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MAGNETIZED CHIRAL PLASMA 
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•  Early Universe 
•  Heavy-ion collisions 
•  Dirac semimetals, graphene, etc. 
•  Compact stars 



•  Current galactic magnetic 
 fields ~ 10-6 G 

•  Current magnetic fields  
 in voids ~ 10-15 G 

•  Problem of magnetogenesis (on large scales) in 
Early Universe 

•  Perhaps during the electro-weak phase transition 
– 1020 to 1024 G (~ 1 GeV to 100 GeV) 

Universe 
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Magnetic field/helicity 
•  Magnetic helicity evolution (inverse cascade) in the 

Early Universe 

 

•  For specific helicity eigenmodes: 
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Feedback on µ5(t) 
•  Constraint of the total helicity conservation 

hfermion = h0 - hgauge 

•  Common “homogeneous” approximation: 

•  In other words, the value of µ5 remains constant 
on distance scales  

Δx ~ (kcrit)-1 ~ (µ5)-1 
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Magnetic field/helicity 
•  Magnetic helicity is transferred from short to long-

wavelengths modes, while the value of µ5 decreases 
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From [Boyarsky et al., arXiv:1109.3350] 

From [Hirono et al., arXiv:1509.07790]  
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SOME PROBLEMS TO ADDRESS 

• Role of inhomogeneities 
[Boyarsky, Gorbar, Ruchayskiy, Rudenok, Shovkovy, Vilchinskii, work in progress] 



Open questions 
•  Will the cascade survive if there are variations 

of order δµ5 on distance scales (kcrit)-1? 

•  How large δµ5 can be tolerated? 

•  Will dynamical fluctuations of µ5 stay under 
control? 

•  How to account for inhomogeneities in the  
anomalous Maxwell equations? 

•  How to obtain equations for µ(t,x) and µ5(t,x)? 
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Framework 
•  Chiral kinetic theory as a starting point: 

where  
 
 
 
 
is an expansion in powers of e-m field & 
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1st order solution 
•  Equation for       : 

 
•  Corresponding currents & densities 
 
 
 
 
•  Continuity equation gives a constraint: 
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2nd order solution 
•  Equation for       is slightly more complicated… 

•  The currents & densities are 

 
 
 
 
 
•  Continuity equations give should be enforced 
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Equations for chemical potentials 
•  Resulting equation of motion for µλ: 

The corresponding equations for the currents: 
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New types of currents 
•  New contribution to the electric current: 

 
•  New contribution to the chiral current: 

•  However, there is no term 
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Question about Hall current 
•  Note that we had 

 
•  Why is this proportional to τ2 ? 

•  What do you observe in the usual experimental 
setup (jy=0 and jx≠0)? 
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Question about Hall current 
•  Enforcing jy=0 gives 

 
Then, in the approximation used,  
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Plasma drift 
Plasma as a whole experiences a non-dissipative 
drift. Can this be included in       ? 

Why should plasma drift? 

Consider             (with E < B): 
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Frames of reference  
Another viewpoint 
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      for magnetized plasma 
•  Consider a special case 

–  Plasma consists of only e-m charged degrees of 
freedom 

–  Fields so that            (with E < B) 
•  No electric field in the drift frame 
•  Lab frame: use boosted Fermi-Dirac distribution 

with 
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1st Perturbation in drifting plasma 

•  Charge density 

•  Current density 
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Drift in QGP plasma? 
•  In QGP, gluons play a profound role 

– Gluons are neutral and, thus, are not drifting 
– The zeroth approximation is the usual Fermi-Dirac 

distribution 
 

•  Expansion in small e-m fields and gradients is 
well define 

•  Expansion of the 1st type (no drift) may be better 
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Summary (1) 
•  We now have Anomalous Maxwell equations 

for inhomogeneous chiral plasmas 

•  All previously known currents are reproduced 

•  A whole set of new currents obtained 

•  Equations for µ(t,x) and µ5(t,x) are derived 

•  Effects of drift give new non-dissipative terms                                 

QCD Workshop on Chirality, Vorticity and Magnetic Field in Heavy Ion Collisions, UCLA 21 February 25, 2016 


