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Abstract
The Martian Moons Exploration (MMX) spacecraft
is a JAXA mission candidate to Mars and its moons
Phobos and Deimos. MMX will be equipped with
the Circum-Martian Dust Monitor (CMDM) which
is a newly developed light-weight (650 g) large area
(∼ 1 m2) dust impact detector. We use the Interplan-
etary Meteoroid Environment for eXploration model
(IMEX; [5, 6]) to study the detectability of cometary
meteoroid trails by CMDM. Given its large detection
area and high sensitivity CMDM will likely be capable
to in-situ detect cometary meteoroid trails for the first
time.

1. Introduction
The Japanese space agency (JAXA) is planning to send
the Martian Moons Exploration (MMX) spacecraft to
Mars and its moons Phobos and Deimos and to return
samples from one of these moons to Earth [1]. The in-
tended launch date is 2024. Up to three years of mis-
sion operation are planned at Mars, and return to Earth
is foreseen for 2029.

Among the scientific instruments of MMX is the
Circum-Martian Dust Monitor (CMDM). It is a newly
developed light-weight (650 g) large area (∼ 1 m2)
dust impact detector [2]. The measurable impact
speed ranges from 0.5 km s−1 to more than 70 km s−1.
For typical impact speeds of interplanetary dust
(≈ 10 km s−1) the smallest detectable particle radius
is approximately 3µm.

CMDM is designed to study the circum-martian
dust environment and in particular to search for a dust
ring around the planet which was predicted almost 50
years ago [3] but its discovery is still pending [4]. In

addition, CMDM will be able to measure dust in inter-
planetary space during the 11 months flight of MMX
to Mars, including cometary meteoroid trails.

When comets approach the Sun, they heat up and
emit dust from the cometary ice. Dust particles suffi-
ciently large that their dynamics is dominated by grav-
ity (' 100µm) remain near the comet’s orbit and form
a dust trail, while smaller particles are also affected
by solar radiation pressure and solar wind drag. These
cometary meteoroid streams are temporary structures
in the solar system, superimposed upon the smooth in-
terplanetary dust cloud. Here we study the detection
conditions of cometary meteoroid trails with CMDM
during the MMX interplanetary transfer orbit to Mars.

2. Dust Trail Model
We use the Interplanetary Meteoroid Environment for
eXploration (IMEX) dust streams in space model by
R. Soja et al. [5, 6] developed under contract by the
European Space Agency (ESA) to simulate cometary
meteoroid streams. It is a new universal model for re-
cently created cometary meteoroid trails in the inner
solar system.

The IMEX model simulates the trails of 420 comets
(362 Jupiter-family comets, 40 Halley-type comets,
and 18 Encke-type comets). Particles are emitted
when the comet is in the inner solar system, taking
into account comet apparitions between the years 1700
and 2080. The dust ejection is described by an emis-
sion model, dust production rate and mass distribu-
tion covering the mass range from 10−8 kg to 10−2 kg
(∼ 100µm to 1 cm; [5]). The trajectory of each emit-
ted particle is integrated individually including solar
gravity, planetary perturbations as well as radiation
pressure and Poynting-Robertson drag.

EPSC Abstracts
Vol. 13, EPSC-DPS2019-112-1, 2019
EPSC-DPS Joint Meeting 2019
c© Author(s) 2019. CC Attribution 4.0 license.



3. Results and Discussion

We find 15 candidate comets for which MMX tra-
verses or closely approaches the meteoroid trail.
In most of these occasions the predicted mete-
oroid flux is several orders of magnitude too low
and remains undetectable with CMDM. For three
comets (Giacobini-Zinner, Hartley 2, Honda-Mrkos-
Pajdušáková), however, the fluxes are predicted to
reach 10−3...−2 m−2 day−1 during approximately 0.5
to 2 week intervals. Particle impact speeds are
28 km s−1 < v < 40 km s−1.

These fluxes can be considered as lower limits for
two reasons. First, the IMEX model simulates only
particles larger than 100µm while the cometary trails
most likely contain smaller particles as well [7]. Al-
though such smaller particles are more susceptible to
radiation pressure and Poynting-Robertson drag than
the larger ones, a fraction of recently released small
particles may remain close to the cometary trail for
some time. Furthermore, from a comparison with
cometary meteoroid stream observations the authors
concluded that the model likely underestimates the
true fluxes by up to an order of magnitude.

Large variations from comet to comet have to be ex-
pected because the ejection velocity, mass distribution,
and dust production rate – all parameters of the model
potentially as a function of time – likely vary for each
comet and are not well constrained for many comets
yet. This may be improved in the future for the comets
found in our analysis to yield more reliable flux pre-
dictions.

Tte impact rates measurable with an approximately
1 m2 CMDM dust detector on board MMX are likely
sufficient to detect a few cometary trails above the in-
terplanetary dust background (∼ 0.3 m−2 day−1, [2]).
No spacecraft hazard is expected from these dust im-
pact rates.

4. Conclusions

Our simulations show that during its interplanetary
flight to Mars the MMX spacecraft will likely traverse
or closely approach several cometary meteoroid trails.
The dust flux in a few of these trails is likely suffi-
cient to be detectable with a large area dust detector
like CMDM. It would be the first in-situ detection of a
cometary dust trail in interplanetary space.
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