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Ac@ve	Galac@c	Nuclei	(AGN)

~10	kpc
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Galaxy

<10	pc	
	(see	Ichikawa+15,	Burtscher+13)

AGNs in ULIRGs are buried

AGNs obscured by 
torus-shaped dust

Detectable via optical spectroscopy

NLR

Sy2AGN
Supermassive	Black	Hole	(SMBH)

dusty	torus

Rees	84;Antonucci	&	Miller	85;	Urry	&	Padovani95
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Galaxy

<10	pc	
	(see	Ichikawa+15,	Burtscher+13)

AGNs in ULIRGs are buried

AGNs obscured by 
torus-shaped dust

Detectable via optical spectroscopy

NLR

Sy2AGN
Supermassive	Black	Hole	(SMBH)

dusty	torus

☑	AGN	is	a	growing	phase	of	SMBH	
☑	easy	to	es*mate	BH	mass	(e.g.,	single-epoch	method;	Kaspi+00,05)	
☑	Very,	very	bright	in	op*cal/UV	(and	also	X-ray,	IR!)	
Lbol	>=	1047	erg/s;	which	can	be	observable	up	to	z~7!

Why	do	we	observe	AGN	for	SMBH	studies?

Rees	84;Antonucci	&	Miller	85;	Urry	&	Padovani95

Ac@ve	Galac@c	Nuclei	(AGN)



(Mid-)IR	emission	of	AGN=	nuclear	dust

AGNs in ULIRGs are buriedAGNs obscured by 
torus-shaped dust

Detectable via optical spectroscopy

NLR

Sy2
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Nuclear	(MIR)	dust	emijng	region	is	compact	w/	<	10pc

Urry	&	Padovani	’95
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Urry	&	Padovani	’95 Nenkova+08;	Ramos	Almeida+12

Nuclear	(MIR)	dust	emijng	region	is	compact	w/	<	10pc

see	also	Tanimoto+19,	Ogawa+19
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Urry	&	Padovani	’95 Nenkova+08;	Ramos	Almeida+12 e.g.,	Hoenig+12,	Wada+15,	
Tazaki	&	Ichikawa	submiSed	

Sample	size:	limited	to	very	nearby	AGN	(actually,	mainly	Circinus)

Nuclear	(MIR)	dust	emijng	region	is	compact	w/	<	10pc

see	also	Tanimoto+19,	Ogawa+19



Geometry	of	(nuclear)	dust	emission

AGNs in ULIRGs are buriedAGNs obscured by 
torus-shaped dust

Detectable via optical spectroscopy

NLR

Sy2
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CT(dust) / LIR(AGN)/Lbol(AGN)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Q.	How	much	do	we	know	the	(averaged)	dust	geometry?

Our	Goal:	Obtaining	CT(dust)	using	the	complete	AGN	sample	

Urry	&	Padovani	’95 Nenkova+08;	Ramos	Almeida+12 e.g.,	Hoenig+12,	Wada+15,	
Tazaki	&	Ichikawa	in	prep.	

Nuclear	(MIR)	dust	emijng	region	is	compact	w/	<	10pc

see	also	Tanimoto+19,	Ogawa+19



Most	of	AGN	are	obscured

☑	energy	density	peaks	at	~30	keV

Compton-thick	AGN

type-1	AGN

Ueda+14

Compton-thin		
type-2	AGN

XRB	indicates	that	most	of	AGN	are	obscured
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Most	of	AGN	are	elusive	(=obscured)

☑	energy	density	peaks	at	~30	keV
☑	E>10	keV:	best	energy	band	to	detect	obscured	(log	NH>22)	AGN

Compton-thick	AGN

type-1	AGN

Ueda+14

Compton-thin		
type-2	AGN

XRB	indicates	that	most	of	AGN	are	obscured



SwiM/BAT	AGN	(14-195	keV)

☑	most	complete	up	to	logNH=24.0	in	the	local	Universe

☑		606	out	of	728	have	z	info	and	are	located	at	|b|>10°

Ueda+14

70	month	catalog:	836	AGN	(728	non-blazars)

Ricci	(incl.	KI)	et	al.	2017Baumgartner+13	and…

FYI,	105	month	catalog	is	public	(see	Oh	et	al.,	’18)	and	158	month	catalog	will	be	out	in	a	year?

(Koss+16;	Ricci+15)
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BASS
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BASS=BAT	AGN	Spectroscopic	Survey
Mul@-wavelength	Follow-up	of	BAT-AGN

by	Courtesy	of	K.	Oh
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Koss+16
co-lead	by	M.	Koss,	C.	Ricci,	B.	Trakhtenbrot,	K.	Oh

☑	X-ray	(Lx,	NH,	Γ)	Ricci	et	al.	(2017)

☑	Op*cal	Spec	(MBH,	λEdd)	Koss	et	al.	(2017)

☑	NIR	Spec	(σ,	MBH)	Lamper*	et	al.	(2017)



Mul@-wavelength	Follow-up	of	BAT-AGN

by	Courtesy	of	K.	Oh

Baumgartner+13	and…
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Koss+16
X-ray	power-law

☑	X-ray	(Lx,	NH,	Γ)	Ricci	et	al.	(2017)

☑	Op*cal	Spec	(MBH,	λEdd)	Koss	et	al.	(2017)

☑	NIR	Spec	(σ,	MBH)	Lamper*	et	al.	(2017)

co-lead	by	M.	Koss,	C.	Ricci,	B.	Trakhtenbrot,	K.	Oh

BASS=BAT	AGN	Spectroscopic	Survey



☑	X-ray	(Lx,	NH,	Γ)	Ricci	et	al.	(2017)

Mul@-wavelength	Follow-up	of	BAT-AGN

by	Courtesy	of	K.	Oh

Baumgartner+13	and…
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Koss+16
X-ray	power-law

OpEcal	Spec

☑	Op*cal	Spec	(MBH,	λEdd)	Koss	et	al.	(2017)

☑	NIR	Spec	(σ,	MBH)	Lamper*	et	al.	(2017)

☑	IR	catalog	(3-500	um)	Ichikawa	et	al.	(2017a),	ApJ,	835,	74

☑	IR	SED	Decomposi*on;	Ichikawa	et	al.	(2019),	ApJ,	870,	31

More	studies	and	Data,	see	BASS	website!

Today’s	topic

co-lead	by	M.	Koss,	C.	Ricci,	B.	Trakhtenbrot,	K.	Oh

BASS=BAT	AGN	Spectroscopic	Survey



IR	counterparts	of	BAT	AGN

☑		601/606	MIR	(,	NIR)	and	402/606	FIR	counterparts

Ueda+14

☑	3-500	um	IR	data	from	WISE,	AKARI,	IRAS,	and	Herschel
(see	Ichikawa+17	for	more	details)

☑	suitable	for	the	AGN	dust/host	galaxy	studies

☑	IR	Data	is	already	public.	hsp://iopscience.iop.org/0004-637X/835/1/74/suppdata/apjaa5154t1_mrt.txt 18



SED	Decomposi@on	in	IR	bands

Ueda+14

☑	SED	Decomposi@on	is	done	using	simple	AGN/(SB+stellar)	templates
(see	Mullaney+11	and	Ichikawa+19	for	more	details)

Ichikawa+19

AGN	dust

host	galaxy
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SED	Decomposi@on	in	IR	bands

☑	Disentangling	AGN/host	galaxy	(SB+stellar)	component

Ueda+14

☑	SED	Decomposi@on	is	done	using	simple	AGN/(SB+stellar)	templates

=>	AGN	IR	emission	w/o	host	galaxy	contamina@on

Ichikawa+19

☑	SED	decomposi@on:	587/606	sources

FYI,	All	info	incl.	IR	SEDs,	decomposed	SEDs,	MBH,	Lx,	bol	are	now	public

AGN	dust

host	galaxy
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(see	Mullaney+11	and	Ichikawa+19	for	more	details)



Comparison	with	high-spa@al	resolu@on	observa@ons

Ueda+14

Ichikawa+17

High	spa@al.	
resol.	obs.

L12um	“Before”	SED	
decomposi@on
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(Asmus+14,+15)

☑	L12um(KI17)	>=	L12um(Asmus)



Comparison	with	high-spa@al	resolu@on	observa@ons

Ueda+14
☑	SED	Decomposi@on	works	well!

Ichikawa+19

High	spa@al.	
resol.	obs.

L12um	“a[er”	SED	
decomposi@on

☑	SED	decomposi@on	reproduces	L12um	of	0.”3-0.”7	scale	high	spa@al	
resolu@on	observa@ons	(Asmus+14;15)
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LIR(AGN)	vs.	L14-150keV

log	LMIR	∝	1.06	log	LX
☑	b=0.9-1.1	from	local/X-ray	selected	AGN 
																								(e.g.,	Gandhi+09;	Ichikawa+12,+17;	Asmus+15;	Mateos+15)

∴	slope	b=1.06	(+/-0.03)

Our	study + type-1
×	type-2

MIR	emission:	isotropic

LMIR/Lx	(type-1)	~	LMIR/Lx	(type-2)

Ichikawa+19a
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Lbol	dependence	of		R	=	LIR(AGN)/Lbol

Ichikawa+17a
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Ichikawa+18

☑	Very	shallow	Lbol	dependence	w/	log	R	=	4.5	-	0.12	log	Lbol	
Ichikawa+19a



R=LIR(AGN)/Lbol	=>	CT(dust)
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LIR(AGN)	/Lbol		vs.	CT	(see	Stalevski+16)
type-1	AGN type-2	AGN



Dust	Covering	factor	(CT)	vs.	Lbol

Ichikawa+18
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Lx	=>	Lbol		(const)	and		LIR(AGN)	/Lbol	=>	CT	(see	Stalevski+16)



☑	CT	(dust)	:	0.4-0.6,	very	weak	or	almost	independent	of	Lbol

Dust	Covering	factor	(CT)	vs.	Lbol

Ichikawa+19
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(see	also	Merloni+14,	Netzer+16,	Stalevski+16,	Mateos+17)

Lx	=>	Lbol		(const)	and		LIR(AGN)	/Lbol	=>	CT	(see	Stalevski+16)



Dust	Covering	factor	(CT)	vs.	Lbol

Ichikawa+17a

☑	CT(dust)		<	CT	(dust+gas)	<=	obtained	from	X-ray	obs.

☑	There	is	a	dust-free	(X-ray)	obscuring	region 28

Ichikawa+19
Ricci+17

Lx	=>	Lbol		(const)	and		LIR(AGN)	/Lbol	=>	CT	(see	Stalevski+16)



Dust	Covering	factor	(CT)	vs.	Lbol

Ichikawa+17a

☑	CT(dust)		<	CT	(dust+gas)	<=	obtained	from	X-ray	obs.
☑	There	is	a	dust-free	(X-ray)	obscuring	region	(in	BLR?)

Davies+15

(see	also	Markowitz+14;	Davies+15;	Liu+18) 29

Lx	=>	Lbol		(const)	and		Ltorus/Lbol	=>	CT	(dust)	(see	Stalevski+16)



Dust	Covering	factor	(CT)	vs.	Lbol

Ichikawa+17a

☑	CT(dust)		<	CT	(dust+gas)	<=	obtained	from	X-ray	obs.
☑	There	is	a	dust-free	(X-ray)	obscuring	region	(in	BLR?)

Davies+15

(see	also	Markowitz+14;	Davies+15;	Liu+18) 30

Lx	=>	Lbol		(const)	and		Ltorus/Lbol	=>	CT	(dust)	(see	Stalevski+16)

Izumi,	Wada+18



Summary
SwiM/BAT	(14-195	keV)	AGN	catalog	
	☑	suitable	sample	of	an	unbiased	census	of	AGN 
	☑	BASS	provides	LX,	NH,	MBH,	and	λE	
	☑	almost	complete	3-500	um	IR	catalog		
					(601/606	at	MIR,	402	at	FIR,	see	Ichikawa+17)

IR	and	X-ray	proper@es	of	BAT	AGN	
☑	CT(dust)		<	CT	(dust+gas)	=>	dust-free	obscuring	region

see	Ichikawa	et	al.	(2017,	2019)	for	more	details

☑	CT	(obscured)	is	(on	average)	always	larger	than	CT	(unobscured)



Appendix

 32



Consistency	with	dust	polar	emission

☑	type-1/-2	has	same	distribu@on	=>	isotropic	emission

☑	consistent	with	MIR	polar	emission	or	fountain	model
obs:	Honig+13,+14,	see	also	Asmus+16	
model:	Wada	12,	Wada+16



WISE	IR	color-color	selec@on	of	AGN
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Ichikawa+17



WISE	IR	color-color	selec@on	of	AGN

Stern+12
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Ichikawa+17



WISE	IR	color-color	selec@on	of	AGN

Stern+12

Mateo
s+12

☑	BAT-AGN	do	not	always	locate	at	
										the	IR	selec*on	areas	of.	Stern+12,	Mateos+12

WISE	IR	color	selec@ons	miss	some	AGN	popula@on
(see	also	Mateos+12,	13;	Gandhi+16;	Kawamuro+16;	Tanimoto+16)
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Ichikawa+17



☑	WISE	IR	color:	insensi@ve	to	low-luminosity	AGN

WISE	IR	color-color	selec@on	of	AGN
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Ichikawa+17



Dust	Covering	factor	(CT)	for	un-/obscured	AGN

☑	CT	(obscured)	is	(on	average)	always	larger	than	CT	(unobscured)

 38

Ichikawa+19

=>	larger	(line	of	sight)	NH	sources	tend	to	have	larger	(geometrical)	CT	
(see	also	Ramos	Almeida+09;+11,	Elitzur12,	Ichikawa+15,	Mateos+16,	and	Lanz+18)



IR-Pure	AGN	candidates
We	found		9	“IR-pure	AGN”	candidates	
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IR-Pure	AGN	candidates
We	found		9	“IR-pure	AGN”	candidates	

☑	FIR	(up	to	~100um)	is	dominated	by	AGN	torus	emission

Ichikawa+19
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☑	IR-pure	AGN	shows	the	SED	w/	f22um	>	f70um	>	f160um



IR-Pure	AGN	candidates
We	found		9	“IR-pure	AGN”	candidates	

☑	FIR	(up	to	~100um)	is	dominated	by	AGN	torus	emission

☑	MBH,	L14-150keV	distribu@on	is	similar	with	the	parent	sample	
(<log	MBH>=7.8,	<log	L14-150>=43.7)

good	candidates	of	final	stage	AGN?

Ichikawa+19

Sugges*ng	weaker	SF	ac@vi@es	in	the	host

 41



Success	rate	of	WISE	color	selec@on

☑	WISE	IR	color:	insensi@ve	to	low-luminosity	AGN

Fr
ac
@
on

	o
f	A

G
N
	w
/	
W
IS
E	
se
le
c@
on

☑	<20%	success	rate	for	low-luminosity	AGN	of	log	Lx	<	43	

Ichikawa+17
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Comparison	with	high-spa@al	resolu@on	observa@ons

☑	Disentangling	AGN/(SB+stellar)	component

Ueda+14
☑	Decomposi@on	works	really	well!

☑	suitable	for	the	AGN	torus/host	galaxy	studies
 43



AGN	contribu@on	as	a	func@on	of	LBAT

☑	At	high	LBAT	end,	contribu*on	reaches  
					~100%	at	12um,	80%	at	MIR	(5-40um),	and	50%	at	total	IR

SED	decomposi@on	is	crucial	for	low-luminosity	AGN

Ichikawa+18
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☑	At	low	LBAT	end,	contribu*on	goes	down	to  
					~20%	at	12um,	20%	at	MIR	(5-40um),	and	<10%	at	total	IR



Dust	Covering	factor	(CT)	vs.	Lbol

 45
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Figure 1. AGN classification in unified schemes. (a) In a smooth-density torus, everyone located inside the cone opening, such as observer 1, will see a type 1 source;
outside a type 2. (b) Decreasing the torus covering factor, the source becomes a type 1 AGN for more observers. (c) In a clumpy, soft-edge torus, the probability for a
direct view of the AGN decreases away from the axis, but is always finite.

reflection with R = 2.2+4.5
−1.1. While this finding contradicts sim-

plistic forms of unification, it is precisely the behavior expected
from its realistic formulation: Seyfert 1 and lightly obscured
Seyfert 2 correspond to different viewing angles of intrinsically
similar AGNs, drawn from the low end of the covering factor
distribution, thus they conform, on average, to simplistic unifi-
cation. But in mildly obscured Seyfert 2 the absorber/reflector
covers a larger fraction of the X-ray source, producing stronger
reflection that is not seen in the average Seyfert 1 spectrum,
where large covering factors are rare. The large difference be-
tween the average reflection spectra of Seyfert 1 and 2 arises
from significant differences in their torus covering factors.

3. COVERING FACTORS

The sometimes loosely invoked concept of “torus covering
factor,” CT, can be rigorously defined as the fraction of the sky
at the AGN center covered by obscuring material; it is the same
as the fraction of randomly distributed observers whose view
to the center is blocked, and thus see a type 2 AGN (Nenkova
et al. 2008a). Denote by N (i) the overall number of clouds
encountered, on average, along angle i from the axis. Then the
probability for direct viewing of the AGN from that direction is
e−N(i) and the torus covering factor is C T = 1 −

∫
e−N(i)d cos i.

If N0 is the average number of clouds along radial equatorial rays
then N (i) = N0Φ(i), where Φ(90◦) = 1. The cloud angular
distribution function Φ can be conveniently parameterized as
Gaussian, Φ(i) = e−(90−i)2/σ 2

, with σ the distribution angular
width (Elitzur et al. 2004; Nenkova et al. 2008b). Fitting of IR
observations with clumpy torus models with Gaussian angular
distributions has been reported by a number of teams, and
Figure 2 shows the results of these modeling efforts in the N0–σ
plane together with the contour plots of CT.2 As expected from
realistic unification, and first noted by Ramos Almeida et al.
(2009), type 1 and type 2 AGNs preferentially occupy different
regions in the plane. The few sources with a “wrong” covering
factor (large-CT type 1, small-CT type 2) merely reflect the
probabilistic nature of clumpy obscuration. Although this ad hoc
collection of AGNs, which were selected by different, unrelated
criteria, does not constitute a complete sample (only the Mor
et al. 2009 analysis of PG quasars involved a complete sample),
it does illustrate the point.

Since the covering factor measures the fraction of AGN
luminosity captured by the torus and converted to infrared, the
AGN IR luminosity is C TL , where L is its bolometric luminosity.
Therefore type 2 AGNs have intrinsically higher IR luminosities

2 Earlier versions of this figure were presented in Elitzur (2009; accessible at
http://www.mpe.mpg.de/events/pgn09/online_proceedings.html) and Ramos
Almeida et al. (2011). The contour plots in both of these earlier figures are
afflicted by the computer bug reported in Nenkova et al. (2010).

Figure 2. Clumpy torus covering factors. Contour plots are for a toroidal
Gaussian distribution, where the number of clouds along viewing angle i from
the axis is N0e

−(90−i)2/σ 2
, with N0 and σ free parameters. Each contour is the

locus of N0–σ combinations that produce the labeled covering factor. The data
points are from clumpy torus modeling of IR observations of AGNs reported in
Mor et al. (2009), Nikutta et al. (2009), Ramos Almeida et al. (2011), Alonso-
Herrero et al. (2011), and Deo et al. (2011).
(A color version of this figure is available in the online journal.)

than type 1. Contrary to earlier expectations of strong anisotropy
at λ ! 8 µm, Spitzer observations at this wavelength regime
show a great similarity between the IR fluxes of AGNs 1 and 2
when normalized with either their X-ray fluxes (Lutz et al. 2004;
Horst et al. 2006) or optically thin radio emission (Buchanan
et al. 2006). Part of this puzzle was solved by clumpy torus
calculations, which show much less anisotropy in IR emission
than the earlier smooth-density models (Nenkova et al. 2008b).
Realistic unification explains away the remainder.

While infrared arises from reprocessing of the AGN radiation
captured by the torus, narrow-line emission is generated by the
radiation that has escaped the torus. The narrow-line luminosity
is proportional to (1−C T)L . At the same bolometric luminosity,
type 1 AGNs can be expected to have a higher narrow-line
luminosity than type 2.

4. UNIFICATION STATISTICS

Implicitly or explicitly, all studies of AGN statistics as-
sume that type 1 and type 2 are intrinsically the same objects,
drawn randomly from the distribution of torus covering factors.

2
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Figure 1. AGN classification in unified schemes. (a) In a smooth-density torus, everyone located inside the cone opening, such as observer 1, will see a type 1 source;
outside a type 2. (b) Decreasing the torus covering factor, the source becomes a type 1 AGN for more observers. (c) In a clumpy, soft-edge torus, the probability for a
direct view of the AGN decreases away from the axis, but is always finite.

reflection with R = 2.2+4.5
−1.1. While this finding contradicts sim-

plistic forms of unification, it is precisely the behavior expected
from its realistic formulation: Seyfert 1 and lightly obscured
Seyfert 2 correspond to different viewing angles of intrinsically
similar AGNs, drawn from the low end of the covering factor
distribution, thus they conform, on average, to simplistic unifi-
cation. But in mildly obscured Seyfert 2 the absorber/reflector
covers a larger fraction of the X-ray source, producing stronger
reflection that is not seen in the average Seyfert 1 spectrum,
where large covering factors are rare. The large difference be-
tween the average reflection spectra of Seyfert 1 and 2 arises
from significant differences in their torus covering factors.

3. COVERING FACTORS

The sometimes loosely invoked concept of “torus covering
factor,” CT, can be rigorously defined as the fraction of the sky
at the AGN center covered by obscuring material; it is the same
as the fraction of randomly distributed observers whose view
to the center is blocked, and thus see a type 2 AGN (Nenkova
et al. 2008a). Denote by N (i) the overall number of clouds
encountered, on average, along angle i from the axis. Then the
probability for direct viewing of the AGN from that direction is
e−N(i) and the torus covering factor is C T = 1 −

∫
e−N(i)d cos i.

If N0 is the average number of clouds along radial equatorial rays
then N (i) = N0Φ(i), where Φ(90◦) = 1. The cloud angular
distribution function Φ can be conveniently parameterized as
Gaussian, Φ(i) = e−(90−i)2/σ 2

, with σ the distribution angular
width (Elitzur et al. 2004; Nenkova et al. 2008b). Fitting of IR
observations with clumpy torus models with Gaussian angular
distributions has been reported by a number of teams, and
Figure 2 shows the results of these modeling efforts in the N0–σ
plane together with the contour plots of CT.2 As expected from
realistic unification, and first noted by Ramos Almeida et al.
(2009), type 1 and type 2 AGNs preferentially occupy different
regions in the plane. The few sources with a “wrong” covering
factor (large-CT type 1, small-CT type 2) merely reflect the
probabilistic nature of clumpy obscuration. Although this ad hoc
collection of AGNs, which were selected by different, unrelated
criteria, does not constitute a complete sample (only the Mor
et al. 2009 analysis of PG quasars involved a complete sample),
it does illustrate the point.

Since the covering factor measures the fraction of AGN
luminosity captured by the torus and converted to infrared, the
AGN IR luminosity is C TL , where L is its bolometric luminosity.
Therefore type 2 AGNs have intrinsically higher IR luminosities

2 Earlier versions of this figure were presented in Elitzur (2009; accessible at
http://www.mpe.mpg.de/events/pgn09/online_proceedings.html) and Ramos
Almeida et al. (2011). The contour plots in both of these earlier figures are
afflicted by the computer bug reported in Nenkova et al. (2010).

Figure 2. Clumpy torus covering factors. Contour plots are for a toroidal
Gaussian distribution, where the number of clouds along viewing angle i from
the axis is N0e

−(90−i)2/σ 2
, with N0 and σ free parameters. Each contour is the

locus of N0–σ combinations that produce the labeled covering factor. The data
points are from clumpy torus modeling of IR observations of AGNs reported in
Mor et al. (2009), Nikutta et al. (2009), Ramos Almeida et al. (2011), Alonso-
Herrero et al. (2011), and Deo et al. (2011).
(A color version of this figure is available in the online journal.)

than type 1. Contrary to earlier expectations of strong anisotropy
at λ ! 8 µm, Spitzer observations at this wavelength regime
show a great similarity between the IR fluxes of AGNs 1 and 2
when normalized with either their X-ray fluxes (Lutz et al. 2004;
Horst et al. 2006) or optically thin radio emission (Buchanan
et al. 2006). Part of this puzzle was solved by clumpy torus
calculations, which show much less anisotropy in IR emission
than the earlier smooth-density models (Nenkova et al. 2008b).
Realistic unification explains away the remainder.

While infrared arises from reprocessing of the AGN radiation
captured by the torus, narrow-line emission is generated by the
radiation that has escaped the torus. The narrow-line luminosity
is proportional to (1−C T)L . At the same bolometric luminosity,
type 1 AGNs can be expected to have a higher narrow-line
luminosity than type 2.

4. UNIFICATION STATISTICS

Implicitly or explicitly, all studies of AGN statistics as-
sume that type 1 and type 2 are intrinsically the same objects,
drawn randomly from the distribution of torus covering factors.

2

The Astrophysical Journal Letters, 747:L33 (3pp), 2012 March 10 Elitzur

1

2

1

2

1

2

)c()b()a(

Figure 1. AGN classification in unified schemes. (a) In a smooth-density torus, everyone located inside the cone opening, such as observer 1, will see a type 1 source;
outside a type 2. (b) Decreasing the torus covering factor, the source becomes a type 1 AGN for more observers. (c) In a clumpy, soft-edge torus, the probability for a
direct view of the AGN decreases away from the axis, but is always finite.

reflection with R = 2.2+4.5
−1.1. While this finding contradicts sim-

plistic forms of unification, it is precisely the behavior expected
from its realistic formulation: Seyfert 1 and lightly obscured
Seyfert 2 correspond to different viewing angles of intrinsically
similar AGNs, drawn from the low end of the covering factor
distribution, thus they conform, on average, to simplistic unifi-
cation. But in mildly obscured Seyfert 2 the absorber/reflector
covers a larger fraction of the X-ray source, producing stronger
reflection that is not seen in the average Seyfert 1 spectrum,
where large covering factors are rare. The large difference be-
tween the average reflection spectra of Seyfert 1 and 2 arises
from significant differences in their torus covering factors.

3. COVERING FACTORS

The sometimes loosely invoked concept of “torus covering
factor,” CT, can be rigorously defined as the fraction of the sky
at the AGN center covered by obscuring material; it is the same
as the fraction of randomly distributed observers whose view
to the center is blocked, and thus see a type 2 AGN (Nenkova
et al. 2008a). Denote by N (i) the overall number of clouds
encountered, on average, along angle i from the axis. Then the
probability for direct viewing of the AGN from that direction is
e−N(i) and the torus covering factor is C T = 1 −

∫
e−N(i)d cos i.

If N0 is the average number of clouds along radial equatorial rays
then N (i) = N0Φ(i), where Φ(90◦) = 1. The cloud angular
distribution function Φ can be conveniently parameterized as
Gaussian, Φ(i) = e−(90−i)2/σ 2

, with σ the distribution angular
width (Elitzur et al. 2004; Nenkova et al. 2008b). Fitting of IR
observations with clumpy torus models with Gaussian angular
distributions has been reported by a number of teams, and
Figure 2 shows the results of these modeling efforts in the N0–σ
plane together with the contour plots of CT.2 As expected from
realistic unification, and first noted by Ramos Almeida et al.
(2009), type 1 and type 2 AGNs preferentially occupy different
regions in the plane. The few sources with a “wrong” covering
factor (large-CT type 1, small-CT type 2) merely reflect the
probabilistic nature of clumpy obscuration. Although this ad hoc
collection of AGNs, which were selected by different, unrelated
criteria, does not constitute a complete sample (only the Mor
et al. 2009 analysis of PG quasars involved a complete sample),
it does illustrate the point.

Since the covering factor measures the fraction of AGN
luminosity captured by the torus and converted to infrared, the
AGN IR luminosity is C TL , where L is its bolometric luminosity.
Therefore type 2 AGNs have intrinsically higher IR luminosities

2 Earlier versions of this figure were presented in Elitzur (2009; accessible at
http://www.mpe.mpg.de/events/pgn09/online_proceedings.html) and Ramos
Almeida et al. (2011). The contour plots in both of these earlier figures are
afflicted by the computer bug reported in Nenkova et al. (2010).

Figure 2. Clumpy torus covering factors. Contour plots are for a toroidal
Gaussian distribution, where the number of clouds along viewing angle i from
the axis is N0e

−(90−i)2/σ 2
, with N0 and σ free parameters. Each contour is the

locus of N0–σ combinations that produce the labeled covering factor. The data
points are from clumpy torus modeling of IR observations of AGNs reported in
Mor et al. (2009), Nikutta et al. (2009), Ramos Almeida et al. (2011), Alonso-
Herrero et al. (2011), and Deo et al. (2011).
(A color version of this figure is available in the online journal.)

than type 1. Contrary to earlier expectations of strong anisotropy
at λ ! 8 µm, Spitzer observations at this wavelength regime
show a great similarity between the IR fluxes of AGNs 1 and 2
when normalized with either their X-ray fluxes (Lutz et al. 2004;
Horst et al. 2006) or optically thin radio emission (Buchanan
et al. 2006). Part of this puzzle was solved by clumpy torus
calculations, which show much less anisotropy in IR emission
than the earlier smooth-density models (Nenkova et al. 2008b).
Realistic unification explains away the remainder.

While infrared arises from reprocessing of the AGN radiation
captured by the torus, narrow-line emission is generated by the
radiation that has escaped the torus. The narrow-line luminosity
is proportional to (1−C T)L . At the same bolometric luminosity,
type 1 AGNs can be expected to have a higher narrow-line
luminosity than type 2.

4. UNIFICATION STATISTICS

Implicitly or explicitly, all studies of AGN statistics as-
sume that type 1 and type 2 are intrinsically the same objects,
drawn randomly from the distribution of torus covering factors.
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Figure 1. AGN classification in unified schemes. (a) In a smooth-density torus, everyone located inside the cone opening, such as observer 1, will see a type 1 source;
outside a type 2. (b) Decreasing the torus covering factor, the source becomes a type 1 AGN for more observers. (c) In a clumpy, soft-edge torus, the probability for a
direct view of the AGN decreases away from the axis, but is always finite.

reflection with R = 2.2+4.5
−1.1. While this finding contradicts sim-

plistic forms of unification, it is precisely the behavior expected
from its realistic formulation: Seyfert 1 and lightly obscured
Seyfert 2 correspond to different viewing angles of intrinsically
similar AGNs, drawn from the low end of the covering factor
distribution, thus they conform, on average, to simplistic unifi-
cation. But in mildly obscured Seyfert 2 the absorber/reflector
covers a larger fraction of the X-ray source, producing stronger
reflection that is not seen in the average Seyfert 1 spectrum,
where large covering factors are rare. The large difference be-
tween the average reflection spectra of Seyfert 1 and 2 arises
from significant differences in their torus covering factors.

3. COVERING FACTORS

The sometimes loosely invoked concept of “torus covering
factor,” CT, can be rigorously defined as the fraction of the sky
at the AGN center covered by obscuring material; it is the same
as the fraction of randomly distributed observers whose view
to the center is blocked, and thus see a type 2 AGN (Nenkova
et al. 2008a). Denote by N (i) the overall number of clouds
encountered, on average, along angle i from the axis. Then the
probability for direct viewing of the AGN from that direction is
e−N(i) and the torus covering factor is C T = 1 −

∫
e−N(i)d cos i.

If N0 is the average number of clouds along radial equatorial rays
then N (i) = N0Φ(i), where Φ(90◦) = 1. The cloud angular
distribution function Φ can be conveniently parameterized as
Gaussian, Φ(i) = e−(90−i)2/σ 2

, with σ the distribution angular
width (Elitzur et al. 2004; Nenkova et al. 2008b). Fitting of IR
observations with clumpy torus models with Gaussian angular
distributions has been reported by a number of teams, and
Figure 2 shows the results of these modeling efforts in the N0–σ
plane together with the contour plots of CT.2 As expected from
realistic unification, and first noted by Ramos Almeida et al.
(2009), type 1 and type 2 AGNs preferentially occupy different
regions in the plane. The few sources with a “wrong” covering
factor (large-CT type 1, small-CT type 2) merely reflect the
probabilistic nature of clumpy obscuration. Although this ad hoc
collection of AGNs, which were selected by different, unrelated
criteria, does not constitute a complete sample (only the Mor
et al. 2009 analysis of PG quasars involved a complete sample),
it does illustrate the point.

Since the covering factor measures the fraction of AGN
luminosity captured by the torus and converted to infrared, the
AGN IR luminosity is C TL , where L is its bolometric luminosity.
Therefore type 2 AGNs have intrinsically higher IR luminosities

2 Earlier versions of this figure were presented in Elitzur (2009; accessible at
http://www.mpe.mpg.de/events/pgn09/online_proceedings.html) and Ramos
Almeida et al. (2011). The contour plots in both of these earlier figures are
afflicted by the computer bug reported in Nenkova et al. (2010).

Figure 2. Clumpy torus covering factors. Contour plots are for a toroidal
Gaussian distribution, where the number of clouds along viewing angle i from
the axis is N0e

−(90−i)2/σ 2
, with N0 and σ free parameters. Each contour is the

locus of N0–σ combinations that produce the labeled covering factor. The data
points are from clumpy torus modeling of IR observations of AGNs reported in
Mor et al. (2009), Nikutta et al. (2009), Ramos Almeida et al. (2011), Alonso-
Herrero et al. (2011), and Deo et al. (2011).
(A color version of this figure is available in the online journal.)

than type 1. Contrary to earlier expectations of strong anisotropy
at λ ! 8 µm, Spitzer observations at this wavelength regime
show a great similarity between the IR fluxes of AGNs 1 and 2
when normalized with either their X-ray fluxes (Lutz et al. 2004;
Horst et al. 2006) or optically thin radio emission (Buchanan
et al. 2006). Part of this puzzle was solved by clumpy torus
calculations, which show much less anisotropy in IR emission
than the earlier smooth-density models (Nenkova et al. 2008b).
Realistic unification explains away the remainder.

While infrared arises from reprocessing of the AGN radiation
captured by the torus, narrow-line emission is generated by the
radiation that has escaped the torus. The narrow-line luminosity
is proportional to (1−C T)L . At the same bolometric luminosity,
type 1 AGNs can be expected to have a higher narrow-line
luminosity than type 2.

4. UNIFICATION STATISTICS

Implicitly or explicitly, all studies of AGN statistics as-
sume that type 1 and type 2 are intrinsically the same objects,
drawn randomly from the distribution of torus covering factors.
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Figure 1. AGN classification in unified schemes. (a) In a smooth-density torus, everyone located inside the cone opening, such as observer 1, will see a type 1 source;
outside a type 2. (b) Decreasing the torus covering factor, the source becomes a type 1 AGN for more observers. (c) In a clumpy, soft-edge torus, the probability for a
direct view of the AGN decreases away from the axis, but is always finite.

reflection with R = 2.2+4.5
−1.1. While this finding contradicts sim-

plistic forms of unification, it is precisely the behavior expected
from its realistic formulation: Seyfert 1 and lightly obscured
Seyfert 2 correspond to different viewing angles of intrinsically
similar AGNs, drawn from the low end of the covering factor
distribution, thus they conform, on average, to simplistic unifi-
cation. But in mildly obscured Seyfert 2 the absorber/reflector
covers a larger fraction of the X-ray source, producing stronger
reflection that is not seen in the average Seyfert 1 spectrum,
where large covering factors are rare. The large difference be-
tween the average reflection spectra of Seyfert 1 and 2 arises
from significant differences in their torus covering factors.

3. COVERING FACTORS

The sometimes loosely invoked concept of “torus covering
factor,” CT, can be rigorously defined as the fraction of the sky
at the AGN center covered by obscuring material; it is the same
as the fraction of randomly distributed observers whose view
to the center is blocked, and thus see a type 2 AGN (Nenkova
et al. 2008a). Denote by N (i) the overall number of clouds
encountered, on average, along angle i from the axis. Then the
probability for direct viewing of the AGN from that direction is
e−N(i) and the torus covering factor is C T = 1 −

∫
e−N(i)d cos i.

If N0 is the average number of clouds along radial equatorial rays
then N (i) = N0Φ(i), where Φ(90◦) = 1. The cloud angular
distribution function Φ can be conveniently parameterized as
Gaussian, Φ(i) = e−(90−i)2/σ 2

, with σ the distribution angular
width (Elitzur et al. 2004; Nenkova et al. 2008b). Fitting of IR
observations with clumpy torus models with Gaussian angular
distributions has been reported by a number of teams, and
Figure 2 shows the results of these modeling efforts in the N0–σ
plane together with the contour plots of CT.2 As expected from
realistic unification, and first noted by Ramos Almeida et al.
(2009), type 1 and type 2 AGNs preferentially occupy different
regions in the plane. The few sources with a “wrong” covering
factor (large-CT type 1, small-CT type 2) merely reflect the
probabilistic nature of clumpy obscuration. Although this ad hoc
collection of AGNs, which were selected by different, unrelated
criteria, does not constitute a complete sample (only the Mor
et al. 2009 analysis of PG quasars involved a complete sample),
it does illustrate the point.

Since the covering factor measures the fraction of AGN
luminosity captured by the torus and converted to infrared, the
AGN IR luminosity is C TL , where L is its bolometric luminosity.
Therefore type 2 AGNs have intrinsically higher IR luminosities

2 Earlier versions of this figure were presented in Elitzur (2009; accessible at
http://www.mpe.mpg.de/events/pgn09/online_proceedings.html) and Ramos
Almeida et al. (2011). The contour plots in both of these earlier figures are
afflicted by the computer bug reported in Nenkova et al. (2010).

Figure 2. Clumpy torus covering factors. Contour plots are for a toroidal
Gaussian distribution, where the number of clouds along viewing angle i from
the axis is N0e

−(90−i)2/σ 2
, with N0 and σ free parameters. Each contour is the

locus of N0–σ combinations that produce the labeled covering factor. The data
points are from clumpy torus modeling of IR observations of AGNs reported in
Mor et al. (2009), Nikutta et al. (2009), Ramos Almeida et al. (2011), Alonso-
Herrero et al. (2011), and Deo et al. (2011).
(A color version of this figure is available in the online journal.)

than type 1. Contrary to earlier expectations of strong anisotropy
at λ ! 8 µm, Spitzer observations at this wavelength regime
show a great similarity between the IR fluxes of AGNs 1 and 2
when normalized with either their X-ray fluxes (Lutz et al. 2004;
Horst et al. 2006) or optically thin radio emission (Buchanan
et al. 2006). Part of this puzzle was solved by clumpy torus
calculations, which show much less anisotropy in IR emission
than the earlier smooth-density models (Nenkova et al. 2008b).
Realistic unification explains away the remainder.

While infrared arises from reprocessing of the AGN radiation
captured by the torus, narrow-line emission is generated by the
radiation that has escaped the torus. The narrow-line luminosity
is proportional to (1−C T)L . At the same bolometric luminosity,
type 1 AGNs can be expected to have a higher narrow-line
luminosity than type 2.

4. UNIFICATION STATISTICS

Implicitly or explicitly, all studies of AGN statistics as-
sume that type 1 and type 2 are intrinsically the same objects,
drawn randomly from the distribution of torus covering factors.
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Figure 1. AGN classification in unified schemes. (a) In a smooth-density torus, everyone located inside the cone opening, such as observer 1, will see a type 1 source;
outside a type 2. (b) Decreasing the torus covering factor, the source becomes a type 1 AGN for more observers. (c) In a clumpy, soft-edge torus, the probability for a
direct view of the AGN decreases away from the axis, but is always finite.

reflection with R = 2.2+4.5
−1.1. While this finding contradicts sim-

plistic forms of unification, it is precisely the behavior expected
from its realistic formulation: Seyfert 1 and lightly obscured
Seyfert 2 correspond to different viewing angles of intrinsically
similar AGNs, drawn from the low end of the covering factor
distribution, thus they conform, on average, to simplistic unifi-
cation. But in mildly obscured Seyfert 2 the absorber/reflector
covers a larger fraction of the X-ray source, producing stronger
reflection that is not seen in the average Seyfert 1 spectrum,
where large covering factors are rare. The large difference be-
tween the average reflection spectra of Seyfert 1 and 2 arises
from significant differences in their torus covering factors.

3. COVERING FACTORS

The sometimes loosely invoked concept of “torus covering
factor,” CT, can be rigorously defined as the fraction of the sky
at the AGN center covered by obscuring material; it is the same
as the fraction of randomly distributed observers whose view
to the center is blocked, and thus see a type 2 AGN (Nenkova
et al. 2008a). Denote by N (i) the overall number of clouds
encountered, on average, along angle i from the axis. Then the
probability for direct viewing of the AGN from that direction is
e−N(i) and the torus covering factor is C T = 1 −

∫
e−N(i)d cos i.

If N0 is the average number of clouds along radial equatorial rays
then N (i) = N0Φ(i), where Φ(90◦) = 1. The cloud angular
distribution function Φ can be conveniently parameterized as
Gaussian, Φ(i) = e−(90−i)2/σ 2

, with σ the distribution angular
width (Elitzur et al. 2004; Nenkova et al. 2008b). Fitting of IR
observations with clumpy torus models with Gaussian angular
distributions has been reported by a number of teams, and
Figure 2 shows the results of these modeling efforts in the N0–σ
plane together with the contour plots of CT.2 As expected from
realistic unification, and first noted by Ramos Almeida et al.
(2009), type 1 and type 2 AGNs preferentially occupy different
regions in the plane. The few sources with a “wrong” covering
factor (large-CT type 1, small-CT type 2) merely reflect the
probabilistic nature of clumpy obscuration. Although this ad hoc
collection of AGNs, which were selected by different, unrelated
criteria, does not constitute a complete sample (only the Mor
et al. 2009 analysis of PG quasars involved a complete sample),
it does illustrate the point.

Since the covering factor measures the fraction of AGN
luminosity captured by the torus and converted to infrared, the
AGN IR luminosity is C TL , where L is its bolometric luminosity.
Therefore type 2 AGNs have intrinsically higher IR luminosities

2 Earlier versions of this figure were presented in Elitzur (2009; accessible at
http://www.mpe.mpg.de/events/pgn09/online_proceedings.html) and Ramos
Almeida et al. (2011). The contour plots in both of these earlier figures are
afflicted by the computer bug reported in Nenkova et al. (2010).

Figure 2. Clumpy torus covering factors. Contour plots are for a toroidal
Gaussian distribution, where the number of clouds along viewing angle i from
the axis is N0e

−(90−i)2/σ 2
, with N0 and σ free parameters. Each contour is the

locus of N0–σ combinations that produce the labeled covering factor. The data
points are from clumpy torus modeling of IR observations of AGNs reported in
Mor et al. (2009), Nikutta et al. (2009), Ramos Almeida et al. (2011), Alonso-
Herrero et al. (2011), and Deo et al. (2011).
(A color version of this figure is available in the online journal.)

than type 1. Contrary to earlier expectations of strong anisotropy
at λ ! 8 µm, Spitzer observations at this wavelength regime
show a great similarity between the IR fluxes of AGNs 1 and 2
when normalized with either their X-ray fluxes (Lutz et al. 2004;
Horst et al. 2006) or optically thin radio emission (Buchanan
et al. 2006). Part of this puzzle was solved by clumpy torus
calculations, which show much less anisotropy in IR emission
than the earlier smooth-density models (Nenkova et al. 2008b).
Realistic unification explains away the remainder.

While infrared arises from reprocessing of the AGN radiation
captured by the torus, narrow-line emission is generated by the
radiation that has escaped the torus. The narrow-line luminosity
is proportional to (1−C T)L . At the same bolometric luminosity,
type 1 AGNs can be expected to have a higher narrow-line
luminosity than type 2.

4. UNIFICATION STATISTICS

Implicitly or explicitly, all studies of AGN statistics as-
sume that type 1 and type 2 are intrinsically the same objects,
drawn randomly from the distribution of torus covering factors.

2

MIR	(torus)
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	LMIR	∝	Lbol	CT	<=>	CT	∝	LMIR/Lbol	
CT:	indicator	of	geometrical	dust	obscura@on

Lx	=>	Lbol	and		CT	∝	LMIR/Lbol	(see	Stalevski+16)



Dust	Covering	factor	(CT)	vs.	Lbol

Ichikawa+17a

☑	Different	bol-correc@on	does	not	change	the	main	result

Lx	=>	Lbol		(Marconi+04)	and		CT	∝	LMIR/Lbol	(see	Stalevski+16)

Ichikawa+18
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Lbol	dependence	of		Dust	Covering	factor	(CT)	

Ichikawa+17a

☑	Small	scaser	of	Lx-LIR	rela@on	gives	a	flaser	Lbol	dependence	of	CT(dust)
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Ichikawa+18

☑	This	is	because	log	LIR(AGN)	∝	1.06log	LX
∴	slope	b=1.06	(+/-0.03)


