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A B S T R A C T 

MCG-5-23-16 is 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 α, are 
clearly detected in the data. The analysis of the broad iron line shows evidence of a truncated disc with inner radius R in = 40 

+ 23 
−16 

R g and an inclination of 41 

+ 9 
−10 

◦. The high quality of the NuSTAR observ ations allo ws us to measure a high-energy cut-off at 
E cut = 131 

+ 10 
−9 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. 

K ey words: galaxies: acti ve – galaxies: individual: MCG-5-23-16 – X-rays: galaxies. 

1

T  

b  

c  

(  

S  

a  

b  

t  

p  

o  

T  

M  

o

�

 

t  

a  

2  

N  

i  

r  

m  

T  

o  

e  

a  

p  

h  

K

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/526/3/3540/7274144 by guest on 04 January 2024
 I N T RO D U C T I O N  

he X-ray emission of active galactic nuclei (AGNs) is thought to
e produced by Comptonization of ultraviolet (UV) seed photons
oming from an accretion disc around a supermassive black hole
SMBH), by a hot corona, located in the innermost region around the
MBH (e.g. Haardt & Maraschi 1991 , 1993 ). The X-ray spectrum of
n AGN typically assumes the shape of a power law, characterized
y a photon index �, up to a characteristic cut-off energy E cut , where
he power law breaks. Both � and E cut are related to the physical
roperties of the corona, such as the electron temperature kT e and the
ptical depth τ e (e.g. Shapiro, Lightman & Eardle y 1976 ; Sun yaev &
itarchuk 1980 ; Lightman & Zdziarski 1987 ; Petrucci et al. 2001 ;
iddei et al. 2019 ). Ho we ver, these relations are strongly dependent

n the geometry of the corona, which is still largely unknown. 
 E-mail: roberto.serafinelli@inaf.it 
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Several measurements of the cut-off energy and/or the coronal
emperature have been obtained with high-energy instruments such
s Beppo-SAX (e.g. Dadina 2007 ), INTEGRAL (De Rosa et al.
012 ), and Swift -BAT (e.g. Ricci et al. 2017 ), but the launch of
uclear Spectroscopic Telescope Array ( NuSTAR ) in 2013, with

ts unprecedented sensitivity in the E > 10 keV energy band has
evolutionized the field, providing high-precision cut-off energy
easurements for dozens of AGNs (e.g. Fabian et al. 2015 , 2017 ).
he availability of high-quality measurements of the cut-off energy
r coronal temperature, even for absorbed sources (e.g. Balokovi ́c
t al. 2020 ; Middei et al. 2021 ; Serafinelli et al. 2023 ), allowed several
uthors to study the relation between the cut-off energy and physical
arameters of the AGNs, finding that it is not dependent on the black
ole mass M BH or the accretion rate L / L Edd (e.g. Tortosa et al. 2018 ;
amraj et al. 2022 , Serafinelli et al., in preparation). 
Ho we ver, the v alues of kT e and τ e are degenerate with the cut-

ff energy and photon index, as spectroscopy alone is not able to
istinguish between different geometries (e.g. Middei et al. 2019 ;
© 2023 The Author(s) 
lished by Oxford University Press on behalf of Royal Astronomical Society 
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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 0890 670 101 2022-05-21 92 700 
1 NuSTAR 60 701 014 002 2022-05-21 83 676 
2 NuSTAR 90 801 630 002 2022-11-11 85 743 
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rsini et al. 2022 ), such as slab-like (e.g. Haardt & Maraschi 1991 ),
pherical (e.g. Frontera et al. 2003 ), and lamp-post (e.g. Miniutti &
abian 2004 ). Recently, the first coronal X-ray polarization measure- 
ent has been obtained with the Imaging X-ray Polarization Explorer 

 IXPE ) in the Seyfert galaxy NGC 4151 (Gianolli et al. 2023 ). The
a v oured geometry for the hot corona is a slab or a wedge distributed
 v er the accretion disc (see Poutanen, Veledina & Zdziarski 2018 ,
or a description of the latter). 

MCG-5-23-16 is a Seyfert 1.9 galaxy (V ́eron et al. 1980 ) at redshift
 = 0.008 49. Due to its high X-ray flux ( F 2–10 keV � 8 × 10 −11 

rg cm 

−2 s −1 ), the object was observ ed sev eral times by many X-ray
acilities in the last few decades. 

The X-ray spectrum of this AGN is characterized by moderate 
eutral absorption ( N H � 1.3 × 10 22 cm 

−2 ) and by the presence of a
oft excess and complex Fe K α emission. Evidence of a broad Fe K α

ine on this source was found with Advanced Satellite for Cosmology 
nd Astrophysics (ASCA , Weaver et al. 1997 ) and later confirmed
y X-ray Multi-Mirror ( XMM ) –Newton observations (Dewangan, 
riffiths & Schurch 2003 ; Balestra, Bianchi & Matt 2004 ), pointing

o the presence of two reflectors, one responsible for a narrow core
t 6.4 keV and one responsible for the broad wing, likely originated
ery close to the black hole. 

The broad line was explored with Suzaku (Reeves et al. 2007 ),
nd it was found that it is originated from a disc with inner radius
f ∼40 R g , where R g = GM / c 2 is the gravitational radius, from the
entral black hole, and inclination of ∼50 ◦. Braito et al. ( 2007 )
nalysed a long simultaneous XMM–Newton (131 ks) and Chandra 
50 ks) observation, which was able to confirm these results on the
road Fe K α line. Additionally, these data unveiled the presence of
n absorption feature at 7.7 keV, hinting at the possible presence 
f ionized iron outflowing at ∼0.1 c , i.e. an ultrafast outflow (UFO;
.g. Pounds et al. 2003 ; Tombesi et al. 2010 ; Serafinelli et al. 2019 ;
atzeu et al. 2023 ). Moreo v er, the reflection grating spectrometer

RGS) data allowed the detection of emission lines from ionized gas, 
ointing to a narrow-line region origin of the soft excess. 
The source was also observed by NuSTAR , which allowed the first

ccurate measurement of the cut-off energy ( E � 120 keV; Balokovi ́c
t al. 2015 ), and also hinting at its possible variability (Zoghbi et al.
017 ). At the same time, NuSTAR confirmed the line parameters, 
uch as the disc inner radius and inclination. 

Finally, MCG-5-23-16 was targeted by two pointings in 2022 with 
XPE of 486 ks (Marinucci et al. 2022 ) and 642 ks (Tagliacozzo et al.
023 ), respecti vely. The combined observ ations yielded an upper 
imit � max = 3.2 on the polarization degree, in the 2–8 keV energy
and. 
Here, we present the analysis of the XMM–Newton and NuSTAR 

bservations, the latter being taken together with the two IXPE 

ointings. In Section 2 , we report on the data and the data reduction
echniques that we adopted. We describe the spectral analysis, first 
erformed in the 3–79 keV band and then expanded to the broad
and ( E = 0.3–79 keV) in Section 3 . We summarize the results in
ection 5 . Throughout the paper, we adopt a standard flat Lambda
old dark matter cosmology with H 0 = 70 km s −1 Mpc −1 , �m 

= 0.3,
nd �� 

= 0 . 7. 

 DATA  R E D U C T I O N  

he data analysed here consists of contemporaneous XMM–Newton 
OBSID 0890670101, 92 ks elapsed exposure time, 56 ks net) and 
uSTAR observation (OBSID 60701014002, 83 ks), complementary 

o the IXPE observations analysed in Marinucci et al. ( 2022 ), taken
n 2022 May (Epoch 1). Additionally, the data set includes a further
uSTAR pointing (OBSID 90801630002, 85 ks), contemporaneous 
ith the IXPE observation reported in Tagliacozzo et al. ( 2023 ), taken

n 2022 No v ember (Epoch 2). The data are summarized in Table 1 . 
We extract the event list from the EPIC-pn camera using the

tandard System Analysis Software ( SAS ) version 20.0.0 tool EPPROC ,
nd we remo v e the flaring events (e.g. De Luca & Molendi 2004 )
dopting an appropriate filtering to veto all those times where the
bservation is affected by flaring. We also extract the MOS spectra
sing the tool EMPROC , but they are severely affected by pile-up
e.g. Ballet 1999 ) and therefore they are not analysed here. The
PIC-pn spectrum is extracted by selecting a 40 arcsec radius region
n the source, while the background is extracted on a source-free
egion of the same size. The response matrix and ancillary files are
xtracted with the standard tools RMFGEN and ARFGEN , respectively. 
e corrected the ef fecti ve area with APPLYABSFLUXCORR , for a better

greement with NuSTAR data. The spectrum is grouped at a minimum 

f 100 counts per energy bin. We consider the energy range E = 0.5–
0 keV for the EPIC-pn spectrum. We also reduce the RGS1 and
GS2 spectra using the RGSPROC task in SAS , with response matrices
roduced with RGSRMFGEN . We combine the two RGS spectra using
GSCOMBINE and we consider the energy band E = 0.5–2 keV, i.e.
= 6–25 Å. 
The NuSTAR data are reduced by using the HEASOFT v6.30 task

UPIPELINE , from the NUSTARDAS software package. We used CALDB 

alibration files updated as of 2022 August 29. For each observation,
e extract spectra from the two Focal Plane Modules A and B (FPMA

nd FPMB) by selecting a region with 60 arcsec radius around the
ource, and two source-free regions with 40 arcsec radius for the
ackground. Both the detectors FPMA and FPMB are grouped at a
inimum of 100 counts per energy bin, for each observation. We

onsider the energy band E = 3–79 keV for these data sets. 

 SPECTRAL  ANALYSI S  

e use the software XSPEC v12.12.0 (Arnaud 1996 ) to perform all
pectral fits in this paper. The errors are reported at 90 per cent
onfidence level, corresponding to 
χ2 = 2.71. All models include 
 cross-calibration constant between the FPM modules and EPIC-pn, 
nd in all our models is well fitted by the value C FPMA/pn = 1.39 ± 0.01
nd C FPMB/pn = 1.42 ± 0.01. We assumed that these constants do
ot change between the two NuSTAR observations, while we let 
he normalizations free to take into account flux differences. For 
ach epoch, the two FPM modules are fitted separately, but keeping
ach parameter of the fit tied together with the exception of the
alibration constant. Following recent works (e.g. Gianolli et al. 
023 ; Ingram et al. 2023 ), we shift models that include lines with
xed centroid energies using the XSPEC model VASHIFT , to counter

he possible presence of calibration issues. We leave the velocity free
n the EPIC-pn data, and in the two FPMA spectra, with the shift
elocities in the two FPMB observations tied to the simultaneous 
PMA. In all models, we find a shift of v shift, XMM 

= 2200 ± 300 km
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 re gion, with XMM–Ne wton (EPIC-pn, black) as a ratio to 
an absorbed power law with a photon index � = 1.86 and a column density 
N H = 1.6 × 10 22 cm 

−2 . 
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−1 and v shift, NuSTAR ,1 = 4300 ± 900 km s −1 and v shift, NuSTAR ,2 =
500 ± 1000 km s −1 for EPIC-pn and the FPM modules in Epochs 1
nd 2, respectively . Initially , we assume that the spectral shape does
ot change between Epochs 1 and 2, therefore we keep � and E cut 

ied. The possible variability of these two parameters is discussed in
ection 4.1 . 

.1 Hard band spectral analysis 

s a first step, we only consider the spectral region between 3 and
0 keV for EPIC-pn and both observations of the FPMA and FPMB
odules. In order to characterize the shape of the X-ray continuum
e also exclude the 5–7.5 keV region where the iron line is pre-
ominant. In all models, we fit the continuum with a simple cut-off
ower law, absorbed by both Galactic ( N H,Gal = 8 × 10 20 cm 

−2 ,
I4PI Collaboration 2016 ) and systemic absorption, using TBABS

nd ZTBABS , respectively. We find a photon index � = 1.86 ± 0.01
nd an absorption column density N H = (1.6 ± 0.1) × 10 22 cm 

−2 ,
ith an acceptable goodness of fit, χ2 /dof = 604/540, where dof is

he degree of freedom. Ho we ver, when extrapolated to the energy
ands E < 3 and E > 10 keV, significant residuals arise, due to
he presence of a soft X-ray emission and a reflection component,
espectively (see upper panel in Fig. 1 ). Moreover, the residuals in the
–9 keV energy band show a complex emission including narrow Fe
 α and K β emission lines, and the presence of a broad component
f the Fe K α emission line (see lower panel of Fig. 1 ). At first, we
ecide to only fit the 3–79 keV energy band of the spectrum, ignoring
he EPIC-pn spectrum below 3 keV. This choice allows us to find
isc parameters with simpler models, not affected by the presence of
oft X-ray emission, which then will be used as a starting point for
he broad-band fits. 

Our first attempt at fitting the 3–79 keV energy band is made by
onsidering a cut-off power law at redshift z = 0.008 49 ( ZCUTOFFPL ),
nd two Fe emission lines. The first emission line represents the
ypical Fe K α fluorescent line. We find the centroid energy of the K α

ine at E = 6 . 36 + 0 . 02 
−0 . 01 keV, which is clear evidence of the presence of

he calibration issue mentioned in the previous section, as the rest-
rame Fe K α line is typically found at 6.4 keV. The intrinsic width of
he narrow K α line was resolved in the Chandra HETG observation
Braito et al. 2007 ) to be about 30 eV, which is therefore adopted as a
xed value for our model. We also include a narrow Fe K β emission

ine, with fixed centroid energy E K β = 7.06 keV and intrinsic width
0 eV. The normalization of the K β emission line is assumed to be
3 per cent of that of the K α line (e.g. Palmeri et al. 2003 ). The fit
tatistics is χ2 /dof = 3185/2152. 

As highlighted by previous observations (e.g. Weaver et al. 1997 ;
raito et al. 2007 ; Reeves et al. 2007 ; Balokovi ́c et al. 2015 ; Zoghbi
t al. 2017 ), this source typically shows a well-defined broad iron
ine in addition to the narrow ones, therefore we add a second Fe K α

mission line, this time keeping the width free. We find a line centred
t E = 6 . 19 + 0 . 05 

−0 . 06 keV with a width of σ = 270 + 60 
−70 eV. The statistic

mpro v es to χ2 /dof = 2919/2149. We note that the blue wing of the
road Fe K α line is degenerate with the possible presence of ionized
e XXV and Fe XXVI because of the insufficient spectral resolution. 
Finally, we also add a reflection component, modelled with PEXRAV

Magdziarz & Zdziarski 1995 ), as pure reflection, i.e. we fix R = −1,
ith its normalization allowed to vary independently from the same-

poch power law. We note that all reflection models in this paper are
ssumed as pure reflection components. Moreo v er, the continuum
arameters of the reflectors ( � and E cut ) are tied to the ones of
he primary continuum. We leave the normalization of PEXRAV in
NRAS 526, 3540–3547 (2023) 
pochs 1 and 2 to vary independently. We assume solar abundances,
ncluding iron, and assume the default value cos ι = 0.45 for the
nclination. The final statistic for this model, which we denote as

odel A, is χ2 /dof = 2343/2147 = 1.09 (see Table 2 ). 
The iron K emission line complex is best fitted by a narrow and

 broad component with width σ K α,b = 270 ± 70 eV. The latter is
ost likely produced by reprocessed radiation on the accretion disc,

herefore we replace the broad Gaussian line with the accretion disc
ine emission RELLINE (Dauser et al. 2010 ). Given that the iron line
s not extremely broad like other Seyfert galaxies such as MCG-6-
0-15 (e.g. Marinucci et al. 2014 ), we initially adopt a disc radial
missivity index β = −3 up to R = 1000 R g , an inclination of 45 ◦

Reeves et al. 2007 ) and a non-spinning black hole a = 0. We also
ie the centroid energy to the one of the narrow Fe K α emission
ine. The result of this fit shows evidence of a truncated disc with
nner radius R in > 36 R g , which is consistent with previous results on
his source (e.g. Reeves et al. 2007 ). The statistic for this model is

2 /dof = 2368/2148. If we assume a maximally spinning black hole
 a = 0.998), the result is unchanged. Indeed, as the disc is truncated,
e are not able to infer the Innermost Stable Circular Orbit (ISCO)

rom 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). ∗ Frozen parameters. 

Parameter Model A Model B 

Absorption 
N H (10 22 cm 

−2 ) 1.5 ± 0.1 1.7 ± 0.2 

Continuum 

� 1.88 ± 0.02 1.93 ± 0.04 
E c (keV) 135 + 18 

−14 180 + 50 
−30 

Norm PL,obs1 (10 −2 cm 

−2 s −1 keV 

−1 ) 2.7 ± 0.1 2.8 ± 0.2 
Norm PL,obs2 (10 −2 cm 

−2 s −1 keV 

−1 ) 2.8 ± 0.1 3.0 ± 0.2 

Slab reflection ( PEXRAV ) 
Abundance 1 ∗ –
Fe abundance 1 ∗ –
Cos ι 0.45 ∗ –
Norm PEX,obs1 (10 −2 cm 

−2 s −1 keV 

−1 ) 2 . 2 + 0 . 3 −0 . 2 –
Norm PEX,obs2 (10 −2 cm 

−2 s −1 keV 

−1 ) 2.3 ± 0.3 –

Narrow emission lines 
E K α,n (keV) 6 . 36 + 0 . 02 

−0 . 01 –
EW K α,n (eV) 49 + 7 −9 –
σ 0 ∗ –
Norm K α,n (10 −5 cm 

−2 s −1 keV 

−1 ) 4 . 6 + 0 . 7 −0 . 8 –
E K β,n (keV) 7.06 ∗ –
EW K β,n (eV) 10 ± 2 –

Broad iron line 
E K α,b (keV) 6 . 19 + 0 . 05 

−0 . 06 –
σK α,b (keV) 0 . 27 + 0 . 06 

−0 . 07 –
EW K α,b (eV) 56 + 9 −11 –
norm K α,b (10 −5 cm 

−2 s −1 keV 

−1 ) 5 ± 1 –

Distant reflection ( XILLVER ) 
Fe abundance – 0 . 9 + 0 . 2 −0 . 1 
Inclination ( ◦) – 45 ◦∗
log ξ (erg cm s −1 ) – 0 ∗

Norm XIL,obs1 (10 −4 cm 

−2 s −1 keV 

−1 ) – 2 . 6 + 0 . 4 −0 . 2 
Norm XIL,obs2 (10 −4 cm 

−2 s −1 keV 

−1 ) – 3 . 0 + 0 . 5 −0 . 4 
Relativistic disc reflection ( RELXILL ) 
R in ( R g ) – 56 + 32 

−19 
a – 0 ∗
Log ξ – 2.7 ± 0.1 
Inclination ( ◦) – 45 ∗
Norm REL,obs1 (10 −5 cm 

−2 s −1 keV 

−1 ) – 7 ± 2 
Norm REL,obs2 (10 −5 cm 

−2 s −1 keV 

−1 ) – 3 + 3 −2 

Velocity shift ( VASHIFT ) 
v shift (km s −1 ) XMM–Newton – 2200 ± 300 
v shift (km s −1 ) NuSTAR (Epoch 1) – 4300 ± 900 
v shift (km s −1 ) NuSTAR (Epoch 2) – 5500 ± 1000 

C FPMA/pn 1.39 ± 0.01 1.39 ± 0.01 
C FPMB/pn 1.42 ± 0.01 1.42 ± 0.01 
χ2 /dof 2343/2147 2314/2149 
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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. 
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easure the black hole spin. Therefore, we will assume a = 0 in all
odels in this paper. We also test a different disc radial emissivity

rofile, assuming a broken power-law model with β fixed to −3 in 
he outer regions ( R > 30 R g ), while it is left free to vary between
 in = 6 R g and 30 R g . This fit provides β < 0 in the inner regions
 R < 30 R g ), which is still consistent with a truncated disc scenario,
ndicating a poor contribution of the disc to the line emission for R
 30 R g . We will therefore assume an emissivity index of −3 o v er

he whole accretion disc from here on, as it is a typical value for
ccretion discs abo v e ∼30 R g (Wilkins & Fabian 2012 ). 

Ho we ver, iron lines likely arise from reflection processes. The 
resence of both a narrow and a broad iron emission line strongly
uggest the presence of two reflection components, a distant one 
escribing the narrow core and a second one representing the 
eflection on material much closer to the black hole, i.e. the accretion
isc. Therefore, we replace the Gaussian and the relativistic lines and
he PEXRAV reflection model with two reflection continua that also 
ake into account emission lines. For the distant reflector (including 
he narrow Fe K α line) we use the ionized slab reflector model
ILLVER (Garc ́ıa & Kallman 2010 ; Garc ́ıa et al. 2013 ), that takes

nto account the most recent atomic data for the iron K fluorescent
ines. We fix the value of the inclination to 45 ◦, and we fit the iron
bundance, the ionization and the normalization of the slab reflector. 
e find an upper limit for the ionization parameter log ξ /(erg cm s −1 )
 1.3, which is in agreement with a narrow Fe K fluorescent complex

mitted from a distant reflector, for which a poorly ionized medium
s expected. The iron abundance is best fitted by A Fe = 0 . 9 + 0 . 2 

−0 . 1 . 
Finally, we interpret the broad iron line as the product of a

eflection component from the inner accretion disc, and we model this 
mission with the relativistic reflection model RELXILL (Dauser et al. 
014 ; Garc ́ıa et al. 2014 ). This model is able to estimate the inner
adius of the accretion disc R in , the radial emissivity index, and the
pin of the black hole a , in addition to every parameter also measured
y XILLVER . Ho we v er, since these three parameters are de generate,
e assume an emissivity index of −3, as discussed abo v e. We assume
 non-spinning black hole with frozen spin a = 0. The inner radius of
he accretion disc is found to be R in = 56 + 32 

−19 R g . We stress that also
ith this model, choosing dif ferent v alues of the black hole spin does
ot change any of the other parameters, nor the goodness of fit. This
s expected, because, as already anticipated, the region producing the 
road iron line does not extend to the ISCO, therefore impeding the
easurement of the black hole spin. The inclination of the accretion

isc is assumed to be aligned with the inclination of the most distant
eflector, hence also fixed at ι = 45 ◦. We also assume that the iron
bundance is the same between the two reflectors. The best-fitting 
onization of the accretion disc is log ξ /(erg cm s −1 ) = 2.7 ± 0.1. 

The final statistic for this model (Model B) is χ2 /dof =
314/2149 = 1.07. The hard band X-ray spectrum and data-to-model 
atios relative to Model B are shown in Fig. 2 . A summary of the
est-fitting values obtained in the hard band is listed in Table 2 . 
MNRAS 526, 3540–3547 (2023) 
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M

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. 
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same colour. Bottom : data-to-model ratio of EPIC-pn and FPM spectra in the 
0.5–79 keV band. 
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.2 Photoionized plasma in the RGS spectrum 

n order to reproduce all the complexities of the broad-band data, we
nalyse the combined RGS spectra of the XMM–Newton observation.

We initially consider the unbinned RGS spectrum. Therefore, we
dopt a Cash statistic for our fits (Cash 1979 ), as each bin has an
nsufficient number of counts to adopt the χ2 statistic (e.g. Kaastra
017 ). We observe the presence of two prominent emission lines at
19 and ∼22 Å. We then select a small spectral region of ∼100

hannels around these lines and look for Gaussian lines, assuming
egligible width ( σ = 0). We find a Gaussian line at rest energy
 = (22.08 ± 0.01) Å ( 
 C / 
 dof = 35/2) and a second one at E =

18.98 ± 0.01) Å ( 
 C / 
 dof = 31/2). As these emission lines are
ost likely produced by O VII and O VIII , respectively, this is a strong

int of the presence of ionized material. 
We bin the spectrum with wavelength bins of 
λ = 0.05 Å, which

amples the resolution of the RGS (e.g. den Herder et al. 2001 ). We
till adopt a Cash statistic. We first fit the λ = 6–25 Å spectrum
ith the superposition of an absorbed and unabsorbed power law.
he secondary power law is assumed to be a scattered component

rom the main one, therefore we tie the two photon indices and we
et the normalizations vary independently. We find a photon index of
 = 1.6 ± 0.3, a column density N H = (2.0 ± 0.2) × 10 22 cm 

−2 .
he goodness of fit is C /dof = 441/369. Significant residuals are
resent at ∼19 Å, and ∼22 Å, as expected from the preliminary
nalysis described abo v e. We replace the scattering power law with
 CLOUDY photoionized plasma component (Ferland et al. 1998 ), as
escribed in Bianchi et al. ( 2010 ). We find a ionization parameter
og U = 1 . 83 + 0 . 07 

−0 . 04 (corresponding to log ξ ∼ 3.3 erg cm s −1 , if we
dopt an average spectral energy distribution, as described by Cren-
haw & Kraemer 2012 ) and a column density N H = (4 . 0 + 0 . 3 

−0 . 5 ) × 10 21 

m 

−2 . The statistic impro v es to C /dof = 420/367, which impro v es
he fit in the ∼19 Å region. Ho we ver, residuals are still present
n the ∼22 Å spectral region, which are not properly fitted by a
ingle photoionized plasma component. Hence, we include a second
hotoionized plasma component, for which we obtain log U =
1.2 ± 0.2 ( log ξ/ erg cm s −1 ∼ 0 . 3) and N H = 2 + 3 

−1 × 10 21 cm 

−2 ,
mproving the fit to C /dof = 381/364. As shown in Fig. 3 , the addition
f a second photoionized plasma component is able to account for
oth the 19 and 22 Å spectral regions. We name the low-ionization
NRAS 526, 3540–3547 (2023) 
one as Zone 1 and the high ionization one as Zone 2. With both
he ionized plasma components, the best-fitting power-law photon
ndex is � = 1 . 9 + 0 . 1 

−0 . 2 and the absorption column density is N H =
2.2 ± 0.1) × 10 22 cm 

−2 . 

.3 Final broad-band model 

e now consider the broad-band ( E = 0.5–79 keV) EPIC-pn and
uSTAR data. 
We use the RGS results described in Section 3.2 to model the soft

-ray emission, therefore we add to the hard energy band model
escribed in Section 3.1 two Galaxy-absorbed photoionized plasma
omponents with ionization and column density values fixed to the
nes obtained with the RGS fit, allowing the two normalizations to
ary. The XSPEC expression of the broad band model is therefore 
TBabs ∗zTBabs ∗(zcutoffpl + vashift 
∗(relxill + xillver)) + 

+ TBabs ∗(cloudy1 + cloudy2). 
The statistic of this model is χ2 /dof = 2579/2238. There are some

esiduals in the E < 2 keV energy band. Given the best signal-
o-noise ratio of EPIC-pn data with respect to the RGS, we free
he two photoionized components, obtaining a better fit ( χ2 /dof =
492/2234 � 1.11, corresponding to 
χ2 / 
 dof = 87/4). The low
onization Zone 1 has an unconstrained ionization (log U > −2) with
 column density N H = (5 ± 4) × 10 21 cm 

−2 , consistent with the
GS result. The high ionization Zone 2 has a ionization parameter of

og U = 2 . 2 + 0 . 1 
−0 . 3 , consistent with the RGS, while the column density

s N H = (6 ± 1) × 10 22 cm 

−2 . A few residuals are still present, as
hown in Fig. 4 , possibly arising from emission lines at E � 0.80, E
 1.16, and E � 1.68 keV. These lines are not present in the RGS

pectrum, therefore their nature is not clear, but they are unlikely to
rise from the source. Moreo v er, the most significant of these lines
as a centroid energy of E = 1 . 67 + 0 . 01 

−0 . 03 keV, which is not a known
mission line in AGNs. Ho we v er, inv estigating the nature of these
ines is beyond the scope of this paper. 

We find a column density of the absorber of N H = (1.35 ± 0.01) ×
0 22 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 χ2 /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. 

Parameter Epoch 1 Epoch 2 

Absorption 
N H (10 22 cm 

−2 ) 1.35 ± 0.01 –

Central source 
� 1.85 ± 0.01 –
E c (keV) 131 + 10 

−9 –
Norm PL (10 −2 cm 

−2 s −1 keV 

−1 ) 2 . 44 + 0 . 03 
−0 . 04 2 . 57 + 0 . 04 

−0 . 05 

Distant reflection ( XILLVER ) 
Fe abundance 1 . 4 + 0 . 3 −0 . 2 –
Inclination ( ◦) 45 ◦a –
log ξ (erg cm s −1 ) 0 a –
Norm XIL (10 −4 cm 

−2 s −1 keV 

−1 ) 1 . 9 + 0 . 1 −0 . 2 2 . 0 + 0 . 5 −0 . 4 

Relativistic disc reflection ( RELXILL ) 
R in ( R g ) 40 + 23 

−16 
b –

a 0 a –
Log ξ 2 . 9 + 0 . 4 −0 . 2 –
Inclination ( ◦) 41 + 9 −11 

b –
Norm REL (10 −5 cm 

−2 s −1 keV 

−1 ) 4 ± 1 2 ± 1 

Photoionized emission Zone 1 ( CLOUDY , 
EPIC-pn) 
Log U > −2 –
N H (cm 

−2 ) (5 ± 4) × 10 21 –

Photoionized emission Zone 2 ( CLOUDY , 
EPIC-pn) 
Log U 2 . 2 + 0 . 1 −0 . 3 –
N H (cm 

−2 ) (6 ± 1) × 10 22 –

Fluxes 
F 0.5–2 keV (10 −12 erg s −1 cm 

−2 ) 8.19 ± 0.04 –
F 2–10 keV (10 −11 erg s −1 cm 

−2 ) 7 . 40 + 0 . 02 
−0 . 01 7.92 ± 0.02 

Unabsorbed luminosity 
L 2–10 keV (10 43 erg s −1 ) 1.24 ± 0.01 1.30 ± 0.02 

a Frozen parameters. b The internal radius R in is obtained by freezing the 
inclination ι = 45 ◦, while the inclination is obtained by freezing R in = 45 R g , 
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. 
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 = 1.85 ± 0.01, with a cut-off energy E cut = 131 + 10 
−9 keV. The best-

tting values of the broad-band model are summarized in Table 3 . 

 DISCUSSION  

.1 Continuum 

s shown in Section 3.3 , the X-ray continuum is well fitted by a
hoton index of � = 1.85 ± 0.01 and a cut-off energy E cut = 131 + 10 

−9 

eV. Both the photon index and the cut-off energy are consistent with
revious NuSTAR results of this AGN (Balokovi ́c et al. 2015 ), where
 cut-off energy of E cut = 116 + 6 

−5 k eV w as found. In Fig. 5 the � 

E cut contour plot for 1 σ , 2 σ , and 3 σ confidence levels is shown.
e also investigate the possible variability of the photon index and 

ut-off energy, which was suggested in past observations of MCG-5- 
3-16 (Zoghbi et al. 2017 ). If we let � and E cut to vary independently
etween Epoch 1 and Epoch 2, keeping the two parameters tied 
etween XMM–Newton and NuSTAR in Epoch 1, we obtain identical 
hoton indices. In Epoch 1, the cut-off energy is E cut, 1 = 113 + 12 

−10 keV,
hile for Epoch 2 the cut-off energy is E cut, 2 = 140 + 18 
−16 keV, which

re consistent at the 90 per cent confidence value. 
The photon index and the cut-off energy are tightly related to

he coronal electron temperature and optical depth (e.g. Petrucci 
t al. 2001 ; Middei et al. 2019 ), which could be investigated with
omptonization models. We estimate the temperature kT and the 
ptical depth τ of the corona of MCG-5-23-16 by replacing the 
ut-of f po wer law continuum with the physical model COMPPS

Poutanen & Svensson 1996 ) assuming a slab geometry (i.e. we
et the parameter geom to 1). We assume a blackbody temperature
f the seed photons of 10 eV and we find kT = 26 ± 1 keV and
= 1.25 ± 0.05, consistent at the 90 per cent confidence level with
alokovi ́c et al. ( 2015 ) and Marinucci et al. ( 2022 ). If we explore a

pherical geometry (i.e. geom = 0) we obtain kT = 28 + 6 
−5 keV and

= 4 . 7 + 0 . 5 
−1 . 9 . 

.2 Reflection 

he reflection spectrum of MCG-5-23-16 is comprised of two differ- 
nt components. The distant reflecting medium, also responsible for 
he narrow core of the Fe K α emission line, is likely associated with
he obscuring torus. The inner reflecting region, producing the broad 
omponent of the emission line, is instead likely associated with the
ccretion disc. 

The iron abundance is kept tied between the two reflectors and
t is A Fe = 1 . 4 + 0 . 3 

−0 . 2 . We initially keep the inclination fixed at 45 ◦,
nd we assume a non-spinning black hole, i.e. a = 0. We note that
f we assume a different value of the black hole spin, such as a
aximally spinning black hole with a = 0.998, our best-fitting values

re left almost unchanged at the 90 per cent confidence level. We also
ssume an radial emissivity index of −3. The disc turns out to be
runcated, with an inner radius of R in = 40 + 23 

−16 R g , in agreement with
he past observations of this AGN. The ionization parameter of the
isc reflector is log ξ/ (erg cm s −1 ) = 2 . 9 + 0 . 4 

−0 . 2 , while that of the distant
eflector is consistent with a neutral or weakly ionized medium. If
e fix the inner radius to 45 R g and let the inclination free we obtain
= 41 ◦ + 9 

−11 . Ho we ver, the two parameters are strongly degenerate,
nd if we allow them both to vary we do not constrain the inner
adius, obtaining R in > 6 R g with an inclination of ι = 31 ± 10 ◦.
MNRAS 526, 3540–3547 (2023) 
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lthough this inclination value is consistent with the one obtained
ssuming a truncated disc, extremely low inclinations are highly
nlikely given the persistent moderate obscuration, which is al w ays
bserved in MCG-5-23-16. Indeed, a persistent obscuration with
alues of the column density of a few 10 22 cm 

−2 , as in the case of
CG-5-23-16, is likely due to the line of sight crossing near the

dge of the torus. Assuming that the torus and the accretion disc
re aligned, it is unlikely that small face-on inclinations are able to
escribe the observed lack of absorption v ariability. Alternati vely,
he column density may be due to a galactic dust lane, but a more
ace-on inclination may still appear less likely given its type 1.9
ptical classification (e.g. V ́eron et al. 1980 ). 
We also test if a maximally spinning black hole, i.e. a = 0.998,

hanges any result when both the inner radius and inclination are let
ree. We find the same result, i.e. an unconstrained inner radius and
 smaller inclination, with the lower value of the inner radius set to
 in > 1.7 R g . 

.3 A possible absorption complex in the Fe K band 

ome absorption residuals may be also present in the EPIC-pn data
t the Fe K band. We test the possible presence of absorption lines
t ∼7–10 keV with Gaussians. The inclusion of a line at ∼7.7 keV
mpro v es the fit by 
χ2 / 
 dof = 15/3. If we simulate 1000 EPIC-
n spectra adopting the best-fitting model, without any absorption
ine, we find 55 spectra for which a spurious absorption line in
he 7–9 keV is found with 
χ2 / 
 dof ≥ 15/3 (see e.g. Markowitz,
eeves & Braito 2006 , for details on this procedure), which implies
 � 95 per cent confidence level. While this is a marginal detection,
n absorption complex was already found by Braito et al. ( 2007 ),
ho interpreted a feature at ∼7.7 keV as an absorption line from
e XXVI , outflowing with velocity v ∼ 0.09 c . Therefore, purely in
rder to compare with the previous detection of the line, we report
ere its best-fit parameters. 
We fit the absorption trough at ∼7.7 keV with a simple Gaussian

ine, with width σ left free to vary. We find an unconstrained width
nd therefore we fix σ = 0. We let the normalisations in Epochs
 and 2 free to vary independently. We find a centroid energy of
 = 7 . 74 + 0 . 05 

−0 . 06 keV, with an equi v alent width of EW 1 = 19 ± 5 eV in
poch 1 and EW 2 < 5 eV in Epoch 2. Therefore, if a line is indeed
resent, it would be two times weaker than previously observed in
raito et al. ( 2007 ), where an equi v alent width of EW ∼ 50 eV was

ound. This would be most likely due to a change in column density
f the wind. Ho we ver, the centroid energy is consistent with the one
eco v ered in the past, which would imply an outflowing velocity of
/ c = 0.10 ± 0.01, if interpreted as outflo wing Fe XXVI . Ho we ver,
e stress that the line is not indeed detected, and only mentioned
ere to compare it with previous 2005 observations of this AGN. 

 SUMMARY  A N D  C O N C L U S I O N S  

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

(i) We find a well constrained value of the cut-off energy at E cut =
31 + 10 

−9 keV. This value is consistent with previous results of NuSTAR
nalyses on this AGN and it represents an average value of the cut-off
NRAS 526, 3540–3547 (2023) 
nergies typically found in AGN (e.g. Tortosa et al. 2018 ; Kamraj
t al. 2022 ). No v ariability of the cut-of f energy is detected between
pochs 1 and Epoch 2. Assuming a slab (spherical) geometry of

he corona, we find a coronal temperature of kT = 26 ± 1 keV
 kT = 28 + 6 

−4 ) and an optical depth τ = 1.25 ± 0.05 ( τ = 4 . 7 + 0 . 5 
−0 . 9 ),

argely in agreement with previous results on this AGN. 
(ii) The spectrum shows evidence of the presence of a broad line,

roduced by the reflection of the primary component on a truncated
ccretion disc, with an inner radius of R in = 40 + 23 

−16 R g . 
(iii) The inclination is ι = 41 ◦+ 9 

−10 , which is consistent with a
ersistent moderate obscuration as that observed for MCG-5-23-
6. Indeed, we find N H ∼ 1.3 × 10 22 cm 

−2 , roughly constant in
ime-scales of decades. A persistent obscuration with such column
ensity, if due to the absorption by the torus, would imply that the
bsorption occurs at the edge of the torus itself, and an inclination
f ∼45 ◦, consistent with our result, would be required. Tagliacozzo
t al. ( 2023 ) showed that, even though the polarisation degree is
ot constrained at the 99 per cent confidence level, if we assume
he inclination obtained in the present paper a wedge corona (e.g.
outanen et al. 2018 ) is fa v oured, as in the case of NGC 4151
Gianolli et al. 2023 ). 

(iv) The RGS spectrum highlights the presence of two photoion-
zed plasma components. When the EPIC-pn is fitted, the first
omponent, denoted as Zone 1, is characterized by a ionization
arameter log U > −2 and a column density of N H ∼ 5 × 10 21 cm 

−2 ,
hich is responsible of the O VII emission in the RGS spectrum. A

econd component, Zone 2, is characterized by a larger ionization
arameter (log U ∼ 2.2) and column density of N H ∼ 6 × 10 22 cm 

−2 ,
hich is instead responsible for the more ionized O VIII emission

ine. 
(v) We also report on the marginal detection of a possible ab-

orption line with centroid energy E ∼ 7.74 keV. If confirmed, the
ine could be interpreted as blue-shifted outflowing Fe XXVI , which
ould imply a wind velocity of v/ c ∼ 0.1 c . Ho we ver, we must stress

hat the line is only marginally detected, due to a smaller column
ensity with respect to the previous detection of the line (Braito et al.
007 ), and we only report the possible absorption feature to compare
t with its prior detection with XMM–Newton . 

(vi) Overall, the X-ray spectrum of MCG-5-23-16 appears to be
emarkably stable o v er the years. In fact, only moderate variations
n flux and column density are observed, while the properties of the
isc, such as the inner radius inferred from the broad iron line, do
ot appear to significantly change compared to past observations
ith Suzaku (Reeves et al. 2007 ), XMM–Newton (Braito et al.
007 ), and NuSTAR (Balokovi ́c et al. 2015 ; Zoghbi et al. 2017 ).
urthermore, the X-ray coronal properties also appear consistent,
s compared between the observations presented here and the past
uSTAR pointings. 

Future high-resolution observations of MCG-5-23-16 with the
icrocalorimeter Resolve on board the upcoming X-ray mission
RISM (XRISM Science Team 2020 ) will allow us to observe

he X-ray sources with unprecedented spectral resolution. XRISM
bservations will be able to resolve the various components of
he iron line profile, such as the possible presence of ionized iron
ines. Indeed, this will be groundbreaking in determining the disc
arameters from the broad iron line with much larger accuracy, in
articular the inner radius R in and the inclination of the accretion disc,
s the width of the narrow core and possibly any contribution from
he broad-line region will be measured with unprecedented accuracy,
learly separating it from the disc-reflection component. 



XMM and NuSTAR spectroscopy of MCG-5-23-16 3547 

m  

t
a
p

A

T
o
a
F
J
8
a
(
t
P
o
f
F
8
b
(
s
t
u
d
t
i  

s
b

D

T
f
T  

/

R

A  

B
B
B
B
B  

B
C
C
D
D  

D  

D
D

D
d
D
F  

F  

F  

F  

G
G  

G
G
H
H
H
I
K
K
L
M
M
M
M
M
M  

M
M
P  

P
P  

P
P
R
R
S  

S  

S
S
T
T  

T  

U  

V  

W  

W
S
Z
Z

T

©
P

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/526/3/3540/7274144 by guest on 04 January 2024
Additionally, the future enhanced X-ray, timing and polarimetry 
ission ( eXTP ; De Rosa et al. 2019 ; Zhang et al. 2019 ), will be able

o perform simultaneous spectral-timing polarimetry measurements, 
llowing us to put strong constraints on the emission and reflection 
roperties of accreting SMBHs. 
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