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Millennium run (Springel etal 2005) 

Hypothesis: Collisionless, Cold Dark Matter 
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Springel et al. (2008) 

Halo Mass Function (dN/dM) 



Internal Halo Structure 



Springel etal. 2008, also Diemand et al. 2007, etc. 

NFW(1997) 

Internal Halo Structure 



Springel et al. (2008) McConnachie et al. 

‘Missing Satellites’ Problem 



core/cusp problem 









Springel et al. (2008) 

Also: Navarro etal (1996), Read & Gilmore (2005), Mashchenko etal. (2006), … 



105 Lsun 

106 Lsun 

107 Lsun 

108 Lsun 

1010 Lsun 



(Indirect) Evidence for Cores in Galactic dSphs 

Kleyna et al. (2003) Goerdt et al. (2006) 

Cole et al (2011) 

Fornax globular clusters à core Ursa Minor substructure à core 



see also: Amorisco & Evans (2012), Agnello & Evans (2012), Battaglia et al (2008) 



At present, the standard cold dark matter (CDM) 
hypothesis does not yield accurate predictions 
about the stellar dynamics of the most DM-
dominated galaxies. 

 



Collisionless Cold Dark Matter 



Collisionless Cold Dark Matter 



Collisionless Cold Dark Matter (+ baryons?) 









Springel et al. (2008) 
McConnachie et al. 
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Energetics 



Draco: 105 Lsun 

PRELIMINARY 

 

MMT/Hectochelle Spectroscopic Survey of Northern Satellites 



Streams in the Galactic halo:  
à The Primordial Luminosity Function 



Gaia 
-launch: 2013 

-catalog: 109 stars to V~20 

-parallax: 4 μas at V~10, 160 μas at V~20 

-distance: 1% for 106 stars, 10% for 108 stars 

-proper motions: 0.5 km/s for 107 stars 

-radial velocities: 1-10 km/s for V~16-17 

-photometry: V~20 in 4 broad bands, 11 medium bands 

-~300,000 asteroids, many(?) near-earth objects 

 

Streams in the Galactic halo:  
à The Primordial Luminosity Function 



Helmi & de Zeeuw (2000) 

BEFORE 

AFTER (12 Gyr) 

Streams in the Galactic halo:  
à The Primordial Luminosity Function 



Belokurov etal (2006);  Belokurov, Koposov, Walker et al (in preparation) 

Streams in the Galactic halo:  
MMT/Hectochelle Spectroscopic Survey 



Walker et al. (in preparation) 

Streams in the Galactic halo:  
MMT/Hectochelle Spectroscopic Survey 



Walker et al. (in preparation) 

(near) FUTURE WORK: Streams in the Galactic halo:  



Conclusions 

•  Galactic dynamics has implications for particle physics. 

•  CDM model needs rescuing by baryon physics. But there is tension among 
solutions to `missing satellite’ and `core/cusp’ problems. 
–  inefficient star formation to suppress low-mass galaxies 

–  efficient star formation to alter halo structure 

•  If CDM escapes this tension, evidence will be observable in the Galactic 
halo.   

•  Otherwise, dark matter model will require more complexity. 

  

  





Non-gravitational detections of dark matter? 

27 October, 2011 

ITC Luncheon 



      J from stellar kinematics 

Charbonnier et al. (arXiv:1104.0412) 



published constraints from Fermi non-detections 

Geringer-Sameth & Koushiappas (arXiv:1108.2914) Fermi Collaboration (arXiv:1108.3546) 



How to improve particle physics limits? 

•  Find more satellites, especially in the southern hemisphere 

•  Modelling uncertainties: 

–  Centers of satellites 
–  Non-spherical shapes of satellites 

–  Contamination from foreground 

–  Binary stars 

  

  











      J from stellar kinematics 

Assumptions:  

   -spherical symmetry                   -negligible binary motions 
   -dynamical equilibrium               -parametric density profile 



WIMPs 

Jungman, Kamionkowski & Griest (1996) 



BooI w/ VLT 

Koposov et al. (2011) 

Assumptions of Jeans Modeling:  

   -spherical symmetry                   -negligible binary motions 
   -dynamical equilibrium               -parametric density profile 




