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FIG. 8.— The fraction of AGN classified as Type 1, based on the presence of broad Balmer lines, vs. X-ray luminosity (14–195 keV in the left panel, and
2–10 keV in the right one). Error bars are calculated using the binomial distribution. There is a general increase in the fraction of broad line AGN with X-ray
luminosity, using both Ha and Hb .

FIG. 9.— FWHM of Ha as a function of column density. Colors represent the Osterbrock classification. In the sample, 128 Seyfert 1 to 1.8 and 36 Seyfert
1.9s have a column density consistent with a lower limit (NH= 1020 cm�2). We note that there are only two Seyfert 1.8 in the sample, so the broad line sample
is dominated by Seyfert 1-1.5 types. We find a general agreement between the X-ray column density and the presence of broad lines with NH< 1022 cm�2 as a
dividing line between most type 1 and type 2 sources. However, Seyfert 1.9 show the full range of column densities.

Koss et al. 2017

• Optically classified as Type 1

• X-ray column density > 1022 cm-2
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OBSCURED TYPE 1 AGN IN BASS
X-ray Absorbed Type 1 AGN 5

Figure 1. NH distribution for the Sy 1s, 1.2s, 1.5s, 1.9s in
our Type 1 AGN sample and Sy 2s in the full BASS sam-
ple. Red dashed lines indicate the median NH for each
subsample excluding NH> 1024 cm�2 to avoid incom-
pleteness. NH= 1020 cm�2 is the lowest column density
that is able to be measured in the X-ray due to Galactic
absorption.

Sy 1.9s, there is either more or di↵erent gas and dust
hiding the central X-ray source than there is in front of
the BLR.
This is also shown by comparing X-ray derived NH

values with the broad H↵ derived AV values illustrated
in Fig. 3. For most of the Sy 1–1.5s, both NH and AV

are low whereas the Sy 1.9s form the majority of the high
NH and high AV Type 1 AGN. Below AV = 3 mag, most
of the AGN either scatter around the gray shaded line,
which represents the spread of typical gas-to-dust ratios
(DGR) found in our Galaxy (NH/AV = 1.79 � 2.69 ⇥
1021 cm�2), or lie along NH= 1020 cm�2 or AV = 0 mag.
Above AV = 3 mag, all but one AGN is a Sy 1.9 and all
either lie on the Galactic DGR line or above it, sometimes
with several orders of magnitude more column density
than expected for a Galactic DGR.
Fig. 3 confirms the findings of Schnorr-Müller et al.

(2016) and Burtscher et al. (2016). Both of these stud-
ies, through independent methods, found that interme-
diate Seyferts typically display moderate optical obscu-
ration (AV = 4 � 8mag). The similarity between the
two previous studies and ours validates our relatively
simple method for measuring the optical obscuration to-
wards the BLR. With our much larger sample, though,
we find a much larger range in NH values for Sy 1.9s.
Whereas Burtscher et al. (2016) determined that using
logNH= 22.3 cm�2 as a threshold for X-ray absorbed
AGN consistently classified Sy 1.9s as unobscured ob-
jects, we find that Sy 1.9s instead span logNH values all
the way up to 25. Indeed, 12/39 (32%) of Sy 1.9 have NH

measurements above this threshold. Sy 1.9s represent
60% of the Type 1 AGN that can be considered X-ray
absorbed using a threshold of logNH> 22.3 cm�2, which
leads to a total X-ray absorbed, Type 1 AGN frequency
of 10%. Lowering the threshold for X-ray absorbed AGN
to logNH= 21.5 cm�2 increases the frequency to 20% so
we can confidently say the X-ray absorbed fraction within
Type 1 AGN is between 10 and 20%. These fractions
are more in agreement with the results of Perola et al.
(2004) and nearly a factor three smaller than the rates
found by Tajer et al. (2007) and Merloni et al. (2014).
What is further clear from this study is that the hydro-
gen column densities measured from the X-ray spectra
are generally much larger than those measured from the
BLR extinction assuming a Galactic GDR.

4. DISCUSSION

4.1. Comparison with H↵/H� ratios

An important question in our analysis is whether our
estimates of the optical extinction are reliable. While
the values of AV seem to match those found in previ-
ous studies using independent methods, we can still test
whether our measurements of AV make sense based on

Log[NH]

Shimizu et al. 2017

Shimizu et al. 2017
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Shimizu et al. 2017

• ~14 % of Sy 1-1.9 
from BASS sample 
are X-ray absorbed 

• BLR provides extra 
obscuration towards 
corona
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PHYSICAL SCENARIOS

The AGN Torus 5
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Figure 3. AGN classification according to unified schemes. Left: In a
smooth-density torus, the viewing angle i = 1

2
π − σ separates between type 1

and type 2 viewing. Right: In a clumpy, soft-edge torus, the probability for
direct viewing of the AGN decreases away from the axis, but is always finite.

While the above listed parameters lead to SED’s compatible with observa-
tions, some additional considerations can further restrict the acceptable range.
For example, the near-isotropy of IR emission indicates that q = 2 may provide
a more appropriate description of the radial distribution than q = 1. Finally,
all model calculations were performed with standard Galactic ISM dust, which
seems to provide satisfactory results. Current data do not provide any com-
pelling reason for drastic changes in the dust composition.

3. Clumpy Unification

The classification of AGN into types 1 and 2 is based on the extent to which the
nuclear region is visible. In its standard formulation, the unification approach
posits the viewing angle as the sole factor in determining the AGN type. This
is indeed the case for a smooth-density torus that is optically thick within the
angular width σ (figure 3, left sketch). All AGN viewed at 0 ≤ i < σ then appear
as type 1 sources, while viewing at σ ≤ i ≤ 1

2π gives type 2 appearance. If f2
denotes the fraction of type 2 sources in the total population, then f2 = sin σ.
From statistics of Seyfert galaxies Schmitt et al (2001) find that f2 ≃ 70%, hence
their estimate σ ≃ 45◦. The issue is currently unsettled because Hao at al (2005)
have found recently that f2 is only about 50%, or σ ≃ 30◦.

Because of clumpiness, the difference between types 1 and 2 is not truly an
issue of orientation but of probability for direct view of the AGN (figure 3, right
sketch); AGN type is a viewing-dependent probability. Since that probability is
always finite, type 1 sources can be detected from what are typically considered
type 2 orientations, even through the torus equatorial plane: if N0 = 5, for
example, the probability for that is e−5 = 1/148 on average. This might offer
an explanation for the few Seyfert galaxies reported by Alonso-Herrero et al
(2003) to show type 1 optical line spectra together with 0.4–16 µm SED that
resemble type 2. Conversely, if a cloud happens to obscure the AGN from an
observer, that object would be classified as type 2 irrespective of the viewing
angle. In cases of such single cloud obscuration, on occasion the cloud may move
out of the line-of-sight, creating a clear path to the nucleus and a transition to

Beckmann & Schrader 2012
M. Elitzur 2006

• Neutral, dust free torus 

• Line of sight grazing edge of torus

• Cloud passing line of sight in clumpy torus

• Ionized gas outflows



NuSTAR OBSERVATIONS OF 2MASX 
J19301380+3410495

7

2016 obs, 20 ks 2017 obs, 50 ks
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OPTICAL SPECTRA
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Optical spectra consistently 
show broad H! and H" lines → 
Type 1 AGN
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X-RAY SPECTRAL MODELING 
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• Archival Swift/BAT, XRT, XMM spectra show NH > 1023 cm-2

• XSPEC models (this work):

1. zphabs x cabs x cutoffpl + pexrav + zgauss
+ (const. x cutoffpl)

2. cabs x Tbfeo x cutoffpl + pexmon + (const. 
x cutoffpl)

3. Borus

The Astrophysical Journal, 752:153 (8pp), 2012 June 20 Drew Hogg et al.
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Figure 1. XMM-Newton pn and Swift BAT spectra are plotted for NVSS
193013+341047, along with the best fit model, as well as the ratio of the
data/model in the bottom plot. The spectrum is complex and required a partial
covering absorber model.
(A color version of this figure is available in the online journal.)
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Figure 2. XMM-Newton pn and Swift BAT spectra are plotted for IRAS
05218−1212, along with the best fit model, as well as the ratio of the
data/model in the bottom plot. The spectrum is complex and required a partial
covering absorber model.
(A color version of this figure is available in the online journal.)
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Figure 3. Ratio of the data/model for a partially covering power-law model
without accounting for the Fe Kα emission is shown in the 5–8 keV band. The
pn (black), MOS1 (red), and MOS2 (green) data points are shown. In addition
to the narrow Fe Kα line at 6.41 keV, a second line is significant in each of the
detectors (∆χ2 = 9) at 6.0 keV.
(A color version of this figure is available in the online journal.)

Table 2
Joint XMM-Newton and BAT Spectral Fits

Parameter NVSS 193013+341047 IRAS 05218−1212

NH
a 24.5+3.7

−4.8 10.9+0.81
−0.77

f a
cover 0.93+0.02

−0.03 0.93+0.01
−0.01

Γb 1.42+0.10
−0.13 2.11+0.09

−0.10

AΓ
b 9.85 ×10−4 1.74 ×10−3

Rb (−5) (−5)

Ec
FeKα 6.38+0.07

−0.08 6.41+0.06
−0.06

σ c 0.14+0.13
−0.08 0.07+0.06

−0.07

EWc 149+79
−65 172+137

−63

χ2/dof 292/323 302/300

Notes.
a Parameters of the pcfabs model, including hydrogen column density
measured in units of 1022 atoms cm−2 and the covering fraction of the absorber.
b Spectral index computed with the reflection model pexrav assuming total
reflection and a fixed energy cutoff at 150 keV. The reflection parameter is not
well constrained. The quoted normalization on the power-law component is in
units of photons keV−1 cm−2 s−1 at 1 keV.
c Equivalent width and normalization (with errors or as an upper limit) on a fixed
Gaussian Fe K line at 6.41 keV in units of eV and 10−5× total photons cm−2 s−1,
respectively.

Full details of our best-fit spectral parameters are presented
in Table 2. A similar analysis is found in Trippe et al. (2011)
for IRAS 05218−1212, which uncovers similar best-fit values
as our analysis. To summarize our results from the spectral fits,
we find that the spectra of both sources are heavily absorbed
with NH ! 1023 cm−2, but Compton thin. The absorption is

3

Hogg et al. 2012
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X-RAY SPECTRAL MODELING 

Data:

• NuSTAR – 2016 (up to 30 keV) + 2017 
(3-79 keV)

• Archival XMM – 2009 
(PN+MOS1+MOS2)

• Swift/BAT 70-month averaged spectra 

-- NuSTAR ’16 FPMA
-- NuSTAR ’16 FPMB
-- NuSTAR ’17 FPMA
-- NuSTAR ’17 FPMB
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X-RAY SPECTRAL MODELING 
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Model !2/dof NuSTAR 2017 
NH (cm-2)

" Ecut (keV) R Fe 
abundance

pexrav 826/798 (3.8±0.3) x 1023 1.35'(.)*+(.), 49.9'))./+)0.( -[0.90'(.2/+(./2] 1 (fixed)

pexmon 806/798 5.5'(.*+(.3 x1023 1.33'(.)4+(./) 49.9')2./+2,.2 -[0.70'(.//+(.)(] 1.09

borus 808/795 4.9'(.3+(.* x1023 1.73'(./3+(.(* 71.9'4).(+/4./. - 0.45'(.(*+(.(7

X-RAY SPECTRAL MODELING 
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FUTURE PLANS

• NuSTAR Cycle 5 proposal to study subsample of obscured type 1 AGN

• Currently available X-ray data: NuSTAR 20 ks legacy survey observations 
of some sources

• Ideas/thoughts/comments?



AGN UNIFICATION

Urry & Padovani 1995

Seyfert 2 (Sy2)

Seyfert 1 (Sy1)

14


