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Abstract. We present results from several XMM-Newton observations of the radio-loud Narrow-line Seyfert 1 galaxy (NLS1)
PKS 0558-504. We find evidence for strong and persistent X-ray variability, both on short and long time-scales. On short time
scales ofz2 hours the source varies smoothly by-P8%; long-term variations by a factar2 could not be resolved in the
relatively short exposures: we find the source mostly in a “low” state, in 2 out of the 11 observations in a “high state”. X-ray
flares seem to be recurrent with a time scale-28 ks which, if interpreted as the Keplerian time scale in the disc, would
place the emission region just outside the last stable orbit. The X-ray spectrum of PKS 0558-504 can be well fitted by two
Comptonization components, one at moderate temperatuleb of4.5 keV and optical depths af ~ 2, the other at high
temperaturesk{T = 50 keV) and low optical depths (< 1.0). These parameters are, however, subject to large errors due

to the inherent degeneracy of the Comptonization models. Flux variations of the source are caused by changes of the colder
component only, the hot component with parameters very similar to those of BLS1 galaxies, stays constant. All results fit nicely
the picture that NLS1 galaxies are lower mass objects, accreting close to the Eddington rate emitting X-rays from a very active
magnetically powered accretion disc corona.
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1. Introduction observations with dierent satellites have confirmed the pecu-
liar activity (e.g. strong variability, steep spectrum, high lumi-
Irﬁosity) of this source. Gliozzi et al. (2000) reported long-term
variability from different X-ray observations corresponding to

Narrow-line Seyfert 1 galaxies are optically identified by the
emission line properties: the ratio [O WHB is less than 3

and the FWHM Hp .Iess than 200.0 km$ (Osterbrock & luminosities in the 0.22.4 keV soft X-ray band between &
Pogge 1985; Goodrich 1989). Their spectra are further ch%bqs ergs' and 5.4x 105 erg s* (for Ho = 50 km s Mpc™?

acterized by the presence of strong permitted Fe Il, Ca 1], _ : ; . i
and O |4 8446 ionization lines (Persson 1988). NLS1 ard = 0.5 and isotropic emission). The soft X-ray spectrum

seldom radio loud (Ulvestad et al. 1995; Siebert et al. 199§|; rather steepl{ ~ 3.1) and the medium energy power laws

. - ~are considerably flattef’(~ 2). Another peculiar property dis-
Crupe etal. L999) and they are usualy strong infrared emittiidyed by PKS 0558-504 is the unusually high X-ray to radio
(Moran et al. )- In pa cular, | ave been fou Bminosity ratio (Brinkmann et al. 1997).
have extreme spectral and variability properties in soft X-rays
(Boller et al. 1996; Brandt & Boller 1998; Boller et al. 2000), . .
which might be related to an extreme value of a primary physi- '[he slx-dl%ygsc;longd ROSAT Al ?ky .Sl:r\ée{'g?htgurve ?f
cal parameter, originating from the vicinity ofasuper-massi%ep ember and a series of pointe observations

black hole s\pril 19-25, 1998) showed count rate variations by a fac-
PKS 0558—5041 — 0137mg = 1497) is one of the tor of 2 in less than one day (Gliozzi et al. 2000). With the
) aa s T most extreme value of the luminosity variations found during
f -l NLS1 gal = f fg ~ 27 . .
\é?éﬁeret\/\(latrgtlj"iQ%lg)j It V\?as %?)S():(;I;Ielfi(dentifise?é/n Bthe bas,is g?e observationsiL/At = 1.12x 10* erg s* the straightfor-
o ' . ward application for an estimate of the lower limit of the radia-
X-ray positions from the High Energy Astronomy Observatoreéle eﬂipc):ipency ofy > 4.8 x 10-%3AL /At (Fabian 1979) led to
HEAO-1, Remill I 1 . Th i i : ) . .
gRemﬁar,d e?n;\ll arldggelt) ashov?/gg) an iic(‘r;e";gz ?nbstﬁgla;(l?r%> 0.54, which exceeds even the theoretical maximum for ac-
flux by 67% in 3 min, implying that the apparent luminosS retion onto a maximally rotating Kerr black hole. However,
X ectral variations and the extrapolation of steep power law

ity must be enhanced by relativistic beaming. Further X-r . . L
ectra to low energies can lead to uncertain luminosities, as

Send gprint requests tow. Brinkmann, e-mailwpb@mpe .mpg.de  pointed out by Brandt et al. (1999).
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Table 1. XMM-Newton PN/RGS observations of PKS 0558-504.

Orbit Observing date Instrument Mode Filter Live time count rate
T sec (ks) couris
30 Feb. 07, 2000: 11:16-13:19 PN FF medium 5.93 13.3
32 Feb. 10, 2000: 23:26-03:23 PN FF thin2 11.49 18.2
33 Feb. 12, 2000: 23:13-04:41 PN FF thin2 16.22 17.07
Feb. 13, 2000: 12:33-17:04 PN FF thinl 13.34 12.41
Feb. 13, 2000: 18:29-22:59 PN FF thin2 13.30 13.74
42 Mar. 02, 2000: 18:15-21:42 PN FF medium 10.93 26.0
45 Mar. 07, 2000: 20:49-03:31 PN SW thinl 16.88 26.9
84 May 24, 2000: 13:04-16:54 PN FF medium 10.68 14.5
17:21-21:08 PN SW medium 9.53 19.7
06:19-13:16 RGS SP - 25.00 /an
13:16-22:13 RGS SP - 32.21 /an
153 Oct. 10, 2000: 01:49-04:47 PN SW thinl 7.50 18.8
05:38-08:01 PN FF thinl 8.05 15.3
01:27-08:46 RGS SP - 26.41 /an
283 Jun. 26, 2001: 03:21-06:36 PN FF medium 10.59 12.2
02:37-06:43 RGS SP - 14.80 /an
341 Oct. 19, 2001: 12:41-15:51 PN FF medium 10.22 23.9
11:55-15:59 RGS SP - 14.61 /an

Very dramatic flux variations by a factor of two in 33 mindisc-corona accretion models for Seyfert galaxies and the last
and, perhaps, by 40% on a time scale as short as 2 min wseetion contains a summary of the main conclusions.
reported by Wang et al. (2001) from ASCA observations on
January 31, 2000 which leads to an even higher value of the . )
radiative diciency ofy = 0.9 + 0.2, 2. Observations and temporal analysis

PKS 0558-504 was observed repeatedly by XMM-Newtqpks 0558-504 was observed with the instruments on board
as a calibration and performance variation (PV) target. Th@&IM-Newton during 9 orbits between January 2000 and
XMM observations benefit from the high sensitivity of the inOctober 2001. As the source was a calibration target the ex-
struments and the uninterrupted exposures resulting from ggures of the EPIC instruments were always relatively short
eccentric satellite orbit. O'Brien et al. (2001) published thgnd diferent instrument modes were used. For the following
spectral analysis of some preliminary data of the commissioghalyses we will rely only on data from the RGS instrument
ing/CalPV phase. The 0-20 keV spectrum is dominated by &den Herder et al. 2001) and from the PN camerai(irét al.
large soft X-ray excess, which shows no evidence for absopgp01). Table 1 lists the relevant data of the observations. As
tion or emission line features. A power law spectrum at highegunt rate we quote the total number of counts on the chip, di-
energiesk > 4 keV) requires in the soft band additionally thregided by the live time. The RGS were always operated in spec-
black body components; the most physical explanation for thescopy mode (SP), the PN camera in Small Window (SW) or
hot big blue bump is, however, Comptonization by a multipleyll Frame (FF) mode, with either a thin or medium filter (for
temperature corona of an accretion disc. details of the XMM instruments see Ehle et al. 2001).

Gliozzi et al. (2001) used data from the same observations All PN data have been reprocessed using XMMSAS ver-
for a study of the X-ray variability of the source. The longion 5.4. We selected photons with Patterh(i.e. singles and
term light curve shows persistent variability with a tendenajoubles) and quality flag: 0. We calculated the 0-20 keV
of the X-ray spectrum to harden when the count rate increasght curves for all observations by extracting the photons from
The short term variability is characterized by smooth modea-circular region centered on the source with a radius 6f 50
lations with a typical time scale 0f2.2 h and the most ex- This extraction radius contains about 90% of the source pho-
treme count rate variations found imply a radiatiféogency tons, using the encircled energy function given by Ghizzardi
slightly higher than the theoretical maximum for accretion ont& Molendi (2001). We did not correct the light curves for the
a Schwarzschild black hole. photon pile up which occurred in the central pixels of the point

In this paper we present an analysis of XMM PN anspread function when the detector was operated in FF mode
RGS data taken so far in several observations betwesmd the source was in a bright state. It amounts to ab8%t
January 2000 and October 2001. The next section starts vatid does not change the form of the light curve significantly.
the observational details and a temporal analysis of the daftae backgrounds were determined with the same selection cri-
Section 3 deals with the spectral variability of PKS 0558-50teria from source free regions on the same chip and subtracted
In Sect. 4 we discuss the results in the framework @&fom the source light curves, which were binned in 400 s bins.
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For four of the orbits the reflection gratings (RGS) provided
scientifically useful data simultaneously to the PN exposures. 16
The RGS data was processed using the tagproc of the 14
XMMSAS version 5.4. The light curves were constructed usings 15
the taskevselect selecting photons in the 0-2.0 keV energy  §
band that belonged both to the source spatial region and the 10
first order spectral region. The background light curves were g
calculated from all photons belonging to the first order spectral
region and to the spatial region excluding the source. As the
detector area used for the background is larger than the area of
the source the background light curve had to be rescaled be-
fore being subtracted. The background subtracted source ligit 18
curve was binned in 1000 s bins to achieve a reasonable signal |g
to noise ratio while preserving the overall shape of the curve. g

The PN data is fected by the dead time of the detector
that reduces thefkective exposure by a factor of 0.9994 inthe 12
FF mode and 0.7101 in the SW mode. There is also a loss of g ) ) ) ) ) )
counts due to the out-of-time events, the photons collected dur- 0 5 10 15 20 25
ing the read out. This lastfect further reduces the collection o
efficiency by a factor of 0.9328 in the FF and 0.9884 in the =0
SW mode, respectively. The PN light curves were thus cor- 18
rected for these twofkects. The RGS light curves were scaled% 16
by a factor 0f212 in order to match them with the resulting <
PN SW count rates of the corresponding orbits. The plots irg 14
Fig. 1 show the PN light curves of early orbits for which no © 12
RGS observations were performed. In Fig. 2 we present the
later PN observations with the scaled RGS light curves over-
laid so that the times match. We used the same length formost ~ © 20 40
of the time axes and the same range of count rates for a com- ' ' '
parison of the variability pattern. Only orbit 33 and 84 had con- 28
siderably longer exposures. "

Clearly visible is a deficit of counts in the FF mode of 3;
~20% when the RGS light curve is normalized to the SW modé&: 24
data. This is anféect of photon pile up and a redistribution of 5 29
double events into higher order event patterns (Freyberg, prf3
vate comm). The correction factor to the RGS data is in this
case of pattern migration of the order»15, but it is, as for
the SW mode data, not the same for all orbits. It obviously does 5
not only depend on the count rate and spectral variations but
seems to be influenced by the level of background activity a&_
well. For the following correlations of source properties with-— 26
source intensities we will use normalized count rates, obtaine
by detailed corrections for the above instrumentedets. ©

On long time scales (fferent orbits) the light curves show 22
that the source undergoes intensity variations by a factaPof 20 ‘ ‘ ‘ ‘ ‘
During the individual exposures we find substantial variabil- 0 5 10 15 20 25
ity with an amplitude of up to-15-20%, which is not corre- Time from start of exposure[ ks ]

lated with the average COL_mt rat(_a 9f the_Obser_Vat_lqn' We ne}f?d. 1.Light curves of PKS 0558-504 for the early orbits without RGS
detected the large intensity variations in an individual €XPExposures. Triangles represent the PN data, with error bars smaller

sure, thus the time scale must be longer than typically one @fan the symbols. Note the longer time axis for orbit 33.
bit. Figure 4 (see Sect. 2.1) further suggests that the source

is mainly found in a low state, with only relatively rare high

states. The variances in the hard and soft band light curves are

very similar; only in the highest intensity states the hard bametll defined time scale as illustrated by the structure functions

light curves show stronger variations than the soft light curvg&imonetti et al. 1985) of some individual orbits (Fig. 3). As
The relatively smooth and nearly linear intensity changedready noted by Gliozzi et al. (2001) this time scale merely

have a time scale of typical®y2 h as can be seen directly fromseems to reflect the typical riskecay time scales in the light

the light curves (Figs. 1 and 2). However, this is not a striaturves with a relatively narrow variance. But the light curves
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Fig. 3. Structure functions of the light curves of several orbits. The
graphs are displaced arbitrarily jrdirection for clarity.

found at the expected time. The statistical significance for this
“quasi-periodic” repetition would be rather high for purely ran-
dom fluctuations, but lower for other models like shot-noise or
self-organized criticality in the accretion disc (Mineshige et al.
1994). A rigorous statistical analysis to determine the signifi-
cance of the existence of that signal, like the Monte Carlo tech-
nique developed by Uttley et al. (2002) turned out to be impos-
sible, due to the underlying red noise process and, in particular,
due to the extreme sparsity of the data, covering observations
over more than two years. Longer observations are clearly re-
quired for definite results.

The most dramatic flux variations occurs near the middle

Fig. 2. Light curves of PKS 0558-504 for the later orbits with RGS exef orbit 341 where the count rate changesJy3 counts st in
posures. Triangles represent the PN data, with error bars smaller thgn 28 s. With the spectral parameters deduced below, assum-

the symbols. The dots represent the RGS light curves rescaleqrp@ a Friedman cosmology withl, = 75 km gl Mpc—l and
match the PN SW count rate of the corresponding exposure. For or-_ 0.5, we obtain @Lgz_10 kev/At ~ 4.5 x 10% erg s2. This

bit 84 the filled squares represent the first RGS exposure using b, Hd
RGS detectors while for the second RGS exposure (dots) only tck#a

RGS 2 was available.

s to an upper limit of the radiativéieiency (Fabian 1979)

n ~ 0.23 which is similar to that found previously from
ROSAT (Gliozzi et al. 2000) and XMM observations (O'Brien
et al. 2001). Theseficiency values are much more moder-

show as well that even the longest RGS exposure in orbit 84§§ than those claimed for the two flares detected by Ginga

too short to cover all relevant time scales of the source.
The temporal structure of the intensity variations during

different orbits show some intriguing similarities in shape ansl; Laraness ratios

even in the amplitudes of the flux variations, independent of

the average flux level. A temporal analysis of the whole dafde computed hardness ratios using 1000 s binned soft

set, using orbit 32 as a template, shows a “repetition rate” afid hard band light curves, and the expressidR =

that signal 0/~23 850 s. The search was simply done by aligrji4.0-10 keV]/[0.2-1.0 keV]. The count rates in these en-

ing the count rate peak of orbit 32 with the individual peaksrgy bands appear to represent the two relatively indepen-

of the other light curves. If the signal were strictly periodic wdent spectral components of the source, as can be seen in

would expect this flare in 8 of the orbits but we find only &ect. 4. By plotting théiR as a function of the total count rate

at the expected position. There are two exposures, orbits 162-10 keV), we are able to investigate whether Hig vari-

and 283, when the source is in a low state, where no flareat#ons are correlated with the source flux.

(Remillard et al. 1991) and Wang et al. (2001).
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PKS 0558-504 in the-210 keV energy range; the fitted model is ex-
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Fig. 4. Hardness ratios as function of the total count rate féiedént in the ASCAO0.6-10 keV band Vaughan et al. (1999) obtain
orbits. Filled symbols denote observations with medium filter, opdh= 2.26 + 0.03. The XMM-Newton data (O’Brien et al. 2001)
symbols with thin filters. clearly show a strong soft excess bele® keV over a harder

power law at higher energies.

The total count rates were corrected for the above men- The PN data with their outstanding signal to noise ratio
tioned dead-time féects as well as for pattern migration an@nd their wide bandpass are ideally suited for a detailed spec-
pile up. From spectral simulations with typical source pararfial study of the source. For the spectral analysis we used
eters (see Sect. 3) we found that the hardness ratios chafigelatest available response matrices (version 6.3) issued in
by about 0.01 comparing the thin filter observations with tHaecember 2002. We extracted single and double events with
medium filter data. quality flag= 0 from a rectangular region of 3030 RAW pix-

In Fig. 4 we plot the hardness ratios as function of the cogls around the source position. The region inclug@6% of
rected 0.210 keV count rate for the fierent orbits. Filled the source photons but avoids the gap between the detector
symbols denote observations with medium filter, open syr@hips. The background was taken on the same chip at distances
bols with thin filter. The count rates and hardness ratios & close to the source position as possible, avoiding contamina-
corrected to medium filter observations. Some data points witen. With a count rate 0£20 counts s' in the high state the
large errors arefected by flares in the background. We do ndtN detector, operated in Full Window mode, showed strong in-
find a simple correlation between hardness ration and count @igations of pile-up, clearly apparent from the XMMSAS task
as claimed by Gliozzi et al. (2001) from their restricted dag@patplot We therefore discarded photons from the innermost
base. The data suggest that the source can be predomind#itgically 2 x 3) RAW pixels at the core of the point spread
found in a lower intensity state, fiéring by a factor of two in function from the spectral analysis.
count rate from the high states. This reflects the skew distribu- In Fig. 5 we show the power law fit in the-20 keV en-
tion of count rates found in other NLS1 as well. Whether thergy range to the data of orbit 15B ¢ 2.13 + 0.03; x4 =
gap between these two states is real or a selectiectedue 0.90/303 d.o.f. with a galactitNy = 4.4 x 10?° cm?). The
to the limited observational coverage, can only be decidedfitied model is extrapolated to lower energies and the ratio be-
future observations. The hardness ratios show a large dispateen data and model, given in the lower panel, clearly demon-
sion on long time scales, i.e. forffrent orbits. On the shorterstrates the presence of a large soft X-ray excess over the hard
time scales of a typical observation the hardness ratios in fiver law. The spectrum of PKS 0558-504 appears to be a car-
low state appear to be nearly constant. There is a general slig@ copy of that of the NLS1 galaxy PG 084349 (Brinkmann
tendency for the hardness ratios to get smaller with increasiigal. 2003) even with respect to the “big blue bump” seen in
count rate. In the high state orbit 341 there are strong indidth objects (O'Brien et al. 2001) and it is very similar to that
tions of a hardening of the spectrum when the source brighteps1H 0419-577 (Page et al. 2002) and the other NLS1 galaxy
Mrk 896 (Page et al. 2003) studied with XMM-Newton.

The upper limits given for an iron line are rather low
(O’Brien et al. 2001) and the soft band spectral excess is far too
NLS1 galaxies are generally characterized by very steep spe®ad to be fitted by a single black body component. A multiple
tra in the soft energy band (Boller et al. 1996). Fr&@SAT blackbody (in the soft band) plus a power law at higher ener-
observations of PKS 0558-504 Gliozzi et al. (2000) find gies provides acceptable fits to the data, however, the physical
steep power law witl" ~ 3 in the 0.1-2.4 keV energy range; nature of these éfierent components remains obscure. While a

3. Spectral analysis
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for the line. For narrow liness = 0.01 keV) the corresponding
limits are nearly a factor of 2 lower. In all fits the inclusion of
the lines did not improve the fits. The single power law model
yielded already(fed = 0.927, thus the data do not require the
presence of any iron emission line.

The featureless spectrum indicates that we are seeing the
bare continuum disk emission from the quasar: thus disk
Comptonization models, where the X-rays are produced via in-
verse Compton emission in a hot corona embedding a cooler
accretion disk (e.g. Haardt & Maraschi 1993; Pounds et al.
1995), provide a satisfactory physical explanation to the data.

In a first step we fitted the combined PN data of each or-
o . bit, regardless of flux variations during the observation with the
channel energy (keV) sum of two compTT components with absorption fixed at the
Fig. 6. CompTT+ power law fit (without edge) with galactic absorp-galactic value. This Comptonization model describes the up-
tion to the RGS1 data of orbit 84. The lower panel givesAyé per ~ Scattering of soft photons by hot, thermal electrons in a corona
channel. above the accretion disc. The temperatures of the soft photons
were assumed to be the same for both components. In Table 2

we present the results of the fits for thééient orbits and ob-

mode_l W.'th two Comptonization components gives an accuralgation modes. The temperatures of the soft photons, given
description of the spectra, two power law models require a3 g 1 are always around 80 eV, with relatively small er-
sorption in excess of the galactic value and yield slightly worESr

p le. for the ab ioned orbi s. The temperatures of the Comptonizing electrons of the
Its. For examp & or the above men(t)lone_z orbit 153 (see a t component turned out to Be; = 4.5-5 keV, the optical
Table 2) we obtain aly = 7.79 x 107° cm?, T'sore = 3.28 +

ith a2 ¢ val depths around; ~ 2, both with rather large errors. The second
0.08,Thara = 1.62:+ 0.10 with ax;y = 1.163/578 d.0.1., values, ,nhonentis characterized by rather high temperatifes:

which are representative for the other.orbits as yvell. _ 50 keV, but optical depths, < 1.0, and both parameters have
The relatively long RGS observation of orbit 84 prowde§ery large errors.
?esfccéigggl:;g bgrc‘()sf ggt?itejr;?nfog(&nMaS(j:grséesl;g.nVS\/% ga;/r? The physical parameters in the Comptonization models are
hp . 9 : T oon y poorly constrained because the spectral shape in the X-ray
the RGS response matrices were created with the SAS packa . ; . L i}
: . rgnge is mainly determined by the combination of the temper
rgsrmfgen The spectral data were binned to contain at leas rekT/me and the optical depth of the scattering elec-

' u
30 photons Per energy chennel. We fitted the RGS data Wt?ﬁans; the cutff energy is essentially related ¥/mc. For
a single compTT Comptonization model, availableXispec - .
; . . . omptonizing electrons as hot as found from the fits, the deter-
(Titarchuk 1994), assuming galactic absorption plus an addi-

tional high energy power law (see Sect. 3.1). The fit is agnng spectral characteristics (high energy cfi}-is at ener-

2 : ies far above the energy range of the XMM instruments and
ceptable g1y = 1.01/1162 d.o.f.) and yielded a temperatur%nly the spectral index of the non-relativistic, low-energy

of the soft photons okTo = 639 + 5.0 eV and an opti- tpart of the spectrum can be obtained (Titarchuk & Lyubarskij

cal depth (.JfT = 247 % 0‘25'. The temperature of the ho 1995). Variations of the spectral shape with intensity, time lags
Comptonizing electrons was fixedkil; = 4.5 keV to reduce L
between the fluxes in flerent energy bands, or energy re-

the error bars (see the discussion below). An additional absorgl—ved power density spectra as additional diagnostic tools (e.g.

tion edge, required only for one of the two observation interv . S .
(Eeqge = 114+ 0.02 keV,r = 0.27 + 0.06) improves the fit a}éazanes et al. 1997) might provide insight into the way the
corona is heated and cooled.

significantly Q(fed = 0.989/1158 d.o.f.) according to an F-test.
The residuals shown in Fig. 6 are, however, smaller than the

systematic dferences between the two RGS detectors and BO1. High energy power law fits

other strong absorption or emission features are observed.

We tried to determine the possible contribution of an irowhile the cooler Comptonization model nicely matches the
line (neutral or ionized) to the spectra. To improve the signal &N energy band only the power law like, low energy part of
noise ratio we accumulated the data frorfietient observation the hot Comptonizing component falls into the energy band
modes and filters and fitted first a power law and then a pov@’lco keV. We therefore fitted the data with a combination of
law with a line to the combined SW and FF-mode%keV @ compTT plus a power law model. The temperature of the
data. As the accumulated spectra for thedent modes cov- Comptonizing photons was fixed T = 4.5 keV and the ab-
ered diferent intensity states of the source, the normalizatiog@rption to the galactic value.
of the spectra were fierent for the SW and FF mode data. For Table 3 summarizes the results of these fits. The parame-
a neutral iron line we obtained 90% upper limits for the equivéers of the Comptonization model are rather well determined,
lent widths ofEW < 25 eV (SW) and35 eV for the FF-mode the errors of the normalization are typicalp%. The slopes
data; for an ionized line we obtain&V < 54 eV (SW) and of the high energy power laws are reasonably accurate, the
<72 eV forthe FF-mode data, using a line widthvof 0.1 keV normalizations of the power laws show, however, rather large

0.5

normalized counts/sec/keV
0.2

-2 0 2 4 0.05 0.1

—4
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Table 2. Results from spectral fits of two-component Comptonization models assuming fixed Ghilaetid.4 x 10°° cm?, z= 0.137.

Orbit, kT, kT, T1 normy kT, T2 norm X d.o.f.

mode (eV) (keV) (keV)
30 FF 77.1802 457668 19600 130E2  47.38% 072517  190E-4  1.098 464
32 FF 87.4%8 4674 24297 121E-2 61882 093706  098E-4  1.026 716
33FF(1) 848 44684 23275 110E-2  52.41%0 77386  197E-4  1.039 823
33FF(2)  86.98% 5316 1937 071E-2 60229  073%73  096E-4  1.089 639
33FF(3)  82.874 5318 18420  0geE-2 612244 06323  134E-4  1.088 663
42 FF 86.752 4583 D218 pA3E.2 51452 060415 338E-4  1.029 757
45 SW 74.752 481038 1937 337E2  49.¢282 1085945 274E-4  1.002 909
84 FF 78.8174 45243 7840 1 BQED  49.@782 0594527 29JE-4 0957 415
84 SW 73418 4@185 g8 o 73E 5 @259 724616 305E-4  1.029 485
153 FF 87.388 451128 o425 0QBE-2  49.82%0 072465  198E-4  1.067 576
153 SW 77.078 47T 1921 p1gE2 50BN 0.7938%  300E-4  0.974 656
283 FF 87.8101  5lsds 73 0egE-2  40.00%° 08324  397E-4 1119 695
341 FF 93.18% 5011228 21426 080E-2 463193 05113 6324 1108 792

NOTE: For orbits<45 the lower threshold for the event amplitudes wdkedent from the later setting. No extra response matrices exist for
these early observations, but the spectral fits seem not tfidiged noticeably.

Table 3.Results from spectral fitting of a compTT plus a hard power law model, assuming fixed ghlaetid.4 x 10?° cm2, z= 0.137.

Orbit, kT, kT T NOMtompTT r norM, X2y d.o.f.
mode (eV) (keV)
30FF 75.1+ 2.8 4.5 1.81+ 0.14 2.29E-02 1.9% 012 2.40E-03 1.104 466
32FF 89.1+ 3.1 4.5 2.09+ 0.19 1.81E-02 193014 3.84E-03 1.033 718

33FF (1) 88.0+ 3.0 4.5 1.87+0.19 1.51E-02 2.0% 0.08 4.86E-03 1.045 825
33FF (2) 92.5+ 3.3 4.5 1.88+ 0.20 1.07E-02 1.9% 0.08 2.78E-03 1.082 641
33FF (3) 87. 7+ 27 4.5 1.76+0.17 1.34E-02 1.9% 0.09 3.24E-03 1.076 665

42FF 91.0+ 44 4.5 2.24+ 0.23 2.67E-02 212017 6.43E-03 1.025 759
455W 76.3:t 1.2 4.5 1.94+ 0.06 2.67E-02 1.8& 0.07 2.37E-03 1.040 856
84FF 78.8+ 34 4.5 1.71+ 019 1.91E-02 1.930.14 2.51E-03 0.953 417
84SW 74.1+ 2.6 4.5 1.83+0.13 2.66E-02 1.850.12 2.56E-03 1.025 487
153FF 91.3: 35 4.5 1.82+ 0.22 1.34E-02 195011 3.46E-03 1.060 578
153SW 77.7+18 4.5 1.93+ 0.09 2.14E-02 1.8%0.08 2.46E-03 0.971 658
283FF 90.1+ 35 4.5 1.68+ 0.22 0.96E-02 1.9% 0.07 3.90E-03 1.116 697
341FF 93.4:54 4.5 241+ 0.29 1.99E-02 2.0&0.17 6.60E-03 1.109 794

errors which can amount t630% during the high states, whercontribution of the power law component smaller. Changes of
the power law contribution to the total spectrumis small.  the flux are thus mainly caused by an increase of the optical
In Fig. 7 we show the dependencies of fitted parametéfepth of the scattering electrons combined with an increase of
of the Comptonization component on the corresponding codfe¢ normalization of the Comptonization component.
rates of the observation interval. The temperafyref the soft We repeated the fits, leaving the temperature of the scat-
input photons (bottom panel) remains around 80 eV, with iiering electrons free but fixed the optical depthrte 1.8. The
clear correlation with the intensity state of the source (a lineg@sults are very similar to those of Fig. 7. The flux variations are
fit yielded a slope of = (0.290+ 0.299)x 1073). The optical inthat case correlated linearly only with changes of the temper-
depth shows a linear correlation with count rate with a slope ature of the scattering electrons over the range 3.9%&V <
B = (0.272+ 0.040)x 10°L. The parameters of the power law?.4 keV.
components of the same fits are shown in Fig. 8. The spectral
index remains nearly constant (slope of lineapfit (0.593+ . .
0.324) x 1072) at a value of 2.0. Note, that in most plots thé. Discussion
intrinsic vanance_ of .the data is quite high. 4.1. Spectral properties
The normalization of the power law changes only
marginally and quite generally, the errors of the fitted pararmhe spectrum of PKS 0558-504, like that of other NLS1 galax-
eters are larger when the source is bright and thus the relafe®, can be fitted well by a combination of two compTT
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F ] Nevertheless, the above envisaged two component&Tow
2.5 tau + E and highr plus highkT and lowr represent an appealing pic-
ool + + E ture for the X-ray emission of NLS1 galaxies. The high temper-

+ +++ # ¢ + ¢ ] ature componentis very similar to that describing the emission
15F . of broad line Seyfert 1 (BLS1) galaxies. For those BeppoSax

0.05 F E measurements (Petrucci et al. 2001) gave temperatures in ex-
0.04 ¢ Norm comptt = cess of 150 keV and optical depths around- 0.2. As the
0.03 ¢ * - + 3 PDS detector covers the high energy band where spectral cur-
0.02E & ' o + E vatures occur, the errors on temperature and optical depth are
0.01:* ot 3 very small; the largest uncertainties seem to be related to the
0.00 : exact spectral shapes predicted by thHEedént Comptonization
oo Te T models.
20 % 4 ¢ s ¢ t + - Unfortunately, the low signal-to-noise high energy
38 B I . ] BeppoSax data for PKS 0558-504 do not further constrain the
6oL i parameters of the hot Comptonization component. A fit to the
50 combined MECS and PDS data with a compTT model resulted
15 20 25 30 35 in akT = 47 keV,r = 0.56 and ay%, = 0.97. However, the
Count rate [ ¢/s ] 90% confidence intervals for these values are 20.8 &7 <

Fig. 7. Parameters of the compTT component of a compTgower 162 keV and 0.0k 7 < 2'_85' ) ) )
law fit as a function count rate. The PKS 0558-504 fits at higher energies of either a power

law or the hot Comptonizing component are in agreement with

s . F 3 the results for the BLS1 fits, as can be seen from the conver-
o of Photon Index E sion of the power law slopes t&T, 7) (Titarchuk & Lyubarskij
- O; } + E 1995, Egs. (17) and (22)). Thus, this component seems to be
) ;+ +++ ﬁ + + ] present in both object classes, in NLS1 and BLS1 galaxies.
3 t E In addition to this hard component NLS1 galaxies show a
i E second, softer Comptonization component. This soft compo-
0-019F Norm PL E nent contributes about twice the luminosity of the hard compo-
0.008 E nent over the 0.1-100 keV energy range and clearly dominates
0.006 & + E the emission in the XMM band. As the Compton luminosity
0.004 f+ +++ ﬁ‘ } + . E of a source is proportiondl ~ y x U x R? (Haardt, private
g:ggi? E comm.), whereU is the radiation energy density of the soft
15 50 55 20 35 photonsR the size of the source gl@d~ KT max(@, 72) is the
Count rate [c/s] Compto_ny parameter, _the emission areas for the tv_vo_com_po-
nents with the above given parameters must be of similar sizes.
Fig. 8. Parameters of the power law component of a compTpbwer In contrast to BLS1 galaxies no iron lines from a reflection
law fit as a function count rate. component could be detected. It appears that the “cold reflec-

tor” in BLS1 galaxies, responsible for the iron line emission,
is replaced by a “warm”KT ~ 4.5 keV), scattering compo-
nent. Further, the higher optical depths imply that any reflec-
tion features (like the iron line) tend to be more suppressed by
Compton scattering in the corona itself (Matt et al. 1997).

Comptonization models: one with low4.5 keV) tempera-
ture and moderate optical depths+ 2.0) and a second, high
temperature component wikT 2 50 keV and low scattering
depths £ < 0.7). A determination of exact parameters of the

scatterer is not possible: from the higfi component only 4.2 Temporal variability: Short time scales

the low-energy power law can be seen in the XMM energy

band and the measured slope is merely an indicator for a witlee source shows variability on various time scales. During the
range of possibleT, 7) combinations (Titarchuk & Lyubarskij individual observations we find flux changes of typicad0%
1995). The low temperature component shows in princip{éhe maximum is nearly 50% in orbit 33) on time scales of a
measurable characteristic changes of the spectral slope iné@ehours. A closer inspection shows that these flux variations
the PN energy band; however, the superposition of the n@&e caused by changes of the soft compTT componentonly; the
components and the position of the spectral break at rather higgiid component remains practically constant.

energies £5 keV) with low photon statistics leaves consider- This is nicely illustrated in Fig. 9 which shows, as example,
able uncertainties in the parameter determination as well. Thilee comparison of the two spectra for the low and high state of
this low-temperature component could be quite well replacedbit 32. We fitted the first, about 5 ks, of the data when the
with a considerably hotter component with much smaller opg8eurce was at a low flux level with two compTT models. We
cal depth; the physical implications of this (less favored) corthien froze the fit parameters and plot the data from the peak
bination will be discussed below. of the light curve and the deviations of the these data from the
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Fig. 9. The high state data of orbit 32 overlaid on a two component =
compTT model with parameters which were obtained from a fit to the
low state data from the first 5 ks of the observation. The lower panel
shows thesy? per channel between data and this model.

107 2107
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model (indy?) in the bottom panel of Fig. 9. As can be seen, the
intensity changes occur only in the soft part of the spectrum.
More details of the spectral behavior can be seen in Fig. 10z
which shows the changes in the spectrum during orbit 42. Thes .,
spectra correspond first to the low count rate state at the be=
ginning of the orbit, then to the rising phase, and finally to the
high count rate state at the end of this observation. The spectra ©
were fitted with a compTT plus a power law model, with fixed
galactic absorption and a fixed temperature of 4.5 keV for the
Comptonizing electrons to avoid the degeneracy problem kg 10.Unfolded spectra from orbit 42 in the preflare (top), rise (mid-
tween optical depth and electron temperature. The model gi) and flare (bottom) stages. The average count rates for the plots,
rameters of the power law component remain unchanged withiom top to bottom, are 24.2, 25.0, 28.0 coysts
the errors while in the Comptonization component the opti-
cal depth increases slightly with count rate from 2.1 to 2.5. magnetically heated coronas where the energy is primarily
these fits the increase in the optical depth is responsible for tiered in magnetic fields which rise buoyantly from the disc,
change of the spectral shape: it dominates the spectrum upetconnect and release their energy in flares (Merloni & Fabian
higher energies as the count rate increases. 2001). These heat the corona and can trigger an avalanche
The plot further illustrates the fliculties of a hardness ra-(Poutanen & Fabian 1999) which create in turn a bigger active
tio analysis: at low count rates the soft and the hard band &egion.
each representing the contribution of the individual Compton The energy released in a typical burdtAt is of the or-
components; at very high intensities most of the XMM spectrder of 1@° erg. Using the characteristic size of the system
range is dominated by the soft component. (see Sects. 4.3 and 4.4) of a fext0*® cm it turns out that
Thus the flux changes occurring on time scalesk®fh this energy can be stored easily in a magnetic field of the or-
in a relatively smooth manner are caused by variations @gr of <10° Gauss or, taking the physical parameters from the
the strength of the soft compTT component. Whether the§emptonization fits, as thermal energy of the gas. However,
variations are caused by changes of the temperature of theently Merloni & Fabian (2001) strongly argued in favor
Comptonizing gas (at constant scattering deptand normal- of magnetic fields for storing the energy in the corona. The
izations) or by changes af and the normalization at a con-time scales for Compton cooling are rather short, of the order
stant gas temperature cannot be distinguished from the spafcl0? s only (Wang et al. 2001), therefore the evolution of the
tral fits. The first scenario would require a heating of the sarhersts must be governed by the rate at which energy can be
gas volume, possibly by electromagnetic processes (i.eeAlf\supplied to the emission region.
waves); the latter requires changes in the size of the emitting
area angbr the volume of the gas responsible for the emis4—
sion. This could be most easily achieved by an increase 0
the number of active emission regions on the disc (HaaiMe find evidence for a time scale 24 ks in the data from the
et al. 1994), which are formed at similar temperatures kgcurrent occurrence of stronger intensity peaks. Unfortunately,
with initially higher densities and then evolve gas dynamicallthe statistical significance for the existence of such signal can-
A popular class of models which follows these patterns anet be assessed reliably due to the extreme sparsity of the data.

53107 001

107 2x10”

f?. Temporal variability: Longer time scales
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Although not strictly periodic — there are some orbits where ribis time scale as the orbital time scale of Keplerian mo-
peak occurs at the expected time — this time scale seems to tegr we find that the emission occurs at distancesz8f2
resent a quite stable clock in the system. It might either beSahwarzschild radii from the central black hole. On longer time
rather well defined time scale of a dominant instability occuscales, beyond the temporal spacing of the XMM orbits, inten-
ring in the disc or it might be related to the orbital time scale afity changes by more than a factor of two are observed, which
the emitting matter. can be related to the dynamical time scale of Keplerian inflow
By adopting the empirical broad-line region size versus o+ the disc. We do not see any large flare from the source as
tical luminosity relation of Kaspi et al. (2000) and using theeported from Ginga (Remillard et al. 1991) and ASCA (Wang
HB line width of 1250 kms! (Corbin 1997) a central black et al. 2001) observations. Thus that phenomenon must be a rare
hole mass of & x 10’ M, was derived for PKS 0558-504event.
by Wang et al. (2001). Assuming Keplerian motion the above The spectrum of PKS 0558-504 (like that of several other
time scale of~24 ks would correspond to the orbital perioty s1 galaxies as well) can be well fitted by the sum of two
at ~3.2 Schwarzschild radii, i.e. just outside the last stabf;mptonization models, one with high temperatuk@ &
orbit. Considering the uncertainties in the above mass detgfy kev) and low optical depthsr(~ 0.7), similar to that

mination this distance strongly supports the interpretation thgf,nd for BLS1 galaxies, and an additional cooler component
the 24 ks time scale is related to the orbital motion of the emigT - 4.5 keV) and larger optical depths (& 2). In con-

sion region. trast to BLS1 galaxies no iron lines from a reflection compo-
nent could be detected. It appears that the “cold reflector” in
4.4. Temporal variability: The longest time scales BLS1 galaxies, responsible for the iron line emission, is re-

placed by a “warm” KT ~ 4.5 keV), scattering component.
On even longer time scales, of the order of several satellite Bitix variations are predominantly caused by changes of this
bits, the source changes by more than a factor of two, but Vagter component, whose presence is obviously the distinguish-
never see these transitions to occur during an individual orhitg criterion for the X-ray properties of NLS1 galaxies.
For example, during orbits 42 and 45 the source is obviously ag the spectral capabilities of current instruments are in-

in a high state which might t_hus I_ast for more than a Wele_gtfﬁcient to resolve the degeneracy in the spectral shapes of
During the second part of orbit 33, i.e. about 2.5 weeks ear '%ultiple Comptonization model fits, the second (cooler) com-

the flux is more than 2.5 times smaller. That these long term%inent could equally well be fitted by another hot component

tensity variations are a common phenomenon of NLS1 gal ith extremely small optical depths (< 0.06). This would,

ies is demonstrated in the long light curves of Ark 564 (Gliozﬁ'owever, not change the general scenario of a magnetically
et al. 2002) or MCG-6-30-15 (Vaughan et al. 2003).

’ 7 very active corona on the accretion discs of NLS1 galaxies
Substantial changes of the radiating area or the physigg} require diferent physical parameters for the generation of

conditions of this area, respectively, are expected to hapRRB coronal active regions. Unfortunately, current corona mod-
on the dynamical time scale for Keplerian inflow,~ 9 X g5 4o not seem to havefsigient predictive power to allow to
103_(”'_‘)5)3/2 (Mon/10" Mo) s, whereRs is the Schwarzschild gistinguish between these theoretical possibilities. For the low
radius of the central black hole of maly. With the above 555 of the accreting black hole the correspondingly high ac-
deduced parameters for PKS 0558-504 we find a time scale-fliion rate is expected to be responsible for higher magnetic
~2.3x 10° s, which is consistent with the obsgrvatmnal resufa|q strengths in NLS1 galaxies (Mineshige et al. 2000) pro-
that large change_s of the source flux occur on time scales |°n9i%ring a mean for storing energy in the corona and leading to
than an XMM orbit. strong variability of the emission from the systems (Merloni &
Fabian 2001; Merloni 2003). If the turbulent magnetic pressure
greatly exceeds that of the gas turbulent Comptonization might
play an important role in producing the soft X-rays (Socrates
We have analyzed in some detail the observations @fal. 2003). This largely unexplored process would provide a
PKS 0558-504 performed over nine irregularly spaced XM®irect link between details of the disc physics and the observed
orbits spanning a time of more than two years. spectrum.

The source showed strong variability 820% in an indi- An unanswered question is related to the radio-loudness
vidual observation with typical time scales ®2 h. The flux of PKS 0558-504, and how thaffacts the emission charac-
variations often exceed théfieiency limit for scattering lim- teristics. The spectral decomposition into two Comptonization
ited spherical accretion. However, as the emission is dominatgginponents and the short-term intensity variations are found in
by Compton up-scattered soft photons in a hot corona heatedglyer, radio-quiet NLS1 galaxies as well, therefore we regard
magnetic reconnection, and the energy is stored in the magngtis as being a typical NLS1 characteristic and not related to a
fields which do not contribute to the scattering opacity, the gfessible radio jet, although outflows are expected from power-
fective dficiency could be as large as< B?/(8npc®) < 1, ful magnetically dominated coronas (Merloni & Fabian 2002).
wherep is the mass density of the corona region (Wang et a#lowever, the additional emission from a jet might be respon-
2001). sible for the large flare events, detected by Ginga (Remillard

The flaring pattern seems to repeat with a time scale effal. 1991) and ASCA (Wang et al. 2001). It should be noted
~24 ks, however not in a strictly periodic manner. Interpretintat during the flare the spectrum was significantly harder than

5. Conclusions
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in the “quiescence state” (Wang et al. 2001), thus indicating &ovodrich, R. W. 1989, ApJ, 342, 224

additional, diferent emission mechanism. Grupe, D., Beuermann, K., Mannhein, K., & Thomas, H.-C. 1999,
Unfortunately, the X-ray spectra of NLS1 galaxies are A&A, 350, 805

nearly featureless and thus they bear only little discriminatiftpardt, F., & Maraschi, L. 1993, ApJ, 413, 507

power to allow parameter studies for the various corona mddgardt, F., Maraschi, L., & Ghisellini, G. 1994, ApJ, 432, L95

; Di, S., Smith, P. S., Netzer, H., et al. 2000, ApJ, 533, 631
els. The bestway to get access to the physical processes res gifmas’ . Hus, X M. & Titarchuk, L. 1087, Apd. 480, 735

sible for the X-ray emission might be, like in BL Lac objects,vIatt G., Fabian, A. C., & Reynolds, C. S. 1997, MNRAS, 289, 175
to pursue detailed temporal analyses of the emission. Merloni. A.. & Eabian A. C. 2001 MNRAS. 321 549

Merloni, A., & Fabian, A. C. 2002, MNRAS, 332, 165
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