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Objectives: The objective is to develop a miniaturized gamma-ray and neutron Table 1. Comparison to state-of-the-art of previously flown neutron and
spectrometer (mini-GRNS) with a Mars Helicopter mission as initial mission target. For gamma-ray instruments.
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Readiness Level (TRL) 5 by the end of FY26.

Approach and Results: The goal of FY24 was to develop a low power (<3W) GRNS electronics while maintaining figure-of-merit (FOM) higher than 2.
This requires more than 50% power reduction compared to the state-of-the-art instrument (LMAP). We proceeded with two different electronics design
approaches to meet the power and FOM target, one of which will be implemented on the breadboard in FY25. Table 2 summarizes power reduction
strategy and measured data of two different Pulse shape discrimination (PSD) circuits. Based on the power consumption and FOM, the analog PSD

circuit was selected for the breadboard implementation in FY25. Table 2. Comparison of two different PSD circuit architecture developed and tested in FY24.
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Figure 1. PSD scatter plot created by the analog PSD circuit S R R —
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Confirmed instrument capability of measuring both neutrons
and gamma-rays using the same sensor material.

7\ Mounting Power & SPI _a3A JTAG/ Testing
R\ ] / A \

Single-board FPGA & Memory Analog
computer l PSD PWA

1274.5keV (d)

2x Sensor L
Power and i#s

Radiation source n HK TLM

: Na-22
f 12k samples

511keV | PSD plot

PSD ratio (arb. unit)

:I| «— Gamma-rays (b)

|
. ™|
=1¥] \
5. _I‘A/ Neutrons

600
v

=y g I
500 I'

ey o Il I 1

-I 'l I = o r-

I min . :
-

Gamma-rays 400

300 ¢ 1274.5keV

Count

CLYC/PMT Sensor Head D e P 0 Y 1D spectrum JTAG /Testing  2x Sensor Signal * FPGABoard  SensorBoard
T s Figure 3. Initial chassis design concept. Three stacked
Figure 2. Analog PSD based mini-GRNS instrument tested at JPL's Dynamitron Lab. (a) Sensor Head, (b) Typical gamma- PWA slices with removable outer lids allow access to both
ray and neutron waveforms, (c) box level assembly of the analog PSD circuit, (d) 2D PSD plot and 1D spectrum of Na-22. side of all three PWAs.

Significance/Benefits to JPL and NASA: We have verified that our instrument is capable of measuring both neutrons and gammas using the same sensor
material, which has not been demonstrated in all other previous GRNS designs. We met both power goal (less that 3W) and FOM goal (higher than 2) with
the test assembly. The CBE instrument mass is 800g which is below our mass target of 1kg. The newly developed low-power PSD circuit enabled 75%
power reduction compared to the state-of-the-art instrument (LMAP with 2 sensor heads: ~10W, This work with 2 sensor heads: 2.5W). It is also obvious that
miniaturization and low-power design will enable new infusion paths for future planetary missions at JPL and outside JPL.
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