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Critical phenomena

from Brookhaven National Laboratory
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Correlation length
Swinney and Henry (1973)



Microscopic theory

Dynamic universality class
P. C. Hohenberg and B. I. Halperin (1977)
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Hydrodynamic variables:

Same Symmetries

Effective theoryMicroscopic theory

Dynamic universality class

- Order parameters 
- Conserved charge densities 
- Nambu-Goldstone modes

Integrating out
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P. C. Hohenberg and B. I. Halperin (1977)



Dynamic universality class
P. C. Hohenberg and B. I. Halperin (1977)

Gapless modes are important.



Electromagnetic waves

Today’s talk
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Maxwell equations in vacuum

nonrelativistic photon



• Chirality 

• Quantum anomaly

Chirality and Quantum 
anomaly
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Outline

• Setup 

• Static critical phenomena 

• Dynamic critical phenomena 

• Conclusion



Setup

SU(2)L ⇥ SU(2)R
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•Massless two-flavor QCD at finite     and 
• Chiral symmetry:        

• Second-order chiral phase transition 

T
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“isospin”
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• (Complex) order parameter: 
• Chirality charge density: 
• Electric field: 
• Magnetic field:

Hydrodynamic variables
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Ginzburg-Landau Theory

• Near second-order phase transition        small order parameters 
• Long-range behavior        derivative expansion 
• QCD symmetries        constraints on the expansion

chiral symmetry and  CPT symmetries
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Ginzburg-Landau Theory

F =

Z

V
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Wilson-Fisher fixed point (2-components)
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Dynamics

• Preliminary 
� = (h+ h0)e

i⇡0/h0
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amplitude mode 
 (linearly decoupled)

Nambu-Goldstone mode



Langevin theory 1/2
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Anomalous commutation relation
S. Adler and D. Boulware (1969)
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• Maxwell equations: 

• Current term:

Langevin theory 2/2
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Chiral magnetic effect
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• Linearize:                       etc.                              
• Hydrodynamic (gapless) modes:

Linear analysis
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- 1 diffusive mode  
- nonrelativistic photon:
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•            for all terms 

•From statics: 
•Dynamic critical exponent: 

Dynamic scaling hypotheses
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New dynamic universality class 
beyond Hohenberg and Halperin’s classification



Conclusion
• Dynamic critical phenomena of the second-order chiral 
phase transition under external magnetic field with 
dynamical electromagnetic fields 

• Hydrodynamic modes: Nonrelativistic photon 

• New dynamic universality class beyond conventional 
classification


