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e RO EE (330) : 1 carried out numerical simulations of collisions between dust
aggregates consisting of submicron grains to construct a growth model of dust to
planetesimals in protoplanetary disks. In particular, I focus on the effects of bouncing
process, the mass ratio of colliding aggregates, and the monomer size distributions in
aggregates. As a result, I found that icy dust aggregates are able to grow in
protoplanetary disks, but silicate dust aggregates are still difficult to grow. We need
study more in wider ranges of parameters and the effects of other factors

AT R AERH
(EHHAL : 1)
[ERESEIN SR s

2010 4F 2, 600, 000 780, 000 3, 380, 000
2011 4F 800, 000 240, 000 1, 040, 000

R

R

I
&t 3, 400, 000 1, 020, 000 4, 420, 000

WEFEsE - BRI

PR D53 FL - A - HIERERE RS - EAHER R Y
F—U—F REP - L, R, XA N, A

1. WHZEBRAR S W DT = N HA DB RE A~ ORI
RN L, £ ORRITBREEAGERIZIB T

BEOKBEIEMRGROMmEZIL, B ER
MARIZEB W TH A b (Om LLF O AR 7
DESIEEN LT 70 7 A Tl -> T\ 5H)
DEZEAR L2 50T kn UL EOEE
WCHEL, TOMBENERETDHZ L THRE
DR IND, LWVHIHEDOTHS. Ll

HEREEMEST LN TND.

XA NDOHEBEGERBREIZ X DHBEER K
WA Z HRIEE LT, MARAICRER T
% ZE CH n/s) ICBWIHETE 3
DD 2 RN R E 0 18 ETHLE A~
ETFLTLEIDOTITIRW M2 ERNDHD.



72, FAYOIN—T12XBT7 771 b
EZEDOENERICENT, KEHC1n/s BLT)
B CITBkRR Y ZFNLL ERETE R0
VWD RN STV S [Blum & Wurm 2008,
Annu. Rev. Astron. Astrophys. 46, 21].
ZDZ LI A MRS D URA T ERE
ZEWT 250, Bk BRI - B IC oW T
IIRHTH 5.

DX F A MRERMBEIZR LT, W5
REETIZINETH T I 0 RFNER
HEARNT 7V FA MalEOEREMY
2 b—3 a3 VETD, XA NOREE (BES
777 X NVIRTE) EALIBERE AR R O Al HE
PEIZOWTHRT L CE 2. BFEAEE B
LCETBEHAEa— R, 770454 b &
RS D8 % ORI OEE 2R T2 N K
HETHY, TTUSFA b S L e
RFICBITAIROBOOREHE Y I 2L —
a VINA[RETCTH D, INFET, HZEENEEER
TIX 777 ZNARIEN 2.5 IZE £ VKB D
AARNOWTIHIMEENER SN D Z &,
KEANT 7V 7A b bIiEkE O R E
ZEVR 1 50m/s FEEE TH D OKIMEE ORI
FRETCTH D Z LEBRBIN OO -T2,
HIZAEA X A b ORERBECH R Y [
72 8L OFEPR STV,

2. WHEOHEM

AWFFEBEICB W T, AT U A A
FORERBEICH L TCINETEBEINT
T hoTobkax RBROFELFML, ¥ A
2 B R A~ DT RRIE TR O E T L % 1 2
THZEEAME L. &<, ()R E
ERIZBWTEkRIR Y N T 55025
MWIZTHIE, QERERROELRLZT VS
A MR LEOEEORZELFMT 52 L, (3)
TITVTA NEEERT DR A XA
EROZ LI KRB AN T 52 L, ITHE
RERSTHEANT 7 U7 A FO@EZEY
alb—a U E{ToT.

3. WDk

INE TORICHWEEEE o — R
EHAWC, FANTZ VA FOEEY I 4
L—g T,

(1) kIR Y FBEIC BV TIE, BOAZE
L VINAY " L I = ¥ S/ I A N I ES
e UCEize s, 2ol LRl (Z2ka
) BNT AL L U THRIRD M2 S
MWIT D, QOEELORRDZT 77 A
FRIEDBE I WNTIE, HEbE+HE
DIKBIFD35 725 BPCAREE DT 7 U Ak
FHAEL, TOHEEKEZ1 12051 : 64
FCIR-THEY I 2L —a %2179 2
L CHEEONREEZT~D. (3) DR+

DY A XA DEEZTRDH =D, Bl
NTWEEMA 2 NDOREST (BEDOEHNR-3.5
DEESAR) > TRiFYV A XA5Ai % 5% 72
TIZVFA NEREL, HTELIE-TEN
SO I al—a L EfToT.

4. WFIEALE
(1) 77 U5 A RIS DI x

VX —HOREMA DAL ADBELE D, T
7V TA R OELRIZBNTIE, KO

Ueo) [M/s]

+++ ]
+++
+++
+++ ]
+++ ]
+4++
+4++

511

+
+
+

000

@+ +
@+ +
+&+
Dbkttt s PP
COCHIIDDOB D HOO
o¥oYoJooX-T-T:Yo¥oNolool
000000000 060

00 © 09 -

o 00 e

0C00C00000 OCO |
joJioJoJoJcfoJoJoJoJoJofoloo]

(o} : ]

2 Hlce:
sticking O

0 s 1 ' L
1e-05 0.0001 0.001 0.0 01 1 10
himp"'(-’\'&bmalk )

B 1: KZA LT 7 V5 A KEL O
DIFF - BEIRR W FER O F L. HI T 27
VS A N ORRE (R & wiZET L
F—F,, BT &2 W IEEEEE o,
(B L) (56 LC, 436 L7258 & R A,
Bk - 7256 & BA-FCR Y. HZET R
I — TR HN M ERLA T 25| &1
M DIZMERT LT —F 2 HNT
BURSAL LT, IREOBIT By by, £ 725
BERZRY. ZORRND n>6 DHFHIC
g@%@ﬁmm%?%@ﬂézkﬁ%#

Uoo [M/S]
01 1

+4++++ A+t D
R Rk R TR S
bbbl 400

PPPPPDDDDD BBO
0O DPDDDOD OCO

© 00 @ 0 0O 7
00 & & +

i 0000000000 000 |
‘T o 0000000000 000 |
[ol ol cJoJoJoJoJoJoJoJofoNolo o]
2 HSi0z:
sticking )

bouncing <=
T

o I L L L
1e-05 0.0001 0.001 0.m 0.1 1 10

E '“P";:( N L‘h reak )

X 2: HAXANTTZVFA MNELOWE
ZEDAE - BkRIED FEROFE LD, BRI
X1 ERER RIXY n>6 OBAITITMEZE
HEE IR BT D 2 & B D.




NRATA R ERi+1 B HFEE H HICH)
LI TZRAF =R END. K
ALE LTiE, TRy B+m%vy, 5FD
— ORI < DR E L ThiuiE
W28 B HICENT 37 = R L ¥ —Hok s A+
e, T UL NHBBkRIEDS D TR
Wh, EEZOND. BEVIaL—vay
OFER, WE - i - 2RI X 5T, Bl
NMEN6 LLETHNIET 7 U F A Ik
WD ZENALMIENTZ(K 1,2). EHIC
ERDOFER L A T 70 7 A MR N
AVUTIZLDRD 272002 ENH 5T
D, BHNBkIR Y KB X A MIF LA
R RN TIIBIRR D Z & 2 < ARk
EARETH D Z LR ENT-.

2) TNETHEEEOFANT 7 VA
MAEOEZREZZR L TE 2, EBREORIG
ERERMNETIE, BRELORRDIF AT 7
U7 A FRIEOEEPHEICELD LER
bhd. HELBRRLZIEDOAY v M,
F 7%y MEED H HFRE E TIEH E A
LD L ThHY, EEEETIET 7Y SA

[=1
w

8000:8000=1:1
2000: 32000=1:16

(Nlnrge - Nta rget)"f Nproj

500: 32000=1:64
2000: 128000 =1 : 64
B0O0:512000=1:64

_ L
10 100

el [m/s]

B 3: kRx7pBE&EH (101, 1:16, 1:32)
DKEANT 7 V7 A MAlLO@EZIZE
T5, BRI W, = Moge) /Ny s ZTEZR
HEIZX L CHRR LD 2T Marge
B KRBT ORLAIL, N IZRE WD
1E5 OHFIT 7V 7 A R () ok,
Noo BN EWE S OYIT 7 ) 7 A 1~ (5
) ORIAEL AR &R HEE T 7
UTA MBERETDNE I harndHo
T, ERORERAARGHHINT L%
BT 5. BRENPKEIRDI1TE, BH
TIVTA SRS D L H N
W72 D 2 e b —T, EEN O
&7 DR RN S pl R B SR B R
FhEH BT, 100m/s L FICH £ 5 2 & AVR
INTWD. ZOfERAE R —Y v 7HIC
LTI DL, BAFANT 7Y S A b
R SR R X & 10m/s (IS E /02 &
W0, BERILZREL 52 LTEAY
AMDOREICIZHEV FELRNI &N
REIND.

bimesdal {150+ 150mu) s—
bimedal {3004 300mu) —
continuous (201 6+201.6mu) e
BRCA (5004 500mu) e
BPCA (000+200Cmu)
o5 BPCA (8000-+8000mu)

05 |

-1

1
10 100 1000

M 4 KW A XM afiolooKkT 7V
T4 NRLEOBZE (FR) L, Hh A Rk
FINGIRBKT 7V T A MR O®E S (i
#r) 11T D R SR A B S EE 16 LT
FoRLIZb O, KA A X34 & LTI,
FOMEN-3.5 DS EIGE L, K/ 2 7l
(o) ORI TR LIZH D (R
MR, k) & e AR CRERL L 72 b D
(B 2R RLTHDH. BRELT, KL
FEURAFHERD — BT + B 547 DIV T
LDBER IR DN o120, A X
AR F AT T2 2 SIS K o TRl R B R
SEEINT DA A RIE S vz,

MIED LR GIZ72D T E R H I
TW5h., Lo T, BEENSL Z LT
ERBZHIC D ERFHEIND. 2T,
HENSE T HEOKRTH 5725 BPCA H
wOT VAL bEAEBEL, FOEHELRE
1:1/,751:64FTR- THEEVI= L
—3arEITHIZE THELLORZHA
7. B ORI XL, MEh g ER
N1 1 OREOCHEENXEMNTHD Z LA
IREINTRY, AW THX 2 EEITZY
REHTHD. RELT, HEENAHSLZ
ETT VA MIWELAAE - ETD
ZEMARETH DA, AR R E LRI
W TS BB 22 I TR R & <1
RHERNWZ N1 (" 3). £, BE
HE & ¥ 187 22 HS AT N R ETHIIC E M S b
WK E L CHEM SN ERNgno
7-.

3) BlHISN TV EMX A NOFEN (FE
DAEN-3. 5 DFEAAR) \ZHE - TR A X4y
w5227 70454 N AEL, RT#Eb
RoTENOLDOEEY I 2L —a v &1T
W, R A XA DB T, R
LT, WA A gdixffidl-2eTcho7r sy
A MIMEFERE LT < 20 BERREE
EH ERTENIMEAN A BN (X 4).
TN RTINS BAFIET H 2 LT
TIUFA NORENE L2 ENRKFEE
N5, EHIT, EHREIZL-STELDIZH
DR IZOWTHRIZE 2 A, WA 2T



DRLFIEH EDT 7Y A MTHRTKRKE
BRHEDODEENRKENZ ERSMhD, XA b
DOEEELBERE E BRI ~ORENRELND
IZE ST,

EDOERERETDE, XANTZUS
A MEBkRK D Z &7 < AL E TR L,
EATKA A FTHZE, @dEZETH - T
bR ERMIBANCHRETRETHD Z &
Mot BT, ZO LD kR imEIz
BT DX A MIEMNIKRETH V IEFITK
ERERFEERSTZEERETSE. Z0LD
TR 2R R, POEANE T RIS
ANPBEETDHZ EEARELE L, MR
DI ENDZ ENHBALZ. Lo LARRD
WS IR ER X A NT 7V 74 BT
IRENRETH D Z ERNRBRENTEY,
DR ANT TS BRDMENLETH
b, FDO—DL LTRFDY A XOoMmEITRE
R EEREZTTHAI LMD, B
Bex I A XG5OV THRFZ#ED D Z
ERHETHDL EEZ DD, ki EEE
fE DRI EMOEREBRE L I-F5E &
EHThHAHD.

5. ElpFEEdm L
(WFFEFRAE . WHIEo 3 M O T IE# |2
(ER Y

EEERms) GGt 8 1)

@O Suyama, T., Wada, K., Tanaka, H., and
Okuzumi, S., 2012, Geometrical cross
sections of dust aggregates and a
compression model —at aggregate
collisions. Astrophys. J., in press,
EHA.

@ Okuzumi, S., Tanaka, H., Kobayashi, H.,
and Wada, K., 2012, Rapid coagulation
of porous dust aggregates outside
the snow line: A pathway to successful
icy planetesimal formation.
Astrophys. J., in press, & H.

@3 Tanaka, H., Wada, K., Suyama, T., and
Okuzumi, S., 2012, Growth of cosmic
dust aggregates and reexamination of
particle interaction models. Prog.
Theor. Phys. Suppl., in press, %t
A

@ Wada, K., Tanaka, H., Suyama, T.,
Kimura, H., and Yamamoto, T., 2011,
Numerical simulations of collisions
of dust aggregates with size
distributions. % 29 [A] Grain
Formation Workshop/Ypk 23 4B GRin[
DX A MIFFEs LRk, FIRT, A&

® Wada, K., Tanaka, H., Suyama, T.,

Kimura, H., and Yamamoto, T., 2011,
The Rebound Condition of Dust
Aggregates Revealed by Numerical
Simulation on their Collisions.
Astrophys. J. 737, 36 (12pp), e
A

® Wada, K., Tanaka, H., Suyama, T.,
Kimura, H., and Yamamoto, T., 2011,
Growth Effciency of Dust Aggregates
Through Collisions with a Great
Difference in Their Sizes Proc. Lunar
Planet. Sci. Conf. 42nd, #1730. &3t
pii3

(@ Yamamoto, S., Wada, K., Kobayashi, H.,
Kimura, H., Ishiguro, M., and Matsui,
T., 2010, Collisional process on
Comet 9/P Tempel 1: mass loss of its
dust and ice by impacts of asteroidal
objects and its collisional history,
Earth Planet. Space 62, 5-11. #
A

Wada, K., Tanaka, H., Suyama, T.,
Kimura, H., and Yamamoto, T., 2010,
Collisional Growth Possibility of
Dust Aggregates: A Bouncing Problem.
Proc. Lunar Planet. Sci. Conf. 4lst,
#1717, AHifE

(FasR) G 1340)

O FE#EE, HBHm, R, RRZE,
I A 4, Numerical simulation of
collisions of dust aggregates with
monomer size distributions, 8 [B]K
PR AR K ss, B, 2012 4 4
H 19 H.

@ Wada, K., Tanaka, H., Suyama, T.,
Kimura, H., and Yamamoto, T.,
Numerical Simulation of Collisions of
Dust Aggregates Composed of Particles
with Size Distributions, Dust and
Grains in Low Gravity and Space
Environment, ESA/ESTEC, Noordwi jk,
The Netherlands (4 April 2012).

@ FoE#E—, HETHM, KL, ARRZE,
IWAH A, A XA D8 DA 573
HHEANT VA FOERY I 2 b
— 3y, & 29 |9 Grain Formation
Workshop/ F-fk 23 4 ER{ D % A A
g4, CPS, #7, 2011 A4 11 A 10 H.

@ Wada, K., Tanaka, H., Suyama, T.,
Kimura, H., and Yamamoto, T., 2011,

Numerical Simulation of Dust
Aggregate Collisions: Current
Understandings and Future
Perspectives, Asia Oceania
Geosciences Society 8th Annual Meeing,
Taipei International Convention



Center, Taipei, invited talk (9 August
2011).

Wada, K., Tanaka, H., Suyama, T.,
Kimura, H., and Yamamoto, T., 2011,
Growth Effciency of Dust Aggregates
Through Collisions with a Great
Difference in Their Sizes, Lunar
Planet. Sci. Conf. 42th, Woodlands, TX,
USA (8 March 2011).

Wada, K., Tanaka, H., Suyama, T.,
Kimura, H., and Yamamoto, T., 2010, To
Bounce, or Not to Bounce: That is the
Question of Dust Aggregates, Recent
Progress in Physics of Dissipative
Particles. - From fine powders to
macroscopic behaviors of granular
particles —, November 25, 2010, Yukawa
Institute for Theoretical Physics
( YITP ), Kyoto University.

fEE T, APRFH, ML, KRz,
WA, XA T 7 VS A Mo
DEM fj22v 2 2 L— 3 v, TR
EERERFEORER V-V vay T, XK
BREIZEY v 4 —F I —, AR
(2010 411 H 23 H).
FEE, APRFH, BLm, KRz,
WA, A XWX A RT
7 V74 FOESE, [ RIEO/EZEYE O
fERR | WFgEes (VD) AbiE KRR R
e, (2010 4511 A 5 H).

oG =, HEPHM, BLfE, Sz,
WAL, XA RNT T USA bOEZE
Yial—vary A XHOHE, H
ABEBRFSKEFES, A HRBRRTE
(2010 410 H 6 H).

Wada, K., Tanaka, H., Suyama, T.,
Kimura, H., and Yamamoto, T., 2010, To
Be Planetesimals, or Not to Be: That
is the Question of Dust Aggregates ? .
Numerical Simulations of  Dust
Aggregate Collisions, in
Japanese—German Workshop  “Dust IN
Planetanary Systems” , September 29
2010, Jena, Germany.

Wada, K., Tanaka, H., Suyama, T.,
Kimura, H., and Yamamoto, T., 2010, A
dust aggregate model based on
numerical simulations of aggregate
collisions, 38th COSPAR Scientific
Assembly, Bremen, Germany, solicited
talk (23 July 2010).

Wada, K., Tanaka, H., Suyama, T.,
Kimura, H., and Yamamoto, T., 2010,
Numerical Simulations of Collisions
between Different—sized Dust
Aggregates, Asia Oceania Geosciences
Society 7" Annual Meeing, Hyderabad,

India (9 July 2010).

@ FoHEE, HEBHE, FEL6, KAZE,

IUA# A4, To be or not to be: That is
the question of dust aggregates,
2010 4JEH 1 [5] CPS & I F—, CPS/##
FRZ(2010 46 H 16 H).

6. AFFERERE

(D) WFgefFRs

FiHE ¥ (WADA KOJI)
TETERY - KEHEENEE ¥ — - |
st 2

78 2% 5 © 10396856

(2) WFge sz
L

(3) LT FEA
L



