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Intreduction: The Pulsed Neutron Generator-Gamma
Ray And Neutron Detectors (PNG-GRAND) experiment
is an innovative application of the active neutron-gamma
ray technology so successfully used in o1l field well log-
ging and mineral exploration on Earth. The objective of
our active neutron-gamma ray fechnology program at
NASA Goddard Space Flight Center {(NASA/GSFC) 15 to
bring the PNG-GRAND ifnstrument to the point where it
can be flown on a variety of surface tander or rover mis-
sipns to the Moon, Mars, Venus, asteroids, comets and the
sateliites of the outer planets,

Gamma-Ray Spectrometers (GRS) have been incorpo-
rated into numerous orbital planetary science missions
and, especially in the case of the Mars Odyssey GRS, have
contributed detailed maps of the elemental composition
over the entire surface of Mars. However, orbital gamma
ray measurements have low spatial sensitivity (100°s of
km} due to their low surface emission rates from cosmic
rays and subsequent need to be averaged over large sar-
face areas. PNG-GRAND overcomes this impediment by
meorporating a powerful neutron excitation source that
permits high sensitivity surface and subsurface measure-
ments of bulk elemental compositions,

PNG-GRAND combines a pulsed neufron generator
{PNG) with gamma ray and neutron detectors to produce a
landed instrument to determine subsurface elemental com-
position without needing fo drill into a planet’s surface —a
great advantage in mission design, We are currently test-
ing PNG-GRAND prototypes at 2 unique outdoor neutron
instrumentation  test  facility recently constructed at
NASA/GSFC that consists of a 2 m x 2 m x | m granite
structure placed outdoors in an empty field. Because an
independent trace elemental analysis has been performed
on the material, this granite sample is a known standard
with which to compare both Monte Carlo simulations and
our experimentally measured clemental composition data,

We will present data from operating PNG-GRAND in
varteus experimental configurations en a known sample in
# geometry that is identical to that on a planetary surface,
We will also tlustrate the use of gamma ray timing tech-
nigues 1o improve senstfivity and will compare the mate-
rial composition results from our experiments to both an
independent laboratory clemental composition analysis
and MUNPX computer modeling results,

Principles of PNG-GRAND Operation: PNG-
GRAND counsists of three basic components: 1) a pulsed
neutron generator {PNG) that emits infense pulses of fast
{14 MeV) neutrons to excite materials at and below the
planctary surface, 2% a gamma ray SPectrometer (o measure
the characteristic pamma rays emitted by the excited ele-

ments and 3) neumron detectors to measure the properties
of the resulting lower energy epithermal and thermal neu-
rons that reach the surface. The fechnology used for these
individual PNG-GRAND components depends on both
performance requirements and on the mass, power, vol-
ume and budgetary constraints of a particular mission. Part
of our instrument development research is to match mis-
sion performance requirements with the atmibutes of
gamma ray and neutron detector fechnologies to optimize
scientific returm.

When a planetary surface is bombarded with 14 MeV
neutrons from the PNG, the nucler in the planetary materi-
als below the surface are excited so that they emit gamima
radiation characteristic of the clements present. The inten-
sity of these garma ray lines as measured by the gamma
ray spectrometer can be used to determine the absoluse
abundance of each ¢lement in the material. Also, neutron
are scattered within the material and a measurement of the
surface thermal and epithermal neutron flux provides the
huik hydrogen content in the surface material. While rest-
ing on the surface of any solar system body, PNG-
GRAND will be able to detect a wide variety of elements
and measure their absolute bulk concentration with high
precision. Agcessibie elements inciude C, H, O, P, §, 5.
Na, Ca, Ti, Fe, AL, Cl, Mg, Mn, V and the naturally radio-
active elements K, Th, and UL

Experimental Description: It is important to test the
capabilities of PNG-GRAND prowtypes on a known sam-
pie material in the same geometry as that of future plane-
tary in situ applications, PNG-GRAND tests are conducted
at a unique test facility at Goddard’s Geophysical and As-
tronomical Observatory (GGAQ) site mear GSFC's main
campus {1} Here, we place a PNG-GRAND protetype on
top of our large granite test sample to measure the resule-
ing characteristic gamma rays and epithermal and thermal
neutrons from the material. The meter-scale size of our
granite sample maiches rypical neutron and gamma ray
penetration distances and thus ensures that the 14 MeV
neutrons emitted by the PNG mteract primarily in this
sample with very few interactions ocourring in the other
materials 115 environment. With a 50 m radius keep-out
zone, weg can remotely operate PNG-GRAND withous
creating a radiation safoty hazard or detecting background
signals from neutren and gamma ray inferactions with
nearby structures.  PNG-GRAND s operated remotely
from a building over 60 m away.

Our facility allows us to perform lavering studies using
5 ¢m thick granite plates and 2.5 cm thick high-density
polyethylene plates to simulate layers of water ice. These
and other materials can be stacked on top of the large test
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sample to simulate a varicty of lavering scenarios. The
experimental data presented here were taken both with and
without the polyethvlene layer.

Time-Gated Gamma Ray Spectra: A great advan-
tage of using a PNG is the ability to identify the nuclear
process (inelastic scattering, thermal neutron capture, de-
tayed activation or natural radioactivity) that is responsible
for specific gamma ray lines in the specorum. The experi-
ment is controlled by multiple Digital Signal Analyzers [2]
that permit operation in event-by-event time stamped list
mode. With the detection time of gamma ray known, it is
possible fo select events by their detection time with re-
spect to the neutron pulse and produce separate gamma ray
specira for different time windows. Since there is a time
delay in the emergence of thermal neutron capture gamma
rays as the material moderates the 14 MeV neutrons, we
can use the event arrival time io identify the gamma rays
resulting from the different nuclear processes. The ability
0 isclate gamma rays by their timing will improve the
instrument sensitivity tremendously and is a valuable tool
for identifving interfering spectral g}eaksv Using this tech-
nique with different gamma ray spectrometer technologics
we will show how identifying the nuclear process by the
gamma rays’ arrival time relative to the PNG pulse simpli-
fles the spectral analysis and improves sensitivity,
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MOCNPX Computer Simulations: Computer simuia-
tions of potential PNG-GRAND conflgurations are per-
formed using the Monte Carlo N-Particle eXtended
{MONPX) rransport code described in {3]. This applica-
tion has the dual benefit of mwdmg both an efficient
framework for hardware system design and optimization
and a crucial link between theoretical rcsuits and experi-
mental observations.  Current medels have incorporated
and simulated the detailed granite composition, the PNG
and the specific gamma ray and neutron detectors used in
our experiments,

Results: With PNG-GRAND on top of our granite
formation, we can demonstrate our ability to detect a laver
of HD polyethylene 5 em beneath the surface, By selecting
gamma ray data according to the time of arrival berween
the neutfron bursts, we are aiso able to i1solate gamma ray
speotra primarily due to inclastic scattering (Figure 1} and
thermal neutron capture (Figure 2). We made measure-
ments both with and without 2.5 em of polvethylene on the
granite and covered with 3 cm granite plates. The absence
of hydrogen when the polyethylene is not present demon-
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strafes the ability of this technique to measure subsurface
hivdrogen, The lack of evidence of the 3539 keV capture
line from Si in the inelastic spectrum shown in Figure 3
illustrates how well this technique isolates the gamma rays
from inelastic processes. This presentation of real dan
provides an excellent demonsiration of the PNG-GRAND
concept as well as device testing capabilities.

We will present additional data to further illustrase the
utility of gated data acquisition. We will also compare the
granite composition inferved from these data with the in-
dependent elemental composition analysis and the resulis
of vur computer models.
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