
• How	can	gas	in	a	galaxy	cool?	How	does	a	higher	metallicity	
of	the	gas	impact	the	cooling	?

➡ Radiative	cooling	(Bremsstrahlung,	excitation,	ionising	and	recombination	

processes)	and	molecular	cooling


➡ Higher	metallicity	increase	the	regime	of	efficient	cooling	in	dark	matter	halos	
(many	metals	like	C	and	O	are	major	coolants)


• How	does	gas	cooling	differ	in	massive/low-mass	halos	at	
high	and	low	redshift?

➡ Cooling	efficient	in	halos	with	masses	below	a	few	times	1e11Msun,	Cooling	

inefficient	in	more	massive	halos	as	gas	shock-heated	to	high	virial	T	(where	
Bremsstrahlung	is	main	cooling	process	which	is	inefficient)


➡ At	high	z:	in	massive	halos	cooling	flows	can	occur	efficiently	fueling	SF	and	BH	
accretion


• Under	which	conditions	can	stars	from	out	of	gas?

➡ When	we	have	cold,	dense	gas	then	gravity	must	overcome	opposing	forces	such	

as	from	thermal	pressure,	radiation	pressure,	magnetic	field	pressure,	turbulent	
etc.

Recap Quizzz -- Chapter 14



• How	can	we	analytically	estimate	when	a	gas	over	density	
can	become	gravitationally	unstable?	What	is	the	Jeans	mass	
and	length	in	this	context?	

➡ Jeans	approach	(uniform,	infinite	medium,	only	thermal	pressure,	ideal	gas)	—>	

linear	perturbation	analysis	of	hydro	equations	leads	to	dispersion	relation,	from	
which	we	can	estimate	a	minimum	Jeans	length	and	Jeans	mass	above	which	gas	
becomes	unstable.	


➡ Jeans	mass	and	length	scale	with	T	and	scale	inversely	with	density	—>	i.e.	the	
hotter	and	the	less	dense	the	gas	the	less	likely	is	gas	to	collapse	and	form	stars


• The	Jeans	mass	of	GMCs	is	~10Msun,	typical	masses	of	GMCs	
are	1e4Msun,	yet	GMCs	are	not	forming	stars	at	high	rates,	
why?

➡ This	is	because	the	Jeans	approach	is	rather	simplified:	(i)	we	don’t	have	a	uniform,	

infinite	medium;	(ii)	when	gas	collapses,	it	gets	denser,	which	reduces	the	Jeans	
mass	—>	fragmentation;	and	(iii)	most	importantly,	we	only	considered	thermal	
pressure	support	against	gravity	and	neglect	all	other	means	of	support	against	
gravity
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• What	is	the	problem	if	we	want	to	model	SF	in	
cosmological	simulations?	And	how	is	it	typically	done?

➡ In	(large)	cosmological	simulations,	scales	of	molecular	clouds	cannot	be	

resolved	(often	no	molecular	cooling	included),	i.e.	one	needs	to	adopt	
simplified	so	called	“sub-grid”	models	for	SF.


➡ Such	sub-grid	models	are	widely	based	on	the	observed	Schmidt-Kennicutt	
relation.	The	star	formation	efficiency	is	set	to	match	the	normalisation	and	
SF	time-scale	is	chosen	to	be	consistent	with	the	observed	slope	of	the	
relation.	Gas	particles	are	then	stochastically	converted	into	stars	by	
matching	the	estimated	SFR	at	a	given	time	step.


• Which	problems	have	simulated	galaxies,	if	we	include	
only	cooling	and	SF	in	a	cosmological	simulation?

➡ With	only	SF	and	cooling,	all	galaxies	form	too	many	stars	(“overcooling”	

problem),	so	they	are	too	massive,	the	low-mass	and	massive	end	of	the	
stellar	mass	function	are	over-estimated,	galaxy	are	too	dense,	too	compact,	
not	shown	any	realistic	spiral	morphologies.
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