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Model of zodiacal cloud

Zodiacal dust cloud

i — —-—:Fl—*—;r—. -
= Z
2 Sun

Source of zodiacal dust

-Asteroids and comets
-Inward flow by Poyinting-Robertson effects




Cassini view of A, B and C rings

F5EP 5 6,630 km ~ 120,700 km JE X : (A) 10~30 m, (B) 5~20m, (C) ~5m
775 RES :um WY 7)) ~msize

NASA/JPL#EME http://photojournal.jpl.nasa.gov/catalog/PIA08329



Comets = actually ejecting dust

Missions to Halley’s Comet
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Dust size change

IDP (Asteroids, Comets) = Poynting-Robertson effect
= Inner solar system
Frequent collisions, Evaporations

Dust size <1 micron
Solar radiation pressure increases a.
= beta-meteoroids
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In situ measurement of
space dust

Space, mass and velocity distribution, and chemical composition
of dust are needed.

~ Methods of dust measurement ~

Impact ionization detection (lID) with/without mass spectrometer
- Using Piezo-electric effect - PVDF, PZT

-Non-destructive collection, Sample return - Aerogel

| [PLANET-E

1999 Stardust IID+Mass

_ ' “PUMA”, PVDF, Aerogel 2010 IKAROS PVDF
1997 Cassini lID “CDA” 1998 Nozomi IID "MDC” “ALADDIN”




FK Active detector Passive detector
H RS HT
1970s (E. Grin)
72 HEOS2 74,5 Helios1,2 PVDF PZT PEPIZN
(Tsuzzolino) (Mcdonnell)
1980 84 PUMA1,2/VeGa1,2 :
- 84 DUCMA 85 DIDSY :
85 PIA /Giotto NeGa1,2 /Giotto ;
Z5H g b L
89 DDS/Galileo (E. Igenbergs) (Tsou)
1990s || 90 DDS/Ulysses 90 MDC/Hiten :
96 GORID(DDS)/
Russian Express2 94 MDC/Bremsat
98 HRD(CDA)
97 CDA/Cassini - /Cassini
98 MDC/Nozomi
99 CIDA/Stardust 99 DFMI/Stardust ||| 99 Acoustic sensor ||| 99 Aerogel/Stardust
/Stardust
2000s || (99 Hamabe) 06 SDC 01MPAC/ISS
/New Horizons
2010s 10 ALADDIN 110r12 TANPOPO

KD REDOERIFIIEEEL TS,
XKT0sLARTIIPZT PHERAE R TH 1=, 2010 T.Hirai



K £ ih X R T X

0 .
A —
S B METEORS B
E .gPua -
- AN N PIONEER 11 _
» A -
m - '
:9r FLUXES
=
S PIONEER 10
7 NN
S 12 AL| ULYSSES: R
- -
w
2 r WTE ~
15 HELIOS PI.AF[&TXARY -
i EVENTS MODEL B
.18 1 i / // // 1 1 1 ]
63 07 0¢g8 102 15 4 g 18

HELIOCENTRIC DISTANCE, r (AU)




Historical dust mission of solar system t crun
Spacecraft  distance spin axis sensor mass  sensitive solid  dy-
range  direction orien-  thresh- area angle namic
tation old range
(AU) (deg.) (8) (m® ) (sr)
Helios 1/2  0.3-1 N 65,134 9-107* 0.012 123 10t
Galileo 0.7-5.4 S, E 120 4-1071° 0.1 1.4 10°
Pioneer 9 0.75-0.99 N 90  2-100%  0.0074 29 200
Pioneer 8  0.97-1.09 N 90  2-107*  0.0094 2.9 200
HEOS 2 1 var. 0 2-107'  0.01 1.03 10
Hiten 1 N 90 2-107*  0.01 1.5 3-10*
Ulysses 1-5.4 E 85  4.1071° 0.1 1.4 10°
Pioneer 10  1-18 E 180  8-1071% 026 2.8 1
Pioneer 11 1-10 E 180  6-107% 0.56'Y 2.8 1
(1) initial area, actual area decreased as cells were punctured
+ Cassini, NOZOMI, IKAROS
MDM 0.31—0.47 N 90 107 0.0064 2 104



Three in situ dust detectors in Japanese
(inter)planetary missions

* MDC (Mars Dust Counter) on board NOZOMI
® |mpact ionization dust detector n,v, m

e 1.0-1.5AU

® ALADIN onboard IKAROS
e PVDF film dust counter n
e O0.7-1AU

® MDM (Mercury Dust Monitor) onboard BepiColombo-MMO
® Piezo electric (PZT) dust detector n, mv
e 0.31-0.47AU
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NOZOMI Orbit Plan

First Swingby
Dec. 2002

Departure from Earth
Dec. 1998

Mars Orbit Insertion
"Early" 2004

Second Swingby —-
June 2003 NOZOMI Orbit



Mars Dust Counter (MDC)

*lmpact-ionization type
«/30g including electronics

«124 x 115 mm? aperture
» 4-Year operation.

« 120 dust impacts detected.

(100: v & m estimated)

 Most dust particles are =
Keplerian IDPs around the £
sun.

* A few particles probably of
Interstellar origin were
1999,
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IKAROS (Interplanetary Kite-craft
Accelerated by Radiation Of the Sun)

* May 21,2010 Launched by H-ITA-17

 June 3-10, 2010 Deployment of the sail membrane and
produced power from ultra-thin solar cells on the sail

* December 8, 2010 Venus flyby (Perihelion passage)

* December, 2010 Extended mission started

* May 2011 Aphelion passage

=30,

.. First stage
(Statically)

Second Stage -
(Dynamically)

*Science missions are defined as extra mission success:
GAP (high energy astronomy) and ALADDIN (solar system science)




IKAROS-ALLADIN System

20m ,«\ ALDN-S (37g in total)
2 —
i\ [Q{ I : I ” I ” I ] ] I [ I ” I ” ][‘HAU ]/)]/}/f
(s —
1 <\<\<\ || H
= %%\ Z 7;% u L) 4
i TN 7 = :“:-"'
- = N.-111]]H || | PVDF Sensor-§ PVDF Sensor-L
H | 7 > | 1| 80x100mm (9 um) 250x500mm (20 pm)
| / Y/ |
7. @
_ l, AN l _ ALDN-E (210 g)
| ] ( / ...l..l..... ] - gl
1 I BREETS
| ¥ % N— \>\> |
i z/’ < | %\} | i
=11 12 2 F Electric component
i) Sl 30x100x112mm
[ I Il I ] [ I I I ]\>
< [ I I I I ] [ I I I I ] %
AN

* [IKAROS-ALDN-S-PVDF:

= The WORLD’S LARGEST dust detector (0.54m?) for statistically accurate
measurements of dust flux with respect to heliocentric distance

- 9 micron-think sensors: 0.01 m? x4 =

0.04 m?

- 20 micron-think sensors: 0.125 m? x4 = 0.5 m?



Examples of Impact Candidate Data Acquired by ALADDIN

*Flight History:
* Detection Epoch
* Heliocentric Distance
* Field of View

*HK Data (Health Check):
*ALDN-E +V/I
*ALDN-E —-V/I
*ALDN-E Temperature
*ALDN-S Temperature
*Cumulative Signal Counter

Signal Data:
*Validity Flag
*Header, Channel Number
*Threshold Level
*Signal Decay Time (Delta T)
*Peak Signal Level (Delta V)

'T Amplitude

AV
Threshold

Vi

(eg., June 29, 2010)

<AOS-HK>
*V(+)4.93V, 1(+)40.54mA : ALDN-E +V/I
*V(-)4.95V, 1I(-) 12.81lmA :ALDN-E +V/I

* CH30-17.8°C
* MEM4 TEMP +81.20°C
=> ALDN System Healthy

: ALDN-E Temperature
: ALDN-S Temperature

<DR Data>
20100629~20100630: CNT-UP: 1data
AV :2.65V (CHI)

<Screening Signals>

(1) Compare with command log to identify if S/C
generated noise data (RCD, SAP, etc.)

(2) Compare decay time and peak level with HVI
calibration database

(3) Compare with other potential signals such as
discharge events, high energy particles



BepiColombo

ESA /JAXA joint mercury
exploring mission

*MPO (Mercury Planetary
Orbiter) (ESA)

*MMO (Mercury Magneto-
spheric Orbiter) (ISAS/JAXA)

Launch July 2015 Ariane 5
Arrival Jan 2022
One year research from May 2022

i

Guiseppe (Bepi) Colombo
(1920-1984) Italy
Applied mathemetician




Dust particles in
the solar system

E) Interplanetary dust

B) Cometary dust trail

A) Interstellar dust

C) P meteoroids

“‘_‘.Mercury

D)» Hermean dust

Spin Axis

o

i
SO N




Scientific Objectives

Dust Types

Scientific Interests

Dust flux within the
Inner Solar System

Confirm the flux and size distribution as a function of the
heliocentric distance (0.31-0.47 AU) . In-situ measurement to
constrain zodiacal dust cloud distribution model.

Cometary Dust

Possible encounters with the cometary dust trails and highly
eccentric trajectories.

Beta Meteoroids

Direct flux measurement in the vicinity of Mercury (0.31-0.47 AU)
help to understand mechanism and location.

Interstellar Dust

Possible detection of large interstellar dust (>=1 micron) coming
into close to the sun.

Dust to Mercury
(V orbit = 47.5 kml/s
V rel > 6 km/s)

+Investigation of temporal and directional variations of dust influx
throughout Mercurian orbit to identify the key meteoroid sources.

+Assessment of meteoroid impact contribution to the formation of
the tenuous Na atmosphere.

+Constraint to space weathering effect on the Mercurian surface.
+Estimate external mass accretion rate to the Mercurian surface

Dust from Mercury
(V esc.= 4.25 km/s)

+Search for Mercurian dust ejection (e.g., temporal dust cloud?)
by meteoroid impacts, similar to the Jovian satellites.

+Possible interaction with the magnetic field, similar to the Jovian
satellite dust stream.




Dust Flux around Mercury Orbit
from Mann et al. 2003
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MDM-S 4 PZT sensors are in the frame
PZTPb-zi-Ti): 4cm>x4cmXx2mm

* No need of bias power supply

PZ'T sensors

 Usable at high temperature
(~250C)

* Long term stability

* Enough tolerance of radiation
damage

 Easy to shape any structure

Engineering Model
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Enceladus “Cold geyser” Model

H,O vapor plus ice particles
o

H,Olce T=~77K

Vent to surface

Pressurized Liquid H,0 Pocket T =273 K
b

24 A A

Hydrothermal Circulation ‘
& Convecting Ice

Tidal Heating Hot Rock Tidal Heating



1999 2H71H~ 20114E3A24H

2004F1AIC
STARDUST plans to fly by Comet rWI | d 2 g E J
Wilii2, and for the first time ever, ( - *& i&

constoy o vck 20064 1 B HhERA
to Earth in the Utah desert. ﬁ‘jTﬂ"/7°}l/%’:i§
5

2011&2A
[Tempel 1 E£%

®RE

CIDA

(Cosmic and
Interstellar
Dust Analyzer)

“Reflector Electrodes
20 cm Ruler

Electrostatic grids
Detector unit Target unit

=

Electrostatic grid

Sample Capsule
Return in Utah

G RY T “ Drift tub
BRINGING COSMIC HISTORY TO EARTH Electrostatio grid MDe  pyst entérs




Sample return
from Comet Wild?2

RDUS
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MR FDIELE: C, Ag, Al, Fe,* - *(conductive)
Conductive polymer coated latex

KEI(ER) 10 nm~10 um
=

B = - 0.01 fg~0.1 ug(10’~10""/p)
®= E - 1~100 km/s
& 1T q - +1 fC~0.1 pC (+10*~10° /e)

ITRIJLF—E : 10GeV~1TeV at 1MV accerelation
(E=qV V: IZEETL)




Characteristics of hypervelocity impact

*x 5~ 100km/s impact velocity
Impact 1onization
Shock wave
Pressure  (10°~103 atm)
Temperature (10°~10° deg)

Production of crater
production mechanism

New material production by phase transition

 ~1000 km/s
Inertial confinement fusion
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100 kV:
200 kV:

290 kV:

1.0 MV:

3.2 MV:

RERKFEIFHAEFR
EREIRILTF—R L F— (HFEFEE)
(~2009)

EAF T4y Az RERFEILEER
(~1987)

20 MV I\ T-F5—7; mHEKZE (~1987)

3.75MV /\> T -0 5—7;, RE KEFRFH
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IE3pa i35

* 0.4MV: Cockcroft-Walton type: Material Science
Institute of Nuclear Physics, Moscow State University (Russia)

* ? MV : 6.0 MV Van de Graaff:
Los Alamos National Laboratory(U.S.A.)

* 2.0 MV: 2.0 MV Van de Graaff: Space Science
Open University (Milton Keynes, UK)

* 2.0 MV: 2.0 MV Van de Graaff: Space Science
Max—Plank-Institut fiir Kernphysik (Heidelberg, Germany)

* 2.0 MV: 3.0 MV Van de Graaff;
Institute of Nuclear Physics, Moscow State University (Russia)

* 2.0 MV: 2.0 MV Van de Graaff: Space Science
Concordia College (Moorhead MN U.S.A.)

* 3.0 MV: 3.0 MV Van de Graff: Space Science
University of Colorado ( Boulder CO U.S.A.)

* 20 MV: 20 MV Van de Graaff ?
University of Stuttgart (Stuttgart, Germany)



The Open University
Milton keynes, U K.

2 x 2MYV Van de Graaff
accelerator

T Reading KFEXVILEK

Kent KEZLVZxR —

20024E11 BB S TOHRF



Max-Planck-Insitut fiir
Kernphysik
Heidelberg, Germany

2MYV Van de Graff
accelerator

Beam line

Target chamber



The Concordia College
Electrostatic Hypervelocity
Dust Accelerator

2MYV Van de Graaff accelerator
Moorhead, MN, U.S.A.

\ll il__l,/
II

> 3 ;x N
During the summer of 2001, (from left a0

to right in the photo) Matt Matz, James ' o WY
Farnsworth and Heidi Manning
supported Daniel Austin, Caltech, in
the testing of his DustBuster Mass
spectrometer.



* Dust Accelerator (UT-HIT)

Target Deflector
/ 34 — Van de
f R S— > Graaff
Accelerator

%" 1601.5mm Micro-

Particle
Detector Beam Monitor Beam Monitor
Chamber

Van de

T3 1 2 Graaff
Accelerator
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Particle charge model

Keaton et al. 1990

particle radius > 0.1 micron

Tongue | nsulator
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2MV Silver (HIT)
2MV Carbon (HIT)
2MV Iron (MPI-K)
2MV Iron (Kent Univ.)
3MV Silver (HIT)
3MV Carbon (HIT)

10" |

Particle velocity [km/s]

1079

10" 10" 10 410" 410

Particle mass [kg]

=

E=

EZOER

2MV Silver (HIT)
2MV Carbon (HIT)
x 2MV Iron (MPI-K)

[ ]
[ 4

+ 2MV Iron (Kent Univ.)

o 3MV Silver (HIT)
o 3MV Carbon (HIT)

Particle velocity [km/s]

107

K
Particle diameter [um]

Ll
I

10'



Specfic charge Q/m [C/kg]
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Cosmic Dust Detector
IID (Impact Ionization Dust/Debris detector)

Gold plated
metal target,
entrance grids
set 1n parallel

Large area with
light mass




Principle of Impact lonization
Dust Detector

Grid (0V) T\ Dust particle ~
-
I A [ -
Amplifier

Cylindrical side wall

m
(teflon spacers)\‘ Impact grid signal
v
Impact
plasma I = i+ Gold plate (+/- V)
it NS i+ 7

< > Amplifier
t o
Power supply (+/- V)

Impact target signal




Impact velocity vs Rise time

100

= 50V
100V
<200V
x 250V
- 500V
- 1000V
- 1500V
- 2000V
2500V

R ise tme[us]

100




Charge Signal— Mass , Velocity

t : Rise time
QO : Charge
C,, CoaLpe

[Igenbergs et al., 1998]

100%

a
v: Velocity
m: Mass
Constants T
Impact

90%

— 10%

— 0%



Impact velocity vs Charge/mass

100 -0

* MPEK : Fe
= 2004.3HIT : C . - T
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* Reflectron (Prototype)

Protective Tube

Reflection Plate
( 1000 - 2500 V)

Target ( 800 - 1200 V ) Reflecting Region
Effective Area : 18x18 mm ( ?OTZ"T'C" Ring )

-1 G 2
\ ~ 1 m"} >

£

Detector (MSP)
Effective Area ~ 57 mm?

(Diameter = 8.5 mm)

.- =\ P
E SN §
e U 2
ke 23 a5 6 748 OV 2 3 4 B e 7 6 9 '



* Curved Potential TOF-MS

Linear Type Detector

Impact Point :
Y=%4mm
Initial Energy : 0.1 eV

Parallel Potential Type
|

Target

=
ey

i
I




Performance

% Previous Reflectron vs. Curved Potential Reflectron

Laser Irradiation Fast Particles

Linear type : M/AM < 100 M/AM < 80
Parallel type : M/AM < 300 M/AM ~ 500
Curved Potential : M/AM ~ 500 M/AM ~ 600

Curved Potential Type ~ 10 xParallel Potential Type

% Large Aperture Reflectron
Effective Area ~4cm? — 30cm? : M/AM ~ 370

However, there is no data for impacts above 20 km/s



Schematics of target setup

Positive 1ons accelerated
into filed free region for

+ —FoFanabyst—

Au Plated Piezo Ceramic Element



MDM-S (piezo-electric sensor
& CFRP frame)

PZT(Pb-Z1-T1): 40 mm x 40 mm x 2 mm

% [




PZ.T sensor calibration experiment

MDM calibration experiments have been performed at
MPI-K (van de Graff), HIT (van de Graff) and ISAS (Light-

gas gun).

Van de Graaff Accelerator
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Original impact signal of dust
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Output charge vs. momentum of particles
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