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Relativistic particles in the Universe

At T<m,, the radiation content of the Universe is
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Effective number of relativistic neutrino species
Traditional parametrization of p stored in relativistic particles
Pv + P

P~

N+ is a way to measure the ratio

> standard neutrinos only: N, ¢ >~ 3 (3.04)




allowed range |
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AP+BAO+H,

-

WMAP [7-year], arXiv:1001.4538

2.7 < N_:< 6.2 (WMAP+BAO+H,, 95%CL)




allowed range | | PLANCK (Jan 2013)

for N 1 M ier
- Il WMAP-+BAO+H,

WMAP [7-year], arXiv:1001.4538

2.7 < N_:< 6.2 (WMAP+BAO+H,, 95%CL)
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WMAP [7-year], arXiv:1001.4538

2.7 < N_:< 6.2 (WMAP+BAO+H,, 95%CL)




Relativistic particles in the Universe

At T<m_, the radiation content of the Universe is
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Vd
Effective number of relativistic neutrino species

Traditional parametrization of p stored in relativistic particles
Pv T Pz

P~

N.¢¢ iS a way to measure the ratio

» standard neutrinos only: N, ¢ =~ 3 (3.04)
» with additional rel. particles: N ¢ > 3
N+ > 3 only with active neutrinos ? Primordial neutrino asymmetries

ny — Ny
Baryon asymmetry 1), = - (value 6x10-10)
g

Lepton asymmetry 71 = T]b only if 7)1 = T)v




Primordial Neutrino
asymmetries

Fermi-Dirac distribution
- Temperature T
* Chemical potential n
+u  Particles
-u  Anti-particles

Degeneracy parameter Invariant under cosmic expansion
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Extra radiation
from neutrino
asymmetries

Energy density in one neutrino flavor with
degeneracy parameter & = M/ T
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Extra radiation from
Neutrino asymmetries

Energy density in one neutrino flavor with
degeneracy parameter & = M/ T
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Primordial Nucleosynthesis and Neutrino asymmetries

Expansion Rate Energy density in one neutrino flavor with
Effoct degeneracy parameter & = w/T
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In 30/ 15
(all flavors) Pv¥ = 130 LIS oI = ( + 28
1 4He

SIS r eI il Helium abundance essentially fixed by
n/p ratio at beta freeze-out
effect for

n —(mpy-my)/T-5
electron flavor D" e M=ol T=Sve €, | £ 0.07

Effect on *He equivalent to AN ¢c ~ -18 €,

ve betaeffect can compensate expansion-rate effect of v,




BBN and Neutrino asymmetries

v, beta effect can compensate expansion-rate effect of v
Weak BBN bounds on neutrino asymmetries & N,
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Relic neutrino asymmetries

and flavour oscillations




Neutrino asymmetries before the onset of BBN

Neutrino asymmetries
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Flavor Transformation for present mixing parameters
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v interactions and decoupling at MeV temp.
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i < If oscillations effective here,
neutrinos in equilibrium
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v interactions and decoupling at MeV temp.
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If effective here,
I < departures from eq.
i expected

- SP, Pinto & Raffelt PRL 102 (2009) 241302
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Flavor oscillations REDUCE the final N,¢ from neutrino
asymmetries (unless all initial n,, very similar)
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BBN bounds on

n,and N.¢(m, )




BBN and Neutrino asymmetries + oscillations

More stringent BBN bounds on
the cosmological lepton asymmetry




BBN Bounds on the cosm

ological lepton asymmetry
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1.0 — : . 30 allowed
| IH | NH regions for
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Y, = 0.250 + 0.003

—0.66 < n, < 0.63

—-0.13 < n, <0.07

Y, = 0.2573 + 0.0033

—-0.71 < n, <0.56

—-0.20< 7, <0.02

[arXiv:1110.4335]




Max contribution to radiation from n, (0,3)
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Beyond BBN: bounds on the

lepton asymmetry

Singi3=0 ~ Sin®6;3=0.04
Full BBN | * -
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A nonzero 1, does not modify the cosmological bounds on neutrino masses

E. Castorina et al, PRD (2012), to appear [arXiv:1204.2510]



Beyond BBN: bounds on N ¢¢(n,
. WMAP+tHe

613=0
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A nonzero 1, can not explain a significant excess of radiation

E. Castorina et al, PRD (2012), to appear [arXiv:1204.2510]




.' ’V .
A%

Summary
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* Flavor neutrino oscillations with the measured mixing
parameters do not always lead to full equilibrium before
BBN, but it is established in practice for allowed

values of 0,

* We found the constraints on the cosmological
lepton asymmetry (from neutrinos) and its maximum
contribution to the excess radiation density:

N < 3.1 if 0,5 as indicated by current oscillations
experiments




