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The Light from Galaxies 
Doesn’t trace the dark matter

What the dark 
matter halos do

What the !
galaxies do

Smaller galaxies               Bigger galaxies
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Star Formation varies with 
Galaxy Mass

Galaxies smaller & 
bigger than the Milky 

Way are bad at 
making stars

Galaxies like the 
Milky Way are best at 

making stars

WHY?!?

Guo et al. (2010)



A Second Line of Evidence

Brooks et al. (2007)
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Christensen et al. (2014)



We’ve known for a while 
that feedback is necessary

No	
  	
  
feedback

Zavala et al. (2008) 
Scannapieco et al. (2008)

feedback



Disk Sizes are  
No Longer a Challenge

Size-Luminosity (Brooks et al. 2011)



Simulations Now Match Everything



How to Match Everything  
(More Feedback, please)



OuIlows!

Mvir	
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  disk	
  
orienta<on!
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(arrows	
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velocity	
  vectors)
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HI +

All baryons ever in 
the galaxy

j/jtot
van	
  den	
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Outflows Remove Low Angular Momentum 
Gas (and Make Bulgeless Disks)



Outflows Reduce the Central 
Concentrations in Larger Galaxies

Christensen et al. (2014)



The Baryon Fraction as a Function of 
Halo Mass

see also Munshi et al. (2013)



You can lose 90% of your 
Baryons and be Gas Rich



There is a Tight Trend in 
Baryonic Mass with Halo Mass



Creation of a Dark Matter Core

See also: Navarro et al. 1996; Read & Gilmore 2005; Mashchenko et al. 2006, 2008; Pasetto et al. 2010;  
de Souza et al. 2011; Cloet-Osselaer et al. 2012; Maccio et al. 2012; Teyssier et al. 2012; Ogiya & Mori 2012



The Cusp/Core Problem

Parameterize density profile as ρ(r) ∝ r -α!
Simulations predict α ~ 1 (central cusp)!

Observations show α ~ 0 (constant-density core)



Creation of a Dark Matter Core

Oh et al., 2011, AJ, 142, 24

See also: Navarro et al. 1996; Read & Gilmore 2005; Mashchenko et al. 2006, 2008; Pasetto et al. 2010;  
de Souza et al. 2011; Cloet-Osselaer et al. 2012; Maccio et al. 2012; Teyssier et al. 2012; Ogiya & Mori 2012



How	
  are	
  Cores	
  Created?

Pontzen & Governato (2012), MNRAS, 421, 3464, arXiv:1106.0499



Cores Found By Many
Teyssier et al. (2013),  RAMSES (AMR) code
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T.-K. Chan et al., in preparation	



Overall in FIRE, cores form only in a limited range of halos masses: 
~1010-1011Msun (halos hosting galaxies with M*~106-109 Msun). 	



!
~MW mass halos are also affected: very little or no adiabatic contraction!

Cores Found By Many



Galaxies in the 
THINGS survey 

have average α~-0.3

Lower	
  mass	
  
galaxies	
  do	
  not	
  
undergo	
  repeated	
  
bursts	
  of	
  SF;	
  retain	
  

cusps

Core	
  Creation	
  varies	
  with	
  Mass!
	
  because	
  SF	
  varies	
  with	
  mass

Governato et al., 2012, MNRAS, 422, 1231



Galaxies in the 
THINGS survey 

have average α~-0.3

Lower	
  mass	
  
galaxies	
  do	
  not	
  
undergo	
  repeated	
  
bursts	
  of	
  SF;	
  retain	
  

cusps

Core	
  Creation	
  varies	
  with	
  Mass!
	
  because	
  SF	
  varies	
  with	
  mass

Governato et al., 2012, MNRAS, 422, 1231



Density Slope as a Function 
of Stellar/Halo Mass
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What Happens  
at Higher Masses?
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Primary Motivation:  
Stellar Mass to Halo Mass

(Munshi et al. 2013)

(di Cintio et al. 2014)
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Primary Motivation:  
Stellar Mass to Halo Mass



But Feedback Can Even 
Alter the Halo Mass

Munshi et al. (2013)



Caveat Emptor

Sawala et al. (2014)



The Future of Simulations

(1) More physically motivated feedback (e.g., 
young stars)


(2) Details of the ISM; gradients


(3) Galactic winds



Simulations	
  keep	
  improving!	
  (motivated	
  by	
  higher	
  resolutions)	
  
!
!
A	
  more	
  realistic	
  treatments	
  of	
  SF	
  leads	
  to	
  more	
  realistic	
  galaxies	
  
!
!
Feedback	
  is	
  necessary	
  to	
  match	
  a	
  slew	
  of	
  observed	
  galaxy	
  scaling	
  relations,	
  e.g.:	
  
	
   disk	
  sizes	
  
	
   bulge	
  sizes	
  
	
   metallicities	
  
	
   gas	
  fractions	
  
	
   stellar	
  mass	
  to	
  halo	
  mass	
  
	
   dark	
  matter	
  cores	
  

Conclusions	
  

Detailed	
  ISM	
  properties	
  and	
  galactic	
  winds	
  will	
  be	
  the	
  best	
  constraints	
  of	
  the	
  
feedback	
  models


