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The topological invariance of the moduli space of Riemann surface

is shown to be obtained from the Gaussian random matrix model with an external source
by the tuning of external source. The invariance is classified by a parameter p, which
characterizes the degeneracy of the external source. The invariance is related to the p-spin
curves on the Riemann surface. This topological singularity is related the bifurcation of the
growth of crystals. The parameter p is extended to the negative values (p=-1,-2,...) and it
represents level k SL(2,R)/U(1) Wess-Zumino-Witten term. The case of p=-2 corresponds
to the unitary matrix model, which has a phase transition. The strong and weak expansion
are examined by Gaussian random matrix theory. This transition is studied in the relation
of the phase transitions in the condensed matter problems. The time dependence of the
random matrix model is studied by the reduction to 2-matrix model and the algebraic
structure is investigated in details. The algebraic structure is found to be the associated
W-algebra. The structure represents the deviation from N=2 supersymmetric minimal
model and the change of the Ramond-Ramond term for the time dependence is studied.



(BEEHAL - 1)
B B LIEESES ¢ & &t
2009 FHE 1,400, 000 420, 000 1, 820, 000
2010 1, 200, 000 360, 000 1,560, 000
2011 R 900, 000 2170, 000 1,170, 000
I
FHEE
it 3, 500, 000 1,050, 000 4,550, 000
TR 2« BUREY
B OSF - B - BB - BEWE - YRR

#»__

U— K HHEWHE, AV RAav s

1. WHZEBRAR S M DT =

(1)

(2

(3

4)

(5) it

NBFDHDHH LT T B BLTHIRER
ISR AT 5 2 LIk 0 D4y
DR EMEEZFLRH KL Z ENEZ LD
N, T HOREMEOHIERE IO
ZOISHBNTE < H BTV,

V=< VHDEY 2T A4 ZE/TO MR

7 VR R RO B TR
MREBERETHY ., TOFEHTEDORH
B LOMEOMIEIIEETHY . &H
RO ELELE LT D,

HOT VTN T U HEATHIE LT,

[E A EAJE B2 & 5 unitary BRHF

ET D0% D 3 WA IXPPE DO FE T

HLEZL DIGHRH Y, ZO FFRr Y HIL
BEIIRMTH D,

non-compact 72 SL2,R)D 2 RITT T v
TR—IEPHN LN TWDHMN, T XA
1THI 8GR & OBRIZIH Z L TR, 7
T IR—=E T LITE (2 X
1741) ORfRIE Susskind HIZ Xk v F5HH
INnTW3

R CTCOL L k OfRE
Wess-Zumino-Witten ¥ o SU(2) T
LoL k EORRIZZENIZEMEES T
W<, REIDZ EBREZ,

Y]

2

(3

(4)

2.

Ky V=~ sE, bR Y—

WL B Y

FARa UV EREITE SRR
MR\ 2 B VAERRR 7 ETEORBET S
HETHIN, 77X DITHITHSZH
92 FIT L0 BB N=2 O3
MEE - FRe LV ERERS 2D
AR A G D FEN KT, ZOFEMAR
ATV, B TO bR P h Lo
MEICE AT 5,

INHD MR A ERET N=2 ©
B minimal model OFREFEM: &R
RLTCWBZ Ea Xl vBfkIiz L., Wt
TH LN DB S TONERE OB
REHLMNIT B,

= "X VATHIRRTI C ORI 2 450 &
éﬁ?/?/7/&bﬁﬂﬁ VANSEE 3
L., = = % U 4T 3 & B ¢ o>
Brezin-Gross-Witten &% O FHEE 2 B
95,

TR TIFETH LD LD 2oyl Ry Bk
(7= & 21X Hele-Shaw flow) DR}[E 3 &
R0, FEKGFED 7 o2 L1751
PG A B ST T, ZoREakEE %= W
1275,



3. WHEDTTIE

(1)

2)

(3)

(4)

(5)

(6)

4.

(1)

(2)

TEONGDOHLT T TN
1T51C o [E A il o A8 BE BA % & R AT 912
Kb B, S5O [EAE A 5 E DS A IR
LT AT DOV A R AR K L 72
Rz & %,

ZORE, BN RMEE Y —~ VT
EVaTABBRTHEL, &Y —~
VTHEETO p- AU O S L #
ORISR T 5,
Mt B A>T, 7 & DATH % Bkt
TeRl7e T A MTHIBERICEZE L, B
Aok VEEEEHET D,

Unitary 1T#AER -G 530 CTUV 5 5555
G LS OMOMEREZN LGOS 5
T T RN S G TE T D 2
ClIZEY, BHLT, 2O AR T IV
TEEE AT D,

WRERMKAT D T > X DT HIE % 24l 732
2-matrix model [ZEXE L, HLWVT
PRI 45T, F 0 bR v o EiEE
RS 5,

Wess-Zumino-Witten model & @ xf)is
R L. N=2 @30 sn 23|
T 5,

MFFER R

S5 AT H O [E A A A i B S Rl i
THZ LY, AU T ATHIOER
TEORBEEE O sl CREBEMEZE L X
W5 ENHKRD, ZOREMEE TR
BHXNT A=K —L LT, &R Airy B
PRI DB ER T NTA—F —p
WIET D, V=~ VHDEY 2T A %
M p-A VIO RS E Z D4
DDA T R CEHES L FRN
k%, Airy matrix model 1% p=2 |Z4H
Y93, p=3 I Pearcey matrix model
LRI D, Stokes MROEIT p+l & 72D,
B A OFHBIRE D 7 — U = Ha 32
REZ 5 2 2B EIZR Y | Witten
DREEE B2 DR ABELT,

Z O p REREMET N=2 B FME minimal
model THEOLNAHKEMLEF U T,
SU(2) /U(1)Wess—Zumino—-Witten L7l &
FMECTHLIENGND, ZDL X,
SU2) /UMWZWETFL D L~ k &1 p=k
+ 2 0OBGENH 5, IEEHRTO SUQ)
BERICO L~k EOBBREELR LT,

(3)

(4)

(5)

(6)

(7)

(8)

INT A=K —p BADMEIHEN PRI 5
ZEIZEY SL2,R) /UML) D WZW HAFF
HT ENHEKDLZENHH L, p1
DO Harer—Zagier (Z X % Euler %E¥H
DOHERRL—HT D52/, Z0
Harer—Zagier ODiffH: % A RAYIZFE Sy 3%
RTDHIEMTET,

p=- 2 O, unitary A & Al 72
DT EERTZENHEE, 2 X VAT
%G Brezin-Gross—Witten 58 & FEIZH
LA L O TV DA, Z OfHEERE
DIRFE G-I A Ik DIER TH H Z &
Z ZORYER p=—2 DT X 2ITHI B
TRTENIHR T, ENENOREEBKE
BERODZENHFE,

p=—3 DK 2 L7 7 v 7 HR—/L L
%3 5 & Ebi., Susskind 12 L 5
Brezin-Gross—Witten #5f6 & 7 F v 7 7k
—VOBROEEREZSEBIL, 7T v IR
— /DT b —¢ p=—3 OFADH
= RV — % LE iR L7,
FERMKFEONG N B D T v X DTHIHR
BN 2matrix model IZIFFETEDHZ &
o L, ANGEFRE LCL Alry 1T4IBR
WCRHRT o v VDN DR A2 157,
Z ORI T S0 < OB 7R B R O
B E 525, O bRV ERE
& eI A EmREE (W) &
OMNZ LT, ZOXMBRT Y Vi3 dH
DEANE. 22550 C o Ramond-Ramond IH
IFMNZIC RS, thoE LA LT,
recursion equation |2 H i, FDH
NHFIE W RE L > TN D Z & &
O,

e D4y I RS> Hele—Shaw flow
ATHINER CELZ LT, BRiKED T
FDATFHITEL L, WA L ORE, B
BED GRG0 & DA F~D IS
T I T,

2RI EMAEEHOR Yy N —7 %
THIRB L, ZOEHEOHREE LT
— A= R A EHVGR L, 7 X DT
% B G @ GOE(Gaussian Orthogonal
ensemble) O [H AR & Ll L T, GOE
DREREATT D EERWE LT,
GOE & & D72 WA 1T p-IRFE I O [H] R
R L, £ D7 v 24— —%
7L,



5. FlREimLE

(BFFEAREEE . WFSE 0035 M ONHLEERFZE 12

=GN

UEsEams) (BE 344

(1) E. Brezin and S. Hikami,
Computing topological invariants with
one and two-matrix models,
JHEP 04 (2009) 110

(2) E.Brezin and S.Hikami,

Duality and Replica for a Unitary
Matrix Model, JHEP07(2010), 67.

(3) E.Brezin and S. Hikami

On an Airy matrix model with a
logarithmic potential,

Journal of Physics A: Mathematical
and Theoretical. 45 (2012) 045203.

(FaE) Gt 21F)
(1) S. Hikami,

“Duality and replicas for a unitary
matrix model” Conference Topological

strings, modularity and
non-perturbative physics, July 28
(2010),

The Erwin Schrodinger International
Institute for Mathematical Physics,
Wien.

(2) S. Hikami,

“On an Airy matrix model with a
logarithmic potential” August 22
(2011),

Ecole Normale Superieure, Paris.

(MF) Gt 114
E. Brezin and S. Hikami,

The Oxford Handbook of Random Matrix
Theory. Edited by G. Akemann et al,

Chap 19, Characteristic polynomials
P.398-414.

Oxford University Press (2011).

(PE S PEHE)
Ok y. GE 0 14)
OBAFIREL GE 0 14)
(Z D)

) N

http://www. oist. jp/ja/ $5 B8 8 55 W # 7 =

=v I

http://www. oist. jp/mathematical-and-the
oretical-physics—unit

6. BF7EHEK

(D) WFgEfFRE
K E A (Hikami Shinobu)
HHURT - KRBk a et 9est - 2%
W93 30093298

(2) WFFE53 14


http://www.oist.jp/ja/数理理論物理学ユニット�
http://www.oist.jp/ja/数理理論物理学ユニット�
http://www.oist.jp/mathematical-and-theoretical-physics-unit�
http://www.oist.jp/mathematical-and-theoretical-physics-unit�

