
What creates the anisotropies?



Recombination

Hydrogen is neutralHydrogen is ionized

Thomson Scattering

T = 0.3 eV  <<  me c2



Orders of Magnitude:

2



All 3 effects have the same origin



WMAP: level of structure at
recombination



Present day structure: the
distribution of galaxies



The distribution of matter as traced by galaxies



Filamentary structure



http://www.mso.anu.edu.au/2dFGRS/





Different constituents can be distinguished when studying
the evolution of perturbations because of their different
interactions.

Baryons are coupled to the CMB before recombination.

CDM only interacts with the rest through gravity but can
cluster.

A cosmological constant is spatially constant so it only
affects the evolution of the expansion factor.





http://lambda.gsfc.nasa.gov/



Gravitational instability
amplifies fluctuations but it

does not create them.

We need some “seeds”

Inflation



Summary of model parameters
1. Dark matter density
2. Baryon density
3. Radiation density
4. Neutrino fraction
5. Curvature
6. Cosmological “constant”
7. Initial spectrum of scalar perturbations
8. Initial spectrum of gravity waves

Matter budget: affects
the physics of
perturbations
Affect the evolution
of a(t)

Properties of the
initial seeds

Objective: Invert the physics of the perturbations to get at
properties of the seeds and hopefully to the mechanism

that created the seeds



Anisotropies in the CMB
Temperature

• Basic equations
• Solution under some simplifying assumption
• Basic parameter dependences
• Some effects left out 

Outline



WMAP Spectra

Temperature and
polarization patterns are

correlated

Includes
errorbars !!!!



Anisotropies as seen by Boomerang

Flight: 10 days
1800 deg2

3 % of the Sky
Resolution 0.2o



alm

Definition of Cl

Gaussian Random Variable

<a*
lm alm> = Cl

There are only (2l+1) multipoles of a given l on the sky           COSMIC VARIANCE



WMAP Spectra

Fluctuations are small of
order 10-5

Includes
errorbars !!!!

We can use linear theory




