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The origin of the iron lines in NGC 7213
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Abstract. The analysis of a simultaneous XMMewtoriBeppoSAX plus three previous BeppoSAX observations revealed
that NGC 7213 is a rather peculiar Seyfert 1. No significant Compton reflection component was observed, while an iron line
complex, best explained in terms of three narrow lines, is clearly apparent in the data. Due to the absence of the reflectio
component, the neutral iron line is likely not produced in a Compton-thick material, but current data do not allow to choose
between a Compton-thin torus and the BLR. The two ionized iron lines fromxFeand Fexxvi may be produced in a
photoionized gas with a column density of a fewl@m2, in analogy with the case of NGC 5506.
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1. Introduction the BeppoSAX PDS instrument. On the other hand, if the li
js produced in the BLR, a much fainter Compton reflectic
mponent is expected, and the intrinsic width of the iron li
ould be the same as that of the optical broad lines.

Iron Ka emission lines are common features in Seyfert 1s. T
profile of the line provides fundamental information on thegh

origin. If it is produced in the innermost regions of the accre- The nuclear activity of NGC 721%(= 0.005977) was

tion disk, klnematlc_ and relativisticfiects cqntrlbute to f_orge di?covered by the{EAO A-2 satellite (Marshall et al. 1979).
a broad, asymmetric, double-peaked profile (see Fabian etlf':\.

) . ) : .~ I{"Was then included in the Piccinotti et al. (1982) samg
2000, for a review). A systematic study of the iron line proﬁlegmd classified as a Sevfert 1 because of the presence of b
in more than 20 Seyfert 1s observed A$CAsuggested that Y P

. X stical emission lines and a strong blue continuum (Philli
gg;;gr;girggag)e likely to have broad lines (Nandra et al. 199(1)ig79; Filippenko & Halpern 1984). In this Letter, we will dis

Rather surprisingly, this scenario is not being confirmed t:f}lljss the X-ray spectrum of the source, analysing a simu
XMM- Newtonand Chandra Relativistically broadened lines eous XMMNewtoriBeppoSAX observation and three furthe

: . BeppoSAX observations, yet unpublished.
are detected in only a few sources (Nandra et al. 1999; Wilms We will assumeHo = 70 km s Mpc-* throughout the pa-

et al. 2001; Turner et al. 2002; Fabian et al. 2002), and often
the profiles angbr time behaviour are not what expected froR<"
simple models. The reason for this lack of observed relativistic
lines may reside in the physical properties, e.g. the ionizatigp
state, of the accretion disk itself.

On the other hand, a narrow component of the iron ling1. XMM-Newton

is almost invariably present i@handrahigh energy gratings
and XMM CCD spectra (e.g. Kaspi et al. 2001; Yaqoob et 1CC 7213 was observed by XMMewtonon May 29 2001

2001; Reeves et al. 2001; Pounds et al. 2001; Gondoin et\3f® Table 1) with the imaging CCD cameras, the EPIC;

2001; Matt et al. 2001). The line, typically unresolved at thgotuder et al. 2001) and the EPIC-MOS (Turner et al. 200

energy resolution of the CCDs, must be produced far fropfioPting the Medium filter and operating in Prime Smx

the nucleus, either in the torus envisaged in the Unificatioq"doW and Prime Partial W2 respectively. The selected sut

model (Antonucci 1993) or in the Broad Line Region. In thE2Y allows a pileup free spectrum for the pn, since the obser
former case, and if the torus is Compton-thick, a Compton fe2unt rate is much lower than the maximum defined for a -
flection component should also be present, which can be b‘é'gfu‘) (see Table 3 of the XMM-Newton Users’ H_andbook
studied when simultaneous XMBeppoSAX observations are©On the other _hand, the MOS count rates are only_ slightly lov
available, in order to exploit the unprecedented sensitivity 2" the maximum value: a more careful inspection of the d

XMM at the iron line energy and the hard X-ray coverage (With the SAS tool EPATPLOT, together with a comparison with
the pn spectra, suggests that the MOS data are probably

Send gfprint requests toS. Bianchi, fected by pileup. Therefore, we will not use the MOS data
e-mail:bianchi@fis.uniroma3.it this Letter. The data were reduced witks 5.4.1. X-ray events

Observations and data reduction
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Table 1. The log of all analysed observations and exposure times. oos F % i
Date Mission Instrument  Tey, (KS) 006 - i
0530/1999 BeppoSAX MECS 47

PDS 56 - e b wL J{ J{ i
11/20/1999  BeppoSAX MECS 15 - |
PDS 34 E }L + +
05032000 BeppoSAX  MECS 46 R + + + {
PDS 31 AT R Al H&M
0527/2001 BeppoSAX MECS 61 000 ‘ ‘ T T ‘ “ ] [ TT\
s i Ay
05292001 XMM-Newton EPIC-PN 30 002 [ J{ 7

5.8 6.2 6.7 7.2 7.7
Energy (keV)
corresponding to pattern 0—4 were used for the pn and an Eky. 1. EPIC pn residuals around the iron line when no Gaussian lines
traction radius of 40 was chosen for spectra and lightcurvesire added to the model (see text for details). The energies are not cor-
Spectra were analysed withsXec 11.2.0. rected for the redshift of the source.

T T

2.2. BeppoSAX Sk 1

0.01
T

BeppoSAX observed the source four times, from 1999 to
2001 (see Table 1). The last observation was performed be-
tween May 27 and May 30 2001, thus being simultaneous
to the XMM-Newtonone. Data were downloaded from the
ASDC archivé and analysed with ¥EC 11.2.0. Since the ;
softer part of the spectrum is beyond the scope of this work,
LECS data will not be treated in this Letter. A normalization
factor of 0.86 was adopted between the PDS and the MECS _
(Fiore et al. 1999), appropriate for PDS spectra extracted 5 10 20 50 100 200
with fixed rise time threshold. When dealing with the fit of Frey ()

the simultaneous XMMNewtoriBeppoSAX observation, we Fig. 2. Best fit model and residuals for the/PDS spectrum (see text
adopted a normalization factor of 0.888 between the EPIC-{gr details).

and the PDS, which was obtained normalizing the pn and the

MECS spectra in a combined fit. 0 2 .
In the following, errors are at the 90% confidence level fozr'04>< 10%% cnT2, as found with the Basarc nH toof. The

one interesting parametefy? = 2.71), where not otherwise result is an unacceptable value qf lfe(1500261 d.o.f.). A
soft excess and complex absorption features are present at en:

Counts/sec/keV
-3

10
T

1074
T

Residuals
-0.05 0 Q.05
==

stated. ergies below=2.5 keV, together with residuals around the iron
line energy. On the other hand, no significant excess is left at
3. Data analysis higher gnergies. In this Letter, we vs_/iII focus on the iron line
properties and the Compton reflection component: therefore,
3.1. Flux and spectral variability we will ignore the spectrum below.2keV in the following

o analysis, where not otherwise stated.
The source showed a long-term variation in the 2—10 keV flux The residuals around the iron line clearly suggest that it

11 21 : :
from 2 to 4x 107 ergenT*s z(correslpondlng t0 a lumi- i complex (Fig. 1). If fitted with a single Gaussian line, the
nosity ranging from 1.5 to % 102 ergs™) when comparing ;o pyroiq energy is 897053 keV and the intrinsic widthor

the BeppoSAX observations. Short-term variations always Iq§s<9o eV. The inclusion of a second Gaussian line. with
than 5% around the mean value were also observed within §in-_ "¢ 55+006 1oV ando < '

250 eV, improves the fit at the
gle BeppoSAX observations. No significanttdiences in the g0, confidar P

. | h d b inted with the i fidence level, according to F-test. A third narrow line
continuum slope, that could be associated with the flux vagk 94:005 may also be present at the 96% confidence level.
ability, are apparent in the data. :

The fit is now perfectly acceptable, with three narremfixed

to 1 eV) Gaussian lines (17878 d.o.f.).

3.2. Spectral analysis The presence of a cold iron line, if produced by Compton-
thick matter, should come along with a significant Compton

We firSt tried to f|t the prPDS Simultaneous Observation in theeﬂection Component_ Therefore, we decided to adopt the

energy band 0.5-220 keV, with a simple power law with &}xg av model (Magdziarz & Zdziarski 1995), which includes
exponential cut fi, absorbed by the Galactic column density

2 http://heasarc. gsfc.nasa.gov/cgi-bin/Tools/w3nh/
! http://www.asdc.asi.it/ w3nh.pl
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Table 2.Best fit parameters for the ;?DS simultaneous observation.
Th absorbing column density was fixed to that of our Galaxy, the in- 3r 1
trinsic width of the lines was kept at the value of 1 eV because they are
unresolved and a value of= 30° was adopted for the unconstrained
inclination angle (see text for details).

Q.2
T
1

r 1.69+ 0.04

E. (keV) 9575

R <020 -l ]

E, (keV) 639+ 0.01

EW, (eV) 8118

Fi (10°phentst)  1.9°9% +

E2 (kev) 6.65t88‘61 ?.64 ‘\.‘65 ‘\.‘SE ‘\67 ‘\.‘72 ‘\.‘74 ‘\.‘76 1.78

EW, (eV) 25119 -

F2(10°phenfs™) 06 io%ss Fig. 3. T-R contour plot for the combined BeppoSAX observation
Es (keV) 6.94%5 10 The curves refer tay? = 2.30, 4.61, 9.21, corresponding to confi
EW; (eV) 22+ 14

dence levels of 68, 90 and 99% for two interesting parameters.
F3(10°phcn?s?!) 05+0.3

Faiokev (107t cgs) 2.2
x?/d.o.f. 173177 (e.g. Perola et al. 2002). A similar case was claimed by Wea
(2001): a very tight upper limit on the Compton reflection cor
ponentin MCG-2-58-22 was found, basedABCAandRXTE
this component in terms of the solid andke= Q/2r sub- data, together with a significantiron line. However, results frc
tended by the reflecting material. The fit does not improve aBeppoSAXXMM- Newtonsimultaneous observation sugge
all (173177 d.o.f.), and the Compton reflection componeathigher value oR (Bianchi et al. 2003b).
is completely undetected (see Table 2). We further tried an Finally, we checked for a possible evidence of variability
ionized reflector model (Ballantyne et al. 2001), to reprodutiee 6.4 keV line, leaving free the line normalizations betwe
both the weak Compton hump and the ionized componenttbé diferent BeppoSAX observations in the combined fit: 1
the iron line: the resulting? is significantly worse than for the significant improvement in thg? is found.
previous model (20479 d.o.f.).
To verify if the lack of detection of the Compton 1 Discussion
flection is dfected by excluding the softer part of the data,’
we extended the best fit model to the broad band spectrlime 6.4 keV line is clearly too narrow to be produced in tl
(0.5-220 keV). As already mentioned, residuals in excessitmermost region of the accretion disc, which would requi
the model are clearly present below 2.5 keV. After allowing significant broadening of the feature (see Fig. 4). Its ¢
for a new minimization of the?, the fit is still unacceptable gin must be placed in a material farther away from the B
(x? = 539/256 d.o.f.), and absorption features are left in theither Compton-thick, such as the “torus”, or Compton-th
softer part of the spectrum. The addition of a warm absorlii&e the Broad Line Region. However, the notable absence
(modelaBsoRI in XSPEC) improves marginally the fit and only a Compton reflection component, as reported in the previs
an upper limit on the column density of the gas is found. Qsection, argues against an origin from Compton-thick mater
the other hand, if the residuals below 2.5 keV are treated likefact, a line withEW ~ 80 eV, as observed by XMN\ewton
a genuine soft excess, including a black body to the originabuld require a reflection component with~ 0.5 (Matt et al.
model, a goog? (287/252 d.o.f.) is achieved. In this case, tha991; George & Fabian 1991). The only way to reconcile t
other spectral parameters, notablyand R, remain unaltered data with the presence of a Compton-thick material would
with respect to the fit reported in Table 2. assuming a torus with a small covering factor and an iron ov
To look for the presence of the reflection component in tlaundance of about 3-5 (Matt et al. 1997), at odds with typi
past history of the source, we decided to analyse all the ava#lues of about 1 found in Seyfert galaxies (Perola et al. 20(
able BeppoSAX observations (see Table 1). We adopted the Therefore, the line should originate in a Compton-thin m
best fit model used for the simultaneous observation, again igrial. Matt et al. (2003) have shown that an iron line wi
noring data below 3 keV. There is no significant detectionEW =~ 80 eV can be produced by a face-on Compton-thin tol
of Compton reflection component in any of the observationsith Ny ~ 2 x 10?2 cm2. In this case, the associated refle:
the value ofR being always consistent with zero. Since ndon component would be much less prominent than for t
variation in the continuum slope is observed between the dbempton-thick material. A similar conclusion can be dray
servations, we performed a combined fit of all of them, witli the line is produced in the BLR. To discriminate betwee
all the parameters linked but the normalization factors needbé two possibilities, it is in principle possible to rely on th
to account for the dierent flux levels. In Fig. 3 we show theintrinsic width of the feature, which is significantly higher i
I'-R contour plots for this combined fit: the 90% (for twathe line is produced in the BLR, where the gas Keplerian \
parameters of interest) upper limit éhis ~0.2. This result locity is larger. Unfortunately, the 90% (for two parameters
is unique among bright Seyfert 1s observed by BeppoSAdterest) EPIC-pn upper limit to the line FWHM is 8000 km s
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presence of an iron line complex, best explained in terms of
a narrow neutral iron line witlEW =~ 80 eV and two ionized
lines from Fexxv and Fexxvi, with EW of a few tens of eV.
Because of the absence of a Compton reflection component, the
neutral iron line is likely produced in the BLR or a Compton-
thin torus, even if current data do not allow to make a choice
between these two alternatives. The ionized lines may be pro-
duced in a photoionized gas with a column density of a few
10?3 cm2, but other solutions could not be excluded.
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T

o (kev)

0.04
T
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Fig. 4. o-E contour plot for the 6.4 keV iron line in the simultane-

ous BeppoSAXXMM- Newtonobservation, when the line width is left

free to vary. The curves refer toe? = 2.30, 4.61, 9.21, corresponding References
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