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Ωm = 0.315 

Ωb = 0.049 
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~ 80% of all the matter exists 
in an unknown form 
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WIMPs ! 

• Non baryonic 

• Cold (very non-
relativistic) 
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axions, 
sterile neutrinos, 
gravitinos ... 
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Astrophysical probes 
(STARS) 

Indirect detection 

Dark Matter searches 

Colliders 

Direct detection 

[Buckley M. & Lippincott W. H., Phys. Rev. D 88 (2013] 

Detection of 
Low-mass WIMPs ?? 

𝜎χ,𝑆𝐼~ 10−41 𝑐𝑚2 

𝑚χ ~ 10 𝐺𝑒𝑉 

𝜎χ,𝑆𝐷~ 10−36 𝑐𝑚2 

DAMA, CoGeNT, CRESST, 
CDMS 

Tension with null 
results of 

 XENON100, 
EDELWEISS 
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Impact of Dark Matter on stars 

[Gould, ApJ 321 (1987)] DM Capture DM energy transport 
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+ [Gould & Raffelt  ApJ 352 (1990)] 



[Gould & Raffelt  ApJ 352 (1990)] 

Impact of                       Dark Matter on stars asymmetric 
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DM energy transport [Gould, ApJ 321 (1987)] DM Capture + 



Impact of                       Dark Matter on stars 

[Taoso et al. Phys. Rev. D 82 (2010)] 

Reduction central temperature 

asymmetric 

[ Spergel and Press, ApJ 294 (1985) 
   Lopes, Bertone & Silk, MNRAS 337 (2002)...] 

Jordi Casanellas, Toulouse 2014 

SUN: 

DM energy transport 
[Gould & Raffelt  ApJ 352 (1990)] 



Impact of asymmetric Dark Matter on stars 

[Lopes & Silk, ApJL 752 (2012), Science (2012)] 

Reduction central temperature 
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           solar neutrinos, helioseismology SUN: 



Impact of asymmetric Dark Matter on stars 

[Casanellas  & Lopes , ApJL 765 (2013)] 

• M⋆            stronger DM impact 

SUN:  solar neutrinos, helioseismology 

Reduction central temperature 

WHY OTHER STARS ? 
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How can asteroseismology constrain Dark Matter? 
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Δν 



• Modelling of α Cen B 
      M⋆   ,  , closest,  binary 

Constraining asym Dark Matter with asteroseismology 

[Casanellas  & Lopes , ApJL 765 (2013)] 

Asymmetric DM candidates with  

      𝑚χ = 6 GeV   and  

      𝜎χ,𝑆𝐷 ≥ 3 ∙ 10−36cm2  

excluded at 95% confidence level. 

α Cen B 
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Impact of asymmetric Dark Matter on stars 

• Suppression of convective core 
in 1.1-1.3 Ms stars 

• M⋆            stronger DM impact 
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Impact of asymmetric Dark Matter on stars 

[Casanellas  & Lopes , ApJL 765 (2013)] 

• Suppression of convective core 
in 1.1-1.3 Ms stars 

• M⋆            stronger DM impact 
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SUN:  solar neutrinos, helioseismology 

Reduction central temperature 

WHY                          ?           OTHER STARS 

[Ballot et al., A&A 530 (2011), Escobar et al., A&A 547 (2012)] 

Convective Core in HD 52265 ?? 



• Presence or abscence of a convective 
core in KIC 12009504 (Dushera) 
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[Silva Aguirre et al., ApJL 769 (2013)] 

Constraining asym Dark Matter with asteroseismology 
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[ Cunha M.S. & Metcalfe T.S. (2007), Cunha M.S. & Brandão I.M (2014) ] 
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Constraining asym Dark Matter with asteroseismology 

[Roxburgh I. W. &Vorontsov S. V. (2003),   Brandao I., Cunha M. &.Christensen-Dalsgaard J, MNRAS 438 (2014)] 
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• Modelling of Dushera: 
[Casanellas & Brandão , in prep. ] 

Constraining asym Dark Matter with asteroseismology 
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Grid with CESAM 
(M, Z, age, αCONV , αOV) 

+ 
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DM model 2  
(DAMA) 

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

DM model 3 
(CDMS) 

DM model 4 
(CoGeNT) 

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

DM model 1 
(SI best fit) 
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Constraining asym Dark Matter with asteroseismology 

• Presence or abscence of a convective 
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[Silva Aguirre et al., ApJL 769 (2013)] 

WORK IN PROGRESS, see also POSTER #40 
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• Modelling of Dushera: 
[Casanellas & Brandão , in prep. ] 

Grid with CESAM 
(M, Z, age, αCONV , αOV) 

+ 



ASTEROSEISMOLOGY can be used 

to investigate DARK MATTER  

Conclusion: 

Future directions: 
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• Solar-like oscillations in low-mass stars (0.7 Ms?) observed 
with high precision  (detached eclipsing binaries?) 

• Gravity modes in Red Giants  

• Environments with high Dark Matter densities: 
     the Galactic Center, Globular Clusters,  dwarf Sph Galaxies 


