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Abstract: It has been known for a long time that instanton effects control the large order behavior of the perturbation series in quantum me
and gauge theories. | present a study of this connection in the context of matrix models in 1/N-expansion and topological strings.

| will show how to compute the one-instanton corrections for a generic matrix model. Due to a recent matrix model inspired formalism fc
topological string amplitudes on local Calabi-Yau manifolds, this can be used to compute nonperturbative effects in topological string theo
make predictions about the asymptotics of the string perturbation series. | discuss various cases where our predictions can be tested,
spectacular agreement with the asymptotics extracted by standard numerical methods.
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Topological strings

Topoiegiea arngs

Consider the A-model on a Calabi-Yau X

F(Q.g5) = ) NagQ?g3%®, Q=c""

count worldsheet instantons
perturbative in Q, gs

B-model on Xpirer — compute Fg(Q) exactly in Q
...but can we go beyond perturbation theory in gs?
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Topological Strings
Mariere Weiss
Why going non-perturbative?
R A better understanding of (topological) strings
o sur s 81070 dynamics?
Too Smocel mar new topological invariants?
Compute perturbative amplitudes using non-perturbative
methods?
WKB-like tools?

Large Order behavior & Nonperturbative effects

QM. QFT: Standard relation between instanton effects and
large-order behavior of the perturbation series

Asymptotics of %-expansion of gauge theories controlled by
nonperturbative corrections ~ e™

12

D-brane instanton effects in string dual

[Alexandrov Kazakov Kutasov]
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==mms  Applications to Topological String Theory

Topelogicat Stings
Mariens Weies
If the gauge theory has a string dual:
i instanton effect in gauge theory < asymptotics of string amplitudes
AR Natural non-perturbative completion
lormaiam

= can be tested with asymptotics of string amplitudes!

Information about analytic structure of topological string free
energy

Nontrivial check of conjectural dualities
&3 New conjectures about asymptotics of enumerative invariants

We consider

matrix models in double-scaling limit « noncritical string theory
matrix models off criticality « topological strings

Pirsa: 07100010 Page 19/99




== Natrix Models and Topological Strings

Mods s and
e " large N dual )
Mariens waiss B-model on some local CYs «— Matrix model

The S.model malit
fmaEam

irsa: 07100010 Page 20/99




w=mwsx  NMatrix Models and Topological Strings

Mode s and
. . large N dual

MariEns weiss B-model on some local CYs — Matrix model

This also works for mirrors of tonc geometnesi
.Il_.. . DOUCT : l—'- T v‘-_._'.‘l'""".
m;amuum

tormapmsm && new formalism to compute open & closed B-model amplitudes:
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[Dijkgraaf Vafa]
This also works for mirrors of toric geornetries!
s cenasane 5o [Marino; Bouchard Klemm Marino Pasquetti]
The Samoded malr
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&& new formalism to compute open & closed B-model amplitudes:
Topological string amplitudes

Fg behave like matrix model
correlators

Recursive, geometric reform
lation of matrix model 1/

expansion:all information e
coded in specftral curve

I

ynard Orantin]
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Matrix Models and Topological Strings

large N dual

B-model on some local CYs «—— Matrix model
[Dijkgraaf Vafa]

This also works for mirrors of toric geometries!
[Marino; Bouchard Klemm Marino Pasquetti]

&& new formalism to compute open & closed B-model amplitudes:

Topological string amplitudes Recursive, geometric reform
Fg behave like matrix model " lation of matrix model 1/
correlators expansion:all information e

coded in spectral curve

rr = M o T a3
| Eynard Orantinj

Identify analogue of spectral curve for the topological string

theory in question —
apply recursive matrix model formalism to generate topological

string ampitudes
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Manens Vsies B-model on some local CYs «— Matrix model
|Dijkgraaf Vafa]

This also works for mirrors of toric geometries!

T Py il S aas

on pertamate 81arpe [Marino; Bouchard Klemm Marino Pasquetti]

Tha S.model malral

tormatern && new formalism to compute open & closed B-model amplitudes:
Topological string amplitudes Recursive, geometric reform
Fg behave like matrix model > lation of matrix model 1/
correlators expansion:all information e

coded in spectral curve

[Eynard Orantin]

Identify analogue of spectral curve for the topological string

theory in question —

apply recursive matrix model formalism to generate topological

string ampitudes

no holomaorphic ambiguity

at large radius: mirror to topological vertex, but valid anywhere
g oo in moduli space e
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Instanton effects and Large Order behavior

A Quantum mechanics example
Consider the anharmonic oscillator with Hamiltonian

e =
H_2+2+4,

Take the perturbative expansion of the ground-state energy.

Se(1) = ZERJ"‘.
K
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Instanton effects and Large Order behavior

A Quantum mechanics example
Consider the anharmonic oscillator with Hamiltonian
o
H = 5 — 5 -+ 2

Take the perturbative expansion of the ground-state energy.

Se(d) = ZEk.t*.
K

Se is in principle expected to have zero radius of convergence,
R =0! =
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Mode s and
Topokcgizal Shings.

weeveee A Quantum mechanics example
Consider the anharmonic oscillator with Hamiltonian

2
mlmgr H=p2—|—x +JX4.
Annarmonic 2 2 4
Cecilator

Take the perturbative expansion of the ground-state energy.

Se(A) = ZEk,t*‘.
K

Se is in principle expected to have zero radius of convergence,
R =0! P crnr
yson|

Indeed here: R > 0 would imply that the perturbative series
describes the physics also for 1 < 0, where the state is

unstable and the particle escapes — &4
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Instanton effects and Large Order behavior

A Quantum mechanics example
Consider the anharmonic oscillator with Hamiltonian

i S
a2t a3t g

Take the perturbative expansion of the ground-state energy.

Se() = Z Bt
K

N —

Sk is in principle expected to have zero radius of convergence,
Indeed here: R > 0 would imply that the perturbative series
describes the physics also for .i < 0, where the state is

unstable and the particle escapes — &4

e e -
RaiE( 1)) Im{E{1))

SR . r

=2 -
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-y Let Sg(d) = 20 E, 1¥ be the formal, divergent expansion of the
ground state energy E(.1).

inst@nons & Large E(1) is an analytic function of the coupling A in the cut complex

el plane il el N

Creciiator Loeltel Martin|

Sg( 1) is asymptotic to E(1) S S ]

Loetiel iiartin oimon vwigniman
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Topological Strings
2 k>0 E, ¥ be the formal, divergent expansion of the

SRS LetSg(1) =
ground state energy E(.1).
ins@ntons & Large E(A) is an analytic function of the coupling A in the cut complex
s plane s
pmt [Loeffel Martin]

Se(A) isasymptotic o E(1) | ehiman

—_—
5

ELl) = .-;f.'dfr E,("')

=

o O A=A
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The anharmonic oscillator i

Let Sg(d) = X0 E, AX be the formal, divergent expansion of the

ground state energy E(.1).
E(1) is an analytic function of the coupling A in the cut complex

lane
p [Loeffel Martin]

Sg( 1) is asymptotic to E(1) S i Wit
[Loeffel Martin Simon Wightman

P — We can deform the Cauchy
1 representation to the dispersion relation
v
Disc(E(X
Ek o 2 ’ d l"' hLFk"l'(T ))
1 . ([r) il A
E(l) = — f dt
(4) 2m | A=A




o 1 Disc(E(2)

Eh+1

— By =

Topological Srings 2 L‘x'

instantons & Large This result is rigorous and exact
Cirder: Tha

— The perturbation coefficients are related to the lifetime of the
state in the unstable potential with negative coupling «
instanton effectat 1 < 0
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Topological Strings '

instntons & Large This result is rigorous and exact
e The

S ——— The perturbation coefficients are related to the lifetime of the
state in the unstable potential with negative coupling «
instanton effectat 1 < 0

One finds .
Disc(E(1)) = Fooe
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Topotogical Strings
T This result is rigorous and exact
The perturbation coefficients are related to the lifetime of the
Instentons & Large state in the unstable potential with negative coupling <
rder: The .
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One finds
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Disc(E(1)) = &t ’
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X
o
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weeweee A Quantum mechanics example
Consider the anharmonic oscillator with Hamiltonian

2
mﬁum H:pz—|—x +‘iX4.
Anharmonic 2 2 4
Csciator

Take the perturbative expansion of the ground-state energy.

Se(d) = ZEk.r“.
K

Se is in principle expected to have zero radius of convergence,
R =0l P s

Indeed here: R > 0 would imply that the perturbative series
describes the physics also for .1 < 0, where the state is

unstable and the particle escapes — £ #

i hme -
ReiE( 1))  Im{E{1))

N e e ,

Eid) -
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Ek 2 L oo

Instantons & Large This result is rigorous and exact
Order: The

R—— The perturbation coefficients are related to the lifetime of the
state in the unstable potential with negative coupling «

instanton effectat .l < 0
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Topological Strings
A e This result is rigorous and exact
The perturbation coefficients are related to the lifetime of the
Instentons & Large state in the unstable potential with negative coupling <
Order: The .
Annarmanic instanton effectat 1 < 0
Oacillatar
One finds
Emix )
Cy C
. . “
Disc(E(4)) = Zemar ”
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X
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E, — # \Lm dJD (E(41))

Modets and AR+
Topological Strings
i This result is rigorous and exact
The perturbation coefficients are related to the lifetime of the
Instantons & Large state in the unstable potential with negative coupling «
Crder: The .
Annarmanic instanton effectat 1 < 0
Craciliator
One finds
Imex )
Cs c.
- Y
Disc(E(1)) = & 2 v
S —- & 782 Raix)
1
*u
&
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Mode ks and Ek - 21 ...’-C.‘C' d I IH_H
e This result is rigorous and exact

The perturbation coefficients are related to the lifetime of the
state in the unstable potential with negative coupling <

Instantons & Lage
order Th .
i instantoneffectat .l < 0
Ciscillabar
One finds
Imix)
e &
. o “
Disc(E(1)) = Zemr X 7 r
S L Sa K
- - -+ i b
!
r 4
s
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mg‘" k — 271 J—co ¢ Plas
o This result is rigorous and exact
The perturbation coefficients are related to the lifetime of the
instantons & Large state in the unstable potential with negative coupling <
Crder: The .
Annarmanic instanton effectat 1 < 0
Oaciliator
One finds
Emix )
C C
Disc(E(1)) = Semr .
\\ 7
& L Sz o
= iy e T (1 4y + O(42)), e
T 1-loop determinant v *“
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R T This result is rigorous and exact
The perturbation coefficients are related to the lifetime of the
instantons & Large state in the unstable potential with negative coupling <
Order: The .
Annarmonic instanton effectat 1 < 0
Claciliatar
One finds
Emix )
Disc(E(1)) = Zree Cs c.
\\ 7r
—_ ]#1 i-b—T | 1 + ipz +O( {2) S'l — -I-‘SE REII:I
r |
T 2 \
saddle-point expansion
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21 AR+1

Mode ks and
This result is rigorous and exact

Marksns Weiss
The perturbation coefficients are related to the lifetime of the
state in the unstable potential with negative coupling <
e instanton effectat 4 < 0
Osciliator One finds
Imix)
Cs C
Disc(E(1)) = L&t
f""( ( )) st \"k Py
—su!—.-.——..d-._.._sg—.q Eaix)
= i AT (1 + Az + O(12)) 2
o+

Ainst = 2_g° yeV(x)dx = —% — action of tunneling-instanton
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Modeis and 3
< ot 2‘1'1 J—oc A
g3 This result is rigorous and exact
The perturbation coefficients are related to the lifetime of the
inst@ntons & Large state in the unstable potential with negative coupling <
Onder. The .
Annarmonic instanton effectat 1 < 0
Claciliatar
One finds
Imix}
Cs C.
- e A
DIHL(E[:J)) = Fommt ‘*\ 77
~Pingt . St 5 g 152 Reix)
= A7 e (1 + App + O(4%)), y i,
s

%E ~ BAKLET(k + b)(1 + prrme + O(zE)) P

anharmonic oscillator: Ey ~ (—1)f*1323%M(k + 1)  [Bender Wu]
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Matrix models in 1/N expansion

Partition function

A=

1

vol( U

(N)) {

th = —Tl' V

{I |dz N2Vog(Z)
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Matrix models in 1/N expansion

Partition function

1 i dzZ; e
e [ dMe—=TrV(M) _ [ i N2Vo(2)
vol(U(N)) J % ° I I

effective potential Ver(2;) = V(z1) — 25 S ijloglzi — Z| —
Coulomb repulsion — eigenvalues spread out over interval C
The object we are interested in is the free energy;

F(t) = Z Fg{:t)ggg_z
g=0

where t = gsN is the 't Hooft parameter
t fixed: expansion in gs < expansion in 3
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Matrix models in 1/N expansion

Partition function

1 dz; a2
i { dM -—aTI.'V [ i N Ver(Zi)
vol(U(N)) J 7 ° ‘ I

effective potential Ver(Z;) = V(z1) — 25 S ijl0glzi — Z| —

Coulomb repulsion — eigenvalues Spread out over interval C
The object we are interested in is the free energy;

F(f) = Z Fg(t)ggg_z
g=0

where t = gsN is the 't Hooft parameter
t fixed: expansion in gs < expansion in %

l—cut 2—cut

Page 48/99




afiects in Malrix
Modeis and

Topalogical Strings

irsa: 07100010

Matrix models in 1/N expansion

Partition function

1 ; 1 dz; ae
Z = f dM T e | S ’ / N Vel Zi)
ooy ) M e

effective potential Ver(2;) = V(z1) — 25 Sizjloglzi — Z| —
Coulomb repulsion — eigenvalues spread out over interval C

The object we are interested in is the free energy;
F(t) =) Fe(t)gs®?
g=0

where t = gsN is the 't Hooft parameter
t fixed: expansion in gs < expansion in

|—cut J—cut

Here: Consider
1-cut case only
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. 1
Verr(2) = V(2Z) - = f Im(y(2))log|z — Z'|dz,
where y(z) is the classical spectral curve of the matrix model

o il 40 1 a_r o r ) - T
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==owex  The planar solution

Mode ks and
RO When N — oo, the distribution of eigenvalues becomes
continuous and one can write
1 -
Ver(z) = V(2) - - [ 1m(y(2)) log|z - 2'|dz.

where y(z) is the classical spectral curve of the matrix model

ol 1 )  rd

oreZin ZyxKson Parisi Zuber]
¥ . |

Lo
J
J

The effective potential is constant along the cut and has a
saddle point at x,:

¥ixg) =10
- -

Instanton configuration: an eigenvalue from the endpoint of the
Pirsa; 07100010 cut moves to the saddle of the effective potential barriee s
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The instanton action is
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qunﬂ — f y{Z]dZ
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The instanton action is
Xo
Ainst = N I y(z)dz
o d
[David; Shenker]

Tl W

Geometrically: A, is a contour
integral from endpoint of the cut

to singularity of spectral curve b ¥iXo)

]

‘|-_:‘-_

iberg Shih]
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Mariens weies We expect a relation instantons < large-order analogous to the
anharmonic oscillator:
| <o . Disc(F( V8 R r. A
|Fg = [ ds=ga 2 = iy —=—T(2g + b) (1 + ez + O(
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Mariens Weies Partition function
N
1 ; 1 ) 1 ; dZ-‘ 2
Z = | dMe-mTv(M) — 1 ! | N2Vie(Z)
x,ri;,.l(uw))r.{ i NT |:1| o
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Mosdels and . 3
- el 2;':'1 J—oc A
W e This result is rigorous and exact
The perturbation coefficients are related to the lifetime of the
Instentons & Large state in the unstable potential with negative coupling <
Onder: The .
Annarmonic instanton effectat 1 < 0
Osciliator
One finds
Emix )
Cs C
21 insy
Disc(E(1)) = S > | .
T | St VL. Rex)
= .l}u-lzi‘bltﬁ_l_ (1+ Az + O(il‘?)l).‘ y i‘
&

Ex ~ S- AKX (k + b)(1 + {b-q—k 1)#2"‘0(&2)) e

anharmonic oscillator: E; ~ (—1)’<+“’—§3‘*r (k+1) [Bender Wuj
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Disc(E(1))

e Ex == i
T Stringe nl J—0OC /
i This result is rigorous and exact
The perturbation coefficients are related to the lifetime of the
instentons & Large state in the unstable potential with negative coupling <
Orded: The .
Annarmanc instanton effectat 1 < 0
Cacillabor
One finds
Imix)
Disc(E(1)) = et &, c
\\ 77
I,U i-b— l 1 -+ . iﬂz +O( 12) S - 152 Reix)
1 AR
7 A
saddle-point expansion
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Ana =N | y(2)dz
-."a
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Modets and
FU— We expect a relation instantons < large-order analogous to the

oy anharmonic oscillator:
f oo Disc{ F({ +/3)) ﬂ-b-zg .
‘ = é “fU ds ‘*ég;f’»’ = Uy (29 + b)H + 291;' =2 —+—O(g]2
T T
1-loop, leading 2-loop, subleading
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afieck in Mairi:
Mode ks anad
Topokogical Strings

irsa: 07100010

Instanton analysis

We expect a relation instantons « large-order analogous to the
anharmonic oscillator:

Fg

Disc( F{ /& +
L Tas ) = T

2g
Zes _[(2g + b)

A
LR =

iz + O

g

The large-order behavior is controlled by Disc(F(g:))
The discontinuity of F(gs) is again given by

Disc(F(gs)) =

Zy " (gs)

Zidoﬂhg)(

gs)
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=xowx  |Nstanton analysis

m:_
Mariens weiss We expect a relation instantons < large-order analogous to the
anharmonic oscillator:
Disc(F A
Fo=2 5~ os il = iy Zom1(2g + b) (1 + sz + O(

The large-order behavior is controlled by Disc(F(gs))
The discontinuity of F(gs) is again given by

Z“ ng)(gs)
Disc(F(gs)) =
(F(gs)) 20 (g )

ZS - corresponds to one eigenvalue passing through the

nontrivial saddle x, of the spectral curve —

(1—inst 5
- o ST tactorizes as

)

: "4
z0 — 7O { dz(det(z— M)2)®. exp(~ (2)
L'C},ﬂ 5
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afiecls in Malrix

Mod2is and (det(z - M)a} can be expanded in terms of connected matrix
o correlation functions W, ,, defined as
! 1 . O .2g2+h
(T——---Tt——)= Y g *""Wo(py.---p»)
p1—M Pr — M g; . gn(
Wi » determined recursively from spectral curve by matrix
model loop equations
TRETICN ATy EL

A - . A i o "
"Nanlailelda B Tl Pd a o TN F =2 iE=lal=daTa A e it - e | oy ST Fs
.".‘:.‘! L b J i - "}‘.'J 3 I.I" %l x !.i el e L | |1' A.H'.!'..L:. 1 W ¥ "'.:. g I -'I[ ! I" j |

Pirsa: 07100010 Page 62/99




Nonper urtaties
afiects in Malrix :
Modeis and (det(z — M)*) can be expanded in terms of connected matrix

m,:: correlation functions Wy, defined as
1 1 o 2g-2+h
(Tr +-Tr Y= > g5 - Wgn(p1.---Pn)
p1—M Pn — M ; ; an(P
Wi » determined recursively from spectral curve by matrix
e model loop equations
RIS aTaEE

I [ i # o ™ '.1..-!..,' - 4 Tt N T aTal h =l Pl aTal & o a r“’. ¥ i 7 ---'n."' 3
[Ambjern Chekhov Kristjansen Makeenko; Eynard Orantin]

‘exp|Zgzg *(Fa(gs(N - 1)) - FalgsN)) |

and we find in saddle-point analysis

Disc(F) = u9s'* expi*mi(1+gs#2+ )
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e For concreteness:
Topological Strings
| - (3 = DJ : 1 —é;ﬂlﬁg
Hr = | — €
4 N 2zy (%)((x0 — a)(xo — b))?
ITiamCT Ay 3t

Pirsa: 07100010 Page 64/99




m:“ For concreteness:
Topotogical SHings
(a_ b) f 1 —éﬂiw
o | — e
* N 2zy (%) ((x - a)(% - b))

Disc(F) depends only on the spectral curve of the matrix
model, not on the potential — it is unambiguously defined for

oo topological strings on mirrors of toric geometries via the
) B-model formalism

a, b, xp depend on 't Hooft parameter t
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sfiects in Malrix -
Modeis and For concreteness:
Topological Strings
Mariens Weiss '
(a-b) | 1 i

c =

m="—7p

nales

\ 22y (%) (X0 — @)(Xo — b))

Disc(F) depends only on the spectral curve of the matrix
_ model, not on the potential — it is unambiguously defined for
corn topological strings on mirrors of toric geometries via the
B-model formalism

a, b, xp depend on 't Hooft parameter t

4 Is proportional to e~ NAmi/ T and therefore can not be seen by
the perturbative §-expansion

u1 has been computed before, but the result is not valid off
criticality

[Hanada Hayakawa Ishibashi Kawai Kuroki

Matsuo Tad 1]

We have computed Disc(F) to two loops — py. o
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=wnvax  Examples

Topokogical Strings

We now test our prediction for the asymptotics in the following
examples:

Exammpies
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=enve  Eyamples
Models and p
Topoicgal Strings
rarkens weiss
We now test our prediction for the asymptotics in the following
examples:
R .
T” o r double—scaling limat
Zd GH!"‘? \:r
“ L = -‘
o double—scaling limit
Local Cure X, = T - Hurw itz Theory

Pirsa: 07100010
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=enwex  Numerical analysis:Richardson transformation

Mode ks and
Topological Strings

Marisns weiss Fg are only available to limited genus, how to extract the
asymptotics as g — o? — Richardson transformation.

Exampies
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affecs in Malrix
Modeis and

Topological STings

irsa: 07100010

Numerical analysis:Richardson transformation

Fg are only available to limited genus, how to extract the
asymptotics as g — co? — Richardson transformation.
Given a sequence {Sg},

1 S2

S—so+5+"+
- g g

*

the subleading corrections up to order 7 can be removed defining

N n(_4\g+n
A(g‘n):ZSg-r-k(Q‘f‘k)( 1)

£ k!(n-k)!
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==mwx  Numerical analysis:Richardson transformation

opokanal Swoce
Marisne weiss Fg are only available to limited genus, how to extract the
asymptotics as g — «? — Richardson transformation.
Given a sequence {Sg},
Si | 32
Sg=S+—+—+---
- g g
— the subleading corrections up to order é can be removed defining

e Al i Sg+k(g+ k)(=1)9%
e ki(n- k)!
If Sg truncates at 1/g”, this gives exactly so: for n=1;

51
+ 1

S S
sg=so+E‘~A(g.1)=—(sg+3*>+(3n+g g+ 1) = s

A(g.n) = s¢ + O(g—,l,b—,-) — accelerates convergence
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=xaw  |Nstanton analysis

Modeis and
Topokogical Shrings

Markns weiss We expect a relation instantons < large-order analogous to the
anharmonic oscillator:

- isc{ F ﬂ—n:;ag : Hinst
Fo=2 |, ds ;gi,"’a’ = uy =T (2g + b) (1 + zgib_ipg-{—O(;z

The large-order behavior is controlled by Disc(F(gs))
The discontinuity of F(gs) is again given by

2 ")

Ze )

S W

Disc(F(gs)) =

ZS Foe corresponds to one eigenvalue passing through the
nontrivial saddle x, of the spectral curve —

(1—inst .
Z,.L“, 51) tactorizes as

)

_ . . \ V(z
2 =29, [ datdet(z— MY, exp(- =2

Jey ds
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==swsx  Numerical analysis:Richardson transformation

Mosde s and
Topokogical Srings

Marisns weiss Fg are only available to limited genus, how to extract the
asymptotics as g — co? — Richardson transformation.

Given a sequence {Sg},

S Sz
Sg=Sg+—+—+---
’ g &
St the subleading corrections up to order é can be removed defining

S e
S — _ Sg k(g+ k)n(_1 )g+n
Ag.n) =), == kl(n— k)]

k=0
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~=mwsx  The quartic matrix model

Mode ks and
Tapological Strings
. Consider the matrix model with quartic potential

V(M) = %MQ + M

The QUAITC maric Mek|
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=wewex  The quartic matrix model

ool e
WO Consider the matrix model with quartic potential
!
V(M) = EME + Am?
spectral curve:
R — y(z) = (1 +84a% + 412%) Vz2 — 4a2,

+2a = endpoints of the cut,

| .
a) =g -1+ V1 +481)

Mravimy I wiwensrhn Hare
== : i Y .-' il
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-==muwex  The quartic matrix model

gk Swnge
S Consider the matrix model with quartic potential
1
V(M) = EM2 + AM*
spectral curve:
e y(z) = (1 + 84a% + 442%) Vz2 — 4a2,

+2a — endpoints of the cut,

' ,
al) =g -1+ V1 +481)

I
[
I
N
T
I
L

Critical point at 1 = -é

The free energy in g-expansion can be computed by standard
methods

-

P ' i
| el al § - L o o . # 12T
] s T JRSEMT J Mi=r

| - iy L - = . e Al s

We have computed Fg(1) up to genus 10:
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affects in Malrix
Modsis and

Topotogical Strings

The QUAITs maric Mok

Pirsa: 07100010

G2
oI5
-

8003

-2.01z

0313

- kD05

i ] i L L
L £

i L i
— LB

The numerical asymptotic
for the instanton action,
along with the matrix
prediction, at A = -0.1

The leading asymptotics
for Fg ", divided by the
one-loop matrix prediction

The subleading
asymptotics, divided by th
two-loop prediction
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smeanms 2] gravity

Topological Strings
SR — Taking N — oo in a standard matrix model retains only planar
surfaces unless one simultaneously takes 1 — A, where
higher-genus contributions are enhanced as
Fg & (A — A¢c)@)0-9): double-scaling limit— 2d gravity
[Gross Migdal; Douglas Shenker]
limit discretized surface — continuum

Pirsa: 07100010 Page 78/99




smanmns  2d] gravity

Modets and
Topological Strings

F——— Taking N — oo in a standard matrix model retains only planar
surfaces unless one simultaneously takes 1 — A, where
higher-genus contributions are enhanced as
Fg = (11— A )@ (-9 double- scalmg ||m|t—> 2c! grawty

|Gross Migdal; Douglas Shenker]

limit discretized surface — continuum
e modk The perturbative amplitudes are governed by the Painleve |
s equation fulfilled by the specific heat u(z) = F"(z),

.H

Uz—gzz

can compute Fy to arbitrary genus
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=  Od gravity
Mokeis and
Topotogical Strings
P — Taking N — oo in a standard matrix model retains only planar
surfaces unless one simultaneously takes .1 — i, where
higher-genus contributions are enhanced as

Fg = (11— 2.)@0-9): double- scaling limit— 2d gravity

(Gross Migdal; Douglas Shenker]

limit discretized surface — continuum

i moch The perturbative amplitudes are governed by the Painleve |
TS equation fulfilled by the specific heat u(z) = F”(z).

Ua—?:z

can compute Fg to arbitrary genus
The instanton action and 1-loop factor are

. 8v3 B 1
ﬂ'mr =T 5 » ‘L‘T = 8 33:‘4 ﬁ
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afieck in Malrix
Moxke s and
Toputoglonl Suinge T S
Mariens weiss Y The leading

L'.!:':r:

E NG asymptotics, divid
N by the one-loop

-t prediction
oSk -

- 1 -
w S » G0 0 106

T

hm | : The subleading

L oowoce | asymptotics, divid
1 vooce | by the two-loop
] prediction
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=somsx | e |0cal curve

Modeis and
Topokogical Strings

—-— Consider A-model topological strings on the local curve

Xo =0(p)®0O(2-p) - P, pel

This is a toric Calabi-Yau threefold with one Kahler modulus

The ol o
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aflecs in Malrix
Modeds and

Topoiogical Stings

The icoal v

irsa: 07100010

The local curve

Consider A-model topological strings on the local curve

Xo =0(p)@0(2-p) - P'. pel

This is a toric Calabi-Yau threefold with one Kahler modulus

The potential is unstable for all p > 2

The free energy can be computed using the topological vertex
or local Gromov-Witten theory

“w

r-"- R - ) K A= g f o F o 5.:'- i oy ey : S PSS o el
Aganagic nieimim Marino vala, oiyan randnalipanoe
- - —

double-scaling limit — 2d gravity
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afieck in Mabrix
Modsts and
Topological Srings

Tha iooal oures

Pirsa: 07100010

The spectral curve corresponding to the matrix description of the
mirror B-model is

z=a)z-b),| . . _(zZ-a)z-b)

=
)|

y(z) = -5—' l tanh™" (=

The endpoints of the cut a. b depend on the exponential of the
Kahler parameter Q via the mirror map:

- “"‘ \f"?)g B — (1_ \;E)E O=(T _‘:}c{p—z]g

(5P (1-2F
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afiecs in Malrix

St The spectral curve corresponding to the matrix description of the
TOPOCGESISIN®  mirror B-model is
Markens Bess
2 (| (z-a)(z-b),| [ V(z—-a)(z-b)
y(z):*“tanh“("( l(-n ))I_ptanh_tl v(z-a)(z-b)
Z\\ T—=2= , | Z+ vab

[Marino]

The endpoints of the cut a. b depend on the exponential of the

Kahler parameter Q via the mirror map:
1 \2 1 — JF)2
(=L (1-¢P

The B-model matrix formalism provides a nonperturbative
completion that is testable with the large-order behaviour of the
perturbative amplitudes Fg( Q)

Using the topological vertex, we computed Fg up to genus 9
(genus 7) for p=3 (p=4)
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MNonper urtalivs
afiecs in Matrix o .
Topainguns Sotngs g e The numerical asymptotic
Mariens weiss g PR = e for the instanton action,
b i | along with the matrix
LLLLLLLLLLLLLLLLL prediction, at
A G ‘ ) ’ {=A5p=323

!."ﬂ:-
I I5;-
1 m:_

m . Lsf ; :

_ el iy i The leading asymptotics

e - for F5=°, divided by the
-t one-loop prediction
RS
= e o
Iil'l!I:-
1.15} :
lm:- The SUbieﬂdIrg
tas asymptotics, divided by th

S ' - two-loop prediction

asst
saef
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sows  HUrwitz Theory

Mode s and
Topological Strings

Hurwitz theory counts branched covers of Riemann surfaces
obtained as a special limit of the local curve X;:

1)y

(gsN)= .

p — 0o, gg—rﬂ.O—?OigH:NPQs.QH:

gzg—2+2d
F N*2 N QfHE (1) ——
Z Z - (29 - 2 +2d)!
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Nonper iirtativs "[' — R — —
2fiec in Malrix - B
Models and . . 7 :
e : ' e The numencal asyn"!pto
Marisns weiss i St for the instanton action,
. it along with the matrix
S prediction, at y = 0.5
mﬁé The leading asymptotic
B & . for F3'(x). divided by t
R one-loop matrix predicti
== The subleading
- asymptotics for F'(y),
divided by the two-loop
= prediction

P L S e L - e L o T N L X S R e oy T 4 .




e e
P on S E V bt The numerical asympto
— i 3 e for the instanton action,
% /7 along with the matrix
k[ prediction, at y = 0.5
Laus - The leading asymptotic
N : ol for Fg'(x). divided by t
S one-loop matrix predicti
= The subleading
- asymptotics for F'(y),
divided by the two-loop
== prediction
9 .5%5

T ey B, L e = e e W = S S e | SN e W S 4w




=xnmrs  Conclusion and Outlook

Models and
Topokogical Strings

We have computed nonperturbative effects for a generic matrix
model

Conciusion and
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== Conclusion and Outlook

Topologisal Strings
Markene eiss

We have computed nonperturbative effects for a generic matrix
mode|
Using the B-model matrix formalism, this defines a
nonperturbative completion for topological strings on local
geometries

Canciusion and
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