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ABSTRACT

We present the results from XMM-Newton observations of the highly optically polarized broad absorption line
quasar (BALQSO) CSO 755. By analyzing its X-ray spectrumwith a total of �3000 photons, we find that this source
has the X-ray continuum of a typical radio-quiet quasar, with a photon index of � ¼ 1:83þ0:07

�0:06 and a rather flat (X-ray
bright) intrinsic optical–X-ray spectral slope of �ox ¼ �1:51. The source shows evidence for intrinsic absorption,
and fitting the spectrum with a neutral-absorption model gives a column density of NH � 1:2 ; 1022 cm�2; this is
among the lowest X-ray columns measured for BALQSOs. We do not detect, with high significance, any other
absorption features in the X-ray spectrum. We place upper limits on the rest-frame equivalent width of a neutral
(ionized) Fe K� line, �180 eV (�120 eV), and on the Compton-reflection component parameter, R � 0:2, sug-
gesting that most of the X-rays from the source are directly observed rather than being scattered or reflected; this is
also supported by the relatively flat intrinsic �ox we measure. The possibility that most of the X-ray flux is scattered
due to the high level of UV-optical polarization is ruled out. Considering data for 46 BALQSOs from the literature,
including CSO 755, we have found that the UV-optical continuum polarization level of BALQSOs is not correlated
with any of their X-ray properties. A lack of significant short- and long-term X-ray flux variations in the source may
be attributed to a large black holemass in CSO 755.We note that another luminous BALQSO, PG 2112+059, has both
similar shallow C iv BALs and moderate X-ray absorption.

Key words: galaxies: active — galaxies: nuclei — quasars: absorption lines — quasars: individual (CSO 755) —
X-rays: galaxies

1. INTRODUCTION

Broad absorption-line quasars (BALQSOs) are well known to
be weak X-ray sources, and their X-ray fluxes cannot be pre-
dicted well from their optical brightnesses (e.g., Green &Mathur
1996; Brinkmann et al. 1999; Gallagher et al. 1999; Brandt et al.
2000; Green et al. 2001; Strateva et al. 2005). High-quality
XMM-Newton andChandra spectra of �10BALQSOs obtained
during the past five years have shown that their intrinsic column
densities are typically �1023 cm�2 (e.g., Gallagher et al. 2002;
Chartas et al. 2002, 2003; Grupe et al. 2003). In at least two of
these cases, such X-ray spectra have also revealed discrete ab-
sorption features suggesting the presence of relativistic outflows
(Chartas et al. 2003, 2003); however, the physical connection
between the characteristic ultraviolet (UV) andX-ray absorption
is not yet clear.

BALQSOs are known to have higher UV-optical polariza-
tion on average compared with ‘‘typical’’ quasars, and�20% of
BALQSOs have a continuum polarization level of �2% (e.g.,
Hutsemékers et al. 1998; Schmidt & Hines 1999). The polari-
zation probably arises from light scattered off an electron or
dust ‘‘mirror’’ of moderate optical depth near the center (e.g.,
Schmidt & Hines 1999), and it is strongly anticorrelated with
the BALQSO detachment index (DI; Weymann et al. 1991),

that is, sources with UV absorption profiles with lower onset
velocities show a higher level of UV-optical continuum polar-
ization (e.g., Ogle et al. 1999; Lamy & Hutsemékers 2004).
Measurements of the polarization levels of the continuum, broad
emission lines, and BAL troughs provide a valuable probe for
tracing the inner structure in these sources. Based on X-ray
(ASCA) observations of a sample of seven BALQSOs, Gallagher
et al. (1999) tentatively suggested that highly polarized BALQSOs
(with a level of 2.3%–5% of broadband optical continuum po-
larization) may also be the X-ray brightest of that class (see also
Brandt et al. 1999). Such a trend could appear, for example,
if most of the X-ray light is blocked from direct view by thick
material (k1024 cm�2) associated with the BAL flow and the
X-rays we observe are mostly due to scattering. Any connection
between UV-optical continuum polarization and X-ray spectral
properties would provide an important clue about the geometry
of matter in BALQSO nuclei.
Case Stellar Object 755 (hereafter CSO 755; Sanduleak &

Pesch 1989; also known as SBS 1524+517 with J2000.0 coor-
dinates � ¼ 15h25m53:s9, � ¼ þ51

�
3604900) is a radio-quiet

BALQSO at z ¼ 2:88. It is among the most luminous quasars
known,withMB ¼ �28:4, and is the ninthmost luminous quasar
in the Sloan Digital Sky Survey (SDSS; York et al. 2000) Data
Release 3 (Schneider et al. 2005). CSO 755 is most probably a
high-ionization BALQSO (HiBAL), since it does not exhibit
low-ionization BALs of Al and Fe in the SDSS spectrum and is
not heavily reddened. A comparison between the UV absorp-
tion features in the SDSS spectrum (taken in 2002) and those
observed in earlier spectra of the source (e.g., Korista et al.
1993; Glenn et al. 1994; Ogle et al. 1999) suggests that there
have been no strong variations in the properties of the UV ab-
sorber. The source is also one of the most optically polarized
BALQSOs (PV ’ 3:5%), even though its absorption troughs are
more detached than those of most high-polarization BALQSOs
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(e.g., Glenn et al. 1994; Ogle 1998; Ogle et al. 1999). Based on
spectropolarimetric observations of the source, Ogle (1998)
was able to constrain the angular size of the electron-scattering
region to be intermediate between the angular sizes of the high-
and low-velocity BAL clouds in CSO 755. Combining X-ray
data with the available UV-optical information on the source
may provide further constraints on the geometry and structure
of the BAL flow and on the properties of the scattering medium,
since the size of the direct X-ray continuum source is expected
to be much smaller than the sizes of both the UV BALs and the
scattering medium responsible for the UV polarization.

The first sensitive X-ray observations of CSO 755 were ob-
tained by BeppoSAX in 1999 (Brandt et al. 1999), and it was also
tentatively detected by the Röntgensatellit (ROSAT ) All Sky
Survey. The BeppoSAX observations provided only loose con-
straints on the X-ray spectral shape of the source and a flux mea-
surement that enabled planning of follow-up X-ray observations.
In this paper we present new, high-quality XMM-Newton ob-
servations of CSO 755. In x 2 we describe our observations and
their reduction, and in x 3 we present the results of the X-ray
spectral analysis and variability of the source. In x 4 we discuss
our results and the relations between the UV and X-ray prop-
erties of CSO 755, as well as those of other BALQSOs from
the literature. Throughout the paper we use the standard cos-
mological model, with parameters �� ¼ 0:7, �M ¼ 0:3, and
H0 ¼ 70 km s�1 Mpc�1 (Spergel et al. 2003).

2. OBSERVATIONS AND DATA REDUCTION

We obtained imaging spectroscopic observations of CSO 755
with XMM-Newton (Jansen et al. 2001) on 2001 December 8–9
and 13 (hereafter the first and second observations, respectively).
The XMM-Newton observation log appears in Table 1. The data
were processed using standard SAS,6 version 6.1.0, and FTOOLS
tasks. The event files of both observations were filtered to include
events with FLAG ¼ 0, and PATTERN � 12 (PATTERN � 4)
and 200 � PI � 12;000 (150 � PI � 15;000) for the MOS (pn)
detectors. The event files of the first observation were also filtered
to remove a �7 ks period of flaring activity at the end of that
observation, which was apparent in the light curve of the entire
full-frame window. The event files of the second observation
were not filtered in time, since more than 90% of the observa-
tion was performed during an intense background flaring period
with background count rates �15 times higher than nominal
values. The exposure times listed in Table 1 reflect the filtered
data used in the analysis.

To extract the X-ray spectra we used a source extraction ap-
erture radius of 3000 in the images of all three European Photon
Imaging Camera (EPIC) detectors.7 Background regions were
taken to be at least as large as the source regions; these were

annuli (circles) for the MOS (pn) detectors. The redistribution
matrix files (RMFs; which include information on the detector
gain and energy resolution) and the ancillary response files (ARFs;
which include information on the effective area of the instru-
ment, filter transmission, and any additional energy-dependent
efficiencies) for the spectra were created with the SAS tasks
rmfgen and arfgen, respectively. The spectra were grouped
with a minimum of 25 counts per bin using the task grppha.

3. X-RAY PROPERTIES OF CSO 755

3.1. Photon Index and Intrinsic Absorption

We used XSPEC, version 11.3.0 (Arnaud 1996), to fit jointly
the data from all three EPIC detectors in the first observationwith
a Galactic-absorbed power law in the rest-frame 5–30 keV en-
ergy range (�1.3–7.7 keV in the observed frame); the Galactic
absorption (Dickey & Lockman 1990) was fixed to the value
1:57 ; 1020 cm�2 (obtained using the HEASARC NH tool).8 The
fit in the rest-frame 5–30 keV band is acceptable, with a derived
power-law photon index of � ¼ 1:94 � 0:12. However, extrap-
olation of this model to lower rest-frame energies reveals strong
negative residuals; these indicate the presence of intrinsic X-ray
absorption (Fig. 1). We therefore added an intrinsic (redshifted)
neutral absorption component with solar abundances to the
model and fitted the data of each EPIC detector alone, jointly
fitted the data of the two MOS detectors, and jointly fitted all
three EPIC detectors. The best-fit results of this model for the
two observations are summarized in Table 2. The best-fit spectral

TABLE 1

Log of XMM-Newton Observations of CSO 755

MOS1 MOS2 pn

Observation Start Date

Net Exposure Time

(ks) Source Counts

Net Exposure Time

(ks) Source Counts

Net Exposure Time

(ks) Source Counts

2001 Dec 8 ............................ 29.0 604 29.0 584 24.4 1920

2001 Dec 13 .......................... 14.5 334 14.4 310 9.7 766

Fig. 1.—Data, best-fit spectra, and residuals for the first XMM-Newton ob-
servation of CSO 755. Circles, filled squares, and open squares represent the pn,
MOS1, andMOS2 data, respectively. Solid lines represent the best-fit model for
each spectrum, and the thick line marks the best-fit model for the pn data. The
data were fitted with a Galactic-absorbed power law in the 5–30 keV rest-frame
energy range (�1.3–7.7 keV in the observed frame) and extrapolated to as low
as 0.8 keV in the rest frame. The � residuals are in units of � with error bars of
size 1.

6 XMM-Newton Science Analysis System. See http://xmm.esac.esa.int /sas.
7 The twoReflection Grating Spectrometer detectors on XMM-Newton do not

have sufficient counts to perform a high-resolution spectral analysis for CSO 755.

8 See http://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3nh/w3nh.pl.
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parameters for all three EPIC detectors are consistent within the
errors. The EPIC spectra from the first observation and their
joint, best-fit model appear in Figure 2, which also includes a
confidence contour plot of the �-NH parameter space.

The �2 � residuals apparent in Figure 2 at observed-frame
energies P0.4 keV may be due to a combination of calibration
uncertainties (e.g., Sembay et al. 2004; Kirsch et al. 2004) and
intrinsic absorption that is somewhat more complex than the
simple neutral-absorption model we have applied (perhaps due
to the partial covering, ionization, or internal velocity structure
of the absorber). To investigate the nature of these residuals and
to check whether some of the absorption could be due to ionized
gas, we fitted the data with a Galactic-absorbed power-law and
an ionized absorber using the XSPECmodel absori (Done et al.
1992; Magdziarz & Zdziarski 1995). We found a photon index
of 1:99 � 0:10 and an ionized column density of NH ¼ 1:0 �
0:3 ; 1023 cm�2. At face value, an F-test showed that this model
provided a better fit to the data over the model that used a
neutral intrinsic absorber [�2(dof ) ¼ 85:2(120) for jointly fit-
ting the three EPIC detectors; compare with Table 2], and the
best-fit spectrum showed that the �2 � residuals observed at
P0.4 keV have almost disappeared. However, the use of an ion-
ized absorber model in our case is almost certainly a simplistic
approach to a more complex problem of BAL flows. More
detailed modeling of active galactic nucleus (AGN) outflows

has been performed for several moderate-luminosity sources (e.g.,
Netzer et al. 2003; Chelouche & Netzer 2005), but appropriate
models have not yet been developed for luminous BALQSOs.
Moreover, due to the high redshift of CSO 755, z ¼ 2:88, any
modeling is highly influenced by the low observed-frame energy
bins at the edge of the EPIC response (P0.4 keV). Any fitting
carried out in this energy range depends on a handful of data
points and is somewhat unreliable due to the calibration uncer-
tainties discussed above.
When fitted with a neutral-absorption model, CSO 755 has

a relatively low X-ray column density of NH ¼ 1:2 � 0:3 ;
1022 cm�2 (Table 2 and Fig. 2), compared to other BALQSOs
(NH � 1023 cm�2) fitted with the same model (e.g., Gallagher
et al. 2002). The power-law photon index in the rest-frame�0.8–
30 keV band, � ¼ 1:83þ0:07

�0:06, is well within the typical range of
indices for other BALQSOs (Gallagher et al. 2002) and, in fact,
is within the range for all radio-quiet type 1 (i.e., unobscured)
AGNs (e.g., Reeves & Turner 2000; Shemmer et al. 2005;
Vignali et al. 2005). This supports the conclusion that intrinsic
BALQSO X-ray continua are not different from those of ‘‘typi-
cal’’ radio-quiet type 1 AGNs (e.g., Gallagher et al. 2002).
The analyses performed throughout the rest of this paper are

based on the data of all three EPIC detectors from the first ob-
servation. The data from the second observation, which were not
filtered in time, exhibit poor signal-to-noise ratios (S/Ns) that

TABLE 2

Best-Fit X-Ray Spectral Parameters for CSO 755

2001 Dec 8 2001 Dec 13

Detector NH
a � �2(dof ) NH

a � �2(dof )

PN .................................... 1:17þ0:37
�0:35 1:86þ0:09

�0:09 68.7(75) 1:85þ2:17
�1:41 1:70þ0:49

�0:18 135.9(122)

MOS1............................... 2:40þ1:21
�0:99 1:92þ0:18

�0:17 16.2(21) �1.43 1:80þ0:39
�0:27 18.3(31)

MOS2............................... 1:07þ0:87
�0:75 1:71þ0:17

�0:15 14.6(21) �1.86 1:71þ0:44
�0:33 16.5(28)

MOS1+MOS2.................. 1:67þ0:71
�0:63 1:81þ0:12

�0:12 33.2(44) �1.20 1:76þ0:27
�0:23 35.2(61)

MOS1+MOS2+PN........... 1:24þ0:31
�0:31 1:83þ0:07

�0:06 107.6(121) 0:89þ0:83
�0:71 1:74þ0:24

�0:21 177.6(185)

Notes.—The best-fit intrinsic absorption (NH), photon index (�), normalization, and �2 were obtained from a model
consisting of a power law with both Galactic and neutral intrinsic absorption. The lack of low-energy response and low S/N
make MOS detector data less sensitive for constraining NH in the second observation.

a Intrinsic column density in units of 1022 cm�2. Errors are calculated taking one parameter to be of interest (��2 ¼ 2:71;
e.g., Avni 1976).

Fig. 2.—Data, best-fit spectra, and residuals for the first XMM-Newton observation of CSO 755. Symbols are the same as in Fig. 1. The � residuals are in units of �
with error bars of size 1. The inset shows 68%, 90%, and 99% confidence contours for the intrinsic absorption (NH) and photon index (�).
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result in large uncertainties in the best-fit parameters (although
these results are generally in agreement with those based on the
data from the first observation; see Table 2).

3.2. Iron Features and Compton Reflection

The EPIC data show a hint of the presence of an iron ab-
sorption edge in the rest-frame energy range 7.1–9.3 keV, where
the low-energy end of this range corresponds to the threshold
energy of Fe i and the high-energy end corresponds to the thresh-
old energy of Fe xxvi (Verner et al. 1993). In order to test for
the existence of an iron edge, we fitted a model consisting of
a Galactic-absorbed power law, a neutral intrinsic absorption
component, and an iron-edge component (the EPIC spectral res-
olution should, in principle, allow us to resolve such an edge).
We fitted the data with this model first using a neutral edge and
then fitted an ionized edge. The threshold of the neutral edge was
fixed at a rest-frame energy of 7.1 keV, and the threshold of the
ionized edge was fixed at rest-frame 9.3 keV; the strength of the
edge was free to vary. Using an F-test, we found that the model
using a neutral iron edge did not significantly improve the fit over
the model we used in x 3.1, and the upper limit we obtained
on the absorption depth of a neutral edge was � � 0:1. Fitting
the data with an ionized iron edge significantly improves the fit
from x 3.1; we obtained a�2(dof ) ¼ 102:1(120), compared with
the �2(dof ) ¼ 107:6(121) obtained using the model of x 3.1
(see also Table 2). The absorption depth of an ionized edge was
� ¼ 0:4þ0:2

�0:3. However, the suggested ionized iron edge, at an
observed energy of �2.4 keV, coincided with the pronounced
Au M edge in the EPIC spectral response, leading to some un-
certainty about its existence.

Some BALQSOs have shown evidence for X-ray ‘‘reflection’’
via either Fe K� lines or Compton reflection ‘‘humps’’ (e.g.,
Oshima et al. 2001; Gallagher et al. 2002, 2005; Turner &Kraemer
2003; Chartas et al. 2004). The Compton reflection hump is the
spectral manifestation of hard X-ray photons emitted in a corona
of hot electrons and reflected off the relatively colder accretion
disk (e.g., see x 3.5 of Reynolds & Nowak [2003] and references
therein). The Compton reflection hump feature lies in the rest-
frame�7–60 keVenergy range, peaking at rest-frame�30 keV.
Both the Fe K� line and Compton reflection spectral compo-
nents are expected to be prominent if most of the observed X-ray
flux from the source is reflected or scattered. No clear sign of
either a neutral (at rest-frame 6.4 keV) or an ionized (at rest-
frame 6.7–6.97 keV) Fe K� emission line, or any sign of a
Compton reflection component, is apparent in the EPIC spectra
of CSO 755.

To constrain the strengths of Fe K� lines and the Compton
hump, we used XSPEC to fit the spectra with two models. The
first model contained a power law with Galactic and intrin-
sic absorption, a Compton reflection component of X-rays re-
flected off a neutral disk (using the pexrav model; Magdziarz
& Zdziarski 1995), and a neutral narrow Gaussian Fe K� line
that had a fixed width of � ¼ 0:1 keV and a fixed rest-frame
energy of 6.4 keV during the fit. The second model contained a
power law with Galactic and intrinsic absorption, a Compton
reflection component of X-rays reflected off an ionized disk
(using the pexrivmodel;Magdziarz & Zdziarski 1995), and an
ionized narrow Gaussian Fe K� line that had a fixed width of
� ¼ 0:1 keVand a fixed rest-frame energy of 6.7 keV during the
fit. The photon indices and intrinsic absorption columns in the
two fits were not significantly different than those obtained in
x 3.1. We obtained upper limits (90% confidence) on the rest-
frame equivalent width of a neutral Fe K� line of 180 eV and
on the rest-frame equivalent width of an ionized Fe K� line of

120 eV. Similarly, we obtained an upper limit on the relative
Compton reflection parameter of X-rays reflected off a neutral
disk, R � 0:2. For the pexriv model we obtained a relative
Compton reflection parameter off an ionized disk of R ¼ 1:1þ1:5

�0:8.
However, an F-test indicates that the existence of this compo-
nent is not warranted by the data and that the marginal improve-
ment in the fit [�2(dof ) ¼ 99:6(118)], relative to the fit of x 3.1
(Table 2) is probably due to the ionized iron edge that is in-
cluded in the pexrivmodel; the significance of this edge’s exis-
tence was already investigated above. Motivated by recent claims
of relativistic BALs in the X-ray spectra of some BALQSOs (e.g.,
Chartas et al. 2002, 2003), we searched for additional absorption
features in the X-ray spectrum of CSO 755, but our spectrum is
featureless.

3.3. X-Ray ‘‘Loudness’’

Using the SDSS spectrum of CSO 755, we computed the
optical–X-ray spectral energy distribution (SED) parameter (or
X-ray ‘‘loudness’’ parameter), �ox, defined as

�ox ¼
log ( f2 keV=f2500 8)

log (�2 keV=�2500 8)
ð1Þ

where f2 keV and f2500 8 are the monochromatic fluxes at rest-
frame 2 keV and 2500 8, respectively (e.g., Tananbaum et al.
1979).We estimated themonochromatic flux at rest-frame 25008
by extrapolating themonochromatic flux at rest-frame 13508, as-
suming a continuum of the form f� / ��� with� ¼ 0:5 (Vanden
Berk et al. 2001). This continuum slope is consistent with that
we measured from the SDSS spectrum (� � 0:4 0:6), which
shows no indication for intrinsic reddening. The monochromatic
flux at rest-frame 2 keV was computed using the power-law nor-
malization at 1 keV of the pn detector, 4:5 ; 10�5 keV cm�2

s�1 keV�1, and the spectral parameters of the joint fit of all
EPIC detectors in the first observation (Table 2). We find an
observed (i.e., corrected for Galactic absorption but not corrected
for intrinsic absorption) �ox ¼ �1:54. When correcting for
intrinsic absorption, we find �ox ¼ �1:51, which is consistent
with the mean absorption-corrected value, �ox ¼ �1:58, for a
nonuniform sample of seven BALQSOs, for which �ox could
be measured from high-quality X-ray observations (Gallagher
et al. 2002). Note that the intrinsic absorption correction to �ox

for CSO 755 is relatively small owing to its small X-ray ab-
sorption column density (see x 3.1). Given the large optical lu-
minosity of CSO 755, the �ox we find is also consistent with
�ox ¼ �1:73, which is expected for the source by the relation-
ship between �ox and the monochromatic luminosity at 2500 8
(eq. [6] of Strateva et al. 2005). Although the difference be-
tween �ox ¼ �1:51 and �1.73 corresponds to a difference of
�3.7 in X-ray flux (eq. [1]), this is within the scatter around the
Strateva et al. (2005) relation. In fact, CSO 755 was selected for
the XMM-Newton observations as being one of the most X-ray-
luminous quasars, hence its relatively high (i.e., less negative)
�ox; using our first observation and correcting for Galactic ab-
sorption and for the best-fit neutral intrinsic absorption we found
in x 3.1, we measure L2 10 keV ¼ 8:4 ; 1045 ergs s�1. This lu-
minosity exceeds the 2–10 keV luminosities of the 10 sources
in the Shemmer et al. (2005) study and is exceeded by only one
source from the Vignali et al. (2005) study; the sources in those
two studies are among the most X-ray luminous known.

3.4. X-Ray Variability

Motivated by the recent discovery of pronounced X-ray var-
iations in the BALQSO PG 2112+059 (Gallagher et al. 2004b),
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we tested whether CSO 755 exhibits long- or short-term X-ray
flux variations. Brandt et al. (1999) report a 2–10 keV flux of
1:3 ; 10�13 ergs cm�2 s�1 for the BeppoSAX observations of the
source. For our first observation we find a 2–10 keV flux of
(1:50þ0:14

�0:16) ; 10
�13 ergs cm�2 s�1 for the EPIC pn detector (90%

confidence). Similarly, we find a 2–10 keV flux of (1:58þ0:70
�0:56) ;

10�13 ergs cm�2 s�1 for the EPIC pn detector in our second ob-
servation. These three flux measurements were made in the 2–
10 keVobserved-frame energy range and were not corrected for
either Galactic or intrinsic absorption. We also compared the
total count rates above the background level for each EPIC de-
tector in each of our two XMM-Newton observations. The results
are consistent with the flux measurements, i.e., P10% flux var-
iations within a rest-frame timescale of �1 day (see Table 1). The
fluxes we measure in the two XMM-Newton observations are
also consistent with the BeppoSAX measurement, given the rel-
ative uncertainty between cross-calibrations of the two obser-
vatories (e.g., Kirsch et al. 2004), suggesting that flux variations
may be P10% even on a �1 yr rest-frame timescale (although
there is scope for variability in between those two epochs). Using
PIMMS,9 we found that the X-ray flux of CSO 755 obtained
from the tentative ROSAT detection is also consistent with the
fluxes measured from the BeppoSAX and XMM-Newton obser-
vations. We note that a 10 ks XMM-Newton guaranteed time
observation of CSO 755, carried out on 2001 July 30, does not
allow a meaningful flux measurement for variability purposes,
since the entire observation is ruined by high background flaring.
Finally, we searched for rapid (�1 hr timescale in the rest frame)
variability within our first XMM-Newton observation, applying a
Kolmogorov-Smirnov test to the photon arrival times, but none
was detected. We also created a light curve for that observation,
binning the photon arrival times in bins of 100 s; the excess
variance (e.g., Nandra et al. 1997) was consistent with zero.

4. DISCUSSION

4.1. X-Ray Spectrum

Our XMM-Newton spectrum of CSO 755 is among the three
highest S/N X-ray spectra of BALQSOs to date (see Chartas
et al. 2002, 2003; Table 1). The photon index � ¼ 1:83þ0:07

�0:06 and
the absorption-corrected optical–X-ray spectral slope �ox ¼
�1:51 show that this source has anX-ray continuum of a ‘‘typical’’
radio-quiet quasar (e.g., Vignali et al. 2005). Our results are
therefore in line with the conclusion that the X-ray continua of
BALQSOs are not intrinsically different from those of the ma-
jority of the quasar population.

We find that the X-ray spectrum of CSO 755 is moderately
absorbed, with hints of a complex absorption pattern at rest-
frame energies P1.5 keV. The best-fit neutral intrinsic column
density isNH � 1:2 ; 1022 cm�2, and our data do not allow us to
rule out the possibility that there is some absorption by ionized
gas, with column densities of �1023 cm�2. Even though we can-
not rule out the possibility that there are other X-ray components
in the source that are much more absorbed, the �ox ¼ �1:51 we
obtain is already quite flat (i.e., more X-ray bright) relative to
the �ox found in radio-quiet quasars with similar luminosities.
Any additional absorption would have required the intrinsic
�ox to be even flatter, which is unlikely. Even though the red-
shift of CSO 755 gives us a good opportunity to measure the
high-energy iron features with XMM-Newton to respectable ac-
curacy, we did not detect any features, such as the relativistic

broad Fe absorption lines perhaps observed in the BALQSOs
APM08279+5255 (Chartas et al. 2002) andPG1115+080 (Chartas
et al. 2003). The only X-ray manifestation of the UVabsorber in
CSO 755 therefore lies in the relatively low intrinsic neutral
column density we detect at low energies. Our results bolster the
idea that BALQSOs display a range of intrinsic column den-
sities (�1022–1024 cm�2) and a broad range of X-ray spectral
features.
The absence of prominent iron lines or a Compton reflection

hump in the spectrum of CSO 755 indicates that X-ray reflection
from the disk into our line of sight is weak or absent. The idea
that most of the X-rays are directly observed is also indicated by
the rather flat �ox we find. Since most of the X-rays are directly
observed and are not scattered or reflected, one might have ex-
pected the source to exhibit some level of X-ray flux variations.
However, we do not detect significant variability on either short
(P1 day) or long (�1 yr) timescales. This may be an indicator of
a large black hole mass, MBHk 109 M�, in the source (e.g.,
O’Neill et al. 2005). In fact, assuming Eddington-limited ac-
cretion, we estimate a black hole mass ofMBHk 5 ; 109 M� from
the optical luminosity of the source.

4.2. UV-Optical Polarization and X-Ray Properties

Based on the relatively high UV-optical polarization level
of CSO 755 (PV ’ 3:5%), it might have been possible for most
of the observed X-ray flux from the source to be scattered or
reflected. The fact that the bulk of the X-ray emission from
CSO 755 appears to be directly observed, however, calls for an
investigation of the relationship between UV-optical polariza-
tion and X-ray properties in a larger sample of BALQSOs. We
have compiled a nonuniform sample of 46 BALQSOs from the
literature (including the CSO 755 data presented in this paper)
that have published X-ray properties (Gallagher et al. 2002,
2004a; Grupe et al. 2003; S. C. Gallagher et al. 2006, in prep-
aration) and corresponding UV-optical polarization measure-
ments (Hutsemékers et al. 1998; Ogle et al. 1999; Schmidt &
Hines 1999; Hutsemékers & Lamy 2000, 2001). We have not
found significant correlations between the broadband UV-optical
polarization level and any of the following X-ray properties: �ox,
hardness ratio, photon index, neutral intrinsic absorption, flux,
and luminosity. In particular, the suggestion that highly polar-
ized BALQSOs are also the X-ray brightest (or more X-ray lu-
minous) is not supported by our analysis (Gallagher et al. 1999).
We caution, however, that the UV-optical polarization data are
not homogeneous and are subject to considerable measurement
uncertainties.

4.3. Comparison with the BALQSO PG 2112+059

Some of the UV–X-ray properties of CSO 755 are similar to
those of the well-studied BALQSO PG 2112+059 (Gallagher
et al. 2001, 2004b). For example, both sources display shal-
low BAL troughs in the UV, and their neutral intrinsic column
densities, NH � 1022 cm�2, are among the lowest observed in
BALQSOs. It is therefore possible that shallow BAL troughs
are associated with relatively mild X-ray absorption; we are not
aware of any counterexamples. To test this possibility, high-
quality X-ray observations of more BALQSOs with shallow
troughs are required.
In Figure 3 we plot the observed SED of CSO 755 along with

that of PG 2112+059. The SEDs have been corrected for Galactic
absorption. One can see that the general shapes of the UV spectra
of the two sources are quite similar to one another and that a
remarkable similarity is apparent between the ASCA spectrum of

9 Portable Interactive Multi-Mission Simulator at http://heasarc.gsfc.nasa
.gov/Tools/w3pimms.html.

SHEMMER ET AL.2526 Vol. 130



PG 2112+059 and our XMM-Newton spectrum of CSO 755. In
fact, scaling down the ASCAmodel for PG 2112+059 by a factor
of�6 in fluxmakes it almost identical to ourXMM-Newton spec-
trum of CSO 755. The UV spectrum of CSO 755 is scaled down
by an almost constant factor of �10 in flux relative to the UV
spectrum of PG 2112+059. The difference between the X-ray
and UV scaling factors is also consistent with the difference in
�ox of the two sources (see x 3.3; Gallagher et al. 2004b). The
main differences between the two sources lie in the details of
their UV spectra, which are apparent in the inset to Figure 3, and
the fact that in contrast with CSO 755, PG 2112+059 is a low-
polarization BALQSO, although polarization data for this source
are not available in the literature covering the same rest-frame
wavelengths as for CSO 755. In addition, unlike PG 2112+059,
CSO 755 did not show any X-ray variations.

5. SUMMARY

We have presented new XMM-Newton observations of CSO
755 that provide one of the best BALQSO X-ray spectra. Our
main results can be summarized as follows:

1. The power-law X-ray photon index we found, � ¼
1:83þ0:07

�0:06, is consistent with photon indices observed for ‘‘typ-
ical’’ radio-quiet quasars.

2. The intrinsic �ox ¼ �1:51 we found is rather flat (X-ray
bright) but is consistent with the �ox distribution observed for
radio-quiet quasars of similar luminosity.

3. By fitting the spectrum with a neutral-absorption model, we
found a column density ofNH � 1:2 ; 1022 cm�2, which is among
the lowest X-ray column densities measured for BALQSOs.

4. We did not detect, with high significance, any other emis-
sion or absorption features in the X-ray spectrum. The lack of
signatures of either an Fe K� line or a Compton reflection com-

ponent suggests that most of the X-rays from the source are
directly observed rather than being scattered or reflected, as might
have been expected given the source’s high level of UV-optical
polarization; this is also supported by the relatively flat intrinsic
�ox we measured.

5. We found that the UV-optical continuum polarization level
of BALQSOs is not correlated with any of their X-ray properties,
based on a sample of 46 BALQSOs from the literature, including
CSO 755.

6. A lack of significant short- and long-term X-ray flux var-
iations in CSO 755 may be attributed to a large black hole mass in
the source.

7. Wenote that bothCSO755 and another luminousBALQSO,
PG 2112+059, display both shallow C ivBAL troughs and mod-
erate X-ray absorption, suggesting a possible relationship be-
tween these two properties.
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