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Detec;on	
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Low-­‐mass	
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​𝜎↓χ,  𝑆𝐼 ~   ​10↑−41    ​𝑐𝑚↑2 	
  
​𝑚↓χ   ~  10  𝐺𝑒𝑉	
  	
  

​𝜎↓χ,  𝑆𝐷 ~   ​10↑−36    ​𝑐𝑚↑2 	
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  null	
  
results	
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EDELWEISS	
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DM	
  model	
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(DAMA)	
  

[Silva	
  Aguirre	
  et	
  al.,	
  ApJL	
  769	
  (2013)]	
  

DM	
  model	
  3	
  
(CDMS)	
  

DM	
  model	
  4	
  
(CoGeNT)	
  

[Buckley	
  M.	
  &	
  LippincoU	
  W.	
  H.,	
  Phys.	
  Rev.	
  D	
  88	
  (2013),	
  	
  	
  	
  Arina	
  ,	
  arXiv:1310.5718,	
  (2013)]	
  

DM	
  model	
  1	
  
(SI	
  best	
  fit)	
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R 

C
R
C
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ASTEROSEISMOLOGY can be used 

to investigate DARK MATTER  

Conclusion:	
  

Future	
  direc9ons:	
  

Jordi	
  Casanellas,	
  Toulouse	
  2014	
  

•  Solar-­‐like	
  oscilla9ons	
  in	
  low-­‐mass	
  stars	
  (0.7	
  Ms?)	
  observed	
  
with	
  high	
  precision	
  	
  (detached	
  eclipsing	
  binaries?)	
  

•  Gravity	
  modes	
  in	
  Red	
  Giants	
  	
  

•  Environments	
  with	
  high	
  Dark	
  MaUer	
  densi;es:	
  
	
  	
  	
  	
  	
  the	
  Galac9c	
  Center,	
  Globular	
  Clusters,	
  	
  dwarf	
  Sph	
  Galaxies	
  





Gould (1987) 

Capture 



WIMPs distribution inside the star: 

Equilibrium between capture and annihilation rates 

Equilibrium timescale: 

Rate of energy production by DM annihilation: 

Energy transport (DM cooling): 



Large separation: 

Small separation: 

Combinations to detect the convective core: 

Frequencies of the acoustic modes: 

Roxburgh &  Vorontsov (2003) 

Cunha & Metcalfe (2007) 

Silva Aguirre et. al (2010) 



Hidro.	
  Eq.:	
  

Con;nuity:	
  

Therm.	
  Eq.:	
  

Energy	
  transport:	
   (radia9ve)	
  

(convec9ve)	
  

Boundary:	
   T(r=R)	
  =	
  0	
  
P(r=R)	
  =	
  0	
  

M(r=0)	
  =	
  0	
  
L	
  	
  (r=0)	
  =	
  0	
  

Equa;on	
  of	
  state:	
   Tabulated	
  	
  (mixture,	
  X,Y,	
  p,	
  ρ,	
  T)	
  	
  

Opaci;es:	
  

Solar	
  composi;on	
  
Chemical	
  evolu;on	
  

(rates	
  and	
  cross	
  sec9ons	
  for	
  
pp,	
  CNO	
  and	
  3-­‐alpha	
  reac9ons)	
  

Tabulated	
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What	
  is	
  the	
  Universe	
  made	
  of	
  ?	
  

~	
  80%	
  of	
  all	
  the	
  maUer	
  exists	
  in	
  
an	
  unknown	
  form	
  

Millenium	
  Simula9on	
  [Springel	
  et	
  al.,	
  Nature	
  435	
  (2005)]	
  

Redshit	
  z=5.7	
  (t	
  =	
  1.0	
  Gyr)	
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What	
  is	
  the	
  Universe	
  made	
  of	
  ?	
  

~	
  80%	
  of	
  all	
  the	
  maUer	
  exists	
  in	
  
an	
  unknown	
  form	
  

Millenium	
  Simula9on	
  [Springel	
  et	
  al.,	
  Nature	
  435	
  (2005)]	
  

Redshit	
  z=1.4	
  (t	
  =	
  4.7	
  Gyr)	
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What	
  is	
  the	
  Universe	
  made	
  of	
  ?	
  

~	
  80%	
  of	
  all	
  the	
  maUer	
  exists	
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