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ABSTRACT

A ROSAT X-ray spectrum of the z = 1.049 “red quasar” 3C 212 has a strong low-energy cutoff. The spec-
trum can be fitted with a power law (of energy index 1.4%3:8) with low-energy photoelectric absorption in
excess of the Galactic value that, if at the redshift of the quasar, would have a column density of (0.9%9:8
x 1022 atoms cm~2. Possible sites for the absorption are a nuclear torus, an intervening damped Lyman-o
system, or intracluster material (e.g., a cooling flow) around the quasar. The implied absorbing column density
is sufficient to redden a normal quasar spectrum to the observed steep optical slope. The observed continuum,
if dereddened by this amount, can produce the observed emission line fluxes and ratios. The absence of the
graphite 12175 feature in 3C 212 however, requires dust different from the local Milky Way composition, or
an intervening absorber with z < 0.4.

Alternative acceptable fits to the X-ray spectrum are (1) a blackbody with a temperature of 0.7 keV (in the
quasar frame) modified only by Galactic absorption, and (2) an optically thin thermal plasma with excess
absorption. Although a blackbody spectrum would be unprecedented, the model is consistent with all the
available X-ray and optical data and cannot be ruled out. We discuss possible observations that can discrimi-

nate among the above models.

Subject headings: quasars: individual (3C 212) — X-rays: galaxies

1. INTRODUCTION

Around 1980 a number of “blank field ” radio sources—that
is, sources with very faint optical counterparts—were found to
be bright near-infrared (1-2 um) emitters (Rieke et al. 1979,
1982). The large IR fluxes and faint optical limits implied that
the spectra fell steeply toward the blue (x > 3, f, oc v~ %), hence
these objects were dubbed “red quasars.” Little is known
about these objects, yet they are quite common, comprising
~15% of the 3CR sample (Smith & Spinrad 1980). While
several of the “red quasars” are actually blazars (given their
rapid variability and polarization, Bregman et al. 1981; Impey,
Lawrence, & Tapia 1991), other red quasars show broad
emission lines of fairly normal rest equivalent width
[EW(Mg ) = 10-22 A, Smith & Spinrad 1980; cf. 27 + 15 A
for normal radio-loud quasars, Wilkes 1986]. They have low
optical polarization (Moore & Stockman 1984), and are not
core-dominated radio sources (Browne & Murphy 1987). Thus
these objects are unlikely to be dominated by a beamed BL
Lac-type component. None of the quasars shows the 42175
dust absorption feature that would indicate a reddened spec-
trum (Smith & Spinrad 1980). Instead these objects are quasars
which appear to be devoid of the much-studied “UV bump ”
(e.g., Sun & Malkan 1989).

The discovery of quasars with no “UV bump” would
require a major reevaluation of quasar models (e.g., Eracleous
& Halpern 1994) and would give an opportunity to examine
the effect of the “ UV bump ” on the emission of a quasar, both
its X-ray spectrum and its emission lines. In pair plasma
models the UV photons of the big bump can be upscattered by
relativistic electrons to produce a power-law X-ray spectrum
(e.g., Svensson 1990). In the absence of a soft photon source a
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hard X-ray/y-ray spectrum results (ay < 0, Zdziarski & Lamb
1986; ax < 0.5, Done & Fabian 1989). Also Smith & Spinrad
show that an extrapolation of the optical continuum does not
produce enough ionizing photons to explain the strong Hf line
observed, leaving only X-rays as a source of photoionization.
These properties make red quasars a natural target for X-ray
spectral observations. Because “UV bump-free” quasars are
potentially so interesting it is essential to be sure that
reddening is not the cause of their optical colors, since the
A2175 feature is not a trustworthy measure of obscuration
(Savage & Mathis 1979). A soft X-ray spectrum provides a
good means of testing for intervening absorption.

We observed 3C 212, the brightest of the red quasars
detected in X-rays by Bregman et al. (1985), with ROSAT in
order to obtain a spectrum, and we report the results here. We
use a Friedman cosmology with Hy, = 50 km s~ * Mpc~* and
Q, = 1 throughout. 3C 212 has a redshift of 1.049 (Smith &
Spinrad 1980). The Galactic H 1 column density toward 3C 212
is 3.7 x 10%° atoms cm ™2 (Stark et al. 1992). The uncertainty
on this column density is ~1 x 10?° atoms cm ™2 (90% con-
fidence, Elvis et al. 1986).

2. OBSERVATIONS AND DATA ANALYSIS

The ROSAT Position Sensitive Proportional Counter
(PSPC, Triimper 1983; Pfefferman et al. 1987) observed 3C 212
on 1992 May 12-18 for a total of 21,565 s (observation number
rp700436). The quasar was centered in the field of view, and the
“wobble” mode was on. The data were processed using the
Standard Analysis Software System (SASS, version 5_7). An
X-ray source at the field center was detected with 770 net
counts in PI channels 11-245 (~0.1-2.45 keV). Source counts
were taken from within a circle of radius 2'. Such a circle
contains 95% of the counts in a point source (Turner & George
1992). The source counts in both the entire energy band and in
the soft (PI 11-40 ~ 0.1-0.4 keV) energy band do not increase
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significantly when broader source regions are used. Back-
ground was extracted from an annulus of radii 3’ and 5.

At these source flux levels (~5 x 10713 ergs cm™2 s %,
0.1-2.4 keV) confusing sources begin to make a significant con-
tribution (> 15%) within our 2’ radius source circle. For this
observation circles of 40” radius were removed from the source
and background regions at six places where such sources were
located (Fig. 1), two in the source region, and four in the back-
ground region. The extra sources within the 3C 212 source
region lie 70” and 92" from 3C 212 and contain a total of 130
counts (within the 40” radius, 17% of 3C 212), and the extra
sources in the background region contain 275 counts, one third
of the counts (828) in the final background region.

The centroid of the distribution is at R.A. = 08"58™4152,
decl. = +14°09'34” (J2000.0), 11” from the optical position of
3C 212 (Smith & Spinrad 1980) and well within the current
positional uncertainties of ROSAT and the PSPC, leaving the
identification of the X-ray source with the quasar in no doubt.
The distribution of the X-rays from 3C 212 is a good fit to the
PSPC point response function (FWHM = 25" calibrated using
the radial distributions of 3C 273 and NAB 0205 + 024).

The PSPC count rate is 0.036 counts s~ !, compared with the
Einstein IPC count rate of 0.046 counts s~ *. For a source with
a spectrum with little low-energy flux, similar to that of 3C 212
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(see below), these correspond to roughly the same X-ray flux,
so that no strong variation (greater than a factor 2) in X-ray
flux is seen in the 12 years between the two observations.

It was immediately apparent from the pulse height distribu-
tion that the 3C 212 X-ray source contained virtually no
photons below the 0.28 keV carbon edge (Fig. 2), unlike the
other, serendipitous, sources in the field. This obviously sug-
gests low-energy photoelectric absorption above the Galactic
value.

We made a number of spectral fits to the pulse height data
employing the response matrix released on 1993 January
(DRM_35_1). All spectral fits were made to the 34 PHA chan-
nels provided by the standard SASS analysis. Channels 1 and 2
were ignored as being less well calibrated (Turner & George
1992), and channels with few counts were combined to ensure
at least 10 counts per channel, so that y? statistics could be
applied. We included in the analysis a standard flat systematic
error of 1% as suggested by Hasinger & Snowden (1992,
private communication).

Our first fit used a simple power-law fit with absorption by
cold material at zero redshift with solar abundances, and cross
sections with Morrison & McCammon (1983). Both the power-
law slope and the absorbing column density were free to vary.
The resulting value of 2 is acceptable, but the best-fit absorb-
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F1G. 1.—Central region of the ROSAT PSPC image centered on 3C 212. The greyscale image includes all pulse height channels and has been smoothed with a 5”
sigma Gaussian. The three large circles centered on 3C 212 have radii of 2/, 3, and 5'. Source counts were taken from the central 2’ circle; background counts were
taken from the outer annulus between 3’ and 5'. The six small circles have radii of 40" and show the regions containing serendipitous confusing sources that were
removed from the source and background regions. 3C 212 has a 0.2-2.4 keV flux of ~5 x 107 '3 ergs cm~2 s~ . The two sources within the source region have 17%

of the net counts in 3C 212.
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T 1T l T T T T T 1T I T T TABLE 2
10° e ++¢¢¢ 3 3C 212 X-RAY FLUXES AND LUMINOSITIES
'é %F E £0.2-2.4) L 0.2-2.4) L (0.4-4)
i % % ] Model keV* keV® keV®
[
o« i f % ! 7 Power law ................ 43 89 7.4
> L I ? 4 Blackbody ................ 5.5 13 29
& ! \ Raymond thermal ....... 44 54 54
~ |
5102 R r$ %% — 2 1073 ergs cm =2 s~ !, observed (i.e., no correction for absorption).
S F : I B b 10*5 ergs s 7!, corrected for absorption.
S8 ! .
I ! % ] to vary, at the redshift of 3C 212. This fit produced an accept-
N - able x2, and the fitted values are again listed in Table 1. Figure
i i 3a shows a contour plot of allowed values of the power-law
| | energy index and z = 1.049 absorbing column density. The
10t [+ 1+ —t implied column density at the quasar is increased by a factor of
ar 7] 3 over that of a z = 0 absorber, since the energy of the photons
ok i being absorbed is higher by (1 + z), and is (0.975:%) x 10?2
< 4}_ ‘H( J{ J{{ atoms cm ™2, The power-law index is poorly constrained, at
gn 0 + 4 ‘{%[H”“lﬂt 147958,
2 , L TH f Jﬂl N Alternatives to absorbed power laws can also model the data
’ well. A blackbody at the redshift of 3C 212 (or at redshift zero,
4 . with temperature decreased by a factor 1+ z) with cold
“‘lﬁ, E— 1' — absorption at z = 0, also gives an acceptable fit (Table 1) with

Energy (keV)

F1G. 2—ROSAT PSPC pulse height spectrum of 3C 212 with the best-fit
model of a power law with Galactic (fixed) and z = 1.049 absorption (upper
panel); residuals after the subtraction of the best-fitting power-law model
(lower panel).

ing column density is an order of magnitude greater than the
Galactic value. If a power-law fit is made with the Galactic
column density (Table 1) then the increase in 2 is unacceptable
at above the 99.9% level (F = 23.2).

Excess absorption is clearly indicated, and an obvious site
for this is within the quasar. We thus made another power-law
fit with a z = 0 absorption component fixed at the Galactic
value plus another absorption component, which was allowed

an absorbing column density of only 2.7%%:2 x 10%° atoms

cm ™2, close to and consistent with the Galactic value (Fig. 3b).
Fixing Ny to the Galactic values gives a better costrained tem-
perature for the blackbody with kT = 0.68%3:5% (rest frame,
Table 1). An optically thin thermal plasma model (Raymond &
Smith 1977) at z = 1.049 (with abundances fixed at 0.3 solar,
the mean value found in low-redshift clusters of galaxies, e.g.,
Hatsukade 1989) also gives an acceptable fit but still requires
intrinsic absorption at a level comparable with a power law
(Table 1). A Raymond-Smith plasma at z = 0 and absorption
fixed at the Galactic value gives an unaccentable fit (Table 1).
Another means of making a spectrum that peaks around 1
keV is to invoke strong line emission. A fit to a single broad

TABLE 1
SPECTRAL FI1s TO THE ROSAT PSPC SPECTRUM OF 3C 212

Model Fitted ag or kT*® N,(free)** Normalization®¢ x2 (dof) P(>y?)
Power-Law:
+Nylz =0, free) ...........coeeveeernn.. 19719 (3211%) x 102! 41227 144(21) 0852
+ Ny(Galactic, fixed)® ............c....... 0.14+9:9 1733997 32022 0077
+ Ny(Galactic, fixed)® ..................... 14198 (8.7%13) x 102! 301144 1521 0813
+ Ny(z = 1.049, free)
Blackbody:
(z = 1.049) +Ny(z =0, free) .............. 0707997 (2.7%43) x 10?° 25+13 131(21) 0805
(z = 1.049) + Ny(Galactic, fixed)® ........ 0.68+9:94 2.6+9:2 134 (22 0.894
0.0 0.3
Optically Thin Thermal (Raymond-Smith):f
(z=0) +Nylz =0, free) ..........c........ 16253 (1.028:3) x 10! 098 13521 0890
(z = 0) +Ny(Galactic, fixed) .............. <80 13134 31222 0092
(z = 1.049) + N(Galactic, fixed)® ........ 30179 (58747 x 10** 3823 153 (21) 0.808

+ Ny(z = 1.049, free)

* Errors are 68% for two interesting parameters when N, is free, and for one interesting parameter when Ny is fixed.

® o, is the energy spectral index (f = Norm. E ~*); temperatures are in keV.

° Atoms cm ~ % Morrison & McCammon 1983 cross sections were used.

4 Normalization units are: for power-law fits: 10"*keV cm~2s~ ! keV ™! at 1 keV; for blackbody fits: 10 *“keV cm~2s~ ! at kT
keV; for optically thin thermal fits: 10™!” cm™* ([[ n2 dV']/[4nD}]).

¢ With N(Galactic) fixed at 3.7 x 102° atoms cm ~2.
f With abundances fixed at 0.3 solar.
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FiG. 3.—Contours of allowed values of (a) energy spectral index and
z = 1.049 column density, assuming Galactic absorption: (b) blackbody tem-
perature (at z = 1.049) and column density at z = 0. Crosses mark the best-fit
values for each model. The Galactic H 1 column density is shown in (b) as a
dashed line.

-

Gaussian line does give a good fit to the spectrum, with a line
energy of 0.9 + 0.1 keV (observed), and a sigma of 0.5 + 0.1
keV (observed), that is, 0.55¢. A narrow line gives an unaccept-
able y2. There is no obvious candidate for such a line at z = 1.
The strong iron L line complex at ~1 keV would be the
obvious candidate, but at z = 1 this complex is redshifted into
the 0.5 keV “hole” in the PSPC response (due to carbon
absorption in the detector window, ROSAT Mission Descrip-
tion 1991).

Fluxes and luminosities for the best-fit models are given in
Table 2. We include the (0.4—4) keV luminosity since this is the
observed band in the z = 1 rest frame.

3. DISCUSSION

We have two contrasting explanations for the lack of low-
energy photons in the ROSAT X-ray spectrum of 3C 212: an
absorbed power law, or an unabsorbed blackbody. A black-
body would be an unprecedented spectral shape, but it cannot
be dismissed. Both the absorbed power law and the blackbody
model can explain the lack of optical photons.

For a power-law fit, the large X-ray column density found
toward 3C 212 is immediately interpretable as the cause of the
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F1G. 4—Rest frame spectral energy distribution for 3C 212 from radio to
X-ray. The power-law fit to the ROSAT X-ray spectrum is shown as a “bow-
tie” that shows the 68% confidence limits on the slope. The blackbody fit to
the X-ray spectrum is shown as the solid curve. Since the power-law slope is
shown corrected for the implied absorption it does not overlap the blackbody
fit below about 2 keV. The optical continuum data are from Smith & Spinrad
(1980) and are shown as observed (4, = 0), dereddened to match a typical
quasar (A4, = 2.8), and dereddened (4, = 4) to match the best-fit column
density found from the X-ray spectrum (assuming a power law and standard
Milky Way dust-to-gas conversions; see text). A blackbody of T = 5 x 10* K
is shown to represent the typical quasar UV bump, for comparison. The IRAS
upper limits (Impey & Neugebauer 1988) are also shown. The 100 um point
may be due to cirrus.

red continuum found in the optical/ultraviolet by Smith &
Spinrad (1980). Similar amounts of absorption are common in
Seyfert galaxies (Turner & Pounds 1989) and give reasonable
quantitative results when applied to the optical spectrum of
3C 212. The observed optical continuum can be dereddened to
give the characteristic “UV bump ” shape seen in the normal
quasars with 4, = 2.8 (Fig. 4), assuming standard dust-to-gas
ratios and Milky Way dust (Jenkins & Savage 1974). An Ny of
1022 atoms cm ~ 2 implies 4, = 4 mag, assuming the same con-
versions, and so overcorrects the slope of the ultraviolet
(emitted) continuum in 3C 212 from + 3.6 + 0.3 (inf,, Smith &
Spinrad 1980) to —6.4, well above that of a normal quasar
such as 3C 273 (Fig. 4).2 This is not a particularly strong diffi-
culty for this model. Even within the Galaxy the dust-to-gas
ratio varies by factors of 1.5 (Savage & Mathis 1979). In Seyfert
galaxies while 4, and X-ray Ny are correlated, there is always
an offset in the sense of seeing less A, than implied by simple
application of Galactic conversion values to the X-ray—derived
Ny (e.g., Turner & Pounds 1989). The optical/ultraviolet spec-
trum of 3C 212 shows no 42175 feature to a level of 4, ~ 0.5
(Smith & Spinrad 1980). For Galactic-type dust at the column
densities implied by the X-ray spectrum such a feature would
be extremely obvious (Smith & Spinrad 1980). So the dust
causing the reddening toward 3C 212 must either be unlike
that of the Milky Way, or be intervening with z < 0.4, so that
the 12175 feature is not observable from the ground. In the
power-law case the 2500 A to 2 keV dereddened index, oy, is
about 1.4, similar to the mean ay in radio-loud quasars. Ald-
croft, Bechtold, & Elvis (1994) report Mg 11 absorption lines in
3C 212 close to the emission redshift. The lines appear strong,
but because of saturation and the strong possibility of multiple

2 [E(3000-2000 A) = 0.92 4,,, Aa(3000 — 2000 A) = 2.54,,.]
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components no good estimate of the implied column density
can be given. Nevertheless, low-ionization absorbing material
is seen to be present in 3C 212, which supports the absorbed
power-law model. In summary reddening can reasonably
explain all the optical and X-ray peculiarities of 3C 212.

The blackbody fit is also readily interpreted as a “UV
bump ” that has a characteristic temperature some 100 times
that of a normal UV bump (~8 x 10° K rather than
~5 x 10* K). The extrapolation of the Rayleigh-Jeans tail of
the blackbody falls well below the observed optical continuum
(Fig. 4). In the blackbody case agx ~ 0.85, which is among the
smallest known values, even in radio-loud quasars. The black-
body model implies an emitting area of 1.4 x 10*2cm™2, and a
radius of 3.3 x 10!°® cm. If we assume that the radius corre-
sponds to 10 Schwarzchild radii then the corresponding black
hole mass would be ~10* M and the emission highly super-
Eddington. The emission must then come from larger radii.

The two models have extreme differences in the implied
shape of their ionizing UV to soft X-ray continuum, with a
factor of ~ 103 difference in the number of ionizing photons
(Table 3). They might be expected to predict quite different
emission-line ratios. To investigate these differences as a means
of distinguishing between the two models we calculated, with
the photoionization code CLOUDY (Ferland 1991), the
expected line intensities and equivalent widths in both cases.
For the power-law case we assumed the best-fit X-ray power
law and an optical spectrum dereddened by A4, = 2.8. For
blackbody case we assumed the observed optical continuum
and extrapolated it into the UV. We considered two typical
values of the ionization parameter U (1072 and 1073), and a
covering factor fo = 0.1. The results are shown in Table 3.

We compare these with the line strengths from Smith &
Spinrad (1980) in Table 3. We note that these equivalent widths
are uncertain. Aldcroft et al. find EW(Mgm),,, = 31 + 2 A,
about double the value in Smith and Spinrad. (Aldcroft et al. do
not cover C u1].) In spite of the huge differences between the
assumed ionizing continua, the photoionization predictions
provide no convincing discriminants between the models given
the observed quantities. The similarity of the predictions is
partly because the increased number of ionizing photons in the
dereddened power law is almost exactly matched by the

TABLE 3
PHOTOIONIZATION MODELS

Model Power Law? Blackbody
EW (Mg 1) observed ................. 11-18.3 11-18.3
EW (C m]) observed ................. 2.2-6.6 2.2-6.6
Mg 11/C 1] observed ................. 49+ 28 7+4
Number of ionizing photons......... 2 x 10%7 4 x 1054
Ionization parameter ................. 10~2 1073 1072 1073
EW (MZI® ..o 28 70 35 9
A (O 14 ) 34 18 23 0.5
Mgu/Cir coovniinniniiiiiieen, 0.44 24 27 31
Ha/HB oo 6.4 6.4 3 22
Radius (PO)° ...vvveeeeeeiiiiinnnn.., 7.6 23 0.3 1
He 1640/HB ... 172 133 0.06 0.09
He 1 4686/HP ........covveeeeeann... 0185 0.4 0007 001

* Observed values are corrected for reddening by A, = 2.8, assuming a
standard Milky Way reddening law (Savage & Mathis 1979).

® For 10% covering factor.

° Assuming a gas density of 10° cm 3.
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increased number of emitted line photons, since both lines and
continuum are dereddened by the same amount. Another limi-
tation is that there are few observed lines to provide con-
straints. Only Mg 11 12798 and C m]A1909 are clearly detected
(Smith & Spinrad 1980). All the hydrogen lines lie outside the
observed range (1500-3560 A, rest). (Because of the poor
signal-to-noise ratio, it is possible that the observed C mr] 1909
emission is actually dominated by a narrow component, in
which case the Mg 11/C 1] line ratio is an upper limit.) Better
diagnostics could be searched for. For example, the greatest
difference between the two continua is in the EUYV, so that the
He 11 lines, which require 1 < 304 A photons for their pro-
duction, should provide a clean discriminant between the two
models (Table 3).

None of the above arguments allows us to choose clearly
between the two possibilities. However, the blackbody case has
never before been observed in any AGN, whereas reddening by
similar amounts is common. We shall assume, using Occam’s
razor, that obscuration is the cause of the X-ray cutoff and of
the red optical continuum in the rest of the paper. The simplest
means of discriminating between the two cases would be an
observation at higher X-ray energies (E > 2 keV), where the
shapes of the two continua differ strongly. Such an observation
is possible with the instruments on board ASCA.

3.1. Thermal Emission

Since an absorbed optically thin plasma also gives an
acceptable fit to the 3C 212 X-ray spectrum we need to con-
sider possible origins of this type. A cluster of galaxies around
the quasar is one possibility.

Extended, thermal emission has been detected around a
number of nearby radio galaxies (Worrall & Birkinshaw 1994),
but has a maximum luminosity of ~10*? ergs s~ !. In contrast,
the implied X-ray luminosity of 3C 212 would place it among
the highest found in clusters of galaxies at low redshift (e.g.,
A2163 at 6.4 x 10*° ergs s™!, Arnaud et al. 1992). Clusters
seem to undergo significant negative evolution by z = 0.5 (i.e.,
they become fainter at higher z, Henry et al. 1991),so by z = 1
clusters of the luminosity of 3C 212 are likely to be extremely
rare. Crawford & Fabian (1993) have claimed that the PSPC
image of the z = 1.079 radio galaxy 3C 356 shows extended
X-ray emission with a luminosity of ~2.5 x 10** ergs s~ 1,
although this result must be treated with caution since it is
based on only 32 net counts, and because source confusion
must be a problem for a source some 20 times fainter than
3C212.

A direct test can be derived from the diameter of the 3C 212
X-ray source. A limit on the source size can be obtained by
convolving Gaussian functions of increasing width with the
3C 273 radial photon distribution, and comparing them with
the observed distribution. For 3C 212 this method gives a limit
of <8”(<0.07 Mpc at z = 1.049) on the width of the Gaussian.
This is much smaller than the typical core radii of clusters
which are of order 0.2-0.5 Mpc (23"-57").

Photoionization modeling with CLOUDY provides another
argument against an extended X-ray source. Extrapolating the
observed optical spectrum into the ultraviolet, without an
additional X-ray component, produces line intensities that, for
any reasonable value of U and f., are an order of magnitude
weaker than observed (EW Mg 11 = 0.38 A).

The “Raymond” luminosities in Table 2 should thus be
taken as upper limits to a cluster contribution. A substantial
contribution from a cluster component is not excluded by our
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X-ray data. The relative strength of a thermal extended com-
ponent could be constrained by a high-resolution X-ray image
(e.g., with the ROSAT HRI).

A thermal plasma in the quasar nucleus could exist, confined
in small dense clouds as in the models of Barvainis (1993), but
at temperatures some 100 times higher than he proposed. A
high-resolution X-ray spectrum is needed to put limits on the
line emission expected in this model.

3.2. A Power Law and Possible Absorption Sites

Lower luminosity analogues of 3C 212 are well known.
Absorption at a similar level in Seyfert galaxies (Turner &
Pounds 1989) has already been mentioned. In addition, several
3C radio galaxies have optical and near-infrared slopes similar
to those of 3C 212 (Elvis et al. 1984). At least two of these vary
by a factor 50% in 3 years in the infrared indicating that the
steepness is not that of a host galaxy starlight spectrum. Strong,
broad Paschen-o has been seen in some radio galaxies
(Carleton et al. 1984), implying reddening of the spectrum. Two
of the red radio galaxies studied by Elvis et al. (1984) show
signs of strong X-ray absorption: the Ginga spectrum of
3C 445 indicates an absorbing column density of 1.7 x 1023
atoms cm 2 (Pounds 1990). Similarly, 3C 109 has a ROSAT
PSPC spectrum with few low-energy counts that Allen &
Fabian (1992) interpret as X-ray absorption of ~2 x 102!
atoms cm ™~ 2. Another radio galaxy, NGC 6251, has a PSPC
spectrum that may show an absorbed power law (Birkinshaw
& Worrall 1993), but in this case a thermal explanation is also
tenable, because the low redshift of the galaxy allows the Fe-L
lines to simulate the appearance of a low-energy cutoff. 3C 109
is only a factor of 4 less luminous than 3C 212 in X-rays, and so
only a minor extension of known source properties is needed
to include 3C 212 as an obscured AGN.

These obscured radio galaxies and 3C 212 each have X-ray
luminosities that are a factor 10-100 times higher than those of
radio-quiet AGNs showing X-ray absorption (Lawrence &
Elvis 1982; Turner & Pounds 1989). Is there some property
associated with radio emission that allows high-luminosity
AGNs to exhibit strong obscuration? Radio-loud AGNs may
have an additional site for absorption unavailable to radio-
quite AGNs. Since 3C radio galaxies lie almost exclusively in
clliptical galaxies, some property of the host galaxy may be
responsible. Alternatively a selection cffect may be at work.
The large physical size of the radio lobes may allow the
recognition of activity in AGNs whose radio-quiet counter-
parts would be inconspicuous.

At z = 1.049 3C 212 lies at a considerably longer lookback
time and path length than the unabsorbed high-luminosity
AGNs previously studied in X-rays. This opens up the pos-
sibilities of (1) evolution in the AGN environment and (2) inter-
vening absorbers.

1. 3C 212 may well lie in a cluster of galaxies. Radio-loud
quasars at z > 0.5 are often found in rich clusters (Yee & Green
1987; Ellingson, Yee, & Green 1991; Yee & Ellingson 1993).
An analogy with Cygnus A is informative. 3C 212 is similar to
Cignus A in its FRII radio morphology (Akujor et al. 1991),
physical size (core-hot spot separation of 50 kpc, Akujor et al.
1991; cf. 100 kpc for Cygnus A, Carilli et al. 1991), presence of
obscured X-ray (Ny ~ 8 x 10?2 atoms cm~? Arnaud et al.
1987) and optical (Djorgovski et al. 1991) nuclei, and radio
luminosity (Becker, White, & Edwards 1991y—but 3C 212 is 50
times more X-ray luminous. Cygnus A lies in a cluster with a
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strong cooling flow (Arnaud et al. 1984). Elvis et al. (1994) have
discussed cooling flows around host elliptical galaxies as a
possible source of the obscuration they find toward several
z = 3 quasars. Cluster cooling flows can contain column den-
sities of cool X-ray—absorbing material up to a few x 102!
atoms cm~2 (White et al. 1991). Such absorbers could well
account for the ~15% of 3C quasars that Smith & Spinrad
(1980) find to have red optical/ultraviolet continua.

2. Intervening absorption line systems may also have suffi-
cient space density to produce obscuration in a significant frac-
tion of objects by z = 1. Absorption line systems have not been
studied toward 3C 212, because of its faint optical/ultraviolet
continuum. A statistical argument can be made instead. The
high column density “damped Lyman-a systems” are the
obvious absorber candidates. A neutral fraction of 0.01 is pos-
sible in damped Lyman-a systems (Elvis et al. 1994; Lanzetta et
al. 1991) so a system with N(H 1) = 102° atoms cm 2 could
produce the observed X-ray absorption, assuming it has solar
abundances. Lanzetta et al. (1991) give a log N(> Ny)/log (Ny)
relation for Lyman-o absorbers which gives an expected
number of absorbers with N(H 1) > 2 x 102° along a given line
of sight to z =1 of 0.06 or 0.16 depending on the choice of
parameters. This is similar to the fraction of red quasars in the
3C sample (Smith & Spinrad 1980). Primordial material still
produces X-ray absorption but would need a hydrogen column
density some 5 times larger (Morrison & McCammon 1983;
Elvis et al. 1994) so reducing the number of absorbers available
by a factor ~15. Since damped Lyman-a systems have not
been studied at z < 1.5 and strong evolution to lower densities
at lower redshifts is expected in some models (Wolfe 1988), the
expected number of 0.06-0.16 is an upper limit.

Compared with the high-redshift quasars studied by Elvis et
al. (1994) it is striking that only 3C 212 shows strong reddening
in the optical/ultraviolet continuum. This suggests a different
origin may apply to 3C 212. A third possibility is obscuration
by a nuclear torus, as much discussed recently for low-redshift
AGN:s (e.g., Pier & Krolik 1992a, b). 3C 212 is not a strongly
lobe-dominated radio source. At 6 cm (observed) 3C 212 has a
core flux of 186 mJy (Akujor et al. 1991) and a total flux of
746 + 102 mJy (Gregory & Condon 1991). The ratio of radio
emission in the nucleus compared to the lobes, R = f(core)/
flextended), is thus 0.33 in 3C 212. For typical lobe and core
spectral indices, R would be smaller by about a factor 2 in the
rest frame at 6 cm. This compares with values 0.1-0.01 for
typical lobe-dominated objects (Orr & Browne 1982). So
3C 212 is marginally lobe-dominated and may be viewed at
quite a high inclination.

4. CONCLUSIONS

The ROSAT X-ray spectrum of the red quasar 3C 212 can
be well fitted with a power law and an X-ray column density of
~ 1022 atoms cm ~ 2 (in the quasar frame). Obscuration by this
material provides a natural explanation for the steep optical/
ultraviolet spectrum of this and similar quasars. The dered-
dened spectrum is similar to that of normal quasars. Since no
A2175 absorption feature is seen, the dust responsible for the
reddening must either be of non-Milky Way composition, or
be intervening at a redshift that makes the 42175 feature unob-
servable from the ground.

Possible sites for obscuration include the AGN nucleus
(such as a torus), intracluster cold material around the quasar
(such as that found in low-redshift cooling flows), and an inter-
vening damped Lyman-o system.
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A definitive discrimination between the absorbed power-law
and unabsorbed blackbody models for the X-ray emission can
easily be achieved with an ASCA observation, since the shape
of the two emission components above 2 keV is extremely
different.
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