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•How	do	we	think	that	a	galaxy	forms?	Which	different	physical	
processes	can	affect	its	evolution	over	cosmic	time?


—>	Baryons	follow	the	evolution	of	DM	driven	by	gravitational	forces,	gas	falls	into	DM	
halos,	gets	shock-heated	and	cools	and	condenses	in	the	centre


—>	stars	form	out	of	cold,	dense	gas	—	a	galaxy	forms


—>	further	evolution	affected	by	gas	cooling/heating,	SF,	stellar	feedback,	chemical	
enrichment,	BH	growth	and	feedback,	mergers	and	environmental	effects…


•How	do		semi-analytic	and	semi-empirical	models	work	and	
what	is	their	difference?


—>	Semi-empirical	models:	linking	observed	galaxies	with	simulated	DM	halos,	“extended	
observations”,	show	how	galaxies	evolve	within	(undetectable)	DM	halos


—>Semi-analytic	models:	based	on	DM	merger	trees,	follow	the	evolution	of	different	
baryonic	reservoirs	(cold/hot	gas,	stars	etc)	and	compute	flows	between	reservoir	via	
phenomenologically	motivated	recipes	(for	cooling,	SF,	stellar	fb	etc)	and	solving	
associated	differential	equations
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•Which	main	insights	did	we	obtain	from	semi-empirical	models?


—>	Abundance	matching	models	showed	that	the	stellar	baryon	conversion	efficiency	of	
DM	halos	is	at	max	20-30%	(massive/low-mass	halos	much	lower!)		—>	SF	rather	

inefficient!	[These	models	can	address	the	physical	origin	for	this!]	


•What	were	the	major	milestones	in	our	understanding	of	galaxy	
formation	processes	thanks	to	semi-analytic	models?


—>	Among	the	major	milestones	were	the	realisation	that	feedback	processes	are	
essential	to	regulate/suppress	SF	in	massive	and	low-mass	systems	to	be	consistent	with	
the	evolution	of	the	galaxy	stellar	mass	functions	or	the	stellar	baryon	conversion	
efficiencies.	Specifically,	stellar	fb	is	thought	to	primarily	affect	SF	in	low-mass	halos,	and	
AGN	to	suppress	SF	in	massive	halos.
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•Which	processes	do	semi-analytic	models	suggest	to	be	
responsible	for	the	observed	“anti-hierarchical”	trend	in	the	
stellar	mass	assembly	of	galaxies?


—>	Anti-hierarchical	trend:	massive	galaxies	form	their	stars	predominantly	before	less	
massive	galaxies	(“massive	end	of	stellar	mass	fct	is	place	at	z~3,	and	it’s	mainly	the	low-
mass	end	which	grows	in	number	density”)


—>	At	first	sight,	in	contradiction	with	hierarchically	growth	DM	halos


—>	Feedback	processes	(see	last	slide)	can	help	to	de-couple	the	evolution	of	baryons	(in	
terms	of	stellar	mass	assembly)	for	the	evolution	of	DM


