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* What about ganging non-invertible symmetries ?
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movita theory
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(See Has Zhang's talk)
* In 241d ganging topological lines is again well understood

.

[Bais
, Slingerland , 2008] [Kong 2013]

* In 2nd
,

there are various approaches to ganging surface operators :

=>) Higher condensation theory . [Gaiotto
,
Johnson- Freyd , 2019]

[Kong , Zhang , Zhao, Zheng 2024]
(See Zhihao Zhang's talk)

2) Morita theory of fusion 2-categories : [Decoppet 2022]
3) Orbifold data in Stad TRFTs . [Carqueville , Runkel , Schaumann , 2018]

·
This talk : Take the intuition from orbifolding in 141d CFTs and

run with it.



Ganging in 1 ++d

The &FT & /G Obtained from gauging G have

G-invariant local operators .

⑤ is a local operator in &1G if

8 =Orged
"g Eg



Ganging in 1 ++d

The &FT & /G Obtained from gauging G have

G-invariant local operators .

⑤ is a local operator in &1G if

8 =Orged
"g Eg

Moreover,

!Iganging i
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* In 21d &FTs
,
consider a symmetry implemented by

topological surface operators Sg , g = G .

= Fi
* The action on line operators is
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* On
ganging Sg ,

we identify the line operators L ; and Lj·

it
* Genuine line operators from twisted sector

.

i s/ /
T I

Non-genuine line operator Genuine line operator
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* Fixed points of G-action

GSeH) if #
* In

thegayed
theory

e
a

Its ) local operator .

L splits into 1H11 line operators in the ganged theory.

(Mathematically ,add twisted sector lines to the category of limes C
,

to form
a G-crossed braided category C

,
and then equivariantize the G-action.
[Barkeshli, Bonderson, Cheng , Wang , 2014])
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Symmetrics of D(42)
Line

aserators

I exe = mxm =
2.

inn Y = 2xm
.

Braiding
14 14

I & 1 -1 -> (=.Oo=& - I 1 -1

I - 1-1 -

em-symmetry

Sem(5) = - Sem (4) = 4 Sem() + m Sem(m) = e

Sem can be ganged.
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-T H+ [4, Send
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-
-... MmmmmL for E--, b to be well-defined
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A non-invertible symmetry of D([a)

S(y) = S,(e)
= 1 + e ·. (m) = Se(t) = 0 .

[Roumpedakis , Seifnashri, Shaw 2022]

Di
On ganging Se

1 - 1
,

2 - 1 and m,n are confined.

Ganging the 1-form symmetry e
= gangee on a 2-manifold to get Se

+ gange Se
in full spacetime .

(Se is an Ea algebra . See Zhihaw Zhang's talk .)
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,

2

·. F.

H
=
= [4, 53 He =[, 53

On ganging S,
2 - 4 + te - 2 + 2

But,

-Je = Paire
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Some Line operators in D([2)/S

In D([a) /S , we get the line operators

*, [t , 22]

2
, xe = 4 [2 .

2]x[t2 . ]

-
= 4 + e + [ +, %] ·

i

m-a[2
,
2] [72 , 22]

So
. [ty : 2 , ( , 22]} = Rep(Ss) !
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Identifying D([2) /S

* Rep(5) is a subcategory of D((2) /S.

* - a 1-form ganging A =

1 + [E2
, en] such that

FoRep (53)
-> Rep([a)

12
-> 1

-> 2
2
&

[22 , 22] - x + e

#I followed by condensinga given the trivial theory .

=> Rep(Ss) is a Lagrangian subcategory of D([2)/S .

=> D((2) /S = D(Ss)
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mmmme

and be se(b) for by to be well-define
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For S = 1 + Se we have

S(a) = S(e) = 2 - 4+ e S(m) = m +bs(4) = 4 + b

S(b) = m + 4 + 2 .bs(a) = 3 -

a

On ganging S ,

we get

1 - 7
, 14 ; e + 2 , 2 ; m + m ;+ - ↑ ;

↓ -> b
, be ; a+ 9

,, 92193

Simple line operators in D(R2)/S are

7
.. % .
[2] ,

Im , b, 3 ,
[4
, 62] ,

& , & ,

93
.

-

Rep (Ss)
=> D([)/S = D(S) ·



D(S3)

5. Dijkgraaf-Witten Theory S = <V , s/v3 = s= e ; srs = v
-

-)

Conjugacy class [g] G Irr((g)

[e] S3 1
,
Ty , Ta

[S] = [S, Sv, si] G = [2, 5] 1s , 6

[v] = Gr, 22] 2 = 92, 0, 023 H , w, wh

Simple line operators :

(le]
,
11) ([e]

,
[T) ([]

, Ha) (25) , 11s) (1]
, 6)

(*] , it) (3, w) (2V7
,
m2)
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D(S))D(72) [Bais
, Slingerland , 2008]

I

areI(L)
I((2]

,
1) = 1

= ([e]
,
π) = e I([], H

F ([v]
,
m2) = a

I((]
, π(z) = 1 + e

I (v), w) S
F(2S) , 15)

= m + b

= ((S)
, 6)

= 4 + b
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DavS
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, 1) + ((e], F(z)

[Buican
,
Radhakrishnan, 2023]

D(&) P(E2)

Peppe#I
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IXy+ = 1 + Se

P#I
L = ((], 11) or ([2] , itz)

=>S is a non-simple surface operator .

S(z) = = Xy+ (1) = F(([], 1) + ((] , π(z))
= 1 + 1 + e

.

=> [xyt = 1 + Se
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Ganging general non-invertible symmetry S
= ES;

/S#
=> z(c)= /SC.

where C is the fusion category of line operators on I.

Also,

- F
Ca Si

Generalized symmetry fractionalization
: choice of fusion rules on C.

Generalized discrete torsion : choice of F symbols on C.

(Agrees with Movita theory of fusion 2-categories . (Decoppet 2023])



Conclusion

* Ganging non-invertible symmetries can relate &FTs which are not

related by ganging any invertible symmetry.

* These allow us to write the Complicated) operator content of one &FT
in terms of the simpler operfor content of anotherFT.

* Non-invertible symmetrics cannot be always ganged .
This is a

generalization of 't Hooft anomaly
: -

* Preparing D(S3) anyons starting from D([2) anyone and

ganging .

Applications to topological quantum computation ?

Requires realizing D(42) -> D(S) on the lattice . (Ongoing work !)


