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Basic Topics 
 

1. Axions (Arions): Marginal Evidence of Existence. 
2. Weakly Interacting Massive Particles: Direct and Indirect 

Searches. 
3. Vacuum Polarization Effect in Strong Magnetic Fields of 

Neutron Stars and White Dwarfs. 







ТАБЛ.1. КАНДИДАТЫ В ТЕМНУЮ МАТЕРИЮ
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Magnetic Conversion of Photons into Fundamental Particles 
 
Grand Unification theory (GUT) requires the existence of coupling between photons and fundamental particles. 
This coupling is determined by Lagrangian term (for scalars):  
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where F  is the tensor of electromagnetic field and φ  is a scalar field.  
The theory gives the following expression for probability of conversion of definitely polarized photons W||  into 
scalar particles (Raffelt and Stodolsky (1988), Gnedin (1994)):  
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where B  is the magnetic field strength, cohL is the coherence length of magnetic field, 2B sL M Bπ= / and 

22p pL πω ω= /  are the oscillation lengths of magnetic conversion into vacuum magnetic field and into plasma, 
respectively. Only one polarization state for which the electric vector lies into the plane containing the magnetic 
field and line of sight directions is transformed. Here and below the symbol B  means really the projection of the 
vector B  on this plane.  
 
 



The Eq.(a) is valid only if the condition 2B pL L mφπω, < /  takes place, where mφ  is the mass of a scalar. Therefore, 
our consideration is restricted only by low mass and massless scalars or gravitons.  
For the case of vacuum, i.e. when p BL L  Eq.(3) is very simplified and takes a form:  
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if the condition takes coh sBL M .  
The degree of linear polarization lp  can be easily found by  
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if one has deal with non-polarized light, i.e. 0 2I I I|| ⊥= = / and 1W||  .  
Now the main problem consists in the estimation of the magnitudes of B  and cohL  for real astrophysical 
conditions.  
 



Magnetic Photon Conversion in the IGM 
 

We shall make our estimations using approximation by Furlanetto and Loeb (2001) accepting the dependence of 
IGM magnetic field strength on coherence length in a form  
 

( ) 1 2910 1ICM cohB B GL Mpc − /−≡ = ./  
 
The IGM electron density is  
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The the oscillations lengths are:  
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where pω  is the plasma frequency. 



Axion Birefrigence 
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