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1. Cosmological probes

CMB spectrum: imprint of

acoustic oscillations at the

last scattering surface (z=1089)

R -
2 (=]

o .
o] §
L ™TT T T

m

*
B
s
(=)

& _

- M(G) + aX; - pC
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CMB results : Planck
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Planck Collaboration., arXiv:1303.5075, to appear in A&A




Most precise SNIa results : SNLS

High quality data for 740 SNela, SDSS-SNLS cross-calibration
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BOSS Galaxy Correlation [X(r)]

Latest SDSS results : BOSS survey

Galaxy correlation function | anderson et al, 2014, MNRAS, 441,244

CMASS = Galaxy power spectrum
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BAO from quasars : BOSS results

2013: BAO signal detected in

intergalactic H distribution (via
absorption lines in quasar spectra)

48,000 QSO spectra, 2.1<z<3.5

Lya forest correlation function
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2014: BAO peak in Lya forest

— correlation function now at bo
137,000 QSO spectra, 2.1<z<3.5
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T. Delubac et al., arXiv:1404.1801
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2. Cosmological constraints 0.80 —— | | |
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Spatially-flat wCDM constraints :
wCDM = CDM + dark energy component of constant w=P/p

From CMB + BAO + SNeIa (= JLA below) :
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Spatially-flat w,CDM constraints :

w,CDM = CDM + dark energy component with w(a)=wy+w,(1-a), a=(1+z)*
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3. Constraints on >m,

Massive neutrinos in cosmology

= Neutrinos decoupled at Tzl MeV - no oscillation, free
propagation BUT v's have some effects, e.g.

- v's contribute to the cosmic expansion = impact on b-y
oscillations and matter perturbation growth

- massive V's do not cluster at low-scales (small-scale v
fluctuations suppressed by free streaming)

A (F)=27 Vin (1) = 1.(t,)~10Mpc leV today free- s’rreammg
fs H(1) fs m, scale of NR Vv's

- growth rate of b, CDM per’rurba’rlons reduced at low scales
by the absence of gravitational clustering from free-
streaming v's

=> effect on CMB & matter power spectra
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Effect of massive v's on CMB and matter spectra

CMB spectrum in monopole space Matter spectrum in Fourier space
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‘Mos’r recent resul‘rs‘

Assuming only 3 active neutrinos and a flat Universe

Planck 2013 (Planck + WP + A + BAO ) :

>m <023eV (95% CL) Planck coll., arXiv:1303.5076, to
appear in A&A
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Conclusions

CMB, SNe Iqg, BAO : measurements getting more and more
precise = three powerful cosmological probes

Current data are consistent with ACDM and with a wide
diversity of dark energy models: static dark energy is not
necessarily the true answer =@ need more observations /
probes sensitive to w(z)

Constraints on neutrino masses: first sign of Zm. from
cosmology ?
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