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&ÿ
ÄU� 1.0—7.0 MeV� 129Xe30+ \� Au L¡�)� X ��Ì. ¢�(JL², \�lfÄU�p�,

Ø=-uÑér� Au �M -X ��, �-uÑ
 Xe �L-X ��, � X �����\�lfÄUkr�'5. ©Û


 X �����\�lfÄU�'X.

'�c: p>Ö�lf, X ��, lfÄU

PACS: 32.30.Rj, 32.70.Jz, 34.50.Fa

1 Ú ó

$�p>Ö�lf��NL¡�p�^ï

Ä®kNõ��, �%�f´ù��^L§�

�y� [1−3], <�3\�lf�Ý�u Bohr �

Ý (2.19 × 106 m/s) ù�$U«�, ®?1
�þ

�lf - �f-E¢�. ù
¢�¥, \�lf>

Ö�9³U��^��õ/'5, \�lf³U�

�Èé�^L§�K���uÙÄU�K�. IS

	3ù�+��¢�ïÄÌ�8¥3±eA��

¡: lf3�N¥>Ö²ï�m [4,5]
!�^L§¥

�«�'>f�u� [6,7]
!�^L§¥ X ��9

��1�u� [8−10] ±9L¡�f�í�Úá�L

¡U5� [11]. ±þïÄ¼�
éõ'uL¡±þ

p Rydberg��%�f/¤Úò-±9lf3L

¡±e³U�È�Ôn&E.

3�pÄU (>1 MeV) �lf��N�^-

u X ��Ì�¢�ïÄ�¡, yÜ]� [12] 3l

f\�ìI[¢�¿^ÄU� 84.5 MeV� C4+ �

��7á�^, &ÿ
q�f� K-X ��Ì, ï

Ä
Ì�(�; M¢r� [13] 3�®�fUïÄ�

Gé\�ìþ^ÄU 20—45 MeV� O5+ ñÂ Ta

q, ïÄ
 Ta � L-X ��u��¡©|'; Azuma

� [14] 3 NIRS-HIMAC ^ 423 MeV � Fe24+ \

� Si ¬N, &ÿ
 Fe � Kα X ��Uþ9rÝ�

Ñ��9&ÿål�'X. ù
ïÄ�o�&ÿ�

q�f�A� X ��, �o�&ÿ�\�lf�A

� X ��. \�lf�q�fÙ¥���fSê�

�, lf�q�fS��>fåPU����, -

EL§¥Õ³¿�>fØ-�. 3lf��Nq�

f�^�nØïÄ�¡, £ã�lf��Nq�^

�) X ���nØ'�¤Ù, küN-ECq!�

6nØ (X�²;CqÚ²¡ÅCq) � [13]. �3

lf�7áq�f�^-u X ���nØï

Ä�¡, duÙ�cö�E,�õ, �8ÿÃ��

õ�nØ�.. 4p>Ö�lf�7áq�f

�^, ÏLÿþ�^L§u�� X ��, �±��

��p>Ö�lf�q�fØ¥Õ³¿�>f/

¤�Ç��*ÄåÆ&E, Ù X ��Ì�±'��

*/�NÑp>Ö�lf3¥5zL§¥�(�
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Cz. �, �âÿþ���q�f9lfA� X

���Ì�(�Ú��, ��±'�O(/�äÑ

\�lf9q�fS��>f>l�§Ý.

�©��
3=²lf\�ìI[¢�

¿ 320 kV p>Ö�lfnÜïÄ²�þ, ^ 1.0—

7.0 MeV ÄU�p>Ö�lf 129Xe30+ ñÂ7

á Au L¡�)�A� X ��Ì�¢�(J. Ø


&ÿ� Au � M -X ��, �&ÿ�
 Xe � L-

X ��, y¢ Xe30+ 3eL¡-�-EL§u)


?�Ú>l, ¿é X �����\�lfÄU

��'5?1
ÐÚ©Û. �©z [12—14] �',

dulf\�ÄU��, qáÀ�·�, Q&ÿ�


\�lf�A� X ��, �&ÿ�
q�f�A

� X ��.

2 ¢�C�Úÿþ�{

ã 1 ´ ¢ � C � « ¿ ã. p > Ö � l

f 129Xe30+ d=²lf\�ì>f£^��

lf (ECRIS)Jø, å63ØÓ�ÚÑ>ØeÚ

Ñ, |^ 90◦  =©Û^cò(½>Ö��lfÚ

\ 320 kV p>Ö�lfnÜïÄ²�, ,�²L

o4ßºÚ19�à�O�, lf?\SÜäk>

^¶-õU��pý� (� 10−10 mPa)q¿, ��

¬L¡�p�^. 3�g¢�¥, �^å6�å�

�»��3 5 mm × 5 mm ��S, å6rÝ� nA

þ?, lf± 90◦ ��\�u²LL¡Àz?n

�zÆXÝ� 99.9% � Au �NL¡, ÙL¡È

� 15 mm×15 mm,þÝ� 0.1 mm.

ã 1 =²lf\�ìI[¢�¿ 320 kV p>Ö�lfn

ÜïÄ²�

\�lf� Au L¡�p�^¤�)� X �

�Ì|^ XR-100SDD. Si ¤£&ÿì?1&ÿ,

&ÿ¡È� 25 mm2, Si ¬NþÝ� 500µm, &ÿ

� BeIþÝ� 12.5µm, 3¸z�m� 9.6µs,OÃ

� 100��¹e, �±&ÿ�Uþ��´ 0—14.55

keV, Uþ©EÇ� 146 eV.¢�¥, &ÿì�\�

å6��¤ 45◦ �, ålq: 80 mm,&ÿ��A

ÛáN�� 3.906×10−3 sr. \�lfdlfOêì

Oê, 1 �OêéA 10−9 C. ¢�c|^IO��

 241Am Ú 55Feé&ÿì?1
�Ý.

3 ¢�(J�©Û

3.1 ���ppp���^̂̂---uuu Au ��� M -X ������

ã 2(a), (b) Ú (c) � Ñ 
 1.0—7.0 MeV

� Xe30+ \� Au L¡�)� X ��Ì, \�l

fOêþ� 104 (ü : 10−9 C). (Jw«, ù�

ÄU��� Xe30+ \� Au L¡þU-uÑ�r

� Au � M -X ��, ���rÝ�\�lfÄU

�O\¥²wO\�ª³. �â{IË�|I[¢

�¿ X 1�y�1¥% (LBNL Center for X-ray

optics and Advanced light source)Jø�êâ, ã 3

�Ñ
 Au � M � N ��ØÓG��>fåP

U, ±9÷v�[5K��[-u� X ��Uþ,

� 13 ^ X ��, ÙUþ��� 1.648—2.879 keV,

�^ X ���Uþ3ã 2(c)�AU IÑ. du�

�&ÿ©EÇ (�p°) � 0.146 keV,Uþm��

����3U\, k���¸Ã{w«, ¢�Ì�

¥w«� Au � M -X ���U �]�Jø�ê

âÎÜ�éÐ.

�â²;L^�. [15], �p>Ö�lf$Ä

�l7áqL¡�.ål Rc =
e

4πε0
·

√
8q + 2

2W
� (ª¥ q �lf�>Ö�, W �7á�õ¼ê, e

�>f>þ), m©Ð¼7á��>f, ��>f�

�=£�\�lf�p n ��, /¤�%�f. Ó

�, 7áL¡ép>Ö�lf�)º�\�, Úå

lfÄU�O\, OÃ�ÄU÷v ∆E =
Wq3/2

4
√

2
.

�g¢�, \�lf>Ö�� 30, Au �õ¼

ê� 5.1 eV,O����.ål Rc = 2.2 × 10−9

m, � \ � l f Ä U � 1.0 MeV �, Ù \ � �

Ý v =
√

2E/m ≈ 1.2 × 106 m/s. R�\��, l

fþL¡L§²{�m�� 1.8 × 10−15 s, ��u

p Rydberg��f�ò-�m [10]. ¤±, \�lf

þL¡L§Ð¼�p n >fvkv
��mò-,

¢�&ÿ�� X ��´lfeL¡L§�)�. ¢

�¥lfº�\�Úå�ÄUOÃ ∆E = 148 eV,

�\�ÄU�'�ØO. \�lfeL¡L§�³
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U�È´dÙp n >fò-¢y�, du Au � M

��>f�$(ÜU� 2206 eV, Xe30+ �>f

(ÜU� 1742 eV,TUþØv±-u Au � M �

��Ç. ��, Au � M -X ��´\�lf�þÄ

U3eL¡L§�È�(J.

ã 2 ØÓÄU� Xe 30
+ \� Au L¡-u� X ��Ì (a)

1.0—4.0 MeV; (b) 5.0—6.0 MeV; (c) 7.0 MeV

�â�g¢��ÿþ^�, �Ä�&ÿì½I

���°� 1.7537 eV,b½Ó���u�´��Ó

5�, ��Ñ Xe30+ �^uqL¡� X ���� [8]

Y =
C

N
= 3.056 × 10−4 ×

q × w × A

Q
, (1)

Ù¥, C ���Oê, N �olfê, q ´\�l

f�>Ö�, w ´�p° (FWHM)(ü � keV), A

´¸Oê, Q �lfOêìO��>þ� (ü 

� 10−9 C). �Ä� Au �ØÓUþ� M -X ��

�\�lfÄU�O\äk�C�Czª³, �

â (1) ª·�O�
ØÓ\�ÄU� Au � M -X

��Ì¥Ì¸�ülf����, Ù���\�

ÄU�Cz�ã 4, �����Ø�dØ���Ñ.

��, �3�ÄUK�, \�lfÄU$uTK�

�, Ã{-uÑ Au � M -X ��, X ����oN

�lfÄU�O\¥²wO\�ª³, lfÄU

� 4 MeV �, �3� X ����¸�.

ã 3 Au � N � M ��>f�[-u� X ��

ã 4 Au � M -X �����\�lfÄU�'X
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3�²;üN-ECqe, ·�oÑ/�O


��lfÏL-Epuq�fS���Ç�ÄU

K�. Äk, /¤q�fS���Ç�7�^�´

��lf�±¿©/�Cq�f, �âUþÚÄþ

Åð½Æ, �±d±eüª(½é%-E�üØ%

C���ål d:

E =
1

2
m1v

2 =
1

4πε0

e2Z ′

1Z
′

2

d
+

1

2
(m1 + m2)V

2,

(2)

m1v = (m1 + m2)V, (3)

Z ′

1 Ú Z ′

2 ©O´�ÄØ	>f¶-���lfÚ

q�fål�C��k�Ø>Öê, E ´��lf

�\�ÄU, v ´��lf�\��Ý, V ´��l

fÚq�f3��ål?��Ó�Ý, m1 Ú m2 ©

O´��lfÚq�f��þ, e Ú ε0 ©O´Ä�

>Ö>þÚý�0>~ê. Ùg, q�fS��>

f�-u�^�´ÙÉ���lf�¥Õ³U�

u½�uÙ3q�f¥�åPU E2b, d� d �´

q�fS��>f���lfØ�²þål, K

E2b =
e2Z ′

1

4πε0d
. (4)

d (2),(3)Ú (4) ª��p>Ö�lfpuq�fS

���Ç�ÄUK��

Eth =
Z ′

2(m1 + m2)

m2
· E2b. (5)

�âã 3, Xe30+ � Au �^�) Au � M -X

��, -EL§��A-uÑ Au � 3D5/2 ��Ç,

T�>f�åPU E2b � 2206 eV,k�>Öê Z ′

2

��� 79 − 10 = 69, d (5) ª�¦Ñ Au � M -

X ��éA� Xe30+ lfÄUK�� 0.252 MeV.

ÄUK�´�Ä��lf�q�f�-�(½�,

�-�VÇ4$, ¤±, ���lf�ÄU²w

�uÄUK��, â�U&ÿ��A� Au � M -X

��. �â©z [9] ���, Xeq+ -u Au � M -X

���ÄUK�A�u 0.350 MeV,þãO��Î

Üù�(J.

� â (2) Ú (3) ª, Xe30+ � \ � Ä U

� 2.0 MeV �, lf�q�fØm�Cål�

� 4.3 × 10−12 m, Tål? Au � M ��>f

É� Xe Ø�r¥Õ�^u)>l, /¤�Ç, �

Çò-, u� Au � M -X ��. \�lf�q7á

�^L§QÉ�q�f>f{�, �É�q�fØ

�¥Õ{�, >f{���lfÄU��, Ø¥Õ

{���lfÄU�q�f=£, �, �^L§

7,Úålf�q�f!q�f�q�f�g?

-E. �\�lfÄUv
r�, Äg-E-uq

�fS�>f�VÇOr, Ó�, g?-E��U

-uq�fS�>f, �� Au � M -X ����

� Xe30+ �\�ÄU�O\wÍO\.

� Xe30+ �\�ÄUl 4.0 MeVO� 5.0 MeV

�, Au � M -X ����ØO�ü. ù´Ï�TÄ

U�, \�lf²w-uÑ
 Xe � L-X ��, `

² Xe � L ��®/¤�Ç. d�, -u Xe � L �

�>f�Ñ
 Xe lf��þÄU, Ó�, Xe lf

É��>f{��^wÍOr, ÄU���²w\

ì.

3.2 ���ppp���^̂̂---uuu Xe ��� L-X ������

�â LBNL Jø�êâ, ã 5 �Ñ
 Xe � L

� M ��ØÓG��>fåPU, ±9÷v�

[5K��[-u� X ��Uþ. � 7 ^ X �

�, ÙUþ��� 3.637—4.512 keV,�^ X ���

Uþ3ã 2(c) �AU IÑ. du��&ÿ©E

Ç (FWHM) � 0.146 keV,Uþm�������

3U\, ��¸w«Ø²w, � Xe � L-X ���&

ÿ(J�]�Jø�êâoNÎÜ�éÐ.

ã 5 Xe � M � L ��>f�[-u� X ��

�â (1) ª·�O�
ØÓ\�ÄU� Xe

�L-X� � Ì ¥ M 2S1/2—L2P1/2, M 2D3/2—

L2P3/2 9 M 2D5/2—L2P3/2 n^��ülf��

o��, Ù���\�ÄU�Cz�ã 6, ����

�Ø�dØ���Ñ. ��, ��3�ÄUK�, \
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�lfÄU$uTK��, Ã{-uÑ Xe � L-X

��, X �����lfÄU�O\�¥²wO\

�ª³.

� Xe30+ �\�ÄU���½��, -EL§

lf�q�fØm�C�åléC, Tål? Au

� M ��>fÉ� Xe Ø�r¥Õ�^¬u)>

l, Ó�, Xe � L ��>f�¬É� Au Ø�r¥

Õ�^>l, /¤�Ç, �Çò-, u� Xe � L-

X ��. éu Xe30+ lf-u Xe � L-X ���Ä

UK�¯K, E�Älf�q�fu)é%-E�

�¹, ��) Xe � L ��Ç, �¦lf�q�få

l�C�, Xe � L ��>fÉ� Au �fØk�>

Ö�¥Õ³U7L�u�uÙ3 Xe ¥�åPU,

aq (5) ªk

E1b = e2Z ′

2/(4πε0d). (6)

(Ü (2) Ú (3) ª�� Xe30+ lf-u Xe � L-X

���ÄUK�÷v

Eth =
Z ′

1(m1 + m2)

m2
· E1b. (7)

dud� Xe lf��ò-, TåPU E1b �� Xe

� 2P5/2 �>f�>lU 7660 eV, Xe�Øk�>

Öê Z ′

1 ��� 54 − 2 = 52, K Xe lf\� Au

-u Xe � L-X ���ÄUK�� 0.659 MeV.l

ã 6 ��, \�lfÄU�u 1.0 MeV �, Xe �L-

X � � Ì ¥ M 2S1/2—L2P1/2, M 2D3/2—L2P3/2

9 M 2D5/2—L2P3/2 n^��ülf��o��

®�~$, `²ù�O���¢�(J´�Î�.

ã 6 Xe � L-X �����\�lfÄU�'X

ÄUK�´�Älf��fé%-E��

��(J, �\�lfÄU���, �é%-E

��U-u Xe � L ���Ç, \�lfÄU�

�, -u Xe � L ���Ç�VÇÒ��, ��

�����\�lfÄU�O�²wO\. o

�, duq�f�>f{�ÚØ¥Õ{�, \�

� Xe30+ eL¡L§u)
?�Ú>l, lf\

�ÄU� 7.0 MeV �, ��Ì¥²wÑy
 Xe

� M 2P3/2—L2S1/2 9 M 2P1/2—L2S1/2 �, `²

�3 Xe30+ >l 2S1/2 �>f��¹.

��Ì¥Uþ$u 1.5 keV���´ Xe � M

��9 Au � N ���Çò-�(J [12], du Xe

� M ��9 Au � N ��Ñy
�õ�Ç, �)

�þ��, qÉ&ÿ©EÇ���, ¦TUþã�

��¥ëYÌA�.

4 ( Ø

^ 1.0—7.0 MeV� Xe30+ \� Au L¡, lf

þL¡L§/¤
 Xe ��%�f, �duL§�

má, �%�f5Ø9ò-. \�lfeL¡L

§, ¯�lf�ÄU�ÈÏLq�f�>f{�

ÚØ¥Õ{�¢y, >f{��ÑlfÜ©ÄU,

Ø¥Õ{���lfÄU�q�f=£. ��Ä

U� Xe30+ � Au �f-E�, lf��fØmå

é�, Tål?lf��f�Ø¥Õ³þér. �

lf\�ÄU�u Au � M -X ��éA�ÄU

K��, Xe �Ø¥Õ³�� Au � M ��>fÉ

-, /¤�Ç, u� Au � M -X ��. �lf\�

ÄU�u Xe � L-X ��éA�ÄUK��, Au

�Ø¥Õ³Ó��� Xe � L ��>fÉ-, /¤

�Ç, u� Xe � L-X ��, d� Xe30+ eL¡L

§u)
?�Ú>l, �\�lfÄU� 7.0 MeV

�, ��Ì¥²wÑy
 Xe � M 2P3/2—L2S1/2

9 M 2P1/2—L2S1/2 �, `²�3 Xe30+ >l 2S1/2

�>f��¹. \�lfÄU��, -E-uq�

f9\�lfS���Ç�VÇ��, ¦ Au � M -

X ��9 Xe � L-X ��ülf��þ�\�l

fÄU�O�¥O\�ª³. �� Xe30+ �\�

ÄUl 4.0 MeVO� 5.0 MeV�, \�lf²w-

uÑ
 Xe � L-X ��, �Ñ
lfÜ©ÄU, Ó

�, lfÉ��>f{��^wÍOr, ÄU��

²w\ì, �� Au � M -X ����ØO�ü. '

u 4.0 MeV?Ñy�����¸�¯K, duÿþ

:��, �I?�ÚïÄ.

�öé=²lf\�ìI[¢�¿ 320 kV p>

Ö�lfnÜïÄ²��Nó�<
�"�ó�L«©

%a�.
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Au L X-ray and Xe M X-ray emission following
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Abstract

The X-ray emission due to the impact of129Xe30+ ions of 1.0—7.0 MeV kinetic energies on Au surface is detected. The

experimental result shows that when ion kinetic energy is larger the incident ion excits not only AuM X-ray but also XeL X-ray. The

X-ray yield and the ion kinetic energy have a strong correlation with each other. The relationship between the X-ray yield with ion

kinetic energy is analyzed.
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