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  Astrophysical observations indicate the presence of large-scale (Mpc) magnetic fields in:  

Cosmic Voids 
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Primordial Astrophysical 

Inflation Phase Transitions  

(GUT,QED,QCD) 

Quantum electromagnetic 

vacuum fluctuations electric currents 

Supernovae explosions Active galactic nuclei 

Biermann battery 

Alfven frozen flux effect  +  Kelvin-Helmholtz instability    
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   Cosmic magnetic fields could have been generated either in the early universe  

     or during the process of large–scale structure formation 
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Evolution  & Constraints 

   If cosmic magnetic fields are primordial, it is then important to follow their  

     evolution from the time of their generation until today 
 

          Magnetohydrodynamics in expanding universe: turbulence and dissipation 
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   Cosmic magnetic fields must not spoil the cosmological standard model 

Inflationary Fileds Phase-Transition-Generated Fields 

(L.C. et al. 2012) (Jedamzik, Banerjee 2003; L.C. 2013) 

small-scale problem stable on large scales 

1   Inflation 
 

2   Axion 
 

3   Big Bang Nucleosyntesis 
 

4   Cosmic Microwave Background 
 

5   Large-Scale Structure 

(Greenstein 1969; L.C. 2011) 

(L.C., Giannotti, 2006) 

(Wasserman 1978) 

(Martin, Yokoyama 2008; L.C. work inprogress) 

(Zeldovich, Novikov 1983; L.C., et al. 2006) 
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 (Turner, Widrow 1988) 

(Ratra 1992) (Gasperini et al. 1995) 

(Martin, Yokoyama 2008) (L.C. 2009) 

(L.C., et al. 2009) 

(L.C., Cea 2008) 

(L.C. work in progress) 
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Renormalization 

(L.C. 2013) 
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   The universe is magnetized 

 

   Future experiments will establish if  

     cosmic magnetic fields are or not primordial 

 

   If primordial, cosmic magnetic fields 

     could be a natural outcome of inflation 
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