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Abstract: <span><div>

<div>Topological string theory is restricted enough to be solved
completely in the perturbative sector, yet it is able to compute

amplitudes in physical string theory and it also enjoys large N

dualities. These gauge theory duals, sometimes in the form of matrix
models, can be solved past perturbation theory by plugging transseries
ansAstze into the so called string equation. Based on the mathematics of
resurgence, developed in the 80's by J. Ecalle, this approach has been
recently applied with tremendous success to matrix models and their
double scaling limits (PainlevA®© I, etc). &nbsp;A

natural question is if something similar can be done directly in the
topological closed string sector. In this seminar | will show how the
holomorphic anomaly equations of BCOV provide the starting point to
derive a master equation which can be solved with a transseries ansatz. |
will review the perturbative sector of the solutions, its structure,

and how it generalizes for higher instanton nonperturbative sectors.
Resurgence, in the guise of large order behavior of the perturbative
sector, will be used to derive the holomorphicity of the instanton

actions that control the asymptotics of the perturbative sector, and

also to fix the holomorphic ambiguities in some cases. The example of
local CP"2 will be used to illustrate these results.</div>

<div>This work is based on 1308.1695 and on-going research in collaboration with J.D. Edelstein, R. Schiappa and M. Vonk.</div>
</div></span>
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Resurgent transseries
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Resurgent transseries

Asymptotic series and transseries

e Some formal solutions to differential or difference equations, integrals
depending on a parameter, are asymptotic

+00
(0) Qg =
FO) ~ 3~ T lag| < Mg!A=9, M, A > 0.
g=0"
Example: F/(z) — F(z) = — '; (Euler equation)

=X (=D)9g!

f(0) EE :
;Bg+1

g=0

e Family of formal solutions: the transseries

o0
oy n_ —nAz n(n)/,
F= Z(r e F\"(x).

n=0

Example: F = F\Y)(z) + oe®
I
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Resurgent transseries

Asymptotic series and transseries

e Some formal solutions to differential or difference equations, integrals
depending on a parameter, are asymptotic

+00
\ a,
F(O) ~ 3~ :erf-l" lag| < Mg!A=9, M, A > 0.
g=0"
Example: F'(z) — F(z) = -,% (Euler equation)
+o0
Fm] & Z (_l)gg!
o 19+1
g=0

e Family of formal solutions: the transseries

00
n - Z (Tnt’f_”"m!'“(”)(.’l,‘).

n=>0

Example: F = F\%)(z) 4 oe®
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I{esurgent Lransseries

* Same formal solutions t rentinl or difference equations, integrils

depending on a parnmet ptatic

Exnm ple

- L (Euler equation)

* Family ol formal solutions

Lxample: [
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I{esurgent Lransseries
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Iesurgent transseries

o [{ow to define an Iytifz funetion asymptotic t

Borel rssummation along a line in enmplex Borel plane

S () analytic
Assumption: no a

Pirsa: 13100123 Page 10/68




Resurgent transseries

Borel resummation

e How to define an analytic function asymptotic to F'(")?
Borel ressummation along a line in complex Borel plane:

400 PALPS
) Ag .. (0) -z 1((
B[f'{“]](f) - § : q_:g; — Sy F HU(_,L.) = / dée ‘EB[)'M 11](5)
g=0 <" D

SpF(")(z) analytic in {zx € C|R(ze*?) > 7}.
Assumption: no singularities along R .

Example:

+ 00 1

BIF©)(€) =D _(-1)%° = ——, €I < L.
=0 Al

g9

Pole at £ = —1. Problem when 0 = 7.
e Lateral resummations:
I L.
So, F\Y = ](, dee~ " B[F")](¢)
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Resurgent transseries

Borel resummation

e How to define an analytic function asymptotic to F''")?
Borel ressummation along a line in complex Borel plane:

+0o0 a i -z:ieoo
BFOIO) =Y 2267 — SFO(e) = [ dee ¢ BFO)()
g=0 "’ 0
SpF(0)(z) analytic in {z € C|R(ze*?) > 7}.
Assumption: no singularities along e*?R. .
Example:
+ 00 1
BIFO)(€) =3 _(-1)%° = —, l¢l < 1.
=0 LA
g —
Pole at £ = —1. Problem when 0 = 7.

e Lateral resummations:

0.4
So. FO = [ %Ood ,—o€ g1 (0)
0.4 =/, ge [N (E)
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Resurgent transseries

Lateral Borel resummations

e Difference between Sp, and Sp_ has non-perturbative information.

Example:

fin

(,—.’J:E

(Sw+ *Svrf)!“[“} :/ d€ = —2mie” U

~y 1 —+" E < \ ‘—“""'"“'————4—-“#-

Instanton action A = -1 = w.
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Resurgent transseries

Lateral Borel resummations

e Difference between Sp, and Sp_ has non-perturbative information.

Example:

L
2(0) e~ 8 w17 e ’
(57:+ —Sn_ )f’ = d§ = —2mie” Sl Y
9 1 E < % e ————
w—r
Instanton action A = -1 = w.

e In general, the path « will encircle several poles and logarithmic branch cuts
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Resurgent transseries

Lateral Borel resummations

e Difference between Sp, and Sp_ has non-perturbative information.

Example:
L
e =S YE - dé = —2mie® T y
+ , C1+€ —
—r ¥
Instanton action A = -1 = w.

e In general, the path « will encircle several poles and logarithmic branch cuts
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Resurgent transseries

Large—order growth and alien derivative

e Last contour around £ = 0 can be used to compute perturbative coefficient

. ~(0)
ag _ L/ d{B[[ [(€)
(0)

59+1

;T 2mi

Poles and brach cuts of Borel transform B[F(")](£) determine growth of
pertubative sector.
This is captured in general by (pointed) alien derivative: A, F''Y)(z).
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Resurgent transseries

Large—order growth and alien derivative

e The bridge equation relates alien derivative of a given sector with all the
other sectors (resurgence).
Expanding transseries and comparing similar terms: S, (¢) = S1o#(«),
S1: Stokes constant.
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Resurgent transseries

Large—order growth and alien derivative

e The bridge equation relates alien derivative of a given sector with all the
other sectors (resurgence).
Expanding transseries and comparing similar terms: S, (¢) = S;o# (@),
S1: Stokes constant.

* So large-order of perturbative sector (a,) can be computed from alien
derivatives (A, ), which can be computed all the other instanton sectors
(bridge equation).

Explicitly:

‘

Qg — Zl Z( k. \)q—h

S 1 1
B (o) o(2)
2mi A9 g 29

We can use this resurgence relations to check consistency of calculations.
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Resurgent transseries

Large—order growth and alien derivative

e The bridge equation relates alien derivative of a given sector with all the
other sectors (resurgence).
Expanding transseries and comparing similar terms: S, (¢) = S;o# (@),
S1: Stokes constant.

* So large-order of perturbative sector (a,) can be computed from alien

derivatives (A. ), which can be computed all the other instanton sectors
(bridge equation).

Explicitly:
+o0 v 400 q . h (A)
“"{" = Z Trf.; Z A ‘)q—h, lh
k=1 h= ()

S ! 1 1
- 2 (o () +o(2))
2mi A9 g 29

We can use this resurgence relations to check consistency of calculations.
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Resurgent transseries

Large—order growth and alien derivative

e The bridge equation relates alien derivative of a given sector with all the
other sectors (resurgence).
Expanding transseries and comparing similar terms: S, (¢) = S;0%# (@),
S1: Stokes constant.

* So large-order of perturbative sector (a,) can be computed from alien
derivatives (AL), which can be computed all the other instanton sectors
(bridge equation).

Explicitly:

N too gk too (g — h)! r(k)
@g - Z Z A 1)(;—?1 h
=1 =0

) g! 1 1
- b_{ii«‘f,”(1+(’)<—)+o( ))
2mi A9 g 29

We can use this resurgence relations to check consistency of calculations.
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Topological string theory and Holomorphic Anomaly Equations

Pirsa: 13100123 Page 22/68



Topological string theory

Introduction

» Topological string theory is based on a superconformal N = (2,2) sigma
model z : ¥4, — X, X a Calabi-Yau 3-fold, with a twist and coupled to 2d
gravity.

Twist provides a Grassmann scalar symmetry Q such that the action and
energy—momentum tensor are Q-exact: allows for localization and makes
theory topological.

e A-model:
Localization selects holomorphic maps.
. A
Theory depends on Kahler structure of X, {,g ),
Free energies, count Gromov-Witten invariants, can be computed using

localization, topological vertex,. ..

e B-model:

Localization selects constant maps.

” B
Theory depends on complex structure of X, LE ),

Free energies computed with the holomorphic anomaly equation.

o0
A(0) 2g—2 7(0)
f = E 9s Fg

g=0
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Topological string theory

Introduction

» Topological string theory is based on a superconformal N = (2,2) sigma
model z : ¥4 — X, X a Calabi-Yau 3-fold, with a twist and coupled to 2d
gravity.

Twist provides a Grassmann scalar symmetry Q such that the action and
energy—momentum tensor are Q-exact: allows for localization and makes
theory topological.

e A-model:
Localization selects holomorphic maps.
7 A
Theory depends on Kahler structure of X, !S ),
Free energies, count Gromov-Witten invariants, can be computed using

localization, topological vertex,. ..

e B-model:
Localization selects constant maps.
v B
Theory depends on complex structure of X, LE ),

Free energies computed with the holomorphic anomaly equation.

o o]
~(0) __ 2g—2 f“”
I = E 9s Fg
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Topological string theory

Introduction

» Topological string theory is based on a superconformal N = (2,2) sigma
model z : ¥4 — X, X a Calabi-Yau 3-fold, with a twist and coupled to 2d
gravity.

Twist provides a Grassmann scalar symmetry Q such that the action and
energy—momentum tensor are Q-exact: allows for localization and makes
theory topological.

e A-model:
Localization selects holomorphic maps.
. A
Theory depends on Kahler structure of X, !E ),
Free energies, count Gromov-Witten invariants, can be computed using

localization, topological vertex,...

e B-model:

Localization selects constant maps.

Y B
Theory depends on complex structure of X, i,,E ),

Free energies computed with the holomorphic anomaly equation.

00
~(0) _ 2g—2 r~(0)
f = E s Fg
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Topological String Theory

Dualities

yij s ~(.A . .n .
e String theory: '!g ), couplings of compactifications of type IIA on X.

e Large N duality: Chern-Simons theory on closed 3-manifold ~ topological
string on resolved geometry.

» Non-critical string theories/minimal models: special values of moduli, phase
transition, double scaling limit.

e Topological string theory ~ matrix model (non polynomial potential).

e Matrix models with polynomial potential studied non-perturbatively
(orthogonal polynomials), using resurgent transseries.
Suggests matrix models as the non-perturbative definition of topological
string theory.
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Topological String Theory

Dualities

T ~(A 4 . i . .
e String theory: '!g ), couplings of compactifications of type IIA on X.

e Large N duality: Chern-Simons theory on closed 3-manifold ~ topological
string on resolved geometry.

* Non-critical string theories/minimal models: special values of moduli, phase
transition, double scaling limit.

e Topological string theory ~ matrix model (non polynomial potential).

e Matrix models with polynomial potential studied non-perturbatively
(orthogonal polynomials), using resurgent transseries.
Suggests matrix models as the non-perturbative definition of topological
string theory.

e Resurgence applied directly to topological string?
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Holomorphic Anomaly Equations

Introduction

¢ Holomorphic anomaly equations appear when studying the decoupling of the
i . . B) . ; g .
antiholomorphic moduli i’,z-( ) in the marginal deformation of the action by

elements of chiral and antichiral ring: S — S+ 3. t;0; + >, &; O;.

t; dependence of free energies should drop due to @-exactness but coupling to
gravity spoils the argument.

¢ g—1
o} ,(0) 1 ~jk .(0) - 4+(0) (0) "
o Fa =501 | DsDeFy s + 3 DiFy", DkFy” |, g2 2.
"" h=1
Bershadsky, Cecotti, Ooguri, Vafa [93091 \H!

e [, is covariant derivative on complex structure moduli space wrt £;.

‘ ; ~(0 0 .
Equations are recurse in the genus g. Fl( ) and th ) taken as (geometrical)
initial data.

C7" makes equation difficult to integrate.
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Holomorphic Anomaly Equations

Introduction

¢ Holomorphic anomaly equations appear when studying the decoupling of the
i . . 7(B) . P i .
antiholomorphic moduli t,z.( ) in the marginal deformation of the action by

elements of chiral and antichiral ring: S — S+ >_.t:0; + >, t;0;.

t; dependence of free energies should drop due to @-exactness but coupling to
gravity spoils the argument.

‘ g—1
o f“” . 1 ~jk D D [‘(H] : D I‘.m'\, D I"“” > 9
9.9 T gvt j Pkl + 2: Jtg—n LRLp y 9= 4
& h=1
Bershadsky, Cecotti, Qoguri, Vafa [9309140]

e D, is covariant derivative on complex structure moduli space wrt £;.

‘ . ~(0 0 .
Equations are recurse in the genus g. Fl( ) and th ) taken as (geometrical)

initial data.

C?" makes equation difficult to integrate.
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Holomorphic Anomaly luquarions

he decoupling of the
nntiholomorphic mod i JATEINA, al the action by

elemaent
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Holomorphic Anomaly Equations

Propagators and Structure

e Introduce propagators

v v7k
&S" = CP".
Form a differential ring:
- Y jk.
Di = —( ilm + f:, .
Yamaguichi, Yau [0406078]
Alim, Linge [0708,2886]
¢ Rewrite the HAE in terms of propagators:
; g—1
,) i'.“” . ]. D‘D-f‘I.H] D>l“{“'l D-I“[”] > 2
C 9 =5 “'-Je;l+§:1qh R y 9= 4
h=1

along with

g0y _ 1.,
Dl‘f‘[m = =Cjjk + ;.
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Holomorphic Anomaly Equations

Master Equation

e To find a transseries expression for full non-perturbative free energy we need
a master equation.
A perturbative ansatz should recover perturbative HAE.

e Master equation already considered in the past.
Bershadsky, Cecotti, Qoguri, Vafa [9309140]
Witten [9306122]
Eynard, Marifio, Orantin [0702110]

Presented to admit a transseries ansatz.

1 1 . :
951 F + 7 (Ui D;F + U; DiF) — é_f;_f(uiu_, F + D; FD;F) = g;2W;; + Vi;.

5 : . 29—2 -(0)
e U;, Vij, Wi, ensure the HAE when F = Fyert = Z:_w“ _q_f‘q zl'_rl, :

o= Dif“'”', Vij =0 O _ iDiDj/*‘”’, Wi; = EDE'["H' Djl"”').

U
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Master equation

Transseries ansatz and perturbative sector

e Master equation should accept various types of transseries to accommodate
all possible examples (multiparameter, with log-sectors).
Simplest case: 1-parameter transseries.

00
F = 2 " e—nA/9s p(rr)(gﬁ)_
n=0
(0 , _ 0) (n)
F0) — ¢ P'”—E :g,a(; z‘,t n)NE : g+b (5 )_
g=0 g=0

+{ TL . . .
| and l'_,f, ) depend on {z;, }, in principle.
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Master equation

Transseries ansatz and perturbative sector

e Master equation should accept various types of transseries to accommodate
all possible examples (multiparameter, with log-sectors).
Simplest case: 1-parameter transseries.

o0
F = Z ol (z—n.,-‘l/_q_., Pw(n)(gﬁ).
n=0
o0 o0
g=0 g=0

1L TL . . .
A and l'_,f, ) depend on {z;, }, in principle.
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Master equation

Transseries ansatz and perturbative sector

e Master equation should accept various types of transseries to accommodate
all possible examples (multiparameter, with log-sectors).
Simplest case: 1-parameter transseries.

o0
F = Z o’ (37'”""/.(].4 ]J(”)(gﬁ)_

n=>0
1(0) — ) T
jal — gnr: _§ :g.aq z,t n}NE : q+b !5 )
g=0 g=0

1L TL . . .
| and l'_,f, ) depend on {z;, }, in principle.

e oV-terms give back perturbative HAE equations. Integrating:

!.‘l_Il.}

o = = Polynomial of degree 3g — 3 in the propagators {5 }.

Haghighat, Klemm, Rauch [0809,1674]

Alim, Lange, Mayr [0809.4253]
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Master equarion

Lo accommodate

s av-lermas give
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Integrating the equations

The equations

Equation for a general instanton sector:

‘ ~(n) c W(n) (n) ~(n)
—85:; A, + (d - Ed A9, 1(1'%)) F;™ = Z Y et
h=1
n—1 g—1
3 5 5 (artrm) - dam E™) (5,8 - 0, 40-m ),
m=1 h=0
where A(™) .= nA and
(n) __ 1 T ..(") ‘..(”) ‘ o 1(0) (n) 471 v . . _ . r0) )
D,J] = 2D7L)J.'l + 0; A DJ+()J/3 " ’Du,z— 211),!1)_‘, ()Tf! D;,
DY) =8, F98,A™, D" =_,F°”D;, h=23
iji2h—1 < h J - ’ ij12h R i L g Dy o

Fén) F (m<n)

(n)
h<g '

, and s

. . . +(0)
recelives (3()Iltl’lblltl()nﬁ fI‘()I]’] l'h- ,/2]°
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Holomorphicity from large—order

Factorial growth and large—order

e Factorial growth of perturbative free energies and holomorphic anomaly
equations imply holomorphicity of instanton action A.

J(0)

e Large—order growth of F

L(0)

Fg =~ c(zi,S")A(2i,57)"29(29)! (1 + O(g™1))

+(0)

= A% = lim 4¢°* -
g—+o0 = I#‘l{]'l
g+1
e Propagator derivative on both sides:
. 5(0)
. 2 . ~(0) o 2 g—1
Ogij A° = lim 8gqi; Fy 4" —or — 49 - 1) ——5
g—r00 F +w(0)
g~ I !'q

e Term in brackets:

A29 (I—I—O( _1)) B A29 (l+(9( _1)) - A29
I (29)lc 907 (2g)

(29)\c Ols™)

(...) =
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Integrating the equations
o

Integrating

(1) &

e Equation for F,

S
1 5: A 8.: 4
(a - ia,;.xaj.-x) FM =0 = F{V(z,57) = e Tij 040 A5Y g(1) ()

Solution for first instanton sector (general g):

! 0; A 9, ; . ;
1“_,5”(:5:‘, )=e2 2.4 01494 [Polynomial of degree 3g in {5 }].

* Solution for second instanton sector (general g):

‘ LAS™.. 8.4 8. 4
Fl(“)) ; ) = e2 2i;j9iA46;A [Polynomial of degree 3(g+1— 1) in {5 }]

1 5. A 8./
+ 27245 94945 polynomial of degree 3(g+ 1 — 2) in {57 }]
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Integrating the equations

General structure

e Higher instanton sectors have increasing number of exponentials and
accompanying polynomials with different degrees.

e (General structure is:

"‘}S”) = Z e3(niTm) X4 8iA8;AS" py ({5}:3(g+ 1= A(n;w))) .
{7}

Generating function for combinatorial data:

co o0

1
$ — - — e E (n;vn) \(n;vn) 1 4 O '
1E1 1 - ‘PE""J p n.Z_[)f {%} ’ : (o))

= 1+4pE'0' +p? (E'¢' + E%p®) + p*(E%' + E°¢® + E°¢%) +...

. n . . . .
e Holomorphic anomaly fé )(zi) sits in the polynomial along the highest
coefficient exponential (n?).
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Integrating the equations

General structure

e Higher instanton sectors have increasing number of exponentials and
accompanying polynomials with different degrees.

e (General structure is:

Fi™ = 37 e nim) T4 5 848 ASY po| ({517}:3 (g + 1 — A(n;1n))) -
{rn}

Generating function for combinatorial data:

oo 00
1
= — n N (n;“fﬂ‘) .'(T';PY'H,)
i = |l s—mmm=d 0" ), BErfedhtam [+ O,
m=1 ® F n=0 {vn}

= 14 pE'¢' +p? (' + E%¢?) + p°(E%! + E°p® + E°9%) +...

. n . . . .
e Holomorphic anomaly f,g )(zi) sits in the polynomial along the highest
coefficient exponential (n?).
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Integrating the equations

Comments

: (") (i) . , .
Value of b(") in F(") ~ Eq g_‘f{“’ F_,E,”) is not fixed by the equations.

Rely on large-relations to extract it.

Instanton action behaves like a holomorphic ambiguity, something the
equations cannot fix.

Master equation is in {z;, }, not in gs, so it is not model specific.

Possible to extend transseries to several parameters and logarithmic sectors.
Combinatorial data encoded in similar generating function.

Perturbative sector has rational functions of z; as coefficients of polynomials.
Non-perturbative sectors will also include hypergeometric-type functions of z;
coming from instanton actions.
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Comments

‘ N ln) , , ;
Value of b(") in F(") ~ Eq _q_‘ferb F{™ is not fixed by the equations.

_ g
Rely on large-relations to extract it.

Instanton action behaves like a holomorphic ambiguity, something the
equations cannot fix.

Master equation is in {z;, }, not in gs, so it is not model specific.

Possible to extend transseries to several parameters and logarithmic sectors.
Combinatorial data encoded in similar generating function.

Perturbative sector has rational functions of z; as coefficients of polynomials.
Non-perturbative sectors will also include hypergeometric-type functions of z;
coming from instanton actions.
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Holomorphic ambiguities

3 i
Example: local P

Im(A)

Large Radius

Conifold

6 7.71461 9 12 v

[Figure: Dominant instanton actions (purely imaginary) for local P? obtained from large
order (green). Analytical expressions as combinations of periods (blue and red).

Results for real negative z. 1 = (—27z)~'/3.
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Holomorphic ambiguities

. -
Example: local P

Local P?: @(—3) — P? toric Calabi-Yau. Mirror determined by a Riemann
surface of genus 1. 1-dimensional complex moduli space parametrized by z.

Special points: z =0, 2 = — 2%, z~1 =0,

Periods calculated form Picard-Fuchs equation.

After calculating perturbative free energies for large enough g one can start
doing large order analysis.

Dominant (smallest in absolute value) instanton action is obtained from large
order:
+(0)
2 Fy
(0)
"g+1

O (29)!;\—29 = A2 = lim 4g

g ' dom
dom 1 g—00 J
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Holomorphic Ambiguities

NonPerturbative Holomorphic Ambiguities

e Holomorphic ambiguities ffgﬂ) for each instanton sector n, and g.

e There is not a general way to fix ambiguities like in the perturbative sector.
One looks at special points in the geometry (conifold and large-radius) and
impose prescribed behavior for holomorphic limit of perturbative free energies
(gap condition and constant map).

e For non—perturbative sectors we can also look near special points.
Near conifold point

—~(0) _ ]32;}
2g(2g — 2)t29~2

te: flat coordinate in moduli space around conifold point.

e Idea: use large—order relations

00 .(Sl)n o0 [’(2!} _ b(n) - h) . (“).

) m, / 2g—b(n) _} h
n=1 27 h=0 (H,.\,‘) g—o )

to show that A., b(™), _7-‘}(1.,;.) are formally model independent.
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Holomorphic Ambiguities

NonPerturbative Holomorphic Ambiguities

e Holomorphic ambiguities ffgﬂ') for each instanton sector n, and g.

e There is not a general way to fix ambiguities like in the perturbative sector.
One looks at special points in the geometry (conifold and large-radius) and
impose prescribed behavior for holomorphic limit of perturbative free energies
(gap condition and constant map).

e For non—perturbative sectors we can also look near special points.
Near conifold point

~(0) ]j'}g
2g(2g — 2)t2972

te: flat coordinate in moduli space around conifold point.

e Idea: use large—order relations

) m, / 2g—b{n) h
n=1 271-1 h_“ (”,.\,‘) g L

[ o] o0
( \ S i F 2 _— 1 ('H.) — }4 T
.'F;,“’ - Z (S1) (29 - b ’)f( )

to show that A., b(™), .’F,(L") are formally model independent.
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Holomorphic Ambiguities

NonPerturbative Holomorphic Ambiguities

e Holomorphic ambiguities ffgn) for each instanton sector n, and g.

e There is not a general way to fix ambiguities like in the perturbative sector.
One looks at special points in the geometry (conifold and large-radius) and
impose prescribed behavior for holomorphic limit of perturbative free energies
(gap condition and constant map).

e For non—perturbative sectors we can also look near special points.
Near conifold point

.FH.I.‘ - B2g
o i « 2{]#2
29(29 - 2)"(:

Fgq
te: flat coordinate in moduli space around conifold point.

e Idea: use large—order relations

o0 oo
S‘ n i 2q — b(n) —h "

";_*{\.flll ~ § : (17) § ‘ (29 | r):FI( )
n=1 271-1 h_“ (f}\,)zq*b(”)*ft L

to show that A., b(") .’F(") are formally model independent.
H ’ h Y F
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Holomorphic Ambiguities

NonPerturbative Holomorphic Ambiguities

e Holomorphic ambiguities fé”) for each instanton sector n, and g.

e There is not a general way to fix ambiguities like in the perturbative sector.
One looks at special points in the geometry (conifold and large-radius) and
impose prescribed behavior for holomorphic limit of perturbative free energies
(gap condition and constant map).

e For non—perturbative sectors we can also look near special points.
Near conifold point

—~(0) _ *829
2g(2g — 2)t2972

te: flat coordinate in moduli space around conifold point.

e Idea: use large—order relations

= o] s o]
( S1)™ I'(2g —b(™ —h) _(n)
7 o 3 B 5 TE 7.

; - j ' 1 h
o 2 7b(n)7!‘
— 2m h—o (nAc)%9 v

to show that A., b(™), .’F,(L”) are formally model independent.
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Holomorphie Amplguiries

» Holomorphic ambiguitied f3;™' Tor each instanton sector n, and g

uties like in the perturbative sector,
One look

impose pre

(gap eondl

ymetry (conifold and large-rodius) and
shie limit of perturbative free energics

* For non-per

VORI O

» lden: use large-ards

o nhow Lhat
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Holomorpine Amnplguiries
nlerturbative Holomaorphile Ambiguities

¢ Taking suitable combinations we can extract pon-perturbative objects

lim Ag bV = lim 29 (1 _ e
j —x g — "I. 172
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Holomorplhie Ampiguiries

‘ NonPerturbative Holomoephile Ambigultics

|
o Taking suitable combinations we can extract non perturbative objects

lim 4gq
gt

s Uning 11 |
ing the form lel-dependent tail drops in the
large g limit bees

1
dmini

This provides o method t
| mothod up to Stokes constant
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Holomorphic Ambiguities

NonPerturbative Holomorphic Ambiguities

e Taking suitable combinations we can extract non—perturbative objects

(0)

, r ‘,/:‘\'[1_1 ‘1‘72 “Ff '
.-1,-2 = lim /lg‘3 ;”, b(l) = lim 2_!} 1 — 5 = ml
g—00 }—r‘f r)l g—0o0 4(} ]:_,t.,
s A29-0Y o
_lf-(()l) = lim '%—Fr;(") etc
2mi g—oo I'(2g — b(1)) "

. +~(0) «i . . .
* Using the form of 7, ' near conifold point, model-dependent tail drops in the
large g limit because of singular behavior at t. = 0:
{ iSl n 1 n
F(n) _ (n)

51 (n)
A xte, ™ =1 —F™=—t, - | '
- ' oomi © ™ ori 1 2m2n2’ g=>2

= 0.

This provides a method to fix ambiguities up to Stokes constant.
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Holomorphic Ambiguities

NonPerturbative Holomorphic Ambiguities

e Taking suitable combinations we can extract non—perturbative objects

f- i 42 7Y
A% = lim 44° b1) = lim 2 | 1 - ==~ 1 7
g—oo £0) g—oo 4qg2 (0)
g }” 1 g9 g f”
S '_\r"z.’g—b(” ‘.
—l-fc()l) = lim '_7—.?,[,”‘, etc
271 g—oo I'(2g — b(1)) "

. i 0) . . . .
e Using the form of ;" near conifold point, model-dependent tail drops in the
large g limit because of singular behavior at t. = 0:
i 3 R 1
F(n) —

S . ;
— T Lg 5 . ‘
o ™m  2mi 2r2n2’ 922

™
.‘1![' o t(:, f)( ) — 1,
This provides a method to fix ambiguities up to Stokes constant.

e What about other sectors not associated to conifold locus? Mixed sectors?
Study of examples and resurgent analysis needed.
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Holomorphic Ambiguities

Example: local P

Figure: Real (red) and imaginary (orange) parts of first instanton sector, g = 0.
§*% = 8% (2)(1 +4X) for ¢ = 3.38 (z = —0.000959). Green points from large order.
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Holomorphic Ambiguities

s -
Example: local P

, (1)
-S[l[]

2mi

Figure: Real (red) and imaginary (orange) parts of first instanton sector, g = 0.
S#* = §7Z(2)(1 4+ 4X) for ¢ = 3.38 (z = —0.000959). Green points from large order.
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Holomorphic Ambiguities

Example: lneal 24

Moal (red) and imaginary (orange) parta of first Instanton sector, g 1

sroen points from lamge onder

(2)(1 4 4X) for @ = 338 (2 0.000059), C

Pirsa: 131 e




Holomorphic Ambiguities

Example; local 24

\ )

| (roed ) el imaginary (urange

) parta of firmt instanton sects
144X) for 9 = 334 (2 crispm o

0.000058). Green pointa (rmm largn order
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