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Are dust particles in comets and debris disks altered prestellar interstellar
dust or protoplanetary disk condensates?

Kimura, Hiroshi

2,900,000

In this research, by analyzing space mission data from Cassini, Stardust,
and Rosetta for interstellar dust and cometary dust as well as astronomical observation data of
interstellar gas by Hubble Space Telescope and of debris disks by ground-based near-infrared
interferometers, we have shown the differences in the chemical composition and its
homogeneity/inhomogeneity between interstellar dust and dust in comets and debris disks. We conclude
from our results that primitive dust particles in comets and debris disks do not originate from
prestellar interstellar dust, but from protoplanetary disk condensates.
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Radius of volume-equivalent spheres (um)

0.1
> 4 5 6789 2 3 4 5678
2 20 T
>
< OO
o
[S)
a ,,,,,,,,,,,,,,,,,
el Hylabrook
o . ]
2 Orion
[o)
2
3
w
173
o 7/ TEIEE e Y
s W . NS
c ®
o
=
8
©
©
[
< i
S
3 Sorok
o
5}
Q
&"3’ 0.0 L 1
18 17 -16 -15 14
10 10 10 10 10

Mass (kg)

KA NMB < KGR E 2GR LR, X
B—R2NEEBIZ LTI Z—
SNEHXANEFETH EER LT, LM
L. By ir—=RERBEEOE &I X
LR XA NDOZEDOLRNET — X2 IZHASNT
B A M) < KIGHEHTEZ 3R L7ofE 5.
SD16 23 5 L 7= BeffiIfifik s 7=, (b) R161%,
JHEAA 2 NEFERTEIL A A |k O FFEFE CIE
EMSICHL 2N A FThY, HiGE
HOFUMERIF EIES A N OEFERDEH W
WO R ATRIE L= 28, RN IS D8l
T — & L EE O H OB 05 S OB &
AR FER . EK 2 MERE L fEE O B SRR
WO E LIIBHR LW Z &R ho T,

F7-. HEBGICHO 2 b 5F1ICHEIC X
STHAMIBRTLHZODIZ, R16 DIFEL
TPARERI T+ 52 ENTE T,

2017 AEFECIE, (1) m B o X BRSO — Ik
A F U BESHTEF COSIMA TEONT-EHE S
A NDOT—=Z 58, (2) 71> v— =PRSS
DOFHEETF 5 4% CDA THEOLNT-EMZ A
kDR, (3) E LA b AA DR DI
PRI L DHMARIMRA T RV OEAEFH L

ZAT78 o 7=, (1)COSIMA =0 Jii 7] /) BE % &%
MIDAS (2 X > TS N-EHE X X FDOIK
13, 2 Woe=2—2 Y v RERITOT7Z 7 Z)v
TN 2 THAI ENyhoT-, Tk, 3K
gT—27 Uy RERMIZBITAT7Z 7 ZVIkoe
MN2~3DOICHDZ L HERT IR, XA b
Fr % GTADA CHITE S V78 i & S (nT I 1hi F
ORRE DI LTER, 77 7 X ARIehH 3
TZERREN 0.5 KM OFLA KGR REEICBIT D
rainout &FEEN DX A b pkEEER & TR
THo7z, X, COSIMA Z —74 v b ~DE5EH
KON ELG~D RS E T 5L, XA b
FIENTIRACDHEA TG L Th 5 2
EBHA L, Q) y v —=REEESOF
HETF+Z 49 DA THOLNZEMZ A D
R, HIERAAEJR Z A N GEMS (glass
embedded with metal and sulfides) & %

O¥yXBEEDND7 77 2VRT (ERERES)

Y [
1.9 ]
S 18- ]
170 ]
i Nick (COSIMA)
L dp =1.998 +0.003
16— e e
0.01 0.1 1 10

1/e

Fe/Mg Lt Si/Mg L3 8720 | GEMS DFHAK NG
i DR & KB AR O H A%t L TR T
HY GEMS BKRGARERTHD Z & & LT
MCTHDZENynol=, B)ELMALAA
DOEZBITEDN T 2 50 IRFEAME D
B L - T, FRIRABRAASLT SovidE £y
IOAADIRIZHE VIRFE LW &35y
Motz, LL, BALDESWIC L - THRob
BRANRT NIV ERRDFENS, 5D kER
DHETH 5,
AFFEFERERIET D &, BE - 77V [
HAMIZER LI 2R X A R TidZe < JFihE
EAMMEEEY Th D ST b b,

5. FlaRFEiRE
(BFgeihEdE . W M ONEEM TR 12
=N

UGdEssamse) (B o)

(1) Kobayashi, M., Kriiger, H., Senshu,
H., Wada, K., Okudaira, O., Sasaki,
S., Kimura, H., In situ observations
of dust particles in Martian dust
belts using a large-sensitive-area
dust sensor, Planet. Space. Sci., 156,
41-46, 2017.
doi:10.1016/5.pss.2017.12.011.

(2) Kimura, H., High radiation
pressure on interstellar dust
computed by light-scattering
simulation on fluffy agglomerates of
magnesium-silicate grains with
metallic-iron inclusions, Astrophys.
J. Lett., 839, L23 (4pp), 2017.
doi:10.3847/2041-8213/aa6c2d.

(3) Kimura, H., On the photoelectric
quantum yield of small dust
particles, Mon. Not. R. Astron. Soc.,
459, 2751-2761, 2016.
doi:10.1093/mnras/stw820.

(4) Altobelli, N., Postberg, F., Fiege, K.,
Trieloff, M., Kimura, H., Sterken,
V.J., Hsu, H.-W., Hillier, J., Khawaja,
N., DMoragas-Klostermeyer, G.,
Blum, J., Burton, M., Srama, R.,




Kempf, S., and Gruen, E., Flux and
composition of interstellar dust at
Saturn from Cassini’s Cosmic Dust
Analyzer. Science, 352, 312-318,
2016. doi:10.1126/science.aac6397.

(5) Kimura, H., Wada, K., Senshu, H.,
and Kobayashi, H., Cohesion of
amorphous silica spheres: Toward a
better understanding of the
coagulation growth of silicate dust
aggregates, Astrophys. J., 812,
67(12pp), 2015. doi:10.1088/0004-
637X/812/1/617.

(6) Shalima, P., Wada, K., and Kimura,
H., Ejecta curtain radiative transfer
modeling for probing its geometry
and dust optical properties, Planet.
Space Sci., 116, 39-47, 2015.
doi:10.1016/j.pss.2015.03.017.

(7) Senshu, H., Kimura, H., Yamamoto,
T., Wada, K., Kobayashi, M., Namiki,
N., and Matsui, T., Photoelectric
dust levitation around airless bodies
revised using realistic photoelectron
velocity distributions, Planet. Space
Sci., 116, 18-29, 2015.
doi:10.1016/j.pss.2015.03.009.

(8) Kimura, H., Interstellar dust in the
Local Cloud surrounding the Sun,
Mon. Not. R. Astron. Soc., 449,
2250-2258, 2015.
doi:10.1093/mnras/stv427.

(99 Kimura, H., Senshu, H., and Wada,
K., Electrostatic lofting of dust
aggregates near the terminator of
airless bodies and its implication for
the formation of exozodiacal disks,
Planet. Space Sci., 100, 64-72, 2014.
doi:10.1016/j.pss.2014.03.017.

(¥R GH1 710

(1) Arai, T., Kobayashi, M., Ishibashi,
K., Yoshida, F., Kimura, H., Wada,
K., Senshu, H., Yamada, M.,
Okudaira, O., Okamoto, T., Kameda,
S., Srama, R., Kruger, H., Ishiguro,
M., Yabuta, H., Nakamura, T,
Watanabe, J., Ito, T., Ohtsuka, K.,
Tachibana, S., Mikouchi, T,
Komatsu, M., Nakamura-
Messenger, K., Sasaki, S., Hiroi, T.,
Abe, S., Urakawa, S., Hirata, N.,
Demura, H., Komatsu, G., Noguchi,
T., Sekiguchi, T., Inamori, T., Yano,
H., Yoshikawa, M., Ohtsubo, T.,
Okada, T., Iwata, T., Nishiyama, K.,
Toyota, H., Kawakatsu, Y., and
Takashima, T., DESTINY+ Mission:
Flyby of Geminids Parent Asteroid
(3200) Phaethon and In-situ

(2)

3)

(4)

(5)

(6)

(7

(8

9

Analyses of Dust Accreting on the
Earth. 49th Lunar and Planetary
Science Conference, The Woodlands,
Texas, USA, March 19-23, 2018.
Kobayashi, M., Srama, R., Kriiger,
H., Arai, T., Kimura, H., DESTINY+
Dust Analyzer. 49th Lunar and
Planetary Science Conference, The
Woodlands, Texas, USA, March 19-
23, 2018.

Kimura, H., Postberg, F., Altobelli,
N., and Trieloff, M., Three Mysteries
of Interstellar Dust Revealed by
Space  Missions. PERC Intl
Symposium on Dust & Parent
Bodies (IDP2018), Chiba, Japan,
February 26-28, 2018.

Kimura, H., The Organic-rich
Carbonaceous Component of Dust
Aggregates in Circumstellar
Disks: Effects of its Carbonization
on Infrared Spectral Features of its
Magnesium-rich Olivine
Counterpart. Workshop on Gaseous
Debris Disks, Wako, Japan, October
10-11, 2017.

Shalima, P., Wada, K., and Kimura
H., ARadiative Transfer Model of an
Impact-induced Ejecta Curtain
Consisting of Dust Aggregates.
Cosmic Dust, Mitaka, dJapan,
August 14-18, 2017.

Kimura H., Kunitomo, M.,
Thebault, P., Suzuki, T. K., and
Mitsuishi, I, Enormous
Accumulation of Hot Dust Grains in
the Immediate Vicinity of Main-
sequence Stars. Cosmic Dust,
Mitaka, Japan, August 14-18, 2017.
Kobayashi, M., Okudaira, O.,
Kurosawa, K., Okamoto, T., Senshu,
H., Wada, K., Sasaki, S., Kimura, H.,
and Nakamura, M., Dust Sensor
with a Large Detection Area Using
Ppolyimide Film for Martian Moons
Exploration. 48th Lunar and
Planetary Science Conference, The
Woodlands, Texas, USA, March 20-
24, 2017.

Kimura, H., On the Photoelectric
Quantum Yield of Small Dust
Particles. Cosmic Dust, Sendai,
Japan, August 15-19, 2016.

Senshu, H., Kimura, H., and Wada,
K., The Effect of High Energy
Photoelectrons on the Structure of
Photoelectric Sheath and Dynamics
of Dust Grains in the Sheath.
Cosmic Dust, Sendai, Japan,
August 15-19, 2016.




(10)Kimura, H., Senshu, H., Wada, K.,
and Kobayashi, H., Cohesion of
Amorphous Silica Spheres: Toward
a Better Understanding of the
Coagulation Growth of Silicate Dust
Aggregate. International Workshop
on "Exoplanets and Disks: Their
Formation and Diversity III",
Ishigaki, Japan, February 21-24,
2016.

(1DKimura, H. and Senshu, H,,
Electrostatic  Lofting of Dust
Particles Near the Terminator of
Airless Bodies and Recent Advances
in Modeling a Photoelectric Sheath.
Workshop on Lunar and
Interplanetary Dust Study, Macau,
China, November 17, 2015.

(12)Senshu, H., Kimura, H., and Wada,
K., The Influence of High Energy
Photoelectrons on the Structure of
Photoelectric Sheath and Dynamics
of Dust Grains. Cosmic Dust, Tokyo,
Japan, August 17-21, 2015.

(13)Kimura, H., Postberg, F., Altobelli,
N., and Trieloff, M., Missing
Organic Materials From
Interstellar Dust Inside the Solar
System. Cosmic Dust, Tokyo, Japan,
August 17-21, 2015.

(149Wada, K. and Kimura, H., Ejecta
Mass Produced at Collisions of
Monomers Against Large Dust
Aggregates, Cosmic Dust, Tokyo,
Japan, August 17-21, 2015.

(15)Senshu, H., Kimura, H., Wada, K.,
Kobayashi, M., Namiki, N,
Yamamoto, T., and Matsui, T.,
Photoelectron Emission From an
Airless Body and Dust Motion
Above the Surface of the Body.
Cosmic Dust, Osaka, Japan, August
4-8, 2014.

(16)Kimura, H., Senshu, H., Wada, K.,
and Kobayashi, H., Cohesion of
Amorphous Silica Spheres: Toward
a Better Understanding of Growth
of Silicate Dust Aggregates via
Coagulation in  Protoplanetary
Disks and Molecular Clouds.
Cosmic Dust, Osaka, Japan, August
4-8, 2014.

(17)Kobayashi, M., Shibata, H., Nogami,
K., Fyjii, M., Miyachi, T., Ohashi, H.,
Sasaki, S., Iwai, T., Hattori, M.,
Kimura, H., Hirai, T., Takechi, S.,
Yano, H., Hasegawa, S., Srama, R.,
and Grin, E., Mercury Dust
Monitor for the BepiColombo MMO.
Asia Oceania Geosciences Society

11th Annual Meeting, Sapporo,
Japan, July 28-August 1, 2014.

(E) GF 1)

(1) Kimura, H., Kolokolova, L., Li, A.,
and Lebreton, J., Light scattering
and thermal emission by primitive
dust particles in planetary systems.
In Light Scattering Reviews, Vol. 11,
ed. A. Kokhanovsky (Berlin:
Springer), Chap. 8, 363-418, 2016.
doi:10.1007/978-3-662-49538-4_8.

(Z Dfth)
R Bk

6. WFZERLAE

(1) WFoe R

KK 72 (KIMURA HIROSHI)

PR « REEBEEREARZERL - BREEAFSE R
e R

MEEH‘ES: 10400011

(2) Wrge oy

WHoEE 5
(3) HLERFFEE

(4) WHIE 717



