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ü  Identify	traits	that	betray	the	AGN	excitation	and	feedback	
ü  Quantify	the	incidence	of	(obscured)	AGNs	triggered	by	

interactions	
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AGNs						Galaxy	mergers	
§  ΛCDM	predicts	that	interactions	are	ubiquitous	
§  	Theory	predicts	gas	is	funneled	towards	center			
§  Can	give	rise	to	M-σ	relation	
§  Can	explain	similarity	in	cosmic	evolution	of	SFR	and	

BH	growth	
§  AGN	Feedback	can	quench	star	formation			

McConnel	&	Ma	2013	
Merloni	&	Heinz	2013	

e.g.,	Di	Matteo,	Springel,	&	Hernquist	
(2005)	

Causal	Connection?	

Komossa	et	al.	2003	



Hopkins	et	al.	(2008);		
see	also	Volonteri	et	al.	(2015)	

Star	Formation		

BH	Growth	



•  Dahari	et	al.	1984	
•  Keel	et	al	1985	
•  Raffanelli	et	al	1995	
•  Canalizo	&	Stockton	2001	
•  Woods	&	Geller	2007	
•  Bennert	et	al.	2008	
•  Rogers	et	al.	2009	
•  Veilleux	et	al.	2009	
•  Koss	et	al	2010,	2012	
•  Ramos-Almeida	et	al.	2011	
•  Silverman	et	al.	2011	
•  Ellison	et	al.	2011	
•  Triester	et	al.	2012	
•  Shabala	et	al.	2012	
•  Sabater	et	al.	2013	
•  Satyapal	et	al.	2014	
•  Kaviraj	et	al.	2015	
•  Kocevski	et	al.	2015	
•  Glikman	et	al.	2015	
•  Fan	et	al.	2016	
•  Ricci	et	al.	2017	
•  Goulding	et	al.	2017	
•  Donley	et	al.	2018	

AGN-Merger	Debate	

•  Schmitt	2001	
•  Dunlop	et	al.	2003	
•  Grogin	et	al	2005	
•  Coldwell	&	Lambas	2006	
•  Pierce	et	al.	2007	
•  Li	et	al.	2006,	2008	
•  Ellison	et	al.	2008	
•  Darg	et	al.	2009	
•  Gabor	et	al	2009	
•  Reichard	et	al.	2009	
•  Cisternas	et	al	2011	
•  Boehm	et	al.	2012	
•  Kocevski	et	al	2011,2012	
•  Simmons	et	al.	2012	
•  Villforth	et	al.	2014,2017	
•  Schawinski	et	al.	2011		
•  Kocevski	et	al.	2012	
•  Fan	et	al.	2014		
•  Rosario	et	al.	2015		
•  Bruce	et	al.	2016		
•  Mechtley	et	al.	2016	
•  Hewlett	et	al.	2017	

and	many	more…	



Volonteri+	15	

Merging	stages	



•  AGN	identification	
•  Sample	size	

•  Control	samples	

•  Method	of	morphological	classification	

•  Surface	brightness	dimming	–	tidal	tails	may	not	be	seen	

•  High	SFR	masking	AGN	signatures	

•  AGN/host	contrast	ratio	in	Type	1	AGNs	
•  Merger	stage	(e.g.,	Volonteri+	15,	Capelo+	17)	

•  Time	delay	between	AGN	ignition	and	merger	signs	

•  Different	AGN	fueling	processes	at	play	(at	low	and	high	Lbol)	

Challenges	
Multiwavelength	
diagnostics	don’t	always	
pick	out	the	same	AGNs!	

e.g., Hickox et al. 2009 



Peak	BH	growth	occurs	at	small	pair	separations	
and	is	likely	obscured	

D<10kpc (van Wassenhove+ 2012) At		
•  strong	SFR	+	
•  Efficient	Dual	SMBH	accretion		
•  High	extinction	values	
	
	
	
	
	
	
	
	
	
	
	
à Dual	AGNs	may	be	optically	

obscured	the	majority	of	the	time	
when	they	are	active		

à complicate detection of the AGN 
	

(Blecha et al. 2018) 

Peak	SFR 	peak	AGN	

SFR	from	both	galaxies	

primary 	 	secondary 		
SMBH	 	 	SMBH	

also	Volonteri+	2015;	Capelo+	2017		



The	sample:	the	brightest	advanced	mergers	pre-
selected	by	WISE		

Sample	Selection:		
•  Drawn	from	Galaxy	Zoo	(~667,000	galaxies)	

•  	Required	high	probability	of	merger	(70%;	
~1,500)	

•  keep	only	separations	<	10kpc	

•  Required	WISE	W1-W2>0.5	(86	candidates)	

•  Obtained	follow-up	Chandra	(cycles	15	and	
17;	PI:	Satyapal)	observations	of	the															
15	brightest	candidates		

	(redshift:	0.02	– 0.1;	1”	=	0.7	–	2	kpc)	

	=>	25	detections	in	0.3	–	8.0	keV	

W1-W2>0.8	
W1-W2>0.5	
Optical	BPT	

Merger	triggered	AGNs:	detected	
as	red	WISE	objects,	and	not	seen	
as	AGNs	in	optical.	

Satyapal	et	al.	(2014)	



The	IR–Selected	Advanced	Mergers	
	
•  SDSS	fibers	available	for	at	least	

one	nucleus	
•  Optical	spectra	=	80%	consistent	

with	Starbursts	not	AGNs:	
	

Optical	line	fluxes	from	SDSS	MPA/JHU	
Collaboration	

H	IIs	
(Starbursts)	

LINERs	

Seyferts	

Ts	

Transition	objects	
(Composites)	



The	IR–Selected	Advanced	Mergers:	0.3	–	8	keV	detections	

Satyapal et al. 2017,  
Pfeiflle et al. 2018 

Observed luminosity range 
of L2-10keV : 1039 – 1043 ergs 

s-1 

8/15 have dual X-ray signatures  
All 15 host one X-ray source! 

Sufficient	counts	(>100)	for	spectral	
analysis	of	7	X-ray	sources	

NH    1023 cm-2 
 

L2-10keV > 1042 ergs s-1 => AGNs! 
  

>	~	
Unabs.	



Large	Binocular	Telescope	(LBT):	

L2-10	keV	≈	comparable	to	upper	limit	of	most	
luminous	SF	galaxies	(e.g.,	Lehmer	et	al.	2010)	

	 	=>	X-ray	emission	from	XRBs?	

How	about	the	rest	of	the	sources…	

•  Near-IR	spectra	=>	extinction-insensitive	SFRs			
	 	 	 	 		

			LX	produced	by	XRBs	
+	M*	(SDSS	MPA/JHU	)	

Lehmer	et	al.	2010	

upper	limits	of	LX	(XRBs)	
•  Assuming	Paα	flux	solely	from	gas	ionized	by	

hot	young	stars	

=>	Highly	suggestive	of	presence	of	at	least	one	AGN	in	all	mergers	

XRBs	not	sufficient	to	
account	for	observed	LX	

LX	(XRBs)	<	L2-10	keV		
observed	



The	LBT	spectra:	medium	resolution,	messy,	
but	plethora	of	interesting	features!	



Coronal	Lines	detected:	[Si	X]	1.43	μm	and/
or	[Si	VI]	1.963	μm	in	40%	of	the	sample.	

=>	new		evidence	for	AGN	activity!	



2	new	dual	AGN	systems!	
	

rest	wavelength	(μm)	 rest	wavelength	(μm)	



He	I	

Rest	wavelength	(μm)	

		
⇒ expected	to	be	missing	for	very	high	extinction,	

anticipated	in	late	stage	mergers.	
	Our	near-IR	estimates:	AV	=	4	-	15	

⇒  found	only	in	10%	of	hard	X-ray	selected	Sy2s		
	(e.g.,	Swift-BAT	sample,	Lamperti	et	al.	2017)		

	

Broad	emission	lines	(FWHM	>	1000	km/s)	in	7	galaxies		

Rest	wavelength	(μm)	

He	I	

He	I	

He	I	He	II	



Lbol	≈	10	×	L2-10keV	≈1042	–	1044	erg/s	=>	
	 	 	 	 	 		
	 	 	 	 	 	 	Mflow	≈	102	–	103	Macc	

�	 �	

He	I	

Rest	wavelength	(μm)	

Broad	emission	lines	(FWHM	>	1000	km/s)	in	7	galaxies		

Rest	wavelength	(μm)	

He	I	

He	I	

He	I	He	II	

		
⇒ BLR	often	shifted	by	300	–	800	km/s	
⇒  indicative	of	out/in-	flowing	gas		

Mflow	≈	100s	M¤/yr	(as	seen	in	ULIRGs;	e.g.,	Veilleux+	2005)	
�	

SFR	=	11.3	M¤/yr	

SFR	=	4.6	M¤/yr	

SFR	=	1.6	M¤/yr	

SFR	=	3.5	M¤/yr	

SFR	=	0.4	M¤/yr	

SFR	=	4.4	M¤/yr	



Kinematics	of	[Fe	II]	and	H2	also	suggestive	of	gas	flows	

[Fe	II]	1.644	μm		
H2	(1-0)	S(1)	2.121	μm	 	

•  [Fe	II]	blueshifted	relative	
to	systemic	velocity	
		(Δv	≈	300	km/s)	

	
•  No	shift	in	H2	
	

⇒ Evidence	for	outflows?	
	

	



Near-IR	Line	Diagnostic	diagrams	consistent	
with	AGN	ionization	in	(almost)	all	cases	

AGNs	
(shocks	
from	
AGN	jets)	

[Fe	II]/Paβ:	
	
-	constrains	the	
amount	of	[Fe	II]	
produced	by		SBs	vs.	
AGN	jets/shocks.	
	
(e.g.,	Simpson+1996,	Larkin+	
1998,	Rodriguez-Ardila+	
2005,	Riffel+	2013)	

SBs	(pure	
photoinization)	



Thermal	UV	
excitation	(hot	
young	stars;	
Sternberg	&	
Dalgarno	1989)	

X-ray	heating	
Lepp	&	McCray	(1983)		

(adapted	from	Rodríguez-Ardila,	Riffel	&	Patoriza	2005)	

UV	fluorescence	
(Black	&	van	Dishoeck	1987)	

☐	Sy1	

�			Sy2	

thermal	component	between	1000	and	3000	K		
	

Our	
sample	

No	data;	no	constraints	on	x-axis	values	

Near-IR	Diagnostic	diagrams	consistent	with	
AGN	ionization	in	(almost)	all	cases	



Jansky	VLA	observations	
-	spectral	index	maps;	5	GHz	contours	-	

•  Radio	structure	reminiscent	of	X-ray/optical	images	
•  Only	one	low-L		radio	AGN	(a	few	mJy	level)	per	merger		
•  Fundamental	plane	=>	MBH	~	109	M¤		



Summary	
Ø  	SF	and	AGN	activity	peak	during	the	advanced	merging	phase	

but	highly	obscured	
Ø  IR	selection	produced	the	largest	#	of	dual	AGN	(candidates)	

so	far	
Ø  increased	the	number	of	confirmed	dual	AGNs	by	over	50%		

§  X-rays:		at	least	1	detection	in	all	mergers,	with	duals	
(triples)	in	8	out	of	15	systems	

§  Near-IR	spectroscopy:	
–  Evidence	of	hidden	BLR,	also	possible	detection	of	outflows	
–  40%	with	coronal	lines:	at	least	two	secure	new	AGN	pairs	
–  Diagnostic	diagrams	consistent	with	AGN	ionization	in	all	cases;	H2	

excitation	most	likely	produced	by	AGN	

	
	

Satyapal et al. 2017, Pfeiflle et al. 2018, Pfeiflle et al. in prep., Constantin et al. in prep. 


