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I Review of them classes

Given data
h a multiplicative cohomology theory

X a real veeto bundle din u n

A class one Rule is a Thon class if the map

Of x Iv is an isomorphism

external product
he cptsupport

my multiplicative cohomology theory

R R X has a Thon class implementing the suspension

isomorphian h x 4kt XXR 4kt ex

OR
For h H R de Rhan cohomology

An orientation on X specifies a Thon

class U E H VR c

h ko real k theory
1 I 1 VIX set a The



A spin structure on X specifies a Them

class Svt KOCV e

h TMF topological modular forms

A string structure on V X specifes
a Thon class out TMF Vlc

I Universal Thom classes equivariant refinements

In examples above there are universal
Thon classes coming from twisted equivariant

cohomology of 0cal IR

Sn BSOC l universal oriented n din't vectorbundle

Witwist
H 52 D Hson R Hoin Role on

S
fmaaa

Snt BSpin n universal spin u din't vector bundle

KO Sn Kospina E c KOJI CR
I si 8



Ssn
Karoubi Fred HopkinsTeleman

Punchlines The most universal Then class comes from the

twisted out equivariant cohomology k theory of

IR w standard out action

In these examples the universal Thom class is

determined by representation theoretic data

In B string Universal string n din't vectorbundle

Ogut TMF BStringu Tafstringly R c I twin

BUID Stringin
1

One TMFo IR c TMFs.fi m Rn
spinal

Witwat mostly unexplored
The most universal TMF Thon class comes

the twisted equivariat TMF of 112 Oca

comes from Stolz Teichner program relatingOptiIIMF field theories

I Field theories free fermions Thom classes in HC i.IR

Def rough A classical field theory is
A space of fields F
An laction function S F 6

I



additional locality properties

Def A synet is an automorphism Q F F

satisfying Q S S

Symmetries form a group K undercomposition and K F

Def Path integral quantization is a map
Silesdt lfuna.ir EK

invariant under symmetries locality properties

Remarks
Don't take the integral sign too seriously

When the symmetry group is large there
are often very few maps

Supersymmetry turns out to be particularly
restrictive and f is almost algebraic

When S is only invariant under a subgroup HEK
there is an anomaly

Mathai Quillen's insight

For Welic Ola a skew matrix define the classical theory

Fields F AIR C IR as an odd vectorspace

Action Soft t un e n IR AIR CITIRY



n F acts by symmetries
This is the o dimensional n free fermions

Define the path integral via Berezin integration

CO ITU A R 4K
12 choiceoforientation

proji Atop R

Prep M Q etc Pf w the Pfaffian

This has an anomaly PF AWA

If
Pfa

For AE Oca

Sketch tut e n R AIR ex 5 Compute DK

Corday feldtwhat represents the universal

twisted Euler class Eulern Hoing pt

Sketch w fetch It is a polynomial

function on the Lie algebre of Olul with an

equivariance property under the adjoint On action

Note Hoin Ipt E Sym Lie 10cm dat

Ein



The n free femione have an IR family ofdeformations

Sw v t t wt Vit VER

They get It is a cocycle

representing the universal twisted Thon class

getctiwtstcv.net une Hsin R c

Idea generalize Mathai Quillen forms using other QFTs

III Free fermions in dimensions 1 2

Map S ITR S R

Fields F
Map T IR T teE

Action WE Lie 014

Sw
Is 4th w t wit

Sta t Et w t Vit

VER

The B E Using Zeta regularization to define the



path integral the function

j es wir dt
gives a cocycle representative of the Chern character

of the universal twisted equivariant Thom class in

KO they when 2 1 TMF when d 2

Proof is computational

Extending down Classicalfield theory w boundaries

F
Map 0 IT IR

world line

world sheet
Map OI.IR

Get an odd symplectic mfld of classical

solutions canonical quantization constructs a

Clifford module

d1 Extension of Stolz Teichner 04

nth Clifford algebra Clu is invertible

Cen fully dualizable

1 Bord pt Meena
2 d TFT restricts

ooo cancer
8in Join

Cen as a cen module produces a relative twisted field thy

101



Everything has a projective 0cal action

Produces the K theoryEulerclass Chen t KO pt
Atiyah Butt Shapiro

This 1 TFT admits an IR family of
non topological supersymmetric deformations

Hamiltonian at VER given by v1
Value on intervals t.gl e Hurt or

Ko Thon class in Kojini Little
d z joint work in progress w Meng Guo Kiran Luecke

Get a conformal field theory determined by

by Ce LR 9 LSInent spinor rep

Euler class in K
n pt equivariant elliptic

cohomology at the
value on Tate curve

cylinders Tx

SILIR SCLR
E energy

9 e
Hi it

This CFT has an 112 family of

non conformal supersymmetric
deformations

Them class in Kiffin IR c



can try to extend down even further

to 2 aflds w corners open strings

This theory has higher categorical symmetries

that faithfully encode the String group
STOY

IV Power operations in field theorns colonology theories

For a manifold with G action have Borda XG

category of bordisms over the quotint
stack 16

Barthel B E Stapleton there is a

PK
Borda 162 Bordd X

This induces a K poweroperation on twisted field theories

d p.fi ec power of functions cohomology classes

HY I'S HEXYER



fr k external product

Observation Twisted HR Thom classes are

compatible w power operations

Pr Wi
Hoin IR Hanzen CR Hoini 12

Jul 5 Prun resunk link
Furthermore this refines to Mathai Quillen Thom forms

fesdti Pkfesdt resfesdtwfesd.tt

N B Uses the inclusion 01h12 En Oluk

Theuntwisted statement doesn't even make sense

50472 Ea is not a subgroup of 50 nk

e.g n I K 2 50117282 not in 5012

del Recover twisted power operations in KOKU KR

KRIX S KRIX
En

V I VEN JE n

Thy B E Meng Guo Twisted K Thomclasses are

compatible w power operations
P



IPKWITWE

KR'T CRY kromze.GR EKR YCR

In Pie's to Sinn Sin

this refines to cocycle representatives

cen
P

s cen Clune
res

Cena
v006 0112Eur nk

d In progress Focus is on K version

now not fully extended

Conjecture Twisted TMF Thom classes are compatible

with power operations A Wit Wrt

MF 4R TMF IR
res
TMF 12nF

01h12En Oink

This refines to 2d field theories

Fern Pattern resfern Ferin


