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Abstract. The soft X-ray (0.1—2.4 keV') emission of 58 Seyfert
1 type active galactic nuclei have been studied using the spectra
obtained during the ROSAT all sky survey. These spectra are well
represented by power law models with photon indices ranging
between 1.6 and 3.4. The spectra usually do not show intrinsic
absorption. A notable exception is Mrk 766 which is probably
absorbed by molecular clouds located in the inner part of the
Narrow Line Region.

A soft X-ray excess above the extrapolation of the hard X-
ray spectrum is detected in 90% of the sources. These soft X-
ray excesses are well correlated to the strength of the “big blue
bump” observed with IUE except for those sources which are
highly absorbed in the ultraviolet. The strength of the ultraviolet
to soft X-ray bump varies by a factor of hundred from object to
object and it is not correlated either to the luminosity or to the
radio-loudness.

The data are consistent with the assumption that the ultra-
violet to soft X-ray bump is similarly shaped in all Seyfert 1
galaxies of our sample. Neither thin nor thick accretion disk
models can reproduce the available observations in a natural
way.

Key words: galaxies: Seyfert — ultraviolet: galaxies — X-rays:
galaxies

1. Introduction

The ultraviolet to X-ray spectra of Seyfert 1 type Active Galactic
Nuclei (AGN) can be decomposed in two major distinct compo-
nents, a non thermal hard X-ray continuum and a broad excess
of emission in the ultraviolet, the so-called big blue bump, often
interpreted as the prime emission from accreting matter.

In several sources an excess of emission was discovered in
the soft X-ray domain by EXOSAT (Turner & Pounds 1989).
Even if part of this soft X-ray excess can be emitted by an ex-
tended source (Elvis et al.1990), soft X-ray variability observed
in several Seyfert 1 type AGN has lead to the conclusion that
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* Tables 1 and 2 of this paper are available in electronic
form via an anonymous ftp copy at the Centre de données de
Strallbourg.

a major part of the soft X-ray emission is produced in the very
central parts of the active nucleus.

Since its discovery (Arnaud et al.1985), the more widely
accepted explanation for the soft X-ray excess has been the
emission from the inner edge of the accretion disk which, on
the other hand, is thought to be responsible for the ultraviolet big
blue bump. The low transmission of galaxies in the far ultraviolet
remains, however, a major obstacle to its understanding.

In this paper we use the improved soft X-ray sensitivity
and the low instrumental background of the X-ray telescope
aboard the ROSAT spacecraft (Triimper 1983) to analyse the
soft X-ray (0.1 — 2.4 keV) spectra of a sample of 58 Seyfert
1 type AGN observed during the ROSAT all sky survey (Sect.
3). We discuss the absorption in these spectra in Sect. 4 and the
spectral components of the soft X-ray excess and its relation
to other spectral components in Sect. 5. The main goal of this
paper is to establish the relation between the soft X-ray excess
and the ultraviolet emission in Seyfert 1 galaxies. In Sect. 6
we determine the spectral shape of the ultraviolet to soft X-
ray bump and we compare it to predictions of several emission
models.

2. Observations

2.1. The sample

The point sources found by the Standard Processing and Analy-
sis System (SASS) in the ROSAT all sky survey have been com-
pared with positions of Active Galactic Nuclei compiled from
various catalogues to construct a list of optically well-known
AGN detected at X-rays with ROSAT (Brinkmann 1992). From
it we selected all Seyfert 1 type AGN with more than 300 counts
(SASS), which were observed at least once in the ultraviolet with
IUE .

Four sources were removed from this list. For E 1556+274
the finally extracted net source counts were insufficient to es-
tablish a reliable spectrum. NGC 4151 was removed because
its soft X-ray emission is extended (Pounds et al.1986). Finally,
Mkn 205 and Mkn 876 are targets of the ROSAT-IUE pro-
gramme (RIASS), for which the data rights do not belong to the
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authors. They have been excluded and they will be published
elsewhere (Ulrich, in prep.).

The remaining sample of 58 Seyfert 1 galaxies are listed
in Table 1 toghether with their redshifts (Véron-Cetty & Véron
1991) and the line of sight equivalent hydrogen column densities
as derived from the 21 ¢m radio measurements. This column
density is caused by matter in our Galaxy and it is designated
as N Hgal-

For some well-studied X-ray AGN accurate pointed radio
measurements by Elvis et al. (1989) are available which we
adopted in Table 1 where applicable. For the other sources
we used column densities derived from the 21 e¢m surveys by
Dickey et al. (1990) or Stark et al. (1987). These column densi-
ties are mean values averaged over areas of 1° x 1° and 2° x 3°,
respectively, towards the target considered.

2.2. Ultraviolet, infrared and radio data

The ultraviolet fluxes listed in Table 1 have been extracted from
the mean spectra observed with IUE between 1978 and 1988 or
from quasi-simultaneous RIASS observations when available
to us.

The given fluxes are continuum fluxes extracted in two win-
dows free of strong emission lines defined in the rest frame of
the source at 1375 4+ 25A and 2675 + 25A. They are corrected
for galactic reddening in the observer’s rest frame by means of
the reddening law of Savage & Mathis (1979) using the listed
radio column densities (Ryter et al.1975). The flux errors in Ta-
ble 1 are standard deviations of the fix pattern noise of IUE . The
reproducibility of the flux determination in the given windows
are usually better than 5% (Walter & Courvoisier 1991) except
for faint sources at the limit of detectability at 1375A.

For only 7 objects in our sample quasi-simultaneous IUE
and ROSAT observations are available. According to long-term
light curves recorded with IUE , typical flux variations are of
a factor of three (Courvoisier & Paltani 1992). Therefore we
estimate that the uncertainty of the listed ultraviolet fluxes is,
on average, not larger than this factor. Since most of the light
curves are undersampled, we cannot exclude larger variations
in some sources, but a systematic effect on the entire sample is
rather unlikely.

The 25um fluxes are given for those sources detected with
IRAS. They are compiled from the JRAS catalogues and from lit-
terature. We estimate that their systematic uncertainties related
to the non-simultaneity of the observations is less than a factor
3. Corrections to the IRAS fluxes for galactic contributions are
usually smaller than a factor of two (Edelson & Malkan 1986)
and, therefore, negligeable in our discussion.

The 5 G H z fluxes are taken from the Véron-Cetty & Véron
(1991) catalogue. They are used to calculate the radio loudness.
Although we cannot exclude variations of the radio emission
by one order of magnitude, we checked that such uncertainties
basically do not have a crucial effect on our conclusions.
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Fig. 1a—c. Residuals (in unit of standard deviations of the count rate)
between the observed spectra and the best fit absorbed power law model
spectra for a NGC 3783 b Mrk 841 and ¢ Ton 1542

2.3. X-ray observations and analysis

The X-ray observations were performed with the X-ray tele-
scope and PSPC detector (Pfeffermann et al.1986) aboard the
ROSAT spacecraft during the ROSAT all sky survey (Voges
1992). The survey was performed by scanning the sky along
great circles perpendicular to the ecliptic. Therefore, the num-
ber of passages of a given source through the detector’s field
of view (2° in diameter) i.e. the total exposure and the obser-
vational period, depends strongly on the ecliptical latitude of
the target. Exposure times range from some hundred to some
thousand seconds. Sources near the ecliptic are observed for two
days, those near the ecliptic poles for weeks to months.

All selected sources are analyzed using the same method.
All counts were collected which were registered by the PSPC
in a field of view truncated to 57 arcmin in radius to avoid edge
effects. Then these counts were reprojected onto the plane of the
sky by means of the attitude solution for the telescope axis. By
fitting a two-dimentional Gaussian function to the reconstructed
X-ray image of the source its centroid is determined. Subse-
quently, we extracted the source counts contaminated with the
local background by cutting out a circular area from the X-ray
sky centered on the source’s centroid. The extraction radius is
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given by that distance from the centroid where the radial profile
of the point source meets the background level.

The background photons are collected in an annulus cen-
tered on the source during the observation. When detected, other
sources were removed from the background field. The gain cal-
ibrated source and background counts are then corrected for
effects of vignetting, i.e. variation of the off-axis effective area
in the field of view of the PSPC, and for the true exposure times
at all positions in the sky field considered, and finally binned in
pulse height spectra. The spectra are not corrected for the effects
of the dead time and of the shadowing of the detector supporting
structure. Their common effect is a systematic underestimate of
all X-ray fluxes by (12 & 2)%.

The first 7 channels (< 0.08 keV) and the last 16 channels
(% 2.4 keV) of the spectra are excluded from the final spectra
as the response of the instrument is not well defined at both
ends. Finally the background substraction is performed and the
spectrum is compressed to unequally spaced bins containing
count numbers with the same S/N ratio, usually between 5 and
9 depending on the total number of counts. Typical compressed
pulse height spectra comprise 10 to 20 bins.

The spectral fits described in the following sections always
compare the compressed spectra to different models folded with
the response matrix of the PSPC detector. The response matrix is
the same for all observations, its accuracy is better than 3%. The
validity of the x? analysis used to derive the best fit parameters
and their uncertainties demands a binning in data points. The
optimum choice for the number of bins has been obtained in a
Monte Carlo simulation and amounts up to 20 bins (Davelaar
1969).

3. Soft X-ray spectral shape

Observations with the EXOSAT and Einstein observatories have
shown that at least two emission components are merging in the
soft X-ray spectra of Seyfert 1 galaxies and quasars: a flat non-
thermal hard X-ray power law and a steeper soft X-ray com-
ponent. In several sources, observations with EXOSAT located
the spectral break between the two components between 0.3
and 1 keV. This is consistent with the absence of soft X-ray
excesses in most of the published hard X-ray (£ > 2 keV)
spectra obtained with Ginga and it is confirmed by the results
of simultaneous Ginga and ROSAT observations (Pounds et al.,
in prep.; Turner et al., in prep.).

There are a lot of spectral models (including power law,
black-body, thermal bremstrahlung and various disk models)
which can be compared to the soft X-ray excesses of active
galactic nuclei. However, the poor spectral resolution of the
PSPC limits strongly the grade of complexity of models to be
compared to the ROSAT data. Even for low interstellar absorp-
tion, a typical spectrum contains no more than four to five in-
dependent energy bands (AE/E = 0.4 E;57).

Therefore, we start with the simplest parametrization, the
absorbed power law (pl) model F,, ~ e~ “Nup!=T' | requiring
only 3 free parameters. This model is compared to the full (f)
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Fig. 2. Distribution of the soft X-ray photon indices

~ 0.08 to ~ 2.4 keV spectra of the sample sources. The best
fit photon index I', absorbing column density Ny, r) and nor-
malization at 2 keV sz ,iev, and their uncertainties (1o for three
free parameters, Ax? = 3.53) are given in Table 2 as well as the
reduced sum of the square of the residuals x2,.

The distribution of the x2, meets nicely the theoretical ex-
pectation. 62% and 91% of the x?2, values are less than 1.0 and
1.3, respectively. However for Mrk 841 and NGC 3783 the x?2,
are 2.3 and 2.6 respectively. The probability to get such large
values is less than 1% and 0.4%, respectively, i.e. three to four
times less than observed.

A simple power law spectral shape modified by interstellar
absorption is, therefore, sufficient to describe all the spectra ex-
cept those of NGC 3783 and Mrk 841. The residuals obtained
in these two cases (Fig. 1) cannot be explained by remaining
uncertainties on the response matrix as they correspond to devi-
ations of more than 20% of the observed spectral fluxes. These
residuals suggest that an additional low energy component is
needed to represent the spectra adequately. This component
should merge with the power law below 1 keV'. This picture
is confirmed by the fact that in both objects the 2 keV flux ob-
served by ROSAT and EXOSAT (Turner & Pounds 1989; Arnaud

Footnote to Table 1: Quasi-simultaneous observation with
@JUE and/or ®Ginga (Makino, pers. comm.) “Stark et al. (1987)
4Elvis et al. (1989) *Dickey et al. (1990) /Véron et al. (1991)
9EXOSAT archive "Halpern (1982) *Turner et al. (1989) 7 Treves
et al. (1990) *Williams et al. (1992) ‘Walter et al. (1992)
™Nandra et al. (1991) "Barr et al. (1992) °IRAS catalogues
PNeugebauer et al. (1986) YEdelson et al. (1987) "Sanders et
al. (1989) *The contribution of the white dwarf K1-16 located at
1.5 arcmin from Q1821+643 has been removed from the spectra
of this source following the prescriptions of Ulrich et al. (1992).
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Table 1. List of the sample with radio, infrared and ultraviolet fluxes (v F,, in erg/s cm?) and hard X-ray power law indices.

Name Position 2 Nuga vE 4 vF I/FSfG gy VPsum  To_iokev g,f’f;;el
1950 10%'em =2 107" 10" 10~ 107"

1 1ZW 1 0051+1225 0.061 0.507¢ 5854026 4.41+2.06 0015 1327 100

2 Mkn 352 0057+3133  0.015 0.555° 3.2840.63 4.00 + 1.03 1.70 +0.20° 120

3 Fairall 9% 0122-5904 0.045 0.284° 7.56+0.88 10.7+£2.1 717 1.84+0.05° 80

4 Mkn 359 0125+1855 0.017 0.481° 2.08+0.24 2.76+0.54 5.7° 120

5 3C480 0134+3254 0.367 0.435¢ 0.92+0.44 269 1.9°

6 Mkn 1018 0203—-0031 0.043 0.255° 1744043 1.8341.39

7 Mkn 590° 0212—-0100 0.027 0.307¢  623+0.44 836+1.08 0.020 2.7° 80

8 NGC 985 0232—-0900 0.043 0.283° 4414037 579+1.40 0.015 6.6° 80

9 NGC 1566 0419-5503 0.004 0.155° 1.81+£0.36 0724039  0.38 10.6°  1.50 +0.20"
10 Akn 120 0513—0012 0.033 1.130° 205405 223433 0015  49°  2.10%%%% 100
11 MCGS8-11-11  0551—0012 0.020 2.238° 736+0.62 1.98+246 0415  23.8° 1.7040.157
12 VIIZW 118 0702+6441 0.079 0.481° 6.66 +1.44 5.83+3.66 80
13 Mkn 79 0739+4956 0.022 0.589¢ 4264047 556+1.19 0.020  9.1° 80
14 Mkn 10 0743+6103  0.030 0.474° 2.73+£0.32 242+1.41 2.6°
15 PG0804+761  0804+7611 0.100 0.312¢%  6.11+£1.29 843+2.13 0.010 257  2.00+ 0.20 80
16 Mkn 704 0916+1631  0.029 0.315% 2744046 1.79+0.46 6.4° 100
17 Mkn 110 0922+5230 0.036 0.157° 2.57+049 2.62+1.24 0.010 80
18 Mkn 705 0923+1257 0.028 0.403¢ 3354139 0.050  3.6° 80
19 PG0953+415  0954+4130 0.239 0.118° 6.234+1.38 0.010 1.3 80
20 Mkn 142 102245155  0.045 0.118° 1.70 £0.92  0.002 80
21 PG 11164215 111642136 0.177 0.144% 123+21 105+1.1 0015 80
22 NGC 3783 1136—3727 0.009 0.923¢ 16.7+0.5 202+4.1 008  29.2° 1.55+0.15°
23 3C263.0 113746604 0.652 0.082¢ 3.07+1.86 520 0.6 80
24 H1143-182 1143—1811 0.033 0.348° 5334042 6.39+2.62 1.4° 80
25 NGC4051%° 120144448 0.002 0.131¢ 3.054+1.80 1.66+044 0225  17.0¢ 1.65+0.05° 80
26 PG 1211+143  1211+1420 0.085 0.283¢ 4284043 486+043 0.785 437 2.107%%F 80
27 Mkn 766 121643006 0.012 0.176° 1.06+0.30 0.69+1.40 0.075  17.1¢ 80
28 3C273% 122640220 0.158 0.177° 26+13 33.1+29 217 113" 1.50+0.10° 80
29 TON 1542 123042026  0.064 0258  3.77+£0.33 6204122  0.005 3.6 80
30 NGC 4593 1237-0504 0.009 0.197¢ 5134027 2.75+049 0.010  11.0°  1.90 +0.20" 80
31 IR 1249-1308  1250—1309 0.014 0.361¢ 2214030 2.09+0.81 80
32 MCG6-30-15  1333—3402 0.008 0.406°  0.44+0.50 0.3440.63 0.005  9.7° 1.70 +0.20° 80
33 IR 133442438 133542438 0.107 0.112° 124 +0.16 0.4240.65 0.035  10.5° 80
34 IC 4329A 1346—3004 0.016 0.455¢ 042+0.16 0.30+0.48 0.120  26.5°  1.70%%%%
35 Mkn 279 1352+6933  0.031 0.164¢ 5294026 6584+1.01 0040 357  1.85%2¢ 80
36 NGC 5548 141642522  0.017 0.193° 6.22+0.45 6.49+1.26 0.075 929  1.75+0.15™ 80
37 Mkn 1383 142740130 0.086 0.264%  7.46-+1.14 11.6+3.9  0.005 2.5°  1.90 +0.20" 80
38 Mkn 478 144043539 0.079 0.097° 2744030 7.47+2.04 0.005  22° 80
39 PG 1444+407 144544048 0267 0.131° 2.38+0.69  0.001 1.3 80
40 PG 1448+273 144942722 0.065 0.271¢ 5.36 £ 6.91 1.4" 80
41 Mkn 841° 1502+1038 0.036 0.223¢ 5224037 7.09+1.26 0.030 5479  1.80+0.10° 80
42 Mkn 290 1535+5804  0.029 0.232¢ 3774020 4.98+1.13 22°  1.60°%%
43 E 16154061 161540611 0.038 0.463° 126 £0.35 1.5440.35 80
44 Mkn 506 172143055 0.043 0.316° 2.04+0.25 3.21+0.83 80
45 Q17214343B 172243421 0206 0.306°  4.92+039 42240.82 545 80
46 KAZ 163 1747+6838  0.063 0.424° 1.01+£0.23 0.57+1.11 80
47 KAZ102% 1803+6738  0.136  0.500¢ 2.64 +0.49 2.207%%¢ 80
48 Q 1821+6439%° 182246420 0.297 0.410° 5.31+0.46 47°  1.8040.10° 80
49 3C382.0 183343239  0.059 0.785° 4314022 6214072 11.1 137 1.707%%0 100
50 3C390.3 1846+7943  0.057 0.408° 0.74+0.17 0.66+029 224 3.5 1.65+£0.159 100
51 ESO 141-G55  1917—5846 0.037 0.495° 163+0.8 26.8+46 4.2° 100
52 4C73.18 1929+7352  0.302 0.824¢ 221+1.04 167 2.10£0.20° 100
53 Mkn 509" 2041—1054 0.035 0.399° 114+14 218447  0.020 8.9° 1.70+0.10° 80
54 I ZW 136 213040956 0.063 0.420¢° 5554041 6484166 0010 4.6  2.407%F 80
55 NGC 7213 2206—4725 0.006 0.194° 2724040 239+054 114 8.9°  1.80+0.20" 80
56 Akn 564 224042928 0.025 0.634° 3.8240.39 2.62+0.50 6.8° 80
57 NGC 7469 2301+0836 0.017 0.482¢ 124+0.63 134421 0350 6597 1.80+0.10° 80
58 Mkn 926 2302—0857 0.047 0.366° 6.394+0.61 7.50+1.29 0.045 80
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Table 2. List of best fit parameters (vF, in 10~ " erg/s em?, Ny in 10*'em~2).

r NuwLp) VEDL, X Nuwip Nrugs,p vERe ol e X T'Negar X3

1 3184035 0754021 0254009 1.04 0594037 047+£020 0.13%% 1075}, 093 256+0.14 135
2 2104+£049 042+0.22 042+0.16 035 0374+034 0314+0.17 0.484+0.01 2.24'_1()?5 0.55 2.434+0.19 0.49
3 2214£0.19 02440.07 1.25+0.23 0.62 0.26£0.14 0.21+0.09 1.47+0.02 1.3"_%?2 0.70 2.35+0.07 0.64
4 299+041 0.654+024 0214009 1.13 0.614+0.34 0454+0.19 0.12+0.01 7.84'_63'.76 1.00 2.56 +0.16 1.23
5 1974050 022+0.16 0.304+0.13 0.76 0.35 +£0.05 2.7)'_21]]3 0.79 2.67+0.19 1.23
6 158+047 0.10+£0.16 0.244+0.15 0.79 0.22 4 0.05 0‘710()?7 0.65 2.15+0.21 1.06
7 2014024 020+£0.07 1334028 075 0.234+0.14 0.184+0.10 1.514+0.22 1.44'_](')% 0.67 2.40+0.08 0.99
8 2.68+040 0.31+0.16 031+£0.14 1.18 0.68+0.52 043+0.31 0.48+0.06 2.5?& 0.85 2.574+0.13 1.07
9 1794041 0.07+0.11 0.184+0.10 0.35 0.22 +£0.03 1.74'_1(')(')7 023 2.19+40.19 0.55
10 2.63+0.29 1.004+0.22 1.474+030 058 1.12+049 0.87+0.17 1.56+0.06 0.810()?4 0.57 2.47+0.12 0.63
11 1.37+041 1.00£090 2.564+1.29 0.73 2.554+0.11 0.510().22 0.74 2.12+0.25 0.88
12 2.834+0.37 04640.19 026+£0.11 041 0.274+0.35 0.244+0.35 0.34+0.02 5.0‘:35?4 063 2.838+0.14 0.36
13 290+0.24 093+0.17 1.084+0.23 092 0.86+0.52 0.63+0.77 1.05+0.03 2.0)'_2{,23 1.83 2.18+0.10 2.98
14 3.07+045 0.614+0.25 0.154+0.08 0.88 0.19 £ 0.01 4.6?1?2 0.80 2.69+0.16 0.91
15 2.53+£0.29 0.374+0.13 0484+0.15 1.17 0.28+024 0.25+0.22 0.50+0.05 1‘1+—0(').96 1.12 2.334+0.10 1.15
16 2.57+040 0.3540.18 0.25+£0.11 121 0.384+0.32 0.284+0.18 0.3040.06 2.4121'?8 1.09 2.4540.13 1.10
17 2.17+£0.27 0.134+0.06 0494+0.13 025 0.154+0.10 0.124+0.07 0.60 +0.07 1.2‘*_1(')_58 0.24 2.29 +£0.08 0.27
18 2.60+0.28 0.39+4+0.13 0404+0.12 124 0.254+0.23 0.204+0.25 0.46 +0.02 3.64'_32'?0 1.51 2.654+0.11 1.17
19 293+0.33 0.174+0.08 0.09+0.04 148 0274+0.18 0.24+0.16 0.16 +0.02 3-5131'.28 1.54 2.6540.12 1.55
20 3.12+0.23 0.164+0.05 0.114+£0.03 1.10 0.134+0.06 0.09+0.05 0.09+0.01 14.7+_l§j93 0.87 2.89 +£0.09 1.23
21 2.66+0.40 0.14+0.09 0.134+0.06 094 0.194+0.16 0.144+0.12 0.21+0.03 3.2121'?6 0.75 2.71+0.15 0.84
22 3.164+£0.63 1.2240.57 0.56+0.25 256 0.954+0.06 3. 1+—1(')?6 216 2.674+0.22 2.44
23 2.66+0.51 0.154+0.12 0.054+0.03 0.66 0.154+0.33 0.134+0.30 0.08 +0.01 1.9+_21' _]2 0.76 2.32+0.16 0.77
24 2.59+020 0.344+£0.09 1.044+0.23 093 0.344+0.19 0.274+0.12 1.32+0.09 3.11%% 1.04 2.63 +0.07 0.88
25 2.88+0.18 0.194+0.05 0404+0.10 0.67 0.174+0.07 0.134+0.05 0.54 +0.03 5.8+_0(j,85 0.52 2.58 +£0.07 0.94
26 3.12+0.26 0.304+0.10 0.21+£0.07 1.19 0444023 0.34+0.17 0.37+0.05 3.4:4i?2 090 3.03+0.09 1.13
27 2.75+£0.13 0.334+0.05 1.33+£020 0.74 0364+0.11 0.28+0.07 1.13+0.23 2.7)'_22'70 1.51 2.16 +£0.04 271
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32 233+£023 0554012 1.81+0.38 1.07 0834041 0.65+023 1.87+0.03 0.910(')?6 1.34 1.934+0.09 1.35
33 320+£0.25 0.164+£0.06 0.13+0.05 0.86 0.1440.07 0.10+0.05 0.254+0.03 6.64'_53'?1 0.76 2.924+0.10 0.99
34 1.71+0.87 3.754+247 743+127 1.20 2.09 +£0.58 20.2 1.004+0.12 8.25
35 2.15+£0.17 0.184+0.05 096+0.16 127 0.154+0.07 0.134+0.05 1.00+0.05 0.6ﬂ696 1.23 2.07 +£0.05 1.24
36 2214+0.15 0.174+0.04 1.55+£0.23 1.00 0.214+0.08 0.17+0.06 1.96+0.11 1.5106?6 0.68 2.324+0.05 1.03
37 2334035 0.214+0.11 036+0.13 1.04 0.174+0.17 0.14+0.10 0.42 +0.03 1.81'(38 1.05 2.53+0.12 1.02
38 3.18+0.13 0.124+0.03 0.24+0.05 0.71 0.124+0.03 0.08+0.02 0.41 +0.04 8.94'_74?2 0.74 3.02 £ 0.06 0.85
39 3414053 0.224+0.15 0.02+£001 097 0.274+0.29 0.29+0.34 0.05+0.01 6.7:43?0 1.14 2.93+0.19 1.20
40 3.17+0.32 0.44+0.16 0.144+0.05 1.00 0404+0.36 0.324+0.24 0.07+0.01 13.61162.'2 0.81 2.60+0.11 1.48
41 2.65+045 025+0.16 0.164+0.09 228 0474+096 0.354+0.63 0.28 +0.01 2.010(54 1.84 2.52+0.15 1.98
42 2.174+0.51 0.17+0.14 0.33+£0.16 0.62 0.44 £+ 0.03 2.7+_21'.61 094 2.44+0.17 0.66
43 2164040 0.33+0.16 0.36+0.13 0.51 0.42+0.51 0.334+0.30 0.44 +0.03 2‘3)'_1().29 0.57 2.57+0.15 0.69
44 2.46+0.20 0.34+0.09 0.57+£0.12 057 0.34+021 028+0.13 0.68-+0.05 1.8+_2i92 0.50 2.37+0.07 0.56
45 2274025 029+0.10 0.41+0.10 042 0.194+0.17 0.174+0.22 0.45+0.01 1.6111"92 0.47 2.33+0.08 0.40
46 2.60+£0.19 0.40+0.09 0.084+0.02 149 057+029 0414+0.16 0.10+0.01 3.1":2|'76 1.76  2.66 + 0.07 1.37
47 2.21+0.11 0.38+0.05 0.174+0.02 071 024+0.10 022+0.19 0.17+0.02 0.7?6?4 0.68 2.54 +0.05 1.21
48 1.87+£0.11 0.22+0.03 0.764+0.06 0.75 0.17+0.08 0.15+0.10 0.84 +0.03 1.61:0(')‘}3 1.51 2.4340.03 6.08
49 2.39+0.24 0.86+0.17 1.364+0.23 0.87 0.76+0.32 0.65+0.27 1.40+0.02 1.54'_1(')?6 0.84 2.28 +0.11 0.86
50 1.87+045 0.634+0.23 0.444+0.12 073 0.82+0.62 0.67+0.29 0.45+0.06 <0.2 145 1.44+0.15 0.97
51 2.39+0.38 0.584+0.21 1.394+046 1.14 0.434+0.36 0.40+0.38 1.19 4+ 0.08 1.5)'_]1‘?1 1.10 2.18 +0.15 1.12
52 2.04+0.69 0.71 £0.41 0.214+:0.08 049 0.64+1.11 0.53+0.94 0.214+0.02 0‘210().22 047 2.19+0.27 0.45
53 2.34+0.16 0.384+0.07 1.894+0.30 1.17 0.474+022 037+0.13 2.34+0.06 2.2+_0(f5 0.98 2.394+0.06 1.13
54 241+029 0264+0.11 044+0.13 085 0.174+0.16 0.154+0.16 0.47 +0.09 1‘211(')'15 0.89 2.95+0.11 1.30
55 1.90+£0.19 0.154£0.05 2.014+0.32 057 0.1540.08 0.134+0.05 2.19+0.16 0.510()?4 0.63 2.06 £0.06 0.65
56 2.974+0.12 0.61+0.07 1.69£0.22 052 0.554+0.18 0.44+0.10 2.36+0.10 6.2‘3‘2'?8 1.26 3.07 +0.05 0.53
57 2.524+0.24 0544+0.13 0.80£0.19 0.88 0.394+0.31 035+048 0.83+0.01 2.0)'_0()‘65 0.83 2.36+0.10 0.89
58 2.00+0.31 03740.13 1.12+029 064 0294+0.33 027+0.74 1.17+0.11 0.5)'_1(5‘15 0.63 2.01+0.11 0.60
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et al.1985) are of the same order, whereas the spectral slopes
are significantly different.

Except for these two cases, the total number of counts col-
lected is too low to allow a detection of a break point in the
PSPC spectra. The residuals suggest, however, such a break in
several other sources, even if the statistic is not good enough to
allow a firm detection (see for example Fig. 1c).

The distribution of the power law indices obtained in our
sample is displayed in Fig. 2. It is consistent with a constant
frequency between indices of 2.0 and 3.2. The mean of the
distribution is (I") = 2.50. Its standard deviation op = 0.48 is
significantly larger than the mean of the statistical uncertainties
on the individual indices (0.33). The assumption that the spectral
index is constant in all 58 spectra gives a x* of 196.7 for 57
degrees of freedom and it is rejected with a confidence level
larger than 99.999%.

The hard X-ray spectral indices I',_jgxe1 are available for a
subsample of 27 sources. They are listed in Table 1. Their mean
value (I'>_ jokev) = 1.81is sligthly larger than the mean of 1.70
found with EXOSAT (Turner & Pounds 1989) for Seyfert 1’s,
with a comparable standard deviation of or,_,,,.,, = 0.21. For
the non-simultaneous observations the uncertainties given in Ta-
ble 1 represent the typical variations or uncertainties observed
for these sources in the past. The mean of the differences be-
tween the soft and hard X-ray slopes is (I' — I'z_joxev ) = 0.46.

In 17 out of these 27 sources, the difference between the soft
and hard X-ray slopes is larger than the statistical uncertainty.
If we interpret a statistically significant difference between the
hard X-ray slope and the soft X-ray power law index as an
indication for the existence of a soft X-ray flux excess, then
such an excess is detected in at least 60% of the sources of this
subsample.

The standard deviation of the distribution I' — I'y _jpgey i
0.42. 1t is similar to op indicating that the variety of the soft
X-ray spectral slope is not reflecting the variety of the slopes
measured at hard X-rays. This is confirmed by the fact that
OT,_oeev 1S smaller than or and, in addition, by a lack of cor-
relation (r = 0.22) between I' and I';_joxev. The probability
to obtain such a correlation by chance for independent slopes
is 58%. This suggests that the variation of the soft X-ray index
indicates a variable amplitude of the soft X-ray flux excess in
the selected objects. This question will be further addressed in
Sect. 5.

4. Absorbing column density

In this section we describe the determination of the absorbing
column density of cold matter along the line of sight towards
the selected AGN. As mentioned in the previous section we
must reckon with the fact that a large fraction of the Seyfert 1
galaxies in our sample shows soft X-ray spectra with different
slopes at the soft and at the hard end of the telescope’s energy
band, respectively. Therefore, we evaluated the column densities
using only the low energy part of each spectrum.

Five sources (3C 48.0, Mkn 1018, NGC 1566, Mkn 10,
Mkn 290) had to be excluded from this study, because the total
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Fig. 3. The fitted absorbing column densities N (pi, ) compared to the
galactic values Npgq1 for sources discussed in Sect. 4.1. The dotted
line indicates the one to one correlation
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Fig. 4. Distribution of the relative variations of the fitted column den-
sity when the power law (pl) continuum is replaced by thermal brem-
strahlung (tb)

number of extracted net source counts is too small to allow
to split their spectra into two parts. Furthermore three other
sources (IC 4329A, NGC 3783 and MCG-8-11-11) had to be
treated separately, because their spectra are completely absorbed
below 0.5 keV. For NGC 3783 the best fit absorbing column
density Ny, r) agrees well with the galactic value (Table 2).
IC 4329A and MCG-8-11-11 are peculiar in that their fitted
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column densities are significantly different from the Galactic
values. They will be discussed separately in Sects. 4.2 and 4.3.

We define the upper boundary of the low energy part of
the spectrum by the channel 80 (E < 0.8 keV) which yields
enough counts to establish a reliable spectrum for most sample
members. This boundary has to be shifted slightly to higher
channels for some more heavily absorbed or fainter sources
to ensure statistical quality. The dividing channel number is
given in the last column of Table 1. Table 2 gives the equivalent
hydrogen column densities Ny, derived for power law fits
to the low energy parts of the spectra. Table 3 summarizes the
means and widths of the distributions of the differences between
the fitted Ny and the Galactic value for the different subsamples,
for the spectral range for which the fit was performed, and for
different spectral shapes.

For the 50 sources studied here, the mean of the difference
between the fitted Ny value and the Galactic value, based on
21 e¢m measurements, is ANH(pl,l) = <NH(pl,l) — NHgal> =
—(0.10 £ 0.16) 10*°crn 2, whereas the width of the AN (1,1
distribution is oAN,,, = 1.7 1020¢m =2 (cf. Table 3). This
indicates that the absorbing column densities resulting from
power law fits to the low energy data are not systematically
larger or smaller than the Galactic values.

Applying the fit to the full energy range of the X-ray spectra
results in N1, 5y values which are significantly lower than the
corresponding Galactic values. The mean of the column density
difference is ANH(pl,f) = <NH(pl,f) — NHgal> = —(0.15 +
0.10) 10%crn =2 and the width of the distribution is oA N, ;, =
1.0 10%°cem =2 (cf. Table 3). This is consistent with a systematic
steepening of the spectra between 2 and 0.1 keV.

Four individual spectra are not well represented by a power
law modified by interstellar absorption even when the fit is re-
stricted to the low energy part of the spectra. For Mrk 766 the
fitted absorbing column density is significantly larger than the
Galactic one and for Kaz 102, Q1821+643 and Il Zw 136 it is
the opposite. For the 46 remaining sources, the fitted column
densities Np 1,y are compatible with the Galactic values.

Our sample can, therefore, be divided in three parts : the
fitted column density is larger, approximately equal, or smaller
than the Galactic one. The spectra of these subsamples are dis-
cussed in the following subsections.

4.1. Measured Ny consistent with galactic Ny

The low energy absorption in the spectra of 46 sources of our
sample is well represented by a column density equal to the
Galactic one. In these sources, the mean of the differences be-
tween the best fit value and the Galactic value is compatible with
Zero ANH(pl,l) = <NH(pl,l)—NHgal> =(0.07+£0.17) 10%0¢m 2
(37% line of Table 3). The column densities derived from the fit
to the low energy part (/) of the spectra and to the the full (f)
spectra are equivalent without any significant shift (4" line of
Table 3). The measured column densities Ny (pl, f) are very
well correlated to the Galactic values (Fig. 3) with r = 0.90.
We conclude that, if the soft X-ray spectra do not steepen
towards the very low energies, the contribution of absorbing cold
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matter along the line of sight intrinsic to the Seyfert galaxies has
to be less than 1020cm 2. This agrees with the fact that there is
only a small number of Seyfert 1 galaxies seen edge-on (Keel
1980) and that photoionized gas is found in a radius of several
kpc in some nearby Seyfert galaxies (e.g. Ulrich & Pequignot
1980). We cannot exclude, however, that a fraction of Seyferts
are heavily absorbed (Ny > 10*'e¢m™=2) and, therefore, show
properties different from those of the member galaxies of our
sample.

On the other hand, the soft X-ray spectra cannot flatten too
much below 0.3 keV'. This can invalidate peculiar models. For
example, we have tried to fit an absorbed thermal bremstrahlung
(tb) model to the low energy ([) part of each spectrum. The
column densities N p,;) and their uncertainties for three free
parameters are listed in Table 2.

The center of the distribution of the relative variation of
the fitted column density when the power law continuum is
replaced by a thermal bremstrahlung, Nz 6.1y /N pi,n— 1, (Fig.
4) shows a systematic decrease of (23 + 5)% of the column
density. As the column densities are less than 10*'em ™!, the
width of this distribution (9%) corresponds to the statistical
uncertainty oan,, (see Table 3).

The column densities determined for a thermal brem-
strahlung model are also systematically smaller than the Galac-
tic values, on average by (21 + 6)% (see also the 5" line of
Table 3). As such large systematic uncertainties in the radio
measurements (Lockmann et al. 1986) or in the local Helium
abundance are not expected, we conclude that the whole data set
is not consistent with spectral flattening at low energies inherent
to thermal models like bremstrahlung, even if such models may
give good results on individual sources. This indicates that the
soft X-ray spectral component is usually wider than a thermal
bremstrahlung peaking at 100 eV and, therefore, also wider than
a single black body component.

The fact that there is no significant shift between the fitted
and Galactic column densities in any of these individual sources
and also not in the sample contrasts with the conclusions of
Kruper et al. (1990) and Wilkes & Elvis (1987) that a lack of
absorption is systematically found in the Einstein IPC spectra of
Seyfert 1 and quasars. This discrepancy comes probably from
the fact that the slope measured with the Einstein IPC is slightly
affected by the soft X-ray excess. This is supported by the fact
that the spectra observed with the ROSAT PSPC are systemati-
cally steeper than those measured with the Einstein IPC.

4.2. NH(pl,l) < NHgal

In four sources MCG-8-11-11, Kaz 102, Q1821+643 and I1 Zw
136), the fitted column densities are smaller than the Galactic
ones. The case of MCG-8-11-11 is a peculiar one as the Galactic
column density is large in this object. The discrepancy between
the fitted Ny and the Galactic value indicates that the spectra of
MCG-8-11-11 steepens below 0.8 keV . Figure 5 illustrates the
discrepancies in the three other sources. Wilkes & Elvis (1987)
suggested an additional “ultrasoft” spectral component which
should cause this discrepancy in the Ny values.
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Table 3. Mean and standard deviation of the differences between couples of hydrogen absorbing column densities derived from the spectral fits
or from radio measurements (pl = Power law, tb = Thermal bremstrahlung, f = Full spectra, [ = Low energy half).

Selection

Nb of

ANy (ANg) OANy
sources 10%em 2 10%¢cm 2
All 50 Nue,f — NHgal —0.15+0.10 1.0
All 50 Nap,y — NHgal —0.10£0.16 1.7
|INawi,y — Nrgat] < ONyein 46 Nuwiy — NHgal +0.07 £0.17 1.6
INag,n — Negal < 0N 46 Nupiy — NaeLp —0.07+0.17 1.3
[Nu@i, — Nagal] < ONppi 46  Nueb,y — NHgal —-0.37+0.12 1.2
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%%0 1o 20 50 40 50 60 o1 oz o3 oa os Mkn766 (contours levels are 68%, 90% and 99%).

Ny [10%em™)

The spectra of the four sources of our sample showing this
discrepancy have been measured in the harder X-ray regime
with EXOSAT and Ginga (Makino, pers. comm.; Williams et
al.1992; Treves et al.1990), KAZ 102 and Q 1821+643 even
simultaneously with ROSAT.

For all of them, the spectral slopes derived from the PSPC
spectra are compatible with those measured with EXOSAT and
Ginga above 2 keV (Table 2). Therefore, we conclude that a
fitted N, less than the Galactic one, indicates the presence of a
peculiarly faint or rather cold soft X-ray component superposed
on a uniform power law spectrum ranging from soft X-rays up
to higher energies.

4.3. NH(pl,l) > NHgal

For only two objects in our sample (IC 4329A and Mrk 766), the
fitted column densities are significantly larger than the Galactic
ones assuming a power law shaped continuum. In the case of
IC 4329A, the absorber is located in the plane of the associated
galaxy, whereas it is probably intrinsic to the active nucleus in
Mrk 766.

The best fit column density obtained for IC 4329A is 7 times
larger than the Galactic value. The confidence contours in the

Ny [10%'em™)

The dotted lines indicate the corresponding Galactic
values

(T"y Ng) plane (Fig. 5) show that the column density of cold
matter along the line of sight towards the nucleus is larger
than the Galactic value if the photon index is larger than 1.
A large column density in this object has also been observed
with Einstein (Holt et al.1989), EXOSAT (Singh et al.1991) and
Ginga (Piro et al.1989), and a correspondingly large reddening
is observed in the optical and ultraviolet (Marziani et al.1992).
The optical reddening agrees with the X-ray column density for
a gas to dust ratio as in our Galaxy. This extinction is attributed
to the edge-on orientation of IC 4329A with its prominent dust
lane. IC 4329A has the smallest axes ratio among the galaxies
of our sample being one of the rare almost edge-on Seyfert 1
galaxies (Keel 1980).

In Mrk 766 the fitted column density assuming a power law
continuum is larger than the Galactic one at a confidence level
larger than 99.99% with a best fit value of twice the Galactic
value. Molendi et al. (1992) suggested that this large absorbing
column density indicates that the unabsorbed soft X-ray contin-
uum is better represented by a black-body emitted by a single
temperature hot disk which could explain the soft X-ray vari-
abilities and the very weak ultraviolet continuum observed in
this object.
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We prefer another explanation based on the comparison of
the absorbing column density with the optical reddening using
the information yielded by the Balmer decrement, the emission
lines and the optical polarization.

The Balmer decrement in Mrk 766 is comparable to that
value found for Mrk 359. Both objects are narrow line Seyfert
1 galaxies. The intrinsic reddening of the latter, determined by
the ratio of the ultraviolet and optical Hell lines (MacAlpine et
al.1985), is negligeable. The ratio of the narrow Balmer lines
Ha/Hg is 5.1 £ 0.5 for Mrk 766, 1.6 times larger than the
ratio found for Mrk 359 (Veilleux 1991) which equals the ratio
predicted by photoionization model of the narrow line region
(NLR) (Ferland & Osterbrock 1986). This indicates that at least
part of the NLR is absorbed by dust in Mrk 766 and that the
corresponding reddening is E(B-V)=0.4.

The polarization of the optical continuum of Mrk 766 (2.3%
at 5500A, Goodrich 1989) ranges between the values observed
in Seyfert 1 and Seyfert 2 galaxies (Antonucci & Miller 1985).
It is at least 5 times larger than that found in Mrk 359 and in
typical Seyfert 1’s. The enlargement of the polarization in Mrk
766 can be related to an absorption by a factor of 5 of the opti-
cal continuum, if the polarized component remains unabsorbed.
This also explains, in a natural way, the fact that in this object
the polarization increases to the blue (Goodrich 1989). This in-
crease was previously attributed to scattering by dust, but it does
not explain the absolute enlargement of the polarization.

In addition, this picture can also naturally explain the weak-
ness of the optical and ultraviolet continua in Mrk 766 in com-
parison to the soft X-ray flux, and the fact that the [OIII] 5007A
line is less polarized than H (. This has been interpreted by in-
troducing two distinct polarizers (Goodrich 1989). It can occur
in a stratified narrow line region if part of it is not covered by the
absorber. This view is supported by the fact that the narrow line
ratio [OIII}/H 8 = 20 (Veilleux 1991) in Mrk 766 is 2.3 times
larger than in Mrk 359, 2.0 times larger than in a typical Seyfert
2, and 2.9 times larger than predicted in photoionisation models
of the NLR (Ferland & Osterbrock 1986). This can also explain
part of the differences noticed by Veilleux (1991) between the
narrow line profile of H (3 and [OIII] in this object.

For a Galactic dust to gas ratio the observed optical redden-
ing corresponds to a column density of 3.5 10?!em =2 (Netzer
1990) which is ten times larger than the value derived from the
ROSAT observation. The dust to cold gas ratio in the absorbing
matter covering the active nucleus of Mrk 766 is, therefore, 10
times larger than in the interstellar medium. This is comparable
to what is observed in molecular clouds (Knacke 1987) and can
be compared with the expected properties of the absorbing torus
present in Seyfert 2 nuclei (Krolik & Begelman 1988; Krolik &
Lepp 1989).

If the increase of the polarization is attributed to the redden-
ing, the absorbing matter must cover only a part of the narrow
line region and must not cover the scattering region emitting
the polarized light. The absorbing matter is most probably lo-
cated in molecular clouds located in the inner part of the NLR.
This picture is consistent with recent observations of NGC 1068
showing that the scattering region is located at a large distance
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from the nucleus (Caganoff et al.1991) and that the obscuration
of the nucleus is probably caused by molecular clouds located in
the inner part of the NLR (Genzel et al.1992). Mrk 766 can there-
fore be interpreted as an intermediate object between Seyfert 1
and Seyfert 2 in which the absorbing matter is less dense than
in NGC 1068.

We consider, therefore, that there is an intrinsic absorber
in Mrk 766, and that the unabsorbed soft X-ray continnum is
probably wider than a single temperature black-body. In this
scenario, there is no basic difference between the unabsorbed
optical to X-ray continua emitted by Mrk 766 and by other
Seyfert 1 galaxies (see Sect. 5.3 and 5.6).

5. Soft X-ray excesses

The PSPC spectra obtained during the ROSAT all sky survey
are insensitive to the spectral shape of the soft X-ray compo-
nent. We tried to fit different models to the spectrum of PG
1211+143 which emits a very strong soft X-ray excess (Bechtold
et al.1987). They are formed with various spectral components
added to a power law. Thereby, the power law index is fixed
to the value observed with Ginga at hard X-rays (Williams et
al.1992) and the absorbing column density is fixed to the Galac-
tic one. All models (thermal bremstrahlung, black body, broken
power law, 6-function) fitted resonably well the observed ex-
cess. To illustrate this, the best reduced chi-square (Xf, =1.14)
was obtained with the most unlikely é-function model, centered
on the carbon window (0.15 — 0.28 keV’) of the detector.

However, as the spectra observed with the PSPC are steeper
than those observed at larger energies, it is possible to evaluate
the strength of the soft X-ray excesses.

5.1. Measure
A two component model
N, = (excess(v) + A py~T2-1kevy g=oNigal

folded by the response matrix ¢ of the detector was fitted to the
count rate spectra of our sample members. We called soft X-ray
excess the mean ratio of the count rates of the two unabsorbed
components folded by the response ¢ of the PSPC detector, in
a window bounded by two channels (ch,, chq) and centered on
the carbon window of the detector

1 [ excessw)p(v, chy)dv
SE = .
q—p p;q [ Av=To1okev (v, chy)dy

The most important parameter in this expression of the soft
X-ray excess is the hard X-ray power law index. When available,
we fixed it to the value observed simultaneously with Ginga or
to the mean value observed in the past (Table 1). If no reliable
information is available, we fixed it to 1.8. The uncertainties on
the soft X-ray excess were evaluated by two supplemental fits
for each spectrum for which the power law indices were either
fixed to the extreme values observed in the pastor to 2.1 and 1.5,

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1993A%26A...274..105W

FTOO3ACA: 7 “Z747 “T05W

114

respectively, when no information was available. These extreme
values are also listed in Table 1.

This definition of the soft X-ray excess is relatively insen-
sitive to the spectral shape of the excess component and to the
exact bounds of the window (ch,,, chq) because of the smooth-
ing effect of the response function ¢. Figures 6a and 6b show
the relation between the soft X-ray excesses found for a ther-
mal bremstrahlung model and for a black body model, and the
relation obtained for a thermal bremstrahlung model but in two
differently wide windows. The excesses are always very well
correlated.

The effect of the uncertainties of the hard X-ray power law
index on the determination of the excesses are always larger
than the typical uncertainties associated with the choice of the
window or of a (reasonable) spectral model. This ensures that
the excesses derived from the data are not affected by large
systematic uncertainties linked with the choice of the model or
of the spectral window.

Finally, we determined the excesses between 0.1 and 0.4 keV
using a thermal bremstrahlung model for the excess component.
The spectral model contains three free parameters : the ampli-
tude of the power law and the amplitude and temperature of the
excess component. The mean excess and the normalization of
the power law component Ff,igf are listed in Table 2 as well as
the reduced x?2,. The uncertainties are fixed to the differences
between the values found for the extreme and for the mean hard
X-ray power law slopes.

The “monochromatic excess” is less than 0.5 above 1 keV/,
increases sharply near 0.5 keV/, and remains flat at smaller en-
ergies. A close inspection of these profiles for not too small
excesses indicates that the energy of the step is not significantly
variable from one object to another, except when simultane-
ous Ginga observations are available. Without discussing these
variations in detail we want to note that the soft X-ray excess is
peculiarly hot in NGC 4051 and peculiarly cold in Q 1821+643.

For several sources the two components fit is significantly
poorer than the single power law fit either because the absorbing
column density is fixed to the galactic value (IC 4329A and Mrk
766) or because the hard X-ray power law index is fixed to a non-
adequate value when the soft X-ray excess is relatively small
(Mrk 79, MCG-6-30-15, Q 1821+643, 3C 390.3). For KAZ 163
and Mrk 705 the poor quality of the fits is related to one bin only.
Finally, in Ark 564 the residuals are showing significant unusual
trends whose detailed study is out of the scope of this paper. The
soft X-ray excess of IC 4329A was not determined as it was not
possible to fit this source with an absorbing column density fixed
to the galactic value.

The main contributor to the flux detected at 2 keV is the
hard X-ray power law. Therefore, the PSPC slope I', determined
with a simple power law model fitted to the full PSPC spectra
as listed in Table 2, is also a measure of the ratio between the
flux of the soft X-ray excess component integrated between 200
and 300 eV and the flux of the power law component integrated
between 1 and 2.4 keV.

These two measures of the soft X-ray excesses give consis-
tent results. Figure 7 shows the relation between the soft X-ray
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bremstrahlung model

spectral slope and the logarithm of the excess evaluated from
the count rate spectra. Both quantities are well correlated with
r = 0.77. The probability that this correlation is obtained by
chance is less than 0.01%.

We conclude that the extrapolation of the hard X-ray power
law has in general only a small effect on the soft X-ray flux,
and that I' is, therefore, a good measure of the strength of the
soft X-ray excess in comparison to the 2 keV flux. For I" < 2,
a significant scatter, however, appears in Fig. 7 resulting from
an increasing contribution of the hard X-ray power law at soft
X-rays.

Although the normalization at 2 keV” of the power law fit to
the full spectra is well correlated (r = 0.98) to that of the hard
X-ray power law in the two components fit, the normalization of
the latter is systematically larger by 23% than that one obtained
with the single power law model. The width of the distribution
of the difference of normalization (¢ = 36%) gives the uncer-
tainty on the normalization linked with the lack of knowledge
of the real spectral shape. A tendency to have larger relative
difference between the two normalizations for very large soft
X-ray excesses can be clearly noticed in the data. This tendency
vanish when the soft X-ray excess is smaller than 5.

5.2. Statistical properties

The mean of the excesses is 3.0 and the 1o width of their distri-
bution is 3.0. In 51 sources the excess is larger than 0.2. The as-
sumption that the soft X-ray excess is constant in all the sources
is rejected with a confidence larger than 99.999% (x? test) and is
rejected with a comparable probability when the best defined ex-
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cesses obtained with simultaneous ROSAT-Ginga observations
are not taken into account.

The first discovery of a soft X-ray excess was in Mrk 841
observed with EXOSAT (Arnaud et al.1985). Subsequently, soft
X-ray excesses were established in about 10 sources (Turner &
Pounds 1989). Among their sources the ones which belong to
our sample, too, are also showing a strong soft X-ray excess
in our data. Furthermore our data confirm soft X-ray excesses
suggested by EXOSAT observations in Fairall-9, Akn120, NGC
4593, NGC 7213, and NGC 7469. New soft X-ray excesses are
finally detected in all the other sources of our sample except
in Mrk 1018, Mrk 279, 3C 390.3, 4C 73.18, Mrk 926, and IC
4329A. A soft X-ray excess is, therefore, detected in 90% of the
sources.

5.3. Correlation with the ultraviolet

The soft X-ray excesses derived from the PSPC spectra can be
compared to spectral components at other wavelengths. In or-
der to study whether the soft X-rays in the ROSAT band are
connected to the big blue bump component in the spectra of
Seyfert 1 galaxies, we investigated the correlation between the
soft X-ray excess and the flux in the ultraviolet regime. To la-
bel the strength of the bump we use the ratio v Fj;;51 / I/Ff,i;fﬁ’,
whereby the flux at 2 keV is thought to be representative for the
hard X-ray power law continuum. As the logarithm of this ra-
tio is a measure of the ultraviolet to X-ray mean spectral slope,
this ratio can be directly compared to the soft X-ray spectral
slope I'.

Figure 8 shows the spectral index in the PSPC band plot-

ted as a function of the logarithm of the ratio v F 375 / I/szlj:{’f A
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Fig. 8. Relation between the spectral slope I' measured in the PSPC
band and the logarithm of the ratio of the ultraviolet (1375A) and the
2 keV flux

significant correlation appears between the soft X-ray spectral
slopes and the strengths of the blue bump. The coefficient of
correlation, r = 0.50, indicates that the probability that this cor-
relation appears by chance is 0.1%. Obviously, the 6 sources
located on the left of Fig. 8 are peculiar and they are discussed
in the next subsection. If we exclude them, the correlation be-
comes excellent with = 0.72 for 52 sources indicating that the
probability for obtaining it by chance is less than 0.001%.

The best fit linear correlation gives a reduced x? of 1.83.
Some significant scatter appears. This scatter is not correlated
to the absorbing column density (r = —0.09). On the other
hand some correlation appears with the redshift z (r = —0.23)
(Pr>0.23) < 10%) and with the difference ANy between the
fitted and Galactic absorbing column densities with » = 0.47
(Pr>047) < 0.01%). The addition of a linear term in z or in
ANy gives improved x2 = 1.44 and x? = 1.37, respectively.
In both cases, the F-test indicates that the probability that these
additional terms are not required is less than 0.1%. The addition
of both terms gives a x> = 1.19, and the probability that they
are not required is extremely small with ' = 27. The best multi-
dimensional linear fit is

ANy
1020e¢m—2

F
= (0.68 = 0.10)log 213752 | (1.89 +0.10).
vFgev

'+(1.2+04)z—(0.10£0.03)

The decrease of the spectral slope with the redshift has been
discovered by Schartel et al. (1992) in the soft X-ray spectra of
quasars observed with ROSAT. Its meaning will be discussed
in Sect. 6. The dependence on ANy indicates that the real
absorbing column density is nearer to the galactic value than
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to the best fit value. The results obtained here and in Sect. 4
strengthen, therefore, one another.

5.4. Peculiar sources

Apparently six sources do not match well the correlation found
between the soft X-ray excess and the strength of the ultra-
violet bump. For IC4329A, Mrk 766, Akn 564, IR1334+2438
and MCG-6-30-15 the large extinction of the optical-ultraviolet
continua explains the peculiar location of these sources in Fig.
8. The last one, NGC 4051, is the less luminous Seyfert in our
sample and may be a peculiar case.

The absorption of the ultraviolet continua of IC 4329A and
Mrk 766 have already been discussed in Sect. 4.3. Akn 564 is,
like Mrk 766, a narrow line Seyfert 1 galaxy with a large Balmer
decrement of 4.4. Its narrow line [OI1I]/H(B = 12.5 (Stirpe
1990) is not unusual suggesting that a large part of the narrow
line region is covered by absorbing matter. As the polarization
is small or do not exist (Goodrich 1989), a possible scattering
region has also to be covered by the same absorber.

Thomson et al. (1987) have noticed a large polarization (9%
at 3500A) in IR 133442438 increasing to the blue. They inter-
preted their observations as evidence for large intrinsic redden-
ing of the nucleus by £(B — V) = 0.3 to 0.7 and by an unab-
sorbed polarized scattered light. This picture is very similar to
what we propose for Mrk 766. MCG-6-30-15 is very similar to
IR 1334+2438, showing a polarization of 4% increasing to the
blue at least in the red (Thomson & Martin 1988) and a narrow
line Balmer decrement of 5 (Busko & Steiner 1990).

The reddenings derived from the narrow line Balmer decre-
ment in Mrk 766, Akn 564, IR 1334+2438 and MCG-6-30-15
are consistent with E(B — V') = 0.4. The absorption predicted
by this reddening at 1375A is a factor of 30 (Savage & Mathis
1979) corresponding well to the shift of these peculiar sources
in comparison to the other Seyferts in Fig. 8. The variety of the
narrow emission lines ratios and of the polarization found in
these 4 objects indicates that the absorbing matter is not located
at the same position in all sources relatively to the NLR and
scattering region.

Except for IC 4329A and Mrk 766, the soft X-ray spectra do
not show any evidence for intrinsic absorption. The uncertainty
on the absorbing column density gives an upper limit of E(B —
V') = 0.02 for the reddening assuming an interstellar dust to gas
ratio. The dust to cold gas ratio is, in these objects, therefore, 15
to 20 times larger than the interstellar ratio, and it is comparable
or larger to what is found in molecular clouds.

NGC 4051 is located at an intermediate position in Fig. 8
between the sources showing an absorbed ultraviolet continuum
and the other Seyfert 1’s. It is not clear from our data whether
NGC 4051 is absorbed or it is a peculiar object. It is interresting
to note that its soft X-ray excess is peculiarly large and that it is
the leastluminous Seyfert of our sample. As it has been observed
simultaneously with Ginga, ROSAT and IUE , a detailed analysis
will be presented separately.
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Fig. 9. Relation between the spectral slope I measured in the PSPC
band and the logarithm of the ratio of the radio (5 GHz) and the
2 keV flux

5.5. Comparison with radio emission

Figure 9 shows that there is no strong correlation between the
radio loudness and the soft X-ray spectral slope. Here, the radio
loudness is defined as the logarithm of the ratio between the
radio 5 GH z flux and the 2 keV X-ray flux. For 40 sources the
correlation coefficient is 7 = 0.27. It indicates that a trend exists
for radio-loud objects to have a smaller soft X-ray excess.

This trend can, however, be explained by a selection effect
as the mean redshift of radio loud objects (WFsg g, /v Fakey >
0.01) in our sample is 0.25, whereas the mean redshift of the
radio-quiet objects is 0.05. If the soft X-ray spectral slope is
corrected for the effect of the redshift, with the relation found
in Sect. 5.3, the trend observed in Fig. 9 disapears and the co-
efficient of correlation obtained above decreases to » = 0.17
(Pr>0.17) > 40%).

The redshift effect noticed in the scatter observed in Fig. 8
is not an effect of the radio loudness as no correlation can be
noticed between this scatter and the radio loudness (r = 0.17
for 35 sources). Furthermore, the addition of a linear term in the
radio loudness to the linear correlation observed in Fig. 8 does
not decrease the scatter significantly. This point will be further
discussed in Sect. 6.

This lack of noticeable correlation between the radio loud-
ness and the soft X-ray spectral slope, apparently, contrasts with
the results of Wilkes & Elvis (1987) who showed that there is
a dependence of the 0.2 — 3.5 keV spectral index on the radio
loudness and it disagrees also with the analogous findings of
Comastri et al. (1992) that the soft X-ray excesses are weaker
in radio loud QSOs.

Although we cannot exclude that part of this disagreement
may be caused by the sample selection, the main difference
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Fig.10. The soft X-ray spectral slope I' as a function of the X-ray
luminosity at 2 keV'

appears in the definition of the radio loudness. Previously, it
was defined as the ratio between X-ray and optical fluxes. The
correlation observed by Comastri et al. (1992) can, therefore,
be interpreted as an analogous correlation we found between
the strength of the blue bump and the soft X-ray excess. This
interpretation can also be applied to the observations of Wilkes
& Elvis (1987). It is supported by the fact that a trend is visible
in our sample between the ratio of the radio (5 GH z) flux and
ultraviolet (1375A) flux and T’ with 7 = —0.49 for 40 sources.

5.6. Comparison with luminosity

Figure 10 shows that there is no correlation between the soft
X-ray spectral slope and the X-ray luminosity. The probability
that the relation between these quantities appears by chance is
larger than 48% (r = —0.11) and it is larger than 30% (r = 0.14)
if the ultraviolet luminosity is considered.

6. The ultraviolet to soft X-ray bump

As the main result we conclude that the soft X-ray spectral
index is correlated to the strength of the ultraviolet bump in
unabsorbed Seyfert 1 nuclei. This correlation indicates that the
apparent strengths of both the ultraviolet and the soft X-ray
component appear to be strongly linked or, in other words, that
the big blue bump of Seyfert 1 galaxies is an ultraviolet to soft
X-ray bump.

Four different measures of the strength of the bump com-
ponent are available : on the high energy side, the soft X-ray
slope and the ratio of the ultraviolet and 2 keV fluxes (which
are discussed in the previous section) and, on the long wave-
length side, the ultraviolet spectral slope and the ratio of the
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Fig. 11. Ultraviolet spectral slope plotted as a function of the ratio
between the ultraviolet and infrared fluxes. The absorbed sources dis-
cussed in Sect. 5.4 are excluded. The two continuous lines are the
results of the simulations described in the text for o, = 2.5 and 4
where the x-axis (upper scale) is the ratio between the total flux and
the contribution of the steep component at 1375A

ultraviolet and infrared fluxes which are analysed in the follow-
ing sub-section. The relation between these measures provide
some informations about the spectral shape of the bump com-
ponent which can be compared to the predictions of accretion
disk models.

6.1. Ultraviolet spectral slope

A systematic increase of the ultraviolet spectral slope occurs for
an increasing ratio of the ultraviolet and infrared fluxes (Fig. 11),
even if the absorbed sources (Sect. 5.4) are excluded. This be-
havior can either be interpreted as the signature of a real change
of the ultraviolet spectral slope or it can be due to a reddening
effect (Carleton et al.1987).

If the trend in Fig. 11 is attributed to reddening, the ultra-
violet fluxes must be corrected for it by very large factors (10
to 100). The correlation we stated between the strength of the
ultraviolet bump and the soft X-ray slope then disappears. As
it is difficult to imagine that the amount of dust towards the
different sample galaxies is just by chance distributed so that a
correlation between the strength of the ultraviolet bump and the
soft X-ray slope results, we conclude that most of the variations
of the ultraviolet spectral shape over the sample are not caused
by reddening.

A more likely model is to explain the variations of the ul-
traviolet spectral slope by the superposition of the blue bump
(bb) component and an underlying continuum (c). If we repre-
sent these components by local power law spectra, their slopes
are constraint by the measured ultraviolet fluxes to ay, = 0.3
and o, = 2.5 to 4 (where F,, ~ v~%). A similar spectral slope

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1993A%26A...274..105W

FTOO3ACA: 7 “Z747 “T05W

118

‘ll|l|lr‘|‘|rll_|ll[ IIIIIlIlTIITITIII'\ L
10F E
= ] ]
T LY - n @ 7
- -
= '_'_ 7
. i

i . ., "
510:— .-; =
o C L] - B
C . ]
5 }‘ [ L —
N . . _~
E . =
C . . . ]
- -
. ]
0.01 - " =
_IJIJ_Ul IIIAIIIIl ALIIIIIIII IlIIIIIl] I_I
0.1 1.0 10 100

VF 13954/ VFaev

Fig. 12. The relation between the strengths of the ultraviolet bump
measured from both infrared and X-ray sides

(apy = 0.2) was determined for radio-quiet quasars (Barvainis
1990) and a comparable model was used by Krolik et al. (1991)
to fit the spectral variations observed in NGC 5548.

The spectra obtained for different relative normalisations of
the two components are located along the two lines drawn in
Fig. 11 for o, = 2.5 and 4.0. This model fits the data well if
the flux emitted by the steep component at 1375A is 20 times
smaller than the flux observed at 25um, or equivalently, if the
flux emitted by this component at 37004 is 0.1 to 0.4 time the
flux emitted at 25um.

A power law shaped infrared to optical component cannot
fit the data as the infrared slope (« = 1.0 — 1.5) is too flat for the
steeper component of the ultraviolet spectra. Galactic emission
or thermal emission by cold dust are also not able to reproduce
such a component as their characteristic temperatures are too
low. Aninteresting possibility remains that this steep component
could be the signature of nuclear hot dust (Barvainis 1990) or
of the Balmer continuum emitted by the broad line region.

The latter interpretation is supported by the spectra of
Seyfert galaxies given by Edelson & Malkan (1986) for which
the ratio between the peak flux of the Balmer continuum and of
the 25um flux may be of the order of 0.2 to 1. The mean spec-
tral slope of the Balmer continuum between 3700A and 1200A
corresponding to the optically thin model of Edelson & Malkan
(1986) is 3.5. In optically thick models the spectra is flatter
(Collin-Souffrin et al. 1986) and can meet the steep component
of our model. Furthermore, the flux of the steep component,
integrated for A\ < 37004, is 5 to 15 times larger than the flux
emitted in Hg, assuming that the characteristic fluxes emitted in
the optical and infrared bands are comparable and that the equiv-
alent width of Hg is of the order of 100A. This meets quite well
the theoretical expectations (Collin-Souffrin et al.1986).

R. Walter & H.H. Fink: UV-X-ray bumps of Seyfert galaxies

Table 4. Best fit soft X-ray spectral indices I" obtained from a power law
fit with free absorbing column density to the two spectral components
model described in the text. The first part of the table contains the
parameters of each models and a characteristic flux ratio.

ayy  —03 -03 -03 -03 05 05 05
ecutleVl 30 40 50 60 60 80 100
vF
A 93 30 12 06 75 33 19
>150eV
vF
A
PPy r
1 169 165 167 188 167 167 172
2 167 165 18 230 166 171 185
5 164 171 237 325 167 191 227
10 161 199 308 423 177 228 283
20 159 251 401 205 2386 3.54
50 1.80 354 472 272 389 454
100 221 457 3.46 475
200 281 4.36

6.2. Spectral shape

The strengths of the ultraviolet to soft X-ray bump measured
from both high and low energy sides are consistent one another.
The ratio of the 1375A to 25um fluxes is quite well correlated to
the ratio of the 1375A to 2keV fluxes for the 44 sample sources
for which the infrared fluxes are available (Fig. 12, r = 0.76,
Pir>0.76) < 0.1%). The best linear fit is

zOg”FliSA =(0.88 + 0.11)509—@2725 —(0.98+0.17) .
VF25um Vv

It indicates that the apparent strength of the ultraviolet bump
varies independently of the infrared and X-ray fluxes and that
the latter are correlated one with the other.

Both the correlation between the soft X-ray slope and the
strength of the ultraviolet bump and that between this strength
and the ultraviolet spectral slope suggest, in a first approxima-
tion, that the spectral shape of the ultraviolet to soft X-ray bump
may be the same in all Seyfert 1 galaxies and that the observed
spectral variations are caused by the relative strength of the
bump spectral component alone.

A possible spectral shape for the ultraviolet to soft X-ray
bump is a power law with an exponential high energy cutoff
F, ~ v~ @vve~hv/ecus We have constructed an array of mod-
els, defined as the sum of this bump and of a fixed hard X-ray
power law (I'z_1oxev = 1.7), absorbed by a column density of
Ny =3 10%¢m =2 for different ciyv, €cwr and relative normal-
isation. These models were folded through the response matrix
of the PSPC detector and fitted with a simple power law model
absorbed by cold gas to obtain soft X-ray spectral indices which
can be compared to those derived from the observations.

The results of these simulations are given in Table 4 for dif-
ferent ultraviolet spectral indices (v = —0.3,0.5) and cutoff
energies (€. = 30 — 100 eV). Lines of constant ayy and
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Fig. 13. Results of simulations and observed data (the absorbed sources
are excluded). Lines of constant ;v and cutoff energy (labeled by
ecut) are showing the relation predicted by bump models between the
soft X-ray spectral slope I' and the ratio of the ultraviolet to X-ray
fluxes

ecyt are displayed in Fig. 13 with the observed data for a vari-
able relative normalization of both the bump and the hard X-ray
spectral component.

Although the observations are compatible with different sets
of (a7v,€cut ), the possible models are characterized by a pecu-
liar range of ratios between the ultraviolet and soft X-ray fluxes
emitted by the bump v F) 3754 / F> 150ev & 1107, where I 150ev
is the soft X-ray flux emitted by the model above 150 eV.

The data points in Fig. 13 are coded as a function of increas-
ing redshift. A systematic trend which was already noticed in
Sect. 5.3 is clearly present. For a given strength of the ultravio-
let bump, “high” redshift objects (z ~ 0.25) have smaller soft
X-ray excesses.

The effect of a redshift of 0.25 on the spectra observed with
ROSAT is given by the shift between the lines of constant spec-
tral shape (ayy = —0.3) when the cutoff energy decrease from
50t0 40 eV. The predicted effect is of the same order as the sys-
tematic shift observed between low and high redshift sources.
We conclude, therefore, that the redshift effect is sufficient to
explain the peculiar location of the high redshift sources in Fig.
13 and that the effects of the radio loudness or of the luminosity
discussed in Sect. 5.5 and 5.6 are small or inexistent. If there is
no strong selection effect of the bump’s strength on the limiting
detectibility with the PSPC, then the mean spectral index must
decrease from 2.5 to 2.0 when the redshift increases from 0 to
0.5. Such a trend has been observed by Schartel et al. (1992) in
the soft X-ray spectra of quasars observed with ROSAT.
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If the effect of the redshift is taken into account, most of the
available observations can be reproduced by models character-
ized by

VFi3754 —1to5
Fsi50ev

This indicates that the variations of the spectral shape of the
bump component among sources of our sample are small and
that a variation of the relative normalization of the bump and
the hard X-ray component is sufficient to explain most of the
differences observed in the soft X-ray spectral shape of our
sample members. Larger variations of the spectral shape are not
excluded in some sources (NGC 4051, Mrk 841) but cannot be
established by comparing the JUE and ROSAT spectra only.

The comparison of ROSAT and IUE observations provide
two constraints on the emission mechanism in Seyfert 1 nuclei.
Firstly, the variations of the ratio of the ultraviolet to soft X-ray
fluxes emitted by the bump component are limited to a factor
of 5 and, secondly, the ratio of the ultraviolet to hard X-ray
fluxes can vary by factors of a hundred. These constraints can
be compared with predictions of different emission models.

6.3. Thin accretion disks

Local black body approximation of the thin disk emission
(Pringle 1981) have difficulties to explain the soft X-ray ex-
cesses observed in Seyfert 1’s (Malkan 1983). The soft X-ray
excesses can, however, be reproduced if effects of Compton
scattering in the disk are taken into account (Czerny & Elvis
1987). Self-consistent computations of Compton scattering in
thin disks have been presented recently (Ross et al.1992) and
they can be confronted to our observations.

An important prediction of thin accretion disk models is
that the fraction of the flux emitted at soft X-rays decreases
with increasing central mass and with decreasing L/ L gqq4. For
increasing central mass of 10°, 107 and 108, (and constant
L/LEg4q = 0.2), the models of Ross et al. (1992) are charac-
terized by v F 3754/ F>150ev of 0.1, 1 and 10, respectively. For
intermediate masses these models agree, therefore, quite well
with our observations, but they haye problems to explain simul-
taneously the ultraviolet and soft X-ray fluxes of faint (L < a
few 10¥erg/s) and luminous (L > a few 10*3erg/s) sources.
For higher accretion rates the models agree well with luminous
sources but disagree with fainter ones (L < a few 10%erg/s)
and for small accretion rates (L/ L g44 =~ 0.05) the models agree
for faint sources, but do not produce enough soft X-rays in lu-
minous sources.

A possible way to solve these problems is to scale the ra-
tio L/ Lg4q with the square root of the central mass. Such a
scaling provides a relatively constant spectral shape of the disk
emission for the full range of luminosities, but it is a rather ad
hoc assumption. Inclination effects which are likely to appear
in disk geometry (e.g. Laor & Netzer 1989) are also working
against a constant spectral shape of the disk emission.

Another possibility is to assume that a large part of the ul-
traviolet continuum is emitted by reprocessing of hard X-ray
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radiation by cold matter in faint sources or/and that a signifi-
cant part of the soft X-rays are produced by inverse Compton
scattering of ultraviolet photons in luminous sources. Such mod-
els require, however, a fine-tuning between the relative strength
of the reprocessed emission or the Compton y parameter and
the luminosity.

6.4. Thick accretion disks

Bare thin disk models cannot explain the constancy of the ul-
traviolet to soft X-ray spectral shape in our sample members.
If the accretion rate exceeds the Eddington limit it is expected
that the disk forms a thick torus supported by radiation pressure
(Abramowicz et al.1987). A major fraction of its luminosity is
emitted from the surface of the funnel surrounding the rotation
axis. In particular, the soft X-rays are emitted from the hottest
part of the funnel at a distance less than 10 Schwarzschild radii
(Rg) from the central object. As the characteristic radius and
height of the torus is about 250 R g, the soft X-rays can only be
observed at small inclination angles. The ratio of the observed
ultraviolet to soft X-ray fluxes is, therefore, a strong function of
the inclination angle.

The thick disk model of Madau (1988), including reflection
effects on the funnel walls, predicts that the face-on disk are
emitting soft X-rays excesses 10 times larger than observed and
that the apparent ratio of the ultraviolet to soft X-ray fluxes is
compatible to the observed value only for disk observed at large
inclination angles (50 to 60°). The lack of strong variations of
the ratio of the ultraviolet and soft X-ray fluxes in our observa-
tions clearly disagree with the inclination effects predicted by
thick disk models.

6.5. Relative strength of the bump

Our observations are compatible with very limited variations of
the spectral shape of the bump component among Seyfert 1°s,
although the luminosity varies by 6 orders of magnitude. On the
other hand, the relative strength of the bump is highly variable.
Taking into account that most of the high energy luminosity
may be emitted in the MeV band, the ratio of the luminosities
of the bump and the hard X-ray components varies from 0.1 to
10 over the sample without any correlation to the luminosity or
to the radio loudness.

Several difficulties arise if this variation is attributed to the
emission mechanism. Firstly, it does not agree with the fact
that part of the near infrared is believed to be emitted by dust
reprocessing the ultraviolet continuum (e.g. Clavel et al.1989)
unless the covering factor of the dust varies with the ratio of the
ultraviolet and X-ray continua.

Secondly, it is not compatible with models using reprocess-
ing of X-ray photons at the surface of the accretion disk to ex-
plain the simultaneity of the optical and ultraviolet light curves
(Courvoisier & Clavel 1991) and the similarities of the ultra-
violet and hard X-ray light curves (Clavel et al.1992) as such
models need comparable X-ray and ultraviolet luminosities. Fi-
nally, it may be difficult to construct emission models at all
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which can predict such large (and continuous) variations in the
relative strength of the bump.

Another explanation may be that the ratio of the bump and
the X-ray or infrared luminosities is a steep function of the
inclination angle of the accretion disk to the line of sight. The
apparent disk luminosity varies with the cosine of the viewing
angle and the probability to observe it is given by its sine. 10% of
the sources should be observed with viewing angles smaller than
6° and, therefore, with an apparent disk luminosity decreased
by a factor of 10. This is not sufficient to explain the observed
variations, except, if the apparent X-ray luminosity is also a
function of the inclination.

Beaming effects are not able to reproduce the observations
as they predict a decreasing X-ray luminosity with increasing
viewing angle and as the beaming factor decreases steeply with
the viewing angle. Another inclination effect is predicted if the
hard X-rays are emitted above the accretion disk by anisotropic
inverse comptonization of soft photon emitted from the surface
of the disk (Ghisellini et al.1991). Even if the energy of the
electrons is small (v, = 2 — 10) the X-ray flux emitted in the
direction of the disk is 5 times larger than the flux emitted in the
observer’s direction. Within this scenario, the ratio of the ultra-
violet and X-ray apparent luminosities is 50 times larger when
the accretion disk is observed face-on than edge-on. Inclination
effects may therefore account for a large part of the variations
observed in the relative strength of the bump component.

7. Conclusions

In order to study the interrelation between the ultraviolet and the
soft X-ray regions in the spectra of AGN, we investigated the
spectra of 58 Seyfert 1 type nuclei measured with the satellites
ROSAT and IUE .

The soft X-ray (0.1 — 2.4 keV') spectra were derived from
data obtained with the X-ray telescope and PSPC detector
aboard ROSAT during the all sky survey. All but two spectra
are well represented by a power law model with low energy
absorption. The residuals of the model fits resulting for these
two peculiar sources and for some other objects, too, suggest
that often an additional component is needed for an optimum
representation of the spectral data.

The power law indices vary from object to object and they
range from 1.6 to 3.4. The mean index is (I') = 2.50 and the
standard width of the index distribution is o = 0.48. The mean
value as well as the distribution’s width are considerably larger
than those found at harder X-rays. This indicates that an addi-
tional soft component is found throughout the sample.

In 90% of the sources, the absorbing column density Ny due
to cold matter on the line of sight, determined for a power law
model continuum, is consistent with the corresponding Galactic
value as measured at 21 ¢m radio wavelength. Furthermore,
the mean of the differences between the values resulting from
the model fits and the Galactic values is consistent with zero
indicating that the Seyfert 1 nuclei in our sample are free of
absorbing matter along the line of sight. Since we cannot exclude
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that the detection of AGN in the ROSAT survey suffers from
selection effects, we emphasize that these statements are valid
only for the Seyferts of our sample which are chosen to be
particularly bright in the all sky survey.

If the column densities are determined by using a thermal
bremstrahlung representation of the very soft X-ray continuum,
the Ny values are systematically smaller than the Galactic val-
ues by 23% on average. From this we conclude that the spectral
data of the sample as a whole are not consistent with a flattening
at low energies inherent to thermal models.

In four sources (MCG-8-11-11, KAZ 102, Q1821+643 and
II Zw 136) the Ny derived from the model fit are smaller than
the Galactic values, whereas the spectral slopes are consistent
with the values observed above 2 keV'. We interpret this finding
as an indication of a probably weak flux excess at very soft X-
rays which is completely dominated by the effect of interstellar
absorption.

In two other sources the measured column density is larger
than the Galactic value. In IC 4329A, the absorbing matter is
located in the plane of the galaxy seen edge-on. In Mrk 766 the
absorption is most likely caused by molecular clouds located in
the inner part of the narrow line region.

Excesses of the soft X-ray flux above the extension of the
hard X-ray power law continuum were detected in 90% of the
sample sources. The soft X-ray excesses vary from object to
object. They are well correlated to the power law index measured
in the ROSAT energy band.

If these soft X-ray slopes are compared with the ratio of
the ultraviolet flux and the flux at 2 keV/, which is regarded as a
measure of the ultraviolet bump strength, a strong correlation of
both quantities is found : objects with a large ultraviolet bump
do also show a strong soft X-ray excess. Therefore we conclude
that the big blue bump of Seyfert 1 galaxies is an ultraviolet to
soft X-ray bump.

Six sources do not match this correlation as their spectra
show soft X-ray excesses but only faint ultraviolet continua.
Five of them (IC 4329A, MCG-6-30-15, Mrk 766, Akn 564,
IR 1334+2438) are strongly absorbed by dust in the ultraviolet,
explaining their peculiar spectra. The last one (NGC 4051) is
the faintest object of our sample and may be a peculiar case.

The soft X-ray spectral indices, as well as the soft X-ray
excesses, are neither correlated with the radio loudness nor with
the X-ray luminosity of the Seyferts in our sample. On the other
hand, we found that the ratio of the ultraviolet to infrared fluxes
is correlated with the ultraviolet spectral slope and with the ratio
of the ultraviolet to 2 keV fluxes.

These two correlations indicates that most of the variety
of spectral shapes observed in the optical to X-ray spectra of
Seyfert 1 galaxies is due to the relative strength of the ultravi-
olet to soft X-ray bump, which varies by factors of 100 when
compared to the other spectral components.

If we take the effect of the redshift into account, the spectral
data are consistent with the assumption that the ultraviolet to
soft X-ray bump is very similarly shaped in almost all Seyferts
of our sample. The integrated flux emitted by this component
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above 150 eV is 1 to 5 times smaller than the spectral flux
emitted in the ultraviolet.

Thick accretion disks models can only reproduce our ob-
servations, if the disks are almost all seen with large inclination
angle, an assumption which is hardly justified by the data. Emis-
sion predicted by thin accretion disk models do not agree with
our data without a fine-tuning of the accretion rate with the lu-
minosity. Neither external heating of the disk in faint sources
or comptonized soft X-ray excesses in luminous sources can
reproduce the observations.

Finally, we note that the large variation of the relative
strength of the bump by a factor of 100 over the sample may be
difficult to be explained by emission mechanisms only. Inclina-
tion effects, however, could account for the major part of this
variation, if the hard X-ray source is located above the accretion
disk.
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