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ABSTRACT

The galaxy clusters A496 and A262 were observed by the Broad Band X-Ray Telescope (BBXRT)
during the Astro-1 mission. A496 was observed for 2282 s; A262 was observed for 5547 s. Observations
ranged from 2’ to 13’ off-axis. BBXRT had ~160 eV resolution at 6 keV and moderate spatial
resolution. The A496 data reveal the cooling flow present in this cluster but are consistent with a con-
stant abundance and column density. An unresolved iron line is present at 6.46 keV with an equivalent
width of 600 eV; this line is consistent with Fe xxv. The A262 data are of limited value. The spectra are
consistent with no cooling gradient, no abundance gradient, and no column density gradient across the
cluster. We also assign an upper limit of 1 keV to the presence of an iron line.

Subject headings: cooling flows — galaxies: clusters: individual (Abell 262, Abell 496) —
intergalactic medium — line: identification — X-rays: galaxies

1. INTRODUCTION

The X-ray emission from clusters of galaxies is consistent
with optically thin thermal bremsstrahlung emission from
hot gas (e.g., Sarazin 1988; Mushotzky 1994; Fabian 1994)
confined by the gravitational potential well of the cluster. A
critical temperature in the cooling function exists at
~2 x 107 K (~1.7 keV): above this temperature, thermal
bremsstrahlung continuum emission dominates the spectra,
while below this temperature, line cooling dominates. With
the detection of the iron line from the Perseus cluster
(Mitchell et al. 1976) and the Coma and Virgo clusters
(Serlemitsos et al. 1977), interest increased in understanding
the details of the X-ray emission as probes of the physics of
clusters and their intracluster gas. Heavy elements, particu-
larly iron, dominate the emission. The origin of these ele-
ments is not understood, but a reasonable model is the
injection of nucleosynthesis products into the intracluster
gas by supernovae and the stellar winds of massive stars.

The details of the X-ray emission must be investigated
with high-spatial and spectral resolution instruments.
High-spectral resolution observations provide information
on gas temperatures, element abundances, and absorption
along the line of sight. High spatial resolution provides
information or limits on substructure in the X-ray emission,
possible correlations of the optical galaxies with any X-ray
substructure, and the cluster X-ray emission profile. White
et al. (1991), for example, found excess absorption (above
the Galactic contribution) in several clusters; the implica-
tion is that a considerable mass (~10'? Mg) of cold
material is present. White et al. (1994) found, using com-
bined Einstein solid-state spectrometer (SSS) and Ginga
large area counter (LAC) data, that two-temperature fits
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were necessary to fit the data. They also showed that fits to
the data required elevated column densities and abun-
dances.

The flight of the Broad Band X-Ray Telescope (BBXRT),
carried aloft by the Space Shuttle during the Astro-1 flight
in 1990 December, provided an opportunity to study clus-
ters with broadband, moderate resolution spectra. This
paper presents the BBXRT data on the clusters A496 and
A262. X-ray emission was discovered from both clusters by
Uhuru (Forman et al. 1978) and imaged with the Einstein
IPC (Stewart et al. 1984). The temperature of A496, based
upon the EXOSAT medium-energy (ME) spectrum, is
4.8%5:2 keV and yields a 2-10 keV luminosity of 2.5 x 10%*
ergs s~ ! (Edge et al. 1990). Nulsen et al. (1982) derived a
mass accretion rate of ~200 My yr~! from Einstein data.
For A262, the temperature is 2.4 + 0.3 keV and the 2-10
keV luminosity is 2.7 x 10*3 ergs s~ (Edge et al. 1990).

The plan of the paper is as follows. Section 2 reviews the
BBXRT instrument and describes the observations. Section
3 describes the spectral fitting that was done. Section 4
discusses the results.

2. OBSERVATIONS

The BBXRT flew on the eight-day Astro-1 Shuttle
Mission in 1990 December. BBXRT was designed and built
at GSFC (Serlemitsos et. al. 1992) and was the first X-ray
telescope to operate over a broad spectral range (0.3-10
keV) with moderate energy resolution (~90 eV at 1 keV
and ~160 eV at 6 keV). This spectral range overlaps with
that of the Advanced Satellite for Cosmology and Astro-
physics (ASCA) and so will provide cross-calibration capa-
bilities on targets observed by both instruments. The
BBXRT instrument consisted of two co-aligned telescopes
of 3.8 m focal length, each with five lithium-doped silicon
spectrometers arranged as in Figure 1 (to be described in
greater detail). Some spatial resolution is provided by the
individual pixels and is characterized by the pixel size. The
mirrors are thin, nested, gold-coated aluminum foils, with
an effective area of 150 cm? at 2 keV and 80 cm? at 7 keV
for each telescope-detector combination. The overall field of
view is 17'. The central pixel has a 4’5 field of view and the
pixels are separated by a mask 1.5 across. The detector
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Fic. 1.—BBXRT pixel configuration overlaid on Einstein IPC images of each cluster. Only the pixels for telescope A are shown. The B telescope is offset
slightly from the A telescope and is rotated 180° so that the A1 pixel overlaps the B3 pixel. The A1/A2 border is indicated by the tick mark originating at the
central pixels. Two representative pointings (Table 1) for each cluster are shown. (@) A496, pointings 2 and 4; (b) A262, pointings 1 and 4.

backgrounds are low, with 0.02 counts s~ ! in the central
pixel and 0.1 counts s~ ! in the outer pixels.

An aspect camera attached to BBXRT recorded aspect
solutions of the telescope pointing as a function of time.
Overlay plots were produced using an Einstein image of
each cluster with the position of BBXRT taken from the
aspect file projected onto the sky (Fig. 1). The pointings
were, in general, sufficiently accurate that each pointing can
been represented by a single aspect solution.

A496 was observed on days 2 and 3, and twice on day 5 of
the Astro-1 mission (Table 1). The observation from day 2
and the first observation from day 5 were completely off-
target. The remaining observations from days 3 and 5
totaled almost 3100 s. One pointing was nearly on-axis and

the other only 4’ off-axis. Figure 1a shows two representa-
tive pointings of BBXRT in relation to the cluster. Most of
these data were taken at night, with the nearest earth limb
dark. There is a small portion of data taken during Shuttle
day, but examination of the light curves indicate that back-
ground contamination is negligible. Data collected when
the earth angle was less than 100° were filtered out of our
observations. This amounted to less than 5% of the total
integration time. All data were taken outside of the South
Atlantic Anomaly, and other housekeeping parameters
indicated no need for further filtering.

A262 was observed on days 5 and 7 of the Astro-1
mission for a total of over 5500 s (Table 1). All pointings
were off-axis, so the signal was relatively weak, despite the

TABLE 1
LoG OF OBSERVATIONS

Off-Axis Angle RA. Decl.

Observation (arcmin) MET* Usable Exposure (hr) (deg) Aspect Solution®
A496°

1o, >60 2-15:45 0 164 —62 352

2 i, 4 3-09:55 1789 67.87 —13.41 28.7

3 44 5-17:13 0 67.85 —12.63 251.0

4 ... 2 5-17:25 493 67.85 —13.36 250.5
A262°

1.t 9 7-08:27 2030 2727 35.89 148.0

2 i, 13 7-13:01 683 2720 3593 169.2

3 4 7-13:22 933 27.39 35.88 170.0

4 oLl 13 5-12:11 1901 2724 35.81 193.8

* Mission elapsed time (MET), in which MET 0.0 (day 336.284039 of 1990) equals JD 2,448,227.784039.

® Aspect solution is the position on the sky of the center of the A0 pixel. An angle ¢ of zero indicates the A4 pixel
is north of the central pixel on the sky. Positive values indicate clockwise rotation.

¢ Cluster coordinates (1950): A262: R.A. = 183, decl. = +35°90; A496: R.A. = 4°52, decl. = —13°37.
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apparently long integration times. Figure 1b shows two rep-
resentative pointings of BBXRT in relation to the cluster.
Calibration problems due to airglow did not arise, since
nearly all of the data were taken during Shuttle night.
Observation 2 was collected during Shuttle day with the
nearest earth limb dark, and the resulting variations in the
light curve were negligible. Again, data with earth angles of
less than 100° were filtered out, and all other housekeeping
parameters indicated no additional filtering was necessary.

Internal background files were produced for each pixel
following the procedure outlined by Weaver et al. (1995).
This process involves scaling the internal background files
to the anticoincidence rate, if necessary. The resulting file is
then added to the diffuse nighttime X-ray background,
which was observed throughout the mission. Both unscaled
internal background files and diffuse background files were
produced and are available from the BBXRT data archive.
According to Weaver et al. (1995), the internal background
reaches a lower threshold value for anticoincidence rates
below 1000, and scales linearly with rates over 1000. Each
observation had an overall rate less than 1000, so no scaling
of the background files was necessary. When pixels were
co-added for spectral fitting, their corresponding internal
background files were also co-added.

3. SPECTRAL FITTING

3.1. General Procedure

Spectral fits were done by using the minimum y? statistic
option of the XSPEC (version 8.4) package. Pixels were
co-added or fit simultaneously, as detailed below, with an
absorbed Raymond-Smith thermal model. We want to pre-
serve as much spatial information as possible to study any
gradients in physical parameters that may exist, yet we also
want to obtain the highest signal-to-noise spectrum pos-
sible for each cluster. Unfortunately, these two goals are
somewhat incompatible given the relatively short pointings
characteristic of the BBXRT data.

A spectrum was first obtained for each individual pixel
and a best-fit model was produced for each. As the signal-
to-noise ratio for a given spectrum is low, and because the
spectral fits gave consistent temperatures in many of the
pixels, some pixels could be added together to increase
signal strength without any loss of effective spatial
resolution. Pixels having gas temperatures consistent within
the error bars were added together provided that their pro-
jected radial separations differed by less than 1. We
describe below our handling of pixels with different
response matrices.

For all spectral fits, the redshift parameter in the
Raymond-Smith model was fixed at the measured values of
z = 0.0164 for A262 and z = 0.0316 for A496 (Sarazin 1988).
In passing, we note that the Galactic column density Ny; to
each cluster is 4.9 x 10?° cm~2 for A262 and 4.5 x 102°
cm™? for A496 (values from Table 5 of Edge & Stewart
1991). For simultaneous fits, we required the temperature,
column density, and abundance to vary jointly between
each data set at a given radius while allowing the individual
normalizations to vary independently as a result of varia-
tions in the response matrices.

Response matrices for BBXRT vary with the individual
pixel and the off-axis angle of the source in each observ-
ation. The first occurs primarily as a result of differences in
thickness of the gold layer on each pixel. The off-axis angle
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is important because higher energy photons are lost prefer-
entially by the telescope vignetting. Appropriate response
matrices were produced for each significant pixel and off-
axis angle. We then fitted the spectrum from each pixel to
determine the significance of variations in the response
matrix of each pixel. Pixels with response curves differing by
more than 10% across small bands ~100 eV wide were
considered incompatible for summation. In general, the A
and B matrices can not be co-added as a result of the differ-
ences in the thickness of the gold layer. The A matrices were
discovered to introduce spectral differences of less than
~10%, well within the noise from photon statistics in a
given spectrum. The B matrices behaved similarly with the
exception that the BO response matrix differed from other B
pixel responses by more than 10%, so we did not add the B0
pixel to any other pixel. In the case where pixels could not
be added, but for which it was desirable to add pixels based
on radius and temperature, fits were done simultaneously
using XSPEC. Finally, changes in the off-axis angle by a few
arcminutes did not change the resulting fit. As a result, we
constructed a response matrix for each pixel or pixel sum
for A496 using an off-axis angle of 3’ instead of constructing
response matrices at 2’ and 4'. For A262, response matrices
of 7 were used for the first and third observations, and
matrices with an off-axis angle of 13’ were used for the
second and fourth observations. We acknowledge that we
have not eliminated small (<10%) systematic errors;
however, the limited data set allows only gross systematic
errors greater than 15% to be visible. We believe we have
eliminated errors of that size or larger.

While BBXRT functioned over the range 0.3-10 keV,
Weaver et al. (1995) determined that not all of the pixels
were calibrated reliably over the entire range. Specifically,
each pixel has a lower threshold channel below which its
calibration is not reliable. Data in channels below the
energy of these lowest reliable channels were ignored during
the fitting process. This was done after the pixels were co-
added channel by channel to preserve the energy-channel
relationship. In addition, we ignored channels over 450
(corresponding to an energy of ~9-10 keV) for all fits as a
result of the extremely low signal at high energies.

3.2. Combining Pixels for Spectral Fitting
3.2.1. A496

Three pairs of overlapping pixels (2A2/2B4; 4A3/4B1;
4A4/4B2) were omitted from subsequent analysis because
the signal was very weak (Table 1). These pixels were the
farthest from the cluster in each observation. Jahoda et al.
(1992) fitted the BBXRT diffuse X-ray background with a
broken power-law model with photon indices of 6.0 and 1.4,
the break occurring at approximately 0.8 keV. Spectral fits
of these outer pixels indicated that they were consistent with
the Jahoda et al. (1992) diffuse background fits. The remain-
ing pixels were combined as described in the section above.
The resulting combinations were arrived at by always
pairing overlapping pixels (e.g., A1 with B3), and by co-
adding pixels having radial distances within 1.0 of each
other. The resulting combinations are shown in Table 2.

3.2.2. A262

In the case of A262, a large number of pixels were also
omitted from subsequent analysis because of the weak
signal resulting from the off-axis pointing (Table 1). The
pixels omitted from each observation are as follows: (1) BO,
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TABLE 2
SPECTRAL FIT RESULTS?
Pixel Radius  Low-Energy kT Ny
Number Pixel Combinations® Range® Cutoff¢ (keV) (102cm~2?) Abundance y?>  Flux®
A496
Lo 4A0 and 4B0 13-2.0 045 2841330 0114005 115%9% 122 37
2. (2A0 + 2A4) and 2B0 and 2B2 2.6-3.6 0.53 329+018 0144002 0491010 1.03 10.1
3. 4A2 and 4B4 40-49 0.50 401759 0107995 0343347 102 49
4o, (2A3 + 4A1) and (2B1 + 4B3) 52-62 0.60 380*935 0174004 035%92F 097 38
5. 2A1 and 2B3 76 0.50 4077399 01339 0671332 096 18
A262
Lo (1B1 + 3B1 + 3B4) and (1A3 + 3A0 + 3A2 + 3A3)  3.4-65 0.55 214%940 0157993 051192% 096 7.1
2o (2A3 + 4A3) and (2B1 + 4B1) 64-69 0.55 3403385 00STSSE - 095TiE 095 31
3. (1A + 1A2 + 3A1 + 3A4) and (1B4 + 3B2 + 3B3)  7.0-9.5 0.55 315735 006+005 049753 060 3.1

2 All error bars are 1 ¢.

® For combining pixels, a “ + ” indicates co-adding, “ and ” indicates simultaneous fits.
¢ “Radius range ” is the range in the radial distances in arcminutes of the center of the pixels used in each combination.
4 The low-energy cutoff was determined after co-adding the spectra channel by channel. The cutoff is the highest energy for which any member pixel has

an unreliable calibration.

¢ Model flux in units of 1071 ergs cm =2

A1/B3, and A4/B2;(2) A0/BO, A1/B3, A2/B4, and A4/B2; (3)
BO; (4) AO/BO, A1/B3, A2/B4, and A4/B2. In each case, pairs
of overlapping pixels were omitted, except for B0 in point-
ing 3. Model fits to each of these pixels individually were
consistent with no signal.

Simultaneous fits of three pixels, appropriately co-added,
were consistent with the diffuse background of Jahoda et al.
(1992). Over half of the pixels were subsequently omitted
from our analysis. To boost the signal for the spectral fit, we
added as many of the remaining pixels together as was
consistent with the criteria outlined in § 3.1. Only two com-
binations of pixels could be co-added: pixels from pointings
1 and 3 (off-axis angles of 4 and 9', respectively) and pixels
from pointings 2 and 4 (off-axis angles of 13’ each). The pixel
combinations resulted in three co-added pixels: (1) pixels
from the first and third observation at small radial dis-
tances; (2) pixels from the second and fourth observation;
(3) pixels from the first and third observation at large radial
distances. In each case, pixels with compatible responses
were co-added and then the A and B telescope data were
simultaneously fitted. Pixel combinations used for spectral
fitting are summarized in Table 2.

4. SPECTRAL FIT RESULTS
4.1. A496

Figure 2 shows an observed spectrum and its fitted model
for A496 pixel 2A0 + 2A4 (note that the spectrum is plotted
on a log flux scale, while the residuals are plotted on a linear
flux scale). The best-fit model is a simultaneous fit of this
pixel and pixels 2B0 and 2B2 (fit 2 in Table 2) using a
Raymond-Smith (1977) thermal bremsstrahlung com-
ponent and a Galactic absorption model (Morrison &
McCammon 1983). Once the fit was complete, pixels 2B0
and 2B2 were removed from the display for clarity. Table 2
presents the best-fit model results for all pixel combinations.
Confidence contours of temperature versus the column
density are shown in Figure 3 for the same pixel as dis-
played in Figure 2. The contours represent equal x>
increments above the minimum x> (marked with a +).
From innermost to outermost, the contours are the 1 o,
90%, and 99% errors for two parameters of interest.

s~ for the 1-8 keV band with the absorption set to zero.

Figure 4 is a plot of the fitted spectral parameters against
the projected radial distance from the center of the cluster.
Vertical error bars are the 1 ¢ errors in the parameter.
Horizontal error bars represent the physical size of the
pixels used in each spectral fit. Figure 4a shows that the
cluster temperature varies from 2.9 keV to 4.0 keV over the
range of radial distances. To confirm that we were detecting
the cluster cooling flow, we verified the following: the
observations were all of the correct source; the off-axis
angles were correct and the response matrices were appro-
priate for the off-axis angle; the overlay of the BBXRT
pixels onto a X-ray image of the cluster gave an accurate
picture of the pixel that was receiving the bulk of the data;
and low-energy contamination from atmospheric oxygen
and nitrogen near 0.5 keV were not affecting the spectral fit.
David et al. (1993) list values of kT for the intracluster gas,
obtained by fitting the Einstein MPC spectra, plus data
from EXOSAT and Ginga. The David et al. (1993) tem-
perature for A496 is indicated by a solid line in Figure 4a. If
we adopt this temperature as the “cluster temperature,”
then the value of 2 is 16.1 for the complete data set, with
the largest contribution coming from the innermost pixel. If
we fit a constant temperature to the individual tem-
peratures, the reduced y? value is 2.8 for a fitted tem-
perature of 3.3 keV, which is outside of the 1 ¢ error range
for the cluster temperature listed in David et al. (1993). We
acknowledge that the temperature gradient detection is sta-
tistically marginal (significant at ~90%), but we conclude
the temperature variation is very probably a real detection
in spite of the limited spatial resolution of the BBXRT
pixels.

The best-fit values of the absorption show that it is rela-
tively uniform across the cluster at the spatial resolution of
BBXRT. Figure 4b shows the column density values, with
1 o errors, for each of our pixels. The mean value is
0.12+3-35 (90% error range) in units of 102? cm ™~ 2. The 90%
range does not include the Galactic value of 0.045 (solid
line), so there is marginal evidence for higher absorption at
the cluster center. Pixel combination number 2 is inconsis-
tent with the Galactic column density at the 99% level,
suggesting the column density varies across the face of the
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clarity, and the data are binned for display. Data points have 1 ¢ error bars. The simultaneous fit for the two combinations yielded the same results, differing

only in the normalizations.

cluster. A higher spatial resolution observation will be
necessary to weaken or to strengthen the marginal evidence
from the BBXRT pixels.

The best-fit values of the abundance for each pixel are
shown in Figure 4c. Again, 1 ¢ error bars are shown. The
outer four pixels are consistent with a constant cluster
abundance of ~0.49. The innermost pixel, while consistent
with a cluster abundance of ~0.49 at the 2 ¢ level, suggests
that the cluster’s abundance may rise toward the center. We
stress again that the evidence is marginal, but worthy of
confirmation with ASCA or future missions.

0.15
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|

nH 10°22
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0.05
Il
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FiG. 3.—Confidence contours for A496 gas temperature vs. the column
density for pixel combination number 2. The contour values are
Ay? =2.71,4.61,and 9.71.

As stated above, we expect to see emission lines in the
spectrum of the cluster gas, with the iron K line in the
6.5-6.9 keV region as the strongest emitter. We were able to
fit the line only in one of the A496 pixel combinations since
the line flux varies as a function of radial distance in the
cluster. We added a Gaussian component to the best-fit
continuum spectral model and permitted the line energy,
physical width, and the line flux to vary.

Figure 5 gives an expanded view of the region around
iron K for the pixels 2A0+2A4 (pixel combination number
2). The data are binned for display purposes only. The fit is
consistent with a zero width line at 6.46*3:33 keV with an
equivalent width of 597 eV. This line is at 6.66 keV in the
rest frame of the cluster, an energy corresponding to Fe xxv.
The 1 ¢ error values were obtained by stepping the line
energy in energy until x> changed by 2.7. The resulting
energy range was 6.42-6.51 keV in the detector rest frame.
We can also invert this result: if we assume the line is
Fe xxv, then the cluster’s X-ray redshift is z ~0.03, consis-
tent with the optically measured redshift of individual gal-
axies in the cluster. Again, better quality data would
measure the redshift more precisely.

We tested for the presence of Fe Ka 6.4 and Fe xxvi
6.9 keV lines by fixing the line energy at 6.20 and 6.69 keV,
the redshifted energies of these lines. No fit was attempted;
instead, the line normalizations were raised until Ay?
increased by +2.71, the 90% confidence level for one
parameter of interest. The equivalent widths were then cal-
culated. The values are ~2 keV, unrestrictive because of the
low signal-to-noise of the continuum at the line positions.

4.2. A262

Figures 6 and 7 show an observed spectrum with fitted
model and confidence contours for one A262 pixel, as was
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range of the combined pixel. (a) Gas temperature; (b) column density; (c) abundance.

done for A496 above. Best-fit models for the innermost pixel stable if the column density and the abundance were per-
combination were found in the same way as for A496 and mitted to vary simultaneously. We therefore fixed the
the fit results also appear in Table 2. For the middle and column density at the literature value and varied the abun-
outer pixel combinations, the fits were not convergently dance. We then froze the abundance at the best-fit value
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Fi. 5—Expanded view of the iron K line region in A496 on a linear energy scale. Data are binned for display only.
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Fic. 6.—BBXRT spectrum (log flux scale) and the residuals (linear scale) of the fit to A262 pixel combination number 2. We show only the 2A3+4A3
spectrum for clarity, and the data are binned for display. The figure is plotted in the same manner as in Fig. 2.

and varied the column density. In this manner, after another
iteration, we reached a solution in which neither parameter
varied from the best-fit value by more than ~10%. The
temperature throughout this process did not vary by more
than ~ 10% either. '

Figure 8 is a plot of the fitted spectral parameters as a
function of radial distance. Figure 8a shows the tem-
perature, which varied from 2.1 to 3.4 keV. In this case, the
error bars are sufficiently large that no temperature gra-
dient has been detected. The fitted temperatures are consis-
tent with the intracluster gas temperature of 2.4 keV listed
in David et al. (1993). It is important to note, however, that
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Fic. 7—Confidence contours for A262 gas temperature vs. the column
density for pixel combination number 2. The contour values are as in
Fig. 3.

these results are primarily relevant to the outer regions of
the cluster since all of the observations occurred at off-axis
angles greater than 4. None of the BBXRT pointings
sampled the cluster core as well as was done with the A496
pointings. Figures 8b and 8¢ show the column density and
abundance parameters, respectively. The outer two pixel
combinations are consistent with the literature value; the
innermost pixel is inconsistent with the literature value at
the 90% level, but consistent at 99%. The abundances have
a mean value of 0.51 with large error bars.

No iron line is visible in the data for A262. We deter-
mined an upper limit in the same manner as described
above for the A496 6.4 and 6.9 keV lines. For A262, we
also tested for the presence of the Fe xxv 6.8 keV line. For
A262, the 3 ¢ upper limit on the presence of an iron line is
unrestrictive at ~2 keV.

5. DISCUSSION

The results presented above appear quite robust in spite
of the limited signal-to-noise ratio in the data and the
limited spatial resolution of the BBXRT pixels.

We believe a gradient in the temperature of the fitted
spectra is visible (Fig. 4a). In Figure 9 we compare the
derived temperatures from the BBXRT data with the de-
projected temperature profile from Einstein IPC and HRI
data (Edge, Stewart, & Fabian 1992). The BBXRT values,
while providing rather poor spatial resolution on a per pixel
basis, do provide some resolution of the cluster cooling flow
as a result of the off-axis pointings. The overall shape of the
temperature profile is completely consistent with the Edge
et al. (1992) results.

The mass within the cooling flow may be estimated
approximately by making the usual assumption of hydro-
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values within 0.1 Mpc are HRI values, while values outside of 0.1 Mpc are IPC measurements).
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static equilibrium, namely,

_ kT, \(dlog p,
Mi<r) = (Gumu>< dlogr

dlog T, .
dlogr )’

where the variables have their usual meanings. The second
term in the parentheses comes from fitting the profile in
Figure 4. We fitted a simple linear model to the Figure 4
data because of the limited number of temperature samples.
The slope of the fit was 0.16 + 0.14 (90% error); adding a
higher order term did not alter the fit from linear. The value
of the first term comes from fitting the standard King model
to the ROSAT Position Sensitive Proportional Counter
(PSPC) data extracted from the archive (principal investiga-
tor, G. Kriss). The radial profile was constructed by extract-
ing the counts in 8” annuli from the center outward to 380"
with subsequent fitting of the profile. We used the standard
King model, S = S,[1 + (R/R,)*]~". The fitted value of the
exponent n (38 — %) was 0.787 + 0.011, giving a value for d
log p/d log r = —1.28 4+ 0.01. Inserting all of these values
yields M(<r) ~(7.4 + 1.0) x 103> M. The preliminary
value from the ASCA data is M(<Gr) ~ (2.5 + 0.1) x 10'*
M, for r < 1 Mpc (Mushotzky 1994). Scaling that value to
0.3 Mpc yields a mass ~7.5 x 10! M, so the BBXRT
value agrees, to within a few percent, with the ASCA value.
The error range is large, however, so the BBXRT measure-
ment is not precise.

White et al. (1994) show, with a joint spectral fit on data
from the Einstein SSS and from the Ginga LAC, that a
two-temperature Raymond-Smith model gave a best fit
with high- and low-temperature components. We attempt-
ed to duplicate this fit, but were unable to do so. We believe
the two-temperature fit stems from the relatively large fields
of view of the SSS and the LAC.

White et al. (1994) did find the column density was ele-
vated for A496. Our A496 data are marginally consistent
with a constant, but elevated, absorption column density

across the face of the cluster, and show marginal evidence
for variations. The BBXRT short pointing may have suffi-
ciently reduced the detected signal that photon statistics are
masking a gradient. The ROSAT PSPC data show column
density variations, in particular, excess absorption (Cannon
& Ponman 1995). Within the formal errors from the spec-
tral fitting, we also have no evidence for abundance varia-
tions, although marginal evidence exists for enhanced
abundances in the cluster core. A496 shows an iron line,
consistent with Fe xxv, but no other lines of Fe are visible
in any of the likely locations.

The A262 data are unfortunately of limited value. There
is no evidence for any abundance variations, nor of column
density variations. The temperature profile is relatively flat,
nearly consistent with no cooling flow, but we again note
that the BBXRT pointings were all obtained outside the
cluster core. Edge et al. (1992) list a cooling flow of ~67 M,
(90 percentile) for A262. We did not calculate a mass for the
cluster, since we judged the error bars to be sufficiently large
that our value would be easily consistent with previous
values. No evidence exists for an iron line with an upper
limit of ~1 keV.

In summary, the BBXRT data reveal evidence for a tem-
perature and an abundance gradient and enhanced absorp-
tion across the face of A496. The evidence for enhanced
absorption in A262 is limited to one pixel, and no evidence
is available for gradients in temperature or abundance, but
the BBXRT pointings were sufficiently off-axis that the
cluster core was not observed. BBXRT has demonstrated,
however, the power of high spectral resolution combined
with spatial resolution. We eagerly await a high-spatial
resolution, high—spectral resolution instrument so that we
can probe these clusters in greater detail.

We thank Mike Loewenstein for useful conversations
and the anonymous referee for improvements to the manu-
script.
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