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Á� d28�õíY>{�¿ (MRPC)�¬|¤�&ÿ
�–STAR/TOFr, 3�éØlféEÅ

(RHIC)¢�þ¼�
�þ�êâ. |^�%Uþ62.4GeV Au+AuéE�¢�êâ, ©Û
MRPC&

ÿØÓ�>âf (K0f!π0f!�f�)��ÑÑ&Ò�íN¥�>lU� (dE/dx)�m�'X,

�Ñ
MRPC�íN>lÚÈ����
#�¢�(J. �
?�Ú)º¢�(J, �éó�^�

eMRPCÑÑ&Ò�A:, éMRPC�íN>lÚÈ�L§?1Monte Carlo�[, �\&?
K�

MRPCÑÑ&ÒÌÝ��Ï.

'�c õíY>{�¿ �1�m&ÿì >lU� âf£O

1 Úó

õ í Y > { � ¿ (Multi-gap Resistive Plate

Chamber, {¡MRPC)´Cc5uÐå5��«^

uâf�1�mÿþ�#.íN&ÿì. MRPC�Ä

��.�ã1, 3�mY��m>|¥�må/�\

eZäkA½>{Ç�>{�, �>{��> ´]

2�, �±r���mY�È�©)�eZ�mY�

È��U\. duíYé� (<0.3mm), ~�
È�å

© ��ÚOÞáÚ>ÖÂ8�m, ¿¦�È��u

Ð���3é����S, �±ó�up>|e, k

�/Jp
�m©E (���∼50ps); Ó�p>{Ç

�>{�éÈ�¥�)�¯&Ò´ß²�, >4þ�

ÖÑ&Ò´¤kíY¥�È��)�aA&Ò�Ú,

�y
MRPCäkép�&ÿ�Ç
[1, 2]

(>99%); Oê

ÇUå���102 ∼ 103Hz/cm2. 3�N(�þ, N´

�O�õ´�ÖÑü�(�, �±÷v�éØlf

éE¢�âfõ5p�&ÿ�¦.

{IÙ°�°©I[¢�¿ (BNL)STAR¢�

|Oy^4000õ�MRPC�¬ïE�1�mÌ¤

(TOF), Ed��´�Ó�I�~5¯ðcN–1>

�O+�¤TOF�1/10. 2003c¥{Ü�ï��

.þ1��MRPC/TOF�Å (TOFr)
[3]

SC�STAR

&ÿXÚþ, �Ù¦�f&ÿìë�RHIC�Ôn$

1Úêâæ8
[4, 5]

, ¼�
�þ�¢�êâ, ��\ï

ÄMRPC�ó�Å�Jø
7�^�. �©ò|^ù


êâ, �[©ÛMRPCéØÓ«a!Äþ��>â

f��A, XïÄMRPCÑÑ&Ò�íN¥>lU

� (dE/dx)�m�'X.
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2 STAR/TOFr(�

STAR/TOFrCX6◦ �� �Ú−1 < η < 0��

¯Ý«m, ��u��×ÜTOF�1/120. 3TOFr¥

SC
28�MRPC�¬, Ù(��ã2, z�MRPC

�¬�L¡CqR�uSTAR&ÿìAÛ¥%�ë

� (�ã3). 32004cRHIC�%Uþ62.4GeV�Au-

AuéE$1¥, TOFr¥12��¬ (72�ÖÑ^)�ê

â�ÖÑ. �TOFr�ÿÁÚ�Ý�'�Ì�f&ÿì

ã 2 STAR-TOFrþæ^�MRPC�¬(�«¿ã

ã 3 STAR-TOFr(�«¿ã
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k � m Ý K ¿ (TPC)
[6, 7]

, � º :   � & ÿ ì

(pVPD)ÚTOFr��. TPC^5Jø�>âf�

Äþ!dE/dx±93^|¥�>âf»,�Ð©é

E:�ÿþ. pVPD�O^5�TOFrJø�é�å

©�m, TOFr��P¹Ê��m. 362.4GeV�

Au+Au$1¥, �Â8��2.2Mk�TOFrêâ
[8]

.

3 TOFrêâ©Û

62.4GeV Au+AuéE¥TOFr�êâ�)Â¥

TOFr��>âf»,!Äþ!dE/dx!�AMRPC

ÖÑ^�TDC!ADC&Ò�. |^TOFr��1�m

ÿþ, ¿nÜdE/dx&E, �±3î�Äþ (pT)��

3GeV/c���S¢yé�>π!K0fÚ�f��

O
[9]. ã4(a)Úã4(c)�Ñ
0.4—0.5GeV/cÄþ«

ã 4 (a) MRPCé0.4—0.5GeV/cÄþ��S�

�>π0f�ADC�A; (b) �äpà20%�Ü

�ADC©Ù; (c) 0.4—0.5GeV/cÄþ��S�

>π0f�dE/dx©Ù

mS�>π0f�ADC&ÒÌÝÚdE/dx�©Ù, ©

OdTOFrÚTPCÿþ�Ñ. ÚOÙ²þ�(�~�Ú

OØ�, ADCÌpà20%�Ü©���, �ã4(b)),

¿�	§� (²þ�)3ØÓâfÄþ«m�Cz, �

±uy, $Äþ�MRPCéØÓâf�&ÒÌÝ�A

k²w«O, ¿��dE/dx�âfÄþ�Czª³�

q. l&ÿ�nþ�Ä, XJMRPCó�3�'È�

«, ÑÑ&ÒÌÝÚ�>âf3MRPCó�íN¥�

Uþ�ÈA�'udE/dx, &ÒÌÝ�dE/dx²þ�

�'��âfÄþ�©ÙA�CuY²��. ,,

TOFrêâ¢S©Û(Jw«, 3$Äþ�S, ù�'

�LyÑ��5Czª³ (�ã5). &?ù«Cz�

S3�Ï, kÏu
)TOFr�$1G¹, ±9?�Ú

n)MRPC�ó�Ån.

ã 5 MRPC &ÒÌÝ� dE/dx ²þ��'��

âfÄþ�Cz

Äk, þ¡éTOFrêâ�©Û¥�Ñ�´&Ò

ÌÝ�²þ�, �)
TOFr¥72�ÖÑ^�ÑÑ&

Ò��z. du^|�K�, �>âf3$ÄL§¥

u) =, ò±�½��Ý\�. âfÄþØÓ, \�

�Ý�òØÓ, 3MRPCó�íN¥²L�´§�Ý

ò�AUC. ù��>âf3ó�íN¥�²þUþ

�È�¬ØÓ, ��MRPCÑÑ�ADC&Ò�)�

É, ¬é�ª�©Û(JE¤K�, Ïdk7�éd

?1?�.

Ùg, dTOFr�(���, ØÓ�MRPC�¬

äkØÓ�Ü�, �¬K�âf�\��Ý. dâ

f�n�Äþpx, py, pz, �O�Ñz�âf�\

��Ý θ, ϕ (ÄþÚ�Ýþ�3STAR�Û�IX

¥��). ã6¤«´�K�>âfÂ¥MRPCØÓ

ÖÑ^�\��Ýϕ�Äþ�©Ù (ϕ�ü �l

Ý). 3^|¥, âf�Äþ��,  =�Ý��, �

�CR���MRPC, dd�[Ü����ÖÑ^

{ � � �   � ϕ0. 2 � â ã 2 ¥ Ø Ó MRPC � ¬

� 4 � θ0, � � � > â f B L MRPC ó � í N �



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

´»�Ý�L = L0/cos(θ − θ0)/cos(ϕ − ϕ0), Ù¥

L0 �MRPCíY�oþÝ. duADC�'u>l

Uþ�È, Ï�'u´»�Ý, Ïdk?�'X:

ADC = ADC0×cos(θ−θ0)×cos(ϕ−ϕ0) (��uâf

R�\�MRPC).

ã 6 âf\�� �ϕ�âfÄþ�©Ù

,��¡, du�´ÖÑ>fÆ±9MRPCÖÑ

^�m5U��É, =¦�>âf3MRPCó�íN

¥�Uþ�È�Ó, ØÓÖÑ^ÑÑ�&ÒÌÝ�¿

Ø��. �d, À½
�´ÖÑü��&ÒÌÝ�Ä

O, ò¤kÙ¦ÖÑ^�&ÒÌÝ�é§?18�z

?n.

²Lþã?�����ADC��dE/dx²þ�

�'��ã7. é'ã5, ù�'��\�âfÄþ�

CzÌÝk¤~�, �$Äþ«���5Czª³E

,�3. 3üØ
&Ò�Ý�5�XÚØ��, Úå

��5Cz�,���Ï�U´dMRPCg��ó

�5Uû½�, =�Ù3ó�íN¥�>lÚÈ�A

5k'. �
�	MRPC�íN��Å�, k7�/

Ï�
nØ�.Ú�[ÃãéÙ?1��\�ïÄ.

ã 7 ?���MRPC&ÒÌÝ�dE/dx²þ�

�'�âfÄþ�©Ù

4 | ^Monte Carlo� { éMRPC5

U��[©Û

4.1 íNëê�[

íN��A5´K�MRPC5U�'�Ï�.

STAR/TPC 3 Ô n $ 1 ¥ ¦ ^ � í N � P10

(90%Ar+10%CH4), MRPC�ó�íN±Í|[í

N�Ì (94.7%C2F4H2+5.3% iso-butane). �
ïÄ

ùü«íN�>lA5, ¦^HeedÚGarfieldéÙ?

1�[O�
[10]

. ó��¸����25◦C, 1atmíØ,

ó�>|�11kV/mm. �[���âf3Í|[í

N¥)¤��Ð>f–lfé�q�ÝÚzq�¹�

>f–lféê8�ã8(a), (b). '�ØÓ�>âf

(Kaon, Pion, �f)3ü«íN¥u)�>lL§�

Äþ�Cz�¹ (�ã9(a), (b)), �±uyüö�²

þ>l�ÝCzª³é�q (ã9(c)). Ï�²þ>l

�Ý�dE/dx¤�', ù`²MRPC¥ADCÌÝ�

âfdE/dx���5'XØ´duØÓó�íN�

5��OE¤�.

ã 8 (a) Í|[¥ 0.5GeV/c �f)¤��Ð>

f–lfé�q�Ý; (b) zq�¹�>f–lfé

ê8



1 4 Ï ol�µMRPC&ÿØÓ�>âf�ÑÑ&Ò�ó�íN¥dE/dx�m�'X 381

ã 9 (a) Í|[¥²þ>l�Ý�âfÄþ�©

Ù; (b) P10¥²þ>l�Ý�âfÄþ�©Ù;

(c) Í|[ÚP10¥²þ>l�Ý�'�

4.2 È�L§�[

�>âf�Ð>l)¤��Klf3>|¥

�$Äeò�)È���, ù�L§�±ÏL)

)Xêα!áNXêβ Ú¤£�Ý v 5£ã. ¦^

Magboltz
[11]

�[O���ù
ëê. �âLeglerÚ

Riegler ï á � í N È � � .
[12]

, b � � � > f l

x = 0 �Ñu, §3x(x > 0)?Úå�gÈ��

)n�g?>f�AÇ�±Lã�

P (n,x+dx) =

P (n−1,x) •(n−1) •α •dx •(1−(n−1) •β •dx)+

P (n,x) •(1−n •α •dx) •(1−n •β •dx)+

P (n,x) • n •α •dx • n •β •dx+

P (n+1,x) •(1−(n+1) •α •dx) •(n+1) •β •dx,

�ªm>�o�L«3x+dx?uyn�g?>f�

o«Ì��U5. �Ñdx�p��, þª�)�±�

�

P (n,x) =



















k •

n(x)−1

n(x)−k
, n = 0

n(x) •

(

1−k

n(x)−k

)2

•

(

k •

n(x)−1

n(x)−k

)

n−1

,n > 0

Ù¥n(x) = eηx, η(= α−β)�k�))Xê, k =
β

α
.

Ï�MRPCó�3r>|¥, ¤±�±�Ñα = β

Ú α = 0 � � ¹. þ ã © Ù � � � �: σ2(x) =

1+k

1−k
n(x)(n(x)− 1). 3n�é���¹e, �±¦

^ ¥ % 4 � ½ n. ® � x   � k n(x) � > f, K

x + dx?�>fên(x + dx)�Ñlpd©Ù (²þ

�µ = n(x)n(dx), ��σ =
√

n(x)σ(dx))��Åê.

ù��±��!�O��m.

4.3 �m>Ö�A

311kV/mm�>|e, MRPCó�íN�k�

))Xê��1400cm−1. íY°Ý�0.22—0.25mm

�, ügÈ��)�o>Ö��104pC. ù�(J��

pÑ
¢�êâ
[13], ù�I��ÄÈ�L§¥�m>

Ö�A�K�. �È��)�>f–lfé���½

êþ�, È\��m>Ö¤�)�>|ò-��Ü©

	\>|, l��
È��UYuÐ
[14]

. 3¢Sÿ

Á¥, duMRPC&Ò�þOKé$, ÙOê�ÇÚ

�m©EÄ�ØÉ�m>Ö�AK�, Ïd�±æ^

��K���{5�[�m>Ö�A. =�ÄügÈ

��)�>fê8��K��, È\��m>Ö¤�

)�>|��	\>|�'[, -�ÙéíN���

�^, d�È����Ú, Ø2�)g?>f. K��

��Ì�K�MRPC&Ò�>Öþ (=ADC).

4.4 &ÒaA

d $ Ä > Ö Ú å � MRPC Ö Ñ > 4 þ �

> 6 & Ò � ± � â Ramo ½ n
[15]

O �, = i(t) =

EweightvdriftQeN(t). ª¥N(t)L«3 t�mÈ��

)�>fêþ, vdrift �>f¤£�Ý, Qe ´>f>þ,

Eweight ��|:

Eweight =
1

(

ngapdgap +(ngap−1)din+2dout

εglass

+
2dMylar

εMylar

)

Ù¥ngap Údgap �íY�êþÚ°Ý, din, dout, dMylar

©OL«MRPCS�!	�>{� (Ï~¦^Àæ)

Úà|�� (ý��)�þÝ, εglass, εMylar �>{�Ú

ý���0>~ê.

¢�¥MRPC¦^cà��ìMAXIM3760, �

° 560MHz. § � & Ò � A ¼ ê � � �: f(t) =

n−nen

(

t

τ

)

n

e−
t

τ . Ù¥, n�È©�ê, nτ = tp ��¸

�m. 3�[¥�n=2, tp=1ns. ,	, 3¢S�¢�
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¥, D(�K�Ø��Ñ, �Ï��©¥�[�8�

´ïÄMRPC�íN��5�, �6Ø�ÄÙK�.

4.5 �[(J©Û

æ^þã�[�{, ��m>Ö�AK�(=üg

È���>fê8)�1.6×107, O����>âfB

�MRPC�ÑÑ�&ÒÌÝ. �^Heed, Garfield�

[O����3MRPCó�íN¥�dE/dxêâ'

�, ��üö²þ��'��âfÄþCz�©Ù(�

ã10). �
��Ù�*	ÙCzª³, �âfÄþ�

3.0GeV/c�� 〈ADC〉/〈dE/dx〉 (“〈 〉”L«¦²þ)'

��1. ���[(J�TOFr¢�êâ©Û(J�o

Nª³��Cq.

ã 10 �[���〈ADC〉/〈dE/dx〉�âfÄþ�

©Ù (�m>Ö�AK�1.6×107)

�
?�Úu��m>Ö�A�K�, ÀJ&Ò

ÌÝCz�²w��f, �[ØÓ�m>Ö�AK

������¹. ��½�m>Ö�AK�©O�

1.6×107, 3.0×107, 5.0×107 Ú6.5×107�, *	�[(

J�Cz (Xã11), �±uy, ��m>Ö�A�K

�O��, ADC&ÒÌÝ�âfdE/dx²þ��'

��Äþ�Cz��Åì~�, �ªu�Y²��.

duK���, �L�m>Ö�A�f (�Ò´`, I

�õ��m>ÖâU�),�Y²�>|rÝ), Ïd

ã11`²�m>Ö�A�K��(�3���wÍ.

ã 11 �f3 MRPC ¥ 〈ADC〉/〈dE/dx〉3ØÓ

�m>Ö�AK�e�âfÄþ�©Ù

ã¥1.6, 3.0, 5.0Ú6.5L«K��Tê�¦±107 .

ddL², $Äþ�>âf3MRPCó�íN¥

�>l�Ý�p, È�L§É�m>Ö�A�K��

�²w, d�MRPCó�3k��'«; �'�ep

Äþ�>âf�>lU��$, È���É�m>Ö

�A�K����, �� 〈ADC〉� 〈dE/dx〉�'��

âfÄþO\Ñy
þ,ª³. O�K���, �

m>Ö�A�K�Åì~f, MRPC3�$Äþ�>

âf\��ó�«��Åì�C�'«, l~�


 〈ADC〉� 〈dE/dx〉'��Cz��. �K�O��

�½§Ý�, '��Czª³ªuY²��, =d�

MRPCé?¿Äþ�>âf\�þó�3�'« (ã

12).

ã 12 �[���〈ADC〉/〈dE/dx〉�âfÄþ�

©Ù (�m>Ö�AK�6.5×107)

5 (Ø

ÏLéSTAR-TOFr�62.4GeV Au+AuéEê

â�þOÚ©Û, �±uy�ØÓÄþ��>âf\

��MRPC�, ÑÑADC&ÒÌÝ�âf3MRPC

¥�Uþ�ÈØ¤�5�', ´�XâfÄþ�O

\Ñyþ,ª³. �
)ºù�y�, �âMRPC�

ó�Å�ÚA5ïá
íNÈ��., éMRPC�>

lÚÈ�A5?1Monte Carlo�[. �[(Jw«,

�$Äþâf\��, �m>Ö�A³�
MRPCí

N�È���, ¦MRPCó�3k��'«. �p

Äþâf\��, duÙ3íN¥�>lU�ü$,

�m>Ö�A�K���A~�. l��
ÑÑ&

ÒÌÝ�âf3íN¥�dE/dx�'��âfÄþ

O\þ,. ù
¢�Ú�[(J, ¦·�éMRPC

�ó�Å�k
#�@£. òkÏuMRPC3¢S$

1¥��ÝÚêâ©Û, ?�ÚJpTOF�âf£O

Uå.

a�RHIC�ó�<
�y
p�þ�$19

STARÜ�|Ó¯��«|±.
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Correlation between Particle Ionization Energy Loss in MRPC

and Its Signal Amplitude *

LI Xin SHAO Ming1) LI Cheng CHEN Hong-Fang TANG Ze-Bo

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

Abstract Based on analysis of STAR-TOFr data from RHIC 62.4GeV Au+Au experiments, correlation between the

MRPC signal amplitude (ADC) and the ionization energy loss (dE/dx) in working gas, for different particles (Pion,

Kaon, Proton), are studied. Experimental results on characteristics of particle ionization and avalanche process in

MRPC are presented. In order to further understand the working mechanism of MRPC, a Monte Carlo simulation

procedure is carried out. Possible factors contributing to the performance of MRPC are discussed.

Key words MRPC, time-of-flight detector, ionization energy loss, particle identification
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