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Favoured	  SUSY	  candidate:	  Weakly	  Interac*ng	  Massive	  Par*cle	  	  	  or	  WIMP	  
Relic	  abundance	  obtained	  if	  <σv>~3x10-‐26	  cm3/s	  ~1/Ωx	  for	  	  0.1-‐10	  TeV	  

   ASTROPHYSICAL PROBES  OF DARK MATTER               
COMPLEMENT FUTURE COLLIDER EXPERIMENTS 	  



predict	  γ ray	  “smoking	  guns”:	  	  	  	  hard	  spectrum	  	  	  	  	  	  	  	  annihila*on	  line	  

FERMI	  (2009):	  0.02	  -‐	  300	  GeV,	  5o	  -‐	  5’,	  	  ΔE/E	  ~	  0.1 	  	  



Papucci & Strumia  2009 

Gustafsson et al. 2007 	






                        Fermi LAT   (from TeVPA 2010) 

7x7 degrees 



a local boost is natural in gravitationally bound 
spike around Sag A* black hole 4x106 Msun 

Dynamical heating reduces peak density 

DM predicts exponential cut-off  + no variability 

Did we prematurely abandon  a dark matter  
contribution  in the GC? 



Horns 2007 



5TeV 
10TeV 

Horns 2007 



Aharonian et al. 2009 



Genzel 2010 







Regis and Ullio 2007 



Regis & Ullio 2007 



Regis & Ullio 2007 



Regis & Ullio 2007 

Regis & Ullio 2007 



CENTAURUS A 
Leptonic and hadronic injection needed HESS 
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high	  energy	  neutrinos from	  WIMPs	  annihila*ng	  in	  the	  sun	  

observable	  with	  downward-‐looking	  neutrino	  telescopes 	  

ANTARES in the  
Mediterranean Sea 

ICECUBE at the South Pole 
Hooper	  &	  	  Halzen	  2009	  



For  annihilating   mx ~5-20 GeV with large SD cross-section, !
WIMPS can modify the core properties of the sun. !

Cumberbatch	  et	  al	  	  	  2008 

Sound	  speed	  differences!	


SunRadius (R    )
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Cumberbatch et al 2010 
Taoso et al 2010 



TEVATRON LIMITS 
Bai et al. 2010 







Radial Order
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	  helioseismology	  constraints	


Cumberbatch et al 2010 
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Neutrino	  predic*ons	


Lopes and Silk 2010 

σs=10-35  cm2   

σann =10-36 cm2 
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For  non-annihilating   mx ~5-20 GeV with large 
SD cross-section, the effect is larger!!

Lopes and Silk 2010 



Neutrino fluxes relative to standard solar model  
for annihilating and non-annihilating WIMPs 

Lopes and Silk 2010 





Period separation for l=1 gravity modes  

Lopes and Silk 2010 
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Gilson and Jaffe 1993 





If neutron matter is metastable, it takes ~300 MeV/baryon  to  
convert  neutrons  into strange quark matter (m_s=104MeV). 

Strangelets with A as low as 10-600 may be long-lived,  
eg ~days  (Alford et al. 2006, Shaffner-Bielich et al 1997). 

Hence 3 GeV to 180 GeV is the energy release deep inside a  
neutron star  by annihilation that can catalyse conversion,  
eg ~ minutes (Bhattacharyya et al  2006) 



For conversion  



Perez-Garcia, J.S. and Stone 2010 
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	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  SUMMARY	  

Dark	  maeer	  spikes	  at	  the	  Galac*c	  Centre	  
and	  other	  SMBH/IMBH	  are	  possible	  γ	  sources	  

The	  Sun	  is	  a	  dark	  maeer	  probe	  via	  
helioseismology	  especially	  with	  g	  modes	  

Neutron	  star	  conversion	  to	  strange	  quark	  stars	  
may	  be	  triggered	  by	  dark	  maeer	  annihila*ons	  	





