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                 prepotential: 
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  … and several other extended supergravities! [Cremmer-Julia ’79, …]
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   Quantum remnant of non-integral GZ classical symmetries?
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  support world-volume degrees of freedom 

obey more general fusion rules:
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G \ Sp(2n,Q)

<latexit sha1_base64="kbA8j/zRZmVa/344qf/ey24xHG4="></latexit>

�i
L = f i

S(�R)

<latexit sha1_base64="vLGLjR+59Vw9ojXhlmMn5VIodp8="></latexit>✓
FL

GL

◆
= S ·

✓
FR

GR

◆

<latexit sha1_base64="MFwTGbn9aTB6QeDN26+pLUNv1s4="></latexit>

⌃
<latexit sha1_base64="y1jPa+Ean9Hca01SF8ZbyTdFMgI="> </latexit>

L(FL,�L)
<latexit sha1_base64="M5EytO/fhm/66yCcMX6SyrZZORY="></latexit>

L(FR,�R)

<latexit sha1_base64="8UBxRMQtpsenZo1kHVyejfPZ0P0="></latexit>

DS(⌃)

<latexit sha1_base64="aVYPoh4He+VNnVt62vYRYLO91No="></latexit>

Tµ⌫(FL,�L)|⌃

<latexit sha1_base64="UmmtiJok/ANt5ZmZzPLuvdfnv5I="></latexit>

Tµ⌫(FR,�R)|⌃

<latexit sha1_base64="AkJK0nYpXyDy1XnEfq9XUuLU2qw="></latexit>

⌘ US(⌃)⇥WS(⌃)

GZ topological defect



<latexit sha1_base64="UJ9HyRFx9GQxAyx15qCrFSkbHe0="></latexit>

S 2 GQ
<latexit sha1_base64="gyZElqQYQqbODUgy2SROcjhzqHc="></latexit>⌘ So, if                                                     :              

<latexit sha1_base64="oVkJby6WJm7zuyd0kPszaZsXYx4="></latexit>

G \ Sp(2n,Q)

<latexit sha1_base64="kbA8j/zRZmVa/344qf/ey24xHG4="></latexit>

�i
L = f i

S(�R)

<latexit sha1_base64="vLGLjR+59Vw9ojXhlmMn5VIodp8="></latexit>✓
FL

GL

◆
= S ·

✓
FR

GR

◆

<latexit sha1_base64="MFwTGbn9aTB6QeDN26+pLUNv1s4="></latexit>

⌃
<latexit sha1_base64="y1jPa+Ean9Hca01SF8ZbyTdFMgI="> </latexit>

L(FL,�L)
<latexit sha1_base64="M5EytO/fhm/66yCcMX6SyrZZORY="></latexit>

L(FR,�R)

<latexit sha1_base64="8UBxRMQtpsenZo1kHVyejfPZ0P0="></latexit>

DS(⌃)

<latexit sha1_base64="aVYPoh4He+VNnVt62vYRYLO91No="></latexit>

Tµ⌫(FL,�L)|⌃

<latexit sha1_base64="UmmtiJok/ANt5ZmZzPLuvdfnv5I="></latexit>

Tµ⌫(FR,�R)|⌃

<latexit sha1_base64="8UBxRMQtpsenZo1kHVyejfPZ0P0="></latexit>

DS(⌃)

<latexit sha1_base64="AkJK0nYpXyDy1XnEfq9XUuLU2qw="></latexit>

⌘ US(⌃)⇥WS(⌃)

GZ topological defect



<latexit sha1_base64="vLGLjR+59Vw9ojXhlmMn5VIodp8="></latexit>✓
FL

GL

◆
= S ·

✓
FR

GR

◆
<latexit sha1_base64="rW2/yhQj+QVrjwGOwm1X//+NmLo="></latexit>

S 2 Sp(2n,Q)

<latexit sha1_base64="CBkwTm7lYuA1oIfG2MXx8hHLvLg="></latexit>

L(FR,�)
<latexit sha1_base64="MFwTGbn9aTB6QeDN26+pLUNv1s4="></latexit>

⌃
<latexit sha1_base64="duul+pKn7Me337v9md2uGjr0Kqk="></latexit>

LS(FL,�)

<latexit sha1_base64="ukPbtnJu9GLC6KReXsEgQ+MchO0="></latexit>

WS(⌃)

<latexit sha1_base64="Kpp/pAaPIfcPx3V5O5bsvF3EODA="></latexit>WS



<latexit sha1_base64="vLGLjR+59Vw9ojXhlmMn5VIodp8="></latexit>✓
FL

GL

◆
= S ·

✓
FR

GR

◆
<latexit sha1_base64="rW2/yhQj+QVrjwGOwm1X//+NmLo="></latexit>

S 2 Sp(2n,Q)

<latexit sha1_base64="CBkwTm7lYuA1oIfG2MXx8hHLvLg="></latexit>

L(FR,�)
<latexit sha1_base64="MFwTGbn9aTB6QeDN26+pLUNv1s4="></latexit>

⌃
<latexit sha1_base64="duul+pKn7Me337v9md2uGjr0Kqk="></latexit>

LS(FL,�)

 We can focus on generators of            

<latexit sha1_base64="dNYYoa/U8b4bWfhkvUYpKK/Y+yI="> </latexit>

SA =

✓
A 0
0 A�1t

◆<latexit sha1_base64="DYuXFVoZpHnIav5xw2ioO2M9+Hs="></latexit>

S⌦ =

✓
0 1

�1 0

◆ <latexit sha1_base64="z7IQJcLSAnGgNL7t63Klba15Zts="></latexit>

SC =

✓
1 0
C 1

◆

<latexit sha1_base64="NVTVwHOXv8PpSQwbZMqCzCbdl80="></latexit>

CIJ = CJI 2 Q<latexit sha1_base64="lmctVrYmDGWdvsRkQyzzCDRY4z0="></latexit>

AI
J 2 GL(n,Q)

<latexit sha1_base64="05SgO394wmaOB7TCFi74+VHRU+0="></latexit>

Sp(2n,Q)

<latexit sha1_base64="ukPbtnJu9GLC6KReXsEgQ+MchO0="></latexit>

WS(⌃)

<latexit sha1_base64="Kpp/pAaPIfcPx3V5O5bsvF3EODA="></latexit>WS



<latexit sha1_base64="DYuXFVoZpHnIav5xw2ioO2M9+Hs="></latexit>

S⌦ =

✓
0 1

�1 0

◆



<latexit sha1_base64="CBkwTm7lYuA1oIfG2MXx8hHLvLg="></latexit>

L(FR,�)
<latexit sha1_base64="MFwTGbn9aTB6QeDN26+pLUNv1s4="></latexit>

⌃
<latexit sha1_base64="Nf+7I85zz49Kz4oPxUkOqj6VclA="></latexit>

L⌦(FL,�)

<latexit sha1_base64="frdnItSpbzD+0YcafnjbZ7HsEfY="></latexit>✓
FL

GL

◆
=

✓
0 1

�1 0

◆✓
FR

GR

◆

<latexit sha1_base64="Nf+7I85zz49Kz4oPxUkOqj6VclA="></latexit>

L⌦(FL,�)

<latexit sha1_base64="khPEqBAhb8zm9JrI3Mtpe6EboJ4="></latexit> =

S-dual of
<latexit sha1_base64="CBkwTm7lYuA1oIfG2MXx8hHLvLg="></latexit>

L(FR,�)

<latexit sha1_base64="1UsetqFNL0gOKhAjM7r9EA0QUno="></latexit>

W⌦(⌃)

<latexit sha1_base64="DYuXFVoZpHnIav5xw2ioO2M9+Hs="></latexit>

S⌦ =

✓
0 1

�1 0

◆



<latexit sha1_base64="i/sOHHPTG9ZJM3CHvthFc2RwPdE="></latexit>

W⌦(⌃) = exp

✓
i

2⇡
�IJ

I

⌃
AI

L ^ F J
R

◆ [Ganor ’96,  
Gaiotto-Witten ’08, 
Kapustin-Tikhonov ’09]

<latexit sha1_base64="CBkwTm7lYuA1oIfG2MXx8hHLvLg="></latexit>

L(FR,�)
<latexit sha1_base64="MFwTGbn9aTB6QeDN26+pLUNv1s4="></latexit>

⌃
<latexit sha1_base64="Nf+7I85zz49Kz4oPxUkOqj6VclA="></latexit>

L⌦(FL,�)

<latexit sha1_base64="frdnItSpbzD+0YcafnjbZ7HsEfY="></latexit>✓
FL

GL

◆
=

✓
0 1

�1 0

◆✓
FR

GR

◆

<latexit sha1_base64="Nf+7I85zz49Kz4oPxUkOqj6VclA="></latexit>

L⌦(FL,�)

<latexit sha1_base64="khPEqBAhb8zm9JrI3Mtpe6EboJ4="></latexit> =

S-dual of
<latexit sha1_base64="CBkwTm7lYuA1oIfG2MXx8hHLvLg="></latexit>

L(FR,�)

<latexit sha1_base64="1UsetqFNL0gOKhAjM7r9EA0QUno="></latexit>

W⌦(⌃)

<latexit sha1_base64="DYuXFVoZpHnIav5xw2ioO2M9+Hs="></latexit>

S⌦ =

✓
0 1

�1 0

◆



<latexit sha1_base64="dNYYoa/U8b4bWfhkvUYpKK/Y+yI="></latexit>

SA =

✓
A 0
0 A�1t

◆
with

<latexit sha1_base64="MihcRm947774hFPL6IaM4oC4pec="></latexit>

AI
J 2 GL(n,Q)



<latexit sha1_base64="dNYYoa/U8b4bWfhkvUYpKK/Y+yI="></latexit>

SA =

✓
A 0
0 A�1t

◆
with

<latexit sha1_base64="MihcRm947774hFPL6IaM4oC4pec="></latexit>

AI
J 2 GL(n,Q)

<latexit sha1_base64="CBkwTm7lYuA1oIfG2MXx8hHLvLg="></latexit>

L(FR,�)
<latexit sha1_base64="MFwTGbn9aTB6QeDN26+pLUNv1s4="></latexit>

⌃

<latexit sha1_base64="8sg7YR282PO8X1cncm28AMj4Pbw="></latexit>

F I
L = AI

JF
J
R

<latexit sha1_base64="ad8G4pWT2LMUkxt2Sf2mhZZntg0="></latexit>

LA(FL,�)

<latexit sha1_base64="Y0BzS8CZYBAzXEOyPOSbQ8YIY3s="></latexit>

LA(F̃ ,�) = L(F,�)
<latexit sha1_base64="eWjdPxjQrT/+McM+Km7ACiLF580="></latexit>

F̃ I = AI
JF

J

<latexit sha1_base64="wYVIURWE/mjB8LbguQuqR+hzYeg="></latexit>

WA(⌃)

<latexit sha1_base64="0yRZd7LFGKFiV2d9BBO5nVk/95A="></latexit>

AI
J 2 GL(n,Z)



<latexit sha1_base64="dNYYoa/U8b4bWfhkvUYpKK/Y+yI="></latexit>

SA =

✓
A 0
0 A�1t

◆
with

<latexit sha1_base64="MihcRm947774hFPL6IaM4oC4pec="></latexit>

AI
J 2 GL(n,Q)

[Córdova-Ohmori ’23]

<latexit sha1_base64="chbJF9IyN3M+yv7MDn81Elt+yw8="></latexit>

WA(⌃) =

Z
Db exp


i

2⇡

I

⌃
bI ^

�
MI

JF
J
L � EI

JF
J
R

��

<latexit sha1_base64="e34sbXD9+4RDn96hr9Wq4JzFafU="></latexit>

A = M�1E
<latexit sha1_base64="aK20S+PL6tfkJBgXR9PgW3DxdTs="></latexit>

M,E 2 Mat(n,Z) Pick integral factorization:            

<latexit sha1_base64="CBkwTm7lYuA1oIfG2MXx8hHLvLg="></latexit>

L(FR,�)
<latexit sha1_base64="MFwTGbn9aTB6QeDN26+pLUNv1s4="></latexit>

⌃

<latexit sha1_base64="8sg7YR282PO8X1cncm28AMj4Pbw="></latexit>

F I
L = AI

JF
J
R

<latexit sha1_base64="ad8G4pWT2LMUkxt2Sf2mhZZntg0="></latexit>

LA(FL,�)

<latexit sha1_base64="Y0BzS8CZYBAzXEOyPOSbQ8YIY3s="></latexit>

LA(F̃ ,�) = L(F,�)
<latexit sha1_base64="eWjdPxjQrT/+McM+Km7ACiLF580="></latexit>

F̃ I = AI
JF

J

<latexit sha1_base64="wYVIURWE/mjB8LbguQuqR+hzYeg="></latexit>

WA(⌃)

<latexit sha1_base64="0yRZd7LFGKFiV2d9BBO5nVk/95A="></latexit>

AI
J 2 GL(n,Z)



with
<latexit sha1_base64="z7IQJcLSAnGgNL7t63Klba15Zts="></latexit>

SC =

✓
1 0
C 1

◆
<latexit sha1_base64="zJcJXINSMZVIgw28guzFwzxrY4o="></latexit>

CIJ = CJI 2 Q



with
<latexit sha1_base64="z7IQJcLSAnGgNL7t63Klba15Zts="></latexit>

SC =

✓
1 0
C 1

◆
<latexit sha1_base64="zJcJXINSMZVIgw28guzFwzxrY4o="></latexit>

CIJ = CJI 2 Q

<latexit sha1_base64="MFwTGbn9aTB6QeDN26+pLUNv1s4="></latexit>

⌃

<latexit sha1_base64="l4mfjC4lrWIrHny+FXFDM4BYQQY="></latexit>

WC(⌃)

<latexit sha1_base64="X8Ptjtko7gIsCuO5NTxH16GWvW8="></latexit>

L(F,�) + 1

4⇡
CIJF

I ^ F J

<latexit sha1_base64="khPEqBAhb8zm9JrI3Mtpe6EboJ4="></latexit> =

<latexit sha1_base64="86zwC5UZAI8dURacH5MoYXs+Eyc="></latexit>

LC(F,�)

<latexit sha1_base64="86zwC5UZAI8dURacH5MoYXs+Eyc="></latexit>

LC(F,�)
<latexit sha1_base64="p9kBmHLiuYOQ0VRd44LJdxWGzZY="></latexit>

L(F,�)

<latexit sha1_base64="pAj0MMVpnzBWi8+VEchCjD7mD2k="></latexit>

GL I = GR I + CIJF
J

<latexit sha1_base64="wtJsT2bSAKlLdzGM8J0rXIbpjiQ="></latexit>

CIJ 2 Z



with
<latexit sha1_base64="z7IQJcLSAnGgNL7t63Klba15Zts="></latexit>

SC =

✓
1 0
C 1

◆
<latexit sha1_base64="zJcJXINSMZVIgw28guzFwzxrY4o="></latexit>

CIJ = CJI 2 Q

[Córdova-Ohmori ’22, 
Choi-Lam-Shao ’23, 
Hsin-Lam-Seiberg ’18]

<latexit sha1_base64="obheVqN1utPsfH7gK+vws4qKhSI="></latexit>

C = PN�1 <latexit sha1_base64="1zoLUCFmEhN/DUlfEwmMpN6LZMg="></latexit>

P,N 2 Mat(n,Z)

<latexit sha1_base64="9g/nzDLFjXqLNyV6DUdgUXA9daQ="></latexit>

i

2⇡

I

⌃
cI ^ (NI

Jda
J + F I)

i

<latexit sha1_base64="hx9iczgug/uOJ4+wEGyUVtUsmhk="></latexit>

WC(⌃) =
<latexit sha1_base64="xi9If9HREN8MWvMJcM6IwvYOgyE="></latexit>Z

DaDc exp
h
� i

4⇡
(NtP)IJ

I

⌃
aI ^ daJ+

 Pick integral factorization:            

<latexit sha1_base64="MFwTGbn9aTB6QeDN26+pLUNv1s4="></latexit>

⌃

<latexit sha1_base64="l4mfjC4lrWIrHny+FXFDM4BYQQY="></latexit>

WC(⌃)

<latexit sha1_base64="X8Ptjtko7gIsCuO5NTxH16GWvW8="></latexit>

L(F,�) + 1

4⇡
CIJF

I ^ F J

<latexit sha1_base64="khPEqBAhb8zm9JrI3Mtpe6EboJ4="></latexit> =

<latexit sha1_base64="86zwC5UZAI8dURacH5MoYXs+Eyc="></latexit>

LC(F,�)

<latexit sha1_base64="86zwC5UZAI8dURacH5MoYXs+Eyc="></latexit>

LC(F,�)
<latexit sha1_base64="p9kBmHLiuYOQ0VRd44LJdxWGzZY="></latexit>

L(F,�)

<latexit sha1_base64="pAj0MMVpnzBWi8+VEchCjD7mD2k="></latexit>

GL I = GR I + CIJF
J

<latexit sha1_base64="wtJsT2bSAKlLdzGM8J0rXIbpjiQ="></latexit>

CIJ 2 Z



<latexit sha1_base64="MFwTGbn9aTB6QeDN26+pLUNv1s4="></latexit>

⌃

<latexit sha1_base64="l4mfjC4lrWIrHny+FXFDM4BYQQY="></latexit>

WC(⌃)

<latexit sha1_base64="X8Ptjtko7gIsCuO5NTxH16GWvW8="></latexit>

L(F,�) + 1

4⇡
CIJF

I ^ F J

<latexit sha1_base64="khPEqBAhb8zm9JrI3Mtpe6EboJ4="></latexit> =

<latexit sha1_base64="86zwC5UZAI8dURacH5MoYXs+Eyc="></latexit>

LC(F,�)

<latexit sha1_base64="86zwC5UZAI8dURacH5MoYXs+Eyc="></latexit>

LC(F,�)
<latexit sha1_base64="p9kBmHLiuYOQ0VRd44LJdxWGzZY="></latexit>

L(F,�)

<latexit sha1_base64="hx9iczgug/uOJ4+wEGyUVtUsmhk="></latexit>

WC(⌃) =
<latexit sha1_base64="eRVFqGb2F//qqnwqgiHa8IqVEbM="></latexit>

ZTQFT[F ] [Córdova-Ohmori ’22, 
Choi-Lam-Shao ’23, 
Hsin-Lam-Seiberg ’18]

with
<latexit sha1_base64="z7IQJcLSAnGgNL7t63Klba15Zts="></latexit>

SC =

✓
1 0
C 1

◆
<latexit sha1_base64="zJcJXINSMZVIgw28guzFwzxrY4o="></latexit>

CIJ = CJI 2 Q

<latexit sha1_base64="pAj0MMVpnzBWi8+VEchCjD7mD2k="></latexit>

GL I = GR I + CIJF
J

<latexit sha1_base64="obheVqN1utPsfH7gK+vws4qKhSI="></latexit>

C = PN�1 <latexit sha1_base64="1zoLUCFmEhN/DUlfEwmMpN6LZMg="></latexit>

P,N 2 Mat(n,Z) Pick integral factorization:            

<latexit sha1_base64="wtJsT2bSAKlLdzGM8J0rXIbpjiQ="></latexit>

CIJ 2 Z



<latexit sha1_base64="wYVIURWE/mjB8LbguQuqR+hzYeg="></latexit>

WA(⌃)
<latexit sha1_base64="1UsetqFNL0gOKhAjM7r9EA0QUno="></latexit>

W⌦(⌃)
<latexit sha1_base64="gHcB+IE+FB6CHNEKMXTjqBy2XEE="></latexit>

WC(⌃)
<latexit sha1_base64="Q09k3hCFbu+sSte4GqKyJDyJDEo="></latexit>

WS(⌃)
<latexit sha1_base64="jPkBNIlSqFBcAS+wKkME/trsWDI="></latexit>

8S 2 Sp(2n,Q)fusing



<latexit sha1_base64="wYVIURWE/mjB8LbguQuqR+hzYeg="></latexit>

WA(⌃)
<latexit sha1_base64="1UsetqFNL0gOKhAjM7r9EA0QUno="></latexit>

W⌦(⌃)
<latexit sha1_base64="gHcB+IE+FB6CHNEKMXTjqBy2XEE="></latexit>

WC(⌃)
<latexit sha1_base64="Q09k3hCFbu+sSte4GqKyJDyJDEo="></latexit>

WS(⌃)
<latexit sha1_base64="jPkBNIlSqFBcAS+wKkME/trsWDI="></latexit>

8S 2 Sp(2n,Q)fusing

<latexit sha1_base64="MFwTGbn9aTB6QeDN26+pLUNv1s4="></latexit>

⌃
<latexit sha1_base64="y1jPa+Ean9Hca01SF8ZbyTdFMgI="></latexit>

L(FL,�L)
<latexit sha1_base64="M5EytO/fhm/66yCcMX6SyrZZORY="></latexit>

L(FR,�R)

<latexit sha1_base64="kbA8j/zRZmVa/344qf/ey24xHG4="></latexit>

�i
L = f i

S(�R)

<latexit sha1_base64="vLGLjR+59Vw9ojXhlmMn5VIodp8="></latexit>✓
FL

GL

◆
= S ·

✓
FR

GR

◆<latexit sha1_base64="4K9M70ESV3fYtussFKUjtObEI40="></latexit>

DS = US(⌃)⇥WS(⌃)

GZ topological  
defect

<latexit sha1_base64="0hJNaKHhAsjVJmp3htslEaTKc9Y="></latexit>

8S 2 GQ

<latexit sha1_base64="nMs3y7o4w7oUnXErsMe6AAxVXGc="></latexit>

8S 2 GQ ⌘ G \ Sp(2n,Q)



  “Invertible” action on local operators

<latexit sha1_base64="gCB0d6S5T+XEwEf/hKWUBPy+9gs="></latexit>

DS(S
3) <latexit sha1_base64="AwLmPcZDxPYdI3dR4irqgJB1aq0="></latexit>=

<latexit sha1_base64="guU6VfXdBA5rb6rTaVOaiumAi5o="></latexit>✓
F
G

◆
<latexit sha1_base64="QcDAxdOZjfnVpmOkn0lEIm7jT5A="></latexit>

�,
<latexit sha1_base64="tsK0LNXygvSrMaUTMNk5qpB4Bqs="></latexit>

fS(�),
<latexit sha1_base64="H/Q+9Zf6mBpaBUsC7fNaL8MQOj4="></latexit>

S ·
✓

F
G

◆

<latexit sha1_base64="gCB0d6S5T+XEwEf/hKWUBPy+9gs="></latexit>

DS(S
3)

[Roumpedakis-Seifnashri-Shao’22]

   
<latexit sha1_base64="7IQD095kV1qQSUqtyrtrU3h0a30="></latexit>DS ⇥DS�1 =

<latexit sha1_base64="7PXKkJd4oZrxmS3A3NVAZ3Re74g="></latexit>WS ⇥WS�1

  Non-invertible action on extended operators



  “Invertible” action on local operators

<latexit sha1_base64="AwLmPcZDxPYdI3dR4irqgJB1aq0="></latexit>=

<latexit sha1_base64="tsK0LNXygvSrMaUTMNk5qpB4Bqs="></latexit>

fS(�),
<latexit sha1_base64="H/Q+9Zf6mBpaBUsC7fNaL8MQOj4="></latexit>

S ·
✓

F
G

◆

  Non-invertible action on extended operators

<latexit sha1_base64="gCB0d6S5T+XEwEf/hKWUBPy+9gs="></latexit>

DS(S
3)

[Roumpedakis-Seifnashri-Shao’22]

   
<latexit sha1_base64="7IQD095kV1qQSUqtyrtrU3h0a30="></latexit>DS ⇥DS�1 =

<latexit sha1_base64="7PXKkJd4oZrxmS3A3NVAZ3Re74g="></latexit>WS ⇥WS�1

<latexit sha1_base64="guU6VfXdBA5rb6rTaVOaiumAi5o="></latexit>✓
F
G

◆
<latexit sha1_base64="QcDAxdOZjfnVpmOkn0lEIm7jT5A="></latexit>

�,<latexit sha1_base64="gCB0d6S5T+XEwEf/hKWUBPy+9gs="></latexit>

DS(S
3)



   Large degeneracy: higher structure of GZ symmetries?

Summary & Outlook

   Proof of principle on existence of GZ non-invertible symmetries

[Del Zotto-Dell’Acqua-
Garding ’25]

<latexit sha1_base64="qeuDuIuUr3DT/k50CkhNgY6FejY="></latexit>

GZ ⌘ G \ Sp(2n,Z) gauged
<latexit sha1_base64="gltZkuKXehnf2ziIkQ1FBwKcQh8="></latexit>

GQ ⌘ G \ Sp(2n,Q) broken
[Vafa ’04, Ooguri-Vafa ‘06, …, Raman-Vafa ‘24,  
Delgado-van de Heisteeg-Raman-Torres-Vafa-Xu ’24,  
Baines-Collazuol-Fraiman-Graña-Waldram ’25, …]

 

 

   GZ-symmetry breaking mechanisms in quantum gravity/
string theory models? 

[Apruzzi-Grieco-LM-
Valenzuela]





<latexit sha1_base64="Ng3uRvxL05xmTPEtqsfB2xxU7cg="></latexit>

eiq↵Oq(x)
<latexit sha1_base64="AwLmPcZDxPYdI3dR4irqgJB1aq0="></latexit>=

<latexit sha1_base64="IHgW1Gav02AlEkt5TD5B5Pz1jRg="></latexit>

Oq(x)

<latexit sha1_base64="tEYeELzbSsg77SPKK8Sdq854QN0="></latexit>

D↵(S
3) <latexit sha1_base64="tEYeELzbSsg77SPKK8Sdq854QN0="></latexit>

D↵(S
3)

<latexit sha1_base64="qNRDEssB36Z+uVEdzhjbTtSzk+0="></latexit>

dJ3 = 0
<latexit sha1_base64="Yj0cFGH47Fcry9XY3LemwvM99Ls="></latexit>

G = U(1)
<latexit sha1_base64="0fldvbS+Bq73a96pyOFl232rAZY="></latexit>

D↵(⌃) = exp(i↵

I

⌃
J3)

   Symmetries topological defects/operators [Gaiotto-Kapustin- 
Seiberg-Willett ’14]



<latexit sha1_base64="Ng3uRvxL05xmTPEtqsfB2xxU7cg="></latexit>

eiq↵Oq(x)
<latexit sha1_base64="AwLmPcZDxPYdI3dR4irqgJB1aq0="></latexit>=

<latexit sha1_base64="IHgW1Gav02AlEkt5TD5B5Pz1jRg="></latexit>

Oq(x)

<latexit sha1_base64="tEYeELzbSsg77SPKK8Sdq854QN0="></latexit>

D↵(S
3) <latexit sha1_base64="tEYeELzbSsg77SPKK8Sdq854QN0="></latexit>

D↵(S
3)

<latexit sha1_base64="qNRDEssB36Z+uVEdzhjbTtSzk+0="></latexit>

dJ3 = 0
<latexit sha1_base64="Yj0cFGH47Fcry9XY3LemwvM99Ls="></latexit>

G = U(1)
<latexit sha1_base64="0fldvbS+Bq73a96pyOFl232rAZY="></latexit>

D↵(⌃) = exp(i↵

I

⌃
J3)

   Symmetries topological defects/operators [Gaiotto-Kapustin- 
Seiberg-Willett ’14]

   One may impose: 
<latexit sha1_base64="ctpLMRlBv+DV4d7PAPvsNTColug="></latexit>

Dg(⌃)⇥Dg0(⌃) = Dgg0(⌃)
<latexit sha1_base64="uEiPJyUsw1rOTH3lPLe0NlsvFj8="></latexit>

g, g0 2 G



  GZ Lagrangians are not invariant, but is a specific way

GZ-condition
<latexit sha1_base64="pmRmHYnfMkF6xFYruf1IpfFRnJU="></latexit>

L(F, fS(�)) = LS(F,�)

<latexit sha1_base64="S9bJzsQXdxCRhDyLXv2Yh/PieC0="></latexit>

L = � 1

4⇡
Im⌧ F ^ ⇤F � 1

4⇡
Re⌧ F ^ F �M2 d⌧ ^ ⇤d⌧̄

(Im⌧)2

<latexit sha1_base64="MPlPyHUSB1o1bdws8ZiIMmVD8eY="></latexit>

LS = � 1

4⇡
Im

✓
d⌧ � c

a� b⌧

◆
F ^ ⇤F � 1

4⇡

✓
d⌧ � c

a� b⌧

◆
F ^ F �M2 d⌧ ^ ⇤d⌧̄

(Im⌧)2

<latexit sha1_base64="ga3aFvmU6eBvDYrTSCI4V22pj9g="></latexit>

S =

✓
a b
c d

◆
2 G = SL(2,R)

DUAL ONLY IF …



Examples

  
<latexit sha1_base64="t1oIt11+1sFRifQ0R45/RE8wXfk="></latexit>

L =
1

4⇡
ImNIJ(�)F

I ^ ⇤F J +
1

4⇡
ReNIJ(�)F

I ^ F J + . . .

<latexit sha1_base64="4bEklloUIgu2Ap6Eo7q30FcutaA="></latexit>

GI = ImNIJ(�) ⇤ F J +ReNIJ(�)F
J 

<latexit sha1_base64="42yL1kZ8WovaNcNO8LED0PaaI5c="></latexit>

NIJ(�̃) =
�⇥
C+ DN (�)

⇤⇥
A+ BN (�)

⇤�1�
IJ

<latexit sha1_base64="qlCSiDE4YS9yyO8qVhmR6G72X7Y="></latexit>✓
A B
C D

◆
2 Sp(2n,R)

 
<latexit sha1_base64="ZLj6RwYy2CcZ9UGqyfpkBEhVtyk="></latexit>

G ,! Sp(2n,R)

[Cremmer-Julia ’79, …]



   Symmetry is broken in a specific way
<latexit sha1_base64="U5CC1yP9adMD++GBCcTke/56KnE="></latexit>

dJ3 =
1

4⇡

�
WIJF

I ^ F J � V IJGI ^GJ � U I
JF

J ^GI + YJ
IF J ^GI

�

<latexit sha1_base64="emzZ9khHjZzVvxe3m1w5k8dCxPQ="></latexit>✓
U V
W Y

◆
<latexit sha1_base64="o/830zoVthOlvU72z309UDEA4UM="></latexit>

2 sp(2n,R)

<latexit sha1_base64="Msp2sJAs840ACD/JPSArOssHuCI="></latexit>J3

   EFT realization and extension of world-sheet topological lines
<latexit sha1_base64="sF9nDcF67UTKvMlVUWq7R80Dqug="></latexit>

O(d, d;Q)

[Bachas-Brunner-Roggenkamp ’12]

  
[Choi-Cordova-Hsin-Lam-
Shao ’21-’22, 
Córdova-Ohmori ’22]

can be obtained from half-gauging
<latexit sha1_base64="gHcB+IE+FB6CHNEKMXTjqBy2XEE="></latexit>

WC(⌃)
<latexit sha1_base64="wYVIURWE/mjB8LbguQuqR+hzYeg="></latexit>

WA(⌃)


