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Naturalness Problems and Global Symmetries

1. Electroweak Hierarch Problem 
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A source of challenge: no apparent symmetry acting on (generic) scalar 

Exception-1) Shift symmetry:  Higgs = PNGB     Composite Higgs / Little Higgs 

Exception-2) Chiral symmetry (scalar fermion): SUSY    (N)MSSM

In these cases, hierarchy problem becomes Technical Naturalness Problem.

      



Opening Remarks 

Naturalness Problems and Global Symmetries

2. Strong CP Problem 

                  

source of challenge 1: no clean symmetry structure

                                         CP (=T), Anomalous ொ , flavor symmetry, … 
                                         renormalization of    from other CPV sources

source of challenge 2: the limit    does not enhance the symmetry of QFT 

                                        Strong CP problem = Dirac Naturalness Problem

𝒖
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⟊

𝒅 𝑪𝑲𝑴     vs     ି𝒊𝜽
𝒖 𝒅

            "Jarlskog invariant"

      



Opening Remarks 

Naturalness Problems and Global Symmetries

3. Flavor Problem [e.g. 𝝂]

https://www.researchgate.net/figure/Mass-spectrum-of-standard-model-fermions-Charged-leptons-up-type-quarks-and-downtype_fig1_361578459

Several attractive theories exist.

      (1) Seesaw models based on 

      (2) Extradimension, clockwork: localization
      (3) …                         
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Requires 
Dynamical 

Explanation!
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Naturalness Problems and Global Symmetries

3. Flavor Problem [e.g. 𝝂]

https://www.researchgate.net/figure/Mass-spectrum-of-standard-model-fermions-Charged-leptons-up-type-quarks-and-downtype_fig1_361578459

A source of challenge: ultimate mechanism still to be confirmed.

  => more feasible, testable, and motivating theoretical ideas should be laid out.
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Opening Remarks 

Generalized Global Symmetries in Physics

Well-motivated and timely to think about new ideas and breakthrough
Generalized Global Symmetry can provide.
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Generalized Global Symmetries in Particle Physics
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I-1. Higher-form symmetry
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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 line
      't Hooft line

1-form 
symmetry

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

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

      



Higher-form symmetries

1. p-form symmetry

       0-form   local op (particle) p-form   p-dim op
       0-form   p-form   
       0-form   p-form   
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Higher-form symmetries

1. p-form symmetry

       0-form   local op (particle) p-form   p-dim op
       0-form   p-form   
       0-form   p-form   

     

భ శభ

E.g.) 0- and 1-form symmetry in 3d

      



Higher-form symmetries

1. p-form symmetry

1-1.    YM  (either pure YM or with only adj matter)

       :  under 0-form center  
మഏ

ಿ

                         Wilson line with charge not screened
   

       mag 1-form : 

2-3. 
ಿ

  :   is gauged (electric states projected out)

       electric 1-form

       :      or     " "

        Fractional
Instanton 
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Non-Invertible Symmetry

From Fractional  Instanton 

e.g.                     electric 1-form: 
                                                 magnetic 1-form: none 
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Non-Invertible Symmetry
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Invertible

Global 
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𝑳 (fractional) Instanton
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From Fractional  Instanton
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Solving Strong CP with Non-Invertible Symmetry 
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3. Massless Quark Solution to the Strong CP Problem
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Massless Quark Solution:

3. In SM, "massless up quark solution" tried.

    In nature, up quark seems to be massive

     e.g. Chiral-PT + observed hadron mass : ௨ ௗ

   QCD instanton calculation not under analytic control

    Lattice QCD : QCD instanton not sufficient in size
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