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ABSTRACT

We present the ASCA spectra of PG 1634+ 706 (z=1.334) and PG 1718 +481
(z=1.084). The most striking result of our analysis is that no ‘reflection features’ - an
Fe K a emission line and ‘hard tail’ - have been detected in the spectra. This contrasts
markedly with the case of Seyfert galaxies, where such features are almost universal.
This immediately excludes X-ray reprocessing as an origin for the (extremely
luminous) blue bumps in these sources. The lack of these features is rather puzzling.
In the absence of substantial X-ray beaming, we conclude that the accretion disc in
these objects is either very highly ionized or optically thin. Either case might indicate
that the sources are emitting close to the Eddington limit, which should cause the
inner disc to expand. Furthermore, any optically thick, molecular torus, like that
hypothesized in some Seyfert unification schemes, either is absent or subtends a small
solid angle at the X-ray source.

Key words: accretion, accretion discs - galaxies: active — quasars: general — quasars:

individual: PG 1634 + 706 — quasars: individual: PG 1718 + 481 - X-rays: galaxies.

1 INTRODUCTION

X-ray observations of Seyfert 1 galaxies have shown the sig-
natures of reprocessing in optically thick material. The iron
Ka emission line and ‘hard tail’ are best explained by X-ray
illumination of relatively neutral material with high column
density (e.g. Guilbert & Rees 1988; Lightman & White
1988). Fluorescence in that material accounts for the emis-
sion line, and Compton scattering and absorption result in a
‘Compton reflection’ component which appears as a hard tail
in the 2-30 keV spectra observed by Ginga (e.g. Nandra &
Pounds 1994 and references therein). Several sites have been
proposed for the origin of the reflection features. The most
popular model is that of an accretion disc (Fabian et al. 1989;
George & Fabian 1991; Matt, Perola & Piro 1991) as it ful-
fils the most important criteria. These are that it should
remain relatively neutral, which it should if the densities are
high, that it subtends a large solid angle to the source, and
that it is optically thick. Other geometries, however, are not
yet ruled out. For example, the features could be explained
by a distribution of clouds (Guilbert & Rees 1988; Bond &
Matsuoka 1993; Nandra & George 1994) or by a molecular
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torus far from the nucleus, such as that postulated in Seyfert
1/2 unification schemes (Awaki et al. 1991; Ghisellini,
Haardt & Matt 1994; Krolik, Madau & Zycki 1994). What-
ever the origin, the detection of the reflection features has
considerably increased the complexity and diagnostic poten-
tial of the X-ray spectra of nearby active galactic nuclei
(AGN).

In contrast, little is known about the X-ray spectra of
higher-luminosity, high-redshift quasi-stellar objects (QSOs).
Aside from the nearby, radio-bright quasar 3C 273 (e.g.
Turner et al. 1989), the hard X-ray spectra have generally
had very poor signal-to-noise ratio or spectral resolution.
The IPC instrument aboard the Einstein Observatory pro-
vided the first large sample of QSO X-ray data (Wilkes &
Elvis 1987). These results showed that the soft X-ray spectra
of radio-quiet QSOs were well described by a power law
without significant intrinsic absorption, and with spectral
index I' ~ 2. In some cases there was evidence for excess soft
emission, identified by measurements of N lower than that
expected from H1 in our own Galaxy. Ginga provided the
first reasonable hard X-ray spectra of a sample of low-red-
shift QSOs (Williams et al. 1992). Williams et al. found
reasonable agreement with the IPC results, in that they found
a correlation between radio power and X-ray spectral index,
and that the radio-quiet AGN typically had slopes of I' ~ 2.
In addition they found that a few of their fits were improved
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with the addition of an iron emission line or Compton reflec-
tion. In the cases where no significant features were found,
the constraints were generally poor. As noted by Williams et
al., however, the most significant improvements were
obtained in their low-luminosity, low-redshift sources, which
are really no different from the Seyferts. The exceptions to
this are 3C 273 and H1821 + 643, which both showed good
evidence for iron K a emission lines. We note; however, that
the iron line in 3C 273 is very weak compared with the
Seyferts, and appears to be present only in the lowest states.
H1821 + 643 has a line with more typical equivalent width,
but an uncertainty still remains as to whether or not the line
emission arises from the surrounding cluster (Kii et al. 1991).
Iwasawa & Taniguchi (1993) have presented preliminary
evidence based on the Ginga data for an ‘X-ray Baldwin
effect’, whereby the equivalent width of the iron K a emission
line decreases with increasing luminosity. Interestingly,
though, they found a significant correlation only for their
‘Seyfert-type AGN, with the ‘quasars’ not fitting into this
pattern. Most recently, Serlemitsos et al. (1994) have
presented ASCA data for two quasars at much higher red-
shift (z~3). They excluded the possibility that their X-ray
spectra were reflection-dominated, as has been proposed to
explain the X-ray background (Fabian et al. 1990), but no
strong limits are quoted on the strength of the reflection con-
tinuum. No evidence for iron K a line emission were found,
with upper limits to the equivalent width of 260 eV and 140
eV (assuming one interesting parameter) for their two
sources. In summary, the current data regarding iron line
emission and Compton reflection in QSOs are inconclusive,
particularly for radio-quiet sources at high redshift.

PG 1634 +706 (z=1.334, m,=14.9)and PG 1718 + 481
(z=1.084, m,=15.5) are among the most luminous QSOs in
the Palomar-Green (PG) survey. As a result, they have been
studied extensively at optical wavelengths. PG 1634 + 706
has also been detected in X-rays by the Einstein Observatory
IPC (Tananbaum et al. 1986), but no reliable spectral infor-
mation was obtained. Here we report on ASCA observations
of these two PG quasars. In Section 2 we describe the data
analysis method. Section 3 gives details of the X-ray spectra.
Finally, in Section 4 we discuss the implications of our find-
ings.

2 OBSERVATIONS AND DATA ANALYSIS

PG 1634+706 and PG 1718+481 were observed by
ASCA (Tanaka, Inoue & Holt 1994) on 1994 May 1 and
1994 May 2, respectively, using both Solid-state Imaging
Spectrometers (SISO/SIS1), which are CCD detectors, and
the two Gas Imaging Spectrometers (GIS) which are scintilla-
tion proportional counters (GIS2/GIS3). Special care must
be taken in the analysis, particularly of the SIS data, as
several factors can influence the instrumental response.

The SIS data were collected in FAINT mode with two of
the four CCDs operating in each detector (see Otani et al.
1994 for further information on SIS modes and calibration
issues). The data were corrected for echo - an effect whereby
a small fraction of the pulse height (PH) in each event is
added to the previous pixel. No correction for dark-frame
error (DFE - the uncertainty in the CCD zero-level) has
been applied, but these effects can be minimized by applica-
tion of conservative data selection. Our selection criteria are

shown in Table 1, and were applied using the FTOOLS/XSELECT
package (see Day et al. 1994 for a description of these pack-
ages and their application to ASCA analysis). The ELV_MIN
and BR_EARTH discriminators are necessary to exclude
direct contamination by the bright limb of the Earth (applic-
able to GIS and SIS detectors) and also to avoid increases in
the DFE due to stray light in the CCDs. The DFE is also
unstable for a short time after the satellite passes through the
day-night terminator, becoming stable after approximately
one read-out of the CCD detectors. This takes approxi-
mately 100 s in two-CCD mode. Periods when the satellite
was in the South Atlantic Anomaly (SAA) and those of low
GIS high voltage (HV) before and after the SAA were
avoided. The discriminator on cut-off rigidity serves to
reduce the background, particularly at high energies.

One further cleaning procedure is necessary for the SIS
detectors. For reasons which are not currently well-under-
stood, some of the SIS pixels show a consistently high count
rate (so-called ‘hot’ pixels) and others increase in count rate
from time to time (so-called ‘flickering’ pixels). These do not
represent real source counts and must be removed. We
applied the standard algorithm in the rrooLs package to
remove these pixels.

Proceeding to the analysis, we first extracted images for

-each source in each detector and chose appropriate source

and background extraction cells. In all cases source counts
were extracted using a circular region of varying size (typic-
ally ~ 3 arcmin) centred on the source. Background for the
GIS was taken from another source-free, circular region at
similar radius to the source (which is offset from the centre of
the GIS field of view), and for the SIS detectors was taken
from the edge of the chip. Effective areas were calculated
using the current PSF and vignetting information. We used
the spectral response files for the SIS released on 1994 June
20 and for the GIS on 1994 April 20. The exposure times
and background-subtracted count rates following this initial
analysis are shown in Table 2.

Table 1. Selection criteria.

SIS GIS Description

SAA =0 SAAL = 0 Outside South Atlantic Anomaly
COR.MIN > 6 CORMIN > 7 Cut-off rigidity (GeV/c)
ELVMIN > 7 ELVMIN > 7 Earth elevation angle

BREARTH > 26 BR.EARTH > 7  Bright earth elevation

TDYNT > 100 - Time between day and night terminator (s)

- HV.RED = No GIS HV reduced?

Table 2. Exposure times and count rates.

SISo SIS1 GIS2 GIS3

PG 16344706

Exposure (s) 39347 39393 42668 45176
Count rate (102 ct s~!)  4.140.1 24401 19401 25+0.1
PG 17184481

Exposure (s) 26016 26016 30352 30350
Count rate (1072 ¢t s=!) 4.40.1 24401 19+01 25+0.1
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Source-plus-background light curves were extracted for
all instruments. We found no evidence for variability of either
source in any detector and thus have accumulated spectra
integrated over the entire observation period. For spectral
analysis, SIS PH channels 1-25 and 760-1024 were ignored,
as were GIS pulse invariant (PL: gain-corrected PH) channels
1-60 and 900-1024. All remaining channels were
regrouped such that there were at least 20 photons per
output bin. Spectral fitting was undertaken with xspec 8.40.

3 SPECTRALFITS
3.1 PG1634+706

Spectral fitting has been initially undertaken for the four
instruments separately, then, as no systematic differences in
the parameters were found, the spectra were fitted together.
The Galactic column density towards the direction of PG
1634+706 is 57%10® cm~2, based on radio
measurements (Elvis, Lockman & Wilkes 1989). Initially we
have undertaken power-law fits with the line-of-sight column
density, Ny, a free parameter, to determine whether or not
the X-ray data are consistent with the value of Ny; expected
from measurements of Galactic H1. All four instruments
individually (lines 1-4 of Table 3) gave a value for N;; com-
patible with that in our own Galaxy, as did the fit with all data
taken together (line 5). The upper limit to the excess column
density for this last fit is 4 X 102° cm ™2 if the absorber is at
z=0, increasing to a maximum of 2 X 102! cm~2 in the rest
frame of the QSO (90 per cent limits, for two interesting
parameters). This is interesting in itself, as some higher-red-
shift, radio-loud AGN have indicated a significant excess
column (e.g. Elvis et al. 1994). It also simplifies our analysis,
as henceforth we can fix the column at the Galactic value -
the results of that fit are shown in Table 3. The errors quoted
in this table are 68 per cent confidence for either one or two
interesting parameters, depending on whether Ny was fixed
or not (Ay2=1.0 or 2.3). The normalization, A, is quoted
at an observed-frame energy of 1keV. The absorption
column is assumed to have zero redshift. The flux is quoted
in the observed frame and is corrected for absorption. The
rest-frame 2-10 keV luminosity is 8 X 10% erg s~ !, assuming
H,=50 km s™! Mpc~' and ¢,=0.5. In the full observed

Table 3. Spectral fits for PG 1634 +706.

Inst. AZ, T Ny Fy (2-10 keV) ¢ x2/dof
SISO 3.18 200+0.14 44731 s2+13 1.25/83
SIS1 278 2.02+021 84%%0 72116 0.59/60
GIS2 284 206+025 9%  61x1.0 0.70/49
GIS3 3.76 216028 2313 74x11 1.01/66
ALL 293 2.00+009 54127 71106 1.00/267
ALL 295 201003 57(F) 7.2+04 1.00/268

“Power-law flux at 1keV in the observed frame in units of 1074
photoncm™2s~'keV~!.

bPower-law photon index.

‘Equivalent hydrogen column density (units of 10*° cm2).

42-10 keV flux in the observed frame (units of 10 erg cm™2
s7h.
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band of 1-25 keV (rest frame) the luminosity is 1.7 X 104
ergs™L

As can be seen from line 6 of Table 3, a simple power law
with Galactic absorption provides an excellent description of
our data set. Fig. 1(a) shows the SIS spectra. No systematic
deviations are seen in the residuals (lower panel). We note
with particular interest that there is no evidence for an iron
Ka emission feature (which is expected around 2.5-3.0 keV
in the observed frame), a feature which is so prevalent in
Seyfert galaxies. To test this further, we have introduced a
Gaussian line into the model. Henceforth we have fixed the
column density at the Galactic value. We use the SIS data
only, as these give far better constraints on a weak iron line.
Restricting the energy to the reasonable range of 6.0-7.0 keV
in the rest frame, we find that no significant improvement is
obtained in the fit to either SIS spectrum separately, or when
they are fitted together. The upper limit at the 90 per cent
confidence level to the equivalent width of a 6.4-keV emis-
sion line with a width of 0=100 eV is 120 eV (rest frame) if
we use a y2 deviation of 2.7, appropriate for one interesting
parameter (e.g. Avni 1976). Using a more conservative
approach of two interesting parameters (Lampton, Margon
& Bowyer 1976) we obtain an upper limit of 180 eV in the
rest frame (A x> =4.6). The upper limits are strongly depend-
ent on the assumed width of the line. To illustrate this, we
show the confidence contours of line flux versus width in Fig.
2(a) - the confidence contours are 68 and 90 per cent for
two interesting parameters. The upper limit becomes a factor
of 2 worse than that given here if the width is as large as 0.5
keV.

We have also calculated an upper limit for the reflection
continuum, using the model of Lightman & White (1988).
We find the ratio of the reflection normalization relative to a
face-on disc subtending a solid angle of 2m at the X-ray
source to be R<0.6, again for Ay?=2.7, or R<1.0 for
Ax?=4.6. In this fit we have used SIS and GIS detectors
together. Finally, we have calculated the upper limit on R
assuming the model of George & Fabian (1991), which
includes the iron Ka line assuming solar abundance and
does not include Doppler or relativistic effects. From this we
get the best constraints, of R<0.35 or R <0.54. Confidence
contours for the reflection normalization A =RA, are
shown in Fig. 3(a).

Finally, there is no evidence for any absorption edge in
our spectra, such as might be expected from the ‘warm
absorber’ (e.g. Halpern 1984), so prevalent in Seyfert
galaxies (e.g. Nandra & Pounds 1994). The SIS limits are not
stringent, ranging from 7=0.6 to 0.3 (90 per cent for two
interesting parameters) for rest-frame edge energies between
7.1 and 9.3 keV, appropriate for the iron K absorption
feature. The other strong features expected from the ionized
gas are the Ovi and O v edges (Nandra & Pounds 1992),
but unfortunately these are redshifted out of the SIS energy
band for our sources. Addition of a warm absorber com-
ponent, which includes contributions from all elements at
solar abundance (Yaqoob & Warwick 1991), provides no
significant improvement in the fit.

3.2 PG1718+481

Table 4 shows the spectral fits to PG 1718 +481. A single
power law is also an excellent fit to these data, whether for
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Figure 2. 68 and 90 per cent confidence contours (upper limits for
two interesting parameters) for the photon flux in the line against the
line width, for a Gaussian model for (a) PG 1634 + 706 and (b) PG
1718 +481. These constraints have been obtained using only the
SIS detectors, which are more sensitive to spectral features. The
upper limits to the fluxes are strongly dependent on the assumed
width, with higher equivalent width values being allowed if the line
is broad.

the individual detectors or for all fitted together. Again, no
excess absorption over the Galactic value [Ny(Gal)=
2.3 % 10?° cm™2% Stark et al. 1992] is found and we have fixed
the column at the H1 value in our more complex fits. Limits
on Ny are similar to those for PG 1634 +706. Fig. 1(b)
shows the spectrum and residuals. The luminosity is
7.6%10% erg s™! in the 2-10 keV (rest frame) band or
1.4 x10* erg s~ ! in the full 0.8-20 keV band.

Like PG 1634+ 706, PG 1718 + 481 shows no evidence
for Fe K a line emission or a spectral flattening. The limits on
the equivalent width of a 6.4-keV Fe K line are even tighter,

PG 1634+ 706 and PG 1718 +481 5
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Figure 3. Upper limits to the reflection normalization A derived
from the model of George & Fabian (1991), which includes both the
reflection hump and line emission from Fe Ka, Fe K8 and nickel
Ka. (a) is for PG 1634+ 706 and (b) is for PG 1718 +481. The
lines in the model are narrow compared with the resolution of the
instruments (all four detectors have been employed to obtain these
constraints). A, is the product of R (the ratio of the reflection
component to that from a face-on accretion disc) and A (the
power-law normalization). A ;= A, corresponds to reflection from
a face-on slab subtending solid angle 2 & at the X-ray source, repre-
sented by the horizontal dashed line. This value of A, clearly
excluded in both data sets.

at 85 eV or 130 eV (rest frame) for one or two interesting
parameters. Again this is strongly dependent on the width, as
can be seen from the confidence contours in Fig. 2(b) - in
this case a o of 600 eV is required before the upper limit
doubles. The upper limits on the reflection hump are R <0.7
or R<1.0 for the model of Lightman & White (1988) and
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Table 4. Spectral fits for PG 1718 +481.

Inst. A% re Ny° Fx (2-10 keV) ¢  x2/dof
SISO 4.93 201+017 3.7733 12222 0.75/65
SISt 4.95 1.97+020 6.1%53% 135+24 0.69/43
GIS2. 412 1.94x022 6%3' 11.2+24 0.74/66
GIS3 373 195%021 717 10.2+1.3 0:81/71
ALL 418 197+0.08 25%2% 11.0x06 0.91/253
ALL 416 196%003 23(F) 11.2+05 0.91/254

“Power-law flux at 1keV in the observed frame in units of 10~*
photon cm~2s~ ! keV~!,

bPower-law photon index.

‘Equivalent hydrogen column density (units of 10* cm | 2).

42-10 keV flux in the observed frame (units of 10  erg cm™2
s™1).

R<0.45 or R<0.64 for the George & Fabian model (i.e.
including constraints on both the line and continuum). Con-
fidence contours for this last reflection fit are shown in Fig.
3(b).

Again, we find no evidence for an absorption edge from
the K shell of iron, or for a warm absorber.

3.3 Multiwaveband spectra

We have constructed multiwaveband spectra of our two
targets and these are shown in Fig. 4. IRAS fluxes are taken
from Sanders et al. (1989), near-IR/optical points are from
Neugebauer et al. (1987) and UV points are from Bechtold
et al. (1984). The latter have been dereddened using the
extinction curves of Seaton (1979) assuming the Galactic
column density (see above) and the conversion to E(B— V)
given by Bohlin (1978). Both sources carry a large luminosity
in the blue bump. From the accretion disc fits of Laor (1990),
the blue bump luminosities of PG 1634+706 and PG
1718 +481 are 1.4x10* erg s™!' and 2.4 X 10*7 erg s™1,
respectively. The X-ray luminosities are much lower than
these. Integration of the observed power-law spectra from
13.6 eV to 300 keV gives broad-band EUV/X-ray luminosi-
ties of 3X10% erg s™! and 4X10% erg s~! for the two
sources. This fits in with the result that a,,, the X-ray loud-
ness’, decreases with increasing luminosity (e.g. Worrall et al.
1987). We note that at least some Seyfert galaxies have
broad-band X-ray luminosities comparable to those in the
blue bump (e.g. NGC 5548: Clavel et al. 1992; Mrk 841:
George et al. 1993).

4 DISCUSSION

We have observed PG 1634+ 706 and PG 1718 +481 in
approximately the same (rest) energy range as Ginga has
observed Seyfert galaxies at z~ 0 (Nandra & Pounds 1994).
Those latter sources show a strong Fe K a emission line and
hard tail consistent with Compton reflection from optically
thick material subtending a solid angle of ~ 2 &, most com-
monly identified with an accretion disc. In contrast, the PG
quasars show no such features, indicating a clear difference
between the X-ray spectra of the two QSOs and the Seyferts.
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Figure 4. Multiwaveband spectra for (a) PG 1634 + 706 and (b) PG
1718 +481, compiled from the literature but incorporating our
X-ray data for the two sources (see text). The ‘bow-tie’ shows the
upper and lower limits on the X-ray power law derived from
spectral fitting. The excess ‘blue bump’ emission in these sources is
evidently extremely strong, and the integrated luminosity in the blue
bump is far greater than the observed X-ray luminosity (by a factor
>10). This and the lack of significant spectral features mean that
the blue bump must be generated intrinsically, rather than arising
from X-ray reprocessing.

Furthermore, the continuum spectral shapes as measured by
a simple power-law fit are steeper than those for Seyferts, but
very close to that inferred for the underlying Seyfert 1 con-
tinuum, after accounting for the reflection features, of
I'=1.95+0.05 (Nandra & Pounds 1994). This further sup-
ports our interpretation that these sources are essentially the
same as the Seyfert 1 galaxies, but without the reflection
features.
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One of the more important consequences of our observa-
tions is that the blue bump in these sources therefore cannot
arise via reprocessing of the X-rays, a model originally sug-
gested by Guilbert & Rees (1988). As the observed X-ray
luminosity is more than a factor of 5 lower than that in the
blue bump, reprocessing would only be viable either if some
portion of the X-ray source were hidden from our view, e.g.
by optically thick clouds, or if the X-ray emission were
beamed towards the reprocessor. In either case there would
be an enhancement of the reflection features compared with
the Seyferts, which is clearly not observed.

Another conclusion of our analysis is that the parameters
of any optically thick, molecular torus, such as that hypothe-
sized in Seyfert 1/2 unification models (e.g. Antonucci &
Miller 1985; Krolik & Begelman 1988), are strongly con-
strained. This torus has been suggested as an origin for the
reflection features, as discussed by Ghisellini et al. (1994)
and Krolik et al. (1994). Both sets of authors assumed an
opening angle ~ 30° based on the observations of ionization
cones in some Seyfert 2 galaxies (e.g. Pogge 1988) and esti-
mates of the space density of Seyfert 2s compared to type 1
AGN. This implies that the torus has a large covering frac-
tion at the X-ray source. If this were the case, the torus model
would then have to be modified such that the material could
be Thomson-thin, with column density <10%* cm™2, or at
least that any Thomson-thick part would subtend a small
solid angle (<) at the source. Alternatively, these QSOs
may be so luminous that the torus is destroyed, as the source
flux at 1 pc may be sufficient that the dust sublimation tem-
perature of ~1500K is exceeded.

The most popular model for the reflection features, that of
an optically thick accretion disc, also fails for the same
reason, although there is more uncertainty about the strength
of the reflection features. We consider here how the accre-
tion disc reflection model might be reconciled with the data.
First, the strength of the reflection features in the disc model
is a strong function of the inclination of the disc. For edge-on
geometries, the reflection continuum is suppressed (George
& Fabian 1991). One possibility, then, is that both these
QSOs are observed edge-on (both require i>70° assuming
the constraints from the George & Fabian model). We con-
sider this to be highly unlikely, recalling the fact that they are
extremely luminous in the UV, and are the brightest sources
above z=1 in the PG sample. As these were selected based
on ultraviolet excesses, the brightest objects are much more
likely to be face-on. Another possibility is that the iron in
these objects is at less than solar abundance. In this case the
line would be reduced. We are still left with the constraints
on the reflection hump, as this is largely unaffected by the
iron abundance, but these are not as severe as when the two
limits are combined. Although a low iron abundance remains
a possibility, we note that Hamman & Ferland (1992) have
suggested that the metal abundances in such QSOs may be
higher than the solar values.

Some recent models have suggested that the disc may be
ionized (Ross & Fabian 1993; Matt, Fabian & Ross 1993). In
this case the line equivalent width can be either larger or
smaller than in the case where the disc is neutral. Larger
values are obtained because, for the most highly ionized
species, the effective fluorescence yield is high. On the other
hand, resonant trapping of the line in intermediate ionization
states may result in a small line flux. If there is a range of ioni-

PG 1634+ 706 and PG 1718 +481 7

zation parameters in the disc, that might also result in the line
being broader than in the case of Seyfert galaxies as, in addi-
tion to the Doppler and gravitational effects, there will be
additional broadening due to line blending. As we have
shown above, our limits on the line equivalent width are not
as tight if the line is very broad. In addition, for a highly
ionized disc the reflection component is not as prominent, as
the lack of photoelectric absorption means that it has a simi-
lar shape to the illuminating continuum radiation. Ionization,
however, is not necessarily an attractive interpretation for
these sources, simply because the ratio of the ionizing con-
tinuum to the blue bump luminosity is a factor of ~ 10 lower
than in Seyferts.

One other possibility, which is perhaps the most plausible,
is that the assumption of a thin disc breaks down. As these
sources are extremely luminous and have very large blue
bumps, they may be accreting very close to the Eddington
luminosity. Indeed, the accretion disc fit of Sun & Malkan
(1989) to the IR/optical/UV spectrum of PG 1718 + 481 has
a best-fitting value of M higher than the Eddington rate. Laor
(1990) found subcritical accretion rates for both objects, but
still above about 25 per cent. If this is the case, we might expect
the inner parts of the disc to ‘puff up’ due to radiation pres-
sure. This may cause several effects which reduce the reflec-
tion component. First, the disc may become optically thin. In
this case no reflection features are expected. Secondly, a
thick disc would be of lower density than a standard a-disc,
which would increase the ionization parameter. It is conceiv-
able that the inner parts of such a disc (which may have a
toroidal form) may form a skin of material in which even the
iron is fully stripped. Furthermore, the puffed-up inner
region could shield the X-ray source from the cooler, outer
parts of the disc. Thus, the bulk of the reflection could come
from very close to the black hole, dramatically increasing the
relativistic broadening. As we have stated, we cannot exclude
a very strong emission line if it is as broad as ~ 1 keV. The
corresponding Keplerian velocity is of order 100000 km
s~!, which is not implausible for the inner disc. The con-
tinuum would not be as strongly modified by these effects,
but, if the reflecting medium is ionized, the contrast of the
hump decreases substantially.

Another possibility is that the X-ray source is beamed
towards us, and therefore away from the disc. This would
seem reasonable in explaining the lack of any strong features
in the ASCA spectra of PKS 0438-436 and PKS
2126—158 at z~3 (Serlemitsos et al. 1994). Both are
powerful flat-spectrum radio sources. Only a modest beam-
ing factor of ~2 would be required to render the reflection
features undetectable. Such a model is perhaps conceivable
in the case of PG 1718 +481, which is a moderately bright
radio source (~100 mly core at 5 GHz: Kellerman et al.
1989). Both radio and X-rays might then arise in a jet. How-
ever, PG 1634+ 706 is firmly in the radio-quiet category,
with a core flux of ~1 mJy at 5 GHz. The X-ray spectra of
the two sources (and indeed the overall spectral energy dis-
tributions: Fig. 4) are extremely similar and the spectral
slopes are equal to that inferred for the underlying index of
Seyfert galaxies. An X-ray emission mechanism that is
common to both classes and stable in spectral shape over
>4 decades in luminosity is therefore strongly indicated.
Synchrotron-self-Compton jet models to explain the emis-
sion of radio-loud quasars and blazars tend to produce a
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wide variety of slopes in the X-ray, as required in these
objects. For radio-quiet objects, in which the X-ray spectral
index lies in a narrow range around I'=1.9-2.0, these
models are much less likely.

At least two hard X-ray production mechanisms have
been proposed, which can explain the constancy of the
power-law index in radio-quiet AGN. The first invokes satu-
rated non-thermal pair production in a plasma with high
electron Lorentz factor, y,,,, (Zdziarski et al. 1990). A prob-
lem with this model is that recent OSSE observations (e.g.
Johnson et al. 1994) have shown that the hard X-ray/y-ray
fluxes of radio-quiet AGN are weak. In particular there are
tight limits on the strength of any annihilation feature, which
appear to rule out the high-y,,,, models. The OSSE spectra
are more suggestive of a model in which electrons with a
thermal distribution Compton-upscatter soft seed photons.
In one such model (Haardt & Maraschi 1991, 1993), a stable
photon index of I' ~2 can be produced due to the balance
between the energy dissipation in an accretion disc and the
hot Comptonizing corona above it, as long as the optical
depth is low (7 <0.5). Unfortunately, such a model explicitly
predicts the reflection features from the disc, unless the
optical depth in the corona is so high that they are smeared
out by scattering (7> 1). Both models are based on scattering
of soft seed photons. Our results clearly show that the hard
X-ray photon index is largely unaffected by the energy dis-
tribution between the seed photons and the X-rays.

In summary, our results are difficult to explain in the con-
text of accretion disc models for the source of blue bump and
models of the X-ray emission in AGN. Confirmation of these
results in the shape of further data on similar objects might
give us cause to revise these ideas substantially.
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