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�ïÄæ^V� 150 mm×150 mm ðc^
�½ �»��\�ÚÑ� �. 
�&Ò1¦^Å£1náÂ
DÑ, 3 ICCD �Åc�\c��Orì, ¦&Ò1ò´�u 200 ns, ¦ ICCD �±d	Üp�>u&Ò��, k�
P¹�Å>u¯~. T�»�½ XÚ�±Ó�õ:�8ÿþÏ^&ÿìÿÁ²���m©EÚðc1�Þ�
�m. T#�{�DÚ�m©Eÿþ�{�'Jp
 30 �±þ��Ç. ¢�(Jw«: �m&ÿì��m©EÐ
u 200 ps, ÷vÏ^&ÿìÿÁ²���O�¦.

'�c: ICCD, �»�½ , �m&ÿì, �m©E

PACS: 29.40.Mc

1 Ú ó

�º�âf&ÿì�5UÿþduÉ��
�>âf�BßUå���, õæ^\�ìå6½
�»� (C/¤©Ì�� µ f) ?1�mÚ �I
½��ÝÚÿÁ, ¿�Ñ&ÿì�&ÿ�Ç��m
©E�ëê. 8c3IS�kpUÔnïÄ¤�^
�5�âfÁ�å6 [1], �±Jøüâf (e±, π±,

P±) Á�å, duTÁ�å=U3ÓÚË�;^�
ª$1��{�m¦^, $1¦^�mÚ±ÏÉ�
'�����. Äu¦^�m�üâfå6�Ç¯
K, ±9ISâfÔn¢�&ÿì�5UïÄI¦
��Ä, [ïá��Jø^r¦^�|^�»�?
1&ÿì5UÿÁ�Ï^¢�²�.

�O¥�Ï^&ÿìÿÁ²�d�m&ÿì
Ú �&ÿì|¤. �m&ÿìd 6 � BC408 þ�
�ðcN�¬¿üü�|¤, z��¬ðcNº�
� 1100 mm×156 mm×50 mm, üàÏLßbkÅ
Àæ1�LÞÍÜ, d¯1>�O+ (PMT) ÖÑ.

ÙÌ�^åXe: �>fÆXÚJø>u�m; �
Ñ�»�¯~��må:, °Ý�¦Ðu 200 ps, ±
÷v��j¿&ÿìé�må:��¦; �Ñ�»
�Â¥�«���, �O¥�²� �&ÿì>f
ÆÖÑU«�æ^�?èÖÑ, k�~�ÖÑ>f
ÆÖÑ�ê.

�
ïÄd¢�²��m&ÿì��m©E
ëê, �©æ^ ICCD ¿1ÖÑ½ {, |^�»�
�Ñ
�m&ÿì��m©E.
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2 ÿþ�nÚ�{

2.1 ÿÿÿþþþXXXÚÚÚ���>>>uuuÚÚÚüüüXXXÚÚÚ���mmmÎÎÎÜÜÜ

Xã 1 ¤«��ÿþXÚ©�nÜ©: >uX
Ú; ICCD ½ ÖÑXÚ; CAMAC ÖÑXÚ (ÖÑ
1>�O+ PMT � TDC Ú ADC &E). ü�ÖÑ
XÚæ^Ó��m>u.

ÿþ�òn¬�ÿþðcNç���, òü|
ðc^
�R�éà©O��un¬�1�mð

cNþe±ï�»�»,. ^�ðc^
��
Ó¡È���ðcN (BC408) ��>uðcN, æ
^üà1>�O+ (PMT) ÖÑ, �y&Ò�BL
þ�ðcN
���»�&Ò, Jpk�êâP
¹. ÊÎÜ&Ò��ü�XÚ�ÓÚ�m>u
&Ò, ÊÎÜ&Ò©O�n�ðcN�þÚ�e
ü¬�ÿþðcN�Và1>�O+ÖÑ&ÒÚ
>uðcN1>�O+ÖÑ&Ò. ¢S�ê¯~Ç
� 1—1.4 Hz.

ã 1 &ÿXÚ�nµã

du ICCD ÖÑXÚ� CAMAC ÖÑXÚ©
O¦^
ü�O�Åæ8êâ, ��yl�êâ
¯~�(ï, ü|XÚ��êâ�P¹
¯~
�m, �mÓÚ°Ý�Î¦, ¢S�ê¯~�m�
� 0.7 s—1 s, Ïd�±ÏL�mÎÜ�yü|XÚ
P¹êâ��éA.

2.2 ICCD XXXÚÚÚ½½½   ���nnn

Xã 2 ¤«, ��»�BL>uðcNÚ�ÿ
þðcN, Äk�Ñ��XÚ>u&Ò, �»�B
Lðc^
��, Â¥�ðc^uÑðc1, Å£
1náÂðc1&Ò, ò&ÒDÑ� ICCD, ICCD

�â>u&ÒÚ���m��m (=Í1�m) m
©Í1æ8ã¡. òþeü�ðc^
�Uìã 2

l��m?Òl 1 � 15. ÏLl�ã�£O?n�
�äNÂ¥�ðc^?Ò, l���»�\�Ú

Ñ� �.

ICCD

PMT

PMT
PMT

1512 3 . . .

1512 3 . . .

ã 2 ÿþ��{�(�

3 ÿþC��n

ICCD �»�½ XÚÌ�dp� ICCD ¤�
XÚÚü|��ðc^
��¤. éu�ÿþðc
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N�Ý��, Ù½ °Ý� 10 mm, °Ý�±÷v
T�m&ÿìé�m©E��¦.

3.1 ICCD ¤¤¤���XXXÚÚÚ

ÿ þ ¦ ^ � ICCD X Ú, � ¹ n Ü ©, © O
� ICCD �Å, �ÅºÞÚc��Orì.

ICCD �Å´ Stanford Computer Optics úi)
��û�Or.p� CCD �Å, .Ò� 4 Quick

Edig, äk�r�ü1f&ÿUå, Ù�p©E�
�� 780×580, �¢�¥¦^�´ 390×288 ��©
EÇ, T©EÇeÖÑ�Ý�±�� 66 fps[2], TÖ
Ñ�Ý®²�±÷v�»�¯~Ç��¦.

ICCD �ÅvkºÞ�å1���&Ò��,

¤±��
 Nikon �ÃÄºÞ, .Ò� 35 mm f/1.4.

¦^�ò1�N���, �åÏLÃÄN�.

ºÞc\C
��I� 1XZ18/18W c��O
rì, �OrìU
¦1�� 104 �. Tc��O
rìØ
�±O�1r, ,��Ì�õU´ò´1
DÑ. ICCD XÚæ^	>u&Òó�, �Å�Â�
>u&Ò�éÄ�ÅSÜ�OrìpØ,�m©
ó�, P¹&Ò, ù�L§úu&Ò1�D4, Ïd
I�ò&Ò1ò´. c��Orì�ó�pØ?u
~mG�, ²LÿþT�OrìU¦1D4ò´�
u 200 ns, lU
�y&Ò1��� ICCD ®?
uó�G�.

3.2 ������ðððccc^̂̂


���

��ðc^
��kü|, z|��ðc^

�d 15 ��Ý� 160 mm �¡� 10mm×10 mm �
��ðc^ (BC408) ©¤. z���ðc^	R�
�7 3 � Φ1 mm Å£1n (BCF-92) Xã 3 ¤«.

��ðc^�u1Å�¸ � 425 nm, Å£1ná
ÂÌ� 350—450 nm, u�Ì¸ � 492 nm[3], O\
�71n�ê�±O\Å£1néðc1�áÂ
L¡È, lJpé&Ò1�ÑÑ�Ç; z�ðc
^�	�¦^V� Tyvek x��K, ðc^��C
á�31�Â8�¡å���^, òðc^uÑ
�ðc1û��£ðc^, JpÅ£1náÂðc

1VÇ, Ó�{�ü��m&Ò1�pZ6.

 

ã 3 ü���ðcNü�(�

ã 4 30 �Å£1n�½37á¬þ

ü|
�� 30 �Å£1nÚÑ, ò1n�½
3 Φ18 mm �7á¬þ, Xã 4 ¤«, 7á¬�»
��� ICCD c��Orì\�I����, 7h
ÍÜ�, ÏL ICCD ¤�XÚÖÑ&Ò. ��XÚÑ
�²Lî�;1?n.

4 ã�£OÚêâ?n

4.1 ICCD ���ÝÝÝ���ããã���£££OOO???nnn

du��ÿþ �¬E¤�½7á�¬�c
��Orì�m�)�� £, ¤±3zg�êc
�, Ñ¬?1�g�Ý, �y £Ø¬K��l�
êâ?n.

ÿþC��N¦^ç��ÙÚç��;1?
n, ¤±�Ý�{´ýkò��ß²1n (BCF-

98) �\Å£1nå¥, r1ÏL1nD�ì��
ÜÅ£1n, ^ ICCD P¹e�Ü1n �. ã 5
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� ICCD ����v�Ýã�, ã¥xÚ�:�&
Ò, �â�:���Ý�, z��S«�éA��
1nÑÑ��Ü&Ò. ã 6 � ICCD ����v�
»�Â¥ã�, �±w�kü��Sk&ÒÑÑ,

�âüÙ�±��éA�1n ��þ�1 4 �
Úe�1 4 �, l(½�»�\�ÚÑ� �.

ã 5 �Ývã�

ã 6 �»�Â¥vã�

4.2 ÂÂÂ¥¥¥   ���888���zzz

ÿþêâØ
�±¦^R�\���»�ê
â, ��±ÏLé�»�\�Ñ� �8�z, ¦
^Ü©��êâ. ±�»�BL�ÿþðcN»
,¥% ��IO, òþe
�ÑkÂ¥&E��
»� (��Ý���»�þeÂ¥:ªÝmåØ�
L 6 �ðc^) ©� 15 |, z|êâ� 10 mm m
�. êâ¥üà| 1 |� 15 |, ?3ÿþ�>�,

���»�ÚOþ�Ù¦|êâ�'¬~�, ùü
|ÿþ(J¬k��ÚOÞá.

4.3 ���mmm©©©EEE

b��ÿþðcNüà TDC ÿþ�Ñ��1
�m©O�� T 1 Ú T 2(®�), �éu>u�m t0

��m��K� dt1 Ú dt2. T1 = dt1 + t0,

T2 = dt2 + t0,
−→

 T+ = T1+T2
2 = dt1+dt2

2 + t0,

T− = T1−T2
2 = dt1−dt2

2 , σ2
+ = σ2

T1+T2
2

= σ2
dt1+dt2

2
+ σ2

t0,

σ2
− = σ2

T1−T2
2

= σ2
dt1−dt2

2
.

�âØ�D4úªKk

σ2
dt1+dt2

2
= σ2

dt1−dt2
2

= σ2
T1−T2

2
,

¤± σ− �²þ�m©E.

>u�m t0 ��m©E σ0 ��d>uðc
N�NÈ��û½, æ^�º�>uðcN, ¬E
¤ t0 Þá'��, ÏLüàÿþ��~�±�Ø t0

ÞáK���²þ�m©E σ−, ÏLþ¡úªí
Ñ t0 ��m©E σ0,

σ2
0 = σ2

+ − σ2
−.

�â±þúª�±íÑ\�²þ�m©E σt,

σ2
t =

σ2
dt1 · σ2

dt2

σ2
dt1 + σ2

dt2

=
σ2

T1 · σ2
T2 − σ4

0

σ2
T1 + σ2

T2 − σ2
0

.

4.4 ���mmm - ÌÌÌÝÝÝ???���

ÏLÿþ���©ÌÝÌÚ�mÌ, du3ÿ
þ¥¦^�´c÷½�þOì, &ÒÌÝÞáE¤
½��m�Ä, ÏdI�éÿþ(J?1�m - Ì
Ý?� [4]

T ′ = Tmeasure − p0 −
p1√

Ameasure

.

ª¥ Tmeasure � TDC ��P¹��m, Ameasure

� ADC ��P¹�ÌÝ, p0 Ú p1 ©O��m�Ì
Ý'X�[Ü�ëê, T ′ �?����m. ã 7

Úã 8 ©O�?�cÚ?���m�ÌÝÑ:ã,

�mü �z� 24.7 ps, ÌÝü �z� 0.25 pC.

ÏLÑ:ã�±wÑ, ²L?���m�ÌÝ�C
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zCz�§Ý²w~�.
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5 ÿþ(J�?Ø

5.1 ���mmm©©©EEE

z�|ÿþêâ�må 10 mm � 15 �:, 3
�ÿþðcNþØÓ�Ý ���ÿþ
o|ê
â, z|êâ¥�üàêâduÚOê�, ÚOÞ
á'��. ã 9 ¥ σ+ �Và1>�O+�¹ t0 Þ
á�²þ�m©E, σ− �Và1>�O+²þ�
m©E, σt �Và1>�O+\�²þ�m©E.

0
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/
p
s
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σ-

σt

ã 9 �m©E©Ùã

�ÿþðcNæ^� BESII �m&ÿì��,

�àæ^��� R549-5 1>�O+, màæ^�
m©E�Ð� xp2020 .1>�O+.

5.2 ðððccc111ÞÞÞ������mmm©©©ÙÙÙ

éo|êâ��m�?1[Ü, Xã 10 ¤«,

p¶�üà1>�O+ÿþ��m�, ü � ps,

î¶��ÿþðcN�Ý���I, ü � mm. Ï
L[Ü�±¦Ñðc13��ðcN¥�Þ��
m� 7.06 ps/mm, ã¥ R2 �[Ü��&Ý. ðc
1Þ��m^ué�»�Â¥ �½�, ÏL�m
&ÿìÿþ����m��ÐÚ�äâfÂ¥�
«�,  �©E�� 4 � 6 ��m©EØ±Þ��
m, �� 140 mm, �O¥�Ï^&ÿìÿÁ²��
 �&ÿì>fÆÖÑ�±�âo��Â¥«�
æ^�?èÖÑ, k�~�ÖÑ>fÆÖÑ�ê.

DT/↼T↩T↽/

DT=7.0569z + 6670.3

R2=0.999 
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ã 10 T1−T2
2

�m�©Ù

5.3 (((JJJ???ØØØ

�¢�|^ ICCD ½ �»�ÿþ, �±^u
&ÿì��m©Eÿþ. T�{�8cå6¢��
ÿþ�{�', ØÉ\�ìå6¢�^���, �
±3ÊÏ¢�¿^�e|^�»�?1ÿþ, �±
�8õ:�ê, ��mÿþ. DÚ|^�»�ÿþ
{ [5], duØU©E�»� �, ¤±�U¦^�
º���ðcN���må:IP, ÿþü:êâ.

�âðc1Þ��mÚðcN�m©E, �±��
Ñ�º���ðcNº�, ÿþ���°Ý�Kþ
Ø�L 20 mm, â�±�Ñ>u�mÞáÚ �Ø
(½Þá. �â�»�6þ, d�{ÿþ�~(J.

 ICCD ½ �{�Ó�ÿþ�� 15 �:�êâ,

�±ÏL �?�¦^Ü©��Ý���»� 
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�, Jp�Ç, ¤±�DÚ�»�ÿþ�{�', #
�{�ê�ÇJp 30 �±þ. ·Ü3vkâfå
6^�eé&ÿì5UÿÁïÄ.

8c½|þû^ ICCD Ed'�p, �¢�|
^¢�¿yk ICCD XÚ, ��¦^ 30 ´ðc^&

ÒÖÑ, ²þz´�ÊÏ>fÆÖÑEd�'¿Ø
äk`³, duÿþXÚ5�'��, ¤±vk�
�u�ÑdXÚ�õÏ�`³. �´ÏL�¢��
�{ïÄ, �õÏ� �&ÿì&ÒÖÑJø
,
�«#�g´.
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Abstract

Double layers of 150 mm×150 mm plastic scintillator arrays are used to locate the cosmic ray. Both layers of arrays are read out

by wavelength-shifting fibers, which are bundled and coupled to image intensifier and ICCD camera. The light signal is delayed more

than 200 ns by the image intensifier, so the ICCD can be pre-triggered by an external fast coincident signal. This cosmic ray positioning

system is used to measure the time resolution and photon transfer time of the time-of-fly detector for the common test platform based on

cosmic ray. Compared with traditional cosmic rays test, the data-taking efficiency of this system increases more than 30 times because

of multi-point readout and higher position resolution. The test results show that the time resolution of the time-of-fly detector is better

than 200 ps, which satisfies the requirement of the common platform based on cosmic ray.

Keywords: ICCD, cosmic rays positioning, TOF detector, time resolution

PACS: 29.40.Mc

* Project supported by the ”100 Talents Project” of Chinese Academy of Sciences, China and National Fundamental Fund of Personnel Training

(Grant No. J1103210).

† E-mail: luqw@ihep.ac.cn

072904-7


