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Why Chiral Gauge Theories 
➢ Appealing UV completion

Asymptotic free, scales generated dynamically, conjectured rich IR dynamics,
-- Original SU(5) GUT
[Georgi,Glashow’74 Raby,Dimopoulos,Susskind ’79 Bars,Yankielowitz’81]

-- Composite Higgs models 
[Cacciapaglia,Sannino 1508.00016,  Cacciapaglia, Sannino, Wagner 2605.08294]

➢ Chiral fermions are wired [Nielsen, Ninomiya. 1981]

Nilsen-Ninomiya no-go theorem: fermion douber when putting on lattice 

➢ Condense matter physics: 
Weyl spin liquids [M. Hermanns, K. O’Brien, and S. Trebst 1411.7379] 

Models of symmetric mass generation [D. Tong 2104.03997, Wang, You 2204.14271]

➢ Crucial to understand the phase of CGTs: 

Conformal? Confinement? Dynamical Symmetry Breaking?
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Which model
➢ Benchmark models SU(Nc) with two kinds of left-handed fermions

➢ Gauge anomaly free restricts the flavor
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State of Art Analysis
➢ No Lattice simulation, Nilsen-Ninomiya no-go theorem and sign problem

[Nielsen, Ninomiya. 1981]

➢ Most Attractive Channel → <χψ>  condensate for Nc =5  and Nc≥ 7 
[Raby,Dimopoulos,Susskind ’79, Dimopoulos,Raby,Susskind ’80, Eichten,Feinberg ‘82]

➢ Large Nc analysis → If confinement, no dSB
[Eichten,Peccei,Preskill,Zeppenfeld’86 Karasik,Önder,Tong 2208.07842]]

➢ Anomaly mediated SUSY breaking → <χψψ> for Nc≤ 13 
[Csáki,Murayama,Telem 2105.03444]

➢ Anomaly matching of higher forms symmetry → <χχ>, <χψ> color-flavor locked phase
[Bolognesi,Konishi,Luzio[2101.02601]
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IR dynamics of chiral gauge theory
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The tool:  Functional renormalization group method

[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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Chiral symmetry intact by fermion regulator

[Dupuis,et.al 2006.04853] for a reivew



  

The tool:  Functional renormalization group method

Wetterich ’93

Truncate                          with                  , 
Capture physics for fermion condensates and confinement

Master formula:

5

Both UV and IR finite

n-pt depend on m ≤ n+2-pt vertex functions



  

The tool:  Functional renormalization group method
Truncated effective action:
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[HLL,Pastor-Gutierrez,Vatani,Xu 2507.21208]
Using Young Tensor Method
For construction of EFT operators basis
[HLL, et.al 2005.00008]
Proven to be valid for any Nc

𝑂 𝑖
6 𝑂 𝑖
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𝑂 𝑖
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ABC4EFT

Quantum 
Fields

Symmetry [HLL, et.al 2201.04639]
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The tool:  Functional renormalization group method
Properly approximate the correlation function 
and solve for p-independent parameters 
 

2-pt

3-pt

4-pt

[Ihssen, Pawlowski, Sattler, Wink, 2408.08413]
[Goertz,APG,Pawlowski 2412.12254]
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The tool:  Functional renormalization group method
Properly approximate the correlation function 
and solve for p-independent parameters 
 

2-pt

3-pt

4-pt

[Ihssen, Pawlowski, Sattler, Wink, 2408.08413]
[Goertz,APG,Pawlowski 2412.12254]

Physics are in the solutions of  
correlation functions.

Confinement, 
Dynamical Symmetry breaking



  

The tool:  Functional renormalization group method

Divergent 4-fermi flow 

➢ How to diagnose Symmetry breaking?

Fermion condensate
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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 8

Stratonovich’57 Hubbard’59

[Goertz,APG,Pawlowski 2412.12254]



  

The tool:  Functional renormalization group method

4-fermion flows:

Canonical scaling
9



  

The tool:  Functional renormalization group method

Focus on one        , the flow is a quadratic function of      :

Necessary condition for dSB:

1. reosnant structure (naive)

2.             is reached
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two scenarios can prevents              
being reached:
confinement, conformal



  

The tool:  Functional renormalization group method
➢ How to diagnose Confinement?
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Features of confinement:

● No Asymptotic colored states

● Massive spectrum of bound 

states (glueballs)

● Existence of gluon mass gap:

- Wilson area law

Constraints on correlation functions in fRG

● Gluon mass gap in 2-pt functions 

● Kugo-Ojima relation: 

colorless aymptotic states

[Kugo, Ojima‘79 
Nakanishi,Ojima’90 Kugo 
hep-th/9511033]
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“Fixed point” in the 
gluon-ghost gauge 
coupling avatar.

IR suppressed gluon-
fermion, gluon-self 
gauge couopling 
avatars

[F. Goertz, A. Pastor-Gutiérrez, J. Pawlowski, 2602.11265 ]



  

Results of BY model
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Nc=3 
donminant divergent operators:

-- condensate in IR, dSB
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● No divergent 4F operators

-- no dynamical SB
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Results of BY model

Nc=4,5,6 

● No divergent 4F operators

-- no dynamical χSB

● Found Scaling solution 

satisfies the KO condition

-- confinement in Landau 

gauge
Evidence for Confinement w/o dynamical symmetry breaking! 12



  

Results of BY model
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Summary

➢ We present first fRG study of BY class of chiral gauge theories.

➢ For                 dSB,              confinement w/o dSB.

Outlook

➢  Bosonize the theory to analysis the direction of dSB

➢ To analysis whether there is massless fermion in IR to match the ’t Hooft 

anomaly

➢ Can these model help with symmetric mass generation?
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● Region I:
- Weak          : dynamics derivable within 
perturbation theory
- Clear dominance of 
- Condensate 

● Region II:
-strong           non-perturbative, higer-order 
effects relevant
-cannot resolve a clear single resonant channel.

● Conformal window:

Results

13



  

’t Hooft anomaly can be matched by
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