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Á� é¥I�Æ�C�ÔnïÄ¤g1)���-¹9z�ðc¬NCsI(Tl)1ÑÑ9Hamamtsu

úi)��S8664-1010.È�1�4+ (APD)OÃé§Ý��6'X�
XÚïÄ. (JL²,

CsI(Tl)¬N1��3¿§��S�X§Ý�O\
O\, 3−2◦C—8◦C§Ý��S�²þ§ÝXê�

0.67%/◦C, 38◦C—25◦C§Ý��S�²þ§ÝXê�0.33%/◦C. 
é¤¦^�APD, ÙOÃ3¿§

��S�§ÝXê�−3.68%/◦C(ó�>Ø400V). APD(ÜCsI(Tl)¬N3¿§eé 137Cs�662keV

γ���Uþ©E��5.1%.

'�c CsI(Tl)¬N 1�� È�1�4+ §Ý Uþ©E

1 Úó

�-¹9z�ðc(CsI(Tl))¬Näk�p��

Ý!�p�ðc1��!�p�ËìMÝ!�é$í

�d�!´\ó�`:. ,	, Ù1ÑÑäk��&

ÿâf5��'�¯!úü«¤©, ���ÏLóÀ

/GþO5¢yâf�O�A:. Ïd, 3ØÔn!

âfÔn!¤��+�¥�2�A^
[1—5]

. d¥I�

Æ�C�ÔnïÄ¤�OÚ«ï�I[��Æó§=

²­lf\�ìe%;�� (HIRFL-CSR)®²?\

Nå�ã, CSRþ��.ØÔn¢�C��3�OÚ

ïE¥. ù
C�¥ò�þ¦^CsI¬N, X: rfÔ

n=²Ì¤ (HPLUS)¥�>^þUìÚ	q¢�C

�¥�γ&ÿ¥. �ü$ù
&ÿì�Ed, ¥I�

Æ�C�ÔnïÄ¤éÄ
CsI¬N)��8, 8c

®²ä�
1þ)��»�100mm!�Ý�300mm

��-¹9z�ÚX9z�¬N�Uå.

é9z�¬N�ðc1ÖÑ, DÚ��{´æ^

1>�O+ (PMT). PMTäkpOÃ!$D(�A

:, ¿�ÏLUC1Ò4á�¢yéØÓÅ��ðc

1¢y�pþf�Ç�1>=�, ù¦�PMT�±

ÚØÓa.�ðcN�Ü¦^, ¿3¢S�A^¥¤

��«�~­��ðc1&ÿì�. �´, 1>�O

+duÙ���NÈÚ´É^|Z6�":, 3éõ

|ÜØ·¨¦^. u´, <�quÐ
1�4+ (PD),

¿�¤õ/A^uÃÅðcN�ðc1&ÿ. PD�

éuPMT�`:´, NÈ��!|^Z6Uår±

9$õÑ, �äk�p�þf�Ç. �Ù":´g�

Ã&Ò��õU, ÿþ�f1&Ò�, I�Ü$D(

�c���>´.

È�1�4+ (avalanche photodiode, APD)(

Ü
PDÚPMTüö�`:µpþf�Ç!�p�

OÃ!é^|Ø¯a!NÈ�!$õÑ�. APD´ä

k�(«>|�r��>Ø�4+, Ù1Ò4áÂ1

f��)>f–�Çé, >f�p-n(¤£��p>|

«�, 3p>|«�>f¼�v
�Uþ, pUþ�

>fÏL>l�^�)#�>f–�Çé, l
��

>f�È���.

�©Ì�0�
¦^¥I�Æ�C�ÔnïÄ

¤)��CsI(Tl)¬N�ÜF�Hamamatsuúi)

��APD(S8664-1010)é 137Cs��
�)�662keV

Uþ�γ��?1&ÿ��
(J, �): CsI(Tl)¬
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Nu1�Ç�§Ý�A!APDOÃ�§Ý�A±9

CsI(Tl)¬N(ÜAPD^uγ��ÿþ�Uþ©E.

,	, ©¥�?Ø
¦^CsI(Tl)¬N(ÜAPD|Ü

?1��&ÿ�A5¿�¯K.

2 ÿÁ^�

ÿÁ¥¦^�CsI(Tl)¬Nd¥I�Æ�C�Ô

nïÄ¤)�. ��S8664-1010.APD�k�1(

¯¡È (10mm×10mm)���, º�ÀJ�10mm×

10mm×10mm. �
¼����1Â8�Ç, Ø
Ö

Ñ¡æ��1?n	, Ù{�¡þ?n¤ûÑ�¡,

¿æ^4�Teflon����K. ¬NÚAPDm¦^7

hÍÜ. ÿÁL§¥APD�>Ø�400V.

�
ïÄCsI(Tl)ÚAPD|¤�&ÿì5U�§

Ý�'X, ·�¦^
�eÚ§Ý��XÚ (Thermo

Haake K15, Thermo Haake D30), TXÚ�§Ý��

°Ý��O��±0.1◦C. �eXÚr$§e%�Dx

���U/Ô+, ;bAPDÚCsI(Tl)¬N�U/Ô

+ÏLûÐ�9D��^r&ÿì�§Ýü��$§

Ý. �
;�3�$�§ÝeCsI(Tl)¬NÚAPDL

¡�)Y�ív(, CsI(Tl)¬NÚAPD��3ý�

¿S, ý�¿�ý�Ý�5Pa. ¢�¥¦^
PT100

§ÝOéAPDÚCsI(Tl)¬N�§Ý?1��iÿ.

APD � & Ò Ï L c � � � ì ? \ Ì � (OR-

TEC572), Ì��¤/�m�6µs, Ùü4&Ò��?

\ADC?1¼�, V4&Ò²L���¦^CF8000

þO, ¿|^GG8000N��°, ,��ADC��&

Ò. �
¼��Ð�Uþ©E, ·�rc���ìÚ

APD�m�>C��¦�Uá, ¿3§Ý­½�?1

ÿÁ.

3 ÿÁ(J

3.1 ¬N1��é§Ý��65

�
ÿÁCsI(Tl)¬N�ðc1��é§Ý��

6'X, ·�ÀJ�1>=�&ÿì´Hamamatsuú

i)��PD(S3590-01), ¿¦^PT100§ÝOiÿ¬

N�§ÝCz. duPDg�vkOÃ, 
CsI(Tl)¬

N�ðc1Â8�Ç´�½�, ÏdPD&Ò���

Cz���NÑ¬N1���Cz. c���ì��

3ý�¿	 (¿§�25◦C), �PD�m�>C�20cm,

Ïd5guc���ì�§Ý�A���Ñ.

¢ � ( J L ²: 3 � g ¢ � § Ý � � S, ¬

N�1���§Ý�,p
O\, ²þOÌ��

0.46%/◦C. Ù¥, 3−2◦C—8◦C§Ý��S, ¬N�

1��É§Ý�K���, ²þOÌ�0.67%/◦C; 3

8◦C—25◦C§Ý��S, ¬N�1��É§Ý�K�

��, ²þOÌ��0.33%/◦C. ã1�Ñ
¤ÿ��

CsI(Tl)¬N1���§Ý­�.

ã 1 9z�¬N�1��Ú§Ý�'X

ã¥�Ø���§Ýe¤ÿUÌ��p°.

3Ó��§Ý��S, �g¢�CsI(Tl)ðc¬N

�1��é§Ý��6'XÚD.Bederede�<�ï

Ä(J
[6]

´���, �´�John D. Valentine�<�

ÿÁ(J
[7]

��. XJ©z [7]�(J´�(�, ù�

y��U´du¬N�¬��ÉE¤�.

3.2 CsI(Tl)¬N�APD|ÜÑÑ&Ò�§Ý­

�

¦^§Ý��XÚéAPDÚCsI(Tl)¬N3ØÓ

§Ýe�5U?1ïÄ. du§Ý��XÚ���§

ÝÚ¢S§ÝÏe%�DÑål�, ¬k�½��å,

ÿÁ¥¦^PT100§ÝOéAPDÚCsI(Tl)�§Ý?

1iÿ, ±PT100iÿ�§Ý��&ÿì�¢S§Ý.

ã 2 APDÚCsI(Tl)(Ü¦^&ÒÌÝÚ§Ý�

'X

ã¥�Ø���§Ýe¤ÿUÌ��p°.

3§Ý­½�éAPD�ÑÑ&Ò?1ÿþ, �


O\ÿÁ�O(5, 3z�§Ýe�3gÿþ�²þ

����ª�ÿÁ(J. APDÚCsI(Tl)¬N|Ü�

ÑÑ&ÒÌÝÚ§Ý�'X�ã2. �±w�, �X§



762 p U Ô n � Ø Ô n ( HEP & NP ) 1 31 ò

Ý�ü$, &ÒÌÝ²w�O\. Ø
3�C"Ý�

��S, &Ò�ÌÝO\�¯, ��−5.47%/◦C, 3�

Ü©�ÿÁ§Ý��S (2◦C—25◦C), &ÒÌÝO\�

²þ�����~ê−3.35%/◦C.

3.3 Uþ©E

�gÿÁ�§Ý��S, APDÚCsI(Tl)¬N|

¤�&ÿìé 137Cs��
�662keVUþγ���U

þ©E35%—6%�m. ã3�Ñ
26.6◦C, 18◦CÚ

3.8◦C�;.UÌ, ÙUþ©EÇ∆E(FWHM)/E ©

O�5.3%, 5.29%, 5.76%.

ã 3 CsI(Tl)\APDÖÑ©O326.6◦C, 18◦CÚ

3.8◦C�ÿþ 137Cs
662keV�γ��UÌ

ÿÁ¥§Ý�Ø­½é&ÿì�Uþ©EK�¬

�~�, Ì�´duAPD�OÃé§Ý��65r,

���§ÝCz¬E¤&ÒÌÝ����Ä, l
E

¤UÌ�?�ÚÐ°, K�
&ÿì�©EUå. l

ã3¥�±�Ù/w�, 3�$§Ý^�e, &ÿì�

Uþ©EC�. ù´du��XÚ���§Ý�$,

ÿÁXÚÚ±��¸§���, ��XÚé§Ý��

�°ÝÒ��, l
E¤APDOÃ��Ä��, K�


&ÿì�Uþ©E.

¢Sþ, &ÿì&ÒÌÝÚ§Ý�'XÉü�

� ¡ Ï � � K �: (1) APD � O Ã é § Ý � � 6;

(2) CsI(Tl)ðc1���§Ý�Cz. e¡, ·�

©Û�edu§ÝCzÚåAPDOÃCzéUþ©

E�K�.

b½APDÑÑ&ÒS = LηQG, Ù¥L´¬N�

1��, η ´¬Nðc1�Â8�Ç, Q´APD?1

1>=��þf�Ç, G´APD�OÃ. b�¬Nð

c1�Â8�Çη ÚAPD�þf�ÇQØ�§ÝC

z, K&ÒÌÝ��éCzÇ�§Ý�Cz���

(∆S/S)

dT
=

(∆L/L)

dT
+

(∆G/G)

dT
, (1)

=§Ýé&ÿì&Ò���K��u§Ýé¬N

1��K�ÚAPDOÃK��Ú. �â¢��ê

â, 3¿§NC, &ÿì&ÒÌÝ�§Ý�CzÇ�

−3.35%/◦C, ¬N���1ÑÑé§Ý��6'X�

0.33%/◦C, ��Ñ3¿§��S, APD�OÃ�§Ý

�Cz��−3.68%/◦C. d�, §ÝCz1◦C, APDO

Ã�Cz¬E¤&ÒÌÝk3.68%�Cz. Ïd, ¦

^APD�§Ý���°(5ò��K�&ÿì�U

þ©E.

A�5¿�´: APD�OÃÓ��Éó�>Ø�

K�, �©¤�Ñ�S8664-1010OÃÚ§Ý�'X´

3Ù;.ó�>Ø400Ve�(J.

Äu±þ©Û, ·�3¿§e?1
ÿþ. d

�Ø¦^§Ý��XÚ, =¦^PT100§ÝOiÿ

CsI(Tl)�§Ý. 3§Ýð½�?1ÿþ, ÿþL§¥

§Ý�Cz3±0.1◦C�Y². ã4(a)�Ñ
325◦C

§Ýeÿ��UÌ, Uþ©E∆E/E �5.1%. ù�(

JÚT. Ikagawa�<�Ñ��Ð(J4.9%
[8]

é�C.

T.Ikagawa�<�ÿÁ´320◦C�§ÝeÿÁ�, Ï

dAPD�OÃ�!V>6$, l
&D'�Ð.

ã 4 25◦C�APD (a), PD (b)(ÜCsI(Tl)¬N

ÿþ662keV γ���UÌ

� 
 é ', · � � ÿ þ 
 ¿ § e Ó � ¬ ¬ N

�PD(Ü�ÿþ5g 137Cs
�662keV�γ���

UÌ(ã4(b)), ¤^�PD�Hamamatsuúi)��

S3590-01, ���Uþ©E�11.3%. ù´duPDg

�Ã��õU, éu$Uγ��3¬N¥�)�fð

c1&Ò?1&ÿ, É>fÆ�D(K���, l


E¤Uþ©EØn�.

4 (Ø

Ï L é ¥ I � Æ � C � Ô n ï Ä ¤ ) � �

CsI(Tl)¬N(ÜAPD|¤γ��&ÿì�5U?1

ÿÁ, ��e�(Ø: (1) 3¿§��S, CsI(Tl)¬N

�1��ò�X§Ý�O\
O\, Ù¥, 3−2◦C—

8◦C§Ý��S, ¬N1���OÌ��, ²þOÌ

��0.67%/◦C; 38◦C—25◦C§Ý��S, ¬N1�

��OÌoNþ���ú, ²þOÌ��0.33%/◦C.

(2) APDOÃ�§Ý�ü$
Op, §Ý�$�6

5�r, =¦´3¿§^�e, �gÿÁ¤¦^�

S8664-1010�k−3.68%/◦C(ó�>Ø400V)�Cz
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Ç. Ïd, 3¦^APD�§Ý����~­�. (3) æ

^g��CsI(Tl)¬N�ÜAPD, 325◦C�é662keV

γ��?1ÿþ, ��
5.1%�Uþ©E.
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Temperature Effects of CsI(Tl) Crystal Detector with

APD Readout *
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FU Fen1,2 JIA Fei1,2 YUE Ke1,2 OUYANG Zhen1,2

1 (Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China)

2 (Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract The temperature dependences of the light output of CsI(Tl) crystal grown at IMP and of the gain of the

Hamamatsu S8664-1010 avalanche photodiode (APD) have been investigated systematically. The light output of the

CsI(Tl) crystal increases with temperature by 0.67%/◦C in the region from −2◦C to 8◦C, and by 0.33%/◦C in the region

from 8◦C to 25◦C, while the gain of the tested APD decreases by −3.68%/◦C (working voltage 400V) on average in the

room temperature range. The best energy resolution 5.1% of the CsI(Tl) with APD was obtained for the 662keV γ ray

from 137Cs radiation source.

Key words CsI(Tl) crystal, light yield, APD, temperature, energy resolution
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