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ABSTRACT

We studied the broad-band X-ray spectra of Swift/Burst Alert Telescope selected low-accreting active galactic nuclei (AGNs)
using the observations from XMM-Newton, Swift, and NuSTAR in the energy range of 0.5-150 keV. Our sample consists
of 30 AGNs with Eddington ratio, Aggg < 1073, We extracted several coronal parameters from the spectral modelling, such
as the photon index, hot electron plasma temperature, cutoff energy, and optical depth. We tested whether there exist any
correlation/anticorrelation among different spectral parameters. We observe that the relation of hot electron temperature with
the cutoff energy in the low accretion domain is similar to what is observed in the high accretion domain. We did not observe
any correlation between the Eddington ratio and the photon index. We studied the compactness—temperature diagram and found
that the cooling process for extremely low-accreting AGNs is complex. The jet luminosity is calculated from the radio flux, and
observed to be related to the bolometric luminosity as Lie, o< LY, which is consistent with the standard radio-X-ray correlation.
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1 INTRODUCTION

Active galactic nuclei (AGNs) are powered by the accreting su-
permassive black holes (SMBHs) that reside at the centre of most
galaxies (Rees 1984). The matter gets accreted on to the SMBH,
where the gravitational potential energy is converted into radiation,
which is emitted over the entire electromagnetic spectrum. The X-
rays are thought to be produced in a hot electron cloud, known
as the corona, located in the vicinity of the black hole (Haardt &
Maraschi 1991; Narayan & Yi 1994; Chakrabarti & Titarchuk 1995;
Done, Gierlinski & Kubota 2007). The primary X-ray continuum is
produced through the inverse-Comptonization (Sunyaev & Titarchuk
1980, 1985; Haardt & Maraschi 1991) of the seed UV photons
from the standard accretion disc (Shakura & Sunyaev 1973). The
X-ray continuum can be reprocessed by the accretion disc and/or the
molecular torus, which produces a reflection hump at ~15-40 keV
and an iron Ko line at ~6.4 keV (George & Fabian 1991; Matt,
Perola & Piro 1991). Additionally, an excess in the soft X-ray energy
band (<2 keV), known as soft-excess, is observed in several sources
(Arnaud et al. 1985; Singh, Garmire & Nousek 1985). The origin of
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the soft-excess is still debated, and some of the possible explanations
proposed include blurred reflection from the inner disc (Lohfink et al.
2012), a warm corona (Mehdipour et al. 2011; Done et al. 2012), or
a small number of scattering in a hot corona (Nandi et al. 2021).

In general, an AGN is classified as a low-luminosity AGN
(LLAGN), if the bolometric luminosity is Ly, < 10* erg s™! (e.g.
Gu & Cao 2009). Recent studies have suggested that the mass-
normalized accretion rate is the primary driver in the evolution
of the circumnuclear gas in AGNs (e.g. Ricci et al. 2017a). It
is believed that the accretion mechanism is different in the low-
accreting AGNs (LAC-AGNs; Eddington ratio, Agqg = Lpoi/Lgdd <
1073, where Lgyq is Eddington luminosity) from the high-accreting
AGNs (HAC-AGNS; Aggq > 1073; e.g. Ho 2009; Yang et al. 2015;
Kawamuro et al. 2016).

Theory predicts that if the accretion rate falls below a critical
level, the inner accretion flow changes from the geometrically thin,
optically thick accretion disc (Shakura & Sunyaev 1973) to an opti-
cally thin, radiatively inefficient accretion flow (Esin, McClintock &
Narayan 1997). The correlation between the Aggq and photon index
(I") could be considered as an observational manifestation of such
a theoretical claim. While a positive correlation has been found
for high-luminosity AGNs (e.g. Shemmer et al. 2006, 2008), an
anticorrelation is observed for low-luminosity AGNs (e.g. Gu & Cao
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2009; Ho 2009). It is, therefore, widely believed that in LLAGNS,
the standard thin accretion disc is replaced by a radiatively inefficient
accretion flow (e.g. Narayan et al. 1998; Quataert 2001; Ho 2009).
The absence of the big-blue bump in the SED of these objects
suggests that the thin accretion disc gets truncated at a large distance
from the BH (e.g. Mason et al. 2012; Nemmen, Storchi-Bergmann &
Eracleous 2014). Moreover, most LLAGNs do not show the broad
iron K-line feature, suggesting that the standard disc does not get
extended to the innermost region around the SMBH (e.g. Kawamuro
et al. 2016; Younes et al. 2019).

In the case of the HAC-AGNS, the majority of the seed photons that
produce the X-ray emission, are most likely thermal and originate in
a standard accretion disc (e.g. Shakura & Sunyaev 1973; Malkan &
Sargent 1982). However, for LAC-AGNs, the origin of the seed
photons could be dominated by non-thermal processes, such as syn-
chrotron emission occurring in the jet or within the corona (e.g. Yang
et al. 2015). The size, shape, and geometry of the corona are highly
debated. Various studies suggest that the X-ray corona is compact
(~10 R,, where R, is gravitational radius; e.g. McHardy et al. 2005;
Chartas et al. 2009; Risaliti et al. 2011; Reis & Miller 2013; Uttley
etal. 2014) and located close to the black hole (~3-10 R,; e.g. Fabian
et al. 2009, 2015, 2017; Zoghbi et al. 2012; Kara et al. 2013). In
the low-accreting AGNs (L < 10™*Lggq, where Lgyq is the Eddington
luminosity; e.g. Reis & Miller 2013), the hard X-rays could originate
in a hot quasi-spherical accretion flow or in an extended corona
(~100 R,).

The corona in AGN is typically characterized by the electron
plasma temperature (k7.) and optical depth (t.). The electron
temperature is directly related to the cutoff energy (E..), while
the photon index is connected to both k7, and 7. (e.g. Sunyaev &
Titarchuk 1980; Pozdnyakov, Sobol & Syunyaev 1983; Petrucci et al.
2001). The photon index (I') and the high energy cutoff (E.,) can
be inferred by X-ray spectroscopic analysis of AGN. The photon
index has been studied over the past three decades. In contrast, the
study of the high energy cutoff has been limited until more recent
times due to the restricted bandpass of the X-ray facilities. Recently,
the cutoff energy of the AGNs has been measured using various
observatories with hard X-ray instruments, e.g. BeppoSAX (Perola
et al. 2002; Dadina 2007), INTEGRAL (Molina et al. 2009, 2013;
Panessa et al. 2011; de Rosa et al. 2012), NuSTAR (Kamraj et al.
2018, 2022; Rani, Stalin & Goswami 2019; Balokovic et al. 2020)
and Swift (Ricci et al. 2017a, 2018; Trakhtenbrot et al. 2017). In
general, the cutoff energy is observed in a wide range of ~50-
500 keV (e.g. Ricci et al. 2017a, 2018; Balokovi¢ et al. 2020). Ricci
et al. (2018) analyzed 838 Burst Alert Telescope (BAT) AGNs and
found that the median of the cutoff energy, E. = 160 £ 41 keV
for L/LEdd > 0.1, and E. = 370 + 51 keV for L/LEdd < 0.1.
They also found the median of the hot electron temperature and
optical depth as k7. = 105 + 18 keV and 7. = 0.25 + 0.06,
respectively.

While the coronal properties of the HAC-AGNs have been ex-
plored extensively in past (e.g. Ricci et al. 2017a, 2018; Kamraj
et al. 2018, 2022; Rani et al. 2019; Balokovi¢ et al. 2020; Hinkle &
Mushotzky 2021), the low accretion domain has been considerably
less explored (e.g. Younes et al. 2019). Several X-ray studies of
LLAGNSs have been performed to study the variation of the photon
index (e.g. Shemmer et al. 2008; Gu & Cao 2009; Ho 2009;
Kawamuro et al. 2016).

In this paper, we study the coronal properties of low-accreting
AGNs using broad-band X-ray data obtained from NuSTAR and
Swift/BAT in the 3—-150 keV range. Using Comptonization models,
we constrain the main coronal parameters and study possible trends
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among them. The paper is organized in the following way. First,
in Section 2, we describe the sample selection and data reduction
processes. Then, we discuss the analysis procedure in Section 3.
Next, the results of our work are presented and discussed in Section 4.
Finally, we summarize our findings in Section 5.

2 SAMPLE AND DATA REDUCTION

2.1 Sample selection

The primary aim of this work is to investigate the coronal properties
of low-accreting AGNs. We chose our sample from the all-sky
Swift/BAT hard X-ray survey' (Oh et al. 2018). The BAT survey was
compiled for 105 months, and the spectra are stacked together. The
survey has a sensitivity of 8.4 x 107!2 ergecm™2 s7! in 14-195 keV
range, and is almost unbiased by obscuration up to Ny ~ 10** cm™2
(Ricci et al. 2015). Initially, we chose a sample of AGNs within
the range of 14-195 keV, where the luminosity is less than 10
erg s~'. Our main goal is to select sources with an Eddington ratio
<1073,

We selected all BAT AGNs with publicly available NuSTAR
observations. We also added XMM-Newton or Swift/XRT observa-
tions for the soft X-ray band (0.5-10 keV) to construct the spectra
in a broad energy range of 0.5-150 keV? From the combined
spectra, we performed spectral analysis to calculate the bolometric
luminosity (Lyo) and Eddington ratio (Aggq; see Section 3 for
details). We selected sources with Apgg < 1073 for our sample.
We excluded several sources from our sample (with Agqg < 107%)
due to low signal-to-noise ratio (SNR), e.g. NCG 660, NGC 3486,
NGC 678, or the presence of other sources in the field of view,
e.g. NGC 5194. In the case of NGC 5194, several ULXs have
been detected in the NuSTAR field. As NuSTAR does not resolve
them, the emission is not purely from the AGN (Brightman et al.
2018). Hence, we did not include NGC 5194 in our sample. The
final sample consists of 30 sources and is tabulated in Table 1.
In Fig. 1, we show the distribution of Eddington ratio (Agdd),
black hole mass (Mgy), and bolometric luminosity (Ly,) of our
sample, in the left-hand, middle, and right-hand panels, respectively.
Our sample extends over three orders of magnitude for all three
parameters.

2.2 Data reduction

2.2.1 NuSTAR

NuSTAR is a hard X-ray focusing telescope with two identical
modules, FPMA and FPMB, and operates in the 3-78 keV energy
range (Harrison et al. 2013). We obtained NuSTAR data from NASA’s
HEASARC archive.® The data were reprocessed with the NuSTAR
Data Analysis Software (NuSTARDAS, version 1.4.1). We gener-
ated clean event files with the nupipeline task, using standard
filtering criteria. The data were calibrated using the latest calibration
data files available in the NuSTAR calibration data base.’ The source
and background products were extracted by considering circular
regions with 60 arcsec, and 90 arcsec radii, centred at the source
coordinates and away from the source, respectively. The spectra were

Uhttps://swift.gsfc.nasa.gov/results/bs105mon/

2Check Appendix A for details.
3https://heasarc.gsfc.nasa.gov/cgi-bin/W3Browse/w3browse.pl
“https://heasarc.gsfc.nasa.gov/docs/nustar/analysis/
Shttp://heasarc.gsfc.nasa.gov/FTP/caldb/data/nustar/fpm/
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Table 1. Information on the selected sources.

Name Swift name Type RA (J2000) Dec. (J2000)  Redshift log (MBH) Ref.
1) NGC 454E J0114.4-5522 Seyfert 2 18.575 -55.401 0.0121 8.52+0.45 1
2) NGC 1052 J0241.3-0816 Seyfert 2 40.270 -8.256 0.005 8.96 +0.29 1
3) NGC 2110 J0552.2-0727 Seyfert 2 88.046 -7.457 0.007 9.38 2
%) NGC 2655 J0856.0+7812 Seyfert 2 133.90 78.20 0.0047 7.70 + 0.20 3
5) NGC 3079 J1001.745543 Seyfert 2 150.49 55.679 0.0037 8.27 £0.30 1
6) NGC 3147 J1017.8+7340 Seyfert 2 155.45 73.41 0.0093 8.79 4
(7) NGC 3718 J1132.745301 LINER 1.9 173.22 53.02 0.0033 9.53 1
8) NGC 3786 J1139.5-6526 Seyfert 1.9 174.94 31.96 0.0089 7.53 5
(©)] NGC 3998 J1157.84+5529 LINER 1.9 179.48 55.45 0.0035 9.93+0.33 1
(10) NGC 4102 J1206.2+5243 LINER 181.59 52.71 0.0028 8.75+0.33 1
(11 NGC 4258 J1219.4+4720  Seyfert 1.9/LINER 184.75 47.29 0.0015 7.57 £0.35 1
(12) NGC 4579 J1237.5+1182 LINER 1.9 189.38 11.82 0.0051 8.10 6
(13) NGC 5033 J1313.6+3650B Seyfert 1.5 198.406 36.826 0.0029 7.86 + 0.35 1
(14) NGC 5283 J1341.5+6742 Seyfert 2 205.299 67.691 0.010 8.87 +0.30 1
(15) NGC 5290 J1345.5+4139 Seyfert 2 206.329 41.713 0.0080 7.76 £ 0.31 1
(16) NGC 5899 J1515.0+4205 Seyfert 2 228.788 42.063 0.0080 8.66 +0.31 1
17) NGC 6232 J1643.2+7036 Seyfert 1 250.721 70.643 0.0148 743 +£0.52 1
(18) NGC 7213 J2209.4-4711 Seyfert 1 332.33 -47.17 0.0058 7.99 5
(19) NGC 7674 J2328.14+0883 Seyfert 2 352.031 8.835 0.028 9.18 2
(20) Mrk 18 J0902.0+6007 Seyfert 2 135.493 60.152 0.0111 7.85 +0.30 1
21) Mrk 273 J1344.7+5588 Seyfert 2 206.175 55.887 0.0379 9.02 + 0.04 7
(22) ARP 102B J1719.74+4900 Seyfert 1 259.81 48.98 0.0242 8.92 £0.34 1
(23) ESO 253-003 J0525.3—4600 Seyfert 2 81.381 -45.965 0.042 9.84 2
24) ESO 506-027 J1238.9-2720 Seyfert 2 189.722 -27.294 0.025 8.99 +£0.29 1
25) HE 1136-2304 J1139.0-2323 Seyfert 1.9 74.713 -23.360 0.027 9.39 2
(26) IGR J11366-6002 J1136.74+6738 Seyfert 1 174.104 67.645 0.014 8.56 2
27) IC 4518A J1457.8-4308 Seyfert 2 224.460 -43.116 0.016 8.79 2
(28) UGC 12282 J2258.9+4054 Seyfert 1 344.696 40918 0.017 9.80 + 0.35 1
29) LEDA 214543 J1650.5+0434 Seyfert 2 252.656 4.620 0.032 9.83 +£0.32 1
(30) 7367-9 J1621.2+8104 Seyfert 2 244.927 81.062 0.027 9.82 +0.32 1

Note. (1) Koss et al. (2017), (2) Koss et al. (2022), (3) Tully (1988), (4) Merloni, Heinz & di Matteo (2003), (5) Woo & Urry (2002), (6)

Younes et al. (2019), and (7) U et al. (2013).
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Figure 1. Histograms of Eddington ratio (Ag4q), supermassive black hole mass (Mpp), and bolometric luminosity (Lyo1) are shown in the left-hand, middle, and

right-hand panels, respectively.

extracted using the nuproduct task and then rebinned to ensure that
they had at least 20 counts per bin by using the grppha task. For each
source, we used the NuSTAR observation with the longest exposure,
except for NGC 3718 for which we co-added the spectra from four
continuous observations to improve the SNR using the FTOOL task
ADDASCASPEC.

2.3 Swift

The 0.5-8 keV Swift/XRT spectra were generated using the standard
online tools provided by the UK Swift Science Data Centre (Evans
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et al. 2009).5 We utilized the Swift/XRT spectra for 17 objects when
the simultaneous observations were available with NuSTAR. For five
objects, we stacked several XRT spectra together to achieve a good
SNR.

The 14-150 keV Swift/BAT spectra and response matrices were
obtained from the 105-month Swift-BAT All-sky Hard X-Ray Sur-
vey.’

Ohttps://www.swift.ac.uk/user_objects/
https://swift.gsfc.nasa.gov/results/bs 105mon/
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Table 2. Observation log.

Low-accreting AGNs

Object NuSTAR ID Date Exp XMM-Newton Date Exp
(yyyy-dd-mm)  (ks) or XRT ID (yyyy-dd-mm) (ks)
NGC 454E 60061009002 2016-02-14 24 00080016001 2016-02-14 6
NGC 1052 60061027002 2013-02-14 16 0790980101%* 2017-01-17 71
NGC 2110 60061061002 2012-10-05 15 0145670101%* 2003-03-05 60
NGC 2655 60160341004 2016-11-10 16 00081037001-02 2016-11-02 - 03 7
NGC 3079 60061097002 2013-11-12 22 00080030001 2013-11-12 7
NGC 3147 60101032002 2015-12-27 49 0405020601%* 2006-06-10 18
NGC 3718 60301031002 2017-10-24 25 0795730101% 2017-10-24 38
60301031004 2017-10-27 90
60301031006 2017-10-30 57
60301031008 2017-11-03 57
NGC 3786 60061349002 2014-06-09 22 00080684001 2014-06-09 4
NGC 3998 60201050002 2016-10-25 104 0790840101% 2016-10-26 25
NGC 4102 60160472002 2015-11-19 21 00081110001 2015-11-09 7
NGC 4258 60101046002 2015-11-16 55 00081700001 2015-11-16 2
NGC 4579 60201051002 2016-12-06 117 0790840201% 2016-12-06 23
NGC 5033 60601023002 2020-12-08 104 0871020101% 2020-12-10 21
NGC 5283 60465006002 2018-11-17 33 00088264 001 2018-11-17 7
NGC 5290 60160554002 2021-07-28 19 00011388002— 2019-05-07 9
00011388007 to 2020-05-26
NGC 5899 60061348002 2014-04-08 24 00080683001 2014-04-08 7
NGC 6232 60061328002 2013-08-17 18 00080537001-02 2013-08-17 - 18 7
NGC 7213 60001031002 2014-10-05 102 00080811001 2014-10-06 2
NGC 7674 60001151002 2014-09-30 52 0200660101%* 2004-06-02 10
Mrk 18 60061088002 2013-12-15 20 00080406001 2013-12-15 7
Mrk 273 60002028002 2013-11-04 70 0722610201% 2013-11-04 23
ARP 102B 60160662002 2015-11-24 22 00081204001 2015-11-24 7
ESO 253-003 60101014002 2015-08-21 23 0762920501% 2015-08-19 27
ESO 506-027 60469006002 2019-06-26 19 0312191801%* 2006-01-24 12
HE 1136-2304 80002031003 2014-07-02 64 0741260101% 2014-07-02 110
IC 4518A 60061260002 2013-08-02 8 00080141001 2013-08-02 7
IGC J11366-6002 60061213002 2014-10-29 22 00080058001-02 2014-10-29 - 30 7
UGC 12282 60160812002 2019-11-18 29 00081292001 2019-11-18 7
LEDA 96373 60061073002 2014-07-31 22 00080382001 2014-07-31 4
LEDA 214543 60061273002 2017-02-06 21 00080172001 2017-02-06 6
7 367-9 60061270002 2014-12-21 30 00080158001— 2014-09-22 13
00080 158 002 2014-12-21

Note. X marks the XMM-Newton observations. * indicates non-simultaneous observations of NuSTAR and XMM-Newton.

2.3.1 XMM-Newton

3 ANALYSIS

4673

We used XMM—-Newton (Jansen et al. 2001) EPIC/PN observations
in the 0.5-10 keV energy range in our analysis. The data files were
reduced using the Standard Analysis Software (SAS) version 20.0.0.
The raw PN event files were processed using EPCHAIN task. We
checked for particle background flare in the 10-12 keV energy
range. The Good Time Interval file was generated using the SAS task
TABGTIGEN. The source and background spectra were extracted from
a circular region of 30 arcsec centred at the position of the optical
counterpart and from a circular region of 30 arcsec radius away
from the source, respectively. The background region is selected in
the same CCD where no other X-ray sources are present. Using
ESPECGET task, we generated the source and background spectra. We
checked for pileup using the EPATPLOT task. We did not find any
source that suffered from the pileup.

We used XMM-Newton spectra for 13 objects. For eight sources,
the XMM-Newton observations were made simultaneously with
the NuSTAR. For the rest five sources, we used non-simultaneous
observations. For the non-simultaneous observations with XMM-
Newton, and NuSTAR, we checked for spectral variability. The
spectral variability is presented in detail in Section A. The detailed
observation log is tabulated in Table 2.

3.1 Spectral analysis

The spectral analysis of combined spectra in the 0.5-150 keV range
was performed in XSPEC v12.10 (Arnaud 1996). For our analysis,
we adopted the cross-section from Verner et al. (1996), and ANGR
abundances (Anders & Grevesse 1989). We used cross-normalization
constants between the FPMA, FPMB, and BAT (Madsen et al. 2015,
2017) instruments while carrying out simultaneous spectral fitting.
We started X-ray spectral modelling using an absorbed power-law
model with a cutoff at high energy. In XSPEC, the model reads as
ZPHABS*ZCUTOFF. We also added another component in the model
for the absorption due to the Compton scattering, modelled with
CABS. A component for the scattered primary emission, modelled
with CONSTANT*ZCUTOFF was added (e.g. Gupta et al. 2021). For the
reprocessed emission, we used the convolution model REFLECT.®
(Magdziarz & Zdziarski 1995). REFLECT is a generalization of
the widely used PEXRAV model. It describes the reflection from a
cold, neutral semi-infinite slab. The model parameters are reflection

8https://heasarc.gsfc.nasa.gov/xanadu/xspec/manual/node297.html
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fraction (R), inclination angle (i), iron abundance (Ap.), and metal
abundances (Ay). We also added a Gaussian function at ~6.4 keV to
incorporate the iron K-line emission. For the soft-excess emission,
we added a BLACKBODY model. However, one can also use the
POWERLAW to approximate the soft-excess (e.g. Nandi et al. 2021).
The model setup (hereafter Model-1a) reads in XSPEC as,

CONST1%PHABS 1 %(ZPHABS2%CABS*REFLECT*ZCUTOFFPL 1 +
GAUSS + CONST2*CUTOFFPL2 + BLACKBODY).

where, PHABS 1 represents the Galactic absorption and is calculated
using NH’ tools of FTOOLs (HI4PI Collaboration 2016). CONSTI1
represents the cross-normalization factor between the FPMA, FPMB,
and BAT. The ZPHABS2*+CABS*ZCUTOFFPL1 represents the absorbed
direct primary emission. CONST2xCUTOFFPL represents the scattered
primary emission, while CONST2 is the scattering fraction (fscy). The
photon index (I"), cutoff energy (E.), normalization of CUTOFFPL1
and ZCUTOFFPL2 are linked together. The column densities of the
CABS and ZPHABS2 models are tied together and represent the line-
of-sight obscuration towards the AGNs. We fixed the Ag. and Ay at
the Solar values, i.e. 1 and the inclination angle at 60° in our analysis.
We allowed the Gaussian parameters to vary freely. However, when
we could not constrain, we fixed the line energy at 6.4 keV and line
width at 0.01, 0.05, or 0.1 keV, depending on the initial fitting.

We obtained good fit for all the sources using Model-1a. We
noticed that the soft-excess is present in seven sources, namely,
NGC 2655, NGC 4102, NGC 4258, NGC 5033, NGC 5290, NGC
7213, and HE 1136-2304. The spectra of the rest 23 sources can be
fitted without the BLACKBODY component in Model-1a. The scattered
emission is present in 15 sources in our sample. The photon index
(I") and cutoff energy (E.,;) were obtained from the fitting. The hot
electron temperature of the corona (k7. ) can be calculated from the
cutoff energy, using the empirical relation E., = 2kT. (for 7. <
1) or E = 3kT. (for . > >1) (Petrucci et al. 2001). Instead of
this, one may also use Comptonization models such as COMPTT
(Titarchuk 1994) or NTHCOMP (Zdziarski, Johnson & Magdziarz
1996; Zdziarski, Lubifiski & Smith 1999) to obtain the hot electron
temperature. To use the Comptonization model to probe the corona,
we replaced CUTOFFPL with the NTHCOMP in the Model-1a. The
spectral model reads in XSPEC as (hereafter Model-1b),

CONST1#PHABS 1 x(ZPHABS2#CABS*REFLECT#NTHCOMP + GAUS-
SIAN + CONST2#NTHCOMP + BLACKBODY).

During the spectral fitting, we froze the seed photon temperature
of NTHCOMP component at 10 eV, which is a reasonable assumption
for the SMBH with Mgy > 107 Mg, (e.g. Shakura & Sunyaev 1973;
Makishima et al. 2000). We verified that the variations of the seed
photon temperature from 5 to 20 eV did not affect the spectral fitting.
We obtained good fits for all the sources with Model-1b. Table C1
shows the results obtained by applying Model-1a and Model-1b in
our spectral fitting.

Next, we replaced REFLECT with a torus-based physically mo-
tivated model BORUS'? (Balokovié et al. 2018) in Model-1a. The
borus02 model consists of a spherical homogeneous torus with two
polar cutouts in a conical shape. The torus covering factor and the
inclination angle are the free parameters in the model. The borus02
model also allows us to separate the line of sight column density
(NJ*) from the torus/obscuring material column density (N{"). We
did not require the Gaussian function while fitting with the borus02

“https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3nh/w3nh.pl
10https://sites.astro.caltech.edu/~mislavb/download/
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Figure 2. Top panel: Representative spectrum of NGC 4579. The black,
red, and green circles represent the data from the FPMA, FPMB, and BAT
instruments, respectively. The distributions of x are shown in the middle and
bottom panels, obtained from fitting the data with (a) Model-1a, (b) Model-1b,
(c) Model-2a, and Model-2d, respectively.

model, as borus02 self-consistently calculates the Fe ka and Fe
KB lines. In our fitting, we also fixed the torus covering factor at 0.5
and the inclination angle at 60°. The spectral model reads in XSPEC
as (hereafter Model-2a),

CONST1#PHABS 1 %(ZPHABS2%CABS*ZCUTOFFPL1 + BORUS02 -+
CONST2*CUTOFFPL2 + BLACKBODY).

The Model-2a gave us a good fit for all the sources in our sample.
‘We obtained N,l_f’s, Ng*, T, and E,,, from the spectral modelling with
Model-2a. As in the case of Model-1, to probe the corona with the
Comptonized model, we replaced CUTOFFPL and borus02, with
NTHCOMP and borus12 models, respectively, in Model-2a. In the
borusl2 model, the primary emission is described by NTHCOMP,
replacing the CUTOFFPL model. The torus structure and geometry
remain the same. This spectral model reads as (hereafter Model-2b),

CONST1 PHABS | #(ZPHABS2#CABS*NTHCOMP + BORUSI2 +
CONST2#NTHCOMP + BLACKBODY).

During fitting with the borus02 model, we linked I', E,, and
normalization of CUTOFFPL1, CUTOFFPL2, and borus02 together.
The spectral analysis with the borus12 model returned with a
good fit for all the sources. Table C2 shows the results obtained from
our spectral fitting by applying Model-2a and Model-2b. Figure 2
shows the representative spectrum of NGC 4507 in the top panel. In
the middle and bottom panels, the x distributions are shown while
using Model-1 and Model-2, respectively.

To estimate the uncertainties in the parameters, we ran the STEPPAR
command in XSPEC. The uncertainties are estimated at 68, 90 , and
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Figure 3. Confidence contours between the photon index (I") and cutoff energy (E.;) are shown for NGC 454E (top left), NGC 3147 (top middle), NGC 3998
(top right), NGC 4102 (bottom left), NGC 7213 (bottom middle), and HE 1136-2304 (bottom right). The red, green, and blue contours represent 1o, 20, and

30 levels, respectively.
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Figure 4. Confidence contours between the photon index (I") and hot electron temperature (k7¢) are shown for NGC 454E (top left), NGC 3147 (top middle),
NGC 3998 (top right), NGC 4102 (bottom left), NGC 7213 (bottom middle), and HE 1136-2304 (bottom right). The red, green, and blue contours represent

lo, 20, and 30 levels, respectively.

99 per cent confidence levels. We quoted uncertainties at 90 per cent
confidence level throughout the paper unless mentioned otherwise.
We show confidence contours between the I' and the E., in Fig. 3
for NGC 454E, NGC 3147, NGC 3998, NGC 4102, NGC 7213, and
HE 1136-2304 obtained from the fitting with Model-2a. Figure 4
shows the confidence contours between the I" and the kT, obtained
from the spectral analysis of data with Model-2b for NGC 454E,
NGC 3147, NGC 3998, NGC 4102, NGC 7213, and HE 1136-2304.
In Fig. 3 (Fig. 4), we selected six sources randomly to show that
Ey (kT.) could not be constrained in all sources. Detailed spectral
analysis result is tabulated in Table C2.

We also ran Markov Chain Monte Carlo (MCMC) in XSPEC!!
to calculate the uncertainty. Using the Goodman—Weare algorithm,
the chains were run with eight walkers for a total of 10° steps. We
discarded first 10000 steps of the chains, assuming them to be in
the ‘burn-in’ phase. Figure D1 shows the posterior distribution of
the spectral parameters and errors obtained with the Model-2a and

https://heasarc.gsfc.nasa.gov/xanadu/xspec/manual/node43.html
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Model-2b in the left-hand and right-hand panels, respectively, for
NGC 5033.

3.2 Estimation of parameters

The spectral analysis is carried out with four different models, with
the differences in the choice of the primary continuum (CUTOFFPL or
NTHCOMP), and reprocessed emission (REFLECT or BORUS). We ob-
tained similar results with all four models. The common parameters
in all four models are I and N§{*. The mean value of T is obtained
to be 1.73 £ 0.05, 1.73 £ 0.06, 1.74 &+ 0.04, and 1.75 £ 0.04, from
Model-1a, Model-1b, Model-2a, and Model-2b, respectively. The
mean value of N}¥is found to be log Nj2*23.39 £ 0.08, 23.38 £ 0.10,
23.40 %+ 0.09, and 23.40 +£ 0.10 from the spectral fitting with the
Model-1a, Model-1b, Model-2a, and Model-2b, respectively. The
mean values of E., and kT, are also similar within uncertainties
from different models. As Model-1 and Model-2 returned similar
values of the spectral parameters, we used the spectral results from
Model-2 in the rest of the paper or mentioned otherwise.

For 24 sources, we used black hole mass from the BAT AGN
Spectroscopic Survey (BASS; Koss et al. 2017; Ricci et al. 2017a;
Koss et al. 2022). For the remaining six sources, we searched
for the black hole mass in the literature (see Table 1). From the
spectral fitting, we estimated the intrinsic luminosity (Liy) of the
sources in the 2-10 keV energy range. The bolometric luminosity is
obtained by using the bolometric correction factor 10 (Vasudevan &
Fabian 2009). We calculated the Eddington ratio as Agada = Luol/Lgdd,
where Lgqq is the Eddington luminosity and given by, Lggy =
1.3 x 10°® (Mpu/Moy) erg s~

The T', kT., and E, were obtained from the spectral fitting. The
optical depth of the corona is estimated by using the following
relation (Zdziarski et al. 1996),

N3 23 )
YTy a T e — DT +2)

where 6 = kT,/m.c? is the dimensionless temperature.
The dimensionless compactness parameter is calculated using the
following equation (e.g. Fabian et al. 2015, 2017):

my Ry Ly

I =dx 2)

me Rx Lpaa’

where Ry is coronal size and Ly is the coronal luminosity in the

0.1-200 ke V energy range. The 0.1-200 keV luminosity is calculated

from the extrapolation of the best-fitted model. In this work, we used
Rx = 10 R, (e.g. Fabian et al. 2015).

In the Compton cloud, the seed photons are up-scattered by the hot
electrons and gain energy (e.g. Sunyaev & Titarchuk 1980, 1985).
The mean of the energy gained by photons per scattering can be
estimated by the Compton-y parameter, y = 40 max(te, 72) (e.g.
Rybicki & Lightman 1979). On the other hand, the total energy
gain also depends on the number of scattering of the photons before
escaping the medium. The average number of scattering (Ns) is given
by, Ns = y/6.

A strong jet is expected in a low-accreting regime (Fender &
Belloni 2004). In general, the radio luminosity (Lgr) is considered a
good proxy of the jet luminosity (Li; e.g. Fender & Belloni 2004).
We collected jet luminosity (Lje; or Lg at 1.4 GHz) of sources from
the NASA Extragalactic Database (NED) archive!?

2https://ned.ipac.caltech.edu/
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We estimated several spectral parameters of our sample. The
detailed results are presented in Table C3.

3.3 Correlations among coronal parameters

Correlations among several coronal parameters have been exten-
sively studied in the past (e.g. Kamraj et al. 2018; Ricci et al. 2017a).
Here, we explored such co-dependencies among various spectral
parameters. We employed Pearson, Spearman, and Kendall rank
correlations to understand the relations among numerous parameters
vis-4-vis the accretion mechanism around the LAC-AGNs. The
results of our correlation study are tabulated in Table 3. Overall, all
three correlation studies yield similar results. In total, we examined
30 correlations from our study. We considered the correlation
is significant if the p-value is less than 0.01. For nine pairs of
parameters, we found the corresponding p-value as <0.01. We found
a strong anticorrelation between k7. and E.,. The Ns is observed
to be strongly correlated with k7, and E.. We found moderate
anticorrelations and correlations for three pairs of parameters each.

4 RESULTS AND DISCUSSION

We studied a sample of AGNs with low Eddington ratio (Aggg <
10~3) to understand their coronal properties at low accretion regime.
In our study, we used combined XMM-Newton, Swift, and NuSTAR
spectra in the 0.5-150 keV energy range. From the spectral study, we
obtained diverse spectral parameters and correlations among them.

4.1 Constraints on the coronal parameters

The corona is characterized by several parameters, namely the photon
index (I"), hot electron temperature (k7.), cutoff energy (E.), and
optical depth (t.). We obtained I', kT, and E. from the spectral
analysis, while 7. is obtained using equation (1). Figure 5 shows the
distribution of E, kT, and 7. in our sample.

We are able to constrain E., in 22 sources out of a total of 30
sources considered in our sample. The E.,, is distributed in a wide
range of ~50-500 keV in our sample. The broad parameter space
of E.y is consistent with the other recent studies (e.g. Ricci et al.
2018; Balokovi¢ et al. 2020; Hinkle & Mushotzky 2021). We found
that the lower limit of E, is below 50 keV for two sources when
E.y is not constrained. The median value of E., for our sample is
found to be 238 + 93 keV with mean <E ., > =241 £ 84 keV, when
E. is constrained. However, these values do not represent the whole
sample, as the sources with the unconstrained E,, are not considered.

To constrain the mean and median of the whole sample, we
performed 1000 Monte Carlo simulations for each value of E.y.
For each simulation, the values of E., are substituted with the
values selected randomly from a Gaussian distribution with the
standard deviation given by the uncertainty. The lower limits (L)
are substituted with the values randomly selected from a uniform
distribution in the interval of [L, E¢ max], Where Ec max = 1000 ke'V.
For each run, we calculated the median of all values and used the
mean of 1000 simulations (see Ricci et al. 2017a, 2018, for details).
We find that the mean of E., is 284 £ 102 KeV, while the median
is 267 + 110 keV. Our results are consistent with the results of
Ricci et al. (2017a, 2018) and the studies of the cosmic X-ray
background, which suggest that the mean cutoff energy of AGNs
should be <300 keV (e.g. Gilli, Comastri & Hasinger 2007; Ueda
et al. 2014; Ananna et al. 2020).

Using MODEL-2, we additionally constrained k7. for those 22
sources. We found a lower limit for the other eight sources.
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Table 3. Correlation among different parameters.
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Pearson correlation

Spearman correlation

Kendall correlation

Parameter-1 ~ Parameter-2 P p R P T P

AEdd r -0.22 0.24 -0.16 0.40 -0.12 0.36
AEdd Ecut -0.02 0.90 0.01 0.99 -0.01 0.94
AEdd kT -0.07 0.71 -0.01 0.95 -0.02 0.89
AEdd Te 0.18 0.33 -0.02 0.90 -0.03 0.84
AEdd Mgn -0.45 <0.01 -0.46 0.01 -0.32 0.02
kT r 0.34 0.01 0.40 0.02 0.29 0.02
kT Ecut 0.97 <0.01 0.95 <0.01 0.85 <0.01
r Ecut 0.32 0.08 0.40 0.03 0.28 0.03
r Te -0.64 <0.01 -0.56 <0.01 -0.41 <0.01
Mgu Te -0.11 0.61 -0.04 0.83 0.01 0.93
Mgn kT 0.04 0.84 0.03 0.87 0.03 0.86
Mgy Ecut -0.07 0.69 -0.02 0.92 -0.02 0.91
Lol Mg 0.49 <0.01 0.51 <0.01 0.40 <0.01
Lol r -0.21 0.26 -0.23 0.22 -0.017 0.18
Lol kT -0.11 0.56 -0.07 0.70 -0.06 0.62
Liol Ecut -0.10 0.59 -0.07 0.71 -0.06 0.68
Lol Te 0.09 0.64 0.13 0.49 0.09 0.49
Lol AEdd 0.46 <0.01 0.41 <0.01 0.29 0.01
AEdd Nu 0.08 0.68 -0.12 0.52 -0.09 0.49
Lo Nu 0.06 0.76 0.02 0.90 0.01 0.99
Ns r -0.65 <0.01 -0.56 <0.01 -0.41 <0.01
Ns kT -0.85 <0.01 —-0.97 <0.01 -0.89 <0.01
Ns Ecw -0.84 <0.01 -0.91 <0.01 —0.76 <0.01
Ns A 0.19 0.31 -0.02 0.90 -0.03 0.84
Ns Lyl 0.11 0.57 0.13 0.49 0.09 0.50
Ns Mgn -0.08 0.66 -0.04 0.83 0.01 0.93
Lyl Liet 0.60 <0.01 0.61 <0.01 0.49 <0.01
EW Lo -0.58 0.01 -0.52 0.02 -0.39 0.02
EW AEdd -0.25 0.29 -0.14 0.54 -0.11 0.55
EW Lx, 44 -0.45 0.06 -0.31 0.06 -0.44 0.05

8

Number of AGNs
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cut
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Figure 5. Histograms of cutoff energy (E.y), hot electron plasma temperature (k7 ), and optical depth (t.) are shown in the left-hand, middle, and right-hand
panels, respectively. The dark green bars represent the constrained parameters. The light green and yellow bars represent the lower limit and upper limit of the

parameters, respectively.

Analogous to Egy, kT. was also obtained in a broad range be-
tween ~10 and 300 keV which was found in other studies (e.g.
Tortosa et al. 2018; Akylas & Georgantopoulos 2021). We obtained
the lower limit of k7T, as 15 keV for IC 4518A, which is the
lowest value among the sources in our samples. We calculated
the mean and median of k7. by running 1000 Monte Carlo sim-
ulations, as mentioned in the previous paragraph. We considered
the maximum value of k7, as 500 keV for the sources with the
lower limit in the simulation. We found the mean value of our
samples as <kT.> = 126 £ 54 keV with a median at 110 £
45 keV.

As 7. is calculated using k7., we also derived upper limits on 7.
for six observations. Excluding the upper limits, 7. is observed to
vary within the range of ~0.5-3. The mean of the optical depth is
estimated to be <t.> = 1.77 £ 0.76 with median t. = 1.47 4+ 0.58
in our sample.

The corona remains hot for low-mass accretion rate AGNs as the
cooling is inefficient. The hot corona also leads to high E, and
optically thin medium (z. < 1). Ricci et al. (2018) found the median
of cutoff energy, E., = 160 £ 41 keV for Agqq > 0.1, and Eoy =
370 £ 51 keV for L/Lggqa < 0.1. As we explored an even lower
Eddington ratio (Aggg < 0.001) regime, the median of the cutoff

MNRAS 524, 4670-4687 (2023)

€202 J8qWIBAON /0 UO Jasn Aselqi 0jsQ 10 Ausianiun Aq ¥£55222/0.9%/S/2G/e1onie/seiuw/woo dnooiwspese//:sdiy woll pspeojumoq



4678 A. Jana et al.

energy is expected to be higher. However, this was not observed for
our sample of low Eddington ratio AGN.

4.2 Dependence of the coronal properties on the Eddington
ratio

In the current work, we studied a sample of AGNs with low Aggq to
understand the coronal properties in the low accretion regime. The
' — Aggq relation has been studied widely in the past (e.g. Gu &
Cao 2009; Yang et al. 2015). A positive correlation is observed in
HAC-AGN (e.g. Shemmer et al. 2006, 2008; Risaliti, Young & Elvis
2009; Brightman et al. 2013; Jana et al. 2020, 2021) while a negative
correlation is found in the LLAGNSs (e.g. Gu & Cao 2009; Younes
etal. 2011; Hernandez-Garcia et al. 2013). The accretion mechanism
differs in the low accretion state from the high accretion state.
The opposite correlation indicates that the accretion mechanisms
in different luminosity states are distinct.

The thin disc-corona model naturally explains the positive corre-
lation in the high accretion state (e.g. Yang et al. 2015). In the high
accreting regime (Aggg > 1073), as the accretion rate increases, the
number of seed photons increases, which cools the corona efficiently,
producing the soft spectra. Contrary to that, the negative correlation
in the low accretion state (Agqq < 1073) could be explained with a
hybrid truncated thin disc associated with hot accretion flow/corona
and jet models (e.g. Gardner & Done 2013; Qiao & Liu 2013; Yang
et al. 2015). In this scenario, due to the lack of matter supply, the
inner disc evaporates into a hot accretion flow or corona (e.g. Esin
et al. 1997; Yuan & Narayan 2014; Yang et al. 2015). As the mass
accretion rate (or Agqq) increases, the electron density and magnetic
field strength increase, which in turn increases the synchrotron self-
absorption depth. The self-absorbed synchrotron emission provides
the seed photons for Comptonization. In this case, the hard X-ray flux
(Lx) increases more rapidly than the seed photon flux (Lgeeq), which
implies a negative correlation of Lg..q/Lx With Lx. This leads to the
negative correlation of the I and Ly or Agqq (e.g. Yang et al. 2015).
If the accretion rate further reduces (Agaq < 107%7), the synchrotron
emission from the jet dominates, leading to a saturation of the photon
index at I" ~ 2 (e.g. Plotkin, Gallo & Jonker 2013; Yang et al. 2015).

In our sample, Aggq Spans the range 107%° < Apgy < 1073,
where a negative correlation of I' — Aggq is expected. However,
we did not find a significant correlation between I' and Aggq. The
Pearson correlation coefficient between I' — Agqq is —0.22 with
p-value 0.24. Figure 6 shows the variation of I' with the Aggqg.
The solid red line represents the best linear fit. Using the linear
regression method, we obtained I' = (—0.04 + 0.03)log Agqa +
(1.59 4 0.13). The observed relation is weaker than the one found
in previous studies. For examples, Gu & Cao (2009) found I' =
(—0.09 £+ 0.03)log Apaa + (1.55 £ 0.07), Younes et al. (2011)
observed I' = (—0.31 & 0.06)log Aggq + (0.11 & 0.40), Jang et al.
(2014) pointed I' = (—0.18 £ 0.04)log Agga + (0.66 £ 0.25),
and She et al. (2018) obtained I' = (—0.15 £ 0.05)log Agqqa +
(1.0 & 0.03). Most of the previous studies were conducted using
Chandra or XMM-Newton observations, which have a limited band-
pass. Trakhtenbrot et al. (2017) found a shallower slope of the I'-
Agqq correlation with respect to previous studies, when considering
the results obtained by broad-band X-ray spectroscopy. In the current
work, we used high-quality broad-band spectra, though our sample is
limited to 30 sources. Thus, we are unable to make a firm conclusion
on the correlation/anticorrelation of Agqg — I'. Recently, Diaz et al.
(2023) studied a sample of LLAGNSs and found similar results. They
argued that due to the small number of sources, they did not find
a statistically significant correlation of I'-Agg4q. We also inspected
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Figure 6. The photon index (") is plotted as a function of the Eddington
ratio (Ag4d). The linear regression analysis gives I' = (— 0.04 £ 0.03)log Ag44
+ (1.59 £ 0.13). The red line represents the best fit of the linear regression
analysis.
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Figure 7. Relation between the hot electron temperature (k7) and cutoff
energy (Ecy) is shown. The solid red line represents the best fit to the data.
The best fit is Ecye = (2.10 £ 0.12)kT, + (29.4 £ 12.1). Two green solid lines
represent the relation E¢y = 2kTe and Ecyr = 3kTe.

whether other spectral parameters are correlated with the Aggq and
did not observe any correlation between Aggq and kT, Te, OF Egy.

4.3 Dependency of the coronal properties on the kT

We found that k7, and E, are strongly correlated (see Table 3)
in our sample. The linear fitting yields E., = (2.10 £ 0.12)kT,
+ (29.4 + 12.1). Figure 7 shows that all the 22 sources with
constrained E., and kT, lie within the E., = 2kT. and E. =
3kT. lines. This agrees with the empirical approximation of E.
~ 2 — 3 kT, (Petrucci et al. 2001). However, Middei et al. (2019)
argued that the empirical relation only holds for low 7. and low k7.
They suggested that if the origin of X-rays is other than the thermal
Comptonization, for example, synchrotron self Comptonization, the
relation Egy ~ 2-3 kT, may not hold. The deviation from this relation
has been observed in a few sources (e.g. Pal et al. 2022). We tested
this relation from the spectral modelling with the REFLECT model
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Figure 8. Compactness—temperature (I — 6) diagram for our sample. Solid
black and red lines correspond to pair production lines for slab and hemi-
spherical geometries from Stern et al. (1995), respectively. The solid magenta
line represents the pair production line from Svensson (1984). The orange
dashed—dotted, green dashed—dotted, and magenta dashed lines represent
the region where electron—electron coupling, electron—proton coupling, and
bremsstrahlung cooling dominate, respectively. The blue circles, red triangles,
and green diamonds represent the AGNs with —3 > log Agqq > —4, —4 >
log Agaa > —5, and log Apqq < —5, respectively. The arrows represent the
lower limit.

(Model-1a and Model-1b). We obtained E ., = (2.18 4+ 0.16)kT, +
(25. £ 17.2), which is similar to the findings with the BORUS model
(Model-2a and Model-2b). None the less, our study found E., ~
2 kT, is an acceptable approximation for the LAC-AGNs.

We obtained a weak positive correlation between k7, and I', with
the Pearson correlation coefficient of 0.34 with a p-value of 0.01. For
purely thermal Comptonization, a negative correlation between k7.
and I" is expected. However, if there are non-thermal seed photons,
e.g. synchrotron emission from a jet, a negative correlation may
not hold (e.g. Yang et al. 2015). None the less, the observed relation
indicates a complex process for the X-ray emission other than thermal
Comptonization.

We calculated the average number of scatterings the photons
suffered before escaping the Compton cloud (see Section 3.2). We
find that N is anticorrelated with I" having a Pearson correlation
coefficient of —0.65 with p < 0.01, as presented in the earlier
works (e.g. Sunyaev & Titarchuk 1980; Pozdnyakov et al. 1983).
Ns is also found to be strongly anticorrelated with k7, and E..
The Pearson correlation index is obtained to be —0.85 with the
p-value of <0.01 for kT, and —0.85 with the p-value of <0.01
for E.,, respectively. This is expected as a high kT, would lead
the corona to be optically thin; hence, the lower value of Ng.
The anti-correlation between Ns and k7. is also consistent with
the previous simulations (e.g. Chatterjee, Chakrabarti & Ghosh
2017a, b). Compton scattering could induce X-ray polarization. The
variation in the polarization caused by repeated scatterings could be
detected above the minimum detectable polarization with the ongoing
Imaging X-ray Polarimetry Explorer (Weisskopf et al. 2016) or future
X-ray polarimetry missions, such as XPoSat.

4.4 The I-0 plane

We constructed the compactness—temperature (/ — 6) diagram in Fig.
8. Solid black and red lines correspond to the pair production lines
for slab and hemispherical geometries from Stern et al. (1995). The
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Figure 9. Histogram of the line of sight column density of our sample. The
blue and cyan colours represent the constrained value and upper limit of Ny,
respectively.

solid magenta line represents the pair production line from Svensson
(1984). The compactness (/) is calculated using equation (2).

The pair production is thought to be a fundamental process in
AGN coronae due to photon—photon collisions (e.g. Svensson 1982a,
b; Guilbert, Fabian & Rees 1983). This process could, in fact, lead
to a runway pair production, which might act as a thermostat for
the corona (e.g. Bisnovatyi-Kogan, Zel’dovich & Syunyaev 1971;
Svensson 1984; Zdziarski 1985; Fabian et al. 2015, 2017). If that were
the case, then the AGN would be expected to lie below the pair line.
We found that all the sources are located below the theoretical pair
lines for slab and hemispherical geometry. The sources in our sample
are located around the electron—electron (e "—e ™) and electron—proton
(e”—p) coupling lines, which could indicate the processes responsible
for the cooling. We also found that three sources lie below the
bremsstrahlung cooling line (13 = #c). All three sources, namely
NGC 3718, NGC 3998, and UGC 12282, have Aggq < 107> and,
as the Eddington ratio is directly proportional to the compactness,
which leads to the low compactness (Ricci et al. 2018).

4.5 Obscuration properties

The covering factor of the circumnuclear obscuring materials has
been found to decrease with increasing accretion rates (e.g. Ueda
et al. 2003; Treister, Krolik & Dullemond 2008). However, recent
work has shown that the obscuring material in nearby AGN is
regulated by the Eddington ratio (Ricci et al. 2017b). It has been
found that the covering factor is ~ 85 per cent for Aggq ~ 107*-
107", and sharply decreases at Aggq > 1071 (Ricci et al. 2017b).
The obscuring material is expected to disappear at very low accretion
rates (e.g. Elitzur 2008) due to the lack of outflowing material (e.g.
Elitzur 2008). Ricci et al. (2022) suggested that an inactive AGN
(Agag < <107) starts accreting following an inflow of gas and dust
(see also Ricci et al. 2017b). This increases both Ny and Agqq. When
AEqq Teaches a critical value (Aggqg ~ 107!), the radiation pressure
blows away the obscuring material. The AGN spends some time as
unobscured (Ny < 10?2 cm~2) before moving back to the low Aggq
state with low Ny.

Figure 9 shows the histogram of our sample’s line of sight column
density. In our sample, we found that nine sources are unobscured
(NJ9* < 10?% cm™2) and 21 sources are obscured (N > 10?2 cm™2).
Among the 21 obscured sources, two sources are Compton-thick
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Figure 10. The variation of average density of the obscuring material (N{{")
as a function of the Eddington ratio (Agqq). The red line represents the linear
best fit.

(N > 10** em~2) and 19 sources are Compton-thin (N}* = 10?2724
cm~2). We found two unobscured sources and one obscured source
(one of them in CT) in an extremely low accretion region (Aggq <
1073). On the other hand, at 107> < Apqq < 1073, we observed that
seven sources are unobscured, and 20 sources are obscured. If we
move towards the low accretion region (Agqg < —5), the fraction of
obscured sources drops from ~ 7375 per cent to ~ 392 per cent.'?
The increasing fraction of unobscured sources towards the low-
accretion regime supports the Eddington ratio regulated unification
model (e.g. Ricci et al. 2017b, 2022).

We obtained the average density of the obscuring material (N}{"),
which is responsible for the reprocessing emission. The median of
NE" is found to be log Nj* = 24.22 + 0.45, which is higher than the
N9, The median of the line of sight column density is log N} =
23.02 4+ 0.08. We plot the variation of Nj{* as a function of Aggq in
Fig. 10. The linear regression analysis found that log Nj{" = (0.34 £
0.04)log Agaa + (25.5 £ 0.5), suggesting a positive relation between
Agqq and N{§". This suggests that at low Eddington ratio, the average
column density decreases. Diaz et al. (2023) also found a similar
relation between N and Agqq. The relation between Ni* and Agqq
also supports the Eddington ratio regulated unification and growth
model (e.g. Ricci et al. 2022).

4.6 Reprocessed emission

We obtained the reflection parameter (R) from Model-1a and Model-
1b. From our analysis, it is found that R could be constrained only in
7 sources out of a total of 30 sources. As in case of E and kT,, we
calculated the mean of R by running 1000 Monte Carlo simulations,
with the range of R between 0 and 10. We found the mean <R> =
0.25 £ 0.08 with a median of 0.26 4 0.09. Ricci et al. (2017a) found
a higher value of median of R as 0.53 £ 0.09 with a sample of 838
BAT AGNs. Our finding is consistent with the fact that the low-
accreting AGNs show weak reflection (e.g. Ptak et al. 2004; Younes
etal. 2011).

We modelled the Fe K-emission line with a Gaussian function
while fitting the data with Model-1. Out of total of 30 sources, a

13The fractions are computed following Cameron (2011), and the reported
uncertainties represent the 16th and 84th quantiles of a binomial distribution.
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Figure 11. X-ray Baldwin effect. The EW of iron Ke line is plotted as a
function of 2-10 keV X-ray luminosity (Lx 44). The EW and Lx 44 are in the
unit of eV, and 10* erg s—!, respectively. The red line represents the linear
best fit, with log EW = (—0.12 £ 0.09)log Lx 44 + (2.1 £ 0.1).

Gaussian line is required in 28 objects. We did not find the iron Ko
line for two sources: NGC 3147 and NGC 3998. We could constrain
the equivalent width (EW) for 19 sources. We tested the so-called
‘X-ray Baldwin effect’, i.e. the correlation of EW with the X-ray
luminosity in our sample (Iwasawa & Taniguchi 1993). Figure 11
shows the EW of Fe Ka line as a function of X-ray luminosity
(Lx 44). The linear regression analysis returned as logEW = (—
0.12 £ 0.09)log Lx 44 + (2.1 &£ 0.1), where EW and Ly 44 are in the
unit of eV, and 10* erg s~!, respectively. This relation is consistent
with the previous studies of the X-ray Baldwin effect (e.g. Bianchi
et al. 2007; Ricci et al. 2013). We also checked the relation of
EW with Aggq. The linear best-fitting result returned with log EW =
(—0.15£0.10)log Agga + (1.74 £ 0.52). Our result is consistent with
the previous studies (e.g. Ricci et al. 2013). The observed relation
suggests that the reprocessing mechanism of LAC-AGNSs is similar
to the HAC-AGN:S.

We did not find any correlation or anticorrelation of EW with the
Ly 10 keV, Lx 44, and Aggq. The small sample size could be the reason
for not observing any correlation/anticorrelation of EW with other
parameters.

4.7 Jet

In LAC-AGNs X-ray radiation is believed to be produced in a
radiatively inefficient flow (e.g. Narayan & Yi 1994; Quataert 2001;
Nemmen et al. 2014), or from the base of the jet (e.g. Markoff,
Falcke & Fender 2001; Falcke, Kording & Markoff 2004). The
observed jet luminosity (Ljet)I4 is tabulated in Table 3. Figure 12
shows the histogram plots for the Ly, and the Li of our sample.
The red dashed, and solid blue lines represent the Li; and Ly,
respectively. We observed that the Lj, is higher than the Ly, 15 for
every source in our sample. The Lj is found to be ~0-3 orders
of magnitude higher than the Ly,. If we consider ~ 5 per cent
power of the jet is radiated away (e.g. Blandford & Konigl 1979;
Fender 2001), the total jet power (Qje) would be ~0—4 orders of

14Ljet is calculated from the Lg.
15The Ly, is calculated from the 2—10 keV X-ray luminosity (see Section 3)
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Figure 13. Variation of the jet luminosity Lje as a function of Eddington
ratio (Agdq). The solid red line represents the best fit with linear regression.
The slope of the fit is 0.68 &+ 0.12.

magnitude higher than the bolometric luminosity (Ly). This is not
uncommon for LLAGNs: Nagar, Falcke & Wilson (2005) studied a
sample of LLAGNSs and found Qj (also Li) exceeds the Ly, by 0—
4.5 magnitude with a mean around three orders in their sample. This
study suggests that the jet luminosity greatly surpasses the accretion
power in the LAC-AGNS.

Figure 13 shows the variation of the jet luminosity (Lj,) with
the bolometric luminosity (Lyo). The solid red line represents the
best linear fit log (Li;) = (0.68 = 0.12)log (Lyo) + (12.7 £ 8.1)
from the linear regression analysis. This relation is consistent with
the standard radio—X-ray correlation of coefficient of ~0.6-0.7 (e.g.
Corbel et al. 2000, 2003; Gallo, Fender & Pooley 2003; Merloni
et al. 2003; Kording, Fender & Migliari 2006; Gallo et al. 2014).
The standard correlation is the relation between the radio and X-ray
flux in the low hard state of black holes. Thus, the similar relation
of Lje—Lpor for the present sample indicates a radiatively inefficient
accretion flow in the LAC-AGNSs.
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5 CONCLUSION AND SUMMARY

We studied 30 low-accreting AGNS (Apgq < 1073) using combined
Swift, XMM-Newton, and NuSTAR data in 0.5-150 keV range.
For the spectral analysis, we used the convolution model REFLECT
and torus-based physically motivated BORUS model combined with
either the CUTOFFPL or the NTHCOMP model for the continuum.
Several parameters, namely the photon index, cutoff energy, and
hot electron temperature of the corona, are estimated directly from
the spectral fitting. Other parameters, such as the optical depth, the
number of scatterings, and compactness, are calculated using spectral
parameters. We inspected correlations among several parameters to
understand the accretion dynamics in the low accreting region.
We summarize our work as follows.

(i) We studied 30 low-accreting AGNs (Apgg < 1073) using
combined Swift, XMM—-Newton, and NuSTAR data to understand the
accretion properties at low accretion region.

(i) We did not find any significant correlation between the photon
index (I") and Eddington ratio (Aggq), contrary to the previous studies
in the low-accretion domain.

(iii) We found that the hot electron temperature (kT,) is related to
the cutoff energy (Ecy) as Eqy = (2.10 £ 0.12)kT, + (29.4 £+ 12.1).

(iv) We noticed that all the sources are located well below the pair
production line in the compactness—temperature (/ — ) diagram. We
note that the cooling process is complex in the low accretion region.

(v) We observed the so-called ‘X-ray Baldwin effect’ in low-
accretion regime. The EW of the Fe Ko line is found to be related
with the X-ray luminosity (Lx44) and Eddington ratio (Agqq) as
logEW = (—0.12 £ 0.09)log Lx 44 + (2.1 &£ 0.1) and logEW =
(—0.15 £ 0.10)log Agaq + (1.74 £ 0.52).

(vi) The jet luminosity (Lj) is related with the bolometric lumi-
nosity as Lje o< LY. This relation is consistent with the standard
radio-X-ray correlation for Galactic black hole X-ray binary in the
low hard state. This supports the presence of a radiatively inefficient
accretion flow in the LAC-AGNSs.

(vii) We observed that the fraction of the unobscured sources in-
creases as the Eddington ratio decreases. This support the Eddington
ratio regulated unification model of AGNs.

In this work, we studied the coronal properties of AGNs with the
Eddington ratio ranges in Aggq ~ 107%°~1073. In the future, we will
add more AGNSs to our sample with an even lower Eddington ratio.
Future broad-band hard X-ray missions, such as HEX-P (Madsen
et al. 2018), could allow us to constrain E, with better accuracy
and expand our understanding of such systems profoundly. On the
other hand, the large effective area and high throughput of Colibri
(Caiazzo et al. 2019; Heyl et al. 2019) would be able to extend the
population of LLAGNSs as well as provide crucial information related
to the line of sight Ny distribution (Ricci et al. 2017b) of them.
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APPENDIX A: SPECTRAL VARIABILITY FOR
NON-SIMULTANEOUS DATA

We used XMM-Newton observations for 12 sources in our sample.
Five of these 12 XMM-Newton observations were not made simul-
taneously with the NuSTAR. We checked if there is any spectral
variability between the XMM-Newton and NuSTAR data for non-
simultaneous observations. We performed joint fitting of XMM—
Newton and NuSTAR data in common energy range, i.e. in 3—10 keV
range to check the variability. We used simple absorbed power-
law model, along with a Gaussian component, for the Fe K-line.
We allowed I' and power-law normalization vary freely between
two data sets. We find that I" does not vary more than 10 per cent
between the XMM—Newton, and NuSTAR observations for each of
the five objects, while power-law normalization changes. The change
in the power-law normalization can be taken care of by using ‘cross-
normalization’ factor. As I' did not vary more than 10 per cent, we
used XMM-Newton data with the NuSTAR data for non-simultaneous
observations.

Similar to the non-simultaneous XMM-Newton data, we also
checked for spectral variability while adding the time-integrated BAT
spectra with the NuSTAR spectra. We fitted the joint NuSTAR + BAT
data in the common energy range (i.e. 15-78 keV) with a cutoff
power-law model. The spectral parameters (I" and E,) are found to
be consistent (within 10 per cent) for both NuSTAR and BAT spectra
in the 15-78 keV energy range.

APPENDIX B: ADDITION OF
TIME-INTEGRATED BAT SPECTRA

We used 105-months BAT data for the spectra analysis. The BAT
spectra were added with the NuSTAR and XMM-Newton or XRT
data, which were obtained in short time-scale (~10 to —100 ks).
For individual sources, there is a possibility that the spectral state
of AGN could change in the BAT time-scale, so it may not be
appropriate to add BAT spectra with the pointed observations of
NuSTAR and XMM-Newton. However, as the current work focus
on the statistical properties of LAC-AGNs, the addition of time-
integrated BAT data do not change the overall findings. We checked
that if spectral analysis with and without the BAT spectra and the
correlation properties of various spectral parameters remains the
same. The addition of the BAT data allow us to probe the spectra
up to 150 keV which it improves the uncertainty of the spectral
parameters.

APPENDIX C: SPECTRAL ANALYSIS RESULT
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Table C1. Spectral analysis result with Model-1a and Model-1b.

Model-1a Model-1b
Object log N}o r Ecut R x2/dof log N9 r kT, R x*/dof
log (cm™2) (keV) log (cm™2) (keV)
6] (@) (3) “) () 6) (O] ®) © (10) an
NGC 454E 23587008 1.80109] >352 >091 2317207 23.587006  1.7875% >165 >0.94 236/209
NGC 1052 2316100 L71%00e 25413 >1.33 939/968  23.17700% 170700 8775 >1.44 819/890
NGC 2110 22591092 1681003 21873 <0.04  2356/2226 22.587002  1.691003 73132 <0.07  2365/2226
NGC 2655 23231037 1514008 >44 >0.48 16/122  23.22793%  1.50709% >23 >0.49 119/122
NGC 3079 24247002 1.81700 164752 >1.45 2741296 24.247530  1.8175% 52132 >1.44 275/296
NGC 3147 22.091000  1.90%00¢ 395117 041703 621/579  22.097005 19100 1s6TI 041703 619/579
NGC 3718 21.947005 184700 267FLl7 <0.18  1282/1238 21.95%00% 183003 115760 <0.16  1285/1238
0.26 0.05 102 0.57 0.31 0.05 38 0.56
NGC 3786 21.83%000  ledtps 18670 ro4tys, 182185 21.83%57; L71Tge 81133 1037035 181/185
NGC 3998 20.00* 1.867008 250707 <0.01 1512/1565  20.00* 1.86700 102178 <0.01 1519/1565
NGC 4102 23.85%0:00  1.68700 201772 >0.44 4017361 23.86709°  1.6710:08 72483 >0.45 399/361
NGC 4258 23.00%000 L7700 391 <0.15 792/884  23.007000 L7870 149782 <0.19 866/384
NGC 4579 20.00* 1967008 458122 <0.01 1647/1663  20.00* 1.96%008 19579 <0.01 1649/1663
NGC 5033 21677018 176750 2017168 <0.18  1364/1379 21711020 1761004 68718 <0.19 1369/1369
NGC 5283 2310700 177750 91133 0.697013 4281425 23107092 1787003 4513 0717045 428423
NGC 5290 22124098 1761002 260113 0577038 s15/603  22.13%008 176700 10478 0.60103  522/608
0.07 0.06 43 0.06 0.05 22
NGC 5899 22947507 174709 115732 <0.52 326/396  22.947006 174750 4522 <0.59 334/396
NGC 6232 23537032 1.447098 >55 >0.68 143/141 23537039 143709 >21 >0.71 145/141
NGC 7213 218170057 1.87100F 26613} <0.05 1204/1201 21817084 1.87700  111H%° <0.07  1199/1201
NGC 7674 23.6170%  1.64750 >47 >0.74 114106 23.6170%  1.62+0.03 >20 >0.69 118/106
Mrk 18 23.167°010 1,749 >277 >0.66 7673 23157000 1751098 >88 >0.64 76/73
Mrk 273 23.43109 1707005 >238 >0.71 499/442 23437000 1.697008 >135 >0.70 502/442
ARP 102B 2173703 1725508 887122 >0.84 259281 217479010 1727598 35t >0.77 256/284
0.11 0.05 108 0.35 0.13 0.05 100 0.41
ESO253-003  23.047g1, 1417900 36719 085703  378/327  23.047 2 142fpor 138740 0.86105,  383/327
ESO 506-027  23.807007  L.67700  33073%  0.86703; 385342 23.807007  1.677000 125715 0.857037  379/342
0.08 0.05 75 0.08 0.03 45
HE 1136-2304  21.08%705  1.651005 231772 <0.15 2768/2559  21.08T00;  1.65700a 101153 <0.13 2774/2559
IC 4518A 23217000 1547006 >41 >0.77 199208 23217000 1551006 >19 >0.81 198/208
IGR J11366 21.867098 195700 12673 042703 495516 21.89700F  1.96700% 5917 045703 502/516
UGC 12292 24201000 1.67F00 >62 >0.64 135/122 24197000 1.671005 >40 >0.67 142/122
LEDA 214543 22.40%032 1727003 98+%3 >0.77 465/545 2240700 1724003 39119 >0.72 472/545
7367-9 23267007 1.84700% 1701108 >0.64 234/229 23267008 1.84700 52138 >0.63 235/229

Notes. Columns: (1) Source Name, (2) logarithm of line of sight of column density (Nllfs), (3) photon index (I"), (4) cut-off energy (Ecy) in keV, (5) reflection
fraction (R), (6) )(Z/degrees of freedom for Model-1a, (7) logarithm of line of sight of column density (Nll_fs), (8) photon index (I"), (9) hot electron plasma
temperature (kT¢) in keV, (10) reflection fraction (R), (11) xz/degrees of freedom for Model-2. Columns (2-5) represent the spectral parameters obtained from
Model-1a, while columns (6—10) represent the results obtained with Model-1b.
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Table C2. Spectral analysis result with Model-2a and Model-2b.

Model-2a Model-2b
Object log Nig*  log Nig* r Ecut x*/dof log Nfg*  log Ni§* r kT, x*/dof
log (cm™2) log(cm’z) (keV) log (cm™2) log (cm™2) (keV)

1 (@) 3 “ (&) (©) O] ® (©)] 10 an
NGC 454E 23.617003  24.54109L 177708 >287 233207 23.617003 2452709 1.77+0% >111 235/209
NGC 1052 23171003 23.87%02 1730 267T13% 936/968  23.177007  23.80%03% 1727002 9178 814/890
NGC 2110 22.59T000 22.661040 166700 22972 22922226 22.60%00F  22.6670%  1.74759! 8971 2320/2226
NGC 2655 23.23%049  23.59702¢  1.527000 >49 1107122 23237037 23.597082 1531008 >19 113/122
NGC 3079 24267008 24,6470 184700 110733 262/296 24277000 24.627031  1.85T00¢ 39040 268/297
NGC 3147 22.097096  2475% 0 190700 41012 612579 22117098 247608 1927006 18973 610/579
NGC 3718 2195700 22727067 1.877005 29673 1261/1238  21.96700F 22787033 1.89100) 14278 1276/1238
NGC 3786 21.84%020 24717988 1737000 19273 164/185  21.837020 24727070 1737003 92+%3 165/185
NGC 3998 20.00%  22.91703 1907007 276707 1493/1565  20.00%  22.9070% 1907003 132757 1496/1565
NGC 4102 23.85T000 25517880 170700 20677 397361 23.867008 255172390 1697001 74433 396/261
NGC 4258 23.007008  23.547047 L8100 448T1% 779/884  23.00700%F  23.56%037  1.827003  1977¢S 856/884
NGC 4579 20.00%  23.80%017  1.96700:  41073'  1646/1663  20.00¢  23.787012 1987003 19073 1649/1663
NGC 5033 21.687018  23.8010% 178003 208F1P 1363/1379 21727008 23.80%000  1.8270%2 71+ 1365/1379
NGC 5283 23107003 24.18793% 1797503 8272 422/425  23.100003 24207088 1.82%008 39144 423/423
NGC 5290 22131008 2402403 1757003 24709 512603 2214700 24.04%03% 175799 107738 493/608
NGC 5899 22.957007 248972390 176750+ 122135 306/396  22.941007 24917359 1767003 48+l 308/396
NGC 6232 23.577032 25157590 146700 >48 144/141 23577032 25147200 1457008 >21 146/141
NGC 7213 21817008 23.45%000 1917006 312722 q215/1201  21.82%003 23467015 1907010 146718 118871201
NGC 7674 23.6170% 245773330 1.627006 >37 115/106  23.6170%8 24567259  1.61700% >18 120/106
Mrk 18 23.167000  25.0173%%° 1797903 >320 79173 23157008 2551750 1784008 >88 81/73
Mrk 273 2343100 24261082 1717003 >252 502/442 23437003 2442708 1711003 >142 500/442
ARP 102B 21757097 24.69108 1757003 84122 251281 2177707 24.6579%8  1.76700¢ 31y’ 252/284

ESO253-003  23.047019  24.067033 144700 386712 3817327 23.047019  24.08703% 1451007 148M% 3887342
ESO506-027  23.807007 24.1570%  1.6970%r  363M3  386/342  23.807007  24.12707  1.69%00! 137D 384/342

—0.56 —-0.05
HE 1136-2304  21.08700%  23.157013  1.677000 25679 2754/2559  2L117007 2320701 167100 116735 2752/2559
IC 4518A 23211009 24767033 1.5570%4 >35 198/208 23207042 24737063 1561002 >15 195/208
IGR J11366 21.887007 24301032 1.94700¢ 109732 487/516  21.897096 24271036 1961006 58180 495/516
UGC 12282 24207008 24.82%045 1697004 >57 137/122 24217500 24.83707%  1.68100 >39 144/122
0.10 0.45 0.02 52 0.10 0.48 0.05 21
LEDA214543 22397000 2456703  L71%00; 106135 452/545  22.39%000  24.56703% L1702 3677, 467/545
Z367-9 23277000 24101072 1.86700% 175Nt 232229 23277098 2405108 1887004 56131 233/229

Notes. * fixed during analysis.

Columns: (1) Source name, (2) logarithm of line of sight of column density (NII_E’S), (3) logarithm of average column density of the obscuring materials (N}f"),
(4) photon index (I"), (5) cut-off energy (Ecyt) in keV, (6) ledegrees of freedom for Model-2a, (7) logarithm of line of sight of column density (N%;’S), (8)
logarithm of average column density of the obscuring materials (NI‘_{"), (9) photon index (I'), (10) hot electron plasma temperature of the corona (k7.) in keV,
(11) ledegrees of freedom for Model-2b. Columns (2-5) represent the spectral parameters obtained from Model-2a, while columns (6-10) represent the results
obtained with Model-2b.
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Table C3. Important parameters.

Object log Lyol log AEdd 0 Te l Ns log Liet
log (erg s~ 1) log (ergs™!)
(¢)) ()] 3 “ ® 6 ()
NGC 454E 43.05+£002  —3.584 +0.472 >0.23 <1.33 0.60% 040 >2 44.23 £0.03
NGC 1052 4263 +001  —44444£0304 018700 142704 0.0870%8 6+ 44.78 + 0.08
NGC 2110 43374£0.02  —4124£0121 017709 141047 0177053 61 44.66 + 0.04
NGC 2655 4197 £001  —3.844 +0.208 >0.03 <172 0.33+02 >23 43.78 £ 0.03
NGC 3079 42544+002 384440321 008709 228%0% 03370 9+2 44.37 + 0.04
NGC 3147 4268+£002  —4224£0122 0377050 0627018 0.147053 2+ 44.25 +0.03
NGC 3718 4152£002  —6124+0.122 0287058 082702 0.0027% 3+ 42.40 % 0.09
NGC 3786 42.18£0.02  -3464£0.118 0187007 139704 079701 643 43.55 +0.05
NGC 3998 4230£002  -5744£0241 026700 0867018 0.0047000% 3% 43.43 £ 0.05
NGC 4102 42424001  —44444£0344 014709 1727033 0.087000 7+ 43.67 + 0.02
NGC 4258 41394+003  —42944+0382 0397003 068%010  0.127008 2H 43.59 +0.03
NGC 4579 4265+£002  -3564+0.121 03770 058702 0.6370% 2h 43.75 + 0.04
NGC 5033 4215+002 382440373 0147093 152702 0357048 6+2 42.39 +0.05
NGC 5283 43.01£001  -3974+0311 008700 235703 025703 942 43.48 +0.05
NGC 5290 42.83+£0.02  -3.044£0334 021700 1217037 2.0973Y st 43.74 £ 0.04
NGC 5899 43.16£0.02  -3.614£0334 0097007 216704  0.5670% 942 43.78 £ 0.04
NGC 6232 4248 +£001  —3.064 +0.527 >0.04 <5.98 1.99+178 >23 44.33 +0.03
NGC 7213 43.06£001  —3.044£0.111 029102 0797939 2.09+049 3t 44.27 + 0.06
NGC 7674 43.15£004  —4.144 £0.141 >0.04 <6.02 0.17+0:0¢ >20 45.75 £0.03
Mrk 18 4282+£002  —3.144+0318 >0.17 <1.98 1.66+) 80 >2 43.94 £ 0.04
Mrk 273 43.68£0.02  —3.454 +0.062 >0.28 <L.11 0.811012 >2 45.69 £ 0.03
ARP 102B 4358£0.02  -3454£0363 006700 2927072 0.817)% 12%3 45.28 +0.03
ESO 253-003 4383£0.02  —4.124+0.124  02772L 157 0.17F0%8 82 46.44 £ 0.14
ESO 506-027 44.07£0.02  -3.034+£0314 027705 107108 213132 413 45.02 + 0.04
HE 1136-2304  4425+£0.02  —3254+0.121 023700 126703 1297941 sh 44.28 + 0.04
IC 4518A 4337£0.02  —3.304 £0.125 >0.03 <6.67 1.15+0:3¢ >26 45.26 £ 0.10
IGRJ11366-3602 43.42+£0.02  —3484+0.121 01170 153798 076102 642 -
UGC 12282 4265+£002  —5264 +0.371 >0.08 <291 0.02+0:01 >12 43.89 £ 0.02
LEDA214543 4431£002  -3.634+0338 007700 279708 0.54+0% 1+ 4372 +0.05
Z367-9 4356+£001  —4374+0332 0117098 170796 0.10%0) 7 43.80 £ 0.10

Notes. Columns: (1) Source name, (2) logarithm of the bolometric luminosity, (3) logarithm of the Eddington ratio, (4) dimensionless
temperature, (5) optical depth of the hot electron plasma, (6) compactness parameter, (7) number of scattering of the seed photons in
the Compton cloud, (8) logarithm of the jet luminosity.

MNRAS 524, 4670-4687 (2023)

€202 J8qWIBAON /0 UO Jasn Aselqi 0jsQ 10 Ausianiun Aq ¥£55222/0.9%/S/2G/e1onie/seiuw/woo dnooiwspese//:sdiy woll pspeojumoq



Low-accreting AGNs 4687

APPENDIX D: CORNER PLOT
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Figure D1. Posterior distribution of the spectral parameters obtained from the MCMC analysis with the Model-1 and Model-2, in the left-hand and right-hand
panel, respectively. Plotting was performed using corner plot (Foreman-Mackey 2016). Central dashed lines correspond to the peak values whereas 1o confidence
levels are represented by dashed lines on either sides.
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