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ABSTRACT

MCG-5-23-161s a Seyfert 1.9 galaxy at redshift z = 0.008 49. We analyse here the X-ray spectra obtained with X-ray Multi-Mirror
(XMM)-Newton and Nuclear Spectroscopic Telescope Array (NuSTAR) data, which are the first contemporaneous observations
with these two X-ray telescopes. Two reflection features, producing a narrow core and a broad component of the Fe K, are
clearly detected in the data. The analysis of the broad iron line shows evidence of a truncated disc with inner radius R;, = 4077;
R, and an inclination of 41f?0°. The high quality of the NuSTAR observations allows us to measure a high-energy cut-off at
Eq =13 1’:&0 keV. We also analyse the reflection grating spectrometer spectrum, finding that the soft X-ray emission is produced
by two photoionized plasma emission regions, with different ionization parameters and similar column densities. Remarkably,
the source only shows moderate continuum flux variability, keeping the spectral shape roughly constant in a time-scale of ~20 yr.

Key words: galaxies: active — galaxies: individual: MCG-5-23-16 — X-rays: galaxies.

1 INTRODUCTION

The X-ray emission of active galactic nuclei (AGNs) is thought to
be produced by Comptonization of ultraviolet (UV) seed photons
coming from an accretion disc around a supermassive black hole
(SMBH), by a hot corona, located in the innermost region around the
SMBH (e.g. Haardt & Maraschi 1991, 1993). The X-ray spectrum of
an AGN typically assumes the shape of a power law, characterized
by a photon index I', up to a characteristic cut-off energy E,;, where
the power law breaks. Both I and E., are related to the physical
properties of the corona, such as the electron temperature k7, and the
optical depth 7. (e.g. Shapiro, Lightman & Eardley 1976; Sunyaev &
Titarchuk 1980; Lightman & Zdziarski 1987; Petrucci et al. 2001;
Middei et al. 2019). However, these relations are strongly dependent
on the geometry of the corona, which is still largely unknown.

* E-mail: roberto.serafinelli @inaf.it

Several measurements of the cut-off energy and/or the coronal
temperature have been obtained with high-energy instruments such
as Beppo-SAX (e.g. Dadina 2007), INTEGRAL (De Rosa et al.
2012), and Swift-BAT (e.g. Ricci et al. 2017), but the launch of
Nuclear Spectroscopic Telescope Array (NuSTAR) in 2013, with
its unprecedented sensitivity in the £ > 10 keV energy band has
revolutionized the field, providing high-precision cut-off energy
measurements for dozens of AGNs (e.g. Fabian et al. 2015, 2017).
The availability of high-quality measurements of the cut-off energy
or coronal temperature, even for absorbed sources (e.g. Balokovié¢
et al. 2020; Middei et al. 2021; Serafinelli et al. 2023), allowed several
authors to study the relation between the cut-off energy and physical
parameters of the AGNs, finding that it is not dependent on the black
hole mass Mgy or the accretion rate L/Lgqq (e.g. Tortosa et al. 2018;
Kamraj et al. 2022, Serafinelli et al., in preparation).

However, the values of k7. and 7. are degenerate with the cut-
off energy and photon index, as spectroscopy alone is not able to
distinguish between different geometries (e.g. Middei et al. 2019;
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XMM and NuSTAR spectroscopy of MCG-5-23-16

Ursini et al. 2022), such as slab-like (e.g. Haardt & Maraschi 1991),
spherical (e.g. Frontera et al. 2003), and lamp-post (e.g. Miniutti &
Fabian 2004). Recently, the first coronal X-ray polarization measure-
ment has been obtained with the Imaging X-ray Polarization Explorer
(IXPE) in the Seyfert galaxy NGC 4151 (Gianolli et al. 2023). The
favoured geometry for the hot corona is a slab or a wedge distributed
over the accretion disc (see Poutanen, Veledina & Zdziarski 2018,
for a description of the latter).

MCG-5-23-161is a Seyfert 1.9 galaxy (Véron et al. 1980) at redshift
z = 0.00849. Due to its high X-ray flux (Fy jokev =~ 8 X 10~
ergem™2 s71), the object was observed several times by many X-ray
facilities in the last few decades.

The X-ray spectrum of this AGN is characterized by moderate
neutral absorption (N >~ 1.3 x 10?2 cm™2) and by the presence of a
soft excess and complex Fe Ko emission. Evidence of a broad Fe Ko
line on this source was found with Advanced Satellite for Cosmology
and Astrophysics (ASCA, Weaver et al. 1997) and later confirmed
by X-ray Multi-Mirror (XMM)—Newton observations (Dewangan,
Griffiths & Schurch 2003; Balestra, Bianchi & Matt 2004), pointing
to the presence of two reflectors, one responsible for a narrow core
at 6.4 keV and one responsible for the broad wing, likely originated
very close to the black hole.

The broad line was explored with Suzaku (Reeves et al. 2007),
and it was found that it is originated from a disc with inner radius
of ~40R,, where R, = GM/c? is the gravitational radius, from the
central black hole, and inclination of ~50°. Braito et al. (2007)
analysed a long simultaneous XMM-Newton (131 ks) and Chandra
(50 ks) observation, which was able to confirm these results on the
broad Fe Ko line. Additionally, these data unveiled the presence of
an absorption feature at 7.7 keV, hinting at the possible presence
of ionized iron outflowing at ~0.1c, i.e. an ultrafast outflow (UFO;
e.g. Pounds et al. 2003; Tombesi et al. 2010; Serafinelli et al. 2019;
Matzeu et al. 2023). Moreover, the reflection grating spectrometer
(RGS) data allowed the detection of emission lines from ionized gas,
pointing to a narrow-line region origin of the soft excess.

The source was also observed by NuSTAR, which allowed the first
accurate measurement of the cut-off energy (£ ~ 120 keV; Balokovi¢
et al. 2015), and also hinting at its possible variability (Zoghbi et al.
2017). At the same time, NuSTAR confirmed the line parameters,
such as the disc inner radius and inclination.

Finally, MCG-5-23-16 was targeted by two pointings in 2022 with
IXPE of 486 ks (Marinucci et al. 2022) and 642 ks (Tagliacozzo et al.
2023), respectively. The combined observations yielded an upper
limit ITj,.x = 3.2 on the polarization degree, in the 2-8 keV energy
band.

Here, we present the analysis of the XMM-Newton and NuSTAR
observations, the latter being taken together with the two IXPE
pointings. In Section 2, we report on the data and the data reduction
techniques that we adopted. We describe the spectral analysis, first
performed in the 3-79 keV band and then expanded to the broad
band (E = 0.3-79 keV) in Section 3. We summarize the results in
Section 5. Throughout the paper, we adopt a standard flat Lambda
cold dark matter cosmology with Hy =70 km s~! Mpc~!, @, = 0.3,
and 2, = 0.7.

2 DATA REDUCTION

The data analysed here consists of contemporaneous XMM—Newton
(OBSID 0890670101, 92 ks elapsed exposure time, 56 ks net) and
NuSTAR observation (OBSID 60701014002, 83 ks), complementary
to the IXPE observations analysed in Marinucci et al. (2022), taken
in 2022 May (Epoch 1). Additionally, the data set includes a further
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Table 1. The data used in this paper. One of the NuSTAR observations
is contemporaneous with XMM-Newton at Epoch 1. The XMM-Newton
exposure is only the one from EPIC-pn, while the NuSTAR exposure must be
read as per FPM detector.

Epoch Instrument OBSID Date Exposure (s)
1 XMM-Newton 0890670101 2022-05-21 92700
1 NuSTAR 60701014002 2022-05-21 83676
2 NuSTAR 90801630002  2022-11-11 85743

NuSTAR pointing (OBSID 90801630002, 85 ks), contemporaneous
with the IXPE observation reported in Tagliacozzo et al. (2023), taken
in 2022 November (Epoch 2). The data are summarized in Table 1.

We extract the event list from the EPIC-pn camera using the
standard System Analysis Software (SAS) version 20.0.0 tool EPPROC,
and we remove the flaring events (e.g. De Luca & Molendi 2004)
adopting an appropriate filtering to veto all those times where the
observation is affected by flaring. We also extract the MOS spectra
using the tool EMPROC, but they are severely affected by pile-up
(e.g. Ballet 1999) and therefore they are not analysed here. The
EPIC-pn spectrum is extracted by selecting a 40 arcsec radius region
on the source, while the background is extracted on a source-free
region of the same size. The response matrix and ancillary files are
extracted with the standard tools RMFGEN and ARFGEN, respectively.
We corrected the effective area with APPLYABSFLUXCORR, for a better
agreement with NuSTAR data. The spectrum is grouped at a minimum
of 100 counts per energy bin. We consider the energy range E = 0.5—
10 keV for the EPIC-pn spectrum. We also reduce the RGS1 and
RGS2 spectra using the RGSPROC task in SAS, with response matrices
produced with RGSRMFGEN. We combine the two RGS spectra using
RGSCOMBINE and we consider the energy band £ = 0.5-2 keV, i.e.
A=6-25A.

The NuSTAR data are reduced by using the HEASOFT v6.30 task
NUPIPELINE, from the NUSTARDAS software package. We used CALDB
calibration files updated as of 2022 August 29. For each observation,
we extract spectra from the two Focal Plane Modules A and B (FPMA
and FPMB) by selecting a region with 60 arcsec radius around the
source, and two source-free regions with 40 arcsec radius for the
background. Both the detectors FPMA and FPMB are grouped at a
minimum of 100 counts per energy bin, for each observation. We
consider the energy band E = 3-79 keV for these data sets.

3 SPECTRAL ANALYSIS

We use the software XSPEC v12.12.0 (Arnaud 1996) to perform all
spectral fits in this paper. The errors are reported at 90 percent
confidence level, corresponding to Ax? = 2.71. All models include
a cross-calibration constant between the FPM modules and EPIC-pn,
andin all our models is well fitted by the value Cepyma/pn = 1.39 £0.01
and Crpmp/pn = 1.42 £ 0.01. We assumed that these constants do
not change between the two NuSTAR observations, while we let
the normalizations free to take into account flux differences. For
each epoch, the two FPM modules are fitted separately, but keeping
each parameter of the fit tied together with the exception of the
calibration constant. Following recent works (e.g. Gianolli et al.
2023; Ingram et al. 2023), we shift models that include lines with
fixed centroid energies using the XSPEC model VASHIFT, to counter
the possible presence of calibration issues. We leave the velocity free
in the EPIC-pn data, and in the two FPMA spectra, with the shift
velocities in the two FPMB observations tied to the simultaneous
FPMA. In all models, we find a shift of venis xar = 2200 £ 300 km
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s7! and Ushifevustar,1 = 4300 £ 900 km s™! and Ushift, NuSTAR2 =
5500 & 1000 km s~! for EPIC-pn and the FPM modules in Epochs 1
and 2, respectively. Initially, we assume that the spectral shape does
not change between Epochs 1 and 2, therefore we keep I' and Ey
tied. The possible variability of these two parameters is discussed in
Section 4.1.

3.1 Hard band spectral analysis

As a first step, we only consider the spectral region between 3 and
10 keV for EPIC-pn and both observations of the FPMA and FPMB
modules. In order to characterize the shape of the X-ray continuum
we also exclude the 5-7.5 keV region where the iron line is pre-
dominant. In all models, we fit the continuum with a simple cut-off
power law, absorbed by both Galactic (Nyga = 8 x 10%° cm™2,
HI4PI Collaboration 2016) and systemic absorption, using TBABS
and ZTBABS, respectively. We find a photon index I' = 1.86 & 0.01
and an absorption column density Ny = (1.6 & 0.1) x 10*2 cm™2,
with an acceptable goodness of fit, x2/dof = 604/540, where dof is
the degree of freedom. However, when extrapolated to the energy
bands £ < 3 and E > 10 keV, significant residuals arise, due to
the presence of a soft X-ray emission and a reflection component,
respectively (see upper panel in Fig. 1). Moreover, the residuals in the
5-9 keV energy band show a complex emission including narrow Fe
Ko and KB emission lines, and the presence of a broad component
of the Fe Ko emission line (see lower panel of Fig. 1). At first, we
decide to only fit the 3—79 keV energy band of the spectrum, ignoring
the EPIC-pn spectrum below 3 keV. This choice allows us to find
disc parameters with simpler models, not affected by the presence of
soft X-ray emission, which then will be used as a starting point for
the broad-band fits.

Our first attempt at fitting the 3—79 keV energy band is made by
considering a cut-off power law at redshift z = 0.008 49 (ZCUTOFFPL),
and two Fe emission lines. The first emission line represents the
typical Fe K« fluorescent line. We find the centroid energy of the Ko
line at E = 6.3670:0 keV, which is clear evidence of the presence of
the calibration issue mentioned in the previous section, as the rest-
frame Fe Ko line is typically found at 6.4 keV. The intrinsic width of
the narrow Ko line was resolved in the Chandra HETG observation
(Braito et al. 2007) to be about 30 eV, which is therefore adopted as a
fixed value for our model. We also include a narrow Fe KB emission
line, with fixed centroid energy Exg = 7.06 keV and intrinsic width
30 eV. The normalization of the KB emission line is assumed to be
13 per cent of that of the K line (e.g. Palmeri et al. 2003). The fit
statistics is x2/dof = 3185/2152.

As highlighted by previous observations (e.g. Weaver et al. 1997,
Braito et al. 2007; Reeves et al. 2007; Balokovic et al. 2015; Zoghbi
et al. 2017), this source typically shows a well-defined broad iron
line in addition to the narrow ones, therefore we add a second Fe Ko
emission line, this time keeping the width free. We find a line centred
at E = 6.197)% keV with a width of o = 27075 eV. The statistic
improves to x2/dof = 2919/2149. We note that the blue wing of the
broad Fe K line is degenerate with the possible presence of ionized
Fe xxv and Fe XXVI because of the insufficient spectral resolution.

Finally, we also add areflection component, modelled with PEXRAV
(Magdziarz & Zdziarski 1995), as pure reflection, i.e. we fix R = —1,
with its normalization allowed to vary independently from the same-
epoch power law. We note that all reflection models in this paper are
assumed as pure reflection components. Moreover, the continuum
parameters of the reflectors (I' and E.,) are tied to the ones of
the primary continuum. We leave the normalization of PEXRAV in

MNRAS 526, 3540-3547 (2023)
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Figure 1. Upper: Broad-band (0.3-79 keV) residuals when the main con-
tinuum is fitted in the 3-5 and 7.5-10 spectral regions. The black spectrum
represents the EPIC-pn data, FPMA and FPMB data are shown in the same
colour, blue for Epoch 1 and green for Epoch 2. Lower: Zoom on the 5—
10 keV spectral region, with XMM-Newton (EPIC-pn, black) as a ratio to
an absorbed power law with a photon index I' = 1.86 and a column density
Nu = 1.6 x 1022 cm™2,

Epochs 1 and 2 to vary independently. We assume solar abundances,
including iron, and assume the default value cos: = 0.45 for the
inclination. The final statistic for this model, which we denote as
Model A, is x2/dof = 2343/2147 = 1.09 (see Table 2).

The iron K emission line complex is best fitted by a narrow and
a broad component with width ok, = 270 £ 70 eV. The latter is
most likely produced by reprocessed radiation on the accretion disc,
therefore we replace the broad Gaussian line with the accretion disc
line emission RELLINE (Dauser et al. 2010). Given that the iron line
is not extremely broad like other Seyfert galaxies such as MCG-6-
30-15 (e.g. Marinucci et al. 2014), we initially adopt a disc radial
emissivity index 8 = —3 up to R = 1000 R,, an inclination of 45°
(Reeves et al. 2007) and a non-spinning black hole a = 0. We also
tie the centroid energy to the one of the narrow Fe K« emission
line. The result of this fit shows evidence of a truncated disc with
inner radius R;, > 36 R,, which is consistent with previous results on
this source (e.g. Reeves et al. 2007). The statistic for this model is
x2/dof = 2368/2148. If we assume a maximally spinning black hole
(a =0.998), the result is unchanged. Indeed, as the disc is truncated,
we are not able to infer the Innermost Stable Circular Orbit (ISCO)
from the emission line profile and, in turn, the fit does not allow us to
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Table 2. Table of the various models used for the hard X-ray spectrum (E =
3-79 keV). x Frozen parameters.

Parameter Model A Model B
Absorption

Ny (1022 cm™2) 1.5+0.1 17402
Continuum

r 1.88 + 0.02 1.93 +£0.04
E. (keV) 135718 180739
Normp ops1 (1072 cm=2 57! keV—1) 2740.1 28402
Normpr ops2 (1072 cm™2 571 keV™1) 2840.1 3.0+£02
Slab reflection (PEXRAV)

Abundance 1* -

Fe abundance 1* -
Cost 0.45* -
Normpgx,obs1 (102 em2s !t keV)h 2.21'8:; -
Normpgx obs2 (1072 cm™2 s~! keV~!) 23403 -
Narrow emission lines

Exan (keV) 6.3670:2 -
EWken (V) 49 -

o 0* -
Normgen (107° em=2 57! keV~") 4.6757 -
Exgn (keV) 7.06* -
EWkgn (eV) 10£2 -
Broad iron line

Exayp (keV) 6.19100 -
OKa (keV) 0.271005 -
EWkq b (V) 5611, -
NOrmgy b (105 em2s T keVh 5+1 -
Distant reflection (XILLVER)

Fe abundance — 0.9f8f
Inclination (°) - 45°%
log& (ergcms™!) - 0*
Normxir obs1 (107*em™2 s keVh - 2.6f8:g
Normxir, obs2 107* ecm2s ' keV ™! - 3.0f8:i
Relativistic disc reflection (RELXILL)

Rin (Ry) - 56735

a - 0*
Logé& - 2.7+0.1
Inclination (°) - 45*
NormggL obs1 (107> cm™2 s™! keV™!) - 742
Normgerobs2 (1075 em=2 s~ ! keV—1) - 3+
Velocity shift (VASHIFT)

vshire (km s™1) XMM-Newton - 2200 = 300
Vshite (km s~1) NuSTAR (Epoch 1) - 4300 + 900
Vghire (km s~') NuSTAR (Epoch 2) - 5500 + 1000
CEPMA/pn 1.39 +0.01 1.39 + 0.01
CFPMB/pn 1.42 £ 0.01 1.42 £ 0.01
x2/dof 2343/2147 2314/2149

measure the black hole spin. Therefore, we will assume a = 0 in all
models in this paper. We also test a different disc radial emissivity
profile, assuming a broken power-law model with g fixed to —3 in
the outer regions (R > 30 R,), while it is left free to vary between
Ri, = 6 R, and 30 R,. This fit provides 8 < 0 in the inner regions
(R < 30 R,), which is still consistent with a truncated disc scenario,
indicating a poor contribution of the disc to the line emission for R
< 30 R,. We will therefore assume an emissivity index of —3 over
the whole accretion disc from here on, as it is a typical value for
accretion discs above ~30 R, (Wilkins & Fabian 2012).

However, iron lines likely arise from reflection processes. The
presence of both a narrow and a broad iron emission line strongly
suggest the presence of two reflection components, a distant one
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Figure 2. Top: the 3-79 keV spectrum analysed here. The black spectrum
is the EPIC-pn from XMM-Newton, while blue and green spectra are the
NuSTAR observations of Epochs 1 and 2, respectively. The two FPM spectra
of each observation have been plotted with the same colour and rebinned
for visual purposes only. Bottom: data-to-model ratio of EPIC-pn and FPM
spectra in the 3-79 keV band, when modelled with Model B.

describing the narrow core and a second one representing the
reflection on material much closer to the black hole, i.e. the accretion
disc. Therefore, we replace the Gaussian and the relativistic lines and
the PEXRAV reflection model with two reflection continua that also
take into account emission lines. For the distant reflector (including
the narrow Fe Ko line) we use the ionized slab reflector model
XILLVER (Garcia & Kallman 2010; Garcia et al. 2013), that takes
into account the most recent atomic data for the iron K fluorescent
lines. We fix the value of the inclination to 45°, and we fit the iron
abundance, the ionization and the normalization of the slab reflector.
We find an upper limit for the ionization parameter log &£/(erg cms™!)
< 1.3, which is in agreement with a narrow Fe K fluorescent complex
emitted from a distant reflector, for which a poorly ionized medium
is expected. The iron abundance is best fitted by Ag, = 0.9752.
Finally, we interpret the broad iron line as the product of a
reflection component from the inner accretion disc, and we model this
emission with the relativistic reflection model RELXILL (Dauser et al.
2014; Garcia et al. 2014). This model is able to estimate the inner
radius of the accretion disc Rj,, the radial emissivity index, and the
spin of the black hole a, in addition to every parameter also measured
by XILLVER. However, since these three parameters are degenerate,
we assume an emissivity index of —3, as discussed above. We assume
anon-spinning black hole with frozen spin a = 0. The inner radius of
the accretion disc is found to be Ri, = 56175 R,. We stress that also
with this model, choosing different values of the black hole spin does
not change any of the other parameters, nor the goodness of fit. This
is expected, because, as already anticipated, the region producing the
broad iron line does not extend to the ISCO, therefore impeding the
measurement of the black hole spin. The inclination of the accretion
disc is assumed to be aligned with the inclination of the most distant
reflector, hence also fixed at ¢ = 45°. We also assume that the iron
abundance is the same between the two reflectors. The best-fitting
ionization of the accretion disc is log £/(ergcms™!) = 2.7 £ 0.1.
The final statistic for this model (Model B) is x2/dof =
2314/2149 = 1.07. The hard band X-ray spectrum and data-to-model
ratios relative to Model B are shown in Fig. 2. A summary of the
best-fitting values obtained in the hard band is listed in Table 2.

MNRAS 526, 3540-3547 (2023)
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Figure 3. Top: combined RGS1 + RGS2 spectrum of the analysed data,
rebinned here for visual purposes only. The two photoionized plasma com-
ponents Zone 1 and Zone 2 model the O vII and O VIII emission components,
respectively. Bottom: data-to-model ratio of the best-fitting model adopted
for the RGS spectrum.

3.2 Photoionized plasma in the RGS spectrum

In order to reproduce all the complexities of the broad-band data, we
analyse the combined RGS spectra of the XMM—Newton observation.

We initially consider the unbinned RGS spectrum. Therefore, we
adopt a Cash statistic for our fits (Cash 1979), as each bin has an
insufficient number of counts to adopt the x? statistic (e.g. Kaastra
2017). We observe the presence of two prominent emission lines at
~19 and ~22 A. We then select a small spectral region of ~100
channels around these lines and look for Gaussian lines, assuming
negligible width (o = 0). We find a Gaussian line at rest energy
E = (22.08 £ 0.01) A (AC/Adof = 35/2) and a second one at E =
(18.98 £ 0.01) A (AC/Adof = 31/2). As these emission lines are
most likely produced by O viI and O V111, respectively, this is a strong
hint of the presence of ionized material.

We bin the spectrum with wavelength bins of Ax = 0.05 A, which
samples the resolution of the RGS (e.g. den Herder et al. 2001). We
still adopt a Cash statistic. We first fit the A = 6-25 A spectrum
with the superposition of an absorbed and unabsorbed power law.
The secondary power law is assumed to be a scattered component
from the main one, therefore we tie the two photon indices and we
let the normalizations vary independently. We find a photon index of
I' = 1.6 £ 0.3, a column density Ny = (2.0 & 0.2) x 10??> cm™2.
The goodness of fit is C/dof = 441/369. Significant residuals are
present at ~19 A, and ~22 A, as expected from the preliminary
analysis described above. We replace the scattering power law with
a CLOUDY photoionized plasma component (Ferland et al. 1998), as
described in Bianchi et al. (2010). We find a ionization parameter
log U = 1.837397 (corresponding to log& ~ 3.3 erg cm s~', if we
adopt an average spectral energy distribution, as described by Cren-
shaw & Kraemer 2012) and a column density Ny = (4.070:3) x 10!
cm™2. The statistic improves to C/dof = 420/367, which improves
the fit in the ~19 A region. However, residuals are still present
in the ~22 A spectral region, which are not properly fitted by a
single photoionized plasma component. Hence, we include a second
photoionized plasma component, for which we obtain logU =
—1.2 + 0.2 (log&/ergems™' ~ 0.3) and Ny =273 x 10*' ecm~2,
improving the fit to C/dof = 381/364. As shown in Fig. 3, the addition
of a second photoionized plasma component is able to account for
both the 19 and 22 A spectral regions. We name the low-ionization
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Figure 4. Broad-band XMM-Newton and NuSTAR spectra analysed here,
fitted with the broad-band best-fitting model described in Section 3.3. The
black spectrum is the EPIC-pn from XMM-Newton, while blue and green
spectra are the NuSTAR observations of Epochs 1 and 2, respectively. As in
Fig. 2, the two FPM spectra of each observation have been plotted with the
same colour. Bottom: data-to-model ratio of EPIC-pn and FPM spectra in the
0.5-79 keV band.

zone as Zone 1 and the high ionization one as Zone 2. With both
the ionized plasma components, the best-fitting power-law photon
index is T = 1.971 and the absorption column density is Ny =
(22 +0.1) x 10> cm™2,

3.3 Final broad-band model

We now consider the broad-band (E = 0.5-79 keV) EPIC-pn and
NuSTAR data.

We use the RGS results described in Section 3.2 to model the soft
X-ray emission, therefore we add to the hard energy band model
described in Section 3.1 two Galaxy-absorbed photoionized plasma
components with ionization and column density values fixed to the
ones obtained with the RGS fit, allowing the two normalizations to
vary. The XSPEC expression of the broad band model is therefore

TBabs*zTBabs* (zcutoffpl4+vashift

*(relxill4+xillver)) +

+TBabs* (cloudyl + cloudy2) .

The statistic of this model is x2/dof = 2579/2238. There are some
residuals in the £ < 2 keV energy band. Given the best signal-
to-noise ratio of EPIC-pn data with respect to the RGS, we free
the two photoionized components, obtaining a better fit (x2/dof =
2492/2234 ~ 1.11, corresponding to Ax?/Adof = 87/4). The low
ionization Zone 1 has an unconstrained ionization (log U > —2) with
a column density Ny = (5 £ 4) x 10*' cm™2, consistent with the
RGS result. The high ionization Zone 2 has a ionization parameter of
log U = 2.2%0, consistent with the RGS, while the column density
is Ny = (6 & 1) x 10?2 cm~2. A few residuals are still present, as
shown in Fig. 4, possibly arising from emission lines at £ >~ 0.80, E
=~ 1.16, and E ~ 1.68 keV. These lines are not present in the RGS
spectrum, therefore their nature is not clear, but they are unlikely to
arise from the source. Moreover, the most significant of these lines
has a centroid energy of E = 1.671)0} keV, which is not a known
emission line in AGNs. However, investigating the nature of these
lines is beyond the scope of this paper.

‘We find a column density of the absorber of Ny = (1.35 £ 0.01) x
10?2 cm~2. The main power law parameters are a photon index of
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Table 3. Table of the best-fitting model values of the broad-band X-ray
spectrum (E = 0.5-79 keV). The goodness of fit for this model is y2/dof =
2492/2234. Given the marginal detection here, the absorption feature at
7.7 keV is reported in the table but the goodness of fit refers to the model
without the absorption feature.
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o
© T T T T

Parameter Epoch 1 Epoch 2 ‘Sf - B
S

Absorption g

Ny (1022 cm™2) 1.35£0.01 - o

Central source

r 1.85 £ 0.01 - -

E. (keV) 131110 - ST iy

Normpy, (1072 em™2 57! keV™) 2447003 2.57T0:04

Distant reflection (XILLVER)

Fe abundance 14793 - L

Inclination (°) 4502 - 1.82 1.83 1.84 1.85 1.86

log& (ergcms™!) 04 -

Normyy, (1074 cm™2 57! keV~1) 19791 2.0703

Relativistic disc reflection (RELXILL)

Rin (Ry) 40* 55 -

a Od _

0.4

Logé& 2v9t042 -

Inclination (°) 41%9° -

Normggr, (1072 ecm™2 s~ ! keV™!) 441 2+1

Photoionized emission Zone 1 (CLOUDY,

EPIC-pn)

LogU >—2 -

Ny (em™2) (54 4) x 102! -

Photoionized emission Zone 2 (CLOUDY,

EPIC-pn)

+0.1

LogU 2.2703 -

Ny (em™?) (64 1) x 102 -

Fluxes

Fosakev (1072 erg s~! cm™2) 8.19 4 0.04 -

Fa_tokev (107 erg s~1 em=2) 7.401002 7.92 4+ 0.02

Unabsorbed luminosity

Lo 1okev (108 ergs™1) 1.24 £0.01 1.30 £ 0.02

9Frozen parameters. "The internal radius Rj, is obtained by freezing the
inclination ¢ = 45°, while the inclination is obtained by freezing Ri, = 45R,,
which would be unconstrained if both the parameters were allowed to vary.
Parameters that are tied between Epochs 1 and 2 are only reported in the
Epoch 1 column.

' = 1.85 £ 0.01, with a cut-off energy Eq, = 131710 keV. The best-
fitting values of the broad-band model are summarized in Table 3.

4 DISCUSSION

4.1 Continuum

As shown in Section 3.3, the X-ray continuum is well fitted by a
photon index of I' = 1.85 £ 0.01 and a cut-off energy E., = 131f$0
keV. Both the photon index and the cut-off energy are consistent with
previous NuSTAR results of this AGN (Balokovi¢ et al. 2015), where
a cut-off energy of E . = 116JjgJ keV was found. In Fig. 5 the '
— Ey contour plot for 1o, 20, and 30 confidence levels is shown.
We also investigate the possible variability of the photon index and
cut-off energy, which was suggested in past observations of MCG-5-
23-16 (Zoghbi et al. 2017). If we let I and E to vary independently
between Epoch 1 and Epoch 2, keeping the two parameters tied
between XMM-Newton and NuSTAR in Epoch 1, we obtain identical
photon indices. In Epoch 1, the cut-off energy is Ecy1 = 1 131“}(2) keV,

r

Figure 5. Contour plot Eg — I' for the broad-band model. The red,
green, and blue lines represents the 68 percent (1o), 95 percent (20), and
99.7 per cent (30) confidence levels, while the best-fitting value is marked by
an X.

while for Epoch 2 the cut-off energy is Ecy o = 140f}§ keV, which
are consistent at the 90 per cent confidence value.

The photon index and the cut-off energy are tightly related to
the coronal electron temperature and optical depth (e.g. Petrucci
et al. 2001; Middei et al. 2019), which could be investigated with
Comptonization models. We estimate the temperature k7T and the
optical depth 7 of the corona of MCG-5-23-16 by replacing the
cut-off power law continuum with the physical model COMPPS
(Poutanen & Svensson 1996) assuming a slab geometry (i.e. we
set the parameter geom to 1). We assume a blackbody temperature
of the seed photons of 10 eV and we find kT = 26 £+ 1 keV and
T = 1.25 £ 0.05, consistent at the 90 per cent confidence level with
Balokovi¢ et al. (2015) and Marinucci et al. (2022). If we explore a
spherical geometry (i.e. geom = 0) we obtain kT = 28Jj§ keV and
T =473,

4.2 Reflection

The reflection spectrum of MCG-5-23-16 is comprised of two differ-
ent components. The distant reflecting medium, also responsible for
the narrow core of the Fe Ko emission line, is likely associated with
the obscuring torus. The inner reflecting region, producing the broad
component of the emission line, is instead likely associated with the
accretion disc.

The iron abundance is kept tied between the two reflectors and
it is Ap = 1.4703. We initially keep the inclination fixed at 45°,
and we assume a non-spinning black hole, i.e. a = 0. We note that
if we assume a different value of the black hole spin, such as a
maximally spinning black hole with a = 0.998, our best-fitting values
are left almost unchanged at the 90 per cent confidence level. We also
assume an radial emissivity index of —3. The disc turns out to be
truncated, with an inner radius of R;, = 40ffg R,, in agreement with
the past observations of this AGN. The ionization parameter of the
disc reflector is log £ /(erg cms~') = 2.9%03, while that of the distant
reflector is consistent with a neutral or weakly ionized medium. If
we fix the inner radius to 45 R, and let the inclination free we obtain
t=41° f?l. However, the two parameters are strongly degenerate,
and if we allow them both to vary we do not constrain the inner
radius, obtaining Ri, > 6 R, with an inclination of « = 31 £ 10°.
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Although this inclination value is consistent with the one obtained
assuming a truncated disc, extremely low inclinations are highly
unlikely given the persistent moderate obscuration, which is always
observed in MCG-5-23-16. Indeed, a persistent obscuration with
values of the column density of a few 10?2 cm~2, as in the case of
MCG-5-23-16, is likely due to the line of sight crossing near the
edge of the torus. Assuming that the torus and the accretion disc
are aligned, it is unlikely that small face-on inclinations are able to
describe the observed lack of absorption variability. Alternatively,
the column density may be due to a galactic dust lane, but a more
face-on inclination may still appear less likely given its type 1.9
optical classification (e.g. Véron et al. 1980).

We also test if a maximally spinning black hole, i.e. a = 0.998,
changes any result when both the inner radius and inclination are let
free. We find the same result, i.e. an unconstrained inner radius and
a smaller inclination, with the lower value of the inner radius set to
Rin > 1.7 R,.

4.3 A possible absorption complex in the Fe K band

Some absorption residuals may be also present in the EPIC-pn data
at the Fe K band. We test the possible presence of absorption lines
at ~7-10 keV with Gaussians. The inclusion of a line at ~7.7 keV
improves the fit by Ax2/Adof = 15/3. If we simulate 1000 EPIC-
pn spectra adopting the best-fitting model, without any absorption
line, we find 55 spectra for which a spurious absorption line in
the 7-9 keV is found with A x2/Adof > 15/3 (see e.g. Markowitz,
Reeves & Braito 2006, for details on this procedure), which implies
a < 95 per cent confidence level. While this is a marginal detection,
an absorption complex was already found by Braito et al. (2007),
who interpreted a feature at ~7.7 keV as an absorption line from
Fe xxvl1, outflowing with velocity v ~ 0.09c. Therefore, purely in
order to compare with the previous detection of the line, we report
here its best-fit parameters.

We fit the absorption trough at ~7.7 keV with a simple Gaussian
line, with width o left free to vary. We find an unconstrained width
and therefore we fix o = 0. We let the normalisations in Epochs
1 and 2 free to vary independently. We find a centroid energy of
E = 774705 keV, with an equivalent width of EW, = 19 £ 5eV in
Epoch 1 and EW, < 5 eV in Epoch 2. Therefore, if a line is indeed
present, it would be two times weaker than previously observed in
Braito et al. (2007), where an equivalent width of EW ~ 50 eV was
found. This would be most likely due to a change in column density
of the wind. However, the centroid energy is consistent with the one
recovered in the past, which would imply an outflowing velocity of
v/c = 0.10 £ 0.01, if interpreted as outflowing Fe XxVvI. However,
we stress that the line is not indeed detected, and only mentioned
here to compare it with previous 2005 observations of this AGN.

5 SUMMARY AND CONCLUSIONS

We have presented the analysis of one XMM-Newton and two NuS-
TAR observations of MCG-5-23-16, one of which contemporaneous
with XMM. This is the first contemporaneous broadband observation
of this AGN with the two telescopes. Both NuSTAR epochs are also
contemporaneous with IXPE observations, for which upper limits
on the polarization degree were observed (Marinucci et al. 2022;
Tagliacozzo et al. 2023). We summarise our results in the following:

(i) We find a well constrained value of the cut-off energy at E . =
13 lJ_réo keV. This value is consistent with previous results of NuSTAR
analyses on this AGN and it represents an average value of the cut-off
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energies typically found in AGN (e.g. Tortosa et al. 2018; Kamraj
et al. 2022). No variability of the cut-off energy is detected between
Epochs 1 and Epoch 2. Assuming a slab (spherical) geometry of
the corona, we find a coronal temperature of k7' = 26 £ 1 keV
(kT = 287%) and an optical depth T = 1.25 + 0.05 (r = 4.7103),
largely in agreement with previous results on this AGN.

(i1) The spectrum shows evidence of the presence of a broad line,
produced by the reflection of the primary component on a truncated
accretion disc, with an inner radius of R;, = 40ff§ R,.

(iii) The inclination is ¢ = 41°™,, which is consistent with a
persistent moderate obscuration as that observed for MCG-5-23-
16. Indeed, we find Ny ~ 1.3 x 10?2 cm™2, roughly constant in
time-scales of decades. A persistent obscuration with such column
density, if due to the absorption by the torus, would imply that the
absorption occurs at the edge of the torus itself, and an inclination
of ~45°, consistent with our result, would be required. Tagliacozzo
et al. (2023) showed that, even though the polarisation degree is
not constrained at the 99 percent confidence level, if we assume
the inclination obtained in the present paper a wedge corona (e.g.
Poutanen et al. 2018) is favoured, as in the case of NGC 4151
(Gianolli et al. 2023).

(iv) The RGS spectrum highlights the presence of two photoion-
ized plasma components. When the EPIC-pn is fitted, the first
component, denoted as Zone 1, is characterized by a ionization
parameter log U > —2 and a column density of Ny ~ 5 x 102! cm~2,
which is responsible of the O VII emission in the RGS spectrum. A
second component, Zone 2, is characterized by a larger ionization
parameter (log U ~ 2.2) and column density of N ~ 6 x 10*2 cm™2,
which is instead responsible for the more ionized O VIII emission
line.

(v) We also report on the marginal detection of a possible ab-
sorption line with centroid energy £ ~ 7.74 keV. If confirmed, the
line could be interpreted as blue-shifted outflowing Fe XxxvI, which
would imply a wind velocity of v/c ~ 0.1c. However, we must stress
that the line is only marginally detected, due to a smaller column
density with respect to the previous detection of the line (Braito et al.
2007), and we only report the possible absorption feature to compare
it with its prior detection with XMM-Newton.

(vi) Overall, the X-ray spectrum of MCG-5-23-16 appears to be
remarkably stable over the years. In fact, only moderate variations
in flux and column density are observed, while the properties of the
disc, such as the inner radius inferred from the broad iron line, do
not appear to significantly change compared to past observations
with Suzaku (Reeves et al. 2007), XMM-Newton (Braito et al.
2007), and NuSTAR (Balokovié et al. 2015; Zoghbi et al. 2017).
Furthermore, the X-ray coronal properties also appear consistent,
as compared between the observations presented here and the past
NuSTAR pointings.

Future high-resolution observations of MCG-5-23-16 with the
microcalorimeter Resolve on board the upcoming X-ray mission
XRISM (XRISM Science Team 2020) will allow us to observe
the X-ray sources with unprecedented spectral resolution. XRISM
observations will be able to resolve the various components of
the iron line profile, such as the possible presence of ionized iron
lines. Indeed, this will be groundbreaking in determining the disc
parameters from the broad iron line with much larger accuracy, in
particular the inner radius R;, and the inclination of the accretion disc,
as the width of the narrow core and possibly any contribution from
the broad-line region will be measured with unprecedented accuracy,
clearly separating it from the disc-reflection component.
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Additionally, the future enhanced X-ray, timing and polarimetry
mission (eXTP; De Rosa et al. 2019; Zhang et al. 2019), will be able
to perform simultaneous spectral-timing polarimetry measurements,
allowing us to put strong constraints on the emission and reflection
properties of accreting SMBHs.
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