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ABSTRACT

The X-ray spectra of some active galactic nuclei (AGN) show a soft X-ray excess, emission in excess to the extrapolated primary
X-ray continuum below 2 keV. Recent studies have shown that this soft excess can be described well as originating from either
a relativistic ionized reflection, the extreme blurring of the reprocessed emission from the innermost region of the accretion
disk, or Comptonization from an optically thick and warm region called the ‘warm corona’, in which electron scattering is the
dominant source of opacity. To constrain the origin of the soft excess in the Seyfert 1 galaxy Mrk 926, we carry out an multi-epoch
X-ray spectral study using observations from Suzaku (2009), XMM-Newton and NuSTAR (2016), and NuSTAR and Swift-XRT
(2021). The broadband X-ray spectra of Mrk 926 contains: a thermally Comptonized primary continuum, a variable soft excess,
and distant reflection. We find that in Mrk 926 as in so many sources, it is difficult to make a definite statement as to what is
causing the observed soft excess. A warm coronal-like component is slightly preferred by the data but a reflection origin is also
possible. Using archival radio data, we detect an optically-thin radio component in our broadband study of Mrk 926. While this
component is consistent with an optically-thin radio jet, future multi-wavelength observations including high spatial resolution

radio observations at multiple frequencies are required to probe the origin of the radio emission in more detail.
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1 INTRODUCTION

Active galactic nuclei (AGN) are powered by accretion onto the
supermassive black hole (SMBH) at the galactic center of their host
galaxies. They are highly energetic, and common X-ray sources in
the universe. X-ray emission from AGN, produced at the innermost
region, is a great probe to study the physical processes in the extreme
gravity regime. A subgroup of AGN, the Seyfert 1 galaxies, are
particularly useful, in an observational sense, due to the relatively
unobscured view of their central engine.

All Seyfert 1 X-ray spectra share key similarities. Their primary
X-ray emission can be approximated as a cut-off powerlaw, and is con-
sistent with being produced via thermal Comptonization of optical-
UV photons from the accretion disk. This thermal Comptonization
occurs in a compact region called the hot corona (Haardt & Maraschi
1991; Haardt et al. 1994). A part of this primary emission can be re-
processed by interacting with different regions of the accretion disk or
the dusty torus, generating a ‘reflection’ spectrum. Reflection from
distant matter generates a neutral Fe Ka fluorescent emission line
(George & Fabian 1991; Matt et al. 1991) at 6.4 keV. If the reflection
is from an area closer to the SMBH, Doppler shift and gravitational
redshift broadens the fluorescent line profile (Fabian et al. 1989) and
more complex line emission is produced as the material is ionized.
The reflection spectrum is also accompanied by the “Compton hump"
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feature around 20-30 keV due to Compton scattering of the primary
continuum from the disk or parsec (pc) scale torus (Ross et al. 1999).

In more than 50 % of Seyfert 1 galaxies, soft X-ray emission in
excess to that of the extrapolated hard X-ray continuum is observed
below 2keV and referred to as ‘soft excess’. Its origin is still not
completely understood, and is currently theorized to be either due
to warm Comptonization or relativistic reflection from the accretion
disk (Arnaud et al. 1985; Walter & Fink 1993; Piconcelli et al. 2005;
Winter et al. 2012; Done et al. 2012). The emitted X-rays can also be
obscured by the gas and dust present in the line-of-sight, imparting
absorption features. All these components make up a typical Seyfert
X-ray spectrum. We can study the AGN phenomenon by analyzing
this spectrum using physically motivated models.

A group of nearby Seyfert 1 galaxies that show little to no X-
ray absorption are the so-called “bare Seyferts". Their study is free
from the uncertainties introduced from the complex modeling of
the absorption providing a clear measurement of the central region.
Mrk 926, also known as MCG-2-58-22, is a local (z=0.047) X-ray
luminous “bare" AGN classified in the optical as a Seyfert 1.5 galaxy.
The lack of extended structures in the radio observations of Mrk 926
(VLBA, 8 GHz) with a high temperature sub-pc scale core supports
its “bare" classification (Mundell et al. 2000). We usually expect cold
and diffuse radio emissions from dusty obscurers. Also, Mrk 926’s 2—
10keV X-ray flux is known to vary on a timescale of months to years
(Choi et al. 2001, 2002). AGN variability can provide an additional
probe into the scale and structure of the innermost region. Thus, a
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clear view of a variable central engine makes Mrk 926 an interesting
X-ray source.

Mrk 926 has been observed previously with many X-ray observa-
tories such as ROSAT , ASCA , XMM , and BeppoSAX (Weaver et al.
1995; Choi et al. 2001; Bianchi et al. 2004, etc.). Those obser-
vations have revealed the presence of a variable soft excess
(Ghosh & Soundararajaperumal 1992), a variable Fe K line profile
(Weaver et al. 2001), and a Compton hump (Bianchi et al. 2004) atop
the primary continuum. This was also confirmed by the analysis of
a 140ks Suzaku observation (Rivers et al. 2011), which found a pri-
mary power-law continuum, a soft excess and placed tight constraints
on the strength and nature of the reflection features. The authors also
found no significant evidence for broadening of the Fe line expected
from the inner accretion disk reflection (Rivers et al. 2011). The same
Suzaku and the 2016 joint XMM -NuSTAR observations were studied
by Laha & Ghosh (2021), where the authors found the vanishing of
Compton-hump between 2009 and 2016 observations with similar
primary continuum. The authors proposed a scenario of a dynamic
torus structure as an explanation (Laha & Ghosh 2021).

A recent velocity-resolved reverberation mapping of Mrk 926 was
carried out by Kollatschny et al. (2022) with a detailed spectro-
scopic and photometric variability study of its very broad emission
lines (FWHM > 4000kms~!). They found a drastic decrease of
the optical continuum luminosity (50% in 2.5 months) suggesting
high variability. The inclination angle of the line emitting region
was found to be ~50°. The black hole mass was derived to be
1.1(£0.2) x 108Mg, indicating a low Eddington ratio (3-8%). In-
terestingly, they also found additional fast-response outer emission
components, the Balmer satellites, which originate in a different,
spatially distinct region such as a small-scale central radio jet.

There are still several open questions regarding Mrk 926’s X-ray
spectrum, mentioned in the following text. Using archival ROSAT and
ASCA data, Choi et al. (2001) found a broad iron line centered at ~
6.3keV. This is not unexpected from a bare nucleus as we have
a clear view of the innermost emission regions where the rela-
tivistic broadening of the iron line happens. However, other stud-
ies such as Rivers et al. (2011) (140 ks Suzaku broadband data) and
Bianchi et al. (2004) (simultaneous ~ 7ks XMM and BeppoSAX
broadband data) did not find a broadened line. Therefore, a pertinent
question is whether the broad iron line is a transient phenomenon in
Mrk 926 or is its strength variable and is sometimes overwhelmed
by the rest of the emission? If the iron line is variable, what is caus-
ing these changes? There is historical evidence of strong soft X-ray
variability in Mrk 926 (Ghosh & Soundararajaperumal 1992). The
origin of the soft excess, and the physical process responsible for this
variability is still unknown. In this study of Mrk 926, we make an
effort to answer these open questions.

In this paper, we report the results from a 2009 Suzaku observation,
a 2016 overlapping XMM and NuSTAR campaign, and a 2021 NuS-
TAR and Swift -XRT observation of Mrk 926. We analyze these multi-
epoch spectra and shed more light on the physical processes that
govern the central engine of this AGN. The next section tabulates the
new observations and describes the data reduction. We then perform
a detailed spectral analysis in Section 3. We subsequently discuss the
results and their relevance for our understanding of Mrk 926 and other
Seyfert-like AGN in Section 4. Finally, we summarize our findings
in Section 5.
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Table 1. The details of Mrk 926 X-ray observations used in this work.

Satellite ObsID Date Net Exposure Epoch
Suzaku 704032010  2009-12-02 139 ks 1
XMM-Newton 0790640101  2016-11-21 59 ks 2
60201042002 2016-11-21 106 ks 2
NuSTAR 60761009002 2021-07-04 17 ks 3
Swift-XRT 00089294001  2021-07-04 2 ks 3

2 OBSERVATIONS AND DATA REDUCTION
2.1 Overview

In this paper, we analyze the broadband X-ray spectra of Mrk 926
observed in three different epochs (Rivers et al. 2011; Laha & Ghosh
2021, this work). The first epoch is the 2009 Suzaku observation, the
second epoch is the joint 2016 XMM -NuSTAR observation, and the
third epoch is the 2021 NuSTAR (Harrison et al. 2013) observation
with a Swift -XRT pointing. The details of these epochs are provided
in table 1.

2.2 Suzaku

The observation was performed by the XIS 0/1/3 CCD cameras and
the Hard X-ray Detector (HXD) Positive Intrinsic Negative (PIN)
silicone diodes. Our data reduction method is similar to Rivers et al.
(2011), which also studied this observation. We generated the cleaned
event files with the Suzaku calibration database released on 2018 Oc-
tober 10. The source spectrum was selected from a circular region of
170 arcsec radius, while the background was from a circular source-
free region of 125 arcsec. The ARFs and RMFs were generated using
xisarfgen and xisrmfgen tasks, respectively. The HXD-PIN data
were reduced with aepipeline task. We utilized the "tuned" back-
ground event files to produce the non X-ray background spectra of
HXD-PIN, to which the simulated cosmic X-ray background spec-
trum was added.

2.3 XMM-Newton

The XMM-Newton Observation data files (ODF) were processed us-
ing the XMM-Newton Science Analysis System (XMM-SAS v20.0).
The MOS detector, operated in small window mode, is fully covered
by the source photons and the selection of a source-free background
region is not feasible. We thus focus our analysis on the EPIC-PN.
The EPIC-PN data were first screened and periods of high particle
backgrounds rejected. The spectra and light curves were created from
the cleaned event files using evselect. We select an annular source
region of 40 arcsec outer radius and 8 arcsec inner radius in order to
mitigate mild pile-up. We also select a circular background region of
60 arcsec. Responses were created with arfgen and rmfgen tools.
In arfgen, we apply the empirical correction of the EPIC effective
area with the parameter applyabsfluxcorr=yes. This correction
is essential to rectify the spectral shape mismatch seen with the si-
multaneous NuSTAR observation.

2.4 NuSTAR

The NuSTARdata from both detectors, FPMA and FPMB, were
reduced using the standard pipeline (NUPIPELINE) of the NuS-



TAR Data Analysis Software (NUSTARDAS v2.1.1). Calibration files
from NuSTAR CALDBv20210202 were used. We utilized the back-
ground filtering reports provided by the NuSTAR team to reduce the
effect of high particle background and produce cleaned event files.
We selected SAAMODE “optimized" and exclude the “tentacle" re-
gion minimizing the effect of the South Atlantic Anomaly (SAA) and
optimizing exposure time and background level. We then extracted
the spectra and light curves from a circular source region of 40 arcsec
and a circular background region of 100 arcsec close to the source.

2.5 Swift-XRT

The Swift -XRT spectra were obtained using the Swift-XRT data
products generator (Evans et al. 2009) supplied by the UK Swift
Science Data Centre at the University of Leicester.

3 SPECTRAL ANALYSIS

In section 2, we generated the multi-epoch X-ray spectra of Mrk 926
using Suzaku (2009), joint XMM -NuSTAR (2016) and joint NuS-
TAR -Swift (2021) observations. We bin them such that the detector
resolution is over-sampled by a factor of 3, ensuring the minimum
signal to noise ratio of 10, except for the Swift -XRT spectra which
were binned to a minimum of 20 counts per bin. We use the energy
range of 0.85-1.7 keV, 2.3-10.0 keV for XIS; 13.0-45.0 keV for PIN;
0.3-10.0 keV for PN; 3.0-75.0 keV for FPM; 0.3—10.0 keV for XRT.
The resulting spectra are plotted in the top subplot of Figure 1 with
further binning for clarity. We carry out the spectral analysis and
model fitting with XSPEC 12.11.1 (Arnaud & A. 1996) using the
chi-square minimization technique; all uncertainties are reported at
90% confidence.

In addition, our models always include: a cross correlation constant
that accounts for any cross-calibration flux offsets among the different
spectra in the same epoch; a galactic absorption component that
accounts for the ISM absorption from our galaxy using the ISM
absorption model TBabs (Wilms et al. 2000) with a column density
(Nyg =2.86x 1029 ¢cm~2) obtained from the Ng Tool (Kalberla et al.
2005) using the latest HI4PI data. The cross-calibration constant for
Suzaku -PIN is fixed at 1.16 which is the expected value for XIS-
nominal pointing.

A power-law spectrum is a rough description of an AGN primary
continuum in the X-ray band. Therefore to explore the additional
X-ray components, We initially fit a power-law to each epoch in the
energy range 3-5 keV, where the spectra are likely dominated by the
primary continuum. We then apply this model, without fitting, to the
full energy range and search for residual features (Figure 1, bottom).
The three epochs show variations in both low and hard end of the
X-ray spectrum.

We notice smoothly-rising positive residuals towards the soft en-
ergies (<2keV) indicative of a soft excess for Epoch 1 and 2. This
could also be present in Epoch 3 but simply not resolved by Swift-
XRT. We also observe a line-like feature at the neutral Fe-Ka energy.
At higher energies (>15keV), Epoch 2 shows a clear excess. These
features can be associated with an X-ray reflection spectrum, which
are the reprocessed hard X-ray photons from the hot corona after
being backscattered off the AGN accretion disk or a distant reflec-
tor. This reflection spectrum contains two main features: the 6.4 keV
Fe-Ka line along with a bump-like feature that usually peaks around
25keV. If this reflection occurs close to the black hole, these fea-
tures can be relativistically smeared. In some cases, this relativistic
reflection can explain the observed soft-excess (Garcia et al. 2019).
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Figure 1. Top: All counts spectra for Suzaku, XMM, NuSTAR and Swift-XRT
are shown; the spectra have been binned further for plotting. The number
in brackets denote their respective epoch. Bottom: The ratio residuals after
fitting the spectra with a power-law in the range of 3.0-5.0keV. The dashed
line indicates the neutral Fe-K @ energy.

Thus, we check if the reflection scenario can adequately explain the
broadband multi-epoch spectra of Mrk 926.

3.1 Dual reflection

AGNSs are observed to be intrinsically variable in short timescales of
a week or less. So in each epoch, we let the primary continuum to be
different. However, we assume a stable reflecting medium between
epochs as their variability timescale is generally much larger.

‘We model the primary continuum using the thermal Comptoniza-
tion model Nthcomp (Zycki et al. 1999). The powerlaw photon in-
dex (I') and its normalization is allowed to vary among different
epochs. The disk-blackbody seed photon temperature (kT ) is not
sensitive to the fit and is fixed at 0.05keV. The electron temper-
ature (kTe) is a free parameter linked among epochs. For reflec-
tion off this primary continuum, we use xillverCp (Garcia et al.
2013) for the distant reflection from the outer disk and torus, and
relxillCp (Garciaet al. 2014) for relativistic reflection. The re-
flection fraction for both are negative (reflection spectrum only) and
variable among epochs while the Power-law photon index (I"), nor-
malization and Electron temperature (kTe) are linked to the primary
continuum of the respective epoch. The inclination angle (incl)
of both reflectors is linked and only allowed to vary between the
range of 45°-55°. This inclination angle range was determined by
Kollatschny et al. (2022) using high-cadence spectroscopic variabil-
ity campaign of Mrk 926 in the optical band. The ionization param-
eter (Logxi) of the distant reflector is fixed at O while it is a free
parameter for the relativistic reflector. The iron abundance (Age) for
both reflectors are free but not allowed to vary among epochs. For the
relativistic reflection: the inner (Rjpn) and outer (Royt) radius of the
accretion disk are fixed at the innermost stable circular orbit (ISCO)
and 400 Ry (gravitational radii) respectively; the emissivity index up
to 15 gravitational radii is a variable parameter among epochs while
the emissivity index beyond that is a free parameter linked among

MNRAS 000, 1-7 (2022)
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epochs; the spin of the black hole (a) is fixed at the maximum value
of 0.998.

Due to the limited photon counts, we find some reflector pa-
rameters to be unconstrained for Epoch 3. Thus, we link all
relxillCp parameters except the reflection fraction from Epoch 3
to Epoch 1. The fit for this dual reflection scenario is satisfactory with
a chi-square of 1582 for 1143 degrees of freedom. We constrained
the electron temperature (kTe) to > 284 keV; the iron abundance of
the distant reflector to 5 Of(z)% times the solar value; the iron abun-
dance of the relativistic reflector to 1.6:+0.4 times the solar value; the
ionization parameter (Logxi) to 2.70+0.02. The detailed parameter
values of the fit are shown in Table 2. We note that the ratio residuals
plot of this fit (Figure 2, top) shows that it cannot explain the data
above 30 keV perfectly.

3.2 Warm corona

The soft-excess can also be modeled as a Comptonized emission from
a separate component, often thought to be a warm and optically thick
region called a warm corona (Petrucci et al. 2018). We investigate if
such a warm corona-like component instead of a relativistic reflection
can fit the multi-epoch spectra.

We retain the same model structure for the primary continuum
and its distant reflection, and replace the relativistic reflection with a
warm corona. We model the warm corona using the thermal Comp-
tonization model Nt hcomp (Zycki et al. 1999). The Power-law pho-
ton index (I), the electron temperature (kTe) and the normalization
for warm corona is allowed to vary among different epochs. The
disk-blackbody seed photon temperature (kT ) is fixed at 0.05 keV.
Similar to Section 3.1, we find the warm coronal parameters to be
unconstrained for Epoch 3. Thus, we link all except the normalization
parameter from Epoch 3 to Epoch 1. This model fits data well with
a chi-square of 1479 for 1139 degrees of freedom. We constrained
the electron temperature of the hot corona to 39+9keV; the iron
abundance of the non-relativistic reflector to > 8.4 times the solar
value. The detailed parameter values of the fit are shown in Table 3.
The ratio residuals plot of this fit (Figure 2, bottom) shows that this
model explains the data above 30keV better than the dual reflection
scenario. We note that this fit is slightly better with the inclusion
of additional narrow Gaussian lines in the XMM spectra, but for
simplicity these were omitted as the results are unaffected.

3.3 Mrk 926 at Lower Frequencies

Using the Karl G. Jansky Very Large Array (VLA) observations
at 4.8 GHz with arcsec resolution, Ulvestad & Wilson (1984) found
Mrk 926 to be a relatively powerful radio source for a type 1 Seyfert
with an unresolved core. Mundell et al. (2000) studied the high an-
gular resolution (~2 mas) radio continuum observations of Mrk 926
using the Very Long Baseline Array (VLBA) at 8.4 GHz. They found
the core to be unresolved with brightness temperature in excess of
108 K and size less than 1 pc. They found the radio core to be consis-
tent with a non-thermal synchrotron self-absorption region without a
Doppler boost. Mrk 926 was also monitored at 22 GHz with 1 arcsec
resolution by the VLA (Smith et al. 2020). Using these past radio ob-
servations at arcsec or sub-arcsec resolution and additional archival
flux measurements at other bands from Far-IR up to X-rays, we study
the nature of the self-absorbed synchrotron core.

We use the online Spectral SED builder tool! to generate an spec-

! The SED builder is an online tool dedicated to multi-frequency data
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Figure 2. The top panel shows the ratio residuals for the dual reflection model
fit in Section 3.1; the bottom panel shows the ratio residuals for the warm
corona model fit in Section 3.2. The colors represent the same spectra as
Figure 1.
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Figure 3. The SED generated by the online SED builder tool! for Mrk 926
using archival flux measurements. The blue line is a power-law fit to the
arcsec or higher resolution radio data.

tral energy distribution (SED) using archival flux measurements of
Mrk 926. The SED is shown in Figure 3. We find the radio SED to be
consistent with a power-law with a steep spectral slope (F,, o v~0-5%)
which is indicative of an optically-thin component (Eckart et al.
1986).

In the optical reverberation mapping of Mrk 926 (Kollatschny et al.
2022), a Balmer satellite component, consistent with the pres-
ence of a compact jet, was found. A compact jet is continually-
accelerated along the jet, where we detect single synchrotron spectra
from different distances along the jet resulting in a flat to slightly
inverted radio spectrum at GHz frequencies (Blandford & Konigl
1979; Panessa et al. 2019). The flat/inverted radio spectrum will
break at some higher frequency v, either at the particle acceler-
ation region in a shocked zone or the base of the jet, into a steep
spectrum (Blandford & Konigl 1979; Koljonen et al. 2015).

There could be an underlying compact jet in Mrk 926 with the

visualization, together with fitting routines useful for extracting refined
scientific products. Provided by the Space Science Data Center (SSDC):
http://www.ssdc.asi.it
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Table 2. Spectral parameters for the dual reflection model (Section 3.1) containing the primary continuum, distant reflection and relativistic reflection fitted to
the multi-epoch data. L1 denotes that the parameter is linked to the respective Epoch 1 parameter whereas f means the parameter is fixed at the given value.

Model Parameter description  Symbol (Units) Epoch 1 Epoch 2 Epoch 3
Primary Photon Index r 1.83+0.06  1.88+0.05  1.73+0.04
Continuum Electron Temperature kTe (keV) >284 L1 L1
(nthcomp) Normalization norm (10~%) 14.1+£0.2 12.2+0.2 4.8+0.3
Distz Iron Abundance Afe (solar) 5.0’:%-% L1 L1
mdr.lt Ionization parameter logxi (ergsem=2s7T) 0/ L1 L1
Reflection —— - 5
(xillverCp) Inc?matlon . incl (°) _ 53+2 L1 L1
Reflection fraction refl_frac(-10™) 3.0+0.4 5.5+0.6 7.4+3.5
Inner emissivity index Index1 4.5+0.3 >9.8 L1
Outer emissivity index Index2 >4.0 L1 L1
Inner-outer break Rbr (gravitational radii) 157 L1 L1
Relativistic Spin of the black hole a 0.9987 L1 L1
Reflection Inner radius Rin (ISCO) 17 L1 L1
(relxillCp) Outer radius Rout (gravitational radii) 4007 L1 L1
Tonization parameter logxi (ergcm=2s7T) 2.70+0.02 L1 L1
Iron Abundance Afe (solar) 1.6+0.4 L1 L1
Reflection fraction refl_frac (-1079) 6.1+£0.5 8.4+0.3 >6.4

Table 3. Spectral parameters for the warm corona model (Section 3.2) the primary continuum, distant reflection and a warm corona fitted to the multi-epoch

data. L1 denotes that the parameter is linked to the respective Epoch 1 parameter whereas f means the parameter is fixed at the given value.

Model Parameter description  Symbol (Units) Epoch 1 Epoch 2 Epoch 3
Primary Photon Index r 1.69+0.01  1.77+0.01  1.70+0.02
Continuum Electron Temperature kTe (keV) 39+9 L1 L1
(nthcomp) Normalization norm (1077) 12.7+0.5 13.1+0.1 4.8+0.2
Distant Iron Abundance Afe (solar) >8.4 L1 L1
. Tonization parameter logxi (ergscm™2s™ 1) 0 L1 L1
Reflection —— -
(xillverCp) Inclination incl (°) <55 L1 L1
P Reflection fraction refl_frac (-1075) 2.6+0.4 2.3+0.4 4.6+2.2
Warm Corona Photon Index r 2.84+0.1 2.63+0.1 L1
(nthcomp) Electron Temperature kTe (keV) >0.85 0.23+0.02 L1
p Normalization norm (10~%) 4.3+0.6 1.5+0.2 <0.16
break frequency present at MHz or higher frequencies. This jet o)

. . . . R I 9 { HEAO-1 + ROSAT Suzaku
structure, if present, could be identified at higher spatial resolu- 4 Einstein | ASCA | SWwift-XRT
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ing campaign of Mrk 926 including higher spatial resolution radio o
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and resolve this structure. a * H
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4.1 Comparison with results from previous X-ray studies

Historically, Mrk 926 has been observed to show flux variations on
longer timescales (months and years). Using data from various X-
ray satellites covering more than 20 years (1977-1999), Choi et al.
(2002) reported the X-ray continuum flux variations in Mrk 926. We
update their observed 2-10 keV X-ray flux variations plot (see Figure
4). We find that Mrk 926 still shows significant continuum variability.

Additionally, Mrk 926 also shows variations in its iron line profile

1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
Date

Figure 4. Historic 2-10keV flux variation plot adapted from Choi et al.
(2002) and updated with recent values.

(Weaver et al. 2001; Bianchi et al. 2004). Choi et al. (2001), using
ROSAT and ASCA archival data, found the line profile dominated by
a broad component. Bianchi et al. (2004), using a ~7 ks XMM and a
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simultaneous BeppoSAX observation, found the presence of a Fe Kar
and a Fe XX VI line. Meanwhile Rivers et al. (2011), using Suzaku
observation, found the need for Fe Ko, KB, and an Fe K shell ab-
sorption edge to explain the observed line profile, and concluded that
a broad component, if present, must be weak.

The 2009 Suzaku observation (Epoch 1) were described by
Rivers et al. (2011) using a torus model and an additional power-
law component for soft excess. The torus was found to have subsolar
iron abundance with a column density, Log (Ny) of 24.55+0.15 while
the inclination angle and the covering factor was fixed to 30° and 0.5
respectively. The same observation was used by Noda et al. (2013) to
study the nature of soft excess in Mrk 926 using intensity-correlated
spectral analysis. They found that the thermal Comptonization inter-
pretation can explain the broadband Suzaku data including the soft
excess, while the relativistic reflection interpretation was failed to
explain it. This is in agreement with our results in Section 3.1 and
3.2.

The 2009 Suzaku and 2016 XMM -NuSTAR observations (Epoch
1 and 2) were studied by Laha & Ghosh (2021). They modeled the
soft excess with just the relativistic reflection and found that between
two epochs: the primary continuum is constant both in photon index
and luminosity; the soft excess flux decreases by a factor of 2; the
Compton hump vanishes; the narrow Fe-ka line becomes marginally
broad and its flux doubles. They argue since the primary contin-
uum does not change but the Compton hump vanishes between two
epochs, the reprocessing medium must be changing. They speculate
that this could be explained by a dynamic torus where the equa-
torial toroidal disk produces the narrow Fe-ka emission while the
outflowing component generates the variable Compton hump.

To explore this hypothesis, we replace xi11lverCp with a torus
reprocessor model borus12 (Balokovi¢ et al. 2018) in our multi-
epoch analysis. Assuming either a stable or a variable torus structure
between epochs, we find minimal changes to the fit and still see a
small > 30keV excess in the dual reflection scenario. For the warm
corona scenario, we can get a fit similar to our best fit with a sta-
ble torus reprocessor. Additionally, recent simulations show that the
outflowing component of the torus can change the equivalent width
of some X-ray fluorescent lines but does not significantly influence
the X-ray spectra (McKaig et al. 2022). Thus, we deem the scenario
presented in Laha & Ghosh (2021) to be unlikely considering the
warm corona/dual reflection model with a distant reflector, either
torus or an accretion disk can describe the multi-epoch broadband
X-ray spectra of Mrk 926 without requiring significant changes to the
reprocessor between epochs.

4.2 Soft excess Origin

Recent studies debate two possible origins of AGN soft excess: the
relativistic ionized reflection of the continuum from the inner accre-
tion disk, and the Comptonization of the accretion disk photons in an
optically thick, warm corona (e.g. Petrucci et al. 2013; Garcia et al.
2019).

There are many AGN for which the relativistic reflection origin
of soft excess works well (e.g. Mallick et al. 2018; Jiang et al. 2019;
Middei et al. 2020). In this scenario, the extreme gravitational blur-
ring blends the rich forest of fluorescent emission lines produced
by the reprocessing of X-ray photons in the innermost regions of
accretion disk creating a smooth soft excess. However, this scenario
requires extreme parameters, such as maximum black hole spin, a
very low and compact hot corona, and a very high density for the
inner accretion disk (Garcfia et al. 2019). From Section 3, we find that
the relativistic reflection struggles to describe the broadband X-ray
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spectra of Mrk 926 well above 30 keV. This could either mean that the
soft excess in Mrk 926 is not due to the relativistic reflection alone
or that our simplistic reflection modeling still has shortcomings.

Testing the warm coronal origin of soft excess in a sample of
22 unabsorbed radio-quiet AGN with combined 100 observations,
Petrucci et al. (2018) found it to be a good description to more than
90% of the sample with the warm coronal temperature in the range
~ 0.1 — 1keV, and the optical depth in ~ 10 — 40 range. However, at
these temperatures and optical depth, the atomic opacities is likely to
dominate over the Thomson opacities and create strong absorption
features instead of a smooth soft excess (Garcia et al. 2019). This
would also lead to rapid cooling of the warm corona, requiring a
well-tuned heating process that constantly offsets this (Ballantyne
2020; Ballantyne & Xiang 2020). Petrucci et al. (2020) studied the
radiative equilibrium and emission of a warm corona in the presence
of an internal heating source and found that if this corona is covering
a large part of a weakly dissipative accretion disk, it can generate
emission matching the observed soft-excess. One such source of
internal heating could be the presence of magnetized accretion flow.

From Section 3, we find that the warm corona model can model
the broadband X-ray spectra of Mrk 926 in all three epochs well at all
energies. Thus, it is certainly a possibility for the soft excess origin
in this source. To make a strong statement about the nature of the
soft excess in this source, high quality data covering the 50-100 keV
range would be needed. Finally, we note that since we are unable to
constrain the nature of radio emitter at high frequencies, we cannot
fully exclude any flux contribution at soft X-rays.

5 SUMMARY

We present results of a broadband X-ray study of Mrk 926 using the
2009 Suzaku (Epoch 1), 2016 XMM -NuSTAR (Epoch 2), and 2021
NuSTAR -Swift -XRT (Epoch 3) observations. Our findings can be
summarized as follows:

(i) Mrk926 is a variable AGN. The unabsorbed 2-10keV
luminosity of Mrk 926 is 2.9+0.1 x 10** ergs™! (Epoch 1 and 2)
and 1.120.1 x 10% ergs~! (Epoch 3).

(i) We found the broadband spectra of Mrk 926 show a primary
continuum, a soft excess and distant reflection. If the soft excess is
modeled using relativistic reflection, we find some residuals above
30keV. We find no such residuals if we describe soft excess as
a thermally Comptonized emission from a optically-thick warm
corona.

(iii) An optical Balmer satellite component was found in previous
study of Mrk 926 which suggests the presence of a compact jet.
The signature of a compact jet in radio band is the presence of
a flat/inverted spectrum that breaks at some higher frequency to a
steep spectrum. We found a steep radio spectrum in the archival SED
of Mrk 926. Thus, the archival radio data cannot confirm the presence
of a compact jet.

Future multi-wavelength observing campaign including a high
spatial resolution radio observation is highly desired to study the
origin of this radio emitter in the ‘bare’ Seyfert Mrk 926.
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