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ABSTRACT
We have measured the X-ray spectra in the 0.1-10 keY energy range for 17 AGNs (mostly PG quasars)
using the EX OSAT Low and Medium Energy arrays. The sample has been selected on the basis of soft X-ray
flux and includes all the AGNs in the 1981 Zamorani et al. and 1986 Tananbaum et al. publications with an
Einstein flux greater than 6 x 10“12 ergs cm-2 s_1.
For each object we have determined the best-fit spectral parameters in the medium-energy range (~2-10
keV), i.e., the power-law slope, the normalization, and the absorbing column density. In this energy range, all
the spectra are well described by a single power law model, with a wide distribution of energy spectral indices
in the range 0.4 < a < 1.3. The average spectral index is <a> = 0.89 ± 0.06, but most of the objects are distributed around a ^ 1.0. The overall distribution of spectral indices is significantly displaced toward steeper
spectra, when compared to that found in the same energy band by Turner & Pounds, for a large sample of
hard X-ray-selected Seyfert galaxies. This difference can be understood in terms of the different selection criteria of the two samples (soft versus hard X-ray selection), and it is concluded that the true distribution of
hard X-ray spectral indices in AGNs is probably wider than previously suggested.
Inclusion of lower energy data (~0.1-2.0 keV) shows the presence of significant soft excess in six out of 17
cases. This soft excess emission can be modeled by either a steep power law with a a ranging from 2.7 to 4.2
or the high-energy tail of a blackbody with temperatures in the range 40-80 eV. The intersection of this soft
excess emission with the hard X-ray power law is in the energy interval 0.35-0.75 keV, in the source rest
frame.
A correlation analysis performed on our data set does not reveal any correlation between the mediumenergy spectral properties and other physical parameters of the sources. However, fits performed in the energy
range 0.1-4.0 keV (comparable with the Einstein IPC energy range) show a significant correlation between
radio-loudness and X-ray spectral properties, with the radio-loud objects having, on average, flatter slopes
than the radio-quiet ones, in agreement with the findings of Wilkes & Elvis. The fact that the same correlation
is not seen in our data at higher energy seems to be explained by a correlation between presence and strength
of soft excess and “radio-quietness”: the objects with significant soft excess emission tend to be the most
radio-quiet quasars in our sample.
Subject headings: galaxies: nuclei — galaxies: Seyfert — quasars: general — X-rays: galaxies
1. INTRODUCTION

understanding the nature of the emission mechanisms and the
physical conditions of the regions surrounding the central
compact object. In addition, the study of the X-ray spectra of
quasars and Seyfert 1 galaxies is important to set constraints to
the integrated contribution of these objects to the extragalactic
X-ray background (XRB), whose origin is still the subject of
debate (see Setti 1991 for a recent discussion).
Early surveys in the 2-20 keV range of X-ray-bright AGNs
(mostly low-luminosity and low-redshift Seyfert 1 galaxies)
suggested the existence of a “universal” energy spectrum
described by a power law of the form S(E) oc £“*, where E is
the photon energy and a ^ 0.7. The small spread in the
observed distribution of the spectral indices was consistent
with the expected dispersion introduced by the observational
uncertainties only (Mushotzky 1984). It should be noted that
the results obtained from the Japanese mission Ginga show
that the spectra of a large fraction of low-luminosity AGNs
flatten at > 10 keV. Turner & Pounds (1989, hereafter TP89)
reported EX OSAT observations of a larger sample of 48 hard
X-ray-selected AGNs (again mostly Seyfert 1 nuclei) and confirmed that the energy spectra in the 2-10 keV range are adequately described by simple power laws, with a narrow
distribution (dispersion cr = 0.16) of spectral indices around a
mean energy index of about 0.7.

Quasars and Seyfert 1 galaxies are well known to be powerful sources of X-rays which constitute an important, and sometimes even dominant, fraction of their total energy output.
Although the nature of the X-ray emission is still uncertain, it
is widely believed that it might be associated with the activity
induced by a central compact object, perhaps a massive black
hole. The study of the X-ray spectra together with an intercomparison of the spectral behavior in other portions of the
emitted radiation spectrum, may provide important clues to
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Ging a measurements of the spectra (2-10 keV) of a small
sample of quasars (five radio-loud and three radio-quiet) give a
mean spectral slope of 0.69, but with a relatively high dispersion of about 0.29 (Turner et al. 1989). For this sample, no
correlation between radio-loudness and the 2-10 keV spectral
slope is found.
The X-ray spectra of a sample of 20 Seyfert 1 galaxies
observed over a broader energy range (~0.15-10 keV; IPC
and MPC instruments of the Einstein Observatory) show the
“canonical” average energy index of 0.7 at energies >2 keV
(Urry et al. 1989). From the combined IPC/MPC data, it is
concluded that, although a single power-law model is generally
acceptable, in most cases a power law plus a soft excess emission modeled by a blackbody give a significantly better
description of the data.
In the soft-X-ray domain there are at least two effects which
complicate the description of the X-ray spectra. The first,
intrinsic absorption, has been shown to be important mainly in
low-luminosity AGNs (Reichert et al. 1985; Lawrence & Elvis
1982). The second, soft excess, was quite clearly seen in the
study of the Einstein IPC data of a sample of 33 quasars
(Wilkes & Elvis 1987, hereafter WE87) and then confirmed to
be a common feature in EX OSAT data of Seyfert galaxies
(TP89). The Einstein IPC data (0.3-3.5 keV) showed (Elvis et
al. 1986; WE87) that, although the soft X-ray spectra of AGNs
have a wide range of power-law spectral indices
(—0.2 < a < 1.8), they are strongly grouped around a ~ 0.5 for
radio-loud objects and a ~ 1.0 for radio-quiet objects. This
difference has been statistically confirmed from the analysis of
a larger sample of quasars, covering a wide redshift range
(Cañizares & White 1989).
A recent analysis of Einstein IPC observations of a large
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sample of mostly radio-quiet Seyfert 1 galaxies (75 objects)
shows a mean spectral index a = 0.81 ± 0.03, significantly
steeper than the “ universal ” hard energy slope (Kruper, Urry,
& Cañizares 1990). Although the number of radio-loud objects
in this sample is small, the results are consistent with the correlation seen in quasars between soft spectral indices and radio
loudness.
Elvis et al. (1986) discussed various possibilities which may
explain the observed difference in the spectral index distributions between the IPC results and those obtained at harder
energies. They concluded that, while the lower energy range of
the IPC is relevant in a fraction of the objects, the most likely
explanation for the observed difference is biases induced by the
selection of the samples to be compared. To further investigate
this effect we have used EX OSAT Low and Medium Energy
data to determine the energy spectral index of a number of
AGNs, selected on the basis of soft (i.e., Einstein) X-ray flux.
2. OBSERVATIONS AND ANALYSIS
We present new X-ray data for a sample of X-ray-bright
Seyfert 1 nuclei and quasars (hereafter AGNs) observed with
the EX OSAT Observatory. The objects in the sample were
selected on the basis of soft (Einstein) X-ray flux. In particular,
the sample includes all the AGNs in the publications of Zamorani et al. (1981) and Tananbaum et al. (1986) with an Einstein
flux greater than 6 x 10“12 ergs cm-2 s_1, or equivalently 0.2
IPC counts s_1, contained in the EXOSAT data base as of
1990 May. A total number of 17 AGNs satisfy this selection
criterion; most of them are PG quasars (Schmidt & Green
1983). Table 1 lists some relevant data for these objects. H0 =
50 km s-1 Mpc-1 and q0 = 0.0 are used throughout this
paper.

TABLE 1
The Sample
Coordinate
(1)
0003 + 199.
0007+106.
0026+129.
0049 + 171.
0052 + 251.
0637-752.
0804 + 761.
0923 + 129.
1211 + 143.
1217 + 023.
1219 + 756.
1226 + 023.
1229 + 204.
1426 + 015.
1501 + 106.
2130 + 099.
2135-147.

Name
(2)
PG, Mrk 335
PG, III Zw 2
PG
PG, Mrk 1148
PG
PKS
PG
PG, Mrk 705
PG
PKS
Mrk 205
PG, 3C 273
PG, Ton 1542
PG, Mrk 1383
PG, Mrk 841
PG, II Zw 136
PKS, PHL 1657

Redshift
(3)
0.025
0.089
0.142
0.064
0.155
0.651
0.100
0.029
0.085
0.240
0.070
0.158
0.064
0.086
0.036
0.061
0.200

MBa
(4)
-22.55
-22.93
-25.13
-22.45
-24.95
-27.65
-24.30
-21.70
-24.25
-24.60
-22.95
-27.43
-23.58
-23.90
-21.93
-23.75
-25.18

c- b
¿X
(5)
76.6
19.0
7.0
9.0
7.1
6.9
10.9
8.2
32.3
8.6
17.0
83.4
6.5
16.0
28.5
8.8
7.1

Lxc
(6)
2.0
9.0
7.6
2.0
9.5
230.0
5.8
0.4
11.8
26.0
2.9
117.0
x
1.5
6.7
2.0
1.8
17.0

(7)
U/f
0 4+12
-0.4
QÛ+0.3
+ 30
U0-/7 -0.4.
A1 *A1+2
-3
-0.7
0 5+0-9
l-8-S;i
0.8^;!
03t%j
Q-y0~0.2
+ 0.2
U
A U+0 4

1 - o-0.4
0.8: 0.6
0.4
0.4
0.5; +-0.2

(8)
1.25
1.06
1.43
1.24
1.36
1.25
1.34
1.41
1.22
1.14
1.25
1.32
1.47
1.26
1.16
1.46
1.30

(9)
0.55
2.24
0.34
-0.49
-0.61
3.52
-0.21
0.32
-0.72
2.38
-0.31
3.06
-0.96
-0.55
-0.67
0.37
1.70

a
b

Absolute B magnitude. 12
X-ray flux (in units of 10" ergs cm-2 s~x) in the energy range 0.3-3.5 keV (Zamorani et al. 1981 and Tananbaum et
al. c1986).
X-ray luminosity (in units of 1044 ergs s~x) in the energy range 0.5-4.5 keV (Zamorani et al. 1981 and Tananbaum et
al. d1986).
IPC spectral slope taken from Wilkes & Elvis 1987, except for PG 0049+171 (Elvis et al. 1986) and PG 0052 + 251
(Elvis
et al. 1991).
e
Nominal slope between optical and X-ray bands defined in Zamorani et al. 1981.
f
Radio-loudness index taken from Wilkes & Elvis 1987, when available, or computed from Kellerman et al. 1989 data.
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For all the objects in our sample the EX OSAT data were
obtained with both the low-energy (LE) imaging telescopes (De
Körte et al. 1981) and the medium-energy (ME) detector array
(Turner, Smith, & Zimmerman 1981). Although the ME detector was in principle sensitive up to about 50 keV, the signal-tonoise ratio becomes very poor above ~ 8 keV for the relatively
weak sources of our sample.
Table 2 gives the observing log. When more than one observation was available in the EX OSAT data base for the same
objects, we have used the data set with the longer exposure
time and/or higher quality. Most of the objects have been
observed with at least two low-energy filters (3000 Lexan and
Al/P), the only exception being PKS 0637 — 75 for which there
is only one observation with the Lexan filter. For 10 objects,
additional LE data with the boron filter are also available,
while for one object (PG 1229 + 204) we have also one observation with the PPL filter. For all filters (with the exception of the
boron) we have used vignetting corrected and background subtracted data from the EX OSAT data base. The boron case is
special since the point-spread function in this filter strongly
depends on the source spectral shape. For this reason a careful
reanalysis of all the original image data has been performed
using the interactive analysis system of the EX OS AT Observatory. While the boron filter has a narrow energy response
peaked at around 1 keV, the Lexan and Al/P filters are still
sensitive at much lower energies, well below the C band at 0.28
keV (White & Peacock 1988).
The combination of the count rates in low-energy filters with
the more detailed spectral information given by the mediumenergy detector at higher energies not only provides a better
determination of the spectral slope but also allows to constrain
the degree of interstellar and/or intrinsic absorption and to
detect, if present, additional soft components.
2.1. ME Spectral Fitting
For all our objects, the ME analysis has been performed
only in the energy range where a net signal above the background was detected. The highest PHA channel used ranges
from channel 25, corresponding to about 7 keV, to channel 35
(about 9-10 keV). For each object, the pulse-height spectrum
was fitted with a source power law spectrum corrected for
absorption due to interstellar gas of solar composition
(Morrison & McCammon 1983). For the fitting procedure we
used the standard x2 minimization technique available in the
EX OS AT spectral fitting package (XSPEC; Shafer, Haberl, &
Arnaud 1989).
In a first fitting run, both the slope of the power-law spectrum and the amount of absorbing hydrogen were considered
as free parameters and the 90% confidence limits on each
parameter were calculated (Avni 1976; Lampton, Margon, &
Bowyer 1976). Because of the relative faintness of our objects,
with typical fluxes in the range 4 to 8 x 10“12 ergs cm-2 s-1,
the allowed region in the NH-ct plane is almost always very
large. Since the values of Galactic iVH, excepting only PG
0049 +171, are well inside the allowed regions and mostly very
close to the best-fit values, we have decided to keep NH fixed at
the Galactic values. The results of these fits are shown in Table
3. The simple power-law model with absorption from our own
Galaxy provides an acceptable fit for essentially all the objects
(reduced x2 of the order of unity). The overall distribution of
the reduced/2 for the entire sample (with Nn = NHgal) is consistent with that expected by chance according to a KolmogorovSmirnov test (p ~ 0.2). Therefore our data do not indicate the

presence of any substantial amount of intrinsic absorbing cold
matter. PG 0049 +171, with a reduced /2 of 1.98 (17 degrees of
freedom), appears to be the only object for which a substantial
Nh in excess of Galactic NH seems to be required (see footnote
f, Table 3). Inspection of the data for this object shows that an
important contribution to the large /2 is due to a single
channel (channel 15 at about 4.2 keV) which is significantly
higher than the adjacent channels. Excluding this “peculiar”
channel from the fit, the reduced /2 with iVH = iVHgal becomes
1.31. Thermal bremsstrahlung models were also tried, but they
generally provided significantly worse fits to the data.
2.2. LE and ME Combined Spectral Fitting
A single power-law plus cold gas absorption model was then
fitted to the combined LE and ME data. The results of these
fits are shown in Table 4, where for each object we give two sets
of results, the first with both the spectral slope (col. [2]) and the
amount of NH (col. [3]) considered as free parameters and the
second with Nu kept fixed at the Galactic value.
In order to check whether the addition of the LE data is
consistent with the model of a single power law, we have
applied the F-test, i.e., for each object we have computed the
F-statistics (Bevington 1969): F(/2, v2) = (A^/AvíVO^e/vi),
where Avx = number of additional data points (i.e., number of
LE filters) and v2 = number of degrees of freedom in the ME
filters. Adopting as a critical value for F the value corresponding to the probability of 5%, we find that for six objects (all of
them PG quasars: 0003 + 199, 1211 + 143, 1226 + 023,
1229 + 204, 1426 + 015, and 1501 +106) the F-value in the case
Nn = ATHgal is larger than Fcrit (Fcrit ~ 3 for the relevant
number of degrees of freedom). This suggests that for these
objects, a single power-law model is not an acceptable description of the spectrum over the energy range 0.1-8 keV. For all
these objects the best-fit value for Nu is significantly smaller
than the measured value of iVHgal and, moreover, for all of them
the best-fit slope (at NH = iVHgal) of the LE + ME data is
steeper than the corresponding slope of ME data only. On the
basis of these independent checks, we conclude that we have
detected the presence of a soft excess in these six objects for
which a more detailed spectral analysis is reported below.
For the other 11 objects the F-value for NH = iVHgal is well
below the value of Fcrit and iVHgal is always within the allowed
Nh range. This is true also fo/PG 0049 + 171, for which the
ME data seemed to require a substantial amount of Nu(> 1022
cm~2). In light of the possible problems with at least one ME
channel for this object (see § 2.1) we tentatively conclude that
the combined LE and ME data are consistent with a single
power-law spectrum over the entire energy range 0.1-8 keV,
with no significant absorption in addition to the Galactic one.
For the six objects classified as “soft excess” in Table 4, we
have tried more complex fits to the data. In Table 5 we report
the best-fit results for two models, one described by two power
laws and the other by a blackbody plus a power law with the
high-energy slope and normalization fixed at the value found
from the ME fit. In order to find a lower limit for the strength
of the soft excess emission, we have fixed the amount of Nn at
the minimum possible value, i.e., iVH = iVHgal. To test the statistical significance of the models used to fit the soft excess
emission, we have performed an F-test. The addition of two
free parameters (asteep or the blackbody temperature with the
relative normalizations) gives a statistically better fit for all six
objects.
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TABLE 2
Log of Observations
Object
0003 + 199.

Date
1984 Dec 6

0007+106.

1985 Dec 20

0026+129.

1984 Jul 16

0049 + 171.

1985 Nov 30

0052 + 251.

1985 Dec 20

0637-752.

1984 Sep 8

0804+761.

1985 Mar 16

0923 + 129.

1985 May 9

1211 + 143.

1985 Jun 13

1217 + 023.

1984 Jan 29

1219 + 756.

1984 Jan 27

1226 + 023.

1985 May 18

1229 + 204.

1985 Jun 8

1426 + 015.

1985 Jul 6

1501 + 106.

1986 Feb 22

2130 + 099.

1985 Nov 14

2135-147.

1984 May 12

1

Detector
ME
31x
Al/P
Boron
ME
31x
Al/P
ME
31x
Al/P
Boron
ME
31x
Al/P
ME
31x
Al/P
ME
31x
ME
31x
Al/P
Boron
ME
31x
Al/P
Boron
ME
31x
Al/P
Boron
ME
31x
Al/P
ME
31x
Al/P
ME
31x
Al/P
Boron
ME
Al/P
Boron
41x
PPL
ME
31x
Al/P
Boron
ME
31x
Al/P
ME
31x
Al/P
Boron
ME
31x
Al/P
Boron

Exposure Time
(s)
32370
4732
5321
19770
22870
15671
2291
34540
5520
5930
21008
20100
18888
3472
22170
10841
5863
15030
14340
26090
4237
5563
10735
12220
3110
6568
13026
24470
1257
3539
16560
17880
5052
7968
9950
1679
5293
22820
5424
3332
10546
49730
11194
21197
2824
3156
21810
4689
3599
10056
19860
1998
3713
26130
4090
3325
15327
28560
4863
8033
11691

Count Rate3
1.25 + 0.03
20.00 + 0.90
9.39 + 0.56
0.93 + 0.09
2.60 ± 0.04
3.50 + 0.20
2.65 ± 0.43
0.51 ± 0.04
1.61 + 0.22
1.16 + 0.18
0.43 + 0.15
0.71 + 0.04
1.43 + 0.12
0.82 ± 0.21
0.30 + 0.04
1.65 ± 0.16
0.92 + 0.17
0.41 + 0.04
0.50 ± 0.08
0.81 ± 0.03
3.30 ± 0.30
2.50 ± 0.30
0.35 ± 0.13
1.02 + 0.08
2.70 + 0.40
1.80 + 0.20
0.43 ± 0.15
0.88 + 0.04
20.20 ± 1.50
8.80 ± 0.62
0.88 + 0.25
0.44 + 0.09
2.54 + 0.28
1.17 + 0.16
0.57 + 0.07
2.94 + 0.51
1.34 + 0.21
6.27 + 0.04
26.00 + 1.00
13.30 + 0.82
2.20 + 0.19
0.40 + 0.02
2.95 + 0.21
0.56 ± 0.17
6.21 + 0.57
6.97 + 0.58
0.83 + 0.04
4.63 ± 0.39
2.71 ± 0.35
0.27 + 0.12
1.14 + 0.04
9.55 ± 0.86
3.92 ± 0.41
0.49 ± 0.03
5.64 + 0.47
3.26 ± 0.39
0.54 ± 0.17
0.71 + 0.05
2.14 + 0.27
1.20 + 0.16
0.34 + 0.12

Counts per second (units of 10 2 for the LE filters).
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TABLE 3
Single Power-Law Fits to the ME Data Assuming Galactic iVH
Object
0003 + 199.
0007+106.
0026+129.
0049+171f
0052 + 251.
0637-752.
0804 + 761.
0923 + 129.
1211 + 143.
1217 + 023.
1219 + 756.
1226 + 023.
1229 + 204.
1426 + 015.
1501 + 106.
2130 + 099.
2135-147.

Channels3
7-35
7-35
7-25
7-25
7-26
7-29
7-25
7-24
7-25
7-25
7-28
7-35
7-29
7-35
7-35
7-30
7-30

Fluxb
12.6
29.6
5.7
7.6
3.7
4.1
8.3
10.0
8.5
4.3
6.0
68.8
3.8
8.5
14.3
4.8
7.6

11 1A
' 11+0.13
-0.13
0.68Í™?

i.vj-o.29
0.84íg:553
0.93íg;^
+ 0 23
U0*^Q2Z-0.23
rv 7c+
0.44
3 — 0.44
+ 0.23
a1 uz
-07+1
-0.22
A1 -AD
16-1.11
-25

047Z + 0.16
U

-^ -0.16

N»
4.00
6.09
4.93
4.26
4.50
4.80
3.12
4.03
2.83
1.97
2.74
1.80
2.58
2.64
2.23
4.20
4.45

/v2/d.o.f.e
1.01/27
0.75/27
0.67/17
1.98/17
1.28/18
0.61/21
0.93/17
0.98/16
1.38/17
1.00/17
0.84/20
1.00/27
1.07/21
0.81/27
1.53/27
0.84/22
0.99/22

a
b
c

Channels used in the fit.
Units of 10“12 ergs cm-2 s -1 in the energy range 2-8 keV.
Power-law energy index
with associated 90% confidence ranges for one
interesting
parameter
(*-22 in + 2.71 ; Avni 1976).
d
20
Units of 10 cm , from Elvis, Lockman, & Wilkes (1989), except for
0003
+199 (TP89), and 1226 + 023 (WE87).
e
Reduced/2 and degrees of freedom.
f
For PG 0049 + 171 the Galactic NH is excluded at more than 99% confidence by the two-parameter fit to the data. Leaving
NH free to vary, the
best-fit parameters are a ~ 3.5 and Nn ~ 8 x 1022 cm-2, with a reduced/2 of
1.29 with 16 d.o.f. (see discussion in the text).
For several of the objects in our sample there are already
published EXOSAT spectral data (Mrk 335, III Zw 2, 3C 273
[TP89], PG 0026+129 [Treves et al. 1988], and Mrk 841
[Arnaud et al. 1985]). In all cases but one, our fits are in good
agreement, within the errors, with the published results. This is
true both for the slopes of the hard power-law component and
for the presence of soft excess emission, for which our asteep
values are consistent with those of TP89 for 3C 273 and Mrk
335. The only discrepancy is in the temperature of the fitted
blackbody for Mrk 841 for which the value found by Arnaud et
al. (1985) (~ 17 eV) is significantly lower than our best-fit value
(57 eV), but it must be noted that Arnaud et al. fitted a blackbody component combining data both in the ultraviolet and in
the soft X-ray ranges. Additional comparisons with other nonEXOSAT results will be discussed in the next section.

Fig. 1.—Distribution of the hard X-ray (2-10 keV) spectral energy indices
of our sample. The dashed part of the histogram represents objects with 1 a
error on the slope smaller than 0.20. The Gaussian curve is taken from Turner
& Pounds (1989) and describes the best-fit energy index distribution of their
sample.
Kolmogorov-Smirnov test) from that obtained with the same
instrument by TP89 for hard X-ray-selected AGNs. In their
sample the percentage of Seyfert 1 galaxies with a steeper than
1.0 is 7%, to be compared with 41% in our sample. Two differences between these samples are immediately clear from
inspection of Figure 2: first, our objects are on average more
X-ray luminous; second, in the range of overlapping lumi2

1.5

Cd

3. DISCUSSION
3.1. ME Results
The hard X-ray emission specta of all the 17 AGNs in our
sample can be well described by a single power law. The distribution of the ME spectral indices is shown in Figure 1,
where the dashed part of the histogram represents objects with
a 1 <t error on the slope smaller than 0.20. In the same figure we
show also the Gaussian which best fits the data in TP89. The
distribution of spectral indices of our objects shows a wide
range of slopes centered on a ~ 1.0 and with a pronounced tail
toward flat slopes. The average spectral index for our 17
objects is <a> = 0.89 ± 0.06, with an observed dispersion
a = 0.25. Our distribution of observed ME spectral indices is
significantly different (at 98% confidence level, according to the

.5

0
Log Lx
Fig. 2.—ME spectral energy index values vs. the logarithm of the X-ray
luminosity (ergs s-1). We have marked with filled circles the objects of our
sample, with open circles the Seyfert 1 galaxies and quasars in the Turner &
Pounds (1989) sample and with open triangles the three objects in common.
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TABLE 4
Single Power-Law Fits to the ME + LE Data
N»
Object
(1)
0003+199.
0007+106.

a
(2)

-o.io

0026+129.
0049+171.
0052 + 251.
0637-752.
0804 + 761.
0923 + 129.
1211 + 143.
1217 + 023.
1219 + 756.
1226 + 023.
1229 + 204.
1426 + 015.
1501 + 106.
2130 + 099.
2135-147.

-0.08
+-0.42
0.52
0.12
0.96
0. ; ++016
U0*OA
61 -0.17
+ 0 22
1.1 07 1.07ÍH1
0.87Î2;2Î
0.97ÍS:}?
0.12
1.48 +-0.06
+
0.06
1.76 -0.06
0.51
0.94 +-0.38
0.19
1.02 +-0.14
0.75
0.89 +-0.36
1.02o +0.12
-0.13
0.05
0.53 +-0.05
0.03
0.66 +-0.04
0.19
1.39 +-0.18
1.64 + 0.06
0.05
0.38 + 0.06
0.06
1.10 •0.07
-0.07
0.46 + 0.10
+ 0.06
007
1*AU
io-0.09
HO.32
1.45 -0.30
1.66 -0.08
-0.08
0.34
0.78 -0.28
-0.09
0.96 -0.10

(3Í
0.0-0.007
4.00
6.011:1
6.09
4 U0+7
-3
^•
-2.8
4.93
8-1-5°59
4.26
lAiii
4.50
ii.9!ll:52
4.80
2.ilii
3.12
2.9 111
4.03
A1 4 + 0.6
'^-0.3
2.83
^ +4.1
1.51
-1.5
1.97
7 +-1.7
11.7
1.7!
2.74
0.6Î§
1.80
1.3tg
-0.6
2.58
0.0-0.023
2.64
0.0-0.051
2.23
+-1.4
2.5
2.611
4.20
2A1
*+-il
4.45

^/d.o.f.b
(4)
2.30/29
6.47/30
0.72/28
0.70/29
0.65/19
0.63/20
1.91/18
1.90/19
1.22/19
1.25/20
0.61/21
0.62/22
1.18/19
1.14/20
0.94/18
0.91/19
2.63/19
3.12/20
0.96/18
0.92/19
0.83/21
0.81/22
2.63/29
5.79/30
1.05/24
1.38/25
0.90/29
1.65/30
1.49/28
3.34/29
0.85/24
0.90/25
0.92/24
0.95/25

Ax2/n.o.f.c
(5)
39.75/3
167.05/3
4.86/2
0.08/2
1.04/3
1.21/3
13.66/2
2.45/2
3.65/2
2.01/2
0.04/1
0.80/1
6.72/3
6.99/3
1.12/3
1.57/3
28.44/3
38.99/3
0.12/2
0.32/2
0.72/2
1.10/2
49.59/3
146.50/3
2.64/4
11.97/4
4.41/3
27.54/3
0.41/2
55.53/2
1.97/3
3.93/3
0.11/3
1.81/3

Classification
(6)
Soft excess

ex
(7)
7 14.+0¿

Single power law

O.OOÍg

Single power law

0.49 Í g

Single power law

-0.39Íq

Single power law

1.14ÍJ

Single95
power law
-0.45Í2
_582
SingleUZ-o.22
power law
0.42 íg;
Single power law

0.51 Í 2

Soft excess
Single power law
Single power law
Soft excess
Soft excess
Soft excess
Soft excess
Single power law
Single power law

a
b
c

Units oflO220 cm"2.
Reduced/ and degrees of freedom.
Increment in the /2 value resulting from the addition to the ME data of the data for the LE filters over the number
of LE
filters (n.o.f.).
d
Ratio of the observed minus predicted counts to the predicted counts in the Al/P and 3000 Lexan filters. The
predicted counts are computed by extrapolating the ME best fit. The errors are 1 a.
nosities our objects tend to have a steeper spectral index
(although a few flat spectrum objects are also present in our
sample). Part of the latter difference can be explained by the
different selection criteria of the two samples, as Elvis et al.
(1986) concluded (see also Zamorani 1984). While ours is a
flux-limited sample selected in the soft X-ray domain, the TP89
sample comprises objects which have been primarily selected
in the hard X-ray domain. Each of the two selections has its
own biases, ours against flat spectra, theirs against steep
spectra.
However, essentially the same difference is present between
our data and the Einstein MPC data of 20 Seyfert 1 galaxies of
Urry et al. (1989), who claim that their sample, like ours, is soft
X-ray flux-limited. This is probably not completely true,
because the original IPC Seyfert sample from which this subsample has been derived (Kruper et al. 1990) contains four

objects (i.e., about 20% of the Urry et al. 1989 sample) with an
IPC flux greater than their stated threshold, for which,
however, no MPC spectra are presented. It is likely that the
spectra of these objects are, on average, steeper than the others,
thus explaining the lack of useful MPC data. Assuming that
the spectral slope of these four objects are of the order of the
steepest object of the sample, the mean of their entire distribution would change from 0.70 to 0.79, thus becoming almost
consistent with ours.
A variety of models and emission mechanisms have been
proposed to explain the X-ray spectral properties of AGNs,
and in particular the “universal” hard spectral index of 0.7
(e.g., Mushotzky 1984). Our results, which show that the distribution of the observed spectral indices is a function of the
selection criteria of the samples, lead us to suggest that the true
distribution of hard X-ray (above ~2 keV) spectral indices is
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TABLE 5
Double Power-Law and Blackbody + Power-Law Fits
Double Power-Law
Object
(1)
0003 + 199
1211 + 143
1226 + 023
1229 + 204
1426 + 015
1501 + 106
a
b
c
d
e
f

a

aME
(2)
lH-S:îi
1.02íg;2|
0.53ÍH!
1.14ÍS;!?
0.46í°;y
0.42^;“;

b

asteep
(3)
4.22^;J®
3.33íg;Jf
2.66ígjJ
3.32ÍJ;2?
2.66ÍJ;^
2.87í;5¡

2d

(4)
1.62/30
1.45/20
1.98/30
0.92/25
0.91/30
1.45/29

P(* )
(5)
0.018
0.085
0.001
0.580
0.610
0.057

Blackbody + Power-Law
£break
(6)
0.48
0.67
0.35
0.46
0.66
0.64

e

kT<
(7)
46^°
57Í}J
70ÍJJ
45í}|
79Í22
57^

^/d.o.f.c
(8)
1.01/30
1.18/20
1.32/30
0.94/25
0.77/30
1.43/29

P(x2)d
(9)
0.45
0.26
0.12
0.56
0.81
0.064

£breake
(10)
0.49
0.61
0.50
0.44
0.76
0.54

Medium-energy power-law energy index (from the ME best fit), with associated 90% confidence ranges.
Low-energy
power-law energy index, with associated 90% confidence ranges.
Reduced x2 and degrees of freedom.
Probability of exceeding by chance the observed value of/2.
Break energy in keV (at the source), defined as the intersection between the soft and hard component.
Blackbody temperature in eV, with associated 90% confidence ranges.

wider than previously suggested and probably shifted toward
steeper spectra.
Ginga observations have revealed several new features in the
hard X-ray spectra of low-luminosity AGNs, in particular a
flattening of the spectrum for energies >10 keV (“hump”),
which has been interpreted either as due to partial coverage of
an underlying power law continuum by thick cold gas (Piro,
Matsuoka, & Yamauchi 1989; Matsuoka et al. 1990) or, most
likely, as the signature of reprocessed X-rays by relatively cold
( < 106 K) gas in the proximity of the central source (Pounds et
al. 1990). In the last model the observed “universal” slope
a ^ 0.7 would result from an injected spectrum with slope
a ~ 0.9. On the other hand, a recent analysis of Ginga spectral
data (2-20 keV) for a sample of high-luminosity AGNs finds a
mean spectral index <a> = 0.81 and no indication of a substantial reflection component as in the low-luminosity AGNs
(Williams et al. 1991). In this framework our result, <aME> ~
0.9, can be interpreted in two different ways : either the reflected
component is almost absent in the objects of our sample and
we see mainly the direct component, or, if the reflection model
holds also for these objects (but this has still to be
demonstrated) their intrinsic emission spectrum has to be even
steeper.
3.2. ME + LE Results
The addition of the low energy (LE) data has allowed the
analysis of the X-ray spectra over an energy interval spanning
about two orders of magnitude (0.1-8 keV). We find that for
about 2/3 of the sample (11/17), a single power-law fit is consistent with the data over the entire energy range. The remaining
six objects show a clear indication of soft excess emission in the
low-energy filters. This percentage of objects with significant
soft excess is consistent with that (31%) found by TP89 for
Seyfert 1 galaxies. The X-ray spectra of a sample of 14 quasars
have been recently measured by Masnou et al. (1991), over
approximately the same energy range, with the IPC and MPC
instruments of the Einstein Observatory. They find a higher
percentage (57%) of objects with soft excess emission at low
energy (below 0.5 keV). Four of the six objects for which we
detect soft excess emission are in common with this sample; for
three out of these four objects, the soft excess emission has been
also recovered by Masnou et al. (1991). Vice versa, they find
soft excess in two of five of the remaining objects in common
for which a single power law gives a good fit to our data.

We note that the objects with soft excess in our sample tend
to lie in regions of lower Galactic Nu than those which are
consistent with a single power law. For example, soft excess is
detected in five out of eight objects with a Galactic NH lower
than 3.5 x 1020, and in one out of nine objects with Galactic
Nh greater than this limit. The same effect is present at some
level also in the TP89 data: the percentage of Seyfert 1 galaxies
with soft excess in their sample increases to 55% when the
objects with Galactic Nn < 3.5 x 1020 are considered. Some
correlation between detection of soft excess and Galactic NH is
qualitatively expected because the same amount of soft excess
is more easily detected in the absence of any kind of intervening absorption. To obtain a more quantitative estimate of
the possible importance of this effect we have performed the
following test : first, we have created simulated data for the six
objects with soft excess emission (Table 5) assuming that the
true spectrum of each source is the one found from the best fit
with a double power law, or with the blackbody plus a power
law, models. For each source we have assumed the actually
observed background. Then we have applied our fitting procedure on these simulated data through the actually used filters
searching for the minimum amount of Galactic Nn above
which there would be no statistically significant difference
between the single and the double power law (or blackbody
plus power law) fits : had these objects been in a region of
Galactic NH greater than this minimum value, we would have
classified their spectra as consistent with a single power law.
For five objects we find that this minimum value of NH lies
between 8 x 1020 and 1.4 x 1021 cm-2. For the remaining
object (PG 1229 + 204) the minimum value of NH is about
4 x 1020. Since these values (with the exception of PG
1229 + 204) are much higher than the Galactic Nn of all the
objects in our sample, we can conclude that a strong soft
excess, if present, would have been detected in the objects classified as single power law, all of which have a Galactic NH
lower than 6 x 1020 cm-2. A more marginal excess (e.g., PG
1229 + 204), however, could have escaped detection in objects
with Galactic NH > 4 x 1020. As a consequence, the fact that a
large fraction of soft excess objects in our sample is located in
regions of low Galactic NH appears to be accidental (see also
§ 3.3).
To give a more quantitative estimate of the number of
objects for which the detection of a weak excess could have
been missed by our fitting procedure, we have computed for
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each object the quantity Rex (last column of Table 4) defined as
the ratio of the observed minus predicted counts in the low
energy filters to the predicted counts computed by extrapolating to low energy the ME best fit. For the six objects classified “ soft excess,” the value of Rex is significantly larger than
zero, thus confirming the previous classification. For five of 11
objects for which a single power law gives an acceptable fit
over the entire energy range, we find a deficit of counts (Rex <
0), while for the remaining six we find some excess (Rex > 0)
with a significance between 1 a and 2 a. The data of the latter
objects have been fitted with a double power-law model with
the high-energy parameters fixed from the ME fit. To be consistent with the results shown in Table 5, we varied asteep in the
range 2.5-4.0 leaving as a free parameter the low-energy normalization or, equivalently, the break energy. The results show
that the break energies above which the fits become significantly worse than the single power-law fits lie between 0.2 and
0.
5 keV depending on the adopted steepness of the low-energy
power law and on the value of Rex. These values have to be
compared with the break energies derived for the objects with
soft excess emission, which are in the energy range 0.35-0.75
keV. The partial overlap between the energy range of the break
A Nh
energies for objects with and without detected soft excess sugFig.
3.—Distribution
of
AN
(in
units
of 1020 cm-2) defined as the differH
gests that we cannot exclude that also some of the AGNs in
ence between the NH value obtained through the fit of a single power law over
our sample whose spectra are consistent with a single power
the full energy range (~ 0.1-10 keV) and the Galactic value obtained by radio
law do really have some kind of soft excess, although confined
measurements (Elvis, Lockman, & Wilkes 1989). The objects with detected soft
excess emission are marked with an S.
to softer X-ray energies.
Also it should be noted that the objects with detected soft
<a> = 1.01 ± 0.08, while for the same objects the mean of the
excess emission tend to have better constrained ME spectra,
ME
1.
e., smaller error on a. For this reason they have,
onspectral
average,indices are 0.95 ± 0.05.
For the objects with a significant soft excess the resulting
smaller errors on the expected extrapolated counts at soft
parameters from the fits with two power laws or a blackbody
energy so that the soft excess, if present can be more easily
plus a power law are qualitatively similar to each other.
detected. On the basis of the results of the two previous tests
Because of the lack of detailed energy resolution of the LE
and of this consideration, we conclude that the observed perdetectors the spectral shape of the soft excess is not well concentage (35%) of soft excess objects in our sample should be
strained, even assuming a fixed underlying power law with the
considered as a lower limit on the true frequency of such
ME best-fit parameters, and for most of these objects we
objects. Even more so if we consider that the presence of a
cannot discriminate between the power-law and the blackbody
possible absorption intrinsic to the objects, which was assumed
models. However, it is interesting to note that for five out of six
to be absent in our fitting procedure, would cause a systematic
objects the blackbody model gives a better fit than the powerunderestimate of the soft excess strength. We have quantified
law model and the difference between the two models is stathe effect of additional absorbing material assuming an intrintistically significant (see cols. [5] and [9] of Table 5) for 3C 273
sic column density at the source of 2 x 1020 cm-2. The correand Mrk 335, i.e., the two sources with the highest soft flux.
sponding increase of the X-ray opacity results in the detection
For these objects the difference remains significant even conof soft excess in one more quasar, i.e., PG 2130 + 099.
sidering the uncertainty in the underlying power-law slope. In
An independent indication of the possible presence of some
particular, for each of the objects we find that (1) for the two
excess emission at low energies in most of the objects is seen in
power-law model, the best-fit slope at low energy falls in the
Figure 3, which shows the distribution of AiVH, defined as the
range 2.7-4.2, much steeper than the high-energy slope; and (2)
difference between the best Nn value obtained through the fit
for the blackbody plus power-law model, the best-fit blackof a single power law to the ME and LE data and the Galactic
body temperatures are in the range of 40-80 eV, with associone. If all the objects had a negligible intrinsic absorbing
ated errors of the order of 30%. This range of temperatures is
column, this distribution would be symmetric about zero with
at variance with the bimodal distribution (kT < 10 eV or
a spread consistent with the expected small-scale fluctuations
kT ~ 200-300 eV) suggested on the basis of an analysis of IPG
of iVH in our Galaxy and the measurement errors. Even excluddata of Seyfert 1 galaxies by Urry et al. (1989), who, however,
ing the six objects with detected soft excess (marked with an S
note that their result is affected by the discontinuous response
in the histogram), the distribution is significantly displaced
of the IPC in the energy range 250-600 eV. (3) For both fitting
toward negative values of AATH: only two objects have Nn
models, the nominal energy of intersection of the soft and hard
(EX OS AT) > Nn(21 cm). Following WE87, this can be taken
component is in the range 0.35-0.75 keV.
as an evidence of a general presence of some soft excess in the
population, although not detectable in the analysis of the
3.3. X-Ray Spectra versus Radio-Loudness
spectra of the single objects. Moreover, this is consistent with
We have searched for correlations between the hard X-ray
the average steepening of the fits to the ME + LE data with
spectral index and other physical parameters of the sources,
respect to the ME ones: for the 11 objects fitted with a single
but none has been found. Specifically, no significant correpower law, we find an average LE + ME spectral index
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Fig. 4.—{a) ME spectral energy index values vs. the radio loudness index
Rl. (b) 0.1-4.0 keV energy index values vs. the radio-loudness index RL. We
have marked with open circles the objects with soft excess emission and with
filled circles, the others. It must be noted that most of our data points lie above
the line representing the WE87 correlation.
lation has been found with the intrinsic optical luminosity nor
with the redshift spanning from 0.025 to 0.25 (with one object
at z = 0.65) nor with the X-ray luminosity of the objects, which
encompasses about three decades. As discussed in § 3.1, the fact
that the mean spectral slope of our sample, containing mostly
high-luminosity objects, is steeper than the one found by TP89
for lower luminosity AGNs, is probably due to the different
selection effects (i.e., soft versus hard X-ray-selected objects).
In agreement with the findings of TP89 no obvious correlation is evident also between the ME spectral indices (aME)
and the strength of the radio emission (RL), defined as RL =
log
where/Ä and/B are the flux densities at 5 GHz and
2500 Â (Fig. 4a). Such a correlation was found by WE87 in the
IPC band with the radio-loud objects grouped around a ^ 0.5
and the radio-quiet ones around a ^ 1.0. Following WE87 we
define a quasar to be radio-loud when RL> 1. In order to
understand the reason for this apparent discrepancy (note that
11 of 17 objects in our sample are in common with the WE87
sample), we have performed spectral fits to our data in the
0.1-4.0 keV energy range (similar to the IPC range, 0.2-3.5
keV), with Nh = ATHgal. The results (Fig. 4b) show that in this
softer energy range there is a clear trend with radio-quiet
quasars having steeper EX OS AT slopes than radio-loud
quasars, in agreement with the WE87 work. However, for the
11 objects in common with WE87 we find that for the same Nu
values, our slopes are systematically steeper, with an average
Aa = aours — aWE87 of the order of 0.2A).3. This difference
could be due to either a systematic effect between the two
detectors (IPC and LE/ME), or the slightly softer energy interval considered for our spectral fit results. It is interesting to
note that the mean slope for the radio-quiet objects in the
0.1^4.0 keV energy range (<a> ^ 1.2-1.3) agrees with the mean
slope (1-2 keV) of the sources, mostly AGNs, in the ROSAT
Medium Sensitivity Survey (Hasinger, Schmidt, & Truemper
1991). Here we point out the existence of four objects with

extremely EX OSAT steep slopes (a > 1.6) in the 0.1-4.0 keV
energy range (PG 0003 + 199, PG 1211 + 143, PG 1229 + 204,
and PG 2130 + 099). One of them (PG 1211 +143) was the only
object with a very steep slope (a = 1.8) also in the IPC energy
range and was classified as exceptional by WE87. Our results
indicate that these steep slopes are probably quite common in
quasar spectra.
The other apparently significant correlation in our data is
between the presence of soft excess and radio-loudness. Five
out of six objects with detected soft excess emission are radioquiet, and four of these are among the last five most radioquiet objects in the sample (see col. [9] in Table 1). The only
radio-loud object with soft excess (3C 273) is somewhat peculiar with respect to the other objects in the same class in that its
value of Rex is significantly lower than the mean value of the
other five objects (Rcx ~ 3), so that the detection of the soft
excess in 3C 273 is due mainly to its high X-ray flux and
signal-to-noise ratio spectrum, about one order of magnitude
larger than the average flux of the other objects in the sample.
In the previous section we have discussed the apparent
correlation between the soft excess and the amount of Galactic
iVH. Therefore the soft excess (or equivalently, the excess counts
Rcx) appears to be correlated with both NH and RL. In order to
determine which of the two correlations is the fundamental
one, we have computed the Kendall partial rank-order correlation coefficient Txy z (Siegel & Castellan 1988), which allows
one to compute the probabilities of correlation for each pair of
variables with the other one held constant. The only significant
(anti-)correlation resulting from this test is that between the
excess of counts, Rex, and the radio-loudness, RL. This result is
consistent with the conclusion reached in § 3.2, that the apparent correlation between soft excess and Nu is mostly accidental.
The different spectral behavior of the radio-loud and radioquiet quasars is also shown in Figure 5 where we plot the ME
spectral slopes versus the 0.1-4.0 keV slopes. Two facts are
2

1.5

.5

0

0

.5

1
1.5
2
0.1-4.0
Fig. 5.—ME spectral energy index values vs. the 0.1-4.0 keV ones. Circles
and triangles represent radio-quiet and radio-loud objects, respectively. The
objects with soft excess are represented with open symbols.
a
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immediately clear from the figure: first, the radio-loud objects
(triangles) are spread around the line of equal spectral indices
and do not show any change of slope over the entire energy
range; second, the radio-quiet objects (circles) tend to have
systematically steeper slopes in the 0.1-4.0 keV energy range.
This is true also for those objects without soft excess.
The observed anticorrelation between JRL, Rex and the data
shown in Figure 5 can be interpreted in two physically different
ways by adopting simple two-component models. Either the
radio-quiet objects may have an enhanced soft emission on the
top of the hard power-law component, which in this case
would be the same in both radio-quiet and radio-loud quasars,
or, alternatively, the radio-loud ones may have a relatively
stronger power-law component with a constant slope from low
to medium energy. The existence of this enhanced power-law
component would thus make more difficult the detection of the
soft excess in their spectra and would be consistent with the
fact that the radio-loud quasars are stronger X-ray emitters
(about a factor 3) than the radio-quiet ones (Zamorani et al.
1981). Both these alternative pictures are perfectly consistent
with our EX OS AT data. However, if the explanation of the
systematic difference between our 0.1-4.0 keV spectral slopes
and the IPC slopes for the objects in our sample is not due to
instrumental calibration differences between EX OSAT and the
Einstein IPC, but rather only to the slightly softer spectral
extension of EX OSAT, then the emission spectra of the
sources may be much more complex and the simple modeling
described above needs to be modified.
4. CONCLUSIONS
We have analyzed simultaneous LE and ME EX OSAT data
to determine the X-ray spectra of 17 objects selected by their
soft X-ray flux (mostly PG quasars and Seyfert 1 nuclei). The
most important results of our spectral survey can be summarized as follows :
1. The hard X-ray emission spectra (above ~2 keV) of all
the AGNs in our sample can be described by a single powerlaw model. These measured spectral indices show a wide
variety of power-law slopes with a spanning from 0.4 to 1.3.
The average slope is <a> = 0.89 ± 0.06, but the distribution is

71

centered on a = 1.0. The narrow observed range of slopes
around a ^ 0.7 in high-energy-selected samples is a result of
their tendency to select the most “2-10 keV bright” AGNs,
which tend to be those with the flattest X-ray spectra over the
whole 2-10 keV range. These results suggest that the true distribution of hard X-ray spectral indices is wider and probably
steeper than previously suggested.
2. Approximately one-third (six out of 17) of the sources in
our sample show evidence for soft excess emission in the lowenergy filters (below 1 keV). For these objects, a power law plus
a soft excess modeled by steep power law or by the high-energy
tail of a blackbody is a significantly better description of the
data than a single power law over the energy range 0.1-10 keV.
For the objects with the highest signal-to-noise ratio data, the
blackbody model seems to be preferred to the two power-law
model.
3. The best-fit slopes of the steep power-law fits at low energies are in the range a = 2.7-4.2, while the preferred temperatures of the fitted blackbodies are in the range 40-80 eV.
The “ break ” energy between the soft and hard component is
in the range 0.35-0.75 keV at the source.
4. There is no obvious dependence of ME energy index with
the other physical parameters of the sources such as the optical
and X-ray luminosity, the redshift, and the radio-loudness.
5. Spectral fits in the 0.1-4.0 keV energy range confirm the
correlation between the X-ray slope in this band and the radioloudness, with the radio-loud quasars having flatter slopes
than the radio-quiet ones.
6. Five out of six objects with detected soft excess emission
are radio-quiet. The detection of soft excess emission in oneradio-loud object (3C 273) is probably due to its much higher
X-ray flux.
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