
PART III  

ISM: Gas In Galaxies  
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ÅThe main physics of galaxy formation is captured by Mo, 

Mao & White model*. 

ÅCooling of gas in the halo (or inflow along cool flows) 

delivers cool gas at the bottom of the potential well 

(=halo center). 

ÅThe gas settles into a galactic disk. 

1. Galaxy Formation Lite  

* Mon. Not. R. Astron. Soc. 295, 319ï336 (1998) 



Galactic Disk  

Quiz: 

? Why does cooling gas settles into a disk? 

A. Galaxies are observed to have disks. 

B. Angular momentum is conserved. 

C. The gravity of dark matter compresses gas into a 

disk. 

D. The pressure of hot halo compresses gas into a 

disk. 

E. Gas flows along circular orbits. 



Galactic Disk  

Å Mass of a disk is a given fraction of the halo mass (~5%). 

 

Å Disk has an exponential surface density profile. 

 

 

Å Angular momentum of the disk is a given fraction of the halo 

angular momentum. 



Galactic Disk  

Å Halo angular momentum is well understood: 

 

 

Å Spin parameter l is lognormally-distributed 

 

 

Å with                  and                 . 



Galactic Disk  

Å The last step ï a connection between the halo mass and the 

disk circular velocity: 

 

 

Å MMW98 model assumes the coefficient of proportionality is 

1, but it does not have to be. 

 



Galactic Disk  

Å NFW profile:  

Å      is maximized at                  . 

Á                             for          ; 

Á                             for             ; 

Á                             for             ; 



Disk ð Halo Connection  

Å Sizes of disks are 

directly proportional to 

the sizes of their dark 

matter halos (a-la 

MMW98) 

Å Observed scatter = 

scatter in l 



ÅSurface density of the disk           (M
8

/pc2). 

ÅCircular velocity of the disk 

 

 

 

 

ÅIn a vertical (usually z-) direction the disk profile is 

described by a ñscale heightò h. 

ÅDifferent components have different scale heights. 

2. Galactic Disks  



Density Profile  

Å Both stellar and gaseous disks are ~ exponential, but 

gaseous disks are larger. 



Scale Heights  

Galaxy Mass     Stellar height Gas height 

 

UGC7321  3x109 M
8    300 pc  580 pc 

IC2233     1010 M
8    330 pc  800 pc 

M33  5x1010 M
8    250 pc  120 pc 

Milky Way     1012 M
8    300 pc  150 pc 

 

  
UGC7321 IC2233 



Disk of the Milky Way  

ÅMilky Way has a ñflatò rotation curve, just like many (but 

not all) spiral galaxies. 



Galactic Rotation Curves  

Å Rotation curves are like people, they are all different. 



Disk Dynamics  

Disks are complex! 



Important Lesson  

 

 

Å Spiral waves are shocks, in them gas velocity changes 

abruptly ï hence, gas does not move on circular orbits in 

spiral arms. 

Å Spirals arms are not the only waves in the disks ï there 

exist other waves (bending modes, bars, warps, etc). 

ÅSome of famous ñcontroversiesò about spiral galaxies 

(cores vs cusps, a 4-letter word) may be simply due to 

that crucial fact. 

Rotation velocity        Circular velocity 



Important Lesson  

Å Non-circular motions typically reach 10-20%. 



Painting by Stars  

 

What do you see? 

ÅSpiral arms. 

ÅCold dust is located along 

the inner edge. 

ÅHeated dust is just outside 

it. 

ÅYoung (=blue) stars are 

outside hot dust. 

ÅDiffuse gas is even further. 



Spiral Density Waves  

ÅSpiral arms are density waves: they are not static objects, 

gas flows through them in a cycle of galactic ecology: 

A. Diffuse gas gets hit by a waveé 



ÅSpiral arms are density waves: they are not static objects, 

gas flows through them in a cycle of galactic ecology: 

B. écompresses, cools down, and forms cold molecular 

clouds; 

Spiral Density Waves  



ÅSpiral arms are density waves: they are not static objects, 

gas flows through them in a cycle of galactic ecology: 

C. Stars begin to form in molecular clouds, heating the gas 

and dust (but the wave goes on and oné) 

Spiral Density Waves  



ÅSpiral arms are density waves: they are not static objects, 

gas flows through them in a cycle of galactic ecology: 

D.  Eventually, molecular gas gets heated by UV radiation 

and supernova explosions, turning into coronal gas. 

Spiral Density Waves  



ÅSpiral arms are density waves: they are not static objects, 

gas flows through them in a cycle of galactic ecology: 

E.  After the wave passed, coronal gas gradually cools into 

diffuse gas, until the next spiral wave comesé 

Spiral Density Waves  



ÅDifferential rotation tends to stretch any pattern into a spiral. 

  

Å Rotation curve is flat, so stars 

closer to the center take less 

time to go around a smaller 

circle. 

Å A density wave gets ahead in 

the central region of a galaxy 

and falls behind on the 

outside. 

Why A Spiral?  



Our Spiral Arms  



Quiz:  

Which spiral arm did the Sun formed in?  

 

 

ÅA Orion 

ÅB Perseus 

ÅC Normal 

ÅD Carina-Sagittarius 

ÅE Crux-Scutum 

ÅF Cygnus 



The Grandest Idea in Astronomy  

Å The crests of ocean waves 

are covered by foam. 

Å The crests of galactic waves 

are covered by new stars! 



ÅStudying the linear stability of gaseous disks is much 

easier than of stellar disks. 

 

 

 

ÅAfter some algebra (and a bit of calculus), we get a 

dispersion relation for radial perturbations: 

 

 

Å                                              is the epicycle frequency. 

3. Disk Stability  



Toomre  Criterion  

Å Disk is stable if              for any   : 

 

 

Å or, alternatively, 

 

 

 

Å This is called �7�R�R�P�U�H�¶�V stability criterion (after Alan 

Toomre), and     is often called Toomre Q (parameter). 

Å For a stellar disk the criterion is similar: 


