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Magnetic Reynolds number

- stars

- laboratory



Rotation of the polarization plane. The Faraday effect





Bounds on the cosmological magnetic fields (t now)

Upper bound: 

Lower bound: 

1)   B < 10-9 – 10-10 G ( Ruzmaikin & Sokoloff, 1977 ) from Faraday RM 

(subtracting the Milky Way contribution), L >> Lgal ;

2)   B < 10-8 – 10-9 G ( Barrow, Ferreira, Silk, 1997 ) 

from CMB anisotropy + uniform fiels at the start t rec.

B > 10-16 G  if  λB << D e

B > 10-18 G  if  λB >> D e ( Neronov, D. Semikoz, 2009 ),

( Neronov, Vovk, 2010 ). 



Magnetic field evolution after EWPT



The helicity parameter α

in the excitation term                    of the Faraday equation

(*)



The standard MHD. P-invariance violation.

̶    Р - odd

Equation (*) is Р- even,

̶̶    pseudoscalar



Anomalous MHD

Vector currents: 

- pseudoscalar, 



Parity violation in electroweak interactions. 

Weinberg-Salam Standard Model

- scalar

CP symmetry is conserved in weak interactions



CP-parity conservation in the MHD-equations 

accounting for weak interactions 

(CP) (nνL – nνR) (CP)−1 → − ( nνL – nνR ), 

since     nνL ↔ nνR ,  or   α → − α .

As a result, CP – parity is conserved in the Faraday equation, for the 

magnetic field itself is CP - odd:   (CP) B (CP)−1 → −B.

¯ ¯

¯



α2 - dynamo in Early Universe

for

Dolgov et al., 2002



1833г.



Magnetic helicity



The magnetic helicity is a topological invariant



Hypermagnetic fluxes  Φ = ∫ BY∙dS and topology 

(linkage) number  m (Chern- Simons analogue)
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Abelian anomaly in QED and conservation

of the total helicity
Pseudovector current

Integrating over volume,                                one gets

In hot (ultrarelativistic) plasma                                       ,                                    ,  

is not conserved

in electromagnetic fields.  For massless fermions

where                                       is the magnetic helicity density.                                     

the  TOTAL (particle+magnetic field)  HELICITY DENSITY  is  CONSERVED,



Processes in the intergalactic medium (IGM)

1) γ + γEBL→ e+ + e-

or  λEBL > 5 μm > λRed = 0.7 μm = 7000 Ǻ;

with a threshold of  ωEBL = me
2/Eγ = 0.25 eV  for Eγ= 1 TeV,

2) The cascade, i.e. inverse Compton scattering (IC) on the relic 

photons  taking into account the CMF for charged particles,

e±(E) + γCMB → e±(E′) + γ′,

where ω′~ 10 GeV − 100 GeV >>  ωCMB = 3∙10-4 eV

for E = Eγ/2 = 0.5 TeV.



Photon and charged particles mean free paths 

in the intergalactic medium

Dγ = 1/(σγγ nEBL)  >>  De = 3me
2/(4σTUCMBEe),

where the mean free path of the original photon relative to the reaction

γ + γEBL→ e+ + e- is 

Dγ = 80ϰ(10 TeV)/Eγ ~ Mpc,

and  the free path of the charged particles e± in the inverse Compton scattering 

(IC),  e± + γEBL→ e± + γ′ is 

De = 1023(10 TeV)/Ee cm ~ 60 kpc.

for the electron (positron) energy  Ee = Eγ / 2 = 5 TeV.



IGMF filling factor


