a quete du cinquieme
clement:

les indices astrophysiques

en faveur de l'énergie noire




ell | stablished '‘esults:

niverse 1S expanding!
(Hubble diagram, SN time scale, CMB at Z > 0)

aryonic content Q  ~ 0.020-0.025 /i
ark matter 1S non-baryonic
ower - pectrum 1s CDM-like @ = 1.,F = 0.2)

niverse 1s nearly flat! R < ¢/H )



osmological | ramework

H0 measurements

Supernovae
CMB
Clusters

BBN
[Lensing
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recision ( osmology...

Parameter Vanilla Vanilla + Vanilla + w Vanilla + O, + w
Q. 0.0227 £ 0.0005 0.0227 +£ 0.0006  0.0228 +£0.0006  0.0227 + 0.0005
Q. 0.112 +£0.003 0.109 + 0.005 0.109 + 0.005 0.109 + 0.005

6 1.042 + 0.003 1.042 + 0.003 1.042 +0.003 1.042 + 0.003
T 0.085 +£0.017 0.088 + 0.017 0.087 +0.017 0.088 + 0.017
M, 0.963 £0.012 0.964 +0.013 0.967 £+0.014 0.964 + 0.014

log(101°A)) 3.07 £ 0.04 3.06 +£ 0.04 3.06 + 0.04 3.06 + 0.04

0 —0.005 = 0.007 0 —0.005 £ 0.0121
-1 -1 —0.965 + 0.056 —1.003 £0.102
0.738 £ 0.015 0.735 +0.016 0.739 +0.014 0.733 £ 0.020
13.7+0.1 139+04 13.7+0.1 139 +0.6
0.262 £0.015 0.270 £ 0.019 0.261 £0.020 0.272 £ 0.029
0.806 +0.023 0.791 £ 0.030 0.816 +0.014 0.788 + 0.042
109+ 14 110+1.5 11.0+1.5 110+14
0.716 £ 0.014 0.699 + 0.028 0.713 +0.015 0.698 + 0.037

diypical precision: 2%...



osmology...

Standard cosmology based on proven physics
Exotic physics advocated for non standard views
(tired light, stationary cosmology, ...)

Early times cosmology: Dark matter, Inflation

and now dark energy:

INew: exotic physics...



undamental questions...

. Are evidences for acceleration secure?

Cargese2008.



nly one direct evidence for a
accelerating
Universe:

Supernovae
Hubble diagram







nly one direct evidence

IIIIIII:=I|I

Alm-M) (mag)

||||=||| |||||

-

Coasting, q(z) _
Acceleration+Deceleration, q,=-, dg/dz=++
Acceleration+Jerk, q,=, |.=++

L1 Jelvd 101

A{mA) (mag)
I
||

0.5

=




BUT...




Am(z) = K (tp — 1(2))
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0 we actually




Iternative to the
oncordance Viodel:

No A ...
non power law model

extra mass components:
- neutrinos
- quintessence w ~ ()



SEsEssEEEREE WMAP
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From X-ray Clusters




0 (- -ray) clusters
allow
precision

1Y) 7/
CD:)IIlD-DgY !




Data on Clusters

Optical light

X-ray light

= Stellar masses + metals
= velocity dispersion

= lensing

= Imagery

= spectroscopy

= pressure

total mass

total mass

gas mass

total mass+ metals
gas mass




hat can you learn in
cosmology from

lusters?

A lot!



Cosmological parameters :
-H, Q ,(Q)

LSS :

-P () <=>§ (r), § ()(Q)

Insight into structure formation :
- clusters formation...

- physics of the 1GIV.
- eyolution process of galaxies



Clusters as (1irst) seen

5 a *1 C
r € r\/(AA::)dJJJ

- ¢ - e e




O simulations

Cargese2008.




Clusters are not so
easy to define...

29

Or any

I numerical simulations



In practice clusters
are defined 1n
different ways.

= friend of friend algorithm

— fixed overdensity: A



= fixed value: 180, 200, 1000, 324...

Cargese2008.



caling argument for
lusters:

Clusters are geometrically identical

With virial radius-mass relation

4
M = —po(1+2)(1+ A)R;

1.c.

B _3\/ 3M 1
V_
Arpo(l 4+ A)1 4+ =z




|Vass- | emperature ' elation :
e GM/x

whatever you do with gravity...

T = AWV (QA)"(Trz) e

Numerical simulations, Bryan & Norman, 1998

Cargese2008.



STATISTICAL PROPERTIES OF X-BAY CLUSTERS
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Critical ingredient: Mass estimates
Mass-temperature estimates relation:

(1 — A E ClF7) e

X

Cargese2008.



Vlass-| uminosity ' elation :

LX 0.0 n2T1/2V

L= B M"™ 0N (l+z)~

Cargese2008.



bserved | emperature -| uminosity " elation




(_onclusion at that point 1s that

 lusters are not

u:-‘ u-ff.“i‘- 1

I

= OWEVET...




Universe

)

Urniyverse




