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Introduction:  The 2018 ExoMars rover mission 

will seek the signs of past or present life in the near-
surface environment of Mars. As currently planned, the 
rover will obtain samples from as deep as two meters 
beneath the surface and deliver them to an onboard 
analytical laboratory for detailed examination. The 
Mars Organic Molecule Analyzer (MOMA) investiga-
tion forms a core part of the sample analysis capability 
of ExoMars. Its top objective is to address the main 
“life signs” goal of the mission through detailed chem-
ical analysis of the acquired samples. MOMA has a 
particular focus on the characterization of any organic 
compounds that may be present in the samples. The 
novel dual ion source design of the MOMA mass spec-
trometer (MS) supports both pyrolysis-gas chromatog-
raphy (pyr-GC) and laser desorption/ionization (LDI) 
analyses in an extremely compact package. When 
combined with the unprecendented depth sampling 
capability of ExoMars, MOMA affords a uniquely 
broad and powerful search for organics over a range of 
preservational environments, volatility, and molecular 
weight. In addition to enabling ExoMars science, 
MOMA represents a critical step in the determination 
of both sampling and in situ analytical capability re-
quirements for Mars Sample Return (MSR). This de-
termination is of even greater relevance when consid-
ering the importance of MSR to Decadal Survey, 
MEPAG, and joint SMD-HEOMD goals for Mars.  

MOMA Design: MOMA [1] comprises the mass 
spectrometer itself (Fig. 1), a laser system, a four-
column gas chromatograph (GC) including a helium 
reservoir, a set of pyrolysis ovens arrayed on the rov-
er’s sample carousel along with a tapping station to 
engage any oven with the GC, and a set of electronics. 
Some of the pyrolysis ovens are pre-loaded with a 
derivatization agent to increase the volatility of key 
compounds such as amino acids. The main require-
ment of the mass spectrometer is to analyze molecules 
from both GC and laser sources with high sensitivity. 
In “GC mode” heat-evolved neutral gas passed through 
the GC is admitted to an external electron impact (EI) 
ionization source. In “laser mode” a pulsed UV laser 
desorbs and ionizes molecules directly from powdered 

samples presented to the inlet of the mass spectrometer 
at Mars ambient pressure (5-7 torr). In this case ions 
transfer into the mass spectrometer via a low-
conductance leak that also serves as an ion optical lens. 
Such a dual source capability is achieved by using an 
ion trap mass spectrometer (ITMS), which operates up 
to the higher (mtorr) pressures amenable to the 
MOMA design. The required vacuum conditions in the 
ion trap are achieved with a miniature turbomolecular 
drag pump, smaller than the Wide Range Pump on the 
MSL Sample Analysis at Mars (SAM) investigation, 
and a set of microvalves. 
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Fig. 1  The MOMA mass spectrometer analyzes solid sam-
ples following either pyrolysis-GC with electron ionization 
or laser desorption/ionization (LDI), providing broad sensi-
tivity to volatile and nonvolatile organics over a mass-to-
charge (m/z) ratio of up to 2000 Da. The aperture valve ena-
bles LDI of samples at Mars ambient pressure (5-7 torr). 

 
Linear Ion Trap Analyzer.  A highly-miniaturized 

linear ion trap (LIT) analyzer has been developed to 
meet the  stringent MOMA requirements [2]. The 
flight-scale LIT currently under test is shown in Fig 2. 
A set of four high-precision hyperbolic rods is held in 
a brace forming an internal volume with characteristic 
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radius r = 3 mm and approximately 3 cm long. Ions are 
injected from either end via the two ion sources (laser 
and EI) which interface to the volume via end plate 
electrodes (not shown). In addition to being compatible 
with dual ion sources and with Mars ambient LDI op-
eration, the LIT offers the ability to perform tandem 
mass spectrometry, or MS/MS, in which a molecule of 
interest is selected for isolation and subsequent frag-
mentation, leading to further structural insight. 

 

 
Fig. 2 The MOMA linear ion trap is defined by a set of four 
hyperbolic rod electrodes, two of which contain a narrow slit 
to permit ejection of ions to dual detectors (not shown). 

 
Instrument Performance:  A breadboard MOMA 

mass spectrometer is being tested in a flight-like con-
figuration using a prototype RF supply. Spectra of ref-
erence compounds (Fig. 3) such as perfluoro-tributyl-
amine (PFTBA), for GC mode, and various dye and 
peptide molecules, for LDI mode, indicate the ITMS is 
performing extremely well and point to meeting mass 
resolution and sensitivity requirements in both modes. 
The full demonstration of TRL 6 in an end-to-end sys-
tem is expected within the next several months. 
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Fig. 3 The MOMA breadboard demonstrates resolution high-
er than the required 1 Da (amu) in EI mode (a) and a molecu-
lar weight (m/z) range over 1 kDa in LDI mode (b). 

Beyond ExoMars: MOMA is on track for flight on 
the 2018 ExoMars rover mission. The insights offered 
by the MOMA organics survey of subsurface materi-
als, protected from degrading oxidation and ionizing 
radiation, may be critical to selecting a sampling and 
analysis strategy for subsequent missions, especially 
MSR with its limited return mass. At the same time, it 
is logical now to consider the significant benefits of a 
MOMA-like capability in the context of NASA’s Mars 
Next Decade plans and beyond. For example, a NASA 
precursor surface mission in the 2018/2020 timeframe 
could be tasked with identifying high-priority samples 
or sampling locations, based on the detection of com-
plex molecular signatures in a well-characterized geo-
logical setting. Such a mission may also have an op-
portunity to provide critical data to close key HEOMD 
strategic knowledge gaps in the areas of planetary pro-
tection and back contamination. A MOMA-like system 
could enable both sets of measurements without over-
whelming payload resources. The ambient LDI mode 
of MOMA in particular is highly compatible with sim-
plified sampling systems such as Honeybee Robotics’ 
drilling tools incorporating a PreView Bit (Fig. 4) [3]. 
The exposed surface along the length of a core may be 
interrogated point-by-point with the MOMA laser, 
which focuses to spots in the range 100-500 µm. Such 
precision would enable layer-by-layer ITMS analysis 
of the core with all its enormous analytical benefits [4]. 

 
Fig. 4 The Honeybee Robotics PreView Bit has lateral core 
access in the right configuration for MOMA’s LDI mode. 
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