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¤£¿ÚàX>^þUì�m. �éuå6-E�
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ì�¤ü���/àX, ÙS�»�400mm, 	�»

�838mm. æ^¯�m�A���ðcN (BC404)

ã 1 ETOF(�«¿ã

Ú|^|�[»�. (fine-mesh)1>�O+ (PMT)

R5924. ü�ETOF&ÿì�¬AÛ/GÚ�éå6
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3éETOFü¬ðcN&ÿì?1��X�¢

�Ú�[(Jw«
[1, 2]

, �âfÂ¥ðcNØÓ �

�, Ù�m©E¬u)��Cz (σ=60—80ps). ã2

�Ñ�´¦^800MeV>fåÿÁETOF���m©

E�¢�(J. lã¥�±é�Ù/*ÿ�, �âf

Â¥ðcN�¥m �NC�, Ù���m©E�3

�����, ù�«�´&ÿì�Ì�(¯��,
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éu�¡Èðc&ÿì, ��@�âfÂ¥ðc

N� ���CPMT, ÙF1Â8�Ç�p, &ÿì

ÑÑ&ÒÌÝ��, ùk|uUõ�m©E. �´ü

X�ÄPMTF1Â8�Ç�CzØU)ºã2¤«

�å6ÿÁ(J. K�ETOF���m©E�,�Ì

�Ï�´lâfÂ¥ðcNu�F11f�PMT�

Â�1>f��m©Ù, �): 1) ðcNg��F1

�)�mÞá; 2) 1f3ðcNS�DÑ�m©Ù;

3) 1>f31>�O+�OL§¥�Þ��mÞá.

Ù¥1�Ú1n��mÞádðcNÚPMTg��

5Uû½, �âfÂ¥ �Ã'. Ïd, �[ïÄ�

:´1f3ðcNS�DÂA5. PMT�Â��1

flDÑ��þ�©�ü«: �cu� (�)õg�

�)Â¥PMT�1f(½Â���¤©)Úk��u�

(�)õg��)2�ðcN���Â¥PMT�1f

(½Â���¤©). �âfÂ¥ ��CPMT, ¿�

X��Ú��¤©�DÑ´§�C�, 1fDÑ�m

�Þá�UO�. Ó�, âfÂ¥ �Cz�¬Úå

��Ú��¤©�êþCz, K�1fDÑ�m�Þ

á, ?K�ETOF�m©E.

¦^Geant4^��
[3, 4]

, �±��O(��[ð

cNS�F1�)ÚDÑL§, ¿é)¤1f�u�

�Ý9´»?1[��Jl. ��ðcN¥²þz�

�100eVUþ�)��1f, ÙF1¤©��m©Ù
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:

P (temit)=
1

1+R

(

e−temit/τ2 −e−temit/τ1

τ2−τ1

+
R

τ3

e−temit/τ3

)

Ù¥ τ1 Ú τ2 ´¯¤©�ü��mP~~ê, τ3 ´ú¤

©��mP~~ê, R´ú¯¤©�'�.

²Lõg���, ��1Ò4(¯«�1fUì

PMT�þf�Ç=�¤1>f. 3�[§S¥, ±þ

f�ÇÚ1>fÂ8�Ç�¦È��1>fÄ��²

þê. 1>�O+�ü1>f�AóÀ�±^eª£

ã
[6]

:

v(t) =
GQ

2Ca

1

b−a

[

bebteb2σ2/2erfc

(

−bσ− t/σ
√

2

)

−

aeatea2σ2/2erfc

(

−aσ− t/σ
√

2

)]

Ù¥

a =−(β +
√

β2−4γ)/2, b =−(β−
√

β2−4γ)/2

β =
(R+Z)C +2CaR

2CCaRZ
, γ =

1

2CCaRZ

ª¥erfc(x) =
2
√

π

∫
∞

x

exp(−t2)dt (�Ø�Ö¿¼ê),

G�1>�O+�OÃXê, Q�ÑÑ>Ö, Ca ´

�4Ú�����O4m�>N, ��40pF. �Í

Ü>NC �220pF, R�K1>{ (10kΩ), {|Z �

50Ω. PMT/R5924 � & Ò þ , � m � 2.5ns, ª ¥

σ = 1.23ns. 1>�O+�ÑÑ&Ò´¤kü1>

fóÀ&Ò�U\, �½Â�

VPMT(t) =

Npe
∑

i=1

vi(t− tTT−(t0)i)

Ù¥ (t0)i �z�ü1>f�g)¤�m, tTT �Þ�

�m.

�
�å6ÿþ(J'�, 3�[L§¥½Âü

�ðcN�¬�AÛº��: ±ðcN"à��:,

o�Ý�438mm, "à°116.5mm, cà°53.67mm.

3�Ccà?SCPMT. �
Jp1Â8�Ç, cà

.¡�¤45◦��¤1��¡, ¦^º¡��á� (.

Ò: ESR-M204, ��Ç98%)�KðcN. \�âf�

½�800MeV>f. Ó��
JpÚO°Ý, �80�

>fÂ¥ðcNÓ� ��\\(J.

3 F1DÑA5

ÏLé)¤�1f?1Jl, �±ÚOÑ1f

���gê (�ã3(a))Ú1f3ðcNSÜoDÑ

�m�©Ù�¹ (�ã3(b)). �â1f$Ä���

ØÓ, �«©�PMT¤3���Ñ (��¤©, �ã

3(c))Ú�����Ñ (��¤©, �ã3(d))�1f.

�±uyÙDÑ�m©ÙéAuoDÑ�m©Ù�

ü�¸, ¸ ���K5u��Ú��¤©²

L�´§�. �
�yù�:, ÚO¸ éA���

gêÚDÑ�m�, ¦^oÑ�O��{ (Ø�Äð

cNý¡1��): (��Ú��¤©��´§�+�

�gê��xðcNþÝ)/1�=¸ DÑ�m�.

3âfÂ¥ �åðcN"à18cm?, dþª��:

(0.36+4× 0.05)/3×108 = 1.9ns, �ÚO¤��¸ 

��'�, üöCq. �â��âfÂ¥ ��1f

DÑ�m©Ù, �±�Ñ��Ú��¤©DÑ�m�

(�ã4)±9�A�1fê'~�Czª³ (�ã5).

�âfÂ¥ ��CðcN"à�, DÑ�m��,

�üöêþ�C, Ï�ù�üö3ðcNS�DÑ´

§�C; �Â¥ ��CPMT¤3�cà�, �¹

K��.
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ã 3 800MeV>fÂ¥ðcN18cm?��[(J

(a)1f3DÑL§¥���gê©Ù; (b)1f3ð

cNSo�DÑ�m©Ù; (c)��¤©3ðcNSD

Ñ�m©Ù; (d)��¤©3ðcNSDÑ�m©Ù.

ã 4 ��Ú��¤©DÑ�m�� �Cz

ã 5 ��Ú��¤©êþ'�âfÂ¥ ��Cz

4 �PMTÑÑ&Ò'é

�
?�Ú
)��Ú��¤©é���m©E

�äNK�, �[O��Ñ
Ù�géA�óÀ&Ò

9o�PMTÑÑ&ÒÅ/ (�ã6, ã7). dd��ó

Àþ,�m (&ÒÌÝ�10%—90%éA��m)�â

fÂ¥ �©Ù�Cz (�ã8). �±uy, éu��

¤©ó, âfÂ¥ ���CðcNcà, &Òþ

,÷�¯, ù¿�XÙ�m©E�Ð; ��¤©K�

Ð��. üö�nÜK�¦�PMTóÀ&Ò�þ,

�m3âfÂ¥ðcN¥m ��Ñy���, ù�

ã2¤«��m©E�âfÂ¥ �Czª³�C.

ã 6 âfÂ¥ �åðcN"à14cm?PMTó

À&ÒÅ/

ã 7 âfÂ¥ �åðcN"à30cm?PMTó

À&ÒÅ/

ã 8 óÀþ,�m(10%—90%)�âfÂ¥ �

©Ù�Cz

,	, ·�5¿��âfÂ¥ðcN"àÚcà

�, &Òþ,�mé�C, �¢SÿÁ�ùü?��
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m©Ek²w�O. ù��¡´Ï�ðcNcà�F

1Â8�Ç�u"à¶,��¡, cà��Ú��¤

©�DÑ�m�é�, êþ���éõ, ù�Ùþ,

÷�Ü©d��¤©�z, ��¤©�l¸�60%N

Cm©k�z¶�âfÂ¥ðcN"à�, ��Ú

��¤©�DÑ´§Úêþ�C, &Òþ,÷düö

�Ó|¤. 2�Ä�?1å6ÿÁ�PMT�þOK

½ 3&Ò¸��10%�m, ÏdÀ^�����þ

,÷?1'��U�U�NÑc�à�¹�ØÓÚ�

m©E�Czª³. dã9��, �Xþ,�m«m~

�, éA�&Òþ,�m���£�ðcN¥m��

� �, ù�¢�(J��¬Ü.

ã 9 ØÓ��óÀþ,�m�âfÂ¥ �©Ù

�Cz

�âfÂ¥ðcN"à6cm?þ,�m�0.

dþã�[©Û, �±éå6ÿÁ(J?1)º.

�âfÂ¥ðcN"à�, ��Ú��¤©�êþ�

C, ��¤©�K�wÍ, �üö�DÑ�m�Ø�,

¤±þ,�mØ¬����; �âfÂ¥ðcNc

à�, �¹�Ð��, ��¤©3¸�60%NCÑy,

�Ùêþ'��¤©�éõ, E¤�þ,�mO\�

k�. �k�âfÂ¥ðcN¥mNC�, ü«¤©

�nÜK���&Òþ,�m����, ¦&ÿì�

m©E²wO�.

5 ÏéUõETOF���m��{

�
?�Ú�yþã(J, ¿Ïé�U�Uõ�

m©E��{, }Á3ðcN"àO\�¬1áÂá

�±�Ø��¤©�K�. Ï�XJPMT��Â�

��¤©�{, �XâfÂ¥ ��PMT�C, �m

©E¬�5�Ð. ã10��[(Jy¢
ù���,

åðcN"à18cm?��m©E�����
. �

Ó�, �Ø��¤©���ü$
PMT�É��1

fêþ, Ï�m©E¿vk��²wUõ.

,�«ü$��¤©K���{´N�PMT

ÑÑ&Ò�þOK. ùpb����¤©&Ò�þ

,÷ê����Ó��o&Òþ,÷ê��1%�,

��¤©é&Ò�þ,÷m©kK�. �[O�Ñ

âfÂ¥ØÓ ��ù���¤éA�þ,÷ �

(L1). �$uT ��þOK, Ò�±~f��¤©

�K�. �[(J (�ã10)L², �&Ò¸��3%�

K�, 18cm?��m©E�����
, ù`²T 

���¤©�K�(¢~f
. �´3¢S�¢�¥,

Xd��K�¬¦&Ò¥D(�K�O�, ?��

&ÿì�5UC�.

ã 10 ØÓ^�e�m©E�âfÂ¥ ��C

z(�[(J)

N 3ðcN"àO\1áÂá�, •¦^&Ò¸�

10%�K�, H¦^&Ò¸�3%�K�.

L 1 âfÂ¥ØÓ ����¤©K��å© �

âfÂ¥ �/cm 6 10 14 18 22 26 30

��¤©K�å© �(�&Ò

��ÌÝ�z©'%)
2.86×10−12 2.36×10−4 0.157 3.3 13.9 33.9 60.4

6 (Ø

�â��[���[©Û, éETOFü¬ðcN

&ÿì�¢�(J�Ñ)º, Ù�m©E�âfÂ¥

ðcN ��Cz´dPMT�É��1f��Ú�

�¤©�ÓK�E¤�. Ì�K�Ï��)��Ú�

�¤©�DÑ�m�Úêþ'. �âfÂ¥ðcN¥

m �NC�, ùü«¤©�nÜ�J¦�&Òþ,

�m²wO�, l���m©EÑy���.

ÏLN�PMT�þOKÚO\1áÂá���

{, �±~fÚ�Ø��¤©�K�, �Ó��¬Ú

\�
Ù¦�Ø|Ï�, ÏdØ¬²wUõETOF�

���m©E. �«�Uk���{´JpPMTO



1 10 Ï ol�µðcNF1DÑA5éETOF&ÿì5U�K� 1005

ÃÚ&D', Ó�·��~f��¤©�K�, ùk

�u?�Ú�¢�Ú�[�y.

�öa�¥I�Æ�pUÔnïÄ¤9BES0-

TOFÜ�|éT�8ïÄ�õ�¡|±Ú�Ï.
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Effect of Light Transmission Characteristic of Scintillator on the

Intrinsic Time Resolution of ETOF
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Abstract In order to find rational explanation to the experimental result and possible methods to improve the

performance of End-cap Time-of-Flight detector (ETOF) in BES0, the Monte Carlo simulation of the detector is

carried out by using Geant4 software package. The simulation data of PMT signal and the time resolution of the

ETOF are given. The simulation and data analysis are mainly focused on studying the effect of the light transmission

characteristic in scintillator when particle hits different position and different thresholds of PMT signal are chosen. The

study can make reference for the improvement of ETOF detector in BES0.
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