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Structure and history of the Universe
depend on mass/energy content

® Geometry of the universe

® Expansion history

® Structure formation (linear and non-linear)
® High energy astronomical sources

® Sources of gravitational waves
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The history of the Universe
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Astronomical objects
as high-energy and massive sources

gamma ray bursts;

hypernovae;

supernovae;

COSMIC ray sources;

mergers of black holes and of neutron stars;
dense and massive dark matter halos;

etc
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The expansion of the Universe
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Expansion rate and distances
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CMB acoustic peaks:
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Supernovae as ‘standard’ candles
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Evidence for past acceleration
Important reality check

accelerates now
decelerates in the past

0.5 l
Redshift z

HST ACS Sample of high-z SNe: A. Riess et al, Ap.J 607, 665 (2004)
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Density of relic particles
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Structure formation: linear regime

5% 2% % = 47wGpd + (vel. dispersion term)

s ;

Depends on particle properties:

Depends on mass/energy content
P Y cold, warm, hot
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CDM

WDM (m=keV)
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Lyman-alpha forest:

. H emission from quasar

“Metal’ absorption lines
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Quasar spectra sample the matter
distribution along the line of sight
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Predicted Lyman alpha forest power spectra

dark matter: | kkeV / [ 5keV [ 7TkeV | CDM

Needs m>1lkev
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Structure formation: nonlinear regime

Millennium Run:|
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CDM: MW-halo WDM (m=keV)
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Halo density profiles
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Testing Particle Physics with Astronomical Sources

Final State

Dominant Signals

W=, Z, gluon, quarks (u, d, c, s, t, b)
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Not from large scale Fermi bubbles
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cold
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Conclusions

® Current cosmology and particle physics are
closed linked

® Cosmology provides a testbed for particle
physics that is difficult to have in lab.

® Universities have an advantage here




