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A. 研究概要
2次元トポロジカル物性物理学におけるテンソル
ネットワークを用いたフュージョン圏の研究と作
用素環論の間の関係を調べた．フュージョン圏の
対象を記述する 4-テンソルが作用素環論におけ
る bi-unitary connection と本質的に同じもので
あることは前からわかっていたが，本年度は 4-
テンソルをつなぐ，zipper 条件を満た 3-テンソ
ルが，作用素環論における string の flat field と
同じものであり，フュージョン圏の射を与えるこ
とを証明した．これは当然期待される結果である
が，もっとも一般的な設定での証明を与えた．

We investigated the relationship between
tensor-network approaches to fusion categories
in two-dimensional topological condensed mat-
ter physics and operator algebra theory. It has
been known that the 4-tensor describing objects
of a fusion category is essentially identical to
the notion of a bi-unitary connection in opera-
tor algebra theory. This year, we proved that
the 3-tensor connecting these 4-tensors and sat-
isfying the zipper condition coincides with the
flat field of strings in operator algebra theory,
and that it provides the morphisms of the fu-
sion category. While this result is naturally ex-
pected, we established it in full generality.

B. 発表論文
1. Y. Kawahigashi, Projector matrix product

operators, anyons and higher relative com-
mutants of subfactors, Math. Ann. 387
(2023), 2157–2172.

2. Y. Kawahigashi, Two-dimensional topolog-
ical order and operator algebras, Inter-
nat. J. Modern Phys. B 35 (2021), 2130003
(16 pages).

3. Y. Kawahigashi, A characterization of a
finite-dimensional commuting square pro-
ducing a subfactor of finite depth, Inter-
nat. Math. Res. Notices. 2023 (2023),
8419–8433.

4. Y. Kawahigashi, α-induction for bi-unitary
connections, Quantum Topol. 15 (2024),
503–536.

5. D. E. Evans and Y. Kawahigashi, Sub-
factors and mathematical physics, Bull.
Amer. Math. Soc. 60 (2023), 459–482.

6. V. Benedetti, H. Casini, Y. Kawahigashi,
R. Longo, and J. M. Magan, Modular in-
variance as completeness, Phys. Rev. D
110 (2024), 125004.

7. Y. Kawahigashi, Flatness of α-induced bi-
unitary connections and commutativity of
Frobenius algebras, Internat. Math. Res.
Notices 2025 (2025), rnaf255.

8. Y. Kawahigashi, The zipper condition for
4-tensors in two-dimensional topological
order and the higher relative commutants
of a subfactor arising from a commuting
square, to appear in Lett. Math. Phys.
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1. Quantum symmetries in operator algebras

and mathematical physics, Colloquium.
Ohio State University (U.S.A.), April 2025.

2. Tensor networks, the zipper condition and
subfactors, Seminar, Università di Roma
“Tor Vergata” (Italy), May 2025.
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categories, Functional Analysis Seminar,
UCLA (U.S.A.), October 2025.

7. Tensor networks, fusion categories and
operator algebras, Mathematical Picture
Language Project Seminar, Harvard Uni-
versity (U.S.A.), October 2025.

8. Modular invariance as completeness,
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15. Subfactors and Applications (Oberwolfach,
Germany, July 28–August 1, 2025) のオー
ガナイザー．

16. The 4th Australia-China-Japan-Singapore-
US Index Theory Conference – Analysis
and Geometry on Manifolds (Institute for
Mathematical Sciences, Singapore, August
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