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æ^�A - kÛ (Monte Carlo) �{, �[
-1�¡âfÑ$ÄåÆL§, 3�¸íNØr� 100 Pa ��¹e,

ïÄ
�¸íN«a (He, Ne, Ar Úb�íN�) é�¡âf�Ý3��K�. ïÄ(JL², 3o«�¸íN¥D
Ñ��¡âfþÑy
�Ý3�y�, /¤�Ý3�¤I�mU He, Ne, b�íNÚ Ar �gS~�. �ïÄ
�¸
íN©f��þÚ�»é�¡âf�Ý3��K�, /¤�Ý3�¤I�m��¸íN©f�» (½�þ) O�
~�. 3b�íN¥, ü�Ý¸rÝ����rÝ��. (Üj{Z���.Ú.56N�., é3��/¤�m?
1
)º. ¤�(Ø��?�Ú½þïÄB�¬â)�ÅnJøÄ:.

'�c: �A - kÛ�[, �¡âf, �Ý3�, íN«a

PACS: 52.65.−y, 52.25 Fi

1 Ú ó

óÀ-1�¡Eâ´���«B�á��
�Ãã�� [1−4]. �Ù¦���{��, <��"
3óÀ-1�¡Eâ¥¢yB�á����)�,
,, �¢yB�á����)�, 7L�\n)
B�¬â)�ÄåÆL§. ¯¤±�, B�¬â)
��)¤Ø���ü�L§, ¿�¤Ø����
U3�¡âf�Ý����Ú, ¿�§Ý/�Ý3
Ü·����«�S)�. �¡âf��ÝÚ§
Ý/�Ý���*Ñ¦�é)�ÄåÆL§�ïÄ
C��©E,. �¡âf��Ý3� (�¡âfC
¤¯úü�+N) ���«��*Ñy�, K�
XÙ�ÝÚ�Ý©Ù. <�é�¡âf�Ý3�
y�?1
�þïÄ, ¿&?
�Ý3��/¤Å
n [5−7]. Wood �<|^õgÑ�Ú6NÄåÆ�
.�[ïÄ
7 (Si) �¡âf3 He Ú Ar �¸í
N¥��Ý3�y� [8], ,, ÷*�.ØU�«
�Ý3���. �C, ��K||^ Monte Carlo �
{l�*�ÝïÄ
 Si �¡âf3 1000 Pa � He

�¸íN¥��Ý3�, �Ñ�¡âf¤ÉÄå�
º�Ånû½UÄÑy3�y� [9], ¿��¡âf
Äåº�Ån��¸íN{åk', JÑ
j{Z
���., �«
�Ý3����. ,, �éÓ�
Øre, �¸íN«aé�¡âf�Ý3�y��
K�?1ïÄ. �
�\n))�ÄåÆL§, é
�¸íNXÛK��Ý3��ïÄ´�©7��.

�ó�æ^ Monte Carlo �[�{, ± He, Ne,
Ar Úb�íN��¸íN, ïÄ
óÀ-1�¡�
ÈB� Si ¬��L§¥, �¸íN«aé�¡âf
�Ý3�y��K�.

2 �[�{

�¡ Si âf�¹ Si �f!lf!>fÚìq
�, �¡âfÑ$ÄåÆ´���~E,�L§.
·�b��¡âfþ� Si �f, �[l�¡ Si â
flm�ãÜ (Knudsen) ��m©. Ð©��, �¡
� Si âf©Ù3±-1�¡��.Ü�»��Î
NS, �ÝCq� Maxwell-Boltzmann ©Ù [10]. �
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¡âf��¸íN©f-EL§÷vÄþ!ÄU
Åð. |^Äþ!ÄUÅðnØ�±O�Ñ-E�
âf��Ý

c′r =cr[(sin θ cos χ)x̂

+ (sin θ sinχ)ŷ + cos θẑ], (1)

V ′
i =cm +

mj

mi + mj
c′r, (2)

V ′
j =cm +

mi

mi + mj
c′r, (3)

Ù¥, θ ´Ñ�� (=Ñ��âf$Ä���\��
��Y�), ����� 0 � π, χ ´� � (=Ñ�
�âf$Ä��3R�u\����²¡S�Ý
K�d²¡SÄ¶�Y�), ����� 0 � 2 π,cr

Ú c′r ©O´-Eâfé-Ec!���é�Ý,
cm ´-Eé-E���%�Ý [11].

3�[L§¥, q��.�m�©��X��
�«m, �«m��Ý�u�¸íN�²þgd§,
d�É – áý�{5(½ü��f´Äu)-E.
nØþzg-E¤^�m�

∆tc =
(

2
Nm

)
1

πd2ncr
, (4)

Ù¥, Nm d«m�¡âf�ê, n �d«m��¡
âf�Ý. ,��äO��m´Ä�Ñ�½��m
Ú�, XJ�u�mÚ�, @oUYÀJ-Eé?
1-E, XJ�u�mÚ�, @o?\e��«m,
EþãL§. �¤k�«mÑ�[L5�, 2?
\e���½��mÚ�, EþãL§, ���
��ª(J.

3 (J�?Ø

�[± 100 Pa � He, Ne, Ar Úb�íN (Dum)
��¸íN, Dum ��»Ú�þþ��¡ Si �
f � Ó. m © �, � ¸ í N © f � â f ê � Ý
� 2.42 × 1022 m−3. f l m Knudsen � �, �
¡ 7 � f � â f ê � Ý � 1.66 × 1026 m−3, �
Ý 1760 m/s, üóÀ�¡ü¬ Si q�u��¡
âfoê� 1.01 × 1015, q�må� 2 cm[11]. �¸
íN©f½�¡âf��þÚ�»XL 1 ¤«.

ã 1 �Ñ
�¸íN©O� He, Ne, Ar Ú Dum
�, �¡âf»��Ý©Ù��müzã, ã 1(a),
(b), (c) Ú (d) ©OéAu He, Ne, Dum Ú Ar �¸
íN, î�I��¡âf»��Ý, p�I��¡
âfrÝ. 3Ó«�¸íNe, �Ý©Ù��m

m�Ø�¶±93ØÓíN«ae, À���Ý©
Ù��mØÓ, Ñ´�
�Ð�*	�Ý3�y
�/¤L§. lã 1 �±wÑ, ��¸íN«a(
½�, �X�m�í£, �Ý©Ùd��¸�C¤
ü�, p�¸�¸�²wO�, ¸ �£; $�¸�
¸����mí£O�, �Ø²w, ¸ k��
�m£, 3A½��, ü¸rÝ��. ��, p�¸
UYOr, $�¸rÝA�ØC, ü¸UY� , �
ªC¤��¸, �Ý3���. ��¸íN«aC
z�, �Ý3�l�)���¤^�m�mÄ��
�, ��� 7.0 µs. �Ý3�Ñy9��¸����
�m (�Ý3�/¤¤I�m), þU He, Ne, Dum
Ú Ar �gSÅì~�. 3ü¸����, 3 Dum
�¸íN¥rÝ��, He �¸íN¥rÝ��. »
��Ý©Ù�e�¡ÈØC, Ï��¡âfoê
Åð. ü¸rÝ���, Dum �¸íNe�Ý©Ù
�°.

L 1 �¸íN©f½�¡âf��þÚ�»

�¸íN/�¡âf He Ne Dum Ar Si

�þ /µ 4.0026 20.197 28.086 39.948 28.086

�» /nm 0.032 0.069 0.111 0.097 0.111

3 Monte Carlo �[L§¥, �¸íN«aK
�X�¡âf��Ý©Ù, ü�'�Ï�´íN©
f��þÚ�». �
«©�¸íN©f��»
Ú�þé�¡âf�Ý©Ù�K�. 3�¸íN�
þ��¡âf��, �»©O� 0.032, 0.062, 0.092,
0.111 Ú 0.2 nm �¹e, é�¡âf»��Ý©Ù
?1
�[, ã 2 �Ñ
ü¸����rÝ (a) Ú
/¤3�¤I�m (b) ��¸íN�»Cz'X.
lã 2 �±wÑ, /¤�Ý3�¤I�m��¸í
N©f�»O�~�. ��¸íN©f�»��
¡âf�»��� (0.111 nm), ü¸����rÝ
��. Ó��é�¸íN©f�»��¡âf��
�, �þ©O� 0.665×10−26, 1.665×10−26, 2.665×
10−26, 3.665× 10−26, 4.665× 10−26, 5.665× 10−26,
6.665 × 10−26, 6.665 × 10−26 Ú 10.665 × 10−26 kg
�¹e, �¡âf»��Ý©Ù?1
�[. �
�¸íN�þ� 10.665 × 10−26 kg �, �Ñy�
Ý3�y�; ��¸íN�þ� 0.665 × 10−26 kg
�, �Ñy
3�y�, �p�¸�rÝ©ª�u
$�¸�rÝ. ü¸����rÝÚ/¤�Ý3
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�¤I�m��¸íN�þCz'XXã 3 ¤
«. /¤�Ý3�¤I�m��¸íN©f�þ
O\~�, ü¸����rÝ3�¸íN�þ
��¡âf�����. nÜã 2 Úã 3 �±w

Ñ, /¤�Ý3�¤I�m��¸íN©f��
» (½�þ) O�~�. ��¸íN©f��þ
Ú�»þ��¡âf���, ü¸rÝ����r
Ý��.

ã 1 �¡âf»��Ý©Ù��müzã (a), (b), (c), (d) ©OéAu He, Ne, Dum, Ar �¸íN

ã 2 ü¸����rÝ (a) Ú/¤�Ý3�¤I�m (b) ��¸íN©f�»Cz'X

�¡âf¤É�¸íN{åû½XÙÄåº
�Ån, �{å���, XÚ (�¡âf+) ?uj
{ZG�, Äå��~�, �Ý3�Ñy, �Ý3
�/¤��m�Äå���±Ï¤�'; �{å
���, XÚ?uL{ZG�, ÄåüN~�, ØÑ
y�Ý3�y� [9]. �â Yoshida �<JÑ�.5

6N�., óÀ-1�¡ü¬ Si q�)��¡â
f, 3�¸íN¥¤É{å�Ù�Ç�²�¤�',
= f = −αv2, Ù¥ α = CSρ/2, ρ ��¸íN�Ý,
S �-E�¡, C ´'~Xê [12]. �¸íN©f�
þO�, ¦�Ù�ÝO�; �»O�¦�-E�¡
O�. üöþ¦�¡âf¤É{åO�. �X�¡
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âf¤É�¸íN{åO�, Äå��±Ï~�,
/¤�Ý3�¤I�m~�, �Ý3�/¤Jc.
�{åL�� (�¡âf�þ� 10.665×10−26 kg),
�¡âf¤ÉÄå?uüN~�, ØÑy�Ý3�
y�. 3 He, Ne, Dum Ú Ar �¸íN¥, �¡âf
�{å�gO�, ��Ý3�/¤��m�g~�.
Dum � Ar ©f�', Dum �»��, �þ��, �
üö(Ü'�, 3 Ar �¸íN¥{å��. Fu �<

3�¸íN«a (He, Ne, Ar) éB� Si ¬â²þ
º�©Ù�K���Ñ, 3 Ne �¸íN¥���
B� Si ¬â²þº���!©Ù�þ!, ¿òÙ8
ÏuUþ=£ [13]. � He Ú Ar �¸íN�', Ne
�¸íN©f��»Ú�þ��¡âf��C, z
g-E�¡âf��¸íN�m�Uþ=£��.
3 Dum �¸íN¥, ü¸rÝ����rÝ��
��8ÏuUþ=£.

ã 3 ü¸����rÝ (a) Ú/¤�Ý3�¤I�m (b) ��¸íN©f�»Cz'X

4 ( Ø

æ^ Monte Carlo �[�{, �[
�¡ Si â
f3 He, Ne, Dum Ú Ar �¸íN¥��Ý3�L
§, ¿é�¸íN©f�»Ú�þé�Ý3�/
¤��mÚü¸����rÝ�K�?1
ïÄ.
ïÄ(JL², �Ý3�/¤�mU He, Ne, Dum

Ú Ar �gS~�, ��¸íN©f�þÚ�»O
�~�. ��¸íN�»��þ��¡âf��
�, ü¸����rÝ��. |^j{Z���.
é�Ý3�/¤�m?1
)º, �X�¡âfÉ
��{åO�~�. ¤�(Ø���\ïÄB�
¬â)�ÄåÆL§JønØ�â.
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Abstract

The transport dynamics of the ablated particles is simulated via Monte Carlo simulation. The influences of ambient gases (He,

Ne, and Ar dummy gas) on velocity splitting of the ablated particles under 100 Pa are investigated. The results show that the velocity

splitting appears in four types of gases. The formation times of velocity splitting of the ablated particles decrease in sequence of He, Ne,

dummy gas and Ar. The influences of the mass and radius of ambient gas molecule on the velocity splitting are also investigated. The

formation time of the velocity splitting decreases with mass/radius of ambient gas molecule increasing. The intensity is the smallest

when the two velocity peak intensities are equal. The formation time of velocity splitting is explained by the underdamping oscillation

model and the inertia fluid model. These results give a good foundation for the further study of the Si nanoparticle growth.

Keywords: Monte Carlo simulation, ablated particles, velocity splitting, gas kinds
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