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WEFE R B OB (£ 3C) @ We investigated the growth process from dust grains to
planetesimals and their radial migration, taking into account the evolution of their
internal density. Because of their radial migration, solid bodies are concentrated inside
of 10AU and grow to km—sized planetesimals. In this planetesimal-forming region, the
surface density of the solid component is enhanced by a factor of ~10, compared with
the original value. The growing solid bodies have a highly porous structure, which helps
their growth to planetesimals. The large enhancement in the solid surface density
accelerates growth of cores of Jovian planets.

SRR
(AL : 1)
ERERE B & ol
201 0HE 1, 400, 000 420, 000 1, 820, 000
201 14FE 1, 100, 000 330, 000 1, 430, 000
201 2FF 800, 000 240, 000 1, 040, 000
EEJE
G
#® o Fr 3, 300, 000 990, 000 4, 290, 000

BRSE5Y 85 - Ry
B 08 - JE - R0y
T R ERR S - MR

1. WHEBAR S MO 5 OIARDRIE S D, FHRERRRK 53 O KR 72 7
(1) a2 R R MR T 2 RE R AR FLE T Z D% OREWHIETE O i % ENE
IZBWT, TOH 1 BFETH D & A bl HINCEZ D AIREMED B

(2, Z A MBENC & > THARE AR S O KIE (2) kZA MEROEMEFHOHIEN S, K
REFERENE Z D . AU K ERE O ZAMITA XK THERERLLT VN




TENRENTWD, T LY FMEBER
AENIZBWTKE A NOSBEKEEICE S
KRBT AT HEIC 72 » TN B,

2. WHEOHD

(1) XA MkE., MEREER, MEREERY
B & w72 RIFARRRE R E LT x|
ZOGERKERRLE RKOMBNBE L &
[FIRFICARE S 2 & T KR O RN IR
BEEHLMNTT D,

(2) RIEAGERREBRER CTRER S D KIKT
BWEREZ SO, RIRO BN ENLZEM
B (F I IXNEREE BE) [T AET B 7= ARFSE
TIXFRENERAE S (L S FIRFIC AR X B 5
235,

3. WD Ik

(1) KF A RE., KMEREER, R E
FERHA O RIK AR R R R % PR Eh 5 1)

BEICNER B EE L &N SEiR <, AR
P X 2 B 7 B I Rk A XL

NERER FE N AR AE S D 76D KRR W &
ZHAOMNIT A7, EFRE3 & X
B TS ZERRARERS>TWVD, FT2,
A R EFEYI OB EClX, T ABPLORNR
I E 0 BRI MBENIIZIEEIET S DT,
Z DEFETOMEKE i & b o ORI

VHEE L EZ D ENTE D,

(2) RIKWNHERE AL, 2O RERC BT
LIEMEIC X » TEITT 5, Zhuciddb ks v
— ko TUThbNT- & A M EREEH A

fERAET L LAWD, &6I0, HABE
SRR E L EANC XD HEFR R ERER R b

B ANDZEERAD, TOBLELRD
TR A 5 1 v S B 3R R AR D R LA

WA EEHRE AT ZLICX VRO D, K
IRIEAE OB R IT, RIRFEZEFE 0% =
— RIZULAET D JE AT F Sk & N 0

EEFTITEAN LT,

4. WFEAR

(1) XA NEEBMEREICE SV EREE
K« [EMEET VA BIEOOW - EHZ22HRE
L. RIEGREEBEER TR Z 218 D%
x4 B @28 £ #E & &5 Ak L 7= (Suyama et
al. 2012), ZHZEHWAHZ LT, AKIFFEIC
BT HNEEE#ENLZBRE LK KREAE
RERREOBMEREEZIT S Z LN AREICR
-7z,

(2) MBENER S mBE) & N gL
EBRELTZAANNDOKKIBEE RO
ERFE ATV, XA MEBEARREIZ XL 5K
MWERTERNARETH D Z L &R Lz, #KE
FHERERICL D & BEREEMENIENRNTH
Bz, XA ML 10 5450 1g/cem® FLEE DR
REEORE~NERET L Z ERRINT,
O LX) RBIRBEE OB CRERRET

B o T2 FILBEA~OPE TR IH S, 4 A
N ESEA AR EAT L D KIS E RS Al RE
L 72 o7~ (Okuzumi et al. 2012), Z DKL H
2. A A MEBEAIEIC L D KBESRE DTN
ARETH H Z L IIARMEIZC L D HIH TR S
Ni-fERTh 5,

(3) EREORMEAREBEOHMEHEIZ LY,
R TR EI & B ST 7 o 72, FHELRE R
X AL 100m VA XOKRERE - & L BE)
L9 <, TOEBCHEENRE S, HBE
AMAIGEIR I pk R & 0 NI~ D B R 5 16 7%
BT 5720 100m A RITKRE LT-IE
EAERTORKITIHNMERA~KE T LKD
N5, W2, £ AU AN O NARIGEI Clripki&E
DEAZEBE L, S ERRIC L D IR E DB
Ehb, Eito Lo IcEmEREL L ORIKD
SNRNT 0 R B R S MR S 3 10AU
FTIEND, ZIUIARBEMHEDOFEIKa TIE
AT FE T E A 2 L v (Okuzumi et al.
2012),

(4) BZERFREOMBEER S B ENIC X
o THERE TSI 361 2 W) I 85 B 13
BEIRTOMEIZ L TEME D BE 10 [SFEEH
KT 5, ZOKREBREKIZE DK OBRERE
WL & KHE 5392 (Okuzumi et al. 2012),
(5) KGR DB EMEEIZ X > TEKRT A
EEEER T RNEIND Z & BN
SINTWD, FEEMEE FELEIC X DR
HERHRRE~ORE LY MREEEESEZ T
ERME 258 L R EREEH E 21T
)T E TR, TORE, BREICE - T
10 FE 7 FE PO TR FE S B I3 28, oK%
MEHEIE L ZE L CHIEDOKEGRD
ERAAKEER TR EZRHATE S 2
L %R L7- (Kobayashi et al. 2011),

(6) ERRTHATZZ A MRE, BERERK.
% B AR FE W) D oK R ARSE B A R il K i R
TlX, RIREAME & L CTHEZESIRREDO $ DD &
ZEBL W, TORE, @EENEZT T
TIOK RAKNERE EE DN RBED 10 757D 1
VLRI b2n W @R H -T2, D
7o, AT ABESCRKRE CEIC L D HEFT
7R AR A2 & SIZH D ALK KIED AL
EEBRE L, £9. SRR RKIEOUETSH)
JEAERRR 2B R EZIT) 2 &gk, KIK
DJEMETRE 2T ~To, SEOEMEE R %
ToT-fE R, EMEIREE X220 R D 3 Fe (2 Ll
THEWVW)EBENRRRBRAANE LN
(Kataoka et al. 2013),

(T) 45 53U 72 8 22 B 38 R AR o A 58 B 18 Bk
KEHANWT, KRKDOE & BEhfikt % fFat
HL7z, MBENTOBEINEIZKEZ S 100m
YA AOEEPFETIL, VW ABYNEIZ XL 5500 EHE
BN RANTHEIT L. T OfE R RIKNEREE T 1%
QKR LN D, T AU L 0 BEk R TR AR
2R E D 6AU £ TERD, WEE AL TE
BT HMBEEEEIZIZIZINE Tl



DI 10 FREBERKAA LN, S5, KR
KDY km YA ZALLEICKRET D & HOEIZ
L AFEMEN X 45 10km P A X TILZEMRR
1T 90%REE L7 D HES D A N—~UL bR
RERRREECTHEMIND, 57 D5EMI
KIERAIRT 52 LI k> THITT5TH
59 (BRI F) .

5. ERRERE
(BFgEfFE . e K ONEEARF TR 12
1T

CERERR S (10 #4)

@ A. Kataoka, H. Tanaka, S. Okuzumi, and
K. Wada, Static compression of porous dust
aggregates, Astron. & Astropys. (& dH
) 2013 , in press

@ K. K. Tanaka, T. Yamamoto, H. Tanaka,
H. Miura, M. Nagasawa, and T. Nakamoto,
Evaporation of Icy Planetesimals due to
Planetesimal Bow Shocks, Astrophys. J. (%%
@ » v ) 764, 2013, 120, DOI:
10. 1088/0004-637X/764/2/120

@ C.W. Ormel, S. Ida, and H. Tanaka,
Migration Rates of Planets Due to

Scattering of Planetesimals, Astrophys. J.

(#& % » v ) 758, 2012, 80, DOI:
10. 1088,/0004-637X/758/2/80

@ H. Tanaka, K. Wada, T. Suyama, and S.
Okuzumi, Growth of Cosmic Dust Aggregates
and Reexamination of Particle Interaction
Models, Prog. of Theor. Phys. Suppl. (&
@t » v ) 195 2012, 101-113, DOI:
10. 1143/PTPS. 195. 101

® T. Suyama, K. Wada, H. Tanaka, and S.
Okuzumi, Geometric Cross Sections of Dust
Aggregates and a Compression Model for
Aggregate Collisions, Astrophys. J. (#&
@ » v ) 753, 2012, 115, DOI:
10. 1088/0004-637X/753/2/115

® S. Okuzumi, H. Tanaka, H. Kobayashi,
and K. Wada, Rapid Coagulation of Porous
Dust Aggregates outside the Snow Line: a
Pathway to Successful Icy Planetesimal
Formation, Astrophys. J. (&&EFedH V) 752,
2012, 106, DOI:
10. 1088/0004-637X/752/2/106

@ H. Kobayashi, H. Tanaka, and A. V.
Krivov, Planetary Core Formation with
Collisional Fragmentation and Atmosphere
to Form Gas Giant Planets, Astrophysical
J. (& H Y ) 738, 2011, 35 DOIL:
10. 1088/0004-637X/738/1/35

® K. Wada, H. Tanaka, T. Suyama, H.
Kimura, and T. Yamamoto, The Rebound
Condition of Dust Aggregates Revealed by
Numerical Simulation on Their Collisions

Astrophysical J. (&FHid V) 737, 2011, 36,
DOI: 10.1088/0004-637X/737/1/36
@ S. Okuzumi, H. Tanaka, T. Takeuchi, and
M. Sakagami, Electrostatic Barrier
against Dust Growth in Protoplanetary
Disks. II. Measuring of the Size of the
“Frozen” Zone” Astrophysical J. (Fitd
v 731, 2011, 96, DOT:
10. 1088/0004-637X/731/2/96
S. Okuzumi, H. Tanaka, T. Takeuchi,
and M. Sakagami, Electrostatic Barrier
against Dust Growth in Protoplanetary
Disks. I. Classifying the Evolution of
Size Distribution, Astrophysical J. (&#:
» b ) 731, 2011, 95 DOI:
10. 1088/0004-637X/731/2/95

gk GE 1T 1)
O R =HE, HPFHF, BAER, MBS,
AR E RIS D ¥ A b OFIEAE
R, AARRCFSRFER, BERY - &
£, 201343 H 22 H
QEN=ZEAT, BTHIEM, /ARG, HEFH,
i R R PR S 38 1T B [ IR R AR 2% 2 ~
DX AN - EREEE, AARLFREFE
2 BERS - BHE, 201343 A 22 H
QR =R, HPFHF, B, FEE .
AR E RIS D ¥ A b OFIEAE
W, RERFPASKFHEES, A RY - I
JE., 2012410 A 26 H
@M, ZHIEs, bRE, B FHn,
&, RIKA 7 — s BT A BT 7
OB, RERESKERES, PR
e ST, 2012410 H 25 H
® H. Tanaka, Growth of Dust Aggregates in
Protoplanetary Disks and Reexamination of
Particle Interaction Models, Workshop on
Insterstellar Matter 2012, Hokkaido
University, Japan, 2012410 H 17 H
@R{ER, HEHM, ¥ A FORERE - W
FEEAVITHE O R BT HBEDO AT
b, RICFE 2012 FFRKFRAFES . Rop R
K4y, 2012429 A 21 H
@ H. Tanaka, Growth of Dust Aggregates in
Protoplanetary Disks and Reexamination of
Particle Interaction Models, Planet
Formation and Evolution 2011,
Ludwig-Maximilians—Universitédt, Germany,
20124F9 H 4 H
@® H. Tanaka, Growth of Dust Aggregates in
Protoplanetary Disks and Reexamination of
Particle Interaction Models (¥ 1% &5 i),
Dust and Grains in Low Gravity and Space
Environment, ESA/ESTEC, Netherlands, 2012
H4H3H
@ H.__ Tanaka,

Molecular  dynamics



simulation of mechanical interaction
between sub—micron spherical particles (3F
1 2% 3 ), Nonequilibrium Dynamics in
Astrophysics and Material Science, Yukawa
Institute for Theoretical Physics, Kyoto,
201111 H2H
QOHETHm, HFEAEHEICEL D52 b
PRI F-FE BAEH OB, 2R BB Pk TRR
&, PRI R - ARZE)ILL 2011 4 10 A 24
H
@ H. Tanaka, Collisional Growth of Dust
Aggregates in Protoplanetary Disks,
Extreme Solar System II
, Moran, USA, 20114E9 H 12 H
@. B HR, T/ KT O & 58 0 R
DOy FEVFHE, N T AR U—a5 2011,
TV o8y ZRREHFVEREGE L Z— - B,
2011 4£5 H 25 H
QRER, HOHM, NEEEELE EE
L7 H A FOAERAE EFLEE T, RLF
2 2011 FFEFMES, BURRY - KK, 2011
HF3IHAI8H
@ H. Tanaka, Numerical Simulation of
Dust Aggregate Collisions and Comparison
with Laboratory Experiments (3B ¥z 1),
ACIPN T =IN35y N =N ES AVAP N G =t
JE. 201143 H9H

H. Tanaka, Dust  Growth in
Protoplanetary Disks, Workshop “Dust in
Planetary Systems”, Jena Univ., Germany,
20008210 H 1 H
H. Tanaka, Dust  Growth in
Protoplanetary Disks (3B4F#7#), Workshop
"Material Circulation in the Early Solar
System”, Palace Hotel Hakone, Kanagawa,
2010 £ 5 H 29 H

H. Tanaka, Dust  Growth in
Protoplanetary Disks (#H £ &), JGU
Meeting 2010, FE9EA vt « FIE, 2010 45
A28 H

(XEF) GFofh)

(PEZETY PEHE)
ORI (F 0 )

OBASIRIL (F 0 )

(& Dfth)
TR L
L

6. WFFEHRK
(D BFFefREE

I F5F0 (TANAKA HIDEKAZU)
emE K - AKIRRAAFZERT - HEHH%
W78 & 5« 00282814

(2) WFFE55 184
mL

(3) HHETTEA
mL

(D) Wroeh 1
/NBK ¥ (KOBAYASHI HIROSHI)

LB - BREEAFTE R - RHTBhE
FgeE 35« 40422761



