
���������
	����������������������� �� �!#"%$'&)(+*,*,-�./*0(+-�132�4'57698:(
(9-<;+=?>�@+A�(+*,*+-

B CEDGFIHKJ�C�L C�MONQP�RTS
U�V�HWDXJ%Y L DXFZF[C]\^C�_`NIF
a M NIbWC R+P<HKJZUdceC]NfJ%DgNIC D�Nihkjml

�]npoX�rqK�s�rtsu
vxwpv�y+zp{}|�~��

��n��Zn%����������I�pn��#�p���dux�<�r�st��]nI�����������
���?���py���~���������/� ~

 G¡�¢�£�¤�¥x¦�£
§%¨0©�©�ª?©�«�¬��®%¬/¨:©G¨0©�¯�°9±³²/´�µ+¶:¯d·/¸
¹º¯�»/»]�¼½¬/¨:©�¾�´À¿Á©Â¬E·Ã¯d¬Á©�»ÅÄ�¾�Æ3Ç�´�È�É'Ê�»'»/¬/¶:Ë:ÊÌ©�Ë
¶:»/Ê�¼0Í
Î�ÏpÐ Ë:¯d¬/¯W«��Ñ�ÑÌ©�«�¬Á©�ËÓÒ9±Ô¬/¨0©�Õ�©�Ñ�Öx¨:Ê%©�×,Ö�©Â·ÃÊ�¹�©�¼9¬X¯d¬G¬/¨:©�Ø7Ö�©�¯d¸ÔÊ�¼ÚÙ�Û�Û�ÜÝ¯�¼:Ë�Ù�Û�Û�È+Þ
ß Ö:·/©�ÑàÊ�¹ºÊ�¼:¯d·Ã±á¹�©�¯�»Ã¶0·/©�¹�©�¼9¬E�®�â3ãåäæsç ¬/¨:©G¼0�·�¹º¯�Ñ�ÊÌèÂ©�Ë
®é�¶:·Á´À¿}©Â¬E·Ã¯d¬Á©X�®)²/´�µ+¶:¯d·/¸,»]ê�ÊÌ¬/¨·/©�»ÁÖ�©�«�¬ë¬ÁOÑ�ÊÌÍ�¨9¬}´�µ+¶:¯d·/¸,»�ÄéìGÆTí?î9ïdÉ ç ¶:»/Ê�¼0Íð¬/¨0©�ñ�ò�ó�ô?õ�öé÷ùø�úÅ¿}©Â¬E«ÂÑ�¶:»/¬Á©Â·ÃÊ�¼0Íð¯�Ñ�Í��·ÃÊÌ¬/¨:¹Ê�»]Ö:·/©�»Á©�¼9¬Á©�ËrÞWû%©�»/¶xÑÌ¬/»E¯d·/©�«��¹�Öx¯d·/©�ËK¯d¬º¨x¯�Ë0·/�¼KÑÌ©Â°�©�ÑIê�Ê�¬/¨
Í�©�¼:©Â·Ã¯d¬Á�·Ã»º¯�¼:ËK¹g¯�»/»/ÊÌ°�©
Îùü «Â¯�Ñ�«Â¶xÑ�¯d¬/ÊÌ�¼:»ÂÞ'§%¨0©E°�¯�ÑàÊ�Ë:ÊÌ¬�±Å�®Z¯dÖ:Öx·/�×0Ê�¹º¯d¬/Ê�¼:ÍG¹º¯�»Ã»/ÊÌ°�©�ý Î�ü «��·/·/©�«�¬/ÊÌ�¼x»)Ò9±á¬/¨0©�ÊÌ·
«��·/·/©�»ÁÖ��¼:ËxÊ�¼0Íð¹º¯�»Ã»/ÑÌ©�»/»]�¼0©�»�Ê�»EÊ�¼9°�©�»Á¬/ÊÌÍ�¯d¬Á©�ËWê�ÊÌ¬/¨½¬/¨:©X¯�Êà¹þ¬Á�¹�©�¯�»Ã¶0·/©X¬/¨0©�²Ã´�µ9¶:¯d·Ã¸
¹º¯�»/»%Êà¼X®é�¶0·/´À¿}©Â¬%©Â°�©�¼9¬/»ÂÞ

1 ÿ,> ������� = � @	�
"�
��@ ��� ÿ �  %"��³(+*+*,-�����
����@�>���
+>��³!#"�(9*,*,-���5I4��E!��



� � M�NIJ�P��KHK_`N a PðM
� 
���� ��ÿ � � @ � ��� ÿ,>�� � ÿ � ��@
	�� �� ��ÿ,= ��� � >�� 
 � @Oÿ � ÿ � ��@ � �����ã���� �� ��A�� � � ��� � � � ÿxÿ���� 
���� � ÿ�ð@ 
���= � @ 
 �� "!$# 
+> �&%('*),+ 5rÿ � � ÿ-�ð@ � > �.�é=�� �0/ @³ÿ � � @ ��/ 
 � �é@.��A1� �32 @54�@ � . � 
 � @.��A � ��@W@�6ù@ � ��� �
@�>���
+> ��@	� 
�� ��� �ã �.� �7 � �98�:<;�= A>� ��@ � @ 89:<;�=(? @ � � � ��@A4�@ � � @.��ÿ-��= ��� ÿ,> ��
 � 
9�<@ � @ �CB @.D +�E���@º@F6�@	� �ÿ ��� ��@HGÃ.JI:=�
 �K2 � 
��K� � > � ��@�� � ÿ ��= � ��� ÿ,>kÿ � � � � @�@�.�4�@ � @ / @�> � � ÿ��ÿ-�éÿ-� � @.� 
 � � ��@ML ��@ 
 2 � 
��

�� � @ 
 �ON � @�@�>
�ð@ 
���= � @ � 
 �P A!Q# 
+> �R%('S) B (�A�-?Ar8�AQT D +UE�� � �1� � = �ON�� � @.��@�> � � � ��@g@F6�@	� � ÿ � � ��@
��@	
 / NVGÃ.WI:=�
 �K2 � 
��K�Eÿ+> � ��@ � ��ÿ�A � ÿ,= � 
+> ��X / @�.�4�@ � � 
 � @.��Y�+ZE���@5�ð@ 
9� = � @.�ð@�> � ��ÿ � � � � @�@�.�4�@ �
� 
 � @.� � � ÿ-� B 6 D 
 � @ 
��3��ÿ[� ��ÿ\�`>]+E���@C^ ! ' #$_a` � 
 � 
 ��ÿ-����@ � � @ � �?= ��� >�� � ��@1N,@ 
 � � @�b-b 8 
+> � @\b-b T 
 � 
 ��@�> � @ � .Áÿ � .J� 
��K�%@�>?@ � �9Nÿ �dc e5f �Hg ��
 / @ � @�@�> 
+>�
��0N>h�@	�]+CE��?@jiCkmlon(p `<qmrs!VBut D 4�@ � � @	��ÿ,>�� ��� =�� ��� ÿ,> 
����,ÿ ��� � ��� � 
��
� @�@�>�=���@	� 
�� � � � �Z@�v ��@	� � @	� � ÿw� ��/ @�
o�K� 
��3�é@ � � ��@�ÿ � @ ��� � 
��x=�> ��@ � � 
 � > � N Byx A b9D +zE���@3ÿ � � @ �{/ 
 � ��@F�� � = � � @	� 
 � @9|

} ã�~� � 89:�;�= ���
By� � � 8�:<;�= � � � =���=<D 7O� ã�� ãB�� � � 8�:<;�= � � � =���=<D 7>� ~ �~

���M� (>�Â-O��8O��T � � @ �
� ��@ � @ B�� � � 8�:<;�= � � � =���=<D 7O� ã � ã 
+> � B�� � � 8�:<;�= � � � =���=<D 7O� ~ �~ � @	� � @.� @�> � � ��@ >�ÿ � � 
�� � h�@ ����.�4�@ � � � ÿ-�K�/.� @ � ��� ÿ,>�� � ÿ � GÃ. 
+> �����5�O���Á.JI:=�
 �K2 � � ÿ � � ��@ / 
��é=�@Xÿ � 8�:<;�= ��ÿ,>�� � ��@ � @ �]+Å&Á> � � � � �?@FXr> � ��� ÿ,>�A � ��@� 
 / ÿ+= � ÿ ��� ��@º@ / @�> ��� ��� ��/ @�> � N � ��@ ��
 ��� ÿ � Ix= 
 �K2 ����ÿ,= �O� � >O� � ÿ � ��@�L � ÿ�� ÿ,>]+E���@ � � � @�@�.04�@ � � 
 � @.� � > B 6 D ��@ � @ ��ÿ�� ��
 � @	��� ��� � � ��@ � � @	� � � ��� ÿ,>O� � � ÿ-� 4]!s2�� 
���� ��/ @� 
 ��� � vK@F��@F�<@�> � � ���³ �� B @ *xA @-@ A @ ( D +�� 
���� ��/ @��³ � 
�����=�� 
 ��� ÿ,>�� 
 � @ ��@ � � ÿ � �ð@	� � > � @ � �[�ºÿ �
� �?@ ��ÿ-��@�� 
��K� � ã ÿ � � ��@ � =�>?> � >���� 
9�K�[� ã ��� ��+�E���@�� 
��K�ðÿ � � ��@�GÃ.WIx= 
 �K2 � 
9> � �?@�> � @
@�v ��� 
� � @	� � > � ÿ � � ��@FX�> ����� ÿ,>�� � � ÿ-� � �?@��ð@ 
9� = � @	� � 
 � @F�.+I&Á> � � � �%>�ÿ � @ � ��@ � ÿ,= � .04�@ � � @.� =O� � ��
 � @
��ÿ�� ��
 � @	� � ÿ5� 
9�K� �0/ @º!s2��³ B @ - D A�
+>�� � ��@ ��ÿ,>�� � � � @�> ��Nj� ��� � � ��@ � � � @�@�.�4�@ ��� @F� =�� ��� � � @.� � @ �]+&J� � � ÿ / @F�<@�> � ��=�� � >���� 
����K�é@.�K�E4]!s2 ��ÿ � � @	� ��� ÿ,>�� � ÿ � �?@ � ÿ,= � .�4�@ ��� 
 � @ B @ 8?A @ T D ��@ � @5� � = � � @	�(+E���@'@�v ��@ ��� �<@�> � 
�� � @.��=�� � � 
 � @ 
���� ÿ ��ÿ-� ��
 � @	� � ÿ � ��@C �¡,¢ _a` k¤£¦¥�§©¨¦§ B @ 6 D AOª ! p©« `<r £¦¥�§ B @ t D A
+> �M¬[p ` k q,a!�® ¥0¯±° B @ x D @ / @�> � �,@�>�@ � 
 � ÿ � �.+&Á> � � � �Z� � = �ON+A � �?@ ��ÿ-� � 
 ��� � ÿ,> � @ � ��@�@�> ��
 � 
�
+> � � ��@�ÿ � N ���³ Tÿ � @ / @�> � �+@�>�@ � 
 � ÿ � ��� � �
��ÿ,>?@¤²�³�´¶µ�· � �?@ ��
� � ÿ,> � ��
 ��� ÿ,> � ��
���@�+¸E���@ � @ � ÿ � @ ��
 � 
 � @F� =�� � � 
 � @ ��ÿ ��� @ � � @	� � ÿ � �?@ � @ � � ÿ �

+> � 2 � >�@F� 
 ��� �	
��s@F6�@	� � ��Aa� � � �é@[�³ �	
�� ��=�� 
 ��� ÿ,>O��A ��ÿ-� �?= � @ � 
 � ��
 � � ÿ,>¹��@ / @.��A 
 � @ ��ÿ ��� @	� � @	�
� ÿ � ��
� � ÿ,> � ��
 ��� ÿ,>]+ºE���@ � 
 � � ÿ,>»�é@ / @F� � � ��@FXr>?@	� 
�� � ��@�Xr>�
9��� � 
 � @³ÿ � � ��@ ��
 � � ÿ,>º����ÿ\��@ �
� � >� �¡,¢ _a` k 
+> ��ª ! p©« `<r �Oÿ � � � ��ÿ-�é@ � 
9��� 
 ��@ � � >¼¬[p ` k q,a! � � > � ��@R� � �X=�� 
 ��� ÿ,>�A � @ � ÿ � @
��
� � ÿ,> � ��
 ��� ÿ,>(+

½ j�¾M¿ C�J a L C�MONIDÁÀÚL C]NIbWP��
ÂdÃ�Ä Å�Æ±ÇaÈ>Ç,É¶ÇaÊ(Ë±Ì¶ÍAÎÏÊaÐPËOÈ
$�
 � � ÿ,> � ��@ / @�> � ��
 � @C��@.�é@	� � @	� � > � ��@Z��
��<@o� 
�N�
�� � > B ( D |

Ñ 1 ��
 � �,@ � 
+> �<>�@�= ��� 
�� ��
 � ��� �.�é@.��
 � @ � @ ��ÿ,>O� ��� = � � @	��
�� ��� 
� 2 � 
+> �<@�>�@ � ��N ��@ ��ÿ�� ����� ÿ,>O� � >
� ��@ �?@ � @ � � ÿ � + �¸X � � � � @F��@ � ��� ÿ,> � � 
� ��� � @	� � ÿð@�>O� = � @ 
 � @.� � 
 � �é@ ��@ � @ � � � >�
 ��� ÿ,> ÿ � � ��@ ����ðÿ-�ð@�> � 
 
+>��
@�>�@ � � � @F� ��� @�@�E 
 � �é@ @ ��+

Ñ E���@ � > � ÿ � � 
 ��� ÿ+> � � ÿ-� � ��@ 
 �	��@ � � @ � ��� 
 � 2 � � � ��ÿ-� � � >�@	��@ / @�> � � NO@ / @�> � 
9> � ��
� � ÿ,> � �
@ / @�> � � ��	�� Ò �Ò ��
 � @C��@.�é@	� � @	� ��� @�@�E 
 � �é@ @ ��+

ÓJÔ �1Õ��¶Ö�����×�ØÙ ~�|UÚ�Û × ØÛÝÜ�Þ {sß�à¹á\â Ô �uã�äÁã�ä�� | Õ��{Ö����uã�� Þ � ~�� � �{å��Ã�.ã | � ~ �Ýæ+�`� �À~�|�| �yÖ��KÕZæ+� � Þ �èç�� ��çPã Þ ~ßZé
êèë�ìèë�í Þ {aáïîñð �¶ã¦ã ÞFò9Þ � Þ ç �

@



Ñ E���@�� 
�� � � � @ � � > / ÿ-� / @.� 
�����@	� � 
�� � ��@	�H��@.�é@	� ��� ÿ,> � ÿ � @ 
����4�@ � . � 
 � @�+O&Á> ÿ � �?@ � � ÿ � @	��=���@
� ��@ � � � 
� � ÿ � ��
 � ��� �F��@��éÿ-�K��@.� 
9> �V� � ÿ,>�� @�>�@ � ��N0.J�ðÿ-�ð@�> � =O� 
��K� � �,>��ð@�> � � ÿj4�@ � � � >
� ��@5� @F��@	� � @ � � 
� � ÿ+> � �X@ / @�> � ��A � = � � ��@ �C2 � >�@.� 
 ��� � 
9����= � �o��@ � @ 
� ��� � @	�(+º �
 ���¹��@.�é@	� � @	�
��
 � � ÿ,> � �½@ / @�> � � 
�� � @	��ÿ,>�� ��� =�� � @ ��� ��� � � ��@¹iCkmlon(p `<qmrs! 
����,ÿ ��� � ��� 
+> � � ��@�> � ��@
��ÿ ��� @.����ÿ,> � � >�� ��= � �ëÿ � E 
 � �é@g(Á� @ � @ 
� ��� � @	�(+

��� *�� @�� @��
	 �1 ��
 � �,@	� (-T������ @ T-T��"�
 � ��� �.��@ � � T+* �.�
��@.�é@	� ��� ÿ+> ���T �F� � >�}
� ��� 
9>�@

�� @ * �.� � >�� � ��� @ � ��� ÿ,>
4'@�= ��� 
�� � � *��ñT � @�� Ar80* � ��� @ 80* � $]"�1
1"��=�� � @ � � � *��ñT � @�� A x � � @ 8,8�������� -,6�� � @ t (���� 5I U�W1
��@.�é@	� ��� ÿ+> � � @�� @�� A @ *������ @ t *�� $��ë1

 :"! � T
 / @�> � � :#! � @ T � @����@.�é@	� ��� ÿ+> $ Ú&% Ò % $' 6O�)(m� @ �*�+�,�0�- :#!4'ÿ ����
 � �,@	����
 � ��� �.��@P� ��� � ��� 80* � @��
	 �

E 
 � ��@ @ |Z" 
 � ��� �.�é@ 
+> ��@ / @�> � � @.�é@	� ��� ÿ+>/. � � � � �?@��ðÿ-�ð@�> � =O� ÿ � ��
 � ��� �.��@F��A�� � ��@ 
+>��-�é@ � @ � ��@�@�>
� �?@ ��
 � ��� �.�é@ 
9> � � ��@ � @ 
9��. 
�v � ��A0� � ��@��<@	
�� = � @	� ��� 
 � 2 ��@�>O� � ��A1� � ��@ � � ��
� � ��
 � 
��ð@ � @ � ÿ �
� �?@ ��� 
� 2 � ��� � � @F����@	� � � ÿ � ��@ � > � @ � 
� ��� ÿ+> ��ÿ � > � A*Ò % � �?@�����
 � �,@]ÿ � � ��@ ��
 � ��� �F��@9A2� � �?@]@�>?@ � �9N
ÿ � 
9�K� ÿ � � 
 � @ � �F��=�� � @ � � > � ��@ � 
��éÿ ��� �<@ � @ � ��A' :#! � ��@'>:=�� � @ � ÿ � ����
 � �,@	� � 
 � ��� �.�é@.� 
+> �3� :"! � ��@� ÿ � 
���@�>�@ � ��Náÿ � � ��@ ��� 
 � �,@ ����
 � ��� �F��@.� � > � ��@�@ / @�> � +�� � � @ � 
������N � >O� 
��3� � �?@.� @ ��= � ��A�
 ��
�� ���é@
ÿ � @ � @ T�4 @ *�5���
� � ÿ,> � �Ý	 �?@	� 
�NS�P� 
��1� @F��@ � � @ �]+

ÂdÃJÂ 687"ÇaÆ07PÌ{Ç:9 Í<;jË>=oÇ¸Ê¦ÍUÆ±Æ±ÇaÊ(Ë±Ì¶Í"Î@? Ç]Ë>=oÍ�A
Esÿ��ð@ 
���= � @ �CB} � ã�~ AO��@�=O� @	� � ��@Z�ð@ � ��ÿ � @�v��O� 
 � >�@	� � > B 6 D |

B} � ã�~ � BED ~ F � ~ � F3GIH � D : F � :� F DKJ BED ~ L � ~ � LMGIH � D :L � :� L D B} � ã�~ON'PRQ =
D ãL � ã� L B} � ã�~SN'PTQ = J D ã F � ã� F

��U�TV � 89:�;�= ���
B} � U V � 89:<;�= �B} U� � 89:<;�= �

��(�

� ��@ � @ � ��@Z�<@	
�� = � @	� � 
 � @WB} � ã�~SN'PTQ = � � ��ÿ � � @ � � @ �³=�� � >�� ��= � ����� @.� � D U V �X UV �  V ��
+> � �?@ � @ � � ÿ �
��ÿ ��� @ � ��� ÿ,>�� �#� U�TV � � 
 2 @�> � � ÿ�� � �?@�� � �X=�� 
 ��� ÿ,>]+�Y �[Z��-� ��@�>�ÿ � @.��A � @.����@	� ���0/ @.�0N,A � ��@ G 
+> �
��. � 
��-�,@ �H��
9� ���é@.� 
+> ��\ � � � ��@ ��� =�@ � 
 / ÿ,= � ÿ ��� ��@���
�� �O��@�+�E���@ � 
� � ÿ � H � � B} � : ~ � � 
��3��ÿ
� 
 2 @�> � � ÿ-� � ��@�� � �X=O� 
 ��� ÿ,>]| � N � � � 
�� / 
��é=�@.� 
 � @ H �"] � @ � *,*©T 
+> � HK^ ] � *�� b-b T>+dE�� � ���<@ � ��ÿ ���
�� � �?@ � ÿ-����ÿ\� � >O��
� / 
+> � 
��+@�| � ��@[��
��ð@ � � ÿ ��@ ��= � @ � ÿ � 
�� � 
 / ÿ+= � ��A ��@.� � � � � @	� � > � ��@á>?@�v �� @ � ��� ÿ,>�A �	
+> � @ë=�� @ ��� � �X=�� � 
+>�@�ÿ,=�����N � > � ��@1��.04�@ � ��
9� ���é@ 
+> � � > � ��@ � > �.�é=�� �0/ @1��
�� ���é@�� ��/ � >O�
_a` Þ | �cb ò � � Ü � � Þ ã ~ ã�� Þ � y � ��ã�ä�� Ü�Þ � � Þ-d � ��ç d � d � � � Õ�� | ã�� �èç�e�� | ä ã�ä�� Þ æ | � { å ~ æ � �gf Õ��{Ö�����Õ ~ ã ò ~�{ ã Þ � � ��å�� �Ü { Þ b�ã�ä�� |�~ b)� Þ æ | � { å ~ æ � �hb)� ~�| e { �KÕ ~ ãaä ~ Õ { Þ � � ��å�� �jifHæ � b)� ~ � | Þ�Ü ã�ä��sã�� � Õ�� â

(



(�.04�@ �12 � >?@.� 
 ��� � 
�� � @.�é@	� ��� ÿ+> 8*T�� �� = ! � ;���=  @ -©T��-�.04�@ �12 � >?@.� 
 ��� � 
�� � @.�é@	� ��� ÿ+> 8*T � �� = ! � ;���=  @ -©T � :#!] � @ � � @ �Â(>�Â-� ] � @ � @��GA � � @ ��(>�Â-(-T �g�� ]  @ T�T���A � � @ �Â(>�Â-"�� 
 � 
 � ��� N ��= � | Ú % ] � % ] � -©T b � A>(�� � A>(K� � � @ �Â(>�Â-8�AñT�.�4�@ �12 � >�@.� 
 ��� � 
�� � @F��@	� ��� ÿ,> -0(�� �� = ! � ;���=  @ 8 x � :"!] � @ � � @ ��(S�Â-O��8 ��T �� ] � @ � @��GA � � @ �Â(>�Â-O��8���T �(-T�� �� ]  @ T-T ��A � � @ ��(S�Â-O��8 ��T �

E 
 � ��@'(>|zE���@ 2 � >�@.� 
 ��� � 
��O� @.�é@	� ��� ÿ+> � �U��� � � � � ��N � � 6�@ � @�> ��� ÿ � @ 
���Ý4�@ ��� 
 � @�+ � ��= � ÿ,>3� = ! � ;���= � ���ÿ����ðÿ,> � > 
9�3� � 
9� @.�F+]5rÿ � ��.�4�@ ��� 
 � @.�1� ��� � �	� ( 
���� ÿ 
�� � > � �X=��þ@�>�@ � ��N
ÿ � � ] Q = � @�� @��� � � @FI:= � � @	� � ÿ � @	
��� � @ ��ÿ,>�� ��� = � � @	��4�@ � + � ] � � � ��@�
+>��-�é@ � @ � ��@�@�>�@ 
���Z4�@ � 
9> � � ��@ � @ 
��Å. 
èv � �.+5rÿ � � �?@ � � � @�@�.�4�@ � � 
 � @.��A 
+> 
� � � ��� ÿ,>�
�� ��� 
+> 
 ��� � N ��= � � � 
� ��� � @	�Ýÿ,> � �?@[��=��iÿ � 
��3�±4�@ � ��
 � �

+>�����@.�F+

� �?@�>�ÿ � � 
�� � ��
 ��� ÿ+>ðÿ ��� ��@Eÿ � � @ �{/ 
 � ��@ ��� @�@º �IQ+ @ ��+ �*N>� � @F� 
 ��� �E=?> ��@ � � 
 � > ��� @.� � � ÿ-� � ��@ � 
 / ÿ+= �
� 
9�-� � >O� 
 � @ � ��@ � @ � ÿ � @X@�v ��@	� � @	� � ÿ � @ � @ ��= ��@ � 
���A � ÿ�X � � � ÿ � �?@ � A�ÿ,>��0N � 
 ��� ÿ-�ëÿ � � ��@ � 
 / ÿ+= �
@�
 � � @�>�� � @F��� U�TV 
+>��� U V 
� ��@ 
 ��� > � ��@º@�v � � @.��� � ÿ+>��.|

D U V � U�TV �
�)U�TV  U� U V  U G ������� N UV  ����� N U ��- �

E���@��ð@ � �?ÿ � @�v ��� 
 � >�@ � 
 � ÿ / @ � � ��ÿ\� @ / @ � >?ÿ � 
����,ÿxÿ � � ÿ � B} æ ã�~ 
+> � B}�� ã�~ � @	� 
9=�� @ � ��@
� ÿ,= � 
+> �¹X / @�.�4�@ � ��
9� ���é@.� 
 � @ � ÿ��ÿ-�éÿ-� � � 
�����N / @ � N � � 6�@ � @�> � � � ÿ-� � ��@ � >��.��=O� ��/ @<ÿ+>�@á=���@	� � >
� �?@E>�ÿ � � 
�� � ��
 ��� ÿ,>]+s$'@ � @ � � � � � � ��ÿ � � 
+> ��� ÿXÿ � ��� � � ��@ � ��@ � 
 / ÿ,= � � 
��-� � >�� � ÿ � @ 
 ��� � ÿ ��ÿ-��ÿ���N-+
E���@ � ÿ��3��ÿ\� � >�� � � ÿ ��@ ��= � @P� 
�� � � @ � @ ��� @	��A?@�v � � @F�K� � >�� � ��@]ÿ � � @ �{/ 
 � ��@�� } � ã�~ 
 � � 
� � ÿ+>j��@ / @.� 
��F|� } � ã�~ � � =���= ��	¼� �� �

� =���= ��	¼� � �� ��� ã�~�  � F � L
��� @�J } : J } ã} ã � � ã�~�  � F � L

��8 �

� ��@ � @Ý� � 8���T�AK � F 
9> �  � L 
 � @ � @.� ��@ � ����/ @F��N � ��@ � ÿ � 
���>:=�� � @ � ÿ � ��.�4�@ � @ / @�> � � � 
��-�,@ ��
��
GÃ.�
+>�� �\� �O���Á.JI:=�
 ��2 ��Aa} ã 
+> �R} : 
 � @ � �?@ ��
 � ��� 
�����@ � 
�N�� � � � ���Eÿ ��� ��@[L � ÿ¹G 
+> ���Á.WI:=�
 �K2
��
 ��� � 
+> � � ã�~� 
 � @ ��@ � @	� � ÿ � ��ÿ � � @	� ��� ÿ,> � 
� � ÿ � �.+�E�� � ���ð@ � ��ÿ � � �Z� � >�@	
 � � > �} � ã Am� � � ��� 
��3��ÿ
��
�� � ��@ 
� / 
+> � 
��+@gÿ � �é@ 
� � >�� � ÿ ��� 
�����@ � � � 
 ��� � ��� � 
9��=�> ��@ � � 
 � > ��� @.�F+

 �Ix= 
 ��� ÿ,>
8 � �0/ � ��@F� � ��@º@�v ��@ � � �ð@�> � 
��¦�ð@ 
9� = � @.�ð@�> � ÿ � � } � ã�~ � > � ��ÿ � 
 � � �.|
Ñ 5 ��� � � A � ��@�iok,lwn(p `<qmrs! 
9�3�,ÿ � ��� ��� � � 
� ��� � @	�
ÿ,> � �?@ ^ ! ' #$_m` � 
 � 
 ��ÿ-�3�é@	� � @	� � > @\b�b 8
+>�� @\b-b T 
+>�� � ÿ � @ 
 ��� 
9>�
���NS��@	� 8�:<;�= � ��@ � ÿ+= � 
+> ��X / @�.04�@ � ��
�� �O��@.� 
 � @ ��ÿ,>�� ��� = � � @ �]+E���@³>x=O� � @ � �  � F 
+> �� � L ��� � 8�� T � 
 � @��ð@ 
���= � @ � 
+> � ��ÿ ��� @ � � @	� � ÿ � �?@ � @ � � ÿ �
@�6ù@ � � �F+ 5rÿ � B}�� ã�~ � ��@ � 
 / ÿ+= ��� 
��-� � >�� � 
�����ÿ,>�@ � ÿ � � � >O� � ��@º@ / @�> ��� ÿ � ÿ,= � .04�@ � �.+

Ñ ��@ ��ÿ,>���A � �?@C�-��ÿ � 
���>?ÿ � � 
�� � ��
 ��� ÿ,> � 
� � ÿ � �"!$#%!'& 7O� ã � ã'(� !$#%! & 7O� ~ �~%( � � �	
�� ��=�� 
 � @	� � � ÿ-� � ��@C� 
 � @F� � ��ÿ-��.
� � >�
 ��� ÿ,> ��@ � � ÿ � �<@ � � ÿ � � �?@¤} ã 
+> ��} : / 
���=?@.� ��} ã � *�� ( @ 6+8,6*) *�� *+*,*,6©T�A�} : �

-



*�� @ t @�b ) *2� *,*+- @ � B @\b�D + E�
 2 � >�� � > � ÿ�
� ��ÿ,=?> � ��ÿ ��� @F� 
 ��� ÿ,>O� � @ � � @�@�> � ��@ � ��ÿ �ð@ 
���= � @�.�ð@�> � ��A � ��@ � ÿ-����ÿ\� � >O� / 
���=�@o� 
�� � ÿ,=�>��]|
� @�J } : J } ã} ã � � (2� x (+6�)Ú*�� * @ t ��T�

� ��� � � � � ��� � ÿ ��@ ��= � @ � ��@ � 
 / ÿ,= � . � 
��-� � >�� � 
+> � @g=O� @	�½ÿ � ��� � 
��3�0N � > � �?@ ��ÿ,> � @�v � ÿ ��� ��@ � ÿ,= �

+> ��X / @�.�4�@ � � ÿ ��ÿ-��ÿ�� � @F�"� � � �é@ � @�>�@�X ��� >�� � � ÿ-� � ��@ � � @ � � � @Ý} ã 
9> �
} : ��@ � @ � � � >�
 ��� ÿ,>O�.+
ÂdÃ�� ��É��:7AÍ"ÐoÆ Ë����
Esÿ � �?@�> ��� � N � ��@ � 
 / ÿ+= � ÿ � @ / @�> � ��A � � ÿ 
��3�,ÿ ����� ���[� 
 � @ 
 / 
 � � 
 � ��@ � >H^ ! ' #Q_a` | � ��@[� � � @ ��� �ð@�.� � �,>�@ � � � � 
� � ��
 � 
9�<@ � @ � ÿ � � ��@�����
 � �,@ � � 
 � ��� �.�é@.� B (+* D 
+> � � �?@���ÿ-� ��� >�@ � � 
��-� � >�� � @	����> � I:=�@B ( @.D + E���@�X � � � �ð@ � ��ÿ � ��&/"�� � � � � � � � � >�
 � @.� � ��@ � 
 / ÿ,= � ÿ � � �?@W@ / @�> � � N � 
�����=�� 
 ��� >�� � ��@
� � ÿ � 
 � � � � � N
	 ] Q =�� ÿ � � 
 / � >�� 
������ 
 � ��� �.�é@.� � > � ��@14�@ � �,@�>�@ � 
 � @ � 
 � � ��@ � > � @ � 
� ��� ÿ,> ��ÿ � > � +'5�ÿ �
� �?@���@	��ÿ+> � � @ ����> � I:=�@ ��132Z������A�
Á4�@ � @.� ��� � 
 � ÿ ��� ] Q = � � � = � � � 
�� 
+>Ôÿ � ��� � 
9� ��ÿ-� ��� >�
 ��� ÿ,>ÿ � 	 ] Q =�� 
+> � 
�� @ � ÿ � 
� � ����� ÿ,>�
�� � � � � � � � � >�
 ��� >�� / 
 ��� 
 � ��@F� � � ÿ�� � �?@o4�@ � +�� ÿ � �R�<@ � ��ÿ ��� 
 � @
��@F� � �+>�@	� � ÿ � �?@�> ��� � N���. ��
� � ÿ,>�� � > � ��@ Xr>�
��C� � 
 � @ 
9> � 
 � @ � �?@ � @ � ÿ � @ / @ � N � @�>O� ������/ @ >�ÿ �
ÿ,>��0N � ÿ � ��@ � � @.��@�> ��@Åÿ � GÃ.JI:=�
 ��2 � � � � @	� � ��N���ÿ,= ��� � >�� � ÿ � ��@5L � ÿ-��ÿ,>�A � = � 
���� ÿ � ÿj��@	��ÿ+> ��
 � N
� � ÿ ��=�� ��� ÿ,>Ôÿ � G 
+>�� �Á.JI:=�
 �K2 � � � ÿ-� �-��=?ÿ,>�� ���¹�  �è� D �D ��A 
�� � ÿ ��@F�K� �	
��3�é@	����� ����� ����! <´�´" #�$��+
E���@�N � 
9> 
��3��ÿ � @�=�� @ � � > 
+> 
9> ��� . � 
��-� � >��1�ðÿ ��@9A � ÿ � ��@�> ����� NÁ	 � ÿ-� ÿ,> ��@	�	
\NS� � ÿw� � �� � I:=�
 ��2 �F+

5rÿ � 

� ��/ @�>���.�4�@ � � ÿ ��ÿ-��ÿ-�9N � ��@ � @ 
 � @ � � 6�@ � @�> � ��ÿ-��� � ��� � � ��� @.� � ÿ ��ÿ+>�� ��� = � � 
+>Ó@F� ��� � 
 � ÿ �
� ÿ � � �?@ � 
 / ÿ+= � ÿ � � ��@<@ / @�> � � � ÿ�� � ��@ ��ÿ � � @F����ÿ,> � � >�� / 
 � � 
 � �é@.� 
 � 4�@ � ��@ / @F��+�E���@�� � � ���é@.� ��ð@ � �?ÿ � � � � ÿ���ÿ�� � � >?@ � ��@ � � ÿP�<ÿ-� � GÃ. � 
9�-�,@	�d4�@ � ��
 � � � >O� � ��@ ���a/ 
��é=�@.� � > � ÿ�
1� � >��-�é@�@F� ��� � 
 � ÿ �
� Q"% � � Y G � � +<5rÿ � � � ÿ 
+> � � � � @�@�.04�@ � � ÿ��ÿ-�éÿ-� � @.� � � � � ��ÿ�� � � > 
 ��� ÿ,> ��
�� � � ÿ / @	� � ÿ
��ÿ �K2��@.�3� ^ A � = � � ÿ � 8 
+> � T�.�4�@ � @ / @�> � � � � � 
9� � ÿ,=?> � � ��
 � � � � � � � ÿ ��@ ��= � @��é@ 
��� � ÿ ��� � ��NS� � @.� 
 ��� �
=�> ��@ � � 
 � > ��� @F� � ÿ ��� ÿ � � � ��@ÁG 
+> � ��. � 
9�-�,@	�[��
9� ���é@.��A � @	�	
+=�� @ � Q"% � �U� ��� ÿ,>O�-��N ��� 
���@	� � ÿ\� 
 � ���� � � � ��@�> ����� N � >��G@ / @�> � �P� � � ���-�é=�ÿ,>������ ��� ��� >O� � > � ÿ ��@	
 / N�I:=�
 �K2 �.+

� � � 6ù@ � @�> � ��ÿ�� � � > 
 ��� ÿ,>�� 
�� ��� � @	� � ÿ � ��@�> ����� N�GÃ.}@ / @�> � � � > � ÿ,= � 
+>���X / @�.�4�@ � @ / @�> � �.+
5 ��� � � ��N+A � ��@ �ðÿ-� � @�>?@ � �+@ ��� ��4�@ ��� >
@ 
���K@ / @�> � � 
�� � ��@�> ��� Xr@	� �� @ � 
9> � � @F� 
 � > � >��C4�@ � ��� @ � @
ÿ � ��@ � @	� � N � � ÿ�v � � ��� N � ÿÓ @ ����@M� ��
����d� 
 � @.� � ��@F� 
�� � @ A���( 
+> � �E- ��+¤E���@ �F��ÿ-��@.� � 4�@ �
� ÿ  @ � 
�� � � � � 
 � ��@	�V� 
 2 � >�� � �?@��©N ��ÿ � ��@F� � � � ��
 � ��� � 
�� 
¹�-�é=�ÿ,> 4�@ � � � ÿ-�  @ +k5 � > 
��3�0N,A
��-��ÿ � 
��I@.� ��� � 
 � ÿ � � 
�� ��ÿ,>�� ��� = � � @	� 
�� � æ ] � � � Y G �
&(' � �*) � � �*) ^ ��+[Epÿ � = � � ��@ � � @	��=���@
� �?@Á� � � � ��@�> ��� X��	
 ��� ÿ,> ÿ � @ / @�> � � ��ÿ,> � 
 � > � >O���-�é=�ÿ,>
����� ��� ��� >O� � ÿ ��@	
 / NMI:=�
 �K2 ��A � �?@G@ / @�> � � 
��
�.� 
��K� � Xr@ � 
�� 
�� � � � � @ / @�> � ��� � ��@Á�ðÿ-� � GÃ. � 
��-�+@	� 4�@ � � 
��E>?ÿ � ÿ,>?@�ÿ � � ��@ � ��ÿj�ðÿ-� � @�>?@ � �+@ ��� �4�@ � �.++� ��� � � � � �E>�@F� ��@�Xr> ����� ÿ,>ùA � �?@Å=�> ��@ � � 
 � > � N �?=�@ � ÿ,�
�  �è� D �D @ / @�> � �Ý� 
�� � @ ��= ��@	� � N
� 
� � ÿ � �ëÿ � ( 
+> � T�A � @.� ��@ � ���0/ @F��N-+E���@ � æ ] � � � ��� � � = ��� ÿ,>O��ÿ ��� 
 � >�@	� � > ��
 � 
 
+> ���
ÿ,> � @E1 
 � �éÿ 
 � @���ÿ-� � 
 � @ � � >á5 � �+= � @ @ � ÿ �
� �?@ � ÿ,= � .�4�@ � ��
�� ����@9+zE���@P� � 
 � � � ��� NGÿ � � ��@ ��ÿ ��� @	� � @	� � æ ã 
9> � � æ ä � 
�� � @F� � @ � 
���
 � =?> � ��� ÿ,>ðÿ �
� �?@ ��= � ��� Nðÿ � � �?@ � 
���� � >��O+zE�� � � � �A����ÿ\�`> � >O5 � �,= � @]( � 
 ��
+> � � � � � ÿ � � �?@ � æ ] / 
 � � 
 � �é@�+,E���@� � 
 � � � ��� N³ÿ � � ��@ � Q-% / 
 ��� 
 � �é@ 
� ��� � @ � � ÿ � ��@ � ÿ,= � .04�@ � � � � 
9�3� ÿ�� ��ÿ\�`> � ÿ � ��ÿ-� ��
 � � ��ÿ,>]+[E���@
��= � �)=���@	� � ÿ � @F��@	� � G 
+>�����.JI:=�
 ��2 ��
�� ����@F� ����@�@oE 
 � �é@�( �s��@ � @ ���?ÿ-� @�> � ÿ � � > � � � h�@ � ��@ � ÿ � 
��
=�> ��@ � � 
 � > ��� @F�ëÿ+> � ��@Z�<@	
�� = � @.�ð@�> � �.+

&Á> B 6 D ��� � 
�������ÿ\�`> � � 
 � 
 �ðÿ � @�� � 
 � �é@ � @F� =�� � � � � ÿ,=�> � � � � ��@5GÃ.JI:=�
 ��2 ��
�� �O��@ � �"��@.�é@	� � @	�� ��� � � ��@���ÿ-� � � >�@	� � @	���?> � I:=�@ 
9> � � ��@���.JI:=�
 �K2 ÿ,>�@'=�� � >��Gÿ,>O��N*	 ] Q =�. +sE���@o��
��<@�� � @.��� ��� � ��� ÿ,>� 
�� � ��@�>ð=���@	� � ÿ � B} � ã�~ +�5rÿ � B} æ ã�~ 
9> � B}�� ã�~ A:=�� � >�� � ��@1�ð@ � ��ÿ � � ��� �ð I$+�8C� 
�� � ÿ+=�> � � ÿÝ� ��/ @
/a` ä�� Õ ~ ã ~1032���~ ç { �Ã�ab ���.ã Þ�Ü�465#7 � ~ �wæ+� | ���Ã�]� �98 :<; y ã Þ ç��¶ã�ä�� { d �uã�ä { � �À~ ã���Õ |���| ã��Rb ~ ã�� � |

8



10

10 2

10 3

10 4

-4 -2 0 2 4 6 8 10
X 4 j

Data

c

uds

b

uds tag

b tag

5 � �,= � @ @ |� / @�> � � � � ��� � � = ��� ÿ+> ÿ � � ��@�� � ÿ � 
 � � � � � N � æ ] � ÿ � @ / @�> � � �.� 
9�K� � Xr@	� 
�� � ÿ+= � .04�@ � � 
 �
8�:<;�= ��*O+ *,* x TS+mE��?@ � @	
�� ����ÿ � > � ��� 
+> ��� � �G=�� 
 � @	� ��� � � � ÿ-� � 
9� � ��
 � 
�
 � @ ��ÿ-� ��
 � @	�]+,E���@"� ��@ � � X����ÿ+> ������� = ��� ÿ,> ÿ � @ 
����Ix= 
 �K2 � 
 / ÿ,= ��� � � � ����� 
\N+@	� � ÿ � � ��@¹� � �X=�� 
 � @ � ��
 � 
>+ E��?@ ��@ 
 2 
 �
� æ ] � J -�� x � 
 �K2 � � �?@Å@ / @�> � �Z� ��@ � @ � ��@5�ðÿ-� � GÃ. � 
����,@	��4�@ � � 
9�g>?ÿ � ÿ,>�@Åÿ ��� ��@ � ��ÿ
�ðÿ-� �@�>?@ � �+@ ��� �"4�@ � �F+ E���@ ��= � �'=���@	� � ÿ � 
�� � ��@�GÃ.JI:=�
 ��2 
+> �j��.JI:=�
 ��2 ��
9� ���é@.� 
 � @ 
��3��ÿ � > � � � 
 � @	�]+
� � 
 � �é@ 
9> � ��ÿ-� ��
 ����� ��@ � @.��=�� � �Ý� � � � � ÿ � � � @ ����> � I:=�@F�.+jE��?@ ��ÿ-� � � >�@	�¹�<@ � ��ÿ �R� 
�� ����ÿ-��@�>
� @	� 
9=�� @ � � ���@ � ��= ������� @F����ÿ,=���� � @ � @	
����@ �M� ��� � � ��@Z��
9�<@�@ 
 � � @�> �FN�+
ÂdÃ�� � Ç]ËOÇmÊ(ËOÍUÆ�Ê¦ÍUÆ±Æ±ÇaÊ(Ë±Ì¶Í"ÎoÈ
E���@ ��@ � @	� � ÿ � ��ÿ ��� @	� ��� ÿ+>�� � ãåä� � 8�:<;�= � � 
 2 @ � > � ÿ 
 �	��ÿ+=�> ��� �?@ � 
 / ÿ,= ��� ��@�> ��� X��	
 ��� ÿ,>�� � ÿ ��@ ��= � @9A
2 � >�@F� 
 ��� � ��� 
���@.��A � ��@�
� ��@ � � 
+>���@ 
9> �kÿ � ��@ � �?@ � @ � � ÿ � @�6ù@ � � �.+»E��?@FN 
 � @��	
�� ��=�� 
 � @	��� ��� �
� 80� - 4 @ * 5 ��
� � ÿ,> � �½@ / @�> � �j�,@�>�@ � 
 � @ �Ú=�� � >���� ! ¢�� ! ¢	� ¥�¨ B (,( D 
9> � ��� @ 
 � @	� � N � ��@ � =��3�� � �X=�� 
 ��� ÿ,>Óÿ � � ��@
^ ! ' #$_m` ��@ � @ � � ÿ � ��^ ! '
� ` l � 
+>�� � N � ��@�� � 
+> ��
 � � ��
 � 
 � @	��ÿ,>�� ��� =�� ��� ÿ,>
����
 � >]+�E���@o� � �X=O� 
 ��� ÿ,>5� 
�� � @�� @ � � � � @	� � ><ÿ � ��@ � � ÿ � @ � � ÿ ��= ��@ � ��@w�<@	
�� = � @	���-�é=�ÿ,>������ ������� >��
� 
 � @.� B (+- D | � : : � *�� *0( b 6�)�*�� *,*,- x

� ã ã � *�� *,*0(-T98�)�*2� *,*+*©T @
��6 �

� � PðL ¿WDXJ a FpP<M  a N�b NIbWCEPðJ�C]N a _`D Àk_ëDÁÀd_ëH À�D�N a PðMKF
��Ã�Ä � ��È>È�ÌS7"Ç��ÁÇaÆOË±ÐoÆ�� �zË�ÌS7"Ç�Ê � É{ÊaÐCÉ �zË�Ì{ÍAÎoÈ
5rÿ � 
5� ��/ @�> � 
 / ÿ,= � \�A � ��@Z��.04�@ ��� 
 � @ � � � ��@º>�ÿ � � 
�� � ��@	����.04�@ � � � ÿ-���Ã.J��@	� ��� ÿ+> ��@�Xr>�@ � 
���} U� �B�� � � 89:<;�= � � � =���=�D 7O� U �U +¸� 
���� �0/ @¹�³ � ��@�ÿ � @ ��� �	
���� 
�����=�� 
 ��� ÿ,>��ð@�v � � � = � � ÿÓÿ � ��@ ��� �� B @ *xA @-@ A@ (�A @ - D 
+> � ��@.� � � � � @ � ��@ð(�A - 
+> �Ý89.04�@ � � 
 � @F� � ÿ � ��@	
 / N 
+> �R� � � � � I:=�
 ��2 � æ +�E���@�N ��
 / @ � ��@
� � �wã�ä�� Ü�Þ � � Þ-d � ��ç y�������� d � � �x| ã ~ ��ÕPæ Þ ã�ä Ü�Þ { ä�� ~ å ��������� �"!$#%��������~ ��Õ � �ñç�ä.ã'& e ~�{)(�|*���������"!�+,��-.���

T



 -
 h

ad
ro

n
s 

4
/Nb 4

N

0.19

0.20

0.21

Z95

Z94

BP
0.7 0.8 0.9 1.0

 -
 h

ad
ro

n
s 

4
/Nb 4

 N∆

0.00

0.01

0.02 Total

Tagging

Data stat.
Sim  stat.

g->bb
g->cc

�à~ � � ã ~ æ�� � �yã � Ü�Þ {������� � � d �yã�ä 4 �	�
 -

 h
ad

ro
n

s 
4

/Nb 4
N

0.19

0.20

0.21

Z95

Z94

BP
0.7 0.8 0.9 1.0

 -
 h

ad
ro

n
s 

4
/Nb 4

 N∆
0.00

0.01

0.02
Total

Tagging

Data stat.
g->bb
Sim  stat.
g->cc

� æ � � ã ~ æ�� � �uã � Ü�Þ {������� � � d �uã�ä 465#7

 -
 h

ad
ro

n
s 

4
/Nl 4

N

0.62

0.63

0.64

Z95

Z94

LP
0.60 0.65 0.70 0.75

 -
 h

ad
ro

n
s 

4
/Nl 4

 N∆

0.000

0.002

0.004

Total

Sim  stat.
Tagging

Data stat.

g->bb
g->cc

� � � � ã ~ æ�� � �uã � Ü�Þ {
���� � � � d �uã�ä 4 ��

 -
 h

ad
ro

n
s 

4
/Nl 4

N

0.62

0.63

0.64

Z95

Z94

LP
0.66 0.68 0.70 0.72 0.74

 -
 h

ad
ro

n
s 

4
/Nl 4

 N∆

0.000

0.002

0.004
Total

Sim  stat.
Tagging
Data stat.
g->bb

g->cc

� Õ � � ã ~ æ�� � �yã � Ü�Þ {����� � � � d �uã�ä 465#7

5 � �,= � @G(>| � � 
 � � � � � NOÿ � � ��@Á�ð@ 
���= � @ � � ÿ,= � .�4�@ ��� 
 � @F� 
�� 
 � =�> � ��� ÿ,>³ÿ ��� ��@ ��= ��� � N � ÿ ��� ��@ � ��ÿ� 
 / ÿ+= � . � 
��-� � >����ð@ � ��ÿ ��� � æ ] 
+>�� � Q-% +RE���@ = ����@ � ��
 � � ÿ � @ 
��� ���éÿ � � ��ÿ\�1� � ��@ � ÿ,= � .�4�@ �
� 
 � @.�w�<@	
�� = � @	��� � � � � ��@ @\b-b 8 � � � 
� 2 �KI:=�
 � @.��� 
9> � @\b-b T ��@F� � � N � ��� �F��@.��� ��
 � 
O+oE���@Á��ÿ\� @ �
��
 � � � ���?ÿè� � ��@ � � @	
 2 ��ÿ\�`>Oÿ � � ��@ë=�> ��@ � � 
 � > ��� @F� � @.� 
 ���0/ @ � ÿ � �?@P�ð@ 
���= � @ � � 
 � @F�.+�E���@ 
 � � ÿ\�1����?ÿè� � �?@ ��= ��� ��� @.� � @.��=�� ��� >�� � � ÿ-� � ��@ ��= � � � > � � �	
 � @ � � >O5 � �,= � @ @ � ÿ � G�
+> ����.JI:=�
 ��2 � 
��-� � >���A� @F����@	� ����/ @.�0N-+"E��?@Á�-�é=�ÿ,>������ ��� ��� >O�Å=�> ��@ � � 
 � > ��� @.� � � ÿ�� � ã ã 
+> � � : : 
 � @ � @	��= ��@	� � N�
 � 
� � ÿ � (

+> � T � @F����@	� ����/ @.��N � � � æ ] � �3=���@	�]+

6



�
@ � ��ÿ � EUN ��@ Y �5��.�4�@ � @ / @�> � � ��= � "�= ��� � N  �
 � � @�>��FN
1 ÿ-� � � >�@	� ( � t b (+6 � Q"% � *2� t�x b 6�� 6 b �&J� ��
� � ��
 � 
9�<@ � @ � (+! @ * b t T b ��ÿ-� 	 .� � J (2� @ * x @ � b t �1 ÿ-� � � >�@	� 8(� T @�b T � æ ] � J *�� 80- x©t � 8 x �
1 ÿ-� � � >�@	� 80! - t-t�t T � æ ] � JÝ@ � *,* t *�� b t �1 ÿ-� � � >�@	� T � (�T @ � æ ] � J *�� 80- t b � -98��
1 ÿ-� � � >�@	� T+! ( b -0( � æ ] � JÝ@ � *,* 6 x � b 6��

E 
 � ��@�-O| 5z� 
 / ÿ+= � ��ÿ-� ��ÿ�� ����� ÿ,> ÿ � � ��@ @\b-b 8[��
9� ���é@ � 8�:<;�= �m*2� *,* x T � � 
����,@	� 
��w��.�4�@ � GÃ.WI:=�
 �K2
��� � ��
+>�����.JI:=�
 ��2 @ / @�> � �����:!�� � ÿ ��� ��@ � � 6ù@ � @�> � 4�@ � � ÿ ��ÿ-��ÿ�� � @F�����M�T(>��8�
+> � T�.�4�@ � ��� 
+>�
��0NS� @	�(+E���@ � ÿ � 
9��>:=�� � @ � ÿ � @ / @�> � � � ÿ+=�> � � > � ��@ ��
 � 
w��
�� ���é@.� 
 � � @ � ��= � �z� 
�� @ ( @ -,*0( ��(s4�@ � ����A08,8 x *-T��8w4�@ � ����
+>��³-,-+*+8 ��T�4�@ � ����+

� ��� = � � = � @�|
} U &�� (� � @ J � � ����� �	� U &�� ( J � � ����� � � � Z U &
� ( G�� U &�� ( � G� � � ^� �} U &�� (^ � G � � ����� ��� U &
� ( G � � ����� � � Z U &�� ( G� � � ^� �} U &�� (æ � G � � ����� � � � U &
� ( G� � � ^� �

� t �

EsÿÝ� � � ��� � � N � ��@`>�ÿ � 
 ��� ÿ,>�A � ��@���@ ��@�> ��@�> ��@ëÿ,> 8�:<;�= ��
�� � @�@�>ðÿ-� ��� � @	� � > � �?@ 
 � ÿ / @`@�v�� � @.� � ÿ,>(+E���@ �.�éÿ-� = � @ � @F� 
 ��� ÿ,>�} U� G } U^ G } Uæ � @ � ����
 ��� �{Xr@	�½= � � ÿðÿ � ��@ � � �� + E���@ � 
� � ÿ � ��� &�� ( AcZ &�� (
+> � � &�� ( 
 � @ ��ÿ-� ��= � @	� � ÿ � � 
9�K� �0/ @ 
+> ��� � �� � I:=�
 �K2 �.+jE��?@ �	
�� ��=�� 
 ��� ÿ,>O� 
 � @ ��ÿ,>?@ � > � ��@
���������±µ �#�z� ����@.�ð@ � > � @ � �[�<ÿ � � ��@ ��ÿ���@
� 
�����A � U A�
+> � � 
+> � @ � @F� � ��� � @�> � > � @ � ���ðÿ � � ��@
� =?>�> � >O�[� 
�����A±� U A��?@FXr>�@ � � > � ��@ ��� � ����@.�ð@+A�=�� � >�� � �?@ � ÿ��3��ÿ\� � >��Xÿ � ��@ � � � � @F� 
 ��� ÿ,>]|

� �U ��� �U ��� ��� @ G � � ��� �� � x- J (s��ÿ-� ���U ��� �� � � G� � � �� ��� � x �
& ��� ����ÿ,> / @�> � @�> ��� ��@�ÿ � @ ��� � 
�����N � ÿ � = � � � � ��@ ��ÿ+= � ��@ � 
 ��� ÿ-�1} ã�~� ��} ã &�� (� � } ~ � 
9� � � � ���?@FXr> � ��� ÿ,>� 
9> ��@F�3�s�ðÿ-� �  � ��ÿ ��� @	� ��� ÿ+>���A � ��@"X � � � ÿ � ��@ � ��@	��@�>���@�> ��@`ÿ,> � � 
+>�� ��
 � ��� 
�����N+A � ��@)>�@F�-��@ � � @	�� � � ��@ � ÿ � ��@ � � @ � �[�.+dE��?@ � @F� =�� ��� �1����ÿ\�`> � >³5 � �,= � @�- � > � �?@ � 
9� @gÿ � � �?@Á} ã�~æ � ÿ � � ÿ � � � 
����
��@�Xr> ����� ÿ,>O��A�
 � !s2 
9> � =�� � >�� 
9> 
 � � � ÿ�v � � 
 � @º4]!s2 � � @	� � � ��� ÿ,> ����@�@Ý� @ � ��� ÿ,>½-O+ ( ��+
��ÃJÂ � ��È>È�É¶ÇmÈ>È����&6 Ê¦ÍAÆ±Æ±ÇaÊ(Ë�Ì{ÍAÎoÈVËOÍ Ë0=oÇ ;�ÍAÐoÆ! �"SÇ]Ë Æ �zËOÇ
Esÿ � @ 
 � ��@ � ÿ
=�� @á I$+ x�� ÿ³@�v ��� 
 � � � ��@�GÃ.JI:=�
 ��2 � 
���� � � ÿ-� � ��@ � ÿ,= � .�4�@ � � 
 � @+Asÿ,>�@���ÿ,=����
>�@�@	� � ��@g4]!s2 ��ÿ ��� @	� ��� ÿ+> � ÿ�} Uæ � > � t ��|

} U &�� (æ � � � ����� � � � U &
� ( G � � �K��� � ^ � U &
� ( � b �
� � � ��� � � 
 / 
 � � 
 � �é@Iÿ,>��0N � ÿ � � 
��K����@F�K�mIx= 
 �K2 � B @ 8?A @ T D +Z$ëÿè��@ / @ � A ��� �<ÿ-� � ÿ ��� ��@U� 
���� ��ÿ � � @	� ��� ÿ,>� ÿ � ��@`ÿ � � @ ��/ 
 � �é@ � � 
�� � @ 
 �ON 
 � !s2XA,ÿ,>�@1� 
�NX@�v ��@	� � � ÿ � � � � ÿ / @ � �?@��?@.��� ��� � ��� ÿ,>�ÿ � � ��@ � ÿ,= � .4�@ � ÿ � ��@ �{/ 
 � ��@ � N 
� � � ÿ\v � � 
 ��� >�� � ã &
� ( f � ~ 
+> � � ��@ � @ � ÿ � @ ��ÿ � � @	� ��� >�� � ÿ � � � ��@�� 
���� ��/ @

+> ��� 
����K�é@.�K� � ÿ,= � .�4�@ � � 
 � @.�A� ��� � � ��@P� 
9�K�K�é@.��� ��ÿ ��� @ � ��� ÿ,> � ~ B (98 D +�E�� � � � � ÿ ��@ ��= � @���
�� � @�@�>� =��	��@F�K� � =��3�0N � @.� � @ � � ÿ � } ã�~^ A � ÿ � � � � ��� � ��@��,@�>:= � >�@�� 
��K� ��/ @ 4]!s2 ��ÿ ��� @ � ��� ÿ,>��Å@�v � � � +¤E���@
� @F� =�� ��� >�� � � @ � � � ��� ÿ+> � � ����ÿ\�`> � >ð5 � �,= � @`- B (-T D + �P� � ÿ � � ��@ � 
9� @ëÿ � } ã�~^ B b�D A � � � 
�� � ÿ,=?> � � ��
 � |

t



cuty
0.002 0.004 0.006 0.008 0.010 0.012

 -
 p

ar
to

n
s 

b
l

4
R

0.75

0.80

0.85

0.90

0.95

1.00
2

 ) = 2.91 GeV / cZ (MbLO m

 )Z (MbNLO m

bNLO M
2 = 4.98 GeV / cbLO M

5 � �,= � @X-O|Z� 
���� �0/ @<!p2 �³ �	
�� ��=�� 
 ��� ÿ+>�� � ÿ � } ã�~æ ����ÿ,> ��� >:=�ÿ+=���� 
 � @5����ÿ\�`> � ÿ � � ÿ � � � ��@ ��ÿ-�é@ .J� 
��K��A � ã A 
+> � � ��@ � =�>�> � >����.W� 
9�K��A$� ã � � 7 ��+1� 
����K�é@.�K�E4]!s2 ��ÿ ��� @ � ��� ÿ,>�� 
 � @ 
���� ÿ[����ÿ\�`>
��� 
�����@ � � 
�� @�v ��� 
 � >�@ � � >j��@	� ��� ÿ+>�-O+ ( ��� @�@E@.I:=�
 ��� ÿ+> b ��+ �P� � ÿ ��� ��@ � 
���@�ÿ � } ã�~^ A?4]!s2 ��ÿ � � @	��.
��� ÿ,>�� 
 � @Z�K� 
��3�é@ � � ÿ � � ��@ � =?>�> � >O�[� 
����.+

Ñ E���@E4]!s2 ��ÿ ��� @	� ��� ÿ+>��)=�� � >�� � ��@ ��ÿ-��@�
+> � � =�>�> � >��5� 
��K� ��@FXr> ����� ÿ,>��U� @ � @ � ÿ � �j� � � � � >
� ��@º=�> ��@ � � 
 � > � N � 
9> � �?@FXr>�@ � � N � �?@ � ��ÿ<!p2 ��= �{/ @F�.+

Ñ E���@ � =�>�> � >�� � 
���� ��@FXr> ����� ÿ,>�� 
 / @ 
5�K� 
��3�é@ � ��ÿ ��� @	� ��� ÿ+> 
 � 4]!s2 � � 
+> � ��@ ��ÿ-��@C� 
��K�F+
��= ��� 
 ��ÿ � � @ � ��� ÿ,> �ð@ � ��ÿ � � 
9> � @ ��ÿ+>�� � ��@ � @	� ��� 
+=�� � � �é@ � ÿ � } ã�~æ A 
�� � ��ÿ+=�� �³ÿ+>�@ �	
+>�>�ÿ � @.� ��� .� 
 � @ � ��@Z� � h�@ºÿ � � ��@ � ��@�ÿ � @ ��� � 
���=?> ��@ � � 
 � > � N � >�
 � � @ � � � @C� 
�N�+
��Ã�� � � ACÆ±Í"ÎCÌ¶È��zË�Ì¶Í"Î Ê¦ÍAÆ±Æ±ÇaÊ(Ë�Ì{ÍAÎoÈ
Esÿ ��ÿ-� ��
 � @ � ��@���
 � � ÿ+>�.J�é@ / @F� �	
�� ��=�� 
 ��� ÿ+>�� � >j��@	� ��� ÿ,>O�)-O+ @ A�->+À(ºÿ � } ã�~� � � � � � ��@]@�v���@ � � �ð@�> � 
9�� @F� =�� � ��A � ��@�N��X=�� � � @ ��ÿ � � @ � � @ � � ÿ � � 
� � ÿ+> � ��
 ��� ÿ,>�@F6�@	� � �.|

� } � ã�~ ��� ã�~� } ã�~� � @ * �
E���@ � 
� � ÿ � ��� ã�~� � 8�:<;�= ����� ã� � 8�:<;�= � � � ~� � 8�:<;�= ��
 � @ ��ÿ-� �?= � @ �K=�� � >��
 �¡,¢ _a` k&£¦¥�§©¨¦§?Aaª ! p©« `<r£¦¥�§ 
+>�� ¬[p ` k q,a!H® ¥0¯±° � =�>�@ � � ÿ�^ ! ' #$_a` ��
 � 
 B (+6 D ��� @�@G5 � �,= � @E8 ��+

� � C�FIH À�NIF
E���@ � � @F� � � � > 
 � N � } � ã�~ ���¸� (>��-O��8���T� � @F� =�� � � 
 � � 
� � ÿ+>º�é@ / @F�'ÿ ��� 
 � >�@	� 
�� 
 � =?> � ��� ÿ,>7ÿ �
8�:<;�= � N���ÿ-� ��� > � >�� � ��@ @\b�b 8 
+> � @\b-b T ��
 � 
[��
�� ����@F� 
 � @ ��ÿ�� ��
 � @	� � ÿ � ��@ � � @ � � � ��� ÿ+>�� � � ÿ-� �¡,¢ _a` k £¦¥�§©¨¦§?AUª ! p©« `<r £¦¥�§ 
+>��¤¬�p ` k qma!�® ¥0¯±°H�,@�>�@ � 
 � ÿ � � � > 5 � �,= � @�T>+Ý4ëÿ,>�@�ÿ ��� ��@
� � � @�@Z�ðÿ �?@.�3���?@.��� ����� @ 
���� � �?@Ý�ð@ 
9� = � @.�ð@�> � ����@ � � @ � � �0N-+

x



cuty
0.002 0.004 0.006 0.008 0.010 0.012

  
b

l
4

H

0.90

0.92

0.94

0.96

0.98

1.00

1.02

1.04

1.06

1.08

1.10

Pythia

Herwig

Ariadne

5 � �,= � @�8O|�$ 
� � ÿ,> � ��
 ��� ÿ,>���ÿ � � @ � ��� ÿ,>�� � ã�~æ � 8�:<;�= �U� B} æ ã�~ � 89:�;�= � � } ã�~æ � 8�:<;�= �)=���@	� � ÿ ��ÿ ��� @	� � � 
��/.� �0/ @P�³ � ÿ+= � .04�@ � � 
9� ��=O� 
 ��� ÿ,>�� � ÿ ��
� � ÿ,>�.W��@ / @.��+zE���@���ÿ ��� @ � ��� ÿ,> � � � @.�éÿ\��-�� � ÿ � 8�:<;�= ��*�� *,*,6O+
&Á> � �?@ �	
�� @�ÿ ��� ��@ � ÿ,= � .�4�@ ��� 
 � @.��A9@�v ��@ ��� �<@�> � 
�� � @F� =�� � �m� @ � @ ��ÿ-� ��
 � @ � � ÿ � ��@"� 
��K� ��/ @d�³ 

� 
9� ��=O� 
 ��� ÿ,>�� 
 � !p2 
+>��O=�� � >�� � ��@o� 
��K����@.���34]!s2 ��ÿ ��� @ � ��� ÿ,>�� ��@.� � ����� @ � � >��x@	� ��� ÿ,>O-O+À(S+�E���@
� @F� =�� � � � ÿ ��� �?@ � ÿ+= � .04�@ ��� 
 � @.� � ÿ � G�
+> ����.WI:=�
 �K2 �&B} æ ã 
+> ��B} æ ~ 
 � @Z���?ÿè�`> � >½5 � �,= � @F�ë6 
 
+> �
6 � � ÿ ��� ��@ � =�>�> � >��C� 
��K� ��@FX�> ����� ÿ,>]+,E���@d� 
��K����@F�K�%4]!s2 ��ÿ ��� @ � ��� ÿ,>�� � � � � ÿ / @ � ��@ �?@.��� ��� � ��� ÿ,>
ÿ � � �?@ ��
 � 
 � > � ��@o� �?ÿ-��@ 89:�;�= � @.� � ÿ,> 
����X=���� � ÿ � B} æ ã 
�� � ÿ � B} æ ~ + E���@�= ����@ � ����ÿ � � > 5 � �,= � @
6� ���?ÿè� � ��@ ��ÿ�� ��
 ��� ��ÿ,>Ýÿ � B} æ ã�~ � ��� �Ó!s2 �
 � 
�����=�� 
 ��� ÿ,>�� � ÿ � � ��@ � � ÿ ��@FX�> ����� ÿ,>���ÿ � � ��@GÃ.JI:=�
 �K2 � 
����.+�E���@w��ÿ\� @ � ��
 � � � ��ÿ\�1� � ��@E@�6ù@ � � ÿ � � ��@o� 
��K����@F�K�34'!p2 ��ÿ ��� @	� ��� ÿ,>O� ��@.� � � � � @	�
� > ��@ � ��� ÿ,>^->+À(>+ � �K� � � � � ��N � @ � � @ � 
�� � @�@F�<@�> � � @ � ��@�@�> � 
 � 
 
+> � � ��@ � 1)� � � @ � � � ��� ÿ+>�� 
��
� ÿ,=�>���A���
 � ��� ��=�� 
 � N � ÿ � � ��@ ��ÿ-��@C� 
�������@FXr> ����� ÿ,>]+E���@ / 
��é=�@³ÿ � � ��@ � =�>�> � >�� � 
��K�<=�� @ � � > � ��@ �	
�� ��=�� 
 ��� ÿ+>��5� 
�� � 
 2 @�> � � ÿ�� � ��@ ��ÿ � ���

 / @ � 
��,@ � > B ( t D Aw� ã ��� ã �R� 80� (98 ) *�� @-@ � @�� � �.�½@ / ÿ-� / @	� � ÿ c e � � 7 =�� � >�� � ��@ � 1)�
� @�>�ÿ � � 
�� � ��
 ��� ÿ,>º� � ÿ,= �Ú@.I:=�
 ��� ÿ,>�� ��� �  ��+AE��?@Kÿ ��� 
 � >�@ � � @.��=�� � � 
��F|H� ã � � 7 �M� (2� b>@ )*�� @ *O+�5rÿ ��� �?@ � 
�����=�� 
 ��� ÿ,>M� � � � � ��@ ��ÿ-�é@ � 
9�K� ��@�Xr> � ��� ÿ+>�A � �?@ ��@ � @ � � � > 
 ��� ÿ,> � ã � 80� b x )*�� @ - � @�� � � � B ( x D � 
��`=���@	�]+1 ÿ-� ��
 ��� >�� � ��@X@�v ��@ � � �ð@�> � 
�� � @F� =�� � � � ÿ-� B} æ ã�~ � � � � � ��@[�³ � 
�����=�� 
 ��� ÿ,>�� ��!s2 � ��� �Kÿ �� ��� ��ÿ,= � � 
��K����@F�K�ð4]!s2 ��A�ÿ,>?@��	
+>»�ð@ 
9� = � @ � ÿ � � � ��@ � =�>�> � >�� 
+> � ��ÿ���@�� 
��K��@.�ðÿ ��� ��@�GÃ.I:=�
 ��2 +�E���@ ��ÿ,>�� � � � @�> ��N¹� � � � � ��@ � � � @�@�.�4�@ � � @.� =O� � �gÿ �CB 6 D Am� ã � � 7 �Z� (2� b 6 ) *�� -0( � @�� � � �
+> � � ã � 80�À(96 ) *��ñT @ A � � � @F� � @ � � >á5 � �,= � @ t +sE���@ � @.��=�� � � 
 � @ 
���� ÿ ��ÿ-� ��
 � @ ��� � � � � ��@ � 1)�
� � @	� � � � @ � / 
��é=�@.�`=���@	� � ÿ � � �?@ �	
�� ��=�� 
 ��� ÿ+>�� � >½5 � �,= � @�6O+

� ��� FpNIC�L DgN a _ HKMK_`C�JINID a MON a CEF

Ed��ÿ � � 6ù@ � @�> � � ÿ,= � ��@F�<ÿ � ��NS� � @.� 
 ��� � @ � � ÿ � � ��
 / @ � @�@�> ��ÿ+>�� � ��@ � @	�]+  zv ��@ ��� �<@�> � 
��3=�>���@ � .
� 
 � > ��� @.� 
 ��� � @ � > � ��@ � � ÿ ��@F�K�^ÿ � ��ÿ ��� @ � ��� >�� � ��@ ��@ � @	� � ÿ � .W��@ / @.�[�ð@ 
���= � @F�<@�> � � ÿ ��
� � ÿ,>��@ / @F��+U�
ÿ ��@.��� � >��G=�>���@ � � 
 � > ��� @F��
� ��@ 
 ��� > � �?@ � � ÿ ��@F�K�`ÿ � ��ÿ ��� @ � ��� >�� ��
 � � ÿ+>�.J�é@ / @F� � �?@�ÿ � @ ��� � 
��

b



 -
 h

ad
ro

n
s 

b
l

2
R

0.95

1.00

1.05

DELPHI preliminary

cuty
0.000 0.002 0.004 0.006 0.008 0.010 0.012

 -
 h

ad
ro

n
s 

b
l

3
R

0.95

1.00 Pythia
Herwig
Ariadne

�é~ � B× _ � � ~ �9Õ B× / � � � Þ b ò ~�{ ��Õ d �yã�äoç��Ã��� {}~ ã Þ {�|

 -
 h

ad
ro

n
s 

b
l

4
R

0.9

1.0

1.1 DELPHI preliminary

cuty
0.000 0.002 0.004 0.006 0.008 0.010 0.012

 -
 h

ad
ro

n
s 

b
l

5+
R 1.0

1.5
Pythia
Herwig
Ariadne

� æ � B× � � � ~ ��Õ B× Ù � � � Þ b ò ~�{ �KÕ d �uã�äoç������ {}~ ã Þ {}|

5 � �,= � @�T>|�1 ÿ-� ��
 � � ��ÿ,> � @ � � @�@�>º�<@	
�� = � @	�	� } � ã�~ � 
 � @.� 
+>�� � � @	� � � ��� ÿ,>O� � � ÿ-� � ��@
 1¡z¢ _m` k£¦¥�§©¨¦§?A�ª ! p©« `<r £¦¥�§ 
+> ��¬[p ` k q,a!�® ¥�¯±°¹�,@�>�@ � 
 � ÿ � �F+jE���@ ��
 � 
���ÿ � > � � ��ÿ ��� @F����ÿ,> � � >�� � ÿ
� �?@ � � � @�@�.04�@ ��� 
 � @.��
 � @ � � ÿ-� � ��@ 
+>�
��0NS� � ���?@.��� ����� @ � � > B 6 D +

@ *



cuty
0.002 0.004 0.006 0.008 0.010 0.012

 -
 h

ad
ro

n
s 

b 4
R

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14 DELPHI preliminary

NLO
LO

�à~ � 2g~�|�| �ñå�� v?z d �yã�ä b ~�|�|�� � |�|��pv?z � � B× � �
cuty

0.002 0.004 0.006 0.008 0.010 0.012

 -
 h

ad
ro

n
s 

l 4
R

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14 DELPHI preliminary

NLO
LO

� æ � 2º~�|�| �ñå�� v?z d �yã�ä b ~�|�|�� � |�|��sv?z � � B× � �

 -
 h

ad
ro

n
s 

(L
O

) 
 

b
l

4
R 0.85

0.90

0.95

1.00

 -
 h

ad
ro

n
s 

(L
O

) 
 

b
l

4
R 0.85

0.90

0.95

1.00

DELPHI preliminary

cuty
0.002 0.004 0.006 0.008 0.010 0.012

 -
 h

ad
ro

n
s 

(N
L

O
) 

 
b

l
4

R 0.85

0.90

0.95

1.00

cuty
0.002 0.004 0.006 0.008 0.010 0.012

 -
 h

ad
ro

n
s 

(N
L

O
) 

 
b

l
4

R 0.85

0.90

0.95

1.00

Running Pole

� � � 2º~�|�| �uå�� v�z d �uã�ä b ~�|�|�� � |�|��sv�z � � B× � � �

5 � �,= � @<6O|�1 ÿ�� ��
 ��� ��ÿ,> � @ � ��@�@�>º�³ � � @ � � � ��� ÿ+>�� ��ÿ ��� @	� � @	� � ÿ � ��
� � ÿ,> � ��
 ��� ÿ,> 
+> �Ó@�v ��@ ��� .�ð@�> � 
�� � @.��=�� � �.+ E���@Ý� 
���� / 
9��=�@F� � > � ��@ � 
9� ��=O� 
 ��� ÿ,>��A� @ � @g80� b x )�*�� @ - � @�� � �.� � ÿ � � �?@ ��ÿ-�é@� 
��K� 
+> �R� ã � � 7 �w� (2� bO@ ) *�� @ * � @�� � � � � ÿ � � �?@ � =�>�> � >���� 
9�K� ����@�@ � @�v � ��+ � 
 � B} æ ã ��ÿ-��.
��= � @	� � � � � � ��@ � =?>�> � >O� � 
��K� �?@FXr> � ��� ÿ,> � ÿ � � 
9�K� �0/ @á!p2 
+>�� � 
9�K�K�é@.���Å4]!s2 ��ÿ � � @ � ��� ÿ,>���.
� � ��B} æ ~ ��ÿ-� ��= � @	��
 � !s2 
+> �½4'!p2�.�� � � � � ÿ / @�| � 
��K� ��/ @�!s2 � 
�����=�� 
 ��� ÿ,>��.+ � @.�éÿè�Z|�� 
���� ��/ @
!s2 � � @	� � � ��� ÿ,>��o� � � �Ô4]!s2 � 
��K����@F�K� ��ÿ � � @ � ��� ÿ,>��F+[E��?@ � 
9> ��� � > � � � 
 � @ � �?@ �P� � ��� � @ 
� ÿ �
� �?@ � � � @�@Z�<ÿ ��@.��� ����@�@ ��@	� ��� ÿ,>�T��+

@-@



cuty
0.006 0.007 0.008 0.009 0.010 0.011 0.012 0.013

) 
   

2
(G

eV
/c

b
m

1

2

3

4

5

6

DELPHI preliminary

2
 ) = 2.91 GeV / cZ (Mb m

2        = 4.98 GeV / cb M

2 0.65 GeV / c±)= 3.29 Z(Mb=mb M

�à~.� 2g~�|�| �ñå�� v?z

cuty
0.006 0.007 0.008 0.009 0.010 0.011 0.012 0.013

) 
   

2
(G

eV
/c

b
m

1

2

3

4

5

6

DELPHI preliminary

2
 ) = 2.91 GeV / cZ (Mb m

2 0.32 GeV / c± ) = 2.96 Z (Mb m

� æ � 2g~�|�|�� � |�|��sv�z���� e������ �èç b ~�|�|
cuty

0.006 0.007 0.008 0.009 0.010 0.011 0.012 0.013

) 
   

2
(G

eV
/c

b
M

1

2

3

4

5

6

DELPHI preliminary

2 = 4.98 GeV / cb M
2 0.51 GeV / c± = 4.26 b M

� � � 2º~�|�|�� � |�|��sv�z���� Þ � � b ~�|�|

5 � �,= � @ t |���
 ��� 
���� �0/ @�!p2 � @.��=�� � �`@�v ��� 
� � @	� � � ÿ-� B} æ ã�~ ��ÿ-� � 
 � @ ��� � � � � ��@ � @.� =O� � ÿ ��� 
 � >�@ �

 � !p2 � > � ��@�} ã�~^ 
+>�
��0N>� � � B 6 D | � ã � � ã � � 7 �5� -�� ( b )m*2� 6©T � @�� � � � + �`@.��=�� � �Xÿ ��� 
 � >�@ �
� � ÿ�� B} æ ã�~ =�� � >��¹� 
9�K�K�é@.���<4'!s2 ��ÿ ��� @ � ��� ÿ,>�� 
 � @�����ÿ\�`> � ÿ � � ��@ � =�>?> � >�� � � � 
+> � ��ÿ���@ ��� �
� 
��K����@�Xr> � ��� ÿ+>�� 
+> ��
 � @ ��ÿ-� ��
 � @	��� ��� � � ��@ � @F� =�� � �3ÿ ��� 
 � >?@	��
 � 4]!s2 � > � �?@�} ã�~^ 
9>�
���NS� � �.|� ã � � 7 �U� (2� b 6�)�*�� -,( � @�� � � � 
+> � � ã � 80� (+6�)�*��ñT @ � @�� � � � � @F����@	� ����/ @.�0N,AQ����ÿ\�`> 
���) @��� 
+>��j� ��� � ��� � ��@�> ��� 
�� / 
���=�@�
���
 � 
�����@ ��� � >?@�+I" � @	� � � � @ � / 
9��=�@F� � � ÿ�� � ��@ � 1)� � 
9� ��=O� 
 ��� ÿ,>��

 � �éÿ\�m@�>�@ � ��N �?@.��� ����� @ � � > � �?@ � @�v � 
 � @ 
���� ÿj� ��ÿ\�`> 
9� ��ÿ,> ��� >:=�ÿ,=��C� � >�@F�.+º5rÿ ��� ��@ � =�>�> � >��� 
��K� �	
�� ��=�� 
 ��� ÿ+> � �?@ � 
9�K�K�é@.���º4]!s2 ��ÿ ��� @	� ��� ÿ+> � �w��� 
9�3� � @.��=�� ��� >�� � > / @ � N�� ��� � �é@�@�6ù@ � � +�2E>
� �?@ ��ÿ+> ��� 
 � N,A � ÿ ��� ��@ ��ÿ-�é@A� 
��K� � �?@)4]!s2 ��ÿ ��� @	� ��� ÿ,> � � 
 � ÿ,= � @ *�� ��@	
� � >�� � ÿw� � h�@	
 � �é@�@�6ù@ � � �F+

@ (



� 
9� ��=O� 
 ��� ÿ,>�� � ÿ ��
� � ÿ,>���@ / @.��+
E���@ � ÿ-�3�éÿè� � >�� ��ÿ,= � ��@.�ëÿ � @�v ��@ ��� �<@�> � 
���=�>���@ � � 
 � > ��� @F� ��
 / @ � @�@�>
� � =�� � @ �]|
.á5z� 
 / ÿ,= ��� 
���� � >��O| � @F� 
 ����/ @]=�> ��@ � � 
 � > ��� @F�)ÿ � ( ��ÿ,> � ãæ F 
+> �Oÿ � 6 � ÿ,>*� ~ æ F 
9> � � :æ F � @ � @=���@	� � 
�� @ �Wÿ,> � ��@ � @.��=�� � � � > B ( b9D +�E���@F� @G>:=�� � @ � � 
 � @ 
��3��ÿ<=���@	� 
9�'=�>���@ � � 
 � > ��� @F� � ÿ �� Uæ L � 
 2 � >�� � > � ÿ 
� ��ÿ,=?> � � ��
 ��� � Uæ L � � Uæ L f�� � Uæ F � � U FKL � � Uæ F � � Uæ L ��+ E���@F� @O=�>���@ � � 
 � > ��� @F���@ � @ � � ÿ ��
�� 
 � @	� � ÿ � ��@�Xr>�
�� � @F� =�� � 
9> � � ��@
ÿ � � @ ��/ @ � / 
 ��� 
 ��� ÿ,>�� 
�� � 
 2 @�> 
9� � ��@� 
 / ÿ,= ��� 
���� � >��Å=?> ��@ � � 
 � > � N-+
.�E���@G@ ��� ÿ � ÿ,> � ��@ ����ÿ � 
9�p>�ÿ � � 
�� � ��
 ��� ÿ,> � 
� � ÿ � � @ J } :hJ } ã � � } ã � 
�� ��@ � @ � � � >�@ � � N
/ 
 � N � >��Ý} ã 
+> �[} : � � � � � > � ��@ � � � � 
 ��� � ��� �	
�� 
+>����{N>� � @F� 
 ��� �	
���=�> ��@ � � 
 � > ��� @F�.+sE���@ë@F6�@	� �ÿ,> � ��@Z�<@	
�� = � @	�½ÿ � ��@ ��/ 
 � ��@C� 
9� � 
 2 @�> 
�� � ��@º>�ÿ � � 
�� � ��
 ��� ÿ+>á=�> ��@ � � 
 � > � N�+

. � ��=�ÿ+>�� ��� � ����� >���| � ��@"�-�é=�ÿ,>Ý����� ��� ��� >O� � 
 � @F� � : : 
+> � � ã ã ��@ � @ / 
 ��� @	� � > � ��@ � 
+>��,@�ÿ � � ��@ ���I:=�ÿ � @	�Ý=�> ��@ � � 
 � > ��� @F� ��6 ��+�E���@�ÿ � � @ �{/ @ � ����
9>��,@.� � > � } � ã�~ ��@ � @ 
� ��@ � � > I:=�
� � 
 � = � @

+>�� � 
 2 @�> 
�� � ��@Z�-��=�ÿ+>������ ������� >��Å=?> ��@ � � 
 � > � N � +

�w� 
9> 
� � � ��� ÿ+>�
�� � � ÿ-�K�/. ����@ � 2 A � �?@ ��= � ����� @.��ÿ ��� ��@ GÃ. 
+> �¹��.WI:=�
 �K2 � 
9�-�,@	�H��
�� ����@F� 
 � @
/ 
 ��� @	�Wÿ / @ � 
�� � ��@ � 
9>��,@ � ÿ � @F� � � ��@ � � 
 � � � ��� N ÿ � � ��@ � @.��=�� � ��� @�@�5 � �,= � @ x ��+º4ëÿ � � ��ÿ � � 
9> �
��@ ��@�> ��@�>���@�� � � � � �?@ �?= ��� � N � � � ÿ,=?> � 
9> � � ��@ ����ÿ-��@�>���ÿ ��2 � >�����ÿ � > � � 
 � @ ��@.���z� ��� � � > � ��@� � 
 � �é@ � @.� � ÿ,>]+

E�� � @�@ � � 6�@ � @�> � �+@�>�@ � 
 � ÿ � ��Ap@	
��� � =�>�@ � � >���@	��@�> �?@�> � �0N � ÿ � �?@�^ ! ' #$_a` ��
 � 
 B (+6 D A¦� @ � @=���@	� � > � � � � 
9>�
���NS� � �.|s �¡,¢ _a` k � 
 ��
 � � ÿ+>�� ��ÿ\� @ � �ðÿ ��@F��A � ÿ��3��ÿ\��@	� � N � ����� >O� � � 
��-�ð@�> � 
 ��� ÿ+> ��Aª ! p©« `<r � 
 ��
 � � ÿ+>�����ÿ\��@ � �<ÿ ��@F��A � ÿ-����ÿ\��@	� � N �F��=�� � @ � � � 
��-�ð@�> � 
 ��� ÿ,> � 
+> �¤¬[p ` k q,a! ��

��ÿ���ÿ,= � � � ��ÿ-��@ � 
�� � 
�?@[�ðÿ ��@.��A � ÿ-�3�éÿ\� @ � � N � ��@5��
��ð@5� ��� � >�� � � 
��-�ð@�> � 
 ��� ÿ+> 
�� � >¹ 1¡z¢ _m` k���+E���@Ý�<@	
+> ÿ ��� ��@ � � � @�@ � � @	� � � ��� ÿ,>��d� 
��ë=�� @ � � ÿ ��ÿ ��� @	� ��� ��@ ��
 � 
O+E���@ � ÿ-�3�éÿè� � >�� ��ÿ,= � ��@.�ëÿ � �<ÿ ��@.��� � >��G=�>���@ � � 
 � > ��� @F� ��
 / @ � @�@�>
� � =�� � @ �]|

.�E���@ �P� �¼� � � @	
� � @ � ��@�@�> � ��@ � � @ � � � ��� ÿ,> ÿ � � �?@ � � � @�@��ðÿ �?@.�3�j� 
�� � 
 2 @�> 
9� � ��@�{N>� � @F� 
 ��� �º=�> ��@ � � 
 � > � N ��=�@ � ÿ � ��@ ��
 � � ÿ,> � ��
 ��� ÿ+>��<ÿ ��@.��+
. �P��@�v��O� 
 � >�@	� � > B -,* D A � ��@ 2 � >�@F� 
 ��� �	
��± .JI:=�
 ��2 � 
9�K�%=�� @ � � >j �¡,¢ _a` k�£¦¥�§©¨¦§ 
 � � 
 � � ÿ,>�é@ / @F� �	
+> � @ � ��@�> ��� Xr@ � 
�� � �?@ ��ÿ-��@U� 
��K�a� ��� � � > � �?@ =�> ��@ � � 
 � > � Ngÿ � � ��@ 4]!s2 � �?@�ÿ � @ ��� � 
��
�	
�� ��=�� 
 ��� ÿ,>O��=���@	� � ÿÅ@�v ��� 
� � � ã � � 7 � � � ÿ�� } ã�~^ +sE���@ � ã ��
 � 
��ð@ � @ � � > � � � �"�+@�>�@ � 
 � ÿ �� 
�� � ��@�>H� @ � � ÿ 
 � @	��@�> � ��@ � @ � � � >�
 ��� ÿ,>Ýÿ � � ��@ ��ÿ-�é@[� 
����.|X80� b x ) *2� @ - � @�� � �.� B ( x D
+>�� � ��@ ��ÿ ��� @.� ��ÿ,>�� � >��G=�> ��@ � � 
 � > � N,A 
��K��=��<@ � � ÿ � @ ��ÿ-���ðÿ,> � ÿ � �?@ � � � @�@o�+@�>�@ � 
 � ÿ � ��A� 
�� � � ÿ��
�� 
 � @	� � ÿ � �?@ZX�>�
�� � @F� =�� � +

E���@ ��ÿ,> ����� � = ��� ÿ,>Kÿ ��� ��@ � � 6ù@ � @�> � ��ÿ,= � ��@.�gÿ � ��NS� � @.� 
 ��� �Å=�> ��@ � � 
 � > � N � ÿ @ 
���¹�ð@ 
���= � @�.�ð@�> � � ÿ-�,@ � ��@ � � � � � � ��@ Xr>�
�� ��ÿ-� � � >�
 ��� ÿ,> 
 � @[� � � � @	� � >¹E 
 � ��@�8�+�E���@ � ��ÿ � 
 � �+@.� � =�>���@ � .
� 
 � > ��� @.�d��@ � @ � � ÿ�� � �?@�GÃ. � 
���� � >��Á��NS� � @.� 
 ��� �.��
+> � � � ÿ-� � ��@Z� � 
 ��� � ��� �	
���@ � � ÿ � +

� � HKL L DXJ �

" � @F� � � � > 
 � NC�ð@ 
9� = � @.�ð@�> � ��ÿ � � ��@ � } � ã�~ ���M�T(S��T ���?ÿ,= � �é@a4�@ � . � 
 � @ � 
 ��� ÿ-��A9ÿ ��� 
 � >�@ �X=�� � >�� � ��@iCkmlon p `<q,rz! 4�@ � �.�é=�� � @ � � >�� 
9�3�,ÿ � ��� ���
A � 
 / @ � @�@�> � � @.��@�> � @ � 
 � ��
� � ÿ,>���@ / @F� 
+> � ��ÿ-� ��
 � @ �
Ù���� ���¶ã | Þ �Uã�ä��ù� Þ { b ~�� � |�~ ã�� Þ � Ü ~ �¶ã Þ { �	��
 ×� 
 × � � � × � d � { �$ã ~ ( �Ã�%� �.ã Þ ~ �Ã� Þ e��.ãSã Þ ~ å Þ � Õ�Õ Þ e�æ � ��� Þ e��.ã�� �èç â

@ -



 -
h

ad
ro

n
s 

b
l

2
R

1.01

1.02

1.03

1.04

1.05

Z95

Z94

BP
0.6 0.7 0.8 0.9 1.0

 -
h

ad
ro

n
s 

b
l

2
/R

b
l

2
 R∆

0.000

0.002

0.004 Total

Tagging
Data stat.

Sim  stat.
g->bb
g->cc

�à~ �

 -
h

ad
ro

n
s 

b
l

4
R

0.80

0.85

0.90

0.95

1.00

Z95

Z94

BP
0.8 0.9 1.0 1.1

 -
h

ad
ro

n
s 

b
l

4
/R

b
l

4
 R∆

0.00

0.01

0.02

0.03
Total

Data stat.
Tagging.
Sim  stat.

Norm.
g->bb
g->cc

� æ �

5 � �,= � @ x | � � 
 ��� � � � N 
+>�����NS� � @.� 
 ��� � ��� @ 
 2 �?ÿè�`>�ÿ � B} � ã�~ 
+> � B} æ ã�~ 
�� 
 � =?> � ��� ÿ,><ÿ � � �?@ ��= ����� Nÿ � � ��@ � ��
9� ���é@ � ÿ � � ��@ ���?ÿ-� @�> � ÿ ��2 � >�� ��ÿ � > � ÿ � 8�:<;�= ��*O+ *,* x TS+ E���@�� 
��K�ð@F6�@	� � � > � ��@
� ÿ,= � .Áÿ � � @ �{/ 
 � ��@ � � � � � ��@ � ��
 � ÿ � � ��@ � ��ÿ9.04�@ � ÿ � ��@ �{/ 
 � ��@9A>� � � ��@ � ��@o� � 
 ��� � ��� �	
���=?> ��@ � � 
 � > � N � ��X= ����� � � ��@ � +

@ 8



iCkmlon p `<q,rz! � 89:�;�= ��*O+ *,* x T � B} æ ã�~ � ã � � 7 � � @�� � � � � ã � @�� � � �
��
��é=�@ *�� x b x -��ñT+6 80� 6 @

� � 
 ��� � ��� � 
�� ����
 � 
 � )g*�� * @-@ )g*2�À(+6 )º*�� -,(
� � 
 ��� � ��� � 
9� ��� � �X=�� 
 ��� ÿ,> � )g*�� *,* x )g*2�À(+* )º*��À(�8

E 
��-� � >�� )g*�� * @ ( )g*2� -,* )º*�� - x
4'ÿ � � 
�� � h	
 ��� ÿ,> )g*�� *,*,6 )g*2� @ - )º*�� @ 6
� �é=�ÿ,>������ ��� ��� >O��|�#� : : � *�� *0( b 6�)�*�� *+*,- x � )g*�� *,*+8 )g*2� @ * )º*�� @ (�#� ã ã � *�� *,*0(-T�8�)Ú*�� *,*,*©T @ � )g*�� *,* @ )g*2� *,- )º*�� *+-
Epÿ � 
��]�{N>� � @F� 
 ��� �F� )g*�� * @ 8 )g*2� -+8 )º*�� 8,-
Esÿ � 
9�]� � 
 ��� � ��� � 
�� )g*�� * @ 8 )g*2� -,- )º*�� 8 @Epÿ � 
���@�v ��@ ��� �ð@�> � 
��e@ � � ÿ � )g*�� *0(+* )g*2� 8 t )º*�� T b$�
� � ÿ,> � h 
 ��� ÿ,> . )g*2�À(+* )º*��À(96
� 
��K����
 � 
��<@ � @ � . )g*2� @ 6 )º*��À(9*

Esÿ � 
9�]�<ÿ ��@F�3� � >��G@ ��� ÿ � . )g*2�À(+6 )º*�� -,(
Esÿ � 
���=�> ��@ � � 
 � > � N )g*�� *0(+* )g*2� T98 )º*�� 6 t

E 
 � ��@º8�| �SNS� � @.� 
 ��� �.� � � @	
 2 ��ÿ\�`> � ÿ ��� �?@�� 
��K� � � =�>�> � >�� 
+> � ��ÿ-�é@ �)@�v ��� 
� � @	� � � ÿ-� B} æ ã�~ 
 �
8�:<;�= � *�� *,* x T>+) zv ��@ ��� �<@�> � 
���
+> �
�<ÿ ��@F�3� � >��Å=�> ��@ � � 
 � > ��� @F� � � =�> � >�� 
+> � � 
� � ÿ+> � h	
 ��� ÿ,> � 
 � @
��@ � 
 � ��@	����@	��
 � 
 � @F��N

� ÿ � ��@ � � @ � � � ��� ÿ+>��Eÿ ��� ��@� �¡,¢ _a` k�Am¬[p ` k qma! 
+>�� ª ! p-« `<r �,@�>?@ � 
 � ÿ � � ��� @�@<5 � �,= � @ T ��+X& �� 
�� � ÿ,=�> � � ��
 � >?ÿ,>�@Eÿ � � ��@.��@C�,@�>�@ � 
 � ÿ � ���?@.��� ����� @ 
9�3� � ��@C�ð@ 
���= � @F�<@�> � ����@ � � @ � � ��N<ÿ / @ � � ��@
� =���� � 
+>O�,@�ÿ � 8�:<;�= +&Á> � ��@ � 
9� @ ÿ ��� ��@ � ÿ,= � .�4�@ � ÿ � ��@ ��/ 
 � ��@IB} æ ã�~ 
 ��ÿ�� ��
 ��� ��ÿ,> � ��� �7!p2 �³ �	
�� ��=�� 
 ��� ÿ+>���A
��ÿ ��� @ � � @	� � ÿ � ��
� � ÿ,> � ��
 ��� ÿ,> @F6�@	� � � � 
���@	� ÿ+> � ��@¹�<@	
+> ÿ � � ��@ ��ÿ � � @ � ��� ÿ,>���� � @	� � � � @ � � > �¡,¢ _a` k�A(¬[p ` k qmm! 
+>�� ª ! p©« `<r A$� 
�����@ � � ÿ � �<@ � ����@�@ � ��@�= � ��@ � �O��ÿ ��� >³5 � �+= � @g6� ��+�E���@GÃ.JI:=�
 �K2 � 
��K��@�v ��� 
� � @	� � � ÿ-� � � � ����ÿ-� ��
 � � � ÿ+>[� 
�� � ÿ+=�> � � ÿ 
�� � @�@1��@.�3�$� ��� � � ��
 � @�v ��� 
� � @	�
� � ÿ�� � �?@ ��ÿ ��� @.� ��ÿ,>�� � >�� � � � @�@�.�4�@ � ÿ � � @ ��/ 
 � �é@ B 6 D =O� � >O�<!s2 @�v � � @F�K� � ÿ,>�� ����@�@�5 � �,= � @ t 
 ��+

& � � 
�� 
���� ÿ � ÿ,=�>�� � ��
 � � ��@�� 
��K� ��/ @ !p2 � ÿ,= � .04�@ � � 
 � @ � � @	� � � ��� ÿ,>�� ��ÿ,=�� � � @ � � � � ÿ / @ �
=�� � >��j� 
����K��@F�K��4'!s2 ��ÿ ��� @	� ��� ÿ+>�� ����@�@Å5 � �,= � @.�]6 
?A � 
+> � � ��@ ��ÿ\��@ � ����ÿ � � >W5 � �,= � @X6 � ��+wE���@GÃ.JI:=�
 �K2 � 
��K�º@�v ��� 
� � @ �^=�� � >���� = ��� 
� � � ÿ\v � � 
 � @�4]!s2 � � @	� � � ��� ÿ,>��C� 
�� 
��3��ÿ���ÿ-� ��
 � @ � � ÿ
� �?@ � � � @�@�.04�@ � 4]!s2 � @.� =O� � � ��� @�@
5 � �,= � @F� t � A � ��+ � � 
 ��� 
�� � @�@.�ð@�> � � 
�� 
9�3� ÿ � ÿ,=?> � � > � � � �� 
9� � ��ÿ-� ��
 � � ��ÿ,>�A)@ / @�> � ��ÿ,=O� � � �?@³4'!p2 �	
�� ��=�� 
 ��� ÿ+>���=�� @ � 
 � @½>�ÿ � 
 � � ��@M��
��ð@
��@ / @.�ëÿ �

� � � ÿ�v � � 
 ��� ÿ,> � ÿ � � � � @�@ 
+>�� � ÿ+= � .04�@ � � 
 � @.�F+

@ T



� � _�Y�MWP� À�CC����C�L C�MONIF

� @ 
 � @C� � 
 � @ � =�� � ÿ � + �ëÿ � ��� �,ÿ 
+>�����+ ��
+> � 
�� 
 ���� 
 � ÿ � � � ÿ / � � � >�� � ��@�ÿ � @ ��� �	
�� � > ��= ��� ÿ � � � � ��ð@ 
���= � @F�<@�> � + �Ó@�� ÿ,=O� � 
���� ÿ�� �32 @ � ÿ � ��
+> 2 EC+ ��4��ÿ-� ��� 
+> � � ÿ � � � � ��@.��� � >Ó=�> ��@ � � � 
+> � � >��
��ÿ\�º� 
�����@F6�@	� � � 
 � @ � � ����@F�<@�> � @	� � >[ �¡,¢ _a` k�+zE�� � �s� ÿ ��2 ��
9� � @�@�> ��
 � ��� 
9�3��N � =?> ��@	� � N � ��@
&/4E(9"�-�	,1	�g1 &JE � � � 
 � @ � 
�� � =�> � � >�� 
�� � @�@.�ð@�> � "%"�* @ 	 @ 
9> � � ��@] �= � ÿ ��@ 
+> �ë@F� @ 
 � ���jE � 
 � > � >O�4'@ � � ÿ �K2�
 E���@ � � � � �
�+@�>�@ � 
 ��� ÿ,>�
���
 � � ÿ � @ � ÿ � >�@�� � �©NS� � �.��?A �,E`4E(�./(+*,* @ .Á*,*+8*T9*O+

@ 6



� CER,CEJ%CEMK_ëC�F

B @.D � + �`ÿ � ��� �,ÿ�AO��+�� � �é@�> 2 N+A��Á+ ��
9> � 
�� 
 ���� 
?A�4ë= �.��+�" �©NS�.+�o������ � @\b-b T ��T9*©T>+
B ( D �� �!#"%$'&)1 ÿ-�3��+éA?",+�� � � @�=¤µ�´"²�� +éA�" �©NS�.+�!e@ � � +�o����	� � @�b-b x ��8,-,*�.Á8+8:(2.� +d� 
 � ���� � � 
 � � �� 
?A`;O+�5r=�� � @ � 
+> � � + 1 
 � � @ � 
?A`4'= �F��+�" �*NS�F+)o ��" � ÿ �9+ ��=�� ����+ ��
��

� @\b-b x � - t 6>+
B - D �E!# %"�$ 1 ÿ-����+àA �Z+�� 
 � 
 � @�µ�´"²�� +éA� �= � +�" �*NS�F+ù;O+ù��	� ��(+*,*,* � @ +
B 8 D 2º" �E!Ó1 ÿ-�3��+éA � +�� � � � @�> � � µ�´"²�� +éA� %= � +�" �©N>�F+�;O+������ ��(+*,* @ ��8 @-@ +
B T D �Á+ � � 
+> ��@�> � = � ��AZ",+ 4 � = ��� ÿ\�1��AI� +m�½=��3�é@ � A#4Ý+p2 � ��� � A#",+�����@ � AZ" �©NS�.+p!e@ ��� +so���
��

� @\b-b�b � @ 6 x +
B 6 D �� �!#"%$'&W1 ÿ-�3��+éA�� µ�´Jµ�·��9 #�Q²�´- ��� �¶³�´ �±µ � �R\.�O²�·����[²�� �V²�´�´ �±µ � 7 �"�K²��3µ��� <´ �¸´ �±µ

������ �!#"º�Sµ�´Jµ ��´���·V²�´$�%�� �A ��ÿ,> ��� � � = ��� ÿ+> � ÿ � � � � ��ÿ,> � @ � @�> ��@+Aá�� �!#"%$'&�./(+*,*,-�./*0(98
132º4'5 6+8,8�+

Byt D ��=]+ !�+r�Eÿ 2 � � ��� h�@ � µ�´"²�� +àA�;,$] %"�&'� � @�b-b t � *+* @ +
B�x D � + �`ÿ � ��� �,ÿ�AO��+ �Q+ � � ��@�> 2 N 
+>�� ��+ ��
+> � 
9� 
 � �� 
?A?4'= �F��+�" �©NS�.+�o�(�(�� � @\b�b-b �3(-T t +
B b9D ��+� � �é@�> 2 N,A � +ù1 
 � � @ � 
?A�;O+�5r=�� � @ � A �Q+(� 
 � ���� � � 
 � � �� 
?A � + �ëÿ � � � �,ÿ�A���+ ��
+> � 
�� 
 � �� 
?A" �©NS�.+ �`@ / +��)
�& � @\b�b-b � @-@ 80*,*,6O+
B @ * D � + �`ÿ � ��� �,ÿ�AO��+�� � �é@�> 2 N+A��Á+ ��
9> � 
�� 
 ���� 
?A�" �©NS�.+ �ë@ / +�!e@ ��� +�*+� � @\b-b t � @\b -O+
B @�@.D �¸+ � @ � > � @�= � �?@ � A �Á+ � � 
+>���@�> � = � ��A�",+��1� @ � A�" �*NS�F+ �`@ / +�!e@ � � +�*+� � @\b-b t � @ x b +
B @ ( D ",+r4 
�� ÿ,> 
+> �³1w+�2o��@	
 ��� A�" �©N>�F+�!#@ ��� +�o���&�* � @\b-b t ��T t +
B @ - D �Á+ � 
�����@F� ��� @ � ÿ�µ�´�²�� +àA	��@F�3��ÿ\� �ë@ ��ÿ � � 1) �'43.Ã(+*,*+*�./*,* b ÿ ��� ��@½!s %"�(H�½ÿ,> � @
1 
 � �éÿ�Óÿ ��2 ����ÿ �ùA B ��@ ��. ��� � *,*,*+60(-T b9D +
B @ 8 D Lz+�4 
���N 
+> �¼Lz+ E � ÿ �.��
+>©N � Aë" �©NS�.+ �ë@ / +��)(�� � @\b-b-b �ð* @ 80*0(+*?A) � � 
 � =��Å. � ��� �k�,
����(+*,*+* � * b-b�b *0(>+
B @ T D Lz+r4�
��9N�
+> �MLz+�E � ÿ �.��
+>©N � A�" �*NS�F+ �`@ / +�!e@ � � +�*+� � @�b-b t � -+6,*+8�+
B @ 6 D EC+ �\4��ÿ�� ��� 
9> �¤µ�´d²�� +éAr1 ÿ-� �(+r" �*NS�F+�1 ÿ-�[�
+éA��-��( ��(+*,* @ �)(+- x .EC+ �\4��ÿ�� ��� 
9> �¤µ�´d²�� +éA' �.#/0!#"21436587 �	9\�  � ��²��Q��: ²��±��²��ÌA B ��@ ��. ��� � * @ * x (+6+8 D +
B @ t D � +$� 
 � ����@F� � > � µ�´�²�� +àA�1 ÿ-� �]+r" �©NS�.+ù1 ÿ-���
+�
�* � @\b-b (��806©T2.

� +�1 ÿ � ��@F�3� 
Mµ�´d²�� +àA�;,$] %"�&%�;&%� ��(+*+* @ � * @ *O+
B @ x D ! +�! �ÿ+>�> � � 
�ùA�1 ÿ-� �]+�" �*NS�F+ù1 ÿ����
+�*�� � @\b-b ( � @ T>+
B @�b9D E���@7!s %"i ���@ � ��� ÿ\� @	
 2 � ÿ �K2 � >O� � � ÿ+= � 
+> � � ��@ �?!#� $'@ 
 / N 5z� 
 / ÿ,= � � ÿ �K2 � >��

� � ÿ,= �]+r!# %"% ��� �Ý� (+*,*,(�./* @ +
B (9* D �� �!#"%$'&)1 ÿ-�3��+éA?",+�� � � @�=¤µ�´"²�� +éA±Lz+�" �©NS�.+���
�( � @�b-b T �dT�T-T2.

� +E� + ��ÿ ��� � ÿ / A�1w+Q� 
 ��� ÿ ����� A�4'= �F��+r&Á>�� ��� + 
+> � �
@ � �]+�<=��*�� � @\b�b 6 � @ x @ +

@ t



B ( @.D � + ��ÿ ��� � ÿ / Ar4'= �F��+r&Á>�� ��� + 
+> � �
@ � �]+�< ���+* � @\b�b x �)- x 8O+
B (+( D EC+ �\4��ÿ�� ��� 
9> �]+�1 ÿ-� ��= � @ � " �*NS� � �.�E1 ÿ-�[�X=�>]+���� � @\b-b 8 � t 8�+
B (9- D E���@g!s %"<	 �?!#� $'@ 
 / N½5z� 
 / ÿ,= � � ÿ �K2 � >�� � � ÿ,= �]+r!# %"%$]5 � (+*,* @ .Á* @ +
B (�8 D ;O+r� � @�@.��A � � ��/ 
 � @ ��ÿ-�[�X=�> � � 
 ��� ÿ+>]+
B (�T D � + �`ÿ � ��� �,ÿ�A � ���0/ 
 � @ ��ÿ����X=?> � �	
 ��� ÿ,>]+
B (96 D �� �!#"%$'&)1 ÿ-�3��+éA?",+�� � � @�=¤µ�´"²�� +éA±Lz+�" �©NS�.+���*+� � @�b-b 6 � @�@ .5�ÿ ��� ��@ � =�> � >O�gÿ � ª ! p-« `<r £¦¥�§?AS��@�@P��+ ;O+x1 ÿ-� � 
?A+� µ�´Jµ�·��9 #�Q²�´- ��� �¶³1´ �±µAM\.��²�· � �[²�� �

²�´m´ �±µ � 7 �� <´ �[´ �±µ � � �% �!#"w�Sµ�´Jµ ��´ ��·�²�´��%�  �A0" �r� � �?@.� � ��A;�ë> ��/ @ � � ��� 
 � ��@j��
�� �@�> � � 
?A
(+*,*,-O+

B ( t D �Á+�� +� ��à.�� � 
� � 
 
9> �M��+�!e= 2 @9A �'>�>]+ �`@ / +�4'= �F��+r" 
 � � + � � � +�(�� ��(9*,*0( �)(9* @ +
B ( x D ��+� � ��@F� �=�����@ � Ax" �©NS�.+ �`@ / +��)
�* ��(+*+*,- � @-@ -+*,*0(>+
B ( b9D ",+ � � � @�=Vµ�´"²�� +éAr �= � + " �©NS�.+ ;O+s��;& � @\b-b-b � 8 @ T>+
B -+* D ",+ � 
�� � 
�?@+A¦�¹+À;O+#1 ÿ�� � 
�A#;O+�5r=�� � @ � 
+> �Ý",+ Epÿ � � ÿ���
?A%:R²�� ��µ��oµ ��´��  #��´ �±µ  .#/0! " 1�Sµ �(µ�·K²�´���·�Ar�� %!#"�$ë&3(+*+*,-�./*+6 @ ./"%$ � �:. b -0(>+

@ x


