
Constraints on parameters:
Combining CMB with other

Probes



The distribution of matter as traced by galaxies



The Sloan Digital Sky Survey 

1/4 of the Sky in 5 colors, 1 millon redshifts 



Slice through current SDSS





Tegmark & MZ

Inferred matter fluctuations at present epoch



The Gravitational Lensing Effect









Tegmark & MZ

Inferred matter fluctuations at present epoch



The Lyman alpha forest

NCSA



The Lyman alpha optical depth

Observer

Neutral Hydrogen

Distant source



Q 1422 
Songaila & Cowie



Tegmark & MZ

Inferred matter fluctuations at present epoch











Tegmark et al.
Constraints
combining WMAP
and SDSS

astro-ph/0310723











What to expect in
the near future

Parameter constraints
form Lyman alpha
forest constraints of
SDSS quasars.

McDonald et al. (SDSS) astro-ph/0405013

3000 SDSS
quasars



Secondary Anisotropies

Secondary anisotropies are those produced by the scattering of
CMB photons along the line of sight after recombination



Secondary Anisotropies

They can be divided into two classes:

1. Actual scatterings with electrons:
• Thermal SZ Effect
• Kinetic SZ Effect
• Large angle polarization
• Patchy reionization

2. Gravitational secondaries:
• Time dependance of the potential: ISW effect,

Rees Sciama effect, etc
• Gravitational Lensing



Observer

Hot gas in a cluster
of galaxies

γ γ

Thermal SZ effect



SZ spectral distortions

Carlstrom, Holder & Reese



SZ spectral distortions
Carlstrom, Holder & Reese



SZ Images

X-ray



The power spectrum of the potential:
decay during the radiation era



Barkana & Loeb

R
Structure formation



When do objects form? What is the distribution of masses ?

Structure formation

Barkana & Loeb



Cosmology with SZ
Clusters



SZ by LSS



Observational
Status



Scattering secondaries

Ionized fraction       overdensity          mean density

Cancellations laong the line of sight



Observer

Gas in a cluster of
galaxies with bulk
motion

γ γ

Kinetic SZ effect

v



Patchy reionization



Cooray



Gravitational secondaries

“ISW like effect”

“Gravitational lensing”

Mass

α ≈ φ



Secondary anisotropies: TT

ISW
NL-ISW

Thermal  SZ

Kinetic SZ

Patchy reionization

Dore, Hennawi & Spergel
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Gravitational lensing



Reconstructing the mass

W. Hu



Hu & Okamoto

Kaplinghat, Knox &Song



THE END














