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Abstract

We carried out scanning observations with the Ginga satellite of the near-by Coma—A1367 superclus-
ter and the void regions. We discovered 4 new sources within these regions with a detection limit of 5
x10712 erg s7! ecm~2 (2-10 keV). This rate corresponds to about 10% sources sr~!, and lies on the extrap-
olated log N—log S line determined by Piccinotti et al. (1982, AAA 142.012). We also compiled blank-sky
data in order to determine the surface brightness of the cosmic X-ray background (CXB), mostly taken as
background observations of extragalactic sources. By comparing diffuse emission from these two data sets,
we found no significant difference between their mean fluxes and distributions. No significant correlation
between the surface brightness and the galaxy number density for the region was found, except for the
clusters, themselves. We also compared the X-ray flux between the supercluster and void regions, and set a
30 upper-limit for the excess emission of the supercluster region to be 9.5 x 10713 erg cm=2 57! (arcdeg) 2.
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1. Introduction

A supercluster is the largest structure in the universe
known at present. It comprises many clusters making
up a chain-like or sheet-like structure. The Coma-A1367
supercluster is one of the nearest and, hence, most ex-
tensively studied superclusters.

The X-ray emission from superclusters has been inves-
tigated by several authors. Murray et al. (1978) pointed
out that three Uhuru sources positionally coincide with
3 superclusters of the Abell catalog. The probability for
a chance coincidence is lower than 0.3%. They estimated
that the X-ray flux from an individual cluster is insuf-
ficient to explain the observed flux, and therefore con-
cluded that the inter-cluster medium is responsible for
the X-ray emission. The inferred flux is 3 x 10*® erg s~!
(2-10 keV band) and the total mass of the inter-cluster
hot gas is 10 times larger than the sum of the masses of
the individual galaxies. However, Pravdo et al. (1979),
using the HEAO-A1 data, claimed that no excess emis-
sion was observed from the superclusters. Using the
more complete data base of the HEAO-A2 experiments,
Persic et al. (1988) compared the mean surface bright-
ness of ten superclusters in the catalog of Bahcall and
Soneira (1984) to that of the blank sky, finding no sig-
nificant difference between the two values. They thus
concluded that the supercluster X-ray emission is less

than 2 x 10712 erg s~! cm~? (arcdeg) 2 at the 30 level.
They also searched for smaller angular-size superclusters
and set an upper-limit for the X-ray surface brightness
of 1 x 10712 erg s! cm™2 at the 30 level.

Jahoda and Mushotzky (1989), using the same HEAO-
A1 data base, estimated an excess emission from the di-
rection of the Great Attractor and found an excess flux
of (7.8 £1.0) x 10712 erg s~! cm~2 (arcdeg)~2. If this
was due to inter-cluster hot gas, the mass would be about
25% of the total mass of the “Great Attractor.” However,
since the “Great Attractor” is behind the galactic plane,
a careful estimate of the galactic disk components was
required. Using the Ginga satellite, Day et al. (1991)
have carried out scanning observation over the Shapley
supercluster, and set a 3o upper-limit of excess emission
to be 2.0 x 10713 erg s7! cm™2 (arcdeg) 2.

Thus, at present there is no convincing evidence for
any inter-cluster hot gas. In order to detect or to set a
more severe upper limit for X-ray emission from the su-
percluster medium, we carried out scanning observations
over the Coma—A1367 regions.

2. Observations

2.1. Scans of Coma—A1367 Region

The first scanning observations were made on 1988 De-
cember 22-25, with 4 scan paths (designated as paths A,
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Fig. 1. Scan region overlaid on the optical galaxy map. The solid squares are the scan paths with FWHM of the LAC field
of view. The positions of new point sources are indicated by thick bars with errors (thin bars). The diamonds are the
positions used to examine the diffuse X-rays, the hatched diamonds as supercluster region including 2 clusters and 5 groups

of galaxies and open diamonds as Void.

B, C, and D), roughly perpendicular to the line connect-
ing the Coma and A1367 clusters. Parallel scans (path
H) were then made on 1989 May 18-20. These scans
are shown in figure 1 overlaid on an optical map of the
galaxies. The observation data was selected according
to the minimum background phase of the 37 d periodic
variations (for background variation, see Hayashida et al.
1989).

The LAC field of view is 1° and 2° (FWHM) along and
perpendicular to the scanning path, respectively. The
scanning speed was typically 0°5 min~!. Each scanning
profile comprised several sequential multi-scans in order
to obtain better photon statistics.

The data accumulation was made in the MPC-1 mode,
in which 48 energy channels from the top and the mid
layers were recorded separately for each counter (for de-
tails see Turner et al. 1989).

While the energy channels from 0 to 31 are roughly
proportional to the X-ray energy with a coefficient of
0.56 keV channel™!, the energy width is doubled above
the 32-nd channel. The highest energy (at the 48-th

channel) is 38 keV. For X-ray signals, we usually exclude
the data above the 32-nd channel (above 18 keV), since
most of the signals are due to the particle background.
Below the 15-th channel (less than about 9.2 keV), most
of the X-rays fall within the top layer. Thus, in order to
utilize the best S/N ratio, we used the top layer data.

2.2.  Cosmic Diffuse X-Rays

Since Ginga did not have an imaging instrument, the
nominal mode for observing weak point sources was a
comparison of the source with the nearest blank sky. Be-
tween 1987 April and 1989 August, we selected 51 blank-
sky background observations with a galactic latitude of
above 40°. These positions are plotted in figure 2 along
with the galactic coordinates. In this paper these diffuse

X-rays are referred to as the Cosmic X-Ray Background
(CXB).

2.3. Subtraction of Particle Background

Since we are interested in the diffuse X-rays, we need
to subtract the particle background from the scanning
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Position of the Observation

Fig. 2. Position of the data points for the CXB (see subsection 2.2).
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and pointing data. We applied the method developed by
Awaki et al. (1991), which we briefly review here. We as-
sumed that the particle background is the flux when the
dark earth is occulting the LAC field of view. This as-
sumption was proven to be correct, and is demonstrated
later. We therefore selected the dark Earth data observed
during the period from 1987 April to 1990 February.

In order to optimize the reliability of the background
estimation, we set rather severe constraints for the data
selection: 1) The geomagnetic cutoff rigidity is greater
than 9 GeV c¢~1, 2) There is no contamination from ge-
omagnetically trapped particles, 3) There is no contami-
nation from solar X-rays.

Since the particle background is a function of the satel-
lite position, we classify the fifteen satellite orbits as be-
ing eight “high-background orbits” which pass through
the South Atlantic Anomaly (SAA), and the other seven
as being “low-background orbits.” After passage through
the SAA, the background caused by radioactivity with
short half lives (6 min and 41 min) is dominant. We
therefore divided the “high-background orbits” into two
parts: one “before the SAA passage” and the other “af-
ter the SAA passage.” We thus composed three subsets
corresponding to the low-background orbits and the high-
background orbits before and after the SAA passage.

The total accumulation times for the particle back-
ground were 3.6 x 105 s, 1.1 x 10% s, and 1.0 x 10° s
for the low-background orbits and the high-background
orbits before and after SAA passage, respectively. We

found that the particle background for each subgroup is
given as a function of the SUD rate (the LAC count rate
above 38 keV):

Particle background (count s~! ch™!)
= A+ B x SUD (counts s™!), (1)

where coefficients A and B for each energy channel
of each layer were determined separately for the three
subsets: the low- and high-background orbits before
and after the SAA passage. The reproducibility of
particle background using this method is better than
0.3 count s~1. This level is nearly the same as that of
Hayashida et al. (1989), in which a more complicated
multi-parameter formula was developed. The advantage
of the present method is that we could estimate the ab-
solute flux of diffuse X-rays.

3. Results

3.1. Point Sources from the Coma-A1367 I%egion

The scan profiles in the 1.1-9.2 keV energy range (1-
15 ch) of the top layer after subtracting the particle back-
ground are given in figure 3. In addition to the strong
X-ray emission from the Coma and A1367 clusters, sev-
eral point-like sources are noticeable in the scan profiles
along paths A and D.

In order to pick up these resolved point sources, we
fitted the overall scan profile along each path to a lin-

© Astronomical Society of Japan ¢ Provided by the NASA Astrophysics Data System


http://ads.nao.ac.jp/cgi-bin/nph-bib_query?1993PASJ...45..661T&db_key=AST

BPASY: _.45. Z661T

rt

664 Y. Tawara, M. Kawada, and K. Koyama [Vol. 45,
T T n T T T T T
~—Coma 1 [ ScanC ] LAC counts / sec (1.1 - 9.2 keV)
20.0 C]USICI': ’__ _: 20.0
] [ i
15.0 1 B 1 15.0
: t ——t— f |
S 10 deg
T T T T T T T
[ ScanB ]
20.0 - n 20.0
15.0 W 15.0
; et |
P 10 deg N->
| |
............ T T T T
X j
50.0 —— Coma cluster 20.0
15.0 15.0
bt
E 30 deg w
Fig. 3. Scanning profiles in the 1.1-9.2 keV bands from the Coma-A1367 region.
Table 1. New sources detected in a scan observa- of the source. This sequence was repeated by adding the
tion of the Coma—1367 region. point sources one by one. The statistical significance for
the existence of the sources was tested by determining the
decrease in x2 when a new source was added to the model.
* * : =1y %%
# RA. Dec.”  Intensity (cs ™) If the decrease in x? was less than 30, the fitting proce-
S1 .. 194°91  24°50 28404 dure was then terminated. The probability, by chance, to
S2 ... 193°47 29°82 2.1+0.3 decrease 30 in x2 with 2 degrees of freedom (intensity and
83 . 177°03 16701 2.0+04 linear position of one point source) was 3 x 10~7. This
S4 il 174°89 22°43 44+0.2 probability was almost the same as that for exceeding

* Center of error box. Size of error box is 0°2 x 4° for this
1-dimensional scan.
** LAC ¢ s™1: 2-10 keV, 1 ¢ s71=0.1 mCrab.

ear background plus a point-source model (Forman et al.
1978). At first, a linear background with no point source
model was tried, varying the intensity and slope of the
linear background so as to minimize x2. We then added
one point source and re-tried the x? fit with two addi-
tional free parameters: the intensity and linear position

50 in a Gaussian distribution (6 x 10~7). Therefore, the
threshold for the detection of a point source was regarded
as being roughly 50.

Using this procedure we picked up 4 new sources at
the positions given in the scan path (figure 1): the results
are summarized in table 1. Because of the relatively wide
error boxes of 0°2x 1°0 for these sources, there are several
possible candidates in the radio, infrared, and optical
bands. And detailed analysis of the identification will be
described in a separate paper to be called “Ginga slew
survey.”
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Fig. 4. Distribution of the diffuse flux with the top layer from the Coma-A1367 region (a) and that of CXB (b), where the
fluxes are defined as the excess above a mean values of 14.05 count s~! (a) and 14.11 count s~ (b), respectively. The
open squares indicate that the flux includes that from the new point sources.

3.2.  Diffuse X-Ray from Coma-A1367 Region and CXB

We accumulated the data for the diffuse X-rays as fol-
lows: since the extent of detector response along the scan
path is 1° (FWHM), we divided each scan profile into 1°
intervals. For the crossing points of two scans, we se-
lected data with better statistics. The £1° region from
each point source was regarded as being one data point.
The flux was set as that of a point-source. We excluded
the regions where the contributions of Coma and A1367
were found to be significant, and ended with a total of 48
data points. They are indicated by diamonds and thick
bars (the data for new point sources) in figure 1. These
excluded regions have sizes of (4 x 9)hzy Mpc for the
Coma cluster and (4 x 6)hzy- Mpc for the A1367 cluster,
respectively, along with each scan direction, where hsg is
the Hubble constant normalized by 50 km s~! Mpc~1.
The distribution of the excess flux above the mean is
given in figure 4a, where the mean flux with the top layer
is 14.05 counts s~ 1. :

We accumulated another data set for the CXB. In this
case, the observations were pointing at 51 blank sky re-
gions (figure 2). The mean flux in the 2-15 energy chan-
nels of the top layer was 14.11 counts s~!, with a stan-
dard deviation of 0.97 counts s~1. The distribution of the
CXB is given in figure 4b, where the fluxes are defined
as the excess above the mean value.

4. Analysis and Discussion

4.1. Mean Fluz of Coma—-A1367 Region and CXB

The mean flux levels of Coma—A1367 and CXB are
14.05 and 14.11 counts s~ !, respectively. The flux of CXB

corresponds to 6.5 x 1078 erg s~ cm™2 sr~!, which is in

excellent agreement with that of Marshall et al. (1980) of
6.2 x 1078 erg s~ em~2 sr~!, taking into account pos-
sible systematic errors of the two different instruments.
We are thus convinced that the subtraction of the par-
ticle background was properly made, using the method
of Awaki et al. (1991), in which the particle background
was represented by the dark Earth data.

Since the total accumulation time for these data sets is
large, the statistical error for one data point is estimated
to be less than 0.01 count s~!. The 1o error for the source
confusion noise is about 0.7 count s~! for the LAC field of
view (Hayashida et al. 1989; also see next section). Since
we have about 50 fields for each data sets, this source
confusion error is reduced to 0.1 count s~!. Thus, a sig-
nificant error is attributable to the systematic error of
the particle background subtraction. With our method,
this error is estimated to be 0.3 count s~! (Awaki et al.
1991). Since this systematic error does not obey Poisson
statistics, we cannot estimate the accurate error for the
mean flux of these two data sets; however, the observed
difference of 0.06 count s~ is significantly smaller than
any systematic error of 0.1 count s~} (sourcel confusion
noise) or 0.3 count s~! (uncertainty of the particle back-
ground). We thus conclude that there is no significant
difference between the mean flux of the Coma—A1367 re-
gion and CXB.

4.2.  Fluctuation of the Diffuse Flux

We have examined whether the flux distribution of the
Coma—A1367 regions is different from that expected from
the log N-log S relation determined by Piccinotti et al.
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Fig. 5. Probability function of the simulated flux (dotted lines) and observed flux from the Coma~A1367 region (solid line).
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Fig. 6. Probability function of the observed flux from CXB (solid line) and that of the Coma~A1367 region (dotted line).
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Table 2. Difference of the surface brightness be-
tween the supercluster and the void.

Data Set DS1 DS2
scan AB,CD AB,CDH
mean flux (LAC ¢ s™') RegionI 14.0940.1813.83 £ 0.32
mean flux (LAC ¢ s™') Region II 13.76 4+ 0.18 13.76 £+ 0.35
flux difference (RegionI-II) 0.33+0.25 0.07+0.47
30 upper limit

(erg cm™2 7! beam™!: 2-10 keV) 1.9 x 10712 3.5 x 1072

(1982). Here, we assumed that the log N-log S relation
can be extended to fainter sources which can be detected
with Ginga’s sensitivity, as already proved by Hayashida
(1990) and Kondo (1991). For this purpose, we calcu-
lated the expected LAC flux in the 2-15 channels of the
top layer using the method of Condon (1974). We then
examined this model data set as well as the observed data
set of the Coma—A1367 region, using the Kolmogorov—-
Smirnov test. The probability distribution for these two
data sets is given in figure 5. The maximum difference be-
tween these two curves is 0.09 from 48 data points. If we
set the 90% confidence level, the allowed maximum value
for the difference of two curves is 0.17. We thus found
no significant difference between the simulated CXB data
and the observed data near to the Coma-A1367 region.

We also tested a more direct comparison between the
observed data sets of CXB and the Coma—A1367 regions
in figure 6. In this case the maximum difference was 0.1;
we again found no significant differences between these
two samples.

4.8.  Supercluster and Void Region

Since the present scanning observations cover both the
supercluster and part of the void region, we tried to ex-
amine whether or not there is any significant difference
between the surface brightness of the supercluster and
the void. We tentatively divided these scan regions into
the two groups given in figure 1. Region I (indicated by
hatched diamonds) is regarded as being a supercluster
region which includes 2 clusters and 5 groups of galax-
ies (Gregory and Thompson 1978); the remaining part is
region II (indicated by open diamonds) and is the void.
As previously noted, the largest flux error is due to the
particle background subtraction. This systematic error
becomes larger when the daily observation period be-
comes longer. We thus examined two kinds of data sets:
(DS1), the scan A-D obtained during 3 d, which is ex-
pected to have a smaller particle background but larger
Poisson fluctuations due to a small number of indepen-
dent data, and (DS2), the scan A-D+scan H, obtained in
two observational periods separated by 6 months, which
are expected to have a larger particle background, but

Diffuse Emission from the Coma—A1367 Supercluster 667

smaller Poisson fluctuations. For both data sets, we ex-
cluded the data points of the new 4 sources as well as the
Coma and A1367 clusters

For these 2 data sets (DS1 and DS2) we found that
for the mean flux from regions I and II, the upper limit
on the difference between these regions, is obtained as
shown in table 2. Here, the quoted lo errors include
the statistical error, the source confusion noise, and the
error of reproducibility for particle background noise. For
DS1, the confusion noise is dominant, whereas that for
DS2 is the particle background error. The flux differences
between the two regions are both within the 30 upper-
limit. For a more accurate DS1, the 30 upper-limit for
the excess emission of supercluster in the 2-10 keV band
is 9.5 x 10713 erg cm™2 s7! (arcdeg)~?2, which is 5% of
the CXB, and is nearly the same as the upper limit for
the optically selected supercluster, with an angular size
of less than 2° (Persic et al. 1990; Day et al. 1991).

Assuming the angular size of the Coma-A1367 su-
percluster to be about 35° long and 5°-10° wide, and
its solid angle to be about 260(arcdeg)?, the total X-
ray flux of the supercluster is estimated to be less than
2.5 x 10710 erg s~ cm~2, or about 5 x 10*h;7 erg s~1.
If we further assume that the depth of the superclus-
ter is equal to its width, the total volume is then about
1.4 x 10%h;Z Mpc®. The plasma density of the inter
cluster gas with a temperature kT is thus lower than
1.0 x 10~5(kT'/10 keV)~Y/4h3/* cm~3, and the total gas

mass is less than 4 x 10%5(kT/10 keV)‘1/4h5_03/2.7V!@.

5. Summary

(1) We discovered 4 new sources with a detection
limit of 5 x 1072 erg s™! cm™2 (2-10 keV). This rate
is about 102 sources sr~!, and lies on the extrapolated
log N—-log S line determined by Piccinoctti et al. (1982).

(2) We found no significant difference in the mean flux
and on its distribution between the Coma—A1367 region
and the CXB.

(3) We set a 30 upper-limit on the excess emis-
sion of the Coma~A1367 supercluster to be 9.5 x 10713
erg cm~2 57! (arcdeg) 2.

The authors thank Dr. Awaki for his contribution in
the early stage of this work. The data analysis was car-
ried out using the M380 computer of the High Energy
Laboratory of Nagoya University.
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