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Á� ï��d28�õíY>{�¿ (MRPC)�¬�¤�1�m&ÿXÚ, l2003c±53RHIC-

STAR¢�þ¤õ$1¿¼�
�þ�¢�êâ. �
�\
)MRPC¢S$1¥�5U,æ^�%U

þ200GeV�Au-AuéE�¢�êâ, éMRPC-TOF��Ý�{?1
�\ïÄ, Ì��): (1) é

yk��Ý�{�
?�Ú�U?; (2) éâf\��Ý�Ï�?1
?�; (3) STAR»,­ï� 

�©EÇéMRPC�m©EÇK�. ^U?���ÝÚ?��{, O���MRPC����m©EÇ

���60ps, �å6¢�(J�C.

'�c MRPC TOF �m©EÇ �Ý

1 Úó

RHIC-STAR¢�´Cc5¥{�mpU+�

­��Ü��8, ÙÌ�8�´ÏL�éØ­lf

éE¢� (RHIC), ïÄ4à^�eØÔ��1�,

ÏédrfÔ��§�Ô�——§��f�lfN

(QGP, Quark-Gluon Plasma)——�C�&Ò
[1, 2]

. �

? � Ú J p â f � O � U å, STAR Ü � | � 3

ï E Ä u õ í Y > { � ¿ (MRPC)� � 1 � m Ì

¤ (TOF)
[3]

, �¦TOFXÚ��m©E6100ps, ¦

�STAR&ÿXÚ�π/K©EÚK/P©E (3σ)l8

c�0.65GeV/cÚ1.3GeV/c©OJp�1.6GeV/cÚ

2.6GeV/c. MRPC���1�m&ÿì�Ì�`:´

�m©EÇÐ, &ÿ�Çp, d�B¨, ü�¡È�±

��é�,�±�¤ØÓ/G��¡ÈMRPC
�
[4]

.

2003cSTAR-TOFÜ�|��
d28�MRPC�¬

�¤�1�m&ÿì
�, ¿SC3STARÌ¤þ.

32003�2005cÝRHICÔn$1¥, MRPC-TOF

¤õ/æ8
�þ�¢�êâ, ¿¼��
éÐ�Ô

n(J
[5]

.

æ^~5�{, MRPCÌ���m5U�Ý�)

�m":�Ý (T0)!�–Ì�Ý (TA)±9âfÂ¥ 

��Ý (Tz), ©O?�duÖÑü�>fÆDÑ��

ÝØÓ!&ÒÌÝØÓ±9âfz �� (÷ÖÑ^�

¶���z ��, á¶���y ��)Â¥ �ØÓ


Úå��mþ��Ä. �g?1T0, TA, Tz �Ý, �

��MRPC���m©EÇ�∼85ps
[6]

, 
å6ÿÁ

(J�60ps
[4]

, üök���å. �Ï�Ukü�¡:

1) ~5�Ý�{�k?�ÚU?�{/; 2) ¢��¸

¥Ù¦��Ä��Ï�éMRPC��m©EÇkK

�. Ïdk7�éMRPC��mA5Ú�Ý�{?1

�\�ïÄ.

2 MRPC�m�Ý�{�U?

�
éMRPC�m�Ý�{�U?, JpÚO

°Ý, 3êâ©ÛL§¥, æ^�%Uþ200GeV�

Au-AuéEÔn$1�¢�êâ, �æ8∼1.6Mk

�TOF¯~. �ÝL§¥|^STAR�mÝK¿

(TPC)�>lU�ÚÄþÿþ]À
Äþ3300—

600MeV/c��>πâf��∼25�.

duSTAR-TOF3$1�½�&Ò>uæ^�

´½Kc÷þO, ½�(J�&ÒÌÝk�½'é,

I�?1�–Ì (TA)?�. Ï�êâþ��, ���
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TA �Ý�{ò¤kÖÑ^�êâU\3�å?1�

Ý, ��Ä�ØÓÖÑ^�&ÒÖÑÑk�É, ��

TA 'X¬ÑkØÓ. 3êâþv
��¹e, �±

éz�ÖÑ^üÕ?1TA �Ý. ã1�Ñ
Ó��

MRPC�¬þ�ü�ÖÑ^�TA [Ü­�. �±w

Ñ, TA 'X3&ÒÌÝ (ADC)��� l��0.5ns,

ØÓÖÑ^TA 'XkwÍ�O, L²�ÖÑ^üÕ

�Ý(k7�. TA ?�¥æ^�[Ü­�¼ê/ª�

f(x) =
A√
x

+
B

x
+

C

x
√

x
+

D

x2
+E, ª¥A, B, C, D Ú

E ��½[ÜXê.

ã 1 Ó�� MRPC �¬þ�ü�ØÓÖÑ^�

TA ?�[Ü(J

duMRPC&ÒÖÑ3ÖÑ^��à, Ïd�â

fÂ¥ÖÑ^þ ��ØÓ, ¬��aA&Ò3ÖÑ

^þDÑ�m�ØÓ. ÖÑ^þ��I�ã2¤«. ÿ

��&Ò���m�z �� ���¥�5'X, â

fÂ¥ �lÖÑà��, ¤IDÑ�m��. yk

�Tz �Ýò¤kÖÑ^�êâU\3�å?1?�.

du¢S$1¥�ÖÑ^��ëêÚ>fÆÖÑþÑ

k�É, k7�éz�ÖÑ^üÕ?1Tz �Ý. ã3

¤«�Tz [Ü­�w«
ØÓMRPCÖÑ^z � 

��Ý��É.

ã 2 MRPCÖÑ^/G9�IX½Â, mà�&ÒÖÑà

ã 3 ü�ØÓMRPCÖÑ^�Tz [Ü­�

Ø
þãK�MRPC�m5U�Ï�	, du�

>âf3^|¥� =, âfÂ¥MRPC�7,k�

½�\��Ý, ù�UE¤½���Ä. é\��Ý

?1�Ý��nXã4¤«. �Ä�MRPCk�½þ

Ý l, �âf±�½���δ (�ÖÑ^¡{���Y

�)÷AO \��, íN¥È�L§3þeÖÑ^þ�

)aA&Ò�²þ �z′ �»,&ÿì�Ñ�âf�

\� �z k�½�ålD, �÷vD =
l

2
tanδ. �Ý

�ØÓ¬ÚåålD �Cz, ?
���mþ��Ä.

,	, �ÄâfB�TOF�¬��1�m�\��Ý

ØÓ¬��&Ò/G�Cz, �¬éDÑ�m�)K

�. 3ÖÑ^�IX¥, �{����OX , 5½\�

âf�ÖÑ^{����Y��δ. δ �©)�z ��

���θ Úy �����φ. éz�ÖÑ^, ^Ôgõ

�ª[ÜT -θ 'X, ?1Tθ �Ý. ,��MRPC�¬

�2�ÖÑ^��Ý­�Xã5¤«, ��§�Ñk�

²w�θ �6'X.

ã 4 \��Ý�Ý��n«¿ã

ã 5 ü�ØÓMRPCÖÑ^�T -θ �Ý[Ü­�
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duMRPCÖÑü�´��^/�, ÷y ��Ø

ÓâfÂ¥ �&ÒDÑò���Uk¤�O. }Á

?1Ty �Ý, �c¡��Ý�', Ty �Ý��zé�,

�±�Ñ. duφ�y Ó�, ýOTφ�Ý��z��,

�Ø2?1Tφ�Ý.

²L±þ��Ý, ��MRPC-TOFXÚo�m

©E�74ps (ã6, ã7). éuAu-Au 200GeVêâ,

TOFXÚå©�m�©E�20ps, �Øå©�m©

E, MRPC����m©EÇ�:

σMRPC =
√

σ2
total−σ2

start =
√

742−202 = 71ps.

ã 6 MRPC-TOFXÚo�m©EÇ

ã 7 � MRPC ÖÑ^��m©EÇ, DAQ L«

ÖÑü�?Ò

3 MRPC-TOF�m©E�?�

²Lþã�Ý�MRPC�m©E�å6ÿÁ(

J (∼60ps)Ek�å. �éÑÙ�Ï, I�éMRPC-

TOF�m©EA5?1?�Ú©Û. duc¡®?1


'�¿©��Ý, Ä��Ø
�«Ï�éTOF½�

�K�, ù�k|u'��¡/
)MRPC3STAR

þ¢S$1��ó�5U.

ã8´STARþMRPC-TOF�m©EÇ (�¹å

©�m��z)�ADC�'X, �±uy�ADC��

Ú���, �m©EÇ'��, 
3¥m�m©EÇ�

Ð, k�ã���70ps�¯«. ©Û�Ï´�&ÒÉ

D(K�'��, �ADC����m©EÇ'��.


�&Ò61¤©�õ, l
���m©EÇC�.

ã 8 STARþMRPC-TOF�m©EÇ�ADC�'X

ã9´STARþMRPC-TOF�m©EÇ�âf

Â¥ÖÑ^z ���I�'X, �å6ÿÁ^�e�

(J (�©z [4])'��C. &ÒÖÑàNC�m©E

Ç��, ª�ÖÑ^¥
��m©EÇCÐ, UY�

lÖÑà�m©EÇqÑ�C�. CÖÑà�m©E

ÇC���ÏÌ�´3d?ÖÑ^/GØ5K, &Ò

DÑ¥�U�3&Ò��K�.

ã 9 MRPC-TOF�m©EÇ�ÖÑ^z ���I�'X

ã 10 MRPC-TOF�m©EÇ�ÖÑ^y ���

I�'X9�[©Û

ã10´MRPC-TOF�m©EÇ�âfÂ¥ÖÑ

^y ���I�'X. å6ÿÁ(J (�%��)
[4]

�

STAR(J (¢%�:)k²w�O. ¦+du>��

A, �m©EÇ3ÖÑ^>�¬C�, �3ÖÑ^¥

m«�üö1�ØÓ, ùLy3STARþMRPC�m

©EÇ3ÖÑ^¥m�¯« (�3cm)'å6ÿÁ^�

e°. Ù�Ï�U´STAR»,&ÿì�Ñ�y� 

�O(ÝØ
�5�K�. b��31cm�½ Ø�,

éå6ÿÁ(J�
z, K�[� (¢%�n�)�3

STARÿ��(J'�¬Ü. ùL²½ Ø��U´
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��STARþMRPC�m©EÇ��Iy �'X�å

6ÿÁ^�eØÓ�Ì��Ï.

ã11´MRPC-TOF�m©EÇ�\�âf�

MRPCÖÑ^²¡{�oY�δ �Cz'X. ��, �

Ý��, �m©EÇ��. Ù�Ïò3e©Øã.

ã 11 STARþMRPC-TOF�m©EÇ�oY�δ �'X

?�Ú�	TOF�m©EÇ�Äþ (p)�6A

5. ©Û�, (½¯~À�^��0.3GeV/c< p <

1.9GeV/c, |TOF−Tπ|<0.2ns (TOF�âf�1�m,

Tπ �π0fýÏ�1�m). ã12�Ñ
STARþ

MRPC-TOF�m©EÇ�oÄþp�m�'X. �

±wÑ, TOF�m©EÇLy
²w�Äþ'é, �

NþÄþ�p, K�m©EÇ�Ð (ù�TÐ´â

f�Oé�m©EÇ�¦�p�/�). �Äþ�u

0.5GeV/c�, TOF��m©EÇ�±��70ps±e.

duÄþp�âf»,3^|¥�­§Ý��, ù�

)º
ã11¥�m©EÇ�\��δ �m�'X.

ã 12 STARþMRPC-TOF�m©EÇ�oÄþp�'X

�uTOF�m©EÇéâfÂ¥ �ÚÄþ�

�6'X, ·�|^�k�[�{éSTAR�&ÿì

?1�[!­ï, 3dÄ:þ?�Ú©Û
STAR�

»,­ïXÚ� �©EÇ. �[(JL², STAR

»,­ïXÚ�Ñ�âfÂ¥TOF� �k'��

�Ø�. ã13�Ù÷MRPCÖÑ^z��Úy ���

 �©EÇ�oÄþp�Cz. Ù¥y ����[(

J�c©¥éã10�Øã�� (Ï�	âf�Äþ

300—600MeV/c��>π0f). ��3�$Äþ«

m, STAR&ÿìk���½ Ø�, ùò�TOF½

��5�	��Ä, ¦�m©EÇC�. ±e½þ/

�	ÙéMRPCo�m©E�K�.

ã 13 STAR­ïâfÂ¥TOF� �©EÇ(÷

ÖÑ^z ��——�ã, ÷ÖÑ^y��——mã)

�oÄþp�UC

ã 14 STARþMRPC����m©EÇ�oÄ

þp�Cz

�â©z [7, 8], &Ò÷ÖÑ^z ��D�k�½

�Ývz:
1

vz

=45ps/cm. �âTz �Ý, z ��½ �Ø

�, ò��Tz �ÝØO, �5�	��m�Ä. �ó

�, Tz �Ý�A^r»,­ïXÚ �©EÇ��z

Ú\�
�ªMRPC��m©EÇ¥. �âe¡ú

ª, �±òd�z�Ø:

σintrinsic =

√

σ2
MRPC−

(

σz

vz

)2

.

Øz ��½ Ø�	, y �� �©EÇ�¬é

MRPC�m©EÇk¤K�. �Xc©¤ã, Ty �Ý

éMRPC�m©EA�vkK�, �·���Ñy �

�½ Ø���z.

òã12Uþ¡úª�Øz �� �©E�5�

K�� (®~�XÚå©�m�Ä), =��STAR

þMRPC����m©E�oÄþp�©Ù (ã14).

��, �ØSTAR»,­ïXÚ �©E��z�,

MRPC�m©E�Äþ�6®Ä��Ø. 
�d��

�m©E��60ps, ù�(J�å6ÿÁ(J��.

ù`²STAR»,­ïXÚ �©EéMRPC�m

©EÚ�Ýk²w�K�.



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

4 (Ø

ÏLéykMRPC��m�Ý�{TA �Ý!Tz

�Ý�U?, ¿éâf\��Ý�Ï�?1
?�,

¦STARþ�MRPC-TOF��m©EÇ��∼70ps.

|^TPCJø�»,&E, éMRPC�m©EÇé

&ÒÌÝ!\� �!�ÝÚâfÄþ�ëþ��

6'X?1
ïÄ. STARþ$1�MRPC-TOF�

m©EÇLyÑ²w��Ý�6ÚÄþ�6A5, 3

�p�Äþ«� (p > 0.5GeV/c)�N�m©EÇ��

�70ps±e. ÏLéMRPC�m©EA5�©Û, ±

9�å6ÿÁ(J�'�, uySTAR»,&ÿì 

�©EUåcÙ´z �� �©EUå�Øv, ��

MRPC� � (Tz)�ÝC�. 3�Ø �©Eéo�

m©EÇ��z�, ��MRPC����m©EÇ�

∼60ps.
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Study on MRPC-TOF Timing Properties and

Calibration Methods *

LI Liang1) SHAO Ming2) CHEN Hong-Fang LI Cheng TANG Ze-Bo DONG Xin WANG Xiao-Lian

(Department of Modern Physics, University of Science and Technology of China, Hefei 230026, China)

Abstract A prototype Time-of-Flight (TOF) detector, consisting of 28 Multi-gap Resistive Plate Chambers (MRPC),

has been successfully operated at RHIC-STAR experiment since 2003. Extensive study on the calibration procedure

of the MRPC-TOF is performed in order to better understand MRPC’s performance. Improvements and extension on

current calibration method are discussed. Furthermore, it has been found that the position resolution of the reconstruc-

tion system at STAR has significant impact on the MRPC time resolution. After subtracting this effect, the intrinsic

time resolution of MRPC is found to be about 60ps, which is in good agreement to beam test results.

Key words MRPC, TOF, time resolution, calibration
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