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�
2 � LHC � � ATLAS �

2.1 LHC ���
LHC(Large Hadron Collider)( � 2.1) 	�
�������������������������! �"�#%$'&($)"*�+�,�-/.10 
�2�35476�498:);�")4��%<�=!>�?�@5A'B CERN >�C�D�EGF�H7I -!. B)J

LHC 	 LEP(Large Electron Collider)
-�K�LGM E�D�NPO�Q�R 27km �S&"�TPU1VXW�Y!ZEXF�H\[ M E%D!B^]5
 LEP 8^	�_�` 0badc $�"�e�;�6Xf/g -/. B�N�h�
� �")#�$'&i$�"ijk >�l)BXm�T(U5n�gXo)p�	�l 0rq `)DGJ�s���m�TiU/n�g�	�t�u�v - 14TeV >�wX` 0 
xUzy{  �|d}^	���� 1034cm−2s−1

-�. B�J�~ M >5l 0 TeV �)� - �i����������]����98i` 0 
�)��� � �'� ] 1TeV 8G[ M E%D!B Higgs ���/�P����
P�)�����%���/�P����
���N(��� �� �P���5
��5>�	)�)�!�P���5�P����`��![%���7�P`�����]��� S[ M BPJ�¡ 2.1 > LHC �¢ 27V¤£/A%J LHC ¥�¦�>�	)
^§�Y��5¨ ,�-�. B ATLAS( � 2.2) 
 CMS( � 2.3) 
 b-physics�x©�ª��GNGh�� LHCb( � 2.4) 
«t76¬/"®)¯�°)Y��X©�ª��GNGh��(�7¨ , � ALICE( � 2.5)� 4 ±����'¨ , ])² * Z�E%D!BGJ
³ "´�O�Q 26.66km���!µ�g�¶�m�T�U�n'g 7.0TeVt�u�v�m�T�U'n�g 14.0TeV· U¸y {  �|S} 1033cm−2s−1¹ U¸y {  �|S} 1034cm−2s−1

����º�» 40.08MHz¼ "i½�¾)¿ 24.95ns¼ "X½��%��À 1.1× 1011 Á
µ�g�¶�����º�» 200µrad����Â - ��µ�g�¶�Ã%Ä 16µm

¡ 2.1: LHC �PÅ�Æ/Ç�`GÈ!;/É�g�Ê
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� 2.1: ��� � � LHC(Large Hadron Collider) J���Ä�R 10 �$�É�g &«U

� 2.2: LHC §�Y��7¨ , �
ATLAS �����	�'� Q1[ 44m ��Ä 22m tS[

7000t
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� 2.3: LHC §�Y���¨ , � CMS � � � ��� Q![ 20m ��Ä 14mt [ 12000t

2.2 LHC ��� ����� ��� 	�
�

� 2.4: LHC B-physics ©�ª�Y%�7¨ , �
LHCb �����	�/� Q[ 21m �%Ä 10m tS[ 1500t

~�~ - 	�
 LHC ]\���l�� `�� � V��xÇ78iZE¥%¦ [ M E%D/B���
is������A�� � 2%��>���ZE����!B�J
2.2.1 �! #"�$&%(')+*&,

LHC ¥�¦d���!�!�-�Çz8�Z�E/.&021 M B��] Higgs ���1���\� -. B%J Higgs ���/	����G� >�CGD�E#354%�%�%��76 M ��É98;:5<�¶�V�=> A�B � -@? �BA�`��G�-�.S0 
s��DC�3�	�4/8;�g�EGFPtIH/�7J+K�>�l0 I(��4�8�;Ggi�G�18iZE9C)3�A�B�8xD-�P~)8 ]LBM [ M E%D!BGJ�ON Higgs �!�\�/P
14



� 2.5: LHC t\6P¬5"®�¯�°�Y�©�ª�Y��7¨ , �
ALICE �)� �	�5��Q [ 25m ��Ä 15m t[ 10000t

�����5>��7Z�EB�G�'BGJ
Higgs ����	(��� ��� �);�´�;�"�����"�>�C%D�E�
��
	�>���5ZGNi®�¯�°�YIH'V���±�� - 
t5D���� 8����dZ���A�� 
��/>��5����±��IP�������]���� 1 M B�J �"!�#7� Higgs ����):%$�6�"�&/"f76��G´5;�¶/V� 2.6 >)
5��N)s��IP��('�)+* 8���	'�I��,dV�� 2.7 >�£Z�N%J
1. -/.(0
132�4�5 (gluon fusion) gg → H0

SM &�687 #�9Pg�#���NG	�: &¤¶�#+9Xg�#��U/g�7'V�; Z�N"��� - 
G� w�P���'�)�*�]��=<(D)J5Z9�'Z%
 Higgs ����]+>+?!Z�E�¨A@SB�G��B+C�>��D<i` Transverse E�F�	 VG��±�����]/`H� 
 ¼ 6�#X´�;�I�" c w8J/D�NGh
K3L]�MdZ�D)J
2.W/Z 4+5 (W/Z fusion) qq → qqH0

SM #39�g�#�� 1¤j'¨/[ M N�Ndg���:POG"@��1Q 6^´)4P����]BPG�d[ M B���� -�. BPJRN/g
�
:SOG"i	(t5D%� - 
^j�¨�[ M B9F%±�����TU6& 	��=<i`�V�E�F+	7VG�5±�J![+1X>/N/g���:SOG")Vxj ¨�Z�N/��T�6�& ¾ - 
/8�;�g���W�X]�`�D�� - 
/FGÆ/�/�YT�6�&b¾�� QCD ��T�6�& ] q `H�«
�6�Z!"S&[K+\�]+]�D���A�D�J
15



3.W/Z ������� (W/Z associate production) qq → (W/Z)H0

SM
#+9Pg�#����X]��	�
 Z�E#P�� [ M N
Ndg���:PO�"@� 1(
 Q 6^´�4�����]�j5¨�[ M BR�+� -�. BGJ W± 
 Z]�R7 &("P>�>+?!Z�N�E���>�
� �´���U 8 ¼ 6%#�´�;�I)" c V�����>��3L - <%B�J

4. ���������
0���������� (top associate production) gg → H0

SM tt �GP)� [ M N& 6U7 #�9Pg�#�>���iE Q 6^´�4��)��]GP%� [ M B��+� -/. B%J�~P� ����	�
@P)��'�)�*] � [D�]7
"!�Q . Bd&�6 7 #39�g�#�V$#�%�&/>BF�±"')(!~�8(>'l 0 
 QCD
¼ 6%#�´�;

I�" c V��*�>,+�1xA!~�8¤] - <�BGJ���N�
!~X��-�g c 	�
 &�687 #+9Pg�#%�/.10�8%6U7³ "´��,2 3 V�' 4 - D�BG� - 
�s���576 - wxt�8 -�. B%J

� 2.6:
Q 6^´�4���� P��5�):Y$)6�"�&5"f76
�G´5;�¶

� 2.7:
Q 6(´�4����/����	 8 P��('�)�*

��>)
^����9��/� Q 6´/4����1��> ?Y�%�S>±�D�E5�G�5BPJ Q 6^´G4�/�\�+�%	 8G>=?;:=<
���#��,'VG
�� 2.8 >�£A�Ji�)>£'[ M EGD/B�l
� >G
?>���	��G��>�CGDEG
@!)Q�Ç�` >�?����G]
C�3�A�BJ B�A)>�s M1BM �">�?�����>�±�D�E�=> A!B�J
mH → γγ ~���>=?
-)g c 	DC�>�? -)g c¤-. B(]!
 ATLAS �7¨ ,E�F

CMS �5¨ , 	�
,G�5>���A!B�m�TGU!n/g%
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� »�:�����>�� M E)D�BNPh�
GJ�	/� ¼ 6#P´�;
I" c ��I�� 1�~��>�?
-)g c �DPG�#� -). B�G�!V K��/Z�
���D
	�g�#8iZ%E���\�A!B�~�8 ] ¨ @dB�J
mH → bb ~X�
>�?�-�g c 	�
 mH ≤ 2mW ���/	���� - 
�:�<��)] 90 �V��%h�B�� -t�8/`�-/g cx-/. B%J)Z5�'Z�
 QCD � ¼ 6#G´�;�I%" c ]��D<(D�N%h�
 W 
 Z 
 t V�';(l��¤` !
��Ç�`'6RZ!"S& - `�D#��� 0��
� `S& ³�� gi]+MdZ�D)J
mH → ZZ∗ → 4l �i±��;�A7¸&("��m�T�U�n!g�V���\�A5B�~�8i>/l 0 
�# ³ ��`�����V� 1 M B�8 ��  [ M E%D!B�J������ �G7 &(">��7ZE ?�� ��	�] Z ����	�> �'ZS� `�B/8D �"!$# V&%!A!~�8 ] - <
 ¼ 6�#�´�;�I�" c V�+ q [(' B�~�8 ] ¨A@SB�J
mH → ZZ → 4l ~P��-/g c 	)
 2 )5� �"7 &("X�5� ?�� ��	�]¸8�w�> Z ����	5> �dZDd8^D(��!*# V�%�A7~�8 - 
 ¼ 6�#�´�;�I�" c V��*�>,+�A!~�8 ] ¨A@!
 �*-���] ¹ D)J
mH → WW → llνν

Q 6^´�4��G�!� ��	�] 500GeV B � >%`�B/8X
 Q 6´�4����/��P)�
'
)�*�]1�d[ �b` 0 
�[+1(> >�?1*'w 100GeV V)~ �%E'Z��!�xNPh�
 Q 6´�4����/�
��	�$	�g�#x]�.)] �(E5Z��-� J�s%��N)h�
 H → ZZ → 4l /�0 - 	�1/¥�Ç�> ?32 : 8^` 0 

�gS& ] 6 4 ¹ D5~G��-/g c V K ��5�8�] . BGJ'~P��-/g cx- 	�
 LHC �i§/Y��7¨ ,�-	��'¨ - <`)D ν V ' ()N�h�
RV3637�m�T(U'n�gG��8�C*9dVY/D�E ν ��m�T�U/n�g�V(�+\A5B:5�8�] . BGJ
2.2.2 ;=<?>A@!%!' )+*�,

B
2.8:

Q 6DC�E�F*G?H
��	JI : <��

K*L�M*N�O*PRQ�S3T*U
CVERFWGXH�Y�Z[H$\A]
H_^=`ba ced[fhgAI�ij:k S:l_m�nVo�p E,q pn a:rtsvu3fRI S:w f�E
q pDn�x y,z${,| i*}*~��� f(��� N a��3u O*Px�w f,� (

B
2.9)K*L�M�N�O$P$x�Q_S��

� H��,� ne�D�V� S&�h��
�WL�� � S Ee� � i
1/2 ���3�X��f S E p� p � p����=p H*� �
a�¡
¢ � ��£ f��*¤*¥ p

17



¤ S����b��� H_E p � p� pA����p�Q EV¤,¥ p ¤
(squark,q̃)

S E �������
(slepton,l̃) I���� � S
	?p��,�b�$�,�$Lh� � Q�S
	 p��Vp� (gaugino) iR¡R¢ ��� ��£
f�� R

������� i��$� � ��£ fVI S�K�L*M
N F$G Q�����LR� ��� �
��� �D� f�� �
� �D�� FRG Q! �"?� �
#%$�& � #(' Y$Z?H*) � � K3L*M
N F�G LSP(Lightest Supersymmetry

Particle)
� �Rf �*g�H LSP H�+
\ �,S-,�.
p �0/ � p� χ̃ i w f � ,�.�pA�1/ � p��Q
23�4 j x65 � £ i S�7�8��
9 £���:�;�<>=@? l
m�n oRp I � � S�A�B u f�gWIvi j�k f��

2.2.3 C@DFEGD�HJI

B
2.9:

K�L*M�N�O�P���9 �?f y*z
{�| H�}V~

LHC
Q�S-K ��LNMe�

��O O HQP �*SV��UR� ¤
¥ p ¤ S�����S ¤�¥ p ¤
HQT>U�V {�S QCD HWT
UFV { ��Xea6Y & I �� £ f�� ��UZ� ¤*¥ p ¤Q�[N\^]�_N`ba��^cW|
d

(30fb−1)
x

2.5 ∗ 107' HWe$ZWH ��UZ� ¤*¥ p
¤�H L �-��f�g �?� i �h f�� ��UR� ¤*¥ p ¤&i
e�Z � �-� u3f*g$I � �i Skj H�Y,Z a0T�U�V {
u3f
g�I i x�5 f���l �
g � � � i S*T�U C$E F
G3H�Y_Z?a�¡�¢�u3f�g
I
i*�_� (

B
2.11) I � i ST,U C*E�F,GVH�^Fm S�no3�%p ��i i S�q�r�O
P HWT>U�V { H 4�s a1tvu�g$I�i j�k f �

l � S LHC
x3Q�S-w�xW��9 �?f O YXIzy O YWH L�M�N Hk{ � a1|�}*u fQ~
i c i I��

f3I��%� �&� ��£ f CP Hk{ � a S B � �,� a�� £_� T�U � V { u?f
g�IDi x65 f�� �>��$S�����S ¤�¥ p ¤ HQ�  %"���� a A�B uVf�g
I � � i SWq�r��%� a K dVfk� � £ O O aA f�g3I�i x65 f�IZ��� �D� �*£ f �
QCD HkT>U�V {WxRQRS r £*��� ZhaW��� � � � U�� f�g �e� H ���@����� a�V { u?f
g
I � � i S K���� �
ERq p�n�x ¤R¥ p ¤$a1�>�3u f�g�I�i3��� � � i S-� � �����
Gb�
IR�Wd �&� �*£ f�¤3¥ p ¤ ���W���%� i�� £ c�A f
g�I�i j�k f �
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�
2.10:

T3U���� �$G?H�^@m�� � ���	��n

�
2.11:

�_UR� ¤�¥ p ¤_H�Y�ZJI W H�Y$Z c � H T?U
��� �
GVH Y
Z?H�¡R¢
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2.3 ATLAS
�����

2.3.1 ATLAS ���	��D�
�
ATLAS

4 j�� Q�S
LHC H������VH�~ p�S LSS1(

�
2.12)

����� �D� S�2��
22m

S�� �
44m ������� xVS! �" Z Q�S 7000t

� ' �?fke ��# � 4 j$� xVw f � (
�

2.13) ATLAS
4

j�� Q��&%>c � �k� 4 j�� S('�) � � p�* S=�*.
p��=� �,+ ¤ �-) � p	*(x
� � �D� ��£
f�� �W� 4 j�� S('	) � � p	* ��. �*Q ���� f�/!0 ��m U3� S�'1) � � p�* �&2 %?��Q�-) f,3 n 0 �
mhU�� i �	� �D� f �Nl � S LHC

x3Q r £ n �% � �^� � ��4 S f*g ��W� ph� i�r s S$5[U ¤ ��/�6*� /%f1g ��� '87?£ �94 S ATLAS
4 j�� Q r(: c�p ]�;

��< p	*>=�?�S < p@*8ARO i �1BDC �?f��

�
2.12: LHC

� � � � � f(E 6 �

ATLAS
4 j!� Q�FHG ���bu:� B�I a�J � u^�Nu ��K �&� �
£ f �

• L9M SON MP� l
m�n oVp_S�Q1��S$R�S a 5b/R��� �As V {�x65 f!L9T '	) � � p	*
• U / )��9'	) � � p	*�� �,f � � U3�,C :�;�<>=@? l
m�n oRp ��r�T S V {
• V1WP�&X £ ��/?U�Y3� �ZC L1M�[�\=a�t u �k�1]�^ 4 j!�
•
�_*$� /�E )3��x ' r�T S�x��*.
p��?� � ��� ZAa�V {Rx65 f �!.
p��h� ��+ ¤ �) � p	*

• ` £ / ��< �0�J� η
Cba
� � = Q1R φ � 'O5Ap
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�
2.13: ATLAS

4 j$�

• r � ph� � f-g �e� a��RuAg C�� s A
O u f ��� � S
• e�ZP� 5�U ¤ ��/	6*� / ��� d=f��	��
 ��N
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2.4 ������� ��� ���
	����� ������� ����� �����
2.4.1 Cavern  "!$#&%('*),+.-0/21436587*9(:<;>=8?$@.ACBED�FG3GH

Cavern
�%9 ��f(I �3U �8J ,���� � q �@.$p�n�QLK �NM p ����� pPO�c � � f � ([1])

Q(RTSVUXWZY"[(\^]G_N`0acbed
Phase 1: fhgPi.j [ LHC k(: � � K L(l�L�T(m � �94 �3¤ pDn 3 6 � �Q� .*� 2006

d
nR�*Q h l i S 2007

dhoEp"q l xsr s ��g!�et.u x*QWS 
(v C:� � w�x 
Aacw���uVf � ') � � p	*�Q 4 j��Gx lb� ¤ �-)k, ¤ � �cyEze{|z(�L}��$i^~ £ �,4 S�w�x 
 /$��Q 2005d n�c � _ 4 f3g C iV�$�3�
Phase 2:

U|[P\�d*�sbs� j [ �(� � LHC k�: � � KN�Rx�Q ¤ pDn 3 6�� � w C�S k(:� Q�9 � js�&���3S ��� ��n"�Vp�S a�� ��� �L�G� a�t uv� 2007
d

9
�
c �

11
� p"q �

�Rf C��>a � f��3g$�Pt|u x*Q3S 
hv C�� � S�w�x 
 � k3d � SN�Rp�S U )$p � �!.�p����C:ST�Rp
S�� � � ��.
p��?� ih� �&� f C���a � f��
Phase 3: ���"���^�h�G�L� �O��t|uN�^�E�c�^� � "�B"¡L¢N£ � �8¤G¥ �"¦_C�§4¨ �8© �
Isª"« 3 ¦P¬® �V¯T° �V±"²@�e³T´6«cµ.¶6¤ © w®·�¸P¹"ºE»|¼E�"½�¾ ¡ ¼L¿À¤h¥ �.¦ �E�
��ÁG¼�Â Ãs�sÄ6«PÅLÆ"Ç ¬G¬ ·V¸NÈ ¡ È�É ÊE¾�ËGÌ.Í�¸^Î�ÏÑÐGÒhÓ|ÔT¼N¿ÕGÖh× ¾PØTÈG¸$ÙP� Z → ll � Z → tt̄

¡hÚ Ç"Û8¥ ¦ ¶ ¡ «sµ"¶6¤ ©cÜ ·�¸h� b-tagging
¡

Ú ÇeÝTÒ ¡eÞ*ß�àL¦Lá ¶�Æ ©>â ¬"ã ¼"� ½äÓhå ã*çæ ¼s¿
Phase 4: èGé4êGëTìVí�î�ïhð(ñ �PÇeò.óN�T� � §*¨ × ÇTô�õ"ö�÷Àø�ùE¶Lú ©çûTü ÍPØ
Øh� 14TeV �|Ç2ýGÒ ¡ ³T´Gþ�ÿ��GÆ © ¹"º »|¼G� ½ ©���� ½�Í(¸(���	� ©�
 ã ¼s¿��¾2ý¡�������� ¶����|ÇsÄ&öNÛPú ª��G¶�� ©cÕhÖ ».¼ �"½ �(ÝGÒh�TÔ|¼N¿
��� ��!	"

Å6¤�ª�ÆP±$#|Ç Cavern Ç�%'& (75m) ¾.Ù)(+* -, �.�/+0T� � Cavern 1L¾.Ù��$õ�2 ¦3 ¶6¤h¥54 ¦ ¾ §�¨ & æ ¼76�8E¾:9�·V¸^È$¼s¿
Cavern 1^Ç�.;/�0EÇ�< ¦ ¤��G�>=>?|Ç^Å$Û��^ÆT÷ �Gß ¤>Ç�@;AG��B�Ï ¡ ·�¸NÈ$¼s¿ ( C

2.16) D æFENæ ÇN÷ � ß ¤�Ç�G	H|� 9m ½ 12.5m �T�T÷ �Gß ¤�Ç�I$�$J ¦$K ªh«G¶�Ç�L;M
¾ON	P*ÍN��Q	R$Ç+S+TT� 25m �|Ôh¼N¿
÷4õ)2�< ¦ ÷®øç¶ [1] ¾FU æ	V � ATLAS Cavern 1s�hÇO.;/>00õ�2 ¦ 3 ¶2�T� Cavern WX � 4.9kHz 6:8�Ç�Y	Z �[9]\_^|È��hÈ$¼N¿`;a ¾h� Cavern 1e�|Ç�.;/$0$Ç(�$b	����c ¦ A:d ( C 2.14)e+f�g

θ A:d ( C 2.15 ) z I:A:d ( C 2.16)
© D æ�E�æ	h »�¿
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C 2.14: .�/>0.Ç b[�)��c ¦ A	d

C 2.15: .:/$0$Ç e$f:g A$d

C 2.16: .	/�0$Ç z I�����A:d

�����
	���

phase2 Ççò"ó�ÇOJ ¦�K� ÿ ¦ ¾sØ È�¸T�����h»
¼ ¹Nºh¾:U æ�V � ATLAS

Cavern 1�¾����(»"¼�J ¦K � ÿ ¦ õ 2 ¦ 3 ¶��G�
phase2 Ç�=����>S2�G���
108 � ���h»h¼ ½�& æ ¼�¿`�a ¾�� Cavern 1��.Ç
J ¦OK � ÿ ¦ õ72 ¦ 3 ¶
Ç��:b	�O��c ¦ A	d ( C
2.17) � xy A:d ( C 2.18)© h »�¿
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C 2.17: J ¦>K � ÿ ¦ õ�2 ¦ 3 ¶(Ç b	�O��c ¦ A:d
2.4.2 ���������

C 2.18: J ¦ K � ÿ ¦ õ 2 ¦ 3 ¶�Ç xy A	d

1-@
	�� §�¨ × Ç �7� ���������|Ç�	����
�
½��	��� Õ^Ö �"Ô(¼s¿��
�
� ÕLÖ �� <� L«:�"!# ½�$�%)Z	*�&"¼(' ½>¾
U�\ �*)�¿1�@�	�� §E¨×  � C 2.19 ¾ h »;U+)
¾��-,/.�0|Ç2143 × �657 & æ ¸�ÈE¼s¿�,8.�0"Ç
WT¸sÓ�9;:
! # 2T Ç=<>
? � <� 
@:�>Ç 16AT¾B P & æ ¸NÈE¼2¿ `:a ¾
1@�	��C1-3 × Ç�D4E�F
�*)�¿

• Pixel Detector G
Ø(ÇIHCJCK+N2Ó 50µm×
300µm Ç=L ? X 1
3 × ¿6M�N�O+P(QR+S �CÔ8¼-T ã �
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'eÇ�U ) � B|È�N
P�A����hÓTÐhÒ�½
& æ�� È$¼N¿

• Semiconductor Tracker ÷	��ô�
 á @^ÛNÿ2Æ���2ö þ0½�� V(æ � 80µm �|ö � Ç����
È���H���� F���;T L ? X 1 3 × ¿ � <� �@[� á ú	�4ö���Ç=! # F PTÈ � �+�����
Ç6�;��� F�� Õ ».¼�'"½�� �"!����N¾$#4Í � B"ÈOA%��� F&� T &*¼�T ã ¿

• Transition Radiation Tracker ' 4mm ÇVÆ��ÿ)( � 2�(+*4F-,/.(T6143 × � �0��1Gö2 
Nú^Ç)3/�E¾54�6/7�� F�8+P$Í
T��(�|Ç/9 Ö F � );' ½ZÓ �4Á(¼s¿

C 2.19: 1�@�	��(1�3 ×

2.4.3 ���������;:	<>=;?�@BA&C;DFE

C 2.20: 1�@(	(��1 3 × ÇHGHI�C

J�K�LNM"O ìNP5Q"ì�R
1�@�1 3 × Ç )�S �sÄ <-��@[ACÇ TRT � 2005 T 10 ��� 11 �E¾ �$b�
�� 2� ö þ:@*Ç TRT

 � 2005 T 11 ���; 12

�h¾�� SCT


2006 T 1 �T¾��	D æ�E�æ Å
�-12Æ;1�3 × ¾6$�%$UWV æ T2¿ 2005 T"¾ 
TRT K�X�Ç�.[/$0NY^ÆZ� Ó � 2006 T 1 �
¾  SCT,TRT Z%9GÇ).�/+00YGÆ[� Ó �	*æ TN¿
1�@(1 3 × Ç�.[/:0%Y ÆZ� ¾(ÎTÈ �  �

C 2.21,2.22 Ç 2 ØGÇO�$ö/� ÅGö þLÓ Ü P�&æ TN¿
\

1
O ì�P&QNì�R M"¾ 30×0.5×60cm Ç

÷H
 � <+(/]6F B PEÍ � a ¾ 50×0.5×60cm

ÇP÷�
 � <$(/]
F B P »"¼c¿ TRT Ç�%hÇ).
/+0W10
L¾CPTÈ^ æ TN¿
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\
2
O ì�P�Q^ì R M a ¾ 30×0.5×150cm

ÇP÷ 
 � <�(�]CF B P »|¼2¿�' æ  � 2006

T 1 �G¾�$* æ T TRT ½ SCT Ç).;/>0�Y
Æ	� �
PTÈ^ æ TN¿�C 2.23 ¾�� � 2 ��ö%�
ÅEö þ"¾hÎ(ÃT¼=143 × Ç���P�F h »�¿���A
Ó TRT, 1=A Ó SCT �|ÔT¼s¿

C 2.21: Inner Detector ÇTô�õ"ö�÷6ø�ù�
NúG¾GÎ^Ã.¼).;/$0
10
�� Ç<÷0
 � <�(�]sÇ���P /TRT K0X%YhÆ ���
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C 2.22: Inner Detector ÇTô�õ"ö�÷6ø�ù�
NúG¾GÎ^Ã.¼).;/$0
10
�� Ç<÷0
 � <�(�]sÇ���P /TRT,SCT Z^9�YhÆ � �

2.4.4
�������	��


C 2.23: Inner Detector ÇTô�õ"ö�÷8ø ù�
LúG¾hÎhÃ�¼).�/�0
1/
 � ��G>8�Ç�1�
 ��1� & æ ¼ 1 3 × Ç�@:A

� ÿ�����(/]cÇeý ���
Y  � ��� ����������
ö/� ¾�Ø(È � ��BTÈ�N	P
AH�H� � B"È�b$����c0(
A����6¾����4È T����
�^ ���
�|Ç�b$����c0(
F ÕEÖ »$¼-' ½ �|Ô"¼L¿
ATLAS �:#�¾ Ü P & æ
¼ � ÿ�����(/]  �C! �
ÿ ��� (/]G½ � �Vÿ�
 �
ÿ ��� (�]>Ó|Ô \ �! hÈ
η �/� F � Ä^(s»|¼	U )
¾ B P�& æ ¼c¿_C 2.24 ¾
5#" F h Í�� `�a ¾:D æE2æ Ç � ÿ ��� (/]�¾�Ø
È ��$&% ¼s¿

• �C! � ÿ���� (�] :
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��! � ÿ � ��(%] � � 7 �:0��|¾�Tæ ��� Ö �*Ç[U
È�� X Å��
	W
 �
ÿ�����(�] �^Ôh¼c¿
����Î�U�������X F ��������¾)#
Í � �+! � ��¾ �(ú�� ú[&�&*¼LÅGô)(���� 3 
��E¾ � � � È$¼s¿�����öN�V½����|Ç=�� Ç�T ã ��! � � (η, φ) ¾����"Ó�����Ï A�� æF� È$¼s¿ ( �
�|¾�� % � �äö%�  ! �
�N¾# NÓ \ ��»^È )

• � �sÿ0
 � ÿ � ��(�] :
� �sÿ0
 � ÿ>� �5(N]  � � Ä^(P».¼5�0�|¾�U0� � �^]�@

þ(Ó ,".�0E¾�AN� æ ¼e¿VÄ <-��@ �  ���$Ç���� X ½�](@-�NÉ*ÇL÷ 
 � <"(�]� ���! �#"#$ ß&% @�ÄF()� 7 ¼�](@-��� � ÿW��5(N]�F;PTÈ|¼L¿�b�
�� 2 � öäþ����
�  7 ��0(�hÓ#'�ÈGÇ�� ��(���� X ½ ��� X Å-�)	;
�Ç $4%OZ;*�& F;PTÈ|¼s¿;<+*
���0� �  ���$Ç ß 1*ösÛsÆPÓ:B|È ' ½ � � � �sÿ0
N÷ ��, (hÇ5! ���NÇ   Ó \
F�-�.|¾s»C¼CT ã ����� X ¾ ]H
Nú(Æ/YN
�F P"ÈE¼s¿�' æ  çÇ � �sÿ0
 � ÿW� �$(
]  �C! � ÿ � �5(/]2Ç��(A$¾ B P & æ � � �2ÿ0
�ÇH9 Ö �Ob$����cF( ÕGÖ � � ��ö
�äÇ�/�5 7 F � ) ¿
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C 2.24: ATLAS
� ÿW� �5(�]sÇ����FC

2.4.5 ��� ����� � � 
 : <;=>?�@BA C D�E
� �	��
 ��
1�3 × ¾�PTÈ^ æ ¼ �>(�]��F(NÆ ¾ �� .�0$Ô'\ ��D æ�ENæ ��� Condition Data Base �
� Configuration Data Base �*½����^¿ ([9])

� Conditioh Data Base �  3 ß 1�@/
M ���	DNÇ �
Q �|Ç21�3 × ÇVÉ Ê�F����T»|¼�Ó �
G
�
� � Configuration Data Base �  �^(�]����|÷�Æ/Y K Ç���$ �
��P�& æ � �0(5* �.Ç
� & � Ú Ç .�!$Ç " � F#|Á�� �:SC½(½^ÙV¾�"�$.Í � ÈC1 3 × �� F����CÍ � È$¼L¿
ôEõhöç÷®ø ù 
�ú �GÇ61�3 × � (N]2Ç�����¾ %	& �(¾'%�& �I1�3 × Ç�(�)|Ç�� (�]*�N(
Æ,+-� Condition Data Base �  �+P|Ç�.�%�/�021F 43 ��526'7

8�9: M�; <�=,>
?�@BA2C�D

Cavern E	FHG	I�J�KMLN
ON�P � GRQTS�P'U�VHP�W�XZY�� 
 �\[�]2^ 6R7'?@RA`_ ( �baOJ,G c _ (dJeK$
 ( f 2.25) gih�� �Ojdk�l2mMDn_poZq aOr'sut�v 6bw P'x
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f 2.25: ���������
	 o�� P ?�@OA J G�c _�o J�K� 7 eta,phi x�rRP���I q����HD��
���� o����TD����
��� /��ut�3 � 5�6
! /�"�#ut�3 � 526'7?�@BA P�$�%�&('�)+*(,�-/. D+0e_1��243� �(576�8 I:9 2 P ?�@dA<; � C
� = �+" >
. 3 � 5 6'7
0Z_?�@2 g�A 5 � CCBED ) F projective G
) ?�@dA /�H�I�]KJ 6 / D�� �E5
6�8*I:9 2 ] C�L J�)�M�NTP ?H@BA g7O@PEQ 6SR�T /2^ 6R7
UWV�X�Y Z 8�9':<[
\ 0e_1�C2�?�@OA<; �P�]S' C�D_^W`ba PSc�d ^e`ba P ^W`gf@h�ij D WdXHJON@k � P7ldL � ��� N Dnm x�r ]�P i j D+��� x�rb]	P i j )�op/@p@qn. 3 6b7
r \es7t�uv�w Y Z 829:<[
\ � ��5�6�8�I:9 2 g�A 5 � CHD�x@y Px ! ] q �1z o ]
J 6 F Projective G+) q�; IC{*/�H�I�]KJg) 5�| 1 D�}	oC~C��� q Pg����� Monte Carlo

JTG c _'o JeK��Ba?�("�g �g��� Db�(� g
� 5p?�@dA G�c og� �dP q ��z o Pg���@�B/�"� t�3�� 526'7
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������� \��

FHG�I4JeK LE�N � g@lOL �Oo Q 6
	e; 	 o�� a
���Q 6 g C�D FHG�I�JeK L��'N���PT�� a�X��e��) = 3�E)K.) 5�7i j P w P ^K`+a PbX�� (Cell-level,Readout integrity)
D W�X�'�Y��E� q P����P����

- . D f 2.26 g��ut�3 6 h���) 	W; 	 o�� P
l�L � �+� Np/����nt�3 � 526'7

f 2.26: �������K�C	 o � PHFHG	I�J,K L��ON ?�@BA<; ��]�lBL �Bo Q 6�	e; 	 o �

2.4.6  "!$#&%('�)�*"+�,
ATLAS -�.2g�A 5 � D Gpc o�� � C�/10 P�2 T )pW�X	g43e�
����ut�3 6�5 3 /46 .

3���A m D�L47 P 0 IC{pN ;�8 ��5 /�^ 6:9�; ] D 2 T ) W�XuY:��� q P:< o��>=�? a q
� z o Q 6�@�A abH�Iut 3 � 5�6'7�B
|D�C$D PFEE��G q ��Y�H � �4IiP�A�J�] D G�c o� �BJ ����~�KL ]�M�Neh 0 Gpc o�� �RP�NO 7 a:���H]WJ�P$Q,G c o7� � ^�`�a2C N
O 7 M�RS�� a MDT (Monitor Drift Chamber)

D
CSC (Cathode Strip Chamber) ]�TU D�q �1z o a RPC(Resitive Plate Chamber)

D
TGC(Thin Gap Chamber) ]STV�WQ q

� z o�X�Y � 0Ho P[ZE)]\nJ C�DZq ��z oF^�_ P `[`4a4b gSc 0 � X�d�e afTV� 5C3 ]�^
P]Q MDT g ���+� �C��h 500ns i@NB]	^ m c MDT j = ]Sh ^�_[k o�g 0 � X g�l�Q�P�g
-�mon�Q�P 5�3pkK`�q ) U Q ���
� ��� k 25ns

a�r ]2^�P q ��z o�XoY � 0�o g[s�tvuw U P 5�3
x"yTm c{z]|}uf6~P 5 3�k�� J{P[Q B7| MDT
k ���e��) U������4� gF����j

�SuFT��WQ:��� a gS*(,&u�� 2.27
x ��Q�Q B
| cF� 2.2

x h�c��F� o7� ��� �C�@~ g]���
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��� @�A
|η| ��� ��� X 8(� �g�	�

MDT
q_;�
 6��� (R-Z) 0 � 0.3 30mmφ g�5W��� q X � o�� σx = 60µm 300,000� xHrFN�O 7 �4� ��, � ���

CSC
q?;�
 6@�� (3-dim) 2.0 � 3.0 ��� o 5 � q � 
 9S�o�4j � MWPCσx = 50µm 100,000� xHrFN�O 7 �4� ��, � ���

RPC
q �1z o 0 � 1.05 ��T�����z �7^e`ga σt = 1ns 400,000��� �S� ��� (z)

���
� ���
TGC

q �1z o 0 � 1.05 ���� o[XoY � 0�o σt = 4ns 320,000��� �S� �4� (φ)
���
� ���

� 2.2: ��� og� ��� �C��~ g�� ^�`�a g �!� 3 @A
"# �$��� T�$ g%���vu?�eQ[Q"��� ob� ��� �C�@~ "�# �]� og� �[� �C�@~ g�&�� 
 �(') �� x � U ��h$c 3 * ��+,�x�-/. P�Q

� 2.27: ��� og� �$� �C�@~ u
����Q&P0�
�S� a :MDT,CSC,RPC,TGC gg*�,
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� 2.28: ATLAS ��� � 
2q � ����~

� 2.29: η x2r�g k�� � ��� N g ���

2.4.7 �����
	���)�*"+�,

� 2.30: R-φ ��dog k�� � �� N g ���

ATLAS
^�`�a g��!� �/
�q � �
�C~ hSc� ��g�E��4G���� � 
�q - . �S�ntf| � U

P�Q����{h� 2�^�`+a 3 �(���C	 o�� g �x�� P	��������5��!� � 
�q ���nm c l �
�@�{h�z$g b���x�� P q � ��H � ��� � 
q �� P[Q�� 2.28

x �������@5 ��� ��
�q" # q � �FH � � � � 
Rq g[g�*@, u � Q�Qq � ��H � ��� � 
	q hc � ��5g6�8 
 92 c 0 � ��2 z�|!$| x#" )oP �� g�$�gk&% w t | c]� 2.29
x ��Q�c(' � � ��� N
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h 0 � ��2 (η = 0 ∼ 1.3)
�

2 � 6Tm c �
�@5g6
8 
 9 2 (η = 1.6 ∼ 2.7)

�
4 � 8Tmx )P[Q�� 2.30

x�� ����H � ��� ��
�� g
R-φ �@d � g7���"u?�eQ[Q 5{5>� c � � �
H � � � h�z�g������C��g |	� c R x�
$g
� � u���S�(� B U c��]��� � ��h���� �x

φ x�
���� k �S�(� B � Q�z$g |�� c"�F��� � �:N�O 7 g���� x h φ x�
$g]���
$ "�#
Q P R�T{k�� P�Q

2.5 ATLAS ����� � �"!$#�%'&'( #*),+*-*.$/$021
LHC

� h 40.08MHz g43(N �C0 � X65�7�k�8~5�9 c6: � ���[� �<;>� h�=?>�c�=@>BAC 3�Nh?D 1GHz
x )P�Q��+-��7) k .�c 5 g 1GHz g]<"� ��x h{c4E�F@G"PIH�J�g:<"�� h?K�-E�7-�L B | � U ) U Q�z��
�c 1 �:��� � uNM�O(Q�P�g xCR�T43 t:|}P
<"� �:7

hScPD 1MByte
3RQ '
$�. |�� U P[Q6S?T�UocPMWV	X�,�g�Y[Z x&y�9 c�M�O"\>| ? P
<]�� 3�N�g�^�Z{h{c 100Hz

����9 c 5 g_3�N B:��`Wa�5Wb k cPc�d bfe P�QBg�g4hi�Wjlk>Hm � 'NnSu>Tpoq ��x c ��r[s@t�u�v�g]s�t&uPw�x y[y :�z�uW{6|�} x@~�eWa�� �	�����bR�?� c ATLAS rlsPth_:�� e�� k��B�����6��� "# h��WjR�������6����u��� �����6�g	g ���W� g>|�vN� � k����4������� "�# h���j����������� x { ����- .��6�

2.5.1 �i�@�"�[�l���l�
ATLAS ��� x��B���"� k����$������� ��� � 2.31

x� la�y o xW� �f¡�¢*£ � �P¡?¢¤ � �P¡�n � � ; ¢¥j ( �¡?¢§¦ )
b¨� oB¦ª©�«W� � k����	¬?�u	® �B���6� h]�Bj ��¯° ������±	©B«�²�¬?³�Ji\¨® � E�F�´ ��µ ¡�ni¶�· �@¸�¹�º ¬6»�¼i\½® ��¾ �_¿W� �	À�ÁÂ

100Hz ¬ el��bfÃ_Ä¥Å vN® ���l�6�
• Æf¡?¢$£ (LVL1) Æf¡6¢Ç£@¶�k���È ���WÉ�Ê k�Ë4È�j b�Ì6Í È�Î�n4r]s�t���ÏWÐ"ÑÅWb ¬ � 40.08MHz � ¯WÒ n	Ó6Ô�Õ[¬�Ö �?� ¶�k���È�×�Ø"Ñ@Ù§o ��É�Ê k	Ë_È�jPuv �	ÚWÛl�	Ü�Û]��Ý�ÞIß ¶ ��à�á ¢�âlÈ�Ï�Ð �]Ì@Í È6Î�n ° ���W��u<v �"Ì6Í È_În?�Pã�ä bæå�ç�è �PÏWÐ]Ñé ��� ¶�kê�[ÈI×�Ø��@ë�¬@ì�í�î¨® �@� g�®�vP�PÏWÐ ���

CTP(Central Trigger Processor) ¬6��ïlv¨® � CTP ¬ ������� ÆN¡_¢p£?¶�kð�[ÈI×Ø ¸ Ù�ñ	® �6� ¶�kð��È�×�Ø[¬�ò ��� L1A(Level 1 Accept)
b¨ó�ô ® �Iõ�ö	¸W¯ rs�t[¬6÷<v® �6� g��]ÆP¡?¢'£ð�_×�Ø"Ñ�s a[ø ±��[Æ µ �[n ° È � Â 2.5µs ± �lµ¡�ni¶�Æ6È"¶ � 100kHz

ø ± `[a g b½¸ c�d bRel�6�
• Æ¡_¢ ¤ (LVL2) Æ¡@¢ ¤ ¶�kê��È � Æ¡_¢p£_¶�k���È6��Ï�Ð���ù6u�v ROI(Region

Of Interest)
búó?ô ® �Nû�ü �PÏ�Ð]Ñ4í ����� ROI

�?�fýB�4þ�å�ç�è ÑNÿ�{ Ý�Þ½ß ¶ �Ú�Ûl�"Ì4Í È�Î�n e�� ��� Û ����� ¸ r�s�îR®�q û�ü ±�´ �6� Æf¡6¢ ¤ ± ��Ì?Í ÈÎ�n��@Ï�Ð ����	 r]sPt ��ÉWÊ k�Ë4È�j��6ÏWÐ]Ñ4í ��� ×�Ø�ÑfÙ ofq_ï ��
 Øl��� ¸���¸��æ������� d eBµ ¡�n�¶PÑ ~ Ø�� � g�� ¸ ±�� ��� ÆN¡�¢ ¤ ¶�k��[È?�_×
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Ø"Ñ_s � ø ±���Æ µ ��n ° È � Â 10ms ± ��µ ¡Bn"¶_Æ@È"¶ê± Â 1kHz
ø ± � �lg��¸ c�d � el�6�

•
µ ¡�n�¶����ð¢�j (EF)

µ ¡�ni¶�����¢¥jP± �[����� �4r"s@tl��	 �le�
Bß ¶êÏWÐÑ4í ��� ¶�k���ÈP×�Ø ¸ ÙBñ?® �@� g�gI± �W���� Î���� µ n4±�Ù§o��P¢�� k����ÑPÎ"n�� µ nR±���í �@�W���6��µ ¡ln"¶�����¢¥j6È��lÆ µ �ln ° È � 1s ± ��µ ¡Bn¶6Æ6È"¶ � 100Hz
ø ± � �_c�d ¸ ´ �	�

�
2.31: ¶�k���È ° ����������d

2.5.2 � �����! ]�]���l�
h]ÈWj��� ° ����� ��� � 2.31 ¬   � � oR¬ �Wø�"�¯ r[sPt�u�vP� õBö Ñ � Æ¡_¢p£��×�Ø ¸�# î½® ��ø ± ¯ r[s@t���$ µ&% � µ n�Ë('<kR¬*)�+�î-, �6� Æf¡@¢$£ �_³�.0/�1��

2.5µs �21�)�ÿ � � q	ï � g½®,v���$ µ3% � µ nlË�'<kR¬ �W� 100
Ò n_Ó?�� Ò,ß ��4 ¸c�d � e]�@� ÆN¡_¢$£5� m�6 % ¶ ¸�7 �¥v�® � � � $ µ&% � µ n�Ë('<kf�fh�È�j ��� h��n&8:9 µ<; È�¬6÷�v¨® � ROD(Read Out Driver) ±�=?>Ws�îR® �6� gI� ROD ¬ �W�Põ�ö¸ � � Ò n6Ó�¬A@�� � ulÑ   � BCID

��� �[ÆP¡?¢$£B� m*6 % ¶¨¬�@�� � u]Ñ   � L1ID�PÏWÐ ÅDC ñE, � ÷<v¨® �,y�yI��� ROD
� ��ï�qfh"ÈWj6� BCID

�
L1ID �&F C�G Ñ}�H�@�P¹�I ² e �KJPÈ*9 ß ¶�¬3L�M�� �6� L2Miî½®lqfh"ÈWj � ROB(Read Out Buffer) ¬@÷v�® � Æf¡6¢ ¤ ×�Ø ¸ Ù�ñ�® ��ø ±?hiÈWj�Ñ�)Wÿ�� �@� ÆN¡@¢ ¤ ± � ROB ¬3NB�iv�®]qÏ?Ð���ù_± � ROI �fh�È�j	Ñ�OQP � ³�.]ÑÙ§o � Æ¡@¢ ¤ ¶�k���È ¸:7 �]v�® � � � ROB
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2.32: h�È�jlkD8 m °�� n

h]ÈWj ��µ ¡�n�¶ � ¢08�Ñ � P ����µ ¡�n�¶�����¢�j_¬6÷<v�® �@��µ ¡ln"¶�����¢�jI±	³
.lÑ � g e P_q º[�P¹�I ²�¬ µ ¡Bn�¶�Æ6È]¶ � 100Hz ¬ e���� £ µ ¡�n�¶½´	q � �Ph"ÈWjèB�?À�Á £ MB

e �?± �	¹�I ²�¬ 100MB/s ��»�¼ ¸ ÙBñ_® �6�

2.5.3
��������	�


ATLAS ����± ��� r�s@t����� �������	q	ï�¬ � DCS(Detector Control System) � �ô ® � ° ���W�[Ñ���� �?�B����� DCS
� � Ê ni¶ à n�� à Æ m ¶ Ê�� m ������� Ú! �"� ¯ $?��Ë@È�j	Ñ#�Ø �6�4Ú�$&%(' ���� ��) � 
 Ø � �B� % �  �*W�,+�è�-�� �PÏ�Ð]Ñ �r�sPt��/. � Ñ}�)�� �10 ï�¬�' �32 È � �6� DCS

¸ ' �32 È � �P¯ $ ��Ë_È 2 Ñ � 2.33¬ �4¯�à Æ54]¶ Ê�� 4	��¬ ������6&7 ¶ Ê È4¢ � ' �32 È�ÑfÙ98 $0��Ë?È 2 Ñ � 2.34 ¬ �¾ ®;:�®   � �

2.5.4 <>=�? @1A]�P�i�������l�
B(B ± ���5C ¬EDGF 0 Æf¡6¢Ç£@¶!H���È ° �W����¬�{ �����5I ¬>J�Kl¬�L�M �ON ��

2.35 ¬   � � 8R¬ � ÆN¡?¢'£4¶!HQP[È °!R>S�T ��É�Ê H?Ë4È 2 � ¶(HQP[È�í ÌfÍ È4Î7VUOW�X��
CTP
�

TTC(Timing Trigger Control) Y�Z\[&]iî®^N>_ ø("]ÉWÊ H	Ë�È 2�`�a
e/γ
a@ÝWÞRß ¶ aNþGb�c�d�e�à�á ¢BâlÈ5fPÏWÐ]ÑfíGg�h aWø�0�a]Ì4Í È_Î 7EU;WX�`"ÌfÍ ÈÎ 7 f þ�å�ç�è ÑPí!g�h a�U;WX(i ¬@³�. ��N>_ CTP ± É�Ê H�Ë�È 2ja ¶&HkP�È�í Ì_Í È
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�
2.33: DCS

¸ ' ��2 È ��N�$���Ë?È 2
Î 7EU;W�X f�Ï�Ð]Ñ '�C�� h a Æ��?¢'£4¶�HQP[ÈI×�Ø ¸ Ù�ñ6® N�_�¶!HQP[ÈI×�Ø ¸�# îR®
N � a CTP

���
L £ A

õ�ö	¸
TTC Ñ���� � h a � Ê�7 ¶ à�7 � à Æ!4"¶ Ê1� 4 R ¬?� îR® a
	���-� È 2 f*=�>�· �4¸ Ù�ñ�®^N _

�
2.35: Level-1 ¶!HQP[È4³�.3f + ®

�����
�����������
���
� � �

2.36 ¬ Ì_Í ÈÎ 7 ¶3H/PiÈ °3R�S;T
f  È 2 f + ® RPC

� TGC
`�¯"! 6 4 2

� ó�ô ® N$#Bã i ¬ PT

f&% � - Ì?Í È�Î 7 f
���[Ñ('*)&h a MUCTPI(Muon

Central Trigger Proces-

sor Interface) ¬W÷ N&_
MUCTPI

`�a B ® Z1f¶E� ß 4�f�� � Ñ +-,. � a0/21 	 �±�fI³�.Ñ½ÙQPVh>Y Z a�ÌIÍ È�Î7 � �i¬�3�g�h f�Ï�ÐÑ a CTP
a Æ(�5476�¶&H
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2.34:
¯Bà Æ�4�¶ Ê�� 4 R ¬���g�h a DCS

¸ ' �32 È ,
6&7 ¶ Ê È54��;N�$?�lË_È 2
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PBÈ a =�>	· � 	  - �¬@÷ N�����Ñ�� 8Q_
CTP CTP f���� `É�Ê H?Ë4È 2�alÌ4Í ÈIÎ7 f¥¶�H P�È@Ï�Ð"Ñ ':C"� h a6¹�I ² - Æ��*4	� ×�Ø"ÑfÙ 8 B �±�´�N>_ CTP ± ` � *Ï�Ð ¸�
�	Ò37 Ó�¬�����ZN® a�� ï_í��iîR®Gh�g3N�¶(HjP�ÈI×�Ø���� ��������N B �N¬ ��Qa�¹�I ² - Æ��
4��@¶!HjPlÈP×�Ø ¸ Ù�ñ�® a TTC ¬�Ö � h L � A

õ�ö ��¶&H P�ÈPÏ�ÐÑ�� ��� � ß ¶ f õ[ö ÑN÷�N>_ ø10 L � A
` � Ê�7 ¶ à;7 � f�=K> W�� Ñ� �!B¬ � N 0ï a"�"# L � A Ñ W�*���0 Z a�¾ ®�$�%'& Ò 7 Ó

�
2.36:

Ì@Í È�Î 7 ¶(H P[È °(R�S&T f  È 2 f + ®

TTC TTC
° R�S T

` � Ê 7 ¶ à^7 � à Æ
4<¶ Ê�� 4 R f 
�( Ñ. N 0 ï a BC 4 Êlß 4)

L1A
-�� f õ]ö Ñf� �ON °(R�S!T ±l´�N5_

� 3.1 ¬�* - TTC
õ[ö

Ñ,+ ��_ TTC
` �

2.37¬�+ � � 8?¬ a TTCvi

� ó�ô ® N VME
µ;7

2 È�� Þ È R ± LHC Y
Z,f 40.08MHz f BC 4Êlß 4 a-�( 88.92µSec

f ORBIT
õiö Ñ2+ õ�>a

CTP Y Z ` L � Aõ"ö Ñ2+ õ ��N!_ B ®
Z/f@Ï�Ð ` TTC 4BÆ6È¶¨¬�÷ õ îf® a TTC 4ÆPÈ]¶ê±2+ õ��10 Ï�Ð[Ñ.0/ �>a � Ê!7 ¶ à�7 �1 #�ä�îR®^N TTCrx

1
÷�2�îú® N 
�(36 9 7 �
� TTCrx

1 ÷ õ ��N,3 
�(36 9 7 ��Ñ�4 8 B � ¸;W,5 N�_ 
,(�6 9 7 � ` S�R ¶ $*4 R f6"7 1 í!g;Z98 a 3 
�( 6 9 7 � ` $���Ë_È 2 fE#�Ø -�� 1 í!gGN B � ¸ ± ��N>_ TTCrx± ` + õ���0�õ[ö ÑA� Ê�7 ¶ à;7 � à Æ�4�¶ Ê�� 4 R 1;: � �ON>_
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õ�ö �  
BC Clock(Bunch Crossing Clock) LHC f � È T Ô�Õ�¿ #1 
 ( î-, N 0 ï�f;4 Ê�ß 4

L1A (Level 1 Accept) CTP Y�ZN÷ Z�8�h 5 N
BCR (Bunch Counter Reset) BCID(

 È 2¸ � f Ò 7 Ó 1 @���NEY]Ñ�+�� )¸ H 6 ß ¶4î 8^N>_ LHC f ORBIT
õ�ö 1 
 ( � hW>* î 8�N ¸�� � 1 W�* ��N B � Å����

ECR (Event Counter Reset) L1ID(
 È 2¸ � f L � A

1 @���NEYÑ�+�� ) f H 6 ß ¶ 1 O�í
BCID (Bunch Crossing IDentifier) ROD

a
ROB ±�f Ò�7 Ó34 Ê[ß° 7�� f6Ó ÞIß 4 1 OWí

EVID (Event IDentifier) ROD
a

ROB ±�f L

1ID f6Ó Þfß 4 1 O�í
� 2.3: TTC

° �
	 4 f�� �

2.37: TTC
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�
3 � TGC � � � � � � � 	 � 
 � � 

��������������������� ����!#"
TGC $&%('�)+*-,#.0/1'(243 576#8�9�: ;�<4=?>A@CB "

3.1 TGC DFEHG IKJML

N
3.1: TGC

�PO�QSRUT1V

$&%W'X)+*-,�.0/1'�YZ#[ �\�W]_^ `\abR�c
*�dfe gPhji a�kmlnO1op&q "Prs��c *+dfeCgAhi a 8 t V pAq " �urm�N

3.1 8Av+w TGC(Thin

Gap Chamber)
�+!1"�x

TGC
��y7z|{|�W}|V4~� Z|� r1� �+�

MWPC�4���C�X� ' � R �|� �3K,�.uh�i � φ ��� �X}V >�Y Z w "4�7RUr1�(��C!1"Wx
TGC

�P����� �c *sd�e gPhji a >7���� 8�� ] '�w "(�f�#���� 8 ��� ;f: "Wx(� ���� p � t V �#� 81�1����+"Wrs�f���\�+��� �?��f  r
1.8m

�¢¡ p
2.4m8 ��"fx#� �W� ' ������1�  4£ RU¤�¥|� 3K,�.hni ��¦�§ 8 T#V p&q ;: "fx N 3.2 8fv1ws�-¨&8 � TGC

��©�ª����4«�¬ '�d R �s�'sd �7®7¯Cr 1.4mm
R±° :�4R���!+"fx+� q ��²+� )1* � d?.A³\,j´Cµ¶>¢·�¸ � � LHC

�W] *f¹7ºC» ®f¯ 25ns
R :¨½¼#¾�8C¿C:7; �AÀ �ÂÁ ] *X¹WÃ1Ä\> ¥ ¨ �(� �1!�"7x��X� ¹\Å4* ] ' �#Æ 8 �4� CO2

R
n-pentane

r|�
55:45

�XÇ#È+�PÉ�Ê /�3 ��Ë�� pAq � 3.1kV
��¡�Ì�Í >uÎ Ï � ;#: "Wx TGCÐ >¢Ñ Ì ÒCÓCr#ÔCÕ w "sR¢�7� q 8�Ös: É4Ê /13(× Ó4rm� )+*XØ p&q �uÌ ÓCr|� «1¬ '�d -�|('sd ®4�u¡1Ì#Í1�fÌC� 8\�+� «+¬ '|d�Ù�� k ¨ xW¦�Ú 50µm

�uÛ : �4�u� 'XÜ4Ý ��Ì�1�C� � Á �s� ;#: "��u���7«\¬ '�dAÙ�� k\� ; � �fÌ4ÓCr��7�7�WÞ £ � /+3 RjßCà�á�â� �fy7z�Ì Ó >Xã o w "fx1� q >&äå�0æ � ; Ì Ó1ç è�rCém� �ëê1ì p&q "��4R����Xí|î¶R
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N
3.3: TGC

����� 6��mh � ' �W§ ¾������
� ; ~ � Zsp&q "fx TGC

�#�|�
CO2 8 É�	Âl q � n-pentane 8\�+� ��
�� >��� � ;� Ì >���� � ;4: "fx ( � c *f¹���� )

x��(�7� �su'sd��s8 �u¡�� |� ��'"!Â* r#�$ pq ;4¿ � ���C����%1� 3 ,C.7h±i�8'& é p&q � &)( Ì Ñ¶> ~ � Z w O�QSRA�+� ;#: "fx

N
3.2: TGC

�XO�QSR�T#V

«+¬ '|d �7�W�4k l���ísî1��� 6∼20
�

>+*�,4;.-0/ ` 'Pi R � ; � ~ � Z�p±q "Xx�(�C� 3 ,#.�h i � 1TGC
!�� � 32

���!�"7x'12|�31)44�1�
TGC 5�6 R � ; â:�7 �98;: ( <�= ^ h�, ) > �@?0: ( ,#.ni^ hC, ) 8 � �"A �7%(' `#O�Q 87w "ux <�=^ h�, �u��Ê��B8;:����4���(�98C:+� 3S,.7h i k l�~ � Z1� r�¥�D q "�x ATLAS14|�E1â pAq "

TGC
��F�G+��H

3,700I �|�'J ¹\g#*'K `�G+� R �+� ��H 22 L¹#g4*3K `�� φ ��� �3H 10 L�¹�g4*3K ` 8��"7xM�(� N
3.3 8 Ò4Ó�r TGC > Ô4Õ �; kml�í�î > Z w �A�+�ON4®4�3P l 9 � >Q�R §�S 8Xv � � x N >"T q PD kÂ"1R ¿� ����� 6��1h � ' ��U�V 25ns W Ð 8�¿ p��� ;�: "#xs�(���sRA�s� TGC > Ô+Õ ��PÒ�Ó�rMX7��] *X¹48�Y � ;#: "uk >XÃ1Ä|w "+R � 8'Z�= ��!+"�x
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3.2 TGC D����
Endcap

a�� $ %4'�)\*m,�.ë/\'PY ZW[ �+!1" TGC
�

, � � Ê D pXq "+R � ��� ¿
O�QRj�+"fx7� q > TGC � � ' ` R��	�7x TGC � � ' `����X� N 3.4

� �?¨�8 � M1(triplet)
�

M2(middle)
�

M3(pivot)
�

EI(Endcap Inner)
�

FI(Forward Inner)
��
�:�k l±O�o p&q ;: "fx M2

�
M3
� <#i ^ h|, � M1

� ,4.ni ^ h�, �(O1o p¢q ;�:7; � ,�.ë/s' ���� 8�|�X���0:�r�E�D q "Wx
EI/FI 8 9C:7; � ,#.ë/1' �����1����� >Ww "fx EI/FI

�#�
z=7m8Xt V p�q ;7:#; � M1

�
M2
�

M3
�

z=13∼15m
����� 8 t V p�q "Wx 1.9 ≤ |η| ����� >³�� � 'sd R����#x TGC

� N
3.5 8fv+w|� � > φ �|��8 12 × � � �|�(��r�� 9 �f� � �

5 } 8 �+"fx! ' �#"�$+�s�f� 12 × � - � 5 }��#¥�D q "�xs�(� 12 × � 1 > � ³�� � 'd ����� φ �+�C8 2 × � � ��c *1d(e�g�h±i ���4� φ �+�78 4 × � � �|�f� > � ,�.ë/s'% � � ' R��&�7x1��� ,4.n/1' % � � ' � φ ��� � ì ��� TGC - I � ì R'��( � ;�: "fx�X� ,�. /+' % � � '�>�)\8 c *sd(e4gPh&i a������ η �+�C8 37 × �s� φ �|�C8 4 × �+�³�� � 'sd ������� η �+�C8 16 × �1� φ �|��8 4 × � � �|�f� > �!* = % � � ' R��&�#x�X�+* = % � � ' �|� 8
�7�X� '�/ ` 'ui x 8 3 ,#.#hji|8	,�- � ; �-� q r ,�.j/\' "$+�.�/ 5 }#�+! � �0� 9 � ROI

��!+"fx���� �
TGC

��1�2 843&5 �&� > á l&� : ���8 � TGC 647 r&8 � )+' ] '�9?h�i4w "PT�:�r+� p¢q ;4: "�x ,�.ë/\' % � � '35 }���u� )|' ] ';9sh�i � ¥)D q ;#: "fx

N
3.5: TGC � � ' `
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3.3 ���������
	 D���

N
3.4: TGC

�|^4�7«�� ,

z 8m,�.0/1' ��"&$ 89�:#;�@+B "�x TGC
�

,�.n/+' ����
O:�� ¹�Å* ] ' �Xí�î����7� *P2 *W3+> R � �A] h �3/
9 � *�d&8�� "������ �,�.0/1'C> ��� "7��RUr� � "fx��7� *A2  *X3� ��� R � ; � M2

�
M3� <)= ^ h|,P> â :#; �� �A��� � 3K,�.Xh0i ��#Ês�

3-out-of-4
�"!$#

>�=$%�w "�x��u�C� ,C.i ^ h7, ���|� �A� ' ���Ê �
2-out-of-3

� 3 ,.Wh0i �X�4Ê|� 1-out-of-

2
�&!'# >¢=(%�w "fx1�¨ � ; �7� *W2  *W3 r) l q ��!\R 8 � $A%�')\* �&* ����+�,$- PTr % �|l q "ux W � � PT����� �.��8�9 :7;f@CB"Wx N

3.6 8�¿�:C; Pivot
R º�»0/�>21 �(¦��+��� $W%4'�)\* � +�,'- r'3�4C�4�+!�"�R5 � � ; ��6����87(9 > ���(� Á;:�< 7\8 ¦0= � ; � � 5?> � ,�9shO� �\!�"#x\���C¦��r?�

Middle ¿\� � Triplet
��@�A w " / RX��1 2|� $ %4'()-* ,!9�h'� r�Ô�Õ � � /�W}|V?�8A

δR
�

δφ 8-�\� � $(%7'�)-* � PT

r$B�� pPq "7x
Middle

�
Triplet

�+�����q'C7q
δR
�

δφ
�.D(4�� t �Cr�! � �8DE44� δR

�
δφ
�C��o p&q "��&� > �0F *1d �#R���#x $W%4'()Â* � ,|.¢/�'48 �1� G 'sd � Å «�D��+�|�@8IH�J-� PT 8$K�w "�L M�r?!� ���7�NL M 8\� � ; Low-pT

�
High-pT 8W× k q "WxM�(��� �³m, � Å «X�1� )\8 6 OP �NLNM�r-!+"Cx\� q 8C9�:#; � Sector Logic

�8Q�� @|B "7x�L M?�8M-�|� Low-pT

�
6GeV

�
High-pT

�
20GeV W D��+!1"�x Low-pT

� ,�. /+' �+��� Middle
�

Pivot
��R0S

> â :7; ��!�"+� �\� ì �(��F *1d � 8 Q �(�ON�� Low-pT

� $f%4'�)\* �.T�� R � ;8UD q "Wx�� �7�
High-pT ,C.n/�' ���4Ê 8 �4� Low-pT

�&!'# 8fÏ0��; � Triplet
��R0S >â :#; �1!+"4���?� ì �V�?F *+d � 8 Q ����Ns� � � High-pT $W%4'()¶* �8T��FR � ;

U D q "�xs�C���u���?�C�X�C� 3 ,C.7h±i WNX|8 "�$ p¢q ;4:#; �7z 8 �C�X�C� 3 ,C.#hi?>Y1 Ê � � R-φ
��� *72  *�3?> R7"s�|R 8Â�-�1,�.¢/�' ����r � puq "7x (

N
3.7)
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3.6: δRδφ

�!���
3.4 TGC ����� ���
	���

N
3.7: TGC ,�.n/+' �+��� ���

TGC
�� ' � > ~ �Z w Ì Ó)A �7%(' ` > F� � ; TGC

c?^ �?,��� �C3 R�� �#x TGC
c^ ��,�� � �f3 ���1â pq " !\'�d RA�P� q 8��� pAq��

ASIC ��� 3.1� v|w x
TGC

cm^ ��� � � �!#"%$
8
HNJ'& !�(|du¿� � $ 4
HNJ)&

ASIC ��-â �+*),-� x+ ( �& .�/ �10 3.10
�32�465

 (%7 "&$�&�.8/ " �:9; ( $ 9<(�=?> � � $ �@ �3�A(CB &�DFE �HGI / *C,J� 5%K�L $ �89; ( &8.M/ "'$ 0 3.11
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� 3.1: TGC � ��� ��� � � ! ����� 4 �	� (J=�
 � � ASIC� ( =� � � ASIC

ASD Board ASD ASIC

PS Board Patch Panel ASIC, Slave Board ASIC

High-pT Board(HPT) HPT ASIC

Sector Logic(SL) SL ASIC

Star Switch(SSW) VME protocol ASIC

ReadOut Driver(ROD) -

Crate Control Interface(CCI) -

Service Patch Panel(SPP) -

High-pT -Board Service Crate (HSC) -

� 2 4����#� $���� @
� ( & >��M��������� $
ASD(Amplifier Shaper

Discriminator)
� (+=����� $! #"%$ / $'&)( 7�B������ PP(Patch Panel)ASIC

��*,+ / � 5
PP � " $ TOF -. (!/6B�0�1 I +32 � 75476 @ � & L / �98  ):3$<; & � @ � �<= : *%,�� I �?>�@ 4 � 5

SLB(Slave Board) ASIC
"6$

PP
I + & ���)�BA�CBD�E $7FHG I +32 � Pivot,Middle

&JI
/ ��K � I + & �L�'�#M�
 �LN 4 @�O & @ !JP#Q �?R , $ Low-pT S5T �R � 5+K�U $ �9WV ��K � �YX : * " N 4 @<O & @ !<P5Q &[Z ��R � 5 HPT(High-pT Board) � " $ SLB

�J\ T : U<]�^ ��M_
 � 20GeV `#a &'b_c7d�e#f5gih�j+E 6'k�l<m @�n�oYp h SYT 4�q?5
SL(Sector Logic) ��r�s�t�u)v�R_w /ix�y U R,φ

n ]�^ ��zY{ $ / s N 4 @BO & @�| PQ}$ / q�5B~#��� v#s pT ����� y5�+E n%�'� K<� h�� � 7���
�v��Y��� 465 SL
n!�Y� r

MUCTPI(Muon CTP Interface) v *�+ / s RPC
n	�#� 
�!w��7s�6	k�l!m @�n[n ~#���2 � 9 ; l SYT �#� $ / q�59�l+= >#� � rH0 3.12 v 2J4_��� v�s SLB ASIC � PP

I +?*�+ /7x � U & l�7?�Ls �� B�� � K	�7� v���� + / q?5 � � B�� � 9 ; l SYT h A#C U & l+7�r�s & �%@ I#� 4	�
vB Y¡ $ / s SSW(Star Switch) ¢ *�+ / q35 SSW ��r & l+7 n!£�¤ h R y s�¥�¦ $ / U��§ l � K � vB¨�© 4�q�5 ¨5© $ / U & l#7'r ROD(Read Out Driver) v *ª+ / q?5 ROD

r ~ � 13 « n SSW
n ]�^ h¬7 �}� qC5 ROD r[® 2�q SSW

I + � U & l+7 hJ¯ 4 �@��±° v K 
9² x ROB(Read Out Buffer) v * � 4�q35N @��´³ l�B�r30 3.13 v 2H4_��� v[s & l%7 n .8/ 
Hr�µ5�7s CCI(Crate Control Inter-

face) v � E·¶7¸�¹_v�� q HSC (High-pT Star Switch Controller)
h 93º#l � N @��	³ l

B : s SSW s HPT
h	»�¼ 4Lq35 $ + v SSW

I +
PP s SLB

n	½7¾ h R �J¿ 
´�_�L� qC5KJU s eLMB(embeded Local Monitor Box)
I +

PP s SLB
n!À T M�R�� q�5¿5¿ I + s TGC � �Y� �9³BÁ � | vBÂ�Ã 4)q º ( kYl�Biv EYy�x�Ä�Å 4�q35

• ASD(Amplifier Shaper Discriminator)

ASD
� l =�r ASD ASIC � F	� K V5Æ�Ç $9È x sÉ� � l =B� U E 16

�7Ê @<Ë B nPYQ h R �J¿ 
´�}�BÌ q?5 ASD ASIC
n'Í#Î r TGC

I + n >[� ³ �[�_� h ��� :
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x s#� q���� h�� � U�� B |�n ZLh LVDS �L�7v�¨Y© : x PP v *%q�¿ 
´��� qC5
ASD

� lA='r PS
� lA= I + ±3V

n	��
���£ h��� $9È s��	� n���� -M774�6 @
�<8  n U ² n	��|�� � B | �_� h A�C q Í�Î ��� q:5

• Patch Panel

ASD
� l = I +	*ª+ È x	� U �)��r�s TOF s . l�/8B�0#1�v � E±s��������<���L { � 
�r�� +2 y 5 Patch Panel ��r'754�6 @ �<8  
 � @ � >�@ h R � 5 ASD� lA= I + LVDS ����� *ª+ È x � U �L��r CMOS

� � Biv<¨7© $9È s . l�/%B
0#1�v ��q� "!$# h 2&% 47U ²�s &(' � 4��)�Lv � E?7Y4�6 @ �<8  h R � 5 754
6 @ �!8  h : U ��
�v5s BCID �*�Lv x LHC

� ³ KB� 
,+	- h 
 q35�KBU s ASD� l =�¢+>�� ³ � n	�#|É� � B | h *�q�¿ 
?�i��Ì q35)¿ n)��| � � B | �7� n'À
T r7s JTAG V ³�� N B���R � 5

• Slave Board ASIC

Patch Panel � 7J4#6 @ ��8  s � @ � ><@ h $HÈ U ��
s �Y��r SLB(Slave Board)ASIC

v � E�s N 4 @BO & @B| �[D + È q?5�¿J¿ �#rYs�.�4)/�s |�� 9 K V[s I / ��K �10
>s � 9WV ��K � r�s�2 È�3�È t�u_v N 4 @'O & @�| h D q?5 2 n U ²�s SLB ASIC

r4.�45/ I / ��K � s |,� 9 K V I / ��K � s�.�4)/ � 9WV ��K � s |,� 9 K V � 9
V ��K � s EI/FI

n7698�: v G I È x#y q35 I / �#K � v EYy�x r TGC
n I / ��K�9n�0 > I + n �L� h 
�; x 3-out-of-4

n �L� h D EHs Low-pT S5T h R � 5 KJU s� 9WV ��K � ��r |�� 9 K V�v E5y�x r 1-out-of-2 s�.54</�v E5y�x r 2-out-of-3
n

N 4 @'O & @�| P�Q n Z R � 5�¿ n N 4 @<O & @�|#n	�7� r LVDS ���7v<¨#© $9Èx s High-pT

� l =¢ * + È q35
• JRC(JTAG Routing Controller)

JRC
n	=�> r PP ASIC s SLB ASIC

nJÀ T h R � � n 4 @ 7�l � � l | �7� q#5
JRC r�s �#E n	?�@�A l � sCB E n � @$A l � h5D � x�y q35�E E n	?�@�A l � r
SSW

I + �Ys�M �FE E r DCS
I + n M n ��� q35 � @�A l � r F E � PP s�G E �

SLB ¢ E 2 �(; x�y q:5
• eLMB

eLMB r DCS
n�H � TGC

hJI �1K / O�|���L ��� qC5<M�N º Á 7<lJ-#� �Y� �9³Á � |�n
DC
�$
�n��$O 
 �[£ h º Á 7[l 4Lq35%K�U s TGC

n�P)Q ; |�n�O È - £@ 2 ; M	º Á 7�l : x�y q:5)¿�� : U eLMB
n f7¼ r CAN

� | v � ; x ½�¾ $9Èx�y q35
• SPP(Service Patch Panel)

SPP v<r TTCrx �YÆ�Ç $9È USR � Á)@ � l =?����EHs TTC
I + n �_� h A#C�D�E

2 È + n �L� h3¯ PS
� l =!v G�T 4�q35

• PS Board
U

3.8 v 2H4_��� v<s PP s SLB s JRC s ASIC r�s PS Board v'Æ[Ç $�È q?5 PS Board

r 1
� lA=B� U E 256∼320

��Ê @<Ë B n)?V@ h?jXW s Patch Panel ASIC
h � U �
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��r TGC
n m�l � l � K V����#� n I /6B���� @}� h��	� U ²Ys OR 
 Q �)� h�� : s SLB ASIC v *�+ È q�5 SLB ASIC �#r � 9 ; l�Ã & l+7'r High-pT s�� Z��: Ã & l+7'r SSW ¢ LVDS �Y�[� *,+ È q?5 SSW s eLMB

I +
PP s SLB ASIC

n
À T h R � ����r7s JRC ASIC

h��	� : xB¯
PS Board a n ¯ ASIC v G�T $9È q?5$ + v�s ASD

� l�='v ±3V
n<�$
��[£ hJ�� 4�q35

PS Board 
 SPP r�s PS-Pack

v K 
3² + È s � 9WV ��K �?n���� s Pivot
n���� v À�� $È q35 PS-Pack r�s 12G n � v G E L E À�� $?È s 1 � n SPP 
���� n PS-Board(

� 9WV ��K � r 10 �LsI / �#K � r 17 � )
I + ��� $9È q35

• HPT(High-pT Board)

HPT 
��! 4�q SSW s HSC r�s TGC
h�" � q �$#�%7��� q Big Wheel(

U
3.9)

n
&$' v À�� $9È q 9U

n
VME

�7� l � (HSC
�7� l � ) v�()² + È q�5L¿ n �_� l� r 12

G n
1 2 È 3�È v 2

E À�� $9È q35
HPT ��r_s N 4 @JO & @�| P5Q%$9È U� 9 V ��K � s I / ��K �´n  � ]�^ 
 b_c7d�e5f�g)h M_
	v�s 20GeV `5a n pT

h
jHE 6�k[l'm @ ��)+* : U 
���s High-pT S5T h � 485 High-pT S5T �L� $9È U M n
r�s�, U v HPT ��\ T $�È U e7f5g ]�^ h � @ N l = : s G-link � O 9 > B�- : s. �_�7v<¨#© : s SectorLogic ¢ *�q35AK�U s 20GeV `#a n 6�kYl!m @ � 2 I ; U/ {�r�s Slave Board Low-pT

n ]�^ h 2 n K�K SL v *%q�5

U
3.8: PS

� l =?a n ASIC
n ���ª
 T �

• SL(Sector Logic)
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Sector Logic 
��! 4�q ROD1 r HSC
��� l � I + s . lJ/#B���� 90m � È U ��5� �9³BÁ � |�� K � v À � $´È x�y q35 Sector Logic r��#v R-φ

N 4 @BO & @B| s�	� K�� V � � �Y� 7 s �� K�� � ��� 7 I + �L� $9È x�y q35'K L s
	 K ��t_u
v P#Q%$9È x�y U .Y4	/�s |ª� 9 K V n & l+7 h z7{ : s R(Wire)-φ(Strip)

N 4 @O & @<| h D q?5 2 È v � E´s 6'kYl'm @�n%�'� K<� h�� ��� : s"2 n��'� K<� h���� n
pT

n �	� v � ; x G : 4�q35�¿ n �	� r���� 4Lq�� Q s¶#¸����_v � ; x
¨�� 4Lq�¿ 
W��� Î �#� q35 �9� KB� V � � �5� 7'r 6

��� n
��� � pT

n ��� y �� K�� � �#E �! È s ~ � 12
�� K�� � �9� K<� � �#��" v *�+ È q
# �	� KB� V� � �5�!" �5�� È U �� KB� n � W pT ��$ y��#E n��� K�� � �9� KJ� � �5�!"

v � ; x �� È s  � ]�^ 
Y
<M	v MUCTPI v *�+ È q%#%KJU s Sector Logic v�r� � B�� � K��7� s & �H@ IY� 4��� À�� $9È x�yYx s HPT s Sector Logic & c n
� @ h � Z ��' ¿ 
?�7�L� q(#

• SSW(Star Switch):

SLB
I + n � Z � : � *,+ È x Ì q & l " r�s
)���v 2�q%#)¿ È h� � : s & l "£�¤ h R � º ( kYl+*7��s SSW ��� q�# SSW

I + & l " h A�C<D EHs ~��)� v �Z�� : n & l " h K 
	² q ROD
K �_s SSW r�,�- �4% & l " h�. * ' qY¿ 
?�#�

� q%# SSW r SSWtx s SSWrx �5��� $9È s SSWrx r & l " £Y¤�n�/(0 v�s JTAG

V ³�� N *�� PS Board
n	À T h R � Í�Î M o q%#

• ROD(Read Out Driver):

ROD r5s TGC � ��� �9³'Á � |�n � Z � :?& l " ��s ~���� v  ² + È q º ( kJl
*��#� q
# ROD r SSW

0 + *ª+ È x Ì q & l " h FIFO v (�²<s±Æ[Ç $´È U TTCrxh � : x
TTC �_� h A[� : s ¿ È h Ã y�x SSW

0 + n & l " h ��132 l ]�^�2 ;

5
�M'v�4 ��4 �±° v�5)
²�s S-link 
 y � 1 4 � º ( kYl�*�v � ; x ROB(Read

Out Buffer) ¢ * ��' q%#

• HSC:

HSC rYs HSC
�!6 l � v�Æ[Ç�' q VME

� | " l!º ( kBl7*��5� q8#:9 v� �; q CCI


 . . lJ/(*��(< 2 � È x�y�x s CCI
0 +

HPT s SSW v>=�' q�?!@ h��	� ' q%#

• CCI:

CCI r ³ l��%*�A | �B0 + n ?C@ h A)C<DÉE·s ?�@�D Ã 6 ( | " v(E$( : U �%
�s
HSC ¢ * ��' q
# HSC

0 + n+F �7r E�G 6 ( | " v%E�( $9È s ��v ³ l$�+*!A |��
v � ; x � Z � $?È q8#

1Read Out Driver: HJI
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U
3.9: TGC BIG WHEEL

U
3.11:

��1J2 l & l " n�O È

U
3.12:

1 l������ � & l " n*O È
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U
3.13:

N 4 �	³ l * & l " n*O È

3.5 TGC
��������� 	�
���� ������

3.5.1 ���

U
3.10: TGC � 6�� �9³BÁ � |#n<O È

TGC � 6�� �	³<Á �|�OJ|���L�n N 6 K O��Á 4�� vBr�s´`�� n � �
��! q�#

• "$# 6 � *�`�� n
�4��8  :

. l
/�* n � $ s�%'&n

TOF(Time of

Flight) r�(*) $È x#y q�#�N 6 KO+�HÁ 4,� v.- yx rYs ¶,/ n 6�k	l
m 410 l | h Ã yx "2#435`�� n 6� *��"����8  h
R y sJ¶7¸Lv D �q%#

• O�| � L�n +S- :

0#1S��� h65 � ³K�� n87  ��9 +: x�y % 2 ;�: x s
� 6�� �9³<Á � |
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Period program items

during 2005 Mas Bench test Crucial check of circuit

production electronics performance

From Feb. 2005 commissioning test pulse and cosmic-ray Fine delay

for 1/12 slice for time calibration

After installation: Feb. 07 for C-side. Cosmic-ray Overall check

Jan. 07 for A-side Trigger for other detectors

2007 single beam beam halo Overall check,clock phase

operation beam gas Trigger for other detectors

�
3.2: TGC

OY|��"L#n N 6 K O+�HÁ 4�� | . ( kYl�*�������� '�;)��� �
OY|���L �4+)-�' q��	� 8  �: s!¶#¸�v D � x ��
� h���� ' q%#

• �7l L��n +	- :
O 4 � *���l L7n � ��� r7s��7l L��OY|"�"L7n � ³ K ��� +)-

' q��	� 8���' q%#
5 U s TGC

O#|���L�n ¥�¦ � : x s
• � � vBw U�q�� �8,�- n��� #
!�" v#s � ����| ��% n ¥�¦ � : x s
• # n � �%$7¢ n LVL1

�!1B2 l n ��
� ! q�#)¿ È " n �'& h s)()*)+-, �´Á 4 � n -�� H v ��� ' q%#

3.5.2 .0/2143�5�6
TGC

n (7*)+-, ��Á 4 � |�8�9 kYl * h � 3.2 v;:�' #

3.5.3 <>=2?
TGC @ �2�BA � 4 �;CED�+GF AEH�I !BJ	K ��L $NM�OQP�R�S � T

Projective U A%V�W	XY[Z K�\ O)(*�+�, �^]7_ � @-P>R[S�` _ � Mba)cGdNe>f;e�a ��g�h�i2j ��� �0k Y�Z[lm ��n�o%p�q eEr;s0t�eEO q eErEd)u j�v Z J�w Projective
Y *%x�ezy _{ e�u�MQ|�}�~k o�� O)�z@Q�7��M q eEr���@��;�>O��	@-� L��)� @�a�cGd7e���� Y)� O�����[� k�����)��o;p ��@ K[\ O�P�R[S0` _z� A g�h Y�� @�a�cGd)e>f%e�a j |�}�� o {E� a����E�[��O

sNe7���[���[���Q� j- ¡ X Y�¢ J�w Y2£zY[Z p

52



�
4 � � � � � � � � 	 
 � � �  � � � �� 	 � �

4.1 ������� �����! #"%$'&�(*),+�-.0/2143057698;:=<?>�@BADCFEHGJIDKJLNMJONPRQNSTGUOVPXW4PTY0ZB[\EV]�^_GJ`7ab[�cdfebgih a0jbkbGmlbInKoL7pTqbjbS0MXr7sutFvuwyx d{z|b} [\E7Go~b�H��6o�b3{�n@�.0/?1�3RIDKJLV[4� d
TGC

MTG45�6\8�:u<�>H@�AU�7�7�po������cF�V��CFGH�BMb�0�0�7�b3y�NpTqbjbSU�V�H� dUz�B��� pBG459698;:=<?>�@�ATpb�\Z d IDKJL h aHjTkXr9sHpTE9Go 0p0GJ¡7¢0pm£\¤ d7¥�o¦ � dUz
1. §\¨N©mª�«T¬9 IDKULNM{®7¯V°0�n3X±b�nMU²´³;µnpB¶9·�^¸IDK{L�CJ¹�ºb»�.y¼o>D»�TG�I�KRL�½X¾9M9¿TÀN6R@oA\M�Á4EbGFÂ\Ã0poI�KRL h OHPRQHS�SUÄ4ÅmSXÆVÇ dfÈBÉ [V� d{zÊ M È\É�h;Ë\Ì�Í ]0Zox0ÎHGi.0/Ï1�3m:T�bÐ\Ñ h �TÒ´ºU3m:=<y@RÓmÔ�]RÕ7ÖVpb� d Ê C;E[�co]Vj z wmkBG0:�@UAX�7×43mÑVMJØnÙ�[7EbG0×V3mÑ�CyM9½{�=tfÚ4Å�Ûfx d{z
2. Ü9Ý9ÞBß4à TGC áXâ0ã\ä�åçæUè é .yêm�0MVëD�F]{ìTíbî0[XïVð7]Rñ4amINKJL�pT�BjS�ETò0óVô � ]�.T/�143 é »Xõ�ö´¿B@m�0MRr9sHEDë4÷?ø0ù4p�] d�z [4]é .yêm�´6y�T3R�n@u.T/2143�MBGoúbûüC¸IiKJLnM�ý4þ hyÿ�� p��BxNk�û��NM�6o�T3{�n@p��9� d é »{õUöi¿B@m��Eb:D6��7ºo3m:u<f@{p�ë4÷	��
´tTÛFxVS�j d ¦ G ([2],Chapter 14)lTInKoLNM�������NM{IiK���NM ÈbÉ pTqbjbSTEH:�6R�4ºU3�: <J@Xp����RS9jT]Tj z| Â��nM�~np\GRl\INK{L4M{InK���4M ÈbÉDh��� G�\ÂNM�IiKJL4M����4]u.7/Ï143 é »õUöu¿T@�� h � �V� d Ê C ¦ GUIDKJLNM�! �7p�C"�RS$#Vù9[9� d�zl\IDK{LnMRI´K����4E9GUInKoL�%�&('bp0�0Z d�)+*Te I�,

([5])
]�-bpnën÷ ËbÌ ³yx�Sj d ¦ G�.�/9°+0´÷�¢21 Í ]�-9M�3�4 h5 k��iCoM{lbIDK{L ¦

)"*Ue I�,�6BM7CF½�798�3 ¦ ÓoÔT[9� d Ê C h ���0� d Ê C ¦ #�ù�[T��÷ G Ê xVE Cavern: [4MR�V� h<; 7XSX�>=Tx dUz
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75m
M�Pü³Rp9� d Ê Cy[bG )�*Be ]�-9MRQ 8m»mA9ê S�@(T g�hGU VNÍ SBj d ¦ G� ��WNM ) *Te E Cavern
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TOF
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Patch Panel
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pXq9jTSbGEd43 T�S�: é � G9Q�Ru.$S�: é � p0G0ë�÷SK ^�Mi.0/?1�3 ¦T Û x d .0/?1n3m:0�BÐ0Ñ h � ��d #0ù ¦.U dUzwmkBG e0g pXqHjbSbG .0/?1n3! #"7M $*& °"Q 8B»XAHê�S\@ ToMRr7s4pTqbjbS0E.VXW�GINK{L4M�!��4M{r0s�MoÃ4p4t{GJr0s7pb�\Z d 6R�T3R�n@ g C Í S )�*\e CJ×03mÑ"d4¼B3 ¦a0jDÛfx dozÊTÊ [bG

3.
G

4.
pTqbjBS9E\G"�TíNMu.0/2143T:b�BÐbÑ h a4jT]\ZBxTÎ4]iÛYOHG��0í4Mu./2143UE9G )�*\e pB� Í S\E[Z�\+-=.T/2143R[ic�]VjTk�Å9G\×V3mÑEdn¼B3 hyeVg pXaHjT]Zox0ÎH]�Ûf]Tj zë��{SbG45V608f:=<¸>�@BA\MB�0�T�9�b3y� h � �Hd CFGE�TíNMi.V/2143�:b�BÐ\Ñ�[7]=^S4t^]+=7]�j

1.
C

2.
E ) *\enhyeVg C Í S�� � Ê C ¦�_ w Í j zë��oSVG |*` [\ET¡;a9G

1.
C

4.
pTqbjTSHG ) *Te�hFeVg C Í S0MXÂ � h �V�H� dUz|*` [\E�w%OVGH¿TÀ�6R@UA0MFb �

(4.2) TGC
M 5�6 p�7 d 8�3.8#:y8m» (4.3)

pTqbjBS
c=d Í k0M 2 GÊ x Û{M��V�7pB#Tù4]u.0/?1�3HºX3i.^eFfnMF�nM$d�3(T"S�: é � G9Q�R�.ES�: é �Xg ØpmqbjbS\�\�7� dUz

(4.4)�BMX�DG Ê x Û;p��7� d :�6o��º{3T: <J@Ph�i h ]Xj Í S
(??)
G

#bù�C�³;x d .T/�143HºU3u.;M�k�c4pTqbjbS�l�W4� dUz
(4.5)
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�
4.1:

59ÀT@U:��´@o� ]´.\/\8o»U�4w�[4M��0pN¿TÀ�6R@UA ¦ O�x d ù��
4.2 ��� � �! �)	��

4.2.1 ��
é .Jêm�UInKJLnMR^ _�39a��0Ç�Û TGC

¹Nºb»D.;¼o>D»U�0MV5bÀH@J:��´@o��]´.0/B8o»��<bM$���9MB�B[bGV¿TÀ46m@oA ¦ O0x d j ^2qUÇ4M���� ¦ � dUz Ê x ÛfEbG TOF
Go�43R±�7MU²´³oG����.f4M� #" 5 �NM���� ��!#"

(
�

4.1)

Patch-Panel
��$&%�')(+*-,&.

(25/32 nsec) /�0 1 ��%�2+354 /�6 �-798:! ;=<�>:?�@/BA 3�C�D=E�F�!�2HGJI��LK�%&M#<H?�N�O�?:P�QSR�T�U�V�P-W /�X �#I�%=Y=Z=7�[&!&2�GC]\H^�F�!�"
TGC _a` VaR]bdcLV�P / M&>�UeNgfhc�?�@=7=i:j#k�%�2 / ;=<a>d?�@�D=E�$�l m-3�%=23&7�$�%�,H. /)npo&/�q9r Ia�&!�"

4.2.2 satvuHwLx&y�z|{�}9~S��-�g�p�&���9���L���-�H���H� 2 /�q9rH/��e� $H%5R�TJ�9�B��� / D�E /=��� 7�% (12� / 1 � V�;�� /d� k / )ASD � 4�Y=Z ��� /�� P�R��-�9P�C� -¡�F�!H2HG]�a�&!�"¢|£ / Patch-Panel
$#%¤2 / ���aP�C ASD ¥ �L¦�7�§=¨�F�! �-� 7�%-©Lb�@Lª:«-¬=[d®�3�� � P�R¯�#�9P°R T��L� X �LC ASD

7:±�²&Fa!�"
� P5Rh���9PSR=T³���´²�µ�C�¶H·�¸�¹ � ASD ¥ ��¦º$�%�2 /�� P°Rh�:�aP�C � k /�»&¼?�½��a7-¾ ¿¤À#%a2º3�C�¶�·:¸S¹ ��� 16 Á�/ O¤Âa;]� »L¼ ?�½��&I Ã=Ä »�Å ?BÆ��B���
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�
4.2: � P�Rh�#��Pa;=<a>�?�@ / D�E /:� ULR���U]© �

P�C��#�HFL!�";�<�>:?�@�D=EL7=i=j#k�$&%���� / �5U » �L½d��7��aÀ:k � PvRh�:��P�R=T��L�B²�µ�C	�
 %��3��#3 / ASD � 4 / �#�9C TDC
798=¹�k���gÀ�k %��:�#I � kLY=Z 7�[�!�8� %

Patch-Panel / O�� ` <-CºD�E�FL!�" (
�

4.2 �� )2 � À�k�D�E��]3�%�Y:Z 7��:���]3)!H8 � 7�[�¹ � ASD � PvR��#�aP�I _�` V)R]b�cV�P N=P � « / � �S;=<�>�?�@�C�D=E�F�! / 7���j�4e3g!�"2 /�q9r�/ ;�<�>:?�@�D=E�$H% Cavern
7������]3S! ��7"!$#�%=l�m�3'&)(

BCID *+-,-* �/.0���� 2 /�q9r %2143 Patch-Panel � 4 ASD ¥ ��¦ /65H//7 ��8� /)9 ��3 Patch-Panel
# / BCID :/;�< % /$:6;�/�9 ��7L8$& ; <a>d?�@ /�A 3SC>=-?F�&H2&GpI � � Ge[@&6( (Patch-Panel

GA� /�B / BCID :); 7 o j�k$1 � 4.3 �4� )

SLB C-/ Q�PaV ` Â=Pa;�C � UHR F&�2�G´7L8 ¹Bk/3 1 D&/�»aÅ ?eÆ�� ` <�E�� / ASDC�F�G�7)H2IH��Fa2HGpIJ%LK�&6(
�d3���3 /�»�Å ?BÆa� ` <KE � /�L 7"3 � P�Rh�#�aPa;=<a>d?�@�C 25/32nsec / P � U©/%�OM� ` <�C�N-O�k�PQR��S23 ASD ¥ ��¦ � 4 / ���LC)3 40MHz / V#b�U�V�GUT$V9À63�]32�#3 / ASD ¥ ��¦d7 o j#k�3 � P�R �-�9P����:I 40MHz

V�b�U�V /�1$W GXF$YHF�&G�K / OZ� ` < /A[ C�\]�F^&)( (
�

4.4 �� )2 / O_� ` < /`[ Cba9¹ek$�]34��3 / ASD
7��/c�F2&

Patch-Panel / BCID
CºD:E F2&>(2 /�q9r�/ ;�<�>:?�@�D=E�143 Cavern

7������]3d& ��7"!$#�%=l�m�3'&)(
TOF e4f�g ���a���:���/h�ia���H� 2 /�q9rH/��e� 143 TOF

798$&H;�<�>#?�@ /�A39C"3A��c�F�&
Patch-Panel / BCID /�14W 7�8-¹�k-D=E�F�&H2�Gj%2k�&)(KF-l&7 »�Å ?Æ�� � 4 ASD
W / ²Lµ)m ;a/�9 �n1-F-o�p:IJ3)q�[@&sr�t�3�²�µ"m ;9/nu j�7�84& ;=<>�?�@ /�A 3Mv=2 /�q9r %�D�E��]3_&)(
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�
4.3: Patch-Panel ASIC / 8¤baU#V �
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�
4.4: BCID

V#b�U#V /�14W D=E /:� ULR���U]©���� 1�W D�E /���� �
TOF / D EJ1-3 <ºA 3	��
 R, 1�� z /� �°G�À�k�����798=¹dk�l�m�3^3�� /������H/>������¤? / �oL798 ¹dk�3$F-Y�À:k�j@&�2HGpI������º3'&K(¤2 / �o�143 Cavern

7��
�$�]3 ��� 7�l�m�3'&)(>��=���9?���GºÀ#k61�3��� "!J3�#��:«�$�b=�dI&%�Og4 3�&�(�T$V(' W")�* �,+H7	-�j. G / #��=«�$�b���>/�����a? / rt�1$� /�<�< TOF

D E&7)a2O�&]I�3)# � 4>� 
1032�� �! / rJt�143��|Rdª#P"4L��5�#�697 o j�k21 TOF
1 �87 Z)G:9L7�[J&$( (

�
4.5,

�
4.6)

8�¹dk�3
TGC ; <H�]�$#�6L7�i=j�k$1J3 ��� 7)\�]¤À ��[ G<9L7BOZ� ` <�C<=o�F&K(	>O"?23 �

4.5
%2143

M3,M2,M1 /�@ 7�²�µ-IBA�¨¤À:kHjJ&BI�3 M3
7/��F�&

M2 /®,C¤C�3�D ��7 %21	9�7 M2
7n�LF^&

M3 / ®�C5GdÀ$3 M2
7"�HF^&

M1 / ®�C�C�3�9L7
M1
7"�HF@&

M2 / ®�C|G+F�&)(
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�
4.5:

�& �!9ª�? /���/ TOF
;�<a>d?�@�D�E

(
4L�/5-#,6

)

4.2.3 ���������
	
�������� / �����

�
4.6:

�, "!9ª ? /���/ TOF
;=<a>d?�@�D E

(
4a��5 ."6

)

D�� /���� 1 Cavern

C % / ML>#U Ngf c&?�@%�k�& / %�3 TOF � 78)&#;-<�>�?d@�D-E / rt / I�%�OJ&6(
<�A 34��3M�93 / ©` ��? /B� k /�»�¼ ?�½� /�� Int4S"%3 � 4.5,�
4.6 / 8 � [��&¡2%�3>������¤?�C��o�F^&)(
<ºA 3 Pivot

p ·6% RTJ����À63
M2 � 4 / ²µ�ILY�ZK%$k2&�2=G�C:�

�9À
(  "! q9r )

3
# 7%$@8 ` U&R'&'�

(M2,M3)
% R T��L� À63

M1 � 4 / ²Lµ#ILY=Z"%4k�&&2�G�C�����F�& (  2 q�r )
(

F o�/ Pivot » ¼ ?�½B�a7��aÀ M2
© ` � ?�7)1 ±7 »H¼ ?�½��@3 M1

© ` ��?�761 ±15» ¼ ?�½d� /)(+* %¤M#<�?dN�O�?�P�I=l�m�3'& / %J3  1 qLr %21�,.- 15
RBªHU:Vj3  2q�r %21�,/- 31

RºªaU#V / >	�����9?�I@3 1 oH/ Pivot »�¼ ?�½���7/�aÀ10�2�%2k�&"(2=2>%�3
Pivot »&¼ ?�½��2��143 Wire,Strip

7 o j�k���3��#3�3�3 4.1 / 8 � 7#[a¹�kj�& / %�3'042vG��d3_&�R]ªLU#V��143�,�-�%J3�3 4.2
Gp[@&6(

59



3
4.1: TGC Pivot

© ` � ? /�»L¼ ?�½��$�
WireGroup/Strip »&¼ ?�½��$�

WireGroup 21696

Strip 8448

3
4.2: Cavern � P�R / TOF / ���L7�0.2L[¤>	�����a?gR]ªaU#V �

WireGroup/Strip  "! q9r  2 q�r
WireGroup 325440 672576

Strip 126720 261888

4.3 TGC ���������
	����� �����
�

4.7,
�

4.8
163&N�>/� ` �:N|f�?�7986& ([2]Chapter 14) high-pT

3
low-pT /������'=[���V � ©g;=?�PaC��)À�k�j@&)(2=2>%�j � 3�� ��V � ©S;#?#P��61632k&��� �C"!�#¤À � >	�����¤?�I	R T��9�4�º3'&$ t�C��aF/( �

4.7
%2163 � !�% high-pT (20GeV

,�# /�%�&�_ ½��('&��C*) o )
>��:���?>3�+�!%

low-pT (6GeV
,-# /+%,&�_ ½���'9�#C") o )

>��-� �9?�7���F�&)��V � ©�;=?P�C��)À:k#j@&"(
<:� � 4.8

%$123
high-pT

G
low-pT

>/�����¤?�C.-0/LÀ:k�j [=j�(2 / N�>�� ` �=N5f�? ([2])
%13 ¢ 4���5 / 4��21�3vG54�6,�� �7 o j�k�187,9¤À#kj�&ºI@3 �&��/���7 %1 Á £ / 4���5 /;:=< v 0�2vGe[@&6(�&2�%J3/�& �!"4�>

[5] / Z�+-% / 49�;1,3)C-ML>&UBNgfpcL?#@#Z 7^v`P4Q9À:kHj=[=j2�G�C/�,�&F@& 0.2�I^k&)(

4.3.1 ���������
	
������a{�?A@
TGC

4���5 /CB G163)3 4.3 / 8 � 7"3 1 D /�B G�%�E � 4´3�k�j�&"(&8-¹�k-3&M&>HUN)fecL?-@=Z / �-�%_vn3 delta
C*F,G°GdÀ#k3

delta < 0.01
%HE � &H2�G I�I < À-j$(JLK#?)R ��C

n
3��/�LZ 5 C t

GBiNM�G>3��&V � ©�;�?:P R
1

R = fracnt%�k 
 3
delta =

√
n[ / %J3��8O('=7�1$3KF » ¼ ?�½��^k � 
 k � 
 ,�- 10000 Áa/ >��#���9?�IP!8#�F�&2�GpI=I < À-j$(8�¹�k3'3
[?]
8 
 3�3

[?] / � / >	�����9?)RBªLU:V´I/042L7�[&6(

3
4.3: TGC

4���5 / ��V � ©g;=?-P
TGC

low-pT 0.976

high-pT 0.974
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�
4.7: η acceptance of for muon triggers

3
4.4: TGC Pivot

© ` � ? /�»L¼ ?�½��$�
WireGroup/Strip »&¼ ?�½��$�

WireGtoup 21696

Strip 8448

3
4.5: TGC /+B G / ���L7�0�2L[g>/�#���¤?�RºªaU#V �

WireGroup/Strip
R]ªaU#V �

WireGtoup 216960000

Strip 84480000
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�
4.8: φ acceptance of for muon triggers
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4.4 �����������
	����� �� �����;�<�>:?�@�D=EvG`3 ¢ 4L�/5 / 4��;183 / ���L7=i#j=k-1J3�4���5�C�!�#�F�&�> �#���?-C>%gK-&�p ·�� M=R TJ��� À ��� I�� L [�OS�H;´I�������& �-� 3��� %�1! ),* ��+ � �#"%$������%&!'#(JQLÀ �*),+ "�R�TJ���!-/. � «10�23$345-gfc3&�6�7,"8$��:���1&��3'��$c$%896&;: � '=<�>@?& �*A 0�3CB#D�E;K Å ��'�3:$��H¦HK Å��';F�:©1G=� » %�%;H8?�&)(

4.4.1 IKJ��;LNM�OKP�Q%RTSU
4.9
"8:�VW'$3

TGC
E�XZYK[�\^]�_^E5G=`T_!.,a3b

Patch Panel(PP) → Slave Board(SLB) → High-pT Board(HPB) → Sector Logic(SL)" @ '�E,XZY%[dce[@fWg�h��ji=k� �l0#m,n3o@?1i1pdb U
3.11

"8:�VW'�F1i�k
SLB
b

HPB
"/qsr�G�tl4�_=a/b3uv�1wC�8b U

4.10
b U

4.13
"8:�V5'CF8x*y3zN{|b/}*~�e�TE/X�Y1[���E�X�4*_*.!�.7@��������Ed�;4�_#���*"*�N]*0v�%�3�=yC}Ti�k

(
U

4.11,
U

4.12,
U

4.14,
U

4.15)� ���d'!z/}Cy,a3b;B�DeEs�s������F%���d�3aCb�ud�8w��T"=�@�/&s�s�%"���.8_
(mask)"

on/off
�=�@F!}3k

(
U

4.10,
U

4.13)

4.4.2 �l���^LNM�OKP�Q%RTS
HPB

a/b
SLB

���
Low-pT

$��/[s �&�"NE#�T4�_d¡/¢�p£bE�X�¤N]34@E�¤j]�[;&����*"NE#�T4�_d¡/¢^0#¥1¦�§¨{|b©�ª 0W«;¬/�y
High-pT

E®�14=_£g!¯3°,�^9®±�²e³®±l0
SL(Sector Logic) ´dµ ��b#�%¶F!¦C±�²

Low-pT

E5�T·C_v¡C¢1¸�¦1¹
SL ´�µ ?Ckº x=y;bNE�X�¤j]@·@E�¤j]�[�»�m,¼K½NE#�T·�_d¡/¢;a!¾/¿eÀd±li�k³�³£�Tb

High-pT Board
½sÁ8¬�{ ´ bjE�X|¤e]3·3E�¤e]�[3»#�j�d½�¡,¢e¹5m@¼,�T�#¥@¦§ei=Â�t���[��j¹#Ã,Ä@Å�±�²@bNÆ�X�Y1[8]�[eÆv¹�Ç#ÈNÀ£%i;³@p|g;É,Ê3�e¶!i�k

(
U

4.16)³d½/Ë;Ì�·ÎÍ%ÏÐ`,»=Ñ�Ò ´ ½=Ó*Ô�}8�Î±�ivÂ!t!�v[���¹5Õ ´�Ö Æ!X×Y3[�Â!tC�s[®� (Trigger

Module ,TM) Ø pdÅ1i�k�Æ�X�YT[*Â;tK�C[��@�;a L1A Ù3Ú ¹dÛ3Ü1Å1i�Ý�Þ3����bj]�ß*à»=Í�[�a
High-pT Board

psá3â ´!ã;ä k^å=æ/b High-pT Board
p®a�ç1èN{�b!é@}=ê;ë�ìí/î3ï �1½=ð8Ò�ñ3½sò1ÔCg�ó�ôlÀ5±Ky3}�è�};½��Tb!¤1õCÑ8���,öC�3è

IC
¹#òVs³/p®g8�¶�iCk÷/ø3ù ½#ú ´ TM

a�û�ü�Àv±Kb���ü@à3ýþÆ#�Wÿ1¬�±3y/}Ti�k
(5 � )

4.5 �������	��
������� �����������
4.5.1 �����e� �"!�#%$3�&�('�)*

4.4 + �-,/.^�Cæ1032%½5476/8e¹:98�<;1i�æ=;3b ATLAS > �5?%½A@7B�ü;ÔDC�pFE=@B,ü;ÔGC,���
6m, 12m, 18m, 24m

½AHlÀ*½�C����FE
TGC ´ Ç�¦,y^Ì��3I� %»,¹#ëK�/�3³
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�
4.6:

Æ���� I�ÍeÌ*��� I�Í�Ïs»�½=ú ´�� °^��æ^Ì��DIs %»C½
	����1I�
Energy 10000 MeV

����ô
Px 0

����ô
Py 0

����ô
Pz 1

����ô
vertexX 0m

���=ô
vertexZ 0m

���=ô
vertexY 0, 6, 12, 18, 24m

��¤KõK·KÆ
targetX 0m∼12m

targetY -12m∼12m

targetZ 15m
���#ô

½�� ä ½��;« ´�ä }Cy7E Trigger Module
½lÆ���� I�� 8l¹!ÍeÌ=����ICÍ¨Ï#» ´ º {����æ�k��

4.17
½��T½�ì%½!ñ3½��! #" E�� ä�$ y;½%�;« ´ z�}Cy&E x-z &(' �3½eÌ#�DI� T»�½ëT�8À5±^æ%�! 1¹*)TÅ�k(�

4.18
E��

4.19
E��

4.20
E+�

4.21
E+�

4.22
½���½vì^½Cñ8½%�! 

, E�ë^�5C-"/HlÀ
0m,6m,12m,18m,24m

½#.��/« ´ z,¦Ki1E y-z &(' È;�&E^Ì=�DIs %»�"ëT�8À5±^æ%�! 1¹*)TÅCk³#½/� ä ½�ÍeÌ���� I!ÍjÏ#»5�DE � °T��æKÌ=�3Iv K»C½
	T�0��I1�¹ 4.6 ´ );ÅCk32 ï E4 �(5 ,
2.13 ´ )eÀ®±Tæ x-y-z

476
(z 8 ,(9 I+:@�,ß/» ´+; xvysô(<lÀ�± E y 8 "3HeÀd�= i 476 5

)
p*�GE#> C ,

ATLAS > �5?T½ @7B/ü@ÔGC ´ z@?|kA1B ¹��
4.23

E��
4.24
E+�

4.25
E+�

4.26
E��

4.27 ´ )1Å+CT³d±��s½7� ´ z/}/y7ED�½1E*ý Æ Ñ3�F: , � °�ÀW±Tæ^Ì��GI� T»�½�G(He¹I)��GE
JT½1EsýþÆ®Ñ@�+: , E � °�ÀW±TæÌ5�3Iv %»�½�K��7E^Æ7�L� I*Â�t3�1Iv� ´ º xdyNÆ(���<I,¹=�3¦%� ±1æKÌ��1Is %»,¹M);Å-C³W± �s½F�,��� E Æ(��� I�Â�t1�3I�� ´�ä }Cy7E�
4.27

º { E
Y N 2m

¹ î ´ Æ(��� I%"1O-P��GE Y=-5m
º { ï � , E Æ(��� I�";�e¶dy�}�è;}7Cë%� C , E;�jÆv��ý > � ?T½5@7B�ü@Ô-C E ä åj{ EFQ & 0@Ç*� 15m R ±&E HNÀ 24m

¸�^� E
tanθv

1=15/(24-2)
� Æ7�L� IM"-O¨{TS<;GE

tanθv=15/(24+5)
�3E�Æ-�L�<I%"7U(V+W

´ è1X3³/p!¹3)T�*y,}1XFC3³£½lÆ(���<I , E
Y!öZ�,·,Æ*p�Æ(��¤Z�,·,Æ , [ ß
\epdý ÆD��·¤��Ku�±1w�±
OR
¹#§lx�y�}0X�½*� E�] ´F^�_8´ >�`@¹�abXvú ´ E+ced ´ ¤%õT·KÆ�Å0XFC

1
θv f�gih*jlk*mTnDoqpsrut3v�w 4.28 xly
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�
4.28: � � θv

½sô1<
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�
4.9:

Æ(��� I�� ���^Æ5õ����!ý Â�t1�DIv�
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�
4.10: SLB Logic (whole module)
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�
4.11: SLB Logic (Trigger Matrix Architecture)
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�
4.12: SLB Logic (Trigger Matrix Logic)
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�
4.13: HPB Logic (whole module)
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�
4.14: HPB Logic (Trigger Matrix Architecture)
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�
4.15: HPB Logic (Trigger Matrix Logic)

�
4.16: Trigger Module

½sÃ@Ä
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�
4.17: xz &1'%´ z/}3y E�Æ(�u�%I/ÍjÌ��� I!ÍjÏ®» ´ z!¦�X@Ìv��I# %»=½vë^�5C (ver-

tex)
pFE� I��l·3Æ�p!À®±Tæ��0 

(target)
¹

)@Å

�
4.18: yz &1'^´ z�},y&EG@DB;ü1Ô C����HlÀ

0m
�N�;Ì=�GIs �»,¹dëe�/�Cæ��T½eÆ1�

�%I�ÍjÌ#��� I�Í�Ï£» ´ z�¦�X1Ìv�GI� T»�½ë^�5C
(vertex)

p E( I��l·3Æ�psÀd±Tæ%�! 
(target)

¹3)TÅ

�
4.19: yz &�'%´ z/}3y7E=@7B�ü1Ô C;�j�HeÀ

6m
�j�3Ì*�DI� %»3¹Wëe�3��æ��K½NÆ(�

� I�Í^Ì=��� I!Í�Ï£» ´ z,¦�X@Ì��3I� %»�½ëT� C
(vertex)

pFE1 I���·3Æ*p�À�±Tæ%�! 
(target)

¹I)TÅ

�
4.20: yz &1'^´ z�},y&EG@DB;ü1Ô C����HeÀ

12m
�j��Ìv�1Iv %»C¹Wë%����æ��8½^Æ(�

�%I�ÍjÌ#��� I�Í�Ï£» ´ z�¦�X1Ìv�GI� T»�½ë^�5C
(vertex)

p E( I��l·3Æ�psÀd±Tæ%�! 
(target)

¹3)TÅ
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�
4.21: yz &�'%´ z/}3y7E=@7B�ü1Ô C;�j�H^À

18m
�j�/Ì5� I� K»,¹®ë%�/��æ �8½eÆ7�

� I�Í^Ì=��� I!Í�Ï£» ´ z,¦�X@Ì��3I� %»�½ëT� C
(vertex)

pFE1 I���·3Æ*p�À�±Tæ%�! 
(target)

¹I)TÅ

�
4.22: yz &1'^´ z�},y&EG@DB;ü1Ô C����HeÀ

24m
�j��Ìv�1Iv %»C¹Wë%����æ��8½^Æ(�

�%I�ÍjÌ#��� I�Í�Ï£» ´ z�¦�X1Ìv�GI� T»�½ë^�5C
(vertex)

p E( I��l·3Æ�psÀd±Tæ%�! 
(target)

¹3)TÅ
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�
4.23:

��Æv��ý > ��?T½ @7B�ü;Ô C��j�1E�
m
~ ä���� 0�Ç ´ Ì®� I£ K»5ë@� C1¹�È��/Eu�½*ëe� C����

TGC � ß-I��j¹�GI�� ·8Æp��=yjÌ®�5I£ 1»C¹	��²T�*æ �;½ E H%À
0m
½C!�l�v½KÌ�� Iv K» ´�
 Å1X Trigger Module½eÆ1��� I Ù@Ú ½�G(H

�
4.24:

��Æ#�Cý > � ?T½5@&B�ü;ÔDC;��� E�
m
~ ä��� 0�Ç ´ Ì��AI£ @»5ë8� C8¹®È��/EuC½*ëe� C/���

TGC � ß-Id��¹1 I���·8Æp5�=yTÌv�AI£ 1»C¹��!²1�*æ �8½ E H%À
6m
½C,�j�v½8Ì��1I# 1» ´�
 Å�X Trigger Module½lÆ1��� I Ù@Ú ½�G1H

�
4.25:

��Æv��ý > ��?T½ @7B�ü;Ô C��j�1E�
m
~ ä���� 0�Ç ´ Ì®� I£ K»5ë@� C1¹�È��/Eu�½vëK� C!���

TGC � ßGI ��¹� I �%·�Ævp��y^Ì��1Iv K»,¹���²T�!æ��;½1E:HeÀ
12m

½C!�l�v½KÌ�� Iv K» ´�
 Å1X Trigger Module½eÆ1��� I Ù@Ú ½�G(H

�
4.26:

��Æ#�Cý > � ?T½5@&B�ü;ÔDC;��� E�
m
~ ä��� 0�Ç ´ Ì��AI£ @»5ë8� C8¹®È��/EuC½*ëe� C/���

TGC � ß-Id��¹1 I���·8Æpd��yTÌd�=Iv %»!¹���²8�!æ��8½:HlÀ
18m

½C,�j�v½8Ì��1I# 1» ´�
 Å�X Trigger Module½lÆ1��� I Ù@Ú ½�G1H
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�
4.27:

��Æv�=ý > � ?1½ @-B�ü�Ô1C��j� E � m
~ ä ��� 0;Ç ´ Ì��1Iv K»dë8�5CT¹dÈ �/Eu�½*ë%��C����

TGC � ß I®�j¹7=I��l·3Æ�pv��yNÌv�GIs %»,¹���²���æ��T½ HlÀ 24m
½C,�N�s½^Ì=�DIs �» ´ 
 Å0X Trigger Module

½lÆ���� I ÙKÚ ½�G1H

�
4.29:

�jÆ���ý > ��?^½5@7B�ü;ÔDC��N� E � m
~ ä � � 01Ç ´ ÌC�GI* %»�ë^� Cj¹#È�-E3uC½sëe�5C��N�

TGC � ß-Id��¹1GI �þ·@Æ!pd�CyNÌ��DIs %»�¹ �,²^��æ��T½GE HlÀ
0m
½AC��j�v½TÌ��1I# %» ´�
 Å�X Trigger Module

½
Doublet/Triplet,Strip/Wire

c;½lÆ
��� I ÙKÚ ½�G1H
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�
4.30:

�jÆ���ý > ��?^½5@7B�ü;ÔDC��N� E � m
~ ä � � 01Ç ´ ÌC�GI* %»�ë^� Cj¹#È�-E�u�½�ë^�5C��l�

TGC � ßGId�%¹��I ��·/Æ�p��*y^Ì��GI# T»,¹���²^�!æ��8½ HlÀ 6m½AC;�l��½^Ì��GI* %» ´ 
 Å!X Trigger Module
½

Doublet/Triplet,Strip/Wire
cK½NÆ1�

� I Ù8Ú ½%G1H
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�
4.31:

�jÆ���ý > ��?^½5@7B�ü;ÔDC��N� E � m
~ ä � � 01Ç ´ ÌC�GI* %»�ë^� Cj¹#È�-Evu�½së^� C,�j�

TGC � ßDI®��¹��I���·CÆ*p���y^Ìv��Is K»,¹ ��²%�*æ��8½:HlÀ 12m½AC;�l��½^Ì��GI* %» ´ 
 Å!X Trigger Module
½

Doublet/Triplet,Strip/Wire
cK½NÆ1�

� I Ù8Ú ½%G1H
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�
4.32:

�jÆ���ý > ��?^½5@7B�ü;ÔDC��N� E � m
~ ä � � 01Ç ´ ÌC�GI* %»�ë^� Cj¹#È�-Evu�½së^� C,�j�

TGC � ßDI®��¹��I���·CÆ*p���y^Ìv��Is K»,¹ ��²%�*æ��8½:HlÀ 18m½AC;�l��½^Ì��GI* %» ´ 
 Å!X Trigger Module
½

Doublet/Triplet,Strip/Wire
cK½NÆ1�

� I Ù8Ú ½%G1H
³�±N�d½��=���:E

Doublet/Triplet,Strip/Wire
c ´ E�ÆD�s�<I5�8¶+Xs� � ½ � �K¹��/;(X#C

Triplet Strip
� , EFHlÀ

24m
½0E�ý Æ Ñ3�+: º { E

tanθv=15/(24+5)=15/29 =0.517...��Æ1��� I�U�V�p�è�X8³@pi"�G3��X�C
Triplet Wire

� , E HeÀ
24m

½1E*ýNÆ�Ñ3�#: º { E
tanθv=15/(24+0)=15/24 =0.625

�Æ7��� I
U1V�pdè�XDC
Doublet Strip

� , E�HlÀ
24m

½�E�ý�Æ Ñ@�+: º { E
tanθv=15/(24+0)=15/24 =0.625��Æ1��� I�U�V�p�è�X�C

Doublet Wire
� , E HeÀ

12m
½1Evý�Æ�Ñ3�#: º { E

tanθv=15/(12+5)=15/17 =0.882...��Æ1��� I�U�V�p�è�X�C
Triplet/Doublet, Strip/Wire

ced ´ E1³=½K³3p�½F> `3¹F,7.8Å0XFC
Triplet Wire �����	� Æ�� ��I�Â1t@�DI=�T� , E�
 ÷ � ´ SLB

�¨�*½ ÙeÚ8´/ä }y3E!Ý�Þ ´�� â�y OR/AND
¹W§ xvy,}bX�½�� E1å£~

SLB
�1½lÆ���� I3¹�,/.8Å�X3³Kp

"!Ý�Þ ´ è1XFCjÆD��¤Z��·3Æ �@½ SLB
, E

ATLAS LVL1 Trigger TDR([10])
½1E+�

12-25½1E@õ�t�·��
(
�

4.41)
½ º� ´ E TGC

�T�/»�� I�� ä�������ä�´�� xsæ Ù8Ú � AND
¹§lx�y�}bXDC%³�³s�&E��

4.38
E-�

4.37
����E

TGC
�@�@»�� I3ñ@½�� R , E���{Z«  �ä ½��%�8»�� I,ñ3½�� R , E (1.4+1.6)*2+18=24mm ��ä+R ±TæC�;�8»�� I�ñ3½�� R , E

79



�
4.33:

�jÆ���ý > ��?^½5@7B�ü;ÔDC��N� E � m
~ ä � � 01Ç ´ ÌC�GI* %»�ë^� Cj¹#È�-Evu�½së^� C,�j�

TGC � ßDI®��¹��I���·CÆ*p���y^Ìv��Is K»,¹ ��²%�*æ��8½:HlÀ 24m½AC;�l��½^Ì��GI* %» ´ 
 Å!X Trigger Module
½

Doublet/Triplet,Strip/Wire
cK½NÆ1�

� I Ù8Ú ½%G1H
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(1.4+1.6)*2+44.2=50.2mm
pvè1XDCKå*æ3E �

4.35
º { E

Wire Group
½�� , E

7.2mm �
39.0mm

è/½!�&E Æ(� ¤ �@·@Æ
SLB

" E@·1Æ ÙKÚ ¹!���3Å!X*Ò8½^Ì��DIs �»�½ � �K½��� , E��
	C�
tanθv=50.2mm/7.20mm=6.97...

���/�7E
tanθv=24.0mm/39.0mm=0.615...p�è�XDC%³�½���K½CÒ@½��

0.615
, E0E�ý�Æ Ñ@�+:!�N���1Ó=§@±bX��

0.625... ´�� ? E1³±�" E�Æ���¤Z�@·@Æ®½NÆ1��� I ÙKÚ "�¾ ? è1x=y,}�X
>�`�� = X������;�e¶-XFC
Doublet Wire ������� Y!ö �,·3Æ��3�3½vÃ3Ä8½D�

(
�

4.40
E��

4.39 ��� )
º { E�Y!ö

�3·@ÆW½�����·@Æ�ñ/½ � R , E� 500mm
� = XDC�Æ(���%I*Â"!1�3Id��� , Y!ö �@·@Æ����½

SLB
½

Low Pt
Í/Ñ�#=�;�

OR
¹d§%$'&�(�XFC%³s½

Low Pt
Í/Ñ�#�� , E1�

??
�7)À5±)&
(�X º  ´ E 7 ä ½ Wire Group

½*�å'+�½eÌ��DIs %» ´ 
 ��& , E0E;·KÆ Ù3Ú ¹��Å�C
Wire Group

½,� , E�È�-%½ º� ´ E � 4.35
º/. E

7.2mm � 39.0mm
+ = XC½�+&E

50.2mm � 273.0mm
½���å�+1½�0�±�" = $'&�1 EDY,ö��3·3Æ2�@�!ñ
+ , E�E�·KÆ Ù3Ú , ��%Àd±/XFCF] ´ E1³s½�0;± , E @3B�ü;ÔDC^¹43/X � ì5�d½�0;±1è/½�+ E TGC � ßDI#�%½º  ´ E @-B/ü@ÔGC��N�� 15m R ±)&
(�X%�/« E TGC � ßGI���ÈT½ y

476
Y ´ 
 �6&/E

(Y/15000mm)*500mm
0s±;æAC,�j� Ei] ´ 50.2mm � 273.0mm

0*±Tæ C^¹�3"7/Å�X@Ì�� I 1» ´ 
 �,& , E+Y,ö �@·@Æ SLB
, E1·3Æ Ù8Ú ¹*�,Å+C8
9 � ´ E Y=-10000mm

½���« EjÌ=�DIs %»C½ � �K½��;: , E���	
+ E
tanθv=500mm/(50.2mm+333mm)=1.30...�"��+&E
tanθv=500mm/(273.0mm+333mm)=0.825...�5èbX�C³s½����T½�Ò@½��

0.825...
, E/Ñ8��<����=�1Ó*§�±ZX�

0.882... ´6� ? E1³£±-" E7Y�ö�3·@ÆW½NÆ(���%I Ù8Ú "�¾ ? è�$,&�(�X�>�`,+ = X/�>�?��+T¶�XDC
Triplet Strip ��� ��� Atlas LVL1 Trigger TDR Table 10-54.35

º/. E!ý�Æ7��·Z¤
, @A

Read-out Strip
½�� , E

14.6mm � 49.1mm
+ = XDCTå=æ3E

Triplet Wire
+D,D.T��æ º

 ´ EC�K�@»�� I�ñ8½�� R , E 24mm � 50.2mm
è3½�+ E

Triplet Strip
"eE;·KÆ Ù8Ú ¹����Å�X�: � � � θv ´�B �GE tanθv

, E��"	C+&E
tanθv=50.2mm/14.6mm=3.44...

�
��+&E
tanθv=24mm/49.1mm=0.489...

�5è(X�C+Evý�Æ�Ñ/�#:*�j���1Ó�§�±!XD� ,
tanθv=0.517...+ = . E����
�

0.489... ´�� (7C
Doublet Strip � ����� Æ(��� I*Â?!@�DId��+ , Y!ö �@·8Æ��@�3½

SLB
½

Low Pt
ÍÑ6#���+

OR
¹d§%$'&"(0XFC�³#½

Low Pt
Í/Ñ�#�� , E

3 ä ½ Strip
½*�å'+@½eÌ��DIs » ´ 
 �6& , E�E3·1Æ Ù8Ú ¹��,Å+C�

4.35
º�. E�ý Æ��C· ¤T½�� , E

14.6mm � 49.1mm
+ = X�C

Doublet Wire
+ ,D.^�æ º  ´ E��1�3»�� ICñ3½�� R , E� 500mm

è/½6+7E�E@·@Æ Ù3Ú ¹*���3Å�X�: � ½ � �
θv ´ 
 �GE tanθv

, E���	�+&E
tanθv=500mm/14.6mm*3=500mm/43.8mm=11.4...

���
+DE

tanθv=500mm/49.1mm*3=500mm/147.3mm=3.39...
�vè0XDC!E�ý�Æ ÑK�F:����E�Ó�§;±/XD� ,

tanθv=0.625
+ = . E�	�¶b?|ç;è0XFC³d½
>1` ´*ä (�& , E Doublet Strip

+ , E
Strip

½F0;Ç ´�; GF +�H*ë�Å(X3Ì � Iv @»u"�IJ �'K"(�æ�;GE�� ,CL^��±0X
C �
4.34

º�. E|ýeÆD�5· ¤�½Wð�À ,
1040mm � 2160mm

1 = . E³W½;�s¶#½6: � � � , EM����+DE tanθv=500mm/49.1mm*3=500mm/2160mm=0.231...
�

81



	�+7E
tanθv=500mm/14.6mm*3=500mm/1040mm=0.481...

��è . E��3���3³W± �s½'�½�07" E*ý�Æ Ñ@�+:!�N���@Ó=§;±/XD� ´�� (7C
Triplet Strip

� ç�è . E!³  �'&=EsýNÆ-�=·Î¤ ´#; $£æ8Ì��1I£ %»=½'H,ë^¹ ,��%��æA0�"Í8Ìd���5I*Í�Ï®»*½D� ´'� (C½ , E>� 14.6*3mm � 49.1*3mm
�=(  @ 
 � ´ ���?(���	 ´H�ë;Å�±�²

SLB ´ º�. Æ(�L� I3À5±bX*æ ;�¸5��
,¬!±bX�C (Triplet Strip
½%��«&E

14.6mm

� 49.1mm
½��8½���	 ´ H/ë��*è,¦C±�²¨Æ(��� I3À5±Tè"( )

�
4.35: TGC

½�.�	%���=I�
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�
4.36: TGC

½�� ' �
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�
4.37: TGC

�1�8»��&I�½ � ' �

84



�
4.38: TGC

Æ-�®¤��@·3ÆW½�� ' �

�
4.39: TGC � ß-I�� � ' ½ � G@����	��
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�
4.7: ��� ìTÍjÌ=��� I�Í�Ï=»�½sú ´�� °^��æ^Ì��DI� %»�½�	^�0�1I�

Energy 10GeV∼2TeV

z -300000mm∼330900mm

x -12000mm∼12000mm

y fixed 57300mm+41000mm

Event Number 50,000

�
4.40: TGC � ß I5�1½ � ' �

4.5.2 ����� � ! #%$��&�'�)

�
4.41:

Y!öZ��·CÆ
SLB

½,õ,!%·
�

-7 � +7
å�+"+

AND
¹W§eX

� + ½ A1B
	�� EjÆ(��� I*ÂC!�DI�� , E 	 è .H �
� ½sì
� 	�� ½%Ì�3I��%»�1KÆ(��� I'+K¶�X;³�i"1G 	 X#C%³/³�+�� � ´ E
��� ìe¹�ÍjÌ���GICÍþÏ#»
�GE TGC � ß-I���¹3
78Å0X ��� ìe¹*���C&@Ó0XFC³s½�ÍeÌ��� I�Í�Ïd»4+�ò1Ô��CæTÌ�GI��%»C½!½

� ´�ä (C&DE � 4.7 ´ );Å�C
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�
4.8: TGC Wheel

½ ��	 ´���� X�E Triplet/Doublet Wire/Strip
+�Æ7��� I#V+W1è ���ì1½��

Triplet Strip 99

Triplet Wire 81

Doublet Strip 80

Doublet Wire 43

³s½�Í^Ì ��5I!Í�Ï#»*½ A(B ¹=E��
4.42 ´ )@ÅFC³!³+7E

4.42
½��;È1½D� , E

x 8 0@Ç,½%Ì�3I��%»½%G1He¹
)��1E��/È%½D� , E
y 8 01Ç,½^Ì 3I��%»½%G1H^¹3)8Å�C	��
 � ½7�� � (�&&E
�T½�Esý Æ Ñ� : , H/ë�Ì�3I��%» $ 9 ½
G1H%¹
) �1E��+���8½E£ý ÆZÑ � : , E

y
0;ÇC½��Tõ;·3Æ�� 
 ��& , E x± 12m

½ ��	1½KÌ�1I��%» E
x
0;ÇC½��õ8·3Æ�� 
 ��& , E y± 12m

½ ��	1½KÌ 1I �%»,¹I)1Å�C/å*æ1E���J��@½1Esý Æ Ñ � : , E
Triplet Strip

E
J��8½�EsýþÆ®Ñ � : , E
Triplet Wire

E������	�1E�ý�Æ®Ñ � : , E
Doublet

Wire
��K�+&E���
���
"�
�): � � 2����KÌ�3I������I)1ÅFC8å*æGE �	�1E�ýNÆ Ñ � : , E

Doublet Strip
��K�+7EbE�ý ÆWÑ � :6+"�@Ó"!
Tæ�: � � tanθv = 0.625

2#�$�^Ì DI��
�%�3)TÅ+C
� ï ��Evý�ÆÎÑ � : Ö TGC Wheel Region Ø � ^-_ �Fa�X"� E Triplet Strip, Triplet Wire,

Doublet Strip, Doublet Wire
+ Æ-���<I'+'&+XKÌ�1I ��� , E

TGC Wheel
� ��	(� )+*

, X����l"7G 	 X�C
�

4.7 - . E '. (300000 + 330900) ∗ (12000 + 12000)mm 2 = 15141600000mm2
���

 �� , E /(G" 
1.51× 108 0 � ��� ì("21�XFC (2005 3 �+45+3 � p134 - . E ����6 �7 � , E ∼ 1/minċm2))

���+8:9��� I"8<;=�"� A�B�	 � E���	C+&E+�$�  A
1.51× 108 × 99/50000 =∼ 29.9× 104 0 "&E Triplet Wire

�/E
1.51× 108 × 81/50000 =∼ 24.5× 104 0 "&E Triplet Strip

�/E
1.51× 108 × 80/50000 =∼ 24.1× 104 0 "&E Doublet Strip

�/E
1.51× 108 × 43/50000 =∼ 13.0× 104 0 "&E Doublet Wire

� E
>(��� I�?@
eX+���A��B�XDC
� 	 �DEC�D
 ,�E G?+ , BC(�C 9 	 � � � + , >-��� I'+'&-X 	 1 ��
2B�(F" E�>FCG� , E�H��F) �"I4�/	": � �+J�K . E Triplet Strip, Triplet Wire, Doublet Strip, Doublet

Wire
� 
 �6&/E(�A
2�$
 E

tanθv = 3.44, tanθv = 6.97, tanθv = 11.4, tanθv = 1.302+L�� ��	�+2�0ECM	>i"(B � 
N(B � BC(7C�(�4+&ED]	�O>���� I�� IP>A��L ��X"I%Q E
Doublet

�P>����%I���R2FS�=E
3 out of 4	 � E

2 out of 42
�UT/L<E 1  � � 8�9 �� I"8V;��%�DW  C

2Doublet SLB p�XZY3w ( w 4.12) xuy v Doublet Pair f�g$[]\3p_^D`badcDegfihDj�k@l=mZnbo@prqts%pu�v ggw�xtyzkIf|{=}�p�~��@�g�gk_}zozn��g}�pd�A�gf��Do]��piv Doublet SLB f�g TGC p|q�si� ( ^i`bacUe_�|�i�@p u�v k��t�gfi�Dmdnzoil�og�@� ) � u f�� ���r^i�ba����Dk|�A�zn�g��|}�pd�A� p����sg���}lp
AND �D� �i~��@�@�d b¡=¢@pLv@£¤� � 3 out of 4 ¥ o�� v_¦d�=k�§�¨_© 2 out of 4 �bª ©�[]\D«g^@`@a�cAe¬b � AND �¯®�p�~t°±��e_«z²i�_³�´t«t£ ¥dµ
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�
4.34: ATLAS Technical Design Report Table 10-5 /TGC

������� �����
	 ������
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�
4.42: Cavern

��H�� ,�� ����6 �U���	M	>
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�
4.43: � > ������� � ���
	��
�� 	������ m

0 J�������� �S9   �#� � � � ��L��� �"� � � � 	��
TGC ���  �#� � �� M+>� ��"! 9�  �����$#N �%I�%���&P? 0m��� 	�� � 9   �#�%�(' , �

Trigger Module
�

Doublet/Triplet,Strip/Wire ) �:>
*+  ���(��,
-
. Doublet .0/ � >�*1+  ��2
3�4 2 out of 4

��T�5'?D
�!76 �
8'9��8  8V;���� ��� � 9:9  ����� 	 ��� �� /(; 4.6

��<>= .@? �BAC�D � � �
4.43,

�
4.44,

�
4.45,

�
4.46,

�
4.47

��E ,BA
��� C
D � J 6�! � >�*F+  2�3'�tT�G�I Doublet

�
Wire/Strip

�� J 6B! �"H�I �J G �KA

Doublet Strip Y=24m
� � ��M�>

(
�

4.47)
��L�6B! �

Y=-3m MON�P � >RQ7S�T"4�UV B@W:!76 �KA
- W:! � tanθv = 15/(24+3) = 0.556...X(X . � � 4.38

� �
4.37 MYN � TGC Z�[ �$\ B] ��^�_ / ��` =badcFe J�fKZ�[�g \ ] f ^
_ / � (1.4+1.6)*2+18=24mm

 DB �(A
K I � Strip fKh�/�; 4.35 - = � 14.6mm i 49.1mm .�? � f". �Xkj Nlf�m
MnNpo Q N j � tanθv f�m
/ �rq�s . � tanθv = 24mm/14.6mm = 1.64...

q
t . � tanθv = 24mm/49.1mm = 0.489... .�? = �Kq t f�m tanθv=0.489... / � P � >Q7S�T MuNRv�w:x W I m tanθv=0.556... yKz 6 A

Doublet Wire Y=24m f"{ ��M�> (
�

4.47) y L�6B! � Y=-3m MON"P � >RQ7S�T"4�UV B@W:!76 �KA
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�
4.44: � >�S ����� � f �
	��
�� MON ��� m �(J���������y 9B9 �� g � � ����L����� f � � � M N TGC ��� �� � � �� M+>� 
	"! 9�9 �� g �$#N�	%I�% f &P? 6m

f � M N�f 9�9 �� g(y '� � Trigger Module f Doublet/Triplet,Strip/Wire )�f >
*+  ��� f ,
- A Doublet .
/ � >�*F+  f 2
3�4 2 out of 4 y T�5'? j !76 �
� W:! � X f�� � tanθv flm@/ �
tanθv = 15/(24+5) = 0.517... .�? �BA
Doublet Strip .Ko Q�I � c y ��` = a c Z([�g \ �] flh7/ 24mm .0? �:A K I � Wire

Group fKh
/ � ; 4.35
� = �

7.2mm i 39.0mm
B f�. � X j N�f�m�MnNko Q N j � tanθv

f�m / �:q�s . � tanθv = 24mm/7.2mm = 3.33...
q t . � tanθv = 24mm/39.0mm =

0.615... .0? �BA q t f"m tanθv=0.615... / � P � > Q�SBT M N vYw:x W I m tanθv =

0.517... yKz 6 A� L � = �
2 out of 4 ����f >�* +  y 	:!�� � Doublet Strip, Doublet Wire yUJ 6B! �q7s������ / � j��Bj �

tanθv = 1.64...,

tanθv = 3.33...,

.
? = � K I � Triplet y J 6K! / 2(3 / T���W$!B6%B�6 f�. � Triplet Strip, Triplet Wire

f q�s������ / � j��Bj �
tanθv = 3.44...

tanθv = 6.97...

f(KCK .0? �(A "! �
Doublet f >�*R+  � 2 out of 4 y 	B!#� �%$'& � ��( �*) �  /,+ G+B�6 A
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�
4.45: � >�S ����� � f �
	��
�� MON ��� m �(J���������y 9B9 �� g � � ����L��� � f � � � MnN TGC ���  � � � �� M$>" 
	�! 9�9 *� g �R#N#	 I�% f &P? 12m

f � M N�f 9�9 �� g(y '� � Trigger Module f Doublet/Triplet,Strip/Wire )�f >
*+  ��� f ,
- A Doublet .
/ � >�*F+  f 2
3�4 2 out of 4 y T�5'? j !76 �
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�
4.46: � >�S ����� � f �
	��
�� MON ��� m �(J���������y 9B9 �� g � � ����L��� � f � � � MnN TGC ���  � � � �� M$>" 
	�! 9�9 *� g �R#N#	 I�% f &P? 18m

f � M N�f 9�9 �� g(y '� � Trigger Module f Doublet/Triplet,Strip/Wire )�f >
*+  ��� f ,
- Doublet .0/ � >�*F+  f 2
3�4 2 out of 4 y T�5P? j !�6 �

93



�
4.47: � >�S ����� � f �
	��
�� MON ��� m �(J���������y 9B9 �� g � � ����L��� � f � � � MnN TGC ���  � � � �� M$>" 
	�! 9�9 *� g �R#N#	 I�% f &P? 24m

f � M N�f 9�9 �� g(y '� � Trigger Module f Doublet/Triplet,Strip/Wire )�f >
*+  ��� f ,
- A Doublet .
/ � >�*F+  f 2
3�4 2 out of 4 y T�5'? j !76 �
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� X . ��� % y�/�� j�� N 6 f���� 4 �'( .
	 � f"M �����! w �KA� �� y�J 6B! ����� . ��>�*1+  	�I���� y%J 6B! /��  �	 ��� K . yz, xz ���7. E	:!�6CI�� f � � xy ���0. E#	K! w �KA (
�

4.48
� �

4.49
� �

4.50
� �

4.51 )

�
4.48: � >�S ����� � f �
	��
�� MON ��� m �(J���������y 9B9 �� g � � ����L����� f � � � M N TGC ��� �� � � �� M+>� 
	"! 9�9 �� g �$#N�	%I�% f &P? 0m

f � M N�f 9�9 �� g(y '� � Trigger Module f Doublet/Triplet,Strip/Wire )�f >
*+  ��� f ,
- . Doublet .0/ � >�*1+  f 2
3�4 2 out of 4 y T�5'? j !76 �
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�
4.49: � >�S ����� � f �
	��
�� MON ��� m �(J���������y 9B9 �� g � � ����L����� f � � � M N TGC ��� �� � � �� M+>� 
	"! 9�9 �� g �$#N�	%I�% f &P? 6m

f � M N�f 9�9 �� g(y '� � Trigger Module f Doublet/Triplet,Strip/Wire )�f >
*+  ��� f ,
- . Doublet .0/ � >�*1+  f 2
3�4 2 out of 4 y T�5'? j !76 �
Xpj N�f � ��� y � 4.51 MON I  �G $ ! f ��� . >�*F+  ? j B V !�� ��  �� ��f ��� . tanθv = 15/(18+12) = 0.5 (

�
4.51 y L�6B! � y=-12m f ��� . >
*+  .
	 !�6 ��� a )

 �6 c12�3 . >
*1+  ? j �  + G ��A
tanθv = 0.5

 6 cR2�3 . ��� $ ! f ��� . >�*F+  . 	 �  � �KAX(X . � � 4.42 y L�6�! � tanθv = 0.5
 $6Oc12�3 y�? ! /�K � �����
	 . E"	%I � � �

�
4.52 y E  A
�

4.52 f����f � / � � ?? f���
f � y '��� �KA
�

4.52 f����f � / � � 4.52 f���0y L�6�!�	 V EP? j IP>0*F+  ? j I#9�9 �� g
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�
4.50: � >�S ����� � f �
	��
�� MON ��� m �(J���������y 9B9 �� g � � ����L��� � f � � � MnN TGC ���  � � � �� M$>" 
	�! 9�9 *� g �R#N#	 I�% f &P? 12m

f � M N�f 9�9 �� g(y '� � Trigger Module f Doublet/Triplet,Strip/Wire )�f >
*+  ��� f ,
- . Doublet .0/ � >�*1+  f 2
3�4 2 out of 4 y T�5'? j !76 �
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�
4.51: � >�S ����� � f �
	��
�� MON ��� m �(J���������y 9B9 �� g � � ����L��� � f � � � MnN TGC ���  � � � �� M$>" 
	�! 9�9 *� g �R#N#	 I�% f &P? 18m

f � M N�f 9�9 �� g(y '� � Trigger Module f Doublet/Triplet,Strip/Wire )�f >
*+  ��� f ,
- . Doublet .0/ � >�*1+  f 2
3�4 2 out of 4 y T�5'? j !76 �
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f xy
,�- .�? � ( ��� :mm)X�X . � 4.52 f����f � � = � X f  	 2
3 :tanθv

���SI'	 M(J Y±12m(12000mm),

X±12m(12000mm) f ��� y�� W�!B6 � 9:9 *� g�f >�S	M�� / �
92 	0y B �(A
�� f � c y �
; 4.7

� = �%&�
(300000 + 330900) ∗ (12000 + 12000)mm 2 = 15141600000mm2 f �

��y�/ ��� ,�� 1.51× 108 	@f������ 4�� �KA (2005 � ����� ��; p134
� = � �����@f� � / � ∼ 1/minċm2))� W:! � � , ?�� = �

1.51 × 108 × 92/50000 =∼ 27.8... × 104 	 4 � Triplet Strip, Triplet Wire, Doublet

Strip, Doublet Wire f � � $ � y� W�!"!�*R+ $# j �KA
(
�

4.52 f����f xy
,�- �&%�'

)
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�
4.52: Cavern y�� �� � �����@f�{ ��� !

X�X . � ; 4.5
� = �

Wire
�

Strip y�� 6B! ��� j��Kj������
	 9 *� g ! S�� ��� / �
21690000,84480000

� f�. � Triplet, Doublet y�� 6B! � TGC f (
� � $�& f ) Z
[ ��� y���� � ] / � ; 4.9 f � c y � �BA

4.5.3 �����
Cavern �:.
f�� 	 ������� g Q ����� S g"y ���� � �7���
�Bf ����� !$S�� � y ' � � ����f� �!�" [��$# (TM,Trigger Module)

��%'& ! " [��(# (LUT,Look Up Table)� ��)�y�� 6B! H+* 	 � A � j��Bj fK�,) �(� 	 9�8  ��� gKy � W�!.-+/�	 � A � f CD�� !�*F+ .0�1 9 �� ��27  �  �!" [��$# � ��)�.0/ � � � $ � y� � � �.3 {
� g � f�Z�[ ���r4+465 .�? � X  p4�, M W � A
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; 4.9: TGC Wheel f ��� y L�� � � Wire/Strip . $'& Z�[ � � yKM�M � � ] (
,

)
 � �

f���� �
Wire 0.780×102 (

,
) 21690000/27.8×104

Strip 3.03×102 (
,

) 84480000/27.8×104
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�
5 � � � � � � � � � 	 
 � �  � � �� �

5.1 ��� ����������� �! #"
3 $&% 4 $('*),+*-/.1032547698:% Cavern ;&<>=@?:ACBED>FHGHIKJML7NOF@P,Q&RS6UT&VW@XZY\[O]O^H_ 85`Ma*)cb*dfeSV,g(h9i\V5j&PKkZl9m()UnKoOp*q(rCstaMuv65w\x*pvy96Hz
• 25ns )@<M{MF|A5}~Ft� : 40.08MHz )Z�Z�O?5��',��� TGC �\�@�vb��tD&�U�Hg@h@iUVj!8|`,aH�&�9� ^Z�\� z
• � � n ( �9�|G&N|�@�,jO'SyK6K�K8 ): 4 $\'Mk Doublet/Triplet Strip/Wire ���9�Z�.5�C�5P�bOd�e9V�`O�5p~%*�S���\  ^ bOd¡e9V\.:¢K£9R96K�\8tk,¤O¥v)5¦*§\'SyK6Hz

�f�!¨Z.ª©S�@R\g(h9i\V5jc8,`Ma(%3b*d�e«V,g\h>i\V�jC.ª¬*�®(¯M°«`O�Mz
5.2 ��� �����#±�²³ 
b9d�e«VZgSh9i\Vtj (TM) k&% TGC dUV WZ[SX b:A(��´Kµ&P L ¶ A .t·&¸&R«6M��¹P � u~¨:�C6 TGC b*dfeSVOA(�\´�µS) HigH Pt Board )Uº(»*¼*½Kx*¾�8t`\a � u/¨f�6tz TM p � uv¨E�761¿�À9P@Á\uMa�kK% ATLAS )U�7F WUÂZÃ ?f�@ÄOÅ~.,ÆZÇ>VURS6>=�iOVÈ FÉb*d�e«VZ'«y(6 TGC Ê(Ë*Ì&ÍÉ¨,)3b&dfe«VtÎ>Ï&kK% ASD Ð�Ñ PP % SLB .ªÒÔÓO`a\% L VDS �ªÕZjv' TM PM·K¸cÖ��É6@z ( × 5.1 Ø&Ù ) TM k9%CÚ U ÛÜ{�Ý() VME gh@i@V�j�'(% HigHPt/Star SwitcH Controller(HSC) �*�UV~bEP&{\Ft�3b�V1j3ÖE�C6|z TMk HSC �*�UV~bÞÇC?|�ª�C�UV�FZ) VME Ç&�(.�ß7à|aUá*âÜÖE�C6|z HSC �*�ªV/bãk TGC�v�\�Cb1�ZD>���*)ªävPZåc¨��v�/Ú UVME �9�HVÜb¡'&% J æ�ç9F�. � uMaCèO{~=,FHGHÎÏ (clock/reset) 8 DC éCê@VK.�·K¸SRS6Hz
TM g*hSi\V5jSk(% HigHPtBoard 8Uë|ì&% UXA15 ;�) TGC-M1 �3�HV*FM)@�C?th\Pí �Þîvï/¨f�C6Hz (UXA15 )Uð*ñSPOò\u\a�k9%O× 5.2 Ø(Ù )

TM k@ó�òK)�ôKo(ÍC¨ã½~6|z�áZâ�õ (Controller) %�ÎKÏMöZÎOõ (Decoder) %vb@d�eSVª÷�½�ZhC?Z� (Trigger Decision Logic % TDL) 'Sy(6Mz«�:�3¨ª)|ô9o&kM�É�|)5ø(ùSúZû>P«�Osa ¿ üvr,�É6Hz Controller k CPLD ø*ù>ú|û>% Decoder/TDL k FPGA ø*ù9úHû('Sy*6Mz
TM k Cavern '*yS6 UXA15 ;,'�ý � Ö1�C61pv% HigHPtBoard 8�k,þ ^ ��%Uÿ����9PÁ�ï>61ý � k��(Ë/Ö1�&a*u ^ u@ä>%ªý �����9^	� .�
�v`M%����Z�S�HG&NH�@�Oj*'*yS65p��� L��*n&)��vu FPGA/CPLD . � u&6Hz
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× 5.1: bOd¡e9V,g\h9iOV1j7.�ð9ñ>`@���&) TGC �&�*�vb1�ªDv�@��)/b*d�e9V5Î&Ï ( � ) %����� `tÎ(Ï ( � ) %S<*F«b��OVtj�Î>Ï ( 	 ) )�
*�
5.3 �� ±����
��� )ª¬S*P\ÁOuMa�k&%ªl(m()��&P����v`M%�� PSB ) LVDS Î9ÏS.|öZÎ7`Z%����S)Üb*de>V*�Zh3?Z�,P �És5a L1A . NIM Î9ÏÉ8t`Ma �"! RS6�#@g*h9i\Vtj«)U¬S«.%$'&~`O�Mz¬K(P*ÁOu�a�k&%Ul9m&)(�&P)���7`@�Mz
1. *@ôKo/.ª©S�ZR@ø(ù9úZû\p*�«�HG>NZ�@�Mj9'*yS69�&8�z
2.Decoder ÍÉ¨ TDL +H}ÜVKè-,O�\VO)�.0/�1
3.Controller-Decoder/TDL 2K)�}ÜVKè-,O�\VO)�.�/�1
4.Decoder P\Á�ï>6(3~�O�&?M�54�6>)�7�89z
5.TDL POÁ\ïv65* Decoder Í7¨,)UÎ>ÏK) 25ns 4�6v)(<9{OFHA|}3F|�× 5.3 P*% �-9 )�:<;9×S.>=SRHz×�)*�%?ãPH%¡�&FM<@V W ÖE�&� PSB ÍÉ¨ª)�@H?\bBA�C*k\% Decoder 'Z}«<@V W ÖE�9%�ÛM�D ��èªV54"6K)-@H?ZbEA(C38 ^ s�a@% 8bit(STSB )GF-H() � ) 2t�Uk 4bit (WTSB,STDB,WTDB)IF<H ) )UÎ9ÏÉ8|`|a TDL P JÔ¨f�C6|z TDL k(%U¬*Ë7Ö1�v�3b(d�e>VO�ZhÉ?|�,P(�És�ab�d�e>VIKMLS.GN«u�% 4bit Î9Ï«. � ! RS6Hz«�U),Î>Ï�k NIM Î&Ï/8t`OaOg(hSi\V5j(ÍÉ¨��! Ö��C6Hz Controller kK% Decoder )�7�8 ��2C8ãÎ&Ï9�\�~� ,TDL )Üb(dfeSVK�HhÉ?Z�
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× 5.2: TGC �~�*�~b1�|D~�@�Og�hSi\V5j«)M% [ btNH� � ��F>POÁ*ï>61ðKñ
.��9å7`M%3b*d¡eSV�K)UÛK� D �(èHVO)(6(ñ-A�C/. TDL ÍÉ¨:ö9ï í 6Hz
5.4 �������
	
5.4.1 Controller

Controller ����
Contoller k VME �>�«bª<Ej~. _ � `Z%CbOd�e>V|g*h9iZV1jC. VME �v�|Vt�*g*h9iZVj38|`\a����9r��/6@z�� � Ö��va*uS6ª}KÇ/{@�*kK% Xilinx �v) XC2C256PQ208 '9yS6@zb�d�eSV@g\hKi\V�j7. A24D16 ) VME �~�|Vt�c8,`|a����\r��>6O�H¹*% Controller k [W �U�&. �M� % VME ����� � /

�0� � � ÛÜ{\�:j7. �(�(RS6Hz Controller k [«W �t�|ÎKÏ."! Y ?H�M`Z% AM,LWORD,A01,AS,Ds Î9Ï«. �%� % DTACK Î9Ïv. �"! RS6Hz
A23-A08

[*W �ª�@k$#vV W % )�}'& ?E�\�v{>?(!OP«�S� D ?Kb5Öã�Ü6Uz A07-A04
[*W ���k$) 5.1 )&� ?1P�% D ?>bUÖ��&a\uv6Hz

) 5.1 ÍC¨�*(Í«65ß!��% Decoder !3?E�Z% TDL !3?E�9PMk"*,+�òK% Controller !3?1�KPk�% Controller0 - Controller3 2ª'S)/.5òK) [SW �U�HÄOÅ\p10Ü6Uz
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× 5.3: b�d�e>V,g\h>i\V�j�:<;>×
Controller ���������
�
	����� ) 5.2 P*% Controller ) VME

[SW �U�&.G=vRZz
CONTROLL RESET () 5.3) TDL(Trigger Decision Logic) 8 Decoder +&)cd D ?b z�¶�. � � ���/8��(a*) FPGA p d D ?>bUÖ��Ü6Hz Controller �����>d D ?>btÖ1�Ü6Hz
1= d D ?>b % 0= d D ?&b _��
CFG STAT FPGA ( ) 5.4) TDL(Trigger Decision Logic) 8ã% Decoder )�<�F�,�&��@i�|VMA�BªF|�M´9V&èH�&. )-=SRS6Hz
CFG DATA FPGA ( ) 5.5) TDL(Trigger Decision Logic) 8 Decoder + bit ,��\{jv. � � ���"�K) [SW �U�,Ä�Å>z
CPLD DEBUG ( ) 5.6) Controller CPLD )|}>Ç!?�GK)Hä/) [«W �H�@Ä(Å«z(�<�~)
16bit ) �Ü. ����� � /

�0� � � ' �O6Hz
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) 5.1: Controller )�;|õc�Uh*�>è [SW �5�
A07 A06 A05 A04

0 0 0 0 Controller0

0 0 0 1 Controller1

0 0 1 0 Controller2

0 0 1 1 Controller3

0 1 0 0 Decoder0

0 1 0 1 Decoder1

0 1 1 0 Decoder2

0 1 1 1 Decoder3

1 0 0 0 Decoder4

1 0 0 1 Decoder5

1 0 1 0 Decoder6

1 0 1 1 Decoder7

1 1 0 0 Decoder8

1 1 0 1 Decoder9

1 1 1 0 Trigger-Decision-Logic

5.4.2 Decoder

Decoder � �,�
Decoder k\% PSB ) SLB PS�Hs5a encode Öã�S�<@*?\b ÎKÏS. decode `H%EÛM� D �*èUV

4�6>) Hit ® no Hit ÎKÏ(P����SRS6Hz encode ���Sk SLB P«��sta@þ ^ 6O�H¹*% Decoder) decoder �9�(?|�|)5�«�|G9N|µ�� SLBB )��	�&PS�Hs5aªþ ^ 6 �U)5p � u>¨��76ªzt× 5.4PO% Decoder ),�7�>?Z�,×S.>=(RMz× 5.4 )�
��/.�ßÔ6>�&u���K)�
9�\p>%M@*?>b�}/V9èH)�,*�KVK.>=vRZz SLB ) encodeÖ1�v� 40bit )<@(?&b }~VKèªk(% 10bit }/VKè1.5ò*P�*��CÖE�>%U�«�&?,�|×M'*k RA % RB %
RC % RD '�)/Öã�&a�u96UzK�¡�c¨�) @*?Kb }~VKèªk\% SYNC �S�(?|�:' clock 85ë��7ÖE�>%
DELAY �S�S?H�U' SLB-TM 2()��SV,�Oj	�«P H*r �*% 0.5-4.5clock )I�<�S)�7�8 ��2(.� 4Ü¨¡�É6|z\�M)U¥>% MASK 8�) AND . í ��% DECODER �S�&?Z�U' 4bit 2Z�,k 8bit)ªÛK� D �(è|V�4�6>) Hit/no Hit }«V&ètP	���3Ö��Ü6Hz×K) % õS)I�«u���()I
*�&k\% LVDS �9Vt�Oj38 TM 81)�����¿��&),g\DvèMV�}7V(èU)
,,�OV\.G=SRHz LOCK N Î\Ï\P>�Us:a DESERIALIZER ÍÜ¨��|�>¨MÖE�&�����OÎKÏ\kZ%��òOP **Í@�&% +��MkO% LVDS BAD NOW Î\ÏC8�`Za� �� VMEIF �S�(?|�tP,·Z¸/Ö1�&%vdF@��p�!�"O @�(a@uS6�Í � ?�ÍK)>A"C~.�á*âOõ9P$#�%(R96|z � ? +&�\k LINK MONITOR�S�v?H��.�ß�'7`H%S�|)U}/VKè|k!dªF��� *�&)�(�)Ô8|`,a�*�+/Ö1�>% LVDS BAD ONCEÎ(Ï38|`Za VMEIF �«�v?H�,P�#�%ÜÖ1�36|z×K),m\õ«)�	7)���()�
(�SkK% Controller .1ÒÉÓO`M�O% VME 81)S{(F*èMV�, Y VZ�>.ü ? VMEIF P�,Zrv6ª}~V9è�,*�\V|'Sy96Hz
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) 5.2: Controller ) VME
[SW �ª�

Use Address Register R/W Initial Value Size

Reset to

Trigger/Decoder 0 CONTROLL RESET R/W 0 1

FPGA 1 CFG STAT FPGA0 R/W 0001 4

Configuration 2 CFG STAT FPGA1 R/W 0001 4

3 CFG STAT FPGA3 R/W 0001 4

4 CFG STAT FPGA4 R/W 0001 4

5 CFG STAT FPGA5 R/W 0001 4

6 CFG STAT FPGA6 R/W 0001 4

7 CFG STAT FPGA7 R/W 0001 4

8 CFG STAT FPGA8 R/W 0001 4

9 CFG STAT FPGA9 R/W 0001 4

10 CFG STAT FPGA10 R/W 0001 4

11 CFG STAT FPGA11 R/W 0001 4

16 CFG DATA FPGA0 R/W 00000000 8

17 CFG DATA FPGA1 R/W 00000000 8

18 CFG DATA FPGA2 R/W 00000000 8

19 CFG DATA FPGA3 R/W 00000000 8

20 CFG DATA FPGA4 R/W 00000000 8

21 CFG DATA FPGA5 R/W 00000000 8

22 CFG DATA FPGA6 R/W 00000000 8

23 CFG DATA FPGA7 R/W 00000000 8

24 CFG DATA FPGA8 R/W 00000000 8

25 CFG DATA FPGA9 R/W 00000000 8

26 CFG DATA FPGA10 R/W 00000000 8

Debug 27 CPLD DEBUG R/W 00000000 8

) 5.3: Contoller )Üd D ?>bH�5h*�>è
bit 0

Register RST

R/W W

Initial Value 0

) 5.4: Contoller )O��´KV&èH�/�ªh\�vè
bit 3 2 1 0

reg CFGBUSY CFGINIT CFGDONE CFGPRG

R/W R R R R

Initial Value 0 0 0 0
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) 5.5: Contoller )�}ÜVKè(�Uh*�>è
bit 7 6 5 4

reg CFGDATA0 CFGDATA1 CFGDTA2 CFGDATA3

R/W R/W R/W R/W R/W

Initial Value 0 0 0 0

bit 7 6 5 4

reg CFGDATA4 CFGDATA5 CFGDTA6 CFGDATA7

R/W R/W R/W R/W R/W

Initial Value 0 0 0 0

) 5.6: Contoller )ª}(Çc?tG7�5h*�>è
bit 15 14 13 12

reg DBG15 DBG14 DBG13 DBG12

R/W R/W R/W R/W R/W

Initial Value 0 0 0 0

bit 11 10 9 8

reg DBG11 DBG10 DBG9 DBG8

R/W R/W R/W R/W R/W

Initial Value 0 0 0 0

bit 7 6 5 4

reg DBG7 DBG6 DBG5 DBG4

R/W R/W R/W R/W R/W

Initial Value 0 0 0 0

bit 3 2 1 0

reg DBG3 DBG2 DBG1 DBG0

R/W R/W R/W R/W R/W

Initial Value 0 0 0 0

108



× 5.4: Decoder �«�v?H�,×
Decoder � � �����
�
	�����

( ) 5.7)

DEC LOCK ( ) 5.8) LVDS 8t)����\¿��7.����SRS6Hz
DEC DELAY ( ) 5.9) Decoder )�7�8 �/.I&KË(R«6Hz
DEC RESET () 5.10) Decoder +*)cd D ?>b 1= d D ?>b % 0= d D ?>b _��
DEC OMASK ( ) 5.11) Decoder ÍC¨ TDL(Trigger Decision Logic) +9) �"! )\�(��Þz 0= �\�~� % 1= �*�v� _��
DEC MASK ( ) 5.12) Decoder +*)�� ! )O�\�&� (1 �9) Decoder !~?f�*k 40bit � !. 4 *��v`M% 10bit �9ò í �	� ? ) 0= �*�v��% 1= �O�~� _ �
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) 5.7: Decoder !/?:�&)\;|õc�UhO�~è
Use Address Register R/W Initial Value Size

Lock signal status 0 DEC LOCK R 00000000 8

Delay Value 1 DEC DELAY R/W 0000 4

Decoder Reset 2 DEC RST W 0 1

Mask Output Signal 3 DEC OMASK R/W 11111111 8

Mask Input Signal1 4 DEC MASK1 R/W 1111111111 10

Mask Input Signal2 5 DEC MASK2 R/W 1111111111 10

Mask Input Signal3 6 DEC MASK3 R/W 1111111111 10

Mask Input Signal4 7 DEC MASK4 R/W 1111111111 10

) 5.8: Decoder )*�~?M�9�5h*�>è
bit 7 6

reg LVDS DESD BAD NOW LVDS DESC BAD NOW

R/W R R

Initial Value 0 0

bit 5 4

reg LVDS DESB BAD NOW LVDS DESA BAD NOW

R/W R R

Initial Value 0 0

bit 3 2

reg LVDS DESD BAD ONCE LVDS DESC BAD ONCE

R/W R R

Initial Value 0 0

bit 1 0

reg LVDS DESB BAD ONCE LVDS DESA BAD ONCE

R/W R R

Initial Value 0 0

) 5.9: Decoder )t}'&O�@{(�Uh*�>è
bit 3 2 1 0

reg DELAY3 DELAY2 DELAY1 DELAY0

R/W R/W R/W R/W R/W

Initial Value 0 0 0 0

) 5.10: Decoder )3d D ?Sb|�Uh\�vè
bit 0

reg RST

R/W W

Initial Value 0
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) 5.11: Decoder ) ��! �*�>�9�5h*�>è
bit 7 6 5 4

reg OMASK7 OMASK6 OMASK5 OMASK4

R/W R/W R/W R/W R/W

Initial Value 1 1 1 1

bit 3 2 1 0

reg OMASK3 OMASK2 OMASK1 OMASK0

R/W R/W R/W R/W R/W

Initial Value 1 1 1 1

) 5.12: Decoder )�� ! �*�>�9�5h*�>è
bit 9 8 7 6 5

reg MASK9 MASK8 MASK7 MASK6 MASK5

R/W R/W R/W R/W R/W R/W

Initial Value 1 1 1 1 1

bit 4 3 2 1 0

reg MASK4 MASK3 MASK2 MASK1 MASK0

R/W R/W R/W R/W R/W R/W

Initial Value 1 1 1 1 1

5.4.3 TDL(Trigger Decision Logic)

TDL(Trigger Decision Logic) � ���
TDL kK% Decoder ÍC¨GJÔ¨��va��S�UÛK� D �(èHV�4�6&) Hit/no Hit Î&Ïv. � u�%Ôb*de>VtÎ&Ïv. �"! RS6Hz\× 5.5 PM% TDL ),�7�v?H�,×S.G=vRZz× 5.5 )UmOõ&)��&u� ��)>
\�Op&%�@�?Kb }~VKè|)-,��\V�. =&RMz RXOUT * 8t`|a�)7Ö�76 Decoder ÍÉ¨:) 4bit ��k 8bit ) Hit/no Hit Î9Ï\kK% POR �«�(?Z�5' MASK .5Í(ï¨f�>%����3Ö��7�UÛK� D �(èHV�) Hit/no Hit A�C��*ïZp�b*d�e«VZP � u«¨ã�36Hz MASK.ãß�'v`@�@y«8|)<@(?&bEA�C9k Decoder 4�69%
	�� SLB 4�6�' OR . í ¨f�&% POROUTÎ\ÏC8|`,a ��! Ö1�Ü6Uz POROUT ÎKÏ�k TDL �S�&?,�tP,·M¸/Ö1�&% TDL k SLB 4"6>)

Hit A�C9P �� �|%cb*d�e>VK.|÷�½KRv6Hz×K) % õv)�	v)���K)I
(�Sk\% Controller .1ÒÉÓO`Z� VME 81)>{&F@èMV�, Y V@�>.�ü
? VMEIF �«�v?M�|P�,Or76:}«V&è",O�\V,'9yS6@z«�H)	
@'&% TDL k VME Í7¨ MASK

A-C/.�öSï í ��%3d�V W,[9X b�}«VKè&8t)����S)|ä&PZwOx�8UÖ��Ü6|%3bOd¡eSV�OPM@�?>bp��\ÊÜÖ1�v�UÛ(� D �(èHV�)����*}«V&èZ. VME �vPZ·O¸&RS6Mz
5.4.4 TDL(Trigger Decision Logic) ������� �
�
	�����

( ) 5.13)
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× 5.5: TDL ),�v�v?M�,×
TR MASK ( ) 5.14) * Decoder Í~¨ TDL +(),Î&Ï9)O�\�~�
TR EXT ( ) 5.15) b*dEe7VUÎ«Ï>)�� ��8��3`�z 0000∼1111 ) �c. � �����7�K8�'>%
0∼15 �M�>?Z�H)��/�G8��7`
�C. &KË(R«6Hz
TR RESET TDL )/d D ?>b z 1 . � �����C8(d D ?SbUÖ1�C6Hz
SS 01 ( ) 5.17) SubSector ))6Sñ A�C~z SS 1,SS 0 P(ò(u9a�* 8bit ) �c.	��
vR76�z
SS 23∼SS 89 ��¼��Sk9ë\àMz
5.5 ������ ��������������� �!

TM
�#"�$&%('*),+,-/.#021&3��4"�$�%�'*)65�7�8������#9�:�!<;=�>�?&@ 3��4�BA�CD!FE&G�+,HJIK8	LNM(�#OQP�R�S >(T�U/V M @�W 3��,8#L�M���OQP�R�S>NX�YBZ 5([�\ V M @�]�@ 3��#8K^&!�_�`��

Decoder acb �4dDe >DY�f ! TDL
5�g&hKi

bkj 8l)�mon�P4pDq > -&r W 3��K8�+,A�C V 021
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�
5.13: TDL

������' R �
Use Address Register R/W Initial Value Size

Mask input signals 0 TR MASK R/W 0000000000000000 16

Extend output signal 1 TR EXT R/W 0100 4

Reset 2 TR RST R/W 0

SubSector 3 SS 01 R 0000000000000000 16

Positions 4 SS 23 R 0000000000000000 16

5 SS 45 R 0000000000000000 16

6 SS 67 R 0000000000000000 16

7 SS 89 R 0000000000000000 16

�
5.14: TDL(Trigger Decision Logic)

�����
	('������' R
bit 15 14 13 12 11 10 9 8

reg MASK9 MASK8

R/W R R R R R R R/W R/W

Initial Value 0 0 0 0 0 0 1 1

bit 7 6 5 4 3 2 1 0

reg MASK7 MASK6 MASK5 MASK4 MASK3 MASK2 MASK1 MASK0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Initial Value 1 1 1 1 1 1 1 1

�
5.15: TDL(Trigger Decision Logic)

��������������'�R
bit 3 2 1 0

reg EXT3 EXT2 EXT1 EXT0

R/W R/W R/W R/W R/W

Initial Value 0 1 0 0

(
�

5.16)

�
5.16: TDL(Trigger Decision Logic)

�Jm����&)�����'�R
bit 0

reg TR RST

R/W W

Initial Value 0
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�
5.17: TDL(Trigger Decision Logic)

����� � ��R�P���H���� ����'DR
bit 15 14 13 12

reg SS 1 7 SS 1 6 SS 1 5 SS 1 4

R/W R R R R

Initial Value 0 0 0 0

bit 11 10 9 8

reg SS 1 3 SS 1 2 SS 1 1 SS 1 0

R/W R R R R

Initial Value 0 0 0 0

bit 7 6 5 4

reg SS 0 7 SS 0 6 SS 0 5 SS 0 4

R/W R R R R

Initial Value 0 0 0 0

bit 3 2 1 0

reg SS 0 3 SS 0 2 SS 0 1 SS 0 0

R/W R R R R

Initial Value 0 0 0 0

5.5.1 	�
����
��
���D)��������&+���!����21����&8��

5.6
�! #"�%$�P'&D!)( @ M+*�,�� W 1

PPG(Pulse Patern Generator) PPG
7.-

32bit
80/21

64k
��34"lm4+4576B8

32 8�9:�; &D� ��� +�5%(
VME

"��$2P<&&5�= W 1�3	�34"lm�7)>�P.?NP >A@�B !#OQP�R +�C
D 5QI	8�EB0<F�G �4� W O P�RK��HI1�+

256
��J�`�5.K�L

65536
E<5+M+N�5 I W 1�1 b !3	�KO/P�RF+4OQPSR V ���14T W m�U(PQ)V"�P#W���8�X�Y�Z�h ���1[T W+\ :.] &%"�P#W� >�^�_ 5QI W 1#EB0 ����7`3�?�a :<b PcWB!%d#P

LVDS
�[e�& �

TTL
��ef&J+ ^)_ �W 3N� >%g�h 5�= W 1B%�'*) �F0+i�!(7 8�j :'k P a�b �<dNe > F)GD! ]�W > 8�3	�2%�') 5�7fl�m�� 8�j :'k P�+<n @�W F�G�7 ?&@ 0.i�8�o�pqP�! 3	� PPG
+!r�n V 021�s�t�K%&'*) 5&7

PPG
+�u'v+r�n V 0F123�?�a :<b P#W	7

LVDS
��ef&J+�n @ 8+X�v�!)(�I

32 8�9 :�; & � �N�Iwf6 20 8%9 :�; &J+<n @ 8�x�v 40 8%9 :�; &�5�X�(&� Decoder
!

y � W ��2d�e�+	$/.#021&3B� f 8
PPG z � LVDS { Pf�+&D��|�} +<�N��dw !�~)� V 8x+(��

PPG
�#dDe�+[��� V 021

Interrupt Register PPG
7 )�m nQP<dDe�+Fg&h i b ]�@�� P "�$ V ]�@ 0�i&8l)�mnDP4d&e +[� W F�G > = W 1�)�mon�P�+ a h W !�7���(����)� > =P 8�X�(�7 )�m nDP�n�49�N ����'�R4!�� W  #�B5�= W 1)�2� � ��'�R4!���I��2��32�#!%d2.<M*)�m nDP�+ a hW 3N� > 5 I W 1& �w0X.(����)�N7��)� aJb )�m nDP4d�e�+ ����� W ����5�= W 1!���N����c+��%n�� W ��u�v2LNM Y�f !�� I��2��3�� > 5 I ]�@ 0.i�8

Interrupt Register
+!�

n V 8���� a�b 4
v Y�f !l)�mkn�P#d&e�+ ����� W �)�c+	i�.<021

Interrupt Register
�d�e�7

fan-out
b PcWB!�d�P

PPG
!�����1 j W 1
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�
5.6:

"�$&%�' ) � � ��)������c�
LVDS Serializer/Deserializer PS Board alb �	O PNR����N7N8 LVDS Serializer

!
d(.<M�8

1
(&� 8 ���&!�(/I 10bity

����� ��&NO PNR >`\ m<�!&�O P&R !��	�q1 j M�8
LVDS

��e�&�5��)��1 j W 1+X���g2d z � TM
5(7N8

LVDS Deserializer
! d%P�
�����

�V&�OQP�RB!��`1 j W 1
SPP Board

��� ���68� m � �N)68
L1A

+ ����5QI W b PcWk1 �������B!�n @ 0�1
CCI/HSC

34�.x�(��."���$�P�&�7 mV"�PQ)�� : )��FP<& \ '(%�F5�=P 84s�t27
TM�49�N��(0.i�!+r�n1 j 0F1

TM PPG aJb ����� +�g�hFiAP 8 NIM
d&e�+�� \ �2'��BP��N!����� W � Y�f !�� �'�RK���J+

elec10 a�b���� i W 1 elec10
� 7

HSC-CCI
+4n @ M�\�dQ+	- w 1

5.5.2 � �A�	!#")�%�'*)����%$ � P \'& : !(�� W*),+ ).- j �27 C++ / � \ j &�' �/m�� )o5.C D/V0F1#"�$&%('*)k!0 @ M(7�8� �"��$2P<& �49�N��	� : )1�2P<&�8� : � : )1�2P<& �fx
(���2 h�> F�G�5�= W 1�3 j*b !)( @ M.�%��! D	3�W 1
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���������	��
������������� "�%$�P!&(9�N/�	� : )���P�&���� ] ����7�8
C++

5
C D/V 021f �"���$�P<&D!�7�1�E��7E ] 9�N � ��'�R > =`P 8�� jlb ������'�RB+��&$��W 3�� 5%"���$�P!& �	9�N +�� W 3&� > 5 I W 1�3 j*b �B9�N ����'�R	7 VME

+�� V M
PC aJb � � ��'�5DI W d�w !K9�: 1 j M @NW 1��2�(0)i�"�%$�P4& � : )1�2P<& !�F�G] (2`�7

VME
+�� B�V 0�����'�R��&�

Read Write
2 h 5%= W 1#EF0f� � ] ��	.�+& ]

� :<b P#W O k! '���� ��PcW�����I�� � (Configuration)
 �3#�B9�N���� ] ���D+�n @M#-%p j W 1�3 j b ��(F`Q+�$ W !�=(0�.<M&7(8."��$�P4&#" !�$ ]�W O/P�R�R  � 8+�W �4'�R  ��+&%�N V�] h j�' ] b ]�@ 1f�F��0.i� �"���$FP�&�(Q� ! �.�B'N+�)2� V 0�1$�� V 0)"��#$�P4& ����'�7(8

TM
8

PPG
8

Interrupt Register HSC
5�= W 1

�
5.7
8

5.8
!. �"��#$�P4& ����'&�

UML
��+!���21

�
5.7: TM

�
UML

�

�
5.8: CCIHSCAccess

����'&�
UML

�

* ������������� � : � : )���P
&27 \ j &('��&m �J)65�C D�V 0K1[���2 h 7)LQI,+	-V(���� PJ) a/b �W 1

PPG
!  +: � ��) \ ]�. &�+��I �7��2 h 8

PPG
!/)�m n&P�+�/�rW 2 h 8

TM
� 	�'��<��0	1�5�= W 13 j*b !)( @ M�����5 D	3DW 1

2 ��354��6��798&:5;
PPG

��%�') e���R�+4��I��2��1734"lm,��/�1�49�N�8 m4U�PQ)�"&P#W a \ :�] &" PcW�� ^._&]#<
PPG

�k9)N ]�<	>
=�= b j W 1�3 j 7 PPG

�<"�+$FP
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&����K'�� ����� j �/)4+[�%n�� W3��4!d(.<M�-cp j W 1
�����#�

Interrupt Register
!%dK.M

PPG
!l)(m nDP(+ a h W 1 Inter-

rupt Register
�f"��$�P�&���K'&�

�.��� j �/),+!��n V M @�W 1
�����
	�� 	�'��60 1�7�8�D! D
3�W
� S�%�'*) / �([�\�%�'*)k!0 @ M���G�! ]�W 1 TM

�f" �%$�P4& ���K'&� ��� � j�/),+�n @ 8
Decoder / � TDL

�<O/PNR + ��P2!
	�'�� +	9)N V 8 + ��P�+����c� W 1

5.5.3 ������� �
� S�%�' ) 5�7�8

LAN { P��+&�+�X���� � n @ 8 Decoder 8 � ��X�(���(�! 40bit �� ����&/'KO P�R�+4� W 1
Decoder

728 L�M������&!.( @ M
AND ! 1c+�i�P 8���� �#" +

8bit
5 �$ ! � ��� W 1 TDL

7.M�N�1 j 0 Decoder aJb � 8bit
� �2dNe�!)( @ M

AND

! 1Q+	i P 8��2� ��" + Trigger
d&e�� V M ����� W 1

�#" 7
NIM

��� +Kg�hKi W � \ �2'���P���5(A�Cc� W 1
%#&�'�($)

0 * 9 + � Decoder 8 ����!%0 @ M�8-,�N V M,� \ �F'���P<������� >/. bj 8�LNM&��O P�R�SD!0(h W
� S > A�C�1 j 021

5.5.4 0213��� �[�\&%�' )o5&7�8
LAN { P��)& ++X���� � n @�W 1 Decoder

!�� b j W �+&�'2O P&R7�8
1bit

" !�4 ! 1 �65 ! 1 >/7#8 !K9%Nq1 j M @ W 1�4 ! 1 20bit
OJPDRN�B895 ! 1

20bit
O P�R�+[�%p�T&0FL

40bit
OQP�R<!)( @ M�8:5 ! 12O P�RB!27 NOT ! 1 +	\ V 0:!
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