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In situ measurement of cosmic dust particles in space is
important to investigate the origins of dust particles, the so-
lar system and life. We have been developing three types of
instruments onboard spacecrafts to measure cosmic dust.
1) a piezoelectric cermic and polymer film detector, 2) a
lightweight and large-area impact ionization detector, and
3) a time-of-flight mass spectrometric dust analyzer with
an impact ionization ion source.

To calibrate these developing instruments and to sim-
ulate hypervelocity impact phenomena, a microparticle
(dust) ion source has been installed to the high voltage
terminal of the 3.75 MV single ended Van de Graaff
electrostatic accelerator and a beam line for microparticle
experiments has been build at High Fluence Irradiation
Facility (HIT) of Research Center for Nuclear Science
and Technology (Department of Nuclear Professional
School, Graduate School of Enginering at present), the
University of Tokyo in 1998. Microparticle acceleration
has been successful in obtaining expected velocities of
1 km/s—20 km/s or more for micron or submicron sized

particles.

Keywords: cosmic dust, hypervelocity dust acceleration,
piezoelectric detector, impact ionization detector, TOF-
MS
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Figure 1. Impact craters created on a surface

of the first Japanese retrievable satellite “SFU:
Space Flyer Unit”. Photo by H.Yano.
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Figure 2. Cosmic dusts collected around the

Earth; (a) from the deep sea sediment, (b) from
the Antarctic ice, (c) from the stratosphere, and
(d) by the LEO (Low Earth Orbit) retrievable
satellite. Sizes are from 10 um to 500 wm in
diameter. Photo by H.Yano.
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Table 1.

Microparticle acceleration facilities of various countries.

Accelerating voltage

Facility Accelerator type Projectile Period Main use
Univ. Tokyo— Kyoto Univ.— 100 kV ;
Osaka Univ. 14 Cockcloft-Walton Microparticle only 1999- Space science
Wakasa Wan Energy Research 200 kV 9 ) )
Center (Fukui)'® Cockcloft-Walton Microparticle only 2001 —closed Material science
Kyoto Univ. Cockcloft-Walton lon, Microparticle 1985%-1990 Material science
L 12) 1.0 MV ®)_ *) i i
Kyoto Univ. 2.0 MV Van de Graaff Electron, Microparticle 1985%-1990 Material science
Univ. Tokyo s HIT (Tokai-mura, Ibaraki)® .75 MV Van de Graaff | ,\ﬁi'czr(';’é\;rticl . 1998 \Space science
Institute of Nuclear Physics,
Moscow State University Cockcloft-Walton 400 kV¥ 2000"— Material science
(Russia)
. 13) 1.8 MV .
Univ. Kent (Canterbury, UK) 2.0 MV Van de Graaff Microparticle only 1974-2001 Space science
; ; 2.0 MV Van de Graaff 2.0 MV .
Open Univ. (Milton Keynes, UK) 2 sets Microparticle only 2002—- Space science
Max-Planck-Institut fir
Kernphysik (Heidelberg, 2.0 MV Van de Graaff Micro%gr{\if:\lle only 1962- Space science
Germany) %
Concordia College (Moorhead, U.S.A.) 16 2.0 MV Van de Graaff Micro%gr{\ilcl:\lle only 1975— Space science
Institute of Nuclear Physics,
Moscow State University 3.0 MV Van de Graaff 2.0 MV® 2000%- Material science
(Russia)
Cororado Univ. (Boulder, U.S.A.) 3.0 MV Pelletron Microparticle only 2011 Space science
Los Alamos National Laboratory 5.0 MV® .
(Los Alamos, U.S.A)™" 6.0 MV Van de Graaff lon, Microparticle 1985—closed Space science
Stuttgart Univ. (Stuttgart, Germany) In preparation Microparticle only *) Space science

*) Details are unkown.
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Figure 4. Schematic view of the accelerator system of HIT, the university of Tokyo. Detector 1, 2, and

3 are the cylindrical condenser type charge detectors. CSA is the charge sensitive amplifier.
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Figure 6. (a) The particle velocity as a function of the particle mass. The experimental results of

3.75 MV Van de Graaff accelerator of HIT and 2 MV Van de Graaff accelerators of Max-Planck-Institut
and Kent University. (b) Relation between the specific charge and the mass of accelerated microparti-

cles.
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Figure 7. Mercury Dust Monitor (MDM) on-
board BepiColombo MMO, which is composed

of PZT piezo ceramic detector (40 mm x 40 mm
X t2 mm X 4 pieces) coated with white paint re-
flecting the solar light, and electronics.
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Figure 9. Schematic diagram of an impact ion-
ization type cosmic dust detector®.

Figure 10.

Impact ionization type cos-

mic dust detector with a large impact area
(30 cm x 30 cm).
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Figure 11.

Schematic diagram of a reflection
type Time-Of-Flight (TOF) mass spectrometer
and a photograph of a prototype instrument.
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Figure 12. The results of the simulations of particle tracks inside TOF-MS with parallel (left hand
side) and curved (right hand side) electric fields.
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