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CMB

dT/T, polarization, the
present and the future























Supernovae

Probing the cosmic
equation of state







Lensing











Cosmic flows

Absolute (bulk) and relative 
motions of galaxies as 
cosmological probes



The bulk velocity of a sphere of radius R probes the density field on 
scales > R, or Fourier modes      with wavenumbers k < 1/R, 
i.e. it is a low pass filter.

The mean pairwise velocity at separation R probes the density field
on scales < R and wavenumbers k > 1/R, hence it is a high pass filter.

These two measures of the peculiar velocity field are complementary to
each other. Bulk velocity measurements can be used to constrain the
longwave tail of the power spectrum, while the mean pairwise velocity
measurements can be used to estimate and



Conclusions from a most recent study of bulk flows on a scale of 
100 Mpc/h (Feldman et al. 08): observations suggest 
more large scale power than in the standard LCDM model .

Lynden-Bell et al. (1986, known as the 7 Samurai paper),
and Vittorio, Juszkiewicz & Davis (1986) : observed cosmic 
flows on a scale of 50 Mpc/h require more large scale power
than the then standard CDM model can provide.

CDM according to 1986 standards was defined by the following 
set o parameters:

and or 1 for the biased and unbiased version
of the model, respectively.



Vittorio et al. (1986) have showed that both versions of the standard
(Einsten-de Sitter) CDM model are ruled out because  the unbiased
version has too much power on small scales while the biased one
too little power on large scales. In other words, the shape of the power
spectrum is wrong, not the overall normalization. 

This was confirmed when the additional large scale power was seen
explicitly in the APM survey angular correlation function. These 
observations have led G. Efstathiou et al.(1990) to propose the
LCDM model.

If the current results on extra power on 100 Mpc/h scales survive
all tests and reappear in othe observations, we may have to revise
the current ‘standard model’.



Measurements of mean pairwise velocities (Juszkiewicz et al. 2000,
Feldman et al. 2003) were used to estimate the dark matter density
parameter, consistently giving values close to 0.3.

The most recent estimate is



Sky surveys

• SDSS
• Photometric redshift surveys
• Cosmology at 21cm
• Far-IR surveys



SDSS: spatial correlations of clusters, baryon acoustic oscillations, 
Weak lensing.

SDSS II: SN survey

SKA



Dark matter and dark energy
searches

Observations, laboratory 
experiments and new theories



When new observations disagree with the existing gravitational 
field theory, at least two different ways out of the impasse can
be considered: 

1) Look for missing particles (dark matter, unseen planets, etc.)

2) Modify the field theory itself

In 1846, Urbain Le Verrier successfully applied the first of above
ideas to explain the motion of Uranus and predicted the position
of earlier unseen planet which we now know as Neptune.

Later he tried the same approach to explain the anomalous 
orbit of Mercury and concluded that this can not be done
within the Newtonian theory and that we should consider
a modification. This remark, made by Le Verrier in the 1870,
has inspired Albert Einstein who explained Mercury’s orbit
in 1915.

At this Meeting, we consider both possibilities.



Relativistic stellar orbits near the galactic center





Conference conclusions

Bad news: we still do not have a microscopic theory for
dark matter and dark energy.

Good news: for the first time in history of cosmology
estimates of cosmological parameters derived from
different observations agree with each other.


