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ABSTRACT
We present Advanced Satellite for Cosmology and Astrophysics (ASCA) observations of the c-ray blazar

PKS 0528]134, obtained at two separate epochs in 1994 August and 1995 March. These data represent
the Ðrst measurement of the X-ray continuum emission of this source in the medium-hard X-ray band.
Both ASCA spectra are consistent with a single power law with photon index !D 1.7È1.8 and column
density cm~2, higher than Galactic. The X-ray Ñux increased by a factor of 4 in D7NH D 5 ] 1021
months without appreciable change of the spectral shape. During the lower state of 1994 August, PKS
0528]134 was observed simultaneously in the optical, X-rays, and at c-ray energies with EGRET. The
c-ray intensity is the faintest detected thus far in the source, with a steep spectrum (!D 2.7). The
extrapolation of the X-ray continuum to the c-ray range requires a sharp spectral break at D1022 Hz.

We discuss the radio through c-ray spectral energy distribution of PKS 0528]134, comparing the low
state of 1994 August with the Ñare state of 1993 March. We show that in PKS 0528]134, a non-
negligible contribution from the external radiation Ðeld is present and that, although synchrotron self-
Compton scenarios cannot be ruled out, inverse Compton upscattering of thermal seed photons may be
the dominant cooling process for the production of the high-energy continuum in this blazar.
Subject headings : galaxies : active È galaxies : individual (PKS 0528]134) È

gamma rays : observations È radiation mechanisms : nonthermal È X-rays : galaxies

1. INTRODUCTION

PKS 0528]134 is a compact radio-loud quasar at a
redshift z\ 2.07 et al. Its emission in the(Hunter 1993).
radio and optical bands is weakly polarized, D1%È2% and

respectively & Meisenhei-[ 0.3%, (Perley 1982 ; Fugmann
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mer The source classiÐcation changed abruptly in1988).
early 1991 from gigahertz-peaked spectrum (GPS) to blazar
with a core-jet structure et al. et al.(Zhang 1994 ; Pohl

Superluminal motion, with has been recent-1996). bappD 4,
ly measured in PKS 0528]134 et al.(Pohl 1996).

Historical light curves in the radio and millimeter bands
show that the emission of PKS 0528]134 at these fre-
quencies varies on timescales of years et al.(Aller 1985 ;

et al. et al. In the optical, theSteppe 1993 ; Marscher 1994).
source is faint, having a thus far observed magnitude
V \ 19.5 mag & Peacock Optical observations(Wall 1985).
are made difficult by the high Galactic extinction, A

V
\ 2.3,

639
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in the direction of PKS 0528]134 because this source is
located at a low Galactic latitude and behind a translucent
molecular cloud & Wilson Extinctions as high(Liszt 1993).
as are suggested by X-ray observations withA

V
\ 5

ROSAT et al. An optical absorption system(Zhang 1994).
of low-ionization lines is present along the line of sight at
z\ 1.57 et al.(Hunter 1993).

PKS 0528]134 is one of the brightest active galactic
nuclei (AGNs) and the second most distant quasar detected
with the EGRET experiment on board the Compton Gamma
Ray Observatory (CGRO) et al. et(Hunter 1993 ; Thompson
al. The emission in the 30 MeVÈ30 GeV energy band1995).
is variable, with Ñux changes of a factor of 3 in D2 yr and
smaller amplitude variations on a timescale of a few days

et al. and references therein). Flux changes(Mukherjee 1996
in c-rays are accompanied by c-ray spectral variability in
the sense of the EGRET spectrum becoming harder as the
source brightens et al. PKS 0528]134(Mukherjee 1996).
was also detected with OSSE in the 0.05È1.0 MeV band

et al. and with COMPTEL above(McNaron-Brown 1995)
10 MeV et al. while at TeV energies only an(Collmar 1993),
upper limit to the Ñux was obtained et al.(Kerrick 1995).
The power emitted at MeVÈGeV frequencies often exceeds
the power at lower energies Montigny et al.(von 1995 ;

et al. making the study of the high-energyMukherjee 1996),
continuum of PKS 0528]134 of great interest. The huge
high-energy output together with its fast variability require
that the emission from PKS 0528]134 is relativistically
beamed, with a Doppler factor in the c-ray region d Z 5.8

& Ghisellini see also et al.(Dondi 1994 ; Zhang 1994).
We observed PKS 0528]134 for the Ðrst time in a

medium-hard X-ray range (0.4È10 keV) with the Advanced
Satellite for Cosmology and Astrophysics (ASCA) on two
separate occasions, in 1994 August and 1995 March, during
coordinated c-ray pointings with CGRO EGRET. Optical
observations, overlapping with the 1994 August ASCA and
EGRET pointings, were also taken. In this paper, we
present both ASCA observations of PKS 0528]134,
together with the optical and EGRET data of 1994 August.

The analysis of the ASCA data of PKS 0528]134 is
described in while in the optical and EGRET obser-° 2, ° 3
vations simultaneous to the ASCA pointing of 1994 August
are presented. In we construct the spectral energy dis-° 4,
tribution of PKS 0528]134. The results of this work are
summarized and discussed in °° and respectively. Our5 6,
conclusions are given in Throughout this paper,° 7. H0 \
75 km s~1 Mpc~1 and are assumed.q0\ 0.5

2. ASCA OBSERVATIONS

2.1. Data Reduction and Analysis
We observed PKS 0528]134 with ASCA on 1994

August 28 and on 1995 March 19. For a description of the
ASCA payload, see Inoue, & Holt TheTanaka, (1994).
solid-state imaging spectrometers (SIS0 and SIS1) operated
in mixed faint and bright mode for 20 ks in 1994 August and
for 22.4 ks in 1995 March, while the gas-imaging spectro-
meters (GIS2 and GIS3) were used in pulse-height mode for
21.4 ks and 24.4 ks at the two epochs, respectively. The 1994
August observation was performed with the SIS in 2 CCD
mode (i.e., two chips were used), while the 1995 March data
were taken with the SIS in 1 CCD mode. In order to
increase the statistics, we combined the SIS bright data with
the SIS faint data after the latter were converted into

““ BRIGHT.ÏÏ No echo or dark frame error corrections were
applied (see ABC Guide to ASCA Data Reduction, v.4,The
1995 March).

The data were reduced by applying a number of standard
screening criteria. For the 1994 August data set, we rejected
the data accumulated during passage of the South Atlantic
Anomaly in intervals of Earth, angular distance, and ele-
vation angles lower than 20@, and 10@, respectively, as0@.01,
well as when the geomagnetic rigidity was lower than 6
GeV/c (for a description of these parameters see ABCThe
Guide to ASCA Data Reduction, v.4, 1995 In theMarch).
case of the 1995 March data, the angular distance (which
measures the wobbling of the satellite around the pointing
direction) was higher than nominal, up to in the Ðrst0@.02,
10,000 s of the exposure. In order to include these data in
the analysis, a threshold of was used. The 1995 obser-0@.02
vation also had two telemetry losses, in the middle and at
the end of the exposure, and 2000 s of data in total were lost.
Only grades 2, 3, and 4 were retained for the analysis in
both data sets. The e†ective exposures and corresponding
source count rates after screening are reported in Table 1.
During the 1995 March observation, the source was a factor
of D4 brighter than 7 months earlier in 1994 August.

The source spectra were extracted from circular regions
centered on the source position with radius 4@ for the SIS
and 6@ for the GIS, which has a larger intrinsic point-spread
function. In the case of the GIS, we evaluated the back-
ground in circular regions of radius 4@ located about 12@
away from the target, where the source count contami-
nation is negligible. In the case of the SIS, the background
was evaluated in a circular region of radius 2@ located 6@
away from the target on the same chip. The background
count rates are 2% (SIS) and 10% (GIS) of the source inten-
sity during the higher state of 1995 March, and 11% (SIS)
and 14% (GIS) during the low state of 1994 August.

The SIS and GIS spectra were rebinned with a minimum
of 20 counts in each spectral bin to validate the use of the s2
statistic. In order to increase the signal-to-noise ratio, we
performed joint Ðts to the data from the four detectors,
leaving only the normalizations as independent parameters.
The 1994 November and 1994 May response matrices were
used for the SIS and GIS spectra, respectively. The Ðrst 14
channels of the SIS and 69 channels of the GIS (energies up
to 0.4 and 0.7 keV, respectively) were excluded from the
analysis since the spectral calibrations of the detectors are
poorly known in these energy ranges. In the case of the SIS,
further excluding the data below 0.6 keV, where a residual

TABLE 1

LOG OF ASCA OBSERVATIONS

Exposure Count Rate
Detector (s) (counts s~1)

1994 August 28, 14 :20 UT

SIS0 . . . . . . 19,511 0.072^ 0.002
SIS1 . . . . . . 18,406 0.054^ 0.002
GIS2 . . . . . . 21,030 0.053^ 0.002
GIS3 . . . . . . 20,987 0.060^ 0.002

1995 March 19, 14 :22 UT

SIS0 . . . . . . 17,521 0.314^ 0.007
SIS1 . . . . . . 17,579 0.253^ 0.005
GIS2 . . . . . . 18,064 0.207^ 0.004
GIS3 . . . . . . 18,062 0.248^ 0.005
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calibration problem seems to be present, yields Ðtted
absorption column densities only 2% di†erent than when
these data are included in the analysis. The SIS data below
0.6 keV were therefore retained in the spectral analysis.

2.2. Timing Analysis
No Ñux variability was detected within each single ASCA

exposure. The s2 test yields probabilities of andZ11%
that the light curve is constant of for the two SISZ40%

and for GIS2 at both epochs, respectively. A smaller prob-
ability is obtained for GIS3 : D6% in 1995 March and
D0.3% in 1994 August. A visual inspection of the two GIS3
light curves shows that this is the result of local Ñux Ñuctua-
tions occurring D5000 s after the observation started at
both epochs ; no corresponding changes are present in the
simultaneous GIS2 and SIS light curves. Therefore, we
regard as unlikely the possibility that these Ñuctuations are
intrinsic to the source, and we attribute them to instrumen-
tal e†ects.

From linear Ðts to the ASCA light curves, we can exclude
at 99% conÐdence the presence of Ñux changes with ampli-
tude for the SIS and for the GIS on time-Z33% Z48%
scales and hr for 1994 August and 1995 March,[5 [1.6
respectively.

2.3. Spectral Fits to the ASCA Data
The ASCA data were Ðtted with a single power law

absorbed at the low energies by a column density of cold
gas In the spectral Ðts, was left both free and Ðxed toNH. NHthe total Galactic (atomic ] molecular) H I column density
along the line of sight, 3.9 ] 1021 cm~2 (see below). We
used the & McCammon cross section forMorrison (1983)
photoelectric absorption, where abundances of neutral ele-
ments other than hydrogen are Ðxed at solar values. The
results of the spectral Ðts are reported in togetherTable 2
with the 90% conÐdence errors for one parameter of inter-
est (*s2\ 2.7). All quoted quantities are in the observerÏs
frame.

Assuming an entirely local (i.e., z\ 0) absorber, at both
epochs the Ðts with free are preferred with high con-NHÐdence from the F-test in 1994 August ; [99% for(Z98%
1995 March) with respect to the Ðts with Ðxed Galactic
column density. The data with the folded model for the free

Ðts are shown in Figures and for the two data sets,NH 1a 1b
while the corresponding residuals are shown in Figures 1c
and The Ðtted cm~2 is in excess of the1d. NH D 5 ] 1021

Galactic value at D95% conÐdence for the 1994 August
and [99% for the 1995 March observations con-(Fig. 2),
Ðrming earlier reports for excess absorption based on
ROSAT observations et al. et al.(Zhang 1994 ; Mukherjee

The Ðtted ASCA photon index (!D 1.7È1.8) is in1996).
good agreement with the average slopes of highly polarized/
optically violently variable quasars at medium-hard ener-
gies measured with Ginga and EXOSAT et al.(Ohashi

et al. Within the uncertainties, the1989 ; Sambruna 1994).
continuum photon index does not change between the 1994
August observation and the 1995 March observation, when
the source was brighter by a factor of 4 ; at 90%*![ 0.2
conÐdence for a Ðxed column density in the range of
overlap of the conÐdence contours (Fig. 2).

The Ñux densities at 1 keV and integrated 2È10 keV Ñuxes
in SIS0 are reported in Assuming isotropic rest-Table 2.
frame emission, the observed 2È10 keV Ñuxes from ASCA
imply apparent source luminosities of 9.5 ] 1046 and
3.2] 1047 ergs s~1 for the 1994 August and 1995 March
observations, respectively.

We next Ðtted the ASCA data with a single power law
and an absorber at a redshift z, which was allowed to vary
between 0 and 2.07 (the redshift of PKS 0528]134). A
second absorber at z\ 0, Ðxed at 3.9] 1021 cm~2, was
added to take into account the Galactic contribution. In
both data sets, because of the limited statistics of the data
below 1 keV, it was not possible to constrain the location of
the absorber. That is to say, there is no statistical preference
among local (z\ 0), rest frame (z\ 2.07), or intervening
absorbers. Higher signal-to-noise ratios at low energies are
required to distinguish among these possibilities (e.g.,

et al.Serlemitsos 1994).
We investigated models that can Ðt the ASCA data with

Galactic absorption only. A broken power law with Ðxed
Galactic absorption gives a Ðt statistically equivalent to the
single power law] free because both modelsNH (Table 2)
give a convex (downward curved) spectrum. For the broken
power law, the low-energy slope is very Ñat and it is consis-
tent with a rising energy spectrum.

Any iron emission lines from PKS 0528]134, emitted in
the rest frame between 6.4 keV (Fe I) and 6.7 keV (Fe XXV),
would be observed in the 2.08È2.18 keV energy range where
the SIS sensitivity is best. No emission lines are detected in
this range in either ASCA data sets of PKS 0528]134, with
formal 90% upper limits on the rest-frame equivalent width
of eV (Fe I) and eV (Fe XXV) in both data sets.[172 [50
This conÐrms previous Ðndings based on Ginga data that

TABLE 2

FITS TO THE ASCA SPECTRA OF PKS 0528]134

NH E0 F1 keV F2~10 keVModel (1021 cm~2) !1 !2 (keV) s
r
2/dof (kJy) (10~11 ergs cm~2 s~1)

1994 August

Power law . . . . . . . . . . . . . . . 3.9 (Ðx)a 1.53^ 0.05 . . . . . . 1.08/232
5.06~0.70`0.93 1.65~0.08`0.12 . . . . . . 1.05/231 0.57 ^ 0.08 0.35~0.04`0.08

Broken power law . . . . . . 3.9 (Ðx)a 1.16~2.28`0.25 1.63~0.08`0.12 1.73^ 0.45 1.05/230

1995 March

Power law . . . . . . . . . . . . . . . 3.9 (Ðx)a 1.60^ 0.03 . . . . . . 0.97/625
5.57~0.39`0.41 1.79^ 0.05 . . . . . . 0.88/624 2.26 ^ 0.16 1.2~0.2`0.1

Broken power law . . . . . . 3.9 (Ðx)a 0.95~0.24`0.25 1.48~0.11`0.27 1.70~0.03`0.05 0.88/623

a Total atomic and molecular column density in the direction of PKS 0528]134 (see text).
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FIG. 1.ÈASCA spectra of PKS 0528]134 in 1994 August ([a] and [c]) and 1995 March ([b] and [d]). Data from the four detectors were Ðtted jointly
with a single power law plus free absorption. (a) and (b) : Data and folded model ; (c) and (d) : residuals of the model, plotted as the ratio of data to model. Flux
increased by a factor of D4 between 1994 August and 1995 March, without appreciable change of spectral slope (!D 1.7È1.8).

blazars do not exhibit strong Fe features in their X-ray
spectra et al.(Ohashi 1989).

2.4. Previous X-Ray Observations
PKS 0528]134 was observed previously in soft X-rays

once with the Einstein IPC and twice with the ROSAT
PSPC. The IPC observations yielded only 40 counts ; never-
theless, the spectrum is consistent, within very large uncer-
tainties, with cm~2, !D 2.6, andNH D 1.7 ] 1021 F1 keV D
0.1 kJy et al.(Bregman 1985).

The source was signiÐcantly detected with ROSAT in
1991 March and 1992 September, with D270 and 385
counts, respectively et al. et al.(Zhang 1994 ; Mukherjee

In order to compare directly the ASCA column den-1996).
sities to those derived from ROSAT , we reanalyzed the two
archival PSPC spectra. We corrected the data for the
spatial gain variations using the ““ PCSASSCOR ÏÏ script
(ROSAT Status Report, No. 137, April 1, 1996) and
rebinned the spectra over the channel range 12È211 (energy
range 0.14È2.13 keV) in order to have at least 20 counts per
new bin. The 1991 March data were Ðtted with the ““ pspcbÈ
gain1È256 ÏÏ matrix, as appropriate for data taken in highÈ
gain mode (before 1991 October), while the matrix
““ pspcbÈgain2È256 ÏÏ was used for the observation of 1992
September.

The data were Ðtted with a single power law plus free
absorption. For the 1991 March observation, the Ðt yields

cm~2, andNH \ 8.54~4.04`6.46 ] 1021 !\ 3.35~1.85`2.35, F1 keV \
1.6(\7.2) kJy, with errors at 90% conÐdences

r
2\ 1.02/17,

for one parameter of interest. For the 1992 September
observation, the Ðt with the same model yields NH \

cm~2, and9.37~3.97`5.63 ] 1021 !\ 3.61~1.64`2.19, F1 keV \
2.5(\9.6) kJy, These values are consistents

r
2\ 1.02/17.

within the errors with those reported by et al.Zhang (1994)
and et al. In neither ROSAT spectrum isMukherjee (1996).
it possible to constrain the location of the extra absorber.
The unabsorbed (incident) Ñuxes in 0.1È2.1 keV are
D5.2] 10~11 and 1.6] 10~10 ergs cm~2 s~1 for the 1991
March and 1992 September data, respectively.

The ROSAT data, which cover softer energies than the
ASCA SIS, are consistent with higher column densities

cm~2) and steeper photon indices (!D 3) than(NH D 1022
ASCA, although within very large uncertainties. Since the
presence of a steeper low-energy component is very impor-
tant for theoretical models attempting to explain the broad-
band spectrum (see below), we looked carefully for the
presence of any soft excess in the joint ROSAT and ASCA
data. We Ðtted the 0.1È10 keV spectrum with a broken
power law with both Ðxed and free in both cases, noNH ;
improvements of the s2 statistics were found. The Ðt is not
sensitive to the choice of the low-energy photon index, with
the same s2 obtained for spanning the range [3 to 10.!1We conclude that there is no evidence in our data for a steep
component at the low energies, although it cannot be deÐ-
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FIG. 2.ÈConÐdence contours for the column density and the photon
index from the Ðts to the ASCA spectra of PKS 0528]134 in 1994 August
and 1995 March with a single power law ] free Levels of 68%, 90%,NH.
and 99% for two parameters of interest (*s2\ 2.3, 4.6, 9.3) are shown.
Vertical line marks the value of the total atomic ] molecular Galactic NHin the direction to the source. Fitted absorption exceeds the Galactic value
at D95% in the 1994 data set and at more than 99% in the 1995 data set.
Although the Ñux increased by a factor of 4 from 1994 August to 1995
March, there is no large slope evolution ; the maximum change of the
photon index is D0.4 at 99% conÐdence, or 0.2 for a Ðxed NH.

nitely ruled out due to the large errors of the ROSAT
PSPC. Observations with SAX, AXAF, and the next gener-
ation of X-ray instruments with improved sensitivity at the
soft X-ray energies will allow a detailed study of the [ 1
keV spectrum of PKS 0528]134.

The joint ROSAT and ASCA data are well described by a
single absorbed power law with Ðtted column densities and
slopes entirely consistent with the ones derived from the
ASCA data alone in with reduced s2s of 0.89/692Table 2,
(both ROSAT spectra and ASCA high state) and 1.05/272
(both ROSAT spectra and ASCA low state). We conclude
that a single power law with a photon index !D 1.7 and
column density D5 ] 1021 cm~2 is an adequate representa-
tion of the ROSAT and ASCA data of PKS 0528]134.

PKS 0528]134 was detected in the ROSAT All-Sky
Survey (RASS) with an observed Ñux in 0.1È2.4 keV energy
range of D3.2] 10~12 ergs cm~2 s~1 et al.(Brinkman

In order to compare the Ñux from the RASS with the1995).
pointed ROSAT PSPC observations, we used the same
model as Brinkman et al., i.e., a single power law with
photon index !\ 2.13 and Galactic We obtain 0.1È2.4NH.
keV Ñuxes of 0.9] 10~12 and 1.1] 10~12 ergs cm~2 s~1
for the 1991 March and 1992 September data, respectively.
The source was a factor of 3 brighter during the RASS than
at the epoch of both pointed observations.

3. OBSERVATIONS SIMULTANEOUS TO THE ASCA
POINTING OF 1994 AUGUST

3.1. Optical Observations
Optical data were obtained at the 2.2 m telescope of the

Calar Alto Observatory using a TEK 1024 chip with a plate
scale of pixel~1. A monitoring campaign was set up to0A.3

search for variations of the optical radiation from PKS
0528]134 during the epoch of coordinated high-energy
observations. Data were taken during nine consecutive
nights in 1994 August (JD 2,449,573[2,449,582). During
the observation, PKS 0528]134 rose shortly before dawn,
limiting the accessible period to about 10 minutes per night.
Two frames were taken each night in the R(j \ 0.7 km)
Ðlter. Following standard reduction, all frames were investi-
gated for variability during the 9 day period. No variations
down to the 6% level were found. Absolute calibrations
were carried out during two nights of photometric quality.
The large air mass (2.7È3, depending on the amount of haze
near the horizon on di†erent nights) during the obser-
vations of PKS 0528]134 introduced a large error. We
derived an average brightness of R\ 20.8^ 0.3 mag.

The extinction was calculated using the from the Ðt toNHthe 1994 August ASCA data and assuming(Table 2) A
V
/

E(B[V ) \ 3.09^ 0.06 & Lebofsky(Rieke 1985), NH/
E(B[V ) \ 5.2] 1021 cm~2 mag~1 & Van Steen-(Shull
berg and the extinction curves of Clayton, &1985), Cardelli,
Mathis This yielded and The(1989). A

V
\ 3.01 A

R
\ 2.4.

dereddened R Ñux is 0.13^ 0.04 mJy.

3.2. EGRET Observations
PKS 0528]134 was observed with the EGRET experi-

ment (e.g., on board CGRO during viewingFichtel 1994)
period VP337 (1994 August 9È29), overlapping with our
ASCA observations of 1994 August 28. The source was
detected with a signiÐcance of 3 p. The EGRET data were
analyzed using the standard EGRET data processing tech-
niques et al. In order to determine the(Bertsch 1989).
background-subtracted spectrum, the energy range 30
MeVÈ10 GeV was divided into 10 energy intervals, and
maps of photons and exposures were made for each of the
energy ranges. Likelihood analysis was used to estimate the
number of source photons in each of the 10 energy bins

et al. The data were Ðtted to a single power-(Mattox 1996).
law model, where the energy normal-F(E) \ k(E/E0)~!,
ization factor, is chosen such that the statistical errors inE0,the power-law index and the overall normalization are
minimally correlated. In this case, MeV. The ÐttedE0\ 135
photon index is !\ 2.68^ 0.44, and the normalization
constant is (2.15^ 0.57)] 10~9 photons cm~2 s~1 MeV~1
(errors at 1 p, or D68% conÐdence).

In 1994 August, the source was in the lowest states
detected thus far. The Ñux integrated in 100 MeVÈ30 GeV is
(3.2^ 1.0)] 10~7 photons cm~2 s~1, a factor of 10 lower
than during the Ñare of 1993 March et al.(Mukherjee 1996).
The steep spectral index, !D 2.7, is in agreement with the
marginal evidence that the c-ray spectrum softens with
fading intensity, as derived from the comparison of the his-
torical low- and high-EGRET states et al.(Mukherjee
1996).

4. THE SPECTRAL ENERGY DISTRIBUTION OF

PKS 0528]134

In we present the spectral energy distribution ofFigure 3,
PKS 0528]134 from radio to c-rays. Apparent source
luminosities, obtained assuming isotropic emission, are
plotted versus rest-frame frequencies, i.e., Thelobs(1]z).
simultaneous ASCA, EGRET, and optical data of 1994
August are plotted as Ðlled points and hatched areas, with
90% and 68% conÐdence errors on X-ray and c-ray data,
respectively.
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FIG. 3.ÈSpectral energy distribution of PKS 0528]134 from radio to
c-rays in the rest frame of the source. Filled circles and hatched areas :
Simultaneous spectral energy distribution of 1994 August. Radio and milli-
meter data are within 1 month of the simultaneous ASCA, EGRET, and
optical observations (see text). Open symbols : Simultaneous spectral energy
distribution during the c-ray Ñare of 1993 March (from et al.Mukherjee

Optical Ñuxes have been dereddened using derived from the1996). A
V

\ 3,
ASCA data (see text). EGRET Ñux measured in 1994 August is an order of
magnitude lower than in 1993 March ; variability of larger amplitude is
present in the optical band. Dashed lines : Spectral energy distributions
predicted by a synchrotron plus external Compton scattering model whose
input parameters are reported in Spectrum of the external photonsTable 3.
is also shown (dotted line).

We searched the literature and public databases for
published Ñux densities at radio and millimeter frequencies
taken as close as possible to our 1994 August observations.
In the radio band, the source is the target of an intensive
monitoring with the University of Michigan 26 m single-
dish telescope ; the measurements are available on-line from
the University of Michigan Radio Astronomy database

et al. Flux densities at 4.8, 8.0, and 14.5 GHz(Aller 1985).
were obtained in 1994 September 9, August 30, and August
27, respectively (3.36^ 0.03, 4.29^ 0.10, and 6.90 ^ 0.13
mJy, respectively). As a part of a monitoring program at
millimeter frequencies, the source was also observed at 90
and 230 GHz in 1994 December 12 and 1994 October 1,
respectively, with the Swedish ESO Telescope ; the Ñuxes
are published in et al. These contempora-Mukherjee (1996).
neous radio and millimeter Ñux densities are plotted as
Ðlled circles in Figure 3.

For comparison, in we show the broadbandFigure 3
spectrum obtained during the c-ray Ñare of 1993 March

et al. The radio and optical Ñux densities(Mukherjee 1996).
(open symbols) were measured within 1 month of the
EGRET Ñare. In the optical, the Ñux density has been
dereddened with the same extinction used for the 1994
August, i.e., (assuming the latter did not change ;A

R
\ 2.4

see below).
Two distinct spectral components are clearly present in

The radio through optical emission has a peakFigure 3.
somewhere in the region between the millimeter and the

optical data, where, unfortunately, there are no data at
present. From a parabolic interpolation to the data for the
1994 August epoch, we derive a peak frequency l

p
\

1.1] 1013 Hz and peak luminosity ergsl
p
L
p
\ 4.4] 1047

s~1, while the luminosity integrated between 109 and 1016
Hz is ergs s~1. At higher energies, theL

B
\ 2.4 ] 1048

ASCA and EGRET data (hatched areas) form a separate
spectral component with a sharp peak around D1022 Hz
frequencies. In this case, the parabolic interpolation does
not provide an adequate description of the data. A simple
integration of the area below the ASCA and EGRET data
from 1017 to 1025 Hz, using the spectral parameters derived
above, yields a bolometric luminosity of the order of B1049
ergs s~1. Although these numbers are only rough estimates
likely a†ected by large errors due to the incomplete cover-
age of the spectral distribution, they show that in PKS
0528]134 the power emitted at the higher energies is larger
than at lower frequencies, even during a low state.

PKS 0528]134 can vary by as much as a factor of 3 over
timescales of months to years at cm and mm frequencies

et al. et al. et al.(Aller 1985 ; Steppe 1993 ; Zhang 1994 ;
et al. However, no Ñux changes occurredMukherjee 1996).

at low frequencies in from 1993 March to 1994Figure 3
August. Instead, large variability is present at both optical
and c-ray energies. The EGRET Ñux decreased by a factor
of 10 from 1993 March to 1994 August, while in the optical
the Ñux density decreased by a larger factor. We discuss this
result further in ° 6.2.

Interestingly, spectral variability in PKS 0528]134
seems more pronounced in the c-ray range than at X-rays.
No signiÐcant spectral changes accompany the X-ray Ñux
increase of a factor of 4 between the ASCA observations of
1994 August and 1995 March while at MeV energies(° 2.2),
the increase of the Ñux is accompanied by some Ñattening of
the spectrum et al. Following this trend,(Mukherjee 1996).
we expect that the EGRET data taken in 1995 March
would correspond to a higher Ñux and Ñatter spectrum than
the EGRET data in 1994 August. The analysis of these data
is in progress et al.(Collmar 1996).

5. SUMMARY OF THE OBSERVATIONAL RESULTS

We have presented two ASCA spectra of PKS 0528]134
obtained at two separate epochs in 1994 August and 1995
March, which represent the Ðrst measurement of the X-ray
continuum in a medium-hard energy range for this blazar.
Optical and EGRET observations contemporaneous to the
1994 ASCA data set have also been discussed. Our major
Ðndings are as follows :

1. Both ASCA spectra are well-Ðtted with a single power-
law model with photon index !D 1.7È1.8 and with a Ðtted
column density of D5 ] 1021 cm~2. The latter is at least

cm~2 in excess of the Galactic value (99%*NH D 1 ] 1021
conÐdence). There is no statistical preference for a local
(z\ 0), rest frame (z\ 2.07), or intervening absorber.

2. The ASCA Ñux increased by a factor of 4 in D7
months, from 1994 August to 1995 March, without appre-
ciable spectral change, *![ 0.2.

3. During the EGRET observation of 1994 August, the
source was in a lower c-ray state than in any previous
observation, with a Ñux F([100 MeV)D 3.2] 10~7
photons cm~2 s~1, and had the steepest spectrum (!D 2.7),
conÐrming the earlier report that the c-ray spectrum tends
to become Ñatter when the Ñux increases.
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4. The ASCA and EGRET data during the faint state of
1994 August form a unique spectral component that
requires a sharp break (*!D 1.15) at D45 MeV.

5. While no Ñux changes occurred in the radio and milli-
meter bands, large variability (more than a factor of 10) is
present in the optical band comparing the low state of 1994
August to the Ñare state of 1993 March.

6. The bulk of the power in PKS 0528]134 is emitted at
c-rays, even during a low state.

6. DISCUSSION

6.1. X-Ray Absorption toward PKS 0528]134
Since PKS 0528]134 is at a low-Galactic latitude,

b \ [11¡, the amount of absorption caused by neutral
atomic hydrogen gas in the direction of PKS 0528]134 is
large, 2.6] 1021 cm~2 (from the Bell Labs 21 cm maps of
H I ; et al. with estimated uncertainties aroundStark 1992),
1020 cm~2 Lockman, & Wilkes In addition,(Elvis, 1989).
the line of sight to PKS 0528]134 intersects the outer edge
of the molecular cloud Barnard 30 in the j Orion ring of
clouds. The CO emission-line intensity, 2.3 K km s~1 (Listz
& Wilson implies a column density of molecular1993),
hydrogen atoms cm~2 Marscher,NH 2 D 1.3 ] 1021 (Bania,
& Barvainis The total atomic plus molecular absorb-1991).
ing column density of hydrogen in the direction of PKS
0528]134 is therefore D3.9] 1021 cm~2 (see also Zhang
et al. 1994).

The strong dependence of the di†use Galactic dust emis-
sion at 100 km upon the total amount of atomic and molec-
ular cold gas & Perault allows an(Boulanger 1988)
independent estimate of the Galactic column density in the
direction of PKS 0528]134. From the IRAS map at 100
km (available electronically) and assuming a conversion
factor of MJy sr~1 cm~2, we deriveNH \ 0.86] 1020

cm~2, in good agreement with the radioNH D 3.1] 1021
measurements.

The ASCA data of PKS 0528]134 are consistent with an
observed absorption column densities of D5 ] 1021 cm~2,
in excess of the total atomic plus molecular Galactic
column density by at least 1021 cm~2 in the observer rest
frame This is an e†ect of 20% (at 99% conÐdence ;(° 2). Fig.

which could probably be reconciled with the uncer-2),
tainties on the CO to H2 ratio et al. and on the(Bania 1991)
opacity of the neutral hydrogen gas in the direction of PKS
0528]134, especially since the source is at low-Galactic
latitudes. However, it is instructive to explore viable physi-
cal scenarios that could explain a possible extra absorber in
the X-rays, especially because the column density scales
such as (1 ] z)8@3 and the excess could therefore be con-NHspicuous at high redshifts. Below we discuss possible loca-
tions of the extra absorber locally in the Galaxy (z\ 0), in
the rest frame of the source (z\ 2.07), or in between.

An absorption system of low-ionization lines (Al II, Al III,
Fe II, and possibly Si II) is actually present at z\ 1.57 along
the line of sight to PKS 0528]134 et al. At(Hunter 1993).
such a redshift, the absorber would have an equivalent
column density about a few ]1022 cm~2, which wouldNHput the absorber in the regime of heavy element and
damped Lya systems (e.g., Indeed, it would beSteidel 1992).
one of the nearest and gas richest systems known thus far

et al.(Lanzetta 1991).
We can derive constraints on the metallicity of the inter-

vening system from the X-ray data. To this purpose, we

Ðtted the 1995 March ASCA data, which have a higher
signal-to-noise ratio, with a power law with two absorption
systems : one at z\ 0 Ðxed at 3.9] 1021 cm, to allow for the
Galaxy absorption ; the second absorber at z\ 1.57, with
the abundances of the various elements as parameters of
interest in the Ðt. Since oxygen and carbon are redshifted
out of the ASCA range, we can only infer the abundance of
iron, the next most abundant element responsible for X-ray
absorption (e.g., & McCammon From theMorrison 1983).
data, we derive an abundance of iron relative to hydrogen
of which, for cm~2,N/NH \ (1.3^ 0.7) ] 10~4, NH D 1022
implies cm~2 (90% conÐdenceNFe\ (1.3^ 0.7) ] 1018
errors). The ROSAT data are, in principle, useful to derive
constraints on the abundance of oxygen, while, for z\ 1.57,
carbon is redshifted out of the PSPC sensitivity range.
Because of the poor resolution of the PSPC, we can only
derive a 90% conÐdence upper limit of the oxygen column
density, cm~2 (corresponding toNO \ 2 ] 1019 NO/NH \
2 ] 10~3).

Alternatively, the extra absorber could be located in or
near the molecular cloud Barnard 30 that lies between us
and PKS 0528]134. We note that radio spectra of Barnard
30 indicate unusually large abundances of HCO` and
HCN with respect to CO et al. This is(Hogerheijde 1995).
intriguing since carbon and oxygen are the elements prin-
cipally responsible for the X-ray absorption below 1 keV.
The excess absorption could be due to passage of clumpy
material across the line of sight, as seems to be the case for
the radio-loud quasar NRAO 140 et al.(Turner 1995 ;

Turbulent motion can indeed be presentMarscher 1988).
inside Barnard 30 et al. Dense plasma(Hogerheijde 1995).
clouds could also be passing occasionally in front of
Barnard 30, as suggested by radio observations of PKS
0528]134, in which the observed low-frequency Ñux Ñuc-
tuations have been interpreted being the result of extreme
scattering events et al.(Pohl 1996).

In the latter scenario, we would expect to observe vari-
able absorption in the direction of PKS 0528]134 in both
radio and X-ray spectra at di†erent epochs, as is the case in
X-rays for NRAO 140. The two ASCA spectra of PKS
0528]134, taken 7 months apart, yield similar column den-
sities, although the observation of 1994 August, corre-
sponding to a fainter state, is a†ected by large uncertainties.
Previous ROSAT observations indicate much higher
column densities than ASCA, but, again, the measured
uncertainties are large. An earlier Einstein IPC spectrum
was consistent with cm~2 et al.NH D 1.7] 1021 (Bregman

based, however, on a detection of only 40 counts.1985),
Therefore, there is no convincing evidence of variability of
the X-ray absorption column densities in PKS 0528]134
based on the presently available data. Future repeated
X-ray observations with high sensitivity at soft X-ray ener-
gies (e.g., SAX, AXAF, XMM), together with (possibly
coordinated) radio spectrometry, would help clarifying this
point.

A third possibility is an intrinsic absorber. The X-ray
emission of PKS 0528]134 could be blocked by a large

is about a few ]1022 cm~2) amount of cold gas in the(NHblazarÏs rest frame. Such highly opaque material would
leave distinct spectral features imprinted on the X-ray spec-
trum (Fe emission lines, Compton ““ hump ÏÏ) at rest-frame
energies keV. We do not detect any feature in the ASCAZ6
spectra of PKS 0528]134 in the range of sensitivity of the
SIS However, the absence of Fe lines is expected if the(° 2).
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source is beamed et al. as is almost certainly(Yaqoob 1993),
the case in PKS 0528]134 see also below).(° 1 ;

PKS 0528]134 would not be the Ðrst high-redshift
quasar in which excess absorption has been observed in
X-rays. Spectral Ñattening, attributed to intrinsic absorp-
tion in the quasarÏs rest frame, has been observed in
the ROSAT PSPC data of two radio-loud quasars, PKS
0438[436 and PKS 2126[158 at z\ 2.85 and 3.27,
respectively et al. ASCA observations of the(Elvis 1994).
latter two objects are equally consistent with an absorbed
power law or with a convex broken power law with Galac-
tic and a very Ñat low-energy spectral indexNH (Serlemitsos
et al. et al. argue that an intrinsi-1994). Serlemitsos (1994)
cally convex continuum (caused by synchrotron losses) may
be an alternative scenario to absorption. We note, however,
that synchrotron spectra are usually associated with steeper
continua (![ 2) than measured for these objects and for
PKS 0528]134. In addition, the analysis of the broadband
spectral energy distribution shows that, at least in the case
of PKS 0528]134, a synchrotron origin of the X-rays
seems to be excluded see also(° 6.2.2 ; ° 2.4).

In summary, the ASCA data measure excess absorption
with respect to the total Galactic toward PKSNH0528]134, with cm~2. The absorp-*NH(z\ 0) D 1 ] 1021
tion may take place in the sourceÏs rest frame, in which case
the presence of associated features like the Fe emission lines
could be swamped by the beamed continuum, or inter-
vening (Lya damped systems), or locally in the Galactic
molecular cloud obscuring the line of sight to the blazar.
The latter would be related to clumpy material inside or
nearby the molecular cloud, and variable X-ray as well as
radio column densities would be expected.

6.2. T he High-Energy Continuum Emission of
PKS 0528]134

There is now strong evidence that the smooth, highly
variable, and polarized radio through optical/UV contin-
uum of blazars is synchrotron emission from plasma in rela-
tivistic motion. The emission at higher energies is attributed
to inverse Compton scattering of the same synchrotron
photons (synchrotron self-Compton, SSC; Ghi-Maraschi,
sellini, & Celotti or/and of seed photons external to1992)
the synchrotron-emitting region (external Compton, EC;

Schlickeiser, & Mastichiadis Begel-Dermer, 1992 ; Sikora,
man, & Rees & Madau1994 ; Ghisellini 1996).

Irrespective of the source of the seed photons, however, in
the observed spectra there must be a close correspondence
between the synchrotron and Compton Ñuxes due to the
fact that the same relativistic electrons lose energy through
both mechanisms. In the context of the homogeneous
model, if is the peak of the synchrotron component, therel

Smust be a second peak in the spectrum corresponding to the
upscattered synchrotron photons at in the SSClCP c

b
2 l

Smodel and in the EC model, where is the breakPc
b
2!lext c

benergy of the electrons, and ! and are the electronlextLorentz factor and the frequency of the external photons,
respectively. The variability of the synchrotron and
Compton Ñuxes must be strongly correlated. SpeciÐcally,
since the variability of the synchrotron spectrum is more
pronounced above the peak, we expect large variability
above the peak of the Compton emission.

Applying these arguments to the spectral energy distribu-
tion of PKS 0528]134 in we identifyFigure 3, l

S
D 1013

Hz and Hz for the low state of 1994 AugustlCD 1022 (° 4).

The fact that the synchrotron and inverse Compton spectra
must be homologous therefore implies that the GeV
photons are produced by the same electrons that emit syn-
chrotron IR/optical photons, while the X-ray emission is
linked to the submillimeter/millimeter part of the synchro-
tron component. Since the EGRET data are above the peak
of the emission, larger Ñux and spectral variability at MeV
energies than in the X-rays are expected, as is indeed
observed. The large variability amplitude in the optical is
also expected, as these data lie well above the synchrotron
peak, where the variability is more pronounced.

The synchrotron and inverse Compton mechanisms are
therefore the most likely processes to account for the radio-
to-c-ray emission of PKS 0528]134. Application of speciÐc
SSC and EC models to the spectral distribution in Figure 3
are examined in turn in the following sections.

6.2.1. Synchrotron Self-Compton Models for PKS 0528]134

In a pure SSC (one zone) scenario, with the above values
of the synchrotron and Compton peaks, one derives that
the electrons responsible for most of the emission at the
peaks have Lorentz factors c

b
D (lC/lS)1@2 D 3 ] 104

where Hz and(l
C,22/lS,13)1@2, l

S
\ 1013l

S,13 l
C,22 \ 1022lCHz. This in turn implies a very small value of the magnetic

Ðeld,

B\ 1 ] z
d

l
S
2

3.7] 106lC
D

8 ] 10~3
d

l
S,132

l
C,22

G . (1)

In a pure SSC scenario, the magnetic-to-intrinsic radi-
ation energy density (the latter denoted by must beU

S
@ )

approximately equal to the ratio of the synchrotron to
Compton luminosity, which is about 1/20 for PKSL

S
/L C,

0528]134 The presence of small magnetic Ðelds(Fig. 3).
then implies a small radiation energy density of the syn-
chrotron radiation, allowed only for very large dimensions
of the emitting region (with problems with the short varia-
bility timescale) or for huge values of the beaming factors
(see & Maraschi UsingGhisellini 1996).

L
S

L C
\U

B
U

S
@
D

4nRblob2 cU
B
d4

L
S

, (2)

one derives, for L
S
/L CD 1/20,

Rblob d D 7 ] 1019L
S,471@2 l

C,22
l
S,132 cm , (3)

where ergs s~1. These estimates argueL
S
\ 1047L

S,47against a pure SSC origin of the high-energy spectrum of
PKS 0528]134.

On the other hand, given the scaling with of the abovel
Srelations, one Ðnds that the SSC model is viable if l

S
[ 1014

Hz.
Assuming that the amount of the extinction is A

V
D 5

(from the best-Ðt derived from the ROSAT data, seeNHabove) and that the peak of the synchrotron emission is in
the optical band, we can interpret the overall spectra of the
source with a SSC model. In this scenario, the change in the
overall luminosity is accompanied by a change of the mag-
netic Ðeld in order to maintain a constant ratio of the radi-
ation to magnetic energy density. Assuming R\ 3 ] 1016
cm and d \ 17, we Ðnd that the break in the electron dis-
tribution is at while the magnetic Ðeld value isc

b
\ 5000,
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between 0.6 and 1.9 G. The relatively high value of d is Ðxed
by the above relations and by the observed short variability
timescale. Since, in this case, the synchrotron spectrum
extends up to soft X-rays, the SSC model could explain a
steepening of the X-ray spectrum to small energies (below
D1 keV).

6.2.2. External Compton Scattering in PKS 0528]134

The only optical spectrum published so far for PKS
0528]134 et al. exhibits a prominent red-(Hunter 1993)
shifted emission line of C IV (equivalent width 41 WeA� ).
reanalyzed this spectrum in order to derive the line Ñux,
which directly gives the external radiation luminosity, L BLR.This analysis is described in the Appendix.

The ratio of the external photon density, to theUBLR@ ,
synchrotron photon density, is (in the rest frame of aU

S
@ ,

synchrotron-emitting blob)

UBLR@
U

S
@

D d4!2 L BLR
L
S

Rblob2
RBLR2 , (4)

where and are the radii of the blob and of theRblob RBLRregion emitting the optical lines, respectively, d is the
Doppler factor, and ! is the bulk Lorentz factor of the
emitting plasma. We derive ergs s~1L BLR \ (0.5È20) ] 1046
(allowing for the calibration uncertainty of the optical spec-
trum; see Appendix) and ergs s~1 fromL

S
D 4.4] 1047 ° 4

(luminosity at the synchrotron peak frequency in 1994
August). Note that the lower limit on the beaming factor in
order to avoid c-c absorption is d [ 5.8 & Ghisellini(Dondi
1994).

Assuming the lowest value for d \ 5.8, !D 10, andL LBR,cm (as suggested by the about a few days varia-RblobD 1016
bility timescale in c-rays ; the radiation density is domi-° 1),
nated by the broad-line photons as long as RBLR [ 5 ] 1017
cm. This value of the broad-line region size is relaxed if d is
allowed to be higher. Moreover, the Ðtted slope of the
optical spectrum is fairly Ñat, (see Appendix), poss-alD 0.2
ibly indicating the presence of excess blue emission in the
rest frame. These arguments show that in PKS 0528]134
there may be a nonnegligible contribution of an external
radiation Ðeld.

As discussed above, in PKS 0528]134 the c-ray Ñux
exceeds the optical Ñux, even in the low state, which also
indicates that the EC scattering may be the dominant
cooling mechanism. An important caveat, however, is that
the c-ray-to-optical Ñux ratio in is highly sensitiveFigure 3
to the assumed extinction ; for larger than 3 (the valueA

Vused here, see above), the synchrotron peak moves in the
optical region and the SSC mechanism is viable. Here we
used the extinction derived from our ASCA measurements,
since these represent the most precise determination of the

and therefore of obtained so far. Indeed, dereddeningNH A
Vtheir optical magnitude with et al.A

V
\ 5, Mukherjee

Ðnd that the SSC model reproduces well the spectral(1996)
energy distribution of 1993 March. However, this value was
derived from the ROSAT data, which are a†ected by large
uncertainties (° 2).

To model the spectral energy distributions in weFigure 3,
assumed that the radio through UV emission is synchro-
tron radiation from a relativistic electron population in a
homogeneous region, and that the high-energy continuum
is produced by upscattering of external seed photons o† the
same electrons. These external photons have a narrow

energy distribution around a typical frequency B1015 Hz
(dotted line curve, The emission region is Ðlled with aFig. 3).
uniform plasma of electrons of random energy c and con-
stant bulk motion with Lorentz factor ! in a constant mag-
netic Ðeld B. We assumed a region of size R\ 3 ] 1016 cm
and a continuous injection of relativistic electrons between

and distributed in energy as a singlecmin\ 300 cmax\ 7000,
power law (Pc~s). The steady particle distribution is com-
puted self-consistently considering radiative cooling
(including the e†ects of the KleinÈNishina cross section),
escape, and pair production. However, the latter two e†ects
are negligible, since cooling is faster than escape at all ener-
gies, and the steepness of the primary c-ray spectrum makes
the reprocessing due to pairs unimportant. On the other
hand, the sharp cut-o† at the end of the c-ray spectrum is a
result of the absorption of c-rays colliding with the external
photons.

lists the parameters assumed to reproduce theTable 3
low state of 1994 August and the high state of 1993 March.
These solutions are plotted on the data in (dashedFigure 3
lines). The solution does not reproduce the radio and milli-
meter data, which are expected to come from more
extended regions.

Given the limited data available, we are able to explain
complex spectral changes across more than 10 decades in
frequency with a few reasonable changes of model param-
eters. The lower state of 1994 August is obtained for an
injected spectrum s \ [3.9 and injected compactness
l\ 1.5, corresponding to a luminosity of 5.5 ] 1044 ergs
s~1. To reproduce the higher state of 1993 March, we
increased both the injected luminosity (by a factor of 3) and
the beaming factor ; in addition, the injected electron spec-
trum Ñattens.

A prediction of the EC model is that the blue-bump con-
tribution in the optical should become more and more
important in low-intensity states Our estimate of(Fig. 3).
the spectral slope of the et al. optical spec-Hunter (1993)
trum yields a value (see Appendix), which seems toalD 0.2
indicate the presence of excess emission at UV rest-frame
frequencies. However, these optical observations corre-
spond to a very high state of the source, although the Ñux
estimate can be highly uncertain (see Appendix). Repeated
spectroscopy of PKS 0528]134 is clearly needed to assess
the existence and determine the strength of possible thermal
contributions to the optical emission of PKS 0528]134.

In conclusion, we showed that inverse Compton scat-
tering of ambient photons can play an important role in the
generation of the high-energy continuum of PKS
0528]134. On the basis of the present data, however, syn-
chrotron self-Compton scenarios cannot be deÐnitely ruled
out. As discussed above, a crucial parameter to discriminate

TABLE 3

HOMOGENEOUS EXTERNAL COMPTON MODEL

Low High
Parameter State State Notes

R . . . . . . . . . . 3 ] 1016 3 ] 1016 Region size (cm)
l . . . . . . . . . . 0.5 1.5 Injected compactness
cmin . . . . . . . 300 300 Minimum electron energy
cmax . . . . . . . 7000 7000 Maximum electron energy
s . . . . . . . . . . . 3.9 2.3 Injected electron spectrum (Pc~s)
d . . . . . . . . . . 13 15 Beaming factor
B . . . . . . . . . . 8 8 Magnetic Ðeld (G)
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the SSC and EC models is the amount of extinction in the
optical.

7. CONCLUSIONS

It is clear that PKS 0528]134 is an important target for
multifrequency observations. Its c-ray brightness together
with the extreme Ñux and spectral variability makes this
source an excellent candidate to study the mechanisms of
the c-ray production in blazars.

We have shown that Compton scattering of external
photons may be the dominant electron cooling mechanism
in PKS 0528]134. A critical parameter in our arguments is
the amount of extinction along the line of sight to the
source, which, on the basis of all the current X-ray obser-
vations, exceeds the Galactic value. This quantity rules the
ratio of the c-ray-to-optical Ñux and therefore the relative
importance of the SSC and EC mechanisms. We have
adopted the absorption derived from our ASCA measure-
ments, since it is more precise than from previous ROSAT
data ; however, the ASCA data are not sensitive to energies
below 0.5 keV. Further reÐnements of the absorption with
current and future missions (SAX, AXAF, XMM) are highly
desirable. Another critical parameter of the model is the
peak frequency of the synchrotron emission. Observations
in the region between the millimeter and the optical rangeÈ
currently feasible with ISOÈwhere at present there is a gap,
will be particularly valuable to determine with accuracy the
position of the synchrotron peak.

The location of the possible additional absorber is still an
open question. Among the various possible scenarios, an

intriguing possibility is that the absorber is intervening.
This is corroborated by the optical evidence of a low-
ionization absorption system at z\ 1.57. If responsible for
the extra X-ray absorption, then this would be one of the
most massive cm~2) and closest damped Lya(NH D 1022
systems known. Hubble Space Telescope spectroscopy
would certainly be of great value to better study its proper-
ties ; however, this observation is made difficult by the high
reddening in our Galaxy in the direction to PKS
0528]134.
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APPENDIX

OPTICAL CONTINUUM SLOPE AND EMISSION LINE FLUX OF PKS 0528]134

The estimate of the external radiation Ðeld is important for a discussion of the mechanisms of the high-energy continuum
production in blazars. While for several quasar-like blazars extensive optical spectrometry has been performed, for PKS
0528]134 this is made difficult by the large amount of reddening in the line of sight. Only one optical spectrum thus far was
taken for this source et al. which exhibits a prominent C IV line redshifted to j4750 We reanalyzed this(Hunter 1993), A� .
spectrum with the purpose to estimate the line Ñux and the continuum slope.

The optical spectrum of PKS 0528]134 was calibrated only to relative units, and no correction factors were applied. Thus,
the continuum level is not well known and can be uncertain to more than 2 mag (P. Moller 1996, private communication).
Using the IRAF tool splot, we normalized the continuum and determined an equivalent width of the C IV line of 41 inA� ,
agreement with et al. The dereddened V magnitude (using is 13. We Ðtted the dereddened spectrum inHunter (1993). A

V
\ 3)

a line-free region assuming a power-law model, and we derived a slope of a \ 0.18^ 0.08 (where The continuumFl P la).
measured at redshifted C IV (4750 is 2.7] 10~14 ergs cm~2 s~1 which yields a line Ñux of 1.1] 10~12 ergs cm~2 s~1.A� ) A� ~1,
However, the estimate of the continuum and therefore of the line Ñux is uncertain by at least a factor of 6.
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