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Galaxies	and	their	environment

•What	are	basic	properties	of	groups	and	clusters?


• Densest	environments	with	total	masses	of	1e14-1e15	Msun	for	clusters	and	a	few	1e12	
to	a	few	1e13	Msun	for	groups


• Characterised	by	hot	gas	in	groups	and	clusters	(visible	in	the	X-ray),	scaling	relations	
between	X-ray	Luminosity	and	T	and	total	cluster	mass


• Clusters	(and	to	a	lesser	extent	group)	consist	of	more	quiescent	galaxies	with	lower	cold	
gas	fractions	and	more	spheroidal/elliptical-like	morphologies	compared	to	galaxies	in	
isolation

•What	correlations	do	we	observe	between	galaxy	properties	and	their	larger	
scale	environment?


• Morphology-density	relation,	Color-density	relation,	(also	gas	fraction	is	related	with	
environment,	at	higher	densities,	galaxies	are	typically	more	gas-poor)


•Which	environmental	processes	exist	and	why	are	they	important?

• Mergers/Galactic	cannibalism,	ram-pressure/tidal	stripping	of	gas,	strangulation,	

harassment	


• Environmental	processes	can	transform	SF	galaxies	with	disk/spiral-like	morphologies	into	
quiescent	galaxies	with	spheroidal/elliptical-like	morphologies,	to	some	extent	explaining	
relations	between	galaxy	properties	and	the	overdensity	(but	remember	nature-nurture	
debate!)
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The	high-redshift	Universe

•How	can	we	identify	high	redshift	galaxies	observationally?


• Lyman-break	method,	Lyman-alpha	emission,	Gravitationally	lensed	high-z	galaxies,	IR/
submm	observations	e.g.	with	Spitzer	and	Alma	to	trace	dust	and	molecular	gas


• Fitting	of	optical/NIR	photometry	with	SSP	models	—>	high-z	candidates


• Redshift	uncertain	until	spectroscopic	followup	of	a	high-redshift	candidate	where	redshift	
is	derived	from	emission	lines	(“gold	standard”	of	redshift	estimate)

•Which	scaling	relations	are	already	in	place	early	one?

• E.g.:	Color-magnitude/morphology	relations,	Main	sequence	of	SF,	mass-metallicity	relation,	

mass-size	relation	etc.	[Note	that	Hubble	sequence	is	typically	in	place	only	around	z~1	with	
galaxies	still	being	much	more	compact/smaller	compared	to	z~0]


•How	have	galaxy	properties	evolved	over	cosmic	time?

• High-z	galaxies	are	bluer,	more	luminous,	more	star	forming,		more	gas	rich,	more	metal-

poor,	smaller/more	compact,	morphologically	more	clumpy	and	irregular	(more	spiral	
structures)	compared	to	their	present-day	counterparts	(at	a	given	stellar	mass)


•Which	reasons	may	explain	the	decline	of	the	cosmic	SFR	history	from	
z=2	to	z=0?


• Less	gas	accretion	from	the	cosmic,	gas	consumption	via	SF,	feedback	from	AGN	(gas	
heating,	outflows	and	reduced	gas	inflow)


