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SUMMARY. We have developed a four-detector research-grade backscatter Mossbauer 
spectrometer (BaMS) instrument with simultaneous low-resolution x-ray fluorescence analysis 
capability. A flightqualified instrument based on this design would be suitable for use on missions to 
the surfaces of solid solar-system objects (Moon, Mars, asteroids, etc.). Target specifications for the 
fight instrument are mass < 500 g, volume < 300 cm3, and power < 2 W. The BaMS instnunent would 
provide data on the oxidation state of iron and its distribution among iron-bearing mineralogies and 
elemental composition information. There data are of fundamental importance for the characterization 
and identification of extraterrestrial surface materials. 

INTRODUCTION AND BACKGROUND. A primary concern for future missions to solid 
planetary surfaces is the development of instrumentation for in-situ mineralogical and elemental 
analyses. Such analyses would provide the fundamental data required for the characterization and 
identification of surface materials and offer insights into their origins and subsequent modification 
processes. In terms of naturally occurring materials, the element iron is particularly important due to its 
abundance and multivalent nature (primarily 0, +2, +3 oxidation states). 

Mossbauer spectroscopy is a nuclear resonance technique which provides detailed information 
about the local electromagnetic environment of individual 5 7 ~ e  nuclei. The resulting resonance pattern 
(Mossbauer spectrum) provides diagnostic information on the oxidation state of iron and its distribution 
among iron-bearing mineralogies, which tightly constrains the types of materials present. For remote 
use, backscatter geometry (Mossbauer source and detector(s) on same side of sample) is preferable over 
transmission geometry (Mossbauer source and detector on opposite sides of sample, commonly used in 
the laboratory) because no sample preparation is required. Backscatter geometry also allows energy- 
dispersive x-ray fluorescence elemental analysis to be performed simultaneously with the Mossbauer 
analysis requiring no additional hardware if the detectors have higher energy resolution than normally 
required for the Mossbauer experiment. 

In 1988 we proposed and began an instrument development project designed to produce a 
flight-qualified combined backscatter Mossbauer spectrometer/x-ray fluorescence analyzer 
(BaMS/XRF) instrument [I]. Here we present our work on the BaMS/XRF project to date. A similar 
instrument development project is underway in Europe [2]. 

RESULTS AND DISCUSSION. We have completed work on the final four areas of research in 
the development of a research-grade BaMS instrument. The first area of work focused on the 
integration of an analog-to-digital converter (normally included in laboratory multichannel analyzers) 
onto the radiation detector preamplifier circuit board. We designed a custom six-layer 
conventional/surface mount circuit board to accomplish this task. The new preamplifier board takes 
gamma and x-ray photons and converts their energy into a 12-bit digital signal which can be accessed 
via a single serial data line. This technical achievement virtually eliminates electromagnetic interference 
@MI) problems in the BaMS instrument and reduces our dependence on external circuitry in the 
multichannel analyzer (MCA). 

The second area of work we have completed was the development of an enhanced low-power 
ruggedized Mossbauer velocity transducer (drive). We totally redesigned our miniature drive with new 
high-energy magnetic circuits, larger coil radii, new space-rated epoxy, new etched drcular spring 
design, and a unique mechanical design that eliminates fatigue of the coil leads. These enhancements 
have produced a drive with better than an order of magnitude reduction in power requirements. This 
high-reliability design is much better suited for the harsh environmental conditions of launch, landing, 
and operation on extraterrestrial surfaces. 

The third area of research completed was the development of software which completely 
eliminates the need for an external MCA. This software, written completely in C++, retrieves the digital 
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data from the preamplifier board and performs all of the sorting and storage functions normally done by 
the external MCA. The BaMS software acts like four independent MCA's providing pulse-height 
analysis (PHA, low resolution x-ray fluorescence analysis), single channel analysis (SCA, energy 
window), and multiscaler analysis (MCS) modes. The BaMS software is more flexible than hardware- 
based MCA systems which is an essential requirement for high-risk remote sensing applications. 

The final area of work completed on the research-grade BaMS instrument was the field testing 
of the unit. A prototype BaMS instrument (without radioactive source) was mounted to a robotic arm 
on a small four-wheel rover test vehicle. The rover was located in the Amboy crater area of California's 
Mojave desert (terrain similar to Mars) and was teleoperated from a mission control center in Los 
Angeles as part of a Planetary Society/McDonnell Douglas/NASA sponsored field test. From the 
control room, the BaMS instrument was successfully deployed to a number of rock outcrops, rock and 
soil samples, and other targets of opportunity. Simulated data collection and transmission back to 
mission control was performed by the CPU on the rover since there were practical difficulties associated 
with the use of a real Mossbauer radioactive source at this public location. 

The McDonnell Douglas robotic arm used in the field test was moved to our laboratory where 
Mossbauer spectra were collected on a number of standard samples using the BaMS instrument. The 
data colleded on the end of the robotic arm showed no statistical difference from similar spectra 
obtained on the bench top. This experiment showed that by pressing the BaMS instrument against the 
sample and holding it in position during data collection, problems associated with vibration of the arm 
can be avoided. 
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Figure 1. Cross-section and end view of research-grade BaMS/XRF instrument. 
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