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Axion Domain Wall Problem 

I. Axion-QCD Theory

    (i) Leading Theoretical Proposal to Solve Strong CP Problem
     (ii) Well-motivated candidate for Dark Matter 

Credit: HAP / A. Chantelauze
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II. Axion Domain Wall Problem

    Success of axion theory hinges on first solving domain wall problem!
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III. Generalized Symmetries Axion-DW Problem

The significance of Generalized Symmetry is rather extreme!
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II. "Non-invertible Axion Domain Wall Problem" 
   (Clay Cordova, Sungwoo Hong, Liantao Wang '23)

For given choice of the global structure of ௌெ and anomaly coefficients, axion-
SM theory can contain non-invertible-type as well as regular (invertible-type) 
domain wall defects. Any of these topological defects in the early universe is 
inconsistent with cosmological observations, and therefore should be made 
unstable or removed from the spectrum.
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ଷ
௜ఈொ(ஊయ)

ଷ
ଷ ଴

 

ஊయ
ଵ

 

ஊయ

      



Solving Axion Domain Wall Problem 

I. Non-invertible Symmetry Breaking 
   

    Non-invertible axion shift symmetry = 0-form + magnetic 1-form composite

ௗ௘௙௘௖௧

 

ஊయ

                
 

ஊయ

ଷ ௞ ଷ
ே,௣

ଷ
௜ఈொ(ஊయ)

ଷ
ଷ ଴

 

ஊయ
ଵ

 

ஊయ

      



Solving Axion Domain Wall Problem 

I. Non-invertible Symmetry Breaking 

    Non-invertible axion shift symmetry = 0-form + magnetic 1-form composite

ௗ௘௙௘௖௧

 

ஊయ

                
 

ஊయ

ଷ ௞ ଷ
ே,௣

ଷ
௜ఈொ(ஊయ)

ଷ
ଷ ଴

 

ஊయ
ଵ

 

ஊయ

 

ஊమ

 

ஊమ⊂ஊయ

      



Solving Axion Domain Wall Problem 

I. Non-invertible Symmetry Breaking 
  

    Non-invertible axion shift symmetry = 0-form + magnetic 1-form composite

   Breaking of non-invertible symmetry by breaking magnetic 1-form symmetry

Monopole in UV     1-form magnetic symm broken 
                                  non-invertible symm in IR broken
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III. Constraints on GUT Theories 
   (Clay Cordova, Sungwoo Hong, Liantao Wang)

1. We found that the most well-known GUTs can not lift the vacuum degeneracy

    ଺ ଺

    ଷ ஼ ௅ ோ [Pati-Salam]
    ଶ ஼ ௅ ோ [Trinification]
    

    index of embedding in ୙୚ ୍ୖ:  1-IR-instanton = -UV-instanton    
   

    If then ୙୚-instantons not gauge-equvalent to ୍ୖ-instanton
                                

                                               "Small Instantons"

    These small instantons can break non-invertible symmetries.

    In all these cases, "index of embedding ( )" = 1

    So, either anomaly coefficients " " in GUT should be 𝐔𝐕

           or extra structures have to be supplemented to cure the DW problem 
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This is consistent with 

  ଵ,ଶ,ଷ

ଶ ଵ ଶ,ଷ and ଵ ଶ

ଷ ଵ ଶ,ଷ and ଵ ଷ

଺ ଵ ଶ,ଷ ଵ ଶ and ଵ ଷ

but provides more stringent constraints.
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2. GUT constraints on Axion-Gauge Couplings
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III. Axion-SM
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3. Quantization of Axion-Gauge Couplings from non-trivial global form
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(3) Regular -valued instanton effects:  ୥ୡୢ(ℓమ,ℓయ) ℓయ

      


