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The neutrino background




Cosmic neutrino background...

* Prediction of the standard hot big bang.

» Process of decoupling fixed by weak interactions.

1/3
- Temperature today: T, ,= %) T ovp o=1.95K
- Number density per flavour: nm:% 5 <”Z’) T, =112 cm™

- Energy density per flavour:

If m,>1 meV
Mininum amount of
neutrino dark matter ‘

min ), m,~0.05 eV —{minQ_~0.1%

Neutrinos can be a significant component /
of the total dark matter content.
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Fig. 5. Evolution of the background densities from the time when 7}, = 1 MeV (soon
after neutrino decoupling) until now, for each component of a flat AMDM model
with h = 0.7 and current density fractions 25 = 0.70, 2, = 0.05, 2, = 0.0013 and
Qeam = 1 — Qp — Qp — Q,,. The three neutrino masses are distributed according
to the Normal Hierarchy scheme (see Sec. 2) with m; = 0, my = 0.009 eV and
ms3 = 0.05 eV. On the left plot we show the densities to the power 1/4 (in eV units)
as a function of the scale factor. On the right plot, we display the evolution of the
density fractions (i.e., the densities in units of the critical density). We also show on
the top axis the neutrino temperature (on the left in eV, and on the right in Kelvin
units). The density of the neutrino mass states vo and v3 is clearly enhanced once
they become non-relativistic. On the left plot, we also display the characteristic
times for the end of BBN and for photon decoupling or recombination.




Effects on LSS growth: an overview
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Fig. 14. CMB temperature anisotropy spectrum C'ZT and matter power spectrum
P(k) for three models: the neutrinoless ACDM model of section 4.4.6, a more re-
alistic ACDM model with three massless neutrinos (f, ~ 0), and finally a AMDM
model with three massive degenerate neutrinos and a total density fraction f,, = 0.1.
In all models, the values of (wy, wm, 24, As, n, 7) have been kept fixed.




The linear growth rate
with neutrinos




For dark matter

dc(k,7)+0.(k,7) = 0
0. (k, 7) + HO.(k, T)+g7{25total(k, ) = 0
For neutrinos (effective equations)
o,(k,7)+0,(k,7) = 0
0, (k,7) + HO,(k, ) + %H25total(k, )= k*ci(1)0,(k,7)) = O

... a free-streaming scale
Within the freestreaming

"horizon" . 2 . 6
6Cdm + — 5cdm — _2(1 — fu) 5cdm =0
T T
f, = Py _ b 4 0.0035

(pcdm + Pb + ,01/) Qm

§odm ¢ @\ "IV 1+24(1=1£.))/4
~1—0.6f,




Free-Streaming horizon
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Fig. 13. Ratio of the matter power spectrum including three degenerate massive
neutrinos with density fraction f, to that with three massless neutrinos. The pa-
rameters (wp,, ) = (0.147,0.70) are kept fixed, and from top to bottom the curves
correspond to f, = 0.01,0.02,0.03,...,0.10. The individual masses m, range from
0.046 eV to 0.46 eV, and the scale ky, from 2.1 x 1072h Mpc~! to 6.7 x 1073h Mpc ™!
as shown on the top of the figure. k.q is approximately equal to 1.5 x 10~2h Mpc~ L.




Present status...

WMAP7 only*
Komatsu et al. 2010

95% C.L. upper limit

WMAP7+SDSS-HPS *
Hannestad, Mirizzi, Raffelt
& YW 2010
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A bit of forecast
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a critical reading: beyond
the linear theory...
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State of the art for Perturbation
Theory calculations

5C(k, 7') —I—Hc(k, 7') - Oé(kl,kg)e(kl)(s(kg)
6 (k. 7) + HO.(k, 7) + gH25tota1(k, o= Bky, ke)O(ky)0(ks)
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State of the art for Perturbation
Theory calculations

5C(k, 7') —I—Hc(k, 7') = a(kl,k2)0(k1)5(k2)
éc(k, ’7') + H@C(k, 7') + 2H25total(k7 7') = B(kl, k2)9(k1)9(k2)
 2=0.35 2-loop results(!) for
. N\-CDM
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Conclusions

® Constraints from linear regime calculations
(CMB) are solid;

® |ocal LSS observations offer a potential for
important discoveries - provided theoretical
constraints are well controlled (NL evolution);

® z-evolution is key to separate from other
parameters;




