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Abstract

The first ROSAT X-ray spectra of two high-redshift quasars reveal unexpect-
edly strong absorption when compared with similar luminosity objects at low-
redshift. A third quasar shows none. A fourth, low-redshift, radio-loud quasar
(3C351) with extended radio structure, shows absorption possibly due to a
warm absorber with a strong OVII absorption edge.

. 1. Introduction

. X-ray spectral observations of quasars have been confined to low redshift objects

(2<0.5) whose proximity makes them bright enough to study and also to those with

relatively bright X-ray flux (cox< 1.5). ROSAT, with its high sensitivity, enables us

~

. to observe the spectra of high redshift (z>2) and large aox quasars for the first time.
. We have begun a ROSAT observing program to study the X-ray spectra of quasars
| selected to cover the full range of continuum properties. In particular this sample
-~ includes objects at high redshift, with relatively faint X-ray flux and with a full range
. of radio properties: strong, weak, extended and compact. We are also carrying out

a follow-up observing program to obtain multi-wavelength (infrared - ultra-violet)
data for all our ROSAT-observed quasars.

2. Sampling the full quasar population with ROSAT

To date we have received and analysed data for > 25 quasars. Their spectra are
generally steeper than those seen at higher (e.g. Einstein IPC) energies, as observed in

] general with ROSAT [1]. Our current sample includes 4 high-redshift (z>2.8) quasars
. with sufficient counts (> 350) to obtain spectral information (Table 1). Given the

high redshift, the rest frame energy range is similar to the EXOSAT ME and Ginga
energy ranges for low-redshift quasars (~ 1—10 keV) allowing us to study any change
in slope with redshift and luminosity respectively. A comparison of the 1.7-17.36 keV
(rest frame) energy indices derived for radio-loud quasars from Ginga [15] and those
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observed with ROSAT as a function of redshift or luminosity shows no change in
X-ray slope with either quantity (15% and 30% probability of a correlation [4]). The
mean slope for the ROSAT observed radio-loud quasars is 0.88+0.12, well within the
error bars of the Ginga slopes. The flattening seen in the Ginga data is due to the
difference in X-ray slope between radio-loud and radio-quiet quasars (15, 12] and s
likely the cause of a similar trend in the ROSAT survey data (7.

Table 1. ROSAT X-ray observations

Quasar z \Y Date log(Lz)® Nu’  Counts exp(s)
S5 0014481 3.384¢ 16.5 3/91 14.4° 398 5951

Q0420388 3.123 16.9 2/91 46.82 2.07 360 15611
PKS0438—436 2.852 188 2/91 46.98 1.40 595 10725
3C351 0.371 15.28 10/91 44.93 2.269 1420 13068

PKS2126—158 3.275 17.3  5/91 47.83 4.95 572 3424
o Einstein value in erg ™', [14]; b 10%cm-2 [10]; c: [11]; d: (3]

3. Absorption in high-redshift quasars

Two of the high-redshift quasars in our sample show strong absorption in excess
of the measured Galactic column density: PKS0438-436, [13] and PKS2126-158 [4].
Q0420-388 shows no significant absorption while the Galactic column density towards
S5 0014+81 is too high. Results for a single power law plus absorption fits are given
in Table 2 along with the column density of the excess absorption assuming it is
intrinsic to the quasar. The ROSAT/PSPC spectral resolution cannot distinguish

between excess absorption along the line-of-sight or intrinsic to the quasar so both
possibilities are considered.

parameter Nu(ft)?  x*(dof)

Table 2. ROSAT X-ray sl%c}:ral results for all the quasars
37‘

Quasar QE

S5 0014+81 11557 1778’ 1.13(18)
Q0420388 1.09+0.65 - 2.741.5  1.25(15)
PKS0438—436 0.733 Ny (int)?=1.0%07 7.0%53 1.03(17)
PKS2126—158 0.6+0.6 Ny (int)?=2.1%57 111Y° 1.32(20)
3C351[5):
Single power law 0.4740.16 0.3940.25 2.18(28)
Double power law —0.04133%F  a>3.1 4.843.0  1.03(26)
Partial covering 21703 Fo = 0.93%00% 200%79 0.97(27)

Warm absorber 0.5 FIXED U = 0.12+0006  200*30 1.04(28)
2 10%9cm-2; b: Intrinsic Ny /102%cm™? with Galactic value at z=0.

Absorption along the line-of-sight to high redshift quasars is a well known and heav-
ily studied phenomenon with “Lyman o forest” and metal line systems being the
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