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Solar flares, which are explosions in and near sunspots, are the
most powerful natural particle accelerators in our solar system.
The balloon-borne High- Resolution Gamma-ray and Hard X-ray
Spectrometer (HIREGS) is designed to detect photons from -20
kiloeclectron volts (keV) to -17 million electron Volts (MeV) with
an energy resolution of 1.5 to several keV. Collisions of flare-
accelerated more than 20 keV electrons with the solar atmos-
phere produce hard X-ray and gamma-ray continuum through
the bremsstrahlung process. These electrons often appear to
carry a significant fraction of the total energy released in a flare
(Lin and Hudson 1971, 1976). Interactions of flare-accelerated
more than 10 MeV ions with the ambient solar atmosphere
produce gamma-ray lines, the strongest of which are at 2.223
MeV from neutron capture in hydrogen, 0.511 MeV from positron
annihilation, and 6.129,4.438, 1.634, 1.369, 1.779, and 0.847 MeV
from oxygen-16, carbon-12, neon-20, magnesium-24, silicon-28,
and iron-56 de-excitations, respectively (Ramaty et al. 1975;
Ramaty and Murphy 1987). The high-resolution measurements
of HIREGS will thus provide detailed information on the distri-
bution of accelerated particles in flares and their interactions with
the solar atmosphere. Long-duration balloon flights in Antarc-
tica during austral summer provide the coverage (24 hours per
day for 8 to 14 days) required to have a high probability of
catching large solar flares (Lin 1989). HIREGS is part of the Max
'91 campaign organized to obtain coordinated observations of
solar flares over as wide a range of the electromagnetic spectrum
as possible during this solar maximum.

Experimental details. HIREGS consists of an array of twelve 6.7-
centimeter-diameter X 6.1 centimeter-long-segmented n-type ger-
manium (Ge) coaxial detectors, cooled by liquid nitrogen and
enclosed on the sides and bottom by a 5-centimeter-thick bismuth
germanate (BGO) anticoincidence shield. A 10-centimeter-thick
drilled cesium iodide (CsI) collimator in front provides a -24
FWHM field of view. Additional passive collimation reduces
the field of view to -Y X 12 for hard X-rays (less than 300 keV).
Only four of the 12 detectors were flown in this first flight; the full
array will be flown in the second flight scheduled for December
1992/January 1993.

The 1,700-kilogram payload (figure 1) was launched from
Williams Field (McMurdo) on an 830,000-cubic-meter, helium-
filled balloon on 10 January 1992. The balloon and payload
circumnavigated the antarctic continent in 13 days and 17 hours,
travelling about 5,500 kilometers at an average altitude of 39
kilometers (figure 2). A total of 173 hours of observations were
obtained. HIREGS observed the sun 75 percent of the time and
divided the remaining time between background observations
and the galactic center.

When the balloon was no longer within line of sight of Wil-
liams Field, data were stored on board and then transmitted to a
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Figure 1. The HIREGS flight system ready for launch. The instrument
Is surrounded by an aluminized mylar thermal enclosure and is
held within a gondola that points the detectors to within a fraction
of a degree. The panels to the side and bottom are solar cells for
producing power.

Figure 2. HIREGS circumnavigated Antarctica 10 to 24 January
1992.
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Figure 3. A typical HIREGS background spectrum containing 140
minutes worth of accumulated counts.

Hercules LC-130 aircraft flown under the balloon on three occa-
sions during the flight. The instrument was cut down about 900
kilometers south of McMurdo on the Antarctic Plateau. Several
days later, a small Twin Otter airplane was flown to the landing
site where the instrument was disassembled and all but the
gondola recovered.

Preliminary results. In 128 hours of solar observations, HIREGS
did not find any intense hard X-ray and/or gamma-ray bursts
from solar flares. The coverage included an M-class flare, de-
tected in soft X-rays by the GOES spacecraft at 1913 UT (maxi-
mum) 13 January, but HIREGS saw no increase in hard X-rays or
gamma-rays above background. This flare may have been lo-

cated over the limb of the sun since it was also not detected by the
Owen's Valley Radio Observatory. The rest of the data is cur-
rently being analyzed for smaller flare bursts.

Galactic center. Over the past two decades, the many observa-
tions of the galactic center and plane have described a region with
multiple variable gamma-ray and hard X-ray sources, a variable
narrow electron-positron annihilation line at 511 keV, a possible
orthopositronium continuum below the line, and other features
not yet well understood. HIREGS made measurements near the
galactic center, and a detailed analysis is under way.

Gamma-ray background. Figure 3 shows a typical HIREGS
background spectrum. The background consists of several com-
ponents: atmospheric and cosmic gamma-rays produced by
cosmic-ray interactions with the atmosphere that enter the detec-
tor aperture and leak through the shield; elastic-scattering of
energetic neutrons off Ge atoms in the detector; and 3-decays of
radioactive nuclei produced within the detector itself (Gehrels
1985). The lines are produced by neutron activation, spallation
products of Ge, and the natural radioactivity of materials in or
near the detectors. In Antarctica, the gamma-ray background is
several times higher than at mid-latitudes because the lower
geomagnetic cut-off rigidity admits a higher cosmic-ray flux.
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