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Figure 2:  The dimensionless angular diameter distance Dy /Dy. The three curves are foy

the three world models, (Qm, Q24) = (1,0), solid; (0.05,0), dotted; and (0.2,0.8), dashed.
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WMAP Spectra

Temperature and
polarization patterns are |
correlated
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P(k.2) =k'T*(k,2)
P(k, 2) = k"T2(K, 2)
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Natural value for vacuum energy
I cut :TéUT @(1016(36\/)4
r. = (0T, @235 10°eV)* Few = Tew @1LO°GeV)*

Assuming Zeq~1.0e4, slightly dependent on the pregevalue of H

r. 235 10°%V

st » 10— 55
[ ew 10'eV




r(g,t) = a)lq+b(t)S(q)]
S(q) =N7,(q)
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Modern computer can handle more th asrarticles

Simulation Volume: 4010 g\ [ole

r. =2.7755" 10*h?M _, Mpc -3

' *r & # # )) , &(

High resolution simulation of a single object:




Hardware and software gains / - o
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Consider the increase in the resolution of collisionless simulations of clusters
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90 Mpc
216.000.000 DM particle
(60C°)

)&(
(Maccio’ and Stadel 06)







Box = 90 Mpc
N part. = ~3.000.000
Comoving coordinates

(Ben Moore 2001)
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(V.Springel et al. Nature 2005)

N =2160 @1.0078 10°
L =500 *"Mpc

z =127

m, =103 10°







(large scale structure)

SDSS www.sdss.org: 3324 square degrees on five bands
(still in progress) 88 milions objects with photometry
367.360 spectra of galaxies, QSO and star

20FGRS (vww.mso.anu.edu.alt 221.000 unigue galaxyedshifts
(completed)

Precise determination of the large scale structutkeofalaxy distribution on scale
up to 600 Mpc.

2dFGRS:




Science & LSS simulations:

Mass function of galaxy & clusters.
(Klypin, Maccio’ & Mainini 2003)

Mock catalogue to compare
with LSS surveys (Yang et al. 2004)




Troubles for (L)CDM from Simulations!!

Observations and simulation results mainly disagreevo points:










(Diemand, Moore & Stadel 04)
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Navarro, Frenk & White (1997) :

Moore et al. (1999) :

Recent high resolution simulations converge to:
(Diemand et al 2004)

Diemand et al 2005: multi mass technique :




Observations

Based on rotation curves of LSB galaxies, becausgdre dark matter dominated and the stellar
population gives only a small contribution to tHeserved rotation curve

De Block et al 2001

There are a lot of source of errors

and uncertainties: non circular motions,
galaxy inclination, slit width, seeing, slit
alignment errors....

Swaterset al 2003

Swaters at al 2003 conclusion: with present dasanibt
possible to rule out halos witt:




Spekkenset al. 2005

Figure 4 of Spekkens et al 2005

Swaters et al 2003

They haveanalysedsimula es halos with the samé&cniqueused fcr observations
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Two possible solutions:DM satellites do not form from the beginning
DM satatellites are there, but without stars (invigible

WARM Dark Matter
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(no hydrodynamics from z=2 to z=0, only gravity)




No reionization

Reionization
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8A *= 8A

(from Tegmark et al. 2004)
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Yet we do not know why they exist or the physical resioe fa generating
them!

+ 9

- Too small CRviolation to explainbaryogenesis

- Does not produce dark matter particles

- Does not produce dark energy

- Fails to explain the small yet non zero neutrino masses.
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DYNAMICAL DARK ENERGY

RP (Ratra & Peebles 1988)

SUGRA (Brax & Martin 1999,2000)

(relevant for fundamental interaction physics)

These potentials have a tracker solution:
Same evolution track from a wide range of IC:
Solution for the fine tuning problem.

Mainini, & Bonometto 2003 NewA. 8, 172




More clusters at high redshift Halo are denser at z#®ssible signature i
Strong Lensing Events

(Mainini, & Bonometto 2003) , Mainini & Bonometto 2004)
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from CMB

from Nbody Sim.

DM halos profile for CDE models
If

Ruled out by observations




Coupled Dark Energy Models




