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� z��C= �=} �\K �6}k~ 	 � � � � ~�� � ��� 	 ��� �
	4v ~ x{z��Iz } �
	 � ��� � � �
� 	�� ~ �&x��~}.v � x }�� �s���e� � � �&�b� � ���
	 � � } �{x{v � �b� � |
� � x �'�&� � � �&�b� � �{�b� �F�d� x } x�� � | �)} �y�b�
	 z } 	���� ~�� � � z�� � � } ��� � � ~ ��� } �y��� � � �yvyx$v ~ x��]x ��� �
� � � ��� � � � > � } ���/� ~��
� � ~�� v � x{v ~�� ����x{z����e� = �=} �\K � �&� }k~ x{vZ= �=} �\K � � �b�S� | �&��n� n� n� � }k~ 	 � � � � ~�� | �I} 	�� � � ��� } = �=} �\K }k~ 	 }k~�}k~ x{v �= �=} �\K�� � n� � � � z�� }�� x �=} � � ��� � � �
� | z��!� = �=} �\K � | }k~ x{vZ= �=} �\K � | �&� � � � � ~�� B QVhSRF_�`�cta¬U �)}k~�~ �&x ��� �)} � �A� � } x��
	
� ���{x � ��� } x{v��/����� }k~ 	 z }�� x��M��� � � 	����b�
	 � A v � vy� } �$x��]x{z�� � } �{x�� ~ 	�� ~�� vyxf� � ��~�� x{vb� ~�� � } � }k� ��x{�{v � v ~�� x{z��
� x } x��w��� � } �{x�� ~�� v ~�� v<	�� � } �{x{v � �b� � | z } 	���� ~ v �2} x{vb� ~ � ��~�� x{vb� ~�� �~}�v � x | �wz�v � z � } � }k� ��x{�{v � �Çx{z��Ù����� } �­� � �����
� � �
� � � � ���wz�v � z } � } �{x�� ~ ��x{� }k~�� �'�&� �0� ��v ~ x�� } z } 	���� ~ �PÇ �&���;�~} }�� x{��� | x{z��]B QVhSRF_�`�cta(Q�]^c�_S` ÎjÐi`�[¬]^c^_S`�a
354� �q� � | 	���x���� � v ~ �·x{z�� � ����� } ��vy�yvyx ���wvyx{z��wz�v � z } = �=} �\K � ��� � � � � � � } �{xw��� } z } 	���� ~76��)} �{����v ~�� x{z��= �=} �\K�8 ��� � � � ~ x ��� �s� }�� x{vb� ~ � �
9 �yx{z�� ��� z vyx � �e� �0�S� � � � �yv �)} x��
	 � ~ � ��� z?x���	�� } �a�wvyx{z x{z�� � } �{x�� ~�� v ~�� x�� } 	?���hx{z�� � } �{x{v � �b� �;}k~ 	 ��� �xf���G	�v0J������ ~ x � } � }k� ��x{�{v �2} x{vb� ~�� x���	�� �
� �{v����6x{z��6� �
�A� �{�{v ~�� � ��� � � �
� � � | x{z������ } �����A�/� ~ � �&��� � � � � �yv �
�)} x{vb� ~�� v ~ ��� } �"�yv �s��� : ~3} 	�	�vyx{vb� ~ x��]x{z�� � ��� 	 ��� x � ���Ñx{z��Åz } �
	 �
�)} x{x����{v ~�� � ��� � � �
� | � �&��� � } �{x�� ~����I} �
��� � ��� 	 ��� �
	0��� v ~ vyx{v } ���&�<; ~=} � � x } x��w� } 	�v } x{vb� ~ �=: A k | o A k � | �wz������ � } �{x�� ~�� �^= �=} �\K � �&� � � � � ~�� � �I} �
���]� � vyx{x��
	&���~�'�&�����&� } ��x�����x{z��]z } �
	?v ~ x���� }�� x{vb� ~ � � z�� � �6�~}.x{� } � } �{x�� ~���} � � � ~ �e�
	 x��0����x } K/� ~ v ~ x��}��
� � ��~ xq	 � �{v ~�� x{z��·z } 	���� ~ v �¥} x{vb� ~ � ��� � � �F� �
������$> ?A@$ CB1�(/� =�+2'(�%��(D�EGF� =�h�-HJI ,(2£��%LK�2� NM½�h�� ��/��-.�/%£����#OH$���(/ �3%L2� �PQBRK
� z�� Ði`�hiUjRdYgÌScf`�T&U
SbUj`�] v �
}�� �&�y�b� � x{v��/�`x���� � �'�&� } �y� � } �{x{v � �b� � �s��� �G} � v ~�� �b�¦m nm v ~ x���� }�� x{vb� ~ x{z } x 	��~ �&xw�&�{v � v ~=} x��'�s��� � x{z��;� � x � �&v ~�� � } �{x�� ~�� ���hx{z��·z } �
	3v ~ x���� }�� x{vb� ~ ��v ~�� � � 	�v ~�� ; ~=} � � x } x��;� } 	�v } x{vb� ~ � �
: ~ �&x{z��������&�
	 � | � } �{x{v � �b� �0� x�� � � v ~�� �s��� � � � �yx{v � �b� � } �{x�� ~ v ~ x���� }�� x{vb� ~�� | �yvLK/�Ev ~ x���� }�� x{vb� ~�� ���·x{z��
� � � � x } x��&��= �=} �\K � | �wz�v � z } ��� } � � � �)} �y�b�
	)��� }k� �K��� }k� ��� � ~=}k~ x � ����v ~�� x{z�������� } K � � ����x{z�� � ���&x�� ~}k~ 	 }k~ x{v � ���&x�� ~ | �&�`����� � v ~ vyx{v } � � x } x�� � } 	�v } x{vb� ~ � � z�� � � v ~ ��� }�� x{v � v ~ x���� }�� x{vb� ~���} ��� � � � x{��� � ���sx |
� z } � }�� x����{v � �
	 ���V�b��� � � � � ~ x ��� x{� }k~�� �'��� � | � � x x{z��A� ~ �A�/���{x{z����b� �F�0�)}k~ �b� } �/� }2� v ��~=} x � ���Ev ~ x{z��
	���x�� � x��&� � � � x�� � �
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9�~ �&x{z���� � � � � �yv �)} x{vb� ~ v � x{z�� � � �
� v���vy�yvyxf����� � � �yx{v � �b� � } �{x{v � �b��v ~ x���� }�� x{vb� ~�� � ���m� ��~�� z � ��� �
� v ~�� ��vK�Ë���� �&��� x{z }k~ � ~ �·m nmov ~ x���� }�� x{vb� ~ � � � z�� � �
�A� �{��� ~�� � �������/���{� } � �A�/� ~ x � v � È }�� �A�/�����9�A�/� ~ x`� } x�� È
� ��� � �&�{x{vb� ~=} ��x��1x{z��?v ~�� x }k~ x }k~ �e� ��� � ��� v ~ � � vyx �_� � � � � x{v �I} x��?x{z�� } �/��� }�� � ~���� �����E��� } 	�	�vyx{vb� ~=} �v ~ x���� }�� x{vb� ~�� � ��� ��� }k� � ��� �
� v ~�� n$ d&%('*) | NP= �=} x{vb� ~ �L����" � z }�� x��'��� � � 	�v ;=�
	�����x{z�� ~���� ����������p Q�Rj]^c�[ÍYZUËjÐ�`�[ B Uda � ���d��� }k� }k~ 	Ix{z��;x{v � �;vyx�x } K/� � �s�&��� ~ � ����� zG� ��~�� z x�� � � � � �b��x�� }R� v ~�� �b�����A�/�&� � x{vb� ~ � � z��
� �A� } x{��� ~ �wvyx{z } � vy� �A��� �'����� ~�� �`����+-,/. 910 K � | } ���A�/�&� � x{vb� ~ x{v � �`���32�46587 9:,MQ 9ZE<;bE(G>=�? �6}k~ 	
� ���&x�� ~ }k~ 	 }k~ x{v � ���&x�� ~ ��� }k�0� �wvyx{z $ 4@5 0 . � ��~�� z�� � � }�� z | v �{��� �
	 }��Å}k~ �~} }k� � �b���

n$ d&%A'B) 5/C ;ED d&%('*) ; 2�4$ 4 F �wvyx{z C 5 Q GG;êE(G�H A�IKJ =�LNMN=�O D nP�QSRUTWV , G�91XB9 �L���À~ �
� � � ���yv ~�� x{z�� } �/��� }�� � v ~�� x }k~ x }k~ �e� ��� � ��� v ~ � � vyx � | ~ �&x3� ~ ���Y�b� } 	 � x��4z�v � z����3� } x�� � ���]x{z��&	�� � vy���
	�A�/� ~ x � | � � x } ��� } � �]} � � �G	�� � ���b� � x{z�� } �/��� }�� � ~ ��� �����]�������/���{� } � �A�/� ~ x � | �&� � � �yx{v � �b�
v ~ x���� }�� x{vb� ~�� �
� z������ } � 	�v&Y �A� �yxf� | z��!���A�/��� | v � x{z���� ~ �&� � � ���'� ��� �
�(� � � x{vb� ~ �'�&�Åx{z�v � x � � �6���$�A�/� ~ x � � :�xÇv �·} ��� ���
}�v ��I} x������ D d&%A'B) , + G � � | �wz�v � z1v �·} x·�b� }�� x·x{z����e�
�&�
	���� � ��� �I}���~ vyx � 	�� } �����/� }k~ � � ��� �
�'� � � x{vb� ~�� �'�&�v ~ x������ � x{v ~�� � ��� � � �F� � � | ����� z }�� 	�v���� � � ~ | �&��x�� � � }k~ x{vyx�� � �q7 n7 � � ��� 	 ��� x{vb� ~ ��ohv ��� ��� ��� � � �����.v<	�� � }k~�!�/������vb�A����� � ��� �
�m� � � x{vb� ~2�A� ���/� � �'�&� � �A�/��� } � A Ç � ��� � � �F� � � v ~ m nm � �&�y�yv � vb� ~�� � � z���x ��� � ��� �
�(� � � x{vb� ~
�A� ���/� � �s�&��x{z�� � ��� 	 ��� x{vb� ~ ��� } A Ç ��v ���_� ��� � � ~ �wvyx{z }]�I}��
� ���[Z]\^5 E`_SG -(.
/ | }k~ 	 } �yx���� ~=} x{v��/�����}I�I}��
� ���aZ \ 5 _SG�G -'.
/ | } ��� } � � �`v ~�� � � 	��
	 � 9 �y� � ��� �
�'� � � x{vb� ~���} ��� � z���� ~4}���} � ��~�� x{vb� ~ ���$x{z��
� � ~ x{���~�����D� �I}��
� � ~ ��� � � | �wvyx{z!x{z�� � Ç���� ~ ��� � vb� � ���$x{z�� � �A� } x{��� ~1}k~ 	 x{z��#� � x � ���>MÑ� � v ~ 	�v �)} x��
	 ���x{z��h	 }�� z��
	E�yv ~ � � �
9�~ �&x{z���� � � � � �yv �)} x{vb� ~ v � } 	�	��
	 � � } 	���x�� � x��&� �jJ�� � x | �)} �y�b�
	 � vy�b�~� � � � :�x 	�� ~ �&x�� � ��� � ~=}k~ x � �s��� �
� ���A�.vb� ���O� �&�y�yv � vb� ~�� | ��vyx{z����d�s��� � x{z��Çz } �
	3v ~ x���� }�� x{vb� ~ | �s��� � x{z�� ��~ 	����{���.v ~�� �A�/� ~ x | �&� �s��� � �#� �yx{v � �b�v ~ x���� }�� x{vb� ~�� � � z�� � �6��� � ~=}k~ x ��� v � z�x'���6��� � v<	 �=} � � z } � � ���s� ~ ��� � � � 	�� � � � vyx{vb� ~�� v ~ x{z�� �)} �b�&�{v � ��x���� |x{z } xÇz } �/� ~ �&xS�/��xS���e� ~ ��� } 	?� � xÅ�&�O� } 	��
	 } � } �_�
������cb d`�[efe ���hgI���m%£�ji�2� =#E���(/ �! �k��$%£�/%£����#
9 � } �{x ����� � x{z���� ��� v ~ � � vyxf� C | x{z�� � z } � }�� x����{v � x{v � = �=}k~ x{vyxf�
��� }(� �&�y�yv<	�����v � x{z�� � � ~ x{���~�����*� �I}��
� � ~ ��� � �v w�� :�x�v � v ~ � } �{v }k~ x ��~ 	����ÏM��&��� ~ xml�x{� }k~�� �'�&� �I} x{vb� ~��Å}k~ 	3��� � ��� � � ~ x � x{z�� �I} }�v � ��� } � } vy� } ���b��� ~ ��� � �
�'�&� x{z�� � ��� 	 ��� x{vb� ~ ��� � } �{x{v � �b� � ����� � � �&�y�yv<	�v ~�� ��� }k�0� � 9q�
�
��� v ~��1} ��z�� } 	 ��� ~ � � �&�y�yv � vb� ~ ���·x ���v<	�� ~ x{v �)} � � } �{x{v � �b� � | x{z�� � � ~ x{���~�����*� �I}��
� � ~ ��� � �3v �{� v��/� ~ � �

v w"5on �qp O�r p L � L�s �Atm O�r tm L � L 9 �L����"�� �
: ~ � �&�y�yv<	���� � z � � v �
� | x{z�� � �&�{��� � � � ~ 	�v ~�� � � ~ x{���~�����D� �I}��
� ���~�s����� ~�� � � � � x�� � v � �wv<	������ ��� �
	 | � v ~�� �`v ~x{z�v �Y� ���&�
	�v ~=} x�� � � � x�� � x{z�� � � � � � ~G� � ~ x����w��� �I}��
� ����x{z�� � } �{x{v � �b� � v ~ �/�&���/�
	3v ~3} z } �
	Iv ~ x���� }�� x{vb� ~��� �I} v ~��w} x���� � x | �wz�v � zEv �d���
�=} �y��� ~ �&x�x{z�� �)}�� ��v ~ x{z���� } ���&� } x��&��� � � � x�� � � 9 � � � | � ~ ��� � } �{x{v � �b� � �wvyx{z} ��� � x �I}��
�au A ��� } x � � � x�x{z�� � � ~ x{���~�����*� �I}��
� � ~ ��� � � p 5 u ANv L 54v w �)}k~ ��� � ��� 	 ��� �
	 � � z��;��� � x�I}��
� ��� } � } �{x{v � �b�;v � ���~�'���{���
	3x�� }�� x{z�� cf` S¹QSRjc^QS`�]<w>QSa¢a ��Z d&%Ax � � 9(�
����� v ~�� x{z�� ~ �A� � } �{x{v � �b�'	�� �)} � �v ~ x�� }�� ���{x } v ~ ~���� �����zy4����K ~ �!� ~ � } �{x{v � �b� � | � ~ � �)}k~ �)} � �A� � } x��6x{z���v ~ � } �{v }k~ x �I}��F� ����x{z�v �q� � � x�� ����<y � } �{x{v � �b� ��}��

Z d&%{x 5|n �qp O�r p L}r ;K;K; r p % � L s �(tm O�r tm L@r ;K;K; r tm % � L 9 �L����"�" �
o��&�E�~} }k� � �b� | }k~ � � x��4x{z�� ~ ��~ K ~ ��� ~ ��� � � ~=}k~�� � �tp U\Qbs � v ~ x{z��?v ~ � } �{v }k~ x �I}��
� 	�v � x{�{v�� � x{vb� ~ ���x{z�� � ��y � } �{x{v � �b� � ��� � �<	����A�/� } �Ñx{z�� ~ �A� � } �{x{v � �b���
� Å
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; ~ vyx{vb� ~v ~ x{z���x{� }k~�� �/��� � � � � }k~ ���

�! 21 / 3 . 3 . 5 ; . / 3#"
5$36+ 1 /2;%$ 5 + ;65'&)( 1 /25
9�~ �&x{z���� � � � � � ~ ��� ��� �
	#� } �{v } ���b��v � x{z���x{� }k~�� �/��� � � � � � � ~ x ��� m+* | �&��x{z��$x{� }k~�� �/��� � �w� ~ ��� � � p * | ���
� } �{x{v � �b� � � � � ��x��
x{z�� ��~ K ~ ��� ~ �b� ~�� vyx � 	�v ~=} � � � � � � ~ � ~ x�����x{z�� � �&�y�yv<	�v ~�� � } �{x�� ~�� | x{z�� � � � � ~ x ���
�s� }�� x{vb� ~ � }�� 	��
; ~ �
	1v ~ ����"���" | } � � }k~ v ~�� � � ��� � � � � ~ x ��� ��� } � }k~�� � �)}k~ � ~ ��� ���`� � x } ���yv � z��
	 �'�&�x{z��`x ��� � � � � � ~ � ~ x � m l }k~ 	�m | | v ~ x{z��Ix{� }k~�� �/��� � � � � }k~ � � ��� � � ~ 	�v �A� � } �
x�� x{z������ }k� } }.v � � � z��
�¥}k� �;z��&�<	 � �'�&��x{z��·x{� }k~�� �/��� � �·� ~ ��� � � | �&�Y�'�&�wx{z�v � ��� }�� � ~ x{z�� w.cfa¢ajcf`�TC]^R\QS`�a SSUjR¢a¬U½UÍ`�UjR�TSÌ p ,#- | �wz�v � zv �·~ �&x���� } �y��� � v �
� v ~�� � ~ ��� � � | � � xh	 � �
x�� � } �{x{v � �b� � | �wz�v � zV� �
�)} � �
	 x{z�� 	���x�� � x��&� | vK�Ë��� ~ � � x{�{v ~ � � �&�A z A/. � ~ � � x{� } �yv ~ � � x{z } xwv ~ x���� }�� x;� ~ ���`�/��������� } K.���`�wvyx{z }k~ � �I} x����{v } �K�$�;�����A�/��� | ~ �&xÇx{z�� � � � � �b��x��� � v �
� v ~�� �
� ~ ��� � � �)}k~ ���·v ~ �'���{���
	 | � � xÅ� ~ ���Ex{z��·x{� }k~�� �/��� � � � � � � � ~ � ~ x >

p0* 52111111
c43 ) )@ d65 O tm - f87:9 s ;< 3 ) )@j 5 O tm ->=?A@ 9 111111 �wvyx{z > m * 5CB m Ll r m L| | �L����" ; �

�wz������EDGF , % FV	�� ~ �&x��`x{z�� v ~ vyx{v } �f��; ~=} � � x } x�� | ��� � � � � x{v��/�����_� � z�� v ~�� � � v ~�� � } �{x{v � �b� � | 	�� ~ �&x�z } �/�
� v ��~ v ; �)}k~ x � � � � ~ x ��� � � � � � ~ � ~ x � �&x{z�����x{z }k~ v ~ x{z�� r 	�vy��� � x{vb� ~ | � �Ex{z } x]x{z�� � � � � ~ 	4x���� � | x{z��
����� ����x{� }k~�� �/��� � � � � � � ~ x } ����x{z���v ~�� � � v ~�� � } �{x{v � �b� � � }k~ v � z�� � �

H 1 + 3 .�I/( 5�J$. ;6361 /KI�5 ;
� � � �&�{��� � x{��� 	�� �
� �{v����$x{z�� � � }�� v } ��	�v � x }k~�� �O����x ���e� ~ x ��������~¨� � x � v ~ x{z��O	���x�� � x��&�m�s� ~ ��� � �#	�� � � � vyx{vb� ~���&�hx{� }�� K � � vyx ~ �e�
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 � � � � � �  � � � � � � RF bucket

p−Bunch

E
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#�##�#
#�##�#
#�##�#

$�$$�$
$�$$�$
$�$$�$

%�%�%%�%�%%�%�%
&�&�&&�&�&&�&�&E

t

at injection after 45  rotation

adjusting RF buckets debunched  beam
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Correction
Amplifier
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' y�.]{ n K&G � >+>F��pD��q .54
*�30, y-1@4S4OGN, ,91@4;:%{ .�4ID * K&G¾��G�rF� 4O>+K&GN,
y 3�� *�GN, ,91@4�:]{ )/KC.�,/G * K&G )N.Bp�G *(� 4S4OGFqHQ
y rJ{ u qH3�)=G64 ��F´��1%G%t 3�6 *(t 3 ��G�rF� 4O>+K&GN,
p8.?:04IG=*2)���D�1 FC3BqHG=)B.�,�GKrFqP�CG]|8A%�C. D�,]��FC3BqHG=)
,/G+DEQ��#,/3Bp¼r+3�* K FCK&3�* 3�:0,/.+F&K�) *@KCG�� 0@�&0
qH.�*-*21%>+G 3�6 * K&G���G�r%� 4I>�KCG=,H|�tJ1@* K D01 F&3�qHG
p8.?:04IG=*2) 1@4�* K&G D0,91 6+*#)-FC.E>+G9)·y70 {T1 ) >FqHG+.�,]qe9
�?1 )91 rFqHG?Qzy�>J{�2I>+K&GFp�.�*-1%>P1-q-qP��)9*-,/.�*-1%3�4 376 * K&G
p83�p8GN4C*���p )+* .E>Hw FO,�3J�@q G 1@4X*@KCG � >+>F��pD�>4
qH.�* 3�,H| tJ1@* K * K&G�>+3�,/G�.�*�qH3Bt GN4OGN,2:<9 UKp83�4
p8GN4C*���p .�4OD�* K&G )+* .E>Hw�* .�1-q#G��E* GN4OD�1@4�:8* 354
t .�,/D�) K 1M:�KCG=, F&.0,9*21%>FqHG8GN4OGN,2:01%G=)NQ
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.>��"�2/�D2;:��! � : 4 �!";, �$# �8�O�#2;:*"'. # �&�%��" = S¶.B.#:*0[:* 9� � ����NF84��� �$# � � �5��" 4 5��&�M��5���" � �-0*��� � ��" 4 � � �$# ����� �!"
� "��P�B. � ����?/� 4 03�B.��9�� �§�8 4]<�4 � �&0 � 4 : 4 � = ?*X # � 4 �
5o���B¦�:4�&"'. < .+���$��� 4 0/��" =;4 � � �$# �	���#6B�� -: � �'��"c5A���B¦�:4�&"'. <
��5 �$# � = �&" 4 �k��" � �-0*��� � ��"�2/�>��0 �!" �$# �v.+������N + # �v§�8 6B�� � ��,B��� 4�4  '�`XM < �!"'.&���>� 4 � = ��" = �30/��� � �'��"-��5
�$# �D23�>��0 � 4 � = �9��2�� � �/.>�� ! < .>��0 � :*��� = �!" � ��5A�>:*��2;:'.%EB� � 4 ��" = � 4 �$# �&" 4  '��XM < 02�`6B� = �$# ���>:;, #��$# � 4 � �>.%E
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� 4 �>.B.+��010* %� 4 # � = 2 < 02�>��" 4 ��5�� I h � 4 gB��� ¤ I h � 4 g#� Q 4]< "'. # ����"4�>: 4�R � �5��" 4 5A�&��?)���B¦�:��!�+�!";, �$# � � �$# �D2;:*"'. #
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.+��0`02��" 4 �&" 4 � R ?�23� �$# 0(�>. # �!"4� 4 �����~.&�]:'.��9�� b5A��� �$# �~0*��� = :'. � �'��"i��5;��" � �-0*��� � ��" 4 � � � 4 :I�K.��'�&" �  <
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�5� � � �!" �$# �M 9� �+� �&��N + # �b§%�B. < .& '�&� # � 4 "4� 4 03�B.��9�� ;5��>� � :*��� 4 ���;.+�#0 � 5���� �$# �¶: 4 ��,B�@��5/02� 4 �  < 03�&�$0(��"4�&" �
0(��,
"4� � 4 ? .+��" � �5��� < � � �$# �k�& '�B. � ����0(��,
"4� � 4 : � �! %� 4 � = �!" �$# �k� �$# �&�7�>.B.+�& '�&�5� � ��� 4 ��" =�4 � ���5��,B�k�+�!";, 4 � �
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.+��" � ��� � ��5 �$# ���Y�#2;:*"'. # �&�7��" = S¶.B.#:*0�:* 9� � ���
5�:*"'. � �'��"��� %� � < N @��!"'.+� �$# �&"-� 4 �B.+��" = � < 0/�`��59.+�)�� %�!";,'?
4 � G .>�� ! '� = g:;/g9�B� �]¤>¹ � ¤�¤ ; 9 ¹ f ? � 4 � =;= � � �'��"��� ! < : 4 � = �!" �$# ��§%�B. < .& '�&�Y��" = �&"���2* '� 4 � �
� � 4 � �����7�#6B�&"C02�����
��" � �-0*��� � ��" 4 � � � # �-, # �&�b23�>��0 = �&" 4 � � < N
½l '�B. � ����"�.+�)�� %�!";,\,PO
g�.�� 4 2�� 4 � = ��" �$# �=���;. # ��";,B�=��5 �&"4�&�], < �!"\�& 9� 4 � �/.v.+�� ! %� 4 �'��" 4 23� � XN�+�&"U�12/�>��0 ��5
D .+�� =�F �& '�B. � ����" 4 ��" = �$# � D # � � F ��" � �-0*��� � ��" 23�>��0~N + # �`�& '�B. � ����" 4 �!" � �&�5�>. � X�� �$# �$# �2��" � �-0*��� � ��" 4 ?
.+�)�� %�!";, �$# ��2/�>��0 ��" = ��� = :'.��!";, �$# � 4 0*���>� = �!"  '��";,!� � : = �!"��� @02��02�&" � :*0 & ��" � �-0*��� � ��" 4 � �5��6B�& ! %�!";,
� �)�c5�� 4 � ����� 4  '��X<� = = ��XM" X # �&" 2;:*010��!";, �!" � �U�& '�B. � ����" 4 ?���" =�4  '��XZ��" � �-0*��� � ��" 4 ����� 4 0/� = :;01� 4
�$# � < ����� # � � 2 < 5R� 4 � �&�h�& '�B. � ����" 4 N
S � 84�&�$0/�! 9��2@?h��L�Y-0f '��";, 4 �B. � �'��"a��5 �$# �µ§@�B. < .& '�&�)� 4 : 4 � = 5����2�& '�B. � ����" .+�)�� %�!";,'N S .+��" � �!"�:4�>: 4
D .+�� =�F 23�>��0s��5 3'N " ¡£¢B\ �& '�B. � ����" 4 ?�X # �&��� �$# �(�& '�B. � ����" 4 # �B6B����0;0*���B���!0(� � �& < �$# � 4 ��02�K6B�& '�A.�� � <
� 4 �$# �(�B6B�&�5��,B�76B�& '��.�� � < ��5 �$# �(��" � �-0*��� � ��" 4 ?c0/�_�*� 4 X�� �$# �$# � D # � � F �L
z¢B\Z��" � �-0*��� � ��" 2/�>��0~N7S 4
����� 4 :* � � 4 0(�� ! '�&�K2/�>��0 4 �-°>�E��" = # �-, # �&�K0���� � �/.& '� = �&" 4 � � < ��5 �$# �C��" � �-0*��� � ��"¾23�>��0 � 4 �>2 � � �!"4� = N
I � �$#��$# � 4 :'.B.+� 4%4 5V:* �!010* '�&02�&" � � � �'��"���5Y�& '�B. � ����" .+�)�� %�!";,'? � � .+�>:* = 23� = �&02��" 4 � �5� � � = �!" 4 :*0`02�&�
L�Y�Y � �$# � � �$# � �!"'.&���>� 4 � = "�:*0�2/�&�@��5���" � �-0*��� � ��" 4M4 � ����� = �!" �$# ��§@�B. < .& '�&��?r"4� � ��"* <  '�>� =;4 � �`� # �-, # �&�
��" � �-0*��� � ��"¯0*��� = :'. � �'��"C�5� � � �!" �$# ��S¶.B.#:*0[:* 9� � ����?*2;: � �!" � :*�$"e�� 4 �)�!"'.&���>� 4 � 4 �$# �: -:*0/�!"4� 4 � � < ��5 �$# �
+ �#6�� � ����" .+�� ! %� = �&�8,PO&Y�."N��\��02�&" � ���+�! < ?�� � < 0��/.>�� <"�:*0[23�&�`��5 4 � ����� = ��" � �-0*��� � ��" 4 � 4 ��5 �$# �8��� = �&�k��5
Y�� ¬B«���� * �$# � = � 4 �-,
"~,B�B�� � 4 � � 4 � �����:��" = .+�)�� �:;0 � �	� � ¬B«���� ��" � �-0*��� � ��" 4 �!" �$# �k§%�B. < .& '�&��N
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+ # � + �#6�� � ����" � 4 �$# �; 9���],B� 4 � ��5 �$# � 84�&�$0/�! 9��2��>.B.+�& '�&�5� � ��� 4 ?'X�� �$# ��.��!�%.#:*0�5��&���&"'.+�:��5���0;0*���B���!0(� � �& <
g�N " E)0~N�± �-EB� �$# �h� �$# �&�9.��!�%.#:* 9���<�>.B.+�& '�&�5� � ��� 4 �&"'.+�>:*" � �&��� =�4 �z5R����? � � �� 4 ��� 4 � 4]< "'. # ��� � ����"8��" = � 4 "4� �
��03�&�H5��B. � .��!�%.& '�%"4��� �$# �&��N + # � D �+�!";, F � 4·= �-6�� = � = �!" � � 4 �_� 4 �B. � �'��" 4  9��23�& '� = S �$# ���>:;, # 8·N�½ �>. # 4 �B. � ���
4 � ��� � 4 X�� �$# � 4 �B. � �'��"�.>�� ! '� = �$# �
� g �]¤` '�A.>� � �'��"@? X # �/. # �����k '��";, 4 � �5� �-, # � 4 �B. � �'��" 4 X�� �$# 4 0/�B.��9�� %�-°>� =
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5V:*"'. � �'��" 4 NKS�Yµ.+��" � � �!" 4 �$# �10*��� � ��" (���" � �-0*��� � ��"�.+�� ! %� = �!";,£2/�>��0s��2/��� � E��/.FEB�&� 4 ?W� � �·YC��" = �kY �$# �
.+�� ! %� = �&� = � � �B. � ��� 4 C �W8t��" = ���[�����@ '�A.>� � � = ?)��� 4 03�B. � �-6B�& < ?'C·Y # �� =;4 ��"4� �$# �&�·0*��� � ��"d��23��� �  %�!"4��?A½ Y
.+��" � � �!" 4 �$# � 4 � G .>�� ! '� =�4 .&�5��03�&� 4 Q � �:���&02�`6B�D.��!�%.#:* 9� � �!";,�0*��� � ��" 4 ?�2;: � "4� � ��" � �-0*��� � ��" 4 ? �s5 � �&� �$# �%�&" =
��5@�~.+�� ! %� = �&� 4 � ����� R ?l��" = 88Y�?�^4"��� ! < ?8.+��" � � �!" 4 �$# �_���-, # � �>.B.+�& '�&�5� � �!";,o§�8 .>�B6�� � �'� 4 ?l� 4 X<�& ! �� 4 �$# �
� �5��" 4 5��&�O %�!"4� 4 � �E��" = 5A����0 �$# ���e� �!" � "��P�B. � ����N � " � ¤ ; ; 9 � 9 ¹ feIFg]e � � 02� = � �$# �1§�8¾.>�B6�� � �'� 4 �>0/�&�5� � �
�!" � XN�7,
���>:;0 4�& �$# �k^4� 4 � ,
���>:;0�QV.>�B6�� � �'� 4 ��? " ? ��? Y R �>.B.+�& '�&�5� � � 4 ��" � �-0*��� � ��" 4 ��" = �$# � 4 �B.+��" = ,
���>:;0
QV.>��6�� � �'� 4 L�? 3'?�g�?#� R �>.B.+�& '�&�5� � � 4 0*��� � ��" 4 N
+ # �d0(��,
"4� � �/.\ 9� �+� �/.+�C��5 �$# � + �#6�� � ����" � 4 �$# � 4 ��02�C� 4 5���� �$# �L�Y�#2;:*"'. # �&����" = �$# � ��� �!" � "��$�B. G
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Q 8 ����� R NT½ �>. # = �+�_5 � 4 0��>.+��� 4 �>. � :��� ! < ��.B.#:;0��'� = 2 < 5��>:*�7��5 �$# �_ 9���],B��g�N 3\0V '��";,¯2/�>��0 2/�&" = �!";,
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"4� � 4 N C<��" � �5��� < � � �� ! O� �$# �&�d�>.B.+�& '�&�5� � ��� 4 �>0/�&�5� � � = � � 8��&�$0/�! 9��2@? �$# � + �#6
� � ����" : 4 � 4
.&� < �>,B�&"��/.>�� ! < .+�)�� '� =£4 :;0/�&�%.+��" = :'. � �!";,80(��,
"4� � 4 � �K23�&" = ��" = 5A�A.#: 4 �$# � # �-, # G �&"4�&�],B� � �/.�0*��� � ��"���" =
��" � �-0*��� � ��"�2/�>��0 4 N + # �h0(��,
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4 �!";,
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3 bunch trains,  evenly-spaced,

12 bunches per train, 
separated by 396 ns 

separated  by  2617 ns, 
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JPG�¬>RIj ]-¥I¦ DP¨PG�ROR ¦ ¨
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C>\ D#­¾f��O�¯J \?¦ H�Gt��H¢ª ¦ ^ ¦�« feDP¨PG�ROR ¦ ¨�D ¦ ¨P²eJ�_%o ¥ ­OJ ¦e« ­KROGbH�§ « ;w­K¨-=cL ¦ D ¦ ¨P²NG�¬ ¦ _%o ¥I¦ D ¥I¦ ¨N§aROG�^ ¦ ¬ ¦ ^ ¦ ¬mD
GbJF§KHMH ¦�\ D ¦ L�§Y¬IL \ §KJ#J ¦ LÏ­K¬°D#­cª ¦ ^ ¦�« �ÏU�ª���Xvj OÍG�D ¥ § « §YD ¦ ¬IH�QÏ­YZ$rdj $ÏÐIÒ=D ¥I¦p] � O H�§Y¬°GbJ#J CI¦ §VªAf
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D ¥I¦ H ¦ ¬WDP¨
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D
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§YD ¦
D#­�¨#­ C R ¥>« QÏ��»w´EµaU�ªAfe§KHMH ¦�\ D=¨
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G�¬�§Y¬©ª~�¯§KHMH ¦�\ D�¨
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¹-§Y¬ILdGbLI§YD ¦T¦ ^ ¦ ¬mD#J \ §KJ#J ¦ L©SWQ©ªAfa§Y¬IL·ª��Ï§Y¨ ¦ J ¦ ¬WDe­K¬·D#­Ï§ ¿ �O{ � ­YZ<J \!¦ H�G�§ « GbJ ¦ L·ª ¦ ^ ¦�« r·U�ª�r�X5²NGts
H�¨#­ \ ¨#­wH ¦ J#J#­K¨#J�_!o ¥I¦ ¨ ¦ J#­ \>¥ GbJ#DPGbH�§YD ¦ L°§ « R�­K¨PG�D ¥ ²eJ�Z C ¨PD ¥I¦ ¨=¨ ¦ L C H ¦ D ¥I¦N¦ ^ ¦ ¬mD=¨
§YD ¦ D#­T§YS!­ C D $Og¢´Eµ�_iJ#­
D ¥ §YDlG�DlH�§Y¬�S ¦ on¨PG�DPD ¦ ¬VD#­FD
§ \!¦ j ]-¥ GbJÓZ C>«�« Q \ ¨#­KRO¨
§Y²N²p§YS «b¦ J
­YZ¡D�ol§Y¨ ¦ DP¨PG�ROR ¦ ¨ C J ¦ JÓHM­K² \>«b¦ D ¦ _dGuj ¦ jWZ C>«�« Q
¨ ¦ HM­K¬IJPDP¨ C H�D ¦ Li_ \>¥ QdJPGbHMJ5­KS
� ¦ H�D#JF§Y¬IL°¨ ¦�« §YDPGb­K¬IJ ¥ G \ J`S ¦ D�o ¦M¦ ¬¾D ¥I¦ J ¦ ­KS
� ¦ H�D#J¢U¡^O§Y¨PG�§YS «b¦ J « G�» ¦ G�¬m^K§Y¨PG�§Y¬mD
²p§KJ#J ¦ J�_i¨
§ \ GbLdG�DPG ¦ JF­K¨�< �is�J ¦�\ §Y¨
§YDPGb­K¬°S ¦ D�o ¦M¦ ¬�D�oÓ­¯­KS
� ¦ H�D#JvX�§Y¬IL¼G�¬ÏD ¥ GbJ=ol§�QÏ§ «�« ­�o$J`D#­ ¦ ¬>¨PGbH ¥ D ¥I¦
\>¥ QwJPGbHMJ�J
§Y² \>«b¦ J�_�o ¥ G «b¦ JPDPG «�«3\ ¨#­�^wGbLdG�¬>Ra§ « §Y¨PR ¦ ¨ ¦ L C H�DPGb­K¬¼G�¬¯D ¥I¦ ¨
§YD ¦ j * ¬ « QaD ¥I¦�¦ ^ ¦ ¬WD#J \ §KJ#JPG�¬>RT§ «�«
D ¥ ¨ ¦M¦ DP¨PG�ROR ¦ ¨#JEJPD
§YR ¦ J�_IGuj ¦ j�§YS!­ C D $Og ¦ ^ ¦ ¬WD#J \?¦ ¨EJ ¦ HM­K¬ILi_?§Y¨ ¦ ¨ ¦ HM­K¨#L ¦ LaD#­¢LdGbJP»a§Y¬IL « §YDPD ¦ ¨�on¨PG�DPD ¦ ¬�D#­
D
§ \!¦ j%ºEJlH�§Y¬pS ¦ J ¦M¦ ¬¢Z�¨#­K²x�3G�R C ¨ ¦ �dj�rO�d_ ¦ ^ ¦ ¬WD#Jn§�ol§YG�DPG�¬>Rp§Y¬¢ª~�FL ¦ H�GbJPGb­K¬V­K¨qDP¨
§Y¬IJPZ ¦ ¨ÓD#­FD ¥I¦ ª�r=Zu§Y¨P²
§Y¨ ¦ § « J#­ \ G \!¦�« G�¬ ¦ Li_!JPG�²NG « §Y¨<D#­pD ¥I¦ G�¬dZ�­K¨P²p§YDPGb­K¬�RW§YD ¥I¦ ¨ ¦ L�SWQaD ¥I¦ �I¨#JPD «b¦ ^ ¦�« DP¨PG�ROR ¦ ¨ ¦�«b¦ ² ¦ ¬WD#J�j B�¦ §KL
DPG�² ¦ L CI¦ D#­�Z C>«�« ª��N�%Ä � * J$§Y¬IL#FY­K¨E§Y¬aª�r�suS C JPQTJPG�RO¬�§ « GbJ-^ ¦ ¨PQ�¨
§Y¨ ¦ jAºE¬aª�r�suS C JPQVJPG�RO¬�§ « GbJnGbJ#J CI¦ Li_dGtZ
§ «�« ª~r \ ¨#­mH ¦ J
J#­K¨#J�§Y¨ ¦ ol­K¨P»mG�¬>R�­K¬ ¦ ^ ¦ ¬WD<LI§YD
§aU�­K¨�LI§YD
§ « ­KROROG�¬>RmX�§Y¬ILc§Y¨ ¦=C ¬�§YS «b¦ D#­�¨ ¦ H ¦ G�^ ¦ §Y¬I­KD ¥I¦ ¨
¦ ^ ¦ ¬mD�Z�¨#­K² ª ¦ ^ ¦�« �dj ]-¥I¦ ²p§��7­K¨PG�D�Qc­YZÛD ¥I¦ DP¨PG�ROR ¦ ¨�L ¦ §KLcDPG�² ¦ §Y¨PGbJ ¦ J$Z�¨#­K² D ¥I¦ § \>\ ¨#­ É G�²p§YD ¦�« Q¾f�gcÐIÒ
¬ ¦M¦ L ¦ LVZ�­K¨nD ¥I¦ kw³ ] ¨ ¦ §KL>­ C D�j
]-¥I¦ H ¦ ¬WDP¨
§ « HM­w­K¨#LdG�¬�§YDPGb­K¬ \ §KH
»K§YR ¦ Uu¹ *9*<Ø XqHM­K¬WDP¨#­ « Jn§Y¬IL�HM­m­K¨#LdG�¬�§YD ¦ Jn§ «�« §KJ \!¦ H�D#JÓ­YZ[DP¨PG�ROR ¦ ¨PG�¬>Re§Y¬IL
LI§YD
§a§KH%G C GbJPG�DPGb­K¬ÍU B º�H=Xvj�Ä�D=G�¬WD ¦ ¨
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«b¦ ^ ¦�« J�_wo ¥ GbH ¥ §Y¨ ¦ D ¥I¦ DP¨PG�ROR ¦ ¨-Z�¨
§Y² ¦ oÓ­K¨P»¼U�Z�­K¨nªAf=§Y¬ILVª���Xl§Y¬ILVD ¥I¦�B º�H�s�J C>\!¦ ¨P^mGbJ#­K¨`U�Z�­K¨nª�r�Xvj @ \ ­K¬
§Y¬�ª��F§KHMH ¦�\ D�_wD ¥I¦ LI§YD
§�§KH%G C GbJPG�DPGb­K¬�J#QwJPD ¦ ² ¦ ¬IJ C ¨ ¦ JqD ¥I¦ LI§YD
§.:�­�o½­YZ[D ¥I¦ Z C>«�« QeLdG�ROG�DPGbJ ¦ L ¦ ^ ¦ ¬mD#JqZ�¨#­K²
D ¥I¦ ª��5�3Ä � * S CdÈ!¦ ¨#JÓD#­5D ¥I¦ ª�r`Zu§Y¨P²x¬I­wL ¦ J�j ]-¥ GbJlJPQwJ#D ¦ ²a_WG�¬IH «�C LdG�¬>R�D ¥I¦ ² C D C § « G�¬WD ¦ ¨ \>« §�QpS ¦ D�o ¦M¦ ¬
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]-¥ GbJlDP¨PG�ROR ¦ ¨nJPD
§YR ¦ GbJÓS�§KJ ¦ L ¦ ¬mDPG�¨ ¦�« Q¢­K¬ ¥ §Y¨#Ldol§Y¨ ¦ §Y¬ILp�I¨P²Fo-§Y¨ ¦ jqÄ�D ¦vÉ §Y²NG�¬ ¦ J ¦ ^ ¦ ¨PQeS C ¬IH ¥ H�¨#­OJ#JPG�¬>R
§Y¬IL°L ¦ H�GbL ¦ JFGtZnD ¥I¦e¦ ^ ¦ ¬WD5GbJ=oÓ­K¨PD ¥ D#­TS ¦e« ­m­K» ¦ L¾§YDFG�¬°²e­K¨ ¦ L ¦ D
§YG « SmQ¼D ¥I¦ J ¦ HM­K¬IL�§Y¬IL°D ¥ G�¨#L «b¦ ^ ¦�«
DP¨PG�ROR ¦ ¨#J�j��I­K¨FDP¨PG�ROR ¦ ¨PG�¬>R¯§Y¬ILÏLI§YD
§a§KH%G C GbJPG�DPGb­K¬ \>C ¨ \ ­OJ ¦ J=D ¥I¦ L ¦ D ¦ H�D#­K¨`GbJ=LdG�^wGbL ¦ LÏG�¬WD#­TJ C SIJ ¦ H�DPGb­K¬IJ�_
o ¥ GbH ¥ §Y¨ ¦ J ¦ ¨P^ ¦ L½SmQÍ§©JPG�¬>R «b¦ J ¦ ¨PG�§ « HM­K²N²p§Y¬IL « G�¬>» Uuk>¹lª~Xvj ] Q \ GbH�§ « R ¦ ­KRO¨
§ \>¥ GbHÏJ ¦ H�D#­K¨#JT§Y¨ ¦ Z�­K¨
¦vÉ §Y² \>«b¦ D ¥I¦ Z¡¨#­K¬mD7s ¦ ¬IL>Jp­YZED ¥I¦ L ¦ D ¦ H�D#­K¨eJ C SIJPQwJ#D ¦ ²eJ�j ]-¥I¦ DP¨PG�ROR ¦ ¨�Z�¨
§Y² ¦ oÓ­K¨P»!_qS ¦ JPGbL ¦ J�¨ ¦ H ¦ G�^wG�¬>R
DP¨PG�ROR ¦ ¨PG�¬>R5G�¬dZ�­K¨P²p§YDPGb­K¬¢Z¡¨#­K² § «�« f��O�=R ¦ ­KRO¨
§ \>¥ GbH<J ¦ H�D#­K¨#Jl§Y¬ILpL ¦ D ¦ ¨P²NG�¬>G�¬>R�GtZ[§Y¬ ¦ ^ ¦ ¬WD \ §KJ#J ¦ Jqª ¦ ^ ¦�« f
­K¨=GtZlG�D`GbJ�¨ ¦ � ¦ H�D ¦ Li_3§ « J#­TJ ¦ ¬IL>JF§Y¬°ªqfp§KHMH ¦�\ D¢U�Z�­ «�« ­�o ¦ L¾SWQÏ§Y¬°ª��a§KHMH ¦�\ DF­K¨=¨ ¦ � ¦ H�D}XED#­c§ «�« ­YZ-D ¥I¦ J ¦
J ¦ H�D#­K¨#Jq^mG�§=D ¥I¦ k>¹lªA_�o ¥ GbH ¥ GbJqD ¥I¦ ­K¬ « Q�Z�§KJ#DAHM­K²N² C ¬>GbH�§YDPGb­K¬ « G�¬ ¦ S ¦ D�o ¦M¦ ¬pD ¥I¦ Z�¨#­K¬WD7s ¦ ¬ILpS?­�§Y¨#L>Jl§Y¬IL
D ¥I¦`] ��O'j>ºnL>LdG�DPGb­K¬�§ «�« Q�_�G�D<§ «�« ­�o$JED#­ \ ¨ ¦ J#H�§ «b¦ H ¦ ¨PD
§YG�¬¯DP¨PG�ROR ¦ ¨#J$D#­w­eHM­ \ Gb­ C J$D#­ \ §KJ
J ¦ ^ ¦ ¬WD#JEonG�D ¥ ­ C D
¨
§YD ¦ ¨ ¦ L C H�DPGb­K¬�§Y¬IL \ ¨#­�^mGbL ¦ J5J#H�§ « §Y¨#J�D#­THM­ C ¬WD`D ¥I¦ DP¨PG�ROR ¦ ¨#J5§Y¬IL¼²e­K¬>G�D#­K¨ « G�^ ¦ H�¨#­OJ#JPG�¬>R�J�_io ¥ GbH ¥ §Y¨ ¦
D ¥ ­OJ ¦ S C ¬IH ¥ H�¨#­OJ#JPG�¬>R�J�_�o ¥I¦ ¨ ¦ § «�« ªqf`DP¨PG�ROR ¦ ¨ ¦�«b¦ ² ¦ ¬mD#J=§Y¨ ¦ GbL «b¦ §Y¬IL�§YS «b¦ D#­��I¨ ¦ j ]-¥I¦ ²p§KJPD ¦ ¨EH « ­wH#»
U�³Ï¹nX \ ¨#­�^wGbL ¦ JND ¥I¦ DPG�²NG�¬>R¾JPG�RO¬�§ « J�¬ ¦ H ¦ J#J}§Y¨PQ¾D#­ÏJPQw¬IH ¥ ¨#­K¬>GbJ ¦ § «�« DP¨PG�ROR ¦ ¨p§Y¬IL·¨ ¦ §KL>­ C D ¦�«b¦ H�DP¨#­K¬>GbHMJ
onG�D ¥ D ¥I¦`]~¦ ^K§YDP¨#­K¬¯S C ¬IH ¥ H�¨#­OJ#JPG�¬>R \!¦ ¨PGb­mLdGbH�G�D�Q�j
º<J-G «�«�C JPDP¨
§YD ¦ LaG�¬¯�~G�R C ¨ ¦ �dj�rOhd_>D ¥I¦ H ¦ ¬WDP¨
§ « DP¨
§KH#»VDP¨PG�ROR ¦ ¨�U�ªqf�¹ ]n] X-GbJ$HM­K¬>¬ ¦ H�D ¦ LcD#­ND ¥I¦ J#H�G�¬mDPG «�« §YD#­K¨7s
S�§KJ ¦ L¢DP¨
§KH#»wG�¬>RNL ¦ D ¦ H�D#­K¨#J�¸%D ¥I¦ H ¦ ¬WDP¨
§ « �IS ¦ ¨lDP¨
§KH#» ¦ ¨`Uu¹l� ] XÓ§Y¬IL¢D ¥I¦ H ¦ ¬WDP¨
§ « §Y¬ILpZ�­K¨Po-§Y¨#L \ ¨ ¦ J ¥ ­�o ¦ ¨
L ¦ D ¦ H�D#­K¨#JNUu¹B�Ók?_?���Ók>Xv_�L ¦ J
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Generators:

MC event generation

PYTHIA, SUSYGEN

Detector Simulation
Geant−based DOgstar

Detector Response

(*.sim files)DOsim

Raw DataM
on

te
 C

ar
lo

 S
im

ul
at
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n

Trigger Requirements
(*.raw files)

DO  Detector  Data

(*.tmb files)     data only(*.dst files)

Reconstruction of Events:  Physics Objects,  DOreco 

(not perm. stored)
DST files

Skimming

(*.tmb)

Framework Program:

(*.root tree files)

DOChunkAnalyze, top_analyze

single electron single muon all jets

dielectron dimuon etc.

Preselection
(Plots)

Selection 
(Plots)

Program
Selection & Analysis

RPVanalysis

Evaluation of results
Discovery or...

exclusion limits (ROOT)

ReFill  Program necessary
information

keep only
TriggerEfficiency Class User Level

runrange_luminosity
Luminosity, BadLBNList
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et

ec
to

r 
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at
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m0 = 100 GeV, µ > 0
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Gaugino pair production
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 (CTEQ5L)µµ →* γZ/
after full simulation
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 (<60 GeV) µµ → *γ/0Z

 (>60 GeV) µµ → *γ/0Z

 ττ → *γ/0Z

 µµ →(1s) Υ

 µµ →(2s) Υ

Multijet (from data) 

WW  inclusive  

WZ  inclusive  

ZZ  inclusive  

 ll+X → tt

DØ-Data 

Signal (B16pos)
Signal (A5pos)
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 � GJN�� : � � � O 9 E : � K NHG 9 L � @��tZ~I-G 9 LVU|N����gN��;O=@ � Z � < �AO=N����A@ � � � 9 � : � � NP@HG 9 GJ@
� Z~I-G 9 U-B6�;O � ��OQLsNP@�� � N�� � L�� K�� @ � N�� :=< NHGh� 9 LPI;@��tN���� m I � : O=N < G 
 N���� � � � O=NPOQG 9 � : � � � @ E � � : � K NHG 9 Y

Z~I-G 9 � @PO=N��A@PO � ) -/-/- U-{ -/- U;GJ@ - { - � : � � NP@HG 9 � @PO=N��A@PO � ) -/- {
� � � O=NPOQG 9 � : Z~I-G 9 U-BsO=N�� �M�N� � � m I � : O=N < � � � O=NPOQG 9 � : � : � � NP@HG 9 � L���� K Y�l-Yw�xYwv �
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:�Ô-Õ 9 I;Z � Õ @HL[G 
 Õ > Õ 9 NHL Õ H K Õ � N Õ � 
 @HGJZ Ú Ù ��� �2>FE @HGJI 9 � K @HG � Õ LHL Õ L � 9 � 
 @HGJZ LPO E 9 � : � Õ K Õ 9 � G 9
L Õ > Õ @ � : × I � 9 NPO=NPO Õ LhU-G 
 B Ô O � Ô�Õ � � Ô G 9 Õ O 9 NP@HG � I � Õ L � L < LPN Õ Z � NPO � I 9 � Õ @PN � O 9 N < Y :�Ô OQLTL Õ � NPOQG 9 L Õ @ > Õ LsNHG
� OQL � I-LDL�N Ô-Õ L < LPN Õ Z � NPO � I 9 � Õ @PN � O 9 NPO Õ L�LPNPI � O Õ � 
 GJ@�N Ô-Õ K @ Õ L Õ 9 N � 9 � :=< LPOQL � 9 � NHG � Õ L � @PO � Õ B Ô O � Ô]Õ k Õ � NHL
� @ Õ � G 9 LPO � Õ @ Õ � � 9 � Ô GVB N Ô-Õ < � @ Õ N �?> Õ 9 O 9 NHG � � � GJI 9 N 
 GJ@sN Ô-Õ ��� : � I : � NPOQG 9 G 
 Õ H � : I-LPOQG 9�: O=ZnO=NHLA@ ÄJÅÇÆ?B Y
:�Ô-Õ 
 G :=: GVBsO 9 E Õ k Õ � NHL Ô � > Õ � ÕMÕ 9 LPNPI � O Õ ��o � @ Õ � G 9 LHO � Õ @ Õ � ?

C N Ô-Õ @ Õ : � NPO > Õ I 9 � Õ @PN � O 9 N < � I Õ NHG?N Ô-Õ � O=Z~I-G 9 NP@PO E0E Õ @ Õ(' � O Õ 9 � < ?
DFE ÄÇÄ y 
 GJ@ @ �BA!C ��� �<>6E @HGJI 9 � BsO=N Ô : GVB�O 9F> � @PO � 9 NWZ � LHL Õ L � 9 � � � GJI;NWv7y 
 GJ@TLPO E 9 � : Ù �HG

C N Ô-Õ I 9 � Õ @PN � O 9 NPO Õ L � I Õ NHG�O=Z K Õ @ 
 Õ � NPOQG 9 L?O 9 N Ô-Õ � Õ N Õ � NHGJ@nLPO=ZgI : � NPOQG 9 U � L?LPI;ZnZ � @POQL Õ � O 9 : � Ø
� : Õ 3 Y ^ 
 GJ@�N Ô-Õ Z~I-G 9 Õ(' � O Õ 9 � O Õ L G 
 GJ@ Õ : Õ � NP@HG 9 LiN Ô-Õ ��I I 9 � Õ @PN � O 9 N < G 9 N Ô-Õ2; N K�� @ � Z Õ N Õ @HL´OQL
I;NPO : OQL Õ � � L ÕMÕ�: � � : Õ 3 Y Æ � 9 � � : LHGJ@ ^ � B � ?
DFE = Ø ÄÇÄ yzU � Õ K Õ 9 � O 9 E G 9 N Ô-Õ�Õ > Õ 9 NWNHG K G : G E < U;O+Y Õ Y �!�!� GJ@;�!��{ G

C N Ô-Õ I 9 � Õ @PN � O 9 N < � I Õ NHGnN Ô-Õ % � U > � @ Õ LHG : I;NPOQG 9 G 
 ZgI-G 9 L � 9 � Õ : Õ � NP@HG 9 LVU-@ Õ L K Õ � NPO > Õ :=< ?
D � ZuGJI 9 NPO 9 E NHG E Ä Y I7y 
 GJ@sZgI-G 9 L � 9 � Ä y 
 GJ@ Õ : Õ � NP@HG 9 L G

C N Ô-Õ I 9 � Õ @PN � O 9 N < � I Õ NHGnN Ô-Õ ZuG � Õ : O 9 E G 
 N Ô-Õ NP@ � 9 L > Õ @HL Õ ZuGJZ Õ 9 NPI;Z G 
 N Ô-Õ @ �BA!C Ø L < LPN Õ Z ?
D �SK;K @HG!HxO=Z � N Õ :=< Ä v7y 
 GJ@ : GVB Ø % ��@ �BADC Ù G 9 N Õ � � @ : GuL � Z K : Õ L G

C � :=: I 9 � Õ @PN � O 9 NPO Õ L � Õ Y E Y-L ��� : Õ U 5LK : � G 
 N Ô-ÕtÙ � � @HG0LHLTL Õ � NPOQG 9 L : OQLPN Õ � O 9 : � � : Õ 3 Ywv G
C N Ô-Õ I 9 � Õ @PN � O 9 N < � I Õ NHGnN Ô-Õ Z Õ � LPI;@ Õ Z Õ 9 NiG 
 N Ô-Õ : I;ZnO 9 G0LPO=N < ? Å Y I7yM@ ÄÇÄ 3 B Y

:�Ô-Õ L ÕgÕ k Õ � NHLsBsO :=: � Õ � OQL � I-LDL Õ � O 9 ZuGJ@ Õ � Õ N � O : O 9 N Ô-Õ 
 G :=: GhBsO 9 E L Õ � NPOQG 9 LVY

��� N��PO Q�1%5x$�R7. � '*1�.7'�$ �Ò/�1c.7"�$
S�'�����/�1c!HR('UT�T�$�RJV7W 5;'+$41R5;'+$ �
:�Ô-Õ @ Õ : � NPO > Õ I 9 � Õ @PN � O 9 N < G 9 N Ô-Õ � O=Z~I-G 9 NP@PO E0E Õ @ Õ(' � O Õ 9 � < @ � 9 E Õ L 
 @HGJZ � � GJI;N ÄÇÄ y 
 GJ@ @ �BA C ��� �<> ØE @HGJI 9 � BsO=N Ô : GVB � O=ZgI-G 9 O 9(> � @PO � 9 NzZ � LHL Õ L � � � TWV$X � <�X X � Y SZY {?[ � NHG � � GJI;NÒv7y 
 GJ@uN Ô-Õ
� Olk Õ @ Õ 9 N ÚA@�Ú�\ LPO E 9 � : LVY f N�OQL Õ LPNPO=Z � N Õ � 
 @HGJZ > � @PO � NPOQG 9 LgG 
 N Ô-Õ � O=Z~I-G 9 NP@PO E0E Õ @ K�� @ � Z Õ NP@POQL � NPOQG 9 L
� Õ L � @PO � Õ � O 9 9 × I � NPOQG 9 L 3 Y Å � 9 �[3 Y ^ U � L�B Õ :=: � L�O 9 : � � : Õ 3 Y Å Yb� :=: K�� @ � Z Õ N Õ @HL � @ Õ > � @PO Õ � � <^] �_I � 9 �
N Ô-Õ @ Õ LPI : NPO 9 E � Õ > O � NPOQG 9 L � @ Õ � � � Õ � O 9 × I � � @ � NPI;@ Õ NHG � � � GJI 9 N 
 GJ@�N Ô-Õ I 9 � Õ @PN � O 9 N < G 
 N Ô-Õ � O=Z~I-G 9
NP@PO E0E Õ @ Õ(' � O Õ 9 � < Y :�Ô OQL K @HG � Õ � I;@ Õ L : O E Ô N :=< G > Õ @ Õ LHNPO=Z � N Õ L~N Ô-Õ @ Õ � : I 9 � Õ @PN � O 9 N < G 9 N Ô-Õ NP@PO E0E Õ @ Õ 
 Ø
; � O Õ 9 � < U%B Ô O � Ô B � L 
 GJI 9 � NHG � Õ � � GJI;Nnv Ø �7ymO 9 ZuGJ@ Õ @ Õ � Õ 9 NuLPNPI � O Õ L`@ Ä ^ C B Y f 9 K @PO 9 � O K : Õ U : � @ E Õ @
I 9 � Õ @PN � O 9 NPO Õ LsG 9;:=<u: Õ � � NHGgZuGJ@ Õ � G 9 L Õ @ > � NPO > Õ : O=ZnO=NHLVU � 9 � � @ Õ N Ô I-L 9 GJN K @HG � : Õ Z � NPO � � L : G 9 E � L%N Ô-Õ <
� @ Õ O 9 � @ Õ � LDG 9 � � : Õ @ � 9 E Õ Y

��� N��ba Q�1%5x$�R7. � '*1�.7'�$ �Ò/�1]�dc�eS$456.gfhSiVjW 5;'+$�1%5;'+$F�
:�Ô-Õ I 9 � Õ @PN � O 9 NPO Õ LÑG 9 � :=: � Õ N Õ � NHGJ@�@ Õ : � N Õ � Õ(' � O Õ 9 � O Õ L � OQL � I-LHL Õ � O 9 L Õ � NPOQG 9 3 Yw�xYwv � @ Õ � � � Õ � O 9× I � � @ � NPI;@ Õ 
 G :=: GVBsO 9 E 9 × I � NPOQG 9 3 Ywv0v 
 GJ@�N Ô-Õlknmpojq U-9 × I � NPOQG 9 3 Ywv0� 
 GJ@�N Ô-Õlrso�q L Õ : Õ � NPOQG 9 U � 9 �
9 × I � NPOQG 9 L 3 Ywv 3 � 9 � 3 YwvJI 
 GJ@sN Ô-Õ NP@PO : Õ K NHG 9 � 9 � :=< L Õ LVU;O+Y Õ Y 
 GJ@TN Ô-Õ�; 9 � : LPN � N Õ LK�!�!� � 9 � �!��{7Ux@ Õ L K Õ � Ø
NPO > Õ :=< Y Ú O 9 � Õ � :=: � GJ@P@ Õ � NPOQG 9 
2� � NHGJ@HL � @ Õ ��� : � I : � N Õ � K Õ @´ZgI-G 9 U Õ � � Ô Z~I-G 9 I 9 � Õ @PN � O 9 N < OQLtLPI;ZnZ Õ �: O 9 Õ � @ :=< � N�BsO � Õ U�@ Õ L K YgN Ô @PO � Õ � � 9 � N Ô-Õ 9 � � � Õ � O 9 × I � � @ � NPI;@ Õ NHGÒN Ô-Õ @ Õ Z � O 9 O 9 E Õ : Õ � NP@HG 9 GJ@�Z~I-G 9
G �nt Õ � N fuK I 9 � Õ @PN � O 9 NPO Õ LhUxN Ô I-L � LHLPI;ZnO 9 E 
 I :=: � GJ@P@ Õ : � NPOQG 9 � Õ N*B ÕMÕ 9 � Olk Õ @ Õ 9 NRZ~I-G 9 O � Õ 9 NPO ; ��� NPOQG 9 � 9 �
@ Õ � G 9 LPNP@PI � NPOQG 9 � GJ@P@ Õ � NPOQG 9 LVY
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:�Ô-Õ I 9BA Õ @PNDCSO 9 NPO Õ LFE 9 N Ô-Õ : Õ K NGE 9 O*H Õ 9 NPO ; A CSNPO*E 9 o @ Õ A E 9 LPNP@PI A NPO*E 9 Õ(' A O Õ 9BA O Õ LIC A�A EJI 9 N�JKEJ@#vxYML7yONÃ{3PC 9 H �xYwv Ø �xY =7yQN��RP K Õ @ : Õ K NGE 9SA C 9 HxO*HBCSN Õ Y :�Ô OQL8C : LGE Õ H K : CSO 9 L�N Ô-Õ @DCSN Ô-Õ @�BsO*H Õ @DC 9 E Õ E3J�I 9BA Õ @PNDCSO 9 N <E3JTC K;K @GE H6O=ZUCSN Õ :=< = Ø�V v7yWJKEJ@´N Ô-Õ HxOlk Õ @ Õ 9 N Õ > Õ 9 N�NGE K E : E E O Õ L�BsO=N Ô N�BTEÒZgIBE 9 L#C 9 HXC 9 Õ : Õ A NP@GE 9 O 9
N Ô-Õ�; 9 C : LHNDCSN Õ N��!��{7U ��{ ��UYEJ@�{$�!� Õ > Õ 9 NHLZP[C 9 H\E 9;:=< ZgIBE 9 L]N��!�!� Õ > Õ 9 NHLZP	Y
��� N��� Q�1%5x$�R7. � '*1�.7'�$ �_^ �%$q.0/ .7"�$S`[acb9d_afe $F�e/`)���.7'�/�1i�
/�Rhgj�%/�1 �,b*Vn)+$�56.sR(/�1 �
:�Ô-Õ @ Õ : CSNPO > Õ L < LPN Õ ZUCSNPO A I 9BA Õ @PNDCSO 9 NPO Õ L]HxI Õ NGEÉN Ô-Õ @ Õ LGE : I;NPO*E 9 E3J�N Ô-Õ ZgIBE 9 NP@DC 9 L > Õ @HL Õ Z�EJZ Õ 9 NPI;Z
Z Õ CJLPI;@ Õ Z Õ 9 NTC 9 H]N Ô-ÕTÕ : Õ A NP@GE 9 > � CS@ ÕTÕ LPNPO=ZUCSN Õ H�i <?> CS@ < O 9 E N Ô-Õ @ Õ LGE : I;NPO*E 9 LRO 9 N Ô-ÕTÙ � LPO=Z~I : CSNPO*E 9C 9 H\CS@ Õ JjEJI 9 HÉNGEki Õ : Õ LHLsN Ô C 9 V Y I7ylJKEJ@sN Ô-Õ Z~IBE 9 % � C 9 H�C3imEJI;N V ynJjEJ@sN Ô-ÕtÕ : Õ A NP@GE 9 > � Y
:BEJ@fN Ô-Õ A EJZ K : Õ Z Õ 9 NDCS@ < C 9 C :=< L Õ LoE3J4N Ô-Õ {h{�pTC 9 H?{h{
q ; 9 C : LPNDCSN Õ LVUSO=NfBTCJLrJjEJI 9 HgNGEsi Õ 9 EJNfLHI ' A O Õ 9 N�NGEK @GE K C E CSN Õ N Ô-Õ LHZ Õ CS@PO 9 E E3J`N Ô-Õ�Õ : Õ A NP@GE 9 N�NDCSI�P Õ 9 Õ @ E < @ Õ LGE : I;NPO*E 9 NGE?N Ô-Õ ZnOQLHLPO 9 E NP@DC 9 L > Õ @HL Õ�Õ 9 Õ @ E < Ui;I;N > � Ö Ô C?H&NGESi Õut � � � � � � �v� � �vwmx URL ÕMÕ @ V U ^ � B C 9 H @wvxU ^ 3 B U : Õ C?HxO 9 E NGEyC 9 C?HYHxO=NPO*E 9 C : L < LPN Õ ZUCSNPO A
I 9BA Õ @PNDCSO 9 N < E3J�v7yzJKEJ@sN Ô-Õ {h{{p�C 9 H�{e{
q�C 9 C :=< L Õ LVY
��� N��Q� Q�1%5x$�R7. � '*1�.7'�$ �_^ �%$q.0/ .7"�$|gj/}^�$4)*'�1,T /���.7"%$:~ cs/	�S/�1�`[a
Ú O 9BA Õ O=N�OQL}� 9 EVB 9 N Ô CSN��[� ����� � HYE Õ L 9 EJN�Z�E�H Õ : N Ô-Õ % � HxOQLPNP@PO�i;I;NPO*E 9 E3J|N Ô-Õ @ imE0LGE 9 C 9 H?N Ô-Õ K Ô EJNGE 9A EJ@P@ Õ A N :=< U(N Ô OQL�L < LPN Õ ZUCSNPO A Õ k Õ A N�BcCJL�LPNPIBHxO Õ H Õ HxN Õ 9 LPO > Õ :=< O 9 K���� EJN Õ 3 L�L C @ V ^ V B U�C 9 H�Ci@ Õ B Õ O E Ô NPO 9 E
Z Õ N Ô E�H�H Õ > Õ : E K Õ H Y�h Ô O : Õ N Ô-Õ C K;K : O A CSNPO*E 9 E3J�N Ô OQLT@ Õ B Õ O E Ô NPO 9 E Z Õ N Ô E�H�L Ô EVBTL8C 9 O=Z K @GE > Õ Z Õ 9 N�O 9
N Ô-ÕÉÔ O E Ô Ø % � @ Õ E O*E 9 E3J�N Ô-Õ NP@DC 9 L > Õ @HL Õ Z�EJZ Õ 9 NPI;ZOHxOQLHNP@PO�i;I;NPO*E 9 E3J @ �BA!C i�C A � E @GEJI 9 H UsO=N�HxO*H 9 EJN
LDCSNPOQLvJjC A NGEJ@PO :=< H Õ L A @PO�i Õ N Ô-Õ : EVB Ø % � @ Õ E O*E 9 N �?� � � � ��� ��� ��� � �vw P	Y
:fO E I;@ Õ 3 Yw� C O :=: I-LPNP@DCSN Õ L%N�BTE#HxOlk Õ @ Õ 9 N�HxOQLPNP@PO�i;I;NPO*E 9 LcCSN K @ Õ L Õ : Õ A NPO*E 9#: Õ > Õ : ? NjCxU A U Õ P�BsO=N Ô EJI;N�C 9 H�N�iaU.H U J�P
BsO=N Ô N Ô-Õ A EJ@P@ Õ A NPO*E 9 C K;K : O Õ H G NjCxU i�P´L Ô EVB N Ô-Õ @ i9E0LGE 9 NP@DC 9 L > Õ @HL Õ Z�EJZ Õ 9 NPI;Z[UfO+Y Õ Y N Ô-Õ NP@DC 9 L > Õ @HL Õ
Z�EJZ Õ 9 NPI;ZzE3J�N Ô-Õ HxO=Z~IBE 9 L < LPN Õ Z�E 9n: O 9 Õ CS@�C 9 H\N A U.H�PrE 9n: E E CS@PO=N Ô ZnO A L A C : Õ U0B Ô-Õ @ Õ CJLsN Õ U J�P`L Ô EhB�N Ô-ÕC3�MO=Z~I;N Ô C : HxOQLPNDC 9BA Õ i Õ N*B ÕMÕ 9 N Ô-Õ N�BTE : Õ C?HxO 9 E ZgIBE 9 LVY��iL A C 9 i Õ L ÕMÕ 9 N Ô-Õ]� A EJ@P@ Õ A NPO*E 9R� I 9 H Õ @ Õ LPNPO Ø
ZUCSN Õ L´N Ô-Õ A E 9 NP@PO�i;I;NPO*E 9 E3J @ �BADC Õ > Õ 9 NHL�BsO=N Ô LPZUC :=: NP@DC 9 L > Õ @HL Õ Z�EJZ Õ 9 NDCXN :fO E Y 3 Yw� C NjCxU i�PvP	UaB Ô O A Ô
L ÕMÕ ZnO 9 E :=<]A EJ@P@ Õ L K E 9 H;L�NGE�N Ô-Õ @ Õ E O*E 9 BsO=N Ô O 9 N Õ @PZ Õ HxO�CSN Õ C 9 H : CS@ E Õ C3�MO=ZgI;N Ô C : HxOQLPNDC 9BA Õ Loi Õ N�B ÕMÕ 9 N Ô-Õ
N*B�EÒZgIBE 9 LhY 8�9 N Ô-Õ EJN Ô-Õ @ Ô C 9 H U�HBCSNDCICSN : CS@ E Õ NP@DC 9 L > Õ @HL Õ Z�EJZ Õ 9 NDC�C 9 H U A EJ@P@ Õ L K E 9 HxO 9 E :=< U`LPZUC :=:V ^J^
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��������	�����	�������	���	������ ���HxO=Z~IBE 9 C3�MO=ZgI;N Ô C : HxOQLPNDC 9BA Õ L�CS@ Õ H Õ L A @PO�i Õ H�L : O E Ô N :=< i Õ NPN Õ @Ui < N Ô-Õ @ Õ B Õ O E Ô-Õ H Ù � HxOQLHNP@PO�i;I;NPO*E 9 LVUA EJZ K CS@ Õ H�NGE?N Ô-Õ I 9 B Õ O E Ô N Õ Hy�c� ����� � HxOQLPNP@PO�i;I;NPO*E 9 LhY
L = 360 pb-1

reconstructed pT(Z) [GeV]
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reconstructed pT(Z) [GeV]
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� sR� �ut � �,{,v �.�,v �����&�y{ � P v�� � v��yv,v � v��yv���� �.� �w{ v��yv.� P | � � �.� � � > v,v,v
� s / �ut � �,{,v � P v ���,~�� � �,{��&� P v��yv,v,~ v��yv,v�� �.� � P v��yv��w{ | ~,v,v��yv �H> v,v,v
� s �ut � {,v,v � P v �-P � � ��� �&� � v��yv,{,{ v��yv,x,v �.� �.� v�� �w~�� | { � � � �wv > v,v,v
� } �ut � {,v,v �,~,v �wv.��� � � � ��� � v��yv.� P v��yv P x �.� �,v v�� �wv,v | � v��yv �H> v,v,v
� � �ut � {,v,v �,x,v �.�����yv ���.�.� � v��yv.�.� v��yv.� � �.� � � v��yv,~�� | � P �&�y{ �H> v,v,v
� � �ut � {,v,v �,v,v ���,v��y~ �.�,x�� � v��yv�� P v��yv��wx �.� ��� v��yv.��� | ���w~�� � x > v,v,v
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� � �ut � {,v,v � P v �����&� � �,~.��� � v��yv,v,~ v��yv,v�� �.� �w{ v��yv��w{ | ~,v,v��yv �H> v,v,v
� s �ut � {,v � P v � �.� � �w~��&� � v��yv,~�� v��yv,x,x �.� �,v v�� �wx�� | {,{�� � �wv > v,v,v
� } �ut � {,v �,~,v �wv,v�� P �wx,{�� � v��yv.��� v��yv,{.� �.� � � v�� �wv,x | � ��� � �wv > v,v,v
� � �ut � {,v �,x,v �wv � � � �,v.���y~ v��yv.�.� v��yv.��� �.� ��� v��yv,~,~ | � P ��� P �H> {,v,v
� � �ut � {,v �,v,v �.���&� � ��� � � � v��yv��w{ v��yv�� � �.� �w~ v��yv P � | �.���.� � �H> {,v,v
� / �ut � {,v �.�,v ���,~�� � �.���&� � v��yv,v,x v��yv��wv �.� �w~ v��yv.�.� | �,v,x�� � { > v,v,v
� s �ut � �z{,v � P v � ~�� � �wx.���yv v��yv,{.� v��yv�� P �.� �.� v�� �w{,{ | ~��.� � �H> {,v,v
� } �ut � �z{,v �,~,v �wv P � � � � � � � v��yv.�.� v��yv P { �.� ��� v��yv �-P | �wv��.� � �H> {,v,v
� � �ut � �z{,v �,x,v �.����� � ���w~��y~ v��yv.��� v��yv.�,x �.� � � v��yv,{,x | �,{,v��yv � P*> {,v,v

���,+ - � } !rNs �ut � } ! �wv,v,v � P v � �&� � �wx.��� � v��yv,{.� v��yv��z{ �.� ��� v�� �w{,~ | ~,v�� � �H> {,v,vr*} �ut � } ! �wv,v,v �,~,v �wv,~�� � �,v,v��yv v��yv.�.� v��yv P ~ �.� � � v��yv � { | ~,x�� P ~ > {,v,vr*� �ut � } ! �wv,v,v �,x,v �.�w{�� � �����&�yx v��yv.��� v��yv.�,x �.� �,v v��yv,{ � | �w~ � �y{ �wv > v,v,vr�� �ut � } ! �wv,v,v �,v,v ���.���y~ �.� P � � v��yv���� v��yv���� �.� ��� v��yv.�,~ | �,~.��� � �H> {,v,vr / �ut � } ! �wv,v,v �.�,v ���.��� P �,{.���y~ v��yv,v,x v��yv��.� �.� �w~ v��yv.�.� | �,~.���y~ x > v,v,v
�,v,~



� ����	�� ��� � � � > � � @ � � ��	 � � >��*K 
 � > � E ������� ������� B
BJ�"! cq�&�����Q�g�����p,.3 ����� � ��$6��� �G�Q 1'),/$&3*�(,.3n02K yb'*)
Hp��AL� � � � �dc  ��e 35 � �Wf ��e 35 6 � f gA)`) gAhi) J gAhkjml M "%K | � O <:npodq
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� sn©Dªn« �,{,v � P v {��&�V¬ �wv�¬�� � v�� P �,{ v��y~,x,x �.� �,~ �.� P.P � | ���yx { > {,v,v
� }c©Dªn« �,{,v �w{,v ~.���yv �.���&� � v�� �.��� v�� P ¬,x �.� �,~ �.�yv P { | {�� � { > {,v,v
� �c©Dªn« �,{,v �w~,v ~,~��yv ���,{�� P v�� � P � v�� �,~,x �.� �,{ v�� � �4¬ | ~�� P { > v,v,v
� ��©Dªn« �,{,v �wx,v � P � � � P �.�yx v�� � P v v�� �,v�� �.� �.� v�� P x,~ | ����� � ~ > v,v,v
� / ©Dªn« �,{,v �,v,v x.��� P �w{,x�� � v��yv,x P v�� ����� �.� �.� v�� �,x P | �,{�� � �wv > v,v,v
� �c©Dªn« �,{,v �.�,v ¬,v��y~ ��� P �yx v��yv,{.� v��yv��M� �.� �,v v�� ���&� | {.���y~ ¬ > v,v,v
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� �e©Dªn« �,{,v � P v ¬,x��yx ��¬��.� � v��yv.�.� v��yv P.P �.� ��¬ v�� �wv,{ | �&�.� P � > {,v,v
�C� ©Dªn« �,{,v �,~,v �wv��&� � �,v��&�V¬ v��yv.��� v��yv.�,x �.� ��� v��yv,{�� | � P v�� � x > v,v,v
�C� ©Dªn« �,{,v �,x,v �.�w{�� P �.� P �y{ v��yv���� v��yv���� �.� �w~ v��yv.�,~ | �,~.���V¬ ¬ > {,v,v
� sn©Dªn« {,v,v �.�,v ¬,~�� � �wx,x�� � v��yv P � v��yv,{�� �.� ��� v�� �.��¬ | �4¬��yx ¬ > {,v,v
� }c©Dªn« T {,v,v �,{,v �wv P �y{ �,v P � � v��yv.�,~ v��yv.�,{ �.� �,v v��yv��M� | ���.��� � ¬ > v,v,v
� �c©Dªn« {,v,v ���zv �.�����yx �.���.� � v��yv��w~ v��yv.�.� �.� �wx v��yv P ~ | �w{.��� � � > v,v,v
� ��©Dªn« T {,v,v ��¬,v �����.�yv �.���&� � v��yv��.� v��yv�� P �.� ��� v��yv.��¬ | �.���&�y~ ¬ > {,v,v
� / ©Dªn« {,v,v ���wv ����¬��y{ �,{ P � � v��yv,v�� v��yv,v�¬ �.� �w{ v��yv��wx | {.���&�yx ¬ > {,v,v
� �c©Dªn« {,v,v �.�,v �����&�V¬ ���&�.�yv v��yv,v,{ v��yv,v,~ �.� � P v��yv��.� | x��wx�� � ¬ > v,v,v
� sn©Dª�« {,v �.�,v ¬.��� P ���4¬��y{ v��yv P � v��yv,{,x �.� ��¬ v�� ���.� | �,~��y~ P*> {,v,v
� }c©Dª�« {,v �,{,v �wv��.�yx ��¬,~�� � v��yv.��� v��yv.�,~ �.� ��� v��yv��z{ | ~,~�� � { > v,v,v
� �c©Dª�« {,v ���zv �.�wv�� � �������yx v��yv���� v��yv.�.� �.� �w~ v��yv P x | �wv P � � { > v,v,v
� ��©Dª�« {,v ��¬,v �.�wx�� P �.��¬��y{ v��yv��.� v��yv�� P �.� �w{ v��yv.�,v | �w~,~�� � { > v,v,v
� sn©Dªn« �z{,v �.�,v ¬��&� � ��¬.��� � v��yv P v v��yv,{,~ �.� �.� v�� �.��� | �M���y~ x > {,v,v
� }c©Dªn« �z{,v �,{,v �wv,{��y~ �,v�¬�� � v��yv.�,{ v��yv.�,{ �.� ��� v��yv��M� | ���,v�� � ¬ > {,v,v
� �c©Dªn« �z{,v ���zv �.� P �yv �.�,~�� � v��yv��w~ v��yv.��� �.� ��¬ v��yv P { | �,v,v��yv ¬ > v,v,v

���,+ - � } !rNsn©Dªn«�} ! �wv,v,v �.�,v ¬,{�� � �wx,v�� P v��yv,{�� v��yv,x.� �.� �,v v�� ���zv | {,{��V¬ ¬ > {,v,vr*}c©Dªn«�} ! �wv,v,v �,{,v �wv.��� � ��¬��&� P v��yv.�,~ v��yv,{�� �.� �,v v�� �wv P | ¬,~�� � �wv > v,v,vr*�c©Dªn«�} ! �wv,v,v ���zv �.����� P ���w{��yv v��yv.�.� v��yv.�,v �.� ��¬ v��yv,~ P | �w{,~�� � �wv > v,v,vr���©Dªn«�} ! �wv,v,v ��¬,v ���,v��V¬ �.�.���yv v��yv�� P v��yv���¬ �.� ��� v��yv P v | �,{,v��yv �wv > v,v,vr / ©Dªn«�} ! �wv,v,v ���wv ����¬�� P � P ¬�� � v��yv,v�¬ v��yv���� �.� �w~ v��yv.� P | ���z{��yv ¬ > v,v,v
� sn©Dªn«�} ! �wv,v �.�,v ¬��.� P ���zv��y~ v��yv,{,~ v��yv��zx �.� �wx v�� �w~ P | ~��.�yv �wv > v,v,v� }c©Dªn«�} ! �wv,v �,{,v �wv,v��yv �wx��&�y~ v��yv.�,{ v��yv P � �.� ��� v��yv�¬,x | �wv.���yv �wv > v,v,v� �c©Dªn«�} ! �wv,v ���zv �wv,x�� � �,v P �y{ v��yv.�.� v��yv.��¬ �.� �w{ v��yv,~,v | �w{,x�� � ¬ > {,v,v� ��©Dªn«�} ! �wv,v ��¬,v �.�w~�� � �.���.�y{ v��yv�� P v��yv��wx �.� � P v��yv.�,x | �,~.��� � �wv > v,v,v� / ©Dªn«�} ! �wv,v ���wv ���,{�� � �.�,x�� P v��yv,v�¬ v��yv��.� �.� � P v��yv.� P | ��¬ P � � �wv > v,v,v
� sn©Dªn«�} ! {,v,v �.�,v ¬.���y~ ���z{��yx v��yv,{�� v��yv,x�� �.� ��¬ v�� �w~�� | {,~��V¬ ¬ > {,v,v
� }c©Dªn«�} ! {,v,v �,{,v �wv.��� � ��¬.���V¬ v��yv.�,{ v��yv P x �.� �wx v�� �wv,v | ¬,v��yv ¬ > v,v,v
� �c©Dªn«�} ! {,v,v ���zv �.�wv��y{ �,v�¬��yx v��yv.�.� v��yv.�,v �.� ��� v��yv,~.� | �w{.��� � ¬ > {,v,v
� ��©Dªn«�} ! {,v,v ��¬,v �.�wx��V¬ �.�,~��yx v��yv�� P v��yv��wx �.� �w~ v��yv.�,x | �,~.��� � �wv > v,v,v
� / ©Dªn«�} ! {,v,v ���wv �����&�y{ � P.P �yv v��yv,v�¬ v��yv��.� �.� �w{ v��yv.� P | ��¬,{��yx ¬ > {,v,v
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¥��wv.�6� 
�2 s �wv,~�� � �wv.���y{ {,v��yx {,v v�� �4¬,~ �.� �.�.� �.� �,x ��� �&�w~ | �.�y{ P*> v,v,v
¥��wv.�6� 
�2 } �wv,~�� � �wv.���y{ ~��.�yv ~,v v�� �4¬,~ �.� �.�.� �.� �,x ��� �&��� | �.�y{ P*> v,v,v
¥��wv.�6� 
�2 � �wv,~�� � �wv.���y{ �&�.� � �zv v�� �4¬,~ �.� �.�,{ �.� �,x ��� �&� P | �.�y{ P*> v,v,v
¥��wv.�6� 
�2 � �wv,~�� � �wv.���y{ x��.� � x,v v�� �4¬,~ �.� �.�.� �.� �,x ��� �&�.� | �.�y{ P*> v,v,v
¥��wv.�6� 
�2 / �wv,~�� � �wv.���y{ ¬��.�y{ ¬,v v�� �4¬,~ �.� �.�,v �.� �,x ��� �&��¬ | �.�y{ P*> v,v,v
¥��wv.�6� 
�2 � �wv,~�� � �wv.���y{ �wv��.�y~ �wv,v v�� �4¬,~ �.� �.�,{ �.� �,x ��� �&� P | �.� � � > v,v,v
¥��wv.�6� 
�2 � �wv,~�� � �wv.���y{ �,~��&�y{ �wv P v�� �4¬,~ �.� �.�,v �.� �,x ��� �&�.� | v��V¬ � > {,v,v
¥ �,v,v6� 
�2 s �,v P �yv �,v,v �,{��yx �,{ v��yv.�,{ v��yv P ¬ �.� �.� v�� �wv.� | �,x��yx P*> v,v,v
¥ �,v,v6� 
�2 } �,v P �yv �,v,v ~,v�� � ~,v v��yv.�,{ v��yv P ¬ �.� �.� v�� �wv.� | ��¬�� � P*> v,v,v
¥ �,v,v6� 
�2 � �,v P �yv �,v,v �z{�� � �z{ v��yv.�,{ v��yv P ¬ �.� ��� v�� �wv.� | � P � � � > {,v,v
¥ �,v,v6� 
�2 � �,v P �yv �,v,v ¬��.�yv ¬,v v��yv.�,{ v��yv P ¬ �.� ��� v�� �wv.� | � P � � � > {,v,v
¥ �,v,v6� 
�2 / �,v P �yv �,v,v �wv,~�� P �wv,{ v��yv.�,{ v��yv P ¬ �.� ��� v�� �wv�� | � P �y~ � > {,v,v
¥ �,v,v6� 
�2 � �,v P �yv �,v,v ���,v�� � ���,v v��yv.�,{ v��yv P ¬ �.� ��� v�� �wv�� | P ¬��y{ { > v,v,v
¥ �,v,v6� 
�2 � �,v P �yv �,v,v � P �.� � � P v v��yv.�,{ v��yv P ¬ �.� �,v v�� �wv�� | ��¬�� � � > v,v,v
¥ �,v,v6� 
�2 � �,v P �yv �,v,v �w~��.�y~ �w~,v v��yv.�,{ v��yv P ¬ �.� �,v v�� �wv�� | � P � � � > {,v,v
¥ �,v,v6� 
�2 � �,v P �yv �,v,v �wx��.�yv �wx,v v��yv.�,{ v��yv P ¬ �.� �,v v�� �wv�� | ��¬�� � � > v,v,v
¥ �,v,v6� 
�2 s ! �,v P �yv �,v,v �,v P �y{ ��¬�¬ v��yv.�,{ v��yv P ¬ �.� �,v v�� �wv�� | ��¬��y~ P*> v,v,v
¥ �,v,v6� 
�2 s,s �,v P �yv �,v,v ��� P �yx �,v,v v��yv.�,{ v��yv P ¬ �.� �,v v�� �wv�� | ��¬��y~ P*> v,v,v
¥ �,v,v6� 
�2 sw} �,v P �yv �,v,v �.�,{��yv �,v,v v��yv.�,{ v��yv P ¬ �.� ��� v�� �wv.� | � P � � � > {,v,v
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¥ �.�,{6� 
�2 s �.��¬�� � �.�,{ �,x�� � �,x v��yv��wx v��yv.� P �.� ��� v��yv,{,v | x,v��yv P%3 v,v,v
¥ �.�,{6� 
�2 } �.��¬�� � �.�,{ P v�� � ��¬ v��yv��wx v��yv.� P �.� ��� v��yv,{,v | {,v��yv � 3 {,v,v
¥ �.�,{6� 
�2 � �.��¬�� � �.�,{ {��&� P {�� v��yv��wx v��yv.� P �.� �,v v��yv P ¬ | x��.�y~ P%3 v,v,v
¥ �.�,{6� 
�2 � �.��¬�� � �.�,{ � P � � � P v��yv��wx v��yv.� P �.� �,v v��yv P ¬ | x��.�y~ P%3 v,v,v
¥ �.�,{6� 
�2 / �.��¬�� � �.�,{ x,~�� � x,{ v��yv��wx v��yv.� P �.� ��¬ v��yv P ¬ | �&�.� P � 3 {,v,v
¥ �.�,{6� 
�2 � �.��¬�� � �.�,{ ¬��.�V¬ ¬�� v��yv��wx v��yv.� P �.� ��¬ v��yv P ¬ | �&�.� P � 3 {,v,v
¥ �.�,{6� 
�254 �.��¬�� � �.�,{ �.� P �V¬ �.� P v��yv��wx v��yv.� P �.� ��¬ v��yv P ¬ | �&�.� P � 3 {,v,v
¥ �.�,{6� 
�2 � �.��¬�� � �.�,{ � P ���y~ � P � v��yv��wx v��yv.� P �.� �wx v��yv P ¬ | x��.�y~ P%3 v,v,v
¥ �.�,{6� 
�2 � �.��¬�� � �.�,{ ���M��� � ���&� v��yv��wx v��yv.� P �.� �wx v��yv P ¬ | �&�.� P � 3 {,v,v
¥ �.�,{6� 
�2 s ! �.��¬�� � �.�,{ �,v��.�yv �,v,v v��yv��wx v��yv.� P �.� �wx v��yv P x | x.��� � P%3 v,v,v
¥ �.�,{6� 
�2 s,s �.��¬�� � �.�,{ �������y{ ���.� v��yv��wx v��yv.� P �.� �wx v��yv P x | x.��� � P%3 v,v,v
¥ �.�,{6� 
�2 sw} �.��¬�� � �.�,{ �.��¬�� � �.� P v��yv��wx v��yv.� P �.� �wx v��yv P x | {.��� � � 3 {,v,v
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H x,vVtur 2 s xcv�wyv x,v vwv�xcw�v vwv,v vcwV¬�y�� v�wy{ P ~ v�wzy,x xcw�vw~ P | v�wzx P%3 v,v,v
H x,vVtur 2 } x,vcwV¬ x,v vTy,xcwzx vTy,{ vcwzx,{�x vcwy{,~�� v�wzy,~ v�w�vw~cv | xcw P P%3 v,v,v
H x,vVtur 2 � x,vcwV¬ x,v vw{�xcwy~ vw{,v vcw�vw{,{ vcwzy�x�� v�wzy P vcw P x,x | xcwzy P%3 v,v,v
H x,vVtur 2 � x,vcwV¬ x,v v��zxcw � v��z{ vcwyv���x vcw�vwv,~ v�wzy�x vcwzy�y,v | vwxcwzy P%3 v,v,v
H x,vVtur 2 / xcv�wyv x,v y,v P wyv y,v,v vcwyv�x,{ vcwyv P ¬ v�wzycv vcw�vwv�y | x�¬cwzy P%3 v,v,v
H x,vVtur 2 � xcv�wyv x,v y�y�¬cw�v y�y,~ vcwyvcvwx vcwyv�y P v�wzy,v vcwyv P ¬ | xcv�wy~ P%3 v,v,v
H x,vVtur 2{4 xcv�w�v x,v y,{�¬cwy{ y,{,{ vcwyv,v,x vcwyvcvwv v�w�vwx vcwyv�ycv | vw~,~cw � x 3 {,v,v
H x,vVtur 2 � x,vcwyx x,v y,x P w � y,x,v vcwyv,v P vcwyv,v,{ v�w�vw~ vcwyvcvwv | x,{,vcwyv x 3 {,v,v
H x,vVtur 2 � x,vcwyx x,v x,v�¬cwV¬ x,v,{ vcwyv,v�y vcwyv,v�y v�w�vw{ vcwyv,v,{ | �zv,vcwyv x 3 {,v,v
H x,vVtur 2 s ! xcv�wyv x,v x�x,{cwzy x�x,v vcwyv,vcv vcwyv,vcv v�w�vTx vcwyv,v�y | v��z{,v x 3 {,v,v

 nm}| s'o £�¤
H~vwv,vVtur 2�v ¬�¬cw � vwv,v vTx�¬cwyv v P v vcwzy P � vcwzx,x�¬ v�wzy�� vcwy~,x�x | P w P x 3 v,v,v
H~vwv,vVtur 25y ¬�¬cwy~ vwv,v vw{�¬cwyv vw~,v vcw�vTxcv vcw�v�¬�¬ v�wzy,{ vcwzx,{cv | xcwy{ x 3 v,v,v
H~vwv,vVtur 25x ¬�¬cwy~ vwv,v v��4¬cwyv vwx,v vcwyv���y vcw�vwv,~ v�wzy P vcw�vwx�¬ | vw{cwV¬ x 3 v,v,v
H~vwv,vVtur 2 P ¬�¬cwyx vwv,v v�¬�¬cwyv y,v,v vcwyv P v vcwyv,{�� v�wzy�x vcw�vwv�x | y�¬cw�v x 3 v,v,v
H~vwv,vVtur 2Y{ ¬�¬cwV¬ vwv,v ycv�¬cwyv y�y,v vcwyv�y�x vcwyv�x�y v�wzy�x vcwyv,{,x | {cv�w � x 3 v,v,v
H~vwv,vVtur 2Y~ ¬�¬cwy{ vwv,v y�x�¬cwyv y P v vcwyvcvTx vcwyvcvwx v�wzy,v vcwyv�x�x | ¬,vcwV¬ x 3 v,v,v
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r�2 - ��(�v vwv�xcwzx vwv,v vwvcwyx vwv vcwV¬,v,x v�wy{�x�y v�wzy,x xcw�vTy,~ | v�wyv xcwyv,v,v
r�2 - ��(Ny vw{�xcwy{ vw{,v vwvcwyx vwv vcw�vw{,{ vcwzy�x�¬ v�wzy,{ vcw P ¬ P | ~cw�v xcwyv,v,v
r�2 - ��(Nx vwv�xcwy{ vwv,v y,vcwyx y,v vcwV¬,v,~ v�wy{,v�¬ v�wzy,x xcwyv�¬cv | vcwyx ycwy{,v,v
r�2 - ��( P vw{�xcwy{ vw{,v y,vcwyx y,v vcw�vw{,{ vcwzy�x�¬ v�wzy,{ vcw P ¬�y | {cw�v ycwy{,v,v
r�2 - ��( { y,v P wyv y,v,v y,vcwyx y,v vcwyv�x,{ vcwyv P ¬ v�wzycv vcw�vwv�y | v�¬cwy~ ycwyv,v,v
r�2 - ��( ~ vwv�xcwy{ vwv,v x,vcwyx x,v vcwV¬,v,~ v�wy{,v,{ v�wzy,x xcwyv,x,~ | vcwy~ ycwyv,v,v
r�2 - ��( � vTy,xcwzx vTy,{ x,vcwyx x,v vcwzx,{,~ vcwy{,~�� v�wzy,~ v�w�vw~�x | v�w � ycwyv,v,v
r�2 - ��( x vw{�xcwy{ vw{,v x,vcwyx x,v vcw�v P ~ vcwzy P x v�wzy,{ vcw P ¬�y | {cw�v ycwy{,v,v
r�2 - ��(�vwv vwv,xcwzy vwv,{ P ycwyx P y vcw �z{cv v�wzy P.P v�wzy,x ycwy{�x�� | v�w P xcwy{,v,v
r�2 - ��(�v�v vwv,xcwzy vwv,{ {,vcwV¬ {,v vcw �z{cv v�wzy P x v�wzy,x ycwy{�x,~ | ycwyv {cwyv,v,v
r�2 - ��(�vTy v�vwxcwy{ v�vw{ P vcwV¬ P v vcwy{,v P vcwyx�y,~ v�wzy�� v�wy~��zx | P wyv ~cw �z{,v
r�2 - ��(�vTx vTy�xcwzx vTy,v P xcwyx P x vcw P y�x vcwy~,x,~ v�wzy,~ v�w P v,v | ycwyx P wyv,v,v
r�2 - ��(�v P vTy,{cwy{ vTy�y vTy�ycwyx vTy,v vcwzx�¬�x vcwy~�x P v�wzy,~ v�wzy�¬,{ | {cw P ��wyv,v,v
r�2 - ��(�vw{ vTy,xcwzx vTy,{ P ycwyx P y vcwzx,{,~ vcwy{,~�� v�wzy�� v�w�vw{,~ | xcwyv xcwy{,v,v
r�2 - ��(�vw~ vTx,xcwy{ vTx,{ ~cv�w P ~cv vcwzy,{�y vcwzx�¬,~ v�wzy,~ vcwyxcvwv | xcwyv ~cwy{,v,v
r�2 - ��(�v�� v P {cwy{ v P y v P xcwzx v P v vcwzy,v,v vcwzxcv�v v�wzy,{ vcwy~�x�¬ | vwvcwy~ ~cw �z{,v
r�2 - ��(�vwx vw{�xcwy{ vw{,v P vcwV¬ P v vcw�vw{,{ vcwzy�x,x v�wzy,{ vcw P ¬cv | vTycw � ~cwzy,{,v
r�2 - ��(�v�¬ vw~�xcwy{ vw~,v ~cv�w P ~,v vcw�v�v P vcw�v���y v�wzy P vcwzx,{,{ | v�¬cw � ��wyv,v,v
r�2 - ��(Ny,v vw~�xcwy{ vw~,v v P v�wy~ v P v vcw�v�v P vcw�v���y v�wzy P vcwzx,{,{ | v�¬cwyv ~cw �z{,v
r�2 - ��(Nycv vw~,{cwy{ vw~�y vw~�xcw � vw~,v vcw�vwv�� vcw�vw~,v v�wzy�x vcwzx�xcv | y�ycwy~ ��wy{,v,v
r�2 - ��(Ny�y v��zxcwy{ v��z{ P vcwV¬ P v vcwyv���x vcw�vwv�� v�wzy�x vcwzy�y�x | xcv�w P ��wyv,v,v
r�2 - ��(Ny�x v��zxcwy{ v��z{ vTycv�wzy vTy,v vcwyv���x vcw�vwv�� v�wzy�y vcwzy�y�x | x�xcwy~ ��wy{,v,v
r�2 - ��(Ny P vwx,{cwy{ vwx�y vw~cv�w P vw~,v vcwyv,{�¬ vcwyv,x,~ v�wzycv vcw�vwx,v | x,xcwV¬ ��wyv,v,v
r�2 - ��(Ny,{ vwx,{cwy{ vwx�y vwx P w�v vwx,v vcwyv,{�¬ vcwyv,x,~ v�wzycv vcw�vwx,v | P v�w � ��wy{,v,v
r�2 - ��(Ny,~ v�¬�xcwV¬ v�¬,v ~,vcwyx ~,v vcwyv P � vcwyv,~�� v�wzycv vcw�v P v | x,{cw � {cwyv,v,v
r�2 - ��(Ny�� y,v P wyv y,v,v ~,vcwzx ~,v vcwyv�x,{ vcwyv P ¬ v�wzy�y vcw�vwv�y | P.P w�v P wy{,v,v
r�2 - ��(Ny,x y,v P wyv y,v,v vwv,vcwV¬ vwv,v vcwyv�x,{ vcwyv P ¬ v�wzy�x vcw�vwv�y | P.P w�v P wy{,v,v
r�2 - ��(Ny�¬ y,v P wyv y,v,v v P v�w�v v P v vcwyv�x,{ vcwyv P ¬ v�wzy,v vcw�vwv�y | P.P w�v P wy{,v,v
r�2 - ��(Nx,v y,v P wyv y,v,v vwxcv�wyv vwx,v vcwyv�x,{ vcwyv P ¬ v�wzy,v vcw�vwv�y | P ¬ {cwyv,v,v
r�2 - ��(Nxcv y,v P wyv y,v,v y,v P wy{ v�¬�¬ vcwyv�x,{ vcwyv P ¬ v�wzy,v vcw�vwv�y | P ¬ {cwyv,v,v
r�2 - ��(Nx�y ycv P wyv ycvwv P vcwV¬ P v vcwyv�y�� vcwyv�x�� v�wzy,v vcwyv�� � | {,x P wy{,v,v
r�2 - ��(Nx�x ycv P wyv ycvwv ~,vcwyx ~,v vcwyv�y�� vcwyv�x�� v�wzy,v vcwyv�� � | ~,{ {cwyv,v,v
r�2 - ��(Nx P ycv P wyv ycvwv ¬cv�wyv ¬,v vcwyv�y�� vcwyv�x�� v�wzy,v vcwyv�� � | P ~ xcwy{,v,v
r�2 - ��(Nx,{ ycv P wyv ycvwv vwv,vcwV¬ vwv,v vcwyv�y�� vcwyv�x�� v�wzy,v vcwyv�� � | {,x P wy{,v,v
r�2 - ��(Nx,~ ycv P wyv ycvwv v�v�v�wyv v�vwv vcwyv�y�� vcwyv�x�� v�wzy,v vcwyv�� � | {�y P wyv,v,v
r�2 - ��(Nx�� ycv P wyv ycvwv vTycv�wyv vTy,v vcwyv�y�� vcwyv�x�� v�wzy,v vcwyv�� � | {�y P wyv,v,v
r�2 - ��(Nx,x ycv P wyv ycvwv v P v�w�v v P v vcwyv�y�� vcwyv�x�� v�wzy,v vcwyv�� � | vwv P xcwyv,v,v
r�2 - ��(Nx�¬ ycv P wyv ycvwv vw~cv�w�v vw~,v vcwyv�y�� vcwyv�x�� v�wzy,v vcwyv�� � | {,x P wy{,v,v
r�2 - ��( P v ycv P wyv ycvwv vwxcv�wzx vwx,v vcwyv�y�� vcwyv�x�� v�wzy,v vcwyv�� � | ~,{ {cwyv,v,v
r�2 - ��( P v ycv P wyv ycvwv y,vcv�w � y,v,v vcwyv�y�� vcwyv�x�� v�w�v�¬ vcwyv�� � | ~,{ {cwyv,v,v
r�2 - ��( P y ycvw{cwy{ ycv�v ycv P wV¬ ycvwv vcwyv�y,{ vcwyv�x,{ v�w�v�¬ vcwyv���x | vwv�x ��wy{,v,v
r�2 - ��( P x y�y,vcwyv ycvw~ ¬�¬cwzx ¬,x vcwyv�y�y vcwyv�xcv v�wzy,v vcwyv,~ P | ~�y P wyv,v,v
r�2 - ��( P.P y�y,vcwyv ycvw~ v�vwvcwzx vwv�¬ vcwyv�y�y vcwyv�xcv v�wzy,v vcwyv,~ P | x,~ {cwy{,v,v
r�2 - ��( P { y�y,vcwyv ycvw~ vTycv�wzx vTy,v vcwyv�y�y vcwyv�xcv v�wzy,v vcwyv,~ P | v�v�� ��wy{,v,v
r�2 - ��( P ~ y�y,vcwyv ycvw~ v P v�wzy v P v vcwyv�y�y vcwyv�xcv v�wzy,v vcwyv,~ P | ¬ P ~cwyv,v,v
r�2 - ��( P � y�y,vcwyv ycvw~ vw~cv�w�v vw~,v vcwyv�y�y vcwyv�xcv v�wzy,v vcwyv,~ P | x,~ {cwy{,v,v
r�2 - ��( P x y�y�xcwy{ ycv�¬ {cv�wzy {,v vcwyv�y,v vcwyv�y,x v�wzycv vcwyv,{,x | x,~ {cwyv,v,v
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r�2 - ��( P ¬ y�y�xcwy{ ycv�¬ xcv�wyx xcv vcwyv�y,v vcwyv�y,x v�wzy,v vcwyv,{,x | vTy,{ ��wzy,{,v
r�2 - ��( {,v y�y�xcwy{ ycv�¬ y�y P w�v ycvwx vcwyv�y,v vcwyv�y,x v�w�v�¬ vcwyv,{,x | vTx,v ��wy{,v,v
r�2 - ��( {cv y�y P wyv y�y,v ~,vcwV¬ ~,v vcwyv�y,v vcwyv�y�� v�w�v�¬ vcwyv,{,~ | x,v P wy{,v,v
r�2 - ��( {�y y�y P wyv y�y,v vwv,vcwV¬ vwv,v vcwyv�y,v vcwyv�y�� v�wzy�x vcwyv,{,~ | x,v P wy{,v,v
r�2 - ��( {�x y�y P wyv y�y,v v P v�wyv v P v vcwyv�y,v vcwyv�y�� v�wzycv vcwyv,{,~ | x�¬ {cwyv,v,v
r�2 - ��( { P y�y P wyv y�y,v vwxcv�wzy vwx,v vcwyv�y,v vcwyv�y�� v�wzy,v vcwyv,{,~ | x�¬ {cwyv,v,v
r�2 - ��( {,{ y�y P wyv y�y,v y,vcv�wy{ y,v,v vcwyv�y,v vcwyv�y�� v�w�v�¬ vcwyv,{,~ | ��v P wyv,v,v
r�2 - ��( {,~ y�x P wzy y�x,v ~,vcwV¬ ~,v vcwyvcvw{ vcwyv�y,v v�w�vwx vcwyv P y | vwv�� P wy{,v,v
r�2 - ��( {�� y�x P wzy y�x,v vwvcv�wyv vwv,v vcwyvcvw{ vcwyv�y,v v�w�vwx vcwyv P y | v�v�¬ {cwyv,v,v
r�2 - ��( {,x y�x P wzy y�x,v v P v�wyv v P v vcwyvcvw{ vcwyv�y,v v�w�vwx vcwyv P y | v�v�¬ {cwyv,v,v
r�2 - ��( {�¬ y�x P wzy y�x,v vwxcv�wzy vwx,v vcwyvcvw{ vcwyv�y,v v�w�vwx vcwyv P y | vwv�� P wy{,v,v
r�2 - ��( ~,v y�x P wzy y�x,v y,vcv�w P y,v,v vcwyvcvw{ vcwyv�y,v v�w�vwx vcwyv P y | vwv�� P wy{,v,v
r�2 - ��( ~cv y�x�¬cwzy y�x,{ ~,vcwV¬ ~,v vcwyvcvTx vcwyvcvwx v�w�vwx vcwyv�x�� | vTy�y P wy{,v,v
r�2 - ��( ~�y y�x�¬cwzy y�x,{ ��v�wV¬ ��v vcwyvcvTx vcwyvcvwx v�w�vwx vcwyv�x�� | vTx,{ {cwyv,v,v
r�2 - ��( ~�x y�x�¬cwzy y�x,{ ¬,{cwV¬ ¬,{ vcwyvcvTx vcwyvcvwx v�w�vwx vcwyv�x�� | vwv,x P wyv,v,v
r�2 - ��( ~ P y�x�¬cwzy y�x,{ v�v�¬cwV¬ v�v�¬ vcwyvcvTx vcwyvcvwx v�w�v�� vcwyv�x�� | vTy�y P wy{,v,v
r�2 - ��( ~,{ y�x�¬cwzy y�x,{ vTy P w�v vTy�x vcwyvcvTx vcwyvcvwx v�w�v�� vcwyv�x�� | vTx,{ {cwyv,v,v
r�2 - ��( ~,~ y�x�¬cwzy y�x,{ v P v�w�v v P v vcwyvcvTx vcwyvcvwx v�w�vw~ vcwyv�x�� | vTy�y P wy{,v,v
r�2 - ��( ~�� y�x�¬cwzy y�x,{ vw~cv�wzy vw~,v vcwyvcvTx vcwyvcvwx v�w�vw~ vcwyv�x�� | vTx,{ {cwyv,v,v
r�2 - ��( ~,x y P.P wzx y P v ~,vcwV¬ ~,v vcwyvcvTy vcwyvcvw{ v�w�v�� vcwyv�x�y | vw{,~ {cwyv,v,v
r�2 - ��( ~�¬ y P.P wzx y P v x,vcwV¬ x,v vcwyvcvTy vcwyvcvw{ v�wzy,v vcwyv�x�y | vw{,~ {cwyv,v,v
r�2 - ��( �zv y P.P wzx y P v vwvcv�wyv vwv,v vcwyvcvTy vcwyvcvw{ v�wzy,v vcwyv�x�y | v P v P wy{,v,v
r�2 - ��( ��v y P.P wzx y P v v P v�w�v v P v vcwyvcvTy vcwyvcvw{ v�w�v�¬ vcwyv�x�y | vw{,~ {cwyv,v,v
r�2 - ��( ��y y P.P wzx y P v vwxcv�w�v vwx,v vcwyvcvTy vcwyvcvw{ v�w�vwx vcwyv�x�y | vw{,~ {cwyv,v,v
r�2 - ��( ��x y P.P wzx y P v y,vcv�w P y,v,v vcwyvcvTy vcwyvcvw{ v�w�v�� vcwyv�x�y | vTy,{ P wyv,v,v
r�2 - ��( � P y,{ P w P y,{,v {cv�wyv {,v vcwyv,v�¬ vcwyvcv�v v�wzy,v vcwyv�y P | y,v,x {cwyv,v,v
r�2 - ��( �z{ y,{ P w P y,{,v �z~cwy{ �z~ vcwyv,v�¬ vcwyvcv�v v�w�v�¬ vcwyv�y P | vwx�� P wy{,v,v
r�2 - ��( �z~ y,{ P w P y,{,v vwv�ycwyv vwvcv vcwyv,v�¬ vcwyvcv�v v�w�v�¬ vcwyv�y P | y,v,x {cwyv,v,v
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rNs;F t 8 vcwzy�x�¬ s,s�G 4H6 ! G � 6 s�G � vcwyv,x,x vcwyv��zv vcwyv��z~ vcwyv,{,~ xcw �r*}IF t 8 vcw�v�J x sw}KG 4H6 ! G � 6 s�G � vcwyv,xcv vcwyv,~,{ vcwyv,~�¬ vcwyv,{,v ��wzyr*�IF t 8 vcwyv,x,x sR��G � 6 ! G � 6 s�G 4 vcwyv,~�¬ vcwyv,{,{ vcwyv,~,v vcwyv�J J xcwzxr���F t 8 vcwyv,{,{ sw�KG s 6 ! G � 6 s�G � vcwyv,~�J vcwyv,{cv vcwyv,{,{ vcwyv�J^v ��wyxr / F t 8 vcwyv�x�J sR��G 4H6 ! G � 6 s�G � vcwyv��zv vcwyv,{,~ vcwyv,~,v vcwyv�J J xcw �r*�IF t 8 vcwyv�y�y sR��G � 6 ! G � 6 s�G � vcwyv���v vcwyv,{,~ vcwyv,~,v vcwyv�J x ¬cwyxr 4 F t 8 vcwyvcv�J s / G } 6 ! G � 6 s�G 4 vcwyv,~,x vcwyv,{�J vcwyv,{,x vcwyv�J y vwvcwzy
� s;F t 8 vcw �z~,~ sw}KG � 6 ! G � 6 s�G � vcwyv,xcv vcwyv,~�J vcwyv,~,x vcwyv�J�¬ {cwyx� }IF t 8 vcwy~��z{ sw�KG 4H6 ! G � 6 s�G / vcwyv��z{ vcwyv,~,v vcwyv,~,~ vcwyv�J^x ¬cw�v� �IF t 8 vcwy~,{�x sw�KG } 6 ! G � 6 s�G / vcwyv��zx vcwyv,~�y vcwyv,~,x vcwyv,{,v xcwyv� ��F t 8 vcwy~�x�y sw�KG � 6 ! G � 6 s�G / vcwyv��zx vcwyv,~�y vcwyv,~�� vcwyv�J�¬ xcw �� / F t 8 vcwy{�¬�J sR��G � 6 ! G / 6 s�G 4 vcwyv��LJ vcwyv,~,v vcwyv,~�J vcwyv�J^~ ¬cwyv� �IF t 8 vcwy{,{�� � G � 6 ! G � 6 s�G s vcw�vwv,{ vcwyv,x�x vcwyv�¬�y vcwyv,~,x J%wV¬� 4 F t 8 vcw J%vw{ � G � 6 ! G � 6 s�G s vcw�vwv,{ vcwyv,x�J vcwyv�¬cv vcwyv,~,~ {cwzy�(� F t 8 vcwzx,v�¬ s,s�G } 6 ! G � 6 s�G � vcwyv�¬�x vcwyv��LJ vcwyv�� � vcwyv,{,~ ~cwy{�(� F t 8 vcwzy�x�J s,s�G ! 6 ! G � 6 s�G } vcwyv�¬,{ vcwyv��z{ vcwyv��zx vcwyv,{,~ ��wyv� s ! F t 8 vcw�v��zx s,s�G } 6 ! G � 6 s�G } vcwyv�¬�y vcwyv��LJ vcwyv��z{ vcwyv,{�x ��wzx� s,s;F t 8 vcw�vw~cv sw�KG � 6 ! G � 6 s�G � vcwyv��LJ vcwyv,{�¬ vcwyv,~�y vcwyv�J^{ xcwy~� sw}IF t 8 vcw�vw{cv sw�KG ! 6 ! G � 6 s�G / vcwyv��4¬ vcwyv,~�x vcwyv,~,~ vcwyv�J^x ��wzx� sw�IF t 8 vcw�vTx�� }ms�G � 6 ! G � 6 }KG � vcwyv�J � vcwyv�x,x vcwyv�x�y vcwyv�y�y v�J%wV¬� sR��F t 8 vcw�vwv�� }P��G � 6 ! G � 6 }KG � vcwyv�J y vcwyv�x�J vcwyv�xcv vcwyv�ycv y�xcwyv� s / F t 8 vcwyv,x�x }ms�G 4H6 ! G � 6 }KG � vcwyv�J � vcwyv�x,x vcwyv�x�x vcwyv�y�x y,vcwy~� sw�IF t 8 vcwyv,~�J },�KG 4H6 ! G / 6 }KG � vcwyv�J J vcwyv�x,{ vcwyv�y�¬ vcwyv�y,v vw~cwzx
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� s 4 F t 8 vcwyv,{,v }ms�G � 6 ! G � 6 }KG � vcwyv�J^x vcwyv�x,x vcwyv�x�J vcwyv�y�x ycv�wyx� s � F t 8 vcwyv�x�¬ } / G � 6 ! G / 6 }KG � vcwyv�J^v vcwyv�x�y vcwyv�x,v vcwyv�ycv ycv�w J� s � F t 8 vcwyv�xcv } / G s 6 ! G � 6 }KG � vcwyv�J%v vcwyv�x�x vcwyv�y,x vcwyv�y,v y�xcwyx� } ! F t 8 vcwyv�y,x } / G � 6 ! G � 6 }KG � vcwyv�J%v vcwyv�x�y vcwyv�y,x vcwyvcv�¬ y�xcwV¬� }ms;F t 8 vcwyv�y,{ }P��G � 6 ! G / 6 }KG � vcwyv�J y vcwyv�x�x vcwyv�y�¬ vcwyv�y,v y�xcwyx� },}IF t 8 vcwyvcv�¬ }P��G 4H6 ! G / 6 }KG � vcwyv�J y vcwyv�x�x vcwyv�y�¬ vcwyv�y,v y�xcwy{� },�IF t 8 vcwyvcvw~ }P��G � 6 ! G � 6 }KG 4 vcwyv�J y vcwyv�x�J vcwyv�y�¬ vcwyv�y,v y�xcw�v
� s;F t 8 xcw�v�vw~ �KG � 6 ! G � 6 ! G 4 vcw�vw~cv vcw�vTy,x vcw�v�J^~ vcw�v�v�v xcwyv
� }IF t 8 ycwyv��z~ 4 G � 6 ! G � 6 ! G � vcw�vTx,~ vcw�vwv�¬ vcw�vTy,{ vcwyv�¬,{ ycwV¬
� �IF t 8 v�wy{,x�¬ � G � 6 ! G � 6 s�G ! vcw�v�v�� vcwyv�¬�x vcw�vwv�¬ vcwyv,x�x ycw �
� ��F t 8 v�w�vTy�� � G � 6 ! G � 6 s�G ! vcw�v�vw~ vcwyv�¬�y vcw�vwv,x vcwyv,x�x xcw�v
� / F t 8 vcwy{�¬,x s ! G 4H6 ! G � 6 s�G } vcwyv�¬�� vcwyv�� � vcwyv,x,~ vcwyv,~,{ ycwy{
� �IF t 8 vcwzx�x�J s,s�G � 6 ! G � 6 s�G � vcwyv,x�¬ vcwyv���v vcwyv,x,v vcwyv,~cv xcwzx
� 4 F t 8 vcw�v�¬�x s,s�G / 6 ! G � 6 s�G � vcwyv,x�¬ vcwyv���v vcwyv,xcv vcwyv,~cv ycwV¬
�C� F t 8 vcw�vTx�x s,s�G ! 6 ! G � 6 s�G } vcwyv�¬�J vcwyv��z{ vcwyv��4¬ vcwyv,{,x xcwV¬
�C� F t 8 vcw�vwv�y s,s�G / 6 ! G � 6 s�G � vcwyv�¬,v vcwyv���v vcwyv�� � vcwyv,{�� ¬cw�v
� s ! F t 8 vcwyv,x,v sw�KG � 6 ! G � 6 s�G / vcwyv�� � vcwyv,~�y vcwyv,~�� vcwyv�J�¬ ¬cw J
� s,s;F t 8 vcwyv,~�x sw}KG } 6 ! G � 6 s�G � vcwyv,x,{ vcwyv,~,x vcwyv��zv vcwyv,{cv xcwyx
� sw}IF t 8 vcwyv�J�¬ s / G ! 6 ! G � 6 s�G 4 vcwyv,~,x vcwyv,{,{ vcwyv,{,x vcwyv�J y ¬cw�v
� sw�IF t 8 vcwyv�x,x s / G � 6 ! G � 6 s�G � vcwyv,~,{ vcwyv,{�y vcwyv,{,~ vcwyv�J%v ¬cwzy
� sR��F t 8 vcwyv�y�J sR��G 4H6 ! G � 6 s�G � vcwyv��zv vcwyv,{,~ vcwyv,~,v vcwyv�J J xcwyv
� s / F t 8 vcwyvcvw{ s / G / 6 ! G � 6 s�G 4 vcwyv,~,~ vcwyv,{�x vcwyv,{�� vcwyv�J y ¬cw J
� s;F t 8 vcw�vw~�� s ! G � 6 ! G � 6 s�G } vcwyv�¬,{ vcwyv��z~ vcwyv,xcv vcwyv,{�¬ ¬cwzx
� }IF t 8 vcw�vwv,v s,s�G � 6 ! G � 6 s�G � vcwyv�¬cv vcwyv���y vcwyv��z~ vcwyv,{,~ ¬cw�v
� �IF t 8 vcwyv,~cv sw}KG � 6 ! G � 6 s�G � vcwyv,xcv vcwyv,~�J vcwyv,~�� vcwyv�J�¬ ¬cwy{
� ��F t 8 vcwyv�x�� s / G � 6 ! G � 6 s�G � vcwyv,~,{ vcwyv,{�y vcwyv,{,~ vcwyv�J%v vwvcw�v
� / F t 8 vcwyv�y�x sR��G � 6 ! G � 6 s�G � vcwyv���v vcwyv,{,~ vcwyv,{�¬ vcwyv�J J xcwy~
� �IF t 8 vcwyvcvw{ s / G 4H6 ! G � 6 s�G � vcwyv,~,~ vcwyv,{�y vcwyv,{,~ vcwyv�J%v ¬cwy{
� s;F t�8 vcw�vwxcv s,s�G / 6 ! G � 6 s�G � vcwyv�¬,v vcwyv���v vcwyv��z{ vcwyv,{,{ ��wy{
� }IF t�8 vcw�vwv,x },�KG } 6 ! G � 6 }KG � vcwyv�J^{ vcwyv�x,~ vcwyv�xcv vcwyv�y�y y�xcwyv
� �IF t�8 vcwyv,~,~ } ! G } 6 ! G � 6 }KG � vcwyv,{cv vcwyv�J%v vcwyv�x�J vcwyv�y�J y,vcwyx
� ��F t�8 vcwyv�J%v s � G / 6 ! G � 6 }KG } vcwyv,{�x vcwyv�J y vcwyv�x,~ vcwyv�y,{ ycv�wyv
� / F t�8 vcwyv�y�x s � G / 6 ! G � 6 }KG } vcwyv,{�J vcwyv�J x vcwyv�x�� vcwyv�y,~ v�¬cwyx
� s;F t 8 vcw�vw{,{ sw}KG ! 6 ! G � 6 s�G � vcwyv,x,~ vcwyv,~�¬ vcwyv��LJ vcwyv,{�J xcwyx
� }IF t 8 vcwyv�¬�J sw�KG 4H6 ! G � 6 s�G / vcwyv��z{ vcwyv,~,v vcwyv,~,{ vcwyv�J^x xcwzx
� �IF t 8 vcwyv,{,x s / G � 6 ! G � 6 s�G 4 vcwyv,~�� vcwyv,{�J vcwyv,{�� vcwyv�J x ¬cwy~

�	� +.- m } !
rNs;F t 8 } ! vcw�vw{,~ s 4 G s 6 ! G � 6 s�G � vcwyv,~,v vcwyv�J^x 
 
 �r*}IF t 8 } ! vcwyv�¬,{ s � G } 6 ! G / 6 }KG ! vcwyv,{�� vcwyv�J^{ 
 
 �r*�IF t 8 } ! vcwyv,{�¬ } ! G � 6 ! G � 6 }KG � vcwyv,{cv vcwyv�J^v 
 
 �r���F t 8 } ! vcwyv�x,~ } ! G � 6 ! G � 6 }KG � vcwyv,{,v vcwyv�x�¬ 
 
 �r / F t 8 } ! vcwyv�y�y s � G � 6 ! G � 6 }KG } vcwyv,{�y vcwyv�J%v 
 
 �

� s;F t 8 } ! vcw�vw{cv sw�KG s 6 ! G � 6 s�G � vcwyv,~�J vcwyv,{cv 
 
 �� }IF t 8 } ! vcwyv�¬�y } / G 4H6 ! G � 6 }KG � vcwyv�J^v vcwyv�x�y 
 
 �� �IF t 8 } ! vcwyv,{�� } � G } 6 ! G / 6 �KG } vcwyv�x�� vcwyv�y�¬ 
 
 �
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� ��F t 8 } ! vcwyv�x,{ } � G } 6 ! G / 6 �KG } vcwyv�x�� vcwyv�y�¬ 
 
 �� / F t 8 } ! vcwyv�y�y } � G � 6 ! G / 6 �KG } vcwyv�x,~ vcwyv�y�¬ 
 
 �

� s;F t 8 } ! vcw�vw{�y sw�KG } 6 ! G � 6 s�G � vcwyv,~�J vcwyv,{cv 
 
 �
� }IF t 8 } ! vcwyv�¬�y s � G � 6 ! G � 6 }KG s vcwyv,{,{ vcwyv�J J 
 
 �
� �IF t 8 } ! vcwyv,{�� s � G 4H6 ! G � 6 }KG } vcwyv,{�y vcwyv�J y 
 
 �
� ��F t 8 } ! vcwyv�x,{ }ms�G s 6 ! G � 6 }KG � vcwyv�J�¬ vcwyv�x�¬ 
 
 �
� / F t 8 } ! vcwyv�y�y } ! G ! 6 ! G � 6 }KG } vcwyv,{cv vcwyv�J%v 
 
 �
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rNsn©Dªn« vcw�v�vTy sw�KG / 6 ! G � 6 s�G / vcwyv�� � vcwyv,~cv vcwyv,~,~ vcwyv�J^x ¬cwzyr*}c©Dªn« vcwyv��zv s / G / 6 ! G � 6 s�G 4 vcwyv,~,~ vcwyv,{�x vcwyv,{,~ vcwyv�J%v ��wV¬r*�c©Dªn« vcwyv�J J s / G � 6 ! G � 6 s�G � vcwyv,~,{ vcwyv,{�y vcwyv,{,~ vcwyv�J%v ¬cwyxr���©Dªn« vcwyv�y�� s 4 G } 6 ! G � 6 s�G � vcwyv,~,v vcwyv�J^x vcwyv,{cv vcwyv�x�� ��wy~r / ©Dªn« vcwyvcvwx sw�KG � 6 ! G � 6 s�G � vcwyv,~cv vcwyv�J�¬ vcwyv,{�x vcwyv�x�¬ vwvcwV¬r*�c©Dªn« vcwyvcvTy s 4 G � 6 ! G � 6 }KG ! vcwyv,~,v vcwyv�J � vcwyv,{,v vcwyv�x,~ ¬cwzx
� sn©Dªn« v�wyv,~,x s ! G � 6 ! G � 6 s�G } vcwyv�¬,{ vcwyv��z~ vcwyv,x�x vcwyv,~cv ��wy~� }c©Dªn« vcw �4¬,v sw}KG } 6 ! G � 6 s�G � vcwyv,x�J vcwyv,~�� vcwyv���x vcwyv,{�x xcwy{� �c©Dªn« vcwy{,x�� � G � 6 ! G � 6 s�G ! vcw�vTy,v vcwyv�¬,{ vcw�vwv,~ vcwyv��zx {cw J� ��©Dªn« vcwzx�x,{ � G � 6 ! G � 6 s�G ! vcw�vTy,v vcwyv�¬,{ vcw�vwv�x vcwyv��z{ ��wzy� / ©Dªn« vcw�v�¬�¬ � G } 6 ! G � 6 s�G ! vcw�v�vTy vcwyv�¬,v vcwyv�¬�y vcwyv,~,~ ~cwzy� �c©Dªn« vcw�vTycv sw}KG ! 6 ! G � 6 s�G � vcwyv,x,~ vcwyv,~,x vcwyv��LJ vcwyv,{�J ~cwy~� 4 ©Dªn« vcwyv�¬�J s,s�G � 6 ! G � 6 s�G � vcwyv,x�� vcwyv��zv vcwyv��z{ vcwyv,{,{ ��w J�(� ©Dªn« vcwyv��LJ sw�KG � 6 ! G � 6 s�G / vcwyv��z{ vcwyv,~,v vcwyv,~,~ vcwyv�J�¬ {cw�v�(� ©Dªn« vcwyv,~,v sw}KG 4 6 ! G � 6 s�G � vcwyv,x�y vcwyv,~,{ vcwyv���y vcwyv,{�J {cw�v� s ! ©Dªn« vcwyv�J^~ sR��G � 6 ! G � 6 s�G � vcwyv��zv vcwyv,{,~ vcwyv,~�x vcwyv�J � {cwy{� s,sn©Dªn« vcwyv�x�� s ! G � 6 ! G � 6 s�G } vcwyv�¬�¬ vcwyv��4¬ vcwyv,x�¬ vcwyv,~,~ {cwzy� sw}c©Dªn« vcwyv�x,v sw}KG } 6 ! G � 6 s�G � vcwyv,x�J vcwyv,~�� vcwyv��z{ vcwyv,{,~ xcw J� sw�c©Dªn« vcwyvcv�¬ s,s�G � 6 ! G � 6 s�G � vcwyv,x,x vcwyv��zv vcwyv��4¬ vcwyv,{�¬ {cwzy� sR��©Dªn« vcwyvcvTy s,s�G 4 6 ! G � 6 s�G � vcwyv,x,x vcwyv��zv vcwyv�� � vcwyv,{�� J%w �
� sn©Dªn« v�w J J x / G � 6 ! G � 6 ! G � vcw�vwx,{ vcw�v�J � vcw�vw~,x vcw�vTy�� xcwzy
� }c©Dªn« v�wyv�J^{ 4 G ! 6 ! G � 6 ! G � vcw�v�J^x vcw�v�v�¬ vcw�vTx�J vcw�vwvcv v�wyx
� �c©Dªn« vcw � �4¬ �KG � 6 ! G � 6 ! G � vcw�vw{,v vcw�v�v�¬ vcw�vTx�J vcw�vwv�y xcwzy
� ��©Dªn« vcw J^x,~ � G � 6 ! G � 6 ! G � vcw�vTy,{ vcw�vwv,v vcw�v�vwv vcwyv,x�y {cw J
� / ©Dªn« vcwzy,x�J � G s 6 ! G � 6 s�G ! vcw�v�vTx vcwyv�¬,v vcwyv�¬�� vcwyv���y ~cw�v
� �c©Dªn« vcw�v���v s ! G � 6 ! G � 6 s�G } vcw�vwv,v vcwyv��4¬ vcwyv,x�x vcwyv,~cv xcw�v
� 4 ©Dªn« vcw�vwv,{ sw}KG s 6 ! G � 6 s�G � vcwyv,x,{ vcwyv,~,x vcwyv���v vcwyv,{�y ¬cwy{
�C� ©Dªn« vcwyv,{�� sw}KG 4 6 ! G � 6 s�G � vcwyv,x�y vcwyv,~,{ vcwyv,~�J vcwyv�J^~ xcwy~
�C� ©Dªn« vcwyv�x,~ sR��G } 6 ! G � 6 s�G � vcwyv���x vcwyv,{,x vcwyv,~,v vcwyv�J J vwvcw J
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� sn©Dªn« vcw�v�v�¬ s,s�G � 6 ! G � 6 s�G � vcwyv�¬cv vcwyv���y vcwyv�� � vcwyv,{,~ xcwy{
� }c©Dªn« vcwyv���x sR��G � 6 ! G � 6 s�G 4 vcwyv,~�¬ vcwyv,{,~ vcwyv,~,v vcwyv�J J ¬cwzy
� �c©Dªn« vcwyv�J^~ sw�KG } 6 ! G � 6 s�G / vcwyv��zx vcwyv,~�y vcwyv���v vcwyv,{�J ¬cwyv
� ��©Dªn« vcwyv�y�¬ s / G � 6 ! G � 6 s�G � vcwyv,~,{ vcwyv,{�y vcwyv,{,{ vcwyv�J^v ¬cwyx
� / ©Dªn« vcwyvcvwx sw�KG / 6 ! G � 6 s�G � vcwyv,~�y vcwyv,{,v vcwyv,{�x vcwyv�x�¬ ¬cwyx
� �c©Dªn« vcwyvcv�v sw�KG / 6 ! G � 6 s�G � vcwyv,~�x vcwyv,{,v vcwyv,{�x vcwyv�x�¬ ¬cwy~
� sn©Dª�« vcw�vTy�x � G ! 6 ! G � 6 s�G ! vcw�v�vw~ vcwyv�¬�y vcw�vwv�y vcwyv��z~ J%w �
� }c©Dª�« vcwyv��z{ � G } 6 ! G � 6 s�G ! vcw�v�vTy vcwyv�¬,v vcwyv�¬�� vcwyv���y {cw�v
� �c©Dª�« vcwyv�J^x � G � 6 ! G � 6 s�G s vcw�vwv,x vcwyv,x,~ vcwyv�¬�J vcwyv��zv J%wV¬
� ��©Dª�« vcwyv�x,v s ! G ! 6 ! G � 6 s�G s vcw�vwv�x vcwyv,x�y vcwyv�¬,v vcwyv,~,~ J%wzx
� sn©Dªn« vcw�v�v�� sw�KG � 6 ! G � 6 s�G � vcwyv��LJ vcwyv,{�¬ vcwyv,~�J vcwyv�J^x ¬cwzy
� }c©Dªn« vcwyv���x sR��G � 6 ! G � 6 s�G 4 vcwyv,~�¬ vcwyv,{,~ vcwyv,~,v vcwyv�J^{ xcw �
� �c©Dªn« vcwyv�J^{ sw�KG } 6 ! G � 6 s�G � vcwyv,~�J vcwyv,{cv vcwyv,{,{ vcwyv�J%v vwvcwyv

�	� + - m } !
rNsn©Dªn«�} ! vcw�v��zv s 4 G � 6 ! G � 6 s�G � vcwyv,{�¬ vcwyv�J � 
 
 �r*}c©Dªn«�} ! vcw�vwv�J s � G � 6 ! G � 6 }KG s vcwyv,{,{ vcwyv�J J 
 
 �r*�c©Dªn«�} ! vcwyv,~�J s � G � 6 ! G � 6 }KG } vcwyv,{�y vcwyv�J%v 
 
 �r���©Dªn«�} ! vcwyv�J^v } ! G � 6 ! G � 6 }KG � vcwyv,{,v vcwyv�J^v 
 
 �r / ©Dªn«�} ! vcwyv�y�J } ! G � 6 ! G � 6 }KG � vcwyv,{cv vcwyv�J%v 
 
 �

� sn©Dªn«�} ! vcw�vw~�J sw�KG � 6 ! G � 6 s�G � vcwyv,~�J vcwyv,{,v 
 
 �� }c©Dªn«�} ! vcwyv�¬,x } 4 G � 6 ! G � 6 �KG s vcwyv�x�� vcwyv�x,v 
 
 �� �c©Dªn«�} ! vcwyv,~,v } 4 G � 6 ! G / 6 �KG s vcwyv�x,x vcwyv�x,v 
 
 �� ��©Dªn«�} ! vcwyv�x,x } � G } 6 ! G � 6 �KG } vcwyv�x�� vcwyv�y�¬ 
 
 �� / ©Dªn«�} ! vcwyv�x�J }P��G � 6 ! G � 6 }KG 4 vcwyv�J y vcwyv�x�J 
 
 �

� sn©Dªn«�} ! vcw�vw~�� s 4 G s 6 ! G � 6 s�G � vcwyv,~,v vcwyv�J^x 
 
 �
� }c©Dªn«�} ! vcw�vwv,v s 4 G � 6 ! G � 6 }KG ! vcwyv,{�� vcwyv�J^~ 
 
 �
� �c©Dªn«�} ! vcwyv,~�y } ! G ! 6 ! G � 6 }KG } vcwyv,{�y vcwyv�J%v 
 
 �
� ��©Dªn«�} ! vcwyv�x,x }ms�G s 6 ! G � 6 }KG � vcwyv�J�¬ vcwyv�x�¬ 
 
 �
� / ©Dªn«�} ! vcwyv�y�J } ! G ! 6 ! G � 6 }KG } vcwyv,{cv vcwyv�J%v 
 
 �
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¥dvwv�xVtur�2 s ycw ��vw~ �KG } 6 ! G � 6 ! G 4 vcw�vw~,~,x vcw�vTx�y�J vcw�v�J^x,x vcw�v�vwv�y ~cwzy
¥dvwv�xVtur�2 } ycw ��vTy 4 G � 6 ! G � 6 ! G � vcw�vTx,~�� vcw�vwv�¬�J vcw�vTy�x�y vcwyv�¬cvw{ xcwV¬
¥dvwv�xVtur�2 � ycw ��v�J � G � 6 ! G � 6 s�G ! vcw�v�vw~,{ vcwyv�¬�y�� vcw�vwv,~�J vcwyv,x,v�y xcwyv
¥dvwv�xVtur�2 � ycw ��v�v � G � 6 ! G / 6 s�G ! vcw�v�vwv,x vcwyv,x,xcv vcwyv�¬,x�y vcwyv���x,v xcwy~
¥dvwv�xVtur�2 / ycw ��v�¬ s ! G � 6 ! G / 6 s�G } vcw�vwv,v�x vcwyv,x,vcv vcwyv,x�¬�� vcwyv,~,~,x xcwV¬
¥dvwv�xVtur�2 � ycw ��v�J sw}KG } 6 ! G � 6 s�G � vcwyv,x,{�x vcwyv,~��z{ vcwyv��z~,x vcwyv,{��LJ {cwzy
¥dvwv�xVtur�254 ycw ��v�v sw�KG � 6 ! G 4H6 s�G / vcwyv��z~�¬ vcwyv,~cv�J vcwyv��zv�¬ vcwyv,{�x�x xcwzx
¥ey,v,vVtur�2 s vcw�vwv�x � G � 6 ! G / 6 s�G ! vcw�v�vwv,x vcwyv,x,x,v vcwyv�¬,~,{ vcwyv��zv,x ��wzy
¥ey,v,vVtur�2 } vcw�vwv�y sw�KG ! 6 ! G / 6 s�G / vcwyv��4¬,v vcwyv,~�x�y vcwyv��zv�x vcwyv,{�y�y ��wzy
¥ey,v,vVtur�2 � vcw�vwv�y sw�KG � 6 ! G � 6 s�G / vcwyv��z~,v vcwyv,~,v,{ vcwyv,~,~�x vcwyv�J^x,~ ~cwzx
¥ey,v,vVtur�2 � vcw�vwv�y sw}KG 4H6 ! G � 6 s�G � vcwyv,xcv�� vcwyv,~,{,v vcwyv��zv,{ vcwyv,{cv�� xcwV¬
¥ey,v,vVtur�2 / vcw�vwvcv sR��G } 6 ! G � 6 s�G � vcwyv���y�� vcwyv,{,x,v vcwyv,~�y�¬ vcwyv�J^~cv vwvcwyx
¥ey,v,vVtur�2 � vcw�vwvcv sw}KG � 6 ! G / 6 s�G � vcwyv,x�y�J vcwyv,~,{�y vcwyv��zv�y vcwyv,{cvTy ¬cwy~
¥ey,v,vVtur�254 vcw�vwvcv sR��G } 6 ! G � 6 s�G � vcwyv���x,v vcwyv,{,x�y vcwyv,~�x�� vcwyv�J ��v ¬cw�v
¥ey,v,vVtur�2 � vcw�vwvcv sw}KG � 6 ! G 4H6 s�G � vcwyv,x�xcv vcwyv,~,{�� vcwyv,~�¬�� vcwyv,{,v�� vwvcwy{
¥ey,v,vVtur�2 � vcw�vwvcv sw}KG } 6 ! G � 6 s�G � vcwyv,x,{,{ vcwyv,~��z~ vcwyv���vw{ vcwyv,{�y�J ~cwy{
¥ey,v,vVtur�2 s ! vcw�vwvcv sw}KG � 6 ! G / 6 s�G � vcwyv,x�x�x vcwyv,~,~,x vcwyv���y�� vcwyv,{�xcv ��wy{
¥ey,v,vVtur�2 s,s vcw�vwvcv sR��G ! 6 ! G / 6 s�G � vcwyv���x,{ vcwyv,{,x�� vcwyv,~�J^x vcwyv�J �LJ xcw J
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¥ey,v,vVtur�2 sw} vcw�vwv�y sR��G / 6 ! G � 6 s�G � vcwyv��zv�¬ vcwyv,{,~�� vcwyv,~�x,~ vcwyv�J^~,x vwvcw�v
¥ey�y,{Vtur�2 s vcwyv,{,v �KG � 6 ! G � 6 ! G � vcw�vw{�y,x vcw�vTycvTx vcw�vTy,~�y vcwyv�¬,v�J J%w �
¥ey�y,{Vtur�2 } vcwyv,{,v s ! G � 6 ! G � 6 s�G } vcwyv�¬��zv vcwyv�� �z~ vcwyv,x�x,{ vcwyv,~cv�v ��wyv
¥ey�y,{Vtur�2 � vcwyv�J�¬ sw�KG � 6 ! G / 6 s�G / vcwyv��LJ � vcwyv,{�¬�J vcwyv,~�J%v vcwyv�J^~�¬ ��wzx
¥ey�y,{Vtur�2 � vcwyv�J�¬ sw�KG � 6 ! G � 6 s�G � vcwyv,~�xcv vcwyv,{,vcv vcwyv,{,{�¬ vcwyv�J%v�J ¬cwyv
¥ey�y,{Vtur�2 / vcwyv�J�¬ s / G 4H6 ! G � 6 s�G 4 vcwyv,~,~,v vcwyv,{�y�� vcwyv,{���y vcwyv�J y,v ��wzx
¥ey�y,{Vtur�2 � vcwyv�J�¬ s / G � 6 ! G � 6 s�G 4 vcwyv,~���x vcwyv,{�x�x vcwyv,{,x�J vcwyv�J y�¬ ~cwyx
¥ey�y,{Vtur�254 vcwyv�J�¬ sR��G � 6 ! G � 6 s�G � vcwyv���ycv vcwyv,{��z{ vcwyv,~cvw{ vcwyv�J J�¬ ¬cwyv
¥ey�y,{Vtur�2 � vcwyv�J�¬ sw�KG } 6 ! G / 6 s�G / vcwyv��zx,x vcwyv,~�y�x vcwyv,~,{�y vcwyv�J ��y vwvcwy{
¥ey�y,{Vtur�2 � vcwyv�J�¬ sw�KG � 6 ! G � 6 s�G / vcwyv��zx�x vcwyv,~cv�¬ vcwyv,~,{,v vcwyv�J ��v ��wzx
¥ey�y,{Vtur�2 s ! vcwyv�J^x s,s�G � 6 ! G / 6 s�G � vcwyv,x,~cv vcwyv,~�¬cv vcwyv,~�¬,x vcwyv,{,v,v ~cwzx
¥ey�y,{Vtur�2 s,s vcwyv�J^x s,s�G � 6 ! G / 6 s�G � vcwyv,x,x,{ vcwyv��zv�� vcwyv���x�J vcwyv,{�xcv ~cwV¬
¥ey�y,{Vtur�2 sw} vcwyv�J^x s ! G } 6 ! G � 6 s�G s vcw�vwvcvw~ vcwyv,xcvTy vcwyv,x,{�x vcwyv,~cvw{ ��wyv
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H x,vVtur�2 s xcw�vw~�J � G } 6 ! G / 6 s�G ! vcw�v�vTycv vcwyv,x�¬,v vcw�vwv�x�� vcwyv�� �4¬ {cwzy
H x,vVtur�2 } v�w�vw~cv s ! G � 6 ! G / 6 s�G } vcwyv�¬��z~ vcwyv��zxcv vcwyv,x��zx vcwyv,~,{,x {cw J
H x,vVtur�2 � vcw J^x,x s,s�G ! 6 ! G / 6 s�G } vcwyv�¬�J J vcwyv��z{cv vcwyv,x�y,~ vcwyv,~cvwv ~cw �
H x,vVtur�2 � vcwzy�y,v sw}KG ! 6 ! G / 6 s�G � vcwyv,x,~�y vcwyv,~,x,~ vcwyv��LJ%v vcwyv,{�J y ��wzx
H x,vVtur�2 / vcw�vwv�y sw�KG 4H6 ! G / 6 s�G / vcwyv��z{�x vcwyv,~,vcv vcwyv,~,~�¬ vcwyv�J�¬�J ��wy{
H x,vVtur�2 � vcwyv�J�¬ s / G � 6 ! G � 6 s�G � vcwyv,~,{�¬ vcwyv,{�y�y vcwyv,{,x�x vcwyv�J y�� ��wyx
H x,vVtur�254 vcwyv�ycv sw�KG � 6 ! G � 6 s�G � vcwyv,~cvw~ vcwyv�J�¬�y vcwyv,{�J%v vcwyv�x�¬,~ ¬cwzy
H x,vVtur�2 � vcwyvcvwv s / G � 6 ! G � 6 s�G � vcwyv,~,{,{ vcwyv,{cvwx vcwyv,{,~,x vcwyv�J%v�¬ xcwzy
H x,vVtur�2 � vcwyv,v,{ sw�KG / 6 ! G � 6 s�G � vcwyv,~�x�y vcwyv�J�¬�¬ vcwyv,{,{�x vcwyv�J^v,x xcwzx
H x,vVtur�2 s ! vcwyv,v�y sw�KG } 6 ! G � 6 s�G � vcwyv,~�xcv vcwyv,{,v�� vcwyv,{�x,x vcwyv�x,x�¬ xcwzx

 nm}| s'o £�¤
H�vwv,vVtur�2ev vcwy~,x�x s,s�G s 6 ! G � 6 s�G } vcwyv�¬�x�y vcwyv��LJ^v vcwyv,x,v,x vcwyv,{�¬,{ ��wzy
H�vwv,vVtur�2�y vcwzx,{cv sw}KG � 6 ! G � 6 s�G � vcwyv,x�x,{ vcwyv,~,~,x vcwyv���y�J vcwyv,{�x,v ��wzy
H�vwv,vVtur�2�x vcw�vwx�¬ s,s�G � 6 ! G � 6 s�G � vcwyv,x��zv vcwyv,~�¬�y vcwyv��LJ^~ vcwyv,{�J J ¬cwzx
H�vwv,vVtur�2 J vcw�vwv�x sR��G � 6 ! G � 6 s�G � vcwyv���y�x vcwyv,{��z{ vcwyv,~�y,v vcwyv�J^{�J vwvcwzx
H�vwv,vVtur�2�{ vcwyv,{,x s / G s 6 ! G 4 6 s�G 4 vcwyv,~,x�J vcwyv,{�J^~ vcwyv,{,x,x vcwyv�J y�� ��w J
H�vwv,vVtur�2�~ vcwyv�x�x sw�KG � 6 ! G 4 6 s�G � vcwyv,~�x,x vcwyv,{,v,{ vcwyv,{,~�x vcwyv�J%vw~ ¬cwy~
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r�2 - ��(�v xcw�vTy,~ 
 
 
 
 
 �

r�2 - ��(Ny vcw J�¬�J 
 
 
 
 
 �

r�2 - ��(Nx xcwyv�¬cv 
 
 
 
 
 �

r�2 - ��(�J vcw J�¬�y 
 
 
 
 
 �

r�2 - ��( { vcw�vwv�y 
 
 
 
 
 �

r�2 - ��( ~ xcwyv,x,~ / G � 6 ! G / 6 ! G � vcw�v�¬,x�J vcw�vw{��zx vcw�vwx�y,v vcw�vTx,{,x xcw �
r�2 - ��( � v�w�vw~�x ��G 4 6 ! G / 6 ! G / vcwzy�ycv�v vcw�v��z~,x vcwzy,v,x�x vcw�vw{,x�¬ {cw J
r�2 - ��( x vcw J�¬�y �KG } 6 ! G / 6 ! G 4 vcw�vw~��z{ vcw�vTx�xcv vcw�vw{�x�� vcw�v�vw{,v J%w�v
r�2 - ��(�vwv ycwy{�x�� � G � 6 ! G / 6 s�G ! vcw�vTy,v,~ vcwyv�¬,{�� vcw�v�vTx�x vcwyv,x,{�¬ ycw J
r�2 - ��(�v�v ycwy{�x,~ s ! G � 6 ! G � 6 s�G } vcwyv�¬,{,x vcwyv��z~�� vcwyv,x�¬,x vcwyv,~��4¬ J%wV¬
r�2 - ��(�vTy v�wy~��zx � G � 6 ! G � 6 s�G s vcw�vwv�¬�J vcwyv,x���v vcw�vwv,xcv vcwyv,x�J J ycwzx
r�2 - ��(�vTx v�w J^v,v s ! G / 6 ! G / 6 s�G } vcwyv�¬,x�� vcwyv��zx,{ vcwyv�¬�y�¬ vcwyv��zv,v J%wy{
r�2 - ��(�v�J v�wzy�¬,{ s � G s 6 ! G / 6 }KG s vcwyv,{�J^v vcwyv�J xcv vcwyv�J�¬�x vcwyv�x���y ��wzy
r�2 - ��(�vw{ v�w�vw{,~ 4 G s 6 ! G � 6 ! G � vcw�v�J^~�¬ vcw�v�vw~�x vcw�vTx,~,~ vcw�vwv�x�y ~cwy{
r�2 - ��(�vw~ vcwyxcvwv sw�KG � 6 ! G / 6 s�G � vcwyv,~�y,x vcwyv,{,vcv vcwyv,{,x,{ vcwyv�J J^v J%w �
r�2 - ��(�v�� vcwy~�x�¬ } ! G s 6 ! G / 6 }KG � vcwyv,{cv�� vcwyv�J^v�¬ vcwyv�J^~�J vcwyv�x�J^x xcwzy
r�2 - ��(�vwx vcw J�¬cv � G � 6 ! G � 6 s�G s vcw�vwv,x�x vcwyv,x,{,~ vcwyv�¬,x,~ vcwyv��LJ%v J%wzx
r�2 - ��(�v�¬ vcwzx,{,{ s / G � 6 ! G � 6 s�G 4 vcwyv,~,~,~ vcwyv,{�x�J vcwyv,~cvwx vcwyv�J^~,{ J%wV¬
r�2 - ��(Ny,v vcwzx,{,{ } ! G � 6 ! G / 6 }KG � vcwyv,{,v�� vcwyv�J^v,{ vcwyv�J^~,v vcwyv�x�J x xcwy~
r�2 - ��(Nycv vcwzx�xcv s � G � 6 ! G / 6 }KG } vcwyv,{cvwx vcwyv�J%v�J vcwyv�J �zv vcwyv�x�J^x ��wyv
r�2 - ��(Ny�y vcwzy�y�x sw}KG � 6 ! G � 6 s�G � vcwyv,xcv�� vcwyv,~,{cv vcwyv��z{�� vcwyv,{,~,~ J%w �
r�2 - ��(Ny�x vcwzy�y�x } ! G / 6 ! G / 6 }KG � vcwyv,{,v,{ vcwyv�J^v�y vcwyv�J^{,{ vcwyv�x�x�¬ xcwy{
r�2 - ��(Ny�J vcw�vwx,v } ! G � 6 ! G / 6 }KG � vcwyv,{,v�J vcwyv�J^v,{ vcwyv�J^{�x vcwyv�x�x�� ��wy{
r�2 - ��(Ny,{ vcw�vwx,v s � G s 6 ! G / 6 }KG s vcwyv,{�J%v vcwyv�J xcv vcwyv�J^x�y vcwyv�x,{�� ��wyv
r�2 - ��(Ny,~ vcw�v�J^v sw�KG � 6 ! G / 6 s�G � vcwyv,~cvTy vcwyv�J^x,x vcwyv,{���x vcwyv�J xcv ~cwzx
r�2 - ��(Ny�� vcw�vwv�y s 4 G / 6 ! G � 6 }KG ! vcwyv,{�¬�y vcwyv�J ��y vcwyv,{,{�x vcwyv�J%vw~ ��wzx
r�2 - ��(Ny,x vcw�vwv�y s � G } 6 ! G � 6 }KG s vcwyv,{�x�� vcwyv�J y,x vcwyv�J�¬cv vcwyv�x,~�� xcwyx
r�2 - ��(Ny�¬ vcw�vwv�y } ! G s 6 ! G � 6 }KG } vcwyv,{cv�J vcwyv�J%vwv vcwyv�J^~,x vcwyv�x,{cv xcwyx
r�2 - ��(Nx,v vcw�vwv�y s � G s 6 ! G � 6 }KG s vcwyv,{�J^v vcwyv�J x,v vcwyv�J^x,x vcwyv�x,~,{ ¬cwyx
r�2 - ��(Nxcv vcw�vwv�y s 4 G � 6 ! G / 6 s�G � vcwyv,{�¬�� vcwyv�J � � vcwyv,{�J^~ vcwyv�J^v,x ¬cwzx
r�2 - ��(Nx�y vcwyv�� � sR��G � 6 ! G / 6 s�G � vcwyv��zv�� vcwyv,{,~�J vcwyv,~,{�y vcwyv�J�¬cv ��wyv
r�2 - ��(Nx�x vcwyv�� � s � G } 6 ! G / 6 }KG ! vcwyv,{,~�x vcwyv�J^{,v vcwyv,{�x�y vcwyv�x�¬,x xcwy~
r�2 - ��(Nx�J vcwyv�� � s � G ! 6 ! G � 6 }KG ! vcwyv,{���x vcwyv�J^{�� vcwyv,{�y�x vcwyv�x�¬�x xcwyv
r�2 - ��(Nx,{ vcwyv�� � s � G } 6 ! G � 6 }KG s vcwyv,{�x�¬ vcwyv�J y,x vcwyv�J^x,x vcwyv�x,~�x ¬cw�v
r�2 - ��(Nx,~ vcwyv�� � } ! G 4H6 ! G � 6 }KG � vcwyv,{,v,v vcwyv�x�¬,x vcwyv�J^{,x vcwyv�x�J^{ vwvcwzy
r�2 - ��(Nx�� vcwyv�� � s 4 G � 6 ! G � 6 s�G � vcwyv,{�¬,~ vcwyv�J � � vcwyv,{�y,~ vcwyv�x,x,x vwvcwy~
r�2 - ��(Nx,x vcwyv�� � s � G � 6 ! G � 6 }KG s vcwyv,{�J � vcwyv�J x,x vcwyv�J�¬,{ vcwyv�x,~�¬ ¬cw J
r�2 - ��(Nx�¬ vcwyv�� � s � G ! 6 ! G � 6 }KG s vcwyv,{�J J vcwyv�J x�J vcwyv�J^x�� vcwyv�x,{,x vwvcw�v
r�2 - ��(�J^v vcwyv�� � } ! G s 6 ! G � 6 }KG } vcwyv,{cvTy vcwyv�J%v�v vcwyv�J^~,x vcwyv�x,{�y xcwV¬
r�2 - ��(�J%v vcwyv�� � s 4 G / 6 ! G / 6 }KG ! vcwyv,{,x�� vcwyv�J �zv vcwyv,{�y�� vcwyv�x,x�¬ xcwy{
r�2 - ��(�J y vcwyv���x sw�KG � 6 ! G � 6 s�G � vcwyv,~,v�� vcwyv�J^x,~ vcwyv,{�x�y vcwyv�x�¬�J ��w J
r�2 - ��(�J x vcwyv,~�J s � G ! 6 ! G � 6 }KG s vcwyv,{�J^~ vcwyv�J x�x vcwyv�J�¬�J vcwyv�x��zv ¬cwy{
r�2 - ��(�J J vcwyv,~�J s � G � 6 ! G / 6 }KG s vcwyv,{,{�x vcwyv�J J x vcwyv,{,v�J vcwyv�x��z~ ¬cwy{
r�2 - ��(�J^{ vcwyv,~�J s � G � 6 ! G / 6 }KG } vcwyv,{cv�� vcwyv�J%v�J vcwyv�J^~,x vcwyv�x,{,v vwvcw J
r�2 - ��(�J^~ vcwyv,~�J s � G � 6 ! G / 6 }KG s vcwyv,{,{�y vcwyv�J J y vcwyv,{,v�J vcwyv�x��z~ vwvcwzx
r�2 - ��(�J � vcwyv,~�J s � G � 6 ! G / 6 }KG s vcwyv,{,~cv vcwyv�J J^~ vcwyv,{,v�J vcwyv�x��z{ vwvcw J
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r�2 - ��(�J^x vcwyv,{,x sw�KG � 6 ! G / 6 s�G � vcwyv,~cvTy vcwyv�J^x�� vcwyv,{,{�J vcwyv�J%v�J ��wV¬
r�2 - ��(�J�¬ vcwyv,{,x } ! G � 6 ! G / 6 }KG � vcwyv�J�¬�¬ vcwyv�x�¬�¬ vcwyv�J^{�� vcwyv�x�x,x ��wyv
r�2 - ��( {,v vcwyv,{,x sw�KG / 6 ! G � 6 s�G � vcwyv,~�y,{ vcwyv,{,v,v vcwyv,{�J x vcwyv�x�¬�� ~cwV¬
r�2 - ��( {cv vcwyv,{,~ s � G s 6 ! G � 6 }KG s vcwyv,{�J y vcwyv�J xcv vcwyv,{,v�� vcwyv�x,xcv ��wzx
r�2 - ��( {�y vcwyv,{,~ } ! G � 6 ! G � 6 }KG � vcwyv�J�¬�x vcwyv�x�¬�x vcwyv�J^{�y vcwyv�x�x,~ ¬cwzy
r�2 - ��( {�x vcwyv,{,~ s � G / 6 ! G � 6 }KG } vcwyv,{�y,x vcwyv�J ycv vcwyv�J � � vcwyv�x,{�x vwvcw �
r�2 - ��( {�J vcwyv,{,~ s � G s 6 ! G � 6 }KG s vcwyv,{�J^v vcwyv�J xcv vcwyv�J^xcv vcwyv�x,{,~ xcwyx
r�2 - ��( {,{ vcwyv,{,~ s � G 4H6 ! G � 6 }KG s vcwyv,{,{,v vcwyv�J x�¬ vcwyv�J^x�¬ vcwyv�x,~�y ��wV¬
r�2 - ��( {,~ vcwyv�J y s � G � 6 ! G � 6 }KG } vcwyv,{�ycv vcwyv�J%vw~ vcwyv�J^x,{ vcwyv�x,~�� ��wV¬
r�2 - ��( {�� vcwyv�J y }ms�G s 6 ! G � 6 }KG � vcwyv�J^x,{ vcwyv�x,x�¬ vcwyv�J^{,v vcwyv�x�J^v ¬cwy{
r�2 - ��( {,x vcwyv�J y s � G / 6 ! G � 6 }KG } vcwyv,{�y,x vcwyv�J y�y vcwyv�J �zv vcwyv�x�J � ¬cwV¬
r�2 - ��( {�¬ vcwyv�J y } ! G � 6 ! G � 6 }KG � vcwyv�J�¬,x vcwyv�x�¬,~ vcwyv�J J y vcwyv�x�y,x ¬cwV¬
r�2 - ��( ~,v vcwyv�J y s � G � 6 ! G � 6 }KG s vcwyv,{�J � vcwyv�J x,{ vcwyv�J �4¬ vcwyv�x,{�J ¬cwyx
r�2 - ��( ~cv vcwyv�x�� s � G � 6 ! G � 6 }KG } vcwyv,{�x�x vcwyv�J y�J vcwyv�J�¬�J vcwyv�x��LJ vwvcwzy
r�2 - ��( ~�y vcwyv�x�� } ! G � 6 ! G � 6 }KG � vcwyv,{,v�� vcwyv�J^v,{ vcwyv�J^~�J vcwyv�x�J^~ vwvcwy{
r�2 - ��( ~�x vcwyv�x�� }ms�G � 6 ! G � 6 }KG � vcwyv�J^x,v vcwyv�x,x�x vcwyv�J J x vcwyv�x�x�y xcwyx
r�2 - ��( ~�J vcwyv�x�� s � G � 6 ! G � 6 }KG } vcwyv,{cv�¬ vcwyv�J%vw{ vcwyv�J ��v vcwyv�x,{cv xcwV¬
r�2 - ��( ~,{ vcwyv�x�� s � G � 6 ! G � 6 }KG } vcwyv,{�x�y vcwyv�J y�J vcwyv�J^x,v vcwyv�x,{,x xcwzx
r�2 - ��( ~,~ vcwyv�x�� } ! G s 6 ! G � 6 }KG } vcwyv,{cvw{ vcwyv�J%vwv vcwyv�J^~�x vcwyv�x�J x ¬cw J
r�2 - ��( ~�� vcwyv�x�� s � G � 6 ! G � 6 }KG s vcwyv,{�J^~ vcwyv�J x,~ vcwyv�J^x�¬ vcwyv�x,~�J ¬cwy{
r�2 - ��( ~,x vcwyv�x�y s � G 4H6 ! G � 6 }KG s vcwyv,{,{�J vcwyv�J J x vcwyv,{,v�¬ vcwyv�x,x�J ¬cwzy
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