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Why worship symmetry?

« it's universal & powerful
+ In quantum mechanics: states forms a representation [Wigner]

- In QFT: @ WT identity — Selection rules

@ RG-flow invariance. — Constraint on dynamics

@) SSB

&) Gauging principle (if non-anomalous)

Recently believers turned 1 and 2 into the definition of the symmetry
wwS Generalized symmetry

« higher form symmetry
« non-invertible symmetry



L | So what?

- Higher form symmetry [Gaiotto Kapustin Seiberg Willet ‘14]

* Precise formulation of center symmetry
- New constraint for phase diagram in pure YM!

[Gaiotto Kapustin Komargodski Seiberg “17]
« Non-invertible symmetry

- Many studies in 1+1d ~ [Verlinde '88], - ¢ Bhadion; . Tachikaws J, .

- Recently many examples in 3+1-dimensions

[Ngyuen, Tanizaki, Unsal ‘21], [Koide, Nagoya, Yamaguchi ‘21], [Choi,
Cordova, Hsin, Lam, Shao 21], [Kaidi, KO, Zheng 21]---

- _E.g. “anomalous” chiral symmetry in massless QED !
[Hsin, Lam, Shao 22],[Cordova, Ohmori 22]

« Renewed understanding of known facts
« No very concrete application yet.



B\K Outline

- Ward-Takahashi Identity
 Topological operator

- Generalized symmetry

« massless QED example



ﬂ Ward-Takahashi identity
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_@l Symmetry & topological operators
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Generalized symmetry Growp  YPy =1
L L =
- Conventional symmetry {—> codim-1invertible topological operator
i )
Acts on local operator WT identity

WT identity —> Topological-ness —> RG invariance

- p-form symmetry <—> codim-p+1 invertible topological operator

- Center symmetry in gauge theory p=|

- Non-invertible symmetry <—> topological operator

- Kramers-Wannier duality in 1+1d critical Ising model



E_) Non-invertible symmetry in massless QED

« Dirac fermion (Q‘/ e ¢ ):LF j ‘McL&S‘(Lsg
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« chiral symmetry: ¢ — e‘“‘ c. e, = e
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 Generalized WT identity — generalized symmetry!

« No longer well-captured by a group —non-invertible.



_QD WT identity in massless QED.
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ALV = exp ]: © Does not localize onto 3V 5
& Nopah T-FF —~ L
» Remedy : introduce additional field on 9V 4

1. Fix 04 = % " Rational (Set p=L %« simplicity )
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&4_‘_[ Non-invertible topological operator in massless QED
ALS
’ =,/ = 0 -~ _
ij)/?r): j Ulr?/ [Z] “‘AD\TJ/%'[Zt] ( [2/ = N DE/?;*)

T L v
Topological mer [W‘?‘Sz 3‘/“1#,.] 3d TQFT couple to bulk EM field

- Conservation law: L
wT lotev\‘t‘txg

‘o _.*&“X { 6 xo- O(XA)DEL1> TrejQ 7’<0(><) d}'cxu3>

or P Is
(lef‘g ) I) S; l?\l_{ Rld

o
b/ <_C>" UK -~ 0;\ U-(h)> R R(rs
—) <O‘\—\- C?—V\>(l“r =2 B RQe kb

Flat space selection rule

:> E.g. Fermion helicity preservation [Choi Lam Shao ‘22]



+ Non-invertibility: /J [ $*x ¢' SLF 0| = o. Magnetic catalysis
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= Axion_Maxwell theory has the same non-invertible symmetry
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5> NG mode.
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« |7 Topological = RG invariance — Axion term in SSB phase~ \
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+ Breaking by dynamical monopole —<»scale generation by monopole
[Fan Fraser Reece Stout ‘21] [Cordova, KO 22]
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fj Summary

« Symmetr ;To ological operator :
y Y ¢ POIoE P Deeper understanding of

Generalization ABJ-anomaly in 2022!
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« Chiral symmetry in massless QED is a hon-invertible symmetry!!
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- magnetic catalysis, fermion felicity preservation, 71— 27 _.

« Applications???



