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Ultra-high-energy Gamma-Ray Astronomy

Ultra-high-energy (UHE) gamma-ray astron-
omy is a very young field, but Japanese history
can offer us some advice regading the problems of
credibility facing the results in this field. Three
16th century rulers were posed the question
“What would you do if you had experimental data
that did not show evidence for gamma-ray emis-
sion from a celestial point source?”. Oda
Nobunaga answered, "I would kill the experi-
ment”, Toyotomi Hideyoshi replied, "I would
analyse the data in so many ways I would force it
to show evidence for gamma-emission”. Tokug-
awa leyasu answered, “I would continue running
the experiment and wait for gamma-ray emis-
sion”.

These three views can still be found today.

Philip Edwards (The University of Adelaide)

Some funding agencies and skeptical physicists
agree with Oda Nobunaga, Over-zealous UHE
gamma-ray astronomers adopt Toyotomi Hideyo-
shi’s approach. There is nothing wrong with anal-
vzing data in many different ways - so long as the
correct statistical penalties are applied to any
“signal” that results. My own view is closer to
that of Tokugawa leyasu. I believe that there is
strong evidence for the existence of a number of
UHE gamma-ray sources. It seems that the
sources are not constantly emitting gamma-rays,
which makes careful statistical analysis and com-
munication between groups very important. The
detection of two bursts from Her X.1 in 1986 by
the CYGNUS group, and the Crab burst of Febru-
ary 23rd 1989 detected by the Baksan, Kolar Gold
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Fields and EAS-TOP groups are two of the more
convincing results in the field. Both suggest that
at least some of the sources of UHE gamma-rays
are intermittent, and that patience is necessary.
Whether this burst-like behaviour is due to insta-
bilities in the accretion flows or some other
source phenomenon is still unclear, but it seems
that it is a fact we must accept.

My two and a half years in Japan were spent
analyzing data from the SPICA array at Akeno.
We spent a lot of time initially studying the
arrays angular resolution and the curvature of the
air shower front. The "odd-even” and “air shower
core-array centre” methods were first used to
check the arrays angular resclution. These in-
dicated that the median angular resolution for
large showers is less than one degree. More
recently we have used air hower directions deter-
mined by a small Cerenkov array and indepen-
dently by the muon detectors to compare with
directions determined by the array. A reanalysis
of SPICA data revealed no steady “DC” emission
from Cygnus X-3 or Hercules X-1 between Febru-
ary 1986 and August 1989, and no emission from
Cygnus X-3 correlated with either the 1989 radio
bursts or the 45 day period of enhanced emission
claimed by the CYGNUS group. Searches for
emission on shorter timescales, from minutes to
days, are continuing.

Another method of learning more about UHE
gamma-ray sources is through a careful study of
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the overall anisotropy of cosmic rays. Such
studies allow limits on the number of gamma-ray
sources to be obtained. Although anisotropy
studies have been performed for many years, the
higher event rates and better angular resolution
of current arrays make such studies worthwhile.
We are currently preparing the SPICA data for an
anisotropy analysis. Careful preparation is
required to ensure an even exposure in sidereal
time, and to treat temperature and pressure
effects appropriately. It was unfortunate that this
work could not be completely finished during my
time in Japan - but the fact that it is not finished
gives me a good excuse to return to Japan and
visit the many good friends I now have there!

TeV (10*%eV) and EeV {10'*eV} gamma-ray
astronomy are intimately related to UHE (or
PeV) gamma-ray astronomy. These fields too
have their unsolved mysteries, e.g., Is there a 12
ms pulsar in Cygaus X-3? Does Cygnus X-3 emit
above 10'%eV, and if so, is it gamma-rays or
neutrons or cygnets? This is a very exciting time
to be working in these fields, but also a time when
the patience of Tokugawa leyasu is necessary!

1 would like to thank all the members of the
ICRR for making my stay in Japan both profit-
able and enjoyable, and to acknowledge Monbu-
sho, the Australian Academy of Science and the
Japan Society for the Promotion of Science for
their support.
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