
CMB spectrum: dipole anisotropy
Dipole anisotropy in COBE data can 
be explained as a Doppler effect 
between the frame of reference of the 

l t d th t t t ith thsolar system and that at rest with the 
observable CMB. 

ν '= γ(1−β cosθ)ν,  with β ≡ v /c
and γ ≡1/ 1−β 2and γ ≡1/ 1 β

T(θ) = T0 /γ(1−β cosθ) ≈ T0 + T0β cosθ

A fit to the image T0β=3353±24µKA fit to the image T0β 3353±24µK 
And with T0=2.735K

  
r 
v sun −

r 
v CMB = 369± 3 km s−1

Taking into account  the movement 
around the MW, and the movement of 
the LG
towards (l b)≈(277o 30o)towards (l,b)≈(277o, 30o)
Signature of local attractors.

(Following E. Wright’s CMB review paper)
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CMB spectrum: removing the galaxy

WMAP: 23 to 90 GHz image of the CMB after dipole subtraction. The 
galaxy emission is dominated by dust



CMB spectrum: removing the galaxy

Cosmic Background 
Explorer COBE 

(1992):

∆T/T = 10−5



CMB spectrum: removing the galaxy

WMAP full sky view

Graphics from WMAP website



CMB spectrum: statistical properties
T(l,b) can be fully specified by either the angular correlation function C(θ) or its 
Legendre transformation, the angular power spectrum Cl.

C(θ) = 1
4π

(2l +1)
l
∑ ClPl (cosθ)Which are related by                                              where Pl are Legendre 

polynomials of order l.

Graphics from WMAP website

p y
A term Cl is a measure of angular fluctuations on the angular scale θ~180o/l. 
In order to have equal power for all scales the spherical harmonics impose Cl = 
cte/l(l+1).If the sky had equal power on all scales lCl(l+1) should be a constant.



CMB spectrum: power spectrum

Graphics from WMAP website(From M. Georganopoulos’ lecture lib)



CMB spectrum: power spectrum

First peak had already been constrained by an 
array of 1992-2000 missions, and sampled in its 
f ll lit d b B (1998) & M i

l

Graphics from WMAP website(Hu & Dodelson 2002)

full amplitude by  Boomerang (1998) & Maxima 
(2000)



CMB spectrum: power spectrum

Graphics from WMAP website(From Hu’s webpage)



CMB spectrum: power spectrum

Graphics from WMAP website(From M. Georganopoulos’ lecture lib)



CMB spectrum: power spectrum

Graphics from WMAP website(From M. Georganopoulos’ lecture lib)



CMB spectrum: power spectrum θ>θH

Graphics from WMAP website(From M. Georganopoulos’ lecture lib)



CMB spectrum: power spectrum θ<θH

Graphic by Wayne Hu, http://background.uchicago.edu/~whu/beginners/introduction.html

Graphics from WMAP website(From M. Georganopoulos’ lecture lib)



CMB spectrum: 1st peak of power spectrum

Graphics from WMAP website(From M. Georganopoulos’ lecture lib)



CMB spectrum: 1st peak of power spectrum

Graphics from WMAP website(From M. Georganopoulos’ lecture lib)



CMB spectrum: cosmic dependences

Graphics from WMAP website(Hu & Dodelson 2002)

Varied around a fidutial model Ωtot=1, ΩΛ=0.65, ΩB=0.02h-2, Ωm=0.147h-2, n=1, zri=0, 
E=0



CMB spectrum: cosmic dependences

↓Ωmh2

←Age of Universe
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WMAP spectrum: precission cosmology

(Spergel et al. 2006)



CMB spectrum: the future

(From Planck website)



CMB spectrum: the future

(From Planck website)


