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On 8 January 1988, the gamma-ray advanced detector (GRAD)
supernova observer was launched on a 3.3 x 10 1 cubic meter
helium balloon from Williams Field. The instrument main-
tained a float altitude of 36 kilometers as it drifted eastward
along the 78°S parallel until it was brought down 320 kilometers
east of Vostok Station on 10 January and recovered on 13
January. High-energy resolution gamma-ray spectra of the su-
pernova 5N1987A were taken; it is hoped that these spectra
will provide evidence of explosive nucleosynthesis of the heavy
elements in the supernova. We report here some of the early
results of the experiment.

The gamma-ray spectrometer. The instrument has been de-
scribed in detail elsewhere (Rester et al. 1986). The central
element is a 135-cubic-centimeter element of n-type germa-
nium with an energy resolution of 2.3 kiloelectronvolts at 1,332
kiloelectronvolts. It is enclosed in active shielding of bismuth
germanate scintillator, which provides a viewing cone with a
half angle of 27° and an aperture shield of plastic scintillator.
For optimal background suppression, special care was taken
in the reduction of the amount of passive material inside the
shield and of iron in the entire system. During full operation
of the system over Antarctica, we noted a background suppres-

sion factor of better than 20 over the energy range from 700-
3,000 kiloelectronvolts, the range of principal interest for ob-
servation of the supernova although data were taken over the
range from 50 kiloelectronvolts to 10 megaelectronvolts. Time
bins of 30 seconds duration were accumulated and transmitted
to the ground in real time while the balloon was in the line of
sight of Williams Field. Thereafter, the data were held in stor-
age to be transmitted to a portable receiving station aboard an
Lockheed Hercules airplane that flew below the balloon.

Observations and analysis. The failure of a 1,200-volt power
supply on the first day of the flight left us with a half-operating
shield. The present results are, therefore, based on our best
data set, taken when the system was fully functional for a total
of 4.7 hours of on-supernova and 2.3 hours of off-supernova
time. Unlike optical systems, a gamma-ray telescope detects
gamma-ray emissions a photon at a time. Each photon is ana-
lyzed according to energy, and a count is added to the appro-
priate bin of a histogram spectrum of gamma-ray energy versus
frequency of occurrence. The spectra acquired in this manner
are then analyzed with statistical techniques to yield the ener-
gies and intensities of the gamma-ray lines. In the present case,
the data analysis was performed with a computer code (Cold-
well 1986) which represents spectral peaks and the background
continuum with combinations of spline functions. The on-su-
pernova and off-supernova spectra were analyzed separately,
and the results were compared. Within statistical limits, none
of the supernova peaks appeared in the off-supernova spec-
trum. However, known background lines such as the 511, 690,
834, 1014, 1039, and 2614-kiloelectronvolt lines appeared with
equal intensity in both the on- and off-supernova spectra, in-
dicating that our comparison was valid. The difference spec-
trum (i.e., on- minus off-supernova) was also analyzed, yielding
results which were consistent with the above, although with
larger error limits.

Results. The earliest results of our analysis, made while we
were still on the ice, showed evidence of gamma rays from
the radioactive decay of the isotope cobalt-56, the longer-lived
daughter of short-lived nickel-56, which was expected to be
produced in great abundance in the supernova explosion, but
the cobalt-56 line appearing most clearly in our supernova
spectrum—the 1,238-kiloelectronvolt gamma-ray—was ap-
parently split into two doppler-shifted and broadened com-
ponents. This astonishing result appeared to suggest that the
mantle of the supernova had expanded asymmetrically with
a velocity in excess of 3,000 kilometers per second. This result
was later corroborated with the discovery in our spectrum of
a second cobalt-56 line at 2,598 kiloelectronvolts with similar
splitting and broadening. A gamma-ray at 847 kiloelectronvolts
is obscured by background lines from the detector and alu-
minum structural materials, so the evidence is less clear for
that line. Working under the assumption that we have in fact
observed doppler line shifts, we have transformed the spectral
energy coordinate to doppler velocity in order to illustrate the
effect in figures 1 and 2.
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Figure 1. Gamma-ray peaks tentatively Identified as red- and blue-
shifted components of a 1 ,238-kiloelectronvolt (ke y) transition from
the radioactive decay of cobalt-56 produced in the explosion of
supernova SN1987A. (km s denotes kilometers per second.)
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Figure 2. Red- and blue-shifted components of a 2,598-kiloelec-
tronvolt (keV) transition from the same nuclear decay. (km s
denotes kilometers per second.)

The picture which emerges is this: instead of expanding in
a neat, spherically symmetrical fashion, the supernova evi-
dently exploded asymmetrically, ejecting fingers of mantle ma-
terial in directions both toward and away from the solar system.
The results of other measurements in other bands of the elec-
tromagnetic spectrum appear to agree with this interpretation
(Lingenfelter personal communication).
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