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Petite Histoire de l’Univers  

p
n p ne-

e+e-

e-
e-e-

e-e+ n pn
e+ νν

ν ν

ν

ν
ν q

q q
q
q

q

e-

e-

e-

e-

ν

inflation

quarks/leptons

baryons
n ! p

noyaux

matière 
non-relativiste

10-33 sec

10-6 sec

10-4 sec

3 mn

10 000 ans

380 000 ansdernière 
diffusion

égalité 
matière –  

rayonnement

nucléosynthèse 
primordiale
disparition 

anti-hadrons
confinement 

quarks

fin inflation 
début ère  

rayonnement

e-
e+

temps

Fig: M. Lemoine



http://www.apc.univ-paris7.fr/~hamilton/JCHweb/Cosmologie_Moderne.htmlJ.-Ch. Hamilton - Université Ouverte 2014

Découplage Matière-rayonnement
• Noyaux, électrons et photons	


★ Interactions continuelles	

★ Équilibre thermodynamique	

★ Libre parcours moyen des photons court	

★ Univers opaque	


• La température baisse	

★ T<13.6 eV - 3000K	

★ Électrons et noyaux forment des atomes	

★ Les photons n’intéragissent plus	

★ Univers transparent	


• Émission du fond diffus 
cosmologique	

★ 3000 K à z=1000	

★ 3 K aujourd’hui	

★ Rayonnement sur tout le ciel	

★ Photographie de l’Univers à z=1000	


- endroits plus denses = plus chauds	

- endroits moins denses = moins chauds
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Découplage Matière-rayonnement
Ionisé (plasma)

NeutreOn ne voit que la 
surface des nuages: là 

où la lumière a 
diffusé pour la 
dernière fois

WMAP

+/- 30 μK
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★ Libre parcours moyen des photons court	

★ Univers opaque	


• La température baisse	

★ T<13.6 eV - 3000K	
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WMAP ~70 deg2

[J. Carlstrom]
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[J. Carlstrom]

Planck 143 GHz ~70 deg2
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Amplitude des 
fluctuations en fonction 
de leur taille angulaire :	

Spectre de Puissance
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Pic Acoustique des Baryons
• à partir de l’égalité 

matière-rayonnement	

★ surdensité = onde de pression qui 

se propage (onde acoustique)	

★ Vitesse : vitesse du son dans le 

fluide	


• Découplage matière-
rayonnement	

★ L’onde s’arrête : les photons 

s’échappent	

★ Coquille de matière à 150 Mpc de 

la surdensité de matière noire	

★ Les deux surdensités s’équilibrent	

★ Il reste un pic à 150 Mpc : pic des 

oscillations acoustiques de baryons 
(BAO)	


★ CMB, Distribution des galaxies

D. Eisenstein

The SDSS has yielded one of  the first detections of  the BAO signal outside of the CMB, as illustrated in 
Fig. 1. The other detection was made by the 2dF survey (Cole et al. 2005). The identification of  the hori-
zon scale as a transverse angle determines the distance ratio DA(z)/rs (modulo the curvature contribu-
tion), while its determination along the line of sight determines H(z) rs. The simultaneous measurement of 

the two quantities allows also one to make an Alcock-Paczy!ski test, which yields a robust determination 
of cosmological parameters. The BAO approach appears to have the smallest systematic error while 
preserving a good statistical prevision (see the DETF report). The original Einsenstein et al. 2005 meas-
urement uses full 3D information, yielding a measurement of the acoustic scale with an accuracy of  4 % 
up to z = 0.35. The Padmanabhan et al. 2006 analysis uses 
more galaxies, up to z = 0.5, yielding a 6 % measurement: it 
uses photometric redshifts, so the line of sight signal is 
smeared out and the redshift is only used to bin the data 
and avoid smearing out also the transverse information 
through projection effects. A 2D measurement typically 
needs to include ten times as many galaxies to achieve the 
same accuracy as a 3D measurement.

The Dark Energy Task Force has examined four techniques 
to probe the characteristics of  Dark Energy (leaving out 
CMB foregrounds like the ISW effect or the two SZ effects): 
weak lensing, supernovae, clusters and baryon oscillations. 
Some of these techniques probe the growth of structures 
(suppressed by dark energy), others are testing the geome-
try of  the Universe and its expansion rate. Since both the 
degeneracies and the systematic effects associated with 
these techniques are different, the DETF recommends tack-
ling the problem though several approaches.

APO post-SDSS opportunities

The SDSS-II survey will end in 2008. The ARC has allocated time to four new  projects for the 2008-
2014 period, with most of the dark and grey time going to this BOSS project targeting both LRG and 
QSO. The three other selected projects of  the “After Sloan 2” period are SSS (study of  the assembly 
and chemical enrichment of the outer parts of  the Milky Way through a survey of 250,000 high galactic 
latitude stars, dark-grey time 2008-spring 2009), ASEPS (radial-velocity search for extrasolar planets 
through a survey of 100,000 stars expected to yield 1000 planets, bright time 2008-2014) and APO-
GEE (H-band spectrography of low galactic latitudes stars, 2011-).

Luminous red galaxies

SDSS-I used its multi-color imaging data to select a small sample of  luminous red galaxies at 
0.2 <  z < 0.47 to supplement the larger flux-limited main galaxy sample. The LRG sample was de-
signed to have sufficient number density to sample well the peak of  the CDM power spectrum, while 
using a minimum of  fibers. Indeed, despite the fact that the LRG sample uses only 15 % of  the SDSS-I 
galaxy fiber budget, it produces about four times more leverage on 100 Mpc scale structure than the 
rest of the galaxies.

This project will improve the original SDSS measurement in two ways :
— the density of  the SDSS-I LRG sample is low  enough that the higher harmonics of  the acoustic os-
cillations are partially compromised by shot noise, and the main peak measurement is limited by shot 
noise. Eisenstein et al. 2006 have shown that it is possible to reconstruct the linear density field from 
the quasi-linear regime so as to restore the higher harmonics of the acoustic oscillations. Increasing 
the density of observed LRG by a factor 4 in the z < 0.5 range would allow  us both to reconstruct the 
large-scale flows and restore the linear-theory width of  the acoustic feature (Eisenstein et al. 2006), 
and to overcome the shot noise that dominates the errors in the current SDSS LRG measurement.
— we will extend the LRG sample up to z = 0.8, with somewhat more shot noise.

The current SDSS survey measured the acoustic peak with 4 % accuracy. The legacy SDSS-II survey 
should provide a measurement with 3 % accuracy, at z ~ 0.35. Our proposal would yield a transverse 
distance (DA) measurement of 1.1 % and a radial distance (H[z]) measurement of 1.9 % in each of  two 
redshift bins, centered at z = 0.36 and z = 0.61.

16

Fig. 1: Detection of  the BAO in the correlation 
function of  spectroscopic LRG’s from SDDS-I  
Data Release 3 (Eisenstein et al. 2005). The cor-
relation function showns a peak at 100h–1 Mpc ~ 
140 Mpc.

Fct de corrélation à 
deux points C(r)

SDSS - Eisenstein et al. 2005
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Petite Histoire de l’Univers  
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Ages sombres : Formation des structures

• La matière s’effondre sur les 
surdensités de matière noire	

★ Toujours pas d’étoiles	

★ seuls photons: 	


- raie d’émission de l’hydrogène neutre (21 cm)	

- CMB	

!

• Lutte entre: 	

★ effondrement gravitationnel	

★ expansion de l’Univers	


!

• Au delà d’un certain contraste de 
densité	

★ La structure s’effondre et ne voit plus l’expansion	


!

• Des structures de plus en plus 
grosses se forment par collisions

Le taux de croissance des 
structures va dépendre des 
paramètres cosmologiques
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Simulation N corps  
en coordonnés comobiles
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Formation des amas (merging)


