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Topological vertex 5

The computation of the partition functions for five-dimensional supersymmetric
theories from the topological vertex

Hayashi, Hirotaka
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While string theory may be considered as a strong candidate for the theory
of everything, it can also serve as a powerful tool to analyze physical quantities from the
properties of geometries. In this project, we have studied supersymmetric gauge theories, which is a

type of quantum field theories, by using branes, which exist in string theory. We realized various
gauge theories on branes which were supposed to be difficult to be realized on branes, and we
computed their partition functions from the geometries of the branes.

Topological vertex "t Hooft



¥ X C—19,. F—19—1, 2—19 (58

1. WFEBHA Y M DTS &
BRI ORI S — VR E WO FHEOHOETmICL o TR I TR Y, 7F— 8
DOEfRZRO D ZLITEETH DL, F—VHEROME 2T T 27200 FAREE LT, =
OSBRSS 5, T — VRO BRI A KD B T L IX BRI IXEE LS, BRI L
XN D RFNEEFF O — VHERO MBI ERBER A SN Z ERMb T\, £O—FT
BEZERIT. [TTMOER] OFNEMELEZONTWAEGTH N, By — T HimO
BB AEHAETAAEAREREE L TCOMELEF I ENMLINTWS, MEROERZRME L
THiF 3 KT Calabi-Yau Z2[H] (LA, CY3) 5L | R /L¥ —HhBEm L LT 5 Wockikf
MR N ET SN D, £72. V3N F—U v 7 LW ) FEOHA L, topological vertex &\
I FEEEAT D LT RN T D 5 IRTTERFMERERR O BB E R E T A LN TE D, 2
U CY3 OFHZEZ L. CY3 @ Gromov-Witten REE Y L < X Gopakumar—Vafa RN EO R %
FHRET D Z LK T D, D7D, b IRTCHETFREERR O R B A R T D 2 LTI
b E RV, — T, topological vertex MIt4 O AN h—V v 772 CY3 THHT-D,
[RHN72 CY3, TR BRI b IRoHXIFRY — PRIk LT L2 topological vertex 73
WHTERWEWHIHESR LD -7, UL, k(1] [2], Blicky, =V v 772 CY3 DM
*tpKEBTHD 1IB HEEHmO T L—r v =7 OWEERIAT 2 2 & T, Z oA IE
RENTz, DD, TOPHENEZETHRTHAINEVS ZEFEERMWTH- T2,

2. WH7EOHBY

k1], [2]. 312X V. topological vertex Z W T 5 5 IRICHX IR — VB OFRFAMN
JEEE &L, topological vertex O MO FREMENEE 572, £ T T, AWFJEIL topological
vertex OF{EZ LV IRIKWEERED 5 WRITH PR O BB MO R~ LR T 52 L2 H
B &ET 5, B, HBORETIRICKE T 2 AN TIECII OB EZ 55 2 & BNEE LW 5 kot xt
W — U (B 20X, ISR S —UREE T A=V L) ORI OFEICER LT
AR

3. W o ik

5 IR FERR G D ELRIE 2 3 B4 A 7201 1E, £91% topological vertex D 23 A HE
BT VL= =T TED S WIBM TR E RET 22 ENEETHD, LWk TIX 05 7
L= EWEIN DMK EETe T L —r U =T O, XER(2] TIE 7 L —r U =7 % trivalent
gluing & L <X quadrivalent gluing &FEIZIND FIETEITFZ T = 71Z% LT topological
vertex OMANAIBEL Ip o7z, FZTHIIEOHEL LTIHIRD 2 2O FatEE2E 2 5,

1) 05 FL—v AVDTVv—r 7T 2 HWEE

THERANC L 0D A= G D —VHERN 05-F L — 2 AV DT L— o = 7 TERENT,
THIZED TN 2 OF VTS TTL—r U2 T EAVWTER XA LIt oTm, &
ST, INEDT =T IZMEGEN ENTIT AN GNENERRDLZET, 707 2075 —Vkts
HO 5 RITHBMHT —VHRDEZL 2T L —r 7 2 7 TR L TN,

F7-. HR[3] D7 TIX, topological vertex ZWH TEZR2WVW05 L —r ADDT L—rT
T BEFEE LT, FZTETIL, LRBIOTFERNEHTE S 06 7L—r ADVDT L—r 027
BRI D2 LICE D X0 B AR E R I D BRI A RS D, T ORAESE Z
5 Z LT, topological vertex A CEL 06 L — AVDT L —r U7 OFEAZECL
TWn<,

(2) Trivalent/quadrivalent gluing %V \7=3L3E

ER2] T R —Y v T 7 CY3 Mt T L — v =7 % trivalent gluing & L < iX
quadrivalent gluing CEIF v 7 2ExT, FZC, b—U v 77CY3 LI 7TL—r0
=7, By T RCHIGT DEMEE L TELND U =7 D trivalent/quadrivalent gluing %
EBZH LT, L0 O RITBRIS—VEREEI L TN ZEEE XD,

4. WFFEEkRE

e 715 (1) 0% OHRIRIC X 0 IR D RUR % 157,

1) Fv 720 —PHE2RBOSN—VHBDODEL AT L —r U7 TEH

gtx, SUB) b LT Sp(2) X —VREL 57 —VHGHRDE T (WER 51X 07T 7L—r%H
W) 7 L= U2 T TTEREN TV, EBIC, 67— AVDT L= 02T 5EZXDHT
LT, F—UlE G L L, BARBOMESG S0 —VHERGOE TR — VRN SUB) T
Chern-Simons L UL% 9 O/ —VHIZGA R Lz, ZOREIZEY, Fo7B 2075 —Vktn
FFon/2 0 OFEFEO 5 Ity —VBiRE 7 L — > U= 7 CERIUTEX L Z Lz b,



(2) F—VHEN SUB) H L<IX Sp(3) T, 3 MXAHREDOWER 2B/ —VHRE T L —
v =7 CEH

R (1) OPEEELE LT, TV KREWT I D=V e oy — VD7 L —r 7 27 |Z

KXAEBNH D, HEREWE DL L TUIEMERERROG 2 E0A T o0, Fxld, F'—V

23 SU6) & L < 1% Sp(3) T 3 BB BOWE %%a@?*“/fi 7 L—rooTIZhLnEHE

BlL7z, 70, Bonle7b—r v =T %2FHT 52 LT, 77— VRN SU6) T 3 BERCTFREREL

OB EELr — VRO e — VB b R LT,

B)0B5 L=V AVDT L —r 7= FIZxT B topological vertex FIEDILIE

THR[BJICE 2T OB L — ADVDT L —r =27 DO—ERIZ topological vertex M@ T 5%
L2752, HoNT-EBEEOEY /ZMmEE & 52 & T, LDERWLHRERTH D,
056 7L—rb 1 DO07 L—rOfAEDLEICKT 50BN HE LN, ZDFHFE % 0-vertex
L&A, topological vertex DFIEICHAAND Z & T, XV §< DOFEFHD 05 7 L—2 A D
DT L—r 7 =7 2% LT topological vertex ZMiH TE AL Dl o7=, TOFEEZHWT,
A —FEDS SU(3) T Chern—Simons L~ULS 9 O F — JHEG DS ECREI S 23R LT-,

WIZ, WFEHTE (2) 0% OYEIRIC L D RO R Z 157,
(4) }‘ Vw7 BTV = 7 % trivalent/quadrivalent gluing TEIF/~-v =7z &k
% b WX iR D EE
Conformal matter &MEIEILD 6 RITBXIFMEREG 2 & Lic= 287 MELTHE LD 5 kI
PR — UPEERIX trivalent/quadrivalent gluing # W2 U =7 CHEHBETHZ LN T 5B,
FOY =TIy TRACKIET2EERITH> 2T, b=V v 7 LR TIERNnT L—r T
7 % trivalent/quadrivalent gluing TEIF TR EINDI TV 27 2L 5, ZDX 5T
L7y = 70%, B AO 6 oA Z2ME Ll a7 MELTE LN A ERIZ, 3k
THE Y T RAEITHTbDOEFEBLTWD, TOMNTZ218 L T, FISME G, Fi E (n=6,7,8) &7
— UL T 5 5 RGUBRIFR S — VMR A ERT AV s T EBA LN TE, ZOMREIZED,
ETOHENEZ T = 71KV FEBLTHZ LIZkBI L, F£7z topological vertex AT 252 &
T, TNHOF—= VRO AR T L 2 LN TE T,

(5) = %7 ~72 CY3 @ Gopakumar-Vafa REB DR HE

Trivalent gluing #% < WD Z E T .HDI/HED AL XY N CY3IZHIGT DU = 7 157,
FOHATL, trivalent gluing IZ%3 5 topological vertex D FiEAEHEHT A2 LIXTX
o ten, BDHFNZRBNTIE, EEZMZ % Z & T Gopakumar-Vafa R EO —# % 5tH T2
TENRTER, ZORRIL, BHEEDPNOFETHRE LR L —F L, £, HDHFFEDK
M7 7 A N—%FF2 CY3 IZx LTIE, ®HGT % 6 IOtBEERICFET 5 2 IRoe D% EOBER D4y
B BE%% & Gopakumar—Vafa NZ5 & & O BEFR A dam L 7=,

Flo, IROOMRLSMNT S, AT 5 T, RO F itk Z RS, 7L — & ATk 7
WILD 7 — TV HEROME Z T LTz, LA I ORUR %2 RIS T 5,

(6) * t Hooft HEH FDIHEIRIE DFE

4 WoTHER PR — 2 BER Tl Mﬁ%w@tﬁ@ﬁ%f%é t Hooft A T2 EZ2HZLENT
x5, WEHREAND L t Hoft T2 7 L— Ik ERT 5 &ﬂf%éﬁ %@%
iEEFIA LT, =8N UN), SON), Sp(N) @ 4 kot (N=2) BxiFr7 — P EERIc 81T 57
Hoof't J# 7 DOFHEIBI S & 35 L7,

(7) BRIFEDILRICEE 35 ST/ e BB fiR

HDOEFED 4 WITEBXFRT — VR TlIE, R R F— RIS B W TR FESTER T 2 Bl
BDHLNTWD, Faldzng, 4 WTBART — V% il 3 D% dh# (Seiberg-Witten
HRR) DOSEH N D OFfiR A 5 2 7~

(8) 5 RITWBRAFEIERZBIT B L LRT ¥ ¥ VDOILE

5 WITHBRIFRT — 2 BEGR ®%ﬂa%%@0f5§kLT7VTT//VN&Eiﬂ6%®#%
Do LR T VRT v ViE, b IRITCEBX IR — VRIS DR O R 5 &2 AW TE
SNTWER, Fx ZFEEFMICEN DR FOESE GO VRT U Y VERB LT, TO
KO FEELERDANDZ LT, TURT U /L b RIBBIRTFE 2 R 52 LN TE T,

9) 5 REBRAHST —VHRBOE v FAEDOT L—r 0 = 72O T fi#T

5 RICEBRIFR 7 — VHERIZIT E v VAR L MHEN D BENH DN, IR G TERN T D &
T v T AERENT 25608355, DL e v T A ERD D FHiEE LT, 5 kTlBxf
WA —VHSRAERTALIT L —o 2T D, by SARERERT S 3 RIL T A — A —Hi
FAWLFERND D, Fexld, 056 FL— AVDT L—r 7276 3IRIGT A ——HiHa 35
HEDHHRAID E 572 598EA1TV. £7250(4). S0®). SO 7/ =L 45 5 IRouEEHAT
—VHROE v S A ETIRT D 3Ry A — " —Himh KT,



(10) 3 RITBRAFRIEEDFE L PUcHE DARHT
HORFRGTFEO N2 T —2%E 2, TOLHIRM2 T L—r BIZERIND 3 Won@BsFE
FREG DB a2 R D T2, KIBHSIFMNED 7 H 2T 4 —% & TR A FHE L, B 72
HEROBMEEN 7 AT 4 —bEOTC—HT D2 L 2R L=, £z, BRFER D H 2
Ba b o> THLNLIROF =R bET,

51 Sk

[1] TTopological strings and 5d Ty partition functions| #{## . Hee—Cheol Kim, VM2
122 JHEP 06(2014)014. 2014 4

[2] [5d/6d DE instantons from trivalent gluing of web diagrams| ARIEE . RKAREKERE.
JHEP 06(2017) 078, 2017

[3] ITopological vertex formalism with O5-plane] Sung—-Soo Kim, /\A A . Physical Review
D 97(2018)2, 026011, 2018 4, 026011-1 - 026011-7

[4] T5-brane webs for 5d N=1 G, gauge theories| M{# . Sung-Soo Kim. Kimyeong Lee. J\
KK, JHEP 03(2018) 125, 2018 4



13 13 11 13
Hayashi Hirotaka Nosaka Tomoki Okazaki Tadashi 2022
Dualities and flavored indices of M2-brane SCFTs 2022
Journal of High Energy Physics -
DOl
10.1007/JHEP10(2022)023
Akhond Mohammad Carta Federico Dwivedi Siddharth Hayashi Hirotaka Kim Sung-Soo Yagi 2022
Futoshi
Exploring the orthosymplectic zoo 2022
Journal of High Energy Physics -
DOl
10.1007/JHEP05(2022)054
Hayashi Hirotaka Okuda Takuya Yoshida Yutaka 2021
ABCD of ' t Hooft operators 2021
Journal of High Energy Physics -
DOl
10.1007/JHEP04(2021)241
Hayashi Hirotaka Zhu Rui-Dong 2021
More on topological vertex formalism for 5-brane webs with 05-plane 2021

Journal of High Energy Physics

DOl
10.1007/JHEP04(2021)292




Akhond Mohammad Carta Federico Dwivedi Siddharth Hayashi Hirotaka Kim Sung-Soo Yagi
Futoshi

2021

Factorised 3d $$ ¥mathcal{N} $$ = 4 orthosymplectic quivers

2021

Journal of High Energy Physics

DOl
10.1007/JHEP05(2021)269

Hayashi Hirotaka Kim Hee-Cheol Ohmori Kantaro

2021

6d/5d exceptional gauge theories from web diagrams

2021

Journal of High Energy Physics

DOl
10.1007/JHEP07(2021)128

Akhond Mohammad Carta Federico Dwivedi Siddharth Hayashi Hirotaka Kim Sung-Soo Yagi
Futoshi

2020

Five-brane webs, Higgs branches and unitary/orthosymplectic magnetic quivers

2020

Journal of High Energy Physics

DOl
10.1007/JHEP12(2020) 164

Hayashi Hirotaka Kim Sung-Soo Lee Kimyeong Yagi Futoshi

2019

Rank-3 antisymmetric matter on 5-brane webs

2019

Journal of High Energy Physics

DOl
10.1007/JHEP05(2019)133




Hayashi Hirotaka Okuda Takuya Yoshida Yutaka

11/116

Wall-crossing and operator ordering for ' t Hooft operators in $$ ¥mathcal{N} $$ = 2 gauge 2019

theories

Journal of High Energy Physics -
DOl

10.1007/JHEP11(2019)116

Hayashi Hirotaka Kim Sung-Soo Lee Kimyeong Yagi Futoshi 2020

Complete prepotential for 5d $$ ¥mathcal{N} $$ = 1 superconformal field theories 2020

Journal of High Energy Physics -
DOl

10.1007/JHEP02(2020)074

Carta Federico Giacomelli Simone Hayashi Hirotaka Savelli Raffaele 02/106

The geometry of SUSY enhancement 2020

Journal of High Energy Physics -
DOl

10.1007/JHEP02(2020)106

Hayashi Hirotaka Kim Sung-Soo Lee Kimyeong Yagi Futoshi 2019

6d SCFTs, 5d dualities and Tao web diagrams 2019

Journal of High Energy Physics

DOl
10.1007/JHEP05(2019)203




Hayashi Hirotaka Kim Sung-Soo Lee Kimyeong Yagi Futoshi 2018

Dualities and 5-brane webs for 5d rank 2 SCFTs 2018

Journal of High Energy Physics -

DOl
10.1007/JHEP12(2018)016

13 2 3

6d SO gauge theories from trivalent gluing

2023

2023

On Higgsings of D-type conformal matter theories from web diagrams

2022 ( )

2022

Hirotaka Hayashi

6d/5d exceptional gauge theories from web diagrams

Strings and Fields 2021

2021




More on topological vertex formalism for 5-brane webs with 05-plane

2021 ( )

2021

ABCD of "t Hooft operators

2020 ( )

2020

Exceptional gauge theories from trivalent gluing

76

2021

Hirotaka Hayashi

Wall-crossing and operator ordering for "t Hooft operators in N = 2 gauge theories

Strings and Fields 2019

2019




On prepotentials of 5d N = 1 gauge theories

2019 ( )

2019

Hirotaka Hayashi

Complete prepotentials for 5d N = 1 gauge theories

Quantum Field Theories and Strings 2019

2019

Hirotaka Hayashi

Complete prepotentials for 5d N = 1 gauge theories

Branes, supergravity and string phenomenology

2020

The Geometry of SUSY Enhancement

75

2020




Rank-3 antisymmetric matter from 5-brane webs

74

2019

Dualities and 5-brane webs for 5d N=1 rank 2 theories

2018 « )

2018

Huai-Dong Cao ( ), Shing-Tung Yau ( )

2020

International Press of Boston, Inc.

346

Differential geometry, Calabi-Yau theory, and
holography, and topological strings,
Kim, Kantaro Ohmori, Cumrun Vafa,

general relativity ( SCFTs,
Hirotaka Hayashi, Patrick Jefferson, Hee-Cheol
pp.105 212)




DESY




