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ABSTRACT

We present medium and high resolution X-ray spectral study of a Seyfert 1 galaxy
ESO 198-G24 using a long-( 122 ks) XMM-Newtonobservation performed in February
2006. The source has a prominent featureless soft X-ray excess b&ew. This makes
the source well suited to investigate the origin of the soft excess. Two physical models —
blurred reflection, and optically thick thermal Comptonization in a warm plasma, describe
the soft-excess equally well resulting in similar fits in the — 10 keV band. These models
also yield similar fits to the broad-band UV (Optical Monitor) and X-ray d&tdM-Newton
observations performed in 2000, 2001 and 2006 on this source show flux variability. From
2001 to 2006, the UV flux increased by 23% while the2 — 10 keV X-ray flux as well as
the soft-excess flux decreased ©y20%. This observation can be described in the blurred
reflection scenario by a truncated accretion disk whose inner-most radius had come closer
to the blackhole. We find that the best-fit inner radius of the accretion disk decreases from
Rin = 4.93%112Rg to Ry, < 2.5Rq from 2001 to 2006. This leads to an increase in the
UV flux and compressing the corona, leading to reduction of the powerlaw flux and therefore
the soft-excess. The blurred reflection model seems to better describe the soft-excess for this
source.
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1 INTRODUCTION plex warm absorber features. This makes the characterization of
M Sevfert 1 galaxi h inent soft X both the soft excess and the warm absorbers difficult particularly if
SaEny eyter 9a axn(ejs Sb ow a pr0m|r|1en SO -rayt exfesj the spectral resolution is moderate or the signal to noise ratio is low.
.( ) emission over and above a powerlaw component exten " Therefore, itis important to study Seyfert 1 galaxies without signif-
ing to high energies. This SE was first detectedm etal. . ;
. icant soft X-ray warm absorber or other features in order to probe
(1981) usingHEAO-1data and also by Amaud etial. (1885) and o~ "2 L e 1 qalaxy ESO 198624 |
[(1985) usingXOSATdata. The nature and origin of © hature emisston. 1he eyfert 1 galaxy a 'S
: ) ) one such AGN with featureless soft X-ray excess.

the SE is still uncertain. In most cases it is well described by )
ESO 198-G24 was observed in the soft X-ray ban®@BEAT

blackbody or multiple blackbody emission with photon tempera- .
ture ranging from0.1 — 0.2 keV over several decades in AGN ~ tWwice during1991 — 1992 (Turner et al[ 1993). It was noted that

mass [(Gierliski & Doné[2006). If one assumes this feature to the spectrum had varied between the two observations. There was
have a thermal origin, then its temperature is quite high as com- & flattening of the soft X-ray spectrum, and the emission lines and

pared to that predicted by the standard accretion disk model of absorption edges were not required statistically in the second 1992

IShakura & Sunyab\ (1973). The constancy of the temperature of observation. It was possible to put a lower limit on the variability
the SE points to the fact that its origin is likely related with the tme scale of s months. . .

atomic physics, in a way that the shape of the SE is the result of Guainazzi[(2003) studied ESO 198-G24 using thel0 ks
atomic transitions. The SE can be described as blurred reflectiondata fromASCA(1997),~ 9ks data fromXMM-Newton(2000),
from a partially ionised accretion disk when a hard X-ray photon and~ 150 ks from BeppoSAX2001). The study revealed that the
flux is incident on it|(Ross & Fabin 20d05). It can also be physi- Fe Ka line profile and the line intensity varied between the obser-
cally explained by Comptonisation of disk photons by an optically vations. In theXMM-Newtondata) Guainazz| (2003) found an ad-
thick electron cloud at higher temperature (Done Et al.[2012). The ditional emission line feature &t7 keV with an equivalent width

soft excess is usually modified by the presence of strong and com-70 & 40 eV and suggested that it might be a part of the double
horned profile of the Fe line.

Porquet et dl. | (2004) studied the source using X4vIM-

* Email: laha@iucaa.ernet.in Newtonobservation performed in 2001. There was no clear evi-
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Table 1. The threeXMM-Newtonobservations of ESO 198-G24 used in
this work.
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1 0112910101  2000-12-01 13 ks
2 0067190101 2001-01-24 34 ks
3 0305370101  2006-02-04 122 ks

cts/s

dence of warm absorption in the soft X-ray band, however there
were weak relativistic emission lines of OVIIl and CVI dyin the

RGS data. An Fek line at6.41 keV with an equivalent width o
of about60 — 70 eV was clearly detected. As a part of a sample T

study, Tombesi et al. (2010) have investigated the presence of high
ionisation outflows from ESO 198—-G24 using data obtained from
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0 5x104 10°

an XMM-Newtonobservation in 2006. They did not find any nar- )
Time (s)

row absorption line in the Fe K band, however they found a narrow

absorption edge at.59 keV. It could possibly be associated with  Figure 1. Background subtracted EPIC-pn lightcurves of ESO 198-G24 in

Caxx Ly a, blueshifted by a velocity of 0.1c.[de Marcoetdl.  the soft (0.2 — 2 keV) band (top panel), in the har@ (- 10 keV) band

M) studied the source as a part of a sample study investigating(midd|e panel), and the hardness ratio (bottom panel) for observation 3

the variability of the Fe K complex. They used the time averaged (id:0305370101).

spectrum fromt — 9 keV, and found that the Fed(line varied be-

tween the twoKMM-Newtorpbservations in 2001 and 20086, in that

the former data showed a broader Fe khe with an upper limit curves of the source in the sofd.2 — 2 keV) and hard X-ray

on the line widtho < 0.36 keV. They also found an absorption (2 — 10 keV) bands along with the hardness ratio. We used the full

line in the 2006XMM-Newtordata at7.56 keV with an equivalent  |ength of the observation to extract the lightcurves. The net source

width of 40 eV. light curve was obtained after appropriate background subtraction

In this paper we make a detailed broadband spectral study of using FTOOLS taskcmath We note that the hardness-ratio has not

ESO 198-G24 using all the availablViM-Newtondatasets and  varied significantly within the observation. We created the ancillary

investigate the origin of the soft X-ray excess emission. This is the response file (ARF) and the redistribution matrix file (RMF) using

first detailed spectral analysis for this lo2 ks dataset. Section  the SAS taskarfgenandrmfgen respectively. After filtering, the

2 describes the observations and data reduction. Section 3 dealsiet exposure in the EPIC-pn data8sks, and the net counts is

with broad band spectral analysis (EPIC-pn and OM+EPIC-pn), as 4 x 10°.

well as RGS spectral analysis. We discuss our results in section 4 We processed the RGS data using the SAS tgskroc We

followed by the conclusions. chose a region, CCD9, that is most susceptible to proton events and
generally records the least source events due to its location close
to the optical axis and extracted the background light curve. We

2 OBSERVATION & DATA REDUCTION then generated a good time interval file to filter the eventlist and

) extracted the first order source and background spectrum.
ESO 198-G24 was observed KM-Newtonon three occasions We processed the optical monitor (OM) data usimgichain

In December 2(_)00’ January 2001 and Fe?’r”afy 200630£3 and _ We obtained the count rates in 5 active filters by specifying the
122 ks, respectively (see Tab[@ 1 for details). We have analysed in pa ang Dec of the source in the source list file obtained by the
detail the_data obtained from the lofg2 ks _observatlo_n on 2006 omichaintask. The count rate thus obtained was converted to flux
(observation number 3, see Table 1). In t_h's observation, the EIch'using standard tables. See secfiod 3.3 for details. For variability
pn camera was operated in the small window mode and the MOS g, gies (sectioi@4), we have also analysed the OM and EPIC-pn
cameras were operated in the partial window mode. Data were re-aaets from two earliétMM-Newtorobservations, for which we
duced using SAS version 11.0.0. . . follow the same procedure as described above for data reduction.
We processed the EPIC-pn and MOS data wjichainand There was no pile up in the data for these observations. The hard-

emchainrespectively, and filtered them using the standard filter- oo ratio of the source was found to be constant during these two
ing criterion. Examination of the background rate above 10 keV jp<anations

showed that the observation was partly affected by a flaring parti-
cle background at the beginning of the observation upto an elapsed
time of 5 ks. We checked for the photon pile-up using the SAS task
epatplotand found that there were no noticeable pile-up in either
EPIC-pn or MOS data. We quote results based on EPIC-pn dataWe grouped the EPIC-pn spectral data with a minimum of 20
due to its higher signal-to-noise compared to the MOS data. We counts per energy bin and at most 5 energy bins per resolution el-
have used single pixel events with pattern=0 and FLAG=0. To ex- ement, using thepecgroupcommand in the SAS. We used ISIS
tract the source spectrum and lightcurve, we chose a circular regionversion 1.6.1-36 (Houck & Denicola 2000) for our spectral fitting.
of 43 arcsec, centred on the centroid of the source. For background All errors quoted on the fitted parameters reflect 9086 confi-
spectrum and lightcurve, we used nearby circular regions that aredence interval.

free of any sources. Figué 1 shows the background-corrected light We begin with the spectral analysis of the- 10 keV data. A

3 SPECTRAL ANALYSIS
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7.4570-07. The fit seemed satisfactory in tRe— 10 keV regime
which we extrapolated to the lower energies.

On extrapolating the above best-fit model to the whole
band (0.3 — 10 keV), we found a clear presence of soft X-ray
excess emission belo® keV. The origin of such soft excess
in type 1 AGNs is still unclear. Several models such as single
or multiple blackbodies, multicolor disk blackbody, blurred
reflection from partially ionised material, smeared absorption,
and thermal Comptonization in an optically thick medium
can provide statistically good fit to the observed soft excess
(Magdziarz et al.| 1998] Fabian et &l. 2002; Gieski & Doné
[2004;| Porquet et al. 2004: Crummy et al. 2006; Dewangar et al.
@). We fitted the soft excess with a simple phenomenolog-
ical bbody model and still found some positive residuals in
the soft X-rays for which we used one molt®body model

Energy (keV) and the fit statistics improved fromy?/dof = 1806/257
Figure 2. The2—10 keV EPIp-pn datafitt‘ed by a simple absorbed power- g X2/d0f = 382/253. The model used in ISIS terminology is
law mode! to show the Fe K line comp!ex in the energy rangé-e keV_ wabs x ( bbody( 1) +bbody( 2) +power | aw+Gaussi an( 1) +
I(izzsse;‘r’grv?sfi;lgﬁ)'t::"fezir:jduﬁem'ss'on lines and weak FeK absorption ;s sj an( 2) - Gaussi an( 3)) . The best fit blackbody tem-
' peratures obtained wer&Tgs = 0.08 £ 0.02 keV and
kTpp = 0.17 £ 0.07 keV. The fit statistic ofy2 ~ 1.51 was
simple powerlaw model with absorption due to neutral column in unacceptably high which may possibly be due to a cold reflection
our Galaxy (wabs) provided @*/dof = 292/198 ~ 1.50, where continuum present at energies4 keV. This continuum emission
dof stands for degrees of freedom. The best fit equivalent neutral originates from blurred reflection of hard X-ray photons off a
Hydrogen column densitiyir < 3x10%° cm ™2, is consistent with neutral medium distantly located from the blackhole, possibly
the Galactic columnN$® = 2.93 x 10%° em~?; [Kalberla et al. in the torus or the broad line region. We used the PEXRAV
[200%), and therefore we fixédy; to this value. There was no evi- ~ model (Magdziarz & Zdziarski_1995) which gives us the direct
dence for an additional neutral absorber intrinsic to the source. The powerlaw emission as well as the reflection from the cold disk to
best fit powerlaw slope wak = 1. 64*8 8‘11 Figure[2 shows the model this feature, and that improved the fit Byy?> = —118 to
2—10 keV spectrum fitted with an absorbed powerlaw model, and x>/dof = 264/250. The best fit parameters are listed in TeHle 2.
the ratio of the observed data and the model. There are two emissionGiven the small band pass of thM-Newtonin the hard X-ray
lines at~ 6.4 keV and~ 7 keV in the rest frame4 = 0.0455) range, the relative reflection coefficient (R) BEXRAV however
and also there are weak absorption features-af.4 keV. The could not be properly estimated, with a value2af7 g 7.
Fe Ko feature has been detected previously in the same dataset as ~ The neutral and narrow irondline and Compton reflection
a part of sample study by Tombesi et &l. (2010)/and de Marcd et al. from neutral material could physically arise from the same com-
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). ponent. Therefore a single model describing them together would
We used a Gaussian profile to fit the prominent Fee énis- better constrain the parameter values. We therefore removed the

sion line at6.4 keV. The best fit line energy i6.4170 03 keV. cold reflection modePEXRAV and the Gaussian line &t4 keV,

Initially we fixed the standard deviation of the Gaussian ling, and used the mod®EXMON (Nandra et &l 2007) that combines

to a value0.01 keV and found a weak red wing withy? /dof = the cold reflection PEXRAV with self-consistently generated

229/194. Then we allowed the to vary and the fit improved to  Fe Ka, Fe K5, Ni Ko, Fe Ka and the Compton shoulder. To
x?/dof = 213/193. We found that the Gaussian line was slightly achieve this, th@.3 — 10 keV spectrum was fitted with the model

broader than the instrumental resolution with= 0.1275:0) keV, wabs x ( bbody( 1) +bbody( 2) +power | aw+PEXMON- Gaussi an) ,

which corresponds to an FWHM speed Iﬁoooﬂg(jg kms™. in ISIS notation. We ensured th®EXMON models only the re-

The equivalent width of the line 188 & 20 eV. We then checked  flection component and not the direct powerlaw. Thend the

for a possible relativistically broadened iron line component around norm of PEXMON were tied to the corresponding parameters of

6 keV with an ISIS additive modelaor (LaoH1991). We allowed power | aw The best fit value of the reflection coefficient R is

the emissivity index of the model to vary betwekn 4, so that we —1.16%) 35 and the Fe abundanced7") 42 which seems to be
got dominant flux from the inner regions of the accretion disk com- well constrained.
pared to the outer regions, thus giving rise to a broad component. At 7.40 keV we have earlier detected an absorption line. Such

We found that the addition of this component did not improve the a line had been identifed as highly ionised absorption from Fe

fit statistically. Previous studies on this sourcel by de Marcolet al. by several authors e.g. Chartas etlal. (2003); Pounds et all (2003);
(2009);[ Porquet et &I (2004); Guainazzi (2003) also did not find [Braito et al. (2007). We removed the inverted Gaussian and used
any broad underlying featu003) however detecteda warm absorber table model generated using a photoionisation
an emission line a5.7 keV which he interpreted as the red horn  code XSTAR (Kallman et al.| 2004), which improved the fit by

of the FeK line profilemmm) had studied @teandra Ax? = —8for 3 extra parameters tg>/dof = 273/253. The ion-

data of the source and found a narrow kekhe at6.4 keV. We isation parameter derived from the best fit Was¢ = 2.8770:95,
also found weak positive residualsab5 keV which when mod-  the column density was 1575 x 10*' ¢cm ™2, and the outflow ve-
eled with a narrow Gaussian improved the fit By? = —17 for locity calculated with respect to the systemic velocity was.1c,

3 new parameters tq?/dof = 196/190. The narrow absorption which shows that we detect a highly ionised, high velocity out-
line when modeled with an inverted narrow Gaussian, improved flow. Since the detection is weak, we carried out a Monte-Carlo
slightly the fit to x* /dof = 189/187 with a line centre energy of  simulation to test the significance of this absorption feature. The
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Monte-Carlo test suggests that the absorption features are detectedomponents — the thermal emission of the disk, cool Comptoniza-
at < 20 significancel_Tombesi etlal. (2010) did not detect the ab- tion in the optically thick disk, and the hot Comptonization in

sorption features in the same dataset as they have adopted a critean optically thin corona, are combined together assuming that
ria where only those features with Monte Carlo derived confidence they are all ultimately powered by gravitational energy released in

levels> 95% are selected. the accretion process. We therefore excluded the blackbody and
We also tested for the presence of warm absorbers in the en-the powerlaw components from our earlier best-fit model when
ergy band0.3 — 2 keV using a low ionisatiorXSTAR warm ab- using this model. The parametéy determines the fraction of
sorber model. This model was created assuming a powerlaw ion-the seed photons that go into producing the hard X-ray power-
ising continuum and a turbulent velocity @D0 kms™! for the law. We have frozen the norm afpt xagnf to one, since the
cloud, and spans the parameter spaed: < logé < 4 and flux is completely calculated by the four parameters: the black-

19 < log N < 23. We did not detect any statistically significant hole massMgx, the spin of the blackhole, the relative accretion
warm absorption in the soft X-rays. However we find a weak emis- rate L /Lgaq, and the luminosity distance of the souog. We

sion line which when modeled using Gaussian profile improves the have fixed the value dbg(Mgu/Mg) = 8.1

statistics byAy? = —17 to x?/dof = 256/250. The lineis nar- ~ [1999) andDy, to 192 Mpc (obtained from NED). The spin pa-
row with a central energy di.532 + 0.007 keV in the rest frame. rameter was set to vary. We obtained the best fit relative accretion
We analyse in detail the nature of this emission line using RGS rate,log(L/Lraa) = —1.36175:055. The spin could not be con-
data below. The lack of warm absorption in the soft X-rays makes strained using this dataset. The full band best fit model stands as
ES0198-G024 a good candidate to study the soft-excess emissionvabs x xstar x (optxagnf+ pexmon). As we had noted that there
spectroscopically in detail as it is relatively unmodified. is no separate powerlaw component, as in previous cases, to which
we could tie the?EXMON norm andl", we had followed the follow-

ing steps. We had fixed the powerlaw contributioropt xagnf
model to zero by setting the paramefier = 0 and added a power-
The two main physical models in vogue which describe the soft- law model with the model mentioned above. The best fit parameter

excess are the blurred reflection from a partially ionized accre- values of the powerlaw norm afddthus obtained were noted. We
tion disk ¢ ef | i onx; [Ross & Fabidh 2005; Crummy et al. 2006) removed the powerlaw from the model and allowed the parameter
and the intrinsic Comptonized emission from an accretion disk frL of opt xagnf model free to vary. We fixed the pexmon norm
(opt xagnf ;M@z)_ We have used these models sep- andI" to those obtained using the powerlaw model and carried out
arately in two instances to describe the soft-excess component.  Our fit.

The modelr ef | i onx (Ross & Fabidn 200%; Crummy et al.
) describes the soft-excess as a Compton reflection from
an ionised disk. It assumes a semi-infinite slab of optically
thick cold gas of constant density, illuminated by a power-
law producing a reflection component including the fluores- We fitted the RGS1 and RGS2 spectra simultaneously with the
ence lines from the ionised species in the gas. We blurred it EPIC-pn spectrum for the purpose of testing the presence of
using kdbl ur to account for the Doppler and gravitational warm absorption and emission in the high resolution spectra.
effects. The full band Q.3 — 10 keV) was thus fitted with We used one of the previously obtained best fit physical models
wabs xxst ar x( Gaussi an+power | aw+pexnon+ wabs xxst ar x( opt xagnf +pexmon) for our continuum. The
kdbl ur (reflionx)). The best fit ionisation parameterds—= RGS spectra were not grouped and therefore we used the C statis-
4937315 ergcms~! and the iron abundance with respect to solar tics 9). The best fit value of the statistic for the simulta-
is0.777539 The fit statistic wasy? /dof = 271/252. The narrow neous fit was C/def 5250,/5215. We checked for the presence of
emission line modeled using a Gaussian was not required statisti-any ionised absorption feature in the RGS data usingK®EAR
cally and hence we removed it. We however detected a clear excessvarm absorber model, but could not find any withiod% statis-
in the region< 0.5 keV. The excess could be thermal emission tical significance. This corroborates with our non-detection of a
from the thin accretion disk as predicted myaev low ionisation warm absorber component in the EPIC-pn spec-
). We thefore used a disk-blackbody component to model the trum. Earlier studies on the source by Porquet bt al. (2004) and
excess emission, to find that the fit impoved By? = —8 to i3) have also not detected any low ionisation warm
x?/dof = 263/250. The F-test significance on addition of this absorbers. However, we find the presence of an emission feature
component is> 90% and the fit is acceptable. The best fit tem- at ~ 0.532 keV (rest-frame) in the EPIC-pn data as well as in
perature of the blackbody 1263 eV. This temperature nearly  the RGS spectra. This emission feature may arise from an ionised
conforms with that calculated for the innermost radius of thin cloud intrinsic to the source. We used a Xstar warm emitter addi-
disk accreting around a blackhole of madgn ~ 10% x Mg tive table model to estimate the cloud parameters which give rise
(Rokaki & Boisson 1999). The best fit parameter values obtained to these features. This table model was created assuming a pow-
for this set of models are reported in Table 3, model 1 (column 3). erlaw ionising continuum and a turbulent velocity 260 km s~*
Figure[3 shows the contribution of the various model components for the cloud, and spans the parameter spa¢e< log ¢ < 4 and

3.1 Describing the soft-excess with physical models

3.2 The RGS spectral analysis

in the broad band spectrum. 19 < log Nu < 23. The fit improved byAC = —36 to a statis-
The opt xagnf model, proposed by Done et dl. (2012), de- tic C/dof= 5214/5211 on addition of this component. The best
scribes the soft-excess in terms of color-temperature corrected diskfit parameters ardog ¢ = —1.73703, NiWE = (9.54 + 0.5) x

emission and Compton upscattering of this disk emission by the 109 cm*Z,voutﬂow ~ 12,000+500 kms™. The line was iden-

low temperature, optically thick inner regions of the disk itself. tifed with the neutral Oxyget « emission line. We also identify
This model also describes the hard power-law component by ther-one more emission line modeled by the same warm emitter com-
mal Comptonization of disk emission by an optically thin, hot ponent which corresponds to neutral Nefix at ~ 0.85 keV.
corona external to the disk. In thept xagnf model, the three Figure[4 shows the RGS1 and RGS2 spectra with the best fit model
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Figure 3. Shows the data and the contributions of the different model components neflienxwas used to model the soft-excess. The data and the best fit
model are at the top. The black line just below it shows the powerlaw absorbed by Galactic neutral hydrogen. The green curve shows the contribution of the
blurred reflection from an ionised disk (reflionx). The blue curve with narrow emission lines shows the contribution from the PEXMON which is the reflection
from a neutral disk. The red curve in the extreme left is the contribution from the disk-blackbody.

wabs X Xstarwa X (Xstarwg + optxagnf + pexmon) when si- 3.4 The long-term X-ray and UV variability

multaneously fitted with the EPIC-pn data, along with the residuals. The joint fit to the OM and the EPIC-pn data from the observation

3 did not prefer any one of the soft-excess models over the other.
We then looked for possible variability in the source and its pattern
to help distinguish between them. We also performed spectral anal-
ysis of observation 1 (2000) and observation 2 (2001) (see Table
[1). We fitted the three EPIC-p0.6 — 10 keV) datasets separately
From TabléB we find that both the soft-excess modets ( i onx with simple modelswabs * (bbody + powerlaw + pexmon +
andopt xagnf ) yield similar fitting statistics to the EPIC-pn data. ~Gaussian). The powerlaw slope and the blackbody temperature
We further investigated this result by simultaneously fitting the for all the three datasets were similar. However the X-ray flux in
UV data from the optical monitor (OM) telescope and the EPIC- the0.3 —10 keV band had varied from observation 2 to 3 (see Fig-
pn data. The OM observed ESO 198-G024 simultaneously with ure 6 and Tablg]5). The EPIC-pn datasets for observations 1 and
the EPIC-pn with five filters. We used the SAS tamki chai n 2 were analysed in detail using the two modelsf | i onx and
to reprocess the OM data. We obtained the flux values from the Opt xagnf for the soft-excess which are reported in TdHle 6. For
source list files that were generated by tvd chai n task. The observation 1 both models describe the dataset well, but in case of
right ascension and declination of ESO 198-G24 were matched observation 2 the ef | i onx model gives a statistically better fit
in the combined list and we obtained the source flux at the five (x°/dof = 229/232) than theopt xagnf (x*/dof = 253/235).
wavelengths corresponding to the five filters. The Galactic ex- The continuum model parameters except for the normalisations are
tinction correction was done followirlg Fitzpatfick (1999) reden- similar for the two observations (see Tafble 4). In the UV band the
ning law withR, = 3.1. The observed flux a120 (UVW?2 fil- flux increased by23% from the observation 2 to observation 3. The
ter) is5.23 + 0.06 x 10" ergem 25! ~! and after correcting first observation used only one filter (U band) which was not used
for the Galactic reddeningA(x = 0.282) we obtained a flux of in the second observation. We also find that when the UV flux in-
6.78+0.07 x 107*° ergem ™2 57171, The Galactic extinction cor- creased by23%, the X-ray flux decreased by almost the similar
rected fluxes obtained in the five filters are given in the TBble 4. fraction (~ 20%). We have also carried out simultaneous fit of
The measured OM flux at different wavelengths are also af- the EPIC-pn and OM datasets for the three observations to obtain

fected by the host galaxy contamination, the nuclear emission lines better constraints on the parameters for the lower signal to noise
and the intrinsic reddening, which y|e|d a considerable amount of data. We found that the parameter values for the two sets of models
systematic uncertainty in the measured optical-UV continuum flux. I €f I i onx andopt xagnf are similar to those obtained in indi-
Accurate measurements and estimates of these quantities are notidual fits and therefore do not quote them separately. We discuss
known, so we have added a typ|$ﬂ7o Systematic error to the the implications of these results in the next section.

OM fluxes. The two sets of modetsef | i onx andopt xagnf,
were used to jointly fit the OM and EPIC-pn data. The best fit pa-
rameter values are quoted in Table 3 (columns 5 and 6). We find
that both the models describe the data with similar statistics. The
higher values ofx?/dof are due to the small error bars on the The broad band EPIC-pn spectrum of ESO 198-G024 is well de-
OM data points, so even a small deviation from the model yields scribed by a soft-excess component, an iron line compbex (

a poor statistic. Note that the parameters of the moplelsnon, 8 keV), and neutral reflection from distant cold matter. In the iron
Xst ar - WA and Gaussi an were frozen in the joint fit as they = Kband, we detected neutrabK K5 emission lines and absorption
were determined by the EPIC-pn fit only. Figlile 5 shows the plot features at energies 7 keV. The0.3—10 keV unabsorbed flux of

for the two best fit models along with the OM data points. the source i€ x 10~ ergem =2 s~ 1. The continuum parameters

3.3 The Optical Monitor data

4 DISCUSSION
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! 10 15 20 25 30  Figure 6. The OM and EPIC-pn data are plotted for the thxdéM-Newton

Wavelength (A) observations. The colqrs _plack, blue and red stands_ for t_he observations 1, 2
and 3. We see flux variability between the observations in both the EPIC-pn
Figure 4. The observed RGS1 and RGS2 spectral data along with the gnd OM datasets.
best-fit model (in black) for observation 3. There are no statistically sig-
nificant warm absorbers. However there are two narrow emission lines of
neutral Oxygen and Ne arising from a medium with an ouflow velocity of
~ 12,000 kms~" at wavelengthd 4.5 and23.4. temperature of the soft excess from ESO 198-G024 are similar to
those observed from other Seyfert 1 galaxies. We found no signifi-
cant warm absorption in tie3—2 keV band. Since the soft-excess
was not modified by complex warm absorption, we were able to
investigate in detail its possible origin. The temperature of the soft
excess when described as thermal emission is much higher than that
predicted from an optically thick and geometrically thin accretion
disk. To spectrocopically ascertain the possible origin of the soft-
excess we modeled it with two physical models — the blurred reflec-
tion reflionxand intrinsically Comptonized disk emissioptxagnf
Both the models describe the soft-excess statistically well. We dis-
cuss below the possible implications of each soft-excess model for
ESO 198-G024. The best fit parameter values are quoted in Table
h " . B columns 3 and 4.
] ] The ionisation parameter of the reflecting disk of tafionx
model is¢ = 4937315 ergems™?, suggesting a moderate ionisa-
tion state. The best fit inner radius 2.5Rq, and an emissivity
e Y™ S E——— index of4.2370-59 of kdblur clearly indicate that major part of the
Energy (keV) soft excess flux is emitted from a region very near to the central

Figure 5. The two sets of best fit modetsef | i onx+di skbb (dashed a?(iitl'rs]gobr:izkdh(a).lr?d -rref;:ZCEtllthehSeUSanF;:;turce:ozz.:n iﬁ?;i?g);ntd :)Sr|]<
green) andpt xagnf (solid blue) obtained from joint fitting of OM and which 1S ioni powerlaw inuum ncl

EPIC-pn data. The OM data points are plotted in red. See sdctibn 3.3 for it, and most of this reflection comes from within a few gravita-
details. tional radii. We required an additional disk black body component

to model the excess below the energy rafigekeV, with a best

fit temperature okTgpp = 2673 eV. This points to a dual origin

of the soft excess, i.e, the accretion disk acts as a thermal ionised
for e.g. powerlaw slopd{ = 1.81+0.01), black body temperature  material which emits a blackbody spectrum, and also emits repro-
(KT = 0.08 +0.02, 0.17 £ 0.07 keV) and the neutral reflection  ceqgeq fluorescent spectrum. In Fi. 3 we see the individual con-

-
o
[N}

keV? photons cm ™2 s7! keV ™!

coefficient (2 = —1.62 £ 0.1) are similar to those found in typ-  yipytion of each of the continuum and discrete com i

. ied (Pi i — ponents in the
ical Seyfert_l galaxie . al. 2005: Winter et al. 2012). spectra. The ef | i onx flux in the0.3 — 2 keV band obtained is
Below we discuss our main results. 2.23 + 0.06 x 10" 2 ergem 25~ and the disk-blackbody flux

in the same energy range7s76 + 0.06 x 10~ " ergem ™2 s7!.

Thus the disk-blackbody component is weak and contributes just
~ 3.5% of the total soft-excess flux.

ESO 198-G024 shows a prominent soft X-ray excess emission be- Theoptxagnfdescribes the soft-excess in terms of the intrinsic
low < 2 keV over an absorbed power-law component. The soft thermal emission from the disk and the thermal Comptonization
excess flux isv 1.00 x 10" 2 ergem ™25 !, which is~ 5% of in the disk itself[(Done et al. 20112). This model also includes the
the total0.3 — 10 keV unabsorbed flux. Two blackbodies with tem-  powerlaw component extending to high energy in the whole band of
peraturekTgg = 0.084+0.02 keV andkTgp = 0.17£0.07 keV 0.3—10 keV. The best fit value of the paramefer, = 0.80+0.02
yielded satisfactory fit for the soft excess. Thus, the strength and thepoints to the fact that 80% of the power released in the accretion

4.1 The Soft X-ray excess emission
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process is converted to powerlaw photons. The best fit value of thelog(Lgoi/Lraa) ~ —1.50 (obtained usingopt xagnf model)
temperature of the thermal electrons which Comptonise the seedwhich is ~ 6 eV, if we assume an inner most stable radius of

photons to produce the soft-exceskiB. = 240130 eV with an six times the Schwarzschild radilis. The best-fit accretion rate

optical depth ofl5.76. obtained using thept xagnf model is comparable to accretion
In type 1 AGN, the two modelsef | i onx andopt xagnf ratelog(Lgol/Lraa) ~ —1.46 calculated from the broad band

have been claimed to explain the soft X-ray excess. The blurred re-0.001 — 100 keV SED. The0.001 — 100 keV bolometric flux cal-

flection model naturally explains the similarlity of the soft-excess culated from the SED i$.06 x 107! ergcm =257

shape observed across various AGN, the shape does not scale either We found flux variability both in the UV as well as in the
with the black hole mass or luminosity (Crummy el al. 2006). The X-rays. The UV fluxes increased from observation 2 to observa-
reflection model also naturally explains the lag observed betweention 3 by a factor oR23% (UVW2), while the2 — 10 keV flux as
the hard X-ray band dominated by the direct X-ray continuum and well as the soft-excess flux decreased by a factor &0%. This
the soft X-ray band dominated by the soft excess. The observedkind of variability appears to be similar to the X-ray variability ob-
lag of about30 s is interpreted as the reverberation lag between served from black hole X-ray binaries which show a strengthening
the direct primary continuum and the reflection from the inner disk powerlaw with decreasing disk emission when they make spectral
(Fabian et 8. 2009; Emmanoulopoulos et al. 2011). The reflection transitions from the high/soft or thermally dominated state to the
model also explains the remarkable X-ray spectral variability ob- low/hard states (see e.g.. Esin €t al. 1997; Bellonilet al.|2005). The
served in some AGN where the soft X-ray excess remains nearly observed UV and X-ray variability from ESO 198-G24 can pos-
constant while the power-law component varies by large factors, sibly be explained in the truncated disk scenario with a spherical
see e.d. Fabian etlal. (2005). corona lying between the truncated radiis and the inner most
Dewangan et all (2007) have investigated the time delay be- stable orbitRisco. If the inner radius of the truncated digk:,
tween the emission in the soft and hard X-ray bands for the comes closer to thBisco , the effective area of the disk will in-
sources MRK 1044 and AKN 564. They found the soft X-rays creas leading to anincrease in the UV flux while the corona will be
leading the hard X-ray band contrary to the expectations from compressed and hence the hard X-ray emission will decrease. This
the reflection model but generally consistent with the optically- is also what we observe when we fit the data for all the three obser-
thick thermal Comptonization model. However, it should be noted vations using the modelef | i onx. We find that the best fit inner
that in the reflection model, the soft excess consists of numer- radius decreases froRy, = 4.93711% Ra to Rin < 2.5 Rg from
ous emission lines blended and blurred due to the high veloci- observation 2 to 3, and we note that the SE flux has also decreased
ties and strong gravity in the innermost regions. These lines are during that time and the UV flux has increased. However it is not
usually generated by absorption of continuum photons with en- clear physically how the inner radius of the truncated disk can be
ergies just above the line energies. The reverberation delay be-shortened.
tween the continuum and the blurred reflection is expected to be ~ The optxagnf model has three distinct emission
short ¢~ 30 s) as observed in some narrow line Seyfert 1 galax- components— the UV bump, the soft-excess, and the hard
ies (Fabian et al. 2009; Emmanoulopoulos ét al. 2011). The long X-ray powerlaw, assuming that they are all powered by the
time delay~ 1700 s reported byl Dewangan etlal. (2007) could gravitational energy released in accretion. The model assumes that
be dominated by the delay due to the Comptonization process. Inthe emission thermalises to a blackbody only at a large radius,
theopt xagnf model of Done et al[ (2012), all the soft X-ray ex- and at smaller radii the gravitational energy released through
cess emission is attributed to the disk. This model is similar to accretion is split between powering the soft-excess (optically thick
the thermal Comptonization modat hconp except that it in- ~ Comptonised disk emission) and the powerlaw (optically thin
cludes the thermal emission from an accretion disk and the inner corona). The flux variability of the source ESO 198-G24 can be
region of the disk acts like an optically thick Comptonizing corona. possibly explained with this model if the coronal radius moves
[Done et al.[(2012) have shown that this model describes the soft ex-nearer to the blackhole. In such a scenario the UV emission will
cess satisfactorily well in the case of extreme narrow-line Seyfert increase with a decrease in powerlaw as well as the soft-excess.
1 galaxy RE J1034+396, as well as in the low accretion type 1 However, it is not clear physically how the coronal radius can be
AGN PG 1048+231]_De Marco etlal. (2013) have done an exten- shortened.
sive study of soft X-ray time lags in AGN. They have found that
the time scales of the soft lags are relatively short and are also
strongly correlated with the blackhole mass of the AGN, indicat-
ing that these lags originate in the inner most regions. Their results In ESO 198-G024, the Fe Kline is slightly broader than the
best describe the scenario where the delayed soft-excess emissiomstrument resolution (FWHM velocity: 14000 kms ™). Also
originates from the inner regions of the AGN which is stimulated there is a weaker but significant Fe3Kine detected af.05 keV
by a compact central source of hard X-ray photons. ESO 198-G24 rest wavelength. However there is no statistically compelling broad

4.2 The Fe line complex and the neutral reflector

is a source in their sample and it has shown a soft time lag 26 Fe K feature at~ 6 keV, clearly indicating that the lines arise
significance. Confirmation of such a time lag would suggest a re- from a distant region from the central blackhole. Also the best fit
flection origin for the SE. line energy of the Fe K is 6.4170:0 keV which indicates that the
The simultaneously fitted OM and the EPIC-pn data of ob- fluorescent line is emitted from a relatively neutral medium. The
servation 3 shows both the modelsf | i onx and opt xagnf neutral reflection model PEXMON could describe the Fe K emis-
described the datasets equally well. The larger valuexdf sion lines consistently with the reflected continuum. The reflection
is due to the fact that the OM data points have small er- coefficient ofR = —1.6210 ] points to an origin from a reflec-
rors. From the joint fits using theef | i onx+di skbb model tor with a complicated geometry. A reflection coefficient of value
we find that the diskblackbody has a much colder temperature 1 would imply a reflector which subtends a solid angl@nfat the
of k' = 3.6702 eV. This is comparable with the inner ra- powerlaw emitter, which is assumed to be isotropically emitting.

dius temperature of an accretion disk accreting at a rate of Soin the case of ESO 198-G024 either the emitter is not isotropi-
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cally illuminating the neutral medium, which may be the torus, or (iv) We detected the presence of an kekhe with vewnu <

the geometry of the reflecting medium is more complicated. Such 14000 kms~*. We also detected a narrow FéHine. These lines

values of reflection parameters are not uncom et al.can arise from the torus or inner BLR. We do not detect any broad

@), and in such cases a more complicated geometry is assumedre line component.

The best fit Fe abundance(20 4 0.04 with respect to solar, for (v) A neutral reflection component was detected, which also

the neutral reflector. consistently modeled the FeKline suggesting a common origin
As we noted earlier, the soft-excess of ESO 198-G024 could for both.

also be described by a relativistically blurred reflection model. This  (vi) A high ionisation and high velocity warm absorber was ten-

hints at the possiblity of detecting a broad Fe emission line. How- tatively detected at 20 significance. We do not find any evidence

ever, we do not detect one, which possibly means that the line is for a low ionisation warm absorber.

blurred beyond detection. (vii) We detect a weak warm emission component with two

prominent lines identified as neutral Qwéand neutral Ne K.

Acknowledgements : This work is based on observations
obtained with XMM-Newton, an ESA science mission with instru-
A h|gh|y ionised h|gh Ve|ocity warm absorber has been tenta- ments and contributions directly funded by ESA Member States
tively detected in the energy range 7 keV at < 2o signifi- and NASA. Authors are grateful to the anonymous referee for
cance. The best fit ionisation parametegis- 1000 erg cms ™" his/lher comments which improved the quality of the manusript.
points to the fact that these features are mainly from FeXXV and/or Author SL is grateful to CSIR, Govt of India, for supporting this

4.3 The high ionisation absorbers

FeXXVI K-shell resonance absorption having large column den- work.

sities (Cappl 2006). We have detected an absorption column of
5x 10! em™2. These outflows are possibly connected with the ac-
cretion disk winds, since detailed studies of accretion disk winds by

|King & Pounds|(2003) arld Proga & Kallmdn (2004) suggested that

the inner regions of the outflowing material can be highly ionised REFERENCES

by the intense radiation and can have large outflow velocities. Since
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Table 2. The best fit model parameters, using the basic set of models wabs*(bbody+bbody+PEXRAV+egauss+egaus-egaus).

Model parameters Values Comments/Ax? improvement
wabs Ny (fixed) 3 x 1020 cm™—2
bbody norm 4.7970-20 % 105
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r 1.82 £0.02

rel reflection® 2.2775 1

Fe abundance 0.587030

inclination 60 pegged at this value (c®) = 0.5).
Gaussianl  norrh 9.657350 x 1076 Ax% =79

Line E 6.41 £0.05

+0.05

g 0.08Z¢ 04
Gaussian2  norrfi 2.77130 x 1076 Ax2=—17

Line E 7.05 + 0.05
Gaussian3  norrfl 204+1.30x107%  Ax2=-7

Line E 7.4575:07

x?/dof 264/250 ~ 1.04

aDue to small band pass of XMM in hard X-ray, the relative reflection parameter could not be estimated properly.
PWe have used a broad Gaussian to fit the &efnission feature..
“This is a narrow Gaussian which modeled the Bedfnission feature .
dThis Gaussian modeled the FeK absorption feature.
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Table 3. The best fit parameters when the Soft-excess was modeled using physical models for the observation 3, using EPIC-pn dataset as well as EPIC-pn
and OM combined datasets.

°Model 1=wabs X Xstarya X (diskbb + powerlaw + pexmon + kdblur(reflionx)); Model 2 =wabs X Xstaryx X (optxagnf + pexmon)

EPIC-pn EPIC-pn+OM*

Model parameters Model 1¢ Model £ Model 1¢ Model ¢

components

wabs Ny (em™2) 3 x 1020(f) 3 x 1020 () 3 x 1020(f) 3 x 1020(#)
(frozen)

Warm absorber  N3WA (em—2) < 1022 4.871292 x 1021 1021 (f) 4.87 x 1021 (§)

(XSTAR) log(¢) 2.77+0-20 2.92+0-19 2.77(f) 2.92(f)

b -~ +0.01 _ +0.01 _ _
redshift 0.057T 5" 005 0.0577 5" 005 0.057(f) 0.057(f)
disk-bbody norm 1.20720 % 107 — 8.07 -1 x 109
+0.003 +0.0002
kTpp ( keV) 0.0267 J" oy — 0.00367 ' 001
powerlaw norm 0.00258 + 0.0002 — 0.00258(f)
0.02
r 1.8475-02 — 1.84(f)

PEXMON norm 0.00258 0.00271 0.00258(f) 0.00271(f)
T 1.84 1.82 1.84(f) 1.82(f)
rel reflection(R) —1.6279-19 —1.4379-15 —1.62(f) —1.43(f)
Fe abundance 0.20 4+ 0.04 0.24 + 0.02 0.20(f) 0.24(f)
inclination (degrees) < 60 < 60 o(f) o(f)

Gaussian norm 4.641%'3 x 1075 4.42 X 10*5(f)
Line E (rest) ke V 0.533 £ 0.007 0.533(f)
o(eV) 0.001 keV(f) 0.001 keV(f)

) +1.50 -8 +1.70 -8

Reflionx norm 4.42§jr((;_gg X 10 — 7.24jr(])_gg X 10
Fe/solar 0.777 551 — 0.827 35
T 1.84 — 1.84

+116 _ +230
£ 4937517 374757
: +2.51 +0.51
Kdblur index 2.561 561 — 4.237 55,
Rip (rg) < 2.5 — < 2.5
inclination (degrees) < 27 — < 27
optxagnf norm — 1 — 1
+0.003 +0.003
s/ - e
kTe — 0.247 00 — 0.197 055
T — 15.76 + 2 — 19.61 + 3
T — 1.82 4+ 0.01 — 1.83 +0.03
o1 — 0.80 + 0.02 — 0.842 =+ 0.022
reor (rg) — 30 + 12 — 72 + 22
Spin — < 0.99 — < 0.99
x2/dot 263/250 260/250 306/263 316/264

a(f) stands for frozen parameters. These parameters were constrained by EPIC-pn fit only.
bRedshift as noted in the observer frame. Negative implies a blue-shift

Table 4. The Optical Monitor data for the three observations.

Filters Wavelengths  Galactic Corrected Fldix)( Corrected Flux{) Corrected Flux(y)
(central) extinction x10 P ergem 257171 x107Pergem 257171  x10 P ergem 2511

used magnitude  (observation-1) (observation-2) (observation-3)

uvw2 2120 0.282 — 5.51 +0.08 6.78 £0.07

UVM2 2310 0.256 — — 6.44 + 0.043

Uvwil 2910 0.170 — 4.78 + 0.006 5.64 £ 0.004

U 3440 0.146 2.45 +0.004 — 3.60 £ 0.002

B 4500 0.116 — — 2.29 + 0.002
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Table 5. The X-ray fluxes of ESO 198-G24 calculated from the EPIC-pn data for the three observations.

observation  observation Fx (0.3 —2) keV Fx(2 —10) keV F«(0.3 — 10) keV Soft-excess flux
number id (bbody)
orgcrn’2 s™1 erg cm~2s7 1 erg cm 2571 erg cm~2g7 1
+0.11 —12 +0.03 —11 +0.03 —11 +0.01 —12
1 0112910101 9.447 515 x 10 1.077 503 x 10 2.017 53 X 10 1.057 5 x 10
+0.005 —11 +0.01 —11 +0.04 —11 +0.008 —12
2 0067190101 1.237 5505 X 10 1.297 501 x 10 2517597 X 10 1.237 5505 X 10
+0.04 —12 +0.009 —11 +0.01 —11 +0.008 —12
3 0305370101 9.187 5 g5 X 10 1.086 o7 x 10 2.00T g3 X 10 1.000 5 x 10
Table 6. The best fit parameters when we modeled the EPIC-pn and OM datasets of observations 1 and 2.
Observation 1 Observation 2
Model paramters Model 1¢ Model £ Model 1€ Model ¢
components
wabs N (em™2) 3 x 1020 3 x 1020 3 x 1020 3 x 1020
(fixed)
disk-bbody norm >2x 107 — > 3 x 109
kTpp ( keV) 0.02573-508 - 0.00319-00%
powerlaw norm 0.0016()6;;:88({?,3 — 0.0032 =+ 0.0002 —
r 1827007 — 1.86 4 0.04 —
PEXMON norm 0.00266 0.0027 0.0032 0.0032
r 1.82 1.82 1.86 1.85
rel reflection —0.8179-6¢ —0.6aT0-3%  —0.85T0-57 —0.6871 0572
Fe abundance 016785, 0.88 + 0.5 387029 0.6075-49
inclination (degrees) < 60 < 60 < 60 < 60
Reflionx norm 7.6tg_5 x 1079 — 522tégg x 10~8 —
Fe/solar <20 — 0.5018:3‘1’ —
r 1.82 — .86 —
13 < 10000 — 971173990 —
. +2.20 +3.5
Kdblur index 4.23757 — 4.871_1012 —
Rip (rg) < 4.5 — 4037112 —
inclination < 60degrees < 60degrees —
optxagnf norm — —
log(L/LEpp)  — —1.42F055 ~1.4470:95
kTe — 0.2178:02 — 0.2079:04
T — 20.63 + 3 — 19.68 + 2
+0.07 .+0.07
r - L1790 03 - 1-85° ¢ 04
fp1 - 0.89 +0.02 — 0.851 4 0.101
reor (rg) — < 100 — 65755
Spin — < 0.99 — < 0.76
x?2 /dof 163/183 164/183 243/232 253/232

°Model 1=wabs X (powerlaw + pexmon + kdblur(reflionx)); Model 2 =wvabs X (optxagnf + pexmon)
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