NPA Cosmologie : 3 mars 2008 Année 2008

Structures et leur évolution

Cours 7 : Le fond cosmologique (CMB)



The Temperature Anisotropies
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Cosmic Variance

Given an all-sky map, we define the power spectrum estimator as:

We have 2/+1 independent
measurements to estimate
the variance C, at given /

= Unbiased estimator: » Variance of estimator:
A A 2 2 ) )
<Cz> =C, Var(C,) ETF C, Cosmic Variance

Intrinsic: one sky
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Sources of Anisotropy

~perfect fluid:

~ density and velocity
perturbations present
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Baryon-photon fluid

3 adiabatic
P=PrtP 1 Photon/pressure | 5 _ dp
p=pgtp, = EPV dominated = op
O= £ = l APY

T 4 p Oscillations

(sound waves)

O(k,7) = Acos(ks +5)

s = J;rdncs

NN

Over-dense/hot region
0+4Y =» Gravitational redshift
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Curvature perturbations
(scalar metric perts)
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Projection onto the Sky
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Some Results

[E(6+1)C/27] 7" K

¥ CMB anisotropies: 3 generations...
BOOMERanG/MAXIMA/

First generation DASI
Douspis et al.
http://webast.ast.obs-mip.fr/cosmo/CMB MAXIMA team (http://acther.1bl.gov/)
Best old e
X ARGO i L x B98 (Netterfield et al 2001)
I El ngiM : 6000 ADASI (Halverson et al 2001)_|
120+ . .
¥  Tenarlfe 2 *DMR
Fax So:hfh P;\e —— MAXIMA-1 Best fit
100 |- ¥ Pythen 7] & 4000 (Stompor et al 2001)
| O Saskatoon 5
| A CAT
a0l O oveo ] =
[ ¢ BAM ‘3/
G0 ¥ Toso 97 N % 2000
l [0 Vipar \; ‘ -
40k _ ‘ ,_
I ) .
20 - )
)é
O 1 IIII 1 N L IIII _2000 y . . l . ; : I ; P I . y : ] : ; . I : : :
1 10 104 1000 Structu 0 200 400 800 800 1000 1200

multipole ¢



BOOMERanG:
(29 Dec 1998 - 9 Jan 1999)

Sid
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BOOMERanG
(Results 2000)

South Pole flight
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Archeops

Une seul expérience
couvre des echelles
de COBE au premier
pic acoustique
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Wilkinson Microwave

Anisotropy Probe (WMAP)

= Launch: June 30, 2001

= Orbit at L2

= All-sky observations

» First-year data release: 2/2003

» Three-year data release: 3/2006
= Polarization data
= Five-year data release: 3/2008
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Space is Flat

WMAP 3
+HST: h=0.72£0.08 WMAP 3 year data results: Spergel et al. 2006

(Freedman et al. 2001,  sooo . T . .
ApJ 553, 47)
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CMB: WMAP 3 Year

Assuming flat ACDM:

With # from HST: Q  =0.25
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Tytler et al. 2001, astro-ph/0001318

(physical scripta T85, 12) Qh?*=0.Q17 Qh2=0.021
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Mass fraction

‘He/H, D/H

"Li/H

Comparison BBN/CMB: Coc et al. 2004, ApJd 600,544
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WMARP3 Constraints: w

0.0 T T T T T
Spergel et al. 2007 os | !
-
_10 - - -
— WMAFP — WMAP
- WMAP+SDSS - WMAP+2dF
Flat models s : o J | ; e
0.0 J T ' T T
05 3 I
-
-1.0
— WMAP — WMAP
— WMAP+SN(HST/GOODS) — WMAP+SN({SNLS)
- Il 1 ’ | 1
' 0.0 0.2 0.4 06 08 0.0 0.2 0.4 06
Q, Q.

3/3/08 Structures 22



WMARP3 Constraints: w &
curvature

Spergel et al. 2007 Bad|
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WMARP3 Constraints: w &
neutrino mass

Spergel et al. 2007

Flat Models

CMB+2dFGRS
+SDSS+supernova

Y m, <leV (95%)

W= —1.06+"5
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Next Mission: Planck

Launch: October 31, 2008!
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The Future: Ywlar<czatior
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CMB Polarization Anisotropies

_ _ Hu & White 97
Thompson scattering in the plasma  Quadrupole

Anisotropy \\
E 1
Y
Thomson

Scattering

* Linear polarization

 Local quadrupole anisotropy

* Finite optical depth Linear
Polarization
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Two Kinds of Spatial Patterns
E-modes (even pariy)
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Importance of decomposition

T spectrum E spectrum Cross TE spectrum B spectrum
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Sources of Anisotropy

<
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tight coupling
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Hu & White 97 ];

k

(Compression)
Tensors

(Gravity Waves)
Axial symmetry around Loss of axial symmetry
wavevector around wavevector

Even parity ||~ -
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Two Kinds of Spatial Patterns
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Gravity Waves

Produced with CAMB
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Baryon Acoustic Oscillations

Angular scale
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Baryon Acoustic Peak

*Correlation function for the
Luminous Red Galaxy (LRG)
sample from SDSS.

*46,748 galaxies with
0.16<z<0.47

*Peak is the same acoustic
signature seen in CMB

Effectively measures
D, (z=0.35)

CMB (WMAP1)+SDSS
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