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Modeling of chiral effects
Effects of dynamical EM fields 

Outlook for future efforts
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Anomalous chiral effects



Theoretical frameworks

• Anomalous hydrodynamics

• Chiral kinetic theory

[Son-Surowka 2009; …]

[Son-Yamamoto; Stephanov-Yin; …]
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Event-by-event anomalous 
hydrodynamics for CME

[Hirono-Hirano-Khazeev 1412.0311]



Event-by-event anomalous hydrodynamic model

Anomalous
hydro evolution

Freeze-out
via Cooper-Frye

CorrelationsInitial state

An initial cond. Particle data  
for 1 event



• Non-dissipative anomalous fluid in 3+1D
• no viscosity/Ohmic conductivity

• Background electromagnetic fields

Anomalous hydrodynamic equations



• Equation of state - conformal
• massless quarks & gluons

Anomalous hydrodynamic equations

• Constitutive equations

CME CSE

[Son-Surowka 2009] 
[Kalaydzhyan-Kirsch 2011]



Initial axial charge?
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Axial charges from color flux tubes



Axial charges from color flux tubes



Axial charges from color flux tubes

Sign of 



Axial charges from color flux tubes

Sign of 



Time evolution of chemical potentials



Gamma correlations are indeed sensitive to CME/CSE
Values are similar to experimental ones



• Charge transport from CME/CSE is solved on 
top of the solution of 2+1D viscous hydro 
(VISH)

• Quantify the effects of  
transverse momentum conservation (TMC)

• Same-charge correlation is calculated

[1504.06906]



[1504.06906]

[Bzdak-Koch-Liao 1008.4919]



[1504.06906]



Back reaction

chiral matter

EM field



Magnetic & fermionic helicities

Magnetic helicity Fermionic helicity



Self-linking number Linking number

Magnetic helicity knows topology



Helicity transfer

Fermionic 

Magnetic

Without anomaly: two helicities are separately 
conserved



Helicity transfer

With anomaly: two helicities can be transferred  
                        sum is conserved

AnomalyFermionic 

Magnetic



Anomaly changes  
the topology of magnetic fields

CME current

What is the fate of the magnetic field?



Self-similar inverse cascade  
of magnetic fields

[Hirono-Khazeev-Yin 1509.07790]



Maxwell-Chern-Simons equations

Axial charge is taken to be spatially constant



Chandrasekhar-Kendall  states

Sign	
  of	
  helicity



Energy cost to store a unit helicity in                   is

Decomposition of the magnetic fields

Helicity	
  spectral	
  function



EOM for Fourier coeff.

If            is positive, 
- Negative helicity modes decays exponentially
-­‐ Positive helicity modes   

decay

grow (chiral plasma instability)

 : energy cost per unit fermionic helicity 



Magnetic helicity spectrum

Fermionic  helicity



 : (prop. to) fermionic helicity 

: peak momentum of magnetic helicity spectrum

: magnetic helicity

We will see the fates of



Initial helicity is dominated by 
magnetic helicity

MagneticFermionic 



energy cost per unit fermionic helicity,  
when all the helicity is stored in fermions 



Stage I: helicity transferred to fermions

Fermionic Magnetic



Stage II: intermediate stage

Fermionic Magnetic



Stage III: self-similar evolution

Fermionic Magnetic



Stage III: self-similar evolution



Stage III: self-similar evolution

The magnetic field approaches  
a single CK state



Self-similarity extended to chiral MHD

[1603.08864]

magnetic correlation length

kinetic correlation length



Realized in  
heavy-ion collisions?



Helical magnetic field in HIC



RHIC

LHC

Condition for the inverse cascade  
to occur
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Toward the detection of anomalous effects
• Challenges

• Lifetime of B
• Initial axial charge density & CME current
• Chiral vortical effect
• Initial charge densities
• Modeling of background effects like LCC

• Chiral magnetohydrodynamics
• Solve anomalous hydro + Maxwell equations consistently



Vorticity from HIJING/AMPT

Impact parameter dep. 

[Deng-Huang 1603.06117]

Collision energy dep. 

[Jiang-Lin-Liao 1602.06580]



[1606.00342]
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