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Overcooling Problem
Missing Satellites



Generic CDM problem
• Too much mass at small radii


• Cusp-core problem 


• Massive bulges & near-maximal disks (bright galaxies)


• Missing Satellites


• too few satellites around bright galaxies


• Too Big to Fail


• overcooling problem in field

Generic prescription: Feedback



SDSS
r-band
luminosity 
function

The field galaxy 

luminosity function problem



Baryonic Mass Function 
(Read & Trentham 2005)

observed galaxies

The missing satellite problem

or more generally

the over-cooling problem - 

a mismatch between the 
predicted halo mass function 
and the field galaxy luminosity 
function



Baryonic Mass Function 
(Read & Trentham 2005)

CDM halo
mass function

↵ = �1.9



Overcooling problem

• Baryons in low (galaxy) mass halos have time to cool


• Should condense & form stars


• Fewer baryons than expected are observed

The fraction, fcool, of baryonic mass inside the virial 
radius that has cooled and settled in present-day 
discs as function of the present-day virial mass. 
(van den Bosch 2001)



Basic idea:  SN affect low mass halos
AGN affects high mass halos

Feedback

Invoked to explain the difference between the galaxy luminosity function and the 
halo mass function, the cusp-core problem, and any other inconvenient observation.

See notes for example 
feedback scheme (Dutton)



e.g., Moore et al. (1999); Klypin et al. (1999)Missing Satellites

N

Vc/Vparent

5
⇥

10
1
4
M

�
<latexit sha1_base64="eKvWbfLz5qDW6c1gD0HQuEt4eCo=">AAACAnicbVDLSsNAFJ34rPUVdelmsAquSiIVFTdFN26ECtYWmlom00k7dJIJMzdCCVm68VfcKK4UP8Bf8G+ctN209cDA4Zwz3HuuHwuuwXF+rYXFpeWV1cJacX1jc2vb3tl90DJRlNWpFFI1faKZ4BGrAwfBmrFiJPQFa/iD69xvPDGluYzuYRizdkh6EQ84JWCkjn14ij3gIdPYdR5Tt5J5l15IoK/C9DbrpJ7sSsg6dskpOyPgeeJOSAlNUOvYP15X0iRkEVBBtG65TgztlCjgVLCs6CWaxYQOSI+low4ZPjJSFwdSmRcBHqlTORJqPQx9k8z307NeLv7ntRIIztspj+IEWETHg4JEYJA4PwjucsUoiKEhhCpuNsS0TxShYM5WNNXd2aLzpH5Svii7d5VS9WpygwLaRwfoGLnoDFXRDaqhOqLoBb2hT/RlPVuv1rv1MY4uWJM/e2gK1vcfc2OWyw==</latexit><latexit sha1_base64="eKvWbfLz5qDW6c1gD0HQuEt4eCo=">AAACAnicbVDLSsNAFJ34rPUVdelmsAquSiIVFTdFN26ECtYWmlom00k7dJIJMzdCCVm68VfcKK4UP8Bf8G+ctN209cDA4Zwz3HuuHwuuwXF+rYXFpeWV1cJacX1jc2vb3tl90DJRlNWpFFI1faKZ4BGrAwfBmrFiJPQFa/iD69xvPDGluYzuYRizdkh6EQ84JWCkjn14ij3gIdPYdR5Tt5J5l15IoK/C9DbrpJ7sSsg6dskpOyPgeeJOSAlNUOvYP15X0iRkEVBBtG65TgztlCjgVLCs6CWaxYQOSI+low4ZPjJSFwdSmRcBHqlTORJqPQx9k8z307NeLv7ntRIIztspj+IEWETHg4JEYJA4PwjucsUoiKEhhCpuNsS0TxShYM5WNNXd2aLzpH5Svii7d5VS9WpygwLaRwfoGLnoDFXRDaqhOqLoBb2hT/RlPVuv1rv1MY4uWJM/e2gK1vcfc2OWyw==</latexit><latexit sha1_base64="eKvWbfLz5qDW6c1gD0HQuEt4eCo=">AAACAnicbVDLSsNAFJ34rPUVdelmsAquSiIVFTdFN26ECtYWmlom00k7dJIJMzdCCVm68VfcKK4UP8Bf8G+ctN209cDA4Zwz3HuuHwuuwXF+rYXFpeWV1cJacX1jc2vb3tl90DJRlNWpFFI1faKZ4BGrAwfBmrFiJPQFa/iD69xvPDGluYzuYRizdkh6EQ84JWCkjn14ij3gIdPYdR5Tt5J5l15IoK/C9DbrpJ7sSsg6dskpOyPgeeJOSAlNUOvYP15X0iRkEVBBtG65TgztlCjgVLCs6CWaxYQOSI+low4ZPjJSFwdSmRcBHqlTORJqPQx9k8z307NeLv7ntRIIztspj+IEWETHg4JEYJA4PwjucsUoiKEhhCpuNsS0TxShYM5WNNXd2aLzpH5Svii7d5VS9WpygwLaRwfoGLnoDFXRDaqhOqLoBb2hT/RlPVuv1rv1MY4uWJM/e2gK1vcfc2OWyw==</latexit><latexit sha1_base64="eKvWbfLz5qDW6c1gD0HQuEt4eCo=">AAACAnicbVDLSsNAFJ34rPUVdelmsAquSiIVFTdFN26ECtYWmlom00k7dJIJMzdCCVm68VfcKK4UP8Bf8G+ctN209cDA4Zwz3HuuHwuuwXF+rYXFpeWV1cJacX1jc2vb3tl90DJRlNWpFFI1faKZ4BGrAwfBmrFiJPQFa/iD69xvPDGluYzuYRizdkh6EQ84JWCkjn14ij3gIdPYdR5Tt5J5l15IoK/C9DbrpJ7sSsg6dskpOyPgeeJOSAlNUOvYP15X0iRkEVBBtG65TgztlCjgVLCs6CWaxYQOSI+low4ZPjJSFwdSmRcBHqlTORJqPQx9k8z307NeLv7ntRIIztspj+IEWETHg4JEYJA4PwjucsUoiKEhhCpuNsS0TxShYM5WNNXd2aLzpH5Svii7d5VS9WpygwLaRwfoGLnoDFXRDaqhOqLoBb2hT/RlPVuv1rv1MY4uWJM/e2gK1vcfc2OWyw==</latexit>

2
⇥

10
1
2
M

�
<latexit sha1_base64="r01SKgGOhUmijxS2kv7eZ4Dazpo=">AAACAnicbVDLSsNAFJ3UV62vqEs3g1VwVZIiqLgpunEjVDC20NQwmU7boZNMmLkRSsjSjb/iRnGl+AH+gn9j0mbT1gMDh3POcO+5fiS4Bsv6NUpLyyura+X1ysbm1vaOubv3oGWsKHOoFFK1faKZ4CFzgINg7UgxEviCtfzRde63npjSXIb3MI5YNyCDkPc5JZBJnnlUxy7wgGlsW4+JXU/dSzcgMFRBcpt6iSt7ElLPrFo1awK8SOyCVFGBpmf+uD1J44CFQAXRumNbEXQTooBTwdKKG2sWEToiA5ZMOqT4OJN6uC9V9kLAE3UmRwKtx4GfJfP99LyXi/95nRj6592Eh1EMLKTTQf1YYJA4PwjuccUoiHFGCFU82xDTIVGEQna2Slbdni+6SJx67aJm351WG1fFDcroAB2iE2SjM9RAN6iJHETRC3pDn+jLeDZejXfjYxotGcWffTQD4/sPa3OWxg==</latexit><latexit sha1_base64="r01SKgGOhUmijxS2kv7eZ4Dazpo=">AAACAnicbVDLSsNAFJ3UV62vqEs3g1VwVZIiqLgpunEjVDC20NQwmU7boZNMmLkRSsjSjb/iRnGl+AH+gn9j0mbT1gMDh3POcO+5fiS4Bsv6NUpLyyura+X1ysbm1vaOubv3oGWsKHOoFFK1faKZ4CFzgINg7UgxEviCtfzRde63npjSXIb3MI5YNyCDkPc5JZBJnnlUxy7wgGlsW4+JXU/dSzcgMFRBcpt6iSt7ElLPrFo1awK8SOyCVFGBpmf+uD1J44CFQAXRumNbEXQTooBTwdKKG2sWEToiA5ZMOqT4OJN6uC9V9kLAE3UmRwKtx4GfJfP99LyXi/95nRj6592Eh1EMLKTTQf1YYJA4PwjuccUoiHFGCFU82xDTIVGEQna2Slbdni+6SJx67aJm351WG1fFDcroAB2iE2SjM9RAN6iJHETRC3pDn+jLeDZejXfjYxotGcWffTQD4/sPa3OWxg==</latexit><latexit sha1_base64="r01SKgGOhUmijxS2kv7eZ4Dazpo=">AAACAnicbVDLSsNAFJ3UV62vqEs3g1VwVZIiqLgpunEjVDC20NQwmU7boZNMmLkRSsjSjb/iRnGl+AH+gn9j0mbT1gMDh3POcO+5fiS4Bsv6NUpLyyura+X1ysbm1vaOubv3oGWsKHOoFFK1faKZ4CFzgINg7UgxEviCtfzRde63npjSXIb3MI5YNyCDkPc5JZBJnnlUxy7wgGlsW4+JXU/dSzcgMFRBcpt6iSt7ElLPrFo1awK8SOyCVFGBpmf+uD1J44CFQAXRumNbEXQTooBTwdKKG2sWEToiA5ZMOqT4OJN6uC9V9kLAE3UmRwKtx4GfJfP99LyXi/95nRj6592Eh1EMLKTTQf1YYJA4PwjuccUoiHFGCFU82xDTIVGEQna2Slbdni+6SJx67aJm351WG1fFDcroAB2iE2SjM9RAN6iJHETRC3pDn+jLeDZejXfjYxotGcWffTQD4/sPa3OWxg==</latexit><latexit sha1_base64="r01SKgGOhUmijxS2kv7eZ4Dazpo=">AAACAnicbVDLSsNAFJ3UV62vqEs3g1VwVZIiqLgpunEjVDC20NQwmU7boZNMmLkRSsjSjb/iRnGl+AH+gn9j0mbT1gMDh3POcO+5fiS4Bsv6NUpLyyura+X1ysbm1vaOubv3oGWsKHOoFFK1faKZ4CFzgINg7UgxEviCtfzRde63npjSXIb3MI5YNyCDkPc5JZBJnnlUxy7wgGlsW4+JXU/dSzcgMFRBcpt6iSt7ElLPrFo1awK8SOyCVFGBpmf+uD1J44CFQAXRumNbEXQTooBTwdKKG2sWEToiA5ZMOqT4OJN6uC9V9kLAE3UmRwKtx4GfJfP99LyXi/95nRj6592Eh1EMLKTTQf1YYJA4PwjuccUoiHFGCFU82xDTIVGEQna2Slbdni+6SJx67aJm351WG1fFDcroAB2iE2SjM9RAN6iJHETRC3pDn+jLeDZejXfjYxotGcWffTQD4/sPa3OWxg==</latexit>

G
al

ax
y 

m
as

s 
ha

lo
C

lu
st

er
 m

as
s 

ha
lo

CDM is scale free



Dwarf spheroidals problematic for CDM 
in two distinct ways:

- there should be thousands of them 
rather than dozens

(missing satellite problem)

- they have cored dark matter halos
(cusp/core problem)

These are really just the same problems
as before, scaled to the Local Group



The Local Group 
does not look like a simulated dark matter halo

≠



The Great

Divide

What we predict

What we observe



NGC 6946

one degree



NGC 6946

KK98-250

KK98-251

~ 70 kpc



Ultrafaint dwarf satellite galaxies discovered by SDSS



Tollerud et al. (2008)

Ultrafaint 
dwarfs
discovered 
in SDSS

}

Correction: SDSS
didn’t cover full sky

Correction: SDSS
less sensitive to fainter dwarfs



Need non-linear 
mapping between 
properties of 
dark matter halos 
and observed, 
luminous galaxies

Feedback

It does not work to make the obvious assumption
Mtot / L

One infers the presence of numerous dark sub-halos



Halo mass function
cosmic baryon fraction

Halo and stellar mass function 
(Bullock & Boylan-Kolchin)

Stellar mass function
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“Moster relation”

halo mass
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“abundance matching”


Match the number density 
of simulated dark matter 
halos to that observed for 
galaxies as a fcn of mass

M*

Mh
= 2N [( Mh

M1 )
−β

+ ( Mh

M1 )
γ

]
−1

Moster et al (2013)

One infers a peak cooling/
star formation efficiency 
corresponding to the knee 
in the Schechter function 
(~ MW mass)

Note that a large range in 
stellar mass gets wedged 
into a narrow range in 
halo mass.


