Duality Constraints on String Theory

Hirotaka Irie (YITP, Kyoto Univ.)

201 3%8H23H EMMARZ201 3 NH0OHEmE KIEHH,

based on collaborations with

Chuan-Tsung Chan (Tunghai Univ)) and Chi-Hsien Yeh (ncTs)

Main Reference
[CIYB], “Duality Constraints on String Theory I: spectral networks and instantons,”

arXiv:1308.7** (appear soon In the next week!)



LW &



-

LW &

. EEEGE (T7—IN) TUXEENR Z 3

v.s. IR TIIENRIIE SN D




LW &

8 (T7—YN) TIHELNRZ S
v.s. FEEI R TIIMENEIR SN D

. SEEEFINE LD IFEBEIAEE
(Non-perturbative [contour] ambiguity)
ZRBEO25H2 &

—+
1
m




LW &

15 (T—IUN) TN ENR XS
V.S. FEE BN T MENEIR I 5

. SEEEFINE LD IFEBEIAEE
(Non-perturbative [contour] ambiguity)
ZRBEO25H2 &

e W4 ZIEBEEGHNICIEZ D Z ENTENIE.
FEIEE RN ATEEIFIRES NS EZ2 B35

—+
1
W




956D B RIDF

. 'TZVILRIEH) =& Z DD
Recursion/ A7 ~ 5)1/
D% IH -

k5
(772 L

175RE

. B-ensemble/EFAXYI ~Z)LE

.

H

. v sl

—
/Ll)\

%?Tﬁafl__ké N 5EE
ICA S [CHiLE

Topological

L
-

S

ﬁ@ﬂici@gu NBZ TlEi L)

L

. DSL (Double Scaling Limit) [FAE Tl

\J\:gz

N™-1}




RD2DODXRIEHE O ?

Two-matrix model

Z = /dXdY e_Ntr[Vl(X)+V2(Y)—XY]



RD2DODXRIEHE O ?

Two-matrix model

2= /dXdY o~ Ntr[Vi(X)+V2(Y)—-XY]

“Y€§E L:%éj\u




RD2DODXRIEHE O ?

Two-matrix model

2 _ /dXdY o~ Nor[Vi (X)+Va(Y)~ XY
~ N

“Y%fﬁ‘:%ﬁj\” “X€§E{,: Eéj\u




RD2DODXRIEHE O ?

Two-matrix model

Z - /dXdY e—Ntr[Vl(X)—I—VQ(Y)—XY]

/ \
“Y%fﬁ‘:%ﬁj\” “X€§E{,:%§]\”




RD2DODXRIEHE O ?

Two-matrix model

2= /dXdY o~ Ntr[Vi(X)+V2(Y)—-XY]

/ \
“Y%fﬁ‘:%ﬁj\” “X€§EL: Eéj\u

E) XEYFZENZNAEWIHRGZEZRT
= Double Field Theory




Large N (E&}

AN

=M

) TR%



Large N (E&h:m)

ROLE

o ’\7 ~NZ)L




Large N (& Ej] )

o ’\7 ~NZ)L

T X DLYVILRY K

Rlz) = <%tra: - X>

THY OLYVILRY K~
1 1

R(y) = <Ntry — Y>




Large N (iB&Eim) TR 5

- ’\7 N2 )L

T X DOLYILRY K

B(z) = <%tra: —1 X>

ROME

L




Large N (T EJJ ) TR5




| arge N (iB&hiw) TR 2

AR BT

g

o

RO L8

1/ '

.

BB EREEN G HEN %




| arge N (iB&hiw) TR 2

AN T BTV

Y
S{EH R E
A
HEBEREREUL AN S




| arge N (iB&hiw) TR 2

e ARTRTI

T X DOLYILRY K

fi(z) = <%tra: —1 X>

THY OLYVILRY K~

Ry) = <Ji7try—1Y>

El ANRT ~Z)

F(yam) -

F(x,y) =0




s

ANRY §Z)UERER DI

Flx,y) =0 I <Y




AR~ Z)VBRFR DI
F(z,y) =0 X <Y

Symplectic-invariance




ANRY & Z)VERFR DTS
F(z,y) =0 X <Y

Sympliectic-invariance

Topological Recursion [Eynard-Orantin 'O/]
(=Loop Eqs) TEEIROERBMNEETE S




ANRY ~Z)UBE#R DB
Flz,y) =0 I <Y

Sympliectic-invariance

Topological Recursion [Eynard-Orantin '07]
(= Loop Egs) CTiEH) /.TO)/\/J’Z%UWE/.:.’C%%

. _—i;)l/:\: @Tﬁ'ﬂﬂ;i‘zﬁﬁ%*ﬁ Bt'é'/\'(—:tﬁ
pert Zggn 2]:




s

oplogical Recursion |

F(x

2RI NS
y) =0

AN

Sympliectic-invariance

T >y

Cynard- _Orantin ’O]

(= Loop _qs)’C“TEE#J /..\03/\4’2’;&75\@,.3‘6 =3

' 3
3
k
e

21— 2
peft Z g ]:

ﬁ@xﬁT525hT;ﬂﬁt—ﬂ

(D ( n—1 (I
’FInst - Z 9 Fn
TB—

I e {instantons}



ANRYT N Z)UEFRDBXS
F(z,y) =0 T <Y

Symplectic-invariance g

'._§w¢ @E%&ﬁ%ﬁi?mT 
\  Foere( Z 2F, [
4yz9yhyu ﬁ@xﬁTgiBHTJHHE—ﬁ

]:I( I) ( \ _ Z g FD
nst n
CES I € {instantons}




B ﬁi%[ﬂ]@nﬂ iR (Llouvnlef _;)

T A

1 -
| = /dZU\/g[g“bé’aX@bX —I—iQRX] + Sghost

E /g { “baa¢ab¢+QR¢+4we%ﬂ+




ﬁaﬂﬂ]@nufl‘ (Llouvnlef ".)

= 41 d°o\/g [ “baa¢ab¢+QR¢+4we%ﬂ+ v,
v ::

| 41 / d%\/g[gabaaxabx +7;éRX] + Senoss
-

.f'; ol

E

[p—q duality: peqg < be - (‘=.T—duality)J




Sk (Liouville®)

f'; ol

i
& O RITR b LI T BTG F AT NY T 84 T ey D n I TR b R R A e S P TN 25 8y o2 o0 g
~ S SO = NIy REES T e N SO PRS-y

[p—q duality: pe g < b 3 (‘=.T—duality)J

3R (DOZZ) DEZRIRIE !




ﬂi%!'ﬂ@nu /T (Llouvﬂlef _é"?)

S = y - dsz\/_[ ab@a¢8b¢ + QR¢ + 47T,u62b¢] +

]_ a
3 / d20\/§[gab6‘aXﬁbX +7;QRX} + Sehost
-

1 a

A

1
b q

[p—q duality: p«<g < b 3 ('—T—duality)J

3 REIX (DOZZ) DEFRRIE |




ﬂiaﬂ’:l@nu /T (Llouwllef _é"f)

0= A d2(7\/_[ ab@ ¢8b¢ + QR¢ + 47T,u62b¢] +

1 -
| 1 /dZO'\/g [gabé‘aXé‘bX L ZQRX} - Sghost
-

1 a

h= /2

1
b q

[p—q duality: p«<g < b 3 ('—T—duality)J

3 REIX (DOZZ) DEFRRIE |




3
<
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. [Fukuma-Kawal-Nakayama '92]
[PQ]=1 <=> [Q,-P]=1

. [Kharchev-Marshakov '92]
from (p,1) to (p,q)

. [Asatani-Kuroki-Okawa-Sugino-Yoneya '96]
Kramers-Wannier duality in Random Surfacs

« [Kuroki-Sugino '07/]
D-instanton chemical potentials
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New Technigue

Stokes Phenomena + Topological Recursion

= All-order Riemann-Hilbert analysis [ClIY5]
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