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L’antenne de Penzias et Wilson…
(Nobel de physique en 1978)

Prédiction par George Gamow in 1948, et par Ralph Alpher & Robert Herman in 1950. Observé
par hasard en 1965 by Arno Penzias and Robert Wilson aux Bell Telephone Laboratories de 
Murray Hill, New Jersey comme « A source of excess noise in a radio Receiver ». Articles 
d’interprétation accolé dans la Physical Review par Dicke, Peebles, Roll, Wilkinson…(Princeton).
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LSS:
MOTIVATIONS
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Las Campanas
Redshift Survey
(LCRS, 3 slices)

(4o slice, 82 831 galaxies)

MAPPING THE 3D STRUCTURES
OF THE (LOCAL) UNIVERSE

Bouchet et al. 2000

ΛCDM, 150 Mpc

16 x 106 particles, // Treecode

TEMPORAL             EVOLUTION

OF A SLICE OF UNIVERSE

Z=2

Z=1 Z=0

Z=11
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Given “initial” conditions (type & statistics, 
e.g. Adiabatic fluctuations only, Gaussian 
with P(k) = A kn), and an energy census of 
the  Universe (cosmological parameters, τ), 
one can compute the temporal evolution of
each and every (linear) mode and obtain 
the “evolved” matter  power spectrum, 
or it’s transfer function at LSS (depending 
mostly on sound speed history at M < MJ). 
Idem for the radiation Transfer Function.  

z=1
z=3
z=20

z=1000

z→∞ : « Big Bang »
z=1500

H Atom
proton
electron
photon

“CMB” & LAST 
SCATTERING “SURFACE”

One of the 3 pillars of the standard model

∆z ≈ 80

QUAND L’UNIVERS DEVIENT TRANSPARENT…

+ ISW…

(at ~1/3 eV)

Θ+ψ
v

Sachs- Wolfe

Doppler Integrated SW (transit through LSS)

ANGULAR POWER SPECTUM OF ANISOTROPIES 
GENERATED BY SCALAR FLUCTUATIONS

“Silk”
Damping

NB: SW & ISW are anti-correlated CMBSLOW CMBSLOW & Figure & Figure ThèseThèse RiazueloRiazuelo
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HISTORICAL
PAPERS

Initial CMB 
Calculations 

Matter calculations

PRECISION COSMOLOGY…
First numerical CMB calculation (to go through recombination)

1965+5…

CDM & scale-invariant initial conditions in some detail:
ApJ, 1984, L45-48 & L 39-43 (Inflation is 1982) 1987: Detailed Statistics…
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Since then…
• ΩK ≠ 0
• Elegant reformulations, introduce E & B to 

represent polarisation, many gauges,… 
• Precision of predictions increased (∆ < 1 %)
• Speed also
• Off the shelf codes: CMBFAST [Seljack & 

Zaldarriaga 96], CAMB [Lewis et al. 2000] 
(& CMBSLOW [Riazuelo])

• With further options, e.g. lensing correction
• Detailed degeneracy studies

POWER SPECTRUM SHAPE AND
COSMOLOGICAL PARAMETERS
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RESOLUTION & SENSITIVITY
CAN BREAK MOST DEGENERACIES

NB: Some parameter combinations are nearly perfectly degenerate, e.g. keeping DA constant

FISHER MATRIX GUIDELINES
Microwave sky = primary + secondary + foregrounds
Measured sky = Microwave sky + random errors +  
systematic errors.
Theory Ti = f ( θp, ,ICj)
Constraining theory with data : P(T|D) ∝ L(D|T) P(T)
Fisher matrix,                    , encodes the power of the data 
Assume we succeed in isolating only primary fluctuations 
and noise...

Quantifies the (remaining) obstacles (σi >= Fii
-1/2):

Degeneracies within the θp
Degeneracies within the IC, and IC vs. θp
Cosmic variance (one sky), noise (i.e. sensitivity), resolution

Fij = ∂Tj∂Ti

∂2 lnL

Fij =
X
l

2

(2l+1)fsky
[Cl +CN exp ò

2
b
(l2)]à2

∂Tj

∂Cl

∂Tj

∂Cl

HISTORY
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TERRATERRA
INCOGNITAINCOGNITA

1992 state

MARCH 2002

ALL
Wang et al. 02Wang et al. 02

VSA, may 2002…

Compares well with BOOM, MAXIMA, DASI

VSA III, Scott et al. astroph/0205380VSA III, Scott et al. astroph/0205380
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VSA VSA --IV, IV, RubinoRubino--Martin et al. astroph/0205367Martin et al. astroph/0205367

And appears quantitativelyquantitatively consistent with BOOM, MAX & DASI…

(All using DMR + similar prior) 

CBI…
(also May 2002)

Mason et al. astroph/0205384Mason et al. astroph/0205384

SITUATION AUJOURD’HUI


