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Abstract

We have discovered heavy obscuration in the dual active galactic nucleus (AGN) in the Swift/BAT
source SWIFT J2028.54+2543 using NuSTAR. While an early XMM-Newton study suggested the emis-
sion was mainly from NGC 6921, the superior spatial resolution of NuSTAR above 10 keV resolves
the Swift/BAT emission into two sources associated with the nearby galaxies MCG +04-48-002 and
NGC6921 (z = 0.014) with a projected separation of 25.3kpc (91”). NuSTAR’s sensitivity above
10keV finds both are heavily obscured to Compton-thick (Ng ~ 1 — 2 x 10 cm~2) and contribute
equally to the BAT detection (Lil%t_50 kev ~ 6 x 102 ergs™!). The observed luminosity of both
sources is severely diminished in the 2-10 keV band (L°5®,; v < 0.1 x L'3* | <. illustrating the
importance of > 10 keV surveys like those with NuSTAR and Swift/BAT. Compared to archival
X-ray data, MCG +04-48-002 shows significant variability (>3) between observations. Despite being
bright, X-ray detected AGN, both are difficult to detect using optical emission line diagnostics because
MCG 404-48-002 is identified as a starburst/composite because of the high rates of star formation
from a luminous infrared galaxy while NGC 6921 is only classified as a LINER using line detection
limits. SWIFT J2028.54+2543 is the first dual AGN resolved above 10 keV and is the 2nd most heavily

obscured dual AGN discovered to date in the X-rays other than NGC 6240.
Subject headings: galaxies: active — galaxies: interactions

1. INTRODUCTION

Over the last decade, dual active galactic nuclei
(AGN) have been found serendipitously (e.g., Komossa
et al.2003; Koss et al|[2011b; |Comerford et al.|[2011)
and also through large systematic surveys using optical
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spectroscopy (e.g., [Liu et al| 2011} |Comerford et al.
2013), X-ray emission (Koss et al|[2012; |Liu et al.
2013; |(Comerford et al.[[2015), or radio observations (Fu
et al.|2015; [Miiller Sanchez et al.|2015). This work has
suggested that close (<30 kpc) major galaxy mergers
are efficient at triggering AGN. Theorists have also
suggested that AGN obscuration can rise to Compton-
thick levels in the merging process (Ng>102*cm~2
Hopkins et al.|2005)). However, only one dual has been
found where both AGN are Compton-thick: NGC 6240
(Komossa et al.|[2003)).

The Swift Burst Alert Telescope (BAT, |Barthelmy
et al||2005) has proven important in nearby obscured
AGN studies, because it is sensitive to the 14-195 keV
band, and thus to X-rays which can penetrate through
even Compton-thick columns of obscuring material
(N> 10* cm~2). Studies of BAT-detected AGN have
suggested that this sensitivity is linked to the high
fraction of mergers and dual AGN (Koss et al||2010,
2012). Unfortunately, the limited angular resolution
(FWHM= 20') and large positional uncertainty (=~ 3',
Baumgartner et al.|2013) make Swift/BAT ill suited for
dual AGN studies because of source confusion. With
the new high-energy focusing optics on the Nuclear
Spectroscopic Telescope Array (NuSTAR; Harrison et al.
2013), the 3-79 keV energy range can be studied at
sensitivities and angular resolutions 10-100 times better
than Swift/BAT. Additionally, the >10 keV sensitivity
of NuSTAR has found intrinsic (unabsorbed) X-ray
luminosities can be =10-70 times higher for heavily
obscured sources than pre-NuSTAR constraints from
Chandra or XMM-Newton (Lansbury et al.||2015)).
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NGC6921 and MCG+04-48-002 were first
found to host possible X-ray counterparts to
SWIFT J2028.5+2543 based on Swift/XRT and XMM-
Newton spectra that suggested that NGC 6921 was the
primary BAT source (Winter et al. 2008) and was nearly
Compton-thick (Ng ~ 1 x 10°* cm™2) while MCG +04-
48-002 had a complex spectra with no evidence of
obscuration. It was later classified as a dual AGN (Koss
et al.[[2012). A recent compilation of BAT-detected AGN
found NGC 6921 was likely Compton-thick (Ricci et al.
2015). Here, we use NuSTAR to resolve the >10 keV
emission to find a heavily obscured dual AGN pair in
the Swift/BAT source SWIFT J2028.5+2543 with both
sources contributing equally. Throughout this Letter, we
adopt ., = 0.3, Qa = 0.7, and Hy = 70kms~ " Mpc~1.

2. OBSERVATIONS AND DATA REDUCTION

We describe here the optical imaging and spectroscopy
(Section and X-ray observations (Section [2.2). Er-
rors are quoted at the 90% confidence level for the pa-
rameter of interest unless otherwise specified.

2.1. Optical Imaging and Spectroscopy

Optical imaging was obtained in an earlier survey of
185 BAT AGN (ugriz from [Koss et al.|[2011a) using the
Kitt Peak 2.1m telescope. For optical spectroscopy, we
used the Double Spectrograph on the Hale 200-inch tele-
scope at Palomar Observatory. On UT 2013 August 13,
we observed MCG 404-48-002 for 500 s with a 175 slit
and NGC 6921 for 300 s with a 05 slit both at the par-
allactic angle (-68°). We also observed a nearby galaxy,
2MASX J20283767+2543183, for 600 s with a 175 slit
(Fig.|1) on UT 2015 July 22 at the parallactic angle (58°).
We processed the data with flux calibration from obser-
vations of BD +17 3248, BD +33 2642, and Feige 110.
Milky Way Galactic reddening has been taken into ac-
count according to [Schlafly & Finkbeiner| (2011)).

We use the penalised PiXel Fitting software (pPXF,
Cappellari & Emsellem|[2004) to measure stellar kine-
matics and the central stellar velocity dispersion (o).
with the Indo-U.S. CaT, and MILES empirical stellar li-
brary (3465 — 9468 A [Vazdekis et al|2012). We fit the
residual spectra for emission lines after subtracting the
stellar templates with the PYSPECKIT software following
Berney et al. (2015) and correct the narrow line ratios
(Ha/Hf) assuming an intrinsic ratio of R=3.1 and the
Cardelli et al.| (1989)) reddening curve.

2.2. X-ray Observations

A summary of the X-ray observations is in Ta-
ble[ll NuSTAR observed SWIFT J2028.542543 on 2013
May 18. The data was processed using the NuSTARDAS
software version 1.4.1 and CALDB version 20150702.
The exposure time totaled 19.5ks. Rather than a sin-
gle bright source, two point sources are seen in the NuS-
TAR images. For spectral extraction, we used circular
regions 40" in radius centered on the point-source peaks.
A background spectrum was extracted from a polygonal
region surrounding both sources. The counts totaled 780
in MCG 404-48-002 and 624 in NGC 6921. We required
at least 20 counts per bin for fitting.

The NuSTAR observation was coordinated with
a Swift/XRT exposure of 6.6ks on the same day.

Swift/XRT also observed the system three times in the
past. Swift/XRT data was processed using the ASI Sci-
ence Data Center tools. We used a 71" circular extrac-
tion region, and background extraction regions with in-
ner and outer radii of 142" and 236", respectively, with
a minimum of three counts per bin for fitting.

The system was previously observed by XMM-Newton
and Suzaku on 2006 April 4 and 2007 April 18, re-
spectively. We processed the data using standard pro-
cedureﬁ employing SAS (version 7.0) for the XMM-
Newton EPIC data and the HEAsoft script aepipeline
for the Suzaku XIS data.

3. RESULTS

We first describe results from optical imaging and spec-
troscopy (Section [3.1)), then discuss X-ray variability and
spectral modeling (Section 3.2 and . We follow w1th a

N 1um1n0s1ty (Section [3.
3.1. Optical Imaging and Spectroscopy

discussion of the intrinsic A

A tricolor optical image (gri) with NuSTAR emission
overlaid is presented in Fig. 1] The [O 111] A5007emission
line is measured at (z = 0.0136) in MCG +04-48-002 and
at (z = 0.0147) in NGC6921. We also measure the Na
I A\ 5890, 5896 (Na D) absorption lines from stars and
cold gas since narrow emission lines in AGN often have
blueshifts compared to their hosts (Bertram et al.[[2007).
We measure a restframe velocity of 4212+15kms~! (2 =
0.0139) for MCG +04-48-002 and 4356+15kms™! (2 =
0.0141) for NGC 6921 for a ~140kms™" offset.

There is a 91” separation between MCG +04-48-002
and NGC 6921 which corresponds to 25.3 kpc at the
[O111] line redshift in MCG +04-48-002 (» = 0.0136).
Imaging shows three additional nearby extended galax-
ies (major axis>20") within 360" of MCG +04-48-
002 (100kpc), 2MASX J20283767+2543183 (15.0kpc
South), 2MASX J20285039-+2545324 (62.8kpc East),
and 2MASX J20283695+2540123 (63.3kpc South). We
confirm that 2MASX J20283767+2543183 is an inactive
elliptical galaxy at the same redshift (2=0.0135) based
on the HBabsorption.

We find that MCG +04-48-002 is classified as a star-
burst using the [O1]/Ha diagnostic and a composite
galaxy using the N11/Ha diagnostic (Fig. Kewley
et al.| [2006). MCG +04-48-002 has strong sky fea-
tures in the [S11] region, so this line was not measured.
NGC 6921 is classified as a LINER based on the [O1]/Ha
and [S11]/Ha diagnostics, and as an AGN based on
N11/Ha. For NGC 6921, the Balmer decrement limit cor-
responds to E(B —V) = 0.26. For MCG +04-48-002, the
Balmer decrement is consistent with no line obscuration
(Ha/HB=2.62).

We measure the central velocity dispersion of the Cal-
cium triplet absorption lines to be 217+9kms~! for
NGC 6921 and 142+10kms~ for MCG +04-48-002. Us-
ing recent scaling relations from McConnell & Ma/ (2013)
these values correspond to Mpg ~ 4 x 10° My and
Mg ~ 7x 107 Mg for NGC 6921 and MCG +04-48-002,
respectively.

3.2. X-Ray Variability

17 See http://heasarc.gsfc.nasa.gov/docs/xmm/abc/, and

http://www.astro.isas.jaxa.jp/suzaku/process/.
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Fia. 1.— Left: Color Kitt Peak 2.1m optical gri image displayed with an arcsinh scale with NuSTAR X-ray (3-79 keV) contours overlaid
in red. 2MASX J202837.6+254318, the faintest galaxy in the group, is not detected by NuSTAR. Right: Optical spectra of NGC 6921,
MCG +04-48-002, and 2MASX J202837.6+254318 from Palomar. The three galaxies are found at similar redshifts, suggesting a galaxy

group. Since the system is near the Galactic plane (§ga; = —7°), large foreground Galactic extinction (~1 mag) and contamination by
foreground stars make detection of extended merger features such as tidal tails difficult.
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TABLE 1
SUMMARY OF X-RAY OBSERVATIONS

. Exp. Source Count Rate?® (s71)
Observatory Observation ID Date (ks) MCG +04-48-002 / NGC 6921
Swift (XRT) 00035276001 2005 Dec 16 4.5 0.015 / 0.002
Swift (XRT) 00035276002 2006 Mar 23 4.6 0.013 / 0.004
Swift (XRT) 00030722001 2006 Jun 3 6.9 0.011 / 0.003
Swift (XRT) 00080266001 2013 May 18 6.6 0.005 / 0.003
XMM-Newton (EPIC) 0312192301 2006 Apr 23 8.8 0.150 / 0.035
Suzaku (XIS) 702081010 2007 Apr 18  41.3 0.026 / 0.008
NuSTAR 60061300002 2013 May 18 19.5 0.040 / 0.032
Swift (BAT) 104 month 2005-2013 10894 0.002

2 Background-subtracted count rate in instrument dependent energy bands: 0.3—-10keV for Swift
(XRT) and XMM-Newton (EPIC), 0.1-12keV for Suzaku (average between XIS0, XIS1 and XIS3),
3-79keV for NuSTAR (FPMA), and 14-195keV for Swift (BAT). The BAT count rate is in Crab

units.



We explore longer term X-ray variability using the
Swift/BAT 104-month data taken between 2004 and
2013 (Fig. [3). The spectra of both AGN are blended
in Swift/BAT because of the low effective angular
resolution. A x? test of the full 14-195keV band light
curve, binned in one-month intervals, suggests a varying
source at the > 99% level. The BAT light curve shows
a significant drop in count rate between the 2005-2009
period (0.00254+0.0001 Crab) and the 2010-2013 period
(0.0020+0.0001 Crab). In Swift/XRT, for NGC 6921,
there is no count rate variation. In contrast, MCG +04-
48-002 varied significantly in the Swift/XRT count rate
between 2013 and earlier observations in 2005 and 2006,
when it was higher by a factor of ~3, at 5o confidence.

We then study the variability in the overlapping 3-
10keV energy range of NuSTAR, XMM-Newton, and
Suzaku. We used Xspec (Arnaud||1996) version 12.8.2
for spectral analysis. We fit the X-ray data using a sim-
ple with a power law (I'=1.8) plus a normilazation, a
Gaussian fixed at 6.4 keV to represent the neutral Fe Ko
line, and obscuration (Ny) for each observation. For
NGC 6921, we find no evidence of variability, with all
the normalizations consistent within uncertainties. How-
ever, for MCG +04-48-002 there is significant variability
in agreement with the Swift/XRT observations and the
Swift/BAT data. We find that the observations from
both XMM-Newton and Suzaku data show significantly
higher normalizations during 2006-2007, consistent with
the higher count rates in Swift/XRT during these times.
There is also no evidence of column density variability
in any of the observations. Further NuSTAR observa-
tions are necessary to study the unresolved high-energy
variability seen by Swift/BAT.

3.3. X-ray Spectral Fits

We first use a simple and popular phenomenologi-
cal model mimicking torus-obscured AGN emission to
explore the main spectral properties of NGC 6921 and
MCG 404-48-002. This model consists of a transmis-
sion component, represented by the absorbed power-
law model (including Compton scattering), a reprocessed
component, represented by the disk-reprocessing model
pexrav (Magdziarz & Zdziarski|[1995)) and to represent
the neutral Fe Ka line emission, a Gaussian fixed at
6.4 keV. We assume that both sources have a 150-keV
high-energy cutoff, typical of Seyfert nuclei (Fabian et al.
2015). We also include a scattered power-law component
with photon index equal to that of the intrinsic spec-
trum and relative normalization of ~ 1%, as expected
from Thomson-scattering by the free electrons outside of
the putative AGN torus that obscures most of the intrin-
sic continuum. Due to the limited photon statistics, we
use Cash statistics for fitting, although we also report x?2
values due to their straightforward interpretability.

For NGC 6921, we find that the best fit to the NuS-
TAR and Swift/XRT data (x2?/d.o.f. = 36/43) to have
['=1.8702 and Ny= (1.9 £ 0.5) x 102* cm~2, which cor-
responds to a typical Compton-thick scenario with the
reprocessed component contributing ~ 10% of the total
10-50 keV flux. This model implies an intrinsic 10-50 keV
luminosity of 1.9 x 10*3ergs—!. An alternative, statis-
tically and physically acceptable solution with slightly

5

higher x? (x?/d.o.f.=47/44) is also found by allowing the
reprocessed continuum to be absorbed. This would imply
a significantly higher column density (> 5 x 10?4 cm=2)
along the line of sight toward the nucleus and a factor
of few higher intrinsic luminosity (Balokovi¢ et al.|[2014;
Brightman et al[2015, as in e.g.,). Equivalent widths
of the neutral Fe Ka line at 6.4keV range between 0.5—
2.4keV, as expected from a Compton-thick torus.

The simultaneous NuSTAR and Swift/XRT spectra
of MCG +04-48-002 are fitted well with the model de-
scribed above (x?/d.o.f. = 57/49) for I' = 1.8 + 0.2 and
Np= (1.040.3) x 10** cm~2. In this solution, the rela-
tive normalization of the scattered continuum is 0.4%
(<2% with 90% confidence) and the reprocessed con-
tinuum contributes 20% of the observed 10-50 keV flux
(2-130% within the 90% confidence interval). The in-
trinsic 10-50 keV luminosity based on this model is
6.5x10*2 ergs—!. Equivalent widths of the neutral Fe Ko
line at 6.4keV are 0.3-1.2keV.

Following the strategies of past studies of single AGN
observed with NuSTAR (e.g., |Balokovié¢ et al.|2014;
Gandhi et al.||2014; Koss et al.[2015), we fit the X-
ray spectra with the MYtorus model (Murphy & Yaqoob
2009) shown in Fig. For NGC6921 we combine
the Suzaku, XMM-Newton, and Swift/XRT data, with
an offset of 10% variability allowed for telescope cross-
normalization. We find I'=1.740.1, N = 1.440.1 x 10
ecm~2, and ;. = 89°T%, consistent with a Compton-
thick torus observed nearly edge-on (x?/d.o.f. = 67/79).
Using this model we find Loé’i/fgtkev = (0.3/4.4) x
10%2 erg s~! and L‘;gi/ggtkev = (3.6/5.5) x 10*% erg s7!
for NGC6921. For MCG +04-48-002, we limit our fit
to the simultaneous NuSTAR and Swift/XRT spectra
because of variability. Using the MYtorus model with
fixed I'=1.9, 6;,c = 85°, and 6;,, = 60°, we obtain a col-
umn density of Ny= 1.0"_"8:3 x 10%* ¢cm™2, in agreement
with our simpler model (x?/d.o.f. = 64/83). We find
Loyt = (0.2/3.7) x 10%2 erg s~ and LSV, =
(3.2/6.1) x 10*2 erg s=! with this model.

3.4. Intrinsic Luminosity and Eddington Ratio

One estimate of the intrinsic AGN luminosity comes
from [O111]. The [O111] luminosity is 1.1 x 103 ergs™1
for NGC6921 and 1.5 x 103 ergs™! for MCG +04-48-
002. Based on the relation from a study of 351 BAT
AGN (Berney et al. 2015), we expect Lig,) ~ 4.9 X
10* ergs™! for NGC 6921 and Lo ) ~ 4.0 x 10 ergs™*
for MCG +04-48-002 as inferred ’[Lrom the 2-10keV intrin-
sic luminosity derived from the X-ray spectra. This val-
ues are 25—45 times higher than observed, implying both
sources have weak [O 111] emission, though some extended
[O 111] is likely missed because the slit widths correspond
to ~150 pc and ~450 pc for NGC 6921 and MCG +04-48-
002, respectively.

Another estimate of intrinsic AGN luminosity is
L1z ym which is measured using the photometry from
the Wide-field Infrared Survey Explorer final catalog re-
lease at 6x10%2 erg s~! for NGC 6921, and 4x 10*3 ergs~!
for MCG +04-48-002. The expected unabsorbed 2-10 keV
luminosity, based upon the mid-IR/X-ray correlation
is then ~ 3 x 102ergs™ in NGC6921 and ~ 2 x
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(MYTZ, red), the scattered/reflected component (MYTS, green), and fluorescent emission-line spectrum (MYTL, dark blue). At softer energies
(<3 keV), there is a model component for scattered AGN emission on larger scales in the host galaxy (fscatt, orange).

10* ergs~! in MCG +04-48-002 (Gandhi et al.[2009; |As-
mus et al.[2015). The estimate of intrinsic AGN luminos-
ity of MCG +04-48-002 from L2 yym is then more than
a factor of 3 higher than our X-ray measurement, sug-
gesting we underestimated the intrinsic luminosity in the
X-rays and MCG +04-48-002 may be heavily Compton-
thick. We note, however, that some of the IR emission
may be from star formation from MCG +04-48-002 being
a luminous infrared galaxy (LIRG, |Armus et al.|2009).
We use a bolometric correction of 15 (Vasudevan &
Fabian|2009) to convert the unabsorbed 2-10keV lumi-
nosities to bolometric luminosities. This implies a bolo-
metric luminosity of ~ 7x 10*3 ergs~! for NGC 6921 and

6x10%3 ergs~! for MCG +04-48-002. Combined with the
measured SMBH mass we estimate the Eddington frac-
tion, Lpol/Lrdd, where Lggq is the Eddington luminos-
ity. The Eddington ratio is then ~0.001 for NGC 6921
and ~0.009 for MCG +04-48-002.

4. DISCUSSION

We have discovered heavy obscuration in the
dual AGN associated with the Swift/BAT source
SWIFT J2028.5+2543 using NuSTAR. NGC 6921 is ob-
scured by a Compton-thick column which is well con-
strained by the NuSTAR data, but only poorly con-
strained by the archival soft X-ray data. MCG +04-
48-002 is obscured by heavy to Compton-thick mate-

2006 2008 2010 2012 2014



rial along the line of sight (Ng ~ 1 x 10?4 cm™2), with
deeper observations required to better understand the
variability. Both sources are severely diminished in the
2-10 keV band (Logi/llgtkev < 0.1) while the majority
of the > 10 keV emission is detected, illustrating the
importance of NuSTAR and Swift/BAT. On average,
the two AGN are similarly luminous (within a factor of
~ 2). We note that in [Winter et al.| (2008]) an error was
likely made in identifying the two sources in the XMM-
Newton image, such that their names were switched.
This led Winter et al.|(2009) to claim that NGC 6921 was
highly variable between the XMM-Newton and Suzaku
observations. However, from our results it is clear that
MCG +04-48-002 is brighter in the observed 0.5-10 keV
emission than NGC 6921 in all X-ray observations and
NGC 6921 shows no significant evidence of variability be-
tween observations.

Despite being two bright nearby X-ray selected AGN,
these sources would be missed in large optical spectro-
scopic AGN catalogs (e.g., Kauffmann et al.||2003)). For
NGC 6921, high levels of dust extinction likely contribute
to the HB non-detection, and for the LIRG MCG +04-
48-002, the intense star formation may overwhelm the
AGN photoionization signature. This is typical of about
5% of BAT-selected AGN (Smith et al.|2014; [Schawinski
et al.[2015) and is more common to BAT-selected AGN in
ongoing mergers which tend to have lower [O 111]/X-ray
ratios (Koss et al.|2010).

The pair shows spectroscopic signatures typical of
merger-triggered dual AGN rather than a chance as-
sociation. =~ The small line of sight velocity offset
(~140 kms~1), is typical of dual AGN found using other
techniques (50-300 km s, |Comerford et al.[2013). AGN
bright enough to be detected by Swift/BAT are rare
(e.g., 0.02 per square degree on the sky, Baumgartner
et al.[[2013)). Since there are only three other nearby
(£200kms~!) BAT sources of MCG +04-48-002 in the
entire sky, the chance possibility of a random BAT AGN
at the same redshift within 91” is very small (< 1078).
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Since the system is near the Galactic plane (dga = —7°),
large foreground Galactic extinction (~1 mag) make op-
tical detection of merger features like tidal tails diffi-
cult. Mapping the distribution and line-of-sight velocity
of the atomic gas in the 21-cm line of neutral hydrogen
to search for gas-rich material thrown off in such encoun-
ters (e.g., Hibbard & van Gorkom|(1996]) would be helpful
to study the merger. However, no sufficiently high reso-
lution maps currently exist from all sky surveys for this
sky region.

The heavily obscured dual AGN in MCG +04-48-002
and NGC 6921 share several properties with the BAT-
detected Compton-thick dual AGN NGC 6240. Both
systems are Luminous Infrared Galaxies (LIRGs) which
are rare in the nearby universe (z <0.03) and in the BAT
sample (Koss et al[[2013). The intrinsic 2-10keV lumi-
nosities of the dual AGN are nearly equal, which is simi-
lar to NGC 6240 (Puccetti et al.|2016]), but not common
in typical BAT-detected dual AGN where the median
ratio is 11 (Koss et al.[[2012). NGC 6240 is also classi-
fied as a LINER, similar to NGC 6921, which is found
in only ~4% of the BAT sample (Koss et al., in prep).
NGC 6240, however, is at a 1.4kpc separation, whereas
this system has a larger 25.3kpc separation, suggesting
even the early merger phase (20-30 kpc) can contribute
to both AGN’s obscuration. Larger statistical studies to
understand merger-triggered obscuration with NuSTAR
are currently being performed in BAT AGN (Koss et al.,
in prep) and in LIRGs (Ricci et al., in prep).
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