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Abstract. We present the results from an XMM-Newton observation (January 24, 2001) of the bright Seyfert 1 galaxy

ESO 198-G24 (z = 0.045). We found that this Seyfert has an intrinsic 2–10 keV luminosity of about 1044 erg s−1 . This source
shows no intrinsic absorption in addition to the Galactic absorption (NH ∼ 3 × 1020 cm−2 ). We found both with EPIC and RGS
that this source possesses significantly steeper spectra below ∼1.5–2 keV than observed at higher X-ray energies, the so-called
soft X-ray excess. The RGS spectra reveal no significant narrow absorption lines suggesting that if there is a warm absorber, it
either has a relatively low column density, or a very high ionization parameter. The RGS data are well described by the combination of a power-law, a modified black body continuum, and weak relativistic lines of O , and C  Lyα . However other
interpretations are not definitely excluded. The 2–10 keV energy band is well fitted by an absorbed power-law with a photon
spectral index of Γ = 1.77 ± 0.04 (consistent with the typical Γ ∼ 1.7 found in Seyfert 1 galaxies). We found the presence of a
narrow Gaussian emission line at 6.41 keV (i.e. <Fe ) with a moderate equivalent width of about 60–70 eV, and we found
an upper limit for a broad component, if any, of 75 eV. We also found a weak absorption edge associated with cold iron with an
optical depth of about 0.2.
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1. Introduction
The Seyfert 1 ESO 198-G24 (z = 0.045) is one object of the
Piccinotti Sample of Active Galactic Nuclei (Piccinotti et al.
1982). It was already observed in the soft X-ray band by the
ROSAT PSPC (Turner et al. 1993) during two distinct observations (December 1991 and July 1992). This source was
selected because of a low absorbing column density (NH ∼
3 × 1020 cm−2 ) along the line-of-sight. It was found that
this source possesses a significantly steeper spectrum below
∼1 keV than observed at higher X-ray energies. During the
ROSAT December observation, the soft X-ray spectrum of
ESO 198-G24 suggested a spectral emission or absorption feature, either a Gaussian emission line at energy 0.75 keV ±
0.04 keV with an equivalent width (EW) of 99 ± 30 eV (most
readily identified as a blend of emission species dominated
by ionized iron and oxygen), or an absorption edge at E =
1.16 ± 0.06 keV (τ = 0.37 ± 0.16). On the contrary during the
ROSAT July observation, the spectrum with a similar signalto-noise ratio was adequately described by a simple featureless
absorbed power-law model. Turner et al. (1993) noted that the
spectral feature appeared in the brighter state observation of
Send offprint requests to: D. Porquet,
e-mail: dporquet@mpe.mpg.de

ESO 198-G24, as might be expected if it originates in material responding to ionization by the active nucleus. The only
constraint on the variability time scale was that it must be
less than 6 months. ESO 198-G24 was observed at higher energies by BATSE on board CGRO (Malizia et al. 1999), and
was reported for the first time as a hard X-ray emitting source:
FMEAN (2−100 keV) = 5.27 × 10−11 erg cm−2 s−1 (weighted mean
calculated over nearly 4 years of observations). In the 2–10 keV
energy band a variability factor of 1.31 was observed, with a
mean unabsorbed flux of 3.3 × 10−11 erg cm−2 s−1 .
Very recently, Guainazzi (2003) presented results from
ASCA (July 8th, 1997; ∼40 ks), XMM-Newton (December 1st,
2000; ∼9 ks, guaranteed time), and BeppoSAX (January 23th,
2001; ∼150 ks) data. He focused on the study of the Fe Kα
line, and found that the intensity and line profile are different
between these three observations. During the ASCA observation the line profile at 6.4 keV is narrow without any indication of a broad component. On the contrary the XMM-Newton
PN spectrum (effective time duration of about 6.8 ks) displayed
a broader line centered at 6.4 keV with an additional weak
feature at 5.7 keV. Guainazzi suggested that this may be one
example of “double-horned profile”, similarly to the Seyfert 1
MCG-6-30-15 (e.g., Tanaka et al. 1995; Wilms et al. 2001).
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We present here the observation of ESO 198-G24 in
January 24th, 2001 obtained with the X-ray satellite XMMNewton. This present work is the first analysis for this object
combining moderate (EPIC) and high resolution data (RGS).
Section 2 details the observation and data reduction procedures. Section 3 reports the spectral analysis of the EPIC data
(2−5 keV continuum, the Fe Kα line region, and the broad band
0.3–10 keV energy band) and of the RGS data. The results are
discussed in Sect. 4.

2. XMM-Newton observation and data analysis
ESO 198-G24 was observed by XMM-Newton on January 24,
2001 (AO-1, ∼30 ks duration). The observations with the
EPIC MOS (Turner et al. 2001), PN (Strüder et al. 2001) and
the RGS (den Herder et al. 2001) detectors were done. There
are no other strong X-ray sources seen within the field of view.
The MOS and PN cameras (EPIC) operated in standard Full
Frame mode using the medium filter. The data are screened and
re-processed with the XMM SAS (Science Analysis Software),
version 5.3.3. The EPIC data cleaning was improved by rejecting solar flares. After this data cleaning, we obtain as net
exposure times about 22.9 ks, 23.1 ks, and 15.6 ks for MOS1,
MOS2, and PN respectively. Only X-ray events corresponding to single events (i.e. pattern 0) are used for both MOS
and PN, in order to reach the best spectral resolution, and
limit effect of pile-up. We note for further comparison that
Guainazzi (2003) used single and double events for spectral
analysis of the December 2000 XMM-Newton observation.
There was negligible flux variability of ESO 198-G24 (<10%)
during the present observation, therefore we use the cumulative data for all our subsequent analyses. We then proceed to
extract spectra for both source and background for each EPIC
detector. A circular source region is defined around the centroid position of ESO 198-G24, of 10 radius for the MOS, and
of 4000 for the PN (to avoid the edge of the chip). The majority
of source counts fall onto the source regions (at least 95%).
Background spectra are taken from an annular radius centered on ESO 198-G24, between 3.20 and 5.20 (excluding
X-ray point sources). The background subtracted spectra are
fitted, using  v11.2.0. We use the following response matrices: m1 medv9q19t5r5 p0 15.rsp, m2 medv9q19t5r5 p0 15.rsp,
epn ff20 sY9 medium.rsp. The spectra are binned to a minimum
of 20 counts per bin to apply the χ2 minimalisation technique.
Both RGS cameras are operated in the standard spectroscopy + Q mode. The RGS data are improved by rejecting solar flares. After this data cleaning, we obtain as net exposure time about 24.2 ks and 23.6 ks for respectively RGS1
and RGS2.
Further on, values of H0 = 50 km s−1 Mpc−1 and q0 = 0
are assumed. All the fit parameters are given in the galaxy restframe. The errors quoted correspond to 90% confidence ranges
for one interesting parameter (∆χ2 = 2.71). The cross-sections
for X-ray absorption by the interstellar medium used throughout this work are from Wilms et al. (2000), and the element
abundances are from Anders & Grevesse (1989).

Fig. 1. The EPIC spectra of ESO 198-G24 (observer frame and binning at 20 σ). An absorbed power-law (Γ ∼ 1.77) has been fitted
within the 2–5 keV energy range, and extrapolated to lower and higher
energies. A broad soft X-ray excess is clearly seen extending to almost
1.5–2 keV, as well a deviation near 6.2 keV. Filled squares: MOS1,
stars: MOS2, and triangles: PN.

3. Spectral analysis

3.1. The EPIC data
At a first step, we fit the EPIC data with an absorbed powerlaw over the 0.3–10 keV bandpass. We do not obtain an acceptable fit with a single absorbed power-law: Γ = 1.92 ± 0.01
(χ2 /d.o.f. = 1825.341/1537, with d.o.f. degrees of freedom).
We do not find any additional intrinsic absorbing medium to
the Galactic column density, i.e. 3.09 × 1020 cm−2 (obtained
with the tool 1 ). Therefore further on, we fix the column density to the above Galactic value. We split our following spectral analysis in several energy bands: 2–5 keV, the
Fe Kα line region, the 0.3–10 keV broad band energy including
the soft excess feature.

3.1.1. The 2–5 keV energy band
We begin studying the spectra by fitting an absorbed powerlaw model to the EPIC spectra in the 2–5 keV energy band,
where the spectrum should be relatively unaffected by possible presence of a soft excess or a Warm Absorber-Emitter
medium, of Fe Kα line emission, and of a contribution above
8 keV that could be associated with a high energy reflection
hump. The data are very well fitted by a single power-law
model with Γ = 1.77 ± 0.04 (χ2 /d.o.f. = 681.3/713). This
photon index value is entirely consistent with those found
by Guainazzi (2003) for different time observations (in order
+0.05
(ASCA, July 1997),
of increasing 2–10 keV flux): 1.75−0.03
1.77 ± 0.03 (XMM-Newton, December 2000), and 1.79 ± 0.04
(BeppoSAX, January 2001). Figure 1 displays the data to
model ratio extrapolated over the 0.3–10 keV broad band energy. A significant positive residual is clearly seen below
1.5−2 keV, both in MOS and PN data. This could be due to
the presence of a soft excess due for example to either
1
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Table 1. Fit of the EPIC data in the 2–10 keV energy range. E is the energy (in keV) of the corresponding emission line or absorption edge.
EW is the equivalent with of the emission line in eV. τ is the optical depth of the absorption edge. F-test is the F-test probability adding one
component compared to the single power-law model.
Model

Γ

Eline or Eedge
(in keV)

σline
(eV)

Fline
(erg cm−2 s−1 )

EWline (eV)
τedge

F-test

χ2 /d.o.f.

PL

Γ = 1.77 ± 0.03

−

−

−

−

−

986.0/973

PL+ GA

Γ = 1.78 ± 0.03

+0.02
6.41−0.04

10 (fixed)

9.5 ± 2.9 × 10−6

74 ± 23

99.99%

956.1/971

PL+ GA

Γ = 1.78 ± 0.03

6.40 ± 0.04

57+55
−57

+0.43
1.11−0.39
× 10−5

86+33
−30

99.99%

955.1/970

PL+ GA

Γ = 1.77 ± 0.03

5.7 (fixed)

10 (fixed)

<1.2×10−5

<23

40%

985.7/972

PL + GA

Γ = 1.77 ± 0.03

6.92 ± 0.08

10 (fixed)

4.2 ± 2.8 × 10−6

37 ± 25

94.8%

980.0/971

PL+ edge

Γ = 1.72 ± 0.03

+0.21
7.25−0.13

−

−

0.21 ± 0.08

99.97%

964.3/971

PL + 2×GA

Γ = 1.75 ± 0.03

6.41 ± 0.03

10 (fixed)

8.8 ± 2.9 × 10−6

68 ± 22

−

935.7/967

6.92 ± 0.10

10 (fixed)

3.6 ± 2.7 × 10−6

37 ± 25

+0.25
7.24−0.14

−

−

0.17 ± 0.07

+ edge

emission from a cold/ionized accretion disk, or complex absorption and/or emission from highly ionized gas, the so-called
“Warm Absorber” (WA). There is also a positive deviation near
6.2 keV (in the observer frame), suggesting the presence of an
Fe Kα complex emission line.

3.1.2. The Fe Kα line
The Fe Kα emission line near 6.4 keV was found to be a common feature in the hard X-ray spectra of many broad-line
Seyfert 1 galaxies (e.g., Pounds et al. 1990; Nandra & Pounds
1994). It has been recognized as a powerful diagnostic of the
innermost regions of AGN.
In the 2–10 keV energy band, a simple absorbed powerlaw model gives a good fit (see Table 1), with an unabsorbed 2–10 keV flux of 1.10 ± 0.04 × 10−11 erg cm−2 s−1
(i.e., Lx (2−10 keV) ∼ 1044 erg s−1 ). It is consistent with the
value found during the previous XMM-Newton observation
in December 2000 (i.e., 1.09 ± 0.01 × 10−11 erg cm−2 s−1 ,
Guainazzi 2003). There is still a clear positive deviation near
6.4 keV (in the rest-frame), with this power-law model with
Γ ∼ 1.77 (which is the same index value as found in the
2−5 keV energy range, see Fig. 1). The addition of a narrow
(i.e., the line width σ is fixed to 10 eV, i.e. intrinsically narrow) Gaussian emission line improves significantly the adjustment of the data (∆χ2 = 30 for only two additional parameters,
F-test probability of 99.99%, see Table 1). The rest-frame energy of the line at about 6.41 keV corresponds to fluorescence
from iron in a “low” state of ionization (i.e., ≤Fe ) and
its equivalent width (EW) is consistent with the typical values
measured in Seyfert 1 galaxies (∼50–150 eV; e.g., Nandra &
Pounds 1994). We let free the line width, but we do not obtain
strong constraint on this parameter with σ < 112 eV (Table 1).
Now we look for a possible weak broad line component, then
we test a relativistic line model (Laor 1991). We fix the parameters of the line to those inferred from the RGS data for low-Z
ions O , and C  Lyα (see Sect. 3.2). The line is badly

fitted with only this relativistic line profile, then we add to the

 profile a narrow line component (σ = 10 eV). We obtain an upper limit for the EW of the  profile of 75 eV,

and EW of 61+21
−27 eV for the narrow component. However the
∆χ2 is less than unity for one additionnal parameter, comparing to the model with the narrow component line alone, see
Table 1, therefore there is no statistical requirement for a broad
component for the Fe Kα line at 6.4 keV in the present observation. Similar results are obtained when using the relativistic line parameters at 6.4 keV reported in Table 2 in Guainazzi
(2003). We also test the possible presence of a line component
at 5.7 keV claimed by Guainazzi (2003) in the December 2000
XMM-Newton observation. Analysing the data of December
2000, we do not find any statistical requirement for a line at
5.7 keV (rest-frame) with EW < 37 eV. As well this component is not required in the present January 2001 data with
EW < 23 eV and an F-test probability of only 40% (Table 1).
The addition of a second narrow Gaussian emission line at
higher energy (E > 6.4 keV) yields a further very slight improvement (∆χ2 ∼ 5 for 2 additional parameters, F-test probability of 94.8%, see Table 1). This second emission line is
less well determined but it clearly lies to the high-energy side
of the “cold” line with a best-fit energy E = 6.92 keV (most
probably due to Fe , i.e. H-like iron). There is a negative deviation compared to the model near 7 keV (in the galaxy
frame), therefore we add an absorption edge and we obtain a
better fit (∆χ2 = 16 for 2 additional parameters, F-test probability of 99.97%, Table 1). Its energy is consistent with absorption due to cold to moderate ionized iron ions (i.e., <Fe ).
Figure 2 displays the contour plot for the optical depth of the
edge versus its energy, for ∆χ2 = 2.3, 4.61, and 9.21 (68%,
90%, and 99% confidence levels, respectively). The ionization
state of the “cold” emission line and the absorption edge are
compatible.
To summarize the present data are well represented in
the 2–10 keV energy range by a power-law and by a narrow Fe Kα line at about 6.4 keV, and a weak absorption edge
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Fig. 2. The contour plot of the optical depth of the absorption edge
versus its energy, for ∆χ2 = 2.3, 4.61, and 9.21 (68%, 90%, and 99%
confidence levels, respectively).

near 7.2 keV. Both energies are compatible with iron nearly
or moderatly ionized (i.e., <Fe  and <Fe , respectively).
Also there is a slight indication for a very ionized narrow
Fe Kα emission line near 6.9 keV, which most probably corresponds to Fe , i.e. H-like iron. See Table 1 and Fig. 3.
The narrow component found here at 6.4 keV is now
emerging as a common feature of Seyfert 1 spectra seen by
XMM-Newton and Chandra (see, e.g., Mrk 205: Reeves et al.
2001; NGC 5548: Yaqoob et al. 2001; NGC 3783: Kaspi et al.
2001). Detection of a significant narrow iron emission line at
6.4 keV implies that a substantial quantity of cool reprocessing
material is present. The line strength (EW ∼ 70 eV), implies
that the cool matter if seen by reflection subtends a substantial solid angle, of at least 1 steradian, assuming it is Thomson
thick and has a solar abundance of iron (e.g. George & Fabian
1991). The most likely location of such material, according
to the current AGN models, would appear to be the molecular torus (Antonucci 1993), with hard X-rays from the central engine being reflected off the inner surface of the torus
and into the line-of-sight of the observer (Krolik et al. 1994;
Ghisellini et al. 1994). Although reflection off the putative torus
is attractive, we cannot rule out other options. Emission from
BLR clouds could account for some of the narrow line flux as
probably found in NGC 5548 (Yaqoob et al. 2001), although
the predicted line strength is small (EW < 50 eV; Leahy &
Creighton 1993), but consistent within the error bars with the
value found here. Another possibility is that the line originates
by X-ray reflection from the outer regions of the accretion disc.
Normally the angle subtended by the outer disk, to the X-ray
source, would be small. However a warped, concave disk could
increase the amount of reflection at large radii, and account
for a measurable narrow line component at 6.4 keV (Blackman
1999). The present 6.4 keV emission line is much weaker than
the one inferred from the ASCA observation in July 1997 (i.e.
EW = 320+70
−100 eV for an unresolved Gaussian line). As well,
it also appears approximately two times weaker than the one
measured during December 2000, by Guainazzi et al. (2003)

Fig. 3. The 2–10 keV EPIC spectrum of ESO 198-G24 (observer frame
and binning of 10 σ). An absorbed power-law, two Gaussian emission
lines (σ = 10 eV) and one absorption edge have been fitted. Filled
squares: MOS1, stars: MOS2, and triangles: PN.

with similar intrinsic 2–10 keV fluxes. However the claim of a
possible variability of this line between these two observations
should be taken into caution, indeed analysing the December
2000 data (assuming a narrow line at 6.41 keV and a line width
of 10 eV), we obtain EW = 70 ± 45 eV. This value is compatible with the one reported in Table 1 for the present data. No
reliable comparison is possible with the BeppoSAX data, since
its spectral resolution is not sufficient to determine whether the
profile was narrow or broad, however the EW are compatible
within the error bars (i.e. EW = 100+30
−60 eV).
The emission line near 6.92 keV, if any, corresponding to
Fe  (H-like iron), could be produced by the disc matter
in a high state of ionization, as observed in several radio-quiet
quasars (Reeves & Turner 2000). As we will show below, the
EPIC data may be explained by an ionized accretion disk model
from Ross & Fabian (1993) and Ballantyne et al. (2001).
Another possibility is the ionized lines originate from the
WA, which can produce substantial emission from He and Hlike iron (Krolik & Kallman 1987). As we will see below, the
WA, if present, does not show significant absorption or emission features below 2.5 keV. This may mean that either there
is only almost no warm absorber material on the line-of-sight,
or the low-Z ions (e.g., O, Ne, Mg, Si) are completely ionized,
which is consistent with the very high ionized state (H-like)
found for the Fe Kα line at about 6.9 keV.
As reported by Guainazzi (2003), no absorption edges
existed in the EPIC/PN spectrum during the observation of
December 2000, with only an upper limit of 0.14. However,
the statistics of this observation is much lower than the one presented here, then enable any reliable comparison for a possible
variability of the absorption edge. We notice that the absorption
edge found in the EPIC data near 7.24 keV (i.e. <Fe ) cannot
be produced by the WA, if any. Indeed, the optical depth found
for this absorption edge is about 0.1–0.2, which means that the
WA would be completly opaque below about 2 keV, while this
is not what we demonstrate in Sect. 3.4. The WA for log ξ ≤ 2
corresponds to too weak column density to produce a significant absorption edge of cold iron ions as observed at 7.24 keV.
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Table 2. X-ray spectral fits over the 0.3–10 keV broad band energy range. In all models we add two Gaussian emission lines and one absorption
edge. The energies and the width of the lines are fixed to the values found in Table 1 for the last model. : black-body component. : powerlaw component. : exponentially cut off power-law spectrum reflected from neutral material (Magdziarz & Zdziarski 1995), the cutoff
energy has been fixed to 200 keV. : comptonization model of soft photons in a hot plasma from Titarchuk (1994), here the soft photon
temperature is set to be the same for the two hot plasmas. : reflection spectrum from an ionized slab of an input power-law from Ross
& Fabian (1993) and Ballantyne et al. (2001). (a): the line fluxes are expressed in 10−6 erg cm−2 s1 .
Continuum parameters

+

kT bb = 172 ± 7 eV

Line/edge parameters

Γ = 1.84 ± 0.02

χ2 /d.o.f.

F(6.41 keV) = 9.2 ± 2.7 (a)

EW = 77 ± 23 eV

1667.9/1535

F(6.92 keV) = 4.3 ± 2.6

EW = 41 ± 25 eV

χ2red = 1.09

(a)

τedge (7.24 keV) = 0.10 ± 0.07

2 × +

kT bb1 = 131 ± 8 eV

kT bb2 = 317 ± 28 eV

Γ = 1.69 ± 0.03

F(6.41 keV) = 7.5 ± 2.7 (a)
F(6.92 keV) < 5 (a)

EW = 59 ± 22 eV
EW < 45 eV

1649.8/1536
χ2red = 1.07

τedge (7.24 keV) = 0.25 ± 0.09

 + 

kT bb1 = 186+9
−6 eV
Γ = 1.88 ± 0.03

F(6.41 keV) = 7.3 ± 2.8 (a)

R = 1.3 ± 0.5

F(6.92 keV) < 4.7 (a)

EW = 60 ± 23 eV
EW < 43 eV

1652.8/1534
χ2red = 1.08

τedge (7.24 keV) = 0.15 ± 0.07

2 × 

1
2
kT photon
= kT photon
= 10 eV (fixed)
1
kT plasma

= 0.21 ± 0.01 keV

2
kT plasma
= 200 keV (fixed)



log ξ = 4.18 ± 0.06

τ = 28.1 ± 0.5
τ = 0.13 ± 0.02

Γ = 1.63 ± 0.02

R > 1.7

F(6.41 keV) = 9.0 ± 2.7 (a)

EW = 78 ± 23 eV

1661.0/1532

F(6.92 keV) = 4.0 ± 2.5

EW = 40 ± 25 eV

χ2red = 1.08

(a)

τedge (7.24 keV) = 0.12 ± 0.07
F(6.41 keV) = 7.7 ± 2.7 (a)

EW = 62 ± 22 eV

1642.8/1535

F(6.92 keV) = 2.7 ± 2.6

EW = 24 ± 23 eV

χ2red = 1.07

(a)

τedge (7.24 keV) = 0.18 ± 0.08

3.1.3. The EPIC broad band spectrum
Extrapolating the best-fitting 2–5 keV power-law model back
to 0.3 keV, both MOS and PN spectra clearly reveal the presence of a broad soft excess below about 1.5–2 keV as shown
in Fig. 1. This soft X-ray emission seems to be a common
feature in Seyfert 1 galaxies observed up to now with XMMNewton (see Pounds & Reeves 2002). The shape of this soft excess emission is similar to that found in other high-luminosity
Seyfert 1 galaxies (see for example Fig. 1 in Pounds & Reeves
2002).
Fitting the 0.3–2 keV EPIC spectra of ESO 198-G24 by a
single absorbed power-law model, we find a photon power-law
index Γ = 1.94 ± 0.02 (χ2 /d.o.f. = 592.6/558, χ2red = 1.06),
much harder than those measured according to the two ROSAT
observations, i.e. Γ = 2.28 ± 0.07 (χ2red = 2.52) and Γ =
2.19 ± 0.07 (χ2red = 1.07) respectively for December 1991
and July 1992 (Turner et al. 1993). The unabsorbed 0.1−2 keV
X-ray flux is 1.58 ± 0.01 × 10−11 erg cm−2 s−1 . We now investigate different models which may explain the 0.3–10 keV broad
band EPIC spectra, i.e. both the soft excess feature and the hard
spectrum. In each model, we take into account the iron complex
found previously, we fix the energy of the two emission lines
and of the absorption edge to the values found in Table 1 for
the last model. The inferred parameters for all the following
models are reported in Table 2. First, we fit the spectra with
a black-body (soft X-rays) and with a power-law component
(hard X-rays). We obtain a good fit for this combined model

(see Table 2). Adding another black-body component improves
the spectral fit (i.e. ∆χ2 = 18 for 2 additional parameters). We
also test other disk models such as  and  combined with a power-law, we obtain as well a good representation of the data, with kT ∼ 250 eV. The temperatures found
here are rather large for a standard steady state α thin accretion
disc. Assuming a black hole (BH) mass of about 3 × 108 M
(Rokaki & Boisson 1999), we expect a temperature of about
only 10 eV at 3 Rs (e.g, Peterson 1997). Therefore a standard
steady state α thin accretion disc is ruled out to explain the soft
excess observed in ESO 198-G24.
The broad band X-ray spectrum of ESO 198-G24 may be
explained by reflection from an accretion disc (e.g., ,
Magdziarz & Zdziarski 1995). Since the energy range of our
spectral fit is restricted, we fix the cut-off energy to 200 keV.
This model gives a slightly poorer fit (χ2 /d.o.f. = 1701.1/1536,
i.e. χ2red = 1.11) than the other ones reported in Table 2. Adding
an emission component from the accretion disk (e.g., bb), we
obtain a better fit with (∆χ2 = 48 for 2 additional parameters,
see Table 2). We obtain a reflection component close to 1.3, i.e.
is consistent with a reflection from a cold material with a 2.6π
steradian solid angle. However the black-body temperature is
too high for a standard steady state α thin accretion disc as
mentioned above. Therefore the BB+pexrav model is also ruled
out.
Comptonization has often been suggested as a source of
both the soft X-ray and hard X-ray spectrum of AGN, as for
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Fig. 4. The RGS fit residual spectra of ESO 198-G24 (observer frame) for the power-law (PL) model with the parameter fixed to the values
found with EPIC. Left panel: PL only. Right panel: PL + “knak” model (see text for explanations). Crosses: RGS 1, diamonds: RGS 2.

example the accretion disc may be responsible for the soft
emission and part of these soft photons are inversed-Compton
scattered to the hard X-ray energy range, as they pass through
the hot corona above the disc. We use a double Comptonization
model (: Titarchuk 1994) as in O’Brien et al. (2001) in
which soft photons from the accretion disc are up-scattered by
thermal electrons characterized by two temperatures, to yield
the observed broad soft excess as well as the power-law shape
at higher energies. We fix the temperature of the comptonizing
photons at 10 eV as expected for a BH mass of 3 × 108 M as
mentioned above, and the plasma temperature to 200 keV for
the second . The data are well fitted with this model
(Table 2).
An ionized accretion disk model (Ross & Fabian 1993;
Ballantyne et al. 2001) provides also a good fit to the data with
a very high ionization parameter (ξ = Lbol / (nH r2 ), with Lbol
the bolometric luminosity in erg s−1 , nH the hydrogen density
of the ionized medium in cm−3 , and r2 the distance of the ionized medium from the photo-ionizing source in cm). The value
of ξ found here is consistent with an emission of a H-like Fe Kα
line (e.g., Fig. 6 from Colbert et al. 2002), and with the small
residual found at 6.92 keV in this model. The narrowness of this
iron H-like line indicates that the line is emitted far away from
the BH or that the disk has a relatively small optically depth for
Compton scattering. However, we note that the iondisk model
used here does not take into account smearing of the emission
lines and hence the derived ionisation parameter may be overestimated.
Two models can explain the broad band spectrum of
ESO 198-G24: a double comptonization models or an ionized
accretion disk.

3.2. The RGS data analysis
The RGS spectrum offers us for the first time a view of
ESO 198-G24 at very high spectral resolution. While the spectrum has a rather poor S /N ratio, we are able to test several models using the SPEX code (Kaastra et al. 2002a,
version 2.0).

First, we start fitting the RGS 1 and RGS 2 spectra, with the
EPIC best-fit parameters of the power-law model. The original
spectrum was binned to two bins per CCD. The residuals show
a clear soft excess (see Fig. 4 left panel). Then we modify the
power-law model with the “knak” model which is a multiplicative model. It multiplies the spectral model by a factor f (λ).
The full wavelength range is divided into segments with bounding wavelengths λi . The multiplicative scaling factor fi for each
segment boundary λi is a free fitting parameter. For each wavelength the multiplication factor f (λ) is determined by linear
interpolation in the log λi − log fi plane. We have chosen the
grid points λi at 6, 12, 18, 24, 30 and 36 Å. This empirical
model gives a much better fit with χ2 = 51.8 for 26 d.o.f. (see
Fig. 4 right panel). Half of the χ2 value is due to the shortest
wavelength bin of each RGS, and this is mainly due to remaining calibration uncertainties below ∼7 Å. We obtain that the
source as for example a soft excess amplitude of 66% at 36 Å,
and 44% at 12 Å.
Evident absorption/emission features are not visible.
Therefore, if there is a WA, it either has a relatively low column
density, or a very high ionization parameter (ξ = L/(nH r2 )).
The WA is an optically thin ionized medium, detected in most
Seyfert 1 galaxies with low to moderate X-ray luminosities
(LX < 1044 erg s−1 ). Up to now, RGS spectra confirm the absence of strong absorption in the high luminosity sources (e.g.,
Mrk 509: Pounds et al. 2001; PKS 0558-504; O’Brien et al.
2001). Low density warm absorbers are most easily detected
from their narrow absorption lines (see for example Kaastra
2001). To test the presence of warm absorbing gas, we therefore use the above empirical continuum model (PL + knak) and
apply the “xabs” WA model (see Kaastra et al. 2002b). The velocity broadening of the absorber was fixed to σv = 100 km s−1 ;
since we expect low column density, the equivalent line width
does not depend upon σv but merely upon the column density.
We use the spectrum with a binning factor of 3. We search
a grid of ionisation parameters (log ξ from −2 to +3.5) with
a set of outflow velocities: v = 0, −250, −500, −1000 and
−2000 km s−1 , but found no clear detection of a WA. The 1 σ
upper limits to the column densities are shown in Fig. 5. If any
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Table 3. Best-fit parameters for the average RGS spectrum with
a model combining a power-law, a modified black body continuum (), and relativistic  lines for O , N  and C  Lyα .
The power-law parameters are kept fixed to the EPIC values.
χ2 /d.o.f.

61.85/42

O VIII

norm = 62 ± 17 × 1050 ph s−1

(λ = 18.97 Å)

EW = 2.2 ± 0.6 Å

N VII

norm = 0 ± 15 × 1050 ph s−1

(λ = 24.78 Å)

EW = 0.0 ± 0.6 Å

C VI

norm = 118 ± 41 × 1050 ph s−1

(λ = 33.74 Å)

EW = 5.5 ± 1.9 Å
60o

inclination
Fig. 5. Upper limit at 1σ of the column density NH (expressed in
1020 cm−2 ), versus the ionization parameter ξ (in logarithm scale).
The curves correspond to different values of outflow velocities. Thick
solid line: v = 0 km s−1 , thin solid line: v = −250 km s−1 , dashed
line: v = −500 km s−1 , dash-dot line: v = −1000 km s−1 , and dots:
v = −2000 km s−1 .

+5
−11

q > 5.4

q
r1 (in GM/c )

+0.45
1.64−0.14

r2 (in GM/c2 )

400 (fixed)



0.53 ± 0.06 keV

2

norm = 0.58 ± 0.17 × 1032 m0.5

WA is present, its column density is low for log ξ ≤ 2. Even
in case of a very highly ionised medium (i.e., here higher column density upper limit), the low-Z ions which absorbed in
the soft X-ray range are completely ionised, then in both cases
(moderately or very highly ionised medium) we do not expect
strong absorption edges. We also can put limits on narrow line
emission: the best-fit O  f (forbidden) line has a strength of
<3.2 × 1050 ph s−1 , the best-fit Ne  f line has a strength of
0.4 ± 0.8 × 1050 ph s−1 Thus, no significant narrow line emission is found.
As a last step, we investigate the broad continuum emission
features. We find a best-fit model using the combination of a
power-law, a modified black body continuum ( ), and weak
relativistic  lines for O , and C  Lyα (see Table 3).
The power-law parameters are kept fixed to the EPIC values.
Since there are no narrow features in the spectrum, we bin the
spectrum by a factor of 100 for the spectral fitting. Figure 6 displays the average RGS spectrum, with superposed the contribution of the power-law, the power-law plus modified black body
continuum (MBB), and the best fit model including all components. The Laor line profiles are intrinsically very broad and
asymmetric, and moreover, they are folded with the instrumental effective area, which also contains significant broad band
structure. The dotted line in Fig. 6 displays the sum of the C 
and O  contributions, and due to the cosmological redshift,
the line spectrum is shifted by about 5% or 1–2 Å for the relevant part. The bright bin around 24 Å is the red wing of the
O  line (not the peak of a N  line), the part between 28
and 32 Å is a combination of the reddest part of O  line
with the blue wing of the C  line, and the part above 32 Å is
dominated by the red wing of the C  line.
To summarize, we find that the RGS spectrum is consistent with an interpretation in terms of weak relativistic lines.
The formal significance of the O VIII and C VI lines is 3.6σ

Fig. 6. Average RGS spectrum (points), with superposed different
components: the PL (dashed line), the relativistic  lines (dotted line), PL+ (thin solid line), and the best-fit model (thick
solid line): PL +  + relativistic  lines for O , N 
and C  Lyα .

and 2.9σ, respectively. We do not exclude alternative spectral
models, but for example an interpretation in terms of a dusty
warm absorber giving deep edges at the wavelengths of the blue
edges of our broad lines is difficult given the lack of deep narrow absorption lines in the spectrum (see also our tight limits
on the column density of any warm absorber in Fig. 4).

4. Summary and discussion
The present data analysis of the observation of ESO 198-G24
with XMM-Newton (January 24, 2001), has revealed that this
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Seyfert 1 has an unabsorbed 2–10 keV luminosity of about 1.1×
10−11 erg s−1 .
We found both with EPIC and RGS that this source possesses a significantly steeper spectrum below ∼1.5–2 keV than
observed at higher X-ray energies, the so-called soft X-ray excess. This soft X-ray emission seems to be a common feature
in Seyfert 1 galaxies observed up to now with XMM-Newton
(see Pounds & Reeves 2002). The shape of this soft excess
emission is similar to those found in other high-luminosity
Seyfert 1 galaxies. (see for example Fig. 1 in Pounds & Reeves
2002). The RGS spectra reveal no significant narrow absorption lines suggesting that if there is a warm absorber, it either has a relatively low column density, or a very high ionization parameter. The RGS data are well described by the
combination a power-law, a modified black body continuum,
and weak relativistic soft X-ray lines from H-like ions O ,
and C  Lyα , as may be observed with the RGS in at least
two others Seyfert 1 galaxies: Mrk 766 and MCG-6-30-15
(Branduardi-Raymont et al. 2001; Mason et al. 2003). However
in our case the equivalent width of the relativistic lines is a factor of 5–10 smaller than in the two sources mentioned above.
The presence of relativistic soft X-ray lines in AGN is a hotly
debated issue (e.g., Lee et al. 2001; Branduardi-Raymont et al.
2001; Mason et al. 2003). Here is not the place to discuss this
issue in detail, but we note that the strength of the proposed
relativistic lines in our data are consistent with those expected
from ionized disk models, while the absence of strong absorption lines makes the alternative dusty warm absorber less likely.
However other interpretations are not definitely excluded.
The EPIC data displayed a narrow emission line at about
6.4 keV, corresponding to low or moderate ionized iron (i.e.,
≤Fe ). We find no significant broad (relativistic line) component, if any in our observation, with only an upper limit of
75 eV. Then the possible contribution from the inner part of
an accretion disk where the gravitational effects of the BH are
strong, is weak in the present XMM-Newton observation. We
find for the narrow line a moderate equivalent width of about
60–70 eV. The narrow line at 6.4 keV seems to be an increasingly common feature in the higher quality spectral data emerging from Chandra and XMM-Newton (e.g., Mrk 509: Pounds
et al. 2001, NGC 5548: Yaqoob et al. 2001, Mrk 205: Reeves
et al. 2001). The emission medium responsible for the line
component at 6.4 keV can be find with search of possible
response to continuum variation with high statistical data: inner part of the nucleus (accretion disc), BLR (as in NGC 5548),
NLR, and molecular torus (as in Mrk 509 and Mrk 205), etc.
The very weak ionized line associated to Fe , if any, could
be interpreted in terms of fluorescence from H-like iron in the
highly ionized inner disk material, or could also be the signature of a very ionized WA. While we show that the absorption
edge found near 7.24 keV cannot be produced by the WA.
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