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Abstract. We present the results from aXMM-Newton observation (January 24, 2001) of the bright Seyfert 1 galaxy
ESO 198-G244 = 0.045). We found that this Seyfert has an intrinsic 2—-10 keV luminosity of abddtet§ s*. This source

shows no intrinsic absorption in addition to the Galactic absorpitn £ 3 x 10°° cmi2). We found both with EPIC and RGS

that this source possesses significantly steeper spectra b&ldw2 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 com-
bination of a power-law, a modified black body continuum, and weak relativistic linesvafiGnd Cvrt Ly,. 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 = 1.77 + 0.04 (consistent with the typicdl ~ 1.7 found in Seyfert 1 galaxies). We found the presence of a
narrow Gaussian emission line at 6.41 keV (kE&exvir) 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 ESO 198-G24, as might be expected if it originates in mate-

. . rial responding to ionization by the active nucleus. The only
The_Seyfert 1 ESO 198'.624 € 0‘0.45) IS oné c_)bj_ect O.f the constraint on the variability time scale was that it must be
Piccinotti Sample of Active Galactic Nuclei (Piccinotti et alless than 6 months. ESO 198-G24 was observed at higher en-
1982). It was already observed in the soft X-ray band by the . ’ .
ROSAT PSPC(Turner et al. 1993) during two distinct ob-rérg'es byBATSE on boardCGRO(Malizia et al. 1999), and

. . was reported for the first time as a hard X-ray emitting source:
servations (December 1991 and July 1992). This source was (2-100keV)=5.27x 10-'Lerg cnt2 st (weighted mean

H J MEAN
selected because of a low absorbing column densiy (- calculated over nearly 4 years of observations). In the 2-10 keV

0 o NN
3 X 10°* cm?) along the _Ilm_e_of sight. It was found that nergy band a variability factor of 1.31 was observed, with a
this source possesses a significantly steeper spectrum be‘jﬁ) “:n unabsorbed flux of#x 10 ergcnr2s-t

~1keV 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 f,g'g
ture, either a Gaussian emission line at energib@eV +
0.04 keV with an equivalent width (EW) of 99 30 eV (most
readily identified as a blend of emission species dominat

by ionized iron and oxygen), or an absorption edgdat ) .
1.16+ 0.06keV = 0.37+ 0.16). On the contrary during thepetween .these three observatpns. DunngAl%A °bse.“’a.'
ion the line profile at 6.4keV is narrow without any indica-

ROSAT Jul rvation, th rum with imilar signal:
OSAT July observation, the spectru th a similar signa of a broad component. On the contrary #¥¥dM-Newton

. . . . n
to-noise ratio was adequately described by a simple featurel e . :
absorbed power-law model. Turner et al. (1993) noted that t %\fspectrum (Bective time duration of about 6.8 ks) displayed

. . . a proader line centered at 6.4keV with an additional weak
spectral feature appeared in the brighter state observatlor}e%fture at 5.7 keV. Guainazzi suggested that this may be one
Send gprint requests toD. Porquet, example of “double-horned profile”, similarly to the Seyfert1
e-mail:dporquet@mpe . mpg.de MCG-6-30-15 (e.g., Tanaka et al. 1995; Wilms et al. 2001).

Very recently, Guainazzi (2003) presented results from
CA (July 8th, 1997~40 ks),XMM-Newton (December 1st,
2000;~9ks, guaranteed time), a®eppoSAX(January 23th,
801; ~150ks) data. He focused on the study of the e K
ine, and found that the intensity and line profile aréatient
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We present here the observation of ESO 198-G24 in
January 24th, 2001 obtained with the X-ray satelX&IM- >
Newton This present work is the first analysis for this objec?i -
combining moderate (EPIC) and high resolution data (RG%. .
Section 2 details the observation and data reduction proce-- |
dures. Section 3 reports the spectral analysis of the EPIC d‘étao
(2-5 keV continuum, the Fe Kline region, and the broad bandé

0.3-10keV energy band) and of the RGS data. The results @reg
discussed in Sect. 4. i
< ]
A
C1 fapi s
2. XMM-Newton observation and data analysis L. . ‘ A
0.5 1 2 5

ESO 198-G24 was observed BM-Newton on January 24, channel energy (keV)

2001 (AO-1,~30 ks duration). The observations with theFig.1. The EPIC spectra of ESO198-G24 (observer frame and bin-
EPIC MOS (Turner et al. 2001), PN (8tfér et al. 2001) and ning at 20r). An absorbed power-lanl( ~ 1.77) has been fitted
the RGS (den Herder et al. 2001) detectors were done. Thei#in the 2-5keV energy range, and extrapolated to lower and higher
are no other strong X-ray sources seen within the field of viefnergies. A broad soft X-ray excess is clearly seen extending to almost
The MOS and PN cameras (EPIC) operated in standard FuR—2keV, as weII_ a deviation near 6.2 keiilled squares MOS1,
Frame mode using the medium filter. The data are screened S MOS2, andriangles PN.

re-processed with the XMM SAS (Science Analysis Software),
version 5.3.3. The EPIC data cleaning was improved by re-
jecting solar flares. After this data cleaning, we obtain as net
exposure times about 22.9ks, 23.1ks, and 15.6 ks for MOS311. The EPIC data

MOS2, and PN respectively. Only X-ray events correspond- i )
ing to single events (i.e. pattern 0) are used for both MY @ first step, we fit the EPIC data with an absorbed power-

and PN, in order to reach the best spectral resolution, agd ©ver the 0.3-10keV bandpass. We do not obtain an accept-
limit effect of pile-up. We note for further comparison tha"'t‘bzIe fit with @ single absorbed power-law:= 192+ 0.01
Guainazzi (2003) used single and double events for specffald-0-f- = 1825.3411537, with d.o.f. degrees of freedom).
analysis of the December 2000VIM-Newton observation. We do not_fmd any add|t|qnaI.|ntr|nS|c abosorb|2ng me(_jlum to
There was negligible flux variability of ESO 198-G2410%) he Galactic column density, i.e.0® x 10*cm * (obtained
during the present observation, therefore we use the cumUih the tooICOLDENS™). Therefore further on, we fix the col-
tive data for all our subsequent analyses. We then proceed!f8" density to the above Galactic value. We split our fol-

extract spectra for both source and background for each EF¥INg spectral analysis in several energy bands: 2-5keV, the

detector. A circular source region is defined around the cdrE K« line region, the 0.3-10keV broad band energy including

troid position of ESO 198-G24, of Tradius for the MOS, and e sOft excess feature.
of 40” for the PN (to avoid the edge of the chip). The majority
of source counts fall onto the source regions (at least 95%)1.1. The 2-5 keV energy band

Background spectra are taken from an annular radius cen-

tered on ESO 198-G24, between’3.2nd 5.2 (excluding \We begin studying the spectra by fitting an absorbed power-
X-ray point sources). The background subtracted spectra &% model to the EPIC spectra in the 2-5keV energy band,
fitted, usingksPEC v11.2.0. We use the following response madhere the spectrum should be relatively fieated by pos-
trices: mLmedv9q19t5r500.15.rsp, m2medvoql9t5r5p0.15.rsp, sible presence of a soft excess or a Warm Absorber-Emitter
epnfi20.sY9.medium.rsp The spectra are binned to a minimunimedium, of Fek line emission, and of a contribution above

Both RGS cameras are operated in the standard sp%lcj:[np' The data are very well fitted by a single power-law

. = 5 7 .
troscopy+ Q mode. The RGS data are improved by rejec'th'-10de| Wth[" = 1.77 + 0.04 f¢/d.0f. = 681.3713). This
X

ing solar flares. After this data cleaning, we obtain as net éék_loton index value is entirely consistent with those found

. . Guainazzi (2003) for dierent time observations (in order
posure time about 24.2ks and 23.6 ks for respectively RGoﬁincreasing 2-10keV flux): 1-@82 (ASCA, July 1997),

and RGS2. 1.77+ 0.03 (XMM-Newton, December 2000), and79 + 0.04
Further on, values offp = 50kms*Mpc™ andgo = 0 (BeppoSAX January 2001). Figure 1 displays the data to
are assumed. All the fit parameters are given in the galaxy rgglsdel ratio extrapolated over the 0.3-10keV broad band en-
frame. The errors quoted correspond to 90% confidence ranggsy, A significant positive residual is clearly seen below
for one interesting parametek* = 2.71). The cross-sections 5" 5 keV both in MOS and PN data. This could be due to

for X-ray absorption by the interstellar medium used througkhe presence of a soft excess due for example to either
out this work are from Wilms et al. (2000), and the element

abundances are from Anders & Grevesse (1989). ! http://asc.harvard.edu/toolkit/colden. jsp

Spectral analysis




D. Porquet et al.: ESO 198-G24 observed with XMM-Newton 915

Table 1. Fit of the EPIC data in the 2-10 keV energy ranBes the energy (in keV) of the corresponding emission line or absorption edge.
EW is the equivalent with of the emission line in eMs the optical depth of the absorption edgetest is theF-test probability adding one
component compared to the single power-law model.

Model r Ejine OF Eedge Tline Fiine EWine (eV) F-test Xz/dof
(in keV) (eV) (ergcm?s™) Tedge

PL '=177+0.03 - - - - - 986.0973

PL+ GA I'=178+0.03 6.41292 10 (fixed) 95+29x10° 74+ 23 99.99% 956/P71

PL+GA T'=178+003 6.40+0.04 572  11104x10° 868  99.99% 955070

PL+ GA '=177+0.03 5.7 (fixed) 10 (fixed) <1.2x10°° <23 40% 985./872

PL+ GA '=177+003 6.92+0.08 10 (fixed) @+28x10° 37+ 25 94.8% 980071

PL+edge T =172+003 7.25%% - - 0.21+£0.08 99.97% 964/871
PL+2xGA TI'=175+003 641+003 10 (fixed) £29x10° 68+ 22 - 935.7967
692010 10 (fixed) B+27x10°  37+25
+ edge 7.282% - - 0.17+0.07

emission from a colfbnized accretion disk, or complex ab-fitted with only this relativistic line profile, then we add to the
sorption angbr emission from highly ionized gas, the so-calledaor profile a narrow line componens-(= 10eV). We ob-
“Warm Absorber” (WA). There is also a positive deviation neaain an upper limit for theEW of the LAOR profile of 75eV,
6.2keV (in the observer frame), suggesting the presence ofaad EW of 61j§% eV for the narrow component. However the
Fe K, complex emission line. Ax? is less than unity for one additionnal parameter, compar-
ing to the model with the narrow component line alone, see
312 The Ee K. line Table 1, therefore there i_s no statistical _requirement for a broad
B @ component for the FeKline at 6.4keV in the present obser-
The Fe K, emission line near 6.4 keV was found to be a convation. Similar results are obtained when using the relativis-
mon feature in the hard X-ray spectra of many broad-lii¢ line parameters at 6.4 keV reported in Table 2 in Guainazzi
Seyfert 1 galaxies (e.g., Pounds et al. 1990; Nandra & Pourtd903). We also test the possible presence of a line component
1994). It has been recognized as a powerful diagnostic of #ieb.7 keV claimed by Guainazzi (2003) in the December 2000
innermost regions of AGN. XMM-Newton observation. Analysing the data of December
In the 2-10keV energy band, a simple absorbed pow&000, we do not find any statistical requirement for a line at
law model gives a good fit (see Table 1), with an una®-7keV (rest-frame) wWitlEW < 37eV. As well this com-
sorbed 2-10keV flux of 10 + 0.04 x 10 Mergcnt2st ponent is not required in the present January 2001 data with
(i.e., Lx(2-10keV) ~ 10*ergs?). It is consistent with the EW < 23 eV and arF-test probability of only 40% (Table 1).
value found during the previouXMM-Newton observation The addition of a second narrow Gaussian emission line at
in December 2000 (i.e.,.9 + 0.01 x 10! ergcm2st, higher energyE > 6.4keV) yields a further very slight im-
Guainazzi 2003). There is still a clear positive deviation neRfovement §x? ~ 5 for 2 additional parameter;-test prob-
6.4keV (in the rest-frame), with this power-law model witt@bility of 94.8%, see Table 1). This second emission line is
[ ~ 1.77 (which is the same index value as found in thigss well determined but it clearly lies to the high-energy side
2-5keV energy range, see Fig. 1). The addition of a narrd¥ the “cold” line with a best-fit energf = 6.92keV (most
(i.e., the line widtho is fixed to 10eV, i.e. intrinsically nar- probably due to Fexvi, i.e. H-like iron). There is a nega-
row) Gaussian emission line improves significantly the adjugive deviation compared to the model near 7 keV (in the galaxy
ment of the dataxy? = 30 for only two additional parameters frame), therefore we add an absorption edge and we obtain a
F-test probability of 99.99%, see Table 1). The rest-frame dpetter fit (\y? = 16 for 2 additional parameters;test proba-
ergy of the line at about 6.41 keV corresponds to fluorescerylity of 99.97%, Table 1). Its energy is consistent with absorp-
from iron in a “low” state of ionization (i.e.<Fexvm) and tion due to cold to moderate ionized iron ions (i-eFexi).
its equivalent width EW) is consistent with the typical valuesFigure 2 displays the contour plot for the optical depth of the
measured in Seyfert1 galaxies50-150€V; e.g., Nandra & edge versus its energy, fan? = 2.3, 4.61, and 9.21 (68%,
Pounds 1994). We let free the line width, but we do not obtaf9%, and 99% confidence levels, respectively). The ionization
strong constraint on this parameter with< 112 eV (Table 1). state of the “cold” emission line and the absorption edge are
Now we look for a possible weak broad line component, thé@@mpatible.
we test a relativistic line model (Laor 1991). We fix the param- To summarize the present data are well represented in
eters of the line to those inferred from the RGS data for bwthe 2-10keV energy range by a power-law and by a nar-
ions Ovir, and Cvi Ly, (see Sect. 3.2). The line is badlyrow Fe K, line at about 6.4keV, and a weak absorption edge
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7 7.2 74 7.6 Fig. 3. The 2-10 keV EPIC spectrum of ESO 198-G24 (observer frame
Energy of the edge (keV) R . -
and binning of 1@r). An absorbed power-law, two Gaussian emission
Fig. 2. The contour plot of the optical depth of the absorption edd#es (- = 10eV) and one absorption edge have been fitféted
versus its energy, foky? = 2.3, 4.61, and 9.21 (68%, 90%, and 99¥squares MOS1,stars MOS2, andriangles PN.
confidence levels, respectively).

with similar intrinsic 2—10keV fluxes. However the claim of a
near 7.2keV. Both energies are compatible with iron neampssible variability of this line between these two observations
or moderatly ionized (i.esFexvi and<Fexi, respectively). should be taken into caution, indeed analysing the December
Also there is a slight indication for a very ionized narrovi2000 data (assuming a narrow line at 6.41 keV and a line width
Fe K, emission line near 6.9 keV, which most probably corref 10 eV), we obtairEW = 70+ 45 eV. This value is compat-
sponds to Faxvl, i.e. H-like iron. See Table 1 and Fig. 3.  ible with the one reported in Table 1 for the present data. No

The narrow component found here at 6.4keV is noweliable comparison is possible with the BeppoSAX data, since
emerging as a common feature of Seyfert 1 spectra seenitsyspectral resolution is not ficient to determine whether the
XMM-Newton and Chandrgsee, e.g., Mrk 205: Reeves et alprofile was narrow or broad, however tB&V are compatible
2001; NGC 5548: Yagoob et al. 2001; NGC 3783: Kaspi et atithin the error bars (i.eEW = 100" eV).

2001). Detection of a significant narrow iron emission line at The emission line near 6.92keV, if any, corresponding to
6.4 keV implies that a substantial quantity of cool reprocessiRgxxvI (H-like iron), could be produced by the disc matter
material is present. The line strenglBW ~ 70eV), implies in a high state of ionization, as observed in several radio-quiet
that the cool matter if seen by reflection subtends a substgnasars (Reeves & Turner 2000). As we will show below, the
tial solid angle, of at least 1 steradian, assuming it is ThomsBRIC data may be explained by an ionized accretion disk model
thick and has a solar abundance of iron (e.g. George & Fabfapm Ross & Fabian (1993) and Ballantyne et al. (2001).
1991). The most likely location of such material, according Another possibility is the ionized lines originate from the
to the current AGN models, would appear to be the mole@/A, which can produce substantial emission from He and H-
ular torus (Antonucci 1993), with hard X-rays from the cerlike iron (Krolik & Kallman 1987). As we will see below, the
tral engine being reflectedffothe inner surface of the torusWA, if present, does not show significant absorption or emis-
and into the line-of-sight of the observer (Krolik et al. 1994sion features below 2.5keV. This may mean that either there
Ghisellini et al. 1994). Although reflectiorfidhe putative torus is only almost no warm absorber material on the line-of-sight,
is attractive, we cannot rule out other options. Emission froom the lowZ ions (e.g., O, Ne, Mg, Si) are completely ionized,
BLR clouds could account for some of the narrow line flux aghich is consistent with the very high ionized state (H-like)
probably found in NGC 5548 (Yagoob et al. 2001), althoudiound for the Fe K line at about 6.9 keV.

the predicted line strength is smalE\{V < 50 eV; Leahy & As reported by Guainazzi (2003), no absorption edges
Creighton 1993), but consistent within the error bars with thexisted in the EPI@®N spectrum during the observation of
value found here. Another possibility is that the line originaté&3ecember 2000, with only an upper limit of 0.14. However,
by X-ray reflection from the outer regions of the accretion disthe statistics of this observation is much lower than the one pre-
Normally the angle subtended by the outer disk, to the X-ragnted here, then enable any reliable comparison for a possible
source, would be small. However a warped, concave disk coulttiability of the absorption edge. We notice that the absorption
increase the amount of reflection at large radii, and accowuge found in the EPIC data near 7.24 keV (EeXir) cannot

for a measurable narrow line component at 6.4 keV (Blackmbe produced by the WA, if any. Indeed, the optical depth found
1999). The present 6.4 keV emission line is much weaker thimm this absorption edge is about 0.1-0.2, which means that the
the one inferred from thASCA observation in July 1997 (i.e. WA would be completly opaque below about 2 keV, while this
EW = 3201{goev for an unresolved Gaussian line). As wellis not what we demonstrate in Sect. 3.4. The WA fordag 2

it also appears approximately two times weaker than the armresponds to too weak column density to produce a signifi-
measured during December 2000, by Guainazzi et al. (20@3)nt 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 lassmdiatk-body componeneL: power-

law componentPEXRAV: exponentially cut & power-law spectrum reflected from neutral material (Magdziarz & Zdziarski 1995), thf cuto
energy has been fixed to 200 kedMPTT: 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 plasmsbisk: 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 expressetffierg@nr?s'.

Continuum parameters Liyexlge parameters x?/d.of.

BB+PL KT =172+ 7eV T =184+0.02 F(6.41keV)=92+27® EW=77+23eV 1667.91535
F(6.92keV)=43+£26@ EW=41+25eV 2 =109
Tedgd 7-24 keV)= 0.10 + 0.07

2 X BB+PL KTopr = 131+ 8eV  KTpp=317+28eV  F(6.41keV)=75+27@ EW=59+22eV 1649.81536
I'=169+003 F(6.92keV)<5® EW< 45eV x2, =107
Teagd7.24 keV)= 0.25+ 0.09
BB + PEXRAV KTop1 = 18672 eV F(6.41keV)=7.3+28® EW=60+23eV 16528534
I'=188+003 R=13+05 F(6.92keV)< 4.7® EW< 43eV X2 =108

red

Tedgd 7.24 keV)= 0.15+ 0.07

2 X COMPTT KL oion = KTZ 000 = 10 €V (fixed) F(6.41keV)=9.0+27@ EW=78+23eV 166101532
KTlama=0.21£001keV 7=281+05  F(6.92keV)=40+25@ EW=40+25eV 2 =108
KT? oma= 200 keV (fixed) 7 =0.13+0.02 Teagd7.24 keV)= 0.12+ 0.07

TONDISK logé =418+0.06 TI'=163+002 R>17 F(6.41keV)=77+27®@ EW=62+22eV 1642.8535
F(6.92keV)=27+26@ EW=24:23eV 42 =107
Teagd7.24 keV)= 018+ 0.08

3.1.3. The EPIC broad band spectrum (see Table 2). Adding another black-body componentimproves
) - the spectral fit (i.eAy? = 18 for 2 additional parameters). We
Extrapolating the best-fitting 2—-5keV power-law model backsy test other disk models suchmskBB and DISKPN com-
to 0.3keV, both MOS and PN spectra clearly reveal the pregneq with a power-law, we obtain as well a good representa-
ence of a broad soft excess below about 1.5-2keV as shqyp, of the data. withkT ~ 250eV. The temperatures found
in Fig. 1. This soft X-ray emission seems to be a cOmMMQQre are rather large for a standard steady stétén accretion
feature in Seyfert 1 galaxies observed up to now \MMM— disc. Assuming a black hole (BH) mass of about 308 M,
Newton(see Pounds & Reeves 2002). The shape of this soft @kokaki & Boisson 1999), we expect a temperature of about

cess emission is similar to that found in other high-luminosi;ymy 10eV at Rs (e.g, Peterson 1997). Therefore a standard
Seyfert 1 galaxies (see for example Fig. 1 in Pounds & Reeggay state thin accretion disc is ruled out to explain the soft
2002). excess observed in ESO 198-G24.

Fitting the 0.3-2keV EPIC spectra of ESO 198-G24 by a
single absorbed power-law model, we find a photon power-law The broad band X-ray spectrum of ESO 198-G24 may be

- lained by reflection from an accretion disc (EREXRAV,

indexI” = 1.94 = 0.02 (¢¥/d.o.f. = 592.6558, y2 . = 1.06), °xP:ain -ction .

much harder than those measured according tor?%mSAT Magdziarz & Zdziarski 1995). Since the energy range of our

observations, i.el' = 2.28 + 0.07 (2, = 2.52) andl = spectral fit is restricted, we fix the cuffenergy to 200 keV.
vt - = - red — < -

219+ 0.07 (szed — 1.07) respectively for December 1991This model gives a slightly poorer fit{/d.o.f.= 1701.71536,

and July 1992 (Turner et al. 1993). The unabsorbed 2keV "e'szed_: _1‘11) than the other ones report_ed in_TabIe 2. Adding
X-ray flux is 158+ 0.01x 10~ ergcnt?sL. We now investi- 2! €MISsion compqnentzfrom the accretion disk (e.g., bb), we
gate diferent models which may explain the 0.3—-10 keV broa%bta'n a better fit with 4y~ = 48 for 2 additional parameters,

band EPIC spectra, i.e. both the soft excess feature and the I?&%Table 2). We obtain a reflection companent close o 1.3, L.e.

spectrum. In each model, we take into account the iron comp|§ onsistent with a reflection from a cold material with an2.6

found previously, we fix the energy of the two emission Iine%teradlan solid angle. However the black-body temperature is

and of the absorption edge to the values found in Table 1 fge high for a standard steady statethin accretion disc as

the last model. The inferred parameters for all the foIIowingflem'oned above. Therefore the BRexrav modelis also ruled

models are reported in Table 2. First, we fit the spectra wi
a black-body (soft X-rays) and with a power-law component Comptonization has often been suggested as a source of
(hard X-rays). We obtain a good fit for this combined moddloth the soft X-ray and hard X-ray spectrum of AGN, as for
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found with EPIC Left panel PL only. Right panel PL + “knak” model (see text for explanation€}rossesRGS 1,diamondsRGS 2.

example the accretion disc may be responsible for the soft First, we start fitting the RGS 1 and RGS 2 spectra, with the
emission and part of these soft photons are inversed-CompEIC best-fit parameters of the power-law model. The original
scattered to the hard X-ray energy range, as they pass throsiggctrum was binned to two bins per CCD. The residuals show
the hot corona above the disc. We use a double Comptonizatiodiear soft excess (see Figlett pane). Then we modify the
model CoMPTT: Titarchuk 1994) as in O’Brien et al. (2001) inpower-law model with the “knak” model which is a multiplica-
which soft photons from the accretion disc are up-scatteredtse model. It multiplies the spectral model by a factiqn).
thermal electrons characterized by two temperatures, to yidlde full wavelength range is divided into segments with bound-
the observed broad soft excess as well as the power-law shiagevavelengthg;. The multiplicative scaling factof; for each
at higher energies. We fix the temperature of the comptonizisggment boundary; is a free fitting parameter. For each wave-
photons at 10 eV as expected for a BH mass &f13? M, as length the multiplication factorf (1) is determined by linear
mentioned above, and the plasma temperature to 200 keV ifderpolation in the log; — log f; plane. We have chosen the
the secondoMPTT. The data are well fitted with this modelgrid points4; at 6, 12, 18, 24, 30 and 36 A. This empirical
(Table 2). model gives a much better fit wigp? = 51.8 for 26 d.o.f. (see

An ionized accretion disk model (Ross & Fabian 199%Fig. 4 right pane). Half of the y? value is due to the shortest
Ballantyne et al. 2001) provides also a good fit to the data wittavelength bin of each RGS, and this is mainly due to remain-
a very high ionization parametef & Lyo/ (Ny r?), with Lpe  ing calibration uncertainties below7 A. We obtain that the
the bolometric luminosity in erg$, ny the hydrogen density source as for example a soft excess amplitude of 66% at 36 A,
of the ionized medium in cmi, andr? the distance of the ion- and 44% at 12 A.

ized medium from the photo-ionizing source in cm). The value Evident absorptiofemission features are not visible.
of & found here is consistent with an emission of a H-like e Krherefore, if there is a WA, it either has a relatively low column
line (e.g., Flg 6 from Colbert et al. 2002), and with the Smaaensity' or a very h|gh jonization paramete‘r;é L/(nH rz))_
residual found at 6.92 keV in this model. The narrowness of th"$1e WA is an Opt|ca||y thin ionized medium, detected in most
iron H-like line indicates that the line is emitted far away frorgeyfert 1 ga|axies with low to moderate X_ray luminosities
the BH or that the disk has a relatively small optically depth fq[_x < 10*ergs?). Up to now, RGS spectra confirm the ab-
Compton scattering. However, we note that the iondisk mod@ince of strong absorption in the high luminosity sources (e.g.,
used here does not take into account smearing of the emisgiffk 509: Pounds et al. 2001; PKS 0558-504: O’Brien et al.
lines and hence the derived ionisation parameter may be ov&j91). Low density warm absorbers are most easily detected
estimated. from their narrow absorption lines (see for example Kaastra
Two models can explain the broad band spectrum 2b01). To test the presence of warm absorbing gas, we there-
ESO 198-G24: a double comptonization models or an ionizgste use the above empirical continuum model (Pknak) and
accretion disk. apply the “xabs” WA model (see Kaastra et al. 2002b). The ve-
locity broadening of the absorber was fixedto= 100 kms*;
since we expect low column density, the equivalent line width
does not depend upan, but merely upon the column density.
The RGS spectrum fiers us for the first time a view of We use the spectrum with a binning factor of 3. We search
ESO 198-G24 at very high spectral resolution. While the spexgrid of ionisation parameters (lggfrom -2 to +3.5) with
trum has a rather pod®/N ratio, we are able to test sev-a set of outflow velocitiess = 0, —250, -500, —-1000 and
eral models using the SPEX code (Kaastra et al. 20022000 kms?, but found no clear detection of a WA. Therl
version 2.0). upper limits to the column densities are shown in Fig. 5. If any

3.2. The RGS data analysis
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100

—T—— 1 13 Table 3. Bestfit parameters for the average RGS spectrum with
a model combining a power-law, a modified black body contin-
uum (MBB), and relativistia.AOR lines for Ovi, N vir and Cvi Ly,.
~ The power-law parameters are kept fixed to the EPIC values.
e
© 2
& x?/d.o.f. 61.8%42
= oVl norm = 62+ 17x 16° ph s
£ (1= 1897 A) EW=22+06A
g N VI norm = 0+ 15x 10 phs*
=)
(1=2478A) EW=00+0.6A
LN CVi norm= 118+ 41x 10 phs?
Sl e (1=3374A) EW=55+19A
_2 -1 0 1 2 3
log ¢ inclination 60 *3,
Fig. 5. Upper limit at - of the column densityVy (expressed in q q> 5.4
10%°cm2), versus the ionization parametér(in logarithm scale). _
The curves correspond toffiirent values of outflow velocitieShick ry (in GM/c?) 1.645%
solid line v = 0kms?, thin solid line v = -250kms?, dashed - -
’ ' ro (in GM/c? 400 (fixed
line: v = -500km s?, dash-dot linev = -1000km s?, and dots 2 ) ( )
v =-2000kms?. MBB 0.53+ 0.06 keV

norm= 0.58+ 0.17 x 1032 m®5

WA is present, its column density is low for Igg< 2. Even

in case of a very highly ionised medium (i.e., here higher col-
umn density upper limit), the lovid- 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 @11 f (forbidden) line has a strength of
<3.2x 10°° phst, the best-fit Nax f line has a strength of
0.4 + 0.8 x 10°° phs* Thus, no significant narrow line emis-
sion 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 continuumgB), and weak ; e
relativistic LAOR lines for Ovi, and CvI Ly, (see Table 3). S L e ]
The power-law parameters are kept fixed to the EPIC values. 10 20 30
Since there are no narrow features in the spectrum, we bin the Hovelenatn ()
spectrum by a factor of 100 for the spectral fitting. Figure 6 difig. 6. Average RGS spectrum (points), with superposefilecint
plays the average RGS spectrum, with superposed the contritfumponents: the PL (dashed line), the relativigtior lines (dot-
tion of the power-law, the power-law plus modified black bodigd line), Pl+MBB (thin solid line), and the best-fit model (thick
continuum (MBBY), and the best fit model including all comsolid line): PL + MBB + relativistic LAOR lines for Ovii, Nvit
ponents. The Laor line profiles are intrinsically very broad afgd VI Lye.
asymmetric, and moreover, they are folded with the instrumen-

tal effective area, which also contains significant broad band _ _
structure. The dotted line in Fig. 6 displays the sum of tha C and 2.9, respectively. We do not exclude alternative spectral

and OvIn contributions, and due to the cosmological redshifff®dels, but for example an interpretation in terms of a dusty
the line spectrum is shifted by about 5% or 1-2 A for the refYa'm absorber giving deep edges at the wavelengths of the blue
evant part. The bright bin around 24 A is the red wing of thdges of our brqad Ilpes isflicult given the lack of de_ep nar-
Ovr line (not the peak of a N line), the part between 28 OW absorption lines in the spectrum (see also our tight limits

and 32A is a combination of the reddest part o line ©n the column density of any warm absorber in Fig. 4).
with the blue wing of the @1 line, and the part above 32 A is
dominated by the red wi.ng of thewd line. _ 4. Summary and discussion

To summarize, we find that the RGS spectrum is consis-
tent with an interpretation in terms of weak relativistic linesThe present data analysis of the observation of ESO 198-G24
The formal significance of the O VIII and C VI lines is 3:6 with XMM-Newton (January 24, 2001), has revealed that this

0.01 0.015

Average count/s

3
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