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• What	is	the	Zel’dovich	approximation?


➡used	to	compute	ICs	for	a	cosmological	simulations:	get	particle	
displacements	for	a	uniform	grid	of	DM	particles	based	on	Power	spectrum	
at	some	point	after	recombination	and	assuming	a	pressure	less	fluid,	valid	
for	DM	(going	back	to	linear	fluid	and	growth	equations	and	integrating	
them)


• What	are	N-body	simulations	of	dark	matter,	what	are	the	main	
steps	involved?


➡Use	N-body	approach	of	discretised	DM	particles	to	solve	the	Poisson-
Vlasov	system	of	a	DM	distribution	function	in	phase	space,	based	on	
equations	of	motions	


➡main	steps:	compute	Gravity	&	time	integration	of	equations	of	motions
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•	Which	problem	can	occur	since	individual	DM	particles	cannot	be	
resolved,	and	how	is	fixed?


➡DM	is	collisionless,	but	if	one	“macro”	DM	particle	represents	10^60	
individual	DM	particles	—>	system	can	become	collisional,	two-body	
interactions	may	happen	 —>	gravitational	softening,	softening	grav.	
forces	on	small	scales


• What	is	needed	to	make	cosmological	simulations	with	billions	
of	particles	computationally	feasible?


➡efficient	Gravity	algorithms	(Particle-mesh,	tree	codes,	NlogN	scaling),	
efficient	time	integration	and	time	stepping,	codes	working	in	parallel	
on	HPC	facilities


• What	are	DM	halos,	how	do	they	form?	What	are	stages	of	halo	
formation?


➡DM	are	gravitationally	bound	system	of	DM,	roughly	in	virial	
equilibrium
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➡stages:	linear	regime,	overdensity	becomes	denser	until	non-linear	
regime	reached	and	overdensity	decouples	from	the	expanding	
background	—>	gravity	takes	over	at	turnaround	point	—>	DM	in	over	
density	collapses	to	a	bound	DM	halo	roughly	in	virial	equilibrium


• How	can	individual	DM	halos	be	identified	in	simulations?	And	
how	does	the	halo	mass	function	evolve	with	redshift?


➡DM	simulation	provide	distributions	of	the	DM	particles,	to	obtain	DM	
halos	one	needs	to	run	“halo	finders”	in	post-processing;	


➡evolution	of	halo	mass	fct:	first	low-mass	objects	form,	later	in	time	
most	massive	DM	structures	evolve	—>	hierarchical	clustering


• What	are	merger	trees,	and	what	do	they	tell	us	about	the	
formation	of	the	large-scale	structure	in	a	CDM	scenario?


➡In	merger	trees,	dark	matter	halos	are	connected	of	cosmic	time.	They	
reflect	hierarchical	clustering/bottom-up	structure	formation	in	a	CDM	
scenario	—>	halo	can	have	several	progenitors,	but	only	one	
descendent!


