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Generalized Global Symmetries!

Higher-form symmetries

Various extended objects appear in broad class of theories.

Local operator
e.g. particle

0-form 
symmetry

Line operator
e.g. Wilson loop
      't Hooft loop

1-form 
symmetry

Surface operator
e.g. Cosmic string
2-form symmetry

Volume operator
e.g. Domain Wall
3-form symmetry

      



Non-Invertible Symmetry

Consider a massless QED:  charged under gauged 

      



Non-Invertible Symmetry

Consider a massless QED:  charged under gauged 

global with Adler-Bell-Jackiw (ABJ) anomaly

      



Non-Invertible Symmetry

Consider a massless QED:  charged under gauged 

global with Adler-Bell-Jackiw (ABJ) anomaly

      



Non-Invertible Symmetry

Consider a massless QED:  charged under gauged 

global with Adler-Bell-Jackiw (ABJ) anomaly

"Old days", we interpret this as:
೑

      



Non-Invertible Symmetry

Consider a massless QED:  charged under gauged 
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"Old days", we interpret this as:
೑

Now, we say that
೑
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ଶ
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௜
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   Gauging 1-form 𝑍ே

(ଵ) of 3d TQFT through the dynamical gauge field 𝐹 = 𝑑𝐴

= identifying 1-form 𝑍ே
(ଵ) symmetry with "bulk" magnetic 1-form symmetry
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2. Breaking of non-invertible symmetry

      "Universal"  UV Physics!

Monopole in UV     1-form magnetic symm broken 
                                  non-invertible symm in IR broken
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ೖ

Non-invertible
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Allowed
"Budget"

Global 

𝒀 Instanton

𝑳 Instanton
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௅ഋି௅ഓ
gauge invariance    only  ௘

ଶ
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From invertible symmetry:          ௘
ଶ   forbidden•

From non-invertible symmetry:  Both ௘
ଶ

ఓ ఛ forbidden•
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    parameter is unphysical.
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2. In nature, up quark seems to be massive
     e.g. Chiral-PT + observed hadron mass : 
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3. Consistent story: 
  

  at some UV scale (symmetry!)

generated by non-pertubative (instanton) effects

     non-perturbative contribution to mass renormalization is real.
     (H.Georgi, I.N.McArthur (1981), K.Choi, C.W.Kim, W.K.Sze (1988))

          
మ

మ

ఴഏమ

೒మ ೑

QCD instanton calculation not under analytic control

Lattice QCD : QCD instanton not sufficient
   

      



Solving Strong CP with Non-invertible Symmetry 

1. IR : Start with SM with only (massless down quark solution)  

2. No non-invertible symmetry in quark sector of SM    
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3. This is true regardless of "global structure" of 
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4. Intermediate scale : NIS from Embedding  

    Goal: forbid by non-invertible symmetry
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5. UV scale : Breaking of NIS by non-perturbative effects  

    Goal: generate by breaking non-invertible symmetry
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