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● effects on primordial 
nucleosynthesis 
[Yamazaki & Kusakabe 2012]           
 

● imprint on CMB 
[Kahniashvili & Ratra 2007]

In the early Universe:   At later times:
● seed fields for dynamo              

amplification during                  
structure formation
[Latif et al. 2012; Schober et al.            
2012,2013; Machida & Doi 2013,         
Pakmor & Springel 2013]

● explanation for intergalactic  
magnetic fields
[Fermi observations of TeV blazers,     
Neronev & Vovk 2010] 
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● Spins of fermions have different handedness:
     : “number density” of left­handed fermions
     : “number density” of right­handed fermions

● Energies of interest:

relativistic             flipping reactions in                        
    limit thermal equilibrium

Here:       and      are conserved individually 
 → chemical potential     is constant:

● In presence of external magnetic fields:
 → chiral anomaly                                                                 

    (marcoscopic quantum effect)
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● Open source high­order finite­difference code
● Purpose: solution of (compressive) MHD 

       equations
● Various applications:  from fluid dynamics and 

turbulence to astrophysics
● Webpage: http://pencil­code.nordita.org/
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Thanks for your attention!
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