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Detection of intergalactic
gas in distant, rich clusters

WE have detected a reduction in intensity or ‘cooling’ of the
cosmic microwave background as this radiation passes through
several rich clusters of galaxies. These observations imply the
presence of substantial quantities of hot intergalactic gas in the
clusters observed. The ‘cooling’ effect, due to inverse Compton
scattering of the microwave photons by hot intergalactic gas in
the clusters, was predicted earlier by Sunyaev and Zel’dovich®.
The fractional change in the intensity of the microwave back-
ground is given by

Al xe* x kT,
T -1 [tanh (x/2) —4:| Jmecz de )

0

where x is related to the observing frequency by x = hv/kT,, with
T, the temperature of the microwave background, taken to be
2.7 K; tis the total optical depth for Thomson scattering through
a cluster; and m, and T, are the electron mass and electron
temperature of the hot gas. Gull and Northover?, observing at
2 = 3 cm, have recently reported evidence [or this effect in several
clusters. We have tried to confirm their work at somewhat higher
sensitivity, and at a shorter wavelength. A shorter wavelength was
chosen to lessen interference and confusion by radio sources in or
ncar the clusters observed. Our results on eight clusters which are
Uhuru X-ray sources will be reported elsewhere?. In general, we
were able to set 2¢ limits of < 4x 10~% K on the reduction in
temperature of the cosmic background; in some cases these limits
lie below the results reportcd by Gull and Northover. We do see
statistically significant evidence for the ‘cooling’ effect in three
clusters, however—all of which are in Abell* richness class 4. In
the case of one of the three, Abcll 2218, our results confirm the
measurement of AT = —1.9440.54 mK by Gull and Nor-
thover2. Here we call attention to the apparent strong correlation
between thc richness class and the detectability of the inverse

Table 1 Richness class 4 clusters observed. The measured changes in

temperature, with their associated standard deviations of the mean, are

given. The approximate values of the proton density in the clusters are
derived undcr thc assumptions listed in the text.

Inferred ng
Abell cluster %1950 d19s0 (ATmK) (10 Sem™ )
1689 13h08m58s —01°06.5 —1.06+0.46 5+2
2125 15h40m26s  +66°28.8° —3.10+0.34 14+1.5
2218 16h35m43s  +66°19.5 —2.65+0.23 12+ 1

Compton ‘cooling’. These results may be of interest to those
constructing models for the intergalactic plasma in clusters®'!,
especially when the results are combined with the more sensitive
X-ray observations we can expect if the new HEAO satellites are
successful.

Our measurements were made at A = 9 mm at the Casscgrain
focus of the 11-m NRAO* telescope in Tucson, Arizona, during
excellent weather in April 1977. The National Radio Astronomy
Obscrvatory is operated by Associated Universities, Inc., under
contract with the NSF.) At the time we used them, the dual
receivers had system temperatures of ~ 560 K (double sideband),
with Av = 10° Hz. The telescope beam was 3.6’ full width at half-
power; we employed beam switching in azimuth with a beam
throw of 9.0,

Three richness class 4 clusters were observed for periods of
5-9 h; ‘cooling’ of the microwave background was detccted in all
of them. The observed changes in temperature and the associated
standard deviations of the means are shown in Table 1. All data
were weighted equally in forming these means. The values shown
in Table | have been corrected for atmospheric extinction, and for
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aperture and beam efficiency?, using a figure of 40%,. We note that
each of these values of AT is larger in magnitude than any AT
measured for nearby, but less rich, clusters such as Coma or Abcll
576.

Four corrections to the tabulated results arc necessary before
they can be used to draw inferences about the amount and
distribution of ionised matter in these clusters. First, the observed
AT values are expressed in antenna temperature, and must be
converted to differences in thermodynamic temperature for com-
parison with the 2.7 K background. The correction factor is
1.027. This reduction in the sensitivity of the results is more than
off-set by an increase in the magnitude of the function of x in
equation (1). With these two corrections applied, we find

T

kT,
J ©dr = —0.15AT
nm.C

0

Next, the antenna pattern must be convolved with the surface
brightness distribution of the source. The latter, of course, is
model dependent. If we adopt, for instance, the adiabatic model
of Sarazin and Bahcall®, with T, = 10K, Hy = 55kms™*! per
Mpc, and a cluster core radius of (.25 Mpc, we find the values of
the average proton number density given in Table 1. Fourth and
finally, a correction should be made for the finite separation of
our beams (9.0") compared to the cluster radii. For the Sarazin
and Bahcall models, however, this correction can be neglected for
these distant clusters.

The large size of the microwave effect and the inferred values of
n, suggest that these clusters should be luminous X-ray sources'’.
That they are not included in the 4U catalogue is no doubt due to
their distance: all are Abell distance class 6. Our results do
suggest, however, that these rich clusters—despite their
distance should be readily detected by the next generation of X-
ray satellites, and that they may prove to be among the most
luminous X-ray clusters.
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Radio polarisation of
quasars with optical absorption spectra

CONWAY and Gilbert' have noted that the mean linear polaris-
ation at wavelength 449 cm of highly redshifted quasars is
significantly less for those with optical absorption lines compared
with those with none. They suggested that the cause was Faraday
depolarisation in the same rcgions responsible for the absorption
lines. Gardner and Whiteoak? pointed out similar differences
between the two quasar types at 14 |1 cm and 6 cm. They regarded
lower intrinsic polarisation of absorption-line quasars as 4 more
likely explanation. Both findings were bascd on extremely small
statistical samples. Subsequently much more data have become
available at both optical and radio wavelengths. The significance
of absorption-line quasars has also bcen enhanced. We thercfore
undertook a study using today’s greater set of data.
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