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What	drives	galaxy	evolu/on?	
	
Galaxies	evolve	during	their	life-/me.	
They	can	dras/cally	change	their	proper/es	(SFR,	
color,	morphology).	
	
An	frequent	evolu(onary	path	is	from	the		blue	
sequence	to	the	red	cloud.			
It	goes	along	with	a	strong	decrease	in	the	SFR.	
	
Different	processes	are	responsible	for	the	
evolu/on.	
	
One	important	parameter	is	the	environment	
which	can	affect	strongly	the	SFR	and	interstellar	
medium.	

Schiminovish+07	

How	does	the	environment		in	Compact	Groups	affect	the	galaxy	transi/on	from	blue	
(ac/vely	star-forming)	to	red	(quiescent)	?	



Hickson	Compact	Groups	(HCG*)	
	Compact,		isolated	groups	of	4-9	members	
•  High	galaxy	densi/es	
•  Low	velocity	dispersion	(average	systemic	velocity	

dispersions	σ	=	200	km	s−1)	
•  	à		interac/ons	are	important	

–  Between	galaxies	
–  Between	galaxies	and	intra-group	medium	

	

	

Hickson	(1982)	

•  The	frac/on	of	S0s	is	
high	compared	to	field	
and	clusters	(Wilman+09,	
Just+10)	à	evidence	for	
morphological	
evolu/on	

	
Ideal	objects	to	study	
environmetally-driven	
galaxy	evolu(on	
	



Neutral gas in HCGs 
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HCG 40 
Atomic hydrogen (HI): Very disturbed + deficient 
•  Frequently very disturbed distribution (outside 

galaxies, in a single cloud) 
•  Many groups show a deficiency of HI (on average 

40% of the expected HI is detected with VLA, Verdes-
Montenegro et al. 2001) 

•  Single dish (GBT) observations detect more HI,  but 
still less tan expected. Part of the HI might be in a 
smoothly distributed intra-group medium (Borthakur+10). 

 

à HI is dramatically afffected by the environment 
 
 

Cold molecular gas (CO-traced) à No dramatic difference to “field” galaxies 
•  Leon+98: CO in 70 galaxies in 45 HCGs: hint of an enhanced M(H2)/LB 

•  Verdes-Montenegro+98: CO in 80 galaxies: ~20% deficiency in CO 
•  Martinez-Badenes+10: Hints for a 50% excess in M(H2), SFE (SFR/M(H2)) normal. 

	

Contours:	HI		



Infrared	colors	of	CG	
galaxies	

•  Mid-Infrared	colors	probe	dust	and	old	
stars.	

•  A	gap/canyon	was	found	in	Spitzer	
colors	(Johnson	et	al.	2007,	Walker	et	al.	
2010,	2012)	and	sSFR	(Tsanavaris	et	al.	
2010)	between	ac(ve	and	quiescent	
galaxies	with	a	low	density	of	galaxies.	

•  The	low	density	is	indica/ve	of	a	fast	
transi(on	between	ac/ve	and	
quiescent.	

	

•  A	similar	canyon	can	be	defined	with	
WISE	colors	for	a	larger	sample	
(Zucker+16).	

	

From	Walker+10	

From	Zucker+16	

ac/ve	

quiescent	

canyon	



Proper/es	of	IR	canyon	galaxies	

•  Cayon	galaxies	lie	not	in	op/cal	green	valley	
but	mostly	in	the	op/cal	red	sequence	
(Walker+13)	

	
•  Many	canyon	galaxies	have		enhanced	warm	H2	

emission,	they	are	so-called	MOHEGs	=	
MOlecular	Hydrogen	Emission-line	Galaxies	
(Ogle+10,	Cluver+13).	

•  MOHEGs	have	H2	luminosi/es	above	the	level	
that	can	be	achieved	by	star	forma/on*	

•  The	emission	is	excited	by	slow	shocks	à	
Shocks	(or	the	processes	that	produce	shock)s	
might	play	a	role	in	the		transi/on	from	ac/ve	
to	quiescent..	

	

Cluver+13	

*	MOHEGs	=	MOlecular	Hydrogen	Emission-line	Galaxies		
	L(H2)/L(7.7µm)	>0.04		⇒	cannot	be	achieved	by	SF	



Molecular	gas	in	HCG	galaxies	

à  In	HCG	we	can	iden(fy	from	the	IR	colors	a	popula(on	of	galaxies	that	
are	in	the	process	of	transi(on	from	ac/vely	star	forming		to	quiescent.	

	

In	order	to	understand	the	dras/c	decrease	of		star	forma/on	we	need		the	
measurement	of	the	(cold)	molecular	gas	content	(traced	by	CO)	is	crucial	
because	it	is	the	fuel	of	star	forma/on.	

	
It	allows	us	to	answer	the	ques/on:	
	

Is	the	decrease	in	star	forma(on	ac(vity	due	to	a	lack	of	
molecular	gas	or	is	star	forma(on	becoming	more	inefficient?	



Present	work	

•  We	use	sample	of	Zucker	et	al.	(2016)	which	derived	

WISE	fluxes	for	652	galaxies	in	163	compact	groups.	

•  We	use	classifica/on	of	Zucker+16	in	ac/ve/

quiescent/canyon	galaxies.	

•  We	also	classify	galaxies	that	are	in	the		IRTZ	

(Alatalo+15).	

Goal:	
•  Compare	molecular	gas	frac(on	and	star	forma(on	

efficiency	of	a	large	sample	of		

–  Ac/ve	galaxies	

–  Quiescient	galaxies	

–  Transi(oning	galaxies	

Selected	based	on	their	mid-IR	colors	
Alatalo+15	

Zucker+16	

IRTZ	



SFR,	M*	and	Mmol	

•  WISE	data	allows	us	to	calculate	SFR	and	stellar	mass:	
–  SFR	from	W4	(22μm)	(Lee+13):		SFR	=	10-9	LW4	[Mo	yr-1]	

–  M*	from	W1	+	W2	(3.4+	4.6μm)	(Jarren+13):		log(M*/LW1)		=	-0.246-2.100(W1-W2)	

•  Molecular	gas	from	the	literature	(Leon+98,	Verdes-Montenegro+98,	Mar/nez-Badenes+10,	

Lisenfeld+14)		and	from	new	observa(ons	with	IRAM	30m	telescope	(27	galaxies)	

–  Data	from	literature	observed	mainly	with	IRAM	30m,	also	with	FCRO,	Kin	Peak	

–  CO	data	for	130	galaxies	(89	detec/ons)		

•  Need	to	aperture-correct	the	single	dish	CO	data	(different	beams+different	
frac/ons	of	the	disks	are	probed)(Lisenfeld+11)	
–  Extrapolated	molecular	gas	mass	from	the	central	poin/ng	to	the	en/re	disk	based	on	

an	expon/al	distribu/on	of	CO	and	re,co	=	0.2	r25	(Leroy+10,Regan+01,	Nishiyama	&	Nakai	

2001,	Young+95).	

–  Aperture	correc/on	is	mostly	between	1	and	2	(mean	1.7,	maximum	factor	6)	

–  Extrapolated	molecular	gas	mass	agrees	well	with	CARMA	for	13	galaxies	in	common	
(Alatalo+15)	



Molecular	gas	mass	

Stra/fied	distribu/on:	For	a	given	
Mstar,	the	molecular	gas	mass	is:	
	
•  Highest	in	ac(ve	galaxies		
•  Lowest	in	quiescent	galaxies	
•  In	between	in	canyon	galaxies		
	



Molecular	gas	frac/on	

Canyon	and	IRTZ	galaxies	have	<Mmol/Mstar>	
which	is	more	than	4	σ	below	ac(ve	galaxies	
(both	for	en/re	sample	and	for	spirals)	.	



Molecular	gas	frac/on	

⇒	Galaxy	transi/on	is	
accompanied	by	a	decrease	
in	molecular	gas	mass.	

Canyon	and	IRTZ	galaxies	have	<Mmol/Mstar>	
which	is	more	than	4	σ	below	ac(ve	galaxies	
(both	for	en/re	sample	and	for	spirals)	.	



Molecular	gas	and	star	forma/on	rate	

Canyon/IRTZ		galaxies	lie	
below	rela/on	followed	by:	
	
•  ac/ve	HCG	galaxies		
•  “field”	spiral	galaxies	(full+	

dashed	lines,	Bigiel+11).	
	



Star	forma/on	efficiency	
(SFE	=	SFR/Mmol)	

Canyon	and	IRTZ	galaxies	have	<SFE>	which	
is	5σ	below	ac(ve	galaxies	(both	for	en/re	
sample	and	for	late-types).	



Star	forma/on	efficiency	
(SFE	=	SFR/Mmol)	

⇒	Molecular	gas	in	
transi/oning	galaxies	does	
not	form	stars	efficiently.	
	

Canyon	and	IRTZ	galaxies	have	<SFE>	which	
is	5σ	below	ac(ve	galaxies	(both	for	en/re	
sample	and	for	late-types).	



What	is		the	cause?	

•  The	data	shows	that	the	galaxy	transi/on	goes	along	with:	
1.  Loss	(or	lack	of	forma/on)	of	molecular	gas.	
2.  Remaining	molecular	gas	is	not	able	to	form	stars	efficiently.	

•  Processes	that	affect	the	gas	are:	
–  Tidal	forces	removing	the	gas	-	visible	in	the	HI	(also	relevant	for	H2?).	
–  Gas-gas	collision,	either	with	gas	in	other	galaxies	or	with	the	intragroup	gas.	

Warm	H2	emission	of	MOHEGs	(à	shocks)	is	evidence	for	gas	collisions.	
	
–  Ram	pressure	is	neglible	due	to	rela/vely	low	veloci/es	and	not	very	abundant	

teneous	gas	(x-rays	detected	in	only	50%,	Ramunsen)	

•  We	need	more	observa(ons,	especially	spa/ally	resolved	observa/ons	of	the	
molecular	gas	



Evidence	for	molecular	gas	removal	

Observa/ons	of	CO(1-0)	
with	NOEMA	of	HCG	5a		
(canyon	Galaxy).	

Color:	SDSS	g’-image	
Contours:	CO(1-0)	

IRAM	30m	spectrum	of	HCG5a	



Evidence	for	ISM	collisions	

•  HCG	56a	-	a	MOHEG	and	canyon	
Galaxy	with	a	very	low	SFE	and	
M(H2)/M*	–	shows			evidence		of	
kinema/cal	perturba/on	of	the	
molecular	gas.	

•  Possibly	the	neighboring	Galaxy	
HCG	56d	has	passed	through	the	
disk.	
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Alatalo+14	



A	possible	scenario	

•  Possible	scenarios	(consistent	with	e.g.	Bitsakis+2011,	Cluver+2013,	Alatalo+2015):	
1.   Gas	in	the	intragroup	medium:	

•  In	HCG	gas	is	being	removed	from	galaxies	and	accumulates	in	intergroup	
medium	(IGM).	This	is	seen	in	HI	(Verdes-Montenegro+01,	Botharkur+10).	The	
molecular	gas		might	be		affected	as	well.		

2.   What	supresses	star	forma(on	(even	though	cold	molecular	gas	is	present)?	
•  Most	likely	turbulent	energy	injec/on	a_er	gas	collisions	producing	shocks.	This	
has	been	iden/fied	as	most	likely	process	in	several	HCG	galaxies:		

–  Stephan’s	Quintet	(Appleton+02,Guillard+09,12)		
–  HCG	galaxies	with	enhanced	warm	H2	emission	(Cluver+13)	

•  Possible	processes	are:	
–  Collisions	with	neighboring	galaxies	(as	in	HCG	56a+d,	Alatalo+14)	
–  Collision	with	IGM	(Stephan’s	Quintet).	



Summary	

•  Infrared	colors	are	powerful	to	iden/fy	galaxies	in	HCGs	that	transi/oning	

(canyon	or	IRTZ	galaxies)	from	ac/ve	to	quiescent.	

•  Molecular	gas	observa/ons	show	that		canyon/IRTZ	galaxies	have	a:	

–  lower	molecular	gas	frac(on	

–  lower	star	forma(on	efficiency	(SFE)	

							than	ac/ve	galaxies.	

•  These	results	are	consistent	with	scenarios	where	galaxy	transi/on	goes	

along	with	loss	of	gas	(also	molecular)	and	the	perturba(on	of	the	gas,	

most	likely	due	to	energy	injec/on	from	turbulence	produced	by	shocks.	


