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ABSTRACT

We present results from modeling the broadband X-ray spectrum of the Type 1 AGN 2MASX

J193013.80+341049.5 using NuSTAR, Swift and archival XMM-Newton observations. We find this

source to be highly X-ray obscured, with column densities exceeding 1023 cm−2 across all epochs of

X-ray observations, spanning an 8 year period. However, the source exhibits prominent broad optical

emission lines, consistent with an unobscured Type 1 AGN classification. We fit the X-ray spectra with

both phenomenological reflection models and physically-motivated torus models to model the X-ray

absorption. We examine the spectral energy distribution of this source and investigate some possible

scenarios to explain the mismatch between X-ray and optical classifications. We compare the ratio of

reddening to X-ray absorbing column density (EB−V /NH) and find that 2MASX J193013.80+341049.5

likely has a much lower dust-to-gas ratio relative to the Galactic ISM, suggesting that the Broad Line

Region (BLR) itself could provide the source of extra X-ray obscuration, being composed of low-

ionization, dust-free gas.

Keywords: galaxies: active – galaxies: individual (2MASX J19301380+3410495) – galaxies: Seyfert –

X-rays: galaxies

1. INTRODUCTION

Under the unified model of Active Galactic Nuclei

(AGN) (Antonucci 1993; Urry & Padovani 1995), dif-

ferences between Type 1 and Type 2 AGN arise solely

from our line of sight viewing angle relative to a toroidal

obscuring structure surrounding the central supermas-

sive black hole (SMBH). The dusty molecular torus

believed to be responsible for the obscuration seen in

Type 2 AGN likely has a clumpy distribution, as evi-

denced from infrared interferometric observations (Tris-

tram et al. 2007; López-Gonzaga et al. 2016) and short

timescale variability of the line-of-sight column density

in some AGN (e.g., Marinucci et al. 2016). The unified
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model, while simplistic, has been successful in explain-

ing observations of radio jets, polar ionization cones,

and polarization position angle (e.g., Evans et al. 1991;

Storchi-Bergmann et al. 1992).

Optical classification of AGN is based on widths of

observed emission lines. Type 1 AGN contain both

broad (FWHM & 1000 km s−1) and narrow emission

lines whereas Type 2 AGN contain only narrow emis-

sion lines. In the unified picture, this is due to obscu-

ration of the Broad Line Region (BLR), which is close

to the central SMBH, by the molecular torus. Hence

in Type 2 AGN, only emission from the Narrow Line

Region (NLR) is observed, which is extended on kilo-

parsec scales. In Type 1 AGN, the torus is viewed at

angles such that the line of sight to the BLR is unob-

scured.

X-ray classification of AGN is typically based on mea-

surements of the hydrogen column density (NH). Neu-
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tral gas along our line of sight absorbs X-ray continuum

photons, with the level of absorption dependent on the

column density of gas. The approximate dividing line

between unobscured, Type 1 AGN and obscured, Type

2 AGN is at NH = 1022 cm−2 (Ricci et al. 2017). As-

suming the simple picture of a static obscuring torus

surrounding the AGN is correct, then there should be

agreement between optical and X-ray classifications.

The Swift/BAT survey comprises all sources detected

by the all-sky 14–195 keV Burst Alert Telescope (BAT)

instrument onboard the Neil Gehrels Swift Observatory

(Gehrels et al. 2004; Oh et al. 2018), and provides a hard

X-ray-selected sample of local AGN that is relatively un-

biased to obscuration. The Swift/BAT sample therefore

offers a unique opportunity to test the unified model of

AGN. Within the Swift/BAT sample, there is excellent

agreement between the optical and X-ray classifications

for ∼ 95% of sources (Koss et al. 2017). However, there

are a number of unusual sources in the Swift/BAT sam-

ple that show disagreement between their X-ray and op-

tical classifications. Some narrow-line Type 2 AGN have

been found to be X-ray unabsorbed and there is some

debate about whether they represent a class of AGN

lacking a BLR (Panessa & Bassani 2002; Tran et al.

2011; Merloni et al. 2014). In contrast, a number of

Type 1 AGN (Sy1 - 1.9) are highly X-ray absorbed (e.g.,

Shimizu et al. 2018).

In this paper, we study the spectral properties of an

unusual source from the Swift/BAT survey, 2MASX

J193013.80+341049.5, which is optically classified as a

Type 1 AGN, yet is found to be highly X-ray absorbed,

with a column density NH > 1023 cm−2. The source

is a nearby (z = 0.063) Seyfert galaxy with a bolo-

metric luminosity LBol = 1.3 × 1045 erg s−1 (Koss

et al. 2017), a R-band apparent magnitude of 15.8,

and a compact optical morphology. We present re-

sults from modeling the broadband X-ray spectrum of

2MASX J193013.80+341049.5 using NuSTAR, XMM-

Newton and Swift/BAT observations, and examine the

multi-wavelength properties of this source. This paper is

structured as follows: in section 2 we describe the X-ray

observations and data reduction procedures; in section 3

we present results from broadband X-ray modeling; sec-

tion 4 presents analysis of multi-wavelength data on this

source, including optical spectra and broadband Spec-

tral Energy Distributions (SEDs); section 5 summarizes

our results and presents our conclusions.

2. X-RAY OBSERVATIONS AND DATA

REDUCTION

2.1. NuSTAR

2MASX J193013.80+341049.5 was observed with

NuSTAR in July 2016 for ∼ 20 ks as part of the Ex-

tragalactic Legacy Surveys program1. A second, deeper

NuSTAR observation was performed in October 2017 for

∼ 50 ks. Details of both these observations are presented

in Table 1.

We reduced the raw event data from both NuSTAR

modules, FPMA and FPMB (Harrison et al. 2013) using

the NuSTAR Data Analysis Software (NuSTARDAS,

version 2.14.1), distributed by the NASA High-Energy

Astrophysics Archive Research Center (HEASARC)

within the HEASOFT package, version 6.24. Instru-

mental responses were calculated based on the NuSTAR

calibration database (CALDB), version 20180925. We

cleaned and filtered raw event data for South Atlantic

Anomaly (SAA) passages using the nupipeline module.

We extracted source and background spectra from the

calibrated and cleaned event files using the nuproducts

module. Detailed information on these data reduction

procedures can be found in the NuSTAR Data Analysis

Software Guide (Perri et al. 2017). A circular extraction

radius of 30′′ was used for both the source and back-

ground regions. We extracted the background spectrum

from source-free regions of the image on the same de-

tector chip as the source, away from the outer edges of

the field of view, which have systematically higher back-

ground. In order to maximise the available NuSTAR

exposure, we extracted the ‘spacecraft science’ mode 6

data, in addition to the standard ‘science’ mode 1 data,

following the method outlined in Walton et al. (2016).

We coadded the mode 1 and mode 6 spectra for each re-

spective observation using the HEASOFT task addspec.

We rebinned the spectral files using the HEASOFT task

grppha to give a minimum of 20 photon counts per bin.

2.2. Archival XMM-Newton

In addition to the NuSTAR observations taken in the

3–79 keV band, we analyzed archival XMM-Newton ob-

servations taken in May 2009.

We performed reduction of the XMM-Newton data

using the XMM-Newton Science Analysis System (SAS,

version 16.1.0), following the standard prescription out-

lined in the XMM-Newton ABC online guide.2 Cali-

brated, cleaned event files were created from the raw

data files using the SAS commands epchain for the

EPIC-pn detector (Strüder et al. 2001) and emchain

for the two EPIC-MOS detectors (Turner et al. 2001).

As recommended, we only extracted single and double

pixel events for EPIC-pn and single to quadruple pixel

1 https://www.nustar.caltech.edu/page/legacy surveys
2 https://heasarc.gsfc.nasa.gov/docs/xmm/abc/
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Table 1. Details of the NuSTAR and XMM-Newton observations of 2MASX J193013.80+341049.5 considered in this work.

Mission Observation ID Observation Date Exposure Time Count rate

(ks) (counts s−1)

NuSTAR 60160713002 2016-07-19 23.4 0.142

NuSTAR 60376001002 2017-10-10 55.4 0.120

XMM-Newton 0602840101 2009-05-16 16.9 0.288

Note—Observed source count rates are in the 0.5–10 keV band for the XMM-Newton EPIC-pn detector and the 3–79 keV
band for NuSTAR (FPMA).

events for EPIC-MOS. We excluded intervals of high

background flux in the first ' 1/4 of the observation,

resulting in total source exposure of 8.4, 11.0, and 12.8

ks for the pn, MOS1 and MOS2 detectors, respectively.

Source spectra were extracted from the cleaned event

files using the SAS task xmmselect from a circular aper-

ture with a radius of 40′′ centered on the source. Back-

ground spectra were extracted from a circular aperture

with radius of 80′′ placed near the source on the same

chip. Instrumental response files were generated for each

of the detectors using the SAS tasks rmfgen and arfgen.

2.3. Archival Swift

In addition to the NuSTAR and XMM-Newton spec-

tra, we also analyzed Swift/BAT spectra collected over

the first 70 months of observation (Baumgartner et al.

2013), covering the 14–195 keV band. The Swift/BAT

data reduction procedure is detailed in Oh et al. (2018).

We do not include Swift/XRT data in our broadband

spectral modeling due to the poor signal-to-noise ratio

of available Swift/XRT data, which has < 200 total pho-

ton counts. We separately analyzed archival Swift/XRT

data taken in 2005 to check for NH variability. For

this analysis, we reduced the Swift/XRT data using

the XRTPIPELINE, following the standard procedures de-

tailed in Evans et al. (2009).

3. X-RAY SPECTRAL MODELING

We performed joint spectral modeling of the broad-

band NuSTAR, XMM-Newton, and Swift/BAT data us-

ing XSPEC v12.8.2 (Arnaud 1996). We use χ2 statis-

tics for all model fitting and error estimation and we

quote uncertainties at the 90% confidence level. We

adopt cross sections from Verner et al. (1996) and solar

abundances from Wilms et al. (2000). We account for

variability between different epochs by including cross-

normalization factors between different datasets (e.g.,

Baloković et al. 2018). In all our modeling, we include a

Galactic absorption component with a fixed column den-

sity of NH, Gal = 1.62×1021 cm−2 (Kalberla et al. 2005).

We did not include NuSTAR data from the 2016 obser-

vation above 30 keV, as the source becomes background

dominated above this energy, due to higher background

levels relative to the 2017 observation. We model NuS-

TAR data from 2017 in the 3–79 keV band, and archival

XMM-Newton data in the 0.4–10 keV band.

Analysis of the NuSTAR light curves for both obser-

vations in the 3–50 keV band (shown in Figure 1) show

little evidence for strong variability in either the 2016 or

2017 observations, justifying the use of time-averaged

spectra. Flux levels in the 2–10 keV band were also

found to be similar between the two observations. Hogg

et al. (2012) performed a detailed light curve analysis

of the archival XMM-Newton observation and found no

significant variability in the XMM-Newton EPIC-pn and

MOS light curves.

In our spectral modeling, we simultaneously fit the

XMM-Newton (EPIC-pn and EPIC-MOS), NuSTAR

(FPMA and FPMB), and Swift/BAT spectra, covering

a total energy range from 0.4 to 150 keV. We begin our

analysis by fitting a simple absorbed cutoff power law

model to the broadband data. As shown in Figure 2, an

Fe Kα emission line near 6.4 keV is evident in addition

to excess soft emission below 3 keV.

We construct models consisting of both phenomeno-

logical reflection models and physically-motivated torus

models. All models include a photoelectric neutral ab-

sorber, power law continuum, and a scattered power law

continuum. We leave the line-of-sight column density

NH free between different epochs. We list the applied

models in XSPEC notation as follows:

1. phabs × (zphabs × cabs × cutoffpl +

zgauss + pexrav + constant × cutoffpl):

Models an absorbed cutoff power law with a Gaus-

sian Fe Kα line, a cold Compton reflection compo-

nent and a scattered power law component. phabs
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Figure 1. NuSTAR light curves of 2MASX
J193013.80+341049.5 in the 3–50 keV band, where (a)
is the light curve of the ∼ 20 ks observation taken in 2016
and (b) the deeper ∼ 50 ks observation taken in 2017. Gaps
in data are due to Earth occultation events. There is no
evidence for strong X-ray variability in this source.

models Galactic absorption while zphabs models

host galaxy absorption. pexrav (Magdziarz &

Zdziarski 1995) models reflection off a slab of in-

finite extent and optical depth covering between

0 and 2π steradians of the sky relative to the il-

luminating source, corresponding to R between 0

and 1.

2. phabs × (cabs × TBFeo × cutoffpl +

pexmon + constant × cutoffpl): Similar to

Model 1, with the exception that zphabs is re-

placed with TBFeo, which models absorption with

a variable iron abundance; the zgauss and pexrav

components are replaced with pexmon, which is a

slab reflection model that self consistently models

Figure 2. Broadband X-ray spectrum of 2MASX
J19301380+3410495 (a), alongside fit residuals for (b) an
absorbed cutoff power law model (χ2/dof = 1409/811), (c)
absorbed cutoff power law with an Fe Kα line, scattered
power law, and a reflection component incorporated using
the pexrav model (χ2/dof = 826/798), (d) absorbed cutoff
power law with a variable iron abundance absorber and re-
flection modeled with pexmon (χ2/dof = 816/798), and (e)
borus model (χ2/dof = 808/795).

the Fe & Ni K complexes and Compton reflection

hump assuming a semi-infinite plane geometry.

3. phabs × (cabs × TBFeo × cutoffpl +

borus02 + constant × cutoffpl): In the

physically motivated borus02 model (Baloković

et al. 2018), obscuring material is arranged in a

toroidal structure around the central AGN, with a

variable opening angle and torus column density

that can be decoupled from the line-of-sight col-

umn density. This model provides self-consistent
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modeling of the fluorescent line emission and

Compton reflection features.

For Model 1, we set iron and light element abundances

to solar values and fix the inclination angle of the plane

of reflecting material at the default value of cos θ = 0.45.

We tie the photon index and normalization of the re-

flected power law to that of the incident power law. We

fix the energy of the Fe Kα line at 6.4 keV. As shown in

Figure 2 (c), this model provides a considerable improve-

ment in the fit compared to an absorbed cutoff power

law model, with χ2/dof = 826/798. We find evidence

of moderate reflection, with the reflection parameter R

constrained to 0.26+0.32
−0.23. The cutoff energy is found to

be strikingly low; Ecut = 50+19
−11 keV. We find a fairly

hard photon index (Γ = 1.35+0.18
−0.15), which may partly

account for the low cutoff energy obtained, due to de-

generacy between Ecut and Γ, as evident in Figure 4.

The line-of-sight column density exceeds 1023 cm−2 in

all epochs of observation, confirming this source to be

highly X-ray absorbed. The value of NH was similar

between the NuSTAR observations, at ∼ (3− 4)× 1023

cm−2. For the archival XMM-Newton observation, NH

was slightly lower at ∼ 2.6 × 1023 cm−2, but still con-

sistent with high X-ray obscuration, and with the val-

ues reported by Hogg et al. (2012). We also examined

archival Swift/XRT spectra taken in December 2005 and

found high levels of absorption, with NH found to be

5.3+5.5
−2.3 × 1023 cm−2 from fitting Model 1 to the data.

We find a fairly low equivalent width of the Fe Kα

line, at ≈ 80 eV for the XMM-Newton observation and

≈ 90 eV for the NuSTAR observation. This motivates

the exploration of alternative models with a variable

iron abundance. In Model 2, we allow the iron abun-

dance to vary by replacing the photoelectric absorp-

tion component zphabs with an absorber with variable

iron abundance (TBFeo). We also replace the pexrav

reflection model and zgauss line component with the

phenomenological pexmon model, which self-consistently

models both the reflection continuum and the Fe Kα

line. We tie the iron abundance parameter of the pexmon

model to that of TBFeo. Model 2 yields an improvement

to the fit compared to Model 1, with χ2/dof = 816/798.

However, we find that the iron abundance is consistent

with the Solar value when left as a free parameter. The

reduction in χ2/dof compared to Model 1 is likely at-

tributed to differences between the two models, such as

the inclusion of additional emission lines in Model 2.

Furthermore, Model 2 produces slightly higher NH val-

ues for a given epoch (see Table 2).

The phenomenological models used to account for re-

flection assume a simplistic slab geometry of the re-

flector with infinite extent and optical depth. While

such models provide a convenient, simplified picture of

the AGN reprocessor, they are not a physically real-

istic description of the geometry of the circumnuclear

material, which is thought to have a roughly toroidal

shape. We thus construct a third, physically-motivated

model in which the pexmon component is replaced by

borus02 (Baloković et al. 2018). The borus02 model

self-consistently computes the absorbed and reprocessed

emission for a torus geometry with a central illuminat-

ing X-ray source. It provides more flexibility in mod-

eling the torus geometry compared to previously devel-

oped torus models such as MYTorus (Murphy & Yaqoob

2009), as it includes the opening angle, the high-energy

cutoff, and the relative iron abundance as free param-

eters. In contrast, MYTorus assumes a uniform density

torus with a fixed opening angle of 60°, Solar abundance

of iron and a termination energy at 500 keV. Both mod-

els can emulate torus clumpiness by allowing the average

column density through the torus to be independent of

the line-of-sight column density.

With Model 3, we set the covering factor of the torus,

Cf , equal to cos i, where i is the viewing angle of the

torus. We find the fit naturally converges close to Cf =

cos i when both parameters are left free to vary. We

tie the iron abundance parameter of borus02 to that of

TBFeo. We link the photon index and normalization of

the borus02 component to that of the incident power

law. Model 3 provides the best fit to the data compared

to Models 1 and 2, with χ2/dof = 808/795. Leaving the

iron abundance free results in a sub-solar value (AFe =

0.45+0.06
−0.05), consistent with the weak Fe Kα line observed

in this source.

Table 2 summarizes our modeling results for some of

the key best-fit parameters for each of the three spec-

tral models applied in this work. We conclude from our

broadband spectral fitting that our physically-motivated

borus02 model (Model 3) provides the best fit to the

data and also gives a photon index that lies within the

typical range observed for Seyferts. We show the full

broadband unfolded X-ray spectrum for the borus02

model fit in Figure 3.

With the additional, deeper 50 ks NuSTAR observa-

tions taken 2017, the high-energy cutoff of the X-ray

continuum is confirmed to be constrained to values that

are atypically low compared to the Seyfert population.

Ricci et al. (2017) found that the median cutoff en-

ergy for the Swift/BAT sample of unobscured AGN is

Ecut = 210±36 keV. Figure 4 shows the contour plot of

the photon index against the high-energy cutoff from the

borus02 model fit. While there is some degree of degen-

eracy between these two parameters, the value of Ecut

is constrained to low values that are below the median
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Table 2. Best-fit parameter values from modeling the broadband X-ray spectrum of 2MASX J193013.80+341049.5

Model component Parameter Model 1 Model 2 Model 3

zphabs NH (NuSTAR 2016) [1023 cm−2] 3.3±0.3 - -

NH (NuSTAR 2017) [1023 cm−2] 3.8±0.3 - -

NH (XMM-Newton) [1023 cm−2] 2.6+0.3
−0.2 - -

TBFeo AFe [solar] - 1.07+0.25
−0.30 0.45+0.06

−0.05

NH (NuSTAR 2016) [1023 cm−2] - 4.8+0.6
−0.5 5.2+0.5

−0.1

NH (NuSTAR 2017) [1023 cm−2] - 5.5+0.7
−0.5 4.9+0.5

−0.7

NH (XMM-Newton) [1023 cm−2] - 3.9+0.4
−0.3 4.7+0.3

−0.4

pexrav ΓA 1.35+0.18
−0.15 - -

Ecut [keV] 49.9+19.0
−11.2 - -

R 0.26+0.32
−0.23 - -

AFe [solar] 1 (fixed) - -

NormB [10−3] 1.41+0.59
−0.37 - -

pexmon ΓA - 1.33+0.21
−0.14 -

Ecut [keV] - 49.9+38.3
−13.2 -

R - 0.25+0.23
−0.10 -

NormB [10−3] - 1.47+0.54
−0.34 -

borus02 ΓA - - 1.73+0.05
−0.27

Ecut [keV] - - 71.9+21.2
−41.0

log NH,Tor - - 24.25+0.02
−0.12

CC
f [%] - - > 83.9

NormB [10−3] - - 2.44+0.63
−0.81

χ2/dof 826/798 816/798 808/795
AContinuum photon index.
Bpower law normalisation in units of counts s−1 keV−1 at 1 keV.
CTorus covering factor.

cutoff energy found by Ricci et al. (2017). Such a low

coronal cutoff is unusual but not unprecedented, with

recent detections reported of AGN with high-energy cut-

offs within the NuSTAR band (e.g., Tortosa et al. 2017;

Kara et al. 2017; Kamraj et al. 2018).

Various explanations have been proposed for the ori-

gin of low temperature coronae. For sources accret-

ing at high Eddington rates, Compton cooling may be

enhanced due to the stronger radiation field present

in comparison to lower Eddington ratio Seyferts (Kara

et al. 2017). For AGN accreting well below the Edding-

ton limit, low coronal temperatures may be attributed

to a high optical depth within the corona, which results

in more effective cooling due to multiple inverse Comp-

ton scatterings of seed photons from the accretion disk

(Tortosa et al. 2017). Low temperatures can also be

achieved if the corona consists of a hybridized plasma,

containing both thermal and non-thermal particles (e.g.,

Zdziarski et al. 1993; Ghisellini et al. 1993; Fabian et al.

2017). In such a hybridized system, only a small fraction

of non-thermal electrons with energies above 1 MeV are

needed to result in runaway electron-positron pair pro-
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Figure 3. Broadband X-ray spectrum of 2MASX J193013.80+341049.5 unfolded through the borus02 model (Model 3). Solid
lines represent total model while dashed lines depict individual model components.
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Figure 4. Ecut–Γ contour plot from the borus02

model fit (Model 3) to broadband X-ray data of 2MASX
J193013.80+341049.5. The solid purple, green and yellow
contours correspond to the 68, 90 and 99 % confidence levels,
respectively. The black cross represents the best-fit values of
the parameters from applying the borus02 model.

duction. The cooled pairs redistribute their available en-

ergy, thereby reducing the mean energy per particle and

decreasing the coronal temperature. Such cooling would

produce a hard non-thermal tail in the X-ray spectrum

and an annihilation feature at 511 keV, both of which are

currently undetectable with present X-ray instrumenta-

tion. In order to robustly test hybrid plasma models,

next-generation hard X-ray observatories with high sen-

sitivity at energies beyond 100 keV, such as the High-

Energy X-ray Probe (HEX-P) (Madsen et al. 2018), will

be essential.

4. MULTI-WAVELENGTH ANALYSIS

From broadband X-ray spectral modeling, we confirm

that 2MASX J193013.80+341049.5 exhibits high levels

of X-ray obscuration, with NH exceeding 1023 cm−2 in
both the NuSTAR and archival XMM-Newton observa-

tions. The X-ray spectral features of this source are

characteristic of a classic obscured, Type 2 AGN. The

high X-ray absorption present is thus in clear conflict

with the optical classification of this source as a Type 1

AGN. We explore properties of this enigmatic source at

other wavelengths to investigate whether there are other

unusual features possibly linked to the high X-ray ob-

scuration but comparatively lower optical obscuration

present in this source. We also discuss possible mech-

anisms for producing such mismatches between X-ray

and optical classifications.

4.1. Optical Spectra

2MASX J193013.80+341049.5 has consistently been

classified as a Type 1 AGN from optical spectra taken

over several epochs (e.g., Landi et al. 2007; Trippe et al.
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Table 3. Observation details of the optical spectra of 2MASX J193013.80+341049.5 considered in this work.

Observation Date Telescope Instrument Exposure time Slit Size Slit Size Spectral Resolution (FWHM)

(s) (′′) (kpc) (�A)

2006-05-08 Orzale BFOSC 3600 2 2.4 13

2007-06-16 KPNO Goldcam 3600 2 2.4 3.3

2016-10-02 Palomar DBSP 300 1.5 1.8 4.2, 5.9

2018-08-11 Palomar DBSP 300 2 2.4 4.8, 7.4

2019-08-28 Palomar DBSP 900 1.5 1.8 4.4, 5.8

Table 4. Flux details and selected line-width properties of the optical spectra of 2MASX J193013.80+341049.5 considered in
this work.

Observation Date Continuum fluxA Hα flux Hα FWHM Hβ flux Hβ FWHM

(erg s−1 cm−2 �A−1) (10−17 erg s−1 cm−2) (km s−1) (10−17 erg s−1 cm−2) (km s−1)

2006-05-08 160 60501 6948 8580 3577

2007-06-16 77 37097 7053 4363 3373

2016-10-02 78 41239 6720 3189 3639

2018-08-11 48 33022 6697 1822 3610

2019-08-28 58 30915 7227 2657 4385
A Continuum flux density estimated in the 4760–4780 �A band.

2011), which show clear broad components to the Hα

and Hβ lines. We also obtained recent optical spec-

tra using the Double Spectrograph (DBSP) instrument

on the 200-inch Hale telescope at Palomar Observatory.

Observations were performed in 2016 October, 2018 Au-

gust, and 2019 August. We compare the Palomar spec-

tra with those taken at Orzale in 2006 and KPNO in

2007 (Koss et al. 2017). Full observation details of the

optical spectra examined in this work are presented in

Table 3. Broad Hα and Hβ lines are present in all

epochs, consistent with a Type 1 optical classification

(Figure 5). We also observed a nearby galaxy compan-

ion during the UT 2019 August 28 observation, 2MASS
J193015.12+34111.18, which is 27.3′′ to the northeast of

the AGN (33.4 kpc). The galaxy is an absorption line

system at a close redshift (z = 0.063 based on the Ca

H+K absorption lines) to the primary AGN galaxy.

For emission line measurements, we follow the proce-

dure used in the OSSY database (Oh et al. 2011) and its

broad-line prescription (Oh et al. 2015). We apply stel-

lar templates (Bruzual & Charlot 2003; Sánchez et al.

2006) and emission-line fitting in a rest-frame ranging

from 3780 �A to 7580 �A. Using the broad Hα flux and

line-widths from the 2016 observation, we derive a black

hole mass of log(MBH/M�) = 8.3 using the virial ap-

proximation of Greene & Ho (2007). The flux of the

broad Hβ line, broad Hα line, and continuum (4760–

4780 Å) are observed to decrease over the period 2006-

2019 (Table 4) by more than a factor of 2. Errors are

dominated by flux calibration of the order 10–20%. The

Hβ line FWHM remains roughly constant across obser-

vations. It is unlikely that the mismatch in X-ray and

optical classifications is due to short timescale variabil-

ity of the line-of-sight absorption, as NH remains con-

sistently high in all epochs of X-ray observations. Fur-

thermore, Hogg et al. (2012) note little variability in

optical spectra taken three months apart (Landi et al.

2007; Winter et al. 2010).

4.2. X-ray to Mid-IR Relation

It is well-established that the X-ray and mid-IR emis-

sion from AGN are correlated (e.g., Lutz et al. 2004;

Gandhi et al. 2009; Stern 2015). We investigate whether

2MASX J193013.80+341049.5 has mid-IR properties

that are consistent with the observed correlation be-

tween mid-IR and X-ray luminosity. We estimate the

mid-IR luminosity at 6 µm by constructing the broad-

band SED for 2MASX J193013.80+341049.5 using pub-

licly available data from the Vizier catalog. The data

obtained from Vizier includes measurements from cat-

alogs such as 2MASS, Gaia, PanSTARRS, AKARI,

WISE and XMM-UVOT, covering a total wavelength

range from 0.3–100 µm. We linearly interpolate between

3.75 and 15 µm to determine the rest-frame 6 µm flux

density. We convert from specific flux to luminosity us-

ing a luminosity distance of 268 Mpc obtained from the

NASA/IPAC Extragalactic Database (NED). We calcu-

late the X-ray luminosity from the unabsorbed flux in

the 2–10 keV band, using the 2017 NuSTAR data. We

also estimated the predicted 2–10 keV luminosity based
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Figure 5. Optical spectra of 2MASX J193013.80+341049.5 taken at Orzale (2006), KPNO (2007), and Palomar Observatory
(2016, 2018, 2019). The fluxes have been normalized by the emission in a line free region (4760 - 4780 Å). Left and right panels
show the velocity centered on the Hβ and Hα line profiles respectively.

42 43 44 45 46 47 48

log(⌫ L⌫) (6 µm) [erg s�1]
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Stern (2015)

Fiore et al. (2009)

Figure 6. Rest-frame 2–10 keV X-ray luminosity against
rest-frame 6 µm mid-infrared luminosity for 2MASX
J193013.80+341049.5 (black point) along with published re-
lations from Fiore et al. (2009) and Stern (2015).

on the Hα luminosity measured from the the 2016 opti-

cal spectra, using the observed relation between intrinsic

2–10 keV luminosity and Hα luminosity (Panessa et al.

2006). We found the predicted X-ray luminosity to be

consistent with the intrinsic luminosity observed from

the NuSTAR data.

Figure 6 shows the rest-frame 2–10 keV luminosity

against the rest-frame 6 µm luminosity for 2MASX

J193013.80+341049.5, along with correlations reported

in the literature. Fiore et al. (2009) report a mid-IR

to X-ray correlation based on samples of X-ray-selected

Type 1 AGN in the COSMOS and CDFS fields. The

relation presented in Stern (2015) was obtained by in-

cluding a sample of the most luminous quasars from

the Sloan Digital Sky Survey, and is appropriate for

AGN across a large luminosity range, spanning from the

Seyfert through to the quasar regime. The location of

our source is consistent with both these published rela-

tions, indicating that 2MASX J193013.80+341049.5 is

not atypical in terms of its mid-IR/X-ray luminosity ra-

tio.

4.3. Broadband SED and αox

We construct the broadband SED for 2MASX

J193013.80+341049.5 using publicly available flux densi-

ties from the Vizier catalog and PanSTARRS DR2. We

perform SED fitting in order to investigate the relation-

ship between UV and X-ray luminosity for this source,

parameterized by the αox spectral slope, defined as:

αox = −0.384× Log[L2keV/L2500]
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Figure 7. Spectral energy distribution (SED) of 2MASX
J193013.80+341049.5. The best-fit SED model (black line)
consists of an AGN component (blue line), a young stellar
population (cyan line), and an old stellar population (red
line). Solid red points are observed flux densities used for
the SED fit, obtained from publicly available data from the
Vizier catalog and PanSTARRS DR2.

where L2keV and L2500 are the monochromatic luminosi-

ties at 2 keV and 2500 �A, respectively. We determine

the monochromatic luminosity at 2500 �A, corrected for

dust-reddening, via SED template fitting. We model the

SED of 2MASX J193013.80+341049.5 in the 0.03–30 µm

range using the algorithm and empirical templates of As-

sef et al. (2010). The models consist of a linear combi-

nation of a dust-reddened AGN template and three em-

pirical galaxy templates, corresponding to E, Sbc, and

Im type galaxies. We do not include UV data in our

SED fitting due to the uncertainty in the UV extinction
correction. Figure 7 presents the best-fit SED model

of 2MASX J193013.80+341049.5 along with individual

model components. We linearly interpolate the best-fit,

un-reddened AGN component to determine the intrinsic

specific flux at 2500 �A. We compute the monochromatic

X-ray luminosity at 2 keV from modeling the broadband

X-ray spectra, correcting for absorption.

In Figure 8 we present the monochromatic X-ray lu-

minosity as a function of the monochromatic UV lumi-

nosity, along with fitted relations reported in the lit-

erature. Lusso et al. (2010) present a significant cor-

relation between L2keV and L2500 based on a sample

of 545 X-ray-selected Type 1 AGN from the XMM-

COSMOS survey, spanning a wide range of redshifts and

X-ray luminosities. In Lusso & Risaliti (2016), a tighter

correlation is reported using a sample of 2685 quasars

that have been optically selected with homogeneous

27 28 29 30 31 32 33

log(L2500) [erg s�1 Hz�1]

23

24

25

26

27

28

29

30

lo
g(

L
2k

eV
)

[e
rg
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1

H
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1
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Lusso et al. (2010)

Lusso & Risaliti (2016)

Figure 8. Rest-frame monochromatic 2 keV luminos-
ity L2keV, against rest-frame 2500 �A luminosity L2500 for
2MASX J193013.80+341049.5 (black star). Also plotted are
literature relations from Lusso et al. (2010) and Lusso &
Risaliti (2016). The shaded regions represent the 3 σ disper-
sion in the fitted relations.

SED and X-ray detections, with dust-reddened and gas-

obscured sources excluded from the sample. 2MASX

J193013.80+341049.5 is consistent with observed rela-

tions between L2keV and L2500 (Figure 8), indicating

that this source is also not atypical in terms of its UV/X-

ray luminosity ratio. We find αox ∼ 1.4, which is within

the typical range of αox distributions, which covers 1.2

- 1.8 (Lusso et al. 2010).

The normal X-ray-to-optical ratio (parameterized by

αox) of 2MASX J193013.80+341049.5 indicates that

it is unlikely that the Type 1 optical classification is

due to scattering of BLR photons into our line-of-sight

through a region of lower column density. If there were

strong scattering present, a stronger X-ray-to-optical ra-

tio would be expected due to suppression of optical emis-

sion. We further rule out a scattering scenario through

our broadband SED fitting, where we allow for a second

unobscured AGN component to account for the scat-

tered light leaked from a primary obscured AGN com-

ponent. The best-fit for such a model produces zero flux

for the second AGN component, indicating no evidence

for scattered/reflected light leaking into our line of sight.

4.4. Gas-to-Dust Ratio

Some studies have reported Type 1 AGN with large X-

ray column densities (e.g., Shimizu et al. 2018), however

explanations for the existence of such objects have var-

ied widely. One explanation that is consistent with the

unified model is that our line of sight grazes the edge of
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the obscuring torus where the cloud distribution is less

dense, but still provides significant X-ray absorption due

to the X-ray corona’s small physical size compared to

the BLR. This would result in a larger effective covering

fraction of the compact corona in comparison with the

more extended BLR. This scenario is supported from

our X-ray modeling with Borus, where we found that a

geometry in which the torus is viewed through the rim

provided the best-fit to the data.

If we model the torus to have a clumpy distribution

(Krolik & Begelman 1988), then another possibility is

that a clump has entered our line of sight during the

X-ray observation, causing a temporary increase in the

X-ray column density. However, the lack of variability

in NH between epochs of X-ray observations appear to

disfavour such short timescale variability as the cause of

the X-ray/optical mismatch (see also Section 4.1).

High levels of X-ray obscuration but lack of optical

obscuration could also be explained by the presence of

high-density, ionized gas outflows. For example, the

broad-line radio galaxy 3C 445 is classified as Type 1

from broad Hα and Hβ lines in its optical spectrum,

however Suzaku and Chandra observations show it to

be heavily absorbed with NH ∼ 1023 cm−2. The soft

X-ray spectrum of this source is dominated by ionized

emission lines (Braito et al. 2011). A mechanism pro-

posed by Braito et al. (2011) is that the photo-ionized,

outflowing absorber is associated with a disk wind that

is clumpy in nature and located close to the central X-

ray source. The clumpy distribution of the absorber

enables visible sightlines to the BLR gas. High resolu-

tion X-ray grating observations are generally needed to

identify emission lines or absorption features associated

with ionized gas outflows.

Another possibility for the mismatch in X-ray and

optical classifications for 2MASX J193013.80+341049.5

is a lower dust-to-gas ratio relative to the Galactic in-

terstellar medium. Maiolino et al. (2001) investigated

the ratio of reddening to the X-ray absorbing column

density, EB−V /NH, for a diverse sample of AGN char-

acterised by cold X-ray absorption. They found that

EB−V /NH is lower than Galactic by factors ranging

from ∼ 3–100 for most sources in their sample, as-

suming a standard Galactic extinction curve. In Fig-

ure 9, we show EB−V /NH as a function of the intrinsic

2–10 keV luminosity for 2MASX J193013.80+341049.5

compared to the sample from Maiolino et al. (2001).

We find EB−V = 0.50 ± 0.07, determined from our

broadband SED fitting. We observe that 2MASX

J193013.80+341049.5 has an EB−V /NH that is signifi-

cantly lower than the Galactic standard value by a factor
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Figure 9. EB−V /NH ratio vs. intrinsic 2–10 keV X-
ray luminosity for 2MASX J193013.80+341049.5 (blue star),
and for sources from the sample of Maiolino et al. (2001)
(black points). The reddening EB−V is estimated assuming
a Galactic standard extinction curve. The column density
NH is determined from fitting X-ray spectra. Dashed black
line represents the Galactic standard value of EB−V /NH.

of 170. This suggests that reduced dust absorption com-

pared to the gaseous column density may likely explain

the mismatch between the X-ray and optical classifica-

tion of 2MASX J193013.80+341049.5. It is possible that

the BLR itself provides extra X-ray obscuration and con-

sists of neutral, dust-free gas that is an inner extension

of the dusty molecular torus (Davies et al. 2015). If

the BLR is the source of the X-ray absorption, NH vari-

ability may be seen on relatively short timescales (e.g.,

Risaliti et al. 2005). One method to verify where the

bulk of the absorbing gas resides is through resolving
the width of the Fe Kα line (e.g., Gandhi et al. 2015).

Future X-ray missions such as Athena (Barcons et al.

2015) will be able to measure the width of the Fe Kα

line with unprecedented spectral resolution.

5. SUMMARY

In this paper, we present both a broadband X-ray and

a multi-wavelength analysis of the enigmatic X-ray ob-

scured, but optically unobscured Type 1 AGN 2MASX

J193013.80+341049.5. From joint modeling of NuS-

TAR and archival XMM-Newton observations, we find

2MASX J193013.80+341049.5 to be strongly absorbed,

with NH > 2 × 1023 cm−2. We also find the source to

possess an atypically low coronal temperature compared

to the Seyfert population (Ecut ∼ 72 keV). Some possi-

ble mechanisms to explain the low coronal temperature
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include a large optical depth of the corona, a strong ra-

diation field or a hybrid pair-dominated plasma.

We investigate possible scenarios to explain the mis-

match between X-ray and optical classifications using

techniques such as broadband SED modeling. We find

2MASX J193013.80+341049.5 likely has a much lower

dust-to-gas ratio relative to the Galactic ISM, with

EB−V /NH lower than the Galactic standard by a factor

of ∼ 170. This suggests that the X-ray/optical mis-

match could be explained by the BLR itself providing

the source of extra X-ray obscuration, and is composed

of low-ionization, dust-free gas.
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