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Abstract. We present a study of the X-ray variability properbroad line region (BLR). Puchnarewicz et al. (1992) made the
ties and spectral shapes of five active galaxies all of which showeresting observation that many optical spectra of a sample
extreme or enigmatic X-ray properties. We focus on QSO 011aFultrasoft X-ray AGN discovered during the Einstein survey
2837, RX J0134-4258, and NGC 4051, and briefly comment turned out to be NLSy1s, confirming the suggestion of Stephens
Mrk 1298 and 4C +74.26. The individual objects were originallg1989) that ‘X-ray selection may be an efficient way to find
partly selected as candidates to host warm absorbers on theNiaSy1 galaxies’. Many more galaxies of this type were identi-
sis of (i) characteristic X-ray absorption features (NGC 405fied in the course of optical follow-up observations of ROSAT
Mrk 1298, 4C +74.26), (ii) extreme X-ray spectral steepne¥sray sources (e.g., Bade etal. 1995, Greiner etal. 1996, Becker
(QS00117-2837; this object is found to be located in the ‘zoee¢al. 1996, Moran et al. 1996, Wisotzki & Bade 1997, Grupe et
of avoidance’ when plotted in tHe,—FWHMg s diagram), and al. 1998, Xu et al. 1999).
(iii) drastic spectral variability (RX J0134-4258). The temporal Correlation analyses performed in the last few years con-
analysis reveals large-amplitude variability by a fact@®0 in  firmed and quantified the trend that was already present in the
the long-term X-ray lightcurve of NGC 4051, very rapid varistudy of Puchnarewicz et al. (1992): the correlatiostepX-
ability of Mrk 1298, constant X-ray flux of the NLSy1 galaxyray spectra (measured at soft X-ray energies) wiitlallwidths
QS00117-2837, and constant mean countrate of RXJ018#the BLR Balmer lines (e.g., Laor et al. 1994, 1997, Boller
4258 despite huge spectral changes. Besides the warm absodber, 1996 (BBF96 hereafter), Brandt et al. 1997, Grupe et al.
several further mechanisms and their merits/shortcomings a&ggaﬂ Further, there are some correlations between the op-
investigated to explain the spectral characteristics of the indiviital emission line properties in the sense thraiall widths of
ual objects. Different models are favored for different sourceBLR lines appear to go hand in hand wattnongFell complexes
Consequences for Narrow-line Seyfert 1s in general are disdweak[Olll]/H 3 ratios (e.g., Gaskell 1985, Puchnarewicz et
cussed and we present results from photoionization modelsat01992, Boroson & Green 1992, Laor et al. 1994, Lawrence
distinguish between different suggested NLSy1 scenarios. 1997, Lawrence et al. 1997, Grupe et al. 1998).

A detailed analysis of the UV spectra of a number of NLSy1
Key words. galaxies: active — galaxies: nuclei — galaxiegalaxies was carried out by Rodriguez-Pascual etal. (1997) who
quasars: general — galaxies: Seyfert — X-rays: galaxies detected a broad component in the permitted UV lines (FWHM
2, 5000 km/s) but its absence in optical lines and favored an op-
tically thin BLR a la Shields et al. (1995) as explanation. They
also collected IR- X-ray fluxes and conclude that Seyferts and
NLSy1ls are generally very similar concerning luminosities in
1.1. Narrow-line Seyfert 1 galaxies different energy bands except that NLSy1s tend to be underlu-

] ) minous in the UV.
X-ray and optical observations of the last decade revealed a NneWne causes for (a) the very soft X-ray spectrum in the

sub-class of active galaxies that shows a number of unusggdgat energy band, and for (b) the correlations among the

properties which are still not well understood. The subgroyyical emission lines and with the X-ray properties are stil
of Narrow-line Seyfert 1 galaxies (NLSy1s hereafter) was rec-

ognized by Osterbrock & Pogge (1985) based on optical prop* More precisely, the clearest trend is thage-FWHM BLR lines

erties, namely, the small widths of the lines emitted from thadways appear in combination witlat X-ray spectra whereas NLSy1s
show a rather large scatter in spectral slope and many are as flat as

Send offprint requestst8&t. Komossa (skomossa@xray.mpe.mpg.d&)ormal’ Seyfert 1s (see particularly Xu et al. 1999).

1. Introduction
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under discussion. Whereas most of the spectral steepnessimay analyses of them were either not published previously, or
e.g., the NLSy1 galaxy NGC 4051 is caused by the presencendth different emphasis (for details see below).

a warm absorber, strong soft excesses have been observed ifPart of the original selection criterion also was to check
other sources (e.g., TON S180; Fink et al. 1997, Comastri etfal the presence of a warm absorber (WA), since WAs suggest
1998). In particular, a model that explains in detdlibroperties themselves as explanation for both extreme spectral steepnessin
of NLSy1s within one scenario seems to be still lacking. Sevethak soft X-ray band and strong spectral variabdityowever, we
suggestions have been made to explain individual aspects, elg.not only focus on this scenario. Alternatives are discussed in
(i) a special geometry, i.e., a disk-like BLR that is viewed facesome detail. In particular, we examine the influence of different
on (Osterbrock & Pogge 1985, Stephens 1989, PuchnarewicEBtV-X-ray spectral shapes on BLR multi-phase equilibrium
al. 1992) or (ii) selective absorption of the high-velocity compdellowing the suggestion of Brandt et al. (1994).

nentof the BLR by dust (Halpern & Oke 1987) to accountforthe This paper is organized as follows: The data reduction is de-
small width of H3; (iii) partial shielding of the NLR by a thick scribedin Sect. 2. In the next two sections we presentthe general
BLR (Boroson & Green 1992) to explain the anti-correlatioassumptions on which the data analysis is based (Sect. 3) and re-
of Fell and [OIII]; (iv) a removal or hindrance of a multi-phasesults for the individual objects (Sect. 4). In Sects. 5.1-5.5 we give
BLR equilibrium by a steep X-ray spectrugnia Guilbert et al. a discussion of the properties of the individual galaxies while
(1983) (Brandt et al. 1994, see also Komossa & Fink 1997ia) Sects. 5.6-5.7 consequences for NLSy1s in general are ad-
or (v) a scaling of BLR radius with X-ray spectral slope as idressed. The concluding summary is given in Sect. 6. Through-
Wandel (1997) to explain the correlationlof with FWHMys.  out this paper, we assunt&, = 50 km/s/Mpc and the galaxies
BBF96 tentatively favored (vilpw-masscentral black holes to to follow the Hubble flow.

produce a ‘hot’ soft excess in combination with a shielded NLR
as suggested by Boroson & Green (1992). Komossa & Grei erData reduction
(1995) and Komossa & Fink (e.g., 1997a,d,e) studied the p0s-
sibility that (vii) the steep X-ray spectra in the ROSAT banule used all-sky survey (RASS) as well as archival and pointed
and/or the optical high-ionization iron lines are predominantierendipitous ROSAT (Timper 1983) PSPC (Pfeffermann et
caused by the presence of warm absorbers, and find, for #ne1987, Briel et al. 1994) observations of the galaxies. The
case of NGC 4051, that warm absorber and coronal line regiginservations are summarized in Table 1.

are likely of different origin. Komossa & Janek (1999) exam- For further analysis, the source photons were extracted
ined the influence of various EUV-X-ray spectral shapes on tiadthin a circular cell centered on the target source. The back-
optical emission line ratios of NLSy1s. ground was determined in a source-free ring around the target
source and subtracted. The data were corrected for vignetting
and dead-time, using the EXSAS software package (Zimmer-
mann et al. 1994). In case of RASS data the background was
Warm absorbers, highly ionized matter in the central region @étermined in a source-free region along the scanning direction
active galaxies (AGN), are an important new diagnostic togf the telescope.

for investigating the conditions within the nuclei of AGN (see To carry out the spectral analysis source photons in the am-
Fabian 1996, Komossa & Fink 1997d for overviews). The pregtitude channels 11-240 were binned according to a constant
ence of an ionized absorber was first discovered in Einstejignal/noise ratio of at least3and higher for brighter sources.
observations of the quasar MR 2251-178 (Halpern 1984). With Details on the standard procedures for the reduction of
the improved spectral resolution of ROSAT and ASCA, marROSAT data can be found in, e.g., Zimmermann et al. (1994)
more were found. They have been observeds0% ofthe well- and Briel et al. (1994).

studied Seyfert galaxies as well as in some quasars (e.g., Pan et

al. 1990, Nandra & Pounds 1992, Turner et al. 1993, Fiore et al. ) )

1993, Mathur 1994, Done et al. 1995, Cappi et al. 1996, UlricR- Data analysis: general assumptions

Demoulin & Molendi 1996, Komossa & Fink 1997b,c, Schartebeveral models were applied to the X-ray spectra of the galax-
etal. 1997a). Signatures of ionized absorbers have also beengle- (i) a single powerlaw of the forme o« E> (which, even
tected in quite a number of NLSy1 galaxies (e.g., Brandt et glnot the correct description, always provides a useful means
1994, Pounds etal. 1994, Leighly etal. 1996, 1997, Guainazzi et
al. 1996, Brandt et al. 1997, Komossa & Fink 1997a, Hayashida Given that WAs are unambiguously detected in Seyferts, one would
1997, lwasawa et al. 1998). naturally expect the existence of objects wdéeperabsorption com-
plexes that recover only beyond the ROSAT energy range (unless an
as yet unknown fine-tuning mechanism is at work, that regulates the
1.3. The present study optical depths in the important metal ions to a very narrow range);

. . . . . . ether WAs are indeed present requires a careful examination on an
Given the enigmatic properties of NLSy1s, their detailed stu ect-by-object basis which is presented below. (Note that some early

isimportant. The sources discussed below all show some par %umems against WAs in ROSAT spectra simply mixed up some of the

ularly extreme behavior in terms of spectral slope or variability,qjc physical properties of warm absorbers and thus led to erroneous
conclusions).

1.2. Warm absorbers
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Table 1. Log of observationst..,, gives the exposure time in ksec,of the fit is good §2..q = 0.8), but there are slight systematic
CRthe countrate in cts/s. The data for NGC 4051 are separately listegiduals around the location of absorption edges.

in Table 3. ‘S’ refers to RASS data, ‘P’ to PSPC observations in the A successful alternative description is a warm-absorbed

pointed mode. flat powerlaw of canonical index. We find a very large col-
umn density Ny, in this case, and the contribution of emis-
object date tep CR_ oObs. sion and reflection is no longer negligible; there is also some
QS00117 Dec. 28-29, 1991 45 044 P contribution to Fe K. For the pure absorption model, the
RXJ0134 Dec. 1990 055 030 S best-fit values for ionization parameter and warm column den-

Dec. 28, 1992 - Jan. 3, 1993 5.9 0.24 P S|ty al‘elogU ~ 08, log NW ~ 23.6 (NH is now consistent
with the Galactic value), withy?,.q = 0.74. Including the con-
tribution of emission and reflection for 50% covering of the
warm material as calculated wiloudygiveslog N, ~ 23.8
(x?rea = 0.65). We note that for these large column densi-

of judging the steepness of the spectrum), (i) a powerlaw pmgs, the optit;al depth to electron scattering becomes signifi-
soft excess parameterized either as black body emission orc8{t- The main purpose of the present study was to check under
the accretion disk model available in EXSAS (Zimmermanffhich conditions a warm absorber model fits at all; more de-
et al. 1994), and (iii) a warm absorber model. The latter wigiled modelling should await the availability of deeper obser-
calculated with Ferland’s (1993) code Cloudy (see Komos¥ations and improved spectral resolution. Several strong EUV
& Fink 1997a,b for details). The following assumptions wer@Mission lines are predicted to arise from the warm material.
made: The warm absorber is assumed to be of constant den3f{ne of these are: FeXX2304/H3y, = 10, Hel\1640/H3,;,
logny = 9.5, of solar abundances according to Grevesse & 16, FEXXW1354/H3,, = 37, FeXVIIIA975/H5y. = 16,
Anders (1989) (if not mentioned otherwise), and to be illumNeVIIIA774/H5y, = 9, and FeXXIN846/Hj,, = 113. No ab-
nated by the continuum of the central point-like energy sour&@rption from CIV and NV is expected to show up. Both ele-
The spectral energy distribution from the radio to the gamm&ents are more highly ionized. o

ray region consists of our mean AGN continuum (Komossa & Alternatively, the spectrum can be f|§ with a flat powerlaw
Schulz 1997) of piecewise powerlaws with, in particular, aplus Soft excess (Table 2). E.g., assuming a black body shape
energy indexw,, . — —1.4 in the EUV and an X-ray pho- We deriveKTiy, = 0.1 keV for Ny = Ngai (x*rea = 0.7).

ton indexT'y which is either directly determined from X-ray An analysis of the temporal variability reveals constant
spectral fits or fixed to —1.9. The fit parameters of the warfpurce flux within the & error during the observation.

absorber are its column densidy;, and the ionization param-

eterU = Q/(47r?nyc). In case of the dusty warm absorben 2 RX J0134-4258

models the dust composition and grain size distribution were

chosen like in the Galactic diffuse interstellar medium (Mathfdiscovered in the ROSAT survey (Greiner 1996), the object
et al. 1977) as incorporated @loudy(Ferland 1993), and the Was optically identified as NLSy1 galaxy (Grupe 1996) with

metal abundances were depleted correspondingly (see Komd88ghiftz=0.237. The later pointed PSPC observation led to the
& Fink 1997D,c for detalils). detection of strong spectral variability (Greiner 1996, Grupe

1996, Mannheim et al. 1996, Komossa & Fink 1997d). Here,
] o ] we present the first detailed analysis of the X-ray properties of
4. Dataanalysisresults: individual objects this peculiar sourdé The kind of variability of RX J0134-4258

Below, we first provide a brief review of the multi-wavelengtts rare, and provides important constraints on the intrinsic X-
properties of the individual sources and then report the resyfy €mission mechanisms and/or the properties of surrounding

Mrk1298  June 1-15, 1996 213 001 P
4C+74.26  June 23-34, 1993 194 065 P

from our analysis of the X-ray data. reprocessing material.
RASSWhen fit by a single powerlaw, the spectrum of RX J0134-
4.1. QSO 0117-2837 4258 turns out to be one of the steepest among NLSy1s with

I'x =~ —4.4 (absorption was fixed to the Galactic value in the di-
QSO 0117-2837 (1E 0117.2-2837) was discovered as an X-fa¥tion of RX J0134-4258V . = 1.59 1020 cm~2). A warm-
source by Einstein and is at a redshift:e90.347 (Stocke et al. apsorbed, intrinsicallflat powerlaw provides a successful al-
1991). Grupe (1996) classified it as NLSy1. Itis serendipitousiyrnative fit to the RASS data. Due to the low number of avail-
located in one of the ROSAT PSPC pointings; the steep X-raile photons, a range of possible combination&’ afnd N,
spectrum was briefly noted by Schwartz et al. (1993) and Ciliegiplains the data with comparable success. A large column den-
& Maccacaro (1996). We present here the first detailed analysig; V,, (of the order 18° cm~2) is needed to account for the
of the ROSAT observations of this AGN.

When the X-ray spectrumiis fit by a single powerlaw contin-s gjst results of the present study were reported by Komossa &
uum with Galactic cold absorption @fg. = 1.6510%° cm™>  Fink (1997d), Komossa & Greiner (1999), and Komossa et al. (1999a).
(Dickey & Lockman 1990), we derive aphotonindéx~ —3.6  Another study by Grupe et al. (1999b) in underway who also report
(—4.3, if Ny is treated as free parameter). The overall qualitie detection of RX J0134-4258 at radio wavelengths.
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Table 2. Comparison of different spectral fits to QSO 0117-2837, RXJ0134-4258 and Mrk 1298: (i) single powerlaw (pl), (ii) accretion disk
model after Shakura & Sunyaev (1973), and (iii) warm absoibewas fixed to —1.9 in (ii) and (iii), except for RX J0134-4258, whEre=
—2.2 (see text). Instead of individual error bars we provide several models that successfully describe the data.

name powerlah acc. disk + pi¥ warm absorbép’

NI({B) Ix Xred Mgg Mlid Xred 109U 109 Nw  Xfea
QS00117-2837 030 -43 0.8 6 0.6 0.7 0.8 23.6 0.7
RXJ0134-4258) 0.16 -44 05 1 0.1 0.6 0.5 23.1 0.6
RXJ0134-4256) 0.16 -2.2 1.3
Mrk 1298 044 -26 4.3 1 0.02 35 -0.3 22.2 0.95

W Ny free, if > N @ Ny fixed to NS ®in 10?2 em=2 @in 10°M, fixed ) survey obs(® pointed obs.

FrooT] T T T TTTT]
&

ultrasoft observed spectrum. When welfix= —2.2, the value
observed during the later pointing, and uSg = Nga, We 10°
obtainlog Ny, = 23.1 andlog U = 0.5. This model gives ar
excellent fit (?,.q = 0.6).

A number of further models were compared with the
served spectrum. E.g., an accretion disk model was fit. Ac

102

1071

Counts/(s keV)

I

13 e 1 B )

we fixedl'y =—2.2. The black hole mass is not well constrain 1o | |
by the model and was fixed@ M,). We find M:\i:' 0.1 and, J{ 103 1
again, a very good fit is obtained (Table 2). If instead the s 1073 P T e— B B——— =
trum is fit by a single black body, one derives a tempera Energy kev Energy,/keV
kT ~ 0.07 keV.
ST VUS| IR
| S Pop TTETTRRE T T
Pointed observatiohe fit of a single powerlaw to the spectru T ST ]

of RX J0134-4258 yields a photon indEx =-2.2 (y2,, = 1.4),
much flattethan during the RASS observation. The amoun’ -

cold absorption was fixed to the Galactic value (if treated as ¢ s 2 ﬁ b ]
parameter, the Galactic value is underpredicted). Forthism T o | -+ — ﬁH‘T‘ :
fit, two kinds of residuals are visible: (i) the first data point (I : ® e ‘ . +‘ E

low 0.15 keV) indicates a higher countrate than predicted by

model. This data point significantly influences the valug®f, ) _
and if it is excluded from spectral fitting, we Obt@@ed =10 Fig 1l X-ray sp_ectra and residuals of th_e fit for QSO 0117-2837(left)
andT, = —2.1. Formally, a very low-temperature soft exces@nd Mrk 1298(right). The upper panel gives the observed X-ray spec-

. f each galaxy (crosses) and the model fit (solid line). The lower
could be present in the spectrum of RX J0134-4258. Indedd" ° . .
such a m(F))deI can be fit Wli:)thT ~ 0.1 keV. Hints for a simi- pahel shows the residuals. QSO 0117-2837 (left): upper panels: sin-

. gle powerlaw, lowest panel: warm-absorbed flat powerlaw. Mrk 1298
lar very soft excess have been found in the ROSAT spectrz;;g

g i éht): upper panels: single powerlaw, lowest panel: warm-absorbed
TON S180 (Fink et al. 1997) and NGC 4051 (Komossa & Finfit powerlaw.
1997d). However, since such a component is essentially only
constrained by the first few data bins we do not discuss this pos-
sibility in further detail. Another possibility is uncertainties in ~ Temporal analysis: The countrate during the pointed obser-
the calibration at these low energy channels. The second dewtion turns out to be variable by about a factor 2. The lightcurve
ation from the powerlaw is (ii) an underprediction of the couris displayed in Fid.13.
trate in the energy range0.4—-0.9 keV (Fig.R) indicative of the
presence of absorption edges, as observed in AGNs where w M NGC 4051
absorbers are present. However, again, the deviations from the
powerlaw are only defined by few bins, and we thus assumeNiGC 4051 has been classified as Seyfert1.8 (e.g., Rosenblatt
the following that the spectrum during the pointed observati@t al. 1992) or NLSy1 (e.g., Malkan 1986) and is at a redshift
essentially represents the intrinsic, un-distorted continuumdfz = 0.0023. This galaxy has been been observed with all
complete description might invoke both, a weak soft excess amdjor X-ray satellites (e.g., Marshall et al. 1983, Lawrence et
weak warm absorption, but fitting such models would definitebl. 1985, Matsuoka et al. 1990, Mihara et al. 1994, McHardy
be an overinterpretation of ROSAT data). et al. 1995, Guainazzi et al. 1996, Komossa & Fink 1997a; for

Energy/kev Energy/keV
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Table 3. Log of ROSAT PSPC observations of NGC 4051 and warm absorber fit reisuliss effective exposure time&, R = mean count rate,
Ly = mean (0.1-2.4 keV) luminosity corrected for cold and warm absorption.

date texp [S] CRIcts/s] logU logN, Ty L, [10" erg/s]
Nov. 15, 1991 2705 1.0 0.2 22.52 -2.2 35
Nov. 16, 1991 28727 1.6 0.2 22.45 -2.2 54
Dec. 15-19, 1991 4783 1.0 0.1 22.35 -2.2 3.7
Nov. 11-17,1992 20815 6.0 0.2 22.35 -2.2 195
Nov. 11 - 12, 1993 12261 2.9 0.4 22.67 -2.3 9.5

* results of model fits uncertain due to off-axis location of source

E E F E w
E ] F 1% RXJ0134-4258 7
r 7 r 1 O
= [ 1 03 B
o L | i ] =
E t <
-1 1 5 E
[ 107 —+ = 1071 | = 0.2 !
& E + E E E z
3 E p E 1 8
= L ] [ ] © | | |
5 r ] 0.1 : .
8 + E 0 50000 1.0 105
L J L ] TIME [s]
102 3 1072p E
Bl Ll 3 Bl Ll i —
0.10 1.00 0.10 1.00 T 7
Energy/keV Energy/key 5 %
W 03 ,
ar \+ T T ; P I I
f f o
2 2f J[ 1 2 2f J[ ! £ oz ]
Y SRS TSNNSO ST (TR
g g °f ! L R ‘ ‘ ‘ ‘ ‘
—2r ‘ J( ++ ‘ 1 ¢ Lr J( ﬁﬂ» * B ' 4.5 108 5.0 105 55 105
L L L L1 Lol 1 L 1
0.10 1.00 0.10 1.00 TIME [s]

Energy /keV Energy/kev

Fig.3. X-ray lightcurve of RX J0134-4258 (pointing) binned to time
Fig. 2. X-ray spectrum (pointed obs.) of RX J0134-4258 and residuajgtervals of 400s. The time is measured in seconds from the start of the
Left The upper panel gives the observed X-ray spectrum (crosses) abgervation.
powerlaw model fit (solid line), the lower panel the residught
The same for a powerlaw plus black body fit (the quality of the fit is
improved, but some systematic residuals around 0.4-0.9 keV remaMiithin the error bars. lonization parametérand column den-
The spectrum was binned to a signal/noise ®f@r bin. The amount Sity IV, change by about a factor of 2. The slope of the powerlaw
of cold absorption was fixed to the Galactic value. remains rather steep (Table 3).
The long-term lightcurve reveals large-amplitude variability
by a factor~30 in countrate within the total observing interval.

brief summaries of these papers see Sects. 1 and 5 of Komd&sa X-ray lightcurve is displayed in Figl. 5.
& Fink 1997a). Recently, first BeppoSAX results have been
presented by Guainazzi et al. (1998a), who report the detectlpﬂ Mrk 1298
of a strong drop in source flux which lasted the whole observing
interval of~2 d. Mrk 1298 (PG 1126-041) is a luminous Seyfert 1 galaxy at red-

Here, we present an analysis of all ROSAT PSPC data of tetsift = = 0.06 (Osterbrock & Dahari 1983). Its optical spectrum
source, including previously unpublished observations and a lfRafanelli & Bonoli 1984, Miller et al. 1992) is characterized by
mogeneous re-analysis of published ones (McHardy et al. 1998jong Fell emission line complexes. Mrk 1298 was part of sev-
Since NGC 4051 is strongly variable in X-rays, the large set efal studies of correlations between strength of Fell and other
ROSAT data is very valuable to create a long-term lightcurve spectral properties (Boroson & Green 1992, Wang et al. 1996
this source and to study variability mechanisms. It also provid@¥BB96 hereafter)). A UV spectrum of Mrk 1298 was pre-
an excellent data base to study long-term spectral changes skered by Wang et al. (1999). The ROSAT PSPC X-ray spec-
to the presence of the warm absorber and places tight constraints was first analyzed by WBB96 who detected an absorption
on the ionization state of the warm material. edge which they interpreted as arising from a warm absorber.

To investigate the long-term trend in the variability ofMe present here a more detailed analysis of the properties of the
NGC 4051, in countrate as well as in ionization paraméter warm absorber (see also Komossa & Fink 1997d,e), including
and column density,, of the warm absorber, we have fit oupredictions of non-X-ray emission lines expected to arise from
warm absorber model to the individual data sets. We find ththe warm material, and test for the presence dfuatywarm
in the long term all features are variable, except for the coddbsorber. We also analyze the temporal behavior of the X-ray
absorption which is always consistent with the Galactic valdkex.
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paredtd’, ~ —2.2typically seenin nearby radio-loud quasars),
L\ ROSAT range 1 -+ found asteeper ASCA powerlaw spectrum, and evidence for the
N presence of a warm absorber. We re-analyzed this source, since
F RX JO134-4258 B .. . . . . .
- the description given in Brinkmann et al. was highly suggestive
- of the presence of dustywarm absorber.
The fit of a single powerlaw model yields an acceptable fit
(x%:ea = 1.0) but an extremely flat spectrum wilh, =—1.4.
-+ Applying the model of adustywarm absorber to the ROSAT
spectrum we get a successful spectral fit with a steeper intrinsic
powerlaw. In particular, we fixed the photon indeXtp=—2.2
-4 since we wanted to test whether the data are consistent with the
general expectation for radio quasars. In this case we obtain a
column density of the dusty warm gaslog N, = 21.6 and an
ionization parameter dbg U = —0.1 (x?1eq = 1.0).

log f [ph/cm? s keV]

0
log E [keV]

Fig. 4. Comparison of different X-ray spectral fits successfully applied. Discussion

tothe ROSAT survey observation of RX J0134-4258 (broken lines) first di he X . fthe individual obi .
the pointed observation (solid line). Short-dashed line: single powerl irstdiscuss the X-ray properties of the individual objects, in

with T, — —4.4; long-dashed: warm-absorbed flat powerlaw; dottedin€ context of other object-specific observations. Then, a more
powerlaw plus soft excess, parameterized as a black body. All modg@neral discussion on NLSy1s is given.
are corrected for Galactic absorption.

5.1. QSO0117-2837

Assingle powerlaw does not provide a successful X-ray spethree models were found to fit the ROSAT X-ray spectrum of
tral fit. We find x2..4=3.3 and the amount of cold absorptiorfQSO 0117-2837 successfully. A single steep powerlaw fjth
underpredicts the Galactic value in the direction of Mrk 1298; —4.3, a flat powerlaw plus soft excess, and a warm-absorbed
NG = 4.4410%° cm~2. If Galactic absorption is enforced, theflat powerlaw. In the latter case a rather large column density
quality of the fit becomes worsg?,.q=4.3). Therefore, a num- of the warm absorber is inferrethg Ny, =~ 23.6 — 23.8. This
ber of further spectral models was fit, including an intrinsicallwould make the ionized absorber in QSO 0117-2837 the one
flat powerlaw plus black-body like soft excess. The latter modeith the largest column density known, and suggests that other
givesx?..q=3.4 (Table 4), still unacceptable. spectral components contribute to, or dominate, its X-ray spec-

On the other hand, a warm absorber fits the X-ray spectrdral steepness. Given the reported relations between X-ray and
well. We fixed the photon index of the intrinsic powerlawltp UV absorption, we note that we do not predict any UV absorp-
=—1.9. In a first step, cold absorption was fixed to the Galaction from NV and CIV for our best-fit warm absorber model.
value. We then obtailog U ~ —0.3 andlog N,, ~ 22.2 andthe Both elements are more highly ionized; i.e., the absence of UV
quality of the fit is acceptablex,.q=0.95). Slight systematic absorption alone could not be used as argument against a warm
residuals remain at very low energies. Thus, in a second stapsorber.

Ny was treated as free parameter. In this case we find someGiven the very steep rise towards the blue of QSO 0117-
excess absorption, the fit is further improved,(,=0.78), and 2837’s optical spectrum (Grupe etal. 1999a; Fig. 1a of Komossa
the residuals disappear (Fig). 1). The warm absorber paramegtral. 2000), it is tempting to speculate that a giant soft-excess
change tdog U ~ —0.1 andlog N,, ~ 22.5. The cold absorp- dominates the optical-to-X-ray spectrum. We strongly caution,
tion amounts taVy ~ 0.6 x 102! cm—2. though, that simultaneous optical-X-ray variability studies in

Finally we note that the model oftlustywarm absorber does other Seyferts and NLSy1s (e.g., Done et al. 1995)aldavor
not give a successful X-ray spectral fit provided the intrinsicdirect relation between optical and X-ray spectral components.
powerlaw spectrum is close ig. =—1.9. Furthermore, such a giant optical-to-X-ray bump in QSO 0117-

The X-ray temporal analysis (Fig. 6) reveals rapid variabilit837 and NLSy1s in general, would be inconsistent with the
of the source with repeated changes in countrate by a fa@or finding of Rodriguez-Pascual et al. (1997) that NLSy1s tend to
within 800 s. be underluminous in the UV.

A most interesting peculiarity of QSO 0117-2837 is re-
4.5. 4C +74.26 vealed, when combining its _X-ray and optical properties:

Whereas its X-ray spectrum is among the steepest observed
4C +74.26 is a radio-loud quasar:at0.104 (Riley et al. 1988). among NLSyls, its B emission line is fairly broad. Fitting
The RASS data of this source were analyzed by Schartel etthis line with Gaussian components it is best described by a
(1996a) who derived’, ~ —1.3. In a study of ROSAT and two component Gaussian with a narrow component of simi-
ASCA data, Brinkmann et al. (1998) confirmed the unusuallsr width as [Oll] plus a broad component of FWHM ~
flat soft X-ray ROSAT spectruni} ~ —1.3 to — 1.6; as com- 4000 km/s (Komossa et al. 2000). This combinatioi'pfand
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Fig. 5. Long-term X-ray lightcurve of NGC 4051, based on all pointed ROSAT PSPC observations of this source. NGC 4051 is variable by a
factor~30 in countrate. The lightcurve of Nov. 16, 1991 was earlier shown in McHardy et al. (1995), the one of Nov. 1993 in Komossa & Fink
(1997a). The time is measured in s from the beginnings of the individual observations; the insets in each panel give the starting times.

ray spectral shape was reported, are IRAS 13224 (Otani et al.
1996), NGC 4051 (Guainazzietal. 1996), and Mrk 766 (Leighly
[ et al. 1996). However, in all cases the spectral index varied
1 li mainly betweerl’y ~ —2.0 andflatter values. Further, these
3 % % I } 1 sources changed countrate when changing spectral shape. Re-
ol 1 cently, Guainazzi et al. (1998b) presented observations of the
T T H T -l Seyfert galaxy 1H0419-577 which underwent a spectral transi-
' TIME [s] ' ' tion from steepX(, =—2.5) to flat (', =—1.6) between a ROSAT
Fig. 6. X-ray lightcurve of Mrk 1298. Each point encloses a time inter;ilnd a SAX Observatlo_n' The most Sl.m"ar case to RX J0134-
val of 800s. Rapid variability on short timescales is revealed. 4258 we are aware of is the Opservat'on reported by Fink et al.
(1997) who detected changes in spectral index of the NL quasar
TON S180 that were not accompanied by a noticeable change
FWHM g places QSO 0117-2837 in a region in the populaf the total soft X-ray emission.
I'x versus FWHM; g diagram (e.g., Fig. 8 of BBF96) which is
barely populated by objects, therefore occasionally referred
as ‘zone of avoidance’.

Its peculiar properties make QSO 0117-2837 a good t&arm absorption.One natural mechanism to produce the spec-
get for follow-up X-ray spectral observations with XMM andral variability in RX J0134-4258 is warm absorption because
AXAF, as well as for high-resolution optical observations dhis is an efficient method to produce steep X-ray spectra (e.g.,
the HG complex. by a change in ionization state of the warm absorber). Note, that

Some NLy1s have been reported to show rapid X-ray vatrupe (1996) argued against the presence of the warm absorber
ability. QSO 0117-2837 shows constant source flux during thased on the erroneous statement that a warm absorber could

0.04 |- Mrk 1298 T

COUNTRATE [cts/s]

5“&2 Variability mechanisms

observation, though. not produce a steep soft X-ray spectrum.
Examination whether, and under which conditions, a warm
5.2 RXJ0134-4258 absorber is indeed a viable description of the X-ray spectrum,
and whether it is the only one, has to be based upon detailed
5.2.1. Comparison with similar objects modeling and careful consideration of alternatives.

The drastic spectral variability of RX J0134-4258 is rather peitra?:(r)?;i(taglinsgm(/iﬁ ?ltttA; '26)1 i/(\a/:?ri t:;gsrgoélfvv\\lli'%gcr;?ﬂs: dg:ﬁ
culiar. Often, in AGN, the X-ray flux is variable but the spectrall'. el ity

. : |5¥10gN ~ 23. This is a factor of about 2-3 larger than that of
slope remains constant. Cases were a strong change in hard X-
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the well-studied warm absorber in the NLSy1 galaxy NGC 409E1615+061 for an extreme exampée)d variable powerlaws
(e.g., Pounds et al. 1994, Komossa & Fink 1997a, and our Taften of constant shape) have been observed in AGN and these
ble 3). two might have compensated each other to produce nearly con-
The most suggestive scenario within the framework of warstant total countrate (this seems to be the model favored by
absorbers then is a change in floaization stateof ionized Grupe 1996; their Fig. 8.11).
material along the line of sight, caused \grying irradiation
by a central ionizing source. One problem arises immediat
though: In the simplest case, lower intrinsic luminosity woul
be expected, to cause the deeper observed absorption, in 138@. variability amplitude of NGC 4051, a factor 30 over the
However, the source is somewhat brighter in the RASS obserti@easured time interval, is fairly large. During all individual
tion. (Fig[4). Some variability seems to be usual, though. TROSAT observations, the source is variable. No long-term very
countrate changes by about a factor of 2 during the pointklv state as recently reported by Guainazzi et al. (1998a) oc-
observation (Fid.I3). If one wishes to keep this scenario, ogerred.
would have to assume that the ionization state of the absorberThe warm absorber properties, averaged over individual ob-
still reflects a preceding (unobserved) low-state in intrinsic flugervations, are found to be quite constant, with changes less than
Alternatively, and more likely, gas heated by the central coabout a factor of two in column density and ionization param-
tinuum source may haweossed the line of sighproducing the eter. This is consistent with the finding of Komossa & Fink
steep RASS spectrum, and has (nearly) disappeared in the 188®7a) that the bulk of the warm material in NCC 4051 does
observation. This scenario explains most naturally the neangt react to short-timescale changes in the ionizing luminosity
constant countrate from RASS to pointed observation, becaasel thus the bulk of the ionized absorber must be of low den-
the countrate is dominated by the soft energy part of the spsity, or alternatively, the warm material is out of photoionization
trum (below 0.7 keV) which is essentially unaffected by warmquilibrium. The latter possibility was also suggested by Nicas-
absorption. The transient passage of a BLR cloudlet would tse et al. (1999) based on shorter-timescale variability behavior
consistent with the scenario proposed by Rodriguez-PascuabfdilGC 4051. Recently, Contini & Viegas (1999) presented de-
al. (1997) who suggested a matter-bounded BLR in NLSy1s tailed multi-wavelength modelling of NGC 4051, including in
the basis of emission line profiles and strengths. They derivéhair models the presence of shocks besides photoionization.
lower column density for the BLR clouds but since our best-fit
X-ray warm absorber also has a higher ionization parameter, Iéh_ﬁ_ Mrk 1298
hydrogen Stimgren sphere is shifted further out and thus the
clouds remain matter-boundéd. Itis interesting to note that Mrk 1298 exhibits all characteristics
of a NLSy1 galaxy except that its observed FWHM ¢f t2200

Alternatives: The short duration of the RASS observation halémls’ Just escapes thg criterion of Goodrich (1989). .
Awarm absorber fits well the X-ray spectrum of this galaxy,

to be keptin mind, and both, an intrinsically steep powerlaw an%ereas a powerlaw plus black-body-like soft excess does not.

a strong soft excess fit the X-ray spectrum as well. Variability . )
. ; . This also holds for further possible shapes of the soft excess.
in only one component seems to be problematic, though, since : , "

In the following, we give some predictions made by the

the nearly constant countrate has to be accounted for. -2 . .
warm absorber scenario, in terms of line emission and absorp-

A spectral change with constant countrate is reminiscent . .
. ; . .tion. Depending on the covering factor of the warm absorber,
one class of Galactic black hole transients (the one in whigh = . X ; o .
) -the ionized material might contribute to high-ionization emis-
both spectral components change simultaneously as to mimic . . : !
n lines in the optical-EUV spectral region (e.g., Komossa

: |
constant countrate; e.g., Tanaka 1997). In fact, the poten%ﬂ:mk 1997a,d,e). Among the strongest predicted lines are

similarity of NLSy1s with Galactic black hole candidates h
. : ) eXIV]A5303/H3,, = 3, (NVA1240+FeXIN)/HSG,, = 13 and
been repeatedly mentioned (starting with Pounds et al. 1935” A1035/H3,., = 284. However, the warm absorber is mat-

but has never been explored in more detail. We do not follqw e
this one further, since the analogy between NLSyls and Galac%bounded and the total emissivity injhi fairly small when
’ 9y y pared to the observedsHuminosity of L5 ~ 10256

black hole candidates does not seem to go very far (€.g., p. erg/s (Rafanelli & Bonoli 1984; the value given in Miller et al.
of Brandt & Boller 1999). 992 is afactor 1.6 lower). Scaled to observed] tthe strongest
Finally, it is also possible that the constant countrafLe ; ' 9

. o ) . epredicted line is OVl|.a/HBobs ~ 0.4.
is pure coincidence: Both, variable soft excesses (see, ‘9 \WBB96 mention the presence of UV absorption lines in an

IUE spectrum of Mrk 1298. The following equivalent widths of

4 Itis important to note that both these scenarios are consistent wWiiky absorption lines are predicted for the best-fit warm absorber
the recent ASCA observation of Grupe et al. (1999b) who do not %—odd (see also the discussion in Wang et al. 1988)iVy/\ ~
tect strong absorption edges in the ASCA spectrum of RX J0134-42§§ 9in CIV and Lya andlog Wy/A ~ —3.0 in NV (adopting

(the upper limits they report amot very tight, though): In case of a . _ - -
non-equilibrium warm absorber the actual depths of absorption ed%e\éelocny parameter= 60 km/s). This is assuming all spectral

depend on the unknown flux history; in the more likely case of a tra teepness i_S indeed caused bythe warm absorber. Ifan additional
sient cloud passage the absorber has sirgftyur line-of-sight softexcessis present (note that justa powerlaw plus black-body-

.3. NGC 4051




St. Komossa & J. Meerschweinchen: (RN) X-ray properties of four NLSyls and a radio quasar 419

like soft excess doesot fit the ROSAT spectrum; but in caseness is dominated by the warm absorber, but the index of the
more than two spectral components are allowed, fits are mwiderlying powerlaw can become as steep,as —2.43and an

well constrained due to the limited PSPC spectral resolutiomjditional soft excess ist present in source high-states (Pounds
the contribution from the warm absorber would be less, sincegal. 1994, Komossa & Fink 1997a; the latter authors addition-
lower column density would be inferred from spectral fits.  ally provided evidence for an EUV bump component based on
photon counting arguments). Further complications concerning
the X-ray spectra of NLSyls have emerged recently, via the
suggestion oflustywarm absorbers in some NLSy1-like galax-
There is growing evidence that severdu{ not al) warm ies (Brandt et al. 1996, Leighly et al. 1997, Komossa & Bade
absorbers contain dust. The reported individual cases a898).

IRAS 13349+2438 (Brandt et al. 1996, Komossa & Greiner We have examined two further NLSyls observed with
1999, Komossa et al. 1999b), NGC3227 (Komossa ROSAT, 1Zwl and PHL 1092, and find that neither a flat power-
Fink 1997b, George et al. 1998), NGC 3786 (Komossaw with soft excess nor a warm absorber can accounhfust

& Fink 1997c), MCG6-30-15 (Reynolds et al. 1997)pf the spectral steepness. The sources are best described by a
IRAS 17020+4544 (Leighly et al. 1997, Komossa & Badsingle steep spectral component.

1998). As suggested by Komossa (1997) these spectral components

The advantage of invoking dust mixed with the warm atwf NLSyls may be linked in the sense that a more polar view
sorber in 4C +74.26 is the steeper intrinsic powerlaw spectrum the accretion disk (e.g., Fig. 3 of Madau 1988) causes the
(I'x >~ —2.2) required to compensate for the ‘flattening effectoft excess component to be more pronounced, while along the
(Komossa & Fink 1997b) of dust, as compared to a single pofunnels of the disk outflows are driven which cause the charac-
erlaw fit which gives a peculiarly flat spectruii,(~ —1.4). teristic absorption edges of warm absorbers if viewed along the

A steep intrinsic spectrum has the advantage of being cldge-of-sight against the continuum source.
to the ASCA hard-energy value @f, derived for this source Except for NGC 4051 the faintness of the objects of the
(Brinkmann et al. 1998) and the general expectations for neagingsent study (and many other ROSAT observed ultrasoft
radio-loud quasars in the ROSAT bant. (~ —2.2; e.g., Schar- sources) does not allow to perform n-component spectral fits.
tel etal. 1996a, Brinkmann etal. 1997, Yuan 1998). Better spétewever, the one-component models presented here still pro-
tral resolution soft X-ray data are needed to distinguish betwegde upper limits on the contribution of each single component
both possibilities, an intrinsically flat powerlaw, or a dusty warrsteepness of powerlaw, strength of soft excess, column density
absorber. of warm absorber).

Given the few cases that have been observed with high X-ray
spectral resolution and sufficient countrates, other approaches
to distinguish between different EUV-X-ray spectral shapes are
Based on limited spectral resolution in the soft X-ray banimportant. Such an approach is described in the following sec-
early models attempted to explain the X-ray spectral steepngsa.
of NLSy1s with one component only; either (i) a single steep
powerlaw, or (ii) a strong soft excess on top of a flat power- .
law (e.g., Puchnarewicz et al. 1992, BBF96), in analogy 07'5%\!0;(1832(3)((—;{35 dsspectral shape and stability
Seyferts (e.g., Walter et al. 1994) and quasars (e.g., Schartel
et al. 1996a,b, 1997b) which were believed to have soft X-r@ne suggestion to link the apparently steep soft X-ray spectra
excesses, or (iii) heavily warm-absorbed flat powerlaws (e.gith the small FWHM of the broad lines in NLSyls was the
Komossa & Greiner 1995, Komossa & Fink 1997a,d,e). Omefluence of the X-ray spectral shape on multi-phase BLR cloud
of the comfortable properties of both, the soft excess plus feduilibrium, especially the hindrance of BLR formation due to
powerlaw and the warm-absorbed flat powerlaw interpretatidtumination by a steep X-ray spectrum (Brandt et al. 1994).
isthe presence of enough X-ray photons to account for the stratigre, we test this suggestion based on calculations carried out
observed Fell emission in NLSy1s. It does not immediately ewith the codeCloudy: In particular, we investigate how different
plain the occasionally observed trendstongerfrell in objects EUV-X-ray spectral shapes change the range in which a multi-
with steepeiX-ray spectra, but it is interesting to note that Wanghase equilibrium is possible and attempt to distinguish, within
etal. (1996) find a trend for stronger Fell to preferentially occtine limits of this scenario, between different suggested spectral
in objects whose X-ray spectra show the presence of absorptieodels.
edgﬁiwever, there were early indications of spectral com-5 Given _the_ recent _reports of (_)gcasional discrepancies beMeen the
plexity of NLSy1s (e.g., Brandt et al. 1994, Komossa & FinQowerlaw indices derived from fitting ROSAT and ASCA data, in the
1997a,d; see also Vaughan et al. 1999). E.g., a detailed Sg@;e that ROSAT spectra tend to be steeper, this might also affect

O

5.5. 4C+74.26

5.6. X-ray spectral complexity in NLSy1 galaxies

. . C4051's spectrum. We note, however, that during the Nov. 1992
of NGC 4051, a bright source for which several deep ROS SAT observation of this galaxy, the powerlaw was in its steepest

observations were p_erformed, revealed all three of the specyplereq state even when comparing with other ROSAT observations
components to be simultaneously present: The spectral ste§Rknis source.
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are shown in Fig§]TJ]8. The parts of the equilibrium curve with
negative gradient correspond to thermally unstable equilibria.

It is well known that the original Krolik-McKee-Tarter models
face problems when a more realistic continuum shape is used, in
the sense thata pressure balance between a cold, photoionization
heated, and a hot, Compton heated phase no longer exists (see
Fig[4,e.gI'y =—1.9 compared tb, =—1.5). Reynolds & Fabian
(1995) point to the existence of an intermediate-temperature
stable region wher& /T is multi-valued. We find that this in-
termediate region disappears for steep X-ray sp@dﬂae to

the relatively weaker X-ray flux and the fact, that the value of

U is dominated by the EUV flux near the Lyman limit, the
T s S s 4 s gas remains longer in the ‘photoionization-heating, collisional-

-5 -45

log (U/T) deexcitation-cooling’ phase. The same holds for a continuum
Fig. 7. Gas equilibrium curves. The X-ray spectral shape and the g&§h & hot soft X-ray excess (Fig. 8).
metal abundances were varied. The solid lines correspond to meanThese studies reveal that several spectral shapes and gas
Seyfert continua with energy index,, _.=—1.4, varying photon index metal abundances lead to similar results, but show that the mech-
I’y as indicated in the figure and solar chemical abundances. Dot&tism suggested by Brandt et al. (1994) works in general. More
line: metal abundances @=0.3x Z; dashed lineZ=3x Z. detailed models should then await better knowledge of the 0.1-
10 keV X-ray spectral shape.

log T

T T T T
s [ ]

-0.75
6. Summary and conclusions

We have presented a study of the X-ray spectral and temporal
properties of four NLSy1-like galaxies and a radio-loud quasatr.
The results can be summarized as follows:

QS0 0117-2837This NLSy1 galaxy shows a very steep X-
ray spectrum witl"y, ~ —4.3 when fit with a simple powerlaw,
among the steepest spectra reported for NLSy1s. Alternatively,
the spectrum can be described by a flat powerlaw with soft ex-
cess ofkTy,, ~ 0.1 keV, or a warm-absorbed flat powerlaw.

‘ ‘ ‘ The extreme X-ray spectral steepness of QSO 0117-2837 is un-
® log (U/T) e expected in the light of its fairly large FWHM of B With these

_ o _ ~_ properties QSO 0117-2837 fills the ‘zone of avoidance’ in the
Fig. 8. Eq.umbr.lum. curves for various EQV .shapes of the |o.n|2|nq:\,\/|_|MHB_FX diagram. The X-ray lightcurve of QSO 0117-
spectrum illuminating the gas clouds. Solid lines: Continua with ph%—837 reveals constant source flux.

tonindex'x =—1.9 and varyingvu,v—x = —0.75, —1.4, —2.0 as given . .
in the figure. Broken lines: Black-body added to a mean Seyfert contin- RXJ0134-4258 This source underwent a drastic X-ray

uum with a 50% contribution to the total luminosity and a temperatu?é’earaI transition from steeﬂ)( ~ —4.4) toflat (s ~ _2'2?
of 10°K (dashed line) and 20°K (dotted line). Solar abundances werd€tween two ROSAT observations separated by 2 yr, while the
assumed. As can be seen, steep X-ray spectra remove the multi-valt@@n countrate remained nearly constant. We examined several
behavior of the curves, and thus the possibility of multiple phasessgenarios that might account for this peculiar behavior, with
pressure balance. focus on the presence of a warm absorber. We find that a re-
action of the ionized material to continuum changes requires
. ) _non-equilibrium effects to be at work. Alternatively, and more
The thermal stability of broad line clouds can be examinglely, a cloud of warm gas may have passed our line of sight.
by studying the behavior of temperatufein dependence of Thjs|atter scenario shares some similarity with the one proposed
pressure, i.e.l//T (e.g. Guilbert et al. 1983, their Fig. 1; forpy Rodriguez-Pascual et al. (1997) based on UV observations
a general discussion see also Krolik et al. 1981, Netzer 19904 sample of NLSy1s. Variability of both components in the

Reynolds & Fabian 1995, Komossa & Fink 1997a,d). In aseframework of a powerlaw-plus-soft-excess spectral description
is multi-valued for constariy/T", and the gradient of the equi-provides an alternative explanation.

librium curve is positive, several phases may exist in pressure

balance. o o 5 We only explore the rough trends here. The detailed shape of the
To test this idea, we have calculated equilibrium curves f@gilibrium curve in the intermediate-temperature region also depends

th.e BLR gas for ir‘trinSica||y steep X-ray spectra or Specte the details of the heating-cooling processes and reflects to some
with a black-body-like soft excess. Additionally, the metal aburxtent the completeness with which these are implemented in the code
dances were varied, which affect the cooling of the gas. Resulted (see Ferland et al. 1998, Kingdon & Ferland 1999).

log T
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NGC 4051 We analyzed all ROSAT PSPC observations @&randt W.N., Mathur S., Elvis M., 1997, MNRAS 285, 25
this well-known Seyfert galaxy including previously unpubBriel U., Aschenbach B., Hasinger G., et al., 1994, ROSAT user's
lished ones. Variability by a factor £30 in countrate is de-  handbook. MPE, Garching
tected. The mean X-ray luminosity varies less but still by a factBfinkmann W., Yuan W., Siebert J., 1997, A&A 319, 413
of ~7, whereas the properties of the warm absorbier\y,; av- Brlnkmann W Otani C., Wagner S., Siebert J., 1998, A&A 330, 67
eraged over individual pointings) change by only a factegf C2PPI M., Mihara T, Matsuoka M., et al.,, 1996, ApJ 458, 149

NS T Ciliegi P., Maccacaro T., 1996, MNRAS 282, 477
mdlcatmg that the bUIK Of. thg warm _a_bs_orber Is either of |0\&omastri A., Fiore F., Guainazzi M., et al., 1998, A&A 333, 31
density or out of photoionization equilibrium.

. Contini M., Viegas S.M., 1999, ApJ in press; astro-ph/9904226
Mrk 1298 The ROSAT PSPC spectrum of this source Sho"b‘?ckey J.M.. Lockman E.J.. 1990. ARA&A 28. 215

clear signs of warm absorption, confirming Wang et al. (1998)one C., Pounds K.A., Nandra K., Fabian A.C., 1995, MNRAS 275,

Based on detailed warm-absorber modelling, we predictthe con- 41

tribution of the ionized absorber to opt-UV-EUV emission lineBabian A.C., 1996, In: Zimmermann H.U. iimper J., Yorke H. (eds.)

which is found to be quite weak. Repeated rapid variability by MPE Report 263, p. 403

a factor~2 within time intervals of 800s is detected. Ferland G.J., 1993, University of Kentucky, Physics Department, In-
4C +74.26 We considered this quasar as a candidate for a ternal Report

dustywarm absorber. We show that such a model successfufff/and G.J., KoristaK.T., Verner D.A., etal., 1998, PASP 110, 761

fits the ROSAT X-ray spectrum of this source and resolves thiK H-H., Walter R., Schartel N., Engels D., 1997, A&A 317, 25

discrepancy between the underlying powerlaw index derivlf™® - EIVis M., Mathur S., Wilkes B.J., McDowell J.C., 1993, ApJ

) 415, 129
from ROSAT and ASCA observations. Gaskell M., 1985, ApJ 291, 112

X-ray spectral complexity in NLSyls and multi-phase  geqrge .M., Mushotzky R., Turner T.J., et al., 1998, ApJ 509, 146
BLR equilibrium Given the increasing spectral complexitysoodrich R.W., 1989, ApJ 342, 224
of NLSy1 galaxies, with often two or even three componentsreiner J., 1996, In: Greiner J. (ed.) Supersoft X-ray Sources. Lect.
contributing to the X-ray spectral shape, we examined the Notes in Phys. 472, p. 285
influence of different spectral shapes on BLR cloud multi-phageeiner J., Danner R., Bade N., et al., 1996, A&A 310, 384
equilibrium, in an attempt to determine which spectral shap@sevesse N., Anders E., 1989, In: Waddington C.J. (ed.) Cosmic Abun-
dominates on average (W|th|n the limits of this Scenario)_ dances of Matter. AIP 183, American Institute of Physics, New
We find that both, a steep powerlaw spectrum, and a strong York p- 1

EUV-X-ray excess component narrow down the range Wher(gﬁ'pe B"Eg%' Ph.D.'Lheiis, Univefitczbttii;lgenh K Eink KLU
stable multi-phase equilibrium is possible. rupe ©., euermann ., thomas H.-L., Mannneim ., FincH.A.,

1998, A&A 330, 25
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