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The third mission in the NASA Discovery series is Lunar Prospector. It is scheduled for 
launch on 9 October, 1997 into a circular, 100 km altitude lunar polar orbit. The nominal mission 
lifetime is one year. One of the five components of its experimental payload is a gamma-ray 
spectrometer (GRS), whose primary scientific objective is to provide global maps of the lunar 
elemental composition to depths of 20 cm. Scientifically discriminating results are expected for Fe, 
Ti, U, Th, K, Si, 0 ,  and perhaps Al, Ca, and Mg. In combination with a separate neutron 
spectrometer, also included on Lunar Prospector, a secondary objective of GRS is to search for, 
and determine the abundance of water ice to depths of 50 cm within permanently shaded craters at 
the lunar poles. Both experiments will also be used to search for, and determine the abundance of 
hydrogen implanted by the solar wind into lunar regolith to depths of 50 cm, thereby providing 
maps of regolith maturity. All Lunar Prospector experiments will be mounted at the ends of three, 
1.9-m long booms that define the spin-plane of the satellite. The Lunar Prospector spin axis will 
be perpendicular to the lunar orbital plane and be flipped by 180" half way through the mission. 

The GRS sensor consists of a 7.62 x 7.62 cm bismuth germanate (BGO) scintillator placed 
within a well-shaped-configured plastic anticoincidence shield (ACS) loaded with 5% by mass of 
natural boron. The boron doping of the ACS enables a secondary function to measure the fluxes 
of epithermal and fast neutrons. This scintillator is 12-cm diameter and 20-cm long. An assembly 
drawing of the GRS is given in Figure 1. It is mounted at the end of one of the booms with its 
symmetry axis aligned with the spacecraft spin axis to maintain a lunar-surface view orientation 
that is independent of spin phase. The gamma-ray energy range extends between 0.3 and 9.0 MeV 
with a sampling resolution of 17.6 keV. The GRS telemetry rate will be 690 bps, which allows a 
spectral time resolution of 32 s, corresponding to about 50 krn of ground track. 

The GRS is designed to operate at -40 C in lunar mapping orbit to improve its spectral 
resolution. Laboratory tests using the flight BGO crystal show that its spectral resolution of 1 1 % 
Full Width at Half Maximum (FWHM) for the 1 3 7 ~ s ,  662 keV gamma ray at room temperature, 
should reduce to about 8% FWHM at -40 C. Comparisons between reconstructed lunar gamma- 
ray spectra measured using 7.62 x 7.62 cm BGO and NaI detectors (both having 8% FWHM at 
662 keV) are shown in Figure 2. These reconstructions were made using a Monte Carlo code with 
the 90 strongest lunar line strengths tabulated in Reedy (1978), both with and without including the 
lunar gamma-ray continuum (Bielefield et al., 1976). Inspection of Figure 2 clearly demonstrates 
the advantages of using BGO at -40 C over NaI in the measurement of the various lunar gamma- 
ray line strengths, and hence in the determination of lunar elemental abundances. We estimate a 
factor of 2 improvement in sensitivity at low energies and a factor of 8 at high energies. 

Another improvement designed into the Lunar Prospector GRS is the return to Earth of 
both the "accepted" (BGO only interactions) and "rejected" (BGO interactions accompanied by a 
simultaneous interaction in the ACS) BGO gamma-ray spectra. Laboratory measurements and 
Monte Carlo simulations show that subtraction of a fraction of the rejected spectrum from the 
accepted spectrum results in a large reduction of the Compton escape portion of the singles 
lineshape. Figure 3 shows the result of the Monte Carlo simulation of a 7-MeV isotropic point 
source of gamma rays, located 30 cm from the detector along a line 900 from the detector 
symmetry axis. The summed, accepted, rejected, and difference spectra are plotted. As can be 
seen, the peak-to-continuum ratio of the difference spectrum is considerably increased relative to 
that of the summed spectrum. Because of both the above improvements, we expect to produce an 
excellent gamma-ray data base of much higher quality than was originally proposed. 

References: [I]  Reedy (1978) Proc. Lunar Planet. Sci. Conf., 9, 2961. [2] Bielefeld et 
al. (1976) Proc. Lunar Sci. Conf. 7, 2661. 
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Figure 1. Lunar Prospector Gamma-Ray Spectrometer. 
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Figure 2. Monte Carlo simulations of lunar gamma-ray spectra for 7.62 x 7.62 cm BGO and NaI 
scintillators that includes (left) and excludes (right) the lunar continuum. The vertical scale is in 

counts / 1000 s. 
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Figure 3. Monte Carlo simulation of the GRS response to a 7 MeV gamma ray. 
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