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Abstract. The analysis of the X-ray spectra of a sample of
102 X-ray bright quasars observed with ROSAT during the all-
sky survey confirmed for the soft (0.1 - 2.4)keV energy range
that the power law photon indices of radio-loud and radio-
quiet quasars differ significantly from each other: <I' >, =
223 +£0.07 ; <TI' >, = 2.54 £ 0.04. These mean indices
are found to be significantly steeper than those determined for
the harder (0.3 -3.5)keV energy band of the Einstein Observa-
tory/TPC and the medium energy (2 - 10...20)keV bands of the
EXOSAT/ME and Ginga/LAC experiments for identical subsets
of quasars. The comparison yielded a tendency of the harder the
energy range covered by the experiment the flatter the average
spectral indices.

All but one of the 55 radio-quiet quasars in the present
ROSAT sample cover a very limited redshift range (z < 0.5).
On the other hand, the 47 radio-loud quasars of the sample have
redshifts up to z = 2.5 . For this subset we established a rela-
tion between the mean photon index in ROSAT’s soft energy
band and the redshift. This relation shows a remarkable drop
of the spectral slope from < I' >~ 2.2 for nearby quasars to
< I' >~ 1.5 for distant objects. This flattening of the mean
quasar spectrum with increasing redshift may partly be caused
by selection effects. A quantitative interpretation of the relation
is, however, achieved by assuming a two-component continuum
for the intrinsic mean quasar spectrum consisting of a medium
energy power law spectrum and a steep soft excess component.

As far as the spectral properties at very soft X-ray energies
are concerned, radio-loud and radio-quiet quasars are indistin-
guishable. Normalized to the same soft excess component, the
power law continua of radio-loud and radio-quiet quasar cross
over at about 0.6 keV. Beyond that photon energy the radio-loud
quasars are appreciably X-ray brighter and spectrally flatter than
their radio-quiet counterparts. The only difference between both
species seems to be a difference in the medium energy spectral
index.
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1. Introduction

Already in the early years of X-ray astronomy quasars as ob-
jects at cosmological distances were subjects of intensive X-ray
studies (e.g. 3C 273 : Bowyer et al., 1970). Up to these days,
the X-ray spectra of individual nearby and distant quasars are
measured (e.g. Kolman et al., 1993; Elvis et al., 1994; Yaqoob
et al., 1994; Serlemitsos et al., 1994; Wilkes et al., 1992a; Fink
& Briel, 1993) to elucidate the role of the high energetic pro-
cesses producing X-rays relative to the overall energy distri-
bution of the quasar emission. In the X-ray energy band (0.3
- 3.5)keV of the IPC detector onboard the Einstein Observa-
tory the study of smaller samples of quasars (Zamorani et al.,
1981; Elvis, Wilkes, and Tananbaum, 1985; Elvis et al., 1986)
and of a larger sample of 33 quasars (z < 1.0) (Wilkes &
Elvis, 1987; Canizares & White, 1989; Worrall, 1989) yielded
a wide spread in the power law index in contrast to the tighter
index distribution of medium energy spectra in the (2 - 10)keV
band found for lower luminous Active Galactic Nuclei (AGN)
(Mushotzky, 1984; Turner & Pounds, 1989, Nandra & Pounds,
1994). These studies further revealed the dichotomic character
of the X-ray spectra of quasars with respect to their radio prop-
erties. Radio-loud quasars show flatter spectra in the Einstein
band than radio-quiet QSOs, and they are X-ray brighter at 2
keV than their radio-quiet counterparts. The X-ray spectra of
31 quasars were measured with EXOSAT (Lawson et al., 1992)
in the (2-10)keV band. The medium energy spectra between
2 keV and 20 keV of further 13 quasars could be established
with Ginga (Williams et al., 1992). They confirmed the ear-
lier finding that the slopes of the X-ray spectra of radio-loud
and radio-quiet quasars are different also at higher photon ener-
gies. Furthermore, the analysis of quasar spectra obtained with
the LE and ME detectors onboard of EXOSAT revealed that at
least half of the quasars studied showed indications of a soft
flux excess in their spectra below 1 keV (Comastri et al., 1992;
Saxton et al., 1993). Such soft X-ray excesses have firstly been
found in the X-ray spectra of Seyfert 1 galaxies by Arnaud et
al. (1985) and Singh et al. (1985). The measurement of soft X-
ray spectra with the PSPC detector of the X-ray telescope of
ROSAT confirmed that a large fraction of X-ray bright Seyfert
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Fig. 1. The sample. Visual magnitude vs. redshift of the sample quasars.
Open circles: radio-quiet quasars; filled circles: radio-loud quasars.

1 galaxies shows steep spectra indicating an excess flux at low
photon energies over the extrapolation of the medium energy
power law with a mean index of < I' >= 1.8....1.9 (Walter &
Fink, 1993). Studying the spectra of quasars measured with the
Einstein/TPC Schwartz, Qian, and Tucker (1990) noticed that
two-component model spectra consisting of a medium energy
power law and thermal bremsstrahlung at soft photon energies
give equally good fits that a simple power law. The X-ray spec-
tral study of small samples of quasars extracted from pointed
observations with ROSAT confirms the steepness of the soft
X-ray spectra for quasars (Laor et al., 1994; Fiore et al., 1994).

In this paper we present the soft X-ray spectral properties
of a larger sample of radio-loud and radio-quiet X-ray bright
quasars with redshifts up to z ~ 2.5 as measured with the X-ray
telescope onboard ROSAT during the all-sky survey. In Sect.
2, we define the sample of quasars and compile some of their
spectral properties. The analysis of the quasars’ X-ray data is
described in the following section, in which we, additionally, de-
velop the statistical tools needed to estimate the spectral param-
eters for weak X-ray sources. In Sect. 4, we present the results:
firstly, we determine the sample means of the power law indices
of the ROSAT spectra of radio-loud and radio-quiet quasars,
respectively, and compare them with those derived from other
satellite experiments for identical subsets of the present quasar
sample. Secondly, a relation between the redshift of the sample
members and their soft X-ray spectral indices is established.
After discussing the influence of possible selection effects on
this relation, we present an interpretation of the redshift relation
based on the assumption that the mean intrinsic quasar spectrum
shows a soft X-ray excess. Finally, we discuss the distinctions
between radio-loud and radio-quiet quasars as follow from the
present study. In Sect. 5, a summary and conclusions are given.

2. The data
2.1. The sample

During the all-sky survey performed with the ROSAT satel-
lite observatory (Triimper, 1983) in 1990 about 60,000 X-ray
sources were detected with a likelihood of more than 10 (Vo-
ges, 1992). We correlated the sky positions of these survey X-
ray sources, as derived by the Standard Processing and Analysis
Software System (SASS; Voges et al., 1992), with those of the
optically selected AGN listed in the Véron-Cetty & Véron cat-
alogue (1991). A coincidence between both source lists was
stated, if the celestial position of the X-ray centroid of a survey
source deviates less than 50 arcsec from the well defined optical
position of the AGN. The 1o error of the position of an average
survey source is 20 arcsec (Voges, 1992). According to the dis-
tribution of deviations of all coincidences, the limiting 50 arcsec
radius corresponds to a fraction of misidentification of less than
1% (Schartel, 1994). The extracted list of X-ray/optical coinci-
dences contained 1016 AGN. For the present study we selected
those AGN which were assigned as QSOs in the Véron-Cetty
& Véron catalogue My < —23.0). To enable the estimation
of spectral parameters we dropped in a second selection all
sources, for which the SASS processing of the ROSAT data
extracted less than 80 PSPC counts for the survey observation.
This yielded a list of 104 QSOs from which two further sources
had to be excluded: 3C 345 was removed because of its classifi-
cation as OVV (Angel & Stockman, 1980) and KUV 1821+643
was excluded because it coincides positionally almost with the
white dwarf K1-16; due to the limited spatial resolution during
the survey the QSO and the white dwarf cannot be resolved as
separate X-ray sources (Ulrich et al., 1992). The final list of
102 quasars with more than 80 PSPC SASS-counts is given in
Table 1.

2.2. Radio, optical, and previously published X-ray data

Quasi-stellar objects show an enormous range of radio power.
To characterize the radio emission of a quasar relative to its
optical flux a radio-loudness parameter is used which is defined
as the K-corrected ratio of radio (5 GHz) to optical (B band)
fluxes (Sramek & Weedman, 1980)

_ Ssouz \ _ 1
oo = 5.38]0g( 5, A) =333 [(logSscuz +0.7log(z + 1))

~(23.0 - 1976 — 0.4V + 1.0log(z + 1) |

Here, the spectral fluxes have to be given in units of Jy. V is the
quasar’s visible magnitude. Using this radio-loudness parameter
it has been shown that optically selected QSOs can be consis-
tently separated into two distinct classes: radio-loud and radio-
quiet; the distribution of arp revealed to be bimodial at a high
level of confidence (PG sample: Kellerman et al., 1989; EMSS
AGN sample: Della Ceca et al., 1994). For the EMSS AGN
sample this distribution shows a gap for 0.25 < aroe < 0.35
(Della Ceca et al., 1994). Following this criterion we regard all
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Table 1. The sample, ordered by redshift and grouped to redshift bins

No. Object Position (1950.0) 2 v My  logAL{’  aro
RA Dec [mag] [mag]l [erg/s]
a) Radio-quiet Quasars
1 MKN 509 2041262 -105417 0.035 13.12 -23.6 44.88 -0.074
2 ESO141-G55 191657.0 -584552 0.037 13.64 -23.1 44.69
34U 0241+61 24100.6 621527 0.044 12.19 -249 46.71 0.172
4 F9 121512 -590359 0.045 13.25 -23.9 44,98
5 MKN 926 230207.2 -85720 0.047 13.76 -23.5 44.82 0.039
6 Q0959-079 959 30.9 -75515 0.055 14.64 -23.0 44.65
7 F1116 349540 -403730 0.058 14.67 -23.0 44.60
8 I1Zwl 05057.8 122520 0.061 14.03 -23.8 44,97 -0.030
9 IIZw136 213001.2 95501 0.063 14.64 -23.3 44.76 -0.018
10 PG 0844+349 844339 345609 0.064 14.00 -23.9 4498
11 MKN 584 15751.1 22540 0.078 1540 -23.0 44.62
12 MKN 478 144004.6 353907 0.079 14.58 -23.8 44.90 -0.078
13 VIZw 118 70224.1 644039 0.079 14.61 -23.8 44.97
14 MKN 1383 1426 33.8 13027 0.086 14.87 -23.7 44.89 -0.057
15 PG 1404+226 1404028 223759 0.098 15.82 -23.1 44.63 0.013

16 PG 0804+761 804354 761132 0.100 15.15 -23.7 44.90 0.019
17 IR 133442438 1334574 243818 0.107 15 -23.9 44.94 0.109
18 MKN 877 1617565 173135 0.114 15.39 -23.7 44.92 -0.019
19 TON 8210 119302 -283634 0.117 15.19 -24.0 44.99
20 PG 0906+48 906453 482556 0.118 16.10 -23.1 44.63
21  MKN 106 91618.6 553420 0.122 16.15 -23.1 44.64
22 PG 1416-129 1416213 -125658 0.129 1540 -24.0 45.09 0.093
23  MKN 876 1613362 655037 0.129 15.49 -23.9 44.97 0.044
24 MKN 813 1425057 100317 0.131 1527 -24.1 45.05
25 VIIZw 244 838320 770359 0.131 157 -23.7 44.87
26 TON 256 1612087 261146 0.131 1541 -24.0 45.03 0.112
27 PG 16264554 162651.5 552905 0.132 16.17 -23.2 44.67
28 KAZ 102 1803374 673754 0.136 1578 -23.7 44.93
29 PG 1115+407 1115462 404214 0.154 16.02 -23.7 44.87
30 PG 00524251 05211.1 250924 0.154 1542 -24.3 45.16 -0.018
31 PG 1307+085 1307 16.2 83547 0.155 15.32 -24.5 45.20
32 QO0056-363 056158 -362217 0.162 165 -23.4 44.75
33 PG 1402+261 1402588 260959 0.164 1554 -24.4 45.14 -0.009
34 GQCom 1202089 281054 0.165 15.60 -24.3 45.11 -0.004
35 PG 1048+342 104856.1 341523 0.167 16.61 -23.4 44.75
36 PG 1322+659 132210.0 655722 0.168 1584 -24.1 45.04
37 PHL 909 054319 142959 0.171 1571 -24.3 45.16
38 V396 Her 172037.7 243906 0.175 16.38 -23.7 44.92
39 PG 11164215 111630.1 213543 0.177 15.04 -25.0 45.38 0.042
40 B340 130448.0 344024 0.184 1697 -23.2 44.66
41 PG 0947+396 947448 394054 0206 16.65 -23.8 4491
42 PG 0953+415 953483 412958 0239 1532 -25.5 45.58 0.029
43  US 1329 833339 443629 0249 156 -25.3 45.53
44 US 1107 952304 454631 0259 16.7 -24.3 45.10
45 PG 1444+407 1444503 404740 0.267 15.66 -25.4 45.54
46 AB 125 1304039 341737 0279 17.97 -23.2 44.66
47 QO0530-379 530486 -375526 0290 16.7 -24.6 4525
48 TON 83 1231137 311742 0.290 16. -25.3 45.50
49 B337 1305294 351749 0.300 17.62 -23.8 44.90
50 CBS56 1214505 311324 0307 17 -24.5 45.19
51 PC1014+4717 1014259 471727 0335 18.1 -23.6 44.82
52 Q1214+0826 121443.0 82621 0345 173 -24.4 45.15

53 Q1230+0947 1230 53.6 94755 0420 162 -26.0 45.79
54 US737 931504 434436 0456 163 -26.1 45.82

55 PG 1407+265 1407077 263230 0944 1592 -283 4670  0.175
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Table 1. (continued)

No. Object Position (1950.0) z % My logA\LyY  aro
RA Dec [mag]l [mag]l [erg/s]
b) Radio-loud Quasars
56 PG 1211+143 1211448 141953 0.085 14.63 -23.9 44.97 0.333

57 MIZw?2 007567 104147 0.090 15.40 -23.3 44.79 0.470
58 4C74.26 2043 13.0 745708 0.104 154 -23.5 44.97 0.447
59 PKS0558-540 55834.6 -502655 0.137 14.97 -24.5 45.25 0.338
60 3C273 122633.2 21943 0.158 128 -27.0 46.19 0.650

61 PKS 2349-01 2349223 -12554 0.173 1533 -24.7 45.30 0.504
62 B2 1028+31 102809.8 311821 0.177 16.71 -234 44.75 0.497
63 PKS1020-103 102004.1 -102234 0.197 16.11 -24.2 45.13 0.514
64 PKS 0837-12 837279 -120354 0.200 15.76 -24.7 45.35 0.542
65 B21721+34 1721320 342042 0206 165 -24.0 45.01 0.626
66 PKS1217+02 1217383 22021 0240 16.53 -24.3 45.11 0.560

67 B2 1223+25 122309.1 251512 0268 17.12 -24.0 44.99 0.498
68 PKS1302-102 1302558 -101717 0286 1523 -26.0 45.82 0.543
69 B2 1128431 1128303 313040 0289 16.0 -25.3 45.52 0.464
70 B22201+31A 220101.4 313106 0298 15.58 -25.8 45.87 0.617

71 4C73.18 1928494 735145 0302 155 -25.9 45.87 0.640
72 B2 1351+26 1351180 264632 0.310 17.18 -24.2 45.10 0.463
73 3C249.1 1100274 771508 0311 1572 -25.8 45.73 0.539
74 PKS 1451-375 145118.2 -373523 0.314 16.69 -24.8 45.39 0.681
75 4C69.18 1503449 690746 0318 17.0 -24.5 45.21 0.535

76  PKS 2227-399 222745.0 -395817 0323 179 -23.7 44.86 0.723

77 LB2136 115048.0 494750 0334 17.10 -24.6 45.23 0.671
78  PKS 1049-09 1048594  -90213 0345 16.79 -24.9 45.38 0.607
79 3C48.0 134498 325420 0367 1620 -25.7 45.72 0.730

80 B2 1512437 1512468 370155 0370 16.27 -25.6 45.62 0.549
81 PKS1200-051 1200004 -51120 0381 18.0 -24.0 45.01 0.665
82 B21208+32A 1208054 321348 0.388 16.68 -25.3 45.50 0.436
83 4C61.20 1049224 614118 0422 1648 -25.8 45.70 0.536
84 4C09.72 2308 46.5 95157 0432 16.00 -26.3 45.95 0.466
85 PKS 1222421 1222236 213924 0435 17.50 -24.8 45.32 0.667
86  PKS 0454-22 454022 -220356 0.534 16.10 -26.7 46.10 0.575
87 3C279 1253358  -53108 0.536 17.75 -25.1 45.44 0.927
88  PKS 0405-12 405275 -121932 0574 14.57 -28.4 46.79 0.525

89 4C41.21 100726.1 414724 0.613 16.2 -27.0 46.18 0.562
90 MC1104+167 1104367 164417 0.634 15.70 -27.6 46.43 0.514
91 3C263.0 1137093 660428 0.652 16.32 -27.1 46.21 0.601
92 4C56.27 1823148 564918 0.664 185 -24.9 45.40 0.802
93 3C380.0 1828 13.5 484240 0.691 1581 -26.7 46.16 0.797

94 B2 0923+39 923553 391524 0.698 17.86 -25.7 45.67 0.875
95 S41716+68 1716279 683948 0.777 185 -25.3 45.56 0.715

96 3C454.3 2251295 155254 0.859 1610 -27.8 46.61 0.765
97 PG 1718+481 1718177 480711 1084 1471  -299 4736 0312
98 NRAO 140 333223 320836 1263 175 -27.6 46.67  0.752
99 - 3C298.0 14 16 38.8 64221 1439 1679  -28.7 46.88  0.654

100 PKS2223+21 2223148 210250 1.959 18.0 -28.4 46.80  0.728

101 S50836+71 83621.6 710422 2160 165 -30.1 4745  0.672

102  PKS2149-306 214900.5 -304200 2.345 18.0 -28.6 46.84  0.717

@ X=5500A
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objects of the ROSAT quasar sample with ago < 0.25 as radio-
quiet and, therefore, all sample members with aro > 0.25 as
radio-loud. In calculating the arp values given in Table 1, the
visual magnitudes and the 5 GHz radio fluxes of the sources are
taken from the Véron-Cetty & Véron AGN catalogue (1991).
In Table 1 the objects are organized according to their radio-
loudness class: the objects No.1 to No.55 are radio-quiet, the
objects No.56 to No.102 are radio-loud. Within each subgroup
the quasars are ordered by increasing redshift.

The optical luminosity was calculated from the K-corrected
absolute visual magnitude listed by Véron-Cetty & Véron
(1991) using the calibration of Matthews and Sandage (1963):

log VL, = —0.4 My +35.357 + 0.4 F, E(B — V)
for v = 5.45 10" Hz or A = 5500 A

The third term corrects the luminosity for Galactic absorption
in the observer’s frame by applying a reddening derived from
the Galactic equivalent Hydrogen column density Ny according
to E(B — V) = 0.17 10~%! Ny (Predehl & Schmitt, 1994). For
this and throughout the paper H, = 50 km/s - Mpc and g, = 0
is used. The Galactic column densities are taken from Stark et
al. (1992). They are based on 21cm radio measurements and
represent mean values averaged over sky fields ~ 3 sq.deg in
size. For some quasars more accurate values obtained with nar-
row beam radio measurements are available (Elvis et al., 1989)
which are then adopted in Table 3.

X-ray measurements with the Einstein Observatory in the
energy band from 0.2 keV to 3.5 keV were found for 28 quasars
of our sample (Wilkes & Elvis, 1987; Shastri et al., 1991; Elvis
et al., 1994). Medium energy photon indices could be compiled
for 14 quasars from published EXOSAT measurements (Lawson
et al., 1992), whereas indices of the spectra of further 4 quasars
were obtained from Ginga observations (Williams et al., 1992).
The corresponding medium energy ranges are (2 - 10) keV and
(1.7 - 17.4) keV, respectively. The photon indices are given in
Table 4.

3. Analysis of ROSAT data
3.1. Data reduction

For each source of the sample a sky field of about 2 degrees in
diameter of merged survey X-ray data centered on the optical
position of the source was analyzed. In the all-sky survey the
counts making up the X-ray image of the sky field are detected
at various locations in the detector’s field of view. Therefore, a
vignetting correction of the registered X-ray counts is applied
by attributing to each count a factor which is given by the ratio
of the effective area of the telescope at the center of the field
of view and the off-axis effective area corresponding to the im-
pact point of the photon onto the detector (Aschenbach, 1988).
In order to establish a count rate spectrum of a sample X-ray
source, we extracted all counts from a circular area around its
X-ray centroid and corrected them for the local background.
This was done by using well defined procedures already often
described in literature (e.g. Brinkmann & Siebert, 1994). The

radii of the source extraction areas ranged from 2 arcmin for faint
sources to 4 arcmin for strong X-ray survey sources. They were
determined individually for each given target source by using
radial profiles. The background surface brightness near the tar-
get sources ranged from 4 10~* to 7 10™* cts/s arcmin?. After
background subtraction the resultant data consists of a gain cali-
brated, binned up pulse height spectrum for each sample source
which has further been corrected for deadtime mainly caused
by anti-coincidence events in the PSPC (Snowden et al., 1992).
Energy bins lower than 0.08 keV and beyond 2.4 keV were
ignored as there the instrument’s response is not well known.

3.2. Adaptive hardness ratios

A reliable estimation of the parameters of ROSAT X-ray spec-
tra by least squares fitting of model spectra folded through the
instrument response function to the measured count rate spectra
requires a minimum total count number of 300 cts (Walter &
Fink, 1993). The pulse height spectra of half of the quasars in
our sample, however, contain less than 300 counts. In order to
characterize the spectral properties of these fainter sources we
define adaptive hardness ratios

D-C

D+C’

where A, B, C, and D are the count numbers in the following
energy bands

and HR2 =

B-A
HR1 =
A+B

A =[#8,#b], B = [#(b + 1), #240] ,
C=[#b+1),#c], D = [#(c + 1) — #240] .

Here, the symbol “#” denotes a channel number of the pulse
height spectrum. The corresponding photon energy E in units
of [keV] is then approximately obtained by dividing the channel
number by 100.

From these hardness ratios we estimate the photon index
and the low energy absorption assuming that the ROSAT X-
ray spectra of quasars are approximately described by power
laws. In order to be able to handle very steep as well as heavily
absorbed spectra, the hardness ratios HR1 and HR2 are con-
structed as adaptive quantities with variable boundaries b and ¢
of the defining energy bands. These boundaries are determined
for individual source spectra by the condition that the relative
statistical error of the count numbers A, C, and D should be
approximately equal. The hardness ratios are statistically inde-
pendent Gaussian distributed quantities. For the sample sources
they are given in Table 2 together with the sources’ count rate
and their survey exposure.

To determine for an assumed power law spectrum the pho-
ton index I, and the equivalent Hydrogen column density Ny,
from the measured hardness ratios, we minimize the sum of the
quadratic deviations between these hardness ratios and those
calculated, with (b,c) fixed, from the model spectrum, folded
through the instrument’s response, as a function of I" and Ny.

To determine the errors of the estimated spectral parame-
ters (I'y, Ny,) we look in the HR1/HR2-plane for the error el-
lipse, centered at the observed coordinates (HR1 4y, HR2 ppe0s),
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PG 1407+265

No. Object Exposure  Count rate HR1 HR2 b c
[s] [cts/s]
a) Radio-Quiet Quasars

1 MKN 509 644 486+0.11 033+£0.02 -0.024+0.03 47 99
2 ESO 141-G55 186 3.03+0.17 033%£0.05 -0.014+0.07 69 107
34U 0241+61 915 049+0.03 0324+0.06 -0.08+0.08 120 156
4 F9 550 3.66+0.10 0.32+0.03 -0.04+0.04 33 91
5 MKN 926 461 2.09+0.09 0.334+0.04 -0.01+005 63 109
6 0959-079 616 024+0.03 0.28+0.12 -0.05+0.14 71 111
7 F1116 162 2.11+£0.14 0.27+£0.07 -0.05+0.09 27 52
8 IZwl 626 095+005 033+£005 -0.01+£0.07 57 93
9 IIZw 136 619 1.48+0.06 032+£0.04 -0.02+0.05 32 85
10 PG 0844+349 621 0.644+0.05 0.32+0.07 -0.03+0.09 34 83
11 MKN 584 584 043+£0.04 0.29+£0.09 —0.10+0.11 33 93
12 MKN 478 716 591+0.11 0.294£0.02 -0.08+0.02 21 32
13 VIIZw 118 548 096+£0.06 033+£006 -—-0.044+0.07 39 87
14 MKN 1383 497 1.38+£0.07 0.28+0.05 -0.054+0.07 30 82
15 PG 1404+226 680 0.54+£0.04 0324007 -006+0.09 23 36
16 PG 0804+761 554 1.65+0.07 0.33+0.04 -0.014+005 36 89
17 IR 133442438 521 2.744+0.09 0.25+0.03 -0.13+£0.04 22 35
18 MKN 877 818 0.23+0.03 031+£0.12 -0.03+0.14 57 113
19 TON S210 547 035+0.04 0324+0.10 -0.06+0.13 22 42
20 PG 0906+48 702 0.44+0.04 0.27+0.08 —-0.07+0.10 24 43
21 MKN 106 492 026+0.04 025+0.13 -0.14+£0.16 27 63
22 PG 1416-129 466 0.35+0.04 033+0.11 -0.02+0.13 81 116
23 MKN 876 2119 099+£0.03 032+£0.03 -0.024+0.04 30 76
24 MKN 813 738 0.89+0.05 028%+0.05 -0.07+£0.07 27 81
25 VIIZw 244 524 0.32+£0.03 0324010 -0.02+0.13 25 44
26 TON 256 951 049+0.03 033+£006 -0.04+008 46 95
27 PG 16264554 1230 0.70+£0.04 0.294+0.05 -0.04+0.06 25 55
28 KAZ 102 25396 0.37+£0.01 033+0.02 -0.01+0.02 48 98
29 PG 11154407 523 0.58+£0.05 028+0.08 -0.09+0.10 22 38
30 PG 0052+251 470 0.56+0.05 0.32+0.08 —-0.01%+0.11 63 110
31 PG 1307+085 504 0.73+£0.05 029+£0.07 -0.04+0.09 27 67
32 Q0056-363 547 091+£0.06 0324+0.06 -0014+0.08 25 54
33 PG 1402+261 659 0.76 £0.05 0.33+0.06 —-0.05+£0.07 22 36
34 GQCOM 703 0.65+0.04 033+0.06 -001+£0.08 27 77
35 PG 1048+342 620 0.23£0.03 0.23+0.13 -0.15+£0.16 26 50
36 PG 1322+659 885 0.75+0.04 033£0.05 -0.034+0.06 24 42
37 PHL 909 624 033+0.04 032+0.10 -0.04%+0.13 39 107
38 V396HER 985 0.16+0.02 0.27+0.14 -0.07+0.15 64 109
39 PG 1116+215 498 1.214+0.07 025+£005 -0.11+0.07 25 44
40 B340 766 0.33+£0.03 0.32+0.09 -0.01+0.11 22 33
41 PG 0947+396 706 0.42+0.04 033+0.08 -0.06+0.10 27 78
42 PG 0953+415 715 - 1.05+£0.05 031+£005 -0.04+0.06 23 38
43 US 1329 619 028+0.03 028+0.10 -0.04+0.13 28 79
44 US 1107 742 0.15£0.03 029+0.15 -0.06+020 20 50
45 PG 1444-407 1041 043+£0.03 0.26+0.07 -008+009 24 35
46 AB 125 759 020+£0.03 0.22+0.13 -0.12+0.17 21 34
47 Q0530-373 784 0.29+0.03 030£0.10 -0.03+0.12 30 101
48 TON 83 742 0.60+0.04 033£0.06 -0014+0.08 23 35
49 B337 770 026+£0.03 027+0.11 -0.10+£0.13 25 98
50 CBS56 710 0.25+0.03 032+0.11 -0.014+0.14 26 56
51 PC1014+4717 773 0.20+0.03 0.33+£0.13 -0.06+0.16 22 32
52 Q1214+0826 640 0.25+0.03 0.30+0.11 -0.04+0.14 25 57
53 Q 1230+0947 634 0.24+0.03 0304+0.13 -0.06+0.17 23 38
54 US737 720 0.16+£0.03 027+£0.16 -005+0.19 25 55
55 723 0.19+£0.03 0.18+0.14 -0.15+0.18 23 43
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Table 2. (continued)
No. Object Exposure  Count rate HR1 HR2 b c
[s] [cts/s]
b) Radio-Loud Quasars
56 PG 1211+143 638 1.95+£0.07 0.29+0.04 —0.06+0.05 26 57
57 HIZw2 644 0.53+0.04 0.33+£0.07 -0.05+0.09 85 130
58 4C74.26 1510 0.64+0.03 0.324£0.04 -0.02+0.06 96 134
59 PKS 0558-540 1585 6.01+£0.08 0.324+0.01 —-0.03+0.02 35 85
60 3C273 539 8.47+0.16 0.33+0.02 —0.0240.02 27 76
61 PKS 2349-01 525 0.64+0.05 0.32+0.07 -0.01=%0.09 41 93
62 B2 1028+31 668 0.51+0.04 0.33+0.07 -0.01=%0.09 26 79
63 PKS 1020-103 611 0254+0.03 030+0.12 —-0.05=x0.15 82 116
64 PKS 0837-12 487 045+0.04 0.28+0.09 -0.04+0.12 69 113
65 B21721+34 1174 1.124+0.04 0324004 -0.03+£004 36 91
66 PKS 1217+02 546 0.404+0.04 0324+0.10 -0.03+£0.12 29 83
67 B2 1223+25 690 0214003 0.3040.13 —0.11%0.16 23 67
68 PKS 1302-102 434 0.36+0.04 0.32+£0.11 -0.05%0.15 34 92
69 B21128+31 452 0.574+0.05 0.30+0.09 -0.03X£0.11 28 82
70 B22201+31A 823 0.27+0.03 0.33+£0.09 —-0.02+0.11 83 115
71 4C73.18 2253 0.32+0.02 0.32+£0.05 -0.03%£0.07 80 118
72 B2 1351426 632 0.254+0.03 0.32+0.12 -0.01=£0.15 24 47
73 3C249.1 683 0.42+0.04 033+0.08 —0.01£0.10 34 96
74  PKS 1451-375 484 0274+0.04 0.32+0.14 —-0.03£0.16 71 98
75 4C69.18 1583 0.28+0.02 0.31+0.07 —0.02%0.08 29 79
76  PKS 2227-399 452 0.644+0.05 0.2940.08 -0.06+0.10 28 88
77 LB2136 562 0.344+0.04 032+0.10 -0.02%0.12 37 86
78  PKS 1049-09 592 0.33+0.04 0.28+£0.11 -0.05£0.13 34 90
79 3C48.0 526 0.70+0.05 0.33+0.07 —-0.04=+0.09 37 101
80 B2 1512+37 936 0.324+0.03 0.3240.08 -0.01+0.10 24 58
81 PKS 1200-051 509 0.36+0.04 033+0.11 —-0.00%£0.13 34 92
82 B2 1208+32A 724 0.19+0.03 0.28+£0.13 —-0.07%+0.17 24 53
83 4C61.20 882 037+0.03 027+0.08 —-0.05+£0.10 25 48
84 4C09.72 657 0224003 0314012 -0.03+0.14 68 103
85 PKS 1222+21 675 0.224+0.03 0.31+0.13 -005+0.14 34 83
86 PKS 0454-22 599 0.21+0.03 0334£0.13 —0.02+0.16 59 106
87 3C279 434 2.42+0.10 0.33+£0.04 —0.0110.05 59 106
88 PKS 0405-12 531 0.53+0.05 032+0.09 -0.01+£0.11 49 104
89 4C41.21 720 0.314+0.03 0.3140.10 -0.04+0.12 28 74
90 MC 1104+167 387 0.48+0.05 0.33+0.10 -0.02£0.13 24 58
91 3C263.0 948 0.41 £0.03 0.21+0.07 —0.12+0.09 26 51
92 4C 56.27 3283 0.10+£0.01 0.32+0.10 -0.07x0.10 88 128
93 3C380.0 1845 0.19+0.02 0.324+0.08 —-0.01+0.10 85 125
94 B20923+39 686 0.30+0.03 0.33£0.10 -0.03+0.12 26 85
95 S41716+68 5913 0.13+£0.01 0.324+0.06 —0.02+0.07 75 114
96 3C4543 670 0.75+£0.05 0.33+0.06 —0.01+0.07 88 132
97 PG 1718+481 1226 0.15+0.02 0.28+0.12 —0.054+0.15 30 95
98 NARO 140 630 0.224+0.03 0.31+0.12 —-0.06+0.14 110 138
99 3C298.0 664 037+0.04 0334010 —-0.01£0.11 58 108
100 PKS 2223+21 732 0.144+0.02 0.33+0.16 —0.05%0.18 97 135
101  S50836+71 640 0.67+0.05 0.32+0.07 —0.02+0.08 80 118
102 PKS 2149-306 499 0.54+0.05 0.32+£0.09 —-0.03%0.11 51 99

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


http://adsabs.harvard.edu/abs/1996A%26A...307...33S

SI

FTYOBACA - ~307- 7733

40 N. Schartel et al.: Redshift dependence of soft X-ray quasar spectra

which comprises 68.3% of all Gaussian distributed coordinate
pairs (HR1,HR?2). This ellipse is defined by the 2-dimensional
probability distribution of the hardness ratios, the projected 1o
widths are given by the statistical errors of the measured quan-

tities:
AHR() = ﬁ VU2AV? + V2AU?
+
. _[(A,B) fori=1
with (U, V) = {(C, D) fori=2

Among the points on the circumference of the error ellipse we
search for those pairs (HR1,HR2), for which the corresponding
values of (I', Ny) are extrema. As errors of the parameters we
then define
Fmam - I‘o

+AL= { Lo - Fmin
and analogously for the Ny-value. In the case of constant, prede-
fined Ny, the location of allowed (HR1,HR2) pairs as a function
of I shrinks to a line in the HR1/HR2-plane. Then the errors of
T, are given by the maximum and minimum values of I" which
correspond to locations on the line, for which the minimum of
the squared deviations is increased by unity.

To demonstrate that the adaptive hardness ratio technique
and the least squares fit methods yield the same estimates of
the spectral parameters, we checked both methods in the case
of those 51 sources of our sample, whose spectra contained
more than 300 cts. The least squares fits of a simple power law
modified by low energy absorption to the count rate spectra
were all well acceptable. We did found systematic variations of
the residua near 0.8 keV and below 0.5 keV, but none of them
was larger than 5 percent of the spectral value at these photon
energies. There was no signature in the residua of any of the
quasar spectra distinct enough to be interpreted as an spectral
edge such like the oxygen K-edge identified in the spectra of
several Seyfert galaxies (Nandra et al., 1993). The mean of the
differences of the slopes determined with the adaptive hardness
ratio method and with least squares fits is less than 15% in
units of the corresponding standard deviations derived for two
interesting parameters.

Both methods are stable for photon indices between 1 and
5 and for column densities up to 5 102! cm~2. For larger col-
umn densities both techniques yield consistent, but wrong re-
sults, which underestimate the Ny-value and the I". This effect
is caused by the limited width of the ROSAT energy band as for
very high absorption the inflexion point to the power law part
of the spectrum is shifted outside of the ROSAT window.

Finally, it should be noted that we use a maximum like-
lihood algorithm described by Maccacaro et al. (1988) when-
ever a mean value of a measured quantity has to be calculated.
This algorithm allows to deconvolve the intrinsic distribution
of a quantity from the distribution of the measured observables
and their errors. It is, therefore, possible to determine the mean
< «a > and the width o, of the distribution of the quantity «
considered and to define their uncertainties A< a > and Ao,
at given levels of confidence.

(05 I o o e o s e B B e e e e e e e e e ]
_o2f .
z | ]
s F ]
) o .

0.1 - .

0.0 Lot e b by vl e e |l Ll

-0.2 -0.1 0.0 0.1 0.2 0.3
< Q(Ny) >

Fig. 2. Mean and width of the distribution of normalized deviations
of best-fit column densities and Galactic column densities and signifi-
cance contours of the 68.3% and 90% confidence levels

4. Results

For each source in our sample the adaptive hardness ratios were
calculated from their X-ray spectra. Using the method described
above the photon indices and the equivalent Hydrogen column
densities were derived assuming that the soft X-ray spectra of the
sources can well be described by absorbed power law spectra.
The results are given in Table 3.

4.1. Absorbing column density

Analyzing the X-ray spectra of quasars as measured with the
IPC detector onboard the Einstein Observatory in the photon
energy band (0.3 - 3.5)keV, Wilkes & Elvis (1987) found that
the best-fit column densities are systematically smaller than the
values derived from 21 cm radio measurements. The latter we
shall call the Galactic column densities Ny ;. From this finding
the authors concluded that a great fraction of the quasars shows
an excess emission below ~ 0.3 keV. For a comparison of the
best-fit column densities and the Galactic column densities of
the sources of our sample we show in Fig.2 the contour diagram
of the mean and the width of the normalized difference of both
column densities defined as

QM) = Nugas — Nugi

NH gal

For the error of Q(Ng), which is needed for the calculation of
the mean and width of Q(Ng), the uncertainties of the Galactic
column densities resulting from radio measurements have to be
taken into account. For the Ny values given by Stark et al. (1992)
no errors are quoted. In order to obtain an average error for those
values, we considered the distribution of differences between
them and those reported by Elvis et al. (1989) for sources of our
sample, for which both values are available. The errors of the
Ny-values from Elvis et al. are claimed to be ~ 1 10™!% cm ™2
or 5% whatever error is larger. The 1o width of the difference
distribution is 12%. This relative average error is attributed to
each Ny-value taken from Stark et al. (1994). These resulted to
< Q(Ng) >=0.09*%%, and ooy, = 0.00*%%;. Therefore, con-
trary to the sample studied by Wilkes & Elvis (1987), the best-fit
Ny-values for the sources of our sample are not systematically
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Table 3. Best fit parameters

No.  Object Ny r Ng)gal TNy gal Fy—p.akev vE log L
a) Radio-Quiet Quasars

1 MKN 509 319 20793, 454 2.51%%%, 14894035 2.050+0.048  44.06

2 ESO141-G55  6.1*%% 23397, 508  213*%1, 7824043 2045+0.112 44.10

34U 0241+61 101813 2,612 73309 1.677%%, 4224028 2.012+0.135  44.24

4 F9 2,677 22095, 312 238%%. 7954023 1.369+0.039  44.10

5 MKN926 26755 1.647%%, 357 1.897%°% 4104018 1.495+£0.064  44.17

6 0959-079 53147 2187, 474 2.07*1’0?27 0.5940.07 0.167+£0.020  43.36

7 FI1116 77405 492787 208 2739, 3.73£025 0337+£0.023  43.73

8 IZwl 8.0°%%  3.27%% 507 256"%%, 3.24+£0.17 041140022  43.86

9 IIZw 136 3379323 254794, 4209 2.83%%.  527+£023  0395+£0.017  43.88
10 PG O0844+349  4.8%L  3.00%%%  3.39@ 254N 1604011 0.210£0.015  43.61
11 MKN 584 2,635 227%% 319 246%,  09940.09 0.149+£0.013  43.64
12 MKN 478 19795 3.43%%, 104 282%%, 6.11+0.12 046340.009  44.16
13 VIIZw 118 54718 30595, 486  2.87%4%, 4.04+023 027940016  43.94
14 MKN 1383 307 26195 2.64  245%% 2714014 0413+£0.021  44.17
15 PG 14044226  3.9%%  3.93*7L 2,009  3.10%%%, 1.04+£0.08 0.0434+0.003  43.34
16 PGO0804+761  3.7°4%  2.52%%%  3.12@  232%%  35040.15 0.676+£0.029  44.52
17 IR 133442438  2.0Y%%  3.33%%% 112 2.80%%%, 298+0.10 023440008  44.14
18 MKN 877 0.87%%  1.107%, 4359 21793 0.564+0.07 0.137+£0.016  43.94
19 TON S210 13533, 25475, 158 26971, 0.4940.05 0.048+£0.005  43.53
20 PG 0906+48 31550 3.42%%, 1.69 27594, 0.65+£0.05 0.056%0.005  43.61
21 MKN 106 5277 3.90%%%, 209  2.72%%%,  04640.06 0.043+£0.006  43.53
22 PG 1416-129 12,5, 2. 48*“1 % 7209 1.95%%%. 094+£0.10 031540035 4441
23 MKN 876 439 3.06%%%, 2669  248%%  1.984+0.06 0.290+£0.009  44.40
24 MKN 813 1.6%%2% 2. 15*_"0“11 254 2.53%0% 1754010 0.235+£0.013  44.32
25  VIIZw 244 6.117,  446™% 198 276" 054+0.06 0.046+0.005  43.63
26 TON 256 44205 25208 3779 2347910, 1204008 0.222+0.014  44.29
27 PG 16264554  3.0°% 310774 199 2.677%%  1.174£006 0.1194£0.006  44.04
28 KAZ102 3.34% 21395 5009 2.63%%%,  131+£0.02 0.1464+0.002  44.16
29 PG 11154407  1.57%% 27992, 193 3.04%'%  1.054008 0.050+0.004  43.84
30 PGO0052+251 2334 1.53%%3% 450@  2.12%%%  1.35+0.11 0.3574+0.030  44.63
31 PG1307+085  3.5%% 3.06°%%, 220@ 256%%Y, 1.30+£0.09 0.163+0.012 4433
32 Q0056-363 34748 3217%, 194 2.607%%, 1464009 0.169+0.010  44.39
33 PG 1402+261 2336 3.207%%,  1.42@  274%Y, 0.98+£0.06 0.087+0.005  44.12
34 GQCOM 21758 22079 172 215918 0.894+0.06 0.224+0.014  44.50
35 PG1048+342 6.2t 462773 2,00  291%%%, 041+£0.05 002640003  43.63
36 PG 13224659  4.3*%, 3.83°% 201 283°% 1.314£007 0.099+0.005  44.20
37  PHL 909 0.7%% 1.22%%%, 4209  249%"%  09540.10 0.137+£0.014  44.34
38V 396HER 3.6755 20173 471 2279%%,  042+0.06 0.088+0.012  44.16

39 PG 11164215 5245, 432718,  1.44@  266"%%, 1.56+£0.09 0.162+0.009  44.46
40 B340 3372, 387957,  1.07  2.63%%'%  0.34+£0.03 00374+0004  43.86
41 PG0947+396  2.4'%% 24498 158 2.14%%2 0554005 0.14240.012  44.51
42 PG0953+415 29725 3417 114 2.5179%%  1.1440.05 0.1584+0.008  44.73

43 US 1329 2.37%%  2407%, 289 2.647%'%  0.634£0.07 0.069+£0.007  44.43
44 US 1107 0.0557  1.727% 106 2.35%%,  0.154£0.02 0.027+£0.004  44.04
45 PG 1444-407 85232, 6. 33*_‘21 28 131 2.79%%4,  0.52+£0.04 0.0424£0.003  44.30
46  AB 125 0.83% 2.69%%, 098  2.81%% 0.194£0.03 0.015+£0.002 43.90
47  QO0530-373 0.2t%8 115975, 272 22075, 0544006 0.127+£0.013  44.80
48 TON 83 4785 43488 144 27295, 078+£0.05 0.0734£0.005  44.62
49 B337 0.05%8 1. 26*“(;‘;3 1.01 1.79%%7  02940.03 0.120+£0.013 4476
50 CBS 56 487 37033, 1.61 24178 0344004 0.055+0.006  44.52

51 PC1014+4717 443, 435%8 096 2.68:"0_2;‘6 0.194+0.03 0.019+£0.003  44.19
52 Q1214+0826  2.9%%5%  3.037%, 155  2.44%1%, 0344004 0.053+£0.006 44.63

53 Q123040947  3.179, 3.53% 1 1.78  2.89*%%, 0.38+£0.05 0.025+£0.003  44.58
54 US 737 2.9%%  3.08%% 145  247%%, 0204003 0.030+£0.005  44.68

55 PG 1407+265 127,  2.697%%  1.38@  2.799%%,  024+£0.03 0.019+£0.003 4543
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Table 3. (continued)

No.  Object N r NP oo TNuow P _pakev vF© log vL'®
b) Radio-Loud Quasars
56 PG 12114143 457, 3.65%%%, 2.839  3.01%%% 5174019 0266+0.010  43.99

57 IIZw2 1. 8:9; ‘8 0. 78"_’(,“ 6.00@ 14272, 1.08+0.08 0.676+0.051  44.39
58 4C74.26 12.9*%, 132t 1150 1247, 1.514£0.07  1.09540.050  44.72
59  PKS 0558-540 4,6:"(;‘?4 2.89%%12 482 297%% 27254036 1.529+0.020  45.20
60 3C273 23904 24007 179 220%%%, 12074023 2.814+0.052  45.56
61 PKS2349-01  3.7%%  2.40%%% 352 235%L 1494011  02724£0.020  44.64
62 B2 1028+31 1.2*15 1.94*_"(,?52l 1.98@ 2262 - 0.794+0.06 0.167+£0.013 4445

63 PKS 1020-103  17. 9*9 3.00978,  4.89@  1.70%%, 0.52+0.07 0.240+0.030  44.66
64 PKSO0837-12 3173 1 70:‘0'8 5.85@  23202L  142+0.14 027440026  44.78
65 B2 1721434 3.3%9% 238792 3.06@  220%% 2324008 046740017  45.04
66 PKS 1217402 24747 231%% 1979  216%'% 0.61+£0.06 0.150+£0.015  44.68

67 B21223+25 0.8%%  2.09"% 173 2.51%%2, 0314004 0.04240.006  44.28
68 PKS1302-102 2.8%%%  2254% 327 24175, 0.814£0.10 0.134+0.016  44.83
69 B2 1128431 1. 8*2,24 215982 222 2317, 09440.08 0.184+0016 4497
70 B22201+31A  29.0°7%  3.54%4%  9.91@  222%%% 1.01£0.10 02294+0.022  45.09

71 4C73.18 7.0t ;‘ 1.97%%  7.86  2.07%%  095+£0.05 0.272+£0.015  45.16
72 B21351426 2.8%1,  3.10%5Y% 1.30  2.40%%%  02940.04 0.0494+£0.006  44.48
73 3C249.1 1.7+ ﬂ, 1767570 2.92@  221%M,  082+£0.07 0.188+£0.016  45.04
74 PKS 1451-375 42.7'%  6.00%%%, 587  2.43%%  0.9340.13 0.1484+0.020 4497
75 4C 69.18 3.0%%  2.597%%, 266 248, 055+0.04 0.081+£0.006  44.73
76 PKS2227-399 1. 2+'|7! 1.86°%% 120  1.86%h, 0754006 0.285+£0.023 4522
77 LB 2136 493 2.939%% 199 19595 051+£005 0.171+£0.018  45.04
78 PKS 1049-09  3.0%%°  238%%% 329  249%!7,  078+£008 0.110+£0.012  44.95
79 3C48.0 15755, 1.637%% 4359 2.60%%12, 2204015 025940.018  45.40

80 B2 1512437 1.82%5  2.501%%, 140 2.33*%% 0404003  0.075+£0.006  44.84
81 PKS 1200-051 2.4%% 2. 04:"(,934 2.83 22091, 0.68+£0.07 0.157+£0.017 4517
82 B21208+32A  2.17%%  2.82%%4%, 145 250793,  024+0.03 0.03440.005  44.57
83  4C61.20 4085  3.657%% 097  227'%'2, 0374003 0.077+0.006  44.98
84 4C09.72 8.6, 29428 407  2.02%%%, 0484006 0.147+0.018 4524
85 PKS 1222421  5.0%%°  3.007%, 227 219%%, 0364005 0.0874+0011  45.05
86 PKS0454-22  3.0%%, 1.84"3%L 308  1.85%%; 0.39+£005 0.148+£0.020  45.44
87 3C279 2845, 177, 222 1.60%%%,  3.70+£0.15 1.916+0.080  46.51
88 PKS0405-12  1.8%% 1.617°%, 387 226" 1254011 026540024 4584

80 4C41.21 3.4%% 285t 121 2,000 03640.04 0.113+£0.011 4549
90 MC1104+167 1.97%% 2. 55:‘(;‘,;3 153 2397  0.634+0.07 0.106+0.011  45.59
91 3C263.0 4,948 4.09" o 0.82@ 2289  03840.03 0.077+£0.006 4546
92 4C56.27 8.6%, 1.637%%, 414  1.18%%, 0.19+£0.02 0.142+£0.013  45.50
93  3C380.0 4.4% 1.28:’({’38 6.60%  1.55*%%, 0.414+003 0227+£0.019  45.82

94 B2 0923+39 0. 8*_20" 1.70%%%2, 1699 20877, 040+£0.04 0.11440.012 4565
95 S41716+68 5455 o 19547 436  1.76'%13, 0274002 0.115£0.007  45.70
96 3C454.3 133 0.54%%%, 7139 13075,  1.57+£0.10 1.0814£0.065  46.66

97 PG1718+481  0.97%%  1.607\% 228  2.16"%, 0.2440.03 0.061+0.008 4591
98 NARO 140 213. *_‘;‘él 8.82°%%2  14.22@ 0.72%%%, 0534006 0.543+£0.067  46.54
99  3C298.0 2.0%%3 3 1537938, 2.06®  1.54%'%,  0.56+£0.05 0.306+0.030 46.73
100 PKS 2223421  24.4*3%  1.83*%%, 437  0.68"%%, 025+£0.04 026740042  46.61
101 S50836+71 6.41‘;{6 1. 86”(, % 278 1.25% 1.08+£0.07 0.77940.053  47.45
102 PKS2149-306  3.7%%%  224%% 205  L71"%%,  0.80+£0.07 0366+£0.032  47.46

(@: Blvis et al. (1989); ®: Unit [ 10%cm™2]; ©: Unit [10~"! erg em™? s7" at 2keV1;'?: Unit [erg s~ '] at 2keV]
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Fig. 3. Means and widths of the distributions of photon indices of the
soft X-ray spectra of radio-loud and radio-quiet quasars with z < 0.6
for the low energy absorption fixed to the Galactic value. Significance
contours for the confidence levels 68.3% and 90%.

smaller than the corresponding Galactic column densities, but
consistent with them. This consistency motivated us to deter-
mine the photon indices of the sources’ X-ray spectra with the
low energy absorption fixed to the Galactic Ny value, which
yields appreciably smaller errors of the single fit parameter I'.
Such a consistency between the fit Ng-value and the Galactic
value has also been found in other studies of ROSAT measured
AGN spectra (Walter & Fink, 1993; Laor et al., 1994; Fiore et
al., 1994). The power law photon index for fixed Galactic col-
umn density is given in Table 3 for all sources together with
the flux in the ROSAT energy band (0.1 - 2.4)keV corrected
for low energy absorption, and the spectral flux density, and the
luminosity at 2 keV. The latter is defined in the source’s frame
using the K-correction derived by Schmidt & Green (1986).

In the following sections we will, firstly, derive the sample
mean of the power law indices for the ROSAT sample, in order
to compare it with average indices found with other experiments
for higher photon energies. Then we will study the soft X-ray
indices of the ROSAT sources as a function of their redshifts.

4.2. Mean spectral index of the ROSAT sample
4.2.1. Spectral index and radio-loudness

It is well known from literature (Della Ceca et al., 1994, and
references therein) that the medium energy X-ray spectra of
radio-loud quasars are clearly flatter than those of radio-quiet
QSOs. We checked our ROSAT sample for such a difference in
the slope of the soft X-ray spectra of both classes of quasars.
Our sample contains only rather nearby radio-quiet objects.
On the other hand, a third of the radio-loud objects in the sam-
ple have redshifts greater than z = 0.6. To study comparable
subgroups and to keep a possible effect of the redshift low,
we therefore restrict the comparison of both quasar classes on
sample members with z < 0.6. Then the radio-quiet subgroup
contains 53 and the radio-loud one 33 sources. Thereby 2U
0241461 had to be excluded because its Galactic column den-
sity exceeds the critical limit of 5 10*' ¢cm~2. The mean value
of the photon indices and the width of their distribution is given
for both radio classes in Table 5 and Fig.3. Thus we are able

43
Table 4. Sources with previously measured spectral indices
No. Object Photon Index
Einstein Ob. Ref. EXOSAT*  Ginga’
(0.3 -3.5)keV (2 - 10)keV (2 -20)keV
3 4U 0241461 L7490
4 F9 1.9%%% 2 1.9%%,
8 1Zwl 2987 2
9 MZw 136 1.814%%, 2 2292
10 PG 08444349 1.53'%%, 2
14 MKN 1383 2.12*%), 2 1592
16 PG 0804+761 2.01*%’% 2 2.00%%2,
22 PG 1416-129  1.9*%% 2 10841,
23 MKN 876 2.107%% 2
28 KAZ 102 0.8%%% 2
30 PG 00524251 2.17%7 2 2145
31 PG 13074085 1.9%%% 2 2.26"%%7,
34 GQ Com 2.1%% 2
37 PHL 909 1.4175%%, 2 127
39 PG 11164215 2.0%%% 2
56 PG 1211+143 2.8%, 1 2.19
57 M Zw?2 1.4492, 2 1.6%%,
59 PKS 0558-540 2242
60 3C273 1.4775%, 2 1.6%,
62 B21028+31  1.62*%%. 2
63 PKS 1020-103 1.80*%7 3
64 PKS0837-12 1.65%%%, 2
65 B21721434  1.5%%% 2
66 PKS 1217+02 1.5%%, 1 1.8%%%
69 B21128+31  1.7%%}, 3
70 B22201+31A 1.73%%
71 4C73.18 2173
73 3C249.1 2.0%% 2
79 3C48.0 1775 2
87 3C279 1.6%% 1
91 3C263.0 17754 2 1.8
94 B20923+39  1.4%2 1
98 NRAO 140 1.6%%%

(1) Wilkes & Elvis (1987) (2) Elvis et al.(1994)
(3) Shastri et al. (1992) (4) Lawson et al. (1992)
(5) Williams et al. (1992)

Table 5. Mean spectral indices of radio-loud and radio-quiet quasars

ROSAT sample Number < FNHg a > OTny al
radio-quiet 53 2.54%00  0.247
radio-loud 33 22397, 0.347%
AT(Q — L) 0.31£0.08
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Fig. 4. Means and widths of the distributions of photon indices of
quasar X-ray spectra observed with ROSAT/PSPC and with the Ein-
stein Observatory/TPC and significance contours for the 68.3% and
90% confidence levels. (a) radio-quiet quasars, (b) radio-loud quasars.

to confirm that in the ROSAT sample the mean spectrum of
radio-quiet quasars is clearly steeper than those of the radio-
loud sources. The difference of their mean spectral indices is
AT(Q—-L)=<T, > - <TI'y>=0.31%0.08.

The mean index of < 'y >= 2.23 4+ 0.07, which we found
for the radio-loud quasars of our ROSAT sample, is consistent
with the 90% confidence range of 2.10 to 2.33 of the mean
index of a sample of 98 radio-loud quasars from the Kiihr et
al. catalogue (1979) also observed in the ROSAT all-sky survey
(Brunner et al., 1992).

4.2.2. Comparison with other samples

In the following we want to compare the mean spectral indices
of the ROSAT quasars, determined in the soft (0.1 - 2.4)keV
energy band, with those of other samples observed at higher
photon energies. Several quasar samples were observed with the
Einstein Observatory using the IPC as focal plane detector. For
our comparison we choose the largest Einstein quasar sample
reported by Wilkes & Elvis (1987) and Elvis et al. (1994). At
medium energies samples were observed with EXOSAT/ME,
((2 - 10)keV, Lawson et al., 1992), as well as with Ginga/LLAC,
((2 - 20)keV, Williams et al., 1992). Using published values we
determined the mean indices for the radio subgroups of these
samples in the same manner as we did it for the ROSAT sample.
The results are given in Table 6.

Inspecting Table 6 it can be seen that the ROSAT mean
indices are greater for radio-quiet as well as radio-loud quasars
than the indices of any other experiment sensitive in harder
energy bands. It is further obvious that the power law indices

“in the Einstein band behave like those determined at medium

Fig. 5. Means and widths of the distributions of photon indices of quasar
X-ray spectra observed with ROSAT/PSPC and with EXOSAT and
Ginga, and significance contours for the 68.3% and 90% confidence
levels. (a) radio-quiet quasars, (b) radio-loud quasars.

energies. In addition, the mean indices in the EXOSAT and in
the Ginga bands are consistent with each other.

In order to make the comparison more specific we now re-
strict it to identical subgroups of all the samples, i.e. we com-
pare the mean indices of those quasars which can be found in
the ROSAT sample as well as in the other samples. The sources
belonging to these subgroups can be identified in Table 4. To
enhance the statistical significance of the comparison between
the ROSAT subsamples and those observed at medium energies
we enriched the EXOSAT subsamples with Ginga sources. The
results of the comparison is given in Table 7 and in the contour
diagrams of Fig.4 and Fig.5. It is again obvious that the mean
indices in ROSAT soft energy band are always steeper than in
any harder energy band. For the radio-quiet quasars there is a
gradual flattening with increasing hardness of the energy band
for which the index was determined. For the radio-loud quasars
the graduality of the change in index with photon energy is not
as evident as for the radio-quiet objects. Nevertheless, it can
be stated also for the radio-loud subclass that there is a consid-
erable spectral steepening towards soft X-ray wavelengths. It
is remarkable that the differences between the mean indices in
the ROSAT band and those at higher energies are statistically
identical for radio-loud as well as for radio-quiet quasars.
Firstly, we consider that the discrepancy in the mean indices
might be caused by a selection effect, if ROSAT detected pref-
erentially quasars with steep spectra. In that case, the sources of
the common subset should show on average steeper spectra than
the sources in the full sample observed at higher energies. For
the case of the Einstein sample, the (0.3 - 3.5)keV mean indices
of the subset and the full sample are consistent with each other
for radio-quiet as well as for radio-loud quasars. Therefore, we
can exclude that the difference of mean indices obtained with
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Table 6. Comparison of mean spectral indices of quasar samples observed with different experiments

Sample Energy band Total Radio-Quiet Radio-Loud
[keV] Number Number Index Number Index
ROSAT/PSPC 0.1-24 86 53 2.54 £0.04 33 2.23£0.07
Einstein/IPC 0.3-3.5 33 18 1.914%5% 15 1.487%
EXOSAT/ME 2-10 31 13 1.91 £0.08 18 1.74 £ 0.07
GingalLAC 2-20 12 5 1,937 7 1.697%1,

Table 7. Comparison of mean indices determined for identical subsamples at different energies

Number < T'rosar > < DEingrein > AT'(R — E)
radio-quiet 15 2.497%% 1.83% M, 0.66+0.11
radio-loud 14 2.20%%1, 1.56*% s 0.68 + 0.12

Number < I'rosar > < FEXO/Ginga > AF(R — EXO)
radio-quiet 9 2.407%, 1.74755, 0.66 £ 0.17
radio-loud 9 2.201%%) 1.82%9%%, 0.38 +0.23

ROSAT and with the Einstein Observatory is caused by such a
selection effect. For the comparison with the other medium en-
ergy samples the argumentation is analogous. An obvious pos-
sibility to explain the different mean indices at different photon
energies is a curved shape of a typical quasar spectrum being
steeper at soft X-rays and flatter at medium photon energies.
Extrapolating the well established medium energy power law
spectra into the soft X-ray regime, an excess of soft photons
was found in many Seyfert 1 galaxies and quasars (Wilkes &
Elvis (1987), Kruper et al. (1990), Walter & Fink (1993)). Such
a soft X-ray excess is consistent with a steepening of the X-ray
spectrum towards lower photon energies as is suggested by the
present study.

Finally, it should be noted that the uncertainties of AT given
in Table 6 do not contain possible miscalibrations of the different
detectors as has been studied in detail for the comparison of
high-count spectra measured with the PSPC(pointing mode) and
the IPC by Fiore et al. (1994). In this paper we are dealing with
low-count sources detected in the ROSAT all sky survey, the
photon statistics of which dominate the statistical uncertainties.
An addition of a ~ 10% systematic uncertainty due to errors in
the cross-calibrations of the different detectors would therefore
not affect the conclusions drawn.

4.3. Redshift dependence of spectral indices

If we accept this picture of a convex curved typical quasar spec-
trum as suggested by the comparison of the indices in different
energy bands, we expect to find a decreasing power law index
in ROSAT’s energy band with increasing redshift. This assump-
tion is to be tested for the full ROSAT sample of quasars listed
in Table 1. The redshift range of the radio-quiet quasars in the
sample is rather limited. 51 objects range in redshift from z = 0
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Fig. 6. Mean photon index of quasar spectra measured in the soft energy
band (0.1 - 2.4)keV as a function of redshift. Filled circles: radio-loud
sources; open circles: radio-quiet sources. The data points are centered
on the mean redshift of the subgroup of quasars corresponding to the
redshift bin. The vertical error bars represent the 1o errors of the means
< T" >; the horizontal bars indicate the widths of the redshift bins. The
solid curve decribes the redshift dependence of the spectral index for
a two-component quasar spectrum.

to z = 0.35 allowing to form only two redshift bins. The analysis
of the redshift dependence of the power law index is, therefore,
mainly performed for the subclass of radio-loud quasars, — 47
objects with redshifts up to z = 2.5 organized in five redshift
bins. The division of the subclasses in redshift bins is indicated
in Table 1. Assuming absorbed power law spectra we deter-
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mined for all the quasars in the sample and for each redshift bin
the independent spectral parameters Ny and I' as well as pho-
ton indices FNHgal for absorbing column densities fixed to their
Galactic values. For this we used again the maximum likelihood
method described in Sect. 3.2. For the calculation of < Ny, >
the individual values Ny, are weighted proportional to the rel-
ative error with which the corresponding photon index could be
determined. All these quantities are given for radio-quiet as well
as for radio-loud sources in Table 8 and Table 9, respectively.
In order to discuss optical selection effects, we additionally an-
alyzed the X-ray spectra of radio-loud Seyfert 1 galaxies with
more than 80 SASS-cts in the survey and My > —23 from the
Véron-Cetty & Véron catalogue. The corresponding values are
given in the redshift bin with the label 1b in Table 9. The mean
indices as a function of redshift are given for both subclasses of
quasars in Fig.6.

4.4. Discussion of the redshift curve
4.4.1. Selection effects

Several selection effects may affect the redshift curve in Fig.6.
Here we will investigate the effects of a detection rate of soft X-
ray excesses varying with redshift as well as effects of a redshift
dependent relative strength of the visible and of the hard X-ray
spectral component. From the recent finding that stronger soft
excesses are preferrably detected when the hard X-ray com-
ponent is faint compared to the ultraviolet emission (Walter
& Fink, 1993) it is clear that the relative strength of the hard
X-ray spectrum can influence the shape of the redshift curve.
In the following we will restrict our discussion to radio-loud
sources, because there are data available up to higher redshifts.
In a further section we will compare the results for radio-loud
and radio-quiet quasars. The criteria defining our quasar sam-
ple impose strong selection effects on the ratio of optical to
X-ray fluxes observable at a given redshift. At low redshifts,
optical-quiet sources with a small |ap x| are not contained in
our sample as objects fainter than My = —23 were excluded
(quasar definition). At high redshifts, X-ray quiet sources with
large |co x| are under-represented as the sample is flux limited
in X-rays (80 SASS-cts condition). Together, both effects will
cause a decrease of the mean ratio of optical to X-ray fluxes with
increasing redshift. In other words, if the strength of the soft X-
ray excess is related with ap x, the selection effects cause that
the observed soft X-ray spectra are, on average, steeper than
expected at low redshifts and flatter than expecected at high
redshifts.

Another selection effect, which affects the mean Jap x|ina
reshift bin, is present if the fraction of beamed sources increases
with increasing redshift. Such an effect could be supposed as
the detection probability for sources with alow omni-directional
luminosity drops for higher redshifts. An X-ray beaming effect
is only selective in the same direction as the redshift curve,
if the beaming factor of the soft excess component is smaller
than that of the underlying X-ray continuum. This effect can
be marginally observed in our sample as all its known highly

polarized quasars (HPQs) have redshifts z > 0.5 (3C 279, 4C
56.27,3C454.4 with a polarisation P > 3% (Willsetal., 1992)).

Excluding the extreme PG 1718+841, which shows the
strongest ratio of optical to X-ray luminosities, the intrinsic
range of variation of the ratio I/Fu JVF, 2kev over the
sample is of the order of 20 and the mean value of this ratio
decreases by about a factor of 5 between z=0.1 and z=0.5 in the
direction predicted by these selection effects. Following Wal-
ter & Fink (1993), a factor of 5 in the flux ratio corresponds
to a change in the soft X-ray slope of AI' & 0.5. Therefore,
a noticeable fraction of the observed flattening with increasing
redshift may be caused by these selection effects.

The possibility to detect soft X-ray excesses is reduced for
increasing column densities causing low energy absorption. An
aborbing column density increasing with redshift could, there-
fore, provide a further explanation for a flattening of the X-
ray spectra at higher redshifts. It is, however, rather unlikely
that intervening galaxies absorb strongly the selected sources
as the redshift range of these objects is quite small (Wilkes et
al., 1992b). In addition, it could be shown that not all high z
quasars are intrinsically absorbed (Fink & Briel, 1993). At a
68.3% confidence level, the observed Ny value averaged over
the sample is less than 5% larger than the averaged Galactic col-
umn density (Fig.2). The data show no indications of an intrinsic
absorption varying with redshift.

Flux ratio selection, beaming, and absorption effects cause
that the mean photon indices of the soft X-ray spectra decrease
with increasing redshift. Any correction of the redshift curve
with respect to these selection effects will yield steeper spectra at
higher redshifts and, therefore, a higher redshift for the inflexion
point of the curve.

4.4.2. The redshift effect

Alternatively, the flattening of the mean soft X-ray quasar spec-
trum with increasing redshift can be explained by the blue shift
of the observer’s spectral band in the rest frame of the source.
The fact that the mean spectral slope observed in radio-loud
sources at high redshift agrees with the mean spectral slope
measured with the Einstein Observatory, EXOSAT, and Ginga
at higher photon energies in low redshift sources supports this
interpretation. By adopting ad hoc a spectral shape which de-
scribes the ultraviolet to medium X-ray spectrum in a uniform
way, we can try to model the derived redshift dependence of
the soft X-ray spectral slope. Previous studies of the spectra of
Seyfert 1 galaxies measured simultaneously at far UV and X-
ray wavelengths (Walter et al., 1994) suggest a special spectral
representation. This ad hoc model represents the ultraviolet-
to-X-ray bump by a power law spectrum in the UV and EUV
range modified by an exponential cut-off to meet the steep AGN
soft X-ray spectrum. The medium energy spectrum is best rep-
resented by a power law, as numerous measurements of AGN
spectra with Ginga demonstrated (e.g. Nandra & Pounds, 1994).
Both spectral components are combined to give a representative
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Table 8. Spectral parameters of radio-quiet quasars as a function of redshift

Bin Type Redshift Number < Ny > <I'> < Nuga >
Interval <z > 10¥ em™2 10% em ™2
1 QSO 0.00-025 0.12 42 2,897 2567 2875,
2 QSO 025035 0.30 9 014705, 1.47%%, 1389
* contaminated by lower limits (see Table 2)
Table 9. Spectral parameters of radio-loud quasars as a function of redshift
Bin Type Redshift Number <Nu>  <D>  <Nuga> <Dnyy> (722)
Interval <z > 10% em ™2 10 em ™2
1 QsO 0.00-025  0.16 11 323905 25208 41275 2.207% 329
b  QSO+AGN 0.00-025  0.13 18 3.36°%%,  2.37%%,  5.10%%7, 212412, 2.49
2 QSO 0.25-0.35 031 12 2,008, 2.20%%,  3.5247%  2.25%% 4.06
3 QSO 0.35-0.60  0.44 10 23247 1.96%%,  2.617%% 2.18%%10 432
4 QSO 0.60-1.00  0.70 8 198, 1.79%%%,  3.227%%, 1.85%%1% 2.89
5 QSO 1.00-2.50  1.70 6 19553, 1.879%%, 21978, 1.49%%18, 5.57
mean ultraviolet-to-hard X-ray spectrum. mean Galactic column density for the redshift bin considered
(Table 9). The spectra are then folded through the instrument’s
dN E\ T E\ T E-E . :
— = A ( ) + Az(—) exp(— 2 response function. From the resulting count rate spectra per
dE E; E, €cut bin adaptive hardness ratios are derived following the prescrip-

The power law index of the medium energy component is fixed
to I'; = 1.5 following the measurements of quasar spectra with
the Einstein/IPC in the (0.3 - 3.5)keV energy band (Wilkes &
Elvis, 1987). As reference energy for this harder component we
choose E; = 2keV. The bump component is described by a fixed
power law index I', = 1.4 (Walter et al., 1994), by a correspond-
ing reference energy which is choosen to be E; = 0.009 keV
(1375 A), and by a cut-off energy €., which is a free parameter
in the modelling. The UV index of 1.4 corresponds to the flat-
test ultraviolet spectra oberved with IUE (Paltani & Courvoisier,
1994) and to a typical far ultraviolet spectral slope predicted by
accretion disk models (Ross et al., 1992; Dorrer et al., 1992). As
steeper ultraviolet spectra lead to higher cut-off energies (Wal-
ter et al., 1994), the ultraviolet spectral slope of 1.4 yields lower
limits of the cut-off energy. The model spectrum is then finally
defined by specifying e, and the ratio of normalizations at the
given reference energies:

. (VR,(0.009 keV)
R=lo ( VE, (2 keV) )

For the analysis of the redshift diagram we simulated for each
redshift bin and for given values of the parameters (R, ec) the
two-component model spectrum, redshifted it according to the
mean redshift of the bin and modified it by a low energy ab-
sorption factor exp(—o(E)- < Ny, >), where o(E) is the
photoelectric absorption cross section and < Ny, > is the

tion given in Sect. 3.2. Returning to the initial assumption, on
which the redshift diagram in Fig.6 was based, namely that
the soft X-ray spectra of quasars can adequately be described
by a simple power law, we determined from the hardness ra-
tios the photon indices I'; (i = 1,5) for fixed Galactic col-
umn densities < Nyg, >,. These indices extracted for the two-
component model spectrum are compared with the measured
indices (Table 9) for all redshift bins by means of a least squares
fit procedure with (R, €., as free parameters. The closest ap-
proximation of the redshift diagram was achieved for a best
fit ratio logR, = 0.23*%% and for a best fit cut-off energy of

Ecuto = 110‘”5 eV. The goodness of the fit, presented in Fig.6
as the solid lme, is characterized by x?/d.o.f. = 2.16/3. The
corresponding significance contours can be found in Fig.7. It
should be noted that the discontinuities of the fit solution at the
boundaries of the redshift bins (Fig.6) are caused by the different
mean absorption column densities < Ny, >, (i = 1,5). This
kind of fit technique allows to determine the range of mean pa-
rameters permitted by the observed redshift curve. It can also be
used to test the effects of selection and to check the predictions
made by accretion disk models. A simple test of the influence of
the selection effects is to assume that a fraction f; of the sources
detected in redshift bin i does not show any soft X-ray excess, i.e.
their soft X-ray spectra has the medium energy spectral index of
1.5, whereas the rest of the sample sources remain unchanged.
The best fit parameters are then determined by minimizing x2 =
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Table 10. Model parameters of the redshift curve for different fractions of sample sources without ultraviolet-to-X-ray bumps

Fraction e log( 2400200 )  log (400040 3?/doy.
f; [eV] d.of.=2)
0.1 120*%, 4.8270%2 0.13%0,%2, 0.63
02 1327 472555 0.0262%7; 0.54
0.3 14513 4.647%, —0.054%%, 0.50
0.4 165%'¢4 452457 —0.17%%%% 0.50
0.5 19178 4.42%%%, —0.27%%3, 0.56
0.6 251736, 4.26°%%, —0.43%%%, 0.69
0.7 31642, 418775 —0.51%%7, 0.93
0.8 3807448, 4.1456 —0.55%%3%; 1.32
. L L VY S S L L (f; = 0) is a lower limit. These simulations show that, if the
> - ’ - mean spectral shape of the soft X-ray excess does not vary with
\ R .
= B 7 luminosity, the cut-off energy of the excess defined according
o 100 L to the two-component model given above is larger than 60 eV at
Lo = L = a confidence level of 68.3% (45 eV at 90% confidence) (see in-
_ n i 3 set of Fig.7). This lower limit of the cut-off energy for quasars
~ B 006 008 | compares very well with that obtained for Seyfert 1 galaxies
<> (60 - 80 eV) by studying their ultraviolet and soft X-ray spectra
® 10 = (Walter et al., 1994). Furthermore, also the ratio between the
L2 = 3 ultraviolet and X-ray fluxes vF,(0.009 keV)/vF, (2 keV) = 13,
D C ] corresponding to a cut-off energy of 60 eV, matches very well
R L i the mean ratio observed for Seyfert 1 galaxies (Walter & Fink,
Ll 1 [ 1993)
0.1 05
€t [keV] Kembhavi and Fabian (1994) have found that the range in

Fig. 7. Significance contours of the fit of redshifted two-component
model spectra to the power law indices derived from the hardness ratios
of the mean spectra determined for each redshift bin (contours at the left
hand side). The model spectra are composed of a ultraviolet-to-X-ray
bump, characterized by a far UV power law and a cut-off energy, and of
a power law spectrum at medium X-ray energies, the index of which is
fixed to a previously determined value. The inset shows an enlargement
of these contours. The right hand sided contours show the results of
the same simulation, with an additional scaling, of the cutoff energy as
predicted by thin accretion disk models (ecyt ~ L™'/4).

2
S5 (<1564 T3l = £) = < Tons >4)/0(< T >))
where < ['yps >; and (< T'yps >); are the means of the spectral
slopes and their standard deviations determined for the differ-
ent redshift bins i. In Table 10 the results are given for different
fractions of f;. They confirm the description given in the pre-
ceeding section, namely that the soft X-ray excess determined
from the data of the sample quasars is a lower limit. In particular,
the cut-off energy derived from our observations for a given ad
hoc spectral shape of the ultraviolet-to-soft X-ray continuum

cutoff energy permitted by the comparison of the optical quasar
luminosity function with the soft X-ray quasar surface density
is comprised between 50 and 150eV. This compares very well
to the lower limit we derived from the redshift dependence of
the mean quasar soft X-ray spectrum and suggests that selection
effects are not affecting our data too much.

The cut-off energy of the soft X-ray excess is, therefore, sim-
ilar in quasars and in Seyfert 1 galaxies. We can test our data
for the predictions of thin accretion disk models with simula-
tions which assume that the cut-off energy in the two-component
model spectrum scales with 10~ 1/4(<loglon;>/<loglon.;>) i the
different redshift bins. This luminosity scaling was predicted
by Shakura and Sunyaev (1973) and is still present in more ad-
vanced accretion disk models (e.g. Ross and Fabian, 1993). The
contours at the lower right in Fig.7 show the result of this simula-
tion for the free parameters €cy:(Lopt,., ) and R. It indicates that
the thin accretion disk model prediction is compatible with the
redshift dependence of the soft X-ray spectrum only for a very
restricted region of the parameter space, i.e. eqy = 35075 eV
and the flux ratio is R = 0.32*5,.
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This ratio R of the ultraviolet to X-ray fluxes is outside of
the range permitted for Seyfert 1 galaxies (R = 1 - 100; Walter
& Fink, 1993). For the nearby quasars in our sample we obtain
in the first redshift bin an observed value of R > 3.2 also in
contradiction to the value derived from the luminosity scaling
of the thin accretion disk.

Furthermore, the cut-off energy determined is a lower limit
as it will increase with steeper ultraviolet spectra as well as
when the selection effects are taken into account. A lower limit
of 250 eV predicted to be compatible with thin accretion disk
models is three times larger than the upper limit found for in-
dividual sources observed simultaneously with IUE, ROSAT,
and Ginga using the same model spectrum (Walter et al., 1994)
and two times larger than the upper limit derived by Kemb-
havi and Fabian (1994). We also note that black body fits to the
soft X-ray excesses observed with ROSAT yields temperatures
very similar to the cut-off energies of the two-component model
spectrum (Walter et al., 1994); the typical black body tempera-
tures derived from ROSAT spectra of AGN are usually smaller
than 100 eV. Larger temperatures are obtained by introducing
hot absorbers onto the line of sight, but even in those cases
the temperatures are limited to 150 eV (Pounds et al., 1994).
We conclude therefore that our observations are not compatible
with the luminosity dependence predicted by thin accretion disk
models.

4.5. Radio-loud versus radio-quiet quasars

In previous sections we found for our sample that radio-loud as
well as radio-quiet quasars exhibit appreciably steeper spectra
at soft X-rays than in the medium energy range. This was inter-
preted as an indication for the existence of a flux excess at very
soft photon energies in the soft X-ray spectra of both subclasses
of quasars. Further it was stated that the indices of their spectra
are significantly different from each other, if their soft X-ray
emission is described by a simple power law.

Assuming that the quasar spectra in the ultraviolet to
medium X-ray energy range can be represented by the two-
component model described in Sect. 4.4.2 we firstly check what
fraction of the mean soft X-ray component contributes to the
flux in the ROSAT’s energy band. Thereby, the photon indices
of the medium energy power law component is fixedtoI'x = 1.5
for radio-loud quasars and I'x = 1.9 for radio-quiet QSOs, re-
spectively, whereas the power law spectrum of the soft compo-
nent is set to I'yy = 1.4. The cut-off energy was chosen to be
€cut = 60 eV, the lower limit for the index-redshift relation of
quasars. Defining the fraction F as

F=(22) A J(E) ep(ERdE
FpL/01-24kev Al I (EET)—F'EdE

we have to establish a relation between F and the photon in-
dex I as resulting from simple power law parameter estimation
of spectra simulated for a grid of weights (A1, Ay) of the two
spectral components. The method of simulation is similar to the

procedures described in Sect. 4.4.2 with A, /A; as the free pa-
rameter. The resulting F-I" calibration is obtained for radio-loud
and radio-quiet mean spectra. Using this relation we transform
the photon indices previously derived for the individual mem-
bers of our sample into F values and determine the mean value
for the subclasses. We restrict the study to objects with z < 0.5,
for which both subclasses are well populated and where a pos-
sible influence of the redshift is expected to be still small. We
found that the mean fraction of the soft X-ray excess relative to
the medium energy power law component is, within the limits
of errors, the same in the (0.1 - 2.4)keV energy band for radio-
loud as well as for radio-quiet quasars: < F >, = 0.70 & 0.08
and < F >, = 0.69 £ 0.05. A similar result is obtained, if the
cut-off energy is chosen to be 110 eV.
Taking the ratio of these measured mean F-values

Fse
Fe /)

(0.986 £0.094) = —= =

(%)
FpL rq

- (ﬂ) - (ﬂ) =04 JE'EdE
\Fy/py \Ay/p, P [E-'SEdE
we find for the same soft X-ray excess, i.e. Fsg,, = Fsg,, that
the medium energy power law components of radio-loud and
radio-quiet quasar cross over at Ep;, ~ 0.6 keV.

Assuming that the mean ultraviolet-to-soft X-ray bump has
the same spectral shape in the spectra of radio-loud as well as
of radio-quiet quasars, we, therefore, found that for the same
mean excess component the medium energy power laws cross
each other at a photon energy which is higher than that energy
at which the excess component begins to dominate the soft X-
ray spectrum (~ 0.3 keV). Beyond 0.6 keV the flux of the
spectra of radio-loud quasars is much larger than the flux of
radio-quiet QSOs for the same relative normalization at 0.6 keV.
Furthermore, we found that the mean X-ray properties of the
sample members can be described by a model spectrum which
differs for both radio subclasses only in the mean spectral index
of the hard X-ray component.

5. Summary and conclusions

The aim of the present study was the investigation of the overall
properties of soft X-ray spectra of quasars observed during the
ROSAT all-sky survey. The flux limited sample (> 80 SASS cts)
selected by correlating X-ray point source survey positions with
those of optically identified quasars contains 102 objects. The
sample comprises 55 radio-quiet QSOs, whose redshifts range,
with the exception of PG 1407+285 (z = 0.94), fromz =0toz =
0.5, and 47 radio-loud quasars with redshifts up to z = 2.35. The
low flux threshold does not allow to study the X-ray spectra of
all sample quasars in detail. Therefore, a method was developed
to estimate from hardness ratios simple spectral parameters like
the spectral slope and the absorption column density of cold
matter on the line of sight.

From these parameter estimations it could be shown that
those X-ray bright AGN detected with ROSAT beyond the flux
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threshold do not show strong intrinsic absorption; the low energy
absorption in the soft X-ray quasar spectrum can be described by
the Galactic column density in the source’s direction. This lack
of intrinsic absorption in our sample is certainly affected by a
selection effect: sources with strong absorption would exhibit a
deficit of photons in ROSAT’s soft energy band, and, therefore,
the photon flux of many of those sources would not meet the
sample’s limit.

Furthermore, we have to state that the power law indices of
individual quasar spectra determined in ROSAT’s (0.1 - 2.4)keV
energy band are significantly higher than those well established
indices at medium energies > 2 keV known from previous mea-
surements with the HEAO-1, Einstein, EXOSAT, and Ginga
experiments. We confirm also for the soft energy band the pre-
vious finding that the slopes of power law spectra of radio-quiet
and radio-loud quasars, respectively, are significantly different.
Whereas a mean photon index of < T' >, = 2.54 & 0.04 was
found for the members of the radio-quiet subclass, the mean in-
dex of the ROSAT spectra of radio-loud quasars was determined
tobe <T' >, =2.23 £0.07.

In order to quantify the average difference between the soft
X-ray slope and indices determined at higher photon energies,
we compared the mean indices of identical subsamples of nearby
quasars (z < 0.5) observed with ROSAT and with a medium
energy experiment, respectively. A common quasar sample ob-
served with ROSAT and with the Einstein Observatory (Wilkes
& Elvis, 1987) comprises 25 objects. A comparison of the mean
indices revealed that the IPC (0.3 - 3.5)keV indices are signifi-
cantly smaller than the PSPC (0.1 - 2.4)keV indices: for radio-
quiet quasars (11 objects) the mean indices and the difference
are< T >(0.1-2.4)keV= 2.54+0.06, < T >(0.3—3.5)keV= 1.88 &
0.12, AT = 0.66 +£ 0.14, whereas for the radio-loud subgroup
(14 objects) the corresponding values are < I' >(g.1—2.4kev=
2.204+0.11, < r >(0.3-3.5)keV= 152i009, AT =0.68+0.14.
Comparisons of identical quasar subsamples observed at pho-
ton energies larger than 2 keV with EXOSAT/ME (Lawson et
al., 1992) and Ginga/LLAC (Williams et al., 1992) confirm that
the mean power law indices decrease with increasing hardness
of the energy band for which the indices were determined.

The variety of radio-loud quasars in the ROSAT sample al-
lows to study the slope of the mean spectrum as a function of
redshift. By determining the mean indices in the (0.1 -2.4)keV
energy band in the observer’s frame for five redshift bins, an
index-redshiftrelation is established. It shows aremarkable drop
of the photon index from about I = 2.2 for quasars with redshifts
z < 0.5to = 1.5in therange z = 1.0 — 2.5, with a marked in-
flexion point at z = 0.6. It is noticeable that at high redshifts the
mean soft index approaches the level of slope values measured
at medium energies for nearby radio-loud quasars.

Although selection effects may account for some fraction
of the observed flattening of the mean quasar spectrum with in-
creasing redshift, the most plausible explanation of the redshift
curve is a spectral steepening towards lower photon energies.
Indeed, the redshift curve of the spectral steepness is well repro-
duced by adopting an ad hoc representation of the mean quasar
spectrum consisting of a power law spectrum with a fixed index

of I'yy = 1.4 and an exponentially cut-off at soft X-ray wave-
lengths superposed onto a medium energy power law spectrum
with an index of I'x = 1.5. The best fit of this two-component
model spectrum, which has proved to represent best the UV-to-
X-ray spectra of Seyfert 1 galaxies (Walter et al., 1994), to the
redshift curve yields a temperature €.,; = 110 eV. Taking the
selection effects into account, a lower limit for this cut-off en-
ergy is €.,: > 60 eV which agrees with the values measured for
Seyfert 1 galaxies. We therefore conclude that the mean UV-to-
X-ray spectrum of radio-loud quasars can be described by the
same spectral shape as that of Seyfert 1 galaxies.

It has to be noted in particular that the data are not compati-
ble with a cut-off energy increasing with luminosity as much as

predicted by thin accretion disk models (ecyt ~ L;plt/ 4). Thin
accretion disk models are therefore not able to reproduce the
spectral shape observed in Seyfert 1 galaxies and quasars with-
out fine-tuning.

The comparison of radio-quiet and radio-loud quasars with
z < 0.5 shows that the flux ratio of the excess component and the
mediumenergy power law (I'y, = 1.9,T'; = 1.5), extrapolated to
ROSAT’s energy band, is coincidently the same for both types
of quasars when the mean quasar spectrum is represented by
the two-component model mentioned above. Normalizing the
spectra to the same mean excess we found that the medium
energy power law spectra cross over at E, = 0.6 keV, - an
energy which is beyond that soft X-ray energy where the excess
component starts to rise, (~ 0.3 keV). Referring to the same
strength of the excess component, the fact that the hard X-ray
flux of radio-loud quasars beyond 0.6 keV is much larger than
that of their radio-quiet counterparts does not support the idea
that reprocessing of hard X-ray photons in cold, dense material
produces the excess component. From our present study we
can state that the mean spectra of radio-loud and radio-quiet
quasars differ only in their medium energy power law indices.
The excess components are indistiguishable.
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