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Abstract

Dust particles may exist even on or around asteroids.
We propose direct observations of such dust particles
for future missions to asteroids.

1. Introduction

Dust particles may exist on the surfaces of or around
asteroids. Their existence would reflect the evolution
of the surface environment of an asteroid, which is
important when interpreting terrestrial observations
of asteroids. However, the role of dust particles on
small bodies are not critically studied due to limited
chances of observations.

The NEAR-Shoemaker spacecraft reveals that the
surface of Eros hold enormous amount of dust par-
ticles, which appear to fill a crater to form smooth
dust ponds [1]. On the other hands, the high resolu-
tion images of Itokawa obtained by Hayabusa space-
craft indicate that dust particles are deficient on the
surface of the asteroid. However, interestingly, the
returned samples of Hayabusa are generally dust
particles [2], which raise the question if dust particles
actually exist around the asteroid as a cloud, but are
optically not detectable because the cloud is extreme-
ly thin. If this is the case, small asteroids may typi-
cally hold numerous numbers of dust particles as
results of evolutional histories of asteroids. However,
even so, no terrestrial observations can critically
determine the existence of dust due to the above
reason.

We are, therefore, planning a direct observation of
circumasteroid dust with using the Dust Monitor
(DM) instrument, which may be useful even for a
flyby mission to an asteroid. In Japan, Hayabusa-2
mission, a successor of Hayabusa mission, is planned
to be launched in 2014, aiming at a C-type asteroid,
1999JU3. In this study, we discuss the scientific
advantage and the feasibility of the in-situ dust ob-
servation using Hayabusa-2 as a model mission.

2. Observation targets with DM

Observing the circumasteroid dust with DM has three
principal significances. They are explained in detail
below.

2.1 Levitating dust

Dust levitation phenomena have been observed re-
peatedly on the Moon [3]. There are some candidate
mechanisms to make dust levitate from the surface:
impact, seismic shaking, granular flow, photoelectric
dust levitation, etc. Among them, photoelectric dust
levitation is the most plausible mechanism to make
dust levitate periodically on the Moon [4].

Surface of a resistive and airless body is positively
charged on the dayside due to photoelectric effect to
make an upward electric field. Since a dust grain on
the surface is also positively charged, it would levi-
tate from the surface if the electric field became
strong enough. This process is called as photoelectric
dust levitation and is expected to occur on asteroidal
surfaces.

Dust grains up to ~100 pm could levitate and transfer
laterally to make smooth deposit at the depressions
[5]. Finer grains (< 1 pm) would defeat the gravity,
resulting in partial evaporation of asteroids [6]. Such
levitating dust grains around asteroids have not been
directory observed so far. We are planning to observe
them with DM and obtain their size- and velocity-
distributions, which are required to reveal the surface
evolution of asteroids.

2.2 Impact ejecta

An active impact experiment on the asteroid
1999JU3 is proposed in Hayabusa-2 mission (An
impactor of 2 kg will be hit on 1999JU3 at 2 km/s).
Detecting ejecta grains from such an impact experi-
ment with DM is challenging but will give us mea-



ningful information on the surface and the interior of
asteroids.

Recording the position and the time when ejecta
grains are detected with DM, we reconstruct the
trajectories of the grains and obtain their ejection
speed and angle. In particular, the ejection angle is
informative since the ejection angle reflects the po-
rosity around the impact site: The ejection angle
tends to become high for fluffy target [7]. In addition,
the trajectory reconstruction enables us to determine
the speed of the ejecta at the moment of detection.
Assuming that DM detects the momentum of collid-
ing grains, the grain mass (or size) turns out with the
colliding speed determined. We checked the possibil-
ity of ejecta detection with DM in the impact experi-
ment of Hayabusa-2 mission as a test case. The pre-
liminary results indicated that the amount of ejecta is
enough to detect with DM. We will obtain key in-
formation about the porosity and the size-distribution
of surface regolith of asteroids from detecting impact
ejecta with DM.

2.3 Avoidance of debris collision

Hayabusa-2 mission plans to conduct an active im-
pact experiment as described above. It is difficult to
precisely predict the size and the ejection velocity of
the ejecta. Hence, high risk “debris” as large as one
can critically affect the spacecraft still can drift
around the asteroid when the spacecraft is approach-
ing the asteroid after the impact. Monitoring dust will
be able to reduce such a risk.

3. Observation methods

When the spacecraft accompanies closely with the
asteroid, the relative velocity and the number density
of the circumference dust are extremely small. In
addition, the speed of the majority of dust ejected at
the impact experiment may be slow. For dust obser-
vation under such the environment, we propose two
methods, direct method and indirect method.

3.1 Direct method

The low speed (< 1m/s) dust grains are not able to
produce ionized plasma for detection of impact ioni-
zation as used for hypervelocity dust. There are still
detection methods for such low speed grains, for
example, utilization of momentum transfer and elec-
trostatic induction [8]. Momentum sensor utilizes
momentum transfer during collision between the

grains and the detector. SESAME-DIM of Roset-
ta/Philae uses a momentum sensor of piezoelectric
PZT for detection media and the target velocity range
is 0.025 — 0.25 m/s [9]. The merit of this type of
detector is its mechanical simplicity, compactness,
and light weight, e.g. about 500 g for the detector
system unit of MDM to be onboard BepiColombo
having 64 cm’ of detection area [10].

Time-of-flight (TOF) sensor utilizes electrostatic
induction while a charged particle passes through an
electrode. LDM for the Selene-2 mission is designed
to use two electrodes to detect the TOF signals electr-
ically induced by the incident charged dust particle
[11]. The grain size can be inferred from the charge
signal assuming the charge state of the incident par-
ticle is proportion to the size.

3.2 Indirect method

The technique of the aerosol measurement by LIDAR
(LIght Detection And Ranging) can be applied for
the measurement of the drifted dust grains around
asteroids. LIDAR must be equipped for ranging be-
tween the spacecraft and asteroids for its landing.
The light-receiving system may be optimized for the
scatted light from dust grains. The distribution of
dust grains in depth can be derived from time-of-
flight between the timings of the pulsed laser irradia-
tion and the scattered-light receiving

4. Summary

As described above, the asteroidal exploration needs
dust monitoring device onboard. After the successful
asteroidal mission Hayabusa, successive asteroidal
missions are planned and studies. Dust monitors for
circumasteroid dust should be seriously considered to
be onboard upcoming asteroidal missions.
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