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WMAP release, 
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z = 1000
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Lyα

LSS

Clusters

Lensing

Tegmark & Zaldarriaga, astro-ph/0207047 + updates

CMB
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Galaxy power spectrum measurements 1999
(Based on compilation by Michael Vogeley)
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LSS
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LSS

Clusters

Tegmark & Zaldarriaga, astro-ph/0207047 + updates
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LSS

Clusters
CMB

Tegmark & Zaldarriaga, astro-ph/0207047 + updates
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Galaxy power spectrum measurements 1999
(Based on compilation by Michael Vogeley)
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LSS
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It’s just going 
to get better
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M
ain

LSS

 ga
lsSDSS LRGs

Preliminary SDSS LRG results: 
With Daniel Eisenstein and others, in prep.
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Bye-bye bump!

Preliminary SDSS LRG results: 
With Daniel Eisenstein and others, in prep.

SDSS LRGs





LSS

Data & image 
processing by  
Robert Lupton & 
David Schlegel
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LSS

Angular clustering
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LSS

Angular clustering
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This was from just 400 square degrees:

Dodelson et al 2002, for SDSS collab.
Tegmark et al 2002, for SDSS collab.

Now we have an order of magnitude more, and 
photometric redshifts.
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How much dark matter is there?

Why are we 
cosmologists so 
excited?

=ρd /(1.8788×10−26 kg m3)
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How much dark matter is there?

ρ b
/(1

.8
78

8×
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3 )

Ruled out by CMB 2000
(COBE, Boomerang, MAXIMA, etc)

=ρd /(1.8788×10−26 kg m3)
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How much dark matter is there?

CMB
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How much dark matter is there?

CMB
+
P(k)
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How much dark matter is there?

CMB
+

LyαF

+
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SDSS LyaF analysis lead by Pat McDonald, Uros 
Seljak & co
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CMB





CMB
+
LSS





Ordinary Matter
5%

Dark Energy
72%

Cold Dark Matter
23%

Ordinary Matter
Dark Energy
Cold Dark Matter
Hot Dark Matter
Photons
Budget Deficit

MATTER 
BUDGET

INITIAL 
CONDITIONS

(Q)



Baryogenesis
SUSY?

ν-physics

Inflation!
(Q)

WHY?
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How inflation 
predicts these 

parameters



Ωtot Q, ns, α, r, nt (Multi-field caveat)

ρΛ, w



SN Ia+CMB+LSS constraints
Yun Wang & MT 2004, PRL 92, 241302



Ωtot Q, ns, α, r, nt (Multi-field caveat)

ρΛ, w











Q, ns, α, r, nt



Ωtot Q, ns, α, r, nt (Multi-field caveat)

ρΛ, w





Ωtot



CMB 
polarization 
missions

Dark Energy 
missions
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What’s the physics?
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Traditional view: the inflaton potential

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

ρ=V(φ)

φ
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Landscape view: many non-equivalent minima
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φ

V(φ)

φ1

φ2
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Testable?

(Compare QM)

V(φ)

φ1

φ2
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What features of 
V(φ) determine 
these predictions?

V(φ)

φ1

φ2
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NUMERICAL EXPERIMENT:
* V(φ) = mv

4 f(φ/mh)
* mh and  mv set horizontal and vertical scale of potential
* f is a dimensionless random function of one variable
* Make 1010 random potentials
* Weigh by matter fraction gravitationally bound in stable halos

(requires expansion factor >e55 , rewards high Q, low |ρΛ |)

V(φ)

φ1

φ2
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Too steep for slow 
roll: no inflation
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Space inflates, but 
then promptly 
recollapses
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Space inflates 
forever, makes no 
galaxies
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Space inflates, gives 
|ρΛ| small enough to 
make galaxies
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mh=0.2 mPl :
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mh=1 mPl :
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mh=6 mPl :
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55 e-foldings before end of 
Inflation
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Low mh => wiggly =>
=> ends ends early
=> only peak shape matters



High mh => smooth =>
=> ends ends late 
=> only trough shape matters
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The measure 
problem:

ORDERING

IC

Ordering

Selection 
effects

Initial 
conditions

Aguirre, 
Guth, 
Hogan, 
Linde, 
Rees, 
Vilenkin, 
…
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Testing inflation II:

SDSS collaboration, astro-ph/0310723, PRD 68, 193591
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Testing inflation II:

SDSS collaboration, astro-ph/0310723, PRD 68, 193591
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Testing inflation II:

CMB

SDSS collaboration, astro-ph/0310723, PRD 68, 193591
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Testing inflation II:

CMB
+
LSS

SDSS collaboration, astro-ph/0310723, PRD 68, 193591
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Testing inflation II:

McDonald et al 2004
Seljak et al 2004

CMB
+
LSS
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Testing inflation II:

mh=1 mPl :

CMB
+
LSS
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CMB
+
LSS

mh=1 mPl : Planck + SDSS: ∆n=0.008, ∆r=0.012
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