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Direct Measurement of Large Meteoroid Distribution between the Earth and Venus
by the ALADDIN Dust Detector onboard the IKAROS Spacecraft

ORBFA, THHeZ (JAXA FHEBEIZEHN, MATE (FE K,
FEHHEZ (77 A R), A E GRIER), IKAROS-ALADDIN F— A
(OHajime YANO, Takayuki HIRAI (JAXA/ISAS, Japan), Chisato OKAMOTO (Kobe University, Japan),
Masayuki FUJII (FAM Science), Makoto TANAKA (Tokai University), IKAROS-ALADDIN Team

2010 4E 5 HITJAXA 23T H EiF 7=y —o—E8 AL/ NS5 NTKAROS J IZEBBISNZ 0.54 m™2 OF
N FEZ > PVDF BA A2 D32 TALADDIN | 1%, 2010 45 6 H 72352011 4E 11 H £ T, #iEk~4
EITPEZERIZEH 1.5 DNIRLR00 A RTEG I FHE Y 7y A% 5L, FH COSERT — 213
TG B A —= 7 L T O S R i 22 IE R AR D Z LI ED | IESRIT B Y O BELYEFHITT D A
RS AIRETS o7z, WECEMEIRIZ BT 28+ 7 v Ll EO KR FH BEOZ ORI LT, AR
TliE. BARYOEFEFTH BEFHIIZE THD ALADDIN OFZtE ik, FH 28l CORT 3 —~< 2 A Bl _LiE
FHIEHE . B ST BE AR IS KV B BN~ T2 KI5 A N O R F2HT BE D 4y frik i & DRV R E 5.
BRIy a OENE S TS ARG R ORI OV TR LS,

The ALADDIN (Arrayed Large Area Dust Detector for INterplanetary Space) is the first
Japanese-design/built/ calibrated in-situ dust detector successfully operated in space, as an onboard instrument
of the IKAROS solar sail demonstrator spacecraft launched in May 2010. With its 0.54 m”2 detection area of
the PVDF film, it detected hundreds of large (>10-micron) micrometeoroids in the interplanctary space
between the Earth and Venus, which were only observable as light scattering of the zodiacal cloud in the past,
for 1.5 years, after careful data screening and ground impact calibration experiments. In this presentation, we
discuss ALADDIN’s instrumentation, in-flight performance, operational events, dust structure in the inner
planetary region revealed by the large micrometeoroid detection and its scientific implications, as well as
future plans of next generation meteoroid and debris detectors with heritages and lessons from ALADDIN.
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 Dust Flux near the Earth and at 1 AU
« JKAROS, a Solar Sail Demonstrator
« ALADDIN System and Operation

* Initial Data Analysis

» Scientific Discovery (1) near Earth
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 Future Prospects
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Direct Static Flux Measurements at 1 AU via Spacecraft
Impact Studies
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(All Impact Images courtesy: H. Yano)

Scientific Objectives: Dust Flux as a Function of the
Heliocentric Distance and Local Structure nearby Planets in

the Inner Planetary Regions
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Early 2020’s
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IKAROS (Interplanetary Kite-craft

Accelerated by Radiation Of the S]un)

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

* June 3-10, 2010 Deployment of the sail membrane and
produced power from ultra-thinsolar.cells on the sail

* December 8, 2010 Venus flyby {Perihelion passage)

* December, 2010 Exteffded mission started

« May, 2011 Aphelion passage |
«October, 2011 End ofdownlink period
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*Science missions are defined as extra mission success:
GAP (high energy astronomy) and ALADDIN (solar system science)
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The Successful Deployment and Solar Photon Acceleration
of IKAROS in Interplanetary Space in June 2010
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IKAROS Trajectory in the Inner Planetary Region Compared with
Those of the Spacecraft with Dust Counters :
Hellos, Galileo, IKAROS

Trajectories of Helios-1, Galileo and IKAROS
with the Earth’s Dust Ring
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Fig 5 [KAROS trajectory and OOBE cross ssction density model [2] in the Sun-Barth
Y fisoed rotating framme TKARDS entesed tnin f'DAfﬁmnn three times (the first one
is the most dense segion, blob and ring)

(Hirai, 2014)

(Courtesy: Dermott, et al.)

IKAROS passed the enhancement region of the Earth’s circumsolar dust ring right
after its launch
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ALADDIN (Arrayed Large-Area Dust Detectors in
Interplanetary space) onboard IKAROS

<Mission Objectives> W ﬁ-ﬂ

(1) Engineering demonstration of Japan’s first and
the world’s largest dust detector to function in
deep space, as a precursor of future outer planet
exploration

(2) Measure dust flux variation in heliocentric
distance inside 1 AU with statistically reliable
data

Comparison with Past Dust Measurements
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IKAROS-ALLADIN System

ALDN-S (37g in total )

PVDF Sensor-L
250x500mm(20 K m)

PVDF Sensor-S
80x100mm(9 4 m)

ALDN-E (210 g)

Electric component
30x100x112mm

ALDN-S
ALDN-E SAIL-IF
LVDS
W
PVDF 8ch +5V,GND,-5V
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Sensor Area Comparison among Past Dust Detectors
0.6
0.5
~T 0.4l i
=
& 03
g
g oz
0.1} : ’— :
ey 3 1 8 1
DUCMA  HRD DFMI  SPADUS  SDC CDE  ALADDIN
Ld
ALDN-S/E System Block Diagram
ALDN-S ALDN-E IKAROS Bus
ALADDIN Analog Board ALADDIN Digital Board
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(ALDN-5) amp - ADC Measursmant data
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8-ch (Hirai, Yano, et al., ASR, in submission)

Operation Record of IKARS-ALADDIN in 2010.06~2011.10.
<2010>

5/21 Launch

6/21 ALDN-E switched on, Started the initial operation

6/21-30 Health check and detection sensitivity validation of ALDN=—E and -S

6/22 Detection of the first dust impact

6/30~ Nominal operation started; continuous measurement without RCD and SAP
operations to avoid interference noise and out-of-communication periods

12/8 Flyby of Venus (Perihelion passage)
12-end  Nominal operation ended and extended mission started

<2011>

4/27~5-end Aphelion passage

6/~ The second round of inbound cruising measurement started

10/ The last downlink of the ALADDIN data due to telecomm resource limit

<2012>

9/ The first resuming of telecom and health check after hibernation

<2013>

3/31 Official closure of the IKAROS project 12
6/ The second resuming of telecom and health check after hibernation
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PVDF Impact Data Processing

PVDF CR-RL Fullwinve Valtage
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ALDN-S Acquired Data Screening & Deduction

Not use at present —————» Sortable €————
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(Hirai, Yano, et al., ASR, in submission)

Fine Temporal Measurements of Round-Trip Flux of IKAROS
Trajectories between the Perihelion and the Aphelion in 24-hours Bin
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(Yano, et al., 2011)
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Wide-Range, Integrated Hypervelocity Impact Calibration
Curve for ALADDIN PVDF Sensors
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(Hirai, Yano, et al., PSS, 2014) 15
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Flux Comparison of IKAROS-ALADDIN with Past Data
in Different Size Range (HELIOS, Galileo) inside 1 AU
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*ALDN Flux Data only selected for the dVmax >4 V:

=>» Equivalent to 10 micron order impacts for inbound near Earth.
16
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Dust Flux Enhancement at the Earth’s Trailing Blob

Trajectory Comparison among the Earth’s
Mean Motion Resonance Dust Ring
Models by Dermott et al. and Stark

I, (ly/ar)

days since 2004 Jan 1
Fig 3 Brightness enhancement in the trailing
dust blob measured by the Spitzer [3].

(Reach, et al., 2010)

il : . 1.0
.................... -.,""""""""""" X(AU)

(Courtesy: Dermott’s Model)| ™ (Hirai, , 2014) (Yano, et al., 2014)
(Courtesy: Stark’s Model)

IKAROS Trajectory through the Earth’s Circumsolar Dust
Ring Blob Confirmed by ALADDIN

Gap vs. Trailing *Dust size >20 um
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(ALDN & Gruen+1985)  (Stark+2008)

(Hirai and Yano, 2014)
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Direct Confirmation of Dust Ring Enhancement
at the Earth’s Trailing Blob
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Venus Circumsolar Dust Ring Detected by
Optical Scattering by Helios-B and
More Recently by STEREO
Cf. Optical observation by Helios-B photometer
(Leinert&Moster, 2007)
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Y (AU)

Impact Rate of IKAROS-ALADDIN near Venus

O Iinbound
® Duthound

| The impact rate increased as |
S| | _i the heliocentric distance

I | L decreased, except the closest
Il-::ili approach to Venus.
F

(Yano, et al., in Preparation)
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Venus Fly-by on December 8, 2010
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The S&K Model Predicts that Mean Motion Resonance
near 1 AU Triggers Impact Fragmentation

Venus Earth
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of frmgmenting grains in the presence af an Farth-mess planet at 1 ALl ocbiting
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(Stark and Kuchner, 2009)

CAAIE

=» Impact-induced, fragmented
small meteoroids are expected

to contribute flux enhancements
inside the circumsolar dust ring

near 1 AU
CAA,IE at 4 planets
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Meteoroid Measurement Opportunities by Japanese Space
Exploration and Experiments
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Summary

* ALADDIN is Japan’s first interplanetary dust detector composed of 8
channel PVDF sensors deployed on the thin sail membrane at 0.54
m”2, the largest ever detection area in the history of cosmic dust
detection.

*ALADDIN was successfully launched onboard the IKAROS solar sail
spacecraft in May 2010 and recorded >2800 dust impact detections of

>1-2 micron on the anti-Sun face in the Earth-Venus space (0.73-1.06
AU), between June 2010 and October 2011.

*ALADDIN results directly measured statistically significant increase
of dust flux both by heliocentric distance decrease and the presence of
circumsolar structure of 10-micron order dust for the Earth and Venus
as well as the gap regions nearby the planets, which require a new dust
model compliant with MMR dust ring and collisional evolutions.
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