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ABSTRACT
We present an analysis of the 3–79 keV NuSTAR spectrum of the low-luminosity active
galactic nucleus NGC 7213. In agreement with past observations, we find a lower limit to the
high-energy cut-off of Ec > 140 keV, no evidence for a Compton-reflected continuum and
the presence of an iron K α complex, possibly produced in the broad-line region. From the
application of the MYTORUS model, we find that the line-emitting material is consistent with
the absence of a significant Compton reflection if arising from a Compton-thin torus of gas
with a column density of 5.0+2.0

−1.6 × 1023 cm−2. We report variability of the equivalent width
of the iron lines on the time-scale of years using archival observations from XMM–Newton,
Chandra and Suzaku. This analysis suggests a possible contribution from dusty gas. A fit with a
Comptonization model indicates the presence of a hot corona with a temperature kTe > 40 keV
and an optical depth τ � 1, assuming a spherical geometry.

Key words: galaxies: active – galaxies: individual: NGC 7213 – galaxies: Seyfert – X-rays:
galaxies.

1 IN T RO D U C T I O N

The central engine of low-luminosity active galactic nuclei
(LLAGNs) is thought to be powered by accretion of surrounding
matter on to a supermassive black hole, similar to more powerful
AGNs, like Seyfert galaxies and quasars (see Ho 2008, for a re-
view). The X-ray spectrum of AGNs is generally dominated by a
primary power-law component, which is thought to be produced by
Comptonization of optical/UV photons emitted by the underlying
accretion disc in a hot plasma, the so-called corona (see e.g. Haardt
& Maraschi 1991; Haardt, Maraschi & Ghisellini 1994, 1997). A

� E-mail: francesco.ursini@obs.ujf-grenoble.fr

signature of this process is the presence of a high-energy cut-off
in the X-ray emission, which has been observed in a number of
sources (see e.g. Perola et al. 2002; Malizia et al. 2014; Brenneman
et al. 2014; Ballantyne et al. 2014; Marinucci et al. 2014; Baloković
et al. 2015; Ursini et al. 2015).

The distinctive characteristic of LLAGNs is their intrinsic faint-
ness (Lbol < 1044 erg s−1). Moreover, the mass accretion rate
of LLAGNs is generally small; in terms of the Eddington ratio,
most of them have L/LEdd < 10−2 while luminous AGNs have
L/LEdd ∼ 0.01–1 (see e.g. Panessa et al. 2006; Kollmeier et al.
2006). Whether LLAGNs are simply a scaled-down version of
classical AGNs is a matter of debate. A standard geometrically
thin, optically thick accretion disc (Shakura & Sunyaev 1973)
may power LLAGNs (Maoz 2007), as is commonly assumed for
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luminous AGNs. However, radiative-inefficient accretion flows
(RIAFs; see e.g. Narayan & Yi 1994) have been proposed to ex-
plain some observational properties, in particular their lack of a UV
bump (see e.g. Ho 2009; Yu, Yuan & Ho 2011). Furthermore, in lu-
minous AGNs the hard X-ray photon index and the Eddington ratio
are positively correlated (see e.g. Sobolewska & Papadakis 2009),
while an anticorrelation is found in LLAGNs (Gu & Cao 2009).
This result is consistent with the X-ray emission of LLAGNs orig-
inating from Comptonization in RIAFs, and it suggests a similarity
between LLAGNs and black hole X-ray binaries (BHXRBs) in the
low/hard state, where the accretion rate is low (Wu & Gu 2008). The
low accretion rate might not only affect the structure of the inner
accretion flow, but also that of the putative obscuring torus. The
torus is predicted to disappear in low-luminosity sources by models
depicting it as a clumpy wind, arising from the outer accretion disc
(see e.g. Elitzur & Shlosman 2006, and references therein), or as
a collection of many self-gravitating, dusty molecular clouds (see
e.g. Hönig & Beckert 2007).

NGC 7213 is a nearby (z= 0.005 839, as given in the NASA/IPAC
Extragalactic Database; distance 25.80 Mpc; Pereira-Santaella et al.
2010) LLAGN with Lbol = 1.7 × 1043 erg s−1 (Emmanoulopoulos
et al. 2012) that hosts a supermassive black hole of ∼108 solar
masses (estimated from the stellar velocity dispersion, see Woo &
Urry 2002), yielding an Eddington ratio of 1.4 × 10−3. It has been
historically classified as a Seyfert 1 because its optical spectrum
shows broad emission lines, i.e. with a full width at half-maximum
(FWHM) of a few thousand km s−1 (Phillips 1979). However, it
has also been classified as a low-ionization nuclear emission re-
gion galaxy (LINER) because of the low excitation observed in the
narrow-line spectrum (Filippenko & Halpern 1984). Low-ionization
lines were also detected in the soft X-ray band (Starling et al.
2005). Wu, Boggess & Gull (1983) measured a UV flux higher than
the extrapolated optical flux, thus indicating a possible UV bump,
but it is still weaker than in most Seyfert galaxies. More recently,
Starling et al. (2005) found no evidence for an optical/UV bump
using XMM–Newton/OM data.

The X-ray spectrum of NGC 7213 shows peculiarities as well.
The Compton reflection component is found to be weak or absent
with XMM–Newton, BeppoSAX and Suzaku observations (see e.g.
Bianchi et al. 2003; Lobban et al. 2010), in contrast to what is com-
monly observed in Seyfert 1 galaxies. This may suggest that the
accretion disc is truncated in the inner region, perhaps replaced by
a Compton-thin RIAF (Lobban et al. 2010). An iron line complex
is clearly detected between 6.4 and 7 keV, consisting of three nar-
row K α emission lines respectively from neutral Fe, Fe XXV and
Fe XXVI (see e.g. the analysis of Chandra data by Bianchi et al.
2008). Given the lack of an observed Compton reflection hump,
such lines cannot originate from Compton-thick material, like the
accretion disc or a parsec-scale torus. Bianchi et al. (2008) found
the FWHM of the neutral Fe K α line to be consistent with that
of the H α line (∼2600 km s−1), thus suggesting a common origin
in the broad-line region (BLR). Another possibility is reprocessed
emission from dusty gas, which can produce strong, neutral Fe K α

emission with a weak associated continuum (Gohil & Ballantyne
2015). Emmanoulopoulos et al. (2012) found an anticorrelation
between the X-ray photon index and the X-ray luminosity that, to-
gether with the low accretion rate of the source, indicates a spectral
behaviour similar to that of BHXRBs in the hard state. Finally,
Bianchi et al. (2003) reported a high-energy cut-off of 95+75

−45 keV
using XMM–Newton+BeppoSAX data, while Lobban et al. (2010)
found a lower limit of 350 keV using Suzaku/XIS+PIN and
Swift/BAT data.

Figure 1. The NuSTAR/FPMA and FPMB 3–79 keV light curve. Bins of
1000 s are used.

In this paper, we report on a NuSTAR observation of NGC 7213
performed in 2014 October. The primary focus of this work is mod-
elling the broad-band X-ray spectrum of the source and constraining
the origin of the X-ray emission. In Section 2, we describe the ob-
servations and data reduction. In Section 3, we present the analysis
of the 3–79 keV spectrum, fitted with both a phenomenological and
a realistic Comptonization model, and we study the time evolu-
tion of the iron line complex by analysing archival XMM–Newton,
Chandra and Suzaku data. In Section 4, we discuss the results and
summarize our conclusions.

2 O B S E RVAT I O N S A N D DATA R E D U C T I O N

NuSTAR (Harrison et al. 2013) observed NGC 7213 starting
on 2014 October 5, with a net exposure of 109 ks (Obs. Id.
60001031002). The NuSTAR data were reduced with the stan-
dard pipeline (NUPIPELINE) in the NuSTAR Data Analysis Software
(NUSTARDAS, v1.3.1; part of the HEASOFT distribution as of version
6.14), using calibration files from NuSTAR CALDB v20141107. Spec-
tra and light curves were extracted from the cleaned event files us-
ing the standard tool NUPRODUCTS for each of the two hard X-ray
telescopes aboard NuSTAR, which have corresponding focal plane
modules A and B (FPMA and FPMB). The spectra from FPMA
and FPMB are analysed jointly, but are not combined, allowing for
a free cross-calibration constant. The source data were extracted
from circular regions (radius 75 arcsec), and background was ex-
tracted from a blank area close to the source. Finally, the spectra
were binned to have a signal-to-noise ratio greater than 3 in each
spectral channel, and not to oversample the instrumental resolution
by a factor greater than 2.5.

In Fig. 1, we show the NuSTAR/FPMA and FPMB light curves
obtained in the 3–79 keV energy range. The total variation in the
light curve is of the order of a few per cent. Therefore, in the fol-
lowing we analyse the time-averaged spectrum of the source.

3 SP E C T R A L A NA LY S I S

Spectral analysis and model fitting was carried out with the XSPEC

12.8 package (Arnaud 1996), using the χ2 minimization technique
throughout. In this work, the errors are quoted at the 90 per cent
confidence level, if not stated otherwise.
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3268 F. Ursini et al.

Table 1. Best-fitting parameters of the baseline
model including a primary cut-off power law
and three Gaussian lines (line 1 at 6.4 keV, line
2 at 6.7 keV, line 3 at 6.966 keV).

� 1.84 ± 0.03
Ec (keV) >140
F3–10keV (10−11 erg cm−2 s−1) 1.3 ± 0.1
EW1 (eV) 98+30

−20

F1 (10−5 ph cm−2 s−1) 1.7+0.3
−0.4

EW2 (eV) 29+24
−18

F2 (10−5 ph cm−2 s−1) 0.5+0.5
−0.3

EW3 (eV) 42 ± 20
F3 (10−5 ph cm−2 s−1) 0.6 ± 0.3
χ2/d.o.f. 375/366

3.1 The NuSTAR spectrum

As a first step, we define a phenomenological model, which we
describe below. We fit the NuSTAR data in the 3–79 keV range,
allowing for a free cross-calibration constant between the modules
FPMA and FPMB. The two modules are in good agreement, with a
cross-calibration factor KA−B = 0.99 ± 0.01 fixing the constant for
the FPMA data to unity.

We modelled the continuum with a cut-off power law, modi-
fied by neutral absorption (PHABS model in XSPEC) from Galactic
hydrogen with column density NH = 2.04 × 1020 cm−2 (Dickey
& Lockman 1990). This simple model yields a poor fit (reduced
χ2 = 556/369), with positive residuals between 6 and 7 keV, which
can be attributed to the known Fe complex between 6.4 and 7 keV
(Bianchi et al. 2003, 2008). Bianchi et al. (2008) found three emis-
sion lines in the Chandra/HEG spectrum, at 6.4, 6.7 and 6.966 keV.
These lines are interpreted as emission from neutral Fe, Fe XXV

and Fe XXVI, respectively. Chandra/HEG data provide much higher
energy resolution near the Fe complex compared with NuSTAR. We
thus followed the analysis of Bianchi et al. (2008) and tested for
the presence of three narrow Gaussian lines fixing their energies
at 6.4, 6.7 and 6.966 keV, leaving the normalizations free to vary.
The inclusion of a narrow Gaussian line at 6.4 keV yields a signifi-
cantly improved fit (reduced χ2 = 417/368). Adding a second line
at 6.7 keV further improves the fit (reduced χ2 = 388/367), with
a probability of chance improvement less than 4 × 10−7 according
to the F-test. The inclusion of a third line at 6.966 keV yields a
good fit (reduced χ2 = 375/367), without prominent residuals and
a probability of chance improvement less than 5 × 10−4 according
to the F-test.

We report the results of this fit in Table 1, and in Fig. 2 we show
the contour plots of the cut-off energy versus photon index. In Fig. 3,
we show the data, residuals and best-fitting model. To further test
the presence of a high-energy cut-off, we included the 70-month
average Swift/BAT spectrum (Baumgartner et al. 2013); however,
the results are essentially unchanged.

We tested for the presence of a reflection continuum by includ-
ing the PEXRAV model in XSPEC, which describes neutral Compton
reflection of infinite column density in a slab geometry (Magdziarz
& Zdziarski 1995). This model is adequate for reflection off a stan-
dard accretion disc, given the high column densities expected for
these structures (see e.g. Svensson & Zdziarski 1994). We fixed
the inclination angle of the reflector to 30 deg, appropriate for a
type 1 source (e.g. Nandra et al. 1997). The photon index and
cut-off energy of the incident spectrum were tied to those of the
primary power law. However, no improvement is found, with only

Figure 2. Primary continuum cut-off energy versus photon index contours.
Solid green, red and black lines correspond to 99, 90 and 68 per cent confi-
dence levels, respectively.

Figure 3. The NuSTAR spectrum and baseline model (see Table 1). Up-
per panel: NuSTAR data and folded model. Middle panel: contribution to
χ2. Lower panel: best-fitting model E2f(E) with the plot of the additive
components, namely the cut-off power law and the three Fe K α lines.

an upper limit to the reflection fraction R of 0.13, at 90 per cent
confidence level. In Fig. 4, we show the contour plots of R versus
photon index. This is consistent with the iron lines originating from
Compton-thin material (NH = 10–1023 cm−2), which does not pro-
duce a prominent Compton reflection hump (Bianchi et al. 2003).
To test this result further, we replaced the PEXRAV component and
the neutral Fe K α line with the MYTORUS model, which includes
Compton reflection and iron fluorescent lines from a gas torus with
an opening angle of 60 deg (Murphy & Yaqoob 2009). The incli-
nation angle of the torus was fixed at 30 deg. The column densities
of the scattered and line components were linked and free to vary.
The normalizations of the scattered and line components were tied
to the normalization of the primary power law, i.e. the standard
MYTORUS configuration (‘coupled’ reprocessor; see e.g. Yaqoob
2012). The assumed geometry corresponds to a covering fraction
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The NuSTAR X-ray spectrum of NGC 7213 3269

Figure 4. PEXRAV reflection fraction versus photon index contours. Solid
green, red and black lines correspond to 99, 90 and 68 per cent confidence
levels, respectively.

Figure 5. COMPPS Compton parameter versus temperature contours. Solid
green, red and black lines correspond to 99, 90 and 68 per cent confidence
levels, respectively.

of 0.5. We obtain a good fit (reduced χ2 = 373/363) and we find
a column density of 5.0+2.0

−1.6 × 1023 cm−2. This result is consistent
with the estimate of ∼3 × 1023 cm−2 for the Fe K α line-emitting
material reported in Bianchi et al. (2008).

We next replaced the cut-off power law with the Comptonization
model COMPPS (Poutanen & Svensson 1996) in XSPEC. COMPPS models
the thermal Comptonization emission of a hot plasma cooled by
soft photons with a disc blackbody distribution. We set a spherical
geometry (parameter GEOM = −4 in COMPPS) for the hot plasma and a
temperature at the inner disc radius of 10 eV, fitting for the electron
temperature kTe and Compton parameter y = 4τ (kTe/mec2). The
model yields a good fit (reduced χ2 = 375/366) with best-fitting
parameters kTe = 295+70

−250 keV and y = 0.52+0.34
−0.10, which imply an

optical depth τ = 0.2+0.7
−0.1. In Fig. 5, we show the kTe–y contour

plots.

3.2 Time evolution of the Fe K α line

To try to understand the origin of the Fe K α lines, we compared
our results with past observations of NGC 7213 by re-analysing the
archival XMM–Newton (2001, 2009), Chandra (2007) and Suzaku
(2006) data. We fitted the 3–10 keV data sets with the baseline

Figure 6. Time evolution of Fe K α line parameters and 3–10 keV primary
flux and photon index. Panel (A): Fe K α equivalent width in eV units.
Panel (B): Fe K α line flux in units of 10−5 photons cm−2 s−1. Panel
(C): continuum 3–10 keV flux in units of 10−11 erg cm−2 s−1. Panel (D):
3–10 keV photon index. Error bars denote the 1σ uncertainty. The blue solid
lines represent the mean value for each parameter, while the blue dashed
lines correspond to the standard deviation.

model described in Section 3.1, i.e. including a cut-off power law
and three narrow Gaussian lines. The best-fitting parameters are
consistent with those reported in Bianchi et al. (2003, 2008) and
Lobban et al. (2010).

In Fig. 6, we show the time evolution of the neutral Fe K α

line EW and flux, and of the 3–10 keV continuum flux and photon
index. The continuum flux variations reach up to a factor of 2,
while the line flux varies at the 1σ confidence level only during the
Chandra/HEG observation of 2007. The line EW, on the other hand,
exhibits significant variations up to a factor of 1.7. The data show a
hint of an anticorrelation between the continuum flux and the line
EW, though we cannot formally establish a significant relation. The
Spearman rank correlation coefficient is −0.4, but the test returns
a P value of 0.42, implying that the null hypothesis is not rejected.
Similar results hold for the Fe XXV and Fe XXVI lines, albeit with
larger uncertainties on their parameters.

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

We reported results based on a NuSTAR observation of the
LLAGN/LINER NGC 7213. We derived constraints on the param-
eters describing the high-energy (3–79 keV) spectrum, and studied
variability over a few year time-scale comparing our results with
archival observations of the source.

We have been able to constrain the reflection component, find-
ing no evidence for a significant Compton reflection continuum.

MNRAS 452, 3266–3272 (2015)

 at C
alifornia Institute of T

echnology on O
ctober 1, 2015

http://m
nras.oxfordjournals.org/

D
ow

nloaded from
 

http://mnras.oxfordjournals.org/


3270 F. Ursini et al.

This is consistent with previous results (e.g. Bianchi et al. 2003;
Lobban et al. 2010; Emmanoulopoulos et al. 2013). We note that
the constraints on the reflection component are derived assuming
a static X-ray source (Magdziarz & Zdziarski 1995; Murphy &
Yaqoob 2009), but it may actually be outflowing (Beloborodov
1999; Malzac, Beloborodov & Poutanen 2001). An outflowing, en-
ergetically dominant corona can be generated by a geometrically
thin, optically thick accretion disc at low accretion rates (Merloni
& Fabian 2002). This scenario is consistent with the lack of a
significant optical/UV bump from the disc, if the power output is
dominated by the corona. Furthermore, an outflowing X-ray corona
could account for the absence of a disc reflection component, since
the primary emission would be beamed away from the disc. This
has been suggested especially for radio-loud sources having rela-
tivistic jets, where the X-ray corona might be the base of the jet
itself (see e.g. Lohfink et al. 2013; Walton et al. 2013; Ballantyne
et al. 2014; Fabian et al. 2014). Although NGC 7213 is a radio-
intermediate source with no clear evidence for a strong jet (Blank,
Harnett & Jones 2005; Bell et al. 2011), its radio emission is found
to be weakly correlated with the X-ray emission (Bell et al. 2011).
Therefore, the outflowing corona scenario cannot be ruled out in
this source.

We confirm the presence of an iron complex between 6.4 and
7 keV (Bianchi et al. 2003), consisting of three narrow K α emission
lines from neutral Fe, Fe XXV and Fe XXVI. The lack of a Compton
reflection hump above 10 keV indicates that these lines cannot
originate from Compton-thick material. Using the MYTORUS self-
consistent model, we find that the neutral Fe K α line may be
produced by material with a covering fraction of 0.5 and a column
density of 5.0+2.0

−1.6 × 1023 cm−2. This result is consistent with the
iron line complex being produced in the BLR (Bianchi et al. 2008).
Assuming that the line widths represent a Keplerian velocity, it
is possible to estimate the distance of the BLR using the virial
theorem, i.e. Rpc � 4.5 × 105f −1 M8 (�Vkm s−1 )−2, where Rpc is
the distance in units of parsecs, f is a coefficient that accounts for the
unknown geometry and orientation (Peterson et al. 2004), M8 is the
black hole mass in units of 108 solar masses and �Vkm s−1 is the line

width in units of km s−1. Bianchi et al. (2008) report an FWHM of
2400+1100

−600 km s−1 for the neutral Fe K α line using the Chandra/HEG
data, and 2640+110

−90 km s−1 for the H α line using ESO-NTT optical
data. Setting f = 4.3 (Grier et al. 2013), the virial theorem yields a
BLR distance of ∼0.02 pc. Alternatively, reprocessing may occur
in dusty gas, since the presence of dust may enhance the neutral
Fe K α EW (Gohil & Ballantyne 2015). This effect is due to a
suppression of the reflected continuum, caused by the reduction of
backscattering opacity in dusty gas (Draine 2003). This hypothesis
is supported by the presence of strong silicate emission features in
the mid-IR spectrum of NGC 7213 (Hönig et al. 2010; Ruschel-
Dutra et al. 2014). The dust sublimation radius is estimated to be
∼0.03 pc from the optical luminosity (Hönig et al. 2010). Therefore,
if the line originates from dusty gas, the line-emitting region should
be more distant than the BLR, as suggested by the constancy of
the line flux on a few year time-scale (see below). We also note
that the lack of any cold reflection from Compton-thick material
is consistent with the models of clumpy tori, which are predicted
to disappear in low-luminosity sources (Elitzur & Shlosman 2006;
Hönig & Beckert 2007).

We analysed the neutral Fe K α line time evolution over ∼15 years
by re-fitting archival XMM–Newton, Suzaku and Chandra data of
the source. According to our estimate, the BLR distance is ∼0.02 pc,
or ∼20 light days (see also Kaspi et al. 2005; Balmaverde & Capetti
2014). The observed X-ray variability time-scale of NGC 7213 is of

several days or weeks (Emmanoulopoulos et al. 2012), in agreement
with the lack of variability during the ∼100 ks NuSTAR observation.
We would thus expect the Fe K α line flux to vary in response to
the continuum variations, albeit with a time delay due to the light-
travel time. However, we only detect a marginal variability of the
line flux during the Chandra observation of 2007. Therefore, a
contribution from more distant material cannot be ruled out. The
Astro-H satellite, providing an unprecedented combination of high
spectral resolution and effective area at 6–7 keV, will likely enable
us to solve the ambiguous origin of the Fe K α line. For example,
the line might be the superposition of two components, namely a
broad component from the BLR and a narrow one produced further
away, which Astro-H should be able to disentangle (Reynolds et al.
2014).

The primary continuum is well fitted by a power law with a
photon index � = 1.84 ± 0.03, and an extrapolated 2–10 keV
flux F2–10 = (1.6 ± 0.1) × 10−11 erg cm−2 s−1. The 3–10 keV
continuum flux and photon index that we found for the archival ob-
servations do not show a clear trend (see Fig. 6). The extrapolated
2–10 keV luminosity is L2–10 = (1.2 ± 0.1) × 1042 erg s−1. Using the
2–10 keV bolometric correction of Marconi et al. (2004), we esti-
mate the bolometric luminosity to be Lbol = (1.3 ± 0.1) × 1043 erg
s−1. For a black hole mass of 108 M�, the Eddington luminosity
is 1.2 × 1046 erg s−1. These estimates yield an accretion rate of
∼0.1 per cent of the Eddington limit, in rough agreement with the
value of 0.14 per cent by Emmanoulopoulos et al. (2012) based
on the broad-band spectral energy distribution. An Eddington ratio
∼10−3 is lower than what is typically found for luminous AGNs,
namely ∼0.01 − 1, and it lies within the theoretically predicted
RIAF regime (Narayan, Mahadevan & Quataert 1998; Ho 2009).

We can only place a lower limit on the presence of a high-
energy cut-off, Ec > 140 keV, consistent with the lower limit of
350 keV found by Lobban et al. (2010) using Suzaku+Swift/BAT
data, and marginally consistent with the value of 95+75

−45 keV found
by Bianchi et al. (2003) using XMM–Newton+BeppoSAX data. Re-
placing the cut-off power law with a Comptonization model and
assuming a spherical geometry, we estimate the coronal tempera-
ture to be >40 keV (kTe = 295+70

−250 keV) and we measure an optical
depth τ = 0.2+0.7

−0.1. The lack of an upper limit on the high-energy
cut-off does not conflict with the upper limit on the coronal tem-
perature, because a cut-off power law is known to be a rough ap-
proximation of Comptonization models (see e.g. Stern et al. 1995).
First, the high-energy turnover of a Comptonization spectrum is
much sharper than an exponential cut-off (see e.g. Zdziarski et al.
2003). Moreover, a Comptonization spectrum is actually a super-
position of several orders of Compton scattering spectra. When
the optical depth is small, the different scattering orders are sepa-
rated in energy, thus resulting in a bumpy spectral shape (see e.g.
Poutanen & Svensson 1996). But the optical depth and temperature
are inversely related for a given heating/cooling ratio, i.e. the ratio of
the power dissipated in the corona to the intercepted soft luminosity
(Stern et al. 1995; Haardt et al. 1997). This can produce an upper
limit on the coronal temperature even if no exponential cut-off is
required (see e.g. Petrucci et al. 2013).

The combination of a weak or absent reflected continuum, a
weak UV bump and a low accretion rate suggest that the standard
optically thick, geometrically thin accretion disc is truncated in
the inner region of the source (Starling et al. 2005; Lobban et al.
2010). A possible explanation is that the nucleus accretes via a
RIAF, with the inner edge of any standard disc restricted to large
distances, ∼102 gravitational radii (see e.g. Quataert et al. 1999).
This is a natural suggestion for an LLAGN, since RIAFs are only
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expected in sub-Eddington systems and the low radiative efficiency
would explain the observed low luminosity. The X-ray emission
from an RIAF is likely dominated by thermal Comptonization, in
agreement with observations of X-ray binaries in the hard state (see
e.g. Narayan 2005, and references therein). The soft seed photons
can be synchrotron photons produced in the hot accretion flow itself
(synchrotron self-Compton), or thermal photons from the outer thin
disc (see e.g. Yuan & Zdziarski 2004; Nemmen, Storchi-Bergmann
& Eracleous 2014). As we noted above, the X-ray variability time-
scale of NGC 7213 is of the order of days/weeks (Emmanoulopoulos
et al. 2012). Therefore, the Comptonization process is consistent
with taking place in an extended region with kTe > 40 keV and
τ � 1, possibly illuminated by the outer thin disc. The relatively
small optical depth is a further indication that the corona should
be extended and subtend a large solid angle as seen from the disc,
in order to scatter a sufficient number of soft photons to produce a
substantial X-ray continuum.

Finally, our results can be compared with those on other weakly
accreting AGNs observed so far by NuSTAR, namely NGC 5506 (es-
timated Eddington ratio as low as 0.7 × 10−2; see Matt et al. 2015)1

and NGC 2110 (estimated Eddington ratio of 0.25–3.7 × 10−2; see
Marinucci et al. 2015). Matt et al. (2015) found a lower limit on the
high-energy cut-off of ∼500 keV for NGC 5506, while Marinucci
et al. (2015) inferred Ec > 210 keV for NGC 2110. In these objects,
then, a weak disc emission may be accompanied by a relatively high
coronal temperature, in agreement with our present work on NGC
7213. The number of observed sources with good measurements
of the high-energy cut-off is too small to establish any statistical
correlation with other parameters. However, if the X-ray emission
is due to a Comptonizing corona, a high coronal temperature is ex-
pected when the disc radiation is weak, because inverse Compton
scattering is inefficient in cooling the corona. Further studies on a
greater number of sources will be required to confirm this scenario
by constraining the physical parameters of the disc/corona system.
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Baloković M. et al., 2015, ApJ, 800, 62
Baumgartner W. H., Tueller J., Markwardt C. B., Skinner G. K., Barthelmy

S., Mushotzky R. F., Evans P. A., Gehrels N., 2013, ApJS, 207, 19
Bell M. E. et al., 2011, MNRAS, 411, 402
Beloborodov A. M., 1999, ApJ, 510, L123
Bianchi S., Matt G., Balestra I., Perola G. C., 2003, A&A, 407, L21
Bianchi S., La Franca F., Matt G., Guainazzi M., Jimenez Bailón E.,

Longinotti A. L., Nicastro F., Pentericci L., 2008, MNRAS, 389,
L52

Blank D. L., Harnett J. I., Jones P. A., 2005, MNRAS, 356, 734
Brenneman L. W. et al., 2014, ApJ, 788, 61
Dickey J. M., Lockman F. J., 1990, ARA&A, 28, 215
Draine B. T., 2003, ApJ, 598, 1026
Elitzur M., Shlosman I., 2006, ApJ, 648, L101
Emmanoulopoulos D., Papadakis I. E., McHardy I. M., Arévalo P., Calvelo
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