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Chiral Magnetic Effect
1. We consider fermions in magnetic field. 

2. The particles with the momentum p along 

magnetic field have positive projection of spin 

onto momentum 

(the right-chiral particles).

3. The particles with the momentum p opposite 

to magnetic field have negative projection of 

the spin onto momentum 

(the left-chiral particles).



Chiral Magnetic Effect

Reviews:

Applications:

1. Astrophysics:

the early Universe, 

neutron stars; 

2. Heavy ion collisions;

3. Condensed Matter Physics

new materials (Weyl
semimetals);



Equations in Chiral MHD: Small Magnetic Diffusion

Electric and Magnetic Fields for Small Magnetic Diffusion in Chiral MHD

The total electric current:

The resulting total electric current:

Review:

Quasi-neutrality:



Chiral Magnetic Effect



Equations in Chiral MHD

Conservation Law:  Magnetic Helicity + Chiral Chemical Potential 



Conservation Law:  
Magnetic Helicity + Chiral Chemical Potential

Magnetic Helicity: 

Chiral Chemical Potential:



Laminar      -Dynamo in Chiral MHD

Chiral velocity

Nonlinear dynamosNonlinear dynamos Equations

2Vm
Joyce and Shaposhnikov, PRL 79, 1193 (1997)



Waves in chiral MHD

Incompressible flow

Compressible flow

Chiral Magnetic Effect

The chiral magnetic effect: 

(i) decreasesthe frequency of Alfven wavesfor an 

incompressible fluid; (ii) increasesthe frequencies of Alfven 

wavesand fast magnetosonicwaves for a compressible flow, and 

(iii) decreasesthe frequency of slow magnetosonicwaves.



Chiral Magnetic Wave

The dispersion relation for the MHD waves is not modified by the chiral magnetic wave, 

and vise versa.

However, the MHD waves can play a source for the chiral magnetic wave.

Chiral magnetic wave:

Alfven wave

Kharzeev and Yee (2011)



Laminar      -Dynamo in Chiral MHD

Chiral velocity

Nonlinear dynamosNonlinear dynamos Equations

2Vm
Joyce and Shaposhnikov, PRL 79, 1193 (1997)



Chiral-Magnetically Produced Turbulence



Equations in chiral MHD

Conservation Law:  Magnetic Helicity + Chiral Chemical Potential 



Chiral-Magnetically Produced 

Turbulence and Generation of 

Large-Scale Magnetic Field



Mean-Field Dynamo

üInduction equation for mean magnetic field:

üElectromotive force:

Steenbeck, Krause, Rªdler(1966)

Mean-Field Approach: H = B + b;

B = hH i ;
U = hv i

,= +v U u



Physics of the alpha-effect

ü The - effect is related to the kinetic 

helicity in a density  stratified convective 

turbulence.  

ü The deformations of the magnetic field

lines are caused by upward and downward

rotating turbulent eddies. 

ü The stratification of turbulence breaks a 

symmetry between the upward and 

downward eddies.

ü Therefore, the total effect of the upward 

and downward eddies on the mean 

magnetic field does not vanish and it 

creates the mean electric current parallel to 

the original mean magnetic field.

J

B

Parker (1955); Steenbeck, Krause, Rªdler(1966)



Generation of the mean magnetic 

field due to the        dynamo

Dynamo number:

Mean magnetic field:

Wa

jB
pB

)(rɋ



Quasi-Linear Approach or  Second-Order Correlation Approximation 
(SOCA) or First-Order Smoothing Approximation (FOSA)

Rm << 1 ,  Re << 1
Steenbeck, Krause, Rªdler (1966); Roberts, Soward (1975); Moffatt (1978)

Path-Integral Approach (delta-correlated in time random velocity field 
or short yet finite correlation time)   

Zeldovich, Molchanov, Ruzmaikin, Sokoloff (1988)

Rogachevskii, Kleeorin (1997)

Tau-approaches (spectral tau-approximation, minimal tau-
approximation) ïthird-order  or high-order closure

Re >> 1   and Rm >> 1
Pouquet, Frisch, Leorat (1976); 

Rogachevskii, Kleeorin (2000; 2001; 2003);  Blackman, Field (2002);

Rªdler, Kleeorin, Rogachevskii (2003)

Renormalization Procedure (renormalization of viscosity, diffusion, 
electromotive force and other turbulent transport coefficients) -
there is no separation of scales

Moffatt (1981; 1983); Kleeorin, Rogachevskii (1994)

St =
¿

`=u
¿ 1

Methods for Derivation of EMF



Chiral-Magnetically Produced 

Turbulence and Generation of 

Large-Scale Magnetic Field



New Kind of Chiral Alpha Effect

(dimensional analysis)
üMagnetic fluctuations:

üChiral magnetic fluctuations:

üChiral electromotive force                    :

üChiral alpha effect:



New Kind of Chiral Alpha Effect

(quasi-linear approach and tau approach)
üMagnetic fluctuations:

üChiral magnetic fluctuations:

üChiral electromotive force                    :

üChiral alpha effect:

Tau-approach: Rm>>1

Quasi-linear approach: Rm<<1


