C. HEaFEE
1.

Mathematics of 2-dimensional chiral con-
formal field theory, 2019 4 & BIX R 1T
Jim, —HEHROHEA, 2019 £ 9 H.

. An introduction to modular forms and
moonshine phenomena, 2020 B8 A b
BRIV T4V, v T4 VB CRILX
), 2020 £ 9 H.

. An introduction to modular functions,
conformal field theories, and moonshine
phenomena, Math seminar, % > J 1 >
e (BRALZERRSERT), 2021 42 7 H.

. An invitation to algebraic quantum field
theory, BIBURMTAZE 2T 2 =7 2021, &
v 74 vhfE (EHRTRESEFHMER),
2021 4£ 9 H.

. Modular invariant functions and confor-
mal field theories, fEFRE & ¥R, fu
MR, 2021 4 12 H.

. Induction for twisted representations of

conformal nets and tensor categories, 25
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Wang Gefei (£ &3F)

A. HERE

FEEL g OB A YV SAEERE D IRZ E A T
FBEAFER Y —IZDWTHIZEL 72, BIEMKA
Y UESEERO 1R, 2R, 3IRIFRERY—%
BECEHERERZH U7, BUES R EDakER
V—%FHELTWS, BEEHEEEIZDWT ST
LTW3,

I studied the unstable rational cohomology of
the hyperelliptic spin mapping class groups of
genus g. I have computed the first, second and

third cohomology of the hyperelliptic spin map-
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ping class groups. Now I’'m .computing the p-th

cohomoogy for p > 4. T also studied the hyper-

plane arrangement.

B. FEFEw X

1. Xjaomeng Li and Gefei Wang: “A

moment-angel manifold whose cohomol-
ogy has torsion, Homology Homotopy
Appl. 21(2) (2019) 199-212.

. Gefei
and spin structures, preprint (2021)
arXiv:2111.10528

Wang :  “Artin braid groups

C. HeEFEE
1. A moment-angle manifold whose coho-
mology is not torsion free {54 £
e, BMRE, HiE, 2017 4E8 A
. The cohomology operation on moment-
angle complexes REFAEWI R <, FEHK
Z, hE, 2018 11 A

XIA Xiaokun (2/ME)
(FMSP a— 2 %)
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Givetal-Teleman FERIZ & 5 &, BEBEEIZRD
ko izREI N9, Dubrovin #Hir SHEI L
M EAE T, BEXOKAV O & 7 EBOREE,
INsDRIEKIE, FRET - Uy TFURE
BORBABICTHRL £9, . BB RL 7
WO 1 2k, JEHAREO Y AT
LEWESTHILTT, RTBRT Iy VDS
R, FERR. THRUEH RO — N 22 i
DETENVINVDBEDORLTRBLIZ, TV
ZOLVOKEE X, KRR 7 O R= Y AR L
T—bT 2 DNMEHTT, KR Z bz
T 5 EAMEAFEREIE. KAV B E O TH /6 3%
REUZHAA L £, U7zht-> T, THAERHERK
WEEET R MVIZHIBRT 5 Z ik, EH IR GE
AEET 2 LCEREARE 2R LET, L
Mo T, EEMMMEE 7 0 R= 226G 5 K8
R MVESETLZI ALV ET, =
A=V R, KPR Z Mzt d 2 TE s /e BN
BAMHLU CHEETIHRENHL L FHINET



XTIV RNDETFHRT V¥ ¥ ITHT 5 IEHM
T AR RO TORRSE. FRilREGaIT
RTCORHFDBEONY £3, Fk2GAICMHHL
FEE. —BNRGEIT b d s eATE
EJcR

According to the Givental-Teleman reconstruc-
tion, the generating function is expressed in
terms of a differential operator, constructed
from Dubrovin connection, and a product of
tau-functions of the KdV hierarchy. These tau-
functions come from the generating function of
Gromov-Witten invariants for the point. One
of the problems in general that we would like
to solve is to construct a system of Hirota bi-
linear equations for the total descendent poten-
tial. In fact, there is a general construction of
vertex operators suggested by Givental in his
paper. Givental’s construction is straightfor-
ward to generalize for any semi-simple Frobe-
nius manifold.The vertex operators correspond-
ing to reflection vectors are the ones that con-
jugate to the vertex operators for the KdV hi-
erarchy. Therefore we expect that the vertex
operators corresponding to the reflection vec-
tors would play a key role in constructing Hi-
rota quadratic equations. Hence, it comes our
interest in classifying reflection vectors corre-
sponding to semi-simple Frobenius manifolds.
We expect that vertex operators corresponding
to reflection vector should be used to construct
integrable hierarchies in the form of Hirota bi-
linear equations for the total descendent poten-
tial of Givental. We find all the reflection in a
special case. The technic we used in special

case can be generalize to the general case.

b R (KITAMURA Kan)
(%1 DC1)
(FMSP 1 —2%)
A. T
AR YN MO =X ) REEIZE T B
D S OFFBERELZ AT 5 imprimitivity

EHE, BLEE A 5RO SUIR CIEBTE A D 5
DIFARBRADIEAOFEE 2B THMEINT
W5, fEHFZERIZDOWTOFEEEMIZ, Meyer—
Nest 1Z & 5 Baum—Connes FEDOEEALIZE
WTHEARBENLREEZRZLTWS, 20L& %R
LEOFRT, Bay 327 NETHOFEERED
Baum-Connes D & FHEALIA O S H % Tk
L LUT, Vaes ZRfra vy Ns hEFHIZOWT
O EFEED SO CBRADIEHAOFLOH
MEDOL DB,

ZORATa YA METRICHT 2FEEHO
Vaes 12 & 2%, B2 % B84 5720

WCEBER B DI > T W5, 2T LT, CHg
ANDJEFTA YR N ETREOMEHOZFEZ & HlRIZ
DWT, B EOIEEZ BT 2 REHER & FREUHIBR
DM e & U BIRDSERNL S B Z & Do
Too THUTE D KWVRILT TIIEREMEH DR
ZXOPNIWEFRa VA7 VEFRIZOWVWTDHR
BERIZREAETE 5, FEERIXZ OBIRMER D LD
IITEM 2 MBI D728, ZHTx L v
KOMRDEVWNRAEH A, NG AEE2E0S

SORMTZDERMERATZINDEZ L ERLTZ,

E7z. FATa 87 b &R o ¥R B ASEHE
NETHEZE5 A2 LIRS 2VWEED CHEREAD
FEERIZDOWTEEE L -, ERBDEAMD
M-I R0V OTHBEEME LR3
HONFERTE, X 51T imprimitivity & B O %
LR BT R 72 M 0 238 & R o [ o B 4% %
FELd LT3, FEEMIOVTORL DA
WY REMETTIOHAIIEAZIND Z L &R
L7,

In the context of unitary representations of lo-
cally compact groups, induced representations
from a closed subgroup can be characterized
by imprimitivity theorem, which can be un-
derstood through induced actions in the con-
text of operator algebra. Induced actions on
operator algebras play an important role in
the reformulation the Baum—Connes conjec-
ture by Meyer—Nest. Motivated by the induc-
tion procedure for unitary representations of
locally compact quantum groups and the ana-

logue of the Baum—Connes conjecture for quan-



tum groups, Vaes constructed induced actions
on C*-algebras of a locally compact quantum
group and its closed quantum subgroup.

In order to deal with the technical difficulties,
this construction of induced actions by Vaes
needs complicated procedures. Motivated by
this situation, we show a relation between in-
duced actions and restrictions of actions, which
is similar to the commutativity of extensions of
scalars and restrictions for modules over rings.
Therefore we can reduce the induction proce-
dure to that of smaller locally compact quan-
tum groups in a nice situation. This statement
requires some technical assumption, but we give
several alternative conditions and show they
are satisfied in various situations, including the
classical case.

We also considered induced actions on C*-
algebras along a homomorphism of locally com-
pact quantum groups that need not give a
closed quantum subgroup. It turned out that
induced actions can be constructed whenever
the homomorphism satisfies the analogue of
properness, and that expected properties of in-
duced actions still hold in this case, such as
the analogue of imprimitivity and the rela-
tion between induced actions and restrictions

as above.
B. 5w
1. K. Kitamura : “Induced coactions along a

homomorphism of locally compact quan-

tum groups”, to appear in J. Funct.

Anal.
C. MEaFEH«

1. KK e 2 228N &z >0, i
Bfpiritses, 8T = R KAE, 2019
9 H.

2. BostaASConnes type systems for func-
tion fields, BAEMREITIFSER, A>T 1 ¥,
2020 £ 9 H.

3. On induction along a homomorphism of

compact quantum groups, B K KA
FroA4 VERZEREIF—, AT A Y,
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2021 1 H.

. Induced coactions along a homomor-
phism of locally compact quantum
groups, V¢ Eim/EAEZEMNEES, B
i, 2021 11 A.

5. Induced actions of quantum groups on
C*-algebras, B A& I F —, EH,
2022 F 2 H.
G. ZH
1. BORRIERI MR (2020 425).

£ #E (KINJO Tasuki)
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A. BFFEREEE
SHERIEFITATO DI 20 %217 - 7=

(i) RoGETEHE % W 7 ARE AR O K.
(ii) Higgs ROEY 274 %Efe aRERY —
#J Donaldson-Thomas .

() CBELT, EEHEDOMXTRRLUZ, W
J& & B THEN © 2 ESR A F — A O AR B AR S
PR TE 2 &S PREZENENDEEIZEE
BIL, @itk ZhidaseEny—#0
Donaldson—Thomas /%5 & D YRt & 76 & B & M
MEEERIZN T S Thom R & AL TAA
T-HEHUORMEEIT OB TH S, AP
Fourier-Sato Z#t % W CRER LY 1 7 )L
RN EER EOREEE KT 5 Z & Tirb
v, WA E R & A BRI (X721
LR RBEEA) ORICEVERLEDH 5 Z & 2R
THEDTHL. IHICZOMKE T EZ
&C, WIRIGH T BV U LRI EEEE DA I
FTAREENERTEL WS FRENITHE. £72
Mo—ffte LT, Zokko K B2 E{L %
R U, Arinkin-Gaitsgory @ singular support
OHEZmE OEFREFERLZ. Zhos0—R{bEHH
UiiizEedonTnd.

(i) (2B L T, & Johns Hopkins K% D HH
kA G & DILFIRFSE TH S 27 S ARE R B oD
Higgs HROEY 274 ARy 7 DRMNEERD L
N, HDWOPREY 271 M EOEKD



RS TRl I NE Z 2L 2. L b —f&iz
SHRCARBUNAR LOREAR 2 THB LSRRI b
VHROEBZEME LTRINE =R FEY VL
BRIR (RArdhi) OEEREDOEY 251 A XY o
R U CRBEOERZIH L. =R Hh LY
7 Z kKD 3 K€ 1 Y —1 Donaldson-Thomas
HIERDOFREDO KR E LRE R —RIZHEANE LT
DHBHPHSNTRNI L THY, BHKEDZ
DOFERIZFArdiiR® 2 5 € 0 ¥ —1 Donaldson—
Thomas MEFIC K ERERZ D 5T RS
NnNa. O XS REHD—D2& LT Edinburgh
RFO/NHERK & OILFMFET, FHKIZKS
Gopakumar—Vafa A2 8D y-FEKFENEFEZ —
D EFrHEAR CRERA U 72, & Siz8 Akl C
ED Oc ®we ODEZEME LTHRINDS ZIRGTH
TEY T LRI U TR OFE R 2 EH 9
% Z & T, Hausel-Thaddeus (Z & 2 A r T
FA T8 x THD &5 7% Higegs RKDEY 2
TAEBOAREDY =0 (r & x HWIZHET
BBGE) ITHREFEL RV WD FROKIGE %
HEZ7 o6l ZoFliEr & x BEWVIZET
RWGEIIREE O IRER Y =P RN IKER
V=TI L RN Z EDBE ST WA, BPS
AREOVY - WO FHRIAFERY —%2EAT
ZZrTr e NEWICETR WA £ THE
EL7Z.

This year, I have studied the following two sub-

jects:

(i) New construction of the virtual funda-
mental classes based on the dimensional
reduction theorem.

(ii) Higgs bundles

Donaldson—Thomas theory.

and cohomological

On the subject (i), I have proved a conjecture
proposed by myself last year on a new con-
struction of the virtual fundamental classes of
quasi-smooth derived schemes using perverse
sheaves under the quasi-projectivity assump-
tion. This can be regarded as a analog of the
construction of the euler class via the Thom iso-
morphism where we replace the ordinary coho-

mology by the vanishing cycle cohomology and
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the Thom isomorphism by the dimensional re-
duction theorem for cohomological Donaldson—
Thomas invariants. This was done by relat-
ing cycles on the obstruction cone and per-
verse sheaves on the dual obstruction cone us-
ing the Fourier-Sato transform. The proof
suggests that there is a deep connection be-
tween microlocal geometry and enumerative ge-
ometry (or derived algebraic geometry). Fur-
ther, by generalizing the above construction,
we proposed a new conjectural construction of
the counting invariant of coherent sheaves on
Calabi—Yau fourfolds. As another generaliza-
tion, we proposed a K-theoretic categorification
of the above construction, and discussed a con-
nection between Arinkin—Gaitsgory’s theory on
singular support. These generalizations are dis-
cussed in the same preprint.

On the subject (ii), we first proved with Naruki
Masuda (Johns Hopkins University) that the
dual obstruction cone of the moduli stack of
Higgs bundles is described as the critical lo-
cus of a regular function on a certain smooth
moduli space. More generally, we proved a
similar results for the moduli stack of coher-
ent sheaves on a local curve, i.e., a Calabi—
Yau threefold written as the total space of a
rank two vector bundle on a smooth projective
curve. As the main obstruction of the devel-
opment of cohomological Donaldson—Thomas
theory is the absence of the global critical lo-
cus description of the moduli stack of coher-
ent sheaves, so our result is expected to have a
great impact on the development of cohomolog-
ical Donaldson—Thomas theory. One of such an
application is established in a joint work with
Naoki Koseki (The University of Edinburgh):
we have proved Toda’s x-independence conjec-
ture of Gopakumar—Vafa invariants for arbi-
trary local curves. Further, by applying the
main result of the joint work with Naruki Ma-
suda for the total space of Oc@we for a smooth
projective curve C, we gave a new proof of the

Hausel-Thaddeus’s conjecture stating that the



cohomology of the moduli space of Higgs bun-
dles with rank r and euler characteristic x does
not depend of the choice of x as long as r and x
are coprime. Though this conjecture is known
to be false if 7 and x are not coprime even if we
replace the cohomology with the intersection
cohomology, by introducing a new cohomology
called the BPS cohomology for these moduli
spaces, we generalized the above conjecture for

the non-coprime cases.
B. &K
1. Tasuki

in cohomological DonaldsondAASThomas

Kinjo. Dimensional reduction
theory. Compositio Mathematica 158.1
(2022): 123-167.

. Tasuki Virtual classes via

cycles.
arXiv:2109.06468 (2021).

. Tasuki Kinjo and Naruki Masuda. Global
critical chart for local Calabi-Yau three-
folds. arXiv preprint arXiv:2112.10052
(2021).

. Tasuki Kinjo and Naoki Koseki. Co-

homological x-independence for Higgs

Kinjo.

vanishing arXiv  preprint

bundles and Gopakumar-Vafa invariants.
arXiv preprint arXiv:2112.10053 (2021).

C. MEaFEHE
1. Dimensional reduction for (—1)-shifted
cotangent stacks, AG seminar (online),
Regensburg university. 2020 4 7 H

23 H.

. Dimensional reduction in cohomological
Donaldson-Thomas theory, GTM semi-
nar (online), Kavli IPMU. 2021 4 2 A
25 H.

. Dimensional reduction in cohomological
Donaldson—Thomas theory, Bk AL
#f¥ I F—, Zoom. 2021 4 4 H 28 H.

. Virtual classes via vanishing cycles, As-
pects of Mirror Symmetry 2021. Zoom.
2021 4£ 8 A 20 H.

. Virtual classes via vanishing cycles,

KIAS geometry seminar (online), Korea
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Institute For Advanced Study. 2021 4
10 H 14 H.
6. Virtual classes via vanishing cycles, Al-
gebraic Geometry Seminar (online), Ox-
ford university. 2021 4 11 A 19 H.
Cohomological Donaldson-Thomas the-
ory and Higgs bundles, Geometry semi-
nar (online), Kansas university. 2022 4
2 34 H.
. Cohomological Donaldson-Thomas the-
ory and Higgs bundles, HFH At I F—,
JUMKR. 2022 4 2 A 10 H.

E. &+ - Ftimx

(f& 13w X) Dimensional reduction in cohomo-

logical Donaldson—Thomas theory

G. %

R KB R A R R R E, 2021 4F 3
H

Sl T&# (SHIMADA Ryosuke)
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A THFIHEEE
k#zqgMomxhr»slsike L, Gz nRAfHNR
Bl TH. ot N 2XEMNa YA be L
bec Gk(t) &35, (77714 vIIAT=
TYDHE®D) T 7 74 Deligne-Lusztig £ FRK
X\ (b) & B8y Deligne-Lusztig Z#&IKD I — 7
BEZK T 2HEBTH D, BE X00b) (k) X7 77
1V TARZT VD kRO RBATRSEAT
HY, Ko THHIES 1~ RAF— LD %%
k<. BT X\(b) 1% k ERATE R A F —
LTHBZENEHILONT WS,
W G=GL3 &L, Dbl basic THdD&T
5. ZOr &, 7771 Deligne-Lusztig %
RO KT 2 2 THREL 2. FHZ2TORERIRK
43 H3E BN Deligne-Lusztig Z k4K & G IRRT T
T4 VEREOBTHD LG22 TRE
L7=.
SRR, B U7z & 5 7% X\ (b) O Bl e ST
EIZDOWT G = GL,, DA ICHN, —E DR
B2 THIEAIEE LD D G AHEERT S



FRNDERDBHLDTHS.

Let k be a field with ¢ elements, and let G be a
split connected reductive group over k. Fur-
ther, let A be a dominant coweight, and let
b € GR((1))).

riety Xx(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.

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.

In this year, we study the simple geometric
structure as above of X,(b) in the case G =
GL,.

general case.

This result will be a motivation for the

B. FFKiwX
R. Shimada, Geometric structure of affine
Deligne-Lusztig varieties for GLs, 2021,

arXiv:2102.09169.

C. HEaFEE

Geometric structure of affine Deligne-Lusztig
varieties for GL3, fREFam F 7 A, HEK
2, AvI142,2021 45 H 26 H

Geometric structure of affine Deligne-Lusztig
varieties for GL3, 25 2 O [6] /5 Bl & B HGm &%
2 AVI14Y,2021 46 H13 H

Geometric structure of affine Deligne-Lusztig
varieties, 55 1 8 EEFHEH FIRER, AV 5
13,2022 3 H3H

GL3 @7 7 7 4 > Deligne-Lusztig £ Rkik D %
RIS, HARRY 2 2022 FEFS — S, 4
vI4 v, 20213 H31H
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A. THFTHEE

WINGS-FMSP a— 24 & LT I+ &8 4
B 1) 2EELE, oa—X4& e HizHH
WesEam & R IFANDISHZHE L 7=, FITHE
B ¢ random matrix DG S WK E2 1T -
Tzo fIPHEIWD D% RO T, SRS E PR
LTWwW3,

FIRHZ, & LIRS U 72 von Neumann BRIZH
15 HEREER & FUDSIR TEROBERZ & 5258
%7212, C*/W*-tensor category (27 % M
DIITRZ g1 T T e

This year I have been involved in the course,
Frontiers of Mathematical Sciences and Society
III, and started to study free probability theory
and its applications to econophysics. We have
studied some basic theories from the perspec-
tive of operator algebras and have been consid-
ering the part related to random matrix theory.
We are expecting to find something interesting
and to do some collaborative research together.
I also studied further studied the theory of ul-
trapower algebras and central sequence subal-
gebras. In order to have a better understanding
on this topic, I am now studying the theory of

C*/W*-tensor categories.

C. MEEFEE

1. Classification of Regular Subalgebras of
the Hyperfinite II; Factor, 2019 BH#f#

Mrifse s, =HIRMEH = A A KA, 2019
F9H.

. Vanishing 2-cohomology of Free Cocycle
Actions of Amenable Groups, 2020 %X
RIS 2, A 51 >, 2020 £ 9 H.



=% Bish (TAKANO Akihiro)

A. T

FHAKERE B, OFREIRBID SFEOH DAL & % Ff
BT B8, ZhFEFTWLD2ETbNTE L.
#il 21X, Burau £IHi% Alexander ZIHR %203
Lo TwWad. ¥F72 RIFFAIVEZ N
X, B2 Jones ZIHAZE T2 Z L HHS
NTW3B. X 5IZ, 4 Conway IZ &> ThUh
Burau B4 L XN 25 £ DA X h, Thdh
U Alexander A2 B2 %2672 2RI N
7z 2K UFAIE, Long-Moody #iR% & BEIX
%, MAKEE B, £ T2 n OAMEF, £ 0¥
EFORED S B, OXRBZWKS 5 HIEDITS]
KRP Fox WHTEHEIFEZ L E2RLEZ, T 51T,
MAMEEE Lz &, FEMORIENDH 254,
i EiE, MAafoaoR Ui Alexander R
2857 Long-Moody #IZ & > TRl TE % 2
EERUT.

There have been a number of studies of con-
structing knot invariants from linear represen-
tations of the braid group B,. For example,
the Burau representation is known to recover
the Alexander polynomial. Given an R ma-
trix, it is also known to recover, for example,
the Jones polynomial. Recently, Conway intro-
duced what is called the twisted Burau map,
which was shown to recover the twisted Alexan-
der invariant. On the other hand, I showed that
a matrix presentation of a method called the
Long-Moody construction, which constructs a
representation of the braid group B, from a
representation of the semidirect product of B,
and the free group F,, of rank n, can be writ-
ten by using the Fox derivative. Furthermore,
when a braid is fixed, we showed that if the rep-
resentation of the semidirect product satisfies a
certain condition, then the twisted Alexander

invariant of the closure of the fixed braid can

be described by the Long-Moody construction.
B. KX
1. Akihiro Takano: “The Long-Moody con-

struction and twisted Alexander invari-
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ants”, arXiv:2111.12303.
. Akihiro Takano: “Studies

Tong-Yang-Ma representation —Twisted

on the

Alexander invariants and extensions of
the representation—", HIE KFE L X
(2021).

. Arthur Soulié and Akihiro Takano: “Ex-
tensions of Tong-Yang-Ma representa-
tion”, arXiv:2012.03767.

C. ML

1. The Long-Moody
twisted Alexander invariants, &5 18 []4%
FREH FRES ~ PR E~, b
g8 K (zoom), 2022 4 3 H

. The
twisted Alexander invariants, The 17th

construction and

Long-Moody construction and
East Asian Conference on Geometric
Topology, Korea Institute for Advanced
Study (zoom), #[E 2022 4 1 H.

. The
twisted Alexander invariants, & O'H @
HE IV, BREHKY, 2021 4 12 A.

. The

twisted Alexander

Long-Moody construction and

Long-Moody construction and

invariants, Friday
Seminar on Knot Theory, KB iz k%
(zoom), HA, 2021 4 12 H.

. The
twisted Alexander invariants, B b5 0
H+t 34— 2021, BKEHK¥ (zoom), 2021
10 H.

. The Long-Moody
twisted Alexander invariants, B %Z ¥
REMNFRY - IF—, HELTKRZ
(zoom), 2021 4 10 H.

. Local matrix representations of braid
groups, Y — ¥ VT B 9 B AL AH B ]
¥, B KY (zoom), 2021 4 8 H.

. Extension of Tong-Yang-Ma representa-

tion, The 16th East Asian Conference on

Long-Moody construction and

construction and

Geometric Topology, B K (zoom), H
A, 2021 41 H.
. Extension of Tong-Yang-Ma representa-

tion, #E O H O KM 111, HE L+ K%



(zoom), 2020 4 12 H.

Extensions of Tong-Yang-Ma representa-
tion, RELFRFE IR Y -k 3IF— K
HL TR (zoom), 2020 4 10 H.

10.

A £ XEF (TSUBOUCHI Shuntaro)
(%% DC2)
A. W 7EmE
WEAEREIZ Bl EftE, 1-9 75 AEHEB L O p-5
TIAERFE (2L, 1<p<oo &T3) %
GO E R A BRI R R O fE D IE
BIMEIZDWTHIR LTz, p-F 75 AERE L IR
7Y 1-7 77 A{EHFZTIE, FICIERECEL
T, IR AEEER LS bhroTWwawn., Z0
RREIAR A IE, 2 2D X< HSNAEHFEIZ
5. 0r2IF 1-5 75 AEHEREE D5 7
(7 7%y b)) 2BWTIEaRCE LR %
BT5ZTHY, £50L27 7€y hDst
fHiThoTH 1-7 77 AMEHBV AT AMICE
WTHEBERDPBIELTWE Z 2 TH B, iz,
772y bOE THERDIE— R RAEME &
Y, ZDOIZEMROMTDIERIMZ RS TR
L5, Fhowtgcix, TEAMEIZELT, p-
575 AEM#EIX 1-5 77 AERZ BB
DN LWSRIZH LT, HARNTIED S0E
ENRREE %2 5 2 7. BARIIZIEZPARO@E Y T
H5.

1. RN TH DL VWHIIED T T, BOMS
PEFGETHDZ L ERLUE. ZhiE, BoO
Wy oM 2 5 X R DRERTH 5.
FERR I iR & i KB D W T B
D, MERIRELRWGE L RS Y%
MTHh5.

CIEDRE 2T, SO E T AT RE
HEREDLZEWbhrorz, R, REGH
fEE e Lk y REHliic D WT, e
MWRIELTWRWE 2B TDOANLEZ—IE
HIMEOBAIEY bR 52 5 Z L2l L

7z, GBS Z iV E ORI, B O
D B BT B dea ik I B U T

Mé,ﬁwﬁkﬁﬂmﬁ&ﬁ®%®ﬁﬁﬁ
DFEATHRICRE S HEEZZITT WS, K
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ZEE R 2 D H DI, Bogelein 5 D HHLD
MEIZMFEEINTZEDTH 5.

RO ES52 7z K, 1-9 75
AMEAFEE, EA NI 3OV F — PR
DEE5 & UTHN S RRIMIEHZIZET

— AT B Z IR L. ZDo—&1kiz
PRV, =i kXN 1-5 75 AREARIC

HNUTHBEET I LLAF—L0%, 7Y —
R e OWAL Iz DWW IZ5 2 7.

A 1 [ F6 R B A~ DS B D JEAR & il T
5. FRZHEMEI T O 2 BB AR RIZ B W T
LG I, Moo E 5225 2 2R AT
Wb, £z, ThoOEHEORERE, BT
MUVETH 5 & 5 356 (HREAR) ~ERYT 5
ZIZOWTEERhTHS.

I studied regularity on solutions to singular
elliptic partial differential equations involving
one-Laplacian and p-Laplacian, where 1 <
p < oo, with an external force term. 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 two well-known
facts. The first is that the one-Laplacian has
strong diffusivity over a facet, which consists

The sec-

ond is that even outside the facet, diffusivity

of degenerate points of functions.

of the one-Laplacian degenerates in the direc-
tion of the gradient. In particular, the equation
becomes non-uniformly elliptic near the facet,
which is an obstacle when one tries showing
“When it

comes to regularity, does the p-Laplace opera-

regularity of gradients of solutions.

tor overcome the one-Laplace operator?” I gave
the following results, which are partially affir-

mative answers to this question.

1. Under the assumption that a solution is
convex, I proved that its derivative is al-
ways continuous. This is the first re-

sult which establishes the continuity of

derivatives of solutions. The proof is

based on convex analysis and a strong



maximum principle, and rather elemen-
tary compared to the case a solution is
not assumed to be convex.

. I have found it possible to prove con-
tinuous differentiability of a weak solu-
tion without the convexity assumption.
In particular, by freezing coefficient ar-
guments and level-set estimates, I have
succeeded in establishing a mathemati-
cal justification of Hoélder regularity of
a gradient. This regularity result is in-
spired by previous researches on regular-
ity of weak solutions to a very degener-
ate elliptic equation, which appears in a
problem of optimal transport for a con-
gested traffic dynamics. My result itself
is inspired by a recent work by Bogelein
et al.

. Generalization of the equation is dis-
cussed. In particular, I have succeeded
in generalizing the one-Laplace opera-
tor to a very singular operator that ap-
pears in the variation of a positively one-
homogeneous convex energy functional.
Along with this generalization, I have
given a new approximation scheme that
is based on the Friedrich mollifier and
works for the generalized one-Laplace-

type operator.

I am now discussing the generalization of these
regularity results in the elliptic and scalar set-
ting to the parabolic or system case.

B. F&FKGFm X

1. S. Tsubouchi and Y. Giga : “Continuity
of derivatives of a convex solution to
a perturbed one-Laplace equation by p-
Laplacian”, to appear in Arch. Ration.
Mech. Anal.

. 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.
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C. HEaFEE

1. Some regularity results on gradients;

p-Laplacian versus one-Laplacian,
Monday’ s Nonstandard Seminar 31,
MIMUW
May 2021.

. Regularity on solutions of equations in-

(Warsaw)/zoom  (on-line),

volving one-Laplacian and p-Laplacian
with an external force term, WINGS-
FMSP BeEfdifsR, WAaikZ /zoom (A
VoA V), 2021 4 3 H.

. Regularity on solutions of equations in-
volving one-Laplacian and p-Laplacian
with an external force term, 2§ 22 [A]dt
HBUERI R SR AR —2y v ay, K
LK Jzoom (4> T4 VBAE), 2021 4 2
H.

K
i3

R 2 A UK SR A S R
REE, 202143 H.

5B 22 P RBUAMRIT IR R R A X —X v
YavEFRAX—HE, 2021 F2H.

IEAR #ABF (HIMEKI Yutaro)

A. TR

MEND KON ZRBLT 5 1 IRt Saint-
Venant AREAPHISNTWE. FAXZ D HER
(DN T BT & 72 \ZBUEMRNT D 54T & 0 B
FLUTWD, SERIILIND 2 HEIZD W TR
U7z,

(1) AHMAXE LW EMEEZ 5 X 72O
Saint-Venant /51243 5 fil D@ 11 (well-
posedness) (2 DWTEEH L 7=

(2) WM AEARTHW 5N 5 Riemann
REEDPHFENT Y+ v E— Godunov IEIZDW
THEHUT=.

A one-dimensional Saint-Venant equation that
expresses the flow of water in a river channel
is known. We are studying this equation by
a method of functional analysis or numerical

analysis. This year, we have organized the fol-



lowing two items.

(1) T organized the well-posedness of the solu-
tion to the Saint-Venant equation given the ini-
tial function on the bounded closed interval.
(2) T organized the Riemann invariants, mathe-
matical entropy, and Godunov method used in

the symmetric hyperbolic equation system.
B. F&&Kif
1. Y.Himeki and Y.Ishii : “M, is regular-

closed. 7, Ergodic Theory Dynam. Sys-
tems. 40 (2020) 213-220.

=Z 1Z (MIYAZAWA Jin)

(%4 DC1)

(FMSP 3 —2%)
A. TR
AKEEDRFREIRELL DT TSE2H5. (1) €
Va g EEOME TR, (2) KR
7% involution & 7 L7 K-#ig TH5. Zh ik
MEIZBRLTWS.
ET (1) IZ2VWTHHET . ZNIEEFOE L
XDFFRDHKEE TH D, BRI TIEFNEMREK
® Pin~ (2)-monopole DE ¥ 2 T 1 D[ = {}
I ArREME % T 57201, 8k + 3 IRITLEHRIAD
Pin . izt U CEH X N5 mod2 O R
fbEB % R U7z, EBROGERH % fiing 4k 9 % i#fE T,
BOMELIRBL LR —RbTE L IZRD
Wiz, ERERIE, n RS HE LIzEEI NS
Gt(n,sT,sT) MG VWS> b D&, ZTDHEEIZf
WL TERINDG KO 5 —(pt) ITflik & 3
Bz gL, TORAEHEEZRLAEDBDTH
%. 8k + 3 It L HkikD Ping #EE X GH (8K +
3,0,2) HETH 5. n IRILLBRIRD Spin #EiE& I
Gt (n,0,0) EEDFR AR GETH D, KO (pt)
DIFEIL Z DA Spin cobordism invariant T
» % Atiyah-Singer-Milnor invariant (2 —# 3§
%. ¥7z, Freed-Hopkins DEFHK L7z H,(s) i
iZ Gt (n,0.5) il (DR E) THD.
RIZ (2) ITDOWTHEBS 5. 3,4 IRouZkRikD
involution ¢ T& - T, fixed point set »% codi-
mension 2 DM ERIEKTHE LDz LD, X5
12, 0 1 Spin #EEIZHFEL T -1 512k d £ 51

SE A
gk
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HbERoTWEETE. Z0eE, AV /LD
TULEREE % $ 5\ TR 2 involution T ¢ @
b EIFchddb0 (I £953) »00nsd. (i,1)
Z W T, involution @& % Seiberg-Witten
MEMERTES., Zhix UQ) fEHE TR
WO T, BEOREHERE LR S, ZOHREIX
I #fi 2% KA non-smoothable 7 Z/2 x Z/2 ff
Hamtd2LEI26bW0WDTHD. Nk
KIXBAZ A D & 212 10/8 BMAFERZ R U 7=.
T D EEHITZ DB E LRI D — AL T
Hoh, BHIOFTHE LS DI BB 2 ENRE
AMRESN. Kz, 83 oRofioH KizxL,
K THIkd 2 " EHDEBEZ LD, TOWEE
HUZ TS 5 2 & U RE A O K72 involution
B L CHx ORMEEHT 2 &, KEOCHIZBET
LZARERBNTES. ZOMUHICETZAEE
K(K) #WT, SOCHDFIITH-> T, HER
4-genus & (A7 4-genus D 2 DIFEELT B 4%
stabilizing-number O & 27 H O & HNZR S
DD EDFERT B4l % iR T E 7.

I study two topics in this year: (1)The ori-
entability of moduli spaces and index the-
ory. (2)An anti-linear involution and Floer K-
theory.

First, T will explain (1). This is a continua-
tion of my master’s thesis of last year. In my
master’s thesis, in order to discuss the orienta-
tion of the moduli space of Pin™(2)-monopole,
which is introduced by Nobuhiro Nakamura, I
studied a localization theorem of a mod 2 index
defined on Pin_e|r structure of 8k +3-dimensional
manifolds.

In the process of simplify the theorem, we no-
ticed that both the structure and the mod 2 in-
dex can be generalized considerably. The main
result is that a localization theorem of an index
that takes values in KO* ~* ~"(pt) defined
on a Gt (n,s™,s™) structure on n-dimensional
closed manifold. The Pini structure on a
8k 4 3-dimensional manifold coincides with the
G+ (8k + 3,0,2) structure. The Spin structure

of an n-dimensional manifold is a special case of

the GT(n,0,0) structure and the index which



takes values in KO~ "(pt) coincides with the
Atiyah-Singer-Milnor invariant. The indices of
H,(s) structures defined by Freed—Hopkins are
special cases of the GT(n, 0.s) structure.
Next, we explain (2). Take an involution ¢ of a
3 or 4-dimensional manifold whose fixed point
sets are a submanifold of codimension 2. We
further assume that ¢ is lifted by the Spin struc-
ture so that its square is —1. In this case, we
can take an anti-linear involution which is a lift
of ¢, say I, using the quaternion structure of the
Spinor bundle. Using (¢, ), we can construct a
Seiberg-Witten theory with an anti-linear invo-
lution. This is different from the usual equivari-
ant theory because I is not commutative with
the U(1) action. This setting was used by Yuya
Kato to detect the non-smoothable Z/2 x Z/2-
action. Kato showed a 10/8-type inequality for
closed manifolds with involution. Our main
theorem was its generalization to a manifold
with boundary and with involutions and we ob-
tained much richer applications than we had
expected. In particular, if we take a double-
branched cover of S? which branches at a knot
K in S3, and apply our situation using the invo-
lution as the covering transformation, we have
an invariant of knots. Using this knot invari-
ant k(K), we construct an examples of a se-
quence of knots that the difference between the
smooth 4-genus and the topological 4-genus di-
verges. We also have an examples of a sequence
of knots such that the difference between the
smooth and topological stabilizing-numbers di-
verges.
B. FFEwX
1. J. Miyazawa

KO*(pt)-valued

entability of the Pin™ (2)-monopole mod-

uli space”, arXiv:2109.10579v2.
. H. Konno, J.

Taniguchi : “Involutions, knots, and
Floer K-theory”, arXiv:2110.09258v2.

“Localization of a

index and the ori-

Miyazawa and M.
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C. HEaFEE

1. Seiberg-Witten equation and Topology,
BB AL IS — B3 M, HHEBKE,
2020 42 H.

A EAHT A ATRELR 3 IRICERIRAD A v
c EEDHETR & mod 2 848K, By — Y
MitIF—, ArTAr, 2021 £ 2 H.

. Localization of a KO*(pt)-valued index
and the orientability of the Pin™(2)-
monopole moduli space, 4 ¥RJt b K1
V=, ArIar, 2021 £ 11 AH.

. Involutions, knots, and Floer K-theory I,
NYRVEIF— F¥I41Y, 2021 4
11 H.

. Involutions, knots, and Floer K-theory
I, iy —YEREIF—, A VI 1 Y,
2021 £ 11 H.

. Localization of a KO*(pt)-valued index
and the orientability of the Pin™(2)-
monopole moduli space, H#H At 3
F—, JUMKE, 2022 4 2 A,

7. Localization of a KO*(pt)-valued index
and the orientability of the Pin™(2)-
monopole moduli space, ## FAAE W
A VT, 202243 H.

MAO Tianle (£ X&)
A, WFoEEEE
2021 B LEREOMEZ I TVWES, 3 A

P56 HET, RXEIZREOZEWIZET 55
HEHGAE Uz, UL, ZNIEROMZIZIEDH
EVEBMLERTATLUR, ZO®K SHEEHEOR
BROZESFMNOEMEEZEZ RO E L, Th
1%, Arend Bayer ¥ Emanuele Macri D7 1 5 7
L =bDTY,

BIRINIZ, X % Tot(Op2(—3)) BLV m: X —
P2 cRTELET L i: PP X ¥ukrva
Y, Cohg #¥m kI varyTHhHR—-—bIN3b
Coh(X) ¥ 7AhF5TV L., Dy % D'(X) D
Y7 HTFTVELETOIRER Y —DHIRE
Ni-HERTHY, ZTOIAREBTY—DOFRIFTA
T Cohg 1ZH D £9, Arend Bayer & Emanuele



Macri (X, BAFEHF ¥ 2 N— & AR F ¥
N—DEEFUZ BT 5 L EREED a4 74 3 % Fé it
LET, TOR. 513 F 28 MFMEM & RE
OB OREREZERL £,

FOFETIE, X 2% Tot(Qp2) DA DRI % i
FLTVET, %%Eﬁwﬁﬁiﬁbibkﬁ
FORELREICERL Uz, 722 2K, 5
Roga, PO H DEMiMEZ RO T, BoL
EREEEZELULSHIHT S Z N TEET, 7272
L. REROGE, 047V 7 NFREO A
TV bTRBRLBRD ET, FADT RNA H—
k. ZZTHHAO Ty TEBET S LS IR
REL, ZNIERDOHERICELOPE LN ER A,

In 2021, I continue my research about stability
condition. From March to June, I mainly read
the article about stability contiditions in fami-
lies. However, it didn’t contribute much to my
research. After that, I started to consider the
space of stability conditions on the cotangent
bundle of a projective plane. This is a general-
ization of Arend Bayer and Emanuele Macri’s
idea.

Explicitly, let X denote by Tot(Opz(—3)) and
m: X — P2 the projection and i: P? < X the
zero-section. Let Cohg be the subcategory of
Coh(X
be the subcategory of D?(X) of complexes with

) supported on the zero-section and Dy

bounded cohomology, such that all of its co-
homology sheaves are in Cohg. Arend Bayer
and Emanuele Macri gives a complete descrip-
tion of stability condition in geometric cham-
ber and on the boundary of geometric cham-
ber. Meanwhile, they also consider the connec-
tion between geometric condition and algebraic
one.

My research is consider the situation if X is
Tot(2p2).

made, greater difficulties have been encoun-

Although some progress has been

tered. For example, in canonical bundle case,
we can find spherical autoequivalence to give a
beautiful description of stability condition on
the wall. But in cotangent bundle case, the

original object is no longer a spherical object.
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My advisor suggests me to consiter Mukai’s flop

here and it maybe helpful to my research.

LI Kimihiko (Z AE)

(FMSP 22— 2 4:)
A. 7
HODW T > TWABDIREIIL T AT 4 v 27 Ak
ERY—IZDOVWTOMETH D, T4k 2019 4F
1285 W T Bhatt-Scholze 12 & D RIBX /=& T
HY, EONELE LTV EEERBMFEDS S, p
HERBEERIZ DWW T DM TH 5, H8lp TH BN
WL EOarERD Y —HHo—o2 LTZ Y
AR vAKRERY=0H 5, RESHRADEE
ELFBEOPTRVES (DF0 X0 EVVEEZ
FoGE) X7V ARY VI KRERY—IZDNT
TG & L RIVIEE 2 B X D BB D B,
pHEIRET Y —IZDOWTIE, “MAHZER” & LT
YA MRHY, ZOETIZ Y AZVEIEENSH
MM E 2R OO IZOVWTEHAEI NS Z
D%\, Berthelot X&)oY A& v
PARELALO (DEDEHD) 2 AR v
14 N EDZ Y ZZNVOEDFEAEE WS, Frobenius
descent X FEIENBHEREZR L, TD—FH, 7
VAT Ay 7 ARERY —IIkkc pEa ks
ERYV-HMER T ILEVIAATEZ LN
FrLwvwastEn Y —HizTH Y, Bhatt-Scholze
WEHY TV AvFaoyrakERY LR - T—
LaFERY—, BEHOI Y AXY A KER
VL QIBEMMPGEHS Nz, BHIZ, piEa
RERY—HRIZOVWTORAEEZITI> 22X
nfFond ¢7 VAR yakEnY— kO ¢-
ReS—AakEny—mbb, ¢ 5—L#
HEHNWCT TV AT+ v 7 ARERY —%5HH
TEB5ZeMbrotz, £72, 7V ARY 2
FRERY =k q=10ER/NEFETI ) AR Y
IREOYV—REXLILITHYL, g=1 D
BV AR vakeERnY—%2ETTHEILEN
MR 5D, ZHd Bhatt-Scholze 12 & DR
nTnwa,
HAOIMELIRXIZBWTE L NVD TV X< T 1
v IBEP GEZ VAR VYA NEFICHEE
L, Frobenius descent DAL E L X)L DY 1
MZDOWTHKOIMEDZ EZRLUZ, £77, LR



V(m—1)Dg2IVARY) T A L m
DTVAIT A4y 7P ORI Y AXIVOHE
A D EDZ L &R L, BT, ¢=10%
BELRLVmD g7V AR) YA e L_)bm
DIZYARY YA NOREIIZZ Y AZRIVDEFE
AR DZ %R RUZ, SEBIIBEVTIRE
T, TV XLICEET ZREB NS N B RED
FHZ DO WTHAN RS EIFAFEET 2 2 L 2R
U, LN OEBDIEHD & g IZ2 5 &
SBIEELT o7z, IRIZ, SHEORERIZE VTHE
& 72 2% p i Hodge iR, ¢-HkiDMGR, p#
IRED Y -GBS &/ BIREE IZ DWW T
AT, 77, Gros-Le Stum-Quirds 3% L 7=
q-%43 % F\~"C, Bhatt-Scholze @ AiEIZH/E > T
Lbm D g-K - 53— #EEEBELEZ, 5%
DOHEX LT, LR m®Dg-K - 5—LEED
LX)V m D g7V ARY VIAKERY — %52
LEKCEAMTHZ I 2RT, BKIIZIE,
BL AV T XTF 4y 7841 MBI
REDOBROMEZITV, B E p EMD HRER
COREM R EEFZ R, TVAIT 1y 7O
op T ARS S, ISk W EROEM
#ipH &L B Z e 2 HIET,

My research is mainly focused on prismatic co-
homology. This was defined by Bhatt-Scholze
in 2019 and it specializes to the p-adic coho-
mology theory, which is the theory of the arith-
metic geometry I major in. Crystalline coho-
mology is one of the cohomology theories on
algebraic varieties of characteristic p. We can
think of the log structure and the higher level
structure on crystalline cohomology when the
variety is not proper or smooth (so that the
usual cohomology theory does not work). The
p-adic cohomology is usually computed by a
crystal on a site (corresponding to a sheaf of
modules, which has a good property, on a ‘topo-
logical space’). Berthelot proved the equiva-
lence between the category of crystals on the
higher level crystalline site and that on the
level 0 crystalline site (which coincides with
the usual crystalline site), which is called the

Frobenius descent. On the other hand, pris-
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matic cohomology is the new cohomology the-
ory that generalizes the p-adic cohomology the-
ories. Bhatt and Scholze showed the compari-
son theorems between the prismatic cohomol-
ogy and the de Rham cohomology, the inte-
gral crystalline cohomology and the other p-
adic cohomologies. Moreover, we can get the
g-crystalline cohomology and the g-de Rham
cohomology by the g-deformation of the cor-
responding cohomologies. It was shown that
prismatic cohomology can be computed by the
g-de Rham complex. Since we can consider
g-crystalline cohomology as the crystalline co-
homology on the infinitesimal neighborhood of
q = 1, we can expect that this recover the crys-
talline cohomology when ¢ = 1, which holds by
the proof of Bhatt and Scholze.

In my master’s thesis, I constructed the pris-
matic and g-crystalline sites of higher level, and
proved the analogues of the Frobenius descent
on these sites. I also showed the equivalence
between the category of crystals on the level
(m — 1) g-crystalline site and that on the level
m prismatic site. Moreover, I proved the equiv-
alence between the category of crystals on the
level m g-crystalline site and that on the level m
crystalline site when ¢ = 1. In this year, I first
proved that there is a lifting of the specific map
related to the prisms, and rewritten the corre-
sponding proofs in the master’s thesis. Next, I
learned more about the integral p-adic Hodge
theory, the g-connections, and the log structure
defined in the p-adic cohomology theory for fu-
ture use. Moreover, following the construction
of Bhatt-Scholze, I constructed the level m g-de
Rham complex by using the g¢-derivations in-
troduced by Gros-Le Stum-Quirés. I will prove
the quasi-isomorphism between the level m ¢-
crystalline cohomology and the level m g¢-de
Rham complex. Ultimately, I will construct the
log structure on the higher level prismatic site,
and obtain the theory of the coefficients on this
site. I will also consider the relationship be-

tween the coefficients and the p-adic differen-



tial equations, and establish the relation to the

p-adic analysis.
B. F&&KifX

1. K. Li : “Prismatic and g¢-crystalline sites
of higher level”, arXiv:2102.08151.

C. M¥fFEF«

1. Prismatic and g-crystalline sites of higher
level, 2 20 [RJA Bl BEGR RS, KSR
F2021 7T H.

2. Prismatic and g-crystalline sites of higher
level, fREUEERGR & Z DD 2021, 4B
KRBTSR, 2021 48 12 7.

E. &+ - i
1. (f&+) % A (LI Kimihiko): &L ~)L 7
VARTF A v I BE0 ¢2VARY v
1 k.

B2 thX (WATANABE Yuta)

A. TR

BRLERE LD ER AN Y PRI T 5 EAEME
CHBERIZDOWTHIE L TW D, okl
I—bEFRICA T SHHFEFEERRCASNT
B0, ZHNHWTHEEBEERDE D LD, Bl
2> TREIL I — FEFEISTT 2R IE
EMED—DDREHED L2-FHli 2 W2 HTHEAX
N7, LTI DEHKEMHWT, Demailly-Nadel
HWEHDOEM AR SMVHANDHLRTH 5 R
TV I — bEFEITH T 5 PRI O RE AR X
Nz,

Haolk, =D (p,q)- TNz U T R/EME
ALY OIE (A) EVEICBI S B 2 AT,
ZUT. p+qg>n iR (p,q) x93
A, > 0 O L2 & 2 R8T 21572, 2
nZ& D, WohRGED L2-FHiZ &£ % dual
B EAEVE DR BT U AVEIBE UL L2-354i 2 W
TR T )L I — P EBICRT S dual EFEIEME
MDOEHEE G,

XIZ, Demailly-Nadel HIEE R D & 5 1T 81
T T IVE%AD T X A 7D Bogomolov-Sommese
HREHZ L 72, Z0id (n, q)-BRICKT 2
Demailly-Nadel {HIREHD (p, n)-FHANDILIR
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Thd, TLUT, ZOHEBEHDOFEHELGFLN
R T )L I — FEHRIZNT S dual FEFEIEE
YD EZ % H\W T, Bogomolov-Sommese JHJ&E
BOEAARY PIVRAD—ALTH V| dual hE
HREHORETL I — MIEANO—HILTED
LIHME B 21572, WRIZ, (n,q)- BN THHE
UTWRRIL I — MEFREICH T 2R/ 77
)V % A8 7= Griffiths HIER % (p,n)-FBXNE
THHR L 72,

I study the positivity and vanishing theo-
rems for holomorphic vector bundles on com-
plex manifolds. For smooth Hermitian met-
rics, Nakano positivity is well known, and the
Nakano vanishing theorem can be obtained us-
ing it. Recently, one definition of Nakano semi-
positivity for singular Hermitian metrics has
been introduced by using L?-estimates. Then,
using this definition, it was proved that the
Nakano type vanishing theorem for singular
Hermitian metrics, i.e. an extension of the
Demailly-Nadel vanishing theorem to holomor-
phic vector bundles.

I studied a property of the semi-positivity (neg-
ativity) of the curvature operator A%f for
(p, q)-forms. Then, I obtained a characteriza-
tion of ARY > 0 by L2-estimates for (p, q)-
forms with p+¢ > n. From this, I found a char-
acterization of dual Nakano semi-positivity by
L2-estimates in the smooth case and obtained
a definition of dual Nakano semi-positivity for
singular Hermitian metrics using L?-estimates.
Next, I proved the Bogomolov-Sommese type
vanishing theorem which involves a multiplier
ideal sheaf as in the Demailly-Nadel vanishing
theorem. This is an extension of the Demailly-
Nadel vanishing theorem for (n,q)-forms to
(p,n)-forms. Then, by using the proof method
of the vanishing theorem and the resulting def-
inition of dual Nakano semi-positivity for sin-
gular Hermitian metrics, I obtained a vanishing
theorem which is a generalization of the dual
Nakano vanishing theorem to singular Hermi-

tian metrics and of the Bogomolov-Sommese



vanishing theorem to holomorphic vector bun-
dles. Finally, I extended the Griffiths vanishing
theorem for singular Hermitian metric involv-
ing a multiplier ideal sheaf, which was known
up to (n, q)-forms, to (p,n)-forms.
B. FEFEw
1. Y. Watanabe, Cohomology on neighbor-
hoods of non-pluriharmonic loci in pseu-
doconvexr Kdhler manifolds, Kyushu J.
Math. 74 (2021), no. 2, 323-349.
. Y. Watanabe,

holomorphic wvector bundles and L?-

Curvature operator of

condition  for
arXiv:2109. 12554.
. Y. Watanabe,

type wvanishing theorem for holomor-

estimate (p, q)-forms,

Bogomolov-Sommese

phic  wvector bundles equipped with

positive
arXiv:2202.06603.

singular Hermitian metrics,

C. OEEFEH
1. Cohomology on neighborhoods of non-
pluriharmonic loci in pseudoconvex Kéh-
ler manifolds, 2§ 55 RIE#GwY ~— & I

T—, AV 71 B, 2021 4£ 9 H.

. Cohomology on neighborhoods of non-
pluriharmonic loci in pseudoconvex Kéh-
ler manifolds, 2021 4£ & % 2B EBGRL &
IF—, AT UHRE, 2021 F 12 .

BT — 7 — 2 RRMRIZ BT B L EFIRR
HHEDEE EDIFED Y —, AAFS
R EDRI2, 2022 423 H.

PEREZ VALDES Victor

A. fFZEIEEE

G oXRE (IILV) Lokt G OREL (7, W)
MR SNERE, (|, V) 25 (1, W) ~®
G WMEEH 2RI ERNIERSR (Symmetry
Breaking Operator) &5 5. Z OXFRMEREN
TERREMKT 2 2 L2 &> T, REIOHIRII|
(JEWEKRTOR A ORE) 2R RHTE S
ZenfEE NG,
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Z DX FRER N DIEFH 3 %2 B2 3 ETHE A,
MAEHZTH T 250 (Mo ERNIER
%) OMIEP R ER R T -, BRIIZIE, Lie
B GOG PENENEHRIEK X DY IZFEH
U, X,)Y ORZ MVER VW 526Nz
5. T DG OWGT W FRER A E RIS W22 [
DD G MELEWAERZEZ D C°(X,V) —
C®(Y,W) izxisd 5. £k X = G/P D
Y = G'/P' DEEFRIET, XZ FIVE VW A
TNENHI LR P, P OARIRTRIUCF
T BRI NIVEROEEIZ, Z OMSNFRERN
VEFZE % K3 5 Fi (The F-method) %% 2013
FITNRBITFREIC L > TR S N7z,
ZDOFEEHNT, MRS & Pevaner 4D,
BERMROBEIZ 6 RAOXNIEN (G,G7) 5L
TR NIERZEZ E R IR L, 28
U7z, X512 2016 4FiZ, /IMRSeAE, A4 e
Pevzner 412 & - T, EREIZB I 2 EAD
DM N NAE RPN TR I I N,
Z DSt TRIEXWEEE F-method 2 FH\WT, Xf
(G, @) = (SO(4,1),50(3,1)) ILHF B~ |
AR DR N FRMERNER R 2 /R L, DL
7=, BRIz, SB EDS V2 3 OARZ MILVK
V3 5 §% & §? EDEHMK L, — S ITHLT
UTFDOMATEHZENGFHET 272D NTA—X—
(A, v,m) € C? x Z 1259 2 BE+ZME2PE
L, e o ZfEk L, AL,

DY, : €% ($3,V3) — € (S%, Ly

AT Z OFRERZ DL, B[22 20k % B AR
U, /NR-AR-Pevzner DFER & I 55 % HEZR
U7z, BARMIZ, m=0,+1 OBEEIZ, m&iE—
H¥sZemmLE 2Ok, ZOREO—HL
EZZ, GEHOMEIRIEHIT 5 72,

512, G=G"=50(3,1) OEE DM
WNEHZS R - 2L, ZhozH0T,
& OWMHEME DY, KT 5 LW TE .
Thbb, RO &S 7% “factorization identities”

BAEAET 5 2 L B L 72,
C™ (S3,V5) — C™ (8%, Lum)
I v T

C™ (S3 V%) — C> (S*, Lo mr)

Given representations (II, V') of a Lie group G
and (m, W) of a Lie subgroup G’ C G, we say



that a linear G'-homomorphism from (11| ,,, V')
to (m,W) is a Symmetry Breaking Oper-
ator. Constructing these symmetry breaking
operators may help us to understand better the

behaviour of the restricted representation IT

@
(abstract branching law problems).

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
operators (Differential Symmetry Break-
ing Operators). More concretely, suppose
that the Lie groups G D G’ act respectively
on two manifolds X D Y, and let V and
W be two equivariant vector bundles over X
and Y respectively. In this setting, the dif-
ferential symmetry breaking operators corre-
spond to the G’-equivariant differential oper-
ators between the spaces of smooth sections
D : C®(X,V) — C=(Y,W).
folds X = G/P DY = G'/P' are flag va-

rieties, and the vector bundles V and W are

If the mani-

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") = (S0(4,1),50(3,1)) during the past
academic year. More concretely, for a rank 3
vector bundle V3 — S3 over the 3-sphere and
a line bundle £, ,,, — S2 over the 2-sphere, I

found necessary and sufficient conditions on the
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parameters (\,v,m) € C2 x Z for the existence
of the differential symmetry breaking operators

below, constructing and classifying all of them.
DY, : O (S, V) — C™ (S, Lum)

This academic year I studied and analyzed a
little bit more this result, understanding the ge-
ometric implications. I proved that it coincides
with the results of Kobayashi-Kubo—Pevzner in
the cases m = 0,41 and I simplified the proof
in order to make easier a possible generaliza-
tion of the result in the future. Furthermore,
I also constructed and classified all differen-
tial symmetry breaking operators in the case
G =G’ = S0(3,1) and T used them to obtain
the original operators DY’,. In other words,
I proved the existence of some “factorization

identities”of the type:
O (8%, 03) — € (9%, Lum)
I v T
C™ (S, V%) — C™ (S%, Lo ')
B. FKif X
1. E. Martin-Peinador and V. Pérez Valdés,
“A class of topological groups which
do not admit normal compatible locally
quasi-convex topologies”, Rev. R. Acad.
Cienc. Exactas Fis. Nat. Ser. A Math.
RACSAM, Vol. 112, no. 3, (2018) pp.
867-876.

. V. Pérez Valdés, “Normality and Duality
on Topological Groups”, F{HBK 74 FLAR
Wit serassEdk 2139, RIMS H:FAF5E (A
FAEL), RIGRE ZOREASETOER (5%
RF&E  KEFBHEE) (2019), pp. 100-
112.

. V. Pérez Valdés, “Construction of vector-
valued Differential Symmetry Breaking
Operators for the group SO(4,1)” (¥
SO(4,1) 1IZX3 2R MVIED M5 5 FR
PR NAEFZDOREEIZ DWW T), BlEKRF KR
FHBELRL VS RHE L5 S (2021).

. V. Pérez Valdés, “Construction of vector-
valued differential symmetry breaking
operators for the group SO(4,1)”, &K¥{



A IR YT L 2021 EERETEEE pp. 123
136.

C. HEaFEE

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 L [Fff5E (AFAR) [FB
& DA EOBENRE ] (AR
REFE) | SR R AT i 52T,
20194E 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”7, B K% EFHE
Bt 3 F—o7 2, 2019 4 8 H.

4. “Introduction to the F-method due to
T. Kobayashi and M. Pevzner”, Work-
shop on “Actions of Reductive Groups
and Global Analysis 2020”, &> 71 >,
2020 4 8 A.

5. “About the dimension of the conformal
transformation group by S. Kobayashi”,
Workshop on “Actions of Reductive
Groups and Global Analysis 2021”7, 7 >
4, 2021 F 8 A.

6. “Construction of vector-valued differen-
tial symmetry breaking operators for the
group SO(4,1)”, RHEwm> v K Y 7 A
2021 4 (HEE N ALRRIASGE, Gk
fRSEE), AT, 2021 FE 11 A,
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ELEEZ4E (Master’s Course Student)

74 FX (OKAMOTO Yukihiro)
(FMSP =1 — 2 /)
A. T
VTV T 4w I SBRRK BTSN I AR A
EHEZ 505, Riemann D 5 DEMBIZE
$ % Cauchy-Riemann ARANERING, Z
D FJERRIE A 53 5 2 2\ D fifE 13 358 1F ] i & 1o 1
N, IV I T 1w 2 RMOMMETIAL bt
TW5, EREDOWIATREZRRIA Q 1T L T, R
HT*Q NOEIEAHIARIE Q WDV —TXED
ZEM D AT Y — & BIREWBIRE RO Z LAY
5NTW3,
Q 2 Riemann ftE2%2 52, K % Q DD %k
hEd5, —Miz, BEYLEME2HZTOEMS
BRIK M & % D Legendre E843 £ BkIK A DOHIC
HUT, M OYYy TV 7T 4y 7{LNOEIEH]
Hi#R % A\ T Legendre il E R ¥ — M EHS
Na, EBHIFI M UTQ DHMRBER, A&
LT K ORARERK (unit conormal bundle)
% B> 72354 @ Legendre Bl €0 Y — 124 L
T, V—TREDOZERO MRy — & OBERIZE
HUTH3EL 7=,
AAE & 1L Cieliebak, Ekholm, Latschev, Ng
(2016) Ik B, Q = R® 7D K »¥UOHDE
B DIATIGE & DHLIR Z i A Tz, M S 1338 D ZE[H]
DhFREY— BZA MY VI MRBE Y — DR
ME AN VT RERY—] LIEIFERY —
HEEHL, 20 0 OFEsTE . Z[H (AN)] #
B Legendre #fillm £ ¥ — DRI 0 DERD A3 —
HTBZLERLTVWS, 72720, ARNY VIR
ERY-—DERDED, HamTMRBUZRE SN
7=\ 7z,
FHIEGRBEEDTEREL, LD RHPHDONS
WCARMNY VI RERY-DE#REG A, TOHKHE
ZELWMXICELDE, TOEHRITQ=R" &
ZDAUNT MR ERMR K A 5 R FREL
® Legendre #fi s E0 Y — 2 £ BB WTH
BNZ7225 Z & & RBL CRE U7z, FBIOZEH O
RBUIRN> TWAH, EEESTETHARW,
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Given a compatible almost complex structure
on a symplectic manifold, the Cauchy-Riemann
equation of maps from Riemann surfaces is de-
fined. The solutions of this nonlinear partial
differential equation are called pseudoholomor-
phic curves and widely used in the study of
symplectic geometry. For an arbitrary differen-
tiable manifold @), it is known that pseudoholo-
morphic curves in its cotangent bundle 7% @ has
interesting relation to the topology of loops and
paths space of Q.

Let us fix a Riemannian metric on @ and let
K be a submanifold of Q.

pair of a contact manifold M and its Legendrian

In general, for a

submanifold A satisfying proper conditions, its
Legendrian contact homology is defined by us-
ing pseudoholomorphic curves in the symplec-
tization of M. The author studies the Legen-
drian contact homology in the case where M
is the unit cotangent bundle of Q) and A is the
unit conormal bundle of K, with focusing on
the relation to the topology of loops and paths
space.

This year, the author tried to develop the previ-
ous results by Cieliebak, Ekholm, Latschev and
Ng (2016) in the case where @ = R? and K is
a knot. They introduced what they call “string
homology” from the perspective of topology
of paths space, especially string topology, and
proved that its degree 0 part coincides with the
degree 0 part of the Legendrain contact homol-
ogy. Note that their arguments, including the
definition of the string homology, are restricted
on low degree parts.

The author find a definition of the string homol-
ogy for broader class of (Q, K), including higher
degree parts, and summarized this result in the
master thesis. This definition is determined so
that it is isomorphic to the Legendrian contact
homology with coefficient in R associated with

@ = R™ and its compact submanifold K. The



author has a prospect to the proof of isomor-
phism, but has not written down it yet.
B. &5

1. Y. Okamoto :

interpretation of the Legendrian contact

“Towards a topological

homology of unit conormal bundles”, &
SR LS (2022).

BMA #F (OKUDA Takako)

A. TR

G % F L HM Lie H#, 0 2 G ® Cartan X £,
g=kPp % ODWHIZHNTSE GDLietig D
Cartan L 95. K % G ORI/ MR
NHTOHOK = K %550 r 35L& %, Riemann
WM G/K LT, p— G/K, X = XK
BHMDFEHEEHRTDH 5.
ZITESIZH %G OHEARET 0H = H 7%
BEOrTaEE, G/K ICHLTEDHBOKD
& EEAH SN TNV S.

EE 1 ([Kob89, Lemma 6.1]) LD
RO 7 WA AMEHRTH S,

7: (hnp)®(htNp) — G/K, (Y, Z) — ¥ e?K.

BEIZB VT

EH 1k, Yip—=hnp, Z:p—=hinp#%
(Y (X), Z(X)) = 7 LU(eXK), X ep Lid,
ZorE, Z(RX) DHEFRMEIC DWTIE Lie B0
ZHOHATHETES ZLDIRDER 2 & U TH
L5NTWV5S.

EH 2 ([Kob97, Lemma 5.4]) X € p IZxf L,
1X] > 1 Z(0)]] > |X] sin (X, h 1 p) #5532
ZZIZ0<e(X,hnp) <ZIWERX & hNp
DRTHETHS.

X ep\h& o(X,hnp) A0 IXFAETHE1 5,
EH 2 K0 ZRX) WERTHEILE X eh
ThdILIIFAMTH 5.

Bt TlE, FH2ICHIUTY(RX), X €p
NEDESIBGHEITERTHLEPEHFERL, KT
GPEBE1THY dimhnp =1 DHEEIZ
YRX) WERTHZZ 2L X € {0}U(p\h) At
FECdH DI & EGEHL .

D.
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[Kob89] T. Kobayashi, Proper action on a ho-
mogeneous space of reductive type, Math.
Ann., 285, (1989), 249-263.

[Kob97] T. Kobayashi, Invariant measures on
homogeneous manifolds of reductive type,
J. Reine Angew. Math., 1997, (1997), 37—
54.

Let G be a real semisimple Lie group and 6
be a Cartan involution of G. Write g =k & p
for the Cartan decomposition with respect to
the differential of 6.
p - G/K, X + XK is a surjective diffeo-

It is well-known that

morphism, where K :={g € G | g = g}.

Let H be a closed subgroup of G satisfying
0H = H. Then the following result is due to
Toshiyuki Kobayashi.

Theorem 1([Kob89, Lemma 6.1]) The map-
ping

m: (hnp) @ (htnp) 3 (V,Z) = e e?K € G/K

gives a surjective diffeomorphism.
From Theorem 1 we have smooth maps Y : p —
hNpand Z: p — h'tNp uniquely defined with

the relation
XK =" XX EK X ep.

The next theorem gives a Lie algebraic condi-
tion for Z(RX) to be bounded.

Theorem 2 ([Kob97, Lemma 5.4]) For X € p
we get [|X| = | Z(X)] = X[ sin (X, h 1 p),
where 0 < ¢(X,hNp) < 7 is the angle between
RX and hNp.

Since X € p\ h and ¢(X,hNp) # 0 are equiv-
alent we find that X € h is necessary and suffi-
cient for Z(RX) to be bounded from Theorem
2.

Motivated by Theorem 2 we discuss when
Y (RX) is bounded in my master’s thesis. We
restrict ourselves to the case when G is of real
rank one and dimh Np = 1 and we figure out
that X € {0} U (p\ h) is a necessary and suffi-
cient condition for Y (RX) to be bounded.
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C. MgaFEF«

1. 2RI &5 Weyl Oa A RDE W
(after Dodziuk), Workshop on “Actions
of Reductive Groups and Global Analy-
sis”, WAKRFZEREREEIF—1NT A,
2019 £ 8 H.

. Standard measure O {7z T AE R I D
WT after Bernstein, Workshop on “Ac-
tions of Reductive Groups and Global
Analysis”, > 74, 2020 4 8 A.

. H-fixed X7 bVemEmT =4 b2 b
IVDONRUZ DWW T—BAAFIDFHE, Work-
shop on “Actions of Reductive Groups
and Global Analysis”, > 71, 2021
8 H.

BH BEE (ONDA Naoto)

A. WFZEREE

 k LOBAGD S AR -8 D 7 FI il
kafioTWab. k BREAKDO L &, k-~ b
IVZER & U T DORITH 6 BA R DA L F B
BIRFEEHTH 227 LA EOGEICITMRELEG
fET2ZENHONTNS. SEITBHEIZR>T
B DN, ARMTHI KNS 72 5 22 O 22 M
D, ARIZEZSNDIMEMIC L DD 2 D73
72, BT, B2 ORBEARE KL T
% 4 X 4 WFMTHRED 2 ROLER A =M D 5 %
To7=.
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I am interested in the classification of isomor-
phism types of unital commutative finite k-
algebras. If k is an algebraically closed field, it
is known that there are only finitely many iso-
morphism types of them of dimension less than
7 and infinite number of isomorphism types of
them of dimension 7. One of important tools
for the classification is the classification of sub-
spaces of the space of symmetric matrices over
k under the canonical action. In the master
thesis, we classify 2-dimensional subspaces of
the space of 4 x 4 symmetric matrices over an

algebraically closed field of characteristic 2.
B. FKi
1. N. Onda :

mutative algebras of rank 7 over an ar-

“Isomorphism types of com-

bitrary algebraically closed field of char-
acteristic not 2 or 3”7, arXiv:2107.04959
(2021).

. N. Onda :

symmetric matrix pencils over an alge-

“Classification of 4 x 4

braically closed field of characteristic 27,
KSR Y B B R 2 i FE BHE + 3w
(2022).

BB 4% (KONDO Ayao)

A. TR

2001 4£, Dvornicich & Zannier I% [fEFr A"
PRUERTRE ) XN 50D & S 2% & Ak U
Too AZREUK E LERSI NS WHREBAE, r %
EO®E, ZLTPecAk) &35, 22T, H
A%< kE OFEmv iz LT, P=rD, %
T HBA D, € Alk,) DFEETHLTH. 20D
&, P=rD ziii7zd A D € A(k) 3FE
T57EZ5507?

ZoMEX, APRBEKLEDT — VL ERED
CERILAMERINTE. A PREK Lo
AilfRo & 213, 2012 4 ¥ 2014 4242 Paladino,
Ranieri, Viada Z & o T — %72 & B RS
H5NTWVW5. dim(A) > 2 D& &, Gillibert &
Ranieri IZ& o TEOPOFERPBESNT NS,
RIS 1, 2017 4 & 2020 F12 A 2MUHA LD



GLy B HRIRDG G 2R L 7. BT
2020 TS IZ K o THEOLSNMERD, K05
WEETHILT A e 2L, 512, 2001
#£1Z Dvornicich & Zannier (2 &> THE LN/
A R AT BRIE R RE I B S 5 BRI 2 B B DY, KO
WOGEWZEHO DI & 2L 72,

In 2001, Dvornicich and Zannier formulated the
following problem, which is called the local-
global divisibility problem. Let A be a com-
mutative algebrain group defined over a num-
ber field k, let r be a positive integer, and let
P € A(k) be a rational point. Assume that for
all but finitely many places v of k, there exists a
k,) such that P = rD,,.
Then, does it follow that there exists a rational
point D € A(k) such that P =rD ?

This problem is widely studied when A is an

rational point D,, € A(

abelian variety over a number field. In the case
where A is an elliptic curve over a number field,
the general affimative results are obtained by
Paladino, Ranieri, and Viada in 2012 and 2014.
In the case where dim(A) > 2, several results
are proved by Gillibert and Ranieri. In partic-
ular, they studied the case where A is a GLo-
type variety over a number field in 2017 and
2020. In the master thesis, we have proved that
the results obtained by Gillibert and Ranieri
in 2020 is true in weaker conditions. Morever,
we have proved that the fundamental proposi-
tion about the local-global divisibility problem
obtained by Dvornicich and Zannier in 2001 is

true when k is a global field.

B. F&Kif
1. A. Kondo : “Local-global divisibility of
rational points on GLo-type varieties

", B KR K e S
BEARFZERME Ens (2022) .

over global fields’
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# ## (KEN Eitetsu)
A. THFEHEE

Ajtai DEH VO I/ ontoPHPI™ (Z Z T,
ontoPHP ™ 2%, T(n+1) POMKE ., nfHD
Rl-b OMIZREHFFMEL BV &0 E
Fh TP ABMATEE FLELOTHS) Ik
proof complexity IZBIFBEER T LA 7 A)L—
Th o IFERT, FR& RBRE W —f Ak - N
I—YavhPBEREINTE.

REFFETIE, ZOHRTHRHTIROFERIZEH L
Tz RO EAE p > 2122V T, VOq-Countt i/
injPHPI™ Tk % (ZZT, Count] Lidp %
&3 % modular counting principle % YXF-f
FATEETUASD, injPHPY I3, BiH:

DVWTOBDRFITHS). AWETIE, Z0
FRE p It OWT BRI LT 5 2 & 23

A, TERMPFIZEE S TVRVEDOD, WL Dp
DHIR %7,

%9, counting principle ® —f#{k & Hie %
5 ek EE - arEER N G2, R ED D
LD =D, UCPLY ¥ GCP », FEBIZ Count?,
(p>2)ED—BILIZR>TWVWBE I L ZRUT.

ZO LT, VO UCPH t injPHPM! 2
STHELZ, ZTOFHRERTIZOD+H&ME
—Dh 27, BRINIZIE, Ajtai DEHED A X
VX — N7tz B b PHP-tree, k-evaluation
WCHELLOBE& L LT, injPHP-tree, injPHP-tree
MW7z k-evaluation % E&HF L, AR ZFEHL
72+ AC-Frege system T UCPY? % ZAHLE A
EUTIRE L ETD injPHPI T OFEH D4
(Tn)n>1 DEZ N EE, 2D 7, 72BIF o(n)-
evaluation %z £ H 57200,

—HC, VOLGCP + injPHPM ! HK D 25
e RBIEL, it 5T GOP » modular counting
principles & 1O B O 5D —ffbiz iz > T
WBZ xR

IhEEE 2, oddtown theorem O NF-ihs
R L BRI TH B oddtown,, ZEZ, TN
GCOP - RRRzH B Z &, BARKIZIE, KD
BFEH L Count? (p = 2) HEOM 5O —#fkiz
HoTWBILERLUE. —AHT, 20HETHL
p (23X LTI VO + oddtowny, tf Count?, H3 D
SNDETFRL, ZOoFEERT OO EE
—DH X7, REEHUIZZE X, RO X5 4ER%



mUT7z
RYASRAN

s A2 VO + oddtowny, = Count?, 23 Y
5, HBTEH e > 0 BVFHLT, &n
TXiz, Fo-ZHEAE S &5 nOW-RopR s

MV72HTH > T, oddtown theorem % % - T
WBEIITRZRBZ N ~Countl. ®H & IR
O(log(n)) @ Nullstellensatz proof 725 TLRFET
ErE5hboRens.

BRI, MORFIEDO —RLD—D>TH 5
Fisher DA% XD VO ETORTIZOVWT, [
FROELEE L.

Lo EdELHwmY (k2¥ a2 B1) 2%
tHonTna.

¥z, EBEHEINTT X277y b 74—4
WEEFT OWZENR A v X — v ¥y TIZEBMU 7=,
TV R—VEBEL, =a—J)xy POETIL
WY —EALLUTRHFEINTVWE L EIZ, D
ETINVDNT A =R EY—VE AR HED model
extraction BEIZ & > THEILL TEMATE 3 A6
MEIZDOWT,
MR 24T,

query complexity DD 5 —ED
WX (7Y arvB2) it

Ajtai’s discovery of VO I/ ontoPHPM !
where ontoPHP*! is a BF formalization of
the statement “there does not exist a bijection
between (n + 1) pigeons and n holes,” was a
significant breakthrough in proof complexity,
and there have been many interesting gener-
alizations and variations of this result.

In this project, we first have focused on the
following result: for any p > 2, V° + Count}, t/
injPHP!!, where Count} denotes a ©F for-
malization of the modular counting principle
mod p and injPH P+ denotes that of the pi-
geonhole principle for injections. We have tried
to make this result uniform for p.

We have given three types of (first-order and
propositional) formulae which at first glance
seem to be generalized versions of counting
principles. In particular, we have shown that
two of them, UCPL? and GCP, actually serve
as uniform versions of Count?, (p > 2).

Then we have conjectured that VO +
UCP,i’d I/ injPHP" ! and have given a suf-
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ficient condition to prove it. To be precise, we
have defined the notions injPHP-tree and k-
evaluation using injPHP-tree, which are analo-
gies of PHP-tree, k-evaluation used in standard
proofs of Ajtai’s theorem, and we have shown
the following: suppose (m,)n,>1 be a sequence
of AC-Frege proofs admitting UCP,i’d as an
axiom scheme. Then m, cannot have o(n)-
evaluation.

On the other hand, we have observed V° +
GCP + injPHP"! and therefore GCP is
a generalization of both the modular counting
principles and the pigeonhole principle.

Seeing this, we have shown that a $¥ for-
malization oddtown, of oddtown theorem is
also in a similar situation, that is, it is a
generalization of the pigeonhole principle and
Count}, for p = 2!, We have conjectured that
VO + oddtowny, I/ Count?, for p which is not a
power of 2, and have given a sufficient condi-
tion to prove it. Roughly saying, the statement
is as follows; if V° 4 oddtowny, F Count?, then
there exists a constant € > 0 such that for each
n, we can construct a vector of noM many Fo-
polynomials whose violating oddtown condition
can be verified by a Nullstellensatz proof from
—Countk. over Fy with degree < O(log(n)).

We lastly have done a similar consideration
on the strength of Fisher’s inequality, another
generalization of the pigeonhole principle.

The studies stated above are comprehended
in the author’s Master’s thesis (see B 1).

Furthermore, the author participated in the
internship program of NTT Secure Platform
Laboratories. Through the program, the au-
thor together with the mentors has obtained
certain knowledge on the possibility of success-
ful model extraction attacks excuted by users
of a service which provides a neural network
model directly. Our method is based on anal-
ysis of query complexity. The results are com-

prehended in a paper (see B 2).
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. Ken, E., On some X-generalizations of
the pigeonhole and the modular counting
principles over VO, BHBIF %R, B+
S (2022).

L JEZ, MR, BRI HE.ReLU
Za—J)0 Ay hT =228} % Inte-
grated Gradient @ Vanilla Gradient ~®
A, IEmE o Ya—&kexal)sg
(CSEC), 2021-CSEC-93, 26 £, (2021).

1-8.(F#m L)

C. Ea¥EHE
1. On the pigeonhole and the modular
counting principles over the bounded
arithmetic V0, RIMS f:@E#FZE (NFEAY)
[GEH SR OE R EIGH ] , KT,
2021 £ 12 H.
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BH —5B (SAKAI Kazuma)

(FMSP 22— 2 E)
A. T 7EmE
A AR IZ BT 2 B E TV DRSS K O % f
Zext e U, AREEHRH U 2B 50 TRImeE g
iz MENEMEOFRIZEALT 220
BORETIOVIREL 2. MEHE LI, BEOME
POFHLWIMESR Y T — 7 D FEERI N EamBl
RTHD. HHE, agbEMiOm Bz k- THila
EFOBEEIRZ ONE EDIZR->TETED,
Fo 14 O A P B MBS B AR R G s U C IR
M, Wi, U-turn, BWELPTIEVWE W o7z
B2 ET) (cell-mixing) 23 5 Z & HHI SN
otz AWEOHME, PRMITEN D RS %
UBHREE 2R % £ TO—HEDMEHERA D
S AL EBEAC L, BEEBRICBIBHTE
SEMETIVEMET LI LTHS.
1 DHDETNVIE, 3McOIMER EOHIME T
VTHD., EHEMHEDLKE TE2HEIT 51212
W TIEHEEL W2, 3IRITCTDONRNE— V%
WO BENRD L. T, EMEWEEBEIZAN
ETFAADE &L LT, WEHEOMMIZE
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FBRY - MREHEBT S 3RILET I &

U7=. Mifa% REEmEMA e UTHR X, 3 IRTD
BMO¥FRE2MEL . 5L Newton OEE)

HRA L RMAROEIEDO HREA» S KD >
TW5., XAMEZ2T> TWVWEEZRMERD
HREIC B 2 ERIERICHE O E, EHhfRAT
&2 AR EAEF X E CBR B 1 &2 KE L, [\
D HREXTIEMAER OBl & 2 RO R &K
F AR D il 75 1) A3 B 5 T2 1) <[] oD ) R % Y
DANZ., By Ial—vavitk-T, R¥E
LA 0.6 ~ 0.8 (1T T IAEREE (I BELL L 72 BRIk <
R—VaT 52 %A L, Box-Counting
WRIEH LD Z 2 Wb o7z, ¥ 512 Order
Parameter 2584322 T, TDOLSH18K—
VOEWHEIAMEIZ LD ERBI N, £
7z, BRANZ =V 2T 5435 X — X DO#iH
BN IRTAER S R U .

2 OHDET NV, MEAREOMREZIND AN
722 RITEDBILET N TH 5. M/ EEE T/
D72 U, MIAFEET 5 720 QYR 70
Lt dWETH L. BEDFERIZE T, Hilg
MRS EEE B SN AN EE 72T THRE
FHOMNEH AP T VEEF>TWD I EDIHS
Meol, INSDERRICESE, Mo
N K o THIAEE MR ITREI TV
MerazET L. KEIRY > 277 ve1 D3
BRI LR TOREY I 2L —va vk
TV, MBS EE ORI & > TR O EE) 5
BiziislEh, HotimTolkr MR nik, &
512, REREZE(XEE 25, MR LIME
NEMOREREZ WS Z 2T, FKH - fHE -
cell-mixing &\ o 72 KB R % H L HEBIT
LT LR L=,

Our research focuses on the construction and
analysis of mathematical models of life dynam-
ics, and in the master thesis submitted this
year, we proposed two mathematical models of
vascular endothelial cell dynamics in angiogen-
esis. Angiogenesis is a biological phenomenon
in which new vascular networks are constructed
from existing vessels. Recent advances in visu-
alization techniques have enabled us to capture

the dynamics of cell populations. It is now clear



that after germination, vascular endothelial cell
populations undergo highly complex behaviors
(cell-mixing), including forward, inverse, U-
turn, overtaking, and misalignment movements
in the direction of elongation. The purpose of
this research is to understand mathematically
the series of angiogenesis mechanisms by which
endothelial cell populations sprout and form lu-
minal structures, and to construct a mathemat-
ical model that can be applied to numerical ex-
periments.

The first model is a mathematical model of
angiogenesis in three dimensions. Since it is
difficult to reproduce the formation of lume-
nal structures in two dimensions, it is neces-
sary to deal with pattern formation in three
dimensions. Therefore, as a first step toward
a model with lumen formation in mind, we
constructed a three-dimensional model that re-
produces sprouting and elongation in the early
stages of angiogenesis. A three-dimensional
discrete dynamical system was constructed by
considering the cell as a spheroid. The model
consists of Newton’s equation of motion and
equation of longitudinal rotation. Based on
experimental results in the laboratory of the
Graduate School of Medicine, where we are col-
laborating, the equation of motion assumes in-
teraction between two bodies and self-driving
force, while the equation of rotation incorpo-
rates the effect of rotation due to contact be-
tween cells and the effect of rotation with the
long axis of the spheroid facing the direction
of velocity. Numerical simulations confirmed
that a dendritic pattern similar to a vascular
structure is formed when the flatness is around
0.6 ~ 0.8, and the box-counting dimension ap-
proaches 1. The computation of order param-
eter further suggested that such differences in
pattern are due to orientation. The analysis
also examined the range of each parameter that
forms the dendritic pattern.

The second model is a two-dimensional math-

ematical model that incorporates the effects of
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extracellular matrix. The extracellular matrix
is a substance that fills the space between cells
and provides a physical scaffold for cells to ex-
ist. Recent experiments have revealed that cells
break down their own extracellular matrix to
create a pathway for not only themselves but
also for surrounding cells. Based on these ex-
perimental results, we modeled the gradual ero-
sion of the extracellular matrix by cell move-
ment. Numerical simulations in a system simi-
lar to the experimental conditions of the aortic
ring assay showed that the presence of extracel-
lular matrix moderately inhibited cell motility,
and branching was observed at the branch tips.
Furthermore, when the flatness was varied, it
was confirmed that the experimental results of
sprouting, elongation, and cell-mixing could be
reproduced to some extent by using the flatness

of standard vascular endothelial cells.
B. F&&Kiw
1. K. Sakai:“A mathematical model for the
dynamics of endothelial cells in angiogen-
esis”, R KZRZHBELRI A SRME £
a3 (2022).
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42K 1&K (SASAKI Yuya)

A. fFFZEBEE

BERABE A X 2L T, EREERRIRTH -
TEDEFN X LERMLE225D% X OFE
BREIER. BUE, Bk RS R L TERR
DFBSEDMEB DA RELHIES N TE D, WA,
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EAREN, ERAOMEIEEE HTT NS,



BtamxTlx, 7z —@hmoERERIZON
T, BN 2 DG, RO 4 OMhE DL &
brE, ZoOfEs, ROZOEMAKKZIREREL
7o BIZENS QOEFLDOMMHMZRIZE D, REK
4 DEiE DBZEIZ, HWZEM TR WERERBD
b 4fflddrZE R LT,

For a complex algebraic variety X, a real al-
gebraic variety whose complexification is R-
isomorphic to X is called a real form of X.
These days, the finiteness of the number of real
forms up to isomorphism is studied and the
problems of real forms come into the limelight
since the existence of varieties having infinitely
many non-isomorphic real forms has shown re-
cently.

In master paper, I determined the number of
real forms of Fermat hypersurfaces except de-
gree 2 case and degree 4 surface case, and gave
the explicit descriptions of them. Also, by con-
sidering the real locus of them, I showed that
Fermat surface of degree 4 has at least 4 non-

isomorphic real forms.
B. FFEwX
1. Y. Sasaki : “On real forms of Fermat hy-

persurfaces®, B K K b BOR B2 i
FRHME LR (2022).

SHUALI Bowei (B 1#%)

A. TR

5% D 7 — < 1% Nuclear C*-algebra (ZB9 % 5
¥, BTl Elliott @ AT-algebra 12
I 2 08MERDIHDT L v Y %175 7205,
simplicity & unitality DKE % % & B2\ 9%,
Z D EM & Rt finite CW complex E® —fi%
H7RATHIBRIZHEER T & R\ 8 2 & DFift
7 H R,

My research is about the classifying problems
of Nuclear C*-algebras. In my master’s thesis,
I produced a modified proof for Elliott’s classi-
fication theorem of AT-algebras. That whether
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the assumption of the simplicity and the unital-
ity can be dropped and that whether a similar
result holds generally in the case of matrix al-
gebras on one-dimensional finite CW compleces

are my new research themes.
B. F&in X
1. (L) B % (SHUAI Bowei): The
Universal Coefficient Theorem and The

Elliott Program for Unital Separable Nu-

clear C*-algebras.

#K Mt (SUZUKI Kaishu)

A. ffFZEEEE
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BOHEIZDOWTHIEZIT o7, RE=2—F )
oy N7 =202 K B BN T HEE B ORERGRAE &
L2320 ERZHZ. &7, ThIcEI SR
BB R T ER-ICE EFNT WD L2 N
WEEERNT I =~ v 7 AR L — M2E
T5I xR

I have studied estimation of the diffusion co-
efficient of a one-dimensional diffusion pro-
cess from discrete observations using deep neu-
ral networks. I have derived empirical er-
ror bounds and L? error bounds for least-
squares estimates based on deep neural net-
works. Moreover, I have shown that the L? er-
ror bounds achieve the minimax rate of conver-

gence up to a logarithmic factor when the dif-

fusion coefficient is contained in Besov spaces.
B. ¥
1. K. Suzuki:

of the diffusion coefficient of a one-

”"Nonparametric estimation

dimensional diffusion process using deep

CTNE I

neural networks”,
(2022).
C. Hgaxg#£
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B3 &5 (TAKANASHI Yugo)

A. TR

F % pifke U F EOBEE n O dmgEAHiER
M, (D) % 1 DREET 5. ZDOL & GL,(F) O
BRFIRBLD N T A —ZH1F & U TR Jacquet-
Langlands % jt & & OM& AT Langlands X &0 2
OHHLH. ZD 2 DDEKAH R RED AT
M EDIIIZEMMT B2 L T, Prasad &
Ramakrishnan 12 & 2 AR ERIZRENTE D,
¥ 72 Z D Galois AIZAREME LT, p D
ALK E/F (ZB$ % 4% B 28U R BLO M8 7
DRARDPIIE & UL BHER, B K ORBUZ &M
EOFGE I ERICE D ERMEI N E N T
Wiz,

PR LB LHwRX T, 23 - BRoEH0 D
RO ZIRIER L/K (2 U L F o il BB 12
Galois fEF %2 A3 Z 2z K h FBEROLELH
SRR B OB % R {E U, RIZ Mok 12 & 5%
RHEI=Z YT B EEHEM, Badulescu-
Jacquet-Langlands %1t & OVl R 55 4 1 & HL %
FNT p AR L rub i BARTER O RIERE D IR B
OO R 2 (RERFIC KIgbT 22 itk b,
— D p EEARD “IRHLK, UL EATER B K OV
BURFIEBIZ R LT Galois [FIZ 5L % ZEEA U 7=

Let F be a p-adic field and we fix a cen-
tral simple algebra M,, (D) of rank n over F.
Then, we have two parametrizations of dis-
crete series representations of GL,, (F), the lo-
cal Jacquet-Langlands correspondence and the
local Langlands correspondence. Prasad and
Ramakrishnan had already proved a formula
about how the composite of two correspon-
dences changes the parity of self-dual represen-
tations, and Mieda had formulated and proved
a parity formula for conjugate self-dual repre-
sentations under some condition, as a Galois-
equivariant analog of their result for quadratic
extensions of p-adic fields.

In my master’s thesis, I firstly defined a Ga-
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lois action on central simple algebras over L
for all quadratic extensions L/K of fields of
characteristic 0 and formulated the notion of
conjugate self-dual representations of the unit
groups. Then, I utilized the base change theo-
rem for quasi-split unitary groups of Mok, the
Badulescu-Jacquet-Langlands correspondence,
and a limit multiplicity theorem to globalize
conjugate self-dual representations of the unit
groups of central simple algebras to automor-
phic representations, and proved the Galois-
equivariant analog for general quadratic exten-
sions, central division algebras, and discrete se-

ries representations.

B. FKiw
1. Y. Takanashi : “Parity of conjugate self-
dual representations of inner forms of
GL,, over p-adic fields” B E K E
FIgERME L5 S (2022)

HZE H#4E (NATORI Masaki)

A. TREREE

BLHETIT 272 2 DOSEIZDOWTHAT 5.
1 DHIZME L X D bivariant theory (ZB3 2
%2 CdH 5. bivariant theory X FEIZN 5 H DI
Kasparov @ K K-theory, Fulton-MacPherson
@ bivariant theory, A7 M I L2 HAWSE LD
BEND D, AW TR E LR A i E T
IZ Spanier-Whitehead duality & #HMED B\ bi-
variant theory IZ2OWT AR B I —DINEGH» 5
FERLUKL. 27, BEZMEZHAVWEZE (2) K€
O Y —IZxIRT 25 &M L 72, IRIZ, bivariant
homology theory D AR % #&/mR U, ordinary 72
%412 Spanier-Whitehead duality % W T —&
MEIEAL 7. X 512, Segal D connective K-
homology (ZX15 9 2 H1%, &k D —f%iZ Segal D
I-space & AW 7=l O & 1T - 7=.

2 OHBEANNVZ-Ty VHISIZBET AR TH 5.
YIHERIZB BN o1y VRS IR 2 T
TEEMZERNAE I N T W B DY, KRB TR
BRIZE DM %I HGEHZ 5 2 7. BRH
i, SV BB IR B K (ST x (D%, 81) x



SH ok, =y VIRBICHIET 5 K(ST x St x
(D2, 51)) DIt % &bt Dh K(S! x §9) k
TIRERBZ DS, NLIIERE Ty VD
—HEGEHU 2. £7=, GEAPR T 5 Bott J&
Mz DWW T, skyscraper sheaf % F\\ T & 22
MIZIRZ 2 Z L THIHDOREL DRWVWHE % 5
Zlz. GBRITZORSGENIEDH B~ D5E
LIRS 2 FETH 5.

I explain two studies in the master’s course.
The first study is about bivariant theory in my
master’s thesis. There are some theories called
bivariant theories, such as Kasparov’'s K K-
theory, Fulton-MacPherson’s bivariant theory,
and the one using spectra. In this research, I
studied bivariant theories which are compatible
with Spanier-Whitehead duality from a topo-
logical point of view based on description us-
ing configuration spaces. First, I constructed
an example of a bivariant theory correspond-
ing to the ordinary (co)homology by using
configuration spaces. Second, I proposed ax-
ioms of bivariant homology theories and proved
the uniqueness in the ordinary case by using
Spanier-Whitehead duality. Moreover, I con-
structed an example corresponding to Segal’s
connective K-homology and examples using Se-
gal’s I'-space in general.

The second study is about the bulk-edge cor-
respondence. The bulk-edge correspondence in
condensed matter physics is formulated math-
ematically in several ways. In this research, I
gave an alternative proof based on the formula-
tion by Shin Hayashi. Specifically, I proved co-
incidence of the bulk and edge indices, by show-
ing that the element in K(S! x (D?,S1) x S1)
corresponding to the bulk index and the el-
ement in K(S! x S! x (D?, 81)) correspond-
ing to the edge index together disappeared in
K(S* x $3). In addition, I improved the proof
of the Bott periodicity, which was used in my
proof, by using skyscraper sheaves and regard-
ing them as configuration spaces. I will extend

this point of view to the general case with ad-
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ditional symmetry in the future.
B. F#Ew X
1. M. Natori : “Bivariant homology theo-
ries and their configuration space like de-
scription”, BUR KF K F G ACTRI A s Rt
IE-E3 (2022).

BA& E& (HASHIMOTO Keigo)

A. FFFEEE
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REBRY— HY(X) ~NOEHDART MVEED
WEIZHELWZ EBHIONT WS, I HITARY
MVERIE 1 & D KEWRSIE Salem & WX
NHRBABBIZREZ RO NTWS. &o
TFOELY BV —OR/MEREREIZ AR
7 FVERRIZE NS Salem B D H/IME % RET
HREICIEE I NS, McMullen 1% K3 #imo |
CRMOETY b a ¥ —ORMENBAERN SN T
W3 E/ND Salem #(TdH % Lehmer 2 g DX
WMThHhBrIrERLE.

LZAT, X BHEMKIthEoEa, T0EE
FRDART MVEEFEE U TEHNS Salem D
WEIEE I — VB p(X) AT & 7% 2 & 015 1
TWd. £oTp(X) DEZEEEL-5HEDHEC
HMOETY bO—DOR/MEEZRETSE LW
MENEZ5NE. 22 TABIETIE, p(X) A
34 DBEI, TNEFNIZHN LT FOIETY b
Y — D R/MEERE L 7=

Let X be a K3 surface and F an automor-
phism of X. Then the topological entropy
of F is the logarithm of the spectral radius
of the action F* on the second cohomology
H?(X).Furthermore, It is known that the spec-
tral radius is an algebraic integer, called the
Salem number, if it is greater than 1. There-
fore, The problem of determining the minimum
positive entropy of F' boils down to the prob-
lem of determining the minimum Salem num-
ber appearing in the spectral radius.McMullen

showed that the minimum positive entropy of



an automorphism of a K3 surface is the loga-
rithm of the Lehmer number Aig , which is the
minimum Salem number currently known.

By the way, it is known that if X is a projec-
tive K3 surface, the degree of the Salem num-
ber appearing as the spectral radius is less than
or equal to the Picard number p(X). There-
fore, The problem of determining the minimum
positive entropy of F' for fixed values of p(X)
can be considered. In this study,I determined

the minimum positive entropy of F' in the case
p(X) =3,4.

B. i

1. K. Hashimoto : €/ —VED /NS WHEE K3
fim O H AR BEOR/NELY B E—IZDWVWT,
FRR R B R AR SR RHME 13w .

R 52 (BANDO Katsuyuki)

(FMSP 72— 2 /%)
A. fFZEEEE
BATFOFIE, & ITRMFRRBERNLAFEZ,
BRGRN7ZMBEIZISHT 5 & wS HIEECHi%E %
fToTW5.
Rz, BEGRICB W TEHELMBETH BRI ~
75 v Axtin %, #AE, B E R & -
THET 2 Z 2 HEIZ, IEZ2IT->TW5S. K
FEDZI Vo kBl oz iro 7.
9, [Zhu20] H B, BT v 77 v ARG
D Zhu 7 & 2% MFNERNLD, THHE] &
XN 2Rl Ea~0lblzHKE LT,
Bezrukavnikov @, 77 74 Y ~NY TED 2 D
DEZOFEMEIZET 25 [Bez] IZDWTHEH
U, IBEEET [Bez]| DINAEDR D LD E D H U
DWTER T, ZDWIET, Gaitsgory D, nearby
cycle % i\ 7z central sheaf & XX 2 f i &
DRERL & BB D # & TIT S 72912, Beilinson-
Drinfeld affine Grassmannian & IFFIE4 % xf 4
DREBRP BB o7z, Z D78, Fargue-
Scholze DX [FS] D4 2D IZDONWTHHE
U, i5e a2 7z, BiREsITl, BERAHEER B &
AYEYRAD, — 7 74 N—DHDIAAIZ &
SHUEUMREEZ RO E S5, &S RE
DT E TV,
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UL, BHE0@IET, Zhu(Zhul7] 12 & 3 A
D A F W BT &, Fargues—Scholze[FS] 12
& B AT DA e T IR D, neaby cycle %
FAWZBRDRIZR D, T DWW THISEZ24T -
7z, TOSIZDWVTIE, IRD & 5 BEERIES
N7, MiXIZTE5FETHS.

£9, [Zhul7] THER & 17z Q, FRERD ATk
Bt &, [ U0 & i i B ie B8 FAE L T,
ZNW [FS] 12 &5 Q, FREXD ] i ffe ok I
&, nearby cycle i@ U CTHE{BRL TW2E Z &H1E
oz, 72, Q RETRWRE, - 2E, &
0 RECR, BB OEGAED, U K S5 BRI S
Nz, T HIT, [ZhulT] ORERGETIIEEIZH L
Mo 7B TH 5, Levi B FEAN DO HIRE D €
J A XIVHEE DEADRIED, Z ORSIED S &
%, HRIZAB Z 2R L7,

ZOMEFET, 1 DHIZBRZHE CTREE 7o 7z,
BEMER EO XA YEY RAD, —&T7 71
N—DHDIABIZ KB U H BT 2 B
Xo7-.

E7z, LRl IZRR D AAOMILE LT, Bk
A 2 g e e D IR AR IR DRI DWW T H A%
ZIRHDTNS.

I am doing research with the goal of applying
geometric methods, especially geometric rep-
resentation theory, to number-theoretic prob-
lems.

In particular, I am doing research with the
goal of understanding the local Langlands cor-
respondence, which is an important problem in
number theory, through geometrical or categor-
ical formulation. This year as well, we did re-
search from that perspective.

First, I learned on Bezrukavnikov’s paper [Bez]
on the equivalence between the two realiza-
tions of an affine Hecke category, and studied
whether this result holds in the case of mixed
characteristics in order to apply it to the special
case called “unipotent” of Zhu’s geometrization
in [Zhu20] of the local Langlands correspon-
dence. To do this, I needed some mixed char-
acteristic version of the object called Beilinson-

Drinfeld affine Grassmannian in order to con-



struct a perverse sheaf called central sheaf via
nearby cycle in mixed characteristic as Gaits-
gory did in equal characteristic, so I learned on
Fargues and Scholze’s paper [FS] and proceeded
with my research. At present, the problem of
whether the pushforward by an embedding of
the generic fiber into a diamond over a discrete
valuation ring preserves the perversity has not
been solved.

However, in the course of my research, I was
concerned about the relationship between Zhu’s
geometric Satake correspondence in mixed
characteristics and Fargues—Scholze’s geomet-
ric Satake correspondence in mixed character-
istic using the neaby cycle, and I did research on
this. Since the following results were obtained
on this, they will be published as a paper.
First, we get that there exists a geometric Sa-
take equivalence of the same form as the equiv-
alence in [Zhul7] with coefficient Q,, which is
related via nearby cycle to the geometric Satake
equivalence in [FS] with coefficient Q,. More-
over, we have the similar results with coefficient
other than Q,, such as mod / or integral coeffi-
cients.

Furthermore, we prove that we can construct
the natural monoidal structure on the restric-
tion functor to Levi subgroups in our situation,
which is not straightforward in the situation of
[Zhul7].

In the process, we have got a deeper under-
standing of the pushforward by an embedding
of the generic fiber into a diamond over a dis-
crete valuation ring.

In addition, as a study in a direction different
from the above, we have also started research
on the derived geometric Satake equivalence in

mixed characteristic.

SR

[Bez] R. Bezrukavnikov, On two geometric re-
alizations of an affine Hecke algebra, Publ.
Math. THES 123, (2016) 1-67.
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RO aXivicZL T v hEERELE,
ZTDHEIETHEDLEDEY 27—V ISR
DTV IDINS K725 Z EDFERIRDTH -
T2o ZAVUZEBRMEAD ZIRIRDE EARIZ IR S 3 —fi%
DOREUETRED Z & 2PN B & S HEELTD
ThH 27D, IFHEBBUA LTS WAk Lk
TREHEINDIDHIEDEY 27— ILELHKAKD
TV IR0 h2HDEETRELRL, 56
WZZNZED, N=6,,10 2 N =121zx L,
MoK Q(¢n) LORHBERD R U IR I3
(Z/NZ)? 25 FERVEVWI ZEERL, 205
EErOTaXiviz L 7) v v 2EEL,
IO ZDOFEREMFERITTHEEL, $5—H
DFERESEE 3 HIZHEH T2 FETH 5,

The Mordell-Weil group of an elliptic curve
over an algebraic number field is a finitely gen-
erated abelian group, hence its torsion sub-
group is finite. It is easy to compute the tor-
sion subgroup of the Mordell-Weil group of in-
dividual given elliptic curve. Conversely for
given finite abelian group, it is a hard prob-
lem to determine if it is the torsion subgroup
of the Mordell-Weil group of an elliptic curve
or not. In 1978 Mazur solved this problem

over Q by studying arithmetic properties of
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modular curves. Roughly speaking, modular
curves are algebraic curves parametrizing ellip-
tic curves endowed with certain extra structure.
After Mazur’s classification, many mathemati-
cians tried to generalize Mazur’s work to alge-
braic number fields other than Q by studying
arithmetic properties of modular curves.

I studied the case where the number field is a
multi-quadratic number field, i.e., the compos-
ite field of some quadratic extensions of Q. I
proved a criterion for the existence of rational
points over such fields of hyperelliptic modular
curves. I wrote an article on this result and
submitted a preprint to arXiv.

The key ingredient of the proof of the crite-
rion was that the Mordell-Weil rank of a cer-
tain modular Jacobian variety becomes small.
Generalizing this, I determined all modular Ja-
cobian varieties whose Mordell-Weil ranks are
zero among those defined over cyclotomic num-
ber fields, not only over the rational number
field. Furthermore using this result I showed
that for N = 6,7,...,10 or N = 12 there are
no elliptic curves over Q({x) whose Mordell-
Weil groups contain (Z/NZ)2.

ticle on these results and submitted a preprint

I wrote an ar-

to arXiv. In addition, I presented this result at
a conference in February 2022, and will present
the other result in March 2022.

C. M¥EFEF«

1. The Mordell-Weil rank of certain modu-
lar Jacobian varieties and torsion points
of elliptic curves over cyclotomic fields,
5 M At 2 —, JulREE, 2022
F£2H.
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FEBER s C* HAHE D B D BARBI T R & vz
DI 2016 FOHADKERIZ LB EHEDTH %0,
Raum & Z OfEHE %2 H\, Baumslag-Solitar #£D
relative profinite completion ® C* HiffiME % Ff
B U 7z. Baumslag-Solitar #i% 2 D DAL &
BIGRAD S LR E N B BETARAD BRZLFH % ¢
D. 41k Raum OFRO—Mfbe LTHB 2 5
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CIFEN D RANDIERHZROHEEZ, TOHER
MR 72 CF BAIHETH D Z & &l
B 7-. BEBUHED C* BflME L Powers averaging
property EHENZHE C* ROBHAR L ML — R
T AMECRETHEZEAMSNTED,
LR OHE C* B G iz LU CHG) LD b
V=2 3ME—D L. CF BflM D FEIH O i
2 TILEEBUEE D Powers averaging property 123
LU 7= C* BffiMED+ 25 McFEHL, 2Tho D
Stk & B C* B E D modular flow (29 %
KMS-weight ® — &M & OFERIZOWT HHED
H7z.

We are studying C*-simplicity of locally com-
pact groups.
C*(G) is a C*-algebra generated by the left reg-

A reduced group C* algebra

ular representation of a locally compact group
G. When C}(G) is a simple C*-algebra, G is
called C*-simple. Group C*-algebras play an
important role in the history of operator alge-
bra theory, and it is a natural question whether
a given locally compact group is C*-simple or
not. C*-simplicity of discrete groups has been
studied since the 1970s, and as of today, satis-

factory characterizations related to boundary
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actions and the unique trace property of re-
duced group C*-algebras have been found. On
the other hand, C*-simplicity of non-discrete
locally compact groups is not well understood.
The first example of non-discrete C*-simple
group is found by Suzuki, and Raum showed
C*-simplicity of the relative profinite comple-
tions of the Baumslag-Solitar groups by using
Suzuki’s results. We extended Raum’s result to
the relative profinite completions of some class
of generalized Baumslag-Solitar groups.

C*-simplicity of discrete groups is characterized
by the Powers averaging property which is a
property with respect to the canonical traces of
reduced group C*-algebras. For any C*-simple
discrete group G, C#(G) has a unique tracial
state. In the proof of C*-simplicity, we focused
on an analogue of the Powers averaging prop-
erty for discrete groups and showed a sufficient
condition for uniqueness of KMS-weights of re-
duced group C*-algebras with respect to the

modular flow.
B. FKif L
1. M. Mukohara : “C*-simplicity of rela-
tive profinite completions of generalized

Baumslag-Solitar groups”, BRI A& L
.

C. M¥EFEE
1. Finite group actions of the Rohlin prop-
erty, BABURITIFZE S (¥ 2 =7)2020, &

Vo4 v, 2020 49 H.

. A Galois correspondence for crossed
products of C*-algebras, BEEfRITAFZE 2
(¥Ya=7)2021, A F 1, 2021 9 AH.

. C*-simplicity of relative profinite com-
pletions of generalized Baumslag-Solitar
groups, WAFHEER LI F—, A 54
V20221 A.



LIU PELJIANG (%!
A. WAL
GKZ hypergeometric D-modules are defined

5T)

during the study of general hypergeometric
functions satisfying holonomic systems of lin-
ear differential equations which are called GKZ
systems by I. M. Gelfand, A. V. Zelevinski and
M. M. Kapranov. The characteristic cycles of
GKZ hypergeometric D-modules have been cal-
culated. Lei Fu introduced f-adic GKZ hy-
pergeometric sheaves as an analogye of GKZ
hypergeometric D-modules. The definition of
characteristic cycles of f-adic sheaves is given
by T. Saito. The goal of our research is to com-
pute the characteristic cycles of the ¢-adic GKZ
hypergeometric sheaves. We have achieved part
of our goal by giving a concrete discription of
the characteristic cycles of f-adic GKZ hyper-
geometric sheaves satisfying certain conditions.
To be precise, we fix a finite field F; and con-
sider f-adic étale sheaves on schemes over F,
where ¢ is a prime number different from the
characteristic of F.

An f-adic GKZ hypergeometric sheaf is deter-

mined by an matrix A = [w;;]o<i<a of rank
1<5;<

i<n

d + 1, a nontrivial additive character 1 and a
multiplicative character x. Such an ¢-adic sheaf
is denoted by Hyp,(4,x). The matrix A is
called non-confluent if there exists cg, - - -
7 such that

,Cd €

d
E cl-wij =1
=0

for all 1 < 7 < n. In this case, there is an

isomorphism
Hypw (Aa X) = R’/T! (]'Kw (Aa X)) )

here, Ky, (A4, x) is a tamely ramified ¢-adic sheaf
on an open subset U4 C T%x A" with the corre-
sponding open immersion j, and 7 : T¢ x A® —
A" is the projection. We compactify T¢ x A"
and constructed a resolution of singularities of
the boundary of U,. The construction borrows
some techniques of toric resolutions.

For an /¢-adic sheaf F on a scheme X and a

227

morphism f : X — Y the pushforward formula
CCRf.F = fiCCF

is proved under some conditions by T. Saito.
In our case, we prove that the pushforward
formula can be applied to the calculation of
CCHypy (A, x) if A satisfies a condition called
p-nondegenerate which means that the rank of
any group of column vectors of A equals that
of A as a matrix with entries in Z/(p).

We also give a comparison theorem between
the characteristic cycles of GKZ hypergeomet-
ric D-modules and the characteristic cycles of
l-adic GKZ hypergeometric sheaves in order to
give a better discription of the multiplicities of
the irreducible components of CCHyp,, (4, x).
In order to achieve this, we construct a lift
of Hyp, (4, x) as an f(-adic sheaf on Ag,,, S0
that the comparison can be done by considering
Riemann-Hilbert correspondence and a special-

ization map defined by W. Fulton.

I. M. Gelfand, A. V. Zelevinski and M. M.
Kapranov. 1& GKZ ¥ 25 L &\ 5 0 R
2T B L & GKZ &M D 2 EEHEL -,
Z D GKZ %M D QR MY 1 2 VIFEHE
T&5%, £UT, L. Fuld GKZ @M1 D nEto
T7rusThb (- GKZ EEMEEEHEL -,
HERIT L ET R — IV EDRMEY 1 7 VR EHRL
72o ARWFETIX, HHHD ¢ # GKZ B gD
RS A 2V EEET 5, BAEIZE, p 2AR
KF, DEFEHEL, (% p TRVEREL TS, K
HRTIEF, LD S 2R RBEZ K LD (T
R—I\VEEH R B,

0t GKZ @M 3B d+ 1 Th 5 8EBUT
A= [wij] 0§'§§d & Jerkia iR X & IEEMAE R INIE
FHL Y 12 KD UGET B, T K57 (i GKZ 8
#MfE % Hyp, (A, x) TRY, 174 A LEED
1<j<nizLT, &4t

d
E CiW;5 = 1
=0

Wi 3ATH AR TNy P RIE NS,
IDrE, HBU LD T x AM\Uy 12> TH



BIETHS 0T 2 —VIE Ky (A, x) 12 & D

ZZT, j:Us — TEx A™ IZBHDIAATH b,
7 TIx A? - A" 3 TH B, KHETIL,
T4 x A" 22227 MELT, Ux OBEIRORGHE
RIREZ KT 5 T, b=V v 7LkkED
Bfliz FlWT Z O R AN KT 5,

X EorETZR—NVELH f: X - Y IiZHL

T, AR DMz T L&

- -
0 = —

CCRf.F = f{CCF

ThHDIEBRARNZFI Uz, AW TIE, 75 A
Fp IR WO MR T L E, ZOIEEA
KXEFMATELZ 2L, HEARZHWT
RYEY 1 2V CCHyp, (A, x) ZFTHT 5
T, BEATH A DIEEDFIR T MIVIHOBEEUL A
% 7/(p) 1L LTOZDHD R MIVELOBEEL
cHEUCTHNIE, AlkpIRIEEND,
AT, € GKZ #%aJE 0 Ry 1 7
& GKZ #3%M D MBEO KD 1 7 )L & Hk L
T, GKZ &% D MEEDOREMEY 1 7V D £RE
ZHWT (# GKZ #RMEOR%EY 1 71D
BEEHET 5, TOROIZ, (it GKZ 88T
RO 5 L Ths Ay LOMEML,
Riemann-Hilbert Xf & & W. Fulton 2 & 0 &%
U 7= specialization $f % W T % 4 5,

- >
0 = —

B. KX
(f2+)LIU PEIJIANG: The Characteristic Cy-
cles of Non-confluent ¢-adic GKZ Hypergeo-

metric Sheaves

HE KB (YOSHINO Taro)

A. TR

Rationality, G4 IXRHZIEFEHEIZ DWW T O
2 tTo T, RESHRARDIFGELE & 1K H Uikt
D PHREZER A~ D LA B G A5 D IR E D B/ M &
LTEHRINDG. 77 /@Bl OIEEHEED T
5 DFHi % 5- 2 72 Chen-Stapleton OfER L 7 7
J SRR N OEAHMIZET 245 H Braune %l
AEDETT 7 /) BEZEXDOIFFHED TP oD
Pl 2 5- 2 7=. Chen-Stapleton |XFiiiZ & 7z ©
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WRIBAD bV — 2 GG AW, TDEH%E
WAL TR XITHB T 5iHiiZ 1 L 7.

My research area is Rationality, and I re-
searched the degree of irrationality of the Fano
complete intersections this year. The degree of
irrationality of an algebraic variety over a field
k is defined as a minimal degree of dominant ra-
tional maps to Py. I obtained the lower bound
of the degree of irrationality of Fano complete
intersections from combining Chen—Stapleton’s
In detail, Chen—

Stapleton obtained the lower bound of irra-

result and Braune’s result.

tionality of Fano hypersurfaces and Braune
proved non-rationality of Fano complete inter-
sections. In Chen—Stapleton’s result, they used
a trace map of a differential form to obtain the
lower bound. I made a minor adjustment for
the trace map, and obtained the lower bound
of the degree of irrationality of Fano complete

intersections.

B. FE&E
1. T. Yoshino: “The degree of the irrational-

ity of Fano complete intersections”, B

REPEERIERI S RHE L (2022).

(WEERES
1. The degree of the irrationality of Fano
complete intersections(¥ a3 — bt v 3
V), WIRARBGEA > R YT A 2021, A
vI4v,2021 410 A 26 H~10 A 29 H.

WANG Peiduo (E ih%)

AL TRFHEE

ZOXITBEWTI, p#LENRDEHKED
Robba & % jiii 7= 34 B A2 B 508070 e &
989 %, —RIT p ERDHEMR LD Z D XS il
DB DN T DO fEER (p € Fuchs EEL &
XN 3) 1. p EIE Liouville Z D&MD E & T
Christol & Mebkhout IZ & D ;RE 7z, Gachet
X ZOEHZ @R TOLEIC—RIEL 72, — 15,
Kedlaya I&—¥X5t®D p # Fuchs ¥ % & —#%



U7z, ZOmITHNTIE, SRTICE5—
it X 7z p € Fuchs ©HZ R,

Christol ¥ Mebkhout 1% —¥R7t p ¥R D = K
- ® Robba £ % il 72 36 B4 BT RS04 IR
DEBONENLERE 5 A 72, BB p Ik
Liouville 2% #2856, Z O INEEL HE— D
FRZROWD MO EMIZAMTEEI L 2
SR U, Thid p ¥ Fuchs TH & EiXh
b, UDULZRAS, 15 OFEIITEM R EE %2 S
2 Frobenius D& Z W THSNADTH
M0z Vv, Dwork &, 1IGNRS E MK LD
p € Fuchs €HL O NziEHEZ 5272, Z
DFERAIE Frobenius A Eb WD T, KD
fliHICi2 5, £72, DUERLRBHEMHD Kedlaya D
K p-adic differential equations THE»N T3,
% L T. Gachet IZHERITLD p E Fuchs & % i
BIL 7z, —H. Kedlaya (Z—RTO LS iz
p ¥ Fuchs EH %5 U7z, i p #IE Liouville
EaRDO LW RO EM % §O 72 Liouville 7
HOMERETHEL. &0~ IO RE
MERU %,

ZDWMX T, EIRTDO—HBAL X 7z p it Fuchs
EHZRT, Thbb, p#LEND MK LD
Robba et % {iii 7= 445 BR AL BRE 52 00070 e P oD
A 2EHE L, A D Liouville B ENZXILT 5
BHOEE 525, £72, HTLDPRUIZEIRITD
—fibE iz p T v 7 AEEITERA KA H
W B2 TR < A BRA U RS DA D 55
ATHKD DD T DFEGIL Gachet D EIRIG
D p # Fuchs B O BOATREMED H B, FEHHIX
Kedlaya D72 AIEIZHED 23, TED p #LEH
R H ZFIFIZX T 5 Quillen-Suslin O EHLILH 5
NTWRWOT, ETRFANRIEEEZTHS
KGR R E BRI R 5T, 2ZIZH LWL
TRBMBETH D,

In this paper, we study finite projective differ-
ential modules on p-adic polyannuli satisfying
the Robba condition. Christol and Mebkhout
proved the decomposition theorem (the p-adic
Fuchs theorem) of such differential modules on
one dimensional p-adic annuli under certain
non-Liouvilleness assumption and Gachets gen-

eralized it to higher dimensional cases. On the
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other hand, Kedlaya proved a generalization of
the p-adic Fuchs theorem in one dimensional
case. We prove Kedlaya’s generalized version
of p-adic Fuchs theorem in higher dimensional
cases.

Christol and Mebkhout have given an intrin-
sic definition of the exponents of a finite free
differential module on one dimensional annuli
satisfying the Robba condition. They have also
shown that if the exponent has p-adic non-
Liouville differences, then there exists a canon-
ical decomposition of this differential module
into the ones with exponent equal to a single
element. This is called the p-adic Fuchs the-
orem. However, their work was found to be
difficult due to the complicated nature of the
concept Frobenius antecedent, on which their
work was built. Dwork gave a simplified proof
of p-adic Fuchs theorem on one dimensional an-
nuli, in which Frobenius antecedent no more
plays an important role. This method is also
written in Kedlaya’s book p-adic differential
equations, with a slightly different way. After
Dwork’s proof on one dimensional annuli, Ga-
chet proved the p-adic Fuchs theorem on higher
dimensional polyannuli. Meanwhile, Kedlaya
proved a generalized version of one dimensional
p-adic Fuchs theorem, by loosing the condition
on exponents from p-adic non-Liouville differ-
ences to a weaker one, namely, Liouville parti-
tion, and yet still give a decomposition of such
differential module.

In this paper, we prove a generalized version of
higher dimensional p-adic Fuchs theorem. We
define exponent A for a finite projective differ-
ential module P satisfying the Robba condition
on higher dimensional polyannuli, and prove a
decomposition theorem for P with respect to
a Liouville partition of A. It is worth men-
tioning that our result implies Gachet’s p-adic
Fuchs theorem for higher dimensional polyan-
nuli, and since our generalized p-adic Fuchs the-
orem work not only for finite free but also for fi-

nite projective differential modules, our result is



possibly stronger than Gachet’s. Also, though
we basically follow the strategy developed by
Kedlaya, there are new ingredients applied to
get global decompositions from local ones, be-
cause of the lack of Quillen-Suslin theorem for

arbitrary polyannuli.
B. FFKFm X
1. Peiduo Wang : “On generalized Fuchs

theorem over p-adic polyannuli”, & &

A XX

230



2. FMAREE

Graduate Degrees Conferred

W BEXSEGE BB
(Doctor of Philosophy in the field of Mathematical Sciences : conferee, thesis title,
and date)

& RREELT

o )il # (YOSHIKAWA Shou)
Studies on algebraic varieties admitting a polarized endomorphism and the minimal model
program in mixed characteristic.
(frifi B CHE A B & R D RIS AR L IR ORUNE TV 70 75 L DRSE )
24 September. 2021

e & /MUK (Sheng Xiaobing)
Geometric and combinatorial properties of some generalisations of Thompson’s groups
(N2 T VRO % 72 HEHR DS T B O A P
24 March. 2022

e W'~ K (MIYASHITA Masaru)
Some new approaches to the finite element method for digital twins of plasma
(FIARDTIENY A T 2HERERIEANDHF L WY T0—F)
24 March. 2022

e iii% %— (MAETA Keiichi)
On the existence problem of compact ClifforddASKlein forms of indecomposable pseudo-
Riemannian symmetric spaces with signature (n,2)
(15 (n,2) DOEA TR ) —~ Y FRZER O a > o827 b Clifford-Klein JE D F1EMEIZ D
W)
24 March. 2022

o fliHH 154 (IIDA Nobuo)
A stable homotopy version of the monopole contact invariant
(ZEFENE—IRE/ R—LIVRI NRERE)
24 March. 2022

o [iiA #H (OKAMOTO Jun)
Convergence of some non-convex energies under various topology
(UBk% BREAHIE & B 0 T 3L % — DUUk)
24 March. 2022

o it A (OKI Yasuhiro)
On the connected components of Shimura varieties for CM unitary groups in odd variables
(AR CM 2 =& Y BETH S 5 5N 2 RRAK D #7312 D\ T)
24 March. 2022

o HRHKAS (KAMEOKA Kantaro) Studies on semiclassical analysis and resonance theory
(2 oy B fig b & TS E e D AR
24 March. 2022
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o il F #EEF KAWAKAMI Tatsuro) Studies on the Bogomolov-Sommese vanishing theorem
and Du Val del Pezzo surfacesin positive characteristic
(IR D Bogomolov-Sommese {HEEH & Du Val del Pezzo Hii 2 B3 2 #15%)
24 March. 2022
e i iP5 (GU Zhongyang) On the Helmholtz decomposition of vector fields with bounded
mean oscillation in Various domains
(FAEIIZ B 2B RTHRI R 2 N VBD AL L ALY )
24 March. 2022
o HBH Ef2 (GODA Masatoshi)
Statistical inference for Hawkes processes
(Hawkes J@F21Z B 1 2 T HEGR)
24 March. 2022
o i 1&/ (SATO Yusuke)
Multidimensional continued fractions and Fujiki-Oka resolutions of cyclic quotient singular-
ities
€2V SRCVo% @B (EILEES T SUND SR ARy FNEESE I8 31E)
24 March. 2022
o % A\ (SANO Taketo)
On functoriality and spatial refinements of Khovanov homology and its variants
(Khovanov FEW Y — & ZDEMDEFMES K OCZEHIEEIZOWT)
24 March. 2022
o W1 Ro(Y 7 TI)UHRN (ZHANPEISOV Erbol)
Local existence and blow-up rate of solutions to nonlinear parabolic equations
(FERIE R L ST RE R DR D SRR AFAE R IEFE DE X )
24 March. 2022
o il #4875 (TAKASE Hiroshi)
Inverse problems for hyperbolic partial differential equations with time-dependent coeffi-
cients
(IRFEHR AT 3 2 (R 5% 157 D WU B AR 43 5 1 X oD 3 [ )
24 March. 2022
o mfA #13F (TAKAMATSU Teppei)
On the arithmetic finiteness of irreducible symplectic varieties
(B> > TV o T 1w 7 ZRRIROEGRIN A RMEIZ D WT)
24 March. 2022
o /15 " HF (TATEISHI Yujiro)
Optimal decay estimates o f SchrAfidinger heat semigroups with inverse square potential
in Lorentz spaces
(R RT vy W EY 2L =T« Y A—BCERO B — L Y 22T B 1T 5 Boli = )
24 March. 2022
o i #ME (TERAI Kengo)
Some asymptotic problems for systems of Hamilton-Jacobi-Bellman equations
(NI by - var s U U HRBRAROWHLMNTIZ B 1T 5 F#HE)
24 March. 2022
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o B K (FUKUSHIMSA Syota)
Microlocal construction and analysis of the SchrAfidinger propagators on manifolds
(ZRRIE LD 2 L —F 1 v 77 — IR [EHEREVE T 32 D R i 7k & T )
24 March. 2022
o IR #if (TERAI Kengo)
On the restrictions of supercuspidal representations for inner forms of GLN
(GLN O AIBHROBA ML OHIRIZ OV T)
24 March. 2022
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* BLSNEE LHmXER

(Master of Mathematical Sciences : conferee, thesis title, and date)

o fEA HE (HASHIMOTO Keigo)
EH =DM WER K3 o | RO B/NETY bR E—IZDOWT
24 March. 2022
e B 3T (OKADA Takako)
Riemann XFRZERH] 1125 1 2 HIHIERO G873 Lie R AN DRI T 2 A FME—RREE - 1%
RIC DG E—
24 March. 2022
e ZH E% (ONDA Naoto)
Classification of 4 x 4 symmetric matrix pencils over an algebraically closed field of charac-
teristic 2
(B 2 DREEAK =D 4 YOI FFTFID R D 534H)
24 March. 2022
o STk (KONDO Ayao)
Local-global divisibility of rational points on GLo-type varieties over global fields
(KIBfER LD GLy BIZRRARD A R U BT 2 R AT RIS AT i)
24 March. 2022
o #iHE s (YOSHISHIGE Hajime)
Comparison of Picard groups of rigid spaces for analytic topology and v-topology
(fRATRIAMH & v AT DY ¥y RZEM O YA — VEEO Hig)
24 March. 2022
o Z ¥liyT (LIU Pejiang)
The Characteristic Cycles of Non-confluent /-adic GKZ Hypergeometric Sheaves
GEar 7z b GKZ &M ¢ &g Rt 1 2 )L)
24 March. 2022
o EJF HEE (ASAI MAsaya)
On primitive Fano threefolds in odd characteristic
(FUESIT B1F B A 3 UGE 7 7/ SRHKIZ D\ T)
24 March. 2022
o i & (ITO Kei)
BRDFRITNIES B HRE-f DR D Cartan H70REK
24 March. 2022
e UM CHANPISET (VL4 Yv ¥ty h)
Heat equation with a dynamical singular potential on the boundary
(B OB KR T v ¥ v U E BTRER)
24 March. 2022
o K& Fffi (OHASHI Yusuke)
Parameter dependence of the asymptotic expansion of the weighted Bergman kernels
(FAAE LT U BOWEERD /5 A — ZAKLFHE)
24 March. 2022
e [ilA Kk (OKAMOTO Yukihiro)

Towards a topological interpretation of the Legendrian contact homology of unit conormal
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bundles

(BALRIER D Legendre #filt R €0 2 —I1206 9 2 AR ZR BRI T T)

24 March. 2022

/NEFIFS (OHARA Kazuma)

Hecke algebras for tame supercuspidal types

(B4 AR s 75 type D Hecke BRIZD\WT)

24 March. 2022

% 1lS 8 (KURISAKI Masahiro)

Parameter estimation for ergodic linear stochastic differential equations from partial and
discrete observations

(2o P ETHOBERBIZET M UE LIZDOWT)

24 March. 2022

e &8 (KEN )

On some YF-generalizations of the pigeonhole and the modular counting principles over V°
(VO EOMOBFEH Y modular counting principle @ X8 iz & 2 — Lz D\\T)
24 March. 2022

INR EZ A (KOIZUMI Jyunnosuke)

Steinberg symbols and reciprocity sheaves

(Steinberg G5 & HHEJE)

24 March. 2022

INE 5ERET (KOSUGE Ryotaro)

i oo B JERED Chillingworth i EEIZ DWW T

24 March. 2021

Wi —8% (SAKAI Kazuma)

A mathematical model for the dynamics of endothelial cells in angiogenesis

(M H BT 2 MEN MBI ROBELE TIL)

24 March. 2022

A ERF (SAKUMA Kazuma)

A generalization of the concentration compactness principle and its applications to varia-
tional minimization problems with constraints involving convolutions

(T 2T MEFEELD — AL & PRSI B AIA D& D B RN R NMEFEAN DG H)
24 March. 2022

i K A& (SASAKki Yuya)

On real forms of Fermat hypersurfaces

(7 z v~ =@l DERRIZONWT)

24 March. 2022

Al 12 (SHUAT Bowei)

The Universal Coefficient Theorem and The Elliott Program for Unital Separable Nuclear
C*-algebras

(FEREEH LA T=a—2 ) 7THREMK C* BRIZBET 2T )4y h BT I L)

24 March. 2022

R WEft (SUZUKI Kaisyu)

Nonparametric estimation of the diffusion coefficient of a one-dimensional diffusion process
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using deep neural networks

(1 RICHEHGEFE DILBREDEE =2 — Ty N T =2 2 H Wz ) V85 A N w ZH#ERE)
24 March. 2022

617 B 145 (TAKAHASHI Yugo)

Parity of conjugate self-dual representations of inner forms of GL,, over p-adic fields
(p-EAR LD GL,, DHNEIRD AR H S B R OM M)

24 March. 2022

H)Il &t (TAGAWA Tomoya)

— IR DOHREN R T > Y ¥ )V % F;D Schrodinger /EF #2314 T % Rellich Y& #

24 March. 2022

EI % (NAGASAWA Atsuhide)

Holonomy preserving transformation of weighted graphs and its application to knot theory
(BEAME T 7DHR0 7 I —(RFER LFEOCBERADISH)

24 March. 2022

2B HEAE (NATORI Masaki)

Bivariant homology theories and their configuration space like description

(M FET Y —HE & 7 O/l EZEMPFHBHRIZOWT)

24 March. 2022

55 & (BABA Tomoya)

Consistency of the Kaplan-Meier estimator of the potential survival function by using coars-
ened exact matching

(EIEMAETEBEIE D coarsened exact matching % i\ 7z Kaplan-Meier #7280 —3ik)
24 March. 2022

B 5z (BANDO KATSUYUKI)

Geometric Satake equivalence in mixed characteristic and Springer correspondence
(R DA EIMERIE & & 2 7)) V=3 IE)

24 March. 2022

&R B (FUKAMI Riku)

SRNFUT=IVENG ) A R fED ) V8T A MY R

EFTIIZKT S deep neural network % 7z 8 it B #E

24 March. 2022

FAH Y68 (MATSUDA Koji)

Torsion points of elliptic curves over multi-quadratic fields and cyclotomic fields
(AR DA Btk & [ K O FHIFR D2 U i)

24 March. 2022

WA i (MATSUMOTO Takuro)

G-graphs and subgraphs of the McKay quiver of finite subgroups of SL(3, C)
(SL(3,C) OBRIAEED G 7578y hA 24 N=DUY T 5 7)

24 March. 2022

MR Al (MUKOUHARA Miho)

C*-simplicity of relative profinite completions of generalized Baumslag-Solitar groups
(—fft Nz XY LAT v T - V) X— BED relative profinite completion @ C* Hiffii:)
24 March. 2022
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o AR/ fER (MORIKAWA Kota)
Graphon O SN S Z - ME 2 T 7 8w s & A RN rTREME I D W T
24 March. 2022
o Tl ¥ (YOSHIOKA SHIO)
FEOH & 20— Az 3 2 il E E RS AL 'O R/TERIZ DN T
24 March. 2022
o FHlIf KES (YOSHINO Taro)
The degree of irrationality of Fano complete intersections
(7 7/ BRRXXDIFEEEIZBL T)
24 March. 2022
e T jili## (WANG Peiduo)
On generalized Fuchs theorem over p-adic polyannuli
(p S TR D E IR LD —BIET v 2 ZEHUZ D T)
24 March. 2022

237



3. PSS - RAEEMZY v—F )L 5§ 28%F

Journal of Mathematical Sciences
The University of Tokyo, Vol. 28

Vol. 28 No. 1  Published Jun 18, 2021

Yohei KASHIMA
Superconducting Phase in the BCS Model with Imaginary Magnetic Field.

Vol. 28 No. 2  Published July 27, 2021

Yohei KASHIMA
Superconducting Phase in the BCS Model with Imaginary Magnetic Field. II.
Multi-Scale Infrared Analysis.

Vol. 28 No. 3 Published Aug 30, 2021

Yohei KASHIMA
Superconducting Phase in the BCS Model with Imaginary Magnetic Field. I1I.

Non-Vanishing Free Dispersion Relations.

Vol. 28 No. 4 Published Oct 5, 2021

Tomasz DLOTKO,Tongtong LIANG and Yejuan WANG

Dirichlet Problem for Critical 2D Quasi-Geostrophic Equation with Large Data.

Julie Déserti On Regularizable Birational Maps

Yusuke INAGAKI

Invariants of PSL,R-Fuchsian Representations

and a Slice of Hitchin Components

Osamu FUJINO

On Nakayama’s Theorem

Yutaka KAMIMURA

Nonconservative Reflectionless Inverse Scattering and Soliton Solutions of an Associated

Nonlinear Evolution System
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4. NHBE - MRERF

Public Lectures - Symposiums - Workshops, etc

PDEs and Probability Theory —beyond boundaries—

June 2 — June 3, 2021
Online Workshop

Program
Wednesday, June 2

10:00-11:00 Tomohiro Sasamot (Tokyo Institute of Technology ) Nonlinear fluctuating hydro-
dynamics for stochastic interacting particle systems

11:00-12:00 Hung Vinh Tran (University of Wisconsin-Madison ) Stochastic homogenization
of some nonconvex Hamilton-Jacobi equations

12:00-12:50 Lunch

12:50-13:50 Discussion session "Diversity and Inclusion in Mathematics"

14:00-15:00 Eiji Yanagida (Tokyo Institute of Technology) On the heat equation with a dynamic
singular potential

15:00-16:00 Kohei Hayashi (University of Tokyo) A one-phase Stefan problem with non-linear
diffusion from highly competing two-species interacting particles

16:00-16:30 Coffee Break

16:30-17:30 Esther S. Daus (Vienna University of Technology) Cross-diffusion systems in biol-
ogy: rigorous derivation, analysis and entropy structure

17:30-18:30 Patricia Gongalves (Instituto superior Técnico) From random dynamics to frac-

tional PDEs with several boundary conditions
Thursday, June 3

10:00-11:00 Svetlana Roudenko (Florida International University) Behavior of solutions to the
1D focusing stochastic nonlinear Schroedinger equation

11:00-12:00 Rongchan Zhu (Beijing Institute of Technology) Large N Limit of the O(N) Linear
Sigma Model via Stochastic Quantization

12:00-13:30 Lunch

13:30-14:30 Megumi Sano (Hiroshima University) A limiting case of the Hardy inequality and
the perturbed Kolmogorov equation

14:30-15:30 Bin Xie (Shinshu University) Solvability and convergence of solutions corresponding
to a quasilinear SPDE in random environment

15:30-16:00 Coffee Break

16:00-17:00 Yoshio Tsutsumi (Kyoto University) Quasi-invariance of Gaussian measures trans-

ported by the cubic NLS with third order dispersion on 1D torus
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Modeling infectious disease: COVID-19 and beyond
March 9 — March 10, 2021

Organizers: Basile Grammaticos [Pole Santé, IJCLab, Université Paris-Saclay et
IN2P3/CNRS] & Ralph Willox [Graduate School of Mathematical Sciences, the
University of Tokyol

Online; held through Zoom.

Program
Tuesday, March 9

17:30 17:40 Tetsuji Tokihiro (Dean of the Graduate School of Mathematical Sciences)
Opening remarks

17:40 18:40 Hisashi Inaba (Graduate School of Mathematical Sciences)

An age-structured epidemic model recognizing waning and boosting of immune status

19:00 20:00 Gilberto Nakamura (Pole Santé, IJCLab, Université Paris-Saclay et IN2P3/CNRS)
Effective epidemic model for COVID-19 using accumulated deaths

Wednesday, March 10

17:30 18:30 Mathilde Badoual (Pole Santé, IJCLab, Université Paris-Saclay et IN2P3/CNRS)
When does a second wave appear in an epidemic?

18:40 19:40 Toshikazu Kuniya (Graduate School of System Informatics, Kobe University)
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Evaluation of the epidemic prevention effect of non-pharmaceutical interventions for COVID-19 in
Japan
19:45 20:00 Basile Grammaticos & Ralph Willox

Closing remarks

Berkeley—Tokyo workshop
on Number theory and Arithmetic geometry
March 15-17 Tokyo and March 14-16 Berkeley, online (registration required)

Program

March 15 Tuesday Tokyo/14 Monday Berkeley

9:15-10:15 Tokyo /17:15-18:15 Berkeley

Dong Gyu Lim (UC Berkeley)

Nonemptiness of (single) affine Deligne-Lusztig varieties
10:30-11:30 Tokyo /18:30-19:30 Berkeley

Yasuhiro Oki (U Tokyo)

On the connected components of Shimura varieties for CM unitary groups in odd variables

March 16 Wednesday Tokyo/15 Tuesday Berkeley

9:15-10:15 Tokyo /17:15-18:15 Berkeley

Yanshuai Qin (UC Berkeley)

On the Brauer groups of arithmetic schemes

10:30-11:30 Tokyo /18:30-19:30 Berkeley

Yuki Yamamoto (U Tokyo)

Comparing Bushnell-Kutzko and Sécherre’s constructions of types for GLy and its inner forms

with Yu’s construction

March 17 Thursday Tokyo/16 Wednesday Berkeley

9:15-10:15 Tokyo /17:15-18:15 Berkeley

Owen Barrett (UC Berkeley)

The derived category of the abelian category of constructible sheaves
10:30-11:30 Tokyo /18:30-19:30 Berkeley

Teppei Takamatsu (U Tokyo)

On the Shafarevich conjecture for irreducible symplectic varieties

This is a workshop in the framework of the Strategic Partnerships Project of the University of
Tokyo.

Organizers:

Yoichi Mieda, Martin Olsson, Takeshi Saito, Sug Woo Shin.
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Titles and Abstracts

Owen Barrett

Title: The derived category of the abelian category of constructible sheaves

Abstract: Nori proved in 2002 that given a complex algebraic variety X, the bounded derived
category of the abelian category of constructible sheaves on X is equivalent to the usual triangulated
category D%(X) of bounded constructible complexes on X. He moreover showed that given any
constructible sheaf F' on A", there is an injection F' < G with G constructible and H*(A",G) =0
for ¢ > 0.

In this talk, I’ll discuss how to extend Nori’s theorem to the case of a variety over an algebraically
closed field of positive characteristic, with Betti constructible sheaves replaced by f¢-adic sheaves.
This is the case p = 0 of the general problem which asks whether the bounded derived category
of p-perverse sheaves is equivalent to D%(X), resolved affirmatively for the middle perversity by

Beilinson.

Dong Gyu Lim

Title: Nonemptiness of (single) affine Deligne-Lusztig varieties

Abstract: In the study of Shimura varieties, it is an important problem to count the points reduction
modulo p (Langlands-Rapoport conjecture) as it provides a way to compute the Hasse-Weil zeta
function. The most interesting piece showing up in the point counting is affine Deligne-Lusztig
variety (ADLV) and it has been studied in various level structures including the hyperspecial level
and the Iwahori level. In the talks, we will see explicit examples of ADLV described as a set of
certain lattices and flags in the modular curve case. Then we will discuss the nonemptiness criterion
for a single ADLV along with the results already known and newly discovered. If time permits, the

dimension formula will be discussed shortly.

Yasuhiro Oki

Title: On the connected components of Shimura varieties for CM unitary groups in odd variables
Abstract : Let (G, X) be a Shimura datum. Take a prime number p and a Bruhat-Tits subgroup
K, of G(Qp). Consider the projective limit of the sets of connected components of Shimura varieties
for (G, X)) whose level at p are given by K. It is equipped with the prime-to-p Hecke action. Then
we discuss the question whether the above action is transitive, which is motivated by the theory of
mod p reductions of Shimura varieties. In this talk, we give infinitely many projective systems of
the Shimura varieties for CM unitary groups in odd variables for which the considered question is
negative. To achieve this goal, we study a question related to the weak approximation on certain

tori over Q.

Yanshuai Qin

Title: On the Brauer groups of arithmetic schemes

Abstract: Let X be a regular scheme projective flat over the ring of integers in a number field K,
we prove a relation between the Brauer group of X, the geometric Brauer group of X and the
Tate-Shafarevich group of Picg( /K- generalizing a theorem of Artin and Grothendieck for arithmetic
surfaces to arbitrary dimensions. As a result, we reduce Artin’s question about the finiteness of

Br(X) for arithmetic schemes to arithmetic 3-folds.

Teppei Takamatsu

Title: On the Shafarevich conjecture for irreducible symplectic varieties
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Abstract: The Shafarevich conjecture, which was proved by Faltings and Zarhin, states the finite-
ness of isomorphism classes of abelian varieties of a fixed dimension over a fixed number field
admitting good reduction away from a fixed finite set of finite places. In this talk, we prove the
Shafarevich conjecture for irreducible symplectic varieties (= hyper—Kéahler varieties) whose second
Betti numbers are greater than 4. This talk is based on joint work with Lie Fu, Zhiyuan Li, and

Haitao Zou.

Yuki Yamamoto

Title: Comparing Bushnell-Kutzko and Sécherre’s constructions of types for GLy and its inner
forms with Yu’s construction

Abstract: Let A be a finite-dimensional central simple algebra over a non-archimedean local field,
and let G be the multiplicative group of A. When we consider smooth complex representations of
G, there exist several constructions of types for supercuspidal representations of G. In this talk,
we compare two constructions of types, maximal simple types by Sécherre and Yu’s construction
of types for G. In particular, we show that tame supercuspidal representations for G defined by
Yu are essentially tame in the sense of Bushnell-Henniart. This talk is based on joint work with

Arnand Maxeux.
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: 2022 4F 3 H 8 H (K)17:00 - 18:00
A
NIV =T Y G-REEHADREEIZOWT

ALNT ERR (AR RT)

BiEmTEI S —

:4 A 27 H (4k)16:30 - 18:00
AT
: FERE B R O R R 1) 2 g OGRS & BUEEHR

A SRl (RIRKRF Y AT LIEHRR)

:5 A 11 H (4)16:30 — 18:00
: HE A (BEAFE T SRR
BRI Ry v 2 ETOEBREEMEAEMTIZOWT

.6 A 8 H (4)16:30 - 18:00
D IR O (BERARTHTEN)

: Action minimizing random walks and numerical analysis of Hamilton-Jacobi equations

£ 6 H 22 H (4)17:00 — 18:30
CBAR KB (HEURF BN T RIISER)
B a— TNk N — 2 OB

£ 7 H 6 H (4£)16:30 — 18:00
K i (ERNLIE AT (RBEER))
s /N EREO KEMRE L 2 DI
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o HIF
il

PDE =@fiffRs

: 10 A 27 H (:k)10:30 — 11:30

: Son Tu (University of Wisconsin Madison)

@ H : Vanishing discount problems for Hamilton-Jacobi equations on changing domains
e HIFf: 12 A1 H (4X)10:30 — 11:30
##HI - Michal Lasica (Institute of Mathematics of the Polish Academy of Sciences / University
of Tokyo)
@ H : Existence of the -Tharmonic map flow
etz F—
o HIFf: 4 A 21 H (K)14:30 - 16:00
#Hl : Han Liang Gan (University of Waikato)
B H : Stationary distribution approximations for two-island and seed bank models
e HIFf: 5 H 19 H (7K)14:30 — 16:00
#l : Federico Camia (NYU Abu Dhabi)
H : Limit Theorems and Random Fractal Curves in Statistical Mechanics
o HHEF: 6 H 16 H (7k)14:30 — 16:00
AT : Hiroki Masuda (Kyushu University)
#H : Levy-Ornstein-Uhlenbeck Regression
o HIFf: 7 H 14 H (7K)14:30 - 16:00
#H : Anirvan Chakraborty (IISER Kolkata, India)
B H : Statistics for Functional Data
e HIFf: 8 A 18 H (s2)14:30 — 16:00
il © Gery Geenens (The University of New South Wales (UNSW Sydney))
#H : Dependence, Sklar’s copulas and discreteness
e HIF;: 9 H 15 H (7K)14:30 — 16:00
afifil : Anup Biswas (Indian Institute of Science Education and Research (IISER), Pune)
8 H : Ergodic risk-sensitive control: history, new results and open problems
e HIFF: 10 A 13 H (7k)14:30 - 16:00
##f : Li Cheng (National University of Singapore (NUS))
@ H : Bayesian Fixed-domain Asymptotics for Covariance Parameters in Gaussian Random

Field Models
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o HIHF

AR

A H

o HIf:

i Fl
i H

o HIFf:

Eiaill]
e H

o HHF :

A fili
e H

: 11 A 17 H (7)15:30 — 17:00
Jean Bertoin (Institut of Mathematics, University of Zurich (UZH))

: On the local times of noise reinforced Bessel processes

12 H 15 H (7)14:30 — 16:00
: Estate Khmaladze (IVictoria University of Wellington)
: Theory of Distribution-free Testing

2022 4 1 3 19 H (K)14:30 — 15:30
: Martin Hazelton (Otago University W)

: Dynamic fibre samplers for linear inverse problems

2022 4£ 1 A 20 H (/)15:00 — 16:10
D HERR B (RALKRZERZEBEREF SR

: Quasi-likelihood analysis for stochastic differential equations: volatility estimation and

global jump filters

o HHF :

Al
i H

Fr AT

& H

o HIf:
G A
B -

o HHF:
SR
H

2022 4£ 2 A 16 H (K)14:30 — 16:00
: Teppei Ogihara (University of Tokyo)

: Stochastic modelling in ecology: why is it interesting?

EOBFDLDODOEFHRE

S 11 A 24 H (4)10:30 — 11:30
FA/N P CRIR A R IET)
L A 2% B 51 D i ) & MR AT D TR IR B AL

R#EEIOF9 A

5 H 26 H (7K)17:00 — 18:00

BH Tl G KRFERZGEHER AR

Geometric Structure of Affine Deligne-Lusztig Varieties for G L3
6 A 16 H (7k)17:00 — 18:00

SFM FEM (National Center for Theoretical Sciences)

Hecke eigensystems of automorphic forms (mod p) of Hodge type and algebraic mod-

ular forms

o HI
il
EH

£ 6 H 23 H ()17:00 — 18:00
D SH I GURKRFERFRBCER A IR

: Ramification groups of some finite Galois extensions of maximal nilpotency class over
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local fields of positive characteristic

B
il
A H

HEF :
AR

A H

HIE

Al
i H

HIE
AR
e

HEF :
G A

& H

: 6 A 30 H (K)17:00 — 18:00

:F RE (RAERFEREZEGERZEMSERL

: Prismatic and g-crystalline sites of higher level
7HT7H (K)17:00 — 18:00

S R (A

: On the BSD conjecture for the quadratic twists of the elliptic curve X,(49)

10 A 20 H (/)17:00 — 18:00
: Alex Youcis (RIERZERZGHBELRIZEAF R}

: Geometric arc fundamental group

11 H 24 H (4)17:00 — 18:00
N R (R R R BRI A ZE R

On the formal degree conjecture for non-singular supercuspidal representations

12 A 22 H (K)17:00 — 18:00
Stefano Morra (Paris 8 University)

: Some properties of the Hecke eigenclasses of the mod p-cohomology of Shimura curves
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7. BAZ2MMREIFINHRERAE (HRZEE) VA K
JSPS Fellow List

& HEf
o f&EE MK
LRV SIS € 25 NDY TNl 2L PASE Y R |
o fEH [Efsl
Newton-Okounkov (1% I\ 7= 5% FRAK DI 58
o MFt  Hltst
R FLIBIRAT % FH O 72 T HABR 3R D T 5
o tA IWHE
ST 2 iR & Tl & U 728671 2 TR O 73 BB GR B O IERME (2 B 9 B BE5%
o FEIL FHK
SEa FERRIE A B 5 R X O R A B G 0D 1R AL

o iR 7
ZHBOART NI LMMILBERERTI—TY - v aA—L—KE L TV FR— b DL
o KH il
< B KT 2 R IE & 15 D FERERRE Bt HR I 7 =X D W S (i T R
o TR I
< KT 2 IR IE & R D FEBERRE B HR I F2 2R o W S £ e R
o FHIl A
ikl ) CLHE A B 2 R D AREE BRIK D 58
o I fq BB

K5 - RAL7REA % B DB EUR M K O WL BT & MR
o FH: fiE
HIEHRIREC SR 2 FERRIE RIS AR 0 88 KAM B % A\ 7= BUE T
e ZHANPEISOV Erbo
FERRIZ v B 5 F2 2R D YRS B Nl 24 )
o N7 W #iE
ERR PVAVE 2 1 IROPY N ERY Tt o wpsp e WA Sl Bl i R
o EHF A
sAEROWES L OHLT 2 KL &E & OBIROMS
o M F  HEER
TR ZAFHLRRARIZ B S5
o T R
BATINFIRIC & B BN LA S X OB Langlands MG OHFZ2I12 B 1 % Fr b
HE EE<AE>
Cayley 75 7 O expander M D Fll & FARIfEMT - KL & OB
o =N
Deligne-Lusztig Z KD AT ARIELUZ D0
o M W54
F—VMEE hARR Y —
e ZHA Chenghan
ZIRTE D HH T 1R = AL R D JE G
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LEE Chunghyun

BB D @R I F R D FHE S & OV EALRTE D7 1 7 fig ik
GAISIN, Ildar Maratovich

Deligne-Lusztig Z kK & Fargues-Fontaine Hifx

ZHANG, Longjie

EREAF & ORI R A O ff D2 H) & Z Db
KIDWAI, Omar Ahmed

5642 WKB fififfr. A2 bb - 2y b7 — 27 LA LR
RIZZI, Luca

BEfEIE A & spherical Z kKD EHTTTD b LU RIS
HUANG, Xinch

FEREE PRI 2 R X g 5 f i & e e e

EOM, Junyong

ODE FUFR D = i B & £ I (TS % i

LASICA, Michal

£ Ny R ME 7 R =

& HR
K S
WNDHE D 72 Rk Hk & T AR AR RO DOEE D5
WANG Long
AT - YIERIERDHETRIZDONWT
AT N
BELILNG & & 777 4 A OB fRAT
A ik
p RO RILD genericity (2D T
faiH A
T — 7 —ZRAD b EANVELICB IS ) —~ =0 v xOEHOH5E
whi #H
RFNVRYV Y- b= AREZDHE/L
e it
B K R
BH T
7 7 7 1 ¥ Deligne-Lusztig 84K & Z D& H
HiE O
W& E2FFD 3MITERRIKD SW 7 L 7 HE b E—BIOKERK
STOKES, Alexander
Bt VT = RO EMFEEEROILRAN - FifA, =¥ bo v — e RS
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8. SM3IEFEEEYHY—IUR}I

Visitor List of the Fiscal Year 2021

B 3 AR IGERHIAMNE D & AR TR E D —TBD ) A M TH 5.
T—&iF, BAE (FEMEERSA, ToES), MHARREEMEOIETSH 5. HEME, 4/7/
HOMEIZEFAENTH DD, 1 2021 FO & EIFEML 72, HFMNIIE L 72,

Here is the list of a part of the foreign researchers who visited our Graduate School in the fiscal
year 2021.

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 2021.

e Frederic LATREMOLIERE (University of Denver - 7 A Y 77) 4/1-8/31
e Benoit COLLINSE (Kyoto University - 75 > X /HA) 12/27-12/28
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ABE Noriyuki (B8 #247), 59 MARRA Pasquale (¥ —7 /XA%—1L), 155
AIDA Shigeki (£xH %#it), 1 MASE Takafumi (¥ 5¢52), 108
ARAI Toshiyasu (%i# #5E), 3 MATSUDA Koji (FAH %), 224
ASAKA Takeru (%% i), 157 MATSUO Atsushi (FAE &), 91
ASUKE Taro (/B KEB), 58 MATUMOTO Hisayosi (fa%& A3), 92
MIEDA Yoichi (Z# #—), 94
BANDO Katsuyuki (fx# 7i:2), 223 MITAKE Hiroyoshi (Z47 k%), 96
BAO Yuanyuan (ffl EE), 110 MIYAMOTO Yasuhito (4 %ZA), 98
MIYAZAWA Jin (5% 1), 205
CHIBA Yuki (2 &%), 150 MUKOHARA Miho ([ #ifl), 225
CHIHARA Ryohei (¥/§ #F), 152 MURATA Noboru (KH 5), 124
Eom Junyong, 143 NAKAMURA Tsutomu (##f 77), 137
ETO Tokuhiro (L% f7), 194 NAKAMURA Yusuke (8 &), 107
NATORI Masaki (#H #4:), 221
FUJIWARA Hiroshi (B ¥¥), 134
FUJIWARA Takeo (B #%), 123 OGATA Yoshiko (#74 %7), 11
FUKUSHIMA Shota (% k), 179 OGUISO Keiji (/MR ZiR), 13
OHTA Yoshihiro (KH %), 113
GIGA Mi-Ho (#F %(%), 148 OIKAWA Mizuki (BJIKi#s), 195
GIGA Yoshikazu (% %—), 119 OKAMOTO Jun (4 i), 159
GOCHO Toru (45 #), 102 OKAMOTO Yukihiro (A $X), 213
GODA Masatoshi (#H E12), 165 OKI Yasuhiro (7 #44), 161
GONGYO Yoshinori (% ##), 75 OKUDA Takako (BH 37¥), 214
GOTO Yuki (%8 #ikf), 183 ONDA Naoto (RH E%), 215
HARAKO Shuichi (¥ %—), 190 PEREZ VALDES Victor, 210
HASEGAWA Ryu (E#J1 17), 89
HASHIMOTO Keigo (74 HE), 222 SAITO Norikazu (% &), 35
HASHIMOTO Kenji (FA ), 152 SAITO Shuji (7% %), 29
HAYASHI Kohei (bk 523F), 188 SAITO Takeshi (G5 %), 33
HAYASHI Shuhei (b 1£3¥), 90 SAITO Yuta (7% $BK), 184
HIMEKI Yutaro (#iA #iAKHE), 204 SAKAI Hidetaka (S FHke), 77
HIRACHI Kengo (¥ f7), 46 SAKAI Kazuma (i} —f§), 218
HSU Penyuan (iF #&J&), 128 SAKASAI Takuya (#i# =), 79
HUANG Xinchi (2% ¥ ), 139 SANO Taketo (f£% &A), 170
SASADA Makiko ({4 H #¥), 80
ITDA Nobuo (fiH #54:), 157 SASAKI Yuya (fk% A& &%), 219
IKEGAWA Takashi (ith)Il F&#), 146 SATO Ken (#kik ), 167
IMAT Naoki (5 E#), 62 SATO Shoichi ({5 $#—), 185
INABA Hisashi (R %), 7 SATOMI Takashi (L& #:&), 168
INOUE Daisuke (# I ki), 191 SEKIGUCHI Hideko (B[ #¥), 85
ISHIGE Kazuhiro (% #I34), 5 SEKINO Nozomu (B%f %), 150
ITO Kenichi (£ fft—), 60 Sheng Xiaobing (¥ =¥ ¥ ¥AEYV), 171
IWAKI Kohei (&K HF), 64 SHIHO Atsushi (& %), 37
SHIMADA Ryosuke (&H T1#), 200
KAMIYA Ryo (#i# 5%), 147 SHIRAISHI Junichi (H# ##—), 83
KASHIWABARA Takahito (FIEZ%AN), 68 SHUAI Bowei (Al %), 220
KATO Akishi (I $58), 70 STOKES Alexander (A h—2 2 7L 7% v &—) 141
KATSURA Toshiyuki (k: #147), 116 SUZUKI Kaishu (#7 /), 220
KAWAHIGASHI Yasuyuki (I #2), 19
KAWAKAMI Tatsuro (#_E #EHF), 164 TAKAGI Shunsuke (#EA 1), 39
KAWAZUMI Nariya (7% #2%), 16 TAKAMATSU Teppei (2 %), 175
KEN Eitetsu (H 2#7), 216 TAKANASHI Yugo (#5534 #&57), 221
KIDA Yoshikata (AR EF), 21 TAKANO Akihiro (&5 BE4), 202
KIMURA Yuta (A# #X), 130 TAKASE Hiroshi (%5l #:&), 172
KINJO Tasuki (&3 ), 198 TAKAYAMA Shigeharu (&1L %Hg), 41
KITAMURA Kan (At i), 197 TANAKA Hiromu (HH 42), 86
KITAYAMA Takahiro (dtil &#4), 71 TANAKA Yuichiro (HH #—H5), 106
KIYONO Kazuhiko (J§% 1), 102 TATEYAMA Shota (81l 1K), 136
KOBAYASHI Toshiyuki (/Mk {£17), 23 TERADA Itaru (¥ %), 87
KOHNO Toshitake (J/EF f£3), 122 TERAI Kengo (F§J #1%), 177
KOIKE Yuta (/M #iK), 73 TOKIHIRO Tetsuji (KA #177), 44
KONDO Ayao (i 24), 215 TSUBOUCHI Shuntaro (FEP #AKER), 203
KONNO Hokuto (4% 4t3}), 103 TSUJI Takehi (- k), 42
TSURUHASHI Tomonori (## %142), 188
LI Kimihiko (% AE), 207 TSURUSAKI Hisanori (il &), 186
LIU PELJIANG (% ifiT), 227 TSUTSUI Yuki (féi# &), 176
MAO Tianle (£ X%%), 206 UEDA Kazushi (i —£), 67
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UEDA Kento (fiiFH #A), 193
UESAKA Masaaki (LR E5), 126

Wang Gefei (£ #%3F), 196

WANG Peiduo (T i§%), 228
WATANABE Yuta (¥ #ik), 209
Willox Ralph (V11 v 22 5)17), 53

XIA Xiaokun (H/NE), 196

YAMAGISHI Hayate (1L ), 154
YAMAMOTO Hiroko (A %7F), 131
YAMAMOTO Masahiro (LA E%), 47
YOSHIDA Nakahiro (% HiIZ), 50
YOSHINO Taro (&% AH8), 228

ZHANPEISOV Erbol (¥v~1 Y7 LK), 181
ZHU Haozhe (% ¥5#), 201

2H KR, 1
*& &, 157
JE KER, 58
FafR 47, 59
Wt U, 3

) G4, 157
)il BEE], 146
FHE ML, 5
i f#—, 60
i
FHE K#f, 191
S R, 62
AR HEE, 64

Y4 HEYIA FIVT, 53
FiR IESE, 126

R #EA, 193

R —4, 67

Lk F8%, 194

B\ %k, 195
Wang Gefei, 196
WANG Peiduo, 228
KH fE%5, 113

#H AT, 11

MiA SEK, 213

A iH, 159
INRH R, 13
AR, 161

B 52T, 214

BL UwA kA, 143
B BE¥, 215

XTA Xiaokun, 196
RSN, 68

K #7116

Ik Ssk, 70

MR 5, 147

fulm fEAHR, 162
i E HEHB, 164
R R, 16

TR R, 19

BB R, 148
HBH E—, 119
Jett i, 197
Juill &, 71
AKHE BF, 21
AR HEK, 130
TEE M, 102
&hk #=, 198

M ST, 216
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/N HK, T3
aw v+, 139
B BEfR, 165
T gk, 122
A% 1, 102
Ik HkE, 183
INBR 81T, 23
MESE 4, 75
R A, 215
48 463k 103

M %, 33
ik 5 —, 35
i il 29
ik BOK, 184
HH —I%, 218
Wt FHhE, TT
Wit =, 79
flie R I&R, 219
% H #-, 80
TERE 3, 167
TERE #—, 185
B &K, 168
¥ &N, 170

PFrRLY T TIVKRL, 181

Yy YyAey, 171
El I, 37

B T, 200
R EARE, 83
ZHU Haozhe, 201
7R, 128
HA i, 83

SHUAI Bowei, 220
#R MRS, 220

ARN—ZA TLIHUR—, 141

B 5&7, 85
BEEF  AE, 150

mAR B, 39
w172
A fEE, 221
& BEHA, 202
i O, 175
L %, 41
FEILFMK, 136
M 2, 86

M ME—ER, 106

T fKE, 150
I, 152

ik, 42

faiH Bk, 176
TN R KER, 203
i {22, 186
HRAE g, 188

S R, 177
SFH E, 87

ik 15, 44

R g, 137
iR Bk, 107
AU A, 221

BAO Yuanyuan, 110
BA B, 222

FEA fiEE, 152

&I 5L, 89
53, 188



B, 90
JFT F—, 190
B waz, 223

B #KER, 204
it fEE, 46

B MK, 179
BEIR %k, 123
IR T, 134

~nF 1$5TT, 210

¥—7 NAH—1, 155
FI 545k, 108

WE =, 91

A %, 224

WA A%, 92

=% ¥, 94
=H K, 96
HiE {2, 205
AR RN, 98

MR RN, 225
R 5, 124

MAO Tianle, 206
(L ¥, 154

A B, 47

(A =5, 131

HH A, 50
#H KHS, 228

LI Kimihiko, 207
LIU PELJIANG, 227

1% K, 209
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