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Evidence of Darkness

" The presence of large amounts of non-luminous components has been 
identified by different means on different scales:
� # � � � � �  � � � �

� $ % � � � � � � � � � � � � �

� & � � � � � � � �  � � � � � �

" The current view:

" We cannot explain these results with standard components:
� ' � � � � � � � 	 � � � ' ' � � � � & ( ' �)
� * � � � � � � � � � � � � � )
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Three dark components in the Universe:

� Dark baryons
� Dark non-baryonic matter
� Dark energy

Both DM and DE ask for extension of the 
Standard Model of fundamental interactions

After WMAP *:

* & � � + � � � �  � � � � � # � . -
�

* � � � �, αααα
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Particle candidates for non-baryonic dark matter

" Non supersymmetric candidates
� ( � � � �� � � � � � � � � �

� � % � � �

" Supersymmetric candidates
� � � � � � � � � � �
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� Neutralino:   

� Chargino: bound bound

LEP limit:

with:

Low energy MSSM with gaugino non-universality

with gaugino non-universality:
lower limit decreases
and
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Properties of light neutralinos

" For low values of R, neutralinos are 
dominated by the Bino component, 
with a mixture of higgsino H:

" These features imply:
� � � � � � + � � � � � �  �, � � � �  � � � � � � � � �

� � � � � � �

� � � � � �, � � � �  � � � � � � � � � � 	 � � � � � � �

� � � � � � � � � �  � � � � � � � � � � + � � � �

� � �� �� � 	 �
 � � � � � � �
  � � � � � � � � � � � � � � �
 � � � � �� � � 	


� � � � � �� � � � �
 � � � 	 	 � � � � �
 � � � � � � � � �
 � � 	 �� � �

�
 � � � � 	 � � � �� 
 �� � 	 � 
 � � �
 � < � N � Q 8 K L L M ? L � M R H �



� �� � �� � � � � � 	 � 
 �� � � � 	 � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � �� � � � �� � � � � � �  �� � � � � �

The cosmological limit on the amount of CDM allows to set an absolute 
lower bound on the neutralino mass

For:

Otherwise:

In the low-mass neutralino sector, also Higgses are relatively light

In this model Cosmology complements 
accelerator searches, for which a 
lower bound on the neutralino mass is 
not available

Cosmological lower bound on the neutralino mass

< � N � J 8 K L L M ? L I M R L �
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In addition to a smooth density profile, there may also be a clumpy structure
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Density profiles
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Velocity DF

� The typical velocity DF of a relaxed DM halo is a truncated MBdistribution (in the galactic rest frame):

� May be anisotropic

� Depending on the formation history, non-thermal component may also be present [e.g. streams]
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Dark Matter Direct SearchesDark Matter Direct Searches
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Direct detection

� Direct detection relies on the elastic scattering of neutralinos off the nuclei of the detector

� Since WIMPs have typical velocities of order 200-300 Km s �

�

recoil energies in the KeV range
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/ N : F � � � F = G � 6 4 8 @ = 7 � � ?

[D.S. Akerib et al., astro-ph/0405033]

� N � 1 9 � � F F 8 � 6 @ C 3 � ?

[A. Benoit et al., PLB 545 (2002) 43]

Direct searches: upper limits
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DAMA annual modulation result

" DAMA/NaI
� � � � � � � � � � 
 � �

� * � � � � � � � � � � * � # -

" Reported a modulation effect over a 7 year cycle at 6.3 C.L.
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Antiproton flux

" Dark matter annihilation in the galactic halo can produce antiprotons:

" Antiprotons diffuse in the Galaxy until they reach the boundary of the heliosphere:

" Inside the heliosphere, antiprotons propagate against the solar wind:

" Antiprotons are also produced in galactic disk by interactions of cosmic 
rays with the interstellar medium
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Antiproton source term

� Source term from neutralino self-annihilation:

� Differential spectrum:

� DM density profile:
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Diffusion and propagation in the Galaxy

" Two-zone diffusion model (cylindrical symmetry)
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- solution of the steady-state diffusion equation with energy losses and reacceleration
- depends on a number of astrophysical parameters:

� diffusion coefficient

� height of the diffusive halo

� galactic wind velocity

� Alfven velocity (reacceleration)

The params are constrained by stable nuclei propagation, mainly B/C
� N
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: 6 G A � 4 3 5 6 7 0
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Propagation in the Galaxy
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secondaries
(background)

< 25% uncertainty

primaries(DM signal)
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TOA fluxes and comparison with data

� BESS 95-97

� BESS 98

� AMS

� Caprice

solar minimum

secondaries

primaries

" Quite good agreement between secondaries and data

" Not much room left for a primary component, especially in the low-energy tail
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Antiproton flux
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Antideuterons

� Neutralino self-annihilation can produce antideuterons through the processes:

� Antiprotons and antineutrons must be produced in the same phase space in order to be able to merge (coalescence model)

� Once antideuterons are formed, they are subject to diffusion and energy losses analogous to the antiproton case:
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� Standard spallation processes can also produce antideuterons:
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TOA Antideuteron flux
primaries (susy signal)

secondaries (background)
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Antideuteron flux
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Positron flux
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Gamma-ray flux

� Photon flux from neutralino self-annihilation:

� Differential spectrum:

� DM density profile:
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� The gamma flux is strongly dependent on the DM density profile:
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Moore et al.
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EGRET: diffuse gamma rays
from the galactic plane
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� The dependence of the line of sight integral on the DM density 
profile toward the GC is sizeable:
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1x 0.10 x 0.23 x 59 x 3.2

Notice that the effect of baryons could even produce steeper profiles
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Gamma-ray flux

There may be detection potential also for a Log-slope DM profile, in the low 
mass range below 25-30 GeV

< � N Q L 8 K L L I ? L H R L L R



� �� � �� � � � � � 	 � 
 �� � � � 	 � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � �� � � � �� � � � � � �  �� � � � � � �

The spectral shape of the EGRET excess from the GC can be explained by 30-40 GeV neutralinos � � �
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