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

Galaxies Galaxy Clusters Cosmic Voids
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Alfven frozen flux effect + Kelvin-Helmholtz instability = | Bseed ~ 10~12@G, £ = Mpe

m 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

m 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

Inflationary Fileds Phase-Transition-Generated Fields
(L.C. et al. 2012) (Jedamzik, Banerjee 2003; L.C. 2013)
stable on large scales small-scale problem

m Cosmic magnetic fields must not spoil the cosmological standard model
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1 Inflation (Martin, Yokoyama 2008; L.C. work inprogress)

2 Axion (L.C., Giannotti, 2006)

3 Big Bang Nucleosyntesis (Greenstein 1969; L.C. 2011)

4 Cosmic Microwave Background (Zeldovich, Novikov 1983; L.C., et al. 2006)
S5

Large-Scale Structure (Wasserman 1978)
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Creation at Inflation

flom - ‘Cﬂ}v-laxwoll + ‘Cnanstandard

B Lyaxwen = (0, i11|B2|[}, in) = (0, Dllt|B2|0,Dut} o (1_4/ dE kB3 = o
0

m  Lhonstandard X RF#VF#V + Rf'l#f‘l'u + gF#I}F#V (Turner, Widrow 1988)

4 2 E, FF + ¥ F,, FH (Ratra 1992) (Gasperini et al. 1995)

+ fA®)E FP + f2(0)F, Fuv (Martin, Yokoyama 2008) (L.C. 2009)

4+ g2 (1 _ \/1 +2F,, Fuv |32 ) (L.C., Cea 2008)

+ (kp)uwreFFYFT7 + ... (L.C., et al. 2009)

= (0,in|B?|0,in) = (ny, n_yx, out|B?|ny, n_x, out) o a_4/ledk (nk +n_x +1) &

T - = r S
WKB approximation: nyg = e25k (L.C. work in progress)

Renormalization

Guy + MvareGuw = 87Ghare (Ty') = Gy + Mgy +aHYY) +bHY) = (T e

L

Lotaxwen = (0,in|B?|0, in)ren = (0, out|B?|0, out)ren xx H* | (L.C. 2013)

this accounts for cosmic magnetic fields if the scale of inflation is around 10'*GeV
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Conclusions

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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