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² �÷�
(¥I�ÆEâ�ÆC�ÔnX Ü� 230026)

Á� �âMRPCó�Å�Úp�m©E�A5, ï��« �(¯MRPC�.9ÖÑ�{. T&ÿ

ìäk10�220µmíY, k�&ÿ¡È�20cm×20cm. cà>fÆæ^;^ASIC�¡, äk¯�m

�AÚÑ\>Ö–ÑÑ&Ò°Ý�=�õU. æ�Ó�Ö�&ÒDÑ�m�ÚaA&Ò©Ù��{¢

yü�ÖÑ. éT&ÿì5U�å6ÿÁ(Jw«: ÷XÖÑ^��9ÙR���� �©E©O�

4.5mmÚ1.6mm, Ù�m©E��63ps, &ÿ�Ç>95%.

'�c õíY>{�¿ �1�m&ÿì �m©E ÖÑ�{

1 Úó

õíY>{�¿ (MRPC)���«#.��1

�m&ÿì, äkép��m©E, �±dNõ��

ÖÑü��¤&ÿ
�, äk~5ðc&ÿì�¤

��1�mÌ¤¤Øäk�5Ud�'. AO3p�

Ý�Ø�âfÔn¢�¥, du"�¯~�põ5

(X�éØlf¢�-RHIC)�w«Ñ§�`:. �

STAR/TOFrï��d28�MRPC(6íY)�¬|¤

&ÿ
�3Cüc�RHIC/STARÔn$1¥, w«


ûÐó�5U, Ù²þ�m©E�85ps (�)>f

ÆXÚ��m�Ä), &ÿ�Ç>95%
[1, 2]

. ã1´2004

c3Au+Au 62GeVéE¢�¥, STAR/TOFrÿþ

���"�âf�1�Ý (1/β)�Äþ�'XÚ�A

��þ©ÙÌ.

ã 1 3Au+Au 62GeVéE¢�¥, STAR/TOFrÿþ���"�âf�1�Ý (1/β)�Äþp�'XÚ�A��þ©ÙÌ
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MRPCó�A:´�íY~�
lf¤£Ú

å��m�Ä. ?u]2>|e�>{�éaA&Ò

´“ß²”�, ÖÑ>4þ�aA>Ö���íY>{

�þ�>Ö�Ú¤�', lkv
�ÑÑ&Ò. Ó

�ó�3È��ªe�MRPC, �m>Ö�A3È

��uÐL§¥åXØ��À��^. �[(Jw

«
[3, 4]

, XJØ�Ä�m>Ö�A, 3±Í|[ (F134a

90%±þ)�Ì�ó�íN^�e, ü>f3z�íY

(220—250µm)¥È��)�1016 >f, du�m>Ö

�A��^¢SþÈ����107 >fÒØ2uÐ,

¢�êâ�éÐ��y
ù�(J
[5]

. ù«É���

È��ª, L²MRPCØ=�±³�61L§�),

JpÙ�m©E, ��±äk�Ð��m©E. �

âMRPCó��ù
A:, ·�Á���k�&ÿ¡

È�20cm×20cm, 10�íYMRPC�., æ^
#�

ÖÑ�{, éT&ÿì��m5U, AO´½ 5U

?1
ïÄ, ±&?MRPCÖÑ#�ª.

2 &ÿì(�

ï��MRPC(�´d11�20cm×20cm, þÝ

0.4mm�Àæ�¤, Àæ�m^�»220µm�Z9~

j�m�, |¤10�íY�>{�¿ (�ã2). 	�À

æ�	L¡�æk19cm×19cm�|·>hÖ��p

Ø>4, ÙA5{|�zü ²�¡È∼5MΩ/�. p

Ø>4Ú&ÒÖÑ^�m^Mylar��m. ÖÑ^°

Ý6.3mm, z�^m�1.3mm, �Ý20cm. ÖÑ^ü

à�>fÆÓ�ÖÑ&Ò. ��MRPC�3�4�¶

-Ý¥, ·Ü��ó�íN�: F134a 93%+SF6 7%.

ã 2 MRPC(�«¿ãÚ¢Nì¡

3 ÖÑ�{Ú>fÆ

�
¼�ü� �(¯&Ò, ¢�æ�lÖÑ^

üàÓ�¼�&Ò, |^&Ò÷ÖÑ^DÂ��m�

5ÿ½÷ÖÑ^��� �; Ó�ÿþaA&Ò3Ö

Ñ>4^þ�©Ù5(½R�ÖÑ^��� �.

�
�yÓ�¼�°(��m&ÒÚÌÝ&Ò,

cà>fÆæ^ÄuNINO���=�>´. NINO

´CERN ALICE-TOF|�MRPC&ÒÖÑï�m

u�ASIC�¡
[6]

. T�¡æ^�©Ñ\, óÀ�m�

A<1ns, Ñ\��>Ö�A10fC; ¿�±òÑ\>Ö

=��ÑÑ&Ò�°Ý, ^uLK�m (Time-Over-

Threshold, TOT)�ÿþ; C���ÑÑ&Ò�m�

Ä<25ps, z¡�¡�Ó�?n8´&Ò. duNINO

ÑÑ&Ò/GJø
�mÚÌÝ&E, �±^TDC�

�Ö�óÀ&Òc÷Ú�÷�m (Ù�m°ÝéA&

ÒÌÝ), ?�±?1�m–ÌÝ?�. NINOÑÑ�

m&Ò�°Ý�Ñ\&ÒÌÝ¿��5'X (�ã3),

3&Ò'���Czé¯, é�&ÒCz�ú, ù«

��5'Xéu�&Ò�?��J�wÍ, �k|u

�m�?�. TDC=�>´æ^CERNmuï��

High Performance TDC(HPTDC)�¡
[7]. HPTDC

�¡3	Ü>u&Ò�5�Jø�é�mÿþ, �ó

�3p©E�ªeÙ�m©E��24.4ps; z¡�?

n8´&Ò. z�TDC(VME)���Ó�?n32´�

©Ñ\&Ò. ã4´ �(¯MRPCÖÑ>´.

ã 3 NINOÑÑ&Ò°Ý�Ñ\&Ò>Öþ�'

X (�[êâ´æ^�ý^�SPICEO�(J)

ã 4  �(¯MRPCÖÑ>´
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4 ÿÁXÚÚ¢�(J

3CERN�fÓÚ\�ì (PS)þ|^6GeV/c�

π g?âfå (T10)é&ÿì�5U?1
ÿÁ
[8]

.

Tå6ÿÁXÚÌ�d>uXÚ!»,"�ºXÚ

Ú“ë��m”XÚ�¤. ��ý>uMRPCÚüé�

��ðc&ÿì�¤>uXÚ. ý>uMRPCÌ��

å6XÚ�TDCJøå©�mÚADCm�&Ò, ð

c&ÿì�ÎÜ&Ò��êâ¼�XÚ>u&Ò. 3

�»,&ÿì�¤»,"�º,  �©E��1mm.

3�ÿ&ÿìNCkü��pR��ðc&ÿì, �

ÿþJø°(�ë��mT0(σ=29.38ps, �ã5(b)).

ÿþ�å6Ïþ∼100Hz/cm2.

ã 5 ï�å�º�Úë��m©Ù

(a) å�º�; (b) ë��m©EÇ.

ã 6 pØ¯�

¢�ÿþ�MRPC�pØ–�Ç¯��ã6.

3ó�>Ø�23.5kV, &ÿ�Ç�u95%. du»,

&ÿìïå����2cm2 (�ã5(a)), Ù¡ÈCX

�3�ÖÑ^. æ^üàÖÑ, &ÿì��Ç½�: å

�CXe�3�ÖÑ^?¿�^þüàÓ�kOê�

k��Oê.

ã7(a)�Ñ
3ó�>Ø23.5kVe, �m–TOT

?�'X, Ù¥3600�NCk����mCz´d

u�3Ü©&Ò��E¤�. æ^3g�^¼ê (cu-

bic spline function){[Ú
[9]

, ^5?�&ÒTOT°

Ý (éAuÌÝ)�5��m�Ä. �
~�âfÂ¥

 �é�m–TOT?��K�, 3÷ÖÑ^��À�

å�¥%3mm��S�¯~?1?�. ÖÑ^üà

��©êâ©O²L�m–TOT?��, �\�²þ

���m©Ù�ã7(b), �ØT0�Ä���m©E

σ=63.22ps.

ã 7 TOT?��ÚMRPC�m©EÇ

(a) �m–TOT�p'X; (b) MRPC�m©E.

|^MRPCÖÑ^üàÿ�&ÒDÑ�m��

5(½ �, I�(½&Ò3ÖÑ^ (Z ��)þDÑ

��Ý. �â¢�ÿþ��m� (�m–TOT?��)

�»,¿�Ñ�÷Z ��� �'X(�ã8), O��

�&Ò3ÖÑ^þDÑ�²þ�Ç�192.86mm/ns.

&Ò3ÖÑ^þDÑ�²þ�ÇO��{Xe.

b�3ÖÑ^þ�å�S �P1ÚP2ü:�&Ò

DÑ�AàÚBà��m©O´TA1, TB1 ÚTA2, TB2,
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�A��m��Td1 = TB1−TA1, Td2 = TB2−TA2. X

J&Ò3ÖÑ^þ�DÑ�Ý�v, @o, v×TA1+S =

v×TA2, v×TB2 +S = v×TB1, üª�\�¦), ��

&ÒDÑ�Ýv = 2×S/((TB1−TA1)− (TB2 −TA2)) =

2×S/(Td1−Td2).

ã 8 ÷ÖÑ^��&ÒDÑ�Ç

ã 9 �m��©ÙÚ �©Eã

(a)  �?�����m�©Ù; (b) ÷ÖÑ^���

 �©E.

¢�����m��©Ù�ã9(a), Ù�þ�Ø

�σ=47.5ps. ÷ÖÑ^��� �©E�©Ù�ã

9(b), Ù �©Eσ=4.5mm. 3ùp���ÖÑ^

üà��m��Ø� (σ=47.5ps)'²þ�m�Ø�

(σ=63.22ps)�, ù´Ï�>f�È�Ú&Ò�aA

L§�3�m�Ä, ù��m�ÄéÖÑ^üà&Ò

�3�m'é; Ùg, å6âfÄþ�Ø(½5E¤

��1�m��Ä, éÖÑ^üà�&Ò�´�'�.

üà�m�~, �±rù
�m�CzéØ���z

-�.

ã 10 R�ÖÑ^��� �©E

(a) =¥mÖÑ^k&Ò�� �©E; (b)  ��

TOT'~�m�'X; (c) üÖÑ^k&Ò�� �

©E; (d) R�ÖÑ^��o� �©E.

¢�êâw«�å6éO��ÖÑ^�¥%�,

Ï~3���ÖÑ^þ�)aA&Ò. 3·��å

6ÿþ^�e, �k30%�¯~=3¥%ÖÑ^þ

�)aA&Ò; �60%�¯~3���ü�ÖÑ^

þ�)aA&Ò; =k�u5%�¯~33^ÖÑ^

þÓ��)&Ò. �
ÿ½âfBL&ÿì!3R

�ÖÑ^��þ (x��)� �©E, 3êâ©Û�

æ�
?n3«�{: 1) �=k��ÖÑ^þk&

Ò�, ù��U@�âfÂ¥ �3ÖÑ^�¥%,

'�»,¿�Ñ� �, ��ù�� �©EÇ�

1.93mm, Xã10(a)¤«; 2) ����ü�ÖÑ^þ

k&Ò�, Xc¤ã, duTOT&Ò�°Ý�&ÒÌ

Ý���5'X (ã4), ØU��±TOT°ÝO�Ñ

x��� �. ��âÿþ���ü�ÖÑ^þTOT

°Ý�'~'XTOT1/(TOT1+TOT2)�»,&ÿ

ì�Ñ� ��m�'X (ã10(b)), [Ü¼��^

²���'X, ?�±O�Ñ¯~3x��þ� 

�, l��ù«�¹e� �©E (�ã10(c)).  

�©Eσ=1.46mm. 3) �3�ÖÑ^k&Ò�, æ^

DÚ�%{Ò�±O�ÑÂ¥ �, �duù«�

¹e�¯~êé�, ÚOØ���, ��� �©E

σ=1.89mm. 3«�¹e�o �©Eσ=1.66mm(�
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ã10(d)).

5 (ØÚ¯K

ØäJp&ÿì��mÿþÚ�mÿþ°Ý´y

�pUÔn¢�EâuÐ���. æ^Ó�Ö�&Ò

DÑ�m�ÚaA&Ò©Ù��{¢yü�ÖÑ, ´

 �(¯MRPCÖÑ#�ª. duMRPCó�3É

���È��ª, Ø=äkép��m©E, ¿�a

A&Ò3>4þ�©Ù�É���. MRPCæ^üà

&Ò�m�½ ��{, �±�Ø>f�È�Ú&Ò

�aAL§��m�Äé �©E�K�, Jp§�

 �©E. ·��ïÄ(JL²|^MRPC�ó�A

:�±¼�Ð��m©E.

ÐÚ�¢�êâw«, k7�?�Ú~�ÖÑ^

�°Ý, ¦aA&Ò©Ù�u3^±þ; ~�&Ò3Ö

Ñ^þDÑL§¥��mÞáÚÌÝ��; Jp&ÿ

ì�pØ�Ç¯; Ñ�±?�ÚJp&ÿì� �©

E. duå6ÿþ�m���, ù
ó�k�?�Ú

�\ïÄ.

T�ïÄ´3�CERN ALICE-TOFÜ�|�Ü

�ïÄ¥�¤�, ��
M.C.S. WilliamsÚD. Hatz-

ifotiadouÆ¬9Ü�|Ù¦¤
�|±, 3dL«�

�/a�.
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Spatial Resolution Measurement of a Position-Sensitive MRPC

with High Time Resolution *

LI Cheng SUN Yong-Jie1) SHAO Ming CHEN Hong-Fang

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

Abstract A position-sensitive MRPC prototype with high time resolution was developed. This MRPC has 10×220µm

gaps with the active area of 20cm×20cm. A front-end electronics based on NINO ASIC was used. The NINO ASIC can

transform the input charge to the width of output signal for the Time-Over-Threshold (TOT) measurement by using

High Performance TDC (HPTDC). With the difference of transmit time and distribution of plus amplitude, we can get

the two-dimension position information. The beam test result shows a spatial resolution of 4.5mm along the readout

pads and 1.6mm perpendicular to the readout pads, respectively. The time resolution is about 63ps and the detection

efficiency is over 95%.

Key words MRPC, TOF, spatial resolution, readout method
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