
����� �����
	����� ����� ����������� �����
	���� ��	�� ��!"����! # �$!����&%'�)(*(*�'+,�*���-�

��� 	���� . / 010 ����� �����2�3�
	546%87:9
;=<>4?;@�

ACBDBFE2GIHCJ�KMLONQP�RTSUBWV
XZYD[]\_^I`�ab[dcfe6gih
jkablTg

min�Yo^qpirQrQp

s-t ^Iab[Ta�uo`�^Iav^wYxcb^Iyzh{g|`�c t ^,}*~|Y�y��*����[�^wYxc��
yo^��x`^w^[�Y�����u�^w`v[���^wYxcO~|lC��~|`�cb[T�wlT^�� t e�ab[��wa





���������
	���

�������������������� � � �"!$#&%'�(�*),+-#.%&/�01+2)3!$#.!$��4�!$�657��!8�9�:%.+<;�!$#'�=+?>-�@0��A�$!B42�C%EDF!B4-4-#&G +2#1+2�
5H!B%'�JIK�HLMION*��%HL�DOPRQ������OIK�HLMI&NS;��@%.�T�=%.+-0�!$#U+2�(�O+-V�%.���OVW+-X�0��ZY(/[�@0'!$)\�T�2%'#���%�%.���EL���014-�
DF�];�0.+-�^P_+2�$�$!$;��@0H��%RP�`_a7bc�]��;A57!$�$�ed��]���=+-0.;�!$��4\%.+*�ZX�010.���C%f/��8�]����!$��4 d(G[�T�=+2),�&+]/[�@0���%.!B+2���]�
!$�hg]i-iCjkQ,�f��!$#&%'����#.!$#&;(�T#'�=0'!BG �T#E�]�l�]�����Bm(#.!$#O+-V%.���*�����]���(�T�n;�+2�(�357!B%.�:Vo�]#1%E#.!$)pX��8�?%'!B+2�q+-V
%.���E#.!B42�������]��;JG �]��rC4-0.+2X���;J/�01+��=��#'#1��#�!$�J%'�(�E)S�]#.#U0��]�(4-�3sTg]i�t7sTu]i3vR�xw\Q��f�(�E#.!B42��!By �@�]���Z�
+-Vf%'���J#.!B42���]�_!$#\�@�]�8�ZX��8��%1��;h5H!B%'�h%'���J#1%��]��;���0';z�=+2X��C%'!$��4{�@Yk/[�@0'!$),���C%�%.�T������!$|kX��J�]��;z�]�$#1+
5H!B%'�"�q),+]0.�A�];(>]�����=�T;}#1%���%.!$#1%'!8�@�]�K/�01+��=��;�X�0.�2Q^�������=+2���Z�@/�%~+-VH#1/��$!B%.%.!$��4{%'�����@>-���C%'#~!$�C%1+
%x5U+S�����]�������$#�5H���@0.�&%'���E#.!B42������01��#.+-�$X�%'!B+2�J!$#H;�!B�[�@0.���C%H!$#H�]�$#1+3!$�C%10.+(;�X��Z��;MQ





� � �������	��
����
� 
� � �

� !B0'#1% +-VU�]�$�ed��H5+2X��$;:�$!Br]�p%.+J%'���]�(r^)�mq#.X�/[�@0.>k!$#.+]0&L���0'#��UX(4-4-�\VW+-0 42!B>(!$��4J),�\%.���3!$;��T�*+-V
;�+-!$��4R%'��!$# !$�C%.�@0.��#1%'!$�(4 �]��;\�����]�$�B����4-!$��4F5+-0.r d]�]��;�VW+-0
��!$#
#.X�/�/[+-0.%
;�X�0.!$��4 %'��!$#
�8�]#1%Us��� m-�T��0'#�Q�����]��r(#R���$#.+S4]+k��#7%1+*IR�B�ZY��]��;(��0FaH�T�];�VW+-0F�����B/^���B+2��43%'����5��TmJ01�@4C��0';�!$��4*#1%���%.!$#.%.!8�@�]��/�01+-G�t
�B��)3#�d %.+JbF!$�$# LM!$;^D�� +-0.%FVW+-0O��#'#.!$#1%������=��57!B%'�<%'���\;(��>]�T�B+]/�),���C%7+-V %'���p#1%��?%'!$#1%'!8�@�]��),�@%'�(+(;�#�d
�]��;J%.+����]0.4-���O!$�B�Ev�� ���$#.%1����VW+-0U>]���$X���G��B�&�=+2),),���C%'# � +-/�!$��!B+2��#_+2��%'���&�]�����Bm(#.!$#TQ
�f���O5H��+2�B�
�ZY(/[�@0.!$),���C%��]��/���0.%.!8�@�B�H/��Cm(#.!8�Z#_4]0.+2X�/*���@0.�R!$�"! #.�B+~����>-�R!$��#./�!B0.��;*�]��;*�����B/[��;*)\�CdC�]��;S%'���@m
����>-�*)3�];��S),�SVW�@�T� !$���Z�$X�;���;lVW01+2) %'���*),+-),���C%#� �@�]),�*�]#��<)S��#.%1�@0�#1%'X�;����C%�Q � !$���]�$�Bm2d$�
5H!$#'�J%1+,%'���]��rJIF���@%.%.�ELKQ%�+-014S�]��;&�$�'�]0'��D�Q N(�])3#1�@%�VW+-0H),+-0'�]�B�O#.X�/�/[+]0.%F����;AVW+-0�0.�T�];�!$�(4
%.��0.+2X(42��#1+2),�O+-V %.���E)S�]�kX�#��=0.!B/�%TQ





� ���������	��


� ����������������������  
! "$#&%(')"$*+'�,��&%-��%.�����/� 0

g(Q$s P�`_a7b Q�QEQEQEQ�QEQEQ�QEQEQEQ�QEQ�Q&Q�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ u
g(Q g �f����L���0.4]��DR��;�0.+2�{P+2�$�$!$;��@0EQ�QEQ�Q&Q�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ u
g(Q21 �f���EIK�HLMIONJ;��@%1� �=%1+-0 QEQEQEQ�QEQ�Q&Q�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ j

g�Q21�Q$s � �����@043F�@%.�T�=%.+-0�QEQEQEQ�QEQ�Q&Q�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ 5
g�Q21�Q g P��]�B+-0.!$),�@%.�@0'#7Q�QEQEQEQ�QEQ�Q&Q�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ s�i
g�Q21�Q21 6qX�+-��#1/[�T�Z%10.+2)\��%1�@0}Q�QEQ�Q&Q�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ s-s
g�Q21�Q87 6^��4-���@%H#1m(#1%.��) QEQEQ�QEQ�Q&Q�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ sTg
g�Q21�Q u ��0'!B4-4-�@0H����;�;���%'�?tx�-�Z|kX�!$#.!B%.!B+2�J#1m(#1%1�T) QEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ s�1

 "$#&%9����: �;0
1�Q$s �f���pNC%'�]��;���0.;<6<+(;����cQEQEQEQ�QEQ�Q&Q�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ sTu
1�Q g �f����DF!B4]42#H),�T�����]��!$#') QEQEQ�QEQ�Q&Q�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ s�=

> ,?��@A�CBEDF��% !?�
7�Q$s Nk!$)pX��8��%.!B+2�J#1+-VW% 5���0.�-G;HJI&�fD � I �]��;�IK�fL � I&N(� QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ g�s
7�Q g Hn��0����$�B�T���=+2),/�X�%.!$��4 Q�QEQEQEQ�QEQ�Q&Q�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ g�s
7�Q21 3O��%'�,�]���]�Bm(#.!$#�5H!B%'��H ILK QEQ�QEQ�Q&Q�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ g-g

0 ,���DM���ONP���O�QDSR+TU%-��#&�?��N !S 
u(Q$s �f���E#.!B42��!By �@�]���Z� QEQEQ�QEQEQEQ�QEQ�Q&Q�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ g�1

u�Q$s]Q$s �f�����=+2X��C%.!$��43)\��%.��+(;zQEQ�Q&Q�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ g�1
u�Q$s]Q g �f��������! t #.|kX���01�&),�@%'��+k; Q�Q&Q�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ gV7

u(Q g �f���E#.!B42��!By �@�]���Z�O5H!B%'�J% 5+S�9���]�������$# QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ g-u
u�Q g(Q$s �f�����=+2X��C%.!$��43)\��%.��+(;zQEQ�Q&Q�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ g-u
u�Q g(Q g �f��������! t #.|kX���01�&),�@%'��+k; Q�Q&Q�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ g�=

u(Q21 �f����DF!B4]42#H)S��#'#H�]��;�!B%.#HX����Z�@01%��]!$�C%xm*5H!B%'�J% 5+*�������������$#HQEQEQ�QEQEQEQ�QEQEQEQ g�=
u(Q87 I L�a46:P QEQEQEQ�QEQEQ�QEQEQEQ�QEQ�Q&Q�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ g�=

W "$#&%<DS�&D/RX:LN��ON !SY
=�Q$s �f���E���@0'!B%'��4-�OVW01+2) L `ZH QEQEQ�QEQ�Q&Q�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ g�5
=�Q g DF!B4-42#f#1� �?0�������%7L�DOP QEQEQEQ�QEQ�Q&Q�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ g�5
=�Q21 � � � � QEQEQEQ�QEQEQ�QEQEQEQ�QEQ�Q&Q�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ[1�s
=�Q87 ���-�'rk4-01+2X���; QEQ�QEQEQ�QEQEQEQ�QEQ�Q&Q�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ[12g

�



���������	����


=�Q 7 Q$s �e010.��;�X��Z!BG��B�-G%�_+-0'�<����;AG[+ Y�0.�T�-�=%'!B+2��# QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ�QEQ[12g
=�Q 7 Q g �e010.��;�X��Z!BG��B�-G%�_0.��)3#.#1%.0������$X���4\0.�T�-�=%'!B+2��#6QEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ�QEQ[1Q1
=�Q 7 Q21 af��;�X��Z!BG��B� QEQEQEQ�QEQEQEQ�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ�QEQ[1Q1

=�Q u ` 6 PU�]�B+-0'!$)\��%1�@0�/ ��01VW+-0')3�]���=� t+HK��+-%1+2�<�=+2�C>]��0.#.!B+2��# QEQ�QEQEQEQ�QEQEQEQ�QEQ[1 7
=�Q = aF��;�!B+2��# QEQ�QEQEQ�QEQEQEQ�QEQEQEQ�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ�QEQ[12u

�  %.N���R ��N  �
j(QBs PUX�%.# QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ�QEQ[1Cj
j(Q g Nk!B42������0.�T�=+2��#1%.0.X��=%'!B+2� QEQ�QEQEQEQ�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ�QEQ[1Cj
j(Q 1 ���-�'rk4-01+2X���;J01� �=+2��#.%10'X��=%.!B+2� QEQEQ�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ�QEQ 7Ci

j(Q 1�Q$s �_+-0'�<����;AG[+ Y QEQ�QEQEQEQ�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ�QEQ 7Ci
j(Q 1�Q g �_0.��)3#.#1%.0������$X���4 Q�QEQEQEQ�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ�QEQ 7Ci
j(Q 1�Q21 af��;�X��Z!BG��B� QEQEQEQ�QEQEQEQ�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ�QEQ 791
j(Q 1�Q87 3R!$#'�ZX�#.#'!B+-� QEQEQEQ�QEQEQEQ�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ�QEQ 791

j(Q 7 NC%��?%'!$#1%'!8�@�]�[%.0.�T��%.),���C%�+-V %.���E;���%'�"QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ�QEQ 7Q7
j(Q 7 Q$s NC!B42��!By �@�]���=�OVW+2X���;AGkmJX�#'!$�(4*�=+2X��C%.!$��4,�ZY(/[�@0.!$),���C%'# QEQEQ�QEQEQEQ�QEQ 7(j
j(Q 7 Q g NC!B42��!By �@�]���=�OVW+2X���;AGkmJX�#'!$�(43%'����� � ),�@%'��+(; QEQEQ�QEQEQEQ�QEQEQEQ�QEQ 7��
j(Q 7 Q21 3R!$#'�ZX�#.#'!B+-� QEQEQEQ�QEQEQEQ�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ�QEQ 7��

j(Q u aH�T�=+2��#1%10'X��=%.��;ADF!B4-42#f)S�]#.# QEQEQ�QEQ�QEQEQEQ�QEQEQEQ�QEQEQ�QEQEQEQ�QEQEQEQ�QEQ u-g

� �$�����-RO��N�������DS����� �L��R������ 0/ 
' ,��OT ��R�DM����������DS��DSTU%-��%.�VN 0�0
� ,����������J�QDS���Q%.N @A��� ��#&%���#&�V%9%�� ����N 0 �
� ��� RO� ���/��D � #�: WL�

!



� ����� � ��� �

� ���	����
��� ����� �

�����\�ZY�!$#1%.�����=�~+-VK%'���,DF!B4-4-#R/ ��01%'!8�Z�B�~5f�]#Ry�0'#1% G�01+2X�42�C% X�/:Gkmq��N(�=+-%.%.!$#.�q/��2m(#.!8�@!$#1% !$�q%'�(�
s�5�=-i]#�� s��eQp�f���3),+-%.!B>���%'!B+2�{5f��#&�]�^+-/[���6|kX���#1%'!B+-�:!$�^/ ��01%'!8�Z�B�\/��Cm(#.!8�Z#�GM��+ 5 %'���\/ ��0.%.!8�Z�B�T#
4-�@%&%'�(�T!B0E)S��#'#1��#�Q*�����@0.�S!$#��<�Z�B�@>-�@0E#1+2�$X(%'!B+2�:%1+<%'��!$#O/�0.+-G��B�T)�d ��#1+2�$X(%'!B+2�:y�0'#1%E/�01+-/[+2#1��;
Gkm H ��%1�@0HD7!B4-42#�QnD7� /�0.+-/ +2#1�T;�%.����%�%.��� 57��+2�B�R+-V #./��-�=�O!$#�/ ��0.),�T��%.��;*Gkm��~y����$;Mdk%'�(�ED7!B4-42#
y����$;MQ IF# / ��01%'!8�Z�B��#n),+?>]�f%.��0.+2X(42�,#./��-�=�f%'���@m~%.0'�T>-���(%.��0.+2X(42�\%'��!$#ny����$;Md2����;,!BV[%'���@mp!$�C%1��0'�-�=%
5H!B%'�p!B%�d�%.���@m~�-�Z|kX�!B01�U5H����% �?/�/[�T��0'# %1+ G[�f)S��#'#�Q �������8��0.4-�@0 %.����!$�C%.�@0��]�Z%.!B+2�E+-V�%.���U/ ��0.%.!8�Z�B�T#
5H!B%'�:%'���3y��T�$;�dM%.���S),+]0.�3)S�]#.#.!B>-�,%.���@m6�?0.�2QEKl�3r(��+?5 VW0.+2) |kX��]�C%.X�) %'���@+-01mq%'���?%Ey��T�$;�#
����>-�/���0.%.!8�@�B��# �]#.#1+��Z!8��%.��;&57!B%.��%'�(�T)�d?�$!Br-�KVW+-0 !$��#1%������=�%.���/���+-%1+2�p����;�%'������B�T�=%.0.+-)S��42���@%.!8�
y����$;MQONC+�5U�~5+2X��$;q�]#.#.X�),�~%'���?%R%'�(��01�p!$#O�3/ ��0.%.!8�Z�B�p�]#.#.+(�@!8�?%.��;<5H!B%'�{%.���\DF!B4-42#7y����$;Md�����;
%.����%U!$#_%'�(�ODF!B4]42#_G +2#1+2�MQ � !$��;�!$��4~%.���OD7!B4-42#KG[+2#1+2�*!$#_%'�CX�#%.���Rr-�@m\+-VM;�!$#'�=+?>-�@0'!$�(4�5H���@%'���@0
%.���<D7!B4-42#py����$;z;�+k��#\�ZY�!$#1%�d_����;z57�(��%.���@0\+-X�0\G[��#1%3�Cmk/ +-%'����#.!$#pVW+-0\%.���A+-0.!B42!$�}+-VF)3�]#.#\!$#
!$��;(����;{�=+-010.�T�=%TQ��F��VW+-01%'X�����%.���Bm2d�%.���E�T�B�T�=%.01+?5U�T��rS%.���@+-0.mJ;�+k��#7�(+-%7/�01�T;�!8�Z%H%.����)S�]#.#H+]V
%'�(�
D7!B4-42#fG +2#1+2��!B%'#1���BV Q
�����Sy�0'#1%�#1%.�@/h%1+?5f��0.;6y���;�!$��4<%'����D7!B4-42#&G[+-#.+-�l5f��#E%.���*;���#.!B42��!$��4�+-VfL�` H
d��]�6�T�B�T�=%.01+2�(t
/[+-#'!B%10.+2�3�Z+-�$�$!$;��@0_��%�PU`_aFb�Q �e%K5f�]# +-/[�@0'��%'!B+2���]��VW01+2) s�5 �Q5 %.+~bH+?>-��)~G[�@0Ug�i-i-i�d]G�X(%;�!$;3��+-%
42!B>]�p�@>(!$;������=�pVW+-0 %.���p�@Y(!$#.%1�����=�p+-VK%'���3D7!B4-42#RG +2#1+2�MQ 3 X�0.!$��4J%'�(�,�8�]#1%O)\+2�C%'�{+-VK0'X�����!$��4 d
#'�Z!B���C%'!$#1%'#_��%L `ZH"�]����+2X����=��;S%.����%_%.���@m,���];3+-G�#1�@0.>-��;3#.�@>-�@0'�]��X��kX�#.X���� �@>-���C%.#K57��!8�9�S�=+2X��$;
����>-�,G[�@���:%'���3#.!B42����%.X�0.�\+-V_%'���SDF!B4]42#OG[+-#.+-�MQSP�`_a7b ;��T�Z!$;���;:%'���@mq5+2X��$;:���T>]�S�]��+]%'���@0
),+-�C%'�S+-V�0'X�����!$��4 Q
IFVW%1��0%.����%/[�@0'!B+(;Md257!B%.���Z+-���Z�$X�#.!B>-�F�@>(!$;(�T���Z�R#1%'!$�$� �8�-�'r(!$��4 d2;�!$#.)S���C%'�$!$��4
#1%��?0.%.��;l�]��;6%'���3G�X�!$�$;�!$�(4�+-VU%.���S���ZY(%\P�`KaFb �=+2�$�$!$;��@0Td�%'���*L�DOPRd�/�01+��=����;���;MQ ��@VW+-01�3%'�(�
L���014-�JDF�];�0.+-� P+2�$�$!$;(��0&57!$�$�KG[�*+-/[�@0���%.!B+2���]�ed � �@0')3!$�8��G&� X�#1%~+2X(%'#.!$;���P��!8�@��4-+<57!$�$�_����>-�J�
�����]���Z�O%.+3+]G�#1��01>-�O%'�(�~D7!B4-42#�G[+-#.+-�MQ
6<m</�0.+ � �T�=%RVW+-0R%'��!$# )S�]#1%.�@0F%'����#.!$#R!$#R%.+J!$�C>-��#1%'!B4C�?%.�p�S/�0.+2),!$#'!$�(4A�����]������� VW+-0R+-G�#.�@01>(!$��4A�
�$!B42�2%RD7!B4-42#HG +2#1+2�Md � � � � Q�e%F!$#7G �]#1��;<+2��%'���p�]���]�Bm(#.!$#H;�+2����VW+-0H%'���~IK�fL�ION���� ������!8�����
3F��#'!B4-� aH�@/[+-01%�� � 3Oa��	� g�� Q �����<y�0'#1%S/����]#1�<+-VR%'����/�01+ � �T�=%3!$#3%10.m(!$��4l%1+l0.�@/�01+(;�X��=�<%'�(�
#.!B42�����M�]��;AG��-�'rk4-0.+-X���;Md��(+?5U�@>-�@0TdC%.+,G[�~�?G��B�O%.+,y���!$#.��!$�J%.���&/�0.��#'�=0'!BG[��;J%'!$),�O+]Vn�\)S�]#1%1��0
/�01+ � �T�=%Td�~5H!$�$�H+2���Bm X�#1�qVo��#.%*#.!$)pX��8��%.!B+2�MQ ������%�)\� ����# �\�]) ��+-%���G��B�<%.+"#.!$)pX��8�?%.�<%'�(�
� P 3 G �]��rC4-0.+2X���;h�]��;l��+-%�;��T�]� 5H!B%'�l4]�T�(��0'��%.��;l�=+2�C>-�@0.%1��;6/��(+-%.+2��#Td #.!$���=�3%'���?%�01�T|CX�!B0.��#
V X��$�U#.!$)pX��8�?%'!B+2�MQ � �z%'���J+]%'���@0p/ ��0.%\+]VF)�mh%'�(�T#.!$#�d �&5H!$�$���@�]�8�ZX��8��%1��#'!B4-��!By �@�]���=��#~G[+-%.�zGkm
�=+2X��2%'!$��4q�]��;hGkml�{)\+-0.�S01��y�����;}#1%���%.!$#.%.!8�@�]� ),�@%'��+k;}!$�C>-+2�B>k!$��4{��!$#.%1+-4-0'�]) ����! t #.|kX���0.��#�Q&�
5H!$�$� ���$#.+*!$�2>-��#.%.!B4C��%1�~�S���@5 %.�T������!$|kX��-G #1/��$!B%.%.!$��4S%'���~;���%'�S!$�C%1+*% 5+J�����]�������$#TQH�����p!$;��T�3!$#

 



������� �����	��
� ������������� ��� ���

%.����%f%.��!$#f5U+2X��$;A!$���=01� ��#.�O%.���E#.!B42��!By �@�]���=� 57�����A%.���&% 5+S#.!B42���]� 0.��#1+2�$X�%'!B+-��#H��0.�&;�!B�[��01���C%TQ
�����K%.����#.!$#M!$#�;�!B>(!$;(�T;O!$�C%.+f��!B42�C%�������/�%.�@0'#�Q
P����/�%1��0.# gf�]��; 1H��01� %'���K%'�(��+]0.�@%'!8�@�]�?VW+2X���;���%.!B+2�Md
5H���@0.� %'���&��!B42���$!B42�C%.#���01�O%.���&IK�HLMION*;��@%.�T�=%.+]0H����;J%.���ED7!B4-42#�),�T�����]��!$#.)<Q
�f�(�O%.+k+2�$#��]��;
)\��%.��+(;�#U��0.�R;(�T#'�=0'!BG �T;S!$�S%'���R���ZY(%% 5+p�9����/�%.�@0.#Td257��!$�B� ������/�%.�@0 =E/�01��#.���C%.#_%'���R!$),/[+-01%��]�2%
��#./ � �=%.#�!$� %'���}�����]�Bm(#.!$#�Q �f����� %'���@0.�6!$#{� ������/�%.�@0A/�0.��#1���C%'!$��4 %'�(�l01�T#.X��B%.#<�]��; �?%�%'���
����;�dn�=+2���Z�$X�#.!B+2�}����;}+-X�%'�B+k+]r�Q<�f���@01�A�?0.�*%x5U+^��/�/ �T��;�! Y(��#�d %'���*y�0.#1%~+2����;���#'�=0'!BG[��#�#.+-),�
/���0��])\��%1�@0'#FX�#1��;qVW+-0F%'�(�\#.!$)pX��8��%.!B+2�{�]��;{%'���p#.�T�=+2��;q�$!$#1%'#7%.���\#.!B42��!By �@�]���Z��#7VW+-0F%'��01�@�\#1��%.#
+]V
;��?%���Q

>



� ����� � ��� �

� � � � � � � � 
 � ��� � �����

���	� 
�����

P�`_a7b �81 � !$#%.���O` X�0.+-/ � ���&!F0.4C�]��!$#��?%'!B+2�,VW+-0UbFX��Z�B�T��0UaH��#1�T��0���������;�!$##.!B%'X(t
��%.��;3+2�S%.���FG[+-0.;��@0G[�@%x5U�@��� � 0������=� �]��;AN257!B%��@�@0'�8����;Md�� X�#1%+-X�%'#.!$;��OvR�����@>���Q
� !F0'!B4-!$���]�$�Bm,�]����G�G�01��>k!8��%'!B+2�3VW+-0HP+-��#1�T!$�[`KX(0.+-/��@���*/[+-X�0��8�~af� �����@0'�9�(� bFX��9t
���T�]!B0.�2Q � �e%p!$#~+-����+-Vf%.����5U+]0'�$;�� #~�8��0.4-��#1%E/ ��0.%.!8�Z�B�*/��Cmk#'!8�Z#p�=���C%.01�T#~�]��;"����#
G[�T�=+2),�~�3#.��!$��!$�(4S�ZY��])\/��B�&+-Vn!$�C%1�@0'����%.!B+2���]�M�=+2�$�8��G[+]0���%.!B+2�MQ �e%75��]#HVW+2X���;���;

!$�:s�52uV7 d(�]��;JVW0.+-) %'���O+-0.!B42!$���]�
s�g~#'!B4-����%.+]0'!B��#+-V %'�(�~P�`_a7b �=+2�2>-���C%'!B+2��dk),��)~G[�@0'#.��!B/A����#
4-01+?57�}%.+^%'���J/�0.��#1���C%Sg�i 6<�T)�G[�@0*NC%'��%.��#�Q"PU`_a7b �T)\/��B+?m(#\���$),+2#1% 1-i-i]i{/[�@+-/��B���]��;z!$�
�];�;�!B%'!B+2��d #1+2),� =-u]i-i*#'�Z!B���C%'!$#1%'#R�=+2),�~%.+<P�`_a7b VW+-0R%.����!B0R0.��#1�T��0����Md 0.�@/�01�T#1���C%.!$��4�u]i-i*X���! t
>-�@0.#'!B%.!B��#
�]��;p+?>-�@0 �-iR����%.!B+2���]�$!B%.!B��#TQ ���#.!$;���# G[��!$��4&�R01�T#1�T��0'�9�~�8��G +-0���%1+-0.m2d-P�`_a7b �]�$#1+ /��8�Tm(#
�]�A!$),/[+-01%��]�C%�0.+-�B�&!$�<�];�>��]���=��;A%1� ������!8��������;�X����?%'!B+2�MQ
�����~G�!B4-4-��#1%R�]��;{),+2#1%F�ZY(/[����#.!B>-��/�01+ � �T�=% �?%&P�`_a7bc%'����#1�p;��Tm(#R!$#7%'����/�0.�@/ �?0���%.!B+2�<+-Vn%'�(�
L���014-��DF�];�0.+-�qP+2�$�$!$;(��0�dk%.����L D P Q

����� ��� 
�� 	E� ��
�� 	 � � ��� 
 ��� � � �&
 �

������L �?0.4-�EDF�];�0.+-�qP+2�$�$!$;(��0�!$#f/�01�T#1���C%.�Bm�X���;(��0F�=+2��#1%10'X��=%'!B+-���]��;J57!$�$����+-/[�@V X��$�Bm�#1%��?0.%f%'�(�
y�0.#1%S0.X�� !$� g]i-iCj(Q �f���</�01�@>(!B+2X�#3�8��0.4]�{�]���=���B�@0���%1+-03��%JP�`_a7b~d L�` H
dn5f��#S#.�kX�%S;�+?5H� !$�
bH+?>-��)~G[�@0Ug]i-i-i�dk����;*;�!$#.)S���C%'�$!$��4E#.%'��0.%1��;MQnL�DOPz57!$�$��X�#1�F%.���F+2�$;�L�` Hh%.X�������� 5H��!8���S���]#U�
;�!8��),�@%.�@0H+-V	��Q =,r()<d )\� ��#'X(0.��# g-jpr() !$�{�@!B0'�ZX�),VW�@0.�����=���]��;{!$#R�=+2�C%'�]!$����;<!$�{�3%.X��������s�i]i
),�@%10.��# X���;(��014-0.+-X���;MQ�� �^y�42X�0.�,g�Q$s~m]+2X:�@�]�^#1�@�p%.���\5H���@0.�T��G[+-X�%'#R+]VK%'�(�\%.X��������
#.!B%'X���%1��;
��%R%.���\G +-0';��@0 G ��%x5U�@��� � 0��]���Z�\�]��;lNC5H!B%��@�@0'�8�]��;�QO�����,#.)S���$�B��0F0.!$��4�+2�q%.���p/�!8�=%'X�01�\!$#R%'�(�
/�01+-%.+-�h!$� � �T�=%.+-0 � N;HUN � 57��!$�B�3%'���S%.0.!8�]��42X��8�?0~�?0.�T��!$�lVW01+2�C%E+-V�%'�(�*#')3�]�$� 0'!$��4{!$#E%.����)S��!$�
PU`_aFbz��0.�T��Q?K ��!$�B�UL�` H{5f�]# �]�E���B� �=%10.+2�(te/ +2#.!B%.0.+-���=+2�$�$!$;(��0�d L D P:57!$�$�-G ���=+2�$�$!$;�!$�(47/�0.+-%1+2��#�d
�]��;~%'��������@0.4-m��T>��]!$�8��G��B�_5H!$�$�20.�T�-����%.���f���xw 0��]��4]� �"! #%$�&('O��� w �=d?�?G[+2X�% %.����%'!$),��# ��!B42�(��0
%.���]�<��%7L�` H
Q
�������$X�),!$��+2#.!B% m^!$�l%.����L�DOP 57!$�$�n0.�T�-���*)+$,&.-0/21\�Z)43 � #	3 � ��VW%.�@0E%.��0.�@�Sm-�T��0.#E+-VU0'X�����!$��4
�W%'��!$# !$#R%'�(�4576�805:9<;>=?6A@CBEDF6HGJIJ/����]#1�2d 57��!$�B�p%'���py�0.#.%R%'��01���pm-�T��0.#R57!$�$� ����>-�K9�B0LM9<;>=?6A@CBEDF6HGJI]d

0



������� ������� 
 ��� � � ��� � 
 � � � � � �����

� !B42X(0.�~g(Q$s�� �����E�B+��@��%'!B+-�J+-V %'����L�DOP %'X��������eQ

& - /"/ �@) 3 � # 3 � �=Qn�f��!$#_5H!$�$��G[�O�-����!B�@>-��;,Gkm,y��$�$!$��4E�T�-���S+-V�%.���F% 5+�0'!$��4-#��n5H!B%'�Jg �Q12uOG�X����9�(�T#
+]V%&.- � � / ��01%'!8�Z�B��#O�T�-���MQ3�f���30.��#.X��B%.!$��4��8��0.4-�\G[�T�]) �@X(0.0.���C%E!$#E�J/ ��0.%.!8�ZX��8��0E�����]�$�B����4-�,!$�h�
)3�-����!$����)S�];���+-VK#.X�/ ��0 tx�=+2��;�X��=%.!$��4�)S��42���@%.#7+-/[�@0���%.!$��4J�?% �Z01m-+-4-����!8�O%.��),/ ��0'��%'X(0.��#�Q7�f���
G � ��)3#�5H!$�$�[G[�&#1%.+-01��;A��%���!B42�������@0.4-mSVW+]0H��G[+2X(%�%.���A�(+2X�0'#�Q 3RX�0'!$�(4\%'��!$#U%'!$),�R%.���O/ ��01%'!8�Z�B��#
)3��r-�pVW+2X�0&�kX���;�0.��;6)3!$�$�$!B+-�{0.�@>-+2�$X(%'!B+2��#�Q$6<+-0.�,;(��%'�]!$�$#O��G[+2X�%O%.���3)3�-����!$���3�@�]�^G �3VW+-X���;
!$� � u �eQ
K �(�T�,;���#.!B42��!$�(4O%'���H)S�]�9��!$���2d]!B%K!$#n>]��01m~!$),/[+-01%��]�2%n%.+&)S��r-�f!B%K�]#	���ZY�!BG��B�H�]#n/[+2#.#.!BG��B��57��!$�B�
),!$��!$)3!$#.!$��4A%'���*�=+2#1% �o)\+2���@m:!$#~���B5f�Tm(#E�]�l!$#.#'X(� �9Q"�e%�)S�Tm:�=+2),�S!$�l���]��;(m:%.+<G[����G��B�3%.+
��;���/�%n%.+&+-%.���@0K#.!B%'X���%'!B+2��#Td?57��+Or(��+?5H#n57����% %.���7�(�@Yk% 4-�����@0'��%'!B+2�p+]V��=+2�$�$!$;��@0'# 57!$�$�����@��;MQ IR#
���q�@Y��]),/��B�2d[%.���*P�`KaFb N.HUN{�-�@�=�T�B�@0'��%.+-0F5��]#Ry�0.#1%&X�/�4-0��];(�T;qVW01+2) �*y�Y(��;^%'��0.4-�@%R/�01+-%.+2�
)3�-����!$���<!$�C%1+}�6/�01+-%.+-�(tx�]�C%.!B/�0.+-%1+2� �Z+-�$�$!$;��@0TdK%'�(�T� �6���T�T>kmz!B+2� �-�@�Z���B�@0��?%.+-0�d_�8��%1�@0S!$�C%.+}�
�B�@/�%1+2�A!$� � �T�=%.+-0�VW+-07L�` H �]��;��(+?5 �,��!B42�A;�����#.!B%xm�/�0.+-%1+2��!$� � �T�=%.+-0�VW+-07L�DOPRQ
�����f),+-#.%
!$),/[+-01%��]�2%n�9���]�$�B����4-�UVW+]0 L�DOPh!$# %.+O;�!$#'�=+?>-�@0Td +-0
�ZY��Z�$X�;���!$�\�O�=�@0.%'�]!$�p)S��#'# 0'�]��4-�2d
%.���,DF!B4-42#F/ �?0.%'!8�Z�B�p�]��;^%1+A#1�T��0'�9�{VW+-0 #.X�/[�@0'#1m(),),�@%.0'!8�E/ �?0.%'!8�Z�B��#�QOL�D P )S�Tm{�]�$#1+J;�!$#'�=+?>-�@0
�(��5 / ��01%'!8�Z�B��#�%1+S)3�]��!BVW��#1%f%.���@+-0'!B��#�G[�@m-+2��;A%'���pNC%'�]��;��?0';�6{+(;(�T�eQ
�����@0.�3��01�\VW+2X�0&L�DOP �ZY(/[�@0'!$)\�T�2%'#�G P 66Nq�]��;:IK�fL�ION{#'X�!B%.��;^VW+-0 4-�����@0����
/�X�0./[+-#.�\�ZY(/[�@01t
!$)\�T�2%'#�d�L D PG:;��@>-+-%.��;q��#1/[�T�Z!8�]�$�Bm�VW+-0 G(te/��Cm(#.!8�Z#&����;:I L � P�` VW+-0O���T�T>km{!B+-�q�@Yk/[�@0'!$),���C%.#TQ
������!B07��G�G�01�@>(!8��%'!B+-��#H�?0.�
�

')"$*+'�, Ic��+-0.+2!$;��]��L����&I7/�/ ��0'��%'X N �8= � Q
��� , %'���pP_+2),/ �-�=% 6{X�+2�qN2+2�B����+2!$; � j � Q
' *  �� I L���014-� �e+2�qP+2�$�$!$;(��0f`nYk/[�@0'!$),���C% � � � Q
*�� � � � N2%'X�;�m*+-VKP H >(!B+2�8�?%'!B+2��!$� �_t ),��#1+2�A;��T�@�Tm(#H��%7L�DOP � � 5 � Q

�����������������! "�$#&%'�)(*�)��#+(�,.-0/1�&243�5�-06*�0#7�8�)(�#9��6&67#&:.#;(*�)��#&<=,>-?3� ����?<0,>(�#&6&��,> 1-0�8��-0<?���0#;@A67 �:.:.,><0#B�)�C���0#
:> D67�)��,. 1-0�E 1F����0#�FG 15H(I<�#;��#&6&�� �(��&J

W



� 
�� 
 ��� � � � � � 
�� � ��� � �����

����� ��� 
 � � � ��� ��
 � 
 �� � �

����� IK�fL�ION,;��@%.�T�=%.+-0�dC#.��+?57�*!$�3y�42X�01�&g�Q g�dC!$#_%.��� �8��014-��#1%_+]V�%'���FVW+2X�0UL�DOP ;��@%.�T�=%.+]0'#�Qn�f�(�
�=m(�$!$��;(0'!8�f#.���?/[�F),�T�]#.X�01�T#J7Ci&),�@%.0.��# !$�S�B����4-%.�Md2���]#_�&0'�];�!$X�# +-Vns�iO),�@%.0.��#_�]��;,5U��!B42��#Uj�i-i]i
%1+2��#�Q��e%U!$#���4]�T�(��0'�]��/�X�01/[+2#1� �ZY(/[�@0'!$)\�T�2%U),�T�]�2%%1+\�B+C+-r,VW+-0U)S�]�Cm3;�!B�[�@0.���C%#.!B42����%.X�0.��#�Q I
)S� � +-0�0.+2�B�&!$#f%1+3+]G�#1��01>-� �W+-0f�ZY��Z�$X�;�� �_%'�(��DF!B4]42#fG[+-#.+-�<�]��;A%1+S�B+k+-rSVW+-0H#.X�/[�@0'#1m(),),�@%.0.m2Q
�����&G �]#.!8�O;���#.!B42���=0'!B%1��0.!8�~+-V %'���E;��@%.�T�=%.+]0H!$���Z�$X�;(�&%'�(�EVW+-�$�B+?57!$��4�� s�i �*�

� w �@01m�4]+k+(;J���B� �=%10.+2)S�?42���@%'!8�F�����B+-0'!$),�@%10.m3VW+-0f���B�T�=%.01+2�A�]��;A/���+-%.+-��!$;(�T�2%'!By �@��%.!B+2�A����;
)\� ��#'X(0.��),���C%'#�dM�=+2),/��B�T)\�T�2%.��;^GkmqV X��$� tx�=+?>-�@0'��4-�\����;�0.+2��!8�3�@�]�B+]0'!$),�@%.01m<VW+]0��-�@�ZX�0��?%.�
� �@%7�]��;�)3!$#.#.!$��4,%10��]��#1>-�@0.#.�O�����@014-m ���
	����� �),�T�]#.X�0.��),���C%.#�G

� D7!B42�(te/�01�T�@!$#.!B+2�A)pX(+2�<),+2),���C%.X�) ),�T�]#.X�01��),���C%'#�d�57!B%.��%.���~���?/ ��G�!$�$!B%xm�%1+S42X���0'�]�C%1���
�]���ZX�0'��%.�3),�T�]#.X�01��),���C%'#&��%E%'�(�S��!B42����#1%E�$X�)3!$��+-#'!B%xmqX�#.!$��4<%.���3�ZY(%1��0.���]� )pX(+2�l#1/[�T�9t
%10.+2)\��%1�@07�]�B+-���-G

� `��*�Z!B�T�2%�%10��-�'r(!$�(47��%M��!B42�O�$X�)3!$��+2#.!B% mHVW+-0���!B42�(t�� � ),�T�]#.X�01�T)\�T�2%'#�d@���B� �=%10.+2�O�]��;O/���+]%.+2�
!$;(�T�2%'!By �@��%.!B+2�Md��kt �B�@/�%.+-�^�]��;q���T�T>kmCt����T>-+-0F!$;����C%'!By����?%'!B+2�Md �]��;{V X��$� �@>-���C%F0.�T�=+2��#1%.0.X��9t
%.!B+2���@��/ ��G�!$�$!B%xm��?%7�B+?5��0��$X�)3!$��+2#.!B%xm�G

� L���014-�H�-�@�=�@/�%������=�f!$�p/�#1��X�;�+-0'��/�!$;�!B%xm ��� ��57!B%.�,�]�$),+2#1% V X��$���0��!$)pX(%'���]�(�]��4-�B� ��� � �=+?>-�@01t
�?4-� �@>-�@0.mk5H���@0.�2Qn�����&�0��!$)pX�%.���]� �]��42�B� !$#�)\� ��#'X(0.��;A�?0.+2X���;�%'��� G[�T�]) �?Y�!$#�dk5H���@0.�T�]#
/�#.��X�;(+-0���/�!$;�!B% mJ01�T�8�?%.��#H%.+*%.����/[+2�8��0R�]��4-�B� ��� ��57�(��01���3!$#7%'���p�]��42�B�EVW0.+-) %'�����*;�!B01t
�T�=%'!B+-��G

� ��0.!B4-4-�@0'!$�(4*�]��;{),�T�]#.X�01�T)\�T�2%'#H+-V
/ ��0.%.!8�Z�B�T#7��%F�B+?5�t�� � %'��01�T#.��+-�$;�#7/�0.+ >(!$;�!$��4S��!B42����V t
y��@!B�����Z!B��#�VW+-0H),+-#.%f/��Cm(#.!8�Z#f/�01+��=�T#.#1��#f+-V !$�C%1��01��#.%H��%7L�DOPRQ

�����&IK�HLMI&N*;��@%1� �=%1+-0H�=+2��#.!$#1%'#U+-V�VW+2X�0f)S� � +-0f�Z+-),/[+2�����C%.#�d(%.���E�=+2�B+2X�0.#�)S��%'����!$��4p%'��+2#1�&!$�
y�4-X�0.�~g�Q g �

P���&%9��� %-��%.������� � m]�T�$�B+ 5 � t_),�T�]#.X�01��#�%'���E),+2)\�T�2%'X�) +-V �T�-����������014-��;A/���0.%.!8�@�B�2Q

�$DSR��/� ��TU%-��%9�VN �W�T�B�T�=%.01+2)S��4-���@%'!8��G�4]0.�@���Md ���];(0.+2��!8��G�+-0�����4-� �tU),�T�]#.X�0.��#H%'�����T�(��0142!B��#F�@��01t
0.!B��;AGCm�%'���&/ �?0.%'!8�Z�B��#�Q

� �&��� N �Z%.��������TU%-��%9� �WG��$X�� �Kt_!$;����C%.!By���#H�]��;�),�T�]#.X�0.��#f)pX�+-��#�Q

� D ���&%-� NP:LN���%.T � 4-01��m �KtKG[����;�#F������014-��;J/ ��0.%.!8�Z�B�T#UVW+-0H),+-),���C%'X�) ),�T�]#.X�0.��),���C%�Q

�����RVW+2�$�B+?57!$�(4EVW+2X�0U#1�T�=%'!B+2��#;(�T#'�=0'!BG�!$��4~%.���R>���0.!B+2X�#_/ ��01%'#_+-VM%.��� IK�HLMI&N,;��@%.�T�=%.+-0!$#G ��#.��;
+2�l%'����;���#'�=0'!B/�%.!B+2��#�!$�h%.����IK�HLMI&Nl���T������!8�@�]� 3F��#'!B4-�"af�@/[+-01% �Bs�i � Q�IR#�VW+-0�%'�(�J;�!B� �@0.���C%
%xmk/[��#F+-VK;(��%1�T�Z%1+-07%.�T������+2�B+-4-!B�T# �o;�0.!BVW% �����])�G[�@0'#�d[)~X��B%'! te5H!B0.�E/�01+-/[+-01%'!B+2���]� �����])~G ��0.#7�@%��]Q �9d
�=+2��#.X��B% � s-s �MVW+-0fV X�01%'���@0f�ZY(/��8������%'!B+-��#H�]��;�;(�T#'�=0'!B/�%'!B+2��#�Q

�



������� ������� 
 ��� � � ��� � 
 � � � � � �����

� !B42X(0.�~g(Q g � �����EIK�HLMI&N�;��@%.�T�=%.+]0TQ

�



� 
�� 
 ��� � � � � � 
�� � ��� � �����

��������� �
	�	������������������

����� � �����@0�3F�@%.�T�=%.+-0J!$#�%'���^y�0'#1%J/ ��0.%J+-X�%'#.!$;��^%.���:G[�T�])\te/�!B/[�6�]��; !$#��=+2�2%��]!$����; 57!B%'��!$�
�}�=m(�$!$��;��@0S+-V&�B����4-%.� j6),�@%10.��#��]��; �l0��];�!$X�#S+-V3s-QBsTul),�@%.01��#TQ Kl�qy���; ��!B42� 0.��#1+2�$X�%.!B+2�
#1��)3!8�=+2��;�X��Z%1+-0�/�! Y(����]��;}#1%.0'!B/};��@%.�T�=%.+-0.#p!$�l%'���J!$�����@0~/ ��01%Tdn�]��;"�=+2�C%'!$�CX�+2X�#�#.%10��T5�te%'X�G �
%10��-�'r(!$��4 ;��@%.�T�=%.+-0.# !$�\!B%.#n+2X(%.�@0n/ ��01%K�]#n#1�����\!$�py�42X�01�Fg�Q 1�Q � �,%.����G ��0.01����01�@42!B+2�~%.���H;��@%.�T�=%.+-0
�8�Tm]��0.#,�?0.����010��]��4]�T;}+2� �=+2���=���C%.0.!8�J�=m(�$!$��;(��0.#,�?0.+2X���;z%.���AG � ��) � Y�!$#�d 5H��!$�B��%'���J�T��;(tx�@��/
;��@%1� �=%1+-0'#H��0.�&),+2X��C%1��;A+-��;�!$#1r(#f/ ��01/[����;�!8�ZX��8��0f%.+,%'�(�EG � ��) �?Y�!$#�Q

Forward SCT

Barrel SCT

TRT

Pixel Detectors

� !B42X�01�~g�Q 1 � �f�(��IK�fLMI&N�!$���(��0H;(��%1�T�Z%1+-0TQ

�����O/�! Y(����;��@%.�T�=%.+]0f!$#U;���#'!B4-����;�%1+\/�0.+?>k!$;��&�p��!B42�kte4-0��]�CX��8��0'!B%xm2dC��!B42�(te/�01� �Z!$#.!B+2��#1�@%U+-V ),�T�]# t
X�01��),���C%'#~�]#~�Z�B+2#1�3%.+{%'�(��!$�C%1��0'�-�=%'!B+2�^/[+2!$�C%~�]#�/ +2#.#'!BG��B�CQJ�f���S%.+-%'�]�K�kX�)~G ��0�+]V�/�0.�T�Z!$#.!B+2�
�8�Tm]��0.#K)pX�#1%KG[�R�$!$)3!B%.��;\G[�T�@�]X�#1�7+-V�%.���R)S��%1��0.!8�]��%.���@m,!$�C%.01+(;�X��=�2dC�]��;SG � �@�]X�#.�7+-V %'����!B0_��!B42�
�=+2#1%TQ � � IK�HLMION dn%'���@0.�{��01�<%.��0.�@��/�! Y(���H�8�Tm]��0.#,!$� %'���<G �?0.0.����0.�@42!B+2� �]��; y�>-�<�8�Tm-�@0'#\+2�
%.���J����;(tx�@��/�#�Q6�f���A!$���(��0.),+2#1%~/�! Y(���U�8��m-�@0	� %.���&�_t �8�Tm]��0 �&!$#~>-�@0.ml!$),/[+-01%��]�2%p%1+:)S�]!$�C%'�]!$�
%.���p��!B42����#1%R/[+-#'#.!BG��B��/[�@0.VW+-0.)S�]���=�~;�X(0'!$��4�%.���p�ZY(/[�@0.!$),���C% � #F�$!BVW�@%'!$),�2d �]��;{%'���p),�T�����]��!8�����
;���#.!B42�:�]�$�B+ 57#FVW+-0 %.��!$# %1+JG[�,01�@/��8�-�=��;MQE�f�(�\/�! Yk�T�
#1m(#1%.��) �=+2�C%'�]!$��#O�*%1+-%���� +-VFsP7Ci*)3!$�$�$!B+2�
;��@%1� �=%1+-0f���B�T)\�T�2%'#H�=+2�C%'�]!$����;A!$�<�?G[+2X�%EsTu]i-ipG ��010.����),+(;�X��B��#H�]��;qj�i]i,;�!$#.r�),+(;�X��B��#�QK`K�-���
���B��),���C%f���]#H!$��;�!B>(!$;�X��]�M�Z!B0��ZX�!B%.#�VW+-0f�T�-���J/�! Y(�������B��),���C%7����;�%.���&0.�T�];�+-X�%7����!B/�#H�(����;A%1+3G[�
0'�];�!8��%.!B+2�l����0.;�������;h%1+{57!B%'��#.%'�]��;6+?>-�@0E1]i-i�r�vFm6+]Vf!B+2��!$#.!$��4�0��];�!8��%'!B+2�h����;h+?>-�@0���� & - � 1
����X�%10.+2��#H/ ��0F�Z) � Q
������#1��)3!8�=+2��;�X��=%1+-0f%10��-�'r(!$�(4S#1m(#1%1�T) �eN�P�� ��!$#H;���#.!B42����;A%1+3/�01+?>(!$;��O�T!B4-�C%f/�0.�T�Z!$#.!B+2�A),�T�]# t
X�01��),���C%'#H/[�@0F%10��-�'rA!$��%.���~!$�C%.�@0.),��;�!8��%.�O0��]�(4-�2d[�=+2�2%.0'!BG�X�%'!$��43%.+S%.���~),�T�]#.X�01�T)\�T�2%H+-Vn),+]t
),���C%.X�)<d�!$),/ �-�=% /���0��])\��%1�@0&�]��;^>-�@0.%1�ZYq/[+2#.!B%.!B+2�Md��]# 5U���$�n��# /�0.+?>k!$;�!$��4J4-+k+k;:/���%.%1��0.�^01�@t
�=+-42��!B%'!B+2�zGCmz%'�(�{X�#1�<+-VO��!B42� 4]0��]�kX��8��0'!B%xmCQ �f���<G���0.01�T�FN�P�� X�#.��#3VW+2X(0S�8�Tm-�@0'#\+-V #.!$�$!8�=+2�
)3!8�=01+2#1%.0'!B/J;��@%.�T�=%.+]0'#U5H��!$�B�O%.���O����;(tx�@��/�#f���T>-�O��!$���O+-�J�T�-���J#.!$;��2Q `_�-���J#.!$�$!8�Z+-��;��@%.�T�=%.+-0�!$#
7Ci�Q jp�Z) � �]��;����]#Rj = �p01� ��;�+2X�%H#1%.0.!B/�#�QnIR�B%1+-4-�@%'���@0�d(%.���E;(��%1�T�Z%1+-07�=+2�C%'�]!$��# =�sO) � +]V
#.!$�$!8�=+2�
;��@%1� �=%1+-0'#&57!B%.�}��%1+-%���� +-V =�Q g�)3!$�$�$!B+-�:0.�T�];�+-X�%~�����]���(�T�$#�QJ��0'�-�'r(#��@�]�lG ��;�!$#1%'!$�(42X�!$#.����;l!BV
#1�@/ ��0'��%.��;JGkmJ),+]0.�&%.���]�<�?G[+2X�%Fg]i-i���)<Q
�����F%.0'�]��#.!B%'!B+2�,0���;�!8��%'!B+-�S;��@%1� �=%1+-0 � �fan� � /�0.+?>k!$;���#U�=+2�C%.!$�kX�+2X�#K%.0'�-�'rCteVW+2�$�B+?5H!$��4&5H!B%'�S)pX����
�B��#.#�)3��%.�@0'!8���n/[�@0�/[+-!$�C%p����;}���B+?5U�@0��=+2#1%�QJ�f��!$#E��!B42�l;�����#.!B% m^+-VU%.0'�-�'r:��!B%'#~�?%E%'���S+-X�%.�@0

Y



������� ������� 
 ��� � � ��� � 
 � � � � � �����

0'�];�!$X�#H�=+2�C%.0.!BG�X�%1�E#.!B42��!By �@�]�2%'�BmS%.+,%'����)\+2),���C%'X�) ),�T�]#.X�01�T)\�T�2%Td��]��;�!$#7�]�$#1+3>��]�$X���G��B�OVW+-0
%.���S;��@%1� �=%.!B+2�^+-V/���+-%1+2�l�Z+-�C>-�@0'#.!B+2��#�Q\�����*�Ha
� !$#OG �]#1��;6+-�:%'���3X�#1�3+-VU#1%.0'�T5 ;��@%1� �=%1+-0'#
5H��!8��� �@�]� +]/[�@0���%1�{��%3%.���<>]��01mz��!B42� 0���%1���ZY(/[�T�=%.��; ��%,%'�(�qL D P Q `_�-��� #1%10��T5 !$# 7h)3)
!$�{;�!8��),�@%.�@0TQ7�����~G���0.01�T� �=+2�C%'�]!$��#F��G[+2X�%Ou]i-i-i]i3#.%10��T5H# �]��;{%'��������;(tx�@��/�# �=+2�C%'�]!$�(12g�i-i-i-i
#1%10��T5H#�42!B>(!$��43�\%1+-%������kX�)~G ��0f+-V �T�B�T�=%.01+2��!8� �������������$#f+-V&7kg]i]i-i-i�Qn`K�-���<��������������/�01+?>(!$;���#7�
;(0'!BVW%1te%.!$),�\),�T�]#.X�01��),���C%Td 42!B>(!$��4��J#./���%'!8�]� 01�T#1+2�$X(%'!B+2�q+-VFs j�i ��) / ��0&#1%.0���5�Qp�����S�fan� !$#
+]/[�@0���%1�T;q5H!B%'�^�J��+-�(t�� �])3)3��G��B�~4C�]# )3! Y(%.X�0.�p+]V�j�i ��� �2dMg]i � P ! � ����; s�i � P � 1 d 57!B%'��*%.+-%'�]�
>-+-�$X�),�p+-V 1J) / Qp�f���,�8��0.4]�3�])\+2X��C% +-V#1%.0'�T57# / ��0O%10��-�'r<42X���0'�]�C%.�@��#O���=+2)�G�!$����;
)\� ��#'X(0.��),���C%H�-�@�ZX�0'�-�=m�+]V G[�@%1%.�@0H%.���]�{u]i���) ��%f%.����L�DOP ;(�T#.!B42�A�$X�),!$��+2#.!B% m2Q

��������� ����� � 
	�� ������


�����A�@�]�B+-0.!$),�@%.�@0E#1m(#1%.��) !$�hy�42X�01��g�Q 7:�=+2��#.!$#1%'#�+]VF�]�h���B�T�=%.01+2)S��42�(��%.!8� � `Z6 �&�����B+-0'!$),�@%1��0
+-X�%'#.!$;��%.���� ���(��0J3R�@%1� �=%1+-0
�]��;�+2X�% %.+ �70��];�!$X�# +-V������ �H),�@%.01�T#�d��]��;\�F����;�0.+2��!8������B+-0'!$),�@%1��0
�=+?>]��0.!$��4\%'�(�~��0.�T�p%.+S�\0��];�!$X�#f+-V '���� �p),�@%10.��#�QK�f�(�~` 6 �����B+-0'!$),�@%1��0�!$#fG �]#1��;A+2���,��!B42���Bm2t
4]0��]�kX��8��0�B�T�];��?�$!$|CX�!$;(tx��014-+2� �oL�I70 �n%1� �����(+2�B+-4-m\5H��!$�B�F%'��� ����;�0.+2���@�]�B+-0.!$),�@%.�@0_!$#_G �]#1��;*+2�J�
#'�])\/��$!$��4�%.�T������!$|CX��R5H!B%'�S/��8�]#1%'!8�7#'�Z!$�C%.!$�$�8��%.+-0 /��8��%1�T# �W%'!$�B��# �n��)~G �T;�;���;�!$�J�]�*!B0.+-�J�?G�#1+-0.G[�@0�Q
�����&%.+-%'�]��5�T!B4-�C%�+-V %'�����@�]�B+-0.!$),�@%.�@0�#1m(#1%.��) !$#7��G[+-X�% 7Ci]i-ip%1+2��#�Q

Calorimeters

Calorimeters

Calorimeters

Calorimeters

Hadronic Tile
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All in ID
Rc < 80 cm and |zc| < 280 cm
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