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Development of the Raman spectrometer for MMX (RAX): Delivery of
the flight model
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MMX Rover and RAX: JAXA’ s Martian Moons Exploration (MMX) mission carries a compact rover that will
explore the surface of Phobos [Michel et al. 2022, Ulamec et al. 2022]. The MMX rover is being
developed by CNES and DLR and will land on Phobos in 2027. The Raman Spectrometer for MMX (RAX)
is one of the four scientific instruments onboard the rover. The main objective of RAX is to study the
mineralogy of Phobos’ surface to contribute to the discussion on the origin of Phobos. Raman
spectroscopy identifies the minerals and molecules by their fingerprint inelastic scattering. Taking
advantage of the rover’ s mobility, RAX will investigate the heterogeneity of the material distribution on
the surface. The Raman data will be compared with those from ongoing Mars missions, such as SHERLOC
and SuperCam on NASA’ s Perseverance rover and RLS on ESA’ s Rosalind Franklin Rover. The Raman
spectra obtained in situ on Phobos will support the interpretation of the returned samples and verify their
representativeness.

Development of RAX: RAX is a compact and lightweight Raman spectrometer with a volume of
approximately 1000 cm’and a mass of 1.5 kg [Hagelschuer et al. 2022], constiting of two modules
connected by a multimode optical fiber: the RAX Laser Assembly (RLA) and the RAX Spectrometer Module
(RSM). The RLA is a highly miniaturized (51 x61 x19 mm) continuous-wave laser module with an
excitation wavelength of 532 nm and a typical optical output of 20-30 mW. RLA was developed by the
Spanish team led by the Instituto Nacional de Tecnica Aerospacial (INTA) and the University of Valladolid.
The RSM is a compact spectrometer module equipped with a transmission grating, CMOS detector, and
other relevant optics and electronics. It was evolved by the DLR Institute of Optical Sensor Systems
(DLR-0S). RAX is designed to measure soil and rock beneath the rover at a working distance of 80 mm.
Since the distance from RAX to the Phobos soil is unknown a priori, it is critical to finely focus the laser
beam on the sample to obtain any Raman spectra. To achieve this, JAXA, the University of Tokyo, and
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Rikkyo University jointly developed a high-quality light collecting lens and laser focusing mechanism
(Autofocusing Subsystem, AFS) as a part of the RSM. The AFS enables focus adjustment with a stroke of
13 mm and a precision of 20 wm. In addition to this fine-focusing capability, the rover locomotion system,
including legs and wheels, raises and lowers the rover body to bring the sample into the stroke of the AFS.
Taken together, the RAX instrument has a spectral range of 535 to 680 nm, corresponding to the Raman
shift of 90-4000 cm™. This spectral range allows the identification of silicates, organics, and hydrous
minerals. The spectral resolution of RAX is approximately 10cm™ FWHM [Rodd-Routley et al. 2021]. This
resolution is sufficient to resolve the strongest Raman band of olivine at 820 cm”and 850 cm™. To test
the performance of RAX during the cruise phase, a verification target (VT) made of KBr and deuterated
PET is mounted on the MMX Rover Mechanical Electrical Communication and Separation Subsystem
(MECSS) [Moral et al. 2022]. The VT was provided by INTA and the University of Valladolid.

Verification and delivery of RAX: A study using a RAX-compatible breadboard model (BBM) showed that
the Raman spectra of Phobos-relevant minerals can be obtained with a signal-to-noise ratio (SNR) of up to
100, depending on the mineral species [Cho et al. 2021]. The RAX-FM verification campaign showed that
high-quality Raman spectra of the VT and other Phobos-relevant minerals were obtained under thermal
vacuum condition at - 45°C [Hagelshuer et al. 2022; Schréder et al. 2023]. The RAX-FM was delivered to
the rover in August 2022 and successfully integrated into the MMX rover in October 2022. The RAX
development model (DM), which is the most FM-like instrument at DLR-OS [Schrdder et al. 2022], will be
used to measure Phobos-relevant samples in the laboratory to build the spectral library. The MMX rover
will be delivered to JAXA in summer 2023.
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