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One slide
summary of talk

Topological string theory
starts out life as a worldsheet

theory just like string theory proper

Tip I gots
2

o

o

intrinsically perturbative definition of Trop

Is grow factorially I diverge fatally
without providing non perturbation definition of theory
we will compute connection to Iip of the form

e
latlgs Intl gsk

keo














































































One slide
summary of talk

Topological story then starts life as a
woldsheettleay

just like string they proper pÉ I
d

I Ig Iggot
2

intrinsically perturbative definition

Is grow factorially I diverge fatally
without providing a non perturbative definite of May
we will compute correction

e logs 9 Intl gsk 1
exactly














































































Structure of talk

1 Review of topological stage
2 Review of resurgence
3 Computing instanton connection to Flop
4 Experimental evidence














































































1 Review of
topological strings














































































Review of topological strings

Type I strings on R x Calabi Yau














































































Review of topological strings

Type I strings on R x Calabi Yau

distinguished class of
3 opto din't flds M
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Led theory with N 2
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Review of topological strings

Type I strings on R x Calabi Yau
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Review of topological strings

Observables of topological string theory
partition for Ig

F
genus of woldsheet














































































Review of topological strings

Observables of topological string theory
partition for Ig

F
genus of woldsheet

Fg does not depend on models of Riemann surface

the moduli space My is integrated over














































































The B model

The Ig are fees on the complex structure

moduli space Maple of M

Eg X pex Xs O C P

t
polynomial coefficients z determine

apex structure

Ig z














































































Why is the topological string interesting

Computable subsector of string theory

Computes terms in effective Ud action

of Calabi Yan compactifications

o Counts BPS particles
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Distinguished points on moduli space

o Computes terms in effective Ud action

of Calabi Yan compactification
E important g in blackhole physics

2 map to Vets of scalars

O

Maple of one parameter models
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Special geometry I

Extracting physics enumerative information from Ig
requires expressing them in terms of special coordinates

by CY property 4310 M s
T

locally I Dijk xixixk

Let A An 310 B be a basin of H M Z

Pos

period
TI 1 in rector

x

I














































































Special geometry I

computable as power series logarithms

solutions of differential equations anywhere
on moduli space

Pos

i period
T J in rector

Xo

n
a














































































Special geometry It

s

period
T J II vector

I

Locally the XI furnish projective coordinates
on Mak

z m Xo z X zi e Int

Affine coordinates Zita X'le
you














































































Special geometry I

A distinguished mete on Mgk is induced by
the Kohler farm K defied via

e
K
if I I

Note that K is not a holomorphic fk of 2














































































The holomorphic anomaly equations
I

The twisting procedure renders anti holomorphic

dependence of Ig Q exact

Ig picks up I dependence only
from Olly

sources of z dependence














































































The holomorphic anomaly equations
I

sources of z dependence














































































The holomorphic anomaly equations
II

sources of z dependence

dz Ig I DzdzIg i DaFg nDzFu

for g 2














































































The holomorphic anomaly equations
II

sources of z dependence

2 I
dz Ig CIDE Ig EiDag nDzFu
for g 2 special geometry data

determined in terms

of periods














































































The holomorphic anomaly equations
II

sources of z dependence

dz Ig IÉdDzIg i DaFg nDzFu

for g 2

recursion relation for Ig
up to purely holomorphic piece Ig fglal














































































The holomorphic anomaly equations If

The HAE
imply

the following structure theorem for
the Ig all non holomorphic dependence is

captured by a finite set of generators

Ehs K

propagators

where 0 sik Ek d Sk Gig sik

djs Gig Si
















































































The holomorphic anomaly equations
I

g 1

di Fg I C't D D Ig i E DjIg nDrFu
h l

becomes





















































Explicit form of I for I parameter model





















































Explicit form of I for I parameter model

Euler characteristic of M the minor to M





















































Explicit form of I for I parameter model

special geometry data





















































Explicit form of I for I parameter model

Propagates anholomorphic objects

Ki dependence absorbed in 5 5





















































Explicit form of I for I parameter model

holomorphic ambiguities of propagators





















































Explicit form of I for I parameter model

holomorphic ambiguity





















































Explicit form of I for I parameter model

This expression is valid everywhere
on dope














































































In a moment we will rewrite the

holomorphic anomaly equation
in terms

of I Ig gist
but first














































































Back to physics the holomorphic limit I

To describe physics in vicinity of te Mal
requires

choice of frame

1 Adapted choice of A periods X to yield
local coordinates z Xy

2 Specialization Z E
T

holomorphic limit














































































Back to physics the holomorphic limit I

2 Specialization Z E
T

holomorphic limit














































































Back to physics the holomorphic limit I

2 Specialization Z E
T

holomorphic limit

In practice

where














































































Back to physics the holomorphic limit I

Fg Fg

Fact Fg X X X is homogeneous of
degree 2 2g i.e

Fg Xo x X Xo 29
Fg 1 X yo X
















































































Getting
our hands dirty

in the Mall frame I

All
genus structural results exist in team frame

close to MUM point

Immer to M

Gopakumar Vafa form of
F X Eg Fg Xo X

g
















































































Getting
our hands dirty

in the team frame IT

special to
genus 0 and I
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GV invariants
special to

integer enumerative
genus 0 and I invariants associated

to cave class B
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Getting
our hands dirty

in the Mall frame IT

Asymptotic of Fg by expanding sin
















































































Getting
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Asymptotic of Fg by expanding sin
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Bernoulli numbers Ban 2n
241

Git 2n
2n
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Getting
our hands dirty

in the team frame II

Asymptotic of Fg by expanding sin

9

Bernoulli numbers Ban 2n
241

Git 2n
2n

BE e t
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n i n 3 2




















































































Getting
our hands dirty

in the team frame IT

Asymptotic of Fg by expanding sin

9

Bernoulli numbers Ban 2n
241

Git 2n
2n

BE e t 11

2nd sower of factorials Qf
n i n 3 2
















































































Getting
own hands dirty

in the Mam fraire II

BE I I
















































































Getting
own hands dirty

in the Mam fraire II

BE I I
















































































Getting
own hands dirty

in the Mainframe II

BE e

If Euler characteristic of M

At B O with no o X2 and Lizzg
i E 3 2g

B
2g 2 2g 2

Fg X v II I
g

N 4072 22 712g i

9
normalization

constant














































































We can get similar results for Bto
X no p and also

at conifold in conifold frame

but let's get back to the holomorphic

anomaly





















































The holomorphic anomaly equation for
t

As I and I are special introduce

and



Idea

Forget perturbative
roots of this equation



N t t t t t k

k



OK

Now what



2 Review of resurgence



Resurgence

How to extract non perturbative information

from a formal power series



Borel resummation I

consider a
factorially divergent

series

plz Sanz an n n

9

formal power series

improve convergence by considering Borel transform

9191 E E E

Y P'E exists around the origin and can be

analytically continued to the complex E plane
y is a resurgent ft Borel plans



Borel resummation IT

Relevance of p E EEE
Consider its Laplace transform

I pled e E dy
a

E f any Ez e
E de

O

E an ant f E e
E
de

plz

If



Borel resummation IT

if Laplace transform exists

I glede E dy n Ean z

T
asymptotic expansion

Terminology

sq z I glezle Ede
is the Borel resummation of the

formal power series Y
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go wrong
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I 1912 e
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What can
go wrong

s g z s f g Ez e
e
des

I 191214 Ek
de

If 412 has a singularity on integration path

integral is ill defined



Lateral Bord resummation

s pka I 19121 Ek
de

If 412 has a singularity on integration path

integral is ill defined



Lateral Bord resummation

styles I 1912 e
Ek
de

Integrate above or below singularity

St p z

s e z
plz

St e z s e z n o g e
1 2



Singularities in the Borel plane I

Let I be indexing set of singular points S i e

S Eu toes

Common case logarithmic singularity
at Eu

9 Eu
sat onstant

a log E éw regular

go Idn has finite radius fn d

convergence



Singularities in the Borel plane I

9 Eu log E golf regular

St g
z s y z f g E e

Ek
de

Coming

is w e
a
s gu z

A

exponentially suppressed



Singularities in the Borel plane II

St g
z s y a s i Sw e

h
s gu z

shekel s
e

g
Stokes

automorphism

Sw e is a trans series

a generalization of the notion of formal power
series analytically contentful upon
Boel resummation



Asymptotes of perturbative coefficients

4 E at E knows about all

perturbative coefficients an

EI I f itesEnt de

In I 91 de

n I E E eaten Tin ul

n I



Comparing to asymptotes of Fg

4 E E E E knows about all

perturbative coefficients an

EI I f é
les
Ent

dE

I f del

my
gut

de

n I I E er Eu Tin ul

n I
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Comparing to asymptotes of Fg
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Comparing to asymptotes of Fg

an n I É er Ew Tin ki

Fg X v II I
g

N4072 22 712g i

j 2
I t

2 NX s C N Xo12 s

gs a gs x P12g 1
symmetry



Comparing to asymptotes of Fg

an n I É er Ew Tin ki

Fg X v II I
g

N4072 22 712g i
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I Iz NX s Nyo 12 s

I II Nyo 2g pig n
2g 1

It Nyo 25812g 2 X X



Comparing to asymptotes of Fg

an n I É.cn Ew
k

Tin ki

Fg X v II I
g

N4072 22 712g i

2
It

2 NX s Nyo 2 s

I II Nyo 2g pig i
2g 1

It Xo 25812g 2 x's X

Sman X Go SIX

co Ey C Ck z O



Lessons

1 Stokes constant integer related to geometric data

2 Singularities at integral periods

3 In this case co
0

25 I C

Chaz O



OK

Now what



OK

Now what

Apply ideas from resurgence to Toop

in particular make trans series ausate

Corso Santamaria Edelstein Schiappa

Vonk



3 Computing instanton correction

to Itop



Solving HAE for trans series ausatz I

Fact singularities Go in Bord plane occur in

mere means 5

EE E
I I'o t I'o

leading singularity

I10 Cl Illt t

T
bookkeeping device

For simplicity I let I'll ch above

It s e t's E In gs
I



Solving HAE for trans series ausatz II

I e t's E In gs
I

Play into HAE solve for leading order n
gs

p
undetermined holomorphic for

need
boundary

conditions



Boundary
conditions for non holomorphic HAE I

Based on exact results at MUM and conifold pt

Conjecture Specialized to
any frame in which I

coincides with one of the A periods

I r If Eg 1 e Algs

ie F s E it F s I

Fu s o for n 2



Boundary
conditions for non holomorphic HAE I

Conjecture

F s E it I d

Fu s o for n 2
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Boundary
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boundary
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Boundary
conditions for non holomorphic HAE I

Conjecture F s E it Fi s I

Fu s o for n 2



Boundary
conditions for non holomorphic HAE I

Conjecture F s E it Fi s I

Fu s o for n 2

L A



Boundary
conditions for non holomorphic HAE I

Conjecture F s E it Fi s I

Fu s o for n 2

L A

Valid in
any frame



All order solution for one instanton sector

With much more wok we arrive at closed formula
for Ic

To avoid introducing too much notation let's specialize
to a frame XI Pa in the instanton sector

A CIRI d XI



4 Experimental evidence



Mapping out the Borel plane

When sufficient number of coefficients an here Ig
are available leading log singularities in if
here In visible as accumulation of poles of its

Padi approximant
t approximation by rational for

can identify instanton sectors to which to apply
our analysis



Check of method near Mum pt team frame

LX

4 0 X Xo

x 2 0

Poles of Dade approximant to Iia evaluated to 8 64
at 2 102n for the quintic Calabi Yau

I fld pot



Check of method near fld in fld frame

Po
N

Poles of Dade approximant to Iia evaluated to 8 64
at z I 10 In for the quintic Calabi Yau



Mapping out the Borel plane near the team pt

fld frame

a

random

frame



Mapping out the Bord plane near fld pt

a
MUM frame



Checking theoretical one instanton amplitudes against asymptotic

Recall leading asymptotic

Extract F ft via



Checking theoretical one instanton correction against asymptotic



Checking theoretical one instanton correction against asymptotics

y
MUMpoint fld point

u



Checking theoretical one instanton correction against asymptotic

F t evaluated in

y
MUMpoint fld point

Mam frame for
µ A a Po



Checking theoretical one instanton correction against asymptotic

F evaluated in

y
MUMpoint fld point

Mam frame for
µ A a Po

i
contribution from An Xo

instanter sector subtracted



Conclusions

I Instanton coefficients captured by holomorphic

anomaly equations
2 Integer shift in units of gs of moduli

features in exact solution for trans series connection
3 Integral structure

singularities in Borel plane
at integral periods

Stokes constants topological enumerative

invariants
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I Instanton coefficients captured by holomorphic

anomaly equations why

2 Integer shift in units of gs of moduli

features in exact solution for trans series connection
Quantization of moduli3 Integral structure space

singularities in Boel plane
at integral periods
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