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Introduction: A new, highly compact linear ion
trap mass spectrometer (LITMS) has been under de-
velopment building upon the design of the Mars Or-
ganic Molecule Analyzer (MOMA) mass spectrometer
(MS) onboard the 2020 ExoMars rover. LITMS com-
bines two powerful approaches to organics analysis,
pyrolysis and derivatization gas-chomatography mass
spectrometry (GCMS) and Mars-ambient laser desorp-
tion mass spectrometry (LDMS), linked through a sin-
gle, highly-miniaturized mass analyzer. The instrument
thus enables analysis of (i) volatile/semivolatile organ-
ic compounds via electron impact (EI) ionization and
(i1) nonvolatile/refractory organic and inorganic con-
tent under Mars-ambient conditions via laser desorp-
tion ionization (LDI). Compared to MOMA, LITMS
features further miniaturization and substantial analyti-
cal enhancements identified during the MOMA-MS
development but not realized due to schedule or mis-
sion architecture limitations. Specifically, the addition-
al analysis capabilities on LITMS include dual RF
power supplies to increase mass range compared to
MOMA, both positive and negative ion detection, pre-
cision sub- sampling of drill cores at fine (< 1 mm)
spatial scales, and pyrolysis of powdered sample for
evolved gas analysis (EGA) of minerals and organics.
Here, we present the status of the TRL 6 brassboard of
LITMS with initial spectra.

Design: The LITMS concept (Fig. 1) embodies the
analysis of a drill core sample at fine (sub-mm) spatial
scales, by both GCMS and LDMS, to provide compre-
hensive layer-by-layer and overall gradient composi-
tion data. The core is acquired with a rotary/percussive
drill and presented to the LITMS sensor via a docking
port, with the side of the core exposed in an up-facing
PreView Coring Bit window. The core position is ma-
nipulated in a Precision Core Sampler (PCS) mecha-
nism, which brings a series of points to the focal point
of the laser, under the ion trap inlet. At Mars, LDI is
accomplished at ambient pressures using a MOMA-
like fast aperture valve. At other bodies, a simplified
“open path” inlet with ion optical steering is used. The
laser analysis is essentially nondestructive. Points of
interest are then positioned for subsampling by a rotat-

ing cutter producing up to several mg of fines from a
mm-scale layer, which are captured into a pyrolysis
oven and subsequently analyzed with GCMS.
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Fig. 1 Linear ion trap mass spectrometer (LITMS) concept
showing sensor interfaced to a coring drill with PreView Bit.

Brassboard Intergration and Test: The LITMS
brassboard has been developed with high fidelity to a
flight design, to support Mars-specific tests of func-
tionality and environmental tolerance (pressure, vibra-
tion, shock, and limited thermal). Preliminary benchtop
EI-mode spectra (Fig. 2) confirm the operation of the
sensor system with highly-promising performance
specifications. End-to-end tests of the fully-integrated
LITMS, with arm-mounted drilling and PCS operation
under Mars ambient conditions are scheduled over the
next several months, prior to preparation of the system

for field deployment in the Atacama.
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Fig. 2 LITMS brassboard low-m/z range spectrum of per-

fluoro-tributylamine (PFTBA) calibration gas in the presence
of water and hydrocarbon mixture showing low-noise opera-
tion of two-frequency RF electronics and ion detectors.
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