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Á� æ^ÎÜ�{, ÿþ?éγ��
 60Co31>�O+ (PMT)1Ò4Iþ-u�)��Ô�Å

1, l
ÿ½PMTÞ��mÞá. ^Ñt\pdòÈ�{¼�ü(õ)1>f¸ , ?nØÓ1>f

ê�PMTÞ��mÞá. ÿÁXP2020ÚßbXP2020Q PMT(Jw«, ÿþ�Þ��m��|Ë

úi�Ñ��I��, Þ��mÞá�1>fê÷v²���''X. T�{é�©Eü(õ)1>f

¸�PMT´�1�.

'�c �Ô�Å1 1>�O+ Þ��mÞá ü1>f

1 Úó

�1óÀ\��1>�O+ (PMT)�1Ò4, ²

1>C�!>f�O��>f+óÀ�Þ��m´�

Ø�Ó�, T>f+�©Ñ¡�PMT�Þ��mÞ

á, §´PMT�­�5U�I��, ��K�PMT

��m5U, ´°(��mÿþ7L�Ä�Ï�. Ï

�Þ��mÞá�1>fê8k', ��^ü1>f

�Þ��mÞá (TTS)5L«PMT�5U, Ù��

�´Az��¦ (ps). ÿþTTS�~^�{´|^�

áóÀ-1ì�)�-15?1�. �
U3ü1f

G�ÿÑùoá��mm�, �¦óÀ-1ì�óÀ

°Ý���uTTS�, ±�Ø1fÞá�5�ÿþØ

(½, �Ò�¦-1óÀ°Ý��u100ps, ù\�ÿ

þ�JÝÚ¤^. ùp0��«|^?éγ��
�

)�Ô�Å (Cherenkov)15ÿþTTS��{, §ä

kd�$í!�{{ü!��!�Çp�A:.

�Ô�ÅÏL¢�
[1]

uy��>âf��Ý�u

1BLß²0���Ý c/n(n´0��ò�Ç)�, Ò

¬30�¥�)�f�1Ë�, ù«1�5�¡��

Ô�Å1.

�Ô�Å1äku1�má(�>âfBL0�

��m), ��(½, 1ÌëY, u1�f�A:. �

â�Ô�ÅË�A:uÐ
�X��pUÔn&ÿ

ì, X�Ô�ÅOêì
[2—4]

, B�Ë�&ÿì
[5]

�. �

�Ô�ÅË���3, ��k
¢�ÿþ�5
Z6,

~Xü1fEâ�F1P~�mÿþ
[6]

, Ïd¢�¥

7L5¿�Øù
Z6.

|^�Ô�Å1u1f, u1�má�A:, �

±æ^?éγ��
�)�Ô�Å1ÿþPMT�

TTS(��?éγ��m�<1ps). �γ1f�PMT

1Ò4I�^�, ¬�)�½ÄU�>f, T>f�

�Ý�L�Ô�Å1�)K�Ò¬3A½���)

�Ô�Å1, �Ô�Å12²L1>(�PMT�þf

�Ç�')=��, �)1>f, XJ�gγ���)

��Ô�Å1v
f, ¦�)�1>fê8A�o´

�u1�, @oÒ�±^5ÿþTTS. �
�yd�{

��15, |^geant�[
XP2020ÚXP2020Qü

«PMT��Ô�Å1>f©Ù. �[æ^1Ò4I

ò�Çn = 1.47, þ�2mm, γ1fUþ´1.25MeV,

L1�Ñ�êâ´�Ô�Å1>f�©Ù. �±w�,

XP2020�ü1>f'~puXP2020Q, Ì�´du
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XP2020Q�I´ßbá�, γ���ª�)��Ô�

Å1fêõ. XJü1>f¯~U�k�/J�, Ò

�±¼�PMT�TTS.

L 1 �[ØÓγ1fUþ3PMT¥�)3��Ø

�Å1>fm'~

1> γ1f ü1>f ü1>f n1>f

�O+ Uþ/MeV '~(%) '~(%) '~(%)

XP2020 1.25 49.9±1.3 30.0±1.0 20.2±0.8

XP2020Q 1.25 45.4±1.3 31.9±1.1 22.6±0.9

2 ¢�C�

ã1�Ñ
ÿþC�, ¤^��
´U�)�'

Vγ��� 60Co(Uþ�1.332MeVÚ1.173MeV, üγ

�m�<1ps). ?é�γ��©O���ðcN(�

PMT1ÍÜ)Ú�ÿ1>�O+PMT2�1Ò4I�

^, ðcN�1ÑÑ²PMT1C��>&Ò, ÙÑÑ

��TDC(Lecory 2228A)�å©&ÒÚADC(Lecroy

2249W) � � & Ò; � PMT2 1 Ò 4 I � ^ � ) �

Ô � Å 1 C � � > & Ò Ñ Ñ © O � � TDC � Ê

�&ÒÚADC�Ñ\&Ò. ü´¦^�þOìÑ

´CFD(ORTEC 583). ADCÚTDC�ÑÑ©O²

CAMAC��ìdLabview^���O�Å.

ã 1 ¢�ÿþC�

ã 2 XP2020(Q)©Ø>´

�
�Ñ°Ýp�å©&Ò, PMT1À^��m

A5�Ð�H6533, Ù�mA5��. �ÿþ�PMT2

À^�´XP2020ÚßbXP2020Q, Ù©Øì>´X

ã2¤«. ã3(a)´|^XP2020�&Ò²LCFD�

ÑADC��&Ò, 3pØ−2500Ve¼�XP2020�

9D(Ì.

ã 3 (a)XP2020 9 D ( Ì; (b)60Co - u � XP

2020�Ô�Å1ÌÝÌ

3 ¢�êâ9©Û

3.1 å©�mÿþ

å©�m��Ä��K�TTS�°(ÿþ, Ïd

¢�þ7L�{�ØÙK�. �
ÿþå©�m��

Ä, E,æ^ã1�C�, |^ü�H6533(�ðcN)

Ú��XP2020(�ðcN)üü|Ü, ¼�§��p

�m�'XXeµ

σ2
H65331 +σ2

H65332 = σ2
12 , (1)

σ2
H65331 +σ2

XP2020 = σ2
1XP , (2)

σ2
H65332 +σ2

XP2020 = σ2
2XP . (3)

Ù¥mà��d¢��Ñ. éáþã3��§, �±

¼�3�PMT(�¹ðcN)�m©EÇ, é 60Co��


, PMT1�m��Ä�

σH65331 = 2.64�×28.8ps/� = 76±9ps .

3.2 Þ��mÞáÿþ

|^ã1�ÿþC�ÿþ
3 60Co��
-ue

XP2020ÚXP2020Q�Þ��mÞá.
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ã3(b)´ÿþ3 60Co-um�eXP2020�ÌÝ

Ì, Ù¥��.Ì´3�K 60Co
����, �.Ì

�ÌÝÌ�q, 
�Ù�mA5�ã4�q, ù`²�

.´5g�»���z. �PMTgm��9D(Ì

ã3(a)�'�, ÌÝÌ±ü1>f�z�Ì, ��k

�²w�Võ1>f�z. lã¥��ü1>f¸c

�âå, Ù�mA5�ã4�q, ùØU^�.)º.

�^>��AÜn)º: 1Ò4u��>f�311

�<4�>�, ¦11�<4�Ou��>fvk�

��12�<4Â8, ù¬E¤3ÌÝÌþk$uü

1>f�ÌÝ&Ò, 
�T&Ò��mA5�ü1>

f��.

duõ1>f¬²wK�Þ��mÞá�ÿ½,

Ïd7L�{�ØÙZ6.

æ^Ñt\pdòÈ
[7]

f(x) =

∞∑

n=1

(Npe)
ne−Npe

n!
(2πnσ2)1/2e−(x−nC)2/2nσ2

,(4)

[ÜÌÝÌ(�Ø��), ùpNpe ´²þ1>fê, σ

´ü1>f©Ù�IO��, C ´ü1>f¸ , ã

¥w«[Ü­��¢�êâ�ÐÎÜ. ù�Ò�±½

Ñü1>f¸ , ?
��õ1>f¸ .

À�ü(õ)1fÌÝ��, xÑ�A�mÌ, l


��ØÓ1>fêe�Þ��mÞá. ã4w«
Ø

Ó1fêÀ���mÌ9[Ü­�. é[Ü��m?

1å©�m�Ä�ØÒ�±��Þ��mÞá. �

L2Úã5. L2Ø��11�´ÚOØ�; 12�Ø�

´duõ1fZ6(�ã3(b))Ú>��AÚå�ÿþ

Ø(½; ¢��>fÆXÚØ��u20ps. lL2¥

�±w�, ü1>fÞ��mÞá��åËúi��

I250ps�Î
[8]

; �vk\ü(õ)1fÌÝ���Þ�

�mÞá�vk²wCÄ, ��C250ps, ù´Ï�ü

1>f�'~p(�L3), Ùé�mÌ��z�²w,

Ï
§é���mÌ�°ÝK���. ¦+Ø\ÌÝ

���Þ��mÞá�TTS���C, ���Ø´

TTS!

ã 4 XP20203 60Co-ue©ÌÝ[Ü��mÌ

(a)ü1>fÌÝ��(�ÌÝÌ3140—200�m); (b)V1>fÌÝ��(�ÌÝÌ3300—370�m);

(c)n1>fÌÝ��(�ÌÝÌ3460—580�m).

L 2 ØÓ1>�O+ØÓ1fêÞ��mÞá

1> ü1>f V1>f n1>f Ø�ÌÝ

�O+
��


�mÞá/ps �mÞá/ps �mÞá/ps ��/ps

XP2020 60Co 274±12±3 196±7±5 174±7±9 254±4±1

XP2020Q 60Co 258±11±3 194±9±5 163±16±9 230±6±1

ã5�­�´æ^Þ��mÞá�1>fê÷v

²���'�'X[Ü�, [Ü­��êâÎÜ�Ð,

ù�©z[9]��.

|^úª(4 )�±¼�¢�êâ�üõ1f�'

~, �L3. �L1�'�, �±w��[(J�¢�

Ä�ÎÜ.

þã��[Ú¢�'��´½5�, �Ñ�Ï�

Ì�kµ

1. �[Iò�Çn = 1.47, ¢S�ò�Ç�Å�


C�, ù¬K��Ô�Å1�)KÚ1fê;

2. �[�1Ò4þÝ´2mm, �¢S�1Ò4

I´]/ØÓ;
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3. ¢�æ^�úª (4)�´Cq�, ¢S�ÌÝ

Ì�E,�õ.

ã 5 Þ��mÞá�1>fê'X

3.3 ?Ø

�Ø�Å1Ì´ëY�, 
�Ù1fê�Å��

~�
é¯/O�. XP2020ÚXP2020Q�þf�Ç

���Å�©O3�250nmÚ150nm?, �[Ú¢�

w«XP2020, XP2020QÑ¹k�p�õ1f¤©, �

¢�þ�´�±¼�TTS, ��­���Ï3uU«

©üV1f¸, ù�, �±ÏLÜn�ÌÝ��
¼

�ü1>f, l
¼�TTS. ¤±T�{éuPMTO

Ã��, üõ1>f¸�©E��¹eÑ´�1�.

L 3 ¢�üõ1>fm'~'X

1> ü1>f ü1>f n1>f

�O+
��


'~(%) '~(%) '~(%)

XP2020 60Co 50.2±0.4 34.7±0.5 15.1±0.3

XP2020Q 60Co 47.6±0.7 36.1±0.5 16.3±0.3

4 (Ø

|^?éγ��
-uPMT1Ò4I�)�Ô

�Å15ÿþPMTÞ��mÞá´�1�; Ñt\

pdòÈ�±�Ð£ã�Ô�Å1�ÌÝÌ; XP2020

ÚßbXP2020Q PMT�Þ��mÞá�ÿþ(J�

�|Ëúi�Ñ��I��, Þ��mÞá�1>f

ê÷v²���''X; T�{·^uüV1>f�

©E�PMT�TTS�ÿþ.
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A Measurement of Transit Time Spread of Photomultiplier Tube

with Cherenkov Light
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1(Institute of High Energy Physics, The Chinese Academy of Sciences, Beijing 100049, China)

2 (Nanjing University, Nanjing 210039, China)

3 (University of Science and Technology of China, Hefei 230036, China)
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Abstract Using coincidence method, transit time spread (TTS) is measured with Cherenkov light produced by cascade

γ radioactive source, 60Co on photocathode window of photomultiplier tube (PMT). Transit time distributions with

single and multi-photon electrons are fitted to Poisson convoluted with Gaussian, and TTS are obtained. The study to

XP2020 and XP2020Q PMTs shows that TTS is consistent with data supplied by Philips. TTS is inversely proportional

to the square root of number of photoelectrons. The method is feasible when single and multi-photon electrons can be

distinguished.

Key words Cherenkov light, photomultiplier tube (PMT), transit time spread (TTS), single photoelectron (SPE)
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