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Introduction and motivation - I

Recent excitement surrounding non-invertible symmetries:

• Ubiquitous in QFTs

[Heidenreich, McNamara, et al.] [Kaidi, Ohmori, Zheng] [Bhardwaj, Bottini, Schäfer-Nameki, Tiwari]...

• Physical (including real-world) consequences starting to become manifest.

[Koide, Nagoya, Yamaguchi[Lin, Okada, Seifnashri, Tachikawa][Choi, Cordova, Hsin, Lam, Shao] ...

In a D-dimensional theory, topological defects are expected to form a

(D − 1)-fusion category. These categories may be quite intricate, which makes

it difficult to unleash their full power.

Question

Can one systematically construct theories with non-invertible symmetries

whose respective (D − 1)-fusion categories are completely under control?
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Introduction and motivation - II

Various ways to produce non-intrinsically non-invertible symmetries:

• Gauge a discrete symmetry with some ’t-Hooft anomaly; [Kaidi, Ohmori, Zheng]...

• Gauge non-normal finite subgroup of a global symmetry; [Arias-Tamargo,

Rodriguez-Gomez] [Bhardwaj, Bottini, Schäfer-Nameki, Tiwari] [Antinucci, Galati, Rizi] [Nguyen, Tanizaki, Ünsal] ...

• Gauge a higher-form symmetry along higher co-dimension submanifolds;

[Roumpedakis, Seifnashri, Shao]...

• Gauge symmetry along with lower-dimensional TQFT. [Bhardwaj, Schäfer-Nameki, Wu]

Well-known systematic case

[Fröhlich, Fuchs, Runkel, Schweigert][Carqueville, Runkel][Bhardwaj, Tachikawa]...

• Gauge a finite group G in D = 2;

• Resulting theory has topological Wilson lines that fuse according to

Rep(G);

• If G is non-abelian obtain non-invertible symmetry category Rep(G).
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General Proposal

D-dimensional theory with finite (D − 1)-group symmetry G and

non-anomalous subgroup S ⊂ G
Gauge S
====⇒ (D − 1)-symmetry category related

to the higher representation theory of S .

Today [Bartsch, Bullimore, AEVF, Pearson]
1:

• D = 3;

• G finite anomaly-free 2-group;

• S = G .

Gauging a 2-group in D = 3

Theory T with non-anomalous, finite 2-group G
Gauge G
====⇒ Theory T /G with

symmetry category 2Rep(G)

This applies to a large class of gauge theories.

1See also [Bhardwaj, Schäfer-Nameki, Wu][Lin,Robbins,Sharpe]

4



General Proposal

D-dimensional theory with finite (D − 1)-group symmetry G and

non-anomalous subgroup S ⊂ G
Gauge S
====⇒ (D − 1)-symmetry category related

to the higher representation theory of S .

Today [Bartsch, Bullimore, AEVF, Pearson]
1:

• D = 3;

• G finite anomaly-free 2-group;

• S = G .

Gauging a 2-group in D = 3

Theory T with non-anomalous, finite 2-group G
Gauge G
====⇒ Theory T /G with

symmetry category 2Rep(G)

This applies to a large class of gauge theories.
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Overview

A Lightning Review of 2-Representations

Gauging Finite Groups

Gauging Finite 2-Groups

Gauge theory applications

Conclusions and Outlook
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A Lightning Review of 2-Representations

Representations of a group as functors

•

e ...

g g ′

F−→ V

IdV ...

Fg Fg′

Intertwiners are natural transformations.

Similarly, 2-representations of

2-groups are (pseudo)functors between 2-categories [Baez et al.]

•

e ...

g g ′

α

β

... F−→ n

In ...

Fg Fg′

F(α)

F(β)

...
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A Lightning Review of 2-Representations

Here

•

e ...

g g ′

α

β

...

Is a 2-group thought of as an equivalence class of

crossed modules

0→ A[1]→ 2Hom (e, )→ End (•)→ H → 0

• H is the zero-form part;

• A[1] is the one-form part;

• Can reconstruct action ρ : H → Aut(A[1]);

• Can reconstruct Postnikov class θ ∈ H3
ρ (H,A[1]).
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A Lightning Review of 2-Representations

n

In ...

Fg Fg′

F(α)

F(β)

...

Is a 2-representation F on the 2-category 2Vect, up to

equivalence [Kapranov-Voedovsky][Osorno]:

• Objects: natural numbers n

• 1-morphisms: n ×m matrices with vector space

entries

• 2-morphisms: collections of linear maps between

those vector spaces
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Finite Group Symmetry and 2VectG

Consider a theory T with a finite group symmetry G . Simple objects are

surface operators labelled by elements g
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A general object is a G -graded set

R =
⊔
g∈G

Rg ,

with Rg
∼= {1, . . . , ng}.

(R⊕R′)g = Rg tR′g

(R⊗R′)g =
⊔

g=hh′

Rh ×Rh′ .
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Finite Group Symmetry and 2VectG

1-morphisms are topological lines at junctions between surfaces

HomT (g , g ′) =

Vect g = g ′

0 g 6= g ′
.

that is
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<latexit sha1_base64="lwHUgppjusm8IoAKA8Sg5ctZkBw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokU9SQFLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzThBP6IDyUPOqLHSw+CsVyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Nrt0Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2hC8xZeXSfOi4l1WqvfVcu0mj6MAx3AC5+DBFdTgDurQAAYhPMMrvDkj58V5dz7mrStOPnMEf+B8/gAupY0h</latexit>

g0

<latexit sha1_base64="ZO63VIvgZSgizSlhx26fLOD92kk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWarb75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC+q3mW11qxV6jd5HEU4gVM4Bw+uoA530IAWMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AbRrjN8=</latexit>

V
<latexit sha1_base64="ZO63VIvgZSgizSlhx26fLOD92kk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWarb75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC+q3mW11qxV6jd5HEU4gVM4Bw+uoA530IAWMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AbRrjN8=</latexit>

V
<latexit sha1_base64="hpV8nYjEuLb6J5pw+RP/XLTzNM0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokU9SQFLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzThBP6IDyUPOqLHSQ/OsVyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Nrt0Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2hC8xZeXSfOi4l1WqvfVcu0mj6MAx3AC5+DBFdTgDurQAAYhPMMrvDkj58V5dz7mrStOPnMEf+B8/gAU0I0Q</latexit>

V 0 <latexit sha1_base64="SdcO/mTpDmtgVdcR7jMQL8qxPNM=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbRU0mkqCcpePFYwaaFJpTNdtMu3eyG3YlQQv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZF6WCG3Ddb6e0tr6xuVXeruzs7u0fVA+PfKMyTVmbKqF0NyKGCS5ZGzgI1k01I0kkWCca3838zhPThiv5CJOUhQkZSh5zSsBKgY8DBTxhBvvn/WrNrbtz4FXiFaSGCrT61a9goGiWMAlUEGN6nptCmBMNnAo2rQSZYSmhYzJkPUslsXvCfH7zFJ9ZZYBjpW1JwHP190ROEmMmSWQ7EwIjs+zNxP+8XgbxTZhzmWbAJF0sijOBQeFZAHjANaMgJpYQqrm9FdMR0YSCjaliQ/CWX14l/mXdu6o3Hhq15m0RRxmdoFN0gTx0jZroHrVQG1GUomf0it6czHlx3p2PRWvJKWaO0R84nz/vopD3</latexit>

V ⌦ V 0<latexit sha1_base64="SdcO/mTpDmtgVdcR7jMQL8qxPNM=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbRU0mkqCcpePFYwaaFJpTNdtMu3eyG3YlQQv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZF6WCG3Ddb6e0tr6xuVXeruzs7u0fVA+PfKMyTVmbKqF0NyKGCS5ZGzgI1k01I0kkWCca3838zhPThiv5CJOUhQkZSh5zSsBKgY8DBTxhBvvn/WrNrbtz4FXiFaSGCrT61a9goGiWMAlUEGN6nptCmBMNnAo2rQSZYSmhYzJkPUslsXvCfH7zFJ9ZZYBjpW1JwHP190ROEmMmSWQ7EwIjs+zNxP+8XgbxTZhzmWbAJF0sijOBQeFZAHjANaMgJpYQqrm9FdMR0YSCjaliQ/CWX14l/mXdu6o3Hhq15m0RRxmdoFN0gTx0jZroHrVQG1GUomf0it6czHlx3p2PRWvJKWaO0R84nz/vopD3</latexit>

V ⌦ V 0
<latexit sha1_base64="hpV8nYjEuLb6J5pw+RP/XLTzNM0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokU9SQFLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzThBP6IDyUPOqLHSQ/OsVyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Nrt0Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2hC8xZeXSfOi4l1WqvfVcu0mj6MAx3AC5+DBFdTgDurQAAYhPMMrvDkj58V5dz7mrStOPnMEf+B8/gAU0I0Q</latexit>

V 0

• 1-morphisms: ng × n′g 2-matrices whose components are vectors spaces

• 2-morphisms: collections of homogeneous linear maps between 2-matrices

This is 2VectG !
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Gauging a Finite Group

To gauge G , insert algebra object

A =
⊕
h∈G

h ,

Topological surface in T /G ⇔ Topological surface in T + instructions for

how A ends on it inside correlation functions

lh,g ∈ HomT (h ⊗Rg ,Rhg )

rg,h ∈ HomT (Rg ⊗ h,Rgh)

Compatibility conditions best expressed in terms of ρg = (r−1
e,g ◦ lg,e)
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Gauging a Finite Group

Study of compatibility conditions leads to the following classification of

topological surfaces in T /G :

1. A set S ∼= Re
∼= {1, . . . , n};

2. A collection of n × n 2-matrices ρg = (r−1
e,g ) ◦ lg,e ∈ Hom(S,S);

3. A 2-isomorphism Ψe : 1S ⇒ ρe ;

4. 2-isomorphisms Ψg,h : ρgh ⇒ ρg ◦ ρh.

With the 2-isomorphisms subject to further conditions

This is precisely an object in 2Rep(G)! [Elgueta][Osorno]
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Gauging a Finite Group

More conveniently, this can be rephrased as

1. A G -set S;

2. A class c ∈ H2(G ,U(1)S).

What is this more physically?

• If |S| = 1, then c ∈ H2(G ,U(1)S) determines an SPT phase on the

surface.

• If |S| > 1, then these represent condensation defects.

To understand this, consider simple objects

(S, c) ∼=
⊕
α

(Oα, cα) .

with

1. a G -orbit O,

2. a class c ∈ H2(G ,U(1)O) .

13
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Gauging a Finite Group

By an orbit-stabilizer correspondence/Shapiro’s isomorphism

1. G -orbit O ↔ H ⊂ G subgroup,

2. c ∈ H2(G ,U(1)O)↔ c ∈ H2(H,U(1)).

Simple objects in 2Rep(G)

Topological surfaces in T /G where

• Bulk gauge symmetry is broken to H ⊂ G by partial Dirichlet boundary

condition;

• SPT phase c ∈ H2(H,U(1)).

This is a condensation defect [Roumpedakis Seifnashri Shao].

Insight corroborated by fusion of lines on simple surfaces (see later).
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Gauging a Finite Group

• Fusion reproduces Mackey formulas for induction and restriction:

(Hα, cα) ⊗ (Hβ , cβ) =
⊕

[g ]∈Hα\G/Hβ

(Hα ∩ Hg
β , cα ⊗ c g

β ) ;

• 1-morphisms reproduce correct behaviour of Wilson lines, e.g.

HomT /G (1, (H, c)) ∼= Repc(H)

15



Gauging a Finite Group

• Fusion between 1(H,c) ∈ End((H, c)) and ϕ ∈ End(1):

1(H,c) ⊗ ϕ = ϕ|H .

16



Gauging G = Z2

Elements

Z2 = {1, x} .

Simple 2-representations determined by choice of subgroup H ⊂ Z2

H

1 Z2

2 {1}

⊗ 1 2

1 1 2

2 2 2⊕ 2

2 is a condensation defect. 1-morphisms

17



Gauging Finite 2-Groups



Gauging Finite 2-Group

Can play a similar game starting with a theory T with a 2-group G

G = (H,A[1], ρ, θ) .

In particular, gauging it we obtain topological defects labelled by

• An H-set S with |S| = n;

• c ∈ C 2(H,U(1)S);

• χ ∈ (Â)n so that ∂c = χ∗(θ̃), h · χ(a) = χ(h · a) ;

modulo equivalence relations.

These are the objects in 2Rep(G)! [Elgueta]
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Gauging Finite 2-Groups

This is easiest to describe for G a split 2-group, that is θ = 0

G = A[1] oρ H := A[1] o H

Then we can gauge in steps, starting from an ordinary group:

<latexit sha1_base64="VAFeKW83W4ktdQ0OiUv5teSvY/E=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8KDHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/1iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2bssV+qVUvUmiyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP52vjNA=</latexit>

G
<latexit sha1_base64="A1KNYN3DPwZPQNLhVJ5+UW8ooq0=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8KDHCOaByRJmJ5NkyOzsMtOrhCV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5ybUSk7nEccz+kAyX6glG00kPnSfT4kCK56RZLbtmdgSwTLyMlyFDrFr86vYglIVfIJDWm7bkx+inVKJjkk0InMTymbEQHvG2poiE3fjq7eEJOrNIj/UjbUkhm6u+JlIbGjMPAdoYUh2bRm4r/ee0E+5d+KlScIFdsvqifSIIRmb5PekJzhnJsCWVa2FsJG1JNGdqQCjYEb/HlZdI4K3vn5cpdpVS9yuLIwxEcwyl4cAFVuIUa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QMc25CM</latexit> bG

<latexit sha1_base64="je+gLCWOkO/WSoCjeir0ZD0dzDM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8eIxgnlgsoTZySQZMju7zPQqYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzXidRTLSrYAaLoXidRQoeSvWnIaB5M1gdDP1m49cGxGpexzH3A/pQIm+YBSt9NB5Ej0+pEiuu8WSW3ZnIMvEy0gJMtS6xa9OL2JJyBUySY1pe26Mfko1Cib5pNBJDI8pG9EBb1uqaMiNn84unpATq/RIP9K2FJKZ+nsipaEx4zCwnSHFoVn0puJ/XjvB/qWfChUnyBWbL+onkmBEpu+TntCcoRxbQpkW9lbChlRThjakgg3BW3x5mTTOyt55uXJXKVWvsjjycATHcAoeXEAVbqEGdWCg4Ble4c0xzovz7nzMW3NONnMIf+B8/gATw5CG</latexit> bA
<latexit sha1_base64="KSfkq8H6Rya1HylX6XGBH07zxJs=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8JJjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305uY3Nreye/W9jbPzg8Kh6ftHScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp/77SdUmsfywUwS9CM6lDzkjBorNWr9YsktuwuQdeJlpAQZ6v3iV28QszRCaZigWnc9NzH+lCrDmcBZoZdqTCgb0yF2LZU0Qu1PF4fOyIVVBiSMlS1pyEL9PTGlkdaTKLCdETUjverNxf+8bmrCW3/KZZIalGy5KEwFMTGZf00GXCEzYmIJZYrbWwkbUUWZsdkUbAje6svrpHVV9q7LlUalVL3L4sjDGZzDJXhwA1WoQR2awADhGV7hzXl0Xpx352PZmnOymVP4A+fzB58zjNE=</latexit>

H
<latexit sha1_base64="KSfkq8H6Rya1HylX6XGBH07zxJs=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8JJjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305uY3Nreye/W9jbPzg8Kh6ftHScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp/77SdUmsfywUwS9CM6lDzkjBorNWr9YsktuwuQdeJlpAQZ6v3iV28QszRCaZigWnc9NzH+lCrDmcBZoZdqTCgb0yF2LZU0Qu1PF4fOyIVVBiSMlS1pyEL9PTGlkdaTKLCdETUjverNxf+8bmrCW3/KZZIalGy5KEwFMTGZf00GXCEzYmIJZYrbWwkbUUWZsdkUbAje6svrpHVV9q7LlUalVL3L4sjDGZzDJXhwA1WoQR2awADhGV7hzXl0Xpx352PZmnOymVP4A+fzB58zjNE=</latexit>

H

<latexit sha1_base64="mhXp2m8ve4/IucmX7e6SqlKN1rk=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVWakqBul4sIuK9gHdIaSyWTa0MyD5I5SStdu/BU3LhRx6xe4829M20G09UDg5Jx7c3OPlwiuwLK+jNzC4tLySn61sLa+sbllbu80VJxKyuo0FrFseUQxwSNWBw6CtRLJSOgJ1vT6V2O/ecek4nF0C4OEuSHpRjzglICWOua+c8991iOAr/E5/rlcYkcCD5nC1Y5ZtErWBHie2Bkpogy1jvnp+DFNQxYBFUSptm0l4A6JfpAKNio4qWIJoX3SZW1NI6LHuMPJKiN8qBUfB7HUJwI8UX93DEmo1CD0dGVIoKdmvbH4n9dOIThzhzxKUmARnQ4KUoEhxuNcsM8loyAGmhAquf4rpj0iCQWdXkGHYM+uPE8axyX7pFS+KRcrF1kcebSHDtARstEpqqAqqqE6ougBPaEX9Go8Gs/Gm/E+Lc0ZWc8u+gPj4xsSq5k7</latexit> bG = bA o H
<latexit sha1_base64="YlwDkjOxpU5ZDTkrUgfToIcx8YY=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE1I1ScWGXFewD0lAm00k7dDIJMxMhhPorblwo4tYPceffOH0stPXAwOGc+5oTJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4loU0S81h2AqwoZ4I2NdOcdhJJcRRw2g5GtxO//UilYrF40FlC/QgPBAsZwdpIPbt8h67Qjef6qCs1i6hCddSzK07VmQItE3dOKjBHo2d/dfsxSSMqNOFYKc91Eu3n2EwknI5L3VTRBJMRHlDPUIHNHj+fHj9Gx0bpozCW5gmNpurvjhxHSmVRYCojrIdq0ZuI/3leqsNLP2ciSTUVZLYoTDnSMZokgfpMUqJ5ZggmkplbERliiYk2eZVMCO7il5dJ67TqnlfP7s8qtet5HEU4hCM4ARcuoAZ1aEATCGTwDK/wZj1ZL9a79TErLVjznjL8gfX5A9HFkvQ=</latexit>

G = A[1] o H
<latexit sha1_base64="ul5KAa7cJSEy/AiHLHAT08R9eWQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCepePFYwX5AGspmu2mX7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpOFaFtEvNY9UKsKWeStg0znPYSRbEIOe2Gk7vc7z5RpVksH800oYHAI8kiRrDJpVvfCwbVmlt350CrxCtIDQq0BtWv/jAmqaDSEI619j03MUGGlWGE01mln2qaYDLBI+pbKrGgOsjmt87QmVWGKIqVLWnQXP09kWGh9VSEtlNgM9bLXi7+5/mpia6DjMkkNVSSxaIo5cjEKH8cDZmixPCpJZgoZm9FZIwVJsbGU7EheMsvr5LORd27rDceGrXmTRFHGU7gFM7Bgytowj20oA0ExvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8AZjWN0Q==</latexit>

A[1]
<latexit sha1_base64="6A2TWsNJvrqfLnWrQ8wXllbdWck=">AAACC3icbVA9SwNBEN3zM8avqKXNkiBoE+4kqChIwELLCEkM5I6wt5nTxb0PdufEcKS38a/YWChi6x+w89+4l6TQ6INdHu/NMDPPT6TQaNtf1szs3PzCYmGpuLyyurZe2ths6zhVHFo8lrHq+EyDFBG0UKCETqKAhb6EK//2LPev7kBpEUdNHCTghew6EoHgDI3UK5XdkOENZzJrDql7Qo/zb99FuMesDXy4e77XK1Xsqj0C/UucCamQCRq90qfbj3kaQoRcMq27jp2glzGFgksYFt1UQ8L4LbuGrqERC0F72eiWId0xSp8GsTIvQjpSf3ZkLNR6EPqmMt9cT3u5+J/XTTE48jIRJSlCxMeDglRSjGkeDO0LBRzlwBDGlTC7Un7DFONo4iuaEJzpk/+S9n7VOajWLmuV+ukkjgLZJmWySxxySOrkgjRIi3DyQJ7IC3m1Hq1n6816H5fOWJOeLfIL1sc3g+OZbw==</latexit>T : 2Vec(G)

<latexit sha1_base64="jtVje2ajLY9x0fCpTa0nYadSC8Q=">AAACHnicbVDLSgMxFM34tr6qLt0Ei6CbMiO+UJCCC11WsA/olJJJb9vQzIPkjlqG+RI3/oobF4oIrvRvzNQKar2QcDjnXJJzvEgKjbb9YU1MTk3PzM7N5xYWl5ZX8qtrVR3GikOFhzJUdY9pkCKACgqUUI8UMN+TUPP6Z5leuwalRRhc4SCCps+6gegIztBQrfy+eyPa0GOYuD7DHmcyuUpT6p7Q4+zadRFuMakCT7e/nfR8p5Uv2EV7OHQcOCNQIKMpt/JvbjvksQ8Bcsm0bjh2hM2EKRRcQppzYw0R433WhYaBAfNBN5NhvJRuGaZNO6EyJ0A6ZH9uJMzXeuB7xpll0H+1jPxPa8TYOWomIohihIB/PdSJJcWQZl3RtlDAUQ4MYFwJ81fKe0wxjqbRnCnB+Rt5HFR3i85Bce9yr1A6HdUxRzbIJtkmDjkkJXJByqRCOLkjD+SJPFv31qP1Yr1+WSes0c46+TXW+ycSB6HJ</latexit>bT : 2Vec( bG)

<latexit sha1_base64="zxW67Tq7csz/y7f5TQDbcUMjkK4=">AAACGXicbVDLSgNBEJz1GeMr6tHLYBDiJe5KUFGQgAdzVDEayIYwO+kkg7MPZnrVsOxvePFXvHhQxKOe/BtnYw5qLJihqOqmu8uLpNBo25/WxOTU9Mxsbi4/v7C4tFxYWb3UYaw41HkoQ9XwmAYpAqijQAmNSAHzPQlX3vVx5l/dgNIiDC5wEEHLZ71AdAVnaKR2wXZvRQf6DBPXZ9jnTCYXaUq3aY26h/Qg+3ZchDtMziFKSydb7ULRLttD0HHijEiRjHDaLry7nZDHPgTIJdO66dgRthKmUHAJad6NNUSMX7MeNA0NmA+6lQwvS+mmUTq0GyrzAqRD9WdHwnytB75nKrP19V8vE//zmjF291uJCKIYIeDfg7qxpBjSLCbaEQo4yoEhjCthdqW8zxTjaMLMmxCcvyePk8udsrNbrpxVitWjURw5sk42SIk4ZI9USY2ckjrh5J48kmfyYj1YT9ar9fZdOmGNetbIL1gfX+9ZnvU=</latexit>bT /H : 2Rep(G)
<latexit sha1_base64="0nOG5tZ+pzHP/7qo8Prqh2OWWW8=">AAACGXicbVDLSgMxFM34rPVVdekmWIS6qTNSVBSk4MIuVawWOqVk0ts2mHmQ3FHLML/hxl9x40IRl7ryb8zULtR6IOFwzr0k53iRFBpt+9OamJyanpnNzeXnFxaXlgsrq5c6jBWHOg9lqBoe0yBFAHUUKKERKWC+J+HKuz7O/KsbUFqEwQUOImj5rBeIruAMjdQu2K7PsM+ZTC5Suk1r1D2kB9m14yLcYXIOUVpyb0UH+gyTk3SrXSjaZXsIOk6cESmSEU7bhXe3E/LYhwC5ZFo3HTvCVsIUCi4hzbuxhojxa9aDpqEB80G3kmGylG4apUO7oTInQDpUf24kzNd64HtmMsuh/3qZ+J/XjLG730pEEMUIAf9+qBtLiiHNaqIdoYCjHBjCuBLmr5T3mWIcTZl5U4LzN/I4udwpO7vlylmlWD0a1ZEj62SDlIhD9kiV1MgpqRNO7skjeSYv1oP1ZL1ab9+jE9ZoZ438gvXxBc0mnvU=</latexit>

T /H : 2Rep( bG)
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Gauging Finite Split 2-Groups

Symmetry category T is essentially a higher analogue of a semi-direct-product

VectH and Rep(Â).

Simple objects in T /G are labelled by:

• An H-orbit O or equivalently a stabilizer subgroup K ⊂ H;

• A class c ∈ H2(K ,U(1));

• A K -invariant character χ ∈ Â.

Remarks:

• Fusion, 1-morphisms, composition of 1-morphisms computed as as for an

ordinary group (induction-restriction);

• 1-morphisms can only exist between simple objects if and only if the

respective characters lie in the same H-orbits in Â;

• Condensation determined by multiplicity of χ.
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Example: (Z× Z)[1]o Z2

Take

G = (Z2, Z2 × Z2, ρ)

where Z2 = {1, x} acts on Z2 × Z2 via

x · (a, b) := (b, a) .

• Denote characters of Z2 × Z2 by {1, χ1, χ2, χ1χ2};

• Label each simple object by pairs (O, χ).

21



Example: (Z× Z)[1]o Z2

The simple objects are

• the trivial 2-representation 1 =
(
{1}, (1)

)
,

• a 1-dimensional 2-representation V =
(
{1}, (χ1χ2)

)
,

• a 2-dimensional 2-representation D =
(
{1, 2}, (χ1, χ2)

)
,

• condensation defect X =
(
{1, 2}, (1, 1)

)
,

• condensation defect X ′ =
(
{1, 2}, (χ1χ2, χ1χ2)

)
where condensation is determined by multiplicity of χ.
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Example: (Z× Z)[1]× Z2

Fusion

V ⊗ V = 1

V ⊗ D = D ⊗ V = D

V ⊗ X = X ′

D ⊗ D = X ⊗ (1⊕ V )

X ⊗ D = D ⊗ X = D ⊕ D

X ⊗ X = 2X .

Only invertible simple objects are 1 and V . Fusion

D ⊗ D = X ⊗ (1⊕ V )

already implemented at the level of simple objects.

23



Example: (Z× Z)[1]× Z2

24



Gauge theory applications



Gauge theory applications

Simple Lie algebra g, associated compact, connected, simply connected Lie

group G. Automorphism 2-group

Z(G)[1] o Out(G)

where

• Out(G) outer automorphisms of G

• Z(G)[1] center of G.

and the Out(G)-action outer automorphism action.

A pure G gauge symmetry has

• A 0-form charge conjugation symmetry Out(G).

• A 1-form symmetry Z(G) generated by topological Gukov-Witten defects.

We can gauge this 2-group in steps. The 1-form electric symmetry is traded

with a 0-form magnetic symmetry.
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Gauge theory applications

In general:

<latexit sha1_base64="AIYJZetYGtdFMIQeq4rCw6H/fOQ="></latexit>

2Rep(⇡1(
LG) o Out(G))

<latexit sha1_base64="b1Bq5kTrhHKmNlZ1WHd05Twx3xE="></latexit>

2Vect(⇡1(
LG) o Out(G))

<latexit sha1_base64="aE61CZ/Oy+rpVQufGHDMjCOyt8k=">AAACDXicbVC7SgNBFJ2Nrxhfq5Y2g1GITdyVoFYSsNDOCHlBEsLsZDYZMvtg5q4Ylv0BG3/FxkIRW3s7/8bZTQqNHrhwOOde7r3HCQVXYFlfRm5hcWl5Jb9aWFvf2Nwyt3eaKogkZQ0aiEC2HaKY4D5rAAfB2qFkxHMEaznjy9Rv3TGpeODXYRKynkeGPnc5JaClvnnQ9QiMKBFxPcHHuAvsHuKbCJJSZjhufJUc9c2iVbYy4L/EnpEimqHWNz+7g4BGHvOBCqJUx7ZC6MVEAqeCJYVupFhI6JgMWUdTn3hM9eLsmwQfamWA3UDq8gFn6s+JmHhKTTxHd6YnqnkvFf/zOhG4572Y+2EEzKfTRW4kMAQ4jQYPuGQUxEQTQiXXt2I6IpJQ0AEWdAj2/Mt/SfOkbJ+WK7eVYvViFkce7aF9VEI2OkNVdI1qqIEoekBP6AW9Go/Gs/FmvE9bc8ZsZhf9gvHxDVN0m7g=</latexit>T /Out(G)
<latexit sha1_base64="yI2ETZRA2XzG/ntrZuQyrotQdqo=">AAACF3icbVA9SwNBEN3z2/gVtbRZDEJs4p0EtZKAhXYqGA3kjrC3mTOLex/szqnhuH9h41+xsVDEVjv/jZszhSY+GHi8N8PMPD+RQqNtf1kTk1PTM7Nz86WFxaXllfLq2qWOU8WhyWMZq5bPNEgRQRMFSmglCljoS7jyb44G/tUtKC3i6AL7CXghu45EIDhDI3XKNfdOdKHHMHNDhj3OZHaR53SHugj3mJ2mmFcLxw+y43y7U67YNbsAHSfOkFTIEGed8qfbjXkaQoRcMq3bjp2glzGFgkvIS26qIWH8hl1D29CIhaC9rPgrp1tG6dIgVqYipIX6eyJjodb90DedgxP1qDcQ//PaKQYHXiaiJEWI+M+iIJUUYzoIiXaFAo6ybwjjSphbKe8xxTiaKEsmBGf05XFyuVtz9mr183qlcTiMY45skE1SJQ7ZJw1yQs5Ik3DyQJ7IC3m1Hq1n6816/2mdsIYz6+QPrI9v2p2gVg==</latexit> bT /Out(G)

<latexit sha1_base64="qeHJbyvq1O980UpR2yz/tN1yUXY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEirqSghuXFfqCJpSbyaQdOnkwM1FKzMJfceNCEbf+hjv/xknbhbYeGDiccy/3zPESzqSyrG+jtLK6tr5R3qxsbe/s7pn7Bx0Zp4LQNol5LHoeSMpZRNuKKU57iaAQepx2vfFN4XfvqZAsjlpqklA3hGHEAkZAaWlgHjkPzKcjUJkTghoR4Fkrz/HArFo1awq8TOw5qaI5mgPzy/FjkoY0UoSDlH3bSpSbgVCMcJpXnFTSBMgYhrSvaQQhlW42zZ/jU634OIiFfpHCU/X3RgahlJPQ05NFSLnoFeJ/Xj9VwZWbsShJFY3I7FCQcqxiXJSBfSYoUXyiCRDBdFZMRiCAKF1ZRZdgL355mXTOa/ZFrX5Xrzau53WU0TE6QWfIRpeogW5RE7URQY/oGb2iN+PJeDHejY/ZaMmY7xyiPzA+fwCAIZZo</latexit> bT<latexit sha1_base64="z9bi4IQna9Kgt19zfwH5AvGfCO8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOOyQl8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkobm1vbO+Xdyt7+weFR9fikq2WqCO0QyaXqh1hTzgTtGGY47SeK4jjktBdO73O/90SVZlK0zSyhQYzHgkWMYGMlfxBjMyGYZ+35sFpz6+4CaJ14BalBgdaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruXdcbj41a866oowxncA6X4MENNOEBWtABAhKe4RXeHOO8OO/Ox3K05BQ7p/AHzucPjueRbw==</latexit>T

<latexit sha1_base64="xqFBFos1QNRx7TjM+/HbdpvMmBk=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREirqSggvdWcE+oCllMp20QycPZm7EErPwV9y4UMStv+HOv3HSZqGtBwYO59zLPXPcSHAFlvVtLCwuLa+sFtaK6xubW9vmzm5ThbGkrEFDEcq2SxQTPGAN4CBYO5KM+K5gLXd0mfmteyYVD4M7GEes65NBwD1OCWipZ+47wB4guYkhLTs+gaHrJVfpcc8sWRVrAjxP7JyUUI56z/xy+iGNfRYAFUSpjm1F0E2IBE4FS4tOrFhE6IgMWEfTgPhMdZNJ/hQfaaWPvVDqFwCeqL83EuIrNfZdPZlFVLNeJv7ndWLwzrsJD6IYWECnh7xYYAhxVgbuc8koiLEmhEqus2I6JJJQ0JUVdQn27JfnSfOkYp9WqrfVUu0ir6OADtAhKiMbnaEaukZ11EAUPaJn9IrejCfjxXg3PqajC0a+s4f+wPj8ATuxljs=</latexit>

Out(G)
<latexit sha1_base64="xqFBFos1QNRx7TjM+/HbdpvMmBk=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREirqSggvdWcE+oCllMp20QycPZm7EErPwV9y4UMStv+HOv3HSZqGtBwYO59zLPXPcSHAFlvVtLCwuLa+sFtaK6xubW9vmzm5ThbGkrEFDEcq2SxQTPGAN4CBYO5KM+K5gLXd0mfmteyYVD4M7GEes65NBwD1OCWipZ+47wB4guYkhLTs+gaHrJVfpcc8sWRVrAjxP7JyUUI56z/xy+iGNfRYAFUSpjm1F0E2IBE4FS4tOrFhE6IgMWEfTgPhMdZNJ/hQfaaWPvVDqFwCeqL83EuIrNfZdPZlFVLNeJv7ndWLwzrsJD6IYWECnh7xYYAhxVgbuc8koiLEmhEqus2I6JJJQ0JUVdQn27JfnSfOkYp9WqrfVUu0ir6OADtAhKiMbnaEaukZ11EAUPaJn9IrejCfjxXg3PqajC0a+s4f+wPj8ATuxljs=</latexit>

Out(G)

<latexit sha1_base64="1MH5F0zkaeUvH2UTg9oAP2HcU9I=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRoq6k4EKXFewD21Am00k7dDIJM5NCCf0TNy4UceufuPNvnLRZaOuBgcM593LPHD/mTGnH+bYKa+sbm1vF7dLO7t7+gX141FJRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P77N/PaESsUi8ainMfVCPBQsYARrI/Vt+6nSC7Ee+UF6Nzvvul7fLjtVZw60StyclCFHo29/9QYRSUIqNOFYqa7rxNpLsdSMcDor9RJFY0zGeEi7hgocUuWl8+QzdGaUAQoiaZ7QaK7+3khxqNQ09M1kllIte5n4n9dNdHDtpUzEiaaCLA4FCUc6QlkNaMAkJZpPDcFEMpMVkRGWmGhTVsmU4C5/eZW0LqruZbX2UCvXb/I6inACp1ABF66gDvfQgCYQmMAzvMKblVov1rv1sRgtWPnOMfyB9fkDh8yS8Q==</latexit>

Z(G)[1]

<latexit sha1_base64="46FRM4cSaDZhi9vT8uhZgkH4Y4g=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimJFHUlBRe6cFHBPqCJYTKdtEMnkzAzEUoI+CtuXCji1u9w5984abPQ1gMDh3Pu5Z45fsyoVJb1bZSWlldW18rrlY3Nre0dc3evI6NEYNLGEYtEz0eSMMpJW1HFSC8WBIU+I11/fJX73UciJI34vZrExA3RkNOAYqS05JkHTkw9u5ZmD7dOiNTID9Lr7MQzq1bdmgIuErsgVVCg5ZlfziDCSUi4wgxJ2betWLkpEopiRrKKk0gSIzxGQ9LXlKOQSDedxs/gsVYGMIiEflzBqfp7I0WhlJPQ15N5RDnv5eJ/Xj9RwYWbUh4ninA8OxQkDKoI5l3AARUEKzbRBGFBdVaIR0ggrHRjFV2CPf/lRdI5rdtn9cZdo9q8LOoog0NwBGrABuegCW5AC7QBBil4Bq/gzXgyXox342M2WjKKnX3wB8bnD6KqlUc=</latexit>

⇡1(
LG)

<latexit sha1_base64="Io6fgQ3CkL8LquqFpf6kghz12N4=">AAACJnicbVDJSgNBEO1xjXEb9eilMQjJJcyEoF6UgAe9GcEsmBlCT6cnadKz0F0jhiFf48Vf8eIhIuLNT7GzHGJiQcHj1Ste1fNiwRVY1rexsrq2vrGZ2cpu7+zu7ZsHh3UVJZKyGo1EJJseUUzwkNWAg2DNWDISeII1vP71eN54YlLxKHyAQczcgHRD7nNKQFNt87LkAHuGtM4oDPOPeScg0PP89GZYaNkudiTwgCk8Fd0lWjOnKLTNnFW0JoWXgT0DOTSratscOZ2IJgELgQqiVMu2YnBTom2oYMOskygWE9onXdbSMCTa3E0nbw7xqWY62I+k7hDwhJ3fSEmg1CDwtHJ8o1qcjcn/Zq0E/As35WGcAAvp1MhPBIYIjzPDHS51PGKgAaGS61sx7RFJKOhkszoEe/HlZVAvFe2zYvm+nKtczeLIoGN0gvLIRueogm5RFdUQRS/oDY3Qh/FqvBufxtdUumLMdo7QnzJ+fgFwPaXA</latexit>

2Vect(Z(G)[1] o Out(G))

<latexit sha1_base64="meslHaWEIJPQ/iBOeGiB6U5m01Q=">AAACJXicbVDJSgNBEO1xjXGLevTSGIR4CTMS1INIwIPeXDAqZobQ06lJmvQsdNeIYZif8eKvePFgEMGTv2JnObgVFDxeveJVPT+RQqNtf1hT0zOzc/OFheLi0vLKamlt/VrHqeLQ4LGM1a3PNEgRQQMFSrhNFLDQl3Dj946H85t7UFrE0RX2E/BC1olEIDhDQ7VKh7suwgNml5DklbuKGzLs+kF2ku80HY+6CkUImo41Zynm3xU7rVLZrtqjon+BMwFlMqnzVmngtmOehhAhl0zrpmMn6GXM2HAJedFNNSSM91gHmgZGzJh72ejLnG4bpk2DWJmOkI7Y7xsZC7Xuh75RDm/Uv2dD8r9ZM8XgwMtElKQIER8bBamkGNNhZLQtFHCUfQMYV8LcSnmXKcbRBFs0ITi/X/4Lrnerzl61dlEr148mcRTIJtkiFeKQfVInp+ScNAgnj+SZvJKB9WS9WG/W+1g6ZU12NsiPsj6/AI+vpUs=</latexit>

2Rep(Z(G)[1] o Out(G))

G = Spin(4N) [Bhardwaj, Bottini, Schäfer-Nameki,Tiwari]:

<latexit sha1_base64="ipClJHQ44ZAMZJWc46kUbu4TY14=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEI9VISKepJCl48SUX7AW0om+2mXbrZhN2JWEN/iRcPinj1p3jz37htc9DWBwOP92aYmefHgmtwnG8rt7K6tr6R3yxsbe/sFu29/aaOEkVZg0YiUm2faCa4ZA3gIFg7VoyEvmAtf3Q19VsPTGkeyXsYx8wLyUDygFMCRurZxS6wR0jvYi4n5erNSc8uORVnBrxM3IyUUIZ6z/7q9iOahEwCFUTrjuvE4KVEAaeCTQrdRLOY0BEZsI6hkoRMe+ns8Ak+NkofB5EyJQHP1N8TKQm1Hoe+6QwJDPWiNxX/8zoJBBdeymWcAJN0vihIBIYIT1PAfa4YBTE2hFDFza2YDokiFExWBROCu/jyMmmeVtyzSvW2WqpdZnHk0SE6QmXkonNUQ9eojhqIogQ9o1f0Zj1ZL9a79TFvzVnZzAH6A+vzBznEksw=</latexit>

Spin(4N)
<latexit sha1_base64="MWg7U9O+BkuImGqoDAMqwLCvXwI=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYhDiJexKUE8S8OJJI5oHJGuYncwmQ2Znl5leNSz5Dy8eFPHqv3jzb5w8DppY0FBUddPd5ceCa3Scb2thcWl5ZTWzll3f2Nzazu3s1nSUKMqqNBKRavhEM8ElqyJHwRqxYiT0Bav7/YuRX39gSvNI3uEgZl5IupIHnBI00n0L2ROmldvrYaF0ddTO5Z2iM4Y9T9wpycMUlXbuq9WJaBIyiVQQrZuuE6OXEoWcCjbMthLNYkL7pMuahkoSMu2l46uH9qFROnYQKVMS7bH6eyIlodaD0DedIcGenvVG4n9eM8HgzEu5jBNkkk4WBYmwMbJHEdgdrhhFMTCEUMXNrTbtEUUomqCyJgR39uV5UjsuuifF0k0pXz6fxpGBfTiAArhwCmW4hApUgYKCZ3iFN+vRerHerY9J64I1ndmDP7A+fwCXIJHp</latexit>

PSO(4N)

<latexit sha1_base64="SsfEWkZsYHRzua81arlz9O0jJn8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahIpREinqSghdPUsF+QBvLZrtpl242YXdSLKH/xIsHRbz6T7z5b9y2OWjrg4HHezPMzPNjwTU4zreVW1ldW9/Ibxa2tnd29+z9g4aOEkVZnUYiUi2faCa4ZHXgIFgrVoyEvmBNf3gz9ZsjpjSP5AOMY+aFpC95wCkBI3VtuwPsCdIal5PHs1Ll7rRrF52yMwNeJm5GiihDrWt/dXoRTUImgQqiddt1YvBSooBTwSaFTqJZTOiQ9FnbUElCpr10dvkEnxilh4NImZKAZ+rviZSEWo9D33SGBAZ60ZuK/3ntBIIrL+UyToBJOl8UJAJDhKcx4B5XjIIYG0Ko4uZWTAdEEQomrIIJwV18eZk0zsvuRblyXylWr7M48ugIHaMSctElqqJbVEN1RNEIPaNX9Gal1ov1bn3MW3NWNnOI/sD6/AGFKZLs</latexit>

Pin+(4N)
<latexit sha1_base64="KmoU2/xTAmGZnX8rnVOuB/K1GjQ=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXgnqSgBdPGsE8IFnC7GSSDJl9ONMbDEu+w4sHRbz6Md78GyfJHjSxoKGo6qa7y4uk0Gjb31ZmZXVtfSO7mdva3tndy+8f1HUYK8ZrLJShanpUcykCXkOBkjcjxanvSd7whtdTvzHiSosweMBxxF2f9gPRE4yikdw28idMqneTYvn2tJMv2CV7BrJMnJQUIEW1k/9qd0MW+zxAJqnWLceO0E2oQsEkn+TaseYRZUPa5y1DA+pz7SazoyfkxChd0guVqQDJTP09kVBf67HvmU6f4kAvelPxP68VY+/STUQQxcgDNl/UiyXBkEwTIF2hOEM5NoQyJcythA2oogxNTjkTgrP48jKpn5Wc81L5vlyoXKVxZOEIjqEIDlxABW6gCjVg8AjP8Apv1sh6sd6tj3lrxkpnDuEPrM8f72uRjA==</latexit>

PO(4N)

<latexit sha1_base64="TlPwzMXoTitqECFneNyXo1j0U90=">AAACMHicbVDLSgMxFM3UV62vUZdugkWomzJTirqSggtdVrAP7Awlk2ba0MyD5I5YhvkkN36KbhQUcetXmD4WtvVA4HDOvbn3Hi8WXIFlvRu5ldW19Y38ZmFre2d3z9w/aKookZQ1aCQi2faIYoKHrAEcBGvHkpHAE6zlDa/GfuuBScWj8A5GMXMD0g+5zykBLXXN64oD7BHSJqOQlUpOQGDgeel91q1gB3jA1F/ptGO72JETHc8ZXbNola0J8DKxZ6SIZqh3zRenF9EkYCFQQZTq2FYMbkr051SwrOAkisWEDkmfdTQNiR7pppODM3yilR72I6lfCHii/u1ISaDUKPB05XhJteiNxf+8TgL+hZvyME6AhXQ6yE8EhgiP08M9LnVQYqQJoZLrXTEdEEko6IwLOgR78eRl0qyU7bNy9bZarF3O4sijI3SMSshG56iGblAdNRBFT+gVfaBP49l4M76M72lpzpj1HKI5GD+/RTmpsw==</latexit>

2Vect((Z2 ⇥ Z2)[1] o Z2)
<latexit sha1_base64="lsiHeRveAsm8Ci9RU6hzHM3T3GQ=">AAACLXicbZBLS8NAEMc39VXrK+rRy2IR6qUkpagnKejBYwX7wKaEzXbbLt082J2IJeQLefGriOChIl79Gm7aHmzrwMKf38zszPy9SHAFljUxcmvrG5tb+e3Czu7e/oF5eNRUYSwpa9BQhLLtEcUED1gDOAjWjiQjvidYyxvdZPnWE5OKh8EDjCPW9ckg4H1OCWjkmrcVB9gzJE1GIS2VHJ/A0POSx9StYAe4z9RfdI4dOYV4gbpm0Spb08Crwp6LIppH3TXfnV5IY58FQAVRqmNbEXQToj+ngqUFJ1YsInREBqyjZUD0yG4yvTbFZ5r0cD+U+gWAp/RvR0J8pca+pyuzJdVyLoP/5Tox9K+6CQ+iGFhAZ4P6scAQ4sw63ONSuyTGWhAqud4V0yGRhII2uKBNsJdPXhXNStm+KFfvq8Xa9dyOPDpBp6iEbHSJaugO1VEDUfSC3tAEfRqvxofxZXzPSnPGvOcYLYTx8wsqf6is</latexit>

2Vect((Z2 ⇥ Z2) o Z2)

<latexit sha1_base64="86+vhe058k4gHcHeKM4ildwOjxc=">AAACLHicbZBLS8NAEMc3vq2vqEcvi0Wol5KUop6k4MWjilWxCWGzneji5sHuRCyhH8iLX0UQD4p49XO4iTn4Glj485uZnZl/mEmh0XFerYnJqemZ2bn5xsLi0vKKvbp2ptNccejzVKbqImQapEigjwIlXGQKWBxKOA9vDsr8+S0oLdLkFEcZ+DG7SkQkOEODAvug4yHcYXEC2bjV8mKG12FYXI6DDvVQxKC/o23qqQrSHzSwm07bqYL+FW4tmqSOo8B+8oYpz2NIkEum9cB1MvQLZj7nEsYNL9eQMX7DrmBgZMLMSL+ojh3TLUOGNEqVeQnSin7vKFis9SgOTWW5pP6dK+F/uUGO0Z5fiCTLERL+NSjKJcWUls7RoVDAUY6MYFwJsyvl10wxjsbfhjHB/X3yX3HWabs77e5xt9nbr+2YIxtkk7SIS3ZJjxySI9InnNyTR/JCXq0H69l6s96/Siesumed/Ajr4xNG9qg3</latexit>

2Rep((Z2 ⇥ Z2) o Z2)
<latexit sha1_base64="FijRiuRWj1bPY9CzIH5WAvyM6yM=">AAACL3icbVDJSgNBEO1xjXGLevTSGIR4CTMhqCcJCOIxilkwM4SeTsU06VnorhHDkD/y4q/kIqKIV//CznIw0QcNj/equqqeH0uh0bbfrKXlldW19cxGdnNre2c3t7df11GiONR4JCPV9JkGKUKooUAJzVgBC3wJDb9/OfYbj6C0iMI7HMTgBewhFF3BGRqpnbsquQhPmN5CPCwU3IBhz/fT+2G7RF0UAejf0knL8airJjqdM9q5vF20J6B/iTMjeTJDtZ0buZ2IJwGEyCXTuuXYMXopM59zCcOsm2iIGe+zB2gZGjIz0ksn9w7psVE6tBsp80KkE/V3R8oCrQeBbyrHS+pFbyz+57US7J57qQjjBCHk00HdRFKM6Dg82hEKOMqBIYwrYXalvMcU42gizpoQnMWT/5J6qeicFss35XzlYhZHhhySI1IgDjkjFXJNqqRGOHkmI/JOPqwX69X6tL6mpUvWrOeAzMH6/gFgaak+</latexit>

2Rep((Z2 ⇥ Z2)[1] o Z2)

<latexit sha1_base64="1LLrDFDfdLdwUzLaQj0S0fOuKqI=">AAACDnicbVDLSsNAFJ34rPUVdelmsBTqpiSlqCspuHFZwT4wCWEynbRDJ5MwMxFK6Be48VfcuFDErWt3/o2TNovaeuDC4Zx7ufeeIGFUKsv6MdbWNza3tks75d29/YND8+i4K+NUYNLBMYtFP0CSMMpJR1HFSD8RBEUBI71gfJP7vUciJI35vZokxIvQkNOQYqS05JvVmhshNQqC7GHqN6CraETkonTu2B70zYpVt2aAq8QuSAUUaPvmtzuIcRoRrjBDUjq2lSgvQ0JRzMi07KaSJAiP0ZA4mnKkt3rZ7J0prGplAMNY6OIKztTFiQxFUk6iQHfmh8plLxf/85xUhVdeRnmSKsLxfFGYMqhimGcDB1QQrNhEE4QF1bdCPEICYaUTLOsQ7OWXV0m3Ubcv6s27ZqV1XcRRAqfgDNSADS5BC9yCNugADJ7AC3gD78az8Wp8GJ/z1jWjmDkBf2B8/QILjJt0</latexit>

(Z2 ⇥ Z2)[1]

<latexit sha1_base64="WgDwvyTi8sSxWGL/uDoNBOyf5sk=">AAACCHicbVDLSsNAFL2pr1pfUZcuHCyCq5KUoq6k4MZlBfvAJoTJdNIOnTyYmQgldOnGX3HjQhG3foI7/8ZJm4W2HrhwOOde7r3HTziTyrK+jdLK6tr6RnmzsrW9s7tn7h90ZJwKQtsk5rHo+VhSziLaVkxx2ksExaHPadcfX+d+94EKyeLoTk0S6oZ4GLGAEay05JnHTojVyPez+6lXR45iIZW/Jc+sWjVrBrRM7IJUoUDLM7+cQUzSkEaKcCxl37YS5WZYKEY4nVacVNIEkzEe0r6mEdYL3Wz2yBSdamWAgljoihSaqb8nMhxKOQl93ZnfKBe9XPzP66cquHQzFiWpohGZLwpSjlSM8lTQgAlKFJ9ogolg+lZERlhgonR2FR2CvfjyMunUa/Z5rXHbqDavijjKcAQncAY2XEATbqAFbSDwCM/wCm/Gk/FivBsf89aSUcwcwh8Ynz/bZJne</latexit>

Z2 ⇥ Z2

<latexit sha1_base64="YypoJvr2gZ66JKdvlxeEIVhx+vE=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EiyCp7JbinqSghePFWwrtkvJptk2NMmuSbZQlv4OLx4U8eqP8ea/MdvuQVsHAsPMe7zJBDFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikHgKsKWeStgwznD7EimIRcNoJxjeZ35lQpVkk7800pr7AQ8lCRrCxkt8T2IyCIH2c9WuoX664VXcOtEq8nFQgR7Nf/uoNIpIIKg3hWOuu58bGT7EyjHA6K/USTWNMxnhIu5ZKLKj203noGTqzygCFkbJPGjRXf2+kWGg9FYGdzELqZS8T//O6iQmv/JTJODFUksWhMOHIRChrAA2YosTwqSWYKGazIjLCChNjeyrZErzlL6+Sdq3qXVTrd/VK4zqvowgncArn4MElNOAWmtACAk/wDK/w5kycF+fd+ViMFpx85xj+wPn8AVPPkc4=</latexit>

Z2
<latexit sha1_base64="YypoJvr2gZ66JKdvlxeEIVhx+vE=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EiyCp7JbinqSghePFWwrtkvJptk2NMmuSbZQlv4OLx4U8eqP8ea/MdvuQVsHAsPMe7zJBDFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikHgKsKWeStgwznD7EimIRcNoJxjeZ35lQpVkk7800pr7AQ8lCRrCxkt8T2IyCIH2c9WuoX664VXcOtEq8nFQgR7Nf/uoNIpIIKg3hWOuu58bGT7EyjHA6K/USTWNMxnhIu5ZKLKj203noGTqzygCFkbJPGjRXf2+kWGg9FYGdzELqZS8T//O6iQmv/JTJODFUksWhMOHIRChrAA2YosTwqSWYKGazIjLCChNjeyrZErzlL6+Sdq3qXVTrd/VK4zqvowgncArn4MElNOAWmtACAk/wDK/w5kycF+fd+ViMFpx85xj+wPn8AVPPkc4=</latexit>

Z2
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Gauge theory applications

In general:

<latexit sha1_base64="AIYJZetYGtdFMIQeq4rCw6H/fOQ="></latexit>

2Rep(⇡1(
LG) o Out(G))

<latexit sha1_base64="b1Bq5kTrhHKmNlZ1WHd05Twx3xE="></latexit>

2Vect(⇡1(
LG) o Out(G))

<latexit sha1_base64="aE61CZ/Oy+rpVQufGHDMjCOyt8k=">AAACDXicbVC7SgNBFJ2Nrxhfq5Y2g1GITdyVoFYSsNDOCHlBEsLsZDYZMvtg5q4Ylv0BG3/FxkIRW3s7/8bZTQqNHrhwOOde7r3HCQVXYFlfRm5hcWl5Jb9aWFvf2Nwyt3eaKogkZQ0aiEC2HaKY4D5rAAfB2qFkxHMEaznjy9Rv3TGpeODXYRKynkeGPnc5JaClvnnQ9QiMKBFxPcHHuAvsHuKbCJJSZjhufJUc9c2iVbYy4L/EnpEimqHWNz+7g4BGHvOBCqJUx7ZC6MVEAqeCJYVupFhI6JgMWUdTn3hM9eLsmwQfamWA3UDq8gFn6s+JmHhKTTxHd6YnqnkvFf/zOhG4572Y+2EEzKfTRW4kMAQ4jQYPuGQUxEQTQiXXt2I6IpJQ0AEWdAj2/Mt/SfOkbJ+WK7eVYvViFkce7aF9VEI2OkNVdI1qqIEoekBP6AW9Go/Gs/FmvE9bc8ZsZhf9gvHxDVN0m7g=</latexit>T /Out(G)
<latexit sha1_base64="yI2ETZRA2XzG/ntrZuQyrotQdqo=">AAACF3icbVA9SwNBEN3z2/gVtbRZDEJs4p0EtZKAhXYqGA3kjrC3mTOLex/szqnhuH9h41+xsVDEVjv/jZszhSY+GHi8N8PMPD+RQqNtf1kTk1PTM7Nz86WFxaXllfLq2qWOU8WhyWMZq5bPNEgRQRMFSmglCljoS7jyb44G/tUtKC3i6AL7CXghu45EIDhDI3XKNfdOdKHHMHNDhj3OZHaR53SHugj3mJ2mmFcLxw+y43y7U67YNbsAHSfOkFTIEGed8qfbjXkaQoRcMq3bjp2glzGFgkvIS26qIWH8hl1D29CIhaC9rPgrp1tG6dIgVqYipIX6eyJjodb90DedgxP1qDcQ//PaKQYHXiaiJEWI+M+iIJUUYzoIiXaFAo6ybwjjSphbKe8xxTiaKEsmBGf05XFyuVtz9mr183qlcTiMY45skE1SJQ7ZJw1yQs5Ik3DyQJ7IC3m1Hq1n6816/2mdsIYz6+QPrI9v2p2gVg==</latexit> bT /Out(G)

<latexit sha1_base64="qeHJbyvq1O980UpR2yz/tN1yUXY=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEirqSghuXFfqCJpSbyaQdOnkwM1FKzMJfceNCEbf+hjv/xknbhbYeGDiccy/3zPESzqSyrG+jtLK6tr5R3qxsbe/s7pn7Bx0Zp4LQNol5LHoeSMpZRNuKKU57iaAQepx2vfFN4XfvqZAsjlpqklA3hGHEAkZAaWlgHjkPzKcjUJkTghoR4Fkrz/HArFo1awq8TOw5qaI5mgPzy/FjkoY0UoSDlH3bSpSbgVCMcJpXnFTSBMgYhrSvaQQhlW42zZ/jU634OIiFfpHCU/X3RgahlJPQ05NFSLnoFeJ/Xj9VwZWbsShJFY3I7FCQcqxiXJSBfSYoUXyiCRDBdFZMRiCAKF1ZRZdgL355mXTOa/ZFrX5Xrzau53WU0TE6QWfIRpeogW5RE7URQY/oGb2iN+PJeDHejY/ZaMmY7xyiPzA+fwCAIZZo</latexit> bT<latexit sha1_base64="z9bi4IQna9Kgt19zfwH5AvGfCO8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdScOOyQl8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkobm1vbO+Xdyt7+weFR9fikq2WqCO0QyaXqh1hTzgTtGGY47SeK4jjktBdO73O/90SVZlK0zSyhQYzHgkWMYGMlfxBjMyGYZ+35sFpz6+4CaJ14BalBgdaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruXdcbj41a866oowxncA6X4MENNOEBWtABAhKe4RXeHOO8OO/Ox3K05BQ7p/AHzucPjueRbw==</latexit>T

<latexit sha1_base64="xqFBFos1QNRx7TjM+/HbdpvMmBk=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREirqSggvdWcE+oCllMp20QycPZm7EErPwV9y4UMStv+HOv3HSZqGtBwYO59zLPXPcSHAFlvVtLCwuLa+sFtaK6xubW9vmzm5ThbGkrEFDEcq2SxQTPGAN4CBYO5KM+K5gLXd0mfmteyYVD4M7GEes65NBwD1OCWipZ+47wB4guYkhLTs+gaHrJVfpcc8sWRVrAjxP7JyUUI56z/xy+iGNfRYAFUSpjm1F0E2IBE4FS4tOrFhE6IgMWEfTgPhMdZNJ/hQfaaWPvVDqFwCeqL83EuIrNfZdPZlFVLNeJv7ndWLwzrsJD6IYWECnh7xYYAhxVgbuc8koiLEmhEqus2I6JJJQ0JUVdQn27JfnSfOkYp9WqrfVUu0ir6OADtAhKiMbnaEaukZ11EAUPaJn9IrejCfjxXg3PqajC0a+s4f+wPj8ATuxljs=</latexit>

Out(G)
<latexit sha1_base64="xqFBFos1QNRx7TjM+/HbdpvMmBk=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREirqSggvdWcE+oCllMp20QycPZm7EErPwV9y4UMStv+HOv3HSZqGtBwYO59zLPXPcSHAFlvVtLCwuLa+sFtaK6xubW9vmzm5ThbGkrEFDEcq2SxQTPGAN4CBYO5KM+K5gLXd0mfmteyYVD4M7GEes65NBwD1OCWipZ+47wB4guYkhLTs+gaHrJVfpcc8sWRVrAjxP7JyUUI56z/xy+iGNfRYAFUSpjm1F0E2IBE4FS4tOrFhE6IgMWEfTgPhMdZNJ/hQfaaWPvVDqFwCeqL83EuIrNfZdPZlFVLNeJv7ndWLwzrsJD6IYWECnh7xYYAhxVgbuc8koiLEmhEqus2I6JJJQ0JUVdQn27JfnSfOkYp9WqrfVUu0ir6OADtAhKiMbnaEaukZ11EAUPaJn9IrejCfjxXg3PqajC0a+s4f+wPj8ATuxljs=</latexit>

Out(G)

<latexit sha1_base64="1MH5F0zkaeUvH2UTg9oAP2HcU9I=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRoq6k4EKXFewD21Am00k7dDIJM5NCCf0TNy4UceufuPNvnLRZaOuBgcM593LPHD/mTGnH+bYKa+sbm1vF7dLO7t7+gX141FJRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P77N/PaESsUi8ainMfVCPBQsYARrI/Vt+6nSC7Ee+UF6Nzvvul7fLjtVZw60StyclCFHo29/9QYRSUIqNOFYqa7rxNpLsdSMcDor9RJFY0zGeEi7hgocUuWl8+QzdGaUAQoiaZ7QaK7+3khxqNQ09M1kllIte5n4n9dNdHDtpUzEiaaCLA4FCUc6QlkNaMAkJZpPDcFEMpMVkRGWmGhTVsmU4C5/eZW0LqruZbX2UCvXb/I6inACp1ABF66gDvfQgCYQmMAzvMKblVov1rv1sRgtWPnOMfyB9fkDh8yS8Q==</latexit>

Z(G)[1]

<latexit sha1_base64="46FRM4cSaDZhi9vT8uhZgkH4Y4g=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuimJFHUlBRe6cFHBPqCJYTKdtEMnkzAzEUoI+CtuXCji1u9w5984abPQ1gMDh3Pu5Z45fsyoVJb1bZSWlldW18rrlY3Nre0dc3evI6NEYNLGEYtEz0eSMMpJW1HFSC8WBIU+I11/fJX73UciJI34vZrExA3RkNOAYqS05JkHTkw9u5ZmD7dOiNTID9Lr7MQzq1bdmgIuErsgVVCg5ZlfziDCSUi4wgxJ2betWLkpEopiRrKKk0gSIzxGQ9LXlKOQSDedxs/gsVYGMIiEflzBqfp7I0WhlJPQ15N5RDnv5eJ/Xj9RwYWbUh4ninA8OxQkDKoI5l3AARUEKzbRBGFBdVaIR0ggrHRjFV2CPf/lRdI5rdtn9cZdo9q8LOoog0NwBGrABuegCW5AC7QBBil4Bq/gzXgyXox342M2WjKKnX3wB8bnD6KqlUc=</latexit>

⇡1(
LG)

<latexit sha1_base64="Io6fgQ3CkL8LquqFpf6kghz12N4=">AAACJnicbVDJSgNBEO1xjXEb9eilMQjJJcyEoF6UgAe9GcEsmBlCT6cnadKz0F0jhiFf48Vf8eIhIuLNT7GzHGJiQcHj1Ste1fNiwRVY1rexsrq2vrGZ2cpu7+zu7ZsHh3UVJZKyGo1EJJseUUzwkNWAg2DNWDISeII1vP71eN54YlLxKHyAQczcgHRD7nNKQFNt87LkAHuGtM4oDPOPeScg0PP89GZYaNkudiTwgCk8Fd0lWjOnKLTNnFW0JoWXgT0DOTSratscOZ2IJgELgQqiVMu2YnBTom2oYMOskygWE9onXdbSMCTa3E0nbw7xqWY62I+k7hDwhJ3fSEmg1CDwtHJ8o1qcjcn/Zq0E/As35WGcAAvp1MhPBIYIjzPDHS51PGKgAaGS61sx7RFJKOhkszoEe/HlZVAvFe2zYvm+nKtczeLIoGN0gvLIRueogm5RFdUQRS/oDY3Qh/FqvBufxtdUumLMdo7QnzJ+fgFwPaXA</latexit>

2Vect(Z(G)[1] o Out(G))

<latexit sha1_base64="meslHaWEIJPQ/iBOeGiB6U5m01Q=">AAACJXicbVDJSgNBEO1xjXGLevTSGIR4CTMS1INIwIPeXDAqZobQ06lJmvQsdNeIYZif8eKvePFgEMGTv2JnObgVFDxeveJVPT+RQqNtf1hT0zOzc/OFheLi0vLKamlt/VrHqeLQ4LGM1a3PNEgRQQMFSrhNFLDQl3Dj946H85t7UFrE0RX2E/BC1olEIDhDQ7VKh7suwgNml5DklbuKGzLs+kF2ku80HY+6CkUImo41Zynm3xU7rVLZrtqjon+BMwFlMqnzVmngtmOehhAhl0zrpmMn6GXM2HAJedFNNSSM91gHmgZGzJh72ejLnG4bpk2DWJmOkI7Y7xsZC7Xuh75RDm/Uv2dD8r9ZM8XgwMtElKQIER8bBamkGNNhZLQtFHCUfQMYV8LcSnmXKcbRBFs0ITi/X/4Lrnerzl61dlEr148mcRTIJtkiFeKQfVInp+ScNAgnj+SZvJKB9WS9WG/W+1g6ZU12NsiPsj6/AI+vpUs=</latexit>

2Rep(Z(G)[1] o Out(G))

G = Spin(4N) [Bhardwaj, Bottini, Schäfer-Nameki,Tiwari]:

<latexit sha1_base64="ipClJHQ44ZAMZJWc46kUbu4TY14=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEI9VISKepJCl48SUX7AW0om+2mXbrZhN2JWEN/iRcPinj1p3jz37htc9DWBwOP92aYmefHgmtwnG8rt7K6tr6R3yxsbe/sFu29/aaOEkVZg0YiUm2faCa4ZA3gIFg7VoyEvmAtf3Q19VsPTGkeyXsYx8wLyUDygFMCRurZxS6wR0jvYi4n5erNSc8uORVnBrxM3IyUUIZ6z/7q9iOahEwCFUTrjuvE4KVEAaeCTQrdRLOY0BEZsI6hkoRMe+ns8Ak+NkofB5EyJQHP1N8TKQm1Hoe+6QwJDPWiNxX/8zoJBBdeymWcAJN0vihIBIYIT1PAfa4YBTE2hFDFza2YDokiFExWBROCu/jyMmmeVtyzSvW2WqpdZnHk0SE6QmXkonNUQ9eojhqIogQ9o1f0Zj1ZL9a79TFvzVnZzAH6A+vzBznEksw=</latexit>

Spin(4N)
<latexit sha1_base64="MWg7U9O+BkuImGqoDAMqwLCvXwI=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYhDiJexKUE8S8OJJI5oHJGuYncwmQ2Znl5leNSz5Dy8eFPHqv3jzb5w8DppY0FBUddPd5ceCa3Scb2thcWl5ZTWzll3f2Nzazu3s1nSUKMqqNBKRavhEM8ElqyJHwRqxYiT0Bav7/YuRX39gSvNI3uEgZl5IupIHnBI00n0L2ROmldvrYaF0ddTO5Z2iM4Y9T9wpycMUlXbuq9WJaBIyiVQQrZuuE6OXEoWcCjbMthLNYkL7pMuahkoSMu2l46uH9qFROnYQKVMS7bH6eyIlodaD0DedIcGenvVG4n9eM8HgzEu5jBNkkk4WBYmwMbJHEdgdrhhFMTCEUMXNrTbtEUUomqCyJgR39uV5UjsuuifF0k0pXz6fxpGBfTiAArhwCmW4hApUgYKCZ3iFN+vRerHerY9J64I1ndmDP7A+fwCXIJHp</latexit>

PSO(4N)

<latexit sha1_base64="SsfEWkZsYHRzua81arlz9O0jJn8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahIpREinqSghdPUsF+QBvLZrtpl242YXdSLKH/xIsHRbz6T7z5b9y2OWjrg4HHezPMzPNjwTU4zreVW1ldW9/Ibxa2tnd29+z9g4aOEkVZnUYiUi2faCa4ZHXgIFgrVoyEvmBNf3gz9ZsjpjSP5AOMY+aFpC95wCkBI3VtuwPsCdIal5PHs1Ll7rRrF52yMwNeJm5GiihDrWt/dXoRTUImgQqiddt1YvBSooBTwSaFTqJZTOiQ9FnbUElCpr10dvkEnxilh4NImZKAZ+rviZSEWo9D33SGBAZ60ZuK/3ntBIIrL+UyToBJOl8UJAJDhKcx4B5XjIIYG0Ko4uZWTAdEEQomrIIJwV18eZk0zsvuRblyXylWr7M48ugIHaMSctElqqJbVEN1RNEIPaNX9Gal1ov1bn3MW3NWNnOI/sD6/AGFKZLs</latexit>

Pin+(4N)
<latexit sha1_base64="KmoU2/xTAmGZnX8rnVOuB/K1GjQ=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXgnqSgBdPGsE8IFnC7GSSDJl9ONMbDEu+w4sHRbz6Md78GyfJHjSxoKGo6qa7y4uk0Gjb31ZmZXVtfSO7mdva3tndy+8f1HUYK8ZrLJShanpUcykCXkOBkjcjxanvSd7whtdTvzHiSosweMBxxF2f9gPRE4yikdw28idMqneTYvn2tJMv2CV7BrJMnJQUIEW1k/9qd0MW+zxAJqnWLceO0E2oQsEkn+TaseYRZUPa5y1DA+pz7SazoyfkxChd0guVqQDJTP09kVBf67HvmU6f4kAvelPxP68VY+/STUQQxcgDNl/UiyXBkEwTIF2hOEM5NoQyJcythA2oogxNTjkTgrP48jKpn5Wc81L5vlyoXKVxZOEIjqEIDlxABW6gCjVg8AjP8Apv1sh6sd6tj3lrxkpnDuEPrM8f72uRjA==</latexit>

PO(4N)

<latexit sha1_base64="TlPwzMXoTitqECFneNyXo1j0U90=">AAACMHicbVDLSgMxFM3UV62vUZdugkWomzJTirqSggtdVrAP7Awlk2ba0MyD5I5YhvkkN36KbhQUcetXmD4WtvVA4HDOvbn3Hi8WXIFlvRu5ldW19Y38ZmFre2d3z9w/aKookZQ1aCQi2faIYoKHrAEcBGvHkpHAE6zlDa/GfuuBScWj8A5GMXMD0g+5zykBLXXN64oD7BHSJqOQlUpOQGDgeel91q1gB3jA1F/ptGO72JETHc8ZXbNola0J8DKxZ6SIZqh3zRenF9EkYCFQQZTq2FYMbkr051SwrOAkisWEDkmfdTQNiR7pppODM3yilR72I6lfCHii/u1ISaDUKPB05XhJteiNxf+8TgL+hZvyME6AhXQ6yE8EhgiP08M9LnVQYqQJoZLrXTEdEEko6IwLOgR78eRl0qyU7bNy9bZarF3O4sijI3SMSshG56iGblAdNRBFT+gVfaBP49l4M76M72lpzpj1HKI5GD+/RTmpsw==</latexit>

2Vect((Z2 ⇥ Z2)[1] o Z2)
<latexit sha1_base64="lsiHeRveAsm8Ci9RU6hzHM3T3GQ=">AAACLXicbZBLS8NAEMc39VXrK+rRy2IR6qUkpagnKejBYwX7wKaEzXbbLt082J2IJeQLefGriOChIl79Gm7aHmzrwMKf38zszPy9SHAFljUxcmvrG5tb+e3Czu7e/oF5eNRUYSwpa9BQhLLtEcUED1gDOAjWjiQjvidYyxvdZPnWE5OKh8EDjCPW9ckg4H1OCWjkmrcVB9gzJE1GIS2VHJ/A0POSx9StYAe4z9RfdI4dOYV4gbpm0Spb08Crwp6LIppH3TXfnV5IY58FQAVRqmNbEXQToj+ngqUFJ1YsInREBqyjZUD0yG4yvTbFZ5r0cD+U+gWAp/RvR0J8pca+pyuzJdVyLoP/5Tox9K+6CQ+iGFhAZ4P6scAQ4sw63ONSuyTGWhAqud4V0yGRhII2uKBNsJdPXhXNStm+KFfvq8Xa9dyOPDpBp6iEbHSJaugO1VEDUfSC3tAEfRqvxofxZXzPSnPGvOcYLYTx8wsqf6is</latexit>

2Vect((Z2 ⇥ Z2) o Z2)

<latexit sha1_base64="86+vhe058k4gHcHeKM4ildwOjxc=">AAACLHicbZBLS8NAEMc3vq2vqEcvi0Wol5KUop6k4MWjilWxCWGzneji5sHuRCyhH8iLX0UQD4p49XO4iTn4Glj485uZnZl/mEmh0XFerYnJqemZ2bn5xsLi0vKKvbp2ptNccejzVKbqImQapEigjwIlXGQKWBxKOA9vDsr8+S0oLdLkFEcZ+DG7SkQkOEODAvug4yHcYXEC2bjV8mKG12FYXI6DDvVQxKC/o23qqQrSHzSwm07bqYL+FW4tmqSOo8B+8oYpz2NIkEum9cB1MvQLZj7nEsYNL9eQMX7DrmBgZMLMSL+ojh3TLUOGNEqVeQnSin7vKFis9SgOTWW5pP6dK+F/uUGO0Z5fiCTLERL+NSjKJcWUls7RoVDAUY6MYFwJsyvl10wxjsbfhjHB/X3yX3HWabs77e5xt9nbr+2YIxtkk7SIS3ZJjxySI9InnNyTR/JCXq0H69l6s96/Siesumed/Ajr4xNG9qg3</latexit>

2Rep((Z2 ⇥ Z2) o Z2)
<latexit sha1_base64="FijRiuRWj1bPY9CzIH5WAvyM6yM=">AAACL3icbVDJSgNBEO1xjXGLevTSGIR4CTMhqCcJCOIxilkwM4SeTsU06VnorhHDkD/y4q/kIqKIV//CznIw0QcNj/equqqeH0uh0bbfrKXlldW19cxGdnNre2c3t7df11GiONR4JCPV9JkGKUKooUAJzVgBC3wJDb9/OfYbj6C0iMI7HMTgBewhFF3BGRqpnbsquQhPmN5CPCwU3IBhz/fT+2G7RF0UAejf0knL8airJjqdM9q5vF20J6B/iTMjeTJDtZ0buZ2IJwGEyCXTuuXYMXopM59zCcOsm2iIGe+zB2gZGjIz0ksn9w7psVE6tBsp80KkE/V3R8oCrQeBbyrHS+pFbyz+57US7J57qQjjBCHk00HdRFKM6Dg82hEKOMqBIYwrYXalvMcU42gizpoQnMWT/5J6qeicFss35XzlYhZHhhySI1IgDjkjFXJNqqRGOHkmI/JOPqwX69X6tL6mpUvWrOeAzMH6/gFgaak+</latexit>

2Rep((Z2 ⇥ Z2)[1] o Z2)

<latexit sha1_base64="1LLrDFDfdLdwUzLaQj0S0fOuKqI=">AAACDnicbVDLSsNAFJ34rPUVdelmsBTqpiSlqCspuHFZwT4wCWEynbRDJ5MwMxFK6Be48VfcuFDErWt3/o2TNovaeuDC4Zx7ufeeIGFUKsv6MdbWNza3tks75d29/YND8+i4K+NUYNLBMYtFP0CSMMpJR1HFSD8RBEUBI71gfJP7vUciJI35vZokxIvQkNOQYqS05JvVmhshNQqC7GHqN6CraETkonTu2B70zYpVt2aAq8QuSAUUaPvmtzuIcRoRrjBDUjq2lSgvQ0JRzMi07KaSJAiP0ZA4mnKkt3rZ7J0prGplAMNY6OIKztTFiQxFUk6iQHfmh8plLxf/85xUhVdeRnmSKsLxfFGYMqhimGcDB1QQrNhEE4QF1bdCPEICYaUTLOsQ7OWXV0m3Ubcv6s27ZqV1XcRRAqfgDNSADS5BC9yCNugADJ7AC3gD78az8Wp8GJ/z1jWjmDkBf2B8/QILjJt0</latexit>

(Z2 ⇥ Z2)[1]

<latexit sha1_base64="WgDwvyTi8sSxWGL/uDoNBOyf5sk=">AAACCHicbVDLSsNAFL2pr1pfUZcuHCyCq5KUoq6k4MZlBfvAJoTJdNIOnTyYmQgldOnGX3HjQhG3foI7/8ZJm4W2HrhwOOde7r3HTziTyrK+jdLK6tr6RnmzsrW9s7tn7h90ZJwKQtsk5rHo+VhSziLaVkxx2ksExaHPadcfX+d+94EKyeLoTk0S6oZ4GLGAEay05JnHTojVyPez+6lXR45iIZW/Jc+sWjVrBrRM7IJUoUDLM7+cQUzSkEaKcCxl37YS5WZYKEY4nVacVNIEkzEe0r6mEdYL3Wz2yBSdamWAgljoihSaqb8nMhxKOQl93ZnfKBe9XPzP66cquHQzFiWpohGZLwpSjlSM8lTQgAlKFJ9ogolg+lZERlhgonR2FR2CvfjyMunUa/Z5rXHbqDavijjKcAQncAY2XEATbqAFbSDwCM/wCm/Gk/FivBsf89aSUcwcwh8Ynz/bZJne</latexit>

Z2 ⇥ Z2

<latexit sha1_base64="YypoJvr2gZ66JKdvlxeEIVhx+vE=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EiyCp7JbinqSghePFWwrtkvJptk2NMmuSbZQlv4OLx4U8eqP8ea/MdvuQVsHAsPMe7zJBDFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikHgKsKWeStgwznD7EimIRcNoJxjeZ35lQpVkk7800pr7AQ8lCRrCxkt8T2IyCIH2c9WuoX664VXcOtEq8nFQgR7Nf/uoNIpIIKg3hWOuu58bGT7EyjHA6K/USTWNMxnhIu5ZKLKj203noGTqzygCFkbJPGjRXf2+kWGg9FYGdzELqZS8T//O6iQmv/JTJODFUksWhMOHIRChrAA2YosTwqSWYKGazIjLCChNjeyrZErzlL6+Sdq3qXVTrd/VK4zqvowgncArn4MElNOAWmtACAk/wDK/w5kycF+fd+ViMFpx85xj+wPn8AVPPkc4=</latexit>

Z2
<latexit sha1_base64="YypoJvr2gZ66JKdvlxeEIVhx+vE=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EiyCp7JbinqSghePFWwrtkvJptk2NMmuSbZQlv4OLx4U8eqP8ea/MdvuQVsHAsPMe7zJBDFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikHgKsKWeStgwznD7EimIRcNoJxjeZ35lQpVkk7800pr7AQ8lCRrCxkt8T2IyCIH2c9WuoX664VXcOtEq8nFQgR7Nf/uoNIpIIKg3hWOuu58bGT7EyjHA6K/USTWNMxnhIu5ZKLKj203noGTqzygCFkbJPGjRXf2+kWGg9FYGdzELqZS8T//O6iQmv/JTJODFUksWhMOHIRChrAA2YosTwqSWYKGazIjLCChNjeyrZErzlL6+Sdq3qXVTrd/VK4zqvowgncArn4MElNOAWmtACAk/wDK/w5kycF+fd+ViMFpx85xj+wPn8AVPPkc4=</latexit>

Z2
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Conclusions and Outlook



Outlook

Aiming towards [Bartsch, Bullimore, AEVF, Pearson, to appear]

• Theory T in D dimensions with finite (D − 1)-group and anomaly

α ∈ ZD+1(G ,U(1));

• Symmetry category Vectα(G);

• Gauge anomaly-free D-subgroup H ⊂ G ;

• Resulting category CD(G , α;H, ψ) where α|H = dψ.

Several expected equivalences:

• CD(G , α; 1, 1) = (D− 1)Vectα(G) for any (D − 1)-group G .

• CD(G , 1;G , 1) = (D− 1)Rep(G) for any (D − 1)-group G .

• ... .
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Conclusions

• Higher representation theory provides an efficient framework to investigate

non-intrinsically non-invertible symmetries

• This is just the beginning

• The mathematics is being developed in parallel

• This perspective is probably helpful when thinking about actions on

non-topological defects (more anon)
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The End
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