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CDF ηη-φφ Map for Central Muons
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Muon track Radial centerline

55 mm

t4

t

To pp interaction vertex
_

2

+ ,�.1032C4¡6=8�Ì´Ú9<^]¼e/e�ñf�´IbZHd9IbacK_GÞK_MOdüIbZkdEgt®{XÆdf�{�Ca/G=B³IQP3Z\K�ñ�BEPüMuK�ñ�Z�DWñ¬K_G³giPAd�DFj3@HZY�`l`_7K¬I @ÅIbPJ@�\@HG��\@Q�^a/Z]@��«dfZ]@ËK�a��]@_IªI K¸Z\@HDFK3µN@7d�DFjfa�B!ñ�a IF#¢a/G¹Ó-l^mnZ]K_DporqRs t5l

ð16



���ï���3�9,��H,��1�n���Wá98úð­� ��·«�5�C4`4��ËÇuÕ=8ÿÚ¨,/�E�H4�2H���\�H,��1�²�/4��3.��H�9�kÉT���3�³·c��032��¤��2C4¢�/�N®�4`25�Y�f·«�92C,�· �
�k�n����°R4�2C�`8ü���34¯��Ð¹ýß£325�N©=,��34`�KE�G Ó �Y4´���5032C4��¤4��E�H���1�3�À®18­���94¯��Ðyý �f�/�C�y�34��C4`���C4`�
�T03���3�W�ª�3,��k�¢·c4`���J,��Å�H�94�.E��£9�O,/�{ÓF,��Å�H�34§��Ð�U¸8=¥L�L�H�94�,/�9�34`2O���3�¢�10=�H4`2W�C032i·Q���`4�����·Æ�H�94
��Ðyý²�O4�2C47�5�`,/�E�C,/�/�/�f�H��2^£3�Ä���94`�`±¬�ª�3,/�k�¤�O4�2C4703�54`�¢�H��£32C�N©¬,/�34»�H,��¤,��3.¸,��9·c�125�Å�f�C,/�1��09�C4`�F,��
�H�94��C2C,�.1.14`2O�5®¬�5�C4`�¯8

�¸��9R�N�_~n��õWVh��9 ¾ =µ�N��9-�`�Q�:9
¥L�7�H�34��C���Y4��H,��¤4Ë�H�n�f���H�34Y��Ðyýö�L�����f�3�34`�[±µ�H�34Y��Ð7+ �O���Ë���3�94`�¨�H�{4I�=�C4`�3�ü�H�94

�`�N©�4`2H�f.14Å·c�12Ë�T03�1�Þ�34��C4`�\�H,/�����H�¯�H�34¤2C4`.�,/�1��á9ò;ðÒó ô Ñhô-óàÌ1òúá98F���34{��Ð�+à�`�1�9�C,/�i�H4��³��·
·c�1032��f2C�k�34��Ë�f·W�92C,�· ���H03°J4`���C,À�C�C,/�3.{�f°R�10=�Ëð98×ÕÅ,��E�H4`2C�����C,/�1�¨��4`�3.f�H�3�7�34�4`£Ò,/�­�C�34��34��C4`�\�H�12�8
���34���Ð7+½�`�N©14�2C4`�{Û=Ì_ëß�f·[�H�94»�5�1�/,��Y���3.1��4�,/���H�34ª254`.1,��1�Yá9ò;ð�óêô ÑÆô�óäÌ�ò;á98V¶�03�5�O���^·c�12^�H�94
��ÐyýÖ±A�f���H�34�,��3�34`2ª�f�3�F�109�H4�2ª�C032i·Q���`4��»�f·-�C�34¸��Ð7+ê�O4�2C4��C��,/�E�H,��/�Ä���H�12W£3�Ä���94`�L·c�12L�C,/�Y,/�3.
,/�=·c�12C�¤�f�H,��1�µ8

�������cb deHfS "%$�J=O�"gQhNjikJ>H,$�Q&R5�.O
���34N-W4´����å%-O4`��� �O�103�E�C4`2C�­Ç@-�-L��ÉyÊÿÕfÚfÎ»�Y�1�3,��C�12C4��ï�C�34¯,/�3�i�k���E�k�f�34`�109�Å�/09�¤,��3�1�C,À�¼®

�34��/,�©�4`254`���C�¨�L�7+ °�®Ò�H�94¤�Ö4�©f�f�C2C�1�µ8F���34 -�-�� ���1�3�C,��5�C4`�²��·O�C�`,��E�H,/���Ä�f�C�12C�7�Y�103�E�C4`�³,��
·c2C�����W��·µ�C�34«·c��25�O��2C�¤�´�����12C,��¤4\�H4`25�?�f�Ëô øJô�émlË:¬ò;v��¹±¬�`�N©�4`2C,��3.¸�C�34�254`.1,��1�¢6=ò×Õ�óêô ÑÆô�ó :¬ò;Í98
���34T�C,/�Y,/�3.¡2C4��C�1��09�H,��1�­��·^�C�34�-�-L� �O���ËÕ�á�á¤£3��8Ë���94�-�-�� �`��03�E�H4`�ü���1,/�3��,/�34��E�§�3,À�H�§,��

ð�Ú



�H�94§·c�125�O��2C�F�f�3�{°n���kÙE�O��2C�¯�C��,/�E�H,��/�Ä���H�125�W�f�ª�T�¤4`���C03254§��·h�H�94§,/�3�i�k���E�H���34`��03���/03�Y,/�9�1�C,À�¼®18
���34¨�H�f�k���§��03�Y,/�3�1�5,��¼®ï,/�¤�H�34ü,/�9�5�k�f���H���34��103�F�/03�Y,/�9�1�C,À�¼® ,��E�H4`.�2H�f�C4`� �N©14`2{�C,/�Y4�8÷¥»· �H4�2
�`���3�C,��34`25,/�3.¡�1�3�À®¢2503�3�ª�ª�34`254������µ�34\�H4`�\�H�12ª�503°3�5®¬�i�H4`�Y�«�W4`254Ë�W�125Ù¬,��3.Y£32C�1£J4`25��®�±3�H�34²�ª03�
Ì´°F�n�f�H�Y�C���Y£3�/4§,��3�`��03�34��yv1ð=8×:nl 6=8×:T£3° ¸ d ��·-�n�f�H�98
�������po q �rQc�ts �vuwH'"�O�"gQc"�J�$

���34 �»03�ßÌÒ�-4\©����H2C���½�34��/,À©14`254`� /�x/ �`�1���/,/�5,/�1�9�¢4�©�4`25®½69ò;:��3yÒ�ª,À�H� �¤��2C4¨�H�n�f�½�1�94
4�©�4`�E�F£J4`2Å��2C�1�5�C,��3.³�1� �N©�4`2C��.14�8ä���34`254�·c�1254�±��H�34¹4�©�4`�E�F2H�f�C4y���F�L�7+ß�O������Õ�v�áÞÙ¬È,�f8
È«�N�W4�©�4`2`±^�L�7+ �O���Ë�1�3��®­�´��£n�f°3�/4¡��·?�H2C���3�5·c4�2C25,/�3.¯�n�f�H�F�C�¯�H��£R4Y�f�¸�{2H���H4Y��·�óØÌNáFÈ,�f8
¥ �H�92C4`4]å¼��4�©14��L�H25,/.1.14�2��i®=�i�H4�� �L���¡03�54`�Ô�H�¨�54`�/4����Y,/�E�C4`2C4��5�C,/�3.¨4\©14`�E�C�Y·c�12��n�f�k�¨�i�H�12C��.14�8
¥L�¸4´���k�³�503°3�54`º�034`�E�T�C2C,�.1.14`2���4�©14��u±Ö4�©�4`�E�H���W4`254Å254`�`4�,�©�4`��·c�12����1�3�C,��34`2C�f�H,��1�Þ�f�¸�¯�5�/�N�O4�2
2H���H4ü���{�H�94Ò�54`��4`���C,/�1� 254`º�03,/254`�Y4`�E�H�F°J4`�`���¤4ü�Y�12C4¨�5�1£3�3,��5�C,/�´���H4`�[8 Ï?�f�k�ö�C2C,/.�.14`2¢���3��®
�`���3�C,��34`254`�³4\©14`�E�C���ª�3,/�k��£n���C���¯�C2C,/.�.14`2Ë�f�¸£32C4��`4��3,/�3.¹�/4\©14`�b8z?Æ4�©14���Ì­Ç{?^Ì_É7���3�Þ�/4�©�4`�OÕ
Ç{?ÖÕ1ÉO�C2C,/.�.14`25�ª�W4`254T,/�Y£3��4`�Y4`�E�H4��F�C�32C��03.1�y�3��2C�9�O��254¸�ª�3,��/4��/4\©14`�Ö6yÇ{?h6EÉL,/�ª,/�Y£3��4`�Y4`�E�H4��
�H�92C�103.��¹�5��· �¼�L�f2C4�8

|¿�*}J�¬�f~N�W�f� �ý�A�¬�
���34z?^ÌÅ�H25,/.1.�4`2{ÊÿÕ1:NÎL03�54`�Ô,/�9·c��2C�¤�f�H,��1�¨·c2C�1� �H�94¢�´�����12C,��¤4\�H2i®Ò���3�²�T03���³�k�n���T°J4`25�

�1�3�À®18 È«¥��û�f�3�öÏWÐ �`���/�125,/�Y4��C4`2¡�H�N�O4�2C�{�W4`2C4ü���1�3�C,��34`254`� �1�3�À® ,�� 03�3,À�H�¢��·^Vi�C2C,�.1.14`2
ðE:



�H�N�W4`25�YX �ª�9,/�k�ä���N©14`254`�ùá=8×Õ³03�3,À�H�F��·�Ñ ���3�ßÌ_: Z ,/�äÓÖ8 ¥ñ�´�����12C,��¤4\�H4�2Å�H25,/.1.14�2F�f��?^Ì
�¤���347�34��`,/�5,/�1�9��°n���C4��y�5�1�¤474��34`25.�®¢�C�32C4��C�3�1���¹���F�C�347�H25,/.1.14�2O�H�N�W4`25�`8OÐ¹03�1�F�H25,/.1.14�2C�����
?^Ì¢2C4�º�03,/254`�³�H�3�f���f���/4`���5�¸�¼�O�¨�3,À�H�Ë�O4�2C4{�34\�H4`�\�H4��ï,��²�y�T09�1�³�k�n����°R4�2`8­¥L�n?^ÌÅ�C�34`254
�O���O�3�¸�34´�f�Å�H,��¤4��5,/�3��4«�H�94»�C,/�Y4»254`º�03,�2C4`�¤·c�12?�Ë�H25,/.1.�4`2¿�34`��,/�5,/�1�¡�L�f�O�/4��C�?�H�n���Y�H�34ª�H,��¤4
°J4��¼�W4`4`��°303�3�k�T��2C�1�5�C,��3.1�`8-¥L�A?¿Ì�±f4\©14`�E�C� �O4�2C4O���`��4`£9�C4`�T�f�3���54`�E�-�C��?ÖÕL·c�12h�`�1�9�C,/�94`2H���H,/���
�¼®¬£3,/�`���/�À®¢������2C�f�H47��·WÌËÙ=Èe��8
|¿�*}J�¬�w�±�W�f� �ý�A�¬�

���34\?ÖÕ¢�H2C,�.1.14�2Ë���1�3�5,/�34�2C4`�²,��9·c�125�Å�f�C,/�1�­·c25�1� �H�94¤�`���/�125,/�Y4��C4`2`±h�T09�1���i®=�i�H4��¤���f�3�
�����C���C�347�`4����C2H���R·Q���5�L�C2H���kÙf4`2¸Çu�L+-�»É\83���34Ë�L+-�½£325�N©=,��34`�F£3254`��,/�Y,/�n��2i®��Y4´���5032C4��¤4����C����·
�H�94Y�C2H���kÙü�Y�1�¤4��E�k�F03�C,��3.y�1�9��®]E�G Ó²,/�=·c�12C�¤�f�H,��1�­·c2C��� �H�34¤�n�=,Ä���^�503£J4`2iå �Ä�´®14�2C�¸��·L�H�94
�O�»��8µ���34��L+ �ê�¤4`���C03254`�­�C2H���3�i©14�2C�C4¡�Y�1�Y4`�E�k�¡�ª,��H�­�Å2C4��C�1��09�H,��1�­��· · / í è / Ãí éß69ò×:�ë{8
¥����C�ü�f��?ÖÕ=±^�´�����12C,��¤4\�H4�2¸���/03�i�H4`25�T�O4�2C4{·c�125�¤4��µ±:�54��C�`±¿4`��4`�\�H2C���Ô���3�Ô£3�3���C�1�²�´�f�3�3,/�3�f�H4��
�W4`2C4�,��34`�E�C,�	n4��µ±1���9�TÙ�,/�34��Å�f�C,/�¿©f��2C,/��°3�/4�� �f�3�T�Y,/�C�5,/�3.»�H2C���3�5©�4`25�C4�4`�94`2C.f®��O���V�´�f�/�`09�Ä�f�C4`�µ8
¥ �H25,/.1.14�27�34`��,/�5,/�1�ü�L�f�¸�¤���34¡°n���54`�Þ�1�Ò�ª�94��H�94`2���2Ë�9���Ë�1�34¡��·O�C�34`�54Å�1°��54`���C�¸��2Ë�5�1�Y4
�`���T°3,/�3�f�H,��1�¨��·O�C�34`� �O����·c�103�3�Þ,/�¨�H�94¤4\©14`�E�`8¢���3,/�%?ÖÕF�94`�`,��C,��1�¨�H�¬�1Ù¨��£3£92C�B�=,/�¤�f�H4���®
ÚEá^�[�`8­¥«��®Þ4�©�4`�E���ª�3,��k�²£n���C�54`�³�C�34\?^ÌÅ�H25,/.1.�4`2Ë�3032C,��3.y�C�3,/�Ë�H,/�Y4¡�L����,/.1�3��2C4`�[8y���3,��
2C4��C03�À�H4��²,/�Ô��£3£92C�B�=,/�¤�f�H4���®Ò6Eë ��·»°303�3�k�Ô��2C�1�5�C,/�9.1��°R4�,/�3.y�¤,��C�C4��Ô�f��?ÖÕ=8k?ÖÕ¯�¼®¬£3,��´������®
�����`4`£=�H4`�¹4�©�4`�E�H���f�»��2H�f�C4Ë�f·^Õ�á_å 6E:TÈe��8

ð1ð



|¿�*}J�¬�w�±�W�f� �ý�A�¬�
+n�12§4´�f�k�Þ4\©14`�E���H�3�f��£n���5�C4`�ü�H�94n?-Õ¤�C2C,�.1.14`2�±[�H�94T·c03�/�-�34��C4`���C�12§�O����2C4´�f�Ò��09�´±[�ª�9,/�k�

�H�¬�1Ù²�f£3£32C�B�=,/�¤�f�C4`��®³6Ò�Y�`±W�´��09�C,/�9.���°J�109�Å:1ëû�34´���ï�H,��¤4¢�C�Þ°J4¹,��3�`092C2C4�� ����?h6 ÊúÕfðfÎu8
`§�3�`4T�C�34��n�f�H�¢�n���¨°J4`4��ü·c��2C�¤�f�C�C4`�¨,/�E�C�¢4�©�4`�E�Ë2C4`���12C�9�Q�TÌNá�áÅÙ�,/�/��°�®��C4`�7,/�y�C,���4�±Æ,À���O���
£n���5�C4��Ô�C�y�H�94\?h6y�H2C,�.1.14�2`±-�ª�9,/�k�³�O���¡�¹·Q��25�}��·,)¬,/�/,��`�1� â 2H��£3�9,/�`�¸£32C�¬�`4��C�5�12C��2503�3�3,��3.
�&�6�-�*�-�*�&�*�*� 254`���1�3�5�C2C03�\�H,��1�¨���3�N	3���H4�2��f�/.1�125,��C�3�¤��8ª���34�?h6Y�C2C,/.�.14`2«���`��4`£9�C4`�ü4�©�4`�E�H�����
�¤2C�f�H4¸��·¿��°J�109��vÅÈe��,��N�ª03�³Ì´°µ8»¥����Æ4�©�4`�E�H�7£n�f�C�C,��3.Å�C�34�?h6Y�C2C,�.1.14`2ª�W4`2C4¸�ª2C,��5�H4��¹�H�Åv
�Y�Ø�k�f£R47·c�12L·c032i�H�34�2�£32C�¬�`4��C�5,/�3.38

��� �@9h���¢�¬|1�:9Ö���N��V-|��N�Q�:9
`§�3�`4§�C�34§�n�f�H�T�n���{°J4`4��F�ª25,��5�H4`�¤�H�T�k�f£R4f±=�H�94§4�©�4`�E�H�ª�O4�2C4§·c03����®¡254`�`���3�5�C2C03�\�H4`�F�ª,��C�

�H�94¸�6�Y,��34¸�5��· �¼�O��2C4f8Lõ �34`�¯�H�34¸�6�Y,/�34�2C4��`�1�9�5�H2503���C,/�1�¯�L�f��£J4`25·c��2C�Y4`�µ±3�C�34`254¸�O�����Y�12C4
�H,��¤4V�N©f��,��Ä��°9�/4V���1�¤£3��2C4����C�»�ª�94`�¸�C�34>?h6ª�94`�`,��C,��1�Ë�W4`254W�¤���34f±����/���_�ª,��3.ª���¤��2C4V�H�9�12C�109.1�
2C4��`�1�9�5�H2503���C,/�1�¨�f·¿4´���k�¨�34\�H4����H��2§�`�1�Y£J�1�34`�E�`87¥��/�5�3±J�´����,/°32C�f�H,��1�3���ª�3,/�k�­�W4`254��3���§�N©f��,��Àå
��°3��4T�f��?h6¤�W4`2C4�,��3�`��03�34��­,/�¯�H�34T�h�¤,��34�254`���1�3�5�C2C03�\�H,��1�µ8§���34��6�Y,/�34¸�C��· �¼�O��2C4�2C4`���12C�94`�
�H�94�2H�´� �3�f�k��·c�12-�H�34�4\©14`�E�W���V�W4`���3���V�C�34�2C4��`�1�3�i�H2503���C4`�Y£3�E®=�5,/���?��°��54`�\�H�«Çr�54\�H�`±E4��/4����H25�1�3��±
�T03���3�»���3�F�C�Y�1�AÉL�1�E�H�Yv��Y�Ø�k�f£R4f8

ðEÛ



� �������X��� �

� �W���  ¡�Z¢£�Z¤¥��¦£§t¨

ð1v



©�ª¬« ­n®A¯±°²®´³Pµ%¶
�¼� �O�n��£=�H4`2{Õü�W4­�n�´©14­��09�H��,/�34�� �1032¤,/�E�H4��E�Å�H�Þ�C4`��2C�k�þ·c�12?)=03£J4`25�5®¬�Y�¤4\�H2C,��­È»,/.1.1�

°J�1�C�1�9�«�H�92C�103.��y�H�34Ë£325�=��4`�C�K·-·`¸ Å è!¹z¸»º [ º ¸ ���3�y,��¨�O�n�f£9�H4�2§6¤�W4��n�´©�4T�34`�5�`25,/°J4`�
�H�94Å�¤���k�3,/�94Y�ª�3,��k�³£325�_©¬,��34`�Ë�H�34 /�x/ �`���/�/,��C,��1�3�����3�Ò�H�34Å��£3£n�f2H�f�C03��03�54`�³�C�y�34\�H4`�\�T�H�94
�34�°32C,��§·c2C�1� �H�3���C4��`���/�/,��C,��1�3�`8'�¼�ü�C�3,/���k�n��£9�C4`2`±µ�W4¡�34`�5�`25,/°J4T�H�34�254`º�03,/254`�Y4`�E�H�7�¤���34��1�
�H�94¯�3�f�k�­�H�ü�54´��25�k� ·c�12 Å è!¹Z¸ º [ º ¸ 4�©�4`�E�H�Å���Y�1�3.­�H�94¯�94`°325,/�¡,/�³�C�347�»03�öÌ´°Ô�n�f�H�
�H�f�¤£3��4�8¡���34��C4Å254`º�03,�2C4`�Y4`�E�C����254��H�34Y2C4��C03�À�¸�f·����Ò�1£9�C,/�Y,��´���H,/���y£325�=��4`�303254­Çc�34`�5�`25,/°J4`�
,/�¹�O�n�f£9�H4�2�Û�ÉW�H�n�f�»�¤�n�=,/�Y,���4`�Å�C�34��C4`�9�C,��C,�©¬,��¼®¢��·-�C�34��C4`��2C�k�¯�H���H�34�4\©14`�E�C����·-,/�E�H4�2C4��5�´8

���34ª�/,À·c4��H,��¤4?��·R�§�k��0Y�f�V2C4`�i�?,/�¿Õ�Í�á98;ð¼lêÌ18ÀÌL·c�»ÊúÛ�Îb±E�C�7�W4ª�3���3���¿�1°3�54`2i©14��k��09�?�9,/2C4����C��®
°309�W,/�9�5�H4`���¡�O4«�1°3�C4�25©�4��H�34�,/2¿�34��´�´®Y£32C�¬�303�\�H�`8^¥ �H��0Å�¤�´®��34`�`�´®Y�C�¸��4`£9�C�1�3�?�12¿�n���325�1�3��8
�-��°3�/4�Ú38�Ì��C�3�N�ª���H�34�°32H���9�k�3,/�3.�2C�f�H,��1�W·c��2O�H�34��3�1�Y,/�n���E�W�k��0¢�94`�´�´®{�Y�¬�34`��8�÷«���C,/�`4»�H�n���
vE:=8ú6E:zlÜá98úáEÛ1ëp��·O�C�34Y�H��0Ò�34`�`�N®¬����2C4 V5�1�94\å¼£92C�1�3.3X³Ç �H�34¡�34��´�´®Ò£32C�¬�303�\�H�Ë,/�3���/03�34����3��®
�1�34¿�k�n�f2C.14���£n��2i�H,��`�/4´É[,/�3���/03�9,/�3.ªÚEÍ98;:1ë �1�34\å £32C���3.«�3���32C���3,/�¿�34��´�´®¬�`8V���3254`4]å¼£325�1�3.��94`�´�´®¬�
�¬�`�`092YÌN:=8×ÕfázlØá98úáEÛ1ë ��·W�C�34��H,��¤4f8
÷«�f�H,/��4T�H�n�����1�34\å £32C���3.F�n���325�1�3,/���94`�´�´®¬�Ë�`�1�E�k�f,/�Ò�
�34�09�H2C���ª£3,/�1�Ô�34`��2C�À®²�n���À·«�C�34{�H,��¤4{°30=�¤2C��2C4���®²���1�E�k��,�� �Y�1254¢�H�n���Ô�¼�W�38 ���3254`4]å¼£325�1�3.
�34��´�´®¬�¸���1�E�k��,��Ò���34¡�34`09�C2H���^£9,/�1�ü�f���Y�1�i�´8����34Y���9©f���E�H��.14��H�F�C4`��2C�k�9,/�3.F·c�12��H��03�7�H�n���
�34��´�´®��/4�£9�H���3,/�`���/�À®�,/� �C�n�f�V�C�34`,�2V�C,�.1�n�f�C032C4L,��V�3,��5�H,��3��� ·c2C�1�ê�H�34¾½��L� °n���kÙ�.125�103�3�9�¿�ª�9,/�k�
��254�£3254�©f���/4��E�7�f�7�L�7+O8[È»�N�O4\©14`2�±Æ�n���325�1�3,����34��´�´®¬�7�`�Ä�f,/�à�Ä�f2C.14�2«°32C���3�k�3,��3.¢2C�f�H,��1�`±J�C�¢,À·
�1�34¸,/�»��°3��4Ë�C�Å�54`£n��2C�f�H4Ë�H�34��à·c2C�1�¿½��L� �54��C�`±A�H�34��y�H�94`2C4¸,/�»�T03�k�y�C�Å°J4¸.1��,/�34��y,��¹�H�94

ð1Í



�§4`�`�´®F�?®¬£J4 �§4`�`�´®¯Ð¹�¬�34 -W2H���3�k�9,/�3.h�«���H,/�{Çuë¡É
4%À(ÉÁÀ�Â Ì_Û=8úv�ÚÃl÷á98úá1ð?Æ4`£9�C�1�3,��ÅÇQ6E:=8;Õ1ë¡É �EÀ�Ä!À Â Ì_Û=8ú6EÛ�l÷á98úá1ð

Å ö á Å Ã ö À�Â Ì1Ì18úá1ðnl÷á98ÀÌ1Ì
Á ö á Å Ã ö À Â á98úð1v1ðÃl á98úá9ÌN6
Å ö Ì Å Ã ö À�Â Õ1:=8ÿÚ3Ì²l÷á98ÀÌ´Ú
Å ö Ì�Á Ã ö À Â á98úv1ÍÃl á98úá�Ú

È��f�32C�1�9,/�YÇbðfÚ38;v1ëYÉ Å ö Õ Å Ã ö À Â Í98;Õ�6Ãl á98ÀÌ´Ú
Å ö 6 Å Ã ö À Â Ì18úá1vÃl á98ÀÌNá
6 Å ö á Å Ã ö À Â Í98;:1Õnl á98ÀÌNá
6 Å ö Ì Å Ã ö À�Â Ú38ú6EÛnl á98ÀÌNá

�-��°3�/4¤Ú38ÀÌ1<�Æ�@HZ\@��^@¡e�a��´I�IQPR@?�3KND¤a�GAdfGJI¸Iud�ñF�9@`g\d5#²DFK��3@������^PJ@kZ\@FIbPR@¤g`@kGJIQZkdfe'µ�d�e�ñ¬@YK_M
IbPJ@Y@{��X^@HZCa/D{@kGJIudfe/eÇ#¨D{@\df��ñ�Z\@Þ�³jfZkdfGJgiP3a/G9B¹Zkd=IbaQK�a��Ëd9ILec@\df�`If8El$/CÈP��ous t5l Å dfG��NÁ �9@kGRK¬I¼@
�k�n��25.14`�üXRaQK_G���dfG��]®�dEK_G���d�G��EÀ�Â��3@HGRK¬I @Í�{IbPJ@¯I d�ñ¯GR@(ñ9IbZCa�GRKÉ�uI d�ñ­dfGJIbaä´QGR@(ñ9IbZCa�GRK��¸MuK_Z�d�3@�g\d5#9a/G9BÃº ¸ �7º [ �_l

Û�á



4*�=£J4`�\�H4`� 2C�f�H4F��·��34��C4`�\�H,/���µ8 �¼� �C�34¹���n���À®=�5,/�¡£3254`�C4��E�H4`� ,��ï�C�3,/���C�34`�5,/�`±W�O4¹�C4´�f2C�k� ·c��2
4�©�4`�E�H���ª�34�2C4Y�1�34T�k�f0Ò�94`�´�´®¬���H�¯���ü4`��4`���C2C�1�Ò���9�ü�¼�W�¯�34`09�C2C,��3�1�YÇcºÊ¸ Ë�À É À Â É§���3�ü�H�94
���C�34`2��k�f0¯�94`�´�´®¬�«�C�¡�n���325�1�3�`8^õÞ4��n���Y4§�H�347·c�125�¤4�2)º'Ì[���3�F�H�34��Ä���C�H4�2)º'ÍE8

���34¢°n�f�kÙ¬.�2C�103�9�3�T·c�12��H�3,������3����®¬�C,��¸�¤�´®Ò°R4¤�3,�©¬,/�94`�³,����C�¹�¼�W�­�´���H4`.��12C,�4`�`<�£9��®¬�5,/�`� å
�3�1�Y,/�3�f�H4��³���3���34��C4`���C�12iå �3�1�Y,/�n���H4`�[8¹���34Y·c�12C�Y4`2Ë,/�9�`�/09�34`� Ä è Ë,Î ¸ ºCºÔ�f�3� Ä è Ë,Î ¸Ë [ Ë ¸ ���9�y�H�34��Ä�f�5�H4`2»,/�9�`�/09�34`�¨�f��®¹4�©�4`�E�7�ª�34�2C4��\½��L� �54\��·Q��Ùf4`���Å��4`£9�C�1�ÔÇcõ ö �54\�H����2½��L� 4�©�4`�E�H�HÉ\8üõ�4¢�Y�¬�34`�¿�C,�.1�n���W���3�²£9��®¬�5,/�`� å¼�3���¤,��n�f�H4��³°n���kÙ�.125�103�3�9��°�®�.14`�94`2H���H,/�9.
4�©�4`�E�H�¡�ª,��C�ÔýV®¬�C�3,Ä�¨ð=8×Õ�á�6ÔÊÿ616�ÎªÐ¹�1�E�C4\åi�L�f2C�/�ïÇbÐ­��É����3�²�Y�=�94`�W�C�34{�34\�H4`�\�H�12¡254`�C£J�1�3�54
�ª,��C�¯�¡£3��2H���Y4��C4`25,��`4��¹�94��H4����C�12ª�C,/��03�Ä�f�C,/�1�Å�´�����/4`��½7+r?^8

¥��W4´���k�¤�C4`��4`�\�H,/���¤254`º�03,/254`�Y4`�E�W,/�?�34`�5�`2C,�°R4��µ±��O4����C�54`�C�W�3�N� �O4��/�JýV®��H�3,/� ö ½�+±?y�¤�¬�=å
4`���Å�H�94­4¬ÏY�`,�4`�3�\®þ��·7�C�n�f�{��09�{°E® �`�1�Y£n��25,/�3.�ý^®��C�3,Ä� ö ½7+r? �ª,��C� Ä �`�����C2C�1�«�H���Y£3��4`�`8
õ �34�2C4§�H�94§�C,��T03�Ä���H,/���¤�3�¬4`���9���L�34��C��2C,/°J4§�H�94§�n�f�H�9±3�T�5�´����4�·Q�����C�12O��2L�T�5®¬�i�H4`�¤�f�C,/�§4�2C2C��2
,/�¿,��¤£J�1�C4��¡�12?��.12C4�4`�Y4`�E�W,/�^·c�12C��4`�¤°�®��W4`,�.1�E�H,��3.Ë�C�34»4�©14��E�H�L�12¿°E®¡03�5,/�3.��H�34»¥����`4�£9�k���9�`4
�ª4%�54`�\�H,��1�¢Ð¯�1�E�H4\å �L��2C���¸�Ö4`�k�9�3,/º�034TÇQ¥O�«Ð­�O�»ÉÍd\8=ÏL�=�`4�£9�O�ª�94`2C4»���C�34`2i�ª,/�C4»�3���C4`�µ±��W4§��£=å
£3�À®Å�H�94Ë,��34`�E�C,/�´�f�µ�C�`���/47·Q���\�H�125�ª���3�¯�5®¬�5�C4`�¤�f�H,��`���H� Å è6¹"¸MºCºy��� Ä ¸MºCº¹4¬ÏY��,/4`�9�`,/4��`8

õ�4^�3�N©�4W�54`��4`���C4`�7�H�94V·c�1�/���_�ª,��3.L�C���¤£9�/4`�R·c�12µ�`���¤£n�f2C,/�5�1�3�µ°J4��¼�W4`4����n���k�����3�ËýV®��H�3,/� ö ½7+r?^8
+ ,�2C�5�`± Ä ¸ Ë [ Ë ¸ ���9� Ä ¸ � [ � ¸ �n�f�H�Y���1�E�H25�1�Æ�H���Y£3��4`�`8³÷«4I�¬�´± Ä ¸IË [ Ë ¸ ± Ä ¸ � [ � ¸
���3� Ä ¸ º [ º ¸ ýV®��H�3,/� ö ½�+±? �H���Y£3��4`�`8¤¥���� Ä ¸ Ë [ Ë ¸ ���9� Ä ¸ � [ � ¸ �H�f�¤£3��4`�Ë��254i�Ð ß�u�Ü(orÚ×à�z%u�Ü(v��4Ñ�Û�z'��z{qtow�(z#u@vQs*qtqtztk�u³v*�×��zcÒ zYq u×zYs*q�Ü�z � ztx�u×ÿfs*Ú@z{�
v*x
u�Ü(zekn�@vÞÿnsIÿ(owmwoâu ß�u@Ü(z,z � ztx�uÛÝv*�(mr�ekfs*Ú�Útç

Û=Ì



�3,À©=,��34`�Þ,/�E�H�¯��,/.��������3�Ó?Æ�=�1�54¤�C���Y£3�/4��`±h�H�34¤�Ä�f�5�H4`27·c�12Ë4`��4`�\�H2C����,/�94`�E�H,�	n�´�f�C,/�1�ü�i�H03�3,�4`��8
���347�54`�/4����C,/�1�{��·Ö�f�/�J�n�f�k���f�3�FýV®¬�C�3,Ä� ö ½7+r?ü�H�f�¤£3��4`�W03�C4��¹,��Å�H�3,��L�5�C03�9®Å,/�L�34��C��2C,/°J4`�F,��
¥�£9£R4��3�3,���-�8
©�ªÕÔ Ö�³¾×n®A¯±°eØkÙ:Ø'³¾Ú�®´¯AÛ�× ÜE¯±Ý'µeµ%³P¯

���34T�54´��25�k�¨°R4�.1,/�3�»�ª,��C�­�Å�n���k�Å�C���¤£9�/4��H2C,�.1.14�2C4`�¹°E®y�¤�3,/.1�¬å ç í Ç è ÌNv â 4�ã¦�f��?Ö61É
4`��4`�\�H2C��� �´���3�9,/�n�f�C4�8ÞU«�9·c��25�H09�n�f�H4���®�±ª�C�3,/�¤�H2C,�.1.14�2Å,/�Å�/4`�5�¢�H�n�f� ,/�34`���«·c�12¤�H�3,��{���n���À®¬�C,/�
�C,��3�`4�4`�/4����C2C�1�3�«·c2C�1� �H�34¸�k��0¨�34��´�´®¬�7��·?,/�E�H4�2C4��5����254��¼®¬£3,/�`���/�À®F�`���1�C4�2��H�Fç í � ÌNá â 4�ãT8
Å è6¹ß¸ ºCº 4�©�4`�E�H�Å�ª,À�H�ï�1�34F�k��0ï�34��´�´®¬,/�3.Ò�H�Þ��� 4��/4`�\�H25�1� �f2C4¯4*�=£R4����C4`� �C�Þ£n�f�C�¡�H�3,��
�H25,/.1.�4`2¿�1�3�À®¡��°J�109�OÕ�áEë÷��·R�H�34ª�H,��¤4f8 ¥ �H25,/.1.14�2V�ª,��C�¢���/�N�O4�2Oç í �C�32C4��C�3�1���¤�W�103���Å.1,À©14»�
�H�f�¤£3��4§�ª,��C�¹���3,�.1�34�2�2H�f�C47��·-·Q�fÙ�4�°n���kÙ�.125�103�3�3��8W¥«�ª�3,/�5�`03�5�C4`�y,/�{¥�£9£R4��3�3,��F�T±3,/�7�ª03�
Õ¡�f�«�L�7+O±n�34\� �H25,/.1.14�2C���Y�12C47�503,��C4`�F·c�12ª�3,Àåu�k��0F�f�n����®¬�54`�»�n�´©14Ë°R4�4`�y,��¤£9�/4`�Y4`�E�C4`�¢�ª,��C�
�¡�/�N�O4�2»ç�íy�H�3254`�C�9�1�/�¯�1�¹�Y��4`£9�C�1�¹�`���3�3,��n�f�C4Ë°909�«���/�5�Y254`º�03,�2C,/�9.¤�¡�C4��`�1�9�y�5�C,�P¨�C2H���kÙ{,��
�H�94Ë4\©14����`8W���94`2C4��O���«�9�Y�503�k�¹�C2C,�.1.14`2ª�´©f��,��Ä��°3��4�,����»03�ÒÌË�f���L�7+O8
½7+r? �3�¬4`���3���Ë�Y�=�94`� �C2C,/.�.14`27,��34¬ÏY�`,�4`�3��,/4��`±Ö�C�¯,���,/�7�94`�`4��C�C��25®Ò,/�Y£3��4`�Y4`�E�7�1032��N�ª�

�H25,/.1.�4`2Ö�C,/��03�Ä�f�C,/�1�Ë°n���54`���1�T�C�34L�Y4´���5032C4���4¬ÏY�`,�4`�3��,/4�� ·c�12-�C�34O�C2C,/.�.14`2Ö03�C4��µ8 õÞ4L�34��C�`25,/°J4
�H�9,/�L�H25,/.1.�4`2��C,��T03�/�f�H,��1�Å,��F�ª�3�f�ª·c�1�/���_�ª��8

Û1Õ



be�����áà deRvâ�R£ã�à
���34z?^Ì{�´�����12C,��¤4\�H4�2Ë�C2C,/.�.14`2Ë2C4�º¬09,/2C4����1�34Å�C2C,�.1.14`2Ë�H�N�W4`2 Ã �ª,À�H�Ôç í è v â 4�ã ,/�³�H�94

�LÏ?ÐÞ8[���94�?^ÌT4`��4`���C2C�1�y4¬ÏY�`,�4`�3�\®y�O���§�Y4´���5032C4��­·c2C�1�à�T09�1�=å �C2C,�.1.14`254`�¹4�©14��E�H�`8ËÏV©14��E�H�
�ª,��C�ü�¢�`4����C2H��� 4`�/4����C2C�1�¨£n�f�C�C,��3.{�5�C,�P�4`�/4����C2C�1�¨,��34`�E�H,�	n�´���H,/���­�`09�C�YÇQ�5,/�Y,/�Ä�f2ª�C�¢�H�3���C4��34]å
�C��2C,�°R4��²,/�K)=4����C,/�1�3�¸Ú38ú698×ÕNå7Ú38ú698úÍEÉ¸���9���H�n����£n���5���H�34"?-Õ¯,/�3���/03�5,�©14¤4`��4`���C2C�1�³�C2C,�.1.14`2¸��254
�`���3�C,��34`254`�µ8¿+n2C���ß�C�34`�54«4\©14`�E�C�`±=�C�34ª£32C��°n��°3,��/,��¼®��C�n�f�^�H�94»4\©14����W£n���5�C4��¤�H�94K?^Ìª�´�f�/�125,/�Y4\å
�H2i®¢�H25,/.1.�4`2O�O���»�¤4`���C03254`�F�H�¡°J4YÌ´á1áEë¢±9�ª,��C�¯���¹09�3�`4�25�k�f,/�E�¼®F�f�ª�H�94Ë��4�©�4`�Æ��·WÌNá ¸ ê 8
be������� deRvâ�R£ã?�

¥L�B?ÖÕ=±��H�34³�9,/.1�=å¼ç í ,/�3���/03�5,�©14Þ4`��4`���C2C�1�½�H2C,�.1.14�2¹254`º�03,/254`�¨�1�94��´�f�/�125,/�Y4��H4�2¹���/03�i�H4�2
�ª,��C�ùçLí è ÌNð â 4�ã ���3�ä�C�34³2H���H,/� ��·�4��/4`�\�H25�1�Å�f.1�34��C,/�Ò4`�34�2C.�®ö�H� �n���325�1�3,/�Þ4`�34�2C.�®
Çbç¾äAåCæ^è�çPçéè�É��/4��C���H�n�f� á=8�Ì_Õ�:=8²���3,/�����/03�i�H4�2Y��03�5�Y°J4¯���/�1�54{,/�ï�3��,/�T09�C�n���O���3.1��4¢�H�Ò�
�L+ �ö�H2H�f�kÙÅ�ª,��C� / í è ÌNÕ â 4�ã�8

)=,/�9�`4Å�C�34"?ÖÕ¯�C2C,/.�.14`2Ë2C4�º¬09,/2C4��¤4��E���`�1�E�H��,/�3�Ë�¼�O�¨£3��25�C�{Çbç çéè è ÌNð â 4�ã�± / í è Ì_Õ
â 4�ã�É]±n�H�34%?ÖÕ¡�H25,/.1.�4`2�4¬ÏY��,/4`�9��®¹,/�ª�¤4`���C092C4`�¹,/�F�¼�O�Å�5�H4�£3��Ê ÚEðfÎb8L���3,��«45ÏY�`,/4��3��®¹,/�ª�Y4´��å
�C092C4`�y£R4�2»4��/4����H25�1�µ±A�3���»£J4`2»4�©�4`�E�´8ª+ ,�2C�i�´±3�H�94�çLí¨�34�£R4��3�34��3�`4T�f· �H�94¸45Ï¤��,/4��3��®¯,/�ª�Y4´��å
�C092C4`� °E®²�`�1�9�C,/�94`2C,��3.ü4�©�4`�E�H�Y�ª�3,/�k�ï£n���5�Å�­�H25,/.1.�4`2��ª,À�H�Ô�/�N�W4`2��H�3254`�5�3�1�/�9�yÇQç¾çéè è v
â 4�ãT± / í è Û=ò×: â 4�ã�É^���9�¤���103�E�H,��3.Ë�ª�9,/�k�Y£n���C�¿�H�94«�3,�.1�Yç í �H25,/.1.14�2^,/�¡°3,��3�¿��·Æç í 8V���3,��Øëê ztà�z{à×ÿ3zt�5u�Üns�u¯sIu£ìéí5Ñ(s#q{sImwv*��opà�z%u�zt�Ýu@v�ÛÝzt��ÚûsI��z6kfsIow�@zY�eowxfî�u@v.åbvÞ�@àTu@��op�Þ�*zt�Ýu�v�Û�z{��Ú{ç

Û�6



ý-��2H���Y4��C4`2 -O4`�i�«+ ,��Lã?�f�/034
ï á9ò;Í�Í1v1á1Íwlïá9òúá1á1á1ÍE:
ç Ã ÌNð9ò;Û�ð1ÍPlÔá9òúá1Í1ð
æ ç Ì1òúáEÕ1Û=Ì=lïá9òúá161ð1v
ð Ã Ì_:=ò;Û�á9Ì>lÔá9òÿÚEv16
æòñ 69òú6�Ú�Û�vwlïá9òú61v16EÛ

�-��°3�/4¸Ú38;Õ=<Pó»@��`Iô�ÆI,µ�d�e�ñ¬@Í�ËK_M�IQPR@»XÆd�ZkdfD{@_I¼@kZY�«a/G�IbPR@§M%ñ�GRg_IQaQK_Gndfe-MuKNZCD BEa�µ_@kG¨a�G³IQPR@¡I¼@Y�[I�3@Í�\gkZ5a¼jfa�G9B¹IbPR@�ç í �3@¼X^@HG��3@HGRg`@¸K_MOIQPR@�õÖqFIQZCaÀB1B9@kZ�@Áö¢gkaQ@HGRgë#�l¿mAZ]K_DpoF+*2Ht5l
2C4��Ä�f�C,�©�474¬ÏY�`,�4`�3�\®F,/��	3�ª�H���C�347·c�1�/���_�ª,��3.�·c�125� ���»�T·c03�3�\�H,��1�F��·Vç í <

ï ÇQç�íµÉ^é ï Ã>÷�ø EhËB03Ç5ÇbçLíhG³ç Ã ÉCè æ ç É ÷�ø EhËB03Ç5ÇbçLíhG�ç Ã ÉCè æòñ É ÇcÚ38�ÌNÉ

�ª�34�2C4

ø EhËB03Ç~ÀRÉ^é Ì� Õ ÅXù Kú&ûÊü5ý&þ²ÿ����� ��� � �
	�� ��

��� ü ° ü�� ����� þ��������Ãü � ü��������Õü������ �!��� "$# ü % "'& � � °�( ü 	)� � � & % � � ü · � &�* � "$+,&-" �.� � +0/1&32 ���6þ �54"$* � ($(76 "$&�8."$2 ���Õü 	�� � �9 ü1ý � ± � � ü;:�< % ü'þéü & % ü &�* ü + · � � ü � � "$2,2 ü��^ü Ï *=" ü &)* 6 " �>�Ãü?�������ëü % · + �@��� 6 �Ãþ � + � "$* � ($(76� "'2 �BA�C �ED þ����ëü F ¸ Ë�À �����`þ ( ü " �@�Õü ( ü * � ü % · � + �G� ? � � � "'2,2 ü=�>�Õü º � " � "'&�2 A H.CJI ��KL ü M � & % A çéè I � N L ü M �PO � "$& ü ± � � ü\ü ( ü * � � +,&Q" �-�ëü º � " �ëü % � + þ������ A C I �,R L ü M �S 	



8."$2 �)�Õü 	�� � T õVUXWZY�[7\,\)]�Y^] öE_`[
]`ab_dcfeg]�h�i?j�Y�]�kXhl\mh�['a�i?WP]`no]=_pWoYrqpas_rh�atku[ok5h5Wv]wA Cyx{z Y�qpe}|7~u��� x

S R



� �������Ãü � ü�� � ü�� � 8." � M � ( �.üðy� K ��� S�� 	 N;��K � K�K�� � NðP� 4 K � K,K � R�� � R���K � K,K,R,� � ��Rð � K � ��N,N � K;��K � K �
N,K�R

ðy� K � K �
K � � � ��K � K�K ��	 N SðV� 4 K � � ��	
S�� ��K � K � �

R�K
� � °�( ü 	�� � T�� h�Y`h�eX]pW�]`Y�i�qp�PWo�b]���qmj�Y?WZ�gqpYrk)]`Y���qpn�c�atqpe3[�h�n�����[
_d����]�i?WV��W�Wo�b]�eX]rh�i�j�Yr]=kÃõVU] öE_�[o]`at_�cB 0i x :�< ku[$i�WZY�[¡�)j�Wo[oqpab¢)��qpY^]�no]�_0WZY�qpa�i@����[o_d���£h� p]¤A C I ��R�¥ ]�¦ x�z Yrqpe§|'~���� x
��� ü ��� � ü!� � / � "$* � � � üÃü ( ü * � � +,&�* � & % " % � � ü=� "'& � � ü;�����Ãþ ( ünþ������ � � ü � "$2 �¨A C ü ( ü * � � +,&� � "$2,2 ü�� ° "$&)& ü % "'& :�< " �y� � +0/1&�"$&©8."$2 �)�Õü 	�� � � ��� " �.:�< % ü'þéü & % ü &�* ü���� � " � � ü=��� · + ��� � �54 + � % ü=�
þ + ('6 &�+ � " � ( /1" � � � � ü¼þ��������Ãü � ü���� ( " � � ü % "'& � � °�( ü 	�� � �� + � " �-� ( � � ü � � ü ª � � � "$2,2 ü=� ± � «­¬ ü=®!ü & � " � / ü "'2 � � ü % � *�*�+ � % "'&�2 � + � � ü�þ�� + ° � ° " ( " � 6� � � � � & 6 ü ( ü * � � +,&-"$& � � üôü=®6ü & ��� �ëü % � � ü ª � � � "'2,2 ü=� ± 2," ®6ü & � � ü�: < � & % A�C + · ü�� * � ü ( ü * � � +,&"$& � � ü¼ü=®!ü & � ��¯ + · + �1� 2�" ®!ü & ür®!ü & � ± � � ü / ü "$2 � �1° " � 2," ®!ü & °�6F ±

� ÿ
²³µ´ ��¶ · � ÿ¨¸ � A�C ³�¹ : < ³ 
 �
	�� � 


/ � ü=�Õü1¸ � A�C ³¡¹ : ³ 
 " � � � ü)þ�� + ° � ° " ( " � 6 � � � � � & ü ( ü * � � +,&-/1" � � % ü � ü * � + �±þ��Õü=� % + 4 ���6þ " % " � 6 � : < ³ 

� & % � ��� & ��®!ü=���ëü¾ü & ü�� 2 6�A C ³ � �ëü�� � � ü ª � � � "'2,2 ü=� �yº " � � � ü & ��� ° ü�� + · ü ( ü * � � +,&�* � & % " % � � ü=�"$& � � ü�ü=®6ü & � � � + �Ãü?�������Õü � � ü + ®!ü���� ($( ü=» *�" ü &�* 6 + · � � ü ª � � � "$2,2 ü�� ± ü=®6ü & � � / ü;�ëü ( ü * � ü %S N



8y"$2 ���ëü 	�� � TP¼ UgWoY�[7\,\)]`Y�]`½E_`[
]`ab_dcfeg]�h�i?j�Y�]�kXhl\mh�['a�i?W : < x�z Y�qpe}|7~u��� x
S,S



/ � ü=�Õü +�& ü`ü ( ü * � � +,& þ������ëü��©� � "7¾ ü ( ü * � � +,&¨" % ü & � " � * � � "'+,& �Õü º � " �Õü=�`ü & � � �XO · � � ü=�Õü ± � � ¿þ������ � � " � ª � � "'2 �54vA C ü ( ü * � � +,& � � "$2,2 ü�� ���� ü � 6 � � ü��3� � "'* ü=��� + � · + �@��� " �-� ( � � ü % þ�� +m* ü=��� % �.ü � + � � ü � + % ü ( "$&�2E+ · � � ü � � "'2,2 ü��
ü=» *=" ü &)* 6 " � + ° � � "'& ü % °�6 � + ® "$&�2 � � ü%þ��������Ãü � ü���� "'& � � °�( ü 	�� � °�6 � À "$& ü?� * � % " �ëü * � "$+�&� ��� * � � � � �.� � ü 6 � ($( � + ®6ü � � üwür» *�" ü &�* 6 "$& � � ü������Ãü % " �Õü * � "'+,& 
 � & % �`ü�������� "$&�2 � � üwü ¾ ü * �+,& � � ü � + � � ( ü=» *�" ü &�* 6 + · � ($( * � � � � ��� " ��� 6 � � ü��3� � "$*@" �1�6þCþ�� + ý " �3� � ü ('6 � ¿ �
Á�Â¡Ã�ÂoÄ Å©Æ�ÇÈÆ�É Ä
D � ª � ± � � ü "$&)* ( �)� " ®6ü�ü ( ü * � � +�& � � "$2,2 ü=�^�ëü º � " �ëü��>� * � ( + � " �Ãü � ü�� * ( ��� � ü�� /1" � �sA�CÊI � �L ü M � & % A�ËyÌ)Í�H�A1ÎtÏÑÐ K)Ò � �,R � & % � & ����� +m*�" � � ü % � ��� *`Ó�/1" � �ÕÔ C I � � L ü M �mD %�% " � "$+�& � (ü ( ü * � � +�&Ö" % ü & � " � * � � "$+�& �ëü º � " �Õü��Ãü & � �����ëüÈ� ( � + �3� % ü +,& � � ü>ü ( ü * � � +,&Ö* � & % " % � � ü ± "$&)* ( � % "$&�2×{ØpÙ�Ú!Ð K)ÒÛ� ±bÜ � Ð

�
K ±�ÝßÞ-à�ÝtÐ �!* �á� & % Ý Þ;âtÝtÐ R * � � � � ü��ÕüÖ®���� " � °�( ü=� /1" ($(h° ü % ü � & ü %"$& ¯ ü * � "$+,& 	�� � � � 
 �

Á�Â¡Ã�Â
Á ãåäçædèwÆêé�ë{ìêí¤ÉvÆÑé�Æ�ÉvÆ�îbï5ævðPè
O^ñ "'& ü ±�· ��� � � ü=� * � � � � ( " � � ü % "$& � � °�( ü 	���	 
 � ���ëüò�3� % ü +�& � � ü * � & % " % � � ü�ü ( ü * � � +,&��� ü & ± � � ü>�ëü?��� * �¹° ü 2�"$& � /1" � � � &X"'&�* ( ��� " ®!üfü ( ü * � � +,& �����Ãþ ( ü *�+�& � � "$&)"$&�2 � � � ± S�� K ü=®6ü & � � �ó�ôöõÛõt÷røtùZúlû1ûdõÛû�üvùZý�÷rþ©ÿ��rý������lõ�û��	�Zúp÷�
�þ���þ©ù�úpû�ù
���põ�û��rýZû��0û��lþpû����Ûþ��?û�üvù��Û÷rþ������ ��� ������� � � ! ��"�úpû�÷rþlõ$#û&%püdû�'0ù
��÷=þ(�)��*,+�-�.0/��1"�úpû2*,+�-�.�ÿ���ý
�)���põÛû2�0û��lþpû0�3��þ��?û�üvù��Û÷rþ3��� ��� ���)�	���4�oû��>÷rþ3�1ùZ÷�
 ûdý5��67
�úpû�ýZû����yúpûdý�û
 û��rõ)�Z÷�ü&80ùö÷=þ9*,+�- .�/�6 ���4�oû���÷=þ�ù:
 ÷�ùZ÷�
 ûdý5���

S �



;=<�> ?A@CB¾Ú2DFE	GIH J,KLBMHNDPO4Q�ÚSR3DPOCG�H
T & � � " �^�ëü * � "$+,&,Ub/ ü % ü�� * � "WV ü � � ü�ü ( ü * � � +,&­" % ü & � " � * � � "$+�& �Õü4Xu� " �ëü��Ãü & � �¤�3� % ü +,& � � ü"$&)* ( �)� " ®6ü�ü ( ü * � � +,& �����`þ ( ü;� �>� � ü3� & � ('6 � " � ( ür®!ü ( ��D �¼ü�� * � * � � " � "$& � � + % � * ü % U�/ ü * � ü *`Ó� � � �w� � üÖ®���� " � V ( ü " � / ü ($( � + % ü ( ü % "$& � � ü Y 8 ª � " �-� ( � � "$+�&ZV 6 *�+ �`þ���� "$&)2\[^] _`_ % � � �

� & % «­¬ �����`þ ( ü�� � T &­8y"$2 ���ëü�� 	�� � � & % 	�� 	 / ü©� � +0/ � � ü *�+ �`þ���� " � +,&=V ü � / ü¬ü & % � � �!� & %
� " �-� ( � � "'+,&ba
+ ��ü�� * � ®���� " � V ( ü � ��� ü [c]d_`_ �����`þ ( ü��{���Õü % ���Õü % ü�� * � "eV ü % "'& D þCþ,ü & % " ý � ���� ü [f] _`_ �����`þ ( ü��3���ëü & ���`ü % � � ü � "$2 � � � & % ª +m+ �ëü [g] _`_ih � � �B� & % «­¬¯ ���Ãþ ( ü�� � ��� ü � "$2 � � �����Ãþ ( ü=� � �?®!ü@� � � "'&�2 ü & � ü ( ü * � � +,&X" % ü & � " � * � � "$+,& �ÕüCXu� " �Õü=�`ü & � �!� % ü+,&jVt+ � � ü ( ü * � � +�& * � & % " % � � ü�� � & % � � ü ª +m+ �ÕüX�����Ãþ ( ü=� � �?®!ü�� � � "$&�2 ü & � * � � � �6þ.þ ( " ü % � ++,& ü * � & % " % � � ü-� & % ( +m+ �ëü * � � � +�& � � ü + � � ü�� � ° ü * � ('( � � ü � "$2 � ü�� � � �ëü *�+�& % � "$2 � ü�� � 
 A C
ü ( ü * � � +�&f"'& � � ü¼ü=®6ü & �^� � ü � ��� � � �Õü *�+,& % 
 ü ( ü * � � +,& �
Á�ÂZÄ1Â�k lgÉvÆ�îbïnm�ðPègo�É&prquï5Æsm�ævè9t
D * � & % " % � � ü%ü ( ü * � � +,&uV ü 2,"$& �w���>� * � ( + � " �`ü � ü=� * ( ��� � ü=� "$& � � ü ¬SvÈ« � ��� ü * ( ��� � ü=� "$&)2

þ�� +5* ü % ���ëü V ü 2�"$& � V 6 �ëü?��� * � "$&�2La
+ �>�ëü'ü % � +0/ ü���� "$& � � ü ¬SvÈ« Uö/ � ü��Õü3�X�Õü¬ü % � +0/ ü=� � ���� ��� & �d®!ü����Õünü & ü�� 2 6­A C I � L ü M % ü¬þ + � " � ü % �^D �Õü¬ü % � +0/ ü��@� & % ü?� * � +7aP" � � & ü "'2 � Vb+ � "$&)2
S �



A C I ��K L ü MÔ C I
�
� L ü MA-H�ÔfÐ
�
ÒÛR

×{ØpÙ�Ú � Ð K)ÒÛ�
×{ØpÙ�Ú � Ð K)ÒÛ�

A ËVÌ�Í H�A ÎtÏ � � ý � 
 Ð K)Ò � �,RA ËVÌ�Í H�A ÎtÏ � � ý � 
 Ð K)Ò�K�RÝxw0à�ÝuÐ
�
Ò R * �Ý w�â£ÝmÐ � Ò�K * �Ü � y{z}| ³ ~ Ð �
K)Ò�K

Ý [1� ÿ [ � ÝuÐ RmÒÛK * �Ý [1� ÝuÐ N,K)Ò�K * �¬ +,& ®6ü���� "$+,&u� ü � ü * � "$+�&8y" % � *=" � ( * � � � +,& � � ü¼ü ( ü * � � +,&� � V ( ü 	�� 	 T�� j�WZi!eEhuk)]òq �;[$at]sW�q ir]�no]�_0WEWZ�t]òk5h)W�h¨i`hle©� n
]sj�ir]�k ��qpYfWZ�t]gir]�h�Yr_d� x�� �b]]`n
]�_0WZYrq0af[
k�]`atWZ['�b_rh5WZ[oq0a  =hlY�[ h)��no]�i1h�Yr]>k)]`��ab]=kX['au��]�_pWo[oqpa)i>~ x}�mx U7�È~ x��mx}�

� K



� +0/ ü���� "$& : /1" � � A�C I K)Ò
�
L ü M a
+ ��� � & vÈ« * ( ��� � ü�� � � ��� ü � "$2 � ü�� � A�C �ëü'ü % �­���ëü( +m* � � ü % � ��� � � & % � � ü;� � + � ( % ü�� � +0/ ü���� +7a ü?� * � �Õü¬ü % ���ëü &�+ � *�+,& � " % ü��Õü % "'& ��� V �ëüCXu�.ü & �

�Õü���� * � ü�� a
+ �-�Õü¬ü % � +0/ ü���� � ��� ü\ü & ü�� 2 6 +7a � � ü\ü ( ü * � � +,&Ê* � & % " % � � ü " � � � ü & � � üX����� +7a
ü & ü�� 2�" ü�� % ü'þ + � " � ü % "'& � � ü��Õü'ü % � +0/ ü=�@� & % " � �^� � + � ( % ü�� � +0/ ü=� � � 
 � � +ZV ü * � ($( ü % � & v{«
* ( ��� � ü�� U A C I R L ü M " �3�ëüCXu� " �Õü % � ¬ + ���ëü * � "$+�& �E���ëüò�3� % ü � + � � ü�ü & ü�� 2 6 +�a � & v{«
* ( ��� � ü�� � +�*=+ �Ãþ,ü & ��� � ü a
+ �-®���� " � V ( ü3�Õü=�Õþ +,& �Õüf� * � + ����ü?� * � � +0/ ü=� U � +0/ ü�� 4 � + 4 � +0/ ü�� 2 � "'&
®���� " � � "'+,& � U � & % � " �Ãü 4 % ü'þéü & % ü & � ü ¾ ü * � � ��D 2 ( +�V � ( *=+ ���ëü * � "$+,& � + � � ü�ü & ü�� 2 6 � * � ( ü " �È� ( � +" �Ãþ + �Õü %�� � 	���� ��� ü=�Õü *�+ ���Õü * � "'+,& �����Õü � 6 þ "'* � ('('6 � a ü / þéü�� * ü & � �� +�V ü *�+,& � " % ü=�Õü % � & ü ( ü * � � +,&Q* � & % " % � � üg� ¬���¬ � ��� *`Ó �-�)� � þ +,"$& �-� + � � +p/ ü�� "'&� � ü v{« * ( �)� � ü=� � ��� ü � "$2 � ü�� � Ô C � ��� *`Ó þ +,"$& � "'&�2 � + � � ü * ( ��� � ü=� " � � � ü � ü ( ü * � � +,& � ��� *`Ó ������ üf�`ü��������ëü %J% " �Õü * � "$+,& +7a � � ü � ��� *`Ó � + �Ãü & � ��� �Õü � � � � ü % " �Õü * � "'+,& +7a � � ü�ü ( ü * � � +,&* � & % " % � � ü �° ü^�ÕüCXu� " �Õü � � � �È� � ü=�Õü V ü¤� � ( ü���� � +,& ü v{« * ( ��� � ü�� "$& � � üfü=®6ü & � /1" � �XA C I ��K L ü M �° üò� ( � + �Õü4Xm� " �Õü � � � � � � ( ü?��� � +,& ü���� * ��vÈ« * ( �)� � ü=�nþ������ � � ü�ü ( ü * � � +�& " % ü & � " � * � � "$+,&
�Õü4Xu� " �ëü��Ãü & � � % ü=� * � "eV ü % "$& ¯ ü * � "$+,& � 	�� � � � 4 	�� � � � � & % * � ('( � � � �¤� � ü ���������
�7�����7���7 {�¡�7�&¢ �
T a � � ü=�Õü " ��� + �Õü � � � &X+,& üfü ( ü * � � +,&X"'& � � ü�ü=®!ü & ��� � � � ��� � " � � ü=� � � ü=�Õü>�ëüCXu� " �ëü��Ãü & � � U � � ü &� � ü � ��� �1� ��� * � & % " % � � ü " � � � ü²ü ( ü * � � +,&g* � & % " % � � ü /1" � � � � ü � "$2 � ü�� � A�C �° ü � �?®6ü�®6ü�� " � ü % � � üs� " �©� ( � � "$+,& +7a � � üs�Ãü?�������Õü % ü ( ü * � � +,& A C ��� "'&�2 � � ü � "'2 � �£0¤ ø£ùZúlû¥�Zûdû��¤ùZ÷�
 ûdýP�)�yùZúlû{÷�8pùZûdý	¦�÷4�oùVù�÷�
bû�ýF�Ûþ3§¨�Ûþ>ùZúpû�üvû�þ�ùZý5��õ©�0ûvù�û�ü�ù�÷rý�6lù�úpûdþ�� ù����V÷=þpõ$#>üdõ$8��oùZû�ýZû��
s��ùZú¤÷rþpû1�Zúp÷�8lõ)�0û�ý�ùZ÷�
 ûdý��

� �



[ª]«_`_9h � � �@� & % «­¬ ¯ ���Ãþ ( ü�� ��¯ "$&)* ü / ü � & % 2,+m+ % � 2 �ëü'ü=�`ü & � Uu&�+ � 6 � � ü=�!� � "$*1+ �P� * � ( üa � * � + � " �1�6þ.þ ( " ü % � + � � ü¼ü=» *�" ü &�* 6 +7a � � ü A C I ��K L ü M * � � �
Á�ÂZÄ1Â�Ã ¬ æ&­9p^î ædëPÉ\® Æs¯�p^æ&m�ÆöìÑÆ�è{ï°q
��� üfü ( ü * � � +,& � ��� *`Ó " �{�Õü4Xm� " �Õü % � +Ö+ � "'2,"$& � � ü &�+ � + �ëü � � ü & R * � a � + � �Õ®!ü=� � ü5ýE� ( +,&)2� � ü â % " �Õü * � "'+,& ���©�Ãü?�������Õü % "$& � � ü M¤�S± � Ý [�² ÿ [ ��ÝVÐ R * � 
 � ��� " �Õ®!ü�� � ü1ýå�-�)� � ( " ü/1" � � "$& N,K * � � �6þCþ�� + ý " �3� � ü ('6 � À 
 +7a � � ü &�+ � "$& � ( *=+ ($( " � "'+,& þ +,"'& � � ��� " � * � � ü & �����ëü�� � � � �� � ü � ��� *`Ó � ��� � ü * � + � " ü=�����ëü "$& � � ü������Ãü��Õþ " � " � ��� � � ü)þ)� +�� ü * � " ®!ü % ü=� "'2,&�+7a � � ü * � ( + � " �`ü � ü=� �¯ � � & % ��� % ¬ h>8 � % � *�" � ( * � � �>���ÕüÕ�3� % ü +,& � � üeü ( ü * � � +�& � + ü & �����Õü � � � ��� � üeþ���� � "'* ( ü

����� " ®6ü % � �.� � ü * � ( + � " �Ãü � ü�� "$& � &-"'& � � �����Ãü & � ü % �ëü 2,"'+,&Õ/1" � � 2,+5+ % �Õü��ëþ +�& �Õü � ��� üôü ( ü * � � +,&
� � +p/ ü��Kþ + � " � "$+,& ��� % ü � ü=��� "$& ü % "'& � � ü ¬Sv ¯ " �1�Õü4Xm� " �Õü % � + ( " ü /1" � � "$& à�³ Î�´ Ð � � * � µ � +
�?® +," % � � ü¤� #=" �-� � � � ( * ��� *`Ó � "'& � � ü * � ( + � " �Ãü � ü=� � ��� ü � ��� *`Ó �-��� � &�+ � V ü "'&�*�" % ü & � +,& � � ü* � ( + � " �Ãü � ü=� /1" � � "$& Ýßâ ³ Î�´ Ý)Ð � * � U �?® +�" % "'&�2 � � üÕ� &�"$& � � �����Ãü & � ü % �Õü 2,"$+,&�& ü���� ¶ ± �,K�· ���� üX�ëü 2,"'+,& S R · Ð¹¸ Ð ��K · � * � ($( ü % � � ü � * � " � & ü 6 � 
 " �-� ( � + � &�"$& � � �����Ãü & � ü % � + � ($( +0/*�+�&�& ü * � "'+,& � � +ºV ü!�3� % ü � + � � ü3� + ( ü &�+," % � 9 + ü ( ü * � � +,& � ��� *`Ó �3� 6 V ü "$&)*�" % ü & � +�& � � ü* � " � & ü 6 Uy&�+ � "$& � &B+ � � ü���� + � �@� +0/ ü�� "'& : & ü����Õ: ± � Ò�K V ü * �����ëüX� &B"'&�*�" % ü & � þ���� � "'* ( ü+ � "$2,"'& � � "'&�2»a � + � � � ü *�+ ('( " � "$+�& þ +,"'& � /1" ($( � ���?®!ü=���Õü^�Ö� � � ($( +0/ % ü¬þ � � "'& � � ü * � ( + � " �Ãü � ü�� "'&� � " ���Õü 2,"$+�& �¼0½öû�ýZû46�¾��)�P�0û&�lþlû0�¨
s��ùZú �Ûþ���ùZ÷�
 ûdý�ù�÷���û{ùZúpû¥�`�ÛýZû�ü�ù��Û÷rþ¨'�ûdý
'�ûdþ��`� ü&8lõ)�rýöùZ÷r¿M��þ��».C6�
s��ùZú(¾7ÀÂÁ°Ã(ÄuÅ�`ù�ù�úpûPüvû�þ=ù�ûdý�÷rø5ù�úpû�ùZ÷�
 ûdýÆ�Ûþ¨Çn�

� �



Á�ÂZÄ1ÂoÄ Å©ë�ï5Æsm�ëPÉEé�ÈwðFÉ�Æsm�Êim)ð�Ë^ÉvÆ
��� ü ( � � ü���� ( þ)� + � ( ü +7a � � ü vÈ« � � +0/ ü=� ( ü a � V 6 � � ü � ��� ��� ��� * � & % " % � � ü " �©�Õü4Xu� " �ëü %� +ºV ü *�+�& � " � � ü & � /1" � � ü ( ü * � � +,& � � +0/ ü=��þ�� + � ( ü=�©���Õ�Ãü?�������Õü % "$& � ü=� � V ü?��� % � � � � ��� ü

®���� " � V ( ü ×{ØlÙ�Ú " � % ü � & ü % V 6 T
×ÈØpÙ�Ú@± K)Ò

� 	ÍÌ
A Ì <)Î³ ÿ A3Ï |ÑÐ5Ò³K)Ò
� 	
� AÔÓ � Þ;A Ï |ÑÐ
Ò³ 
 � �
	���	 


/ � ü=�Õü A Ì <)Î³ " � � � üÖ�`ü��������ëü % ü & ü=� 2 6 "$& � � +0/ ü=� � ( � V ü ( ü %LÕ 
 � % � � * ü & �^� + � � ü©�ëü'ü % � +0/ ü=�
� & % A Ï

|ÑÐ5Ò³ " � � � üwü1ý&þ,ü * � ü % ü & ü�� 2 6 "'& � � � �.� +0/ ü=� V ���ëü % +,& � � ü � ü�� � V ü����ê�Ãü?�������ëü��Ãü & � � �Ö K)Ò
� 	
A �hþ.þ,ü������ "$& � � ü % ü &�+ � "$& � � + � V ü * ���)�Õü " � " � � � ü�ü & ü=� 2 6 �Õü=� + ( � � "'+,&å+7a � � ü v{«

¬ � ( + � " �`ü � ü�� � Þ A Ï |ÑÐ5Ò³ " � � � ü)ü���� + � +,& � � ü � ü=� � V ü?��� þ��ëü % "'* � "'+,& � ° ü��ÕüCXu� " �Õü ×{ØpÙ�Ú-Ð K5Ò � �
Á�ÂZÄ1Â
Á lgÉvÆ�îbïnm�ðPè éSÈ^ð�É�Æsm Å-Æ�ë�×.ë�tPÆ ævè}ïnÈ^ÆÙØ ë�­9m�ðPèfo�ë{Évð�m�ædìÑÆ ï5Æsm©q
��� ü v{« * � ( + � " �Ãü � ü����ò���Õü % ü�� "'2,& ü % � + *�+,& � � "$& � � ü *=+ �Ãþ ( ü � ü¥ü ( ü * � � +,& � � +0/ ü���� �Ú � % � +,& � /1" ('( % ü'þ + � " � ü & ü=� 2 6 "$&ÛVb+ � � � � ü vÈ« � & % Ú D h * � ( + � " �Ãü � ü���� � ��� ��� U � "$&�* ü� � üÃü ( ü * � � +,& � a � + � � ��� % ü * � 6 �-���ëü &�+ � þ�� + % � * ü % "$& ����� +m*�" � � "'+,&­/1" � � & ü���� V 6s� � % � +�& �� ��� � � ü 6 /È+ � ( % "$& �Õü=� " ( ü'þ � +,&�"'*SV % ü * � 6 � 
 U � � ü1��� � "$+>+7a ü & ü=� 2 6 �`ü��������ëü % "$& � � ü ¬SÚ D � +

ü & ü�� 2 6 �`ü������)�Õü % "$& � � ü ¬Sv{« � AwËVÌ�Í�H�A1ÎtÏ 
 " �����Õü % � + " % ü & � "Wa 6 ü ( ü * � � +,& � � ° ü@�Õü4Xu� " �ëüA�ËyÌ�Í�H�A�ÎtÏ Ð K5ÒÛK�R �

� �



Á�ÂZÄ1Â
Ü lgè^Æsm°t�Ý ï5ðßÞ ð{ìÑÆ�èÈïnp^ì ® ë�ï5ædð
D & ü ( ü * � � +,&J" �`ü1ýCþéü * � ü % � + % ü¬þ + � " � ü & ü=� 2 6 "$& � � ü v{« * � ( + � " �`ü � ü���ü4Xu��� ( � + � � ü

� + �`ü & � ��� +7a � � üÊü ( ü * � � +,& � ��� *`Ó � ° ü * � ($( � � üs��� � "$+¨+7a � � ü=�Õü � /È+ Xu��� & � " � " ü�� A-HrÔ �D V �Õü=�3��� � ��� ��( � &�2 þ � + � +,& /È+ � ( % � ü & % � + � � +0/ ü�� "'& � � ü������Ãü � +0/ ü=�­��� " � �zþ����ëü & �
ü ( ü * � � +�&ÆUPV � �Ö� � üÃü ( ü * � � +,& � ��� *`Ó � + �Ãü & � ��� /È+ � ( % V ü3�ëü % � * ü % U.2," ® "$&)2 � � "'2 � ü�� A©HrÔ
��� � "$+ � Ú +0/ ür®!ü�� U � & ü=®!ü & ( ��� 2 ü=� � � " ( " �ö�Õü¬ü &�a � + � � � % � +,&�"'*�V � *`Óu2 � + � & % � a � + � � � ü�þ)� +m* ü����à � ]âáãáL]âáä_`åÆ_ ú � ° ü@�ÕüCXu� " �Õü A-H�ÔfÐ � Ò �)�
Á�ÂZÄ1Â{æ ç7q5ðPÉvë�ï5ædðPè

v�( ü * � � +,& � a � + � � ��� % ü * � 6 �;���ëü &�+ � ü5ý&þéü * � ü % � +ºV ü�þ�� + % � * ü % "$& ����� +5*=" � � "$+,& /1" � �+ � � ü��^þ���� � "'* ( ü�� � ��� ü��ëü a
+ �ëü Uö/ ü;�Õü4Xu� " �ëü � � � �>� � ü � ��� �Õ� ��� * � & % " % � � ü " � " � + ( � � ü % "$& � � ü* � ( + � " �Ãü � ü=��� & % "'& � � ü � ��� *`Óu"$&�2 � 6 � � ü�� �T & � � ü * � ( + � " �`ü � ü=� U5/ ü % ü � & ü T
è)Ø`é>± A�ê Ð
ë ² ÿ A3ê:ì�í y{z ² |A ê:ì�í y:z ² | �
	�� R�


/ � ü=�Õü A ê Ð
ë ² " � � � ü^ü & ü=� 2 6 % ü'þ + � " � ü % "$& � � ü * � ( + � " �`ü � ü=� "'& � *�+,& ü +7a Þ�î ± K5Ò 	�ï ��� + � & %� � ü � ��� ��� ��� * � & % " % � � üs� & % A3ê:ì�í y{z ² | " � � � üÊü & ü�� 2 6 +7a � � ü v{« * ( ��� � ü�� � ° ü �Õü4Xu� " �ëüè5Ø`é©Ð K)Ò
� �ð�ñ¥òuÄôó õeñ¥Ç�ö /,÷ õWñ2§ ö /

��	



° ü % ü � & ü º ³ y{Ð � +(V ü � � ü & ��� V ü�� +7a � ��� *`Ó � /1" � �>Ô)CòI � L ü M /1" � � "$& Þ�î Ð K)ÒÛR,� 	¡ø +7a
� � ü v{« * ( ��� � ü=� �@D � ��� *`Óò& ü'ü % � � + � �?®!ü + � "$2,"'& � � ü % /1" � � "'& R * � +7a � � ü�ü ( ü * � � +,& � ��� *`Ó
� ( +,&�2 � � ü V ü?��� ( "'& ü � +�V ü *�+ � & � ü % "'& � � ü " � + ( � � "$+�&E*�+,& ü � ° ü@�ëüCXu� " �ëü � � � � º ³ y�Ð ± K �
Á�ÂZÄ1Â5ù Þ ë�ï5îúÈ^ævèrtçïnm�ëPîú×�qåï5ðûoülsé í©ð�qmæ¡ï)ævðPè
D * � ��� 2 ü % þ "'+,&-"'& � � ü�® "'*�"$&)" � 6 +7a � & ü=� � ��� ( þ "'+,& � % ü * � 6 "$&)2 � + � /È+ þ � + � +,& ���3� 6 a � Ó ü

� & ü ( ü * � � +�& � � + �Õü % � * ü � � " � V � *`Óu2 � + � & % U�/ üÖ�ëüCXu� " �ëü � � � ��� � ü¼ü ( ü * � � +�& � ��� *`Ó þ�� +�� ü * � ü %� + � � ü`þ ( � & ü +7a � � ü ¬Sv ¯ " � * ( + �Õü � + ��� � +0/ ü=��þ + � " � "$+�& ���Ö�Ãü?�������Õü % "'& � � ü ¬Sv ¯b� ° ü
�Õü4Xu� " �ëü Ý w0à�ÝmÐ � ÒÛR * � � & % Ý w�â£ÝmÐ � Ò�K * � �
Á�ÂZÄ1Â{ý oül­é í9m�ð1Ë¤ÉvÆ
��� ü ¬Sv ¯ * ( ��� � ü���� a
+ �^ü ( ü * � � +,&�* � & % " % � � ü��@���Õü �,� � � � " þ)� /1" % ü "$& â � ��� üÃþ)� + � ( ü +7a� � üfþ�� ( �Õü � ü "$2 � � ��� * � + ��� � � ü=�Õü>� � � " þ�� " � *=+ �`þ����Õü % � + ü ( ü * � � +,& � ü�� � V ü���� % � � �-� & % � Ü ���� " �wþéü�� a
+ ���Ãü % � ° ü@�Õü4Xu� " �ëü Ü � y:z}| ³x~ Ð � K5ÒÛK �

Á�ÂZÄ1Â{þ o�ðPè�Ç{Æsm©qmævðPèf® Æ�ÿuÆ�îbï5ævðPè
° ü!�Õü � ü * � ü ( ü * � � +,&å* � & % " % � � ü=� / � "'* � ���Õü *�+,& � " � � ü & � /1" � �B� �?® "'&�2­+ � "$2,"'& � � ü % a � + �

�Éþ � + � +,& � � � � *=+,& ®!ü=� � ü % � + � & ü ( ü * � � +,& þ�� " � "'& � � ü � ��� *`Óu"$&�2 �3� � ü=� " � ( � D þ � + � +,&� "�ú ���büd÷rþpû	�{���dû����,��Å���60ü¡úp÷4�Zûdþ�ù�÷Í��ûöùZúlû	�
��¦�ûF�4��ùZúlûy÷480ùZû�ýtý5���`�)8��£÷rø�ùZúpûP�)�Z÷rõ��`ù
��÷=þ���þpþ 8põ)8��ä8��Zû0��øµ÷=ý���0ûdþ�ù���ø # ��þ���ú����0ý�÷rþ��ÛüVù
��8����
� R



/ � "'* � *�+,& ®6ü�� � � "$& � � ü M¤�S± /È+ � ( % ( ü��0®6ü­� � ��� *`ÓÊ/1" � � ( +0/§+5*=* �.þ�� &�* 6 "$& � � � � ��� V 4% ü � ü * � + � ���
	�	�� C�
 " � � � ü � ��� *`Ó�+5*=* �.þ�� &�* 6 "$& � � ü M^�S± � & % � + � & ü ( ü * � � +,&s" �w�Õü � ü * � ü %"Wa �
	�	 � C�
�Ð K5Ò � � 9 ü5ý � Uö/ ü3�ëü?��� * � a
+ � � � ünþ��Õü=�Õü &)* ü +�a � * � & % " % � � ünü ( ü * � � +�& þ���� � & ü�� �D ('( � ��� *`Ó � + þ.þ + � " � ü "'& � "'2,& a � + � � � ü�ü ( ü * � � +,& * � & % " % � � ü­���Õü *=+,& � " % ü��ëü % � T a ��� * � �� ��� *`Ó!" � a
+ � & % /1" � � "$& �,K · "$& ¸ U �Õü¬þ������ � ü % "'& Ú ÿ ¸ V 6 &�+ � + �Õü � � � & K � � � & % ��� � " � a 6 "$&)2Þ *�+ � ¶ Ð K)ÒÛK�N � � ü & � � ü²ü ( ü * � � +,&�" �1� *�+,& ®6ü���� "$+,&f* � & % " % � � ü " � � � ü��ëü a
+ �ëüÖ�ëü � ü * � ü % �
Á�ÂZÄ1Â�k�� é�æ�ì^pwÉdë�ï5ævðPè ð��ZlgÉvÆ�îbïnm�ðPè ç7­^Æ�èÈï5æÑË¤î ë�ï5ævðPè��së�m�ævë��^ÉvÆsq
° ü �����Õü=��� � � ü­� " �-� ( � � "$+�& +7a ü ( ü * � � +,& " % ü & � " � * � � "$+,& ®���� " � V ( ü=� "'& Y 8 ª � Ú ü=�Õü U�/ ü*�+�& � " % ü�� � � ü ª +m+ �Õü [ ] _`_\h � � �X� & % «­¬ ¯ ���Ãþ ( ü��@� & % "'& ü�� * � �����Ãþ ( ü / ü3�Ãü?�������ëü� � ü�ü=» *�" ü &�* 6 +7a � � ü�ü ( ü * � � +,&­" % ü & � " � * � � "$+,&f* � � � % ü�� * � "eV ü % � Vt+ ®!ü � ��� ü *�+ � V�"$& � � + � "$* �& ü¬ü % � +uV ü *�+,& � " % ü=�Õü % * ���ëü a � ('('6 a
+ � � � " �Ö� � � % 6 � ��� ü � ü * � &�" Xu�.ü������ëü % � + � *�*=+ � & � a
+ �*�+ � V�"$& � � + � "$* �����Õü % ü=� * � "eV ü % "$& D þ.þ,ü & % " ý ¬ �8."$2 ���Õü=� 	)� � � & % 	�� 	 � � +0/ � � ünü ( ü * � � +,&�" % ü & � " � * � � "$+,& ®���� " � V ( ü��@��� +�V �Õü��d®!ü % "$& � � ü% � � �E� & % � " �-� ( � � "$+,& � ��� ü©®���� " � V ( ü�� � � � � � � +p/ � � ü ( ��� 2 ü�� � % " � * �Õü'þ�� &�* 6 V ü � / ü¬ü & % � � �

� & % � " �-� ( � � "$+�& ���Õü T A ËyÌ�Í H�A ÎtÏ\U ×{ØpÙ�Ú U è5Ø`é � & % Ý [1² ÿ [ �uÝ � ° üE� *=*�+ � & � a
+ �Õ� ($( % " � 4* �ëü'þ�� &�*�" ü��¤� � +�&�* ü V 6 �6þ.þ (76 "'&�2 � � * � ( ü a � * � + � � + � � üÕ� " �©� ( � � ü % ü ( ü * � � +�&ò" % ü & � " � * � � "$+,&
ü=» *=" ü &)* 6 V ���ëü % +,& � � ü@�Ãü?�������Õü % ür» *=" ü &�* 6 a � + � � � ü % � � � �� � V ( ü 	�� R � � +0/ � � � ü�ür» *�" ü &�* 6 a
+ �²ü?� * � ü ( ü * � � +,&¨" % ü & � " � * � � "'+,&�* � � �6þ.þ ( " ü % � ( +�& ü U

� N



Had/Em

0
�

0.01
�

0.02
�

0.03
�

0.04
�

0.05
�

0.06
�0

�
0.05
�

0.1
�

0.15
�

0.2
�

0.25
�

(a)

Data

Sim.

(a)

E/p

0
�

0.5
�

1 1.5 2 2.5 3
�

3.5
�

4 4.5 5
�0

�0.02
�0.04
�0.06
�0.08
� 0.1
�0.12
�0.14
�0.16
�0.18
�

(b)

Data

Sim.

(b)

|∆x| (cm)

0
�

0.5
�

1 1.5 2
�

2.5
�

3
�0

�
0.02
�
0.04
�
0.06
�
0.08
�

0.1
�

0.12
�(c)

Data

Sim.

(c)

|∆z| (cm)

0
�

0.5
�

1 1.5 2
�

2.5
�

3
�

3.5
�0

�
0.01
�
0.02
�
0.03
�
0.04
�
0.05
�
0.06
�
0.07
�
0.08
�(d)

Data

Sim.

(d)

8."'2 ���Õü 	�� � T�� no]�_0WZY�qpas[ok�]�atWZ[$�t_rh)Wo[oqpa¨ rh�Y�[�h���no]�i>h�iweg]�h�i?j�Yr]�k�['aÊWZ�t] ¼ q5qpi�] [Ù] _`_�� h)W�h��h�eÖ� n
]¤_�qpeÖ��h�Y�]�kò��[¡Wo��� z ¼ x
� S



χ 2

0
�

2 4 6
!

8
"

10 12 14 16 18 20
0
�

0.02
�
0.04
�
0.06
�
0.08
�

0.1
�

0.12
�
0.14
�

(a)

Data

Sim.

(a)

                                                     Zv# -Ze

-10 -8 -6 -4 -2 0
�

2 4 6
!

8
"

10
0
�0.02

�0.04
�0.06
�0.08
� 0.1
�0.12
�0.14
�0.16
�0.18
�

(b)

Data

Sim.

(b)

Lshr

-0.3 -0.2 -0.1 0
�

0.1
�

0.2
�

0.3
�0

�0.02
�0.04
�0.06
�0.08
� 0.1
�0.12
�0.14
�0.16
�0.18
� 0.2
�(c)

Data

Sim.

(c)

              Iso

0
�

0.05
�

0.1
�

0.15
�

0.2
�0

�
0.1
�
0.2
�
0.3
�
0.4
�
0.5
�
0.6
�(d)

Data

Sim.

(d)

8."'2 ���Õü 	�� 	 T�� no]�_0WZY�qpas[ok�]�atWZ[$�t_rh)Wo[oqpa¨ rh�Y�[�h���no]�i>h�iweg]�h�i?j�Yr]�k�['aÊWZ�t] ¼ q5qpi�] [Ù] _`_�� h)W�h��h�eÖ� n
]¤_�qpeÖ��h�Y�]�kò��[¡Wo��� z ¼ x
�,�



*�+ �`þ���� "$&)2 % � � � /1" � � � " �-� ( � � "$+�& � ° ü � �?®!ü��Õü=� + ®6ü % V � *`Óu2 � + � & % *�+�& � ��� "$& � � "$+,&,Up/ � "$* �" �{���������Ãü % � + � �?®!ü � � ü1�����`ü1��� � ü����P�����`ü 4 � "'2,& ü=®6ü & � �)þ������ "$&�2 � � ü1�����`ü * � � � U � 6 þ "'* � ('('6
� � � ( ür®!ü ( +7a � ¿ � T & � � ü ( ��� � � +0/(U�/ ü ( " � ��� � üPü=» *�" ü &�* 6 +�a � ('( * � � �È�6þ.þ ( " ü % * ���-� ( � � " ®!ü (76 �D ('( ü=» *=" ü &)*�" ü=� "$& � � V ( ü 	�� R ���Õü % ü=� " ®!ü % a � + � v Xm��� � "'+,& ¬ � �

"$& D þCþ,ü & % " ý ¬ �° ü�� ( � + ���Õü � � ü ª +m+ �Õü [c]â_`_Mh � � �¤� & % «­¬ ¯ ���Ãþ ( ü=� a
+ �.� *�+ �Ãþ���� " � +,&©+7a � � ü��Ãü?� 4
���)�Õü % ü=» *�" ü &�* 6 +7a � � ü � ��� *`Óu"$&�2Õ" � + ( � � "$+�&-* � � U º ³ y{Ð ± K � ° ü *�+,& � " % ü�� +,& (76 ü=®6ü & � � / � ü��ëü� � ü>�Õü *=+,& % ü ( ü * � � +�& � ���)þ������Õü % � ('( +�a � � ü^ü ( ü * � � +�&X" % ü & � " � * � � "'+,&E* � � � % ü=� * � "eV ü % � Vt+ ®!ü �� +B* � ( * � ( � � ü � � ü�ür» *�" ü &�*�" ü�� U�/ üf���Õü � � üf�`ü � � + % % ü�� * � "WV ü % "$& D þ.þéü & % " ý ¬ � � � ��� ü
ü=» *=" ü &)* 6 " � � R � � � K �Û� ¿ a � + � � � ü % � � ��� & % � R � N;� K ��	 ¿ a � + � � � ü «­¬ ��D ( � � + � 2 � � � ü� /È+ ���Õü *=+,& � " � � ü & � U � � ü 6 ���Õü^ü�� * � *�+ � V)"$& ü % /1" � � � � ü¤�Ãü?�������Õü % ü ( ü * � � +,&g" % ü & � " � * � � "$+,&
ü=» *=" ü &)*�" ü=�1�`ü��������ëü % � Vb+ ®6ü � +;2 ü � � � + � � ( � * � ( ü a � * � + � a
+ �wü ( ü * � � +,& �ëü ( ü * � "$+,& �° ü � & % � � � �1� � ü@� * � ( ü a � * � + � / üÕ� � + � ( % �6þCþ ('6 � + � � ü@� " �-� ( � � "'+,&E" � T

$ ��± N �
Ò�N1� K)Ò��S K)Ò��1� K)Ò 	 ± K5Ò � N��1� K)Ò�K �

N)Ò �
	�� N,

��� ü��ëü-� � � % " ü�� / ü=�Õü�þéü�� a
+ ���Ãü % +,& ü ( ü * � � +,& � a � + � [ H á&%S] _`_ ü=®6ü & � � U / � "'* �ò� �?®!ü©�% "7¾ ü=�Õü & � A C �ëþ,ü * � ����� a � + �:ü ( ü * � � +,& � a � + � � ��� % ü * � 6 � "$&3[ H á % ](')' ür®!ü & � � � ��� ü=�Õü a
+ �Õü U/ üÖ®!ü=� " a 6 � � � ��� � üÖ� * � ( ü a � * � + � � � � � / ü % ü�� " ®6ü " � &�+ � A C % ü'þéü & % ü & � � ��� ü©� * � ( ü a � * � + �" �©� � +0/1&jV�"$&)& ü % "'& A�C "$&å8."$2 �)�Õü 	)� R � D ( � � + � 2 � � � üX� * � ( ü a � * � + � * � &�&�+ � V üX��� " % � +V ü *�+,& � " � � ü & � /1" � � V ü "'&�2+* � � "$& A CFU�& ü " � � ü�� % + ü�� " � � � +0/ � * ( ü���� � �Õü & % � + ® "$&�2 a � + �� "'2 �54vA�C ü ( ü * � � +,& � a � + � [ª]«_`_ ü=®!ü & � � � + ( +0/ 4vA�C ü ( ü * � � +,& � "$&=[ H�Ù ](')' ür®!ü & � � �

� �



v » *�" ü &�* 6 � ¿ 
h � � � ¯ " �-� ( � � "$+�&A ËVÌ�Í H�A ÎtÏ Ð K)Ò�K�R �,N � �
�êK � R � �5� N �êK � �è)Ø`é©Ð K)Ò

�
�,N � �

�êK � R � �5� �
�êK � �×ÈØpÙ�Ú-Ð K)Ò � � �)� �;�êK � 	 �,N �Û� �êK � �A-HrÔ�Ð

�
Ò � ��� ��� �êK � R � � � �;�êK � �Ýxw0à�ÝmÐ
�
ÒÛR * � � � � � �êK � 	 � � �Û� �êK � �ÝxwlâtÝmÐ � ÒÛK * � � S � � �êK � 	 � �5� S �êK � �Ü � y:z}| ³x~ Ð �
K5ÒÛK ��R � R;�êK � R �,N � N �êK � �Ý [ ��ÝuÐ N,K * � U Ý [ � ÿ [P� ÝuÐ R * � � 	�� 	 �êK � R �,� � S �êK � �¬ +,& ®!ü���� "'+,& � ü � ü * � "'+,& �,N ��� �êK � R � S � S �êK � �� + � � (V¬ ���-� ( � � " ®!ü S � � 	 �êK ��� � � �Û� �êK � �

� � V ( ü 	�� R T,� ½E_`[
]`ab_�[o]`i3eg]�h�i?j�Yr]�kÊ� Yrqpe Wo�b] ¼ qmqpir] [g] _`_,� h)W¡h�h�abk.- � ��h�eÖ� no]�i x
/�hu_10�\�Y�qmj�abks_=qpatW¡h�e [$a�h)WZ[
qpaf��h�i��)]�]�asi?j��)WoY`hu_0Wv]=k�� Yrqpe WZ�t]-]`½E_`[
]`ab_�[o]�i¤eg]�h�i?j�Yr]�kX� Yrqpe
WZ�t]Õkmh)W¡h-i`hle©� n
] x

�,K



ET (GeV)
15 20 25 30 35 40 45 50 55 60

R
at

io

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

8."'2 ���Õü 	�� R T�� no]�_0WZY�qpas[ok�]�atWZ[$�t_rh)Wo[oqpa¨ rh�Y�[�h���no]�i>h�iweg]�h�i?j�Yr]�k�['aÊWZ�t] ¼ q5qpi�] [Ù] _`_�� h)W�h��h�eÖ� n
]¤_�qpeÖ��h�Y�]�kò��[¡Wo��� z ¼ x
�
�



Á�ÂZÄ1Â�k�k �sÆsmmï)Æ32 ® Æs¯�pwæ�m)ÆöìÑÆ�èÈï
Y 8 ª ���Ãü?����� � � üÃþ + � " � "$+,& +7a � � ü;®!ü�� � "'* ü�� V 6 � L ������� " � & % " � � � "eV � � "$+,& � ( +,&�2 � � ü â

��ý " � /1" � � À ± � K * � � & % * ü & � ü��ëü % � �>� � ü &�+ � "$& � ( *=+ ($( " � "'+,& þ +,"'& � � ��� ü % � � �X�Õü=®6ü?� ( �� � � � a
+ ��� 2," ®6ü & ��� &ÆU � � ü % " � � � "WV � � "$+,& +7a ®6ü�� � ü5ý�þ + � " � "$+,& � " � L ������� " � &ÆUÂV � � � * � + ������� & � U� � ü * ü & � ��� ( ®�� ( �.ü +7a � � ü % " � � � "eV � � "$+�& ®���� " ü=� +�& � � ü ( ü=®6ü ( +7a � a ü / * ü & � " �Ãü � ü���� ��D ( � +©U � � ü
�Õþ)�Õü?� % +7a � � ü % " � � � "WV � � "'+,& � � +0/ ��� & � V ���.þ � % � + þ!� a � ü=�È��� & N�K � K,K � ��� üw®6ü�� � ü5ý�þ + � " � "$+,&" ��� * ��� *�" � ( a � * � + � "$& % ü � ü=��� "$&�"'&�2©/ � ü � � ü=� + � &�+ � � � ��� *`Ó a � ('( � "$& � � ü � % � *�" � ( �Õü 2,"$+�&E+7a� � ü % ü � ü * � + � � ��� ü=�Õü a
+ �Õü U / ü a
+ � * ü-� 2 �Õü¬ü��Ãü & � V ü � / ü'ü & % � � �X� & % � � ü-� " �-� ( � � "'+,& ��� "'&�2� � ü D � «ò¬�� �
;=<5; 4 R�KLE	GIH=O�Ú65�R87 JäK=BMHNDPO4Q�ÚSR(D	O4GIH

Ú �?® "$&�2 ( +5* � � ü % � � ü � ��� �>� ��� * � & % " % � � ü "'& � & ü=®!ü & � V 6ò( +m+,Óu"$&�2\a
+ �>� & v{« * ( ��� � ü=�
þ������ "'&�2 � � ü�� � � "'&�2 ü & � ü ( ü * � � +,& �Õü ( ü * � "'+,& �Õü4Xm� " �Õü=�`ü & � � U�/ ü � � ü & �ëü?��� * � a
+ �>� � � % � +,&�"'*� ��� "$& � � ü¤�����ÃüKür®!ü & � � ° ü * � ($( � � � % � +,&)"$* � ��� * � & % " % � � ü � � ü �`¢��:9������
�7�u���7���7 {�¡�7�Ñ¢ Um+ �'�; � ��� ü � ��� " % ü & � " � * � � "'+,&X* � � �1���Õü % � ü=�ÕüÕ���ëü V ���Õü % +,& � � + �Õü + � � ( "'& ü % "'& � � R �Z�

���



Á�ÂoÁ�Â�k Ø ë�­9m�ðPè^ævî=<�ë�p Êim�ð�í©Æsm5ï5ævÆsq
T & � � ü Ú "$2,2 �wü=®!ü & � � +7a."$& � ü=�Õü=� � U � � ü � ��� % ü * � 6 þ)� + % � * � �^���Õü²ü5ý&þ,ü * � ü % � + V ü � "$2 �)('6*�+ ($( " �!� � ü % U�/1" � � � & � &�2 � ( ��� % ü=® " � � "$+,&�a � + � � � ü % " �Õü * � "'+,&;+7a � � ü � ����þ����Õü & � +7a &�+ � + �Õü� � � & ÞN¸ Ð>@?BA H�A A / � "'* � " � > �

K · a
+ �-� � 6 þ "$* � (�A A > � K L ü M � 8 � + � � � V ( ü 	�� � U�"'&& ü���� (76 � ($( * ���Õü�� � � ü � ��� % ü * � 6 þ�� + % � * � � /1" ('( "$&�* ( � % ü � + � �f* � ��� 2 ü % � ��� *`Ó ��� & %DC �& ü=� � ��� ( þ "$+�& �wü?� * � % ü * � 6 "'&�2 � + � /�+ þ � + � +,& � �
Á�ÂoÁ�Â�Ã <�ë�pGé�Æ�Æs­ ® Æs¯�p^æ&m�ÆöìÑÆ�èÈïnq
EGFIH�J)KMLONPFIQBRBJ�SUTVFXWPJ�K�J�H&NPY

��� ü¤�ëü?��� * � a
+ ��� � � % � +�&�"$* � ��� V ü 2,"$& � /1" � � " % ü & � " a 6 "'&�2 �Õ� � "'¾ � ��� *`Ó ����� +m*�" � � ü % /1" � �
� � ü � * ( ��� � ü�� � ° ü­�ëüCXu� " �ëü­� � ��� *`ÓQ/1" � �BÔ)CçI �

K L ü M /1" � � "$& Þ�î Ð K)Ò 	[Z +7a � � ü �* ( ��� � ü�� /1" � �!A C I � K L ü M � ��� ü � ü � ü & ü=� 2 6 ���ëü % � ü=�Õü % + ü=� &�+ � "$&)* ( � % ü^� & 6 *=+ ���ëü * � "$+,& �� � � � ���Õü +�a � ü & �3� % ü a
+ � % ü � ü * � + �nü ¾ ü * � � � ��� ü � ��� *`Ó¨/1" � � � � ü � "$2 � ü�� � Ô)C ��� � " � a 6 "$&)2� � " �¤�ëüCXu� " �ëü��Ãü & � " � * � ($( ü % � � ü �
�7�i�`¢�¢�� � 8."$2 ���Õü 	�� S � � +0/ � � � ü�ü & ü�� 2 6 ü5ý&þéü * � ü % � +LV ü
® " � "eV ( ü "'& � � ü * � ( + � " �Ãü � ü=� a � + � � � % � +,&)"$* � ����� a � + � � "$2,& � ( ü=®!ü & � � *�+ �`þ����Õü % /1" � � �V � *`Óu2 � + � & % 4 % + � "$& � � ü %­% � � �E�����Ãþ ( ü � 8."$2 ���Õü 	�� N � � +0/ � � � ü Ô5C +�a � "$2 � ü�� � Ô)C * � ��� 2 ü %
þ���� � "'* ( ü©����� +5*=" � � ü % /1" � � � � ü � � % � +,&�"'* � ��� * � & % " % � � ü � ��� ü A C * � � " �¤�6þ.þ)� + ý " �3� � ü ('6\ ½öû�ýZû�
 û.üd÷rþ����)�pûdý&]P^`_badcfe1gih�§3õ �4����8 ¦S��þ��{ù�úpû.ùZý5�rükj���þ���ùZúlû&l
ûdù�û0�rü¡úw÷rý
�i�4��þ��`ùZû	�`ùs¿2ÄZÅCö,�{�ÛþlüvûyùZúlûdý�û����þp÷�ÿrû�ýoù�û&%�¦�û0�4�{8pý�û�¦�û�þ=ù�øµ÷=ý��ml
ûdùF��ûvøµ÷rý�û�ýZûonC8 ��ý
�ÛþP�{ù�úpû�û&%`���
ù�ûdþlüdû�÷�ø©�{ù�ý
�=ükj��

� �



Track pT
p  (GeV)

0
q

5 10 15 20
r

25
r

30
0
q

0.02
q
0.04
q
0.06
q
0.08
q

0.1

0.12
q
0.14
q ττs→A/h

t
Background

uwvdxzy|{o}�~|� N T � ��[$iE�5\£j�Yr]�i��bq���i WZ�b] WZY`hla�i? 0]`Y�i�]fegqpeX]`atW�j�e q0�©_rh�abk�[ok5h)W�]gir]=]�k WZY�hu_10ui��[¡Wo�!ÔO�M��� ¥ ],¦ x�� �b]@Y�]�k­_0j�Y? 0]Õi��bq���i>i�['eXj�n�h)Wv]=kEi�['\�a£hlnP]0 p]`atWoiÕh�abk�Wo�b]>\�Y�]�]`a�_pj�Y� p][$iÕ��hu_10�\�Yrqmj�abkÂ�vk)qpe3['a£h)W�]�kgk5h)W�h x /�qmWo� _0j�Y? 0]`i^h�Yr]wabqpY�eEhln$[��p]�kfW�qEj�a�[¡W7c x

� ~



Jet E
�

T
p  (GeV)

0
q

5
�

10 15 20
r

25 30 35 40 45 50
0
q0.02

q0.04
q0.06
q0.08
q 0.1

0.12
q0.14
q0.16
q0.18
q 0.2 ττs→A/h

Background

uwvdxzy|{o}�~|� S T � ��['i��)\£j�Y�]�i��bq���i@Wo�b]ÖWZY�h�a�i? 0]`Y�ir]@]`ab]�Y�\�còqp�PW¡h5j3_rh�abk�[ok5h)W�]`i xr� �b]�Yr]=kX_pj�Y� p]i��tq���i3i�['eXj�n h5Wv]�k�i�['\�a�h�n^]p 0]`atWZiEh�abkJWZ�b] \�Y�]�]`a _pj�Y� p]![$if�,hu_10�\�Y�qmj�abk �vk�qpe [$a�h)Wv]=k kmh)W¡h x� �b]-i��£h�Y�� _0j�WvqP� h)W�� � ±���� ¥ ]�¦ [$iÕir]�]�a �)]�_rh5j�ir];h;Ô � �@��� ¥ ],¦ _0j�W���h�i-hln$Yr]�huk�c�)]�]`a�[$eÖ��qpir]=k�q0a¨Wo�b]©W¡h)j;ir]=]�k x /�qmWo�­_pj�Y� p]`i¤h�Yr]�atqpY�e!h�n$[d�l]=kfWvq!j�a�[�W7c x

��R



S R ¿ } »�� v�}���� aX� {��ovdxz���������|vd��} Ó }�}� |v��Ox S � ¿ �7a �¡�|}�v�� � ��y|�¢v ® }�}��d} � �¡{ � �+�¡�¤£¥ |�d} � ���|}�{¢}¦�¡�O}�:�¤y
�
�¤�|§|v�§|�¤�¡}�v��� |{¢}�§ � £�v��|�����¡�d¨©� a � Ó } a { � £ª� Y ¬ h � }��`«`�­¬®�|}ÈÔ �

�
yO�¯v����� | O{ �±° v�£¥�¤�¡}��d¨

²�R ¿ } »�� vd}���� aX� {®�ov�x����������|§G��� ¿ } »�� vd}���� aX� { Y ¬ h�� }��o� � � a �¡}�{®�¡�|}³� � � yO�����¤���¤��{o}���§O¨V }�}��´v�£�  � �o}�§µ«��
¶®FI·VTmQ�FIL|¸¹RBJ�SUTmFIWPJ�K�J�H&NPY

° }8£+� Ó }³�¢�¡{¢v��|x�}�����º|§|y
�
v����»{o} X y|v�{¢}�£�}����¡� � ���o�|}³�¡��yG�¢}�}�§¼� � �¡���¤���¹}
£¥�±¨ V }³�oy|{¢}

�¡�|�¤�8�o�|}��:��y
�
���|§Ov�§��¤�o}�v����¯}�����£¥}����oyO{o}�§3�½¬®�|}¥�¡��yM�¢}�}�§¾£¿y|�¢�8�¡���¡v�� a ¨ Ý À�Á,ÝVÐ@� Ò �B�¤�|§

Ý â y ²
² Á Ó�� � �zÂV�:��� ¶ Á ÝtÐÃ��Ä��
�
£´��¬®�|} aX� {¢£¥}�{¦}��O�oy|{¢}��Å�¡�����Æ�¡�|}8�¡{¡�

�
Ó }����o}�{o�Å�o�|}

�
}����¡{¡�¤�

�
�¤� � {¢v�£�}��¡}�{Æ���O§Ç�o�|}©�È���o�¡}�{¦�¡�|�¤�Å�¡�|}© |��{¢�ov

�
�d}¿�¢�¡�±¨)����vd�o�|v����¡�|}©�¡{o�

�
Ó v��|x ® � ��y|£�} �7a �¡�O}¬¯¬�¬@y| D� � vf�¡� � yO�o}�{+{o��§|vdy|���É¬®�|}´�¡{o�

�
Ó £¿y|�¢�¥ ����¢�B��§O§|vd�ov � ���¤�¯º�§|y

�
vÈ���

�
yO�¡�¥�ov�£�v�����{

� � �¡� � �¢}Bv�£�  � �o}�§ � ���o�|}+}���}
�
�¡{ � �

�
���|§|vd§��¤�¡}�� � }��|�oyO{o}B�¡�|�¤�¿vf�
vd�8� � �¿v��

�
v�§O}���� � �[���

y|�|vd�|�¢�o{oy|£�}����o}�§¼  � {¢�ov � � �7a �¡�|}
�
��� � {ovd£¥}��¡}�{���Ê¦��� �©U �¡�|}�� � �¹}�{��¡���¤���o�|}8�o{¡�

�
Ó �|vf�¡��£¿y|�1�

{o}���§¼���¦�d}±���1�Æ�O��Ä+ËÅ}�ÌÍ� � xzy���{¢§¼��xz��v��|�1� a � Ó }��¡{o�
�
Ó ��� ° }³§|}�º|�|}�â �y ²�² Á � �\V }³�o�|}

�
� � �¢}��1�

 |{¢v�£¥��{¢¨ ® }�{¢�o} ° � � �o�|}Æ�o}�}�§½�¡{o� � Ó ���|§B{¢} X y|v�{¢}3Ý â
�y ²
² Á ÝuÐ ² �

�
£Î���|§BÝ â �y ²�² ÁmÏ â ² ì ² ÝuÐÉÄ � £ U

���|}�{o}Öâ ² ì ² v��Ð�o�|}�  � �¢vd�ov � �Ñ��� � �|x;â �7a �¡�|}�}��d} � �¡{ � �´�o{¡� � Ó �

�z²



Á�ÂoÁ�ÂoÄ ç7q5ðPÉvë�ï5ædðPè
Tb�³�o�|}��|}�vdxz� V&� {o� ��� § �7a �¡�O}��¡��y��o}�}�§ U �b� � v�� � �È�¤�ov � ��{o}�x�v � �|�m��{¢}

�
� �O�ov�§O}�{o}�§
�¢}� ���{o�¤�¡}��d¨

��vd�o�Ò§|v ¾ }�{¢}����´{o} X y|vd{o}�£¥}��Ó�o��£¥��§|},vd�Ò}±� � �Ô{o}�x�v � �UÕM�¡�|}¨Þ�î ÐÖ� Ò �P×�Ä
�
� �|}M���|§Ò�¡�O}

� Ò �P×zÄ©Ð ÞNî ÐØ� Ò Äz�¤~��¤�|�Óy|��y|�¢Ù��
Ú WPL�QPÛ»FIHmÜ

Tb��}�vd�¡�O}�{³v�� � �È�¤�ov � �,{¢}�xzv � � U �´�o{¡�
�
Ó vd�8� �:Ý�9��)Þ �Â¢�� �o{¡�

�
Ó v a vf���¡�¤�ov��¢º|}��wÔ � �Î�½ËÅ}�Ì U

Ý â y ; Ï â �y ²
² Á ÝuÐÉÄ
�
£ U Ý â y ; Ý�Ð ² �

�
£ U ���O§+vd�¹§|}�  � �¢vd�o�Ð�¤�¹��}����¢�¯�O��Ä
ËÅ}�ÌÔv��¥�o�|}

�
��� � {ov�£�}��o}�{

� � �¹}�{¦�o���¤�¦vd�Æ�Ovd�¡���»Ú�}�{o} U â y ; v����o�|}¿  � �ovf�¡v � �G�¤� � �|x!â �7a �¡�O}
�
���O§|v�§����¡}
�¢� � y|�d§|}�{��¡{o�

�
Ó �

¬®�|}³�o}�}�§Ñ�¡{¡�
�
Ó v��®v��

�
��yO§|}�§Ñv��½�o�|}Å�¡{¡�

�
Ó
�
� yO�Ó�ov��|x�vd�Ñ�o�|}3î ÐD� Ò �P×zÄ

�
� �O}��

° }Ñ} °  ß}
�
�¥�o�|}½�Óy|£ V }�{ �7a �¡{o�

�
Ó ��vd�[�¡�|}�Þ�î Ðà� Ò �P×�Ä

�
� �|} �oº z}|bá�yê Ð
ë ² «8� ��V },� � { �

� � � y|���¡vd�|x+�o�|}©�o}�}�§,�¡{o� � Ó �7��� �¢� � y|�d§|}�{¦�o{¡�
�
Ó �¡«�� ° }
{o} X y|vd{o} º

z}|bá�yê Ð
ë ² ÐÔ~|� ° }8�¡�|}��¼º��|§
�¡�O}��¢y|£â�o�|}

�
����{¢xz}�� �7a �¡�|}©�o{¡�

�
Ó ��v��,�¡�O}

�
� �|} U ���|v

�
�Ç�¯}

�
�����wã U ���|§Ç{¢} X y|v�{¢}­ÝäãEÝ ±¿�z�° }8�¤��� � {¢} X y|v�{¢}Æ�¡�����¦ãÃvd� �  |  � �ovf�¡}Åvd�´�¢v�xz� a { � £Î�o�|}�}���}

�
�o{ � �

�
����{¢xz}��

° }�} °  ß}
�
�¯�¡�|}��Óy|£ V }�{ ��a �¡{o�

�
Ó �¯v����¡�|}¦���|�Óy|�dy|�¯� Ò �P×�Ä�Ð î ÐD� Ò Äz�¤~8��{ � yO�|§¥�o�|}��¡��y

�o}�}�§ �Zº z}|ká�y
å ëCë «¹� � ® ���Ov��o�Ñvd�´�¢v�xz�|���U} ® }����¡� U � � �¯}³{o} X yOv�{o} º

z}|bá�y
å ë4ë ±æ�O�

¬®�|}��¢}��o{¡�
�
Ó vd�|x�v�� � �È�¤�ov � �

�
yO�o�¹�¤{o}��� | O{ �±° v�£¥�¤�¡}��d¨ � � ¿ } »�� v�}���� aX� {ç�ovdxz�����)} ® }����¡�Ð�¤�|§����è � � ¿ } »�� vd}���� aX� { Y ¬ h�� }��¡� � � �

é�ôsüv÷=þpû1�{���dû�÷rø°Å ��ê¡ë�ìMõWÅ �äì����Cötý
�4�`�)�rþ���üv÷=ýZý�û0��'�÷rþ�� �tùZ÷Åê�Å��SõW��Å��0öÑ�íïî "n��8^ø �`jrû�ý5�`ù�û0�Æ�0û�'�ûdþ��^ùZúpûPüd÷rþ�ùZý�÷rõ¡�
��¦S'põÛû	��û��ÛþP�1üd÷rþ����)�pûdý�û0�¡6`���s�pû0��üvý
�$��û0�9�Ûþ¨�0û�ü�ù
��÷=þ¦ð�� � �
� ×



ñ8ò8ó

¬®�|} ¬Sv ¯ � ��yO�¢�¡}�{ovd�|x½���dx � {ovf�¡�|£àyO�o}�§Çvd�Æ�B£ � §|vfº�}�§ ® }�{¢�ov � � �7a �¡�O} � �|}¿y|�¢}�§Çv��G |{o}`è
® v � yO� ¬ h u=�������f¨)�¢}�� � � Ä � ��¬®�O}´£ � §|vdº � �¤�¡v � �|�³£+�¤§|}½���d� � �ªy|�¿� �

�
yO� � � ¬Sv ¯ � ��y|�1�¡}�{£¿y|�f�¡vd |��v

�
vd�ov�}��
v��.�¡�O}¼���|�Óy|�dy|�B�¤{ � y|�O§ô�¡�O}��:�¤yD�o}�}�§D�o{¡�

�
Ó �æÊ¦�d� �©U �¹}Gvd���¡{ � §|y

�
}�� � £�}

��§|§Ovd�¡v � �����ß{o} X y|v�{¢}�£�}����¡� � �¢y � �����Ðº�§|y � vÈ���3{o} X y|vd{o}�£¥}��Ó�o�:«¹���|v � �G�¤{o}Å�|} � }��¢�¡��{1¨ aX� {Ðx ��� §
��xz{¢}�}�£¥}��Ó� V }��b�¹}�}��G§��¤�¡�

�
� ���¡{ � �»�¡��£� |�d}������|§Ñ�¢v�£¿y|���¤�¡}�§f«­¬¦�

¬®�|} ¬Sv ¯ � �dy|�¢�o}�{¢v��|x�����x � {ovd�o�|£õ�o{o}��¤�¡�¥§��¤�:�ö�¡��£� |�d}��B�¤�|§Ø�ovd£¿y|���¤�¡}�§J«­¬@�o��£� |��}��
v�§O}����¡v

�
���d�d¨z�¯¬®�|}©���dx � {ovf�¡�|£ V }�xzv��O� V ¨�� ���,Ó v��|x aX� {^¬Sv ¯ � ��yO�¢�¡}�{o��v����o�|}-Þ�î Ðæ� Òi²

�
� �|}

��{ � y|�|§½}��
�
�½�¡{¡�

�
Ó vd�B�¡�|}Æ} ® }��Ó����vf�¡�©ÔO�G�D~ Ò Ä©ËÅ}�Ì
�|u � {¯}�� � � � ��� � {ovd£¥}��¡}�{�� � �¯}�{®v��B�¡�O}

�
� �|} U �¡�O}�����x � {ovd�o�|£÷º��|§O���o�|}©�¢�o{ovd  � ��v�{¢}�«���vf�¡�¼�¡�O}��Ov�xz�|}��¢�Å£�}±�¤�oy|{¢}�§ö}��|}�{ox�¨��IT a �¡�|vd�
�¢�o{ovd  � ��v�{o}±« � ��{¢{ovd}����� Oy|���¢}8�|}�v�xz����� Vß� ® }8�O�ø~ � �O�ùÄ�«�ËÅ}�Ì U �¡�|}��Gvf��v������¢�¡{¢v�  � ��vd{o}�«Ð�¢}�}�§3�
¬®�|}©�¢}�}�§ U ��� � �Ox+��vd�o�,vd�¡��~ � ² «��|}±�¤{o}��1���|}�vdxz� V&� {ov��OxB�¢�o{ov� O� � ��vd{o}��¡« aX� {¢£â�B�1�¡{ovd  � ��vd{o}±«
�
�dy|�¢�o}�{��©ú�} ° � U �¡�|}����dx � {¢vd�¡�O£ûº|�|§|�Å�¡�|}©�O} ° �³�|v�xz�O}��¢��}��|}�{¢x�¨,�1�¡{ovd  � ��v�{¢}�«����Ov � �öv��Æ� � ����d{o}±�¤§O¨Ñ ���{1� �7a �

�
�dy|�¢�o}�{Æ�¤�|§G�¡�O}
 |{ �

�
}��o�

�
� ���ov��Óy|}��¦y|���¡v��»�o�|}�{¢}©��{o}³� � �1�¡{¢v� |� � {���vd{o}��

��} a ��� V&� ® }³�o�|}8�¢}�}�§G�¡�|{¢}��¢� � ��§´���|v � ����� ® }8� � � V }�}���v�� � ��y|§|}�§�vd�G� � �dy|�¢�o}�{��Ð¬®�|} � ��y|�1�¡}�{  � �ovf�¡v � �¼{o}��È�¤�ov ® }8� � �¡�O}¿� � �¯}�{ � }����o}�{�v��Æ§O}�º��|}�§��¤�Æ�¡�|}©  � �ovf�¡v � � �7a �¡�O} � }����o}�{��¢�o{ov�  � {��v�{¢}®v��©�¡�O}
�
��yO�¢�¡}�{��ç¬®�Ov���v��w�o�|}����¡{o���|�¢�È�¤�o}�§�v���� � �

�
�dy|�¢�o}�{Í¸ � {­À
  � �¢vd�ov � �©§|}� &}��|§|vd�|x � �

�¡�O}8  � �ovf�¡v � � �7a �¡�O}³� � �¹}�{�����yO���o}³�|}�v�xz���¡� a { � £à�¢�¡{¢v� |�����|§´��v�{¢}����¯}�{o}
�
� {o{¢}

�
�¡}�§ aX� {�À Ï

���|§N¸ Ï §|}� ß}��|§O}�����} ¾ }
�
�o� U £�}±���¢y|{o}�§ a { � £ü�¡}��1�¢è V }���£ý§|�¤�:�O�V¬®�|}®}��O}�{ox¤¨ �7a �

�
�dy|�¢�o}�{­vd�©�

� �



� � �¹}�{�v���{o}
�
� {¢§|}�§B���­�¡�|}^¬Sv{«þ}��O}�{ox¤¨ ��a �¡�|�¤��� � �¯}�{ U �¯}�v�xz���o}�§ V ¨��¡�O}�}��|}�{¢x�¨�§|}�  � �¢vd�¡}�§

v��,�o�|}3¬Sv ¯ V ¨,�¡���¤�
�
��y|�1�¡}�{

�
� £¥ |��{o}�§Ç� � �o�|}�}��|}�{ox�¨Ç§O}�  � �ovf�¡}�§ V ¨ö�����

�
��yO�¢�¡}�{o��v��Ç�¡�O}

� � �¹}�{���¬®�O}Å |{o}�§|v
�
�¡}�§½{¢}��¢  � �O�o}�v��+�o�|}Õ¬Sv{« aX� {Ð�

�
���¤{oxz}�§´ Ov � �Bvd�¯�¢y V �¡{o�

�
�o}�§ a { � £ª�¡�O}

}��O}�{ox¤¨Ñv��B�¡�O}�� � �¯}�{�vd£¥ ��
�
�¡}�§ V ¨+�¡�|}��o}�}�§´�¡{¡�

�
Ó �

Êà��v�{o}
�
��y|�1�¡}�{�vd�¾�¡�|}gÚ Ï ¸ ® v�}��÷v��©£¥�¤�

�
�|}�§.� � �,�¢�¡{¢v� 

�
�dy|�¢�o}�{�v��¾�o�|}Ñÿ ® vd}��÷v a

�¡�O}�v�{¯}��|}�{oxzvd}��®§|v ¾ }�{ V ¨B� � £ � {o}��¡�����,�8ËÅ}�Ì U ���|§½�o�|v��
�
yO�®vd�Ð� ��� �o}��|}�§½� � Ä©Ë�}�Ì=v a �¡�O}

}��O}�{ox¤¨ �7a }±�
�
�½vd�¯xz{¢}±�¤�o}�{��¡�����G���©ËÅ}�Ì¿�ÂT a �¡�O}¦�oyO£ �7a �¡�|}�}��|}�{oxzvd}�� �7a �b� � �1�¡{ovd 

�
��y|�1�¡}�{¢�

£¥�¤�
�
�|}����o�|}
}��|}�{¢x�¨ �7a ����v�{¢}

�
��y|�1�¡}�{���vf�¡�|vd�M�z�i�¥Ë�}�Ì U �¡�|}³�¡�|{¢}�}

�
�dy|�¢�o}�{o�¦��{o}³£¥�¤�

�
�|}�§

� �¨aX� {¢£Ã�Å�ovd�|xz�d}
�
��yO�¢�¡}�{���T a �¡�O}�}��|}�{¢xzv�}�� V }�v��|x

�
� £¥ ��¤{o}�§���{¢}®xz{o}��¤�¡}�{­�¡�����Ñ��� � ����«­ËÅ}�Ì U

�¡�O}�{¢} X y|vd{o}�£�}����¹v��­� �)� �¢}��|}�§�� � Ä � Ä���«­ËÅ}�Ì¿��¬®�O}��o��£¥}®vd��� � ��§ � �O} aX� {ç�b� � � ��y|�1�¡}�{o�­�¡�����§|v ¾ }�{®v��XÚ Ï ¸ V y)��£+�¤�
�
�Ñv��gâ V }

�
��y|�¢} ��a �o�|}Å��v�{¢}

�
��yO�¢�¡}�{®�ovdÿ�}Åv��®����{ox�}�{ U � � �¡� � �o}Æ�¡}��|§

� � xz}��
£¥}�{oxz}�§¾����¨Ó�Ð�±¨z�uT a � � ��v�{¢}
�
��y|�1�¡}�{
£+�¤�

�
�|}��
�G�¢�o{ovd 

�
�dy|�¢�o}�{8��vf�¡�¾�6���ÑËÅ}�Ì U

�¡�O}��¥�o�|}
�
�dy|�¢�o}�{�v����¢�ov��d� Ó }� O� U ���|§��¡�|}r¸ �7a �¡�����

�
��y|�1�¡}�{¹vd�ç�:� Ó }��¥� ��V }®�¡�|}

�
}����¡}�{ �7a �¡�����

� � �¹}�{��ÅÊç¬Sv ¯ � ��yO�¢�¡}�{Æ£¿y|�1�Æ�o�¤�¡vd� a ¨G� � � ��ËÅ}�Ì � � V }
�
� y|���¡}�§M�¤�Å� �:Ý�9���Þ �Â¢��N��Þ}�¡���&¢��

v�� � �O} ��a �o�|}�v�� � �È�¤�ov � �¥{o}�x�v � �|���
ÊáÜ � {o} X y|vd{o}�£¥}��Ó���¯���¥yO�o}�§Dv��  |{o} ® v � y|�!¬ h uý�¤�����d¨��¢}���� � }��|�oyO{o}��o���¤���¡�O}­¬Sv ¯

�
�dy|�¢�o}�{�v��

�
� �|�¢v��1�¡}�������vd�¡�G}���}

�
�o{ � �´�¡}��1� V }±��£û§����:�O��¬ � � ® � vd§G{o} � } � �¡v��Ox � �dy|�¢�o}�{¢�¦���|}�{¢}�b� �  |� � � � �

�
��yO�¢�¡}�{o�¦��{o}�£�}�{ox�v��|x�v���� �¥� �O}

�
��y|�1�¡}�{ � �¹}8º|�|§��o���¤�¦�� | |{ ��° vd£+�¤�o}��f¨ÑÄPè¡��� ¿

�7a �:��yO���¹}�{¢}8� � �¢�®� � �¡�|vd�
�
yO�:« U �¡�O}³{¢} X y|vd{o}�£�}�����v��®{¢}�£ � ® }�§3�

�,�



¯ � £�}©��§|§Ovd�¡v � ������{¢} X y|v�{¢}�£�}����¡� � �¼�¡�|}�¬Sv ¯ � ��y|�1�¡}�{¢�Å��{¢}¿�|} � }��¢�¡��{1¨ aX� {Æx ��� §¼��xz{¢}�}`è
£�}���� V }��b�¯}�}���§��¤�:�����O§��¢v�£¿y|���¤�¡}�§g«­¬¦�µ¬ � vd£¥ O{ � ® }Æ�o�|}���xz{¢}�}�£�}���� V }��b�¹}�}���§��¤�¡���¤�|§¬ h u¾�ovd£¿y|�È���¡v � � U � � £�}���§|§|vf�¡v � �����ß{o} X y|vd{o}�£¥}��Ó�o�¦�¤{o}Å£¥��§|} � �½�¡�O}©¬Sv ¯ � ��yO�¢�¡}�{o���¹uVv�{o�1� U�¡�O}

�
�dy|�¢�o}�{�  � �ovd�ov � � £¿y|�1�+� � � V }

�
� �|�¢v��¢�o}����+��vf�¡�

�
� £�v��|x a { � £ �¡�|}��o}�}�§Ø�¡{o�

�
Ó � �¡�O}

�
�dy|�¢�o}�{Bvd�¥{¢} � }

�
�¡}�§Òv a Ý À y ²
² ÁÁ Ï Ànê:ì í y:z ² |Á ÝwÐ�� Ò � � ���O§É}�vd�o�|}�{ Ý ¸ y ²�² Á Ï ¸�ê:ì í y{z ² | ÝwÐ�� Ò �O� � {

Ýx¸ z Ð � ² | ê ² ëCz ² | Ï ¸ ê:ì�í y:z ² | Ý�ÐÍ� Ò �O� ��� «��¥uwv����¤���d¨ U �o�|}
�
��yO�¢�¡}�{�£¿y|�¢�³� � �

�
� £�} a { � £ �Ñ{o}�xzv � �

�|}���{��
�
{¡�
�
Ó v��¿�o�|}�¬Sv ¯ U ���|}�{¢}®�¡�|} � ��y|�1�¡}�{­�|���­�¡�|}®  � �¡}����¡vÈ�¤�)� �(V }

�
� yO�Ó�o}�§��b��v

�
} U�� �

�
}

v��Ñ}��
�
���¢v�§|} �7a �¡�O}

�
{¡�
�
Ó �

° }
�
�¤���w�o�|}���yO£ V }�{ �7a ¬Sv ¯ � ��yO�¢�¡}�{o� aX� y|�|§öv��,�o�|}�v�� � �È�¤�ov � �

�
� �|} � �¤�|�Óy|��y|�¡« º ê ² yê Ð
ë ²

�Zº ê ² yå ë4ë «����|§�{o} X y|v�{¢} º ê ² yê Ð�ë ² Ð � ���O§ º ê ² yå ëCë ±Ô�O��Tb�+��§|§|vf�¡v � � U vd���o�|} � � �|} U �o�|}¤¬Sv ¯ � ��y|�1�¡}�{}��O}�{ox�v�}���£�}±���¢y|{o}�§+�¤� � è
�
� £¥  � �|}��Ó� ® } � � � {¢�¯��{¢} � � £ V v��|}�§���vf�¡�©�¡�O}�£�}±�¤�oy|{¢}�§�£ � £�}����¡�

�7a �¡�|}��¡{o�
�
Ó �8� �

�
� £¥ |y)�¡}¥�Ñ�¡��y�£¥���o� U ? A � ° }¥{¢} X y|v�{¢} ? A ÐÃ� Ò �GËÅ}�Ì
�m¬®�O}

�
y)�¡� � �

º ê ² yê Ð
ë ² U º ê ² yå ëCë ���|§ ? A x�v ® }Ð� � � £ V v��|}�§¿} »�� v�}�� � ¨ aX� {w�ovdxz����� �7a �¤ | |{ �±° v�£¥�¤�o}��d¨ � Ä ¿ �w¬®�|}��o}
�¡�O{o}�}

�
yO�¡� Ó }�}� ,Ä¤��è1×�� ¿ �7a Y ¬ hÔ� }��¡���

ó F KÇTm¸ILON�F��ßH�������Y	�ß¸ILON�F��ßH�
³L|W�FXL
�V¸IJ�Y
Ê¦��§|}��

�
{¢v V }�§�� V&� ® } U �¿�:��y � ���O§|v�§����¡}Åv���§|}��¡}�{o£�v��|}�§Ñ� � V }�v�� � �È�¤�o}�§B�o�|{ � yOxz�G�©£�}±��è

�oyO{o}�£�}���� ��a �¡{o�
�
Ó �¤�|§g¬Sv ¯ � �dy|�¢�o}�{¯£
y|�d�ov� |�dv � vf�¡vd}��çvd�¥�¡�O}¦�|}�v�xz� Vß� {o� ��� § �7a �8�o}�}�§B�¡{o� � Ó �í í�� û�¦�û0¦Í��ûdý�ùZú��`ùÆ� ø)þp÷2
s�Ûý�ûP�Ûþ0øµ÷rý
¦��`ù
��÷=þM���,��ÿ�����õ����põÛû�6=ùZúlû�üdõ$8��
ù�ûdýÆ'�÷C�{��ù��Û÷rþr�)�s�4�������rþpû���ùZ÷ÈùZúpû�üdûdþ�ùZû�ý÷�ø)ùZúlû�ùZ÷�
 ûdýÆ��þ(Çn�

���z�



° }Gy|�¢}��¡�O}G¬®v�x��Ó� [g] _`_ih �¤�¡�M���O§ «­¬ ¯ ��£� |�d}�� U �¡�|}�¬®v�xz��� [f] ��� h �¤�¡�M�¤�|§
«­¬ ¯ �¤£¥ |�d}�� U ���|§ö�¡�|} [ß] ')' «­¬ ¯ ��£� |�d} � � �½� � � � £¥ ��¤{o}��ov�£
y|�È�¤�ov � �,� � §��¤�¡� U �¤�|§
�
{ � �o� è

�
�|}
�
Ó } ® }��Ó�o�¦��vd�o��}���} � �¡{ � �|��� � } ® }����¡�¦��vf�¡�´£¿y � �O���STb�´�¡�|} [A] _`_ �¤�|§ [c] ���

�¡�¤£¥ |�d}�� U�V&� �¡�©��}� O� � �
�
���|§Ov�§��¤�o}��çvd�¿}±�

�
��} ® }��Ó�¹��{¢} � � �|�ovd§|}�{¢}�§ �`¢�¢���� U }±�

�
���¢}�}�§¥£�v�£�v

�
Ó è

v��Ox¦�¡�|}Ð�¡��y©�o}�}�§�v��¿�o�|}������¤�d¨��ovd���FTb���o�|} [ª]õ'O' �o��£� |��} U �¯}
�
� �|�¢v�§|}�{ � �|�d¨³���¤§|{ � �Ov

�
�¡��y

§|}
�
�±¨����ÍTb�+�¡�|} [c]6'O' «­¬ ¯ ��£� |�d} U �¯}Å�¢}��d} � �¹�:��y+�o}�}�§|�����Ð§O}�� � {ov V }�§½v�� ¯ } � �ov � �+~|�i~O�ù�)�° }

�
� y|���¥�¡�|}���yO£ V }�{ �7a �o{¡�

�
Ó � aX� y|�|§Øvd�ô�¡�O}G{o}�xzv � �D�|}���{¥�o�|}¼�o}�}�§|�+v��ô�o�|}Gº ® }�¡�¤£¥ |�d}���� ° }

�
� £� ���{¢} [ ] ')' ��vd�¡�[�o�|} � �¡�O}�{©�¡�¤£¥ |�d}�� � �|�d¨ö���|}��

�
� �|�ovd§|}�{¢v��|x,�¡�O}

{o}�xzv � � � y)�¡�ovd§|}��¡�|}¥�O�f�P×zÄ
�
� �|}¥� � �¡���¤�8� � �O} �7a �¡�|}��¡{o�

�
Ó � � {Ö¬Sv ¯ � �dy|�¢�o}�{¢� aX� y|�O§[��{¢}

a { � £à§|}
�
��¨G |{ � §|y

�
�¡� �7a �¡�O}8�:�¤yU��¬®�O}

�
{¢vd�¡}�{ov�� aX� {����o{¡�

�
Ó´� �o�|}�{��¡�����´�¡�|}
�o}�}�§ � vd���¡�O}

v�� � �È���¡v � �B{o}�xzv � � V }�vd�|x
�
� �O�ov�§O}�{o}�§µ«Ð� ��V }

�
� y|���¡}�§G��{¢}�§|}��

�
{ov V }�§�vd� ~|�ø~|� � �

Tb�GuVv�xzy|{¢}Æ~|� � �¯}³ |� � �Ð�¡�|}�£�}±���Ñ�Óy|£ V }�{ �7a �¡{o�
�
Ó ��v��½�¡�|}ÕÞ�î ÐØ� Ò �P×zÄ

�
� �|}³��{ � yO�|§

�¡�O}B�o}�}�§|��v��M�¡�|} [ ] _`_ ���O§ [ ] ��� §����:�,���|§ «ò¬ª�o��£¥ O��}����,Ê¦xz{¢}�}�£¥}��Ó��vd�
x ��� §
V }��b�¹}�}��G§��¤�:�����O§­«­¬ U �¤�|§ V }��b�¹}�}��G}���}

�
�¡{ � �|�����|§´£¿y � �O���

Tb�Øuwvdxzy|{¢}½~|� � �¹}� |� � �©�¡�O}�£�}±��� �Óy|£ V }�{ �7a �¡{¡�
�
Ó ��v��.�¡�O}�� Ò �P×�Ä Ð}Þ�î Ð�� Ò Äz��~

{¡�¤§|vÈ���¥���|�Óy|�dy|�Ð�¤{ � y|�O§¥�¡�O}¦�o}�}�§|�¯v��B�¤���|º ® }Æ�¡��£� |�d}����wÊ¦xz{¢}�}�£�}����¯v���x �)� § V }��b�¯}�}��½§��¤�¡�
���|§B«­¬ U ���|§ V }��b�¯}�}��[}���}

�
�¡{ � �|� U £¿y � �|�³���|§Ç�:��y|���E� � �¡��§|�¤�:�´���|§B«­¬ý�¢� � � ����� �

§|}� &}��|§|}��
�
}����|v

�
�Ñv��¯� � �®y|�O§|}�{¢�¢� ��� § U©V yO���¢v��

�
}Æ�¡�|}Æ��xz{o}�}�£�}���� V }��b�¹}�}���§��¤�¡�©���|§�«­¬

í / "�úpû0�Zû��
��¦S'põÛû0�s��ý�û���õÛõÂ�0û0��üvý
�)��û��M�Ûþ>ô�' '�ûdþ�� ��%��P�
���O�



                                         Seed pT
p  (GeV)

0
q

10 20
r

30
�

40
�

50 60 70 80 90 100

A
ve

ra
ge

 N
um

be
r 

of
 T

ra
ck

s

0
q0.05

q 0.1

0.15
q 0.2

0.25
q 0.3

0.35
q 0.4 ee Data�→Z

ee MC�→Z
µµ Data→Z

�
µµ MC→Z

�

uwvdxzy|{o}
~|���)Õ������! !"$#%�'&�(*),+%�! �-$.�/0 1"321034'56&�/078�©Þ�î Ðü� Ò �P×zÄ92:-$&8�;4<(= > ?-3(*&8@356&%#A/078�B/C"%(4?�:�	@D5E&F/078�G2:-$&�/0 ?-�HI4!"=);J�H��14K2	-$&%4>5�@%�! ?�:@�L
v���x ��� § U �¡�|vd�8� � §O}� ß}��|§|}��

�
}+§ � }��8� � �³v����¡{ � §|y

�
}¥�´�1¨)�1�¡}�£+�¤�ov

�
}�{¢{ � { � �Ç�¡�|}�£ � §|}���}�§

} »�� v�}�� � ¨z�Tb�Ñuwv�x�y|{o}�~|�d�±�8�¯}Å O� � �¹�¡�|}Æ£�}±�¤�½��yO£ V }�{ �7aNM vPO
�
�dy|�¢�o}�{o�¯v��+�o�|}��O�f�P×zÄ8{o��§|vÈ�¤�

�
� �|}

�oyO{o{ � y|�|§|vd�|x,�¡�|}½�¢}�}�§O�¥vd�[�¡�|}Ñ¬®v�x��Ó� [ ] _`_ ���|§ [ ] ���Ah ���:�,���|§RQ M OO��£� |��}����
¬®�|}�{o}�v��³�½�ov�x��|vdº

�
�����³§|v��

�
{o}� ����

�
¨ V }��b�¯}�}��[}���}

�
�¡{ � �|�³���|§ö£¿y � �|���¥u�{ � £â�o�|} [ ] _`_

Q M �¡��£� |��}8�¯}©º��|§,�o���¤�Å�¡�O}©} °  &}
�
�o}�§

�
� ���¡{¢v V yO�ov � � a { � £ V {o}�£¥�¢�¢�¡{o���|�dy|�|xÑ |� � � � �|�Åvd�

�¡�O}
�
� {o{¢}

�
���¢v�ÿ�}�� � �

���
� y|��� aX� {Ð�¡�|}�§|v ¾ }�{o}��

�
}��

uwv�x�y|{o}½~|�f�z�´�o� � �����¡�|}Ñ£�}±��� �Óy|£ V }�{ �7aGM vPO
�
��yO�¢�¡}�{o��v��¾�¡�O}G�O�f�P×zÄ�è �O��Äz�¤~,{o��§|vÈ�¤�

���|�Óy|�dy|�¹��{ � yO�|§��o�|}��o}�}�§|� a { � £Ã�¡�O}��¤���|º
S�}��o��£¥ O��}����ç¬®�|}�º�xzy|{¢}��¢� � ���¯x ��� §+��x�{o}�}�£¥}����

�����



                                         Seed pT
p  (GeV)

0
q

10 20
r

30
�

40
�

50 60 70 80 90 100

A
ve

ra
ge

 N
um

be
r 

of
 T

ra
ck

s

0
q0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9 ee Data�→Z
�

ee MC�→Z
�

µµ Data→Z
µµ MC→Z
ττs  MC→Z

uwvdxzy|{o}�~|�UTOÕV�����! 1"W#%�X&�(*)Y+
�1 P-$.I/� !"321034N5E&D/�78�ç� Ò ��×zÄ-ÐJÞ�î ÐD� Ò Äz�¤~K"=&
&�(*HZ(=4[4<(= > ?-3(*&8@356&%#/07���/C"%(\4?�:�	@Y56&F/078�G2	-�&8/� ?-$HI41"=);J�H��14K2	-$&
4]5�@
�1 ?�:@�L
V }��b�¹}�}��G§��¤�:�����O§��¢v�£¿y|���¤�¡v � �U�
ó F KÇTm¸ILON�F��ßH���� ñ8ò8óØñ ¸ITVY�N±J�W ò H�JÓW�ÜßFXJ�Y

� }
�
���d�ß�o���¤�¹�¡�|} M vPO

�
�dy|�¢�o}�{Ð}��|}�{¢xzv�}��®��{¢}¦§|}�{ov6S�}�§ a { � £ �o�|}Æ}��|}�{¢x�¨+§O}�  � �ovf�¡}�§½vd�+�¡�O}

M vPQõ�¯}�v�xz���o}�§ V ¨´�¡�|}8{o}����¤�¡v^Sz}
�
����{¢xz} ��V �o}�{_Sz}�§,v��

�
��y|�1�¡}�{o����vf�¡�|vd�¼��� � �¯}�{���¬®�|} M vPO

�
�dy|�¢�o}�{8}��|}�{oxzvd}�� a { � £��¡�|} M v`O

�
��y|�1�¡}�{ov��Ox,����x � {ovf�¡�|£â��{o}¥y|�o}�§ � �|�d¨Çvd��£�}±���¢y|{ovd�|xG�¡�O}

�:�¤y´£¥���¢� U ���|§Ñ�¡�O}³} »�� v�}�� � ¨ ��a �o�|} ? A � yO��v�£�  � �o}�§½vd���|}±��{¢�d¨G���z� ¿Ba�b �c�}�y|�o}��¡�|} M¯� �dSz}�{o�¢v � � h ���:�;OO��£� |��}����|§��¡�|} M¯� �dSz}�{o�ov � �,Q M O)��£¥ O��}�§|}��
�
{¢v V }�§Bvd�

í
ó�ôVüvù�8��rõ�õ)#�6=ùZúpûXe�fä��üvõ)8��oùZû�ýtûdþlûdý ���Ûû0�ú��ý�û���õ��Z÷�ùZ÷�8��Zû0�Èù�÷�ùZû��
ù£ù�ú��`ùtùZúpû.üvõ)8��
ù�ûdýã�Ûþ�ùZúlûF���o÷=õ)��ù��Û÷rþ�ýZû¢���Û÷rþ'��4���Zû0�bùZúlû®êPg.û_h­ùZúlýZû��oúp÷=õ)�wý�û¢nC8 �ÛýZû���ùZ÷���ûPüv÷48pþ�ùZû��¡�
���ji



                                         Seed pT
p  (GeV)

0
q

10 20 30
�

40 50 60 70 80 90 100

A
ve

ra
ge

 N
um

be
r 

of
 C

E
S

 C
lu

st
er

s

0
q

0.1

0.2

0.3

0.4

0.5

0.6

0.7
ee Data�→Z

�
ee MC�→Z
µµ Data→Z
µµ MC→Z

uwvdxzy|{o}
~|�d�±�OÕk�����! !"$#%�;&8(=),+
�1 �-$. �ç� �l2!HC(*4</m�! >4'5E&�/�78�©Þ�î Ðý� Ò �P×�Än2:-$&8�;4<(= > ?-3(*&8@356&%#/07���/C"%(\4?�:�	@Y56&F/078�G2	-�&8/� ?-$HI41"=);J�H��14K2	-$&
4]5�@
�1 ?�:@�L

                                         Seed pT
p  (GeV)

0
q

10 20 30
�

40 50 60 70 80 90 100

A
ve

ra
ge

 N
um

be
r 

of
 C

E
S

 C
lu

st
er

s

0
q

0.05
q

0.1

0.15
q

0.2

0.25
q

0.3 ee Data�→Z
ee MC�→Z
µµ Data→Z

�
µµ MC→Z

�
ττs  MC→Z

�

uwvdxzy|{o}�~|�f�z�zÕ��o�$�1 !"W#%��&�(*),+%�! p-�. �ç� �q2!HZ(=4</��1 >4�56&r/�78��� Ò �P×zÄsÐçÞ�î Ðª� Ò Äz�¤~s"=&
&�(*HZ(=44<(= > ?-3(*&8@356&%#t/078�o/Z"u(p4v�	�	@D5E&F/07��'2:-$&�/0 v-$H�4!"W)oJ�Hw�!4�2	-�&
4>5w@
�! v�	@�L
����~



Ê¦ O &}��|§|v °nxªaX� {��o�|v����¢�oy|§O¨´� � �o���¤���¯}
£+�±¨Ñy|�¢}8�¡�O}
� � �JÔ � }���}
�
�o{ � �|� a { � £

�
� �dSz}�{o�ov � �

 ���vd{o�Ð� � £�}±�¤�oy|{¢}��o�|}�{o}�� � �dyO�¡v � � �7a �o�|} M vPO
�
��y|�1�¡}�{�}��|}�{¢x�¨Ñ£¥}����oyO{o}�£�}������

c�}�{o} X y|v�{¢}��o���¤� � �|}�}��d} � �¡{ � �Mvd�Ç�o�|}�}:Sz}����¿ ����¢�o}��8�¡�O}�}���} � �¡{ � �öv�§|}��Ó�ovdº � �¤�¡v � � � yO�o�§|}��
�
{¢v V }�§¾vd�yO)}

�
�ov � �[~O��iO�f� � � ���d�­�¡�|vd�³�o�|} � º|{o�¢�
}��d}

�
�o{ � � � « U ��vf�¡�ö�¡�|}+� � � yO�¿� �)� �¢}��|}�§� � ����ËÅ}�Ì aX� {Ðv��

�
{o}����o}�§��1�:�¤�ov��¢�ov

�
���zcM}Æ�¡�|}��´�¢}��d}

�
��}?Sz}����o����vf�¡�´��� �  |  � �¢vd�¡}Å�¢v�xz�B�o{¡�

�
Ó

�
� �|�ovd�¢�¡}�������vf�¡� aX� {¢£¥vd�|x¿��S�}�{¢�o} ° ��vf�¡�B�o�|}Æº�{o�1��}��d}

�
�o{ � �Ñvd�B�¡�|}Å{¢}�xzv � �+���|}�{o}Å�¡�|}ÆÌ¦¬S±

��vd}�� � ��ÄsÐ�ÚsÐ �*T � £+«��Y{ � � £¿yO�d�¡vd |��v
�
vf�b¨�vd�ö�o�|}¥Ì¦¬S±@vd�
�¤��� � {o} X y|v�{¢}�§U�½¬®�|vd�8�¢} � � �|§�¡{o�

�
Ó vd�

�
���d��}�§½�o�|}�| �7���{�,¢���¢�Þe¢����{�:9�� �

uwv�x�y|{o}B~O�d�P�¼�¢� � �����o�|} a {¡�
�
�¡v � �����¹§|v ¾ }�{¢}��

�
} V }��b�¹}�}��ô�o�|} M v`O

�
�dy|�¢�o}�{©}��|}�{¢x�¨.��� è

� �
�
v��¤�¡}�§¼��vd�o�Ç�o�|}© ���{1�¡�|}�{Å}��d}

�
�o{ � �ö���O§Ç�o�|}©£ � £¥}����¡y|£ �7a �¡�|}¿�o{¡�

�
ÓãU  |� � �o�¡}�§Ç��x���vd�|�¢�

M vPO
�
��y|�1�¡}�{�}��|}�{¢x�¨z� M vPO

�
�dy|�¢�o}�{�}��O}�{ox�v�}�� a { � £ } 9��ïÝü�¡�7�5�i�7���Y~q� ��{o}�xzv^Sz}������ö}���è

}�{¢x�¨Ñ§|}� &}��|§|}����
�
� {o{¢}

�
�¡v � � a �

�
� � {�£�}±���¢y|{o}�§ a { � £Î�¡�|}8§��¤�:� � �o�|} V �È�

�
Ó
�
y|{]S�}¿v���uwvdxzy|{o}

~|�f�P�z«Ð� � �¡�|�¤���o�|}
�
��yO�¢�¡}�{�}��|}�{ox�¨´v�� � ���<Sz}�{¡��xz}³�¡�|}��o��£¥}8���®�¡�O}³�o{¡�

�
Ó £ � £¥}����¡y|£´��Ê¦�fè

�¡� � y|xz�+�8�¢¨��1�¡}�£¥�¤�ov
�
§Ov ¾ }�{o}��

�
} V }��b�¯}�}��B�o�|}¦§����:�
�¤�|§YQ M

�
y|{]S�}��Ðvd�¯�¤ | ���{¢}���� U �¡�|vd�¹���¤�

�
�|}�xz��vdxzv V ��}®} ¾ }
�
� � �B�o�|}Æ���|���d¨��ovd�¯�¢v��

�
}��¡�O}Æ} »�� vd}�� � ¨ �7a �o�|} ? A � yO� � �+�¡�|}¦�o} � � �|§B�¡��y

�
�¤�|§|v�§|�¤�¡}Åvd�Ñ�o�|}��ovd£¿y|�È���¡}�§½�o��£� |��}���vd�®�|}±�¤{o�d¨G���z� ¿ �

����Ä



 (GeV)CESE
0
q

1 2
r

3
�

4
�

5
�

6
�

7 8 9 10

C
E

S
)/

E
C

E
S

-E
tr

ac
k

(p

-1

-0.8

-0.6

-0.4

-0.2

-0

0.2

0.4

0.6

0.8

1

Data

MC

uwvdxzy|{o}Å~O�d�P��Õ � -$)oJ�"= >56&%#9/078� �ç� �s21HZ(*4	/��1 k�1&8�! _#d5��14o/m-�/0 !"d210Y),-$)Y�!&�/C"o.� ?-$)�2:-$&��$�1 >4>5w-$&�!Hw�	2�/0 ?-�&
4<L9�G-�/�5�2:�Y/�7�"%/�56.�/�78� �ç� ��2!HC(*4</m�! \�!&8�1 ]#d5w�!4D�X�! v�GJ� v-?Jz�! >H��l),�v"=4<(* v�	@�/�78�!&q"=HEHJz-$5E&�/04k�X-�(*Hw@DH65���"u/ � Ô z}| å ê á Ï �M³ Î�´ «oÂ��M³ Î�´o� �dL

��� ²



Á�ÂoÁ�Â
Á lgÉvÆ�îbïnm�ðPè ® Æ�ÿuÆ�îbï5ævð{è
c�}®{¢} � }

�
��}:S�}����¡�����|}�{¢} V&� �o�©�:��y|�­§O}

�
�±¨¿� � }��d}

�
�o{ � �O�ç� � {o}�§|y

�
}®� � v�£� ��

�
� �7a,[ Â á ]

_`_¨V �
�
Ó xz{ � y|�|§ � �B�o�|}Æ�o}��|�ovf�¡v^S)vf�b¨z�zcM}Æy|�¢}¦�¡�|}Å£�}��o� � §By|�o}�§Ñv��B |{¢}:S�v � y|� MSh u[���|���d¨��o}��

v��dS � �6S�v��Ox¿�:��y|� � ~d� � �zc�}�§|}�º��|}¤Õ
� � � ; å Á�

�yÔO� � ~|�ù×�«
���|}�{o}��yÔ � v��m�¡�|}¯�oy|£ýv��wÔ � ��a �����Ó�¡{o�

�
Ó �w��vd�o�¤Ô � �Ô��ËÅ}�ÌØ��vf�¡�|vd�8�¡�O}

�
� �O}�Þ�î�ÐØ� Ò �P×�Ä

�oyO{o{ � y|�|§|vd�|x©�¡�|} � }���§|vd{o}
�
�¡v � �U�X���

�
� {o{o}

�
�o}�§ � }���� � v��®y|�¢}�§U��c�}�{¢} X y|v�{¢} � �Ø� Ò �PÄ)�c�}½yO�o}½�¡�|},{ ��� �o} [ ] _`_=h �¤�¡�¼���|§RQ M OO��£� |��}��
� � x�}����¼�

�
����} a �

�
� � { � {¿�1¨)� è

�¡}�£+���¡v
�
}�{o{ � { aX� {®�o�|v��

�
yO����c�}³£�}±���¢y|{o}³�¡�|}³{¡�¤�o}
�������|v

�
���o�|}8}���}

�
�¡{ � �|�� ����o�¢v��|x¥� ��� �o}

{o} X y|v�{¢}�£�}����¡�®vd�½}±� � �´�¡��£� |�d}¦ ����¢�®�¡�|} � �D� Ò �PÄ
{o} X yOv�{o}�£¥}����±��¬®�|}���}?Sz}�� �7aFV � � Ó xz{ � y|�|§v��©£�}±�¤�oy|{¢}�§ a { � £ �o��£�}�èb�¢v�xz�.}?Sz}����o�B���|§ v����
���
� y|���¡}�§ aX� {©v��¾�o�|}�£�}±�¤�oy|{¢}�£�}����±� x }`è

aX� {¢}³vf��v��
�
� �|�ovd§|}�{¢}�§ aX� {��o�|v����1�¡y|§O¨ U �¡�|}³}��d}

�
�o{ � �´£¿y|�1��§|}�  � �ovf���¤����}±�¤�¢���O��Ä¥ËÅ}�ÌÍv��Ñ�¡�O}

�
�¤� � {¢v�£�}��¡}�{8� � �¹}�{ � �¾���|v

�
�.vd�©vd�©v��

�
v�§|}��Ó� U vd�©£¿yO�¢� V }´vd�[�¡�|}Bº|§|y

�
v����Ð{¢}�xzv � � U ���|§.vd�

£¿y|�1���¡�¤�ov�� a ¨©Ô � �ÉÄ�ËÅ}�Ì¿�°Tb�Guwvdxzy|{¢}Æ~|�f��i U �¹}� |� � � � ���®£�}±���¢y|{o}�§�vd�B�¡�|}Å§����:�����|§tQ M
�¡�¤£¥ |�d}����BcM}�º��O§M�¡�|�¤���z��Tt�÷�O��Ä ¿ �7a �o�|}¥§|�¤�:�Ñ}:S�}����¡�©�¤�|§D�z�i�t�@�O�f� ¿ �7a �¡�|}�Q M
}:S�}����¡�� ����¢� � �D� Ò �PÄ)�­¬®�|vd�®��}±�¤§|��y|�®� � ���

�
���d} a �

�
� � { �7a

$ � � � Ò T��.� Ò ~ ¿
� Ò ���.� Ò � ¿ � � Ò T��.� Ò ~ Ò � ~|���z«

¬®�|vd�³�
�
���d} a �

�
� � {Åv�� � �O�d¨,�¤ | |��vd}�§,� � }?Sz}����o�8���|}�{o}��¡�|}��o}

�
� �O§M�:�¤y

�
���|§|vd§��¤�¡}©vd���´{¢}±���

����×



                                                 ET
�HAD/ 
�

Σ
�

p� T
�0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

1

10

10
2

10
3
� ee Sim→�Z

�
ee Data - OS→�Z

�
ee Data - SS→�Z

�

uwvdxzy|{o}©~O�d��i)Õ � 78�D�?"= >5�"
+=Hw�B(*4?�:@�/�-� ?���	�	2$/��!Hw�	2�/0 ?-�&
4�"W4�-u+W4?�! 	�$�:@�5E& [ ] _`_ @u"%/C"t"W&8@
- � 4!"W)oJ�Hw�!4	Lz��-$ �/�78�K@u"u/Z";41"=)oJ8H��	��/07���-?J
Jz-$4>5C/����04>5^#d&Y�$�$�1&�/04�"=&8@�41"=)Y���04]56#d&,�$���!&�/04�"= v�4>7�-*�X&t4?�mJI"= !"u/��!H���L
}��d}
�
�¡{ � �¼���|v

�
�, ��¤�o�o}��Æ�¡�|} � � �%�f�PÄ

�
yO�Åv����¡�|}¿�¢v�£¿yO�È�¤�ov � �U��¬®�|vd�Æ{o}� |{o}��o}����o�8� a {¡�

�
�¡v � �

�7a ���ö}:Sz}����¿����£ � §O}���}�§,v��Ç}±�
�
� �7a �¡�|} [ ] _`_ ���O§ [ ] 'O' Q M �o��£� |��}�� U ���|§Ç}:S�}��

a }��¹}�{�v��½�o�|}G ÅÂj¡ ]('O' �¡��£� |�d}����
¬®�|v��PS¤��{ov�� V ��}®vd�¯�¤��� � � � �¹£ � §|}���}�§��oyu¢

�
v�}��Ó�o�d¨ aX� {�����§|{ � �|v

�
§|}
�
�±¨�����u�{ � £ �1�¡y|§Ov�}�� �7a

v�� � �È���¡}�§� |v � �|� � ~dT � U �¡�|}�����§|{ � �|v � }��|}�{¢x�¨�§|}�  � �¢vd�o}�§ V ¨
�
�|��{oxz}�§+ |v � �|��v���y|�O§|}�{¢}��¢�ov�£¥�¤�¡}�§

V ¨ Y uz{ U � � �o���¤� Y uz{MyO�|§|}�{¢}��1�¡v�£¥�¤�o}��®�¡�|}�}?¢
�
v�}��
�
¨ ��a �o�|v��

�
yO�±�`O)vd�

�
}Æ�o�|}��ov�ÿ�} �7a �¡�|vd�

§|vd�
�
{¢}� ��¤�

�
¨¾vd�©§|v6¢

�
y|�d�¿� � X y������¡v a ¨ U �¯}½�:�=£�}B�¡�O}´}?¢ � v�}�� � ¨�� ��V }B�o�|}Ñ�<Sz}�{¡��xz} �7a �¡�O}

Y uz{.}:¢
�
vd}��
�
¨ aX� {Æ�|��§|{ � �|v

�
�¡��y|�Å�¤�|§.���z�d¤ U ���Ov

�
�Çv�� � ���z�O�i�¡ÓkT�Ä)��Äz«]¥z� � T�×)�U�d¤B��¬®�|}

�¢¨��1�¡}�£¥�¤�ov
�
}�{¢{ � { � �.�¡�|vd�

�
yO�¥v��©���¤� a �¡�|}´§|v6¦&}�{¢}��

�
} V }��b�¹}�}��D�¡�O} Y uz{æ}:¢

�
vd}��
�
¨D�¤�|§

���j�



���z�j¤ U ���|v
�
�´v�� � ���z�O�i��è�TzÄ)�ùÄ�«>¥z� � �)�ù�*¤½�f�

§�¨�§�¨
Ü ©`ª�«�¬ ­�®¯«%°
O)v��
�
}½�¡�|}Ñ§|}

�
�±¨. |{ � §|y

�
�¡� �*± �,����§|{ � �|v

�
���d�d¨M§|}

�
��¨�vd�|xö�¡��y ��{o}Ñ�|vdxz�|�f¨

�
� ���dv�£¥�¤�¡}�§�²

�oy
�
�G�¿�:�¤y´�¢� � y|�d§Ñ��}±�<S�}8�¿�|��{o{ � �

�
�dy|�¢�o}�{ �*± }��|}�{ox�¨Bv��B�¡�O}

�
��� � {ovd£¥}��¡}�{��[cM}

�
yO� � �½�¡�O}

³ Ï ³ ���|§�À Ï À
£ � £�}����o� �*± �o�|}[´¢}��
�
��y|�1�¡}�{����¢� �

�
v��¤�¡}�§���vf�¡�©�¡�|}����¤§|{ � �Ov

�
�:�¤y

�
���|§|vd§��¤�o}

���|v
�
�G��{¢}�§|}�º��O}�§¼�¤� ±X� ��� � ����Õ

µ	¶�·�¶ �¹¸»º � º�A¼ � ³ º Ï ³�½ « �
¸ � º� � ~|��Tz«

µ:¾v·3¾ �¿¸»º � º� ¼ � À º Ï À ½ « �
¸ � º� � � ~|�f����«

¬®�|},�¢y|£ vd� � Sz}�{
�
��� � {ov�£�}��o}�{©� � �¹}�{¢�´vd�D�¡�O}B´¢}��

�
��y|�1�¡}�{:²����|§ ³ ½ ���O§ÉÀ ½ ��{¢}G�¡�|}Ç� �

�¹}�v�x��Ó�o}�§
�
}����¡}�{ �*± �o�|}�´¢}��Bvd� �o�|} ³ ���|§ôÀ.§|v�{¢}

�
�ov � �O���rcM}�{¢}	ÀÓy|v�{¢}nµ:¶$·�¶RÁâ�%�f�¼�¤�|§

µ ¾v·3¾ Áæ�%�f�z�ÆuVv�xzy|{¢}���~|�f�PÄ¥���O§ ~|�f�±~+�¢� � �Âµ ¶$·�¶ ���O§sµ ¾v·3¾o± { � £à�ovd£¿y|�È���¡}�§�����§|{ � �|v
�
�¡��y

§|}
�
�±¨��

�
� £� ���{¢}�§8��vf�¡�Ã´¢}��¡� ± { � £ �o�|}ÃÄ�}��`���¦§|�¤�:���¡��£� |��}¤�V¬®�O}��o}¹�b� �

�
yO�¡�m� � xz}��¡�|}�{w{¢}�´¢}

�
�

�� | O{ �±° v�£¥�¤�¡}��d¨�iz��èb~�Äj¤ �*±zÅGM�Æ ´¢}��¡���
O��¡yO§|v�}�� �=± vd� � ���¤�¡}�§© |v � �|�¯Çä~dT=È����<S�}��¢� � ���¥�o���¤� Å uz{ � S�}�{¢}��¢�ov�£¥�¤�¡}��­�¡�|}Ð��vd§O�¡� �*± ´¢}��o�

± { � £
�
����{¢xz}�§ö |v � �|���©¬®�Ov��Å£�}±���|�Æ�o���¤� Å uz{¾� � yO��§ � �|�d¨�y|�|§O}�{o}��¢�ov�£¥�¤�¡}©�¡�O}�}?¢

�
v�}��
�
¨

�*± �¡�|vd�
�
yO� � �M�¡�O}¥���¤§|{ � �Ov

�
�:��y

�
���O§|v�§����¡}����B¬®�|}�{o} ±X� {o}*²V�¯}��:�*£¤}¥�o�|}¥}?¢

�
v�}��
�
¨Ç� �nÉ }

�¡�O}
�<Sz}�{¡��x�} �*± �¡�|} Å uz{�}:¢
�
v�}��
�
¨����|§M���z�d¤D²����|v

�
��v�� � �±�z�O�i�dÊkT��)���z«>¥z� � T ² �d��¤½�¯¬®�|}

���jT



φ
Ë

-φ
Ë                                         I

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
0
Ì0.02

Ì0.04
Ì0.06
Ì0.08
Ì 0.1

0.12
Ì0.14
Ì0.16
Ì0.18
Ì

ττÍ  MC→Z

Jet20 Data
�

uwvdxzy|{o}¥~|�f�±~|ÕÏÎP-�)oJI"W >5E&u#sµ	¶�·�¶9.C-$ �4>56)Y(*H�"%/��:@�7�"3@3 v-$&
5w29/Z"%(A@%�	2?"?�%4B"=&8@B�	�$/�4�.� ?-�) /07��Ðj�$/CÑuÒ�@u"%/C"�41"=)oJ8H��$L

φ
Ë

-φ
Ë                                         I

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
0
Ì

0.02
Ì
0.04
Ì
0.06
Ì
0.08
Ì

0.1

0.12
Ì
0.14
Ì

ττÍ  MC→Z
�
Jet20 Data
�

uwvdxzy|{o}+~|�d��Ä)ÕÏÎP-$);JI"= ]5E&%#�µ?¾?·3¾D.C-$ \4>56)Y(*H�"u/��	@Ï7�"3@3 v-$&
5�2t/C"%(l@
�	2v"?�
4B"=&�@��	��/04�.� ?-�) /07��Ðj�$/CÑuÒ�@u"%/C"�41"=)oJ8H��$L
�z���



�¢¨��1�¡}�£¥�¤�ov
�
}�{¢{ � { � �.�¡�|vd�

�
yO�¥v��©���¤� ± �¡�|}´§|v6¦&}�{¢}��

�
} É }��b�¹}�}��D�¡�O} Å uz{æ}:¢

�
vd}��
�
¨D�¤�|§

���z�j¤Y²)���|v
�
�´v��'Ó ���z�O�i��è�T ² �d��«>¥z� � iO��Tj¤½�

u�{ � £â�o�|}B{ ��� �¢}DÔÖÕ ×�× Æ ���:�´���|§lQ M OO��£� |��}��	²»�¹}¥º��|§ö�¡�����³�o�|v��
�
yO�
vd���|}±��{¢�d¨

���z�j¤û}?¢
�
v�}��Ó� ±X� {Æ}��d}

�
�¡{ � �|����¬®�|vd�Æ£¥}����|�Æ�o���¤�Æ� � �¢¨��¢�o}�£¥�¤�¡v

�
� {Æ�

�
���d} ± �

�
� � {Æ�|}�}�§|�Æ� �

É }¿�� | O��v�}�§´� � �o�|}
�¢v�£¿y|���¤�¡}�§G}?¢
�
v�}��
�
¨ ±X� {KÔØÕ ×�×¿}?Sz}����o�	²����|§´�¡�����Æ�|}�yO�¡{o���V Ov � �|����{¢}

� � ��} °  &}
�
�¡}�§M� �

�
� ���¡{¢v É yO�o}©�ovdxz�|vdº

�
�����¡�f¨�� � �¡�|}��¢¨��1�¡}�£¥�¤�ov

�
}�{¢{ � { � �ö�¢v�£¿yO�È�¤�o}�§,§|v èk�:�¤y

}:S�}����¡���

Ù9Ú>Û ÜlÝoÞ ßáà â�ã:ä�å9â�ã	ä�æ

ç[èEé*ê
ë>ì`í
î6ï<ðKñ>ò
ó�ô¯ñXõ1ò%ì�ì:¢pö	è6ì	÷
ö?ø\ó ± õ>ò
ì�òúù*û%ë>ój÷
è6öüõ!ù=ê\èEû
ì:÷3õ>è6ýúö	ù=õ1è6ój÷oö:ê%õ1ñXó*÷�òúù*û
ë]ój÷
è6ö
õ!ù=ê
ñ�ù*ñoñ>ì	ì:÷qèE÷lõ>ò
ì�ñ]èEþ�ê%ÿ�ù=õ>èEój÷�² ù ± õ>ì	ë;ì<ù*ö!òqö:ê%õ\èEñ;ù ��� ÿEèEì:ûlè6÷yñ>ê
ö:ö	ì:ñ>ñ>è6ój÷�încAì É è6÷lõ1ò%ì
ì:¢pö:èEì	÷%ö	èEì:ñYù*ö:ö	ójë]û
èE÷
éFõ1ólõ>ò
ì����»ó ± õ>ò
ìnS�èEñ]è É ÿ6ì9ì:÷
ì	ë]é*ø ± ë>ójþ õ1ò%ìtõ!ù=ê ù*ñDñ]ì	ì	÷ ùWõ�õ1ò%ì
éjì:÷
ì	ë>ù=õ1ójë¯ÿ6ì:Sjì:ÿCî��Ãò
ì;õ>ó*õ!ù*ÿIì?¢pö	èEì:÷
ö:ø � ÿEù=õ1ì	ù*ê
ñ¯÷
ì	ù*ë
	�	j¤ ± ójë�� ��
� i�	��kì��oî�� ± ö	ójê
ë]ñ>ì=²
÷
ó*õPù=ÿEÿuõ1ù*ê
ñPù*ë]ìÃèE÷�õ1ò%èEñXò
è6éjò�� � ë>ì:éjèEój÷�îzçúójëzòúù=û
ë>ój÷%èEö�õ!ù=ê
ñ ± ë>ójþ Ô Õ����pì:S*ì	÷dõ1ñ�õ1òúùWõ�ÿEèEì
èE÷Dõ>ò
ìKýúû%ê
ö	èEù*ÿ�ë]ì	éjè6ój÷,ù*÷
ûYñ>ù=õ1è6ñ ± ø�� � 
 ï����kì��o²%í��d¤ � ù*ñ]ñ¯ù*ÿEÿ8ó ± õ1ò
ì�õ!ù*ê,èEû%ì	÷dõ1è^ýúö<ù=õ>èEój÷
ö	êuõ1ñ	î

ïjïjï



Visible ET
  (GeV)

0 10 20 30
!

40 50 60

T
au

 E
ffi

ci
en

cy
 (

%
)

0

10

20

30
!40

50

60

70

80
"90
#100

Jet, Tau Seed
$
Isolation in Tracking
|ΣQ| = 1
%

Electron Rejection
Tau Mass < 2 GeV
Isolation in CES
Jet Width
$

    Seed Track pT
  > 10 GeV

Jet, Tau Seed
$
Isolation in Tracking
|ΣQ| = 1
%

Electron Rejection
Tau Mass < 2 GeV
Isolation in CES
Jet Width
$

ç[è6éjê
ë>ì'í
î^ï�ð�&('*),+.-0/.12+3-4/357698(:4;2/�:=<?>�-4@�/.1A:B-DC2+E<�:4-4691�+9>�:45F<HG�G�IJ-0/H@�:K6�;L<M@�NE691�-0+O:P<�>�5Q8RNE69SÔ Õ����T/9U�/.1A:B5WV
Ù9ÚYX Z\[][�^�æ ã�_ ä `�ã�a�å b äQcpÞ9ãHd[ä�e ä�å�_

flì,ù=ÿEñ>óÏë]ì	À3ê
è6ë>ì�õ>òúù=õ\õ1ò%ìDñ>ê
þ ó ± õ1ò
ìYþpì<ù*ñ]ê
ë>ì:û�ö!òúù*ë>é*ì	ñ\ó ± õ1ò%ìDõ1ë1ù=ö!£�ñ\è6÷yõ1ò
ìÏïg��h
ö	ó*÷
ìDñ>ê%ë>ë>ó*ê
÷
û
è6÷
ésõ1ò
ì�òúù*û
ë]ój÷
èEöBõ!ù*êyö	ù*÷
û
è6ûúù=õ>ìDèEñ;ó ��� ójñ>è^õ1ìDè6÷yñ>è6éj÷ ± ë>ó*þ õ>ò
ì�ýúë]ñ]õ�õ1ù*ê
Ówõ>ò
ì,ì	ÿ6ì	ö:õ>ë>ój÷�ö	ù*÷
û
è6ûúù=õ1ìgi?îj�Ãò%ì9ì?¢pö	èEì:÷
ö:ø�ó ± õ>ò
èEñ\ö:ê%õ�èEñ\þpì<ù*ñ]ê
ë>ì:û ± ë]ójþ û
ù=õ!ùÏö	ó*÷3õ>ë>ójÿ
ñ1ù=þ � ÿ6ì	ñ¯ù*ñ¯û
ì:ñ>ö:ë>è É ì	û9èE÷]küòúù � õ1ì:ëKð%î

Ù9Ú3l m ã<å9ä�e Ýn_[ã	âob ä�cBÞ9ãHd[ä�e ä�å�_Næ

§�¨Kpü¨Yq ©`ª�«srutwvZ«u­yxwv�­Yz�­m«|{
çúójëNõ>ò
èEñNö	ê%õXó*÷
ÿ6ø*²*ôüìüû
ì:ýú÷%ì¯ù�´]ì:õzõ>ò
ì�ñ>ù*þBìPô�ù<ø�ù*ñzèE÷;õ1ò
ì}k Æ ç~f»Ê`´]ì?õ1ñXù=÷úù*ÿ6ø�ñ]èEñqÇ��jð=È

ù*÷
û�ö	ù*ÿEÿ3õ1ò
ìÃ÷3ê
þ É ì:ëXó ± ñ>ê
ö!ò�´]ì:õ>ñ��w���4���!î�flìÃö:ój÷
ñ]èEû
ì:ë�´]ì:õ�ö:ÿEê
ñ_õ1ì	ë]ñXèE÷�õ>ò
ìÃë>ì:éjèEój÷~� ���3Á����Uí
î

ïjï9�



fAìoû
óD÷%ó*õ�è6÷
ö	ÿ6ê
û
ì�´]ì:õ1ñ�õ1òúùWõ�À3êúù*ÿ6è ± ø9ù*ñw��� ö	ÿEê%ñ]õ1ì:ë>ñ:²�ñ>ó�õ>ò
ì;ý
ë>ñ]õ�õ!ù*ênö<ù*÷
û%èEûúù=õ>ìoè6ñ�÷
ó=õ
ö	ó*ê
÷dõ1ì	û�² É ê%õ'õ1ò%ìpñ]ì	ö:ój÷
ûlõ1ù*êAö	ù*÷
û
è6ûúù=õ>ìBù=÷
ûlù=÷3ø�ë]ì	ö:ójèEÿ Å k Æ ´]ì?õ'þ�ù<ø É ìBè6÷
ö	ÿ6ê
û
ì:ûAè6÷
�w�Y�B���!î��K÷dø � ù*èEë�ó ± ´]ì?õ�ö	ÿ6ê
ñ]õ>ì	ë]ñKÿEì:ñ>ñ�õ1òúù*÷��%î�	��pë1ù=û
è�ù*÷%ñKù � ù*ë]õ	²8ì	ù*ö!òsô¯è6õ>ò�� � 
 ï9���GìE�
ù*ë]ì'ö:ójþ É è6÷
ì	û,è6÷3õ>ópùpñ]èE÷
éjÿ6ì`´]ì:õ	î��Ãò%ì	÷�²A�w�Y�B���üè6ñÃõ1ò
ìG÷3ê
þ É ì	ë¯ó ± ´]ì:õ1ñÃô¯è^õ1ò~� � 
 ï9	��kì���î
��ì:ë>ì=²8ô`ìoê
ñ]ì¯´]ì:õ�ì	÷%ì	ë>é*èEì	ñ�ö	ójë]ë>ì:ö:õ1ì:û ± ójë¯û
ì:õ>ì	ö?õ1ójë�ì:¦8ì	ö:õ>ñ�ñ>ê%ö!ò�ù*ñ��=ù*ë]è�ù=õ>èEój÷%ñ�è6÷tû%ì:õ1ì:ö:õ>ójë
ë>ì:ñ � ój÷
ñ]ì�õ1ó�ô`ì	ëY�Cõ1ó|�Cõ1ó�ô`ì	ë�ù=÷
ûló��jì:ëoõ1ò%ìBõ1è6þBì�ñ � ù*÷yó ± õ1ò
ìpë>ê
÷�î]�Ãò
ìBö	ójë]ë>ì:ö:õ1è6ój÷
ñ;ù*ë>ì��M�
ù*÷
û9ë>ê%÷?�mû
ì � ì:÷
û
ì:÷3õKù*÷
û,õ1ò%ì:ø,ù*ÿ6ñ>ó�èE÷%ö	ÿEê%û
ìGù*÷,ó��jì	ë>ù*ÿEÿIñ]ö<ù*ÿ6ì ± ù*ö:õ>ójë'Ç����$È0î

çúë>ójþ õ>ò
ì��Vó�ójñ]ìyÔ Õ ×�× Æ ù=õ!ù�ù*÷
û���k��%ù=þ � ÿ6ì	ñ:²KôüìAû
ì:õ>ì	ë]þBè6÷
ìÏõ1òúù=õ,õ>ò
ì	ë]ìAè6ñ
ñ>ê? Bö:èEì:÷3õKù*éjë]ì	ì:þBì:÷3õ É ì:õmô`ì	ì	÷nûúù=õ!ù�ù*÷%ûT��k»ñ]ópõ>òúù=õ¯ô`ì;û
óp÷
ó*õ�ù ��� ÿ6ø,ù�ñ>ö	ù*ÿEì ± ù*ö?õ1ójëÃó*ë
ù\ñ]ø�ñ]õ>ì	þBù=õ1è6öGì	ë>ë]ójë�õ1ó�õ1ò%èEñÃö	êuõ<î

§�¨Kpü¨P¡ ¢¤£ ¥?¥§¦©¨�ªM¨�z2«u­Y¬�­
flìpë>ìm´]ì	ö?õ\ù*÷dø�ì��*ì	÷dõ�ô¯è^õ1ò�õmôüótì	ÿEì:ö:õ>ë>ój÷
ñ'ójëGój÷
ìpì	ÿ6ì	ö?õ1ë>ó*÷yù*÷
ûAój÷
ì�õ1ë>ù*ö.®sô¯ò
èEö!òAë>ì¯�

ö	ó*÷
ñ]õ>ë>ê
ö?õGùBþBù*ñ>ñw° �B� É ì:õmô`ì	ì:÷�����ù*÷%ûlïjï��±�GìE��îL�Ãò
è6ñKèEñ�ù ��� ë>óg²uèEþBù=õ1ì:ÿ6ø´³�³�µ¿ì� pö	è6ì	÷dõ
èE÷,ë]ì	þpó9��è6÷
éBÔáÕ ×�×;ì��*ì	÷dõ1ñ�ô¯ò
èEÿ6ìkë>ìm´]ì	ö:õ>èE÷
épù ��� ë>óg²uèEþBù=õ1ì:ÿ6øtï���µ¹ó ± ñ]èEéj÷úù=ÿ�ì��*ì	÷dõ1ñ:î

�Ãò
ìF�ÃèEé*ò3õ¯ÔáÕ ×�× Æ ùWõ!ù�ù*÷%û~��k ñ>ù*þ � ÿEì:ñ�ù*ë]ì�ê
ñ>ì:ûYõ1ó\ù*ñ]ñ>ì:ñ>ñÃõ1ò
ìKñ>èEþoê
ÿ�ù=õ>èEój÷pó ± õ1ò%ì
�=ù*ë>èEù É ÿ6ìF° �B� î*fAìkö	ój÷
ñ]èEû
ì:ëÃì��*ì	÷dõ1ñ�èE÷Dõ1ò%ì'ë]ì	éjè6ój÷,ðjð�Á¶° �P� Á»ïjï�ð��kì���î·�uèE÷
ö:ì�ôüìGë]ì�´]ì	ö?õ
ì��*ì	÷dõ1ñ`èE÷\õ1ò%ì�ë]ì	éjè6ój÷�����Á�°¸�P��Á»ïjï��¹�GìE��²jô`ì�ö:ójþ � ù*ë>ì�õ>ò
ì¯÷3ê
þ É ì	ë�ó ± ì��jì:÷dõ1ñ`ô¯ò%èEö!òpÿEèEì
èE÷9õ1ò
ìoë>ì	é*èEój÷
ñKðjð�Á�°��P��Á����,�GìE� ù*÷
ûlïjï��DÁº°��P��Á ïjï�ð±�GìE� è6÷sûúù=õ1ù�ù*÷
û¸�»kKî2fAì

ïjï��



ýú÷
û~�|��¼uï�½����GìE�jì	÷dõ>ñ�è6÷Bõ>ò
ì�ûúù=õ1ù ± ójë`ù*÷Yì� pö:èEì	÷%ö:øBó ± ï��^ï���¾����¿�=íMµ ù*÷%ûsïjï9��¼|½���³jð'ì��jì:÷dõ1ñ
èE÷Bõ1ò
ì¹��k ± ójë�ù*÷Yì� pö	è6ì	÷
ö?øDó ± ï�� íM	�¾À���^ï���µDî��uè6÷
ö	ìKõ>ò
ì�ë>ù=õ1ìkùWõ�ô¯ò
èEö!òYìE�jì:÷3õ>ñKù ��� ì	ù*ë�è6÷
õ1ò%ìGõ1ù*èEÿ6ñÃó ± õ1ò
ì:ñ>ìGõmôüóBû
èEñ_õ1ë>è É ê%õ>èEój÷
ñ¯ù=ë>ìGö	ój÷%ñ>èEñ_õ1ì:÷3õ É ì:õmô`ì	ì	÷tõ1ò
ìGñ1ù=þ � ÿ6ì	ñÃô¯è6õ>ò
èE÷Yì:ë>ë]ójë>ñ:²
ô`ì;û
ó�÷
ó=õKù ��� ÿ6øDù\ñ>ö<ù=ÿEì ± ù*ö:õ>ójëÃójë¯ù\ñ]ø�ñ_õ1ì	þBù=õ>èEö ± ójë�õ1ò%èEñ��=ù*ë>èEù É ÿ6ì*î

Á�ÂKpÃÂ4Ä ÅOÆ�t¤Ç¸Æ�­�®K­�®wÆÈ«?¨�É¶Æ�Ê�¨ÌË¶Í�ÆÎ{

flìpë>ì:À3ê
èEë]ìpõ>òúù=õGõ1ò
ì�õ!ù=êlö<ù=÷
û
èEû
ù=õ1ì:ñ É ìBù�ôüù<ø ± ë>ójþ ó*÷
ì�ù=÷
ó*õ1ò%ì	ëGèE÷�õ1ò
ìBù�Ï:èEþ�ê%õ>òúù*ÿ
� ÿEù*÷
ì*²*� Ð ³·Ñ4ÒJÓ ÑPÔ � 
 ï��¿	uîQ�Ãò%èEñKè6ñ�÷%ì<ù*ë]ÿ6ø�ï�����µ ìE pö	èEì:÷dõ ± ójë�ñ>è6éj÷úù*ÿVô¯ò
èEÿ6ì¹½���µ ì� pö	è6ì	÷dõ ± ó*ë
÷
ój÷��Zõ!ù=ê É ù*ö.®3éjë>ójê%÷
û
ñ�ù*ñ¯þBì	ù*ñ>ê
ë]ì	û ± ë>ójþ¿ù É ù*ö.®3éjë>ójê%÷
û?�mû%ójþBè6÷úù=õ>ì	û,ûúù=õ1ù�ñ>ù*þ � ÿEì=î

Ù9ÚYÕ Ö Ý;æNæ\b ä�âÃ^�å9æÎ_×d[Þtâ�_NãH^oå

Æ è��Cõ!ù*ê,ì��*ì	÷dõ1ñ�ô¯èEÿEÿIö:ój÷dõ!ù*è6÷nùWõKÿ6ì<ù*ñ_õ�õmô`óD÷
ì:ê%õ1ë]èE÷
ó*ñ	²úô¯ò
èEö!òtì	ñ]ö<ù � ìOk Æ ç�ê
÷
û
ì?õ1ì	ö?õ1ì:û�î
��õ'òúù*û
ë]ój÷Fö	ójÿ6ÿEèEû%ì	ë>ñ:²�õ1ò
ì�ë]ì	ñ>ê%ÿ6õ1è6÷
é,ì	÷
ì:ë>é*ø�è6þ É ù*ÿEù*÷
ö:ì�þ�ù<øÏó*÷
ÿ6ø É ìpû
ì:õ>ì	ë]þBè6÷
ì	û�èE÷�õ1ò%ì
õ1ë>ù*÷
ñY�jì	ë]ñ>ì � ÿEù*÷
ì É ì:ö<ù*ê%ñ>ìtõ>ò
ìnö:ì	÷dõ1ì:ëY�Zó ± �mþpójþpì	÷dõ1ê
þ ó ± õ1ò
ìtèE÷dõ1ì:ë1ù*ö?õ1è6ój÷Rè6ñB÷%ó*õ,®3÷
ó�ô¯÷
ù*ÿ6ój÷
é�õ1ò%ì7Ø�û
è6ë>ì	ö?õ1è6ój÷�Ù0Ú$î

��ó�ô`ì��jì:ë	²úõ1ò%ìkì	÷
ì:ë>é*ø�ó ± õ1ò
ìk÷
ì:ê%õ1ë]èE÷
ó*ñ ± ë>ójþ¹ì<ù*ö!òYõ1ù*êYû
ì	ö	ù<øj²�ù*÷
ûDõ>ò3ê
ñÃõ1ò
ì ± ê
ÿ6ÿ8þBù*ñ]ñ
ó ± õ1ò
ìGû
èÛ�Zõ1ù*êYñ]ø�ñ]õ>ì	þ9²�þ�ù<ø É ìGû
ì	û%ê
ö	ì:ûnè ± Ç���½=È0²VÇ���³=ÈC² Ç í��$ÈCî
ÜRÝ.Þ�ßáà,âBã�ä=â�ã¿å
äBæ9ç�èYçYåHäBç�é4êìë¯íîêìï�ëEï�çYåHäPð9ïñíÛé=ò¯ï�ç*ë¯í�äBæ9ç�èyëEó¿ó¿ã¿âBãôë�åõâ�ö�çyä0÷�çYç�åwøõéBëEäBëEå|â�ò¯åõùFòEå�äPã�êìø9éPë¯äPëEåõâ�ú

ö9ð�äÈäPæ9ç�ãôåHäBç�éPò�èKäPãôë�åõâ×ë�è�èyð9éÈö�çyä0÷�çYçYå7øõò¯éBäBë�åõâÃûîäBæõç�üHðõòEéBý�â�úMò¯åHäBãôêRü�ð|ò¯éPýgâáò¯åõù¹þEó¿ð9ëEå|â×äPæõò.äÈï(ò¯ý�ç�ð9ø7äBæõç
ø9éPë¯äPëEåõâÿò¯å|ùwòEåHäBãôêJø9éPë¯äPëEåõâ����

ïjï<í



ïjî}�Ãò
ìkõ1ù*êtö	ù*÷
û
è6ûúù=õ>ì	ñ�ù*ë>ìk÷%ó*õ É ù*ö.®��Zõ>ó|� É ù=ö.®DèE÷Yõ1ò%ì;ù|Ï	èEþoê%õ1òúù=ÿ � ÿEù*÷
ì

�uî}�Ãò
ìG÷
ì:ê%õ1ë]èE÷
ópû
è6ë>ì	ö?õ1è6ój÷
ñ¯ù*ë]ìGù*ñ>ñ]ê
þBì:û9õ>ó É ì�õ1ò%ì'ñ>ù*þpì;ù=ñ¯õ>ò
ì	è6ë � ù*ë]ì	÷dõ¯õ!ù*ê
ñ
flì;ñ>ójÿ��jì;ùpñ_ø�ñ]õ1ì:þ�ó ± õmôüóBì	À3êúù=õ>èEój÷%ñKù*÷%ûtõmô`óDê
÷�®3÷
ó�ô¯÷
ñ:²8ô¯ò
ì:ë>ìoõ>ò
ì;ê%÷�®3÷
ó�ô¯÷
ñkù*ë]ì

õ1ò%ì�ö	ój÷dõ>ë>è É ê%õ1è6ój÷
ñ¯õ1ó�õ>ò
ì�ì��*ì	÷dõGþpèEñ>ñ]èE÷
épì	÷%ì	ë>é=ø ± ë]ójþ ì<ù*ö!ò���Ó4���� ù*÷
û����� ²8õ1ò%ì	�Pù*÷
û�

ñ>ê É ñ>ö:ë>è � õ1ñ�û
ì	÷
ó=õ1èE÷%é�õ>ò
ìGÿEì � õ1ój÷%èEö<ù=ÿEÿ6øBù*÷%ûtòúù=û
ë>ój÷%èEö<ù=ÿEÿ6øpû
ì:ö<ù<ø�èE÷
é�õ!ù=ê
ñ	²úë]ì	ñ � ì	ö?õ1è��jì	ÿ^øjî¿i?î

ÓB� �� i
�üÊ»Ó4� �� i���� Ó4��� ������ i�� Ó�í
î^ïjï9i

ÓB� �� i
��Ê»ÓB� �� i���� Ó4� � ������ i��|� Ó�í
î^ï9��i

��ì:ë>ì=²�Ó4� � ������ iXè6ñzõ1ò
ì�þpèEñ>ñ]èE÷
ékì:÷
ì	ë]é*ø�þpì<ù*ñ]ê
ë>ì:û ± ójëzõ>ò
ì�ìE�jì:÷3õ	î���À3êúùWõ1èEó*÷
ñ�í
î6ï*ï�ù=÷
ûÖí
î6ï��
þBù�ø É ìkô¯ë]è6õ>õ>ì	÷�²

� �� ö	ójñ�� � ö	ójñ ³ � Ê � �� ö	ójñ�� � ö	ó*ñ ³ � � Ó4� � ������ i � Ó�í
î^ï���i

� �� ö:ójñ�� � ñ]èE÷ ³ � Ê©� �� ö:ójñ�� � ñ>è6÷ ³ � � ÓB� � ��� �� i � Ó�í
î^ï<íMi

ô¯ò
ì:ë>ì���� Ó �Dù=ë>ì�õ1ò
ì � ó*ÿ�ù*ëGù*÷%éjÿEì:ñ;ó ± õ1ò
ì�õ!ù=ê
ñoù=÷
û ³ � Ó �Bù*ë>ì�õ1ò%ì�ù�Ï:èEþ�êuõ1òúù*ÿ�ù=÷
éjÿEì:ñGó ± õ1ò%ì
õ!ù=ê
ñ	î��Ãò
ìkõ!ù=êtö	ù*÷
û
è6ûúù=õ1ìkû%èEë>ì:ö:õ>èEój÷
ñ¯ù=ë>ìGþBì	ù*ñ>ê%ë>ì	û ± ë>ó*þ¹õ1ò%ìn��è6ñ>è É ÿEì�û
ì:ö<ù<ø � ë]óuû
ê%ö:õ1ñ:î

ç[èEé*ê
ë>ì¯í
î^ï9�kò
èEéjò%ÿEèEé*ò3õ>ñ[õ1ò%ì�ë]ì<ù*ñ]ój÷ ± ójëXõ>ò
ì�ý
ë>ñ]õPó ± õ1ò
ì¯õmô`óoö	ë]è6õ>ì	ë>èEù ± ójëXõ1ò
ì�þ�ù=ñ>ñXõ1ì:ö!ò?�
÷
è6À�ê%ì�ójê%õ>ÿEè6÷
ì	ûlù É ó��*ì*î]f ò%ì	÷yõ1ò%ì�õ!ù*êAö<ù*÷%û
èEûúùWõ1ì	ñ�ù*ë>ì É ù*ö.®��Zõ>ó|� É ù=ö.®Fè6÷lõ1ò%ìDù�Ï:èEþ�ê%õ>òúù*ÿ
� ÿEù*÷
ì*²dõ>ò
ìKñ_øuñ_õ1ì:þ ó ± ì	À3êúù=õ>èEój÷%ñPõ>ì	÷
û
ñPõ1ó'éjèD�*ì�þBù*÷dø�ò
è6éjòBþBù*ñ]ñ	²�÷
ój÷
ñ]ì	÷
ñ]ìKñ>ó*ÿEê%õ>èEój÷
ñ:î�fAì

ïjï9	



∆φ
�-1 -0.8 -0.6 -0.4 -0.2 -0 0.2 0.4 0.6 0.8 1

M
as

s 
(G

eV
)

0

100

200

300
�400

500

600

700

800
"900
#1000

ç[è6éjê
ë>ì�í
î^ï9�?&��
/H+H6�1�5g:4Ng>�+�:y/H@~@M-! :=<?>WS,<õ5 5*G�I06�: :K/H@±<#"M<|-J1�5H:Ã:4;2/w<%$H-DS�>�:4;L<|I�<|1&"�I0/('�/�:*)�/�/.1
:B;A/F:P<�>O+¯<|12@M-0@?<�:K/.5gV,+n/.N¯/.-A691�I0/�/9U�/.1A:B51)*-P:B;±<n1A6912$õ/3NE6w5E69IP>�:B-0691�5�8P69N��3�� <|12@ ���� <HG�GÈ/E<õN
691¸:B;�-J5�G�I46M: V

òúùg�jì�ö!ò
ójñ>ì:÷º�mñ]èE÷}Ð ³ � 
 ���ô�tõ>ónñ>ì:ÿEì:ö:õ�÷%ój÷?� É ù*ö.®��Zõ1óõ� É ù*ö.®�ìE�jì	÷dõ>ñ	î»�Ãò%èEñoö:ê%õ�è6ñoù ��� ë>óg²uè��
þBù=õ1ì:ÿ6ø´�|��µ¿ì� pö	è6ì	÷dõ ± ójë34 � 
YÕ ���sù*÷
ûnÔ Õ ���nì��*ì	÷dõ1ñ:î�f è6õ1òtùBñ_õ1è65�ì:ë�ö:ê%õ<²úõ>ò
ì;þBù*ñ]ñ
ë>ì:ñ>ójÿ6ê%õ1è6ój÷tô`ójê
ÿ6ûsèEþ � ë]ó9�*ì*²�ù*ñKö	ù*÷ É ì;ñ>ì:ì	÷ ± ë>ójþ ç[è6éjê
ë]ì;í
î^ï9�u² É ê%õ�õ1ò
ì�ìE pö	èEì:÷
ö:ønó ± õ1ò%ì
�mñ]èE÷}Ð ³ ��ö	êuõ;ô`ójê
ÿ6û É ì�ñ>è6éj÷
è^ýúö<ù*÷dõ>ÿ6øÏû
ì:éjë1ù=û
ì	û�î9ç[è6éjê
ë]ìpí%î6ï�½9ñ>ò
ó�ô¯ñoõ>ò
ìpñ]õ1ì:ì � ÿ^ø ± ù*ÿEÿ6èE÷
é
Ð ³ û
èEñ_õ1ë>è É ê%õ>èEój÷ ± ó*ëÃñ>èEé*÷úù*ÿ�ìE�jì	÷dõ>ñ	î

�Ãò
ìKñ]ì	ö:ój÷
ûYó ± õ>ò
ì�ö	ë>è^õ1ì:ë>è�ùGèEñP÷
ì:ö	ì	ñ]ñ1ù*ë_ø�ñ]èE÷
ö:ì�ô`ìKû
ó;÷
ó*õ`û
ì:õ>ì	ö?õ�õ1ò
ì�û
è6ë>ì	ö?õ1è6ój÷
ñPó ± õ1ò%ì
÷
ì:ê%õ1ë]èE÷
ójñ'ù*ñkõ>ò
ì:ø�ÿ6ì<ùg�jì\õ1ò%ìBû
ì?õ1ì:ö:õ1ó*ë	î��KñGþBì:÷dõ1èEó*÷
ì	ûAù É ó9�*ì*²Võ1ò
ì�û
ì:ö<ù<ø � ë]óuû
ê%ö:õ1ñ'ó ± ù
õ!ù=ê9è6÷Yõ1ò
ìGì��*ì	÷dõ1ñ�ó ± èE÷dõ1ì:ë>ì	ñ_õ�ù*ë>ìGû
ì87úì	ö?õ1ì	û É ø,÷
ó�þBójë]ì�õ1òúù=÷ � ï�� h î

Æ ê
ì¯õ1ó;õ>ò
ì�õ>ò
ì�ö	ë>è^õ1ì:ë>è�ùG÷
ì:ö	ì	ñ]ñ1ù*ë_ø ± ó*ëPõ>ò
ì�þBù*ñ]ñPõ>ì	ö!ò
÷
è6À3ê
ìkù*÷
ûBû
ê
ì�õ1ó;õ>ò
ì�ë>ì	ñ]ójÿEêuõ1èEó*÷
ó ± õ1ò
ì'û
ì?õ1ì	ö?õ1ójë:²�ñ>ójþpìGì��jì:÷dõ1ñKþBù<øYéjè��jìk÷
ì:édù=õ1è��jì'ñ>ójÿ6ê%õ1è6ój÷
ñ ± ójë}� �� ù*÷
û]� �� î*flì'ë>ì:À3ê
èEë]ì
� � Ó �� 
 � ± ójë�õ>ò
ìY÷
ój÷?� É ù*ö.®��Zõ>ó|� É ù*ö.®yì��*ì	÷dõ1ñ:î§�Ãò%èEñ�ë>ì:û
ê
ö	ì:ñB÷%ój÷?�mû%è��Zõ1ù*ê É ù*ö.®3éjë]ójê
÷
û%ñBè6÷

ïjï�ð



∆φ
�1.6 1.8 2 2.2 2.4 2.6 2.8 3
�

A
rb

itr
ar

y 
U

ni
ts

0
2
4
6
8
"10

12
14
16
18
20
922

ç[è6éjê
ë>ìÃí%î6ï�½?&;:<$H-JS,>�:B;L<õIL<|1&"�I0/�Ð ³ '�/�:*)�/�/.1T:4;2/Q:=<�>|5�-D1=4 � 
BÕ�����/9U�/.1A:B5�8P69N?>A@B� ï����C /EDF-�õ1ù*÷�GH�º	���V

MEl
I  (GeV)

-100 -80 -60 -40 -20 0 20
9

40
J

60 80
"

100
0

0.05

0.1

0.15

0.2

0.25

ττK→A/h

Backgrounds

ç[è6éjê
ë>ì9í
î^ï�³�&T� �� 8RNE69S 5 -DS�>�Iì<�:y/�@L4 � 
ØÕ ��� /9U�/.1A:B5�+H6�SWG�<õNE/H@M)*-=:4; <N'�<�+POQ"�NE6�>�1A@R 
@�69S�-J1·<�:y/�@�@?<�:=<O5.<õSWG�I0/9V

õ1ò%èEñ�ë]ì	éjè6ój÷�î'ç[èEé*ê
ë>ì:ñ�í
î^ï�³Dù*÷
û�í
î¿���Dñ]ò
ó�ô � �� ù*÷
û�� �� ± ë>ó*þ ù É ù*ö.®3éjë]ójê
÷
û��mû
ójþpèE÷
ù=õ1ì:û
ñ1ù=þ � ÿ6ìKó ± õ>ò
ì�ûúùWõ!ùoö:ójþ � ù*ë>ì:ûDô¯è6õ1ò�ñ>èEþoê
ÿ�ù=õ>ì	ûS4 � 
BÕ����,ì��*ì	÷dõ1ñ:î��Ãò%ìF� � Ó �� 
 �;ë>ì	À3ê
è6ë>ì¯�
þpì	÷dõ'èEñ¹	�	9�mð���µ ì� pö	è6ì	÷dõ ± ó*ëkñ>èEé*÷úù*ÿC²Iè6÷
ö	ë]ì<ù*ñ]èE÷
éYô¯è^õ1ò�þ�ù=ñ>ñ	²Vô¯ò
è6ÿEì\ë>ì:û
ê
ö:èE÷
é9÷
ój÷?�Zû
è��Cõ!ù*ê
É ù*ö.®3éjë]ójê
÷
û É ø9ù ��� ë]ó�²uè6þ�ù=õ>ì	ÿ^øDù ± ù*ö:õ>ójëÃó ± ï��%î*f ò
ì	÷9õ1ò
ìGû
èÛ�Zõ1ù*ê,þ�ù*ñ]ñ¯èEñÃë>ì:ö	ój÷%ñ]õ1ë]ê
ö:õ>ì	û

ïjï9�



MEh
T  (GeV)

-100 -80 -60 -40 -20 0 20 40 60 80
"

100
0

0.05

0.1

0.15

0.2

0.25

ττK→A/h

Backgrounds

ç[è6éjê
ë>ì9í
î¿����&T� �� 8RN¯69S 5 -DS�>�Iì<�:y/�@U4 � 
 Õ ���Ì/9U9/31A:B5»+H6�SWG�<õNE/H@M)*-=:4; <N'�<�+POQ"�NE6�>�1A@R 
@�69S�-J1·<�:y/�@�@?<�:=<O5.<õSWG�I0/9V

ù*ñ¯û
ì:ñ>ö	ë]è É ì	û9÷
ìE²�õ	²�õ>ò
èEñÃö:ê%õ�ù*ÿEñ]ó�èEþ � ë>ó��jì:ñ�õ1ò
ìGþBù*ñ>ñ¯ë]ì	ñ>ó*ÿEê%õ>èEój÷�î
�Ãò
ìGõ1ó*õ1ù*ÿ�ë>ì:ö	ój÷%ñ]õ1ë]ê
ö:õ>ì	ûtþ�ù*ñ]ñ¯èEñÃö<ù=ÿEö	ê%ÿ�ù=õ>ì	û ± ë>ójþ

>AVWYX � �ÂÓ[Z � Ê�Z � iPV
�UZ\V� Ê�Z\V� Ê§�8Z � ¼ Z �
�Ì�%>AVÑ Ê©�������3��Ó_ï3]Fö	ójñ\^Ãi
�Ì�%> VÑ Ê©�
ÓB� �� Ê ��_ º �� i:ÓB� �� Ê§�`_ º �� i:Ó_ï3]Fö	ójñ\^Ãi

ô¯ò
ì:ë>ì`Z � ù*÷%ûaZ � ù*ë]ì\õ1ò
ì�í|�ZþBójþpì	÷dõ1ù�ó ± ì<ù*ö!ò�õ!ù*ê�²Nù=÷
û¸� � ù=÷
û¸� � ë>ì � ë>ì:ñ>ì	÷dõ;õ1ò
ì�õ>ó*õ!ù*ÿ
ì	÷%ì	ë>é=ø�ó ± ì	ù*ö!ò�õ!ù*ê�î©� _ º �� ù*÷
û§� _ º �� ë>ì � ë>ì:ñ>ì:÷3õBõ1ò
ì,ì:÷
ì	ë]é*ø�ÿEì ± õ É øqõ1ò
ì:èEë ��èEñ]è É ÿ6ìYû
ì	ö	ù�ø
� ë]óuû
ê%ö:õ1ñ:î�^rèEñüõ>ò
ìGù*÷
é*ÿEì É ì:õmô`ì	ì:÷tõ1ò%ì�õmôüó\õ!ù=ê
ñÃèE÷´�õ�Zû,ñ � ù*ö:ì*î�� �� ù*÷
û´� �� ù*ë>ì�õ>ójéjì?õ1ò
ì:ë
õ1ò%ì'ñ]ójÿEêuõ1èEó*÷Dõ1ó��XÀ�ê
ù=õ1è6ój÷
ñ¯í
î^ïjï'ù*÷
û í
î^ï9�uî

ç[èEé*ê
ë>ìÃí
î¿�uï�ñ>ò
ó�ô¯ñPõ1ò
ì¯û
èÛ�Zõ!ù=êpþBù*ñ]ñPû%èEñ]õ>ë>è É ê%õ1è6ój÷\ë>ì:ö	ój÷%ñ]õ1ë]ê
ö:õ>ì	û ± ë]ójþ ìE�jì	÷dõ>ñ�ö	ój÷dõ1ù*èE÷?�

ïjï�½



Di-tau Mass (GeV)
0 20 40 60 80

"
100 120 140 160 180 200

A
rb

itr
ar

y 
U

ni
ts

0

0.1

0.2

0.3

0.4

0.5

-4x10b
   |sin(∆φ)|>0.3      mA

c  = 100 GeV
      tanβ

d
 = 50

<m> = 94.2 GeV
RMS = 22.5 GeV

ç[è6éjê
ë>ìKí
î���ï�&�e
-f �:=<�> S±<|5 5w@�-J5g:4N -*'�>�:B-0691~<|5}S�6?@�/3I4/�@�-J1Bg;/�:4;�-R<�h�VUÑuÒ%ikjml�npo�V
èE÷%énù9û
èEë]ì	ö:õ>ÿ6ø � ë]óuû%ê
ö	ì:ûñ��è6éjéjñrqwójëGõ1ò
ì � ù*ë1ù=þBì?õ1ì	ë � ójèE÷dõ(>A@s��ï����utNõ!ù=÷�Gv� 	��%î,çúójë
õ1ò%èEñ � ù*ë1ù*þpì:õ>ì	ë � ó*èE÷dõ�t3õ1ò
ìw� ójë`ò � ù*ë_õ1èEö:ÿEì�òúù*ñÃù=÷DèE÷
ò%ì	ë>ì:÷dõüô¯èEûuõ1òDówqá	�î�� �kì��oî?�Ãò%ì�ö	ój÷��
õ1ë]è É êuõ1èEó*÷�qwë>ójþ õ1ò
ìGö<ù=ÿEójë]èEþpì:õ1ì:ëüë]ì	ñ>ó*ÿEê%õ>èEój÷,þBù�ø É ìGÀ3êúù*ÿ6è6õ1ù=õ1è��jì	ÿ^øpñ>ì	ì:÷xqwë]ójþ ç[è6éjê
ë]ìkí
î����
É ì	ÿEó�ô`t8ñ>èE÷%ö	ì�Ô Õ ×�×\ì��*ì	÷dõ1ñkô`ójê
ÿEûÏò
ù��*ì�ù��=ù*÷
è6ñ>ò
è6÷
éDþpì<ù*ñ]ê
ë>ì:ûÏþBè6ñ>ñ>è6÷
é�ì:÷
ì	ë]é*øsè6÷nõ1ò%ì
õ1ë>ù*÷
ñY�jì	ë]ñ>ìYû
è6ë>ì:ö:õ1è6ój÷FèE÷yù=÷lèEû%ì<ù*ÿ�û
ì?õ1ì	ö?õ1ójë:î]�Ãò%ìDë>ì:þ�ù*è6÷
èE÷%é9ö:ój÷dõ1ë]è É ê%õ>èEój÷�õ1ó9õ1ò
ìpô¯èEû%õ>ò
ówq õ1ò
ìGû
è6ñ]õ>ë>è É ê%õ1è6ój÷YèE÷9ç[è6éjê
ë>ìKí
î���ï'ö:ójþpì	ñ�qwë>ójþ¹õ1ò
ìkõmô`óBö:ë>è6õ>ì	ë]è�ùoõ1ò
ù=õÃôüì:ë>ì'÷
ì	ö:ì	ñ]ñ1ù*ë_ø9õ>ó
èEþ � ÿ6ì	þpì	÷dõ�õ>ò
ì�õ1ì:ö!ò
÷
è6À�ê%ì*î	y�ó*õ1è6ö	ìoõ>òúù=õkõ>ò
ì�þBù*ñ>ñkë]ì	ö	ó*÷
ñ]õ>ë>ê
ö?õ1èEó*÷ÏéjèD�*ì	ñGùDþpì<ù*÷sõ>òúù=õkè6ñ
ÿEó�ô É ø9ù ��� ë]ó�²uè6þ�ù=õ>ì	ÿ^øDð�µDî

Ù9ÚPz Ö ã	æNæ ã<å´a Ü�d[Ýoå9æ|{oä�d[æ ä ß»å9ä}dáa(}

flìüö<ù*ÿ6ÿ�õ>ò
ì�ì��*ì	÷dõ��Cô¯èEû
ìÃì:÷
ì	ë]é*ø;èEþ É ù=ÿ�ù*÷
ö:ì`è6÷oõ1ò%ìüõ1ë>ù*÷
ñ��*ì	ë]ñ>ì � ÿEù*÷
ì`õ>ò
ì�þpèEñ]ñ>èE÷%é�õ1ë>ù*÷
ñy�
�jì:ë>ñ]ìsì	÷
ì:ë>é*ø Ó4� �� ivî��Ãò
ì	ójë]ì:õ>èEö<ù=ÿEÿ6øwtÃ� �� èEñ�ì:À�ê
ù*ÿ�è6÷RþBù*éj÷%è6õ1ê%û
ìDõ1óFõ1ò
ì9ñ>ê
þ ówqQ��èEñ>è É ÿEì

ïjï�³



ì	÷%ì	ë>é=øqèE÷yõ>ò
ìYì��*ì	÷dõ�t � ójè6÷dõ1èE÷%ésèE÷yõ>ò
ìYó ��� ójñ>è^õ1ìDû%èEë>ì:ö:õ>èEój÷yè6÷yõ1ò
ì9ù�Ï:èEþ�êuõ1òúù*ÿ � ÿEù*÷
ì*î�~m÷
� ë>ù*ö:õ>èEö	ì%tdõ1ò
ì¯þpì<ù*ñ]ê
ë>ì:ûBþBù*éj÷
è^õ1ê
û%ìÃù*÷
ûpû
èEë]ì	ö?õ1èEó*÷pó%q8õ>ò
ì�� �� û%ì � ì	÷
û
ñPój÷�ô¯ò
ì:õ>ò
ì	ëPójëX÷
ó=õ
ô`ì�èE÷%ö	ÿEê%û
ìr�]ì?õoì:÷
ì	ë]é*øFö	ójë]ë>ì:ö:õ1è6ój÷
ñ�t[ì	ÿ6ì	ö?õ1ë>ó*÷lì	÷%ì	ë>é=ølö:ójë>ë]ì	ö:õ>èEój÷%ñ.t[ì?õ1ö=îtçNèEë>ñ_õ�tIô`ìDû
ì:ý
÷
ì
ê
÷
ö:ójë>ë]ì	ö?õ1ì	û»� �� èE÷Dõ1ò%ì`qwó*ÿEÿEó�ô¯è6÷
éoôüù�øA&

���������.�����*� ��]��
� ��� � � �

���� º ] �
� �8��� �

�Z�� � � Ó�í
î^ï9	�i

�Ãò
ìPýúë>ñ_õzñ>ê%þ è6ñVó9�*ì	ë[õ>ò
ìPö<ù*ÿ6ójë>è6þBì?õ1ì	ë�õ>ó�ôüì:ë>ñ[ô¯ò
ì:ë>ìPôüìüù*û
û;õ>ò
ì`õ>ë1ù*÷%ñ��jì:ë>ñ]ì�ö	ójþ � ój÷
ì	÷dõNówq
õ1ò%ì'ì:÷
ì	ë]é*øYû
ì � ó*ñ>è6õ>ì	û,èE÷,ì	ù*ö!ò9õ>ó�ôüì:ë	î��Ãò
ìGñ>ì:ö	ój÷
ûtñ>ê
þ¿èEñÃó��jì:ë¯õ>ò
ìkõ1ë>ù*÷
ñ��*ì	ë]ñ>ì'þBójþpì	÷dõ1ù
ówq õ1ò
ìGþ�ê%ój÷,ö<ù*÷
û%èEûúù=õ>ì	ñ:î

flìGû
ì?ýú÷
ì;ù\ö	ójë]ë>ì	ö?õ1ì:û�� �� ù*ñ
�� �� �����*� � �� �� ����������� ]jÐ �� � � � � ] �

���B���
Ð �� � º Ó�í
î^ï�ð�i

ô¯ò
ì:ë>ì]Ð �� � � � � è6ñ�õ1ò
ìDõ>ë1ù*÷
ñY�jì:ë>ñ>ìtö	ójþ � ój÷
ì	÷dõ�ówq�õ1ò%ì9ì:÷
ì	ë]é*øqö:ójë>ë]ì	ö:õ>èEój÷�ù ��� ÿEè6ì	ûqõ1óÏõ1ò%ì
ì	ÿ6ì	ö?õ1ë>ó*÷tö	ù*÷
û
è6ûúù=õ1ì%t�ù*÷
û,õ1ò
ìkýú÷
ù*ÿ�õ1ì:ë>þ ù*ö:ö	ójê%÷3õ>ñ�qwó*ë¯õ>ò
ìGì	÷
ì:ë>é*ø,ö:ójë>ë]ì	ö?õ1èEó*÷
ñ�ù ��� ÿ6èEì	ûDõ>ó
�]ì:õ>ñ	î

flìtû
óy÷
ó=õDþBù�®*ìtùlñ]õ>ë1ù*è6éjòdõ�ö:ê%õDó*÷ �� �� �����*� îÌ��ó�ôüìE�jì:ë.t3qwójëpõ>ò
ìn÷%ój÷?� É ù*ö.®��Zõ1óõ� É ù*ö.®
ì��*ì	÷dõ1ñ�t�ôüì9ê
ñ]ì9õ>ò
ì,þ�ù*é*÷
è6õ>ê
û
ìYù*÷%ûRû
è6ë>ì:ö:õ1è6ój÷�ówq �� �� �����*� õ1óÏýú÷%û¶� � � Ó �9ñ>ó�õ1òúùWõ\ôüì9þ�ù<ø
ö<ù=ÿEö	ê%ÿ�ù=õ>ìoõ1ò
ì�û
èÛ�Zõ1ù*êsþBù*ñ>ñGù*ñGójêuõ1ÿEè6÷
ì	ûnèE÷Ïõ1ò
ì � ë>ì���è6ójê
ñGñ>ì:ö:õ1è6ój÷�î	~*qPô`ì�ô`ì	ë]ìpõ>óYê
ñ>ì�õ1ò%ì
ê
÷
ö:ójë>ë]ì	ö?õ1ì	ûYÀ3êúù=÷3õ>è6õmøwtuõ1ò%ì�û
èÛ�Zõ1ù*ê�þBù*ñ>ñ�õ1ò
ù=õ`ô`ì�ö	ù*ÿEö:ê
ÿ�ù=õ>ìÃôüójê%ÿEû�ó*÷Yùg�jì	ë>ù*éjì É ì�õ1ó�ó;ÿ6ó$ôGî

~Zõ�èEñ\÷
ì:ö	ì:ñ>ñ1ù=ë]ø�õ1ó��*ì	ë>è6q�øyõ1ò
ù=õ �� �� �����*� Ó�þBù*éj÷
è^õ1ê
û
ìDù*÷
û�û
èEë]ì	ö?õ1èEó*÷Li;èEñ�ô`ì	ÿ6ÿ�þpóuû
ì:ÿEì:û
ï9���



 (GeV)corr�MET
0 10 20 30

�
40 50

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09
Data

Simulation

ç[è6éjê
ë>ìYí%î�����&´� �� �����*� <|5�S�/E<|5H>�NE/�@j-D1Ì:4;2/��×-�"�;A:'Ô Õ ×�×Hen<?:=<�<|12@U�yÎ���<|SWG2I4/.5O8P6�N
/9U�/.1A:B5()*;2/.N¯/�Z W� 
 ï�	 C /EDÃV
õ1ó É ìpö	ó*÷%ýúû
ì:÷3õ;õ1òúùWõ;õ>ò
ìBìE pö	èEì:÷
ö:ø�qwójëGõ1ò%ì±� � � Ó � 
 �9ö	ê%õ�qwë>ó*þ Å ç�� èEñ'ö	ójë]ë>ì:ö:õoù*÷
ûAõ>ó
É ìoö	ó*÷%ýúû
ì:÷3õ�õ1òúùWõKû
èÛ�Zõ1ù*êtþBù*ñ]ñKèEñ � ë]ó � ì	ë>ÿ^ø,ñ>è6þ�ê
ÿ�ùWõ1ì	û�î�flì'ö	ójþ � ù*ë]ì'õ>ò
ìW�Ãè6éjòdõkÔ Õ ×�×
Æ ù=õ1ù9ù=÷
û���k �%ù*þ � ÿ6ì	ñ1qwójë�õ>ò
èEñ
�*ì	ë>è^ýúö<ùWõ1èEó*÷�îO�KñGû
ì:ñ>ö	ë]è É ì	ûFèE÷��uì:ö:õ1è6ój÷Fí
î¿½ut�õ1ò
ì�û
èÛ�Zõ!ù=ê
þBù*ñ>ñ'þ�ù<ø�ój÷%ÿ6ø É ì�ë]ì	ö	ó*÷
ñ]õ>ë>ê
ö?õ1ì	ûyô¯ò%ì	÷lõ>ò
ìpõ1ù*ê
ñoù*ë>ìp÷
ó*õ É ù*ö.®��Zõ>ó|� É ù*ö.®�tzù*÷
ûAõ1òúù=õ'õ1ò%ì
�mñ]èE÷}Ð��*� 
 ���ô��ë]ì	À3ê
è6ë>ì	þpì	÷dõ�èEñÃ÷%ì<ù*ë]ÿ6øYì:À�ê%èD�=ù*ÿEì:÷dõÃõ1óBùrZ @ Ó � Ó W� 
 ï9	��GìE�Âö:ê%õ<î��Ãò
ì:ë>ì8qwójë>ì%t
è6õ�è6ñX÷
ì	ö:ì	ñ]ñ1ù*ë_ø�qwó*ë�õ>ò
ì¯ñ>è6þ�ê
ÿ�ùWõ1èEó*÷oõ1óGþpóuû
ì:ÿ
õ1ò
ì¯ûúùWõ!ù�ôüì:ÿEÿúój÷%ÿ6ø\è6÷�õ>ò
ì¯ë>ì:éjèEój÷rZ @ Ó � Ó W� 
 ï9	
�kì���îÎfAìDê
ñ>ìBõ1ò
ì,�Ãè6éjòdõ�Ô Õ ×�× Æ ù=õ!ùtù*÷
û©��k �%ù=þ � ÿ6ì	ñ'õ1ó]�=ù*ÿ6èEûúùWõ1ì�õ1ò
ìDñ]èEþ�ê%ÿ�ù=õ>èEój÷
èE÷Fõ1ò
è6ñ;ë]ì	éjè6ój÷�îA~m÷qçNèEéjê
ë]ì�í
î����utNô`ì � ÿ6ó*õ7� �� �����*� ój÷
ÿ^ø�qwójë;ìE�jì:÷3õ>ñ�ô¯ò
ì	ë]ì(Z W� 
 ï�	»�kì��	t
ô¯ò
ì:ë>ì�Z W� èEñzõ>ò
ì¯ñ>ê
þ ó%q8õ>ò
ìÃõ1ë1ù=÷
ñ��*ì	ë>ñ]ìKþpójþpì	÷dõ!ù�ówq�õ1ò%ì¯õmô`óoì:ÿEì:ö:õ1ë]ój÷�ö<ù*÷%û
èEûúùWõ1ì	ñ�è6÷pì	ù*ö!ò
ì��*ì	÷dõ<î�fAì�ýú÷
û,éjó�óuûYù=éjë>ì:ì	þpì	÷dõ¯èE÷Dõ>ò
èEñ�ë]ì	éjè6ój÷�îp~Zõ¯è6ñÃù*ÿ6ñ>ó�è6þ � ójë]õ1ù*÷dõüõ>òúù=õ�õ>ò
ìkû
èEë]ì	ö?õ1èEó*÷
ówq �� �� ������� èEñ�ôüì:ÿEÿzþpóuû%ì	ÿEì:û É ì	ö<ù=ê
ñ>ì�è6õKèEþ � ù*ö?õ1ñ�õ>ò
ì�� � Ñ��KÓ Ñ�� 
 �Dö	êuõ'ù*÷
ûsõ1ò%ì\û
è��Cõ!ù*êsþBù*ñ]ñ
ë>ì:ö	ój÷%ñ]õ1ë]ê
ö:õ>èEój÷�îKç[è6éjê
ë]ì;í
î¿���pñ>ò
ó�ô¯ñ�éjó�ó�ûsù*éjë]ì	ì:þBì:÷3õ�èE÷9õ1ò
ì;ë>ì:ÿEì��=ù*÷dõKë>ì	é*èEój÷tówq�Z W� 
 ï9	

ï9�uï



∆φ
�

(electron,MET)
0 0.5 1 1.5 2 2.5 3

�0

0.01

0.02

0.03

0.04

0.05

0.06

0.07 Data

Simulation

ç[è6éjê
ë>ìPí
î¿����&��×;2/Ã<%$�-JS�>�:B;L<|I?<|1u"�I4/�'�/�:*)�/�/.1�� �� ������� <|12@�:B;2/�/3I4/�+9:BN¯691�+¯<|12@M-0@?<�:y/�@M-JN¯/H+�:B-46�1
<|5FS�/E<|5H>�NE/�@]-J1 :B;A/B�×-6"�;A:ÃÔ Õ ×�×�en<�:=<�<|1A@��lÎ���<õSWG�I0/.5
8P6�NW/9U9/31A:B5�)*;2/.N¯/<Z W� 
 ï9	C /ED�V
�kì���qwójë�õ1ò%èEñ��=ù*ë>èEù É ÿ6ìkù*ñ�ô`ì	ÿEÿ0î

Ù9Ú��<  `pä}[nÝ¹dzÝn_[ã	å~a¢¡ÖÝoâp£¥¤?_á^`¤\¡ÖÝ;âp£ ßv{�ä�å�_[æL¦|d�^We § ^oåA¤2¡ÖÝoâp£¥¤

_×^`¤\¡ÖÝoâp£ ß¨{oä�å�_Næ

�È�jì	÷dõ>ñDô¯ò
ì	ë]ìtõ1ò%ì9õ1ù*ê
ñBù*ë>ì É ù*ö.®��Zõ>ó|� É ù*ö.®�èE÷�õ1ò
ì9õ1ë1ù=÷
ñ��*ì	ë>ñ]ì � ÿEù*÷
ì9ù*ë>ì9ö	ó*÷
ñ>è6û
ì	ë]ì	û
ñ>ì � ù*ë>ù=õ1ì:ÿ6ø©qwë]ójþ�õ>ò
ójñ>ì\õ>òúù=õ'ù*ë]ìp÷%ó*õ É ù*ö.®��Zõ>ó|� É ù*ö.®�î�fAì�û
óYõ1ò
è6ñ É ì:ö<ù*ê%ñ>ì�ô¯ò
ì	÷�õ1ò
ì\õ1ù*ê
ö<ù=÷
û
èEû
ù=õ1ì:ñGù*ë>ì�÷%ó*õ É ù*ö.®��Cõ1ó|� É ù*ö.®�t�ôüì\þBù<ønþBù�®=ì�ùDö	ê%õkó*÷�� �� ù=÷
û�� �� t�ô¯ò
ì:ë>ì<ù=ñGô¯ò%ì	÷
õ1ò%ì:øRù*ë>ì É ù*ö.®��Cõ1ó|� É ù*ö.®�t�õ1ò
ì9À3êúù*÷dõ1è^õmø�èEñ�ê
÷
û
ì?ýú÷
ì:û�îÌ�Ãò%ì É ù*ö.®��Cõ1ó|� É ù*ö.®»Ó�÷
ó*÷?� É ù=ö.®��Cõ1ó|�
É ù*ö.®?iÃì��*ì	÷dõ1ñ�ñ1ù=õ>èEñPq�øÀ�mñ]èE÷}Ð��LÑ Ò Ó Ñ Ô �3Ás���¿�tÓ.�Zñ>è6÷}ÐS�·Ñ Ò Ó Ñ Ô � 
 ���ô��i Ù�ª î
Ü�«�¬ÿæ9ã�â�â4äBé=ò¯åõþEçyêìó¿ëHë�ýgãôå9þ�­.òEéBã�ò¯ö9ó¿çEú�âBãôå|®�¯�ú�ã�âáè=æ9ëHâ4ç�ånö�ç�èYòEðõâBç�ãôäÈã�â×äBæ9ç�ù�çyäPçYéPï�ãôåõòEåHä�ëEíLäBæ9ç�â�°gâ4äBç�ï¶ë¯í

ç�üHðõò¯äBã¿ëEåõâ�â4ë�ó±­�ç�ùWäPë7ù�çYäBçYéPï�ãôåõç}äBæõçwù�ãôêJäPò¯ðOï(ò�âBâ���²�æ9ç�å�âBãôå³®�¯a´Nµ9ú�äPæ9çQâ�°�â0äPçYï èYòEå9å9ëEä�ö�çQâBëEó¶­Eç�ùQ�

ï9���



küêuõ y�ó
î��È�jì:÷dõ1ñ
� ó*õ1ù*ÿ ï9��½&t¿�*ð%ï
�Xÿ6ì	ö:õ>ë>ój÷a~ Æ�· � º � � �Ì� 	�½�	��*í
¸�¹¯ì��]ì	ö?õ1è6ój÷ 	���³*í��
� ���4��� Á¶� 	��=í
ï9	
çNèEû
ê
ö:è�ù*ÿ�Ä*ì:õ ³���³��

Ä*ì?õ�� � 
 ï����kì�� ð=íM��½
º ïn�[ù*ê»�uì:ì	û ï��*ð�	
Ð�� 
 ï���	 ï*ïjï9�

�Nù É ÿEì�í
îUð�&r:\5g>�S�S±<|N�/À698w:4;2/�+9>�:457-DSWGÈ695E/�@�<|12@j:B;2/71A>�Sa'�/.N 698}/9U9/31A:B5WN¯/.S±<|-J1�-J1&"´-D1
:B;A/¹@�<�:=< 5.<õSWG�I0/w<|8y:y/3Nw/E<M+Y;]5g>�+�+H/35 5 -PU9/7+9>�:�V

Ù9Ú��»� `BÞ~e e Ý7d;}

�[ù É ÿEì:ñÃí
î�ðoù*÷
û í
î¿�oñ>ê
þpþ�ù=ë>èJÏ:ì�õ>ò
ì�ö	êuõ1ñ�õ1ò
ù=õ�ô`ìkèEþ � ójñ]ì�ù*÷%ûDõ1ò
ìk÷3ê
þ É ì	ëüówq ì��jì:÷dõ1ñ
ë>ì:þ�ù=èE÷
è6÷
é�èE÷Yõ>ò
ìGñ1ù*þ � ÿEìGù#q�õ1ì	ëÃì	ù*ö!ònö:ê%õ<î

�[ù É ÿEìkí
îô½�ñ>ê%þBþBù*ë>èDÏ	ì:ñüõ1ò
ìkñ]ö<ù*ÿ6ì�q�ù*ö?õ1ójë]ñ¯ù*÷
û,ñ]ø�ñ]õ>ì	þBù=õ1è6ö�ì	ë]ë>ójë]ñÃö	ój÷dõ>ë>è É ê%õ1ì:û É øYì	ù*ö!ò
ö	êuõ<î�~*qNõ1ò
ì'ö	ê%õ�èEñ¯÷
ó=õ�ÿ6èEñ_õ1ì	û¼túè6õ¯èEñ¯ì:è6õ1ò%ì	ë�ñ>ò
ó�ô¯÷sè6÷,õ>ò
èEñ¯÷
ó=õ1ìGõ1ó É ì'þBó�û
ì:ÿEì	û,ñ]ê� pö	èEì:÷dõ1ÿ6ø
âBãôå³®�¯<´Bµ¾½ ¿�èyë�éBéPç�âBø|ë�åõù9â2äBë3®�¯1À©Á�Â�µ�Ã

ï9���



�Zñ>è6÷}ÐS�È�3Á¶�?�¿� �mñ>è6÷�ÐS�È� 
 �?�¿�

küê%õ y�ó
î��È�jì	÷dõ>ñ y�ó
î��È�jì	÷dõ>ñ
�mñ]èE÷}Ð��*� 	uï�� ð����
Ä � ë1ù*ö.®3ñ ï�½�³ ï<íjð
�XÿEì:ö:õ<î�¹¯ì��]ì:ö:õ ³�½ ³��

> Ñ Á�� ³�� ½*í
Ä k���� ½�� ���

Ä*ì:õ}f è6û%õ1ò ð*í 	=í
� Å��%� ï í�½ ��³

� ��� î��uè6éj÷ ��³ ��½

�»� 
 � yQ� ½

�Nù É ÿEìPí
î¿�?&`Î�691A:B-D12>M/H@n8RN¯69SÆ�L<&'|I4/�Ç�V[h�V;:©5g>|S�S±<|N�/ 698�:B;A/Ã+9>�:B5�-DSWGÈ695¯/H@F<|12@�:4;2/*1A>�SA'�/3N
698*/9U�/.1A:B5QNE/.S±<|-D1�-J1&" -J1¸:B;2/n@?<?:=< 5.<|S7G�I0/w<|8y:y/3Nw/E<M+Y;]5g>�+�+H/.5�5 -PU9/W+�>�: V

ï9�=í



ô`ì	ÿEÿ�t=ó*ë ô`ìüòúùg�*ì�ù*ñ]ñ>ê
þpì	ûoõ>òúù=õVõ1ó É ìPñ>ó%î��Kÿ6ÿdñ]ø�ñ]õ>ì	þBù=õ1è6ö	ñ[ù*ë>ì`ù*ñ>ñ]ê
þpì	û;õ>ó É ìPõ>ò
ìüñ>ù*þpì�qwó*ë
4 � 
�Õ����Yù*÷
û,Ô Õ����DìE²uö	ì � õ�qwójë`ój÷
ì�&Nõ1ò
ì�ñ_ø�ñ]õ1ì:þ�ùWõ1èEö�qwë>ójþÖþpóuû%ì	ÿEè6÷
ékõ1ò
ì � ë>ó�û
ê
ö?õ1èEó*÷
ö	ë]ójñ>ñy�mñ]ì	ö:õ>èEój÷Bù=õ�ÿ6ó$ôRö	ì:÷dõ1ì	ëy�mówqì�Zþ�ù=ñ>ñXì	÷%ì	ë>é=øjî*�Ãò
è6ñzô¯èEÿEÿ É ìÃû
ì:ñ>ö:ë>è É ì	ûpèE÷��uì:ö:õ>èEój÷�	uî^ïjî^ï�ù=÷
û
èEñÃö	ù*ÿEÿ6ì	ûDõ>ò
ìxÈ]ÿEó�ô�É Ê�Ë�ñ]ø�ñ]õ>ì	þBù=õ1è6öGèE÷��Nù É ÿEìGí
îô½%î

�[ù É ÿEì:ñzí
îô³�ù*÷
û\í
î^ï��Kÿ6èEñ_õNõ>ò
ì�ì� pö:èEì	÷%ö:ø»qwó*ëXÔ Õ ����ìE�jì:÷3õ>ñPù%q�õ1ì:ë[ì<ù=ö!ò\ö	ê%õXè6ñzù ��� ÿEè6ì	û�è6÷
ñ>ê%ö	ö	ì:ñ>ñ]èEój÷�t�ù#q�õ1ì	ëüèE÷
ö:ÿEê
û
è6÷
é�ù=ÿEÿ�ñ]ö<ù*ÿ6ì�q�ù*ö?õ1ójë]ñüõ1òúùWõÃ÷
ì	ì:ûYõ1ó É ìkù ��� ÿ6èEì:û�õ1ó�õ>ò
ìkñ>è6þ�ê
ÿ�ùWõ1èEó*÷�î
�Nù É ÿEì:ñoí
î^ïjïBù*÷
ûyí%î6ï9�,ñ>ò
ó�ô õ>ò
ì�ñ>ù*þBì=qwójë�4 � 
qÕ �?�yì��*ì	÷dõ1ñ	qwó*ë'õ>ò
ìk> @ ��ï������kì��	t
õ!ù=÷�G��º	|� É ì	÷%ö!ò
þ�ù=ë ® � ójèE÷dõ	î

ï9��	



küê%õ Ô Õ���� Ô Õ ×�×
küë>ó*ñ>ñw�uì	ö?õ1èEó*÷ ��ø�ñ]õ1ì:þ�ùWõ1èEö|&Ãï��¿��µ

��ÿ6ì	ö?õ1ë>ó*÷B~ Æ tL� º � � � � �uö<ù=ÿEìrq�ù*ö:õ>ójëH&��uî¿½jð�³�¾ �%îô�%ï�ð
ÌXë]èEþBù*ë]ø���ì	ë_õ1ìE²xÌ ójñ>è^õ1è6ój÷ çúójë]ö	ì'ù*éjë]ì	ì:þBì:÷3õ

� ë>èEé*éjì	ë flì:èEéjòdõ¯ì��*ì	÷dõ1ñ�&üñ_øuñ_õ1ì:þ�ù=õ>èEö�ÍÌ��µ

Ð�� 
 ï��¿	utR�mñ]èE÷}Ð��*� Z W� Ó�ÌXø3õ>ò
è�ù�iüë]ì	ñ]òúù � ì	û
�XÿEì	ö?õ1ë]ój÷B¹�ì
�]ì	ö:õ>èEój÷AÓ4�Kù*û
ë]ój÷
ñ3i ��ø�ñ]õ>ì	þBù=õ1è6ö�&��uî¿��µ y��
�XÿEì:ö:õ1ë]ój÷B¹�ì
�]ì	ö?õ1èEó*÷lÓ4�XÿEì	ö?õ1ë]ój÷
ñ.i ��ö<ù*ÿ6ì1q�ù*ö:õ>ójëH&Ãïjîô³�¾ �%î ítÓ��n¾ �uï�µ�i

> Ñ Á����GìE� k����~�X÷
ì:ë>éjè6ì	ñQküójë>ë]ì	ö?õ1ì	û
Ä*ì?õ�f è6û%õ1ò ��ø�ñ]õ>ì	þBù=õ1è6ö�&��%îô³�µ �uê� pö	è6ì	÷dõKù*éjë>ì:ì	þpì	÷dõ

�Nù É ÿEìGí
îô½�&���>�S�S,<|N
/T698ÃU�<õN -R<&'|I4/35�)*;A/.NE/n<�5¯+E<|I0/
84<�+9:y6�NF6�N
<O5�/�5g:K/.S±<�:B-0+	)�<|5Q12/H+�/.5 53<|N�/w-
69N<)*;2/.N¯/�)�/}8P6�NE+H/�<#"�NE/�/.S�/.1A:�'�/9:*)*/H/31T@�<�:=< <õ12@k�yÎ�:B;�N¯6�>%"�;�:B;2/Q<�+H+H/KGÈ:=<õ12+H/�N¯/ÏÎH/H+�:B-0691
��691A:K/\Î*<õN I46±:K/H+Y;�1�-�Ð�>�/9V

ï9�*ð



küêuõ �È Bö:èEì:÷
ö:øAÓBµ�i y�ó
î��È�*ì	÷dõ1ñ
� ó*õ!ù*ÿIÔáÕ��?� �uïYtô³����

Ñ�¹oÓR�BÕ ×9i ���uî¿	 ��ï9�uï
� � � �3Á»ï���� ï�³%îô½ ï	í
ï��
�Xÿ6ì	ö:õ>ë>ój÷a~ Æ�· � º � � �Ì� ��	uîUð 	����

�×� � ë>èEé*éjì	ë ³��%îô½ íM	��
¸�¹¯ì��]ì	ö?õ1è6ój÷ ³��%îô� íM�*ð
�Q���4���`Á¶� ³��uî¿� í
ï�ð
çNèEû
ê
ö:è�ù*ÿ�Ä*ì:õ ��	uîô� ï<íM�
Ä*ì?õQ�(� 
 ï����kì�� ½�³%î í ï��%ï
º ïn�[ù*ê»�uì:ì	û ð*í
îô� ½*í%î¿�
Ð�� 
 ï���	 ï����uî¿� ���uî��

�Nù É ÿEì'í
îô³�&}'*),+.-4/312+�/�698�/¯<M+Y;À+9>�:�-JS7GÈ695E/�@»691sÔ Õ ����5 -JS,>�IR<�:K/H@~/9U�/.1A:B5HVkÒ´/¹<|IJ5¯6 ID-J5g:
:B;A/w1A>�SA'�/3NF6�8zÔ Õ����T/�U9/.1A:45¹/ÔÓ�GÈ/H+�:y/H@~<|8y:y/3Nw/E<M+Y;T+9>�:�V�Î�691A:B-J1A>�/�@�-D1U�·<2'|I0/rÇ�V6Õ*Ò�V

ï9���



�mñ>è6÷}Ð��*�3Ás���¿� �mñ]èE÷}Ð��*� 
 ���ô�

küê%õ �?5Nî�ÓPµ�i y�ó
î��È�jì:÷3õ>ñ �p5[î�ÓPµ�i y�ó
î��È�jì:÷dõ1ñ
�mñ]èE÷}Ð��*� ½*í
î^ï ���%î¿� ï9	uîô³ ï��uîUí
Ä � ë1ù*ö.®3ñ ½*í
îô� 	�³%îUð ½�	uîô³ ïjï*î¿�
�XÿEì:ö:õ<î�¹¯ì��]ì:ö:õoÓB��ù*ûLi ³�	uî¿	 ídð%îô� ³jð%îô� ½%îUð
�XÿEì:ö:õ<î�¹¯ì��]ì:ö:õoÓB�Xÿ6ì�i ïjî^ï �%î^ï�� �uîô� �%îô��	
>,ÑGÁ�� ³�½%î¿	 íM	uî¿	 ³�½%îUð ½%î¿	
Ä k���� ³��uîô� íjí
î¿� ³jð%îUð ½%î¿�
Ä*ì:õ}f è6û%õ1ò ³��uî¿� í��%î¿� ³��uî¿	 �uîUð
� Å��%� ï ³��%î^ï ���uîô³ ³��uîô³ �uî^ï
� ��� î��uè6éj÷ ³�³%îô½ ���uîô½ ï����uî¿� �uî^ï
�»� 
 � y�� 	*ð%îô½ í
îô�

�Nù É ÿEì'í
î^ï���&KÎ�691A:B-D12>M/H@´8RN¯69SÖ�L<&'|I4/�Ç�V0×MV�'*),+.-4/312+�/�698�/E<M+Y;�+�>�:�-JS7G*695¯/H@]691x4 � 
,Õ �?�

5 -DS�>�Iì<�:y/�@T/9U9/31A:B5gV©Ò�/W<|ID5E6�IJ-D5g:
:4;2/¹1A>�Sa'�/.NW698F4 � 
ÏÕ �?� /�U9/312:45�/�Ó�G*/�+9:y/�@�<õ8y:y/.NW/¯<M+Y;
+9>�: V

ï9��½



küêuõ �È Bö:èEì:÷
ö:øAÓBµ�i y�ó
î��È�*ì	÷dõ1ñ
�Nó*õ1ù*ÿØ4�Ês
�Õ���� ½����

� Ù Õ × ���uî¿	 ��½��

� � � ��Á ï���� �*ð%î¿	 ��	uî6ï
�Ãè6éjòdõQ��ÿ6ì	ö?õ1ë>ó*÷ íjí
î¿� ���%î��
�Xÿ6ì	ö:õ>ë>ój÷~� ë ®�î�~mñ>ó
î ½*í
îô½ �|½%î6ï
�×�O�Në]èEéjé*ì	ë ³%ïjîô� ��	uî�ð
¸Ù¹�ì
�]ì	ö?õ1èEó*÷ ³��%îô� �|�%î6ï
Ä �]ì:õ1ñ:Á�� ³jð%î í ���uî¿�
çNèEû
ê
ö:è�ù*ÿ�Ä*ì:õ í��%îUð ³uî6ï
Ä*ì?õQ� � 
 ï����kì�� ³��%îô� ½uî��
º ï7�Nù*ê]�uì:ì	û ð�	uî^ï 	�î¿�
Ð�� 
 ï���	 ï����uî¿� 	�î¿�

�Nù É ÿEìoí
î6ï*ï�&F'*),+.-4/312+�/j698�/E<M+Y;ñ+9>�:�-DSWGÈ695¯/H@T691�4rÊÚ
ÏÕ �?��5 -JS,>�IR<�:4-4691ÿV�Ò´/ <|ID5E6�ID-J5g:
:B;A/w1A>�SA'�/3NF6�8;4�Ês
DÕ �?�¸/�U9/.1A:45¹/ÔÓ�GÈ/H+�:y/H@´<|8y:y/3N
/E<M+Y;T+9>�:�V�Î�691A:B-J1A>�/�@,-D1L�L<2'õI4/rÇ�V6Õ�Ñ�V

ï9��³



küê%õ �mñ>è6÷}Ð��*�3Ás���¿� �mñ]èE÷}Ð��*� 
 ���ô�

�?5Nî�ÓPµ�i y�ó
î��È�jì:÷3õ>ñ �p5[î�ÓPµ�i y�ó
î��È�jì:÷dõ1ñ
�mñ]èE÷}Ð��*� ½��%î¿� í
îô� ï�³%î í ïjîô�
Ä � ë1ù*ö.®3ñ ½��uîô� �%î¿	 ½��%îô� �%îô½�	
�XÿEì:ö:õ<î�¹¯ì��]ì:ö:õoÓB��ù*ûLi ³�	uî¿� �uî¿� ³�	uîô� �%îUð*í
�XÿEì:ö:õ<î�¹¯ì��]ì:ö:õoÓB�Xÿ6ì�i ïjî í �%îô�%ï �%îô½ �%îô�����
> Ñ Á�� ³�½%î¿	 �uî¿� ³�½%î í �%îUð��
Ä k���� ³jð%îô³ �uîUð ³��uî¿� �%îUð%ï
Ä*ì:õ}f è6û%õ1ò ³��uî¿� �uî í ³��uîô� �%î¿	*ð
� Å��%� ï ³��uî¿� �uî¿� ³��uîô½ �%î¿	��
� ��� î��uè6éj÷ ³�³%îô½ �uî¿� ï����uî¿� �%î¿	��
�»� 
 � y�� 	�½%îô� �%îô���

�Nù É ÿEì�í
î^ï9�?&¯Î�691A:4-J1A>�/H@�8RN¯69SÛ�L<2'õI4/�ÇMV�ÕYÕ�VÈ'*)�+3-4/312+�/»698�/E<M+Y;»+�>�:�-DSWGÈ695E/�@,691�4 � 
�Õ��?�

5 -DS�>�Iì<�:B-0691�V<Ò�/
<|IJ5¯6¹IJ-D5g:�:4;2/Q12>|Sa'�/3N
698;4 � 
DÕ �?�¸/�U9/312:45¹/�Ó�GÈ/H+�:y/�@~<|8y:K/.Nw/E<�+Y;¸+9>�: V

ï����



Ü ÝßÞ�àâáxãMä å

æ ç ãMèÆá é ãÚè�ãNä©Þ�áHêØë¢è

ï��%ï



�Ãò
ì�Ìzø�õ>ò
è�ùYìE�jì	÷dõ'éjì:÷
ì	ë>ù=õ1ójëkè6ñkê
ñ>ì:ûlù=ñ�õ1ò
ì�ýúë]ñ]õGñ_õ!ù*éjì\è6÷Ïñ>è6þ�ê
ÿ�ùWõ1èE÷%é�ñ>è6éj÷úù*ÿ[ì��jì:÷dõ1ñ
ù*÷
û � ò3ø�ñ]èEö	ñy�mû
ó*þBè6÷úù=õ1ì:û	ìúù*ö.®3éjë]ójê
÷
û%ñ	î*�Ãò
ìÃö:ë>ójñ]ñzñ>ì:ö:õ1è6ój÷
ñ�ù*÷%û���kyñ1ù*þ � ÿEì:ñNõ>òúù=õ�ù*ë]ìüõ1ò%ì
ójê%õ � ê%õ`ówq�õ>ò
ìKñ_õ!ù*÷%ûúù*ë>ûkÌzø�õ>ò
è�ù � ù*ö.®Wù*é*ìK÷
ì:ì	û�ñ]ójþpì�þpóuû%è6ýúö	ù=õ1è6ój÷
ñ?ì�ì�qwójë]ì�õ>ò
ì�ìE�jì:÷3õ>ñÃù*ë]ì
� ù*ñ]ñ>ì:ûDõ1ò
ë]ójê
éjò�õ>ò
ì`íkçÈ�sû
ì?õ1ì:ö:õ1ó*ë�ñ>è6þ�ê
ÿ�ùWõ1èEó*÷�îá�Ãò%èEñüö!ò
ù � õ1ì:ë�ë>ìE��èEì:ô¯ñ�õ>ò
ìKþpó�û
è6ýúö	ù=õ1è6ój÷
ñ
þBù*û
ì*î

îSï � ð8æNæ³ñ9ä�æóò åtãHcSñ,ä¤_á^ `kñ´[�ä�d[æ|}±e e ä(_×dzã<âõô ãHa7a�æóö¨{oä�å�_Næ

÷ Â�q�ÂYq r ø<ø}r Ç¸Ê�¬�É�ÉEùYø(¨�z2«uúy¬�­

� ë]ìE�mñ]ê
þpþBì:ûsö<ù*ÿ6ö	ê
ÿEù=õ1è6ój÷,ówqXõ1ò%ìoö	ë]ójñ>ñKñ>ì	ö?õ1è6ój÷
ñ<qwó*ëKû
è6ë>ì	ö?õF��èEéjéjñ � ë]óuû
ê%ö:õ1è6ój÷sùWõKõ1ò%ì
� ì��=ù=õ1ë]ój÷�òúùg�jìAì�ì	ì:÷ � ì	ëPqwójë>þpì	ûUìdøñ�tèEö!òúù=ì	ÿ}� � èEë1ùLûô	#ü0î¸�Ãò
ì � ë>ó*éjë1ù*þþý ÿ ����� ù*ÿEÿ6ó$ô¯ñoù
ê
ñ]ì	ë\õ1ó�ì	ñ_õ1è6þ�ù=õ>ìDö	ë]ójñ>ñ�ñ]ì	ö:õ>èEój÷%ñ�ù*ñpùHqwê
÷
ö:õ>èEój÷�ówq�þBù*ñ>ñ�tPõ1ù*÷�GØù=÷
û�ó*õ1ò
ì:ë � ù*ë>ù*þBì?õ1ì:ë>ñ	î
yKù=èD�jì:ÿ6øwt ó*÷
ìBþpèEé*ò3õKõ1ò
è6÷�®nõ1ò
ù=õ'ñ>èEþ � ÿ^øsñ>ö	ù*ÿEè6÷
éYõ1ò
ìSÌzø3õ1ò
èEù9ö:ë>ójñ]ñ;ñ]ì	ö:õ>èEój÷�õ1ó,õ1ò%ì�ý ÿ �����
ö	ë]ójñ>ñ ñ>ì:ö:õ>èEój÷kô`ójê
ÿEû�ì�ì�ù*û
ì	�3êúùWõ1ì�õ1ó¯ì	ñ_õ1èEþBù=õ>ìzõ1ò
ì�ñ>è6éj÷úù*ÿ*ë1ù=õ>ì*îá��ó�ôüìE�jì:ë.twqwójëVùÃéjè��jì:÷W��èEéjéjñ
þBù*ñ>ñ�ý ÿ ����� éjèD�*ì	ñÃõ1ò
ì�

�������������Vö	ë]ójñ>ñ¯ñ]ì	ö:õ>èEój÷,ój÷%ÿ6øjî*� ��ê � ì:ë>ñ_øuþpþpì:õ1ë]èEön��èEéjéjñ � ë>ó�û
ê
ö:ì	û
ù=õ¯ÿEù*ë>éjì�õ1ù*÷�Glò
ù*ñKù\ñ]èEéj÷
è^ýúö<ù=÷3õÃô¯è6û%õ1òtù*÷
û9ù\õ!ù*è6ÿ�ù=õ�ÿ6ó$ô �=ù*ÿEê%ì	ñ¯ówq É �Ê���ñ>ì:ìoçNèEéjê
ë]ìn	uî^ï9i?î
�Ãò
ì:ë>ì�qwó*ë>ìwt�ñ>ö	ù*ÿEè6÷
ékõ1ò
ì<Ìzø3õ1ò
èEù'ö:ë>ójñ]ñüñ>ì:ö:õ>èEój÷�õ1óGõ1ò
ì3ý ÿ ����� ój÷%ì�ô`ójê
ÿ6ûBê
÷%û
ì	ë]ì	ñ]õ>èEþBù=õ1ì¯õ1ò%ì
ö	ë]ójñ>ñ�ñ>ì:ö:õ>èEój÷aì�ì	ö<ù=ê
ñ>ìGõ1ò
ìGów5L�mñ]ò
ì	ÿ6ÿ�ì��*ì	÷dõ1ñ�ôüó*ê
ÿEû9÷
ó*õ3ì�ì'ù*ö	ö:ójê
÷dõ1ì:ûxqwójë:î

�Ãò
ì�õ1ó=õ!ù*ÿ�ö	ë]ójñ>ñzñ]ì	ö?õ1èEó*÷\èEñNõ>ò
ì	ë]ì�qwójë]ì�ì	ñ_õ1è6þ�ù=õ>ì	ûoõ>ò
ë>ó*ê
éjò�õ1ò%ì�qwójÿEÿ6ó�ô¯èE÷
é � ë>ó�ö	ì:û
ê
ë]ì`ûô	|�%üCî

ï����



Mass (GeV)
30
�

40 50 60 70 80
"

90
#

100 110 120 130
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

Pythia

BW(M) x σ� (M)

ç[è6éjê
ë>ì�	uî6ï�& �×;2/,Cu"L>�NE/�5�;26%)*5»:4;2/´/ÔÓ�G*/�+9:K/H@ñS±<|5�5±@M-J5H:BN -*'�>�:4-4691s698<+Q-6"Y"�5B'�695E6�1�5¹G�NE6# 
@A>�+�/H@j@�-JNE/�+9:4I[/À<�:¹:B;A/x�A/9UE<�:4NE691�VLÒ�/�+H69S7G�<|N¯/�:4;2/�6M>�:JGÈ>�:F698�g,/ÿ:4;�-R<�h�V����%i©)*-P:B;§:B;L<?:
6u'�:P<|-J1A/H@O8RN¯69S :B;A/(S�/9:B;A6?@W-J1A:BN¯6?@L>�+H/�@�-J1]:B;�-D5w:4;2/.5�-J5	 È8P69I4@M-D1&"¹-J1,<¹5 -DSWG2I4/"!ÃN¯/.-=:� �ÒT-6"�12/.N
@M-D5g:BN�-
'�>�:B-46�1�)*-=:B;¸:4;2/QS,<|5�5  K@�/yGÈ/.12@�/.1A:(+3NE695�5}5E/H+�:B-0691�+¯<|I4+�>�IR<?:B-46�1�V
ç[è6ë>ñ]õ.t%ê
ñ]èE÷
é�õ>ò
ì1ý ÿ ����� � ë>ójé*ë1ù*þÖôüìGë]ì:õ1ë]èEìE�jì�õ1ò%ìkój÷?�mñ]ò
ì	ÿ6ÿ�ö:ë>ójñ]ñÃñ>ì	ö?õ1è6ój÷9ù*ñÃù	qwê
÷
ö?õ1èEó*÷Dówq
þBù*ñ>ñ¯èE÷Aì%èE÷
ñGï7�GìE� ô¯èEû
ì=î�y�ìE²�õ.t�ô`ìGö	ój÷%ñ]õ1ë]ê
ö:õKù\ñ>è6þ � ÿ6ìrÑüë]ì	è6õY�=f è6éj÷
ì	ëüñ>òúù � ì�&

#%$&��Å V i?� ° @ X �(')��Å V i �
*��Å V ]ñ° V@ X � i V,+ ° V@ X � ')��Å V i V � �B	uî6ï�i
��ì:ë>ì%tuÅ`V.-Eñ[õ>ò
ì¯þBó*þBì:÷3õ>ê
þ õ1ë1ù=÷
ñ�qwì:ëXówq�õ1ò
ìÃìE�jì	÷dõ	îÃ��-E÷
ö:ì�õ1ò
ì}�/-10�0jñ2-Eñ �43 óuû65
ö	7:ûBû4- 3 7:ö:õ1ÿ^øYt
Å V � Ê98;:47 3 7 É Ê<-1=�õ>:47\ö?7	÷dõ>7 3 �A@%qì�mþBù�=B=C7:÷47 3 0*øD@wq�õB:47�ö	@*ÿEÿ1-E=B-E@j÷GF
�H:4798;-6û%õ>:I-E=Kö�:4@�=J7	÷
õ>@=ìK7 �43 @ � @ 3 õ>-1@*÷úù*ÿ8õB@�Å V &

')��Å V i?�L')�B°�@ X � i Å V° V@ X � � �B	MF���i
')�P°�@ X � iN-E='õ1ù�®�7:÷lõ>@BìK7põB:47,�/-10�0�=O8;-6û%õ>:Ùq 3 @jþÛÌzø3õ>:6-�ùnùWõ;õB:47 � ù 3 ù*þP7:õB7 3 = � ù=ö	7 � @�-6÷3õ@wq"-E÷dõ>7 3 7?=]õQFO�H:67	÷�tIõ>:67pþBù�=J=Y�mû67 � 7	÷
û47:÷dõoö 3 @�=J=R=J7	ö?õ>-1@*÷S-E=1qT@jÿEû67	ûD-E÷dõB@,õB:47=Ñ 3 7	-6õY�=fU-E0j÷47 3

V ���



=B:
ù � 7WF)XY@ 3;Z 0�-D��7?[xì6-1[\-1[BÅ V t4]>:47N^ 3 @�=J=_=J7	^?]B-1@�[\-E=H0�-D��7	[Bì�`A&
a6b�cTdAegf ��Å Vh ijilk Z�3 ^�] Z [ Å V m ]ñ° Vn° n '"��Å V i ] Z�3 ^?] Z [ Å V · ]j° Vn° n ')��Å V i�o �qpMF¿��i

8;:47 3 71Å m ��Å · ir-1=.]>:67s54t4tK7 3 �vuE@(8"7 3 i.7?w40�7_@wqG]>:67_x Z =B=Fì4-E[GFr')��Å V �Ì° n ir-1=r]B:471Ìy`�]>:4- Z8;-1wM]>:LqT@ 3%Z 0�-D��7	[ >A@ Z [6wz] Z [3G.F�f{7|=J54x}-E[ V�~ 7?� ì4-E[4=»q 3 @�xÖÅ`VS�}�T�����R�(�WiPV9]B@
Å`Vk���B�������R�(�Wi�V�FIXY@ 3 >A@Ú� V ��� ~ 7�� Z ]�] Z [�G ��pW�&ty]>:47�������� ^ 3 @�=B=y�A=J7	^?]B-1@�[LqT@ 3
4 + 
�t 3 @�w454^�]>-E@�[\-1= V ����F���½9t&ìGF�H:47 3 7\-1= Z =J-10�[6-E��^ Z [�]%54[4^?7 3 ] Z -1[�]A`{-1[{]B:47 3>Z ]B7�@wq��/-10�0�=�t 3 @�w454^�]>-1@�[z-1[{]B:47 3 7?0�-1@�[@wqsu1@�8 É �Ê�F��H:47�u1@�8�] Z -1uj=J7	7?[�-1[�X2-10�5 3 7�pMF V @ 3 -10�-1[ Z ]B7	=	q 3 @�x Z =J]>7?7	t4u�` q Z u1uE-1[40�^ 3 @�=J==B7?^?]B-1@�[¥qT@�uEw47	w<-1[98;-�]>: Z [<-1[6^ 3 7 Z =B7;-E[Pt Z�3 ]B@�[<u154xP-1[4@�=B-E]B-17?= Z ].=Jx Z u1u6xP@�xP7	[�]>56x�] 3>Z [4=PqT7 3 t
qT@�uEw47	w�-1[�8;-E]B: Z ì 3 @ Z w§�_-10�0�=%8;-1w6]B:GF©fU:67	[�8"7�56=B7\]>:47\xP7?]>:6@Mw�@�56]Bu1-1[67	w Z ìK@9��7�]B@@Yì6] Z -1[ Z Å V w47?t�7?[4w47?[�]j^ 3 @�=B=�=J7	^�]>-1@�[�t�]B:47s=J-JÏ?7s@wq�]>:47/] Z -Eu�-1=Fì�7�]A8�7?7	[�]>:6@�=B7�q 3 @�x¢Ìy`�]>:4- Z
Z [4w ~A= Z �J7�]Bû����%ü�F´f�7�] Z ®�7�]B:47�=J`�=�]>7	x Z ]B-1^�7 3B3 @ 3 @�[{]>:47,�_-10�0�=�^ 3 @�=J=9=B7?^?]B-1@�[{]B@HìK7�]>:67tK7 3 ^?7	[�] Z 0�7sw4-65�7 3 7?[4^	7�ì�7�]A8�7?7	[�]B:47/]B@�] Z u�7� P^	-E7	[4^�`�@%q Z u1u6@wqG@�5 3 ^?56]>=)8;:47	[P]A8�@9w6-�5�7 3 7?[�]
Å`Vjw47	tK7	[6w47	[�];^ 3 @�=B=�=B7	^�]>-E@�[4= ZW3 7s56=B7	w�&.� 3 =J].tM]B:47s@�[67<q 3 @�x&]B:47s=�] Z [6w Z�3 w�Ìr`�]B:4- Z @�56]>t45M]
Z [4w|=J7	^?@�[4w�t6]B:47O@�[47s@Yì6] Z -1[47?wkq 3 @�x �r��5 Z ]>-E@�[4=;p�F V Z [4w pMF¿�MFÈ�j]�>A@B� V ���6¡J] Z [�GH�¢p��&t]>:6-1=j54[6^	7 3 ] Z -E[�]A`�-1=(��µ�F*�j]H:4-10�:47 3 x Z =J= Z [4w|:4-E0�:47 3 ] Z [�G�t�]>:4-E=j=J`�=J]B7	x Z ]>-E^O^ Z [AìK7	^?@�xP7��54-E]B7N=B-10�[4-E��^ Z [�]QFÈ�j]�>A@B� V ���&t6] Z [�GH�Ì½��%]>:47N=�`M=�]>7?x Z ]B-1^O-E=}����µ�F

V ���



sin(∆φ)
-1 -0.8 -0.6 -0.4 -0.2 -0 0.2 0.4 0.6 0.8 1

P
T
 (

G
eV

)

0

5

10

15

20

25
930
�35
�40

45
J50

X2-E0�5 3 7spMF¿�?&?+�-�"Y"�5"£¥¤�G2I46�:�:y/H@�<#"�<|-D1�5g:�:B;A/�<%$�-JS�>�:4;L<|I2<|1&"�I4/�'�/9:*)*/H/31¸:B;2/F:=<�>�@�<�>%"�;A:y/3N 5HV
÷ Â�q�ÂP¡ ÅOÊ�Æ�­QÉ�¦�¨�Ê�É�¨ ru¬)§ ¨�­�«?tC§ ¨ÚúyÉM«?Ê2úA©wt�«uúy¬�­QÉ

~g]ª-1=¥-1xPt�@ 3 ] Z [�]�]>@/t 3 @�tK7 3 uE`sx�@�w47	u�]B:47�ì�@�=B@�[3Z ¤ w6-1=J] 3 -�ì456]>-E@�[4=«-E[7�/-10�0�= Z [4w%¬�7���7	[�]>=�tt Z�3 ]>-E^	54u Z�3 u�`N-1[�]B:47j[4@�[��
ì Z ^.®���]>@|�*ì Z ^.® 3 7	0�-1@�[�8;:67 3 7j]B:47jx Z =B=,]>7	^�:6[4-1��547H-E=254=J7	wGFÈ�_=r=B7?7	[-1[�X2-E0�5 3 7�pMF¿�ut�]B:47=Z ¤ w4-E=J] 3 -!ì45M]>-1@�[�-E=�=�] 3 @�[40�u�`�^	@ 3J3 7?u Z ]B7	w�8;-�]>:­]>:47»Ð��Uw4-E=J] 3 -!ì656]>-E@�[�t8;:4-E^�: Z 5�7?^?]B=�]>:47�x Z =J= 3 7	=B@�u156]B-1@�[ Z [4w�]>:67 3 7?u Z ]B-D��7 3>Z ]>7	=�@wq`ì Z ^.®��g]B@|�
ì Z ^.® Z [4w�[4@�[��
ì Z ^.®���]>@|�*ì Z ^.®|7���7	[�]>=?FHX2-E0�5 3 7OpMF¿�<=B:6@(8;=/]>:47�Z6¤�w4-1=�] 3 -!ì456]B-1@�[|@%q,]B:47`4���>A@B� V ��� ~ 7?�Fi
Z q�]B7 3 ]B:477�g=B-1[}Ð��È��®����ô�s^?56]r-1=,-1xPt�@�=B7	w Z [4w98"7j=B7?7j]>: Z ] Z �g=B-1[}Ð��È��®����ô�s^?56]r@�[�]B:47�] Z 5w Z 560�:�]>7 3 =H@wq¥]>:47
�_-10�0�=j-1= Z t4t 3 @g²6-Ex Z ]>7	u�`P7	��54-D� Z uE7	[�]j]B@ Z ^	56]H@%q ZM¤�® V p ~ 7��¯-1xPtK@�=B7?w@�[|]>:67Rt Z�3 7?[�]w�_-E0�0�=�ìK@�=J@�[4=	F

~A[�]>:67�:4-E0�:?�g] Z [�G 3 7	0�-E@�[�@%qOt Z�3BZ x�7�]>7 3 =Jt Z ^	7 3 7?u17�� Z [�]�]>@�]B:4-1=<]>:67	=B-E=.tj]B:47�w4- 3 7?^?]��t 3 @Mw456^?]>-E@�[�t 3 @M^?7	=J=/@�^	^?5 3 =Ht 3 7	w6@�x�-E[ Z [�]>u�`<]>: 3 @�540�: Z ] 3 - Z [40�54u Z�3 ì�@�]J]>@�x°��5 Z�3 ®�u1@�@�t Z =-1[�X2-E0�5 3 7��MF±�{�v-1[I]>:67���] Z [4w Z�3 wñ��@�w47?u�t¥]>:47Pt 3 @�^	7?=B=�@M^?^	5 3 =�t 3 7	w4@�xP-1[ Z [�]>uE`�]>: 3 @�540�: Z
V ��p



PT
²  (GeV)

0 5 10 15 20 25 30
�

35
�

40 45 50
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04
  |sin(∆φ)|>0.3

X2-E0�5 3 7_pMFô��&r£«¤´5=GÈ/H+�:BNH>�S 6�8á@M-JN¯/H+�:BI[/¹G�NE6�@A>�+�/H@�+�-�"Y"�5�'�695E691�5(<|8y:K/.NÃ<��A=J-1[}Ð��*��®����ô��+9>�:
;L<|5('�/H/31]-DSWGÈ695E/�@AV
]>@�t9��5 Z�3 ®�u1@�@�tLi³Fª�H:67pZ ¤ w4-1=�] 3 -!ì456]B-1@�[�@wq�]>:67(�_-E0�0�=³ì�@�=J@�[4=,q 3 @�xl]>:47j7E��7?[�]B=r0�7	[67 3>Z ]>7	w<-E[
Ìy`�]>:4- Z�Z�3 7N^ Z uE^	54u Z ]>7?w Z =B=B56x�-E[40%]>:47Rt 3 @�^	7?=B=/@M^?^	5 3 =H]>: 3 @�540�: Z ]B@�t���5 Z�3 ®|uE@M@�t¼t67���7	[�-6q]>:67j^	@�56t4u1-E[40�=2: Z ��7�ìK7	7	[<=J7?]y]B@ 3 787�7	^�]r]>:47j7?[4: Z [6^	7	w<^?@�54t4uE-1[40�=¥]>@rìK@�]J]>@�xO�g]A`�tK7FqT7 3 xP-1@�[4=-1[­]>:67�:4-E0�:?�g] Z [�G 3 7	0�-E@�[ û´���wüqF¶f�7�^	@ 3B3 7?^?]SqT@ 3 ]>:4-E= Z =�x954^�: Z =�tK@�=B=J-!ì4uE7aì�`�54=J-1[40 Zt 3 @�0 3>Z xl8 3 -E]J]>7	[»ì�`�µO7	-�]>:O�ru1uE-1= Z [4w¥~ Z [O�_-E[4^�:4u1-65�7Nû���½%ü�t�8;:4-1^�:%tK7 3 qT@ 3 xP= Z t�7 3 ]>5 3 ì Z ]B-D��7^ Z u1^	56u Z ]B-1@�[©qT@ 3 ]B:47�w6-�5�7 3 7?[�]>- Z uy^ 3 @�=B=�=B7	^�]>-E@�[S]B@�@ 3 w47 3�¶ª·� 8;-�]>: Z � Z�3 - Z ì4uE7%��5 Z�3 ®Dx Z =J=-1[I]>:67P] 3 - Z [40�54u Z�3 u1@�@�tGFP�H:47�tK7 3 ]>5 3 ì Z ]B-D��7P^ Z u1^	56u Z ]B-1@�[I-1=F� Z uE-1wI-1[I]>:47 3 7?0�-1@�[BZ n¥¸º¹»¹ �¤ ®¼
V p ~ 7��9F×�s=9: Z =»ìK7	7	[�tK@�-E[�]B7	w�@�56]�t,]>:4-E=�^	5M]9-1=R[47 Z�3 u�`�7?��54-D� Z uE7	[�]�]B@�]>:67 3 7?��56- 3 7?x�7?[�]
�A=J-1[}Ð��*�,®&���ô�6F�½_=J-1[40�]>:47 Z ^	^?7	t6] Z [4^	7 3 7��J7?^?]B-1@�[ ��@�[�]>7E�yk Z�3 uE@�xP7?]B:4@Mw¼t,]>:67,�_-E0�0�=3Z ¤w4-E=J] 3 -!ì45M]>-1@�[4=_-E[�]>:67 3 7?0�-1@�[SZ nª¸º¹»¹ �¤ ® V p ~ 7?� Z�3 7»qT@ 3 ^	7	w�]B@�x Z ]>^�:�]B:4797E²MtK7	^�] Z ]B-1@�[HqT@ 3
Z p ~ 7��&��5 Z�3 ®�-E[�]>:47<uE@M@�txq 3 @�x�]>:47��ru1uE-1=Y�K�_-E[4^�:4u1-65�7Nt 3 @�0 3BZ x�F��H:47	[¼t,: Z ��-1[60�=J7?]N]>:67@���7 3>Z uEu/^ 3 @�=J=�=J7	^?]B-1@�[�54=B-E[40I]>:47�x�7�]>:4@�w�@�56]>uE-1[47?w�-E[��M7?^?]B-1@�[�pMF V F V t Z [4w�=B-E[4^	7�]>:47=Z ¤

V ��¾



pT
²  (GeV)

0 5 10 15 20 25 30
�

35
�

40 45 50
0

5

10

15

20

25
930
� 

Pythia

CDF Measured

 

X2-E0�5 3 7OpMF���&.£¥¤»5=GÈ/H+9:4Ng>�S 698y¿s'�695E691�5�<|5(S´/¯<|5g>|NE/H@�'8/{Àperns+H69S7G�<|N¯/H@x)*-=:4;�:B;L<?:È8RNE69S
g;/ÿ:B;�-ì<�V
w4-E=J] 3 -!ì45M]>-1@�[�-E=;=J] 3 @�[40�u�`\^	@ 3J3 7?u Z ]B7	w\8;-E]>:�]>:477Ð��Iw6-1=J] 3 -�ì456]>-E@�[�t6]B:4-1=/0�-���7	=/54=/]>:47Rt 3 @�t�7 37� P^?-17	[6^?`AqT@ 3 ]B:47,�A=B-E[}Ð��*��^	5M]QF
îSïBÁ Â Ã dá^�ÄBñ�Å�_,ÆH^9Ç
�H:47rZ ¤ w4-1=�] 3 -!ì456]B-1@�[�@wq.]>:47P¬ ìK@�=B@�[6=1q 3 @�xÈ¬ �
É�ÊCË ���<7���7	[�]>=R: Z =rìK7	7?[SxP7 Z =B5 3 7	w

ì�`]kjÌOX û´��p#ü«-E[|]>:47 3 7?0�-1@�[�¾�¾ �MÍ�Î|Ï ° �P� Ï V ¾�¾ ��Í�Î F�~A[�X2-E0�5 3 7NpMF±�2t48�7N^?@�x�t Z�3 7O]>:67xP7 Z =J5 3 7?w©¸�Z ¤ w6-1=J] 3 -�ì456]>-E@�[4=�]B@%]>: Z ]�q 3 @�x ¸Dt 3 @Mw456^?]>-E@�[Aq 3 @�xÆÌy`�]B:4- Z ¾6F¿�����6F?¸�ìK@�=B@�[4=
q 3 @�xÖÌy`�]>:4- Z ]>7?[4w�]B@�ì�7�]>@�@D=B@wq�]	F��H:47 3 78qT@ 3 7%t"54=J-1[40�]B:47 Z ^?^	7	tM] Z [4^?7 3 7��J7?^?]B-1@�[©��@�[�]B7
k Z�3 u1@�xP7?]B:4@Mw�@�[�ì�@W]>:�]B:47<¬ �
É�Ê_Ë Ð6Ð Z [4wS¬ �
É�Ê/Ë ���P= Z xPt4u17?=.t�8"7	qT@ 3 ^	7 Z 0 3 7	7?x�7?[�]
ìK7?]A8"7	7	[Ñ]B:47T��kÒ7E��7	[�]B= Z [4w�]B:47�xP7 Z =J5 3 7?w�=BtK7	^�] 3 54x�FÔÓC[4uE`­7E��7	[�]B=\]B: Z ]�u1-E7�-E[�]>:67xP7 Z =J5 3 7?w 3 7	0�-E@�[D¾�¾ ��Í�ÎDÏ °¸�P� Ï V ¾�¾ �MÍ�Î Z�3 79=J52ìR�J7?^?]N]>@ 3 7��J7	^�]>-E@�[�=B-E[4^	79]B: Z ]O-E=s]>:67

V ���



3 7?0�-1@�[�8;:47 3 7_]B:47 ZM¤�w4-1=�] 3 -�ì456]B-1@�[%8 Z =jxP7 Z =J5 3 7?wGFr�H:4@�=J7s@�56]B=B-Ew47_]B:47_8;-E[4w4@�8 Z�3 7/u178q�] Z =]>:67?` ZW3 7�F�X2-E0�5 3 7%pMF�� Z u1=B@�=B:4@�8;=O]>:47�¸HZ ¤ w4-E=J] 3 -!ì656]>-E@�[4=<q 3 @�xõÌr`�]B:4- Z\Z q�]B7 3OZ 0 3 7	7?x�7?[�]: Z = ì�7?7	[�qT@ 3 ^	7?wGFr�H:4-1=�^	@ 3J3 7	^�]>-E@�[�x Z ®�7?= Z =J-10�[4-���^ Z [�]"w4-65�7 3 7	[6^	7C-E[�]>:67 3 7?u Z ]B-D��7 3>Z ]>7	="@wq
ì Z ^.®���]>@|�*ì Z ^.® Z [4w<[4@�[?�*ì Z ^.®��g]B@|�
ì Z ^.®�7���7	[�]>=?F�Ñ�7�qT@ 3 7j]>:67H^	@ 3J3 7	^�]>-E@�[�tM����µl@wqY]B:47�¸�7���7?[�]>=
q 3 @�x�Ìy`�]>:4- ZOZ�3 7�-1[�]B:47H[4@�[?�*ì Z ^.®��g]B@|�
ì Z ^.® 3 7	0�-E@�[��v:67 3 7%t�w47?�4[47	w=ì�`�Z W¤ ® V p ~ 7?�Fi�F���q�]>7 3]>:67R^?@ 3B3 7	^�]>-1@�[�tL��¾�µ°@wq,]B:47N7���7	[�]>= Z�3 7O-E[\]B:47N[4@�[?�*ì Z ^.®��g]B@|�
ì Z ^.® 3 7?0�-1@�[GF
÷ Â=¡�ÂYq ¢<Õ6Ö"×O£ Ø2Ø

kjÌOX 3 7	tK@ 3 ]>=C]>:67P^ 3 @�=J=N=B7	^�]>-E@�[�qT@ 3 ¬ �
É Ê Ë ���P-1[�]>:67 3>Z [40�7<¾�¾ ��Í�ÎSÏ °��B� Ï V�V ¾
~ 7?�Ù]>@�ìK7S�P�W��½�¾ V�V t2ìLiAû´��p#üqFÀf�7 Z =B=B56x�7|]>: Z ]%]>:47|^ 3 @�=J=<=B7	^�]>-E@�[sqT@ 3 ¬ �
É Ê Ë ÐMÐ
-1=N-Ew47	[�]>-E^ Z u Z [4w{=J^ Z uE7%]>:47P0�7	[67 3>Z ]>7	wz¬ Ë Ð6Ð = Z x�t4uE7%]>@\]>:4-E=R^ 3 @�=J=�=J7	^�]>-1@�[GF��M-E[4^	7%8"70�7?[47 3BZ ]>7P¬ Ë Ð6Ð 7E��7	[�]B=N8;-�]>: �Ê<®Ô��� ~ 7?�»t�8"7%[47	7?wS]B@ Z ^	^?@�54[�]rqT@ 3 ]>:47%^ 3 @�=J=O=B7	^�]>-E@�[
q 3 @�xÚ7���7	[�]>= ì�7�`�@�[6wP]B:47;x�7 Z =B5 3 7	w 3>Z [40�7�� Z =y8 Z =.w4@�[673qT@ 3 ]>:47;0�7?[47 3BZ ]>7?w±�/-10�0�=r7���7?[�]>=.i³F�H:47R^ 3 @�=B=y�A=B7?^?]B-1@�[\]>: Z ]H8�7R54=B7N-E=	Û
a � É �ÊN®���� �MÍ�Î i?� a �vÜ�ÝMÞK¡>¾�¾ Ï ° �P� Ï V�V ¾ ��Í�Î iji a �Tß�à�á�â�ãWä�¡ É �ÊR®���� ��Í�Î ia ��ß�à�á�â�ãWäY¡B¾�¾ Ï É �Ê Ï V�V ¾ ��Í�Î i�qpMF���i8;:47 3 7 a �qÜ�Ý�ÞK¡>¾�¾ Ï °¸�P� Ï V�V ¾ ��Í�Î i�-E=�]>:67�kjÌOX�x�7 Z =B5 3 7	w�¬{^ 3 @�=B=¥=B7?^?]B-1@�[GF a ��ßMà�á�â�ãWäK¡>åNæ-1=j]B:47N^ 3 @�=B=/=B7?^?]>-E@�[Aq 3 @�xç]>:47N=J] Z [4w ZW3 wxÌr`�]B:4- Z @�56]Bt456]/-1[|]B:47 3>Z [40�7Nå9F
�M-1[6^	7�]B:47<èjÌOX�xP7 Z =J5 3 7?wD^ 3 @�=B=O=J7	^?]B-1@�[D-E=s54=J7	wD]>@�=B^ Z u17�]B:47=¸ ��èÔ= Z x�t4uE7	=/]>@�]>:67V ��½



7E²MtK7	^�]>7	w 3>Z ]B7 Z ]9èjÌOX tG]>:47<=J`�=�]>7	x Z ]B-1^<7 3J3 @ 3 @�[I]>: Z ]�xP7 Z =B5 3 7	xP7	[�]�0�-D��7?=N54= Z [�7 3B3 @ 3@�[�]B:47I¬È^ 3 @�=B=|=J7	^�]>-1@�[4=|54=B7?wGF��H:47SèjÌOXÚxP7 Z =J5 3 7?x�7?[�] 3 7	tK@ 3 ]B= Z �4F±�Mµé=J`�=J]B7	x Z ]>-E^7 3J3 @ 3 @�[­]B:47|^ 3 @�=B=<=J7	^?]B-1@�[�8;:4-E^�:­-1[4^?u154w47?= Z �4F V µê=J`�=�]>7	x Z ]B-1^�q 3 @�xê]B:47\7 3B3 @ 3 @�[�]>:67u156x�-E[4@�=B-�]A`�F��M-1[6^	7H]>:4-E=ru154xP-1[6@�=B-�]A`�=�`M=�]>7?x Z ]B-1^H-E= Z ^	^	@�54[�]>7	w�qT@ 3 =B7?t Z�3BZ ]>7?uE`%-E[<]B:4-1=y]B:47	=J-1=�t8"71q Z ^?]B@ 3 -�]j@�56]�=B@%[4@W]j]>@9@���7 3 �g^	@�56[�]	F.�H:47	[�t4]B:47C=�`M=�]>7?x Z ]B-1^C7 3B3 @ 3 @�[�]B:47C^ 3 @�=J=H=B7	^�]>-E@�[-1=�ë �T�4ì±�Mµ<æ V ]��T�4ì V µ<æ V � V ì�í�µ¢qT@ 3 7 Z ^�:�@wq.¬ �
É�Ê.ËîÐ6Ð Z [4w�¬ �
É�Ê)Ë ����F
÷ Âgï�Â�ï ð<Õ6Ö"×%ñ ò6ò

ó -1[6^	7O]>:47�¬ �(É Ê Ë ���R= Z xPt4uE7C8 Z =;0�7?[47 3BZ ]>7?w�8;-�]>: Z É �ÊN®Ñô��%^?56]�t4]B:47N^ 3 @�=B=/=B7	^�]>-E@�[]>: Z ]"8"7C54=J7<qT@ 3 ]>:6-1=)t 3 @�^	7?=B=�-E="=J-1xP-1u Z�3 ]>@R]>: Z ]�w47?=B^ 3 -!ìK7	w|-E[ ó 7	^?]B-1@�[�pMF�ôMF V 8;-E]B: É �ÊR®����~ 7?� 3 7?t4u Z ^?7	w|8;-E]B: É �ÊN®Ñô�� ~ 7?�9Û
a � É �ÊN®Ñô�� ��Í�Î æ?� a �qÜ�Ý�ÞY¡>¾�¾ Ï�õ�ö�öjÏ V�V ¾ ��Í�Î æ"i a �Tß�à�á�â�ãWäK¡ É �ÊR®ÑôW� �MÍ�Î æa ��ßMà�á�â�ãWäK¡>¾�¾ Ï É �Ê Ï V�V ¾ ��Í�Î æ ì�qpMFºp�æ
îSï�÷ ø{ù ñ ú ù ñ\û9ü<ý,þ;ÿ��
�U:47	[ Z ¬Ú@ 3�� -10�0�=1ì�@�=B@�[Dw47?^ Z `�=R]B@�]A8�@|] Z 54=��G]B:479] Z 54=C^ ZW3B3 `�-1[��T@ 3 x Z ]>-E@�[ Z ì�@�5M]]>:67�=Jt4-1[S@	�j]B:47	- 3 t Z�3 7?[�]	F
��7�54=J7���
 ����� 
 û´��ô#ü�� Z =B@���]A8 Z�3 7�xP@Mw654u17��¥]B@�t 3 @�tK7 3 uE`�] 3 7 Z ]]>:67_7���7?^?]j@���]>:67_t ZW3 7	[�] ì�@�=B@�[�t�@�u Z�3 -�� Z ]B-1@�[%@�[P]B:47/] Z 5�uE7	t6]B@�[���-E[47	x Z ]B-1^	=?F2�H:47_7���7	^�]�-E=]>: Z ] � -E0�0�=C�v=Bt6-1[\��æ.7���7?[�]>=H]>7?[4w|]>@9t 3 @Mw654^	7O@�[67s] Z 5�8;-�]>:�: Z�3 wS�T:4-10�:���� ¤ æ��M-E=B-�ì4u17_w47	^ Z `

V��! 



t 3 @Mw456^?]>= Z [4w<@�[47j8;-E]B:<=B@	��]"��-E=B-!ì6u17jw47?^ Z `%t 3 @Mw654^?]B=	F�#|7���7	[�]>=.]>7?[4w%]>@Nt 3 @�w454^?7j] Z 5<t Z - 3 =8;:47 3 7N]>:47���-1=J-!ì4uE7Cw47	^ Z `\t 3 @�w454^�]>=$� 3 @�x�7 Z ^�: Z�3 7N7?-E]>:67 3 ìK@�]>:�: Z�3 w�@ 3 ì�@�]B:�=J@	��]QF

V ���



% &('*),+.-0/ 1

2 '*34- 5 '7683:94/xë<;�è(=?>

V � V



�H:47�ì Z ^@��0 3 @�56[4w4=.]>@BA�C!D ËîÐ6Ð =B-10�[ Z u Z ]�èjÌOXDx Z `¥ìK7/w4-���-1w67	wP-1[�]>@O]A8"@�^ Z ]>7	0�@ 3 -E7	=	Ût4:�`�=B-E^	=E�gw4@�xP-1[ Z ]>7	wsì Z ^@��0 3 @�54[4w6= Z [6w�w47�]>7	^�]>@ 3 �Aw4@�x�-E[ Z ]>7?w ì Z ^@��0 3 @�54[4w4=?F��H:47F�T@ 3 xP7 3-1[6^	u156w47C¬ ËîÐMÐ Z [4w|¬GC É�Ë ����Fr�H:47Ct 3 7	w4-E^?]>7?w 3>Z ]>7	=H�T@ 3 ]>:47?=B71ì Z ^@��0 3 @�54[6w4=j: Z ��7�ì�7?7	[w47?=B^ 3 -!ìK7	w�-E[­è�: Z t6]B7 3 �6F�ÌC7?]B7	^�]>@ 3 �Aw4@�xP-1[ Z ]>7?w ì Z ^@��0 3 @�54[4w6=%^	@�xP7I� 3 @�x�7���7?[�]>=%8;:47 3 7u17?t6]>@�[4= Z�3 7
� Z ��7?w ì�`LíNèjÌKJJ7?]>=?FML.-�]>:47 3 ]>:67�7	uE7	^?] 3 @�[�^ Z [4w4-Ew Z ]B7�@ 3 ]B:47|: Z w 3 @�[4-E^�] Z 5^ Z [4w4-1w Z ]>7��6@ 3 ìK@�]B:N�4x Z `SìK7O� Z ��7?waì�` Z JJ7?]	Fr�H:4-1=H^ Z [|@M^?^	5 3 -E[
� + JJ7?]B=H7���7?[�]>=;@ 3 íNèjÌ7���7	[�]>=?F)XY@ 3 7QP Z x�t6u17	��-E[�=J@�xP7�íNèjÌU7���7	[�]>=�� ZR3 7 Z u�7?u17?^?] 3 @�[R� 3 @�x Z ^	@�[S��7 3 =B-1@�[�t Z - 3 x Z `
ìK7�-1w67	[�]>-���7	w Z =_]B:47�� 3 =J]s] Z 5�^ Z [4w4-Ew Z ]B7�8;:4-Eu17 Z�3 7?^	@�-Eu�JJ7?]O� Z ��7	= Z : Z w 3 @�[4-E^�] Z 5GF/X 3 @�x$ Ë �UT + JJ7�]>=�7���7?[�]B=��r8"7�x Z ` Z u1=B@�@Yì4=J7 3 ��7 Z\3 7 Z u"7?u17?^?] 3 @�[ Z [4w Z � Z ��7�: Z w 3 @�[4-1^%] Z 5
� 3 @�x Z�3 7?^	@�-Eu!JJ7�]QF ó @�x�7�íNèjÌÔ7���7?[�]>=Hx Z `<^?@�[�] Z -E[kìK@�]>: Z � Z �W7s] Z 5 Z [4w Z � Z ��7_7	u17?^?] 3 @�[GF�H:47�@�[4u�`Uì Z ^@��0 3 @�54[4w�8;:6-1^�:�^?@�54uEw�tK@�]>7?[�]>- Z u1uE`{0�-���7 ZS3 7 Z u;: Z w 3 @�[4-E^|] Z 5 Z [4w Z � Z �W77	uE7	^�] 3 @�[�-E=/$ ËîÐ T + JJ7?]>=���8;:4-1^�:\8�7N: Z ��7�=J:4@�8;[.� 3 @�xWV�èU=J]>56w4-17?=;]B@IXK7O-1[6=B-10�[4-E��^ Z [�]QF�H:47 3 7��T@ 3 7�w47�]>7?^?]>@ 3 �Aw6@�x�-E[ Z ]B7	wYX Z ^@��0 3 @�56[4w4= Z�3 7�7?[4^	@�xPt Z =J=B7?wZX�`I]B:47I�T@�uEu1@�8;-1[60\]B: 3 7?7^ Z ]>7	0�@ 3 -E7	=	Û27���7?[�]>=;^	@�[�] Z -1[4-E[40 Z ^	@�[[��7 3 =J-1@�[\t Z - 3�Z [4w Z�3 7?^	@�-Eu[JJ7�]\�4$ Ë �UT + JJ7�]>=H7���7	[�]>=��
Z [4w%7���7?[�]B=.^	@�[�] Z -1[4-E[40 Z JJ7�]y]>: Z ]�� Z �W7	= Z [%7?u17	^�] 3 @�[GF�]_u1u�@	��]>:67	=B7H^?@�[�] Z -E[ Z � Z �W7j: Z w 3 @�[4-E^] Z 5GF

Lr=J]>-Ex Z ]>-1[60�]>:47 3>Z ]>7<@	�"7 Z ^�:�@	�"]B:47	=J7�=J@�5 3 ^	7	=�-1[4w6-���-1w45 Z u1u�`\-1=Nw4-�^P^?54uE]��T@ 3 ]A8"@ 3 7 Z �=B@�[4=	F|X,- 3 =�]\�¥8�7 Z�3 7�[4@W]�^?@�[6��w67	[�]9-E[S]B:47�=J-1x956u Z ]B-1@�[D@	�"]>:47<] Z 5Y_»Ì`� Z�3 - Z X6u17	=a�T@ 3 JJ7�]>=��=B@%@�[47C^ Z [4[4@�]bJJ56=J]H0�7?[47 3BZ ]>7s7 Z ^�:\t 3 @M^?7	=B= Z [4w|^	@�54[�];:4@�8Lx Z [�`�7���7?[�]>=;t Z =J=�]>:47 Z [ Z u�`S�
V ��ô



=B-E=9^	5M]>=	F ó 7	^	@�[4wN�r8�7�: Z ��7 Z ]J]>7	xPt6]B7	wz]>@�54=B7|w Z ] Z ^?@�[�] 3 @�u�= Z x�t4uE7	=R]>@�7?=J]>-Ex Z ]>7�7 Z ^�:
X Z ^@��0 3 @�54[4wD=J7	t ZW3>Z ]B7	uE` Z [4w�: Z ��7B�T@�54[4w�]>: Z ]/8"79w4@�[6@�]s: Z ��797	[6@�540�:�=�] Z ]B-1=�]>-1^?=_-E[ Z [�`@	�"]>:47�^	@�[�] 3 @�u.= Z xPt4uE7	=N]>@�x�7 Z =B5 3 7P]B:47�7�^P^	-17?[4^?`S@	� Z u1ur@��j]>:47P^	5M]>= Z t4t4u1-E7	wI]>@�0�7?]>:67 3 F
_A[4=�]>7 Z wN��8"7;7	=�]>-1x Z ]B7j]>:47 3>Z ]>7;@	� Z u1u�� Z ��7;] Z 5<^?@�[�] 3 -�X456]B-1@�[4=r^?@�xcX4-E[47	w�F��{7;7?=J]>-Ex Z ]>7j]>:67
� Z �W7�^	@�[�] 3 -�X456]>-E@�[.� 3 @�xÒ]>:679= Z xP7Rw Z ] Z = Z xPt4uE7�-E[�8;:4-E^�:�8�7�t�7 3 �T@ 3 x�@�5 3sZ [ Z uE`�=J-1=	Fd��7w4@<]>:4-E=dX�`F�T@�uEw4-1[60%-1[\] Z 5F� Z ��7 3>Z ]>7	=/xP7 Z =J5 3 7?w.� 3 @�xÒ=B7?t Z�3>Z ]>7R^	@�[�] 3 @�u¥= Z xPt4uE7	=H8;-E]B:eJJ7�]x954u�]>-Et4u1-E^	-E]B-17?=j@!X4=J7 3 ��7	wS-1[�]B:479w Z ] Z = Z xPt4uE7 Z ] Z =J] Z 0�79-1[�]>:47 Z [ Z uE`�=B-E=_8;:47 3 79]B:479w Z ] Z-1=H7QPMt�7?^?]>7?w�]>@RXK7Nw4@�xP-1[ Z ]B7	wfX�`g� Z �W7R] Z 5FX Z ^@��0 3 @�54[4w4=?F
hgi�j k*l ÇPýªÿ lnmpo�ùnq r.m þs�

�Yt/5vuwt;���!tsw�x��yt�z{t�|�]"^�}!|�]~zw}�u�u~��xPt4u�t�u"��z{}�x&èjÌ��Dw����@���~}Rx�t\�	uJ5vz{t$�~��tsz{���~ts�����d��x��@�
�$Jwt��������	t�u������Wwvz{}!|�x��d�@��5IXS�Pt���u{u{x�|v���{�vt��~��5
xEwvt�|[�{xE�������~x�}!|I�?5��~uH��}!z��~�vx�u���|���u���uwx�u��2�$�vt
u{t?u�t����~x�}!|�}	�d�~�vt�u{t���}!|[�{z{}�uGu{��xPt4u�t�uR�	|4w��~�vtfuwt	u�t����{x�}!|�}	�s�~�vtf���	|4wvxEw����{t�Jwt��~ue��}!zc�{�vt�uwt
uw�B54wvx�t�uB�	z{t<wvt�u{��z{x�X�t	wMx�|�]_t4tyt�|4wvx�PM�O�<�$�vt��M��z{te�\�Wu1u�t?wGÛa�~��t�è�}	|S�	t�zwu{x�}	| ó ��xPt4u�t	�N�~��t
� Ë �UTv�HJwt��~u ó ��xPt4u�t	���~�vt�� Ë � Tv�HJwt��{u ó ��xPt4u�t��y�~��tR�	t��RôW� ó ��xPt4u�tn�	|4w��~��tR�	t���p��
ó ��xPt4u�t	�j�$�vt�u{tc��}!|[�~zw}�u�u~��xPt4u�t�uO��z{tB�	u���u{u{x���t	w��	u/u�t	t��~}!|.u~��xPt4u�t�uc�qè�}!|[�!t�z{u{x�}!| ó �Wx�t4u�t	�
� Ë �UT���Jwt��~u ó ��xPt4u�t�� �~��t
� Ë � Tv�HJwt��{u�æa�	|4wgJwt��¡u{��xPt4u�t�u��¢�	t���ô�� ó �Wx�t4u�te�	|4w��~��t
�	t���p�� ó ��xPt4u�tQæ��

£ � �



Jet ET
²  (GeV)

0 10 20 30
¤

40 50 60

F
ak

e 
P

ro
ba

bi
lit

y 
(%

)

0

0.5

1

1.5

2
¥2.5
¥ 3
¤3.5
¤ 4

Lepton Samples

Jet Samples

Number of jets x 10-4

    Seed Track pT
²  > 10 GeV

��x���5vz{t�¾�� £ Û$¦O§S¨S©�ª�«v¬�­c®¯§�°I±�§�²�³a©@§�®´³@µ�§¶µO·f³�§�µ�°	©�³�¨F¬�«Y®�¸y³¡¹�³»º"®´ªU«M­�ªU«�®�©QªU¹bµ~§�·�º ¹�³~µ¡­�ªU·
¼
º½§�©Q³�¨�¾�¬¯®�¸¿®�¸�§�®�·f³�§�µ�°	©�³�¨g¬�«�®�¸y³bÀ�³U®�­�ªU«�®�©�ª�¹½µ@§�·�º ¹�³~µ\Á
hgiBÁ Âêù Ä\ÿ l Ç�ÆQÅ ø{ù�Ã Ä\ù�Å þÇÆ ù ý,þs�

]*���	��tnz~�¶�~tcx�u�Èvt�É�|vt�È¿��u��~��tcÊvz{}	X��	Xvx�Ë�x��´�
�~�����a�¡Jwt��OÊ��	uwu{t�ua�{�vtc����Èvz{}!|�x����~��5�x�Èvt�|��
�~xÌÉ��\�¶�~x�}	|gz{t�Í�5�x�z{t�ÎIt�|[�~ud�	uGÈ�t�u{��z{x�Xyt�È�x�| ó t����~x�}!|fÏv�ÐÏv��Ñ$�vt�}!|�Ë��I�	5��$�{�����$x�u�|v}	�Gx�|v��Ë15vÈvt�È
x�|I�~�vta���	��taz~�¶�~taÎ�t\�	uJ5vz{t�ÎIt�|[�~u$x�uH�~�vt�}	ÊvÊy}	u{x��{tOuwx��!|gzwt�Í�5vx�z{t�Î�t�|[���HÑ$��t�t�^���x�t�|v���g}	���~��t
}!ÊvÊ�}!uwx��~teuwx��!|M�	5���x�u�ÎIt��	uB5�z{t�ÈMu{t�Ê��	z{���~t�Ë��!�I��}!z¡�	Ë�Ë�È����~����}!|[�~zw}!Ë�u~�	Î�ÊvË�t�u��½��tIÎ�t\��uB5vzwt
�~��ta���	�	t�z{���~t�u$x�|gXvx�|vuGÈvt�É�|vt�È.X[�
�{�vt¡ÒGÓ�}	���{�vtHJwt��s��u{u{}���x����~t�Èg�dx��{�g�~�vta�~��5f�\�	|�Èvx�È��¶�~t	�
�¿tRÉv|vÈM�{�����¡�~��tR�����	tRz~���{t�uBÎIt��	uB5�z{t�È���z{}	ÎÔ�~��tIË�t�Ê��{}!|�u~�	Î�ÊvË�t�u¡�	z{t��	Ê�Êvz{}\P�x�ÎI���~t�Ë����
���	���~}!z�}	�sô.�vx��	�vt�zB�~���	|Õ��zw}!ÎÖ�~�vtBJwt��eu~��ÎIÊvË�t�u��8Ñ$�vtgz{t��	u{}	|���}	z��~��x�unÈ�x��yt�z{t�|v��tfx�un|v}��
5v|vÈ�t�z{uE�~}�}�È �Huw}8x��ex�uc��uE��uE�~t�Î
���{x��g��}!zB�~�vtF��|��	Ë���uwx�u��M��x���5vzwtg×�� £ u{�v}��due�~��tg���	�	tfz{���~t�u
Î�t\�	uJ5vz{t�ÈY��z{}!Î?�	Ë�Ë��~�vzwt�tgË�t�Ê��{}!|Yu{�	ÎIÊ�Ë�t�u���}!ÎnXvx�|vt�ÈÕ�	|�ÈY��z{}!ÎÖX�}	�~�FJwt��cu{�	Î�ÊvË�t�u���}!ÎR�
Xvx�|vt�ÈN��Ñ$�vtIz{t\��u{}!|Y��}	z��~��t
ÈvxÌ� t�z{t�|���t
x�u�5�|v�S|v}��d|N���¿t
Î�t\�	uJ5vz{t����	�	tIz~���{t�unË�t�uwu��~�v�	|

£ Ï!Ï



�	X�}�5�� £UØ ��zw}!ÎÙ�{�vtg�	t��³ô	Ú��	|vÈY�	t��@Û	Ú.u{�	Î�ÊvË�t�u��½�d�vx��@�Y�	z{t��	u¡�!}�}�ÈY�	u¡Êvzwt���x�}�5vunÜ;5v| £
�	|���Ë���u{t�u
ÝÞÏ[ß�à��eÑ$�vtR�vx�uw�~}	�!z~�	ÎÔx�|���x���5vzwtR×�� £ uw�v}��duB�{�vt�Ò Ó Èvx�uE�~zwx�X45��{x�}!|8}���Jwt��~u¡x�|8�~��t
È����~�eu~�	Î�ÊvË�t�JJ5vuw�dX�t���}!zwt��@��5fx�Èvt�|[�~xÌÉ��\�¶�~x�}	|f�	5��{u���z{t¡�	ÊvÊ�Ë�x�t�ÈN�"Ñ$�vt����	��t¡z~���{t�ud�	zwt¡��}	Ë�Èvt�È
x�|[�{}��~��x�uGÒ Ó Èvx�uw�~zwx�X45��~x�}	|��{}cÊvz{t�Èvx������{�vtOz{���~t�}	�N���	��tO�@��5
X��	�@�S�!z{}�5v|vÈN� ó x�|v��ts�~�vtO�	|��	ËÌ�S�
u{x�uOx�u�Ê�t�zE��}!z{Î�t�È.x�|��IË�t�Ê��~}!|.u~�	Î�ÊvË�t�����t95�u{tn�{�vt����	��tnz{���~t�uaÎIt��	uB5�z{t�È.��z{}!Îá�{�vtnË�t�Ê��{}!|
u~��ÎIÊvË�t�uG��}!z��~�vx�u$Êvz{t�Èvx����~x�}	|N�"Ñ$�vt¡Èvx�u{��zwt�Ê���|v���fX�t��´��t�t�|.�{�vt�Ë�t�Ê��~}!|Fu{�	ÎIÊ�Ë�t�uG�	|vÈF�~�vt�Jwt��
u~��ÎIÊvË�t�u$x�ud��uE��uE�~t�Î
���{x���t�z{z{}	z���u$Èvt�uw��z{x�Xyt�È�X�t�Ë�}U�¡�

âdã ï ãEä å�ædçSè�é�ê7ë"è�ì»íïî�ð,ñeë�òÙódë�ôHéïõöë"è�é½ç

÷�ø�ù�ú�û�üpý�þ	ÿ��yøSú������Yù	��ø�þ

Ñ$�vtsÈvx��yt�zwt�|v��t�X�t��´��t�t�|
�~�vtd|�5vÎcX�t�z�}	�y���	�	t�u�Ê�z{t�È�x����{t�ÈR��z{}!ÎK�~�vtdË�t�Ê��~}	|�u{�	Î�ÊvË�tG���	��t
z~�¶�~t�u �	|�È��~��tH|�5vÎnXyt�z }������	��t�u Êvz{t�Èvx����~t�È�5vu{x�|v�$�~�vtNJwt�� u{�	ÎIÊ�Ë�t"���	��tHz{���~t�u���ub�duw��uE�~t�ÎI���{x��	�
Ñ$�vx�usuE��uw�~t�Î
�¶�~x���x�u�Û�í�� £UØ �	|�È�x�u$�~�vt¡Èv}!Î�x�|v�	|[�$uw��uw�{t�ÎI���~x�����}!zG�~�vx�ud�	|��	ËÌ��u{x�u��


 ù ù�û�þ���ú\ø
������ü��gø��������¶ø��Yø�üyú

�YtR��}�5vË�È¿|��	xÌ�!t�ËÌ�8t�P�Ê�t����n���	��t��~��5vu¡�~}�Xyt�}!ÊvÊ�}!u{xÌ�~tRu{x��!|���z{}!ÎÙ�{�vt�Ñ$x��!�[��L�Ë�t����~zw}!|
Û	Ú Ø }	�¡�~��t��~x�Î�t	� ��zw}!Î �{�vt�Ë�t�Ê��{}!| u~�	Î�ÊvË�t�u��d��t8ÎIt��	uB5vzwt8�v}�� }	� �~t�| �{�vt����	��t�uF�	zwt
}!ÊvÊ�}!uwx��~tduwx��!|e��z{}	Î*�~�vtd�vx��!����� Ó Ë�t�Ê��{}!|�x�|e�~�vtdt��!t�|[��� � t�zwtO�	zwt$�~�vtdt�^���x�t�|���x�t�u�Î�t\��uB5vzwt�È
x�|f�{�vt¡Èvx��yt�zwt�|[�su~�	Î�ÊvË�t�u��

£ ÏSÛ



��� }!|[�	t�z{uwx�}!| ó �	Î�ÊvË�t�� £ ÏSÛ���ô  ô! Ï  ��í#"Úô�� Ï Ø
� �%$'&UTv�HJwt��~u���Û	ß(�  !�  K×�ô�� Ï)" � �  [Ø

� �%$ � T���Jwt��~u*� £ Ú � � £ Ï�í! Úí	Ú�� £ "Úô��  [Ø
Ñ$�vtBz~���{tB}��"}!ÊvÊ�}!uwx��~tQ�´uwx��!|g���	��t�u�x�u$��}	|vu{x�uw�~t�|[���dxÌ�~��Û	Ú Ø x�|F�{�vt � }!|[�!t�zwu{x�}!| ó ��ÎIÊvË�t	�

X45��I�~�vt�� �HJwt��~u
t��!t�|[�~ug�~t�|vÈ0�~}¿Xyt.}!ÊvÊ�}!u{xÌ�~tQ�´u{x��!|N� Ñ$�vt���}!ÎcXvx�|vt�Èpt�^���x�t�|v���p}	�O�~�vx�u
�	5��a��z{}!Î:� �HJwt��{uat��	t�|[�~u¡x�uO×�í�� £ " � � Ú Ø �OÑ$�vteÈvx��yt�zwt�|v��tcX�t��´��t�t�|��~��x�u��	|�È�Û	Ú Ø x�uO�	|
�	ÈvÈ�x��~x�}!|��	Ë uw��uE�~t�ÎI���{x��R}!|8�~�vtez{���~te}������	��te�@��5vu��eÑ$�vx�u�uE��uw�~t�Î
�¶�~x��ex�u���×�í�ì £,+ Û�Ú.-{C!Û�Ú/ 
� Ï4ì�ô Ø �
hgi�÷ 0Ôr�r.m*132�4 û Ä\ù�Å þÇÆ ù ýªþs�°ý l ý,ü\þîú ù ý ù

_´|�}!zwÈvt�zd�~}�t�uE�~x�Î
���{t��~�vtB|�5vÎcX�t�zd}	�������	t��~��5vudt�P�Ê�t����~t�È��{}IÊv�	u{u��	Ë�Ë½}��"}�5vzd�?5��~u�����t
��}!Ë�ÈZx�|�}�5vzRÎ�t\�	uJ5vz{t�È ���	��tFz~���{t�ue�dx��{���{�vt�Ò$Ó0u{Ê�t����~zB5�Î }	��Jwt��~u�x�|Õ�{�vtFÈ����@��u~��ÎIÊvË�t	�
���\��x�|v���	Ê�ÊvË�x�t�È��	Ë�Ëy}	�b}�5vzs�	|��	ËÌ��u{x�u$�?5��~u6587:9;5=<?>@�

� Ñb��5�_BA � 5��{u
��C ÊvÊ�}!u{xÌ�~tED�x��!|�Üst�Í�5vx�zwt�Î�t�|[�
� Ò CGF=H=I FKJMLpÚ

£ Ï[×



Ñ$�vt�zwt��	zwt�×�ÏON	ß�t��!t�|[�~u
�{������Ê��	uwuI�~��t�u{t.�	5��{u
��|vÈö�d�vx��@�p��}!|[�@�	x�|p���IË�t��	uw��}!|�teJwt��
Ê��	uwu{x�|v�
�~��tnÉ�È45v��x��	Ë �	5��~u����Ytn�	ÊvÊvËÌ�.}�5vzOÎ�t\�	uJ5vz{t�È����	�	tnz~���{t�u��{}f×  N�PaJwt��{uO��z{}	Î:�{�vt�uwt
t��	t�|[�~u��¡��}!z�t��	�@�IJwt����y��tc�!xÌ�!tnxÌ�a����t�x��!�[�at�Í�5��	Ëb�{}
�~��t����	��tcz~���{tnÎ�t\�	uJ5vz{t�È���}!zsx��~uOÒ Ó �
��}!z�t\���@�Yt��	t�|[�\� �~�vt�Êvzw}!X��	Xvx�Ë�xÌ�´�.�{�������	|�t��	t�|[�c��}!|[�@�	x�|vuB�F���	��tIx�ua�~�vt�}!ÊvÊ�}!uwx��~te}����~��t
Êvzw}!X��	Xvx�Ë�xÌ�´�g�~���¶�O|v}�Jwt������	�	t�u����~��5N�$�Yt�t�P�Ê�t�����P £ � Ú3" £ P�� £ Xv�	�@�!�¯�~}¶�´X��	�@�.�	|vÈQP  � ß3"
£ ×�� ß
|v}	|��´X����@�[�¢�~}��¯X��	�@�F��}!za���~}	�~�	Ëb}���Û	Ú�� ß�"RP  � ÚI���	�	t�u�Xyt���}!z{tB�~�vtnz{t�ÎI�	x�|vx�|v�I�	5��{u��	zwt
�	ÊvÊ�Ë�x�t�ÈN���Ytdt�P�Ê�t����H�{�vt�uwtdt��!t�|[�~u��~}�X�t$��}!|[�@��ÎIx�|����~t�Èc�dx��{� £ � ÛTSU$WVXVI�	|�È � �YPTSU$'&Z&
t��	t�|[�~u��

Ñ$�vtO|�t�P��G�?5����{}�X�ta�	Ê�ÊvË�x�t�È�x�u��~�vt�}!ÊvÊ�}!u{xÌ�~tdu{x��!|
zwt�Í�5vx�z{t�Î�t�|[���"Ñ�����x�|v���{�vtOt�^���x�t�|v���
�~}8X�tFÛ	Ú Ø �	|�ÈZx�|v��Ë15vÈvx�|v�.�{�vtfuw��uE�~t�ÎI���{x��gt�z{z{}	zn��z{}!ÎÖ�~��x�uc�?5��\�"��tFt�P�Êyt���� £ Ú�� ÛQ":×�� Ú
X��	�@�!�¢�~}��¯X��	�@�f�	|�È £ Ïv�  "Kß�� Ûn|v}!|��¯X��	�@�!�¯�{}��´Xv�	�@�
��}!z$�n�{}	�@��Ë }	�[P!Û��ÐÏ)" £ ×��  �����	t�us�����~�vx�u
uw�~�	�!t����Yt
t�P�Êyt����RÚ�� ×Z��Ú�� £ -BX����@�[�¢�~}��¯X��	�@�p��|v}	|��´X����@�[�¢�~}��¯X��	�@�:-6S\$ VXVZ�	|vÈ £ � � ��Ú�� � -
X��	�@�!�¢�~}��¯X��	�@����|v}!|��¯X��	�@�!�¯�{}��´X����@�X-]SU$'&Z&�t��!t�|S�{u��{}���}!|[�@�	Î�x�|v���~ta�{�vx�u$t�uw�~x�Î
�¶�~x�}	|N�

Ñ$�vt
É�|v�	Ë��?5��cx�u��{�vtgÒ CGF=H=I FKJ#L<Ú.�?5��e�	Ê�ÊvË�x�t�È¿�{}��~��t
|v}!|��´X��	�@�!�¢�~}��¯X��	�@��t��	t�|[�~ue}!|�Ë��!�
Ñ$�vx�u�x�u�Î�t\�	uJ5vz{t�È���zw}!ÎÔ�{�vtRu~�	Î�teX��	�@�S�!zw}�5v|vÈ��´Èv}!Î�x�|v���~t�È8u~�	Î�ÊvË�t��½X45��¡}!|�te}	���{�vt�Jwt��{u
x�| �~�vt.t��	t�|[�Fx�u�z{t�Í�5�x�z{t�Èp�~}¿��}!|[�~�	x�| �Mu{t�t�È0�dx��{�¿� Ó L £ Ú_^¡ta`c���	u�x�|ö�{�vt8�	|v�	Ë���u{x�u��
ß!Ú.��×!Ú!×I|�}!|��´Xv�	�@�!�¯�~}¶�´X��	�@�.t��	t�|[�~u¡Ê��	uwuO�~��teÒ CGF=H=I FbJTLïÚg�?5��\��Ñ$�vte|�5vÎ�t�z{���~}	zOx�u�t�P�Ê�t����{t�È
�~}R��}!|[�@�	x�|.ß�� £ SU$WVXV�t��	t�|[�~uO�	|vÈ £!£ � ×cSU$'&Z&�t��	t�|[�~u���Ñ$�vt¡Èvt�|v}!Î�x�|��¶�~}!zGx�u$t�P�Ê�t����{t�È
�~}F��}!|[�@�	x�| £�� � � Sd$ V:VMt��!t�|[�~u��	|vÈ�ÏSÛ��  Se$ &Z&It��!t�|[�{u��R]�� �{t�z�uB5�X��~z{�	���{x�|v�f}�5����~�vx�u

£ ÏON



��}	|S�~�	Î�x�|����{x�}!| �v�~�vt�t�^���x�t�|v������}	zs�{�vx�us�	5��O}!|����	��t�u�x�u £!£ � Ú Ø �sÑ$��x�uOX�z{x�|��!us�{�vtn|�5vÎnXyt�z
}	��|�}!|��´Xv�	�@�!�¯�~}¶�´X��	�@�g�����	tnt��!t�|S�{uaÊvzwt�Èvx����~t�È��~} £ � Û��G]OÈ�Èvt�È��{}I�{�vtnX����@�[�¢�~}��¯X��	�@�Ft��	t�|[�~u��
��tOt�P�Ê�t���� £ � Ûn�ïß�� ×6 £ Ú�� £ t��!t�|[�~uG��}!|[�@�	x�|vx�|v���B�����	tO�v�	Èvz{}	|vx��d�@��5��~}�Ê��	u{uH�~�vtO�	|��	ËÌ��u{x�u
�	5��~u��

£ Ï[ß



% &('*),+.-0/ f

g ),+ihkj hml�hknÖ9 o:-pn?>qh +ihsrthy+6u

£ Ï  



v i�j ws4 ýªÿ l)x.Ãzy ý 2�l{4
V��	|[�.}	�"�~��tn�	5��~uax�ÎIÊ�}!u{t�È�x�|.�~��tcÜ;5v| £ AaC!Dz$ VXV8�	|��	ËÌ��uwx�ud��t�z{tcx�|vx��{x��	Ë�Ë����@�v}!uwt�|

�	uR�U|wX�t�uE�R��5vt�u{u~}¿�	|vÈZ�{�vt�|Z�>5�|vt�È��~}8}!Ê��~x�Î�x���t
}�5�zcu{t�|vu{xÌ�~x���xÌ�´�Y�~}8AaC!D�$ V:V x�|Õ�~��t
VQD�D�V¿�

Ñ$�vtg�?5��~ue}!|Yu{xÌP¿ÈvxÌ� t�z{t�|S�����	z{x��	XvË�t�un��z{t
}	Ê��~x�ÎIx���t�È �.Ñ$�vt�u{tg���	zwx��	XvË�t�uB���\�!tf��Ë�z{t��	È��
X�t�t�|�Èvt�u{��zwx�X�t�È�x�| � ����Ê��~t�zsÏ����dx��{�F�{�vt¡t�P���t�Ê��~x�}!|F}	� �´��}v� C |vt¡x�u��~�vt¡�@���	zw�!t¡Èvt�Ê�}!uwx��~t�È
x�|F�~��t �M� Ü`���~��x�usÈvt��{t����{}!zs��}!Î�Êy}	|vt�|[��x�usÈvt�uw��z{x�Xyt�È�x�|iD�t����~x�}!| � -d��|vÈ.�{�vtn}	�{�vt�zsx�ud�~��t
�~z{�	|vuE�!t�zwu{tRÎI�	u{u�� Ó �b&(�{Ò ÓC�-B�@�����K�K�����~�vtcÎI�	uwuOÈvt�È45v��t�È8��z{}!ÎW�~��tn�~z{�	|vuw�	t�zwu{te��}	ÎIÊ�}!|vt�|S�{u
}	���{�vt�t�Ë�t����~z{}	|0�\�	|�Èvx�È��¶�~t���|vÈ0�~�vt�ÎIx�u{u{x�|v�Yt�|vt�zw�	�öx�|p�{�vt�t��	t�|[�\� �¿t�}!zwÈvt�zI�~�vt�uwxÌP
���	z{x��	XvË�t�uq|wx�|vu{x�Èvtc}�5���}/��Xyt��!x�|v|�x�|v�
�dxÌ�~���	5��~u¡}!|8�~�vte�~��5��\�	|vÈ�x�È����{t�u¡�	|�ÈMÎ�}���x�|v�f}�5��
�~}�t��	t�|[�w�¢�dx�ÈvtI�	5��{u�uJ5v�@�Z�	u�Ò ÓC �IÑ$�vtg×F�	5��~uBË�x�uE�~t�È¿x�|¿}!zwÈvt�z��{�����B�~�vt��M�	z{tR�>5v|�t�ÈÕ��z{t��
Ò Ó }	� �{�vtOuwt���}	|vÈg�@��5 �¶� Ó }	�N�~��tOu{t�t�Èg�{z~�	�@�����{�vt �M� Ü �@���	zw�!tOÈ�t�Ê�}!u{xÌ�~t�È
XS�R�{�vtOt�Ë�t����~zw}!|
�\��|vÈvx�Èv���~t����Y���{�vt
t�Ë�t����~zw}!|Mz{t»Jwt����{x�}!|M�	��z{x���XvË�te}!|M�~�vt�u{t���}!|�ÈY�@��5�-��bÒ ÓC �@�����K��� �"��|vÈ�� Ó �
�¿tcXyt��!x�|.�dx��~����Ë�Ë �	5��{u¡���O�{�vtcX�t�uw�¡��5vt�uwua�	��Ë15vt�u�� �{�vt�|8}!Ê��~x�Î�x���tB�{�vtRÒGÓY�?5��\� u{t��ax��O�{}
x��{u$}!Ê��{x�ÎI�	Ëy���	ËE5vt	���{�vt�|�}!Ê��{x�Î�x���tO�~�vt$��Ó��	5��\��u{t��OxÌ�G�~}RxÌ�~u$}!Ê��{x�ÎI�	Ëy���	ËE5vt	�v�	|vÈ�u{}�}!|N�

�YtBÊ�t�zw��}	z{Î �{�vt¡}!Ê��~x�ÎIx��\���{x�}!|I��}!zG�´��}IÊ��	z{�	ÎIt��~t�z$u{Ê��	��t�Ê�}!x�|S�{u������z £ Ú	ÚX�w�~�	|��� 
Û	ÚB�	|vÈ#� �  £ Ï!ÚX�w�~�	|M�� Û	Ú����¿tdÊvx��@�!� �  £ Ú!Ú:�w�@��|��� Û�ÚBX�t�����5vu{tsx���x�u��~�vts�vx��	�vt�uE�
�@��|��Õ���d�~��tBË�}���t�uw��Î
�	uwu$|v}	�st�P���Ë15vÈvt�È�X[�f�~��tBÊ�z{t���x�}�5vu��@��*�;����	|���Ë���u{x�uB��u{t�tn�bx���5vzwt�P�� ×.-��
Ñ$�vt�u{t���}!|vÈ¿Êy}	x�|[�\�m���� £ Ï!ÚX�w�~�	|M�� `Û�Ú��½�G�	uB�@�v}!uwt�|¿Xyt��\��5vuwtIxÌ�¡x�u¡�	Ê�Êvz{}\P�x�ÎI���~t�Ë��QP

£ Û	Ú



Ü�VQD��\���\�f��z{}!Î`�~�vt�É�zwuw�sÊy}	x�|[�dx�|f�~��tBÈ�xÌ�¯�~��5fÎI�	u{uG���	zwx��	XvË�t	�
�YtRÊ�t�zE��}!z{Î �~�vte}!Ê��~x�Î�x������~x�}!|.��}	z��f��}�5v|[�{x�|v�Ft�P�Ê�t�zwx�Î�t�|[�¡x�|v��Ë15vÈ�x�|v�gX�}	�{�MXv�	�@�!�¯�~}¶�

X��	�@���	|�È
|v}!|��´X��	�@�!�¢�~}��¯X��	�@�Rt��	t�|[�~u����¿t��{�vt�|Iu{t�Ë�t������{�vt�|�}!|��´Xv�	�@�!�¯�~}¶�´X��	�@�Rt��!t�|[�{uGu{t�Ë�t����
�	|vÈY}!Ê��~x�ÎIx���tc�{�vt
uwt�|vuwx��~xÌ��x��´�M�	�[��x�|N���~�vx�uB�{x�Î�tRXvx�|v|�x�|v�F�~�vtIt��	t�|[�~ucx�|¿�{�vt
Èvx��¯�~��5¿ÎI�	uwu
���	z{x��	XvË�t	�

Ñ$�vtOÍ�5���|S�{x��´�e�{�����H��t�}!Ê��~x�ÎIx���t$x�u��{�vts��}!|�ÉvÈvt�|v��taË�t��!t�Ëy�¶���d�vx��@�I��tO���	|
tQP���Ë15vÈ�t��~��t
VQD�D�V?��zw}!u{uduwt����{x�}!|F��}!z$AaC!D.Êvzw}�È45����~x�}!|N�"�¿tN5vu{tB���G�\�!t�uwx��	|�Ë�x��	t�Ë�x���}�}�È8��Èvt�uw��z{x�Xyt�È�x�|
]OÊ�Êyt�|vÈvxÌP.L�-G�~}I�!t��s�~�vtBt�P�Ê�t����~t�È8Ë�x�Î�x�����uwt��{�{x�|v���~�vtB�[��Êy}	�{�vt��{x����	Ë�}!Xvu{t�zw�	t�È8|�5vÎcX�t�zs}	�
t��	t�|[�~uRt�Í�5v�	Ë��{}��~�vt
t�P�Êyt����{t�È |�5�ÎcXyt�z���� �vt�|Z}!|vËÌ�M�{�vtg|v}	|��´X����@�[�¢�~}��¯X��	�@�Mt��	t�|[�~u��	zwt
��}	|vu{x�Èvt�zwt�ÈN�"�{�vtgË�x��	t�Ë�x���}�}�È¿x�unXvx�|v|vt�ÈÕx�| £ Ï�Xvx�|�unx�|¿�~�vtgÈ�xÌ�¯�~��5YÎI�	uwun���	z{x��	XvË�te��zw}!Î?×!Ú
^�t*` �~})P	Ú!Ú#^�t*`n�

�YtIÉ�z{uE�e}!Ê��{x�Î�x���tR�~��tg�	5��{ue��}!|�u{x�È�t�z{x�|v��uE�@���{x�uE�~x����	ËHt�z{zw}!z{un}!|vË��	��Ñ$�vt�|N���~�vtgË��	z{�	t�uw�
uw��uE�~t�ÎI���{x��$t�zwz{}!zwu��	zwtG�@�	zw�!t��{t�È��	|vÈc��tdz{t�È65v��t$�~��t�Î*X[�nz{t�Î�}���x�|v��}!zb�~x��	�S�{t�|vx�|v�O�{�vt$�	5��{u
�d�vx��@�.��}!|[�~z{x�X45��{t¡�{�vt¡ÎI}	uw�$�~}e�{�v}!u{t¡t�z{z{}	z{u��

]Ou¡�gzJ5vË�t�}	���~��5vÎcXN�y��teÎ�}��!t £ Ú
uE�~t�Êvu¡Xyt��´��t�t�|��~�vtc�?5����~�v���ax�u £ Ú!Ú Ø t�^���x�t�|[�a��}	z
u{x��!|��	Ë��	|vÈÕ�{�vtf�	5��e�{�����ex�uRÛ	Ú Ø t�^���x�t�|[�e��}!znu{x��	|��	Ë¢�8_¯�d�{�vtf��}!|�É�Èvt�|���tFË�t��!t�Ë�ÊvË����{t\��5�u
X�t��!}	|vÈ�uw}!ÎIt��?5��d���	Ë15vt����~��t�|F��tBÊvx��@�I�~�vt¡Ë�}�}!uwt�uw�d�?5����	Ë�}	|v�c�~�vt¡ÊvË����~t���5N�

£ Û £



��}v��t��!t�|[�{uc� �M� - �s}v��t��!t�|[�~ue� �M� -
|v}!|��»��Ñd� �K��Ñd� |�}!|��»��Ñd�

SU$WV:V £ ×�� Û P�� £��
���	��t�u Û�� Ï Ú�� ß!ß
SU$'&Z& �0Ú:� £ �pÚX� £
� �  £ Ú!Ú:�w�@��|��� Û�Ú £ � £ � £ ×�� Û Ø - Ú�� £ Û���Û���P Ø � Û�� �[Ø -
� �  £ Ï[Ú:�w�@��|��� Û�Ú Ú���P!ÛF� � � ß Ø - Ú�� Ú �!� � £ � £UØ � £ � Û Ø -

Ñ���XvË�tEN�� £ ���n°�·q�v³~©{µaªU±�³¡ �³@«�®�µ�º ©�³�¨S¬�­�®»³�¨���³@±¢ªU©Q³�®�¸y³¡­U°�®�µO§�©�³�ª�º�®�¬�·�¬£¢U³�¨�Á

v i~¤ ¥`r ý 2\q 2�¦jù ý 2�l64?k*l{4 � 2�x þ/ÿ 2�4 û o ý ù ý 2 �¥ý 2�yjù�m�§ ÿ,ÿ l ÿ"� ¥¨4�m*1

Ñ$�vtnX�t�uE�w�¯��5vt�uwua�	5��~u��{�����s��t�uw�~�	zw�s�dx��{���	zwt��$Ò Ó L £ Ú/^¡ta`c�[� Ó L Û/^�t*`n� �M� Ü�L,P
����z{XvxÌ�~z~��zw��5v|vxÌ�~uO��}!zs�~�vx�uaÊ45vzwÊy}	u{tZ-Q���qL ÚX� £ Û�� Ò ÓC©�@�����K�K��L £ Úq^�t*`<��|vÈ
� Ó � ×!Úq^�t*`c�
� x��{�n�~��t�u{t��	5��{u"x�|cÊ�Ë��	��t	�	��tGÊvzwt�Èvx������{�vtG|�5vÎcX�t�zwu"}	��t��!t�|[�{uHË�x�uE�~t�È�x�|cÑb�	XvË�t�N�� £ ���YtG�	Ë�uw}
u{��}U�*�~�vte��}!|�É�Èvt�|v��tIË�t��!t�Ë�u¡�����d�vx��@�¿}!|�t����	|Mt�P���ËE5vÈvte�~�vtIVQDXDvV � x��!�!uO��z{}	u{uBu{t����~x�}!|
��z{}	ÎÇ����}�5v|[�~x�|v�8t�P�Ê�t�z{x�ÎIt�|[�<5vu{x�|v�8Xy}��~�ZX��	�@�!�¢�~}��¯X��	�@�Õ��|vÈ�|v}!|��¯X��	�@�!�¯�{}��´X����@�Yt��	t�|[�~u��
�	|vÈg�{�vt�|g��zw}!Î`�nË�x��	t�Ë�x���}�}�ÈRXvx�|v|�t�Èfx�|
ÈvxÌ�¢�@��5IÎ
�	uwu�5vuwx�|v�e|�}!|��´Xv�	�@�!�¯�~}¶�´X��	�@��t��	t�|[�~u$}	|vË��
�������>5v�	Ë�ËÌ�!�S��}!z��~��t�Ë����w�~t�zH��t¡uw�v}�� X�}	�~�f�{�vtaXvx�|v|vt�È��	|�È�5�|�X�x�|v|vt�ÈFË�x���t�Ë�x��v}�}�È�u{}e�{�����G��t
ÎI���
u{t�t��v}�� Î95v�@��x�ud�[�	x�|vt�Èg��zw}!Î �~��tBÈ�xÌ�¯�~��5fÎI�	u{udz{t���}!|�uw�~zJ5v���{x�}!|�-��

£ Û(P



]�� �{t�zc�~��tf}!Ê��~x�ÎIx��\���{x�}!|Mx�u�Êyt�zw��}!zwÎIt�ÈZ��}!|�u{x�È�t�z{x�|v�8uw�~���~x�uw�{x��\��Ë�t�z{z{}	z{ue}!|vËÌ�!�"�{�vtf�	5��{u
}!|Y�{�vtguwxÌP¿�	��z{x���XvË�tI�	z{tI|v}����
Ò Ó LªN�^¡ta`c��� Ó L Ûi^¡ta`c��|�} �M� Ü �	5��\��|v}�t�Ë�t����~zw}!|
z{t´Jwt����~x�}	|N�NÒ ÓC«�a�����K����LïÛ3^�t*`4��|vÈ�|v}z� Ó �?5��\�OÑ$�vtc}!Ê��{x�Î�x������~x�}!|F�[�\�!te�
uwx�Î�x�Ë��	z$z{t�uB5vËÌ�
��}!zIXy}	�{�p�~��tZ����Ñd�:� |�}!|��»��Ñd��-I��}�5v|[�~x�|��Õt�P�Ê�t�z{x�ÎIt�|[�f�	|vÈ0�{�vtZ��|v}!|��´��Ñd��-IX�x�|v|vt�È
Ë�x��	t�Ë�x���}�}�Èn��}!z�X�}	�~��Ê��	z{�	ÎIt��~t�z�u{Ê��	��tOÊ�}!x�|[�{u"�~t�uE�~t�ÈN��uw}B��ts5vuwts�{�vtdu~�	Î�td�	5��{u���}!z���Ë�Ë���}�5�z
�\��u{t�u��.Ñb�	XvË�t3N��YPFu{�v}��dun�{�vt
Êvzwt�Èvx����{t�ÈÕ|�5vÎcX�t�zwun}	�Gt��!t�|[�~uR�	|vÈ¿��}!|�É�Èvt�|���tfË�t��!t�Ë�u���� �~t�z
}!Ê��{x�Î�x���x�|v�f�~��t
�	5��~uc��}!|vu{x�Èvt�zwx�|v�.uw�~���~x�uw�~x��\�	Ë�t�z{z{}	z{un}	|vË��	���¿tgu{t�tf��Û�Ú Ø x�Î�Êvz{}��!t�ÎIt�|[�
x�|f�{�vt���}!|�É�Èvt�|���tnË�t��	t�Ë�uG��}	z$t�P���ËE5vÈvx�|��R�{�vt�VQD�DvV � x��!�!u$��}!ÎIÊv�	z{t�ÈF�{}e�~�v}!uwt¡Xyt���}!z{t��~��t
}!Ê��{x�Î�x������~x�}!|N� � }���t��!t�z�����t¡|v}�� �	Ë�Ë�}�� ÎI}!zwtaX��	�@�S�!zw}�5v|vÈ�t��	t�|[�~ud�~}RÊ���u{u$}�5vz$�?5��~u���Ñ$�vt
���	��t
X��	�@�S�!zw}�5v|vÈ�unx�|MÊ��	zE�~x��	5vË��	z�x�|[�~zw}�È65v��t�Ë��	zw�!tRuw��uw�{t�ÎI���~x���uBt�zwz{}!zwuB�d�vx��@�Y��tg�	ÈvÈ�z{t�uwu
x�|f�{�vt¡|vt�P��su{t����~x�}!|N�

v i­¬ ÆÙþ x.ÃzyM2�4 û oc1 �¥ýªþ q ù ý 2�y �
� �\��x�|v�s�>5v|�t�È��{�vtH�	5��{u �{}OÎI�¶P�x�Î�x���t�u{t�|�u{x��{x���x��´�O�@�	�Sx�|���x�|S�{}O������}�5v|[��uE�@���{x�uw�{x����	Ë[t�zwz{}!zwu

}!|vËÌ�!����t����\�	t¡�	Ë�Ë�}U��t�È
ÎI}!zwtaX��	�@�S�!zw}�5v|vÈFt��!t�|[�{ud�{}eÊ��	uwu$}�5vz��?5��~u���Ñ$�vx�u$Î�t\�	|�u���t��v���	t
x�|���z{t��	u{t�Èn}�5�zbuE��uE�~t�Î
���{x��Ht�zwz{}!zwu��®�s}��¡����t�uE�@�	zE�b�dxÌ�~�¡�~�vtHu{t��"}	���	5��{u �B5v|vt�È���}!z�uw�@�¶�~x�uE�~x��\�	Ë
t�zwz{}!zwu�}!|�Ë��R�	|�È
u{t�tO�d�����H��tO�\��|gÈv}��{}nzwt�È45v��t��{�vtOË��	z{�!t�uw�Huw��uE�~t�ÎI���{x���u���Ñ$�vtOzwt�uJ5vË��{uG�	zwt
uB5�ÎIÎI�	z{x���t�È.x�|.Ñb�	XvË�t6N�� � � � t�zwt��~��t�Í�5��	|[�{x��´�F��tn�	z{tB}!Ê��{x�Î�x���x�|v�cx�us�{�vtR5vÊvÊ�t�zOË�x�Î�x���}!|

£ Û �



� }�5v|[�~x�|��IL�P�ÊN� �s}!|��»���	�@�!�¯�~}¶�»�G�	�@�gÜst��!x�}!|
|v}!|��´��Ñd� �*��Ñd�

SU$WVXV × � � � N��ÐÏ
���	��t�u P(N�� Ï Ïv� �
SU$'&Z& Û	×�� ß Û���P
� �  £ Ú!ÚX�E�@�	|��i Û	Ú � �  �bP�Ïv� �[Ø - Ú�� Û�N��  � × Ø � £ Ú�� × Ø -
� �  £ Ï[ÚX�E�@�	|��i Û	Ú Ú�� ß.��Ïv��N Ø - Ú�� Ú  !� � £ � Û Ø �YP�� Ï Ø -

Ñb�	XvË�t�N��YP��)��°	·q��³@©wµIªU±a³¡ �³@«�®�µBº ©Q³�¨S¬�­U®»³�¨Y§�±»®»³~©f®�¸�³g­U°v®�µ�§�©�³
ª�º"®�¬�·I¬¯¢¶³�¨8±¢ªU©�µ\®¯§�®�¬�µ�®�¬�­�§�¹
µ{¬±°[«v¬¯²y­�§�«�­�³�ªU«v¹´³�Á

�~��tB��z{}!uwudu{t����~x�}!|f��}!z$A�C!D)$µVXV.x�|g�{�vt�VQD�DvVÖ���$�{�vt�Ê��	z{�	ÎIt��~t�z$Êy}!x�|[��� �  £ Ú	Úc^¡ta`
�	|vÈF�@��|��� Û�Ú��

��}!zbÊ��S��uwx���u»�´Èv}	ÎIx�|����~t�ÈcX��	�@�S�!zw}�5v|vÈ�ud�KSU$WVXVc�	|vÈcSU$'&Z&¡- �	|vÈcuwx��!|���Ë¢���~�vt�uw��uw�{t�Îe�
���{x���ub�	zwt�Êvzwt�Èv}!Î�x�|v�	|[�~Ë��O��z{}!Î Èvt�É���x�t�|v��x�t�ubx�|B�~�vt�u{x�Î�5vË����{x�}!|B�	|�Èc���\�!tGX�t�t�|cuB5�ÎIÎI�	z{x���t�È
x�|8Ñb�	XvË�teÏv� ß��nÑ$�vtRuE��uE�~t�Î
���{x���u���u{u{}���x����~t�È8�dx��~�������	tRX��	�@�S�!zw}�5v|vÈvu¡���\�	tIX�t�t�|MuJ5vÎ�Î
�¶�
z{x���t�È�x�|¶D�t����~x�}	|vus×��YP�� £ �

�Yt¡uE�@�	zE�dXS�gÎI}���x�|v�c�{�vt¡Ò Ó �	5��;5vÊ���zw}!Î¨N#^�t*` �{} £ Ú#^¡ta`c���{�vt�Ë����w�~t�zGXyt�x�|v�RÎ�}!z{t
uw�~�	|vÈ���z{È���}!z � A�����Ñ$�vx�uOx�u���Ë�u{}�Î�}!z{tB}	������}!Î�Êvz{}	ÎIx�u{t�X�t��´��t�t�|8�{�vt�È�x��yt�z{t�|[��ÒGÓ��	5��{u
�d�vx��@����t�zwt�uw�v}��d|.�~}RX�t¡}!Ê��~x�Î
��Ëy��}!zG�{�vt��´��}�Èvx��yt�zwt�|[�sÎ
��u{u{t�u��

£ Û�Ï



Ñ$�vtGÉ�zwuw��Ë�x�|vt�}��yÑb�	XvË�t]N�� � u{��}U�du��{�vtH5vÊvÊ�t�z"Ë�x�Î�x�� }!|c�{�vt$��zw}!u{u�uwt����{x�}!|R�¶�  Û Ø �M� ��}	z
}�5vz�X�t�|��@�vÎ
��z{�nÊv�	z~�	Î�t��{t�z"uwÊ��	��tsÊ�}!x�|S���(� �  £ Ú!ÚX�w�~�	|��i Û	ÚO5vuwx�|v�a�{�vt$�	5��{u��~��������t�zwt
}!Ê��{x�Î�x���t�È8X��	uwt�È¿}!|¿uE�@���{x�uE�~x����	Ë"t�z{z{}	z{u��	|vÈM���\��x�|v��ÎI}��!t�È¿�{�vt�Ò Ó �	5��B�~} £ Úz^¡ta`c�½�¿t
�	Ë�u{}�Ë�x�uw�"�{�vtduw��uw�{t�ÎI���~x��$t�zwz{}!z�}!|�t\���@�IX����@���	z{}�5v|�È��´��Ê�t	��t�P�Êvz{t�u{uwt�Ègx�|c�~t�zwÎIu�}�� |�5vÎcX�t�zwu
}	��t��!t�|[�{u��HÑ$�vx�uG�	x��!t�u�5vuG�	|fx�Èvt���}	�½�d��x��@�fX��	�@�S�!zw}�5v|vÈFx�u��~��tOË���z{�!t�uw�G��}!|[�~zwx�X45��{t�zH�~}c�~��t
uw��uE�~t�ÎI���{x��¡t�zwz{}!z�� � t�zwt	�v�{�vt¡Ë��	zw�!t�uE�d��}!|[�~zwx�X45��~t�zdx�uG�~�vt����	��t¡�~��5�X��	�@�S�!z{}�5v|vÈN�

Ñb}ezwt�È45���ta�~��t����	��tO�@��5fXv�	�@�S�!z{}�5�|vÈN����ta��}�5vË�Ègz{�	x�uwt��{�vtau{t�t�Èe��Ó��?5��\�"�¿t��	Èv}	Ê��G�~��t
��Ó��	5��/5vuwt�È.x�| ÝÞÏ[ß�àb�N��ÓiL £ Ú#^�t*`n��Ñ$�vt¡u{t���}!|vÈ.Ë�x�|�tax�|f�~��t¡�~�	XvË�t�u{�v}��dud�~�vt¡t��yt����d�~�vx�u
���	uH}!|��~�vtsË�x�ÎIxÌ�~u���Ñ$�vt�Ë�x�ÎIxÌ���~�v�����~�	�	t�u�uE��uE�~t�Î
���{x���u�t�zwz{}!zwu�x�|[�~}��	����}�5v|[�Gzwt�ÎI�	x�|vu���Xy}�5��
�~��tOu~��ÎIt���X45����~��tO|�5vÎcX�t�z�}	�N���	��t�uG����u�X�t�t�|
�	5���XS�
�B�������~}	z�}	�kP�����|vÈ
��tO��}	|vu{x�Èvt�zH�~�vx�u
�~}RX�tB�RX�t��w�~t�zsuwx��B5����~x�}!|N��u{}R��tB�	t�t�Ê.�{�vt$� Ó �	5������ £ Ú��

Ñ$�vt
|�t�P��cË��	z{�!t�uw��uw��uw�{t�ÎI���~x��I��}!Î�t�u¡��z{}!ÎµSR$ &Z&!�"�	|�ÈÕ�.X�x�����}!|[�~zwx�X45��~x�}	|M�{}.�~��t
uw��uE�~t�ÎI���{x���}	|US·$ &Z&���}!Î�t�u���z{}!Î �{�vt�t�z{z{}	zI��z{}	Î Î�}�Èvt�Ë�x�|v�8�~��t�ÒGÓC©�@�����b���
X�t�Ë�}�� Û
^�t*`c���Yta�{zw�gzwt�Î�}���x�|v�c�~��t�uw�~z{�	x��	�S�G�	5��d}!|�Ò ÓC �a�����K��� ���	|vÈg�{�vx�u$zwt�Î�}U�	t�u$�~��t�uw��uw�{t�ÎI���~x��
�	uwu{}���x��¶�~t�Èc�dxÌ�~�Rx����bÑ$��x�u�Èvx�Èex�Î�Êvz{}��!t��~�vt$Ë�x�Î�x��\���	u"uw�v}��d|I}	|R�{�vtG�~��x�z{ÈeË�x�|vt�}	��Ñ���XvË�t]N�� � �

Üst�ÎI}���x�|��a�~�vtdÒ ÓC«�a�����K���"�?5���ÎI�	Èvt]SU$'&Z&$�~�vtGË��	z{�	t�uw�"X��	�@�S�!z{}�5v|vÈ������"�{�vx�u�uw�@���!t	�!��t
���\�!t¡ß	ß��YP{S¸$W&Z&!��Û!Û�� £ SU$WVXVf�	|vÈ £ Ïv� £ ���	��t�u�-���Ñ$�vt�z{t���}	z{t	����t�zwt�x�|�uw�@�¶�~t��{�vt¹�cLpÚX� £ Û
t�Ë�t����~z{}	|.zwt»Jwt����~x�}!|Fz{t�Í�5vx�z{t�ÎIt�|S���	|�ÈFÉv|vÈ.�{�����$�~��x�u$x�Î�Êvzw}U�	t�u$�~��tBË�x�Î�x��H�~} £!£ Ú	ÚRÊ�XN�

�YtI��}�5�Ë�ÈM���\�!tf�	Ë�u{}�z{t�È45v��t�ÈY�~��t�SR$ &Z&
X��	�@�S�!zw}�5v|vÈÕX[�Mx�|���z{t��	u{x�|v�F�~�vt
Ò ÓC �@�����K���
£ Û!Û



�	5��\�n�¿te�~zw��x�|v��z{t��	u{x�|v�Fx��a�{}g�~�vtRx�|�x��~x��	Ë�Xyt�uw�E�´��5vt�u{u¡���	Ë15vtn}	� £ Ú¶^�t*`n�kD�t�tR�{�vteu{t���}!|�È��
�~}¶�´Ë���uw��Ë�x�|�t�}	�½�{�vt��~�	XvË�t	�ºAC5vt��~}e�nÈ�t���zwt\�	uwt�x�|��~�vtat�^���x�t�|v���I��}!z � x��	�!u�t��!t�|[�{uG�dx��~�I�~�vx�u
�vx��!�vt�zGÒ ÓC©�@�����K���d�?5��\���~�vt¡Ë�x�ÎIxÌ�HX��	u{t�È.}	|�uE�@���{x�uE�~x����	Ë t�z{zw}!z{u$x�uGÈvt��	z~�	Èvt�ÈN� � t�zwta��t¡Èv}R|v}��
�\��Ë��	5�Ë����{ts�{�vtOË�x�Î�x��"�dxÌ�~�
uE��uw�~t�Î
�¶�~x���uGx�|���Ë15�Èvt�ÈIXyt��\��5vuwtax�����}�5vË�ÈI}!|vË���X�t���}!z{uwtO�~�v�	|
�~��t
}!|vt¡X���u{t�È�}!|�uw�~���~x�uw�~x��\�	Ëyt�zwz{}!zwu��

Ñ$�vtcË��	uw�s�~�vx�|v�I�{�����s��t��~zw��x�us�{}gz{t�ÊvË��	��tB�{�vtcÒ C�»´I ¼!L Ú��	5��Ox�|.�{�vtn|�}!|��´Xv�	�@�!�¯�~}¶�´X��	�@�
z{t��!x�}	|��dx��~����|_�8ÓÕ�?5��\����Ó½� ×!Úq^¡ta`c� �d��x��@�8�G��uB}�5vz�Xyt�uw�E�´��5vt�u{u¡�	5��¡Xyt���}!z{tc�B5v|vx�|��
D�t�t
�~�vt
Ë��	uE�nË�x�|vt�}	�$Ñb�	XvË�t�N�� � ��Ñ$��x�unx�unÎ�}	�~xÌ�����~t�È¿X[�M�~�vt
�������n�{�������~�vt
Ò C »´I ¼ L`Ú��	5��
x�un}!|vË��½¾ÙÛ!Û Ø t�^���x�t�|[�e��}!z � x��	�!uct��	t�|[�~u��$�	|vÈ�uw}¿��È�x��yt�z{t�|[�RÎIt��~�v}�È�}	�sX��	�@�S�!z{}�5v|vÈ
z{t�ÎI}����	Ëdx�|��~��t.|v}	|��´X����@�[�¢�~}��¯X��	�@��z{t��!x�}	|öÎ�x��!�[��X�t.X�t��w�~t�z�� Ñ$�vt�� Ó �Ô×!Ú�^�t*`Ô�	5��
�@��z{�!t��~u��{�vtnzwt�Î�}��	��Ë }��"� �HJwt��~u�t��	t�|[�~u��O�YtBÉ�|vÈ��{�����s�~�vt6� Ó �	5��aÈv}�t�u�|v}	��t��yt����{x��	t�Ë��
z{t´Jwt�����X��	�@�S�!zw}�5v|vÈ8Ë��	z{�!t�Ë��FX�t�����5vu{tc� �HJwt��~uax�u�|v}��¡�
Ë���z{�!tBt�|v}�5v�!����}!|[�~z{x�X45��{x�}!|��{}
�~��t
���	��teX��	�@�S�!z{}�5v|vÈN��Ñ$�vt�Ò C »´I ¼ L Úg�?5��¡z{t�È45v��t�u����	�	t�u¡XS���
���	���{}!za}	� £ Úgx�|��~�vte|�}!|��´Xv�	�@�!�
�~}¶�´X��	�@�Yz{t��	x�}!|N�H�	|�È �{�vt¶� Ó �:×!Ú8�	5���}!|�Ë��Õzwt�È45���t�u��~�vtFX����@���	z{}�5v|�ÈpX[� �����	���{}!ze}	�
P��

Ñ$�vt�zwt���}!zwt	�v�{�vt�u{t���}��b�?5��~ud}!|g�{�vta��}!zE�~�FË�x�|vtO}	� Ñb�	XvË�tEN�� � �	x��!t�uG�~�vt�X�t�uE�;5vÊvÊ�t�z$Ë�x�Î�x��
}!|YVQD�DvV ��zw}!u{u¡u{t����{x�}!|N�I�����~�	z{�	t��~x�|v�f�~�vtRË��	z{�!t�uw�¡uE��uE�~t�Î
���{x���u�����t����\�!t�z{t�È45v��t�ÈY�~��t
Ë�x�ÎIxÌ�OX[� � Ú Ø �cÑ$��5vu����~�vteÉ�|v�	Ë"�	5��~u���}!za�~��t�uwxÌP��	��z{x���XvË�t�x�|v��Ë15vÈvt�È�x�|8�~�vte}	Ê��~x�ÎIx��\���{x�}!|
�	zwt��

£ Û	×



 Û Ø �M�  Û Ø �M� L�z{zw}!z��b��}�� t��!t�|[�{u;-;¿
�,��}Ruw��uE�\�Ç�,�cuw��uE�\�ÀSU$WV:V SU$Á&Z& ���	�	t�u

� Ó L Ûc^�t*`n��Ò Ó L £ Ú#^�t*`
Ò ÓC©�@�����K���ML Ûc^¡ta` N�Ï[Û £ Ï  Ú � �YP ×��  £ ×�� ×

� Ó L £ Ú#^�t*`n��Ò Ó L £ Ú#^�t*`
Ò ÓC �@�����K��� L Ûc^¡ta`  Û�P £ Ï!ß[Û � �YP Û���N ×�� ß

��ÓiL £ Ú#^�t*`n��Ò$ÓQL £ Ú#^�t*`  P�P £���£ Ú � � £ Ïv� Û ß�� ×
ù	ÂÃLÅÄOÆÈÇgøOÉËÊ	Ì�Â
LÅÄOÆÈÇfø.É

�!LÍÆm�¯Ä:Î Ï�ÐÑÐ ÄÑÄOÆÑÆ ÒNÿ±Æ Æ�ÿ¯Ó Ô½ÿ�Ä
� Ó L £ Ú#^�t*`n��Ò Ó L £ Ú#^�t*`

Ò ÓC©�@�����b���]L £ Ú £ Ú!Û	Ú
��ÓiL £ Ú#^�t*`n��Ò$ÓQL £ Ú#^�t*`

�6L0ÚX� £ Û
Üdt�ÊvË��	��tE� Ò�LpÚe�,�#� Ó �0×!Ú N	× £ £ P�N	Ú P�� Û Ú�� £ £!£ � �

Ñb�	XvË�t�N�� � �_Õ�©�³�¨S¬�­�®»³�¨UÖ(×�ØÖ­�ªU«�²�¨v³@«y­�³.¹�³¡ �³@¹�µ�Ù�¬�«Zºº�¡Ú�¾�¬¢®�¸ §�«�¨ ¾�¬¯®�¸�ª�°v®�µ=³�µ\®»³~·g§�®�¬�­~µ
¬�«�­@¹¯°S¨v³�¨�Û�§�µa­U°v®�µn®w°	«y³�¨�ªU«Fµ\®¢§�®�¬�µ\®�¬�­@µaªU«�¹Ü³�¾�³@©Q³�·Fª�¨S¬£²�³�¨�®»ª�©�³�¨�°�­�³aµ=³vµ�®»³~·g§�®�¬�­~µ\Á

£ Û(N



|v}!|��´��Ñd� �*��Ñd� |�}!|��»��Ñd�
SU$µV:V Ï.P�� Ï Ïv� £
���	��t�u £ Ú�� £ £ � Û
SU$Á&Z& Ú�� × Ú�� Ú[Û
� �  £ Ú!ÚX�E�@�	|��Q Û�Ú P�� Û Ú�� � Ú
� �  £ Ï[ÚX�E�@�	|��Q Û�Ú Ú�� Û £ Ú�� Ú!×

Ñb�	XvË�t3N��ÐÏ��cÝ�¬�«�§�¹ º ©�³�¨S¬�­�®�¬�ª�«vµn±¢ªU©/�!§S­E².°[©Qª�°	«y¨[µ�§�«y¨�µw¬¯°[«�§¶¹�¾�¬¢®�¸ ®�¸y³!²v«�§�¹s­�°v®�µc±¢ª�©g®�¸�³
§�«�§¶¹Ü³�µ{¬�µ\Á

� Ò Ó L £ Ú#^¡ta`

� � Ó L £ Ú)^�t*`

� �s} �M� Ü � 5��
� �!LpÚX� £ Û

� �s}IÒ ÓC©�@�����K��� � 5��
� �s}/� Ó � 5��
Ñ$��5vu��dÑb�	XvË�t¶N��ÐÏYuw�v}��du
�~��t�É�|v�	ËdÊvz{t�Èvx����~x�}	|vu���}	z�Xv�	�@�S�!z{}�5�|vÈvuf�	|�Èpu{x��!|��	Ë$�v����x�|v�

}!Ê��{x�Î�x���t�Èg�~��tBuwxÌP
�	��z{x���XvË�t�u��

£ Û	ß



% &('*),+.-0/ Þ

ß - >F;Wày+�>

£ Û  



Ñ$�vx�uO�@���	Ê��{t�zauJ5vÎIÎI�	zwx���t�us�{�vtczwt�uB5�Ë��~uO}	���~�vt�u{t��	z{�@�N�¡�bx�z{uE�\����tnuB5vÎ�Î
��z{x���tB�{�vtcuE��u»�
�~t�Î
�¶�~x��¡t�z{z{}	z{u���}	zs�{�vtnX����@���	z{}�5v|�Èvu��	|vÈ.u{x��!|��	Ë��]��t�P�������tcu{��}U� �{�vtB�{z~�	�@��Î95vËÌ�~x�ÊvË�x���x��´�
Èvx�uw�~zwx�X45��~x�}	|vuO��}!za�{�vtR���	Èvzw}!|vx��c�~��5M�\�	|vÈ�x�È����{t�u¡u{x�|v��t��	|�tQP���t�uwun}	� £ �¯�{z~�	�@���	|vÈ � �¯�{z~�	�@�
�\��|vÈvx�Èv���~t�u�x�un�Fu{x��!|����B5vz{tR��}!z��@��5�u��g�¿tI�~��t�|Yuwt��nË�x�Î�x��{ua}!|¿Èvx�zwt�����A�C	D¿Êvz{}�È45v���~x�}!|Yx�|
�~��t�VQD�DvV X��	u{t�Èö}	|ö����}�5v|[�~x�|v��t�P�Ê�t�z{x�ÎIt�|[�<5vu{x�|v��t��!t�|[�~u�x�|�Xy}��~�Z�~�vtfXv�	�@�!�¯�~}¶�´X��	�@�
�	|vÈ�|v}!|��¯X��	�@�!�¯�{}��´X����@��zwt��!x�}!|vu��O��x�|��	Ë�Ë��!�v��tcuw�v}�� �{�vtnÈ�xÌ�¯�~��5�ÎI�	uwu�Èvx�uw�{z{x�X65��~x�}!|���}	z��~��t
|v}!|��´X��	�@�!�¢�~}��¯X��	�@�Rt��	t�|[�~u$}!|�Ë��!���	|�Èg��}!Î�Ê��	zwts�{�vtOË�x�Î�x��{u���z{}!Î<�BXvx�|�|vt�ÈgË�x���t�Ë�x��v}�}�Èex�|I�~��t
Èvx��¯�@�W5fÎ
�	uwu$�	��z{x���XvË�tO�dxÌ�~�f�~��tBË�x�Î�x��{uH��zw}!Î �~��tB��}�5v|[�~x�|v�Rt�P�Ê�t�z{x�ÎIt�|[�\�
ági�j oc1 �«ýªþ q â ý 2�y �

_´|FÑ��	X�Ë�t¡ß�� £ ����t¡uB5vÎ�ÎI�	z{x���t��{�vt�uw��uE�~t�ÎI���{x���u$}	|F�{�vt�X��	�@�S�!zw}�5v|vÈ�u���|vÈFu{x��	|��	Ë¢�®SU$
&Z&ax�u�|v}	��x�|v��Ë15vÈvt�Ègx�|��~�vt��@�	XvË�t�X�t�����5vuwtO�~�vtOt�P�Êyt����{t�ÈFz~���{tOx�u�X���u{t�Èf}	|f�nË�}�� |�5vÎcX�t�z�}	�
X��	�@�S�!zw}�5v|vÈ�t��!t�|[�~u��G�¿tBt�P�Êyt����aÚ�� ×)"*Ú�� � S%$À&Z&nt��!t�|[�{uax�|F�~�vtB��}�5v|[�~x�|��ItQP�Ê�t�zwx�Î�t�|[�\�
Ñ$�vtI}!|vtRuw��uw�{t�ÎI���~x��I}	| � x��!�!u�t��!t�|[�{un�~���¶�����	zwx�t�u¡uwx��!|vxÌÉ��\��|S�{Ë��.�dx��~�MÎI�	u{uBx�u��~��tIt�z{z{}	z
}!|��{�vtc��zw}!u{u�uwt����~x�}	|8È45vtn�{}g�~�vtcË�}���ã äc�@��x�Ë¢� � t�z{tR�	zwt��~��teuw��uw�{t�ÎI���~x��ct�zwz{}!zwuO��}!zOt��	�@�
Ê��	z{�	Î�t��~t�z¡u{Ê��	��tIÊ�}!x�|S�¡��}!|vuwx�Èvt�z{t�È¿x�|8�~��x�u¡|v}	�{t���� �  £ Ú!ÚX�E�@�	|��� Û�Ú�� Ú�� Û Ø�å � �  
£!£ Ú:�w�@��|��Å ÔÛ	Ú��æP�� Û Ø3å ���U £ P	ÚX�E�@�	|��ç ÙÛ	Ú�� � � Û Ø �����U £ Ï[ÚX�E�@�	|��Å ÙÛ	Ú���N��YP Ø�å
���q £ Ï[ÚX�E�@�	|��Q ß!Ú��.P £ � �[Ø �"Ñ$�vt$uw��uE�~t�ÎI���{x���u��{��������}!ÎItG��zw}!Î u{x�Î�5vË����{x�|v��A�C!D)$WVXV �

£ ×!Ú



S¸$'V:VN�y�	|vÈiSç$À&Z&B�dxÌ�~�iè�� � �	zwtBÈ�t�u{��z{x�Xyt�È�x�| � ���	Ê��~t�zsÏv��Ñ$�vt�uE��uw�~t�Î
�¶�~x���u�}	|.�~��t
���	��t��@�W5cX��	�@�S�!zw}�5v|vÈR�	zwt�È�t�u{��z{x�Xyt�Èex�|!D�t����{x�}!|n×���P�� £ �bÑ$�vt�t�z{zw}!z�}	|��~��t�Ë15�ÎIx�|v}!u{xÌ�´����}	ÎIt�u
��z{}	Î ÝÞÏ £ à��"�¿ta}!X��~�	x�|��~�vtHJwt��Gt�|vt�zw�	�guw�\�	Ë�tOuw��uE�~t�ÎI���{x��aX[�IÎI}���x�|v��t�|vt�z{�!x�t�uG}�� �	Ë�Ë�}	�½�~��t
Jwt��{u���tQP���t�Ê��Bt�Ë�t����~zw}!|IJwt��{u;-s5vÊM�	|vÈ8È�}U�d|MX[��Û Ø �B]G���~�vteX�}	�w�~}!Î }	�HÑ���XvË�teß�� £ �y��teË�x�uw�
�~��td�{}	�@��Ëvuw��uw�{t�ÎI���~x��$t�zwz{}!z���}!z"t��	�@�
Xv�	�@�S�!z{}�5�|vÈIx�| Ø ���	|�ÈI��Ë�u{}¡x�|e|�5�ÎcXyt�z�}	� t��!t�|S�{u���Ë�t��
5vu�X�te��Ë�t\�	za�{�����a�{�vx�u�x�u6é�êG>��{�vtR|�5�ÎcXyt�z�}	�Ht\�	�@�MX��	�@�S�!zw}�5v|vÈMt�P�Ê�t����~t�È �bX45����~�vtet�z{z{}	z
}!|F�~�vtBX��	�@�S�!zw}�5v|vÈ�-��GÑ$�vtBt�zwz{}!zdtQP�Ê�z{t�uwu{t�ÈMx�|F|�5�ÎcXyt�z�}��"t��	t�|[�~u�x�u$�~��tB�{zB5vtBÎIt��	uB5�z{t¡}	�
�d�vx��@�.uE��uE�~t�Î
���{x��¡Èv}!Î�x�|v���~t�u����d�vx��@�.x�u$��Ë�t\�	zwË������	�	t¡�@��5�u��
ági~¤ ë ÿ âìy"Å í Ã�m*î	2�r.m�2�yM2*î?1 ï m�lEî[ð

ñYt¡ÊvË�}	�$�~��t¡�{z~�	�@�
Î95vË��{x�ÊvË�x���x��´�R}�ò �~�vt��~��5F�\�	|vÈ�x�È����{t�udx�|f�{�vt¡t��!t�|[�~u��d��x��@��Ê��	u{ud}�5�z
�	5��~u�Xyt��\��5�u{t����	Èvzw}!|vx��"�@��5vu���ÊvÊyt��	z½Êvzwt�Èv}!Î�x�|v�	|[�~Ë��sx�|¡�{�vt £ �¢�~z~���@�a�	|vÈ � �¢�~z{�	�@�OXvx�|vu�� Ñ$�vx�u
ÊvË�}	�G��Ë�Ë�}��du"5vu��~}n��}!Î�Ê��	zwt��~��tO�@��5�ó�ò��	��ta��}	ÎIÊ�}!u{xÌ�~x�}!|Ix�|
�~��taÈ����~���dx��{�
�~�vtOX��	�@�S�!z{}�5v|vÈ
t�uE�~x�Î
���{t�u��¸ñ¿t.��}�5vË�È �	Ë�uw}YË�x��	tF�~}YÈvt�Î�}!|vuE�~z~�¶�~t.�{��������t�Èv}Õ}!Xvuwt�zE�!t��~��t�x�zwz{t�È45v��x�XvË�t
X��	�@�S�!zw}�5v|vÈ�ó�SU$µV:VN�

��t*ò�}	z{tR��t�Ë�}�}!���¶�B�{�vte�~z{�	�@�8Î95vËÌ�~x�Ê�Ë�x���x��´��ÊvË�}	��óN��tIx�ÎIÊ�}!uwtR�	Ë�Ë"}�ò��~��t
�	|v�	Ë���u{x�u��	5��{u
587:9;5=<?>��{�vtTò�}!Ë�Ë�}U�dx�|v�n�?5��~u*�
�õôBöµ÷Tø8ô  £

£ × £



DS��uE�~t�Î
���{x�� A�C	D/$WVXV SU$µVXV �����	t�u
��� �  £ Ú!ÚX�E�@�	|��Q Û	Ú.-

� 5vÎIx�|v}!uwx��´� Ïv� £ Ïv� £ �
� z{}	u{usu{t����~x�}!| Ú�� Û £ ��N �
L�Ë�t����~zw}!|F_BA £ � ß £ � ß �

D���ÎIÊvË�t�Èvt�Ê�t�|�Èvt�|v��t
}�ò�ò��	�	t¡z{���~t�u � � Û�N�� £
C ÊvÊ�}!uwx��~t¡uwx��!| � � � Ïv�YP
�	t���ñ x�È��~� P�� � P�� � �

�	t���L�|�t�z{���zD��\��Ë�t £ � Ú £ ��P �
Ñbzwx��!�	t�z$L"�b� £ � × £ ��N �
L�Ë�t����{z{}!|�Üdt»J�� Ïv� £ Ïv� £ �
Ñb}	�~�	Ë�L�z{zw}!zB� Ø - N�� Ú N�� Ú ×	×�� ×

Ñ }	�@��Ë½L�z{z{}	zB�b��}���L"�	t�|[�~u�- � � Ú ×��YN
Ñb�	XvË�t�ß�� £ �6ù °	·�·g§�©=³ZªU±�µB³�µ\®´³@·
§�®�¬�­@µ�ª�«�­�ª�°	«�®�¬�«X°¿³8ú!º"³@©w¬�·f³@«�®d±¢ªU©�²v«�§�¹G­U°�®�µ\Á3û�¹�¹�µ=³vµ{¼
®»³~·g§�®�¬�­~µa§¶©�³Eüv°Sª�®»³�¨.§�µ�§Bº�³~©�­�³@«�®¯§G°�³cªU±$®�¸y³R®´ª�®¯§�¹�«�°	·q��³@©¡ªU±�³Z U³@«�®�µ�ª:��µQ³@©� �³�¨�§�±»®´³@©O§�¹�¹
­U°�®�µd§�©Q³d§�ºvº ¹�¬�³�¨�Û�³8ú�­�³»º"®"±¢ª�©O®�¸y³$¹�§�µ\®�¹�¬�«y³�¾�¸y³@©Q³B®�¸y³­³�§¶©�³�üv°Sª�®»³�¨�¬�«�®´³@©w·Iµ$ªU±N«�°	·q��³@©dªU±
³¡ �³@«�®�µ�Á6S©$ &Z&R¬�µa«yª�®�¬�«y­~¹¯°�¨v³�¨�¬�«Z®�¸y³I®¯§X��¹�³c�v³�­�§�°	µQ³�¬¯®�¬�µ!�!§¶µ�³�¨�ªU«M§
¹�ª�¾ «�°	·��v³~©�ªU±
ý�þ0³¡ U³~«�®�µ\Áÿù�³�³c®�¸�³c®´³~ú ®{Á

£ ×.P



Number of Tracks
0 1 2 3

¤
4 5 6 7 8

�
9
�

N
um

be
r 

of
 E

ve
nt

s

0

5

10

15

20

25
¥30
¤35
¤40

45
�50

Fake Taus
 ee→+ Z 
 ττ→+ Z 

Data

��x���5vz{t¡ß�� £ ����©@§S­E²f·f°�¹¯®�¬ º ¹�¬�­@¬¢®±³.¨[¬�µ\®�©{¬���°v®�¬�ªU«f±¢ªU©B®�¸�³�­�ª�°	«�®�¬�«X°�³8ú	º�³~©{¬�·f³@«�®=Ûº��°v®H�dxÌ�~�v}�5��
®�¸�³ ô ÷3ô  £ ÛNªQºvº�ª�µ{¬¯®´³sµ{¬±°[«sÛy§�«�¨����´�
	�����b��
 �öÏ�©Q³�ü�°	¬�©�³@·f³@«�®�µ\Á

� ���´�
	�����b��
 �öÏ

��C ÊvÊ�}!u{xÌ�~t�uwx��!|Fz{t�Í�5vx�zwt�Î�t�|[�
��x���5vz{teß�� £ uw�v}��duB�{�vte|�5vÎcX�t�z�}�ò��~z{�	���Su¡x�|��~��tIÚ�� £ N	Û
��}!|vtR��z{}�5v|�È��{�vtc�@�W5Muwt�t�È¿x�|

�~��t�����Èvz{}!|�x��$�@��5I�\�	|�Èvx�È��¶�~tdx�|R�~�vtst��	t�|[�\�ºñ¿t�tQP�Êyt����]N�ß��YP�t��	t�|[�~u��~}��	ÊvÊ�t\�	zHx�|R�~�vx�u�ÊvË�}	�
�	|vÈ.��tc}	Xvu{t�z��!tRß £ �OÜdt�Î�t�ÎnXyt�zs�{�����O�{�vtnt��!t�|S�{ua�~���¶�aÊ��	uwu��	Ë�Ë }�ò�}�5vzO�	|��	ËÌ��uwx�us�	5��{u��	zwt
�guB5�Xvu{t���}�òH�{�vtct��!t�|[�{uB�{�����¡�	Ê�Êyt��	zax�|���x���5�z{teß�� £ �¡]OË�u{}fzwt�Î�t�ÎcX�t�zs�~�����O�~�vtet��!t�|[�{u�x�|
��x���5vz{tBß�� £ Èv}
|v}����v���	t��{�vt��{�vz{t�t��?5��~u�Ë�x�uE�~t�È��	X�}��!tBx�Î�Êy}	u{t�È�ó�u{}I�{�vtìò����	tB��}!|[�~zwx�X45��~x�}	|
x�u$��x��!�vt�z$�vt�zwtB�{���	|���ò �{t�zd�	Ë�ËN�	5��{us�	z{t¡x�Î�Ê�}!u{t�ÈN�

Ñ���XvË�tFß���P8Ë�x�uE�~un�{�vtF|�5vÎcX�t�zR}�ò�t��!t�|[�~u
tQP�Êyt����~t�Èp}�ò�t\���@�öX��������	z{}�5v|�Èö�´��ÊytFx�|ö�bx����
5vzwt�ß�� £ ó��	|vÈö��ò �~t�ze�~�vt�uB5vX�u{t�Í�5vt�|[�f�	5��{u
��z{t�x�Î�Êy}!uwt�ÈN��Ñ$�vt�È����~�¿��|vÈ �{�vt�Êvz{t�Èvx����~x�}	|
u{��}U�K�!}�}�È��	�!z{t�t�Î�t�|[�¡���at\�	�@��uw�~�	�!t�� C ò��~��tcÏONIÉ�|���Ë�}!Xvuwt�z��!t�ÈMt��	t�|[�~u*ó��[Ûg�	z{t £ �¯�{z~�	���

£ ×��



SU$WVXV SU$'&Z& ������tBÑb��5vu Ñb}��@�	Ë C Xvu��
� Ñbz{�	���Su � Ë�}	� Ï[×�� £ Ú�� Û	× � £ � Û N	ß���P ß £

ô ÷�ô  £ ó � Ñ z~�	���Su��pÏ ÏOP��ÐÏ Ú�� Û	× P�Ú��YP ×���� £ × £
C ÊvÊ�}!u{xÌ�~tED�x��!| ÏOP��ÐÏ Ú�� Û	× £ Ú�� £ Û���� £ ÏON

Ñb�	XvË�t�ß���P:�]�n°�·q�v³~©BªU±H³�§S­E¸È�!§[­E²O°!©�ª�°	«�¨M®±³!º�³c³8ú	º�³�­U®»³�¨�Û�¬�«Õ®�¸�³R®�©~§S­E²�·f°	¹¯®�¬ º ¹�¬�­~¬¯®±³eº ¹�ª�®
§�«y¨f§�±»®´³@©$µ\°���µ�³*üv°S³@«�®s­U°�®�µ�§�©�³�¬�·nº"ªUµ�³�¨�Û ­�ªU·�º½§�©�³�¨�¾�¬¢®�¸M®�¸�³O«�°	·��v³~©�ª���µ�³~©� U³�¨�Á

�	|vÈ £ P8�	zwt����¯�{z~�	�����ZÑ$�vtfÉ�|v�	ËG�~�vzwt�tF�	5��~uRz{t�È45v��tf�{�vt�ò����	tFX��	���S�!zw}�5v|vÈ x�|Z�{�vt�uwtF�´��}
Xvx�|vuOX[�8�#ò��	���{}!zO}�òæP
��}!Î�Ê��	z{t�È��~}I�~�����au{�v}��d|�x�|���x���5�z{tcß�� £ ó �	|vÈ8Ë�t\���!t�uO�~�vt!S©$ V:V
X��	���S�!zw}�5v|vÈ.x�|g�{�v}!u{tBXvx�|vu���x�zw�B5��	Ë�Ë���5v|v�@���	|��!t�ÈN�
�dã! GãEä " î�ð$#�%Yë�í�ô&#�è�î'#�%Yë�í�ô)(�*Hé½ð�è�ç,+Zð.-´æ

��x���5vz{t�ß��YP�uw�v}��du �{�vt"�~z{�	���aÎ95vËÌ�~x�ÊvË�x���x��´�GÈvx�uE�~z{x�X45��{x�}!|¹ò�}	z �~�vt�|�}!|/�´Xv�	�����¯�~}��´X��	���Ot��!t�|[�~u
}!|vËÌ� ��u{x�|v��t
��tg�dx�Ë�Ë�X�tgÊ�t�z­ò�}!z{Î�x�|v���~�vt
Èvx0�¢�@��5ÕÎI�	uwucz{t���}!|vuE�~zJ5v���{x�}!|Z}!|Õ�{�vt�uwtFt��!t�|[�~u;-Q�
Ñ$�vt�u{tgt��!t�|[�{ue�����!tgÊ���u{u{t�ÈÕ�~�vt
Ò�»´I ¼C L4Ú.zwt�Í�5vx�z{t�Î�t�|[�nX45��n�{�vt ô ÷3ô  £ ó�}!Ê�Êy}!uwx��{tIuwx��!|�ó
�	|vÈ1�2�´�!	�����K�3
 �0ÏRz{t�Í�5�x�z{t�ÎIt�|[�~us�����!tB|v}	�sXyt�t�|.x�Î�Êy}!uwt�ÈN�ºñ¿t¡t�P�Êyt����54��YPct��!t�|[�{u��~}I�	ÊvÊ�t\��z
x�|f�{�vt¡ÊvË�}	�$�	|vÈF��tB}!Xvuwt�z��	t £ Û��

Ñ���XvË�tHß��6�sË�x�uE�~uN�~��t�|�5vÎcX�t�z�}�ò�t��	t�|[�~u"tQP�Êyt����~t�Èc}�ò�t\�	�@��X��	���S�!zw}�5v|vÈn�´��Ê�t�x�|B��x���5�z{t�ß���P
x�|���Ë15�Èvx�|v�I|v}!|/�¯X��	�����¯�{}��´Xv�	����t��!t�|[�{u�}!|�Ë��!��ñ¿tR�	Ë�u{}guw�v}��K�{�vtet�P�Ê�t����~���~x�}!|8��}	ÎIÊ���z{t�È��{}

£ ×	Ï



Number of Tracks
0 1 2 3

¤
4 5 6 7 8

�
9
�

N
um

be
r 

of
 E

ve
nt

s

0

2
¥
4

6

8
�

10

12
Fake Taus

 ee→+ Z 
 ττ→+ Z 

Data

��x���5vz{t�ß���P:�7�v©~§S­E²�·f°	¹¯®�¬ º ¹�¬�­~¬¯®±³�¨[¬�µ\®�©{¬���°v®�¬�ªU«�±¢ªU©c®�¸y³¡«yªU«v¼��!§S­E²�¼w®»ª¶¼~�!§S­E²8³¡ U³~«�®�µc�dx��{�Z®�¸�³
Ò »ÜI ¼C L Ú
©Q³�ü�°	¬�©Q³@·f³@«�®BÛ���°v®��dx��{�v}�5��c®�¸y³8�2�´�
	�����K��
 � Ï:Û ô ÷3ô  £ §�«y¨8ªQºvº�ª�µ{¬¯®´³aµw¬¯°[«�©�³�ü�°	¬�©�³@¼
·f³@«�®�µ�Á
�~��t�}	Xvu{t�z��!t�È ��ò �{t�ze�~�vtFuJ5vXvu{t�Í�5vt�|[�f�?5��~uI�	z{tFx�ÎIÊ�}!u{t�ÈN��Ñ$�vtFÉ�|��	Ëdß8t��	t�|[�~u
��}!|[�@��x�|öÛ
£ �¢�~z~�����gt��	t�|[�~u��	|vÈ1�9���¯�{z~�	���gt��!t�|S�{u��

ági­¬ :½2\q 2aî[ð

ñYtR5vuwt����G�\�!t�u{x��	|�Î�t��{�v}�Èf�{}�uwt���Ë�x�ÎIxÌ�~u��bÑ$�vtBÎIt��~�v}�ÈFx�u$}�5��{Ë�x�|vt�ÈFx�|F]�ÊvÊyt�|vÈvx�P.Ld�
��}!zNt��	�@��Ê�}!x�|S��x�|�Ê��	z{�	ÎIt��~t�z½u{Ê��	��t�óU��t�uwt��b�$Ë�x�Î�x���}!|��{�vt���z{}	u{u�u{t����~x�}!|B����4[Û Ø ��}!|�É�Èvt�|���t
Ë�t��!t�Ë¢�

�dã<;dãEä %¿é½ðOí>=aê7ë@?vôBA�ë@?vëHê7é è�éC? åEDaë�íNéFAFî�ì»ð�è

� }!|vuwx�Èvt�z{x�|��¿uE�@���{x�uw�{x����	Ë�t�z{z{}	z{uR}!|vËÌ�(ó��~�vtFt�P�Ê�t����~t�ÈG4[Û Ø 5vÊ�Êyt�z�Ë�x�Î�x���x�u £ ×�� Ú�u{x��!|��	Ë
t��	t�|[�~u��
��}!zT� �  £ Ú!ÚX�E�@�	|��  <Û	Úfx�|��{�vtIVQD�DvV
ó��{�vx�u���}!z{zwt�uwÊy}!|�Èvu��~}¶N	×!×fÊvXN� C |v��t

£ ×[Û



SU$WVXV SU$'&Z& ������tBÑb��5vu Ñb}��@�	Ë C Xvu��
� Ñbz{�	���Su � Ë�}	� Ïv�ÐÏ Ú�� Ú[Û Ï�� Û 4���P £ Û

ô ÷�ô  £ ó � Ñ z~�	���Su��pÏ Ïv� £ Ú�� Ú[Û ��� Ú N�� £ £ �
C ÊvÊ�}!u{xÌ�~tED�x��!| Ïv� £ Ú�� Ú[Û £ � Û Û�� × ß

Ñb�	XvË�t�ß��6�X�]�n°�·q�v³~©BªU±H³�§S­E¸È�!§[­E²O°!©�ª�°	«�¨M®±³!º�³c³8ú	º�³�­U®»³�¨�Û�¬�«Õ®�¸�³R®�©~§S­E²�·f°	¹¯®�¬ º ¹�¬�­~¬¯®±³eº ¹�ª�®
§�«y¨�§�±»®´³@©¡µ\°���µ�³*üv°S³@«�®¡­�°v®�µ�§�©Q³n¬�·nº"ªUµQ³�¨�Û�­�ªU·nºN§�©�³�¨Y¾�¬¢®�¸ ®�¸�³n«�°	·��v³~©nª:��µ�³~©� �³�¨�Á1HG«v¹Ü³
«yªU«v¼��!§S­E²�¼w®»ª¶¼~�!§S­E².³Z U³@«�®�µ�§�©Q³O¬�«y­@¹¢°�¨v³�¨�Á

��tMx�|v��ËE5vÈvt��{�vt8uw��uE�~t�ÎI���{x���uFx�| Ñ��	X�Ë�t8ß�� £ ód�~�vt8tQP�Êyt����~t�È Ë�x�Î�x���x�uqP���� ÚÕuwx��!|v�	Ëat��	t�|[�~u*ó
��}	z{z{t�u{Ê�}!|vÈvx�|v�8�~} £!£ Ú	Ú�Ê�XÈò�}!z��~�vtFu~��ÎItfÊ���z~�	Î�t��{t�zeu{Êv�	��t�Êy}	x�|[�\� D�x�|v��tg��t�}!Xvuwt�z��	t�È
u{Ë�x��!�[�{Ë��!ò�t���t�z$t��!t�|S�{us�{���	|g��tat�P�Ê�t����~t�È�ó��{�vta}!X�u{t�z��!t�È.Ë�x�Î�x��~uH�	zwtaX�t��{�{t�z��{���	|ftQP�Ê�t����~t�ÈN�
Ñ$�vt�}!Xvu{t�z��	t�È24[Û Ø 5vÊ�Êyt�z�Ë�x�ÎIxÌ�"��}�5vË�ÈIXytaÛ(N�4BÊvXgx¯òy��ts��t�z{tO�{}n}!|�Ë��R��}	|vu{x�Èvt�z�uw�@�¶�~x�uE�~x��\�	Ë
t�zwz{}!zwu�� Ñ$�vt�Ë�x�Î�x���x�ugß�4 £ ÊvX }!|v��t8uw��uw�{t�ÎI���~x���uf��z{t�x�|v��ËE5vÈvt�ÈN� ��x���5vz{t.ß��6�Yu{�v}��duf�~��t
Ë�xI�	t�Ë�x���}�}�È�Èvx�uE�~z{x�X45��{x�}!|öX��	u{t�È }!|p�~��t�|�5vÎcX�t�zg}�ò¡t��!t�|S�{uF}!Xvu{t�z��	t�È �dx��~�0�	|vÈp�dxÌ�~�v}�5��
uw��uE�~t�ÎI���{x��ct�z{z{}	z{u�x�|���Ë15�Èvt�È�óyu{�v}��dx�|v�g�~�vteÊ�}!x�|S�a���a�d�vx��@���~�vtex�|[�~t��	z~�	Ë z{t��	�@�vt�uJ4[Û Ø ò�}	z
t\���@��ó�x�|g�~t�z{Î�ud}�òb�{�vt¡|�5vÎcX�t�zd}�òbu{x��	|��	ËNt��!t�|[�{u��

£ ×!×



Number of Signal Events
0 5 10 15 20 25 30

¤
35
¤0

0.002

0.004

0.006

0.008

0.01

0.012

0.014

0.016

0.018

       mA=100 GeV, tanβ=50

Likelihood - statistics only

Likelihood - w/ systematics
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Y¨°\ç3ø<ì � ç�ÆPì>��üE� ß 4���� Ok6 � 5 �dì
� ß 9 � pOì�p.Á\ô\ÄXó/Â�è�ì�é�øPì±ó�Wd�5Â�Ã�Æ|ë�ÁoÄ�òCé�ÁN���H<�Â�RÌp.ç3ç�°\õ7°\ø|é�èÇÄ�År2$Æ|Ádë�ò�Ä�Ågè�ê\Â.þ>Â�Å�õ�Æ|ø�é�^múòÂ���é��

è�Å�Ä�Á�{T^@Å�Ä�÷�Â3ç�è�ó�So{na@a@aGú�ÅÇé�Á\Ã�ì8YS°\ç�øPì � ç�ÆPì>��üC� ß 4���� OK6 ü�� ß ì
� ß.5.� ^òé�Å�è�Æ|ç�ø|Ât��é�èÇé	<8Å�Ä�°\ö�óBW�j¨Æ|ë�ê/�
a�Á\Â3Å�ë�î
�EÄ�øIø|ÆIô\Â3Åu^òé�ÅÇé�õoÂ�èÇÂ3Å�Ã�ó�S;^�êfî�Ã3ìv2¨Â��«ìw�x����ó ß 6 �

� ß 4�4�9 O ì
� ß � � _�ìBF�é�øI��é:ócÂ�è3ìcé�ø<ì¯ó	W�ú~ê\ÂE�K��þFa�ø|Â�ç�èÇÅ�Ä�õoé�ë�Á\Â�èÇÆ|ç#��é�ø|Ä�Å�Æ|õ�Â�è�Â3Å*ó3SyY¨°\ç3ø<ìò{
Á\Ã�è�ì@Z2Â�èÇê_ì

p 6 9 5 � ß 4���� OK6 5 6 ì
� ß 4 � � ìjFEÂ3Å�èÇÄ�øI°\ç3ç�ÆKóCÂ�è3ìÎé�øPì±ó�W�ú~ê\Âs�K��þx�EÂ3ÁfèÇÅ�é�øgé�Á\ôña@Ádôdó�é�ø|ø@j.é�ô\Å�Ä�ÁdÆ|ç1��é�øIÄ�Å�ÆIõoÂ�èÇÂ3Å*ó3S

Y¨°\ç3ø<ì\{
Á\Ã�è�ì¡Z1Â�èÇê®ì p 6 9 5 � ß 4��(� O ��ü ß ì
�36 ü � ^�ì�p.ï�ï3ÆKó&Â�è3ì&é�øPì±ó;W � Rnzn{ 4 ú~ê\ÂCYSÂ�ó|�K��þ � Æ|øIÆ|ç3Ä�Á}R@Â3Å�è�Â�e~�5Â�è�Â3ç�èÇÄ�Å*ó3S�Y¨°\ç3ø<ì�{
Á\Ã�è3ì

Z2Â�èÇê_ì>pµ�(9�üE� ß 4�4�� O ß � 5 ì
�36 ß�� þ&ìmFEÂ3ô\Â�Ã�ç�ê\Æbó$Â�è�ìgé�ø<ì¯ó;Wd�5Â3Ã�Æ|ë�Áté�Á\ôi�EÄ�Á\Ã�èÇÅ�°dç�èÇÆIÄ�ÁýÄ�ò5èÇê\ÂZ�K��þ��EÂ�ÁfèÇÅÇé�øSú�ÅÇé�ç���ÆIÁ\ë

�Eê\é�õ7^¡Â3Å�ó�S1YS°\ç�øPì>{
Á\Ã�è�ì¡Z1Â�èÇê®ì>p 6 5�ß � ß 4���� O ��� 5 ì
�36�6 � <mì�pSÃ�ç�Ä�ø|Æbó�Â�è3ìfé�ø<ì¯ójWd�K��þy�EÂ3ÁfèÇÅ�é�ø Z1°\Ä�Ás�5Â�èÇÂ�ç�èÇÄ�Å�ó�SPY¨°\ç3ø<ì�{
Á\Ã�è�ì�Z1Â�èÇê®ì�p 6 9��
� ß 4���� O

���dì
�36 � �;: ì3�7ìg_ÎÂ�ó$Æ|Ã*ó_Â�è3ì®é�ø<ì¯óTW�ú~ê\Â ß 4�4 6 �K��þlZ1°\Ä�Á � î�Ã�èÇÂ�õ��¨ö\ë�ÅÇé�ô\Â�ó�SC�K��þtö\°\^dø|Æ|çOÁ\Ä�è�Â

�K��þ�7(^m�nFk7�ZC��0\Y�7(^m��FK_C{H�k7 6 �L�(�E� ß 4�4(� O ì
ß.5�5



�36 � � �7ìu�EÅ�Ä�Á\ÆIÁ/�nj¨Â3Á\ÁdÂ3Ã�Ã�î(ó�pOìmFEÂ3Å�Â�è���é�Ãoé�Á\ô~^�ìÈþ&ìm�5Â3Å�ó&Â3Áfè�ó
Wd_C°\õ�Æ|Á\Ä�Ã�ÆIè
îhZ1Ä�Á\Æ0èÇÄ�Å�Æ|Á\ë
é�Á\ô1Z1Â�é�Ã�°\Å�Â�õoÂ�Áfè5é�èn�K��þÿó�S1YS°\ç�øPì\{
ÁdÃ�èÇÅ�°\õ2ì¡Z1Â�è�ê®ì>p����f�E� 6 ü�ü�ü O � 5 ì

�36 � � �7ì_p.õ�Æ|ô\Â�ÆKó®Â�è�ìCé�ø<ì¯óeW�p ú�ó&ÄC_ÎÂ���Â�ø&þ�p � útFT� � F�é�Ã�Â�ô�ú�Å�ÆIë�ë�Â3Å � î�Ã�èÇÂ�õ ò�Ä�Å,�K��þÿó�S
Y¨°\ç3ø<ì\{
Á\Ã�èÇÅ�°dõ1ì¡Z1Â�èÇê\Ä�ô\Ãe^�êfî/Ã�ìX2$Â3Ã�ì>p 6 9�4E� ß 4(��� O 9��/ì

�36 9 �;: ì���é�Å�Å�Ä�ø|øKó_Â�è�ìÎé�øPì±óeW�ú~ê\Âs�K��þx_CÂ���Â3øg��úòÅ�Æ|ë�ë�Â3Å�ó�SCYS°\ç�øPì®{
Á\Ã�èÇÅ�°\õ1ì�Z2Â�èÇêdÄ/ô\ÃG^�êfî/Ã�ì
2$Â3Ã�ì>pk��ü�üE� ß 4�4 ß O ��� 6 ì

�36 5.� êfè�èÇö 4 7�7�ó~ó~ó��!ç3ôXònì ò�Á>é�ø<ì6ë�Ä���7�ë�Å�é�ô\ÃM7�èÇÆIö\Ã�7�è�ê\Â3Ã�Æ|Ã èÇÆ|ödÃ3ì ê�è�õoø � ç3ôXò�ö\ÆIç3Ã
�36 � � þ>Ä�Å`éhÁ\Æ|ç�ÂÊø|Æ0è�è�ø|Â�^«Ä�Ä�� Ä�ÁGèÇêdÂÊê\Æ|Ã�èÇÄ�Å�îýÄ�òOö\é�Å�è�Æ|ç3øIÂ[é�ç3ç3Â�ø|Â�ÅÇé�è�Ä�Å�Ã�é�ÁdôGèÇê\ÂÊøIÆ|õ�ÆIèÇé��

è�Æ|Ä�ÁdÃ&Ä�ò®Â�é�ç�ê`è
î�ö¡Â5Ä�òCõoé�ç�ê\ÆIÁ\Â�ó�Ã�Â�ÂoW�pSç3ç3Â�ø|Â�ÅÇé�è�Ä�Å�Ã 4 Z[é�ç�ê\ÆIÁ\Â3ÃEÄ�òjYS°dç3ø|Â3é�År^@êfî�Ã�ÆIç3Ã*ó3S
2$Ä�^¡Â3Å�èm2Jì�ñ,Æ|ø|Ã�Ä�Ámé�Ádôs2¨é�ö\ê\é�Â3øf_CÆ0è�è�é�°\Â3Å*ów<Jé�Å�ô\Â�Á1�EÆIè
î(ówY¨Â�óq�gÄ�Å��Ñófp.Ádç�ê\Ä�ÅQFEÄ�Ä���Ã
�5Ä�°\^\ø|Â�ô>é�î�a��EÄ�õoö\é�Áfî(ó>{
Á\ç�ó ß 4�9�üdì

�36 4 � ú~êdÂt�K��þ@�EÄ�øIø�é�^¡Ä�Å�é�èÇÆIÄ�Ás�wprì�p.ç�Ä�Ã�èÇés"%$�&('*) O ójW � Â�é�Å�ç�ê6ò�Ä�ÅB_ÎÄ�Á\ë��
øIÆI��Â3ôU�Eê\é�Å�ë�Â�ô�Z[é�Ãn�Ã�ÆI��Â�^'é�Å�èÇÆIç3øIÂ3ÃgÆ|Á}���� �EÄ�øIø|ÆIÃ�Æ|Ä�Á\Ã@é�è ã ä�[ ß�] �Oú�Â�R{ó3SP^@êfî�Ã3ì32$Â��¡ì`_CÂ�è�è�ì64�ü 40ß � ß ��ü ß ó 6 ü�ü��/ì
� ��ü � êfè�èÇö 4 7�7�ó~ó~ó��!ç3ôXònì ø|^\ø<ì6ë�Ä���7�ç�ôXò Ã��feD7�ç�ôXò Ã��fe_ì êfèÇõ�øPì
� � ß�� p Ã�è�°\ôdî Ä�ò èÇêdÂ ö\êfî�Ã�ÆIç3Ã ÆIõoö>é�ç�è Ä�ò èÇêdÂ õoé�èÇÂ�Å�Æ�é�ø Æ|Á è�ê\Â Ã�Æ|øIÆ0�

ç�Ä�Á ô\Â�è�Â3ç�èÇÄ�Å óEé�Ã ö¡Â3Å­ò�Ä�Å�õ�Â3ô ^fî ��é���Æ|ô � è�°>é�Å�è�ó Æ|ÁfèÇÂ�Å�Á>é�ø Á\Ä�è�Â
7(�K��þu7(�	0	�k7�út2$pe�K=8{hYn<G7�^Q��FK_C{H�k7�� 6 9(�dì

� � 6 � ú~êdÆ|Ã8Ã�è�°\ôdîqç3Ä�õoö>é�Å�Æ|Ádë2õoé�è�Â3Å�Æ|é�ø'Â�Ã�è�Æ|õoé�èÇÂ�Ã8ó$Æ0èÇêqç3Ä�Á���Â3Å�Ã�Æ|Ä�Áhô>é�èÇé�óEé�ÃJö«Â�Å8ò�Ä�Å�õoÂ�ô
^fîE�K��þðç�Ä�ø|ø|é�^«Ä�ÅÇé�è�Ä�Å�ÃQR5ÆI��Â3��ú~Æ0ó�é�Å�ÆKó\Z[é�ÁXò�Å�Â3ô@^òé�°\øIÆ|Á\Æ_é�Á\ôCF�é�Å�Å�î3ñ,Æ|ç���øI°\Á\ô®ì

� ��� � ú�ì � ÷��Ä�Ã�èÇÅ�é�Á\ô�óe^òìEa�ôT�Â3Á�ón�.ì&þ Å�Æ|^¡Â3Å�ë�ót_�ìT_Q�Ä�Á\Á�^\ø|é�ô�óe<mì�Z2Æ|°�ó � ì�Z1Å�Â�Á\Á>éðé�Ádô,a$ìY¨Ä�Å�Å�^\Æ|Á�óf�EÄ�õ�ö\°dè�Â3Åe^�ê�î�Ã�Æ|ç3Ãn�EÄ�õ�õ7°\Á®ì ß �L��� 6 ü�ü ß Ok6 ���/ì
� �(� � �7ì � é�øIè�ï3^¡Â3Å�ëXó8^@°d^®ì�^@Å�Ä/ç�ì¡4�èÇê2úòÄ�ö\Æ|ç3é�ømñ�Ä�Å���Ã�ê\Ä�ö1Ä�Á@^�Å�Ä�èÇÄ�Á��
p.Áfè�Æ|ö\Å�Ä�èÇÄ�ÁC�EÄ�øIø|ÆIô\Â3Å^�êfî�Ã�ÆIç3Ã�óe�¨Á\ÆI�¡ì@Ä�ò�ú~Ã�°\��°\^>éXó$ú~Ã�°d��°d^>éXó : é�ö>é�Á�ót05ç�è�ì ß ��� 6�6 ó ß 4�4��/ì&þ'aQ2SZ1{h_Cp�F@�

�k0\YSþ��n4���7��L�����
a~ì
� �L� � �K��þ��EÄ�øIø�é�^¡Ä�Å�é�èÇÆIÄ�Á�ó�W � Â�é�Å�ç�ê)ò�Ä�År�Eê>é�Å�ë�Â�ôMjSÆIë�ë�ÃQFEÄ�Ã�Ä�Ás�5Â3ç�é�î�ÃEÄ�ò«è�ê\ÂSú�Ä�ö3è�°\é�Å��°dÃ�Æ|ÁdëojSé�ô\Å�Ä�Á\Æ|ç	�5Â�ç�é�î�ÃSÄ�òòè�ê\Â8ú'é�°C_CÂ3ödè�Ä�Á�ó�S1^@êfî�Ã3ì32$Â��¡ì`_CÂ�è�è�ì 5 4 4 �L� 5 �n��9 6 ó ß 4�4 5 ì
� ��9 � �K��þ}�EÄ�ø|ø|é�^«Ä�ÅÇé�è�Æ|Ä�ÁC�<þ&ì6pS^«Â5Â�è$é�ø<ì O ó�Wd^�Å�Ä�ö«Â�Å�è�Æ|Â3ÃEÄ�ò : Â�è�Ã~Æ|Á/ñ FEÄ�Ã�Ä�Á�ac��Â�Á�è�Ã�ò�Å�Ä�õ

ß ì`���!úòÂ%Rkp.ÁfèÇÆ¦�
ö�öZ�EÄ�ø|øIÆ|Ã�ÆIÄ�Á\Ã*ó3SU^�êfî�Ã3ì32¨Â��¡ì`_CÂ�è�è�ì 5 4 4 � 5 9�ü���� 5 9��:ó ß 4�4 5 ì

ß.5 �



� � 5.� ú~êdÂ	�K��þ��EÄ�ø|ø|é�^¡Ä�ÅÇé�è�Æ|Ä�Á�ójW�ac��Æ|ô\Â�Á\ç3Â�ò�Ä�Å&úòÄ�özè�°\é�Å��s^�Å�Ä�ô\°\ç�è�Æ|Ä�Á`Æ|ÁMpSÁ�è�Æ0�!öMöE�EÄ�ø0�
øIÆ|Ã�Æ|Ä�Á\Ã.é�è ã ä
[ ß(] ��ú�Â�R6ó�SC^@êfî�Ã3ì32$Â��¡ì`�	��ü 4 6 4�9�9��
��ü 6 9Xó ß 4�4��\ìVY¨Ä�èÇÂ7è�ê>é�è8óEÂ9ô\Ä�Á\Ä�è
°dÃ�Â5èÇêdÂ�ç3Ä�Å�Å�Â3ç�èÇÆIÄ�Á\ÃMò�Ä�Å�°dÁ\ô\Â3Å�øIî�Æ|ÁdëmÂ���Â�Áfè.Ä�Åæò�Ä�Å�Â3ÁdÂ3Å�ë�î�ø|Ä�Ã�Ã�Ä�°dè�Ã�ÆIô\Â5Ä�ò�èÇê\Â�ç�ø|°\Ã�èÇÂ�Å
ç�Ä�Á\Â�ì

� ��� � 28ì3=9ì�a�ø|ø|ÆIÃ�ó�{�ì�jSÆIÁ\ç�ê\øIÆIb«Â�ó�Zñì � Ä�øIô>é�èÇÂ�é�Á\ô :L: ì�Rgé�Á1�5Â�ÅuFEÆ ÷*óVW�jSÆIë�ë�Ãu�5Â�ç�é�îrè�Ä��f�X�X� 4pµö«Ä�Ã�Ã�ÆI^\ø|ÂJÃ�ÆIë�Á>é�è�°\Å�ÂOÄ�ò�ÆIÁ�è�Â3Å�õoÂ�ô\Æ�é�è�ÂOõoé�Ã�Ã5jSÆIë�ë�Ã¨^«Ä�Ã�Ä�Á\Ã5é�è5ê\ÆIë�ê[Â�Á\Â3Å�ë�î1ê>é�ô\Å�Ä�Á
ç�Ä�ø|øIÆ|ô\Â�Å�Ã*ó3SUY¨°\ç3ø<ì8^�ê�î�Ã�ìgF 6 4 5 � ß 4���� O�6�6 ß � 6 �f�dì

� ��4 � �~Z � ú�Â3ç�ê\ÁdÆ|ç�é�øB^�Å�Ä�ö«Ä�ÃÇé�øbóf��am2�Yn7(_Îj��k� 4����n���:óf�5Â3ç�Â3õ7^¡Â3Å ß 4�4���ódö\ö_ì ß 4 ß � ß 4 6 ì
� �fü � W�p�út_Îp � �5Â�è�Â3ç�è�Ä�Åzé�Ádô ^@êfî�Ã�ÆIç3Ã�^òÂ�Å8ò�Ä�Å�õ`é�Á\ç3Â ú�Â3ç�êdÁ\Æ|ç3é�ø��5Â3Ã�Æ|ë�Á 2¨Â�ö«Ä�Å�è�ó�S

êfè�èÇö 4 7�7�é�è�ø�é�Ã�ì ó&Â3^_ì6ç�Â3Å�Á_ì6ç�ê87�p�èÇø�é�Ã�7�<	2k0\�n^ � 7(^@jk� � {H� � 7�út�\2n7�é�ç3ç3Â�Ã�Ã�ì6êfèÇõ�øPì
� � ß�� �7ì �EÅ�Ä�Á\ÆIÁ/�nj¨Â3Á\ÁdÂ3Ã�Ã�î(ó prì FEÂ�Å�Â�è���é�Ã�ó Wd_C°\õ�Æ|Á\Ä�Ã�ÆIè
î é�è �K��þÿó�S

�K��þ�7(�	0	�k7��K��þu7��K��þ�2�7�� 5 6 ß ì
� � 6 � úòé�Á\Æ|é�Z1Ä�°dø|Æ|�2é�Ádô�^òé�Ã�ê\é1Z2°\ÅÇé�è�ótWM�K��þ�2$°\Áq{�{$Æ|Áfè�Â3Å8òwé�ç3Ârè�Ä�úòpt�n0	_CpìóCé�ô\Â3ç3é�î

øIÆ|^\Å�é�Å�î]ò�Ä�ÅCö¡Ä�ø|é�Å�ÆIï3Â3ô5èÇé�°8ø|Â�ödèÇÄ�ÁdÃ�ó�S	�K��þu7(�	0	�k7�Z@0\Y¨ú$ar�Epn2�_�0	7(^m�nFT_Î{H�k7(� 5/ß 4dì
� �f� � jJìLF�é�Â�Å�ó�þEì�^'é�ÆIë�Â�ó � ìw^@Å�Ä�èÇÄ�ö«Ä�ö¡Â3Ã�ç3°�óLzrì�ú'é�è�éXó�W�{
Ã�é�÷�Â�è 5 ì3�L� 4 p¿Z1Ä�Á�è�Â���é�Å�øIÄ8a���Â3Áfè<�Â3ÁdÂ3ÅÇé�èÇÄ�Å�ò�Ä�Å �(� ó����� ó�é�Á\ôU���V� · 2$Â�é�ç�èÇÆIÄ�Á\Ã*ó3S	FKY�__�nj.a�úE�
4�4������Xó�þ � �$�
j.am^'�n4�4 ß 6 ß �Xó�Sj$�h� ß�ß �
4L� 6 �
ü�üXó�ê\Â3ö��
ö\ê87�ü�ü�ü ß ü(��9dì
� ��� � �EÄ�Á���Â3Å�ÃÇé�è�Æ|Ä�Á\Ã$ó$ÆIè�ê � èÇÂ���ÂrZ1Å�Â�Á\Á>édì
� �w� � pOìSp¨b_Ä�ø|ô\Â�Å�ó�Â�è·é�øKóEW�ú~êdÂhúòÅ�é�Á\Ã���Â3Å�Ã�Â Z1Ä�õoÂ�Á�è�°\õ é�Á\ôFú�Ä�è�é�ø;�EÅ�Ä�Ã�Ã � Â3ç�è�Æ|Ä�ÁÌÄ�ò� � � · ^òé�Æ|Å�Ã~Æ|Á�èÇê\ÂO¯¡��FEÄ�Ã�Ä�ÁC2$Â3ë�Æ|Ä�Á�ò�Å�Ä�õ�^ýpSÁ�è�Æ0��^i�EÄ�øIø|Æ|Ã�Æ|Ä�ÁdÃ�é�è ã ä;[ ß ì`�mú�Â�R6ó�S

^�êfî�Ã3ì32¨Â��¡ì`_CÂ�è�è�ìg�(�C� 6 ü�ü�ü O �(�w���h�L��ü/ì
� �L9 � ñkì3=mì � é���°dõoÄ�è�Ä�óD^�ì\ô\Â	F�é�Å�^>é�Å�Ä�ódpOìfFEÄ�ô\Â3�Ñó>jJì � ìfFE°\ô\ô2é�Ádô : ìf_CÆ|°�ó/Æ|ÁfèÇÂ�Å�Á>é�ø«Á\Ä�è�Â�K��þB�w�(9 ß ì
� � 5.� ñ�é�ê\øbó : Ä�êdÁ�ó�W�a�ø|Â�ç�èÇÅ�Ä�Ám{
ô\Â�Á�è�Æ��>ç3é�èÇÆIÄ�Ámé�Ádô�ú�Å�ÆIë�ë�Â�Åcac]�ç3Æ|Â�Á\ç3ÆIÂ3Ã�ÆIÁrèÇê\Ât2�p.Á\é�øIî�Ã�ÆIÃ�ó�S

�K��þ�7�p�Y¨p�_�7�am_Îar�Eút2K0]ñ¿a�p�=,7��K��þ�2�7��L9�ü ß ì
� �L� � _CÂ�Ã�ø|ÆIÂ	<�Å�Ä�Â3Å�óD^@ê_ì`�7ì>ú~ê\Â�Ã�ÆIÃ�ó�2¨°/èÇë�Â�Å�Ãe�SÁ\Æ0��Â�Å�Ã�Æ0è
î(ó�05ç�è�Ä�^¡Â3Å ß 4�4��/ì
� �f4 � Wd�EÄ�õoö\é�Å�ÆIÃ�Ä�Á,Ä�ò
2$°\Á ß ^ {
Ã�Ä�ø�é�è�Â3ôb^�ÆIÄ�Á\Ã�èÇÄi^�Å�Â���Æ|Ä�°dÃ � è�°\ô\Æ|Â�Ã[é�Á\ô«è�þ�_ Z1Ä�Á�è�Â

��é�Å�ø|ÄXó3S1�.ì8_CÄ�Ä�õoÆIÃ�óD�K��þu7�p�Y¨p�_�7 : a�úe7��K��þ�2�7��L�(���\ì
� ��ü � ú~êdÆ|ÃEõ�Â�è�ê\Ä�ô`ó�é�Ã~Ã�°\ë�ë�Â3Ã�è�Â3ô�^fî�Z1ÆIç�ê>é�Â�ø � ö\ÆIÅÇéOè�ê\Å�Ä�°\ë�êMö¡Â3Å�Ã�Ä�Á>é�ø_ç3Ä�õoõ7°dÁ\Æ|ç3é�èÇÆIÄ�Á®ì

ß.5 4



� � ß�� pOì6pSÁ>é�Ã�è�é�Ã�Ã�Ä��?ó � ì`F�é�Å�Ä�Æ|é�Áfè�óLZñì`�Eê\Â�Å�èÇÄ��?ó : ì`�EÄ�Áfó�é�î(óBZñì`<8Ä�Á\ç�ê>é�Å�Ä��?ó��7ì : é�Á\ë�ó
ú�ì3=8é�õ�Ä�Á�ó�R7ì3=�ê\Ä�è�Æ|ø|Ä���Æ|ç�ê�ów2Jì3_Îé�Á\ô\Â�Å�ó�prì3_Îé�èÇê�óc^�ì Z1°dÅÇé�è�ó�ú�ì`05ëfé�ó�é:óD�.ìw^òé�ë�ø|Æ|é�Å�Ä�Á\Â�ó
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