A&A 413, 895-902 (2004) Astronomy
DOI: 10.10570004-6361:20034050

& .
© ESO 2004 AStI’OphySICS

Close and distant reprocessing media in Mkn 509 studied
with Beppo SAX

A. De Rosa, L. Piro!, G. Mat?, and G. C. Perofa

1 Istituto di Astrofisica Spaziale e Fisica Cosmica, C.N.R., Via Fosso del Cavaliere, Roma, Italy
2 Dipartimento di Fisica, Universitdegli Studi “Roma Tre”, Via della Vasca Navale 84, 00146 Roma, Italy

Received 4 July 200BAccepted 23 September 2003

Abstract. We present the broad band analysis of B&pp®&AX observations of the Seyfert 1 Mkn 509. In 2000 the source

was in a typical flux stateF,_1g kev = 2.7 x 107! erg cn?s1, while in 1998 it was found in a high flux statB;_10 kev =

5.7 x 10! erg cn?s71. A comparison between the two states shows a energy—dependent flux variation of about a factor of
three and a factor of two in the LECS (0-4%keV) and MECS (1.510 keV), respectively, while in the PDS (2300 keV)

the difference is marginal. A soft excess, a narrow iron line and a Compton reflection hump above 10 keV are clearly apparent
in the residuals after fitting the spectra with a simple power law. We tested two alternative models. In the first the iron line and
the high energy bump are well reproduced by reprocessing in a cold and Compton thick material. The intensity of the iron line
(also consistent with @handrameasurement) as well as the normalization of the reflection hump are consistent with a constant
in the two epochs: this, combined with the fact that the line is narrow as obsen@ldnylra suggests a common origin from

distant and optically thick matter. This model further requires a component to model the soft excess: the empirical choice of
two black bodies accounts well for the excess in both observations; their combined strength was a factor of about three higher
in the high than in the low flux state defined above. However, the relative contribution of the soft excess is higher in the low flux
state. In the second model we attempted to reproduce all spectral features, except for the narrow cold line, with reflection from
an ionized disc. This model is successful only in the high flux state, but it fails in the low flux state, when the soft excess is only
partially accounted for. In either model, the slope of the power law is greater in the high than in the low flux\§tate).2),

in agreement with a behaviour known to be shared by several objects of the same type.
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1. Introduction (N4 > 10%* cm2) and a Compton reflection component is also
expected (Ghisellini et al. 1994; Matt et al. 2003), as already

The most popular model for X-ray emission in AGN envisageshserved in NGC 4051 (Guanazzi et al. 1998) and NGC 5506
a hot, optically-thin plasma (the corona) which up-scatteffyatt et al. 2001).

to X-ray energies the soft photons produced in an optically

thick accretion disc (e.g. Haardt & Maraschi 1993). The disc, In this paper we present the 20@epp®&AX obser-

in its turn, reprocesses and re—emits part of the Comptonizedions of the Seyfert 1 galaxy Mkn 509, and compare
flux, so producing the characteristic reprocessing features, hevith the 1998 observation, already discussed by Perola
Compton reflection hump and the fluorescent irom ke. et al. (2000). This source has a typical X-ray luminosity (in the
The presence of a broad component of the iron line (Fabian10 keV energy range) of 8 10* ergs?® (Hp = 50 kms*

et al. 2000) in the X-ray spectra of Seyfert galaxies was finghoc™) at z = 0.034, with a Galactic absorption column of
observed byASCA(Tanaka et al. 1995; Nandra et al. 1997\ = 4.4 x 10?° cm™2 (Murphy et al. 1996). A soft excess
Yagoob et al. 2002) and confirmed Bgpp®AX (Guainazzi in the X-ray spectra was observed bR®SATand Ginga si-

et al. 1999) and byXMM-Newton (Fabian et al. 2002; multaneous observation (Pounds et al. 1994), confirming the
Wilms et al. 2001) observations. Howevethandra and previousHEAO-1 (Singh et al. 1985) an&EXOSATfinding
XMM-Newton observations clearly indicate that a narroyMorini et al. 1987). TheASCAobservation, however, sug-
component, likely originating in distant matter, is also almogfested a warm absorber component in Mkn 509 rather than
always present (Reeves et al. 2001; Pounds et al. 2001; Matfue soft excess (Reynolds 1997; George et al. 1998), but
et al. 2001; Yaqoob et al. 2001; Kaspi et al. 2001; Poun8epp®AX (Perola et al. 2000) anXMM-Newton(Pounds

et al. 2003). The BLR and the optically thick torus are thet al. 2001) confirmed the soft X-ray excess below 1 keV,
best candidate regions to produce this narrow componeatd showed also the presence of a narrow iron line (already
In the latter, the matter is likely to be Compton-thickletected byGingaandASCA and a Compton reflection bump
above 10 keV (Singh et al. 1990).
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Fig. 1. Left panel. Lightcurves and hardness ratio MECSI@ ke VYLECS(0.72.5 keV) of theBepp®AX observations (the binsize is 6000 s).
The time intervals between theflidirent looks in 1998 and 2000 are fake. Right panel. Spectral ratio between the high (1998) and low (200
flux state.

The observations and data reduction are described simectrum corresponding to the larger flux state. Since in this
Sect. 2. A model-independent variability study is presentedband the incidence of absorption, reflection component and soft
Sect. 3. The spectral analysis is reported in Sect. 4 and digeess is negligible, the change must be associated with the
cussed in Sect. 5. Our conclusions are drawn in Sect. 6. primary, power law component.

2) Below 1 keV the ratio suggests the presence of another
2. Observations and data reduction component, which varied in aftierent way with respect to the

power law.

Mkn 509 was observed BeppBAX (Boella etal. 1997) two — 3) n the 16-100 keV range the ratio is consistent with a
times in 1998 (May 18, October 11) and four times in 200&hnstant value. This one being the region where Compton re-
(November 3-8-18-24). The LECS, MECS and PDS data Hsction is important, this result suggests an approximately con-
duction followed the standard procedure (Fiore et al. 199@}ant intensity in this additional component, despite the change
The PDS spectra were filtered with variable rise time. We ey the primary flux.
tracted the spectrum within circular regions around the source | the next section we will test these results with a detailed
centroid with radii of 4 and 8 for the MECS and LECS, re- gpectral analysis.
spectively. The background was extracted from event files of
source-free regions (“blank fields”). Spectral models were fit- .
ted to the data using the XSPEC package V11.2. All quotéd Broad band spectral analysis
uncertainties correspond to the 90% confidence level for one;. cold disc reflection model
interesting parameteng? = 2.71). The models included a nor-
malization factor for each instrument to take into account ikn 509 is known to possess a soft excess, as observed by
tercalibrations. We fixed the PIECS normalization to 0.8 EXOSAT(Turner et al. 1991)ROSAT(Pounds et al. 1994),
while the LEC$MECS normalization ratio was between 0.Be€PPSAX (Perola et al. 2000) anXMM-Newton(Pounds
and 1 (Fiore et al. 1999). et al. 2001). We first excluded the energy range where the ex-

In Fig. 1 we show the LECS (0-2.5 keV), MECS (2— Cess is present by fitting the 1998 and 2000 spectra from 3 to
10 keV) and PDS (13-200 keV) light curves (the binsize 00 keV with a power law multiplied by expE/Ec), a cold
6000 s), and in the last panel the hardness ratio MECS (£flection component (PEXRAV, Magdziarz & Zdziarski 1995,
10 keVYLECS (0.7-2.5 keV). The source does not show S@Lith inclination angle fixed to = 30°) and a Gaussian compo-
nificant spectral variations within the two sets of observatiorf2ent to model the iron line. With the intrinsic width of the line
thus we combined the two in 1998 as well as the four fS @ free parameter, the fit yields an unacceptably large value
2000. The journal of the combined observations is shown @ o ~ 2 keV in both spectra, that was likely due to a bad de-

Table 1. In 1998 Mkn 509 was in a relatively bright flux stateScription of the continuum at the line energy. This parameter is
Fo_10 kev = 5.66x 10721 erg cnt2s71, while in 2000 it was at however basically unconstrained and in fact, with a width fixed

a more typical flux levelF,_1q wev = 2.7 x 101 erg cnr2sL. 10 0.1 keV, the fit is equally good. We therefore adopted this
value; the results are reported for both epochs in Table 2.

The x? is fully acceptable in both observations
((,yz/d.o.f.)zooo = 60/66, ()(Z/d.O.f.)lggg = 54/66). The
The two states are characterized bffatient spectral shapesnarrow line energy is consistent in both spectra with neutral
as immediately revealed, in a model-independent way, by ihen, with an intensity that does not appear to vary significantly
ratio of the spectra (right panel of Fig. 1): between the low and the high flux states.

1) In the 1210 keV energy range a change in the slope is A strong soft excess dE < 3 keV appears when the
apparent (with a pivot point around #80 keV), the steeper 3—-100 keV best fit spectra are extrapolated to the LECS energy

3. Spectral ratio
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Table 1. Mkn 509 byBepp@&AX. Journal of the observations in 1998 (sum of two) and 2000 (sum of four).

OBS LECS(0.15-3keV) MECS (1.5-10keV) PDS (13-200 keM),, (MECS)
(sh) (s (s (s)

1998 0.464+ 0.003 0.724+ 0.003 0.77+ 0.03 87834

2000 0.167 0.002 0.325: 0.001 0.58t 0.03 152777

Table 2.Best fit spectra between-300 keV in the low (2000) and high (1998) flux state of Mkn 509.

r E.(keV) R “lre EWe(eV) EXS(keV) y%/d.o.f.
2000 1.59%97 834  0.8694 2818 9660 6.33012 60/66
1998 1.809%% 110740  0.649% 3.316  57:27 6.37319 54/66

* In 1075 ph cnt? 571 at the line energy.
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Fig. 2. Hard X-ray spectral fit folE > 3 keV extrapolated to 0.15 keV in tigepp@BAX-LECS energy band. A soft X-ray excess is present.
The ratios datenodel are shown as this spectral component seems have a larger contribution in the low flux state of Mkn 509 (left panel, see
discussion in the text for details).

band (see Fig. 2). With the cold reflection facRyrthe energy The best fit spectra with two black bodies are summarized
and width of the line fixed at the values from the previous fitp Table 3, and the datamodel ratio is shown in the left panel
we first attempted to model the soft excess with one black boalfyFig. 3. The intensities of the iron line in the two flux states
component: the result is not good£(d.o.f.)2000= 186.7/143, are consistent with a constant valugd® = (2.8 + 1.1) x
(x?/d.o.f.)1908 = 166.1/143); a much better result in both 0b-10~° ph cnt?s™t and|19% = (3.4 + 2.0) x 107° ph cnT?s72,
servations is obtained with the addition of a second black body |, following the claim by Pounds et al. (2001), a second

(the probability of exceeding with the addition of two param- jron line is added to the previous model to account for a pos-
eters is greater than 99.9 per cent in both spectra). It is WogiB|e contribution from an ionized component, the fit improves
recalling here that Pounds et al. (2001) resorted to three blaglrginally (the probability of exceedirfgwith the addition of
bodies to model the soft excess observed WithM-Newton  two parameters, the energy and intensity of the line, is 95 and
When we try to substitute the two black body componen®8 per cent in the low and high flux state respectively). In both
with a disc black body model, the fit becomes worse in bosipectra the (poorly constrained) line energy is consistent with
spectra¢?/d.o.f. = 177/140 in 2000 ang?/d.o.f. = 150/140 H-like iron, and the equivalent widths ax60 eV and~45 eV
in 1998). in the low and high flux states, respectively.

We also tried, without success, to add, instead of the second The results shown in Table 3 quantitatively confirm our first
black body, two edges at the energies of OVII (0.74 keV) amdmmentin Fig. 1, with a change of the spectral indEx 0.2
OVl (0.87 keV), whose optical depths are consistent with ze(see Fig. 4). This behaviour is consistent with that observed in
in both spectra. other Seyfert 1 galaxies (NGC 4151: Perola et al. 1986;
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Table 3. Cold disc reflection model. Broad band best fit spectra.

r E.(keV) R kTiz (V) kT2 (eV) *lre EWee(eV) x?%d.o.f.  Null hyp prob
2000  160:097  84'3%  090:2% 718 24327 28+11 94+37  157.4138 0.124
1998 182+006 115% 07004 718  260+25 34+20 62+36 127.8138 0.721

* In 1075 ph cnt? s at the line energy.

Table 4. The ionized disc reflection model. Broad band best fit spectra. The disc radial emissivityel@jwis?, with 8 = —3. The inner and
outer radii were kept fixed respectivelyrig = 6 ry andro, = 10° rg. with r, = Gmy/c? the gravitational radius.

r log () R *|narow  Ewnarowe\)  y2/d.of.  Null hyp prob
2000 170+002 15592 114:015 16+09  62+35  183.2143 0.013
1998 1894002 1.55%% 07594 23+16  45:30  155.3143 0.228

* In 1075 ph cnt? s at the line energy.

Piro et al. 1998; NGC 5548: Nicastro et al. 2000; IC 4329a: We therefore fitted the spectra with a reflection model
Done et al. 2000; NGC 7469: Nandra et al. 2000; M&& that takes into account ionization of the accretion disc (Ross
30-15: Vaughan & Edelson 2001; NGC 3783: De Ros& Fabian 1993). The most important quantity in determin-
et al. 2002a), and with th&, vs. « relation expected in a ing the shape of the reflected continuum is the ionization pa-
Comptonization model for the intrinsic continuum emissiorameteré = 4xFy/ny, whereFy is the X-ray flux (between
(Petrucci et al. 2000 and references therein). 0.01-100 keV) illuminating a slab of gas with solar abundance

. 5 A3 o
With regard to our second comment in Fig. 1, we nofdd constanthydrogennumber densiiy= 10 cm=. Thein

that the strength of the two black body soft excess, in tﬁjadent flux is assumed to be a power law with spectral photon

0.25-2 keV range, is a factor of about three times larger Wdexr and a shar[:r)].hihgh elnergy r(]:uﬁcat 100 II(?\?' The re-
the 1998 epoch than in the 2000 epoch. ected spectrum, which includes the Fe,Ks multiplied byR

and added to the primary continuum fi@rent values of in-

With regard to our third comment in Fig. 1, the normalizagicate diferent ionized statesffacting the strength and width
tion of the Compton reflection component (which we verifiegf the Fe line (Matt et al. 1993; Matt et al. 1996), and of the
to depend very weakly on the value of the slope of the incidegsorption edges. We applied to the reflection spectrum the rel-
radiation) turns out to bé = (2.3+ 0.6) x 10 in 1998 and gativistic smearing for the Schwarzschild metric assuming an
A = (2.075) x 1072 in 2000, consistent with a constant valuegmissivity lawr?, with 8 = 3 and inner and outer radii fixed
very much like the intensity of the cold iron line. to 6ry and 100@,. Finally, a narrow and cold iron line was fur-

The fact that, as shown in Fig. 4, its relative normalizgher added to the fitting model.
tion appears also constant (that, within the large errors, could The pest fit parameters are given in Table 4, and the
suggest a reflection component which follows _the i”trinsﬁatamodel ratios are plotted in the right panel of Fig. 3.
changes), is only the consequence offRers.  relation hold-  Ngtably, in the high flux level spectrum (1998) the ionized re-
ing in the flux range that we happened to cover. flection accounts for the soft X-ray emission, and there is no
need for an additional soft component. Tyeis acceptable,
albeit not as good as with the alternative model; the same is
not true in the low flux level spectrum (2000), where in partic-

. . : I~ . ular the residuals both below 1 keV and above 20 keV show a
The possible presence of a line from highly ionized iron (assstematic deviation, and thé is very poor
claimed by Pounds et al. 2001) is suggestive of reflection fro ' '
an ionized accretion disc. In this case the reflected componentThe ionization parameter in both spectra-#0 erg cm s,

can be strong below1 keV and could significantly contributeFor such a value, according to Matt et al. (1993), the disc is ex-
to the observed soft excess in Mkn 509. pected to contribute a neutral iron line of about 100 eV. Indeed,

4.2. The ionized disc reflection model
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Fig. 3. Datgmodel ratio when the spectra in the low (upper panels) and high (lower panels) flux states of Mkn 509 are reproduced with a cold
(left) and ionized (right) disc reflection model. See Tables 3 and 4 and for best fit parameters.
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Fig. 4. 10, 20 and 3 contour plots high energy cutfovs. T (left panel) andR vs.T (right panel) in the two flux states when the spectra are
fitted with a cold disc reflection model.

we find that the intensity of the narrow line is somewhat smallbetter suited to describe the two observations than the model
than that measured in the cold disc model. Again, the intensjtxst described.
of the narrow line does not change from one observation to the
other, as expected if the line is produced in distant matter. 5 piscussion
To test the possibility that the distant matter responsible for . )
the narrow line is optically thick, we added a constant cold ré-1- The intrinsic continuum

flection component. In the high flux spectrum the reflection g} broad-banBepp&AX spectra of Mkn 509 are domi-
low energies does still account reasonably well for the soft gx5teq by a variable power law with an exponential cfit-khe
cess and the fit remains acceptabté/d.of. = 1585/142), ¢ folding energy is found within the range of values observed
although the cold component becomes dominant over the iQhother Sy 1s wittBepp®AX (Perola et al. 2002). This model
ized one Reoig = 1.17352, Ron = 0.4+ 0.2), while in the low g g approximation of a Comptonized spectrum. In fact one
flux spectrum no improvement is attained at low energies agflthe emission mechanisms that is believed to work in the
the fitis worse ¢?/d.o.f. = 187/143). central region of AGN is a two-phase model involving a hot
We note that also with this model the fit experiences grona emitting medium-hard X-rays by Comptonization and
changeAl’ ~ 0.2 (see Fig. 5 and Table 4). an optically thick layer that provides the soft photons to be
On balance, it seems to us that the cold reflection mod€lpomptonized (Haardt & Maraschi 1993). However, the heating
with the addition of an independent soft-excess componentnigchanism of the electrons, the geometry of the disc-corona
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Fig. 5. lonized disc reflection model (see Table 4). Confidence plots (68, 90 and 99 per cent) ionization parardeterligton indeX (left
panel) and Reflected fraction Us(right panel) in the dferent flux states of Mkn 509.

configuration and the origin of the variability are still venys.2. The soft X-ray excess

uncertain. . .
As indicated byXMM-Newtonand Bepp®&AX observations,

There is strong evidence that in Seyfert 1 galaxies thee soft excess is a common component in Seyfert 1 spectra
X-ray spectrum softens as the-20 keV flux increases (see e.g. Pounds & Reeves 2001). Whether this component rep-
(e.9. 1H0419-577, Page et al. 2002; NGC 3783, De Rogaents thermal emission directly from the accretion disc, or
et al. 2002a, MCG-6-30-15, Vaughan & Edelson 200%e result of the disc reprocessing of the hard X-rays impinging
NGC 5548, Petrucci et al. 2000, Nicastro et al. 200@pon it, is still unclear. In a study of a small sample of Sy 1s
NGC 7469, Nandra et al. 2000; IC 4329A, Done et al. 2008pserved byXMM-Newton Pounds & Reeves (2001) conclude
NGC 4151 Perola et al. 1986). Our analysis confirms this bt the “gradual soft excess” (GSX) detected in Mkn 509 could
haviour also in the case of Mkn 509, where a flux variation iy interpreted as Comptonized thermal disc emission, this view
a factor of two in the 2-10 keV range is observed along withiiing supported by the absence of discrete spectral features in
change of the power law slopd” ~ 0.2 (see Tables 3, 4 andrGs data. In addition they suggest that this broad soft emission
Figs. 4, 5). component might be a common feature, which can sometimes

Analysing the spectral variability with a Comptonizatiof€ obscured by a warm absorber.
model (Haardt & Maraschi 1993) we found that an additional The analysis of the twdepp®&AX spectra of Mkn 509
black body component was required (wif: greater that shows that the absolute strength of the soft excess is definitely
99.9 per cent), to model the soft X-ray spectra in both obseryagher in the high flux state. However when it is reproduced
tions. The fit is still good in 1998£/d.o.f. = 130/141), while with two black body components, it accounts f80 per cent
this is not true in 2000¢/d.o.f. = 174/141), where large de- of the 0.25-2 keV observed luminosity in 2000.8%°,, .., =
viations are present below 1 keV and above 40 keV. We foufidc 10* erg s1) and less than 25 per centin 19 _%’;2 ey =
that for the high state the temperature of the corona and thé x 10* erg s1). When the spectra are fitted with an ionized
Comptonization parametgithe Comptonized to soft luminos-disc reflection model, the soft excess in the high flux level state
ity ratio), are lower than in the low statieT, = 65+10keV, and (1998) can be completely accounted for by the reflection of the
T = 1.00°3% in 1998 andkT, = 922) keV andr = 0.88:3% disc, with no additional components required. In the low flux
in 2000. This behaviour, together with the fact that the cofevel state (2000), instead, the stronger relative contribution of
tinuum variation is higher at low energies (see lightcurves ihe soft excess is only partially accounted for by a larger value
Fig. 1), suggests an increase, in the high state, of the seed glidhe reflection fraction (from a disc surprisingly characterized
tons able to Comptonize the corona. This increase could be dhyethe same ionization parameter as in 1998), and the global
either to some geometricaffect (e.g. a change of the inner rafit can hardly be considered acceptable. Despite the attractive
dius of the disc) or to a change of the albedo of the disc (e.gbahaviour of this model in one of the two observations, the al-
variation of the ionization state). In both the hypotheses sorignative model with a cold reflection and the soft additional
variations in the strength of the reflection features are expecteamponent, at least from a statistical point of view, behaves
However our analysis is consistent with a constant value of thvell in both observations, and itffers a natural explanation
reflection components (see discussion in Sect. 5.3). Then farrthe presence of the narrow and cold iron line.
analysis supports the idea that the observed variability is driven We furthermore note that the black body components do
by a change in the soft photon flux which is not due to a changet represent a unique empirical model that provides a good fit
in either the geometry or the albedo of the disc. of the soft excess. Perola et al. (2000) describe this component
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Mkn 509. Cold disc reflection model Mkn 509. Ionized disc reflection model
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Fig. 6. The two diferent spectral models we checked, in the high (dash curves) and low (solid curves) flux state. In the left panel the cold disc
reflection model is shown together with the black body components to reproduce the soft X-ray spectra. In the ionization disc reflection model
(right panel) no additional component are required to model the spectra.

with a soft power law, and find that its extrapolation to lowdine is not necessarily produced by Compton thick material, for
energies matches the observed strength of the UV emission,iadtance it could come from the Broad Line Region (which has
mittedly observed in a fierent epoch. This lends some suppotypical column density of 14 cm2, Netzer 1990).
to the idea that it could arise from Comptonization in the inner- The case of Mkn 509, as assessed in this paper, adds to
most part of the accretion disc (see also the case of NGC 53#8se of NGC 4051 (Guainazzi et al. 1998) and NGC 5506
in Pounds et al. 2003). (Matt et al. 2001), where a reflection component associated
with a narrow cold iron line has indeed been detected.
Concerning the very marginal evidence we found for a ion-
ized line in addition, it is worth mentioning the case of other
Both the Compton reflection hump and the neutral iron emisbjects where such, and generally weak, lines have been ob-
sion line are detected in thBepp®AX observations of served, like NGC 5506 (Matt et al. 2001), NGC 7213 (Bianchi
Mkn 509. A single Gaussian component reproduces well tBgal. 2003), Mkn 205 (Reeves et al. 2001), NGC 3783 (De Rosa
line profile. Perola et al. (2000) got similar results on the ret al. 2002a), NGC 7469 (De Rosa et al. 2002b). As already
flection features using a power law rather than two black bogyentioned, in the firskMM-Newtonobservation of Mkn 509
components to model the soft excess. The energy of the ii@rr000 Pounds et al. (2001) claimed the discovery of a weak
line they found is slightly higher than the value we report hergnized line in addition to the narrow cold line. After a reanaly-
because in our broad—band fit we kept the intrinsic width of ths of the same observation, along with the analysis of a second
line fixed to 0.1 keV. one made in 2001, Page et al. (2003) reach the conclusion that
The energy of the iron line indicates a low stage of ionHumination of a distant, cold and optically thick material is a
ization (Fel-XVI1). Its intensity does not vary significantly bessimpler and self consistent explanation of the iron spectral fea-
tween 1998 and 2000 and, moreover, it is consistent with thates, rather than models including reflection from an ionized
measured in a simultaneoGbandraHEG andRXTEPCA ob- relativistic disc.
servation (Yaqoob & Padmanabhan 2003) when the flux was
similar to that observed bBepp®AX in 1998, FShandra - .
55 x 10! erg cn?s7%, and in aXMM—Newtonof)slgr?/e;tion 6. Conclusions
in 2000 (Pounds et al. 2001). The amplitude of the reflectid@king advantage of two 0.1-100 k&épp&AX observations
component is also consistent with a constant value in the tfbMkn 509, performed about two years apart, which found
Bepp@®AX observations, despite the variations in the prima#{je source a factor of two fiierent in the 210 keV flux level,
flux. Thus it is most likely that both fluorescence and reflectioMe could profitably compare two alternative models. The first

take place at a distance of at least about one parsec from fHedelis a classical one with a cold Compton reflection, already
central source. investigated on the observation performed in 1998 by Perola

A narrow component of the iron line is a common fes£t al. (2000), the other with the reflection from an ionized disc.

ture in Seyfert 1s (Padmanabhan & Yaqoob 2003 and refer- Common results of the two fitting models are:

ences therein). A recent analysis of a sample of nine Seyfert 1sa) The slope of the power law increasas; ~ 0.2, when
(Mkn 509 included) observed byMM-Newton(Reeves 2003) the 2—10 keV flux is a factor of two higher. This result agrees
found that the majority of the sources show an unresolved linith the behaviour found in several other objects of this class
at 6.4 keV. In general terms, given the typical EW found, thend lends further support to the Comptonization models for the

5.3. The reflection and fluorescent components
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origin of the power law, in the form applied e.g. to NGC 5548abian, A. C., Vaughan, S., Nandra, K., et al. 2002, MNRAS, 335, L1
by Petrucci et al. (2000). Fiore, F., Guainazzi, G., & Grandi, P. 1999, Cookbook for
b) There is a cold iron fluorescent line, whose intensity and BeppoSAX NFI Spectral analysis. SDC report. (Available from
width are consistent with results obtained on the same object http://asdc.asi.it/bepposax/software/index.html)
with XMM-Newton(Pounds et al. 2001; Page et al. 2003) an@eorgev l., & Fabian, A. C. 1991, MNRAS, 249, 352
with a simultaneou€handraHEG andRXTEPCA observation C¢0'98: I Tumer, T., Netzer, H., etal. 1998, ApJS, 114, 73
e . Ghisellini, F., Haardt, F., & Matt, G. 1994, MNRAS, 267, 743
(Yaqoob & Padmanabhan 2003). The stability in the INtensigy 5inaz7i, M., Nicastro, F., Fiore, F., et al. 1998, MNRAS, 301, L1
of this line, despite the rather large variations of the continuugyainazzi, M., Matt, G., Molendi, S., et al. 1999, A&A, 341, L27
level, speaks definitely in favour of a distant (of the order @faardt, F., & Maraschi, L. 1993, ApJ, 413, 507
one parsec) placement of the fluorescent material. Kaspi, S., Brandt, W. N., Netzer, H., et al. 2001, ApJ, 554, 216
With respect to a simple power law, at low energies arMiagdziarz, P., & Zdziarski, A. A. 1995, MNRAS, 273, 837
in both observations there is a fairly strong and rather brobf@tt, G., Perola, G. C., & Piro, L. 1991, A&A, 247, 25
soft excess. The ionized disc reflection model can in principitt, G., Fabian, A. C., & Ross, R. R. 1993, MNRAS, 262, 179
account self-consistently for the existence of such an exce4att: G Fabian, A.C., & Ross, R. R. 1996, MNRAS, 278, 1111

. . . . . tt, G., Guainazzi, M., Perola, G. C., et al. 2001, A&A, 377, L31
And indeed, in the high state observation (1998) this mocﬁaﬂ, G. Guainazzi M. & Maiolino, R. 2003, MNRAS, 342, 422

gives a fairly good fit, without requiring any extra componen orini, M., Lipani, N., & Molteni, D. 1987, ApJ, 17, 145

except for the narrow line mentioned above. However, in tlﬂ;ﬁjrphy, E., Lockman, F., Laor, A., & Elvis, M. 1996, ApJS, 105, 369
low state observation (2000) the outcome is a very poor fifandra, K., George, I. M., Mushotzky, R. F., Turner, T. J., & Yaqoob,
with substantial positive residuals below 1 keV. From a purely T. 1997, ApJ, 477, 602

empirical point of view, this dference between the two stateslandra, K., Le, T., George, I., et al. 2000, ApJ, 544, 734
follows from the relative contribution of the soft excess beindjetzer 1990, published in Active Galactic Nuclei, ed. R. D. Blandford,

stronger when the source was in the low state, when the powerH. Netzer, & L. Woltjer
law was at the same time harder. Nicastro, F., Piro, L., De Rosa, A., et al. 2000, ApJ, 536, 718

With the cold reflection model, the soft excess must ﬁeadmanabhan, & Yaqoob 2003, in Conference Proceedings, High
' Energy Processes and Phenomena in Astrophysics, |AU

modelled with an additional component, for which an empir- Symp., 214, Suzhou, China, 2002

ical combination of tvyo black bodies giyes fair result.s in bot,bage, K., Pounds, K., Reeves, J.. & O'Brien, P. 2002, MNRAS, 330,
states (an equally fair result was obtained on the first obser-|
vation by Perola et al. 2000, adopting a soft power law). Th&ge, M. J., Davis, S. W., & Salvi, N. J. 2003, MNRAS, accepted
luminosity of this excess in the 0.25-2 keV range turns out to [astro-ph/0305043]
be about three times higher in the high (1998) state than in #Perola, G. C., Piro, L., Altamore, A., et al. 1986, ApJ, 307, 486
low (2000) state. In our minds its origin and behaviour remaifgrola, G. C., Matt, G., Fiore, F., et al. 2000, A&A, 358, 117

The EW of the narrow line is modest and, in principlef,étrucci. P. O., Haardt, F., Maraschi, L., etal. 2000, ApJ, 540, 131
could be explained as fluorescence from Compton thin ma[bér.o'st" ’\l")caggrodlg':l" Feroci, M., etal. 1998, Nuclear Physics B (Proc.
rial, for instance in the Broad Line Region. However a very, PR-). 5%

. . . - unds, K., Nandra, P., Fink, H., & Makino, F. 1994, MNRAS, 267,
important result with the cold reflection model is that the ;93

normalization of the Compton hump is perfectly consistepbunds, K., Reeves, J., O'Brien, P., et al. 2001, ApJ, 559, 181
(within the large errors) with a constant value between thunds, K., & Reeves, J. 2001, Proc. of the Symposium on New
two epochs. This further argues in favour of a common ori- Visions of the X-ray Universe in the XMM-Newton and Chandra
gin of both the line and the reflection component in a dis- Era, ESTEC, The Netherlandsstro-ph/0201436]

tant Compton—thick material. The simultaneous measuremBatinds, K., Reeves, J., Page, K., etal. 2003, MNRAS, 341, 953

of both the line and the hump, which could be obtained wifR€eves, J. N., Turner, M., Pounds, K., et al. 2001, ApJ, 365, L134
Bepp®AX and now withRXTE (alone or in a simultaneousR€€ves: J. N. 2003, ASP Conf. Sestro-ph/0211381]

combination withXMM-NewtonandChandrg, adds Mkn 509 RﬁZQOES’RC‘égzg}a'\::l\';p(‘:s’lé%% Sl\jl?lRAs 261 74

to the still short list of cases (NGC 5506, Matt et al. 2001, ' v b '~ b ' A

. ’ ) - ingh, K. P., Garmire, G. P., & Nousek, J. 1985, ApJ, 297, 633
NGC 4051, Guainazzi et al. 1998) in which the above conclgingn, K. p., Westergaard, N. J., Schnopper, H. W., Awaki, H., &

sion can be credibly reached. Tawara, Y. 1990, ApJ, 363, 131

Tanaka, Y, Nandra, K., Fabian, A. C., et al. 1995, Nature, 375, 659
Turner, T. J., Weaver, K. A., Mushotzky, R. F., Holt, S. S., &
Bianchi, S., Matt, G., Balestra, I., & Perola, G. C. 1997, A&A, 407, Madejeski, G. M. 1991, ApJ, 381, 85
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