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IiIntroductionandMotivation

Physicsthenon

The world is Quantum

mathematics
TQ ET ems Geometrid enumerative topological

invariant theory

Tyne I String Topological A model and B modal

Heterotic All sectors are coupled



Istringyuoduliproflams

Stuing theory SUSY as Geometries with
spasial structure
Calabi Yau Instantons

Spacetime Mio My x Xo

Supersymmetry Xo has spacial structure

formations of Xo fog Interesting
Modulo problems physics in 4d



3 levels of understanding moduli

I Infinitesimal massless spectrum

Geometry is described by BPSequations

BPS O SUSY equations

Infinitesimal deformation

SCARS O mus Dd O

Identify differential D 82 0



Mass less fields infinitesimal moduli

tu t.IE t
Infinitesimal symmetries

D is usually part of an elliptic complex

I si 8 so 9 a n 2 m finite dimensional
spectrum

Ers deformations of integrable complex structure

µ Beltrami differential s EM E HE Ct'x y HE x

X is Calabi Yaa



I Understand Geometry of madalispace the

Geometric Structures on M Complex Kahlo

Higher order def s abstractions Yukawa couplings
smooth directions super potential

Finite deformations Solve Maurer Cartan equation
in assosiated la algebra

Da t 2,2 t O

Ers Finite def's of complex structure ME rn tax
solve

Jmt Emm O

m Diff graded lie Algebra



Tian Toderor X Calabi Yau or 25 Camara

infinitesimal complex structure moduli are

unobstructed

III Understand Quantum moduli space

Quantize theory BU Best AKSZ

Non perturbative effects Instantons dualities

associated to structure
Compute Invariants knot invariants CS theory
Donaldson Thomas Gromov Witten s

Find topological theory governing geometric structure



Ers

g
ig

Complex
theoryMirror

f
structure

symmetry

Kahler

oven closed
structure

k 46 danity Mittens A mode

duality fay gazConifold Versions of
transition Various

8 Donaldson Thoma tonological
open stringtheories Hol CS theory

I I

I HetaroticModa1



The moduli problem of G dimensional hefarotic

geometries Hall strominger solutions are

governed by the following action

Ashmore deleossa Minasian E E S
Strickland Constable 18

Vola are
Scg Sy cg Ig Eg eg.gg a

stomachic
form

Calabi Yau

sericethenacunion
giggomace

i

Natural differential I 152 0 pairing C and
bracket I Holomorphic Courant Algebooid



Similar theories Rosa atal 12 Costello Ci 15,16 19
Costello Williams 21

Note

To preserve Supersymmetry Scg o and Scg O

EON is the MC equation of an ly algebra

Infinitesimal Eon Dg O 3 TMI HE Q

Nota also similarity with holomorphic Chara Simons
In fact

X M O 3 Sisescas Sta 252 323 r e
x



Note that the Partition function

Z JDL e Sosa

is the generating function for Donaldson Thomas
invariants

Natural Question Can and made sense of

Z Jpg e
Sog

and use it to compute invariants of
hafarotic geometries holomorphic Courant

algebroids



t.Toy toy mad.ec Cheua

SimoasScsCA

Su ta Ada e 313

A E r g dim Ms 3

EOM FCA d Aot An A 0

I loop Action A Ao t L LEN Enda

S a fu Ido 2 do d t Ao



Partition function

2 Ms Gg Spa e
Sca

No metric 7 Topological invariant of Ms

SCL has gauge symmetry L Lt doe

Quantise using BU BRST formalism

OR Physical Approach Pestan Witten 05

Often sufficient for quadratic actions



Finite dimensional case

Sig symmetric pos definite matrix

Sde dez den Exp Ey ti Sir't Egg
Generalisation to field theory
Choose metric go on Mz

Hodge decomposition I doro to dote

we ignore finite dimensional space of harmonic forms

Z Ico Syed f Le dire Da exo C Sca



i
Goal Waite answer in terms of determinants

of elliptic operators Laplacian whose
determinants can be regularised

Denominator dot do dots dorf
We define

dat dold.tn det dodoldotr2J
Note

detldidola.tn
dett

gggg ddro



a.ittI.g
Consider eigenvector doh of dodot on doro

dadot dot I do 2

I do is invertible on Im dot

54 as



A dot d dot doro dat 110

dat dido
atra ÉÉÉf

Numerator Vol doro

Recall Given Linear operator A U 2W

Volcan data
fggteca



vacant.tt ti EEIeI a

Vol doro dat 19 Vol ro

T
Volume of gauge transformations

Collect

Zemo go.ggItiueeois



I Regularise

Zemin III

This is the Ray Singer torsion of Ms

This is Topological

IriHateroticSaparpotential

Sanarpotantial Cardoso etat 03 Garrierietal 04

Wa Sql Ht idw arms Sags above



For us Background X is Calabi Yaa

Large volume Leo

my gauge sector decouples

T loop action

S S xn5x brat CIG

X E d X E N G Era Ce n



I loop partition function

zwcxi IE.fi4
Again 7W Xo is topological

Note

Z'I x Zito x at large volume 2 20

T
Hermitian Complex stactuce
structure

In heterotic we might then expect



Zutloor x Eg x N so

where It is the Kaehler potential Kahlan form

é i frat effyananat
I E
Zuk Zack

The l loop partition function of ZrCX has been
computed in Pestan Witten 05 We find

Zito x Z'Ence

BUT Ordinary Mirror symmetry suggests

Z x Z x Ca so



We would hance get

ZEV X ZÉrCXF ZÉnCX Z CX EYE x A

We are in the process of confirming this

Iiconclas.in outloo

The I loop partition function of the
hatarotic superpotential lot the geometric sector
is Topological

Outlooks

Check x Compute Zy Xo in progress



Turn on 2 Couplings to gauge sector

Het Bianchi dit É tr Ere tu Rar

Applications in 10,2 Mirror Squarefog

Would shoot models holomorphic p g system
holomorphic twist etc

Beyond l loop Higher order couplings invariants

Note The cubic coupling in Scg has a

holomorphic derivative m treat as a coupling
through the machinery of pet handles



thank You


