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Class 26 : Feedback in galaxy formation 

n  This class 
l  Failure of simple galaxy formation model 
l  Low mass galaxies and stellar feedback 
l  High mass galaxies and AGN feedback 

I : The discrepancy between galaxy 
and DM mass functions  

n  Define mass function Φ(M) 
such that there are Φ(M)dM 
objects per unit volume with 
masses between MèM+dM 
l  Behaviour of dark matter is 

simple (just gravity), so mass 
function of DM halos can be 
readily predicted (dashed line) 

l  Naively, we expect all baryons 
in galactic sized halos to cool 
and form stars… so we expect 
mass function of galaxies to be 
just a scaled down version of 
DM halo mass function 

l  Q : What would be the scaling 
factor in this naïve model? 

n  Data show a more 
interesting situation!  Read & Trentham (2005) 
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II : Suppression of low-mass galaxies 

n  In low-mass galaxies, we believe star formation itself 
can suppress galaxy formation! 
l  Baryons collapse into DM halo; shock(?); cool 
l  Cooled gas starts to turn into stars 
l  After 2-3 million years, massive stars go supernova… 

injects energy back into cooling gas 
l  But… if DM halo has low mass, it has a low escape velocity.    

Supernovae can heat the gas enough that the particle 
velocities exceed the escape velocity.    

l  Gas is then driven out of the DM halo and star formation 
stops 

n  Sidenote : In very low mass DM halos, we may get zero 
star formation!  Gas is driven out of halo at very early 
times by “reionization.” 

M82 
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Large Magellanic Cloud (50kpc away) 
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Carina Dwarf (100kpc away; M~2x108Msun; σ~7km/s) 

III : Massive systems – the 
overcooling problem 

n  Now let’s tackle massive 
galaxies & galaxy clusters 
(1012Msun and higher) 
l  Star formation cannot produce 

enough energy to eject gas 
from these massive halos…  

l  So, again, we conclude that the 
mass function should track the 
DM halo mass function 

l  But it doesn’t! 

n  The discrepancy between 
the theoretical expectation 
and the observed lack of 
massive galaxies is the 
overcooling problem. 
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11/26/16 Hintze Lecture 9 

M87 jet in radio 
(Very Large Array, New Mexico) 

11/26/16 Hintze Lecture 10 
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11/26/16 Hintze Lecture 11 

Perseus cluster 



7 



8 

Yang & Reynolds (2016) 

Within	jet	cones:	
v Net	hea/ng	by	bubble	
mixing	and	shocks	

v But	T	does	not	increase	
				due	to	adiaba/c	expansion	

Within	ambient	region:	
v Net	cooling	
v But	T	does	not	decrease	
due	to	advec/on	&	adiaba/c	
compression	

A model of ``gentle circulation” 
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The Hitomi Collaboration, 2016, published in Nature 


