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 Direct neutralino  detection    

      Recoil detectors: DAMA m60 GeV?, Edelweiss, CDMS, XENON  

         LHC  m=O(100) GeV? 

 

 Indirect  detection 

        annihilation in the galactic haloes  

      WIMP annihilation in the Sun, Earth, Moon…  

         … 

 

                  Gamma-rays, positrons, antiprotons, neutrino 

                 Halo structure: DM profile  ρhalo (r)  – NFW, Moore, Einasto… 

                 Halo clumpiness: mass fraction of clumps  ξ 

                 Minimal mass of clumps  Mmin 

                 Clump distribution function  ξ(Mcl, ρcl,r) 



Various SUSY Models  

10-10 pb 

http://dmtools.berkeley.edu  

(Gaitskell/Mandic) 

Experiments:  CDMS, CRESST, CUORE, DAMA, EDELWEISS, 

EURECA, PICASSO, XENON, XMASS-DM, ZEPLIN… 

Direct DM detection 

http://dmtools.berkeley.edu/


Neutralino as WIMP 

Only 5 parameters: 

  is LSP in mSUGRA: MSSM with SUGRA inspired breaking  

spin 1/2 Majorana particle: |> = N1|B0> + N2 |W3> + N3 |H1> + N4 |H2> 

B0, W3 – gauginos,  H1, H2 - higgsinos 
 is almost pure bino: (N1,N2,N3,N4) = (0.95,−0.10, 0.27,−0.09) 

Dominant annihilation into quark pairs 

 

Annihilation to γγ is suppressed  

by a loop factor 



  Photon spectra of SUSY χχ annihilation 

Profumo & Kamionkowski, 2006  Monochromatic gamma rays? 



  





  
CANGAROO III 

H.E.S.S. 2002 

MAGIC 

VERITAS 
photomontage 

Atmospheric Cherenkov Telescopes 

CELESTE 

HEGRA 1997 

Whipple 1989 



CACTUS Gamma-Ray Excess from Draco 

Profumo & Kamionkowski, 2006  

Dwarf spheroidal (dSph) galaxies within 100 kpc from the Milky Way center: 

Carina, Draco, Ursa Minor and Sextans 

Boosting factor ~40 insufficient for detection 

Draco heliocentric distance 75.8±0.7±5.4 kpc, R=0.5 kpc 
 

CACTUS:  Converted Atmospheric Cherenkov Telescope Using Solar-2 

Solar 2 Heliostat Array CACTUS. Barstow, California, effective area 5×104 m2, 144 heliostats, each 42 m2 

Threshold: 50 GeV 

Background: γ-like hadronic EASs, CR electrons, 

diffuse extragalactic background >50 GeV 

Excess ~20% of the background >50 GeV 

angular resopution Δθ=1o? 
Opportunity for Fermi (formerly GLAST)? 

2004  



All-sky view from Fermi 

http://fermi.gsfc.nasa.gov/ssc/ 



  

Project Columbia supercomputer (NASA) 



  



  



  



  

 3 kpc                                         60 pc                                     0.024 pc 
 

          N=62 106,   m=1.2 10-10M


   z=350   z=26,  grav. softening of 10-2 pc 



  



  



  



  



  



  



             HIERARHICAL STRUCTURING 

`Merger tree’ 

Mass function of unconfined clumps 

Press & Schechter 1974 

Lacey & Cole 1993 

Press-Schechter formalism:  



  



  Mass function of small-scale DM clumps 

Lower line – model calculation   Berezinsky, Dokuchaev & Eroshenko 2003 

Dots - numerical simulations                          Diemand, Moore & Stadel 2005 

  M-1 



  
Fraction of survived clumps 

Mcl=10-8M


 Mcl=10-3M


 

Tidal destruction of clumps in the Galactic bulge, disc, halo and the 

resulting total fraction of survived clumps with Mcl=10-8M


 and 10-3M
 



  
Survived fraction of clumps  P(r)  

in the Galaxy 

Radial galactocentric distance r in kpc 

Mean internal density of clump ρcl in GeV/cm3
 



  
Clump distribution function 

Mean internal density of clump ρcl in GeV/cm3 

Right sides of curves correspond to  

Mcl / M
=10-8, 10-6, 10-4, 10-2, 1  from up to down 



  

Annihilation enhancement in clumps 

Local annihilation enhancement factor (boosting)  η(r) 

in isothermal spherical symmetric halo 



  
Local boosting in the Galactic plane and 

along z-axis 

Local annihilation enhancement factor (boosting)  η(r) 

in NFW halo with ring at r=14 kpc 



  
Integrated along the line of sight (observed) 

enhancement factor  η(θ) 

The case of isothermal spherically symmetric halo model 



  

Annihilations of superheavy DM in superdense clumps 

Fluxes Ii(E) of photons, nucleons and neutrinos from neutralino 

annihilations in the Galactic halo for neutralino with m~1011 GeV 

 

Berezinsky Dokuchaev Eroshenko Kachelrieß Solberg 2010 



  


