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Abstract − In this study, molecular dynamics simulations have been carried out to investigate the scattering properties of

impacted ions on Cu(100) surfaces with the normal incident angle for various noble gas atoms including He, Ne, Ar, Kr and

Xe. The initial kinetic energy of the projectile atoms was ranged from 100 eV to 1,600 eV. The simulation results are focused

upon the scattering energy variations and the angle dependencies according to the incident energy and the projectile mass. For

light atoms(He and Ne), the ratio of the scattered to the incident projectile energy was in a good agreement with the theoretical

prediction based on the binary collision approximation. However, in the low energy regime, the scattering trajectories of heavy

atoms(Ar, Kr and Xe) were characterized by the multiple collisions with the top and the second layer surfaces. With increasing

the initial kinetic energy and the projectile mass, the scattering energy and the probability distribution were shown to be sharp

and narrow. The angle dependencies of both longitudinal and azimuthal directions were not significant for light projectiles,

while the longitudinal angle dependencies on the scattering distribution were indicated for heavy projectiles.
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�� ���� �� 	
(projectile ion)� �
 ��� �� �� �

�(target atom)� ����� ��, �� 	
� ����� ��  !

� �" �#� ���$ ��%� �& ��� '() * �+ ��

,- ./%01 �+� �� 2	- 3�%4 56. )7, ��- 8"

&9:� ���$ ;� �� 	
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trapping A�� B	4 56. CDEF- 	G H� 	
 �� IJ�

KLM �� 	
� �+ �� ��� �� N�� O?P QRS� T

U) 	? ��(binary collision)� �" VWX Y KFZ, 	� ���

� [E� \ �� 2	� ��  !F- T]X Y K6[1-3]. 	^_
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� �� �� ���� ��� :` N� a bc�� d2%
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 �� IJ�� e?<� f� g�$ hi" Dj? �� k�,

e:�� �� ^l, �
� �� :m n� 2!o� 	
 ./p� T

U-M A� .qE8 r�� 6s%4 t!oe K6[4-6].
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�� c�� ��L I� IJ�M YDo� L}�� �x%T ," :

� '. �2(molecular simulation) bp� �) 2e IJ(thought

experiment)	 6s%4 Y�oe K6. 	� '. �2 bp� �� 	?

�� 	�� TU$ � Monte Carlo(MC) '. �2 bp[7]� MARLOWE

G TRIM ��� Robinson� Torrens[8]G Ziegler n[9]� �" k�oL

A� 6s) �� ��� &�F- %� 	
 �� ��IJ� �l 2!

oe K6. ��1 	? �� 	�� TU) MC bp� MARLOWEG

TRIM ��� �� ���� ���01 �� 	
� �� �� ��>�

��h� � ��, �� ��>� 6� �� A�� � ¡ �A¢ Y £

6� ¤¥	 K6. ¦) linear-cascade §  ̈©�M CL1� �� �� �

��� ª«�¬(sputtering) a ­�ª�(cluster) P� n� z®5 A��

� � ¡ �A¢ Y £6� ¤¥� ��e K6[10]. D�� Boltzmann�

�> ¯°(time average) k± %�M �� ¦� :��� ²Q [E�

Newton� e' QRSF-9� ³´ {.%� molecular dynamics(MD)

'. �2 bp[7]� MC bp�M �A¢ Y £� �> �µ N�¶$ ̀

·) ���� QE �¸$ ³  ́�A¢ Y K6� =¥	 K6.

NordlundG Kuronen[11]� 100 keV 	%� ��� ¹,�M Si 	
�

Si ��� ����� MD ��IJ� Y�%~ 	? �� 	�� TU

- %� DSACRY a TRIM ��� ��º� �� h»%~ ¼	 r�j

(depth profile)� |	$ B86� 2I� Be%½6. Ohashia n[12]� �

� ��� d¾�M �� ��$ Al ¿À� ����� MD '. �2$

I�%~ �� ��� a bc� �Á �� ���� [E� �2%~ N

� ²Q bc�� Be%½6. ¦) Lahaye n[13]� 0.01-100 eV� ��

� §¨�M Ag(111) ��� ��) Ar 	
� ./ A�� z) g�$

s� ¨SE §c� e}) MD ��IJ� Â" �A%~, Ag ���


j a 6� �� Ã� n� �Á Ar 	
� ./ N�� Be) Ä K

6. Kim n[14]� 10-500 eV� He, Ne, Ar, Kr, Xe n� �Å� 	
��

Ni(100) ��� ����� MD '. �2$ I�%~, Æ� �� ���

d¾�M �� 	
� ��� �Á ./ a ª«�¬ ���� ��� :

`G bc�� d2) Ä K6. 	�� g�� �%� �� ��� §¨

�M ��	 Ç0² Kr a Xe �� 	
� È ÉÊ Ë� Ni ��G 6�

�� A�	 �µE	Z, ��	 �Ì² He a Ne �� 	
�� �� �

����� Í�¢YÎ 	? �� A�	 �� 	
� ./ a �� ��

�� ª«�¬ A�� �µE8 ÏF- Be%½6.

)7, Ð g�� n[15]� 100-1,600 eV ¹,� �����$ Ñ� Y

Ò 	
� Ni(100) ��� Y³ a 45o- ����� MD ��IJ�

Y�%~ �� bc a ���� �Á Ni ��Ë�� ²Q��� ÓÔ

N�, ./ a 3� YÒ 	
� [E N�, ��� :` a bc��

z) N� n� d2) Ä K6. �� 	
	 YÒ 	
8 �� ÕÖ �

�G� ��h� Æ�  6. ��M �� YÒ 	
� ���� �� Õ

Ö �� 2	$ 3�¢  ×	 6Á 	
� h" �T ØÙ�, 	� �

Á YÒ 	
� 3� a ./ ²Q N�� 6Á �� 	
� h»" N

	 A�� YD%½6. Ð g� ÚÙ�M� 100-1,600 eV� �� ��

���$ ��� He, Ne, Ar, Kr, Xe 	
� Cu(100) ��� ����

� MD ��IJF-M �� 	
� �E ��� ��h a ����

� n� �Á ./ 	
� ��� :`j, ./Û� :` n, ��� a

bc�� �µo� Â{ u¨SE N�º�� :� |��M ?{EF

- r�%½6. Ð '. ��IJ ��� �� ����� §¨�M Y

�5 TÜ� g� ÚÙ�� h» :m·F-M �� ��� §¨�M

�� 	
� Ý�E QE N�� "m¢ Y K� Þ �Õ�, �� 	


� ��� �Á ./ N� vW�  & E!X Y K� Ï	6.

2. �� �� 	


MD :� '. �2�M :��� 0Q� ¤� :� 2	� ���

`ßà� �" {.56. Ð g��M� �� 	
(He, Ne, Ar, Kr, Xe)

� �l ��� �� ��� `ßà� áRE Screened-Colomb P¸�

Ziegler-Biersack-Littmark(ZBL) ̀ ßà- âLã6.

(1)

~T�M Z1� Z2� �� 	
� ��� ��%� �l ��� ��

É�	Z, rij� �� 	
� �l �� 2	� �& 0l, eG ε0� Û

Û '�� '%� a äå �¸� æ'ç� �Ý)6. '� :`� �

Á ��� B�è� `·%� ZBL `ßà é (1)�M bk a ck� B7

�Y(universal constant)-M Ùê� 1ëì ÄG HFZ[1, 2], 'TE

|í î	(screened length) ao� Bohr� YÒ �� D� aB$ `·)

6ï éF- âLä6.

(2)

¦) ��� �l-�l ��� �? ��� `ßà� \ ��� �&

0l� �� ZBL P¸� áRE `ßà, Morse P¸� 8RE `ßà

�le 	 \ `ßà� ðñY P¸� spline ̀ ßà-9� {.oò6.

\ ��� �& 0l Ra=1.5ó 	<� �>�M� ,� é (1)�M 1

ëô ZBL P¸� áRE ��� `ßà- {.oòFZ, �& 0l

Rb=2.1ó 	�� �>�M� �õG H� Morse P¸� 8RE ��

� `ßà	 E!oò6.

(3)

~T�M DG ro� ÛÛ 	y?� ���G ¯P �¸�M ����

Ó,$ 1ë<Z, α� ö÷ ø�×-9� {.oò6. �l ��� �

� ÛÛ D=0.3429 eV, r0=2.866ó, α=1.3588ó−1F- âLä6. )7

�& 0l� 1.5-2.1ó 2	� �>�M �l ��� 2	� ���

`ßà� 6ï� H� ðñY P¸� spline ·Y- âLã6.

(4)

,� spline ̀ ßà ·Y�M ÓY a1, a2, a3, a4� ÛÛ  340.68 eV, −394.50 eV/

ó, 149.29 eV/ó2, −18.559 eV/ó3� º� �ä6. 	^_ C� �>�

M ZBL `ßà� Morse ̀ ßà� dy%� spline P¸� `ßà�

	
 �� IJ� z) :� '. �2 bp� �l 2!oe K6[16, 17].

�� 	
� �l ��� �� a �l �� �� >� ��	 ä�

ù� �� ���� [E� Verlet úelû� 	!%~ Newton� ²Q

b�é� C� �> >�� �� Dx E:%~ {.¢ Y K6[7, 18].

¦) �� 	
� �E ��� �� * ²Q�	 ü' B'o� ø� ��

(elastic collision)� %Z, �� ý æÃ `ßà D�(Rc)� �l ���

D� :` ·Y(radial distribution function)$ e}%~ 4.0óF- V�

%½6. )7, ���� [E� �2%�þ Òÿo� '. �>� �E

Ô%T ," Æ 10� �> >��6 �� ��>� neighbor list$ �

 �) * �� 	
� ������ �� 40-350 femto second(fs)�

� ���� [E� {.%½6.

UT �� 	
	 ��o� �l �E� 3.6147ó� �� �Y(lattice

constant)$ ��� ���b?� �� �d-M xy-̄ �� &" ÛÛ

19�19k� �l ��$ µu) * 	$ z-� bc8 Y³F- 6Ë�

µu%~, � 2,166k� �l ��- ��5 ü' �� �¸- �A%

½6. 	� �� 	
� ÷T a ���� �� Cu ��� Y³F- �

�5 �� 	
	 Cu ��G ��) * �b?� r�F- 	
1��

Ã�(side effect)$ �Ò)F- �C Y K� �:) ÷T	6. )7 100-

1,600 eV� ����� ¹,�M �� 	
� UT ,¶� �l �b?

� xy-̄ �F-9� Y³8 z-� �c bcF- 3.5ó� �	� ,¶

VZBL rij( )
Z1Z2e2

4πεorij

----------------- bk
k 1=

4

∑ ck

rij

ao

----– 
 exp=

ao
0.8853aB

Z1
0.23 Z2

0.23+
---------------------------=

Vmorse rij( ) D 2α rij ro–( )–( ) 2D α rij ro–( )–( )exp–exp=

V spline rij( ) a1 a2rij a3rij
2 a4rij

3+ + +=
���� �41� �1� 2003� 2�
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%Z, �� 	
� �� bc� �l �b?� xy-̄ �� Y³F- �

�ojÎ V�%½6. ¦) �2Û� �� �d� &��� e}%~

1.331�1.331ó2� ¤, �� �¨(reduced impact zone)[19]� V�%

e ÛÛ� d¾�M 25�25É� �� IJ� Y�%½6.

3. �� 
 ��

	? ��� z) ²QSE 	�é� �%� ü' ø� �� d¾�

M �E ��G ��) �� 	
� ²Q��� E1� 6ï éF- �A

56.

(5)

~T�M Eo a E1� ÛÛ �� 	
� UT ²Q��� a �� * 1

ë<� ²Q���$ �Ý)6. ¦) M1� M2� ÛÛ �� 	
� �

E ��� ��� 1ë<Z, φ� �� D2Û� 1ëô6. �� 	
�

�E �� ��G� ��h� Í�¢YÎ 	? ��� �0) �& �

� D2Û φmax� �õ� éF-9� {.5 ºB6  6.

(6)

)7, é (5)� 
Á� è� `·5 ±9�� �& ��	  � �� 	


� ��, � M2/M1>18 ���� s� 9�$ �ä6. ��M φ=90o

- âL�� backscattering d¾�M �� 	
� �� * ²Q���

EP� 6ï� H	 {.X Y K6.

(7)

Fig. 1� Eo=100-1,600 eV� ¹,�M ./ 	
� ¯° ��� h$

Eo� &) -� ·Y- 1ë<ò6. �& ��	  � He� Ne 	
�

�� Eo� º	 Í�·� �� ¯° ./��� h� ¥| Í�%~ 	

? ��é (7)-9� {.5 º� ´�%� ÏF- 1ë�6. 	� Suh

G Min[15]	 I�) Eo=100-1,600 eV ¹,� YÒ 	
	 Ni(100) �

�� ��X Ø 1ë1� YÒ 	
� ./ N�� æ2) ��-M �

� ����� d¾�M �& ��	  � He� Ne 	
� ./ A�

� �E ��G� 6� ��� �) §c	 ÷Z, �� ������M

He� Ne 	
� ./ A�� 	�� O?� �� Ã�� â5 ÿ8�

� B~âe K6. LeeG Kang[20]� He, Ne, Ar, Xe� �Å� T? 	


� Si ��� ����� IJ� Y�) Ä K6. 	�� Eo=20-300

eV� ¹,�M ¤C 	? �� ./(single binary scattering, SS), æ2

¤C �� ./(quasi-single binary scattering, QSS), g
E8 	? �

� ./(successive binary scattering, DS) a 6� �� nF- ���

��� �Á 	
�� ./ A�� VW%½6. 	�� g� ��� �

�� Eo<50 eV §¨�M h»E �& ��	  � He� Ne 	
� ¯

° ./��� h� DS� §cF- 8" SS éF-9� {.5 ºB

6 � ÏF- 1ë1 �� ����� §¨�M He a Ne 	
� ./

A�� 	? ���F- "m%� Ï� ���) ÏF- �¤%½6.

¦) UT �� ��� Eo� º	 Í�¢YÎ He a Ne� ¯° ���

h� �PEF- �Ò%~ Eo=300 eV�M� QSS a SS 	�� �0

) º� ´�%� ÏF- Be%½6.

)7, Fig. 1� 1ëô ÄG H	 Eo=100-200 eV� �>�M He a

Ne 	
� ¯° ./��� h� Í�%� ��$ B	� D� Ar, Kr,

Xe 	
� ¯° ./��� h� � �F- �Ò%� ÏF- 1ë�6.

N¡ �& ��	 Í�¢YÎ ¯° ./���� �Ò �� � ÏF-

1ë�6. 	�) ��� Eo=100-200 eV� ¹,�M �& ��	  �

He a Ne 	
� ��� Cu ��G� áRE `ßà� §c	 Æ� ÷

Z, �& ��	 � �� 	
CYÎ Cu ��� È ÉÊ a \ ÉÊ Ë

��G� 6� �� Ã�- 8" ��� Cu ��- '(o� ����

s	 Í�·F-M �� 	
� ¯° ./���� �Ò·� �Ý)6.

)7 Eo=200 eV 	�� �� ����� ¹,�M Ar 	
� ¯° .

/��� h� ¥| �Ò * Í� ��$ B½FZ, Kr 	
� ¯° .

/��� h� ������ Í�¢YÎ �PEF- �Ò%� �c�

1ë<ò6. ��1 Eo=200 eV 	��M Xe 	
� �� ./ A�	

CL1� �� ÏF- 1ë�6. Eo=20-300 eV ¹,�M Y�) LeeG

Kang[20]� g� ��� �%� �� ����� Eo=20 eV d¾�M

Si(100)��� ��5 Ar� Xe 	
� ¯° ./��� h� 0.9 	�

F- Ar� Xe 	
� &9:� UT ������ �&- æ�o� Ï

F- Be%½6. ¦) ������ Í�¢YÎ Ar 	
� ¯° ./

��� h� ¥| �Ò%~ Eo=120 eV 	��M� 0.2 	%- �Ò%

Z Xe 	
� Eo=150 eV 	��M ./ A�	 CL1� �� ÏF-

Be%½6. 	�) 2I�� Ð g��M� Kr a Xe 	
� ¯° .

/��� h� &) ��� �� æ2) �c� 1ëô6. N¡ Eo=50 eV

	%�M �& ��	 � Ar a Xe 	
� é (6)� �) �)E8 .

/ÛF- 8" He a Ne 	
� h" � ¯° ./��� h$ ���

ÏF- Be%½6[20]. ��1 Ð g��M� Eo=100-1,600 eV� ¹

,�M �& ��	  � �� 	
CYÎ ¯° ./���� h� �

ÏF- 1ë�6. 	^_ UT ������ �� �� 	
� ¯° .

/��� h� |	$ B	� 	æ� �� 	
� �� ��G� ��

h a �� �E, ������ �Á 	
� ��Ôj, �E ��� �

d� �Á ./ ��Õû� |	 n� T8)6.

Fig. 2� Eo=200 eV, 400 eV, 1,600 eV� d¾�M He� Kr 	
� .

/  × :`$ ./��� Es� &) UT ����� Eo� h- 1ë

<ò6. Fig. 2� �� �� 	
� &) ./  × :`$ 1ë<��

���� �� 	
� �E ��� ��h(M1/M2)� �� ./  × :

`� � |	$ B	� ÏF- 1ë�6. CDEF- Eo=100-1,600 eV

¹,�M� �� ����� d¾�M� ./  × :`� �� ��

��� d¾�M� ./  × :`� h" �� ÏF- 1ë�6. ¦)

�� 	
� �E ��� ��h� Í�¢YÎ ./  × :`�  �

E1 Eo

M1

M1 M2+
-------------------- 

 2

cosφ
M2

M1

------- 
 2

sin2φ–
1 2⁄

± 
 2

=

φmax sin 1– M2

M1

------- 
 =

Ep Eo

M2 M1–
M2 M1+
--------------------=

Fig. 1. The mean scattered energy of various projectile ions as a function
of <Eo>.
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ÏF- 1ë�6. Fig. 2� jéÔ) He� Kr 	
� Cu ��� &)

��h� ÛÛ 0.063, 1.319-M �� � |	$ �ä6. 	� �� �

& ��� ������ ÓÔ� &) He a Kr 	
� ./  × :`

j�M� 6ï� H� N�	 z!oò6. Eo=100-1,600 eV� ¹,�

M He 	
� ./  × :`� Kr 	
� h" �� ÏF- 1ë�F

Z, ��- 8" Cu ��F- '(o� ���� s� Kr 	
	 He

	
� h" � ÏF- 1ë�6. Eo=200 eV� d¾�M �� ./  

× :`$ ��� He 	
� Eo� º	 Í�·� �� ¥| �� ��

� �>�M �)E8 ./  × :`$ B	� ÏF- 1ë�6. ¦)

Eo=400 eV 	��M He 	
� ./  × :`� 	? ��éF-9�

{.5 ���h <Es>/Eo=0.88� �´) �¥�M �&�  × :`$

��� ÏF- 1ë�6. I�- Eo=400 eV a 1,600 eV�M He 	


� <Es>/Eo=0.79, 0.81�M ÛÛ �&  × :`$ B	� ÏF- 1ë

�6. N¡ Fig. 2(a)� jéÔ) Eo=200 eV d¾�M He 	
� ./

 × :`j� 1ë1� �� ��� �>� " #lP :`� Cu �

�G� 6� �� Ã� a Cu �� �?� $� A�(corrugation effect)

� �) ÏF-M, ��	  � He 	
	 Kr 	
� h" Cu ���

$� A�� B6 � §c� %�6� 2I� <`%e K6. 	� Lee

G Kang[20]	 Y�) Eo=30 eV a 300 eV�M Si(100) ��� ��5

Ne 	
� ./ A�� &) TOF :m a ./  × :`jG �� æ

2) ��	6. 	�� g� ��� ��� �� ������ Ne 	


� DS� �) ./	 &9:	Z, ������ Í�·� �� Ne 	


� ./� SS� �) ./F- 	Q%� ÏF- Be%½6. D��

	G QC d¾�M Kr 	
� �& ��	  � He 	
� h" ��

��� �>�M B6 �)E8 ./  × :`$ 1ë<ò6. 	� �

�	 �Ì² He �� 	
� �� ������ Í�¢YÎ Cu ��

� È ÉÊ Ë� 6� ��� �) ./�M ¥| 	? ��� �) .

/ Ã�- '&oZ, ��	 Ç0² Kr �� 	
� �� UT ���

��� Í�¢YÎ \ ÉÊ Ë 	% Cu ��G� �� ��� a Cu

��< Kr 	
� 3� a trapping A�� �) ./ �Y� �Ò$ �

Ý)6.

�� 	
� ./Û� ÛÛ î	(longitudial) bc� b,(azimuthal)

bc� �� θ a ψ- �:%½6. î	 bc ./Û θ� Cu ���

xy-̄ �F-9� ³Û8 z-� bcF- r�%~ 0-90o� ./ ¹,$

��Z, b, bc ./Û8 ψ� FCC(100) bc�M(110) bcF- r

�%~ 0-45o� ./ ¹,$ �ä6. 	� �� Fig. 3� Eo=200 eV�

He a Kr 	
� î	 bc ./Û� &) ./  × :` a ./�

�� :`$ ÛÛ 1ë<ò6. �'� 1ëô î	 bc  × :` a

��� :`� cos θ=[0, 1] �>� &" 25k� QC �>F- 1(ò

6. Fig. 3(a) a Fig. 3(b)� 1ëô Eo=200 eV� î	 bc  × :`

j�M� He 	
� �� î	 bc8 cosθ� &" N� bc�� Ç

z%4 �� î	 bc� :`$ B	� ÏF- 1ë�6. 	� �� 	


� �� �� ��� &) æÃ �� �À (effective collision diameter)

� |	- VWX Y K6. �, æÃ �� �À	  � He 	
� Cu

��G Ç ,E �� D2$ CF)  ×	 Kr a Xe 	
B6 �6

� Ï� �Ý)6. ¦) Kr 	
� �� Cu ��G ��) * z-� b

cF- ./%�  ×	 He 	
� h" �4 1ë�FZ, cosθ� &

" �� î	 bc� :`$ B	� ÏF- 1ë�6. 	G æ2) I

JF-M Kim� Kang[14]� Eo=10 eV�M 45o- Ni(100) ��� ��

5 �Å� T? 	
�� î	 bc ./  × :`$ jéÔ) Ä K

Fig. 2. The energy probability distribution of scattered ions as a func-
tion of Es /Eo: (a) Eo=200 eV, (b) Eo=400 eV and (c) Eo=1,600 eV.
The open and the solid bars correspond to Kr and He projectile
ions, respectively.

Fig. 3. The probability and the energy distributions for scattered ions
as a function of cosθθθθ(Eo=200 eV). The left and the right columns
correspond to He and Kr projectile ions, respectively.
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6. 	�� g� ��� ��� �& ��	  � He 	
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�� �2Û� Æ� ���Z �� ./  × :`$ 1ë<� ÏF-

Be%½6. ¦) Kr a Xe 	
� ./Û� �� �2ÛB6 � º�

��Z, ./  × :`� He 	
� h" &¤¡  � ÏF- Be%

½6. Ð g� ��G h»%~ �& ��	 � Kr� Xe 	
�  ×

:`j�M � |	¥� *� + Y K6. �, Eo=10 eV�M� Kr a

Xe 	
�  × :`� &¤¡  � ÏF- Be 5 D�� Fig. 3(b)

� 1ëô ÄG H	 Eo=200 eV� Kr 	
�  × :`� cosθ� &

" �ý¡ �� ÏF- 1ë�6. 	� �� 	
� �� �� ���

&) �� �¥ (impact point)� |	- VWX Y K6. 	�) |	

� �� �¥	 �� 	
� ./ [E� Ý¶� §c� ,�)6. �

Eo=10 eV� Kr 	
	 1ë<� ./ [E� �� �¥� � §c�

%� �FZ, Eo=200 eV� Kr 	
� �� �¥� �� 6s) ./

[E� 1ëô6� 2I� �Ý)6. ¦) �� �¥� |	� �� 	


� �E ��>� æÃ �� �E� |	$ B86. 	�) 2I�

Fig. 3(c)� Fig. 3(d)� jéÔ) Eo=200 eV� &) He a Kr 	
�

î	 bc ./��� :`j�Mj  8	 ��%6. Fig. 3(c)� 1ë

ô He 	
� �� �� �� ��8 Cu ��G� Ç ,E �� D2

- 8" î	 bc8 cosθ� z{£	 Ç ,E ./��� :`$ B

86. D�� Fig. 3(d)� jéÔ) Kr 	
� ���� æÃ �� �À

	 �, Cu ��� z-� bcF- ./%� ��� æÃ �� �À	  

� xy-̄ � bcF- ./%� ��� h" �� ./���$ ���

ÏF- 1ë�6. ¦) ./Û	 �Ò¢YÎ �PE �Ò ��� ./

��� :`$ Ñ� ÏF- 1ë�6. 

)7, Fig. 4� 1ëô Eo=1,600 eV� ����� d¾�M He a Kr

	
� î	 bc ./Û� &) ./  × :` a ./��� :`�

N� bc�� *� + Y £FZ, Fig. 3� jéÔ) Eo=200 eV d¾�

h" �)E8 hg
E ./  × :` a ./��� :`$ Ñ� ÏF

- 1ë�6. 	�) ��� 6ï� H� 2I-9� VWX Y K6.

�, ������ Í�¢YÎ Cu ��� &) æÃ �� �À	  � He

	
� Cu �� 2	$ 3�¢  ×	 Í�%Z, æÃ �� �À	 � Kr

	
� Cu ��< trapping  ×	 Í�%~ ./Y� �Ò%4 56. �

�M ������ Í�·� �� He a Kr 	
� î	 bc� &) .

/  × a ��� :`� hg
EF- 1ë14 56. I�- Eo=1,600

eV, 625 �� Dx IJ�M �� 	
� �Á .//trapping A�� ÛÛ

20/0(He), 51/33(Ne), 32/119(Ar), 7/302(Kr)8 ÏF- 1ë�6.

Fig. 4. The probability and the energy distributions for scattered ions
as a function of cosθθθθ(Eo=1,600 eV). The left and the right columns
correspond to He and Kr projectile ions, respectively.

Fig. 5. The probability and the energy distributions for scattered ions
as a function of ψψψψ(Eo=200 eV). The left and the right columns cor-
respond to He and Kr projectile ions, respectively.

Fig. 6. The probability and the energy distributions for scattered ions as a
function of ψψψψ(Eo=1,600 eV). The left and the right columns corre-
spond to He and Kr projectile ions, respectively.
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Fig. 5G Fig. 6� Eo=200 eV a 1,600 eV d¾�M He a Kr ��

	
� b, ./Û ψ� &)  × :` ·Y a ��� :` ·Y$

jéÔ%½6. ÛÛ� �'�M B� ÄG H	 He a Kr 	
� b,

bc ./Û� :`� î	 bc ./Û θ� h" N� bc�� 1ë

<� ��6. 	�) ��� �� 	
� Cu ��� &) æÃ �� �

À a Cu ��G� 6� ��� �) §cF- "mX Y K6. Fig. 5(a)

G Fig. 5(b)� 1ëô Eo=200 eV d¾�M He a Kr 	
� ./  ×

:`� N� b, bc ./Û� Çz%4 0-45o ¹,�M �4 :`%

� ÏF- 1ë�6. 	� �� Fig. 5(c)G Fig. 5(d)� 1ëô ./��

� :`j�M� �� 	
� �� ./���� ÷T�� |	$ B

C Þ N� b, bc ./Û� Çz%4 �4 :`%� ÏF- 1ë�

6. ��1 b, bc ./Û� �Á �� 	
� ./��� 7|� |

	$ B	� ÏF- 1ë�6. He 	
� �� ̄ ° ./ ���� 137.2

eV-M b, ./Û ψ� �� 6Ò � 7|$ B86. D� Kr 	
�

���� b, ./Û ψ� Çz%4 h»E E� 7|� �� ./�

�� :`$ B	� ÏF- 1ë�6. ������ Í�¢YÎ He 	


� Ç ,E �� D2 a 6� �� Ã��M -L1 N� b, b

c� &" �)E8 ./Û� Ñ� ÏF- 1ë�6.

Eo=1,600 eV d¾�M He 	
� b, bcÛ ψ� &) ./  ×

a ./��� :`$ Fig. 6(a)G Fig. 6(c)� jéÔ%½6. �'�M

B� ÄG H	 &9:� He 	
� <100> bc a <110> bcF-

./¢  ×	 �FZ, 6Á b, bc� h" �� ./���$ ��

� ÏF- 1ë�6. 	�) ��� ����� a æÃ �� �À	 Í

�¢YÎ �� 	
� �� ��G� Ç ,E D2 Ã� a 6� ��

Ã�� �Ò- �� 	
	 �ä �? bc�	 æ�ù� 1ëô6. )

7 Fig. 6(b)G Fig. 6(d)� jéÔ5 Eo=1,600 eV d¾�M� Kr 	


� &9:	 Cu ��$ 3�%01 Cu �� <9� trappingoL ./

Y� �Ò- 8) Â{E8 	æ ØÙ� b, ./Û ψ� &) ./ N

�� � ¡ ./¢ Y� £� ÏF- 1ë�6. I�- Eo=1,600 eV,
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Y� ÛÛ 7�, 316�, 302�- 1ë�6.

4. � �

Ð g��M� Eo=100-1,600 eV� He, Ne, Ar, Kr, Xe 	
� Cu

(100) ��� Y³F- ����� MD ��IJ� Y�%~ �� 	


� �E ��� ��h a ���� �Á ./ 	
� ��� ÓÔ,

bc�� z) :` N� n� :� |��M e!%½6. �& ��	

 � He� Ne 	
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� Eo=200 eV Ý�
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½6. ¦) Kr 	
� �PE �Ò A�� 1ë<òF1, Xe 	
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Eo=200 eV 	��M ./ A�	 CL1� �� ÏF- 1ë�6. .

/  × :` a ./��� :`� ����� a �E ��G� ��

h� Í�¢YÎ  � ÏF- 1ë�6. �� ����� d¾�M He
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./ Ã�- '&%~  � ./ :` a ./ ��� :`$ 1ë<ò

6. ��	 Ç0² Kr �� 	
� UT ������ Í�¢YÎ \

ÉÊ Ë 	% Cu ��G� �� ��� a Cu �� < Kr 	
� 3�

a trapping A�	 Í�%~  � ./ :` a ./ ��� :`$ 1

ë<ò6. )7, ./Û� �Á bc�� �� ����� d¾�M He

	
� Cu ��G� Ç ,E �� D2- 8" cosθ a ψ� Çz)

�� bc� :` N�� 1ë<òFZ, Eo� º	 Í�¢YÎ ¥| �
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