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1 Ú ó

�á�r-1°Ä�)�pUlfåäk\
�ålá!ó°á!�Ýp!º���âÑ`
:, äk2��A^cµ [1−3], ÏdCc5¼�

�þ�'5ÚÝ\ [4−6]. 3�r-1°Älf\
��¢�ïÄ%ÇmÐ�Ó�, 'ulf&ÿì�
uÐA^%���ú. 8cISþ��-1¢�
¿�Ñ÷^DÚ�lf&ÿì, X�NØ»,&ÿ
ì (CR39) ÚË�CÚ�� (RCF) � [7,8]. ù
&ÿ
ìêâ?n�m��, 3¢�L§¥Ã{9�k�
/���"&E, Ïd����
¢��Ç, �Ø
�E¦^. �CAc, �E¦^�¤�� (IP)

3¢�¥���A^ [9]. �´ IP Ø´¢�&ÿì,

é¢��Ç�Jpék�. dd��, DÚ�lf
&ÿì®²Ã{÷vpEªÇ-1�lfN\
�¢�p�$1��¦, 7LuÐA^p�Ç�l
f&ÿì.

8c, A^u-1°Älf\�¢�¥�¢�
lf&ÿìÌ��)�Ï�� (MCP)[10]!{.1
� (FC)[11] ÚðcN�. Ù¥, MCP �k�º�±
9§é¢�^� (Xq¿ý�Ý) �î��¦, ¦�
§3¢�¥�A^��É�
4���. {.1
����Û�u>6½>þÿþ.

��ðcN´kÅðcN. �pUlf3ÙS
ÜÑ$�, ¬3&ÿìS-uÑg?>f, l�
�ðcN©f>l½-u, 3ò-�L§¥=¬u
Ñðc1. ��ðcN�éuÙ¦¢�&ÿìäk
õ�¡�`:. Äk, §5U½, Å�rÝp, F
�ÄÚÀÂ, F��, Ïd¢�¥A^��2�; Ù
g, §��{B, N´���NÈ!�¡È�ðc
N, �U�¿��¤¤I�º�; 1n, §éq¿�
ý�ÝÄ�þvk?Û�¦, ù�éu MCP 5`
��ü$
é¢�^���¦.

8c, ��ðcN3-1�lfN¢�¥®�
ÊHA^u>f!pU X ��!¥f&ÿ [12−14],
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3lf&ÿ�¡�A^KÌ�Û�u|^¯�
A (æB¦) ðcN��mA5(Ü�1�m{±
ÿþlfåUÌ [15]. 3�©¥,·�|^·>lf
\�ìé��ðcN�A5?1�[�ïÄÚI
½. duðcN��mA5®²ïÄ��õ, Ïd
�©Ì�ïÄðcN�(¯Ý!Ä���!Uþ
�A9�m©E�A5. ,	, éðcN&ÿì�
-1�lfN¢�¥DÚ�lf&ÿì?1
'
�, ¿éÙ3-1�lfN¢�¥��UA^?1

&?.

2 I½¢�C�

3�r-1°Ä�lf\�¢�¥, �f�
éulf5`o´�`k�)Ú\�, ÏdI
½¢��Ä�8I´¼���ðcNé�f��
A. ·�3�®�ÆØÔn�ØEâI[:¢
�¿� 4.5 MV ·>�f\�ì [16] þé��ðc
N&ÿì?1
I½. \�ìÑÑ��få>6
���� 20 µA, Uþ½Ý 6 1×10−3. ¢�¥
æ^�´ Saint-Gobain úi)��.Ò� BC430,

BC408, BC422 Q 0.5%�ðcN, Ù¥%u�Å�
©O� 580, 425, 370 nm. n«ðcN�þÝ©O
� 300, 300, 100 µm. ��ðcNc�L¡þ�1,

3cL¡ÛkþÝ� 100 nm �¾�. ¾�å��
�,Ñ1ß�� CCD �¡þ��^, Ó�§é�
få3ðcNSÑ$�K�Ä��±�Ñ.

ã 1 ��ðcNI½¢��«¿ã

ã 1�¢�C�«¿ã. 3\�ì�ÑÑà�
�SC
��m��m�(¹N!�Å�¯�. 3
¯�méÏm, �få�BL¯�\�����ð
cNþ. 3ðcNc�æ^{.1�5ÿþ�få
>6��. >6ÿþ�.�, �ÏL>�²£�ò
{.1�£m. Å�¯�!{.1�!ðcN��
�þ?uý�q¿¥, ±���få63�í¥�
P~. �få3ðcNS-u�ðc1&ÒòÏL
ý�q¿�1ÆI�, dq¿	�1ÆºÞÂ8¿

¤�� CCD �¡þ, ¿ÏLO�ÅXÚéu1ã
�?1æ8Ú��. ¢�¥ý�q¿�1ÆI�
én«ðcN¤?u1Åã�ßLÇþ�u 90%.

æ^�1ÆºÞ� Nikkor 35 mm, f/2D ºÞ|. �

�y¤�XÚäkp�Â8�Ç±93�Ó¢
�¥���5, ºÞ1�3I½L§¥þ����
�. 1Æ¤�XÚ����ê²LI½� 0.15 �.

CCD� Andor úi IXON885 >f�O.�Æ?�
Å (EMCCD). d	,�
ü$	ÜD(éI½(J
�K�,·�3¢�¥é,Ñ1&Ò?1
î��
¶-.

3 I½(J

3.1 &&&ÿÿÿKKK���999FFFËËË���555UUUïïïÄÄÄ

·�Äké��ðcNé�f�(¯Ý�\
��f\ÈJþ�'X?1
ïÄ. Ù¥(¯Ý½
Â�ü��f\��ðcNL¡�¤�)� CCD

Oê. ¢�¥�ÏLUC\�ìÑÑ>6rÝ±9
Å�¯��m��m, ¦�&ÿìL¡��få\
ÈJþ3õ�êþ?SëYCz.

ã 2(a) ± BC408 ðcN�~, �Ñ
�fU
þ� 1.9 MeV � CCD ü���þ�Oê�\�
�ù���þ��fê8�Cz. (JL², 38
c�¢�ëêe, ðcN�&ÿK��� 1.3×102

�/(50 µm)2, ��fJþ�u&ÿK��, òÃ{
3 CCD þ�)�©E�&Ò. ðcN�u1��
3 3 �êþ?��S�'u�f\ÈJþ. �\
ÈJþ�u 2×105 �/(50 µm)2 �, ðcNòu)
�Úy�. ã 2(b) �Ñ
 BC408 ðcN�(¯Ý
��f\ÈJþ�Cz, Ù¥�:�êâ´&ÿ
ìé 1.5 MeV �f�(¯Ý. �±wÑ, ��fJ
þ�u 2.4×105 �/(50 µm)2 �, (¯ÝÄ��±
ØC. �\ÈJþ�u 2.4×105 �/(50 µm)2 �, (
¯ÝÅì~�. �JþO�� 6.4×105 �/(50 µm)2

�,(¯Ýü$� 50%. ��(¯Ýeü�Ì��
Ï´: ��Jþ�lfåËìðcN�E¤Ë�
�ú��u1�Çü$. ã 2(b) ¥�Ê�(�
Ñ
�fUþ� 2.5 MeV �(¯Ý�\�Jþ�
Cz. �±wÑ, �fUþ�p, �ÚK���. é
u 2.5 MeV ��få, Ù�ÚK�Jþ�� 8×104

�/(50 µm)2.

3~^�lf&ÿì¥, CR39 &ÿì�(¯
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Ý�p, äküâf(¯Ý, Ù&ÿK��ûuá
���.D(. �´ CR39 ��ÚK��$, =�
� 2.5×103 �/(50 µm)2[17], Ø·ÜupJþ�lf
&ÿ. TR X�¤���(¯Ý��p, é 500—

2 MeV �f�(¯Ý0u 0.1—0.2[9], =ü���
þ�I\� 5—10 ��f=U�) 1 �Oê. ¤�
��ÿþ��é°, �� 4—5 �êþ? [18]. RCF

�éUþ�u 2 MeV ��fâk�A, Ó�Ù(
¯Ý�$, ± MD-55 .Ò�~ [19], e�fUþ
� 2 MeV, Ù&ÿK��� 4.9×103 �/cm2, ÿþ�
��=�� 2 �êþ?.

ã 2 (a) ðcNu1����f\ÈJþ�Cz (�fUþ
� 1.9 MeV); (b) ðcN(¯Ý��f\ÈJþ�Cz, Ù¥Ê
�(�é 2.5 MeV �f�(¯Ý, �:�é 1.5 MeV �f�(
¯Ý

�âþã'��±wÑ, �éu CR39 Ú IP 5
`, ��ðcN�(¯Ý�$, �´ÙFËì5U
�Ð, ·^upËìþ�Ë�|&ÿ. ÏL3¢�
¥æ^pu1�Ç�ðcNÚpþf�Ç� CCD,

±9Jp1ÆÂ8�Ç��{, �±¦ðcNXÚ
�(¯Ý��?�ÚJp.

3.2 ÄÄÄ���������

·��é��ðcN&ÿì�Ä���?1

ïÄ. éu¢�&ÿì5`, u1rÝ��fÏ
þ��5Ý��u�\ÈJþ��5Ý´¢�ó
�ö��'%�¯K. ÏLUC\�ì�ÑÑå6
rÝ, ¿�±Å�¯��mØC, ·�ïÄ
ðc
N�A��5��.�
��\ÈJþL���
Ëì�ú, �ÓI½¥¯��mþ����á.

ã 3 ¥ ^ � ¬ � Ñ
¢ � ¥ � f U þ
� 1.9 MeV ��¹eðcNu1rÝ (CCD Oê)

��fÏþ�Cz. lêâ¥�±wÑ, ��fÏ
þ?u 9.8×108 �/cm2·s−1 Ú 3.2×1011 �/cm2·s−1

�m�, ðc1rÝ��fÏþ¥yÑéÐ��5
'X. ã 3 ¥�Ê�(êâ�g©z [20], Ù\
��fUþ� 30 MeV, ðcNþÝ� 500 µm, p
¶�Ñ
ðcN�u1rÝ (1>�O+Oê).

l©z [20] ¥�êâ¥�±wÑ, ��fÏþ?
u 2.7×107 �/cm2·s−1 Ú 5.8×108 �/cm2·s−1 �m
�, ðc1���Ïþ�m¥yéÐ��5'X.

nÜ�¢�¥�êâ9©z [20] ¥�êâ,·
��±�Ñ(Ø: ��ðcN&ÿì�Ä����
�� 4 �êþ?, 3 4 �êþ?��Su1rÝ�
�fÏþ¥yÑpÝ��5�A. ùéuòðcN
A^�å6�Ý��é��-1�lfN�p�
^+��¢�ïÄ¥´ék|�.

ã 3 ðcNu1rÝ�\��fÏþ�Cz Ù¥�¬ê
â��¢�¥�êâ, p¶� CCD Oê; Ê�(êâ�g©
z [20], p¶�1>�O+Oê

3.3 ���mmm©©©EEEÇÇÇ

3ò��ðcN��¤�&ÿì�, Ù�m©
EÇ´��'�ëê, I�?1¢�I½. 3��
ðcNcç���
�»� 5 mm, þÝ� 500 µm,
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>�b|���, éBL����få3ðcN
¥-u�ðc1��mrÝ©Ù?1
ÿþ, X
ã 4(a) ¤«. ã 4(b) �Ñ
u1ã�î��rÝ©
Ù�.

ÏLé���ý>�?rÝ©Ù��[Ü
���A>¼ê I(x)(Xã 4(b)). éA>¼ê I(x)
?1�©O�=���XÚ��*Ñ¼ê L(x)(X
ã 4(c)). ÏLé�*Ñ¼ê L(x) �[Ü, ¿�Ä�
1ÆXÚ����ê, ��Ñ8c¢�^�e��
ðcNXÚ��m©EÇ∆x �� 403 µm. du\
���få�O�å, Ïd�@�ù��m©EÇ
Ì��ûu��ðcN���©EÇ ∆x1 Ú1Æ
¤�XÚ�©EÇ ∆x2. e¡ò?1�[?Ø.

ð c N � � � 1 Æ ¤ � X Ú � � m © E
Ç ∆x2 �ûuõ�¡Ï�. |^©EÇ�é�
Óó�ëêe�¤�XÚ�©EÇ?1
üÕI
½, �� ∆x2 �� 200 µm. dd��: ðcNg�
�©EÇ ∆x1 �� 346 µm. ù�ê��©z [21]

¥�Ñ�ðcN�©EÇ�´ÎÜ�.

��ðcNg���m©EÇ ∆x1 Ì��û
uü��¡: �få3ðcNSDÑ�Uþ�È«
��î�º� ∆x11, ±9-u�ðc1f3ðc
NSDÑ���Ñ�A ∆x12. |^ Monte Carlo l
fÑ$§S srim2010 (the stopping and range of ions

in matter)[22] �é�f3ðcN¥�Ñ$L§Úî
��Ñ�»?1�[O�. Ù¥î��Ñ�»½
Â�NB
 90%�f�©Ù«�¤éA�î��
», ��@�´�flðcNL¡,:\��3ð
cNS-u�F1«��». �âO�(J��,

3 MeV �få3 300 µm ðcNSÑ$�î��Ñ
�» ∆x11 �� 6 µm. dd��, ∆x11 éðcNg
�©EÇ�K�´���, ðc1f3ðcNS
DÑ���Ñ�A ∆x12 ´Ì�û½Ï�. b��
f-u�ðc1�:1, ¿¥��Ó5u�. d
u3��ðcN�cL¡Ûk���¾�, ���
ðc1ò3¾�?u)º¡��, ù��u3:1
�º� ��3,�u1:1. ü�:1²
L¤�XÚþ3 CCD �¡þ�)��¿u)U\,

lE¤�½��m�Ñ. d	, ðc1f3c�
L¡?¬u)û��/¤g1, Ïd¬?�Ú
\ì�Ñ�A. þã�ÑÏ�Ñ´��ðcN�m
©EÇeü�Ì��Ï.

�m©EÇéu¤�&ÿì5`�'�. 3

DÚ��¢�&ÿì¥, CR39 &ÿì��m©E
Ç=���þ?. IP ¤��XÚ��m©EÇÌ�
�ûu IP ÖÑ¤, ;.��m©EÇ� 50 µm. Ï
Lc¡�¢�I½�� 300 µm ����ðcNg
���m©EÇ3 350 µm �m, ��uDÚ��
¢�lf&ÿì. 3ò��ðcNA^ulfå�
�rÝ©Ùiÿ�, ù��m©EÇÄ�U÷v�
¦. 3ò��ðcN��lfÌ¤�&ÿì�,

�m©EÇò��û½Ì¤�Uþ©EÇ, �m©
EÇ�p, Uþ©EUå�r. Ïd3eÚó�¥
A�{?�ÚJpðcN��m©EÇ.

ã 4 (a) ��ðcNc���» 5 mm ����ðcN�u1
ã�; (b) Y²���1r©Ù�, [Ü���ý>�?�
A>¼ê I(x); (c) XÚ��*Ñ¼ê L(x)
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3.4 UUUþþþ���AAA���

�ÃÅðcNØÓ, ��ðcN�u1���
�få3ðcN¥�Uþ��¿Ø¤�', u1�
Ç�\�lf�Uþ;��'. Ïd, 7Léðc
NéØÓUþ��f�(¯Ý?1[��I½.
·�3 1.0 MeV Ú 2.5 MeV �mÀ�
 5 �U

þ:, é��ðcNéØÓUþ�f��A?1

ÿþ, Xã 5 ¤«. Ù¥, BC430 ðcN�(¯Ý±
�:L«, BC408 ±Ê�(L«, BC422Q 0.5%±
�¬L«. lã¥�±wÑ, ðcNé�f�Uþ
��A�¥yÑ��5O��ª³, ù�(J�
± ��
¢�(J´�Î� [23,24].

3ò��ðcNA^��r-1°Älf\
��UÌÿþ�, Uþ�A�éuO(íälf
å�UÌ©Ù´7Ø���. þãÿþ(J���
ðcN�UÌÿþA^Jø
ë�êâ [25]. I�
�Ñ�´, ��ðcNé�f��AØ
��fU
þ;��'	, ��ðcN�þÝ;��'. 3A
^Ù¦þÝ�ðcN�, ÙUþ�A�¬kwÍ
ØÓ, I�#?1¢�I½.

ã 5 n«.Ò��ðcN�(¯Ý�\��fUþ�Cz

3.5 óóó������ÇÇÇ'''���

CR39 lf&ÿìduI�²L�¡!�W!
ÖÑ��¡�L§, êâ?n�mé�. =¦æ^

»,gÄÖÑXÚ, ?nüu(J��Ñ¤ 3—4 h,

¢��Ç$e. éu RCF Ú IP ¤��5`, ¦+ü
uêâÖ���m�Ø � 10 min �m, �´du
I�E�mý�q¿5��&ÿì, Ïd¢��
Ç��$.

�©¥0����ðcNáu¢�&ÿì, ¿
�æ^ CCD ÚO�ÅXÚéðcNu1ã�?1
æ8P¹, ¢y
élf&Ò�¢�ÿþ, ò&Ò
?n�m�~�A©¨, l��Jp
¢��Ç.

d	, �@XÚ�±ëY$1, ÃIõg�mý�
q¿, ÏdcÙ·^upEªÇ-1��lfN
�p�^L§¥�lf\�ïÄ.

4 ( Ø

nþ¤ã, ·�3�®�Æ� 4.5 MV ü?
·>\�ì�6�f\�ìþélf¢�&ÿ
ì —— ��ðcN�FË�5U!(¯Ý!�m
©E!Uþ�A��A5?1
¢�ïÄ, ¿�
�DÚ��¢�lf&ÿì?1
'�.

��ðcN���«lfå¢�&ÿì, kX
õ�¡�A^, X3lf\�ì¥�^u¢�ÿþ
Úi�ÑÑå6rÝ!å�º�/G!rÝ©Ù
�. 3-1�lfN¢�¥, 8c®k�A^Û�
u|^¯��ðcN��mA5(Ü�1�m{
ÿþUÌ. ��¤�&ÿì, ��±é��ðcN
3-1�lfNïÄ¥�A^?1ÿÐ, XÏL�
�ðcNÚp©ElfÌ¤�(Ü, �¢yé-1
\��lfå�UÌ?1¢��ä [25] �. ÏLþ
ã�ÿÐ¦^, �±9��*/���"&E, �
mÐpEªÇ-1°Älf\��¢�ïÄJ
ørkå�|±.

�~a��®�ÆlfÔnïÄ¤��ï]�ÇÚ

ý uP�3lf\�ì$1þ��å|±Ú�Ï.
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Abstract

The characteristics of a real-time ion detector—plastic scintillator are experimentally investigated on an electrostatic accelerator.

The sensitivity, the dynamic range, the energy response, and the spatial resolution of the plastic scintillator are calibrated, and then

compared with those of other ion detectors. Meanwhile, the possibility for the plastic scintillator to be used as a diagnostic tool in

laser-driven ion acceleration experiment is discussed. The plastic scintillator provides an efficient tool for online ion detection in the

experiments of high-repetition-rate laser-driven ion accelerations.
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