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introduction

to galaxy form
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structure and galaxy form
ation
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Mo, van den Bosch, White fig 1.1

structure form
ation

galaxy 
form

ation

linear regim
e

non-linear regim
e

today: dark halo, 
and cooling

1. collapsing haloes
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M

o & W
hite, 2002

variation w
ith redshift of 

the com
oving num

ber 
density of DM

 haloes 
w

ith m
asses exceeding 

the specific value M


2. cooling of structures - som
e tim

escales
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Mo, van den Bosch, White sect 1.3



som
e tim

escales
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Mo, van den Bosch, White sect 1.3

2.b.ii. cooling functions in a plasm
a
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Mo, van den Bosch, White fig 8.1

collision 
+ 

radiation
H & He+

collisions + 
radiation
of m

etals

3. conditions for collapse
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diffuse HI clouds

dense cores

4. cooling vs free-fall
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Mo, van den Bosch, White fig 8.6

sim
plifications here:

-  uniform
 & spherical 

distribution
-  virialized
-  no m

erger

M
gas ~ T^3/2 fgas^3/2 n^(-1/2) 

δ~200 at
various z



4. cooling vs free-fall
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Mo, van den Bosch, White fig 8.6

sim
plifications here:

-  uniform
 & spherical 

distribution
-  virialized
-  no m

erger

M
gas ~ T^3/2 fgas^3/2 n^(-1/2) 

δ~200 at
various z

in red: dependence M
 

vs T (at n=cst)

in blue: M
 vs n (at 

T=cst)

red circcle; 10^11 
galaxy at z=1

m
ass-radius relationship
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Padm
anabhan, 1993, fig8.3

tcool=tgrav line

tcool = cooling tim
e

tgrav = tim
escale for 

gravitational collapse

GMmp/R: potential well

m
ass-radius relationship

5. overcooling pb in hierarchical form
ation
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Mo, van den Bosch, White fig 1.3

cooling functions
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Mo, van den Bosch, White fig 8.7



G
alaxy cluster cooling flow

s
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G
alaxy cluster cooling flow

s
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AG
N unified schem

e
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Curran, 2000

G
alactic fountains: SNs
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m
ergers
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m
ergers
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6. How
 H2 helps cooling
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A. Loeb., 2006

H + He
H

2

collapsing halos and H2 cooling (1)
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A. Loeb., 2006

1σ halos
2σ halos 3σ halos cooling: atom

s only

cooling: atom
s + H2

added cooling by H2 m
akes 

possible the collapse of m
ore 

haloes.
e.g. z=15 ony 3σ halos (i.e. rare) 
collapse possible; w

/ H2, 2σ is 
possible (i.e. m

ore sources of 
reionization)



collapsing halos and H2 cooling (2)
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A. Loeb., 2006

added cooling by H2 m
akes 

possible the collapse of m
ore 

haloes.

1σ halos
2σ halos 3σ halos cooling: atom

s only

cooling: atom
s + H2


