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�(1�e)2m2
p sin�1 i (3)

��"� a, e, i &~n���(��
���
[AU]� �
�N�� �
WXY [rad] "� ap, mp
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 "[¯>� 2U�v
w° ±� 90%1�° ±�O�²�¥³>E

� 4 ~n��
����¬����(�����
�! ~n´µ&� e#0.7, i#0.05 rad, ap#5

AU, �(�4	#1 mp �MN(4	� 1/
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º!»" 2007¼ 1»10



���� ������������	�
���
�
��������� �����������
�����	���
��� �acan��� !�
�
" #$% 10�&'( 	�)*+,-./
�0�����
���!��1�� 0.3&, ���-��	

23� ���45-67� � �	�� ��	
��� 8�9�:;<�-=��6)� ��	�
�� 8�9�����>)�?�@��2/�
��� 8�9�&' �=� 9��A����
�@��$/�3�	�B/�45� % 7C�
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	�K-� ���- LMNOPQ.�R�3
�� ���@�S� TU-�� V � $)
�����=�W3���� �������43
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2������ n2;�� 3�� ��@�-
Q.��7-BK)�� scattered disk �l45
�cd�6l�B3���&m(  ��
2��
��;:�0��3	op;���� ��� ab
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��-� TK��� ­®sM¯�� amin, amax �
°+�3����0 ±�/� ns�² ��� 
���1�-�� ��-�³9 7C� ����
0���	!�´µ-=3<¶�� =·¸¹N 
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2.1 ��������������
���`�T5������&a AU��b
���� � c d �ef
���T3�gh
	%�� d �ij� EFk!"OF� lm#
n ��11)� lm#n � � ��������
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��
������
lm#n �efJ����z*+,1 c�

1�O.%��

d2r

d t2 ){GM|
r

r3 {4pGr0z (5)

88�� G -.} /&� M|  ������ r

 ���23~�����L�� z r� zq��
r0 lmD����
��� 0�"O�X_��
1��-J������ 20,000 AU ,
���
��efJlm#n  � C�� �%t
��
�TA 1V�WXY�����6Oxy��,�
8� -.%��� :8�� 1 (5)23225J
��_�X� 1V�WXY����3�	�

�F�){ GM|

2a
�pGr0a2 sin2 iG

�(1{e2�5e2 sin2 w) (6)

�	%�11)� 88�� a, e, iG, w,  ������
���� ����
� lm����J�����
!rs�lm������#� U4�}&��� 1
(6)�5 1� �������� 2R67���
_�X� 5 2��lm#n ����J8���
*�&���5
$%�� 8��*�&����
J������9����gh W�W]���
��+,16)23	35%�� �J�� lm#n
 � ����� ��gh	O$� �%.��
 �¡�*�J����¢3O$8��K2.%
�� B+� ����
M£¤�/
 ��gh	
%��� �����1 :5¥5¦§¨©ª?
�M«X¬�­&�:T5� ?��®;��12)�
88�¯b
$J°±]²\_ z ³�´O�
�� �����z*�� zq� <µ	%�� �
z*�� zq��¶=�	�F�

Lz)(1{e2)1/2 cos iG (7)

� 5 ��M>�M�P�MQP��·?M�*M
�H��

� ¸³ ���������

� ²]¹_�º» :5¥5�����
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EF�89:;�=>=<@GHI��� JK�
()*+,� 0F (A) 
 45F (B) �� L�MN
�JKO"PQ 2R��:;<@GHI����
:;�SK
TU�VAW" A
 B�X.Y�
�� �.�Z� �7�[��JKO
GH�\�
���	�	] �^()*+,!�X.�_`��
L�a�:;�VAbX.�0
3.Y��� c
3 B�:;�"� �
��VAbd�Y()*e
���7
f��gh?3+Aij��HI�0

���Y��� �� B�:;�"()*+,�
90F<k
3T5GHI�0
���Y���0
�T5"� �	����VA.l�7��7�m
n4531��	:;3oIHp���qrst

PQu���13)�
��� �v5�� zw
 � (7)! ���GHI

���� A, B Ix��yzu�
�
����
�	����{|"}I~I3.�HI��� �
.�Z� ()*�+Aij���7�3.�
P
83�	���u��O��VAbx�����
�7��
�"���?3.�
I20
���
Y��� �	���2ZCD*EF�:;�SK
"��SK
X.Y� ���,-�3u�Y��
�� 1�H� �	����H���JK���O
3L�����.��3��0
"�Y����
0���=>=" (5)<,O���=I��
h
1b&���0
<��G�G�� �"� M
i�=>=<6�7�����:;3��G�
��
2.3 ��������
�7�[���wW���7�������.

� �?.6�7��<JK��
G��� 6�
7�
�"� �	#$%� 100¡100,000 AU �¢
£��	#$%�¤3¥3¦���123�\�
G� �§¨©ª!� «¬��­� 6�7�()*e
�" 5 AU, �����	���" 63F �®	�
�O!� CD*EF" 0F �P&��! 3L�\�
G�� ��� ()*+," 0F�� 360F�9�
¯°±²3�\�G�� 0�12.6�7���
³7�F 0.1´�µ�/pc3 �¶r�´�·(��

B 6 �	#$%� 20,000 AU �6�7��	��� 50¸n�89:;�
A
 B"JK�()*+,�¹�X.Y� ��JK��"PQ�
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50GH;��IJ2KL7�6MNO;�P�
QR3ST��UVWPX� 50YHZ[2� 1�
\]��^_6`aO3bF"#c2����
�� -.de����f,�����g'hif
,3jk���F��;12)lm���nF���
JL-.de����op6X��� q"���
�F6Frs;�"#3t@uvPw�x���
y�t@u�� ���z{�+,�-.de��

��|}P~�F���3�yX��P� ���
�������f,���;�6F�;� -.d
e����f,3k��q"3�F�!PZ��
6p6X���
� 8(a)�� b�=?�P���� 0yy;�

50 AU ��� ����W��x� ���26��
�������-.���3@��'�&*��
:�;�� -.���P��6������3�
�W��x� 50YH�3�-.���P 2,000

AU �W������^� 80� �WP���3
���F�y2P��X���� � 8(b)�� +,
�-./ 01./� 3@��-.�� �7¡�
�-.���3@��'�&*��:�;�� y
¢�:b�=?���3-.���P��F:�
��+,���£x�F�� 50YH�3�-.�
��P 2,000 AU �W����;�+,�-./
3@��-.�� �7¡�¤ 90¥36X��
��
Q3� ¦§�>��¨���2©6�ªh«i

� 7 ���MN�"#��!���$%&'()&
*� lm����?� [AU] �@A�� +,
-./389��:� 0¬� 2� �x3456
/389��:� 0­�� lm����?��
@A;E®���X� M�lm����?�
10,000 AU �®��

� 8 (a) b�=?�P 50 AU �W3��W��
x������� [�] ��!�� 0� 73
@¯�� °±�-.���� +,�b�=?
�� 5 AU. ²³��!�®�� (b) 1./3
@��-.�� �7¡���!�� 0� 7

3@¯�� ´µ¶�"#�D·¸µ�E��
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�� ���� � ���>�
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6�����X�012i@/-�(�"wC�
���/����� (2) ���� 4"���-7
����X8�012�i@#0������
 � (3) ��X�012��s����T���
F 2,000 AU UVCI 50?�U9/��X12
/C0�����K0� (4) J,�������
\]^� 0�90��$l/OBH��X12��
�\]^-"2:;�AB0� (5) ������
�����BH��X/C0>�/<=C���
�T�>KC0� . �1.�23�
�>�
?������-� ����t.��}��
����N�@I3/�
�>�� ���C�}
����.-D� ���O03� #C2s��
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0�3. �1.-234� 
jk� �� _u
(4)` �����A�56 #�����¡R�
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Origin and Evolution of Comet Clouds

Arika HIGUCHI

Division of Theoretical Astronomy, National

Astronomical Observatory of Japan, 2�21�1
Osawa, Mitaka, Tokyo 181�8588, Japan

Abstract : The Oort cloud (comet cloud) is a

spherical comet reservoir surrounding a planetary

system. We have investigated the comet cloud

formation that consists of two dynamical stages

of orbital evolution of planetesimals due to (1)

planetary perturbation, and (2) the galactic tide.

We investigated the first stage by using numerical

calculations and obtained the probabilities of the

fates of planetesimals as functions of the orbital

parameters of the planets and planetesimals. We

investigated the second stage by using the secular

perturbation theory and showed the evolution of

the structure of a comet cloud from a

planetesimal disk. We found that (1) massive

planets e#ectively produce comet cloud candi-

dates by scattering and (2) many planetesimals

with semimajor axes larger than 1,000 AU rise

up their perihelion distances to the outside of the

planetary region and become members of the

Oort cloud in 5 Gyr.
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