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Abstract

The upper Martian atmosphere mainly contains carbon dioxide (CO,) and atomic oxygen (O) depending on the altitude.

Spacecraft orbiting in the Martial upper atmosphere encounters high-energy collision with these molecules.

In order to

evaluate a risk for material erosion possibilities in Martian orbit, a method for ground-based Martian atmospheric

simulation was investigated. A laser-detonation hyperthermal beam source was applied in this study and beam

formation properties of hyperthermal CO, beam was explored. A chopper wheel system was used to narrow the width of

collisional velocity distribution of the formed beam. It was made clear that hyperthermal CO, beam with collisional

velocity of 6.3 km/s was successfully formed, however, it contained CO, fragment such as C, O, and CO. This result

suggested that CO, molecules are partially decomposed in the laser-induced plasma. The hyperthermal beam thus formed

was sliced by the chopper wheel system to reduce the width of the energy distribution.
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Fig.2. Velocity distribution of CO, in the hyperthermal
beam formed by the laser detonation phenomenon.
Collision velocity distribution in the Martian orbit is

indicated by the solid line.
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Fig.3. Velocity distribution of O in the hyperthermal beam
formed by the laser detonation phenomenon. Collision
velocity distribution in the Martian orbit is indicated by

the solid line.
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Fig. 4. Photograph of the laser detonation beam
facility

Reaction Chamber
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Fig. 5. Configuration of the laser detonation beam facility used in this study. Time-of-flight spectra are measured by the
quadrupole mass spectrometer (QMS) with the electron impact ionizer.

Table 1. Beam formation settings for the experiment.

PSV Laser
Back pressure Voltage Valve opening Target gas wave length Energy Laser Delay
(MPa) ) time (us) (um) (J/pulse) (ps)
0.6 900 200 CO, 10.6 6.3~6.7 340
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Fig. 6. Configuration of the chopper wheel system used

in this study.
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Fig. 7. TOF spectra of the fragmentation of the hyperthermal CO, beam. Signals are found in m/z=44 (a), 28 (b), 12
(c) and 16 (d).
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Table 2 Relative ionization probabilities of the molecules
included in the hyperthermal CO, beam at the electron
impact ionizer of the QMS.

FHIML 22T TEBR TR AR JAXA-SP-15-012

Gas Relative ionization Probability
CO, 0.76
CO 0.80
C 0.51
O 0.27
Ar 1.00

Table 3 Cracking pattern of the molecules included in
the hyperthermal CO; beam.

Impact energy of electron

is 100 eV.
Gas Cracking probabilities
CO; CcO C 0
CO, | 0.775 0.101 0.046 0.078
CO - 0.966 0.034 0.014
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Fig. 8.

molecules in the hyperthermal CO, beam and CO
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