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Sweating the small stuff: 	

simulating dwarf galaxies, ultra-faint dwarf 

galaxies, and their own tiny satellites	
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LCDM predicts 1000’s of subhalos



Currently ~30 known MW satellites

DES Collaboration 2015 Koposov 2015, Leavens 2015, Martin 2015, Kim 2015



DES Collaboration 2015

Occupy halos of similar mass:  
~3 x 109 M⦿

Strigari et al. 2008 
Wolf et al. 2010

Koposov 2015, Leavens 2015, Martin 2015, Kim 2015



DES Collaboration 2015

Occupy halos of similar mass:  
~3 x 109 M⦿

Strigari et al. 2008 
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100’s - 1000’s of undetected “stealth galaxies” 
in low-mass halos? Bullock 2010

Koposov 2015, Leavens 2015, Martin 2015, Kim 2015







Mvir ~ 1010 



Mvir ~ 1010 M✭ ~ 106 M⦿



Mvir ~ 1010 M✭ ~ 106 M⦿

Mvir ~ 108.5 M⦿



Mvir ~ 1010 M✭ ~ 106 M⦿

Mvir ~ 108.5 M⦿



DWARF GALAXIES ON FIRE

mdm ~ 1000 M⦿  
mgas ~ 250 M⦿    
DM fres ~ 25pc  
Gas fres = 1-3pc

4 Halos: 
- 2 ‘Dwarfs’: MHALO~1010 M⦿ 
- M✭~106 M⦿  
- 2 ‘UFDs’: MHALO~109 M⦿ 
- M✭~?

Oñorbe et al. 2015Hopkins et al. 2014

1 Dwarf run 3 times 
- Identical ICs 
- Small changes to subgrid 

energy injection method 
and force softening
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Hallmark of reionization “fossil” -> ancient 
stellar pop

Ricotti & Gnedin, 2005
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Known UFDs have ancient stellar pops



UFD Dwarf
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Eri II - likely on first infall with ancient stellar pop
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UNOBSERVABLE

Can they be 
detected?

DES / LSST?



UNOBSERVABLE DES / LSST?



Dark Energy Survey 
(DES)



Phoenix Dwarf Galaxy



Phoenix Dwarf Galaxy

ELVIS: ~ 35% chance to host UF sat



Phoenix Dwarf Galaxy

ELVIS: ~ 35% chance to host UF sat

50-65% chance that UFD is 
somewhere in Phoenix field



• Isolated dwarf galaxies (M*~106 M⦿) in the Local Group should host ultra-faint 
galaxies (M* ~ 3000 M⦿) as satellites.!
!
• These galaxies form most of their stars in the first billion years after the Big Bang, 
suggesting a dividing line in halo mass (Mhalo~109.5 M⦿) below which galaxies at    
z = 0 will have entirely ancient stellar populations.!
!
• The extended ~50 kpc regions around Local Group “field” dwarfs may provide 
efficient search locations for discovering new ultra-faint dwarf galaxies. Phoenix is a 
good target.!

CONCLUSIONS 
arXiv:1504.02466 

• In the ΛCDM paradigm, dark matter halos of 
Local Group field dwarfs should be filled with 
subhalos. Some of them should form stars.!


