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LTHZONDE LI BRANT 4+ ALEPS C-RI MVEMEMEESRD T T vV IVIE
NOEF Q Zo7biI T, INODBEFEREEZEADL L, TNODMITIERT MV
ZHOEREZEZADZLICE> THRICEOMELS AL £3, AW AN IS O F R I,
ZOBDOE L THHREDT, dimgHo(N) =1 TRERMIT SN ET,

T, PAC d IRot S(G, X) Mg D E L kiR M 12X LT, B Zp(M) e C %
HHnSEES, 568 MUM IZHUTERAENS Zog(MUM') = Zo(M)Zg(M') T,
/. QPRI =XVTH-T, M & M D (d+1) IRTEDRILVT 4+ ALTDORNPZIR5
X Zo(M)=Zo(M') THBLRTIENVTEET, Hili S(G,X) 2Fio7z d IktOH
U7z%kkih% (d+1) IRTEDRLT 4 ALATH—FHU7ZHDRVT « ALEE QG (X) L EHEH
NEd, 258 Zo IEAHEE QF(X) D C ~OXRHELGZET,

Wz, QF(X) O—IRIGERBREG 25 L. TNRDEBI Zg 12D LS hrfia=X
VARAHRG OB Z — RIS T 22 e TE XY, INT Ml SGX) 2D d IR
JEH L = 2 ) MBS O MR L, RV T 4 XARE QG (X) DRV MY ¥ —F Ve —
xR T B e £ LT,

4.3. AIHRIZOEIRD up to REMNE—TOREE

MM G OB TIZR L, o8 —MOGOHEREZEZZHEIFESITLEIN? ZZ
T, BEL LT, MOLIIZED SN(G,X) #FZAF L &S: T2 Tl MaomEE
Z. #EHRIZ G =0, SO, Spin, PinT X DiEE 5 X, 512, V- VEtRE2H2F
T, TOULT, ISIEELRLY = VERRIK X ~NDRFEDPSDER o M - X 2H7-
ZHBDEULET,

I595k, ZHEDO MR Y =72 TlERL, FFEPES o NOEGAIZG O
MAMKIEL 5 B 728, A OMEEAREZ TS Z LR ICREEZ bk d, L
U, OO FIGOMRIERNRER T D0 hbd a4k H—HT2IIlT 5L
DHFERNE D 2B RENL [FHIO) ILE > TFRINTVET, FAIL BICHTEE
RVT 4 ALEEQG(X) DT v &= VI (DQO)YHY(X) THEZONET,

TUR=Y R ERFMTUL &5 @HEO Z fB(I)FED Y - H (-, 2Z2),
H*(—,Z) OE@R8Eiz B nWHELEL & 5

0 — Extz(Hy_ (X, 7),7) = HYX,Z) — Homz(Hy(X,7Z),Z) — 0 (4.1)

EWVSHRERINHDEDTU, L0 —HD(A)FEBR Y —HEH h(-), h*(—) ITFLT
I TR =Y ATk ERRITIE h R B (3)RER Y -GN Dh.(—), Dh*(—) dH
D\
0 — Exty(hq_1(X),Z) = (Dh)%(X) — Homg(hq(X),Z) = 0 (4.2)
DO EET, £/, —MIZ DDh = h DO LH ET, FiZ DH(—,Z) = H(—,7),
DK =K, DKO = KSp "HIo v CTWE T,
d OLD A HRIGOHERD I TS 25 DX TTH» 6,

0 — Extz(Q5(X),Z) — (DQ%)(X) — Homgz(Q5,1(X),Z) = 0 (4.3)

AT DOIFTYT,
TGRS [And69] T, Bl OFFUIHIZ L [HS14] 2SR 23,




4.4.
Kl LT, 22/ 2 WonhEf 1 IRt T X =pt. G &£ UT Spin &2 E# XL &5, ¢
Bl d=2+1=3 Q" (pt) =0, QP"(pt) =Z TY, £->T, TORTLTAY UHEEIC
%t 2 WAL O BRI EERE O L d H FEAN, AJHGOHERIE up to AE b
V=Tl ke Z THEINET, ZOEBUIIMMEMERTIIANF-VEEEZE LTHS N
TWEY, BB

ZAM):@m@mﬁ/ Py (4.4)

w48

THERZONET, 72720 WIXOW = M RBVMURITLAE VEHRIKT, pp 13Z D EOFEIR
YUY —FUEHEMA A TLWZEDTT,

RIZ, Z2[H 3 IRoehifE 1 IRt T X =pt, G £ LT Spin i 21 ERE ES5KR5TL &
5% d=3+1=4 QPpt) =7, BP"(pt) =0 TY, £->T. AL VHEGEIZHT S
ARG OBERIE Z OR Y M) vy —=F VRO U1) Zidd b £9, BERMIZIE £
BlBEEIE o € R/Z ~ U(1) XL

Za(M) = exp(2mia /M %) (4.5)

TY, AUGOME%Z upto "REME—THEZ DL, ML SNEITIAWNTH S Z A
TN ET,

BLFEWZ, M 3K 1IRCT X =pt. G 2LT Pint BiE2 &0 xd, 75
Ld=3+1=4, Q" =7/16Z, O} =0 L%V EF, Thib, ZOXTTOPnH#
WIS 2 A O Bm X BN AAHI T, Z/16Z THEINDE L WS Z e nnb &
U7z, S HCBEEE Dirac fEHED n AEBZ DD > TRRTEAZEPHSNTWVWET,
References

[ABGO04] Sergey Arkhipov, Roman Bezrukavnikov, and Victor Ginzburg, Quantum groups, the
loop grassmannian, and the springer resolution, J. Amer. Math. Soc. 17 (2004), 595—
678, arXiv:math.RT/0304173.

[And69] Donald W. Anderson, Universal coefficient theorems for K-theory. http://faculty.
tcu.edu/gfriedman/notes/Anderson-UCT. pdf. unpublished notes.
[Ati88] Michael Atiyah, Topological quantum field theories, Inst. Hautes Etudes Sci. Publ. Math.

(1988), no. 68, 175-186 (1989).

[BFN16) Alexander Braverman, Michael Finkelberg, and Hiraku Nakajima, Towards a Mathe-
matical Definition of Coulomb Branches of 3-dimensional N'= 4 Gauge Theories, II,
arXiv:1601.03586 [math.RT].

, Ring Objects in the Equivariant Derived Satake Category Arising from Coulomb
Branches, arXiv:1706.02112 [math.RT].

[CGLW13] Xie Chen, Zheng-Cheng Gu, Zheng-Xin Liu, and Xiao-Gang Wen, Symmetry Protected
Topological Orders and the Group Cohomology of Their Symmetry Group, Phys. Rev.
B87 (2013), no. 15, 155114, arXiv:1106.4772 [cond-mat.str-el].

[CKLW15] Sebastiano Carpi, Yasuyuki Kawahigashi, Roberto Longo, and Mihdly Weiner, From
Vertex Operator Algebras to Conformal Nets and Back, Mem. Amer. Math. Sci. 254
(2015), no. 1213, arXiv:1503.01260 [math.0A].

[Cosl1] Kevin Costello, Renormalization and effective field theory, Mathematical surveys and
monographs, vol. 170, American Mathematical Society, 2011.

[BFN17]

[FBZ04] Edward Frenkel and David Ben-Zvi, Verter algebras and algebraic curves, second ed.,
Mathematical Surveys and Monographs, vol. 88, American Mathematical Society, Prov-
idence, RI, 2004.

[FH16] Daniel S. Freed and Michael J. Hopkins, Reflection Positivity and Invertible Topological
Phases, arXiv:1604.06527 [hep-th].



[FLMSS]
[GJ8T]
[Haa96]
[HS14]
[TW06]
[Kaw17]
[Kon94]

[KT90]

[KTTW15]

[MT11]

[Nak16]

[Seg04]

[SWOO]

[Tacl7]
[Yon18§]
[J513]

[TLH788]
[F196]

[E710]

Igor Frenkel, James Lepowsky, and Arne Meurman, Vertex operator algebras and the
monster, Pure and applied mathematics, vol. 134, Academic Press, 1988.

James Glimm and Arthur Jaffe, Quantum physics, second ed., Springer-Verlag, New
York, 1987. A functional integral point of view.

Rudolf Haag, Local quantum physics, second ed., Texts and Monographs in Physics,
Springer-Verlag, Berlin, 1996.

Drew Heard and Vesna Stojanoska, K-theory, reality, and duality, J. K-Theory 14 (2014),
526-555, arXiv:1401.2581 [math.AT].

Arthur Jaffe and Edward Witten, Quantum Yang-Mills theory, The millennium prize
problems, Clay Math. Inst., Cambridge, MA, 2006, pp. 129-152.

Yasuyuki Kawahigashi, Conformal Field Theory, Vertex Operator Algebras and Operator
Algebras, 2017. arXiv:1711.11349 [math-ph].

Maxim Kontsevich, Homological Algebra of Mirror Symmetry,
arXiv:alg-geom/9411018.

Robert C. Kirby and Laurence R. Taylor, Pin structures on low-dimensional manifolds,
Geometry of Low-Dimensional Manifolds, vol. 2, London Mathematical Society Lecture
Note Series, vol. 151, 1990, pp. 177-242.

Anton Kapustin, Ryan Thorngren, Alex Turzillo, and Zitao Wang, Fermionic Symmetry
Protected Topological Phases and Cobordisms, JHEP 12 (2015), 052, arXiv:1406.7329
[cond-mat.str-ell. [JHEP12,052(2015)].

Gregory W. Moore and Yuji Tachikawa, On 2D TQFTs Whose Values are Holomorphic
Symplectic Varieties, arXiv:1106.5698 [hep-th].

Hiraku Nakajima, Towards a Mathematical Definition of Coulomb Branches of 3-
dimensional N' = 4 Gauge Theories, I, Adv. Theor. Math. Phys. 20 (2016), 595-669,
arXiv:1503.03676 [math-ph].

Graeme Segal, The definition of conformal field theory, Topology, geometry and quantum
field theory, London Math. Soc. Lecture Note Ser., vol. 308, Cambridge Univ. Press,
Cambridge, 2004, pp. 421-577.

Raymond F. Streater and Arthur S. Wightman, PCT, spin and statistics, and all that,
Princeton Landmarks in Physics, Princeton University Press, Princeton, NJ, 2000. Cor-
rected third printing of the 1978 edition.

Yuji Tachikawa, On ‘Categories’ of Quantum Field Theories, 2017. arXiv:1712.09456
[math-ph].

Kazuya Yonekura, On the Cobordism Classification of Symmetry Protected Topological
Phases, arXiv:1803.10796 [hep-th].

JR B, WERCHNEG OB - T HLAY R R O H AT, http://www2.math.kyushu-u.ac. jp/
~hara/lectures/13/MP2013-2015.pdf. [ZHEEMIFE 2013 #HE/ — b.

JLIRTE and s, 508w & Hial 05, HARNwAL, 1988.

FEAARZFE and JLIRFE, BT HOEIE 2nd ed., SIFHEBROYIELY vol. 21, A E
J&, 1996.

B U, “government of the people” DFRFUZDNT, THEE & HEEHE OWREL 20/
EFLSTIATY (2010), 199-214. http://jaell.org/gakkaishi20th/Tadao%20NOMURA .
pdf.



