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Abstract

We report preliminary results of ASCA observations of two high-redshift quasars (z ~ 3), PKS 0438—436
and PKS 2126—158. We find spectral flattening towards low energies in both sources, first found with
ROSAT and interpreted as being due to excess X-ray absorption. However, the ROSAT data lacked the
bandpass and sensitivity to unambiguously support this interpretation. We find that for PKS 2126—158,
absorption in intervening low-redshift material along the line-of-sight provides a statistically better descrip-
tion of the data than absorption in material intrinsic to the quasar. The redshift of the putative absorber
is required to be less than a few tenths. Given the redshift constraints and the fact that absorption is
not common in lower redshift quasars, this result is not easily explained by a simple model. Either the
absorber may be complex or else the inrinsic X-ray spectrum may be complex, or both. Compton-reflection
dominated models are ruled out but a broken power-law model provides good fits to the data without
requiring excess absorption. The break energy is at ~ 6-8 keV in the quasar frame and the energy index
of the soft component is required to be extremely flat. This may mean that the X-ray emission in these

objects is dominated by synchrotron losses as in BL Lac objects.
Key words: Quasars: individual (PKS 0438—436, PKS 2126—158) — X-rays: galaxies

1. Introduction

The high redshift quasars PKS 0438—436 and
PKS 2126—158 were observed with ASCA on 1993 July
13 and 1993 May 16-17 respectively (see table 1). The
redshift of z ~ 3 for both objects means that the X-ray
spectrum can be measured up to ~ 40 keV (quasar frame)
with ASCA. The ASCA data provide spectra with the
highest sensitivity in such a broad bandpass for quasars
at this high a redshift. Both objects are very high lumi-
nosity, compact, radio-loud flat-spectrum sources. Both
PKS 0438—436 and PKS 2126—158 have been observed
twice with the ROSAT Position Sensitive Proportional
Counter (PSPC) which measured spectra which could
not, for either source, be interpreted as a simple power
law plus Galactic absorption (Wilkes et al. 1992; Elvis
et al. 1994). Instead, the spectrum of both sources was
observed to flatten at low energies (below ~ 1 keV in the

*  With the Universities Space Research Association.

observer’s frame) and this was interpreted as being due
to excess absorption along the line-of-sight. The PSPC
could not constrain the redshift of the absorber and
did not warrant investigation of alternative continuum
forms. PKS 2126—158 has also been observed by EX-
OSAT (Ghosh, Soundararajaperumal 1992) which could
not however constrain the low energy spectral shape since
the Medium Energy (ME) spectra of weak sources are
dominated by systematics of background subtraction and
the Low Energy instruemnt (LE) has no energy resolu-
tion. It is important to try to understand the origin
of the spectral flattening because it must inevitably im-
pose constraints on the nature of the central X-ray source
and/or its physical environment. It may also have impli-
cations for AGN spectral evolution and the Cosmic X-ray
Background (CXRB).

Astronomical Society of Japan ¢ Provided by the NASA Astrophysics Data System



http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1994PASJ...46L..43S&db_key=AST

992PASI; T 4BLI 4350

rt

L44 P. Serlemitsos et al. [Vol. 46,
Table 1. Quasar properties and ASCA count rates.
Quasar z Nu v SISO SIS1 GIS2 GIS3
(10** cm™?) ctss™* ctss™! ctss™? ctss™*
PKS 0438—436 ................ 2.852 0.150* 18.8 0.011 0.006 0.017 0.021
PKS 2126—158 ................ 3.275 0.4857 17.3 0.081 0.066 0.068 0.085
* Galactic absorption, Stark et al. 1992.
t Galactic absorption, Elvis et al. 1989.
o

0.01
T

1073
T

1074
T

normalized counts/sec/keV

L (a) PKS 0438-436 —
" " P 1

T e {: T

b |

5x107°

residuals

0.2 0.5 -1 2 5 10
channel energy (keV)

0.01

normalized counts/sec/keV
107

107*

0.02

residuals
0

-0.02

Lol S n Ll

channel energy (keV)

Fig. 1. The data, best-fitting model, and residuals for (a) PKS 0438—436 and (b) PKS 2126—158 when the model is a simple

power law plus absorber at z = 0.

2. The ASCA Data

ASCA has four identical thin-foil, light-weight X-ray
telescopes (XRT) which focus X-rays onto one of two
Solid-state Imaging Spectrometers (SIS) or one of two
Gas Imaging Spectrometers (GIS, see Ohashi et al. 1991).
See Tanaka et al. (1994) for a summary of the ASCA
mission and focal-plane detectors. The SIS was operated
in 4-CCD mode for PKS 0438—436 and 1-CCD mode
for PKS 2126—158. Table 1 shows the raw count-rates
for each source and each sensor (hereafter the two SIS
sensors are referred to as SO and S1 and the two GIS
sensors as 32 and S3).

Spectra were extracted from each sensor from a cir-
cular region centred on the source. Typical radii were
~ 1/5 for SIS and ~ 2/5-3!5 for GIS. For SO and S1 a
background spectrum was extracted from a thin annu-
lus centered on the same point as the source region but

with much larger radii, restricting contamination from
the source to a few percent of the counts in the back-
ground region. For the GIS a background spectrum was
obtained from an offset circular region about the same
size as the source. In SO and S1 the source counts for
PKS 0438—436 were split between 2-CCD chips and the
events from the source region in both chips were com-
bined to give a single spectrum for each of SO and S1.
In reality, none of the SIS chips have an identical en-
ergy response so that technically the events from different
chips should be treated separately. However, in this case
counting statistics easily dominate over systematic differ-
ences in the CCD chips. All spectra were binned so that
there was a minimum of 20 counts per energy bin. This
allows us to use the x? minimization technique in the
spectral fitting process. At the time of writing the energy
response and position-dependent gain calibration for S3
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Table 2. Spectral fitting results.
Model Parameter PKS 0438—436 PKS 2126—158
1....T 1.70 (1.52-1.90) 1.63 (1.54-1.71)

Ny (10?* cm™2) 2.02 (1.14-3.15) 1.46 (1.09-1.87)

x%/d.o.f. 62.3/67 218.6/249
2....T see text 1.62 (1.53-1.71)
Nu (10*! cm™?) see text 0.99 (0.61-1.71)
z see text 0.027 (0.00-0.44)
x>/d.o.f. see text 218.5/248
3....T 0.68 (—0.65-1.08) 1.11 (0.96-1.25)
T2 1.65 (1.43-1.99) 1.70 (1.58-1.86)
Ebreax (keV) 1.57 (0.98-2.45) 1.91 (1.53-2.36)
x%/d.of. 64.9/66 210.6/248
4....T 3.07 (2.69-3.17) 3.07 (3.02-3.12)
x%/d.o.f. 59.1/63 290.0/235

Note.—Values in parentheses indicate 90% confidence inter-
vals for 2 interesting parameters (i.e., Ax? = 4.605) for
models 1-3 and 1 interesting parameter for model 4 (i.e.,
Ax? = 2.706). The models are (1) power law plus absorp-
tion at z = 0; (2) power law plus an absorber with z free
plus Galactic absorption; (3) broken power law plus Galactic
absorption only; (4) Pure Compton reflection plus Galactic
absorption only.

was subject to considerable uncertainty and showed dis-
crepant behavior compared to the other three detectors
(see also Yaqoob et al. 1994). Therefore, data from this
sensor is excluded here. All the spectral fitting described
below refers to simultaneous fits with data from the three
instruments, unless otherwise stated. Note that for both
sources statistical errors dominate over systematics from
the three instrumental responses.

3. Spectral Fitting Results

3.1. Absorption Models

Initially we fit the spectra with a simple power law
plus local absorption (2 = 0) in cold material using
standard cross-sections from Morrison and Macammon
(1983) and solar abundances. Apart from three normal-
izations, there are two free parameters; namely the pho-
ton index, I', and the column density, Ny, of the ab-
sorber. Good fits are obtained for both sources and the
results are shown in table 2 (model 1) and figure 1. The
best-fitting power-law photon indices are 1.70 and 1.63
for PKS 0438—436 and PKS 2126—158 respectively and
the best-fitting column density exceeds the Galactic value
with a high level of significance in each case, the 3-sigma
lower limits on Ny being 0.7 and 0.8 x 102! cm™2 respec-
tively (compare with the Galactic values in table 1). The
best-fitting values of Ny are 2.02 and 1.46 x10%! cm™2
for PKS 0438—436 and PKS 2126—158 respectively. For
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comparison, the ROSAT data gave a best-fitting pho-
ton index of 1.70 for both quasars and column densi-
ties of 0.7 and 1.3 x10%! ¢cm~2 for PKS 0438—436 and
PKS 2126—158 respectively (Elvis et al. 1994). It is not
clear whether the differences in Ny (about a factor of 3
for PKS 0438—436) are a result of the different instru-
mental bandpass and resolution or represent a real spec-
tral change. This will be investigated in the future. Note
that there was no apparent spectral variability between
the two ROSAT observations of either source; the two ob-
servations of each source were separated by over 1.5 yr.
We checked whether the apparent excess column den-
sity could be due to overestimating the background level
by repeating the fits with the normalization of the back-
ground reduced by a factor of 2 (rather extreme). We ob-
tained 90% lower limits on Ny of 1.0 and 0.9 x 102! cm—2
for PKS 0438—436 and PKS 2126—158 respectively, still
well in excess of the Galactic values.

For PKS 0438—436 we estimate the observed flux
(0.1-2.5 keV) to be 4.5 x 10713 erg cm™2 s™!, con-
sistent with the ‘wobbled” PSPC observation in 1992
and an Einstein observation in 1979 (see Elvis et al.
1994). For PKS 2126—158 we estimate the 0.1-2.5 keV
flux to be 2.3 x 107!2 erg cm™2 s7!, compared with
3.7x 10712 erg cm~2 s~! obtained from the PSPC (Elvis
et al. 1994). Further work is required to quantify the un-
certainties and determine whether the apparent change
is real. These ASCA fluxes are lower limits and in-
volve extrapolation of the model to 0.1 keV. From the
ASCA data we estimate lower limits on the 2-10 keV
unabsorbed luminosities in the quasar frame of ~ 1.2
and ~ 9.5 x 10%” erg s~! for PKS 0438—436 and PKS
2126—158 respectively (Hy = 50 km s~! Mpc~! and
g0 = 0).

Next we let the redshift of the absorber float, includ-
ing Galactic absorption at z = 0. Unfortunately the
counting statistics for PKS 0438—436 are insufficient to
constrain the redshift of the putative absorber. In fact
there are local minima in x? for several values of z be-
tween 0.0 and 2.852 and the differences in the minimum
x? values are insignificant. Thus we give the best-fitting
parameters (table 2, model 2) for PKS 2126—158 only
since there is no unique solution for PKS 0438—436. On
the other hand, figure 2 shows the contours in the z—Ng
plane for confidence levels of 68%, 90%, and 99% (2 inter-
esting parameters) for both sources. For PKS 9126158
it can be seen that a local absorber, with low redshift,
is strongly preferred. Intrinsic absorption at the red-
shift of the quasar is in fact formally excluded at the
99% level. We also tried replacing the power law with a
thermal bremsstrahlung continuum which also gave good
fits. With the absorber at z = 0, the best-fitting val-
ues of the temperature, kT, are ~ 35 and ~ 45 keV for
PKS 0438—436 and PKS 2126—158 respectively and are
not very sensitive to z. With this continuum, intrinsic
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Fig. 2. The contours in the z—Ng plane, corresponding to confidence levels of 68%, 90%, and 99% (2 interesting parameters,
see Lampton et al. 1976), when the model is a simple power law plus absorption, with the redshift of the absorber as a
free parameter. The model contains an additional absorber with column density fixed at the Galactic value.

absorption can no longer be excluded at the 99% level
but local absorption is still statistically preferable. In
passing, we note that these temperatures are similar to
the temperature of ~ 40 keV obtained when the ~ 3-
100 keV CXRB is fitted with a thermal model (Marshall
et al. 1980).

8.2.  Complex Continuua

Here we investigate continuum models which can fit
the data with Galactic absorption only. First we try a
broken power law model where the continuum below a
certain energy, Epreak, has a photon index I'; and a pho-
ton index I'; above this energy so that there are now
three free parameters (plus normalizations). Good fits
are again obtained and the results are shown in table 2
(model 3). The best-fitting break energies are, in the
quasar frame, ~ 6 keV for PKS 0438—436 and ~ 8.2 keV
for PKS 2126—158. It is important to note that the spec-
tra below the break energy are required to be extremely
flat, the energy index for PKS 0438—436 actually being
negative and that for PKS 2126—158 nearly zero. This
may be indicative of an emission mechanism due to syn-
chrotron losses and may not be so unexpected given the
radio power of both objects. The very high X-ray lumi-
nosities, in excess of ~ 10%” erg s~!, may be indicative of
strongly beamed emission. The X-ray spectra of BL Lac
objects can in fact be interpreted in terms of a broken
power-law spectrum (e.g., see Madejski, Schwartz 1988)
except that the apparent break energy is at much lower
energies (~ 1.5 keV).

Next we try a ‘pure’ Compton-reflection model which
is very flat below ~ 10 keV (e.g., White et al. 1988;
George, Fabian 1991). Such a model, where the X-ray
spectra of AGN at high redshifts are dominated by a

Compton-reflection component from optically thick mat-
ter, has been invoked to account for the spectrum of the
CXRB from ~ 3 keV to beyond 1 MeV (e.g., Fabian et al.
1990). In that case, for the sources which make a domi-
nant contribution to the X-ray background, the fraction
of the direct (assumed power law) continuum allowed to
escape is required to be less than ~ 10%. Here, we set
the escaping continuum fraction to zero to minimize the
number of free parameters. The model then has only 1
free parameter, I' (plus normalizations). Similar values
for the best-fitting photon index (I' ~ 3; see table 2,
model 4) are obtained for both sources. However, the
fit for PKS 2126—158 is not acceptable at the 99% level.
This is because the model predicts a large redshifted Fe-
K absorption edge which is not present in the data. One
can obtain an adequate fit if the iron abundance is re-
duced to about a tenth of solar and a small fraction of
the direct continuum is allowed to escape but then the
increase in the number of free parameters does not make
the model statistically preferable to a simple power law
plus absorption.

Note that in the above Compton-reflection model we
would expect to observe a redshifted Fe-K line from flu-
orescence in the reflecting medium. However, the data
show no evidence for a significant redshifted Fe-K line.
Using the data from SO (the SIS in which the sources
are closest to the XRT optical axis), we place formal,
90% confidence upper limits (1 interesting parameter) on
the equivalent width (in the quasar frame) of a narrow,
Gaussian 6.4 keV line (intrinsic width 0.1 keV) of 256 eV
and 140 eV for PKS 0438—436 and PKS 2126—158 re-
spectively. For a spectrum dominated by reflection, one
would expect a much larger equivalent width, of the order
of 1 keV (e.g., George, Fabian 1991).
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4. Discussion

Both PKS 0438—436 and PKS 2126—158 exhibit con-
vex spectral curvature, which if interpreted as excess ab-
sorption, for the case of PKS 2126—158, absorption in
intervening low-redshift material in the line-of-sight pro-
vides a statistically better description of the data than
absorption in material intrinsic to the quasar. For both
sources, intrinsic absorption is not required. Thus, at
least for PKS 2126—158, the interpretation of the spec-
tral flattening as X-ray absorption due to material as-
sociated with a cluster cooling flow is not favorable. If
the apparent excess absorption in these objects occurs
in intervening material, as is statistically preferable for
at least one of them, then damped Lya disk absorption
systems with typical column densities of ~ 1020721 ¢m™2
(Turnshek et al. 1989) are likely candidates. Neither of
the two quasars shows intervening damped Lya absorp-
tion at z > 1.88 (Morton et al. 1978; Sargent et al. 1990;
Lanzetta et al. 1987) so the redshift of any absorber must
be less than this. However, given the number density
per unit redshift interval of such absorbers, the expected
number in the interval z = 0 to 0.5 is only ~ 0.023—0.087
(e.g., see Elvis et al. 1994). This estimate is based on an
extrapolation because the density of damped Lya sys-
tems below z = 2 is unknown. So, these considerations,
together with the fact that excess absorption is not com-
mon in low-redshift quasars (Wilkes, Elvis 1987; Worrall,
Wilkes 1990) means that the interpretation of the spec-
tral flattening in both of the quasars studied here, as
excess absorption in cold, uniform, solar abundance ma-
terial is difficult to reconcile with the data. Therefore,
alternatives must be seriously considered.

One possibility is that the absorption is complex. Pre-
liminary work suggests that if the absorbing material
only partially covers the source or is ionized or has non-
solar abundances, the absorber is allowed to be at higher
redshifts. More details will be presented in a future pa-
per. Another possibility is that the spectral curvature is
a property of the intrinsic X-ray emission. Again, fur-
ther work is required to investigate possible models in
more detail but at present, it appears that the emission
mechanism may be dominated by synchrotron losses. We
can rule out Compton reflection as the dominant spec-
tral component on the basis of the lack of an observed
Fe-K edge and redshifted Fe-K emission line (the intrin-
sic quasar luminosities would also have to be orders of
magnitude higher than observed).

Of the four high-redshift quasars studied by Elvis et al.
(1994) (all radio loud with z between 2.852 and 3.384)
that had measurable X-ray spectra, two show definite
spectral flattening (PKS 0438—436 and PKS 2126—158)
and one has a spectrum which is entirely consistent with
a power law plus Galactic absorption (Q0420—388). The
remaining one (S5 0014 + 81) has possible spectral flat-

ASCA Opbservations of Two High Redshift Quasars L47

tening but the statistical significance of this result is low.
Thus we only know that the X-ray spectral property
shared by PKS 0438—436 and PKS 2126—158 is not a
function of redshift alone. It will be important to ob-
serve many more high-redshift AGN with ASCA to de-
termine how common the spectral flattening observed in
PKS 0438—436 and PKS 2126—158 is and whether the
phenomenon can be correlated with any other proper-
ties of the objects. This will help to determine whether
the spectral flattening is indeed an intrinsic property of
the source (and if so provide clues as to its origin) and
also to assess the impact of these objects on the CXRB
spectrum.

The authors thank all the members of ASCA team
whose efforts made these observations and data analysis
possible. We also thank Dr. Carolin Crawford for valu-
able input to this work. Serlemitsos and Yaqoob would
also like to thank the Institute of Space and Astronau-
tical Science for their hospitality during period of their
stay at the Institute following the ASCA launch.
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