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i) Motivation

Problem : Quantum field theories are generally very

hard to study "systematically".

Idea : Use symmetries to make problem approachable !

"Symmetry topological field theory framework"
top .

boundary#T·
Apply these ideas to study full 2d

conformal field theories
e



i) Motivation
CFT-TFT correspondence :

#
b
. 0 .

·**
full 2d eFT eFT

↑
Whost is this

mathematically ?
chiral conformal block space TFT state space

full 20 IFT: vertex operator algebra - TFT-> Sym .

+ modular functor conjecture--
+ field content truction-SFRS-cons
+ correlators + top .

boundary
condition/surface defeet e



ii) 2d CFT's

For 2 IFt's we expect the following mathematical structure :

1) chiral symmetry algebras are described as vertex operator algebras (VOA
s)

2) for any complex curve ["we get a conformal block space 2-BL(2)

3) fields e FFEVOA-modules, which assemble into "nice" Category Replr)
4) correlators of full IFT are elements of block space of Schottky double
↑

Cor12) = Bl()

If nice behavior under cutting of surfaces (factorisation)

Il

)=
"

[2

3) correlators should be invariant under mapping class group actions

I related to single valuednes)



ii) 2d CFT's
This can be packaged neatly using thigher) categorical language :

A A Stopological) modular functor is a symmetric monoidal (functor

0 !

BL : Bordate
,
2 , -> Sexik

- I
EFT interpretation :

0 :
circles O finite IK-linear ab. eats Repfr)

1 :
bord ismsD Ceft exact fructors A->B B((2)=2 : differ's/isotopy natural traf's neg-action on BI

* : gluing
horizontal composition factorisation

composition vertical compo sition

F : disjoint union Deligne i

* There is also an algebro-geometrie version of modular functors

and it is conjectured to be equivalent to the topological one given
above under certain conditions .



ii) 2d CFT's

e A full eFT for a modular functor

Bl : Bordate
,
2 ,
-> Sex

Ik

is a broided monoidal oplay natural transformation
Aik

-=Bordas, 2 . Nor Sexik
-

Blof-Orientation double functor =Mr
-M

where AriBordate
,
2,Sexik is the constant 2-functor to vertika

This definition encodes :
(1-manifold)

i For eyery DeBordate
,
2 11

a left exact functor :
7

Corp(-) : BLIM) -reed = Hambien /Fr ,- -> Eg state space on
S

(field content)

(surface)

ii) For eyery 1-morphism MEM' in Boroktez , a natural transformation :

Corse Nat1 Corpo A(2), (1) Deorn) EBL1) (Frifpi) -> Correlators



ii) 2d CFT's

e A full eFT for a modular functor

Bl : Bordate
,
2 ,
-> Sex

Ik

is a bracided monoidal oplay natural transformation
Aik

-=Borde 2 . Neor Sexic
-

Blof-Orientation dable functor
=Mr-m

where AriBordate
,
2,Sexik is the constant 2-functor to verti

This definition encodes :
12-morphism naturality)

covariance andiii) Naturality axioms encode mapping class
group

factorisation of correlators·
11-morphism naturality (

+...



iii) 3d defeet TFT's
There is a notion of TFT with defects

,
where submanifolds of

various codimension are decorated using extra datas .

!
-

#m [Reshetikhin-Turner
, Carqueville-Schaumann-Runkel , Koppen-Muleviius-

Schweigert-Runkel
Let 2 be a modular fusion eat

..
There exists a TFT with defects

lef

Ze : Bords (2)--> Veet
constructed from 2

.

&em The TFT Zy induces amodular functor Ble . For= Repfr) with V

a rational VOA it is conjectured that BleEBL .



iii) 3d defeet TFT's
There is a notion of TFT with defects

,
where submanifolds of

various codimension are decorated using extra datas .

!
-

#m [Reshetikhin-Turner
, Carqueville-Schaumann-Runkel , Koppen-Muleviius-

Schweigert-Runkel, De-Renzi-Gainutolinor-Geer-Patureau-Mirand-Runkel, H-Runkel]

Let 2 be a modular tensorent
.
There exists a TFT with defects

lef

Ze : Borde> Veet
constructed from 2

.

↓ The TFT Zy induces amodular functor Ble . For= Reper) with VRem
.

-

a finite Cog . VOA it is conjectured that BleEBL .



iv) FRS-construction
For I closed surface : Cory = Ble() = Ze (3) with E = Zw-2

Mz
#in idea : Can we find a bordism->I such that Zells)

satisfies the conditions of a correlator 2

Yes ! But not uniquely , need surface defect AEDCDy as extra input.
e
.
g
. [

=E += 1

connecting te, forgez
manifold

↓

Mc = EX1 . 77 with surface defect A at [x (0)
·

Ihm [Fuchs-Runkel-Schweigert]-Co= ZIME) gives consistent system ofFor E Fusion
I

②

correlators
. (2-morphism level of Cor : Ak=BlyoF)
11-morphism level of Cor)

1) In ERSD the field content is determined algebraically can we get it
topologically as well ?

2) What about non-semisimple I?



v) FRS - construction 2
.

0

2d 3d

Chiral label

Nautichiral
correspondence#siez--> G'E

⑳t comes from the connecting manifold M of S
, 1

:0-S = Sv-5

In anology to construction of Bly on surfaces, we get a functor
A

from Mac :

Cor : Blasexe-vecti
xx-Zei

Fe 2 e is representing the space of IFT bulk fields !

= Reperar)



v) FRS - construction 2
.

0

Back to correlators : [ =c : sies'

Fran
z(m) : ZMÄREMI - Z)

natural in
Chiral & antichiral

Labels

↓
=> Cort. Corpor BL)

[ CoroD(2)= Bl[p Cor



v) FRS - construction 2
.

0

# [Frehs-Runkel-Schweigert , H-Runkel]
Let 2 be a modular tensor eat

.

Under some technical assumptions on Ze
,

evaluation of the connecting manifold gives a full eFT

*

&

Bordate,orLex
B(201-

for
any AeD .

&em' i) For I semisimple we recover [FRS] ·

ii) For I non-semisimple and A = 11 ( transparent surface defect)

we reproduce and extend results of

[Fuchs-Gannon-Schaumann-Schweigert] .



Outlook

· Computations with A non-trivial ?

· More general surface defects in Ze ?

· Computations for specific input cats , eg . ReplWp) = Replus

· Relation to other approaches ?

· Relation to skein theory with defeets ?


