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I Tatts fully local valued in a linear n category
2 It

T za I zit
y

with duals

duality units I co unit have duals

all the way to tip dim

XO X I 1 1 I OX relation

In invertible case dual inverse

Caution at top if asking fn duals inverses

all object below were inntish

Useful in proving invisibility

Mainexample in higherdim I Fat

X finite htp type II am lx e an M D catsng
m 70 Pintura generates an m dim Taft

I h Ix N

Plan explain relation bet htp types and am
key ingredient EM duality
Illustrate symmetry def it calculus
Condensation I defeat
Applications to latticemodels questions

Key open question good target fr Tatts am

Conflicting desirable properties



Some wishes

linearity
algebraobjects bimodules should rain cat lent

finite co invariants
invawant

thendd exit and so is

finite co limit IdempotentCongleton

late units Generated by its topological 2 condition

Eg G G Vest trivial l

coin cat Crema product
same objects add in St got trees

Result free Glo modules

In van los dg a gu t coherence

Result Rep G
Han man Vesta Vest

Need Idempotent Cough to get iso

7 Am by induction

no Q lx E T tix pili tip
Konberich

only possible functial invariant

X built from homotopy groups stacked up

To Tl Tz

Recipe iterated crossed precut

mix pq.fm Xp
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Ctx
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Twisted example
M te te Xi x time ball

Replace Alito x w flat satin

m t te n'ai al prs up
man If 11 Ixia Comm from it

TY x feat H X
m 3 H Ixia contrib to bravely DWfor it

Caunes Tn higher do not contribute to an

unless T Tin Q is nothing
then O

In can be replaced by a 614 t y Dw hut

EM cheats

TAFT Q Corm m catyyl

Mk to am MapMhi x



I EM duality Icty commutative case

strictly commutatin case in dim ti

Qu A E Qu 1 In
e ar

by EPA x EMMA b

L
In AIPA

Eg n 1 p o Fourier transform CIA I afar

n 3 p 1 BA A

CA Mod Ved A

h 3 pal Gauge theories for A and A interchanged

Reptar Vect A I Vect A Rep A a

Vest

Veit trivial as left right HA module sep
NONTRIVIAL as AXA bin ehh

Heisenberg extension

Vect CA É Endreetca Vest

Rmt this holds in nonas case with Vest o Rept

In general One In A Endanger Heath



Examples in 3D

vector at object 1g a regmodule

at objet gag
a

Aoa In agh a
sum

modules Great balls n G Vert Neumann

H C G g En convolution module Vert Gm

generating object trivial heh

Chal ext F Ved Gln tiwa bdl stillok

Rep G at objet I e res model

as object Cfo as lift C module plain meet
G equivariant met bolle m G Vert

ay object Elon an left E no duh peinture
i Ry n Generate trivial rep

Cal extension I n Rep lil
Cheon pig rep E of H GY End It algebra

Exec I Work out statements for twisting
2 For Abelian group Replay 0 Neat IA

Find correspondence beta centrally extended

subgroups



EM duality for Spectra postponed to

Orthogonal group actin on eating of spentia
naturally trivialized
Seema trivialization of actin actin on Id functu

J actin g o m spectra
two different oriental theory structures

interchanged by Etd duality

Boundary conditions on specha

FOY X In FI En Xu In yr

Dirichlet Y X F Ex In F In x Neumann

caution with connectivity

NY Tox onto
Y X Dirichlet

generating Tn Y Tnx Zero

I
Then Erny Y x satisfied gin x fin YI zero

is a generating boundary xp H Y into

condition thealgebraobject I
to In Fu To IMI onto

an EY is Qnx
e
Ent an tnx zero

Ex explain Tm condition



III Recap Complements Examples
Representations Duality for speta reinterpreted

Boundary conditions duality symmetries

IPA 2d I give equivalent Tatts

Qa algebra object in a foul cating Monta

More general
A's A A e e Ext Al A b A x A 24

I
A IPA x 24 7 Y T IPA x 24PTA Ed a

equivalent TO Fts

Spaces X d II X G X Xan
T

x Coopspaceexcept possibly when n even

and a quadratic k e ti Ent Tan i

Requires SPECIAL HANDLINGWhen n ever
Itn Then deg quadratic to a

gives invertible Tatts Can be formally trivialized

This defines a new class of self dual theories
in dim 2n 1 which have no top 7 conditions

Assuming that taken care of

flip to Xan x Ed y e

t valued in Idfa
Linear on IG

from k invariant Xan Exon



n 4 Partial duality 2 group pun gaugetheory

2 group Ba BG

Iff ex
KE 43 BGA

441132A x Quadratic part
assume o felse an invertiblefactor

O 0 0

i

E E H'IBGE 7PBG'd H Boia

Partial EM dual

extension I Ava É G I

e e HE Au

to H't ex
S KetilBoitano
I H Boia from t

Exercise

EM duality induced by
pi Ey I pit pit
Hit Bg y

trirializash

Correspondence with
suitable t



Representations of Qa x

on object in the same de category

Formally Local systems of sum objets over X
Fixed points invariants of Rx on

said d il category
representation of Rx in same

Qa txt Reps is meant to be a form of
idempotent completion

CommutativeCare X EPA Ed P A is the

moduli space of strictly commutative repsof
I A on Heat as a d 21 category Id 3vest

if p d l a unique rep with

automorphism g Edt A

from bicharacter IPTA x 24 h Id'd
central extension of I by Edt et Aut Id Yet 21

Prothm Action of E A on 24 3 vet up is

HH Itai El
these are componentsof the moduli spaceof reps
Match



Reason Mixing metaphors
Strictly abelian World chain complexes

Moduli space is RHom I Ay Id'd Edt A

Cohomology comes from the hometopical world

replacement for injectin model 042 at is Ie

I Linear replacement for RHom is

Stash Map It Id I

infinite loopspaces Ex groups 1

So I A is the moduli of Ex 1 dim rep of e a on Id'd

Not her that all d dim reps are Ex truecharacters I
Not true that every rep splits into 1 dims

Eg d J X BLA reps on I e A 21 2
H B'A El 2 4 quadraticformsI

braided Erin 4 Bts based on A

2 salary each in a twistedNeumann baby condobe

brandy hirial 2 2 C 24 is Stat ist

contradicts classification
No killed after indusin a EI

superve tu spacesUd
Intercity representation gangtheory BA with DW twist1

Not a sum of l d Tatts



Representations as boundary conditions

Bang conditions interface with trivial theory

x

Associated Local system on X Rita e

Fiber a de quantization of fiber F
bas an ax actin In Ed Ii
Y X possibly with a cocycle a Neumann and

Y a point in each component
F Ha Spx with Spx trant actin

Dirichlet 2 Condition

Not Dirichlet ITaFTa Neumann 11

Can characterize Neumann conds in terms of Dirichlet
What characterizes Dirichlet

A Enda x
D I g txt Morita via D

Then O shik Elingof et al For an indecomposable fair cat

every non zero module cat is Dirichlet

In Y x is Dirichlet ist
Eg BG BG NotToy 1 to X is onto

Td Y tax is ZERO Dirichet in dim 2



EM duality and 2 conditions

Orthogonal group actin on eating ofspeitia
naturally trivialized
Seema trivialization of actin actin on Id functu

J actin g o m spectra
two different oriental theory structures

interchanged by Etd duality

Boundary conditions on specha

Fay X In FI En Xu In yr

Dirichlet Y X F Ex In Fu In x Neumann

caution with connectivity

NY Tox onto
Y X Dirichlet

generating Tn Y Tnx zero

II
Then Erny Y x satisfied gin x fin YI zero

is a generating boundary xp H Y into

condition thealgebraobject I

n EY is Onyx
TEM FI TEM Tonto

MEWF In In X ZER

Ex explain Tm condition



Symmetries

Def A generalized SYMMETRY of a AFT 2 is

bang a s 2i
q

Isomorphism of reduced theory
Dirichlet with 2

This should be viewed as an action of Enda C on 2

Extended topological operators in 2 are the projections
of topological defects in Ga not touching Z boundary

Those not touching c are central in a sense below

Remarks at f il form symmetries self domain walls of Q

They change C Half span ganging can bedone thatway
21 O form symmetries self defect of C

3 All interior operators may be pushed to the 2
but may acquire singular support

4 Dp De may braid interestingly if they link in the 2
But if one comes from the intron braiding trivial

51 More generally this is true in bulk or 21

if one of the defect is topologically condensed
Q x case Braiding is nonhital on defeat with full support

hendye mat



cdy

supportog dat

Internal toQ
finkingsphere

se bunch on the defeat

ofCedimfltil in diet

Quantum defect local label

Boundary theory for Q se dt l dem Toit

If ch comes from X this is a representative

on Id ee of Qa e Map se x

Cautm The spheres may rotate along the defect w normal both

Even on oriented theories eg X with Te Ha ki ay
the sole ti action on may be nontrivial
Source K invariants of X

We need a flat on Locally constant 2 theory

for a choice of quantum label all along defeat
Combaint on tangentialstructures are tricky to work out





Defects in an n dimensional TAFT from a space

Qm Y quantization as algebra in an m category

Top row constant Wilsondefects

Bottom row six CHooftdefects

Codimension Localquantum Contributinghomotopygroups placed in dim d
Labels areof defects modules over All new defects condensed

n points Qo To Wilson

In 1 0 tHooft
None

n 1 lines Q 5 to It to

In 210 In_ 1 In_ 117

17 2 surfaces Q2 Xs
IT to I

In 310 In 2117 In 112 In 211 In 112

k n 1
I III to it IE

1Qnsky
107 1112 Till 1112

To Iii III 1 To itK n EE 1
ttkf07 tk117 112 12117 112

2 An 2
s Tolki In 2

41012113 In 27 It mind

1 interface an iiiii in.nl on Ant1131212

I Qnlx
DW Cocycle te Imax X can be integrated over 5k
IT ganging of theft defeatneeded if acts nontrivially
I



1 fr elGndensatin

Work in progress w Freed Hopkins

multifold condensation singular in progress

key ingredients

1 notion of Dirichlet boundary condition fr defeat
Higher generalization with handles

2 Correspondence between internal algebra object
in a tern category modish categories
10 shik fr fusion cats await full generalization

Remand It is clear how this works if we work
in the category of iterated algebras or categories
But extra wishes on the list need men care

Examph 3d connected theory fusion Cat F
11 All condensed tin operators are scalars
121 All surface operators an condensed

Pf I Only scalar point ops connectedness

12 SM fan ops e FA Fmo mochi cats

f I 29ft modish cats a algebra object in ZIF

up to Morita equivend of
condenser fixedby the end

algebraobject condensateqnan.at E'ac
cans e

FA Fino F F bimodule
bimodulefunctor FF the



Precise Condition Observe the adjunction TAFT T

Homeene ten 515 End
Homme Jise

J Det

He J se TIDE JCD

Ilse

eng
A

RE A

FougetN cat
shik principle
nice algebraobject in LHS modules over Rus

with agenerator

Localization assumption
Objects of Hom He T se an determined by
their localization at the unit T Den

Localization at J Det is an equivalence

localize

M E Homeeche 5159 Home
mn I11 1 9

a module over
end Hom J Det ta

End
Homeate use

TIDY

algebra object generation
Oshik

ae Hom 1 TISCH principle

regular module



Dirichlet condition on end says that you can

condense back to the original defect end

Overall

A algebra in co dim fetal defect labels Hom Hen 91x set

regular module condenser

End TCDen module t generator

Codim lent defeat label in Hom Ae Qd x 159
t end condensate

Ripping open theorem Weak assumption on Id complete

A top dimensionally
integrated 1 fold condensed
defeat may a punctured
and rehanted to one

codons loan to produce

the samstatirect
in a given enclosing
hypersurface

at the cost of embedding
additional defect in

it the boundary



Qa x sett E d e it algebras t

8 label E homzd.ee
H Qa x Seti in part a

d e it al

if algebra objet then aid el algebra

Homed en A Qd x se

Q x1 seti U O ur
9,17Sse

Hom A Qalx Sen R Hom 4914 se

É algebra objet 1 mocks me f

object in

Hom H Q lx se

with end

adjunction
2 Den

Hom at 2 Sen End
mom 21 se

É algebra y mochi on

unit fr
algebra

same as objet g

e 2151

Hon
11421511

Iec algebraobjet


