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THOSE PESKY PARAMETERS: WE'RE ZEROING IN!
(August 2002)

Dark Energy
66%

Matter Budget

B Ordinary Matter hQ,=
B Dark Energy Q,
m Cold Dark Matter h2Q =
m Hot Dark Matter h?Q =.001"%

=0.66"19

. 021+.006

-.006

0. 12$:6§
-03

m Photons h20 =0.0001
0.
W Budget Deficit Qk:o_oot-gg
imi Cold Dark Matt
(95% IImItS) Ol’dlnary Matter 0] 21‘9% atter

*Early Universe

5%

(Post-CBI
Scalar normalization Q ~ 10>
Scalar tilt n=0.93"%, parameters from
Running of tilt oa="? \ ' '
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Tensor tilt Ny =7
_ Is cosmology solved?
*Gastrophysics We still have no clue
Reionization optical depth T = 0.07-% 0
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Hubble parameter h=0-65+_'_1111 IS made of!
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Constraints on

dark matter




Wang, Tegmark & Zaldarriaga 2001
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Constraints on

neutrinos
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Constraints on

dark energy
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THOSE PESKY PARAMETERS: WE'RE ZEROING IN!
(December 2001)
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Beyond cosmological parameters, summary:.

* Test the underlying physics rather than assuming it

» Understand the nature of dark matter, dark energy, bias and gravity

» Cosmological functions rather than cosmological parameters

» Measure the free functions rather than parametrizing themin a way involving
untested physical assumptions - a form of data compression

Do observations disagree with each other or with theory?

Data => Cosmological functions <= Theory
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Oth order: a(t)

Higher order:
gastrophysics




Measuring
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Tegmark 2001

. See also Wang & Garnavich 2001
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Oth order: a(t)
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Redshift =

Tegmark 2001
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Current power spectrum P(k) [{(h-!' Mpc)3]
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Current power spectrum P(k) [{(h-! Mpc)3]
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Measuring P(k)

with CMB




20

15 -

10

Eernel

A‘l‘ A H\ } MLJML'J. '|.'

D-DUDI

{.001 {+.01

Wavenumber k [h/Mpc]

0.1




101

0.1

10-2

Comoving wavenumber k [Mpc™t]
T T T TTT ||
] I 1111 ||

104

10 160 1600
Multipole 1

—t




> o2y o]
) o Q

Temperature fluctuation 6T [uK]
[
o

May 23, 2002: New CBI & V SA results

Tegmark & Zaldarriaga, astro-ph/0207047

0
2 510 40 100200 400 600 800 1000 1200 1400 1600

Multipole 1



Eernel

15

I| ! ! T T TTT ! ! T T TTT ! ! T TTTT !
10 —
5 I
D I| ] ] |- III| ] ] 1 1 1 III| ] ] ] ‘I-‘_h;_ll‘l‘rl
{0.0001 {.001 {+.01 0.1

Wavenumber k [h/Mpc]



Current power spectrum P(k) [{(h-! Mpc)3]
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Measuring P(k)

with the LyoF




Croft et a 2000
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Lyman Alpha Forest Simulations:
Dave, Hernquist, Katz & Weinberg 1999
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Reanalysis of Croft et a (astro-ph/0012324)
by Hamilton & Gredin (astro-ph/0111194)

k3P, (k) /272

0.1 |- .

L I-- L i 1 Ll I
10-3 10-2

k (km/s)" !

Figure 3. The flux power spectrum
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Measuring P(k)

with weak lensing




Gravitational lensing
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Measuring P(k)

with SDSS




Early SDSS
P(K) results

For the SDSS collabor ation

A real team effort. Particularly important contributions by Michael
Blanton, Fiona Hoyle, Michael Strauss, Michael Vogeley, David
Weinberg, Idit Zehavi, Adrian Pope, Josh Frieman & Alex Szalay.

Special thanksto Andrew Hamilton for sharing mask & mode code.







Sky coverage of SDSS redshift survey

(Aitoff projection, equatorial coordinates)

(Dust map fromSchlegel,
Finkbeiner & Davis)
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Analysis




Tegmark, Hamilton, Strauss, Vogeley & Szalay 1998
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Galaxy power spectrum measurements 1999
(Based on compilation by Michael V ogeley)
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Measuring the

primordial power
spectrum P.(k)
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Beyond cosmological parameters, summary:.

* Test the underlying physics rather than assuming it
» Understand the nature of dark matter, dark energy, bias and gravity
» Cosmological functions rather than cosmological parameters

» Measure the free functions rather than parametrizing themin a way involving
untested physical assumptions - a form of data compression
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Do observations disagree with each other or with theory?

Data => Cosmological functions <= Theory



Beyond cosmological parameters, summary:.

* Test the underlying physics rather than assuming it

» Understand the nature of dark matter, dark energy, bias and gravity

» Cosmological functions rather than cosmological parameters

» Measure the free functions rather than parametrizing themin a way involving
untested physical assumptions - a form of data compression

Do observations disagree with each other or with theory?

Data => Cosmological functions <= Theory



Age of Universe in Glga—vyears
1312111609 8 7 6 5 4 3 2

O T e e badkgrdind Hactnatioas " 1 '
Lya Forest

Cluster abundance |

—

Supernevae Ia ‘

[kg/m?]

Lo -

= L eak lensing al p=(1+z)® asymptote - ‘ Ot Or

Em*zs F probed by CMB |

- i E f el
B i .

o ~ | CURRENT SN 1a] |

o

GmE T ———— — ——— — — — — — — :_

© = :

é . \ Matter density p_=(1+z2)? / ]

Vacuum density o, constant

Wavelength A [h-! Mpc]

10-27 1 1 e v v b o ]_04 1000 100 10 1
1 2 3 4 5 6 E T IIIIIII T T IIIIII T T T IIIIIII T T IIIII LI T T IIIIE
1+= N ]
'l'-‘_| - -
"a - .
=9
= 104 = I + —
& P f
< i F}__q T
a, 1000 E T =
1st order —» @ | it 5
e -t | ]
N 5y 40N : +

& 100 | i -
" E 3
5 c ® Cosmic Microwave Backgrohnd —I—' ]
& - @ 3DSS galaxies -1 ]

_:' # Cluster abundance I
g 10 E ) —EH =
o F m Weak lensing ]
» F ]
=] C 4 Lyman Alpha Forest ]
O i HH ]
1 __I 1 IIIIII 1 11 IIIIII 1 11 IIIIII 11 IIIIII 1 1 'I-EI-|III_

0.001 0.01 0.1 1
Wavenumber k [h/Mpc]

= b



