
�������	� 
��
����������� ����� ����� � ��������� �!�"��� 
#�$��%&�'�
()��*+�!�+,+-.�'��/0� � � ����� 1 -2� 3�3 45�	67� ���8���

9;:=<?>@>BADCFEHGIEJ<?KML
>@NPO=QR<SEBE@AD:+OUT
V G&K0WXNPL

<?L+YZG[CFEJ<\G^]`_aNP]cbZ]\]?Q�ADLUEdK^_�EJePAfCgADhiN=<?CgADQRADLUEJ>
_jKMCdE@ePAk:�ADlMCgAmAnK[_

o KXpqE@KUCrK[_!ste=<?]?KM>BKUYPeUT
<?L

steUT�>@<?pD>
u�v�w8u W v�x�yazf{!| W y}ud~

� GDT��[�^���

���q�����j�B�����i�j�g�����a�j�B�����������j���j�g�X��� � ¡Z¢

FERMILAB-THESIS-2007-91





�������	� 
��
����������� ����� ����� � ��������� �!�"��� 
#�$��%&�'�
()��*+�!�+,+-.�'��/0� � � ����� 1 -2� 3�3 45�	67� ���8���

£¥¤
¦�§�¨�©DªI«
¬®­�¯D°²±´³gµg¶¸·�µ ¨�¹ ³F±}± ¨ µ8º»µ´¼ ¤ ±}¼¾½ ¨�¹�©"¿ °ÁÀ §

ÂÄÃUÅ�Æ�ÇgÈ¥É@Æ
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� Í
�BÓ¥���j��¢g�jÐ Ë ���¾�òø ö ø ÷ ì åì�ùú�û à�ü ö ü ÷ ì åì�ùú�û àU¢gÍm�ýø�ü^ì åì�ùú�û à^¡ Ë �Ì�j�
ùú�û �j�ÌÎ¥�j���j�ÌÍH�j��� Ë ���j�B�a¢g�
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Ð��B� � �������BÍm�
��	��?àI¡P�»�j�Ì��Ím�Ì¡
çÄ¢B�j�r� � ç�� �j�r�BÍ�� Ë � �j��ÙJ�ÌÍm�Ì�a¢g�����BÍ7�jÐ�¢g�Á¢g�rÑ[�ÌÎ¥�j��Ò�ÓD¢g��Ô���Û#ð$���}Ý¥ÐÌ� Óm�¥��� Ë ���}Ý����j�j�ÌÍmÐ����g��� Ë � �j�
ÙJ�ÌÍm�Ì�a¢g�����BÍ��jÐ�¢g�Á¢g�áÑ[�ÌÎ¥�j��ÒHÓD¢g��Ôq��¡�� � Ë çÄ¢B�a�j����ÞI�Ì����¡ í@í��
 ��� ���B�����ÌÎ¥�j�BÍ¥��ÐØ�a¢gÓë�¥��Ð�¢��dÐ Ë ¢gÍ¥Ím�Ì���¾Û



! "$#&%('*) +-,/.(021 ,/%4365
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�BÍÏ� Ë �®Ù@�j�BÓ¥Îëç»���Ì��� Í¥ÙmÛá���j�Ì�J�X7`¢ Ë Ír���`¢gÍm�B� Ë �Ì�¸ÍD¢gç»�8� Írç8�dç�� Ím�r���B�á� Ë ¢gÍ¥Ô���Û�7¸����Ô�Ím��¡������qÙJ�
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� Ë ¢g��Î¥�j��ÐÌ���BÓm�
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Þ¥�����}�X�BÓ¥��� � Ím�Ø�g��� Ë �®� Ë ������������Ù@� �J�ÌÍrÞ��Ì���¾¡ØÛ
��¢g����èX�q���jÐÌÓm�a�j���=Þ¥�����Áõm�Ä� Ë �Ø���a¢gÍm�m¢g�j� ß ���¥�Ì�I�g�^� Ë �`ÎD¢g������ÐÌ����Î Ë �q����Ð���Û ß �@���=�g�M� Ë ����Ð Ë ¢gÎ¥�j�Ì�

���t�¥�Ì�J�B�j���n�j���¥���jÐÌ��� Þ¥� Í¥Ù�� Ë �Ä� Ë ���B�������tÞI�Ì�J�BÍm�n� Ë �	���a¢gÍm�m¢g�j� ß ���¥�Ì�cà�¡ Ë ��Ð Ë Î¥�j���q��ÐÌ��� Ë ��Ím�Ì¡
ÎD¢g������ÐÌ������àZö÷êkëLì�í�îðïhñ=òÚó»Õ�ÑMÖ®×}Û ÊZË ��Î¥�j���qÓmÐÌ�����BÍrç»��Ð Ë ¢gÍ¥���jç ¢gÍm�	� Ë �®�¥��Ð�¢��q��ç»���¥�����g�M� Ë �®ÑMÖ ¢g�j�
Î¥�j���j�ÌÍ��j���&Û ÊZË �r�j��¢g�jÐ Ë ç»���¥�Ï¢gÍm�k� Ë �ë�}ÝqÎ��Ì��� ç»�ÌÍ��a¢g�¸��� Ù@ÍD¢g��Ó¥�j�Ï�g�`� Ë �ÏÑMÖ ¢g�j�r�q���aÐÌÓm�j�j���k� Í
�¥�Ì�a¢g� �cÛ
��¢g���¸èaèXÎ¥�j���j�ÌÍ��j�¸�¥���jÐÌ��� Î¥�����BÍm�¸�g�U� Ë � Ê �Ì�@¢g���j�BÍ��=�B� � ���¥�Ì�`¢gÍm�r� Ë �X�����n�¥�Ì�j��ÐÌ�j�B��Û ÊZË �®çÄ¢g� Í

�S��¢g��Ó¥�j���¸�g�P¢g� �M� Ë �N�����æ��Ó¥Þqâ?�¥�Ì�j��ÐÌ�j�B�j�®¢g�j��Ù@� �J�ÌÍ[Û ÊZË ���`Ð Ë ¢gÎ¥�j�Ì�®¢g���j�»Î¥�j�¾�����¥���`� Íq�S�B��çÄ¢g�����BÍ��BÍ
� Ë �X�����f�}ÝqÎ��Ì��� ç»�ÌÍ���þ �¸�m¢g�a¢»¢BÐ�Ò�Ó¥����� �����BÍÏ¢gÍm�	����� Ù@ÙJ�Ì�`���q���j�Ìç»��Û
��¢g����èaèjè�� ÍmÐÌ� Óm�¥���Ø� Ë �j����Ð Ë ¢gÎ¥�j�Ì�j�8¡ Ë ��Ð Ë �¥���jÐÌ��� ÞI� Ë ��¡�� Ë ���j��¢g�jÐ Ë ��� Ë ¢��J��ÞI���ÌÍ$ÎI�Ì�ã���B��ç»���

� Ë �j�BÓ¥Ù Ë �m¢g�a¢8¢gÍD¢g� �q������Û ÊZË ��ÞD¢B����ÐZ���a¢gç»�Ì¡P�B��Ô»�g�&ÎD¢g������ÐÌ���á���¥�ÌÍH��� ñDÐ�¢g�����BÍm�=�S�B�X�m¢g�a¢8¢gÍD¢g� �q�����X¡�� � Ë
� Ë ������� �}Ý�ÎI�Ì��� ç»�ÌÍH�����tÎ¥�j���a�ÌÍH�j���k� Íæ�¥�Ì�a¢g� ��� Íâ� Ë ¢gÎ¥�j�Ì�
�qÛ�Ji�J�ÌÍH�!�j�Ì����ÐÌ�����BÍm��¡�� � Ë �q�ùø&�Ì�j�ÌÍH�
ñmÍD¢g�Ø���a¢g�j���	�j�k�a��¢g�jÐ Ë �S�B��� Ë ��ÑUÖ ��� Ù@ÍD¢g��Ó¥�j�$¢g�j��Ù@� �J�ÌÍ�� Íú� Ë ¢gÎ¥�j�Ì�;�æ¢gÍm� � Û�Ü�¢BÐjÔ�Ù@�j�BÓ¥Ím�
Ð��BÍ��a¢gç�� ÍD¢g�����BÍë� Í�� Ë �`�a�Ì����ÐÌ�j�����m¢g�a¢��a¢gç�Î¥���`���Z������� çÄ¢g�j���	Óm��� Í¥Ù ß �BÍH�j�U�Z¢g�����t��� ç8Ó¥�Á¢g�j���d�Ì�J�ÌÍ��j�
¢gÍm�$Ð��BÍ����j�B�P�m¢g�a¢d�´¢gç�Î¥������Û ÊZË ���m¢g�a¢r¢gÍD¢g� �q�����®�j����Ó¥� �j�¾à^ÑMÖ�ÐÌ�j�@�a�ãâ?�j��ÐÌ�����BÍ$� � ç�� ��¢gÍm�
ÑMÖ�çÄ¢B�j�
� � ç�� �¸¢g�j��¢g���j�tÙ@� �J�ÌÍr� Í�� Ë ¢gÎ¥�j�Ì�j���Ä¢gÍm� � Û
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���Bç»�t� Íq�S�B��çÄ¢g�����BÍ$�BÍ_�����'�}ÝqÎ��Ì��� ç»�ÌÍ��a¢g���¥�Ì�a¢g� ����à&ÐÌ�j�@�j��Ð Ë ��ÐaÔ��®�BÍ�Î Ë ������Ð����@¢g���Á¢gÞ¥������Óm�j���
� Ír� Ë �Ø¢gÍD¢g� �q������à"¢gÍm�r¢B�¥�q� �����BÍD¢g�^� Ë ���B�j�Ì����Ð�¢g�[�S�B��ç8Ó¥�Á¢B��¢g�j�®Î¥Ó¥��� ÍÏ¢gÎ¥ÎI�ÌÍm�q��Ð�����Û
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7¸� Ù Ë �ÌÍm�Ì��Ù@�$Î Ë �q����Ð������8� Ë ��Ò�Óm�������j�ÏÓ¥Ím�¥�Ì�j���a¢gÍm�n� Ë �!ç»�@���Ø��Ó¥Ím�m¢gç»�ÌÍH�a¢g���Á¢�¡����g�W�`¢g��Ó¥�j�

¢gÍm���j���q���jÐ����J�Ì��� Ë �¸Ó¥Í¥� �J�Ì�j�j�@þ �Zç»�@���=ÞD¢B����Ð`Þ¥Ó¥� ���q� Í¥ÙtÞ¥����ÐaÔ���Û ß ���¥�Ì��Í!Î Ë ������Ð�� Ë ¢B�Z�����a¢gÞ¥� ��� Ë ���d¢
Ë � Ù Ë � �ë�jÓmÐ�Ð����j�ã��Ó¥�U���a¢gÍm�m¢g�j� ß ���¥�Ì�^�j�!�¥���jÐÌ��� Þ���� Ë �8ÐÌÓ¥���j�ÌÍ��®���a¢g�j�8�g�XÔ�Ím��¡������qÙJ�t�g�X�Ì���Ìç»�ÌÍH�a¢g���
ÎD¢g������ÐÌ�����`¢gÍm�d� Ë �Ì� ��� ÍH�j�Ì�a¢BÐÌ�����BÍm�¾Û
ÊZË �����a¢gÍm�m¢g�j� ß ���¥�Ì�^Ð��BÍH�a¢g� Ím� í 	Ä�Ì���Ìç»�ÌÍH�a¢g����õ"¢��J�B�j�`�g���S�Ì��ç����BÍm��àD�a�ÄÐ�¢g� �����rÞI��Ð�¢gÓm�j�8� Ë �Ì�

¢g�j����Î¥� Íqâ �è ¢gÍm��� Ë Óm���BÞ��Ì��� Ë �=��¢gÓ¥� �m�}Ý¥ÐÌ� Óm�����BÍ�Î¥��� ÍmÐÌ� Î¥����¢gÍm�����B� ���¾¡Ã�m�Ì��ç�� âk�`� �a¢BÐ����a¢g����������Ð���Û ÊZË ��S�Ì��ç����BÍm��àD¢B��� Ë ��¡�Ír� Í Ê ¢gÞ¥��� í Û í àmÐ��BÍm�j�������g�U���ÌÎ¥�j�BÍm��Õ²¡ Ë ��Ð Ë �BÍ¥� �!� Í��j�Ì�a¢BÐÌ�á���Á¢t� Ë �®�Ì����ÐÌ���j�BçÄ¢gÙBâ
Ím�Ì����Ð�¢gÍm�Ä¡=��¢gÔ�ÍHÓmÐÌ����¢g�=�S�B�jÐ����´×X¢gÍm�!ÒHÓD¢g��Ôq�`Õ²¡ Ë ��Ð Ë ¢g���a�8� Í��j�Ì�a¢BÐÌ�P���Á¢®� Ë �`�����j�BÍ¥Ù8Í�ÓmÐÌ����¢g�=���B�jÐ��¾×}Û
ÊZË �Z�S�Ì��ç����BÍm�P¢gÎ¥ÎI��¢g�i�j�®ÞI�ZÙ@�j�BÓ¥Î����»� ÍH�j�®� Ë �j����ÙJ�ÌÍm�Ì�a¢g�����BÍm�¾à���¢BÐ Ë ÙJ�ÌÍm�Ì�a¢g�����BÍ!Ð��BÍ��a¢g� Í¥� Í¥Ù�¢�ÎD¢g� �
�g�PÒ�ÓD¢g��Ôq��¢gÍm��¢ÄÎD¢g� �®�g�����ÌÎ¥�j�BÍm��ÛXB¸Í¥� �r� Ë ��ñm�j���`ÙJ�ÌÍm�Ì�a¢g�����BÍ�ÎD¢g������ÐÌ�����»Õ²� Ë �t�Ì����ÐÌ���j�BÍ[à[�Ì����ÐÌ���j�BÍqâ
Ím�ÌÓ¥����� Ím��¢gÍm�$Ó¥Î ¢gÍm� �¥��¡�ÍfÒHÓD¢g��Ôq�´×®¢gÎ¥ÎI��¢g���q� �j��ÐÌ��� �
¢B��Ð��BÍm����� ��Óm�ÌÍH�j���g��Ím�B��çÄ¢g�PçÄ¢g���j�Ì��àUÞ¥Ó¥�
��¢g��Ó¥�j� Ë ¢B�áÎ¥�j�������¥�����?¡P��Ð��BÎ¥�����`�g�X� Ë �®ñm�j���¸ÙJ�ÌÍm�Ì�a¢g�����BÍ�¢g� Ë � Ù Ë �Ì�áçÄ¢B�j�`�jÐ�¢g������Û ÊZË �8ÎD¢g������ÐÌ�����
� Íd� Ë �®�j��Ð��BÍm�Ï¢gÍm�	� Ë ��� Ë � �j�	ÙJ�ÌÍm�Ì�a¢g�����BÍm�¸¢g�j��Ó¥Ím���a¢gÞ¥���ÄÕ²¡�� � Ë � Ë �8�}ÝqÐ��ÌÎ¥�����BÍr�g��Ím�ÌÓ¥����� Ím�@�´×}àD¢gÍm�
¢F���j�Ì�áÐÌ�j��¢g�����BÍr� Í Ë � Ù Ë �ÌÍm�Ì��Ù@�!� Í��j�Ì�a¢BÐÌ�����BÍm��àD� Ë �Ì�	Ò�Ó¥��ÐjÔ�� �	�¥��Ð�¢��JÛ

JP¢BÐ Ë �Ì���Ìç»�ÌÍH�a¢g�����S�Ì��ç����BÍ Ë ¢B��� �j�	��¡�ÍR¢gÍ���� ÎD¢g������ÐÌ���@à¸¡�� � Ë � Ë ���a¢gç»�ÏçÄ¢B�j��Þ¥Ó¥�	�BÎ¥ÎI�@��� �j�
Ò�ÓD¢gÍH��Ó¥ç ÍHÓ¥ç�Þ��Ì�j��Û ÊZË �!¢gÍ���� ÎD¢g������ÐÌ���Ä�����¥�ÌÍm�B�j���$Þ���Óm�j� Í¥Ùr� Ë �»����ç8ÞI�B�i�S�B�Ø� �j�8Ð��B���j����ÎI�BÍm�q� Í¥Ù
ÎD¢g������ÐÌ���=¡�� � Ë ¢�� � Ím�=���J�Ì�U� ��Û{�D�B���}Ým¢gç�Î¥���@àB� Ë �XÓ¥Îqâ?Ò�ÓD¢g��ÔØ�����¥�ÌÍm�B�j���t¢B�-,Uà@¢gÍm��¢gÍ���� âcÓ¥Î����U�¥�ÌÍm�B�j���
¢B�	å,UÛU�m�B�®� Ë �tÐ Ë ¢g��ÙJ�������ÌÎ¥�j�BÍm� Ë ��¡P�Ì�J�Ì��à^� �����`Ð��Bç�ç»�BÍ
�j���q�ùø&�Ì�j�ÌÍH���Á¢g�j�»Þ��Ì�\¡P���ÌÍ$ÎD¢g������ÐÌ���»¢gÍm�
¢gÍ���� ÎD¢g������ÐÌ���tÞH�r� Ë ����� Ù@Í��g�X� Ë ��Ð Ë ¢g��ÙJ�@ÛW�m�B���}Ý¥¢gç�Î¥���@à�� Ë ��¢gÍH��� ÎD¢g������ÐÌ�����g�X� Ë ���Ì����ÐÌ���j�BÍkÕSø@÷M×����
� Ë �®ÎI�@��� ���j�BÍ[àm�¥�ÌÍm�B�j���Ï¢B�áø¾öZàq�a¢g� Ë �Ì��� Ë ¢gÍnåøJÛ
ÊZË �����a¢gÍm�m¢g�j� ß ���¥�Ì�¸�¥������Ím�B�Ä� ÍmÐÌ� Óm�¥�rÙ@�a¢���� �a¢g�����BÍD¢g�`� ÍH�j�Ì�a¢BÐÌ�����BÍm����� ÍmÐ��d� Ë �Ì�æ¢g�j�dçÄ¢gÍH�

�B�j�¥�Ì�j�»�g�`çÄ¢gÙ@Í¥� ��Óm�¥�r��çÄ¢g� ���Ì�t� Ë ¢gÍk� Ë �d�B� Ë �Ì��� Ë �j������Ó¥Ím�m¢gç»�ÌÍH�a¢g���S�B�jÐ����tÔ�Ím�¾¡�Ík� ÍK�`¢g��Ó¥�j�/.
� Ë �	�����j�BÍ¥Ù�ÍHÓmÐÌ����¢g�t�S�B�jÐ��@ài� Ë �!¡P��¢gÔnÍHÓmÐÌ����¢g�t�S�B�jÐ���¢gÍm�f�Ì����ÐÌ���j�BçÄ¢gÙ@Ím�Ì����Ð	�S�B�jÐ�����Û ÊZË �@�j�!� Ë �j���
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 �ÌÍm�Ì�a¢g�����BÍ[� è èjè èjèjè ô>=@? øA?
ÜÊ�^È¥Ç�¶&Å , B ¿ S�	GQ=�

Õ·�¸Î"× Õ�� Ë ¢g��ç!× Õ Ê �BÎ"×C D ì â í Q=�
Õ·���¾¡�Í"× Õc�����a¢gÍ¥ÙJ�¾× Õ�ÜZ�B���j�Bç!×

³ z �MÆ | ¥MÅ ø ü ê â í
Õ��Ì����ÐÌ���j�BÍ"× Õ²ç8Óm�BÍ"× Õ Ê ¢gÓ"×EGF EIH EIJ î

Õ·�`�ÌÓ¥����� Ím�@�´×
Ê ¢gÞ¥��� í Û í �\Ji���Ìç»�ÌÍ��a¢g����ÎD¢g������ÐÌ�����®� Í�� Ë �����a¢gÍm�m¢g�j� ß ���¥�Ì�c�á� Ë �tÒ�ÓD¢g��Ô�¢gÍm�����ÌÎ¥�j�BÍ�ÙJ�ÌÍm�Ì�a¢g�����BÍm�
¢gÍm�!� Ë �Ì� �P�j���jÎ���ÐÌ��� �J�`Ð Ë ¢g��ÙJ����Û=ô>=@? øK?H�¥�ÌÍm�B�j���=� Ë �¸Ð Ë ¢g��ÙJ�á�j�Ì�Á¢g��� �J�`�j��� Ë �áÐ Ë ¢g��ÙJ�`�g�[� Ë �`�Ì����ÐÌ���j�BÍ[Û
ÊZË �ØÐ��B���j���jÎ��BÍm�q� Í¥Ù	¢gÍH��� ÎD¢g������ÐÌ����� Ë ¢��J�®� Ë �Ø�BÎ¥ÎI�@��� �j�ØÐ Ë ¢g��ÙJ�@Û

��Ó¥Ím�m¢gç»�ÌÍH�a¢g���S�B�jÐ����`¢g�j���¥���jÐÌ��� ÞI���ë� ÍÏ�j�Ì��ç»���g��ÒHÓD¢gÍ���� �����ÏÙH¢gÓ¥ÙJ�8ñD�Ì����� Ë ���B�������E�¬�=	��?Û ÊZË �8���B�jÐ��
Ð�¢g�������Ì�j��¢g�j�»Î¥�j���a�ÌÍH�j���f¢B�8� Ë �!ÒHÓD¢gÍ��a¢ë�g��� Ë �!ÙH¢gÓ¥ÙJ��ñD�Ì���¥��� Í
ÙH¢gÓ¥ÙJ�!� Ë ���B���JàM¡ Ë ��Ð Ë ¢g�j�Ä��Î¥� Íqâ í
�J��ÐÌ�j�B�ãâcÞI�@�j�BÍm��Û
ÊZË �!�����j�BÍ¥ÙrÍ�ÓmÐÌ����¢g�Ø�S�B�jÐ������Ø�¥���jÐÌ��� ÞI����ÞH�$¢	Ím�BÍqâ?�¸ÞI�Ì� �Á¢gÍ$ÙH¢gÓ¥ÙJ��ñD�Ì����� Ë ���B����¡�� � ËML;NPORQ:S

����ç�ç»�Ì�����ØÔ�Ím��¡�Í»¢B��T�ïhñGURì·ïAVXW-Yfò íGVÊí[ZG\GUsñGVP]R^`_�ÕcÖA���Ø×}ÛFè\�j�M�Ì� Ù Ë ���J��ÐÌ�j�B�UÞI�@�j�BÍm��¢g�j��Ô�Ím��¡�Í�¢B�
Ù@� Óm�BÍm��àq¡ Ë ��Ð Ë Ð��BÓ¥Î¥�����j��¢gÍ��ÄÎD¢g������ÐÌ����¡�� � Ë Ím�BÍqâcÍm�ÌÓ¥���a¢g�[�����j�BÍ¥Ù�Ð Ë ¢g��ÙJ�»Õ�Ð��B���B�´×�� ÍmÐÌ� Óm�q� Í¥Ù�� Ë �Ìçtâ
�j�Ì� �J���¾Û ÊZË �`�j���j�BÍ¥Ùt���B�jÐ��`Î¥�j�Ì�J�ÌÍH�j��� Ë �`�}Ýq�����j�ÌÍmÐ����g�M���a�B�Á¢g�j���!Ím�BÍqâcÍm�ÌÓ¥���a¢g� � �	Ð��B���B�j���	ÎD¢g������ÐÌ�����á¢g�
¢gÍ��!�q� �j��ÐÌ��� ��â?�BÞm�j�Ì���B¢gÞ¥���®�ÌÍm�Ì��Ù@�!�jÐ�¢g������Û ÊZË Óm�ZÒ�ÓD¢g��Ô���¢g�j��¢g� ¡=¢������¥�Ì�j��ÐÌ�j���d�BÍ¥� �!¢B�ZÐ��BÍm����� ��Óm�ÌÍ��j�
�g�XÐ��B���B�ãâcÍm�ÌÓ¥���a¢g�MÐ��Bç�Þ¥� ÍD¢g�����BÍm���g���Ì� � Ë �Ì��¢�ÒHÓD¢g��ÔCQB¢gÍH��� â?Ò�ÓD¢g��ÔdÎD¢g� ��ÕS¢tç»���a�BÍ[àm��ÓmÐ Ë ¢B��� Ë �®Î¥���BÍ[àa àU¢gÍm��ÔB¢B�BÍ[à-b�×`�B�®� Ë �j���ÄÒHÓD¢g��Ôq�ÄÕ²ÞD¢g���J�BÍm��àM��ÓmÐ Ë ¢B��� Ë �»Î¥�j�B�j�BÍ ¢gÍm��Ím�ÌÓ¥���j�BÍ"×}Û ß ���j�BÍm�8¢gÍm�
ÞD¢g���J�BÍm�`¢g�j�ØÐ��B� ����ÐÌ��� �J�Ì� �dÔ�Ím�¾¡�ÍÏ¢B� Ë ¢B�q�j�BÍm��Û

JX����ÐÌ���j�BçÄ¢gÙ@Ím�Ì����Ð�¢gÍm�»¡P��¢gÔ����B�jÐ����P¢g�j��Ð��Bç8Þ¥� Ím���!� ÍH�j�8¢®�j� Í¥Ù@���dc �Ì����ÐÌ���j��¡P��¢gÔIþH���B�jÐ����¥���aÐÌ��� Þ����
Þ���¢!ÙH¢gÓ¥ÙJ�}âSñD�Ì����� Ë ���B���nÕP� � �X¢gÍm�$��®
���²×�¡�� � Ë ¢!Ó¥Ím�¥�Ì��� ��� Í¥Ù LeNPORf:ShgjikNlOnmoS �j��ç�ç»�Ì�����JÛØ�Z��� Ë �
�ÌÍm�Ì��Ù@�	�jÐ�¢g�����Z¡P�®Ð�¢gÍr�BÞm�a�Ì���J�@àq� Ë ��������ç�ç»�Ì���������=Ím�B�á¢gÎ¥ÎD¢g�j�ÌÍH��Þ¥Ó¥�������a�Bç»� Ë ��¡R��ÎI�BÍH�a¢gÍm���BÓm��� �
Þ¥�j�BÔJ�ÌÍn�j�rÎ¥�j���qÓmÐ��»� Ë � NPOnmoS �g�áÖ¸ÓD¢gÍ���Ó¥ç JX����ÐÌ���j���q��ÍD¢gç���Ð��rÕcÖWJ8�Ø×}à[¡�� � Ë � Ë �»Î Ë �B�j�BÍk¢B�Ø� �j�
�J��ÐÌ�j�B�ØÞI�@�j�BÍ[à^¢gÍm�$� Ë �t¡P��¢gÔ����B�jÐ��t¡�� � Ë çÄ¢B�j��� �J�t�J��ÐÌ�j�B�ØÞI�@�j�BÍm��à&� Ë �qp�r�¢gÍm�tsvuPÛ Ê ¢gÞ¥��� í Û�	
� �����j�¸¢g� �[� Ë ���J��ÐÌ�j�B�áÞI�@�j�BÍm���¥���jÐÌ��� ÞI���d� Ír� Ë �8���a¢gÍm�m¢g�j� ß ���¥�Ì�cÛ
è\Í
� Ë �d���a¢gÍm�m¢g�j� ß ���¥�Ì�càU� Ë �Ä�Ì����ÐÌ���j��¡=��¢gÔ ����ç�ç»�Ì����������Þ¥�j�BÔJ�ÌÍ Þ���� Ë �´7¸� Ù@ÙJ�Øç»��Ð Ë ¢gÍ¥����ç

� �=�?à^¡ Ë ��Ð Ë ÙJ�ÌÍm�Ì�a¢g�j���®� Ë �tçÄ¢B�a�j���Ø�g�P� Ë �qp�r�¢gÍm�jsvu�àM¢B�®¡P�Ì� ��¢B�®� Ë �tçÄ¢B�a�j���®�g�=� Ë ���S�Ì��ç����BÍm��Û
7`��¡=�Ì�J�Ì��àq� Ë �W7¸� Ù@ÙJ�PÞ��@�j�BÍ�ÕS¢���Î¥� Íqâ î ��Ó¥Ím�m¢gç»�ÌÍH�a¢g�&ÎD¢g������ÐÌ���¾×�Î¥�j���q��ÐÌ�j����ÞH�Ä� Ë �����a¢gÍm�m¢g�j� ß ���¥�Ì�
�j�ÌçÄ¢g� Ím���j��ÞI���q���jÐ����J�Ì�j���&à�¢gÍm�n� Ë �Ì�j�	����Ð��BÍm�����¥�Ì�a¢gÞ¥���d� Ë ���B�j�Ì����Ð�¢g���¥�ÌÞD¢g�j�r�BÍf� Ë �d�}Ým¢BÐÌ�����B��ç
� Ë �®����ç�ç»�Ì�����»Þ¥�j��¢gÔ�� Í¥Ù��a¢gÔJ����Û ÊZË �®�j��¢g�jÐ Ë ���=���B�Z� Ë ��7á� Ù@ÙJ�ZÞI�@�j�BÍ Ë ¢��J��ÞI���ÌÍdÐ�¢g���������d�BÓ¥�=�²�j�Bç
ÑZJ���Õ²�Á¢g��ÙJ�}âkJi����ÐÌ���j�BÍqâ?�U�@��� ���j�BÍÃ�=�B� � ���¥�Ì��¢g����J8:��®×á�j�	� Ë � Ê �Ì�B¢g���j�BÍ[Û ÊZË ���q� �j��ÐÌ�Ø�j��¢g�jÐ Ë �²�j�Bç
ÑZJ��'�}ÝqÎ��Ì��� ç»�ÌÍ��j� Ë ¢��J�8�j�Ì��¢�çÄ¢B�j�Z� � ç�� ���S�B�=� Ë �8���a¢gÍm�m¢g�j� ß ���¥�Ì��7á� Ù@ÙJ�¾� ætwyx{z|z�}�~�m�m���� ø��!Û
����¢g�jÐ Ë ����¢g� Ê �Ì�@¢g���j�BÍ�¢g�j�8Ó¥Ím�¥�Ì��¡=¢��Jà[¢gÍm�Ï¢»�jçÄ¢g� �[¡�� Ím�¥��¡+����� � �^�}Ýq�����j�á�j��ñmÍm�r� Ë �X7á� Ù@ÙJ�¸Óm��� Í¥Ù
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�X��ÐÌ�j�B�áÞI�@�j�BÍ ß ¢B�a�8Õ � ø��;= ç è × JX����ÐÌ������Ð8Ð Ë ¢g��ÙJ���� � yu| Æ | ¥6� î îsé÷ ® î Û�	
	 â ís0ö ® î Û�	
	 S íp r � í Û í ®G� î��� Â�¦Æ� | ¥6� î î
Ê ¢gÞ¥��� í Û�	q�	���a¢gÍm�m¢g�j� ß ���¥�Ì�H�X��ÐÌ�j�B��Þ��@�j�BÍRÕ���Î¥� Íqâ í ÎD¢g������ÐÌ�����}×�� ������Û � � Í��j�Ì�a¢BÐÌ�j��¡�� � Ë �Ì����ÐÌ������ÐÐ Ë ¢g��ÙJ���»ÎD¢g������ÐÌ�������BÍ¥� �JÛ6s u ¢gÍm�/p r ¢g�j�Z¡P��¢gÔ����B�jÐ���Ð�¢g�������Ì�j�¾àJ� ÍH�j�Ì�a¢BÐÌ��� Í¥Ù�¡�� � Ë ¢g� �¥� Ë �Z�S�Ì��ç����BÍm��Û
 � Óm�BÍm�`¢g�j�®�����j�BÍ¥Ù��S�B�jÐ��ØÐ�¢g�������Ì�j��à¥� Í��j�Ì�a¢BÐÌ��� Í¥ÙÄ¡�� � Ë Ò�ÓD¢g��Ôq�á¢gÍm�d� Ë �Ìç»�j�Ì� �J����Û

� î ¢gÍm�_�������}ÝqÎ��Ì��� ç»�ÌÍ��a¢g�P�m¢g�a¢qÛ ß �@���®Î Ë �q����ÐÌ�����j�ØÞ��Ì� ���Ì�J��� Ë ¢g��¢	�¥��ÐÌ����� �J�»Ð��BÍmÐÌ� Óm�����BÍf¢gÞ��BÓ¥�
� Ë �97á� Ù@ÙJ��¡�� � �=Þ��»���B��� Ë Ð��Bç�� Í¥Ù�¢g��� Ë �!ÑZ7A�.Õ�Ñ^¢g��ÙJ�97�¢B�q�j�BÍK�=�B� � ���¥�Ì��¢g�<��J�:��®×}à[¡ Ë ��Ð Ë ¡�� � �
��Ó¥��Íë�BÍëÍm�}Ý����J��¢g��Û

���n� ������'� �!������������� 
!��#"$!&%(')!��+*
�¸� � Ë �BÓ¥Ù Ë � Ë �����a¢gÍm�m¢g�j� ß ���¥�Ì�&�����j����ÓmÐ�Ð����a�ã�²Ó¥�&� Ír�}ÝqÎ¥�Á¢g� Í¥� Í¥Ù!¢�¡����¥�®�@¢g�����Ì�?�d�g��Î Ë �q����Ð���àq� �

�j�Ì� ���`Óm��Ím�B� Ë � Í¥Ùr¢gÞI�BÓ¥�á� Ë ��çÄ¢B�j�j���`¢gÍm�ë� Ë �8ç�� Ý�� Í¥Ùd¢gÍ¥Ù@�����¸�g��Ò�ÓD¢g��Ôq�`¢gÍm�ë���ÌÎ¥�j�BÍm��à�� Ë �ØÍD¢g��Ó¥�j�
�g��� Ë �;7¸� Ù@ÙJ��ç»��Ð Ë ¢gÍ¥����çrà�¢gÍm�k� Ë �r�B¢g� Óm���»�g��� Ë �rÐ��BÓ¥Î¥� � Í¥Ù
Ð��BÍm�j�a¢gÍH�j��Û ÊZË ���ÄÎ¥�j�B� � ���Ì�a¢g�����BÍ��g�
¢g��Þ¥� ���a¢g���ÚÎD¢g�a¢gç»�Ì�j�Ì�j�d��Ó¥Ù@ÙJ�����j��� Ë ��Î¥�j���j�ÌÍmÐ����g�8Ím�Ì¡ Î Ë �q����Ð��	ÞI�Ì�J�BÍm��� Ë �����a¢gÍm�m¢g�j� ß ���¥�Ì�cÛ
ß ¢gÍH��Ím�Ì¡+Î Ë �q����Ð��®ç»���¥�Ì�����S�B� ����¡é� Ë �»¢gÎ¥Î¥�j�J¢BÐ Ë �g��Ð��BÍm������ÓmÐÌ��� Í¥Ùr� Ë �»ÑM¢gÙ@�a¢gÍ¥Ù@�Á¢gÍ
¡�� � Ë �Á¢g��ÙJ�Ì�
�}Ýq�j�ÌÍm�¥���d����ç�ç»�Ì�����!¢g� Ë � Ù Ë �Ì�Z�ÌÍm�Ì��Ù@������¢gÍm��� Ë �Ø���a¢gÍm�m¢g�j� ß ���¥�Ì��Þ���Ð��Bç»����¢gÍ	�Áø&��ÐÌ��� �J��� Ë ���B���
¢g�®���¾¡P�Ì���ÌÍm�Ì��Ù@�����¾Û ÊZË �@�j��ç»���¥�Ì���®�g�²�j�ÌÍ$Î¥�j���q��ÐÌ��¢�����Ð Ë �Ì�ØÎD¢g������ÐÌ���»Ð��BÍ��j�ÌÍH��àU�B�®çÄ¢���� Ím�q��Ð�¢g�j�Ä¢
ñmÍm�Ì��ÎD¢g������ÐÌ������Ó¥Þm������ÓmÐÌ��Ó¥�j�@Û
ÊZË �PÎ Ë �q����Ð��Mç»�B��� �B¢g�����BÍt�g�¥� Ë ���^� Ë ���j���[���M�j�á�j��¢g�jÐ Ë �S�B�^���ÌÎ¥�j��ÒHÓD¢g��Ôq�^Î¥�j���q��ÐÌ�j����ÞH�®Ím�Ì¡ Î Ë �q����Ð��

ç»���¥�Ì����¡�� � Ë � Ë �á�}Ýq�j�ÌÍm�¥���ÄÙH¢gÓ¥ÙJ�¸����ç�ç»�Ì����������Ûiè?ÍÄ� Ë �@�j��ç»���¥�Ì���PÑ^�ÌÎ¥�j�BÍmÒHÓD¢g��Ôq�=¢g�j�áÍm�Ì¡�ÞI�@�j�BÍm�
Ð��BÓ¥Î¥� � Í¥ÙØ�j�Ø¢`���ÌÎ¥�j�BÍqâ?Ò�ÓD¢g��Ô�ÎD¢g� ����	��?Û ÊZË ��Ð Ë ¢g�a¢BÐÌ�j�Ì����������Ð�����¢g��Ó¥�j���g�����ÌÎ¥�j��Ò�ÓD¢g��Ô��X����� Ë ¢g�i� Ë �Ì�t¢g�j�
Ð��B���B�ãâc����� Î¥���Ì�iÎD¢g������ÐÌ�����iÐ�¢g������� Í¥Ù¸ÞI�B� Ë ÞD¢g���J�BÍ�¢gÍm�����ÌÎ¥�j�BÍ�ÒHÓD¢gÍ���Ó¥ç ÍHÓ¥ç8ÞI�Ì�j��Û ÊZË �Ì��¢g�j�Z¢B�j��Ó¥ç»���
�j�ÄÞ����jÐ�¢g�Á¢g��Õ���Î¥� Í î ×��B�¸�J��ÐÌ�j�B�tÕ���Î¥� Í í ×ZÎD¢g������ÐÌ�����`¡ Ë ��Ð Ë Ð�¢gÍ�Þ��®Î¥�j���qÓmÐ����ÏÞ��B� Ë ��� Í¥Ù@� �ë¢gÍm�r� Í
ÎD¢g� �j�Z� Í	Ð��B� � ���q� Í¥Ù�Þ���¢gç»�¾ÛU�¸� �I�B� Ë �Ì�=ÎD¢g������ÐÌ���®Ð Ë ¢g�a¢BÐÌ�j�Ì����������Ð���à¥��ÓmÐ Ë ¢B�P¡=��¢gÔÄ���j�@�jÎ¥� Í	¢gÍm�	�Ì����ÐÌ������Ð
Ð Ë ¢g��ÙJ�@àI¢g�j�Øç»���¥�Ì�U�¥�ÌÎ��ÌÍm�¥�ÌÍ���Û�Ñ&� ÔJ�8ÎD¢g������ÐÌ�����`�g�i� Ë �����a¢gÍm�m¢g�j� ß ���¥�Ì�cà¥���ÌÎ¥�j��ÒHÓD¢g��ÔdçÄ¢B�a�j���¸¢g�j�
Ím�B��Î¥�j���q��ÐÌ�j���&ÛkÜZ�Ì����¡.¡P�dÙ@� �J�	Þ¥�����}�®�q���jÐÌÓm�j�����BÍm���BÍk� Ë ���B�j�Ì����Ðrç»���¥�Ì����¡�� � Ë �}Ýq�j�ÌÍm�¥���fÙH¢gÓ¥ÙJ�
����ç�ç»�Ì����������� Íd¡ Ë ��Ð Ë � Ë �ØÑ^�ÌÎ¥�j��Ò�ÓD¢g��Ô��¸¢g�j�®Î¥�j���q��ÐÌ�j���&Û

��� � ��� � eflLte��� t�i���jml�gGi�dut@o d+�8csnk�;l�te���
eGc ��ikj�gGi�d{t­d¢¡�£�cC��g=d+¤-�8lLe:¥��
ÊZË ���jÓmÐ�Ð����j�®�g�PÓm��� Í¥ÙdÙH¢gÓ¥ÙJ��ñD�Ì����� Ë ���B�������Ø�j�d�¥���jÐÌ��� Þ���ÎD¢g������ÐÌ����� Í��j�Ì�a¢BÐÌ�����BÍm��¢gÍm��� Ë ���Ì����Ð}â

���j�¾¡P��¢gÔ�Ó¥Í¥� ñDÐ�¢g�����BÍ�� Ë ��¡��`Î¥�j�Bç����j��� Ë ¢g�`ÎI�Ì� Ë ¢gÎm�®¢g� �M�g��� Ë �8�S�B�jÐ����¸Ð�¢gÍ�Þ����¥���jÐÌ��� ÞI���ëÞ��ë�j�Bç»�
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�U� Ù@Ó¥�j� í Û í � ÊZË ���j���j�BÍ¥ÙmàI¡P��¢gÔ�¢gÍm���Ì����ÐÌ���j�BçÄ¢gÙ@Ím�Ì����Ð!Ð��BÓ¥Î¥� � Í¥ÙJ�Ø¢B�Ø¢»��Ó¥ÍmÐÌ�����BÍ��g�=�ÌÍm�Ì��Ù@�fÕ �²�j�Bç
�Ø¢gç�ÞD¢g�a¢;��®��
�²×}Û

�Á¢g��ÙJ�Ì�Z�ÌÍmÐ��Bç�ÎD¢B�j��� Í¥ÙtÙH¢gÓ¥ÙJ�¸� Ë ���B���JÛiÜZ¢B�a���Ä�BÍÄ� Ë �Ì� �=Ó¥Í¥� ñDÐ�¢g�����BÍ	� �����PÍD¢g��Ó¥�a¢g�"�j��Ð Ë ���@�j�`¢®�Á¢g��ÙJ�Ì�
ÙH¢gÓ¥ÙJ��Ù@�j�BÓ¥Î[àK¦PàJ� Ë ¢g�i�����Á¢g��ÙJ���ÌÍm�BÓ¥Ù Ë �j��Ð��BÍH�a¢g� Í»� Ë �á� ß ÙH¢gÓ¥ÙJ������ç�ç»�Ì���������¾Ûi��ÓmÐ Ë ��� Í¥Ù@���=ÙH¢gÓ¥ÙJ�
Ù@�j�BÓ¥Îr¡=�BÓ¥���rÞI�Ø¢gÞ¥���®�j���¥���jÐÌ��� ÞI�®� Ë �Ø�����j�BÍ¥Ùmàm¡P��¢gÔIàD¢gÍm�d�Ì����ÐÌ���j�BçÄ¢gÙ@Ím�Ì����Ð8� Í��j�Ì�a¢BÐÌ�����BÍm��à"�cÛ �@Û

¦�§ LeNlORQ:S¨i©LeNlORf:S¨iªNPOnmoS�«
�¸Í¥� � ÔJ��� Ë �`� ß � Ë ¢g��Óm�j����� Ë �j���á�q�ùø&�Ì�j�ÌÍH�=Ð��BÓ¥Î¥� � Í¥Ù8ÎD¢g�a¢gç»�Ì�j�Ì�j�P�j�Ø�¥���jÐÌ��� ÞI���Ì����ÐÌ���j��¡=��¢gÔ�¢gÍm�

�����j�BÍ¥ÙÄ� ÍH�j�Ì�a¢BÐÌ�����BÍm��à"� Í  �a¢gÍm�;�¸Í¥� ñDÐ�¢g�����BÍ ÊZË ���B���$Õ  � Ê ×�¢g� �[� Í��j�Ì�a¢BÐÌ�����BÍm�`¢g�j�8�¥�Ì�j�Ì��ç�� Ím���ëÞ��
�BÍm�®��� Í¥Ù@����Ð��BÓ¥Î¥� � Í¥ÙÄÐ��BÍm�j�a¢gÍH��Û ÊZË �`Î¥�j�Ì�����BÓm���Ì����ÐÌ���j��¡=��¢gÔ	Ð��BÓ¥Î¥� � Í¥ÙJ��¬ � ¢gÍm�­¬ è ¢gÍm��� Ë �®�����j�BÍ¥ÙÐ��BÓ¥Î¥� � Í¥ÙØÐ��BÍm���a¢gÍ��e¬-®�� Ít� Ë ��� ß Ð��B� ÍmÐÌ���¥��¢g�i�j�Bç»�=�Á¢g��ÙJ�Z�ÌÍm�Ì��Ù@���aÐ�¢g���P� Í  � Ê àF¡ Ë ��Ð Ë ���i¢gÎ¥Î¥�j��Ý�â
� çÄ¢g�j�Ì� � m°¯ ��±  �k��Û ÊZË ��ÔJ�Ì��ÎI�B� ÍH�Z�S�B�á¢gÍH�  � Ê ç»���¥�Ì�[���Z�j��Ð��Bç�Þ¥� Ím�8�Ì����ÐÌ���j��¡=��¢gÔë¢gÍm�r�����j�BÍ¥Ù
Ð��BÓ¥Î¥� � Í¥ÙëÐ��BÍm�j�a¢gÍH�j�!Õ�è\Í��c¢BÐÌ�®� Ë �Ì��¢g�j�tÍm�B�lc Ð��BÍm���a¢gÍ���þ[Þ¥Ó¥�Ø�jÐ�¢g���t¡�� � Ë � Ë �tç»�Bç»�ÌÍH��Ó¥ç ���a¢gÍm�����Ì�
�g�=¢gÍÏ� ÍH�j�Ì�a¢BÐÌ�����BÍ"×}à&Þ��ë�¥�B� Í¥Ù	�j�»� Ë ���Á¢g��ÙJ�Ì�®����ç�ç»�Ì�����d���®¢g���a¢g� Ím����¢gÍm��� Ë �®�S�B�jÐ��8Ó¥Í¥� ñDÐ�¢g�����BÍ����
�j��¢g� � �����&Û

�U� Ù@Ó¥�j� í Û í � � � Óm�����a¢g�j��� Ë ��¡æ� Ë ��Ð��BÓ¥Î¥� � Í¥ÙJ�X�g��� Ë � NPOnmoS à LeNPORf:S ¢gÍm� LeNlORQ:S Ù@�j�BÓ¥Îm�X�Ì�J�B� �J��¢B�X¢
��Ó¥ÍmÐÌ�����BÍë�g�U�ÌÍm�Ì��Ù@�JÛP�Z����çÄ¢g� �[�ÌÍm�Ì��Ù@������à¥�B���Á¢g��ÙJ�Ø�q���j�a¢gÍmÐ�����à²¬�®®¢B����ç�Î¥�j�B����Ð�¢g� � �d�}Ý�Î¥�����¥�����qÓm���j�
Ò�ÓD¢g��Ô�Ð��BÍqñmÍm�Ìç»�ÌÍ������ Ù@ÍD¢g� � Í¥Ùë� Ë �tÞ¥�j��¢gÔ��¥�¾¡�Í
�g��ÖA����ÎI�Ì����Ó¥��ÞD¢g�����BÍ[Û<Ji����ÐÌ���j��¡=��¢gÔ$����ç�ç»�Ì�����
��������� � ���j�����j�B�j����¢g�®�ÌÍm�Ì��Ù@�����Ø¢g�j�BÓ¥Ím� m°¯ è  �k��à�Þ¥Ó¥�®�qÓm���j��� Ë ��Ð��BÓ¥Î¥� � Í¥Ùmþ �����BÙH¢g��� � Ë ç���ÐÄ�ÌÍm�Ì��Ù@�
�¥�ÌÎI�ÌÍm�¥�ÌÍmÐ��@àZ� �»����Í[þ �»Ó¥Í���� � m°¯ ��±  ���tàX�B� m°¯ ÷ ® � çrà=� Ë ¢g�!� Ë �rÐ��BÓ¥Î¥� � Í¥ÙJ�Äç»�Ì��ÙJ�r�j�
¢�Ó¥Í¥� ñD���
Ð��BÓ¥Î¥� � Í¥Ù �:³ Û¸�Z�`� Ë ���á�J�Ì��� Ë � Ù Ë �ÌÍm�Ì��Ù@�Ï�jÐ�¢g���8� Ë ��� ÍH�j�Ì�a¢BÐÌ�����BÍm�Ø¡P�BÓ¥��� Ë ¢��J��� Ë ���a¢gç»�8� Í������ Ím����Ð
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�����j�ÌÍ¥Ù@� Ë ¢gÍm��� Ë �Ì�j�}�S�B�j�t� Ë �Ì�j�t¡P�BÓ¥����ÞI��Ím�B� Ë � Í¥Ùd�j���q���j��� Í¥Ù@Ó¥��� Ë � Ë �t���ÌÎ¥�j�BÍm�`�²�j�Bç � Ë ��Ò�ÓD¢g��Ô���Û
è\Ír�c¢BÐÌ��àmÞI��Ð�¢gÓm�j�Ø� Ë �8ÎD¢g������ÐÌ�����á� Í��j�Ì�a¢BÐÌ�¸���Á¢�� Ë ���a¢gç»�ØÓ¥Í¥� ñD����Ð��BÓ¥Î¥� � Í¥Ùmà"���ÌÎ¥�j�BÍm�`¢g�j��¢g� ����¡P�����j�
���a¢gÍm��� �����BÍÏ�j��ÒHÓD¢g��Ôq�á¢gÍm�d����Ð����J�Ì�j�a¢qÛ
ÊZË ����� ç�Î¥�����j��ÕS¢g���j���J�Ì���Ä�Ì���ÌÙH¢gÍ��´×  � Ê ç»���¥�Ì�"���=� Ë � LeNPOR´:S ç»���¥�Ì�"Þ��´7`��¡=¢g�j�  ���B��Ù@�[¢gÍm�

� Ë �Ì���¥�BÍ  �Á¢B� Ë �¾¡V� � �qà � �?Û�è?Í
� Ë ���Øç»���¥�Ì�X� Ë � LeNlORQ:S3ijLeNPORf:S3iMNlOnmoS Ð��Bç�Þ¥� ÍD¢g�����BÍf�g�ZÙH¢gÓ¥ÙJ�
� Ë ���B�������á� Ír� Ë �����a¢gÍm�m¢g�j� ß ���¥�Ì�^¢g�j�8Ð��Bç�Î��BÍm�ÌÍ��j�¸�g�X¢ LeNPOR´:S ÙH¢gÓ¥ÙJ�Ø����ç�ç»�Ì�����JÛ
è\Í
��¢g��� ���Ì���q���jÐÌÓm�j�����BÍ$¡=�»� Í����j���qÓmÐ���� LeNPORQ:S ����� Î¥���Ì�j�8�g��Ð��B���B�j���
Ò�ÓD¢g��Ôq��àM¢gÍm��¡=��¢gÔ����j�@��Î¥� ÍLeNlORf:S �¥�BÓ¥Þ¥���Ì�j�¾Ûú�`��¡.� Í LeNPOR´:S � Ë �ÏÞD¢B�����!�g�®� Ë �ÏÙ@�j�BÓ¥Î��j�ÌÎ¥�j���a�ÌÍH�a¢g�����BÍ����!Ð��BÍm�j����ÓmÐÌ�j���'Þ��

� â?�Ì���Ìç»�ÌÍ��ë�J��ÐÌ�j�B�j�	Ó¥Ím�¥�Ì� � â?�q� ç»�ÌÍm�����BÍD¢g�8�j�ÌÎ¥�j���j�ÌÍH�a¢g�����BÍ[à �tµ � ���a¢BÐ��Ì�����j�rçÄ¢g����� ÝÚÓ¥Ím�¥�Ì� í�î â
�q� ç»�ÌÍm�����BÍD¢g�M�j�ÌÎ¥�j���j�ÌÍH�a¢g�����BÍ[Û

�D�B��� Ím���a¢gÍmÐ��@àm� Ë �`ñm�j�j�ãâcÙJ�ÌÍm�Ì�a¢g�����BÍë�S�Ì��ç����BÍm��çÄ¢��	ÞI�Ø¢B�j��� Ù@Ím���ë¢B�¾�

¶P· g9ä
¸¹¹¹¹¹¹
º

CK» �C »èCK»®
ø
¼ E F

½°¾¾¾¾¾¾
¿ g

Õ í Û í ×

¢gÍm�

¶ ·�Àg ä mÁ f
¸¹¹¹¹¹¹
º

¯ , »® ¼ , »è ¼ , � ¼ C �¼ , »® ¯ , » � ¼ , è ¼ C è, »è ¼ , » � ¯ ¼ ,�® ¼ C ®, � , è ,�® ¯ ¼ ø »C � C è C ® ø » ¯

½°¾¾¾¾¾¾
¿ g

Õ í Û�	J×

¡ Ë �Ì�j��� Ë ��ÒHÓD¢g��ÔëÐ��B���B�j��Õ·:¸���&à�Ü=� Óm�@à  �j���ÌÍ"×¸¢g�j���¥�ÌÍm�B�j����¢B��Õ í à�	qà��J×}Û ÊZË ���Ì����ÐÌ������ÐtÐ Ë ¢g��ÙJ�t���`¢
ÙJ�ÌÍm�Ì�a¢g�j�B�`�g�U� Ë � L;NPOR´:S Ù@�j�BÓ¥Îr¡ Ë ��Ð Ë �ÌÍD¢gÞ¥�����`¢gÍë¢BÐ�Ð��BÓ¥ÍH�¸�g�iÐ Ë ¢g��ÙJ��ÒHÓD¢gÍ���� �¾¢g�����BÍ[Û

�D�B�8ÙH¢gÓ¥ÙJ��ÞI�@�j�BÍ$Ð��BÍH�j�ÌÍ���àU¡P�»� Ë ¢g� �P�ÌÍmÐ��BÓ¥ÍH�j�Ì�N	��ëÙH¢gÓ¥ÙJ��Þ��@�a�BÍm�ØÐ��B���j����ÎI�BÍm�q� Í¥Ùë�j�	� Ë �
	��
�Ì���Ìç»�ÌÍ��j�®�g�X� Ë ��¢B�����B� ÍH�`�j�ÌÎ¥�j���j�ÌÍH�a¢g�����BÍ$�g� LeNlOR´:S Û ÊZË �8ñm�j���á�\¡P�Ì� �J�t�g�X� Ë �Ìç ¢g�j�8Î¥�j��ÐÌ���j�Ì� �r� Ë �
Ô�Ím��¡�Í	ÙH¢gÓ¥ÙJ�`Þ��@�a�BÍm�P�g�[� Ë � LeNlORQ:S » i/LeNlORf:Shg/iÂNlOnmoShÃ � Ë ���B������Ji� Ù Ë �ZÙ@� Óm�BÍm�����j�Bç ÖA����à¥¢gÍm��S�BÓ¥���Ì����ÐÌ���j��¡=��¢gÔ»ÞI�@�j�BÍm�;s ö àAs ÷ àÄp�r�¢gÍm��Î Ë �B�j�BÍ[Û ÊZË ���Á¢B�����¥�B���ÌÍ��BÞm�ã��ÐÌ�j�=¢g�j��Ím�Ì¡æ� Í L;NPOR´:S
ç»���¥�Ì�cÛ¨Åÿ¢gÍm�ÇÆ Ë ¢��J��Ð Ë ¢g��ÙJ����¸ ävÈ3� = QAÉ�ÈPm = Q �j����ÎI��ÐÌ��� �J�Ì� �JÛ ÊZË � L;NPOR´:S ÙH¢gÓ¥ÙJ��ÞI�@�j�BÍm��çÄ¢��
ÞI�®�q����Î¥�Á¢��J���ë� ÍrçÄ¢g����� Ý����B��ç ¢B�
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Á f�ÊVä

¸¹¹¹¹¹¹¹
º

Å � Æ �Ë©ÌGÍjÎÇÏtÐ Å è Æ èÅÑ® Æ�®Å/Ò � Å/Òè Å/Ò® s ® = Á f s0öÆ�Ò � Æ$Òè Æ�Ò® sé÷ ¼ sª®[= Á f

½°¾¾¾¾¾¾¾
¿
Ó ÔÁ QG¯

¸¹¹¹¹¹¹¹
º

¼ f ¼ f Õ
¼ fÕ ¼ Q ¼ Q

½°¾¾¾¾¾¾¾
¿
Õ í Û��J×

ÊZË ���a��Ím�Ì¡ µ ¢gÍm�E½�Þ��@�a�BÍm��¢g�j���g���j�ÌÍÄÐ�¢g� ������ö êkë�ì�í�îðïhñ=òôó[_�Þ���Ð�¢gÓm�j��� Ë �Ì��ç»���q�Á¢g�j�����a¢gÍm��� �����BÍm�
ÞI�Ì�?¡=���ÌÍëÒHÓD¢g��Ôq��¢gÍm�	���ÌÎ¥�j�BÍm��Û���� ÍmÐ��®� Ë �`� Í��j�Ì�a¢BÐÌ�����BÍm��ç»���q�Á¢g�j���dÞ��/Å ¢gÍm�­Æ������B�Á¢g�j�®Ð��BÍm�a�Ì���B¢Fâ
�����BÍ��g�XÞD¢g���J�BÍ�ÍHÓ¥ç�Þ��Ì��àIÎ¥�j�B�j�BÍ��¥��Ð�¢��ëÞ���Ð��Bç»���®¢ÄÍD¢g��Ó¥�a¢g�i¢gÍm�Ï� ÍH�j�Ì�j���j��� Í¥Ùr�BÓ¥�jÐ��Bç»��ÞD¢B�a���Ï�BÍ
� Ë ���`���ÌÎ¥�j��ÒHÓD¢g��Ôrç»��Ð Ë ¢gÍ¥����çrÛ®è\�¸����¢g���j�	¢gÍÏ� ç�ÎI�B���a¢gÍH���S��¢g��Ó¥�j���g�P� Ë � LeNlOR´:S ç»���¥�Ì�UÞ���Ð�¢gÓm�a�8� �
¢g� ���¾¡��á� Ë ��ç»���¥�Ì�[�j�tÞI���j�����j���r�}ÝqÎ��Ì��� ç»�ÌÍ��a¢g� � �JÛ
�¸Ím�B� Ë �Ì���j�ÌÍm�B��çÄ¢g� � �¾¢gÞ¥���  � Ê � Ë ���B���
ÎI�@����Ó¥�Á¢g��� Í¥Ù�� Ë �d�}Ýq�����j�ÌÍmÐ��d�g�á���ÌÎ¥�j��ÒHÓD¢g��Ô�âc� � ÔJ�dÎD¢g�ãâ

����ÐÌ����������� Ë �!��¢g��� â �q¢g�Á¢gç �=�B���B�Ä����ç�ç»�Ì������Ð ß ���¥�Ì�W� í�î ���?Ûëè\Í
� Ë ���»� ß �}Ýq�j�ÌÍm�����BÍ[à�� Ë � L;NPORQ:S »Ð��B���B�`Ù@�j�BÓ¥Îë���`�}Ý��j�ÌÍm�¥���ë�j�!¢ LeNPOÖ�KS » Ù@�j�BÓ¥Îë¡ Ë �Ì�j�����ÌÎ¥�j�BÍÏÍ�Ó¥ç8ÞI�Ì�`ó����¸� Ë �®�S�BÓ¥��� Ë Ð��B���B�`� Ë Óm�Ó¥Í¥� ����� Í¥Ù8ÞD¢g���J�BÍ¥��Ðá¢gÍm�t���ÌÎ¥�j�BÍ¥��Ð�çÄ¢g���j�Ì��Û ÊZË ��Ò�ÓD¢g��Ô��i���B��ç�¢�Ò�ÓD¢g���j�Ì� Ë ¢���� Í¥Ù8Ò�ÓD¢gÍH��Ó¥ç�Í�Ó¥ç8ÞI�Ì�j�
�g�����j�@��Î¥� Í[àm�j���a¢gÍ¥ÙJ�ÌÍm���j� L àD¢gÍm�dÐ Ë ¢g��ç ç àqÙ@� ��� Í¥Ù!¢��j�B�a¢g�^Ù@���BÞD¢g�^����ç�ç»�Ì�����

L;NPOÖ�KShg×i©LeNPOÖ�KSnØMi©L;NPOÖ�KS » «
ÊZË �®ÙH¢gÓ¥ÙJ��ÞI�@�j�BÍm��ç»���q�Á¢g��� Í¥ÙÄ� Ë �`���B�jÐ�����ÞI�Ì�?¡=���ÌÍr� Ë �®Ò�ÓD¢g��Ô��á¢gÍm�	���ÌÎ¥�j�BÍm�¸¢g�j�®�J��ÐÌ�j�B��ÎD¢g������ÐÌ�����
Ë ¢���� Í¥Ù�¢ Ím�BÍqâ?Ð Ë � �a¢g�8Ð��BÓ¥Î¥� � Í¥Ùæ�j�n� Ë �����ÌÎ¥�j�BÍm�ë¢gÍm��ÒHÓD¢g��Ôq��Û�è?Í�� Ë ����¢g��� â �q¢g�Á¢gç ç»���¥�Ì�càá� Ë �
���ÌÎ¥�j��ÒHÓD¢g��Ôq�»¢g�j�	Ím�B�t�j����������ÐÌ�j���f�j��Ð��BÓ¥Î¥���	Ó¥Í¥��ÒHÓm�Ì� �n¡�� � Ë � Í'¢Ï���ÌÎ¥�j�BÍqâ?ÒHÓD¢g��ÔnÙJ�ÌÍm�Ì�a¢g�����BÍ­� í@í ���?Û
ÊZË ���j�8� ÍH�j�Ì�ãâcÙJ�ÌÍm�Ì�a¢g�����BÍ$Ð��BÓ¥Î¥� � Í¥ÙJ�`Ù@� �J�Ø�����a�Ø�j�
�F�����R�¥��Ð�¢��q�`�jÓmÐ Ë ¢B��Ù } õ ø�ün¢gÍm�ÇÙ r õ êqü
Õ��j�����U� Ù@Ó¥�j� í Û í�î ×}ÛX����¢g�jÐ Ë ���M�S�B�^�U¢g��� â �q¢g�Á¢gç+���ÌÎ¥�j��Ò�ÓD¢g��Ô��U¢g�-�����d� Í8� Ë ��:�Ó¥Í8è�Î¥�j�BÙ@�a¢gç0�j����Ó¥� �j���
� Í�çÄ¢B�j��Ð��BÍm�����a¢g� Í��j��¡�� � Ë ¢I� �Jï �`Û ÑXÛ&�g� æ gAÚ ~Ûm[ÜA«ÝQ!Ê �������B�®¢Ä���ÌÎ¥�j��Ò�ÓD¢g��ÔÏÐ��BÓ¥Î¥� � Í¥Ù	�j�dø É ü
¢gÍm� ætgÄÚ�~ÞfG¯Ä«ß�!Ê ���0���B�á¢����ÌÎ¥�j��Ò�ÓD¢g��Ô�Ð��BÓ¥Î¥� � Í¥Ù!�j�»ø É ê � í@í �=�?Û
��� � � � a´b�cMà���jfb��âá�n�n�cCeGã�ä�á�j:¥�nkcÄã�åV �nkcCe­£�cC��g
d�¤-��l�eæ¥èç9nkl����=i���jml�gGi�dut
è\Í í �
�G��àiÜPÓmÐ Ë ç��¥� ���Ì�ãâk:��mÐjÔ����}âcð������Ì�Ä�¥�Ì�J�Ì���BÎI���k¢d� Ë ���B�a¢g����Ð�¢g��ç»���¥�Ì�`ÕS¢qÛ ÔIÛ ¢qÛÏÜH:^ð ç»���¥�Ì�

���
���²×I�j��ÙJ�ÌÍm�Ì�a¢g� � ���X� Ë ��Î��@�j�j� Þ¥�������ÌÎ¥�j��Ò�ÓD¢g��Ô®���a¢g�j���[� Ë ¢g��¢g�j�XÐ��BÍm�������j�ÌÍ��^¡�� � Ë � Ë � LeNPORQ:SGi¨LeNPORf:S�iNlOnmoS ���a¢gç»�Ì¡P�B��ÔIÛXè?Íd� Ë ����� Ë ��������¡=�Ø�j��¢g�jÐ Ë ���B�����ÌÎ¥�j��ÒHÓD¢g��Ôq��Þ���Óm�j� Í¥Ù�� Ë ����ç»���¥�Ì�cÛ
è\Í»Ü=ÓmÐ Ë çX�¥� ���Ì�ãâk:��mÐjÔ����}âcð������Ì�Pç»���¥�Ì�D¢¸ÙJ�ÌÍm�Ì�a¢g�DÐÌ�Á¢B�j��� ñDÐ�¢g�����BÍÄ�aÐ Ë �Ìç»�Z���i�j�Ì�iÓ¥Î��j�`� ÍmÐÌ� Óm�¥�á¢g� �

ÎI�@�j��� Þ¥���t���ÌÎ¥�j�BÍqâ?Ò�ÓD¢g��Ô$Ð��BÓ¥Î¥� � Í¥ÙJ��à[� Í
� Ë ���®¡=¢������ÌÎ¥�j��Ò�ÓD¢g��Ô���¢g�j��Ð�¢g�j�ÌÙJ�B��� �����$ÞH��Ð��B���j����ÎI�BÍm�q� Í¥Ù
Ð��BÓ¥Î¥� � Í¥ÙJ��Û Ê ¢gÞ¥��� í Û�� � Ë �¾¡��!� Ë �Ì�j��¢g�j���j�Ì�J�ÌÍÚ�aÐ�¢g�Á¢g��Õ L ×!¢gÍm�Ú�j�Ì�J�ÌÍ��J��ÐÌ�j�B�$Õ���×����ÌÎ¥�j��Ò�ÓD¢g��Ô
ç»���¥�Ì����� Íf� Ë ���»ÐÌ�Á¢B�j��� ñDÐ�¢g�����BÍ[Ûn�¸� ��� Ë ���j��ç»���¥�Ì����� Ë �BÓ¥���k�´¢g�����ã�²� � Ë � LeNPORQ:S>iMLeNlORf:S)iâNPOnmoS
ÙH¢gÓ¥ÙJ�Ø�j��ç�ç»�Ì�����d�g��� Ë �8���a¢gÍm�m¢g�j� ß ���¥�Ì�cÛ
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è\Í'� Ë �ëñm�j����Ð��B� Ó¥ç�Í��g�®� Ë �Ï�a¢gÞ¥���ë¡=�Ï�a���ë�j�Ì�J�ÌÍ��jÐ�¢g�Á¢g�Ä���ÌÎ¥�j��Ò�ÓD¢g��Ô���Õ���Î¥� Í�é î ×��S�B� ����¡=���
Þ��æ�j�Ì�J�ÌÍ'�J��ÐÌ�j�B�����ÌÎ¥�j��Ò�ÓD¢g��Ôq�ÏÕ���Î¥� Íêé í ×}Û ÊZË �ëó2¢gÍm�Þë ��Ó¥Î��Ì�j�aÐÌ��� Î¥�j�Ä�¥�ÌÍm�B�j�Ï¡ Ë �Ì� Ë �Ì�!� Ë �
���ÌÎ¥�j��ÒHÓD¢g��ÔrÐ��BÓ¥Î¥�����¸�j�!¢����}�²�ãâZ�B����� Ù Ë �ãâ Ë ¢gÍm�¥�������ÌÎ¥�j�BÍ[àI¢gÍm�r� Ë �8�jÓ¥Þm�jÐÌ��� Î¥�¸���a¢gÍm�¥�����B�¸� Ë �®¡P��¢gÔ
���j�@�jÎ¥� Í[à"�@Û ÙmÛ L g�íì è ����¢»�jÐ�¢g�Á¢g�`���}���ãâ Ë ¢gÍm�¥���Ï���ÌÎ¥�j��Ò�ÓD¢g��Ôd¡�� � Ë ¡=��¢gÔr���j�@��Î¥� ÍÏ�B¢g� Óm� í Q=	qàD¡ Ë � ���l� Ør����¢��J��ÐÌ�j�B�Z��� Ù Ë �ãâ Ë ¢gÍm�¥���d���ÌÎ¥�j��ÒHÓD¢g��ÔÄ¡�� � Ë ¡=��¢gÔÄ���j�@�jÎ¥� Í��@¢g� Óm��¢B� î Û�ô ���=� Ë ���Ì����ÐÌ������Ð�Ð Ë ¢g��ÙJ��� Í
� Ë ��Ó¥Í¥� �P�g�I�Ì����ÐÌ���j�BÍÄÐ Ë ¢g��ÙJ�á�@Û�î»à@���P¢��j�gâ?Ð�¢g� �����t�S�Ì��ç����BÍ»ÍHÓ¥ç�Þ��Ì�=�¥�}ñmÍm���Ä¢B�6î ä ó Ó Q Ù	àB¡ Ë �Ì�j�
ó������ Ë �®���ÌÎ¥�j�BÍÏÍHÓ¥ç�Þ��Ì�a¢gÍm��Ü������ Ë �ØÞD¢g���J�BÍÏÍHÓ¥ç�Þ��Ì�tÕ²�cÛ �@ÛP�Ì����ÐÌ���j�BÍ Ë ¢B�áóêé?S í àDÒ�ÓD¢g��Ô�� Ë ¢��J�ÙïépS í Q=�J×}Û�è?Í
� Ë �NM\Ð��BÓ¥Î¥� � Í¥Ù=OÄÐ��B� Ó¥ç�Í �g�Z� Ë ���a¢gÞ¥���@à+ð
�j�a¢gÍm�¥�®�S�B�Ø� Ë ��Ó¥Í¥Ô�Ím��¡�Í
���ÌÎ¥�j��Ò�ÓD¢g��Ô
Ð��BÓ¥Î¥� � Í¥Ù!�j�t���ÌÎ¥�j�BÍm�¸¢gÍm�rÒ�ÓD¢g��Ô��¾Û
ÊZË �Ì�j�Ø����¢gÍd� ç�Î��B���a¢gÍ��¸¢B�j��Ó¥ç�Î¥�����BÍd� ÍrÜH:[ðýç»���¥�Ì�c�iÜZ�B� Ë � Ë �����ÌÎ¥�j�BÍrÍ�Ó¥ç8ÞI�Ì�¸¢gÍm�	ÞD¢g���J�BÍ

Í�Ó¥ç8ÞI�Ì�¸ç�Óm���¸ÞI�ØÐ��BÍm�j�Ì���J���Ï�j�ÌÎD¢g�a¢g�j�Ì� �r� Ír���ÌÎ¥�j��Ò�ÓD¢g��Ôr�¥��Ð�¢��q��Û ÊZË ���áç»��¢gÍm�¸���ÌÎ¥�j��Ò�ÓD¢g��Ôq�áÐ��BÓ¥���
Ë ¢��J��¢�çÄ¢B�a�!¢B�»� � Ù Ë �	¢B�Âñ m°¯�¯$ �k�AQgÐ è ¡ Ë � ����¢��J�B���q� Í¥ÙnÐ��BÍmõm��ÐÌ�j�!¡�� � Ë �a¢gÎ¥���'Î¥�j�B�j�BÍ��¥��Ð�¢��
¢gÍm���}ÝqÐÌ� Óm�q� Í¥Ù´õ"¢��J�BÓ¥��Ð Ë ¢gÍ¥Ù@� Í¥Ù	Ím�ÌÓ¥���a¢g��ÐÌÓ¥���j�ÌÍH�j�E�¬� � �?Ûá��� ÍmÐ������ÌÎ¥�j��Ò�ÓD¢g��Ôq�¸�BÍ¥� �rÐ��BÓ¥Î¥�����j�Ä�BÍm�
ÙJ�ÌÍm�Ì�a¢g�����BÍ�Þ��æ� Ë ���r¢B�j��Ó¥ç�Î¥�����BÍ[àá� �!Þ¥��� Í¥ÙJ�	� Ë ��ÐÌ�Á¢B�j��� ñDÐ�¢g�����BÍ��g�8� Ë �Ïñm�j����à��a��Ð��BÍm��¢gÍm��� Ë � �j�
ÙJ�ÌÍm�Ì�a¢g�����BÍ	���ÌÎ¥�j��ÒHÓD¢g��ÔIÛ-�m�B��� Ë ���P� Ë ��������à��BÓ¥�P�j��¢g�jÐ Ë ¡�� � �m�S��ÐÌÓm���BÍÄ� Ë � �j��âcÙJ�ÌÍm�Ì�a¢g�����BÍ	���ÌÎ¥�j��ÒHÓD¢g��Ôq�
¡ Ë ��Ð Ë Ð��BÓ¥Î¥���$�BÍ¥� �Ú�j�f� Ë � �j��ÙJ�ÌÍm�Ì�a¢g�����BÍ7���ÌÎ¥�j�BÍm�
Õ�êD×	¢gÍm��Ò�ÓD¢g��Ô��$Õ²Þ"×}Û �¥Ó¥��� Ë �Ì��ç»�B�j�@à8Ü�:^ð
ç»���¥�Ì���»¢B�j��Ó¥ç»�!� Ë ¢g��� Ë �����ÌÎ¥�j��ÒHÓD¢g��Ôq��¢g�j�	Ð Ë � �a¢g�cài¡ Ë ��Ð Ë ç»��¢gÍm��� Ë �	Ð�¢gÍf�BÍ¥� � Ð��BÓ¥Î¥�����j�Ï���}�²�ãâ
�B����� Ù Ë �ãâ Ë ¢gÍm�¥���k���ÌÎ¥�j�BÍm��Û ÊZË �!�Á¢B�j�tÐ��B� Ó¥ç�Í��g� Ê ¢gÞ¥��� í Û��qà-Mã��ÒHÓD¢g��Ô»O��¥�ÌÍm�B�j���Ä¢B�t� Ë ��ÎI�@�j��� Þ¥���
�jÒ�ÓD¢g��Ô�¢B�j�j� Ù@Í¥ç»�ÌÍH�j�d� Í�� Ë � ß �¥� ß � Ë ���B���'¡�� � Ë Þ¥�j�BÔJ�ÌÍ�ë`âcÎD¢g��� �?� Õ·�m�B�dç»�B�j���¥�Ì�a¢g� ���r¢gÞ��BÓ¥�
��Ó¥ÎI�Ì�j����ç�ç»�Ì����� Õc�����f½8×}à ß � Í¥� çÄ¢g�X��Ó¥Î��Ì�j�j��ç�ç»�Ì������Ð»���a¢gÍm�m¢g�j� ß ���¥�Ì�=Õ ß �¥� ß ×á¢gÍm��:�âcÎD¢g��� �\�
Ð��BÍm�j�Ì���@¢g�����BÍë� ÍÏ���®�f½�à¥�j���<� � �
�M¢gÍm�r�q���jÐÌÓm�a�����BÍm��� ÍÏ¢gÎ¥ÎI�ÌÍm�q� Ý	Ü�×}Û
Ê ¢gÞ¥��� í Û��	� ç�Î¥� ������Ð Ë ¢g��ÙJ�»Ð��BÍ=�ãÓ¥ÙH¢g�����BÍ �j��ç�ç»�Ì�����JÛ�ð$��Ð�¢gÍn¢g���j�	çÄ¢gÔJ�qò=ö÷íæó ñ=ö��j�ÌÎ¥�Á¢BÐ��Ìç»�ÌÍ��

�BÍr� Ë � �j��âcÙJ�ÌÍm�Ì�a¢g�����BÍ�ÎD¢g������ÐÌ������¡�� � Ë � Ë �ØÐ��B���j����ÎI�BÍm�q� Í¥ÙÄ�BÍm����� Í	ñm�j���á¢gÍm�ë�j��Ð��BÍm�dÙJ�ÌÍm�Ì�a¢g�����BÍ[Û
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Ì | ¹ z ¦ Å º y È¥Ç�Â z Ü ô º | �{�F¦·¨·¥{Â °�µ �MÈ¥Ç�¶
L gr 	 â í Q=� î Û � ð g�O ê ÷g ¿ S�É ¼ ð g-O E ì S õì Ø
L Ør 	 â í Q=� í ð Ø;O ê ÷Ø ¿ SõL Ør 	 â��»Q=� í ð ØeO ê ÷Ø ì SL g�íì è î â � Q=� í ð g-O ê ÷g å¿ S

â�	GQ=� î ð g-O E å¿ SL Ø�íì è î â � Q=� í ð Ø O ê ÷Ø å¿ S
â�	GQ=� í ¼ ð Ø O ê ÷Ø å ì SõL g�íì è î â�	GQ=� í ð g1O ê ÷g åì S å õ¿ g
S í Q=� î ¼ ð g-O E å ì S å õì gL Ø� 	 â��»Q=� í ¼ Á f ð g1O ê ÷g ì S
â í Q=� î Û � ¼ ð g1O ê ÷g ¿ S�É ¼ ð g1O E ì S
S�	GQ=� î Á f ð g1O E ¿ S

� gr î â�	GQ=� î Û � ð g1O ê ÷g ì S�É ð g1O E å¿ S� Ør î â�	GQ=� í ð Ø O ê ÷Ø å ì Sõ� Ør î â � Q=� í ð Ø;O ê ÷Ø å¿ S� g�íì è 	 â��»Q=� í ð g1O ê ÷g ì S
â í Q=� î Û � ð g-O E ì S� Ø�íì è 	 â��»Q=� í ð ØeO ê ÷Ø ì S
â í Q=� í ð Ø;O ê ÷Ø ¿ Sõ� g�íì è 	 â í Q=� í ð g-O ê ÷g ¿ S
S�	GQ=� î ð g-O E ¿ S� g� î â � Q=� í Á f ð g O ê ÷g å¿ S
â�	GQ=� î Û � ¼ ð g1O ê ÷g å ì S�É ð g�O E å¿ S
S í Q=� î Á f ð g�O E å ì S

Ê ¢gÞ¥��� í Û��q����ÐÌ�Á¢B�a��� ñDÐ�¢g�����BÍÄ�g�I���ÌÎ¥�j��Ò�ÓD¢g��Ô���� Í�� Ë ��Ü=ÓmÐ Ë çX�¥� ���Ì�ãâk:��mÐjÔ�� âcð������Ì�=���ÌÎ¥�j��Ò�ÓD¢g��Ôt�aÐ Ë �Ìç»�
���
���M¢B�¥�BÎ¥�j���d�²�j�Bç4� í@í�î �?Û�� Ë �¾¡�Ír����� Ë �����ÌÎ¥�j��ÒHÓD¢g��Ô!�S�Ì��ç����BÍrÍHÓ¥ç�Þ��Ì��î ä�Q Ù Ó óáàq� Ë �®�Ì����ÐÌ������Ð
Ð Ë ¢g��ÙJ�Ïôò� ÍfÓ¥Í¥� �j�»�g��øHài� Ë �	Þ¥�a¢gÍmÐ Ë � Í¥Ù
�a¢g����� ô àP¢gÍm�n� Ë �	���ÌÎ¥�j�BÍqâ?Ò�ÓD¢g��ÔnÐ��BÓ¥Î¥� � Í¥ÙJ��Û ÊZË �	�Á¢B���
Ð��B� Ó¥ç�Í�� Ë �¾¡��á� Ë ��Î��@�a��� Þ¥���8�jÒ�ÓD¢g��Ôr¢B�j��� Ù@Í¥ç»�ÌÍ��j�¸�j�!� Ë �Ø���ÌÎ¥�j��Ò�ÓD¢g��Ôë���a¢g�j���¸� Íë� Ë � ß �¥� ß ¡�� � Ë
Þ¥�j�BÔJ�ÌÍE:�âcÎD¢g��� �\�JÛ ÊZË �PÐÌ�Á¢B�j��� ñDÐ�¢g�����BÍ�¢B�a��Ó¥ç»���^Ð��BÍ=�ãÓ¥ÙH¢g�����BÍ��j��ç�ç»�Ì�����Ø¢gÍm�Ø� Ë �=¢gÞ¥� � � �?�®�j��Ù@���BÞD¢g� � �
�j�ÌÎ¥�Á¢BÐ��8� Ë �®�j��Ð��BÍm��âcÙJ�ÌÍm�Ì�a¢g�����BÍÏÎD¢g������ÐÌ�����á¡�� � Ë ñm�j���ãâP�B��� Ë � �j��âcÙJ�ÌÍm�Ì�a¢g�����BÍ�ÎD¢g������ÐÌ������Û
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è\Ít� Ë ����� Ë ��������¡P���a��¢g�jÐ Ë �����S�B�U���ÌÎ¥�j��Ò�ÓD¢g��Ô���� Ít� Ë ��êh¸Bêh¸á���ÌÎ¥�j�BÍ¥��Ð�Ð Ë ¢gÍ¥Ím�Ì����àHÐ��B���j���jÎ��BÍm�q� Í¥Ù®�j�
� Ë ��Ü�:^ðý���ÌÎ¥�j��Ò�ÓD¢g��Ô õL g�íì è ÛP�¸� � Ë �BÓ¥Ù Ë � Ë ��Ð��BÓ¥Î¥� � Í¥Ù�¢B�j��� Ù@Í¥ç»�ÌÍ��j���S�B��� Ë ���j���jÐ�¢g�Á¢g�����ÌÎ¥�j��ÒHÓD¢g��Ôq�Ð��B���j����ÎI�BÍm�$�j�ë� Ë � ß �¥� ß �jÒHÓD¢g��Ôq� õC Ø ¢gÍm� å õB g àM� Ë �»�j��¢g�jÐ Ë ���8� Í � Ë ����¢gÍD¢g� �q������¢g�j�ÄÍm�B���jÒ�ÓD¢g��Ô
�j��¢g�jÐ Ë ���ØÞI��Ð�¢gÓm�j��� Ë ���jÒ�ÓD¢g��Ô�Î¥�j���qÓmÐÌ�����BÍnÐÌ�j�@�j�Ø�j��ÐÌ�����BÍm�8¢g�j�»Ím�B�®� Ë �»�a¢gç»�»¢B�®� Ë �����ÌÎ¥�j��Ò�ÓD¢g��Ô
Î¥�j���qÓmÐÌ�����BÍÏÐÌ�j�@�j�á�j��ÐÌ�����BÍm�á¢B���q���jÐÌÓm�a�j���d� ÍÏ����ÐÌ�����BÍ í Û��qÛ í Û
è\Ír¢B�¥�q� �����BÍ[àq� Ë �Ì�j�®¢g�j�¸çÄ¢gÍ��!�B� Ë �Ì��� Ë ���B�j�Ì����Ð�¢g�&ç»���¥�Ì���Z� Ë ¢g���Ì� � Ë �Ì�=Î¥�j���q��ÐÌ��� Ë ���}Ýq�����j�ÌÍmÐ��`�g�

��ÓmÐ Ë
Ë ��ÎI�B� Ë �Ì����Ð�¢g�PÎD¢g������ÐÌ�����¾àM�B��� Ë �Ì���¥�Ì��� �J�Ä��� ����ÓD¢g�PÎD¢g������ÐÌ�����8¡ Ë ��Ð Ë � Ë ¢g�j�!��� ç�� �Á¢g�8Î¥�j�BÎI�Ì���������
¢gÍm���¥��Ð�¢������ Ù@ÍD¢g��Ó¥�j���g�����ÌÎ¥�j��ÒHÓD¢g��Ôq��Û�è\Íë�c¢BÐÌ��� Ë ¢g��þ �`�BÍm�t�g��� Ë ��ç»�B��� �@¢g�����BÍm�`���B���j��¢g�jÐ Ë � Í¥Ù	���B�
���ÌÎ¥�j��ÒHÓD¢g��Ôq��à���� ÍmÐ��Ä� Ë �Ì�
¢gÎ¥Î���¢g��� Ín¢rÐ��BÍm�j�����j�ÌÍH��¡=¢���� Ín¢d¡����¥�!�a¢gÍ¥ÙJ�Ä�g��� Ë ���B�������¾Û	ð$�ÄÐ�¢gÍ[þ �
� ������¢g� �"�jÓmÐ Ë � Ë ���B������� Ë �Ì�j�@à Ë �¾¡P�Ì�J�Ì���?¡=��¢B�¥�q� �����BÍD¢g��ç»���¥�Ì����à Ê ��Ð Ë Í¥��Ð��B���B�¸¢gÍm�	���®�f½ ¢g�j�¸Þ¥�����Áõm�
� Í����j���qÓmÐ����ë� ÍÏ¢gÎ¥Î��ÌÍm�q� ÝrÜ�Û
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Theoretical Cross Sections

Phys. Rev. Lett. 79, 341 (1997)
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for FIXED TARGET EXPERIMENTS 
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150 GeV p INJ 
150 GeV p INJ 

p (1 TeV) .___ -p (1 TeV) 
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�bm��0{PIMH J �Åã~©]��}JIMV0nMn�nTHW}JKLmXV�|fV*�6V�|1HD±c{hSO�dITS*|�K]m�|fKLR1H�¬ ó ì^ZPzeS*|1HDV*��KLR1HG���W��Ö�Ö!KLITSO}M�om�|�����VOz3{��7H
� ���
	��

kiR1HeÖ�å�Ø4}WV�|1nLmXnLKMnuV*�CKLRPIMHWHinMHJZhS�ITS�KMH�nLm3z3mX}WV�|\zeSW|�HJIMn�VO{PKMnLmX�PHiV*�®å��lFy�OH�ÛdKMH�|1�dm�|��vm�|�V.��HJILzeS�ZPZPm�|��
IMH��0mXV�|1n]V*�@�_�j��nLm�|��0zXHeÖ�å�Ø4zeSW|�HJI�}WV.��HJILm�|��q² �6²d³ Ñ mXn5Z[V0nLm3KLmXV�|1HW� J�J }��Æ�wIMV���KLR1H�rCH-S*�´z3m�|1H��5kY`]V
�7VOIMHGzeSW|�HJIMniS�IMHDZ[V0nLm3KLmXV�|1HW��S�KiSvITSO�dm3m J ë�S*|1� J Ô�}��©S*|1��}WV-��HJI�KLR1HDIMH��0mXV�| ÑOµÅÒ7¶ ² �6² ¶ � µÅÒ �>kiR1H
zeS-|�HJIMnG}WV�|1nLmXnMKMnDV*�uKLR1H'�PVO{PrPzXH�}pnLmX�PHW� nMm3z3mX}WV�|¿�\mX}JIMV*}pnLKLILm3Z��PHJKMHW}JKMVOIMn&�@S*|1�4KLR1HvIMH-SO�PVO{PKlHJzXHW}JKLIMV�|PmX}Wn
S�IMH�mX�PH�|cKLmX}-S�z5KMV\KLR1Hyå��lF¢��Ö§å�Ø�m��\ZPIMV-��HWnlKLR1H�KLITSO}M�om�|���m�|�KLR1H'}WH�|cKLITS�z5IMH��0mXV�|��eÖ
|��#SO}JK�Ø%ë�ë~��Ö�å�Ø
S*|1�(å��lF´S�IMH'}-S�ZhS�rPzXH'V*�5ZPIMV-�omX�dm�|���nLKTS*|1�1S�zXV�|1HvKLITSO}T��m�|���m�|4KLR1HvIMH��0mXV�| ÑOµÅÒ�¶ ² ��² ¶ � µÅÒ �
kiR1H¥��{�|1}JKLmXV�| V*�¼å��lF�Ö�ÖG� �î�
	6mXn�KMV\�PHJKMHJI��\m�|1H^SgZPIMHW}JmXnTHvZCV0nMm3KLmXV�| V*�!KLR1H'nTHW}WV�|1�1S�IL|U��HJILKMH�ÛPHWn#�

ÖjKl}WV�|1nMmXnLKMnNV*�n�fzeSW|�HJIMnvV*��SU}WV���rPm�|hS�KLmXV�|�V*� / ëÀ}p�PH��0IMHWH7S*|1��n��fS�z3z�}jS*|��0zXH�� ÑOµ �O·&�DnLKMHJIMHWVUzeS-|�HJIMnvV*�
�PVO{PrPzXH�}pnLmX�PHW��nLm3z3mX}WV�|(nMH�|1nMVOIMn&�1S�zXnMV\}-S�z3zXHW��Ãp`�SÀ�#HJIMn§Ä �>kiR1H�H�|cKLm3IMH'å��lF+�PHJKMHW}JKMVOIsmXnD}WV��\ZCV0nTHW�4V*� Ù
rhS�ILIMHJzXn'}WV.��HJILm�|���S�KMVOKTS�z­ì�}p�dmXnLKTS*|1}WH7V*� / ã~�ÅëU}��¿�6VOIf² ��² ¶ � µÅÒ �6`�RPmX}MR8mXnNIMVO{��0RPz3|_Kp`�mX}WHfSOnNzXV�|��
SOn�KLR1Hyå��GF��PHJKMHW}JKMVOIsm�|¿Ýs{�|¿ÖY�PkiR1H2��nMm3z3mX}WV�|(zeSW|�HJIMnG}WV-��HJIlSgITSO�dmeS�zb�dmXnLKTS*|1}WH'V*� J � �\KMV¿�#ë~����}��
�wIMV��«KLR1HUr[H-S*�«z3m�|1H���kiR1H¿å��lF��PHJKMHW}JKMVOI\mXn^}-S�ZhS�rPzXH4V*�GS IMHWnMVOz3{PKLmXV�|%V*�'� J ° � �(Ö
|�VOIM�PHJI�KMV
nL{PZPZPIMHWnTnGKLR1H�}JIMH-S�KLmXV�|8V*�]nMHW}WV�|1�1S�IL| ZhS�ILKLmX}JzXHWn'S*|1��IMHW�d{1}WHy�^{Pz3KLm3ZPzXHgnT}-S�KLKMHJILm�|����[KLR1H�S*�7VO{�|�KvV*�
�fS�KMHJILmeS�z!{1nMHW�4KMV\}WV�|1nLKLIL{1}JKGKLR1H'å��GFWÖ�Ö�`�SOnD��HJZPKsKMV7S¢�\m�|Pm���{��¿�[S�ZPZPIMV�Ûdm��fS�KMHJz3| Ù �Å��ITSO�dmeS�KLmXV�|
zXH�|��0KLR1n2��F ¯ ���<Ö�|(S�z3z[KLR1HJIMHvS�IMH'S'KMVOKTS�z6V*�k�îë��~�Å��ë*�7}MRhS*|�|1HJzXnDm�|qKLR1HNnL|dnLKMH��©`�RPmX}MR S�IMHv}WV�|�|1HW}JKMHW�
KMV�IMH-SO�PVO{PKf}TRPm3Z1n7`�RPmX}TR�RhSW��H4r[HWH�|%ITSO�dmeS�KLmXV�|�RhS�IM�PH�|1HW�®���l{1HqKMV�KLR1HqzXH�|��0KLR¸V*�lKLR1HqrhS�ILIMHJzXn#�
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KLR1H�IMH-SO�PVO{PKgnMZCHWHW��S*|1�=}-S�ZhSO}Jm3KTS*|1}WHUz3m��\m3KTS�KLmXV�|1n#�uKLR1HfIMH-SO�PVO{PKg}TRPm3Z1n�S�IMH�zXVo}-S�KMHW�=}JzXV0nMHfKMV KLR1H
nLm3z3mX}WV�|UnMH�|1nMVOIMniS*|1�7`�m3KLRPm�|�KLR1HGSO}JKLm3��HG��VOz3{��7HsV*�6KLR1Hs�PHJKMHW}JKMVOI#�ukiR1HG}WV�|1nMHW±�{1H�|1}WHsmXn�SvIMHW�d{1}JKLmXV�|
m�|�IMHWnMVOz3{PKLmXV�|�V*�DKLR1H\¬îñ�m��\ZhSO}JKgZhS�ITS*�7HJKMHJI#��ØYSW|�HJIªë�ë4mXn2�7VO{�|cKMHW��V�|=KLR1HfrCH-S*�¢}tZPm3Z[H¥×¦{1nLK'KMV
}WV��\Z[H�|1nTS�KMHW�#VOIDKLRPmXnDH���HW}JK#�

�!m��0{PIMH J ����©ukiR1H'nLmX�PHv�omXHJ`aV*�]Økë�ë~��å��GF´S*|1�¿Ö�å�Ø�nL|dnLKMH��

kiR1H ��H�|�KLITS�z�ðG{PKMHJI\k6ITSO}M��HJI«�t�eðlkr�^mXn�S*|%}J|oz3m�|1�dILmX}-S�z�VOZCH�|~}p}WHJz3zD�dILm��wK\}MRhS*��r[HJI#� Ö
|������
Ö�Ö�m3KlmXnD{1nMHW��KMVf�PHJKMHW}JKN}MRhS�I���HW�_ZhS�ILKLmX}JzXHWn�� Ù �J	e��Ø�m3��H�KLR1H^IMVOzXHgV*�>KLR1Hg��H�|cKLITS�zukYITSO}M��HJI^�]RhS*��r[HJI
�t��ks�e��m�|NÝD{�|�Ö����jÖpKgH�|1}JzXV0nMHWngKLR1H�å��lF�S*|1�/Ö§å�Ø�rc|�H�ÛoKMH�|1�dm�|��_ITSO�dmeS�z3z3|½�wIMV��Ë���_KMV/� Ù�J }��
S*|1�_RhSOnvS*|_H���HW}JKLm3��HgZ1nMHJ{1�PV*}tITS�ZPmX�dm3Kp|_KLITSO}M�om�|��4IMH��0mXV�|8V*�N² �6² ¶ÆÑOµÅÒ �¥ÖpKlmXn��1z3zXHW�_`�m3KLR8S����wKp|(KMV
���wKp|��\m�ÛdKL{PIMH7V*�n�GI���V�|�S*|1�½ä>KLRhS*|1H7ZPz3{1nvKLITSO}WHfS*�7VO{�|�KMn^V*�DS�zX}WVOR1VOz¡�fkiR1H7m�|~�wVOI��fS�KLmXV�|�S�rCVO{PK
KLR1HGZhS�ILKLmX}JzXHlKLITSO}M�dnimXn]VOrPKTS�m�|1HW���wIMV��¹KLR1HG`�m3IMHWn#�<ä�SO}TRq�dILm��wKi}WHJz3z[}WV��\ZPILmXnTHWn�� J S�z3KMHJI�|hS�KLm�|��\nMH�|1nMH
S*|1��nLRhS�Z[HJIG`�m3IMHWnlIL{�|�|Pm�|��4�PV-`e|�KLR1Hy�\mX�P�dzXH�V*�>Kp`�V���VOzX��}pV�|~}¡��|ozeS�I'}-S�KLR1V��PHgZPzeS*|1HWnNnMHJZhS�ITS�KMHW�
r�|4S�r[VO{PK J }�� ���bm��0{PIMH J �ÅÔ��l� ����	��
kiR1H�H�|1�PnNV*�>KLR1Hg`�m3IMHWnvS�IMH^nLKLIL{�|��Ur[HJKp`]HWH�|8Kj`]VUZPIMHW}JmXnLmXV�|~}¡�\m3z3zXHW�8H�|1��}tZPzeS�KMHWnW�0m3�om�|��(S7`�m3IMH

KMH�|1nLmXV�|�V*�$� Ù �����UkiR1HJIMH�S�IMHfS(KMVOKTS�z�V*� / ã4zeSW|�HJIMngV*�D�dILm���K^}WHJz3zXn��dm3�omX�PHW��m�|cKMV«Ô�ÃjnL{PZ[HJI§}tzeSW|�HJIMn§Ä
`�RPmX}TRfS�z3KMHJI�|hS�KMH]r[HJKp`�HWH�|ª�NSÀÛdmeS�zPS*|1�'�NnLKMHJIMHWVNnL{PZ[HJI§}tzeSW|�HJIMn#�5kiR1HiSÀÛomeS�zdnL{PZ[HJI§}tzeSW|�HJIMn5IL{�|�ZhS�ITS�z3zXHJz
KMV^KLR1HlrCH-S*�©z3m�|1Hs`�R1HJIMH-SOniKLR1HlnLKMHJIMHWV�nL{PZ[HJI§}tzeSW|�HJIMnDS�z3KMHJI�|hS�KMHlm�|UKLm3z3K�r�|Uº , ·�`�m3KLRqIMHWnLZ[HW}JK�KMV�KLR1H
r[H-S*�»z3m�|1H��vkiR1HgnMKMHJIMHWVUnM{PZCHJI§}tzeS-|�HJI���HWV��7HJKLIL|«�fS���HWnlKLITSO}M�_IMHW}WV�|1nLKLIL{1}JKLmXV�|8m�|_KLR1H^¬ ó ìUZPzeS*|1H

Layer 00 

SVX II 

-----64cm-----
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SL2
52 54 56 58 60 62 64 66

R

Potential wires

Sense wires

Shaper wires

Bare Mylar

Gold on Mylar (Field Panel)

R (cm)

�bm��0{PIMH J �ÅÔ~©���}JIMV0nMn�nMHW}JKLmXV�|%V*�GnTHJ��HJITS�z��eðlk¼�dILm��wKg}TRhS*��r[HJIMn#��kiR1HU`�m3IMHWn\S�z3KMHJI�|hS�KMH�r[HJKp`�HWH�|
nMH�|1nTH�`�m3IMHWn]S*|1�\Z[VOKMH�|cKLmeS�zC`�m3IMHWn#�5kiR1HsS�ILIMV.`�nLR1V.`Dn�KLR1H�IMHJzeS�KLm3��HG�dm3IMHW}JKLmXV�|�V*��KLR1He|1V��\m�|hS�z@rCH-S*�
Z[V0nLm3KLmXV�|=� ���.	��

Z[V0nMnLm3rPzXH��b�l{1H�KMVsKLR1H]nMVOzXH�|1VOmX�®ú½nbzeS�I���Hv�fS*��|1HJKLmX}v�hHJzX�®�OKLR1H]�dILm��wK!}WHJz3zXnuS�IMH�VOILmXH�|�KMHW�7S�KbS ,0¾ · �PH��0IMHWH
S*|��0zXH\m�|=KLR1H�¬ ó ñ=ZPzeS*|1H����bm��0{PIMH J � / �lKMV(SO}W}WV��ª�7Vo�1S�KMHf�dILm��wKvKLITSÀ×¦HW}JKMVOILmXHWn�m�|�KLR1H�ñ�}p�dm3IMHW}JKLmXV�|
S*|1��KMVqVOZPKLm��\m32-H¢�#VOINKLITSO}M�«�7H-SOnL{PIMH��7H�|cKMn�KLITS*|1nL��HJIMnMH�KMVUKLR1H�rCH-S*�»z3m�|1H��y�O�cSOnN`�m3KLR=S�RPm��0R1HJI
�dILm��wK���HJzXV�}Jm3Kj|qS*|1�4n��fS�z3zXHJID�dILm���KD}WHJz3zXni`�m3KLR4IMHWnLZ[HW}JK�KMVgKLR1H���ks���dILm���KD}WHJz3zXnsV*�jÝD{�|�Ö�RhSW��HW�fSO�PH
KLR1Hq�eðlk�}-S�ZhS�rPzXHUV*�n�fSÀÛdm���{��­�dILm��wK�KLm��7HWngV*�¥�#ë�ë¿|1n^S*|1��S4IMHWnMVOz3{PKLmXV�|�V*�$���îë4°®�ª�ÅÔ�	��qkiR1H
�eðlk mXns}J{PILIMH�|cKLz3|(VOZ[HJITS�KLm�|��7��HJIL|q`]HJz3z6m�|¿Ýs{�|�Ö�Ö¦SgS*|1�q`�m3z3zYrCHNIMHJKTS�m�|1HW� m�|¿ÝD{�|¿Ö�Öjr��
�5���5�¿� À���ÁtÂ6���p¥�¤P£0�0¡
�iS�zXVOILm��7HJKMHJIMngRhS-��HfZPzeS-|�HW��Sq��HJ|8IMVOzXHfm�|�KLR1HU���W�iÖ�ÖGrc|��7H-SOnM{PILm�|��_HJzXHW}JKLIMV�|�S*|1��ZPR1VOKMV�|

H�|1HJI��0mXHWn#��×¦HJKvH�|1HJI��0mXHWn#�!S*|1��|1HJKvKLITS*|1nL��HJIMnMH\H�|1HJI��0|�"hV-`$��k6`�VqzeSW|�HJIMn�V*�i}-S�zXVOILm��7HJKMHJIMn^S�IMHgrP{Pm3z3K
m�|8�����%}-S�zXVOILm��7HJKLIL|�nL|onMKMH��¿�]kiR1H�m�|�|1HJIszeSW|�HJIGmXne�#VOIsHJzXHW}JKLIMV��fS*��|1HJKLmX}gKMV-`�HJIMn#�hRhSO�dIMV�|PmX}^KMV-`�HJIMn
S�IMHszXV�}-S�KMHW�frCHJRPm�|1��ä>��KMV-`]HJIMn�S*|1�fZCVOm�|�KLm�|��^rhSO}T�\KMVvKLR1H<¤n»¤Um�|cKMHJITSO}JKLmXV�|UIMH��0mXV�|�� � VOKLR�ä>�ÃS*|1�
QNSO�dIMV�|PmX}fKj|�Z[HWn�S�IMH(ÄWÅOÆGÇ@ÈÊÉ�Ë�Ì8}-S�zXVOILm��7HJKMHJIMn�nLm�|1}WH�KLR1HJ|8RhSW��HqS(nMm��\m3zeS�IgnLKLIL{1}JKL{PIMH7§ ��{Pz3KLm3ZPzXH
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�bm��0{PIMH J � / ©qkiR1HqH-SOnLK7H�|1��}tZPzeS�KMH4nLR1V-`�m�|��=KLR1H��hHJzX��ZPzeS*|1HWnfV*�GKLR1H(�eðlk�}WHJz3zXn#�=kiR1H�|�{���r[HJIMn
IMHJZPIMHWnMH�|�KsKLR1HvITSO�dmeS�z!�dmXnLKTS*|1}WHW�wIMV���KLR1HvrCH-S*�\z3m�|1H'm�| }WH�|cKLm��7HJKMHJIMn-� m�|1}TR1HWn¦	��

zeS-|�HJIMn4V*��nM}Jm�|cKLm3z3zeS�KMVOI4KLm3zXHWnqS�IMH�nÍS*|1�d`�mX}MR1HW�Îr[HJKp`]HWH�| nTS*�\ZPz3m�|��N�fS�KMHJILmeS�zN{1nMHW��KMV�S�r1nTVOILr�KLR1H
m�|1}WV��\m�|���ZhS�ILKLmX}JzXH(H�|1HJI��0mXHWn#��kiR1H(V�|Pz3|��dm
��HJIMH�|1}WH4mXn�ä>�Ï}-S�zXVOILm��7HJKMHJIf{1nMHWn7zXH-SO��SOn7nTS*�\ZPz3m�|��
�fS�KMHJILmeS�z!`�RPm3zXHvKLR1HvRhSO�dIMV�|PmX}v{1nMHWnDm3IMV�|�S*|1�(nLKMHWHJz¡�
kiR1H�KLRPm3IM��}¡��H�|1HJITS�KLmXV�|\nM}-S�zeS�IYzXHJZPKMVo±c{hS�IL�vnMH-S�IM}TRg}WV.��HJIMnbS�z��7V0nMK!HJ��HJIL|NZPRc|dnLmX}WnbVOr~×¦HW}JK6m�|���VOz3��HW�

m�| }-S�zXVOILm��7HJKLIL|_©¼ä>zXHW}JKLIMV�|1n#��×LHJKMnsS*|1���\mXnMnLm�|��\KLITS*|1nM��HJIMnMH'H�|1HJI��0|½�¨|1HJ{PKLILm�|1V0nY���
¬�R1H�|´S�H�|1HJI���HJKLmX}�HJzXHW}JKLIMV�|)ZhSOnMnTHWn(m�|cKMV�KLR1H�S�r1nTVOILrCHJI«�fS�KMHJILmeS�zgV*�\KLR1H�HJzXHW}JKLIMV��fS*��|1HJKLmX}

}-S�zXVOILm��7HJKMHJI#�NKLR1H8S�r1nMVOILr[HJI��wHWHJzXn(S�RPm��0RaHJzXHW}JKLILmX}«�hHJzX�Îm�|1nLmX�PH_KLR1H�S�KMV��7n#�¹kiR1H«�wVOIM}WH�V�| KLR1H
HJzXHW}JKLIMV�|N�wIMV��­KLR1HUHJzXHW}JKLILmX}��hHJzX��}-S�{1nMHWn�KLR1HqHJzXHW}JKLIMV�|�KMV�}MRhS*|���H4�dm3IMHW}JKLmXV�|%`�RPmX}MR�}-S�{1nTHWn^m3K�KMV
H��\m3KDS���m3ILKL{hS�zCZPR1VOKMV�|½�wnMV�KLRhS�KiKMVOKTS�z[H�|1HJI��0|US*|1���7V��7H�|cKL{��*S�IMHGrhS�zeS*|1}WHW������kiR1HG��m3ILKL{hS�z[ZPR1V*}
KMV�|URhSOninL{dÐf}JmXH�|cKiH�|1HJI��0|�S*|1���7V��7H�|cKL{���KLRhS�K�m3K]ZPIMVo�d{1}WHWn�S �.Ñ5� � ZhS�m3I#�ukiR1HWnMHGZhS�ILKLmX}JzXHWn�RhSW��H
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RPm��0R(�7V��7H�|cKL{��ÒS*|1�4KLITSW��HJz!IMVO{��0RPz3|4ZhS�ITS�z3zXHJz6KMV\KLR1H��dm3IMHW}JKLmXV�|_V*�bKLR1H'm�|Pm3KLmeS�z!HJzXHW}JKLIMV�|��!ä�SO}MR_V*�
KLR1HlHJzXHW}JKLIMV�|1n#��ZCV0nLm3KLIMV�|1n�VOI�ZPR1VOKMV�|1n�ZPIMVo�d{1}WH��w{PILKLR1HJI�ZhS�m3IMn�SOn]KLR1HJ|\ZhSOnMn>KLRPIMVO{��0RqKLR1HsRPm��0R��hHJzX�
IMH��0mXV�|1n�V*�bS�KMV��7n&�ukiRPmXn]ZPIMVo}WHWnMn�IMHJZ[H-S�KMn]m3KMnTHJz��bS*|1�qHJ��H�|cKL{hS�z3z3|q}-SOnM}-SO�PHNVOI­ÃjnLR1V.`]HJI§ÄNV*�!HJzXHW}JKLIMV�|1n
S*|1��ZCV0nMm3KLIMV�|1ns�PHJ��HJzXVOZ1n#��Ö
|(KLR1HgH�|1�(KLR1HJIMH�mXnr|1VOKlH�|1VO{��0R_H�|1HJI��0|4KMV��wVOI��»S*|c|��7VOIMH^ZhS�m3IMnlS*|1�
S�z3z6KLR1H�HJzXHW}JKLIMV�|1nGS*|1�4Z[V0nLm3KLIMV�|1nsS�IMH'S�r1nMVOILr[HW�4r�|UKLR1HW�fS�KMHJILmeS�zbV*�bKLR1H�}-S�zXVOILm��7HJKMHJI#�
��{1V�|1nlRhSW��HgH�ÛPSO}JKLz3| KLR1H^nTS*�7H^m�|cKMHJITSO}JKLmXV�|1n'SOnlHJzXHW}JKLIMV�|1n#�lQGV.`]HJ��HJI#�[KLR1H^rCHJRhS-��mXVOINV*�>RPm��0R~}

H�|1HJI��0|���{1V�|1n7SOngKLR1HJ|½��V�KLRPIMVO{��0R/�fS�KLKMHJI�mXn�±�{Pm3KMH��dm
��HJIMH�|cK¢�wIMV��ÓHJzXHW}JKLIMV�|1n&�_kiR1HUIMH-SOnMV�|�mXn
KLRhS�KDKLR1H$��{1V�| mXnGS�rCVO{PK J �#ëgKLm��7HWnr�7VOIMH¥�fSOnMnLm3��H'KLRhS*|(KLR1H'HJzXHW}JKLIMV�|��hS*|1�4KLR1H¥�wVOIM}WH'V�|4m3K���IMV��
KLR1H'HJzXHW}JKLILmX}$�hHJzX�(mXn�KLR1H�nTS*�7Hvr[HW}-S�{1nMHvKLR1H'}TRhS�I���H�V�|(m3KDmXnDKLR1H'nTS*�7H�SOnDHJzXHW}JKLIMV�|���kiRhS�K��#VOIM}WHvmXn
|1VOKGzeS�I���H^H�|1VO{��0R�KMVf}-S�{1nMH�KLR1H$��{1V�|_KMVf}TRhS*|���H^�dm3IMHW}JKLmXV�|�nLm���|Pm��h}-S*|�KLz3|��skiR1HJIMH��#VOIMH$��{1V�|1nvS�IMH
��|1V-`e|=SOn��\m�|Pm���{��ÔmXV�|Pm32Wm�|��4ZhS�ILKLmX}JzXHWn��w�(ÖÕ&�ú½nY���'kiR1H�}TRhS�ITSO}JKMHJILmXnLKLmX}7V*��SU�«Öj&]}tz3m3��HgZhS�ILKLmX}JzXH�mXn
V�|1H�}JILm3KMHJILmXV�|8{1nMHW��m�|�mX�PH�|cKLm��w|�m�|�����{1V�|1n'S*|1�_r[HW}WV��7HWnvHWnLZ[HW}JmeS�z3z3|(m��\ZCVOILKTS*|�Kvm�|�KLR1H^}-SOnMHgKLRhS�K
S¢�^{1V�|(ZhSOnMnMHWnD{�|1�PHJKMHW}JKMHW�(KLRPIMVO{��0R(KLR1H¥�^{1V�|��PHJKMHW}JKMVOIMn#�
QNSO�dIMV�|1nr� ×LHJKMnY�5S�IMHn��{1}TR��7VOIMHn�fSOnMnLm3��HiKLRhS*|7HJzXHW}JKLIMV�|1n&��KLR1HJ|\S�IMHn|1VOK>nLm���|Pm��h}-S*|cKLz3|\�PH�"hHW}JKMHW�

r�|8KLR1HfS�KMV��\mX}fHJzXHW}JKLILmX}��hHJzX�®�UQlV-`�HJ��HJI#�bKLR1HJ|_RhS-��HfnLKLIMV�|���m�|cKMHJITSO}JKLmXV�|1n�nMV4KLR1HJ|�m�|�KMHJITSO}JK^`�m3KLR
KLR1H¢�fS�KMHJILmeS�z]m�|8rCVOKLR�KLR1H7HJzXHW}JKLIMV��fS*��|1HJKLmX}US*|1��RhSO�dIMV�|PmX}7}-S�zXVOILm��7HJKMHJIMn�KMVqZPIMVo�d{1}WH7Sq�dm
��HJIMH�|cK
Kj|�Z[HfV*�snLR1V.`]HJI#�(kiR1HfIMHJzXH-SOnMHW��×¦HJKgH�|1HJI��0mXHWngS�IMH��7H-SOnL{PIMHW�=r�|8KLR1HfnM}Jm�|�KLm3z3zeS�KMVOI�KLm3zXHWn�`�RPmX}TR�S�IMH
H��^rCHW�P�PHW�%`�m3KLR�`iSW��HJzXH�|��0KLR�nMRPm���KLm�|��8nLR1HWHJKMn\VOIy�1r[HJIMn#��kiR1HWnMH��1r[HJIMn�KLR1H�|�}-S�ILIL|�KLR1HUz3m��0RcK\KMV
ZPR1VOKMV��^{Pz3KLm3ZPz3mXHJI�KL{Pr[HWn½�w&>�_k¥ú½nY��zXV�}-S�KMHW� VO{PKMnMmX�PH8V*�^KLR1H�nMH�|1nLm3KLm3��H8�PHJKMHW}JKMVOI(��VOz3{��7H��©kiR1HJIMH
mXn�|1V�`�S-|¸KMV��dmXnLKLm�|��0{PmXnLRÎrCHJKj`]HWH�|N×LHJKMn���IMV��ÖZPR1VOKMV�|1n(S*|1��RhSO�dIMV�|1n#�DR1V.`]HJ��HJI HJzXHW}JKLIMV�|1n(S�IMH
�dmXnLKLm�|��0{PmXnMRhS�rPzXH^r�|(KLR1HJm3IlzeS�I���H'ITS�KLmXVUV*��HJzXHW}JKLIMV��fS*��|1HJKLmX}�KMVfRhSO�dIMV�|PmX}gH�|1HJI��0|��GkiR1H^}-S�zXVOILm��7HJKMHJI
�cS�m�|1n�S�IMH7m�|Pm3KLmeS�z3z3|_}-S�z3m3rPITS�KMHW�½��IMV��ÒKMHWnLKvr[H-S*�Ã�1S�KTS(S*|1��S�IMH�IMHJKTS�m�|1HW�=rc|�}-S�z3m3rPITS�KLmXV�|1n�}-S�ILILmXHW�
VO{PKDr[HJKp`�HWH�| IL{�|1n��omeSyÛPH�|1V�|q"@SOnLR1HJIMnGS*|1��Ø%ä>�×nMVO{PIM}WHWn#�

�lne�#VOIr|1HJ{PKLILm�|1V0n&�@nLm�|1}WH'KLR1HJ|(�PV�|�ú Ksm�|cKMHJITSO}JKN`�m3KLR(�fS�KLKMHJIMn#�1KLR1HJ|4`�m3z3z!ZhSOnMnDKLRPIMVO{��0R_KLR1H��PH�}
KMHW}JKMVOIi`�m3KLR1VO{PKizXV0nLm�|��gKLR1HJm3I�H�|1HJI��0mXHWn#��kiRc{1n!|1HJm3KLR1HJI�}-S�zXVOILm��7HJKLIL|�nL|dnLKMH�� |1VOIiVOKLR1HJI�}WV��\ZCV�|1H�|�KMn
V*�s���W�£Ö ÖD}-S*|=�PV(S*|c|��dm3IMHW}JK�H�|1HJI��0|«�7HWnL{PIMH��7H�|cKgV�|�|1HJ{PKLILm�|1V0n#�\kiR1HJ|�S�IMH�IMH��cS�IM�PHW�=SOn�Ãp{�|~}
�PHJKMHW}JKMHW��Ä�ZPR�|onMmX}WnGVOr~×LHW}JKMnlS*|1�_S�IMH'IMHW}WV�|1nLKLIL{1}JKMHW��V�|Pz3|qm�| KLR1HgnMH�|1nMH�V*�5KLR1H'�\mXnMnLm�|���KLITS*|1nL��HJIMnMH
H�|1HJI��0|��GØµ û �\���W��{1nMHgKLRPmXnvZPIMHWnMH�|cKTS�KLmXV�|½�wVOIW|1HJ{PKLILm�|1V0n'r[HW}-S�{1nMH�¤n»¤8r[H-S*�Ã}WV��7HWnvKLRPIMVO{��0R�KLR1H
2qSÀÛomXn#�!H-SO}MR�}WVOz3z3mXnLmXV�|=RhS�ZPZ[H�|1HW��m�|%���W�ÎmXn^SOnMnL{��7HW�=KMV4RhSW��H�2-HJIMV4KLITS*|1nL��HJIMnTH��7V��7H�|cKL{��ÙS�K
r[H��0m�|�|Pm�|����­��|1�\rc|7KLR1HG}WV�|1nMHJIL�0S�KLmXV�|�zeS-`�V*�YH�|1HJI��0|���KLR1HsKMVOKTS�z@��HW}JKMVOI�nL{��©V*��KLITS*|1nL��HJIMnMHlH�|1HJI��0|
m�|%S4ZPR�|onLmX}WngHJ��H�|cK\nLR1VO{PzX����HWHJZ%SOn�2-HJIMV��d{PILm�|��_KLR1Hf`�R1VOzXHfZPIMVo}WHWnMn#��Ö¡��|1HJ{PKLILm�|1V0n�}-S�ILIL|8KLR1HJm3I
H�|1HJI��0mXHWniS*|1�\"1|7SW`iSW|7`�m3KLR1VO{PK]rCHJm�|��g�PHJKMHW}JKMHW�®�oKLR1HJ|g`�m3z3zC}-S�{1nMHsS*|�m���rhS�zeS*|1}WHlV*�[KLITS*|1nM��HJIMnMHsH�|~}
HJI��0|¿�wnMVNKLR1H�nL{��×V*�[KLITS*|1nL��HJIMnMHsH�|1HJI��0mXHWn]S�IMHn|1VOK�HW±�{hSlKMVN2-HJIMVî�bm�|\KLR1HDHJ��H�|�K#�ukiR1HiIMHW}WV�|1nLKLIL{1}JKMHW�
Øµ�û_VOr~×LHW}JKLIMHJZPIMHWnMH�|cKMniKLR1Hl�dm3IMHW}JKLmXV�|(S*|1�fH�|1HJI��0|fV*�6KLR1H�|1HJ{PKLILm�|1V�ú½n�KLITSÀ×¦HW}JKMVOIL|7m�|�KLR1Hs¬ ó ñUZPzeS*|1H��
kiR1H'}-S�zX}J{PzeS�KLmXV�|_V*�bKLR1H$|1HJ{PKLILm�|1V\KLITS*|1nL��HJIMnMH'H�|1HJI��0|qmXnD�dmXnT}J{1nMnMHW���w{PILKLR1HJIDm�|«åoHW}JKLmXV�| Ù �����
kiR1Hv}-S�zXVOILm��7HJKLIL|4�PHJKMHW}JKMVOIMn�m�|����W��S�IMHW�7HW}MRhS*|PmX}-S�z3z3|4nL{Pr[�dm3��mX�PHW�qm�|�KMV�KLRPIMHWHNIMH��0mXV�|1n#©]��H�|~}

KLITS�z¡�l¬=S�z3zuS*|1�_&>z3{�����m�|�VOIM�PHJIlV*�]m�|1}JIMH-SOnLm�|��qZ1nMHJ{1�PV*}tITS�ZPmX�dm3Kp|���� � |4KLR1HgIMH��0mXV�|_ZCHWVOZPzXH^m�|������
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�#S~� �_�ÚS~�kÃ§Ïl{PIL{1n§Ä �>{1nL{hS�z3z3|�|hS*�7HlKLR1HWnMHG}-S�zXVOILm��7HJKMHJIMnsSOni�!ä�� �t��H�|cKLITS�z�äuzXHW}JKLIMV*}p��S*��|1HJKLmX}&���@��Q��
�t��H�|�KLITS�zNQNSO�dIMV�|����e¬ÎQ��{�¨¬=S�z3zNQlSO�dIMV�|����s&­ä>� �w&uz3{��NäuzXHW}JKLIMV*}p��S*��|1HJKLmX}&�qS*|1�¸&>Q����w&uz3{��
QNSO�dIMV�|����
kiR1H�}WH�|�KLITS�zlZhS�ILKMnU}WV-��HJIqKLR1H�IMH��0mXV�|�² ��²�Í �����¿�wVOI�ä>� S*|1�´² �6²eÍÜ��� Ù �#VOI�KLR1H�RhSO�dIMV�|PmX}

}-S�zXVOILm��7HJKMHJIMn#�skiR1HJ| S�IMH��dm3�omX�PHW�(m�|cKMV�KMV-`�HJIMnl`�m3KLR�HW±�{hS�z!nLm32-H Ñ ¾ · m�|�ñ�S*|1�(ë~����m�| �_�ikiR1H�ZPz3{��
}-S�zXVOILm��7HJKMHJIMnlH�ÛoKMH�|1�(KLR1Hv�U�PV.`e| KMV Ù �Åã7S*|1�(RhSW��Hv�0S�ILmXVO{1nDnMH����7H�|�KTS�KLmXV�|1n#�
kiR1H\�!ä>�Û{1nTHWnszXH-SO�_nLR1HWHJKMnlm�|cKMHJIMnLZ[HJIMnMHW��`�m3KLR_nT}Jm�|cKLm3z3zeS�KMVOI�SOnGKLR1HgSO}JKLm3��H'�7HW�dm3{��ÃS*|1��H��¢}

ZPzXV.|on�ZPR1VOKMVOKL{PrCH�IMH-SO�PVO{PK#�sS�IMVO{�|1�p� /�Ü ¯ m�|��PHJZPKLRp� Ü ¯ mXnf�PH���|1HW�ÎSOn7KLR1H(ITSO�dmeS�KLmXV�|�zXH�|��0KLR
`�RPmX}TR_mXnGKLR1H'�7H-S*|_�dmXnLKTS*|1}WH2�#VOIGKLR1H �.Ý KMV�zXV0nMH��&Õ�H^V*�>m3KMnlH�|1HJI��0|����lkiR1HgH�|1HJI��0|(IMHWnMVOz3{PKLmXV�|(�wVOI
�!ä>�«mXn Ñ , µ ¾�Þ ß � Þ � / 	��o`�R1HJIMH ß �PH�|1VOKMHWnsSO�P�dm3KLmXV�|4m�|4±�{hSO�dITS�KL{PIMH��>kiR1H��1IMnLKizeSW|�HJIDV*�5�!ä��ÔmXn
}-S�z3zXHW��ZPIMH�}pnLR1V-`�HJI��PHJKMHW}JKMVOI��t��&­ÝW��S*|1�fIMH-SO�PVO{PK]nMHJZhS�ITS�KMHJz3|��­�ÎnLR1V.`]HJI§}¡�fSÀÛ��PHJKMHW}JKMVOI�mXn]zXV�}-S�KMHW�
S�ZPZPIMV#Ûom��fS�KMHJz3|4à Ü ¯ �PHWHJZqm�|cKMV^KLR1Hv�!ä>���~�bm��0{PIMH J ���#ë�nLR1V.`Dn�S�nM}TR1H��fS�KLmX}NV*�YV�|1HN�!ä>�Ã`]HW�~��H��

Wave Shifter
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X
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Y

Phototubes

LeftRight
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Strip
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Z

Tow
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�!m��0{PIMH J ���#ë~©­�)nT}MR1H��fS�KLmX}�V*�>S7�!ä>�Ó`]HW�~��H�� ���.	��
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I 
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kiR1H\�!ävå({1nMHWnDZPIMVOZ[VOILKLmXV�|hS�zunLKLILm3Z_S*|1��`�m3IMH�}WVO{�|�KMHJIMnlm�|�Sª��|1H�}¡�0ITS�m�|1HW��S�ILITS-|��CSOnlnLR1V.`e|�m�|
J �������u�!ävåNZPIMV.��mX�PHWnYZPIMHW}JmXnMH>Z[V0nLm3KLmXV�|��tºv� �4� IMHWnMVOz3{PKLmXV�|gS�Kk��ë�ÏNH¡� ������	¨��S*|1�'nMRhS�ZCHum�|~�#VOI��fS�KLmXV�|
�#VOIDHJzXHW}JKLIMV��fS*��|1HJKLmX}^}-SOnT}-SO�PHWn#�

Cathode
Strips

z

x
Anode Wires

(ganged in pairs)

�bm��0{PIMH J ������©­�+nM}MR1H��fS�KLmX}^V*�uS7�!ävå4`]HW�~��H7� ����	��

kiR1Hl��Q���S*|1�ª¬�Q���{1nTH�nLKMHWHJzhS�r1nMVOILr[HJIum�|cKMHJIMnLZ[HJIMnMHW�\`�m3KLRfSO}JIL|oz3mX}DnM}Jm�|�KLm3z3zeS�KMVOI]SOnuKLR1HDSO}JKLm3��H
�7HW�dm3{��¿�5kiR1HJ|'S�IMH�S�ZPZPIMV�Ûdm��fS�KMHJz3|¥���Å�sá�m�|'�PHJZPKLR��0S*|1�vRhSW��H�S*|�H�|1HJI��0|NIMHWnMVOz3{PKLmXV�|�V*�@â ¾�Þ7ã0ä µ ß
,�Þ ��� J 	��
kiR1HUZPz3{��8}-S�zXVOILm��7HJKMHJIMn7}WV�|1nLmXnMKgV*�G&¼ä>�åS*|1��&>Q��'�]�iK\S�rCVO{PK�ã Ü ¯ m�|��PHJZPKLR�m�|�&¼ä>�æmXn

&­ä!ål�ukiR1H4&­ä>�æmXn7S�zXH-SO��}pnM}Jm�|�KLm3z3zeS�KMVOIfnTS*�\ZPz3m�|���}-S�zXVOILm��7HJKMHJI#�/ÖpKgmXn7S�ZPZPIMV�Ûdm��fS�KMHJz3| J � Ü ¯ m�|
�PHJZPKLR���&­ä>�­RhSOnsS*|�H�|1HJI��0|4IMHWnMVOz3{PKLmXV�|�V*� Ñ à Þ7ã ä µ ß Ñ Þ ��� Ù 	���kiR1H�&¼ävåUmXns}WV��\Z[V0nMHW�(V*�uKj`]V
zeS-|�HJIMn�V*��nT}Jm�|cKLm3z3zeS�KMVOI^nMKLILm3Z1n#©N$©S*|1���¹zeSW|�HJIMn�V���nMHJK��wIMV��ÒKLR1H\ITSO�dmeS�z>�dm3IMHW}JKLmXV�|�rc|�çv�0� µ ¾ ·7S*|1�ó �0� µ ¾ · IMHWnLZ[HW}JKLm3��HJz3|��G&­ä!å4ZPIMV.��mX�PHWnNZ[V0nLm3KLmXV�| m�|~�#VOI��fS�KLmXV�|�m�|�KLR1H^¬ ó ñ8ZPzeS*|1H��skiR1H^IMHWnMVOz3{PKLmXV�|
V*�5KLR1Hv&­ävå�mXnsS�r[VO{PKsº Ñ �4� �u&>Q��~mXnizXVo}-S�KMHW�qr[HJRPm�|1�4&­ä>�/�Pm3K�mXnDSgnLKMHWHJz�}pnM}Jm�|cKLm3z3zeS�KMVOIlnTS*�\ZPz3m�|��
}-S�zXVOILm��7HJKMHJI#�!ÖpK�mXnDS�r[VO{PKl�\á m�|(�PHJZPKLR��hS*|1�4RhSOnGS*| H�|1HJI��0|qIMHWnMVOz3{PKLmXV�| V*��â
è Þ7ã ä µ ß è Þ �
�5���5�¿é Ç�ê>Â!�´ë8¤P£0¤h�o£0Â6�c¢

�ln��7H�|cKLmXV�|1HW��m�| zeSOnMKlnMHW}JKLmXV�|�����{1V�|1nlRhS-��H'|1V�RhSO�dIMV�|PmX}^m�|cKMHJITSO}JKLmXV�|���KLR�{1nGKLR1HJ|(�PV�|�ú KlzXV0nMH
�^{1}MR�H�|1HJI��0|(m�|8}-S�zXVOILm��7HJKMHJIMnNrc| mXV�|Pm32Wm�|��UKLR1H\S�KMV��7nNVOI��7VOzXHW}J{PzXHWnN`�R1H�|_ZhSOnTnLm�|���KLRPIMVO{��0R�KLR1H
�fS�KLKMHJI#���l{1HfKMV�KLR1H���{1V�|�ú½ngzXV�|���z3m��wHJKLm��7HqS*|1�=Z[H�|1HJKLITS�KLm�|���S�rPm3z3m3Kp|��uKLR1H���{1V�|%�PHJKMHW}JKMVOIMn7S�IMH
Z[V0nLm3KLmXV�|1HW�4m�|(KLR1HvVO{PKMHJI��7V0nMKsIMH��0mXV�|1nsV*�����W�NÖ�ÖY�
���W�Î{1nMHWn��#VO{PI'nL|dnLKMH��7nvV*��nM}Jm�|cKLm3z3zeS�KMVOIMngS*|1�8ZPIMVOZCVOILKLmXV�|hS�z]}MRhS*��r[HJIMn2�wVOI¥�^{1V�|1n��PHJKMHW}JKLmXV�|

`�m3KLR(KLR1H'IMH��0mXV�| V*�D² �6²lÍ J �ukiR1HJ|(S�IMH�©
E ����$y©h��H�|cKLITS�zb� {1V�|(�PHJKMHW}JKMVOI
E ����&r©h��H�|cKLITS�z!��{1V�| $GZ��0ITSO�PH

L 
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E ��� F¢©h��H�|cKLITS�zb� {1V�|¿ä<ÛoKMH�|1nLmXV�|
E Öj�_$y©�Ö
|cKMHJI��7HW�dmeS�KMH^� {1V�|��PHJKMHW}JKMVOI
kiR1H��^{1V�|q}TRhS*��r[HJIMnim�|�KLR1Hv���_&�S*|1�q����F~S�IMHlZPzeSO}WHW�fKMV���HJKLR1HJI�`�m3KLRqnM}Jm�|cKLm3z3zeS�KMVOIMn&�d`�RPmX}MR
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�bm��0{PIMH J ��� Ù ©¼�)nM}TR1H��fS�KLmX}�V*�>S7����$+�dILm��wKs}WHJz3z>� ���
	��

:�ñ��\ó�:�A�?CB-ô�õ1ö�ñ+÷!;@?�ò4<��@ô
õ��bA
kiR1Hq��H�|cKLITS�z�� {1V�|=$GZ��0ITSO�PH7}WV.��HJIMn�KLR1H7}WH�|�KLITS�z�IMH��0mXV�|�V*��KLR1H7�PHJKMHW}JKMVOI�SOnv`]HJz3ziSOn^���_$'�

rP{PKGm3KGS�zXnMV7}WV.��HJIMnDKLR1Hg���_$yú½ne�cS�Z(m�|�ñk�]kiR1H^����&�mXn�zXVo}-S�KMHW�(r[HJRPm�|1�4KLR1H^���_$´S*|1�(nLRPmXHJzX�PHW�
r�|=S*|�SO�P�dm3KLmXV�|hS�zinLKMHWHJz�S�r1nMVOILr[HJI#�4kiRPmXn�S�r1nMVOILrCHJI^mXn'{1nMHW�=KMV(IMHW�d{1}WHfRhSO�dIMV�|PmX}fZP{�|1}TR~}tKLRPIMVO{��0R
}WV�|�KTS*�\m�|hS�KLmXV�|8`�RPmX}MR KLR1H�����$�nL{d��HJIMne�wIMV��¿�ikiR1H'ZhS�KLR_V*�5KLR1H$��{1V�|1nlmXnsH���HW}JKLm3��HJz3|4m�|1}JIMH-SOnMHWn
r�|gKLRPmXn]S�r1nMVOILrCHJI­��IMV�� �~�Å�NKMVg���ÅÔlRhSO�dIMV�|fm�|cKMHJITSO}JKLmXV�|�zXH�|��0KLR1n#�¼ð�|Pz3|gKLR1He��{1V�|1n�`�m3KLR¥¤ û �0IMH-S�KMHJI
KLRhS*| J � J ÏNHJ��Õ�}v}-S*| IMH-SO}MR����_&j�

�lnbKLR1H]nTHW}WV�|1�gnTHJKbV*�@nMm�|��0zXH�`�m3IMHi�dILm��wKb}TRhS*��r[HJIMn#�����_&�`iS�z3zXn5RhSW��Hv�#VO{PIbzeS-|�HJIMnuV*�1IMHW}JKTS*|��0{PzeS�I
nLm�|��0zXH�}t`�m3IMH �dILm���K�KL{Pr[HWn#�����_&×}MRhS*�^rCHJIMnfS�IMH��1z3zXHW��`�m3KLR�KLR1H4nTS*�7H��cSOn¢�\m�ÛdKL{PIMH(SOnf�eðlk¥�<�
��ë�Õ���ëy�\m�ÛdKL{PIMHNV*�k�sI���V�|~}�ä>KLRhS*|1H¥�cSOn�rP{PrPrPzXHW�qKLRPIMVO{��0R S ó ¾ · �¸rhS�KLR4V*�YmXnMVOKLIMVOZ�|US�zX}WVOR1VOz¡�P`�m3KLR
S¢�fSÀÛdm���{����dILm���KDKLm��7H�V*�uS�r[VO{PK$��� �7°6n#�
���_&�}TRhS*��r[HJIMnsS�IMHW�7VO{�|cKMHW�(�dm3IMHW}JKLz3|UV�|4KLR1HvS�r1nMVOILrCHJI#�ukiR1HJ|q}WV�|1nLmXnLK�V*�!nMm�|��0zXHN`�m3IMHGKL{Pr[HWn

`�m3KLR J �Å�q}�� Ð �#�q}�� Ð ã*�îëq}��¿�¢åoV��7H\V*��KLR1H��ÔS�IMH\SUz3m3KLKLzXH�rPm3KNnMR1VOILKMHJIvKMV(S�z3zXV-`´KLR1H\}-S�rPzXHWn
�wIMV���KLR1Him�|�|1HJIuZhS�ILKMnuV*�@KLR1Hi�PHJKMHW}JKMVOI<��VvVO{PKMnLmX�PH��5kiR1Hi�dILm���K5KL{Pr[HWn>S�IMH�VOI��cS*|Pm32-HW��m�|cKMV��#VO{PIbzeS-|�HJIMn
`�m3KLR H-SO}TR zeS-|�HJIDrCHJm�|���nLRPm���KMHW�qr�|(SgRhS�z��Ê}pnLm32-HvV*�5KLR1HvKL{Pr[Hv`�m3KLR4IMHWnLZ[HW}JKDKMV¢|1HJm��0Rcr[VOILm�|��UzeSW|�HJIMn#�

��zeSW|�HJI�V*�sIMHW}JKTS*|��0{PzeS�I\nM}Jm�|cKLm3z3zeS�KLmXV�|%}WVO{�|cKMHJIMn¿��KLR1H4�eåo&v��mXn^zXV�}-S�KMHW��VO{PKMnLmX�PHqV*�DKLR1Hq���_&
�dILm��wKv}MRhS*��r[HJIMn#�vkiR1H��dm��7H�|1nLmXV�|8V*�]SUnLm�|��0zXHgnM}Jm�|cKLm3z3zeS�KMVOIvmXnvS�r[VO{PK J �Å�U}�� Ð �#��}�� Ð Ù�J ëU}��¿�
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�!m��0{PIMH J ������©­�)nT}MR1H��fS�KLmX}�V*�>S*|(H�|cKLm3IMH�����$9�7Vo�d{PzXH7� ���.	��

`�R1V0nMHgzXH�|��0KLR8mXnvSOnlRhS�z��iSOnvSUnLm�|��0zXH�}MRhS*�^rCHJI#���eåo&ÎmXnNIMH-SO�_VO{PKNr�|�nLm�|��0zXHgZPR1VOKMVOKL{Pr[HWn#�'kiR1HWnMH
ZPR1VOKMVOKL{Pr[HWn'S�IMH�zXVo}-S�KMHW��S�KGKLR1Hg}WH�|cKMHJIvV*�]Sq�eåo&ÎS�ILITS-|�S*|1�8S�IMH^�dmXnMZPzeSO}WHW�_S-`�SW|���IMV���KLR1H^`�S�z3z
KMV4S�z3zXV-`´m�|�KMHJI§}tzXH-SW�om�|�� V*��KLR1HgZPR1VOKMVOKL{Pr[HWn#�'kiRPmXnvSOnMnLm���|��7H�|�K'nTSW��HWnNKLR1H�nLZhSO}WH�Vo}W}J{PZPmXHW��r�| KLR1H
z3m��0R�K§}¡�0{PmX�PHgS*|1�4ZPR1VOKMV��^{Pz3KLm3ZPz3mXHJIGKL{Pr[H'SOnMnMH��^rPz3|��

��|¸m3z3z3{1nMKLITS�KLmXV�|ÎV*�'KLR1H_}WV�|~���0{PITS�KLmXV�| V*��nLKMHWHJz¡��}MRhS*�^rCHJIMn(S*|1��nM}Jm�|�KLm3z3zeS�KMVOIMnqS�IMH_nLR1V.`e|�m�|
�bm��0{PIMH J ���#ã~�¸kiR1H }WVO{�|cKMHJIMnfZPIMV-�omX�PH(ZPIMHW}JmXnMH(KLm��\m�|��½�#VOI\KLITSO}M���fS�KM}MRPm�|���S*|1�%r[H-S*�ª}JIMV0nMnLm�|��
mX�PH�|�KLm��h}-S�KLmXV�|��
:�ñ�� ói:�Ao?CB-ô
õ1ö�ñ�÷Y;C?�·�¸�B-A�?�	�
�;@?
kiR1H���H�|cKLITS�z]ä]ÛdKMH�|1nLmXV�|�}WV�|1nLmXnMKMnsV*�uKLR1H'`�HW�~��HWn��#VOI��\m�|��US\}WV�|PmX}-S�zbnLRhS�Z[HWnsV�| r[VOKLR H�|1�PnGV*�

KLR1Hg�PHJKMHW}JKMVOI#��ä]SO}MR�`]HW�~��H�}WV-��HJIMn Ñ ¾ ·�m�|�ñ8S*|1��KLR1H^ITS*|���H Òdµ à ¾ ³×² �6²C³ ÑOµÅÒ �GkiR1H^IMHW}JKTS*|��0{PzeS�I
�dILm��wK\KL{PrCHWn\S�IMH(S�ILITS*|���HW�%nL{1}TR%KLRhS�K\KLR1HJm3I7nMH�|1nMH�`�m3IMHWn\Z[VOm�|cK\ITSO�dmeS�z3z3|=KMV.`�S�IM�¸KLR1H�r[H-S*�¢}tz3m�|1H��
����F~}MRhS*�^rCHJIMnDS�IMHNnTS*�7HNSOnD����&�KL{Pr[HWniH�Ûd}WHJZPK�S��dm
��HJIMH�|cKizXH�|��0KLR(SOnW�#Ô�ë�}��¿�<ä]SO}MR4`]HW�~��Hlm�|
KLR1H7����F×RhSOnW�îÔ7KL{Pr[HWn#�[`�m3KLR½ÔfzeSW|�HJIMn�S�ILITS*|���HW�8S*|1��H-SO}MR8zeS-|�HJIvRhSOnWã�KL{Pr[HWn#�NkiR1HgzeSW|�HJIMn�S�IMH
nLKTS*����HJIMHW�_nMV\KLRhS�KGKLR1HJIMH^S�IMHgS�KszXH-SOnLK���KL{PrCHWnsm�|_S*|�|(}WV-��HJITS*��H^m�|�ñk�nØYSW|�HJIMnNS�IMH^S�zXnMVfZPzeSO}WHW��S�K
S\nMz3m��0RcKsnLKMHJIMHWV7S*|��0zXH��h`�RPmX}MR(ZPIMV.��mX�PHWnlS*|�SW�0S�m3zeS�rPzXH$�7H-SOnM{PIMH��7H�|cKGV�| 2'}WV�VOIM�dm�|hS�KMH��

Ö
|½ÝD{�|�ÖN��� F¹RhSO��S , Ò · �cS�Z=S�KvKMVOZ�V�|�KLR1H�`�HWnLK$�cS�Z=S*|1��S
� Ò · �cS�Z=S�KvKLR1H�rCVOKLKMV��Òm�|
r[VOKLR ä�SOnLK�S*|1��¬�HWnLK�H�|1�Pn&�fkiR1Hª�1IMnMK$�cS�Z�`�SOn^}JIMH-S�KMHW��KMV��fS���H�nLZhSO}WH¢�#VOI'KLR1H\z3mX±�{PmX�8R1HJz3m3{��
z3m�|1HWniS*|1�7KLR1HlnMHW}WV�|1���cS�Z�`�SOn��d{1HDKMV�m�|cKMHJIMnMHW}JKLmXV�|4V*��KLR1HG}WV�|PmX}-S�zCnMHW}JKLmXV�|U`�m3KLRfKLR1Hs}WVOz3z3mXnMmXV�|�RhS�z3z

~ \I/ 
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Muon track Radial centerline

55 mm

t4

t

To pp interaction vertex
_

2

�!m��0{PIMH J ���#�~©­�)nT}MR1H��fS�KLmX}�V*�>S*|(H�|cKLm3IMH�����$9�7Vo�d{PzXH7� ���.	��

"hVoVOI#�<�1VOInÝD{�|�Ö Ö!r[VOKLR��cS�Z1n�S�IMHl}WV-��HJIMHW�Urc|��vHJ|�å�KMV�|1HNS*|1����m�|PmÊå��om3ILKiSO�P�dm3KLmXV�|1n�KMVg����F¢��kiR1H
�vHJ|�å�KMV�|1H�}WV�|1nLmXnLKMnuV*�CKp`]V$�7VOIMH�����F¸`�HW�~��HWn#��`�RPm3zXH���m�|PmÊå��om3ILKbRhSOn>SlnLz3m��0R�K>�dm
�[HJIMH�|�K­��HWV��7HJKLIL|��
nLR1V.`e| m�|¿�bm��0{PIMH J ���.���
�5���5��� �sê]¥��j�>ÂY¢O�t£-¡+À�ÂYê��!£0¤1�c¢
kiR1H��]R1HJIMH�|P��V-��Ø6{��\m�|1V0nLm3Kp|_��VO{�|�KMHJIMnª�t�!Ø!�e�e�7H-SOnM{PIMHWnDKLR1H^S-��HJITS*��H2|�{���r[HJIlV*�uKLR1H�m�|cKMHJI§}

SO}JKLmXV�|1nfZCHJI�rP{�|1}MR�}JIMV0nMnLm�|���|c{��^rCHJI������n��kiR1Hqm�|1nLKTS*|�KTS*|1HWVO{1n7z3{��\m�|1V0nLm3Kj|���mXn\�PHJKMHJI��\m�|1HW�
r�|l©

� ò ������� � ���
���! � � J ���&�

`�R1HJIMH � ��� mXn�KLR1HGITS�KMHGV*�6KLR1HGrP{�|1}MR4}JIMV0nMnMm�|��gS�K�KLR1HGk!HJ�OS�KLIMV�|4S*|1� � �! � mXn]KLR1HGKMVOKTS�zî¤n»¤q}JIMV0nMn
nMHW}JKLmXV�|_S�K ä � � ��� / ã�kYH¡�¢�
kiR1H `]VOIL�om�|��=ZPILm�|1}Jm3ZPzXH_V*�^�!Ø!�¼mXnf��|1V.`e|�SOn7KLR1H H��[HW}JKUV*�'�]R1HJIMH�|P��V.��ITSO�dmeS�KLmXV�|�©«¬�R1H�|

S�}MRhS�I���HW��ZhS�ILKLmX}JzXHUZhSOnMnMHWn^KLRPIMVO{��0R�S*|=m�|1nL{PzeS�KMVOI7S�K\S(nLZ[HWHW� �0IMH-S�KMHJIgKLRhS*|�KLR1H�nLZ[HWHW��V*�Dz3m��0RcK
m�|8KLRhS�K¥�7HW�dm3{��¿�Ym3Kv`�m3z3z>H��\m3K'HJzXHW}JKLIMV��fS*��|1HJKLmX}fITSO�dmeS�KLmXV�|�m�|�KMV(Sq}WV�|1H7S�zXV�|��(`�m3KLR8KLR1H�ZhS�ILKLmX}JzXH
KLITSÀ×LHW}JKMVOIL|���kiR1HvVOZ[H�|Pm�|��fS*|��0zXHvV*�bKLRPmXn�}WV�|1Hv�PHJZ[H�|1�PnDV�|4KLR1HNITS�KLmXV\V*�unLZ[HWHW�UV*�j�7V-�om�|��7ZhS�ILKLmX}JzXH
S*|1��nLZCHWHW��V*�uz3m��0RcK#��S�zXnMV7�PHJZ[H�|1�PnGV�|�KLR1H'IMH��wITSO}JKLmXV�|�m�|1�PH�Û V*�>KLR1H2�7HW�dm3{��¿�2����nLmX�PH$|1VOKMH�©ikiR1H
��HJzXVo}Jm3Kp|qV*�!z3m��0R�KDKLRhS�Ke��{1nLK�r[HNH�Ûd}WHWHW�PHW�qmXniKLR1HlZPRhSOnMHN��HJzXVo}Jm3Kp|UITS�KLR1HJI�KLRhS*|4KLR1HW�0IMVO{PZ4��HJzXVo}Jm3Kp|��
KLR1HJIMH��#VOIMH'`�H�S�IMHW|1VOKD�omXVOzeS�KLm�|��7KLR1HvIMHJzeS�KLm3�om3Kp|qR1HJIMH&�
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�bm��0{PIMH J ���#ã~©��r|�m3z3z3{1nLKLITS�KLmXV�|�V*��KLR1Hg}WV�|~���0{PITS�KLmXV�|�V*�]nLKMHWHJz¡�Y���_&a}MRhS*�^rCHJIMn�S*|1���eåo&anT}Jm�|cKLm3z�}
zeS�KMVOIMnNzXVoVO��m�|��Um�|�KLR1H'ì�}p�dm3IMHW}JKLmXV�|��$�Æ��{1V�|8KLITSO}T� mXnN�dITSW`e|�KMVUm�|1�dmX}-S�KMHgKLR1Hgm�|cKMHJITSO}JKLmXV�|8Z[VOm�|cK#�
kiR1HvKj`]VfzeSW|�HJIMnsV*�unM}Jm�|�KLm3z3zeS�KLmXV�|�}WVO{�|cKMHJIMnNS�IMHvV-��HJILzeS�ZPZ[HW��m�|4KLR1H$ì�}p�dm3IMHW}JKLmXV�|��

�bm��0{PIMH J ���.��©>kiR1H'��m�|PmÊå��om3ILKDZCVOILKLmXV�|�V*�bKLR1H^����F)nM|onLKMH��¿�

kiR1HN�!Ø!��ú½niS�IMHDzXVo}-S�KMHW�7`�m3KLRPm�|UKLR1H , · }-SW�om3KLmXHWn]H�|1}JzXV0nTHW�fr�|gKLR1HGH�|1�fV*��ZPz3{��^}-S�zXVOILm��7HJKMHJIMniV�|
KLR1H'H-SOnMKGS*|1�q`]HWnLKGnLmX�PHWnDV*�uKLR1Hv}WH�|cKLITS�zb�PHJKMHW}JKMVOIsKLRPIMVO{��0R `�RPmX}TR(KLR1Hvr[H-S*�¢}tZPm3ZCH�H�ÛoKMH�|1�Pn#�!å�{1}MR
S�ILITS*|���H��7H�|�K��fS���HWnv�!Ø!��KMV\r[HNKLR1H¥�7V0nLKGnMH�|1nLm3KLm3��HvKMV\KLR1H'ZhS�ILKLmX}JzXHWnG}WV��\m�|��U�dm3IMHW}JKLz3|��wIMV���KLR1H
m�|�KMHJITSO}JKLmXV�|%ZCVOm�|�K#�_kiRPmXngmXn^rCHW}-S�{1nTHfZhS�ILKLmX}JzXHWn\}WV��\m�|��«�wIMV��Ôm�|cKMHJITSO}JKLmXV�|%Z[VOm�|cK�RhS-��HqS zXV�|���HWnLK
"1m��0R�KsZhS�KLR(m�|4KLR1H¥�cSOnGV*�bKLR1Hv}WVO{�|�KMHJI#�1KLR1HJIMH��#VOIMH'KLR1H'S*�7VO{�|�KGV*�5ITSO�dmeS�KLmXV�| z3m��0RcKGKLR1HJ|�ZPIMVo�d{1}WHW�
mXn�KLR1H'zeS�I���HWnLK#�
kiR1H��!Øb��mXn��PHWnLm���|1HW�qKMV�ZCHJI§�#VOI��¼IMHJz3meS�rPz3|qS�KDS^Z[H-S��fm�|1nLKTS*|�KTS*|1HWVO{1nDz3{��\m�|1V0nLm3Kj|qV*�u� Ð�Ñ�Ò Ó ø

}�� � ø n ��� S*|1��RhSOn^S(KLm��\m�|���IMHWnTVOz3{PKLmXV�|�V*� � ³ Ñ�Ò�Ò Z1n^`�RPmX}MR=mXn^IMVO{��0RPz3|=S��tSO}JKMVOI^V*� J rCHJKLKMHJI
KLRhS*|8KLR1H\nM}Jm�|�KLm3z3zeS�KMVOI�}WVO{�|cKMHJIMn�{1nMHW��m�|�ÝD{�|½Ö��6�!Ø!�)m�|�ÝD{�|½Ö�Ö�mXnv}-S�ZhS�rPzXH�KMVqRhS*|1�dzXH¢�^{Pz3KLm3ZPzXH
m�|�KMHJITSO}JKLmXV�|1n5`�m3KLRPm�|�KLR1H�nÍS*�7H>rP{�|1}MR�}JIMV0nMnLm�|��NS*|1�^SO}TRPmXHJ��H�S*|�V.��HJITS�z3zdSO}W}J{PITSO}J|^V*�dKLR1H�z3{��\m�|1V0nLm3Kp|
�7H-SOnL{PIMH��7H�|�KGr[HJKLKMHJI�KLR1H�|(�#"��

......... ;j. 
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UWV%$ t�\_`'&(&�[]\_`�q�& c�qys êOcem�cafih�)Wxy`'*�`§ml`�o�q
kiR1HgZPIMVOKMV�|=S*|1�8S*|cKLm3ZPIMVOKMV�|8rP{�|1}TR1HWn'}JIMV0nMnlm�|�KLR1H^k!HJ�OS�KLIMV�|�HJ��HJIL| Ù0/ ã�|1nNS�K����W�n���iK'S*|

m�|1nLKTS*|�KTS*|1HWVO{1n�z3{��\m�|1V0nLm3Kj|UV*�b� Ð�Ñ�Ò Ó ø }�� � ø n ��� S*|1�4S*|qm�|1HJzeSOnLKLmX}N}JIMV0nMninMHW}JKLmXV�|4V*� ð à Ò'Ð�Ñ�Ò � ø'+}�� ø S�K ä � ò ÑOµ �0à�k!H¡�¢��KLR1H�ÝD{�| Ö Ö7kYHJ�0S�KLIMV�|~mXn4H�ÛdZCHW}JKMHW�aKMV�ZPIMV��d{1}WH=S�r[VO{PK½�-,/�\m3z3z3mXV�|
HJ��H�|�KMnvHJ��HJIL|(nMHW}WV�|1�®�skiR1H\���W�¸HJzXHW}JKLIMV�|PmX}^IMH-SO�PVO{PKNnM|onLKMH��7nNS�IMH'KLR�{1nN�PHWnLm���|1HW� KMV�r[H�}-S�ZhS�rPzXH
V*�\VOZCHJITS�KLm�|���S�K(KLR1H�RPm��0R1HJI(rP{�|1}MR+}JIMV0nMnLm�|��%ITS�KMH��l`�RPmX}MR)mXn S�ZPZPIMV�Ûdm��fS�KMHJz3|)���Åã��_Qs2���kiR1H
nLZ[HW}Jm��h}-S�KLmXV�|1n5V*�PKLR1H>KLILm�����HJILm�|��NnL|onMKMH��)S�IMH��PHWnM}JILm3r[HW�'m�|�KLRPmXn!nMHW}JKLmXV�|^m�|'KMHJI��7nbV*�dKLR1HJm3Ij�fSÀÛdm���{��
�w{�|1}JKLmXV�|Pm�|���}-S�ZhSO}Jm3Kj|��
kiR1H¢|�{���r[HJI�V*�]m�|�KMHJITSO}JKLmXV�|1n'Z[HJINrP{�|1}MR=}JIMV0nMnMm�|��q�PHJZ[H�|1�PnvV�|8KLR1Hgm�|1nLKTS*|cKTS*|1HWVO{1n�z3{��\m�|1V0n§}

m3Kj|����bm��0{PIMH#,~���#ÔqnLR1V.`Dn'KLR1Hª|�{���r[HJI^V*�im�|cKMHJITSO}JKLmXV�|1n^ZCHJIvrP{�|1}TR�}JIMV0nMnLm�|�� SOn^S���{�|1}JKLmXV�|�V*��KLR1H
m�|1nLKTS*|�KTS*|1HWVO{1nsz3{��\m�|1V0nMm3Kp|��

�bm��0{PIMH.,~���#Ô~©]kiR1H2|c{���r[HJINV*�5m�|�KMHJITSO}JKLmXV�|1nNZCHJIsrP{�|1}MR�}JIMV0nMnLm�|��USOnlSy�w{�|1}JKLmXV�|_V*�uz3{��\m�|1V0nLm3Kj|��wVOI
S�rP{�|1}TR }JIMV0nMnLm�|���V*�n� Ù ,¢|1nGS*|1� Ù0/ ã¢|1n2��KTS���H�|��wIMV��Ô����ã
	¨���

ÝGHW}WVOIM�dm�|��lS�z3z�V*�dKLR1HWnMH>HJ��H�|�KMn6`]VO{PzX�'IMHW±c{Pm3IMH�S*|^H�|1VOI��7VO{1nY�1S�KTSiKLRPIMVO{��0R1VO{PKbV*� ÿ �#ë�ë�ërÏ � |oKMHWnYÕ�nMHW}���lnMnL{��\m�|��\KLR1H'S-��HJITS*��H�nLm32-HvV*�uS*|(HJ��H�|cKDmXn$�#ë�ë�� � ����ÖjKimXne|1VOKDV�|Pz3|�m��\Z[V0nMnLm3rPzXHNKMV7SO}TRPmXHJ��HvKLRPmXn

•2 11
1 ;I . II 

1 01 o .... _~, ---'----'----'-''-'-'--'-'-'-1 _ _,__,_._,_'-'-'-1,._,_o _ _,__,__..__,_.,__._.....,1 o 2 

Luminosity. ( x 1031 cm·2-s·1) 
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ITS�KMH]`�m3KLRgH�ÛdmXnLKLm�|��lKMHW}MR�|1VOzXV��0|��crP{PK5S�zXnMVs{�|�|1HW}WHWnMnTS�IL|'KMVl�PVsnTV��!kiR1Hv�fSÀ×¦VOILm3Kj|�V*�hKLR1HWnMH]HJ��H�|cKMn>S�IMH
zXHWnMnGm�|cKMHJIMHWnMKLm�|����\m�|Pm��^{��»rPmeSOnGHJ��H�|�KMnGm�|_`�RPmX}MR_KLR1Hr¤!»¤_}WVOz3z3mXnLmXV�|1nvS�IMH^�dm
�CITSO}JKLm�|��(S*|1�(ZPIMVo�d{1}WH
|1V4nMHW}WV�|1�1S�IL|�ZhS�ILKLmX}JzXHWnv`�m3KLR8zeS�I���H�KLITS*|1nL��HJIMnMH\H�|1HJI��0|��gkiR1Hy�7VOIMH�m�|cKMHJIMHWnLKLm�|���HJ��H�|cKMn�S�IMHgKp|oZPm�}
}-S�z3z3|(RhS�IM��nM}-S�KLKMHJILm�|��(S*|1��IMHWnL{Pz3Klm�|(��|hS�z5nLKTS�KMH^ZhS�ILKLmX}JzXHWnNRhSW�om�|��qzeS�I���H�KLITS*|1nL��HJIMnTH'�7V��7H�|�KL{��¿�
QlV-`�HJ��HJIsKLR1HWnMHvKj|�Z[HWnDV*�5ZPIMV�}WHWnTnMHWnsS�zXnMV�RhS-��Hv��HJIL|4n��fS�z3z6}JIMV0nMnDnMHW}JKLmXV�|1n&�
k!V��fS���H�SfIMH-SOnMV�|hS�rPzXH^HJ��H�|�KlnTHJzXHW}JKLmXV�|8S*|1� IMHW}WVOIM���1S�KTSf`�m3KLR8Sª�fS*|hS*��H-S�rPzXH�nLm32-H��@`]H^RhSW��H

KMV4nMHJzXHW}JK'S*|1��`�ILm3KMH�KMVUKTS�Z[H^`�m3KLR8KLR1H\HJ��H�|�KMnv`]H7S�IMHgm�|�KMHJIMHWnLKMHW��V�|Pz3|_`�RPm3zXHgnM��m3ZPZPm�|�� S�z3zuVOKLR1HJI
{�|Pm�|�KMHJIMHWnLKMHW��nTS*�\ZPzXHWn#��kiRPmXn¼×¦VOr�mXns�PV�|1H^rc|4rP{Pm3zX�dm�|��4S\KLRPIMHWH�}tzXHJ��HJz�}tKLILm�����HJI'nL|dnLKMH��Ë��Ø6HJ��HJz�} ���/,~�
Ù ���d}WV�|�|1HW}JKMHW��`�m3KLR�rP{d��HJIMHW�fZPm3Z[HJz3m�|1HWn#�<�bm��0{PIMH0,~��� / nLR1V.`Dn�SN"hV-`Î�dmeS*�0ITS*��V*�6KLR1HsKLILm�����HJI�ITS�KMHWn#�

L2 trigger

Detector

L3 Farm

Mass
Storage

L1 Accept

Level 2:
Asynchronous 2 stage pipeline
~20µs latency
300 Hz Accept Rate

L1+L2 rejection:  20,000:1

7.6 MHz Crossing rate
132 ns clock cycle

L1 trigger
Level1:
7.6 MHz Synchronous pipeline
5544ns latency
<50 kHz Accept rate

L2 Accept

L1 Storage
Pipeline:
42 Clock 
Cycles Deep

L2 Buffers: 
4 Events

DAQ Buffers 

PJW  10/28/96

Dataflow of CDF "Deadtimeless" 
Trigger and DAQ

�bm��0{PIMH.,~��� / ©e�+"hV-`]}TRhS�ILK'V*�>KLR1H����W��Ö Ö�V�|Pz3m�|1Hg�1S�KTS7"hV-`$�skiR1HgnLZ[HW}Jm��h}-S�KLmXV�|1n��#VOIlKLR1H'KLILm�����HJI
nL|dnLKMH���`�HJIMH��PHWnLm���|1HW���#VOIsSy�fSÀÛdm���{��*rP{�|1}TR�}JIMV0nMnMm�|��\ZCHJILmXVo�4V*�n� Ù ,ª|1n#�

kiR1H�Ø6HJ��HJz�} �7KLILm�����HJI�RhSOn�V�|Pz3|����Å�q° � KMV��fS���HfS4�PHW}JmXnLmXV�|�S�rCVO{PK^H-SO}MR=HJ��H�|�K#��ð�|�SW��HJITS*��H

[ l 
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m3K�V�|Pz3|8SO}W}WHJZPKMn�V�|Pz3|�V�|1H7HJ��H�|�K^VO{PK��#��ë~�YrPILm�|��(KLR1H\HJ��H�|cK^ITS�KMH7�PV-`e|�KMV�S�rCVO{PK��#ëq�vQG2��7kiR1H
SO}W}WHJZPKMHW�8HJ��H�|�KMn¥��V��w{PILKLR1HJINKMV�Ø6HJ��HJz�}%,~�$Ø6HJ��HJz�}%,URhSOnvS�z3m3KLKLzXHgrPm3K��7VOIMHgKLm��7HgKMVUZPIMV�}WHWnTn#��S�rCVO{PK
,�ëÀ} Ù ë�° � Z[HJIgHJ��H�|�K#��Ö¡�rØYHJ��HJz�}%,8SO}W}WHJZPKMn^KLR1HqHJ��H�|�K#�uKLR1HU`�R1VOzXHU�PHJKMHW}JKMVOI�mXngIMH-SO��VO{PK�S*|1��KLR1H
HJ��H�|�K'��VoHWnW�w{PILKLR1HJI�KMV4KLR1H�äu��H�|cK � {Pm3zX�PHJIgS*|1�½Ø6HJ��HJz�} Ù KLILm�����HJI#�qkiR1H7HJ��H�|cKgITS�KMHfS�K^KLRPmXn�nLKTS*��H
mXnvS�r[VO{PK1,�ë�ëÀ} Ù ë�ëqQG2��¥�´rPzXVo}M�_�dmeS*�0ITS*�ÃnLR1V-`�m�|��qKLR1HgKLILm�����HJI'}WV��\ZCV�|1H�|�KMn'V*��KLR1H¢Ø6HJ��HJz�} �7S*|1�
Ø6HJ��HJz�}%,fKLILm�����HJIMnDmXnGnLR1V-`e|�m�|��bm��0{PIMH2,~�3,�ë~�!Ö�| KLR1H$äu��H�|cK � {Pm3zX�PHJIsKLR1H'�1S�KTSª��ITS*���7H�|�KMn��wIMV���KLR1H
�dm
��HJIMH�|cK�ZhS�ILKMn�V*�YKLR1Hl�PHJKMHW}JKMVOIsS�IMHN}WVOz3zXHW}JKMHW�qm�|cKMV\SgnLm�|��0zXHlHJ��H�|cK�IMHW}WVOIM�®�d`�RPmX}MRqmXninL{Pr��\m3KLKMHW�qKMV
KLR1H�Ø6HJ��HJz�} Ù �­�iKnØ6HJ��HJz�} Ù KLR1HlSO}W}WHJZPKTS*|1}WHlmXn�S�r[VO{PK]V�|1HlHJ��H�|cK�VO{PK�V*�k���bkiR1HNSO}W}WHJZPKMHW�qHJ��H�|cKMnDS�IMH
HJ��H�|�KL{hS�z3z3|7KLITS*|1n��\m3KLKMHW��KMV'KLR1He�fSOnMn�nLKMVOITS*��HD�PHJ�omX}WHWniS�K�SNITS�KMHGV*�6S�ZPZPIMV#Ûom��fS�KMHJz3|q���'QG2GS*|1����HJK
`�ILm3KLKMH�|�m�|cKMV\KLR1HvKTS�Z[H��

RUN II TRIGGER SYSTEM
Detector Elements

GLOBAL 
LEVEL 1

L1 
CAL

COT

XFT

 MUON

MUON
PRIM.

L1
MUON

 L2 
CAL

CAL

XTRP

L1
TRACK

SVX 

SVT

CES

XCES

PJW 9/23/96

GLOBAL 
LEVEL 2 TSI/CLK

�bm��0{PIMH4,~�3,�ë~©�kiR1H«ØYHJ��HJz�} ��S*|1�iØ6HJ��HJz�}%,�KLILm�����HJILm�|���nL|dnLKMH��7n#�´kiR1H8krå�Ö��wkYILm�����HJI«å�{PZCHJIL�omXnMVOIÖ
|cKMHJI§�tSO}WH&�iZPIMV.��mX�PHWnlS*|4m�|cKMHJI§�tSO}WH'r[HJKp`]HWH�|�KLR1HvKLILm�����HJIsnL|dnLKMH��¿�P�1S�KTS7SO}W±�{PmXnLm3KLmXV�|�S*|1� }JzXV�}T�l�
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5�A76@Aoö98-:
kiR1H'Ø6HJ��HJz�} �^KLILm�����HJIsmXnsnM|�|1}TRPIMV�|1VO{1ns`�m3KLR�KLR1Hg���Åã\�_Qs2^kYHJ�0S�KLIMV�|�rP{�|1}TR�}JIMV0nMnLm�|���ITS�KMH^S*|1�

RhSOn�S(�PHW}JmXnLmXV�|�KLm��7HfV*����°6n#���iK^nL{1}TR�ITS�KMHfm3K^}-S*|�ú K��PV(KLR1H��PHJKTS�m3zXHW�=IMHW}WV�|1nLKLIL{1}JKLmXV�|%V*�G�eðlk
KLITSO}T�onvS*|1�¿�^{1V�|_nMKL{Pr1nGVOIlVOrPKTS�m�|�KLR1H^�PHJKTS�m3zXnGV*��nLR1V.`]HJIMnlm�| KLR1H^}-S�zXVOILm��7HJKMHJIMn#�rÖ
|1nLKMH-SO� m3Ks{1nMHWn
nMV��7HUHJ��HJIL|8IMVO{��0RPz3|8IMHW}WV�|1nLKLIL{1}JKMHW��ZhS�KLKMHJI�|1n#�5`�RPmX}TR�S�IMHU}-S�z3zXHW��ZPILm��\m3KLm3��HWn#�(�1VOIgm�|1nLKTS*|1}WH��k�wVOI
KLR1H��^{1V�|¸nLKL{Pr1n�`]H4V�|Pz3|���|1V-`�`�RPmX}MRé��{1V�|�}MRhS*�^rCHJI�RhSOn�KLR1H4nLKL{Pr��>rP{PK\KLR1HqnLKL{Pr%Z[V0nLm3KLmXV�|
S*|1�qnLzXVOZ[HGS�IMH�|1VOKi��|1V.`e|U|�HJK#�ukiR1H���{1V�|4VOIi}-S�zXVOILm��7HJKMHJI�ZPILm��\m3KLm3��HWn#�orCHJm�|���}WV���rPm�|1HW�q`�m3KLRqKLR1H
KLITSO}T�UZPILm��\m3KLm3��HWnG`]VO{PzX�¿�0m3��Hv{1nDHJzXHW}JKLIMV�|1n#����{1V�|1nGS*|1�ª×¦HJKMn#�o`�RPmX}TR `]H�}-S*|(KLILm�����HJID{PZ[V�|��
�
; 9 õ1?���� 9=< �
kiR1H�ä]ÛdKLIMH?>7HJz3|A@hSOnMK�kYITSO}M��HJICB�F0@5kEDv{1nMHWn^mGFIH#VOIJ>fS�KLmXVKFLHwIMVK>­VKFPz3|4M�SÀÛdmeS�zinL{PZCHJILzeS-|�HJIMn�VNH

KLR1H(�eðlk¼KMV_mX�PH?FcKLmOHw|=RPmGP0RIQGR û KLITSO}T��ZPILmG>\m3KLm3��HqmGF�KLR1HU¬ ó ñ�ZPzeSNF1HTS�kYV8�PV�nMV�KLR1HURPm3KMn�H�IMVK>
KLR1H^�eðlk)S�IMHvnMHJZhS�ITS�KMHW�(mGF�KMV\Kp`�V7}JzeSOnMnMHWnsSO}W}WVOIM�dmGF�P�KMV�KLR1HJm3Is�dILmOHwKDKLmG>7HTU9VXWLíOÆGÇCî�RPm3KMn�`�m3KLR(KLR1H
�dILmOHwK�KLmG>7HfzXHWnMnvKLRhSNFAMTM�F1n^SNF1�LY�Z�È3ÅK[�RPm3KMn'`�m3KLR�zXVKF�P�HJI^�dILmOHwK�KLmG>7HTSUkiR1H?F=KLR1H7RPm3K^ZhS�KLKMHJIJF=mGF
KLR1HlHJ��H?FcKimXni}WVK>\ZhS�IMHW�UKMVgS�ZPIMHW�PH]\^F1HW�qnMHJK�VNH6ZhS�KLKMHJIJF1nXH#VOI�r[VOKLRUKp|oZCHWniVNH6RPm3KMn-SukiRPmXn�ZPIMHW�PH]\^F1HW�
nMHJK�VNHbZhS�KLKMHJIJF1n�R1HJz3Z1n�KMV2\^F1�qKLR1HNnMH?PT>7H?FcKMnDVNHbRPmGP0RIQGR û KLITSO}M�dnXHwIMVK>�KLR1HGr[H-SN>\z3mGF1HN��HJIL|�±�{PmX}M�oz3|7S
@1VOI�S�z3z_HwVO{�F1�UnMH?PT>7H?FcKMn�`�mGFIH#VOIJ>fS�KLmXVKF4S�rCVO{PK�KLR1HG}TRhS�IJP�HT`d}J{PIL�OS�KL{PIMHNSNF1�fKLR1H¥ñUZ[V0nLm3KLmXVKF4S�Ki�eðlk
nL{PZ[HJILzeSW|�HJIlmXnG��HJZPK-S�kiR1H?F KLR1HgnMH?PT>7H?FcKMnG`�RPmX}MR�nMHWH?>7nl}WVK>\mGF�P#HwIMVK>*KLR1H^nTSN>7H'KLITSO}T� S�IMH'z3mGFP��HW�
KMVKP�HJKLR1HJIbmGFcKMVGKLR1H>KLITSO}T�vZPILmG>\m3KLm3��HTS<ÏNm3��H?F�KLR1H�nMR1VOILKYKLmG>7H]`�RPmX}MRgFa@5k8RhSOn-`�KLR1H�ZhS�ITSN>7HJKMHJIMn!VNH1KLR1H
KLITSO}T�_ZPILmG>\m3KLm3��H�S�IMH\HWnLKLmG>fS�KMHW�8��HJIL|�}JIL{1�PHJz3|7S\kiR1H�mGFIHwVOIJ>fS�KLmXVKF�VNH]KLR1H�H#VO{�F1�8KLITSO}M�_ZPILmG>\m3KLm3��HWn
mXn\�PHJz3m3��HJIMHW�%KMV�KLR1H�ä<ÛoKLITS�&bVOzeS�KMVOIf{�FPm3KCB�FNkeÝs&9DgSNF1��KMV�Ø6HJ��HJzOQ%,IS%kiR1HqFNkeÝs&b>fS�KM}TR1HWn7KLR1H
KLITSO}T�8ZPILmG>\m3KLm3��HWn=HwIMVK>ÃF0@bk×`�m3KLR=KLR1Hc>^{1VKF�SNF1��}-S�zXVOILmG>7HJKMHJIgZPILmG>\m3KLm3��HWn-SUFNkeÝs&~S�zXnMV {1nMHWn�S
ZPIMHW�PH]\^F1HW��nMHJKDVNHbZhS�KLKMHJIJF�KMV\nLZ[HWHW�q{PZ(KLR1H1>fS�KM}MRPmGF�P�ZPIMV�}WHWnTn-S
5�A76@Aoö98]d
kiR1HqHJ��H?F�KMn�SO}W}WHJZPKMHW��r�| Ø6HJ��HJzOQfegP�V(KMV«Ø6HJ��HJzOQ%,CHwVOI^KLR1HhHw{PILKLR1HJIgZPIMV�}WHWnMnMmGF�P^S�kiR1H�Ø6HJ��HJzOQ%,

{1nMHWnDKLR1HNZPILmG>\m3KLm3��HWniHwIMVK>�KLR1H¥Ø6HJ��HJzOQfe'ZPz3{1nDnTVK>7H'SO�P�dm3KLmXVKFhS�z6mGFIHwVOIJ>fS�KLmXVKFjH�IMVK>�KLR1Hv}-S�zXVOILmG>7HJKLIL|
SNF1��å�kGF.SckiR1HGmGFIH#VOIJ>fS�KLmXVKFqVNH6¬ ó ñURPm3KMnlH�IMVK>©KLR1H�å�klF mXn]{1nMHW�fKMV^H�ÛoKLITS�Z[VOzeS�KMHGKLR1HsF0@5k�KLITSO}M�
ZPILmG>\m3KLm3��HWnGmGF1nLmX�PHvKLR1H'å�klF×SNF1�4KMV7�PHJKMHJIJ>\mGF1H�KLR1HvKLITSO}M�qmG>\ZhSO}JKsZhS�ITSN>7HJKMHJI-` ®c¯ SnåoVK>7HvKLILmGPTP�HJIMn
zXVoVO�mH#VOIGKLITSO}T�onl`�m3KLR�RPmGP0R ®c¯ `CmnS½HTSEH#VOIlKLR1H^HJ��H?F�KMnN`�m3KLR��dmXnMZPzeSO}WHW����HJILKMH�Û/SNkiRPmXnN}-S�ZhS�rPm3z3m3Kp|_`�SOn
mGF�KLIMV��d{1}WHW� mGF�ÝD{�F¿Ö�Ö]S
o�6@Ao?CB#p\÷�
wöq�!A�ô7õ1?��r5�A76@Aoö98ts

Ö%FUKLR1H�äu��H?F�K � {Pm3zX�PHJIinL|dnLKMH?>�KLR1HlHJ��H?FcKXHwITSNPT>7H?FcKMn9HwIMVK>¹KLR1Hl�dm
�[HJIMH?F�KiZhS�ILKMn�VNH6KLR1Hl�PHJKMHW}JKMVOI
S�IMH^ZP{PKGKMVKP�HJKLR1HJI'SNF1�uP�VcHw{PILKLR1HJI'SOnGVKF1H^`�R1VOzXHgZPmXHW}WHTSGkiRPmXnlmXnl�PVKF1H�`�m3KLR_KLR1H\S�mX��VNH]SNFwvlnL|�FIQ
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}TRPIMVKF1VO{1nlkYITSNF1n�H#HJIG�_V��PHgB�vuk��wDiF1HJKp`]VOIL��nL`�m3KM}MR�`@`�RPmX}MR�KTS���HWnsKLR1H^HJ��H?FcK�H�ITSNPT>7H?F�KMn(HwIMVK>*KLR1H
�6HJ��HJzOQ%,hkl�«ä�}JITS�KMHWn-`1ZP{PKMn�KLR1H?>�mGF(KLR1HvZPIMVOZ[HJI�ZPzeSO}WHWnGSNF1�(KLR1H?FmHwHWHW�PnDKLR1H?>�KMV�KLR1H=�6HJ��HJzOQ%,IS
kiR1Hc�YHJ��HJzOQ%�gH#S�IJ>Ò}WVKF1nLmXnMKMnvVNH]Rc{�F1�dIMHW�Pn^VNH�}WVK>\ZP{PKMHJIMn7�3����	�S�kiR1HJ|_S�IMH\nM{PrC�dm3�omX�PHW��mGFcKMV�e#ã

P0IMVO{PZ1ngBwnL{PrIQ�H#S�IJ>7n]DlVNH0e#ã�Qfe-�4}WVK>\ZP{PKMHJIMn^mGF�H-SO}MR�S�ð�F1H7}WVK>\ZP{PKMHJI'mGF=H-SO}TR=nL{PrIQ�HtS�IJ>ÃnMHJIL��HWn�SOn
}WVKF���HJILKMHJI�F1Vo�PHT`uSO}W}WHJZPKLmGF�P�KLR1Hf�1S�KTSjH�IMVK>«KLR1H�äu��H?F�K � {Pm3zX�PHJI\SNF1�=�dm3IMHW}JKLmGF�P_m3K^KMV�VKF1HfVNHDKLR1H
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ZPzeS�K�H#VOIJ>*KMVfSOnTnMV�}JmeS�KMHNKLR1H'ZPRc|dnLmX}WnsVOrI�LHW}JKMnD`�m3KLR �PHJKMHW}JKMVOIl}WVK>\ZCVKF1H?F�KMn-S½kiR1H��1S�KTSf}WVOz3zXHW}JKMHW��SNF1�
IMHW}WVOIM�PHW�=H�IMVK>aKLR1H��PHJKMHW}JKMVOIbS�IMHu{1nL{hS�z3z3|v}-S�z3zXHW�vZPR�|onMmX}WnÕ�jHJ��H?FcKMnJ�fS�Ö�H>nMKL{1�d|lKLR1H>ZPRc|dnLmX}Wn6ZPIMVo}WHWnMnMHWn
VOIJPcSNFPm32WmGF�P�KLR1HWnTH8HJ��H?FcKMn4r�|�{1nLmGF�P�KLR1HJm3I�Ä�É
ÌOËCÅ0îwì�W'Z?S¼kiR1H�SNFhS�z3|dnLmXnqZCHJI�H#VOIJ>7HW��mGF KLRPmXnqKLR1HWnLmXn
r[HJzXVKF�P�nDKMV\nLmGPTFhS�KL{PIMH'rhSOnMHW�(nMH-S�IM}TR1HWn-S
kiR1H�nLKLITS�KMH?P0|�mGF(nMmGPTFhS�KL{PIMHNrhSOnMHW�4nMH-S�IM}MR1HWns{1nL{hS�z3z3|hH#VOz3zXV-`DnGnL{1}MR SgIMVO{PKLmGF1HTUl@!m3IMnMK�`]Hv}JzeS�ILmOHw|

KLR1H\nLmGPTFhS�KL{PIMHfVNH]KLR1HgZPRc|dnLmX}Wn'VOrI�LHW}JK0HwVOIvVO{PI�SNFhS�z3|dnLmXn-SgkiR1H?F8rc|_nMHJKLKLmGF�P SqnMHJILmXHWnvVNH]�omGF1H?>fS�KLmX}
}J{PKMn-`@`]H��PH]\^F1H^KLR1H^nMmGPTFhS�z!IMH?P0mXVKF8SNF1��}WVKF�KLIMVOz5IMH?P0mXVKF�S(k�S�ILmXVO{1nNIMH?P0mXVKF1nvS�IMH'{1nMHW��KMV7��HJILmOHw| VO{PI
{�F1�PHJIMnLKTSNF1�dmGF�P4VNH>KLR1H�rhSO}M�!P0IMVO{�F1�Pn-×[}WVK>\ZCV0nLm3KLmXVKF8SNF1� �dmXnMKLILm3rP{PKLmXVKF�SskiR1HJ| S�zXnMVfR1HJz3Z�{1nGKMV7{�FIQ
�PHJIMnLKTSNF1� KLR1H'nLmGPTFhS�z6r[HJRhSW�omXVOIsVNH5��mGF1H?>fS�KLmX}^±c{hSNF�KLm3KLmXHWn-S�kiR1V0nTH'}J{PKMnGS�IMH'S�ZPZPz3mXHW� KMV\KLR1H'�1S�KTS�mGF
nMHW±�{1H?F1}WH'`�m3KLR�KLR1H'ZP{PILZ[V0nMH'VNH�nL{PZPZPIMHWnTnLmGF�P7KLR1H'rhSO}T��P0IMVO{�F1�PnvSNF1��H?FPRhSNF1}JmGF�P�KLR1H^nLmGPTFhS�z6IMHJKMH?FIQ
KLmXVKF�S5kiR1HJIMH]H#VOIMHiKLR1H��1S�KTSlSNFhS�z3|dnLmXn5mGF�KLRPmXn5KLR1HWnLmXn5mXn{>7VOIMH�VOI5zXHWnMnbz3m3��HDSl}WVO{�FcKLmGF�P�H]ÔdZCHJILmG>7H?F�K-S�vsz3z
}J{PKMnlF1HWHW�\KMVvr[HDVOZPKLmG>\m32-HW�fnMV'KLRhS�K>`]HD}-SNF#P�HJK�KLR1Hi>fS�ÔdmG>�{�>¹ITS�KLmXV'VNH6nLmGPTFhS�zhV-��HJI]rhSO}M�!P0IMVO{�F1�Pn-S
�%F7KLR1HsH?F1�fKLR1Hi\^FhS�zCVOr1nMHJIL��HW�hF�{�>�r[HJIiVNH6HJ��H?F�KMn�mXn]}WVK>\ZhS�IMHW�f`�m3KLR�KLR1Ha¤�KTSNF1�1S�IM�U��Vo�PHJzhH]ÔdZCHW}]Q
KTS�KLmXVKF�S£��H�KLR1HJIMHDmXn]S�nLmGPTFPmO\h}-SNFcK�mGF1}WVKF1nLmXnLKMH?F1}J|.H#VO{�F1�7r[HJKp`�HWH?FUVOr1nTHJIL�OS�KLmXVKF1n]mGFfKLR1HDnMmGPTFhS�zhIMH?P0mXVKF
SNF1��¤�KTSNF1�1S�IM����Vo�PHJz6ZPIMHW�dmX}JKLmXVKF1n-`hm3KD`]VO{PzX�(rCH�SNF mGF1�dmX}-S�KLmXVKF�VNH�F1HJ`~&uRc|dnLmX}WnsrCHJ|�VKF1�4KLR1H�¤o�LS
Ø KLR1HJIL`�mXnMHf`]H�`�m3z3z�nTHJK�SNF�{PZPZCHJI1>fSOnTn'H]Ôd}Jz3{1nMmXVKF8z3mG>\m3K�VKF�KLR1H�ZPIMVo�d{1}JKLmXVKF�}JIMV0nMnvnMHW}JKLmXVKF=mOHXF1V
H]ÔP}WHWnMnDVo}W}J{PIMn-S
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HJzXHW}JKLIMVKF1niSNF1�.>�{1VKF1n-SukiR1Hs±c{hS�IL�dnumGFfSNFc|\�PHW}-S-|�}TRhSNF�F1HJzh`�m3z3z�HwITSNPT>7H?FcK�mGFcKMVi�LHJKMn-SbkiR1HiF1HJ{PKLILmGF1V
`�m3z3zuZhSOnMnlKLRPIMVO{�P0R8KLR1H#á��0@r�'���PHJKMHW}JKMVOIv{�F1�PHJKMHW}JKMHW���d{1HgKMVUm3KMn0F1HJ{PKLITS�z>}MRhS�IJP�H7SNF1�wF1H?P0z3mGP0m3rPzXH
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Had energy of muon

D��I{ � ûàüåN�
 " P0|¥�þü �!ýSû ø  Fú�{aC¢ü!ý���� E �þüRQ~ý�Jiú�C��`��ú
��û ø C����¾ü!C¢ü!ûS{�� E û��I{���ý�J��	�þÿSýSû��)� � ý�� ø C¢ÿ2Q ø û» �¢ø C¢ÿ2Q�û ø  
�þü!ùuý øY�\� ú�û]���uü ��ú��c��¨15�¨15v�2��ú�CuC¢ü�� E ���Y� M K4V Q C¾ü��åÁ�� �-JR


�ICyú3� ø C¢ü¾û«ú
�	� � ÿ�°�
 �Fú�� ø
� ý�ý��¢üå �¢ø CÉú�C��#ý��¢ü¾ý ø ý«ú���ýSû«ú�C¢ÿ]�cü!ûàÿàü¾ �¢ø CÃ ø  Lü!C ý �  Ã
��
���þÿ
� � ý�ûàü � � � ü ÿ�ù ø ÿàÿ!�)���þüF �¢ø C¢ÿ��������!�¤û«ú
�	� ú�ýàü®ù�� ø ý ø C¢ÿz��� ú����I{��¢ü!û)� ø ûM�uü!û8© À º ùuû ø � ü ÿàÿàü ÿ�

w �»ü������þÿ ø � ú�ýàü �É �¢ø C��þÿ�ûàü �U� �Iûàü �Éý ø ��ú �cü�I (Z{,|¹ �2J ¹Nd Q � K 
��
�¢ü�ü�òa���þü!C���� ø Qiý����þÿi� � ý(�þÿ
�)�þÿSýàü �8�IC ��ú����þü�N�
 � 


� $ ����ª ��x�ý»ÿSý«ú�C��uÿ�Q ø û»ý��¢ü¬«?Là�|�	�þÿSý«ú�C�� ü��Åü!ý}�»ü ü!CÇý��¢ü G ýSýàü �LýSû«ú
�M�Fù�ú�ý��®ú�C��³ý��¢üz �¢ø CÇÿSý � ����IýE� ø ��ú�ý�� ø C�
��
�¢ü2ù � ûSù ø ÿàü ø Q�ý����þÿ¥� � ý��þÿ�ý ø  Fú��cüáÿ � ûàü2ý���ú�ý0ú�ýSû«ú
�M�U�þÿ¥� ø ûSûàü �!ý]���súÈÿàÿ ø ��� ú�ýàü �
ý ø úF �¢ø C3ÿSý � �"���Iý�
s|z
 {¢
Ox�Q2ú³ýSû«ú
�M����úÈÿ;úª�	�þÿSý«ú�C�� ü3� ø Cu{cü!û;ý���ú�C N|� ü!C ý��I Lü!ýàü!ûàÿ;Q�û ø   ú
À����  �¢ø CÆÿSý � � E � �! Q ø û À���� � � �! Q ø û À���� JR�� ø ÿSýi�)���cü����"�Iý��þÿ�ú�C ø ý��¢ü!ûK�2��ú�ûS{cü �
ù�ú�ûSý������þü�3+ÿ¾ýSû«ú
Ä)ü �!ý ø û]�Éú�C����2üD� ø C13 ýq� ø C¢ÿ����uü!û¾ý��¢ü! úÈÿ ø C¢ü�úÈÿàÿ ø ��� ú�ýàü �É �¢ø CMü��cü!C ý�
&�
�¢ü
�Èú�� � ü ø QVý��¢üOÿSý � ���' Fú�ýM�!�Ù� � ý.�þÿ�ûàü�� ú�ýàü �yý ø ý��¢üK�	�þÿSý«ú�C�� üD�IC « ø Q0ý��¢ü; �¢ø C��uü!ýàü �!ý ø û�Q�û ø  
ý��¢üåü��cü!C ýO�cü!ûSýàü µ 
@��¼�-p �¢ø C¢ÿ�ú�ûàü;C ø ý�ûàü �\� �Iûàü �#ý ø ù�úÈÿ«ÿ�ý����þÿO� � ý�
�D��I{ � ûàü�N�
!«�ÿ�� ø �zÿzý��¢ü
ÿSý � �# Fú�ýM�!���	�þÿSýSû��)� � ý�� ø C¢ÿ�Q ø û�ý��¢üi�þü!ùuý øY�\� ú�û]� �Éø C ýàü À ú�û]� ø 


� ��û«ú
�H� �U� ú��)�Iý��Ù�aú�û�� ú����þü ÿ0���
�¢ü�C �  D�Åü!û ø Q À�Â � ¶�ýàü!ûàü ø ���Iýàÿ�ú�C�� À�Â � w�µ � ú��m���Iýàÿ��jú�C��
ï!�ç�cü!ûSýàü µ �Åü�� ø Cu{[ý ø ý����þÿO��ú�ýàü!{ ø û]�c
a­ {�& �}®S� | ú�C��A­s�!¯ (I�2°�ú�ûàü¾ûàü �\� �Iûàü �Çý ø �Åü;ú�ý`�þü�úÈÿSý#«a°[ú�C��
" � ûàü ÿSùÅü �!ý����cü����c
: ��|�uü G C��Iý�� ø C��5ú[º¾üRQ<��û]��� ø C ý«ú��IC¢ÿ¾ú�ýO�þü�úÈÿSý@«a°LÿSýàü!ûàü ø ú�C�� " � ú µ � ú�� À�Â ����Iýàÿ�±�² ú�ý¥�þü�úÈÿSý � ú µ � ú��¢ÿ����)��� ø C����Iýàÿ�
��
�¢üáù � ûSù ø ÿ«ü2Q ø ûiú�ùuù������ICu{;ý����þÿ0ÿàü��þü �!ý�� ø Ca� � ým�þÿ�ý�� � ÿ
ý ø ûàü7Ä)ü �!ý�ú�CU�³ �¢ø C¢ÿ¬�������2� �U� ú��)� Q��ÇúÈÿ�ú�º¾üRQ>�eû]�r��� úsý��¢ü � ú µ � ú���ÿ!���)��� ø C����Iý�ûàü �\� �Iûàü! Lü!C�ý�
�
�¢ü;ü�è�ü �!ý ø QVý����þÿ@� � ý¬�þÿ ø C����®Q~ü��Iý¬�U�A��¼.-± �¢ø C¢ÿ�

�
�¢ü;ûàü�úÈÿ ø C#Q ø ûzý����þÿ��þÿ�ý���ú�ý.�Åü ��ú � ÿàü��¼.-± �¢ø C¢ÿ�ú�ûàü�C ø ý�ûàü �U� �Iûàü �Ãý ø ��ú��cüsúLÿSý � �Ã Fú�ýM�!���5ý��¢ü��Iû�ýSû«ú
�H�Ãù¢ÿàü � � ø û«ú�ù����	�Iý<���þÿzC ø ý
ûàü ÿSýSû����!ýàü �Lý ø ý��¢ü#� ü!C ýSû«ú��nûàü!{�� ø C ø Q�ý��¢ü À����0� ú�C�� À�� � �uü!ýàü �!ý ø ûàÿ�
m�
�¢ü�ù¢ÿàü � � ø û«ú�ù����	�Iý��
û«ú�Cu{cü ø Q�ý��¢ü���¼.-  �¢ø C¢ÿ��þÿ��)�I ��Iýàü � ø C������\�[ý��¢ü �U� ú��)�Iý�� ø QÅý��¢ü�ýSû«ú
�M�Å
0D ø ûáú�C³ü��cü!C ý
���Iý��
ú|ï!�ç�cü!ûSýàü µ �þü ÿàÿ;ý���ú�C � °
�! Ã�eûàü � ø C¢ÿàýSû � �!ýàü �;��¼�-  �¢ø C¢ÿU���Iý��ÆúÇù¢ÿàü � � ø û«ú�ù����	�Iý<� {aûàü�ú�ýàü!û



�������������ìë���íz���u�p��î���ï�ði�_ñS� ��F

 x (cm)∆
-10 -8 -6 -4 -2 0 2 4 6 8 10

E
ve

nt
s 

/ 0
.1

 c
m

1

10

10
2

10
3 Muon Detector

CMU

CMP

CMX

Muon Stub-Track Delta-x

D��I{ � ûàü;N�
!«�P»¶�ý � ���'ýSû«ú
�H�® Fú�ýM�2���ICu{[Q ø û À���� � À�� � �uú�C�� À�� �  �¢ø C#ý��_ùÅü ÿ��ICÇý��¢üq�.�c� M V�V QC¾ü��åÁ�� � ��ø C�ýàü À ú�û]� ø ÿ«ú� [ù��þüa


ý���ú�C�«�
¬°Fú�ûàü � C��)���cü����#ý ø ù�úÈÿàÿz �¢ø C�ÿàü��þü �!ý�� ø C�� � ýàÿ�
 w ÿ�ú[ûàü ÿ � �Iý�� À�Â �³���Iý�ûàü �\� �Iûàü! Lü!C�ýàÿ
ú�ûàüe�)���cü����Oý ø ûàü7ÄSü �!ý��aQ ø û�ü µ ú� [ù��þüa��ú�C\�OQ ø û��2ú�ûM�[ûàü!{�� ø CL �¢ø C G ýSýàü �[ý ø ú�ýSû«ú
�H�3�uü G C¢ü � ø C�����\�yÿ!���)��� ø C����Iýàÿåú�C��Kúa  ��� ÿSý � ��
��
�¢üsü�òa���þü!C���� ø Q»ý����þÿ@� � ý(�þÿ Fa¯ 
 ¯ ª Q ø û���¼�-  �¢ø C¢ÿ��
ú�C��8�þÿ " °a° ª Q ø û À����0� ú�C�� À�� �  �¢ø C�


w ÿ �  [ Fú�û]� ø Q�ý��¢ü8�IC��	���:��� � ú���ùuûàü ÿ«ü��þü �!ý�� ø C�ü�òa���þü!C����þü ÿ[Q ø û�ü�ú
�2�¤ �¢ø C¤ý<��ùÅü`�þÿ[ÿ�� ø ��CB�IC��ú����þüFN�
 � 
�º�ü!ý«ú����þü �¤�	�þÿH� � ÿàÿ�� ø C3ú�� ø
� ý;ü�òa���þü!C���� ø Q2ýSû��I{a{cü!û���ûàü � ø C¢ÿSýSû � �!ý�� ø C¨ú�C��%´��'��ü!ûSýàü µ ú�ûàü�IC���� � �uü � �IC w ùuùÅü!C��	� µ |z

qDµ·¶ s qDµ¹¸ º ²8»

¸S�a¼7½2� §�§ � T ­ Q � ¢S¾ T ¤ � V ­ Q � ¤ ¾ T � � Q ­ Q � K ¾¸ �?¼7½ {,| T § � V ­ Q � R ¾ T \ � \�­ Q � ¢S¾ T \ � § ­ Q � Q ¾¸ & ® (À¿ §�§ � \�­ Q � \�¾ T ¤ � �å­ Q � ¢S¾ �
¸à�?¼oÁ5��Â | T � � ¤ ­ Q � ¢S¾ T�T � V ­ Q � R ¾ �
¸2Ã!(I� T ¤ � K ­ Q � K [Ô�7Ä�Å:Ä�]j­ Q � ¤ [Ô�4Æu�Ç]�¾��ú����þüFN�
 � På|�òa���þü!C���� ÿ �  [ Fú�û]�Éý«ú����þüLúÈÿ¾Q~û ø   ¼�üRQS
 E¬¯a¯�H � E¬¯�FoH � E " ° �oH � E "a"a" H �jú�C�� w ùuùÅü!C��	� µ ºú�C��Ã|�




�������������ìë���íz���u�p��î���ï�ði�_ñS� f °
Ú;ò�È �ÊÉMî�î¨Éà÷�ÝÌË`Í Îz÷vî¨Ï¬Ð�Í7îÑÐ í ÷eÐ�Í7Ý�Ò�Ó;ÔÕ�Ö
�
�¢ü�ýSû«ú�C¢ÿ�×cü!ûàÿàü�ü!C¢ü!ûS{�Ø¦I�¹i�
�þÿ#Ùuü G C¢ü�Ù�úÈÿ#I;W!XÚY } �a���¢ü!ûàüÉ|Û�þÿLý��¢üyü!C¢ü!ûS{�Ø¤ Lü�úÈÿ!Üuûàü�ÙP�:Ø

ý��¢ü�Ý�ú�Þ ø û��I Lü!ýàü!û�
³�
�¢ü��I D��ú�Þ ú�C6Ý ü��IC�ýSû«ú�C¢ÿ!×cü!ûàÿàüÃü!C¢ü!ûS{�Øc��ßI�¹»���þÿLý��¢üÃ Fú�{aC��Iý�Ü6Ùuü ø Q�ßà(á ���Iý��ßà(á MkO�â ( I (¹�ã�ä �����¢ü!ûàü ã�ä �þÿåú�ÜuC��Iý(×cü�Ý!ý ø ûåý���ú�ý¾ù ø �IC ýàÿ�Q~û ø  ý��¢ü��IC�ýàü!û«úÇÝ!ý�� ø C*×cü!ûSýàü µ ý ø ý��¢üå ý���Ý�ú�Þ ø û��I Lü!ýàü!û�ý ø �»ü!û.�ICyý��¢üåýSû«ú�C¢ÿ�×cü!ûàÿàüåù�Þ ú�C¢üa
 � ÿ!Ü�ú�Þ)Þ)Ø$ßIz¹%�þÿ�ûàü!{ ú�û!Ùuü�ÙÉúÈÿ�ý��¢üåùuûàü ÿàü!C6Ý ü ø Q0ú�C
ø ÜuýS{ ø �ICu{#ÜuC6Ùuü!ýàü�Ý!ýàü�ÙÃC¢ü�ÜuýSû��IC ø �ICyúsù��:Ø_ÿ!�ZÝ ÿ�ü�×cü!C ý�


x�CKý����þÿ;ú�C�ú�Þ)Ø_ÿ!�þÿ��Åý��¢ü�û«ú��ÌßIz¹¦×Èú�Þ)Ü¢üe��úÈÿ¾ý ø �ÅüeÝ ø ûSûàü�Ý!ýàü�Ù*���Iý��Éý,� ø Q'úÇÝ!ý ø ûàÿ�
OD��Iûàÿàý��Åý��¢ü�ßI�¹
 UÜ¢ÿSý¬�Åü&Ý ø ûSûàü�Ý!ýàü�ÙÃý ø ü µ Ý�Þ)Ü6Ùuüåý��¢ü¾ DÜ ø CÉü!C¢ü!ûS{�ØAÙuü!ù ø ÿ��Iýàü�Ù8�IC�ý ø ý��¢ü&Ý�ú�Þ ø û��I Lü!ýàü!û�P
ßI�¹a[ � ] MæO I`[ � ] MæO0ç�è [>é�ê0ë è¨ì IUí è ]�î�ïSWn� è¨ì [>é�ê0ë#ð¹ ì Ieíñð¹ ]�î�ïSWÅ� ð O J ð¹ î�ïSW5� ð ^mò<ó	ôGõSö
ßI�¹a[hÆ6] M·O I#[hÆ6] MæO0ç6è [>é�ê0ë è¨ì IUí è ]�W!XZY�� è¨ì [>é�ê�ë#ð¹ ì IUí÷ð¹ ]�W!XZY�� ð O J ð¹ W!XZY�� ð � ò<ó	ôGóSö

I`[ � ^�Æ6]¬�þÿ�ý��¢ü�ÿ!Ü�ø ø�ù ý��¢üU��úÇÙ�û øÇú �ZÝ8ò>é�ê0ë8ö�ú ú Ù�ü�Þþü�Ý!ýSû ø øFú�{ ú ü!ý��ZÝ�ò>Ieí·özü ú ü!ûS{�Ø Ùuü!ù ø ÿ!�Iýàü�Ù � ú
ý��¢ü å �2ü�Ù�{cü ÿ ø�ù ý��¢ü�Ý�ú�Þ ø û��)øLü!ýàü!û4ô0|»úÇÝ!�Lù��:Ø_ÿ��ZÝ ÿ0ü�×cü ú ý@�þÿ�úÈÿàÿ�Ü�øLü�Ùsý ø ��ú4×cü
û�ü!û ø � ú �Iý�� ú�Þ¢ýSû«ú ú ÿ�×cü!ûàÿàü
ü ú ü!ûS{�ØKú ú Ùyý��:Ü¢ÿ�ý��¢ü � ú ú Ù�Æ�Ý ø ø[ù øÇú ü ú ýàÿ ø�ù ý��¢ü�ßIz¹¤ú�ûàü ú ü!{ ú�ý��)×cü�Þ)ØÉü�üýÜ�ú�ýàü�Ù�ý ø ý��¢ü � ú ú Ù�ÆÝ ø ø[ù øÇú ü ú ýàÿ ø�ù ý��¢üLý ø ý«ú�Þ�ýSû«ú ú ÿ�×cü!ûàÿ«üFü ú ü!ûS{�Ø�Ùuü!ýàü�Ý!ýàü�Ù*� ú ý��¢üLü�×cü ú ý4ô8�
�¢ü�øUÜ øÇú ü ú ü!ûS{�Ø�� ú ú ú
ü�×cü ú ýU�þÿ�úÇÙ�Ùuü�Ù3ý ø ý��¢üLý ø ý«ú�Þ»ýSû«ú ú ÿ�×cü!ûàÿàüLü ú ü!ûS{�Ø��:ØMÿ�Ü��uýSû«úÇÝ!ý�� ú {�ý��¢üFü ú ü!ûS{�Ø��IýDÙuü!ù ø ÿ!�Iýàÿ�� ú ý��¢üÝ�ú�Þ ø û��)øLü!ýàü!û¾ú ú ÙyúÇÙ�Ù	� ú {Lý��¢üåûàü�Ý øÇú ÿSýSû�Ü6Ý!ýàü�Ù ø ø øLü ú ý�Ü�ø�ô

¶_ü�Ý øÇú Ù	Þ)Øc��ý��¢ü�ý ø ý«ú�Þnÿ!Ü�ø ø�ù ýSû«ú ú ÿ�×cü!ûàÿàü�ü ú ü!ûS{�ØFÿ�� ø Ü�ÞZÙ#�Åü ù ÜuûSý��¢ü!û�Ý ø ûSûàü�Ý!ýàü�Ù#�ýØLý��¢ü�ùuûàü ÿàü ú Ý ü
ø�ù Ä)ü!ýàÿ�� ú ý��¢ü�ü�×cü ú ý�úÈÿ
Ù	�þÿ!Ý�Ü¢ÿàÿàü�Ù`� ú ¶_ü�Ý!ý�� øÇú ó	ô ¯ ôm�
�¢ü2Ä)ü!ýáü ú ü!ûS{�Ø#Ý ø ûSûàü�Ý!ý�� øÇú ÿ�ú�ûàüåúÇÝ�Ý ø Ü ú ýàü�Ù ù~ø û� ú ý��¢üAßIz¹;Ý�ú�ÞZÝ�Ü�Þ ú�ý�� øÇú ô
þ;ò,ÿ �0Ð����

� ý À º��¤ÄSü!ýàÿsú�ûàü ø �¢ÿàü!û�×cü�Ù¤úÈÿUÝ�Þ)Ü¢ÿàýàü!ûàü�Ù¨ü ú ü!û	��Ø%Ùuü!ù ø ÿ��Iý�� øÇú ÿe� ú ý��¢ü`Ý�ú�Þ ø û��)øLü!ýàü!ûàÿ�
mÜ¢ÿ!Ü�ú�Þ)Þ)Ø
ûàü ÿ�Ü�ÞIý�� ú � ù û ø ø ý��¢ü�üýÜ�ú�û	� ø û
��Þ)Ü øÇú ù û«ú���øLü ú ý«ú�ý�� øÇú ô��cü!ýàÿ�ú�ûàü�Ý�Þ)Ü¢ÿàýàü!ûàü�Ù�Ü¢ÿ�� ú �³ú�Ý øÇú üOú�Þ�� ø û��Iý���ø���Iý��Kú�� µ ü�Ù�Ý øÇú ü�ÿ��)û�üD� ú �����ZÝ!�Éý��¢üDÝ ü ú ýàü!û ø�ù ý��¢üzÄ)ü!ý¬�þÿ�Ùuü�� ú ü�Ù�úÈÿeò���������^��������}ö�ú ú Ùyý��¢ü�ÿ��)û�ü ø�ùÝ øÇú üLúÈÿ�� M! [�� � |#" � ® O � �$�%� ]#& ì ['� � |#" � ® O � �$�%� ]#&)( °	ô *+
�°	ô f ø û-,�ô¬°	ô/. ú ý����þÿ;ú ú ú�Þ)Ø�ÿ��þÿ(�»üeÜ¢ÿàü
ý��¢ü¾ÄSü!ýàÿ(���Iý��%Ý�Þ)Ü¢ÿSýàü!û�� ú ��Ý øÇú ü�0'û«úÇÙ	�)Ü¢ÿOúÈÿ�°	ô f ô-��ÜuûSý��¢ü!û�ø ø ûàü1
��2üFúÈÿ	�LÄSü!ýàÿ;ÿSý«ú4Ø�� ú ý��¢üLûàü2��� øÇú ø�ù
ù¢ÿàü�Ü6Ù ø û«ú�ù��ZÙ	�Iý,Ø����Iý���� ú43 � 365 õ	ô¬°	ô

½ üLý«ú��cü[ý}� ø ý}Ø_ùnü ÿ ø�ù ÄSü!ýàÿ(� ú ý øÃø ÜuûOÿàü�Þþü�Ý!ý�� øÇú ô��
�¢ü��¢ûàÿSý øÇú ü��þÿ�+�ý�������ý=/$
v��� ø ÿ«ü[ýSû«ú ú ÿ�×cü!ûàÿàü
ü ú ü!û	��Ø�øDÜ¢ÿàý?�Åü��aûàü�ú�ýàü!ûiý��¢ü ú õ17DCåü'8�ôS�
�¢ü ø ý��¢ü!û@�þÿ�+}Þ ø_ø ÿàü /$
ý�����ZÝ!���þÿ�ûàü�üýÜ��Iûàü�ÙFý ø ��ú�×cü.Iz¹%£ K4¤C¾ü�8eôÑ�
����� ý2ÄSü!ýàÿ�ú�ûàüOúFÿ�Ü��¢ÿàü!ý ø�ù Þ ø_ø ÿàüzÄ)ü!ýàÿ4ô
�
�¢ü�Ä)ü!ý�ü ú ü!û	���þü ÿ�Ý�ú ú �nüUÙ	�þÿSý ø ûSýàü�Ù�Ù	Ü¢ü;ý ø ×aú�û�� ø Ü¢ÿÜ ú Ùuü!û�Þ)Ø�� ú �Éú ú ÙMù��:Ø_ÿ!�ZÝ�ú�Þiü�9Åü�Ý!ýàÿ7ô��
�¢üLû«ú4� Ä)ü!ý;ü ú ü!û	���þü ÿ�ú�ûàü[ý��:Ü¢ÿ�ÿ!Ý�ú�Þþü�ÙMý ø úÇÝ�Ý ø Ü ú ý ùÔø ûåý��¢ü ÿàü
ü�9�ü�Ý!ýàÿA� ú ø û!Ùuü!û#ý ø¤ø �uý«ú�� ú ý��¢üMü ú ü!û	��Ø ø�ù ý��¢ü:� ú ú�Þ;ÿSý«ú�ýàüKù�ú�ûSý��ZÝ�Þþü�09Þþü�×cü�ÞzÄ)ü!ý4ô �
�¢ü ùÔø Þ)Þ ø ��� ú �Ý ø øU��� ú ú�ý�� øÇúFø�ù Ý ø ûSûàü�Ý!ý�� øÇú ÿ0ý ø ý��¢ü2û«ú��ÉÄ)ü!ýVü ú ü!û	���þü ÿ�úÇÝ�Ý ø Ü ú ý ùÔø û�ý��¢ü ÿàüáü�9Åü�Ý!ýàÿ�ò�ý��¢ü ú¢ø øLü ú Ý�Þ ú�ý�Üuûàü



;�<>=@?>A�BDCìëFE�í
=GAH=I=�î@=�ï�ðKJ_ñ	J f ,
ùÔø Þ)Þ ø �zÿ À º>�BÝ øÇú ×cü ú ý�� øÇú ö E ,1,�7�
H*+, H�L
�NM ý«úO0}Ùuü!ùÅü ú Ùuü ú ý�0Ñ�
���þÿvÝ ø ûSûàü�Ý!ý�� øÇú �þÿjú�ùuù�Þ)�þü�ÙOý ø û«ú4�yÄSü!ýeü ú ü!û	���þü ÿ�øLü�úÈÿ�Üuûàü�Ù�� ú ý��¢ü?Ý�ú�Þ ø û��)øLü�0ýàü!ûÇý ø øFú��cü®Ä)ü!ýÃü ú ü!û	��ØNÜ ú � ù~ø û�ø�ú�Þ øÇú ��ü!ý«ú	ô �
�¢üKýSû«ú ú ÿ�×cü!ûàÿ«üMü ú ü!û	��Ø ø�ù ý��¢üKý}� ø Ä)ü!ýàÿ� ú ú�õO0QP.õKùuû ø Ý ü ÿàÿ[ÿ�� ø Ü�ÞZÙB�Åü#ü�üýÜ�ú�Þ9ôB�
���þÿLùuû ø ùnü!ûSý,Ø
�þÿ�Ü¢ÿàü�Ù ý ø ÿ!Ý�ú�Þþü�ÄSü!ýàÿ ø Üuýàÿ��ZÙuü#ý��¢ü
°	ôGõ�R ª ü!ý«ú ª R�°	ôTS[ûàü2��� øÇú ý ø Ä)ü!ýàÿ�� ú ÿ!�ZÙuü¾ý��¢üåûàü2��� øÇú ô.ò~·�ü�×cü�ÞU,7ö

� � Ü�ÞIý��Iù�Þþüe� ú ýàü!û«úÇÝ!ý�� øÇú ÿV0 À2ø ûSûàü�Ý!ýàÿåý��¢ü�ÄSü!ýàÿ ùÔø ûåü�×cü ú ýàÿ&���Iý���øUÜ�ÞIý��Iù�Þþü�� ú ýàü!û«úÇÝ!ý�� øÇú ÿ ù~ø û¾ý��¢ü
ÿ«ú�øLü���Ü ú Ý!�AÝ!û ø ÿàÿ�� ú �6ôm�
�¢ü(Ý øÇú ýSû��)��Üuý�� øÇú ÿ ù û ø ø ý��¢ü¾ü µ ýSû«úD� ú ýàü!û«úÇÝ!ý�� øÇú ÿ�ú�ûàü¾ÿ�Ü��uýSû«úÇÝ!ýàü�Ù øÇú
ú�×cü!û«ú��cü�ô0ò~·�ü�×cü�ÞW*:ö

� � �¢ÿ ø Þ)ÜuýàüX0 À2ø ûSûàü�Ý!ýàÿåý��¢ü�ÄSü!ýåü ú ü!û	��Ø øLü�úÈÿ�Üuûàü�Ù*� ú ý��¢ü�Ý�ú�Þ ø û��)øLü!ýàü!û ùÔø û;ú ú Ø ú¢øÇú 09Þ)� ú ü�ú�û��Iý}Ø
ú ú Ù#ü ú ü!û	��Ø8Þ ø ÿàÿ�� ú ý��¢ü&Ü ú 09� ú ÿSýSû�Ü�øLü ú ýàü�Ùyûàü2��� øÇú ÿ ø�ù ü�úÇÝ2� Ý�ú�Þ ø û��)øLü!ýàü!û4ô(ò~·�ü�×cü�ÞY7Sö

� �.ú Ùuü!û�Þ)Ø�� ú �Lü�×cü ú ýG0 À2ø ûSûàü�Ý!ýàÿ ùÔø û�ý��¢üåü ú ü!û	��ØÃúÈÿàÿ ø Ý�� ú�ýàü�Ù8���Iý��Ãý��¢üåÿSùÅü�Ý!ý«ú�ý ø ûzù�ú�ûSý øÇú ÿ¬� ú ú��ú�û!Ù�0�ÿ!Ý�ú�ýSýàü!û�� ú �³ü�×cü ú ý4ô?�
�¢üåü ú ü!û	��Ø8�þÿzÿ�Ü��uýSû«úÇÝ!ýàü�Ù øÇú ú�×cü!û«ú��cü�ô0ò~·�ü�×cü�Þ�SSö
� Â ÜuýZ0 ø�ù 0}Ý øÇú ü[0 À2ø ûSûàü�Ý!ýàÿOý��¢ü�ÄSü!ýsü ú ü!û	��Ø ùÔø ûDÞþü�ú��aú��cü ø�ù û«úÇÙ	� ú�ý�� øÇú ø Üuýàÿ!�ZÙuüFý��¢ü`Ý�Þ)Ü¢ÿSýàü!û�� ú �Ý øÇú ü(Ü¢ÿàü�Ù ùÔø ûVÄ)ü!ý¬Ùuü�� ú �Iý�� øÇú ô0ò~·�ü�×cü�Þ f ö
·eü�×cü�Þ õOú ú ÙF·�ü�×cü�Þ'ó�Ý ø ûSûàü�Ý!ý�� øÇú ÿ��»ü!ûàü�Ü¢ÿàü�ÙFý ø Ý ø ûSûàü�Ý!ýiý��¢üiÄSü!ýiü ú ü!û	���þü ÿ�
�ú ú Ù®úÇÝ�Ý ø Ü ú ý ùÔø ûiý��¢ü

ü ú ü!û	��Ø ÿ!Ý�ú�Þþü�Ù	�\9Åü!ûàü ú Ý ü#�nü!ý,�»ü ü ú ¼¬Ü ú .¾ú ú Ù3¼.Ü ú .Q. ôe¶:� ú Ý üLý��¢ü ú ü�� C¾ü ú S�Ý�Ù ù ÿ ø�ù ý,�2ú�ûàü#�2úÈÿ
ûàü�Þþü�úÈÿàü�Ù]
_ý��¢ü ÿàü�ý}� ø Þþü�×cü�Þþÿ ø�ù Ý ø ûSûàü�Ý!ý�� øÇú ÿa�2ü!ûàü�ûàü!ù�Þ úÇÝ ü�Ù#�ýØ ø ý��¢ü!û
Ý ø ûSûàü�Ý!ý�� øÇú ÿ�ú ú Ù³ú�ûàü ú¢ø Þ øÇú �cü!û� ú Ü¢ÿ«ü�ô



^ _a`Nbdcfehg i

jlkIm!n4oqp r
stn juovmtwxm!n y k{z}|~su�l��m�n��u� �x� |�p�k

������� mt��� � � � �a� p�mt����k{w

�>�
�6���Q�2�+�$�Q����� ú�� ���2�	��� ú ,�ôGó	ôGõ6
 �	�+�/��� ù �2 	� ø � ú �$¡�¢£�	� � ú ¡��	�H Q� ù ��  ù ¡���  0'ù  Q���6�+�����¤�	�H�� Q� � � ú �2  0¡��	��� ú �Q��¡�¢¥¡� G¢�� ù �Q� ü �¦¡�  � � ù �� §�	�+�X¨ ��©dª ��¡��Q�f��� ú �	���	�Q�
� ù ��«U�[���$��¢¥¡��Q���¬�H� � � 0�­+® �$¡��+�>¡ ú �¤�%«¯�� ú �2  � �2�	���@°	�2�Q� ô�. ú �	�H���@�$�¦¡ ù �Q�2 @«U� ù �F�2�+�@� ú �H����¡�±h� ùx² ���	���$¡��+�G� ú �Q�[�%«¯�³�2¢����2�	 Q� ú � �  Q�Q� 
 �	�+� ú«U�/�6���Q�2�+�Q�§�	�+�X��¡��Q��«§�+�2 Q� ² ���	�¤�$¡��+�
�H����¡�±�� ú �Q�)��«U� ø �+� ú � ô
´Xµ�¶ ·¹¸£·¹¸dº¼»¾½
¿f¿¾ÀxÁ¬½
¿¾½
Á	Â �¦Ã$�

Ä �+� ù �H¢�¢+�+¡��$¡V��¡ ø[ù ¢��§���Å Q���6�+����� ² ± ù  Q���Q�2¢����2�	� ú � �2ÆÇ� ú �Q�U¡������� Q�6� ú � �Q�V�	�+�§�2 	���Q�2 	�¥¡/�H���$�2 	� ² ���� ú � ùuù � ú �6�\� M ô M ¡��Q�f�2ÆÇ� ú �Y���£ Q� ü �H�� Q���X�Q� ² �K¡§�6� 0 �2¢����2�	 Q� ú �2ÆÇ� ú �Å�	�+�Q�f�	�¦¡��Y¡��£¢���¡��	�Y� ú �K�2¢����2�	 Q� ú���
� ù ��± ù �-ÈÉ�	� � �Ê��Ë+��� ú �	 $¡�¢�¡ ú �¬�	�+�X�Q����� ú �¬�2¢����2�	 Q� ú ���
� ù ��± ù �V�Q� 0 ��¡�¢�¢����ÌÈ ø ���6��� ø Ë¦��� ú �	 $¡�¢ ôÄ �+�Í�H� � ú ���	��� ú � ù �	� � �F�¤��� ú �	 $¡�¢V�2¢����2�	 Q� ú ¡ ú �Î�	�+�Í���� 	 Q��� ù � ú �6� ú � ���H� ú �	� � ��¡��	��� ú �2�H�Q�¬¡� Q��	�+�Ï« ú � ú �Q���2�	��� ú ó	ôT7 ¡ ú �¬�$¡ ² ¢�� ó	ôGõ	ôDÄ �+� ø ���6��� ø ��� ú �	 $¡�¢��2¢����2�	 Q� ú ���
�H� � ú ���¤� ú �	�+� ù ��¢�¢���«§� ú ��$¡ ² ¢�� *6ô�,�ô� �� U�	�+���6� 0 �2¢����2�	 Q� ú �2ÆÇ� ú �
�$�2¢����2�	��� ú 
 «U� ù ��� � �	�+�>��� ø ² � ú ¡��	��� ú � ù � ú �G�	� � �F�§��� ú �	 $¡�¢W�2¢����2�	 Q� ú
ù ¢��+��� ú � ø ���6��� ø ��� ú �	 $¡�¢¼�2¢����2�	 Q� ú � ú �	�Q��¡��³� ù ��«U�¾�	� � �Ê�§�2¢����2�	 Q� ú � ôxÄ �+� ø ¡�� ú  Q��¡��Q� ú#ù �� U¡f�	�+�Q���� ø ² � ú ¡��	��� ú ���§�Q��� ø[ù  Q�ÏÆÇ�f���H §¢�� ù �Q� ú �Q�2¢����2�	��� ú ��Ð[�2����� ú �2± ù  Q� ø �	� � ú ¡�¢ ô
ÑDÒ%Ó]Ò�Ó ÔÖÕ£×YØ1ÙÛÚ³Ü¹ÝFÞ'ÕàßÏØÇá¯âxã�Ü]×¯âIÜ¼×KÜ]ÞäãDß�å�ß¤æHáDØ1ß¤Ü¹ç¯ç¯Þ%å'Ù¦â

è ú ���X�	�+�X�6� 0 �2¢����2�	 Q� ú �2ÆÇ� ú �Q�@�¦¡�ÆÇ� ² ��� ú ù  Q���Q�2¢����2�Q��� 
 �	�+�X�2ÆÇ� ú �Q��¡� Q�/ Q� ü �H�� Q���¤�Q� ù ¡��Q�>¡-�Q�2�� ù �Q�2¢����2�	��� ú �2�H�Q�G�H���	� � ú ���h�Q�[�6���Q�2 	� ø � ú ¡��Q�X�	�+� ù  Q���Q�2¢����2�Q�����2ÆÇ� ú �Q� ù  Q� ø ù �1�Q�Q� ² ¢�� ² ¡�� ���  Q��� ú �H�ø � ø ��� � � ú � �	�+�/¢�� ù �Q� ü �¦¡�  � �Q� � ú ¡�¢ ô � ���2�	��� ú *6ôGó �6���Q�2�+�Q�Q���G�	�+�/Æ1¡� 	�����+� ù �1�Q�	� ² ¢�� ² ¡�� �F�  Q��� ú �H�>� ú�	�+�GéÏê1é�êV�Q�¦¡ ú�ú �2¢ ôxÄ �+�G�	� ø �H¢¥¡��Q���ë�	� � ú ¡�¢�¡ ú � ² ¡�� �F�  Q��� ú �ë�2ÆÇ� ú �Q�D�+�$���-�Q�V�	�	�+�6±��	�+�
¡������ ù �$¡ ú ���

ìÇõ



;�<>=@?>A�BDCNí6E³J�BD=>CV;�<Nî¯ïUCNJ];�=@ð£=@C�ðWBD?@A§ïVñ¾ò�=@C@óXJVô#õàA�<>B¤ö�÷Vö¾÷Î=>õ@ø�ùY÷�ùY÷ë;�<@=>õ@õ>BDð ìÇó
úVûHü�ý�ûHþÅÿ�� �����Åý��	��
���
���üOû+ÿ�
����

� � ú � ø ¡��	���X�2�H�Q� ö ® P���� � 8� ® P *�� � 8�� �� ���6�+�2�¥¡�¢�����± � � M ¢�� ( ,ò�� M ��² ¡��Q��� ö� � �"!Z���$# 3 %'& �(!*),+�- 3 R S/.	ô0. � ø���H� ú �	� � ��¡��	��� ú �2�H�Q� ö�1 ),2'3 ö �"4 R5.	ô0.1717768.	ô0././.�*Ê7:9 Mö 3 � Ra,�ô0� ��  � ® P�7/.�� � 8;� �<>= 1 ! R�.	ôGõ? & = �(! èA@ Rd,B.	ô0.÷DCFEHG 0,ó	ô0. � ø �Q� ,�ôT7 � ø3 E %¹3 R¹ó	ô0. � øI:J'K'L R�.	ô�,
Ä ¡ ² ¢�� *6ô�, LNM ���6��� ø ��� ú �	 $¡�¢£�2¢��2�	 Q� ú �	� ø�ø ¡� 	±ë�$¡ ² ¢��f¡�� ù  Q� øPO � ù ôRQ0S�õ'T}ô

� ù �	�+�f�Q�2¢����2�	��� ú �2�H�Q��¡� Q�X�6���Q�2�+�$�Q���¬� úÍ� ���2�	��� ú ó	ôGó ¡ ú � ó	ô *6ô�Ä �+�X�Q�2¢����2�	��� ú �2�H�Q�@¡� Q�¾¡ ùuù ¢������h�Q��	�+�/�+¡��$¡-� ú �	�+� ù ��¢�¢��Ï«§� ú � �� Q�H�2  L
,�ô
Ä �+� �  Q�Q���2¢����2�	 Q� ú «§���	� ö ®VUXW/YH� � 8�
 �	�+� ù ��¢�¢���«§� ú � �2¢����2�	 Q� ú «§���	� ö ®ZU ª\[H� � 8v0xÄ �H����2�H�G� ú �	�H Q���§�	�¦¡��G�	�+�/�2¢����2�	 Q� ú ���G¡ ù  Q� ù �2 	¢�±��	 	� �1� �2 Q���h�2¢����2�	 Q� ú ¡ ú �¬ Q���6�+�����G�	�+�f¡ ø ��� ú �� ùF] �>^ ² ¡�� ���  Q���`_+�:¡��$�Q�F�2�¥¡��Q���h«§���	�h¢����Q�@�a_+�2  � �2�	���f�2¢����2�	 Q�b_+�dc Ä �+�/¢���¡��6�(_ � ¡e_+�h�Q�����b_+�¢���¡��6�(_ � �2¢����2�	 Q�b_ ö ® �6���	�	 	� ² �H�	���b_+�;f �� /¡³¢�� ù �Q��gÊ�¦¡�  �ih ¡��Q�V�ef ,Bj/.k� � 8;� � & ¡� Q�-�	�+��«R_Ì�(_� � � �H Q� * c , c

ele2_Etot
Entries  3944

Mean    25.85
RMS     15.72

 (GeV)TE
0 20 40 60 80 100 120 140 160 180 200

E
ve

nt
s 

/ 4
 G

eV

0

100

200

300

400

500

600

700

ele2_Etot
Entries  3944

Mean    25.85
RMS     15.72 of leading elesTE

LQ_jet2Et
Entries  1264

Mean    38.69
RMS     21.64

 (GeV)TE
0 50 100 150 200 250 300 350 400 450

E
ve

nt
s 

/ 4
 G

eV

0

20

40

60

80

100

120

140

160

180

200

220

240

LQ_jet2Et
Entries  1264

Mean    38.69
RMS     21.64 of leading jetsTE

� � � �H Q� * c , L � ® ¡e_+� ö ® �6���	�	 	� ² �H�	���b_+�lfä�� )¢���¡��6�(_ �nm ² ¢¥¡�� �`o ¡e_+�Û�Q�����b_+�Î¢���¡��6�(_ �Dm ¢�� � �F� ² ¢��+� o�2¢����2�	 Q�b_+� m ¢��pf�� o ¡e_+�-°Z�2�Q� m  	� � �F� o fä�� rqZsut ©IªBWb[l� � 8;� � & c

El El 



;�<>=@?>A�BDCNí6E³J�BD=>CV;�<Nî¯ïUCNJ];�=@ð£=@C�ðWBD?@A§ïVñ¾ò�=@C@óXJVô#õàA�<>B¤ö�÷Vö¾÷Î=>õ@ø�ùY÷�ùY÷ë;�<@=>õ@õ>BDð ìO*
j c Ä «U�Ì°	�2�Q�¬«§���	� ö ®wv(xbypz U{W/Y ¡e_+� ö ®Fv(x & z U ªBYX� � 8 0³Ä �+�Ì Q�\gÊ�H�� Q� h �a_F���	�¦¡�� ² ���	�¡N�	� � �Ê�Ì¡e_+�v¢����1�Q��°	�2� ² � ù  Q���Q�a_F���(_��	�+���2ÆÇ�a_Ê�:�	� � _H� � ��¡e_Ê�	¢�±  Q���6�+�����h�	�+�Z_Ê� h ² �2 Í�ef
² ¡�� ���  Q���`_+�Î�2ÆÇ�a_F�Q�Bc}|~�¤¡�¢��Q�Í Q�\gF�H�� Q�¬�	�+���Q�¬�%«¯��°	�2�Q�-�Q�Ì�	�$¡�±N�(_q�	�+�¤���a_Ê�	 $¡�¢
 Q� � ���b_ �ef�>^�� �H�2�Q���2�Q��  m 3 � 2Q�%���~+ä���~! 3>� W��0[�o�
 ���H�-�ef>���b_+��«§���	�H�(_q�%«¯�Ì�2¢����2�	 Q�b_+� h �a_F�	���b_+���Î¡ ² ��ÆÇ�m E � v éB�äéd�,�~� Ke��� x é\� z U�[u���/o�
Åù ¢��+�>�¦¡�Æ��(_ � ¡ M M f  $¡��2�	���b_:¢����Q�G�	�¦¡e_ . c S c Ä �+�X¢���¡��6�(_ � ¡e_+�
�Q�����b_+�ë¢���¡��6�(_ � °Z�2� ö ® �6���	�	 	� ² �H�	���b_+�>fä�� �¡X¢�� ù �Q�:gF�¦¡�  �7h ¡��$�U�ef ,Bj/.H� � 8�� � & ¡� Q���	�+��«R_��(_� � � �H Q� * c , c

� c ö ® v(x y z�� ö ® v(x & z UXYb[l� � 8
* c Ä � ù ��¢�� � ±Î�2�H� LZE � v �äé ­ � Ke��J �nx éB� J���� ö ®�z U ªBWb[��¤0-Ä �+�:¡e_ � ¢��Í�2�H�³��� h ¡��(_H¢�± �Q� � ¢��Q�2 
�	�+� ^  Q�2¢�¢ 0�� ¡e_ ² ¡�� �F�  Q���`_+�Ì���H�Bc ^ �+�X�Q�³�	�+�f¢¥¡�� � �ef�_+�2�H�	 	�(_+�1� 
�^  Q�2¢�¢ 0�� ¡e_Í«¯�b_WË �V�¦¡�ÆÇ�-¡
² ¡�¢¥¡e_+����� M � Ä «§���	��¢�� ù �Q�b_+� ù ¢��+�@°	�2�Q�Bc Ä �+� ² ¡�¢¥¡e_+�����N�	���	�¦¡��	���b_N��� h �� Q���� ¾¢����Q�f¢�� � �³¡
² ¡�� �F0 �Q� 0 ² ¡�� � ��¡��Q� mZªB�b[ � o c��>�2 Q� 
 ¡'f��Q�2 /�2�H�/� ù �	� h �(�Ï¡��	���b_ 
 «¯�-�$�2�V�	�+��¢���«¯�2 X¢�� h ���/�efU�	�+�¡e_ � ¢�� ² �2��«¯���a_:�2¢����2�	 Q�b_+� ù ¢��+�Å°	�2�Q�G¡e_+� h ���$�	�(_ � �	 $¡e_+�	ÆÇ�2 Q�Q�/�a_+�2  � ±��Q� ² � ,Bj/. �H� �  Q�����Bc

7 c Ä  $¡e_+�	ÆÇ�2 Q�$� � �(_+� h ¡��	���[Æ�¡� 	�¥¡ ² ¢����X�2�H� 0GÄ �+� ù �H  ù �1�Q��fä�� V�	�H���/�2�H�/���V�Q�¤�Q� ùuù  Q���Q�V�	�+�-�Q� ù
ù  Q�F�6�+�2�	���b_ ² ¡�� ���  Q���`_+�H�Bc Ä � ù �H����¡�±����(_Ê�Q��| ¡e_+� ² gF�¦¡�  �¹
 «§�H��¢��>| �H����¡�±6���(_Ê�Q�@¢�� ù �Q�b_+�Bc
�/c � cl� � é' �c è _~�	�+�-���	�+�2 /�¦¡e_+� 
 �	�+���	�H�� Q� � �a_+�2 $¡��	���b_�¢�� ù �Q�:gF�¦¡�  � �H����¡�±6�/�Q�¢¡�¡e_+�
² 
 «§�H��¢���¡��H����¡�±6���(_Ê�Q��_+�2�H�	 	�(_+�1�V¡e_+�Í¡e_Í�2¢����2�	 Q�b_�c£�@�a_+���f�	�+�¾�6� 9 �2 Q�a_F� h ¡��$�>� ù ���2�	 	� h�efF| ¡e_+�¤¡ ² ����� h ���V�	�+� � �2±h�Q� � ¢��Q�2 V�Q� ù ² ¡�� �F�  Q���`_+�H�f���H�/�efK�	�+�-�	� � _¦¡�¢ 
 ¡e_+�Í�	�¦¡��V����	�+� h ���	��Æ1¡��	���b_h�Q� ù �H�@¡-�	 $¡e_+�	ÆÇ�2 Q�Q� � �(_+� h ¡��	���/Æ1¡� 	�¥¡ ² ¢��/�Q�+��� � �+�2 Q�/c M �� Q�/�H�2�$¡���¢��>¡ ² ���H��	�H�����Q�+��� � ¡� Q���6���Q�2�+�Q�Q���ë�(_³�$���2�	���b_ * c � c j cK�¥f �Q�2 U�2�H��� ù �	� h �(�Ï¡��	���b_ 
 «U�>�$�2�wq ®Fv é ªb���ö ®�z 5W/Y�¦ é'§ ¡e_+�kq ® v é W����ö ® z 5 W/Y�¦ é'§ ¡��§�	�+�X�2�H�
���b_+�6���	���b_kfä�� Gé�ê1é�ê-�$�¦¡e_`_+�2¢�c

S c¥¨ � �2�H� 0 �>�2 Q��«¯�/�H� � _+�X��«¯�)Æ�¡� 	�¥¡ ² ¢���� 
 M �\©
�	� h ¡e_+�k�@�\© h ¡ � L
M �\©
�	� ht( ö ® � y � ö ® � & � ö ® � y � ö ® � &�G�\© h ¡ ��(«ª v ö�¬ y � ö�¬ & � öF­ y � öF­ & z # & ��v ö�¬ y � ö�¬ & � öF­ y � öF­ & z"® &Ä �+�a_�«¯� h ¡e¯Ç�
¡ jO0$^�ù ¢����D�ef M �\©
�	� h°m ¡��Å± o Æ�cÉ�Bc	�G�\© h ¡e± m ¡���� o c�²U����¡��+�$� h ¡e±/_H���	�+�H�§�ef
ÆÇ���2�Q�� Q�¯¡� Q�
¡�¢�«�¡�±6�¯� h ¡�¢�¢��2 K�	�¦¡e_[�� K�\gF�¦¡�¢+�Q���	�+�
�	� h �ef¼�	 $¡e_+�	ÆÇ�2 Q�Q�
Æ�¡�¢��+���B³F¡V�6���	�	 	� ² �H�	���b_
ù ¢����@�ef M �\©
�	� h Æ´cÉ�Bcw�G�\© h ¡e±³«§���	�H�(_h�	�+�f Q�a±1���b_��efD�	�+�X¢��pf��@�Q� ùyù ¢¥¡e_+�/���>��� ù ���2�Q����cw|~�f ���`_+�[�	�¦¡����	�H���¯�2�H�U���U¡e_����6�	 Q� h �2¢�±[� 9 ���2�	��ÆÇ��µ+¢��Q�2 Ff ��  ^  Q�2¢�¢·¶ � ¡e_¬¡e_+�ë�	�(±/_¦¡�¢ m � ���r¸��(±1�H Q�¹ c j c o ¸H Q� h �	�+� ù ¢����[«¯�¤��¡e_Û�Q�����	�¦¡�� ^  Q�2¢�¢·¶ � ¡e_��6���	�	 	� ² �H�	���b_Î�H���Q�ë�	�$¡�±N�2¢��1�Q�2 -�Q�Ì�	�+�±�¶%¡O�6���B³F�(_¤���	�+�2 §«¯�� Q�H�B³6�	�+�2±�¡� Q���(_¤¡f�Q�Q��� ù �2 §�	¢�� ù �> Q�a±1���b_�³6«§�H��¢����	�+��º ] �	�(±/_¦¡�¢W�Q��¡��	�Q�2 Q�h �� Q�/cN²§¡��Q���¬�b_¤�	�H���
�6�·»]�2 Q�a_+���/³¦¡'f �Q�2 G� ù �	� h �(�Ï¡��	���b_h«U�/�Q�2�§�	�+�/�2�H�@���b_+�6���	���b_:¡�� L
M �\©
�	� h½¼ � c .l9 �G�\© h ¡e± 65¹�. c .

ì c O � h �ÏÆ�¡�¢§�ef@�2ÆÇ�a_F�Q�-«§���	� �bY � q ¬~¬ 3 � �$¾ � �\¿ � ª\[�Y ¡e_+�}q ¬"¬ � ªBYÀ� ��¾ � �\¿�¶ Ä �H���-�2�H�
 Q���6�+�����D�	�+� ^  Q�2¢�¢·¶ � ¡e_ ² ¡��Á¯:±1 Q���`_+�H��¡e_+�-¢��Ï«Î�a_+�2 Â±1±-�2¢����2�	 Q�b_ë�2ÆÇ�a_Ê�Q��f  Q� hÄÃ:�/Å �� FÆ�c�|~�



Ç�È�ÉrÊ�Ë�ÌNÍNíuÎ�Ï�ÌNÉ�Í�Ç�ÈNî¯ï>ÍÐÏ�Ç�É@ð�ÉrÍ�ð�ÌNÊrË§ïVñ¾ò�ÉrÍ@ó�ÏVô#õDË�È�Ì¤ö�÷Vö¾÷XÉ>õ@ø�ùY÷�ùY÷lÇ�ÈrÉ>õ@õ�ÌDð ìbÑ

Et_sum vs Ht_mag

Ht_mag (GeV)
0 50 100 150 200 250 300 350 400 450 500

E
t_

su
m

 (G
eV

)

0

50

100

150

200

250

300

350

400

450

500

LQ_sumEtMag

Entries  908
Mean x   61.56
Mean y   227.6

RMS x    32.77
RMS y    68.31

LQ_sumEtMag

Entries  908
Mean x   61.56
Mean y   227.6

RMS x    32.77
RMS y    68.31Inclusive Top

Ht_mag (GeV)
0 50 100 150 200 250 300 350 400 450 500

E
t_

su
m

 (G
eV

)

0

50

100

150

200

250

300

350

400

450

500

LQ_sumEtMag

Entries  28185
Mean x   14.04
Mean y   158.1

RMS x    12.76
RMS y    54.84

LQ_sumEtMag

Entries  28185
Mean x   14.04
Mean y   158.1

RMS x    12.76
RMS y    54.84

Drell-Yan to ee

Ht_mag (GeV)
0 50 100 150 200 250 300 350 400 450 500

E
t_

su
m

 (G
eV

)

0

50

100

150

200

250

300

350

400

450

500

LQ_sumEtMag

Entries  1264
Mean x   49.22
Mean y   196.5

RMS x    29.44
RMS y    54.88

LQ_sumEtMag

Entries  1264
Mean x   49.22
Mean y   196.5

RMS x    29.44
RMS y    54.88LQ in eejj

¸��(±1�H Q� ¹ c juÒRÓ �\©
�	� h Æ�cÉ�BcR�@�\© h ¡e±Ô³¹��� h[ù ¡� 	���Q�b_~¡ h �b_`±�Õ"_+�2¢��+�	��ÆÇ� Ä � ùÐm  	�(±1�F���Q� ùÖo ³ ^  Q�2¢�¢·¶ � ¡e_�Q�V�6�·¶��2¢����2�	 Q�b_ 6Dj °	�2�Q� m ¢��pf � ² ���	�Q� hlo ³�¡e_+�HºW� ù �Q�:gF�¦¡� Â¯ h ¡��Q��×�Ø j/.;� ��¾��(_-�\gF�\g m  	�(±1�Ê� ² ���	�Q� hlo cÄ �+�/�Q�(���V�ef��	�+� ² �(_+�
���;Ø � �$¾ ² ±ÙØ � ��¾



Ç�È�ÉrÊ�Ë�ÌNÍNíuÎ�Ï�ÌNÉ�Í�Ç�ÈNî¯ï>ÍÐÏ�Ç�É@ð�ÉrÍ�ð�ÌNÊrË§ïVñ¾ò�ÉrÍ@ó�ÏVô#õDË�È�Ì¤ö�÷Vö¾÷XÉ>õ@ø�ùY÷�ùY÷lÇ�ÈrÉ>õ@õ�ÌDð ìbÚ
¡�¢��Q�[¡��Â¯��%«¯�³�2¢����2�	 Q�b_+�G�Q�-�¦¡�ÆÇ�f� ùuù �1�	���Q�f�2¢����2�	 	���X�Q�¦¡� Â±Ç���>�Q�[¡�ÆÇ�����:¡ h ¡��Q� ù ��¡e¯¬�Q��¡e_��b_
«§ Q�b_`±[�p¶�� ù ¡��� Q�Bc

ÑDÒ%Ó]Ò�Û ÜhæHæ6Ù+çKØ1Ü¼×¯æ6Ù�Ü]×¯âÞÝ�å%×DÙàß�Ü¹ØÇå�æ6Ü]Þ¥á�â æHå'Ù¦×¯æ�ãIÚëÜ]Þ�æHáKÞ�Ü¹Ø1å�Õ£×
ã�f �Q�2 �«U���Q�2�Å� ù ¡e_+��� ù �	� h �(�����	�+�§¡e_¦¡�¢�±6�	���Å�2�H�Q�B³��	�+�>¯F�(_+� h ¡��	���
¡������ ù �$¡e_+��� ² ¡��Q�����b_ M �b_Ê�Q�� ¡� 	¢��)�Q�	�+�6±³���§��¡�¢��2�H¢¥¡��Q���h�(_¤�	�H���§«�¡�± Ò

ä v < ÷ z ©«å m �2ÆÇ�a_Ê�Q� ù ¡��Q�	�(_`±[�Q�2¢����2�	���b_��2�H�Q� oå m �Q���$¡�¢£�2ÆÇ�a_Ê�Q� o mæ¹ c(Ø o
� �(_+���@�	�+�G�2¢����2�	 Q�b_çÕ ^ ¡e_+�)���Q��¢¥¡��	���b_���Ð[�2���a_+�2�����§¡� Q�G��¡�¢��2�H¢¥¡��Q���³�+�	�(_`±/ Q��¡�¢ ù �Ê±6�	�����U�+¡��$¡u³Ê�	�+���Ð[�2���a_+�2������f� Q� h �	�+���Q�/�Q�2¢����2�	���b_h�2�H�Q�G«§��¢�¢�_+��� ² �V�	�+�/�$¡ h ��fä�� G�	� h �H¢¥¡��Q���h�2ÆÇ�a_F�Q�Bc Ä �+�2 Q�pfä�� Q�f¡���� 	 Q���2�	���b_�f'¡��2�Q�� U¡��������`_Ê�	�(_`±�fä�� D�	�H���U�6��� ù ¡� 	����± h �+�	� ² �@¡ ùuù ¢������ë�Q�/�	�+�@�	�(±/_¦¡�¢¹¡e_+� ² ¡��è¯�±1 Q���`_+�M �b_Ê�Q� � ¡� 	¢��`c Ä ¡ ² ¢�� ¹ c j �Q�+��«
�>�	�+�f�$��¡�¢���f'¡��2�Q�� Q��fä�� >�	�+�X¢�� ù �Q��gÊ�¦¡� Â¯ M �b_Ê�Q� � ¡� 	¢��7f �� ��Q�2ÆÇ�2 $¡�¢¢�� ù �Q��gÊ�¦¡� Â¯ h ¡��Q�$���Bc � ��¡�¢��£f'¡��2�Q�� Q�§«¯�2 Q�¾¡�¢��Q�-��¡�¢��2�H¢¥¡��Q���¢fä�� §�	�+�VÆ1¡� 	�����+� ² ¡��è¯�±1 Q���`_+�H�Bc

M ¡��Q� m�� �$¾ � �\¿ o Ä �(±1�Ê� ºW���1�Q� M ���6��� hé�ÿæ�ëêaìÙí�ì¬ûu��û�îu�Ä
�/. . c S/�e¹ � Ø/c ./Ñ/�/S Ø/c .e¹FìbjØ j/. . c S/S Ø ¹ Ø/c .ÇìbÚÇì Ø/c ./Ñ/S/.Ø Ú/. Ø/c . Ø ¹�Ñ Ø/c ./Ú/S/Ñ Ø/c ./Ú Ø Ñj/./. Ø/c ././j Ø Ø/c ./Ñ/Ñe¹ Ø/c ./Ú/j �je¹�. . c S/�/j/Ú Ø/c . � j/� Ø/c ./Ú/ÚÇìé�ÿæ�ëêaïBð�ÿ�ûu�ÏýæðÖ
�í;ì¬ûu��û�î��ñ
�/. Ø/c .e¹/¹Fì Ø/c . Ø . � Ø/c . � Ø/ØØ j/. Ø/c .e¹�S/. Ø/c . Ø �/. Ø/c . � ¹�SØ Ú/. Ø/c ./Ñ/Ú Ø Ø/c . � �e¹ Ø/c ./Ú Ø ìj/./. Ø/c ./Ñ/j � Ø/c .e¹ Ø . Ø/c .ÇìbÑ/�je¹�. Ø/c ./Ú � ì Ø/c ./Ú Ø S Ø/c(Ø ./Ñ/j
Ä ¡ ² ¢�� ¹ c juÒDÄ �+�V $¡��	���1�@�efÅ��Ð[�2���a_+����� ² �2��«¯���a_:�+¡��$¡)¡e_+�¬¢�� ù �Q��gÊ�¦¡� Â¯ M �b_Ê�Q� � ¡� 	¢��`c Ä �+�V $¡��	���)����H�pµÔ_+���³¡��D�+¡��$¡ � M � c � ��¡�¢��wf'¡��2�Q�� Q�D��¡�¢��2�H¢¥¡��Q���Hfä�� D�	�+� ² ¡��Á¯:±1 Q���`_+� M �b_F�Q� � ¡� 	¢��f¡� Q�w_+���K�Q�+��«R_�+�2 Q�/c

¸+�H 	�	�+�2  h �� Q�/³��	�+�¬�Q���$¡�¢G¡e_¦¡�¢�±��Q���)�2�H�)��Ð[�2���a_+�2±N����f ��¢��H���N«§���	� M �b_F�Q� � ¡� 	¢��~¡������ ù �$¡e_+���/³
¡e_+�-�	�+�§��Ð[�2���a_+�2±-�ef¹�	 	�(±/±Ç�2 B³Ê�2¢����2�	 Q�b_7Õ ^ ³1�2¢����2�	 Q�b_) Q�����b_+�	�	 	�+�2�	���b_�³`òà¶'ÆÇ�2 	�Q���-�2�H�K¡e_+��f  $¡��2�	���b_¦¡�¢
���Q��¢¥¡��	���b_��2�H� m�ó  Q���Q�2¢����2�	���b_¬��Ð[�2���a_+�2������¡� Q�>�6���Q�2�+�Q�$���[¡e_+�[¢����Q�Q���)�(_lã ùuù �a_+�6�\� Ó ³�¡�¢��$�X�Q��� Ä ¡ ² ¢��� c Ñ fä�� 
�H�2�$¡���¢�� o c

ô ®´õ¹®Öö s © ä v < ÷ z>÷iø ù7v q8ú zw÷ ôÂû !*ü·ýèý ¬ ! ÷ ô ¬"þ�¬àÿ��n÷ ô ! ¬ +���� ÷ ô � ¬ ! û ¬ # ÷ ô ü = � mæ¹ c j�o



Ç�È�ÉrÊ�Ë�ÌNÍNíuÎ�Ï�ÌNÉ�Í�Ç�ÈNî¯ï>ÍÐÏ�Ç�É@ð�ÉrÍ�ð�ÌNÊrË§ïVñ¾ò�ÉrÍ@ó�ÏVô#õDË�È�Ì¤ö�÷Vö¾÷XÉ>õ@ø�ùY÷�ùY÷lÇ�ÈrÉ>õ@õ�ÌDð ì1ì
Ä �+�h Q���	�H¢��ë�efX¡e_¦¡�¢�±6�	���)�2�H�³��Ð[�2���a_+�2�����ë���) Q� ù �� 	�Q���Î�(_ Ä ¡ ² ¢�� ¹ c � cD¸Y�(±1�H Q� ¹ c � �	�+�Ï«
�[�	�+�¯��(_+� h ¡��	���f¡������ ù �$¡e_+���¾¡��G¡�f��`_+�2�	���b_��ef��	�+�V¢�� ù �Q��gF�¦¡� Â¯ h ¡��Q�dc

M ¡��Q� ã§����� ù �$¡e_+��� å º è�� Ó � ù ���2�Q���¤�2ÆÇ�a_Ê�Q�� �$¾ � � ¿ m�ù ² o _Ê� h ² �2 >¡�� � Ú Ø ù ²�� y�/. Ø/c � .	��. c(Ø ��. c �	
 Ñ/j c ¹ ì c � �Ø ./. j c ¹Fì���. c(Ø ��. c �	
 Ø Ñ c � ¹ c ¹��Ø j/. � c ./j	��. c(Ø ��. c ¹ 
 Ñ c ì � j c ./jØ ¹�. � c �/j	��. c(Ø ��. c ¹ 
 j c � � Ø/c .e¹Ø Ú/. ¹ c(Ø �	��. c(Ø ��. c ¹ 
 Ø/c ./� . c Ñ/jØ �/. Ñ c ¹�S	��. c j	��. c Ñ 
 . c Ñ/j/Ñ . c �/�j/./. Ú c ./�	��. c j	��. c Ñ 
 . c j/Ú/� . c(Ø Sj/j/. Ñ c Ú/Ñ	��. c j	��. c Ñ 
 . c(Ø ¹ Ø . c ./Sje¹�. Ñ c j � ��. c j	��. c Ñ 
 . c .ÇìbÚ/j . c ./Ñj/Ú/. Ñ c(Ø j	��. c j	��. c Ñ 
 . c .e¹ Ø S . c ./j/Ñ
Ä ¡ ² ¢�� ¹ c � Ò
� �(_+� h ¡��	������Ð[�2���a_+�2±Î¡��[¡¤f �`_+�2�	���b_Î�ef>�	�+�¤¢�� ù �Q�:gF�¦¡� Â¯ h ¡��Q�Bc Ä �Z_+��  h ¡�¢��(���¤�	�+���� ù ���2�Q���Ì�2ÆÇ�a_F�;_Ê� h ² �2 f«§���	�Ì�	�+�-�$¡ h ��¢�� h �(_+�1�	���%±Ì¡��/ Q��¡�¢D�+¡��$¡u³]�	�+�)�2 Q�1�Q�*¶��$���2�	���b_Ì�¦¡����Q� ² �h �H¢��	� ù ¢������ ² ±)�	�+� ²  $¡e_+�Q�H�(_`±- $¡��	����¡`¡7�uéÏé�³6�	�(_+���G«U�¥fä�� Q���>�	�+�Q�³�$¡��³�H����¡�±[�Q�f�2¢����2�	 Q�b_+�
¡��¯�	�+�±Ç�a_+�2 $¡��Q�� >�	�$¡e±Ç�/c

ã�f �Q�2 @���H >¡e_¦¡�¢�±6�	���@�2�H�Q�B³`fä���H @�2ÆÇ�a_F�Q�@ Q� h ¡��(_��(_h�	�+�X Q��¡�¢Y�+¡��$¡ucRÕ"_ Ä ¡ ² ¢�� ¹ c ¹ «U�X Q� ù �� 	�G�	�+�_F� h ² �2 @�efx�2ÆÇ�a_Ê�Q�G�Q�H 	ÆF��Æ��(_`±[��¡��Q�ë¯F�(_+� h ¡��	����¡�¢��2�H�Bc
�¤ý�
����~ûu�Ïý�� 
���� �
�����j �2¢����2�	 Q�b_+�
«§���	� ö ® v é ª z UXW/Y ¡e_+� ö ® v é W z U ª\[l� ��¾ j/Úe¹�Új °	�2�Q��«§���	� ö ® v(x ª z UXW/Y ¡e_+� ö ® v(x W z UvªBY7� �$¾ S/Úö ® v(x ª z�� ö ® v(x W z U Yb[�� �$¾ S/ÚÄ � ù ��¢��b±1±¬�2�H� ¹Fìq ® v é ªb���ö ® z ¡e_+�kq ® v é W����ö ® z ¼XW/Y�¦ ée§ 3 �a¿ j/Ú�G�
�2�H� ¹O � h �ÏÆ�¡�¢£�efx�2ÆÇ�a_Ê�Q�G«§���	� �bY � q ¬~¬ � ª\[�Y ¡e_+�ëq ¬~¬ U ªBY7� ��¾ � � ¿ ¹
Ä ¡ ² ¢�� ¹ c ¹ÔÒ º]���	�@�efÅ�2ÆÇ�a_F�Q� ù ¡��Q�	�(_`±[�	�+�V�Q�2¢����2�	���b_h�2�H�Q�
�(_ � Ú Ø ù ² � y �efÅ�+¡��$¡uc

´Xµ�� �V¸��V¸aº¹»¾½
¿¾¿fÀxÁh½
¿f½GÁ	Â�� Ã �
Ä �+�§�Q�(±/_¦¡��	�H Q�wf �� Å�	�+� ù ê ù ê@�$�¦¡e_`_+�2¢+���Å��«U�V�H�(±1�u¶ ­+®¢h �+�b_+� ù ¢��+�Å��«U�/�a_+�2 Â±Ç�2�	��� ² ¶���¡�ÆÇ�� W°Z�2�Q�Bcã>�Ff ��  h �+�b_¬��� h ² �(_¦¡��	���b_+�d³+��¡��Q�¬�2ÆÇ�a_Ê�§���¯ Q�\gF�H�� Q���ë�Q� ² �@¡e_¬� ùuù �1�	���Q�p¶��	�(±/_��! �"$#&%!'¤�2ÆÇ�a_F�
�	�+�Q��	�¦¡��
�b_+� h �+�b_¤���§�efY�%± ù � � M)( ó ��  � M+* ¡e_+���	�+�V�Q�����b_+� h �+�b_¬���§�ef���± ù � � M,( ó ³ � M)* ³6�� 

ÄRO-� c



Ç�È�ÉrÊ�Ë�ÌNÍNíuÎ�Ï�ÌNÉ�Í�Ç�ÈNî¯ï>ÍÐÏ�Ç�É@ð�ÉrÍ�ð�ÌNÊrË§ïVñ¾ò�ÉrÍ@ó�ÏVô#õDË�È�Ì¤ö�÷Vö¾÷XÉ>õ@ø�ùY÷�ùY÷lÇ�ÈrÉ>õ@õ�ÌDð ìb�

)2Leptoquark Mass (GeV/c
100 150 200 250 300

)2Leptoquark Mass (GeV/c
100 150 200 250 300

3 
- e

qe
q 

ch
an

ne
l

K
in

em
at

ic
 A

cc
ep

ta
nc

e,
LQ

0

0.2

0.4

0.6

0.8

1

)2Leptoquark Mass (GeV/c
100 150 200 250 300

)2Leptoquark Mass (GeV/c
100 150 200 250 300

3 
- e

qe
q 

ch
an

ne
l

K
in

em
at

ic
 A

cc
ep

ta
nc

e,
LQ

0

0.2

0.4

0.6

0.8

1
Eles Et cut 

Jets Et cut...

Transverse mass cut...

+ Ht cut...

+ Z Mass window cut...

)2Leptoquark Mass (GeV/c
¸��(±1�H Q� ¹ c � Ò§Ä �+�X�Q�2¢����2�	���b_Í�2�H�>��Ð[�2���a_+�2�����V¡���¡�f �`_+�2�	���b_:�efD¢�� ù �Q��gF�¦¡� Â¯ h ¡��Q�G�(_Í�\g��\g³�$�¦¡e_`_+�2¢�cÄ �+�/�2�H 	ÆÇ�X�	�+��«
�G�	�+�£µÔ_¦¡�¢£��Ð[�2���a_+�2±�«§���	�h�Q��¡�¢���f'¡��2�Q�� G�ef ^ ¡��$¡ � M � �(_+�2¢��+�H����c Ä �+�/�	�$¡��	���	�	����¡�¢�2 	 Q�� Q�>¡� Q� ù ¢����	�Q����c

·····:········· 

······ !············· 

···········1········· 

....... ·~ ............ . 

········ ·!·············· 

.......... ·~ ......... . 

. ...... ~· ............ . ·······~·············· 



Ç�È�ÉrÊ�Ë�ÌNÍNíuÎ�Ï�ÌNÉ�Í�Ç�ÈNî¯ï>ÍÐÏ�Ç�É@ð�ÉrÍ�ð�ÌNÊrË§ïVñ¾ò�ÉrÍ@ó�ÏVô#õDË�È�Ì¤ö�÷Vö¾÷XÉ>õ@ø�ùY÷�ùY÷lÇ�ÈrÉ>õ@õ�ÌDð ìbS
Ä �+�Rf��H¢�¢+�+¡��$¡V��¡ h[ù ¢��§���Å Q���6�+����� ² ± ù  Q���Q�2¢����2�	�(_`±¾�2ÆÇ�a_Ê�Q�U¡������� Q�6�(_`±/�Q�V�	�+�§�2 	���Q�2 	�¥¡/�H���$�2 	� ² ����(_ëã ùuù �a_+�6�\� Ó c Ä �+�/�6�·¶ h �+�b_ ù ¡��� G�����H¢��¬�¦¡�ÆÇ��µ+ÆÇ� ù �1�$�	� ² ¢��V��� h ² �(_¦¡��	���b_+� Ò
. � M)( ó ¶ � M,( ó «§�+�2 Q� ² ���	�¬�	�+� h �+�b_+� ù ¡��Q�§�	�+�/�Q�2¢����2�	���b_��2 	���Q�2 	�¥¡�f �� G¡ � M)( ó}h �+�b_�c
. � M)( ó ¶ � M)* «§�+�2 Q�f�b_+� h �+�b_ ù ¡��Q�Q���
�	�+� � M)( ó ���H�a_F�	�·µ¦��¡��	���b_~�2 	���Q�2 	�¥¡[¡e_+�h�	�+�X���	�+�2 
ù ¡��Q�Q��� � M)* c

. � M+* ¶ � M)* «§�+�2 Q� ² ���	�N�	�+� h �+�b_+� ù ¡��Q���	�+���Q�2¢����2�	���b_q�2 	���Q�2 	�¥¡ifä�� �¡ � M)* h �+�b_�c ã� M+* h �+�b_~���V�H� h ���Q�����Q�³�	�+�)�	�$¡��	�+�V�ef ÄRO/� �·fU���£f'¡���¢����Q� ù ¡��Q���	�+� � è Ä ���6���V $¡��6���+�
 Q�\gÊ�H�� Q� h �a_F�Bc

. � M)( ó ¶ ÄRO-� «§�+�2 Q�¾�b_+� h �+�b_ ù ¡��Q�Q���@�	�+� � M,( ó ���H�a_F�	�·µ¦��¡��	���b_��2 	���Q�2 	�¥¡�¡e_+�h�	�+�¾���	�+�2 
���R_+�2���	�+�2 @¡ � M,( ó _+��  � M+* h �+�b_�c

. � M+* ¶ ÄRO/� «§�+�2 Q�[�b_+� h �+�b_ ù ¡��$�Q���V�	�+� � M)* ���H�a_F�	�·µ¦��¡��	���b_4�2 	���Q�2 	�¥¡h¡e_+�Ì�	�+�-���	�+�2 X���_+�2���	�+�2 @¡ � M,( ó _+��  � M+* h �+�b_�c
¸���ÆÇ�ë��� h ² �(_¦¡��	���b_+�B³�µ+ÆÇ�ë���� 	 Q��� ù �b_+�6�(_`±Í�2ÆÇ�a_Ê�*¶'�%± ù �³��Ð[�2���a_+�2�����Bc Ä �H���/��� ² ����¡��+�Q�[�	�+� ù  Q�p¶�Q�2¢����2�	���b_v��Ð[�2���a_+�2�����h�H� ù �a_+�à�b_à�	�+� h �+�b_ ��± ù �/³G��¡��Q�v�6� h �+�b_v�2ÆÇ�a_Ê� h �+�	� ² �:��¡��Q�a±Ç�� 	�(������Q� ù ¡� $¡��Q�2¢�±Í�Q���	�¦¡��V���Q�V��Ð[�2���a_+�2±Í��¡e_ ² �-��¡�¢��2�H¢¥¡��Q�������� 	 Q���2�	¢�± ² ¡��Q���Ì�b_Ì�	�+� ù  Q� ù �2 /��¡e_+�6���+¡��Q�h �+�b_h��± ù �/c
Ä �+�X��Ð[�2���a_+�2�����@�ef�µ+ÆÇ�/�6�·»]�2 Q�a_Ê� ù  Q���Q�2¢����2�	���b_:��� h ² �(_¦¡��	���b_+��¡� Q�/�	�+�Ï«R_�¡��wfä��¢�¢���«
� Ò

ô1020 © v ô û !*ü·ý0 ÷Zv W�3 ô û !*ü·ý0 zÂzw÷ ô�4 ü·2 ÷Zv ô ! ¬ +��0 ÷ ô ÿ��0 ÷ ô ü = �0 z ¿
ô10�5 © v ô û !*ü·ý0 � ô û !~ü·ý5 3 v ô û !*ü·ý0 ÷ ô û !*ü·ý5 zÂzw÷ ô 4 ü(2 ÷ ô ! ¬ +��0 ÷ ô ! ¬ +��5 ÷ ô ÿ��0 ÷ ô ÿ6�5 ÷ ô ü = �5 ÷ ô ü = �0
ô7585 © v ô û !*ü·ý5 ÷Zv W�3 ô û !*ü·ý5 zÂzw÷ ô�4 ü·2 ÷Zv ô ! ¬ +��5 ÷ ô ÿ��5 ÷ ô ü = �5 z ¿
ô 0 ® © ô û !*ü·ý0 ÷ ô ÿ��0 ÷ ô ÿ��® ÷ ô ! ¬ +��0 ÷ ô 4 ü·2 ÷ ô ü = �0 ÷ ô ü = �®
ô75 ® © ô û !*ü·ý5 ÷ ô ÿ��5 ÷ ô ÿ��® ÷ ô ! ¬ +��5 ÷ ô�4 ü·2 ÷ ô ü = �5 ÷ ô ü = �®
Ä �+�2 Q�/���w_+���	 	�(±/±Ç�2 
��Ð[�2���a_+�2±¬¡��$�Q�F�2�¥¡��Q���³«§���	� ÄRO-�8h �+�b_+�
�	�(_+�����	�+�2±¬¡� Q�£_+�����	 	�(±/±Ç�2 $¡ ² ¢��h �+�b_+�Bc ( �	�(_`±³�	�+��Æ�¡�¢��+����f  Q� h Ä ¡ ² ¢�� � c Ñ ³¼«U�-� ² �$¡��(_Ùf �� ��	�+���2ÆÇ�a_Ê�*¶'�%± ù �)��Ð[�2���a_+�2�����V¢����	�Q���:�(_Ä ¡ ² ¢�� ¹ c Ñ c

ÑDÒæÛÅÒ�Ó ÜhæHæ6Ù+çKØ1Ü¼×¯æ6Ù�Ü]×¯âÞÝ�å%×DÙàß�Ü¹ØÇå�æ6Ü]Þ¥á�â æHå'Ù¦×¯æ�ãIÚëÜ]Þ�æHáKÞ�Ü¹Ø1å�Õ£×
è _+���¤�	�+�¬�6� h �+�b_ �2ÆÇ�a_F�Q�-�¦¡�ÆÇ� ² ���a_ ù  Q���Q�2¢����2�Q����³U�	�+�¬�2ÆÇ�a_F�Q�ë¡� Q�� Q�\gF�H�� Q���q�Q� ù ¡��Q�)¡Í�Q�2��efD�Q�2¢����2�	���b_:�2�H�Q�G�H���	�(±/_+���h�Q�[�6���Q�2 	� h �(_¦¡��Q�X�	�+� ù  Q���Q�2¢����2�Q�����2ÆÇ�a_Ê�Q��f� Q� h ù �1�Q�Q� ² ¢�� ² ¡��è¯�±1 Q���`_+�H�h � h ���Á¯F�(_`±��	�+�/¢�� ù �Q��gF�¦¡� Â¯��Q�(±/_¦¡�¢�c � ���2�	���b_ ¹ c � �6���Q�2�+�Q�Q���G�	�+�/Æ1¡� 	�����+� ù �1�Q�	� ² ¢�� ² ¡��Á¯:±1 Q���`_+�H�>�(_



Ç�È�ÉrÊ�Ë�ÌNÍNíuÎ�Ï�ÌNÉ�Í�Ç�ÈNî¯ï>ÍÐÏ�Ç�É@ð�ÉrÍ�ð�ÌNÊrË§ïVñ¾ò�ÉrÍ@ó�ÏVô#õDË�È�Ì¤ö�÷Vö¾÷XÉ>õ@ø�ùY÷�ùY÷lÇ�ÈrÉ>õ@õ�ÌDð �/.
é-9Ö��
��;:è��<�=N�ié/>?�Êýæ�:
@�Êýæ��ï�A ù ê ù ê �CBYûÔ
	
	�Fÿ

ô1020 © . c Ú � ìD�8. c . Ø/Øô�0�5 © . c ì Ø �E�8. c . Ø/Øô 585 © . c �/.ÇìD�8. c . Ø/Øô10 ®�© . c Ú � Ø �8. c ././�ô 5 ® © . c ìbÚ Ø �8. c ./.Çì
Ä ¡ ² ¢�� ¹ c ÑuÒDÄ �+�V�Q���$¡�¢£�2ÆÇ�a_F�*¶'��± ù �f��Ð[�2���a_+�2�����G��¡�¢��2�H¢¥¡��Q���h�+�	�(_`±)Æ1¡�¢��+���wf� Q� h Ä ¡ ² ¢�� � c Ñ c

�	�+� ù ê ù ê¾�$�¦¡e_`_+�2¢�c�ã>�G�6���Q�2�+�$�Q���¤�(_ ù  Q�2ÆF�����+� � ���2�	���b_+� � c � ¡e_+� � c ¹ ³�«¯��±Ç�a_+�2 $¡��Q� M �b_F�Q� � ¡� 	¢���2ÆÇ�a_F�Q�K�Q�V�	� h �H¢¥¡��Q�
�	�+�
�Q�(±/_¦¡�¢¦¡e_+� ² ¡��è¯�±1 Q���`_+�ë¡e_+�)�Q�	�+�6±f�	�+�G¡������ ù �$¡e_+���@�ef¹�	�+�G�Q�2¢����2�	���b_[�2�H�Q�BcÄ �+���Q�X�Q�2¢����2�	���b_h�2�H�Q�G¡� Q�X¡ ùuù ¢������h�Q���	�+�/�+¡��$¡��(_¬�	�+�£fä��¢�¢���«§�(_`±³�� Q�H�2  Ò
Ø/c Ä �+�¥µ+ Q�Q� h �+�b_³«§���	� ­+®ZU W/Y�� ��¾ � �/³�fä��¢�¢���«U��� ² ±ë¡e_+���	�+�2  h �+�b_³«§���	� ­+®ZU ª\[H� ��¾ � �¥¶Ä �H���§�2�H�§�a_+�	�H Q�����	�¦¡��§�	�+� h �+�b_¬���
¡ ù  Q� ù �2 	¢�±[�	 	�(±/±Ç�2 Q��� h �+�b_h¡e_+�ë Q���6�+�����
�	�+�/¡ h ���`_Ê�
�ef ] �>^ ² ¡��è¯�±1 Q���`_+�Î¡��Q�Q���2�¥¡��Q����«§���	�q¢����$�¾�a_+�2 Â±Ç�2�	��� h �+�b_+�Bc Ä �+�³¢���¡��6�(_`±�¡e_+�N�Q�����b_+�¢���¡��6�(_`± h �+�b_ ­+® �6���	�	 	� ² �H�	���b_+�çfä�� �¡�¢�� ù �Q�:gF�¦¡� Â¯ h ¡��Q���ef j/j/.}� �$¾ � � ¿ ¡� Q�Í�	�+��«R_à�(_¸��(±1�H Q� ¹ c ¹ c

 (GeV/c)TP
0 50 100 150 200 250 300 350 400 450 500

E
ve

nt
s 

/ 4
 G

eV
/c

0

20

40

60

80

100

120

140

160

 of leading muonsTP

 (GeV)TE
0 50 100 150 200 250 300 350 400 450 500

E
ve

nt
s 

/ 4
 G

eV

0

20

40

60

80

100

120

140

 of leading jetsTE

¸��(±1�H Q� ¹ c ¹ÔÒ��£® ¡e_+� ö ® �6���	�	 	� ² �H�	���b_+��f �� f¢���¡��6�(_`± m �+¡� Â¯ o ¡e_+���Q�����b_+��¢���¡��6�(_`± m ¢��(±1�F� o�h �+�b_+�m ¢��pf � o ¡e_+��°	�2�Q� m  	�(±1�Ê� o f �� �q s�t © W/Wb[�� �$¾ � � ¿ c

j c j °Z�2�Q�/«§���	� ö ® v(x y z UÄW/Y ¡e_+� ö ® v(x ¿ z UÖªBYi� ��¾ ¶ Ä �+�- Q�\gF�H�� Q� h �a_Ê�f�	�¦¡�� ² ���	�4¡³�	�(±1�Ê�¡e_+�h¢����1�Q�
°Z�2� ² � ù  Q���Q�a_F�>�(_:�	�+�¾�2ÆÇ�a_Ê�V�	�(±/_H�·µ¦��¡e_Ê�	¢�±: Q���6�+�����>�	�+��_F� h ² �2 /�ef ² ¡��è¯�±1 Q���`_+��2ÆÇ�a_Ê�Q�Bc�|~�)¡�¢��Q�� Q�\gF�H�� Q���	�+���Q�¾��«U��°Z�2�Q���Q�¬�Q�$¡�±h�(_Ì�	�+�-���a_F�	 $¡�¢D Q�a±1���b_~�ef �>^ ¸à�H�2�Q���2�Q�� m1F G 2 ¬ û ¬ + û �~! F � W��0[�o ³¹���H�>�efD���b_+�f«§���	�H�(_h�%«¯� h �+�b_+� h �a_Ê�	���b_+���Ì¡ ² ��ÆÇ� m EIH v�JLK Ke��� x éB� z U[u���/o ³ ù ¢��+�G�¦¡�Æ��(_`±³¡ Ó M f  $¡��2�	���b_¤¢����Q�§�	�¦¡e_ . c S c Ä �+�/¢���¡��6�(_`±³¡e_+�¤�Q�����b_+�h¢���¡��6�(_`±V°	�2� ö ®
�6���	�	 	� ² �H�	���b_+�Rfä�� G¡¾¢�� ù �Q��gÊ�¦¡� Â¯ h ¡��Q�
�ef j/j/.7� �$¾ � � ¿ ¡� Q�X�	�+��«R_¤�(_k¸��(±1�H Q� ¹ c ¹ c

� c ö ® v(x y z�� ö ® v(x ¿ z UXYb[l� �$¾
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¹ c Ä � ù ��¢��b±1±f�2�H� Ò EEM v �äé ­ � Ke��J ��x é\� J����ö ®�z UvªBWb[ � ¶ Ä �+��¡e_`±1¢��§�2�H�Å��� h ¡��(_H¢�±f�Q��µ+¢��Q�2 D���H�Å�	�+�^  Q�2¢�¢·¶ � ¡e_ ² ¡��è¯�±1 Q���`_+��c ^ �+���Q�f�	�+�>¢¥¡��Á¯ë�ef	_+�2�H�	 	�(_+�1�d³ ^  Q�2¢�¢·¶ � ¡e_¬«U�b_WË �§�¦¡�ÆÇ�/¡ ² ¡�¢¥¡e_+������ö ® «§���	�:¢�� ù �Q�b_+� ù ¢��+�D°	�2�Q�Bc Ä �+� ² ¡�¢¥¡e_+�����Í�	���	�¦¡��	���b_���� h �� Q�¾�� G¢����Q�@¢��(¯Ç�¾¡ ² ¡��è¯:¶'�Q�e¶ ² ¡��è¯��¡��Q� mZªB�b[ � o c>�>�2 Q�/³¦¡'f��Q�2 >�2�H�G� ù �	� h �(�Ï¡��	���b_�³¹«¯�f�Q�2�
�	�+�V¢��Ï«¯�2 >¢�� h ���@�efx�	�+�f¡e_`±1¢�� ² �2��«U���a_h �+�b_+� ù ¢��+�Å°Z�2�Q�@¡e_+� h ���Q�	�(_`±-�	 $¡e_+�	ÆÇ�2 Q�$�/�a_+�2 Â±1±��Q� ² �HØ j/. �H�a±1 Q�����dc
Ñ c Ä  $¡e_+�	ÆÇ�2 Q�$�l¯��(_+� h ¡��	���³Æ�¡� 	�¥¡ ² ¢������2�H��¶ Ä �+� ù �H  ù �1�Q�ë�ef@�	�H���¾�2�H�¾���¾�Q���Q� ùuù  Q���Q�X�	�+�³�Q� ù
ù  Q�F�6�+�2�	���b_ ² ¡��Á¯:±1 Q���`_+�H�Bc Ä � ù �H����¡�±6���(_Ê�Q��| ¡e_+� ² gF�¦¡� Â¯�³�«§�H��¢��£| �H����¡�±����Q�f¢�� ù �Q�b_+�B³
�/c ±Ôc � � ù  �c è _��	�+�Í���	�+�2 ¬�¦¡e_+��³@�	�+�:�	�H�� Q�D±Ç�a_+�2 $¡��	���b_v¢�� ù �Q�:gF�¦¡� Â¯ �H����¡�±����Q�Ð¡
¡e_+� ² ³K«§�H��¢��ë¡q�H����¡�±6�-�Q�Ù_+�2�H�	 	�(_+�1�ë¡e_+�Î¡ h �+�b_�c �>�a_+�����	�+�¤�6�·»¼�2 Q�a_F� h ¡��Q�)� ù ���2�	 $¡
�eff�	�+�Ù| ¡e_+�à�	�+� ¡ ² ����� h ���¤�	�+�Ù¯Ç�2± �Q�Vµ+¢��Q�2 ¬�Q� ù ² ¡��Á¯:±1 Q���`_+�����H�¤�ef��	�(±/_¦¡�¢�³V¡e_+��	�¦¡�� ù  Q��Æ����H���
�	�+� h ���	��Æ1¡��	���b_¤�Q� ù �H�G¡-�	 $¡e_+�	ÆÇ�2 Q�Q�£¯��(_+� h ¡��	���/Æ1¡� 	�¥¡ ² ¢��/�Q�+���Á¯³�+�2 Q�/c M �� Q��H�2�$¡���¢��@¡ ² ���H�G�	�H���>�Q�+���Á¯h¡� Q�X�6���Q�2�+�Q�$���¬�(_��Q���2�	���b_ ¹ c � c j cwã¥f �Q�2 @�2�H�G� ù �	� h �(�Ï¡��	���b_�³¹«U�X�Q�2�q ® v ù ªb���ö ® z ¼ W/Y�¦ ée§{¡e_+��q ® v ù ªb� ù W����ö ® z ¼X�b[�¦ ée§{¡��Å�	�+�§�2�H�Å���b_+�6���	���b_�f �� Å�	�+� ù ê ù ê
�Q�¦¡e_`_+�2¢�c

Ú c¥¨ û �2�H�R¶ Ä �+� h �2�	�+���¬���
�	� h ��¢¥¡� §�Q�)�	�+�/�b_+���+�Q���¬�(_¤�$�¦¡e_`_+�2¢Y�\g��\gÖcÓ �\©
�	� hON ö ®QP�y � ö ®RP ¿ � ö ® ­ y � ö ® ­ ¿�G�\© h ¡e± N«ª v ö P�y � ö P ¿ � öF­ y � öF­ ¿ z # ¿ � v ö P�y � ö P ¿ � öF­ y � öF­ ¿ z ® ¿Ó �H��� ù �
�(_ ù ê ù ê�³6«U�/�Q�2�§�	�+�/�2�H�
���b_+�6���	���b_Í¡��Ó �\©
�	� h½¼ ¹ c .l9 �G�\© h ¡e± 68Ñ/. c . f �� §�	�+� ² ���	� � � ²£c
ì c O � h �ÏÆ�¡�¢U�ef§�2ÆÇ�a_F�Q�X«§���	� �!S � q P�P 3 � �$¾ � �\¿ � ª1ª\[ ¡e_+� q P�P � ªBY¤� ��¾ � �\¿H¶ Ä �H���f�2�H�
 Q���6�+�����>�	�+� ^  Q�2¢�¢·¶ � ¡e_ ² ¡��è¯�±1 Q���`_+�Ì¡e_+�h¢��Ï«I�a_+�2 Â±1± h �+�b_Ì�2ÆÇ�a_Ê�Q�rf  Q� h Ã:�/Å �� ;Æ�c ^ �+�
�Q���	�+��¢¥¡� Â±Ç� h ¡��Q�/�efU�	�+� h �+�b_�³Y�	�+� h �+�b_��2�H 	Æ1¡��	�H Q��fä�� V�H�(±1�u¶ ­+® h �+�b_+�X���£_+���X¡³ÆÇ�2 	±
 Q�2¢��¥¡ ² ¢��£gÊ�¦¡e_F�	����±�c Ä �+�2 Q�pfä�� Q���	�+�2 Q�G���>_+�¾ Q�\gF�H�� Q� h �a_Ê�§�	�¦¡��U�	�+� h �+�b_+���(_ë�	�H���UÆÇ�2�Q�-¡� Q�>�ef� ùuù �1�Q���Q�V�Q�¦¡� Â±Ç�/c

¸��(±1�H Q� ¹ c Ñ �Q�+��«
�¯�	�+�@�Q�2¢����2�	���b_��2�H�§¡������ ù �$¡e_+�����¯ Q�2¢¥¡��	��ÆÇ�>�Q�X�	�+��_F� h ² �2 U�ef h ¡��Q�$�+��� h �+�b_+��efD�%± ù � � M,( ó ³ � M)* ¡e_+� ÄRO-� c Ä �+��µÔ_¦¡�¢Å�Q�2¢����2�	���b_:�2�H��¡������ ù �$¡e_+�����V¡� Q�X��¡�¢��2�H¢¥¡��Q���� Q�2¢¥¡��	��ÆÇ�
�Q�-�	�+�/�Q���$¡�¢�_Ê� h ² �2 @�efx�	�(±/_¦¡�¢£�2ÆÇ�a_F�Q�
�(_¤�	�+� M �b_Ê�Q� � ¡� 	¢��)�$¡ h[ù ¢��/c

ä v < ÷ z ©«å m�� M,( ó ³ � M)* ��  ÄRO/�8h �+�b_+� ù ¡��Q�	�(_`±ë�Q�2¢����2�	���b_h�2�H�Q� o
å m �Q���$¡�¢£�2ÆÇ�a_Ê�Q� o mæ¹ c � o

� � h ��¢¥¡� ¾�Q��éÏê1é�ê¤�$�¦¡e_`_+�2¢�³Å�	�+�[�Q���$¡�¢U��Ð[�2���a_+�2± h �+�	� ² ��f ��¢��H����«§���	�4¡h�Q��¡�¢��Hf'¡��2�Q�� B³�«§�H���Q��	�$¡e_+�H��fä�� £�	�+�U�6��� ù ¡� 	����±X�ef¦�$�2¢����2�	���b_¾��Ð[�2���a_+�2����� ² �2��«¯���a_ M �b_Ê�Q� � ¡� 	¢��>¡e_+�X�	�+�K Q��¡�¢6�+¡��$¡uc Ä ¡ ² ¢��¹ c Ú �Q�+��«
�/�	�+�ë�Q��¡�¢���f'¡��2�Q�� Q��fä�� /�	�+�-¢�� ù �Q��gÊ�¦¡� Â¯ M �b_Ê�Q� � ¡� 	¢��kf �� /�Q�2ÆÇ�2 $¡�¢¯¢�� ù �Q�:gF�¦¡� Â¯ h ¡��Q�Q���Bc
� ��¡�¢��£f'¡��2�Q�� Q�
«U�2 Q�X¡�¢��Q�-��¡�¢��2�H¢¥¡��Q���kf �� §�	�+�VÆ1¡� 	�����+� ² ¡��Á¯:±1 Q���`_+�H�dc
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Kinematic Acceptances

Muon Pt cut...

+ Jets Et cut...

+ Inv. mass cut...

+ Sum jet Et cut...

+ Sum jet/mu Et/Pt cut...
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�X�	�+��µÔ_¦¡�¢¯��Ð[�2���a_+�2±~«§���	��	�+��±Ç��� h �2�	 	���¾¡������ ù �$¡e_+���/�(_+�2¢��+�H����c Ä �+�V�	�$¡��	���	�	����¡�¢£�2 	 Q�� Q�>¡� Q� ù ¢����	�Q����c
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M ¡��$� m�� ��¾ � �\¿ o � M,( ó � M+* ÄRO-�M �+�b_iÕ ^�Ò`^ ¡��$¡ � M ��/. . c SÇì'¹�Ñ Ø/c . Ø Ú/j Ø/c ./j Ø/ØØ j/. . c S/� Ø . Ø/c ./j Ø � Ø/c . � �/ÑØ Ú/. . c S/�e¹/¹ Ø/c .e¹Fìb� Ø/c .e¹�S/Sj/./. . c S/�/Ñ/S Ø/c ./� � Ú Ø/c ./ÑÇìb.je¹�. . c S/�/Ñ/. Ø/c ./Ú/S Ø Ø/c ./� � jM �+�b_iÕ%�Q��¢¥¡��	���b_ Ò�^ ¡��$¡ � M ��/. Ø/c .e¹�./S Ø/c ././Ñ � Ø/c . Ø ì1ìØ j/. Ø/c .e¹Fìb� Ø/c ././S/Ñ Ø/c ./Ñe¹�ÑØ Ú/. Ø/c .e¹�S/j Ø/c . Ø jÇì Ø/c ./�/Ú/jj/./. Ø/c ./Ñ/. Ø Ø/c . Ø Se¹ Ø/c(Ø j/�/�je¹�. Ø/c ./Ñ � Ñ Ø/c . � ./Ú Ø/c(Ø Ú Ø .

Ä ¡ ² ¢�� ¹ c ÚuÒDÄ �+�V $¡��	���1�@�efÅ��Ð[�2���a_+����� ² �2��«¯���a_:�+¡��$¡)¡e_+�¬¢�� ù �Q��gÊ�¦¡� Â¯ M �b_Ê�Q� � ¡� 	¢��`c Ä �+�V $¡��	���)����H�pµÔ_+���³¡��D�+¡��$¡ � M � c � ��¡�¢��wf'¡��2�Q�� Q�D��¡�¢��2�H¢¥¡��Q���Hfä�� D�	�+� ² ¡��Á¯:±1 Q���`_+� M �b_F�Q� � ¡� 	¢��f¡� Q�w_+���K�Q�+��«R_�+�2 Q�/c
ã ù  Q�2ÆF�����+�U¢�� ù �Q��gÊ�¦¡� Â¯³�Q��¡� Q�Q�¬�(_³�	�+� ù ê ù êX�Q�¦¡e_`_+�2¢W�6���u_WË ���$¡e¯Ç� ÄRO/��h �+�b_¬�(_Ê�Q�����b_+�	���H�2 *¶

¡��	���b_ m �/c ±Ôc Q Ø . � Tæo �	��¢�¢ j/./.e¹ ³¦«§�+�a_�«¯��¡e_¦¡�¢�±:����� j _+�k±Ç�a_+�2 $¡��	���b_Í¢�� ù �Q��gÊ�¦¡� Â¯6�
«§���	�ÐØ SÇì�ù ² � y �efO �`_ëÕèÕU�+¡��$¡ m*Q Ø ./.'Tæo c � �(_+���/�	�+�;±Ç��� h �2�	 	���¾¡������ ù �$¡e_+���X���G Q�2¢¥¡��Q���¤�Q�-�	�+� ù �Q�2�+�H�� $¡ ù ���6����±�����ÆÇ�2 *¶¡e±Ç�f�ef��	�+� h �+�b_��Q±��	�Q� h �d³+�Q�2¢����2�	�(_`± ÄRO-�Þh �+�b_+�@«§��¢�¢£�(_+�2 Q��¡��Q�/�	�+�/�Q���$¡�¢Y�$�2¢����2�	���b_�¡������ ù �$¡e_+���
�	�(±/_H�·µ¦��¡e_F�	¢�± m ¡ ² ���H� j/./. 
 ² ���1�	�>��� h[ù ¡� Q�¾�Q� � M)( ó �Q�2¢����2�	���b_Ì�b_H¢�± o �6�+�f�Q�³�	�+�X¢¥¡� Â±Ç�2  ù �Q�2�u¶�H�� $¡ ù ���6���%±³���ÏÆÇ�2 $¡e±Ç�/c Ä �+�@�Q�+�� 	�Q��� h �(_`±¾�+�Ï«¯�2ÆÇ�2 B³H���¯�	�¦¡��U¢��F�1�Q� G ¡�¢��Q�¾¡�¢�¢���«
� h �� Q� ² ¡��è¯�±1 Q���`_+��� Rf'¡e¯Ç�V�2ÆÇ�a_Ê�Q�G�Q� ² ����� h �/��¡e_+�6���+¡��Q���Bc
M ¡��Q�m�� �$¾ � �\¿ o � M,( ó>�/� M)( ó � M)( óF�/� M)* � M)* �/� M+* � M,( ó>��ÄRO/� � M)* ��ÄRO-�

�/. Ø/c S	��. c(Ø ��. c j 
 Ø/c ¹T��. c(Ø �;. c(Ø 
 . c j	��. c .	��. c . 
 j c ì��;. c(Ø ��. c j 
 . c S	��. c(Ø ��. c(Ø 
Ø ./. j c j	��. c(Ø ��. c j 
 Ø/c Ú	��. c(Ø �;. c(Ø 
 . c � ��. c .	��. c . 
 � c j	�;. c(Ø ��. c �	
 Ø/c(Ø ��. c(Ø ��. c(Ø 
Ø j/. j c �	��. c(Ø ��. c �	
 j c(Ø ��. c j	�;. c j 
 . c Ñ	��. c .	��. c . 
 ¹ c .	�;. c(Ø ��. c �	
 Ø/c Ú	��. c(Ø ��. c j 
Ø ¹�. j c Ú	��. c(Ø ��. c �	
 j c j	��. c j	�;. c j 
 . c ¹T��. c .	��. c(Ø 
 ¹ c ¹T�;. c j	��. c �	
 Ø/c ì���. c(Ø ��. c j 
Ø Ú/. � c(Ø ��. c j	��. c �	
 j c(Ø ��. c j	�;. c j 
 . c Ñ	��. c .	��. c(Ø 
 Ñ c(Ø �;. c j	��. c ¹ 
 Ø/c �	��. c(Ø ��. c j 
Ø �/. � c � ��. c j	��. c �	
 j c Ñ	��. c j	�;. c j 
 . c Ñ	��. c(Ø ��. c(Ø 
 Ñ c S	�;. c j	��. c ¹ 
 Ø/c ì���. c(Ø ��. c j 
j/./. � c ì���. c j	��. c ¹ 
 j c � ��. c j	�;. c j 
 . c ¹T��. c .	��. c(Ø 
 Ñ c ì��;. c j	��. c ¹ 
 Ø/c �	��. c(Ø ��. c j 
j/j/. � c �	��. c j	��. c ¹ 
 j c Ñ	��. c � �;. c j 
 . c ¹T��. c .	��. c . 
 Ñ c �	�;. c j	��. c ¹ 
 j c j	��. c(Ø ��. c �	
je¹�. � c(Ø ��. c j	��. c �	
 j c � ��. c j	�;. c j 
 . c Ñ	��. c .	��. c(Ø 
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Ä ¡ ² ¢�� ¹ c ì�ÒU� �(_+� h ¡��	���/��Ð[�2���a_+�2±h¡��G¡�f �`_+�2�	���b_h�ef��	�+�/¢�� ù �Q�:gF�¦¡� Â¯ h ¡��$�Bc

Ä �+�-�$�2¢����2�	���b_Ì¡������ ù �$¡e_+���Hf �� ���¡��Q�Ì¢�� ù �Q��gÊ�¦¡� Â¯ h ¡��Q����� h �H¢��	� ù ¢������ ² ±h�	�+���2ÆÇ�a_Ê�*¶'�%± ù �)��ÐH¶�2���a_+�2�����Bc Ä �+�- Q���Q�H¢��Q��fä�� X��¡��Q�4�6�·¶ h �+�b_N��� h ² �(_¦¡��	���b_Û¡� Q�-¢����	�Q���Ì�(_ Ä ¡ ² ¢�� ¹ c ì ¡e_+��¡� Q�)�Q�+��«R_
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�efÅ�	�+�£µ+ Q�	�§¢�� z �Q�b_�¡e_+� h ���$�	�(_`± Ó �¶>q ® v �äé ­ � Ke��W����ö ® z¶>q ® v �äé ­ � Ke�Dªb� �äé ­ � Ke��W����ö ® z

Ä �+� z �2 *f ��  h ¡e_+���-�ef¯�	�+���Q�XÆ1¡� 	�¥¡ ² ¢����Q�+���Á¯��VÆ1¡� 	�����>«§���	�Ì�6�·»¼�2 Q�a_F�/�Q�¦¡e_`_+�2¢��Bc;¸¦�� ����+¡ hIz ¢����B³�(_��	�+�/é�ê1éÏêf�$�¦¡e_`_+�2¢�q ®>v é ªb���ö ® z ¡e_+�kq ®Fv é W����ö ®�z ¡� Q��±Ç�F���lµ+¢��Q�2 Q�B³�«§�H��¢����(_³�	�+� ù ê ù ê¾�Q�¦¡e_`_+�2¢q ® v ù ªb���ö ® z ¡e_+��q ® v ù ªb� ù W����ö ® z �	�+��«4�	�+� z ��«U�2 x�ef¦�	� z&z  Q���Q�	�(_`±>�Q� z ² ¡��Á¯:±1 Q���`_+�H�dc Ä �+�2 Q�pfä�� Q�/³«U�£_+�������Q�-�Q�2�B³��	�`_+�/¡e_+�¤¡ z&z ¢�±�¡ z&z  Q� z  	�¥¡��Q�V�	 $¡e_+�QÆÇ�2 Q�Q�V�2�H�Q�>f �� §��¡��$�¤�(_+�6��ÆF���6�¦¡�¢W�$�¦¡e_`_+�2¢�cN|~�
«§��¢�¢ h �a_F�	���b_h�	�H���§¢¥¡��Q�2 G�(_h�Q���2�	���b_ Ñ c � «§���	��é ù ê�ê¾�$�¦¡e_`_+�2¢�¡e±Ê¡��(_�c|~���Q���b¯ Ø ./.!� �(_+�2¢��+�	��ÆÇ��� v� M �b_F�Q� � ¡� 	¢��¤�2ÆÇ�a_Ê�Q��f� Q� h �	�+� Ä � z ±1 Q��� zXm q û � @ N Ø ìbÑk� �$¾ o
¡��>�	�+���	�	�+�6± h ���H�2¢�c Ä �+����� z ���2�Q���ë_F� h ² �2 /�ef ² ¡��è¯�±1 Q���`_+�Ì�2ÆÇ�a_Ê�Q��f� Q� h �wv�G��� [u��ªaLQ�X[u�0[	� f �� 
éÏê�éÏêu³ ªb�0[bL$�n[u��ª f ��  ù ê ù êuc Ä �k_+��  h ¡�¢��(���³�	� h �H¢¥¡��Q�����2ÆÇ�a_Ê�Q�f�Q�¤�+¡��$¡¬«U�)�+�Q���~�	�+�-�	�+���� Q�2�	����¡�¢
�2 Q�1�Q�G�Q���2�	���b_¢fä�� R� v�a³ � v � v� z ©�Y����!�Dz ² c
ÑDÒ�}ÅÒ } ¡ �¢��ÙHØÇß

| 6$x£� °Z�2�Q����¡e_ ² �ë¡e_+���	�+�2  ² ¡��è¯�±1 Q���`_+�q���b_Ê�	 	� ² �H�Q�� B³K�(_4��¡��Q�ë�	�¦¡����	�+�[�	�H�� Q��°	�2�f��� h ���*¶h ��¡��	�H Q���q¡e_+���	 Q��¡��Q���q¡��X�	�+�³�Q�����b_+��¢�� z �Q�b_�c¤¸+ Q� h  Q��¡�¢��+¡��$¡u³D¡��¾�	�+��«R_N�(_Ð¸Y�(±1�H Q� ¹ c ì ³Å����ËÉ�
�2¢���¡� ��Q���Q���f�	�¦¡��>�	�+�¾ Q�a±1���b_ Wb[ � �ö ® 3 � ��¾ � L�[ ¡e_+�if  $¡��2�	���b_¦¡�¢Å¢�� z �Q�b_:���$��¢¥¡��	���b_ ² �2¢��Ï« . c(Ø¾���
�+��¡�ÆF��¢�±h���b_F�$¡ h �(_¦¡��Q��� ² ±ë| 6 °	�2�Q�@�2ÆÇ�a_F�Q�Bc��@�Ï«¯�2ÆÇ�2 /¡'f��Q�2 V¡ z&z ¢�±��(_`±ë�%«¯�³¢�� z �Q�b_ Õ ^ �2�H�Q�V¡e_+�
�Q�2�	�	�(_`±³¡¾�H�(±1�¤�	�H Q���	�+��¢��h�b_ � ö ® ³H«U�X¡� Q�/¡ ² ¢��V�Q�H¯���¢�¢ h �1�	�G�ef�| 6 °	�2�Q� ² ¡��è¯�±1 Q���`_+�H�Bc| 6$x¤� °	�2�Q�D«�¡����	�	�+�6�����)«§���	��¡ M �b_Ê�Q� � ¡� 	¢��X�$¡ hIz ¢���f� Q� h ¢�� z �Q�b_ 6 °Z�2�Q� ² ¡��è¯�±1 Q���`_+��³H�	�	 	� z ¶
z �(_`±Vf  Q� h�Ä � z ±1 Q��� z c Ä �+�Í��� z ���2�Q���n_Ê� h ² �2 ¤�ef ² ¡��Á¯:±1 Q���`_+� �2ÆÇ�a_Ê�Q��f  Q� h | 6$x¥� °Z�2�Q�����[u�0[bLQ�X[u�0[Hª fä�� Vé�ê1é�êu³ [u�0[�Y�� [u�0[Hª fä��  ù ê ù êuc Ä ��_+��  h ¡�¢��(���-�	� h �H¢¥¡��Q���Í�2ÆÇ�a_Ê�Q���Q�³�+¡��$¡ë«¯�¾�+�Q���
�	�+�V�	�+���� Q�2�	����¡�¢��2 Q�1�Q�
�Q���2�	���b_+� � v � �uéd  � ��­ z ©�Y�� Y��Dz ² ³ � v � � ù   � ��­ z © Y�� Y��Iz ² c
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Ä �+� ] �>^5h �H¢��	� °	�2� ² ¡��è¯�±1 Q���`_+�¤���b_F�$¡ h �(_¦¡��Q���@¡�¢�¢¼¢�� z �Q�:gF�¦¡� Â¯ë�$�¦¡e_`_+�2¢��BcNÕ"_��	�H���§�Q���2�	���b_�«¯����	�	� h ¡��Q�X���Q�G���b_F�	 	� ² �H�	���b_Í�b_��	�+� ù ê ù êb�;©«ª ��� éd�D¡e_+�¤�	�+�XéÏê1é�ê)�$�¦¡e_`_+�2¢�³¹¡e_+�:¡-�	� h ��¢¥¡� @�Q�	 $¡��Q�a±1±«§��¢�¢ ² �/¡ z&z ¢������¤�Q���	�+�fé�ê ù ê��Q�¦¡e_`_+�2¢£�(_¬�	�+�;_+�����
�$�¦¡ z �Q�2 Bcº£�2��ËÉ�ë�	�$¡� 	�[«§���	�Û�	�+� ù ê ù êÍ�Q�¦¡e_`_+�2¢¥µ+ Q�Q�Bc � �(_+���¤«U�¬�¦¡�ÆÇ�:¡ h �+�b_��	�	� ² ¶'�	 $¡��è¯ h ¡��Q�$�Î Q�p¶gF�H�� Q� h �a_Ê�/�(_Í�	�+� h �+�b_~�$�2¢����2�	���b_ z  Q�F�����6�H Q�/³]�	�+� z  Q� ² ¡ ² ��¢����%±:�ef��a_+�2 Â±Ç�2�	���>°Z�2�Q�V��  z ���b_Ì�H����¡�±
² �2�(_`± h ���Q���H�a_Ê�	�·µ¦���¤¡��­¬ h �+�b_+��®>¡e_+� z ¡��Q�	�(_`±f�	�+�G�	 	�(±/±Ç�2 §���b_+�6���	���b_³«§��¢�¢ ² �>� h ¡�¢�¢�³F�� >_+�a±1¢��(±1� ² ¢��/c�>��«U�2ÆÇ�2 G����ËÉ�§�	�	��¢�¢£¡ z �1�Q�	� ² ¢����Q���H Q���V�efx�	�(±/_¦¡�¢W���b_Ê�$¡ h �(_¦¡��	���b_�³���� z ���2�¥¡�¢�¢�±ë�(_¬�	�+��¢��Ï« �ö ®  Q�a±1���b_�c

Ä �+� h �2�	�+���)«¯�@�+�Q���-�Q�f���	�	� h ¡��Q�@�	�+� ] �>^�h �H¢��	� °Z�2� ² ¡��è¯�±1 Q���`_+�³���D�Q�X���+¡ h �(_+�@�	�+� z �¦¡��Q�p¶� z ¡����¾�efD�	�+� �ö ® ÆÇ�2 Q�	�+�>�	�+� h �+�b_¤f� $¡��2�	���b_¦¡�¢����Q��¢¥¡��	���b_ m�^ �pµÔ_+���:¡�� ö ü = �® 3 �£® �(_:�	�+�¾���b_+�X«§���	�O¯N . c ¹_� f� Q� h _+��«d�b_Ì«U�-�H�a_+���Q�����/¡�� I &w° ± o c Ä �H���V���+¡ h �(_¦¡��	���b_~���rf �� /�+¡��$¡³�2ÆÇ�a_Ê�Q�/�(_Ì«§�H���Q��	�+� h �+�b_����Q��¢¥¡��	���b_� Q�\gÊ�H�� Q� h �a_F�f����_+���f�a_uf �� Q������cl¸Y�(±1�H Q� ¹ c ì �	�+��«
�X�	�+�)��¡e_+�6���+¡��Q�[�2ÆÇ�a_F�Q�/�(_
�	�+�V Q��¡�¢Y�+¡��$¡��Q�2� \6] "�#_^�� z  	���� 
�Q�ë¡e_Ê±�¯F�(_+� h ¡��	���f�2�H�Q�Bc

Missing Transverse Energy, GeV
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Isolation Background, No Cuts

¸��(±1�H Q� ¹ c ì�Ò£Ä �+��f� $¡��2�	���b_¦¡�¢ h �+�b_¾���Q��¢¥¡��	���b_¾ÆÇ�2 Q�	�+� �ö ® �(_ � Ú Ø z ²�� y �ef¦�+¡��$¡ ² �pf �� Q�U¡e_Ê±;¯��(_+� h ¡��	����2�H�Q�Bc Ä �+� ] �>^ ² ¡��Á¯:±1 Q���`_+�:�H� h �(_¦¡��Q���G�	�+�/ Q�a±1���b_ �ö ®¤² Ø .7� �$¾ � �	�+�;| 6 °Z�2�Q�G¡e_+�L³ � °Z�2�Q��H� h �(_¦¡��Q���@�	�+�� Q�a±1���b_ ª\[ � �ö ® 3 � �$¾ � Sb[ c
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º£� z �Q�:gF�¦¡� Â¯��U¢���¡�ÆÇ�@���$��¢¥¡��Q���[�H�(±1�u¶ ­ ® ¢�� z �Q�b_+�
¡e_+�ë¢¥¡� Â±Ç� h ���Q�Q�(_`±f�	 $¡e_+�	ÆÇ�2 Q�$�@�a_+�2 Â±1±ë¡��U�H����¡�±

z  Q���6�+�2�Q�B³+�	�+�2 Q�pfä�� Q�V�	�+�V Q�a±1���b_:�ef �ö ® U´Sb[l� ��¾d¡e_+� I &w° ± ²�. c(ØV���
�	�+�/�Q�(±/_¦¡�¢W Q�a±1���b_h�(_k¸��(±1�H Q�¹ c ì c |~��¡�¢��Q�¾�Q���
�	�¦¡��U�	�+� ] �>^�h �H¢��	� °	�2�U�2ÆÇ�a_F�Q�§�H� h �(_¦¡��Q�>�	�+�G Q�a±1���b_ �ö ®?² Ø .�� ��¾�³F«§�H��¢��G�	�+�� � xXW °	�2�Q�G¡e_+��³ � xXW °	�2�Q�
�2ÆÇ�a_F�Q�G�H� h �(_¦¡��Q�/�	�+�/ Q�a±1���b_ ª\[ � �ö ® 3 � ��¾ � Sb[ c|~�X�H�pµÔ_+�£f ���H @���b_Ê�	 Q��¢W Q�a±1���b_+�>¡��wf ��¢�¢��Ï«
� Ò
. O �a±1���b_kÕ­µ �ö ® U¤Sb[l� ��¾�³ I &w° ± ²�. c(Ø
. O �a±1���b_kÕèÕ¶µ �ö ® U¤Sb[l� ��¾�³ I &w° ±I· . c j
. O �a±1���b_kÕèÕÁÕkµ �ö ® � ª\[l� ��¾�³ I &w° ±�· . c j
. O �a±1���b_kÕ"¾¸µ �ö ® � ª\[l� �$¾�³ I &w° ± ²�. c(Ø
Õ$fK�	�+�¾¢�� z �Q�b_¤f� $¡��2�	���b_¦¡�¢Å���Q��¢¥¡��	���b_Í����_+���V���� 	 Q�2¢¥¡��Q���Í«§���	� �ö ® �6���	�	 	� ² �H�	���b_�³¼«¯����¡e_~¡��Q�	� h ��	�¦¡��
�	�+�£_+��  h ¡�¢��(�Ï¡��	���b_ëfä¡��2�Q��  ² �2�%«¯���a_ O �a±1���b_kÕèÕ¯¡e_+�¢ÕèÕÁÕx«§��¢�¢ ² �V��¡ h �/¡��§�	�+��fä¡��2�Q��  ² �2��«U���a_O �a±1���b_ Õ/¡e_+�ZÕ"¾�c Ä �+�2 Q�pf �� Q�ë�Q�h���Q�	� h ¡��Q�)�	�+��_F� h ² �2 -�ef ] �>^ �2ÆÇ�a_Ê�Q�¾�(_��	�+�ë�	�(±/_¦¡�¢K Q�a±1���b_ÐÕ� ö ®°U¹Sb[}� ��¾�³ I &w° ± ² . c(Ø/³�«¯�������H¢�� ��¡�¢��2�H¢¥¡��Q���	�+�k_F� h ² �2 ³�ef ] �>^ �2ÆÇ�a_F�Q�ë�(_Î�	�+�¤ Q�a±1���b_�ö ® � ª\[�� ��¾I«§�H���Q�:�H�pµÔ_+���
�	�+� ] �>^ ���b_F�$¡ h �(_¦¡��	���b_Í� z �Q�[¡�_+��  h ¡�¢��(�Ï¡��	���b_ifä¡��2�Q�� B³ufä��¢�¢���«U���

² ±³�	�H���
 Q�2¢¥¡��	���b_ Ò

º v  Q�a±1���b_¤Õ z ©»º v  Q�a±1���b_¤Õ$¾ z>÷ º v  Q�a±1���b_ëÕèÕ z
º v  Q�a±1���b_¤ÕèÕèÕ z � mæ¹ c Ñ�o

¸��(±1�H Q� ¹ c � �Q�+��«
�¯�	�+�G�2ÆÇ�a_Ê�Q���	�H 	Æ���Æ��(_`±X�	�+�r¯F�(_+� h ¡��	���>�2�H�Q� ² �pfä�� Q�
�	�+�
�	 $¡e_+�QÆÇ�2 Q�Q� h ¡��$�¯�2�H�BcÄ �+�ç_F� h ² �2 [�ef>�2ÆÇ�a_F�Q�-�(_q��¡��Q�q Q�a±1���b_Î¡e_+�N�	�+����¡�¢��2�H¢¥¡��Q��� ] �>^ ���b_Ê�$¡ h �(_¦¡��	���b_ ���f Q� z �� 	�Q���
¡'f �Q�2 @��¡��$�ë¯��(_+� h ¡��	���X�2�H�G�(_ Ä ¡ ² ¢�� ¹ c(Ø . c Ä �H���>�$¡ hIz ¢��/���
�	�+�a_kf �H 	�	�+�2 G Q���6�+����� ² ±¤�	� ² �	 $¡��2�	�(_`±

� �(_+� h ¡��	��� � �H� Õ ÕèÕ ÕèÕèÕ Õ$¾­+® v ù ª z · j/Ñ ¡e_+� ­+® v ù W z · Ø .�� �$¾ Ñ/Ú/S/j/j ìbÑ/Ñ Ñ/j/Ú/Ú Ø j � Ø S �ö ®Fv(x ª z · j/Ñ ¡e_+� ö ®Fv(x W z · Ø Ñ7� �$¾ j/� Ø ¹�S ¹Fì'¹ Ø � ÑÄ � z ��¢��b±1± � �H�Q� Ø/Ø � j Ø � Ñ/. ìbÚ
¼ ö ® v(x é\� J z UXYb[l� �$¾ Ø .Çì Ø S � Ø � ìbj�@�
�2�H� ì S Ø Øq ® v ù ªb���ö ® z ¼ W/Y7� ��¾ � �\¿ ¹ Ñ . .ò M ¡��Q� � �H� j . . .

Ä ¡ ² ¢�� ¹ c(Ø .uÒ¢Ó ÆÇ�a_Ê�Q�ë�	�H 	Æ���ÆF�(_`±Í�	�+�ç¯��(_+� h ¡��	���¤�2�H�Q�-�(_Vf ���H )���b_F�	 Q��¢
 Q�a±1���b_+�Bc Ä �+�ç_Ê� h ² �2 ë�ef�2ÆÇ�a_F�Q�@�	�H 	Æ���Æ��(_`±-�	�+� h ¡��Q�
�2�H�
�(_¤ Q�a±1���b_iÕK���wfä�� �q s�t ©IªBWb[�� ��¾ � � ¿ c
�	�+�/���b_F�	 	� ² �H�	���b_+�@�efÅ�	�+��� � xXW °	�2�Q�G¡e_+��³ � °	�2�Q� ² ¡��è¯�±1 Q���`_+�H�Bc
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Missing Transverse Energy (GeV)
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iso_background4
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Mean x   26.55
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QCD Background Calculation Regions

¸��(±1�H Q� ¹ c �uÒ£Ä �+��f� $¡��2�	���b_¦¡�¢ h �+�b_����Q��¢¥¡��	���b_¾ÆÇ�2 Q�	�+� �ö ® �(_ � Ú Ø z ² � y �ef¦�+¡��$¡ ² �pfä�� Q�D�	�+�¯�	 $¡e_+�	ÆÇ�2 Q�Q�h ¡��Q�G�2�H�Bc
Ä �+�f�2�H�G�b_¤�	�+�V�	 $¡e_+�QÆÇ�2 Q�Q� h ¡��Q�§ Q���6�+�����@�	�+��_F� h ² �2 @�efx�2ÆÇ�a_Ê�Q�>�	�+�Q�¤�	�¦¡�� Ó gF�¦¡��	���b_ ¹ c Ñ ���_+���>«¯�2¢�¢ ² �2�¦¡�ÆÇ����c Ä �³�H�2�Q�2  h �(_+�f�	�+�;µÔ_¦¡�¢	_Ê� h ² �2 V�ef ] �>^ ² ¡��è¯�±1 Q���`_+�Í�2ÆÇ�a_Ê�Q�B³�«¯�¾��¡�¢��2�H¢¥¡��Q��	�+�� $¡��	�����ef��2ÆÇ�a_F�Q���(_��	�+�>� h ¡�¢�¢ �ö ®  Q�a±1���b_kÕèÕèÕD¡e_+�çÕ$¾{¡'f��Q�2 ��	�+���2�H�§�b_ ¼ ö ® v(x éB� J z cNã>�Q�	� h �(_`±

�	�+��½7X�V¾ ¾%>���Y�(_+�H� z �a_+�H�a_Ê�D�ef¦�	�+�¯�	 $¡e_+�	ÆÇ�2 Q�Q� h ¡��Q�B³��	�H����_+��  h ¡�¢��(�Ï¡��	���b_Hf'¡��2�Q�� ���¡e_��	�+�a_ ² ��¡ z&z ¢�������Q�¾�	�+��_Ê� h ² �2 
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Entries  5601398
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RMS y   0.2454ele isolation vs corrected Met
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 of the first leading jetTE LQ_jet2Et
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Mean    40.66
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 of the second leading jetTE
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mass_Tran2
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Mean     14.7
RMS     15.56
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jjµ,MeT), LQ in eµTransverse mass for ( mass_Tran2
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Mean    54.97
RMS     38.42
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mass_Tran3
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Mean    76.32
RMS     80.48
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jjµ,MeT), LQ in eµTransverse mass for (e, mass_Tran3
Entries  2159
Mean    148.7
RMS     93.32
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Kinematic Acceptances
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Sum jet Et cut...
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ø\[ Óe] [ ÓI] Û á

ø ù .17>��©:�(2 � � �
¢ .1ÖGÓW�(2 � Û á A � � � � Û :
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�RT>Û�ú � N
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�RN�N�Sàºäfå ã Q ?m��H N
�RT> �g� N
�RN�N�S N
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