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Abstract: | first summarize how the recent avalanche of precision measurements involving the cosmic microwave background, galaxy cluster

Lyman alpha forest, gravitational lensing, supernovae la and other tools probes has transformed our understanding of our universe. | then
key open problems such as the nature of dark matter, dark energy and the early universe.
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What have
we learned?
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Fluctuation generator To 1st order:
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Measuring
Expansion:
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What we’ve learned about H(z) from
SN Ia, CMB BAO BBN, etc:
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Riess et al, astro-ph/0611572
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| st order:

measuring
clustering
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Angular wavelength in degrees
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Angular wavelength in degrees
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Angular wavelength in degrees
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| "GRAVITATIONAL LENSING:* =
A1689 Tmaged by HubbleyA CS#Broadharst et al 2004
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WHAT YOU SEE:
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Galaxy power spectrum measurements 1999
(Based on compilation by Michael Vogeley)
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But the best 1s
yet to come...

Precision, 21cm tomography, .




Our observable
universe




Summary:
WHAT DO WE

REALLY KNOW?




Evidence for Big Bang:

* Observed galaxy recession (Hubble’s law)

 Existence of CMB
» Correct predictions of big bang nucleosynthesis

* Darkness of night sky! (Olber)

Plenty enough bang
for most people to

* Distant objects look younger e
< = call “big” ...

Evidence for what, exactly?

Our entire observable universe was once as hot as the core of the

Sun, doubling its size in a under a second.

* Not evidence for a singularity
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Galaxy
clustering

pProgress










108

108

104

gapectrum P{k) [(h~'Mpc)?]

1066

Power

100

- - 5
= - =
= == P = =
i . a* o« Radic
—_ L . -
CTAZ+3SSRS a S
p sPRe " o
. ICRS e & ® g At LA -
W k= a8 =
i - - . I:rhj%& =
B B b b T
” APM - e
e |
3 Galaxy power spectrum measurements 1999 g
i (Based on compilation by Michael Vogeley) i
I l | 1 1 | | | ki | I. |
g' 3 1 0‘ 1 Page 58/118



Power spectrum P(k) [(h~'Mpc)?]

Page 59/118




Cosmological
parameters
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Using

WMAP3 +
SDSS LRGs:

Parameter | Value

B Ordinary Matter 759 DARK
B Dark Energy ENERGY.

B Cold Dark Matter
M Hot Dark Matter
B Photons

M Budget Deficit

4% ORDINARY 21% COLD
MATTER DARK MATTER

Matter budget parameters:

Qiot
Q2

+0.010
10037 5 on

+0.017
0.78%_ ¢ ain
+0.0007
9.0222_¢.00u7
5+0.0041

—0.0040
< 0.010 (95%)

L +0.087
5 e

0.105

Total density/critical density
Dark energy density parameter
Baryon density

Cold dark matter density

Massive neutrino density

Dark energy equation of state

Seed fluctuation parameters:

As

D—E—D.U45
—0.044

< 0.30 (95%)

-2+0.016

O-20_g.016
+0.0096
0.9861 "o oy4>

_0.040+0-027

T My =

0.69

Scalar fluctuation amplitude

Tensor-to-scalar ratio

Scalar spectral index

Tensor spectral index
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No strong evidence against “vanilla™:

Parameter

Value

Meaning

Matter budget parameters:

Qiot
27
W g
wp

b 7

T

1

| +0.019
6.755 0.021

+0.0045
—0.0044
+0.0007
—0.0007

0.1065
0.0222

0
-1

Baryvon density

Dark matter density

Total density /eritical density

Dark energy density parameter

Massive neutrino density

Dark energy equation of state

Seed fluctuation parameters:

_c‘a'. S
T

Ng

?Efr£: 0‘7%50&1

1 Ny

0.693 T2-045

—0.045
0
U X
0.95-3._0__0%? _

| O)

Tensor-to-scalar ratio

Scalar speectral index

Tensor spectral index

Scalar fluctuation amplitude
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fraction
of a second

Cosmic history parameters:

CcCMB
last scattering

gt lf'f _".-' .

~28g million

Years

-
- T resent
430 ar v Ny
= _‘

d .

tI'E'.‘C

tion

Leysz 07020011

4

~+105
3067 " 500

~+0.93
1090.23_0_91

4+2.2
i s

--+0.059
0.833_0.059
4—{—{].0045

—0.0041

+0.0040
—0.0040

0.20
0.10 G¥r

6.741 02" Clyr

E L | '7..:';'_}_[]"15 P 2T, e

0.063 Myr

0.3856 Myr

0.437

Matter-radiation Equality redshift
Recombination redshift
Reionization redshift (abrupt)
Acceleration redshift
Matter-radiation Equality time
Recombination time

Reionization time

Acceleration time

e L e e e e et i i) vl e o
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fraction
of a second

Cosmic history parameters:

CMB
last scattering

S ;.-

~28g million

Years

o
‘ . present
_," i ‘k day
430 ok
e s,

tI'EC

tion

Leysz 07020011

4

=108
BOSTT -2
~+0.93
1090.23#0_91
+-2.2
7 s
- =+0.059
0.303_0.059
41+0.0045
—0.0041
- ~+0.0040
0'3806—0.0046 Myr
3+D.20
—0.10
6.7410-2° CGyr

- "'.!"d'_i_[}'15 F T, ol

0.063 Myr

0.4 Gyr

Matter-radiation Equality redshift
Recombination redshift
Reionization redshift (abrupt)
Acceleration redshift
Matter-radiation Equality time
Recombination time

Reionization time

Acceleration time

e L e e e i e
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Other popular parameters (determined by those above):

A po2
T 002
o8

5_ir§: ﬁ?}l}la

+0.019
e’ o

4+0.018
5.239_ o 017
5+0.0019

S —0.0018

.-+0.016
0.1977 503,

< 0.024 (95%)

B 10.0095
0.9030 "4 o102

+0.0044
—0.0043

< 0.090 (95%)
< 0.21 (95%)

0.1272

< 0.94 (95%) eV

4+0.042
U.SUL. 6 .043

< 0.33 (95%)

+0.035
8.706 " ¢ 095

4+0.024
258 o a9

Hubble parameter

Matter density /critical density
Barvon density/critical density
CDM density/critical density
Neutrino density /critical density
Spatial curvature

Matter density

Dark matter neutrino fraction
lT'ensor fluctuation amplitude
Sum of neutrino masses

WNMAP3 normalization parameter
Tensor-to-scalar ratio (WMAP3)
Density fluctuation amplitude

11

Velocity fluctuation amplit¥#idé




Pirsa: 07020011 Page 78/118



Pirsa: 07020011 Page 79/118



Pirsa: 07020011 Page 80/118



Pirsa: 07020011 Page 81/118



Pirsa: 07020011 Page 82/118



Pirsa: 07020011 Page 83/118



Pirsa: 07020011 Page 84/118



Pirsa: 07020011 Page 85/118



Pirsa: 07020011 Page 86/118



Pirsa: 07020011 Page 87/118



Pirsa: 07020011 Page 88/118



Pirsa: 07020011 Page 89/118



Pirsa: 07020011 Page 90/118



Pirsa: 07020011 Page 91/118



Pirsa: 07020011 Page 92/118



Pirsa: 07020011 Page 93/118



Pirsa: 07020011 Page 94/118



Pirsa: 07020011 Page 95/118



Pirsa: 07020011 Page 96/118



Pirsa: 07020011 Page 97/118



Pirsa: 07020011 Page 98/118



Pirsa: 07020011 Page 99/118



Pirsa: 07020011 Page 100/118



Pirsa: 07020011 Page 101/118



Pirsa: 07020011 Page 102/118



Pirsa: 07020011 Page 103/118



Pirsa: 07020011 Page 104/118



Pirsa: 07020011 Page 105/118



Pirsa: 07020011 Page 106/118



Pirsa: 07020011 Page 107/118



Pirsa: 07020011 Page 108/118



Pirsa: 07020011 Page 109/118



Pirsa: 07020011 Page 110/118



Pirsa: 07020011 Page 111/118



Pirsa: 07020011 Page 112/118



Pirsa: 07020011 Page 113/118



Pirsa: 07020011 Page 114/118



Pirsa: 07020011 Page 115/118



Pirsa: 07020011 Page 116/118



Pirsa: 07020011 Page 117/118



Pirsa: 07020011 Page 118/118



