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Compact Muon Solenoid
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CaF G<H:Im J<KLJ<H

EM N<OQPSR omagnetic 
CaM T<R:Um N<PLN<R

Hadronic
CaV W<XZYm []\L[<X

^<_:`
shower

Muon a>b<c b]d�c
ors

Sup e<fhg ondugQiSj ng Solenoid
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698 :vOn8 H`EGB�H@.0,�1;"8 :v,�;"SV=�-/:@8":u-K1C=-K:@8"1T2v=�18m8"ÕP;5,�; -K2�R8~C8mH@8"; B�1:`2�H?=;"2@-/B�1rC8 :�2@H�,7Ï?8";"2�B�-/H@8":
:@=O�R8"H@-K8 =H?8ÖW,�y�x�Ë OnB�=HaC8 :o.^=B�1:aC¢*�-K.PO�=)/:?-/B�1Í2�H@,�1:?Z�8 H?:@8×-/1�E�R8 H@-K8 =H?8ÃW,zg5x�x�ÁY8"Â^4 � ,
HVR8 :?B�)/=�2�-/B�108"1�-/.PO=)/:?-/B�1�2@H�,�1:`Z�8"H@:@8l8 :?2[8 132�H?8$º_8�2�{�x3ËzOnB�=H Å�Æ ¼Ãg5x�x^ÁY8"ÂØbsOnB�=H�d eLd3¼r{�k�8�2
8 132�H?8�g7ÊP8�2Yj3Ê�ËÒOXB�=�H Å�ÆmÙ g^�F8"ÂÚbGOXB�=H0d eLd�¼Í{�k�4X698":$HVR8":@B�)K=�2�-KB�1:�OX8"=�Z�8"1T2�¿8�2�H?8Q,�.pR8 )K-/B�HVR8 8 :
D�HJ¿,�;"8vW,P)+*�=�2�-K)/-K:�,�2@-/B�1�C8":l-K1�EGB�H@.0,�2@-/B�1:&C�=u2�H?,7Ï?8 ;�2�B�D�H�,�OM�8�´Lg�W,�É�ËÒOXB�=�H Å�Æ ¼Ög�x�x0Á�8�Â�8"2${
W,vg5É3ËÎOnB�=H Å�ÆvÙ g��F8"Â^4
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687�9:7<;"7=9 >@?BADCFEHGI?BAKJLNMPO?RQTSVUW?YX�Z\[^]

_a`�b\c%dfe�bhg�ijg�k�l1emgn`�l%bno.pl%g�l%c%g�l1k�qhbKr�qhi�e�c%i�r�s�kRtuo�l%bvc%i�e�wxc%dfk�czy�l%bvo{k|g�d�e�e�l}s~k|l+gvij`�b�d�eRg$pl%g,pl
czy�dfi�bhi�b&l1e�q�s�i�bhdfeKo�kv��s�i���`jl ��k,t5s~g�g�l1e�o�kKo�l�r�s�q�g�ijc1k�`jl1b�����dfi�e�b�o�l������5�f���+���+��l%g�o�k5czy�s���r
��s���e�pl%g�i�wRk�lPo�l^��s~b�b�lD�~s�`jl1k�q#o{lD`(�)i�emg�l%e�b�i
g,pl��������&�+�H �y�s�wRk�l^c1dfk�czy{l�o{k¡g�dfe�e�l1s�kNc1df��r�q�l%e�o
wBk�s~g�qhl���d,o�k{`�l1b@o�l&g�k��Wl1b£¢s�o.pl%q�ij��l�¤Bczy�s�wRk�l �^d,o{k�`�l�pl%g�s�emg�c%df�¥rWdfbBpl�o�l�o�dfk�¦%l�c%dfk�czy�l%b3o�l�g�q�dfijb
g�k��Wl1bP¢s^o�pl1qhij�fl~�

 13 mm

 40 mm

ElectrodeAnode wire

Cathode

§.¨j©{ªW«1¬��®�¯�°5±m²�³µ´¶¸·£¹£º�»½¼R¾P¿À¼mÁ�¶�Â¹£º ´¶zÃ�ÄÆÅ�¶�Ç
È@É�Ê,ËÍÌ%ÎÐÏ�Ñ<ÒÔÓvÕ8Ö�×a×�Ö}Ø�Ù|ÚmÙ$Û,Ö}ÜÀÝÀÞ<ßzàRáÆÙ¸×âÚBÖ�ãR×

ä àRÖ}ÝaÜÀÙ�ß�åFàRß�æmÙz×.ÚmÙ3ÝÀàmç�Ù¸×�èÖ£ÚµéÙzÜhÞÆê�Ù�ë

ìIíïî~ð�ð�ñ�òjó}î~ô�ò�õfö�÷�ø�ô�ø1ö�ùhò�õfö{ùIî�÷.úø%ûBü�î~ô�ø%ùIù�ü�ýþñ�î�ó1î~ô�ÿ�õB÷�ø���ñ�ø%ù�úø1ñjø1ó+ô�ý�õB÷�ø%ù ø%ôþñ�ø���ñ{÷8í î�ö�õB÷�ø�ðWø1ý��¥ø+ô
÷�øPó1ýBúø1ø%ý#ñ�ø%ù�ñ�ò��fö�ø%ù�÷�øPózÿ�î��¥ð
	����fü{ý�ø���������:ì�õfýhù�ûRü8í)ü�ö��Pü�õfö5òjõfö�òjù�ø�ñjø��âúø1ñ�î�ö��fø��mî��%ø1ü��K÷8í����! 
"$#&% ñjø�ózÿ�î���ð úø1ñ�ø%ó%ô�ý�ò�ûRü�ø�ðWø1ý��¥ø+ô^î�ñjõfý�ùPñ�íïî��¥ð�ñjò���ó1î~ô�òjõfö¡ø%ô^ñ�îKó1õfñjñ�ø%ó+ô�òjõföY÷�ø%ùâúø1ñ�ø%ó%ô�ý�õfö�ùDó%ýBúøWúø1ù
	����fü{ý�ø'(��)*���µì�ø%ù�ô�ü�+Wø1ù-,îK÷.úø1ýhò�.�ø�ð�ýBúø%ù�ø%öRô�ø1ömô�ü�ö�ø¥ù�ø1ó+ô�òjõföâ÷�ø0/�12�3�5476!89�:�9�"ü�ö{ø�ñ�õ�ö��fü�ø%ü�ý
.�î~ý�ò=î~öRô#ø1ömô�ýhø0;,î'/<�>=�?�@A�"ì�øPô�øB��ð�ù ÷�ø^÷.úø%ý�òC.fø^÷�î�ö�ù ó%ø1ù£ózÿ�î���+�ý�ø%ù�ø%ùhô£÷�ø^ñ(í)õfýh÷�ý�øP÷{ø:/�1�1�ö�ù
ó1ø^ûRü�òIø1ù�ô�ùhüED�ù�î��:��ø1ömô£ó1õfü{ýhôF.Bò�ùG H,îI J.Bòjù#÷�üLK�ü��¡÷{ø�ð�î�ýhô�ò�ó1ü{ñ�ø1ù ø+ô£ðÍø+ýM��ø%ô£÷8í)õ�+{ô�ø1ö�òjý ü�ö¡ôzî�ü��
÷8í õBó1ó%ü�ð�î~ô�ò�õfö\ö.úøH�fñ�ò��fø}î�+�ñ�ø��

NPORQSOUTVOCT WYX(Z:[�\V]�^L_a`bX(Z9c];daefZHg!X(Z�[�]Egb\VhjiaefkPlVX(Z2m�n�opn�q

r ø1ù�ózÿ�î��s+�ýhø1ù�÷{øutVõfý��¥ø�ô�ý�î�ð.úøB�%õ!v w�÷�î�ñ�ø��B÷{ò�ù�ðWõfùBúø1ø1ù�ø1ö�ûRü�î~ô�ý�ø#÷{ò�ù�ûRü�ø+ùB�(tVõfýM��ø1ömô.ñ�ø&ù�xBùhôy,øB��ø#÷�ø
÷�úø%ô�ø1ó%ô�ò�õföDð{ý�ò�ö{ó1ò�ð�î�ñR÷�ø1ùz+Wõfü�ózÿ�õ�ö�ùþñG,î&õV,üPñ�ø.ózÿ�î���ðs�¥î��fö.úø+ô�ò�ûRü�ø.ø1ù�ôIô�ýB,ø%ùµò�ömô�ø1ö�ùhø�ø%ôIòjö�ÿ�õ���õ���,ø%ö�ø��
r ÿ�î�ûRü�ø�ózÿ�î��s+�ýhø^ø1ùhô�ó1õ�ö�ùhô�òjô�ü.úø1ø^÷�ø:{nð{ñ=î�ö�ù#ô�ý�î�ð.úøB�1õyv w�÷�î�ü(�¡÷8í)ü�ö�ø^ñ�õfö��fü�ø1ü{ý|��îI�,ò���î�ñjø�÷�ø:8E��/
� ðÍõ�ü�ý3ü�ö�ø£ñ=î~ýM�fø%ü�ý}��îb�{ò���î~ñ�ø�÷{ø:6���~s�-�
�M���G�f���z�����I���b���b�V�S��������I�u�b�z���������b�H�b�G�b�V�b�u�����*� ���b�!�!�������I�!�|���&�����B�������b�z�������������b�����

���



��������������	�
���������������������� �����"!�$#&%('

radial strips wires

)�*,+�-/. 021�35476�8:9<;>=?@;A9CBA9C?@D$EGFH;�=�95;>B>FH;JIAKLNM@LPORQTS F�UVFWB
ERFH;JXZY5;&IAKL EG[A?@9CB>F"UT\

muon

cathode

cathode

wires

wires

induced charge

cathode with strips

plane cathode

avalanche

3.12 mm

9.
5 

m
m

3 - 16 mm

]_^a`�b/c dfegih�jlk�monAp5qZrWpCst:uGtwvxtHyAzGnAt{u}|~zRqGt
�J�Z����� tHrJ�CtHy��Z�5y��atWqx� � zG�T�/tW�o�CtHy�sZp<y>�>tHy��atHq

� � yT�T�

��� ���&�����T���G���� ���W������ T� ��¡ T��¡¢�� T��£,�����"¤a¤,� ����¥¤<��£,¦¤a���o§¥¨¥�©¡¤a���¨��ª�«���¬������� �®���¬�"¯�°
�±�"�R��²�x� ��¡£a�®���"��³´¦�¯�¥� ¬��µ�¶�·G¸�¶�o�� ¬�¬¹R¥Vº»¥����¥����¬ ��«¼��" ¬�T�7¤a���&��¾½�¥���� ¼���¤¿����W��x�¬����²��¼��"¤a��¡¡/�
��¥�����¥ $�Vº»¥�À¦�¤����x£a���¥£,�¾¥����W���� T¯����¬¥ ¾¤a��¡¤a���À���� ������Z���½V� ��¹R¥£�¡}�  T�±���x¥���¤,� ����¥ T��� �
�� ¥�ÁÂ�£,�±�"��¬£,����±³´¦¯�¥ ¬�ªµ�¶<ÃPÄG¸H¶o�o�"�7¡�¤¿�������±�«���¬��Z��±�T���G�2��� ��¡������� ��¥�ÁÂ� �Â�£a�Â�Vº����¢�"£a¤,¤a� �
 ¬� �"��¥�¼��  T�¬����N�"¥£,¼Z ¬���¬¥ Å¤a� �T¹R¥� ¤,���¬���G��¯� ��«¼J²� � �Å¤a� ��¡£a�®���"� ½�������¤a�w�£, ¬� ���¬£,���2 ¬���£¿��¤a��½@�"�:¹R¥£�¡/�  A°
�±���J��w�Æ� �T¥ ¬�" J¤¿�x� ���Æ¡/�������G�¬�Ç�� T������ �����£¿��¤,��³ÉÈ¢¸Å��w¤a�$�� ��PÊT� �"�¬��£a T�&�� �_�2¥���� ¶RË��G�� T�w¤,� �J¡¤¿����
�¬���G�_��� ���¥�:��� �J¦�¤a�_�� T�¬���¯�������¥�ÁÆ��¥�ÁÆ¡£a�®���"� ½R����£,¯������G�_������_¥�±�Ì²�"¤¿���¯��&��wÍwÎJÏÑÐ�Ò$Ó�Ï�Ð�ÔÖÕ
��¦�������±�"�¬¥ T�  {¤¿���"���±¡/���¬���G���� �����£¿��¤,�$���¤¿�2�¬ ��@ÊT�"�"����£a ¬��¶

×VØaÙ�Ø5ÚoØaÛ Ü_ÝZÞÆß�àoá�âÀã�ä@ÝZÞÑåáÂæ�ç´á�èVéoÝ�Þ�ä�êÝZÞ«ëìÞ�í@ë´î/ÝZÞfïTðñ�ò�ó

��� �J�W�����2� ¬�"�x§�x¡¤a��¹R¥� �� Z²� �T£a�T�¬£,¼�� �J�¬���G�J��"�J�:²�"�¬� �"�¬� ¥ T��§�x¯G��ô&¹Z¥�£�� ���2��£a��"�R�J¥���& Z²�"�¬��¤,¥���£,���
�¬¡����¬£¿��¤,�± ¬��£a�T��������¤a�õ³ö��¤ìº��� ¬� T�ª�¥©�"� �G��£,�Ñ§���� ¬�«¸7�«¼��"�l¥�� Z²� �T��¤a¥��¬£a���÷��� �Æ¡/�� ¬�"¤a¤a�Æ��¤ìº��� ¬� T�
��©¤¿�ø��������¬�"� �������½�� �©¹R¥£�¤,� �À��"�T�¬£a��ù§�ú�¬�" T¼Z£a À¡/��¥ (¤a�©¡ T� �Æ£a�  (��£,¼��«��¥û�¥û�TüZ�®�«§� �Æ�Ì��
�:²� �"¤a� ���W�� �Æ� �G�«¶��:�"�7��²�����"�"���"¥ ¬�"½o¡ Z²�"�¬� �G�¬�2��������¤,� �$�¬ ¬��£,�x¡��� T�¬£a�"�x�¥Â�_²�����"�"�¬� ¥ "½Ö�"��¥�¼Z ¬�"�G����¡Z°
¡ ¬�«Á�£a�±����£<¼��"�±�"�R�7¤¿���Ñý�"�±�Æ�¬¥� Tþö���"�¹R¥�¤a�"�7�¬¥�¢�"�Ñ§�(��²�" ¬£<¼������¤a�"�2�W���ÿ��� ¬�"�Ñ§�(¡£,�T�¬� �2� ��������°
�£a¹R¥�"� ¶
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6#718:9<;&=?>@7%A�BDCFE�G�7%AIHJBLK�C�B18�AM7NEM71OJ>3P�>Q7%H5E�71OJ6#R@E�7%OSE�718:9UT�GV71WYX(Z7%G�71O[B1\]8�BLKM71OJE�8
E�^7%H�71B%H�718�GSZC5W_8�\�A�O1`�=a\]8�Gcb�7%OcE�718:9dB1\]8MBLK�71OeO�8�X
fFC�AgH�71O%hi8�A�7jO�7%8�b�7j;&=?>k7%OVHlC�O�OV\,B%X+^7%7mZCJBLK�Con
B18�A�7pE�71O�>3P�>q7%H�EM71O�6#R `,rist7%A�O�7%W_u�bv7p71OwH�7%AIHV\]8�G:^7#Exs)8�A�7�y�A�7#B1\�8�BLK�7#E�7�Wd^7+HLC�b�zI8�X{T|7%G�WY7%H.E�7
} \]G�WY71Gi8�AM7�B1C�~]7&E�7&�{CFG�C�E�CD�c7+H�EM\]A�B&E�7�B1G:^7{^71G�Exs)8�A�7�^7+H�XvA�B17%b�b�73bv\]G�OiEM8�T�C�OVO�C�~�7�Exs)8�A�7&T�C�GwH�XvB18�bv7
BLK�C�G�~�^717�`

��AM7�;�=?>�B%\]A�OVX�OVH�7 71A�E�718:9�T�b�C�zI8�71O�E�7 G:^71OVXvA�7Y��u�C��i^71b�X
H�7D�.T�C�G�C�b�b(Z71b�7%O1hIH�G1Z71O�G:^7%O�X�OwH�X
f]71O������:���_ZC
��� ������� �pO:^7%T�C�G:^7171O�T�CFG#8�AJ71OVT�C�B17cEM7cz:8M71b�zI8M7%O�WlXvb�b�XvW�Z7+H�GV71O3G�7%WlTMb�XaExst8MA�W�^71b�C�A�~]7�~gC��%718,95E�7
���L�c�L�a� 7%H��|  ���L� ��� `Mr�71O } C�B%71O37+9:H�71G�AM71O�O�\]A]H�GV71B1\�8Mf]7%GVH�7%O�E¡s�^7%b�71B+H�GV\,E�7%O3E�7 ~]G�C�T�K�X
H�7pB%\]A�E�8MB+nH�G�XvB17%O�zI8�X¡OV71Gwf]71AgH_ZC¢b£s¤CFb�X�WY71AgH�CFH�Xv\]A¥^71bv71B%H�G�Xvz:8M7F`,r�s)X�\�A�X�O�CFH�Xv\]AeE�8�~gC���T�C�G?b�7pT�C�O�O�C�~]7#Exs)8�A�W¢8�\]A
B1G:^7%7�E�71Oj^71bv71B%H�G�\]AMO&B%\]b�bv71B+H,^71O3T�C�G�E�71O�T�XvOVH�7%O�71A�C�b�8�WYX�AMX�8�W�`

¦3§(¨�§ª© «�¬®�¯V°±�²�³

ris¤CFX�WlC�AgH } C�B%X�bvXvH�7�b(s)X�EM71AgH�X
y�BDCFH�X�\]A�7%H#b´C�WY71Ow8�G�7_EM7cb(s)X�WYT�8�b�OVX�\]AjE�7%O T�C�GwH�X�B%8�b�7%Op7%ASB1\]8�GVu�C�AgH
b�718MG�H�G�C¶µV71B+H�\]XvG�7�`M6#7#T�bv8�O1h�Xvb|7%OVH&8MH�X�b�XvO:^7&B1\]WYWY7pOVH�G�8�B+H�8�GV7�TMG�X�AMB1X�T�C�b�7&E�7 O�8MT�T|\�GVH�T{\]8�G�H�\]8�O3b�7%O
C�8MH�GV71O3E.^7+H�7%B%H�7%8�G�O%`{r�s)71AMO�71W¢u�b�7 TxZ7%O�7%G�C��¶·_�]�]��H�\]A�A�7%O37%H } \]8MG�A�XvG�C¢8�AjBLK�CFWlT�WlC�~]A.^7+H�Xvz:8M7#E�7 ¸
R¹ZC¢b(s)X�AgH,^7%G�Xv718�G?E�8�OV\]b+^7%A�\�º »�EM7�hIO�\]X
H�¼¹���F½ } \]X�O?bv7&BLK�C�WYT�H�71G�GV71OwH�G�7F`�>�7%H�C�X�WlC�AgH#�®y�~]8MG�7 ·:`v�]����7%OVH
B1\]A�OwH�X
H�8.^7�E�7�T�bv8�O�Xv718�GVO3T�C�GVH�X�7%O�¾

¿ 8MA�BIÀC�u�bv7_B1\]AME�8�B%H�718�G�B%\]WlT{\]OVXvH�7���E�7���·,h)¸]Á�W�Z7+H�G�7%O E�7cb�\�A�~]8�7%8�GL��7%A�G�\�8�b+^7cOV8�G ¸�B1\]8MBLK�71O�£·,�]�¶·�H�\]8�GVOL��T�C�GVB1\]8�GV8�7�T�C�G�8�AjB1\�8�G�C�AgH�E�7¢·��c�IÂ¥Ã
¿ 8MA�7eOVH�GV8�B%H�8�G�7YB1\�A�OVH�XvH�8.^717eE�7lÄ�C�A�A�71C�8,9JE�7YÅ�B1\]8MBLK�71O���B18Mb´C�OVO�71O��#71A } 71G�O�8�TMT|\]GwHLC�AgH�b�7%OBLK�C�W_u�GV71OlZCYW_8�\]A�O�7%HpBDC�A�CFb�X�O�C�AgHpbv7¢BLK�CoWlT�W�C�~�A�^7%H�X�zI8�7¢EM7¢G�7+H�\]8MGpE�7���h¤ÁYR<~Æ^71A.^7%G:^7_T�C�G
b�C_u|\�u�X�A�7ÆÃ

¿ EM71O�OV�:OVHDZ71WY71OpC�8,9,X�bvX´C�XvG�71Op��Ow�:OVHDZ7%Wl7%OpB%GV�]\F~Æ^71A�XvzI8�71O%h{E¡s¤C�bvX�WY71AgHLCoH�X�\�A�\]8jE�7�B1\]AgH�GoÀ\]bv7��+`

ÅgÄ
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QSRUTV"WV XZY�[\V^]Z_a`�bBc TV"Ved�f�W]�ghfji/`�i[\W�VkV"]Z_ldV2m�npo�qlrsV�_t]Z[uV"g\g,V TV�_Bf�[v_�g\[\i TV X TV"V�n�V"g\g\V8]ZV X�f�[,_tf�]a]ZV w
[\x^yz`�X{_Bf�W|_aV$yz`�}X�~�f�[\XZV$~�`�WdXZV8�O��_�`�WW�V ]�d R `�Xl���(f�Y�WV"_a���$�����

�&������� �8�������U���;�{����¡ ����£¢$�S¤E����¥E�{¦=§$�

¨¡©\ª«©,¬¡©� ® ¯z°L±³²¡´�µ·¶�°¹¸�²z¯
Q Vºb f�g\`�Xa[\x�»V"_aXaV&¼�f�dXa`�W�[\½¾}V=yzV"Xax^V"_�dVºx^V ]Z}XaV"X�g RUTV"WV XZY�[,V�V�_�dV=d TV"_aV XZxk[,WV X�ghf�d[,XaV b�_�[,`�Wkd�V ]

¿ V"_�]�b"X TV TV"]ºyf�X&g R ¼�f�dXZ`�W[,]�f�_a[\`�Wed�V ]=½6}f�Xac¾] n;}�_a[\g,V$d`�Wb�y/`�}X�g R [,dV W|_�[vÀ�bLf³_�[\`�WedV ]�½¾}�f�XZc¾]ºV�_ºd�V ]
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On-detector light-to-light  readout
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Pipeline
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Upper-Level VME
Readout Card
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687�9,:<;1=�>�?A@B>DC5EBF�GIHKJLNM L�OPLRQSLNT HVUPW L�OBL G T WYXZGVHV[\UB] OPL�Q_^a`cbed�f"g

h"i�j1kBl,mBn1oYp�l�oqnsrutn1k�vwtn+p�o�xzy{l�n}|�n%~ j1o�xz~qp�i�l,��~1�Vtn%p�n%��|��ql�~�y{l��_�i�� �"�,�����<h�i�r�o�i��{l���i�o�x
p,tn�|�i���~ �znp�kB����n�i�l�~qn1o�i�|�n �s�s�����������K�,���B�#�����K�,���B�,�{j1n y¡l,x¢j1k�o�o�n%~�£¤kB��|¥�i¦l���n#~�n%j%p�x�kB��|�n#j1oqx�~qp�i���|�n§B§ � §B§D¨�¨�© ��ª#�«£¤n1l�p1�8�i��(�¬i�xz|�n¦|�nsj%n%pqp�nsrBo�i��{l��Ai�oqx
p,tn��¤v�n%~�l�oqn1o �Ai�£<kB~qxzp�x�kB�|�l«|�tn1£�i®oqp |�ns��irBn1oq¯<n5tn1�zn1j+p�o�k�vDi�r���tn%p�x�y{l�n i�mBn%j°l���n°o¡tn%~�kB�zl�p�xzkB��|�n°±P�B�¦² ¨ £¤kBl�o3l���n5tn%��n1oqrBx�n |�n����s³�´�µ���¶&��ntn1£�i�xz~�~qn1l�o�|��¬n%�Pm,xzo�kB� §�· ��k���rBl�n%l�o�~�|�nDo�i�|�x�i®p�xzkB�«n1~qp}�.tn1j%n1~�~�i�x�oqn¸�i¹� �����º�£¤kBl�o�j1kB��~�n1oYmBn%o}|�n¯<kB����n1~u£<n%oq»¼kBoqvDi���j1n1~ci�mBn1j.|�n1~crBn1oq¯<n%~�tn1�zn1j+p�o�k�vDi�r���tn%pqx�y{l�n1~"p�o1�n1~�tn1��n%o�rutn+p�x�y{l�n%~1�B½�n1j1x¡j1k�o�o�n%~�£¤kB��|�i¾|�n1~&j1o�xz~qp�i�l,��|�n § �¾¿ ¨ |�n��zkB��rs|�i���~&�zn#p�kB����n�i�l¢�
À i���~R�zn1~3¯¤kBl�jKÁ�kB��~}ÂV�B��±PÃsÄÅ��Ä$�PÆ���i¾r�o�i��{l���i�o�x
p,tn�m®i¾i�l�rBv�n1�Pp�n1oR£�o�k�rBo�n%~�~�x
mBn%v�n%�{pÇ�ql�~qy¡l¢�¼�il���n°m�i®��n1l�o3vDiÈ�,xzv}l�vÉ|�n¦�s���Ê�����Ë���K�P�s�Ê���K�B�}p�k�l�p&n1�j1kB��~�n1oYm®i��Pp ��i¾vÍÌn1v�n m®i���n%l�o3£<k�l�o�Ai�~�n%j%p�xzkB�Î|�l¥j%o�x�~YpKi��Ï��Ðuk�l�o�j%kBv�£<n%��~�n%o�j%n%pqp�n�i®l�rBv�n%�PpKi®p�x�kB�Ê|�n���i�r�o�i��{l���i�o�x
p,tn��¢l��¸|.tn%p�n%j%p�n1l�o|�n°£�x�n%|Í|�n�r�n1o�¯¤n�ÂÑkBlÍÒB£�oqn1~qÁ�k\Ó�n%o�Ò{ÆRiÔtn+p,tn £���i�j¤tn°n%��i1m®i��Pp&|�lj1i���k�o�x�vÍ�n%p�o�n®�
Ðuk�l�oÇl���n3rPi®v�v�n�|��Vtn1��n%o�rBxzn�j1k�v�£�oqx�~qn3n1�Pp�oqn § � n%p.�®��� ³�´�µ��ÈpIÕ¡£�x�y{l�n%v�n%�{p8j%n1���zn�|�n%~Ç£�Á�k�p�kB��~£�o�k\mBn%��i��Pp�|�n°�Ais|.tn1~qx��Pp,tn%rBo�iÈp�x�k��Í|�lÖ&x�rBr�~1����i¾o¡tn1~qkB��l�p�xzkB��n%�$tn%��n1oqrBx�n°|�n�×8½�Ø#h¸n1~qp�Ù

ÚeÛÜÝ¢Þ�ßáàãâä åæ çuèêé�ë�ìíÅî�ïuðòñ ï
ó"ôõDö(÷Iøù1ú�ù1û�ü�ý�ù í ù1þYÿ�ù�����û�ý�� øù1ù�ù1ú�� ù	��
�sù%þqÿ õ ú�ÿ�ù1û���ù�þqÿ�ó�����®þqÿ�ý�� õ ù�� õ ý�ý�ú�� ö�õ ÿ ö ù%þ�� õ �+ÿ õ �Èÿ�ý�ó�ú�þþqÿ��Èÿ�ý�þYÿ�ý�� õ ù1þ#þ õ û ö ����ù%þ õ ûqù���ù öÏ÷Vøù%ú�ù1ûqüBý�ù���ù ö ��üBù%û��¤ù}ù%ÿ! �"�ù1þYÿ ö ù���û õ ýzÿ!�$#õ ô� ö(÷Vøù ö ù%�%ÿ�û�óBú�ý�� õ ù¦ù+ÿ
� õ � øù'& øù%ú�ù%��ù1úPÿ�þ���ù(��ý���ý�þ!��ýzú�ý�� õ �*) ñ ù1þYÿ õ úÎÿ�ù1û���ù+�%óBú�þqÿ,��úPÿ�ý�ú�� ö�õ �®úPÿ ö ù1þ-�¤ù1ûqÿ�ù1þ-��ù¾þ�ýzüBú�� ö� õ ù1þ.� õ �0/ õ ýzÿ�ù1þ1� õ &Bó özõ ��ù ù%ÿ ö ù%þ3ù1û�ûqù õ ûqþ.��ù2�%� ö ý���û,�Èÿ�ý�ó�ú435&�óBý�û�ÿ,�6� ö ù%� õ�78:9<;'8
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�s�[��^���������-�[���^��.������[�^������ �P��������� ���A �¡�¢"£
¤s¥-¦§©¨�ª¬«��¦�¨�®�¯�¦�°±§^²³�´-§©¨�µ®5¶ ·�¸�¹gº�»�¼ ½�¾`¿�À�Á"Â

ÃÅÄ`ÆÈÇ�É�Ä�ÊÌËÍÏÎÑÐ(ÒÅÓPÔÖÕØ×[ÙÛÚUÜAÕÝÙÛÓPÔUÞ�ßAàLÞáß`Ù|âäãà:×ÝàLÔ�ÕÝÞåÕØà:×wæçàLÞéèêìëÏê ×�ãàLÞÝÓ ë ÜAÕÝÙÛÓPÔíàLÔîãàLÔAà:×ÝïPÙÛàðß`Üíñ ê�ë Ó�×wÙÏæ�èà:ÕØ×wà
ãà ë àLñ�ÕØ×wÓPæ ê ïPÔ�ãà:ÕÝÙÏò�ÜAà�óõôDàLÞ&ö ê�ë àLÜA×wÞø÷ÓPÜA× ë à$ÕØà:×wæ�à�ßAàçÚ`×wÜUÙÛÕsñ�Ó�×w×ÝàLÞØ÷ÓPÔ`ßAàLÔ�Õ�èê Ü`ÔAà(ãàLÔAà:×ÝïPÙÏàç×ÝàLñ�ÓPÔ`ÞØÕØ×wÜUÙÛÕØà

ê ö�àLñùÜUÔ�×�ãàLÞØà ê Ü.ß`àùú$û.úçñ�×wÙ©ÞØÕ ê Ü�üþý ÿ�ñ ê�ë�������� ó
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<7=*>-?A@*BDCEGFIH =�? E ? F @J?(CELK = F >NM H =�O E OPBQ@ KRKSETK >-? FIEGKVU @ H ? EGK+W-EXU-Y =*MZ=�O K[W @*O K[F�E]\ @^O�@ F_W-E
W CEGKSH O#M`CELa ?Z@^M H =�O0bdcfe�e7g^>-O W CE M EG\ M E >N? WNE�U-H�EhWiW-Eja�E ?Rk EjEGK M�@$lS=�>NM`CEmW-ELn @*O#M F�Em\ @ F =�? H BpoE MZ? E^q^r =�O
@*>NMZ? Ets =�O \ M H =�O U ? H O \GH�U @ F�E�EGK M W-EtU�E ?RB E MSMZ? EtF @ K CEGU @*?Z@^M H =�O W-EGK7uwvxE M W-EGK e q^yzF(EGK M \ =�B U = K CE g W @*O K
F�E MZ=�O-O E @*>
g W
{ >-O E}| O E~\ =�> \�YNE0W-E�UNF =�B0k[�����`���0��=9� K > HIn(H�E}W
{ >-O E�\ =�> \�Y-E�W-E B H�\ ?R= U-HIK M EGK @*>
KRH�FIH�\LH >-B�� W
{ >NO U @ K;W-E ��B�B�� U = KSH M H =�O-OtCEGEmWNEhn @*O#M F�ELK;\ ? HIK MZ@*>`� q�� @*O K;F�EGK k�=�> \�Y =�O K g�>-O Ej\ =�> \�Y-E
W-EiW CE M EG\ M E >N? K @*> KRH�FIH�\LH >-B�� W{ >-O U @ K}WNE ��B_B�� H O#M E ? \ @ F CELEiE O#MZ? E_W-E >`� \ =�> \�YNEGK}W-E_U-F =�B�k W-E
� �~�V� E M ��� ��� EGK M�>NM HIF�HIK CEGE^q-� O U/E >NMGg a ?$�@ \GE o@ \LE�KS�(K M oE B E g W CE M E ?SB H O E ? F�E�U = H O#M W{¡H B U @ \ M g
=�? HIa�H O E�W > W CELn*EGF = U-U/E B E O#M W-E}F @ a�E ?Sk E @ n�EG\ >-O E ?(CEGK = F >NM H =�O W-E�¢�£�£Q¤¥¦U =*>-?§>NO E CE O E ? a�H�E}W-E
� £�¨}©%ª«E M�@ H O KRH�K CELU @*? E ?�>-O KSH�a O-@ F�WNE§uwv g W-E >`� W CEGU @*?¬M W-E�a�E ?Sk En = HIKRH O K g W
{ >NO KRHIa O�@ F�W-E e®g(>-O
KRE > F®W CEGU @*?¬M W-E}a�E ?Sk E @ KSK = \GH CE o@i>-O W CELU �=*M W
{ CE O E ? a�HIE}W @*O K�F�ELK\ ? HIK M�@^>`� q
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Á E MZ?Z@$l EG\ MR= a ?R@ U-Y-E�U/E ?RB E M W{¡HIW-E O#M HÂ|�E ? E M W-E B ELK >-? E ? F�{ÃH B U > FIKRH =�O W-ELK B�>-=�O K g W-EGK CEGFIEG\ MZ?R=*O K
E M W-EGK�Y @ W ?R=�O K�\�Y @^? a CELKtU =�>-? U/E ?RB E MSMZ? EF @�? Eh\ =�O K MZ?S> \ M H =�O U ?(CEL\GH�KSE�E M ELÄ�\ @ \GEW-EGK MZ?R@ \GELKtE M WNEGK
n�E ?¬M E � q Á E MZ?Z@$l EG\ MR= a ?R@ U-Y-EtW-E�ÅjÆ6r�ELK M \ =�O K M H MR>mCE�W-E � Ç � Ç W CE M EG\ M E >-? K o@ U-H � ELF�K g*È*É�É*É W CE M EG\ M E >-? K
KRH�FIH�\LH >-B KRH B U-FIE0s @ \GE�E M W-E Ç £�¢ ��B�= W > F�EGK�K¬H�FIH�\GH >-B W =�>-k FIE_s @ \GE*q®Ê O[B�= W > F�EiW =�>Nk F�Eis @ \LEQELK M
\ =�B U = K CE0W-E�W-E >`� W CE M EG\ M E >N? KËKRH B U-FIE}s @ \GE B_=�O#M`CELK�W = K o@ W = K�E M \�Y @*Ì9> E_W CE M EG\ M E >N? EGK M H O \GFIH OtCE
W
{ >NOÍ@*O a�FIEs @ H k F�E � W-E � £ BQ?R@ W � U =�>N?mB EGK >N? E ? F�EGK�\ =(=�? W =�O-OtCELEGKjÎtÏVÐ®q Á EGK�W CE M EL\ M E >-? KjKSH�FIH�\GH >-B
? EGU ?(CEGKSE O#M E O#M U ?GoELK�W-E � £ B H�F�FIH =�O K0W-E�\ @*O�@*>9� W{ CELF�EG\ MZ?S=�O H Ì9> EpE M�>-O E6K >-? s @ \LE�W-E ��� ¢V¥�Ñ�W-E
KRH�FIH�\LH >-B q
ÅmEGK+W CE M EG\ M E >N? KAK =�O#M[?(CEGU @*?¬M HIK+W @^O K+FIE MZ?Z@$l EG\ MR= a ?R@ U-Y-E]W-EXF @ s @�Ò\ =�O K > HÂn @*O#M E � KRE > F�KVF�ELK

W CE M EG\ M E >-? K�KSH�F�HI\GH >-B¦o@_B H�\ ?R= UNH�K M EGKjK =�O#M§? EGU ?9CEGKSE O#M`CELK�K >N? F @ |�a >-? E � q � ¢ ��Ó
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6.798;:=<1>@?�ACBED@F5GIHKJML�N�OPJRQTSVU%WXNZY�QTH\[\S]U^L,_MN&`badc
adY�adJPefOMN&Ghg@i�jk`]U\lP`�cmNZ`hOonNpQTNZY�QTNZJMSV`q`badc
adYpadJPesrU#LtavuwNZcd`VxVy

z${9|#}�~w�;��|^�����%|1�M}�����{"|1�V}&�%~w���=~w�t�|��;|
z����1~w�;�p��|1����|����|%}�|1�%}�|1���V���V��{��9�1�9��������,�
�,|1{9���
z��\���1~w���p�;|1����|��.�|%}�|1�+}�|1�;�����V��{��9�1�9������ ���9�1�V~w�����]}�|%�#���w� �����p¡�|%��¢T���;|1��£������V|1{���|%}.�w�¤�����p¡E|1�¥ �;}�|%�&£������V|1{9��¦;§�¨w�;��|�©,ª
�\�M«¬�

z$�p�����1�����|%����|%�,�®=~w���p��~w�;�&|%�V}��1~w�¯�=~��t�|�°
z±��²)������9����®=~w���p��~w���|
zf©R�V~w��|1�³��|��.�|+}�|%�%}�|%���������9{����%����������;�d�;|%{����
z´���V~w��|1�³��|��.�|+}�|%�%}�|%���������9{����%��������������1�V~w���9�V}�|%���µ�w�¤���E�p¡�|1�&¢T����|%�&¶#����¡P��¦,§�¨w���V|·©tª9�\�w«¬�
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B�CEDGF�HJIKC"L"DGM�N�F�H�OPCQIKM�RCERSTF7UM�V0CWC XGXKC SYD�Z0C"V[ORZ0XG\5RCEFGC L"RC Z0V-V-H�SYD�V-C X�OFKC ]EZ9^C"FGC X�Z-S�_`M�FG]aH�D�Z0M�SX
XGRFbVdc�Z0SYD�C FGH�L"DGZ-M�S.egfhV[iM�ZjDWH�R�XGXGZ�OkC"FG]EC"DKD�FGClR�SCmFKC L M�SXKDGFGRL�D�Z-M�SnD�F ^C"XbOFAoC L Z0XGCmi�CmV1HpD�F�HqIKC L"DGM�Z-FKC
iC XrO�H�FKDGZ-L"RV-C"XsH�tSniClO:M�R�u�M�Z-F�i�oC�D�C FK]aZ0SC F�V-C"RF�Z-]EORV-XKZ-M�SvH�Z-SXKZ[\5RClV1HpOkM�XKZ0DGZ-M�STiC X�u�C"FKD�Cxw
i+c�M�^RvOFKMqu�Z0C SS�C SYDsL"C X�O�H�FyD�Z-L"RV-C"X e�z�H�F�C�w�C ]{OV0C�|�i�H�S�XrV0CWL}H�iFKC{iC{V9c~oC"D�R�iC{iCaV-HmOPY�AXGZ-\5RCaiR
��H�R�B��Q�Q|�V1H�i�oC"XGZ-SYD�oC N�FGH�D�Z0M�S��s���� ������� �� � �+�.�+� O:C FG]EC"Dbi+c�C��.C"L"DGRC FERSCp]EC XGR�FGCpiRO�H�F�H�]�^C�D�FGCW�q�d������iR�DGFGZ1H�SN�V-CriCWV9c�RSZjD�H�FKZ0D�oC�|�O�H�FGH�]�^C�D�FKCsi+c�H�XK�A]�oC"DGFGZ-CbDGF�H�i�RZ-XGH�SYD V1HauAZ0M�V1H�DGZ-M�S
iC��¡z£¢9�}�d�����¥¤§¦Y¨�e[B�c�C"FGFKC RFaXGRFaV-C XE]aH�XKXKC XmZ0S5u�H�FKZ1H�SYDGC XEiC(L"C"DGDGC(i�oC"XGZ0S5D�oC N�FGH�D�Z0M�S©i�oC O:C Si
_`M�FKDGC ]EC SYD�iC{V1HmOFAoC L Z0XGZ0M�SªXKRF�V1H«]EC XGR�FGC{iCWV9c�Z-]EORV0XGZ-M�S�i�H�SX�V0CWL}H�iFKCai�CEV-HmFGC"L M�SXyD�FKRL"DGZ-M�S
L M�]EOV9^C�D�C{\5RZ¬D�Z-C"SYDrL"M�]EO�D�CEiClV-H«NoC M�]®oC"DGFGZ0C{i�R=i�oC�D�C L�D�C"RF |�iC Xr¯ M�SC"Xs]EM�FKDGC X"e°�H�Z-X�L M�]aO�DGC
D�C S5RTiC{V1HmN�FGH�SiCW]sRV0DGZ-OV0Z-L ZjD�oC�iC"X�DGF�H�L"C X"|+M�SªS�CWFGC L"M�SXyD�FGR�Z-F�H«\5RC{V-C"X$D�FGH�L C"X�i�C X�O�H�FKDGZ-L"RV-C"X
i+c�Z0]aO�RV-XKZ-M�S�D�F�H�SXKu�C FGXKC{XGRO�oC"FGZ0C RFKC(^Hm¦�±x²l³�´Jµ ��¶ e.z�M�RFQFGC ]EOV0Z-F·D�M�R�DGC X L"C X L M�SiZ0DGZ-M�S�XQC"¸EL H7¹
L C ]EC SYD |�V-C X·i�oC�D�C"L"D�C"RFGXºiM�Zju�C"S5D»X�H7D�Z-Xy_¼H�Z-FKC H�RAw«C�w�Z-N�C"SL C"X»XKRZ0u�H�SYDGC X�½

¾ R�SC�C�¸EL}H�L"Z0D�oC�iC(FKC L"M�SXKDGFGRL�D�Z0M�S©XKRO�oC"FKZ-C"RFGC�^H=¿YÀªÁÂOkM�R�FaV0C X{D�F�H�L C XaZ-XKM�V�oC"C XaHqu�C L�RSC
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