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Abstract

We present the first high-resolution X-ray spectrum of NGC 7213 obtained with XRISM/Resolve, supported by
simultaneous XMM-Newton, NuSTAR, and SOAR optical data. The XRISM spectrum resolves the neutral Fe Ko
into two components: a narrow core (FWHM = 650+240 km s~ 1), consistent with emission at the dust sublimation
radius, and a broader asymmetric line, best descrrbed by disklike emission from ~100 R,. This disk component
mirrors the profile of the double-peaked Ha line observed in the optical. In addition, we detect broadened Fe XXV
and Fe XXVI emission lines, whose inferred locations bridge the gap between the inner disk and the optical broad-
line region. The weak narrow Fe Ko equivalent width (EW = 32 4 6 eV) and the absence of a Compton hump
imply a low-covering-fraction, Compton-thin torus. Together, these results reveal a radially stratified structure in
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NGC 7213, spanning nearly 4 orders of magnitude in radius, and place the source in an intermediate-accretion
state (Aggq = 0.1%—-1%), where the inner disk and broad-line region remain, while the torus shows signs of

dissipation.

Unified Astronomy Thesaurus concepts: Active galactic nuclei (16); Low-luminosity active galactic nuclei (2033);

X-ray active galactic nuclei (2035); Black holes (162)

1. Introduction

One of the main observational signatures of active galactic
nuclei (AGNs) is the broadening of atomic emission lines by
the high-velocity motion of gas near the central supermassive
black hole (SMBH). Over decades, extensive efforts have been
dedicated to characterizing the broad-line region (BLR)
emission lines, kinematics, and ionization structure, informing
the interplay between the SMBH and its surrounding gas. BLR
observations can also constrain the mechanism for transporting
gas inward through accretion disks or outward through winds
(J. H. Krolik 2001). The source of the broad emission lines has
been associated in a variety of works with the surface of the
accretion disk or a wind arising at the surface of the outer
accretion disk (e.g., S. Collin-Souffrin 1987; S. Collin-Souff-
rin et al. 1988; R. T. Emmering et al. 1992; N. Murray &
J. Chiang 1997; A. Baskin & A. Laor 2018; M.-H. Naddaf
et al. 2021, and references therein). A characteristic length
scale for the BLR is commonly estimated by measuring the
delay between the variations of brightness of the accretion disk
continuum and the corresponding variations of the broad
emission lines (known as reverberation mapping; R. D. Bland-
ford & C. F. McKee 1982). Directly imaging such regions has
been challenging because of their small angular size
(<0.1 mas). It is only very recently that the BLR could be
spatially resolved in a handful of bright nearby AGNs, thanks
to the development of a new generation of optical/near-
infrared (O/NIR) interferometers (GRAVITY Collaboration
et al. 2024). However, despite the wealth of knowledge gained
from UV/O/NIR observations, a comprehensive understand-
ing of the BLR’s complex dynamics and ionization processes
remains elusive.

Studying the BLR has predominantly been conducted using
UV/O spectroscopy. In X-rays, the FeKa line could be
spectroscopically resolved in a limited number of bright AGNs
using the Chandra High-Energy Transmission Grating
(HETG). Chandra/HETG observations suggest that there is
no universal location of the Fe K« line-emitting region relative
to the optical BLR. In general, a given source may have
contributions to the Fe Ka line originating at parsec-scale
distances from the SMBH, down to distances a factor of ~2
closer to the SMBH than the BLR HS (T. Yaqoob et al. 2001;
X. W. Shu et al. 2010). Only in a few cases has it been possible
to show that the Fe Ka line width measured by Chandra/
HETG is produced in the optical BLR (S. Bianchi et al. 2008;
X. W. Shu et al. 2010; J. M. Miller et al. 2018). Recent studies
have shown that, for local AGNs, the Fe Ka emitting region
size is smaller than the dust sublimation radius in the majority
of the sources (e.g., P. Gandhi et al. 2015; C. Andonie et al.
2022). The Resolve X-ray spectrometer on board the X-ray
Imaging and Spectroscopy Mission (XRISM; M. Tashiro et al.
2024) is providing an unprecedented look at the BLR in X-rays
(e.g., Xrism Collaboration et al. 2024; D. Bogensberger et al.
2025; J. M. Miller et al. 2025).

Over the last three decades, an increasing number of AGNs
have been found to exhibit long-lived broad (~10,000 km s h

double-peaked Balmer emission lines (e.g., M. Eracleous &
J. P. Halpern 1994, 2003; I. V. Strateva et al. 2003; T. Storchi-
Bergmann et al. 2017; C. Ward et al. 2025). These lines are
commonly modeled as emission from a relativistic Keplerian
disklike structure, where Doppler boosting results in asym-
metry between the red and blue peaks (see, e.g., K. Chen &
J. P. Halpern 1989; K. Chen et al. 1989; T. Storchi-Bergmann
et al. 1993; M. Eracleous & J. P. Halpern 1994, 2003;
I. V. Strateva et al. 2003; S. Bianchi et al. 2019, 2022; C. Ward
et al. 2024, 2025). M. Eracleous & J. P. Halpern (1994)
estimated that double-peaked emitters make up ~15% of
radio-loud AGNs at z < 0.4. I. V. Strateva et al. (2003)
estimated that double-peaked emitters make up ~4% of the
Sloan Digital Sky Survey (mostly radio-quiet) quasar popula-
tion at z < 0.4, while C. Ward et al. (2025) estimated that
double-peaked emitters make up ~21% of all X-ray-selected
low-redshift AGNs at z < 0.3 in the Berkeley Automated
Supernova Search sample. Some of these sources show
substantial changes in the relative flux of the blue and red
peaks over timescales of months to years, which is well
modeled by the rotation of spiral arms or hot spots in the disk
(e.g., S. Gezari et al. 2007; K. T. Lewis et al. 2010; C. Ward
et al. 2024). If these double-peaked features originate from the
accretion disk, we should expect to see analogous Fe lines in
the X-ray spectra of these sources.

1.1. NGC 7213

Located at a distance of 22.8 Mpc, the nearly face-on spiral
galaxy NGC 7213 harbors an intermediate-/low-luminosity
AGN powered by a BH with a mass of 871° x 107 M, (derived
using velocity dispersion; A. Schnorr-Miiller et al. 2014),
accreting at ~0.05%—1% of its Eddington limit. NGC 7213 has
been proposed as a high-mass analog of hard-state X-ray
binaries (XRBs; D. Emmanoulopoulos et al. 2012), showing a
“harder when brighter” behavior. The source lies between the
radio-loud and radio-quiet regimes, showing no extended radio
emission. M. E. Bell et al. (2011) showed that the X-ray and
radio light curves of the source are correlated, with the radio
variability lagging behind the X-rays by 24 days (48 days) at
8.4 GHz (4.8 GHz). The available data suggest that the source
could either be analogous to radio-loud AGNs, where the jet is
powered by an advection-dominated accretion flow, or it is
similar to a hard-state XRB with a truncated accretion disk.

S. Bianchi et al. (2008) described the Chandra/HETG
spectrum with a power law (I' = 1.69 + 0.01) and three
emission lines. The strongest of these lines is consistent with a
neutral FeKa at 6.397700%keV with an FWHM of
FWHM = 24007 0% km s~ (0 = 22%}°eV) and an equiva-
lent width (EW) of EW = 12074) eV. The broadening of this
line is consistent with the value measured for the broad Ha
emission line of 264074)° km s~!. In addition, two ionized Fe
lines consistent with the He-like Fe XXV and H-like Fe XXVI
are hinted at in the Chandra/HETG spectrum. S. Bianchi et al.
(2008) reported a tentative blueshift of the Fe XXV and
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Fe XXVI lines by around 1000 km s, which they interpret as a

possible indication of starburst winds. F. Shi et al. (2022)
attributed this tentative blueshift to hot winds from the
accretion flow (see also F. Shi et al. 2024).

XMM-Newton and Suzaku observations of the source
confirmed the Chandra/HETG results, albeit at lower resolu-
tion (A. P. Lobban et al. 2010). The broadening and the EW of
the low-ionization Fe K line both suggest that this line
originates from Compton-thin gas at a distance consistent
with the BLR, although with large uncertainties. Interestingly,
the NuSTAR observation of NGC 7213 showed that its hard-
X-ray spectrum can be described by a power law with a high-
energy cutoff, showing no signature of a Compton hump
(F. Ursini et al. 2015). This further supports the conclusion that
the low-ionization Fe K line is produced by Compton-thin
material with an equivalent hydrogen column den-
sity Ng = 5.0772 x 10 cm 2,

The optical spectrum of NGC 7213 revealed the presence of
a double-peaked broad (DPB) Ha emission line in addition to
the regular symmetric BLR-like line (A. Schnorr-Miiller et al.
2014; J. S. Schimoia et al. 2017). J. S. Schimoia et al. (2017)
studied the variability of the Hoe complex and showed that both
parts of the line profile are variable. The authors estimated the
evolution timescale of the symmetric part to be of ~7-21 days
and that of the DPB part to be of the order of a few months.
This suggests that the symmetric part evolves on a light-travel
timescale (consistent with the distance between the BLR and
the central engine), while the DPB part is more dominated by
slower dynamical timescales. They modeled the DPB part
assuming that it originates from a region of a Keplerian and
relativistic accretion disk. Their model resulted in an DPB
emitting region between ~300R, and 3000R,, where
R, = GMygy/c? is the gravitational radius, with an inclination
of 47° £ 2°. Within the context of their model, the disk
harbors a spiral arm with varying contrast relative to the
underlying disk, which processes cause the variability in the
DPB part of the profile.

In this Letter, we present the first high-spectral-resolution
observation of NGC 7213 with XRISM. Simultaneous obser-
vations with XMM-Newton, NuSTAR, and other ground-
based facilities have been performed to support the XRISM
observation. In this first Letter, we focus on the Fe line region
(~6-7keV range), employing mainly phenomenological
models. Follow-up papers will discuss in greater detail the
broadband aspect of these spectra as well as test a variety of
physically motivated models.

In Section 2, we present the details of the observation and
the data reduction procedures. The results of the spectral
analysis are described in Section 3. We discuss our findings
and their implications in Section 4. We present our conclusions
in Section 5.

2. Observations and Data Reduction
2.1. XRISM Observation

XRISM observed NGC 7213 on 2024 November 4-7 for a
total of 118.5ks (ObsID 201115010; PIs: E. Kammoun and
T. Kawamuro). XRISM is a JAXA/NASA collaborative
mission, with ESA participation, consisting of two instru-
ments: a high-resolution spectrometer (Resolve; Y. Ishisaki
et al. 2025) and a soft-X-ray imaging spectrometer (Xtend;
H. Noda et al. 2025). The Resolve and Xtend instruments were
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operated in “PX_NORMAL” mode and “1/8 window” mode,
respectively. In this work, we focus only on the Resolve data.
We defer the full analysis of the Xtend data to a subsequent
paper.

We reprocessed the Resolve data using the XAPIPELINE
command and the latest calibration files (CALDB 11, released
on 2025 March 11). We produced the Level 2 cleaned files
following the XRISM data reduction “ABC Guide,”*" v1.0.
We applied the recommended screening for the pulse rise time,
event type, and status. In addition, we excluded the events
from pixel number 27, as recommended to avoid calibration
uncertainties. We also applied a filter of the geomagnetic
cutoff rigidity (COR), which is roughly inversely proportional
to the particle background in low Earth orbits. We tested
different COR thresholds and we confirmed that the results did
not significantly change, as discussed in Appendix A. We used
a threshold of COR > 6, which reduced the net exposure time
to 90.3ks. Our choice can be considered as a reasonable
compromise between the exposure time and signal-to-noise
ratio (S/N). We selected only the high-resolution events (Hp),
which accounted for 95.2% of all the events during this
observation.

We used the XSELECT task to extract spectra and light
curves. Then we used the RSLMKRMF command to generate
the extra-large type of response file for Resolve. Next, we
created a standard exposure map for both instruments using the
XAEXPMAP command. We finally created the ancillary
response file (ARF) using the XAARFGEN command. This
command runs a ray-tracing simulation, to calculate the
reflection and transmission of photons from the assumed
X-ray source and to count the photons detected in the selected
pixels. We set the number of photons in the simulations
NUMPHOTON = 600,000 and limited the ARF to the 2-10 keV
range. Given the brightness of the source and the low non-
X-ray background (NXB) of Resolve, we can safely neglect
the NXB during the spectral fits. As a check, we verified that
no signatures of the known NXB lines appeared in the
spectrum of the source.

2.2. XMM-Newton Observations

Two XMM-Newton Director’s Discretionary Time (DDT)
observations of NGC 7213 took place on 2024 November 5
and on 2024 November 6 (ObsIDs 0953012201 and
0953012301, respectively; PI: E. Kammoun), for total
exposure times of 47.4 and 56.4 ks, respectively. We refer to
these observations as XMM-Newton ObsA and ObsB,
respectively, hereafter. A problem in the communication with
the ground station occurred during the first observation, which
resulted in a shorter exposure. The observations were operated
in the Large Window /Thin Filter mode for EPIC-pn (L. Strii-
der et al. 2001) and in Small Window/Thin Filter mode for the
two EPIC-MOS (M. J. L. Turner et al. 2001) instruments. In
this work, we focus on the EPIC-pn data only.*' We use the
XMM-Newton Science Analysis System (SAS V22.1.0) to
reduce and analyze the data of these observations. Source
spectra and light curves were extracted from an annular region
with an inner radius of 10”and an outer radius of 357 centered

40 https: / /heasarc.gsfc.nasa.gov/docs /xrism/analysis /abc_guide /xrism_
abc.html

4! The EPIC-MOS and EPIC-pn spectra are consistent. For the purposes of
this work, including the EPIC-MOS spectra does not affect any of the
conclusions.
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on the source, to reduce pileup. The corresponding background
spectra were extracted from an off-source circular region
located on the same CCD chip, with a radius of 75”7 We
filtered out periods with strong background flares. This
resulted in net exposures of 9.9 ks and 29.6 ks, respectively.
Response matrices were produced using FTOOLSRMFGEN and
ARFGEN. The XMM-Newton light curves do not show any
significant variability.

2.3. NuSTAR Observation

A NuSTAR DDT observation of NGC 7213 took place on
2024 November 5 (ObsID 91001636002; PI: E. Kammoun) for
a total exposure of 52ks. The data were reduced using the
standard pipeline in the NuSTAR Data Analysis Software
(NUSTARDAS V2.1.4), using CALDB 20241104. We cleaned the
unfiltered event files with the standard depth correction.
We reprocessed the data using the SAAMODE = OPTIMIZED,
SAACALC=3, and TENTACLE = YES criteria for a more
conservative treatment of the high background levels near
the South Atlantic Anomaly. We used the OPTIMAL-RADIUS
tool in NUSTAR-GEN-UTILS (B. Grefenstette et al. 2025) to
estimate the optimal source region to maximize the S/N above
10keV. Thus, we extracted the source and background light
curves and spectra from circular regions of radii 517 and 907,
respectively, for the two focal plane modules (FPMA and
FPMB), using the HEASOFT task NUPRODUCTS. In the
following, we analyze the spectra from FPMA and FPMB
jointly, without combining them. All X-ray spectra in this
work were binned using the ftool FTGROUPPHA with optimal
binning (J. S. Kaastra & J. A. M. Bleeker 2016).

2.4. Southern Astrophysical Research Telescope Observation

On 2024 November 2, we obtained medium-resolution
optical spectroscopy for NGC 7213 using the Goodman
spectrograph (J. C. Clemens et al. 2004) on the 4.1 m Southern
Astrophysical Research (SOAR) telescope located on Cerro
Pachén, Chile. We used a setup with a 2100 Imm ™' grating
and a 0.95 slit, yielding a resolution R ~ 5000 in a region
centered on Ha and HJ3 that is 570 A wide. The spectra were
reduced and optimally extracted using the APALL package in
IRAF (D. Tody 1986). In this work, we focus on the Ha
region. The results from the H3 are broadly consistent with the
findings of the Hey, but they require a more careful treatment of
the Fell pseudo-continuum emission, which is beyond the
scope of this work. In the rest of the Letter, we adopt the
redshift of the source to be z = 0.005839, as reported for 21 cm
estimates by the NASA /TPAC extragalactic database.

3. Analysis and Results

In this section, we present the results obtained by modeling
the spectra from the different instruments. The X-ray spectral
analysis is performed using XSPECV12.15.0D (K. A. Arnaud
1996). We adopt the Cash statistic (C-stat; W. Cash 1979). All
uncertainties are reported at the 90% confidence level, unless
specified otherwise.

3.1. X-Ray Continuum Fitting

To model the continuum spectrum of the source, we fit
the data in the 2-10keV range for XRISM/Resolve, in the
0.5-10keV range for XMM-Newton/EPIC-pn, and in the

Kammoun et al.

1077
- ™
|
= 1073
[
L~
c\\l’_‘
3
=107
E!
Q
O
+ XRISM/Resolve
10-7 XMM-Newton (ObsA)
XMM-Newton (ObsB)
NuSTAR/FPMA
NuSTAR/FPMB
i .
s 2}
= O
<1 —=2r fl
1} ‘ | ‘
10° 10!
Observed energy (keV)
400 T T T T T T
350 —
300 _
=
i)
— 250 =
=
200 =
150~ —
100 I I I I I I
1.740 1.745 1.750 1.755 1.760 1.765

Figure 1. Top: XRISM/Resolve (black), XMM-Newton/EPIC-pn, and
NuSTAR spectra modeled with an absorbed power law with a high-energy
cutoff. We also show the corresponding residuals. Bottom: the high-energy
cutoff versus photon index confidence regions at the 68%, 95%, and 99%
levels (black, red, and blue, respectively).

3-60keV range for NuSTAR/FPMA and FPMB. For all
instruments, we ignored the 6-8 keV energy range, to avoid
the complexity introduced by the presence of the Fe emission
lines. This exclusion is not expected to affect the continuum
fit. We adopt a model that consists of an absorbed power law
with a high-energy cutoff. The spectra and the best-fit model
are presented in the top panel of Figure 1. The column density
of the interstellar absorber is fixed to the Galactic value of
N = 1.08 x 10*° cm™2 (HI4PI Collaboration et al. 2016). We
tied all the parameters among the five spectra, including a
cross-calibration normalization constant. We fixed this con-
stant to the one for XRISM /Resolve and let it vary for all the
other spectra. The spectra are well fitted with this model, with
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Figure 2. Data-to-continuum ratio of the XRISM/Resolve spectrum in the Fe line region in the observed frame. The red dashed lines show the expected energies for
the low-ionization Fe Kcav; , and K{3 lines and the high-ionization Fe XXV (w, x, y, z) and Fe XXVI Ko, lines.

a C — stat/dof = 2410/2341. We obtained a best-fit
photon index I' = 1.752 £ 0.006, a high-energy cutoff
Eq = 22079 keV, and a 2-10keV flux Fp_jorev = 4.74 +
0.05 x 10 "ergs ' cm % The bottom panel of Figure 1
shows the E_, versus I' confidence contours. We obtained
cross-normalization constants of 1.04 £+ 0.01 for NuSTAR
FPMA /FPMB and 0.81 + 0.01 and 0.78 + 0.01 for XMM-
Newton®? ObsA and ObsB, respectively. Assuming a lumin-
osity distance of 22.8 Mpc, the intrinsic 2-10 keV luminosity
of the source is (2.95 + 0.03) x 10**ergs~'. Thus, for a
bolometric correction kx = Lpo/La_ 10 = 10 obtained from the
relation provided by F. Duras et al. (2020) and 1. E. Lépez
et al. (2024), we find an Eddington ratio Aggq =
Lyo/Lgaa = 0.001-0.01, given the uncertainty on the BH
mass in this source. During these observations, the source is
caught in its brightest state since the 1980s (Z. Yan &
F.-G. Xie 2018), being ~two times brighter than the Chandra/
HETG observation. The harder photon index than previously
reported is consistent with the “harder when brighter” behavior
in this source (D. Emmanoulopoulos et al. 2012).

3.2. The Fe Line Region

In this section, we focus on the fit to the region of the Fe
emission lines. We model the XRISM /Resolve spectra only, in
the 5.7-7.5 keV range in the observed frame. We assume the
continuum follows the best-fit model derived in the previous
section. We fix the photon index and the high-energy cutoff to
their best-fit values, and we leave the normalization of the
power law free to vary. In Figure 2, we show the ratio of the
XRISM/Resolve data to the continuum. This figure clearly
shows an excess in emission centered around the expected
energies for the neutral Fe Ko » doublets and a hint of excess

42 A cross-calibration difference of ~18%—20% is already expected between
XMM-Newton and NuSTAR, as detailed in the XMM-Newton release note
XMM-CCF-REL-388: https://xmmweb.esac.esa.int/docs/documents /CAL-
SRN-0388-1-4.pdf.

at the expected energy for the Fe K3 line. We also see an
excess in emission at the expected energies for Fe XXV and
Fe XXVI. The neutral Fe Ko line shows a clear narrow core
with a broader asymmetric base. The Fe XXV and Fe XXVI
lines appear at a lower intensity with an apparent broadening.
We note that we examined the data for intra-observation
variability. However, no strong variability could be confirmed.
We found only a ~20¢ hint of variability in the intensity of the
neutral Fe Ko emission line. Thus, we analyze the time-
integrated spectrum in the rest of the Letter.

First, we modeled the Fe Ko, by adding the ZFEKLOR
model in XSPEC, which consists of seven Lorentzian
approximations to the line profile of Fe K fluorescence from
neutral material (G. Holzer et al. 1997), at the rest frame of the
source. In addition, we added a Gaussian line at the rest-frame
energy of the neutral Fe K§ (7.06keV) for completeness,
leaving the normalizations of both lines free to vary. We also
smoothed the lines with a Gaussian profile, using the
GSMOOTH model in XSPEC. This improved the fit by
AC = —188 for two additional free parameters, resulting in
an FWHM of the FeK line of 1300kms™!' (¢ = 11eV).
However, additional residuals were still present blueward and
redward of the Fe K line, implying the presence of a second
broader line. Thus, we added an additional broadened
GSMOOTH X ZFEKLOR line, which improved the fit by
AC = —14 for two additional free parameters. We obtained an
FWHM of 45001359 km s~! (o = 41eV) and a line intensity
of (1.5 + 0.6) x 107> photons ' cm ™2 This reduced the
FWHM of the narrow line to 650kms~'. We then added a
series of four Gaussian (ZVGAUSSIAN) emission lines,
assuming the rest-frame energies of the Fe XXV as resonant
(w, at Ey = 6.700keV), intercombination (x, at Ey =
6.682keV; and y, at E.., = 6.668 keV), and forbidden (z, at
E . = 6.637 keV). We assumed the same broadening for all
these lines. The intensities of the intercombination lines were
low and unconstrained, so we fixed them to zero. The addition
of the Fe XXV lines improved the fit by AC = —25 for three


http://xmmweb.esac.esa.int/docs/documents/CAL-SRN-0388-1-4.pdf
http://xmmweb.esac.esa.int/docs/documents/CAL-SRN-0388-1-4.pdf
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Figure 3. Modeling the XRISM /Resolve spectrum (focusing on the Fe region). In addition to the continuum (blue dotted line), we also show the narrow and broad
Fe Ko lines (yellow and gray, respectively), the Fe XXV emission lines (orange), the Fe XXVI lines (red), and two Gaussian emission lines added at 6.45 and
6.75 keV (green). The left panel shows the best fit assuming that the broad Fe Ko is described with a ZFEKLOR model smoothed with a Gaussian profile. The right
panel shows the best fit assuming that the broad Fe K is described with a DISKLINE model. The results in the right panel are based on MCMC analysis. The solid
lines and the shaded region correspond to the median profile and the 68% and 95% credibility envelopes of each spectral component, respectively.

additional free parameters (the intensities of the w and z lines
and the common FWHM). We obtained an FWHM of the
Fe XXV lines of 2030 km s~!. Then, we added two Gaussian
lines (ZVGAUSSIAN) at the rest-frame energies of the
Fe XXVIKa; and Ka, lines (6.973keV and 6.952keV,
respectively), assuming an intensity ratio of 2:1. We also
assumed a common broadening for the two lines that is
independent of that of the Fe XXV lines. The addition of these
two lines improved the fit by AC = —21 for two more free
parameters. We note that allowing the energies of all these
lines to shift did not result in any significant improvement. All
the lines are consistent with the rest frame of the source.
Finally, we considered adding two Gaussian lines to account
for the narrow excess seen at ~6.45 and ~6.75keV. We
assumed that both lines are unresolved. The addition of these
two lines improved the fit by AC —15 and -—14,
respectively, for one additional free parameter each. The
observed energies of these two lines are 6.449keV and
6.753 keV, corresponding to rest-frame energies of 6.489 keV
and 6.794keV, respectively, assuming that the lines are
emitted by NGC 7213. The possible origin of these lines is
discussed in Section 4.4. In the following, we fix the lines at
their best-fit energies, leaving only their corresponding
normalizations free. After including all these spectral compo-
nents, the best-fit statistics obtained are C/dof = 517/516. The
best-fit model is shown in the left panel of Figure 3. The model
in XSPEC can be expressed as follows:

MODEL = ZPOWERLAW
+ GSMOOTH x (ZFEKLORfck, + ZGAUSSgek 5),

+ GSMOOTH x ZFEKLORgekop
+ 2 x ZGAUSSE:. xxv + 2 X ZGAUSSE. xxvI
+ GAUSSg 45 kev + GAUSSg 75 kev.
(1)

The “n” and “b” subscripts indicate the narrow and the broad
low-ionization Fe Ko lines.

A Gaussian line profile cannot fully account for the apparent
asymmetry in the broad Fe K« line. To account for this, we
replaced (GSMOOTH x ZFEKLORge.. 1) in Equation (1)
with a DISKLINE model, which considers line emission from a
relativistic accretion disk (A. C. Fabian et al. 1989). The model
in XSPEC can be expressed as follows:

MODEL = ZPOWERLAW
+ GSMOOTH x (ZFEKLORguxy + ZGAUSSgeks),n
+ DISKLINE
+2 x ZGAUSSke xxv + 2 % ZGAUSSre xxvi
+ GAUSSg45kev + GAUSS6 75 kev-

@)

In addition to the line energy, which we fixed at 6.4 keV in the
rest frame of the source, the model’s parameters are the inner
edge of the disk (R;,), the outer edge of the disk (R,,), the disk
radial emissivity index®® (g), and the inclination (i). The
emissivity index could not be constrained when we let it vary
(g > 0.1). This limit is consistent with the ‘“standard”
emissivity index of 3, expected in the disk at large radii.
Indeed, for an optically thick and geometrically thin a-disk,
the thermal energy dissipation per unit surface area is
proportional to 7. Also, for a compact central X-ray corona,
the irradiation at distant parts of the accretion disk should
follow r— (see, e.g., C. S. Reynolds & M. C. Begelman 1997).
Thus, we fitted the XRISM /Resolve spectrum by fixing ¢ at 3.
We also fixed the outer radius at R, = 5000 R, because the fit
was not sensitive to the value of R,,. This fit resulted in
C/dof = 510/515, an improvement by AC = —7 for one more
free parameter compared to a Gaussian (an overall improve-
ment of AC = —21 with respect to the fit with no broad line).
To test the goodness of the fit, we use the analytic prescription
provided by J. S. Kaastra (2017) to estimate the expected

43 DISKLINE assumes that the emissivity of the disk follows a power-law

profile (r) oc r°°*°71% where Betor10 = —q.
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C-stat and its variance based on the observed spectrum. We
find an expected C-stat of 533 4 33. Thus, our best-fit C-stat is
consistent with the expected value within less than lo. To
sample the posterior distribution of the XRISM/Resolve
spectral model, we employed XSPEC’s implementation of the
Goodman—Weare affine-invariant ensemble sampler, using 64
walkers and 4 x 10° accepted steps per walker. The first 10°
steps were discarded as burn-in. The convergence tests and
uncertainty estimates are detailed in Appendix B.

In addition, we ran a set of simulations, detailed in
Appendix C, to assess the significance of the emission lines
with relatively low AC used in our model. While the
significance of a broad base of the low-ionization Fe Ko line
is strong, we tested the significance of an asymmetric
DISKLINE with respect to a symmetric Gaussian-broadened
line. We found that given the quality of our data, the DISKLINE
is preferred with 99.1% confidence (2.60). As for the lines at
6.45 and 6.75 keV, we find that they are both significant with
99.9% confidence (~3.30).

Our results demonstrate for the first time in NGC 7213 that the
Fe K is consistent with being composed of two lines: a narrow
core with FWHM = 6507330 km s~! and a broader line that is
consistent with a disklike emission originating at a distance of
~100 R, (~0.03-3 X 107> pe, given the uncertainty of the BH
mass). Our best-fit model results in a low inclination of 11° that is
consistent with the unobscured properties and the optical
classification of this source. In addition, the high resolution of
the XRISM/Resolve spectrum allowed us to resolve the forbidden
and the resonant lines of Fe XXV, which are broadened with
FWHM = 2350783 km s~. In addition, we found an even broader
Fe XXVIKq; , doublet with FWHM = 61007235 km s~'. The best-
fit parameters obtained using this model are listed in Table 1.

Table 1
Best-fit Parameters Obtained by Fitting the XRISM/Resolve Spectrum
Spectral component Parameter AC
Narrow Fe Ko FWHM 650723 —188
Norch Ka 143t§§
Normg, k3 <1.6
EwW 32+6
DISKLINE i [deg] 11.3%33 21
log(Rin/Rg) 2.03?;?
Norm 1616
EW 26 £ 18
Fe XXV FWHM 235074590 -25
Normg 54+26
Norm, 59+ 24
EW; 10£5
EW, I11£5
Fe XXVI FWHM 61003399 21
Normg 8.9 +£ 3.1
EWkai 20+ 6
Gaussian lines Normg — .45 kev 254+09 —15
Normg — 675 kev 22+09 —14

Note. The last column shows the improvement in C-stat obtained by
introducing each of the lines. FWHMs are in units of kilometers per second.
Normalizations are in units of 10~ photon s~ cm™2. EWs are in units of eV.
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3.3. The Optical Spectrum

We model the SOAR spectrum of NGC 7213, focusing on
the Ha region assuming a power-law pseudo-continuum. We
also include a series of Gaussian lines in emission to account
for the narrow Ha line, [NII] A\6548, 6583, and
[S1] AN6716, 6731. We assumed intensity ratios of 1:3 for
[N II] AX6548, 6583 and 1:1 for [S 1] AA6716, 6731. A broad
Gaussian line is required by the data with a rest-frame
wavelength consistent with that of Ha. The velocity shift and
the widths of the narrow lines are linked. We added a couple of
broad Gaussian emission lines red- and blueshifted with
respect to the Ha rest-frame wavelength that are characteristic
of DPB AGNs (see, e.g., M. Eracleous & J. P. Halpern 1994;
J. S. Schimoia et al. 2017), with a velocity shift of
~=£(2200-2400) km s ', This model could not capture the
full complexity of the data, as some residuals in excess could
still be visible around the [NII] A\6548, 6583 and
[S 1] AN6716, 6731, which are most likely due to the presence
of the broad blue wings associated with these lines (see, e.g.,
J. S. Schimoia et al. 2017). By adding broad blueshifted lines
(~—100 km sfl) with respect to the narrow lines, the residuals
flattened around these regions. Finally, we added two
broad lines around ~6475and 6685 A with an FWHM ~
900-1200km s~ ', of unknown origin, which are required by
the data. The spectrum and the best-fit model are shown in
Figure 4. We note that the spectrum is not flux-calibrated. We
also list the wavelengths and the FWHMs of each of the lines
included in the model in Table 2. The results of this analysis
are consistent with the findings of previous optical spectral
studies of this source (S. Bianchi et al. 2008; J. S. Schimoia
et al. 2017). The wavelengths of the narrow lines are redshifted
with respect to the rest frame of the source by ~80 km s~ with
an FWHM of ~300kms™'. We obtained an FWHM for the
symmetric broad He, thought to originate from the BLR,
of 202073 km s~

The XRISM/Resolve spectrum of NGC 7213 revealed for
the first time the presence of an asymmetric broad Fe Ko line.
We modeled this line assuming a relativistically broadened
disklike feature with an inner radius of ~100 R, viewed at an
inclination of ~11°. This feature resembles the DPB emission
line seen in Ha. In fact, various works have used a disklike
profile or a variation of it to model optical DPB emission lines
in AGNs (see, e.g., K. Chen & J. P. Halpern 1989; K. Chen
et al. 1989; T. Storchi-Bergmann et al. 1993; M. Eracleous &
J. P. Halpern 2003; I. V. Strateva et al. 2003; S. Bianchi et al.
2019, 2022; C. Ward et al. 2024, 2025). Such features are
commonly modeled using disklike profiles and relatively flat
emissivity indices (¢ ~ 0-2) that are smoothed with a
Gaussian profile. This smoothing accounts for the local
turbulence of the emitting gas, parameterized via a velocity
dispersion (o). Various authors have adopted a variety of
emissivity profiles. However, the common feature in these
works is that the emissivity index is flat in the inner regions
and then drops in a faster way at larger radii. After subtracting
the continuum as well as all the best-fit lines, except the broad
red- and blueshifted lines, we modeled the double-peaked Ha
with a relativistic DISKLINE model (A. C. Fabian et al. 1989)
modified by a Gaussian smoothing to account for local
turbulence. This model is chosen for consistency with the one
adopted for the Fe Ko line, which facilitates the comparison
between the two lines. The double-peaked profile and the best-
fit model are shown in the left panel of Figure 5. We obtained
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Figure 4. SOAR spectrum of NGC 7213 in the Ha region. We fit the data
assuming a power-law continuum and a series of Gaussian emission lines to
model the narrow Hey, a broad symmetric Ha line, two broad red-/blueshifted
Ha lines, and narrow [N II] A\6548, 6583 and [S II] AA6716, 6731 lines. In
addition, the data required broad and blueshifted [N II] A\6548, 6583 and
[S 1] AN6716, 6731, as well as a low-amplitude red-/blueshifted doublet at
~6682 A and ~6472 A, respectively, with an intermediate broadening of
~900-1000 km s~ ".

Table 2
Best-fit Central Rest-frame Wavelengths (Assuming z = 0.005839),
Wavelength Shifts with Respect to the Expected Value, and FWHMs of the
Emission Lines Identified in the Ho Region of the NGC7213 SOAR Spectrum

Line Ao AX FWHM
(A) A) (kms™")
Ha narrow 6564.3 £ 0.2 1.5+£02 325 + 1
Ha broad 6564.4 + 0.4 1.6 — 0.4 202074
Ha blue 6509.9 + 0.2 —52.9 £02 3890710
Ha red 6610.9*92 48.1702 6760719
Gaussian 64747193 900"
Gaussian 6684.7+02 - 117043
[N 1] narrow 6549.79 + 0.01 1.78 + 0.01 280 + 1
6584.78 + 0.01 1.78 + 0.01 280t
[N 11] broad 6547.92 + 0.01 —0.08 + 0.01 775 £ 5
6582.92 + 0.01 —0.08 + 0.01 77544
[S 11] narrow 6717.82 + 0.01 1.8 + 0.01 2g8(tied
6732.83 + 0.01 1.8 + 0.01 280tied
[S 11] broad 671591 + 0.01 —0.1 + 0.01 7754
6730.91 + 0.01 —0.1 £ 0.01 77544

the best fit with an inclination i = 18°8 + Oc.’3, an inner radius
log(Rin/R,) = 2.32 £ 0.05, an outer radius log(Rou/R,) =
3.16 & 0.05, an emissivity index ¢ = 1.6793, and a local
turbulent broadening oy = 1420 £ 50km s~!. This
turbulence requires a moderately high scale height, consistent
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with a flatter g value, as expected in low-/intermediate-
accretion-rate sources (e.g., M. Elitzur et al. 2014).

4. Discussion
4.1. The Inner Edge of the Disk

In the right panel of Figure 5, we show the marginal and
joint probability density plots of the inclination and inner
radius obtained by modeling the broad asymmetric Fe Ka. The
blue filled contours represent the posterior probability density
obtained from the XRISM/Resolve Markov Chain Monte
Carlo (MCMC) run. Within the main high-probability island,
the two representations overlap closely, illustrating that the
two measures are fully consistent in the region of interest. The
faint elongated ridge that stretches toward higher inclinations
and larger inner radii in the plane is a genuine mode explored
by the sampler, but it carries very little posterior mass.
Integrating the kernel density estimation gives a probability of
~2 x 1073 Consistent with that, the smallest C-stat
encountered anywhere along the ridge still lies at AC ~ 13
above the global minimum. We therefore regard the ridge as a
statistically insignificant tail of the posterior and conduct all
the quantitative inference with respect to the dominant peak.

We also show in this panel the best-fit inclination and inner
radius derived from fitting the DPB Ha. The inner radii
derived from both lines are fully consistent. The inclination
derived from both lines agrees within 3 o, although the Ha
profile requires a slightly larger inclination. The emissivity
index of the Fe Ka could not be constrained (¢ > 0.1) and is
found to be broadly compatible with the standard value of
q = 3; the emissivity index of the Ha is significantly flatter.
We attempted to fit the broad Fe Ka by fixing all the
parameters to the best-fit values obtained by modeling the Ha
line. This worsens the fit by AC = 13. This difference could
have a physical origin. The double-peaked Balmer lines are
thought to originate from the atmosphere of the accretion disk
and/or the base of weak disk winds typically seen at low
accretion rates (see, e.g., M. Fracleous et al. 2009, and
references therein). It has been demonstrated that the DPB
Balmer lines are preferentially produced in optically thin
media (7 < 1; see, e.g., N. Murray & J. Chiang 1997,
H. M. L. G. Flohic et al. 2012; L. S. Chajet & P. B. Hall 2013).
As the optical depth increases, the two peaks become closer
and resemble a single-peaked emission line. The FeKa,
instead, is thought to be produced at higher optical depths
(7 ~ 1-2). This could indicate that the two lines are produced
at the same radial distance from the central engine, though in
different locations along the vertical extension of the disk. The
Ha could be produced in the outer atmosphere and the Fe Ko
deeper in the disk. In addition, the turbulent velocity of the Ho
line (o ~ 1400 kms™!) also supports the idea that this line
is produced in a rather turbulent medium, consistent with the
outer atmosphere of the accretion disk. These physical
considerations can consequently explain the marginal differ-
ences we see in inclination and emissivity index. This
discrepancy could also arise from some model-dependent
degeneracies between the various parameters of the model.
However, given the quality of the data, the parameters of the
two lines are consistent within ~30.

J. S. Schimoia et al. (2017) presented a monitoring
campaign of the Ha emission line in this source over ~2 yr.
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Figure 5. Left: the DPB Ha profile of NGC 7213 in velocity space modeled by a DISKLINE with an additional Gaussian smoothing. The negative/positive sign
corresponds to blue-/redshift with respect to 6562.8 A. Right: confidence contours of the disk inclination versus inner radius obtained by modeling the broad Fe Ko
line in the XRISM/Resolve spectrum. The shaded regions enclose the 68%, 90%, and 95% posterior probability. The solid contours correspond to the contours
derived from a grid of AC = 2.3, 4.6, and 10 (black, red, and blue, respectively), which would correspond to 68%, 90%, and 99.5% confidence levels in the x2
approximation for two parameters of interest. The green circle shows the best fit obtained by modeling the DPB Ha profile on the left.

They showed that the profile of the double-peaked feature is
variable and attributed this behavior to a precessing spiral arm
in the accretion disk with a variable intensity. They also
assumed a broken-power-law emissivity profile, where the
inner emissivity index between R;, and a break radius (R,) is
fixed at —0.2 and the outer emissivity index above R is fixed
at 3. They found Ry, = 300 &+ 60R,, R, varying between
1800 R, and 3000 R, and i = 47° £ 2°. The inner and outer
(break) disk radii found by J. S. Schimoia et al. (2017) are
broadly consistent with the values we find in this work. The
difference between their best-fit inclination and emissivity
index and ours could be perceived as significant. This
difference can be explained by degeneracies in the model
used by J. S. Schimoia et al. (2017). In fact, the J. S. Schimoia
et al. (2017) model has 10 parameters, as opposed to only four
in our model. We performed a detailed comparison between
the two models, confirming that the line profile presented in
Figure 5 could be reproduced with the model by J. S. Schimoia
et al. (2017) assuming i = 47°.

We note that an FWHM of the broad FeKa line is
consistent with the FWHM of the symmetric core of the broad
Ha line at ~2.70. This does not completely rule out an origin
of the broad Fe Ka that is consistent with the BLR similar to
what is inferred in other sources (e.g., D. Bogensberger et al.
2025). However, the fact that a disk origin of the Fe K« is
statistically preferred, and the properties of the line being in
agreement with the DPB Ha line, strongly suggest that the
broad Fe Ka line may be originating from regions closer to the
SMBH. In any case, it is likely that a wide range of radii,
extending up to the optical BLR, could contribute to the broad
Fe Ko line, given a certain emissivity profile. In addition, the
BLR itself may also have a disklike shape or be closely
associated with the accretion disk, as shown by the results
from BLR reverberation mapping studies (e.g., F. Pozo Nufiez

et al. 2013; A. Pancoast et al. 2014; C. J. Grier et al. 2017;
P. R. Williams et al. 2020).

4.2. The Narrow Fe Ko Line

The XRISM/Resolve spectrum shows a clear narrow Fe Ko
line with an FWHM = 6501330 km s~'. Assuming that the
emitting gas follows an ordered rotation motion, the relation
between the rotation velocity and the FWHM can be written as
FWHM = 2y, sini. The distance of the emitting material can
then be written as R = GMgp/v>,. For an inclination of 11°-
19°, a BH mass of 0.2-2.4x10° M, and also accounting for
the uncertainty on the FWHM of the line, we obtain a radius of
the narrow Fe Ka emitting region of ~(1.6-18) x 10* R,
(~0.01-2.1 pc). This large uncertainty is mainly driven by the
uncertainty on the SMBH mass. We fitted the narrow Fe Ko
with a ZFEKLOR model blurred with an RDBLUR (A. C. Fabian
et al. 1989) kernel (equivalent to a DISKLINE model but
accounting for the fact that Fe Ko is a doublet, which matters
at such low velocities). We linked the inclination of this
component to that of the broader Fe Ko line and left the inner
edge free to vary. We obtained Ry, = 1.4739 x 104 R,
consistent with our previous estimate, although with a smaller
uncertainty. Considering the uncertainty on the BH mass, we
obtain a physical radius of 0.01-0.4 pc.

Following the estimate by M. Nenkova et al. (2008), we
calculate the dust sublimation radius as a function of the
bolometric luminosity and the dust temperature, as follows:

1/2 2.6

Lo 1500 K

Ry, =04 C
b (1045 erg s ) ( Tab P

For Ly, = 3 x 10% erg s~! (see Section 3.1) and a dust
sublimation temperature between 1000 and 1800 K, we obtain

3)
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a dust sublimation distance of 0.04-0.2 pc, which is fully
consistent with the distance of the Fe Ka emitting region. The
presence of a narrow FeKa consistent with the dust
sublimation radius could be an indication of a dusty torus.
However, it is worth noting that the hard-X-ray spectrum of
NGC 7213, from our analysis (Section 3.1) and a previous
NuSTAR observation of the source (F. Ursini et al. 2015), does
not show any indication of a Compton hump, which typically
indicates reprocessing from cold material. This absence of a
strong Compton hump is indicative of either a low column
density of this material and/or of a small solid angle subtended
by the torus. This also applies to the relativistically broadened
Fe line. A detailed analysis of the broadband spectra of the
source is deferred to a future publication.

We used Equation (5) of K. D. Murphy & T. Yaqoob
(2009), which relates the Fe Ko line EW to the torus covering
fraction (f.oy = AS)/47) and the column density, which can be
approximated as follows:

Ny

EWre ko >~ 580 % cov X m

ev, “4)

assuming a photon index I' = 1.75. We estimate the covering
fraction of the torus to be between 4% and 7% for
Ny 10**cm™2 and between 45% and 65% for
Ny = 10%cm ™2, given the line EW reported in Table 1.
F. Ursini et al. (2015) estimated a torus column density
Ny = 530 % 10 em2, which results in a covering fraction
of ~6%-20%, considering the uncertainties on the EWg, k.,
and Ny. In addition, the reflection fraction (R) from a neutral
optically thick slab can be derived from the Fe Koo EW as
R =~ EWkgk./(150eV) (e.g., 1. M. George &
A. C. Fabian 1991). This results in R = 0.17 £ 0.12. This
value is consistent with the absence of a strong Compton hump
in the NuSTAR spectrum and with the 30 upper limit of
R < 0.2 derived by F. Ursini et al. (2015).

The top panel of Figure 6 shows the 1D posterior
distribution of the best-fitted line intensities of the narrow
and the broad Fe Ka lines. For comparison, we also show the
line intensity obtained by S. Bianchi et al. (2008), which is
consistent with the sum of the intensities of the narrow and the
broad lines. In fact, S. Bianchi et al. (2008) modeled the Fe Ko
from Chandra/HETG assuming a single Gaussian line with an
FWHM = 2400kms '. The low spectral resolution of
Chandra/HETG compared to XRISM/Resolve did not allow
the authors to distinguish the two lines. Thus, the reported line
intensity includes the contribution of both features.

In addition, we found only weak evidence of an Fe K{ line.
The 30 upper limit on the Fe K3/Fe Ko ratio is 0.2. This is
consistent with the 90% upper limit of 0.18 reported by
S. Bianchi et al. (2008), which is also consistent with the
expectation from neutral iron (see Section 3.3 of S. Molendi
et al. 2003, for example).

We note that we also tested whether the asymmetry seen in
the Fe Ka line could be caused by a Compton shoulder
associated with the neutral emission from distant material, by
testing reflection models. However, this test did not provide a
satisfactory statistical and physical explanation of the data. On
the one hand, the model left considerable residuals, mainly
failing to explain the blue part of the Fe line. In addition, any
significant Compton hump would require relatively large
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Figure 6. Posteriors of line fluxes obtained from the best fit to the XRISM/
Resolve data (in units of 107 photons~' cm ™). Top: line fluxes of the
narrow DISKLINE Fe Ko and their sum (yellow, gray, and blue, respectively).
Middle: line fluxes of the forbidden and resonant Fe XXV lines and their sum
(gray, red, and blue, respectively). Bottom: line fluxes of the Fe XXVI Kq; ,.
The solid and dashed lines show the median and the 90% confidence range of
the distributions, respectively. The green circles show the best-fit flux lines of
the corresponding lines from Chandra/HETG reported by S. Bianchi
et al. (2008).

column densities, which would then imply a strong Compton
hump that is in tension with the NuSTAR hard-X-ray spectra.
In order to be able to account for this, large values of Fe
abundance may be required (more than five times the solar
abundance) to suppress the relative intensity of the Compton
hump with respect to the Fe line. In addition, the fact that the
properties inferred from modeling the Fe Ko line profile with
disk emission agree with the properties inferred from the DPB
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Figure 7. Confidence contours of the FWHMs of Fe XXV and Fe XXVI. The
solid contours correspond to the contours derived from a grid of
AC = 2.3, 4.6, and 10 (black, red, and blue, respectively). The green circle
shows the corresponding limits reported by S. Bianchi et al. (2008). The
dashed gray lines show the FWHM of the symmetric broad Hev line. The solid
black line shows the 1:1 relation.

Ha profile further support the hypothesis that the Fe Ko
originates from the accretion disk.

4.3. The Origin of the Fe XXV and Fe XXVI Lines

We show in Section 3 that the XRISM/Resolve data
required a significant broadening of the highly ionized Fe XXV
and Fe XXVI emission lines. Figure 7 shows the 2D confidence
contours of the FWHMs of the two lines. Fe XXVI requires a
broader profile. However, the broadening of the two lines is
consistent within 3 0. The broadening of the Fe XXV lines is
consistent with the symmetric core of the Ha profile
(FWHM = 20417/ km s™!). Similar to the Fe Ka line, we
estimated the distance of the emitting material from the BLR
to the central SMBH. This results in a distance of the optical
BLR of ~8000-31,000R, (~0.003-0.1pc). These values
agree with the variability timescales of ~7-21days of the
symmetric broad Ha reported by J. S. Schimoia et al. (2017).
If we assume that the broadening of the Fe XXV and Fe XXVI
lines is due to the motion of the orbiting gas around the BH,
the Fe XXV emitting region is consistent with the optical BLR,
while the Fe XXVI line comes from closer to the SMBH, at a
distance of ~178-2500 R, (~0.2-30 x 1073 pc). We show in
Figure 8 the flux ratio of the forbidden over resonant Fe XXV
lines. We find a median value of 0.970¢, which cannot be
conclusive about the origin of the lines. The testing of various
photoionized versus collisionally ionized scenarios will be
presented in a forthcoming publication (K. Murakami et al.
2025, in preparation).

S. Bianchi et al. (2008) modeled the Fe XXV and Fe XXVI
emission lines in the Chandra/HETG spectrum using single
Gaussian lines, consistent with the resonant line (6.7 keV) and
the weighted mean of the Fe XXVI doublet (6.966keV),
respectively. Those authors report a hint of blueshift in these
lines by 21712 eV (i.e., ~1000kms'). Given the fact that
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Figure 8. The posterior distribution of the Fe XXV forbidden-to-resonant line
ratio. The red solid and dashed lines correspond to the median and 90%
confidence region.

only a resonant Fe XXV line was detected, and the potential
blueshift, the authors suggested that these lines could be
originating from starburst activity in the host galaxy. Similar
blueshift hints have been reported by F. Shi et al. (2022), who
attributed this to hot winds from the accretion flow (see also
F. Shi et al. 2024). However, our results do not show any shift
in the line energies with respect to the rest frame of the source
in the XRISM/Resolve spectra. This could indicate an
intrinsic change in the state of the accretion flow as the source
transitioned to higher fluxes (a factor of ~2) or perhaps
statistical limitations in the Chandra/HETG data. We show in
the bottom two panels of Figure 6 the 1D distributions of the
best-fitted intensities of the Fe XXV and Fe XXVI lines,
respectively. We also show the corresponding intensities
reported by S. Bianchi et al. (2008). For the Fe XXV, we
show the individual histograms of the resonant and forbidden
lines, as well as the sum of the two lines. Our estimate of the
resonant line intensity is consistent with the one reported by
S. Bianchi et al. (2008). We note that S. Bianchi et al. (2008)
did not identify the presence of a forbidden line. This suggests
that the properties of the lines may have changed, likely
responding to the change in the flux of the source. As for the
Fe XXVI intensity, presented in the bottom panel of Figure 6,
we show the sum of the doublet from our analysis (assuming
an intensity ratio of 2:1), which is consistent with the value
reported by S. Bianchi et al. (2008).

To further explore the possibility of long-term variability in
Fe XXV and Fe XXVI, we show in Figure 7 the upper limits on
the FWHMs of each of the lines reported by S. Bianchi et al.
(2008). The upper limit on the Fe XXV FWHM of 5500 km g1
is consistent with our estimate of the line width in XRISM/
Resolve. However, the tight upper limit reported by S. Bianchi
et al. (2008) on the FWHM of the FeXXVI line
(<2700 km s~ ") is lower by a factor of ~3 compared to the
value we find from the XRISM/Resolve spectrum. This
further supports a scenario in which the highly ionized Fe lines
are responding to the change in the intrinsic luminosity of the
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AGN (twice that of the Chandra/HETG flux), favoring
photoionization as the dominant excitation mechanism.
Furthermore, the extreme broadening of the lines, notably
the Fe XXVI FWHM exceeding 3800kms~' at the 90%
confidence level, is a strong signature of an AGN origin. It
is hard to produce a comparable broadening in the potential of
the host galaxy. The detection of such broad lines in optical
spectra is usually taken as a strong AGN signature. Finally, it
is hard for processes other than AGN activity to produce
photons that are energetic enough to ionize iron to Fe XXVI. In
fact, the detection of even much lower ionization states of iron
(i.e., [Fe X) is commonly used as an indicator of AGNs in
dwarf galaxies (see, e.g., M. Molina et al. 2021; M. Reefe
et al. 2023, and references therein). The combination of these
three arguments makes a very strong case that these lines
cannot come from the host galaxy. Further deep observations
of the source at a different flux state will be essential to
confirm the variability in these lines and identify their origin.

4.4. Additional Features

In addition to the features discussed earlier, the XRISM/
Resolve spectrum shows the presence of two prominent
emission lines at 6.45 and 6.75keV of unknown origin. We
modeled these features assuming Gaussian emission-line
profiles with an unresolved width fixed at 100kms '
(comparable to the XRISM/Resolve energy resolution). We
tested the hypothesis that these lines are produced by
redshifted Fe XXV and Fe XXVI lines. To do so, we replaced
the single Gaussian line with a quadruplet for Fe XXV with free
intensities and with a doublet for FeXXVI with a fixed
intensity ratio of 2:1. Under these assumptions, we obtained
redshift velocities that are broadly consistent for Fe XXV and
Fe XXVI, estimated to be 8040710 km s~! and 773030 km s~
respectively. This model also requires the Fe XXV emission to
be dominated by the intercombination line with forbidden and
resonant lines consistent with zero. Investigating the origins of
these lines and testing various scenarios goes beyond the scope
of this Letter. Alternatively, if we assume that these two lines
correspond to blueshifted low-ionization Fe Ka and resonant
Fe XXV lines, this would result in a similar blueshift for both
lines, of the order of —4000km s~ '.

Furthermore, two narrow features could be identified
redward of the Fe XXV and Fe XXVI lines, at ~6.56 keV and
~6.82 keV, respectively, albeit with a low statistical signifi-
cance. We modeled these lines by fixing their rest-frame
energies at the rest-frame energies of the Fe XXV resonant and
Fe XXVI K lines, assuming the same redshift for both lines.
We also fixed the width of the lines at 100kms ', The fit
improved by only AC —7 for three additional free
parameters. As discussed in Appendix C, these lines are
significant with a 98% confidence level (~2.30). We find a
redshift of 46007110 km s~!. If these lines are real, this may
indicate the presence of a multiphase inflow in the source.
Alternatively, if we assume that these lines are blueshifted
low-ionization Fe Ko and resonant Fe XXV lines, we find a
velocity of ~—9000km s~ for the line at ~6.56 keV and one
of ~=7000kms~" for the line at ~6.82keV. The best-fit
model after adding these two lines and the lines at 6.45 and
6.75keV, discussed previously, to the model is shown in
Figure 9. We note that a hint of absorption at ~6.52keV
appears in the data, though with low statistical significance.
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Figure 9. Residual of XRISM/Resolve data after subtracting the power-law
continuum (in units of counts™'em 2 keV ™), focusing on the observed
6.4-6.9 keV range. The blue line shows the total model fitting the emission
lines in the residual. The orange solid and red dashed lines show the Gaussian
lines assuming redshifted velocity of ~8000kms~' and ~4600 kms™',
respectively, assuming Fe XXV and Fe XXVI.

Deeper exposures may be required to confirm the presence of
these features.

4.5. A Self-consistent Picture

We attempt in this section to present a complete and self-
consistent picture inferred from the modeling of the various
features identified in the XRISM/Resolve data. We discuss
two scenarios driven by the way the low-ionization Fe Ko can
be modeled.

In the previous sections, we estimated the distances of the
emitting regions for each line, assuming that the Fe features
detected in the XRISM/Resolve spectrum are produced by
photoionization and that their observed broadening arises from
the orbital motion of the gas around the BH. In that scenario,
we see a stratification of the line-emitting regions as follows:
the broad Fe Ka and the DPB Ha lines are produced at
~100 R;, the FeXXVI lines are produced at ~10° R, the
Fe XXV and the symmetric broad Ha lines are produced at
~10% Ry, and the narrow Fe Ko line is produced at ~10° R,.
Figure 10 shows a schematic representation of the radial
distribution of the various lines, where the ionizing X-ray and
UV photons are generated within ~100 R, and the emission
lines are distributed as discussed earlier. We note that this
figure is not to scale and does not imply any assumptions on
the geometry of the accretion flow below 100 R, and/or the
geometry of the X-ray corona. In this figure, the broad Fe Ko
and the DPB Ha lines are produced at the same distance, in the
inner part of the disk, which is connected to the region
producing the broad symmetric core of the Ha line profile, at
R > 10° R,. The BLR emission is thought to be produced by
gas with log(n./cm™3) > 10, as estimated from the weakness
of certain metastable and forbidden lines that become more
prominent at lower gas density (see, e.g., K. Korista et al.
1997; M.-H. Ulrich et al. 1997; C. A. Negrete et al. 2012;
A. Schnorr-Miiller et al. 2016; P. Abolmasov & J. Poutanen
2017; M. Sniegowska et al. 2021, and references therein). The
Ha profile emerging from the outer (Ha core) zone is single-
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Figure 10. Schematic representation (not to scale), showing the radial stratification of the various emission lines reported in this work, under the assumption of
photoionization by centrally concentrated X-ray and UV photons, and showing the broadening of the lines is caused by orbital motion around the SMBH.

peaked because of the large range in radii and a flat emissivity
making up the core of the profile.

We use the definition of the ionization parameter to estimate
approximately the electron density (7.) needed to produce each
of the Fe lines at the corresponding distance (R) from the
ionizing source. The ionization parameter is defined as
& = Lion/ n.R*, where Li,, is the ionizing luminosity between
1 and 1000Ry (0.0136-13.6keV). We assume an ionizing
luminosity of ~10* ergs™' and that the Fe Ka, Fe XXV, and
Fe XXVI are produced at log(¢/ergems™!) < 2, ~3.5, and
~4.5, respectively.

The values of the ionization parameters correspond to the
peaks of the line emissivities estimated using CLOUDY
(C. M. Gunasekera et al. 2025). We obtain the following
density estimates: log(n./cm~3) > 10, ~5-9, ~5-7, and ~6
for the different Fe lines, according to their emitting radius.
We note that these are approximate estimates, given the
uncertainties on the mass and the FWHMSs, and they are not
intended to give exact measurements. While most of these
numbers are reasonable, the value of log(n./cm™3) ~ 7 is low
compared to the density of the BLR emission. This suggests
that the accretion flow itself is vertically stratified, with an
upper atmosphere with a low density, which could be also
outflowing (see, e.g., M. Elitzur et al. 2014).

In this scenario, the ionization is stratified in the vertical
direction as well as in the radial direction, with the densest part
concentrating around the midplane and in the inner region. The
gas could then be distributed in a way that gives rise in the
inner regions to Feka and Ha lines, although in different
vertical layers, explaining the differences in the profiles of the
two lines mentioned earlier. The outer region could then be
emitting primarily Ha in the midplane, while the Fe XXV and
Fe XXVI lines are emitted by the upper layer of the disk
atmosphere, explaining the need for lower density and higher
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ionization parameters. We note that the proposed pictures will
not hold under the assumption of a collisionally ionized gas
producing the Fe XXV and Fe XXVI lines.

In the previous sections, we modeled separately the broad
base and the narrow core of the low-ionization Fe Ka at
6.4 keV. However, these two features could also be modeled
using a single DISKLINE feature extending from close to the
BH up to ~10°R,, with an emissivity index of ¢ ~ 2. A
similar model has been found by D. Bogensberger et al.
(2025) for CenA. In our model, replacing GSmooth X
zFeKlorgek, + diskline in Equation (2) with only DISKLINE,
leaving the emissivity profile free to vary, results in an equally
good fit (C/dof = 510/524). The best-fit emissivity profile is
g = 2.1103, outer radius log(Roy/Ry) = 5.2 £ 0.5, and incli-
nation i = lle". We obtained a best-fit inner radius of 80 R,,
with a 30 upper limit of Ry, < 1000 R,. We show in Figure 11
the best fits to the line, assuming the sum of two lines with
g = 3 and a single line with ¢ = 2.1. This solution does not
contradict the previous one consisting of two different lines. It
presents a different perspective on the geometry of the system.
The case of ¢ ~ 2 is one of the rare emissivity profiles where
the emission from both the inner part of the disk and the outer
part can be detected in a single line profile. For lower-
emissivity indices, the line profile is dominated by the narrow
core (i.e., the outer regions), while for higher values, the inner
radii (broad cores) dominate the emission, unless two lines
with independent normalization are used. This behavior has
been known and discussed for a few decades now (see, e.g.,
A. C. Fabian et al. 1989; A. Laor 1991). As pointed out by
A. Laor (1991), a line with an emissivity profile of ¢ ~ 2 is
most sensitive to the outer edge. This is seen in our data by a
well-constrained R, and only an upper limit on R;,.

The two solutions strongly demonstrate that the contribu-
tions from both the inner and the outer radii to the line profile
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Figure 11. Best fit of the low-ionization Fe Ko, assuming two lines (a broad
base and a narrow core) with ¢ = 3 (solid blue line) and a single line with
g = 2.1 (red dashed line). We show the data after subtracting the power law.

are needed to explain the observation. They both also result in
consistent inner and outer radii and inclination. The flatter-
than-3 emissivity profile can be an indication of a flaring/
concave accretion disk, as shown by E. G. Blackman (1999),
in their Figure 4. More recent general relativistic magneto-
hydrodynamic simulations also show that an emissivity profile
consistent with g ~ 2 can be expected (e.g., B. E. Kinch et al.
2016, 2021). These simulations also consider an accretion disk
with a thickness increasing with radius, and they also consider
reprocessing in the upper layers of the disk, which can also
help with flattening the emissivity profile. It could also be
expected to have a broken-power-law emissivity profile.
However, the current data quality does not allow for testing
such a complicated model. Further observation of this source,
as well as other AGNs, would be of great importance for
studying their line profiles and better understanding the
structure of the reprocessing material.

4.6. NGC 7213 as an Intermediate Case between LLAGNs and
Seyferts

The XRISM/Resolve results place NGC 7213 squarelsy
between the torus-starved LINER MS81 (Aggqq =~ 1077
L. C. Ho et al. 1996), where only a distant Fe Ka core is
detected (J. M. Miller et al. 2025), and the archetypal Seyfert
NGC 4151 (Aggq =~ 0.02; P. Lubinski et al. 2016), which shows
Fe Ka emission from the torus down to ~100R, (Xrism
Collaboration et al. 2024). In NGC 7213, a narrow core at
R ~ (0.7-3) x 10* R, coexists with a DISKLINE at
R ~ 40-300 R,, implying a radially stratified flow: an inner
low-luminosity annulus of a thin disk plus an outer region that
resembles the torus/BLR complex of more luminous Seyferts.
The narrow Fe Ka radius in NGC 7213 matches the dust
sublimation radius, yet its weak Compton hump and low
Fe K3/Fe Ka ratio echo the properties of M81 . In addition,
the EW of the narrow Fe Ko in NGC 7213 (EW =32 4+ 6¢eV)
is similar to that found in M81" (EW = 371}7, eV; J. M. Miller
et al. 2025). We applied Equation (4) to M81', using the best-
fit photon index (T 2) and column density
(Ng = 1.6 x 10%* cm_z) reported by J. M. Miller et al.
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(2025). We find a torus covering fraction of 5%. As for
NGC 4151, we estimate an EW of the distant Fe Ka based on
the best-fit parameters reported by Xrism Collaboration et al.
(2024) to be ~50 eV. For the best-fit photon index and column
density (I' = 1.7 and Ny = 2 x 10% cm ™2, as listed in Table 1
of Xrism Collaboration et al. 2024), we find a torus covering
fraction of 40%. Thus, the torus covering fraction of
NGC 7213 lies between that of M81 and NGC4151. We
therefore view NGC 7213 as occupying an intermediate-
accretion regime, in which the BLR and inner disk persist
while the cold optically thick torus may have already begun to
dissipate. This further supports earlier predictions that the BLR
and torus should disappear at low accretion rates (see, e.g.,
F. Nicastro 2000; A. Laor 2003; M. Elitzur & L. C. Ho 2009).

5. Conclusions

We have presented the first XRISM /Resolve observation of
NGC 7213, an intermediate-/low-accretion-rate AGN (Agqq ~
0.1%—-1%). The unprecedented spectral resolution of Resolve
has enabled us to resolve the complex iron structure of this
source, revealing radial stratification spanning nearly 4 orders
of magnitude in distance from the central BH.

Our key findings are as follows:

1. Multicomponent Fe Ka: emission. The neutral Fe Ko line
consists of a narrow core (FWHM 650 km sfl)
originating from distant Compton-thin material, consis-
tent with the dust sublimation radius. Superimposed on
this is a broader asymmetric component best described
by relativistic disk emission from R;, ~ 100 R,, viewed
at a low inclination i ~ 11°. The broad Fe K« profile
mirrors the DPB Ha emission observed in our simulta-
neous SOAR spectrum.

2. Highly ionized iron emission. We detect resolved Fe XXV
(forbidden and resonant) and Fe XXVIKa;, emission
lines with FWHMs ~2500kms~' and 6000kms™',
respectively. Assuming Keplerian broadening, these
lines originate at intermediate radii between the inner
disk and optical BLR.

3. Radial and vertical stratification. Under a photoioniza-
tion scenario, the observed line properties suggest both
radial stratification and vertical stratification, with high-
ionization lines requiring lower densities
(log(n,/cm—3)~ 5-7) than expected for the BLR mid-
plane (log(n,/cm~3) > 10), indicating emission from an
extended disk atmosphere.

4. Weak torus signature. The narrow Fe Ka has a low EW
(EW = 32 4+ 6 V), and the hard-X-ray spectrum shows
no significant Compton hump. These observations point
to a low-covering-fraction (fo, ~ 6%-20%) and/or low-
column-density (a few times 103 cm_z) torus, consistent
with theoretical predictions for torus dissipation at low
accretion rates.

Our results establish NGC 7213 as occupying an inter-
mediate-accretion regime between -classical Seyferts and
LLAGNs. NGC 7213 retains an inner accretion disk and
functioning BLR, similar to higher-luminosity Seyferts.
However, its torus shows clear signs of a low covering
fraction, similar to LLAGNs. This supports theoretical
predictions for structural evolution with a declining accretion
rate and places the critical Aggqg ~ 0.01 threshold where
previous studies suggested the dusty torus begins to disappear.
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The detection of both disklike Fe Ka emission and highly
ionized Fe XXV and Fe XXVI lines bridging the gap between
the inner disk and BLR provides the first X-ray spectroscopic
evidence, to our knowledge, for a continuous, radially
stratified flow in an intermediate-accretion source. This
suggests that the disk, disk wind, BLR, and torus may form
a continuum rather than discrete regions.

Several aspects of our findings warrant further investigation.
While our interpretation assumes photoionization drives the
Fe XXV and Fe XXVI emission, collisional ionization in hot
winds or shocks remains viable, and the Fe XXV forbidden-to-
resonant ratio (0.979%) is not conclusive. We detect additional
emission lines at 6.45 and 6.75 keV (each ~3.3¢ significant),
plus weaker features at 6.56 and 6.82keV (~22.30), which
could indicate either inflow or outflow, depending on the
interpretations of the lines. The apparent broadening of
Fe XXVI compared to the Chandra/HETG upper limits
suggests a potential response to the factor-of-2 luminosity
increase, favoring photoionization, though confirmation
requires multiepoch monitoring. Future tests include: (1)
coordinated optical-X-ray monitoring, to reveal correlated
Fe Ka/Ha variability from disk structures and constrain
vertical stratification through disparate timescales; (2) rever-
beration mapping, to confirm photoionization and measure
distances independently; (3) XRISM observations of addi-
tional sources with Aggq < 1072, to establish whether
NGC7213’s apparent stratification and torus properties
represent universal evolution or source-specific geometry;
and (4) deeper XRISM exposures, to confirm weak features,
improve Fe XXV diagnostics, and enable time-resolved
spectroscopy.

Our results may have broad implications for AGN physics.
The detection of highly ionized iron at intermediate radii from
a low-density atmosphere supports thermally driven disk wind
models, where the BLR arises from the failed wind or disk
atmosphere, with required density stratification consistent with
such scenarios. The persistence of disk emission down to
~100 R, at Aggg ~ 0.1%—-1% constrains radiatively inefficient
flow models. If a hot inner flow exists, its truncation radius
must lie even closer in, or the disk remains thin throughout.
The low covering fraction and weak Compton hump,
intermediate between M81" and NGC 4151, support gradual
torus dissipation with a decreasing accretion rate, with
implications for AGN unification at low luminosities. In
summary, XRISM/Resolve has revealed NGC 7213 as a
radially and vertically stratified system bridging LINERs and
Seyferts. Future multiwavelength campaigns targeting similar
intermediate-accretion sources will be essential for under-
standing the transition between radiatively efficient and
inefficient modes and mapping the innermost AGN structure
across the full range of BH feeding rates.
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Appendix A
The Effect of the COR

We explore in this section the effect of the COR on our
results. We extracted XRISM/Resolve spectra assuming no
COR and COR > 6, 8, and 10. The net exposure time
decreases for 111 ks for no COR to 52 ks for COR > 10. We
fitted each of the spectra with the model presented in
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Figure 12. Effect of the COR on the best-fit parameters. The left and right
panels correspond to the best-fit parameters obtained for modeling the broad
Fe Ka with a DISKLINE and a symmetric Gaussian-broadened line,
respectively. Panels (a) and (c) show the inner radius for the DISKLINE and
the FWHM of the narrow Fe K, respectively. Panels (b) and (d) show the
FWHM of the broad and narrow Fe Ka lines, respectively. Panel (e) shows the
improvement in fit statistics for a DISKLINE with respect to a Gaussian-
broadened line (blue circles) and the improvement obtained by including the
emission line at 6.45 keV (red squares) for different COR values. Panel (f)
shows the S/N of the full spectrum in the 5.5-7.5 keV range (see the text for
details).

Equation (1), which models the broad low-ionization Fe Ko
line with a Gaussian-broadened line and with a DISKLINE. We
show in Figure 12 the best-fit parameters as a function of the
net exposure time. For the DISKLINE model, we show the inner
radius and FWHM of the narrow Fe Ka (panels (a) and (c),
respectively). For the Gaussian-broadened model, we show the
FWHMs of the broad and narrow Fe Ko (panels (b) and (d),
respectively). This figure shows that the properties of the
Fe Ko lines are consistent for the different COR choices. In
panel (e), we show the improvement of the fit (AC) obtained
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by using DISKLINE instead of a symmetric broadening (blue
circles). The fit improvement due to the DISKLINE increases
for larger exposures. We note that this is not a measure of
whether the broad line exists or not. It is to test the ability to
identify an asymmetric versus a symmetric line profile. We
also show the improvement of the fit when a Gaussian line at
6.45 keV is included (red squares). This has an opposite trend
with respect to the broad line. We believe that this opposite
behavior is caused by the effect of the COR. For the broad line,
the distinction between an asymmetric and a symmetric line
requires a higher number of counts (and thus a larger overall
S/N). We show the overall S/N in the 5.5-7.5 keV range in
panel (f). We estimate the S/N as follows:

Z,‘]vi
\/Zial2 ’

where N; and o; are the number of counts and their
corresponding uncertainty in each channel. As panel (f)
shows, this is equivalent to S/N = />, N;, which is expected
for Poisson statistics. However, in the case of the narrow line,
excluding low-COR intervals enables a better detection of the
weak features. In any case, even for the case of no COR
filtering, the improvement of the fit caused by the addition of
the narrow line is still significantly high (AC < -10). This
exercise justifies our choice of COR > 6, as an intermediate
case where the loss in exposure is only ~10%.

S/N = (A1)

Appendix B
MCMC Convergence

Standard convergence diagnostics (Geweke z-scores |
z| < 0.3, stable cumulative means, and variances) together with
an effective sample size of ~7 x 10* confirm that the retained
samples provide an adequate representation of the target
posterior. For all parameter-space visualizations, we plot the
raw post-burn chain, whose point density is already proportional
to the posterior. Quantities derived from the posterior (such as
synthetic line profiles or marginal percentiles) are computed
from a thinned subset limited to samples with AC < 10.
Each retained sample has an associated C-stat stored by XSPEC;
we restore the exact posterior measure by assigning the
weight wy = exp[—0.5(C; — Ciyin)] and renormalizing so that
>y = 1. This weighting reproduces the full posterior integrals
at negligible computational cost. Weighted percentiles of the
model flux in every energy bin yield the median spectrum and
its 68% and 95% credibility bands (right panel of Figure 3). The
procedure automatically propagates the full parameter covar-
iance without additional error analysis. Marginal medians and
90% credibility limits are reported in Table 1 and defined in the
same way.

Appendix C
Line Significance

As is already known, it is not straightforward to assess the
significance of a spectral component using C-stat. For that
reason, we ran a set of simulations using the same response
files and exposure time (90 ks) as the observations studied in
this work.
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C.1. DISKLINE versus Symmetric Line

As discussed in Section 3.2, the best fit improves by
AC = Cgisxiine — Csymmewic = —7 using an asymmetric
DISKLINE compared to a symmetric Gaussian-broadened
emission line. We used the best-fit model, in which the
broad low-ionization Fe Ka is modeled with GSMOOTH x
ZFEKLOR. Using the XSPEC command FAKEIT, we produced
1000 simulated spectra, which we fitted using the same model
and also using DISKLINE. In the latter case, we restricted the
parameter space to R;, < 500 R, and i < 20°, to be consistent
with the best-fit results, favoring also an asymmetric profile.
Allowing R;, to reach larger values would result in more
symmetric line profiles. We found that when simulating with a
symmetric line, an asymmetric model could provide a better fit
with AC< —7 in only nine cases out of 1000. This is
equivalent to a confidence level of 99.1% (equivalent to 2.60)
of the asymmetric model not being produced by chance due to
the noise in the data. We also repeated the same exercise by
simulating an asymmetric line while fitting with both an
asymmetric and a symmetric model. In this case, we find that
the median of the AC is —7.6, which is consistent with the
value of —7 that we found from the observations. In addition,
we found that when simulating an asymmetric line, a
symmetric line could be preferred (AC > 0) in 5% of the
cases.

C.2. Gaussian Lines at 6.45 and 6.75 keV

To estimate the significance of the emission lines at 6.45 and
6.75keV, we also ran a set of 1000 simulations assuming the
best-fit model presented in Section 3.2, where we set the
normalizations of these two lines to be zero. Then we fitted the
simulated spectra using a model with normalizations fixed at
zero, then by letting the normalizations free to vary. In this
case, we can assess the probability of finding those lines due to
noise in the data. We find that, for both lines, there is only a
one-thousandth case where AC = Cijne — Cho 1ine 1S smaller
than the values we found from the observations (see Table 1).
This indicates that the presence of these lines is significant at
99.9% (~3.30).

C.3. Weak Gaussian Lines at 6.56 and 6.82 keV

We repeated the same exercise to assess the significance of
the lines discussed in Section 4.4 at ~6.56 and 6.82keV
(found with AC = Ciine — Chotine = —7). Similar to the
previous section, we ran simulations assuming the normal-
izations are zero. We fitted with normalizations fixed at zero
and free to vary. In this case, we find that these lines could be
found in the simulated spectra with AC < -7 in 20 simulations
out of 1000. This indicates a confidence level of 98% (~2.30).
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