In Quest of Dark Matter

Paolo Gondolo




Outline

Baryonic and non-baryonic dark matter
In search of the missing baryons
In search of non-baryonic dark matter

Speculations on dark energy
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Dark matter in galaxies
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Dark matter in galaxy clusters

‘Coma cluster
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Dark matter on large scales
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The “best’” matter density

WMAP (Bennett et al., 2003)

(3..h° = 0.1887 ¢
of which
Q,h? < 0.0076 (95%CL)
Q,h? = 0.0224 4+ 0.0009

Qopnh® = 0.11870



The concordance cosmology
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The dark matter problems

- Missing baryons at low redshift

- Non-baryonic dark matter
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Suspect #1: MACHOs

Massive Compact Halo Objects



How to find MACHOs

Gravitational microlensing
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MACHOs!

halo fraction
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MACHOs!
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“Pixel’” microlensing

monitor unresolved stars in M31, M87, ...

MEGA 2001
m r' filter
5
" ¢
i ._..__._j___._.____.nm.%m_
0 20 40 &0 80 100 120 Lo
POINT-AGAPE 2001 evodifed julion dote ~ 52067
Baltz,Gondolo,Lauer,
Silk,et al, in prep




Microlensing surveys

M87
Silk et al

APE
mmozm et al EROS,MACHO



The concordance cosmology
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Suspect #2: neutrinos



Neutrinos as dark matter

Hot Dark Matter Cold Dark Matter
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Cosmic neutrino density

Constraints from cosmic large scale structure

Wavelength A [h-! Mpc]
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Neutrinos as dark matter

Hot Dark Matter

SuperK LEP| DM searches
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The concordance cosmology
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Suspect #3: WIMPs

Weakly Interacting Massive
Particles



Supersymmetry

fundamental forces squark <« quark
TR gaugino <« gauge boson
* Stabilization of higgsino «— Higgs boson

scalar masses

Next Linear Collider

Large Hadron Collider




The (Lightest) Neutralino

MHQm\._loNl_lan._.&mm

Lightest Supersymmetry Particle [often]
Stable [R-parity conservation]

Weakly interacting

Massive [ 30 GeV]
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Some results in mSUGRA
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Cosmology and mSUGRA

» Cosmological data on Q, h?:
WMAP first year data: Qcpyh? = 0.11370:008

 Neutralino annihilation chain:
Edsjo, Schelke, Ullio, Gondolo, 2003

« Masses from GUT parameters:
See Allanach, Kraml, Porod, 2003
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Searching for dark WIMPs

« direct detection
- neutrinos from Sun/Earth

- anomalous cosmic rays from
galactic halo

- heutrinos, gamma-rays, radio
waves from galactic center



WIMP direct searches

WIMP

CRESST

CDMS-II, DAMA, CRESST-II, DRIFT, GENIUS, ...



Have WIMPs been detected?

Annual modulation in DAMA data
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Bernabei et al 2001



WIMP direct searches
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WIMP direct searches
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Cosmic rays from dark matter

]

Background by J. Lomberg 1989




Positron excess

HEAT balloon finds anomaly in cosmic ray flux
Possible explanation: supersymmetry in the galaxy

positron fraction e*/(e*+e")
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Number of Counts

Positron excess

100

20

Future test of WIMP explanation:
Gamma-rays from galactic halo
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Neutrinos from dark matter _

© Sun
_ Visible
WIMPs Galaxy
Neutrinos, Photons, ...
o
LRAA, ANAASD
| 74 W Dark
Matter
Spike
Black Hole

Gondolo,Silk 1999, Gondolo 2000

SuperK, AMANDA,
Antares, IceCube, ...

detecto

WIMPs



Accelerator bounds

Relic density

Scattering off nucleons
Signals in neutrino telescopes
Gamma-ray signals
Cosmic-ray positrons
Cosmic-ray antiprotons
Signals from galactic center



Other suspects:

Missing baryons:
black holes,
cold-warm gas,

Non-baryonic:
axions,

WIMPZILLAS,
Kaluza-Klein particles,
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Dark energy

cosmological constant A
quintessence

network of cosmic defects
transplanckian physics
leaking gravity

modified Friedmann equation
Chaplygin gas




Dark energy from
dark matter confinement

Gondolo,Freese 2002

“Quanta” of confining force F' o« r*~!
have equation of state p = —5p

Dark matter subject to confining force can
have negative pressure on large scales

Compatible with SNla data
(Wang, Freese, Gondolo, Lewis 2003)

Working on concrete relativistic model



Summary

Baryonic and non-baryonic dark matter

» evidence from diverse observations
In search of the missing baryons

* there are MACHOs, but what are they?
In search of non-baryonic dark matter

* neutrinos are hot dark matter

» still seeking WIMPs (neutralinos)
Speculations on dark energy

» Dark energy from interacting dark
matter with negative pressure



Dark Matter Mystery Solved




