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Jim Simons has had a large impact on

my career

Postoc in Simous Collab Sep 17 Dec 19
mn for at Uis

Analogs of Chern Simons theory appears every where

in my work

In particular in the study of heterotic moduli

Scg f cg Dgstfcg.Ey.gg nor

Thank You Yim



Letdercacification
Let X W R be an Sals structure manifold

war O

iffy a townana 1 w

tod spacetime M My X

The effective 4d physics on My is derived from
the internal compact geometry X

4d sapeopotential Cardoso etal 03 Garrievi etal 04

W Sx Heida nor



H dB Wcs A Was 10 NS Flax

A Connection on Eg Eg 50132 gauge bundle

8 Connection on End TX

B Heterotic Kalf Ramond 2 form Note It is global
so B transforms under gauge transformations
Green Schwarz 84

Note dH to FCAAFCA to ROSARIO

Anomaly B I



Vanauslations
Classical 4d Susy Minkowski vacua require

SW W 0

X is complex dr 0

Anomaly constraint i J 2 w H

The bundle is holomorphic FCA ar 0

These three equuations are referred to as

F term constraints



Additionally there are D term constraints

Yang Mills FIA 1 Wnw 0

Conformally balanced d 11211W Wnw 0

These equations are collectively referred to as

The Hall Strominger system Hall 86 Strominger 86

Note

EOM Require 8 to be an instanton

R E 11 0 Anwar E 0

1218 must be type 111 Strominger
Set Ñ Cheon connection



BUT generically Chara is not an instanton

Hall I 0H Hall connection

This is an instanton satisfies EOM to

appropriate order in α

However Equations only close modulo higher orders

Common Solution Promote Ñ to a new gauge
field satisfying its own instanton condition

Physically problematic no Introduce spacious near

degrees of freedom



Theffectivether
From hereon 21 0 and X o r is a

Calabi Yau

Deform superpotential around a CY background

AW majxa Har 2 aaµm nor

n 1 X complexified hermitian
deformation Swti8B

ME 2 TWX Beltrami differential
µ 87



H E 2 x can either be thought of as a

background flax or a bacgrand complex structure

deformation

He harraredz h E H T x

Treat 1W as an effective theory

Note AW is quadratic in µ

Large H large mass for µ

Integrate out µ gives a schematic effective theory

Seff Tv Log Ht 2x Ix H 2x 2x



The Quadratic effective action is

5 Tr H 12 5 1 5 14 1 Ix

Wander
In AW H is viewed as a matrix acting on

elements of 2 Tedx

It turns out that It is invertible whenever

0 hmu'd he have k it strominger 90 Candelas

decaossa 91

Constant K Yar h h h Special Geometry

H invertible Yarch h h 0



Thdedistacecoecte

Distance Conjecture Ooguri Vafa 06

Fshouldbeatoweroflightmodescomingdown at an exponential rate as we approach

alargedistanceinanydivectioninmodalispae.IO

ften

light states as Eigenmodes of elliptic
operator on internal manifold



For example
The infinite volume limit gives a

tower of light Kaluza Klein modes

Write H CHo for H E H fixed

S E Tr CH 2 f 5 145 I

As C 0 we expect two towers of states

becoming light at OCC 2 and OCC 1



kkiheexetildecy

To see exponential decay we need to go to

geodesic coordinates

Al large C the prepotential becomes

g α Yarch hih α e lower orders

leading to a Kohler potential

Jt log IC CE lower orders



Setting eida

Kay

Switching to flat or

geodesic coordinates T

7 101 Exp T

where T parametrises the geodesic distance



Ellipticomplexesen

What are the elliptic operators whose eigenmodes become

light

Tied to gauge structure of effective action

Consider E g

f Hi J fIxn Ix 1 15 05

where o is some Hodge dual like operator
defined by Ho



This action has a naive garage symmetry

Sx 22 α 2

Fits into differential complex

24 r reais 0

However this complex is NOT elliptic

We like elliptic complexes Hodge decomposition

Elliptic Laplacians

BV quantisation



Interladesalcefldogy
Given a Calabi Yau 3 fold X with a Kohler form w

Any form has a Lefschetz decomposition For example

Ers α Xp w β

where Xp E P is primitive we xp 0

Restricting to primitive forms for simplicity We can

decompose dekham as Tseng Yau 09 10

d de and



where de P put

d P pm a

Note d 0

d 0 d O wa ded d de 0

de and d form part of a

primitive elliptic complex

po pi p ps
ᵈ
ps p p 15 po so



Enthetic
In_our case to find the corresponding
elliptic gauge complex define

at rate a 21211

Note that hat Ñ We think of h as a

complexified Kahler form

Primitive decomposition

x ̅ x ̅ t hr w̅ Ipe pad f e 2110 Paco

wedgeproduct on Riva



Note x ̅ is primitive hi rate 0

where hat is the inverse of hat

hath Sat

As in symplectic cohomology decompose

J 2 415

Jt V9 pen 9 1

5 periq pin 1,9



Again nilpotency of J gives

22 0

J 0

J 0

hr 15 5 5 5 0

Note The last equality implies 2,5 anti
commute on P t for ptg 3



The action decomposes as

fIx Hi J

α fin II In fxhnnniki.ir
Gauge symmetry

Sip 5 2 I 5120

Sir 5 β 51210

SB J g g e 5130



We get elliptic gauge complexes

0 p 121 j 5142 5192 o

U U

x ̅ x ̅

0 β paid 25 jun p 15192 p com o

U U

r p i



We should use these complexes to

Do Hodge theory

Define Elliptic Laplacians

BV quantise actions

Note The second complex indicates the theory
is 1 reducible

There is a gauge of gauge symmetry



Queer
Hodge theory Hodge decomposition
Laplacians

BV quantisation Compute Ray Singer
torsion of complexes Relations to
mirror symmetry other dualities

Our setup only makes sense if

Yur ch h h 0

What about Vanishing Yukawa coupling
α 0 Couplings to gauge sector would Sheet

instantons Heterotic 62 F theory



Thank You


