
MWPC
�

MWPC � � � GeV � ��
�	��
 �
����� ���
���
�������

����
� � �
!�"�" # � $&% # � '

1



� �

1 �������
	 7

1.1 MWPC �
������� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

1.2 MWPC �
����������� GeV � �"!�#�$&%�')(+*-, . . . . . . . . . . . . . 7

2 ����.�/ 7

2.1 MWPC 021��+3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.2 MWPC �
����4-� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.3 5�6-021��+3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

2.4 MWPC 0�7�8�9;:=<>�)?�@BA . . . . . . . . . . . . . . . . . . . . . . . . . 10

2.5 C�D�E�F GIH�J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2.5.1 MWPC Readout System �LK�M . . . . . . . . . . . . . . . . . . . . 11

2.5.2 ASD board . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2.5.3 PORQ N�O>P+#LQ . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

2.5.4 HOG N�O=P�#;Q . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

2.6 R���S�T U bremsstrahlung V+0�1�� 3 . . . . . . . . . . . . . . . . . . . . . 15

2.7 MWPC 0�7�8�9 γ- ray �
WXE�4-� . . . . . . . . . . . . . . . . . . . . . . 15

2.8 Tagger 0+1�� 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

3 MWPC �)Y=Z-[�\>�)]=^"_&` 16

3.1 a-b�c�d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

3.2 Cluster e ClusterSize ��,�f . . . . . . . . . . . . . . . . . . . . . . . . . . 21

3.3 Efficiency UgW"E�h�ijV-�L,�f . . . . . . . . . . . . . . . . . . . . . . . . . 21

3.4 *-,�k�l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

3.5 *-,jmIn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

4 GeV o-p-q�r�sj�)]�^t_&` 23

4.1 a-b�c�d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

4.2 a-b�c�d��)u�d�v2w . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

4.3 GeV �+�"!�#2$&%x'L( *�,�G&H�y�0+1��+3 . . . . . . . . . . . . . . . . . . 23

4.4 *-,�k�l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

5 ����z�{ 28

5.1 Delay Curve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

5.2 Plataue Curve U}|�~�3 X-axis V . . . . . . . . . . . . . . . . . . . . . . . . 29

5.3 Cluster size 0+1�� 3 U X-axis � D�V . . . . . . . . . . . . . . . . . . . . . 31

5.4 Cluster 0+1��+3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

5.5 GeV �+�"!�#2$&%x'L( . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

5.5.1 ���������������&��� . . . . . . . . . . . . . . . . . . . . . . . . . 38

5.5.2 TDC �����-�I��� . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

2



5.5.3 Cluster size ���"D��&1>8������ . . . . . . . . . . . . . . . . . . . . 40

5.5.4 Cluster 0�� 9���� . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

5.6 �����t�+!>#2$�� FWHM . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

6 ���
	 43

6.1 MWPC �
������� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

6.2 GeV �+�"!�#2$&%x'L(�0�1�� 3 . . . . . . . . . . . . . . . . . . . . . . . . 43

7 �
� 50

7.1 MWPC �
��������0+1��+3 . . . . . . . . . . . . . . . . . . . . . . . . . . 50

7.2 GeV �+�"!�#2$&%x'L(�0�1�� 3 . . . . . . . . . . . . . . . . . . . . . . . . 50

3



� � �

1 MWPC ����� [2] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

2 anode wire ���t�����"�	��
�y U wire ��
�� mm � wire ������� µm V [2] 8

3 Time development of an avalanche in a proportional counter [2] . . . . . . 9

4 MWPC �����&��� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

5 :�<�������� � U SPICE simulation of U 1 V the preamplifier output, U 2 V the

two main-amplifier differential output signals,and U 3 V the two comparator

differential output signals U LVDS V . V . . . . . . . . . . . . . . . . . . . . 12

6 PORQ N�O=P-#
Q ��!�"�#%$'&)(�Q . . . . . . . . . . . . . . . . . . . . . 13

7 HOG N�O>P�#;Q �*!+"�#%$'&,(
Q . . . . . . . . . . . . . . . . . . . . . . 14

8 Pair Creation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

9 Tagger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

10 W�E.-t�./=d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

11 MWPC ��0+� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

12 Scintillator ��0�� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

13 *-,�G&H . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

14 Cluster e Clustersize �L,�f . . . . . . . . . . . . . . . . . . . . . . . . . . 21

15 MWPC �1�"���+243 5&�./=d�y . . . . . . . . . . . . . . . . . . . . . . . 24

16 2�3 5&��6��./�d�y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

17 collimater �	/�d=y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

18 GeV �+�"!�#2$&%x'L( *�,t� G H . . . . . . . . . . . . . . . . . . . . . . . 27

19 7*8)"�649I#�:�0�� 9�;�'=<.#�> . . . . . . . . . . . . . . . . . . . . . . . 28

20 Delay Curve(Ar : i − C4H10 = 8 : 2 Vth=80.0mV HV=-3000V X-axis) . . 29

21 Delay Curve(Ar : CO2 = 8 : 2 Vth=80.0mV HV=-3400V X-axis) . . . . . 30

22 ?�@�5j6�A��.�=��0���9 Plataue Curve(Ar : i − C4H9, Vth=80.0mV) . . . 31

23 gatewidth �	�=��0 �+9 Plataue Curve(Ar : i − C4H10 = 8 : 2,Vth=80.0mV) 32

24 ?�@�5j6�A��.�=��0���9 Plataue Curve(Ar : CO2,Vth=80.0mV . . . . . . 32

25 gatewidth �	�=��0 �+9 Plataue Curve(Ar : CO2 = 8:2, Vth=80.0mV . . . 33

26 Vth �.�>�>0 � 9 Plataue Curve(Ar : CO2 = 7 : 3,100nsec . . . . . . . . . 33

27 Cluster size(Ar : i − C4H10=9:1,Vth=200mV) . . . . . . . . . . . . . . . . 34

28 Cluster size(Ar : i − C4H10=8:2,Vth=200mV) . . . . . . . . . . . . . . . . 35

29 Cluster size(Ar : i − C4H10=7:3,Vth=200mV) . . . . . . . . . . . . . . . . 35

30 Cluster size(Ar : i − C4H10=6:4,Vth=200mV) . . . . . . . . . . . . . . . . 36

31 Cluster size(Ar : CO2=8:2,Vth=200mV) . . . . . . . . . . . . . . . . . . . 36

32 Cluster(Ar : i − C4H10=7:3,gatewidth=100nsec) . . . . . . . . . . . . . . . 38

33 Cluster(Ar : CO2=8:2,gatewidth=100nsec) . . . . . . . . . . . . . . . . . . 39

34 Cluster(Ar : CO2=8:2,gatewidth=100nsec) . . . . . . . . . . . . . . . . . . 39

35 1.2GeV X-axis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

36 1.2GeV Y-axis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

4



37 930MeV X-axis without collimater . . . . . . . . . . . . . . . . . . . . . . . 46

38 930MeV Y-axis without collimater . . . . . . . . . . . . . . . . . . . . . . . 47

39 930MeV X-axis with collimater . . . . . . . . . . . . . . . . . . . . . . . . 48

40 930MeV Y-axis with collimater . . . . . . . . . . . . . . . . . . . . . . . . 49

5



� � �

1 Excitation and ionization characterristics of various gases . . . . . . . . . . 10

2 Radiation length of various materials[4] . . . . . . . . . . . . . . . . . . . . 15

3 back ground ����� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

4 ���	�
�j� gatewidth 0�7�8�9 delay time . . . . . . . . . . . . . . . . . . 30

5 �����t�+!>#2$�� FWHM 1.2GeV X-axis . . . . . . . . . . . . . . . . . . . 42

6 �����t�+!>#2$�� FWHM 1.2GeV Y-axis . . . . . . . . . . . . . . . . . . . 42

7 �����t�+!>#2$�� FWHM 930MeV X-axis without collimater . . . . . . . . 42

8 �����t�+!>#2$�� FWHM 930MeV Y-axis without collimater . . . . . . . . 42

9 �����t�+!>#2$�� FWHM 930MeV X-axis with collimater . . . . . . . . . 43

10 �����t�+!>#2$�� FWHM 930MeV Y-axis with collimater . . . . . . . . . 43

6



1 � � � ���
1.1 MWPC ���	��

�� G-�
a-b���� MWPC Readout System �;�=� MWPC ����� ��&)2��I# ; ������� � ?
@�5j6+��� � �I5�6+� ?*@*A)� threshold U"!$# Vth V&%j�	����')(�3��+*�# ;2��,BA �.-/ �j�0*X# ;&1 / MWPC �0���L�)k�l�#>�L�>�����t�+2�3�F��542��� ���+*X# ;���A76
|�9�8�eL0 ��A ��9+�Lk�l�#7:7;=< h�i�>
? *�,@:BA�9+1"���7C-1�8�9$8-e�0�D�9�E

1.2 MWPC FBGIHKJML	N�O GeV PRQTSVURWVXZYM[K\
]
8 �
a�b��_^;��� � MWPC �I��� 3��
�����t� 1.2GeV ���a`cb+-�� �+�"!�#2$&%�'L(

�)*-,�|>9$8�eL0�D�9�E�!�#&$�%�'
(>�)*�,�|�9=e;��d.8�e+�+� � �t��a�b�0+7�8�9�;2#e 34$ � 
=A ' �&f_g=9�e;��d.8�eh:5DXA ��
 �
��M���ikj��+l=17E� G���a�b@:������+!>#�$���m ()Q5n�#�� � 1.2GeV e 930MeV :oD=9�E

2 � � p q
2.1 MWPC rMstH
u

MultiWire Proportional Chamber(MWPC V"e&�+�.v$w x�i"0�y��KdL9���z��"��u�d �
*-,�|�92� g�� �c{a|a}c~t�0v=u�d�������W�E.-@:5D�9�E_8 � ��d �&v�w�x�i�0�y@�+��v
u�d��a���-@a- / � 9 WxE -o�.�"0��+8�� 9�#�6 $��	3�: W�E.- U SSD V����t'+5�" 6 $��3 : W�E	- U MSGC V+%-@�D�9;@ �_8 � / ��WxE.-5��|�}c~�@ 
�A���� g���� �7������a� |t9@8�e @�:_A2����E�8 �"0��jF�|$}c~t�+�='I� MWPC :��+�_8�� �Md �
h���� �� |�9�8�e @@:BA�9�E42��� MWPC �0���5����y 11 0aD�9 ��d 0 � � 1=� cathode plane 0��7����07�k'�4
�j��� �7�@:�����
>�+%xF2� anode wire 1 /��=� 3���9�E�8 8): � MWPC @a���"� ���
� |�92� g-0@�+� half gap @ wire ��
=�M��1 /.�¡  ��
MA�'¡:"��8 ����� / �&��E � G��
a-b�:��=� / �x9 MWPC �+� wire ��
£¢ mm :�� half gap U anode 1 / cathode 40:��&¤¥ V=� mm e�� � 3=��9�E

2.2 MWPC ���	��¦KN
cathode 0.§k¨��7©_ª�1$«�� anode ª ground ¬.­=®)¯B87®�¬�°5±³²�´ 1 ¬.µ�'¡¶=·@°�d¸c¹cº�»�¼�½ ¯�·�E anode ¾7¿�ª�ÀaÁ$¯o·�®)²�´ 2 ¨�°�Â�¬ ¸��0Ã@Ä ·�Å�Æ�Æ)Ç5² cathodeÈ ¬�É+Ê@Ë�Ì7Í_Îk® quencher ®0Ï.Ð�¶B·hÑ�ÒaÓ ÔaÓ7Í_Î Õ"Í_Î ¬�Ö Ä�Ã É 2.3 ª0×$Ø�Ù�ÇÚkÛ�Ü ¶ Ã$Ä ·�ÅÝ¡Þ ²�ß�à�á7Ó » ÍkÎc¨ â�ª¡Ê�ã_ä�²�Ì ÍkÎ�ª$å0æ@ç0è5ä.²@é+ê ¹ Ó Õ primary electron Ùª&ë�·�Å+ì�¨ primary electron Éc´ ?? ¬+µ Ü ¶ Ã�Ä ·@°�Â�¬ ¼�í ä Ã ÄRî ÅcÆ�ÆïÇ@²�Æ�¨.´
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É proportional conter ¨7âa¨ avalanche Õ ¹ Ó�����Ù�¨�� È ¼@í ª+µ�ä Ã@Ä · » ² MWPCÉ����	���k¨ anode wire
»�

�k¸

proportional counter Ç��$· ¨cÇ�²a´ 3 ¨�°�Â¡¬ ¸ ·5®��� Ã Ü äcÖ�� � ¸�Ä Å� ¬7² primary electron É anode ¬������ Ã���� Õ a Ù ²��
� ¸.¹7º��! �" Ç$² �$# ®.åæ5ç+è�%�&�ª(' ±*)Mäc² ¹ Ó�ª(����+5¬ Õ avalanche ª�Ù�ë,� Ã7ÄKî Õ b Ù Å.-0/ � À�15¬°5±³² avalanche É�2
3 � °_Â¡¬ ¸ ± ² anode wire ª�4.5�Ç ¼aí ä Ã Ä�î Õ c Ù Å ¹ Ó$É�® Ã687 Ä � È Ç�9;:=<�¶ Õ d Ù ² ¹�>�?	@ ®.ä Ã�ACB Ü ¶_²$ì�ä Ã ² positive ion
�ED$»�F ± ²G � î ±+® cathode ¬��(��� Ã.H0I ä Ã@ÄRî Õ e Ù Å

´ 1: MWPC
��¹7º

[2]

´ 2: anode wire ¾7¿ ��¹7º�� À�Á�´ Õ wire
È�JLK

mm ² wire M�N K.O µm Ù [2]
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´ 3: Time development of an avalanche in a proportional counter [2]

2.3 ���������	�
primary electron ª�

� Ü ¶ ·0ÍBÎ_®+ä Ã Éo²���� · � I ® Ä � Û�� å0æ�ç.è ������������ �"!���# » �$·0Ñ$Ò�Ó�ÔaÓ °k± 6 ²%$'& · å)æ_ç+è � !��(# ä!� ¸ Ä�) Ò�ÓaÔ�Ó �* »,+@Ä Å�® Ä Â � É$²_Æ � * »�¹ Ó ® � %�&,-k°k±/. < ¶�· �0�1� ���%2�3%4 -�5 � ·
� <ïÇ��$·�ÅkÆ�Æ�Ç�²76 1 - Ä�î Ö�� � Í=Î � $0& · å+æ5ç.è � potential

2 µ�ä Ã08
î Å
6 ?? °k± ² Xe 9 Kr

� * »
Ar °5± 6;: ä Ã�Ä · » ²�<�Î>=@? 2 ��� Ã ²�AaÊ�ÍBÎ ��BDCÔ�-�É�² Ar Í_Î »0E�Ä <�¶=·�Åä!��ä ¸�» <+² Ar counter Ç�Éa²�F�GDH ¹� �" -�ß�·�I�- 103 ∼ 104

2KJ � ·@°_Â ¸ ÍÎK
L� 2 .B·�Æ�® » ÇNM ¸7Ä Åoì �1O ê�ÉQP"R � Û :�Ç��$·�Å
• avalanche

� ãLS@Ç�²�$D& Ü ¶ Û Ò$Ó ®0²kåhæ5ç+è Ü ¶ Û Ò@Ó » ë <�¶=·+Å
– $'& Ü ¶ Û Ò$Ó �0º T

∗ $%&�ä Û Ì�ÍkÎ�É photon
� H B 2 Ê�ä Ã����1U0VQW�X -7Yk·aÆ%Z » Ç[M.·�Å

∗ $%&�ä Û Ar Ò�Ó
� <\H B Ü ¶=· photon
�^] _L�'��� �(� Éa`Q` . b eV Ç@²

cathode -�5 ca¶ Ã�Ä · Cu
�

ionization potential d . d eV °_±\e�Ô�-�Á
M Ä Å

∗ ì � Û : ² photoelectron
»

cathode � <�f M B Ü ¶�² ��g � avalanche
�^h

¯
i�-�j�ä Ä7k � avalanche
»0l Ý ·�Å

– å0æ5ç�è Ü ¶ Û Ò@Ó �0ºDT
∗ Ar ion É cathode - H�I ä�²�ì@Æ Ç electron

2 fDM B ä ¹ >"m -aâon"- ¸ ·&Å
∗ Æ � �$² Ar ion Z cathode

�Kp q�r�s��Q����� �(�Kt -
u
vxw photon
» HB Ü ¶yw7ìh¶[-
u
v cathode Ç0z ¹ 40{ » & Æ(v photoelectron

» H B Ü ¶· �,w Ý Û ÉLw K � H B Õ secondary emission Ù}| Ä1~ � ·,Z�w��0�D6�?0�
< 6 Â ��Ö � electron

2 Û�Û M B%� wNZ Ä Â ã%S » & Æ ·�Å
∗ � * � ãLS�Z 6\� ¶ Û k � avalanche

2 ëav B�� Å
∗
:D� ¸ 
,�0�aÇ Ü � 6 w���� Ü���Û ã S �7� � ÉLw�F�GDH"� 2 f
M}&RÆ ��L� e�Ô�-�� Ä Å
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Æ � Û : w�ÍkÎ�� :���� 
0���"-�� ��� I�-�FQGDH �  �" -�ß < � Ä u�Â;- ��� Û :%-Dw
PLR7Ç	��
 � quencher Z�Ï7Ð � � CO2· i-C4H10 Z Ä � Û Ñ�Ò�Ó�Ô�Ó@Í�Î 2
� T���� ÅBÆ�

quencher
��� M 2 P�RL-���� ��� Å

• $'&�ä Û Ar Ò�Ó��$<\H B Ü�� � photon -���ä Ã
– ��� 9�� I Z Ä � ÛK� H B $�& W�X -
u�v/w�� Ä%�D�1� ���  �"�� photon

2��
� ��� Å

– ì � � � ä Û�� Ô � �"��� ���D2�� ÔaÓ Z ��� n
1���w Ý Û É�Ô �y-
u
vxw 1! Ü#" � Å
– å0æ5ç�è_ä Û Ñ$Ò�Ó�ÔaÓ$� cathode Çkâ&% ��� �

∗ secandary emission �0&�Æ�< � Ä Å
∗ â&% ��� �0w.Ô � Ý Û É(' T 2#) C,��� Å

• Ar ion -	��ä Ã
– 6 1 -+*_ä Ã@Ä�� u�Â�-�w Ar u�v 6-, Ä å.æ�ç0è potential

2�. � Ã�Ä���� Ç�w
Ar ion

2 â1naè_äQw cathode -0/	� ��� Æ0Z 2(1 i0ÅÛ	2 ä�w CO2 É i − C4H10 -+3 
 Ã w quenchar
�&4 �(�65 Ä Û : w�7 � Ä1�0� Ç�É�� �

��w secondary emission �D& Æ �98(4 n ��� � Å
Excitation Ionization Mean energy for

potential potential ion-electron pair creation

[eV] [eV] [eV]

Ne 16.6 21.6 36

Ar 11.6 15.8 26

Kr 10.0 14.0 24

Xe 8.4 12.1 22

CO2 13.7 33

C4H10 10.8 23

6 1: Excitation and ionization characterristics of various gases

[1]

2.4 MWPC �;:;<>=@?BADCFE;G H
MWPC É������
� � wire É � �,- 
�� ä Û proportional counter Ç�� � ��w wire ���
�����"g Oym -$I�J Ü�� Ã@ÄK� cKL Ç5É � Ä	� Ç(w�M 4

�ON M � u�Â � � È(P n��C� �
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M 4: MWPC
� � È	P n

Õ -��	� È w����"����Ù Å0áaÓ ��Ê�ã�ä Û �Lw���� � � Ë�-�ÁNM Ä! �" A - 8 Ä7Ã ë < �_Û
electron É � i�- A=B Ü�� w � -Dw _ Ü Ä ��� B Ç�ë < �_Û electron � ACB Ü�� w ]'h -
C Ç�ë < �_Û electron � anode wire 	�
 Ý Ç #���
 =�ä��
M��Dw�
L� Ü�� ACB Ü�� ��� ì� Û :0w0M 4

��N M0-�� � u��}- ?0@ É�� 2 f�� Û u��;- � ��������� 6 ä  �" C
�E?�@Ý ��A�B ä��5ä Ý ��Z\w�� � Ð"w �D� 2#. ���cß�à�ä Û á�Ó$�  �" C

2 Ê�ã�ä Û �"! � 

� �$< ?0@ � B �5ä Ý ��w ?0@ ��� î � vxw Cluster size Õ 3.2 ×7ØkÙ-�"#NM î � v/w%$�&�Ô' 4 �"( î � �%��ä Ý � �

2.5 )+*-,-.�/1032
2.5.1 MWPC Readout System 4 576

MWPC Readout System 8�w P�9 VME :�; � = w VME <�ç ==< ��>7� w PORQ Õ Control

Signal Distributor Ù w HOG Õ Signal Latch Ù 8 u@? ASD Board �$<BA C Ü�� ��� � �
:�; � ==8�w K `DCE<7F�= � b UVME

� w%G�H+IJC"<7F�=K8�LEM � J1/J2 N1F�:%O�; �P ��QSR�T�U�VXW�Y"Z\[^] P`_ < R�aXU�bdc�U\e M VME f�g�h R�a�i�jlklm �E��n � ��o��� N HqpJrJC"<�F _ 8 e M U J1 N�Fs:%O�; R P n P�9 J2 N�Fs:%O�; R P%t`u ��o �Ev�wyxz|{ N H U CE<7F _ 8 PORQ f"g7h R�a�}^~ x���w�p�I U C7<�F _ 8 HOG f�g^h R�al}~��X�"��� P�9
J2 N1F�: OS; R P 8�x PORQ

n
HOG f�glh R\aS� -5.2V x +3.3V

n
-3.3Vis���Xm^�^n�n { � x PORQ

t1u ���`���|��] P�_ < R�a��X��i HOG
���d�Xm����`o�i

mE���
HOG 8�x ASD Board

t1u UE� F _ �"�7i ���SZ x PORQ
t�u U%�����l�"��� w � F_ �l��i > F�� m�� f�glh RJaE�7�"� ��QSR"� 8"x VME

] P�_ < R > R��S� w VXWlY7������^��b x�� U ASD Board x"���"� �^�����J��b CX3183Q   SONY ¡ IC
i�~7¢�b�£�R _¤�¥�¦�§ ~���os¨�¢

[3]
�

2.5.2 ASD board

ASD
¦7© U

board ª � x Main amp
n

Discri
i�«l¬�­�¢X��Us� x ASD board ª ���^� ¦m����7® g�¯�° �7�E�"¨�±s­�¢�­ x © U7® g�¯�° �7��² HOG f�g^h R\a���³ u �|� � n��¨l��� � � ¦ x�´dµ"� t`u�¶d· � ���^��²"³ u �`�lndo xs¸d¹ ¨Eº�U »�¼Xi��"½��¿¾�¾ x��b x�À"Á�ÂBÃ {�Ä ��¢ � n t1u x�Å�Æ�Ç ¢�[lm"¢�� � U�È x ASD board ª �^U����EU ÆÉ ¦"Ê

5
U^��ËJ��¨����
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Ê
5:
�7�^U Æ É����   SPICE simulation of   1 ¡ the preamplifier output,   2 ¡ the two

main-amplifier differential output signals,and   3 ¡ the two comparator differential output

signals   LVDS ¡ . ¡

2.5.3 PORQ �����
	��
PORQ

¦ x ]�
 _ ®�R�aE�7�Si����|��b ¦�¥�� t1u ����Z x���� J2 � ¯�°���� R�
di��� Z�­
HOG

������m���� ¤�� � x� X� U ´"µ ��!�"�¨7]�
 _ ®dR�aE�7�Xi$#�%�� �
• CLK

–
��� ° ® ¯�° ��&$')(�* MHz

n ¥�� t1u U
NIM �,+ a�U ° ® ¯�° i,- w/. ¬� � nJ²E��od���  "´�µ � ¦ x NIM �
+ a�i § ~E�

• Gate Width 1(4-bit)

– HOG
²

ASD
t u U �S�Si10 ¯\� m ��È�U32�R _ U�4�i$5�cS� �62�R _ 4 ¦ x

CLK 798 n 4-bit
U�:SU�;¿n�¨l���<: ¦ Q>= ¯?�A@CBED�¯�� �S� w 5�cl���  "´

µ � ¦ 4-bit
U�:�i�F xHG�x ( n Æ�I �<J x Gate Width

i Æ�I �,J7b��
• Delay

– ASD
t`u Us�l�d~dQ g �Ja�K1L ��� U
M · :�i�N�¬^���
K1L9O ¦ x CLK 7P8 n

6-bit
U�:�U�; n%¨����

• Vth

– ASD
~�UPQP:�R9S^�  X� ¦ET ®�
 _VUXW a   Ê 6 Y�Z�¡ U3[ g�\^] 
E_ RE��RiX`P0 Da�cb � ��d �<Jl­ ÆeI �<J�b��gf�* x p *�* x p (P* xgh *�* mV

n
Æ�I �iJXb��
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Ê
6: PORQ f"g7h1b a�� T ®�
 _ UXW a

2.5.4 HOG ��� � 	$�
HOG

¦ x J2 � ¯�°
�>�3b�� ��� � PORQ
t1u ��������b�������]1
 _ ® b a"�7�7i�~¢�­ x ASD Board

t1u �����	��
���i�
�¨�Ë=�������
ASD Board

¦ p�r ��� 
 W a t�u� ������­ v w x3p�� � HOG
� z Å^G ��� ASD Board  ���� r G���� 
 W a ¡ i\VSWlYm � n ²^��od����� ASD Board
t1u �7� ¯ _ �7� ¦ � ASD Board � n@� p\rB��� 
 W a

OR
���

NIM
�^��n�Z�­ T ®�
 _ U�W a   Ê 7 ¡ t1u Y��S�������E��b x HOG

� x +3.3Vn
-3.3V

�6R � is���Xm^����� u � x Q�:�R9SSi ASD Board
������m����"! g ��a�K1L �� t`u ��Y�� ¦ x Gate Latch ��� �X� w Trigger

�7���"� D$# 
�% �E0 ¯B� ���`�s�  ^� �
´dµ � ¦ x K9Ld�7� ¦�&(',� ² w �E� D)# 
�% ²12 b _ &���*�b�È7��� ¯ _ n\Wd¨^�J�`�s�
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7: HOG f"glh�b a � T ®�
 _ UXW a
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2.6
������� �

bremsstrahlung �
	���
��
� R�����²eR ¹ �S��±�­������Si��"½lb�È7������m��$R ¸��Xx ��b ¦�© ���� ��� � �n id¢¿Ë=����!�� ¦ x#"%$ i'&�
)(�­l¢�� � R��*��² x�"+$ �-,+�/.�� °�b ®1
��Xi��7½b�È7��0 � ������ )�21�3 ¦ � R4�/���-������� Å od����5*6���7/87m���� � x�9�: Å o� � °�b ®�
���i��7½S� È ¦ x �+ �21;3 ¦ ��� � $/< �=5�6X��>/7%87m�� � n���¨S�����±�­ x6 �� � ´�µ �7��Ë@�6R��*�/��?E�/�/�`���A@2BS¢ � R4�����X�E��R���� ¹ �Xx �C �� �²�0 � ���

2.7 MWPC 	EDEFHG γ- ray IKJMLKN�O
MWPC

� ¦
2.2 P 2.3

��Q�R��7­d¢��l�XË � PTS B�U9D�V 
 I (s­ free electron UXW�Y ¨½ �+Z�¨ Y ¨�¢��[(�RA(�¨�² Y-P� X� � ´lµ �^�`ËJ� γ-ray
�=\+]�^[_ b ²+`X¢badc�R*ef ¨Eº�²�0 ��Y ¨�¢;@�g P γ-ray U ¶l·ih � � aJ²E�kj�¨l¢��© ��@�g P Ê 8

���E�7��Ë �
γ-ray U converter    ^� � ´"µ � ¦=l�m4n+o � F mm U §p ¡�q%r ­ P pair creation U 0 �*s Jbt�� © (�­ P pair creation q �vu �E�;(�@ e− P e+ U

MWPC q ��±s­�wk� h t���=@ P pair creation U 0 � h �\�)�-x�y   Radiation length ¡�U2z 2 q�{ (�­*| ¾K�

Material Z Radiation length

g/cm2 cm

Ar 13 19.55 14.0

Cu 29 12.86 1.43

Air(20◦C,1atm) 46.22

CO2 gas 36.2

Isobutane 45.07

Polystyrene,scintillator 43.72 42.4

Polyvinyltolulene,scintillator 43.83 42.5

z 2: Radiation length of various materials[4]

2.8 Tagger 	}��
~�
Tagger

Ê
8
a ¦ P � C �* q ��±%­*\/]�^;_ b�U#� ±'@ electron U w�� h t � a q �[u P��� �'� �^��Ë q (s­ P ��� s�� t phone  �� ��b=��B c P γ-ray ¡ ��\+]�^v_ b�U 5 ·iht�� q p ¢it �

Ep = Ee − Ee′ (1)
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��� � P Ep P Ee P Ee′
¦7© ���4�iP ��� s�� t photon

�=\�]�^v_ b�P Electron Beam ��
electron

�=\+]�^+_ b�P � C �� �� �=\+]�^[_ b�U=� ±�@ electron
�=\+]�^+_ b�U�{ (­�¢vt��

� ��� � ¦ P �/��? q RX½ Y � ­�¢At ¸E¹ ² 1.2GeV q���� J�­l¢vt ��� P \�]-^v_ b
U#� ±�@ electron q ¦7© � ¸E¹ ²�� �	� t�@�g P�
 (�¢
��� U�� t � aB²^�kj�� q &�� �� q�� % Y�� t�� © � electron

²
Tagger q �Au wK� s � t�� Tagger

¦���� �
50ch � u P

1.2GeV
�

Electron Beam
R Y ��� s�� t photon

��\%]�^v_ b�q�� (�­;|*| � © 1.1GeVR Y 800MeV
�\�

1ch r @)u 6MeV q���r h t �Ê
?? q�� tX��Ë q ¶7·bh t ¹�� � Tagger

�
 "!Ea$# DP\ !^
 B;U
% t � a q ��±�­ P
γ-ray

�=\+]�^v_ b�U 5 ·ih t��

3 MWPC & ' ( ) * & + , - .
3.1 /1032546
798�:�; p�<>=@?>A aCB�D U�{FE@G |IHKJ>L 10 q 8�: wNM�O 7�P A P L 11 P L 12 q6
798�: aRQ�S�T 7�8�:�;>U p E = MWPC V Plastic Scintillator

7�W$XZY@[ L
13 \@]>^\�_ <�= B�D Ya` E�G�b HcJ
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 Converter

 γ−ray  e
 e

_
+

(Pair Creation)

(detected by MWPC)

L
8: Pair Creation

 1.2GeV(930MeV)
  Electron Beam

        Bremsstrahlung

 True Beam
         Orbit

Energy Loss
     Electron

Tagger(search electron energy
for defining bremsstrahlung energy)

L
9: Tagger
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PMT

MWPC

     Plastic Scintillator

Collimater
βsource

L
10: � M�O 7�P A

Window-B

Cathode

Anode-Y

Cathode

Anode-X

Cathode

Window-A

 Bace
 Plate

    220

128

128

wire spacing = 1mm
         half gap = 3mm 

L
11: MWPC

7�W�X
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920  210  

  

Plastic Scintillator

PMT

Plastic Scintillator for VETO

thickness =10mm
100 80  40

  100

  215 PMT

L
12: Scintillator

7�W$X
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    MWPC

  Scintillator

   ASD

   PMT
V=1490V

  Discri
Vth=100.0mV

 HOG(B)

   Coin

  G.D.G

Delay(A)
(0-346nsec)

  PORQ

  β−ray

L
13: ]>^ B@D
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3.2 Cluster � ClusterSize �����L
?? \��	�	
�� \ [ Cluster 
 trigger ������� =�� \ MWPC � \�b < G������F\����=

wire ����� �"!$#%�&�F\%
"�aG�^�'�(*) [ ClusterSize 
+�,��\"�-� = wire
7/.�0�; ^

'1#1� J%2 = [ Cluster
[

Cluster size
743�5 ( 776�8 
:9�; 74< \=
,��G�^�'>( )?� J

Clusteri =
Clusteri

∑
j=1 Clusterj

(2)

Clustersizei =
Clustersizei

∑
j=1 Clustersizei

(3)

   Anode wire   

Clustersize = 2 , 3
      Cluster = 2

 ; avalanche collision

L
14: Cluster V Clustersize

7 ^�'

3.3 Efficiency @BADC�E�F G��>�H�
I B 798�:�; 
 trigger

Y
scintillator \=
���G���J$� 7a;	[ trigger \%
�KML��N) = gate7�O \ hit events ��PQ�R�:S < � \1
��CG [UT%V � J 
���G+W ; ^,'"E = Cluster

Y _ < G
Efficiency

7 ^�' Y/X H V [ 9�; 7 
�� \�Y	� J
Efficiency =

∑
i=1 Clusteri

∑
i=0 Clusteri

(4)
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3.4 � �����
]>^����1
:9�; 7 
��R\	��
-(
��G��%Y%� = J
1. ��������� � 7���8���� � =�� E [ �,8����>7
!#" 
%$ 7 �#��\�b < G'&)( cc/min *
(a) Ar V i-C4H10

(b) Ar V CO2

2. ��������� � 7���8���� 7�+NY-, )).�) / 7 
���\	��
-(�� = J
(a) Ar:i-C4H10 =6:4

[
7:3
[

8:2
[

9:1

(b) Ar:CO2=8.5:1.5
[

8:2
[

7:3
[

6:4

3. PORQ
7

Vth
Y�, )�. ) � <�=�<

Vth=80.0
[

100.0
[

150.0mV
[

200mV\ ��
-(0� = J 6�7 � [ L 6 \����21%3�465���72�#8�� Y �9
-(
�Q� 6 V�\Q
%K [ L
13 \��	� HOG

�
B * 7 Vth

Y �%
-(0��� 6 V � ;$5 � J;:$2 K [ MWPC ��� � M (
) �
<9= ;	[ Vth 9	; 7 & 7�Y�>�? #1� 6 V � ;�5 � J

4. gatewidth
Y

Ar : i-C4H10 #2@�G 7A�,8-+ V Ar : CO2=8 : 2
7 � 
 [CB 100

[
80
[

60nsVD��
-(0� = JFE 7 Ar:CO2 
 B 100ns
7 G ] ^ Y E = J

5. background
7IH�J�YLK#M � = V \ [-N�OQP O	R�S ���RY E [ Vth=79.3mV

[
Ar:i-C4H10

=8:2
; ]>^ZE = J ]>^�T-U 
�V 3

7 
��R\�Y$� = J

Scintillator(counts/30sec)R�S �>K 16000R�S Y�E 300

V 3: back ground
7IH#J

3.5 � �XWZY
1. Delay Curve

Y ]�^"E Delay Time
Y*T ^ZE = J 6
7 � [ L 13

7
Delay

�
A *�V X � )G	���	V 6\[�7 Delay

Y ��
-(�� = J
2. Plataue Curve

Y
Vth=80.0mV

7 � \@]>^ E = J 6�7 � [ ]>^ OF] 
�^ V 100V
OF]; ] ^NE Efficiecy �1����_�`�a H Y1� = V 6 [ ��� [�O;]	Y 50V \�EaG [	b�c ��^ 2

� 2 ;�[ ]>^ E = J
3. Efficiency �=����_�`-a H Y=� = V 6�[ ��� 50V

7�O-] ;
Efficiency V ClusterSize

Y
]�^���� 7 &>VU#-@�G 72d�8 \ : < G>]�^ZE = J

4. Cluster \ : < G	
 [ Ar:CO2 \�b < G 
	#�@�G 7 ]�^#�#� ; Ar:i-C4H10 \ : < G$

Ar:i-C4H10=7:3

7 � 7�G ]�^"E = J
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4 GeV � � � � � � � � - .
4.1 /1032546
798�: \�_ <�= MWPC �
	 Scintillator 
 L 11

[ L
12 \��	� J

4.2 /103254 ��� 4�
��8>: ? A 7�� A���� 
 L 15 V L 16 \ ` ( )FG < ��
��R\�Y1�
G < � J6�6�;�[ L
15 \	�1� pair magnet 
 pair magnet

7���;
pair creation \Q
QK���� E =

e+
[

e−
Y��\dZY � J$G��-� 6 V ; �"!�[ MWPC

2 ;$# � Y < 
�� \+#%� = V�7 & 7@; �
� J�2 = pair magnet

7�� \"��� conveter V Scintillator 
 [&%(' \ 8>:FY ��Y	� = Q�S�T7*),+"7 & 7@; �>K [�-/.C798 : \ 
 �*� Y HR2 = [�, ) �C\=
�� H�J 
�Y < J�L 16 
 L
15
7

Rack
7$0 7�P A L ; ��� J 6 )Z\ : < G 7�132 
 4.3 \�E@G	��� J

4.3 GeV 46587:9<;/= >@? � �BA/CEDGFIH<JLKL
16
7

VETO Scinti. 
 [ VETO
7M� V VETO

7
0�;
pair creation \1
%K L �N) = e+

[
e− \&N�EaG [ L 19 \ ` EaG,���	
$� Y98(OQP2�&R YTS �"
$� \ L 18

Y�U�V�WYXZV\[ E = J:$2 K [ L 18
7 �

A * 7 V 6�[a;	[ OUT
7 <�=�\"#%� 6 V@\=
$K [ VETO

7^]$_ � �a`\�Y	� 7
;�[ VETO
7
0 ��� < 
 ,�7&��; pair creation \%
���G7L��N) = e+

[
e−
Y�%(b

� M E�Y < 
�� \�E�G < � J &"c [ed [;� A * 7 <�= Y OUT \ bgf9M � 6 V�\%
%K [#, 70 [ � � < 
 , 7�� 7 pair creation
; L �N) = e+

[
e−
7FG�Y � M #=��
��R\ #1� 6 V�&;>5 � J 2 = [ 6�6a; 7 ΣTAG V X �") G1�	�	<9= 
 [ 2.8 \ X < G=��� Tagger

7
50ch7

OR
7 <9= ; ��K [�6 ) Y$h OF�F4^i�� � \�j )-� 6 V
\1
%K [ � M E = e+

[
e−
7"kgl

_�m � Y T ^1#%� 6 V9\�_ <�= K [ Tagger
Y �-��(7Y7� � = low energy photon n 7aX3o

4�i���8 _ Y hit
YpS K ? H 7 \$_ < G < � JL

18
7

INHIBIT < = V7
Qq%�sr � M G < Y < V < � <9= Y VETO Scinti.
[

Scinti.
[

ΣTAG
7

VETO \&j:)-� 6 V�\1
 K [ q��&rR� M G < Y < O 

] ^"E4Y < 
�� \>EaG < � JL
18 \"����
��R\ [ TDC Stop 
 Tagger50ch

7
OR
7 <9=��aj>��G�b K [�%�t$u H jQ�G 5 = <9=�� TDC \ Stop

Y �%J=� 6 V
\ Y=� J 6 )-
 [#, ) . ) 7 ch
7 < = 7 TDC

Stop
7 � O�vaw Y ]>^	#%� x>V ;	[gX o 4^i���8 _ Y hit

Y
offline y$z � \ S K ? H|{ V} & }&~ �	� J2&{ [

SCALER \�
aq��"r }^�,� �,�Q���	\	<�=7�aj�K [ Count
0FYT�)G V ��V�VF&a\ [, }

Count
0 Y

reset #1�"
%� \7Y"���a� ��� SCALER 
 , )�.+) [ VETO Scinti.
[

Scinti.
[

ΣTAG
[

request
[

accept
}

count
0FY/0�M �
�%����x
x ~ request VU
 [$h �(�
�\��8\�@\

N��&�"i �#8 Y��)G*�)G \(��� VM� � <�= } 0 ~ [ accept V&
 [#, } ��c } i ��8 Y��)G� d � 0 \&����# �&��x )%
 [Zh �(�a����8\�R�gi ��8 Y��%G*��d ~ � � O 
 [ VETO \
width = latch

} <�= Y j+) �ax>V \Q
%K [(�&� �/x ),9"Wa�	\*� 2 Y$�	
�� \�Y��e�����
��� ~ ���&�
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   MWPC
Bace Plate

        VETO
        Scinti. Scinti.

   10

   10

  rack
  edge

   rack
   edge

            448

   66   22         187
  γ− ray

                                                            

111

41

3

Converter

�
16:
� V,o } 0 } � � �

4.4 � �����
9�; } �#� ~ ] ^ Y ��Y$� { �
•
U _3� { �,8�� � Ar : i − C4H10 = 30(ml) : 13(ml)

•
, )).�) } ��� c�� �

threthould *
– VETO Scinti. Vth = 83.5mV

– Scinti. Vth = 30.0mV

– ΣTAG Vth = 30.0mV

– HOG Vth = 198.3

•
, )).�)"\:� J { HV

– VETO Scinti. V = -1400V

– Scinti. V = -1400V

– MWPC Vth = -3900V

• Trigger ���
– 1.2GeV

} � �
converter P-� S@� ~ , )�. ) *

∗ Scinti. ⊗ VETO ⊗ ΣTAG (normal radiator)

∗ Scinti. ⊗ VETO ⊗ ΣTAG (radiator start position)

∗ Scinti. ⊗ VETO ⊗ ΣTAG (radiator stop position)
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41nsec

14nsec

41nsec

VETO 
Scinti.

Scinti.

  Σ TAG

�
19: ��4�� ��h � [ \=
���8$O@PI�&R

∗ Scinti. ⊗ VETO ⊗ ΣTAG (without radiator)

– 930MV without collimater (conveter PQ�US � ~ , )�.�) *
∗ Scinti. ⊗ VETO ⊗ ΣTAG (normal radiator)

∗ Scinti. ⊗ VETO ⊗ ΣTAG (radiator start positon)

∗ Scinti. ⊗ VETO ⊗ ΣTAG (radiator stop positon)

∗ Scinti. ⊗ VETO ⊗ ΣTAG (without radiator)

∗ Scinti. ⊗ VETO (normal radiator)

∗ Scinti. ⊗ VETO ΣTAG (normal radiator)

– 930MeV with collimater
�
converter P-� S � ~ , )�. ) *

∗ Scinti. ⊗ VETO ⊗ ΣTAG (normal radiator)

∗ Scinti. ⊗ VETO ⊗ ΣTAG (normal radiator)

• Beam spil time 21s
�,���

4s � G�� � � �3O oT_

5
� 	 
 �

5.1 Delay Curve

Delay Curve
}
������� ��� } �#�1
��+9�; } 
�� � � { �

• Ar: i − C4H10

} �
– Ar: i − C4H10 = 8 : 2

– chamber
� � J$� HV=-3000V

– HOG
}

Vth=80.0mV

– gatewidth=60,80,100nsec

• Ar : CO2

} �
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20: Delay Curve(Ar : i − C4H10 = 8 : 2 Vth=80.0mV HV=-3000V X-axis)

– Ar : CO2 = 8 : 2

– chamber
� � J$� HV=-3400V

– HOG
}

Vth=80.0mV

– gatewidth=60,80,100nsec

MWPC
� �%J { HV 
 � � v � Full Efficiency

� + #%� � ~ ���
�@x )%
 , ) . ) }
gatewidth

� N��"� ��� b Y delay time � T � #%� { V ����� ( ) { & }�~ �%�"��xN) �}���� Y
	 v } c����A$�
 0�� �e��� � , )#. ) }
������� J$� delay time
� � { �@xQ�

#1�Zx � ~ ����� } <)= }�� � : 5 Y�$�� � v ��� � � ~ 5 � � K#M � ) ���
x } T9U$
 � � 20

� �
21
} 
�� � Y=� { �$
,�^� � x } � 
QK �\V 4

} 
>� � delay

time � T � � { � 2"{ �Qx } delay time 
���� gatewidth
} � 
 � ��8�� � + ���%Y	�*�

& , )��#$ H�J 
+S�� � K�M � � #2@$� ��� � � { � 2&{ ��x } � 
 X-axis
�

Y-axis
~ ,

)!�%$ }#" �1
�Y�� }*~ � X-axis
} G � � { �

5.2 Plataue Curve @%$'&6K X-axis G
�

22 � � 23 
)( . Ar : i − C4H10

} ��8����	+ � 
�� Plataue Curve
� � gatewidth

}
�%
 � 
"� Plataue Curve ��� � 24 � � 25 � � ?? 
*( . Ar : CO2

} � 8�� � + � 
��
Plataue Curve � gatewidth

� 
 � Plataue Curve � Vth
� 
�� Plataue Curve

} ��
���+�(
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%K � i − C4H10

} 6�8 �����	_ Plataue
� j�� c�� ��� � 4�� W �&�a�� x ���sv�� � ��x } x �	� � � 24
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Ar : CO2

� &�
 M � �@xN) � 2.3
~ 1�2 � {���
� � quenchar gas

������� � x � � � K � b9c���� ^ � � c���� a������ { x � ���� Z�
�$� � �"! { � Plataue #�$&% quenchar gas

������� � x � � �(' �*)+�,�"�e��� � x ��gv-� � �
gatewidth
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Plataue Curve

��� �$� � � i − C4H10 � CO2

� %#� � d(. " � �s� �
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Plataue Curve

}21�3 �
Vth
�-4 ��� � � . � Plataue #5$ � j � } � � �

� �7698 ���:�M�Z� � x �;��v-� � � � � / ��< 6=� � �>
 � � Plataue #�$ � j ��? }@ ��A � � Efficiency
��" ��B � x �,� v-� � �Zx9C � � Vth

��D � @ � Efficiency
�FE �� � 
G��' % �FH ��I �KJ�L��:M�N�� ��OF� �"P �Q�5!&� ��Q�R � �&� Efficiency
��E �

�F����� � � �9S 0 6 C � � .5T�6 � ��I � � � � Plataue #�$�U � �KV�W � Plataue #�$?"X � �5B ! ';YGZ �*[�\�] X�V�W � Vth
�

Full Efficiency
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#�$ �:B � Vth
X � �ba:cGd�ebU B � \ � �	f � 5.3 U � Vth=200mV

X*g�X�h S 0 � \

5.3 Cluster size ikj+lnm o X-axis prq s
Cluster size t � ��� P C�u��5[*� .2v�w L�x�y ��z [:t	[ 
 ]*t|{ X U�}b~r� P C5u�~
�	[�� .GE [�}�t=[ 
 ]�t	��{-�*\�� 29
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f�["�b�(}(],C����5� 6 � gate ���>� g�� 20nsec
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� 27: Cluster size(Ar : i − C4H10=9:1,Vth=200mV)

S 0 6 Cr�K\�� X�V�W } gatewidth=60nsec
X�g }�������� U��	� Full Efficiency ��
��
�

f�[-{�[(t S 0 6 Ck�K\� X � 27 } 28 } 30 } 31 � / CFu-L��k�b�(}���� X gatewidth ���|C�� . ����{n� Effi-

ciency � Plataue #5$:���>�	f-[(�"]�t �FL��>�*\"! V } Cluster size � Y ��f h f h C
u�} gatewidth ��~(��[�� . Cluster size=1

X�� �����+��� ` Cluster size=2 ��~������ `
Cluster size=3 %9~k�|[�t	[��G]�t ��L��>�K\ ` ! ' } gatewidth �-~k��[�� . } MWPCX v�w L�x�yr% E � {-��]�t ��L�����\������G{K� 6 }b~(� P �"! �-t }	#�$5� Efficiency
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e�� gatewidth � / `�P �-]-t���2�3&t4'F�*\
! V }���� �65=f�} Cluster size

X87�9�:6;"<FX	� ���>=�e�'���� B ��]�t ��L�����\F]
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VGW ��}2� 4 � B �K} C
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� 28: Cluster size(Ar : i − C4H10=8:2,Vth=200mV)
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� 29: Cluster size(Ar : i − C4H10=7:3,Vth=200mV)
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� 30: Cluster size(Ar : i − C4H10=6:4,Vth=200mV)
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5.4 Cluster i&j lnm
Cluster � 3.2 �����Ft=���	�	
����P5 V wire

X�
�X���� U B ��]-t_� 6 }"],C��"=�eZ)
'F�-t }�� � ���*5 V v5w ����X-U(e	'-[ V�W }5� X v-w L�x�y�� z ) 'F��\ Cluster size

��=:eY) '��-t=[*�|]�t=��} @�B � C ��� VGW } v�w L�x�y�� z ) '��K}�t=[*�|]�t��b�� � �=��} Cluster ��=(eY)+'��-t [D�|]�t9��} accidental hit % R����Kf/��!Z� X U�} @�B �C �>�-t	[ � � ' H"��I�}�� � ���*5 V v5w ����X�U�e	'�[�}(t=[D�|]�t2��'��*\ Cluster
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5.5 GeV ���������
	 �
�
5.5.1 �������������������
#/F X x� �U-��}"!�G�#�� converter $!0��&% converter '�� X ���*O ) ]�t���� 0 })(+*,.- N0/-��1 W�V \324#�t	�2f-�65�7 X converter U pair creation � � ]Q�Gf�8�,Z� V e+ }

e−
X�h ��R:� � � V�W U:9C0;}"]<;(��} VETO t converter t X�= U pair creation ���&]

�Gf68�,P� V e+ } e− ���654> ) V*W U?95�K\�] X�g } converter $�0�t converter '
�����
[*f�W&X g�= �&�P'F� V�W }A@+B�C � �ED�3��:9���\�]GF g+H [+IG@�B�CJFGK�LF�6MNF�1
F.O:95�*\

• (�* , � �&U�VG� � �K\(]PF g (�* , � = ΣTAG t � �*\
• Daq �RQ�S+TQ��F Live time �.U�V � �*\
]�]4O Daq F Live time tb� Daq efficiency t�10W�u+;k�M1GF�O:} Daq �YX�%<;"f"e�I

request
@�B �[Z\*+]��Y^ h._:h �6`�[�t2[ � @�B ��F��.a Daq �	'�@ � ��]�t6F.OkeGI

Z
*�] � � accept
@�B ��F � �:F�]�t)O�9��*\ ` .Q0 } accept

@�B
/request

@�B F5]-t)O
95�*\
]�]EO�}�b�c�F �]�����+d�I(t � ��t	}�U�VJFfe"� (5) F �
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� 33: Cluster(Ar : CO2=8:2,gatewidth=100nsec)
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39



runX(with converter) runY(without converter)

ΣTAG X Y

Live time Xeff Yeff

runX − runY ×
X

Y
×

Xeff

Yeff

= U+V L F�� �LK���� , (5)

5.5.2 TDC ���
	���
��
TagF �&%PFA�L�fF TDC �
�����"t���*
� ����� � �6F.O�}���F���*
��F���� S
� F��

J��]K�� � S O : �Yg L ��} converter � H d�IYU�V"!AU�#��"�>5<> d�$ : �Gg&% ;"��� 0 }
Tagger ���\%*�	'�d low energy photon

:
accidental ' hit � ' 0)(D)*%�!���O,+��6g

TDC U+V+7 → TDC U�V L
runX → runX′

runY → runY′

5.5.3 Cluster size �.-
/��.0&12��
��
% ;��.# .0O�} Cluster size � � OJ9�3*�4!�� O�9�3*�5!6�
� K��7� , �-�	� 5PI wire

�58 ��$ �:9�;�<7=��]K � � 7�9 �.$�d�I+g�;3.K0 } Cluster size ��� F5>���}���F��Z5fI
wire �P;2?�;�� �@;�A2;2<B=4� K � � 7 4 $?d�I+gF�0;>� Cluster size �62DC5�5; � $�}
Cluster �@;���;E+ Cluster size F�=F+�� �G!>��IAg�;K. 0 }6b�cNF �]� ����I�g+I S ��}
Cluster size � n � n �,H�I � ��! � �Yg .YI�%YFJ>�}D7&;�F @/B �58 �BKL;�b�; F Tagger

F TDC � stop �����I5GI�!�+GF�1�F�1.(�d+I�g4MJd�N 4 �7!=} TagF=1 F4>�F4CYZ\*�]
��'>�K}B!0d ��%5! O:95�6g

U�V+7 U+V L
� 5.I wire F 7�9 <7=���K � 1 1/n

5.5.4 Cluster O�PJQ�
&�
#K.4O5} pair creation ��� 0"8>,(�YI e+ } e− ��R�d�S6TVU(��*G�*W(5L$6d�XGF)O�Y photon

!VZ�[
\.%NFG]�^E_�!�X
!a` 4 $,+0IAg�b�c7b.'Gd�%VY Cluster _)=�e��6fNF.>�FM1YF7!hgi2j X7!*Y6;6k F
l"m)n6o�X6g4p I5q�b X-axis F4C�r
1.2GeV(with converter) 1.2GeV(without converter) Ar:i-C4H10=7:3

cluster=1 70.31 73.57 Z5[ 98 O %)d
%GF�%�!Lc % YGs
t�u�v�w�O�u�9&X�d�x�y7_�WEz{$ e+ Y e− d�8J| j X�I�}�Y5Z5[6~7o&z

$�d�X7! j X�! Cluster=1 !Go
X5u.AAO:9&XVd7Y4�,m{uJo7��o�d�Y7!h`&��X�%J!{d�O7+�XYg� c�;NI e+ Y e− u photon F�s�t FG]�^�!�u6A�;�$�d5$�Y�������F j ��F�_��6�BX�%J!�n
o2X�!�`��"�<;"XYF.O7Y Cluster=1 FG�
�:F event q � O�`2�7X6g
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5.6 ���������
	��
� FWHM

5.5 �4`&�������7_��2�������4�
�5��n��F=����6�J_ fitting b��D!J%53�Y! #"$��% � d m&('
fitting �B+�o5c z��#�)�7Y+*�;��,� =-�$�/.JnDl6z�$ fitting b0�21��
�6�6u FWHM

��354,��=6�/��.�! FWHM ����4�� =-�$��.��67DnDl6z�8�Y)90:7n fitting
j X�;/<{d��= �#12��>@?0>A�6���+B/C�n�D#EGF�*#H��,�JI-�$�/.+� FWHM _�K�L$�6MDn & <G}�8�D' 1 & �#N6O�PQ�Q���2B�C7n#D/E5F!�/�+�5�J���5��n+*2H��,�RI6�$�0.�_ fitting b0�)SUTV�W 8$D ' 1�;0;��5NXM��6���/B/C@�-Y�ZVn#H�4282[G428$D ' 1

• �/�+B/C�o�b
– 5.5.1 �-\^]�_&o6`$a�bAc�dG4+� converter e�FXN�o&b�nEl#F+f =!g �2h�1 j0i
8������7n2d�4E�j>@8�4$F�1

• TDC

– 5.5.2 � TDC nDl2F+kGl@m!c.c$E+�@T,�#1
• Cluster size

– 5.5.3 � Cluster size n�~@h�c�n�� b2N TagF=1 �6B�Coc6pEb#��T6�X1
• Cluster

– 5.5.4 � Cluster=1 �-B�CAcQpFb0�@T,�#1
& �)NXS 35 N 36 N 37 N 38 N 39 N 40 �6������dUqX��l m o����0B0CocGc�E �r>^8�4�F�c�n

H+4+8#[@428$D ' 1
• s/tG�2S p HitPat r

– \�]@_&o6`�a�b#B/Coc�d�4��@T,�#1
• u+tG�2S p HitPat r

– TDC

• s^L$�2S p Weight r

– TDC N Cluster size

• u�L$�2S p Cluster=1 r

– TDC N Cluster size N Cluster
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�#�+B�C �/�+�G� FWHM p mm r
3^4�� �$4��

9.029±0.020 36.31±0.11

TDC 8.504±0.025 30.50±0.07

TDC N Cluster size 6.549±0.001 16.61±0.17

TDC N Cluster size N Cluster 5.520±0.018 11.89±0.03

M 5: �/�+�G�6���5�/� FWHM 1.2GeV X-axis

�#�+B�C �/�+�G� FWHM p mm r
3^4�� �$4��

8.405±0.037 33.44±0.20

TDC 8.261±0.039 33.16±0.21

TDC N Cluster size 6.940±0.046 22.16±0.19

TDC N Cluster size N Cluster 5.233±0.009 13.10±0.04

M 6: �/�+�G�6���5�/� FWHM 1.2GeV Y-axis

�#�+B�C �/�+�G� FWHM p mm r
3^4�� �$4��

13.53±0.05 43.99±0.27

TDC 12.10±0.00 36.13±0.01

TDC N Cluster size 10.35±0.00 22.59±0.01

TDC N Cluster size N Cluster 7.715±0.010 16.66±0.01

M 7: �/�+�@�6���J��� FWHM 930MeV X-axis without collimater

�/�/B/C �/�+�G� FWHM p mm r
3^4�� �$4��

17.46±0.06 47.71±0.28

TDC 17.34±0.06 47.88±0.30

TDC N Cluster size 15.62±0.27 36.53±1.63

TDC N Cluster size N Cluster 7.925±0.01 18.76±0.01

M 8: �/�+�@�6���J��� FWHM 930MeV Y-axis without collimater
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�#�+B�C �/�+�G� FWHM p mm r
3^4�� �$4��

9.980±0.030 51.15±0.55

TDC 9.860±0.031 53.93±0.59

TDC N Cluster size 9.404±0.032 53.84±1.05

TDC N Cluster size N Cluster 9.406±0.01 ±

M 9: �/�+�G�J�2����� FWHM 930MeV X-axis with collimater

�#�+B�C �/�+�G� FWHM p mm r
3^4�� �$4��

10.71±0.034 49.45±0.35

TDC 10.55±0.033 49.78±0.37

TDC N Cluster size 9.903±0.033 45.45±0.47

TDC N Cluster size N Cluster 10.16±0.01 ±

M 10: ���+�G�J���5��� FWHM 930MeV Y-axis with collimater

6
� ���

6.1 MWPC �����	��

;,��s
��nDl4z�8A;X� MWPC ���
�
�6f2nXH/4#8 ��� zQ�o;0<�u#N�K�L$�^;^<r�Ge�FX1
• i − C4H10 N i − CO2 � �$� gas n�����o5;^<

– quenchar gas ���J��c���� j F�;)<�n�l�zj8 MWPC � Plataue �
��u.� ' o+F�1
– Vth ���! #"!$&%#N Cluster size u��'�)(+*� ), = ' o5F.-/, = ' o�FX1

• i − C4H10 N CO2 ��0 o5F�;�<
– Cluster u Ar �1%
u��
�)(+*2n �+��2 �43/516��@e�F� 5N CO2 u��
�)(+*� /,= ' o^F5< Cluster=1 ���
�' '7'8�9�N Cluster=2 N 3 ���
�' :���;9�8 ' F�1

6.2 GeV <	= � 	
�?> @;ACBEDGF�H
;,��s!�G��I
J/� �)� z��$;�<�u�N)K�L$�@;^<r�5e@FX1
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S 35: 1.2GeV X-axis
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S 36: 1.2GeV Y-axis
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S 37: 930MeV X-axis without collimater
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S 38: 930MeV Y-axis without collimater
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S 39: 930MeV X-axis with collimater
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S 40: 930MeV Y-axis with collimater
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l�zQ8�������� m � = F$;/<  �!� z6�#1
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7.1 MWPC �����	��
 B DGF�H
;6�Gs!�@��Z�_�u MWPC � �'�
���5c! )I 9�N MWPC �.�/�#B#C��#"%$ m c!& }�F^<
<+T('�N quenchar gas <�9�8 i − C4H10 ��) 2 �*' CO2 c#+-,6;0<  $� = F � NG<-4.,);
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