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Hierarchical
galaxy
formation
(not monolithic)

Small objects 
conglomerate to 
make big ones

Gas dissipates and cools to 
form thin disks.  

Stars cannot cool: if hot 
coming in, stay hot.



Gray: dark matter 
halos

Blue: gas rich 
disks

Red: elliptical 
merger remnant 

sometimes it is 
imagined that a 
disk re-forms 
around an 
elliptical to form a 
bulge+disk system 
like and Sa galaxy



shape

a > b = c a > b > c a = b > c

oblatetriaxialprolate

Simulations blobby and even more complicated

NFW halos use 2 parameters to describe their azimuthally averaged density profile.
The density profiles of halos in dark matter-only simulations are not spherically symmetric.
They tend to be triaxial, with the axis ratios and position angle varying with radius.
This must get rounded-out by the process of galaxy formation, or the dynamics of galaxies
would look different from different viewing angles and induce scatter in Tully-Fisher, etc.



NFW
shape

Maccio et al (2007)

NFW halos triaxial.  More massive halos less round

perhaps because they are still building up hierarchically ?



NFW
c-V200
relation

log c = 0.844� 0.098 log

✓
M200

1012 M�

◆

�ln c = 0.25 Maccio, Dutton, & van den Bosch 2008

upper limits on concentration assuming zero mass in stars



NFW
c-V200
relation

Many galaxies - especially LSBs - have upper limits on c that are unacceptably low.
This is one indication of the “cusp-core problem.”

The central “cuspy” profiles predicted for dark matter halos are not always observed;
much of the data prefer a nearly constant density core (like a pseudo-isothermal halo).

upper limits on concentration assuming zero mass in stars



pseudo-isothermal
and NFW compared

the cusp-core problem
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Kuzio de Naray et al. (2008)
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Inner density profiles of dark matter halos

Oh et al (2011) AJ, 141, 193



McGaugh et al. (2007)



McGaugh et al. (2007)



NFW c-V200 relation

predicted

observed

McGaugh et al. (2007)



Empirical DM halo

McGaugh et al. (2007)
Walker et al. (2010)
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Empirical DM halo

McGaugh et al. (2007)
Walker et al. (2010)
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In a spherical potential, the squared angular momentum of a circular orbit is L2 = 
rGM(r), and if this quantity is conserved as a disk with the mass profile Md(r) grows 
slowly, we have

where Mi is the initial total mass (dark plus baryonic) profile, (1 - fd)Mf is the desired 
final dark matter mass profile, and rf is the final radius of the mass shell initially at 
radius ri. The quantity fd is the fraction of the initial total mass, assumed to be 
independent of radius, that condenses to form the disk. We can substitute for Mf(rf) by 
making use of the assumption

which is sometimes stated as "shells of matter do not cross." We can then find ri for 
any desired rf, and through equation (2), we can obtain the mass profile of the 
compressed dark matter halo. For convenience, we denote this the Blumenthal 
algorithm.

The Blumenthal algorithm only conserves angular momentum.  Young’s algorithm 
conserves the adiabats of the orbit, but is harder to implement (Sellwood & McGaugh 
2005).

Adiabatic Compression



Adiabatic compression

The Blumenthal algorithm over-compresses.  Young’s algorithm allows for more nearly 
maximal disks.

initial halo initial halo

compressed halo compressed halo



High surface density disks cause noticeable compression; tend to steepen halo profile. 
The current-day halo isn’t the same as the primordial halo prior to galaxy formation.



Low surface density disks cause only minor compression; don’t affect profile much



cartoon by Joe Silk

Feedback


