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ABSTRACT

We present the results of a new analysis of the entire set of data collected by the Imaging Proportional
Counter (IPC) on board the Einstein Observatory. Our survey is distinct from previous work such as the
Einstein Extended Medium Sensitivity Survey (EMSS) in that it is designed to find extended sources and
diffuse emission rather than point sources. In addition, the source detection algorithm is substantially
improved over that used for the EMSS. We have searched for sources using circular apertures with variable
radii up to 6.10'. We have constructed criteria to ascertain which of the detections are truly diffuse and
which of the sizes best approximates each detection. Using these criteria we have produced a catalog of
1326 extended source candidates at high Galactic latitude (]b|>20 deg). Cross-correlating this list with
existing source catalogs yields a reasonably comprehensive identification of the sources in our list. We find
that over 400 are identified with known clusters of galaxies. Other objects are identified with galaxies,
supernova remnants, AGN, and stars; the first two categories are often truly extended objects, while the
latter two sets of objects can appear extended as a consequence of their soft X-ray spectra coupled with the
broad point spread function of the IPC at low energies. A total of 321 extended sources remain unidentified.
Many of these may be heretofore uncataloged clusters and groups of galaxies at moderate redshifts.
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1. INTRODUCTION

Fifteen years ago, the Einstein Observatory completed a
three-year program of pointed observations that provided the
first arcminute-resolution images of the X-ray sky (Giacconi
et al. 1979; Elvis 1990). All previous analyses of these data
have employed search algorithms optimized for the detection
of spatially unresolved sources. Of great importance in this
regard are the Extended Medium Sensitivity Survey (EMSS)
which provides a catalog of optically identified sources for a
subset (one-third) of the IPC data (Gioia et al. 1990; Stocke
etal. 1991), and the Two-Sigma Catalog of Moran er al.
1996 which extends this discrete source survey to a larger
number of fields and to fainter flux levels. Clearly, however,
the algorithm most sensitive to finding point-like sources
will not be optimal for finding extended sources, and may
miss a significant number of extended emitters altogether.
For this reason we have designed a new source detection
algorithm sensitive to emission from spatially resolved ob-
jects and have applied it to the complete set of 4100 IPC
observations. Moran et al. 1996 provide a description of the
point-source detection version of this algorithm and a de-
tailed comparison of it with the EMSS algorithm. Here, we
describe a survey of the IPC data which uses this algorithm
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to find extended sources at high Galactic latitude. This new
IPC catalog is then matched with other X-ray catalogs and
catalogs at other wavelengths for confirmation and identifi-
cation of its contents.

Besides the obvious motivation for this work—to comple-
ment the various existing point-source catalogs—our new
catalog of diffuse and extended sources may be particularly
useful in studies of X-ray galaxy groups and clusters. It also
provides additional information about the completeness and
systematics of the EMSS galaxy cluster catalog (Gioia
& Luppino 1994) which has been the mainstay of studies of
the X-ray evolution of these objects (e.g., Henry et al. 1992).
The range of X-ray surface brightness which results from
morphological variation and cluster evolution, as well as the
finite angular resolution of the instrument, will introduce bi-
ases into any catalog and it is important to understand these
effects. For example, clusters lacking peaked central emis-
sion as well as nearby, low-luminosity groups will both have
more extended emission and be more likely to be recovered
in this new catalog (Pesce et al. 1990). Furthermore, because
our survey places fewer a priori constraints on the morphol-
ogy and sizes of the sources it finds, the possibility of finding
new types of diffuse X-ray sources exists. Tucker et al.
1995, for example, instituted a search for ‘‘failed clusters’
by examining objects selected from the IPC catalog based on
the relatively crude extent flag from the standard processing
algorithm. They did detect eight previously uncatalogued
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clusters, but owing to the relatively small number of objects
studied (17) and the fact that nearly half of these were con-
sistent with unresolved emission the significance of their re-
sults was limited.

In Sec. 2 of this paper, we describe the survey methodol-
ogy, including the source detection algorithm, the procedures
for removing duplicate and spurious sources, and the mecha-
nism for selecting out extended sources. Section 3 briefly
summarizes the statistics of the identified component of the
catalog, while Sec. 4 discusses comparisons with the Ein-
stein Extended Medium Sensitivity Survey (Gioia et al.
1990) and the ROSAT All-Sky Survey (Voges et al. 1996),
and offers a few comments on the utility of our new catalog.
We conclude with a summary of this work and access infor-
mation for those interested in using the catalog.

2. THE SURVEY METHODOLOGY
2.1 Source Detection Algorithm

A survey of this nature requires the construction of a de-
tection algorithm sensitive to faint, diffuse sources. The al-
gorithm we use is a slightly modified form of the one imple-
mented by Moran et al. (1996) to generate the Einstein Two-
Sigma Catalog. Briefly, the distinctions between our
procedures and the standard Einstein processing system in-
clude the application of a flat field to compensate for IPC
detector nonuniformities, improved data editing, a circular
(rather than square) source aperture, a local background de-
termination for each search cell, and an iterative source
search algorithm using apertures of different size.

We surveyed the IPC data four times, each time for a
different source size, or detection aperture. For each aper-
ture, we kept a record of every source detected with a sig-
nificance of greater than 2.50. The source acceptance thresh-
hold for each aperture is actually higher than this, but this
information is retained for subsequent tests of source extent.

The smallest aperture we used has a radius of 1.25', the
optimal size for a point-source, as determined by the point
spread function of the IPC (see Hamilton et al. 1991 for a
justification of this choice); the background annulus extends
from 3’ to 6’ as in Moran ef al. (1996). The other three
apertures have radii of 2.35’, 4.20°, and 6.10". The four ap-
erture radii represent a rough linear progression in their
square roots, with some rounding due to the image pixel size.
The background annuli for these large apertures are corre-
spondingly larger such that the area in the annulus (and, thus,
the statistical uncertainty in the background determination) is
roughly the same for all four apertures. For the
1.25" aperture search we employed images with 32" pixels;
the data were rebinned into 64" pixels for the three larger
aperture iterations.

An extended source detected in the four apertures ought
to show an increase in significance out to the limiting radius
of the object, beyond which, the significance should drop
rapidly as more background flux is included in the source
aperture. Thus, by examining the progression of the signal-
to-noise ratios for a given source as it is detected in each of
the four apertures, we can ascertain whether the source’s
X-ray emission is point-like or extended.
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An alternative technique to this multiple aperture photom-
etry is to use a pre-determined two-dimensional source pro-
file (e.g., an elliptical Gaussian) to find and fit locations of
significant X-ray emission. However, we feel that our ap-
proach is less likely to introduce biases into the detection
process by assuming a particular form of source profile and
is more appropriate to an application with high photon noise
and large computational overhead.

2.2 Removal of Spurious and Duplicate Sources

After generating four large lists of source candidates
greater than 2.5¢ above background (one for each aperture),
we proceeded to limit the number of spurious sources and,
for a source that appears in more than one of the four lists, to
decide which sky position to use to represent the source in
the final catalog. We did this in several steps.

First, we have adopted the same requirements as Moran
et al. (1996) for the minimum number of usable pixels (i.e.,
those outside the IPC window support ribs and uncompro-
mised by the presence of a nearby source) in both the source
aperture and the background annulus required to admit a
candidate to the final source list: 60% and 30% of the full
areas, respectively. As described in that paper, these require-
ments result in a significant reduction in spurious detections.
To reduce further the number of spurious detections, we only
used data within the central 38'X38’ of the detector
bounded by the window support ribs. In the outer regions of
the IPC, the ratio of X-rays to non-X-ray background falls
significantly, and large numbers of spurious, low-
significance sources swamp the few real detections.

A third and obvious method for the removal of spurious
sources is to increase the signal-to-noise ratio threshold. To
this end, a plot of detected source positions as a function of
IPC instrumental coordinates is useful. For real celestial
sources, such a plot should exhibit an excess of detections at
the field center, along with a quasi-random distribution of
sources scattered over the rest of the field. The central en-
hancement is a result of the fact that most pointings were
targeted at known or suspected X-ray sources. The quasi-
random component of the distribution, due to serendipitously
detected sources, should show an enhanced source density in
regions where the instrument is more sensitive, i.e., where
the flat-field correction is larger.

Figure 1 shows such plots for all detections in each of the
four catalogs. Apertures 1 and 2 (with 1.25" and 2.35’ radii)
exhibit some of the more prominent features of the flat-field
such as the enhanced sensitivity along the vertical band near
the left edge and just to the right of the center (see Fig. 4 in
Moran et al. 1996 for a greyscale plot of the flat-field.) These
features are, as expected, more difficult to see in the plots of
detections for the two larger apertures, because the aperture
size tends to wash out the arcminute-scale detail. Of note in
these plots is a distinct clumping of detections in the corners
of the detector. These are primarily spurious detections, an
artifact of the local background subtraction technique which
begins to fail at field edges where the numbers of usable
pixels in both the source aperture and the background annu-
lus are near the limits set by the algorithm. Figure 2 demon-
strates the effect of increasing the minimum significance re-
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FiG. 1. Locations of source detections greater than 2.5¢ on the face of the IPC instrument. (a) 15456 detections with aperture 1, (b) 15265 detections with
aperture 2, (c) 16567 detections with aperture 3 and (d) 14048 detections with aperture 4. The circular patterns are a consequence of pixel quantization of

positions.

quirement on these detections. The first plot shows the
aperture 3 (4.20" radius) detections greater than 4.50 above
background. The second plot shows aperture 4
(6.10" radius) detections above 50. The excess detection
density in the field corners has essentially vanished in these
plots, indicating that many spurious detections have been
removed.

By examining many plots such as those in Fig. 2 with
varying signal-to-noise ratio thresholds, we decided to retain
any detection such that the aperture 1 (1.25") signal is greater
than 3, the aperture 2 (2.35’) signal is greater than 40, the
aperture 3 (4.20") signal is greater than 4.50, or the aperture
4 signal (6.10") is greater than 5o. The final catalog of
sources, however, includes only those which have detections
in at least two of the three larger apertures. This intermediate

step, in which we also include the sources that appear in
aperture 1, allows us to characterize the differences between
point-like and extended sources (see Sec. 2.3).

We next removed overlapping detections and combined
the four separate catalogs into one master database of
sources. Within each of the four catalogs individually, we
ascertained which detections overlapped each other based on
the aperture radius. We retained only the one source with the
highest signal-to-noise ratio in each set of overlapping
sources. We then constructed a catalog by combining spa-
tially coincident detections from the four individual aperture
catalogs. For each source, a position is listed, along with the
signal-to-noise ratio and the flux calculated in each of the
four apertures (with a null value listed when a given source
was not detected in a particular aperture). Again, in cases
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FiG. 2. Locations of source detections on the face of the instrument. (a) 4505
sources greater than 4.5¢ detected with aperture 3 and (b) 3740 sources
greater than 50 detected with aperture 4.

where multiple small aperture detections coincided with a
large aperture detection, only the highest signal-to-noise de-
tection of the multiple smaller aperture detections was re-
tained. The sky position of each source is the weighted av-
erage of the positions of all the detections. The weighting
factor is 2/ , where r; is the radius of aperture i, and o; is
the signal-to-noise ratio measured for aperture i.

The source catalog was then culled by excluding IPC
fields within 20 degrees of the Galatic plane or whose aver-
age photon-counting rates exceeded 3 counts sec™!. There
are three reasons for the high-flux exclusion. First, such
fields may include bright, well-studied diffuse X-ray sources.
Second, they may contain very bright point sources with sig-
nificant non-Gaussian point-spread-function wings arising
from scattering of the incident X-rays off mirror imperfec-
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tions. These sources are not effectively removed by the
source excision algorithm in the search program, and result
in spurious detections of diffuse sources. Third, these high-
flux fields may have high non-X-ray background rates which
also enhance the false source detection rate. Additionally,
many nearby (i.e., large) extragalactic objects have diffuse
X-ray emission and produce spurious detections that could
be identified as extended sources. Therefore, any sources
within 5° of the Large Magellenic Cloud, 2.67° of the Small
Magellenic Cloud, 2.67° of the Coma Cluster, or 1.6° of
Messier 31 were excluded. The final product is a 7419-entry
master catalog. (The full version of this catalog is available
in electronic form at http://astro.caltech.edu/~bro.)

2.3 Selecting Extended Sources

In order to produce a scheme by which we might distin-
guish a truly diffuse source from a point source, we take
advantage of the great effort expended over the last fifteen
years in identifying IPC X-ray sources (e.g., Stocke et al.
1991 and references therein). Specifically, we matched our
list of 7419 sources with the 2E Catalog available from the
Harvard-Smithsonian  Center for  Astrophysics via
EINLINE. All matches were recorded, along with the differ-
ence in position between our detection and the EINLINE
catalog entry. A total of 241 stars and 193 quasars were
identified within 1.5’ of our positions. This radius is roughly
consistent with the point-source size determined by Hamilton
et al. (1991), and an examination of the distribution of off-
sets of EINLINE sources from our sources shows a strong
peak with a width of about 1.5’ radius. Furthermore, 484
sources in our master catalog were identified with galaxy
clusters within 6.2’ (370 within 4.1’; although there are only
268 galaxy clusters identified as such in EINLINE, several of
them were detected multiple times because of their large
sizes). Virtually all of the identifications in the 2E catalog are
a result either of the detection of the pointing target or of
individual spectroscopic followup of serendipitous sources
(rather than simply matching catalogs of objects from other
wavelength regimes). Therefore, the false identification rate
is very low. As a consequence, by comparing how the o;
values for a known point source (i.e., a star or quasar) behave
as i increases with the behavior of the o; values for known
extended sources (i.e., galaxy clusters), we can develop cri-
teria for distinguishing unidentified point sources from uni-
dentified extended sources. To this end, we define the quan-
tity o;;=0;/0;, the ratio of a source’s o values in two
different apertures. These six ratios provide a simple means
for determining the behavior of signal-to-noise ratio as a
function of aperture size.

In Fig. 3, we compare the normalized o; distributions for
stars and quasars. The two are strikingly similar, as expected
for two sets of objects that are both unresolved in the IPC.
There are small, statistically insignificant differences in the
mean values for several of the distributions (see Table 1).
These differences are, however, in the sense expected in that
they reflect the spectral difference between the two source
classes: stars, with softer spectra on average, produce
broader point-spread-function distributions due to the poorer
electron cloud localization in the IPC for low-energy pho-
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FiG. 3. Normalized distributions of o;; for sources identified as stars and
quasars by EINLINE. The shaded histogram indicates the distribution for
quasars. The unshaded histogram corresponds to the stars.

tons. Given the small differences these spectral distinctions
make, as well as the fact that the extended sources for which
we are searching can be expected to have a wide variety of
spectral temperatures, we sum the o;; distributions of these
two source types to produce our point-source template dis-
tributions.

Figure 4 displays these point-source distributions plotted
together with our measurements of the o;; distributions for
the galaxy clusters found in the 2E catalog. The dramatic
difference is immediately apparent. The cluster distributions
are much broader, reflecting the range of intrinsic cluster
X-ray emission profiles, and the means are at much lower
values (Table 1), demonstrating the increase in signal-to-
noise as more source flux is included as the aperture size
increases (and less source flux is included in the background
annulus).

In order to isolate extended sources in the catalog, we
derive criteria for separating point-like and extended sources
using these o; distributions. The intention is to produce a
final catalog of extended source candidates with minimal
contamination by point sources. We choose to be conserva-
tive, sacrificing possible extended sources for the sake of a
more finely distilled catalog free of point sources. We assign
“‘cutoff ratios’’ for the o3, 014, and o5, distributions for
which the point-source distributions are quite well separated
from the cluster distributions. The ‘‘cutoff ratios’’ were se-
lected by choosing the point in the plots in Fig. 4 where the
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FiG. 4. Distributions of o; for sources identified in EINLINE as galaxy
clusters (shaded histogram) and as point-sources (the sum of the two histo-
grams in Fig. 3).

point source distribution crosses the cluster distribution. This
effectively treats the distributions as probability distribu-
tions. Thus, in the region below the ‘‘cutoff ratio’’ a given
source is more likely to be extended than point-like. The
“‘cutoff ratios’’ used are 0.75, 0.70, and 0.85, respectively.
In Sec. 4 we estimate the degree of contamination by point
sources in the final catalog.

The result of applying these cutoff ratios to our master
catalog is the Einstein eXtended Source Survey (which we
dub the EXSS). To produce the EXSS, we took a source
from the master catalog only if it obeyed the following set of
rules: (1) it appears in all four apertures and has o3, 04,
and 0,4 which are less than the corresponding ‘‘cutoff ra-
tios’’; or (2) it appears in at least two of the three largest
apertures and still obeys the applicable ‘‘cutoff ratios.”” No
sources detected only in aperture 1 were retained. The EXSS
catalog contains 1326 sources: The 333 sources appearing in
only one of apertures 2, 3, or 4 were set aside in a separate
list. These catalogs can be obtained in electronic form at
http://astro.caltech.edu/~bro.

3. IDENTIFICATION OF EXTENDED SOURCES

Obtaining the Abell and Zwicky catalogs of galaxy clus-
ters from the High Energy Astrophysics Science Archive Re-
search Center (HEASARC), we identified every EXSS
source within 12’ of the central position of an Abell cluster

TaBLE 1. Mean values of o;; distributions.

Object Type {o12) (o13) {014 {o23) (024) (034)
Stars 0.95x0.06 0.89+0.05 0.92+0.06 0.96+0.06 1.00+0.07 1.08+0.07
Quasars 1.00=0.07 0.92+0.06 0.93£0.07 0.94*+0.07 0.96£0.07 1.03+0.07
Clusters 0.880.06 0.70£0.08 0.62+0.08 0.82+0.08 0.76%=0.08 0.93+0.08
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or closer to a Zwicky cluster than the quadrature sum of
6’ and the size of the cluster listed in the Zwicky catalog. A
total of 273 sources were coincident with Abell Clusters and
120 with Zwicky Clusters. Forty-seven sources were identi-
fied through cross-correlation with the EMSS catalog and
183 with the EINLINE catalog. Cross-correlation with the
Positions and Proper Motions catalog (Roser & Bastian
1991) found 115 sources coincident to within 3.0" of stars.

In an attempt to identify the remaining 835 unidentified,
extended X-ray sources, we queried the NASA/IPAC Ex-
tragalactic Database (NED). We searched with a 12" radius
at each position in our catalog. The result was that, of the
835 sources, some 150 contained galaxies that belong to
known galaxy clusters, groups or sets of interacting galaxies,
including Southern Clusters, clusters in the Catalog of Gal-
axies and Clusters of Galaxies, Arp’s Peculiar Galaxies and
the outlying galaxies of some Abell and Zwicky clusters that
were not within the radii used above to match Zwicky and
Abell Clusters with EXSS sources. Another 323 sources con-
tain one or more galaxies (as found by NED), 37 contain
quasars, and 4 are associated with H 1 regions. As a result of
this elaborate exercise in cross-correlation, the catalog re-
tains 321 unidentified sources. These we put forth as the
unidentified subset of the EXSS (see Table 2).

Of these 321 unidentified X-ray sources, 124 contain
known radio sources and 47 contain known infrared sources
(with some overlap between the two sets); 163 contain no
cataloged objects in any other wavelength band. We consider
the sources which contain infrared sources and radio sources
to be unidentified in the sense that their astrophysical nature
is unknown. Furthermore, most of these cases can be ex-
plained by chance coincidence. The 321 sources searched for
in NED cover about 40 square degrees on the sky. With 2.86
Greenbank sources per square degree (Gregory & Condon
1990) and 2 IRAS sources per square degree outside the Ga-
lactic plane (Beichman et al. 1988), we would expect to find
about 80=9 IRAS sources and about 115* 11 Greenbank
sources within the bounds of our X-ray sources. Thus the
frequency of matches between the X-ray and radio catalogs
can be entirely explained by random coincidences.

Table 2 presents a full listing of the 321 unidentified
EXSS sources. The table lists for each source the weighted-
average position (as described above), the largest signal-to-
noise ratio at which it was detected, the radius of the aperture
with which that detection was made, and the flux in counts
per second measured through this aperture. The radius can be
considered a very crude estimate of the source angular ex-
tent. In addition, the last field in the table indicates what, if
any, type of source (radio or infrared) exists within the uni-
dentified EXSS source region.

4. COMPARISON WITH OTHER X-RAY SOURCE CATALOGS

A comparison between the EXSS catalog generated here
and the EMSS catalog can be used to assess the importance
of our reduced systematic errors and a detection routine less
susceptible to surface-brightness selection in the re-analysis
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of the IPC data. The proper evaluation of these effects is an
integral part of the interpretation of catalogs such as the
EMSS which are taken to be complete.

First we cross-correlated the master catalog with the
EMSS. Some 607 of the 835 EMSS sources are identified
with sources in our master catalog. (The other 228 sources
were not found because they lie outside the rib structure of
the IPC, areas excluded from our search but partially in-
cluded in the construction of the EMSS catalog.) In Fig. 5 we
have plotted our best signal-to-noise ratio versus the EMSS
signal-to-noise ratio for each of these 607 sources. Symbols
denote which aperture yielded the best signal-to-noise ratio
in our search. Virtually every point in the plot lies above the
line of equality. At the low o end, a few points fall below the
line, but these are low-significance sources whose signal-to-
noise ratios are very sensitive to the detection algorithm
used. Above 10 o on the ogygg axis, only three points fall
below the line of equality. The two near ogyss=18 (MS
0134.4+2027 and MS 1332.6—2935) are sources that are
half-obscured by the rib at the edge of the field we searched.
These objects have slightly reduced signals because they are
partially cut out by the EXSS search scheme which does not
use data under the ribs. The aperture 4 size source below the
line at ogyss=13 corresponds to the EMSS source MS
1701.5+6102. This object appears in several different IPC
observations. The exposure with the longest integration time
has the object outside the rib structure, and is the one which
the EMSS used to make its measurements. Since we were
restricted to sources within the ribs, we had to use an expo-
sure with a shorter integration time, leading to an entry with
a lower signal-to-noise ratio in our catalog. The same cir-
cumstances might explain some of the other, lower-
significance points that lie below the line along which o
equals Ogypss -

Figure 5 demonstrates clearly that our improved analysis
of the data has yielded substantial gains in sensitivity. Fur-
thermore, the use of multiple apertures is shown to be ben-
eficial: Most of the aperture 1 sources are near the line of
equality, while the larger aperture sources are detected at
greater significance. For example, we find an average in-
crease of 45% in signal-to-noise ratio for 79 galaxy clusters
first detected in the EMSS. Some of these clusters were de-
tected at significance levels 2.5 times higher than their
EMSS detections. These successes bode well for our search
for X-ray selected clusters amongst the unidentified compo-
nent of the EXSS.

Figure 6 shows a plot similar to that of Fig. 5, but in this
case, only sources that pass the requirements for being ex-
tended are included. In this plot only two points lie below the
line. These are both a result of partial obscuration by the ribs.
In this plot, circles surround the points that correspond to
galaxy clusters. These are consistently detected with much
greater signal-to-noise ratios in our survey.

This comparison with the EMSS permits an estimation of
the contamination by point sources in the EXSS. In the mas-
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TaBLE 2. Unidentified sources in the Einstein Extended Source Survey.

R.A. (1950): " m s Dec. (1950): ° ' " Ap. Flux o D
0 4 34.34 15 49 8.0 4 0.026 4.72 Radio
0 14 10.95 16 13 38.2 3 0.010 5.02 IR
0 18 50.31 1 16 5.8 4 0.031 5.29 Radio
0 19 50.10 -12 45 5.0 4 0.023 534 Radio
0 20 0.16 -12 19 34.1 3 0.017 4.56 none
0 26 40.14 88 36 48.9 4 0.024 571 none
0 26 45.45 6 9 234 4 0.054 5.16 none
0 32 42.85 -7 43 39.3 4 0.049 5.15 R
0 35 29.21 29 33 48.3 4 0.039 6.73 none
0 37 59.62 40 12 53.7 4 0.016 5.70 Radio
0 39 3.75 40 28 40.2 3 0.008 5.49 Radio
0 42 38.18 0 50 13.6 3 0.050 5.07 Radio
0 45 1.61 24 14 20.3 3 0.032 4.95 Radio
0 45 47.53 -12 13 53.9 3 0.034 4.56 IR
0 49 6.46 88 50 48.7 4 0.020 5.32 IR
0 56 39.04 29 59 18.5 3 0.011 4.86 none
1 4 37.66 -21 39 41.0 4 0.026 4.68 none
1 7 8.16 14 55 13.2 4 0.053 5.29 none*
1 14 55.00 -1 3 42 4 0.020 542 none
1 16 40.61 0 -57 2.3 4 0.028 591 none
1 17 17.99 8 14 54.7 4 0.014 6.15 Radio
1 20 32.45 -3 36 21.1 4 0.026 5.80 Radio
1 21 44.20 7 0 44 3 0.029 431 Radio
1 22 10.80 23 22 2.6 4 0.055 5.50 - Radio
1 22 47.94 19 5 47.7 3 0.026 5.98 Radio
1 33 5.48 15 27 15.3 3 0.016 4.65 none
1 34 48.17 -5 4 35.9 4 0.063 6.53 IR
1 34 51.85 15 21 314 4 0.022 5.09 none
1 35 1.84 20 32 24.9 3 0.014 453 none
1 37 24.49 -18 22 12.3 3 0.023 4.90 Radio
1 38 50.29 4 27 34.9 4 0.044 6.38 Radio
1 39 14.88 =30 25 74 3 0.018 6.10 none
1 58 9.75 12 48 26.7 3 0.020 4.50 none
1 59 22.57 -8 51 32.7 3 0.017 452 none
2 3 48.39 23 16 32.0 4 0.021 6.25 none
2 4 26.69 -37 50 10.8 4 0.038 5.72 Radio
2 15 1.48 =51 32 13.6 4 0.055 5.63 none
2 24 55.31 -10 41 38.3 4 0.029 6.83 none
2 27 40.80 -12 54 26.1 4 0.052 5.11 none
2 36 46.03 16 33 103 4 0.047 5.11 none
2 40 6.10 6 47 10.2 3 0.027 5.68 none
2 55 43.32 20 41 55.6 4 0.033 5.51 none
2 58 3.03 7 29 28.7 3 0.019 522 none
2 59 42.27 -14 48 33 4 0.026 5.46 IR
3 4 12.56 15 23 7.7 3 0.014 4.82 none
3 5 19.02 ~12 26 16.1 3 0.027 4.76 none
3 5 32.87 10 26 10.5 4 0.050 5.49 Radio
3 9 19.88 14 41 46.4 3 0.011 4.81 none
3 24 37.76 28 23 373 3 0.029 4.82 Radio
3 30 26.22 -9 20 38.8 3 0.059 4.71 none
3 32 6.44 -26 2 9.7 4 0.073 5.24 Radio
3 44 13.75 -25 8 23.1 4 0.060 5.39 R
3 46 33.64 23 17 28.7 3 0.033 6.73 none
3 46 35.40 17 17 28.4 4 0.061 6.34 Radio
3 52 20.65 2 50 26.4 4 0.071 5.80 none
3 58 46.53 10 25 36.2 3 0.028 4.55 none
4 1 20.22 -36 32 8.8 3 0.034 4.80 none
4 6 26.04 -12 20 50.5 3 0.046 4.71 none
4 10 6.17 7 37 54.6 4 0.038 5.97 none
4 15 26.29 -6 11 53.7 4 0.031 5.15 none
4 15 30.03 -5 49 13.1 3 0.029 4.58 none
4 21 23.31 0 27 31.7 4 0.051 5.36 Radio
4 31 12.13 5 30 30.4 3 0.010 5.05 R
4 31 3313 5 8 15.0 3 0.010 575 none
4 33 14.13 10 19 39.0 4 0.047 5.17 none
4 33 18.14 -10 21 2.5 4 0.079 5.11 none
4 38 41.93 -15 39 36.0 4 0.023 5.25 none
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TABLE 2. (continued)

RA. (1950): * " s Dec. (1950): ° ' ! Ap. Flux a D
4 39 22.40 -16 10 173 3 0.009 5.64 Radio
4 40 47.34 8 28 503 4 0.034 5.30 none
4 45 1.94 -59 37 9.0 4 0.033 6.25 none
4 46 5227 -59 9 8.3 3 0.025 4.98 Radio
5 2 10.88 ~11 54 2.6 4 0.020 6.18 none
5 2 13.55 -12 1 183 3 0.017 6.02 none
5 3 35.44 -11 44 9.4 4 0.021 5.58 none
5 9 34.71 —44 57 385 3 0.036 4.57 none
5 13 2.88 -8 13 223 4 0.043 5.49 R
5 38 51.76 ~44 0 473 4 0.033 4.70 none
6 1 9.05 -31 58 524 4 0.063 5.50 none
6 14 10.12 -59 8 15.1 4 0.028 5.56 R
6 14 39.71 -59 23 415 4 0.028 5.54 R
6 15 4230 -59 32 14.8 3 0.019 4.52 Radio
6 26 35.32 —55 11 11.4 4 0.021 5.26 none
6 35 54.74 =75 32 41.0 4 0.055 4.64 none
6 43 41.43 53 17 36.4 4 0.043 5.07 IR
7 33 44.40 65 30 56.5 3 0.018 491 Radio
7 39 42.54 37 46 51.3 3 0.011 4.83 Radio
7 52 53.26 39 23 285 3 0.031 5.08 Radio
7 59 4037 14 22 36.4 4 0.024 5.70 Radio
8 3 15.11 21 21 27.0 3 0.023 4.85 Radio
8 6 23.03 20 57 23.0 4 0.021 5.66 Radio
8 8 48.79 62 59 56.8 3 0.015 4.43 IR
8 8 49.40 66 51 53.0 4 0.029 475 none
8 16 49.41 52 53 315 4 0.029 5.23 none
8 20 36.58 2 18 134 4 0.026 5.16 none
8 23 9.43 26 53 43 4 0.026 593 Radio
8 23 15.64 29 15 36.2 3 0.015 5.25 Radio
8 24 2227 26 47 11.0 4 0.028 578 Radio
8 37 24.85 13 12 58.1 4 0.020 6.68 none
8 41 5045 19 7 19 4 0.028 635 none
8 42 1.67 19 16 0.0 4 0.018 5.15 none
8 47 20.79 51 35 20.6 3 0.037 4.94 none
8 48 44.58 33 26 474 4 0.085 5.65 Radio
8 52 28.67 6 17 4.2 4 0.039 5.15 Radio
8 59 0.82 -13 59 432 4 0.056 5.70 none
8 59 18.33 18 12 417 4 0.066 5.10 none
8 59 25.73 -13 47 9.8 3 0.067 5.48 R
9 7 21.58 2 56 328 3 0.025 4.70 none
9 20 2191 34 33 24.2 4 0.028 5.34 Radio
9 23 4737 38 57 46.4 3 0.019 547 Radio
9 24 42.54 -5 31 40.1 3 0.019 522 Radio
9 26 27.61 -5 45 49.6 3 0.019 5.11 none
9 26 55.04 6 17 35.3 4 0.023 5.23 none
9 46 5.96 7 42 48.0 4 0.039 521 Radio
9 48 46.43 11 53 226 4 0.046 5385 none
9 51 11.40 44 18 2.1 4 0.043 5.28 Radio
9 54 12.36 32 23 432 4 0.047 5.20 Radio
9 54 52.96 22 54 54.2 4 0.041 5.68 none

10 1 1.97 5 14 48.8 4 0.061 4.63 none
10 3 21.13 -29 45 423 4 0.049 5.10 Radio
10 4 1422 1 7 27.6 3 0.035 4.66 none
10 9 4767 35 16 57.3 4 0.050 5.08 Radio
10 15 36.57 1 18 50.8 4 0.039 5.27 none
10 20 56.40 -10 17 10.2 3 0.034 4.72 Radio
10 28 31.04 31 28 57.5 3 0.018 4.92 Radio
10 29 12.97 31 20 5.6 3 0.018 530 R

10 30 28.42 9 18 34.9 4 0.036 5.95 Radio
10 40 42.63 56 14 453 3 0.034 4.92 none
10 43 4.99 9 22 40.3 4 0.022 5.28 none
10 45 52.61 6 59 18.9 4 0.048 5.76 Radio
10 47 12.77 7 0 415 3 0.046 541 Radio
10 49 22.60 —18 22 30.3 4 0.051 4.94 none
1 6 2.13 37 52 54 4 0.026 5.13 Radio
11 9 53.56 -26 17 419 4 0.021 5.83 none
11 9 58.96 35 55 373 3 0.023 5.11 Radio
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TABLE 2. (continued)

R.A. (1950): * " s Dec. (1950): ° ! " Ap. Flux o 1D
11 27 12.44 30 28 17.6 4 0.057 5.24 Radio
11 28 31.62 30 20 16.9 4 0.048 5.13 Radio
11 35 11.09 -8 48 28.6 4 0.033 5.09 none
11 37 51.74 28 59 59.9 3 0.015 4.45 Radio
11 39 2.69 34 25 35.6 3 0.026 4.65 Radio
11 39 24.37 66 11 36.6 3 0.016 443 none
11 43 45.37 —28 27 13.6 4 0.060 5.14 none
11 45 13.32 -10 12 55.8 3 0.045 4.75 none
11 45 50.07 0 59 42.0 3 0.017 4.63 Radio
11 56 8.83 -27 14 25.8 4 0.040 6.31 none
11 58 0.12 1 30 59.2 3 0.032 5.61 IR
11 58 40.38 -18 20 4.4 4 0.062 5.89 none
12 7 0.15 39 40 339 3 0.017 4.77 Radio
12 9 54.98 -1 15 423 3 0.019 4.50 IR
12 16 21.40 38 11 59.5 3 0.013 5.08 Radio
12 33 29.16 66 23 38.2 4 0.054 6.02 IR
12 38 39.03 -28 42 323 4 0.048 5.37 none
12 45 43.47 60 52 23.0 3 0.020 4.56 none
12 46 37.02 59 10 11.0 3 0.032 5.03 IR
12 48 37.52 0 —56 12.6 4 0.022 6.97 none
12 50 59.89 56 35 16.4 4 0.028 5.10 none
12 52 30.54 56 56 253 4 0.029 5.22 none
12 54 31.18 -5 28 18.4 3 0.008 4.56 none
12 57 13.92 30 53 17.6 4 0.040 452 Radio
12 58 32.65 35 51 39.0 3 0.009 6.59 Radio
12 59 6.63 31 12 48.4 4 0.054 4.73 Radio
13 0 4.87 -2 3 7.7 4 0.030 5.33 Radio
13 1 31.06 63 41 50.5 3 0.028 5.01 IR
13 3 42.55 -1 53 432 4 0.059 5.77 IR
13 12 12.22 29 10 314 4 0.023 5.10 Radio
13 14 26.05 28 58 35 4 0.031 5.68 Radio
13 14 56.39 =22 54 8.5 4 0.024 5.11 none
13 15 58.68 29 25 54.4 4 0.040 5.87 Radio
13 16 1.56 =22 40 14.2 3 0.026 4.86 none
13 18 19.67 70 36 17.2 4 0.038 5.24 Radio
13 22 44.32 -4 53 12.5 3 0.026 4.80 none
13 26 34.83 -8 26 59.5 4 0.084 5.17 none
13 27 30.44 59 1 8.2 3 0.019 4.52 Radio
13 32 8.82 41 22 41.5 3 0.020 4.96 Radio
13 35 58.45 52 16 52.8 4 0.044 5.13 Radio
13 37 44.48 67 50 38.0 3 0.025 477 Radio
13 45 55.13 40 9 23.1 4 0.033 476 Radio
13 52 11.12 40 18 37.2 4 0.042 5.13 Radio
13 52 48.09 0 50 519 4 0.051 5.62 Radio
14 0 29.57 62 11 495 4 0.059 5.00 none
14 1 15.92 64 33 40.9 4 0.031 4.89 IR
14 1 51.64 64 25 222 4 0.040 6.08 IR
14 4 28.96 72 33 242 4 0.051 6.62 IR
14 4 49.80 22 30 18.5 4 0.047 4.97 none
14 9 44.02 52 8 55.8 4 0.025 6.85 none
14 13 19.45 19 19 55.1 3 0.035 4.51 Radio
14 18 26.16 72 20 375 4 0.044 5.12 Radio
14 21 11.06 —18 21 27.0 4 0.033 5.46 none
14 22 13.70 1 38 43 4 0.061 6.05 none
14 22 18.85 52 13 9.3 3 0.015 4.34 IR
14 25 47.29 1 48 6.6 4 0.026 5.40 none
14 28 23.15 62 12 57.0 3 0.030 4.83 none
14 28 3221 62 31 3.8 4 0.033 5.17 Radio
14 32 26.51 -17 31 231 4 0.058 5.46 none
14 32 53.75 —18 51 20.1 3 0.052 4.77 none
14 33 35.50 19 37 4.2 4 0.054 5.94 none
14 42 1.86 27 5 7.8 4 0.031 5.85 none
14 42 53.91 52 7 33.0 3 0.018 4.83 IR
14 43 48.75 12 3 7.1 3 0.019 4.64 none
14 50 43.11 21 16 12.6 4 0.023 5.73 Radio
14 52 20.84 16 3 19.6 4 0.078 5.58 none
14 53 16.00 21 23 44.1 4 0.032 6.45 Radio
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TABLE 2. (continued)

R.A. (1950): * " s Dec. (1950): ° ’ " Ap. Flux o D
14 57 7.18 4 29 46.7 4 0.045 5.28 Radio
14 58 5212 71 35 58.7 4 0.039 591 Radio
14 59 55.27 2 39 14.1 4 0.063 5.82 none
15 1 47.88 -32 55 25.1 4 0.040 520 none
15 2 10.38 26 27 325 4 0.022 5.21 none
15 2 43.57 2 10 133 3 0.018 451 none
15 4 40.10 11 2 523 4 0.029 6.11 Radio
15 8 43.10 57 28 7.1 4 0.057 5.54 Radio
15 12 55.21 33 27 323 4 0.023 5.07 none
15 15 28.58 22 55 20.4 4 0.042 5.8 Radio
15 17 11.63 20 17 3.6 4 0.014 5.42 none
15 20 31.67 7 43 238 4 0.060 5.10 Radio
15 23 7.30 30 1 50.4 3 0.027 5.41 Radio
15 24 47.65 22 57 55.0 4 0.025 533 none
15 25 26.51 1 19 233 4 0.038 5.18 none
15 25 41.61 10 22 39.6 4 0.046 5.35 none®
15 28 22.56 10 51 59.5 4 0.049 5.11 none
15 28 34.36 69 51 48.0 4 0.022 533 IR
15 29 48.69 -8 31 143 3 0.023 4.70 none
15 31 185 1 34 319 4 0.025 4.83 none
15 31 39.46 31 37 413 3 0.012 4.69 Radio
15 31 46.93 1 55 27.1 3 0.029 453 none
15 32 16.15 13 42 512 4 0.065 526 none
15 32 20.00 31 40 7.1 3 0.027 5.96 Radio
15 32 31.36 13 23 49.6 4 0.067 5.09 none
15 33 51.79 23 28 27.1 3 0.015 6.40 none
15 39 435 66 8 333 2 0.013 439 Radio
15 44 36.56 -17 2 39.4 4 0.061 5.15 none
15 47 19.04 5 52 30.5 4 0.074 627 Radio
15 48 1532 5 21 18.0 4 0.062 541 Radio
15 50 19.31 —4 43 414 4 0.029 5.13 none
15 59 33.46 41 13 38 4 0.014 525 Radio
16 3 12.51 66 54 59.9 3 0.020 5.50 none
16 5 3226 30 8 253 4 0.048 531 Radio
16 6 8.28 17 24 50.9 4 0.030 6.07 IR
16 6 22.79 17 2% 316 3 0.015 4.66 IR
16 7 3.15 10 48 46.4 4 0.097 573 none
16 7 31.38 66 11 51.1 4 0.029 536 none
16 7 48.37 -18 25 27.1 3 0.014 521 none
16 14 4.12 6 21 59.0 3 0.064 4.84 IR
16 15 14.68 32 17 20.7 4 0.025 512 Radio
16 18 20.56 5 42 51.9 3 0.042 455 none
16 22 25.42 23 37 51.8 3 0.018 450 IR
16 23 1.40 26 40 33.1 3 0.006 4.84 IR
16 23 34.47 61 21 55.5 3 0.037 5.17 none
16 25 33.18 41 11 04 4 0.036 4.62 Radio
16 26 20.36 15 16 4.7 3 0.033 4.68 none
16 31 24.18 5 39 449 4 0.062 522 none
16 35 47.60 12 9 432 3 0.016 5.06 none
16 36 6.70 1 45 13.0 4 0.033 5.10 Radio
16 43 18.10 -3 21 48.1 4 0.025 5.47 none
16 44 38.65 32 33 7.0 4 0.021 5.04 Radio
16 46 46.78 71 5 438 4 0.065 5.26 Radio
16 48 33.10 5 21 26.6 3 0.007 473 Radio
16 54 40.05 9 44 6.7 4 0.036 6.01 Radio
16 54 4127 9 18 348 4 0.025 5.13 R
16 55 43.98 35 9 238 3 0014 5.95 Radio
17 2 2.92 33 59 29.5 3 0.025 6.29 IR
17 3 38.88 0 43 36.6 3 0.025 453 none
17 3 43.35 23 46 56.4 3 0.019 4.50 none
17 6 44.97 49 8 19.9 4 0.059 6.41 none
17 7 10.54 54 47 34.9 4 0.053 5.55 none
17 8 037 39 41 57.5 4 0.058 6.07 Radio
17 11 18.87 48 41 57.6 3 0.031 4.96 Radio
17 17 57.25 32 37 32.1 4 0.038 5.85 Radio
17 18 55.76 32 49 43.1 4 0.029 5.06 Radio
17 20 44.53 34 15 34.1 3 0.035 433 Radio
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TABLE 2. (continued)

R.A. (1950): * m s Dec. (1950): ° ! " Ap. Flux o D
17 22 25.09 66 57 32.2 4 0.066 4.67 Radio
17 28 28.45 52 33 1.0 4 0.066 5.28 Radio
17 29 36.53 52 34 51.6 3 0.050 4.51 Radio
17 39 57.78 52 29 36.7 4 0.053 5.16 Radio
17 45 11.74 27 33 514 4 0.019 5.34 none
17 45 57.58 69 20 29.1 4 0.071 5.36 Radio
17 49 58.60 70 46 1.0 4 0.147 5.82 Radio
17 56 51.43 63 53 10.2 4 0.089 6.00 Radio
17 58 26.93 64 9 33.9 4 0.052 5.12 Radio
18 9 57.25 78 22 45.1 3 0.028 4.59 none
18 10 44.47 64 31 54.5 4 0.190 5.17 IR
18 20 47.03 64 1 23.5 4 0.072 5.42 Radio
18 28 8.09 64 2 18.0 3 0.058 5.51 Radio
18 32 35.04 64 47 324 4 0.161 6.40 Radio®
19 13 38.60 67 54 56.8 4 0.032 6.14 none
19 52 14.64 —69 12 30.0 3 0.018 452 Radio
19 54 1.24 —-69 25 26.5 3 0.024 4.81 none
20 6 42.77 —-36 8 232 4 0.048 5.24 none
20 11 8.07 —60 8 40.8 4 0.057 5.10 none
20 15 3.37 -3 37 412 4 0.042 5.03 none
20 55 5.42 -5 7 33.9 4 0.031 5.57 none
21 13 58.27 5 14 11.9 3 0.024 5.12 IR
21 18 12.17 —-11 14 50.2 4 0.018 5.06 none
21 20 27.80 16 33 37.6 4 0.029 6.64 Radio
21 22 11.46 5 19 51.6 3 0.037 4.69 none
21 2 4246 10 5 23.9 3 0.027 5.06 Radio
21 27 24.85 4 35 37.0 4 0.062 5.47 none
21 42 47.71 9 30 8.1 4 0.044 5.33 none
21 42 58.05 3 42 20.6 3 0.009 4.59 none
21 42 59.85 22 25 58.1 3 0.030 5.35 none
21 48 15.66 14 47 12.6 4 0.030 5.10 none
21 52 48.78 —61 2 44.1 4 0.069 5.11 IR
21 55 59.96 3 42 3.1 4 0.025 7.37 none
22 1 433 16 56 59.0 4 0.027 5.18 none
22 1 49.32 17 5 16.7 4 0.031 5.60 none
22 6 50.74 —4 24 46.0 3 0.019 4.85 none
22 35 11.48 -15 41 36.7 4 0.050 5.63 none
22 48 58.93 31 22 3.6 2 0.012 4.13 none
22 52 23.37 15 48 38.6 4 0.034 4.55 IR
22 55 27.03 20 18 478 3 0.020 4.87 none
23 3 28.01 14 50 39.6 4 0.043 5.42 none
23 3 37.52 -23 30 44.1 4 0.039 6.56 none
23 4 30.93 24 56 11.7 4 0.035 5.56 none
23 9 43.75 —49 51 43 3 0.017 435 none
23 10 52.80 —-50 11 15.0 4 0.025 5.01 none
23 11 51.53 =50 3 51.6 4 0.030 5.21 none
23 12 32.66 —42 39 13.9 4 0.059 5.43 none
23 15 30.72 15 31 47.7 4 0.049 5.52 Radio
23 17 38.78 —42 40 36.0 4 0.051 531 none
23 48 14.24 19 36 52.4 4 0.040 6.44 none
23 50 36.90 28 46 424 4 0.046 5.14 none
23 57 38.75 29 49 46.1 4 0.041 5.88 IR
23 58 23.84 29 27 14.5 4 0.035 4.75 Radio

*This source is coincident with RASS Bright Source J010954.5—151018.
®This source is coincident with RASS Bright Source J152807.3—101035.
°This source is coincident with RASS Bright Source J183231.5+644949.

Notes to TABLE 2

The Ap. column indicates the best aperture used to approximate the source extent. A value of 2 corresponds to 2.35’, 3 to 4.2’, and 4 to 6.1’. Flux is in units
of counts per second, and the ID column indicates whether NED found a radio source, an infrared source or neither within 12’ of the EXSS source.

ter catalog of 7419 sources prior to the selection of extended contrast, the EXSS (the catalog filtered for extended sources)
sources, 152 sources coincide with EMSS stars, 313 with  has only 6 sources coincident with EMSS stars, 15 with
AGN and 28 with BL Lac objects. In addition, 79 sources in ~ AGN and 1 with a BL Lac object. That is, only about 4% of
the master catalog coincide with EMSS galaxy clusters. In  the 493 objects known to be point-like make it through the
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T VS. Opyss

T T T T T

FIG. 5. Plot of o vs opgygs for all sources in the master catalog with corre-
sponding EMSS detections. A subset of these sources are also in the EXSS
catalog and are shown in the next figure. Solid squares represent aperture 4
sources. Solid triangles represent aperture 3 sources, while crosses and open
stars represent aperture 2 and aperture 1 sources respectively. The diagonal
line indicates where o equals ogyss. See Sec. 4 for further discussion.

“‘cutoff ratio’’ filters. In contrast, we retained 27% of the
clusters after the application of the filters.

Finally, a cross correlation of the EXSS catalog with the
recently published ROSAT All Sky Survey Bright Source
Catalog (hereafter called BSC; Voges et al. 1996) yields in-
teresting results. Of the 146 matches, 68% have the extended
source flag set in the BSC catalog. Figure 7 shows that the
EXSS aperture number is roughly consistent with the BSC
source extent parameter. Among the unidentified portion of
the EXSS catalog, only 3 sources are coincident with BSC
sources. These are noted in Table 2.

Ogxss VS Opuss

0
0

FIG. 6. Plot of ogxss VS 0pmss . Symbols have the same meaning as in Fig.
5. This plot only shows extended sources (sources in the EXSS). See Sec. 4
for further discussion.
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Fic. 7. EXSS aperture number vs RASS source size. Aperture number 2
corresponds to 2.35’, aperture 3 to 4.2’, and aperture 4 to 6.1".

5. CONCLUSIONS

Using careful flat-fielding and source extraction tech-
niques, we have derived from the Einstein IPC database a
catalog of candidate extended X-ray sources. Several hun-
dred of these are identified with previously cataloged clusters
of galaxies, nearby galaxies, and other extended sources of
X-ray emission. There remain 321 candidates, however,
without optical identifications. Nearly all of those bright
enough to be detected in the BSC are seen, and over two-
thirds are listed as extended in that survey. Thus, this catalog
provides a rich source of targets for optical followup pro-
grams designed to construct complete samples of X-ray-
selected clusters of galaxies. Observations of this sample can
be expected to be of value in assessing the incompleteness of
optical cluster catalogs and, to the extent that they represent
a more distant sample, in charting the X-ray evolution of
galaxy clusters.

For those who wish to use the catalogs (either the large
main catalog, the EXSS catalog, the unidentified part of the
EXSS catalog or the catalog of sources appearing in only one
aperture) in electronic form, they are available on the internet
at http://astro.caltech.edu/~bro.

This research has made use of the High Energy Astro-
physics Science Archive Research Center, provided by the
NASA-Goddard Space Flight Center and the NASA/IPAC
Extragalactic Database (NED) which is operated by the Jet
Propulsion Laboratory, Caltech, under contract with the Na-
tional Aeronautics and Space Administration. B.R.O. is sup-
ported by a National Science Foundation Graduate Research
Fellowship and Futdi. This work was supported at Columbia
by the National Aeronautics and Space Administration under
contract NAS5-32063, and is Contribution Number 626 of
the Columbia Astrophysics Laboratory.
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