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Event  3591065

Electron : 61 GeV

Muon : 4 GeV

Jet : 67 GeV

Jet : 41 GeV

Jet : 41 GeV

Missing E  : 41 GeV

Jet : 58 GeV

Muon : 36 GeV

T

Run 168562 
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H−Disk 1

F−Disk 11
F−Disk 12

H−Disk 4Barrel 1 Barrel 4 Barrel 6
Beam Pipe

F−Disk 1
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cooling pipe

beryllium bulkhead

ladder (layer 4)

carbon fiber support 
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L1 Muon

L1 FPD
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ORVmJ=Jh&f_ JD,YORJ��ZM�K�L � JNHdS-E ��j%E�JYO G J'�UJNMPO G QIM�OKV�JyEcSBK�H�ORV � QIM�t
j �l y � � � j �x ~ p>:
8�� � q
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� u|8�� � �jt u|8�uBuB:
j �x 2�u9�;: � �98��at 2-�B�|8 �
j l �l r �98�2#t 2-r98�2
j �l rs�|8�:#t �98�:
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��JD,J*-K G JEORV�JZQIMQ,D37K G QI�UJ�E�JYO�L�KQ3TOKQI_Q3TQ7,YQTO C ��Q G ORHKQ � KmOKQISUM � * G M�SUHKLj*-3TQ �NJ��pOKS�ORVmJEHKJ G KQ3oO�S-E�OKV�J
K�O%_ JYH EcSUH�L`J���QIM ��*WO+*9� OKV�J���JYHKJYM�� G2G ,J*-3TQIMQA�Q G E KQ3 KQ373IJ���_rJNH	EcJ5,AO+3IC *$M ��ORVmJ JNH�HKSUH G S-E�ORV�J K�O
_�*$H\*$L5JYORJYH G *WHKJXL5S G Oy3TQ7.WJ53IC�K�M ��JNH�J G OKQILj*WORJ��w8%g
VmQ G �dQI373S*-3 G S � JXJh&m_93ISUH�J��qQIMZOKV�J ��Q G ,5K GKG QTSUM
S-EeOKV�J G C G OKJNLj*WORQI,ZK�M9,NJNH�O%*$QTMPORQIJ G �9K�J\OKS`ORVmJZ,YSUHKH�J53H* ORQIS$M"S-E G *$L5_Q3TJ G QIM	�fJ5,AORQIS$M�:|8 � 8 � 8 �zM"OKV�J
��*WO+*�*$M�*-3dC G Q G j lH�l V�* GdG KQ,�V�* V�KQAUJaJNH�HKSUH	OKV�*WOdORV�JaM�K�L � JNH ��SbJ G M�SWOdV�*J�UJZ*$MsC G QIAUM�Q KQ,J*$MQ,YJ-8

�'&�
 �p6�
�6 �N6 �`>N1�/ � * 7Z< �

g
V�Q G=G J5,AORQIS$M ��J G ,YHKQ � J G ORVmJ OKSU_rSB3ISBA$Q7,J*�3 G J53IJD,YOKQISUM � * G J���S$MqOKV�J5JD�UJYMPO\OKSU_ S-3ISBA-C6�dV�Q7,�V G Km_ �
_�H�J GKG J G ORVmJ � *-,%.�AUHKS-K�M��FJD�$JNM�L`SUH�J-8��zM'OKV�J $�� � $ ���Z*$MQ*-3IC G Q G OKV�J�EcSB373TS^�dQIMQAaORSU_rSB3TSBAUQ7,5*-3�,5KmO G��J'�UJ53TSU_rJ��ZQTM���KmM��O*$HKJW*$_m_Q3IQTJ���t

� g
V�J * � G SB3IKmORJy��*-37KmJ�S-E OKV�Ja_ G JDK���S � H+*$_mQ ��QoO C�S-EhORV�JaH�J5,NS$M G OKH\KQ,AORJ���3IJN_fORSUM�QI,�� � S G SUM
� � � ��� 2 �

� J5,5*-K G J�J53TJ5,AORHKS^� JJ*-. � � S G SUM G *WHKJdJ'&f_rJ5,YOKJ��5ORS � JdL5SUHKJ�QIMXORV�J�EcSUH	� *WH�� HKJDAUQISUM �QKmJdOKS
OKV�JNQTH�_�H�JDEcJNH�HKJ���3TJDEsO � V�*$M ��J���_rSB37*$HKQ��J*WOKQISUMw8 ghSXHKJD,NSUM G ORH KQ,YO
OKV�J�3IJY_mORS$M�Q7, � � S G SUM E KQ373dCB�
OKV�J / � ,NSUL5_ S$M�JNMPOaS-E?ORVmJ2M�J5KfORHKQTM�S'L5SUL`JYMPO+K�L����cp�� {\qCV�* G OKS � J �mJYORJYHKL5QIM�J����dV�Q7,�VqQ G
��S$M�J K�M ��JNH�ORV�J * GKG K�L`_fORQIS$M`ORVQ*WO OKV�JCMmJ5KmOKHKQIMmS�*$M��`ORV�J�J53IJD,YOKHKSUM ,YSUL5J�EcH�SUL ORV�J ��J5,5*JC
S-E * _�*$H�OKQ7,D3IJ��dQTOKV"Lj* G�G�� � ��*WM���OKV�*WO�S-EhORV�JaO � S _rS GKG Q � 3TJ�HKJ G KQ3TO G EcSUH���� p � {+q�ORVmJ=S$M�J
�dQoORV'ORV�JW3TJ GKG JNH�* � G SB37KfORJy��*-37K�J�Q G ORV�JW,YSUHKH�J5,YO�SUMmJ-8

� g
V�J G K�L+S-E
ORVmJ ORH\*$M G �$JNH G JFL`S$L`JYM^O\K�L S-E
OKV�J�J53TJ5,AORHKS$M *$M�� OKV�J�L5Q GKG QIMQAFORH\*$M G �UJNH G J
JYM�JNH A-C

�"! p $ q �  !#! � � u FaJ�� �
�dV�QI,�V *-,5,YSBK�MPO G EcSUH%OKV�J�� � S G SUM G V�*J�fQTMQAqL`S$HKJ OKH+*$M G �UJYH G J"JNM�JYH\A-C QIM � 
�\JD�UJYMPO G � * G
OKV�JDC�*WHKJa_�HKS �QKQ,AO G S-EhORV�J�OKSU_ ��K�*WH\. ��JD,J*JCB8

� C�SUH ORV�J�EcSB373TS^�dQIMQA9ORS$_ SB3TSBAUQI,J*-3O��*$H�QH* � 3IJ G SUM93IC{AUSbS ��E�JYO G *$H�J�,NS$M G Q���JNH�J��w�g*�A$SfS ��E�JAO
� JNQTMQA�* E�JAOW�dQTORV��"! � �c: F�J	� *$M�� � �$�%� 2|8;:
8 � J5,J*�K G J ORV�J�E�JAO G QIM9ORV�J JD3IJ5,AORH�Sc� JJ*�.
� � E�JYO JD�UJYMPO G SUHKQIAUQIMQ*WORQTMQA#EcH�SUL QIM�QoORQH*�3 G O%* ORJ2H\*���QH* ORQIS$M�*$H�J2J'&f_rJ5,YOKJ��qORS � Ja�UJYH C G S-EsO5�
OKV�JW,5KmO�HKJ	��K�QIH�J G ORV�J G K�L S-E *-373�AUSfS � E�JYO��"!ZORS � Jlt

&'!)(�*,+ �"! p.-�/0/ F � $21 q � �*�Bu FaJ��'3
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� ��JD,J*-K G JCS�E ORVmJ�Jh&9,YJN_mOKQISUMQ*-373dCXV�Q7A$V`Lj* GKG S-E ORV�JdORS$_ ��K�*$H . G _�HKS �QKQ,YJ��w�^ORVmJ�_�VQ* G J G _�*�,NJ
Q G 3IQTL`QoORJ�� *WM�� ORVmJZORSU_ ��K�*$H\. G *$H�J�*-3TL`S G O *WO H�J G OJ8 g
V�Q G H�J G K93TO G QIM �$JNH	C G _mV�JNH�Q7,J*�3
J'�UJNMPO G �O�dV�QI3IJ OKV�J � *-,%.�AUH�SBK�M��pJD�$JNMPO G *$HKJ'L5SUHKJ _Q3H*$MQ*$H � JD,J*-K G J'ORV�JYQIH�E�JAO G SUHKQIAUQIMQ*WORJ
EcH�SUL AB3IK�SUMqH+*��mQH*WOKQISUMw8 
�L5JJ* G K�HKJ1EcSUH�ORVmJ���* ORM�J GKG S�E *$M JD�$JNMPOXQ G ORV�Jj*$_Q37*$M�*$H�QTO C��F�
�dV�QI,�V�Q G ��JNK�M�J���ORS � J��� ORQTL`J G OKV�J G L *�373IJ G O�JNQIAUJNMs��*-3IK�JdS-E ORVmJCM�SUH�L *�3IQ �YJ�� L5SUL`JYMPO+K�LOKJNM G SUH
	 S-E *-3I3wAUSbS ��E�JAO G *$M��FORV�JW3TJN_mOKSUM�Q7,�� (

	 | < *�
 v � v| � v<

 v ���� v � ��� p>:
8��c�-q

�dQoORV �� v � JYQIMQA�OKV�JEL5SUL5JNMPO+K�L �$J5,YOKSUH'S-E *$M S � E�J5,AO / *WM��  �*$M � � OKV�JEQIM ��Q7,YJ G EcS$H
,5*$H�OKJ G Q7*$M ,YSfSUH ��QIMQ*WORJ G 8�� *WH\AUJ��-*�37K�J G S-E�� L5JJ*WM L`S$HKJ G _�V�JYHKQI,J*-3�JD�$JNMPO G *$M�� G Lj*-373
��*-3IK�J G L5SUHKJ�_93H*$M�*WH
JD�UJYMPO G � G SXOKV�JaHKJ���K�QTHKJ���,5KfO�Q G (

� � u"3�u � :�3
g
V�J ��Q G OKHKQ � KmORQTSUM G S�E�OKV�J%OKSU_ S-3ISBAUQI,J*-3U��*$H�QH* � 3TJ G QIM 1��1 *$M���� � E�JYOaJ'�UJYM^O G �dQTORV�EcS-K�H SUH L5SUH�JE�JYO G *�EsOKJNH�OKV�J%OKQ7AUVPO�_�HKJ G J53TJ5,AORQIS$M)*$M��ZOKV�J�,5KfO G *$_m_Q3IQTJ���,5*$M � J G JYJNM9QIM;C Q7ABKmHKJa:|8 �|8 g
V�J�,DKmO
SUM �"! p $ q �  !#!���SbJ G M�S$O G JNJYL ORS%Lj*-.WJ�L�K9,�V G JYM G J�*WO:K�H G O5� � KmO�QoO�V�* G ORS � J�,NSUM G Q ��JYHKJ�� ORV�* O
ORVmJ [Wm	] � *-,%.�AUHKS-K�M��qQ G M�S$O�QTMQ,53IK���J��ZV�JNH�J-8�g
V�JXJ��j,YQIJYMQ,DCZS-E�ORV�J\ORSU_rSB3IS-AUQ7,5*-3U,5KmO G QIM"ORV�Q G
*$M�*�3IC G Q G * G � J53I3 * G QIM'ORV�J ��*WO+*j*WM�*-3IC G Q G Q G ��JAORJYHKL5QIM�J��"QTM $ S$M^OKJ�m *WH\3IS G *$L`_93IJ G ��ORV�J=JNH�HKSUH G
� JNQIM9A � QIM�SUL5QH*�3mJNH�HKSUH G S�E�� JNQIAUVPORJ��`JD�$JNMPO G * G EcS$H�Jh&9*$L`_93IJ
QIMj� ��K�*WORQTSUM#nQ8 �|8 g
V�J�HKJ G KQ3TO G ��JYHKJ
*-3THKJJ* �9C 3TQ G OKJ��FQIMFgS* � 3TJ :|8�� *$M ��:|8�2|��*WM���*WHKJW*-As*WQIM G KmL`Lj*$HKQ��NJ���QTMFg * � 3IJ :|8��98

�9*$L5_Q3IJ � l v7GAv
1��1 p>: � 8 � t �B8��cq��
� � nNE�JYO G p��^2|8;2�t � 8 usq��

MON9P R"!�� #�� � ! X 9348/�0=9#" '*) +.-=/ +7'^_2'c]8'*6�459%$^]�9%&�+(',) '*%,+.-=/gY [Y)$*0�f1+.-�/�x zOk��7/3+('*'+$^Vy_
]8/ �

gS* � 3IJa:|8 r#A$QI�UJ G * G K�L5Lj*$H CFS-E ORV�J\M�K�L � JNH�S-E�JD�$JNMPO G �dQTORV�EcSBK�H�SUH�L`S$HKJaHKJD,NSUM G ORH KQ,YOKJ�� E�JYO G
*WOaORVmJj37* G OWEcJD� G O%*-A$J G S-E�OKV�J *WM�*-3IC G Q G 8`g
V�J K�H G OZ,NS-37K�L5M �mJ G ,YHKQ � J G OKV�J G O%*-AUJ��hOKV�J G J5,YSUM��
SUM�J AUQI�$J G ORVmJ'M
KmL � JYH2S-E�S � G JNH	�UJ��pJD�$JNMPO G j\v � y * j-, kml �ll *$M�� OKV�J ORVmQIH�� S$M�J ORVmJ'M
KmL � JYH
S-E�J'&f_rJ5,AORJ��.� � E�JYO � *-,%.�AUHKSBKmM���J'�UJYM^O G j �0/K~ * j ,l �w�dV�Q7,�VqQ G ��JYOKJNH�L`QTM�J�� * G �mJ G ,YHKQ � J�� QTM
ORVmJ�EcS-373IS^�dQTMQAQ8=g
V�J M
KmL � JYHaS-E�Jh&f_ JD,YORJ��1� � E�JYO=J'�UJNMPO G QIMEOKV�J1EcSBK�H�ORV � QIMqS-E�ORVmJ#KmM � QH* G J����Q G ORH�Q � KfORQIS$M'Q G AUQd�UJNM � C'ORVmJ=H�J G KQ3TO G S�E OKV�J&��JNH�JNM�� G�G ,5*-3IQTMQA (

j ,l * � �32 j ,x 3 p>:
8��*�Bq

C_m_Q3ICbQIM9A OKV�J�ORH�Q7ABAUJYH � QH* G � l@?x|�~ , l < { l y EcH�SUL gS* � 3TJa:
8;2�AUQd�UJ G ORVmJ=M�K�L � JYH�S�E Jh&m_rJ5,AORJ��EJD�$JNMPO G
QIM'OKV�J � QH* G J�� ��Q G ORH�Q � KfORQIS$M (

�j ,l * � l@? |�~ , l < { l y 2 j ,l � p>:
8��^rBq
C QTM�*-373dC ORV�JaJ4�#,YQIJNM9,DCFS-EhORV�J�OKSU_ S-3ISBAUQI,J*-3�,5KfO�S$M5� � nNE�JAO�JD�UJYMPO G EcH�SUL gS* � 3TJ :|8��5Q G K G J�� (

j �0/K~ *�� l vHG�v , l < { l y 2 �j ,l 3 p>:
8;2-uBq
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�bO+*-AUJ j\v � y j �0/K~
��M � QH* G J�����Q G ORHKQ � KmOKQISUM �^:B:|8�� t �c2|8�: rs�|8�:�t �98�:
��Q7* G J�� ��Q G ORHKQ � KmOKQISUM �5n��|8 � t �c2|8�� rBu98 � t �|8 r

�EsORJNH	OKSU_rSB3ISBA$Q7,J*�3�,DKmO G n �B8 � t � 8 n ���B8 u#t 2|8 r

MONQPSR"! � #�� �
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I *J�bQIM9A�AB*WORV�JYHKJ���*-3I3 M�JD,NJ GKG *WH C QIM9EcS$HKLj*WORQTSUM�*WO�OKV�Q G _rSUQTM^O5� ORV�J�,YHKS G�G=G J5,AORQIS$M ,5*$M � J1,J*�37,5K �
3H* ORJ��v8�g
V�J 1��1 ,NH�S GKG�G JD,YOKQISUM�Q G AUQd�UJYM � C (� l �l * j=v � y�� j �0/K~

D E F 1 2 H � 2 � l v l � p>:
8;2��^q

�dV�JYHKJ�j\v � y Q G ORVmJ
M
KmL � JYH�S-E S � G JYH �$J��5JD�UJYMPO G * EsORJNH ORSU_rSB3IS-AUQ7,5*-3�,5KmO G �bj �0/K~ ORVmJ
M
KmL � JYH?S-ErJ'& �
_rJ5,YOKJ�� � � E�JYO � *-,%.�AUHKSBKmM��FJD�UJYMPO G *�EsORJYH ORS$_ SB3TSBAUQI,J*-3�,5KfO G � D EGF 1 ORV�J�QTM^OKJ5AUH\*WORJ��F37K�L5QIMmS G QoO CB�H � ORV�J � H\*$MQ,�V�QTMQAFEcH+*-,AORQIS$MqOKS'ORV�J J53TJ5,AORHKS$M � E�JYO K�M�*�3 G O%* ORJ#*$M��q� l v l Q G ORV�JXOKS$O%*-3 J4�#,NQTJNMQ,'CQIM9,537K ��QIMQA2OKV�J ��JYOKJ5,AORSUH�*-,D,NJN_fO%*$MQ,YJa*WM���OKHKQIABAUJNH � QH* G *WM����mJ G ,YHKQ � J��"QTM	�bJ5,YOKQISUM�:|8��B8
g
V�J G O%*WOKQ G OKQ7,5*-3 JYHKH�SUH	S-E ORVmJy,NHKS GKG
G JD,YOKQISUMFQ G AUQI�$JNM � C OKV�J�JNH�HKSUH G SUM�ORVmJ�M
KmL � JYH
S-E S � G JNH	�UJ��
*$M���J'&f_rJ5,AORJ�� � *-,%.�AUH�SBK�M��"JD�UJYMPO G *WM��'ORV�JaJNH�HKSUHdSUM'OKV�J�ORS$O+*-3 J4�#,YQIJNM9,DC (

	 y l�L l p � l �l q�* 
 	 p�j\v � y q
D EGF 1 2 H � 2 � l v l�� � � 
 	 p�j �0/K~ q

D EGF 1 2 H � 2 � l v l�� � � 
 	 pc� l v l q 2 p�j\v � y
� j �0/K~ q
D E F 1 2 H � 2 � l v l � � 3

p>:
8;2B2-q
g
V�J13IK�L`QTM�S G QTO CFL5JJ* G K�HKJYL`JYM^OaVQ* G *$MqJNH�HKSUHCS-E �^u � �dV�Q7,�V *-3 G S ,YSUMPORH�Q � KmOKJ G OKS�ORV�JXJYHKHKS$H S-E
ORVmJ ,YHKS G�G�G J5,AORQIS$M (

	������ | p � l �l q * 	 p D@EGF 1 q 2 p�j\v � y�� j �0/K~ q
p D@EGF 1 q � 2 H � 2 � l v l

* u"3�� 2 D�EGF 1 2 p�j\v � y�� j �0/K~ q
p D@EGF 1 q � 2 H � 2 � l v l

* u"3�� 2 � l �l 3 p>:
8;2 � q

�
C G OKJNLj*WORQI,)K�MQ,NJYH�O+*$QIMPORQTJ G �dQ73I3 � J ��Q G ,DK GKG J�� QIM OKV�J EcS-373IS^�dQTMQA �fJ5,AORQTSUM :
8 � 8 ��QTOKV�SBKmOFOKV�J
G C G ORJNLj*WOKQ7,CJYHKH�SUH OKV�J $ S$M^OKJWm *$H 3IS�*WM�*-3IC G Q G �dQTORV *ZAUJYM�JNH\*WORJ��F,NHKS GKG	G J5,YOKQISUM S-E � l7�l � ~ {�� * �a_ �
AUQd�UJ G OKV�JyEcSB373TSc�dQTMQA2H�J G K93TO (

� l7�l *�p���3�u-u}t � 3 � � y l�L l t u�3;�-u ����� | q�_ � 3
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