Measuring Cosmological

Parameters
(€2, A, H,, etc...)



Various Methods:

The different methods can be divided to several
“major” groups of methods:

* Measuring local characteristics sensitive to
cosmological parameters.

* Measuring behavior vs. time/z (luminosity,
number counts etc.) at high redshift

e Looking at the young (and linear) universe: The
Cosmic Microwave Background.
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Friedman Equation
Homogeneity (RW metric) + Gravity ( G, - Ag,, =8GT,, )

Q = =1-Q, closed/open
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2 R Q >0

Eternal
expansion

Curvature = -1+Q_ |+ Q |

Acceleration = -Q_ |+ 2Q

Q >1

collapse

Big Bang Now & Here t



Dark Matter and Dark Energy

vacuum -
repulsion 1

mass - attraction



Total Luminous Matter

By counting the total amount
of starlight from galaxies, and
the number of galaxies, one

can obtain (using
(M/Msun)/(L/Lsun)~few):

luminous = OOI
|s the universe
‘empty?” Where is
the rest of the mass?
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Dark Matter




Galaxy Rotation Curves

Dark Matter

oU0000U lyrs

Flat Rotation Curve!

R
, GM(R)
R
— M(R) x R



On larger scales, more
Mass 1s missing!

Gravitational Lens HST - WFPC2
Galaxy Cluster 0024+1654

PRC96-10 - ST Scl OPO - April 24, 1996
W.N. Colley (Princeton University), E. Turner (Princeton University),
J.A. Tyson (AT&T Bell Labs) and NASA




Cosmic Flows
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Dark-matter density in supergalactic plane




Great

Attractor N\ - ¢ S Perseus
~/  Pisces




Most matter: Dark Matter

Dynamics Q_=0.35+0.05

Using BBNS, ~ (.05

cluster gas = 2O

What is the -
dark matter? Zj



Cosmological Parameters
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2 R Q >0

Eternal
expansion

Curvature = -1+Q_ |+ Q |

Acceleration = -Q_ |+ 2Q

Q >1

collapse

Big Bang Now & Here t



Acceleration

Vaccum energy Is responsible
for an effective “repulsion
force™:

Q, =0.65+0052Q




SN Cosmology Project
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Cosmological Parameters




Cosmic Microwave Background

horizon big-bang
g Big Bang Yy

£l of Inflaelyy

Rad ation = Hatter
Enery.

here & now
t,~14Gyr

Can only see
surface of cloud
where light was
last scattered,

Present

The Cosmic Microwave Background Radiation's
"surfact of last scatter" is analogous to the
light coming through the clouds to our
eye on a cloudy day.

MAPA3005%




Intensity (MJy/sr)
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CMB Temperature

dipole

OT/T~10-3

COBE
resolution ~10 degrees

' MAP simulation 2003
resolution ~ few arcmin



CMB Temperature Fluctuations
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Measuring Curvature
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Space’s Curvature




CMB amsotropy

Angular power spectrum
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Origin of Peaks

Horizon: scale
r, <1 M
Mh x p I"h3 - (t2/3)_3t3 x ¢
Ml
Comoving sphere: M,
aot*? M =const.
fluctuations grow
after entering the
horizon op/p

radiation horizon

matter  1onized H'=cy”
neutrak :

M enters the

horizon / \




[Latest Results WMAP
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Cosmological Parameters




Age of an old star clusters

1

18 —

Brightness

20 —

22 [~




The Age of the Universe

11.9 Gyr

9.5 Gyr

Best fit age of universe: t,=14511 (0.63/h) Gyr
Best fit in flat universe: t, =149 £ 1 (0.63/h) Gyr
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Big Bang Nucleosynthesis
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