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1 Úó

ATLAS(A Toroidal LHC ApparatuS)¢��&

ÿìXÚòïE3î³ØfïÄ¥% (CERN)�.

rféEÅ (LHC—Large Hadron Collider)���é

E:þ, ÙÌ�Ôn8I´ÏéF�dâf, éb§

�!t§�ÚWâf�5�?1p°Ýÿþ, &¢#

�Ôny�. ATLAS¢��µf>u&ÿìàXÜ©

À^TGC(Thin Gap Chamber)&ÿìJøêâæ8

XÚ�1�?>u&Ò
[1]

, Ó��pR��TGC&ÿ

ìÒ4^&Ò���4j&Ò�, ��±Jøµf�

� ��I.

TGC(Thin Gap Chamber)&ÿì
[2—4]

, =Äm

Y¿&ÿì, ´�«ó�3pOÃ�Ú�ªe�õj

�'¿, Ù(���¡ãXã1¤«. TGC&ÿìü

�Ò4��må�2.8mm, Ò4²�Sý�æ�$�

�TGC�ü�Ò4¡. ¢%�:�L�½3ý��

µeþ��»�50µm�Û7¾j (R�u�¡), m

å� (1.8±0.025)mm, þ!/ü�3TGC�ü�Ò4

²�¥m. 700{��4j�©�32|, z�|j¿

é¤���4&Ò�. R�u�4j���, 3Ù¥

��Ò4²��	ý�¡k32^°Ýl1—4cmØ�

�Ô^, ��aA&Ò�. TGC&ÿìó��¦^

�ó�íN���z%Ú�Ñ��·ÜíN ('~�

55:45), 3�4j�Ò4jm\3000V�m�pØ, Ù

wÍA:´Ò4���4j��må'�4jmå

Ä, äk&Òþ,�m¯��m©ÙÄ�A:. TGC

&ÿìäk&ÿ�Çp!�m�A¯�A:, ¦�

TGC&ÿì�±325ns��S��ép�&ÿ�Ç,

U÷vATLAS¢��25ns-Em���¦.

ã 1 R�u�4j�TGC�¡ã

�©Äk0�
T9.TGC&ÿì�ï�L§,

,�éTGC&ÿì�&ÿ�ÇÿÁ��{?1
£

ã, ���ÑTGC&ÿì&ÿ�ÇÿÁ�(J.

2 T9.TGC&ÿì�ï�

ìÀ�Æ«ú
ATLAS¢�¥400�T9.TGC

&ÿì�ï�)�?Ö, ´¥IÜ�|3ATLAS¢

�ISÜ��8¥�Ì�|¤Ü©. T9.TGC&ÿ

ì�F//G, p120cm, þ.159cm, e.169cm, ¡

È�2m2, ò�SC3ATLAS�4�TGC����

	����	�� (T����»��24m).

·�ïá
���õ�TGC&ÿìï��)�

�;^¢�¿, 3ÆSI	k?Eâ�Ä:þ, ÏL
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3ï�)�L§¥�¢�ØäU?¿Åì5�
��

&ÿì�ó²6§. e¡éT9.TGC&ÿìï��

Ì�L§?10�.

2.1 Ò4�$¡���

TGC&ÿìÒ4²¡�´3þÝ�1.8mm½ö

1.6mm�FR4�áþ�æ���$�¤�, du�

$¡�¡>{Ç���¬K�TGC&ÿì	ý&Ò

^þaA&Ò��þ�&ÿ�Ç, Ïd�â�O�¦,

�$¡�¡>{Ç���30.5—1.5MΩ�m. ·�

ïá
^u&ÿìÒ4�$¡��æ�;^�$¿,

�¦¿S�§Ý��323—30℃�m, �Ý328%±

e, Ï��í�ÝLp¬E¤�$¡�O�5��

Ï½5C�. 3�$¡��L§¥, ¦^8��í

Ø�pØ�lò�$·Ü�þ!�æ3FR4�þ, ò

Ù¡>{Ç��35—6MΩ�m, ,�Å:ÿþ�æ

��$��¡>{Ç, ¿^�·>�?1��, ¦¡

>{ÇÅÚü�0.5—1.5MΩ�m. ï�L§¥uy,

#����$¡�¡>{Ç¬3�Ð�48hSþ,

30%—50%, ,�2Åì¡E��, Ïd�$¡���

ó�3�$¡��72h�?1.

2.2 &ÿì| N��½

3TGC&ÿì¥, ü�Ò4²¡��p²1m

å�2.8mm, d�½3ü��m�| N (�)6�|

 ^�70�| �)5�±, ù´��TGC�Eâ'

���, �¦¤k�| N�pÝÚ����î��

�. �(�Ò4²¡9��&ÿìï�L§¥�²�

Ý, æ^
���õ�p°Ý2.5m×1.5m×0.3m�s

k�ó�²� (�7�), �¡ (2.5m×1.5m)�²�Ý

4p, Ø�316µm±S.

3sk�²�þ, òpÝ�1.4mm�| N^�

Ê(3Ò4²¡�þ,  �d| N���½, ½ 

�°Ý�±��0.1mm. 3Ê(| N��ZHÏm,

·�¦^>5�7��ÙCX���¡, òÒ4²¡

��µ37��ÙÚsk�²�/¤��µ�mS,

Ä�Ù¥��í��½�ý�, |^ý�Øåò| 

N;Ø3Ò4²¡�þ. ý�Øåäk�N!, ´�

��A:�Øåéþ!/©Ù3��&ÿì²¡,

éu��&ÿì�²�Ýäk��¿Â. ù�Eâ

Ó�^uTGC&ÿì�Ü¤�V�(�ü��|C.

du| ��êþé�, z�Ò4�þÑ¬ke

Z| �ÑypÝ �L�½���¯K. | Np

Ý� �L�¬��ü��$¡�m�ålu)C

z; | ����, ÏÙ>�kbN´�ä�4j, |

 �3��Øåe¬Ñyl�$¡þøá½��, l

�&ÿì��þE¤Û�. ÏL3| �þ���

��k0.1mmâå�R>5²� («¿ã�ã2), �

±òý�Øå?1#©�, 4�/;�
| �u

)����¹.

ã 2 ^u| ��½�R>5²�

2.3 �4j�7�

�4j�7�´|^��dO�Å����.

°�7�Å�¤, §´d���=Ä�S¡!ø�

ì!Ú?ê�±9��>fÆXÚ|¤. 7�Åó

��, ü��$�ò�áN3=ÄS¡þ, �4j�

"�ÅuS¡��, S¡=Äò�4jlø�ì¥.

Ñ, ¿�73�$¡�þ. O�Å�â7�Å�ó�

G�, ÏL>fÆXÚ�Nø�ì�Ú?�ÝÚ�¡

=Ä�Ý, ò�4j�Üå��3 (350±10)g, må�

1.8mm. 7��¤�, ò7Ð��4jÅ3| N�

pØÔüþ, ,�òõ{��4j��, ��
�½

3�$¡±þ1.4mm?��4j²¡.

2.4 TGC&ÿì�Ü¤

òü�Ò4�$¡�(Ù¥��| Nþ®²Å

k�4j)�éÊÜ3�å�¤TGC&ÿì�L§¡

�TGC&ÿì�Ü¤. TGC&ÿìó��>|rÝ

4r, &ÿìSÜ?Û�D!n��,�Ñ¬Úå»

s�>Ú¦>6, lE¤�4j±9�$¡���.

ÏdTGC&ÿìÜ¤��ÜóSÑ3;�ïá��

?�À¿¥?1.

�
(�Ü¤�TGC&ÿìäkûÐ�FpØ

A5, 3TGC&ÿìÜ¤ck?1�[Ü¤. Äkò

²Lî��W�Åk�4j��$¡�áN3sk�

�¡þ. 3�$¡���4jÚÒ4¡�m\2900V

>Ø, uÿ¦>6¿�Ø�3�>»sÛ�. ,�ò

vk�4j��$¡��Ü�þã�$�þ/¤4Ü

�m, ¿\��z%?1ÀM, 3Ò4Ú�4m\þ

2900V�>Ø?1¦>6�uÿ, �¦¦>6½¿

�u1µA. �¤ù�uÿ�, ��ó�íN¿\3200V

pØ, Eþãuÿ.
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éu²L�[Ü¤�pØA5���¦�TGC

&ÿì, 3| Nþæ�, EU� �UÜü�$�,

,�U5½�ó²§S¢�&ÿì��ªÜ¤. 3�

�Ü¤ó²¥, ¦^
²�Ý4p (Ø��u0.1mm)

�¾·��, òvk�4j��$¡�¦^ý�áN

3¾·��þ, 3ü��$¡�Ñ?3pÝ²��G

�e?1Ü¤.

éÜ¤��&ÿì�²�Ý?1
ÿþ. (JL

², Ù²�Ý �ý�õê�0.1mm½ö�u0.1mm,

�k4�A�&ÿìÑy0.2mm��¹. (JÑ`u

0.3mm��þ�¦.

2.5 |C¤TGCV�(�ü�

^��2cmþ�·����¥mm�\�, òü

�TGC&ÿì|C¤���N, T(�¡�TGCV

�(�ü�, Ùü�	L¡©OÊÜ0.5cmþ�·�

��FR4����o (Xã3).

ã 3 TGC&ÿìV�(�ü�(�ã

k���Ó�ü�&ÿì, |C�còÙ¥��

&ÿìÊbþ2cmþ�·��, ,�¦^7��Ùò

ü�&ÿìÚ·��ÊÜµ43sk��¡þ, Ä�

7��ÙS��í, /¤�KíØ¦7��Ù!·�

�Ú&ÿìØ;3�å, |C¤é¡�Ø´u)/C

�V�(�ü�. |C�¤��&ÿì´Äu)/C,

´±V�(�ü��²�Ý �5ïþ, ÿÁ(JL

², ¤k&ÿì�²�Ý ��Ü$u0.3mm(97%

�0.1mm½0.2mm), `u0.4mm��þ�¦IO.

2.6 >fÆµC95UÿÁ

TGCV�(�ü��cà>fÆASD(Amplifier

Shape Discriminator)
[5]

�SC3&Ò·�ì (Â8&

Ò¿JøIO���>´�)þ, z�ASD��±Ö

Ñ16´�4j&Ò½Ò4aA^&Ò. í3ASD�

þ��/ûÐ�Ô�	�, �±k�/¶-DÑ&Ò.

TGC&ÿì�ó�íN¹k´-5íN�Ñ�,

ÑuS��Ä, I�3TGCV�(�ü��o±µC

���/íNÏ�, &ÿìó��¿\��z%?1

�6�W, �±ò�Ul&ÿì¥�¦Ñ��Ñ��

Ñ¢��e.

é¤kï��¤�TGC&ÿì?1
î�ÿ

Á
[6]

, ÿÁSN�)&ÿì�²�Ý!í�5!p>

Ø��!¦>6±9&Ò��OêÇþ!5�. ÿÁ

(JL²·�ï��TGC&ÿì33200V�ó�>

Øeó�½, ¦>6�Ü$u1µA, &ÿì�&Ò

��OêÇÄ���.

3 TGC&ÿì�&ÿ�Ç×£

&ÿ�Ç�p$´ïþ&ÿì¬����I,

�
u�T9.TGC&ÿì´Ä��ATLASÁ��

¦��þIO, |^�3±Ú�A.�Å�Æ (Tel

Aviv University)�TGC&ÿì&ÿ�ÇÿÁ²�
[7]

,

éT9.TGC&ÿì?1
&ÿ�Ç�uÿ.

TÿÁ²��(�Xã4¤«, lþ�e�g´

º���ðcN!º�°�¿!.�°�¿±9.�

��ðcN, �ÿTGC&ÿì�3ü�°�¿¥m.

ã 4 ÿÁ²�(�«¿ã

 uºÜÚ.Ü�ü�ðcNz�d4¬60cm

°!140cm�!1.2cmþ���ðcN|¤, �pU

�»��âf (Xµf)0BÿÁ²��, þeü�

ðcN&ÒÎÜ�)êâ¼��>u&Ò. °�¿

(PRecision Chamber, PRC)�´�«õj¿íN&

ÿì, §dü��pR��Ò4aA&ÒÖÑ^Ú

��\pØ��4j�¤, ÙÒ4aA&ÒÖÑ^=

°3.6mm, må1mm, ÷x¶!y ¶��©Ok�°�

361^!458^&Ò�. PRC�cà>fÆGassiPlexs

k
[8]

ÏLCEAN V550B?1��, �±éÒ4�aA

&Ò?1��!¤.!£�ÚüS, 2�ÜCEAN

V551B(S�ü�Õá�ADC=��¬), U
°(ÿ

þBLâf� ��I.
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TGC&ÿì�&ÒÏLcà>fÆASD�=

��LVDS&ÒÑÑ, ¿ÏLNIM��ASDR(ASD

Readout)�ò16�LVDS&Ò�ORÜ6$��=�

�´�©ECL&Ò, ���\CEAN V767 TDC�

�. �âTTGC&ÿìéA�TDC��´Äk&Ò

�P¹e5, �±(½&ÿì´Ä&ÿ�BL�âf.

êâ¼�XÚ�Â�>u&Ò�, >fÆ��ò

Tâf3PRC��ÿTGC&ÿìþ�Â¥&E|¤

��¯~, ¿�\^�. ÏL[ÜâfBLþeü�

PRC��»,, ?1êâï, �±(½âf3�ÿ

�TGC&ÿìþ�Â¥:�I. rTGC&ÿìy©

�Nõ�������, ¯~ï��Â¥:�Iá

\1 i����¯~êP�Ni, Ni ¥éATGC&ÿ

ìk&ÒÑÑ�¯~êP�Nie , KT���&ÿ�

Ç½Â�: ηi = Nie/Ni. é¤k¯~?1ï�, �±

����&ÿì&ÿ�Ç�©Ùã, l�¤é&ÿ

ì?1�&ÿ�Ç×£.

4 &ÿ�ÇÿÁ�(J

|^A.�Å�Æ�TGC&ÿì&ÿ�ÇÿÁ

XÚ, é144�dìÀ�Æï�)��T9.TGC&

ÿìV�(�ü� (288�TGC&ÿì)?1
&ÿ

�Ç�×£.

ã5���;.�TGC&ÿì�4j&ÿ�Ç

×£�(J, ×£�°Ý�1cm×1cm. ¦^ØÓ�ô

Ú5I£��TGC&ÿì&ÿ�Ç�©Ù, ôÚ�f

L«T«��&ÿ�Ç�p, ~XxÚ�LT«��

&ÿ�Çpu95%, ôÚ��L«T«��&ÿ�

Ç�$, ~XçÚ�LT«��&ÿ�Ç$u50%(�

Ý�ãmý). ã¥�&ÿì�6�| ^Ú70�|

 ��éA ��&ÿ�Ç²w$u±�«�, ù´

dTGC&ÿì�Ôn(�û½�, òùÜ©«�½Â

�&ÿì��ó�«�.

ã 5 ;.�TGC&ÿì�4j&ÿ�Ç×£�(J

ATLAS¢���þIO�¦TGC&ÿì��(

¯«¡ÈA�u��&ÿì�ó�«�¡È�5%.

�(¯«�½Â´: ±,��� (1cm×1cm�¡È

ü�)�¥%, XJ�C�5cm×5cm(ëY¡È�L

25cm2)«�Sz�����&ÿ�ÇÑ�u95%, K

T��O����(¯«. éuó�«�S�¤k�

�?1ÚO, �±��z��&ÿì��(¯«�é

uó�«�¡È�'�, T'�´�N&ÿì¬��

�ëê.

&ÿ�Ç×£�ÿÁ(JL², 8c®²�¤

&ÿ�ÇÿÁ�ìÀ�Æï��288�T9.TGC&

ÿì��(¯«¡ÈÑ�u&ÿìó�«�¡È�

1%, `uATLAS¢���O�¦ (5½��þIO´

5%), LyÑ4p�&ÿ�Ç.

©%a�±Ú��[ùïÄ¤ (Weizmann Insti-

tute)�A.�Å�Æ (Tel Aviv University)pUÔn

¢�¿3TGC&ÿì�ï��&ÿ�ÇÿÁL§¥

Jø��Ï.
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Development of T9 Type Thin Gap Chamber and Measurement of

the Detection Efficiency *

YAN Zhen1) FENG Cun-Feng ZHU Cheng-Guang SUN Yan-Sheng ZHANG Nai-Jian HE Mao

(School of Physics and Microelectronics, Shandong University, Jinan 250100, China)

Abstract The development and production of 400 sets of T9 type TGC (Thin Gap Chamber) for ATLAS experiment

are undertaken by Shandong University. In this paper, the process of development of T9 type TGC is introduced first

and then the method of measuring the detection efficiency of the TGC is described. The testing result of detection

efficiency of 288 sets of T9 type TGC built by Shandong University shows that all the detectors excellently fulfill the

quality requirements of ATLAS experiment.

Key words thin gap chamber(TGC), test bench, scanning of detection efficiency, inefficiency region
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