Leptogenesis and baryon asymmetry in the early
Universe for the case arbitrary hypermagnetic helicity
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Astrophysical origin (A) vs Cosmological one (B)

(A) Seed fields are produced during epoch of galaxy
formation, or gected by first supernovae or active
galactic nuclel.

(A) Seed field might originate from much earlier epoch
of the Universe expansion: inflation epoch, phase
transitions in radiation epoch.

We consider a second scenario




Bounds on cosmological magnetic fields (t

Qper bou@

now)

(Ruzmaikin & Sokoloft, 1977)

from Faraday RM (subtracting Milky Way contribution),
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(Barrow, Ferreira, Silk, 1997)

from CMB anisotropy + uniform field at the start ¢,...

Lower bound:

B> 10716 @G

if \g< D,
B > 107G if Ag> D, (Neronov, D. Semikoz, 2009)

(Neronov ,  Vovk, 2010)




Maxwell equations for hyperchargefields E, and
B, in hot plasmaat T >> T,
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where AT _g’2ueﬁ/4ﬂ200md and we used Ohm law

JY/JCOTLd = EY + W X BY




Hyper magnetic fields & Baryon asymmetry

‘M. Dvornikov & V.S. (2012)]

We consider temperature cooling at Try, > 1" > Trw
betore EWP'T while after chirality flip rate becomes faster
than Hubble expansion, 'y, ~ T > H ~ T?. Left elec-
trons and neutrinos enter equilibrium through Higgs de-
cays, eper, <> 00 and Abelian anomalies (e — ¢'Y,/2):
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Hyper magnetic fields & Baryon asymmetry at EWPT
(V.S., D.D. Sokoloft, J.W.F. Valle, 2009)

As Kuzmin, Rubakov & Shaposhnikov (1985, 1987) for
BAU generated at EWPT, or BAU generation by elec-
troweak reprocessing of an earlier lepton asymmetry as
proposed by Fukugita & Yanagida (1986) and initial BAU
stored in ep (Campbell, Davidson, Ellis, Olive, 1993) we
rely on Abelian anomaly for e (Shaposhnikov,Joice, Gio-
vannini, 1997, 1998):
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Kinetic equationsfor leptons

For simplicity we neglect Higgs boson asymmetry,

N ,0) = T 5(0); then only inverse decays contribute.

dLeR 9,2
= Ev-B 2I'r1, (Ler, — Leg) ,
It 1r2s y - Dy + RL( L R)
for inverse decays epé; — @\, erver, — ),
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L epton asymmetry evolution
L (N)=(ng- ng)/s=T3(N)/6s
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where Ty, = Cay, = C(3.2 x 107®8) is the sphaleron
transition probability, oy = ¢2/4m; o = g2 /4x

I'(n) = (;ij/) [1 — (%LW) 2] , merr <n <new (2)




Hyper magnetic helicity density evolution at
T 2T 2 Tey

. 2g3 . . X X

hy(k,n) = QWQCLVY(/{, n)-By (k,n), Y =aY, k= ka= const,
P - B _
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For the maximum helicity hy (k,n) = 24, (k,n)/k:

dhy (kym) _ _ 2Khy (k) (20'[Ecn(n) + & (m)/2R) -

dT] O-C 7-‘-0-6




Arbitrary helicity density




Right electron asymmetry,
Er(T)=MR/T, Tg 2T 2Ty,

L eft panel: &(Ny)=1019, Right panel: & (ny)=10*

lg geR lg geR
k=10 sl k=10
-5 . :
k0:10-7 5t
6T ‘ k=107
55 F 0
-7 .
k=10 o
-8 .
6.5t
-0 F b 7L kOZIO-g
-10 -7.5

13.8 14 142 144 146 148 15 152 154 156 138 14 142 144 146 148 15 152 154 15.6

Igm Igm




L eft electron asymmetry before EWPT,

T 2T 2Ty
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Hyper magnetic helicity density,
monochromatic spectrum, h=h(ky,n)/hy(KqNo)
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Right lepton asymmetry evolution
for arbitrary helicity and same K
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Right leptons evolution
for arbitrary helicity and same g
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Hyper magnetic helicity density,
continuous spectrum, 0 < k <k,
hy(k,ng)=C.,k", n=3

Ig[(hy/h, )] 4
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Baryon Asymmetry of Universe
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Kazantsev spectrum

Right Leptons Asymmetry, Kazantser spectrum
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Batchelor spectrum

Right Leptons Asymmetry, Batchelor spectrum
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Summary

* The right electron asymmetry (&) rises soon down to
Tew fromanegligibleinitial valueat T»Tg,, up to
Eer~104 at T<Tg, . This happens due to the Abelian
anomaly.

* This provides both the 0? dynamo for B, and baryon
asymmetry growth since fermion number sitsin
hypercharge fields.

 Theinitial Maxwellian field B=B, cosB,, can be a
seed field for galactic magnetic fields.
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