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WHFep S OMEEL (F3L) : The melting crystal model, 4D and 5D supersymmetric gauge theory and
topological string theory on local toric Calabi—Yau manifolds have a common feature that the
partition functions can be formulated in the language of Young diagrams.

We found that the KP hierarchy, the Toda hierarhy and their reductions underlie these models of
mathematical physics and their variants. In the course of this research, new computational
techniques based on the quantum torus algebra and the quantum diloarithmic functions were also
developed. Moreover, we derived the quantum mirror (or spectral) curves associated with these
models from the integrable structures, and pointed out that they are analogues of the Kac—-Schwarz
operators that have been known in the theory of integrable hierarchies

Wrzesy ey o AR, BB, MR R

F—TU— K : melting crystal model gauge theory topological string Young diagram quantum torus algebra
quantum dilogarithm quantum curve integrable hierarchy



B A C—19, F—19—1, Z2—19,

1. WFIEBHAE S WO 5

2000 FZA - TH LY P D58 C,
YU TR 3RoLY v VKD D & F
SERHEH TR NBELEED D KD
W7o, FIDOREH TR (74
LA EIEAD) 1L BIRDSBRZR N TR
<, BXFRT — UEERCA A R e & &
HEMRT D Z ERHLNC R 5T, BEFRIC
%, YU BT SBITRILS N, A
Wi, RKBiam, TR RERCTASHWLR
TWAH. ZO 3T TH D 3TV 7K
T b A S imp I ELBR A 2 2t L C
7. WRZEERA T 10 AL BT B IR
AR LRI D 3 IRIT Y v VIR DR )
FRORANCEA LA R D, MBS LWL
D6, Z ZICNTET 5 ATl R OREECH T
7 — UG - VAP & OB b Z0F
LT,

2. WHEOAK

(1) PRfEARE AEE O AT RS oS DR IE 2 & 5
ICRBEIES. ZiLE THFZE L C & IR
ERRAE, 5 RTTHEZED UYLy«
IWAEEE WS, F—VHERE LTI bhD
THIR ISR TEICHIST 5. Z OGA O AR Sy
EDOIIEZ SUN) 7 — P HEGGCR 7 —
BER7e EPEET A 2 L X

Q3T b—U v 7 1T B« I EERA
| ORAFRFTEIRRIC BT, (HERITE S O S
ETH DD BB ECCIRIE B Bk L T,
AR R OB HBERT 5. MAROTAAIE
Vo — T EE OB SRR S, BRI
BAICIX KP B HpEE & oBRR S 5
BEDb)ho TS,

(3) 4 It DK (N=DEB %2 & —

FICBIT DS ROEREMAT 5. =
O R FE S X TR Sy R & BRI Sy
FOMGIZED Y, "D RUFEE A O#LA
D RTH BRI,

(@) Y 7RI 5 sl 2 TR
72 8O PITHER Y EL AR T RSy R O -
TR E RS

3. WHIEDITIk

(1) BRARAE SL T oD Rl FE A HE & D BIFSE TIE,
SECEE R 7 = VI A ERLT, EIITH
ET 58 =7 ARE L ZDILDOMITHK
SET DR EAGR (7 RIRME) AR
B, EBIZ, ZOT7 VI F U FER R ERRLT
FIOSEEICFRL, 7 v 7 2{TF|OPHE %
FELLSHRDZ LIk, AEOHEENF
HFsJE D & D X5 72 RIS RHET 2 0%
BETD.

CK—19 (Jt@)

2) 3R b=V v I BT - vULEk
& EOMFREHEFR OBV T, Shd
HE - R E 7 2 LI AR L TESE
T 5. strip BfIF LM INLTTE -
ZHEROERIZIZEFD LY T = VI A
RRDPERN BB TEY, 215 KP
PeREC HERE & Rk bbb, o7 =
VR RR % strip BT LSRR LT,
BTl a5s 2 LERAARD.

(3) 5 WITHMFRT —HHm & D 4 Rt~
DIRTTREFI T D N=2 X7 — VELR D 4y
BLE UL — DRED SUN) DIEAICE 7 =L
IAVETRELD, BRSO D
ENRZOFFHEATE D EMHEIND. 4K
I N=4 BRI — VEERITEN S X E o 72
SBIRBHEDT, BT AT 4 T INNEE
N, PERN O ETRIES R, VA A X B,
7T AL —RE e EORBENER I TD
DT, TOHFMEMNPLDT T u—FilkAd.

4. WFERR

(1) —ffbza=7 53— RiZ3 Rk b—
Vo778« YULREO—FETHY,

v = 7 XEOmEmICIERRRSENE 2 6
NS A OBEIRIEIL 2 eEFEHH 7 =L
YO T v 7 2B EOERFOITEE S
ELTHRED., A EFEE 2—TH
B L - TREEL L2 b 0idF AR E O
T TR Y, T HBEE ORI A TE D
. ZORBRIEDT v 7 AMERFE AT
LA, T AMERBIX 2 EOA RS
TERFEDOREE LTHRED, L) 2D
Mmool ZiuiAkEoa=7r—LFKE @
PEARBY SRR 2> O 1% 5 AL 5 7 H B JE O Rk
f (R As dn i O 2 fl & S BAFR T 2) DO
WEBRIT BILLTZb DI > T D,
ZDZENDL, ORI
TTaE Y - TT 4y I BEEOE L
LHZENbMND., ZHLTC, —ba=7
=/ R EONANEER & LT 7 m
Y - TT 4w 7 MEEOBRBE ST
otz F£7, TOBRBETES F—F AKX
B2 A v VBN —EDO&RE & Rz
L7z

(2) A= BT 4V RBURAERE S AR T
DIRfRAESAER O — L TH Y, 2 oL
BoRT A —4 a, bkt b, JRFT CP & i b W
END3WIT b=V v 7 HTE - YUK
DLXLA—ET7 4/ RIZBEELTWS.
T OVRIRERE AL D R LY < L IR
TR 2 — T W OFREED AR SN D
N, A=Y 7 v R CIE Z ORRE
DBRONFNEDD. KFRICE - T, ko
AR SR L [RIRRIS, = OFR ¢ F M E
D & D FEOEHI R ORI IS LTV D
Z el ZHE Brini AT rN=
U AEIEDBLUR D AT - T8 2 B D 510



NH XY —MICHAT 25D THS.

(3) closed topological vertex & FEXIL B TE
DU =T EE D3RRI h—Y v I H
T E - Y USEEROMAEEERICR LT,
NARMTES D HFIEE FHWT, AR 1 D03k
HHl 2 RBLZ b D54 O GIRE %2 B4R
ICEHE L7z, closed topologial vertex Tl
PARZIRIE ORI TN Cnedy, 2ok
I BB OFREIZIZI L O TORALATH
5. ZOFMRERTIEE iR A THY b
27z, BT ARE, &1
XA THEREOEREZFAMALE. S
HIZ, FEABRRIANM 11T (HDUVIHHE 1
F) O VRIS T 555 1 BHLRE
EOREEREBRL, TNUPBRIE =N
BX Gofe0ETIT—HmREEZLLN
%) Gl TZEaRM L. M, HPo
BRI LT, ZOBZIEROFEEEZ XY
— B AR O Y = T BIZIRET 5 2
IR THAZ EbbhoT.

(1) strip MfJF LI DHRDO Y = 7K
KEaELDIWRITRFTN—I I BT YU
SRR D _EONFHEEGRH I DUV T closed
topological vertex MIFA & EREIC, V=7
XIIE OB OAMRE 1 DBY, £ ZI2HEAH
7R RBLZ BT B D R ER DY 72 37 #%
T - 2En R EBE L. 2D D a2y
RIS OHEORET I T —iift & e
HBHMN, B LELN D R IZA
VMZIEMEZIZ L - TREIEI T, ke L
TH—Di2ED D Z L23bnroT-.

(5) strip Z&{if % <> closed topological
vertex D&+ I 7 —hifROHFIEE FIE L T,
IS ORI KP BEICBIT 5y
Yo v a UL ERFZOSHE TR -1IICE
fRCcEBZLERHELEZ. oY vaUl
Y YERIFR I 1990 FFARIC 2 RITE ) DAFZED
FCTRIEBENZHOERN, RilrTii) —
VIREDOKFED 7T 4 IEOET A
7 MVHEEBROWFZEIZ BRI STV D, AR
ZECIE, NCARRYSRERRR O BB HRIE D 22 A HRE
B E KPREE D « B e H72 LT, I -
CaUNVWVERFZOB AN ETI T —h
MEFEHLE. o0& 7 —iiT
2 WILEH NIRRT NVT 4 v I BOEE LiES T
a2 e LTERbEns ), 20 &
D78 q 2= RN D AR A b BRI
Troi-.

(6) 5 &It UQ) X7 — B ER O PR At
B U, (RSB RR OB 1 2 7 —ilh
WMERUHIECLST, EFA7 bl
T = hlRich ) k-, &
5z, bR —VEERND 4 Won s — VB
AR SOBATICHY 3 2 REEIZ L - C, 2
DEA AT MV U —~ VERII O
TOaET - U4 T UVAREEDRE AN

b VHBAERINS L ERH L. =
DEA A7 M VE#RT Dunin-Barkowski &
IZ L > CHEERPARFECER I LT
b0l —%T5. &5, ZOBEROME
T, WS BIR D 4 RTTRIR DAL T4
GEZE 10 TR OBEIL-72) LALLM
ol-. TORIEHE LT, V—<2Emo
TaET U4 T UAREEOREEN KP
PSS HEMEEO t W ThHH 2 & ek
WEBIO FIEIZ L » TR STV ) bl
AERAMS BT,

(1) HLHFEDOKR y VB RTVT 4 vV
DR D R FEEEIT OV TEL L.
O DORBEAFRBEEO « WIS Z
LIIDREIN B B TWER, ERICIZZED
Wy T TR B A NE L T
WD ZENDInoTz, ZOZ SRR
IZ1Z Dubrovin H1IZ X o CEEH S 21Uz an,
—ROGEILTTRICE EE T F£ 7,
Dubrovin & @O F{EIXAIFELGBEE DO/ NIV |
VIR E T 4 T Y B HICES L AT
%, ZORMELFHMEEDT v 7 AR DE]
RPDEERL, 7y 7 AMERAZEN T+ LT
TR RE R o s T A EE DT &
BRIz,

5. FTleERamIE
(BFFEREAE . WHTES R S U IT JEH 12
EN )

(MeEstim ) (G 6 )

® Kanehisa Takasaki, Toda hierarchies
and their applications, J. Phys. A: Math.
Theor. vol. 51 (2018) , 203001 (35 pages),
#weh, doi: 10.1088/1751-8121/aabc14
@ Kanehisa Takasaki and Toshio

Nakatsu, g-difference Kac-Schwarz
operators in topological string theory,
SIGMA vol. 13 (2017), 009 (28 pages), At
A, doi:10.3842/SIGMA.2017.009

® Kanehisa Takasaki and Toshio
Nakatsu, Open string amplitudes of closed
topological vertex, J. Phys. A: Math. Theor.
Vol. 49 (2016), 025201 (28 pages), #wif,
doi:10.1088/1751-8113/49/2/025201

® Kanehisa Takasaki, Orbifold melting
crystal models and reductions of Toda
hierarchy, J. Phys. A: Math. Theor. Vol. 48



(2015), 215201 (34 pages), #it A,
doi:10.1088/1751-8113/48/21/215201

® Kanehisa Takasaki, Modified melting
crystal model and Ablowitz-Ladik
hierarchy, J. Phys.: Conf. Ser. Vol. 482
(2014), 012041 (10 pages) , & h,
doi:10.1088/1742-6596/482/1/012041

® Kanehisa Takasaki, Generalized
Ablowitz-Ladik hierarchy in topological
string theory, J. Phys. A: Math. Theor. Vol.
47 (2014), 165201 (20 pages) , &wHif,
doi:10.1088/1751-8113/47/16/165201

(F=2¥E) G 15 1h)

© mia/A, 3D Young diagrams and
Gromov-Witten theory of CP1, Z§ 13 [EIfX;
- fRAT - T I —, BRE R 2018
H#2H

@ &Eif4/A, Melting crystal model and its
4D limit, “"Physics and Mathematics of
Nonlinear Phenomena”, Gallipoli, Italy,

2017 # 6 H
® @IF4/A, Quantum spectral curve of

melting crystal model and its 4D limit,
“Geometry, Analysis and Mathematical
Physices”, FAEBKTF 2017 42 A

@ EI4/A, closed topological vertex @
Ak & q-7224 % Kac—Schwarz {Ef

27—
% 2016 FEERAE T4, 2015

. AAECES
9 H
® EilR4:/A, Integrable hierarchies in
melting crystal models and topological
vertex, “Integrable Hierarchies and
Beyond”, #2016 48 H
® mEIf4/A, Integrable hierarchies in
melting crystal models and topological
vertex, KIAS Workshop on integrable
systems and related topics, KIAS, Seoul,
Korea, 2016 4F 6 H
@ mEiR4/A, Topological vertex and
quantum mirror curves, Rikkyo

MathPhys 2016”7, 7#UK5 2016 41 A

®EIE 4L, closed topological vertex @
BRIRIRIE, B AE 2 2015 FEER G o R4,
20169 H 1 H

=iFF4:/., Integrable structure of
various melting crystal models, “Recent
Progress of Integrable Systems”, National
Taiwan University, Taiwan, 2015 4 4 H

© EF4/A, Integrable structure of
various melting crystal models", ““Curves,
Moduli and Integrable Systems", & HZAK
¥ 2015 4 2 A

Q EIFEA, RSO TR G ]
Wrgtte s [IERIBECEE 7 LV O « HE,
Plets, &R, Tod), UK 2014 4 8
H

@ mlEaA, AR R
X7z Ablowitz-Ladik [/,
2014 fEPEAES, 2014 423 A
@ \F4/A, Introduction to Sato's theory

BiF 5%k
A AR

on soliton equation, "Around Sato's Theory
on Soliton Equations", #HZAKEE 2013 4
12 A

© @\IF4/A, Melting crystal models and
integrable hierarchies, Summer School on
Integrability in Quantum and Statistical
Systems, National Taiwan University,
Taiwan, 2013 4~ 8 A

© Ef4/A, Modified melting crystal
model and Ablowitz-Ladik hierarchy,
"Physics and Mathematics of Nonlinear

Phenomena", Gallipoli, Italy, 2013 4 6 A

(XF) Gt 0 )
(PESERA PEHE]
OiiRst G o 1)

Ry
FEEF
HEFIE -
FJH

HH
HFEFEH A



ERNN D5
OB G 0 )

AR
T
HEFIFE
A
H
BEEH B
E N DB -

(Z D)
R AR

6. WFFEHHAE

() WFgefss

El& 42K (TAKASAKIT, Kanehisa)
ITES R « BRTAES - B
Wrged &5 1 40171433

(2) Wrge sy
L

(3) EEEMF T
L

(4) Wr gt 0%
fit 7B (NAKATSU, Toshio)



