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Why Chiral Gauge theories (CGTs)
➢ High Energy Physics:

-- Asymptotic free, no mass scale, one parameter in the theory

-- Original SU(5) GUT is a strongly coupled chiral gauge theory

-- Composite Higgs models for solving the Hierachy problem

➢ Condense Matter Physics:

-- Quantum Hall Effects, Chiral Magnetic effects, Luttinger liquid…

-- Symmetric Mass generation → Helps put chiral guage theory on lattice by 
gapping the fermion-doubler

➢ Crucial to study the phase of CGTs: 
Conformal? Confinement? Dynamical Symmetry Breaking?
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[D. Tong 2104.03997], and see [Wang, You, 2204.14271] for a review
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Chiral Theory?
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The toy model

Georgi-Glashow model:

The Global symmetry:

Baryon: Match the t’Hooft anomaly
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The toy model

General Georgi-Glashow model:

The Global symmetry:
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The tool:  Functional renormalization group method

See Dupuis,et.al [2006.04853] for a reivew

➢ Functional Renormalization Group:
a non-perturbative method widely used in QCD 

➢ Basic idea: effective average action: 
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The tool:  Functional renormalization group method

Wetterich ’93

Infinite tower of flow equation, needs to truncate
We choose                  , enough to capture the fermion condensates

Master formula:
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Both UV and IR finite



  

The tool:  Functional renormalization group method
Truncated effactive action:

Complete four fermion basis is derived for arbitrary 
Ng and Nc. Constructed with Young Tensor Method

Except for Ng=1 and Nc=5, where one additional 
operator is needed:

[HLL, et.al. 2005.00008, 2201.04639]
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The tool:  Functional renormalization group method

Divergent 4-fermi flow 

How to diagnose Symmetry breaking?

Fermion condensate

See [2006.04853] for detailed discussion 9

Stratonovich’57 Hubbard’59



  

The tool:  Functional renormalization group method

4-fermion flows:

Canonical scaling
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The tool:  Functional renormalization group method

Focus on a        , the flow is a qudratic function of      :

Necessary condition for dSB:

1. reosnant structure (naive)

2.             is reached
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The tool:  Functional renormalization group method

Technical side
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DoFun:
Generate Diagram and 

Flow equation

FeynRules:
4-fermion 

Feynman Rules 

FormTracer 
& adapted to:

SU(N) trace algebra 
for anti-sym rep

 For example



  

In General GG model:

The tool:  Functional renormalization group method
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● Region I:
- Weak          : dynamics derivable within 
perturbation theory
- Clear dominance of 
- Condensate 

Results
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Summary

● We find strong evidence for the dSB in General Georgi-Glashow models

● In particular, for Nc≤ 10 , naive resonance with fixed point merging occurs 

indicates condensate in the anti-symmetric fermion.

● For Nc>10 , αcrit is large so might need higher order effects.

Outlook

● Bosonize the theory to find the exact direction of the condensate, i.e. finding the 

residual symmetry.

● Needs to study the confinement effects, which may suppress the gauge fermion 

coupling after photon developed a mass gap.
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Comparison Ngen=1

MAC: 

Anomaly 
matching:

Anomaly 
mediated SUSY 
breaking



  

Some result



  

Nc=5, Ngen=7
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