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The scientific objective of this experiment was to simulate the emission of planetary gamma rays 
that are leaking from a planet's surface as a result of the interaction of the galactic cosmic rays with 
the planet. A detailed investigation was needed for the upcoming NASA Mars Observer Mission 
(launch September 1992). The Gamma-Ray Spectrometer (GRS) on board the spacecraft was designed to 
measure the intensities of gamma-ray lines, characteristic of each element detected, that emerge from 
the planetary surface [I]. The inversion of the measured gamma-ray spectra will provide data on the 
elemental composition of the surface of Mars. These data depend strongly on the quality of the applied 
inversion model, which was to be tested by an accelerator experiment. 

Very recently, we simulated the process of planetary gamma-ray production by irradiating a so- 
called 'Thick Target' with energetic protons at the French accelerator Saturne. The gamma-ray flux 
emitted from the Thick Target was measured by a high-resolution gamma-ray spectrometer consisting 
of a high-purity germanium detector (HPGe), a charged particle anti-coincidence shield, and complex 
electronics. 

The large-volume n-type HPGe detector, a special design by PGT, was equipped with a transistor 
reset preamplifier to avoid saturation resulting from interactions of energetic protons and gamma rays 
with the germanium crystal (for example, a 1.5-GeV proton deposits about 40 MeV in a 5 cm long Ge 
crystal). In a typical run, about 950 protons and 12200 gamma-rays per second were detected, while the 
reset rate was about 65 per sec. The efficiency of the HPGe detector was carefully determined in an 
energy range from 0.1 to 10 MeV over a large field of view by using a rotational device to position cali- 
brated gamma-ray sources at any angle between +80 degree azimuth and declination. 

Since a HPGe detector is sensitive to gamma rays, charged particles and to less extent to neutrons, 
energetic protons and pions had to be screened out to avoid interferences with the gamma-ray measure- 
ments. Therefore, the detector was surrounded by a plastic scintillator anti-coincidence shield that 
vetoed events resulting from charged particles. A sophisticated electronic circuit determined the total 
system dead time to correct for count rate losses. 

The electronic signals resulting from the gamma rays were routed in two electronic units with 
respect to alternate beam on and off. In addition, the general gamma-ray background produced by sur- 
rounding material in the experimental hall was determined by placing remotely a lead shield in front 
of the Thick Target having a hole to allow the proton beam to hit the target. Four types of gamma-ray 
spectra were accumulated sequentially: target spectra taken during proton beam on and off, then back- 
ground spectra taken during beam on and off for the same amount of time. These measurements were per- 
formed periodically. 

To simulate the Martian surface the target used was large enough to stop the primary protons and 
to confine the secondary particles produced as a result of nuclear cascade processes with neutrons as the 
most abundant species. The Thick Target had the outer dimensions of 1.5 x 1.5 x 1.8 meters and 
weighted about 30 metric tons when filled with iron. The Thick Target was designed to satisfy 
versatility of material content and safety requirements for crane operation. It was divided into three 
major parts: the surface target, the inner core, and the outer sleeve. The surface target contained the 
materials to be studied; it faced the incoming proton beam and was the major source of prompt gamma- 
rays. The purpose of the inner core was to expose the primary proton beam to the same material along 
its total stopping range. The outer sleeve contained enough iron to confine most of the secondary par- 
ticles produced inside the Thick Target. Inner core and surface target could be rapidly exchanged after 
having removed the upper part of the iron sleeve. 

Two different types of material were used for bombardment: iron and basalt. The iron target was 
the pure water-free case and simple in composition, while the basaltic rock contained major and many 
minor rock forming elements including water that effects neutron moderation, significantly. 
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During the initial process of beam tuning the spectrometer was removed from the experimental area 
to prevent radiation damage [2]. Two large plastic scintillators with different design were positioned 
in the main beam sustaining high proton count rates (typically 15 million protons per spill), while five 
small scintillation detectors were placed at various distances from the beam line. These detectors were 
used for the fine tuning of the pencil shaped main beam and the surrounding halo that had to be 
minimized. The first proton beam had an energy of 2.5 GeV, a beam repetition rate of 3.5 sec, and a spill 
time of 0.5 sec. After beam tuning the gamma-ray spectrometer was positioned at a distance of 50 cm in 
front of the Thick Target with an off-set to the beam axis of 25 cm. 

The first target material, a basaltic rock (gabbro), was bombarded by protons for about 21 hours. At 
a designated time proton energy was changed to 1.5 GeV with a new beam repetition rate of 1.6 sec and 
an identical spill time of 0.5 sec. The beam was to be re-tuned at the beam line, which required storage 
of the HPGe detector in a radiation safe position again. Following this, bombardment of the same tar- 
get configuration continued for about 24 hours. 

In a fast craning process, except for the outer sleeve, the surface and the inner core were replaced 
with iron and measurements were carried out for 40 hours in a similar manner as the rock target. A 
gamma-ray spectrum (figure) taken for about 4 hours during beam on shows the most prominent lines of 
iron (Fe= capture reaction, Fe*= scattering reaction), silicon, hydrogen, germanium (triangular shaped), 
and annihilation (6. [31 ). The lines are sitting on a relatively high gamma-ray continuum as expected. 

Prompt Gamma-Ray Spectrum 
of Iron and Surrounding Material 

Proton Energy: 1.5 GeV 

FIIE: F ~ D P S ~  TOTAL ~2 Energy [keV] 

During most of the time neutrons were also measured with a small spectrometer containing two 
helium and BF3 filled proportional counters with one counter wrapped in a thin cadmium foil. In this 
way the neutron flux was determined in the thermal and epithermal energy range. 

Over the whole period of measurements the accelerator provided an impressively stable proton 
beam that permitted the acquisition of excellent data. 

Simulation calculations of the complete 'Thick Target - HPGe detector' setup are presently under- 
way by using the HERMES code system [4]. The calculated production rate of discrete-energy gamma- 
ray lines will be compared with the measured data in order to verify the accuracy of the inversion 
model. 
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