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ÓHÒSÏ�×³ØÙÉËØ³Ñ9ØÙÐ�?Éë�2�Í�Í�ÊoÏ�ÈªÐ���×ÙÒ$#
ÊoÏ ì 4 Èª×s2�ÊoÌVÒªÓ`Ñ � Ê�(6,pÔ É;È]Ñ9Ï9Ø�0zÊo×³Êô*
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!� Ô&È®0TØ³Éõ2�É p-q 4 ØÙÒS×ÙÈ]Ñ�Ø³Ð�?�ÈªÌ«.MÉËÉËÊ�Ñ�Ï«.0rz§?©«ª5ÓHÒSÏh# 709 ;=5>;?7v;?7 ê
ÓHÒSÏ3×ÙØ³É;ØÂÑ�ØÙÐ=? 4 Èª×s2�ÊoÌ5ÒªÓVÑ � Ê;(6,pÔ ÉÁÈiÑ�Ï9Ø>0ßÊo×ÙÊ�É;Ê�Ð�Ñ�Ì<ë	2�Í�Í�ÊoÏ�ÈªÐ��
×³Ò®#
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87 Ô&È®0TØ³Éõ2�É p-q 4 Ø³ÒS× ÈiÑ�ØÙÐ=?�ÈªÌ3.cÉËÉ;Ê�Ñ�Ï3.`rz§�©¬ª2ÓHÒªÏ �#&% 9 ;=5 ;?7 �f %$ê
ÓHÒSÏ�×³ØÙÉËØ³Ñ9ØÙÐ�? 4 È]×�2�Ê�Ì©ë	2�Í�Í�ÊoÏ�ÈªÐ���×ÙÒ$#
ÊoÏ ì ÒªÓ`Ñ � Ê�(6,pÔ É;È]Ñ9Ï9Ø�0zÊo×³Êô*
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po Ô&È®0TØ³Éõ2�É p-q 4 ØÙÒS×ÙÈ]Ñ�Ø³Ð�?�ÈªÌ3.cÉËÉ;Ê�Ñ�Ï«.[r¨§�©«ª�ÓHÒSÏe# 7C9<;=5>;�7 f 7 ê
ÓHÒSÏ3×ÙØ³É;ØÂÑ�ØÙÐ=? 4 Èª×s2�ÊoÌ5ÒªÓVÑ � Ê;(6,pÔ ÉÁÈiÑ�Ï9Ø>0ßÊo×ÙÊ�É;Ê�Ð�Ñ�Ì<ë	2�Í�Í�ÊoÏ�ÈªÐ��
×³Ò®#
ÊoÏ�×³ØÙÉËØ³Ñ ìô
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
t &�

0MØ



0TØ³Ø TVU«�Q�W��WÓ��­]®�TQ�³�
 �
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8o d � .cÌ9Øs� Èª×Q��ÒSÐ�Ì·Ñ9Ï�ÈªØ³Ð�Ñ�Ì�ÓHÒSÏ 4 ÊB��Ñ9ÒSÏ�Í�ÈªÏ·Ñ9Ø��o×³ÊoÌ 
E
�
�
�
�
�
�
�
�
�
�
�
¸�/7�7
'�
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�cØÙÐ���Ê5Ø³Ñ9Ìe��ØÙÌ3�oÒ 4 Ê�Ï3..Ø³Ð¢%iÈªÒªÐÔ��ÊB� È/.&Ø³Ð �$'&�&o êÎÑ � Ê3ÒSÏ9Øs?SØÙÐ!ÒªÓ pAq ë ( � ÈªÏ�?SÊ�*-d`ÈªÏ9ØÂÑ . ì
4 Ø³ÒS× È]Ñ9ØÙÒSÐ � ÈªÌ�Ì·Ñ9ØÙ×³×eÐ�ÒªÑ�)�ÊoÊ�Ð���ÒSÉËÍ�×ÙÊ�Ñ�Êo×�.Ô2TÐ���ÊoÏ·Ì·Ñ9ÒMÒf� 
 g 4 Ê�ÐßÑ � Ò�2�? � Ñ � ÊA��Ñ�ÈªÐ�*
��ÈªÏ�� Ô%Òf��Êo×¢Ø³Ì%È+)�×ÙÊ.Ñ9Ò×�TÊoÌ���Ï9Øs)mÊ[Ñ � Ø³Ì Í � Ê�Ð�ÒSÉËÊoÐ�ÒSÐ�ê�Ø³Ñ9Ì;�TÊoÌ���Ï9Ø³ÍTÑ�Ø³ÒSÐÖØÙÐ 4 ÒS× 4 Ê�Ì
É;ÈªÐ�.�Ñ � ÊoÒSÏ·Ê�Ñ9Ø�� È]×f2TÐ��oÊ�Ï·Ñ�È]ØÙÐ�Ñ�Ø³ÊoÌ 
 g�0TÈªÉ;ÍT×ÙÊoÌ`ÈªÏ·Ê�Ñ � ÊvÍÎÈªÏ�È]É;Ê�Ñ�ÊoÏ·ÌrÒªÓTÑ � Ê6(BÈ+)�Ø�)�)�Ò+*
,¢Ò�)�È$.SÈªÌ � Ø�*�Ô%ÈªÌ�%iÈ/#BÈ�ë (6,pÔ ì É;È]Ñ9Ï9Ø�0&Êo×³ÊoÉËÊoÐ�Ñ�ÌBêrÈªÐ��ÀÑ � Ê � È&��Ï9ÒªÐ�Ø��2É;È]Ñ9Ï9Ø�0&Êo×³Êô*
ÉËÊoÐ�Ñ9Ì@�oÒªÐ�Ð�Ê"��Ñ�ÊB�.Ñ�ÒÁÑ � Ê5Ì � ÒSÏ·Ñ ÈªÐ��&×ÙÒSÐ�?A��Ø³Ì·Ñ�È]Ð��oÊ3ÊBmmÊ"��Ñ9Ì 
[��� Ê2ØÙÐ�Ñ9ÊoÏ9Ê�Ì·Ñ ØÙÐ p-q
4 Ø³ÒS× È]Ñ9ØÙÒSÐ � ÈªÌeØ³Ð��oÏ·Ê ÈªÌ·Ê"��#VØÂÑ � Ñ � ÊvÏ9Ø³Ì9ÊvÒªÓÎÌ·Ñ�2���Ø³ÊoÌeØ³Ð���ÒSÌ9ÉËÒS×³Ò�?SØ��oÈª×ªÍ � .cÌ·Ø��oÌ�ë�)ÎÈªÏ«.SÒ+*
?ªÊoÐ�Ê�Ì9ØÙÌ ì È]Ð��ÁÈ]×ÙÌ9Ò #VØÂÑ � Ñ � Êâ2�Ì9Ê"ÒªÓhÐ�ÊB#§ÉËÒf��Êo×³Ì�Ì9Ò+* � Èª×³×ÙÊ"�2¹3)�ÊB.ªÒSÐ��ËÑ � Ê@�cÑ�È]Ð��ÎÈªÏ3�
Ô�Ò���Ê�×»º�êcÌ�2=� � ÈªÌ
Ñ � Ê n"Ø�?�?ªÌbÉËÒ���Ê�×hÈ]Ð�� Ø³Ñ9ÌÐ��Ê�Ï9Ø 4 È]Ñ9Ø 4 Ê&êMÑ � Ê�×³Ê�Ó Ñ3* Ï9Øs? � ÑbÌ«.MÉËÉËÊ�Ñ�Ï·Ø��
ÉËÒf��Êo×³Ì�ÈªÐ���Ì�2�Í�ÊoÏ·Ì3.cÉËÉ;Ê�Ñ�Ï9Øs��É;Òf��Êo×³Ì 
p-q 4 Ø³ÒS× È]Ñ9ØÙÒSÐA� È]Ð Ò��B�"2�Ï 4 ØÙÈ3Ñ � Ï9ÊoÊ@��ØsmmÊoÏ·ÊoÐ�Ñ�ÉËÒ���Ê�Ì N ØÂÑ6��Ò�2�×���)mÊ ÈªÐ ØÙÐ��TØÙÏ9ÊB��Ñ
É;ÈªÐ�ØÂÓHÊoÌ�Ñ�È]Ñ9ØÙÒSÐ�Ñ � Ï·Ò�2�? � Ñ � Ê�ØÙÐ�Ñ�Ê�Ï�È&��Ñ�ØÙÒªÐÁÒªÓ>Ñ #
Ò6ØÙÐTØ³Ñ�ØÙÈª×�Ì�Ñ�È]Ñ9ÊoÌ"êMÓHÒSÏ
Ê�0TÈªÉ;ÍT×ÙÊ]#A% B�#A% 9 ¼ êdØ³ÑQ�oÒ&2�×���)�Ê
È���Ø³Ï9ÊB��Ñ4ÉÁÈ]Ð�Ø³ÓHÊ�Ì·Ñ�ÈiÑ�ØÙÒªÐH��2�Ê�Ñ�Ò�Ñ � ÊvØ³Ð�Ø³Ñ9Ø Èª×iÍÎÈªÏ�Ñ�Øs�o×ÙÊ���Ê"�oÈ$.&ê]ÓHÒSÏ
Ê�0TÈªÉ;ÍT×ÙÊ&êeÈÔ��Ø�mhÊ�Ï9ÊoÐ=�oÊ�)�Ê�Ñ #
ÊoÊ�Ð Ñ � ÊÈ��Ê"�oÈ$.ßÏ�ÈiÑ�ÊoÌQ# P 9 � % ë D ì � P êeÈªÐ��½�ÎÐ�Èª×Ù×�.�ê
ØÂÑÉ��Ò�2�×�� )�Ê[È �oÒªÉõ)�ØÙÐ�È]Ñ�Ø³ÒSÐyÒªÓ�Ñ � Ê&Ñ #bÒ¥Í�Ï·Ò���ÊoÌ9Ì·ÊoÌBêH��Ê"�oÈ/.ÖÈªÐ��§ÉËØ�0MØÙÐ=?�êVÈªÌ ØÙÐ
#A%¾ 9 ¿ f � 
Èc ÐTÊ;Ê�0=��Ø³Ñ9ØÙÐ�?k#bÈ$.ÀÑ9Ò!Ò�)TÑ�È]ØÙÐ È É;ÒSÏ·ÊËÈ&�"�B2�Ï�È]Ñ9Ê�2�Ð���Ê�Ï9Ì·Ñ�ÈªÐ���Ø³Ð�?�ÒªÓ
�TØÙÏ9ÊB��Ñ p-q 4 Ø³ÒS× ÈiÑ�ØÙÒªÐ ØÙÌBÑ�Ò;Ì·Ñ�2��=. Ñ � Ê���Ê�Ñ�ÈªØ³×ÙÌ�ÒªÓ`Ñ � Ê p-q 4 Ø³ÒS× ÈiÑ�ØÙÐ=?6ÈªÌ3.cÉËÉ;Ê�Ñ�Ï·ØÙÊoÌ
Ø³Ð&Ñ � Êõ� ÈªÌ·Ê©# � Ê�Ï9Ê �QB/D É;Ø>0MØÙÐ�?ËÍ�× È/.cÌ¢ÈÁÏ·ÒS×ÙÊ3ØÙÐ�Ñ � ÊG# ÉËÊoÌ·ÒSÐ`��ÊB� È/. 
�� Ð.ÓKÈ&��Ñ/ê
��B:D É;Ø>0TØ³Ð�?¢Í�Ï·Ò 4 Øs��ÊoÌbÈªÐ;ÒªÍ�ÍmÒªÏ·Ñù2TÐ�Ø³Ñ .2Ñ9Ò5Ê�Ï�ÈªÌ·Ê"Ñ � Ê�Í � ÈªÌ9Ê[2�Ð���ÊoÏ·Ñ�ÈªØÙÐ�Ñ .�ÉËÒ��Þë ;�ì
Ø³ÐËÑ � Êâ��Ê�Ñ9ÊoÏ9ÉËØÙÐ�È]Ñ�Ø³ÒSÐ�ÒªÓhÑ � Ê (6,pÔ?È]Ð�?S×ÙÊ�Ì��ñëHØÙÐ�Ñ � Êâ� ÈªÌ·Ê ÒªÓ6# 9 � ;�ì ÈªÐ�� ) ëKØÙÐ
Ñ � Ê�� ÈªÌ·Ê3Ò]Ók# 9 � f ì ØÙÐ Ñ � Ê�2�Ð�Ø³Ñ�ÈªÏ9ØÂÑ .ÁÑ9Ï9Ø È]Ð�?S×ÙÊ�ë Ø[�âì�
b��� ØÙÌVÍ � ÈªÌ9Ê�2�Ð���ÊoÏ·Ñ�ÈªØÙÐ�Ñ .
2TÌ�2ÎÈª×³×s.�ÈªÏ9Ø³Ì9ÊoÌ�ÓHÏ9ÒªÉ�Ñ � Ê¢��ÒSÐ 4 ÊoÐ�Ñ9ØÙÒSÐÎÈ]×â�TÊ�Ñ�Ê�Ï9ÉËØÙÐÎÈiÑ�ØÙÒªÐ ÒªÓ�Ì·ØÙÐ � �SëKÒªÏ6Ì9ØÙÐ � ) ì ØÙÐ
Ø³Ð���Ø³Ï9Ê"��Ñ p-q 4 ØÙÒS×ÙÈ]Ñ�Ø³ÒSÐ 
 n�Ê�Ð��oÊ+ê�#
Ê � È 4 Ê6È]Ð.ÊBlA�oØ³ÊoÐ�Ñ Ñ9ÊoÌ�Ñ�Ñ�ÒÈ� � Ê"�Ç%&Ñ � Ê5ÍTØ���Ñ�2�Ï9Ê
Ò]Ó���Ø³Ï9ÊB��Ñ pAq 4 ØÙÒS×ÙÈ]Ñ�Ø³ÒSÐ�#VØ³Ñ � ØÙÐ Ñ � Ê��cÑ�ÈªÐ=�ÎÈªÏ��%Ô%Òf��Ê�× 

� ÒzÈ&� � ØÙÊ 4 ÊpÑ � ØÙÌe?SÒSÈª× êTÑ � ÊpÍ�Ï9Ê�Ì9ÊoÐ�Ñ�Ñ � Ê�Ì9ØÙÌ"ØÙÌe��Ø 4 Ø���ÊB�%Ø³Ð!Ñ � Ï9Ê�Ê3Í�ÈªÏ·Ñ9Ì 
6� ØÙÏ9Ì�Ñ�×�.�ê

�TØÙÏ9ÊB��Ñ pAq 4 ØÙÒª× È]Ñ9ØÙÒSÐ[ØÙÌpÌ·Ñ�2���Ø³Ê"��Ø³ÐßÑ � Ê;ÓHÒS×³×ÙÒ$#VØÙÐ�?<��ÊB� È/.cÌ N # P>À % 9 � % ë D ì , P>À %
# � ÊoÏ9Ê�,ÁP>À %IØÙÌ`ÊoØÂÑ � Ê�ÏeÈ ÍTØÙÒSÐ3ÒSÏeÈ[%]È]ÒSÐ 
���� ÊbÉËØ�0MØÙÐ�?©ëHÑ � Ï9Ò&2�? � Ø³Ì9ÒSÌ·Í�ØÙÐ 4 Ø³ÒS× ÈiÑ�ØÙÒªÐ ì
Ò]ÓVÈªÐ D Ñ�Ò � %�# � Ø�� � �TÊ"� È/.cÌ6ØÙÐ�Ñ9Ò%Ñ #
Ò.Í�ØÙÒªÐ�Ì5È]×Ù×ÙÒ$#VÌ�2�ÌpÑ�Ò.Ò�)MÑ�ÈªØ³Ð�È;��ØsmmÊoÏ·ÊoÐ���Ê
Ò]ÓeÑ � Ê5Ì·Ñ9Ï9ÒSÐ=?;Í � ÈªÌ9Ê3Ï9Ê È+� � ØÙÐ�?;Ø³Ñ9Ì"É;È�0MØÙÉ©2�É È]ÑVÑ � Ê D Ï9ÊoÌ·ÒSÐÎÈªÐ=�oÊ 
e��� Ê�� Èª×s�"2�×ÙÈ�*
Ñ9ØÙÒSÐ!ÒªÓ4Ñ � Ê � È&��Ï9ÒªÐ�Ø���É;È]Ñ�Ï·Ø�0ÁÊo×ÙÊ�É;Ê�Ð�Ñ�ÌVØÙÌ��oÈªÏ9Ï·ØÙÊ"��Ò�2TÑâ2�Ì·ØÙÐ�?6Ñ � Ê�Ì9Ò+* � Èª×³×ÙÊ"�!ÐÎÈ]Ø 4 Ê
ÓKÈ+��Ñ�ÒªÏ9Ø�roÈ]Ñ�Ø³ÒSÐ�É;Ê�Ñ � Òf� 
h��� ØÙÌBÈ]Í�Í�Ï9ÒSÈ&� � 2TÑ9ØÙ×ÙØsroÊ�ÌIÑ � Ê[%cÐTÒ®#V×³Ê"��?ªÊ�ÒªÓ>Ñ � Ê"Ñ9Ï�ÈªÐTÌ9Ø³Ñ9ØÙÒSÐ
ÓHÒªÏ9É ÓKÈ&��Ñ�ÒSÏ·Ì�)�Ê�Ñ #
ÊoÊ�Ð Í�Ì9ÊB2���ÒSÌ3� Èª×ÙÈªÏ9Ì5ÈªÐ�� 4 Ê"��Ñ�ÒSÏ3ÍÎÈªÏ�Ñ�Ø���×ÙÊ�Ì 
�� Ð Ñ � Ø³Ì-��Ï9Ì·Ñ3ÍÎÈªÏ�Ñ/ê
Ñ � ÊoÌ·Ê ÓHÒSÏ9É ÓKÈ&��Ñ9ÒSÏ9Ì�#VØÙ×Ù×³)�Êk��ØÙÏ·Ê"��Ñ9×s. Êô0cÑ9Ï�È&��Ñ�Ê"��ÓHÏ9ÒªÉ Ñ � Ê ×ÙØÂÑ�ÊoÏ9È]Ñù2TÏ9Ê 
�� . �oÒªÉ�*
Í�ÈªÏ9Ø³Ð�?;Ê�0MÍmÊ�Ï9ØÙÉËÊoÐ�Ñ�Èª×Q�ÎÈ]Ñ�È�#VØ³Ñ � Ñ � ÊoÒSÏ·Ê�Ñ�Øs� Èª×�Ï·ÊoÌ32�×³Ñ9Ì"ê�Ø³Ñ"ØÙÌ"ÍmÒªÌ9Ì9Øs)�×ÙÊ¢Ñ9Ò��oÒªÐ�Ì·Ñ9Ï�ÈªØ³Ð
2TÐ��oÊ�Ï·Ñ�È]ØÙÐ�Ñ�Ø³ÊoÌ
ÈªÌ9Ì·Ò���Ø È]Ñ9Ê"��#VØÂÑ � Ñ � Ê"ÓHÒSÏ9É ÓKÈ&��Ñ�ÒSÏ·ÌbÈ]Ð��zÍÎÈªÏ9ÈªÉËÊ�Ñ�Ê�Ï9Ì � ÈªÐ�� ! Ò]ÓhÑ � Ê
(6,pÔ ÉÁÈ]Ñ9Ï9Ø>0!Êo×³ÊoÉËÊoÐ�Ñ�Ì 
6��� Ê5Ê�0MÍmÊ�Ï9ØÙÉËÊoÐ�Ñ�Èª×Z�ÎÈ]Ñ�È`ëHÓHÏ·ÒSÉ � g ÎQÎ g�ê �ÐÝ@�ÐÝHª ÈªÐ=�
( Î g c�ì ÓHÒSÏ )�Ï�È]Ð�� � ØÙÐ=?�Ï9È]Ñ�Ø³ÒSÌ¢Ì�2=� � ÈªÌ�ÂWë�# 9 � ;Qì È]Ð��(ÂWëÃ# 9 � f ì #VØÙ×³×h)mÊ
2TÌ9Ê"� ØÙÐÀÑ � ØÙÌH#bÈ/. 
���� 2�Ì"êQ#
ÊÁÈªÏ·Ê�È&)�×³Ê5Ñ�Ò<��Ê�Ñ�ÊoÏ·É;Ø³Ð�Ê6ØÙÐi��Ï9Ì·Ñ3ÈªÍTÍ�Ï9Ò/0MØÙÉ;È]Ñ�Ø³ÒSÐ ëKÈ
��ÒSÏ9Ï·Ê"��Ñ�ÒSÏ���Ê�Ï2ÒªÓ"É;È&?SÐ�ØÂÑù2���Ê ì Ñ � Ê p-q 4 ØÙÒS×ÙÈ]Ñ�Ø³Ð�?%ÈªÌ3.cÉËÉ;Ê�Ñ�Ï3.ßÍÎÈªÏ9ÈªÉËÊ�Ñ�Ê�Ï"ê|r{svuhê
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ÓHÒSÏBÑ � Ê���ÊB� È/.cÌ3#&P>À % 9<;=5>;?7 f P>À % ÈªÐ=�`#&P>À % 9<;=5>;?7v; P>À % 

� Ð5ÒSÏ���Ê�ÏeÑ�Ò[��Ê"��Ï9ÊoÈªÌ9ÊVÈª×³×�Ñ � Ê¸2�Ð��oÊ�Ï·Ñ�ÈªØÙÐ�Ñ�Ø³ÊoÌIÉËÊoÐ�Ñ9ØÙÒSÐ�ÊB�5Í�Ï·Ê 4 ØÙÒ&2�Ì9×�.�êSØÂÑeØ³Ì`Ð�ÊB�oÊ�Ì«*

Ì�ÈªÏ«.ËÑ9Ò5Ê 4 È]×�2ÎÈ]Ñ9Ê"Ñ � Ê�Ñ9Ï�ÈªÐTÌ9Ø³Ñ9ØÙÒSÐ�ÓHÒSÏ·É ÓKÈ&��Ñ9ÒSÏ9Ì¸)mÊ�Ñ #bÊ�ÊoÐ!Í�Ì9ÊB2���ÒSÌ3� Èª×ÙÈªÏBÈ]Ð�� 4 Ê"��Ñ9ÒSÏ
ÍÎÈªÏ·Ñ9Ø���×ÙÊoÌ 
�� Ò ?SÊ�Ñ Ñ � ÊoÌ·Ê[ÓHÒªÏ9É ÓKÈ+��Ñ�ÒªÏ9Ì"êâ#bÊg�ÎÏ·Ì·Ñ!Ð�Ê�Ê"�®Ñ�Òï� È]×��"2T× È]Ñ9Ê&Ñ � Êò#bÈ 4 Ê
Ó	2�Ð���Ñ9ØÙÒSÐTÌe# � Ø�� � ÈªÏ9Ê�ØÙÐ 4 ÒS× 4 Ê"�&Ø³Ð Ñ � Ê�Ì9Ê�Ñ�Ï�È]Ð�Ì9ØÂÑ�ØÙÒªÐ�Ì 
§j Ê�Ñ�È&%ªÊpØÙÐ�Ñ9Ò;È+�"�oÒ&2�Ð�Ñ Ì·Ê 4 *
ÊoÏ�È]×BÍ � .cÌ9Ø��oÈª×e�oÒSÐTÌ·Ñ�Ï9ÈªØÙÐ�Ñ9Ì�Ñ9Ò���Ê�Ñ9ÊoÏ9ÉËØÙÐTÊzÑ � Êk#bÈ 4 Ê%Ó	2�Ð=��Ñ�Ø³ÒSÐ�Ì2ÓHÒSÏ2Ñ � Ê!ÍÎÈªÏ�Ñ�Ø���×ÙÊ�Ì; � f ���w�ÄD ÈªÐ=�E# � Ñ � ÊoÌ·ÊßØ³Ð��o×s2���Ê.Ñ � Êy�TÊ"� È/.W��ÒSÐ�Ì·Ñ�ÈªÐ�Ñ/ê�Ê�×ÙÊB��Ñ�Ï·ÒSÉ;È&?SÐ�Ê�Ñ�Ø��%ÓHÒSÏ9É
ÓKÈ&��Ñ9ÒSÏ"ê>Ñ9Ï�ÈªÐ�Ì·Ø³Ñ9ØÙÒSÐ.ÓHÒSÏ·É?ÓKÈ&��Ñ�ÒSÏ�È]Ð���� � ÈªÏ�?SÊ�Ï9È&��Ø�2TÌ 
õj Ê;È]×ÙÌ9Òk��ÒSÐ�Ì·Ø���Ê�Ï�Ñ � Ê�Ð�ÒSÏ-*
ÉÁÈª×³Ø�roÈ]Ñ�Ø³ÒSÐ¥Ñ9Ò�Ó	2�×Ù×�.×�oÒSÐ�Ì�Ñ�Ï9ÈªØÙÐ§Ñ � Ê`#BÈ 4 ÊÀÓ	2�Ð=��Ñ�Ø³ÒSÐ�Ì 
{j Ê[ÈªÍ�Í�×�.§ÈªÐ§Ê�0TÍT×ÙØ���Ø³Ñ9×s.
(bÒ 4 ÈªÏ·Ø ÈªÐ�Ñ Î Ø�? � Ñ � Ï9ÒªÐ�Ñ C .cÐÎÈªÉËØ���Ì�ë ( ÎQ�hC�ì ÓHÒSÏ·ÉÁÈ]×ÙØÙÌ·É Ø³Ð!Ò�2�Ï"ÈªÐÎÈª×�.cÌ9ØÙÌ�Ñ9ÒÈ��ÒSÉ�*
Í�2TÑ�Ê@)mÒªÑ � #bÈ 4 Ê�Ó	2�Ð���Ñ�ØÙÒªÐ�Ì�ÈªÐ��;Ñ�Ï�È]Ð�Ì9ØÂÑ�ØÙÒªÐ;ÓHÒSÏ·ÉìÓKÈ+��Ñ�ÒªÏ9Ì 
§� ÐzÑ � ØÙÌvÓHÒSÏ9É;Èª×³ØÙÌ9É;êªÑ � Ê
Ì·Ñ�ÈiÑ�Ê 4 Ê"��Ñ9ÒSÏ ��Ê�Ì��oÏ·Ø�)�Ø³Ð�?zÑ � Ê2Ì3.cÌ·Ñ9ÊoÉ92TÐ���ÊoÏ ��ÒSÐ�Ì·Ø���Ê�Ï�È]Ñ9ØÙÒSÐ.Ø³Ì@��Ê
�ÎÐ�ÊB�ßÒSÐ[È;×ÙØ�? � Ñ
ÓHÏ9ÒSÐ�ÑzÍT× ÈªÐ�Ê%ÒªÓ�ÈªÏ3)�Ø³Ñ9Ï�ÈªÏ«.¥ÒSÏ9Ø³ÊoÐ�Ñ�È]Ñ9ØÙÒSÐ 
í� ÑzØÙÌ�Ñ � 2�Ìk��ÊB�oÒSÉËÍmÒªÌ9Ê"�tØÙÐ � Òf�Ç%¥Ì�Ñ�È]Ñ9Ê
�oÒSÉËÍmÒªÐ�ÊoÐ�Ñ�ÌBêIÊ È+� � ÒSÐ�ÊÈ)mÊ�ØÙÐ�?�Êô0MÍ�Ï·ÊoÌ9Ì·Ê"�¥ØÙÐ[Ñ�Ê�Ï9ÉËÌ5ÒªÓVÈ�Í�Ï9Ò&)ÎÈ&)�Ø³×ÙØ³Ñ ..ÈªÉËÍ�×ÙØÂÑù2���Ê
4 ÊoÏ«.&Ì·ØÙÉËØÙ×ÙÈªÏbÑ�ÒÁÈÁÐ�ÒSÐf* Ï9Ê�× È]Ñ9Ø 4 ØÙÌ�Ñ�Øs�H#BÈ 4 Ê3Ó	2�Ð���Ñ9ØÙÒSÐ 
âÝ ×Ù×rÒ&mÍ* Ì � Êo×³×`È]É;Í�×³Ø³Ñ�2���ÊoÌ�ÈªÏ·Ê
Ñ � 2�Ì2Ê�0TÍT×ÙØ���Ø³Ñ9×s.ò��Ê�ÍmÊ�Ð���Ê�Ð�Ñ�ÒªÐ�Ñ � ÊÁÒSÏ9Ø³ÊoÐ�Ñ�È]Ñ9ØÙÒSÐ ÒªÓ�Ñ � Êz×ÙØs? � Ñ3*FÓHÏ9ÒSÐ�ÑpÍ�× È]Ð�Ê&ê�# � ØÙ×³Ê
ÈªÐ�. Í � .cÌ9Ø��oÈª×rÈªÉËÍ�×ÙØÂÑù2��TÊ�Ì � Ò&2�×��;)mÊ¢Ø³Ð���Ê�ÍmÊ�Ð���ÊoÐ�Ñ�ÒSÐ�Ø³Ñ 

��� ÊoÐÞê�Ñ � Ê"× È]Ì·Ñ�É;ÈÆÅ·ÒSÏ§2�Ð���ÊoÏ�Ñ�ÈªØ³Ð�Ñ .6Ñ � È]ÑvÏ9Ê�ÉÁÈ]ØÙÐ�Ì�Ø³Ì�Ï9Êo×ÙÈ]Ñ�ÊB�ËÑ9Ò¢Ñ � Ê$�ÎÐÎÈª×ÎÌ�Ñ�È]Ñ9Ê

ØÙÐ�Ñ�Ê�Ï�È&��Ñ�ØÙÒªÐ�Ì 
�� ÒÈ��ÒSÉ;Í=2TÑ�Ê�Ñ � Ê � È+��Ï9ÒSÐTØ���ÉÁÈiÑ�Ï9Ø>0zÊ�×ÙÊ�É;Ê�Ð�Ñ9Ìâ#VØÂÑ � Ò&2TÑâ2�Ì9Ø³Ð�?�ÐÎÈªØ 4 Ê
ÓKÈ&��Ñ9ÒSÏ9Øsr È]Ñ9ØÙÒSÐ È]Ð�� Ñ � Ê � Å·ÒªÏ�%ªÊ�Ð&È]Ì9Ì�2TÉ;ÍTÑ9ØÙÒSÐ�ê=#bÊ #VØ³×Ù×>È]Í�Í�×s. ¡ ( C ÓKÈ&��Ñ�ÒSÏ·Ø�roÈ]Ñ�Ø³ÒSÐ 

� .�ÈªÌ·Ì�2�ÉËØÙÐ�?ÀÌ·ÒSÉËÊ�ÍTÏ9ÒSÍ�ÊoÏ�Ñ�ØÙÊ�Ì6×ÙØ³ÊzØÙÐ�ÊoÐTÊoÏ�?+. Ì��oÈª×ÙÊ�ÌËØ³Ð 4 ÒS× 4 Ê"�¥ØÙÐn#å��Ê"�oÈ/.MÌBêBØ³Ñ
Èª×Ù×³Ò®#VÌ[2�Ì¢Ñ�Òk��Ê�Ñ�Ê�Ï9ÉËØÙÐ�Ê6È]ÌH#bÊ�×Ù×�ÈªÌ¢Í�ÒSÌ·Ì9Ø�)T×ÙÊ5Ñ � Ê6Ð�ÒSÐ�*FÓKÈ&��Ñ9ÒSÏ9Øsr È&)T×ÙÊ�Ñ�ÊoÏ·É;ÌH# � Ø�� �
ÈªÏ9Ø³Ì9Ê���2�Ï·ØÙÐ�?ËÑ � Ê�2�Ì�2�Èª× � È&��Ï9ÒªÐ�Ø��pÉÁÈiÑ�Ï9Ø>0k�oÈª×��B2�× È]Ñ9ØÙÒSÐ 
6� Ø³ÐÎÈª×Ù×�.�ê�ÒªÐ�×s.!ÒSÐTÊ�2�Ð=�oÊoÏ-*
Ñ�ÈªØ³Ð�Ñ .;Ï9Ê�ÉÁÈ]ØÙÐ�Ì¸2�Ð��oÒªÐ�Ñ9Ï9ÒS×³×ÙÊB�ÞêTÑ � ÊoÒSÏ·Ê�Ñ�Øs� Èª×³×s.�Ì·ÍmÊoÈ&%�ØÙÐ�? N Ñ � ÊoÌ·ÊpÈªÏ9Ê Ñ � Ê�(6,pÔ ÉÁÈ�*
Ñ�Ï9Ø>0ËÍÎÈªÏ9ÈªÉ;Ê�Ñ�Ê�Ï9Ì � ÈªÐ=� ! 
h� .���ÒSÉËÍÎÈªÏ9Ø³Ð�?�ê�ÒSÐ���Ê¢È&?�È]ØÙÐÞê�Êô0MÍ�ÊoÏ·ØÙÉËÊoÐ�Ñ�Èª×�Ï9Ê�Ì�2�×ÂÑ�ÌbÓHÒªÏ
)�Ï�ÈªÐ=� � ØÙÐ�? Ï9È]Ñ�Ø³ÒSÌ3Â ëÃ# 9 � f ì ÈªÐ��gÂ ëÃ# 9 � ;�ì #VØÂÑ � Ñ � Ê5Ñ � Ê�ÒSÏ9Ê�Ñ�Øs� Èª×`Ï9ÊoÌ32�×³Ñ9Ì
Ò�)TÑ�È]ØÙÐ�ÊB�5ØÙÐpÑ � Ø³Ì`Ì·Ê"��ÒSÐ��ËÈªÍ�Í�Ï·Ò�È&� � ê�#bÊÐ� ÈªÐõ� � Ê"�Ç%A��Ï9Ì·Ñ9×s.�Ñ � Ê
Ñ�Ï9ÈªÐ�Ì·Ø³Ñ�Ø³ÒSÐ3ÓHÒªÏ9É ÓKÈ&��*
Ñ�ÒSÏ·Ì���Ê�Ñ9ÊoÏ9ÉËØÙÐTÊ"� ØÙÐ¢( ÎQ�hCõ
 �MÊ"��ÒSÐ���×�.�ê�#
Ê��oÈªÐ<2�Ì9Ê¢Ñ � ÊoÌ·Ê���ÒSÐ���×�2�Ì·ØÙÒSÐ�ÌBÑ9Ò�Í�Ï9ÊB��Ø���Ñ
Ñ � Ê pAq 4 Ø³ÒS× È]Ñ9ØÙÐ�?2ÈªÌ3.cÉËÉ;Ê�Ñ�Ï3.!Í�ÈªÏ�ÈªÉËÊ�Ñ9ÊoÏBê rtsvu�ê²ÓHÒªÏâ�TÊ"� È/.cÌ]#&P>À % 9 ;=5>;�7 f P>À %
ÈªÐ��O#QP>À % 9 ;=5�;?7w; P>À % 
�� ØÙÐ�Èª×Ù×�.�ê�)ÎÈªÌ9ÊB�ßÒªÐ[Ñ � ÊoÌ·Ê�Ï9ÊoÌ32�×³Ñ9Ì"êZ#
ÊA�TÊ�Ñ�Ê�Ï9ÉËØÙÐ�Ê6Ì·ÒSÉËÊ
×ÙØÙÉËØ³Ñ9ÌmÓHÒSÏrÑ � Ê
ÍÎÈ]Ï�ÈªÉËÊ�Ñ9ÊoÏ9Ì � ÈªÐ=� ! ÒªÓMÑ � ÊÐ(BÈ&)�Øs)�)mÒ�*-,¢Ò�)ÎÈ/.�È]Ì � Ø>*�Ô&ÈªÌ3%iÈ$#bÈ�É;È]Ñ9Ï9Ø�0 
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Ç ÈÉ ´kÊgË ÈÉ
Î � ÒSÏ9Øs?SØÙÐTÊ@��Ê�× È 4 Ø³ÒS× ÈiÑ�ØÙÒªÐ pAq ë ( � È]Ï�?SÊ�*-deÈ]Ï9Ø³ÑMÕÊ ì Ð"� Ê�Ì·Ñ"ÍÎÈªÌVÊoÐ=�oÒSÏ·Ê �oÒSÉËÍ�× ÇÊ�Ñ�Ê�É;Ê�Ð�Ñ
��ÒSÉËÍ�Ï9Ø³Ì9ÊÐ�TÊoÍ�2�Ø³ÌIÌ�ÈH�
ÕÊ"�oÒ&2 4 Ê�Ï·Ñ�Ê���ÈªÐ�ÌI×ÙÈ@�
ÕÊoÌ·ØÙÐ�ÑMÕÊB?SÏ�ÈiÑ�ØÙÒªÐ©��2�%iÈªÒSÐ5ÊoÐ �$'��+o�
 Ô2ÌÊoÉËÊ
Ì·Øh×³Ê�ÉËÒ�� ÇÊo×ÙÊ"Ì·Ñ�ÈªÐ��ÎÈ]Ï��É�
ÕÊB�oÏ·Ø³Ñ6�TÊ�ÉÁÈ]Ð�Ø ÇÊ�Ï9Ê�ÈªÌ9Ì·Ê"r�Í�ÏcÕÊ"��ØÙÌ9Ê@�oÊ Í � ÕÊoÐ�ÒªÉ ÇÊ�Ð�Ê&ê�Ø³×²Í�Ï9Ê�Ð��
Ê�Ð<�oÒSÉËÍTÑ�Ê@��Ê¢Ð�ÒSÉõ)TÏ9Ê"2TÌ9ÊoÌVØ³Ð��oÊ�Ï·Ñ�ØÂÑù2��TÊoÌBÑ�Ê�×Ù×³ÊoÌÐÑ�2�Ê���Êo×Ù×³ÊoÌBÌ32�Ï�×ÙÊ�ÌBÍÎÈªÏ9ÈªÉ ÇÊ�Ñ�Ï·ÊoÌ6�TÊ
×ÙÈ¢ÉÁÈ]Ñ9Ï9Øs�oÊe(BÈ&)TØ�)�)�Ò+*-,¢Ò�)�È$.SÈªÌ � Ø�*�Ô%ÈªÌ�%iÈ/#BÈAë (6,3Ô ì ê��oÊ�×Ù×ÙÊ�Ì�Ì�2�Ï�×³ÊoÌ6ÕÊo×�ÕÊoÉËÊoÐ�Ñ�Ì���ÊV× È
É;È]Ñ9Ï9Ø���Ê � È+��Ï9ÒSÐTØ�Ñ�2�Ê2Ï·Êo×ÙØ�ÕÊoÊ6È+2�0.ÊômhÊ�Ñ�Ì ÇÈÉ��Ò�2�Ï·Ñ9Ê6Ê�Ñ¢×³ÒSÐ�?�2TÊõ��ØÙÌ�Ñ�ÈªÐ=�oÊoÌAëHÍ�Ï9Ò&)�× ÇÊ�É;Ê
�"� Ø³Ð�ÑMÕÊoÏ9È&��Ñ9ØÙÒSÐpÓHÒSÏ·Ñ9Ê ì êiÊ�Ñ�� 
�
s
�Î � Ø³Ð�ÑMÕÊoÏÍÌÊ�Ñ���Êb×ÙÈ 4 ØÙÒª× È]Ñ9ØÙÒSÐ p-q ÌÍ� ÊoÌ·Ñ�È&�"��Ï�26È 4 ÊB�B×~� ÊoÌ·Ì9ÒSÏ
�=2É��ÒSÉ;ÈªØÙÐTÊâ��ÒSÌ9ÉËÒS×³Ò�?SØ�Ñ�2�Ê�ë�ÕÊ�Ñù2=��ÊH��Ê�× È�)�ÈªÏ3.ªÒ�?`ÕÊoÐ ÇÊoÌ9Ê ì ê�Ê�Ñ�È 4 ÊB��×~� ÕÊo×ÙÈ&)�ÒSÏ�È]Ñ9ØÙÒSÐ��TÊ
ÐTÒ�2 4 ÊoÈ&2�0tÉ;Òf� ÇÊ�×ÙÊoÌ���ØÂÑ�Ì½¹9È&2�* ��Êo× ÇÈò��2yÉËÒ�� ÇÊ�×ÙÊ Ì�Ñ�ÈªÐ���ÈªÏ��vº=ê���ÒSÐ�ÑÁÒªÐtÍ�Ê"2TÑÈ�oØÂÑ�ÊoÏ
Í�ÈªÏ�Êô0MÊoÉËÍ�×ÙÊ!×³Ê É;Òf� ÇÊo×³Ê Éõ2�×ÂÑ�Ø�* Ì��oÈª× ÈªØ³Ï9Ê+êI×ÙÊ ÉËÒ�� ÇÊo×ÙÊ Ì«.cÉ�ÕÊ�Ñ�Ï9ØsÑ�2�Ê<��Ï9ÒSØÂÑ�Ê�* ?�È&2=� � Ê&ê
×³ÊoÌ�ÉËÒ�� ÇÊo×ÙÊ�Ì�Ì�2�Í�ÊoÏ·Ì3.cÉ�ÕÊ�Ñ�Ï·Ø�Ñ�2�Ê�Ì 

Î È 4 ØÙÒS×ÙÈ]Ñ�Ø³ÒSÐ p-q Í�Ê"2MÑ[Ì9Ê Í�ÏcÕÊoÌ9Ê�Ð�Ñ�ÊoÏ Ì9Ê�×ÙÒSÐ Ñ9Ï9ÒSØ³Ì.ÉËÒ���Ê�Ì.Í�ÒSÌ9Ì·Ø�)�×³ÊoÌ N Ì9ÒSØÂÑ/ê

�8� Ê�Ì·Ñ 2TÐ�Ê5É;ÈªÐ�ØÂÓHÊoÌ·Ñ�È]Ñ�Ø³ÒSÐ!ØÙÐ��TØÙÏ9ÊB��Ñ9Ê��
Ì2�Ê5È&2&É ÕÊo×ÙÈªÐ�?SÊ���Ê���Ê"2�0®ÕÊ�Ñ�È]Ñ�Ì�ØÙÐ�ØÂÑ�ØÙÈ&2�0kÑ�2�Ø
Ø³Ð�ÑMÕÊoÏ9È&?SØ³Ì9Ì9Ê�Ð�Ñ/êTÍ�ÈªÏbÊ�0TÊ�É;ÍT×ÙÊS#&% B �#&% 9 ¼ êcÌ9ÒªØ³Ñ6�8� Ê�Ì·Ñe2�ÐTÊ�ÉÁÈ]Ð�Ø³ÓHÊ�Ì·Ñ�ÈiÑ�ØÙÒªÐÈ��Ø³Ï9ÊB��Ñ�Ê
�
Ì2TÊ ÇÈË× ÈÈ�
ÕÊoÌ9Ø³Ð�ÑMÕÊ"?ªÏ�È]Ñ9ØÙÒSÐ;��Ê5×ÙÈËÍ�ÈªÏ·Ñ9Ø��"2T×ÙÊpØÙÐ�ØÂÑ�Ø È]×ÙÊ&êMÍÎÈªÏ�Êô0MÊoÉËÍ�×ÙÊA# 5 9 � % ë D ì � 5 ê
Ì·ÒSØ³ÑrÊ�Ð��ÎÐÞê��Î� ÊoÌ�Ñ�2TÐ�Ê¸��ÒSÉõ)�Ø³ÐÎÈªØ³Ì9ÒSÐ ��Ê�É�ÕÊo×ÙÈªÐ�?SÊIÊ�Ñ���Ê��bÕÊoÌ·ØÙÐ�ÑMÕÊB?SÏ�È]Ñ9ØÙÒSÐ�êiÍ�ÈªÏrÊô0MÊoÉËÍ�×ÙÊ
# %¾ 9 ¿ f � 
³Ø Ð�Ê 4 ÒªØÙÊ��6�-ÕÊ�Ñù2=��Ê3ÉËÒªÑ9Ø 4 ÈªÐ�Ñ�Ê�Í�Ò�2�ÏVÍ�ÊoÏ·É;Ê�Ñ9Ñ�Ï·Ê�2�Ð�Ê��oÒSÉËÍ�ÏcÕÊ � ÊoÐTÌ9ØÙÒªÐ
ÍT×�2�Ì2ÍTÏcÕÊ"��ØÙÌ·Êk��Ê × È 4 Ø³ÒS× È]Ñ9ØÙÒSÐ���ØÙÏ·Ê"��Ñ�ÊÉ��Ê p-q Ê�Ì·Ñ��6� ÕÊ�Ñ�2���Ø³ÊoÏ6Í�×s2�Ì2ÊoÐ �
ÕÊ�Ñ�ÈªØ³×ÙÌ3×ÙÊoÌ
Í�ÈªÏ�ÈªÉ ÇÊ�Ñ9Ï9Ê�Ì6�6� ÈªÌ3.cÉ�ÕÊ�Ñ�Ï·ØÙÊ �ÎÈ]Ð�Ì�×ÙÊ[� ÈªÌ���Ê¢×ÙÈ©�
ÕÊ�Ì9ØÙÐ�ÑMÕÊ"?SÏ9È]Ñ�Ø³ÒSÐk��2 É�ÕÊoÌ9ÒªÐ`# Ñ9Ò�2TÑ�Ê�Ð
Ñ9ÊoÐÎÈ]Ð�Ñ6�oÒSÉËÍTÑ�Ê È&2TÑ�ÈªÐ�Ñ6Ñ�2�Ê�Í�ÒSÌ9Ì·Ø�)�×³Ê@��Ê"Ñ�Ò�2MÑ�ÊoÌb×ÙÊoÌ
ØÙÐ���ÊoÏ�Ñ�Ø³Ñ�2���Ê�ÌBÍ�ÏcÕÊ�Ì9Ê�Ð�Ñ9ÊoÌBêÎÊ�ÑBÊ�Ð
Í�ÈªÏ·Ñ9Ø��"2T×ÙØÙÊ�Ï6�oÊ�×Ù×³ÊoÌ�×ÙØ�ÕÊoÊ�Ì ÇÈ�×Ã� Ø³Ð�ÑMÕÊoÏ9È&��Ñ9ØÙÒSÐzÓHÒªÏ·Ñ�Ê 

d4Ò�2�ÏH��Ê5ÓKÈªØÙÏ·Ê&ê²×~� ÕÊ�Ñ�2���Ê2ÍTÏcÕÊoÌ·ÊoÐ�ÑMÕÊ�Ê��ÎÈªÐ�Ì@�oÊ�Ñ·Ñ�Ê5Ñ � ÇÊoÌ·Ê2ÊoÌ�Ñ ��Ø 4 Ø³ÌcÕÊ�Ê5ÊoÐ%Ñ�Ï9ÒªØÙÌ"ÍÎÈªÏ«*

Ñ9ØÙÊ�Ì 
 d�Ï9Ê�É;Ø ÇÊoÏ9Ê�É;Ê�Ð�Ñ/êT×ÙÈ 4 ØÙÒª× È]Ñ9ØÙÒSÐA��ØÙÏ·Ê"��Ñ�ÊH��Ê pAq ÊoÌ�ÑzÕÊ�Ñ�2���Ø�ÕÊ�ÊH�ÎÈªÐTÌB×ÙÊ�ÌBÏcÕÊoÈ&��Ñ9ØÙÒSÐ�Ì
Ì32�Ø 4 ÈªÐ�Ñ9ÊoÌ N #QP>À % 9 � %®ë D ì ,ÁP>À %"Ò Ç2�,EP>À % Ï9Ê�Í�ÏcÕÊ�Ì9Ê�Ð�Ñ9Ê2Ì9ÒªØ³Ñe2�Ð%Í�ØÙÒSÐ!Ì·ÒSØ³Ñe2�Ð¢%iÈªÒSÐ 

Î Ê�É ÕÊo×ÙÈªÐ�?SÊ �3BiD Ñ�2�Ø>Ì·ÊH�
ÕÊoÌ·ØÙÐ�Ñ ÇÊB?SÏ9Ê¢Ê�Ðk��Ê"2f0 Í�Ø³ÒSÐ�ÌBÍ�ÊoÏ·É;Ê�Ñ6�6� Ò�)TÑ9ÊoÐ�Ø³Ï ÇÈ3Ñ�Ï9È 4 ÊoÏ·Ì
×ÙÈ 4 ØÙÒª× È]Ñ9ØÙÒSÐ��6� ØÙÌ·ÒSÌ9Í�Ø³ÐÞêf2�Ðk�
ÕÊoÍ � ÈªÌ�È+?SÊ�É;È�0MØÙÉõ2�É���Ê�× ÈpÍ � ÈªÌ·Ê ÓHÒSÏ�Ñ�Ê�È+2 4 ÒSØ³Ì9Ø³ÐÎÈ&?SÊ
�TÊ3×ÙÈ�ÏcÕÊoÌ·ÒSÐÎÈªÐ���Ê D 
ÐÎ Ê�� È]×��"2T×Z��ÊoÌ�ÕÊo×�ÕÊ�É;Ê�Ð�Ñ�Ì � È&��Ï·ÒSÐ�Ø�Ñ�2�Ê�Ì�Ì·ÊpÓKÈ]Ø³ÑVÊoÐ¢2TÑ�Ø³×ÙØ³Ì�ÈªÐ�ÑV× È
É ÕÊ�Ñ � Òf��Ê©��ØÂÑ�Ê���Ê3ÓKÈ+��Ñ�ÒªÏ9ØÙÌ9È]Ñ�Ø³ÒSÐ�ÐÎÈÐÏ Ñ 4 Ê5Ò Ç2;2�Ð.Ð�ÒªÉõ)�Ï9Ê���Ê©��Ò�2�×³Ê"2�Ï�ÊBmmÊ"��Ñ9Ø³Ó-ê>^`_~a
ad ê
Í�ÈªÏ�ÈªÉ ÕÊ�Ñ9Ï9Ø³Ì9Ê�×ÙÊ�Ì�ÊômhÊ�Ñ�Ì � È&��Ï9ÒªÐ�Ø�Ñ�2�Ê�Ì 
 (bÊ�Ñ·Ñ�Ê5É ÕÊ�Ñ � Òf��Ê3Ø³É;ÍT×ÙØ�Ñ�2�Ê¢×ÙÈA��ÒSÐ�ÐÎÈ]ØÙÌ9Ì9ÈªÐ���Ê
�TÊoÌ
ÓKÈ+��Ñ�ÊB2�Ï9ÌÐ��Ê�ÓHÒSÏ·É;Êe��Ê"Ñ�Ï9ÈªÐ�Ì9ØÂÑ�Ø³ÒSÐ;Ê�Ð�Ñ�Ï9Ê�ÍÎÈªÏ�Ñ�Ø��B2�×ÙÊ�Ì
ÍTÌ9Ê"2=��Ò+* Ì3� Èª×ÙÈªØÙÏ·ÊoÌ
Ê�Ñ
ÍÎÈªÏ·Ñ9Ø�*
�B2�×ÙÊ�Ì 4 ÊB��Ñ�ÊB2�Ï9Ì 
ÐC È]Ð�Ì��oÊ�Ñ9Ñ�Ê¢ÍTÏ9ÊoÉËØ ÇÊ�Ï9Ê�Í�ÈªÏ·Ñ9ØÙÊ&ê��oÊB2�0�* �oØhÌ9ÒSÐ�Ñe��Ø³Ï9Ê"��Ñ�Ê�É;Ê�Ð�ÑVÊ�0cÑ�Ï�È]Ø³Ñ�Ì
�TÊ;×ÙÈ!×³Ø³Ñ·ÑMÕÊoÏ9È]Ñù2TÏ9Ê2Ì3�oØÙÊ�Ð�Ñ�ØÒ��Ñf2TÊ 
 g�Ð��oÒSÐTÓHÏ·ÒSÐ�Ñ�ÈªÐ�Ñ3×ÙÊ�Ì��TÒSÐ�Ð
ÕÊ�ÊoÌpÊô0MÍ
ÕÊoÏ·ØÙÉËÊoÐ�Ñ�È]×ÙÊoÌpÊ�Ñ
×³ÊoÌ3ÏcÕÊoÌ32�×³Ñ�È]Ñ�ÌpÑ � ÕÊ�ÒSÏ9ØsÑ�2�ÊoÌBê�ØÙ×�ÊoÌ�Ñ6Èª×³ÒSÏ9ÌpÍmÒªÌ9Ì9Øs)�×ÙÊÈ��Ê���ÒSÐ�Ñ�Ï9ÈªØÙÐ��TÏ9ÊÁ×³ÊoÌ3ØÙÐ���ÊoÏ·Ñ9Ø³Ñ�2���ÊoÌ
Ñ � ÕÊoÒªÏ9Ø�Ñ�2�Ê�Ì;×³Ø�ÕÊ�ÊoÌ;È&2�0�ÓKÈ&��Ñ�Ê"2TÏ9ÌA��Ê�ÓHÒªÏ9ÉËÊ&êBÈ+2�0ìÕÊo×�ÕÊoÉËÊoÐ�Ñ�Ì � Ê�Ñ ! ��Ê%× ÈÀÉÁÈiÑ�Ï9Øs�oÊ
(BÈ+)�Ø�)�)�Ò+* ,�Ò&)ÎÈ/.�ÈªÌ � Ø�*-Ô&ÈªÌ�%iÈ/#bÈ�ë (6,3Ô ì Ê�Ñ
È&2�Ð�ÒSÉõ)�Ï·Êe��Êe�oÒ�2�×³Ê"2�Ï�ÊômhÊB��Ñ9Ø³Ó-êt^ _~a
ad ê
4 ØÙÈ�Í�Ï·ØÙÐ���ØÙÍÎÈª×³ÊoÉËÊoÐ�Ñ4×ÙÊ�ÌeÏ�È]Í�ÍmÒªÏ·Ñ�Ì���Ê¸)�Ï�ÈªÐ=� � ÊoÉËÊoÐ�Ñ|ÂWë�# 9 � ;�ì Ê�ÑkÂWë�# 9 � f ìô

� ×��TÊ 4 ØÙÊ�Ð�Ñ;Èª×³ÒSÏ9Ì6Í�ÒSÌ·Ì9Ø�)T×ÙÊk��Ê<�
ÕÊ�Ñ�ÊoÏ·É;Ø³Ð�ÊoÏ�Ê�Ð8Í�Ï·ÊoÉËØ ÇÊ�Ï9Ê!ÈªÍ�ÍTÏ9Ò/0MØÙÉ;È]Ñ�Ø³ÒSÐ�×ÙÊzÑ�È&2�0
�"� ÈªÌ«.cÉ�ÕÊ�Ñ�Ï9Ø³ÊbÍ�Ò�2�Ï`×ÙÊoÌ��
ÕÊ�Ì9ØÙÐ�ÑMÕÊ"?SÏ9È]Ñ�Ø³ÒSÐ�Ìk#&P>À % 9<;=5>;?7 f P>À %IÊ�Ñk#QP>À % 9<;=5>;�7w; P>À % 

Ý �ÎÐ<��Ê¢ÏcÕÊB��2�ØÙÏ·Ê¢×ÙÊ�ÌBÍ�ÏcÕÊ�Ì9Ê�Ð�Ñ9ÊoÌ"ØÙÐ���ÊoÏ�Ñ�Ø³Ñ�2���Ê�Ì"ê�Ø³×hÊoÌ�Ñ"Èª×ÙÒªÏ9ÌBÐ
ÕÊB�oÊ�Ì9Ì�È]ØÙÏ9Ê��6� ÕÊ 4 Èª×s2�ÊoÏ
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×ÙÊoÌËÓKÈ&��Ñ9Ê"2�Ï·ÌÉ��Ê�ÓHÒSÏ9ÉËÊ¢�TÊ&Ñ�Ï9ÈªÐ�Ì9ØÂÑ�Ø³ÒSÐtÊ�Ð�Ñ9Ï9Ê.×³ÊoÌ;ÍÎÈªÏ·Ñ9Ø��B2�×ÙÊ�Ì;Í�Ì·Ê"2��TÒ+* Ì3� Èª×ÙÈªØÙÏ·ÊoÌÁÊ�Ñ
4 Ê"��Ñ�ÊB2�Ï9Ì 
 d4Ò�2�ÏVÒ�)TÑ9ÊoÐ�Ø³Ï��oÊoÌVÓKÈ&��Ñ�Ê"2TÏ9Ìe��Ê¢ÓHÒSÏ9ÉËÊ&êMØÙ×>Ê�Ì·Ñ"ØÙÐ=��ØÙÌ·ÍmÊ�Ð�Ì�È&)T×ÙÊ ��Ê �oÈª×��B2�×ÙÊ�Ï
×ÙÊoÌIÓHÒªÐ���Ñ9ØÙÒSÐ�Ì��6� ÒªÐ���ÊoÌ³Ñ�2�Ø�Ì·ÒSÐ�Ñ
Ø³É;ÍT×ÙØ�Ñ�2
ÕÊ�ÊoÌh��ÈªÐ�Ì��oÊ�Ì�Ñ9Ï�ÈªÐTÌ9Ø³Ñ9ØÙÒSÐTÌ 
�c Ð�Í�Ï·ÊoÐ��TÏ�È�ÊoÐ
�oÒSÉËÍTÑ�Ê�×³ÊoÌ �oÒªÐ�Ñ9Ï�ÈªØ³Ð�Ñ�ÊoÌpÍ � .cÌ9ØsÑf2TÊoÌ©Ñ�2�Ø���Ø³Ì·Ñ9ØÙÐ�?�2TÊoÐ�Ñ�×ÙÊ�ÌpÍ�ÈªÏ·Ñ9Ø��"2T×ÙÊoÌ�×³ÊoÌ 2�Ð�Ê�Ì©��Ê�Ì
È&2TÑ�Ï·ÊoÌBêMØ 
 Ê 
 êf�oÒSÐTÌ·Ñ�È]Ð�Ñ9ÊH��Ê[�bÕÊoÌ·ØÙÐ�ÑMÕÊB?SÏ�È]Ñ9ØÙÒSÐ�ê�ÓKÈ+��Ñ�ÊB2�ÏÐ�TÊ�ÓHÒSÏ·É;ÊzÕÊo×³Ê"��Ñ�Ï9ÒªÉÁÈ&?ªÐbÕÊ�Ñ9Ø�Ñ�2�Ê&ê
ÓKÈ&��Ñ9Ê"2�Ï§��ÊBÓHÒªÏ9ÉËÊ���ÊBÑ�Ï9ÈªÐ�Ì9ØÂÑ�Ø³ÒSÐ2Ê�ÑvÏ9È$.ªÒSÐ�É;Ò$.ªÊoÐA� ÈªÏ·ÏcÕÊ 
�Ý �oÊ"��ØÎÌÍ� ÈÆÅ·Ò�2TÑ9ÊV× È@��ÒSÐ���Ø>*
Ñ�ØÙÒªÐ���ÊVÐ�ÒSÏ9É;Èª×³ØÙÌ�ÈiÑ�ØÙÒªÐ�Ñ�2�ØÎØ³Ð�Ñ9ÊoÏ 4 Ø³ÊoÐ�Ñ³�ÎÈªÐ�Ì�Ñ9Ò�2TÑ�ÊÁÕÊ 4 Èª×�2ÎÈiÑ�ØÙÒªÐ���ÊBÓHÒSÐ���Ñ�ØÙÒªÐA�"� ÒSÐ=��Ê
Ï9ÊoÍTÏcÕÊoÌ·ÊoÐ�Ñ�È]Ð�Ñe2TÐ�Ê ÍÎÈ]Ï·Ñ�Øs�"2�×³Êe�bÕÊ"��Ï9Ø³Ñ9Ê@�ÎÈ]Ð�ÌÐ2�ÐTÊ¢ÈªÍ�Í�Ï·Ò�� � Ê@��Ê"Ñ � ÕÊ�ÒSÏ9Ø³Ê[��Ê�Ì6� � ÈªÉËÍ�Ì 

C ÈªÐ�ÌVÐ�ÒªÑ9Ï9Ê�� ÈªÌBêÎÐ�Ò�2�Ì�ÈªÍ�ÍT×ÙØ�Ñ�2�Ê�Ï9ÒSÐTÌâ2TÐ�ÓHÒSÏ·ÉÁÈ]×ÙØÙÌ·É;Ê�Êô0MÍ�×³Ø��oØÂÑ�Ê�É;Ê�Ð�Ñe��Ò 4 È]Ï9Ø È]Ð�ÑVÊ�Ñ
�=.cÐÎÈªÉËØ�Ñ�2�Êõ��2ÀÓHÏ·ÒSÐ�Ñ���Ê6×�2�ÉËØ ÇÊ�Ï9Ê3ÍmÒ�2TÏ�Ð�ÒªÑ9Ï9Ê�ÈªÐÎÈ]×s.cÌ9Ê 
õC ÈªÐ�Ì@�oÊ6ÓHÒSÏ9É;Èª×³ØÙÌ9ÉËÊ&ê²×³Ê
4 Ê"��Ñ�ÊB2�Ï��6�-ÕÊ�Ñ�È]ÑA�
ÕÊB�oÏ·Ø 4 ÈªÐ�Ñ�2�Ð�Ì3.cÌ·Ñ ÇÊoÉËÊ<��ÒSÐ�Ð
ÕÊ Ê�Ì·ÑA�
ÕÊ
�ÎÐ�Ø�Ì�2TÏ�2�Ð�Í�× ÈªÐï�=2¥ÓHÏ·ÒSÐ�Ñ
��Ê�×�2�ÉËØ ÇÊ�Ï9Ê�Ì32�Ø 4 ÈªÐ�Ñâ2�Ð�Ê�ÒSÏ·ØÙÊoÐ�Ñ�È]Ñ�Ø³ÒSÐ!ÈªÏ�)TØ³Ñ�Ï9ÈªØÙÏ·Ê 
§� ×�Ê�Ì·Ñ�Èª×ÙÒªÏ9Ì��
ÕÊB�oÒSÉËÍmÒªÌcÕÊ�ÊoÐ®ÕÊ�Ñ�ÈiÑ
��Ê � Òf�Ç% Ò Ç2ð� � È&Ñ�2�ÊéÕÊ�Ñ�È]Ñ;ÊoÌ·Ñ;Êô0MÍ�Ï·ØÙÉ�ÕÊ%Ê�Ð8Ñ9ÊoÏ9ÉËÊ;�6� È]É;Í�×³Ø³Ñ�2���Êk��Ê%Í�Ï9Ò�)�È&)�ØÙ×³Ø³ÑMÕÊ 

Î Ê�Ì ÈªÉËÍ�×ÙØÂÑù2��TÊoÌ2¹·Ò&mÍ* Ì � Êo×³×»º Ì9ÒSÐ�Ñ Ê�0TÍT×ÙØ���Ø³Ñ9ÊoÉËÊoÐ�Ñ��
ÕÊoÍ�ÊoÐ��ÎÈ]Ð�Ñ9ÊoÌk��Ê&×~� ÒSÏ9Ø³ÊoÐ�Ñ�È]Ñ9ØÙÒSÐ
��2.Í�×ÙÈªÐ¢�=2&ÓHÏ9ÒSÐ�Ñ@��Ê5×s2�É;Ø ÇÊoÏ·Ê�Ñ�ÈªÐ���Ø³Ì[Ñ�2�Ê3×ÙÊ�Ì�ÈªÉËÍ�×ÙØÂÑù2��TÊoÌVÍ � .cÌ9Ø�Ñ�2�Ê�Ì ��ÒSØ 4 ÊoÐ�Ñ ÊoÐ
ÌÊ�Ñ�Ï·Ê�ØÙÐ��
ÕÊ�ÍÎÈªÐ��TÊoÐ�Ñ�Ê�Ì 

Ý .�ÈªÐ�Ñ��
ÕÊ�Ñ9ÊoÏ·É;Ø³ÐbÕÊ�×ÙÊoÌ¢ÓKÈ&��Ñ�ÊB2�Ï9Ì���Ê�ÓHÒSÏ9ÉËÊ���Ê�Ñ�Ï�È]Ð�Ì9ØÂÑ�ØÙÒªÐ Ê�Ð�Ñ�Ï9ÊË×ÙÊ�Ì�ÍÎÈªÏ·Ñ9Ø��B2�×ÙÊ�Ì

# � ; � f �*� Ê�Ñ D ê�× È��TÊoÏ9ÐTØ ÇÊoÏ·Ê�Ø³Ð��oÊ�Ï·Ñ9Ø³Ñù2=��Ê[Ñ�2�ØmÍ�2�Ø³Ì9Ì9Ê&ÌÊ�Ñ9Ï9Ê�È]ÐÎÈª×s.cÌcÕÊoÊ Ê�Ì·ÑÐ�oÊo×³×ÙÊ"×ÙØ�ÕÊoÊ ÇÈ
×~� ØÙÉËÍmÒSÏ�Ñ�ÈªÐ=�oÊ³��ÊoÌ�Ø³Ð�ÑMÕÊoÏ9È&��Ñ9ØÙÒSÐ�Ì��ÎÈªÐ�Ì�×³ÊoÌ5ÕÊ�Ñ�È]Ñ�Ìk��ÐÎÈ&2�0 
hÝ �ÎÐ���Ê�� Èª×s�"2�×³ÊoÏ�È+26É;Ø³Ê"2�0
×ÙÊoÌ�ÕÊ�×�ÕÊoÉËÊoÐ�Ñ9Ì���Ê%É;È]Ñ9Ï9Ø���ÊoÌ � È+��Ï9ÒSÐTØ�Ñ�2�ÊoÌ�Ì9ÈªÐ�ÌA2TÑ�Ø³×ÙØÙÌ·ÊoÏ3×~� � .cÍ�ÒªÑ � ÇÊoÌ9Ê;��Ê � Å·ÒSÏ3%ªÊoÐ�ê
Ð�Ò�2�Ìõ2MÑ�ØÙ×³ØÙÌ·ÊoÏ9ÒªÐ�Ì�2TÐ�Ê!ÈªÍ�Í�Ï·Ò�� � ÊÉ�
ÕÊoÐTÒSÉ;É ÕÊoÊ ¡ ( C ÓKÈ+��Ñ�ÒªÏ9ØÙÌ9È]Ñ�Ø³ÒSÐ 
 g�×³×ÙÊ;ÍmÊ�Ï9ÉËÊ�Ñ/ê
ÊoÐOÑ�Ê�ÐÎÈªÐ�Ñ��oÒSÉËÍTÑ9Ê ��ÊoÌ ÕÊB� � Êo×³×ÙÊoÌò�"�-ÕÊ�Ð�ÊoÏ3?SØÙÊ ÉËØÙÌ·ÊoÌ.Ê�Ð�Å·ÊB2æ�ÎÈªÐ�ÌÀ×³ÊoÌÀÍ�Ï·Ò���ÕÊoÌ9Ì32�Ì
��ÊÉ�
ÕÊ�Ì9ØÙÐ�ÑMÕÊ"?SÏ9È]Ñ�Ø³ÒSÐÞê§��Êk�oÈª×��B2�×ÙÊ�Ï5× È%ÍÎÈªÏ·Ñ9ØÙÊÉ?`ÕÊoÐ
ÕÊ�Ï�Èª×³ÊoÉËÊoÐ�Ñ6Ð�ÒSÐ�ÓKÈ+��Ñ�ÒªÏ9ØÙÌ9È&)�×³Ê��6�p2�Ð
ÕÊo×�ÕÊ�É;Ê�Ð�Ñ��TÊÁÉ;È]Ñ�Ï·Ø��oÊ � È&��Ï9ÒªÐ�Ø�Ñ�2�Ê+êeÊ�Ñ5ÈªØ³Ð�Ì9Ø§�6� ÈªÍ�ÍTÏ9Ò/0MØÙÉËÊoÏ�×ÙÊ�Ì3Ø³Ð�ÑMÕÊoÏ9È&��Ñ9ØÙÒSÐ�Ì��ÎÈ]Ð�Ì
×ÙÊoÌpÕÊ�Ñ�È]Ñ�Ì��ÎÐÎÈ&2�0 
�C ÕÊoÌ9ÒªÏ9É;ÈªØÙÌBêªÌ9ÊB2�×ÙÊ¸2�Ð�Ê
ØÙÐ���ÊoÏ·Ñ9Ø³Ñ�2���ÊbÌ32�)�Ì·ØÙÌ·Ñ9Ê N ×ÙÊoÌpÕÊo×�ÕÊoÉËÊoÐ�Ñ�Ì � Ê�Ñ !
��Ê¢× È5É;È]Ñ9Ï9Ø���Ê (6,pÔ 
 g�Ð<�oÒªÉ;ÍÎÈ]Ï�ÈªÐ�ÑB×³ÊoÌ�ÏcÕÊoÌ�2T×³Ñ�ÈiÑ�ÌBÊ�0TÍ
ÕÊoÏ9Ø³É;Ê�Ð�Ñ�È&2�0É��ÊoÌVÏ9ÈªÍ�Í�ÒSÏ·Ñ9Ì
��Ê¸)TÏ�ÈªÐ�� � ÊoÉËÊoÐ�Ñ�Ê�Ñ`×ÙÊ�Ì`ÏcÕÊoÌ32�×³Ñ�È]Ñ�Ì4Ñ � ÕÊ�ÒSÏ9ØsÑf2TÊoÌeÒ&)TÑ�Ê�Ðf2TÌeÍÎÈªÏ��oÊ�Ñ9Ñ9ÊÁÕÊ�Ñ�2���Ê&ê]ØÙ×�ÊoÌ�Ñ�Èª×³ÒSÏ9Ì
ÊoÐ 4 ØÙÌ�È+?SÊ È&)T×ÙÊ ÇÈ2×ÙÈpÓHÒSØ³Ì"êf��Ê 4 ÕÊoÏ·ØÒ�ÎÊ�ÏB× È 4 Èª×ÙØs��Ø³ÑMÕÊâ�TÊoÌBÓKÈ&��Ñ�Ê"2TÏ9Ì6��Ê�ÓHÒSÏ9ÉËÊ[�
ÕÊ�Ñ�Ê�Ï9ÉËØÙÐ
ÕÊ�Ì
ÍÎÈªÏv×~� ÈªÍ�Í�Ï·Ò�� � Ê@( ÎQ�hC ê�Í�2�Ø³Ì¸�6� Êô0cÑ9Ï�ÈªØ³Ï9Êâ��ÊoÌ
Í�ÏcÕÊB��Ø���Ñ�ØÙÒªÐ�Ì
Ì32�Ïb×³Ê�Ñ�È&2�0È�6� ÈªÌ«.MÉ ÕÊ�Ñ9Ï9Ø³Ê
��Ê6× È 4 Ø³ÒS× È]Ñ9ØÙÒSÐ;��Ø³Ï9Ê"��Ñ�Ê���Ê pAq �ÎÈªÐ�Ì¢×³ÊoÌH�
ÕÊ�Ì9Ø³Ð�ÑMÕÊ"?SÏ9È]Ñ�Ø³ÒSÐ�ÌH�=2 É ÕÊoÌ·ÒSÐ(# ÊoÐ.Ñ9Ï9ÒSØ³Ì
�oÒSÏ·Í�Ì 
[� ØÙÐ�Èª×ÙÊ�É;Ê�Ð�Ñ"êÎÐ�Ò�2�Ì�Êô0MÍ�×³ÒSØ³Ñ9ÊoÏ9ÒªÐ�Ì[��ÊoÌ�ÏcÕÊoÌ32�×³Ñ�È]Ñ�Ì È8�ÎÐ`�"� Ò�)MÑ�ÊoÐTØÙÏâ��ÊoÌ�×ÙØÙÉËØ³Ñ9ÊoÌ
Ì�2�ÏV×ÙÊ�Ì ÕÊo×�ÕÊ�É;Ê�Ð�Ñ�Ì � Ê�Ñ ! ��Ê�× È2É;È]Ñ�Ï·Ø���Ê�(BÈ&)�Ø�)=)mÒ+* ,¢Ò�)ÎÈ/.�ÈªÌ � Ø�*-Ô&ÈªÌ3%]È/#bÈ 
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´�µk·Aµ É Ë ÉSÓ µ
´
��� ØÙÌõ#
ÒSÏ�%��oÒSÐ�Ñ�È]ØÙÐ�Ì2ÐTÒ É;È]Ñ9ÊoÏ9ØÙÈª×§# � Ø�� � � È]Ì�)mÊ�ÊoÐ¥È&�"��ÊoÍTÑ9Ê"��ÓHÒSÏ5Ñ � Ê!È/#BÈªÏ3��ÒªÓ
È]Ð�.ßÒªÑ � ÊoÏ���Ê"?SÏ·ÊoÊ;ÒSÏ©��Ø³Í�×ÙÒªÉÁÈ ØÙÐ�ÈªÐ�.�2TÐ�Ø 4 ÊoÏ9Ì·Ø³Ñ . ÒSÏ3ÒªÑ � Ê�Ï3Ñ9ÊoÏ·Ñ9Ø ÈªÏ«.[ØÙÐ�Ì�Ñ�ØÂÑù2TÑ9ØÙÒSÐ
È]Ð��Þê�Ñ�Ò5Ñ � Ê@)�ÊoÌ�ÑBÒªÓ�É�.È%�Ð�Ò$#V×³Ê"��?SÊ ÈªÐ��É)�Êo×³ØÙÊ�Ó-êf��ÒSÐ�Ñ�ÈªØ³Ð�ÌvÐ�Ò2É;È]Ñ�Ê�Ï9Ø È]×ÎÍ�Ï9Ê 4 Ø³Ò�2�Ì·×s.
Í=2�)�×ÙØ³Ì � ÊB�;ÒªÏ�#VÏ·Ø³Ñ·Ñ�ÊoÐA)�.ËÈªÐ�ÒªÑ � ÊoÏ�Í�ÊoÏ·Ì9ÒSÐÞêcÊô0���ÊoÍTÑ¸# � ÊoÏ·Ê[��2TÊ�Ï·Ê�ÓHÊoÏ·ÊoÐ���Ê � È]Ì³)�ÊoÊ�Ð
É;È&��Ê¢Ø³Ð Ñ � Ê¢Ñ�Ê�0cÑ 

� ?ªØ 4 Êâ�oÒªÐ�Ì9Ê�Ð�ÑbÑ�Ò�Ñ � Ø³Ì¸��ÒSÍ�.;Ò]Ó>É©.6Ñ � ÊoÌ·ØÙÌ"ê�# � Ê�ÐÉ��ÊoÍ�ÒSÌ·Ø³Ñ�ÊB�zØÙÐ�Ñ � Ê Ø Ð�Ø 4 ÊoÏ9Ì·Ø³Ñ .
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» Å ÃQÃ&º`ÎuÁ_»k»�Ã&Ä�Á_º¾É©Á�º³»�½�ÎuÁ_»k»�Ã&Ä ß

ëéì6í îdï`ð ñ µk·$òKói·Q¶xó ô õ�ó ð5ö
÷Cøæù{øæù úVû(ü¾ý/þÿþ����\þ������"ü	h¼"Ã\Ü2»�Á�º¾ÉOÁ_Ä>ÉEÞåÈÆÉ"Ã&Ï È�ÌâÃ&Ï�ÃQÎuÃQº³»�Á�Äæè~ÂOÁ�Äæ»�½�ÀQÏ�ÃhÂ¾¼³è2¿>½ÇÀ&¿ ? ½ÇÓ�Ã&¿{Á5À&ÈfÎHÂ¾Ï�Ã
»�Ã�É¾ÃQ¿>À&Äk½�ÂÆÔ»>½�ÈfºEÈ�Ì|»�¼¾Ã Å Ã1Á�Ú ê ÃQÏ�Ã&À
»�ÄkÈfÎEÁ ? º¾ÃQ»>½�À^Á�º¾É�¿k»>Ä>Èfº ? ½Çº³»�Ã&Ä>Á�ÀQ»>½�Èfº"¿ ß ¹ »�½Ç¿CáOÁ�¿kÃ&É�Èfº »�¼"Ã
î ÏêÁ_¿>¼¾È Å ÔæÜÆÁ�ÏêÁ�Î~Ô à Ã&½ÇºÝáâÃQÄ ? ÞåÈ2É¾Ã&Ï{È�Ìh»�¼¾ÃEÃ&Ï�ÃQÀQ»>Ä>È Å Ã&Á�Ú ½Çº³»�Ã&Ä>Á�ÀQ»>½�Èfº-Â¾Ï�Ê"¿�
\ÊOÁ�ºÆÔ»>Ê¾Î
��¼¾ÄkÈfÎuÈ2É"è2ºOÁ�ÎH½�ÀQ¿ ß 	h¼¾½�¿ËÎuÈ2É¾ÃQÏ@½Ç¿�É¾Ã&Äk½ÇÓfÃQÉ7ÌÍÄ>È�Î Å È�Ä>Ú�Ê¾º¾É¾ÃQÄk»�Á�Ú�ÃQºK½�ºåÖ����B¿Á_º¾Éå½Ç¿há¾Ê¾½ÇÏÇ»hÈfºé»>¼¾Ã¦Â¾Ä>½Çº¾À&½ÇÂ¾Ï�Ã\È_Ì�ÏÇÈÆÀ&Á�Ï ? Á�Ê ? Ã5¿kè2ÎHÎuÃ
»�Äkè ß
���������������! #"%$à ½Ù»�¼¾½ÇºK»�¼¾ÃEÜ2»�Á_º¾ÉOÁ�ÄkÉYÞåÈ2É¾ÃQÏ ê »�¼¾Ã~ÌÍÊ¾º¾É¾Á�ÎuÃQº³»�Á�Ïx½�º³»>Ã&Ä�Á_ÀQ»�½ÇÈfº¾¿sÁ�ÄkÃ ? È]Ó�Ã&Äkº¾Ã&ÉYá³è
? Á�Ê ? Ã~»�¼"Ã&ÈfÄæè}Õ'&,Ø ß 	h¼¾ÃHÌÍÄkÃ&Ã(
*) C ÈfÄ+
,� C Ô.-|Á ? Ä>Á�º ? ½�Á�º ë ÌÍÈfÄsÁ C ½ÇÄ�Á�À�Â¾Á�Äk»>½�À&ÏÇÃ ìÉ"Ã&¿>ÀQÄ>½ÇáâÃQÉ©½Çº »�¼¾Ã\ÌÍÄ>Á�ÎHÃ Å ÈfÄ>ÚuÈ�Ì ? Á�Ê ? Ãm»�¼¾ÃQÈfÄkèE½�¿Cº¾È_»�½�º³Ó_Á�Ä>½�Á�º³»CÊ¾º¾É"Ã&ÄC»�¼"Ã5Â¾¼OÁ�¿kÃÀ�¼¾Á�º ? ÃQ¿hÀ1Á�ÏÇÏ�Ã&ÉuÏ�È2À1Á�Ï ? Á�Ê ? Ãm»>Ä�Á�º¾¿æÌÍÈfÄ>ÎuÁ_»>½�Èfº¾¿ ß0/ Ã
ÓfÃQÄk»�¼"Ã&Ï�ÃQ¿>¿ ê Ï�È2À1Á�Ï ? Á�Ê ? Ã\½�º³Ó_Á�Äk½ÙÔÁ_º¾À&Ã�À1Á_ºSáãÃ©ÄkÃ&¿æ»�ÈfÄkÃ&ÉzáÝèzÁ_Â¾Â¾ÏÇè2½Çº ? »�¼¾Ã©Á�Â¾Â"Ä>ÈfÂ¾Äk½êÁ_»>ÃéÀ&È6Ó_Á�Ä>½�Á�º³»<É¾Ã&Äk½ÇÓ_Á_»>½ÇÓfÃ21�3

&



4 576�8:9<;�=?>A@CBD579FEHGJILK�8<;�GJINMOBPBQBÁ�ÀQ»>½�º ? Èfº�»>¼¾Ã�ROÃ&ÏÇÉ ë ÌÍÃ&ÄkÎu½ÇÈfºSROÃQÏ�ÉYÌÍÈfÄ~ÃUT¾Á_ÎuÂ¾ÏÇÃ ì�ß 	h¼¾ÃQº ê »>¼¾ÃV-@Á ? Ä�Á�º ? ½êÁ�º áâÃ�ÔÀ&ÈfÎHÃ&¿~½ÇºÝÓ_Á�Äk½êÁ�º³»<Ê¾º"É¾Ã&ÄHÁ�º³è�ÏÇÈÆÀ&Á�Ï{»>Ä�Á�º¾¿æÌÍÈfÄ>ÎuÁ_»>½�Èfº¾¿$È�Ì\Á?¿kè2ÎHÎuÃ
»�Äæè ? ÄkÈfÊ¾Â ß ¹ Ì»�¼¾Ã<¿kè2ÎHÎuÃ
»�Äæè ? Ä>È�Ê¾Â-ÃQÏ�ÃQÎuÃQºÝ»>¿¦À&ÈfÎHÎ�Ê"»>Ã êoÅ ÃH¼OÁ1ÓfÃEÁ�ºXW^áãÃ&Ï�½�Á�º ? Á�Ê ? Ã~»�¼¾ÃQÈfÄkè ß	h¼¾½�¿x½�¿(»>¼¾ÃmÀ&Á�¿>Ã�ÌÍÈfÄ�
\ÊOÁ�º³»�Ê"ÎY)xÏÇÃ&À
»�Ä>È2É"è2ºOÁ�ÎH½�ÀQ¿ ë 
*) C�ì Å ¼"Ã&Ä>Ã,Z ë\[ ì É¾ÃJROº¾Ã&¿CÁ�ºW^áãÃ&Ï�½�Á�º ? Ä>ÈfÊ¾Â ß 	h¼¾½�¿m½�¿mº¾È�»^»>¼¾Ã�À&Á�¿>Ã�ÌÍÈfÄ<
\ÊOÁ�º³»�Ê"Î]��¼¾ÄkÈfÎuÈ2É"è2ºOÁ�ÎH½�ÀQ¿ ë 
,� C�ìÅ ¼¾Ã&ÄkÃV^_Z ëa` ì.bdcfegcfhji ê »�¼¾Ã ? Á�Ê ? Ã ? Ä>ÈfÊ¾Â�È_Ìm¿æ»�ÄkÈfº ? ½�º³»>Ã&Ä�Á_ÀQ»�½ÇÈfº ê ½Ç¿~Á7º¾È�ºÆÔfWmáâÃQÏ�½êÁ_º
? Ä>ÈfÊ"Â ß ¹4º-»>¼¾ÃuÏ�Á_»>»>Ã&Ä ? ÄkÈfÊ¾Â ê ^_Z ëa` ì.bdcfegcfhji ê »>¼¾ÃEÃQ½ ? ¼³» ? Ã&º"Ã&Ä�Á,»�ÈfÄk¿$À&È�Ä>Ä>ÃQ¿>ÂãÈfº¾É »>È»�¼¾Ã ? Ï�Ê¾Èfº"¿ ß 	h¼¾Ã$Â¾Ä>ÈfÂãÃ&Äæ»�½ÇÃ&¿\È�Ì.Á_¿kè2ÎuÂÆ»�È�»>½�À ÌÍÄkÃ&ÃQÉ¾ÈfÎ Á�º¾ÉKÀ&È�ºCROº¾ÃQÎuÃQºÝ»5Á�Ä>Ã�É"Ê¾Ã»�È$»>¼¾Ã\À&È�Ï�ÈfÊ¾Ä.À�¼OÁ�Ä ? Ã\À&Á�Ä>Äk½�Ã&ÉEáÝèu»�¼¾Ã ? Ï�Ê¾È�º¾¿CÁ�º"É�kÝÊOÁ�Ä>ÚÝ¿ ê¾Å ¼¾½�À�¼éÏÇÃ1Á�É¾¿.»�È ? Ï�Ê¾Èfº"¿½�º³»�ÃQÄ�Á�À
»�½�º ?�Å ½Ç»�¼�Ã&Á�À�¼7È�»>¼¾Ã&Ä ë ¿>Ã&ÏÙÌêÔ4½ÇºÝ»>Ã&Ä>Á�ÀQ»>½�Èfº ì ê Á_¿ Å Ã&ÏÇÏ|Á�¿ Å ½Ç»>¼VkÝÊOÁ_Ä>ÚÝ¿ ß
lm���onp����q rs��"� pqt 1 $�n���qSuavxw
y� C Õz&,ØC½Ç¿ »>¼¾Ã{kÝÊOÁ�º³»�Ê¾Î|ROÃ&ÏÇÉY»�¼¾ÃQÈfÄkè È�ÌË¿k»>Ä>Èfº ? ½Çº³»�Ã&Ä>Á�ÀQ»>½�Èfº áâÃ
» Å ÃQÃ&º}k2Ê¾Á�Ä>ÚÝ¿Á�º¾É ? Ï�Ê¾Èfº"¿ ß ÜÆ½�º"À&Ãu»>¼¾ÃHÀ&ÈfÏÇÈfÊ¾Äs¿kè2ÎuÎHÃQ»>Äkè È�ÌC»>¼¾Ã~kÝÊOÁ_Ä>Ú?ÎuÈ2É¾ÃQÏ.½Ç¿ ? Á�Ê ? ÃQÉ ê »>¼¾Ã¿k»�ÄkÈfº ? ½�º³»�ÃQÄ�Á�À
»�½�È�º ½�¿sÉ¾ÃQ¿>À&Äk½�áãÃ&ÉYá³è-Á�º�^�Z ë�` ì ÀQÈfÏ�ÈfÊ"Ä,�{Á�º ? ÔæÞå½ÇÏ�ÏÇ¿\»�¼¾ÃQÈfÄkè Å ½Ç»>¼Ã1Á�À�¼�� Á1ÓfÈfÊ"ÄåÈ�Ì+kÝÊOÁ�ÄkÚ2¿�»�Ä>Á�º¾¿æÌÍÈfÄ>ÎH½�º ? Á_À&À&È�Ä>É¾½Çº ? »>È�»�¼¾ÃKÌÍÊ¾º¾É¾Á�ÎuÃQº³»�Á�Ï\»>Ä>½�Â"Ï�ÃQ»Ä>Ã&Â"Ä>Ã&¿kÃ&º³»�Á,»�½�È�º ß�� è Á�É¾É¾½Çº ? »>¼¾Ã ÄkÃ&º¾ÈfÄkÎEÁ_Ï�½��&Á_»�½ÇÈfº?Ä>ÃQk2Ê"½�Ä>ÃQÎuÃQº³» ê »>¼¾ÃéÁ�ºOÁ_ÏÇèÝ»�½ÇÀ1Á�ÏÌÍÈfÄ>Î È�Ì�»>¼¾Ã5ÌÍÊ¾Ï�Ï�
y� C Ôf-|Á ? Ä�Á_º ? ½êÁ_º É¾Ã&º"¿>½Ç»4è�¼¾Á�¿C»�ÈHáâÃ\»>¼¾Ã5ÌÍÈfÏ�ÏÇÈ Å ½�º ?o��L�#���X�

� [� ëa� 3����� � � � ���3N���C� ���������3 ���� ì ëa� 3 ��� � � � � ��� 3 ���o� ���.�\��� 3 ��� � ì� [ �¡ ëa� 3�� � 3 ì.¢ �¤£¥ � � 3 ë�� 3�¦ �\� � �o� ����� � � 3 ì ¥ �
� £§©¨�ª�« 3 ë�� 3 � ª � � � 3�¬ � ì ��­~® §¤¯ ë  Æß [ ìÅ ¼¾Ã&ÄkÃ<»>¼¾Ã°ROÄk¿k»sÏ�½Çº¾Ã$ÄkÃQÌÍÃ&Äk¿5»�Èé»�¼¾Ã ? Á�Ê ? Ã~ÂOÁ_Äk»¦È�Ìx»�¼"Ã~
,� C Ôf-@Á ? Ä�Á�º ? ½êÁ�º ß � �� ¯ �Á�º¾É � �\��� Á�ÄkÃ-»�¼"Ã ? Ï�Ê"Èfº±ROÃQÏ�É¾¿ ê�? Á�Ê ? Ã-À&ÈfÊ"Â¾Ï�½Çº ? Á�º"É�¿k»>Ä>Ê¾À
»�Ê¾ÄkÃ�À&Èfº¾¿æ»�Á�º³»>¿`È�Ì^_Z ëa` ì.bdcfegcfhji ê ÄkÃ&¿kÂâÃQÀQ»�½ÙÓfÃQÏÇè ß 	h¼¾Ã ? Ï�Ê"Èfº[À&È�Ï�ÈfÊ¾Äu½�º¾É"½�À&ÃQ¿ »�Á�Ú_Ã`»�¼¾Ã`Ó_Á�ÏÇÊ¾Ã&¿ ê<² ¯´³%¯´µÃPkÝÊOÁ�Ïo»�È [ ¯·¶%¶%¶¸¯ 4"ß 	h¼¾Ã,ROÄk¿k»Ë»�Ã&ÄkÎ È�Ì	»>¼¾Ã ¿kÃ&ÀQÈfº¾É`ÏÇ½�º¾Ã5É¾ÃJROº¾ÃQ¿m»�¼"Ã ? Á_Ê ? Ã,RCTÆ½�º ?�êÅ ¼¾Ã&ÄkÃ ¡ À&È�Ê¾Ï�ÉYáãÃ [ ÌÍÈ�Ä°¹OÃQè2º¾ÎuÁ�ºVÁ�º¾É»º×»½¼ËÈÆÈ_Ì�» ? Á�Ê ? Ã ß 	h¼"Ãé¿>Ã&ÀQÈfº¾É�»�ÃQÄ>Î È�Ì»�¼¾Ã5¿>Á�ÎuÃ¦ÏÇ½�º¾Ã\É"Ã&¿>ÀQÄ>½ÇáâÃQ¿�»>¼¾Ãy¹ Á�É¾É¾ÃQÃQÓ³Ô.¾@ÈfÂâÈ6Óé½Çº³»�Ã&Ä>Á�ÀQ»>½�Èfº êÆÅ ¼¾ÃQÄ>Ã ¥ ½�¿C»>¼¾Ã ? ¼¾Èf¿æ»ROÃ&ÏÇÉ ß 	h¼¾Ã�ÌÍÈfÏÇÏ�È Å ½�º ? »>Ã&ÄkÎ ½�¿~»�¼¾Ã�ÌÍÃ&ÄkÎu½ÇÈfºVÂOÁ�Äæ» Å ½Ù»�¼V»�¼¾Ã�ÌÍÄ>ÃQÃåÂOÁ_Äk» ? ½ÇÓ�Ã&º}áÝè£§�¿Àª�« 3 ë�� 3 �2­ ì.Á § Á_º¾Éu»>¼¾Ã�kÝÊOÁ_Ä>Ú ? ÏÇÊ¾ÈfºH½�º³»�ÃQÄ�Á�À
»�½�È�º Å Äk½Ç»k»�Ã&ºuÁ�¿ £§�¿À« 3 �ÃÂ � 3 ¬ � Á § êÅ ¼¾Ã&ÄkÃ § ÄkÃQÌÍÃQÄ>¿h»�È<»�¼¾Ã,kÝÊOÁ�ÄkÚ~ROÃQÏ�É©Á�º¾É ¬ � »>È~»�¼¾Ã ? ÃQº¾Ã&Ä>Á_»�ÈfÄk¿�È�Ì?^�Z ë�` ìfbdcfegcfhji>ß

lm���onp����q Ä:Åa�Æv��%"� 1 $�n��oqSu�vxw
,) C Õ'&,Ø@½Ç¿Ë»>¼¾ÃskÝÊOÁ�º³»>Ê¾ÎÇROÃ&ÏÇÉå»�¼"Ã&ÈfÄæèåÈ_Ì	Ã&ÏÇÃ&À
»�Ä>È�º¾¿ ê ÂâÈ�¿>½Ç»>Ä>Èfº"¿^Á�º"É7Â¾¼¾È_»�Èfº¾¿ ß ¹ »É¾Ã&¿kÀ&Ä>½ÇáâÃQ¿xÁ�º³è�ÃQÏ�Ã&À
»�ÄkÈfÎEÁ ? º¾ÃQ»>½�À{½�º³»�ÃQÄ�Á�À
»�½�È�º¾¿�È�Ì »>¼¾Ã&¿kÃËÃQÏ�ÃQÎuÃQºÝ»�Á�Äkè ÂOÁ�Äæ»�½ÇÀ&Ï�ÃQ¿ ß 	h¼¾Ã



@ÃBÉÈ�B¤;�6<=ËÊ�;o8<M g 8:> gÍÌ I g =?K ÎÌÍÃQÄ>ÎH½�Èfº�R¾Ã&Ï�É § »>Ä�Á�º¾¿æÌÍÈfÄ>ÎH¿hÊ¾º¾É"Ã&ÄËÁHÏÇÈÆÀ&Á�Ï�Z ë.[ ì »�Ä�Á_º¾¿kÌÍÈfÄkÎEÁ,»�½�È�ºéÁ�¿ �§ ë�Ï ìÑÐ § � ëdÏ ì � ÃUTÆÂ ë � ª�Ò�Ó ëdÏ ì�ì § ëdÏ ì:Ô ë  2ßÀ �ì	@È�ÄkÃ&¿k»>ÈfÄ>Ãm»�¼¾ÃmÏ�È2À1Á�ÏÕZ ë\[ ì ? Á�Ê ? Ã^½�º³Ó_Á�Äk½êÁ�º¾ÀQÃmÈ_ÌÛ»�¼¾ÃmÌÍÄ>Ã&Ã<-|Á ? Ä�Á_º ? ½êÁ_ºHÌÍÈfÄ�Á C ½ÇÄ�Á�ÀÂ¾Á�Äk»>½�À&ÏÇÃ ê]Å Ãh½Çº³»�Ä>È2É¾Ê¾ÀQÃCÁ�ÓfÃ&À
»�ÈfÄ7R¾Ã&Ï�É Â 3 ë À&Á�Ï�ÏÇÃ&É ? Á�Ê ? ÃÑROÃ&ÏÇÉ ì Á�º"É Å Ã�Ä>Ã&Â"ÏêÁ�ÀQÃ{»�¼"ÃÈ�Ä>É¾½ÇºOÁ�Äkè`É¾Ã&Äk½ÇÓ_Á_»�½ÙÓfÃ � 3©á³è Á©ÀQÈ]Ó_Á�Äk½êÁ�º³»sÉ¾ÃQÄ>½ÇÓ_Á_»>½ÇÓ�Ã½1{3 ß ¼mÃ&º"À&Ã ê »�¼¾Ã~ÌÍÊ¾ÏÇÏÑ
,) C Ô-|Á ? Ä�Á�º ? ½êÁ�º©É¾Ã&º"¿>½Ç»4èåÀ&È�º¾¿k»>Ä�Á�½Çº¾Ã&É`á³è�»�¼"ÃmZ ë\[ ì ? Ä>È�Ê¾Â`È�Ì	»>Ä�Á�º"¿kÌÍÈfÄkÎEÁ_»>½�Èfº"¿ËÄkÃ1Á�É"¿Á_¿ ê
�L��Ö��×� � [� ë�� 3�� � � � � �~3 ì.¢ � [ �¡ ëa� 3�� 3 ì\¢� £§ ¨ ª�« 3 ë�� 3 � ªØÒ � 3 ì ��­ ® § Ô ë  2ß ` ì

	h¼"Ã ? Á_Ê ? ÃHÂOÁ�Äk»sÈ�Ì{»�¼¾Ã(
*) C Ô.-|Á ? Ä>Á�º ? ½�Á�ºK½�¿ ? ½ÙÓfÃQº á³èK»�¼¾Ã½ROÄk¿k»s»�Ã&ÄkÎ Å ¼¾½ÇÀ�¼ ½�¿½Çº³Ó�Á_Ä>½êÁ_ºÝ»|Ê"º¾É¾Ã&Ä@»�Ä>Á�º¾¿kÌÍÈ�Ä>ÎuÁ_»�½ÇÈfº Â �3 Ð Â 3 � � 3 Ó ß 	h¼¾Ã�¿kÃ&À&È�º¾É$»�ÃQÄ>Îÿ½Ç¿|»>¼¾Ã ? Á�Ê ? ÃRÃT"½Çº ? À&È�º¾É¾½Ç»>½�Èfº Á�ºOÁ�ÏÇÈ ? ÈfÊ"¿>ÏÇè?»>È7»�¼¾ÃV
,� C Ôf-@Á ? Ä�Á�º ? ½êÁ�º ê á¾ÊÆ»<¼¾Ã&ÄkÃE»�¼¾ÃéÂ"¼¾È�»�È�ºR¾Ã&Ï�Éé½Ç¿ ? Á�Ê ? Ã&É ß 	h¼"Ã5ÏêÁ�¿æ»hÂOÁ�Äæ»hÀ&Èfº³»�Á�½�º¾¿{»�¼¾Ã5½ÇºÝ»>Ã&Ä>Á�ÀQ»>½�ÈfºE»>Ã&ÄkÎ ê � £§Ñ« 3 Ò � 3 § Á�º"É»>¼¾Ã5ÌÍÄ>ÃQÃs
*) C Ô.-|Á ? Ä�Á�º ? ½êÁ�º ê £§Ñª�« 3 ëa� 3 ��­ ì § ß÷Cøæù{ø ÷ ÙSÚ:�¤��Û.�|þ¸�oÜ���ÝS�|û0Þ ý\�ß�C��ÜOû(þ¸�Oý.���à ½Ù»�¼¾½Çº-»>¼¾Ã�Ü2»�Á�º¾ÉOÁ�ÄkÉzÞåÈ2É¾Ã&Ï ë Ü¾Þ ì ê Èfº"Ã É¾ÃQR¾º¾Ã&¿�»>¼¾Ä>ÃQÃ�àfÃ&º"Ã&Ä�Á,»�½�È�º¾¿$È�ÌákÝÊOÁ�ÄkÚÝ¿Á_º¾ÉåÏÇÃ&Â"»>Èfº¾¿sÕz& ê 4 ê Î Ø ß 	h¼¾Ãyà³Á�ÊCàfÃ5¿kè2ÎHÎuÃ
»�Äkè Å ¼¾½�À�¼VàfÈ6ÓfÃQÄ>º¾¿�»�¼¾ÃQ¿>ÃsÂOÁ�Äæ»�½�ÀQÏ�ÃQ¿h½�¿ êâ+ãåäA� ^�Z ëa` ì �¸æ ^�Z ë  �ì.ç æ Z ë\[ ì.è ¯ ë  2ß � ìÅ ¼"Ã&Ä>Ã µ�¯´é Á_º¾Émê�Ä>ÃQÌÍÃQÄ	»�È¦À&È�Ï�ÈfÊ¾Ä ê Ï�Ã
Ì�»xÁ�º¾É<¼³è2ÂâÃQÄ>À�¼OÁ_ÄëàfÃËÄ>ÃQ¿>ÂãÃ&ÀQ»>½ÇÓ�Ã&ÏÇè ß ÜÆ½�º"À&ÃhÈfº¾ÃÁ_¿>¿>Ê"ÎuÃQ¿Ë»>¼OÁ_»ËÁ~¿>À&Á�ÏêÁ�ÄßR¾Ã&Ï�É ê�ì�ê É¾ÃJROº¾ÃQ¿^Á�í.Á�À&Ê"Ê¾ÎÇ)HTÆÂâÃQÀQ»�Á,»�½�È�ºVí.Á�ÏÇÊ¾Ã5Ï�½ÇÚ�Ã êî ìâj �]ï �ðÃñ!ò  ©ó ¯ ë  2ßÀô�ì»>¼¾ÃõàfÁ�ÊoàfÃ�àfÄ>ÈfÊ"Â âyã�ä ½�¿H¿>ÂãÈfº³»�Á�º¾ÃQÈfÊ¾¿kÏÇè}á¾Ä>ÈfÚ_Ã&º É¾È Å ºS»>È�^�Z ë  �ì.ç æ Z ë.[ ì\èxß^�Z ë  &ì\ç æ Z ë.[ ì\è À&Á�º�Á�ÏÇ¿>È©áâÃu¿>ÂãÈfº³»�Á�º¾ÃQÈfÊ¾¿kÏÇè á¾Ä>È�Ú�Ã&º-»�ÈXZ ë.[ ì.ö�÷ »�¼"Ä>ÈfÊoà�¼-»�¼"Ãí.Á_À&Ê¾Ê¾Îø)7TÆÂãÃ&À
»�Á_»>½�Èfº2í.Á�Ï�Ê"Ã5È�Ì	Á~¿kÀ1Á�Ï�Á�ÄhÉ¾ÈfÊ¾á"Ï�ÃQ»�¼Ë½�à�àf¿�ROÃ&ÏÇÉ �î ì j � ï ì�ùì#ú ó Ô ë  2ß Ö ì
	h¼"ÃmÂOÁ_Äk»�½ÇÀ&ÏÇÃ&¿xÁ�ÄkÃËÀQÏêÁ�¿k¿>½ûROÃ&ÉuÁ�¿xÌÍÈfÏ�ÏÇÈ Å ¿ ß 	h¼"Ã^Ï�Ã
Ì�»kÔ ¼OÁ�º¾É¾ÃQÉ<Ï�Ã&ÂÆ»�Èfº¾¿.Á�ÄkÃ�½�º~^_Z ë  �ì\çÉ"ÈfÊ¾á¾ÏÇÃQ»�¿ ê ïýü �Ò�þ ó ç ïÍü 3ÿ þ ó ç ïÍü��� þ ó ç ¯ ë  2ß & ì



[ � 576�8:9<;�=?>A@CBD579FEHGJILK�8<;�GJINMOBPBQBÁ�º¾É�¿>½ÇÎu½ÇÏêÁ�ÄkÏÇè~ÌÍÈfÄC»>¼¾Ã,k2Ê¾Á�Ä>ÚÝ¿ ê
ï��� � ó ç ï µ� � ó ç ï��³ � ó ç ¯ ë  Æß 4�ì

Å ½Ç»�¼u»�¼¾Ã\ÀQÈfÄ>ÄkÃ&¿kÂâÈfº"É¾½�ºoà$Ä>½�à�¼Ý»æÔ4¼OÁ_º¾É¾Ã&ÉE¿>½�ºCàfÏ�Ã
»�¿ ß?/ È�»�Ã^Á�Ï�¿kÈ$»�¼¾Á_» � � ¯ � �OÁ�º¾É ³ �ãÁ�ÄkÃÄ>Ã&Ï�Á_»�ÃQÉH»>È »>¼¾Ã^ÎuÁ�¿>¿.Ã&½ÉàfÃ&º"¿k»�Á,»�Ã&¿ ��¯ � Á�º¾É ³ áÝèuÁsÊ¾º¾½Ç»�Á�Ä>½Ù»4è�»�Ä>Á�º¾¿æÌÍÈfÄ>ÎuÁ_»�½ÇÈfº ß 	h¼¾ÃÜ2»�Á�º"ÉOÁ�Ä>É ÞåÈ2É¾Ã&Ï�-|Á�àfÄ>Á�ºoàf½�Á�ºu½Ç¿ Å Ä>½Ç»k»�ÃQºEÉ¾È Å ºéÁ�¿x»�¼"ÃmÎHÈf¿k»�àfÃQº¾Ã&Ä>Á�Ï Ä>Ã&º"ÈfÄ>ÎuÁ�Ï�½É�
ÔÁ�á¾Ï�ÃN-|Á�à�Ä�Á�ºoà�½êÁ�º Å ¼¾½ÇÀ�¼u½Ç¿(À&Èfº"¿>½�¿æ»�ÃQºÝ» Å ½Ç»>¼~»�¼¾ÃNà³Á�ÊCàfÃh¿kè2ÎHÎuÃ
»�Äkè ß ¹ Ì Å Ã�ÌÍÈÆÀQÊ¾¿xÈfº»�¼¾ÃsÃ&ÏÇÃ&ÀQ»>Ä>È Å Ã1Á�Ú�½�º³»>Ã&Ä�Á_ÀQ»�½ÇÈfº©È�Ì7kÝÊOÁ�ÄkÚÝ¿\Á�º¾ÉåÏ�ÃQÂ"»�Èfº"¿ ê »�¼¾ÃsÎEÁ_¿>¿>½ÙÓfÃsáâÈ�¿>Èfº¾¿ ê
	���êÁ�Ä>Ã\»>¼¾Ã¦ÎuÃQÉ¾½êÁ_»>ÈfÄ>¿hÉ"Ã&¿>ÀQÄ>½Çá¾½�ºoà~»>¼¾Ã¦Ã&Ï�ÃQÀQ»>Ä>È Å Ã&Á�ÚéÀ�¼OÁ�Ä�àfÃ&É©À&Ê"Ä>Ä>ÃQº³»^½ÇºÝ»>Ã&Ä>Á�ÀQ»>½�Èfº ê� ¢  ò   ë�
 ù3 	 ù 3 � 
 þ3 	 þ 3 ì ¯ ë  Æß Î�ì
Å ¼¾Ã&ÄkÃ ê � ¢ ½Ç¿C»�¼¾Ã+^�Z ë  �ì.ç À&ÈfÊ¾Â"Ï�½�ºCà~À&Èfº¾¿æ»�Á�º³»^Á�º¾Éé»�¼"ÃsÀQÊ¾Ä>ÄkÃ&º³»�� 
�ù3 ½�¿Làf½ÙÓfÃQºåá³è ê


 ù3 ����� ë £��� � ì�� þ�� � ��� ë £ð���� ì�� þ�� ¯ ë  2ß [ � ì
Å ½Ç»�¼ � Á�º"É � É¾ÃQº¾È�»>½�ºoàYÄkÃ&¿kÂâÃQÀQ»�½ÙÓfÃQÏÇè kÝÊOÁ_Ä>Ú}Á�º¾É Ï�ÃQÂ"»�È�º ß 	h¼¾Ã`º¾È_»�Á_»>½�Èfº! �Â Ä>Ã
ÌÍÃ&Äk¿E»�È »�¼¾Ã « 3 ë\[ � «�" ì ¿æ»�ÄkÊ¾ÀQ»>Ê¾Ä>Ã ßJà Ã7¿k»�ÄkÃ&¿k¿E»�¼OÁ,»E»�¼"Ã`À�¼OÁ�Ä�àfÃ&É[ÀQÊ¾Ä>ÄkÃ&º³»½�º³»�ÃQÄ�Á�À
»�½�È�º¾¿u½Çº³ÓfÈfÏÙÓfÃ7È�º¾ÏÇèVÏÇÃQÌ�»kÔ ¼OÁ�º¾É"Ã&É»kÝÊOÁ_Ä>ÚÝ¿éÁ�º¾ÉSÏ�ÃQÌ�»æÔ4¼OÁ_º¾É¾Ã&É}Ï�ÃQÂ"»�Èfº"¿ ß ¹ È�Ä»�¼¾Ã<º¾ÃQÊ"»�Ä>Á�Ï(À&Ê¾ÄkÄ>ÃQºÝ»s½ÇºÝ»>Ã&Ä>Á�ÀQ»>½�Èfº ê »>¼¾Ã~ÓfÃQÀQ»�È�Ä>¿ Á�Ä>Ã$# ú Á�º¾É?»�¼"ÃHÂ"¼¾È�»�È�º Â ß 	h¼¾ÃÀ&ÈfÄkÄ>Ã&¿kÂâÈ�º¾É¾½�ºCà(-|Á�à�Ä�Á�ºoà�½êÁ�º »>Ã&Ä>Î�½�¿ ê� ¢  À&Èf¿&%(' 
 ú3 # 3 � Ò 
 �*)3 Â 3 ¯ ë  2ß [�[ ì
Å ¼¾Ã&ÄkÃs»>¼¾Ã¦À&Ê¾ÄkÄ>Ã&º³» 
Õú3 ½�¿hÉ"ÃQROº¾ÃQÉ`Á�¿ ê


 ú3 ����� £� « 3 ë µ �� � µ �� «�" ì � Ô ë  2ß [  &ì
¹4ºõ)0k ß ë  Æß [  �ì ê � É¾Ã&º"È�»�ÃQ¿Ë»>¼¾Ã,k2Ê¾Á�Ä>Ú~�OÁ6Ó�ÈfÊ¾ÄmÁ�º¾É µ �� ¯jµ �� Á�ÄkÃ Å Ä>½Ù»>»�ÃQº7Á_¿ êµ �� �,+ �- �  /. � ¿k½�º ¢10 ' Á�º¾É µ �� �2+ �- ¯ ë  2ß [%` ìÅ ¼¾Ã&ÄkÃ . � ½Ç¿�»>¼¾Ã¦À�¼OÁ�Ä�àfÃ ê 0 '�½Ç¿C»�¼¾Ã à Ã&½�ºÝáãÃ&Ä�àEÁ�ºCàfÏ�Ã¦Á�º"É + �- ½Ç¿C»�¼¾Ã5»>¼¾½�ÄkÉåÀQÈfÎ<ÔÂâÈfº"Ã&º³»ËÈ�Ì�»>¼¾Ã Å Ã&Á�Úé½�¿kÈf¿>Â"½�º ß ¹OÈfÄ�»>¼¾Ã¦À&Ê¾ÄkÄ>ÃQºÝ» 
 �3)3 ê Èfº¾Ã¦¼OÁ�¿ ê


 �3)3 � � � . � £� « 3 � Ô ë  2ß [ � ì465879;:=< 5�>9@?3A6B
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¹�½�ºOÁ�ÏÇÏÇè ê »>¼¾Ã Å Ã1Á_Úz½Çº³»�Ã&Ä>Á�ÀQ»>½�Èfºz½�¿<ÄkÃ&ÏêÁ,»�Ã&Éz»�È?»�¼¾Ãõ¹OÃ&Ä>ÎH½hÀ&È�º¾¿k»�Á�º³» ê âRQ ê�Å ¼¾½ÇÀ�¼Â"ÏêÁ1è2¿mÁ_º©½ÇÎuÂãÈfÄæ»�Á�º³»hÄkÈfÏ�Ã5½Çº »�¼¾Ã Ü2»�Á�º¾ÉOÁ�ÄkÉ`Þ©ÈÆÉ¾ÃQÏ êâRQò   � � ¢¢4�S ¢' � Ò ¢4�S ¢' � ª*T ¢ 0 ' ¯ ë  Æß [ ô�ì
Å ¼"Ã&Ä>Ã S ' ½�¿C»�¼"ÃsáãÈf¿kÈfº 	 ÎEÁ_¿>¿ ß
ëéì�ë îdï`ðVU ·XWZY[WZW õ]\1^�õ$Wi·D_[·]` ï Ya\âô ·]`cb�·ed ·gf ·-µ
¶hYai
÷Cø ÷høæù já�lk:ÜOþ��|ü»�nmZo�p qmý.�_Û/ûH�Oý.���	h¼"Ã&Ä>ÃuÁ�ÄkÃ<»>¼¾Ä>ÃQÃ<ÂâÈf¿k¿>½Çá¾½�ÏÇ½Ç»�½ÇÃ&¿ Å ¼¾½�À�¼ ÎEÁ1è7ÃJTÆÂ¾ÏêÁ_½�ºK»�¼¾Ã<¿kÈfÊ¾Ä>ÀQÃuÈ_ÌCÑsÒ Ó2½�ÈfÏ�Á_»�½ÇÈfº½Çº¾¿>½ÇÉ¾Ã\»�¼"Ã$ÜÝ»�Á�º¾É¾Á�Ä>É7ÞåÈ2É¾Ã&Ï{Õ [ � ê�[�[&êÕ[   Ø ß 	h¼¾ÃyR¾Ä>¿k»ËÈfº"ÃsÀQÈfÎHÃ&¿hÌÍÄ>ÈfÎ »�¼¾Ã¦¿k»>Ä>ÈfºCà½Çº³»�Ã&Ä>Á�ÀQ»>½�Èfº ß ¹ Ì Å Ã7Á_¿>¿>Ê"ÎuÃé»�¼¾Á_»~»�¼¾ÃéÓ_Á�ÀQÊ¾Ê¾Î ½�¿�à�½ÇÓfÃQº}á³èVÁ?¿>Ê"ÂâÃQÄ>ÂãÈf¿>½Ù»�½�È�º�È�ÌÉ"ÃPàfÃQº¾Ã&Ä>Á_»�Ã�Ó_Á�À&ÊOÁ i T j	Å ¼¾½�À�¼HÀ&ÄkÃ1Á_»>Ã&¿.º¾ÈfºÆÔ¬»�Ä>½ÙÓ2½êÁ�ÏÆkÝÊOÁ�º³»�Ê¾ÎÍ�¾Ê¾ÀQ»>ÊOÁ_»�½ÇÈfº¾¿ ë ½Çº¾¿k»�Á�ºÆÔ»>Èfº¾¿ ì ê¾Å Ã À&Á�º�½�º¾ÀQÏ�Ê¾É¾Ã5½Çºé»�¼¾Ãy-|Á�àfÄ>Á�ºoàf½�Á�º »�¼¾Ã5ÌÍÈfÏÇÏ�È Å ½�ºCà$»�ÃQÄ>Î �

�Fr�� % ¶ � ¢s`  �t ¢ â �3 � uâ � 3 � ¯ ë  Æß [ Ö ìÅ ¼"Ã&Ä>Ãv% ½Ç¿H»>¼¾Ãõ
y�Fw Ó�Á_À&Ê¾Ê¾Î Á�ºCàfÏ�Ã ë ½ÇºzÌ Á_ÀQ» ê »�¼¾ÃåÑ Ò Ó2½�È�ÏêÁ_»>½�ºoà?Á�¿æè2ÎuÎHÃQ»>ÄkèÂ¾Á�Ä�Á�ÎHÃQ»>Ã&Ä ì ê � s »�¼¾Ãõ
,�Fw à³Á�ÊoàfÃ©À&È�Ê¾Â¾Ï�½Çºoà-Á�º¾É âR�3 �å»�¼"Ã�
,�Fw ROÃQÏ�ÉS¿æ»�ÄkÃ&ºoà�»>¼»>Ã&º¾¿kÈfÄ ß 	h¼¾Ã7»>Ã&Ä>Î �Fr ÓÆ½ÇÈfÏêÁ,»�Ã&¿uÑsÒ ¿æèÆÎHÎHÃQ»�ÄæèVÌÍÈfÄEÁ-º¾ÈfºÆÔ��&Ã&ÄkÈ Ó_Á�Ï�Ê"Ã7È�Ì u% �% � Á�Äëà ë É¾ÃQ»�Þ r ì êÆÅ ¼"Ã&Ä>ÃsÞ r ½Ç¿{»>¼¾Ã\º¾Èfº2Ô4É¾½�Á�àfÈfºOÁ_Ï�kÝÊOÁ_Ä>ÚEÎuÁ�¿k¿CÎEÁ,»�Ä>½ THÃJTÆÂ¾ÄkÃ&¿>¿kÃ&É½Çº5»�¼¾ÃxÃ&ÏÇÃ&À
»�Ä>È Å Ã1Á�Ú5á¾Á�¿>½Ç¿ ß7� Ê"» ê Ê¾Â¦»�È�º¾È Å�ê »>¼¾Ãx¿>È_Ô À1Á�ÏÇÏ�Ã&É �
� ¨�£,¤�x Ñ Ò �ã¨�£/y&¥��
ª Õ [%`=ê[ � Ø�ÄkÃ&ÎuÁ�½�º"¿ Å ½Ù»�¼¾ÈfÊÆ»~Á�º³è Á6Ó_Á�½ÇÏêÁ�á"Ï�Ã<ÃJTÆÂ¾Ï�Á�ºOÁ_»>½�Èfº � á¾Á�¿>ÃQÉ�Èfº »�¼"Ã ÃJTÆÂãÃ&Ä>½ÇÎuÃQº³»�Á�ÏÓ_Á�ÏÇÊ¾Ã&¿sÈfº »�¼¾ÃHÃ&ÏÇÃ&ÀQ»>Ä>½ÇÀHÉ"½�ÂãÈfÏ�Ã<ÎHÈfÎuÃQº³» È_Ì�»�¼"Ãuº¾ÃQÊ"»�ÄkÈfº ê u%�¼OÁ�¿¦»�È©áãÃEÏ�ÃQ¿>¿¦»�¼OÁ_º[ � þ � ú Å ¼¾½ÇÀ�¼ ½�ÎHÂ¾Ï�½ÇÃ&¿.Á ÃUT2»�Ä>ÃQÎuÃQÏÇè½ROº¾ÃmÓ�Á_Ï�Ê¾ÃËÈ�Ìo»�¼"Ã*
,�FwJÓ_Á�À&Ê¾Ê"Î Á_ºoàfÏ�Ãe% ß 	h¼"Ã¿kÃ&ÀQÈfº¾É$ÂãÈf¿k¿>½�á"Ï�Ãx¿>ÈfÊ"Ä>À&Ã.È�Ì¾Ñ Ò}Ó2½ÇÈfÏêÁ_»>½�Èfº5½Ç¿o½�º¦»�¼¾ÃxÏÇÃ&Â"»>Èfº¾½�Àx¿kÃ&ÀQ»>ÈfÄ@½ÇÌÆº¾Ã&Ê"»>Ä>½Çº¾Èf¿@Á�Ä>ÃÎuÁ�¿k¿>½ÇÓ�Ã ß ¹4º »>¼¾½�¿CÀ&Á�¿>Ã ê »�¼"Ã^»�ÃQÄ>Î Ä>Ã&Ï�Á_»�ÃQÉE»�È�»>¼¾Ã\ÏÇÃ&Â"»>Èfº¾½�Àm¿>ÃQÀQ»�È�Ä ê ½ÇºE»�¼¾Ã^Ã�zâÃ&ÀQ»>½ÇÓ�Ã-|Á�à�Ä�Á�ºoà�½êÁ�º ê À&Á�º à�½ÇÓfÃ ê Á_Ì�»>Ã&Ä¦¿kè2ÎHÎuÃ
»�Äæè?á¾Ä>Ã&Á�ÚÝ½�ºoà ê ÁåÞ7Á�{kÈfÄ>Á�ºOÁåº"Ã&Ê"»>Ä>½�º"ÈåÎuÁ�¿>¿ÎuÁ_»>Ä>½ûT Å ½Ù»�¼E»>¼¾Ä>ÃQÃ¦Ñ ÒÿÓ2½�ÈfÏ�Á_»�½Çºoà¦Â¾¼OÁ�¿kÃ&¿ ß 	h¼¾Ã^ÏêÁ�¿æ» Å Á6èu»�È°à�ÃQ»�ÑsÒ Ó2½ÇÈfÏêÁ_»>½�ÈfºH½�º»>¼¾Ã�kÝÊOÁ�ÄkÚ7¿>ÃQÀQ»>ÈfÄ ê ½Ç¿^»�¼¾Ãm�F|sÞ ÎuÁ_»�Äk½ûT ß 	h¼¾½�¿^ÂâÈf¿k¿>½Çá¾½�ÏÇ½Ç»4è©½�¿ Å ½�É¾ÃQÏÇèåÉ¾ÃQ»�Á�½�ÏÇÃ&ÉK½�º»>¼¾Ã5ÌÍÈfÏ�ÏÇÈ Å ½�ºoà ß÷Cø ÷hø ÷ ÙSÚ:�~}���� �dûH�CÜ ý��-oÃ
»mÊ"¿NR¾Ä>¿k»ËÌÍÈ2À&Ê¾¿�Èfº�»�¼¾Ã:�.Ê¾Ú,Á Å ÁH½ÇºÝ»>Ã&Ä>Á�ÀQ»>½�Èfºé»�ÃQÄ>Î ½Çºé»�¼¾Ã+-|Á�àfÄ�Á_ºoàf½êÁ_ºéÊ¾¿>ÃQÉ7½�º»>¼¾Ã Ü2»�Á_º¾ÉOÁ�ÄkÉ`ÞåÈ2É¾ÃQÏ ß ¹ »�Ä>Ã&Á�É¾¿mÁ�¿ ê� è���� ���C� � � ê ���� £.yç � ì ��� � � ê ���� £.,ç � uì � � � ��� Ô µ Ô ¯ �  Æß [ &��
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Å ¼¾Ã&ÄkÃLê����� ½Ç¿@»>¼¾Ã��.Ê¾Ú,Á Å Á^ÎEÁ,»�Ä>½ TsÃ&ÏÇÃ&ÎHÃ&º³»[� .yç Á�Ä>Ãx»�¼¾Ã�Ï�ÃQÌ�»æÔ4¼OÁ_º¾É¾Ã&É+kÝÊOÁ�Ä>Ú$ÜL� �   � ÔÉ¾ÈfÊ¾á¾ÏÇÃQ»>¿\Á�º¾É � ��¯���� Á�Ä>Ãs»�¼¾Ã Ä>½�à�¼Ý»æÔ4¼OÁ_º¾É¾Ã&ÉKÜL� �   �4Ô ¿>½�ºCàfÏ�Ã
»�¿ ß ÑsÒdÁ�¿kè2ÎHÎuÃ
»�Äkè©½Ç¿ÓÆ½ÇÈfÏêÁ,»�Ã&Éé½ÙÌ�Á�º¾É©Èfº¾ÏÇèE½ÇÌE� � ­;� É¾Ã
»,Õ ê � ê ��� ¯ ê � ê � � Ø*���� � Ô �  2ß [ 4 �/ È Å �5½ÇÌ Å Ã-Ä>ÃQÂ¾ÏêÁ�ÀQÃ ì á³è � ð �~� ú � ñ!ò   �\»�¼¾Ã��.Ê¾Ú,Á Å Á -@Á�àfÄ�Á�ºCàf½êÁ�º�áãÃ&ÀQÈfÎuÃQ¿ÎEÁ�¿k¿>½ÙÓfÃ¦Á�º¾ÉVàf½ÙÓfÃ&¿��

� è&�a� ���C� � � � S � � ��� £� ç � ��� � � � S�� � ��� £� ç � � � � ��� Ô µ Ô ¯ �  2ß [ Î �Å ½Ç»�¼ S � � ê � ðÃñ!ò  2ß ¹4ºå»�¼¾Ã�ÎuÁ�¿k¿^áOÁ�¿k½�¿��âÈfº"Ã�À1Á�º`Á�Ï Å Á1èÆ¿áROº¾ÉK¿kÈfÎuÃ Ê¾º¾½Ù»�Á�Äk½Ç»4èÎEÁ_»>Ä>½ÇÀ&Ã&¿H � ç Á�º¾Év � � Å ¼"½�À�¼�ÓfÃ&Äk½ÇÌ�è »>¼¾Ã¦À&Èfº"É¾½Ç»>½�Èfº
� � çLS �  �� � � S � � �� � ¯ �  2ßÀ  ���
Å ¼¾Ã&ÄkÃ S � � �E � ½Ç¿hÉ¾½êÁ�à�ÈfºOÁ�Ï Á�º¾É©Ä>Ã1Á_Ï ß 	h¼¾ÃQº
�O»�¼¾Ã¦ÎuÁ�¿>¿�ÃQ½�àfÃQº¾¿k»�Á_»�ÃQ¿mÁ_Ä>Ã,àf½ÇÓ�Ã&º�á³è��

� ç � � �  � ç � ��� � ç � ¯��� � � �  � � � ��� ��� � ¯� ç � � �  �Jç � ��� � ç � ¯� � � � �  � � � ��� ��� � Ô	h¼¾Ã&ÄkÃQÌÍÈfÄkÃ/�@Á_Ì�»�ÃQÄ5Ã&ÏÇÃ&ÀQ»>Ä>È Å Ã1Á�Ú`¿æè2ÎuÎHÃQ»>Äkè`á"Ä>Ã1Á_Ú2½Çºoà8�Û»>¼¾Ã~À�¼OÁ�Ä�àfÃ&É À&Ê¾ÄkÄ>ÃQºÝ»s½ÇºÝ»>Ã&Ä/ÔÁ�ÀQ»>½�Èfº ÌÍÈfÄLkÝÊOÁ_Ä>ÚÝ¿m½Ç¿Làf½ÇÓ�Ã&º©á³è��
� ' � � Òò   ¿k½�º¡%(' £� ç � « 3 �  �Jç  �� ç � ��� � ç � 	 ù3 �¢� Ô µ Ô ¯ �  2ßÀ  [ �

Å ¼¾Ã&ÄkÃ á³èéÉ¾ÃJROº¾½Ù»�½�È�º
�¾Èfº¾Ã¦Â¾ÊÆ»�¿£�  ��¤0äF�  �Jç  �� ç Ô �  2ßÀ �  �
	h¼¾½�¿xº¾Èfº2Ô4É¾½�Á�àfÈfºOÁ_Ï `e¥�` ÎuÁ_»�Äk½ûT~½Ç¿(¿>È_Ô À1Á�ÏÇÏ�ÃQÉ<»>¼¾Ã<�CÁ�á¾½�á"áâÈ_Ô�|5ÈfáOÁ1è³Á�¿k¼¾½ÙÔ/Þ7Á�¿kÚ_Á Å ÁÁ�º¾É?Ä>ÃQÂ¾Ä>ÃQ¿>Ã&º³»>¿s»>¼¾Ã~À�¼OÁ�Ä�àfÃ&É?À&Ê"Ä>Ä>ÃQº³» ÀQÈfÊ¾Â¾ÏÇ½�ºoà�¿\áâÃ
» Å ÃQÃ&ºtk2Ê¾Á�Ä>Ú7»>Ä�Á�º"¿>½Ç»>½�Èfº"¿ ß ¹ »É¾Ã&¿kÀ&Ä>½ÇáâÃQ¿�»�¼"Ã\Èfº¾ÏÙè<¿>ÈfÊ¾ÄkÀ&Ã\È_Ì�� Á1ÓfÈfÊ¾Ä�À�¼OÁ�ºoàf½Çºoà�½ÇºÝ»>Ã&Ä>Á�ÀQ»>½�Èfºu½�ºu»>¼¾Ã:kÝÊOÁ�ÄkÚu¿kÃ&À
»�ÈfÄ ß	h¼¾Ã��F| Þ ÎuÁ_»�Äk½ûT ½�¿~É¾ÃQÂâÃQº¾É¾Ã&º³»EÈfºVº¾½�º¾Ã�ÂOÁ_Ä�Á�ÎHÃQ»>Ã&Ä>¿�¦�»�¼"Ä>Ã&Ã©Ä>Ã&Á�ÏhÁ�ºCàfÏ�ÃQ¿<Á�º¾ÉÖåÂ¾¼OÁ_¿>Ã&¿ ß ¹4ºYÈfÄkÉ¾Ã&Äs»�È©àfÃ
»~Á7Ê"º¾½�kÝÊ¾ÃuÎEÁ_»>Ä>½ T1��¿>ÈfÎHÃHÀ&Èfº³ÓfÃQº³»�½�È�º¾¿<Á�Ä>ÃEÁ�É¾ÈfÂÆ»�Ã&É �»�¼¾Ã{ROÄk¿k»H½�¿�»>¼¾Ã©Á�Ä>Ä>Á�ºoàfÃQÎuÃQºÝ»HÈ�ÌË»�¼"ÃVkÝÊOÁ_Ä>Ú�ÎuÁ�¿>¿kÃ&¿~ÌÍÄ>ÈfÎ »�¼¾Ã�¼¾Ã&Á6Ó2½ÇÃ&¿k»H»�ÈK»>¼¾ÃÏ�½�à�¼Ý»>Ã&¿æ» ß^à Ã�À1Á_º?Á�Ï�¿kÈE½�ÏÇÏ�Ê¾¿æ»�Ä>Á_»�Ã¦»�¼¾½Ç¿^á³è7»�Á�ÚÝ½�ºoàE½�º³»�ÈéÁ_À&À&È�Ê¾º³»\»�¼¾Ã$¼¾½�ÃQÄ�Á�ÄkÀ�¼Ýè7È�Ìk2Ê¾Á�Ä>ÚE»>Ä�Á�º"¿>½Ç»>½�Èfº »>¼¾Ä>È�Êoàf¼�»�¼¾Ã¦À�¼OÁ�Ä�àfÃ&É©À&Ê"Ä>Ä>ÃQº³»�¿ � ¿>ÃQÃs¹�½�à ßo Æß [ �5Õ [ ô Ø ß
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c°�`´¥¨��ª�o$�¿�¹4W� ò�z¤m�z��� �z�����i��¤¥�YÄÅ¤m� ¤ Q ¤ Ö�øÀÁ,QuÁ8Ö©�`���i���¼�z��´¥�`¤m���v�����z���#nb� ¯Y� ®h�`��´
�]Î������z� �m�ª��¯©�l®h��¯è¨�¯ ��¿º�m¿U�v�����z� þ |�¢ 
yw#¿

� �����W§�²��m�t�m¦n²_�z�`��´£ t�¬�q�òÄÅ�ª¤¥¯Ë�i���É���ª¤¥�z���~�ª�����z�`¤¥�ÚÄÅ¤¥� ¤ Q ¤ Ö±ø Á,QuÁ8Ö©ì]cQ�`´�¿�$�¿"¹¥íU¸¢�mîl¾
�¬�� å�ª��ÄÅ���z���������¼�i�����z���`�±�i�t�¬���HnX� ¯��n®h����´��t�m�z�m¯Y�]�i���z�v�t�«Ã¥�k§#�����å ����z���z¯��`���� W¿
ë£�������õ�z���!ÄÅ���z���������z���z¨�¦n�i�`��´vÄÅ�ª¤¥¯=�z�������m�z�ª¤ �­�z���ª¤¥�t�m���,�Â�m�� k�z����§��z¤��m k�z���z¤¥���m����±���ª¤h �¨������Ú�©�z��´¥���n¢t�«�¬�z��Ãm�x�����t�m������¯��������`�ú�i���y�`���i���i�m�]�i�`¤m�æ�m�ª¤¥¨���  þ |�£ ½mî¥ñøú�JÏ@¸Å�¬î¬¾�¿



ð¥» %'&)(�*+,.-0/[$43]\_^:`á>�:ü��:�C�a
� ÄQ�ò�x�z��ÄÅ���¼�z¤¦cQ��´�¿«$�¿��©ìÅ�i¤m�9 ��`�m´¥�i�¬¯Ìíe���i���x�m¯���¦`�n�i¨� ��m� hjiWk Y Y � �v���`�q�å��¤¥���

�z���ª�#¤m�� ��v�i¤��i������¤¥¨���¦��`��´�¤mÄ �i���k����¤m�i¤m�ú�z¤��z�������`¤m�ú���m�`�r���£´¥��Ãm���ú§�²¥�h iWk Y Y G I¤ ìs¥gSeí�» ¤ k l r°ìs¥�Oªí�»�� lWV ì K í ¤ ù,Ytì K S í�ìs¥Z�7n¦¥g[eí V � ì·$�¿É�mí
�v�����ª�§¥�O¡�¬�� _¥gS��m�z�y�z����¯�¤¥¯Y�����q�Y¤¬Ä �z���è��¦`���]�i�ª¤¥�Â�m�� }��¤¥�z�n�i�ª¤¥�W�W�¬�� _¥g[��m�� ¥g���m�z���i���Y¯Y¤¥¯������i�å¤mÄr�z���©���`¤¥����¿9ù,Y ì K S í��`���i���Y���`¤m�,��¦����]�i�z¤m¯©�m´m�����z�`��ÄÅ¤¥�z¯Ä��m���z¤¥�v�m�� ¨� l V ì K í��i��������¤¬�i¤¥�ú���z¤m�t�m´��¬�z¤¥�r�v�z�n�z�z���ú�m���»�� lWV ì K í�G n9»K S ¿ S lWV �=ì©-!n � í K�lZKWVK S Ã � ì·$�¿"»¥í
�v�����ª��-Ì ��]¢t�������i���è��¤[Ãm�¬�z�Ð�¬�õ� ´��m¨�´m�è�m����¦`�`�� W¿�¹(�]�Ú¨����!�q�m�!�Ú§�²æ�m�ª�z¨�¯��`��´©�i�t�l�
�i���vÃ¥�����i¤m��¯����ª¤¥��� ��¤¥¨���¦`�v�i¤x�k��¤¥���z���ªÃm�� ���¨��z�z�����«�õ�i�����z��ÄÅ¤m�z�¼���i�É�e®����z���ª�z��¤¥�ÂìÅÄÅ¤m�
¤¥�����q�t�m������¦gíò����W� l V G �K S nç
 S nuªèì K S í Û@n�S lWV � ì��on.ªyì K S ízíK S KJl�K V
 S Þ � ì·$�¿�½mí
�v�����ª�«ªèì K S íy���x�i����¤¥����� �t�m�!�i�`��¦`���`�ª�z�� �¨�����§�¦`�Y�z��¦nÄÐ�~�������ª´m²¥¿�¸¡¤[���É§�²­�]®_�z���� �����´�i�����i�m¯��YÄÅ¤m�z¯Y�m¦`���z¯ �i¤å�~��¤æ��¤¥¨���¦��� ­�q�t�¬������¦���� �i����ÄÅ¨�¦`¦É���ª¤¥�t�m´��l�i¤¥���`��Ãm¤¥¦�Ã_�`��´�XnX�0¯Y� ®h�`��´��_�«�¬�å§����]®h���z���z�ª�� }�m�x¸¢�mï¬¾��� lWV G �~ Û | w	S l V �]¬�ì­�t�®�òí K�l�KWV ª�U�w�ì K S í�¯ lWVª�U�wWì K S í'¯ l V | U°S l V �¦¬�ì©�9�±�_í KJl�K V Þ � ì·$�¿"î¥í
�v�����ª�k����¨��z���i���ÚÄÅ¤¥¦�¦`¤[�v�`��´è ���¢������z�`¤¥���JW¯ lWV GcS lWV n¶ì K�l�KWV � K S í+�| w�G K S n²ª³wxw�ì K S í8nØ
 Sw G K S nØ
 Sw �Ú»�
yw«LzwWì K S í+�| UoG K S n²ª�U'U¬ì K S í8nç
 SU G K S nç
 SU �Ú»�
bU�LvU¬ì K S í+�¬�ì´�t�®�òí�G �K S 
 SU Ç ª SU'w ì K S í8n�µ K S nuª�U'Umì K S í'¶ | w È �~óG3ª SU�w ì K S í'n | U | w�� ì·$�¿"ï¥í
�v���i���,ª SU�w ì K S í]�(�i����¯�¤¥¯������i¨�¯P ����#���� ������y¯Y� ®�����´��m¯���¦����i¨� ��y�v�����q�;Ã¬�m�����z�����
�m� K S ø ñh¿�À,�è���m�Â��¤[� �v�z���z�è �¤[�v�}�i���è�m¯Y��¦`���z¨� ��¬� hjiWk Y Yl ���v�����z�è���è�q�mó¬�
�`���i¤y�m����¤¥¨����ò�z��� ��¤¥¨���¦��`��´k§#�]�~�ò�����±����¤¬�i¤¥���¬�� YÃm�����z¤¥�r¯����ª¤¥�����#· i U�¸���· i wx¸«�h�m�� �m¦`�ª¤k�z���¡��¤¥¨���¦��`��´¹STU�¸�Y Yk§#�]�~�ò�����P�»º£�¬�� Y�z���¼¢��t�m¦ ���`¤m�Y�t�¬�`�¼ì­Sxwx¸�YWYx�ª�`¯��`¦`�m�z¦n²kÄÅ¤m���ºqí]¿Éë£�����ª��ÄÅ¤¥�ª�m� ¤¥���Ú´m���i���h iWk YWYV G Ç h lx¼ U�¸ k YWY h lT¼ w1¸ k YWY È � l V Û hjiWk U�¸hjiWk wx¸ Þ � ì]$�¿	�[ñ¥í



$m3®­�3]\}^~`á>�:ü�+:�C�a ð¥½
�v�����z�¬�#�»º¼�m�� ��½ºv�m�ª� �i������¨��ª���`�ª¤ Ãm���]�i¤¥�����¬�� ��`�ª¤¥�z���m¦Ð�m��� �ª�i�¬�i�¬¿+� l V ���ò´¥�nÃ¥���§�²qW � lWV G Û ��� | U ª³U�wt� | U | wª³U'w«� | U | w ��� | w Þ S l V � ì]$�¿��g� í

e¾ +

e¾ -

γ

π+

π-

ω¿ ρΠρω

e¾ +

e¾ -

γ

π+

π-

ρ

e¾ +

e¾ -

γ

π+

π-

ω¿

c°�`´¥¨��ª�#$�¿ ð�W ¤ Q ¤ Ö ø Á Q Á Ö WQ¦��«�m �����´�¤¥�ª ����L ��Ð�m´¥�z�m¯��£ì�¨����#���qíL�m�� �¦��«�m ��`��´Ú¤¥�ª ����
���±�`�z¤m�z�����±Ã_��¤¥¦Ð�¬�z�`¤¥�Y ��Ð�¬´¥�i�m¯ãì�¦�¤ �����ií]¿º ²��]®h�t�m�� ��`��´�ÊLô ¿°ì]$�¿��[ñ�íò¤¥���k���m���h iWk Y Yl G h U�¸ k Y Yl �| U h iWk U�¸ � h wx¸ k Y Yl ª�U�wWì K S í| U | w h iWk U�¸

� h U®¸ k YWYl ª³U'w�ì K S í| U | w h iWk wx¸ � h wx¸ k YWYl �| w h iWk wx¸ � ì]$�¿�� ¹¥í
�v�����z�Â�¬¦`¦v�i���Â�m§�¤[Ã¥�æ�z���z¯����m�ª�æ ����z���ª�`§��� Ë�`� cQ�`´�¿7$�¿ ð�¿ Ï¡¤[����Ãm���ú���Ì���Ì¯�¤¥�z�
�¬�����z¤m���z�`�¬�i���i¤Â�m�t�¬¦�²_�z�©�z���P��n��5¯��n®h�`��´9�`���i��������²_�z���«�m¦ò§t�m�z���è�i�l�i�����y�i�t�¬�
�z�������z¤¥�ª���`�Ì��¨��z�Ú§t�¬�z�`���v�����ª���i����Ü �t�m�ª���~²��«�m��§�� Ã_�`¤m¦Ð�¬�z�� Ì�����i�����ò�z���z¤¥¨�´¥�©�i���
¯��n®h����´��»º4n��½ºÉ¤¥�°�z���ò ��`�z�����Q ������[²J�½ºL�`���i¤¼�i���r���`¤¥�x�t�m�`��¿ À��r�ª���«�¬¦`¦��i�t�l�«�¥���x�i���
���z¤¥�ª���`�Â§t�¬�z�`���½�»ºy�m�� À�½ºè�m�ª���e®��m���x����´¥�����!�q�¬�z���k¤mÄ��`�z¤m�z�����W¿¦ø Ç À ì�ø9�m¦n�i¯Y�m�W�
Ç O® ò¤¥������¦`¦L�¬�� ;ÀË��¦`¦��Ð�m¯��qí�¸¢�mï��(»¥ñ ¾É ���¢����� ��Ì�i�i�¬���ªÄÅ¤¥�ª¯©�l�i�`¤m�W�� �(§����~���������i���
���õ²_�ª�`�«�¬¦ §��m�z���v�m�� ±�i�����`�ª¤¥�z���`�±§t�m�ª�`���h�v���`�q�ú�`�r�z���ÚÄÅ¤¥¦`¦�¤ �v����´��

ü½G Û � n�Á²OÁQS � Þ � ì]$�¿��[ð�í



ð¥î %'&)(�*+,.-0/[$43]\_^:`á>�:ü��:�C�a
�m�� ±¤¥�����«�¬�ú�z�����ª��ÄÅ¤¥�ª���v�ª���z���z���r�©�¬�� «�0�ª�i�¬�i���v�]®h��¦`�����n�i¦�²©�m�WÂ� G3�»º7n²Á�O��½ºH���GÃÁwS°�»º'�u��ºH� ì]$�¿	�T$�í
�v�����ª�¹Á�O��m�� bÁQSv�m�z�¼�~�ò¤�¯��n®h����´x���m�i�m¯����z���ª��¿0�h�������¼�ò� �z��ôõ¨����z� �z�t�¬���i���¡¯Y� ®��� 
����²h�ª�`���m¦@�zn��0���ª¤¥�t�m´��l�i¤¥�£�ª��¤¥¨�¦� ú��¤m�¼�t�«Ã¥���#¤m¦`�������i�����ÄÁ²O£�m�� ÄÁQS¼�z���m å�m��WÁ�O7G ª�U�wWì]
 Sw í| w×n | U � ÁwSDG ª³U�w(ì·
 SU í| wzn | U � ì]$�¿	���mí
� �Y�����m�z�ª¨�¯���  �z�t�¬������� �z���±Ã¥���]�i¤¥��¯����z¤m� �ª���z¤m�t�m�����å�ª��´¥��¤¥�W�É�i���±¯�¤¥¯Y�����i¨�¯
 ��������� ��������r¤mÄ�ª³U'wWì K S í(�`� ����´¥¦`��´¥�`§�¦��m�«�v�����q�y¯��«�m��� �z�t�¬��ª�U�wWì]
 SU í�GÃª�U�w�ì·
 Sw í0Gª�U�w ¸ »���¾�¿Ìë£�������Åª�U�wÂ�v��¦`¦U§����z�z���¬�i�� ­�m�x�ú��¤¥���!�q�m�����¬�� uÁ�O!G7ÁQS×G7Ák�v��¦`¦U§��
´¥��Ãm���±§�²��i�����]®h���ª���ª�z�`¤m�W� Á�G ª�U�w| wzn | U � ì]$�¿	�[»¥íº�²9�����z���ª�z�`��´��i���y�z�i�m���ªÄÅ¤¥�ª¯©�¬�z�`¤¥�å¯©�l�i�z� ®#��ü��Lìg�v���i�æüxü Ö O GÇÆ�ív�`�}ÊLô ¿Lì·$�¿��[ñ�í]�
�ò���«�¬�å ��`�m´¥¤¥���m¦`��Ñ��¡�z���J� l V ¯Y�¬�i�ª�n®©���z¤¥���m´��¬�z¤¥��Wh iWk Y Yl GiÇ h U ¸ k YWYl h w ¸ k Y Yl È°ükü Ö OÛ ��� | U ª�U�w�� | U | wª�U�w�� | U | w ��� | w Þ}üxü Ö O Û hjiWk U�¸hjiWk wx¸ Þ � ì]$�¿	� ½mí
�v���`�q�k´¥��Ãm���°�¬Äg�i���(��¤¥¯���¨��i�¬�i��¤¥�W�[�i�����¬¯Y��¦����z¨� ��m� h iWk Y Yl �l�]®h���ª���z�ª�� ������z���É����²_���
�`�«�¬¦W§t�m�ª�`��Wh iWk Y Yl G Ç h U k YWYl h w k YWYl È×Û ��� | U ñ

ñ ��� | w Þ Û hjiWk UhjiWk w Þ � ì]$�¿	�[î¥í
�v�����ª��¤¥�������m�y�e®h�z�i�m�]�°�z��� ��¤¥�ª�z���ª�#¤m�� ��`��´ �m¯���¦����i¨� ����(§����~�������è§#¤¬�i���i��� �`�ª¤¥�z�����
�m�� ±����²_�z�`���m¦�§t�m�ª�`�v�m�£ÄÅ¤¥¦�¦`¤[�v��Wh U k Y Yl G h U ¸ k YWYl �¦Á h w ¸ k Y Yl �h w k Y Yl G n�Á h U ¸ k Y Yl � h w ¸ k YWYl �h iWk U G h iWk U ¸ �¦Á h iWk w ¸ �h iWk w G n�Á h iWk U ¸ � h iWk w ¸ � ì]$�¿	�[ï¥íº�²��]®h�t�¬�� ��`��´©ÊLô ¿ ì]$�¿��[î�íò¤m���Ú¢t�t�m¦�¦�²Y´¥���z��Wh iWk Y Yl G h U k Y Yl �| U h iWk U � h w k YWYl �| w h iWk w � ì]$�¿�¹mñ¥í
À,�Ú�!�i�z���z�£�i���¬� h wx¸ k Y Y �«�m����¤m�v§��Ú����´¥¦����]�i�� ±�ª�`�����Ú���r���z¤[Ã_�` ����¼¤m���Ú¤mÄ��i�����~��¤
�z¤¥¨��ª�����¡¤mÄ8ÜD�t�¬�z���~²YÃ_�`¤¥¦`�¬�i��¤¥�Ì�`���z���r�Xn��0¯��n®h�`��´è�m�� ú�t�m�¼���ª�i�ª¤¥��´��`��Ê�¨��������
¤¥��¢��z�z�`��´��i���k���`¤¥�±��¦����]�i�z¤m¯©�m´m�����z�`� ÄÅ¤¥�ª¯ Ä��m�]�i¤¥��¿



$m3®­�3]\}^~`á>�:ü�+:�C�a ðmï�����H��� ÈÄ �É,ÊzËE�Ì�Í�����Í��ÉvË#��Ê:Î¹�'�Í�Ï���Ð��� ����ÊzËE���

600 700 800 900 1000

center-of-mass energy squared 

0

10

20

30

40

50

 |Fπ|
2

c°�`´¥¨��ª��$�¿¢$«WÉÊL¦`���]�i�ª¤¥¯©�¬´¥�����z�`�����`¤¥��ÄÅ¤¥�ª¯ Ä��m�]�i¤¥�£ t�l�q��¿�_�i�m�ª�z�`��´±ÄÅ�z¤m¯P�i���Y ���¢������z�`¤¥�Â¤mÄr�z�������`¤¥�;��¦����]�i�z¤m¯©�m´m�����z�`�èÄÅ¤¥�ª¯ãÄ��m���z¤¥���`���
��¦`¨� ��`��´d�XnX�0¯��n®h����´��m�� ��i���¹�½ºrø ÁNÁ; ����«�«²¥� ¤¥���k���m���

ùtY ì K S í�G �¤ Ç'· i U�¸Ñ· i wx¸YÈ¡Û � ºU'U � ºU'UzÒª�U�wE� ºwTw� ºU�UzÒª³U�w#� ºwxw � ºwxw Þ Û SnU�¸�YWYSTwx¸�YWY Þ � ì]$�¿"¹�� í
�v�����z�«� �Ó� GÔ� º�C� ì��ª���±ÊLô ¿vì]$�¿Å$õíªík�ª�`�����©�ò�±�¬�z�©��¤¥�zóõ����´æ�i¤9�z���©¢t�ª�ª��¤¥�ª ����
���­�`�ª¤¥�z���`��Ã_��¤¥¦Ð�¬�z�`¤¥��¿ú�~�³¤m�z ����x�i¤9 ����z���z¯��`���Y�i���©Ã¬�m¦`¨���ÄÅ¤¥� Òª�U�w#�Q�ò�©�q��¤¥�z�±�¬�
�¬�����z¤m���z�`�¬�i��ÄÅ¤¥�ª¯ Ä��m�]�i¤¥�JW

ù,Ytì | í�G=ùtU¬ì | í � ��� ·0wx¸·1U�¸ irÕ Òª�U�wWì | í| nç
 Sw �Ú»�
yw«Lzw½Ö � � ì]$�¿"¹¥¹¥í
�v�����z�©ùtU¬ì | íÚ�`�k��ÄÅ¨����]�i�`¤m��������¤¥�ª�#¤m�i�¬�z�`��´���¤¥���ª�z�i�m�����i�k¤¥�;�z����ÄÅ¤¥�z¯ãÄ��m�]�i¤¥�k�m�� 
��¦Ð�«²_�`��´è�z�����i�m¯����z¤¥¦����m�r�i���Ú�z���z¯×·xU�¸ i SnU�¸�YWY§� | U ¿º�² ¢��ª�i����´��z���å���`¤¥� ÄÅ¤¥�z¯ Ä��m�]�i¤¥�� t�¬�i� ìÅ�z���ùcQ�`´�¿�$�¿Å$ ¸º»¥¹l¾gíe�r���������z�����ª��ÄÅ¤¥�ª�
��¤¥�ª�z�`§�¦`�Ì�i¤;�]®_�z�i�m�]� Òª³U'w�¿5"���Î#���ª������¢��z�æ¸ »¥ð��É»Z$l¾v�t�«Ã¥�ú§#����� �z�«�¬¦`�`�ª��  �m��  �i���
�~²_�����«�m¦��«Ãm���i�¬´¥�r�zn��0¯Y� ®h�`��´�¯Y�m´¥���n�i¨� ����`�k¸ »§�l¾�WÒª³U�w(ì·
 Sw í�G n ðg�mñ¥ñ�Ø0ð¥ñ¥ñHøå��Ï S � ì]$�¿"¹mð�í
ë£�����«Ãm���i�¬´¥�;Ã¬�m¦�¨��}�m¦��z¤ �z���z�����]�i�±�i���}�e®������ª�`¯������q�¬¦Ú§��i�m���q���`��´ �z�¬�i��¤­ÄÅ¤¥�©�i���
���z¤_�����ª���¶ø Á�ÁÆ¸ »¥»_�W»�½l¾�¿XcQ�`�t�¬¦`¦�²m�t�ò����¯����t�¬�z�`Ñ��y�i���¬���i�����z��������¤���¤¥�z�ª�`§���¦`�n�~²
�z¤�¢�®��i����Ã¬�m¦�¨��Ú¤mÄ��XnX� ¯��n®h�`��´����� ����#���� ������¡¤mÄ°�]®h�#���z��¯Y���õ�i�m¦W��¤¥���ª�z�i�m�����i��¿



$�ñ %'&)(�*+,.-0/[$43]\_^:`á>�:ü��:�C�a�}ÓqÒ � � � ÷ ê]äåê«çq� ê«ç Ù ßæØ�á¼Û�Úúé���sÛ³��� Ü	��Ê, �Ý�¡#�'���Ï���«��� � �Þ�����®���7�®�àßâá ã��'�Í '��ËÌ�'���¹��]�±ö'§#�æ�z���Â�m¯���¦`�n�i¨� ��åÄÅ¤¥�©�z���} ����«�«²¶µ ø � \ ìä�òíz÷�Oæø Á,QuÁ.Ö#÷�O}ìÅ�v���z�
÷�O0Gæå�Á��°�Xç¬í]�h�i�����å¤¥���k���m���

ö�G ÿ ÷�OEÁ Ö Á Q � è¨é0�uµ ���·ÿ ÷�O�Á Ö Á Q �êè
ë��uµ×��� ì]$�¿�¹�$�í
�v���i�uè é �m�� ²è ë §#���`��´9�z���±Ï �¬¯Y��¦��i¤m���Ð�m����ÄÅ¤¥�x�z���Ì�i�ª�����m�� ³�#����´¥¨����­¤¥�����i���
�i¤¥�ª��¿9À��©���m�³ ���¢����©�i���Ì�z��¦Ð�¬�z��Ã¥�Y¯©�¬´¥�����z¨� ��Y�m�� ­���t�m�z����§#�]�~�ò�����³�i�����z�Ì�~��¤
��¤¥���i�ª�`§�¨h�i�`¤m���v�m�rÄÅ¤¥¦�¦`¤[�v���

öËG5ÿ ÷�O�Á Ö Á Q �êè é �uµ � µ ���¦ì ¤ ý%í ¤ ý%{ ¶ �IöËG5ÿ I÷�O�Á Q Á Ö �êè é � Iµ �#µÐ���¦ì ¤ ý%í ¤ Ö ý%{ ¶ � ì]$�¿�¹g�mí
�v�����ª�dîY�¬�� À�;�m�z�x�ª�i�ª¤¥��´��¬�� 9���«�móú���t�m�ª�����ª���ª�#�����i�nÃ¥��¦�²¥¿¡ë£���è�����m�z�ï�Â�m�ª�`�z���
ÄÅ�z¤¥¯ �z���ú�m�����ª¤¥���ª�Ð�¬�z�ú��¤¥¯è§����t�¬�z�`¤¥�³¤mÄ� ��Hø ¯Y�¬�i�ª�n®­��¦`��¯Y�����i���v���`�q� �`����G
�m�z´�¸nì`� Ñ ���¹ðÑ � íQ��ì�� h �ü�¹ðh � í~¾Q�v�n�i� K G�åxÆ � | çyÄÅ¤¥��µR ����«�«²_�Ú�`����¦`¨� ��`��´Y�����z�����9Á³¤¥���­¿^ �Y�;�ª���z¨�¦��«���z������������ôõ¨t�m¦£�i¤;�z���o~ ì�¤¥���z��� k íy�v�n�i�5~ ìÅ¤¥� k í� ���¢t����  �`�³�z����ª�q�¬�� t�m�ª ,�r�«²�¸ ¹�$l¾�¿åë£���Ì�t�¬�i�m¯����z������ìh�U���k�z�����m§��z¤¥¦�¨��i��Ãm�¬¦`¨���¤mÄ£�i���©�i�l�i�`¤å¤mÄ
�i�z���k�m�� ±�#����´¥¨����9�¬¯Y��¦����z¨� ����JWìJñóòòòò ÿô� \ ì©�òíª÷�O��êè ë � µ �

ÿô� \ ì©�òíz÷çO��êè é � µ � òòòò � ì]$�¿�¹m»¥í
�~�Y¤¥�ª ����U�z¤x¤m§��q�m�����k¦`�m�z´m�r�z��´¥�t�m¦�ÄÅ¤m�L ��`�ª������üHÙ·Ã_�`¤¥¦`�¬�i��¤¥�W�l�ò�v������ ©�ª¤¥¯��¼¯����q�4�
�m���`�ª¯I�i¤©¯Y�mó¬�y§�¤m�i�æ�ª�`��î��m�� Àì�¦Ð�¬�z´¥�¬¿¼À��è�ª�z�z���z� �z�t�¬���zn.�¶¯��n®h����´Y���m�¡�z���
 �¨t�m¦h�m �Ã¬�m���q�¬´¥��� �i�t�¬�°�i�����ª�z�z¤¥��´ ���t�m�ª�r ���Î#���ª�������ò���Q¦Ð�¬�z´¥�¡ì����m�z�ª�`��´ �z���z¤m¨�´¥��ï¥ñnõ
�¬� �z���J�¶�ª���z¤m�t�m�����[í �m�� }�`�v�ò��¦`¦Qóõ��¤[�v� ¸ $�ñ��q$«�¥�#»¥î��#»¥ïh�W½mñh��½���¾�¿�¸¼¤m�i�y�m�¡����¦�¦
�i�t�¬�Ú��¤¥�ªó_����´±�`�æ�z�����t�m�nÃ¥�èÄ��m�]�i¤¥�ª�`Ñ«�l�i�`¤m�}�m�����ª¤��m�q�W�(�z����¤¥��¦n²æ�z¤m¨��z����¤¬Ä��!�i�ª¤¥��´
���t�m�ª�����Ú���z¤[Ã_�` ��� ;§õ²q��n²�·¯Y� ®�����´�¿kÀË���i�}�z���`�Ú¯����q�t�¬���`�ª¯å�W�z¤±¢��z�ª�k¤¥�ª ����Ú���
�`�z¤m�z�����;Ã_�`¤m¦Ð�¬�z�`¤¥�W�(���©�t�«Ãm�©�i����ÄÅ¤¥¦`¦�¤[�v�`��´±�z���z¨�¦n�i�k�v�����­�z���Y����Ãm�¬�z�Ð�¬�õ�x¯Y�m�z�k¤mÄÁ,QuÁ8Öå�`�£���«�m�£�i���¹�0�z���z¤¥���m�����k¯Y�m�z���

ÿ ÷�O�Á Ö Á Q � è é �uµ×�7G STU| U | w Òª³U'w4ª�w!� STU| U ª�U×�
ÿ ÷�OEÁ Ö Á Q �êè ë �uµ×�7G STU| U | w Òª³U'wToEw!� STU| U o#U � ì]$�¿�¹¥½mí

Ï¡���ª� ª � ì��èG[�ú¤m���òí¡�`���z�����i�ª�����m¯���¦`�n�i¨� ��y�m�� «o � �z����������´¥¨��`�;�m¯���¦`�n�i¨� ��
ÄÅ¤¥�����ª¤h �¨����`��´å�©Ãm���]�i¤¥�k¯Y���z¤¥���NÏè�zSTUy�����i������¤¥¨���¦��`��´ÌÄÅ¤m��� \ ø Á,QuÁ8Ö(� Òª�U�w}���



$m3Ó143]\}^~`á>�:ü�+:�C�a�:�CæöÀ��-9%8(�÷0� $��
B
ø

B
ø

M1

M1

πù +

π-

π+

π-

ωú ρû 0

 Πρω

ρû 0

cQ�`´¥¨��z��$�¿®��WÉµÁ ������«²h�¼�v���z��¤¥¨��xìÅ¨��������qí£�m�� ±�v�n�i�,ì�¦�¤ �����iíÍ�zn��0¯��n®h�`��´�¿
�z������Î#���]�i��Ãm���HnX� ¯Y� ®h�`��´��m¯���¦����i¨� ��m���m��  | � �`�rÄÅ�ª¤¥¯ �z�����`��Ã¥���z�z�k���ª¤¥�t�m´��l�i¤¥�
¤¬Ä°�z���ÚÃ¥���]�i¤¥�¼¯����z¤m��Ïy� | � G | nØ
 S � �Ú»�
 � L � � ì]$�¿"¹mî�í
�v�n�i� þ | §�������´­�i���}����Ãm�¬�z�Ð�¬�õ�©¯©�¬�z�Ì¤mÄ��z���¬Á,QuÁ8Ö¶���m�`��¿ À��æ�!�i�z���z���i���¬�Ì�i���
 ��`�z�����x��¤¥¨���¦`����´¨�5ø Á,QuÁ8Ö ���x�]Î������z��Ã¥��¦�²��m§��ª¤¥�z§��� ,�`���i¤ Òª�U�w0¸Å�¬ï��Q»mñh�°»��¥� »¥ð��
»m»¬¾��¡¦`���m ��`��´ �z¤³�i���;�]®h��¦��`���n� |  ����#���� ���������¤mÄ Òª³U�w�¿iø9�¬ó_����´ �i���Â�]®h�t�¬���z��¤¥�Òª³U�w(ì | í+G Òª�U�wWì]
 Sw í'� ì | n5
 Sü í Òª �U�w ì]
 Sw í]�(�z���ï� n¦�=¯Y� ®�����´Ì�t�¬�i�m¯����z���z�������ª�
 ����i���z¯��`���� ��`�y�z���r¢��L¤¬ÄuÎk�m�ª ������L�m��  Ç O® ò¤¥������¦`¦(¸ »§�l¾�W ä ¤ Òª�U�w�ì·
 Sw í�G°n ð§�¬ñ¥ñvØ
ðmñ¥ñ§øå��Ï S � î 
 Òª�U�wWì]
 Sw íoGin¡ð¥ñ¥ñ�ØËð¥ñ¥ñgøå�JÏ S �m��  Òª �U�w ì]
 Sw í9GDñ � ñ¥ð�ØËñ � ñZ$�¿�~�Â���z�m���z�`���m���z������Î#���]�x¤¬Ä �z���è ����z�nÃm�l�i��Ãm�y�i���z¯ �`������´¥¦`��´¥�`§�¦`�m¿!ct�ª¤¥¯PÊLôõ��¿Lì]$�¿"¹g�h�$�¿�¹¥½míò¤¥�����t�m��� ì ¤ ý%í ¤ ý|{ G Òª�U�wToEw�� | wxo#UÒª³U'wmª�w!� | wmª�U � ì]$�¿"¹mï�í"��]¢t������´�� oEwª�U ñâì � ¤ ýþý|í©ÿ Q {�� � ª�wª�U ñ½~ ¤ ý%í�� � o#UoEw ñ�� ¤ ý%í�� � ì]$�¿ ð¥ñ�í
�v�����z�Äî j �±î�s��m�� ]î � �m�z�±�!�i�z¤m��´,�����m�z���}ì��¬§��z¤¥�ª���i�nÃ¥�±�t�m�!�eí��¬���z��¤m�ª�� ��`�!�q�m�����m¿
Ç �������m�å�ª���v�ª���i��ÊLô ¿°ì]$�¿"¹mï�ír�¬�� ±¤¥���Ú¢t�� ��v�i����ÄÅ¤m¦`¦`¤[�v����´è�]®h���ª���ª�z�`¤m�W�ì ¤ ý|í Gcì � ¤ ý%í ÿ Òª³U�w!�5� ¤ ý%í�� | w| wH� Òª�U�w�~ ¤ ý%í�� � ì]$�¿ ð�� í



$õ¹ %'&)(�*+,.-0/[$43]\_^:`á>�:ü��:�C�a¹��]�z�z�`��´�� ~ ¤ ý%í�� G3·��.S4»Q� � ¤ ý%í�� GËv��Ú©�»w� ì � ¤ ý|í­ÿ G�Æ+� ¤ »o� ì]$�¿"ð�¹mí
�m�� ±¨��z����´YÊÉô ¿ ì·$�¿"ð�� í]�����k¤¥§��q�¬�`�Ì�i����ÄÅ¤m¦`¦`¤[�v����´è�z���z¨�¦n�v�v����� þ |�¢ 
ywuWì ¤ ý%í G ü=�Ú»s�

ì | nç
 Sw �]· ä ¤ Òª�U�w nuS î 
 Òª�U�w�í S �·ìs· î 
 Òª�U�w!�²S ä ¤ Òª³U�w4
yw«Lzw�í S �
ì]$�¿"ð¥ð¥í

�v�����ª�yü �¬�� Ä� �m�ª�Ú ���¢����� 9�m��W
übG Ç | nØ
 Sw �]· ä ¤ Òª³U�w nuS î 
 Òª�U�w È � Æ ¿ ä ¤ Òª�U�wH�Úv¬ì | nç
 Sw í8nç©²
yw�Lvw Ãn ¤ ¿ î 
 Òª�U�wH�Úv²
yw�LzwH�Ú©mì | nØ
 Sw í Ã��� Ç · î 
 Òª�U�wH��
yw�Lvw��²S ä ¤ Òª�U�w È � ¤ ¿ ä ¤ Òª�U�w!�Úvlì | nØ
 Sw í8n�©²
yw�Lvw Ã�ÚÆ ¿ î 
 Òª�U�w!�5vY
yw�Lvw��5©¬ì | nØ
 Sw í Ã�� � ì]$�¿"ðZ$�í

�m�� W�� GèÇ | nç
 Sw ��· ä ¤ Òª�U�w×nXS î 
 Òª³U�w�È � ¤ ¿ ä ¤ Òª³U�wH�5Æ�ì | nØ
 Sw í8n�©²
yw«Lzw Ã�5Æ ¿ î 
 Òª³U'w!�5vY
yw�LzwH�5©¬ì | nØ
 Sw í Ã	�n°Ç'· î 
 Òª³U'w!�Ú
yw�Lzw!�²S ä ¤ Òª³U'w�È � Æ ¿ ä ¤ Òª�U�w!�5vlì | nç
 Sw í8nØ©�
yw�Lzw Ãn ¤ ¿ î 
 Òª�U�w!�5vY
yw�Lvw��5©¬ì | nØ
 Sw í Ã�� � ì]$�¿"ð§�mí
ë£���±ô_¨��m���i���z�`���¡~ ¤ ý%í�� �0� ¤ ý%í�� �m�� ]ì � ¤ ý%í©ÿ �v�`¦�¦ò§��±�«�m¦���¨�¦`�¬�i�� ³¦Ð�¬�z����¿,�~� ¤m�z ������z¤
´¥���v�i���xüHÙDÃ_�`¤¥¦`�¬�i����´��m�!²_¯Y¯����z�ª²¥��¬§Ý�
��t�z�����}�m�� ú��¤¥�Ó�}�m�ª�k������ ��� W� �v�����ª���æ���
 ����z���z¯��`���� }§�²9�z���� ��Hø ¯Y�¬�z�z�n®å��¦`��¯������z��¿k�~�Â�z���èÀ�¤¥¦�ÄÅ�����ª�z���`�}���m�i�m¯����z�z��Ñ«�x�
�i�`¤m�;¸ �[îh�N�[ï¬¾��t¤¥�����t�m�£ÄÅ¤¥�r�z���� ������«²úµ5ø � \ ì©�òíEÁL�

�z�����
G �
 ¸ ��ì��)nX�_í�n � S ¾ S � � S �
��¤¥�Ó�
G ��ì��9n.�_í8n � S
 ¸ ��ì��)nX�_í�n � S ¾ S � � S � ì]$�¿"ð¥»¥í



$m3Ó143]\}^~`á>�:ü�+:�C�a�:�CæöÀ��-9%8(�÷0� $¥ð
�¬�� úÄÅ¤m�r�i���� ����«�«²úµDøÑ� \ ì©�òí��'¤¥�����t�m���

�z�����
G n �
 � S � � S �
��¤¥�Ó�
G n��
 � S � � S � ì]$�¿ ð�½¥í

ë£���kÃ¬�m¦�¨����£¨��ª�� úÄÅ¤¥�H�Ì�m��  � �v��¦`¦#§#��´¥�nÃ¥���±���±�z���ÚÄÅ¤¥¦`¦�¤[�v�`��´è�q���m���i����¿���sÛ³��� Ü	��Ê, �Ý�¡#�'�Í�Ï�Ð�«��� � �Þ�����®���7�®�����Ì�+��Ê��¹�������Ì��Ë#�'��¡
�~���i������¨t�¬�zó�øå¤_ ���¦��Q�i���Y ��Ð�¬´¥�i�m¯ ì]cQ�`´}$�¿®�ú�i¤m� ík ����z���z�`§��`��´ú�i����µãø � \ ÷�O
 ����«�«² ìg�v���z�Ë÷�O¬G å�Á'�°�Xç¬í����©�i���}¯Y�m���0��¤m�õ�z�z��§�¨��i��¤¥�W¿ �~��¤¥¨��©�«�m�ª�m�¡�z¤³§#�
��¤¥���ª�`�ª�z�����«�l�ò���z��¤m¨�¦` x�m¦`�ª¤£�q�mó¬�����õ�z¤¼�m����¤¥¨����°�z���Ð��n��}¯��n®h����´v��¤¥���i�ª�`§�¨h�i�`¤m�©ìÅ�z���c°�`´H$�¿É�Ú§�¤m�z�z¤¥¯ÌíQ�v�����©�����«�m¦���¨�¦`�¬�i�£�z���¡§��i�m���q���`��´x�i�¬�z�`¤��õ�z�������v���Ú�m�z�v��¤¥�zóõ�`��´
�z¤y�i���¡¢t�ª�ª�£¤¥�ª �����¤mÄ��`�ª¤¥�z���`�©Ã_�`¤m¦Ð�¬�z�`¤¥�W¿ ë£���Ú�¬����¦`���«�¬�z�`¤¥�����ò�ª�z�i�m��´¥���zÄÅ¤¥�!�r�¬�z ��m�� 
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Õ Äº�Å  Æ_Ç_È�Éæå[çè Àêé �ë ì�í é ÆMî � ïð � ñ ¬ ì�ò Æ\Ç Ê ó ì Ê �^ô�õ ÄÜÛH�öÀyÈá�Û



á�÷ ø�ù�ú�û�ü9ý�þ ÿ � ��þ©ú��Sø�ù����	� þ©ú�ü
����
 �������~����¥��ÄÜÛJ�WÀyÈC¤�p|{V{	w|pUtTjVpU�k{Vs�lRiZp�wUsv��s�sY~½jV~�rTtTxHuk�knYs�u½jV~½p qGtTs�wHjmxy�klSnFiZp|qGr}s�toÄºl�sYsà iZpUqGrTsYt	�yÈC�oh�iks?rTsYtT¦ uks�~kxUrTsYuzÆ î � ïð � ñ t�sYqkt�sYl�sY~�r}lSrTiks à���� ¦§p|r}t�jfª s�{Vs�¦§s�~QrTljV~�wyxy{fwys�u�jV~zr}iks�rTtTs�s pU~ku q�s�~k�y�kjm~�ukjãp|�yt}pU¦«lY¤���xyt§rTiks��vjm~QrTx��¸pU~ku��ojm~�r}x� r}t}p|~klTjfr}jVxU~klY¤JtTsYl�q�s�n�rTjmwys�{m�"!Æ îð É Ê Æ ð�# Æ%$ð�& ÊÆ îñ É Ê Æ ð�# Æ $ð ñ Ê ')(* ��xyt +�É Ý Ú À p|~ku Æ ïð É Ê Æ-, # Æ�$, & ÊÆ[ïñ É Ê Æ-, # Æ $, ñ Ê ')(* ��xyt +9É.� Ú Ý�ä õ
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T ÆMîð � ñ Õ î Í Äô¬ é
Ú ¬ Ñ ÈUHzÆ ïð � ñ Õ ïÍ Äô¬ Î

Ú ×�×�× Ú ¬ é � ÈWV8 T Æ[îð � ñ Õ îX�Ä´¬ é
Ú ¬ Ñ ÈUHzÆ ïð � ñ Õ ïX�Äô¬ Î
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o�psrqpsr v�|�~2» ¼?wyx{z}|�~-½h�iGsØ��xyt�¦5�ºpUn�rTxytTl ¨ ì Äô¥ Ñ È¹pU~ku Õ 6 Äs¥ Ñ È^uks�q�s�~ku xy~ÔrTiksAjV~k~ks�t§l�r}t��kn�rT�ktTs x|��r}iGsikpUuktTxU~klY���2s�¨©jm{V{Zp|ukxyqGr�iks�tTs�rTiktTs�s�uGj¾/�sYtTs�~�r�rTiksYxyt�s�rTjVn�p|{¥pUqkqkt�x�pUnFiks�lY��h�iks©�ZtTl�r¨¡pUl©qkt�xyq�xUlTsYuA���À¿�pU�GsYtY¤"ÁQr}sYnFiO¤¥pU~kuo�¸jVtT��sY{�¼Þ¾¯�G¤¥¾|áUÁ�ÄZ¿qÁH� ¦«xJuks�{�È;¤J¨©ikx«�klTs�urTiks�x�wUsYtT{VpUq?jm~�r}sY�Ut}pU{ml�xU�O¨�p�wys����k~kn�rTjVxy~Gl�jm~?xyt�uksYt�r}x_s�w|pU{V�kp|r}s©r}iks�¦§s�lTxy~´Â�¦«sYlTxU~¦§p|rTtTjfªØs�{VsY¦«sY~�rTl�xU��r}iks^n�xytTt�sYl�q�xy~GukjV~k�vn��ktTt�sY~�r��\h�iks¹¦«xy¦§s�~�r}�k¦êuks�q�s�~kuksY~GnYsx|��rTiksA��xUtT¦ �ºp|n�r}xUtTl¹jVl^�Zp|lTsYuÔxy~Ôp l�jV~k�U{Vs�Â q�xU{Vs p|~kl}p|rT»U�zh�iksAlTsYn�xy~kuÔxy~ksv¨�p|luGs�wys�{Vxyq�sYuz���¡ÃM�kxLpU~ku¡���Zp|~k�ÔÄ>Ã4��¦§xHuksY{ãÈ?¼¿¾yÛ�ÁÂ��h�iksC� ¦§xHukjm�ksYu�r}iGsÀ¿qÁH�¦«xHuksY{£���A�klTjm~k�?l�xy¦§s\¨�p�wUsR���k~knCr}jVxU~kl�uks�lTn�tTjV��sYu�jV~ØrTiksR{mjV�yi�ruÂ�nYxU~ksM��t}pU¦«s�¨�xyt�G¥�
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 �����h�iksn¿�ÁH� Ä>Ã4��È�¦«xJuGsY{Vl�¨©jm{V{k��s�{ãpU��sY{m{VsYu^¦«xHuksY{ml�ÝQÄÜÀyÈ	pU~Gu?¦«xJuks�{Vl��ZÄ�áQÈ	pUnYn�xytTu´ÂjV~k� rTxorTiksS��xyt�¦"�ºpUnCr}xyt�lY¤ ¨ é Äô¥ Ñ È�pU~ku Õ � Äs¥ Ñ È;¤£�yjmwUsY~ jV~��y�¥��ÄÜÛJ�©Ä�È�¨©iks�tTsjÅ½ÉßÝpU~ku�ÀH¤�t�sYl�q�s�n�r}jfwys�{m�y�©h�iks_{ãpUl�r�¦«xHuksY{=¨¡pUl��Ujmwys�~ ���<¿�pU{V{�¼¿¾U÷H¤=¾y¾�ÁÜ�q��~Ør}ikjml�nYpUlTs|¤r}iks^��xyt�¦ �ºpUn�rTxytTl\pUt�s§nYpU{Vn��k{ãp�r}sYu���t�xy¦ÇÆ à �æl��k¦�tT�k{msYl[xy~ r}iks«{Vjm�yi�rKÂ nYxy~ksSpU~ku{Vs�p|ukjV~k��r�¨©jVl�r�n�xy~�r}t�jV�k�GrTjVxy~GlY¤ytTpUukjãp�r}jmwUs¡n�xytTt�sYn�rTjVxy~GlY¤QpU~kuÉÈ¸ÊSÄZ��ÈsÂ��kt�s�p9GQjm~k�Ms�/�sYnCr}lpUtTs\jV~kn�{V�kuGsYu=�©h�ikjml�¦«xJuks�{¬¨©jV{V{¬��sR{VpU��sY{V{msYuo¦«xJuks�{�ÄÜÛyÈ;��Ë�s�wUsYt�rTiksY{msYl�lY¤£pU{m{=r}iks�lTs¦§xHuksY{ml£�klTs�qGiksY~kxU¦§s�~kxy{VxU�yjVnYpU{U��xyt�¦ �ºp|n�r}xUtTl£¨©ikjVnFi^p|tTs¡qkpUt}pU¦«s�rTtTjm»YsYu_���_¦§p9GQjV~G�r}iksS~Gs�pUt�sYl�r[q�xy{msSukxy¦«jV~Zp|~knYsRpUlTl��k¦§qJr}jVxU~=�Mh�iks¹sCªJqk{mjVnYjfr¹¥ Ñ uGsYq�sY~kuks�~knYs¹xU��rTiks��xytT¦ �ºpUn�rTxyt�jVl©pUl_¼¿¾yÀJ¤¥¾¯�G¤¥¾|ák¤�¾UÛH¤�¾U÷H¤�¾y¾�ÁZ!
¨ é Äs¥ Ñ È�É Ì éÍ Ý�H OºÎÏ Î Ð�Ñ{Ò

Ú
Õ � Äô¥ Ñ È�É Ì}Ó SÍ ÝqH OBÎÏ ÎÔ S Ñ{Ò

Ú
xyt
¨ é Äs¥ Ñ È	É Ì éÝ�H ¶ é OBÎÏ ÎÕ 8 � é Í OBÎÏ ÎÕ�Ñ Ñ

Ú
Õ � Äs¥ Ñ È�É Ì}Ó SÝ�H ¶ � OBÎÏ ÎÕ 8 � � Í OBÎÏ ÎÕUÑ Ñ ÚÄÂÛJ�EÄyÈ¨©iksYt�sÖÅØÉ(Ý Ú ÀJ¤kÐ Ó S �¸Ë�xUr}s\pU{mlTx^r}ikp|r©Ð é pUt�sMr}iks[q�xy{VsM¦§pUlTl�sYl�pUl�lTxHnYjãp�r}sYuo¨©jmrTir}iksRrTt}pU~GlTjmrTjVxy~�nY�kt�tTsY~�rY¤ Ì é pU~Gu Ì}Ó S pUtTsSrTiksRw|pU{m�ksYlMxU�	��xUtT¦ê�ºpUn�rTxytTl[p|r¹¥ Ñ É äG¤pU~ku ¶ ì p|~ku�� ì Ä×+9É ä Ú Ý�È�pUt�sMqZpUtTpU¦§sCr}s�tTl©jV~vr}iGs\¦«xHuksY{=x|�`¿�p|{V{Ü�­o®BØ ÙÚg�³ mM²�¶fe©´Sµ ¶fiÜÛÜgDh	· ´	iÜk m�Ý<ÛbmM²�¶�³ m�iÞh�´Sµ ²ym�ß·`g�µ�h	·

oqp>à�put ábâäã å`w�æKç�èé½��~ xy�ktØ~H�G¦§s�tTjVnYpU{[n�pU{mnY�k{Vp|r}jmxy~klv¨�s�iZp�wys�l�s�wUsYt}p|{SqZpUtTpU¦§sCr}s�tTl�! � Ñ Ú : ;s=?=@ ¤\pU~kur}iks à���� ¦§p|r}t�jfª�sY{Vs�¦§s�~�r}lojV~¸r}iks��2xy{m��s�~kl�rTsYjm~*qZp|t}pU¦«s�rTtTjV»Yp|r}jmxy~=� F lØ¦«sY~´Âr}jVxU~ksYu½jm~ à iZpUqGrTsYt§ÀJ¤	r}iksvw|pU{m�ks xU� � Ñ jml^nYxy~�wys�~�r}jVxU~ZpU{V{f��nFiGxylTs�~Ôr}x ��svjV~�rTikst}pU~k�Us¹äGõE��ê � Ñ?ë Ð # Ñ ê(äGõöÛH�^h�iks à���� ¦?p�r}tTj�ª�¤O¨©ikjVnFiLlTiGxy�k{VuL��s«uGs�r}s�tT¦«jV~ks�u��tTxy¦(sCªJq�s�tTjm¦§s�~Qr}pU{kuZp�rFpG¤�jml	sCªJqktTs�lTl�sYu jm~Sr}sYt�¦§l	x|��rTiks���xy{f��sY~kl�r}s�jV~^qZpUtTpU¦«s�r}s�tTl�¤
Õ
Úqì¬Ú ¢Z¤�pU~ku<íL¼�Ý Ï ¤£Ý²Ä�ÁÂ�q��s�tTs|¤�¨�sRl�iZpU{V{£�kl�s\rTiks\{ãp|rTsYl�r�w|pU{V�GsYl_¼Þ¾ Ï Á£¨©ikjVnFiA¨¡s�tTssCªHr}tTpUn�rTsYu ��tTxU¦ nFikpUtT¦«{Vs�lTl�l�sY¦«jV{Vs�qGr}xU~kjVn�� uks�n�p��HlY¤£Ä Ê Æ ð�# Ê ÈC¤HnFiZpUt�¦æl�sY¦«jV{msYqGrTxy~kjVn� uksYnYp��Hl�¤ Ä Ê Æ @7# Ê È;¤- [pU~ku ¶ ¦?p|lTl�xyl�nYjV{m{ãp|rTjVxy~GlY¤\î^Ð ñ Ú î^Ð & ¤Zp|~kuÀ1_Ç wHjVxy{Vp|r}jmxy~§jm~r}iks4G�pUxy~ol��Hl�r}sY¦ Ä Öºï È;¤ Äº¢ Ú íGÈC����sY~kn�sU¤¥xy~ks[iZpUl�¤ì É,äGõWÀyÀ9��¾ Ú Õ É,äJõ Ï ÝUÝ²� Ú äGõfÝ²Äyä^ê�¢aê äGõWÀU÷ Ï Ú äGõWÀ Ï á�ê�íðê äJõE�y÷U÷¹õRÄÜÛH�mÝ�äyÈh�iksYl�s\w|pU{m�ksYl©tTs�lTq�sYnCr�rTiks[�k~kjfrFpUt�jmr��?rTtTjVpU~k�y{msMpUl�¨�sY{V{�Ä�lTs�s_h9pU�k{ms\ÛJ�mÝ�ÈC�
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N õ ±Äº¢ Ï ì Ò Ú í Ï ì Ò È Ý�äUá9öTáQ¾ Ý²Ä9öº�yÀ ÛU÷9ö}ÀJÝÄº¢ Ï ì Ò Ú í Ï�÷uø È Ä��9ö�Ý²� À|á�öº�JÝ ÷�À¯ö}ÛU÷Äº¢ Ï�÷�ø Ú í Ï ì Ò È ÝyÝ�ÀùöYÝ�á ÀJÝföFÀ|ä á�÷9öT÷y÷Äº¢ Ï�÷�ø Ú í Ï�÷uø È Ä�Ä9öT÷y÷ ÀU÷9öFÛ|÷ Û9�9ö}¾ Ïh9pU�k{msvÛJ�fÝ�!^ú�pU{m�ksYlSx|��r}iks à���� �k~GjmrFp|tTjmr�� rTtTjãp|~k�y{Vs¹��xyt_{VjV¦«jmrTjV~k� w|pU{m�ksYl_xU��r}iGsà���� ¦?p�r}tTj�ª s�{Vs�¦§s�~QrTlY�

o�p>à�psr ûüç�wy~-ýþ»ÿwy½ ½�èé½h�iGs�t��k~k~kjm~k�Ö�Q�Zp|t�GS¦§pUlTl�sYl�pUtTs©�kl�sYu jm~¹xytTuks�t	r}x\n�pU{mnY�k{Vp|r}s�rTiks©¦?p|rTtTj�ª^sY{msY¦«sY~�r}lx|�©q�s�~k�y�kjm~½xyq�s�t}p|rTxytTl�� h�iksÞ�Q�ZpUtKG2¦§pUl�lSjVl\rFp9G|sY~zp|rRrTiks l�n�pU{ms ��� Ð # jV~��uGsYn�p��HlY��h�iks�tTs���xUtTs\xy~ks[iZpUl_¼¿¾9Ä|ÁÂ¤Ð ð Ä � É¸Ð # È�É*ÀJõ©� � s�ú Ú Ð & Ä � É Ð # È�É ákõÞ÷ � s�ú ÚÐ ñ Ä � É¸Ð # È�É Äyä � s�ú Ú Ð # Ä � É Ð # È�É ákõ©Ä�Ã[s�ú Ú ÄÜÛJ�fÝyÝ�È¨©iGjVnFi�n�xytTt�sYlTq�xy~kuGl_r}xØÐ ñ Ä � É ÝðÃ[s�ú\È_É ÝYá�ä � s�ú«�À[Zxyt_¦«sYl�xy~�¦§pUl�lTsYl�¤�¨�sl�iZpU{m{=�klTs[r}iGs[��xU{V{Vx�¨©jm~k�Rw|pU{V�GsYl\¼¿À|áUÁZ!Ð Ù P É ÛJõWÀy¾9Ä4ÃMs�ú Ú Ð Ù-S É*ÛJõöÀU¾9Ä�Ã[s�ú ÚÐ ï P É,äGõ¿áRÄ��4ÃMs�ú Ú Ð ï S É äGõÞá�Ä�¾4Ã[s�ú ÚÐ�� P É,äGõfÝ²��Ä4ÃMs�ú Ú Ð�� S É äGõmÝf��Û4Ã[s�ú ÚÐ Í S É,äGõW¾U÷�Ä4ÃMs�ú Ú Ð X É äGõö¾ Ï À4Ã[s�úâõ ÄÜÛJ�fÝ�ÀyÈ
o�p>à�p>à v�|�~2» ¼?wyx{z}|�~-½�w������%èéx�w
	 x�|¸��½´z�w���z}½��~\h9pU�k{Vs�l ÛJ�WÀ©p|~kuSÛH�E��¨�s�{mjVl�r=r}iks�t�sY{VsCw|pU~�r¬��xytT¦ �ºpUn�rTxyt=w|pU{V�ks�l£p|r »Ys�tTx©¦§xU¦§s�~QrT�k¦rTt}pU~Gl���sYt�¼¿¾9�J¤�¾|ák¤�¾yÛH¤�¾U÷J¤�¾U¾H¤ Ï ä�Áy��xyt=r}iGs��Å  ��¤U�( �¢Z¤UpU~Gu_�( 5�«rTt}pU~GlTjmrTjVxy~GlY�h�iGs�ukj /Os�tTsY~�r¡¦§xHuksY{ml�pUtTs�uks��Z~GsYuopUl���xy{V{mx�¨©l�!�¦«xHuksY{ml�Ä Ý�È�pU~ku Ä×��È�p|tTs©r}iksn¿qÁH�¦«xHuksY{£¨©iksYt�s^r}iks � Ñ uks�q�s�~kuksY~GnYs¹xU��r}iks_��xytT¦ê�ºpUn�rTxytTl�jVl�uks�lTn�tTjV��sYu���� p lTjV~G�y{VsÄ7ÅLÉ Ý�È�pU~ku p«ukxy�k�k{ms�Â q�xy{ms Ä7ÅLÉÅÀyÈ�pU~klTp|r}»|¤=tTs�lTq�sYn�rTjmwUsY{m�U� � xHuksY{ml^ÄÂÀyÈ�pU~Gu ÄºáQÈp|tTsMr}iksÖÃ4� ¦§xHuksY{�¨©jmr}ivrTiks[l}pU¦«s[¦§xy¦«sY~�rT�k¦âuks�q�s�~kuks�~knYs^p|l�¦«xHuksY{ml[Ä�Ý�È�pU~GuÄ×��ÈC� �2s«uGs��Z~ks¹r}iGs«uGsYn�p���n�xy~kl�rFpU~�r}l[��xytMqkl�sY�kuGxylTnYpU{ãpUt§Ä�� ï È�pU~GuLwUsYn�rTxyt§Ä
� Ò È¦«sYl�xy~kl�pUl©�kl��ZpU{¬���y¤ ò Ç§Ä � È Ê �� é ± £ ±´³º� Ñ Ê ä�ô�É H�+�� ï � £ Úè À ò Æ?Ä � È Ê �� é ± £ � Ñ Ê ä�ô�É�� Ò Ð Ò Ö Ò Ú ÄÜÛJ�fÝ²��È
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Ì}Ó S Ì é Ð Ó S Ð é ¶ � Ä ¶ é È � � Ä×� é È¦«xJuGsY{�Ý äG�öÀ Ï ä äG�WÀ9Äyä ÛJ�öÀU¾ ÛJ�E�yÀ¦«xJuGsY{¬À äG�E�|á�ä äG�Þ÷�ÀyÛ ÛJ�öÀU¾ ÛJ�E�yÀ¦«xJuGsY{�� äG�öÀ Ï ä äG�WÀ9Äyä ÛJ�öÀU¾ ÛJ�E�yÀ¦«xJuGsY{Oá äG�E�|á�ä äG�Þ÷�ÀyÛ ÛJ�öÀU¾ ÛJ�E�yÀ¦«xJuGsY{¬Û äG�E�y¾yÀ äG�©�yä�Û Ýy�¿á�äyäZÄºäG�WÀU÷y÷�È äG�¿áR��¾kÄ�Â äG�W¾yÛyÀUÈ

h�pU�G{Vs\ÛJ�WÀ !�[ZxytT¦æ�ºpUn�rTxyt�w|pU{V�ks�l���xyt©�(  ¢y��p|r�¥ Ñ É,äG�
Ì}Ó S Ì é Ð Ó S Ð é ¶ � Ä ¶ é È � � Ä×� é È¦«xJuGsY{�Ý äG�öÀ Ï ä äG�©�y÷yä ÛJ�öÀU¾ ÛJ�ÞáGÝ¦«xJuGsY{¬À äG�E�|á�ä äG�W¾U÷�À ÛJ�öÀU¾ ÛJ�ÞáGÝ¦«xJuGsY{�� äG�öÀ Ï ä äG�©�y÷yä ÛJ�öÀU¾ ÛJ�ÞáGÝ¦«xJuGsY{Oá äG�E�|á�ä äG�W¾U÷�À ÛJ�öÀU¾ ÛJ�ÞáGÝ¦«xJuGsY{¬Û äG�E�y¾yÀ äG�©�UákÝ Ýy�¿á�äyäZÄºäG�¿ákÝ�ä�È äG�¿áR��¾kÄ�Â äG�©�y÷GÝ�È

h9pU�k{ms\ÛJ�©��!�[¥xUtT¦æ�ºp|n�r}xUt�wUp|{V�ks�l���xyt©�Å �¢Q� p�r�¥ Ñ É äG�¨©jmr}i � £ ��s�jV~k��r}iGs�¦«xy¦«sY~�r}�G¦ xU�Hr}iks�qkl�sY�kukxUlTn�p|{ãpUt ¦§s�lTxy~O¤|Ð Ò p|~ku Ö Ò ��s�jV~k��rTiks¦?pUl�l�pU~Guvq�xy{VpUtTjm»�p|rTjVxy~^wUsYn�rTxyt�xU�¬rTiks�wys�n�rTxyt�¦§s�lTxy~O¤GtTs�lTq�sYnCr}jmwUsY{f�y��Ë��k¦«sYt�jVnYpU{V{f�y¤jV~oxy�kt�nYpU{Vn��k{ãp|rTjVxy~GlY¤J¨�sMrFp9G|s ¼¿À|á�ÁÜ¤
� � É Ý²�yÀ � s�ú Ú � ï É Ý�÷yä � s�ú Ú � Í�� � X É,ÀUÀJÝ � s�úâõ ÄÜÛH�mÝ�á�Èh�iks^¢�p|~kuDI*uksYnYp�� nYxy~kl�rFpU~�rTl[pUtTsSwUsYt���nY{mxylTs¹pU~Gu ��xyt�lTjm¦§qG{Vjm�kn�p|rTjVxy~�Ä�¨©jfr}ikxy�JrpU~��vnYxy~GlTs��Q�ks�~knYs�l���xyt�t�sYlT�G{mr}l}È¡¨¡s\nFikxHxylTs�� Í É�� X �h�iGs ~Q�k¦§s�tTjmn�pU{�w|pU{V�GsYl§��xUt«rTiks à���� ¦§p|r}t�jfª s�{VsY¦«sY~�rTlvÆ î � ïð � ñ ¤�rTiksØ�¸jm{VlTxU~nYxHs�0«nYjmsY~�r}l�¤{1 ì ¤¥rTiksR¢ÖHbI ¦«jfªJjV~G�§p|¦§qk{mjmrT�kuks Yª Í X ¤Zr}iks\qZpUt�r}jmnY{Vs[¦§pUlTl�sYl�¤�Ð Ò � ï ¤¨©ikjVnFiApUqkq�s�p|t�jV~À�y�¥�£ÄÜÛH�ÞáQÈ;¤kiZp�wysM��sYs�~�p|{V{�tTsYq�xyt�r}sYuoxy~ à ikpUqGr}s�tTl�ÀJ¤-�J¤Gá¹pU~kuØÛJ¤tTsYl�q�s�n�rTjmwys�{m�U� h�iks�[ZsYtT¦«j�nYxy~kl�rFpU~�rvjml§r}p9GUs�~ s��Q�ZpU{�rTx½��s å\ç É ÝUõmÝ�÷U÷���ÄGÝ��Ý�ä A ³ ÃMs�ú AHÑ ¼ÞÀ|á|Á�pU~Gu���xyt_rTiks§rTxUrFp|{¡� uGsYn�p��L¨©jVuGrTi=¤	Ã Ù ÄÜÉ�Ý ë�� Ù ÈC¤9¨¡s �GlTs?rTiks¨¡xyt�{VuRp�wUsYtTpU�ys��*{Vjm��s?Â rTjV¦«s�w|pU{V�ks�l�Ä�nYxy¦R�kjV~ks�uRt�sYlT�G{mr}l ��tTxy¦ F�� �����_¤ à �%[¡¤ù�%� � Â�����F¤ � �G¤���� F�� pU~kuDÁ � �[ÈM¼Þ¾ Ï ¤ Ï Ýy¤ Ï À�ÁZ!

� Ù S É ÝyõWÛ|á�÷���äGõÞä�ÀJÝ©qkl Ú� Ù�� É ÝyõÞ÷UáQ¾ ��äGõÞä�ÀJÝ©qkl[õ ÄÜÛH�mÝ�ÛUÈ
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[9jV�y�kt�s ÛH�öÀ !�¿�t}pU~knFiGjV~k� tTp|r}jmxA��xUtS� �   ¢ � � � ��xyt_¦§xHuksY{ml§Ý�ÄÜÀyÈ;¤ � Ñ ë Ð Ñ# ÉßäGõ©�p|~kuÔ{mjV¦«jmrTjV~k�ow|pU{V�ks�l^xU��r}iks à���� ¦§p|rTtTjfª�sY{msY¦«sY~�r}l��¡ÁJxy{mjVu½{Vjm~ks Ä�ukxUrTrTsYuz{Vjm~ks�È��xUt�¦«xJuGsY{¡Ä�Ý�È©pU~ku ¦§p�ª�Ä�¦§jm~¥È à���� ¦§p|rTtTjfªAs�{Vs�¦§s�~QrTlY����xUrKÂ uZpUl�iksYu {mjV~ks?ÄºuGxUrKÂuGxUrKÂ uZpUlTiGsYuA{VjV~Gs�È���xyt¡¦§xHuksY{	ÄÜÀyÈ�pU~GuA¦§p�ª Äº¦«jV~¥È à��Ö� ¦§p|r}t�jfª?sY{Vs�¦§s�~�r}lY��ÁJpU¦§s~GxUrFp|rTjVxy~op|l�jm~�[�jV�k�kÛJ�fÝ[��xUt�r}iks[ikxyt�jV»�xy~�rFpU{={mjV~ks|�à � �'�S¤ù¿ F ¿ F�Ô pU~kuÖ¿�� �?� ���¯[¥xUt£� A   ¢ A � � ¤�r}iks�{ãp|nBG�xU�kukp|rFp©ukxHsYl ~kxUr9pU{V{mx�¨�Gl[rTxouks�rTsYtT¦«jV~GsSr}iks¹t}p|~k�ysU�j��x�¨�s�wUsYt�¤�sCªJq�sYt�jV¦«sY~�r_pU~ku�r}iks�xyt���pUtTs¹nYxU~klTjml�r}s�~�rjm~ ��xUr}ivnYpUlTs�lY��[Zxyt�� A   ¢���� A ¤GrTiks�¦«xJuks�{Vl�lTikx�¨*nYxy~kl�jVuks�t}pU�G{Vs�w|pUt�jãp|rTjVxy~«s�wUsY~rTikxy�k�Ui«rTiks��«pUt�s�pU{V{kn�xy~kl�jVl�rTsY~�r�¨©jmr}i^rTiks�s;ªJq�s�tTjV¦«sY~�r}pU{ZuZp|r}pG�`Ë��k¦§s�tTjmn�pU{kt�sYl��k{mrTl��xUt�¦«xJuks�{VlRÄ�Ý Ú ��È�p|~kuzÄÜÛyÈ�pUtTs_nY{mxylTs|¤=pUlMp|tTs_rTikxyl�sR��xyt�¦«xHuksY{ml^ÄÜÀUÈ�pU~GuzÄºáQÈ;���2ss�¦§qGiZpUlTjmlTs©r}iZp�r�rTiks�s�/Os�n�r�xU�¬¢qHÞI ¦§j�ªJjV~k�[xy~«r}iks��kt}pU~GnFikjV~k�_t}p|rTjVx\�S�Ø  ¢��}�¬�nYpU~v��sMpUl�{VpUtT�ys�pUlq�yä5×v� F l�t�sY��p|tTukl �� �  �¢ A � ) pU~Gu �� �  �¢ � � � ¤Hr}iks�t�sYl��k{mrTlp|~ku nYxy~kn�{V�kl�jVxy~Gl[pUtTs^ukj /Os�tTs�~QrM��t�xy¦"rTikxyl�s¹��xUtM�S�   ¢��}�£�9�	� ��¨�s¹{VxHx�GØp|r�r}iGs�Gt}pU~knFiGjV~k�¹t}p�r}jVx_��xyt��R�¡  ¢Q���
4�¤kxy~k{f�?¦«xHuksY{mlMÄÜÀUÈ�pU~ku2ÄºáQÈ�pUtTs�n�xy~kl�jVl�rTsY~�r©¨©jmrTirTiksMsCªJq�sYt�jV¦«sY~�rFpU{OuZp|rFpSx�wUsYt©p^{ãpUt��ys�tTpU~k�ysMx|�U: ;s=?=@ ¤G¨©iks�tTs�p|l�¦«xHuksY{mlMÄ�Ý Ú ��È¡pU~GuÄÂÛyÈRpUt�s ~kxUrY� h�iksvl�rTtTxy~k��l�sY~kl�jmrTjmwHjmr��Lr}x rTiksvtTs�lT�k{fr}lSjm~�r}iZp|rSn�pUl�svnYxy¦«sYlR��t�xy¦rTiksv�ºpUn�r¹rTiZp|r¹r}iksouks�n�p�� �ktTpU~knFikjm~k�2tTp|r}jmxylS��xyt¹�R�A  ¢Q���(4 uGsYq�sY~kuÔxy~z��xUtT¦�ºp|n�r}xUtTl�¦«xytTs�l�sY~kl�jmrTjmwys�{m�U¤k��s�n�pU�GlTs[jV~ rTikjVl�nYpUlTs[xy~G{m�§xy~ks���xyt�¦ �ºpUnCr}xyt�¤ ¨ é Äs¥ Ñ È;¤kjVljm~�wyxy{fwysYuO�`��~^pU{m{HrTiks�xUrTiksYt9n�pUl�sYlY¤�rTiks�pU¦«qk{Vjfr}�kuGsYl uksYq�sY~ku^xU~ ¨ é Äô¥ Ñ È9pU~Gu Õ � Äô¥ Ñ ÈC�h�iGsYtTsC��xytTs«r}iks�lTs �Gt}pU~knFiGjV~k�Øt}p|rTjVxyl\pUt�s§{msYlTl_lTs�~klTjfr}jmwUs«rTxØrTiks?¦§pU�y~kjfr}�kuGs«x|�¡r}iGs��xUtT¦5�ºpUnCr}xyt�lY� [�jV~kpU{V{f�y¤���xyt«rTiksA�kt}pU~GnFikjV~k��t}p|rTjVx L ÄÂ�R�   I��£�=È;¤�qk{VxUr�r}s�u jV~[9jV�k�kÛJ�öÛH¤ZpU{V{�¦§xHuks�{Vl��yjfwys�r}iGsYxyt�s�r}jmn�pU{OtTsYl��k{mrTl©jV~onYxy~GlTjVl�r}s�~kn��v¨©jfr}iosCªJq�sYtTjm¦§s�~�rFpU{ukp|rFpG����~knYs©pU�ypUjV~=¤�r}iks�uGj¾/�sYtTs�~knYs�xU�klTs�t�wys�u§��s�r�¨�sYs�~?¦«xJuGsY{Vl�Ä�Ý�È9pU~kuAÄÜÀUÈ9¦?p|jV~k{f�n�xy¦«sYl���t�xy¦ßr}iksR��xUtT¦ß�ºpUn�rTxyt ¨ é Äs¥ Ñ ÈSÄºjÂ�Þs|����tTxU¦ rTiksSqkjmxy~Ø¨¡p�wys^���k~knCr}jVxU~ �klTs�u¥ÈC����kt�nYxy¦«qk{VsCr}s^p|~ZpU{m�Hl�jVl�x|���Gt}pU~knFiGjV~k�vtTp|r}jmxyl�l�ikx�¨©l[rTiZp|rM¦«xHuksY{ml^Ä�Ý Ú ��È�p|~kuzÄÜÛyÈ
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[�jV�y�GtTsoÛJ�¿á}!Þ¿�t}pU~knFiGjV~k�Lt}p|rTjVx���xUt¹� �   ¢ � � � ��xyt^¦«xHuksY{ml ÝQÄÜÀUÈC¤ � Ñ ë Ð Ñ# É äGõ©�pU~ku {Vjm¦§jfr}jV~G�Aw|pU{m�ksYl¹xU��r}iks à���� ¦?p|rTtTj�ª�s�{VsY¦«sY~�rTlY�¡ÁJxy{mjVu½{mjV~ks Ä�ukxUr�r}sYuz{Vjm~ks�È��xyt�¦«xHuksY{�Ä�Ý�È�pU~ku�¦?p�ª�Ä�¦§jm~¥È à���� ¦?p|rTtTj�ªosY{msY¦«sY~�r}l�����xUruÂ�uZpUl�iksYu�{VjV~Gs?Ä�ukxUruÂukxUrKÂ uZpUl�iksYuo{Vjm~ks�È���xyt�¦§xHuks�{	ÄÜÀUÈ�pU~kuA¦?p�ª�Äº¦«jV~ZÈ à���� ¦§p|r}t�jfª§sY{msY¦«sY~�r}l��¸ÁGpU¦«s~kxUrFp�r}jVxU~opUl©jV~À[�jm�k�¥ÛJ�fÝM��xyt�r}iks[ikxUtTjV»�xy~�rFpU{O{VjV~GsYlY�
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[9jV�y�kt�svÛJ�WÛ !a¿¡t}pU~GnFikjV~k� tTp|r}jmx���xytS� �   I�� � ��xytR¦«xHuksY{ml ÝQÄÜÀUÈC¤ � Ñ ë Ð Ñ# É äGõ©�p|~kuÔ{mjV¦«jmrTjV~k�ow|pU{V�ks�l^xU��r}iks à���� ¦§p|rTtTjfª�sY{msY¦«sY~�r}l��¡ÁJxy{mjVu½{Vjm~ks Ä�ukxUrTrTsYuz{Vjm~ks�È��xUt�¦«xJuGsY{¡Ä�Ý�È©pU~ku ¦§p�ª�Ä�¦§jm~¥È à���� ¦§p|rTtTjfªAs�{Vs�¦§s�~QrTlY����xUrKÂ uZpUl�iksYu {mjV~ks?ÄºuGxUrKÂuGxUrKÂ uZpUlTiGsYuA{VjV~Gs�È���xyt¡¦§xHuksY{	ÄÜÀyÈ�pU~GuA¦§p�ª Äº¦«jV~¥È à��Ö� ¦§p|r}t�jfª?sY{Vs�¦§s�~�r}lY��ÁJpU¦§s~GxUrFp|rTjVxy~op|l�jm~�[�jV�k�kÛJ�fÝ[��xUt�r}iks[ikxyt�jV»�xy~�rFpU{={mjV~ks�lY�nYpU~k~kx|r©�yjmwUs�tTs�lT�k{fr}l�nYxU~klTjml�r}s�~�r�¨©jmr}iop|{V{�sCªJq�s�tTjm¦§s�~QrTl©pU~kuviZp�wUs[rTx^��sMs;ªJnY{V�GuksYu=�h xÔt�sY¦«x�wys l��Hl�rTsY¦§p|r}jmn��k~kn�sYt�r}pUjV~�rTjVsYlvn�xy¦«jV~k����t�xy¦ s;ªGq�sYt�jV¦«sY~�rFp|{�tTs�lT�k{fr}lY¤xU~ks n�pU~ n�pU{mnY�k{Vp|r}s�rTiks t}p|rTjVx¸��s�r�¨�sYsY~ r�¨¡x*�kt}p|~knFikjV~G�*tTp|r}jmxyl ��xyt � uksYnYp��Hl����~ rTiks½qkt�sYlTs�~�r n�pUl�s Ä�¨©jmrTi r}iks�uZp|rFp p�w|pUjm{ãpU�k{ms�È;¤�r}iks�tTp|r}jmxk¤oÓ � ¤\jVl���sCr�¨¡s�sY~L ÄÂ� �   ¢ � � � È_pU~ku L Äº� �   ¢ � � 4 È;� Ô s�lT�k{fr}lSp|tTs l�ikx�¨©~zjm~�[�jm�k��ÛJ�W÷J�Ø�2sxU�klTs�t�wysSrTiZp|r�rTiksStTp|r}jmxyl�uGj¾/�sYt�¦§pUtKGUsYuG{m�A��sCr�¨¡s�sY~L¦§xHuks�{VlRÄ�Ý Ú � Ú ÛyÈ©pU~ku�¦«xJuks�{VlÄÂÀ Ú áQÈ;�ÉÁJjV~kn�s¹¦§xHuksY{ml«Ä�Ý Ú ��È�pU~ku ÄÜÛyÈ�ikp�wUs?p|{VtTsYpUuG����sYs�~�s;ªGn�{V�kuGsYu=¤£¨¡s¹¨©jV{m{��kl�s¦«xHuksY{ml«ÄÜÀyÈ�pU~Gu�Ä�áQÈ���xyt�r}iks«uksCr}sYt�¦§jm~Zp|rTjVxy~�xU��r}iGs§tTpU~k�ys^��xyt4: ;s=?=@ �É� ��¨¡s�Ø��kl�r�   ¢y� ÙR: ;s=?=@ Ú¦«xHuksY{�ÄÂÀyÈ Ýy�Þä�Ä��fÝy�Þ÷��ZÄ Ýy�mÝ�À �mÝU�ö¾y¾UÈ¦«xHuksY{�Ä�áQÈ Ýy�fÝ�ä��fÝy�Þ÷ Ï Ä Ýy�mÝUÝ��mÝU� Ï äyÈ¦?p�ªGjm¦S�k¦ t}pU~G�ys Ýy�Þä�Ä��fÝy�Þ÷ Ï Ä Ýy�mÝUÝ��mÝU� Ï äyÈ¦§jm~kjV¦R�k¦ t}pU~k�Us Ýy�fÝ�ä��fÝy�Þ÷��ZÄ Ýy�mÝ�À �mÝU�ö¾y¾UÈ
h9pU�k{ms2ÛJ�W÷ ! ¿�sYl�rØt}p|~k�ys xU��: ;s=?=@ uGs�r}s�tT¦«jV~ks�u ��xUt � Ñ�ë Ð Ñ# É äGõ©�ZÄÂäGõWÛyÈ pU~Gu ��xyt�( �¢y��uks�n�p��HlY�jm~knY{m�kuks©r}t�sYs�n�xy~�r}t�jV�k�GrTjVxy~Gl�jm~§rTiks�uks�n�p��?pU¦§qG{VjmrT�kuks�lY¤ÁÓ � ��s�nYxy¦«sYl�jV~kuGsYq�sY~kuks�~�r
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[�jV�y�GtTs�ÛJ�Þ÷�!�h�iks�t}p|rTjVx[xU�=r�¨�xS¢y���kt}pU~GnFikjV~k�_t}p|rTjVxyl	wUsYtTl��klq: ;s=?=@ ��xyt�¦§xHuks�{Vl©ÝQÄÜÀUÈpU~kuv��xyt�{Vjm¦§jfr}jm~k�MwUp|{V�ks�l�xU�9rTiks à���� ¦§p|r}t�jfª§sY{msY¦«sY~�r}l�!�lTxy{mjVuv{Vjm~ks^Ä�ukxUr�r}sYuA{Vjm~ks�È��xyt�¦«xJuks�{�Ä�Ý�È�¨©jmr}io¦§p�ªLÄ�¦§jm~¥È à���� ¦?p|rTtTj�ª?s�{Vs�¦§s�~QrTlY����xUruÂ�uZpUl�iksYuo{mjV~ks¹Ä�ukxUruÂukxUrKÂ uZpUl�iksYu§{VjV~Gs�È���xyt�¦§xHuks�{�ÄÂÀyÈ�¨©jmr}i«¦§p�ª�Äº¦«jV~¥È à���� ¦§p|rTtTjfªSsY{msY¦«sY~�r}l���ÁGpU¦«s~kxUrFp�r}jVxU~opUl©jV~À[�jm�k�¥ÛJ�fÝM��xyt�r}iks[ikxUtTjV»�xy~�rFpU{O{VjV~GsYlY�xU�kr}iGs à���� ¦?p�r}tTj�ª\sY{msY¦«sY~�r}l����9s�~k�y�kjm~SnYxU~QrTtTjm�k�Gr}jmxy~kl9{Vs�p|u_r}x�p�tTs�{ãp|rTjmwUsY{m�M¨�s�p¯GuksYq�sY~kuGsY~kn�s xU��Ó � xy~Lr}iks à���� ¦?p�r}tTj�ª sY{msY¦«sY~�r}l���¿�� nYxy¦«qZpUt�jV~k�A~Q�k¦«sYtTjmn�pU{tTsYl��k{mrTl�pU~Gu�sCªJq�s�tTjm¦§s�~Qr}pU{ uZp|rFpJ¤�¨�s¹pUtTs_~kx�¨(pU�k{Vs[r}x?sCªHr}tTpUn�r[p§t}pU~k�Us_��xytn: ;s=?=@¨©ikjVnFi jml�nYxy~kl�jVl�r}sY~�r�¨©jfr}i§��xUrTi pUqGqktTx�p|nFiksYl[Ä�sCªJq�sYtTjm¦§s�~�rFpU{�pU~ku«r}iks�xytTsCr}jmn�pU{ãÈC��h xuks�rTsYtT¦«jV~Gs r}ikso��sYl�r«tTpU~k�ysoxU�n: ;>=�=@ ¤�¨¡sol�sY{Vs�n�r¹r}iGsow|pU{m�ksYl¹xU�n: ;>=?=@ ¨©ikjmnFi�pUt�spU{V{mx�¨�sYu½��� p|{V{�nYxy~kl�r}tTpUjV~�r}lS��xUt^s�pUnFiz¦§xHuks�{Ü�J[�jV~kpU{V{f�y¤	p|��rTsYtSs;ªJnY{V�GukjV~k� ¦«xJuGsY{VlÄ�Ý Ú �yÈ�pU~Gu ÄÜÛyÈ���xyt�rTiksSxy��wHjVxU�kl�t�s�pUl�xy~kl�¦«sY~�r}jmxy~ks�u ��sC��xytTs|¤�¨�s^n�pU~�~kx�¨ �Jª�rTiks�kqkq�sYt	pU~GuRr}iks¡{Vx�¨¡s�t�{mjV¦«jmr£xU�ZrTiks¡tTpU~k�ys�x|�2: ;>=�=@ Äºh9pU�k{ms�ÛJ�Þ÷�È;� �2s¡�Z~kuSrTiZp|r`: ;s=?=@lTikxy�G{Vuo��s[jm~orTiks[t}pU~G�ys^ÝyõÞä�ÄZÄ�ÝUõmÝyÝ�È�ê�: ;>=?=@ ê,ÝyõÞ÷ Ï Ä Ýyõ Ï ä�È���xyt � Ñ?ë Ð Ñ# É,äGõ©�ZÄÂäJõöÛyÈ;�
­o®;­ �â²	´	iÜe ��¶fi¢¡ ²	´Öh�¶Y±«·¤£y±«²¦¥ §�¨u© ª ¬ §�¨u©QÛ §�¨u©
oqpsoqput vn|¸~2» ç%æuwyèF ��r}s�t�r}iks«pU~kpU{m�HlTjmlMxU���kt}pU~GnFikjV~k�otTp|r}jmxylMtTs�{ãp|rTsYu�r}xA�ê  ¢y�	¤¬¨¡s¹~kx�¨ÅnYxy~kl�jVuks�tr}iksSnYpUlTs«�â  ¢Q������~ rTikjVl�lTsYnCr}jmxy~=¤=¨�s^l�rFp|t�rM��� s�~Q�k¦§s�t}p|rTjV~k� rTiksSr}iGsYxyt�s�r}jmn�pU{uksYnYp��Lp|¦§qk{mjmrT�kuksYl��«�2s¹lTiZp|{V{�pU~Zp|{m�HlTs^�kwUsð�SjV~�rTxD ¹r}t}p|~klTjfr}jVxU~klY�«h�¨¡xØxU�¡rTiksY¦jV~�wyxy{fwysS¢^H�I*¦§j�ªJjV~k�k��h�iksYl�s§p|tTs^� A   ¢��;� A pU~ku ��_�M  ¢�� �� ���[h�¨�xoxUr}iks�tuksYnYp��Hl_pUtTs ��_�\  ¢ A � ) p|~kuL� A   ¢ A �� �\pU~ku r}iks^{VpUl�r[xy~Gs^jVl[� A   I�� A �
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Ú ¬ Ñ È\É×¬ é � Í ¨ é Ä�Ð ÑÍ È 8 ¬ Ñ � ï Õ � Ä�Ð Ñ ï È

Ú ÄÜÛJ�©��ÀyÈè À Õ ïX Äô¬ Î
Ú ×�×�× Ú ¬ é � È�Éy� Í ¨ é ÄºÐ ÑÍ È�¯	ÀkÄô¬ Î 8 ¬ ³ È 8 ÝÀ Äô¬ / 8 ¬ > È °8 � ï Õ � Ä�Ð Ñ ï È¯­%H�ÀkÄô¬ 6 8 ¬ 8 È T Ð Ñ ïÄºÐ ð 8 Ð ñ ÈYÄ�Ð # 8 Ð ð È V 8 ¬ � 8 ¬ é � ® �æÄÜÛJ�©����È��xUt�r}iks[uks�n�p�� ��R�¡  ¢�� �� �RÄ NéO É ��ÀSjV~��y�¥�9ÄÜÛJ�¿áQÈTÈ;¤è À Õ î Í Äô¬ é
Ú ¬ Ñ È[É7¬ é � Í ¨ é ÄºÐ ÑÍ È Ú ÄÜÛJ�©�UáQÈè À Õ ïÍ Äô¬ Î
Ú ×�×�× Ú ¬ é � È�Éy� Í ¨ é ÄºÐ ÑÍ È�¯ � À Äô¬ / 8 ¬ > È °8 � ï Õ � Ä�Ð Ñ ï Èù­�H�¬ � 8 ÄÜÀZ¬ 8 H²¬ 6 È T Ð Ñ ïÄºÐ ñ 8 Ð & ÈYÄºÐ # 8 Ð & È V 8 ÝÀ ¬ é � ® �æÄÜÛJ�©��ÛyÈ��xUt�r}iks[uks�n�p�� �� �   I �� � Ä NéO É.��ÀSjV~��y�¥� ÄÜÛJ�¿áQÈ�ÈC¤è À Õ îX�Äô¬ é
Ú ¬ Ñ È[É7¬ é � Í ¨ é ÄºÐ ÑÍ È Ú ÄÜÛJ�©�y÷�Èè À Õ ïX Äô¬ Î
Ú ×�×�× Ú ¬ é � È�Éy� Í ¨ é ÄºÐ ÑÍ È�¯	ÀkÄô¬ Î 8 ¬ ³ È 8 ÝÀ Äô¬ / 8 ¬ > È °8 � ï Õ � ÄºÐ Ñ ï Èù­H¬ � H ÄÂÀZ¬ 8 H.¬ 6 È T Ð Ñ ïÄ�Ð ñ 8 Ð & ÈYÄ�Ð # 8 Ð & È V�H ÝÀ ¬ é � ® �æÄÜÛJ�©��¾yÈ

Ý S(C3LJ[�± @ r�² �³ � LJj
±µ´7¶µÞ@ rn² �³ � LfE�[�¸ v rn² �Þ � LJj
¸ ´¹¶ ³v r�² �Þ � ��ß{C1C�lnG=GfI
EHGfI
C � LkjP��C3]_]À�
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 �������xyt�r}iks[uks�n�p��A� A   ¢ A �� �SÄ N
O É Ý�÷¹jm~����¥�9ÄÜÛH�ÞáQÈ�ÈC¤
Õ î Í Ä´¬ é

Ú ¬ Ñ È É ¬ Ñ � Í ¨ é Ä�Ð ÑÍ È Ú ÄÜÛH�E� Ï È
Õ ïÍ Äô¬ Î

Ú ×�×�× Ú ¬ é � È�É� ï Õ � ÄºÐ Ñ ï È¯­H¬ � H ÝÀ ¬ é � H¸ÄÂÀZ¬ 8 H.¬ 6 È T Ð Ñ ïÄ�Ð ñ 8 Ð & ÈYÄ�Ð # 8 Ð & È V ® � ÄÜÛH�E��ÄyÈ��xyt�r}iks[uks�n�p�� ��R�¡  ¢ ) � A Ä N
O É Ý�÷¹jm~����¥�9ÄÜÛH�ÞáQÈ�ÈC¤
Õ î Í Ä´¬ é

Ú ¬ Ñ È¸É ¬ Ñ � ï Õ � ÄºÐ Ñ ï È
Ú ÄÜÛH�Þá�äyÈ

Õ ïÍ Äô¬ Î
Ú ×�×�× Ú ¬ é � È�É� ï Õ � Ä�Ð Ñ ï È ­ ¬ � 8 ¬ é � HzÀkÄô¬ 8 8 ¬ 6 È T Ð Ñ ïÄºÐ ñ 8 Ð ð ÈYÄ�Ð # 8 Ð ð È V ® õ ÄÜÛH�ÞákÝ�È

� xytTs�x�wysYt�¤¡p|lS¨¡svukjmu���xyt^�   ¢y��¤�¨�son�pU~½nYpU{Vn��k{ãp�r}s?rTiks t}p�r}jVx���sCr�¨¡s�sY~Ôr�¨�x�kt}pU~GnFikjV~k��t}p|rTjVxyl�¤�jV~ ¨©ikjmnFi r}iks �G~knYs�t�rFp|jV~�r�� nYpU�kl�sYu¸����l��Hl�r}sY¦§p|rTjVn s�tTtTxUtTl jmltTsY¦«x�wys�u=�	��s[uksC�Z~ks[r}iks[t}p�r}jVxÏÓ ï p|l�!Ó ï É L Äº�R�¡  ¢Q�¬��4¬ÈL Äº� �   ¢ � � � È Ú ÄÜÛH�ÞáQÀUÈpU~ku=¤G¨©jfr}ikxU�Gr©rFp9GQjV~G�^jV~�r}x«pUn�nYxy�k~�r�r}iks[q�sY~k�U�kjV~onYxU~QrTtTjm�k�Gr}jmxy~=¤Jxy~ks[iZpUl�¤
Ó ï É ÀUÃ Ù��Ã Ù S ÓÓÓÓ ¤ Ý 8 ¬ é � Í ¨ é ÄºÐ ÑÍ È¬ Ñ � ï Õ � ÄºÐ Ñ ï È

§J¤ Ý 8 Yª Í XÄ> Í H½Ð ÑX È 8 +ÜÐ X Ã X § ÓÓÓÓ
AHÑ õ�ÄÜÛH�ÞáR�yÈ[�jV~Zp|{V{m�U¤�¨¡s[uksC�Z~ksMr}iksMtTp|r}jmxàÓS¤k��s�r�¨�sYs�~Ør}iGs[r�¨�x¹t}p|rTjVxylbÓ � pU~kuÉÓ ï uGs��Z~ks�uØjm~���Ql���ÄÂÛJ�WÀ Ï È¡pU~Gu�ÄÂÛJ�Þá�ÀyÈC¤kt�sYl�q�s�n�r}jfwys�{m�y¤�pUl�¤Ó,É Ó �Ó ï õ ÄÜÛH�Þáyá�ÈË��k¦«sYt�jVn�p|{V{m�U¤����½�kl�jV~k� rTiksosCªJq�s�tTjm¦§s�~Qr}pU{�uZp�rFp���tTxU¦ ¢y�*pU~ku ¢Q��¤�xy~ksv�ysCr}l«pt}p|rTjVxvs��Q�Zp|{�r}x­ÓæÉßÝyõ¿á�ä��*ÀJõWä|ák��¿���l�jV¦«qk{Vjf�Zn�p|rTjVxy~O¤�¨�s§nYpU~LpU{Vl�xiØ��Gl�r\jV~kn�{V�kuGsr}iksMr}t�sYs[nYxU~QrTtTjm�k�Gr}jmxy~opU~kuAxy~ks[xy�JrFpUjm~kl�r}iks�tTsC��xytTs¯!

Ó É ÓÓÓÓÓ
� Í� ï × ¨ Ù�á �é ÄºÐ ÑÍ È

Õ
Ù�á�Í� ÄºÐ Ñ� È × ¬ é � Í ¨ Ù�á ïé ÄºÐ ÑÍ È 8 ¬ Ñ � � Õ Ù�á�Í� Ä�Ð Ñ ï È¬ é � Í ¨ Ù�á �é ÄºÐ ÑÍ È 8 ¬ Ñ � � Õ Ù�á�Í� Ä�Ð Ñ� È ÓÓÓÓÓ

Ñ õ ÄÜÛH�ÞáQÛUÈ
[¥�Gt�r}iGsYtY¤GlTjV~GnYsJ¬ Ñ â ¬ é ¤kp«t�xy�k�yiosYl�r}jm¦?p|rTjVxy~?xU�µÓ n�pU~A��s\t�s�pUuØpUl�¤

Ó É ÓÓÓÓÓ
� Í� ï × ¨ Ù�á ïé Ä�Ð ÑÍ È

Õ
Ù�á�Í� Ä�Ð Ñ� È ÓÓÓÓÓ

Ñ � �võ ÄÜÛH�Þá�÷yÈ
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ÉÈ���þ�Ê�Ë�Ì ÍÏÎ Ð(Ë�Ì Í�ÜyË�Ì Í ÷JÝ
o�psoqpsr Õ èé½}ç%æsz�½�w������4�u½ xéç�½�½��u|¸��½��~ÔxytTuGsYt¹r}x�uGs�r}s�tT¦«jV~ksor}iGsØtTpU~k�ysAxU�4: ;s=?=@ p�wUp|jV{ãp|�k{Vs?��xUt«nYpU{Vn��k{ãp�r}jV~G� rTiks�1\ÇwHjmxy{ãp|rTjV~k�\qZpUtTpU¦«s�r}s�tY¤ ¬Áã ï ¤Gjm~ � ��� �   ¢ � � ��� � ¤J¨�s�iZp�wysMnYpU{Vn��k{ãp|rTsYu?rTiks��Gt}pU~knFi´Âjm~k��tTp|r}jmxyl_��xUtS�S�¸  ¢��F����¤	�R�¸  ¢Q�O� ��¤	�R�§  ¢Q�=��4�¤��R�«  ¢��;� ��¤�pU~Gu�R�   I������§�2s«lTikx�¨ pU{m{�r}iks«tTs�lT�k{fr}l\jV~J[�jm�ylY� ÛJ�W¾J¤ ÛJ� Ï ¤ ÛJ�©ÄG¤ ÛJ�fÝ�äG¤9pU~ku�ÛJ�fÝyÝy¤¨©iGsYtTs��ktTpU~knFikjm~k�©t}p|rTjVxyl=pUtTs	qk{mxUrTrTsYu[pUl£p¡���G~kn�rTjVxy~[xU� : ;>=?=@ ��xyt=¦«xHuksY{ml�Ä�Ý�È�pU~ku§ÄÜÀyÈÄ�ukj¾/�sYt�sY~�r���xytT¦(�ºpUn�rTxytTl�pUt�s��GlTsYu§jV~¹¦«xJuks�{Vl�Ä Ý�È	pU~ku�ÄÜÀyÈ�ÈC�`¿��^rFp9GQjV~G�?ÄaØ��kl�r�pUl	��xyt¢y�£È9sCªJq�sYtTjm¦§s�~�rFpU{JuZp|rFp���tTxy¦ r}iks à � �'�S¤�¿ F ¿ F�Ô pU~ku�¿�� �(� � à xU{V{ãp|��xytTp|r}jmxy~kl�¤{mjVl�r}sYuvjm~ h9pU�k{Vs\ÛH�öÛJ¤GpU~kuonYxU¦§qZp|tTjV~G�_r}iGsYxyt�s�r}jmn�pU{OqktTs�ukjVnCr}jVxU~kl¡¨©jmrTivsCªJq�sYtTjm¦§s�~�rFpU{t�sYl��k{mrTlY¤=¨�s«s;ªJq�s�n�r[r}xvs;ªJrTt}pUnCrMr}iks¹p|{V{Vx�¨�sYu�tTpU~k�ys^xU�¸: ;s=?=@ jm~ ��  ¢Q� pU~ku�rTx¦§p9G|s?r}iks?uksYq�sY~kuGsY~kn�sAxU~�r}iks?��xUtT¦��ºpUn�rTxytTlRsCªJqk{VjmnYjfrR��s�r�¨�sYs�~zrTiks?r�¨�xLn�{ãpUl�lTs�lx|��¦«xHuksY{ml�!�¦§xHuksY{ml^Ä Ý Ú ��È�p|~kuzÄÜÛyÈ;¤¬pU~ku ¦«xJuGsY{VlSÄÜÀyÈ�pU~kuÔÄºáQÈ;�M��s^l�iZpU{V{9¦?p|jV~k{f��GlTs r}iGs à � �'�ßuZp|r}pG¤�lTjV~GnYs?rTiksÀ¿ F ¿ F�Ô p|~ku�¿�� �(� � uZp|r}p�pUtTs ÄºpUlR�Us�r;ÈR{msYl�l~Q�k¦«sYt�xy�klMp|~ku�pUn�nY�ktTp|r}s|� F ~�s;ªGn�sYqGrTjVxy~ ¨©jm{V{£��sR¦§pUuks_��xUt�r}iGsR�ktTpU~knFikjm~k� t}p�r}jVx� �   I�� � ¤�¨©iksYt�s�¨�s�lTiZpU{m{GrFp¯GUs©r}iks�¿�� �(� ��uZp|rFp���xyt�xy�Gt�pU~ZpU{f�Jl�jVl�lTjm~knYs�rTiks��p|tTs�r}iGs�¦«xyl�r�pUnYn��kt}p�r}s�pU~ku¹¦«xyl�r	t�sYn�sY~�r¡¦«s�p|lT�kt�sY¦«sY~�r}l�jV~SrTiZp|r�nYpUlTs|�yË�sCwysYt�r}iks?Â{msYl�lY¤�¨�sSl�iZpU{V{ pU{mlTx?pUqkqk{f��p|{V{£xU��rTiksY¦êr}x§nFiksYnBGAr}iks^p|�ytTs�sY¦«sY~�r���s�r�¨�sYs�~2p|{V{=r}iGs�Gt}pU~knFiGjV~k�«t}p|rTjVx^uZp�rFpG��h�iks à � �'�^¤"¿ F ¿ F�Ô p|~kuD¿�� �(� � à xy{m{ãpU��xytTp|r}jmxy~kl¡�Ujmwysp|{V¦«xyl�r r}iks�lTpU¦«s�sCªJq�sYtTjm¦§s�~�rFpU{J�kt}pU~GnFikjV~k�MtTp|r}jmxyl9��xUt�pU{m{HrTiks�jV~�wys�l�rTjV��p|rTsYu^uks�n�p��Hls;ªJnYsYqJr^��xyt_rTiks uks�n�p��½� A   I�� A ����~�r}iks?{ãp|r�r}sYt\n�p|lTsU¤	¨�s xy�kl�sYt�wysAp�l�rTtTxy~G�uGjVl}p|�ytTs�sY¦«sY~�r���sCr�¨¡s�sY~�pU{m{=xU� r}iks�¦ßlTjm~knYsMr}iGs��oqkt�x�wHjmuks[sCªJq�s�tTjm¦§s�~Qr}pU{¬uZp|r}p«jm~AptTpU~k�ys^��t�xy¦�äGõfÝà�ÔÝ�ä A 8 rTx2Ý�ÀJõ Ï �ÔÝ�ä A 8 �a[�jm~ZpU{m{m�y¤�jmr[jml\sCwHjVuks�~Qr\r}ikp|r[~Q�k¦§s�tTjmn�pU{t�sYl��k{mrTl¡pUt�s�wysYt��«lTsY~GlTjmrTjmwUs�rTx\�G~knYs�t�rFp|jV~�r}jmsYl�nYxy¦«jV~k����t�xy¦ÅrTiks�s;ªJq�s�tTjV¦«sY~�r}pU{ZuZp|r}pp|~ku ��tTxU¦ rTiksØ�ºp|n�r}xUtTjV»Yp|r}jmxy~ÔpUqkqkt�x�pUnFi pUqGqk{VjmsYuÔrTx�nYpU{Vn��k{ãp|rTsØikpUuktTxU~kjVnA¦?p�r}tTj�ªs�{Vs�¦§s�~QrTlSjV~2r}iksv�   � r}tTpU~klTjfr}jmxy~=� � xUtTsYx�wUsYtY¤	��xytS�   ¢Q��¤�rTiks uZp|r}p�pUtTs{msYl�l�~Q�k¦«sYt�xy�kl�r}iZp|~A��xyt��Å  ¢y�	¤¥lTx¹¨�s_nYpU~k~kxUr�s;ªGq�sYnCr�rTx§�ysCr�p¹wUsYt��Ap|nYnY�Gt}p|rTstTpU~k�ys[xU�U: ;>=?=@ �[Zxyt¡rTiksM�ktTpU~knFikjm~k�^t}p|rTjVx^�R�� �¢��;��� ÄZ[�jm�k�GÛJ�ö¾UÈ�¨¡s���xU�k~kuApS{ãpUt��ys�tTpU~k�ys�xU�w|pU{m�ksYl©xU�`: ;>=�=@ pU~ku à��Ö� ¦?p�r}tTj�ª s�{Vs�¦§s�~QrTl�x�wUsYt©¨©ikjVnFiAr}iksMr}iGsYxyt�s�r}jmn�pU{¬t�sYl��k{mrTlp|tTsAnYxy~kl�jVl�r}sY~�r§¨©jmr}izsCªJq�sYt�jV¦«sY~�rFpU{©uZp�rFpL��t�xy¦ à � �'�S¤�¿ F ¿ F�Ô pU~Gu�¿�� �(� �©���pUnFiAxU�£r}iGsM¦§xHuksY{ml[Ä�Ý Ú À Ú � Ú áQÈ�pU~Gu�ÄÂÛyÈC¤J�yjmwUsYl©pU~ApU{m{Vx�¨�sYuvt}p|~k�ysMxU��: ;>=?=@ ����wUsY~rTikxy�k�Ui l�rTtTxy~k�^uGj¾/�sYtTs�~knYs�l�pUqkq�s�p|t¡��s�r�¨�sYsY~vrTiks�r�¨�x^nY{ãp|lTlTs�l�xU�£¦«xJuGsY{Vl�¤Q��s�n�pU�kl�sx|�=r}iks�ukj /Os�tTsY~�r���xytT¦ �ºp|n�r}xUtTl��klTs�u=¤J¨�s�pUt�s�~GxUr�pU�k{Vs©r}x\uktTp�¨¸l�r}t�xy~k�Rn�xy~kn�{V�kl�jVxy~klp|��xy�Jr\rTiks«uksYq�sY~kuGsY~kn�s?xy~Lr}iks^��xyt�¦ �ºpUn�rTxytTl��ð[ZxytMr}iGs§�ktTpU~knFikjm~k�At}p|rTjVxA�S�z ¢Q�O� ��¤�ÄZ[�jm�k�=ÛH� Ï È;¤é¿�� �(� � �yjmwUsYlMxy~G{m��p|~��kqkq�sYt[{Vjm¦§jfr���xUt�r}iks¹�ktTpU~knFikjm~k�vt}p�r}jVx¨©iGsYtTsYpUl�¿ F ¿ F�Ô pU~ku à � �'� ukx[~kx|r��µ���kt	qGtTsYuGjVn�rTjVxy~Gl�pUtTs�l�r}jV{m{Jn�xy~kl�jVl�rTsY~�r�¨©jmrTirTiksMsCªJq�sYt�jV¦«sY~�rFpU{OuZp|rFpR��xUt�pU{V{�¦§xHuks�{VlY¤H��xyt�pS{VpUtT�ys�t}pU~k�Us�xU��: ;>=�=@ ����~vr}ikjml�n�p|lTsU¤rTiks�~H�G¦§s�tTjVnYpU{ZtTs�lT�k{fr}l���xyt�¦§xHuks�{Vl�Ä�Ý�È�p|~ku�ÄÂÀyÈ	pUtTs©wys�t��«nY{mxylTs�r}x_s�pUnFi§xUr}iGsYt�pU~ku=¤¨�s\~ksYs�uØ~ksC¨ uZp|r}pSr}x¹nYxy~Gl�r}tTpUjV~oxy�Gt�nYpU{Vn��k{ãp�r}jVxU~klY�� �¬¨�s�n�xy~klTjmuksYt�xy�kt�tTs�lT�k{fr}l���xUt�rTiks��Gt}pU~knFiGjV~k�StTp|r}jmx\�R�� �¢Q�=��4½Ä�qk{VxUr�r}s�u?jV~
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[�jV�y�GtTs^ÛH�ö¾ !n¿¡t}p|~knFikjV~G�vt}p|rTjVx?��xyt��S�½  ¢��;����¤���xyt�¦«xJuks�{VlSÝ�ÄÜÀyÈ;¤ � ÑBë Ð Ñ# É äGõ©�pU~kuv{Vjm¦§jfr}jm~k��w|pU{V�ks�l�xU�¬rTiks à���� ¦?p|rTtTj�ª«sY{Vs�¦§s�~�r}lY��ÁHxy{Vjmu?{Vjm~ks^Ä�ukxUr�r}sYuv{mjV~ks�È	��xUt¦§xHuksY{	Ä�Ý�È�pU~kuA¦§p�ªLÄ�¦§jm~¥È à���� ¦§p|r}t�jfª sY{Vs�¦§s�~�r}lY�¸��xUruÂ�uZpUl�iksYuA{Vjm~ks«ÄºuGxUrKÂ ukxUrKÂuZpUlTiGsYuA{VjV~Gs�È���xUt�¦§xHuksY{�ÄÜÀyÈ�p|~kuo¦?p�ª�Äº¦«jV~ZÈ à���� ¦§p|rTtTjfª§s�{VsY¦«sY~�rTlY��Ë�xUr}p|r}jmxy~�!ikxytTjm»Yxy~�r}pU{9uGxUrTrTsYu�{Vjm~ks9! à � �'� uZp�rFp��=ukpUlTiks�u {VjV~Gs9!�¿ F ¿ F�Ô uZp�rFp��=uGxUrKÂ uZpUlTiGsYu{VjV~Gs9!y¿�� �(� � uZp|r}pG�
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[�jV�y�GtTs^ÛH� Ï !n¿¡t}p|~knFikjV~G�vt}p|rTjVx?��xyt��S�½  ¢Q�=� ��¤���xyt�¦«xJuks�{VlSÝ�ÄÜÀyÈ;¤ � ÑBë Ð Ñ# É äGõ©�pU~ku {Vjm¦§jfr}jV~G�Aw|pU{m�ksYl¹xU��r}iks à���� ¦?p|rTtTj�ª�s�{VsY¦«sY~�rTlY�¡ÁJxy{mjVu½{mjV~ks Ä�ukxUr�r}sYuz{Vjm~ks�È��xyt�¦«xHuksY{�Ä�Ý�È�pU~ku�¦?p�ª�Ä�¦§jm~¥È à���� ¦?p|rTtTj�ªosY{msY¦«sY~�r}l�����xUruÂ�uZpUl�iksYu�{VjV~Gs?Ä�ukxUruÂukxUrKÂ uZpUl�iksYuo{Vjm~ks�È���xyt�¦§xHuks�{	ÄÜÀUÈ�pU~kuA¦?p�ª�Äº¦«jV~ZÈ à���� ¦§p|r}t�jfª§sY{msY¦«sY~�r}l��¸ÁGpU¦«s~kxUrFp�r}jVxU~opUl©jV~À[�jm�k�¥ÛJ�W¾R��xyt�r}iks[ikxUtTjV»�xy~�rFpU{O{VjV~GsU�
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[9jV�y�kt�s^ÛJ�©Ä�!n¿¡t}pU~GnFikjV~k�otTp|r}jmx?��xytM� �   ¢ � � 4 ¤=��xyt�¦§xHuksY{mlRÝQÄÂÀyÈC¤ � Ñ ë Ð Ñ# É äGõ©�p|~kuÔ{mjV¦«jmrTjV~k�ow|pU{V�ks�l^xU��r}iks à���� ¦§p|rTtTjfª�sY{msY¦«sY~�r}l��¡ÁJxy{mjVu½{Vjm~ks Ä�ukxUrTrTsYuz{Vjm~ks�È��xUt�¦«xJuGsY{¡Ä�Ý�È©pU~ku ¦§p�ª�Ä�¦§jm~¥È à���� ¦§p|rTtTjfªAs�{Vs�¦§s�~QrTlY����xUrKÂ uZpUl�iksYu {mjV~ks?ÄºuGxUrKÂuGxUrKÂ uZpUlTiGsYuA{VjV~Gs�È���xyt¡¦§xHuksY{	ÄÜÀyÈ�pU~GuA¦§p�ª Äº¦«jV~¥È à��Ö� ¦§p|r}t�jfª?sY{Vs�¦§s�~�r}lY��ÁJpU¦§s~GxUrFp|rTjVxy~op|l�jm~�[�jV�k�kÛJ�W¾S��xUt�r}iks[ikxyt�jV»�xy~�rFpU{={mjV~ks�lY�
[9jV�k�£ÛH�EÄ�È;¤¬r}iks�tTs«jVl\pU�yt�sYsY¦«sY~�r_��sCr�¨¡s�sY~�rTiks«sCªJq�s�tTjm¦§s�~Qr}pU{	tTs�lT�k{fr}l[��tTxy¦ à � �'�p|~ku�¿�� �?� � Ä�~kx¹uZp|r}pR��tTxy¦ ¿ F ¿ F�Ô È�p|~kuoxy�kt�r}iGsYxyt�s�r}jmn�pU{OqktTs�ukjVnCr}jVxU~kl©p|r�wUsYt��{mx�¨,w|pU{V�GsYl�xU�`: ;s=?=@ � F {V{�r}iks[¦«xJuks�{Vl\Ä Ý Ú À Ú � Ú áQÈ¡pU~Gu�ÄÂÛyÈC¤Z�yjfwys[�ktTpU~knFikjm~k�«w|pU{m�ksYl¨©jfr}ikjm~ØrTiksSt}p|~k�ysSxU���Gt}pU~knFiGjV~k�vtTp|r}jmx?¦«s�pUl��ktTs�¦§s�~QrTl�jm�y: ;s=?=@ jVl�{VsYl�l�r}ikpU~�äGõÞä�¾J�h�iGs�r}jm~Q�zukj /Os�tTs�~knYs xU�klTs�t�wys�u ��sCr�¨¡s�sY~ ¦§xHuks�{VlØÄ�Ý�È«pU~ku ÄÂÀyÈ«n�xy¦«sYl§��t�xy¦5r}iGs��xUtT¦ �ºpUn�rTxyt Õ � Äô¥ Ñ È Ä�¨©iksYt�s Õ � Äs¥ Ñ ÈRtTs���s�tTlSrTx r}ikso� r}x ¢�r}tTpU~kl�jmr}jmxy~�rFp¯GUsY~zp|r¥ Ñ É Ð Ñ ï È§lTjm~knYs jm~�r}iZp|ronYpUlTs|¤�rTiksLpU¦§qG{VjmrT�kuksØnYxy¦«qk�GrTsYu¸jV~�wyxU{mwys�loxy~k{m�zr}iGs��xUtT¦â�ºpUnCr}xyt Õ � Äs¥ Ñ È;��[Zxyt�rTiks_�Gt}pU~knFiGjV~k�«t}p|rTjVx«�R�©  ¢��F� ��l�ikx�¨©~ jV~�[�jm�k�¥ÛJ�fÝ�äG¤~GsYjmrTiksYt à � �'�S¤ ¿ F ¿ F�Ô ~Gxyt�¿�� �?� ���Ujmwys�sCªJq�sYt�jV¦«sY~�rFpU{Zt�sYl��k{mrTlY�yË�s�wys�t�rTiksY{msYlTl�¤��t�xy¦Å¦«xHuksY{ml©Ä�Ý�È�p|~kuØÄÜÀyÈ;¤�jmr�pUqGq�sYpUtTl	r}ikp|r	r}ikjml	�kt}p|~knFikjV~G�\tTp|r}jmxMjVl�wUsYt��¹lTsY~GlTjmrTjmwUsrTx«rTiks\¦?pU�U~kjmrT�kuks[xU��rTiks[��xytT¦â�ºp|n�r}xUt ¨ é Äs¥ Ñ È\Ä�jV~Axy�kt�n�pUl�sU¤ ¨ é Äô¥ Ñ È�jVl©�k~kn�sYt�rFpUjm~��sYnYpU�kl�s Ì é É*äJõE�y÷Uä�xyt�äGõö¾|÷�À�jm~R¦«xJuks�{Vl�Ä�Ý�È9pU~kuvÄÜÀyÈ;¤UtTs�lTq�sYnCr}jmwUsY{f�kÈ lTjV~GnYs�rTiks�rTtTs�sn�xy~�r}t�jV�k�GrTjVxy~§jVl�xy~k{f�§qGtTxyq�xyt�rTjVxy~kpU{kr}x ¨ é � � xUtTsYx�wUsYtY¤J��tTxy¦ r}iGs�t}p|~k�ys�x|� pU{V{mx�¨�sYuw|pU{m�ksYl�xU�
: ;>=?=@ ¤H¨¡s�n�pU~vs�l�r}jm¦?p�r}s©r}iks��Gqkq�s�t�{Vjm¦§jfr�xU�¬r}iGjVl¡�Gt}pU~knFiGjV~k�StTp|r}jmx_rTxS��sx|��r}iks_xytTuGsYt�á��½Ý�ä A 8 ��[�jV~Zp|{V{m�U¤G¨�sR��xJn��kl�xy~�r}iGs_�ktTpU~knFikjm~k� tTp|r}jmx§� �   I�� �¨©iGjVnFi�jVl�qk{Vx|rTr}s�u�jm~Ü[�jV�G�OÛH�mÝyÝ\��xyt�¦«xHuksY{mlSÄ Ý�È�pU~GuzÄÜÀyÈ;���2s_�Z~ku rTiZp|r���xUrTi�r}iGss;ªJq�s�tTjV¦«sY~�r}pU{©pU~ku r}iks�xytTsCr}jmn�pU{�t�sYlT�G{mr}l«pUt�sØjm~zpU�ytTs�sY¦«sY~�r¹��xyt«p�{ãpUt��ysvt}pU~G�ysoxU�w|pU{m�ksYl�xU��: ;s=?=@ ��¿¡�GrY¤O¦«xJuGsY{VlRÄ�Ý�È�pU~Gu ÄÜÀyÈ©ukx ~kx|r��yjfwys_lTjV¦«jV{VpUt�tTs�lT�k{fr}l���s�n�pU�kl�srTiks���xUtT¦,�ºpUnCr}xyt�l ¨ é ¤ypUqGqk{VjmsYu\jV~[r}iks�lTs�¦«xJuGsY{Vl�¤�pUtTs�wys�t��_ukj¾/�sYt�sY~�r�� � xytTs�x�wysYt�¤Ur}iGsuGsYq�sY~kuks�~knYs�xU�OrTiks©�kt}p|~knFikjV~G�_tTp|r}jmxMxy~«rTiks à���� qZp|t}pU¦«s�rTsYtTl�¢RpU~kujíSjV~kuGjVn�p�r}sYl
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[�jV�y�GtTs^ÛH�mÝ�ä !�¿�t}pU~knFiGjV~k�vtTp|r}jmx§��xytM�_�M  ¢��;� �Y¤O��xyt�¦«xHuksY{mlRÝQÄÂÀyÈC¤ � Ñ�ë Ð Ñ# ÉÅäGõ©�pU~kuv{Vjm¦§jfr}jm~k��w|pU{V�ks�l�xU�¬rTiks à���� ¦?p|rTtTj�ª«sY{Vs�¦§s�~�r}lY��ÁHxy{Vjmu?{Vjm~ks^Ä�ukxUr�r}sYuv{mjV~ks�È	��xUt¦§xHuksY{	Ä�Ý�È�pU~kuA¦§p�ªLÄ�¦§jm~¥È à���� ¦§p|r}t�jfª sY{Vs�¦§s�~�r}lY�¸��xUruÂ�uZpUl�iksYuA{Vjm~ks«ÄºuGxUrKÂ ukxUrKÂuZpUlTiGsYuA{VjV~Gs�È���xyt�¦«xJuGsY{�ÄÂÀyÈ�pU~kuo¦§p�ª2Äº¦«jV~ZÈ à���� ¦§p|r}t�jfª?sY{msY¦«sY~�r}l��
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[�jV�y�GtTsRÛJ�mÝUÝ�!�¿¡t}p|~knFikjV~G� t}p|rTjVx¹��xyt��R�2  I����9¤���xyt�¦«xHuksY{ml_ÝQÄÂÀyÈC¤ � Ñ?ë Ð Ñ# É(äGõ©�pU~ku {Vjm¦§jfr}jV~G�Aw|pU{m�ksYl¹xU��r}iks à���� ¦?p|rTtTj�ª�s�{VsY¦«sY~�rTlY�¡ÁJxy{mjVu½{mjV~ks Ä�ukxUr�r}sYuz{Vjm~ks�È��xyt�¦«xHuksY{�Ä�Ý�È�pU~ku�¦?p�ª�Ä�¦§jm~¥È à���� ¦?p|rTtTj�ªosY{msY¦«sY~�r}l�����xUruÂ�uZpUl�iksYu�{VjV~Gs?Ä�ukxUruÂukxUrKÂ uZpUl�iksYuo{Vjm~ks�È���xyt�¦§xHuks�{	ÄÜÀUÈ�pU~kuA¦?p�ª�Äº¦«jV~ZÈ à���� ¦§p|r}t�jfª§sY{msY¦«sY~�r}l��¸ÁGpU¦«s~kxUrFp�r}jVxU~opUl©jV~À[�jm�k�¥ÛJ�W¾R��xyt�r}iks[ikxUtTjV»�xy~�rFpU{O{VjV~GsYlY�
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[9jV�y�kt�s§ÛJ�mÝ�À !_h�iGs?t}p�r}jVxoxU�¡r�¨¡xØ¢Q� �kt}p|~knFikjV~G��t}p�r}jVxUl[wUsYt�lT�kl^: ;s=?=@ ��xyt[¦«xJuks�{VlÝ�ÄÜÀyÈ�pU~Guo��xUt�{VjV¦«jmrTjV~k�Mw|pU{m�ksYl©xU�£r}iGs à���� ¦?p�r}tTj�ª§sY{Vs�¦§s�~�r}lY�¸ÁJxU{VjVuv{mjV~ks^ÄºukxUr�r}s�u{mjV~ks�È¡��xyt©¦§xHuksY{�Ä Ý�È¡¨©jmr}iØ¦?p�ª2Äº¦«jV~¥È à���� ¦§p|r}t�jfª sY{Vs�¦§s�~�r}lY����x|rKÂ�ukpUlTiks�u�{mjV~ksÄ�ukxUruÂ�ukxUruÂ�uZp|lTiks�u {Vjm~ks�È¡��xyt�¦§xHuksY{�ÄÂÀyÈ�¨©jfr}i ¦§p�ª�Ä�¦§jm~¥È à���� ¦§p|rTtTjfªvsY{Vs�¦§s�~�r}lY�ÁJpU¦§sM~GxUrFp|rTjVxy~op|l�jm~�[�jV�k�kÛJ�W¾S��xUt�r}iks[ikxyt�jV»�xy~�rFpU{={mjV~ks�lY�rTiZp|r©jfr�¨¡xU�k{Vuo��sMq�xyl�lTjm�k{Vs�rTx^l�r}t�xy~k�y{f� n�xy~kl�rTt}pUjm~o¢?pU~Gu�í§¨©jmr}iApSwys�t��op|nYnY�Gt}p|rTss;ªJq�s�tTjV¦«sY~�r}pU{¬¦§sYpUlT�GtTsY¦«sY~�r©��xyt�rTiks[uksYnYp��A� A  ÚI�� A �h xStTs�¦§x�wUs�l��Hl�r}sY¦§p|rTjVn�s�tTt�xytTl�jV~?�Gt}pU~knFiGjV~k�_t}p|rTjVxyl��yjmwUsY~§�Q�«r}iGs�� �ºp|n�r}xUtTjVs�lY¤¨�sM{VxHx�G¹p|r�r}iks�t}p|rTjVxk¤~Ó ï ¤J��sCr�¨¡s�sY~vr}iGs�r�¨¡x¹�ktTpU~knFikjm~k�StTp|r}jmxyl L ÄÂ�R��  ¢Q�¬��4¬Èp|~ku L ÄÂ�R�   ¢��F��4£ÈC�,h�iks�t}p|rTjVx2jVl?qG{VxUr�r}sYu jV~ [�jm�k��ÛJ�fÝ�À�pUlvpL���k~kn�rTjVxy~ xU�: ;s=?=@ ¤���xyt?¦«xHuksY{ml�Ä Ý�È§p|~ku ÄÜÀUÈ§pU~kuÔ��xyt§{mjV¦«jmrTjV~k� w|pU{m�ksYl§xU��r}iGs à���� ¦?p�r}tTj�ªs�{Vs�¦§s�~QrTlY�	h�iks�lTs�t�sYl��k{mrTl¡jV~GukjVnYp|r}s©r}iZp�r�rTiks�tTp|r}jmxRjVl�wys�t��§lTs�~klTjfr}jmwUs�rTxS��x|r}ið: ;s=?=@p|~kuÔrTx2r}iGs�¦§pU�y~kjfr}�kuksoxU��r}ikso��xytT¦5�ºp|n�r}xUtTlY�¸h�iksØlTs�~klTjfr}jmwHjfr�� jV~kn�tTs�p|lTsYl«¨©jmrTirTiks[wUp|{V�ks[xU�`: ;s=?=@ p|~ku��yjfwys�l�p¹{ãpUt��ys[ukj¾/�sYt�sY~kn�s_��s�r�¨�sYs�~�¦§xHuks�{Vl\Ä�Ý Ú ��È�pU~ku�ÄÜÛyÈp|~ku�¦«xJuks�{Vl�ÄÜÀyÈ¹pU~ku ÄºáQÈ;� �2s���xy�k~Gu r}iZp�r§��xyt?p2uksC�Z~kjfr}s tTpU~k�ysØxU�4: ;>=?=@ ¤©p|{V{¦«xHuksY{ml�jV~�wys�l�r}jm��p|rTsYu��Ujmwys\p¹t}p|rTjVx¹nYxU~klTjml�r}s�~�r�¨©jmrTiArTiks\sCªJq�s�tTjm¦§s�~Qr}pU{¬uZp|r}p¹��t�xy¦à � �'�S�}� r�l�ikxy�k{muA��s�~kx|r}sYuvrTiZp|r�Ó ï jml�~kxUr¡wysYt��vlTs�~klTjfr}jfwys�r}xSrTiks à���� ¦?p�r}tTj�ªs�{Vs�¦§s�~QrTlY����~GuksYs�u=¤�jf��¨�sRxy~G{m� r}p9GUs\jV~�r}x§pUn�nYxy�k~�r�r}iks\r}t�sYs\nYxy~�r}t�jV�k�Jr}jVxU~klY¤�Ó ï jVljm~kuks�q�s�~kuksY~�r�xU� r}iks à���� qZpUtTpU¦§sCr}s�tTl�¢§pU~kuÀí��	h�iGs\uGj¾/�sYtTs�~knYsM¨©ikjmnFiApUqkq�s�pUt�ln�xy¦«sYlR��t�xy¦ rTiks q�sY~k�y�GjV~½nYxU~QrTtTjm�k�Gr}jmxy~½pU~GuzikpUlRr}x���s rFp¯GUsY~ jm~QrTx pUnYn�xy�k~�r¹jV~p|~Q��pUqkqGtTx�pUnFi�lTjV~GnYsRrTiks���pUtTs_~kxUr�~ksY�y{mjV�yjm�k{Vs|��h x s;ªJrTt}pUnCrMp?n�xy¦«¦§xy~Ø��s�iZp�wHjVxy�kt��xUtM��xUrTiL�"  ¢y� pU~ku2�ê  ¢Q� uks�n�p��HlY¤£¨¡s«n�p|{VnY�G{ãp|rTsSr}iks^tTp|r}jmxk¤(ÓS¤£��sCr�¨¡s�sY~Ó � pU~kuäÓ ï ¤©uks��k~ksYu¸jV~����Ql��[ÄÜÛJ�WÀ Ï È«pU~ku ÄÂÛJ�Þá�ÀyÈC¤�t�sYlTq�sYnCr}jfwysY{f�y� ��~l[�jm�½ÛJ�fÝ²�G¤rTiksStTp|r}jmx?jVl��yjmwUsY~ pUl�p§���k~knCr}jVxU~ xU�¸: ;>=�=@ ��xyt�¦§xHuks�{Vl^Ä Ý�È�p|~kuzÄÜÀyÈ;��h�iksSt�sYl��k{mrTll�ikx�¨ r}iZp|r_¦«xJuks�{�Ä�Ý�ÈMjVl_pU�yt�sYsY¦«sY~�r_¨©jmr}iLr}iks§sCªJq�sYtTjm¦§s�~�rFpU{�uZp|r}p�Ä à � �'�[È[��xyt
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h�pU�G{VsLÛJ�W¾ !¡¿¡sYl�r�tTpU~k�ys xU�	: ;>=�=@ uks�rTsYtT¦«jV~GsYu¸��xyt � ÑBë Ð Ñ# É äGõ©�ZÄÂäJõöÛyÈ p|~ku ��xUt�Å �¢Q� uks�n�p��HlY�p t}pU~k�UsSxU��: ;>=?=@ w|pUt��Jjm~k�v��s�r�¨�sYsY~�ÀJõWÛ§r}xvákõWÀJ¤�¨©iksYt�s�pUl[jmr�pU�yt�sYsYl���t�xy¦ ÀJõ Ï pU~ku�GõÞá�ÛM��xyt�¦«xJuGsY{ ÄÜÀUÈC�`��~?pUukukjfr}jVxU~¹rTx_rTiks à���� ¦?p|rTtTj�ª^sY{msY¦«sY~�r}l¡pU~ku¹��xytT¦ �ºp|n�r}xUts�/�sYn�rTlMÄºpU{Vt�s�pUuG�¹uGjVlTn��klTl�sYuvjm~§uksCrFpUjm{¥qktTsCwJjmxy�kl�{m�GÈC¤H��x|r}i?¦«xHuksY{ml�Ä Ý�È�pU~ku�ÄÂÀyÈ	iZp�wysp¹n�tTjfr}jVnYpU{Oq�xyjm~Qr_Ä�¦§jm~kjV¦R�k¦ wUp|{V�ksMxU� r}iGs\tTp|r}jmxÏÓ[È�~ks�pUt�: ;s=?=@ É.: @ É �G�
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021436587�9 Ê;: Î Ñ=<'Ñ>:�Ñ>:
?�lTjm~k��rTiks¡uGsYnYxU¦§q�xylTjfr}jmxy~_�Ujmwys�~SjV~��y�Hl��ZÄÂÛJ�öÛH¤UÛH�W÷�È;¤Uxy~Gs¡iZpUl ��xyt£r}iks�r}tTs�s¡xyq�sYtTp|r}xUtnYxy~�r}t�jV�k�Jr}jVxU~=¤
( Í É*Ð Ù Ê�ËÌkÍ Ê T Ä×1 3é 8 Ý: @ 1 3Ñ È,� Í ¨ é ÄºÐ ÑÍ È 8 Ä×1 3Ñ�8 Ý: @ 1 3é È,� � Õ � ÄºÐ Ñ� ÈsV(õ Äº÷G�E�yÈ¨©iksYt�s ËÌGÍ jVl�rTiksMr}ikt�sYs[¦«xy¦§s�~�r}�k¦æxU�9rTiks[¢Z�y��~ArTiks[l}pU¦«s�¨¡p��U¤Z¨¡sM�Z~ku (sX É ( Í ¤lTx^r}iZp�r��Ujmwys�l©�klY¤ N % ì &A@ É (sX ë ( Í É Ý«õ Äº÷G�Þá�ÈF ��r}s�t�n�pU{mnY�k{Vp|r}jm~k�Sr}iGs\¢§pU~kuÞI q�s�~k�y�kjm~AxUq�s�t}p|rTxyt�nYxy~�rTtTjV�G�Gr}jmxy~klY¤Gxy~ks[iZpUl��Zt�l�r�¤

õ % ì &CB É ÌGÍÌ X É Ð Ù Ê�ËÌkÍ ÊÌ X ­ Ä×1 3� 8 Ý: @ 1 3Î È�¼ H�� Í ¨ é ÄºÐ ÑÍ È 8 � � Õ � ÄºÐ Ñ� È Á8 � À ¼mÄ×1 3/ 8 Ý: @ 1 36 È 8 ÄZ1 3> 8 Ý: @ 1 3é � È Á � Í ¨ é ÄºÐ ÑÍ ÈH ¼mÄ×1 38 8 Ý: @ 1 3³ È 8 ÄZ1 36 8 Ý: @ 1 3/ È Á T À|Ð Ñ� � � Õ � ÄºÐ Ñ� ÈÄºÐ ð 8 Ð & È�ÄºÐ # 8 Ð ð È V8 ÄZ1 3é � 8 Ý: @ 1 3> ÈY¼ ÝÀ � Í ¨ é ÄºÐ ÑÍ È 8 � � Õ � ÄºÐ Ñ� È Á ®
Ú Äº÷G�öÛUÈ



ç��E��� Ê�Ë�Ì�ÍiÎ Ñ < Ñ : ÑéË�Ì Í ¾HÝp|~kuvr}iks[t}p�r}jVx^��s�r�¨�sYs�~ØrTiks�I�q�sY~k�U�kjV~ApU~kuo¢«r}tTs�s«Ä���t�xy¦æ¨©ikjmnFiA¨�s\n�pU~osCªHrTt}pUnCrrTiksM¨¡sYp9G à���� ¦§p|rTtTjfª?qkiZp|lTs2�OÈ¡jVl�¤
� 3 % ì &CD É�H Ì XÄ×1 3é 8 éE4F 1 3Ñ È3� Í ¨ é ÄºÐ ÑÍ È 8 Ä×1 3Ñ 8 éE4F 1 3é È3� � Õ � Ä�Ð Ñ� È ÓÓÓÓ

Æ}, # Æ $, &Æ ð�# Æ $ð�& ÓÓÓÓ õ ÄÂ÷J�W÷�Èh�iGs_s;ªGqGtTsYl�lTjmxy~A��xUt�r}iks[¦§p|r}t�jfª?sY{Vs�¦§s�~�r�x|�9rTiks�I�q�sY~k�U�kjV~oxyq�sYtTp|r}xyt�jmlY¤Ì X É Ð Ù Ê ËÌkÍ Ê ­�À T ÄZ1 3Î 8 Ý: @ 1 3� È 8 Ä×1 3³ 8 Ý: @ 1 38 ÈWVé� Í ¨ é ÄºÐ ÑÍ È8 ÝÀ T Ä×1 3/ 8 Ý: @ 1 36 È 8 ÄZ1 3> 8 Ý: @ 1 3é � ÈWV�� Í ¨ é Ä�Ð ÑÍ ÈH À T Ä×1 36 8 Ý: @ 1 3/ È 8 ÄZ1 38 8 Ý: @ 1 3³ È V T Ð Ñ� � � Õ � ÄºÐ Ñ� ÈÄºÐ ð 8 Ð & È�ÄºÐ # 8 Ð ð È V8 Ä×1 3� 8 Ý: @ 1 3Î ÈHGn� � Õ � ÄºÐ Ñ� È 8 � Í ¨ é ÄºÐ ÑÍ ÈJI8 Ä×1 3é � 8 Ý: @ 1 3> È T � � Õ � ÄºÐ Ñ� ÈyH
ÝÀ � Í ¨ é ÄºÐ ÑÍ È V ® Ú ÄÂ÷J�ö¾yÈ¨©iGjV{Vs�rTiks[t}p|rTjVx^xU� à���� ¦§p|rTtTjfª?sY{msY¦«sY~�r}l©tTp|r}jmx^jVl�!

ÓÓÓÓ Æ}, # Æ $, &Æ ð�# Æ $ð�& ÓÓÓÓ É
K Ä Ý�H½¢HÈ Ñ 8 í ÑÄ Ý�H ì Ñ ë ÀyÈ�L ¢ Ñ 8 í Ñ ÉÇ¤¬Ý�H ì ÑÀ § A é ÓÓÓÓ lTjm~ ±l�jV~ õ ÓÓÓÓ

Ú ÄÂ÷J� Ï È¨©iGsYtTs�r}iks¡pU~k�y{msYl ± p|~ku õ pUt�s¡uksC�Z~ksYu^jm~_rTiks¡�k~GjmrFp|tTjmr��MrTtTjVpU~k�y{ms�Ä�lTs�s à iZpUqGrTsYt�ÀyÈC�h x«lTjV¦«qk{mjm���¹r}iksM��xyt�¦S�k{VpUl¡¨�s\�GlTsYuD: @ ��xyt�: ;>=�=@ jV~��y�QlY��ÄÜÛJ�©��ÈWÂ;ÄÜÛJ�fÝyÝ�È�È
0M1/3N587�9+OÊ�ÍàÎ Ñ < Ñ : ÑéÍ��~ p§lTjV¦«jV{VpUt�¨�p��U¤=¨¡sR¨©t�jmrTsSukx�¨©~ r}iksRsCªJqktTs�lTl�jVxy~kl é ~GsYnYs�lTlTpUt�� rTxvn�pU{mnY�k{Vp|r}s[r}iGsp|l��H¦§¦«s�rTt��S¨©iGsY~ M é É ]�� � _Q��h�iks�¢_rTtTsYs�xyq�sYtTp|r}xyt	n�xy~�r}t�jV�k�GrTjVxy~^��xyt�rTikjVl��yjfwys�~uGsYn�p��ojmlY¤

( Í É¸Ð Ù Ê�ËÌkÍ Ê T ÄZ1 3é 8 Ý: @ 1 3Ñ È V ¤�� Í ¨ é Ä�Ð ÑÍ È 8 � � Õ � Ä�Ð Ñ� Èu§
Ú ÄÂ÷J�EÄ�È¨©iGsYtTs§pU{m{9r}iGs¹w|pUt�jãpU�G{VsYl�pUtTs«pUlMqkt�s�wHjVxU�klT{f��uks��k~ksYu=�^�2s^�Z~kuLjV~�r}ikjmlMn�pUl�s^r}iZp|r(sXQPÉ ( Í ¤¥pU~kuo¨�s\ikp�wUs9!

N % ì & @ É H�� Í ¨ é Ä�Ð ÑÍ È 8 � � Õ � Ä�Ð Ñ� È� Í ¨ é ÄºÐ ÑÍ È 8 � � Õ � ÄºÐ Ñ� È
õ ÄÂ÷G�fÝ�ä�È@�S(C3LJ[�± @ r�² �³ � LJj
±µ´7¶µ·@ r�² �³ � LfE:[é¸ v r�² �· � Lkj
¸ ´7¶ ³v rn² �· � �



¾yÀ ø�ù�ú�û�ü9ý�þ çR� ��� þ�ý�ø�ü �"! #U���q�¬ú�ü
����� �����F ��r}s�t�n�pU{mnY�k{Vp|r}jm~k�Sr}iGs\q�sY~G�y�kjV~oxyq�sYtTp|r}xUt�nYxy~�r}t�jV�k�Jr}jVxU~klY¤kxU~ks[�ys�rTlY¤
õ % ì & B É Ð Ù Ê�ËÌkÍ ÊÌ X ­¡H¸ÄZ1 3� 8 Ý: @ 1 3Î È�¼_� Í ¨ é ÄºÐ ÑÍ È 8 � � Õ � ÄºÐ Ñ� È ÁH � À ¼fÄZ1 3/ 8 Ý: @ 1 36 ÈUH ÄZ1 3> 8 Ý: @ 1 3é � È Á � � Õ � ÄºÐ Ñ� È8 � À ¼mÄ×1 3/ 8 Ý: @ 1 36 È 8 ÄZ1 3> 8 Ý: @ 1 3é � È Á � Í ¨ é ÄºÐ ÑÍ È8 ¼mÄ×1 38 8 Ý: @ 1 3³ ÈUH ÝÀ ÄZ1 36 8 Ý: @ 1 3/ È Á T À|Ð Ñ� � � Õ � Ä�Ð Ñ� ÈÄ�Ð & 8 Ð & È�ÄºÐ # 8 Ð & È V8 ÝÀ ÄZ1 3é � 8 Ý: @ 1 3> ÈY¼¿� Í ¨ é Ä�Ð ÑÍ È 8 � � Õ � ÄºÐ Ñ� È Á ®

Ú ÄÂ÷J�mÝyÝ�È
� 3 % ì &CD É�H Ì XÄ×1 3é 8 éE F 1 3Ñ È�R;� Í ¨ é Ä�Ð ÑÍ È 8 � � Õ � ÄºÐ Ñ� ÈTS ÓÓÓÓ

Æ-, # Æ $, &Æ ð�# Æ $ð�& ÓÓÓÓ õ ÄÂ÷J�mÝ�ÀUÈ
�M~GnYsSp|��pUjV~or}iGsSt}p|rTjVx«xU� à���� ¦§p|r}t�jfªos�{Vs�¦§s�~QrTl�jml��yjfwysY~�jV~<���¥��ÄÂ÷G� Ï È©pU~ku�rTiksI�q�sY~k�U�kjV~oxyq�sYtTp|r}xyt�ikpUl�r}iksM��xy{m{Vx�¨©jV~k�RsCªJqktTs�lTl�jVxy~=¤
Ì X É Ð Ù Ê�ËÌkÍ Ê ­¡HzÀ T ÄZ1 3Î 8 Ý: @ 1 3� È 8 Ä×1 3³ 8 Ý: @ 1 38 È V � Í ¨ é ÄºÐ ÑÍ ÈH ÝÀ T Ä×1 3/ 8 Ý: @ 1 36 È 8 ÄZ1 3> 8 Ý: @ 1 3é � ÈWVé� Í ¨ é Ä�Ð ÑÍ ÈH T ÝÀ ÄZ1 36 8 Ý: @ 1 3/ ÈUH¸ÄZ1 38 8 Ý: @ 1 3³ ÈWV T À|Ð Ñ� � � Õ � ÄºÐ Ñ� ÈÄºÐ & 8 Ð & ÈYÄ�Ð # 8 Ð & È VH¸Ä×1 3� 8 Ý: @ 1 3Î ÈHGn� � Õ � ÄºÐ Ñ� È 8 � Í ¨ é ÄºÐ ÑÍ ÈUI8 ÝÀ ÄZ1 3é � 8 Ý: @ 1 3> ÈHGn� � Õ � Ä�Ð Ñ� È 8 � Í ¨ é Ä�Ð ÑÍ ÈJI ® õ ÄÂ÷J�mÝ²�yÈ
.�psrqpsr Õ èé½�ç%æWz�½�w����Ö�4��½�xéç�½ ½}��|���½��~2xy�Gt_p|~ZpU{m�Hl�jVlY¤¬¨�s?p|tTs«�yxyjV~G� r}xAlTikx�¨ rTiks§uGsYq�sY~kuks�~knYs?xy~LrTiks à���� ¦§p|r}t�jfªsY{Vs�¦§s�~�r}l	pU~GuS��xytT¦ �ºpUn�rTxytTl�xU�¥r}iks�uGjVtTs�n�r�1\Ç wHjmxy{ãp|rTjV~k��pUl��J¦«¦«s�r}t��Rjm~^� uksYnYp��Jl����s^p|jV¦ßr}xvjm~knY{m�kuks_rTiks^{ãp�r}sYl�r�w|pU{m�ksYl�x|��rTiksR�2xy{m��s�~kl�rTsYjm~ à��Ö� qkpUt}pU¦«s�rTsYt�lY¤=¢pU~kubí��a��~2r}iks¹��xy{V{mx�¨©jV~k�v~Q�k¦«sYt�jVn�p|{	n�pU{mnY�k{Vp|r}jmxy~klY¤¬¨�s pUqGqk{m� p|{V{�r}iGs«��xyt�¦?p|{VjVl�¦uks�r}pUjV{msYuoqktTsCwHjVxy�kl�{m�ApU~GuA¨�sRjm~QwUsYl�r}jV�yp|r}s\¦§xUtTsMqkt�sYnYjmlTs�{m�vr�¨�x?nFiZpU~G~ksY{ml�xU���æuks?Ân�p���p|l��H¦§¦«s�rTtTjmsYlY�Ah�iks�lTsopUt�s ��R�«  � ) � A �¬�¹pU~Gu½� A   � ) � A � A �A��s§�Z~ku



ç��E��� Ê�Ë�Ì�ÍiÎ Ñ < Ñ : ÑéË�Ì Í ¾¯�
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[9jV�y�kt�s^÷G�fÝ�!%1\Ç wHjVxU{ãp|rTjV~k�?pUl��H¦«¦§sCr}t��U¤V�Áã ï ¤=��xyt �� �   � ) � A � � ¤=��xyt � Ñ ë Ð Ñ# ÉäJõE�G¤{: ;>=�=@ É ÝyõÞä�ÄZÄ ÝyõÞ÷ Ï È©pU~ku {mjV¦«jmr}jm~k�Sw|pU{V�GsYl�x|�	r}iks à��Ö� ¦§p|rTtTjfªAs�{Vs�¦§s�~QrTl���xyt¦«xHuksY{�Ä Ý�È�!�l�xy{Vjmuv{VjV~Gs«ÄºukxUr�r}s�uØ{mjV~ks�È���xyt�: ;>=�=@ É(ÝyõÞä�Ä¹pU~kuA¦?p�ª=Ä�¦§jm~¥È à���� ¦§pùÂrTtTj�ªosY{msY¦«sY~�r}l����Mp|lTiks�u�{Vjm~ks§Äºukx|rKÂ�ukpUlTiks�u�{mjV~ks�È���xUt�: ;s=?=@ É ÝyõW÷ Ï pU~kuØ¦?p�ª¬Ä�¦§jm~¥Èà���� ¦?p�r}tTj�ª s�{Vs�¦§s�~QrTlY�rTiZp|r���xyt�pS�GªJsYuD: ;>=�=@ ¤GrTiksYt�s_jml©p^¦?p�ªJjm¦S�k¦æw|pU{m�ksU¤4� Ï�÷�ø ¤G��xyt�r}iks�1\Ç(wHjVxy{Vp|r}jm~k�qkpUt}pU¦«s�rTsYt�¤)�~ã ï ¤y¨©iksY~¹r}iks©jm~Qw|pUt�jãpU~�r�¦?pUl�l	xU��r}iks�� ) � A jVl	jV~SrTiks�wHjVnYjm~kjmr��_xU�¥r}iGsI�tTs�lTxy~kpU~knYs|����~a[�jm�ylY�y÷G�mÝ�pU~ku§÷G�WÀJ¤�¨¡s�lTiGx�¨ rTiks�1_Ç,wHjmxy{ãp|rTjV~k��pUl��H¦«¦§sCr}tTjmsYl���xyt�� �   � ) � A � � ¤ � Ñ ë Ð Ñ# É äGõE�«¨©jmr}iD: ;>=�=@ É ÝyõÞä�ÄZÄ ÝyõÞ÷ Ï ÈC¤�pU~ku � Ñ ë Ð Ñ# É äGõWÛ«¨©jmrTi: ;s=?=@ ÉÅÝyõfÝyÝQÄ Ýyõ Ï ä�ÈC¤kpU~kuo��xyt�{Vjm¦§jfr}jV~G�_w|pU{V�GsYl©xU� à��Ö� ¦?p�r}tTj�ª s�{Vs�¦§s�~QrTlY¤¥tTs�lTq�sYn?ÂrTjmwUsY{m�U� h�iks�lTs?t�sYl��k{mrTlRpUt�s§l�ikx�¨©~���xyt[¦«xJuks�{�Ä�Ý�È;¤�p|lRpU~2sCªGpU¦«qk{Vs|�a��~b[�jV�yl��£÷G�©�p|~ku«÷G�ÞáG¤R1_Ç wJjmxy{ãp�r}jV~G��pUl��H¦§¦«s�rTtTjVs�l�pUtTs�pU{Vl�xM�yjmwUsY~¹jV~SrTiks�n�pUl�s�� A  5� ) � A � A �¿�xUr}iØl�r}�GukjVs�lMpUtTs\ukxy~Gs_¨©jmrTiØrTiksRlTpU¦§sRpUqkqkt�x�pUnFi=�©�2sRjV~�wUsYl�rTjV��p�r}s[�kwysS¦«xHuksY{mlY¤¨©jfr}i½�kwUsAuGj¾/�sYtTs�~�r«��xUtT¦ �ºp|n�r}xUtTl^jV~½xUtTuks�tSr}x lTikx�¨�rTiksv¦«xJuks�{�uks�q�s�~kuksY~GnYsAxU�
�Áã ï �F l«t�sY��p|tTuklSrTiksv¦?p�ªGjm¦S�k¦ 1\Ç wHjVxy{Vp|r}jm~k� p|l��H¦§¦«s�rTt��2��xyt ��R�   � ) � A �¬��¤� Ï�÷uø ¤Qw|pUtTjmsYl���tTxy¦ H�ÛJÝH×oÄ�Hn� Ï ×«È	r}xÉH Ï á*×AÄ�H�÷9Ä*×¹È�jV~«r}iks�pU{V{mx�¨¡s�u?t}p|~k�ys�xU�¬¢ Ú í��xUt � Ñ ë Ð Ñ# É äJõE�ZÄºäGõWÛyÈC� [Zt�xy¦ r}iGsØ~Q�k¦«sYt�jVn�p|{�t�sYl��k{mrTl§{mjVl�rTsYuzjV~zh�p|�k{VsØ÷G�fÝy¤���xyt:�;s=?=@�Ï ì Ò ÉÅÝyõÞä�ÄZÄ ÝyõmÝUÝ�È�pU~ku�: ;s=?=@�ÏU÷�ø É ÝyõÞ÷ Ï Ä�ÝUõ Ï äyÈC¤G¨�sRnYpU~�l�sYs_rTiZp|r�r}iks[�kwUsR¦«xJuks�{Vl�ºp|{V{yjm~QrTx�r�¨�x�n�{ãpUl�lTsYl�!9¦«xHuksY{ml�Ä�Ý Ú �yÈ£p|~kuvÄÂÛyÈ¬pU~kuR¦«xHuksY{ml¡ÄÂÀyÈ¬pU~ku ÄºáQÈ;�U[Zxyt£¦«xJuks�{VlÄ Ý Ú ��È�pU~kuzÄÜÛUÈC¤¬pU~Gu ��xUt%:<;>=�=@�Ï ì Ò ÉâÝyõWä9ÄZÄ�ÝyõfÝyÝ�È;¤�rTiks^¦?p�ªGjm¦S�k¦ pUl��J¦«¦«s�r}t��y¤V� Ï�÷uø ¤jml©pUtTxU�k~ku�H�Û�áÁ×oÄuH�á�ä*×¹È���xyt�r}iGs\l�s�r_Ä�¢ ÏU÷�ø Ú í Ï�÷�ø È�pU~kuApUtTxU�k~ku�H�÷9Ä*×oÄuH�Û9�GõÞ÷*×¹È��xUt�rTiks�l�s�rMÄº¢ Ï ì Ò Ú í Ï ì Ò È;¤H{ms�pUuGjV~k�[r}x[r}iks�t}p|rTjVx[��s�r�¨�sYsY~ rTiksY¦ pUt�xy�k~kuØÝyõWÀ Ï Ä�ÝUõE�Uá�ÈC���~�sYpUnFi xU�	r}iGsYlTs¹¦«xJuGsY{Vl�pU~ku ��xUt%: ;>=�=@�Ï�÷uø ÉâÝyõÞ÷ Ï Ä�ÝUõ Ï äyÈC¤¥r}iksS¦§p�ªJjV¦R�k¦ßwUp|{V�ks_xU�rTiksopUl��J¦«¦«s�r}t��y¤W� ÏU÷�ø ¤�tTsYpUnFiksYlÀH�÷�ÀJõÞ÷*×oÄuH�á Ï õÞ÷*×¹È_��xytRrTiksvlTsCrØÄº¢ Ï�÷uø Ú í ÏU÷�ø È\rTx



¾|á ø�ù�ú�û�ü9ý�þ çR� ��� þ�ý�ø�ü �"! #U���q�¬ú�ü
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[�jV�y�GtTs^÷G�WÀ !n1_ÇæwHjmxy{ãp|rTjV~k�?pUl��H¦«¦§sCr}t��y¤V�Áã ï ¤¬��xyt �� �   � ) � A � � ¤=��xyt � Ñ ë Ð Ñ# ÉäGõöÛH¤{: ;s=?=@ É ÝyõmÝUÝQÄ�Ýyõ Ï ä�È©pU~ku�{mjV¦«jmrTjV~k�Rw|pU{m�ksYl�xU��r}iGs à���� ¦?p|rTtTj�ªAsY{Vs�¦§s�~�r}l���xUt¦§xHuksY{	Ä�Ý�È?!�l�xy{Vjmuv{Vjm~ks«Äºukx|rTr}s�uØ{mjV~ks�È���xyt�: ;s=?=@ É(ÝyõfÝyÝ\pU~kuA¦?p�ª¬Ä�¦§jm~¥È à���� ¦?pùÂr}tTj�ªosY{msY¦«sY~�r}l����MpUlTiGsYu {mjV~ks«Ä�ukxUrKÂ uZpUl�iksYu {mjV~ks�È¡��xyt�: ;s=?=@ É Ýyõ Ï ä§p|~ku ¦§p�ª=Äº¦«jV~¥Èà��Ö� ¦§p|r}t�jfª?sY{Vs�¦§s�~�r}lY�pUtTxy�G~ku H�¾y¾Jõ©�*×oÄuH�÷UákõÞ÷*×¹È���xyt�r}iks«lTsCrvÄ�¢ Ï ì Ò Ú í Ï ì Ò ÈC�É��~2rTiZp|r\n�pUl�sU¤£r}iks«t}p�r}jVxojmls��Q�ZpU{¬r}xAÝyõWÀ9�ZÄ ÝyõE�yÀyÈC��� ��¨�s_n�xy~kl�jVuks�t�¦«xJuGsY{Vl\ÄÂÀyÈ�pU~ku�ÄºáQÈ;¤kr}iks\¦?p�ªGjm¦S�k¦âpUl��H¦^Â¦§sCr}t��U¤�� Ï�÷uø ¤H¨©iksYt�s%: ;>=?=@�Ï ì Ò É(ÝyõÞä�ÄZÄ ÝyõfÝyÝ�ÈC¤Qjml�pUt�xy�k~ku�H�÷��GõWÛ5×oÄuH�á Ï ×¹È���xUt�rTiks�lTsCrÄº¢ Ï�÷uø Ú í ÏU÷�ø È�pU~GuØp|tTxy�k~GuJH�¾ Ï õWÛ5×oÄuH�÷�À5×¹È���xyt�r}iksMl�s�rRÄº¢ Ï ì Ò Ú í Ï ì Ò È;�	h�ikjVl��HjmsY{VuGlp t}p|rTjVx?x|��xUtTuks�tSÝyõWÀ|á¥Ä�ÝUõöÀ9ÄyÈC�M�¸iksY~J: ;s=?=@7Ï�÷�ø ÉâÝyõÞ÷ Ï Ä Ýyõ Ï ä�ÈC¤�xy~ksSiZp|l[p ¦?p�ªJjm¦S�k¦xU�MpUl��H¦§¦«s�rTt�� pUt�xy�k~ku H�¾HÝH×oÄuH�ÛU÷GõWÛ5×¹È^��xyt^rTiksØl�s�r�Äº¢ Ï�÷uø Ú í ÏU÷�ø È¹pU~ku pUtTxy�G~kuH Ï á*×AÄ�H�÷9Ä*×¹È���xUt�r}iks[lTsCrRÄº¢ Ï ì Ò Ú í Ï ì Ò È;¤Z{Vs�p|ukjV~k�SrTx«p¹tTp|r}jmx¹pUtTxU�k~kuLÝyõmÝ Ï Ä�ÝyõWÀyÀyÈ;�Ë�x�¨ß{VsCr¹�kl§n�xy~kl�jVuks�t§� A   � ) � A � A � F {V{¡rTikso~Q�k¦§s�tTjmn�pU{�w|pU{m�ksYl¹n�p|~Ô��s��xy�k~ku jV~ h9pU�k{ms ÷G�WÀJ� ��~kn�s pU��pUjm~=¤_rTiks½¦§xHuks�{Vl��ºpU{m{Rjm~QrTx�r�¨¡x¸n�{ãpUl�lTsYlLpUl�jm~��R�   � ) � A �¬��� [¥xUtv¦§xHuksY{ml2Ä�Ý Ú �yÈ pU~ku ÄÂÛyÈC¤�pU~ku¸��xyt�:<;s=?=@�Ï ì Ò É ÝyõÞä�ÄZÄ ÝyõmÝUÝ�ÈC¤xy~ksM�Z~kukl©r}iGs_¦§p�ªJjV¦S�G¦ w|pU{m�ks[xU�9rTiksÖ1_Ç(wHjmxy{ãp|rTjV~k�SpUl��H¦«¦§sCr}t��U¤�� ÏU÷�ø ¤�pUtTxy�G~kuHn��ÀHõE�*×oÄ�H�ÀyÛHõE�*×¹È���xytMr}iks«lTsCrvÄ�¢ ÏU÷�ø Ú í ÏU÷�ø ÈMpU~ku�p|tTxy�k~Gu H�áR�GõÞ÷*×oÄuH��Uákõ©�*×¹ÈM��xUtr}iks_lTs�r¹Äº¢ Ï ì Ò Ú í Ï ì Ò È;�%[Zxytn: ;s=?=@�ÏU÷�ø É ÝyõÞ÷ Ï Ä�ÝUõ Ï äyÈC¤¥¨¡sR�k~ku r}iZp�r�r}iGsRw|pU{V�ks_xU�W� ÏU÷�øjVl¹pUt�xy�k~kulH�À9ÄGõÞ÷*×oÄuH�ÀUäGõ©�*×¹È¹p|~ku H�á�äGõ©�*×oÄuH�Ày¾JõÞ÷*×¹È_��xytSrTikso�yjmwUsY~z¦?p�ªJjm¦S�k¦pU~ku�¦«jV~GjV¦S�k¦ lTsCr}l�xU�©Ä�¢ Ú íkÈ;��h�iks_nYxyt�tTsYl�q�xU~kukjV~G�?t}p�r}jVxUl���sCr�¨¡s�sY~ pUl��J¦«¦«s�r}t�jVs�lpUtTs¹pUt�xy�k~ku Ýyõ©�Uá¥Ä Ýyõ©��ÛyÈ�pU~GuÔÝyõ©�y÷ZÄ Ýyõ©�y÷�ÈC��[Zxyt�r}iks¹l�sYnYxU~ku2n�{ãpUl�l[xU��¦§xHuksY{�Äº¦«xJu ÂsY{VlSÄÜÀyÈ�pU~ku Ä�áQÈTÈ;¤�r}iGsS¦?p�ªGjm¦S�k¦þ1\Ç wHjVxU{ãp|rTjV~k�§pUl��H¦«¦§sCr}t��y¤X� Ï�÷uø ¤���xyt�:�;s=?=@7Ï ì Ò ÉÝyõWä9ÄZÄ�ÝyõfÝyÝ�È;¤�jmlApUtTxy�G~ku H�� Ï ×oÄ�Hn�yä5×«ÈopU~ku*pUt�xy�k~ku�H�Û|äGõöÛ.×AÄ�H�áyäGõöÛ.×«È ��xyt rTiks¦?p�ªJjm¦S�k¦ pU~ku¸¦§jm~kjV¦R�k¦ lTs�rAxU� Äº¢ Ú íkÈ;¤�tTs�lTq�sYnCr}jmwUsY{f�y� [�jm~ZpU{V{f�y¤���xytÞ: ;s=?=@�ÏU÷�ø ÉÝyõW÷ Ï Ä�Ýyõ Ï ä�È;¤Mxy~ks2�ys�rTl�Hn� Ï õöÛ.×AÄ�H�ÀU¾JõöÛ.×«ÈApU~ku H�ÛyÀJõWÛ5×oÄuH�� Ï ×¹È;� h�iks�tTp|r}jmx jml
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[9jV�y�kt�s\÷G�E� !q1_Ç wHjVxU{ãp|rTjV~k�«pUl��J¦«¦«s�r}t��y¤��Áã ï ¤¥��xyt�� A   � ) � A � A ¤¥��xUt � Ñ ë Ð Ñ# ÉäJõE�G¤{: ;>=�=@ É ÝyõÞä�ÄZÄ ÝyõÞ÷ Ï È©pU~ku {mjV¦«jmr}jm~k�Sw|pU{V�GsYl�x|�	r}iks à��Ö� ¦§p|rTtTjfªAs�{Vs�¦§s�~QrTl���xyt¦«xHuksY{�Ä Ý�È�!�l�xy{Vjmuv{VjV~Gs«ÄºukxUr�r}s�uØ{mjV~ks�È���xyt�: ;>=�=@ É(ÝyõÞä�Ä¹pU~kuA¦?p�ª=Ä�¦§jm~¥È à���� ¦§pùÂrTtTj�ªosY{msY¦«sY~�r}l����Mp|lTiks�u�{Vjm~ks§Äºukx|rKÂ�ukpUlTiks�u�{mjV~ks�È���xUt�: ;s=?=@ É ÝyõW÷ Ï pU~kuØ¦?p�ª¬Ä�¦§jm~¥Èà���� ¦?p�r}tTj�ª s�{Vs�¦§s�~QrTlY�s��Q�ZpU{9rTx�Ýyõ©��ÀkÄ Ýyõ©��ÛyÈ¡¨©iksY~�: ;s=?=@�Ï ì Ò É ÝyõÞä�ÄZÄ ÝyõfÝyÝ�È�pU~ku jml�pUt�xy�k~ku2Ýyõ©�y÷ZÄ�ÝUõE� Ï È�¨©iks�~: ;s=?=@�ÏU÷�ø É ÝyõW÷ Ï Ä�Ýyõ Ï ä�È;�[ZtTxU¦5pU{m{¡r}iks�lTsAtTs�lT�k{fr}lY¤�¦§pU~��½nYxy¦«¦«sY~�r}l¹n�p|~z��sosY~Q�k¦«sYtTp|r}s�u=� F {mrTikxy�k�yirTiks ¦§p�ªJjV¦S�G¦ p|l��H¦§¦«s�rTt��U¤Y� Ï�÷�ø ¤	l�r}jm{V{�w|pUtTjmsYlSx�wys�t^lTxy¦«s?tTpU~k�ys?jV~½��xUr}i�nYpUlTs�lÄº� A   � ) � A � A pU~Gu ��R�   � ) � A �¬�CÈC¤M¨�s�¨�pU~�r rTx�l�rTtTs�lTl�r}iZp�r ���,�GlTjV~G�¦«xyt�s pUn�nY�ktTp|r}s à���� s�{VsY¦«sY~�r w|pU{m�ksYl«r}iZp|~ ��sC��xytTs|¤�p2¦§xyt�s�qkt�sYn�jVlTs�1_Ç�wHjVx¯Â{Vp|r}jm~k� p|l��H¦§¦«s�rTt��ØjVl�xy�GrFp|jV~ks�u=�Mh�iks^tTsYpUlTxU~Ljml�qkt�jV¦§pUtTjm{m� rTiksS¦§p|r}t�jfªØsY{msY¦«sY~�r}lÆ}, & pU~Gu�Æ ð�# ¨©ikjmnFi�pUt�sojV~�wyxy{fwys�uÔjm~ rTiks<��  ¶ rTt}pU~GlTjmrTjVxy~�rTiktTxU�k�yi r}iksot}p�r}jVxx|� Ì X r}x ( Í ����~2xy�Gt\qGtTsY{mjV¦«jV~Zp|t��<1_Ç wJjmxy{ãp�r}jVxU~ l�rT�kuG��¨©iks�tTs¹¨¡s¹�kl�sYu2rTiks^w|pU{ Â�GsYl Õ É äGõ Ï Ý�Û Ú?ì É"äGõöÀUÀUä�Û Ú äJõWä�Ä�êß¢ êêäGõWÀyÛ|áLpU~ku äGõE�yÀ9��ê í êßäGõ¿áyáQÀJ¤���xytrTiks[qktTxHnYs�lTl�� A  �� ) � A � A ¤k¨�s\��xy�G~kuArTiZp|r�rTiks_tTp|r}jmx^��sCr�¨¡s�sY~ ¦§p�ªJjV¦R�k¦�pU~Gu¦«jV~GjV¦S�k¦ p|l��H¦§¦«s�rTt���tTsY{Vp|r}s�u�r}x�r}iGsv¦§jm~kjV¦S�G¦ pU~ku ¦?p�ªGjm¦S�k¦ lTsCr¹xU�RÄº¢ Ú íGÈC¤¨¡pUl�p|tTxy�k~Gu ÝyõÞ÷G��¿��«nYxy¦«qZpUt�jVl�xy~=¤HjV~§rTiks�qkt�sYl�sY~�r�¨¡xUt�G¥¤JrTikjVl�t}p|rTjVxRjml�t�sYuk�GnYsYuvrTxÝUõE�G�	h�iGsMukj¾/�sYt�sY~kn�sMjVl�t�sY{ãp�r}sYuvrTxSr}iksMjm¦§qkt�x�wysY¦«sY~�r�jm~ r}iks�¦§sYpUlT�kt�sY¦«sY~�r©xU�£r}iGsà���� ¦§p|r}t�jfª§sY{msY¦«sY~�r}l�¤ZpU~kuvl�ikx�¨©l©rTiksMl�rTtTxy~G�^s�/�sYn�r©x|� rTiks à���� qZpUt}p|¦§sCr}sYt�lY¤¢?pU~ku�í�¤Gxy~o{VjV¦«jmrTjV~k�_pUl��J¦«¦«s�r}t�� w|pU{V�GsYlY��¸jfr}i�t�sY��pUt�u r}x2r}iks à���� ¦§p|r}t�jfªzs�{VsY¦«sY~�rTlY¤©jmr?pUqkq�s�pUt�l§rTiZp|rvjf��¨¡sØrFp9G|srTiksYjmtM�kqkq�sYt[{Vjm¦§jfr�¤¥¨¡s¹xy�JrFpUjm~2pvl�¦?pU{m{Vs�t�pUl��J¦«¦«s�r}t��y¤V�Áã ï ¤ pU~ku�wHjVn�s�ÂÜwysYt�l}pG� F l¨�s©��xy�k~ku«��sC��xytTs|¤�r}iks�tTs©jVl�l�rTjV{m{kp[l�r}t�xy~k�[uks�q�s�~kuksY~GnYs�xU��r}iGs�1\Ç*wHjVxU{ãp|rTjV~k�Mp|l��H¦�Â¦«s�rTt��^xU~§r}iGs���xyt�¦Å�ºpUnCr}xyt�lY��h�iks�ukj¾/�sYt�sY~kn�s���s�r�¨�sYs�~?r}iGs�r�¨�xRn�{ãpUl�lTsYl�xU�=¦«xHuksY{mlY¤
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Z�[]\_^�`badc�egf4hHidjlkm[on_prq�sb[]t4\uq�vxwmyzy{aNsb`xw�|��)}4~�|��An_`=�{��� �V�����4���V|��An_`=����������=�
����� |��������� ��� � ���)�T� ���_��� q�t4�Qpo[]y{[osb[]t4\2k�q�po^4a6v�n���s ��au¡£¢d¤¥y¦q�sb`b[¨§�a6p]aNyzaNt�s v=�An�`yznm�4a6p©�T� � hWvxn_p][o��p][ot4a{�ª�4n�sbs aN�"po[]t4a � �An_`«�������� �¬� � �_�dq�t4��y¦q­§®�Ayz[ot � ¡£¢d¤¯y¦q�°s `b[¨§±a6poa6y{a6t�s vNe«²
q�vb��a6�8po[]t4a{�A�4n�sx°��/q�vx�4a6�8po[]t4a � �An_`�� ������ �³� ���_� q�t4�8yzq�§X�ªy{[]t �¡£¢M¤¯yzq�s `x[�§¦a6p]aNyzaNt�s v6e
�T�_´¶µ·´ �_� q�t��8�
¸·´ f � |�¹6n_y{a6v©yzq�[]t�powd�A`bn_y-s �4a�y¦q�\_t4[osb^4�4aNv©n���sb�4aH�An_`by-�ªq�¹Nsbn_`bvNe�ºUt�ªq�¹Ns6|)sb�4a«�An_`by³�ªq�¹»s n_`W¼©½6��¾ � � |m¿«��[]¹¶�¦��a6vb¹N`b[oÀ�aNvÁs ��a�sb` q�t4vx[osb[]n_tz�-� �©|)[]vWyzq�[]t4p�w`ba6vxÂ�n�t4vb[oÀ4p]aÃ�An_`=s �4[ov
�4a6Â�a6t4��a6t4¹Na�e{ºUtÄÀ�n�sb�Ä¹Nprq�vxvbaNv6|V¿ÅaÇÆ/t4�Èq�vxsb`bn_t4\�a6`
�4aNÂ�aNt·°
�4a6t4¹Na"n��=sb�4a�iMjÉkm[on_prq�sb[]t4\8q�vxwmy{yza»s `xwÊn_tËs �4a"¡£¢d¤ yzq�sb`b[�§Ìa6poa6y{a6t�s vÃsb�/q�t
s �/q�s¦n_tÍsb�4a"�An_`xyÎ�ªq�¹Nsbn_`bvzn_`zsb�4a�a»Ï�aN¹Ns [�k_a8Â4q�` q�y{aNsba6`¦� ������ eÑÐH��a8�4[oÏ�a6`xa6t4¹Nan_À4vbaN`xk�a6�;[]tÈn_^4`M`ba6vx^4posbv2À�aNsU¿Áa6aNt � � ��� �� � �·� µ"q�t4�Ì� � ��� �� � ���Ò� q�`b[]vxa6vd�A`bn_y
s �4a{`baNt4n_`byzq�po[]ÓÔq�s []n�tQvb¹¶�4aNyzazn��£s ��azÕÖ[]povbn_tÄ¹6nmaN×{¹N[]a6t�sbv2[]tØs ��az¿ÁaÔq�ÙØaNÏ�a6¹»s [�k_a
Ú�q�y{[]p�s n_t4[]q�tXeHZÛ[]t/q�popow�|/vb[]t�¹6aÃ�������� �Asb`baÔq�s a6�Øq�vÜqz�A`xa6a2Â4q�` q�y{aNsba6` � []v�`baNprq�sba6��sbn�/q��4`xn_t4[]Ó6q�s [on_tÄaNÏ�a6¹NsbvÃs �4`xn_^4\_�Ès �4a¦�ªq�¹Ns n�`b[]Ó6q�s [on_tÈq�Â4Â4`xn�q�¹¶�X|�[�s2[ov2t4n�sÃÂ�n_vbvx[]À4poa
s n��4aNsba6`by{[]t�a{[�s v
k�q�p]^�auq�¹6¹N^4` q�sba6p�wØvb[]t�¹6a{t4n_t·°��ªq�¹Nsbn_`b[oÓÔq�À4poaÃaNÏ�a6¹»s v2q�`baut4n�s>¿Áa6pop
Ùmt�n­¿«t�e"ÐH�/q�s2[ovd¿«��wÄs �4a¦q�vxwmy{yza»s `xwÄq�p]vbn±k�q�`b[oa6vd[]tÈvbn_y{az`bq�t4\_a{n��«� ������ e�º�s[]v>n_À�km[]n_^4vds �/q�sÃq�yzn_`xa{q�¹6¹N^4` q�sbazk�q�po^4aÇ�An_`2�������� �A¿«��[]¹¶�Ì`xa6Ý)^4[]`xa6v2q�y{n_`bazq�¹�°
¹6^4`bq�s a
q�Â4Â4`bn_q�¹¶�¦¿«[osb�Þt4n_tm°��ªq�¹»s n_`x[]ÓÔq�À4p]a�aNÏ�a6¹»s v£À�a6[ot4\2s¶q�Ù�a6t�[ot�s nÇq�¹N¹6n_^�t)s � |�q�t4��/q��4`xn_t4[]¹{�4aN¹ÔqÔwÊ�An_`xy¯�ªq�¹Nsbn_`bvÞ�A¿«�4[o¹¶�;`ba6Ý)^4[o`baNvÃÀ�a»sbsba6`Çq�^�t4�4a6`xvxs q�t4�4[ot4\8n��Hsb�4a
Â4[]n_t"vxsb`b^4¹»s ^4`xauq�t4��sb�4aÇ�ß� �Ês ` q�t4vb[�s []n�t � q�`ba2t�a6a6��a6�Ø[]t8n�`b�4aN`=s n¦�4aNsba6`by{[]t�as �4aM¡£¢d¤àyzq�sb`b[�§¦a6poa6y{a6t�s vNe
ºUtzvbÂ4[�s a�n��®q�p]p4s ��a=^4t�¹6a6`Ts¶q�[ot�s []aNvÁy{a6t�sb[]n_t4aN�¦q�À�n�k_a�|·¿Áa�vTs `baNvbvWs �/q�sWs ��a=á£âÞã

yz[¨§�[ot4\Þy{a6¹¶�/q�t4[]vxyä[]tQs ��az�å� á_�æ�4a6¹6qÔwØ¹Ôq�tÄÀ�au^4vxa6�Äs n±`baNyzn�k_a{q�y2À4[]\_^�[osUw
¹6n_t4¹Na6`xt4[]t4\us ��aMvx[]\_t�n��Ûvb[]t�ç)eÁè=v�sb�4ad[]t�s aN`bt/q�pXsbn_Â�Ým^4q�`bÙ��4n�yz[ot/q�s aNv£s �4aMé«� ê
s ` q�t4vb[�s []n�tX|Hs �4aQ¿ÁaÔq�ÙëÂ4�4q�vbaØ[]tësb�4aÄq�vxwmy{yza»s `xwÍ[]v�Â4`xn_Â�n_`xsb[]n_t/q�p=s nËvx[]t«ìí���
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ZÛ[]\_^4`xa8c�e � hØvb[ot«çÈq�v�qÊ�A^4t4¹»s []n�tûn��d� ������ |£�An�`ßü�2ýÄ� � � � � �®ý�|£�An�`¦� � ��� �� �
�·� µ/� ���Ò�_� q�t4�¦�An_`Yy{n·��a6pÛ�T� � e�ÐH�4a=vbn_po[]���ª�4n�sxs aN� � po[]t4a�q�sÁvb[ot�ç
�+þÃ�=¹Nn_`b`xa6vxÂ�n_t��4vsb�4aÞ¹6q�vbaÖÿ�����;�í�Tâ=µ ������� â=µ �_��� |Û¿«�4aN`ba�á¦â ã-yz[¨§�[ot4\�[]v2[ot4¹6po^4�4aN�Xe�ÐH�4a¦�4n�sx°�4q�vb�4aN�"�ª�4n�sT°U�4n�sx°U�4q�vb�4aN� � po[]t4aW¹6n�`b`baNvbÂ�n_t4�4v�sbnÈÿ�����{� � ���¶�_� |�¿«��a6`baHáÛâ2ãÄyz[¨§·[]t4\
[ovHt4n�s�[]t�¹6p]^��4a6�Xe
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ZÛ[]\_^4`xa±c�e�c�h"vx[]t«çØq�v{qQ�A^4t4¹Nsb[]n_t n��Ü� ������ |Á�An�`z� � � � � � � � � |Á�An_`u� � ��� �� ��·� µ/� ���Ò�_� q�t4�¦�An_`Yy{n·��a6pÛ�T� � e�ÐH�4a=vbn_po[]���ª�4n�sxs aN� � po[]t4a�q�sÁvb[ot�ç
�+þÃ�=¹Nn_`b`xa6vxÂ�n_t��4vsb�4aÞ¹6q�vbaÖÿ�����;�í�Tâ=µ ������� â=µ �_��� |Û¿«�4aN`ba�á¦â ã-yz[¨§�[ot4\�[]v2[ot4¹6po^4�4aN�Xe�ÐH�4a¦�4n�sx°�4q�vb�4aN�"�ª�4n�sT°U�4n�sx°U�4q�vb�4aN� � po[]t4aW¹6n�`b`baNvbÂ�n_t4�4v�sbnÈÿ�����{� � ���¶�_� |�¿«��a6`baHáÛâ2ãÄyz[¨§·[]t4\[ovHt4n�s�[]t�¹6p]^��4a6�Xe
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Z�[]\_^�`baQc�e ú hÌÐH��aÄ`bq�s [on;n��dÂ�aNt4\_^4[otës n;s `xa6aØq�y{Â4p][�s ^4��a6v6|�&m|�q�v�qÊ�A^4t�¹Ns [on_tÖn��
�"������ |Á�An�` ü� ý � � � � � � ý |Å�An_`u� � ��� �� � ��� µ/� ������� |Y�An_`up][]y{[osb[]t4\�k�q�p]^4aNvun���sb�4a¡£¢M¤íy¦q�sb`b[¨§±a6poa6y{a6t�s vu�Aá/´(' � yzq�§X�ªy{[]t � |4�An_`Qÿ�����±�ß�Tâ=µ ���_�)� â�µ �_��� � � ´ ��� |Û�ª[�ega�e¿«[os �®�A¿«[osb�4n_^�s � á8â+ãåyz[¨§·[]t4\ � q�t4�Ñ�An_`±y{n·�4aNpz�T� � eÉZÛ[]\_^4`xaÄc�e ú q+�ªpoaN�Cs � hæ�An�`ÿ�����È�ä� ���¶��� |Ûvxn_p][o�Äpo[]t4a��A�4n�sxs a6�Êp][]t�a � �An_`>� � ��� �� � �·� µ�q�t4�û�ªá/´(' � y¦q�§X�Ayz[ot � e²Ün�sx°��/q�vb��a6��p][]t�a¦�A�4n�sT°U�4n�sT°U�/q�vb�4aN�"po[]t4a � �An�`�� � ��� �� � �·��� q�t4�Ì�ªá/´(' � y¦q�§X�Ayz[ot � eZ�[]\_^�`ba
c�e ú ÀÊ�ª`x[]\_��s � h�v q�yza>¹Ôq�Â�s [on_t�À4^�s«�An_`�ÿ�����{� �Tâ=µ ������� â=µ �_��� e
vb[]t�* � |Y¿«�4a6`xa�ì �íq�`b\,+�â�-/.102-43.65-/7 0 - 37 5/8 e Ú=a6t�¹6a�Ù)t4n�¿«[ot4\Äsb�4a±vb[o\_tËn��Üvx[]t«ç8a6t4q�À4p]aNv^4vMsbn��4a»s a6`xyz[ot4aus �/q�sMn��Hvx[]t«ìÖ�A`bn_yàq�yza6q�vb^4`xa6y{a6t�sÃn��£s �4azq�vTw·y{y{aNs `Tw_|:9)}4~Ûe
ºUtÈZÛ[]\_vNe®c�e � q�t4�Èc�eÒcÞ¿Áauvb�4n�¿³vx[]t�çÞq�v>qÞ�A^4t�¹Ns [on_tØn��Å� ������ �An_` ü�2ýd� � � � � �®ýq�t4�æ� � � � � � � � � |Å`xa6vbÂ�a6¹»s [�k_a6p�w_|Å¿«��a6tÍ¿Áa"�4q�k�a�yzq�§·[]yÃ^�y idjÉkm[]n_p]q�s [on_tXeºUtën_^4`Þ�4a»s aN`by{[]t4aN�ë` q�t4\�a8n��d� ������ |M�J� �Ò�<; �T� � c ���>= � ������ = � � �_�)�T� �Ò�_�_�b� |Hn�t4aÆ/t4�4vÃsb�/q�sÇ[�s v2vx[]\_t;[ovÇq�p�¿£qÔwmvÃÂ�n_vb[�s [ok�a¦�An_`Çq�p]pYs �4aÞy{nm�4a6pov2vxsb^4�4[oa6� q�t4�Ì�An_`Ãq�p]p
s �4aÇ�An_`xy �ªq�¹Nsbn_`bvNe¦ÐH�4aN`ba»�An_`ba�|�À�wØyza6q�vb^�`b[]t�\±sb�4aziMj km[]n�prq�sb[]t4\�q�vxwmyzy{aNsb`xwQ[ot
�@?BA ý � � � � � �C?BA ý �4aN¹ÔqÔwmv6|Ü¿ÁaÄ¹6q�t `ba6y{n�k_a8sb�4aØyznm�V�A� � ^4t4¹Na6`xs q�[]t�sUwû¿«��[]¹¶�q�Â4Â�aÔq�`xvz[ot sb�4a"��aNs aN`by{[]t/q�s []n�tË�An�`zì+�A`xn_y¥s ��a"^4vx^/q�p�[]t4��[]`baN¹Ns{y{aÔq�vx^4`baNyzaNt)sbv
¿«�4[]¹¶�±wm[]a6po�±vb[]t�¸�ìÁe
ºUtÈZ�[o\_v6e�c�e ú q�t��Êc�e � |Xsb�4au` q�sb[]n�n��Ws �4aÇÂ�a6t�\_^4[]tÈq�t4�Qsb`ba6a{q�y{Â4po[os ^��4a6vN|®q�vdq�A^4t4¹Nsb[]n_t¦n��Û� ������ |�[ov£Â4pon�sbsba6�¦�An_`Åp][]y{[osb[]t4\
k�q�po^4a6v£n��®s �4ad¡£¢d¤äy¦q�s `b[¨§{a6poa6y{a6t�s vN|á/´('�|)�An_`Ys �4a=Â4`bnm¹6aNvbvxa6v«� ?BA ýÅ�Î� � � � � ?BA ý6e:D�k_a6t�sb�4n_^4\_�¦n_t4a�\�aNs vÅqMp]q�`b\_a«k�q�p]^�a

n���vx[]t�çQq�`xn_^4t4�æ� ���»�� �Î�_|Y�An_` ü�2ý�� � � � � �®ýÔ|Á¿«[�s �4n�^�s{áÞâÖã³yz[¨§·[]t4\4|©n�t4a
vxs [op]p��/q�v�q{vxy¦q�p]p�k�q�po^4aÜ�An_`"&uq�`xn_^4t4�±s ��[]v£k�q�p]^�a
n���� ������ eFE·[]y{[]p]q�`bp�w_|�¿Åadn_À4vxa6`Tk_a
s �4auv q�yza{Â4�4aNt4n_y{a6t/q��An_`d� � � � � � � � � ¿«�4aNt;� ���»�� � ���Ò� e{ºUtÊÀ�n�s �Ä¹Ôq�vba6vN|s �4a=iMjÑkm[on_prq�sb[]t4\>q�vxwmyzy{aNsb`xw�|�9)}4~�|m`baNy¦q�[ot4v©k_aN`xw{vbyzq�p]p4¿«[�s �4n�^�sWáHâ±ãËy{[�§·[ot4\4e
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ZÛ[]\_^4`xa�c·e � h�ÐH�4a
` q�sb[]ndn��VÂ�a6t4\_^�[]t¦sbn2s `xa6a
q�y{Â4po[os ^��4a6vN|H&m|4q�v£qM�A^4t�¹Ns [on_tÞn�� � �������An�`¦� � � � � � � � � eIE�q�y{a±¹Ôq�Â�sb[]n_t �An_`zZ�[]\_^�`ba�c�e � qÍ�Ap]a»�Cs � q�t4�ûZÛ[]\_^4`xa�c�e � À�A`b[o\_��s � q�vH[ot"ZÛ[]\4e�c�e ú e
� � ���»�J$K6L �¬� ���M; �J� � �_� � � � ���»�J�NPO �-� � c � �J� ���_���y{n·�4aNpY�T� �

á J�N�O ´(' J�N�O ° �_� �C°�f4� � °Uc � �C° � � �á J�K6L ´(' J$K6L ° ú ¸4�C° �_�_� ° �_� �C°Uc �_�
y{n·�4aNpY��¸ �
á J�N�O ´(' J�N�O °Uc_µ/�C°�f ��� ° ú �)�C° � c �á J�K6L ´(' J$K6L ° ú�� �C°Uc�¸ � ° � f��C°Uc ;��
y{n·�4aNpY�
µ �
á J�N�O ´(' J�N�O ° � c/�C°�f4� � °Uc � �C° � � �á J�K6L ´(' J$K6L ° ú ¸4�C° �_�_� ° �_� �C°Uc ;��
y{n·�4aNpY�ªf �
á J�N�O ´(' J�N�O °Jc�f��ªf �_� ° ú �)�C° �_ú_�á J�K6L ´(' J$K6L ° úG; �
c�¸ � ° � f��C°Uc ;��
y{n·�4aNpY� ���
á J�N�O ´(' J�N�O ° � �)�C°Uµ ��� ° ��� �C°�f_f �á J�K6L ´(' J$K6L °Uc_µ/�C° � � � ° ú ¸4�C°Uc ���

ÐÛq�À4poaÇc�e��_h
¤"q�§·[]yÃ^4yÉidjßkm[]n_p]q�s [ot4\Þq�vxwmyzy{aNsb`xwQ9 J�N�O �SR � �An_`Öü� ý � � � � � � ý |�An�`Vq�p]p_y{nm�4a6pov6|­p][oyz[�s []t�\
�ª^�Â4Â�aN` q�t4�dp]n�¿ÅaN` � k�q�p]^�a6vVn���sb�4aÁ¡£¢d¤ßyzq�s `x[�§�a6p]aNyzaNt�s v6|q�t4�"� � ��� �� � ��� µ/� ������� e
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� � �����J$K6L �¬� �Ò�M; �T� � �_� � � � �����J�N�O �¬� � c � �T� ���_���y{nm�4a6pY�J� �

á J�N�O ´(' J�N�O °Jµ_µ/�r°T¸�c � °Jµ�¸4�r°T¸_¸ �á J�K1L ´(' J�K6L °Uf � �r°Jµ_c � °Uf�µ/�r°Jµ �_�
y{nm�4a6pY�
¸ �
á J�N�O ´(' J�N�O °Jµ � �r°Jµ �_� °Jµ � �r°T¸ ú��á J�K1L ´(' J�K6L ° ��� �r°Uf �_� ° � ¸4�r°Jµ �_�
y{nm�4a6pY�ªµ �
á J�N�O ´(' J�N�O °Jµ�f��r°T¸ ú�� °Jµ�¸4�r°T¸_¸ �á J�K1L ´(' J�K6L °Uf � �r°Jµ_c � °Uf_f��r°Jµ �_�
y{nm�4a6pY�Af �
á J�N�O ´(' J�N�O °Jµ � �r°Jµ �_� °Jµ ; �r°T¸ �_�á J�K1L ´(' J�K6L ° � �)�r°Uf4� � ° � µ/�r°Jµ �_�
y{nm�4a6pY� �_�
á J�N�O ´(' J�N�O °Jµ � �r°T¸�µ � °T¸ � �r°¶� ú��á J�K1L ´(' J�K6L °Uf4�)�r°Jµ�� � °Jµ�f��r°T¸�µ �

Ð�q�À�p]adc�eÒ¸·hÁ¤�q�§·[]yÃ^�y iMj km[on_prq�sb[]t4\Ãq�vxwmy{yza»s `xwT9 J�NPO �UR � �An�`=� � � � � � � � � |�An_`Wq�p]p4y{nm�4a6pov6|�p][oyz[�s [ot4\=k�q�po^4a6vWn���sb�4a�¡£¢M¤åy¦q�s `b[¨§ÇaNp]a6y{a6t�sbvÜ�A^4Â4Â�a6`Áq�t4�{p]n�¿ÅaN`p][]y{[os � |mq�t4���An_`H� � ��� �� � ��� µ/� �·���_� e

ÐH�m^�vÜáÃâ;ãÖyz[¨§·[]t4\{Â4prqÔwmvÜq�t8a6vxvba6t�sb[rq�pÛ`bn_poa2[]t"À�n�s �8aNt4�/q�t4¹N[]t4\zs �4aM�4[]`xa6¹NsÜiMj
k·[on_prq�s []n�tÞq�t4��`baNt4�4aN`b[]t�\{sb�4adq�t/q�p�w·vx[]vHn�� s ��ad`xa6vx^4posH�A`xa6a>n���q�yÃÀ4[o\_^4[osUw�e

VTW/X Y Z\[^]`_ acb\aed\f Z>[g]
h�iSj�iPk l�mFnporqtsPu:v
è=�Cs aN`Þs �4aQvTs ^4�·wën��d�4[]`xa6¹»s±iMjàkm[]n_p]q�s [on_tÍ[otûs �4aØé;� ê;s `bq�t4vb[�s [on_tX|H¿ÅaØt4n�¿
[]t�k_aNvxs [o\�q�sba=s ��aÜidj km[on_prq�sb[]t4\dq�vTwmyzy{aNsb`xw_|)9)}4~�|�[otzsb�4aÜéH� w�Ý)^/q�`bÙus `bq�t4vx[os [on_tXe
ÕÊadÀ�aN\_[]t�À�w±¹Ôq�po¹6^4p]q�s [ot4\uq�popXs �4a>s `xa6aMq�t4��Â�a6t�\_^4[]t�n_Â�a6`bq�s n_`«¹Nn_t�s `b[oÀ4^�sb[]n_t4v � [ot
s �4a>¹¶�/q�`x\_a6���4aN¹ÔqÔw��@?"�Î� � � �yx ?�e

zP{#|~} ����� ����z�/��} �#�:���:�� ����z�/��}������C������z� ��} �#� ��� �� ����z� ���
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è=v©^4vb^4q�p�|�¿ÁaHvxs q�`xsYÀ�w2¹6n_y{Â4^�sb[]t4\�sb�4aHá
s `xa6aHn_Â�a6`bq�s n_`�¹6n_t�s `x[]À4^·s []n�t2¿«�4[]¹¶�Çs q�Ù�aNv
sb�4a
�An_p]pon�¿«[]t4\2�An�`by�|

  �«� �¢¡¤£�¥¦ �M£B§x�ªi©¨½ þ �� � it¨� �2ª �»¼©½6�ª� �� � þÑ�ªi©¨� þ �� � it¨½ �~ªG«F¬ ý �A� � « ��­ ´ �
c�e��Ôf �
¿«��a6`ba ª �=q�t4� ª�« q�`ba�s �4a��4a6¹6q�w¦¹6n_t�vxs¶q�t)sbvHn��®s ��aÜá{q�t4� x `baNvbÂ�a6¹»s [ok�a6p�w_eYºUt¦s ��a
vbq�y{aÜ¿£qÔw_|/¿ÁadÆ4t4�   �u�   �­|4s ��a6`ba»�An_`ba>n_t�ad�4q�v6|

ì�® K�¯±° �-� � �
c�e�� �_�
è��Cs aN`�¹6q�p]¹N^4prq�s []t�\2s �4a>Â�a6t4\�^4[]t±n_Â�a6`bq�s n_`H¹Nn_t�s `x[]À4^�sb[]n_t�v£�An_`HáÞq�t��±ã�|·n_t4a>\_aNsbv6|

² ® K�¯±³ � �¢¡¤£�¥¦ �´£¦ � µ �
it¨¶ þ �� � it¨· �2ªG«F¬ ý �ª� � « �
þ µ ¸�¸ �
i ¨¹ þ �� � i ¨º � þÑ�ªi ¨» þ �� � i ¨½ ý �P¼�ª �»¼Y½6�ª� �� � þ �
i ¨½ ý þ �� � i ¨» �~ª�«½¬ ý �A� � « �
â ¸ ¸ �ªi©¨¾ þ �� � it¨¿ � þÑ�
it¨º þ �� � it¨¹ �2¼ § � � « ªG«À¬ ý �A� � « ��ª�ÂÁ£þ �¢Ã � �A� � þË�ÂÁ � ­ÅÄ ´ �
c�e���c �

q�t4� sb�4a�` q�sb[]nQÀ�aNsU¿Áa6a6tÍÂ�aNt4\_^4[otÍq�t�� sb`ba6a�n_Â�a6`bq�s n_`Ç¹Nn_t�s `x[]À4^�sb[]n_t�v6|Y¿«�4[]¹¶�æ[]t·°
k�n_pok�a6v�¡£¢d¤àyzq�s `x[�§¦a6poa6y{a6t�s vN|/[]vH\_[�k_a6t�À�w_|&Æ¨�® K6¯ÈÇ �¬â ¦ ��
i ¨½ þ ½É�Ê i ¨� �~ª �»¼Y½6�A� �� � þÑ�
i ¨� þ ½É�Ê i ¨½ �~ª�«F¬ ý �ª� � « ��ËËËËMÌ4Í
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c�e���c�|4c�eo� ú_� |�sb�4aÜãûÂ�a6t�\_^4[]t±¹Nn_t�s `b[oÀ4^�sb[]n_tX| ¦ ��[ov6h

¦ �{� �¢¡"£Ï¥¦ �´£ µ ¸ ¸ �
i ¨· þ �� � i ¨¶ � þ �
i ¨¿ þ �� � i ¨¾ �2¼tª �»¼Y½N�A� �� �
þ �¸t¸ �
i ¨¹ þ �� � i ¨º � þÑ�ªi ¨» þ �� � i ¨½ ý � ¼ ª �N¼Y½N�A� �� �
þ ¸ �ªi©¨¶ þ �� � it¨· � þÑ�
it¨½ ý þ �� � i©¨» � ¼ ªG«À¬ ý �ª� � « �

âÊ¸ ¸ �
it¨º þ �� � it¨¹ � þû�ªi©¨¾ þ �� � it¨¿ � ¼ § � � «
�ª�ÂÁ«þË�¢Ã � �ª� � þ �ÂÁ � ­�ªG«À¬ ý �ª� � « �GÄ ´

�
c�e�� ���
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q�t4��s �4a>`bq�s [onÇn��Y¡£¢d¤àq�yzÂ�p][osb^4�4a�¿«�4[]¹¶�"q�`b[ovbaNv�[ot�s �4adéH� wds `bq�t4vx[os [on_t�[]vN|
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�Ð � �Ñ á � þÒ' � � �Ð � �£Jvb[ot ² £ � �
c·eo� ;_�
ÐÛnuvb[oyzÂ�p][o�Cwusb�4a
�An_`byÃ^�prq�v£¿Áa>^4vbaN�8� � �An_`«�������� []t¢D©Ý)v6e�� � eo�Ôf � °»� � eÒ¸�f �b��Ó���Ô���p�cÕñ ô ö ÷ ø ÷ ù Õ� ô
Z�[]t/q�p]pow�|)[]tÞs ��a
¹Ôq�vxadn���t4aN^�s `bq�pX�4aN¹ÔqÔwÄ��ü�2ý£�Î� � � � üx ý � |4À�w±q�Â4Â4powm[ot4\2s ��advbq�y{a�An_`byzq�p][ovby�n_t4a>\_a»s vNh   ��� �¢¡¤£�¥¦ �´£¨�
i ¨½ þ �� � i ¨� �2ª �»¼Y½6�A� �� � ´ �
c·e�¸ �_�
ÐH�4aÁ¹Nn_y{Â4^�s¶q�s []n�tdn��·ã8sb`baNaÁ¹Nn_t�s `b[oÀ4^�sb[]n_t>\_[�k_a6v   �z�   ��|­s ��a6`ba»�An_`baWn_t4aW�/q�vÛq�\�q�[]tX|

ì�® K6¯È° �¬� � �
c·e�¸·� �
ÐH�4a>` q�sb[]nÇÀ�aNsU¿Áa6a6t ¦ �±q�t�� ¦ �Ü[]vHa�§·Â4`baNvbvbaN�Øq�v6|
² ® K�¯ ³ � �¢¡¤£�¥¦ �´£¦ � µ µ ¸t¸ �
it¨¹ þ �� � i©¨º � þÑ�ªi©¨» þ �� � it¨½ ý �2¼tª �»¼Y½6�ª� �� � þÖ âÃ�ªi©¨¶ þ �� � i©¨· � þ �¸ �ªi©¨½ ý þ �� � i©¨» � þ ¸ ¸4�ªi©¨¾ þ �� � i©¨¿ � â8�
it¨º þ �� � it¨¹ �P¼

§ � � «
�ª� � þ �,× � �ª�,×�þ �¢Ã � ­4Ø ªG«F¬ ý �ª� � « ��Ù Ä ´ß�
c·e�¸_¸ �
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¿«�4a6`xa ¦ �¦\_[�k_a6vN|�q��Cs aN`H¹Ôq�po¹6^4p]q�s [on_t¦s ��a>�An�p]p]n�¿«[ot4\Ãa»§·Â4`xa6vxvb[]n�tXh
¦ �u� �¢¡¤£�¥¦ �´£ µ ¸ ¸ �ªi©¨· þ �� � it¨¶ � þ �
it¨¿ þ �� � i©¨¾ � ¼ ª �N¼Y½»�ª� �� �

þ �¸©¸ �
i ¨¹ þ �� � i ¨º � þÑ�ªi ¨» þ �� �ÆÚ ¨ ½ ý �2¼�ª �N¼Y½»�ª� �� �
þ ¸ �ªi©¨º þ �� � it¨¹ � â ¸4�
it¨¾ þ �� � i©¨¿ �2¼ § � � « ª�«½¬ ý �A� � « ��A� � þË�,× � �ª�,×�þ �¢Ã � ­

þ ¸ �
it¨¶ þ �� � it¨· � â �¸ �ªi©¨½ ý þ �� � it¨» �P¼�ª�«F¬ ý �A� � « ��Ä¬� �
c·e�¸�f �



î_ï��mïæñØòYóõôÃö ÷�øY÷>ù:�Ñò©óõô � µ

600 700 800 900 1000

√S (MeV)

-40

-20

0

20

40

a cp
(%

) 
: B

0 →
π+ π−

K
0

ZÛ[]\_^4`xa2c·e ; h«idj³km[]n_p]q�s [ot4\{q�vxwmy{yza»s `xw�|�9)}4~�|��An_` ü� ý � �V����� üx ý |��An_`�����������=�
�·� µ/� ���Ò�_� |W�An_`¦�������� � ��� c_c�´ ��� c��"q�t4� �An_`zpo[]y{[osb[]t4\�k�q�po^4a6vN|£yzq�§ �ªy{[]t � |Ån���s ��a¡£¢d¤ y¦q�s `b[¨§ÇaNp]a6y{a6t�sbvY�An�`©yznm�4a6p®�T� � h�vbn�p][]�Çpo[]t4ad�A�4n�sxs a6�{p][ot4a � �An_`Y�"���»�� � ��� c_c�e²
q�vb�4aN�"po[]t4au�A�4n�sT°U�/q�vx�4a6��p][ot4a � �An�`«� ������ � ��� c��_e
ÐH��a�¡£¢d¤ ¿ÁaÔq�ÙÄÂ4�/q�vxa¦a�§�Â�`ba6vxvb[on_t;[]t�k_n�pok_aN�Ì[]tØs ��[]vd�4a6¹6q�wÈ[]vd[]��a6t�s [o¹Ôq�p�sbn"s ��a
n�t4a>\_[ok�a6t�[]t¢D©Ý�e��ªc�e�� ;�� e
h"iSj�iÏÛ ÜÝvCÞ�qtsÏß�Þàu�á�âãâ©äPÞ)åCq�Þ�Þ�äPmFá�Þ
ÕÈaY�/qÔk_aW[]t�k_aNvxsb[]\�q�sba6�
s ��aÁidjækm[]n�prq�sb[]t4\Hq�vxwmyzy{aNsb`xw�|G9)}4~�|��An_`Xsb�4a©sU¿Ån=�Ö�4a6¹6q�wmvNh
ü�Mý�� á�ýHüx ý�� � � � � üx ý¦q�t4�æ� � � á�ý x � � � � � � x � eæÐH�4a�`baNvb^4p�s vzq�`bavx�4n�¿«t [otÖZ�[]\�v6e£c·e ; |Åc�e�� � q�t4� c�e��_�8�An_` ü� ý � � � � � üx ý |Ç�æ9)}4~ß� çéèÁ� ü� ý �
� � � � üx ý � âÝèW�
�2ýM� � � � � x ý ��Ù ��çêèW��ü�2ýM� � � � � üx ý � þëèW�
�2ýM� � � � � x ý ��Ùr� |¿«[�s �È� � ��� �� � ��� µ4� ���Ò�_� q�t4�È�An�`2� ������ a6Ý)^/q�pYs n ��� c·�_´ ��� c_c�´�¸ � c � ´�¸ � c ; ´�¸ ��� ¸Þq�t��¸ �Ò� f�e�E·[oyz[oprq�`xpow�|®[]tÌZÛ[]\_vNeÛc·eo�­¸m|Ûc·eo��µ"q�t4�;c·eo�Ôf�|Ûs ��a�iMj km[]n�prq�sb[]t4\�q�vTw·y{y{aNs `Tw_|9)}4~�|Á�
�ìçéèW�
� � � � � � � x � � âíèÁ�ª� � � � � � � x � ��Ù ��çéèÁ�ª� � � � � � � x � � þèW�ª� � � � � � � x � ��Ùr� |m[]vYÂ4pon�sbsba6�u�An_`Á� � � � � � � x � |)¿«�4a6`xa�� � ��� �� � ��� µ/� ���Ò�_�q�t4�Ä�An�`>sb�4auv q�y{aÇk�q�p]^4aNv>n��£�������� Â4`xaNkm[]n�^4vbp�wØq�Â4Â4po[]aN�Ø�An�`Ñü� ý � � � � � üx ý euºUtn�^4`£t)^4y{a6`b[o¹Ôq�p�¹Ôq�po¹6^4p]q�s [on_t4vN|m¿ÁaÜ�An_^4t4�Þsb�/q�s£sb�4a>idj km[]n�prq�sb[]t4\MÂ/q�` q�yza»s a6`N|�9)}4~�|
`xaÔq�¹¶��a6v>qzyzq�§·[]y2^4y k�q�p]^�a�|B9 J�N�O |�¿«�4aNt8s �4aM[]t�k�q�`b[]q�t�s=yzq�vxv�n���sb�4a2�V�����Q[ov�[]tsb�4aÃkm[]¹N[]t4[�sUw"n��Wsb�4a2ã `baNvbn_t/q�t4¹6a�|V�An�`ÜqÞÆ�§·a6�Qk�q�p]^�aÃn��Á� ���»�� e>ÕÊaÇ�4q�k�aÇvxsb^4�4[]aN�sb�4aHy{n·�4aNp��4aNÂ�aNt4�4aNt4¹6a«n��B9d¿«[�s �ÃÆ4k�a«yznm�4a6povÛ¿«�4aN`baH�4[�Ï�aN`baNt)s©�An�`by �ªq�¹Nsbn_`bv��4q�k�a
À�a6aNt�q�Â4Â4p][oa6�Xe
î=^4y{a6`x[]¹Ôq�pX`baNvb^4p�s vH�An_`æü�2ýÅ�Î� � � � üx ý=q�t4��� � �Î� � � � x � q�`bapo[]vTs a6�Ë[ot;Ð�q�À�p]a6v{c�e�µØq�t4�æc�egf4|Y`ba6vxÂ�aN¹Nsb[ok_aNpow�e º�szq�Â�Â�a6q�`bvÇs �4q�sÇs �4a��An_`xy �ªq�¹»s n_`
��a6Â�a6t4�4aNt4¹6a±n���9)}4~Í�An_`Ãq�p]pWyznm�4aNp]v6|�q�t4�;[]tÊÀ�n�sb�Ì�4aN¹ÔqÔwmv6|W[]v2¿ÁaÔq�Ù�a6`Ãsb�/q�tÌs ��a
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Z�[]\_^�`baÜc·eo� � h©iMj km[]n_p]q�s [ot4\Ãq�vxwmyzy{aNsb`xw�|�9)}4~�|��An_` ü� ý � �V���Û� üx ý |��An_`Á���¶������H�
��� µ·| �An_`d�������� � ¸ � c ; ´�¸ �Ò� f�q�t��È�An_`dp][oyz[�s []t�\zk�q�p]^�a6v6|Ûy¦q­§æ�ªy{[]t � |Vn��£s ��aÞ¡£¢d¤y¦q�sb`b[¨§ûaNp]a6y{a6t�sbv±�An�`�yznm�4a6pÇ�T� � h;vbn_po[]�Öp][ot4aË�ª��n�sbsba6� p][]t�a � �An_`��������� � ¸ � c ; e²
q�vb�4aN�"po[]t4aÇ�ª�4n�sT°U�/q�vb�4aN�"po[]t4a � �An_`«� ������ �Ñ¸ ��� f4e

� ������ �4a6Â�a6t4��a6t4¹Na�e
Z/n_` ü� ý �Î�®����� üx ý |�¿ÅaÁ�/qÔk_a£�4a»s aN`by{[]t4aN�Ms ��aÅ` q�t4\_aWn��4s ��aÅyzq�§·[]yÃ^4y+q�vxwmyÇ°

yza»s `xwÃÂ/q�` q�yza»s a6`N|H9 J�N�O |)¿«��a6t�� ������ k�q�`b[oa6vYÀ�aNsU¿Áa6a6t �·� c_c4� ��� c�� � q�t���¸ ��� f��
¸ �Ò� ¸ � |[]t�s �4a>¹6q�vba>n��Û� � ��� �� � ��� µ4� ���Ò�_� e©ÐH��ada»k�q�p]^/q�s []n�t�n��
9 J�NPO \_[ok�a6v�q�pop]n�¿ÅaN��k�q�p]^4aNv�A`bn_yÎµ ú R±� �_� R � s n âÜ¸ � R±�Tâ�¸�fïR � �An_`Çsb�4a"`bq�t4\_a�n��>� ������ q�t4�û¡£¢d¤ yzq�s `x[�§
a6p]aNyzaNt�s vW[]t4�4[o¹Ôq�sba6�{À�a»�An_`ba�e�ÐH�4a=vb[]\�t¦n���9 J�N�O vxs q�wmvÁÂ�n_vx[osb[ok_a«^4t�sb[]p�� ���»�� `xaÔq�¹¶��a6v
¸ ��� e£º���¿Áa2p]nmn_Ù�q�s=sb�4aMt)^4y{a6`x[]¹6q�pV`ba6vx^4posbv��An�`�sb�4a2q�vxwmyzy{aNsb`b[oa6vM�ªÐÛq�À4poa2c�e�µ � |��An�`� ������±J�K1L � ��� c_c/� ��� c·� � q�t4�>� � ��� �� � ��� µ/� �·���_� |Ô¿ÅaYÆ/t4�>\_nmnm�>q�\_`baNa6y{a6t�sVÀ�aNsU¿Áa6a6tÃq�p]ps �4aMyznm�4a6pov6|/¿«[osb�8q{y¦q�§·[oyÃ^4y q�vTwmyzy{aNsb`xw_|B9 J�N�O |�q�`bn_^�t4�8µ_µMR��Af �·� c´R � �An�`�sb�4avbaNs2�Aá J�N�O ´(' J�N�O � |"q�t4��q�`bn�^4t4��¸�c´R±�
µ_µ � ¸MR � �An_`£sb�4a>vba»sÃ�Aá J�K1L ´(' J�K6L � eYÐH�4a>`bq�s [onÀ�a»sU¿ÅaNa6tØq�vTw·y{y{aNs `x[]aNv�q�vxvbnm¹6[]q�s aN�"¿«[osb�"sb�4a2^4Â�Â�aN`�q�t��8p]n�¿Áa6`�p][]y{[osbv£n����Aá/´(' � [ovq�`bn_^�t4��� � ¸�c/�T� � µ ú�� e º���¿ÁaH¹6n_t�vb[]��a6`�s ��aHy¦q�§·[oyÃ^4y-q�vxwmy{yza»s `Tw2Â/q�` q�y{aNsba6`6|M9 J�N�O |�An_`���������ÈJ�N�O �+¸ �Ò� f/��¸ ��� ¸ � |�¿Áa£n_À4vxa6`xk�a�qÜ�4[]vTs []t�¹Ns [on_t2À�aNsU¿Áa6aNt{sb�4a£y{n·��a6p]vNeÛºUt��4a6aN�X|sU¿Ån�¹Nprq�vxvba6v�n��Yyznm�4aNp�q�Â�Â�a6q�`6h«y{n·�4aNp]v2��¸ � q�t4� �Af � q�t��Qyznm�4a6povÃ�J�_´¶µ � q�t4� � �_� eZ�n�`Ãyznm�4aNp]v���¸ � q�t4� �ªf � |Án�t4a��/q�v{q�t q�vTw·y{y{aNs `Tw_|F9 J�N�O |Åq�`bn_^4t�� â=c´R±�Tâ ú R �q�t4�Øq�`xn_^4t4�;â ; R±�Tâd� � R � �An_`�sb�4aÇ^4Â4Â�a6`>q�t4�Qp]n�¿Áa6`
vba»s>n����ªá/´(' � |�`baNvbÂ�a6¹Nsb[ok�a6pow�eÐH�4a8` q�s []nÄÀ�aNsU¿Áa6a6tësb�4a6y []v¦q�`bn_^�t4�+� �Ò��� �J� � f�¸ � e Z/n_`¦y{nm�4a6pov8�J�_´¶µ � q�t4� � �_� |s �4aÃyzq�§·[]y2^4yåq�vxwmy{yza»s `Tw�[ovÜn��Yn_`x�4a6`Ãâd�Ôf � µ´R±�Tâd��c � µ´R � �An_`Ã�ªá J�NPO ´~' J�NPO � q�t4�q�`bn_^�t4�+âd� ;�� µ´R±�Tâ�¸�µ ��� R � �An_`��ªá J$K6L ´~' J$K6L � eÑºUtÍsb�4[]vz¹Ôq�vxa�|Hs ��a�` q�s []nÄÀ�aNsU¿Áa6a6tq�vxwmy{yza»s `b[oa6vH[ov«q�`bn_^�t4�Ø� � µ�f��T� � f4� � e
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ZÛ[]\_^4`xaÜc�e��_�_h�iMj k·[on_prq�s []t�\2q�vTwmyzy{aNsb`xw_|�9)}4~�|��An_`Ëü�2ýH� � � � � üx ýÔ|��An_`£� � ��� �� �
�·��� |V�An_`M�"���»�� � ¸ � c � ´�¸ ��� ¸±q�t4�Ä�An_`>p][]y{[osb[]t4\zk�q�p]^4aNv6| y¦q�§ �ªy{[]t � | n��£s �4a¦¡£¢d¤yzq�sb`b[�§Ía6poa6y{a6t�s v��An_`�y{nm�4a6pu�J� � hËvxn_p][o�ëp][]t�aË�ª�4n�sbs aN� po[]t4a � �An_`±� ������ � ¸ � c � e²
q�vb�4aN�"po[]t4au�A�4n�sT°U�/q�vx�4a6��p][ot4a � �An�`«� ������ �+¸ ��� ¸·e

� � ���»�J$K6L � ��� c_c/� ��� c�� � � � ���»�J�NPO �Ñ¸ ��� f��
¸ ��� ¸ �y{n·�4aNpY�T� �
á J�N�O ´(' J�N�O µ�¸4�Af�c � ° �Ôf��C° ��c �á J�K6L ´(' J$K6L ¸ � �ªµ_µ � ° � ; �C°J¸_¸ �
y{n·�4aNpY��¸ �
á J�N�O ´(' J�N�O µ�¸4�Af4� � °Jc/�r° ú_�á J�K6L ´(' J$K6L ¸ ú �ªµ ��� ° ; �C° � ���
y{n·�4aNpY�
µ �
á J�N�O ´(' J�N�O µ�¸4�Af �_� ° �Ôf��C° ��c �á J�K6L ´(' J$K6L ¸ � �ªµ_µ � °J¸ � �C°J¸�µ �
y{n·�4aNpY�ªf �
á J�N�O ´(' J�N�O µ�¸4�Af4� � °Jc/�r° ú_�á J�K6L ´(' J$K6L ¸ ú �ªµ ��� ° ; �C° � ���
y{n·�4aNpY� ���
á J�N�O ´(' J�N�O µ ú � �_�_� ° � � �C° � ú_�á J�K6L ´(' J$K6L ¸�c/�Af ��� ° � ; �C°J¸�f �

ÐÛq�À4poa2c·eÒµ�h£¤�q�§·[]y2^4y idjlkm[on_prq�sb[]t4\uq�vxwmyzy{aNsb`xwT9 J�NPO �UR � �An_`Íü� ý � � � � � üx ý |�An�`Vq�p]p_y{nm�4a6pov6|­p][oyz[�s []t�\Ák�q�p]^�a6vÁ�ª^4Â�Â�aN`Ûq�t4�Mpon�¿ÅaN` � n���sb�4aÁ¡£¢d¤ßyzq�s `x[�§�a6p]aNyzaNt�s v6|q�t4���An�`H� � ��� �� � �·� µ/� ���Ò�_� e
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� � �����J$K6L � �·� c_c4� ��� c�� � � � �����J�N�O �+¸ �Ò� f/��¸ ��� ¸ �y{nm�4a6pY�J� �

á J�N�O ´(' J�N�O f ú �Af �_� °¶� � �r°¶� ú��á J�K1L ´(' J�K6L µ�f��ªµ �_� °T¸·�)�r°T¸�µ �
y{nm�4a6pY�
¸ �
á J�N�O ´(' J�N�O f � �Af4� � °¶�_�)�r°¶��µ �á J�K1L ´(' J�K6L µ_µ/�ªµ�¸ � °¶� ú �r°¶� �_�
y{nm�4a6pY�ªµ �
á J�N�O ´(' J�N�O f ú �Af_f � °¶� � �r°¶� ú��á J�K1L ´(' J�K6L µ�f��ªµ �_� °T¸ � �r°T¸�µ �
y{nm�4a6pY�Af �
á J�N�O ´(' J�N�O f � �Af)¸ � °¶�­¸4�r°¶��µ �á J�K1L ´(' J�K6L µ_µ/�ªµ�¸ � °¶� ú �r°¶� �_�
y{nm�4a6pY� �_�
á J�N�O ´(' J�N�O f ; �Af�c � °¶� ú �r°¶� ;_�á J�K1L ´(' J�K6L µ_c/�ªµ �_� °T¸_¸4�r°T¸ ���

Ð�q�À�p]a=c�e�f�hY¤�q�§·[]y2^4y�iMj+km[]n�prq�sb[]t4\dq�vTw·y{y{aNs `TwÅ9 J�N�O �SR � �An�`Å� � � � � � �yxÈ� |�An_`Wq�p]p4y{nm�4a6pov6|�p][oyz[�s [ot4\=k�q�po^4a6vWn���sb�4a�¡£¢M¤åy¦q�s `b[¨§ÇaNp]a6y{a6t�sbvÜ�A^4Â4Â�a6`Áq�t4�{p]n�¿ÅaN`p][]y{[os � |mq�t4���An_`H� � ��� �� � ��� µ/� �·���_� e

ÐH��aÃÆ/`bvTs
`ba6q�vbn_t8¿«��w"s �4aÃyzq�§·[]y2^4yåq�vxwmy{yza»s `Tw_|#9 J�NPO |�¹Ôq�t8k�q�`Tw�vxn�yÃ^4¹¶�¹6n_y{a6v>�A`bn_yÉs �4a{a6poa6y{a6t�s

Ì
Á � eÞÐH�4azn�s ��a6`2¡£¢M¤ y¦q�s `b[¨§QaNp]a6y{a6t�sbv

Ì�Í
� ´

Ì�Í
Ã
q�t4�

Ì
Á�Ã¶|/q�pop�Â4`xn_Â�n�`xs [on_t/q�p�s n ¬ q�t4� Ð |4q�`baÜk�a6`xw¦¿ÅaNp]pXy{aÔq�vx^4`baN�±a»§·Â�aN`b[oyzaNt)s q�p]p�wzq�t4�
s �)^4v2��n�t4n�sM[]t�sba6`x�AaN`baz[]tÄn_^4`d`ba6vx^4posbv6e�ðÜt4pow

Ì
Á � |Û¿«��[]¹¶�Ê¹Nn_t�s¶q�[ot4v>s �4azáØq�t4�ñ'

Â/q�` q�yza»s a6`xv6|�Â�`bn�km[]�4aNvÃprq�`x\_a{^4t4¹6aN`xs q�[]t�s [oa6vN|Yq�t4�Êsb�m^�v6|Yprq�`x\_auk�q�`b[rq�s []n�t4v
�An_`Msb�4a
y¦q�§·[oyÃ^4y¯q�vTwmyzy{aNsb`xw_e�ÐH��a¦vbaN¹6n_t��Ì`ba6q�vbn_tÊ[]v>s �4a{t4n_t·°��ªq�¹Nsbn_`b[oÓÔq�À�p]auaNÏ�a6¹»s v2[ot
s �4a�s ` q�t4vb[�s []n�tzé£� w_e�º�sÁ[]vY¿ÅaNp]p�Ùmt�n­¿«tÞsb�/q�sÁ�4a6¹6qÔw·vÅ[]t4¹Np]^4�4[ot4\Mq x y{a6vxn_tQ�ªq�t4�s �4aN`baN�An�`ba
q�t,w
Ý)^/q�`bÙ � ¹Ôq�`b`xwzy{n_`ba�^4t4¹Na6`xs q�[]t�sb[]a6vÁs �/q�tzs �4n_vxaÜ[]t�k�n_pokm[]t�\2n_t4p�wzqM�yzaNvbn_tÈ�æòV|�êÇÝm^4q�`bÙ)v � eÁº�� ¿Áa
p]nmn_Ù¦q�s£s �4adq�vTwmyzy{aNsb`b[]aNvHq�s«� ������±J�K6L |/q�pop�y{n·��a6p]vÅ\_[ok�aq�p]y{n_vxsds ��aÞv q�y{a¦k�q�po^4a6vN|�¿«�4a6`xaÔq�v{q�su� ������±J�N�O |�¿Áa�n_À�s¶q�[]tÌ�4[�Ï�aN`baNt)s{q�vxwmyzy{aNsb`xwk�q�p]^4aNv��A¿«[osb�Ëyzn_`xa6n�k_aN`{qØ¹¶�4q�t4\_a±n��=vb[o\_t;�An_`Ãs �4a±idjÉkm[]n�prq�sb[]t4\Qq�vxwmyzy{aNsb`xw � eÐH�4aÊidjÎq�vTw·y{y{aNs `TwÖÂ/q�`bq�yza»s aN`�[ov±yzn_`xaØvba6t�vb[osb[ok�aÈs nË�An_`xy �ªq�¹Nsbn_`bv"q�s��4[o\_�
k�q�p]^4aNvdn��H�"������ s �/q�tÊq�sdpon­¿¬k�q�p]^4aNv>n��H�������� e¦º�sMq�Â4Â�aÔq�`xvdsb�4a6`xaN�An_`xa{sb�/q�sMq�pop�n��s �4a{yznm�4aNp]v>[]t�k_aNvxsb[]\�q�sba6�È¹Ôq�tÈÀ�a{�4[okm[o�4a6�È[]tØsU¿Ån8¹Nprq�vxvbaNv6|�`xaN�Aa6`x`b[ot4\�sbn�sb�4azsU¿Án
¹6prq�vbvbaNv«n��Û�An�`by �ªq�¹»s n_`xv6e
Z/n_`z� � � � � � � x � |H¿Åa8�4q�k�a8vb[oyz[oprq�`xpowÊ[]t�k_aNvxs [o\�q�sba6�Ísb�4aQidj¯km[on_prq�sb[]t4\

q�vxwmy{yza»s `xw�eÛÐH��aÅk�q�p]^4aNv�n��4y¦q�§·[oyÃ^4y q�vTw·y{y{aNs `Tw>Â/q�`bq�yza»s aN`6|M9 J�NPO |��An_`�q=` q�t4\�an���� ������ �A`xn_y ��� c_c/� ��� c·� � sbn
¸ ��� f��
¸ ��� ¸ � |­¿«�4aN`ba£� � ��� �� � ��� µ/� �·���_� q�t4�M�An_` sb�4aÁÆ�k_ayznm�4a6povVq�t/q�p�wmvba6��|_q�`xaÁ\_[�k_aNt2[]tdÐÛq�À4p]aWc�egf4eVÕÊaY�An_^4t��Ms �4q�sÛ�An�`Vsb�4[]vV�4aN¹ÔqÔw_|�s �4aÁiMj



î_ï��mïæñØòYóõôÃö ÷�øY÷>ù:�Ñò©óõô �_ú

600 700 800 900 1000

√S (MeV)

-40

-20

0

20

40

a cp
(%

) 
: B

− →
π+ π−  K

−

ZÛ[]\_^4`xaYc�e��­¸·hVidjÍk·[on_prq�s []t�\Hq�vxwmy{yza»s `Tw_|G9m}4~�|��An_`V�{��� �V����� x �Þ|��An�` ����������Å�
�·� µ�|V�An_`M�"���»�� � ��� c_c�´ ��� c��zq�t4�Ä�An_`>p][]y{[osb[]t4\zk�q�p]^4aNv6| y¦q�§ �ªy{[]t � | n��£s �4a¦¡£¢d¤yzq�sb`b[�§Ía6poa6y{a6t�s v��An_`�y{nm�4a6pu�J� � hËvxn_p][o�ëp][]t�aË�ª�4n�sbs aN� po[]t4a � �An_`±�"������ � ��� c_c�e²
q�vb�4aN�"po[]t4au�A�4n�sT°U�/q�vx�4a6��p][ot4a � �An�`«� ������ � ��� c��_e

km[on_prq�sb[]t4\�Â/q�`bq�y{aNs aN`6|�9)}4~�|�s q�Ù�aNvÃk�q�p]^4aNvÇq�`bn�^4t4�;f ; R±�Af�c´R � s nÊâÜ¸_¸<R��JâÜ¸ � R ��An�`=s ��aÃp][oyz[�s []t�\{¡£¢M¤¥yzq�sb`b[�§±k�q�po^4a6v=n��Yá�q�t4�>'��4aNÆ4t4a6�ØÀ�aN�An_`xa�e©ðÜt4¹NaÇq�\�q�[otX|
sb�4a{vb[]\�tÈn��Ás �4azq�vTw·y{y{aNs `TwQÂ/q�`bq�y{aNs aN`6|�9)}4~�|Û[ov>Â�n_vx[osb[ok_au[��Ásb�4a{k�q�po^4aun��H� ������vTs¶qÔwmvÜÀ�a6p]n�¿¬¸ �Òú e«º��©¿Áa2�An·¹N^4v�n�t8� ������±J$K6L a6Ý)^/q�p s n �·� c_c4� ��� c�� � |�y{nm�4a6povÃ�J�_´�¸·´¶µ·´ f �q�t4� � �_� \_[ok�a�q�p]y{n_vTsMsb�4aÞv q�yza¦k�q�po^4a¦¿«�4[o¹¶�;[]vÇq�`bn_^4t��;f�c � c´R±�ªf�µ � c´R � �An�`Ms ��ayzq�§·[]y2^4y k�q�po^4a6v�n��Ms �4aÈ¡£¢d¤ yzq�sb`b[�§Ía6poa6y{a6t�s vNe Z/n_`Þsb�4aØvba»s;�Aá J�K6L ´(' J$K6L � |sb�4a�yzq�§·[]y2^4ylq�vTw·y{y{aNs `Tw_|)9 J�N�O |·[ovÅq�`bn_^4t��Þµ�f ��� R±�
µ�µ �Ò� R � e�ÐH�4a=` q�sb[]ndÀ�a»sU¿ÅaNa6tq�vxwmyzy{aNsb`xwMk�q�p]^4aNv�s¶q�Ù�a6tzq�sY^4Â4Â�a6`Yq�t��{pon�¿ÅaN`Wpo[]y{[osb[]t4\«áMq�t4�Å'Mk�q�p]^�a6v©[]vYq�`bn_^4t��
� � µ ú �T� � ¸ ��� eÂó®aNsM^4vd�/qÔk_aÞq�p]nmn_Ù8q�sMsb�4a¦idj q�vTw·y{y{aNs `TwQk�q�p]^4aNvdq�sÃ��������±J�N�O eÞè=v¿Áa8n_À�vba6`Tk_aN� �An_`{s �4a"�4a6¹6qÔw ü�2ýØ� � � � � üx ý�|«q�p]p�yznm�4a6pov¦q�`ba�vxa6Â/q�` q�sba6�Ö[]t�s nsU¿Án{�4[]vTs []t�¹Ns«¹6p]q�vbvxa6v�`baNprq�sba6�Ésbn{sb�4a6[o`£�An_`byß�ªq�¹Nsbn_`bvNeWZ�n�`£yznm�4aNp]vd�T��´¶µ � q�t��Ì� �_� |
sb�4a"k�q�po^4a�n��
yzq�§·[]yÃ^4y q�vxwmyzy{aNsb`xw�|"9 J�N�O |H[]vzq�`bn�^4t4�+âd� �·� c´R±�Tâd� ú·� c´R � q�t��q�`bn_^4t��Êâ�¸·�ÆR±�Tâ�¸�µ � c´R � �An_`Hs �4ady¦q­§�[oyÃ^4y q�t4�"y{[]t�[]yÃ^4y�k�q�p]^�a6v�n���vxaNsÃ�ªá/´(' � |`xa6vxÂ�aN¹Ns [�k_aNpow_eØÐH�4a�¹6q�p]¹N^4prq�s a6�Ê` q�sb[]n�[ovÇq�`xn_^4t4�û� � µ�f/�T� � µ�f � |�À�a»sU¿ÅaNa6tËs �4aNvbaÞsU¿Ánq�vxwmyzy{aNsb`b[oa6v6e=è�v=`ba6\_q�`b�4v�yznm�4a6povÃ�
¸ � q�t4�Ë�ªf � |��An_`=sb�4aÃv q�yzaMvbaNs�n��=�ªá/´~' � |�n_t4a\�aNs vMâM��� ��� R��JâM�Ôµ´R � q�t��ÌâM� ú R±�Tâd� � R � e«ºUt�sb�4[]v«¹Ôq�vba�|�n_t4aM�/q�vd� � f ú �T� � µ ��� �An_`sb�4a
` q�s []n�e�ÐH�4a>`ba6q�vbn_t�v£�An_`Ås ��ad��[oÏ�a6`baNt4¹6aNvHÀ�a»sU¿ÅaNa6t�s �4a
yzq�§·[]yÃ^�y q�vTwmyzy{aNsb`xw
Â4q�` q�y{aNsba6`N|49 J�N�O |�q�`baÜsb�4a>v q�y{adq�v«[]tÞsb�4a>�4a6¹6q�w ü�MýH� � � � � üx ý6eôÁwÞq�t/q�p�wmvb[]t�\Ms ��a>� �4a6¹6qÔw·vN|�vb^4¹¶��q�vËü�Mý£� � � � � üx ý=q�t4�±� � � � � � � x � |¿Áa
�An_^4t4��sb�/q�sHs ��a>iMj k·[on_prq�s []t�\Ãq�vTw·y{y{aNs `Tw_|49)}4~�|��4a6Â�a6t4��v=n_tÞsb�4aM¡£¢d¤¯yzq�°



�_� �
	���
������lî�ï���������������� ��� �"!#���$� ��%ßï6ïNï

760 770 780 790 800

√S (MeV)

-25

-20

-15

-10

-5

0

5

a cp
(%

) 
: B

− →
π+ π−  K

−

Z�[]\_^�`baYc�e���µ�hVidjÍkm[]n_p]q�s [ot4\Hq�vTw·y{y{aNs `Tw_|G9)}4~�|��An�`Û� � � � � � � x � |��An_`®� � ��� �� �
��� µ·| �An_`d� ������ � ¸ � c ; ´�¸ �Ò� f�q�t��È�An_`dp][oyz[�s []t�\zk�q�p]^�a6v6|Ûy¦q­§æ�ªy{[]t � |Vn��£s ��aÞ¡£¢d¤y¦q�sb`b[¨§ûaNp]a6y{a6t�sbv±�An�`�yznm�4a6pÇ�T� � h;vbn_po[]�Öp][ot4aË�ª��n�sbsba6� p][]t�a � �An_`�� ������ � ¸ � c ; e²
q�vb�4aN�"po[]t4aÇ�ª�4n�sT°U�/q�vb�4aN�"po[]t4a � �An_`«� ������ �Ñ¸ ��� f4e
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Z�[]\_^�`ba£c·eo�Ôf�h�idjÖkm[on_prq�sb[]t4\=q�vTw·y{y{aNs `Tw_|ï9)}4~�|��An�`©� � �Î� � � �yxÈ� |_�An_`Û� � ��� �� �
����� | �An_`d�������� � ¸ � c � ´�¸ �Ò� ¸�q�t��È�An_`dp][oyz[�s []t�\zk�q�p]^�a6v6|Ûy¦q­§æ�ªy{[]t � |Vn��£s ��aÞ¡£¢d¤y¦q�sb`b[¨§ûaNp]a6y{a6t�sbv±�An�`�yznm�4a6pÇ�T� � h;vbn_po[]�Öp][ot4aË�ª��n�sbsba6� p][]t�a � �An_`�� ������ � ¸ � c � e²
q�vb�4aN�"po[]t4aÇ�ª�4n�sT°U�/q�vb�4aN�"po[]t4a � �An_`«� ������ �Ñ¸ ��� ¸·e
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ZÛ[]\_^4`xa{c�eo� � hÃvb[ot«çm|�q�vÃq±�A^4t4¹»s []n�tÊn��«� ������ |Û�An_` ü� ý � �V����� üx ý |Û�An_`d���¶������u��·� µ/� ���Ò�_� q�t4�û�An�`Þyznm�4aNpÇ�T� � e-ÐH�4aØvbn_po[]� �A�4n�sbsba6� � po[]t4a"¹6n_`x`baNvbÂ�n_t4�4v�s ��aQ¹Ôq�vxaÿ�����{�³�Jâ�µ ���_��� â=µ �_��� |�¿«�4a6`xa�áHâ�ãËyz[¨§·[]t4\>[]vW[]t�¹6p]^��4a6�Xe�ÐH�4a��4n�sx°U�4q�vb�4aN�Ø�ª��n�sx°��n�sx°��/q�vb��a6� � po[]t4a�¹6n�`b`baNvbÂ�n_t4�4vÞsbn ÿ�����Ñ� � ��� ��� |£¿«�4aN`baQá±â ã�y{[�§·[ot4\Ê[ov¦t4n�s[ot4¹6po^4�4aN�Xe
sb`b[¨§ÍaNp]aNyzaNt)sbv6|«�An_`by �ªq�¹»s n_`xv�q�t4�ûsb�4aQaNÏ�a6¹»s [ok�aQÂ/q�`bq�yza»s aN`Þ� ������ �A[]tûn_`x�4a6`¦n��
[ot4¹6`xaÔq�vx[]t4\��4aNÂ�aNt4�4a6t�¹6a � e�è�vd`baN\�q�`b��vdsb�4az¡£¢M¤ y¦q�s `b[¨§QaNp]a6y{a6t�sbv6|Ûsb�4au�4a6Â�a6tm°��a6t4¹Nazs ��`bn_^4\��Ès ��azaNp]a6y{a6t�s6|

Ì
Á � |Û¹Nn_t�s `x[]À4^�sba6v>s n�s �4azq�vxwmy{yza»s `TwQ[]tØs �4a{` q�s []n

À�aNsU¿Áa6aNt�s �4a«ã Â�aNt4\_^4[otÞq�t4�zs �4aÜáÃsb`baNa�¹6n�t)sb`b[oÀ4^�s [on_t4vNe�º�sHq�povbn2q�Â4Â�aÔq�`xvÅs �/q�sÁ�An_`
sb�4a{^4Â4Â�a6`dp][]y{[os�n��HvxaNsÞ�ªá/´(' � |V¿Åa{\_a»sMsb�4az��[]\_�4aN`
k�q�p]^4a{q�vTw·y{y{aNs `Tw_|�9m}4~Û|�q�t��
km[o¹6a»°�k_aN`bv q·eYÕÖ[�s �Þ`xa6\�q�`b�Þs nMs �4a��An�`by��ªq�¹Nsbn_`bvN|·s ��aÜ�4a6Â�a6t��4a6t4¹Nadq�s£pon­¿Ök�q�po^4a6vÁn��
�������� []vHk�a6`xw�¿ÁaÔq�Ù�q�p�s �4n_^�\_��sb�4a6`xad¿Åq�v�qz¹6n�t4vb[o�4a6`bq�À4p]ad�4[�Ï�aN`ba6t�¹6adÀ�a»sU¿ÅaNa6t8s ��a
Â��4a6t4n�yzaNt4n_p]n�\_[]¹6q�p_�An_`by+�ªq�¹Ns n�`bvH�Ayznm�4aNp]vÅ��¸ � q�t4�±�Af � q�t4�Ãy{n·��a6p]vÅ�T��´¶µ � q�t4�±� �_�b�q�Â4Â4p][oa6�{[]tzn_^4`W¹Ôq�po¹6^4p]q�s [on_t4v6e è£s£��[]\_�uk�q�p]^4aNvÁn��V�"���»�� |)s �4a=�4a6Â�a6t��4a6t4¹NaÜÀ�a6¹6n�yzaNvvTs `xn_t4\Þq�t4��sb�4a6t�|�sb�4a2q�vxwmyzy{aNsb`xw�q�Â�Â�a6q�`bv«k_aN`xw�vbaNt4vb[�s [ok�adsbnz�An_`xy �ªq�¹»s n_`xv6eHZ/n_`
sb�4adaNÏ�a6¹Nsb[ok�a2Â/q�`bq�y{aNs aN`6|�� ������ |��A`baNprq�sba6�±s n{�/q��4`xn_t4[]¹>t4n�t·°��ªq�¹»s n_`x[]Ó6q�À4p]a�aNÏ�a6¹Nsbv � |n�^4`
`baNvb^4p�s v>vb�4n�¿ a»§·Â4p][o¹6[�s pow±sb�4au�4a6Â�a6t4��a6t4¹Na¦n��Ys ��azq�vxwmyzy{aNsb`xw�Â/q�` q�yza»s a6`
n�t
[�sÔeõôÅaN¹Ôq�^4vxa±n��«s �4a�aNt4a6`x\�w;¹Ôq�`b`b[oa6�;À�wÊsb�4a�Ý)^/q�`xÙöw_|Y[]t�s aN`by{a6�4[]q�s azvxs¶q�s a6v{q�t��
Æ4t/q�p®vxs q�s a
[ot�s a6`bq�¹Nsb[]n_t�v«q�`ba>t4n�sH¿Áa6popXs¶q�Ù�a6t�[]t�s n{q�¹N¹6n_^�t)s=q�t���yzqÔw�a»§·Â4p]q�[]tÞsb�4[]v
vTs `xn_t4\{vba6t�vb[osb[okm[osUw�e
Z�[ot/q�popow_|«`xa6vb^�pos v�n_À�s q�[]t�a6� q�s±� � ��� �� � �·� µ/� ���Ò�_� |�q�p]vxn vx�4n�¿¯`baNt4n_`xy¦q�po[]Ó6q�°sb[]n_t¦aNÏ�a6¹Nsbv«n��Vs �4aÜÕÖ[op]vbn�tÞ¹6nmaN×{¹6[oa6t�s v«[ot)k�n_pok�a6�±[]tzs �4aÜ¿ÁaÔq�Ù¦aNÏ�a6¹Nsb[ok�a
�/q��4`xn_t4[]¹

Ú=q�y{[]posbn_t4[]q�tXeûZ/n_`Çsb�4a�`bq�s [onÈÀ�aNsU¿Áa6aNt q�vxwmyzy{aNsb`b[oa6v6|Å`ba6vx^4posbv¦\_[�k_a"q�tëqÔk_aN` q�\�a
k�q�po^4a;n��¦n_`b�4aN`;� � µ_c/�T� � f �_� �An_`Éü�2ýÑ� � � � � üx ýÊq�t4��� � µ ; �T� � µ_µ � �An_`Ø� � �� � � � x � e ÐH��[]v¦`bq�s [onÊ[ov¦yzq�[]t4p�wË\_n�k_aN`bt4aN� À�wæs �4a�sba6`xy �­��vx[]t ² |H¿«�4a6`xa�s ��a
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Z�[]\_^�`bauc�e���c�hMvb[]t«ç)|�q�v2q��A^4t4¹»s []n�tÈn��H� ������ �An�`2�{�;� �®����� x �V|V�An_`d���¶������Ç�
��� µ4� ���Ò�_� q�t4�ë�An_`Þy{n·�4aNpÇ�J� � e-ÐH�4aØvbn_po[]� �A�4n�sxs a6� � p][ot4a8¹6n�`b`baNvbÂ�n_t4�4v�sb�4aQ¹Ôq�vxaÿ�����{�³�Jâ�µ ���_��� â=µ �_�_� |_¿«�4aN`baÜáHâ�ãËy{[�§·[]t4\>[ovÁ[ot4¹6po^4�4a6��e�ÐH�4a���n�sx°��/q�vb��a6�Q�A�4n�sT°�4n�sx°��/q�vx�4a6� � p][]t�a"¹Nn_`b`xa6vbÂ�n_t4��vÞs n ÿ�����+� � �)�¶��� |£¿«��a6`ba�á"âÖãßyz[¨§�[ot4\Ê[ov¦t4n�s[]t4¹Np]^4�4aN�Xe
k�q�p]^4aNv=n���s �4a2q�t4\_poa6v=ìÁ´ ² q�t4�Q÷Äq�`xaMpo[]vxsba6�"[]t�Ð�q�À�p]a � eo�_eHè=vÜquÆ/`bvTsÜ¹6n�t4¹6po^4vb[on_tÀ/q�vbaN�;n_tÌs ��a6vba�t)^4y{a6`x[]¹6q�pÁ`xa6vx^4posbv6|©[os2[]vMn_À�k·[on_^4v2sb�/q�sÃsb�4aÞ�4aNÂ�aNt4�4aNt4¹6a±n��Hsb�4a
q�vxwmy{yza»s `xwØn�tÈs ��a¦aNÏ�a6¹»s [�k_aÞÂ/q�` q�y{aNsba6`d� ���»�� [ovM�4`bq�yzq�s [o¹uq�t4�Êsb�4a6`xaN�An_`xa¦[osd[ov
q�À4vbn�p]^�sba6powØt�a6¹6aNvbvbq�`xwÄs n8y{n_`xa{a»×{¹6[]aNt�s powÄ¹Nn_t4vxsb` q�[otÊ[�s v>k�q�p]^4a�|�[]tÈn_`b��a6`>s n8^4vxa
q�vxwmy{yza»s `xw�|49)}4~�|4s nu�4a»s aN`by{[]t4aÜsb�4aM¡£¢M¤¯Â/q�`bq�y{aNs aN`bv«áÞq�t4�¢'�e
ÕÈa¦Ù)t4n�¿lsb�/q�s2sb�4a¦a»Ï�aN¹Nsbv2n��Há{âÍã y{[�§·[ot4\"n�t4powØa�§�[ovxs2q�`bn�^4t4�Êsb�4a{ã+`ba6vJ°

n_t/q�t4¹Na�eøî�aNk_aN`xsb�4a6poa6vbvN|Üq�s¦vbyzq�p]p«k�q�p]^�a6v¦n��d�"������ |«[�ega�eøù ��� c�|M�ªvxa6aQZ�[o\_v6eÁc�e ;q�t4�Þc·eo�­¸ � |)s �4a=¹6^4`Tk_a6vÅvb�4n�¿ prq�`x\_a�q�vxwmy{yza»s `Tw{k�q�po^4a6vY�ªq�`ÁqÔ¿£qÔw{�A`bn_ylá«â�ã;yz[¨§m°[]t4\4|�¿«�4[o¹¶�Þ[]vÁq2Â4`x[]n_`x[�^4t4a»§·Â�a6¹»s a6��eWºUtz�ªq�¹Ns6|�[o��¿ÅaÜq�vbvx^4yza�s �/q�sÅt4n�t·°��ªq�¹»s n_`x[]Ó6q�À4p]a
aNÏ�a6¹Nsbv
q�`xa2t4n�s�q�v=[]y{Â�n_`Ts¶q�t�s=q�v��ªq�¹Nsbn_`b[oÓÔq�À4poa>¹6n_t�s `x[]À4^·s []n�t4v6|�s �4aNtQ� ������ vx�4n_^4po�
À�a±yÃ^4¹¶� À4[o\_\_a6`Ne;Z/`bn_y Â4`ba»km[]n_^4v{q�t4q�powmvb[ovÇn_t vbn_y{a�n�s ��a6`{�í��a6¹ÔqÔwmv{vb^4¹¶�Íq�v
� � úz�©´¶� � ãY�©´¶� � ã x |Á[os{¿£q�vz�An_^4t��æs �4q�s��������� vb�4n�^4p]�æÀ�a�q�`bn_^�t4�
¸íç��_�­¸ Ù e ÐH��a6`ba»�An_`ba�|«q�posb�4n_^4\��Ívbyzq�pop£k�q�p]^4aNv¦n��>� ������ q�`ba"q�pop]n�¿ÅaN�ÍÀ�w s �4a"a»§)°
Â�aN`b[]y{a6t�s q�pÛ�4q�s¶q�|�¿ÅaÇa�§�Â�a6¹»s>s �/q�s�s �4a2k�q�po^4aÃn��Á� ������ ¹6q�t4t4n�s
À�aÇvxn�vbyzq�p]pV¿«[osb�
yzn_`xaÜq�¹N¹6^4`bq�s a
�4q�s¶q�e©ÐH�)^4vN|4¿«[osb��q2k_aN`xw�vxy¦q�pop�k�q�po^4a�n����������� |�t4n�t·°��ªq�¹»s n_`x[]Ó6q�À4p]aaNÏ�a6¹Nsbv>�/qÔk_auÀ�aNa6tÄn�k_a6`xa6vTs []yzq�sba6�XeÇÐH�4[ov
yza6q�t4vÜsb�/q�s>vbn��Cs>\_p]^4n�tQa»§·¹¶�/q�t4\�a6vdÀ�a�°
sU¿ÅaNa6t�á ý �Cã � q�t4� x yzqÔw¦a»Ï�aN¹Ns«á>âØãæy{[�§·[]t�\Ãq�t4�±�4aNt4¹6a>poaÔq��ÞsbnÃs �4a
p]q�`b\_a�iMj
q�vxwmy{yza»s `b[oa6vH[ot"qu`baN\_[]n�t±�ªq�`«q�¿ÅqÔw±�A`bn_y�ãë`baNvbn_t4q�t4¹6a�e£Ú�n­¿ÁaNk�a6`N|�q�stû wda6t�a6`b\�w
k_a6`Tw��ªq�`£�A`bn�yßãÍ`ba6vxn_t/q�t�¹6a�|/sb�4adiMj³q�vxwmyzy{aNsb`b[oa6vH\_nÇs nuÓNa6`bnzq�v«a»§·Â�a6¹»s a6��e
ºUt¦vbÂ4[�s a�n��Xs ��a�^4t4¹Na6`Ts¶q�[ot)sb[]aNvÁ�4[ovb¹N^4vbvxa6�±Â4`ba»km[]n_^4vxpow�|msb�4a=yzq�[otza»Ï�aN¹Ns£n��®á«â�ã
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ZÛ[]\_^4`xa�c�eo� ú h"ÐH��a�` q�s []nØn���Â�aNt4\_^4[otæsbnÄsb`ba6a"q�y{Â4p][�s ^4��a6v6|À&m|Hq�vzqØ�A^4t�¹Ns [on_t n��
�������� |©�An_`-ü� ý � � � � � üx ý |©�An_`Ã� � ��� �� � ��� µ/� �·���_� |��An_`Ãpo[]y{[os [ot4\�k�q�p]^4aNvÃn��«s ��a¡£¢d¤ yzq�sb`b[�§�aNp]aNyzaNt)sbvÇ�Aá/´(' � yzq�§X�ªy{[]t � |��An�`8ÿ������� �Jâ�µ ���_��� â=µ �_�_� � � ´ ��� | �A[�ega�e¿«[�s �V�C¿«[osb�4n_^�s � á�â ã yz[¨§·[]t4\ � q�t4�û�An�`¦y{n·�4aNpÃ�J� � e-Z�[o\_^4`xa8c�e�� ú që�Ap]a»�Cs � hQ�An_`ÿ�����È�ä� �)�¶��� | vbn�p][]�Øpo[]t4a"�ª��n�sbsba6�Êpo[]t4a � �An_`d� � ��� �� � ��� µ�q�t4�ë�Aá/´(' � yzq�§X�ªy{[]t � e²Ün�sx°U�4q�vb�4aN��po[]t4a{�A�4n�sx°��4n�sT°U�/q�vx�4a6�"p][ot4a � �An_`«� � ��� �� � ���Ò� q�t4�Ì�Aá/´(' � yzq�§X�ªy{[]t � eZÛ[]\_^4`xa>c�e�� ú ÀÈ�ª`x[]\_��s � h�v q�yza>¹Ôq�Â�s [on_t±À4^�sH�An_`"ÿ�����{� �Tâ=µ ������� â=µ �_��� e
y{[�§·[ot4\"[otÌ�¯� á x [ovdsb�4aÞ`baNyzn�k�q�pYn��Hsb�4aÞq�y2À4[]\_^�[osUwQ¹Nn_t4¹6aN`bt4[ot4\�sb�4aÞvxsb`bn_t�\Â��/q�vba�|�vb[]t�ç)eÁºUt±s ��a2é«� w>s ` q�t4vb[�s []n�tX|·sb�4ad¿ÁaÔq�Ù�Â��/q�vbad[]t�sb�4aM`bq�s adq�vTwmyzy{aNsb`xw
[ovHÂ4`bn�Â�n_`Ts [on_t/q�p�sbnuvb[]t¤÷�¿«�4a6`xaü÷��I9ï&Æýþç¨â2�

Ì�Í
Ã
ÌtÎÍ
� �4�

Ì
Á�Ã
ÌtÎ
Á � ��Ù eÁ¢
t4n�¿«[]t4\Çsb�4a>vb[]\�tn���vx[]t«ç)|4¿Åadq�`xaÜs �4aNt�q�À�p]aÜs nu�4a»s aN`by{[]t4aÜsb�4a>vb[]\�t�n���vx[]t¤÷��A`xn_y qÇy{aÔq�vx^4`baNyzaNt�s

n��Wsb�4auq�vTw·y{y{aNs `Tw_|#9)}4~�edºUtÄZ�[]\�v6e�c�eo� � q�t4�Øc�e���c�|�sb�4aÃk�q�p]^�aÃn��Wvb[ot«çz[]v�Â4p]n�sxs aN�
q�vÜqz�A^4t�¹Ns [on_t�n��Y� ���»�� �An_` ü� ý � �V����� üx ý q�t4�Q�{�8� �V���Û� x �V|�`xa6vxÂ�aN¹Ns [�k_aNpow_eº�s2q�Â4Â�aÔq�`bv6|Û[]tÈÀ�n�sb�Ê¹6q�vbaNv6|�¿«�4aNtÌá{âæã y{[�§·[]t4\±y{a6¹¶�/q�t4[]vxy¯[]vd[]t4¹Np]^4�4aN�X|Vs �/q�s
sb�4a>vb[o\_t±n���vx[]t«çÃ[ovHÂ�n_vx[osb[ok_a�|��An_`Hq�p]pXy{n·��a6p]vÅvxs ^��4[]aN�X|/^4t�s [op®�"���»�� ù ¸ ��� �An_`HÀ�n�sb�� � � � � � � x � q�t4� ü�MýÜ� � � � � üx ý�|�¿«�4aNtQ� � ��� �� � �·� µ/� ���Ò�_� e�Z�n�`�k�q�po^4a6v=n��� ������ À�[]\_\_aN`�s �4q�tQs �4[ovÜp][oyz[�sÔ|�vb[]t«çzÀ�aN¹6n_y{a6v
t4aN\�q�sb[ok_a�eÃè£s
s ��aÇv q�y{aÃs [oyza�|�s ��a
vx[]\_t±n�� s ��aMq�vxwmyzy{aNsb`xw±q�p]vbnÇ¹¶�4q�t4\_aNv6e
ºUtzZ�[]\�v6e�c�e�� ú À{q�t��¦c�e�� � À�|_s �4a«` q�s []n
n���Â�a6t4\�^4[]tus n
s `xa6a�q�y{Â4p][�s ^4��a6v�[ov©vb�4n�¿«t�An�`V� ?BA ý£� � � � � x>?BA ýÔ|­[]t
s ��aW¹6q�vbaYn��£ÿ�����u� �Tâ=µ ����� ´Ôâ=µ �_��� eÛÐH�4aY¹N`b[osb[]¹6q�p�Â�n_[]t�sq�`bn_^4t��8� ������ � ¸ ��ú |/`baN�AaN`bv�s nus �4ad¹¶�/q�t4\�aMn���vb[o\_t"n���vb[ot«çmeH¡Åp]aÔq�`bpow�|4¿Åad¹Ôq�t�^4vxaqÃy{aÔq�vb^4`xa6y{a6t�sHn��Vs ��a>q�vxwmy{yza»s `xw�|�9)}4~�|ms nÇa6po[]y{[]t/q�s aHs �4a
^�t4¹6aN`xs¶q�[]t�sUwÞy{n·�®�A� �¿«��[]¹¶�Ä[]v
^4vx^/q�p]p�w8[ot)k�n_pok�a6�Ä[]tQs ��a{��aNs aN`by{[]t/q�s []n�tQn��F÷ë�Asb�4`bn_^�\_�Èvx[]t�¸�÷ � eÇº��Å¿Áa��n"t4n�s
s¶q�Ù�az[ot)sbn�q�¹6¹Nn_^4t�s2áuâËã+y{[�§·[]t�\4|�s ��a¦idj km[]n_p]q�s [ot4\�q�vTwmyzy{aNsb`xw_|$9)}4~�|
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Z�[]\_^�`ba�c�e�� � h�ÐH�4a=` q�sb[]ndn��®Â�a6t4\�^4[]t{s n2sb`ba6a�q�y{Â4p][�s ^4�4aNv6|´&m|m�An�`Å�{��� �V����� x �®eE�q�y{a�¹Ôq�Â�s [on_tz�An_`ÅZ�[]\�^4`ba=c�e�� � q��Ap]aN�Cs � q�t4�±Z�[]\�^4`ba=c�e�� � ÀØ�A`b[]\��)s � q�v£[]t¦Z�[]\4emc�e�� ú e
`ba6yzq�[ot4vÛk�a6`xw2vbyzq�p]p��6ÿx^�vxsYq��Aa»¿æÂ�a6`x¹6aNt)s � []tÇÀ�n�s �2�4a6¹6q�wmvNe©ºUtzZÛ[]\_vNe�c�e�� � q�t4�uc�e���c�A�An_`£sb�4a>aNk_n�p]^�sb[]n_t�n��Ûvb[ot�ç � q�t���[ot�Z�[]\_vNe/c�e�� ú qÇq�t���c�e�� � q��C�An_`Ås ��ada»k_n_po^�s [on_t±n��Â�aNt4\_^4[otÃs n
s `xa6a«q�y{Â4p][�s ^4��a6v � |��An_`Y� ?BA ýÁ�Î� � � � x>?BA ý�|_¿Åa«Â4pon�s©vb[ot«çÜq�t4� &�¿«�4a6t
ÿ�����{�³� � ´ ��� � [�ega�eÛ¿«[�s �4n�^�sWáÅâ¦ãËy{[�§·[]t�\4eÛÐH��a6`ba�[]vWq>¹6`x[os [o¹Ôq�p�Â�n_[ot�sWq�sÁ� ������ �¬�
�A�An_` ü� ý � � � � � üx ý � q�t4�Ê�"���»�� � ��� ¸�fÊ�A�An_`>� � � � � � �yxÈ� � �An_`
¿«�4[o¹¶�Èsb�4ak�q�p]^4aWn��/vx[]t�çH[]vÛq�s�[�s v y¦q�§·[oyÃ^4y q�t��Ã¹6n_`x`baNvbÂ�n_t4�4v«�C�An_`Vs �4a£vbq�y{aWk�q�po^4aÁn���� ������ � |s n¦sb�4aÃp]n�¿Áa6vTs
k�q�p]^4aMn���&·e
è=t�wm¿«��a6`bauaNp]vba�|�s ��a2k�q�p]^4aMn��Yvb[ot�ç{[ovÜ¹6pon_vbaN�8s nÞÓNa6`bn�e
ÐH�4a=p]q�vxsY`xa6vx^4posbvÁvx�4n�¿ûs �4a��4n_^�À4p]a«aNÏ�a6¹»sÅn���s ��a�áÁâ¦ãËy{[�§·[]t4\�hVsb�4a=iMj km[on_prq�sb[]t4\
q�vxwmy{yza»s `xw¦[]t4¹N`ba6q�vbaNv�q�t��±sb�4a>vb[o\_t"n��Ûsb�4a>vxs `xn_t4\uÂ4�/q�vbaMç2[]vH�4a»s aN`by{[]t4aN�Xe

VTW�� ����� � 	�

�
ÐH�4adq�[]y n���sb�4a>Â4`baNvba6t�s=¿Ån_`xÙ¦¿Åq�v�sbn¦q�Â4Â4pow¦`baN¹6a6t�s�k�q�p]^4aNv«n��Ûsb�4a2¡£¢M¤¯yzq�s `x[�§
a6p]aNyzaNt�s v6|/a�e�\�e ¬ ´ Ð ´('Þq�t4��á/|�sbnzvTs ^4�·w±�4[]`xa6¹Ns=idj km[]n_p]q�s [on_t¦�An_`����4a6¹6q�wmv=vb^4¹¶�
q�vÞ�@?BA ý � á ý �rã � �C?BA ý � � � � � �C?BA ý q�t4�ë�@?BA ý � á ý �rã � x ?BA ý � � � � �px ?BA ý
¿«�4a6`xausb�4auáuâËãÑyz[¨§·[]t4\Þy{a6¹¶�4q�t4[]vxyäyÃ^4vTs>À�au[ot4¹6po^4�4a6��e2ÕÖ�4a6tØs ��a{[ot�k�q�`b[rq�t)s
y¦q�vxv=n���s ��aM�V���Û�QÂ/q�[o`«[]v«[]t�s �4a>km[]¹6[ot4[osUwÞn���s ��adãë`xa6vxn_t/q�t4¹Na�|�[os�[]v«�An_^4t4��s �/q�s
s �4a{idj km[]n_p]q�s [ot4\�q�vTw·y{y{aNs `Tw_|$9)}4~�|V�/q�vdq±y¦q�§·[oyÃ^4yì9 J�N�O ezÐ n±¹Ôq�po¹6^4p]q�s aÃsb�4aiMj¯km[]n_p]q�s [ot4\Êq�vxwmyzy{aNsb`xw�|�9)}4~�|«¿ÁaQvxs¶q�`xs aN�û�A`bn_y s ��a8¿Åa6q�ÙûÚ=q�yz[oposbn_t4[rq�t [ot
¿«�4[]¹¶�±s �4aÓð���DÍvbaNÂ/q�` q�s a6v��/q�`x��q�t4�"vxn��Cs�Â4��wmvb[]¹6q�pV`baN\_[]y{a6vNeYÕÈa
¿Ån�`bÙ�aN�8[]t�sb�4a
�ªq�¹Nsbn_`b[oÓÔq�sb[]n_t¦q�Â4Â4`xn�§·[oy¦q�sb[]n_tu¿«�4aN`ba
s �4a��/q��4`xn_t4[]¹�y¦q�sb`b[¨§¦aNp]aNyzaNt)sbvHq�`xa�s `xaÔq�sba6�
[]tÇvbn�yzaHÂ4��a6t4n_y{a6t�n_p]n_\�[]¹Ôq�p�Ý)^/q�`xÙÃyznm�4aNp]v6eÛÐH�4a«aNÏ�a6¹»s [ok�a«Â/q�` q�yza»s a6`N|)� ���»�� |�¿Åq�v



î_ï��mï�������������� ; µ
^�vba6�Ä[]tQn�`b�4aN`Üs nÞs¶q�Ù�aÇ[]t�sbn±q�¹6¹Nn_^4t�sÔ| q�vÜ¿Áa6pop©q�v
Â�n_vbvx[]À4poa�|�sb�4aÇt4n_t·°��ªq�¹Nsbn_`b[oÓÔq�À�p]a
a»Ï�aN¹Nsbv2[]t�k�n_pok�a6�Ì[otÊ� � á_�ëq�t4�;�É� á x �4a6¹6qÔw·vNe"è=posb�4n_^4\_�Än_t4a{yÃ^4vTs2�4q�k�a
vxn_y{aÅ�4n_^�À�s v©q�À�n_^·s��ªq�¹»s n_`x[]ÓÔq�s []n�tX|­[os��4q�v�À�a6aNtÇÂ�n_[ot�s a6�2n_^�s�sb�/q�s�[osÛy¦qÔwdÀ�aÅÝm^�[os a
`xa6po[rq�À4poa�[ot�aNt4a6`x\_aNsb[]¹
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¡£¢d¤ yzq�s `x[�§�|Yq�t4�Ëq�povbn8sbn8s �4a�yzq�\_t4[�s ^4��a¦n��«s ��aÞ�An_`byí�ªq�¹Nsbn_`bvÇq�Â4Â�a6q�`b[ot4\Q[]t
sb�4a¦Æ4k�aÞÂ4�4aNt4n_y{a6t4n�p]n_\_[o¹Ôq�p©y{nm�4a6povd¿ÁaÞ[]t�k�a6vxsb[]\�q�s a6��e8Z/n_` ü� ý � � � � � � ý |�¿Áa
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vbq�y{aÜs []y{a�|�&ÃÀ�aN¹6n_y{a6vHk�a6`xw�sb[]t�w_e©ÐH��a6`ba»�An_`ba�|/s �4adq�vTw·y{y{aNs `Tw_|49)}4~Ä[]v«q�povbnÃk�a6`xw
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áï?BA ý x ?BA ý |�q�p]pon­¿Áa6�d^4vVs n�y¦q�Ù�aW¹6n_y{Â/q�`x[]vbn�t4vVÀ�a»sU¿ÅaNa6tÃn_^�`Vsb�4a6n�`baNsb[]¹6q�p)`ba6vx^4posbv q�t4�
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� â2ë�õ ¨ � â�á%ç�ë4ç�æ#ç�â�ãpâ�ë�á#âGæj8 e Mmê�äJæ#ï�å!ä1å�â�á1ê�ëÉð�ä1å�èqç�ê�à�á�ã*��å{�4ð4ãôâ�ç�ë�å�õY÷Hû�ëqà4éKì"å�äê�ó¢ð�â�ä#â�é!å�æ1å�ä�á$â�ë�õ�á1ç�é�ð�ã�ç�ñ�ç�æO�H�CîHå&î$ç�ã�ã"ñ�ê�ë4á1ç�õ4å�ä$ê�ë�ã��Bâ�áTç�ë�ð�à4æTæ1ï�å.á1ñ�â2ãôâ�ä8î�â�è�åó�à�ë�ñ�æ1ç�ê�ë ¨Ø� â�ë4õ´îHåBî$ç�ã�ãHê�ì4æ#â�ç�ë
æ#ï4å�ä�å�ã�â2æ#çVè�ç�á�æ1ç�ñ:ñ�ê�é!ð"ê�ë4å�ë�æ ¨ � æ#ï�ä�ê�à�ù�ï}ä#â*úõ�çôâ2æ1ç�è�å!ñ�ê�ä1ä�å�ñ�æ#ç�ê�ë�á e=ö ï4å:ç�ë4ç�æ#ç�â�ã¢á�ñ�â�ã�â�ä&î8â�è�å:ó�à�ë�ñ�æ#ç�ê�ë�ó�ê�ä \ â�ë�õnå î$ç�ã�ãpæ#ï/à�áì"å�õ�å�æ#å�ä�é�ç�ë�å�õOà�á1ç�ë�ù�ê�ë�ã*�ßæ#ï�ä�å�å¡ð�â�ä#â�é!å�æ1å�ä�á hð6 ý 8 â2ë�õ´æ1ï�å�á�æ#ä�ê�ë�ùÉñ�ê�à�ð4ã�ç�ë4ùñ�ê�ë�á0æzâ�ë�æ�÷ 6£ñ�e Mmê�ä�æ#ï�å.ë/à�é!å�ä�ç�ñ�â2ãlâ�ð�ð�ã�ç�ñ�â2æ#ç�ê�ë�á�÷qî�å.æzâ i�å&ó�ê�ä8æ#ï4å · à â2ä)i=é�â�á1á�å�á h- � � - á �£�H> !�Ç �Çç&å/è@ý - � � - á �£�H> !�Ç �Çç&å/è ý- � � - ñ �%�H> Ç � �Çç.å.è@ý - � � - á �£�H> !�Ç �Çç&å/è ýâ�ë�õ�ñ�ê�ë4ñ�å�ä�ë�ç�ë4ù!æ1ï�å.é�å�á1ê�ë�é:â2á1á1å�á�÷ ê�ë4å%à4á1å�á hZ × ���H> �,!�Ç ç.å.è�ý ZBò �£�H> f�I�� ç&å/è >ö ï�å�ñ�ê�à�ð4ã�ç�ë4ù<ñ�ê�ë4á�æzâ2ë/æ�÷ 6Pñ ÷Cç�á@õ�å�æ1å�ä1é!ç�ë4å�õ´â�ñ�ñ�ê�ä1õ4ç�ë�ù<æ1ê�æ1ï�å�â�á���é!ð4æ1ê�æ#ç�ñBì"åFúï â�è�ç�ê�à�ä?ê�óDæ#ï�å�å�ã�å�ñ�æ1ä1ê�é�â�ù�ë�å�æ#ç�ñ%ó�ê�ä�é órâ2ñ�æ#ê�ä e�K æ1áLè2â�ã�à�å%ó�ê�ä?æ1ï�åKð�ç�ê�ë�â�ë4õ½i2â2ê�ëî$ç�ã�ã4ì"å?õ�ç�á�ñ�à�á�á1å�õ:ç�ë�æ#ï�å?ë�å��qæ8á�å�ñ�æ#ç�ê�ë e;¿ ê�æ1ï:ð â2ä�æ#ç�ñ�ã�å�áGå â�ë�õ \ â�ä�å?é!ê�ä�å�å�â�á1ç�ã*�



�/ÔFE�ÔOÎ\Þ4Ð Wp× Ý$Þ Ì¢ÚJÕlÚ ÑøT Ú?V Ð ÖXWpÜ�Ì Ï Û Ý Ü ���,I
ñ�ê�ë�á0æ#ä#â2ç�ë�å�õWæ#ï�â�ë ª â�ë�õ ¬ ÷mì"å�ñ�â�à�á�å�ê�ópæ#ï�å%ë/à�é!å�ä1ê�à�áJâ�è2â�ç�ã�â�ì�ã�åJå���ð�å�ä1ç�é�å�ë�æzâ�ãõ�â2æzâ e7K ë<ê�à4äLâ�ë�â�ã*�qá1ç�á�÷mî�å5î$ç�ã�ãYæ#â�i�å�ç�ë�æ#ê:â�ñ�ñ�ê�à�ë�æJæ#ï4å�õ�å�ñ�âJ�¡ñ�ê�ë�á0æzâ�ë�æ.â�ë4õWæ#ï4åê�ì�á1å�ä�è2â�ì�ã�å�á%å��qæ#ä1â�ñ�æ1å�õßó�ä�ê�é æ#ï�å!å�ã�å�ñ�æ#ä1ê�é:â�ù�ë�å�æ1ç�ñKó�ê�ä�é órâ�ñ�æ1ê�ä e Mmê�ä.æ1ï�å!õ�å�ñ�â,�ñ�ê�ë�á0æzâ�ë�æ�÷ îHå&æzâ�i2å%æ1ï�å&ó�ê�ã�ã�ê*î$ç�ë�ù5è2â�ã�à�å�á h« × ���H> �,��I�ì �H>N� � ç&å/è ý« ò ���H> �-Ç�I�ì �H>N� � ç&å/è >� á8ï â�á$â2ã�ä1å�â�õH�!ì�å�å�ëBé!å�ë�æ1ç�ê�ë�å�õBç�ë:æ1ï�åJð�ä�å�èqç�ê�à�á8á1å�ñ�æ1ç�ê�ëY÷4ê�ë�åJç�é�ð�ê�ä�æ#â�ë�æ�ð4ïá�qáaúç�ñ�â�ãpð�ä1ê�ð"å�ä�æO��â�ë4õ�ê�ë�å@á1ð�å�ñ�ç*� ñ�ð�ï��qá1ç�ñ�â�ã¹ì�å�ï�â-èqç�ê�à�ä&ñ�â2ë�ì�å@ê�ì4æ#â�ç�ë4å�õ�ó�ä1ê�é æ#ï4åå�ã�å�ñ�æ#ä�ê�é�â�ù�ë�å�æ#ç�ñ�ó�ê�ä1é~órâ�ñ�æ1ê�ä eÉö ï�å�á�å¡â�ä�å=æ#ï�å�ñzï â2ä1ù�å�ä#â2õ�ç�à�áKâ�ë�õ}æ#ï�å�â�á��qé�ð�úæ1ê�æ#ç�ñ$å�ã�å�ñ�æ1ä1ê�é�â�ù�ë�å�æ#ç�ñ$ó�ê�ä1é�órâ�ñ�æ#ê�ä e¢� åLà�á�å?ó�ê�äDæ#ï4åLñzï â�ä�ù�å�ä#â�õ�ç�à�áCæ#ï�å�ó�ê�ã�ã�ê*î$ç�ë�ùå{��ð"å�ä1ç�é!å�ë�æ#â�ãYè2â�ã�à�å�á h y Ê �× |Nó�ôyõX�]û2�H> f�!�I$ì ��>m� ! �pó�é � �S�*Ç��G� ýy³Ê �ò |Nó�ôyõX�]û2�H> !�f � ì ��>m� Ç �pó�é � �S�*Ç�!2� >�$å�ñ�å�ë�æ#ã���÷Hå���ð"å�ä1ç�é�å�ë/æ#â�ã8õ âGæzâ�ï â�á�ì�å�å�ë´ä1åFúaâ�ë�â�ã*�qá1å�õ´ó�ê�äKæ#ï�å�ð�ç�ê�ë´â�áP�qé!ð4æ#ê�æ1ç�ñå�ã�å�ñ�æ#ä�ê�é�â�ù�ë�å�æ#ç�ñ@ó�ê�ä�é órâ�ñ�æ1ê�ä5â2æ�ï4ç�ù�ïB¸ � e�­ á1à â�ã�ã*��÷pæ#ï4å!è2â�ã�à�åc��> ! ç.å.è � �S�*Ç�f��ï�â�á.ì"å�å�ëßà4á1å�õ�ó�ê�äÇ¸ � ¼ × û³¸ � �Jî$ï4å�ë'¸ � ì�å�ñ�ê�é!å�á.ãôâ�ä�ù�å eö� ç�ë�ñ�å@æ1ï�å�ä�å�úUâ�ë â�ã���á�ç�áê2ó&å���ð�å�ä1ç�é�å�ë�æzâ�ã$õ â2æ#â�á�å�æ1á�ó�ä1ê�é �&¶��w÷ �S�*Ç�ÇG� â�ë4õOæ#ï4ê�á1å�å��qæ#ä1â�ñ�æ1å�õ ó�ä�ê�é æ#ï4åã�ê�ë�ù�çVæ#à�õ4ç�ë â�ãCñ�ä1ê�á�á!á�å�ñ�æ#ç�ê�ëOâGæöø�å � å�ä1á�ê�ë È â2ì �S�*Ç�+*� ÷CîHå�î$ç�ã�ã\à�á1åBæ1ï�åBó�ê�ã�ã�ê*î$ç�ë�ùâ2áP�qé�ð�æ#ê�æ1ç�ñ&ã�ç�é�çVæ h

ã�ç�éÌ � é � ¸ � ¼ × û ¸ � �;��û#�H> f/ÇÞì �H> � ���;ç.å.è � >­ ë4ó�ê�ä0æ#à�ë âGæ#å�ã���÷/ó�ê�äHæ1ï�å�iGâ�ê�ë:å�ã�å�ñ�æ1ä1ê�é�â�ù�ë�å�æ#ç�ñ�ó�ê�ä�é órâ�ñ�æ1ê�ä�÷/î�åLõ�êKë�ê�æ8ï â�è�å&â�ë��â2ñ�ñ�à4ä#â2æ1å?å{�4ð�å�ä�ç�é!å�ë�æzâ2ã�õ�â2æzâ.á1å�æ#á er¿ �!â�á1á�à�é�ç�ë�ù.æ#ï â2æ\æ#ï4å?iGâ�ê�ë!ç�áCá�ç�é!ç�ãôâ2äpæ#ê.æ#ï4åð4ç�ê�ëÉìá� ¨�ù û ! �&áP�qé!é�å�æ#ä���÷pîHå:î$ç�ã�ãDñ�ê�ë�á1ç�õ�å�ä.æ#ï�å�á#â�é!å�â�áP�qé!ð4æ#ê�æ1ç�ñ!ì"å�ï â�èqç�ê�à�äâ2á$ó�ê�ä8æ#ï�å.ð�ç�ê�ëY÷�ï�ê-îHå�è�å�ä?î$çVæ#ï�â@ãôâ�ä�ù�å�äTà4ë�ñ�å�ä�æzâ2ç�ë�æO� eCö ï/à�á�ê�ë�å.ï â�á h
ã�ç�éÌ ��é � ¸ � ¼ ò û ¸ � �;��û#�H> f�Ç$ì �H> �-Ç �;ç.å.è � >Mpç�ë â�ã�ã*��÷�î�å?î$ç�ã�ãmâ2á1á1à4é�å�æ#ï â2æ\æ#ï4åLë�ê�ä�é:â2ã�çQ8�â2æ#ç�ê�ëKç�áHå · à�â�ã�æ1ê�ê�ë4åLç�ë�æ#ï4åLá1ð4ç�ä1çVæ\ê�óæ1ï�å.ñ�ê�ë4á�æ#çVæ#à�å�ë�æ · à â2ä)iBé!ê�õ�å�ã e��� ¢ �wÑ ¢¤¢ ��� Å¿ �£á1ê�ã�èqç�ë�ù<æ1ï�å=á���á0æ#å�é ê�ó�ð�ï���á�ç�ñ�â�ãTñ�ê�ë4á�æ#ä1â�ç�ë�æ1á@õ�å�æ#â�ç�ã�å�õ£ð�ä�å�èqç�ê�à�á1ã���÷Dî�åBï�â-è�åå{�qæ#ä#â2ñ�æ#å�õwæ#ï4å�î�â�è�å�ó�à�ë�ñ�æ1ç�ê�ë4á!ó�ê�äKæ1ï�å�ð�á1å�à�õ�ê�á�ñ�â�ã�â�ä�é!å�á�ê�ë�á ª ý ¬ ý \ â2ë�õ�å e



� � � Ì¹Í�Ú ÎLÏpÐCÑ��/Ô Ù Ð\ÞYÝ Ü T Ú?V Ð ÖXW>ÜKÌ Ï Û Ý Ü ÞK ë£ê�ä1õ4å�ä�æ1ê<ñ�ê�é!ð â�ä�å�æ1ï�å:æ#ï4å�ê�ä�å�æ#ç�ñ�â�ã\ð�ä�å�õ�ç�ñ�æ#ç�ê�ë�á�úfû"üBî$çVæ#ïßæ1ï�å:å{�4ð�å�ä�ç�é!å�ë�æzâ2ãé�å�â�á1à�ä�å�é!å�ë�æ#á¾ú-ü ì ��ý�ü/÷�îHå5õ�å�� ë�å�õWæ#ï4å.ó�ê�ã�ã�ê-î$ç�ë�ù � � ìá� h� � � � 3 ü ¾ û��ý 5 � > û @·e�f_f �
� å�â�ã�á�ê�õ�å�� ë�å�æ1ï�å%ã�ç�ù�ï/æ�ñ�ê�ë�å�õ4ç�á�æ1ä1ç�ì�à4æ#ç�ê�ëWâ�é�ð4ã�ç�æ1à�õ�å � ÷ 9 û�ü/��â�áJâ�ó�à�ë�ñ�æ1ç�ê�ëWê�óæ#ï�å.é!ê�é�å�ë�æ#à�é�ó�ä#â�ñ�æ#ç�ê�ëBñ�â�ä�ä1ç�å�õ�ìá��ê�ë�å · à�â�ä)iBâ2á�÷9 û�ü/�;� ` �Á õ � þBÿû �]\ ��^ � üpû �$¾ ü/��þ ûPüNý#þBÿ4�®> û @·e�f/Ç �

� å.ñ�ê�ë4á1ç�õ4å�ä$æ#ï�å.ë�ê�ä�é:â2ã�çQ8�â2æ#ç�ê�ë=â2ë�õWõ4å�ñ�âJ��ñ�ê�ë�á�æ#â�ë�æLâ2á�ê�à�ä$ç�ë�ð�à�æ?ð�â�ä#â�é!å�úæ#å�ä�áLó�ê�ä�æ#ï�å@å�è�â2ã�à â2æ1ç�ê�ëWê�óDæ#ï4å ª â�ë�õ ¬ é!å�á�ê�ë�á&â�ë4õ<î�å@ñzï�êqê�á�åKó�ê�ä?æ1ï�å�è2â�ã�à4åê�ólæ#ï�åLá�æ#ä�ê�ë�ùKñ�ê�à�ð�ã�ç�ë�ù5ñ�ê�ë4á�æzâ2ë/æ5û�ñ�â�ã�ñ�à�ã�â2æ#å�õ�æ1êKë�å��qæ$ã�å�â�õ�ç�ë�ù�ê�ä1õ�å�ä~�Cæ1ï â2æ�ù�ç�è�å�ëâ2æ?æ1ï�å�á�ñ�â�ã�å T � - à â�ë4õ T � -Øë ó�ê�ä$æ#ï�å ª â�ë�õ ¬ é!å�á1ê�ë�áLä�å�á1ð�å�ñ�æ#çVè�å�ã�� e?ö ï�åâ-è�å�ä1â�ù�å�æ1ä#â�ë�á0è�å�ä1á1å$é!ê�é!å�ë�æ#à�é 4 y þ � ÿ |¢ç�á>æ#ï�å�ê�ë�ã*�%ê�à�æ#ð�à4æ¹ç�ë5æ1ï�å8ñ�â�á1åTê�ómï4å�â�èá�é�å�á1ê�ë�á e M ê�äpæ1ï�å8ð�ç�ê�ë@â�ë4õkiGâ�ê�ë�î8â�è�å$ó�à4ë�ñ�æ1ç�ê�ë�á�÷�î�åTñ�ê�ë�á�ç�õ�å�ä¹ç�ë@â2õ�õ�ç�æ1ç�ê�ë%æ#êJæ1ï�åæUî�ê!ð�ä1å�èqç�ê�à�á$ç�ë�ð�à4æ$ð â2ä#â�é!å�æ1å�ä1á�÷�æ#ï�å%â�á��qé�ð4æ1ê�æ#ç�ñ&å�ã�å�ñ�æ1ä1ê�é�â�ù�ë4å�æ#ç�ñLó�ê�ä�é�órâ�ñ�æ1ê�ä eö ï�å�ëOâ�á@ê�à4æ1ð�à4æ�ð â2ä#â�é!å�æ1å�ä1á�÷Hê�ë�åBê�ì4æ#â�ç�ë�áKæ1ï�åBñzï â�ä�ù�å�ä#â�õ4ç�à�á�÷Cæ1ï�å=æ#ä1â�ë�á0è�å�ä�á1åé�ê�é!å�ë�æ1à�é 4 y þ � ÿ |=â2ë�õ æ#ï�å<â�áP�qé!ð4æ#ê�æ1ç�ñ¡æ1ä#â�ë4á1ç�æ1ç�ê�ë´ó�ê�ä1é órâ�ñ�æ#ê�ä<û�æ#ï4å�ãôâ2æ�æ#å�äñ�â�á�å%ç�áTê�ë�ã��:è2â�ã�ç�õ=ó�ê�ä8æ#ï4å%ð4ç�ê�ë � eª ¬ \ å6L� �%�H> ��@ � f 6[� �£�H> ��fá� + 6L� �%�H>m� Ç�+ 6L� ���H>N� I�I8 � � � > f�+�@ � 8 � � � > � ��� 8 � � !�� > �,� 8 � � �JI >m� �6Pñ �£�H> ���,I � 6£ñ ���H> !�� ��� 6Pñ �£�H> I�� 6Pñ �£�H> +�@
ö â�ì4ã�å @�e��_h (¢â�ä1â�é!å�æ#å�ä1á 6[� ý 8 � û]ç&å/è ¼ � ��â2ë�õ 6Pñ ó�ê�ä@æ#ï4å ª ý ¬ ý~å â�ë�õ \ î�â�è�åó�à�ë�ñ�æ1ç�ê�ë4á eö ï4åKç�ë�ð4à4æJð â2ä#â�é!å�æ1å�ä1á?ï â�è�åKì�å�å�ës��æ1æ1å�õ�â2ë�õ¡æ#ï4åKä1å�á1à�ãVæ#á?ó�ê�ä?æ#ï4å�ñ�ê�ë�á�æ#â�ë�æ#á6[� ý 8 � â�ë4õ 6Pñ â�ä�åDã�ç�á�æ#å�õ&ç�ë ö â�ì�ã�å @�e*� ó�ê�äNâ2ã�ã�ê2óqæ1ï�åCé�å�á1ê�ë4á>é!å�ë�æ1ç�ê�ë�å�õ.ð�ä1å�è�ç�ê�à�á�ã*� eMmê�ä\æ1ï�åLï�å�â�è � · à â�äPi!á��qá�æ#å�é�á�÷�á1à4ñzï�â�áHæ1ï�åLð�á�å�à�õ4ê�á1ñ�â�ãôâ�ä�á ª â�ë4õ ¬ ÷/æ#ï�å�è�â2ã�à�å�áê�ó 6L� â�ë4õ 8 � â2ä1å�á�æ#ä�ê�ë�ù�ã��@ä1å�ãôâ2æ1å�õ!æ#ê.æ#ï�å$è2â�ã�à�å$ê�ó�æ#ï�å�õ�å�ñ�âJ��ñ�ê�ë�á0æzâ�ë�æÞ«3í � � � eLK ëM¢ç�ù eH@�eN+ ÷4æ#ï4å&õ�ç�á0æ#ä1ç�ì�à4æ1ç�ê�ë�â�é!ð�ã�ç�æ#à4õ�å�á\ó�ê�ä ª â2ë�õ ¬ â2ä1å&á1ï4ê*î$ë e K æ$ñ�â�ëWì�å&á1å�å�ëæ#ï â2æ$æ1ï�å5õ4ç�á�æ1ä1ç�ì�à4æ#ç�ê�ë�á 9 ûPü/�Tó�ê�ä ª â�ë�õ ¬ â�ä�å%ð�å�â i�å�õ<â2æ�ï�ç�ù�ï�è2â�ã�à4å�á$ê�ó¹ü<â�ë�õè�â2ë�ç�á�ïßâ2æ%ã�ê*î�è2â�ã�à4å�á.ê�ó�ü e�ö ï�ç�á.ì�å�ï â�èqç�ê�à�ä.ê�ä1ç�ù�ç�ë âGæ#å�áJó�ä�ê�é æ1ï�å�ï4å�â�èá��r@â�ë�õÿ · à â�ä)i�é�â�á�á1å�á e:ö ï�å�ç�ä%õ�ç�á0æ#ä�ç�ì�à4æ1ç�ê�ë4áJä1å�â�ñzïÉæ1ï�å�é�â]��ç�é�à�édî$ï�å�ëÉü
ç�á%â�ä1ê�à4ë�õü � ß ýí � �H> I�! â�ë�õ´ü � ß ý� � �H> @�+ ÷8ä�å�á1ð�å�ñ�æ#çVè�å�ã�� e¸ö ï�ç�á:ä1ê�à�ù�ï�ã��
ñ�ê�ä�ä1å�á1ð�ê�ë�õ�á:æ1ê�NYPZL[ \1[]^3_7[��������he]\<g \ye]nh[]Z�[]^f\rn]`N_Lb _Lehg d	�q`J[�
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Mpç�ù�à�ä�å @�eN+�h (Dá1å�à4õ�ê�á1ñ�â�ãôâ2äÉõ�ç�á�æ1ä1ç�ì4à4æ#ç�ê�ë â�é!ð�ã�çVæ#à�õ�å e M à�ã�ã5ã�ç�ë�å�÷Kõ4ê�æ1æ1å�õ�ã�ç�ë4å�÷õ�â�á1ï�å�õ ã�ç�ë�åßâ2ë�õËõ�ê�æ0úUõ â2á1ï�å�õ ã�ç�ë4åÉä�å�ð�ä�å�á1å�ë�æ�æ#ï�åÉõ�ç�á0æ#ä1ç�ì�à4æ1ç�ê�ë»â�é!ð�ã�çVæ#à�õ�å�ó�ê�äª ý ¬ ý~å~â�ë�õ \ ä1å�á�ð"å�ñ�æ1ç�è�å�ã*� e
æ1ï�åKä1â2æ#ç�ê�á - à � Z í}â�ë�õ -Øë � Z � e Mpç�ë â�ã�ã*��÷�æ#ï�å@â�è�å�ä#â2ù�å�æ#ä1â�ë�á0è�å�ä�á1å@é!ê�é!å�ë�æ#à�é�÷4 y þ � ÿ |�÷pç�á.å · à â2ã\æ1ês�H> Ç�! � ç.å.è ó�ê�ä&æ1ï�å ª é�å�á1ê�ë
â2ë�õÉæ#â�i�å�á5æ#ï4å�è2â�ã�à4åc�H> fä�,!ç&å/è ó�ê�ä8æ1ï�å ¬ é�å�á1ê�ë eDö ï4å�á1å5ä1å�á1à�ãVæ#á�â�ä1å&ã�ç�á0æ#å�õ�ç�ë ö â�ì�ã�å @�em�·eò ê*îSã�å�æ$à�áTó�ê�ñ�à�á$ê�ë�ã�ç�ù�ï/æ8ð â�ä�æ1ç�ñ�ã�å�á e¢� å5â2ä1å&é�â�ç�ë�ã��:ç�ë�æ#å�ä�å�á0æ#å�õ�ç�ëBæ1ï�å.ð�ç�ê�ëâ2ë�õ:æ#ï4å®iGâ�ê�ë�ð�á1å�à�õ�ê�á�ñ�â�ã�â�ä�é!å�á�ê�ë�á e �$å�ù�â�ä1õ�ç�ë�ù.æ#ï�å?ð�ç�ê�ë!î8â�è�åLó�à�ë�ñ�æ#ç�ê�ëY÷�é�â�ë��á0æ#à�õ4ç�å�á5ï â�è�å�ì"å�å�ë£ð�å�ä0ó�ê�ä1é!å�õÉç�ë�æ#ï�å!ð â�á0æ@â�ë�õÉç�æ%ç�á.á0æ#ç�ã�ãDà�ë�õ�å�ä�ç�ë/è�å�á0æ#ç�ù�â2æ#ç�ê�ë e� å%ñ�â�ë<ä�å�ó�å�ä�æ1ê�æ#ï4å)ç.â�à�á�á1çôâ2ëWé!ê�õ4å�ã ���6fä� ÷ �*Ç��-� ÷mæ#ï4å ¿��/� â�ð�ð�ä�ê�â�ñzï � ��ÇG� â�ë4õæ1ï�å ¿=e M e û ¿ ä#â�à4ë
â�ë�õ�M¢ç�ã���â�ë�ê-èH�Jî8â�è�å�ó�à�ë�ñ�æ1ç�ê�ë ���-Ç�@ ÷ �*Ç�I2�
eB� å�ñ�â�ë£â�ã�á�êWñ�ç�æ#åæ1ï�å.è�å�ä���î�å�ã�ã$i/ë�ê-î$ë�â�áP�qé!ð4æ#ê2æ#ç�ñ&ó�ê�ä�é �S�,+ �4÷ �,+�� ÷ �,+��G� â2ë�õWæ1ï�åÓo e���e úUã�ç*i�å&î�â-è�åó�à4ë�ñ�æ1ç�ê�ë ���,+�� ÷ �,+�! ÷ �,+�fG� û2o�ï�å�ä�ë���â�i¡â�ë�õ � ï�çVæ#ë�çVæ#áPiá�H� e$ò ê�æ1åKâ�á�î�å�ã�ãNæ#ï â2æ�î�â-è�åó�à4ë�ñ�æ1ç�ê�ë
õ�ç�á�æ1ä1ç�ì4à4æ#ç�ê�ë£â�é!ð�ã�ç�æ#à4õ�å�á5ñ�â�ë}ì�å=å���ð â�ë4õ�å�õ´ç�ë£æ1å�ä1é!áKê�ó ç&å�ù�å�ë/ì â�à�å�äð�ê�ã���ë4ê�é�ç�â�ã�á�÷pî$ï�å�ä1åBæ#ï4å�ç�ä�ñ�êqå��!ñ�ç�å�ë�æ#á!â�ä�å=ñ�â�ã�ñ�à�ã�â2æ#å�õ
à�á1ç�ë�ù È ç�ù�ï�æko�ê�ë�å � à�é�$à�ã�å�á%û È o � �?� eK ëBê�ä�õ�å�äHæ#ê@õ�å�æ#å�ä�é�ç�ë�å?æ1ï�åJð�ç�ê�ë:î�â�è�å&ó�à�ë�ñ�æ#ç�ê�ëY÷4ä�å�ñ�â2ã�ãmæ#ï â2æ�î�å&à�á�å&â�á8ç�ë�ð�à4æð�â�ä#â�é!å�æ1å�ä�áJæ#ï�å@õ�å�ñ�âJ��ñ�ê�ë�á�æ#â�ë�æ�÷læ#ï�å@å�ã�å�ñ�æ#ä�ê�é�â�ù�ë�å�æ#ç�ñ%ó�ê�ä1é órâ�ñ�æ1ê�ä&â2æ.ï4ç�ù�ïª¸ �â2ë�õ:æ#ï4åLë�ê�ä�é:â2ã�çQ8�â2æ#ç�ê�ë e�� á�ê�à4æ1ð�à4æ�ð â�ä#â2é�å�æ#å�ä�á\îHåJê�ì�æzâ�ç�ë!æ1ï�åLå�ã�å�ñ�æ#ä�ê�é:â2ù�ë�å�æ1ç�ñó�ê�ä1é órâ�ñ�æ#ê�äLâ2æLã�ê-î ¸ � û�æ#ï�â2æJù�çVè�å�áLà�á�æ#ï�å5ñzï â�ä1ù�å�ä#â2õ�ç�à�áj��÷mæ#ï�å%æ#ä1â�ë�á1çVæ#ç�ê�ë�ó�ê�ä1éórâ2ñ�æ#ê�ä�÷pæ1ï�å=â �4ç�â�ã\â�ë�ê�é�â�ã���â�ë�õßæ1ï�å�æ1ä#â�ë4á�è�å�ä1á�åBé�ê�é!å�ë�æ1à�é 4 y þ � ÿ | eWö ï�å�ñ�ê2úå��!ñ�ç�å�ë�æ#á 6L� ý 8 � â2ë�õ 6Pñ î$ï�ç�ñzï�â�ä�å�ë�å�ñ�å�á�á#â�ä��¡æ1ê:ê�ì4æ#â�ç�ëWê�à�ä$î8â�è�åKó�à�ë�ñ�æ1ç�ê�ë¡â�ä1åã�ç�á0æ#å�õ�ç�ë ö â�ì�ã�å @�e*��e¢ö ï�å�õ�ç�á0æ#ä�ç�ì�à4æ1ç�ê�ë�â2é�ð�ã�ç�æ1à�õ�å8ç�á\á�ï�ê-î$ë:ç�ëeMpç�ù e�@·em+ â�áDîHå�ã�ã�â�á
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Mpç�ù�à�ä�å @�eN@�h (Dç�ê�ë¡å�ã�å�ñ�æ1ä1ê�é�â�ù�ë�å�æ#ç�ñ%ó�ê�ä�éÓórâ�ñ�æ1ê�ä e&¶ ��ð�å�ä1ç�é�å�ë�æzâ�ãpõ â2æzâ:â�ä1å�æ#â�i�å�ëó�ä�ê�éø�$å�ó e>�S�,+�Ç-� ûrá�ê�ã�ç�õBá · à â�ä�å,� e
ç�ë¡M¢ç�ù eË@�e�� î$ï�å�ä�å!ñ�ê�é!ð â�ä1ç�á1ê�ë4á ^ ñ�â�ë�ì�å@é:â�õ4åKî$ç�æ#ï<æ1ï�åeo e���e â�ë�õÉâ�áP�qé!ð4æ#ê�æ1ç�ñð4ç�ê�ë�î�â�è�åTó�à�ë�ñ�æ#ç�ê�ë�á e�K ë M¢ç�ù e @�e�� æ#ï4å7o e���e â�ë�õ�â�á���é!ð4æ1ê�æ#ç�ñ8ð�ç�ê�ë�î8â�è�å$ó�à4ë�ñ�æ1ç�ê�ë�áâ2ä1å h 9 û�ü/� ß ñ�� � � + üpû �$¾ ü/�Lý9 û�ü/�����&� ¨ û �$¾.� ü/� � å���ð � ¾ þ � ÿ Ã.- �@ � � üpû ��¾ ü/� � ý
î$ï4å�ä1å ¨ â2ë�õ � â�ä�å8ð â�ä1â�é!å�æ#å�ä1á¢æ1ï â2æCõ�å�� ë�å8æ1ï�å8î8â�è�å$ó�à4ë�ñ�æ1ç�ê�ë egK ëkM¢ç�ù�á e�@·em@ ÷ @�eNIâ2ë�õ @�e�� ��â�ä1åCá�ï�ê-î$ëKä1å�á1ð�å�ñ�æ1ç�è�å�ã*��÷2æ1ï�åHð4ç�ê�ë%å�ã�å�ñ�æ1ä1ê�é�â�ù�ë4å�æ#ç�ñ¹ó�ê�ä1é»órâ�ñ�æ1ê�äNá · à â�ä�å�õâGæ.ã�ê-îQ¸ � ÷læ#ï�å�ð�ç�ê�ë�å�ã�å�ñ�æ1ä1ê�é�â�ù�ë4å�æ#ç�ñ�ó�ê�ä�é órâ�ñ�æ1ê�ä.â2æ.ï�ç�ù�ï ¸ � â�ë�õ¡� ë â2ã�ã*��æ#ï4åæ1ä#â�ë4á1ç�æ1ç�ê�ë�ó�ê�ä1é�órâ�ñ�æ1ê�ä e M ê�äHæ#ï�å&å�ã�å�ñ�æ#ä�ê�é:â2ù�ë�å�æ1ç�ñLó�ê�ä1é órâ�ñ�æ1ê�ä8ê�ë�å&ê�ì4æzâ�ç�ë�á�è�å�äP�ù�ê�êqõ<â�ù�ä1å�å�é�å�ë�æJî$ç�æ1ï<å���ð�å�ä1ç�é�å�ë�æzâ�ã>õ â2æ#â=â2æ&ã�ê*î�¸ � eJö ï4å@ð�ç�ê�ëWñzï â�ä�ù�åKä#â2õ�ç�à�áù�ç�è�å�ë�ì��Wæ1ï�åKá1ã�ê�ð�å�ê�óDæ1ï�å�å�ã�å�ñ�æ#ä�ê�é:â2ù�ë�å�æ1ç�ñ.ó�ê�ä1éÓórâ�ñ�æ#ê�ä?ñ�à�ä0è�å�â2æ�¸ � �ì�Øç&å/èç�á@å · à â�ã8æ1ê y Ê �× |c� �H> fä� ��ó�é � e
ö ï4ç�á�ç�á@ç�ë�á1ç�õ�å:æ#ï4å�å{��ð"å�ä1ç�é!å�ë�æ#â�ãTà�ë�ñ�å�ä�æ#â�ç�ë�æO�ä1â�ë�ù�å ec� æ%ï�ç�ù�ïB¸ � û�á1å�åcM¢ç�ù e�@�eNI �F÷Næ1ï�å!å�ã�å�ñ�æ1ä1ê�é�â�ù�ë�å�æ#ç�ñKó�ê�ä1é ï�â�á.ì"å�å�ë·�4æ1æ#å�õâ2ë�õBæ#ï�å�ä1å�ó�ê�ä1å.ç�æ$ç�áTñ�ê�ë�á�ç�á0æ#å�ë�æ$î$ç�æ1ïBæ#ï�å.õ â2æ#â@á1å�æ1á ���*Ç +2��e¹� å.à�ë�õ�å�ä1ã�ç�ë�åJæ1ï â2æTîHåæ#â�i�å?ç�ë�æ#ê�â�ñ�ñ�ê�à�ë�æ�æ1ï�åLê�ë�å?ù�ã�à�ê�ë�å���ñzï â�ë4ù�åJð�ä�ê�ñ�å�á1á\î$ï�ç�ñzï:ñ�ê�ë�æ#ä�ç�ì�à�æ#å�áHá�æ1ä1ê�ë�ù�ã*�æ1êÉæ1ï�å · à â2ä)i}é�ê�é�å�ë/æ1à�é õ�ç�á�æ#ä�ç�ì�à�æ#ç�ê�ëOâGæ:ï�ç�ù�ï¡¸ � e � å¡ä�å�ó�å�ä�æ#ï4å¡ä1å�â�õ�å�ä!æ1êl�� ^3\rs�
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M¢ç�ù�à4ä1å @-,mI/. � áP�qé!ð4æ#ê�æ1ç�ñHð�ç�ê�ë�å�ã�å�ñ�æ1ä1ê�é�â�ù�ë�å�æ#ç�ñ\ó�ê�ä�é órâ�ñ�æ1ê�ä ,�0 ��ð�å�ä�ç�é!å�ë�æzâ�ãqõ â2æ#âá1å�æ1á�â�ä1å . ó�à4ã�ãYõ�ç�â�é!ê�ë�õ�á21 �	3��	4 ÷4ó�à4ã�ã�æ1ä1çôâ2ë�ù�ã�åLõ�ê-î$ë51 �	67684 â�ë�õ�ó�à�ã�ãYá�9/à â�ä1å:1 �	6�++4�,
ã�ç�æ1å�ä1â2æ#à�ä�åTä1å�ù�â�ä1õ4ç�ë�ù.æ#ï�å?ð�ç�ê�ë�å�ã�å�ñ�æ#ä�ê�é:â2ù�ë�å�æ1ç�ñTó�ê�ä�é�órâ�ñ�æ1ê�ä;1 �,+�+ ÷ �,+<3 ÷ �,+�@ ÷ �,+�I ÷�	3 � 4 ó�ê�ä%ñ�ê�é�ð â2ä1ç�á�ê�ë�á ,Bö ï�å�æ1ä#â�ë�á�ç�æ1ç�ê�ë�ó�ê�ä�é órâ�ñ�æ1ê�ä5á�ï�ê-î$ë
ç�ë·M¢ç�ù ,$@-,*� �4÷pù�ç�è�å�áù�ê�êqõ â�ù�ä1å�å�é�å�ë�æBî$ç�æ#ï æ1ï�å�å���ð�å�ä�ç�é!å�ë�æzâ�ã?õ â2æ#â=1 �	3 �>4 â2æ�ï4ç�ù�ï¹¸ � â�ë�õ¸ç�æ=â�ã�á�êâ�ù�ä1å�å�áTî$ç�æ1ïBæ#ï�å&æ#ï4å�ê�ä�å�æ#ç�ñ�â�ãlã�ç�é!ç�æ ,pö ï�å.ê�ë4ã*�Bå{�4ð�å�ä�ç�é!å�ë�æzâ2ãYñ�ê�ë4á�æ#ä1â�ç�ë�æ$î$ï�ç�ñzïWç�áë�ê�æTîHå�ã�ã�ä1å�ð4ä1êqõ�à�ñ�å�õWç�á8æ#ï�å.â �4ç�â�ãlâ�ë4ê�é:â2ã*� ,g� á1à�é!é:â2äP��ê�ópæ1ï�å&ä1å�á1à�ãVæ#á$ç�á�ù�ç�è�å�ëç�ë ö â�ì�ã�å @-,m�/, Mpç�ë â�ã�ã*��÷�î�å@ï â�è�å�â�ã�á�ê:ñ�ê�é�ð�à�æ#å�õ<æ1ï�å�æ1ä#â�ë�á0è�å�ä1á1å@é!ê�é!å�ë�æ#à4é ó�ê�äî$ï�ç�ñzï�ê�ë�å.ê�ì4æ#â�ç�ë4á8æ#ï�å&ó�ê�ã�ã�ê-î$ç�ë�ù5è�â2ã�à�å . 4 y þ � ÿ | ���H> � I ��ç.å.è ,K ë½â£á�ç�é!ç�ãôâ2ä�î�âJ� æ#ê£æ1ï â2æBó�ê�ä�æ#ï�å�ð�ç�ê�ëY÷TîHå�ç�ë�è�å�á0æ#ç�ù�â2æ#åWæ#ï�å�á0æ#ä1à4ñ�æ#à4ä1å�ê�óæ#ï�å�iGâ�ê�ë£î8â�è�åBó�à�ë4ñ�æ#ç�ê�ë ,@? å�â�ð�ð�ã���å��4â�ñ�æ1ã*�Éæ#ï�å=á1â�é!åBâ�ð�ð�ä�ê�â�ñzï´â�áKê�à4æ#ã�ç�ë�å�õð�ä1å�è�ç�ê�à�á�ã*��÷>î$ç�æ1ïÉæ#ï4å:á#â2é�å�ç�ë�ð�à�æKâ�ë4õ£ê�à4æ1ð�à4æKð�â�ä#â�é!å�æ1å�ä�á5å{�4ñ�å�ð4æ@æ1ï â2æ%î�å:õ�êë�ê�æ�à�á1å�æ#ï�å�æ#ä1â�ë�á�ç�æ#ç�ê�ë ó�ê�ä1é órâ�ñ�æ1ê�ä�â�ë�õ»æ1ï�åÉâ]��çôâ�ã.â�ë4ê�é:â2ã*� , K ë%M¢ç�ù�á ,u@-,����â�ë�õ @-,�� � â2ä1å�á�ï�ê-î$ë�ä1å�á�ð"å�ñ�æ1ç�è�å�ã*��æ#ï�å�å�ã�å�ñ�æ1ä1ê�é�â�ù�ë�å�æ#ç�ñ%ó�ê�ä�éÓórâ�ñ�æ1ê�äLá�9qà�â�ä1å�õÉâGæã�ê-î'¸ � â2ë�õ&æ#ï�å\å�ã�å�ñ�æ1ä1ê�é�â�ù�ë4å�æ#ç�ñ¢ó�ê�ä�éSórâ�ñ�æ1ê�äNâ2æNï�ç�ù�ïÇ¸ ��,>ö ï�å\ñ�êqå��!ñ�ç�å�ë�æ#á 6L� ý 8 �â�ë�õ 6Pñ ê�ì4æ#â�ç�ë4å�õ!ìá� ��æ�æ#ç�ë�ù&æ#ï�å?ð�ï���á�ç�ñ�â�ãmê�ì�á1å�ä�è2â�ì�ã�å�á\é�å�ë�æ#ç�ê�ë�å�õ�ð�ä1å�è�ç�ê�à�á�ã*�!â�ä�åã�ç�á0æ#å�õ�ç�ë ö â�ì�ã�å @-,��7,LK ë ö â�ì�ã�å @/,�� â�ä1å?ù�ç�è�å�ë�æ1ï�å?è2â�ã�à�å�á\ê�ólê�à�ä�ç�ë�ð�à4æ�â�ë�õ�ê�à4æ#ð4à4æð â�ä#â2é�å�æ#å�ä�á ,M ê�ä@æ1ï�å¡å�ã�å�ñ�æ#ä�ê�é:â2ù�ë�å�æ1ç�ñBó�ê�ä�é órâ�ñ�æ1ê�ä�÷Hî�åWé:â�ç�ë�ã*�Éó�ê�ñ�à�á:ê�ëwã�ê-î ¸ � á�ç�ë�ñ�åî�å5õ�ê:ë�ê2æ?ï�â-è�åKå�ë4ê�à�ù�ï¡â�ñ�ñ�à�ä#â2æ1å�å{�4ð�å�ä�ç�é!å�ë�æzâ2ã>õ�â2æzâ ,mC ê-î�å�è�å�ä�÷�îHå�ñ�â�ë¡ñzï�å�ñ~iê�à�ä%ä1å�á�à�ã�æ1á�âGæ�ï�ç�ù�ïz¸ � ì�å�ñ�â�à�á�å:ê�ó$â2á1á1à4é�ð4æ1ç�ê�ë4á=û
i2â2ê�ëßç�á%á�ç�é!ç�ã�â�äLæ#ê�æ#ï�å!ð�ç�ê�ëìá� ¨aù û ! �8áP�qé�é!å�æ1äP�H��æ#ï âGæ$ù�ç�è�å&à�áLâ2ëWâ2áP�qé�ð�æ#ê�æ1ç�ñJè2â�ã�à4å&ê�ó1¸ � ¼ ò û ¸ � �Tâ�ä1ê�à4ë�õ�H> !73 ç&å/è � ,A? å�ê�ì�á1å�ä�è�åWæ#ï�â2æ!ê�à�ä�æ#ï�å�ê�ä1å�æ#ç�ñ�â�ãTä1å�á1à�ãVæ#á!â�ë�õ´æ#ï�å�å{�4ð�å�ä�ç�é!å�ë�æzâ2ã
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Mpç�ù�à�ä�å @-,�� � . � á���é!ð4æ1ê�æ#ç�ñ ð�ç�ê�ë æ#ä#â2ë�á1çVæ#ç�ê�ë�ó�ê�ä1é órâ�ñ�æ1ê�ä ñ�ê�é�ð�â�ä1å�õ æ#êíæ#ï4åõ�â2æzâI1 �	3��>4�,Cö ï�å5õ4ê�æ�úMõ â�á1ï4å�õ�ã�ç�ë4å&ç�á8æ#ï4å5â2ë â�ã*�/æ1ç�ñ�â2ãlâ�áP�qé!ð4æ#ê2æ#ç�ñJæ1ä#â�ë4á1ç�æ1ç�ê�ë=ó�ê�ä1éórâ2ñ�æ#ê�ä�ó�ä�ê�é÷oKJ M�Líâ�ë�õ¡æ1ï�å�ó�à�ã�ãNã�ç�ë4å%ç�á?æ1ï�åKâ�á��qé�ð4æ1ê�æ#ç�ñ5ì�å�ï�â-èqç�ê�à�äLê2ó¹æ#ï�å�ð�ç�ê�ëæ1ä#â�ë4á1ç�æ1ç�ê�ë=ó�ê�ä1é órâ2ñ�æ#ê�ä ,
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ìOÓ ± ª�í�¯;ô ± í�í�ì�õ'ñ�ö Ù¨ ñ4ð	ö�ö�ñ�í�ª�ð�°
ë'ñ · î
í�ê4ª�í�²�ñ�îHö�ì�ì:ñ�ë-ª.ñ�ð · ê�ì:õ
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ô�ìIÓ ± ª.í�¯ º î!ô®¯Yö�ñ®ª`ñ�ì�ö Ù ½ ë
ìI«�ð	°
ë'ñLô�î
õ
ìwï�î.üï�ì�õKñ ± ï · í�ª�ô7ñ�ð�î
õ
ö_î · ñ�ë
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ì�í�ö�ñ�î!î!²Z´!ð¼ª º ð�° Ù @ ¿ Ù @1ê=ë
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í�î
õ�ð	ôJ²
ì�ô�ªE­
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õ
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ð	ì�öTð	õYô®ëW|�í�ïs��ì�ö�öLëW|��
í�î
õ�ð	ô�Î¸�
ì�ô=|=�!öy|�í�ì�¹�|�ö�ì���î
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_µñ(ë3ðrïBì�ZBì%îlKlO j��5 ò V�5 j� 5 ó
}�� ÷ � 5 ò V 5 � 5 ø;y b¡§�©B « : « � « � ­ ÷³tB®dC2t"¯®dE �ut�´GCDt"¯´HE ø ¶ ±²· ÷ � 5 I V 5 øb >B ±²º�»· ÷ � 5 I V 5 ø ¼ ½ ¿¨÷.>@>(ÁA>�å�ø
_µñ(ë3ðrïBì�ZBì%îlKlO¦j� 5 ò \Ãj� 5 ó
}�� ÷ � 5 ò \ � 5 ø;y §�©B « : « � «Ne ­ ÷�tH®DCDtS¯®dE ��tH´GC2tS¯´fE ø ¶ ±¸· ÷ � 5 I \�øb >B ± º�»· ÷ � 5 I \�ø ¼�½ ¿¨÷.>@>(ÁA>@>�ø
_µñ(ë3ðrïBì�ZBì%îlKlOa� g ò \ � g ó
} � ÷�� g ò \ � g ø;y¨§�©B « : « � «Ne ­ tB®DCDt ¯®FE ± 9Û÷ � g I \�ø�Ú÷�tH®DCDt"¯®dE ��tH´GCDt"¯´fE ø ¶ ±¸· ÷ � g I \�øÆ� ± º�»· ÷ � g I \�øD¼�½À¿¨÷.>@>(ÁA> B ø
_µñ(ë3ðrïBì�ZBì%îlKlOa� g ò V�5 � g ó
}�� ÷�� g ò V 5 � g ø#y §�©B « : « � « � ­ tB®DC?t"¯®dED± 9Û÷ � g I V 5 ø�Ú÷�tH®DCDt�¯®dE �ut�´GCDtS¯´HE ø ¶ ±¸· ÷ � g I V 5 ø�� ± º�»· ÷ � g I V 5 ø2¼ ½ ¿¨÷.>@>(ÁA>Ng�ø
_µñ(ë3ðrïBì�ZBì%îlKlOa�hg ò Vng.j� 5 ó
}�� ÷�� g ò V g � 5 ø#y §�©ª B « : « � « � ­ tB®DC?t"¯®dE ± 9Û÷ � 5 I V g ø�Ú÷�tH®DCDt ¯®dE �ut�´GCDt ¯´HE øH¶ ±¸· ÷ � 5 I V g ø�� ±¸º�»· ÷ � 5 I V g ø ¼¾½ Ë ÷.>@>(ÁA>ihWø

1�M�MÍñN_�ðrïBì3ðYì�ëYôhõ;ê�í��(ñNM��(ì%Zpê�í�ðrïBìvKj<Uñ��(ìvì²dnünëYì�õ4õYê�ñ(íBõ
îlKNí'<Uì3_µñNPBíBZpê�í�ö�ïHKNüÍðrì�ë�KnÁk ì�õ4ïHKNM�M¾ì%�`KNM�PBK`ðrìJðYïBì�ërK`ðYê�ñ ó Ï � ó <�ì%ð2ú�ì�ì%íÝðrïBì�ð2ú�ñ&<nërKNíBî¸ïnê�íBfpërKÛðrê�ñNõ w ÷�� 5 òV R � Î ø�KNíBZ w ÷�� R ò V 5 � R ø3KNõ�_µñ(M�M�ñ�úvõ�¥
Ï � y w ÷���5 ò V R � Î øw ÷�� R ò V 5 � R ø Ë ÷.>@>(ÁA>��(ø
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ÖÅê�f(PBë4ìs>@>NÁ�Mn¥
¤�ëYKNíBî¸ïBê�íBf�ërKÛðrê�ñ
_µñ(ëL��R ò V 5 � R ó _µñNëLM�ê�ô�ê�ðrê�ínf �NK`M�PBì%õLñN_�ðrïnìö^t�u ô�K`ðYëYê�d[ì�M�ì%ô�ì%í�ðrõ�ÁâÙÍñNM�ê�ZÃM�ê�íBì
÷�ZBñ`ðYðrì%ZxM�ê�íBì�øS_µñ(ëhô�KÛdâ÷�ôhê�íHøhö^t�u ô�KÛùðYëYêed�ì%M�ì�ôhì�í�ðYõ�Á
�GñNðrK`ðrê�ñ(íÆ¥pïBñ(ë4êwv�ñNíWðrKNM�ZnñNðYðYì�ZQM�ê�íBìN¥�ö^xJ=
×'ZHK`ðrKn¿�ZBKNõYïBì%ZQM�ê�ínìN¥¤y1J¤z1�q�ZHK`ð¸KÍ¿BZBñNð?ù2ZHKNõ4ïBì�ZaM�ê�íBìN¥�¤^=Yx�xJ=xZHKÛð¸KnÁ
]�ñ�ì%íBZLðrïBê�õ�K`íHKNM�O�õ4ê�õ ó ú�ìJõYïHK`M�MUKNM�õ4ñSîlK`M�î�PnM�K`ðYìvðYïBìJëYK`ðrê�ñ ó Ï ó ZBì�£HíBì%Z^K`õ�ðrïnì�ërKÛðrê�ñ
<�ì%ð2ú�ì�ì%í Ï ¬ K`íBZ Ï � ó <�O Ï y Ï ¬Ï � Ë ÷?>@>(ÁA>�É�ø
/
/
0�*�021 Ði68IBÑ�>Ò@BIx7;:JÓFÓ�<DInE8ÑJIÍIB<DC�:JI
]�ïnê�õ�õ4ì�î�ðrê�ñNí�KNê�ôhõ�ðrñLZnê�õYî%PBõYõGðrïBì"í�Pnô�ì%ëYê�î�KNM8ëYì%õYPBM�ðrõJñN_Q<BërKNínî¸ïBê�íBf¡ërK`ðYê�ñ(õ�_µñ(ë��Znì�îlKlO�õ
õYPBî¸ï¡KNõ
� ò V � Á�]�ïBì{<BërK`íBî¸ïBê�ínf�ëYK`ðrê�ñ(õA_µñ(ë;�pg ò V 5 � g ó j� 5 ò V 5 j� 5 ój� 5 ò Vng � oAó �hg ò Vng.j� 5 KNíBZ��pg ò \ � gpïHKl�(ìz<Uì%ì�í�îlK`M�î�PnM�K`ðYì�ZSê�íSðrïnì�|�ö^}_�K`î%ðrñNëYêwv�K`ðrê�ñ(í^_µëYKNôhì%ú�ñ(ëY�aërK`ðYïBì�ëJðYïHKNí�ê�í ðrïBì�íBKNê��Nì�_�KNî%ðYñ(ëYê~vlK`ðYê�ñ(íÝKNüBüBë4ñ�KNî¸ï ó KNõê�ícö�ïHKNüÍðrì�ë��ÍÁÕqvì�õYPnM�ðrõ¡KNëYìÝüBM�ñNð4ðrì%Zxê�í�ÖAê�f(õ%Á7>l>(Á�M ó >@>NÁ�K ó >@>NÁ~>�å ó >@>NÁ~>@> ó >@>NÁ~> BK`íBZ�>@>(ÁA>NgnÁ)1�íBínê�ïBê�M�K`ðYê�ñ(í�î�ñNíWðYëYê~<BPnðrê�ñ(íBõSKNíBZ�V�b�\éô�êednê�íBfaìd�Uì�î%ðYõ�ïHKl�(ì�<�ì�ì%íê�íBî�M�PBZBì%Zaê�í¢ðrïBì��çZBì�î�K�OaK`ô�üBM�ê�ðYPBZBì�õ%Ák ìvõYïHKNM�Mnî%ñ(ô�üBKNëYì�ñ(Pnë�ðrïBì%ñ(ëYì�ðrê�î�KNMBüBë4ì�ZBê�î%ðYê�ñ(íBõÅúvê�ðrïpì²dnü�ì�ë4ê�ôhì�í�ð¸K`MBZHK`ðrKJüBëYñ`ù��ê�ZBì�Zcô�KNê�íBM�O�<�Ocö^xJ=
×*õYê�íBî�ì ðYïBì�¤z1�¤z1JqèK`íBZc¤^=YxJx�=ÜZHK`ðrK[KNëYì�M�ì�õYõ¢íWPÍùôhì�ë4ñ(PBõ�KNíBZ�íBì%ì�Z
õYñ(ôhìpê�ôhüBëYñ��(ì%ô�ì%í�ðlÁp�Gì��(ì%ë4ðrïnì�M�ì%õYõ ó _µñ(ëJðrïnì'<nërKNíBî¸ïnê�íBf.ërKÛðrê�ñ�pg ò \ � g�ú�ì�õYïHKNM�M�ðrKN�Nì"ðrïBì�¤z=�xJxJ=cZHK`ð¸K ó úvïBê�î¸ï�KNëYìSðYïBì�ôhñ(õ4ð�ëYì%î�ì�í�ð�KNínZK`î�î�PnërK`ðYì�ô�ì�KNõYPBë4ì�ôhì�í�ðrõ�ê�í¡ðrïBK`ð�îlK`õYìNÁ;�Òð�ê�õ�KNM�õYñ�íBì%î�ì%õYõrK`ë4O¢ðrñSíBñNðrê�î�ì�ðYïHK`ðvK`M�M�ñN_ðYïBì�õ4ì�<BëYKNíBî¸ïBê�íBfÝëYK`ðrê�ñ^ZBK`ð¸K^KNëYìhM�ì%õYõ�í�Pnô�ì%ëYñ(PBõSKNíBZ
îlKNë4ë4O�ôhñ(ëYìhPBíBî%ì�ë4ðrKNê�í�ðYê�ì�õðYïHKNíaðrïBñ(õ4ì"ñ`_#� ò V X Á^1�M�M�ñN_AðYïBì�<BërKNínî¸ïBê�íBfhërKÛðrê�ñNõGK`ëYì�üBM�ñ`ðYðrì%ZÝK`õ�K�_µPBíBî�ðrê�ñNí
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ÖAê�f(PnëYìs>l>(Á�KÍ¥
¤�ërKNíBî¸ïnê�íBf[ëYK`ðrê�ñ
_µñ(ë¢�SR ò VWR � 5 ó _µñ(ë¡M�ê�ôhê�ðrê�íBf��`KNM�PBì%õLñN_�ðYïBìö^t6u*ô¡K`ðYëYêedaì�M�ì%ô�ì%í�ðrõ�ÁJÙÍñ(M�ê�ZaM�ê�ínìL÷µZBñNðYðYì�Z M�ê�íBìlø�_µñNëGô�KÛd�÷�ôhê�í�øvö^t�uþô�K`ðrë4ê�dì�M�ì%ô�ì%í�ðrõ�Á�ÙnK`ô�ì�íBñ`ð¸K`ðYê�ñ(í.KNõvê�í.ÖAê�fBÁ�>@>(ÁLM�_µñNë3ðrïBì�ïBñ(ë4êwv%ñ(í�ð¸KNMUM�ê�ínìNÁ
ñN_vðrïBì¡ðYërKNínõYê�ðYê�ñ(í
_µñ(ëYô _�KNî%ðYñ(ë�� :�� �8 ó úvïBì�ë4ì;� :�� �8 ZBì�õ4î�ë4êw<�ì�õ�ðrïnìLðrërK`íBõYê�ðrê�ñNí� ò � K`ð�� 9 y�� 9� ÁG�2í�ñ(ëYZnì�ë�ðYñLî�ñ(ínõ4ðrëYKNê�í^ðrïBì��NK`M�PBì"ñN_#ðrïBê�õGðYërKNíBõ4ê�ðYê�ñ(ía_µñ(ëYô_�KNî%ðYñ(ë ó ú�ì�õ4ïHKNM�M�PBõ4ì�õYñ(ôhìSì²dnü�ì�ë4ê�ôhì�í�ð¸K`MAZHK`ðrKLKNíBZ�ïnì�íBî%ì�ú�ì�ì²dnü�ì�î�ð�ðrñ¢ñ@<Íð¸KNê�íõYñ(ôhìpM�ê�ôhê�ðYõJëYì%f�KNë4ZBê�íBf.ê�ðrõ��`KNM�PBì`Á�1Gõ"PBõ4PHKNM ó ú�ìLKNM�õYñ.õYïnñ�úæðYïBìhZBì�ü�ì�íBZnì�íBî%ìLñN_ðrïBì�<BëYKNíBî¸ïBê�íBfpërK`ðYê�ñ(õ�ñ(í¢ðYïBì"ö^t6uFô�K`ðrë4ê�d¡üHKNërK`ô�ì�ðrì�ë4õvVLKNíBZaÔ�ÁÖHñ(ë�ðYïBì
<BërKNínî¸ïBê�íBf^ërK`ðYê�ñ.�hg ò V 5 � gc÷µõYì�ì¡ÖAê�fnÁQ>@>(ÁLM�ø ó ðYïBì�ñ(ë4ì%ðYê�îlK`M#ëYì�õ4PBM�ðYõKNíBZcì�dÍü�ì�ëYê�ô�ì%í�ð¸KNM�ZHKÛð¸K�_µëYñ(ô ö^x�=
×þK`íBZÚ¤y1J¤z1�qèKNëYì�ê�íÀfNñÍñ�ZcKNf(ë4ì�ì�ôhì�í�ð�Á¤^=Yx�xJ=xñ(ínM�O¢f(ê��(ì%õGK`íÝPBüBü�ì�ëvM�ê�ôhê�ð�_µñNëvðYïBê�õ�<BëYKNíBî¸ïBê�íBfhërK`ðYê�ñ�úvïBê�î¸ï^ê�õvõ4ðYê�M�MÆî�ñ(í�ùõYê�õ?ðrì%íWð"úvê�ðYïmñ(PBë�ëYì%õYPBM�ðrõ%Á^�kñNðrì ó ðYïHK`ðSðYïBìhZBì�ü�ì�íBZnì�íBî%ì¢ñN_3ðrïnì�<BëYKNíBî¸ïBê�íBfÝëYK`ðrê�ññ(í�ðrïBì¢_µñ(ë4ô*_�K`î%ðrñNë ó � :�� �8 ó ê�õ�õ4ðrë4ñ(íBf(ì%ë�ðrïHK`íQðYïHK`ð�ñNíQðYïBìaö^t�u ô�K`ðYëYê�d
üHK�ùërKNôhì%ðYì�ëYõvV ó KNíBZ^ÔUÁ��Gì%�Nì�ë?ðrïBì%M�ì�õ4õ ó ínñ�£Hë4ôÿî�ñ(íBî%M�PBõ4ê�ñ(íaîlK`í0<�ì"ZBëYKlúví^_µëYñNô�ðrïBê�õ
<BërKNínî¸ïBê�íBf�ëYK`ðrê�ñ�ì�dÍî�ì%ünðp_µñ(ë�K�M�ñ�ú�ì�ë�M�ê�ôhê�ð�_µñ(ëSðYïBì¢_µñ(ëYô _�KNî%ðYñ(ë
� :�� �8 ðYïHK`ðpê�õKNëYñ(PníBZmåÍÁ�g@g
÷�K`õYõYPnô�ê�íBf¢ðrïBìhM�KNë4f(ì�õ?ð�ërKNínf(ì�ñ`_�ì²dnü�ì�ë4ê�ôhì�í�ð¸K`M
ZBK`ð¸K�ø²Á ÖHñ(ëJðYïBì
<BërKNínî¸ïBê�íBf�ërK`ðYê�ñh�hg ò Vng.j� 5 üBM�ñ`ðYðrì%Z^ê�íÝÖÅê�fBÁ�>@>NÁ�K ó ú�ìSñl<BõYì%ë4�(ì�Khðrñ`ð¸KNM�M�KNî¸�¢ñN_ZBì�ü�ì�íBZnì�íBî%ì¢ñN_3ðrïnì�<BëYKNíBî¸ïBê�íBfÝëYK`ðrê�ñ^ñ(í
ðrïBìh_µñ(ëYôè_�KNî�ðrñ(ë6� :�� �8 ðrïHK`ð"ì�dÍüBM�KNê�ínõðrïBì���K`ðGî�PBë?�(ì%õ�Ák]�ïBê�õkM�KNî¸�¢ñ`_#ZBì�ü�ì�ínZBì�íBî%ì�ñ(í0� :�� �8 î�KNí�<�ì"õ4ì�ì%í�KNõvú�ì%M�M8_µëYñ(ôðrïBìvðrë4ì�ìJK`íBZ¡ü�ì�íBfNPBê�íhì�dÍüBë4ì�õYõ4ê�ñ(ínõ�Á�×JíBM�Oh¤^=YxJxJ=[f(ê��Nì�õ�KNí¡PBünüUì%ë�ì�dÍü�ì�ë4ê�ôhì�í�ð¸KNMM�ê�ôhê�ð�K`íBZ�ðrïHK`ð�ê�õ�î%ñ(íBõYê�õ4ðYì�í�ð#úvê�ðYï�ñ(PBë�ë4ì�õYPnM�ðrõ%ÁYu^ñ(ë4ì�ñ��(ì%ë ó ðrïnì��`KNëYê�K`ðrê�ñ(íSñN_¾ö^t�uô¡K`ðYëYêed�ì�M�ì�ôhì�í�ðrõ�V�KNíBZ�Ô�ïHK`õSK^�Nì�ë?O�ú�ìlK`�
ê�í,�HPBì%íBî�ì�ñ(ímðrïnì�<BëYKNíBî¸ïBê�íBfÝëYK`ðrê�ñüBëYì%ZBê�î�ðrê�ñNíBõ�Ák]�ïBê�õGî¸ïHKNíBínì�MAî�KNíBíBñ`ðS<�ìSPBõ4ì�Z ðrñ¡î�ñ(íBõ?ðrëYKNê�í)<UñNðYïÝðrïnì"_µñ(ë4ô _�K`î%ðrñNë
� :�� �8 KNínZmðrïBì�üHKNëYKNô�ì�ðrì%ëYõSV�K`íBZ�Ô�Á ÙÍê�ô�ê�M�KNë4M�O ó ðrïBì&<BërKNínî¸ïBê�íBfÝërK`ðYê�ñ^_µñNë�ðYïBìj� 5 ò Vng � o ZBì�î�K�Om÷µõYì�ì�ÖAê�fBÁ�>@>NÁ~>�å(ø�ê�õ�ê�ínZBì�ü�ì�íBZnì�í�ð�ñ`_ÅðYïBì�_µñNëYô¨_�K`î%ðrñNë�� :�� �8
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ÖÅê�f(PBë4ì�>@>(ÁA>�ån¥¢¤�ërKNíBî¸ïnê�íBf�ërK`ðYê�ñ _µñ(ëp� 5 ò V R � Î ó _µñ(ëpM�ê�ô�ê�ðrê�ínfa�`KNM�PBì�õ�ñN_kðrïnìö^t�uþô�K`ðrë4ê�d.ì%M�ì%ô�ì%íWðYõ�ÁJÙÍñ(M�ê�ZÝM�ê�íBì�÷�ZnñNðYðYì�Z�M�ê�íBì�ø�_µñ(ëGô¡K�dm÷�ôhê�í�økö^t�u ô¡KÛðrëYêedì%M�ì%ô�ì%íWðYõ�Á�ÙnKNôhì�íBñNðrK`ðrê�ñ(í.KNõvê�íaÖAê�fBÁ�>l>(Á�M�_µñ(ë3ðYïBì�ïBñ(ë4êwv�ñNíWðrKNMÆM�ê�íBì%õ�Á
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ÖÅê�f(PBë4ìc>l>(Á~>l>(¥�¤�ërK`íBî¸ïBê�ínf[ërK`ðYê�ñ�_µñ(ëL� 5 ò V 5 � 5 ó _µñ(ë¡M�ê�ôhê�ðYê�íBfÝ�`KNM�PBì�õ¡ñN_Jðrïnìö^t�uþô�K`ðrë4ê�d.ì%M�ì%ô�ì%íWðYõ�ÁJÙÍñ(M�ê�ZÝM�ê�íBì�÷�ZnñNðYðYì�Z�M�ê�íBì�ø�_µñ(ëGô¡K�dm÷�ôhê�í�økö^t�u ô¡KÛðrëYêedì%M�ì%ô�ì%íWðYõ�Á
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ÖAê�f(PnëYì�>@>(ÁA> B ¥Ý¤�ërKNínî¸ïBê�íBf
ërK`ðYê�ñ�_µñ(ë���R ò \ � R ó _µñNë�M�ê�ôhê�ðrê�íBfÝ�`KNM�PBì�õhñN_JðYïBìö^t6u*ô¡K`ðYëYêedaì�M�ì%ô�ì%í�ðrõ�ÁJÙÍñ(M�ê�ZaM�ê�ínìL÷µZBñNðYðYì�Z M�ê�íBìlø�_µñNëGô�KÛd�÷�ôhê�í�øvö^t�uþô�K`ðrë4ê�dì�M�ì%ô�ì%í�ðrõ�Á�ÙnK`ô�ì�íBñ`ð¸K`ðYê�ñ(í.KNõvê�í.ÖAê�fBÁ�>@>(ÁLM�_µñNë3ðrïBì�ïBñ(ë4êwv%ñ(í�ð¸KNMUM�ê�ínì�õ�Á
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Ö Ì Á Ä)´%³ Ì Ä)´ ÁA· Æ · ¼ ¹ Ç À Ç Ä3µÛ( Á�· Æ Ï?Ì À&Æ%³ Á�· Å À&Ä Ç À&Æ Þ ¸�Â Ï ·�¹ Ç ÉDÙWÂ Ì · Ô Â Ï Ä�Æ Ç�Å Á�· À&Æ ÂK¸Å*Ì Â µFÄ Á�È µ · Ï.Å Ä Á Ç É*����� ®� ÐFÑ��Ø Ò É������/\� Ð²Ñ��Ø Ò É Å*Ì ÂRÂ10EÂ Ï�Å ÀNÔ Â Æ#´ È ( Â)Á Ä3µ Ï Ä ¼ Ä)´ Á Ç É«�¬Ü­®­� É�· Æ ¸ Å�Ì Â=Í*+�ë Èt· Å Á À¾½ Ø%·3Á�·3È!Â Å Â)Á Ç º�· Æ ¸±¿ §
â ¹�¸�Â Å Â.Á�È À&Æ�À�Æ%³ Å*Ì Â Ç ÀN³�ÆÄ3µ Ç À&Æ P µFÄ Á Å*Ì Â Å Á�· Æ Ç À Å À&Ä�Æ R�Ê T^É Å*Ì Â Ç ÀN³�Æ<Ä3µ Ç À&Æ ~ µFÄ Á Å�Ì Â Å Á�· Æ Ç À Å À&Ä�Æ R6Ê �



DÛ»!Fl¯#F°8�H�é=±J>AB/á;äGé->²± �3´ �
· Æ ¸ ( ¹j· Æ=À�Æ ¸�Â.ØEÂ Æ ¸�Â Æ Å È!Â Å�Ì Ä ¸ Ç À�Æ)( É_ÙWÂ Ï · Æ Ç Â.Â ÀNµ Å�Ì Â)Á�Â«Á�ÂK· ¼5¼ ¹ À Ç · ´�Æ�À Å ·3Á À Å ¹Å Á À · Æ%³ ¼ Â ¼ À Õ3Â À ÇBÅ*Ì Â6Ø�Á�ÂK¸ À Ï.Å À&Ä�Æ
Ä3µ Å*Ì Â ¯ Å · Æ ¸¿·3Á�¸Yë Ä ¸�Â ¼ §«æ Ä ÙUÙ·Â Ì · Ô Â Å Ä Ù�· À ÅµFÄ Á9È Ä Á�Â�Â ½ ØEÂ.Á À È�Â Æ Å · ¼ ¸¿· Å ·RÁ�Â ³ ·DÁ�¸ À�Æ%³×( Á�· Æ Ï?Ì À&Æ%³ Á�· Å À&Ä Ç · Æ ¸�· Ç ¹�È!È�Â Å Á À Â Ç À&Æ
Þo¸�Â Ï ·�¹ Ç À�Æ7Ä Á�¸�Â.Á Å Ä Ø�Á Ä
Ô�À ¸�Â�È Ä Á�Â�· Ï.Ï ´ Á�· Å ÂSÁ�Â Ç ´ ¼�Å*Ç §²L ÂBÂ ½ ØEÂ Ï.Å-Å*Ì · Å Ä)´ ÁPÙ Ä Á�ÕÙ À ¼5¼ ( Â Ì Â ¼ Ø µÙ´ ¼ À�Æ Å*Ì Â(Þ ´ Â Ç�ÅSÅ ÄS³ · À&Æ�µÙ´ Á Å*Ì Â)Á�Õ Æ�Ä Ù ¼ Â1¸ ³ Â Ä3µ ¸ À Á�Â Ï�Å ,�ô Ô�À&Ä ¼ · Å À�Ä�ÆÀ�Æ Þü¸�Â Ï ·�¹ Ç §
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A�B�CEDGFIH�JCLKNMPOQCEDRDLCSMPTUCSVWF�XY OZMPMPOZF�CSM\[]CED_^WH`OZ[aO]DSFbOZVcDEd�XY D>JCfeUg`OZMhC�[]CEDiCEDSFIHjXCSFkCEDiCSF�XY)lmY OZnhCnPOZnhCo[]CED Y g`FbnhCEDfp�q
rRs JCS[aOQCutvKNFZHWK s�w

x ª�©>yGzO¨|{0} ~�ªK¥��Kd�¨�ªK¥[¦ ªK¦ � �	yGzOdR��§
L'��� · Ô ����� Ô �f���h� ³ · �h� ¸]¸ �]���f�m� ,�ô Ô �]� ¼ · �h��������� Þî¸ �f� ·�¹ �m��� ´ �E� · � Þ�� à àÓà
· � ¸�Þ|� à à Z���� �m� · ´ ����� µ �������f�c�f� ³ ¹ ��� · ¼ ���]� Ô � ¼ Ô � ¸ �����h���m������� · �c�������]���c�f�
������� · ¼ � ´ ¼ · ���]���'� µ ������� ·3¸ ����������� · �h��� ½ � ¼ �f���f�%�h����� · � · ���]�����]���h�c� Þî¸ �f� ·7¹
· ��� ¼ ��� ´ ¸ �i���������#����� Ô � · ¼ · � ¸ ���f� ´ �����m�G��� Ô �f� · ¼ ��� ¹ ���]� · ¼ · ��� ´ ���c�h������� � Ö����"� µ �µ �m�m��� Ô �ó2 · ��� ¼ ������� · �¡�]�_�����G��� · �����]� ³ �¢�����%�j� µ · � ¹ �����f�c�����m��� ¼ � ³ �]� · ¼ �h��� · �����m���
� µ ������£�� ·3Õ�¸ �f� ·�¹ ��� µ � ·3¸ ������� � Ú ��� · � ( ��� · �]� ¼ ¹ £¤���������f� · � · ����� ¸ ´ �S��� µ¥ +�ë � · �h��� ½ � ¼ �f���f�%�h� ¸ �f���m��� ( �]� ³ �����"�E� · � ³ �¡� µ>¦ · Ô � ´ �f�§£¤�����}L¨� ¼ �����	�m�©�Sª �
�m�]�m����� ¸ �f���f��� ( ��� ³ �h������������� ¸ �]��� · ���m�j��� ¹ �����f� · � ¸ ��� �f� · �h����� ¸ �m���f��� ( ��� ³ �h�c� ¼ ��� ³
¸ �]��� · ���m�o�c� ¹ ���]�f� � Ö��c�o� · ��� ¸ ��ª�� ´ ¼ � ¹ ���j�h���m������� ½ �����m���¤�h���\� ·3¸ ���������G� · �h��� ½
� ¼ �m���m�����R£¤�����E�	���m�����m���f�%�\�h�c�v�h� · �������h����� ( �m�k£_�f�m�#�h�������f����� Þø· � ¸ �h��� Ý � · ¼
��� · ��� �' � ·jÝ ����� · �c����� · �E�«�§£�� ´ ��� ¸ �����"��� � � · ¼5¼ � ¸ y � · � Ô � µ · �S�h����� 4 · �h����� z ���m����� ¸
£¤�c�f�����h���¡� ·¶¸ �����c�]�¡� · �h��� ½ ��� ³ � Ô �f����� ¸ ( ¹ �������c��� ¸ ´ �m�o� µ ·�¸ �f� ·�¹ �f�U����� · �%�
���]���f� · �h� · �����¬�h����� µ ����� µ · �m����� ( �m�k£_�f�m�����������f����� Þ · � ¸ �U����� µ �����u�k£_� Ý � · ¼
���f������� � Ö��c��� ´%³ ���h�c��L¨� ¼ �����­�f�`�mª��m�]�f�%���f�¢�����]�)���m�h�c� ¸ �]��� ¼ ´ ¸ �f� · µ �m£®� µ �h�c�
Ý � · ¼ ��� · ���G�]�%�h�m� · �S�h�]�U��� (%´ �¤�c�U� · ¼N¼ � µ �h�c�f� · �j�h���G�U� ¸ �m� PAì � Ö����G�f� ¼ � ´ ���©�S�h�m�
�m���%�h��� (%´ ���]���¯�]�\���f����� ¸ ´ �f� ¸ ( ¹�· �'� 0 �f�S�h� Ô ��� ´ � ( �f�o� µ �m� ¼ � ´ ��� ��� ¹X· ��� ¼ ¹ �]� ³
�����]� µ � · ���m£_��� Õ £��	� · Ô �#� · ¼ � ´ ¼ · �h� ¸ ����� ( � · ���E����� ³ � · �h����� µ ��� Þ � º)à · � ¸
Þ3� º Z · � ¸ £_��� · Ô �G� ½ ��� · �S�h� ¸ �������R�m��������� · ���%�h� µ �U�_�h�c��� 0 �f�S�h� Ô ��� ´ � ( �f�_� µ

�U°�±



�U°)| 8�9;á=<?>A@CBED�kuF 8�HOéW8�è)²²±ÛäIH�é
�f� ¼ � ´ ��������� · �h� ¸}· � · µ ���m�i� · � · ���m�h�m� � ¥ ����� · ���]� ³ � ´ �)�����f�����m���]� · ¼ ���f� ´ ¼ ���u£¤�����
� ½ �¢�m�������m��� · ¼ ( � · ���E�c�]� ³ � · �h�����j����� Ô � ¸ � ¸ ( ¹ � �CÀmÀm� � � ' � '=ê · � ¸ ¥ Àm� ���c£_�
� · Ô � ( �m�f� · ( ¼ ����� ¸ �S�h�m�����]��� · ¼ �����¬�h� ¸ � · � ³ � µ �U���h����� µ ���f�¡� · � · ���m�h�m� � L¨�����
�h����� Ô · ¼ ´ �G£��\�h�c�f���m����� ´ �h� ¸ ����� ¸ �]���f�m� ,�ô Ô �]� ¼ · �h��� ³ · � ¹ �����S�h� ¹ � · � · ���S�h�m�
³ "%$ µ ��� ¸ �f� ·�¹ � � � ´ �E� · � Þ6�ÿà à à�· � ¸�Þ3� à à Z��

L'���]�c� ¼ ´ ¸ � ¸Sºµ´Q» ��� ½ �]� ³ �]�"��� ¸ �f�¶��� · � · ¼ ¹ ���j�¬�h�µ� 0 �m�m�·���"�h�c�]� · � ¹ �����m��� ¹ �
Ö�������� ½ ��� ³ �h����� ´%³ �¯�]�������c�]� Ô �]� ¼ · �h�����	� µ · � » �h� º �¸£¤���]�E�¯�h���m� ¸ �m� ·�¹ �i�������
�k£��#��������� · ¼5¼ �¹£¤� ´ �i���	� ( � · �]� ·_¸ � 0 �f���f���m��� µ ��������������� ³ ��� · ������� · �E���]� ³ �����
� · ½ ��� ´ � · ������� » ���f���U� · ���m� � º­´ » ��� ½ ��� ³ �c��� Ô � ¸ �m� · �º����� ����� ´ ���¬� ¹ ���
���f��� Ô �#�h�c�¯�c� · ��� ´ ���m�f��� · ����� ¹ ��� ¸¸»Ùà�¼ �]�½�h��� ¸ �S�h�m�����]� · ���]���½� µ �k£_� ¥ +�ë
· � ³ ¼ �f�f� P ����������� · ����� µ Þ¾� º)à]· � ¸}~ �����h�c��� · ����� µ Þ¿� º Z�� Ö���������� · ���´ ���f�m��� · �]�%� ¹ ´ � ´ · ¼5¼ ¹Y· ���]���f� µ �����9�����¡�f��� Ô �f�%�h����� · ¼ ¸ �m���f������� · �h�����#� µ ���]� �¶P �U�
���]� �
~ �]����� ¸ �]���f�S� ,�ô Ô ��� ¼ · ���]��� �

Ú ����� ¸ �f���h� ¸ �f�m��� · ��� ´ ���f�m��� · �]�%�h���f�¤�]� Ô � ¼ Ô � ¸ ����� ´ �)� · ¼ � ´ ¼ · �h�]�U���f�c£_�i� Ô · ¼ ´©�
· �h� ¸ �������h� · �������h����� µ ����� µ · �S�h����� ´ ��� ¸ ����� ´ �j£_��� Õ � Ö���� ( � · �����h���m��� µ ����� µ · � �
�h�����f�c£_� Ý �����¤�]� Ô �m���h� ³ · ��� ¸ �h����£ · Ô � µÙ´ ���S�h�]�U������� ¼ · ��� ¸ �h�������\� · ���h�]� ¼ �m�j� ¼ ·�¹ �]� ³
· ��� ¼ �������h��� ¸ �m� ·�¹ �À� ¹ £���� Õ �]� ³ �]� · �¡� ½ � ¼ �]�m���·�m� Ô · ��� · �%� ¼ � ³ �%� µ �����%� µ ����� · ¼ �����­�
£�� ¸ �m�h�m�����]��� ¸ �h���_£ · Ô � µÙ´ �c�m�h����������� ¼ · �h� ¸ µ ���¶�����j� · ���h��� ¼ �f� à � º � » � Z � Þ £¤���m���
�h��� ¸ �f� ·7¹ �f���c��� · ���f�Á� ¼ �f�S�h����� · ³ ���m���]� µ ����� µ · �m�h�U�f�Á�E� · � ³ �v� ·3¸ � ´ � · � ¸ ���U��� · ¼ �
� 4 · �h�]�U��£��m��� · ��� ¼ �]� ¸ �����m��������� · ����� ´ �¤� · � · ���S�h�f��� �_� · ��� ¸ �U�­�����f��� µÙ´ �c�m�h�������m�
£��¤� · ¼ � ´ ¼ · ��� ¸ �h������� · ���������]��� µ �U��� µ · �S�h����� ( �S�k£��m�f������� ´ ¸ ����� · ¼ · ��� · � ¸ ( �m�k£_�f�f�
����� ´ ¸ ����� · ¼ · � · � ¸ Ô �f�S�h���¤���f������� �

Ö��o�f� ¸ � ´ � · � · ¼ ¹ �����µ£��¤���m� ¼ · �f� ¸ � · � Ô � µ · �S�h����� 4 · �h�]�U� ( ¹-v ¥ ^ µ · �m������� 4 · ���]���
£¤���f��� · ¼5¼ � µ ����� Ý � · ¼ ��� · �h�R�]�%�h�m� · �S�h�]�U��� · �j�h���R��� ¸ �m� P�ì�· ���R����� ¼ ´ ¸ � ¸ � ' ��� ´ � �
�]� ³ �������u�c����� �f���h�]�m� » � � � � ��� · Ô ¹ � ´ · � Õ � ½ � · ��������� ¼ ¼ �]� · �_�h���u�f���m� ³ ¹ ��� · ¼ �u� µ Þ
¸ �f� ·7¹ �m�Â�����]� · ¼5¼ �L£¤� ´ �¤��� ¸ �m���f��������� · ³ �©� ¸×· ���c��� ½ �]� · �h�������h�"�����G����� µ · �S�h��� �
� 4 · ( ¼ �R���f�����j£¤�����E� · ���]��� ¸ ´ ���]� ³ �h�c� ´ � ´ · ¼ � ·3¸ ���U���]�G� · �h��� ½ � · ¼ � ´ ¼ · ���]��� �¶Ã �U���
�h� · �¤� µ £_�o��� ³ ¼ �f�S�u�m�������f�S�h�]�U��� · ���h���o��� ¸ �f� P�ì £��o���m�f� Ô �m�R� · � Ô � µ · �S�h����� 4 · �h����� �
L��¡�h���m���]� Ô �f����� ³ · �h� ¸ �h��� ( � · ���E����� ³ � · �h����� µ ��� ÞÄ� º)à � ÞÄ� º Z � Þ9� »Cà
· � ¸xÞÅ� » Z ( ¹X· ��� ¼ ¹ ��� ³ �h�����o���m����� ¸ � ¥ ����� · ���]�������\£��m����� ·3¸ �"£¤�¬�h�¯� ½��
�¢�m���]���f�%� · ¼ ���f� ´ ¼ ��� µ ����� � ' � '?ê � � �CÀmÀm� · � ¸ ¥ Àm� � � ' �i�����h�c� Ý �����"� · ���Æ�
£��R�����f���f����� ´ ��� ¸ ����� ¸ �����f�S� ,�ô�· � ¹ �����S�h� ¹ Ô �]� ¼ · ���]� ³ � · � · ���m�h�m� ³ "%$ ���������
¸ �f� ·7¹ � Þ6�ÿà à àú· � ¸�Þ3� àÓà Z��

2 · Ô ��� ³ ��� ¸ ´ �f� ¸Y· ¼N¼ � µ �h��� ´ ���m�f��� · �������]�m�)�m�%�h�f���]� ³ �h�c�o� · ¼ � ´ ¼ · �h�]�U�«�`£_�o� · Ô �
�f�������h� · �]��� ¸ �h�c� µ ����� µ · �S�h����� ���V�jÇ� · � ¸������)È� � ' ��������� · ���o�h�]���U�Â£_�"� Ô · ¼ �´ · �h� ¸ ������� 0 �m�m�h� Ô ��� ´ � ( �m�v� µ �f� ¼ � ´ ��� « ¬�­®­� ��É ����� ³ ����� Ý �i� ( � · �]��� ¸ µ �U�o�����( � · �c�E���]� ³ � · ���]��� º)à�· � ¸Wº Z � · � ¸S· ��� ´ ����� ³ ��� · �¶����� Ô · ¼ ´ �f� µ ���¸�h���j� · � · ���m���f���
&ß· � ¸#Ê}· ��� · �f� ´ � · ���v�m��� ´%³ �«�W£��v� ½ �h� · �m��� ¸ ������� ¼ �]�������j��� ³ · � ¸ �]� ³ �h�c� ¥ +�ë
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�U°&�
� · ����� ½ � · � · ���m���f��� º�· � ¸úù �oû ��� · ¼5¼ ¹ � Õ ���L£¤�]� ³ ��������� ³ �#� µ �h�c� · � ¹ �����S�h� ¹ �]�
Þ ¸ �m� ·�¹ ���]�%��� àÓà à �U�����%�h� à à Z �À£��­����� Ô � ¸ � · ���Sª��m�]�m�����h�m���¡�h�¯�f�U������� · ���
����� Ô · ¼ ´ �­� µ �h�c� · � ³ ¼ �f� P�· � ¸w~ �����h�c� ´ ���¬� · ����� ¹ ����� · � ³ ¼ � � Ö������ ³ � Ô �m���h�c�
�U���¢�U��� ´ ����� ¹ �h�"�E�c�f� Õ �����������m� ´ ���R� µ ¸ �]���m�m� ,�ô Ô �]� ¼ · �h������£¤�¬�h�������h�c�\ü`� · � ¸¿· � ¸
ë � ¸ � ¼ �

ý dQª�¦ ©>yM§¶þ#�1¨r§
ÿ��������	��

�������������' ��£_�	� · � ¸ �c��� Ô ��� ´ � ¼ ¹ £�� ´ ��� ¸ �k£_� · ������� · �E���m���]����� ¸ �f����� µ · �S�h����� 4 �
�h���	� ·3¸ ���U���]��� · ����� ½ �]� Ô � ¼ Ô � ¸ �]� ����� · ��� ¼ �¬� ´ ¸ �U�j�h�c�	��� � � · ¼N¼ � ¸ y � · � Ô �µ · �m������� 4 · ���]��� z[· � ¸ y v ¥ ^ µ · �S�h����� 4 · �h�]�U� z ���m����� ¸ � � L��v� · Ô ��� · ¼ � ´ ¼ · �h� ¸
�h��� ( � · �c�E���]� ³ � · ���]��� µ ��� Þ3� º)à � Þ6� º Z � Þ3�ÿ»Càj· � ¸WÞ6�ñ» Z � · � ¸
�f����� · ��� ¸ �h���o���m� ´ ¼ �h�¤£¤���h��� ½ � �f�������m�%� · ¼ ¸¿· � · �m�����]� ³Sµ ���U�.�h��� ¥ Àm� �"�� ' � '?ê · � ¸ � �CÀmÀm� ¥ � ¼5¼ · ( �U� · ���]����� �� ¹�· �c� ¼ ¹ �]� ³ �h����� · � Ô � µ · �m������� 4 · ���]���'���S�h��� ¸ £_��� · Ô �������L£¤� �h� · ���h�c�
� · � ³ � µ ��� « ¬Ü­®­� �]� £¤���]�E�º�����f�U���m���]� · ¼ ( � · ���E�c�]� ³ � · �h�������f� ´ ¼ �h� · �����f��� �
���]���h�m���i£¤���h��� ½ �¢�m�������m��� · ¼ ¸¿· � · �]����� °36W» ������� ¼"�ð«�¬Ü­®­� � ��� |3�W» ��� ��°%¼ µ ���
Þ6� º)à�· � ¸ �]� ° � |)|W»b° � | � ¼_��«�¬�­®­� ��� � �3.Â»�� � ����¼ µ ��� Þ6� º Z��·û �]� · ¼5¼ ¹ ��� µ
£��j� ·3Õ �¤�]�%��� · �f�m� ´ �%�>�h�c� · ¼5¼ �¹£_� ¸ � · � ³ ��� µ «�¬Ü­®­� ¸ �m���f�����]�c� ¸ µ ���U� ¸ �m� ·�¹ �
� ´ �E� · � Þ¾� º)à�· � ¸YÞ¾� º Z £�� Ý � ¸�· ��� · � · Ô �f� · ³ � Ô · ¼ ´ � µ ��� «�¬Ü­®­�· ��� ´ � ¸ ��� �U±�� ����� �� ¹X· ��� ¼ ¹ �]� ³ �h�c� v ¥ ^ µ · �S�h����� 4 · �h�����#���S�h��� ¸ �¸£���� · Ô �������L£¤����� · �\�h�c�
� · � ³ � · ¼5¼ �¹£_� ¸ µ �U�i�h��� µ �U��� µ · �m�h�U�f�! #"�$ Ç% �À�����h����� · ����� µ Þ � º)à �·�]�
° �'& °¡�  "�$ Ç% �½° � ±)��· � ¸ �]� ° �(& °¡�  "�$ È% � ° � |�± ���o�����·� · ���_� µ Þ6� º Zµ ���)����� µ �U��� µ · �m�����f�� "�$ È% � Ú �R� · �*)¢�m�f�#� �������+) ¼ �o��� Ý �u�h��� µ ����� µ · �S�h���
¸ �f���f����)��]� ³ �����­��� · �c�������]��� Þ � à · �-,/.10324.Ø ��� · ���]�5 "�$ Ç% 0 ° �(& ± �
ü©�]��� ¼ · � ¼ ¹ £_�#��)c� · �]��� ¸ µ ���¡�h�����h� · �����¬�h�]�U� Þ � Z �6 "�$ È% 0 ° �87 �ú· �, . 092 .Ø � L'�����m� · ¼N¼ ��� · �v£�� µ � ´ � ¸ �h��� µ � ¼5¼ �¹£¤��� ³×Ô · ¼ ´ �m� µ ���o�h��� µ �U���µ · �m�������G£¤���m�'�h�c� ¥ À û ^ · ������� · �E�ú£ · � · ��� ¼ �]� ¸ ò  "�$ Ç% g;:=<�>�?�@BA » 24.Ø ¼ 0 ° �'& ±
· � ¸  "�$ È% g;:=<�>�?�@BA » 24.Ø ¼ 0 ° �87 ° �C �����m� Ô �f�m�«����� ¸ ���m�h������� µ ���¤�h���D)c� · ���E�c�]� ³ � · ���]��� ÞQf¯� º#fhàBEM· � ¸YÞFEu�
º E à E � · Ô �G)¢�m�f��� ·3¸ � · �_£_� ¼N¼ � Ö��c�f��� · ���*H »�Þ f � º f à E ¼JI � � � ±LK � °NM/O
· � ¸ H »ÅÞFER� º�EÆàBES¼u� � K � ° M/O � ê � ³ · � ¸ �]� ³ �h���#)�� · ���E���]� ³ � · ���]�QPÞFEu�
º�E PZ E �W�����\� · �6H » PÞFE�� º�E PZ ES¼j� & K � ° M/O �R �>£_� ´ ¼ ¸ ¼ � Õ �>�h�)�f����� · ���+Sm�>�h� · � v ¥ ^ µ · �m��������S · ���]��� ³ � Ô �m��������� · �f� ´ � · ���
���f� ´ ¼ ���R�h� · �	� · � Ô � µ · �m�h�U���+S · �h����� · �R� ½ � �f�S�h� ¸ �UT �L£�� Ô �m�o��� · � ´ · ¼ ��� · �h� Ô �
£ ·�¹ � · � Ô � µ · �m��������S · ���]�������¤���h� ¼5¼ · ) ¼ �G�h� ³ � Ô �G�h���o�f�U�����m�m�u��� ¸ �f�¤� µ � · ³ �c� �
� ´ ¸ � µ ���j�����V)�� · ���E���]� ³ � · �h����� · � · ¼ ¹ ��� ¸ ���­� ´ ��� · ��� �



�U°)� WYX;áLZG[]\J^`_�k/abWdcOéFW�è)²²±Ûäec�é
ÿgfihkjmln�po��q�srÚ � ��� ¸ �f�i���	��)c� · �]� · ¼ · � ³ ����� ³ � · ¼ µ ��� ¸ �]���f�S�ut ô Ô �]� ¼ · �h�����«�¸£�� · ¼ ��� ·3¸!¹
�������f����� ¸ �h� · � º�´�» ��� ½ ��� ³ � · �¡�h��� ¸ ´ · ¼ ·3¸ Ô · �%� · ³ �f�¡�h� · ���h�c�­���h����� ³
��� · ��� ¸ ��v¢�f���m���f���]� ¼ · � ³ � · � ¸ Ô · �����f�\� ½ �h���f��� ¼ ¹ � · ��� ¸ ¼ ¹ ��� · �\�h�c� » ���f� �
��� · �c�f� � R ���f�¯�h�����]� Ô · ��� · �%�o� · ���\� µ ����� àBwhà M � · �]�G���v���ú����� Ô ���f�]�c��� ¹
� µ �h��� » ���m����� · ���f���W������� µ � ´ � ¸ ��� · �������Vt ô Ô ��� ¼ · �h�]� ³ · � ¹ �����m�h� ¹ � ³ <�x �� · � · � · ½ ��� ´ � ³ 
¶��� £¤���f��� · �G�¬� ³ �©�m�R�h�-Sm�f����� ´ �h��� ¸ �o�h��� » ���f����� · �c�f�
�]�ú�h����� · � Ô � µ · �m��������S · ���]���#���m����� ¸x· � ¸ � ·�¹ ���f� · �]� ¼ · � ³ �"���¯����� v ¥zyµ · �m��������S · ���]���ú���m����� ¸ � Ö���� ¸ �]���m�m�Dt ô Ô �]� ¼ · �h��� ³ · � ¹ �����S�h� ¹ � ³ <�x �µ� · �)¢�m�f� · � · ¼ ¹ ��� ¸ �����h�c� Þð¸ �f� ·�¹ � ÞD{}| E � º E » »�¼Gà�{}| E � à w à M à�{}| E · �u£_� ¼N¼
· � Þ {}| E�� º�EN» »�¼�~ {}| E_� àBwhà M ~ {}| E £¤���f���)����� º�´�» ��� ½ ��� ³ ���f�E� · �c�]���
� ´ ���6)¢�\�]�c� ¼ ´ ¸ � ¸ �R � µ � ´ � ¸ �h� · �v�����-t ô Ô �]� ¼ · �h�����ú� · � · ���S�h�m�f� ³ <�x �¶�]� Ô �f� ¹ ���m�����¬�h� Ô �����
�h���)� · � · ���m�h�m��� ºS· � ¸�ù �]�"����� ¥z� C � · ����� ½ � · � ¸j· ¼ ���\�h�\�h���)� · ³ ���¬� ´ ¸ �
� µ ����� µ ����� µ · �m������� � R � µ � ´ � ¸ ��� · �_�h���Gt ô Ô �]� ¼ · �h��� ³ · � ¹ �����S�h� ¹ � ³ 
���� �
� · � Ô · � ¹ µ ���U� ´ & ��� ��� ´;� 7 � µ ����PÞFE)� à M à�wVàBEM· � ¸'´ � ��� �h� ´R± & �µ ��� ÞuM3� à�M¿à w à�M � Ú �º�h�c�#� · ���	� µ PÞ E � à w à�M�P~ E £�� µ � ´ � ¸ ³ 
¶���Ô · � ¹ �]� ³�µ ���U����& ���­» � ±�±��¡¼ ��� ´G�U°���»�´G� 7 �¡¼W· � ¸ µ �������L7�� ��» ��7 |��¡¼
�h� ´G������»�´G��±��¡¼ µ ��� Þ M � àBwhà M ~ M �
� ¹ ��� · � ´ ���]� ³ �����ut ô Ô �]� ¼ · �h��� ³ · � ¹ �����m��� ¹ � ³ <�x �«£¤�c�f���"�����"��v¢�f�S�h�\� µº�´x» ��� ½ �]� ³ · ���o� ·3Õ �m�#�]�%�h� · �f�m� ´ �%�Æ�Á£_�i� · �	���f��� Ô �i�h�c�i��� · ��� ´ �c�f�f� �
� · ���%� ¹ ��� ¸§»Ùà�¼ �]���h�c� ¸ �m���f�����]� · �h������� µ ����� ¥z� C · � ³ ¼ ��� �]� ÞD{}| E �
à�whà M à {}| E � Ú � · ������� ¼ · �G£ ·7¹ �·����� · ��)¢�m�f� · ¼ ���	� �������+) ¼ �����#���f��� Ô �������
��� · ��� ´ ���f�m��� · �]�%� ¹ ��� ¸¸» à�¼ ���¡����� ¸ �m���f������� · �h�����"� µ �h��� ¥z� C · � ³ ¼ � ~ ) ¹
· � · ¼ ¹ ���]� ³ ¸ �]���f�m�*t ô Ô �]� ¼ · ���]������� Þ6� à�whà M ~ � Ö��c�f��� µ �����\�h�c�o���%�h�f� µ �f� �
�f���m�f� ³ �f���m� · ��� ¸ ) ¹ ����� º�´s» ��� ½ �]� ³ · ¼N¼ �L£ ´ �o����� ¼ ������� · �h�v�h������� · ���
· �D)�� ³)´ �¬� ¹ ��������� ´ ����� · ���¬� ¹j· � ³ ¼ �m��� · � ¸×~ �
û �]� · ¼5¼ ¹ �«� Ô �f������� ´%³ �'�¬�v���\���U�v�¢��������) ¼ �"�h�­�f�U������� · �����mª��m�]�f�%� ¼ ¹ �h�c��� · �
� · ���m���f��� º�· � ¸�ù £¤�¬�h� · � · � · ¼ ¹ �����z) · ��� ¸ ��� ¼ ¹ �U���h���G�E� · ����� ¼ � Þ6� º)à
· � ¸ Þ � ºN~ �R£_�'� · Ô � ¸ �m�h�m�����]��� ¸ · � · � ³ �#� µ�Ô · ¼ ´ �f� µ ��� º ��� · �����
° � � ��7 � º½�Å° � �U± � · � ¸ �h� · ����� ° �'& °U°��êùÖ�ê° �(& ± � µ ��� ù � R �����f� · ¼5¼
�h� · �������­���f� ´ ¼ ��� ¼ �]����� ¸ ����� Ô �]� ´ � ¼ ¹ã· )¢� ´ ������� µ �U��� µ · �S�h�����f�d U"�$ Ç% · � ¸ "�$6�% � · �)£�� ¼5¼ · �¤�h���U��� µ �U�)����� ¥z� C � · ����� ½ � · � · ���S�h�f���f� º�· � ¸�ù � · ���
��� · ) ¼ � · ³ · �]�����_��� · ����� · ) ¼ � Ô · ��� · �h�]�U��� µ �h���u�]��� ´ �À� · � · ���S�h�f��� ´ ��� ¸ ����� ´ �
· � · ¼ ¹ ���]� �
Ú �¶���¸� ¼ � · �¸�h� · ���h�c�_����� ¼ ´ �������v� µ º§´M» ��� ½ �]� ³ �]�%���)�����_� · ¼ � ´ ¼ · �h�]�U�o� µ ¸ �]���f�S�t ô Ô ��� ¼ · ���]� ³ · � ¹ �����m��� ¹ � ³ <�x � ����� Ô � ¸ �m�R�h�c�i����� ����� ´ ���¬� ¹ �h� ³ � µÙ´ ���h���m��]�%�h������� Õ �c�¹£ ¼ � ¸ ³ ��� µ t ô Ô ��� ¼ · �h�]�U�	�������f�¡£���� · �'��� ¸ �]���f�S� ¼ ¹ �E���f� Õ �����´ ���¬� · ����� ¹ ����� · � ³ ¼ � » É Ö ¼ ) ¹ ��� · � ´ ���]� ³ � ½ � �f���]���f�%� · ¼N¼ ¹ ����� ¸ �]���m�m� · � ¹ � �



�U° �
���S�h� ¹ � R ��� ½ � �f�S�µ�h� · ������� ¥ Àm� ��� ���R��� ê · � ¸ �z� ÀmÀ � ¥ � ¼N¼ · ) ��� · �h�]�U���
£¤� ¼5¼ )¢� · ) ¼ ���h�¡����� Ô � ¸ �\���`��� ´ ��� µÙ´ ¼ ¸¿· � · ��� ³ · � ¸ ��� ³ � ´ � · � · ¼ ¹ ����� �

� ¦ ¨��	y �%þ_¨>þY©>y��	�	�
ÿ Ö����]��£_��� Õ �f� ´ ¼ ¸ )¢�#� ½ �h�f� ¸ � ¸ �h� ������� Þ ¸ �m� ·�¹ � � Ú ��£_� ´ ¼ ¸ )¢� Ô �f� ¹
�]�%�h�m���f���h��� ³ ���i�m��������� · ����� ´ �_� · � · ���m���f����) ¹ �]� Ô �f����� ³ · �h�]� ³ �U�����f�À�E� · �c��� ¼ �
�h� · � º)àw· � ¸�ºN~ µ �U�L)�� · ���E���]� ³ � · �h����� · � ¸X· � ¹ �����m�����]�m� �"� ¹ �]��� ¼ ´ ¸ �]� ³
���������E� · ���c� ¼ ��� ´ �E� · � Þ � ~���à��cÞ0� ~���ù��cÞ0� ~ � �À£���£¤� ¼N¼ ´ ���
�������u� ½ �¢�m���]���f�%� · ¼ ¸¿· � ·�· � ¸ �c�f���m�L)¢� · ) ¼ �)���i��)©� · ����) �m�����f�À�f���c���h� · �]�%���
����� ´ �¤� · � · ���S�h�m��� �

ÿ R � ¼ · � ³ � ¼ ¹ µ �©� ´ ��� ¸ � ´ � · � · ¼ ¹ ���]�À�����h���u� · ����� µ Þ�¸ �f� ·7¹ ��� ³ �]�%���i����� ´ ¸ � �
��� · ¼ · �>� ¼ ´ � Ô �m�m�h�U�_���f�������>£¤���f���)����� º�´�» ��� ½ ��� ³ ��v¢�f�S�h�·£��m���)�]��� ¼ ´ ¸ � ¸ �R �ú� · Ô � · ¼ ��� · � · ¼ ¹ ��� ¸6» ) ´ �­���U���]�c� ¼ ´ ¸ � ¸ �]�½�h�c�]���h�c�f����� ¼ �h�c�¯���f� ´ ¼ ���µ ��� Þ ¸ �f� ·�¹ �­�]�%�����k£�� Ô �m�m�������m��� ´ �E� · � ºs· � ¸�~�� � Ö����]� · � · ¼ ¹ �������]�Ô �f� ¹ ���������]���]� ³ · � ¸ £_����� µ �m�\��������� ·¶¸ �f�\�h���h����� ´ ) ¼ �]� · �h�������5� � &�&`� � &�7��µ ���R������� ¸ �m� · � ¼ ��. � Ö��c�]�R£_��� Õ £ · �G�¢�m� µ ������� ¸ �]�#�m� ¼5¼ · )¢�U� · ���]����£¤�������h�c�À T ¥ )�� ½ �¢�m���]���f�%� · ¼ ³ ��� ´ ��� µ ¥ ¼ �f�������%� � û �f��� · � ¸ �

ÿ Ú ���h���V  ¥zy µ · �S�h�����+S · �h����� »   ¥zy û ¼ µ � · ���S£��U� Õ �c� · � ¸ ��� · �����f���]� ³ · � ¸�· � �
���]��� ¼ · ���]�����f���%�����+) ´ �h�����������f� ¸ µÙ´ ���h�c�f�­�]� Ô �m���h� ³ · ���]��� � ¥ ¼ · ��� µ ¹ �]� ³ �����f���
�¢�����%�h��£�� ´ ¼ ¸ )¢� Ô �m� ¹ ��� ¼ � µÙ´ ¼ ��� · Ô �U� ¸ ��� ³ · � ¹ � Ô �f�R�U� ´ � ¸ �f�u�f���h�]� · ���]���
� µ � ´ �"�h���m�����S�h�]� · ¼ ����� ¸ ���m���]����� � û �U�"� ½ · ��� ¼ ���À�¬�¡�]�"����� ����� · �%���h�ú��� ¼ Ô �
�h���¡������) ¼ �m�Å��� ¼ · �h� ¸ �����h���¡�f� ¸ � ���]�%�G���%�h� ³ � · ¼ ¸ � Ô �f� ³ �f���m��£¤�����E�'����� · �
� · ���m���f����Sf� ¸ £¤������� ´ � · � ¹ ��������� ³ ��� ¹ ���]� · ¼ ���U�h� Ô · �h�]�U� � C �U���f� Ô �f�f�¤�h�c�
· ��������� ¼ · �h�������m���%�h����) ´ ���]����� · ���¡���U� ¸ �m��� Ô � ¸ £¤���h�c�]�#�h����  ¥zy û ���S�h��� ¸ �
Ö�����)c� · �]� · �f�U���������h�m�%� µ � · ���S£���� Õ �¢�¬�)£_� ´ ¼ ¸ ) �#) �m���h�m�u�h� Ý � ¸}· £ ·7¹ ���
�]��� ¼ ´ ¸ �������f�.�]�¡  ¥zy û��

ÿ Ú �j� · ��)¢�m�f�������L£¤���]���h���u����� Ô ��� ´ �_�E� · �c���f����� · �À�h������� · ����� µ ���·�h�c� ¼ · � ³ �t ô Ô �]� ¼ · �h��� ³ · � ¹ �����m��� ¹ � ´ �h��� ¸ �v�h��� » £¤�]� ¸ �L£3���¢  ¥zy û �]�R����� ¼ · � ³ �
���h����� ³ �c� · �����]��� ¼ ´ ¸ � ¸ �]�¯�h���4  ¥zy � �f� ³)´ �]�'�f���%�����+) ´ �h�����'������� ´!³ ���h�c�
�h�f��� £U¤ » °%¼ � Ú ���]��� ¼ � · ���h� · ���h���������������]��� � µ · � ¹�¥ . ¸ �m�¢�m� ¸ �m���f�ú�]�£ »�¦���§¢¼j» � � � » � ° � �	¨ ¼�¼ �]�¶�����j��� · ����� µ ��������� ¸ ��vÁ�m���f�c�f�d) �m�k£_�f�f�¡�h�c�6  ¥zy û
· � ¸ ������� · � Ô � µ · �m��������S · ���]��� · ������� · �E� �	û �U�o����� µÙ´ � ´ �����µ���i�]�o�f� ´ �f� · ¼ ���
£���� Õ �h�L£ · � ¸ � · �m�������f��� ´ �����������¤���U��� · �c�������c��� · �h� · �c����� · �E�¡���G�h����� · ¼ �
� ´ ¼ · �h������� µ �h���v� ´ · � Õ ¼ �©�����f���%�����+) ´ �h�����������L£¤�#�]� û � ³ � � ° � 7 » ³ ¼ � ¥ ¼ · ��� �©«ª¸Ð�Ñ�Ð�ÛfÒbÙØÞSà­¬¯®�°±°/®�ñ òSó�²fà�òSóe³�ô©ÚSÛNéG¬Á÷]¬«÷sª�ñ òSóµ´�ô`øNõ¹ì¹ÙØÍØÝbë¹Ð�éRÛ¹Ð í ì¹Î ÚPÛ�Ñ ë¹ÍÏÛNÜ_Î ÚEÒQÍÏ×�ÎbÐ�Ý õNÙ Ò Ý¶ ×SÎ¸ä éLÐ�Ñ�ÚhÞLÝÁÍÏÛfÒb×jÒ í ×�ÕSÐ�Ñ�Òb×mÎQÝ í ë¹Í�Ñ ëGÚPÎQÐ¶ÍØÛuÒb×PÒ ÚPÙ`ÚSÜSÎQÐ�Ð�ß�Ð�ÛfÒ í ÍÏÒbë�×SõNÎ í ×mÎ�·�ö
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Ý � · �h�]�U��� µ �h�����)� �������)£_� ´ ¼ ¸ )¢�o��� ¼ � µÙ´ ¼ ������)c� · �]�­������� · �m� ´ � · �h�v���f� ´ ¼ ���µ ���j�h�c�#t ô Ô �]� ¼ · ���]� ³ · � ¹ �����S�h� ¹ � ³ <�x ���]� Þü¸ �f� ·�¹ � �

ÿ Ö�����£_��� Õ � �f� µ ������� ¸ �]� ¥ À û y » ¥ � Ô · ��� · ��� À � ³ �%� û �����%� y ¹ � · �����f� ¼ ���Ô �m� ¹ ��������������� ³ ���]�c�f���������c�¹£¤���h� · �������]� µ ����� · ¼ �]��� � · �¹)¢� · ��� ¼ �]� ¸ ���
���U��� Õ ��� ¸ �u� µ �����m�������f��� ¼ � ³ ��� · ¼ ��� ´ ¸ ���f� �L� Ô �m�	�h��� ´!³ ���h�c�]� µ � · ���m£_��� Õ
����� ¼5¼ ���f� ¸ �����i)¢���]������� Ô � ¸ �_���¡����� Ô � ¸ �f�¡� ½ �m� ¼N¼ �f�%�����m� ´ ¼ �h� µ �����h�c�­£ · Ô �µÙ´ ���S�h�]�U��� · � ¸ �h� · �����¬�h����� µ ����� µ · �m����������� Ô �f���h� ³ · �h� ¸ ���½�h�������h���m���]� � Ú �
£�� ´ ¼ ¸ Ô �m� ¹ ) �G�]�%���f���m�����]� ³ �h�¡� ½ ���f� ¸ �h�c�]� · � · ¼ ¹ �������h�¡��������� · �����]� ¼ �f�m���]� �
� ¼ ´ ¸ �]� ³ ) · � ¹ ����� ��� �·� ´ �E�Á�`£_� · ���¤���U�·���f���������m�h� ¸�º ´ ���·�h�o� · ���h�]� ¼ �j�c� ¹ ���]�f�m�) ´ �¡� · �
�]� Ô �m���h� ³ · ���������f�c�����m��� ¼ � ³ �]� · ¼ · ��� ¼ �]� · �h�]�U���i��� � ´ � ¼ � · �"��� ¹ �����f�
· �j£_� ¼5¼ �

» yR�5¼�½#� ¾��	y ¿-¾�ÀD½#�ÁÀDÂ·� ý ¼��	yG�/�	�	�
Ö��­� ½ � ¼ · �]�#�h�c���c��� ¸ ������� · ���m�¡� µ � · ���h�f�G� Ô �f� · �%�h�]� · ���h�f�G���ú� ´ � ´ ��� Ô �f��������� �
� ´ �]���m�!t ô Ô ��� ¼ · ���]��� � Ú �À���µ£�� ¼5¼ �f��� · ) ¼ �]����� ¸ ��� · ��t ô � ¹ �����m��� ¹ �]�·���U� · ��� ½ · �S�
� ¹ �����m��� ¹ �]��� · � ´ ���U��) �f� · ´ ��� µ ���¶� ½ · ��� ¼ �j�����]����)����f� Ô � ¸ �h� · �µ�h����) · � ¹ ���"� ´ � �)¢�m��� µ �h��� ´ ��� Ô �m����� ¸ �`�f�¶�c�U� Ô · ���]��� � Þ ¸ �f� ·7¹ �����f�m� ���*) �À�����À� µ �h�c�_��������� ¸ � · ¼
�h�`� ¼ �)£¤���h�#£¤�����E�#�h���]� Ô �m����� ³ · ���ut ô Ô �]� ¼ · �h�����«� ���]�c�f� · ¼N¼ � µ �h�����������m� µ · ��� ¼ ���f�
� µ � ´ · � Õ ��� · �4)¢�R�]� Ô � ¼ Ô � ¸ �h����� ´%³ ������� ¥ · )c�+)�) � � � ��) ·7¹)· ���c� �«C · � Õ�· £ · � · ����� ½ �R �¬�h�����	�h����ü�� · � ¸%· � ¸ C � ¸ � ¼ �«�h��� ¥z� C � · � · ���S�h�m��� &F�EÊ���º�· � ¸úù �f�������h� �
� ´ ��� · ¼N¼ � µ ����� µÙ´ � ¸¿· ���f�%� · ¼ � ´ · �%�h�¬�h���f��£¤�c�]�E�"� · ��)¢� ¸ �f���m����)¢� ¸ ) ¹ �h�c�j��� � � · ¼N¼ � ¸É ���¬� · ����� ¹ Ö���� · � ³ ¼ �u� ��� � � Ö����U)¢�S�����f��£�� Õ ���L£ �h�������h��� · � ³ ¼ � · � ¸ �����¤��� · � �U�W�����)¢�S���h�m��£��G£¤� ¼N¼ ) � · ) ¼ �����¡�]� µ �m�j�h���\�]�%���f� Ô �f�%�h������� µ · � ¹ ���m£ ��� ¹ ���]�m�)£¤�����E� µÙ´`�
� ´ ���u�h�c�f�����m�h��� · ¼ ����� ¸ �]�S�h������� · � ¸ � ½ � �f���]���f�%� · ¼ ¸¿· � · � ·7¹ ��� Ô � · ¼ �J� Ô �f���h��� ´!³ �
· �f�U�����m�m� ´ � ¸ �f����� · � ¸ ��� ³ � µ t ô Ô ��� ¼ · �h�]�U������� ½ � �f�S�h� ¸ £¤�¬�h�����������#ü`� · � ¸¿· � ¸C � ¸ � ¼ �%£_� ¸ �v���U�_� · Ô �R���i� ½ � ¼ ´ ¸ � · � ¹ �U�h���m��� �������+)�� ¼ �¬�h�]�m�6� � &�¨­� �h�v� ½ � ¼ · �]��t ôÔ ��� ¼ · �h�]�U�v��� Þ ¸ �f� ·7¹ � � ü©�����j�U�h�c�f�>��� ´ ���m�f�J)¢� ¹ ��� ¸ �����)ü`� · � ¸¿· � ¸ C � ¸ � ¼ ��� ³ ���)¢� µ � ´ � ¸ � ´ �E� · �\�h��������) · ��� ¸ ��� ¼ � µ � · � ¸ ��� ³ �%�o� ¹ �����m�������"��� ¸ � ¼ � � &��­� · � ¸T � ³3³ �>��� ¸ � ¼ � � 7 ° � � R �¤� · � · ¼ ���o���m�����]���¡� ´ �¢�m��� ¹ �����m�h� ¹ � � 7��U� � 7 � � � 7�&c� � 7�7
�b�) · ����� ³ �m���f���]��� � 7 ± � · � ¸ �h�����c� ´ �����]�c�����m�m�h�U�V� � 7�Ã
� · � · �����c�¢����� ´ �c��� ¹ �h��� ½ � ¼ �����t ô Ô ��� ¼ · ���]��� �Ú � · � ¹ � · ���U�©����� ´ � ¸ �m����� · � ¸ ��� ³ � µ t ô Ô ��� ¼ · ���]���¡���f� · �]��� · ³ ��� · �_�E� · ¼5¼ �f� ³ �
· � ¸ �`£¤���h�c� ´ � · � ¹�¸ � ´ )c�f�����m� ¸ � · ��������� ³ �]�%�h�m� · �S�h�]�U�4)¢�S�k£��m�f�­� ½ �¢�m�������m��� · � ¸
�h���m��� ¹ � µ £��\£ · ���¤��� ¸ � Ô � ¼ ��� ·S¸ �f�m�¢�m� ´ � ¸ �f����� · � ¸ �]� ³ � µ � ´ � ´ ��� Ô �f����� �
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Ú �"�h�c�]��×U�c�¢�m��Ø���Ù¢��£_�������m���m���·�����j�f�U����Ú��m���j�eÙ©�����f�����]���c�JÛI�U�¶�h����Û�Ü����m���]���c��Ý �×���Ø-Þ � Ü�����Ø��h�#Ø��m���f�����]�c�)�����R��×�Ø��ß×N�h��àU�¤�f�������f�S�h�������À�]�������)��×�Ú��µÜ�Ú+×��h�����¡��Û«£�×	àU�Û�Üc���m���]�����¤�����µÚ�Ü�Ø��]��áu×����c� � á�Ú+Ü������âÙc�E��×U��á�� � R �o���eÛI�f���h�c�v����×�Ø��m���h� ¥ �ã×U�c���f�*¨ÛI�U�6×�Ú+Ú«�
Û������VØ���äW�c���h������� �

å �	æ ç­þ�½#zd¾�èµ¼5½�éëêíìãî+ï
û ���6Þ % | . »p§���§ãðß��ñ4ò��óñ�ðò ¼ �����\�ã×U��������ÛI��Ú+Ú��¹£¤����á��âÙc�c���f�����������µôÞ % »�§���§ ð �óñ4ò]��ñ ð ò ¼ 0�ñ . ò õ � 2-ö�÷ø24ù% »�´ ��� §¢¼f»�´ ��� § ð ¼ú§ ð �¹2 . % 2 . §�»�´ ��� § ð ¼ú§ ð ´ 2 % »�´ ��� § ð ¼KÌû��
ñ .ò »�´ ��� § ð ¼ �¹2 .. »�´ ��� §¢¼ü§ ðþý �¹2 . § ð û%´G�
ñ .ò § ð �ÿ2 .. »�§�´n§ã§ ð ¼ ý� �]û 2 % »�´ ��� §¢¼m»�´ �z� § ð ¼ �¹2 . §ã§ ð ý ñ ð ò�� ñ-ò ��� �¾» �v� � ¼

� ���
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Þ . »�§���§ ð �óñ4ò]�óñ ð ò ¼ 0 ´ �ñ . ò »�´ ��� §¢¼ü§ õ ´G� 2 % 2 . ñ . ò »�´ ��� §¢¼ú§ �2�� % »�´ ��� §¢¼ . »�´ ��� § ð ¼ü§ ð �¹2�� . § . »�´ ��� § ð ¼ü§ ð � �
ñ .ò û ñ ð .ò »�´ ��� §¢¼ü§ �ñ . ò »�´ ��� § ð ¼ü§ ð ý �¹2 .. ñ . ò�� ´i»�´ �z� §¢¼ú§ � § ð � �c»�´ &*� §¢¼ú§ã§ ð� »�´ ���¹7 §¢¼ú§ ð .�� �ÿ2 . % � ´ 2 .. » ��� ��»�´ ��� §¢¼ú§¢¼m»�´ �z� § ð ¼ú§ ð �ñ . ò û�§ . » � ´¢��§ ð ¼ � & »�´ �]� § ð ¼ú§ ð � §�»�´ ��� Ã § ð ´ 7 § ð . ¼ ý � � � � 2 % 2 . »�´ �]� §¢¼ú§ �2 . % »�´ ��� §¢¼ . »�´ �z� § ð ¼¶´ 2 .. § . § ð � ñ . ò û ´ ��� § � § ð ´ÿ��§ã§ ð ý � ñ ð ò�� ñ4ò � �

» �v� �U¼
å ��� ç­þ�½#zd¾�èµ¼5½�é�� ìãî+ï
û �U�zÝ % | . »�§���§ãðp��ñ4ò]�óñ�ðò ¼ �����\�ã×U��������ÛI��Ú+Ú��¹£¤����á��âÙc�c���f�����������µô
Ý % »�§���§ ð �óñ4òs�óñ ð ò ¼ 0 �ñ . ò »�´ ��� § ð ¼ü§ ð õ �
ñ ð .ò ñ . ò �¹2 � % »�´ ��� §¢¼m»�´ ��� § ð ¼ . § ð�ÿ2 .. § ð . û 2 .. §�»�´ ��� § ð ¼ � �
ñ .ò § ð ý �ÿ2 ù % 2 . § ð û §�´ » ��� §¢¼ü§ ð � § ð . ý

´ 2 % 2 . »�´ ��� § ð ¼ú§ ð û �
ñ .ò �¹2 .. »�´�§ � § ð ¼ ý ´ 2 . % »�´ �z� § ð ¼K � �
ñ .ò »�´ ��� § ð ¼ . �ÿ2 .. § ð û � ´ § ð � §�»�´ ��� ��§ ð ¼ ý �
� �c» 2 % ´ 2 . ¼f» 2 % »�´ ��� §¢¼ �¹2 . §¢¼f»�´ ��� § ð ¼ú§ ð ñ ð ò�� ñ4ò � �¾» �v� & ¼

Ý . »�§���§ ð �óñ4òs�óñ ð ò ¼ 0 ´ �� 2-ö ñ . ò »�´ ��� §¢¼ú§�»�´ ��� § ð ¼ü§ ð õ 2�� % »�´ ��� §¢¼ .
»�´ ��� § ð ¼ . § ð ´ 2�� % 2 . »�´ ��� §¢¼ . »�´ ��� § ð ¼ú§ ð . �¹2 . % 2 . »�´ �z� § ð ¼� 2 .. û ��� �c»�´ ��� §¢¼ú§ ý § ð . � ñ . ò û%´L�c»�´ �z� §¢¼ú§ � ��»�´ ��� §¢¼ü§ã§ ð �
»�´ &��ÿ7 §¢¼ú§ ð . ý � �¹2 % § ð � �
ñ .ò û ñ ð .ò »�´ ��� §¢¼ü§ � ñ . ò »�´ ��� § ð ¼ . ý
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�ÿ2�� . § . »�´ ��� § ð ¼ . �ÿ2 .. ñ . ò û ´ ���¹7 § � ��» ��� »�´R± � §¢¼ü§¢¼ú§ ð� »�´ ���¹7 §¢¼ü§ ð . ý � ´ 2 ù % »�´ ��� § ð ¼ú§ ð � 2 .. » ��� ��»�´ ��� §¢¼ú§¢¼m»�´ �z� § ð ¼ �ñ . ò û�& ´ & § ð � �­§�»�´ &�� § � �­§ ð ¼ ý � ´ 2 . »�´ ��� § ð ¼ � �
ñ ð .ò ñ . ò »�´ ��� §¢¼ü§� § ð û �
ñ-� ò § ð �¹2 � . § . § ð �ÿ2 .. ñ . ò »�´6§ ð � �­§�»�´ ��� § � ��§ ð ¼�¼ ý � � ��» 2 % ´ 2 . ¼K � ñ . ò �ÿ2 . % »�´ ��� §¢¼ . ´ §�»��
ñ .ò �¹2 .. §¢¼ � »�´ ��� § ð ¼ú§ ð ñ ð ò.� ñ4ò � � » �v� 7 ¼
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� I L \ X�� J X L Ò Ty\ _I
� �­�h�����6×U��� �f��Ø��þÙ¢�Â£_�o�����m���f�%�u�h���\�f�U����Ú��m���o�âÙ©�����m�����������u���µá�×U��Ø�����á"�h���\�µ×�Ú �

��Ü�Úß×N�h�]�U���
Û«�h���¤�h��×U�������h�����uÛI�����kÛq×��m�h�U�_���������R�µ×U���)��Û§�����µÜ�Øc�����µ×�Úß×U�Jà��m�m�������h��×U� �
�������]��� ��� Ú+Úµ�
Û��h�c�¡���f�����VÜ����µØ����#�h�����o���f�S�h�]�U�'�ã×�àU��) �f�m� Ø��eäW���µØ'�]� ¥ �ã×U�c���f���� �B¨-×U��Ø¢� � R �"���eÛI�f�R�����"���µ×�Ø��m�R�h�������f���"�E�ã×U�c���f����ÛI���)�h���m�]�LØc��äW���¬�h������� �)� �c�Û�Üc���m���]�����! :���A� ×U���������g�������f��×��h���j�h�m�����_���NàU��Ú�àU�µØ��]�"�h���¤�h��×U�������h������ÛI����� Ûq×U�m����� �
» �	æ ç­þ�½��d¾�è�¼�½�é?���z���ì � ���z���ï
�$�k� Û�Ü��k�����������6 :���A% � ×�� � � ��� Û���Ú�ÚZ�` ��Z��áFÛ���¡x¢�ô

 : % A% 0 ÷¤£¦¥�§©¨�ª¨ ¥ . �¬« :�­�A �
® : ¯úA­ ° ÷ £¦¥�§©¨�ª¨ ¥ ¯

�¬« :±¯úA �
® : ù A­ ° ÷¤£�¨{§�¥²ª ¯ £z³ ¯¯ §A³ ¯­ ª�§ ¥ ¯ £�¨ ¯ §�¥²ª¥ ¯ £ ¥ ¯ ¨ ¯ §A³ ¯¯ £�¨{§�¥²ª ¯ ª

� «µ´ ù¦¶ �
· ¥`¸
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�º¹Gaÿ[]^�����%]
µ[#
ec��»!!cd^	¼½!¾�UW�[�cd^ aµa�a
® ´ �¿¶­ ° ÷²³ ¯­ £i¨{§�¥`ª ¯ § ¥ ¯¥ ¯ £z³ ¯¯ §A³ ¯­ ¨ ¯ ª

� «µ´ �¿¶ �
® ´ �¦¶­ ° « ´ �¦¶÷y§À£�¨À§�¥²ª ¯ ³ �¯ � ¥M¯ £ · £�¨{§�¥²ª¦¨{§Á¥`ªx³ ¯¯ § ¥ � ¨ ¯ � ³ ¯­ £z³ ¯¯ £i¨P§Á¥²ª ¯ � ¥�¯ ¨ ¯ ª¥ ¯¤Â £x£�¨À§ · ª¦¨ � · ªx³ �¯ § · £z³ ¯­ � ¥ ¯ £�¨À§Á¥²ªÃª¿¨k³ ¯¯ � £s³ ¯­ § ¥ ¯ ª ¯ ¨ ¯xÄ

� �
® ´ Å ¶­ ° ÷ £¦¥�§©¨�ª¨ ¥ ¯

� «9´±Å ¶ �
® ´±Æ ¶­ ° ÷¤£¦¥�§©¨�ª¨ ¥ ¯

� «9´ÇÆ ¶ �
® ´ È ¶­ ° ÷ £¦¥�§©¨�ª¨ ¥ ¯

� « ´±È ¶z�
® ´ É ¶­ ° ÷¤£¦¥�§©¨�ª¨ ¥ ¯

� «9´±É ¶ �
® ´ ­iÊ ¶­ ° ÷¤£¦¥�§©¨�ª¨ ¥ ¯

� « ´ ­iÊ ¶ � £iË	Ì�¥`ª
  ��� ¡ � � ��� � � ¡Ã¢-� « ´ � ¶ ¡ � ×�Ø1×��µô«µ´ ­ ¶ ° · ¥ ¯ ¨ Â ¥ ¯ ¨ ¯ §A³ ¯¯ £�¨{§�¥²ª ¯ Ä �«µ´ ¯ ¶ ° · ¥ ¯ ¨ Â ³ ¯¯ §4³ ¯­ ¨ ¯ Ä �« ´ ù¦¶ ° « ´ ­ ¶��« ´ �¿¶ ° « ´ ¯ ¶��«µ´ �¦¶ ° ¥ ¯ û Â £i¨P§ · ª¿¨ � · Ä ³ �¯ § · Â ³ ¯­ � ¥ ¯ £i¨{§Á¥²ª Ä ¨k³ ¯¯ � £s³ ¯­ § ¥ ¯ ª ¯ ¨ ¯ ý �«µ´ Å ¶ ° § · ¥ ¯ ¨ ¯ Â £Ã£i¨À§"¥²ªx³ ¯­ � ¥ ¯ ª¦¨À§Í³ ¯¯ £i¨P§Á¥²ª Ä �«µ´±Æ ¶ °ÏÎ ¥ ¯ £i¨P§Á¥²ª¦¨ ¯ �«µ´ È ¶ °ÏÎ ¥ ¯ ¨ ¯ �«µ´ É ¶ ° «µ´±Æ ¶ �«µ´ ­iÊ ¶ ° £i¨P§Á¥²ª «µ´ÇÆ ¶fÐ £iË	Ì · ª�$��� Û�Ü������x�Z���k� ® ´ � ¶¯ �µ×y�'Ñ �o� Ù¾Ò�¡ � �Ã� � Øm�Z��� � ¡x¢w���
Û ® ´ � ¶ù ×y��Ø « ´ � ¶ ×y�dÛ���Ú+Ú��² ���Ó

® ´ � ¶¯ � ® ´ � ¶ù ° «µ´ � ¶YÐ
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W
�

e investigatein a phenomenologicalway direct CP violation in the hadronicdecaysB � ,0� ���%���%� K � ,0�
wherethe effect of � - � mixing� is included.If N

�
c�e f� f � the
�

effective parameterassociatedwith factorization� is
�

constrainedusing the most recentexperimentalbranchingratios � to� � 0
�
K
� 0
�
, �b� K� � , �n� K� 0

�
,   0
�
K
� ¡

and ¢ K
� £

)
from theBABAR, BELLE andCLEO Collaborations,we geta maximumCP violating asymmetryamax¤ in

�
the

range ¥ 25% to ¦ 49% for B §i¨�©%ª�«%¬ K ­ and ® 24% to ¯ 55% for B̄0
� °�±%²�³%´

K̄0
�
. We alsofind that CP

violation is stronglydependenton theCabibbo-Kobayashi-Maskawamatrix elements.Finally, weshowthatthe
signof sin µ is

�
alwayspositivein theallowedrangeof N

�
c�e f� f andhence,a measurementof directCP violation

in
�

B
{ ¶ ,0� ·�¸%¹�º%» K� ¼ ,0� would removethe mod(½ ) ambiguity in arg¾i¿ VtsÀ VtbÀ Á /

Â
VusÃ VubÃ Ä)Å .
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I. INTRODUCTION

The
Ë

studyof CP
Ì

violation in B
Í

decays
Î

is oneof themost
important
Ï

aims for the B
Í

factories.
Ð

The relative large CP
Ì

violatingÑ effectsexpectedin B mesondecaysshouldprovide
efficientÒ testsof the standardmodel through the Cabibbo-
Kobayashi-Maskawa
Ó Ô

CKM Õ matrix.Ö It is usually assumed
that
×

a nonzeroimaginaryphaseangle Ø is responsiblefor the
CP
Ì

violating phenomena.This is why, in thepastfew years,
numeroustheoreticalstudiesandexperimentshavebeencon-
ducted
Î

in theB
Í

mesonÖ systemÙ 1,2Ú in orderto reduceuncer-
tainties
×

in calculationsÛ e.g.CKM matrix elements,hadronic
matrix elementsand nonfactorizableeffectsÜ and increase
ourÝ understandingof CP

Ì
violationÑ within thestandardmodel

framework.
Direct CP

Ì
violatingÑ asymmetriesin B decays occur

through
×

the interferenceof at leasttwo amplitudeswith dif-
ferentweakphaseÞ andß strongphaseà . In orderto extract
the
×

weak phase á which is determinedby the CKM matrix
elementsÒ â through

×
themeasurementof a CP

Ì
violating asym-

metryÖ , onemustknow the strongphaseã andthis is usually
notä well determined.In addition, in order to have a large
signal,å we haveto appealto somephenomenologicalmecha-
nismä to obtain a large æ .ç The charge symmetry violating
mixingÖ betweenè 0

é
and} ê canë beextremelyimportantin this

regard.ì In particular, it canleadto a large CP
Ì

violation in B
Í

decays,
Î

such as B í ,0î ïñð 0
é
( ò )
ó
K ô ,0î õñö.÷bø.ù K ú ,0î , because

the
×

strong phasepassesthrough 90° at the û resonanceü
3–5
ý þ

.ç

W
ÿ

e have collected the latest data for b to s transitions
concentratingë on theCLEO, BABAR andBELLE branching
ratio resultsin our approach.The aim of the presentwork is
multiple. The main oneis to constrainthe CP violating cal-
culationë in B

Í � ,0î ��� 0
é
(
� �

)K � ,0î �	��

��� K � ,0î ,� including � - �
mixingÖ and using the most recentexperimentaldata for B

Í��� K
�

decays.
Î

The secondone is to extractconsistentcon-
straintså for B decaysinto � (

�
PS) wherePScanbeeither � orÝ

K. In order to extract the strongphase� , we shall usethe
factorization approach,in which the hadronic matrix ele-
mentsÖ of operatorsare saturatedby vacuum intermediate
states.å Moreover, we approximatenon-factorizableeffectsby
introducing
Ï

an effective numberof colors,N
�

c�e f� f .ç
In
�

this paperwe investigatefive phenomenologicalmod-
elsÒ with different weak form factorsand determinethe CP

Ì
violatingÑ asymmetry, aß , for B � ,0î ��� 0

é
(
�  

)K ! ,0î "	#�$
%�& K ' ,0î
in
Ï

thesemodels.We selectmodelswhich areconsistentwith
all} the data and determine the allowed range for N

�
c�e f� f(

0.66(0.61)) N
�

c�e f� f * 2.84(
+

2.82), . Then,we studythesign of
sinå - in

Ï
this range of N

�
c�e f� f for
Ð

all thesemodels.We also
discuss
Î

the modeldependenceof our resultsin detail.
The
Ë

remainderof this paperis organizedasit follows. In
Sec.
.

II, we presentthe form of the effective Hamiltonian
which/ is basedon the operatorproductexpansion,together
with/ the valuesof the correspondingWilson coefficients.In
Sec.
.

III, we give the phenomenologicalformalism for the
CP
Ì

violatingÑ asymmetryin decayprocessesincluding 0 - 1
mixing,Ö where all aspectsof the calculationof direct CP

Ì
violation,Ñ the CKM matrix, 2 - 3 mixing, factorizationand
form
Ð

factorsarediscussedin detail. In Sec.IV we list all the
numericalä inputswhich areneededfor calculatingtheasym-
metryÖ , a, i� n B

Í 4 ,0î 5	6 0
é
( 7 )
ó
K
� 8 ,0î 9	:�;=<�> K ? ,0î . SectionV is

devoted
Î

to resultsand discussionsfor thesedecays.In Sec.
VI
@

we calculatebranchingratios for decayssuch as B
Í A ,0î
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_�`ba ,0î K� c ,0î and} B
Í dbe�f

K g as well, and presentnumerical
resultsover the rangeof N

�
c�e f� f which/ is allowed by experi-

mentaldatafrom theCLEO, BABAR, andBELLE Collabo-
rations.In Sec.VII, we summarizeour resultsanddetermine
the
×

allowed rangeof N
�

c�e f� f which is consistentwith datafor
both
h i
j

and k K decays.Uncertaintiesin our approachand
conclusionsë arealsodiscussedin this section.

II. THE EFFECTIVE HAMIL TONIAN

A.
l

Operator product expansion

Operator
z

product expansion m OPE
z npo

6
q r

is a useful tool
introducedto analyzethe weakinteractionof quarks.Defin-
ing
Ï

the decayamplitudeA
s

(M
t u

F
v

) a
ó

s

A w M x F y{z Ci
| }�~���� F � O� i

| ������� M � , � 1�
where/ C

�
i
| (� � ) are the Wilson coefficients� seeSec.II B� and

O
�

i
| (� � ) the operatorsgiven by the OPE, one seesthat OPE

separateså the calculationof the amplitude,A
s

(M
t �

F
v

)
ó
, into

two
×

distinctphysicalregimes.Oneis relatedto hard or short-
distance
Î

physics,representedby Ci
| ( � )
ó

and calculatedby a
perturbative� approach.The other is the soft or long-distance
regime.This part must be treatedby non-perturbativeap-
proaches� suchasthe 1/N

�
expansion� 7� � ,� QCD sumrules � 8� �

orÝ hadronicsumrules.
Theoperators,Oi

| ,� arelocal operatorswhich canbewrit-
ten
×

in the generalform

On�  ¢¡ q£̄ i
| ¤

n� 1q£ j
¥ ¦¨§ q£̄ k

© ª
n� 2q£ l
« ¬ , ­ 2®

where/ ¯
n� 1 and ° n� 2 denote

Î
a combinationof gammamatrices

and} q£ the quarkflavor. They shouldrespectthe Dirac struc-
ture,
×

the color structureandthe typesof quarksrelevantfor
the
×

decay being studied. They can be divided into two
classesë accordingto topology: tree operators(O

�
1 ,� O� 2

± )ó , and
penguin� operators(O3

² to
×

O
�

10). For treecontributions(W
³ ´

is
Ï

exchangedµ ,� the Feynmandiagramis shownFig. 1. The
current-currentë operatorsrelatedto the tree diagramare the
following:
Ð

O1
s¶ · q̄ ¸N¹»ºN¼ 1 ½R¾ 5

¿ À uÁ Â sÃ̄ ÄNÅ»ÆNÇ 1 ÈRÉ 5
¿ Ê b Ë ,� Ì

3
Í Î

O2
s¶ Ï q£̄ Ð»ÑNÒ 1 ÓRÔ 5

¿ Õ usÁ Ȫ»×ÙØ 1 ÚRÛ 5
¿ Ü b,

where/ Ý and Þ arethe color indices.The penguintermscan
be
h

divided into two sets.The first is from the QCD penguin
diagrams
Î ß

gluonsareexchangedà andthe secondis from the
electroweakÒ penguindiagrams( á and} Z

â 0
é

exchangedã .ç The
Feynman
ä

diagramfor theQCD penguindiagramis shownin
Fig. 2 and the correspondingoperatorsare written as fol-
lows:

O3
² å q̄ æÙçÙè 1 éRê 5

¿ ë bì í
qî ï q̄ ðòñ»óÙô 1 õ÷ö 5

¿ ø q£ ù , ú
4û

O
�

4 ü q£̄ ýNþ»ÿ�� 1 ��� 5
¿ � b ���

qî 	 q£̄ 
 �
����� 1 ��� 5
¿ � q � � ,�

O5
¿ � q̄ ����� 1 ��� 5

¿ � bì �
qî � q̄  "!�#�$ 1 %'& 5

¿ ( q£ ) , *
5
+ ,

O
�

6
- . q£̄ /�0�1�2 1 3�4 5

¿ 5 b 6�7
qî 8 q£̄ 9 :
;�<�= 1 >�? 5

¿ @ q A B ,�
where/ q CED u,d,s,� cF .ç Finally, the electroweakpenguinopera-
tors
×

arise from the two Feynmandiagramsrepresentedin
Fig. 3 (Z, G exchangedÒ from a quark lineH and Fig. 4 (Z,� I
exchangedÒ from theW line

J K
.ç Theyhavethefollowing expres-

sions:å

O7
L M 3

2
q£̄ N�O�P 1 Q�R 5

¿ S b T
qî U eV qî W q̄ XZY�[�\ 1 ]�^ 5

¿ _ q ` , a 6b
O8
c d 3

Í
2
+ q£̄ e�f�g�h 1 i�j 5

¿ k b l�m
qî n eV qî o q£̄ p q
r�s�t 1 u'v 5

¿ w q£ x y ,

O9
z { 3

Í
2
+ q£̄ |�}�~ 1 ��� 5

¿ � b �
qî � eV qî � q£̄ �Z����� 1 ��� 5

¿ � q � ,
O10� 3

Í
2
+ q£̄ ������� 1 ��� 5

¿ � b ���
qî � eV qî � q£̄ � �
����� 1 �'� 5

¿   q£ ¡ ¢ ,

where/ eqî £ denotesthe electriccharge of q£ ¤ .ç

FIG. 1. Treediagramfor B decays.

FIG.
¥

2. QCD penguindiagram,for B
{

decays.
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B. Wilson coefficients

As we mentionedin the precedingsection, the Wilson
coefficientsë ³ 9´ µ ,� C

�
i
| ( ¶ )
ó
, representthe physicalcontributions

from
Ð

scaleshigher than ·¹¸ the
×

OPE describesphysicsfor
scaleså lower than º )

ó
. Since QCD has the property of

asymptotic} freedom,they can be calculatedin perturbation
theory
×

. The Wilson coefficientsinclude contributionsof all
heavyparticles,suchasthetop quark,theW

³
bosons,
h

andthe
charë gedHiggsboson.Usually, thescale» is chosento beof
orderÝ O

�
(
�
mb
¼ ) for B

Í
decays.
Î

Wilson coefficientshave been
calculatedë to thenext-to-leadingorder ½ NLO¾ .ç Theevolution
ofÝ C
�

(
� ¿

)
ó À

the
×

matrix that includesCi
| (� Á )
ó
] is given by

C
� ÂÄÃÆÅ
Ç

U ÈÊÉ ,� MWË C� Ì MWÍ ,� Î 7Ï
where/ U( Ð ,M

t
W) is the QCD evolutionmatrix:

U ÑÊÒ ,� Mt WÓ
Ô 1 Õ×Ö s¶ ØÄÙÆÚ
4 Û J U0

é ÜÄÝ
,� Mt WÞ 1 ß×à s¶ á Mt Wâ

4 ã J
ä

,

å
8
æ ç

with/ J
ä

thematrix summarizingthenext-to-leadingordercor-
rectionsandU0

é
(
� è

,� MW) theevolutionmatrix in the leading-
logarithm approximation.Sincethe stronginteractionis in-
dependent
Î

of quark flavor, the C( é )
ó

are the samefor all B
decays.
Î

At the scale êìë mí b
¼ î 5

ï
GeV, C

�
(
� ð

) take the values
summarizedå in TableI ñ 10,11ò .ç

To be consistent,the matrix elementsof the operators,
O
�

i
| , shouldalsobe renormalizedto the one-looporder. This

resultsì in theeffectiveWilson coefficients,C
�

i
| ó , which satisfy

the
×

constraint

C
�

i
| ô mb

¼ õ÷ö Oi
| ø mí b

¼ ù÷úüû Ci
| ýÿþ Oi

| � tree�
, � 9�

where/ � O� i
| � tree�

are the matrix elementsat the tree level.
These
Ë

matrix elementswill be evaluatedin the factorization
approach.} FromEq. � 9� , the relationsbetweenC

�
i
| � andCi

| are}	
10,11


C
�

1�
� C1 , C
�

2
± �
� C
�

2
± ,

C3
² �
� C3

² � Ps¶ /3,
�

C
�

4
� �
� C
�

4
� � Ps¶ ,�

C5
¿ �
� C5

¿ � Ps¶ /3,
�

C
�

6
� �
� C
�

6
� � Ps¶ ,� � 10 

C7
L !
" C7

L # Pe� ,� C8
$ %
& C
�

8
$ ,�

C9
z '
( C9

z ) P
*

e� ,� C10+-, C10,�
where/

Ps¶ .0/21 s¶ /8� 354 C� 26 10/97 G 8 mí c� , 9 ,q2 :
; , <
11=

P
*

e� >0?2@ em� /9
� ACBED

3
Í

C1 F C
�

2
± GIH 10/9J G

K L
mí c� ,� M ,� q£ 2 NPO ,�

and}

G
K Q

mí c� ,� R ,� q£ 2 SUT 4
0
é 1dxxV xW X 1 Y lnmc�2± Z xW [ 1 \ xW ] q2

±
^ 2
± . _

12̀

Here
a

q£ 2
±

is the typical momentumtransferof the gluon or
photon� in the penguindiagramsand G(mí c� ,� b ,� q£ 2

±
)
ó

has the
following
Ð

explicit expressionc 12d :

TABLE I. Wilson coefficientsto the next-leadingorder e seethe
referencef in textg .

Ci
h ( i ) for jCk 5 GeV

C1 l 0.3125
C2
m n 1.1502

C3
o p 0.0174 C5

q r 0.0104
C4 s 0.0373 C6

t u 0.0459

C7
v w 1.050x 10y 5

q
C9
z { 0.0101

C8
| } 3.839~ 10� 4 C10 � 1.959� 10� 3

o
FIG.
¥

3. Electroweak-penguindiagramfor B
{

decays.

FIG.
¥

4. Electroweak-penguindiagram � couplingbetweenZ
�

, � ,
andW) for B

{
decays.
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ReG � 2

3
Í ln

J mí c�2±� 2 � 5

3 � 4
� mí c�2±

q£ 2 � 1 � 2
mí c�2±
q£ 2

�
1 � 4

� mí c�2
q£ 2
± ln
J 1 � 1 � 4

mc�2
q2
±

1 � 1   4
mc�2±
q2

, ¡ 13¢

ImG £¥¤ 2

3
1 ¦ 2

mc�2
q2
± 1 § 4

mí c�2
q£ 2
± .ç

Based
¨

on simple argumentsat the quark level, the value of
q£ 2
±

is chosenin the range0.3© q£ 2
±
/
�
mb
¼2± ª 0.5 « 3,4

Í ¬
.ç From Eqs.­

10® – ¯ 13° we can obtain numerical values for Ci
| ± . These

valuesÑ are listed in Table II, wherewe havetaken ² s¶ (mí Z
³ )´ 0.112,

µ ¶
em� (mí b

¼ )ó · 1/132.2, mí b
¼ ¸ 5

ï
GeV, and mc�¹ 1.35GeV.

C. Effective Hamiltonian

In anyphenomenologicaltreatmentof theweakdecaysof
hadrons,thestartingpoint is theweakeffectiveHamiltonian
at} low energy º 13» .ç It is obtainedby integratingout theheavy
fields
¼ ½

e.g.thetop quark,W and} Z
¾

bosons
h ¿

from thestandard
modelLagrangian.It canbe written as,

À
e f� f Á GFÂ

2
+ Ã

i
| V
Ä

CK
Å

MCi
| ÆÈÇÊÉ Oi

| ËÈÌÎÍ ,� Ï 14Ð
where/ G

K
F is the Fermi constant,V

Ä
CK
Å

M is the CKM matrix
elementÒ Ñ seeå Sec.III A Ò , C

�
i
| ( Ó ) are the Wilson coefficientsÔ

seeå Sec. II BÕ ,� Oi
| ( Ö )
ó

are the operatorsfrom the operator

product� expansion × seeå Sec. II A Ø , and Ù representsthe
renormalizationì scale.We emphasizethat the amplitudecor-
respondingto the effective Hamiltonianfor a given decayis
independent
Ï

of the scale Ú .ç In the presentcase,since we
analyze} direct CP violation in B

Í
decays,
Î

we take into ac-
countë both treeandpenguindiagrams.For the penguindia-
grams,Û we include all operatorsO

�
3
² to
×

O
�

10. Therefore,the
efÒ fective Hamiltonianusedwill be

Ü
e f� f

Ý
B
Þ ß

1 à GFá
2

V
Ä

ubâ V
Ä

usâ* ã C1O1
s¶ ä C2O2

s¶ åUæ Vtb
� V
Ä

ts
�* ç

i
| è

3
²

10

C
�

i
| O� i
|

é
H.c., ê 15ë

and} consequently, the decayamplitudecan be expressedas
follows:

A ì B í PVîðï G
K

Fñ
2
+ V

Ä
ubâ Vusâ* ò C� 1ó PV ô O1

s¶ õ Böø÷ C2ù PV ú O2
s¶ û Büþý

ÿ Vtb
� V
Ä

ts�* �
i
| �

3
²

10

C
�

i
| � PV � O� i

| � B� � H.c., � 16�

where/ 	 PV 
 O� i
| � B� are the hadronicmatrix elements.They

describe
Î

the transitionbetweenthe initial stateandthe final
stateå for scaleslower than 
 and} include, up to now, the
mainÖ uncertaintiesin the calculationsincethey involve non-
perturbative� effects.

III. CP
�

VIOLA
�

TION IN B
� � ,0� ��� 0

� �����
K
� � ,0� � ��!#"�$ K

� % ,0�
Direct
&

CP
�

violation in a decayprocessrequiresthat the
two
×

CP
�

conjugatedecayprocesseshave different absolute

TABLE II. Effective Wilson coefficientsrelatedto the tree operators,electroweakand QCD penguin
operators' seethe referencein text( .
Ci
h ) q2

m
/
Â
m* b
+2 , 0.3 q2

m
/
Â
m* b
+2 - 0.5

C1. / 0.3125 0 0.3125
C2
m 1 2 1.1502 3 1.1502

C3
o 4 5 2.4336 107 2

m 8
1.5439 10: 3

o
i ; 2.120< 10= 2

m >
2.174? 10@ 3

o
i

C4A B 5.808C 10D 2
m E

4.628F 10G 3
o
i H 4.869I 10J 2

m K
1.552L 10M 2

m
i

C5
q N O 1.733P 10Q 2 R 1.543S 10T 3

o
i U 1.420V 10W 2 X 5.174Y 10Z 3

o
i

C6
t [ \ 6.668] 10̂ 2

m _
4.628
` a

10b 3
o
i c 5.729d 10e 2

m f
1.552g 10h 2

m
i

C7
v i j 1.435k 10l 4

m n
2.963o 10p 5

q
i q 8.340r 10s 5

q t
9.938u 10v 5

q
i

C8
| w x 3.839y 10z 4

m {
3.839| 10} 4

m
C9
z ~ � 1.023� 10� 2 � 2.963� 10� 5

q
i � 1.017� 10� 2 � 9.938� 10� 5

q
i

C10� � 1.959� 10� 3
o �

1.959� 10� 3
o
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valuesÑ for their amplitudes� 14� . Let us start from the usual
definition
�

of asymmetry,

a � B � F ���
� �

B
Í ¡

F ¢�£¥¤ ¦ BÍ §̄ F
v¯̈© ª

B
Í «

F ¬�­¥® ¯ BÍ °̄ F
v ±̄ , ² 17³

which/ gives

aß ´ BÍ µ F ¶¸·
¹
A º B » F ¼¾½ 2 ¿ÁÀ Ā Â B̄ Ã F̄ Ä¾Å 2Æ
A Ç B È F É¾Ê 2± ËÁÌ Ā Í B̄ Î F̄ Ï¾Ð 2± ,� Ñ 18Ò

where/ A(
�
B Ó F)

ó
is the amplitudefor the considereddecay,

which/ in generalcan be written as A
s

(B
Í Ô

F) Õ×Ö As 1 Ø ei
| Ù

1 Ú i
| Û

1Ü×Ý
A
s

2
± Þ ei
| ß

2
à á i
| â

2
à
.ã Henceonegets

aß ä BÍ å F æ
ç è 2 é A1 êëê A2 ì siní îðï 1 ñóò 2 ô sinõ÷ö 1 øÁù 2 úû

A1 ü 2± ý 2 þ A1 ÿ ÿ A2

�
cos��� 1 ��� 2 � cosë 	�


1 ��
 2 ����� A2 � 2± .ã
�
19�

Therefore,in order to obtain direct CP
�

violation,Ñ the CP
�

asymmetry� parameteraß needsa strongphasediffer
�

ence,� � 1���
2
± ,� coming from the hadronicmatrix andß a� weak phase

differ
�

ence, � 1 ��� 2
± ,� comingfrom the CKM matrix.

A.
l

CKM matrix

In phenomenologicalapplications,the widely usedCKM
matrix� parametrizationis the Wolfenstein parametrization 
15! . In this approach,the four independentparametersare"
,� As ,� # and $ .ã Then,by expandingeachelementof the ma-

trix
%

asa powerseriesof theparameter&(' sin ) c� * 0.2209
µ

( + c�
is theGell-Mann–Levy–Cabibboangle, ,� onegets- O( . 4) i

ó
s

neglected/ 0

V
Ä ˆ

CK
Å

M 1
1 2 1

2 3 2 4 A
s 5 3
² 687:9

i ;=<
>@? 1 A 1

2 B 2 A
s C 2
±

AD 3
² E

1 FHG=I i JLK M AN 2 1

,�
O
20P

where/ Q playsR the role of the CP
�

-violating phase.In this
parametrization,R eventhoughit is anapproximationin S ,T the
CKM
U

matrix satisfiesunitarity exactly, which means,

V̂CK
Å

M
†
V W

V̂CK
Å

M X Î Y V
Ä ˆ

CK
Å

M Z V̂CK
Å

M
†
V

. [ 21\
B. ] - ^ mixing

In
_

the vector mesondominancemodel ` 16a ,T the photon
propagatorR is dressedby coupling to vector mesons.From
this,
%

the b - c mixing� mechanismd 17e wasf developed.Let A
g

be
h

theamplitudefor thedecayB
i jlk 0

m
( n )
o
K prqtsvutw K, then

onex has

A y@z K {t|v}t~=� HT
� �

B���@� K �t���t�:� HP
� �

B� , � 22�

withf H
� T
�

and H
� P
�

being the Hamiltoniansfor the tree and
penguin� operators.We candefinethe relativemagnitudeand
phases� betweenthesetwo contributionsasfollows:

A �@� K �t�v�t�:� HT
� �

B��� 1 � rei
� �

e  i
� ¡�¢

, £
23¤

Ā ¥§¦ K̄ ¨t©vªt«:¬ HT
� ­

B̄®°¯ 1 ± rei
� ²

e ³ i
� ´¶µ

,

wheref · and ¸ are¹ strongandweakphases,respectively. The
phase� º arisesfrom the appropriatecombinationof CKM
matrix elements,and »(¼ arg½ (¾ Vtb

� V
Ä

ts� ¿ )/(
o

Vubâ Vusâ À ) Á . As a re-
sult,Â sin Ã is equal to sin Ä withf Å definedin the standard
wayf Æ 18Ç .È Theparameter, r,T is theabsolutevalueof the ratio
ofÉ treeandpenguinamplitudes:

r Ê
ËÍÌ 0
m Î8Ï(Ð

K Ñ HP
� Ò

BÓÔÍÕ 0
m Ö8×(Ø

K
Ù Ú

H
� T
� Û

B
i Ü . Ý 24Þ

In order to obtaina large signal for direct CP
ß

violation,à we
needá somemechanismto makeboth sin â and¹ rã lar

ä
ge. We

stressÂ that å - æ mixingç has the dual advantagesthat the
strongÂ phasedifferenceis large è passing� through90° at the é
resonanceê ë and well known ì 4,5í . With this mechanism,to
first orderin isospinviolation, we havethe following results
whenf the invariant massof îtïvðtñ is nearthe ò resonanceê
mass:

ó
K ôtõvöt÷:ø H� T

� ù
B
i ú�û gü ý

sþ sÿ
�˜ ��� t ��� g�

s� t	 
 ,�
�
25
�

K ��������� HP
� �

B��� gü �
s� s�

�˜ �� p! "�# g$
s% p! & .È

Here tV (
¾
V ')( orÉ * ) is the treeamplitudeand p! V the

+
pen-

guin, amplitudefor producinga vector meson,V
Ä

, g- is
.

the

coupling/ for 0 0
m 132�4�5�6

, 7˜ 8�9 is the effective : - ; mixing
amplitude,¹ andsV is from the inversepropagatorof the vec-
tor
+

mesonV,�
s< V = s< > mV

2 ? im
@

VA V ,� B 26
C D

withE F s being
h

the invariant massof the G�H�I�J pair. We
stressÂ that the direct coupling KML3N�O�P�Q is effectively ab-

sorbedÂ into R˜ S�TVU 19W ,X leadingto theexplicit s< dependence
Y

ofZ˜ [�\ . Making the expansion ]˜ ^�_ (` s) acb˜ d�e (` m f2g )
h i

(
`
s

j mk wl2 ) m˜ n�op (
`
m q2 ), the r - s mixingt parameterswere deter-

minedt in the fit of Gardner and O’Connell u 20v :w
ex˜ y�z (` m {2g )

h |~}
3500
� �

300
�

MeV2
g
,X � mk �˜ ��� (mk �2g )

h �~�
300�

300
�

MeV2
g
,X and �˜ ���� (mk �2 ) � 0.03� 0.04.

�
In practice, the

ef� fect of the derivative term is negligible. From Eqs. � 22
� �

,�
25� one� has

rei
� �

ei
� ���c�˜ ��� p�  ¢¡ s£ ¤ p� ¥¦˜ §�¨ t ©¢ª s£ « t ¬ . ­ 27®

Defining
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p� Ô
t Õ×Ö r Ø e  i

�
(
Ù Ú

qÛ Ü�Ý )
Þ
,ß t à

t áãâÈä ei
� åçæ

,
p� è
p� éëêíì ei

� îçï
, ð 28ñ

whereò ó¢ô , õ¢ö and÷ ø
qù are strong phases ú absorptivepartû .

Substituting
ü

Eq. ý 28þ into Eq. ÿ 27� , onefinds

rei
� ���

rã � ei
� �

qÛ �˜ �	��

� ei
� ���

s �
s�����˜ �	��� ei

� ��� , � 29�

whereò
� e  i
�  �!#"

f
$

,ß % e  i
� &�')(

b * ci+ , r , e  i
� -

qÛ . d / ei, 0 301
and÷ usingEq. 2 293 ,ß we obtain the following resultwhen 4 s£5 m6 7 :

rei
� 8�9 C : iD;

s£ < m6 =2 > f
$ ?

e  @˜ A	BDC 2
E FHG

f
$ I

mJ˜ K	L�M m N#OPNDQ 2
E .R

S
31
� T

Here
U

C
V

and÷ D
W

are÷ definedas

C
V XZY

s£ [ m6 \2 ] f
$ ^

e_˜ `	acbed dfhg e  i˜ j	k�l b m s£ n m6 o2 pDq cmr�sPrct
u evhw mx˜ y	z�{ bm

| }�~P}��
c � s � m �2 �����

�H�
f
$ �

m6 �˜ �	��� m6 ���P�D�e� e�h� e  �˜ �	��� b
| �

s � m6 �2E �D� cm�#�P�c�
 

d¡h¢ m£˜ ¤	¥�¦ bm§�¨P§�© c ª s£ « m ¬2E ­�®�¯ , ° 32
� ±

and÷

D ²H³ s£ ´ m6 µ2E ¶ f
$ ·

ȩ˜ ¹	ºc»e¼ e  ½h¾ e  ¿˜ À	Á�Â d Ã s£ Ä m6 Å2E ÆcÇ cmÈ�ÉPÈcÊ
Ë

dÌhÍ mÎ˜ Ï	Ð�Ñ bmÒ�ÓPÒ�Ô c Õ s£ Ö m ×2E Ø�Ù�Ú
ÛHÜ f$ Ý m6 Þ˜ ßDà�á m6 â�ãPâDäeå dæhç eè˜ é	ê�ë b

| ì
s í m6 î2E ïDð cmñ#òPócô

õ eöh÷ mø˜ ù	ú�û bm
| ü�ýPü�þ

c ÿ s � m �2E ����� .R � 33
� �

� e  i
� 	�


,ß � e  i
� 
��

,ß and rã � ei
� �

qÛ will be calculatedlater. In orderto
get� the CP violating asymmetry, a� , sin � and÷ cos � are÷
needed,where � is determinedby theCKM matrixelements.
In the Wolfenstein parametrization� 15� ,ß the weak phase
comes� from � V� tb� Vts� � /

�
V
�

ub� Vus� �! and÷ one has for the decayB
"

#%$ 0
&
(
` '

)K,

sin(!) *
+, -

2
E .0/

2
E ,

1
342

cos� 3!4 5768 9
2 :0; 2

.

The valuesusedfor < and = willò be discussedin Sec.IV A.

C. Factorization

W
>

ith theHamiltoniangivenin Eq. ? 15@BA seeSec.II CC , wß e
are÷ ready to evaluate the matrix elements for B

D E ,0FG%H 0
I
(
` J

)K K ,0F . In thefactorizationapproximationL 21M ,ß eitherN 0
I
( O ) or K P ,0Q is generatedby one current which has the

appropriate÷ quantumnumbersin the Hamiltonian.For these
decay
R

processes,two kinds of matrix elementproductsare
involved after factorization S i.e. omitting Dirac matricesand
color� labelsT : UWV 0

X
(
` Y

)
h Z

(
`
ūu)
h [

0
� \^]

K _ ,0` a ( s̄b
|

)
h b

B
c d ,0` e and÷f

K g ,0` h (` q̄1q2
E ) i 0� jlkWm 0

n
(
` o

)
h p

(
`
ūb)
h q

B
r s ,0t u ,ß whereqv 1 and÷ q2

E could
be
w

u,ß s£ or� d.R We will calculatethemin severalphenomeno-
logical
x

quarkmodels.
Thematrix elementsfor B y X and÷ B z X {}| whereX and

X ~ denote
R

pseudoscalarandvectormesons,respectively� can�
be
w

decomposedasfollows � 22� :�
�
X � J� ��� B��� p� B � p� X � m6 B

2 � mX
2

k
� 2
E k

�
� F1 � k2

E �

� m6 B
�2 � mX

�2
k2
E k

� �
F0
� � k� 2

E �
, � 35�

and÷
�
X
� �� 

J
¡ ¢�£

B
¤ ¥§¦ 2

m6 B ¨ m6 X ©
ªW«­¬¯®±°²ª´³¶µ p� B

�· p� X ¸¹ V º k» 2 ¼

½
i
¾ ¿ÁÀÂÄÃ

mB Å mX ÆÈÇ A1 É k2 ÊÌË Í�ÎÐÏ k
mB Ñ m6 X Ò

ÓÕÔ
P
Ö

B
� × PX

Ø ÙÛÚ´Ü A
Ý

2
E Þ kß 2

E àÌáãâ´äæå kß
k2

2m6 X
ç è±é k ê A

ë
3
ì í k2

E î

ï
i
¾ ð´ñÐò kó

k
ó 2
E 2
�

mX
ç ô�õ kó ö A

ë
0
÷ ø kó 2 ù , ú 36

� û

whereò J ü is the weak current, defined as J
ý þ�ÿ

q̄ ��� (1���
5
� )h b with q � u,ß d,ß s£ and÷ k � p� B

� 	 p� X



(
Ù
X

 �

)
Þ .R ��
 is the polar-

ization vectorof X � . F0
÷ and÷ F1 arethe form factorsrelated

to
�

the transition0 ��� 0 � ,ß while A0
÷ ,ß A1 , A2 ,ß A3

� and÷ V
�

are÷
the
�

form factorsthatdescribethetransition0 ��� 1 � . Finally,
in
�

orderto cancelthepolesat q2 � 0, theform factorsrespect
the
�

conditions

F1
�
0 � � F0

÷ ! 0 " ,ß A3
# $ 0 % & A0

÷ ' 0 ( ,ß ) 37*
and÷ they alsosatisfy the following relations:

A3
# + k, 2

E -/. m6 B
� 0 mX

1 2
2
�

mX
1 3 A1 4 k2

E 5 6 m6 B
� 7 m6 X

1 8
2mX

1 9 A2 : k; 2
E <

. = 38>
An
?

argumentfor factorizationhasbeengiven by Bjorken@
23A : the heavy quark decaysare very energetic, so the

quark-antiquarkB pair in a mesonin a final statemovesvery
fast
C

awayfrom the localizedweak interaction.The hadroni-
zationD of the quark-antiquarkpair occursfar away from the
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remainingquarks.Then,themesoncanbefactorizedout and
the
�

interactionbetweenthe quarkpair in the mesonandthe
remainingH quarkshouldbe tiny.

In
I

theevaluationof matrix elements,theeffectivenumber
of� colors, N

J
cKe fL f , entersthrough a Fierz transformation.In

general,� for operatorO
M

i
� , onecanwrite

1N
N
J

cKe fL f O
i
� P

1

3
� QSR i

� withò i
¾ T

1, . . . ,10,ß U 39V
whereò W

i
� describesnon-factorizableeffects.We assumeX i

� is
universalY for all the operatorsO

M
i
� . We also ignore the final

stateZ interactions[ FSI
\ ]

. After factorization,andusingthede-
composition� in Eqs. ^ 35_ , ` 36

� a
,ß one obtains,for the process

B
b 0̄
÷ ced

0
÷
(
` f

)K
g 0̄
÷
,

th ikj m6 B
� l p� monqp C1rts 1

N
J

cK C2u f
v w

F1 x m6 y2 z ,ß { 40
| }

whereò f
v ~

is the � decayconstant� andto simplify the formu-
las
x

we useN
J

cK for N
J

cKe fL f in
�

Eqs. � 40� – � 50��� .R In the sameway,
weò find t ��� t

h � ,ß so that

� e  i
� �����

1. � 41�
After calculatingthepenguinoperatorcontributions,onehas

rã � ei
� �

qÛ ��� p� �
C
�

1�t� 1

N
J

cK C
�

2
� � f
v �

F1 � m  ¡2� ¢
Vtb
£ Vts£ ¤

V
¥

ub¦ V
¥

us¦ § ,ß ¨ 42
| ©

and÷

ª
ei
� «�¬®­ m  B ¯ p� °o±q²

p� ³
3
�
2

C7
´ µt¶ 1

N
J

cK C8
· ¸ ¹ C9

º »t¼ 1

N
J

cK C
�

10½ f
v ¾

F
¿

1 À mÁ2 Â Ã C4
Ä ÅtÆ 1

N
J

cK C
�

3
Ç È É 1

2
C
�

10ÊÌË 1

N
J

cK C9
º Í

Î Ï
2 C6

Ð ÑtÒ 1

N
J

cK C5
Ó Ô Õ C8

· Öt× 1

N
J

cK C7
´ Ø mK

2Ù
mb
Ú Û md

Ü Ý�Þ md
Ü ß m  sà á f

v
KA0

÷ â m  K
ã2� ä ,ß å 43æ

whereò f
v

K
ã is
�

the K
g

decay
R

constant.In Eqs. ç 42
| è

, é 43
| ê

, p� ë has
ì

the following form:

p� íïî mB
� ð p� ñóòqô 2 C3

Ç õtö 1

N
J

cK C
�

4
Ä ÷ ø C

�
5
Ó ùtú 1

N
J

cK C6
Ð û f

v ü
F1 ý mþ2 ÿ�� 1

2
C7
´ ��� 1

N
J

cK C8
· � � C9

º ��� 1

N
J

cK c	 10



f
v �

F1
�
m  
2 �

�
C
�

8
· ��� 1

N
J

cK C
�

7
´ � � 2 C6

Ð ��� 1

N
J

cK C5
Ó � m  K

2 f
v

K
ã A
�

0
÷ � mK

2 ��
mb
Ú � md

Ü ��� m  d
Ü � m  sà  

!
C
�

4"�# 1

N
J

cK C
�

3
Ç $ % 1

2
C
�

10&(' 1

N
J

cK C9
º ) f

v
KA0

÷ * mK
2
� +

,ß , 44-

and÷ the CKM amplitudeenteringthe b
. /

s£ transition
�

is

Vtb£ V
¥

ts
£ 0

V
¥

ub¦ V
¥

us¦ 1
2 13 2

� 14 5
2
� 687

2
� 9 1: 2

� 1;
sin <>= ,ß ? 45@

withò A definedas the unitarity triangle as usual.Similarly, by applying the sameformalism, one gets for the decayB BCED 0
F
(
` G

)K H ,

th IKJ mB L p� MONQP C1R�S 1

N
J

cK C2T f
v U

F1 V mW2� X�Y C
�

2Z�[ 1

N
J

cK C
�

1\ f
v

KA0
F ] mK

2
� ^

. _ 46̀

In
I

the sameway, we find t acb th d ,ß thereforeonehas,again,

e e  i
� fhgji

1. k 47l

The ratio betweenpenguinandtreeoperatorcontributions,which involvesCKM matrix elements,is given by
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r y e  i
� z

qÛ {}| p� ~
C
�

1��� 1

N
J

cK C
�

2� f
v �

F1 � m� �2 ��� C2��� 1

N
J

cK C1� f
v

K
� A
�

0
F � m� K

2 �
Vtb� V

�
ts
� �

V
�

ub� Vus� � ,ß � 48�

and÷ finally,

�
ei
� ����� m� B

� � p� �O�Q 
p� ¡ C4¢�£ 1

N
J

cK C
¤

3
¥ ¦ f
v

KA
�

0
F § mK

2
¨ ©�ª 3

2
C7
« ¬�­ 1

N
J

cK C8
® ¯ ° C9

± ²�³ 1

N
J

cK C
¤

10´ f
v µ

F
¿

1 ¶ m·2¨ ¸�¹ C
¤

10º(» 1

N
J

cK C9
± ¼ f
v

KA
�

0
F ½ m� K

2
¨ ¾

¿ 2 C6
À Á�Â 1

N
J

cK C5
Ã Ä Å C8

® Æ�Ç 1

N
J

cK C
¤

7
« È mK

�2¨ f
v

KA0
F É m� K

�2¨ ÊË
m� u� Ì msà Í�Î mb

Ú Ï mu� Ð , Ñ 49
| Ò

whereò the Ó penguinoperatorcontribution,p� Ô , iß s

p� ÕcÖ m� B
� × p� ØÚÙQÛ 2 C

¤
3
¥ Ü�Ý 1

N
J

cK C4Þ ß C5
Ã à�á 1

N
J

cK C6
À â f

v ã
F1 ä m� å2 æ�ç 1

2
C
¤

7
« è�é 1

N
J

cK C8
® ê ë C9

± ì�í 1

N
J

cK C
¤

10î f
v ï

F
¿

1 ð mñ2 ò
ó

C4
ô õ�ö 1

N
J

cK C3
¥ ÷ ø C10ùxú 1

N
J

cK C
¤

9
± û f

v
K
� A
�

0
F ü m� K

�2 ý�þ 2 C
¤

8
® ÿ�� 1

N
J

cK C7
« � � C6

À ��� 1

N
J

cK C
¤

5
Ã � m� K

�2¨�
mu� � msà 	�
 mb

Ú � m� u� 
 f
v

K
� A
�

0
� � m� K

�2 � .

�
50
� �

D.
�

Form factors

The form factorsF i
� (` k; 2

¨
) andA j

� (` k2
¨
) dependon the inner

structureZ of the hadrons.We will adoptherethreedifferent
theoretical
�

approaches.The first was proposedby Bauer,
Stech,
ü

and Wirbel � BSW
� ���

22� ,ß who usedthe overlap inte-
grals� of wave functions in order to evaluatethe meson-
mesont matrix elementsof the correspondingcurrent. The
momentumt dependenceof the form factors is basedon a
single-poleZ ansatz.The secondone was developedby Guo
and÷ Huang � GH��� 24 . They modified the BSW model by
usingY some wave functions described in the light-cone
framework.
C

The last modelwasgiven by Ball ! 25
� "

andBall
and÷ Braun # 26

� $
. In this case,the form factorsarecalculated

from QCD sum rules on the light-cone and leading twist
contributions,� radiativecorrections,andSU

%
(
`
3)-breakingef-

fects are included.Nevertheless,all thesemodelsusephe-
nomenological& form factorswhich areparametrizedby mak-
ing the nearestpole dominanceassumption.The explicit k2

¨
dependence
R

of the form factor is as ' 22,24–27( :
F1 ) k; 2

¨ *,+ h1

1 - k2

m� 1
2
¨

n. ,

A0
� / k; 2

¨ 0,1 h
2

A0
3

1 4 k2
¨

mA
5

0
32

n. ,

or�

F1 6 k; 2 798 h1

1 : d
;

1

k2
¨

mB
2 < b1

k
; 2
¨

m� B
2

2
¨ ,

=
51>

A0
� ? k; 2

¨ @,A hA0
3

1 B d
;

0
� k
; 2
¨

mB
�2 C b0

� k2
¨

m� B
�2

2 ,ß

whereò n D 1,2, m� A0
3 and÷ m� 1 are the pole massesassociated

withò the transitioncurrent,h
2

1 and÷ hA0
3 arethevaluesof form

factorsat q2
¨ E

0, andd
;

i
� and÷ b

F
i
� ( i
G H

0,1) areparametersin the
modelt of Ball.

IV. NUMERICAL INPUTS

A. CKM values

In
I

our numericalcalculationswe haveseveralparameters:
qI 2
¨
,N
J

cK ,ß and the CKM matrix elementsin the Wolfenstein
parametrization.J As mentionedin Sec.II B, thevalueof qI 2

¨
is

conventionally� chosento be in the range0.3K q2/
L
m� b
Ú2 M 0.5.
�

The
N

CKM matrix, which shouldbe determinedfrom experi-

T
O

ABLE III. Valuesof the CKM unitarity triangle for limiting
valuesof the CKM matrix elements.

P Q R
( S minT , U minT ) 104°47 19°32 56°21
( V minT , W maxT ) 93°13 24°31 62°56
( X maxT , Y minT ) 112°14 21°20 46°66
( Z maxT , [ maxT ) 99°66 26°56 53°78
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mentaldata,is expressedin termsof theWolfensteinparam-
eters,� A,ß ` , a ,ß and bdc 15e .R Here,we shallusethelatestvaluesf
28g which were extractedfrom charmlesssemileptonicB

decays,
R

( h Vub� i )h , charmsemileptonicB decays,
R

( j VcbK k ),h s£ and
d
;

massoscillations, l m� sà , m md
n ,ß and CP violation in the

kaon
o

system( p K
q ),( r , s ). Hence,onehastvu

0.2237, A w 0.8113, 0.190xzy|{ 0.268,
� }

52~
0.284
� �����

0.366.
�

Thesevaluesrespectthe unitarity triangle as well � seeZ also
T
N
ableIII � .

B.
�

Quark masses

The running quark massesare usedin order to calculate
the
�

matrix elementsof penguinoperators.Thequarkmassis
taken
�

at thescale��� mb
Ú in B decays.Thereforeonehas� 29�

m� u� ����� mb
Ú �,� 2.3 MeV, m� d

n ����� mb
Ú �,� 4.6 MeV, �

53�
m� sà ����� m� b

Ú �,� 90 MeV, mb
Ú ����  m� b

Ú ¡,¢ 4.9
|

GeV,

whichò correspondsto m� sà (` £�¤ 1 GeV) ¥ 140 MeV. For me-
sonZ masses,we shall usethe following values¦ 18§ :�

m� B ¨ª© 5.279
�

GeV, m� B0
3 « 5.279

�
GeV,

m� K ¬ª­ 0.493 GeV, m� K0
3 ® 0.497 GeV, ¯

54°
m� ±³²ª´ 0.139 GeV, m� µ 0

3 ¶ 0.135 GeV,

m� · 0
3 ¸ 0.769 GeV, m� ¹»º 0.782

�
GeV.

C. Form factors and decayconstants

In
I

TableIV we list the relevantform factorvaluesat zero
momentumt transfer¼ 22,24–26,30½ for

C
the B

b ¾
K
g

and÷ B
b ¿ÁÀ

transitions.
�

The different models are defined as follows:
modelst Â 1Ã and Ä 3� Å are÷ the BSW modelwherethe q2

¨
depen-

dence
R

of the form factors is describedby a single- and a
double-pole
R

ansatz,respectively. Models Æ 2Ç and÷ È 4É are÷ the
GH
Ê

modelwith the samemomentumdependenceasmodelsË
1Ì and Í 3Î . Finally, model Ï 5� Ð refersto the Ball model.We

define
R

the decayconstantsfor pseudo-scalar( f
v

P)
h

andvector
(
`
f
v

V)
h

mesonsasusualby,Ñ
P Ò qÓ Ô9Õ qÓ̄ 1 ÖØ×ÙÖ 5

Ã qÓ 2
¨ Ú 0� ÛÝÜ i f

Þ
P
ß q à ,ß á

55âã
2
� ä

V å qÓ æ9ç qÓ̄ 1 èØé q2
¨ ê 0ëÝì f

v
Vm� V í V ,

withò q î being the momentumof the pseudo-scalarmeson,
m� V and ï V being

w
the massand polarizationvector of the

vectorð meson,respectively. Numerically, in our calculations,
weò take ñ 18ò ,ß

f
v

K
q ó 160 MeV, f

v ôöõ
f
v ÷ªø

221 MeV. ù 56
� ú

The û and÷ ü decay
R

constantsarevery closeandfor simpli-
fication
ý þ

without any consequencesfor resultsÿ weò choose
f
v ���

f
v � .

V
�

. RESULTS AND DISCUSSION

W
�

e haveinvestigatedthe CP violatingð asymmetry, a� ,ß for
the
�

two B
b

decays:B
b 0̄
� �	�

0
�
K̄0
� 
	�
���
�

K̄0
�

and÷ B
b ���	� 0

�
K
g ����
���
� K

g �
.R The results are shown in Figs. 5 and 6

for B̄0
� ���
 �!
"

K̄0
�
,ß # a� $&%(' (B̄0

� )�*
+�,
-
K̄0
�
)
h .&/

(B0
�

0�1
2�3
4 K0
�
)
h 5

/
6 7(8

(B̄0
� 9�:
;�<
=

K̄0
�
)
h >&?

(B0
� @�A
B�C
D

K0
�
) EGF ,ß

whereò k
H 2
¨
/
I
m� b
J2 K 0.3(0.5) and for N

J
cKe fL f equal� to 0.61, 0.66,

2.65, 2.69, 2.82 and 2.84. Similarly, in Figs. 7 and 8, the
CP
¤

violatingð asymmetry, a� , LNM&O(P (
`
B
b Q�R	S
T�UWV

K X )Y[Z ( B
b \^]`_
a�b
c

K d ) e /
f gih

(
`

B
b jlk`m
n�o
p

K
g q

) r[s (
`

B
b tu�v
w�x
y K

g z
)
h {}|

, is plotted for B
b ~��	�W���
�

K � ,� where
k
� 2/
�
m� b
�2¨ � 0.3(0.5) andfor the samevaluesof N

J
cKe fL f previously

applied� for B̄0
� ���
���
�

K̄0
�
.R In our numerical calculations,

TABLE IV. Form factor valuesfor B��� andB� K at q2
� �

0 � seethe referencein text� .
hA
�

0
h1 m� A

�
0

m� 1 d
�

0
� (d� 1) b0

� (b1)

model (1) 0.280 0.360 5.27 5.41
model(2) 0.340 0.762 5.27 5.41
model� (3) 0.280 0.360 5.27 5.41
model� (4) 0.340 0.762 5.27 5.41
model(5) 0.372 0.341 1.400� 0.410� 0.437(� 0.361)

FIG.
 

5. CP violating asymmetry, a, for B
± 0̄
� ¡�¢¤£¦¥¤§

K
º 0̄
�
, for

k
¨ 2
�
/
©
m� b
ª2 « 0.3, for N

¬
c­e f® f ¯ 0.66,2.69,2.84and for limiting values,max°

min± , of the CKM matrix elementsfor model(1): dot-dot-dashed
line ² dot-dash-dashedline³ for N

¬
c­e f® f ´ 0.66. Solid line µ dottedline¶

for N
¬

c­e f® f · 2.69. Dashedline ¸ dot-dashedline¹ for N
¬

c­e f® f º 2.84.
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mentaldata,is expressedin termsof theWolfensteinparam-
eters,Æ A,Ç È , É ,Ç and ÊÌË 15Í .R Here,we shallusethelatestvaluesÎ
28Ï which were extractedfrom charmlesssemileptonicB

decays,
Ð

( Ñ Vub� Ò )h , charmsemileptonicB decays,
Ð

( Ó VcbK Ô ),h s£ and
d
;

massoscillations, Õ m� sÖ , × md
n ,Ç and CP violation in the

kaon
o

system( Ø K
q ),( Ù , Ú ). Hence,onehasÛÝÜ

0.2237, A Þ 0.8113, 0.190ßáà�â 0.268,
� ã

52ä
0.284
� åçæéè

0.366.
�

Thesevaluesrespectthe unitarity triangle as well ê seeZ also
T
N
ableIII ë .

B.
�

Quark masses

The running quark massesare usedin order to calculate
the
�

matrix elementsof penguinoperators.Thequarkmassis
taken
�

at thescaleìWí mb
î in B decays.Thereforeonehasï 29ð

m� u� ñNòWó mb
î ôöõ 2.3 MeV, m� d

n ÷NøWù mb
î úöû 4.6 MeV, ü

53ý
m� sÖ þNÿ�� m� b

î ��� 90 MeV, mb
î ����� m� b

î 	�
 4.9
�

GeV,

whichò correspondsto m� sÖ (` ��
 1 GeV) � 140 MeV. For me-
sonZ masses,we shall usethe following values� 18� :�

m� B ��� 5.279
�

GeV, m� B0
3 � 5.279

�
GeV,

m� K ��� 0.493 GeV, m� K0
3 � 0.497 GeV, �

54�
m� ����� 0.139 GeV, m� � 0

3 � 0.135 GeV,

m�  0
3 ! 0.769 GeV, m� "$# 0.782

�
GeV.

C. Form factors and decayconstants

In
%

TableIV we list the relevantform factorvaluesat zero
momentumt transfer& 22,24–26,30' for

C
the B

b (
K
g

and) B
b *,+

transitions.
�

The different models are defined as follows:
modelst - 1. and / 3� 0 are) the BSW modelwherethe q2

¨
depen-

dence
Ð

of the form factors is describedby a single- and a
double-pole
Ð

ansatz,respectively. Models 1 22 and) 3 44 are) the
GH
Ê

modelwith the samemomentumdependenceasmodels5
16 and 7 38 . Finally, model 9 5� : refersto the Ball model.We

define
Ð

the decayconstantsfor pseudo-scalar( f
v

P)
h

andvector
(
`
f
v

V)
h

mesonsasusualby,

;
P < qÓ =?> qÓ̄ 1 @BAC@ 5

Ã qÓ 2
¨ D 0� EGF i f

Þ
P
ß q H ,Ç I

55JK
2
� L

V M qÓ N?O qÓ̄ 1 PBQ q2
¨ R 0SGT f

v
Vm� V U V ,

withò q V being the momentumof the pseudo-scalarmeson,
m� V and W V being

X
the massand polarizationvector of the

vectorY meson,respectively. Numerically, in our calculations,
weò take Z 18[ ,Ç

f
v

K
q \ 160 MeV, f

v ]_^
f
v `�a

221 MeV. b 56
� c

The d and) e decay
Ð

constantsarevery closeandfor simpli-
fication
ý f

without any consequencesfor resultsg weò choose
f
v h_i

f
v j

.

V
k

. RESULTS AND DISCUSSION

W
�

e haveinvestigatedthe CP violatingY asymmetry, al ,Ç for
the
�

two B
b

decays:B
b 0̄
� m,n

0
�
K̄0
� o,prqtsru

K̄0
�

and) B
b vxw,y 0

�
K
g z

{}|r~C�r� K
g �

.R The results are shown in Figs. 5 and 6
for B̄0

� �}�r�C�r�
K̄0
�
,Ç � al ����� (B̄0

� �}�r�C�r�
K̄0
�
)
h ���

(B0
�

�}�r�C�r� K0
�
)
h �

/
� ���

(B̄0
� �}�r�C r¡

K̄0
�
)
h ¢�£

(B0
� ¤}¥r¦C§r¨

K0
�
) ©$ª ,Ç

whereò k
« 2
¨
/
�
m� b
î2 ¬ 0.3(0.5) and for N

J
cKe fL f equalÆ to 0.61, 0.66,

2.65, 2.69, 2.82 and 2.84. Similarly, in Figs. 7 and 8, the
CP
¤

violatingY asymmetry, al , ­�®�¯�° (
`
B
b ±x²,³r´Cµ�¶

K · )¸º¹ ( B
b »½¼¿¾rÀCÁrÂ

K Ã ) Ä /
� ÅBÆ

(
`

B
b ÇÉÈ¿ÊrËtÌrÍ

K
g Î

) ÏºÐ (
`

B
b Ñ

Ò}ÓrÔCÕrÖ K
g ×

)
h ØÚÙ

, is plotted for B
b ÛxÜ,Ý�ÞCßrà

K á ,Ç where
k
« 2/
�
m� b
î2¨ â 0.3(0.5) andfor the samevaluesof N

J
cKe fL f previously

applied) for B̄0
� ã}äråCærç

K̄0
�
.R In our numerical calculations,

TABLE IV. Form factor valuesfor Bèêé andBë K at q2
ì í

0 î seethe referencein textï .
hA
ð

0
h1 mñ A

ð
0

mñ 1 d
ò

0
ó (dò 1) b0

ó (b1)

model (1) 0.280 0.360 5.27 5.41
model(2) 0.340 0.762 5.27 5.41
modelô (3) 0.280 0.360 5.27 5.41
modelô (4) 0.340 0.762 5.27 5.41
model(5) 0.372 0.341 1.400õ 0.410ö 0.437(÷ 0.361)

FIG.
ø

5. CP violating asymmetry, a, for B
ù 0̄
ó úêûýüGþýÿ

K
� 0̄
ó
, for

k
� 2
ì
/
�
mñ b
�2 � 0.3, for N

�
c�e f� f � 0.66,2.69,2.84and for limiting values,max	

min
 , of the CKM matrix elementsfor model(1): dot-dot-dashed
line � dot-dash-dashedline� for N

�
c�e f� f 
 0.66. Solid line � dottedline�

for N
�

c�e f� f � 2.69. Dashedline � dot-dashedline� for N
�

c�e f� f � 2.84.
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(
& '

, ( ) is around1.26(1.37). If we considerthe maximum
asymmetry) parameter, amax) , for N

J
cmaxKe fL f * 2.84(2.82), we ob-

serve+ a distinctionbetweenthe models.Indeed,two classes
of, modelsappear:models(2) and (4) and models - 1. ,Ç / 3� 0
a) nd (5). For models(2) and (4), one has an asymmetry,
a1 max) ,Ç around 2 6%(

3 4
7
5

%) and around 6 9%( 7 10%) for
the
8

upper and lower set of ( 9 , : ), respectively. The ratio
between
X

themis around1.50(1.42). For models ; 1< , = 3> and
(5),
&

the maximum asymmetry is of order ? 14.3%
(
& @

16.3%) for ( A max) , B max) )
C

and around D 19.3%
(
& E

23.0%) for ( F min) , G min) ). In this case,the ratio between
asymmetries) is around1.34(1.41).

Thefirst reasonwhy themaximumasymmetry, a1 max) ,Ç can
varyY somuchcomesfrom theelementVub� .H TheotherCKM
matrixt elementsV

�
tb� ,Ç Vts� andV

�
us� , all proportionalto A

I
andJ

,Ç are very well measuredexperimentallyand thus do not
interferein our results.Only Vub� ,Ç which containsthe K andL parameters,M provides large uncertainties,and thus, large
variationsY for the maximumasymmetry. The secondreason
is the non-factorizableeffects in the transition b

F N
sO . IH t is

wellP known that decaysincluding a K mesonQ R and) therefore
an) sO quarkS T carryU more uncertaintiesthan those involving
only, a V meson(uW ,Ç d quarksS X . If we look at theasymmetries
at) N
J

cminKe fL f , all modelsgive almostthesamevalues,whereasat
N
J

cmaxKe fL f , we obtain different asymmetryvalues Y with,P more-
over, , a changeof sign for theCP

¤
violating asymmetryZ .H The

CP
¤

asymmetryparameteris moresensitiveto form factorsat
high valuesof N

J
cKe fL f than
8

at low valuesof N
J

cKe fL f . It appears
therefore
8

thatall of themodelsinvestigatedcanbedividedin
two
8

classes,referringto the two classesof form factors.
For B []\_^a`cbad K e ,Ç we havesimilarly investigatedthe

CP
¤

violatingY asymmetry. The valuesof maximumasymme-

try
8

parameter, a1 max) ,Ç for a rangeof N
J

cKe fL f from 0.66(0.61) to
2.84(
f

2.82), wherek2/
g
m� b
î2 h 0.3(
i

0.5) and for the five models
analyzed,) aregivenin TableVI. We foundthatfor this decay,
the
8

CP violatingY parameter, a,Ç takes values around
49%(46%) to j 22%( k 25%) for the limiting CKM matrix
valuesY of l and) m defined

Ð
before.Onceagain,thesignof the

asymmetry) parameter, a1 , is positive if the valueof N
J

cK stays+
below
X

2.7. If we focuson N
J

cminKe fL f equalto 0.66(0.61), modelsn
1o ,Ç p 2f q ,Ç r 3s , t 4u and) (5) give almostthesamevaluewhich is

around) 46.6%(43.6%) for themaximumvaluesof theCKM
matrix elements.For the set ( v min) ,Ç w min) )

C
, the maximum

asymmetry) , a1 , is around34.0%(33.8%). The ratio between
asymmetry) valuestakenat upperandlower limiting x and) y
valuesY is around1.37(1.28). Let us havea look at the CP

¤
asymmetry) valuesat N

J
cmaxKe fL f .H As we observedfor the decay

B
b 0̄
� z|{a}�~a�

K̄0
�
, all modelsare separatedinto two distinct

classesU relatedto their form factors.For models � 1� ,Ç � 3� � and)
(5),
&

the valueY of maximum asymmetry, amax) , is around� 15.6%( � 17.6%) and around � 21%
f

( � 23.6%
f

) for the
maximum and minimum valuesof set ( � , � ), respectively.
Thecalculatedratio is around1.34(1.34), betweenthesetwo
asymmetries.) As regardsmodels(2) and (4),

&
for the same+

set+ of ( � , � ), one gets � 11.5%( � 13%) and � 17%
(
& �

18%). In this case,onehas1.47(1.38) for the ratio. The
reasons� for the differencesbetweenthe maximumasymme-
try
8

parameter, a1 max) ,Ç are the same as in the decay B̄0
�

�_�a�c�a� K̄0
�
.H

By
�

analyzingthe B
b

decays,
Ð

suchas B
b 0̄
� �|���c�a�

K̄0
�

and
B
b �] _¡a¢c£a¤

K
g ¥

,Ç we foundthattheCP
¤

violatingY asymmetry,
a1 , dependson the CKM matrix elements,form factorsand
the
8

effective parameterN
¦

c§e f¨ f © inª order of increasingdepen-
dence
Ð «

. As regardsthe CKM matrix elements,the depen-
dence
Ð

throughtheelement,Vub� ,Ç contributesto theasymme-
try
8

in the ratio betweenthe ¬ penguinM contributionsandthe­ tree
8

contributions.It alsoappearsthatfor theupperlimit of
set+ ( ® ,Ç ¯ )

C
, we get the higher value asymmetry, a,Ç and vice

versa.Y With regardto theform factors,thedependenceat low
valuesY of N

¦
c§e f¨ f is very weak although the huge difference

between
X

thephenomenologicalform factors° models(2) and
(
&
4) andmodels ± 1² ,Ç ³ 3́ and (5)] applied) in our calculations.

At high valuesof N
¦

c§e f¨ f the
8

dependencebecomesstrongand
then,
8

the asymmetryappearsvery sensitiveto form factors.
For
µ

the effective parameter, N
¦

c§e f¨ f ¶ relatedto hadronicnon-
factorizable
·

effectş , our resultsshow explicitly the depen-
dence
Ð

of the asymmetryparameteron it. Becauseof the en-
erÆ gy carriedby thequarks,Ç intermediatestatesandfinal state
interactionsarenot well takeninto accountandmay explain
this
8

strong sensitivity. Finally, results obtained at k
« 2/
g
mb
î2¹ 0.3(

i
0.5) also show renormalizationeffects of the Wilson

coefficientsU involved in the weak effective hadronicHamil-
tonian.
8

For the ratio betweenasymmetries,resultsgive an
average) value of order 1.36(1.40) for B

º 0̄
� »_¼a½c¾a¿

K
À 0̄
�

and
1.39(1.33) for B

º Á]Â_ÃaÄcÅaÆ
K
À Ç

.H This ratio is mainly gov-
ernedÆ by the term 1/sin È ,Ç wherethe valuesof the anglesÉ ,ÇÊ

and) Ë are) listed in TableIII.
As a first conclusionon thesenumericalresults,it is ob-

viousY that the dependenceof the asymmetryon the effective

TABLE VI. Maximum CP violating asymmetryamaxÌ (%) for
B
ù ÍÏÎÑÐ�Ò�ÓÕÔ

K
� Ö

for all models,limiting valuesof the CKM matrix
elements× upperØ andlower limit Ù , andfor k

Ú 2
ì
/
Û
mñ b
Ü2ì Ý 0.3(0.5).

N
Þ

cminße fà f á 0.66(0.61) N
Þ

cmaxße fà f â 2.84(2.82)

model (1)ã
maxÌ , ä maxÌ 47

å æ
45
å ç è

15( é 17)ê
minÌ , ë minÌ 34ì 35í î 21( ï 23)

model(2)ð
maxÌ , ñ maxÌ 45

å ò
41
å ó ô

11( õ 13)ö
minÌ , ÷ minÌ 33ø 32ù ú 17( û 18)

modelô (3)ü
maxÌ , ý maxÌ 47

å þ
44
å ÿ �

15( � 17)�
minÌ , � minÌ 34� 35� � 20( � 23)

modelô (4)�
maxÌ , 	 maxÌ 45

å 

42
å � �

12( 
 13)�
minÌ , � minÌ 33� 32� � 17( � 18)

modelô (5)�
maxÌ , � maxÌ 49

å �
46
å � �

17( � 19)�
minÌ , � minÌ 36� 35� � 22( � 25)
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parameterM N
¦

c§e f¨ f is
ª

dramaticandthereforeit is absolutelynec-
essaryÆ to moreefficiently constrainits value,in orderto use
asymmetry) , a1 , to determinethe CKM parametersG and) H .H
W
I

e know that theeffectsof J - K mixing only existaroundL
resonance.Nevertheless,in Figs. 5, 6, 7, and 8, at small
valuesY of N

¦
c§e f¨ f ,Ç e.g. M 0.6,

i
thecurvesshowlargeasymmetry

valuesY far away from N resonance,which is a1 priori unex-
pected.M In fact, if we assumethat nonfactorizableeffectsare
not as important as factorizable contributions, then N

¦
c§e f¨ f

should+ be muchbigger O see+ Eq. P 39QSR . From previousanaly-
sis+ on someother B

º
decays
Ð

suchas B
º T

D
U V

,Ç B
º WYX[Z

,Ç and
B
º \Y]

K
À

, it was found that N
¦

c§e f¨ f should+ be around2 ^ 31
� _

.H
Therefore,
`

althoughsmall valuesof N
¦

c§e f¨ f areallowedby the
experimentalÆ datawe are consideringin this paper, we ex-
pectM that the value of N

¦
c§e f¨ f cannotU be so small with more

accurate) data.We havecheckedthatwhenN
¦

c§e f¨ f is larger than
1 the largeCP asymmetries) areconfinedin the a resonance�
region. With a very small value of N

¦
c§e f¨ f ,Ç nonfactorizable

efÆ fectshavebeenoverestimated.This meansthat soft gluon
exchangesÆ betweenb 0

c
( d )
C

andK mayaffect e - f mixing and
hence
g

leadto the largeCP
h

asymmetries) in a regionfar away
from i resonance.However, when j sO is very far from k
resonance,� the CP asymmetries) go to zeroasexpected.

In spiteof theuncertaintiesdiscussedpreviously, themain
efÆ fect of l - m mixing in B nporqtsru K is the removalof the
ambiguity) concerningthe strong phase,sin v . In the b

w x
s

transition,
8

the weak phasein the rate asymmetryis propor-
tional
8

to sin y whereP z|{ ar) g}(~ (V
�

ts� Vtb
� � )/(V

�
us� V
�

ub� � )
C �

.H Know-
ing the sign of sin � , we arethenable to determinethe sign
of, sin � from a measurementof the asymmetry, a1 .H In Figs.9
and) 10, the valueof sin � is plottedasa functionof N

¦
c§e f¨ f for

B
º 0̄
c �Y�r���r�

K̄0
c

and) B
º �D�Y�r���r�

K � , respectively. It ap-
pears,M in both cases,when � - � mixingQ mechanismis in-
cluded,U that the sign of sin � is positive,for all modelsstud-
ied,
ª

until N
¦

c§e f¨ f reaches2.69(2.65) for both B
º �D�p�r�t�r�

K
À �

and) B
º 0̄
c �Y r¡t¢r£

K̄0
c
, when k

« 2
¤
/
g
mb
î2 ¥ 0.3(0.5). For valuesof

N
¦

c§e f¨ f bigger than this limit, sin ¦ becomesnegative.At the
same+ time, the sign of the asymmetryalsochanges.In Figs.
11§ bX ¨ and) 12© bª , the ratio of penguinto tree amplitudesis

shown+ for B
º « ,0¬ ­p®r¯t°r± K

À ² ,0¬ ,Ç in the case of ³˜ ´¶µ¸·
(
& ¹

3500,º 300). The critical point aroundN
¦

c§e f¨ f » 2.7 refers
to
8

thechangeof signof sin ¼ .H Clearly, we canusea measure-
mentQ of the asymmetry, a1 , to eliminate the uncertainty
mod(Q ½ ) which is usuallyinvolved in thedeterminationof ¾

FIG.
ø

9. sin ¿ , as a function of N
Þ

cße fà f , for B
ù 0̄
ó À$Á&Â(Ã&Ä

K
� 0̄
ó
, for

k
Ú 2
ì
/
Û
mñ B

2 Å 0.3(0.5) and for model (1). The solid Æ dottedÇ line at

sin ÈÊÉ[Ë 1 correspondsto the case Ì˜ ÍÏÎÑÐ ( Ò 3500;Ó 300), whereÔ - Õ mixingô is included.The dot-dashedÖ dot-dot-dashed× line cor-

respondsØ to Ù˜ ÚÏÛ¶Ü (0;0), where
Ý Þ

- ß mixingô is not included.

FIG. 10. sin à , as a function of N
Þ

cße fà f , for B áãâ$ä&å(æ&ç K è , for
k
Ú 2/
Û
mñ B
é2ì ê 0.3(0.5) and for model (1). The solid ë dottedì line at

sin íÊî[ï 1 correspondsto the case ð˜ ñÏòÑó ( ô 3500;õ 300), whereö - ÷ mixing is included.The dot-dashedø dot-dot-dashedù line cor-

respondsto ú˜ ûÏü¶ý (0;0) where þ - ÿ mixing is not included.

FIG.
ø

11. Theratio of penguinto treeamplitudes,r, as a function

of N
Þ

cße fà f , for B̄0
ó ���������

K̄0
ó
, for k

Ú 2/
Û
mñ B
é2ì � 0.3(0.5), for limiting val-

uesØ of the CKM matrix elements ( 	 , 
 )max (min), for �˜ ��
� ( � 3500;� 300)(0,0) � i.e. with � without��� - � mixing� and for

modelô (1). � a� For
ø �˜ ����� (0;0), solid line  dottedline! for k

Ú 2/
Û
mñ B

2
ì" 0.3 and ( # , $ )max (min). Dot-dashedline % dot-dot-dashedline&

for k
Ú 2
ì
/
Û
mñ B

2 ' 0.5 and ( ( , ) )max (min). * b+ , The samecaptionas - a.
but
+

for /˜ 0�132 ( 4 3500;5 300).
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=
through
8

sin2 > ). If we do not takeinto account? - @ mixing,
the
8

CP
A

violating asymmetry, a,Ç remainsvery small B just
C

a
few
·

percentD in
ª

both decays.In Figs. 9 and10 E for
·

the evo-
lution
F

of sin G )C andin Figs.11H aI and12J aKML for
·

theevolution
of, penguinto tree amplitudesN , for B O ,0¬ PRQTSVUTW K X ,0¬ , we

plotM sin Y andr whenP Z˜ [3\^] (0,0)—i.e. without _ - ` mixing.
There
`

is a critical point at N
a

c§e f¨ f b 1 c for
·

B
d 0̄
c egfThjiTk

K
l 0̄
c
)
C

and
N
a

c§e f¨ f m 0.24 n for
·

B
d oqpRrTsVtTu

K v )
C

for which thevalueof sin w
is
x

at its maximumand correspondsy for
·

the samevalue of
N
a

c§e f¨ f)
C
, to the lowest value of r. The last resultsshow the

double
z

effect of the { - | mixing: the CP
A

violating} asymme-
try
8

increasesand the sign of the strong phase ~ is deter-
mined.Q

VI.
�

BRANCHING RATIOS FOR B � ,0� ��� 0
�
K � ,0�

A.
�

Formalism

W
I

ith thefactorizeddecayamplitudes,we cancomputethe
decay
z

ratesby usingthe following expression� 27
f �

:

���
B
d �

VP��� �
p� ����� 3�

8
� �

m� V
2
¤ A
� �

B
d �

VP��
V   p� B

2

, ¡ 57
¢ £

whereP p� ¤�¥ is the c.m. momentumof the decayparticlesde-
fined
¦

as

§
p� ¨ª©�«­¬

® ¯
mB
°2¤ ±³² m� 1 ´ m2 µ 2¶¸· m� B

°2¤ ¹»º m� 1 ¼ m� 2 ½ 2¾
2mB

.H ¿ 58À
m� 1 (m� 2)

C
is themassof thevector Á pseudo-scalarÂ V(

&
P)
C

par-
ticle,
8 Ã

V is
x

the polarization vector and A
�

(
&
B
d Ä

VP
Å

)
C

is the
decay
z

amplitudegiven by

A
� Æ

B
d Ç

VPÈ�É G
Ê

F
ËÌ
2

Í
i
Î Ï

1,10
VsÐT,¬ PaÑ i

Î Ò VP
Å Ó

Oi
Î Ô Bd Õ , Ö 59

¢ ×

whereP theeffectiveparameters,ai
Î ,Ø which areinvolvedin the

decay
z

amplitude,arethefollowing combinationsof effective
W
I

ilson coefficients:

aÑ 2
¤

j
Ù Ú C2 j

ÙÛÝÜ 1

N
a

c§e f¨ f
C2 j
Ù Þ

1

ß
, à

60á
aÑ 2
¤

j
Ù â

1 ã C2 j
Ù ä

1

å æ 1

N
a

c§e f¨ f
C2 j
Ùç for j

è é
1, . . . ,5.

All othervariablesin Eq. ê 59ë havebeenintroducedearlier.
In theQuarkModel, thediagramì Fig. 13 topí givesthemain
contributionU to theB îgï 0

c
K decay. In our case,to beconsis-

tent,
8

we shouldalso take into accountthe ð - ñ mixing con-
tribution
8 ò

Fig. 13 bottomó when we calculatethe branching
ratio,� sincewe areworking to the first orderof isospinvio-
lation.
ô

The applicationis straightforwardand we obtain the
branching
õ

ratio for B
d ög÷ 0

c
K
l

:ø
BRù Bd úRû 0

c
K
l ü�ý GF

2
¤ þ

p� ÿ���� 3��
k
� ���

B

	
VsÐTA
� 


0
�T� 
 a1 ,a2

¤ �
� V
Å

sÐPA
� �

0
�P� � aÑ 3

� ,Ø ..., a10������� VÅ sÐTA
� �T � a1 ,a2

¤ �
� V
Å

sÐP� A �P� � aÑ 3
� ,Ø ..., aÑ 10 �!

"˜ #%$&
s')( m *2¤ +-, im

. /102/
2
¤
.

3
61
4 5

In Eq. 6 61
4 7

GF is theFermiconstant,8 B is the total width B
decay
z

, and 9 k
� is
x

anintegerrelatedto thegivendecay. A
�

V
T and

AV
P
�

arethe treeandpenguinamplitudeswhich respectquark
interactionsin the B decay. VsÐT� ,¬ P� : in Eq. ; 59<>= or, VsÐT� ,VsÐP� ? in
Eq. @ 61A>B representtheCKM matrix elementsinvolvedin the
tree
8

andpenguindiagrams,respectively:

FIG.
ø

12. The ratio of penguin to tree amplitudes,r, for B
ù CDFEHG�IHJ K

K L
. We havethe samecaptionfor M aN and O bP Q as in Fig.

11.
FIG.
R

13. B
S

decayswithout T upperU V andwith W lowerXZY - [ mixing.\
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V
Å

sÐT lnm VÅ ub� V
Å

us� oqp for
·

i
. r

1,2, s
62t

VsÐP unv Vtb� V
Å

ts� wyx for i
. z

3
�
,... ,10.

B. Calculational details

In
{

this sectionwe enumeratethe theoreticaldecayampli-
tudes.
8

We shallanalyzefive b
|

into s} transitions.
8

Two of them
involve ~ - � mixing. TheseareB ����� 0

c
K � and B̄0

c ���
0
c
K̄0
c
.H

T
`
wo other decaysare B

� 0̄
c ���y�

K
� �

and� B
� �����y�

K̄0
c

and the
last
ô

oneis B
� �����

K
� �

. We list in the following the treeand
penguinM amplitudeswhich appearin the given transitions.

For
�

the decayB
� �y��� 0

c
K ����� k

�   32
�

in Eq. ¡ 61¢>£ ,Ø¤
2A
� ¥T ¦ a1 ,§ a2

¤ ¨�© aÑ 1f
ª «

F
¬

1 ­ m®2 ¯�° a2
¤ fª K
± A
²

0
c ³ m´ K

±2 µ ,§ ¶ 63
4 ·

¸
2A¹P� º a3

» , . . . ,aÑ 10¼-½ f
ª ¾

F1 ¿ mÀ2¤ Á 3

2 Â a7
Ã Ä a9

Å Æ Ç f
ª

KA0
c È m´ K

2
¤ É

Ê
a4 Ë a10Ì 2 Í a6

Î Ï a8
Ð Ñ

Ò mK
±2Ó

m´ u� Ô m´ sÕ Ö-× m´ b
Ø Ù mu� Ú ;Û Ü 64Ý

for
·

the decayB
� Þ�ß�à

K
� á�âäã

k
å æ 32
�

in Eq. ç 61
4 èêé

,ë
2A ìT í aÑ 1 ,§ aÑ 2

¤ î�ï a1f
ª ð

F1 ñ mò2 ó-ô aÑ 2
¤ fª K
± A0
c õ mK

±2 ö ,§ ÷ 65
4 ø

ù
2
f

A
² úP û aÑ 3

» ,§ ..., a10ü�ý f
ª þ

F1 ÿ m´ �2 � 2
f �

a3
» � a5
� ��� 1

2
�
aÑ 7
Ã 	 aÑ 9

Å 

�

f
ª

K
± A
²

0
c � mK

±2 
 � 2 � aÑ 8
Ð � aÑ 6

Î �
� m´ K

2
¤

�
mu� � msÕ ��� mb

Ø � m´ u� �
�

a4 � a10 ;Û
�
66�

for
·

the decayB
� 0̄
c � �

0
c
K̄0
c !#"

k
å $ 32
�

in Eq. % 61&(' ,§)
2A*T+ , a1 ,a2 -�. aÑ 1f

ª /
F1 0 m´ 12¤ 2 , 3 67

4 4
5

2A6P7 8 aÑ 3
» ,§ ..., a109;: f

ª <
F1 = m´ >2¤ ? 3

�
2
f @ aÑ 7

Ã A aÑ 9
Å B C f

ª
KA0
c D mK

±2¤ E

F
aÑ 4 GIH 2a6

Î J aÑ 8
Ð K

L m´ K
2M

m´ sÕ N md
O P�Q mb

Ø R md
O S T 1

2
f a10 ;

U
68V

for the decayB̄0
c W X

K̄0
c Y#Z

k
å [ 32 in Eq. \ 61](^ ,§_

2
f

A
² T̀ a aÑ 1 ,§ aÑ 2

¤ b;c aÑ 1f
ª d

F
¬

1 e mf2 g ,§ h 69
4 i

j
2A
² kP l a3

» , . . . ,aÑ 10m�n f
ª o

F
¬

1 p mq2 r 2 s aÑ 3
» t aÑ 5
� u�v 1

2 w a7
Ã x a9

Å y
z

f
ª

K
± A
²

0
c { m´ K

±2 | a4
} ~I� 2f aÑ 6

� � aÑ 8
� �

� mK
±2¤�

ms� � m´ d
� ��� m´ b

Ø � m´ d
� � � 1

2
aÑ 10 ;

�
70�

for the decayB ��� ��� K̄0
c �#�

k
� � 16 in Eq. � 61�(� ,

A�T� � aÑ 1 ,§ aÑ 2  ;¡ a2f
ª ¢

F1 £ m¤2¤ ¥ ,§ ¦ 71
§ ¨

A©Pª « aÑ 3
» ,§ ..., a10¬;­ f

ª
KA0
c ® mK

2
¤ ¯

aÑ 4 ° 1

2
aÑ 10±I² 2aÑ 6

� ³ aÑ 8
� ´

µ m´ K
±2¤¶

ms� · md
� ¸�¹ mb

Ø º m´ d
� » ; ¼ 72½

for
¾

the decayB
� 0̄
c ¿ À�Á

K
� ÂÄÃ#Å

k
� Æ 16 in Eq. Ç 61È(É ,

A
² ÊT� Ë aÑ 1 ,§ aÑ 2

¤ Ì;Í a2
¤ fª K
± A
²

0
c Î m´ K

2
¤ Ï

, Ð 73
Ñ Ò

A
² ÓP Ô aÑ 3

» ,§ ..., a10Õ;Ö f
ª

K
± A
²

0
c × mK

±2 Ø aÑ 4
} Ù aÑ 10Ú 2 Û aÑ 6

� Ü aÑ 8
� Ý

Þ m´ K
2
¤

ß
ms� à mu� á�â mb

Ø ã m´ u� ä . å 74æ
Moreover, we cancalculatethe ratio betweentwo branching
ratios, in which the uncertaintycausedby many systematic
errorsç is removed.We definethe ratio R

è
asé

R ê BRë B0
c ìîí�ï

K ðòñ
BR
ó ô

B
� õ�öî÷ 0

c
K øòù ,§ ú 75

Ñ û

and,é without taking into accountthe penguincontribution,
oneü has

R ý 2þ B ÿ�
B0
� 1 � aÑ 1f

ª �
F
¬

1
�
m�2 �

aÑ 2f
ª

KA0
c � mK

2
¤ �

	
1 


�˜ ��

�
s��� m �2 ��� im

� �����
� 2
�
. � 76

Ñ �

C. Numerical results

The
`

numericalvaluesfor theCKM matrix elementsVs T
�

,! Pª ,§
the
" #

- $ mixing% amplitude &˜ '�( , and the particle masses
m´ V,! Pª , which appearin Eq. ) 61

4 *
, havebeenall reportedin

Sec.
+

IV. The Fermi constant is taken to be G
,

F- 1.166391. 10/ 5
0

GeV
1 2 2 3 184 , and for the total width B

decay
5

, 6 B
7 ( 8 1/ 9 B

7 )
:
, we usetheworld averageB

�
lifetime val-

ues; < combined= results from ALEPH, Collider Detector at
Fermilab > CDF? ,§ DELPHI, L3, OPAL andSLAC Large De-
tector
" @

SLD
+ ACBED

28
f F

:
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J
B0
� K 1.546L 0.021ps, M

77NO
B
7 PRQ 1.647S 0.021

i
ps.

To comparethetheoreticalresultswith experimentaldata,
asé well asto determinetheconstraintson theeffectivenum-
ber
T

of color, N
U

c§e f¨ f ,§ the form factors,and the CKM matrix
parameters,V we shallapply theexperimentalbranchingratios
collected= at CLEO W 32

� X
, BELLE Y 33–35Z andé BABAR[

36,37
� \

factories.All the experimentalvalues are summa-
rized in TableVII.

In
]

order to determinethe rangeof N
U

c§e f¨ f availablefor cal-
culating= theCP

A
violating parameter, aÑ , in B ^ ,0! _a` 0

b
K c ,0! , w§ e

have
d

calculatedthe branchingratios for B
� egfih 0

b
K j ,§ B

� k
lamgn K0

b
, B
� 0
b oaprq

K s , B
� 0
b tiu

0
b
K0
b
, and B

� vgwax
K y . We

showz all the resultsin Figs. 14, 15, 16, 17, and 18, where
branching
{

ratiosareplottedasa function of N
U

c§e f¨ f for models
(1)
|

and (2) } different form factorsare usedin models(1)
aé nd (2)]. By taking

"
experimentaldatafrom CLEO, BABAR

andé BELLE Collaborations,listed in TableVII, andcompar-
ing
~

theoreticalpredictionswith experimentalresults,we ex-
pect� to extractthe allowed rangeof N

U
c§e f¨ f in B �i� K and to

make the dependenceon the form factorsexplicit between
the
"

two classesof models:models� 1� ,§ � 3� � aé nd (5), and mod-%
eç ls (2) and (4). We shallz mainly usethe CLEO data,since
the
"

BABAR andBELLE dataare � asyet� lessnumerousand
accurate.é An exceptionwill be madefor the branchingratio
B �g�a� K � , where we shall take the BELLE data for our
analysisé since they are the most accurateand most recent
measurements% in thatcase.Nevertheless,we shallalsoapply
allé of themto checktheagreementbetweenall thebranching
ratio data.The CLEO, BABAR and BELLE Collaborations
give� almost the sameexperimentalbranchingratios for all
the
"

investigateddecaysexceptfor the decayB �g�i� K � . In
this
"

latercase,we observea strongdisagreementbetweenall
ofü themsincetheyprovideexperimentaldatain a rangefrom
0.1
i �

10� 6
�

to
"

12.8� 10� 6
�
. Finally, it is evidentthat numeri-

cal= resultsarevery sensitiveto uncertaintiescomingfrom the
experimentalç data and from the factorizationapproachap-

TABLE VII. The measuredbranchingratiosby CLEO, BABAR andBELLE factoriesfor B decaysinto� K
�

(10 � 6
�
) � seethe referencein text� .

CLEO BABAR BELLE

� 0
�
K � 8.46� 3.4

 ¡ 4.0
¢ £

1.8a¤ ( ¥ 17)b
¦

10§ 6 ¨ 2c© ( ª 29)b
¦ «

13.5b
¦

¬®­ K0
� ¯ ¯ °

23.6b
¦

±®² K ³ 16.0́ 6.4
�µ 7.6
¶ ·

2.8a¤ ( ¸ 32)b
¦ ¹

15.8º 4.6» 3.0
 ¼

5.1
½ ¾

1.7c©
¿ 0
�
K
� 0
� À À À

BR
Á ÂCÃ®Ä

K
� Å�Æ

BR
Á ÇÉÈ 0

�
K
� ÊÌË

1.89Í 1.41 Î Î
Ï K
� Ð

3.2Ñ 1.9

Ò
2.4Ó 0.8a¤ ( Ô 7.9)b

¦
1.4Õ 1.0

Ö
1.3× 0.3c© 9.2Ø 2.3

ÙÚ 2.6Û 1.0c©
a¤ Fit.
b
¦
Upper
Ü

limit.
c© Experimental
Ý

data.

FIG. 14. Branchingratio for B Þàßâá 0
�
K ã for models ä 1åçæéè 2êìë ,

k
Ú 2/
Û
mí B
é2Ù î 0.3 and limiting valuesof the CKM matrix elements.The

solid line ï dottedlineð is for model(1) andmax ñ minò CKM matrix
elements.Dot-dashedline ó dot-dot-dashedlineô is for model (2)
and max õ minö CKM matrix elements.The notationis as follows:
horizontal
÷

dottedline: CLEO data;dashedline: BABAR data;dot-
dashedline: BELLE data.

FIG. 15. Branchingratio for B øàùâú®û K0
�
, for models ü 1ýgþéÿ 2��� ,

k
Ú 2/
Û
mí B
é2Ù � 0.3 andlimiting valuesof theCKM matrix elements.Solid

line � dotted line� is for model (1) and max � min� CKM matrix
elements.Dot-dashedline � dot-dot-dashedline	 is for model (2)
andmax 
 min� � CKM matrix elements.Samenotationasin Fig. 14,
but



only experimentalupperlimits areavailable.
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plied� to calculatehadronic matrix elementsin the B
�  

K
�

transition.
"

Moreover, for B
� !#"

K
�

,§ thedataarelessnumerous
than
"

for B $&%(' , so we cannotexpectto get a very accurate
range) of N

U
c*e f+ f .

For the branchingratio B ,.-#/ 0
b
K 021 Fig. 143 we found a

lar
4

gerangeof valuesof N
U

c*e f+ f andCKM matrix elementsover
which5 thetheoreticalresultsareconsistentwith experimental
data
5

from CLEO, BABAR andBELLE. Eachof themodels,6
17 ,§ 8 29 : ,§ ; 3< = ,§ > 4? @ aé nd (5), gives an allowed rangeof N

U
c*e f+ f .A

Even
B

though strong differencesappear between the two
classes= of models,becauseof thedifferentusedform factors,
we5 arenot ableto draw strongconclusionsaboutthe depen-
dence
5

on the form factors. For the branching ratio B
� C

D&E.F K0
b G

Fig. 15H , BELLE gives only an upper branching
ratio) limit whereasBABAR andCLEO do not. Our predic-

tions
"

are still consistentwith the experimentaldata for all
models,for a largerangeof N

U
c*e f+ f .A In this case,thenumerical

resultsfor models(1) and (2) arevery closeto eachother
andé we neednew datato constrainour calculations.

If we consider our results for the branching ratio B0
b

I&J.K K LNM plotted� in Fig. 16O , thereis agreementbetweenthe
experimentalç resultsfrom CLEO andBELLE P no datafrom
BABAR
Q R

andé our theoreticalpredictionsat very low values
ofü N
U

c*e f+ f and the CKM matrix elements.All the models S 1T ,U
2V ,§ W 3< X , Y 4Z andé (5) give branchingvalueswithin the range

ofü branchingratio measurementsif N
U

c*e f+ f is less than 0.07.
The
`

tiny differenceobservedbetweenmodels(1) and (2)
comes= from the form factor A0

b (k[ 2
�
) \ whereA0

b (| k2
�
) refersto

the
"

B to
" ]

transitiontakenat k
[ 2 ^ m´ K

±2 ] sincein that casethe
amplitudeé computedinvolves only the form factor A0

b (| k2
�
).

For the branchingratio B0
b _#`

0
b
K0
b

shownin Fig. 17, neither
CLEO,
a

BABAR nor BELLE give experimentalresults.Nev-
ertheless,ç from models (1) and (2), it appearsé that this
branching
{

ratio is very sensitiveto themagnitudeof theform
factor F1(k2

�
)
: b

in our case,F1(k
[ 2
�
)
:

is uncertainbecauseh
c

1d 0.360
e

or 0.762in models(1) and(2),
|

respectivelyf sincez
the
"

tree contribution is only proportionalto F
¬

1.A Moreover,
from the rangeof allowed valuesof N

U
c*e f+ f , we can estimate

the
"

upperlimit of this branchingratio to be of the order20g
10h 6

�
. Finally, we focus on the branching ratio B

� i
j&k K l which is plottedin Fig. 18 for models(1) and(2).

|
W
m

e find thatboththeexperimentalandtheoreticalresultsare
in agreementfor a large rangeof valuesof N

U
c*e f+ f . But, the

models% (1) and (2) do not give similar resultsbecausethe
form factor F1,§ appliedin thesemodels,is very different in
both
{

cases.Moreover, the dependenceof the branchingratio
onü the CKM parametersn andé o indicates

~
that it would be

possible� to stronglyconstrainp and q with a very accurate
experimentalç measurementfor the decayB r�s#t K u .A

To removesystematicerrorsin branchingratiosgiven by
the
"

B
�

factories,we look at the ratio, R
v

,§ betweenthe two

FIG. 16. Branchingratio for B0
� wyx{z

K | , for models } 1~.��� 2��� ,
k
� 2/
�
m� B
é2� � 0.3 andlimiting valuesof theCKM matrix elements.Solid

line � dotted line� is
�

for model (1) and max � min� � CKM matrix
elements.Dot-dashedline � dot-dot-dashedline� is for model (2)
andmax � min� CKM matrix elements.Samenotationasin Fig. 14.

FIG.
�

17. Branchingratio for B
� 0
� �y�

0
�
K
� 0
�
, for models � 1����� 2��� ,

k
� 2
�
/
�
m� B
é2 � 0.3 andlimiting valuesof theCKM matrix elements.Solid

line � dotted line� is for model (1) and max � min  CKM matrix
elements.Dot-dashedline ¡ dot-dot-dashedline¢ is

�
for model (2)

andmax £ min� ¤ CKM matrix elements.

FIG.
�

18. Branchingratio for B
� ¥§¦�¨

K
� ©

, for models ª 1«­¬�® 2̄�° ,
k
� 2
�
/
�
m� B

2 ± 0.3 andlimiting valuesof theCKM matrix elements.Solid
line ² dotted line³ is

�
for model (1) and max ´ min� µ CKM matrix

elements.Dot-dashedline ¶ dot-dot-dashedline· is
�

for model (2)
andmax ¸ min¹ CKM matrix elements.Samenotationasin Fig. 14.
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following
¾

branching ratios: BR(B
� 0
b Ð&Ñ.Ò

K Ó ) and BR(B
� Ô

Õ&Ö 0
b
K × ). Theratio is plottedin Fig. 19asa functionof N

U
c*e f+ f

for
¾

models(1) and(2) andfor limiting valuesof the CKM
matrix% elements.Theseresultsindicatethat the ratio is very
sensitivez to both N

U
c*e f+ f andé to the magnitudeof the form fac-

tors.
"

The sensitivity increaseswith the value of N
U

c*e f+ f and
gives� a largedifferencebetweenmodels Ø 1Ù ,§ Ú 3< Û and(5) and
models% (2) and (4). We found that for a definite rangeof
N
U

c*e f+ f ,§ all modelsinvestigatedgive a ratio consistentwith the
experimentalç datafrom CLEO. It shouldbe notedthat R is
notÜ very sensitiveto theCKM matrix elements.Indeed,if we
onlyü take into accountthe tree contributions,R

v
is indepen-

dent
5

of the CKM parametersÝ and Þ . The differencewhich
appearsé comesfrom the penguincontributionandhasto be
taken
"

into accountin any approachsincethey arenot negli-
gible.�

W
m

e havesummarizedfor eachmodel,eachbranchingra-
tio
"

andeachsetof limiting valuesof CKM matrix elements,
the
"

allowedrangeof N
U

c*e f+ f within which theexperimentaldata
andé numericalresultsare consistent.To determinethe best
rangeof N

U
c*e f+ f ,§ we haveto find someintersectionof valuesof

N
U

c*e f+ f for eachmodelandeachsetof CKM matrix elements,
for which thetheoreticalandexperimentalresultsareconsis-
tent.
"

Sincetheexperimentalresultsarenot numerousandnot
asé accurateasonewould like, it is morereasonableto fix the
upperß andlower limits of N

U
c*e f+ f which5 allow usthemaximum

ofü agreementbetweenthe theoreticaland experimentalap-
proaches.� By using the limiting valuesof the CKM matrix
elements,ç we showin TableVIII, therangeof allowedvalues
ofü N
U

c*e f+ f with5 à - á mixing. Eventhoughin our previousstudy
for
¾

B
� â#ã(ä

,§ we haverestrictedourselvesto models(2) and
(
|
4) rather than models å 1æ ,§ ç 3< è aé nd (5), here we cannot

excludeç oneof themodelsé 1ê ,§ ë 2ì , í 3î , ï 4ð andé (5) dueto the
lack
4

of accurateexperimentaldata.We find that N
U

c*e f+ f shouldz

be
{

in the following range: 0.66(0.61)ñ N
U

c*e f+ f ò 2.84(
9

2.82),
where5 the valuesoutsideand inside bracketscorrespondto
the
"

choicek2/
ó
m´ b
Ø2� ô 0.3(
e

0.5). Finally, if we takeinto account
the
"

allowed rangeof N
U

c*e f+ f determinedfor decayssuchas Bõ&öø÷ andB
� ù#ú

K we5 find a minimumglobalallowedrange
ofü N

U
c*e f+ f which5 should be in the range 1.17(1.12)û N

U
c*e f+ fü

1.63(1.77).

VII.
ý

SUMMARY AND DISCUSSION

W
m

e have studied direct CP violation in decay process
suchz as B þ ,0! ÿ�� 0

b
K
�

,0! �����	��
 K
�

,0! with5 the inclusion of� - 
 mixing. Whentheinvariantmassof the � �	��� pair is in
the
"

vicinity of the � resonance,it is found that the CP vio-
lating
4

asymmetry, a,§ has a maximum amax� . We have also
investigated
~

the branchingratios B
� 0
b ���

0
b
K
� 0
b
,§ B
� 0
b �����

K
� �

,§
B
�������

K0
b
, B

 �!�"
0
b
K
#

,§ and B
$�%�&

K
'

. From our theo-
retical) results,we makecomparisonswith experimentaldata
from
¾

the CLEO, BABAR and BELLE Collaborations.We
haveappliedfive phenomenologicalmodelsin orderto show
their
"

dependenceon form factors,CKM matrix elementsand
the
"

effective parameterN
U

c*e f+ f in our approach.
To calculate the CP violating( asymmetry, aÑ , and the

branching
{

ratios, we startedfrom the weak Hamiltonian in
which5 theOPEseparateshardandsoft physicalregimes.We
worked5 in the factorizationapproximationwhere the had-
ronic) matrix elementsaretreatedin somephenomenological
quark) models.The effective parameter, N

U
c*e f+ f ,§ was usedin

orderü to take into account,as well as possible, the non-
factorizable
¾

effects involved in B
� *�+

K decays.Although
oneü musthavesomedoubtsaboutfactorization,it hasbeen
pointed� out that it may be quite reliable in energetic weak
decays
5 ,

38- .
W
m

ith the presentwork, we haveexplicitly shownthat the
direct
5

CP
A

violating( asymmetryis very sensitiveto theCKM

T
.

ABLE VIII. Best range of N
/

c0e f1 f determined for k
� 2/
�
m� b
22�3 0.3(0.5) and for B465 K decays7 upper8 9 . Also rangeof N

/
c0e f1 f de-

termined
:

previouslyfor B
� ;=<?>

decays@ 39ACB updated8 D . Finally glo-
bal



rangeof N
/

c0e f1 f from both B decaysE lowerF .
BG=H K I N/ c0e f1 f J
model(1) 0.66;2.68K 0.61;2.68L
model� (2) 1.17;2.84M 1.09;2.82N
maximum� range 0.66;2.84O 0.61;2.82P
minimum range 1.17;2.68Q 1.09;2.68R
B
� S=T?U V

N
/

c0e f1 f W
model� (2) 1.09;1.63X 1.12;1.77Y
model� (4) 1.10;1.68Z 1.11;1.80[
maximumrange 1.09;1.68\ 1.11;1.80]
minimum range 1.10;1.63̂1.12;1.77_
Global range ` N/ c0e f1 f a
global maximumrange 0.66;2.84b 0.61;2.82c
global minimum range 1.17;1.63d 1.12;1.77e

FIG. 19. The ratio of two f K branching



ratios versusN
/

c0e f1 f for
models g 1hjilk 2mon and for limiting valuesof the CKM matrix ele-
ments:solid line p dotted lineq is for model (1) with max r mins
CKM matrix elements.Dot-dashedline t dot-dot-dashedlineu is

�
for

model� (2) with max v min� w CKM matrix elements.Samenotationas
in
�

Fig. 14.

ENHANCED
Ý

DIRECT CP VIOLA
�

TION IN B
� x ,0y z6{}|�~}� K

� � ,0y PHYSICAL
�

REVIEW D 66, 096008 � 2002�

096008-17



½ ¾¿½ÁÀÂ¾ÄÃyÅÈÇÈÉ Ë Ì Î �����

matrix% elements,the magnitudeof the form factorsA
²

0
b (| k[ 2

�
)

andé F1(k
[ 2), andalso to the effective parameterN

U
c*e f+ f � in or-

der
5

of increasingdependence� .A We havedetermineda range
for
¾

the maximum asymmetry, a� max� ,§ as a function of the
parameter� N

U
c*e f+ f ,§ the limits of CKM matrix elementsandthe

choice= of k
[ 2
�
/
ó
m´ b
�2 � 0.3(0.5). For the decay B

� 0̄
b �����	���

K
� 0̄
b

andé from all modelsinvestigated,we found that the largest
CP
�

violating( asymmetry varies from � 37%( � 55%) to� 20%( � 24%). As regards B �������	��� K � ,§ one gets�
49%(   46%) to ¡ 22%( ¢ 25%). For B £ ,0!

¤�¥�¦	§�¨ K © ,0! ,§ thesignof amax� stayspositiveaslong asthe
value( of N

U
c* is
~

lessthan2.7. In bothdecays,theratio between
asymmetryé valueswhich aretakenat upperandlower limit-
ing
~ ª

andé « valuesis mainly governedby theterm1/sin ¬ . IA t
appearsé alsothat the direct CP violating( asymmetryis very
sensitivez to the form factorsat high valuesof N

U
c*e f+ f . We un-

derline
5

that without the inclusionof ­ - ® mixing, we would
not havea large CP violating asymmetry, a,§ sincea is pro-
portional� to both sin ¯ and r° .A We found a critical point for
which5 sin ± reachesthe value ² 1, but at the sametime, r
becomes
{

very tiny. We emphazisethat the advantageof ³ - ´
mixing% is the large strongphasedifferencewhich variesex-
tremely
"

rapidly nearthe µ resonance.In our calculations,we
foundthatfor B ¶ ,0! ·�¸�¹	º�» K ¼ ,0! , thesignof sin ½ is positive
untilß N

U
c*e f+ f reaches) 2.69(2.65) whenk

[ 2/
¾
m´ b
�2 ¿ 0.3(0.5). Then,

by
{

measuringa� for valuesof N
U

c*e f+ f lower thanthelimits given
above,é we canremovethe phaseuncertaintymod(À ) in the
determination
5

of the CKM angle Á .A
As
Â

regardstheoretical results for the branching ratios
B Ã�Ä�Å 0

b
K Æ , B Ç�È�É�Ê K0

b
, B0

b Ë�Ì�Í
K Î , B0

b Ï�Ð
0
b
K0
b

andé B Ñ

ÒÔÓ K Õ , we made comparisonwith data from the CLEOÖ
mainly× , BABAR andBELLE Ø for B Ù�Ú�Û K Ü )

:
Collabora-

tions.
"

We foundthat it is possibleto haveagreementbetween
the
"

theoreticalresultsandexperimentalbranchingratio data
for
¾

B
� Ý�Þ�ß 0

b
K
� à

,§ B
� á�â�ã�ä

K
� 0
b
,§ B
� å�æ�ç

K
� è

,§ B
� 0
b é�ê�ë

K
� ì

,§ and
R. For B0

b í�î
0
b
K0
b
, the lack of resultsdoesnot allow us to

draw
5

conclusions.Only an estimationfor the upper limit
(2
|

0 ï 10ð 6
�
)
:

hasbeendetermined.Nevertheless,we havede-
termined
"

a range of value of N
U

c*e f+ f ,§ 0.66(0.61)ñ N
U

c*e f+ fò
2.84(2.82), insideof which theexperimentaldataandthe-

oreticalü calculationsareconsistent.We haveto keepin mind
that,
"

because of the difficulty in dealing with non-
factorizableeffects associatedwith final state interactionsó
FSIô ,§ which are more complex for decaysinvolving an s

quark,) we have weakly constrainedthe rangeof value of
N
U

c*e f+ f .A
From
õ

the CP
�

violating( asymmetryandthe branchingra-
tios,
"

we expectto determinethe CKM matrix elements.In
orderü to reachour aim, all uncertaintiesin our calculations
haveto be decreased:the transition form factors for B ö�÷
andé B

� ø
K haveto be well determinedandnon-factorizable

efç fectshaveto be treatedin the future by usinggeneralized
QCD
ù

factorization.Moreover, we stronglyneedmorenumer-
ousü andaccurateexperimentaldatain B ú�û K decays

5
if we

want5 to understanddirect CP
�

violation in B decaysbetter.
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studydirect CP violation in the hadronicdecayB íïîñð 0
� òÒó

, including the effect of ôöõø÷ mixing. We
find that the CP violating asymmetryis strongly dependenton the CKM matrix elements,especiallythe
Wolfenstein



parameterù . For fixed N
ú

cû ü the
:

effectiveparameterassociatedwith factorizationý , theCP violating
asymmetrya has

÷
a maximumof order30%–50%whenthe invariantmassof the þÒÿ�� � pair� is in thevicinity

of the � resonance.Thesensitivityof theasymmetrya to
:

N
ú

cû is small.Moreover,if N
ú

cû is constrainedusingthe
latestexperimentalbranchingratios from the CLEO Collaboration,we find that the sign of sin � is

�
always

positive.� Thus,a measurementof direct CP violation in B
� ���
	 0

� �
�
would removethe mod(� ) ambiguity in

arg���
� Vtd� Vtb� � /
�
Vud� Vub� ��� .

DOI:
 

10.1103/PhysRevD.63.056012 PACSnumber� s� : 11.30.Er,12.39.� x,� 13.25.Hw

I. INTRODUCTION

EventhoughCP
�

violation hasbeenknownof since1964,
we5 still do not know the sourceof CP violation clearly. In
the
"

standardmodel,a non-zerophaseanglein the Cabibbo-
Kobayashi-Maskawa
� �

CKM
a �

matrix is responsiblefor CP
�

violating( phenomena.In the pastfew years,numeroustheo-
retical) studieshavebeenconductedon CP

�
violation in theB

mesonsystem� 1,2 .A However,we needa lot of datato check
these
"

approaches because there are many theoretical
uncertainties—e.g.ß CKM matrix elements,hadronicmatrix
elementsç andnonfactorizableeffects.The future aim would
be
{

to reduceall theseuncertainties.
Direct CP

�
violating( asymmetriesin B decays occur

through
"

the interferenceof at leasttwo amplitudeswith dif-
ferentweakphase! andstrongphase" .A In order to extract
the
"

weak phase # which is determinedby the CKM matrix
elementsç $ ,% one must know the strong phase & , and this is
usuallyß not well determined.In addition, in order to havea
large
4

signal, we have to appealto somephenomenological
mechanism' to obtaina large ( .A Thechargesymmetryviolat-
ing mixing between) 0

b
andé * can= beextremelyimportantin

this
"

regard.In particular,it canleadto a largeCP violation
in
~

B
�

decays
5

such as B
� +-,/. 0

b
(
| 0

) 132-4/5368739;:3< , because
the
"

strong phasepassesthrough 90° at the = resonance)>
3–5
< ?

.A Recently,CLEO reportednew data @ 6A B on B
� C/D8E

. It

is theaim of thepresentwork to analyzedirectCP violation
in B F-GIH 0

b
(
J K

)
L M3N-O/P3Q;R3S8T3U

,% including V-WYX mixing, us-
ing the latestdatafrom theCLEO Collaborationto constrain
the
"

calculation.In orderto extractthestrongphaseZ , we use
the
"

factorizationapproach,in which the hadronicmatrix el-
ementsç of operatorsare saturatedby vacuumintermediate
states.z

In
[

this paper,we investigatefive phenomenologicalmod-
elsç with different weak form factorsand determinethe CP

�
violating( asymmetry for B \-]I^ 0

b
(
J _

)
L `3a-b/c3d8egf8h3i

in
these
j

models.We selectmodelswhich are consistentwith
the
j

CLEO data and determinethe allowed range of N
U

c*k
0.98(
e

0.94)l N
U

c* m 2.01(1.95)n . Then, we study the sign of
sinz o in

p
the rangeof N

U
c* allowedby experimentaldatain all

these
j

models.We discussthe model dependenceof our re-
sultsz in detail.

The remainderof this paperis organizedas follows. In
Sec.
q

II, we presenttheform of theeffectiveHamiltonianand
the
j

valuesof Wilson coefficients.In Sec. III, we give the
formalism
r

for the CP violating( asymmetry in B
� s

tIu 0
b
(
J v

) w3x-y/z3{8|3};~3� , for all the modelswhich will be
checked.� We also show numerical results in this section�
asymmetry,a,% andthe valueof sin� ).L In Sec.IV, we calcu-

late branchingratios for B �-�/� 0
b �3�

and B0
b �/���8�g�

and
present� numericalresultsovertherangeof N

U
c* allowed� by the

CLEO
a

data.In thelastsection,we summarizeour resultsand
suggestz further work.

II. THE EFFECTIVE HAMILTONIAN

In
[

orderto calculatethe direct CP violating( aymmetryin
hadronic
�

decays,one can use the following effective weak

*Email address:xhguo@physics.adelaide.edu.au
†
�
Email
�
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�
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�
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Hamiltonian,basedon the operatorproductexpansion� 7� � :�
���

B
  ¡

1 ¢ GF£
2

¤
q¥ ¦ d
§

,¨ s© V
ª

ub« V
ª

uq«* ¬ c1O1
u« ­ c2

® O¯ 2
®u« °

± Vtb
² Vtq
²* ³

i
´ µ

3
¶

10

c· i
´ Oi
´ ¸ H.c., ¹ 1º

where5 ci
´ (J i » 1, . . . ,10)% aretheWilson coefficients.Theyare

calculable� in renormalizationgroup improved perturbation
theory
j

andarescaledependent.In the presentcase,we use
their
j

valuesat the renormalizationscale¼g½ m¾ b
� . The opera-

tors
j

O
¯

i
´ have
�

the following form:

O1
u« ¿ q̄ ÀÂÁÄÃÄÅ 1 ÆÈÇ 5

É Ê uË Ì uË̄ ÍÂÎÐÏÂÑ 1 ÒÈÓ 5
É Ô b Õ ,%

O
¯

2
u« Ö q̄ ×ÐØÄÙ 1 ÚÜÛ 5

É Ý uuË Þ̄ÐßÂà 1 áÈâ 5
É ã bä ,%

O
¯

3
¶ å q̄ æÐçÄè 1 éÜê 5

É ë bä ì
q¥ í q̄ îðïÐñÄò 1 óÈô 5

É õ q ö ,

O
¯

4 ÷ q̄ øÂùÐúÄû 1 üÜý 5
É þ bä ÿ��

q¥ � q̄ � ������	 1 
�� 5
É 
 q� � � ,

O
¯

5
É � q̄ ����� 1 ��� 5

É � bä �
q¥ � q̄ ������� 1  "! 5

É # q $ ,

O
¯

6
% & q̄ ')(�*�+ 1 ,�- 5

É . bä /�0
q¥ 1 q̄ 2 3�4�5�6 1 7�8 5

É 9 q� : ; ,

O
¯

7
< = 3

2
q�̄ >�?�@ 1 A"B 5

É C b D
q¥ E eF q¥ G q̄ H�I�J�K 1 L�M 5

É N q� O ,

O
¯

8
P Q 3

2
q�̄ R)S�T�U 1 V"W 5

É X b Y�Z
q¥ [ eF q¥ \ q̄ ] ^`_�a)b 1 c"d 5

É e q� f g ,

O
¯

9
h i 3

2
q�̄ j�k�l 1 m"n 5

É o b p
q¥ q eF q¥ r q̄ s�t�u�v 1 w�x 5

É y q� z ,

O
¯

10{ 3
|
2

q̄ })~��)� 1 �"� 5
É � b ���

q¥ � eq¥ � q�̄ � �`����� 1 �"� 5
É � q � � ,% � 2�

where� � and � are� color indices, and q� ��� uË ,% d
�

or� s� are
quarks.� In Eq. � 2  , O1

u« and O
¯

2
®u« are� the tree level operators,

O
¯

3
¶ –O6

% areQCD penguinoperators,andO
¯

7
< –O10 arisefrom

electroweak¡ penguindiagrams.
The
¢

Wilson coefficients,c· i
´ ,% are known to the next-to-

leadinglogarithmicorder.At thescale£¥¤ mb
¦ § 5 GeV, they

take
j

the following values̈ 8,9© :
c1 ª¬« 0.3125, c2 ­ 1.1502, ® 3| ¯
c· 3
¶ ° 0.0174, c· 4

± ²´³ 0.0373,
µ

c· 5
É ¶ 0.0104, c· 6

% ·´¸ 0.0459,
µ

c7
< ¹¬º 1.050» 10¼ 5

É
, c8

P ½ 3.839
| ¾

10¿ 4,

c9
h À´Á 0.0101, c10Â 1.959Ã 10Ä 3

¶
.

To
¢

be consistent,the matrix elementsof the operatorsOi
´

shouldÅ also be renormalizedto the one-looporder.This re-
sultsÅ in the effective Wilson coefficients,ci

´ Æ ,% which satisfy
the
j

constraint

c· i
´ Ç mb

È ÉËÊ Oi
´ Ì m¾ b

È ÍËÎÐÏ ci
´ ÑÓÒ O¯ i

´ Ô tree²
,% Õ 4Ö

where× Ø Oi
´ Ù tree²

is the matrix elementat the treelevel, which
will× beevaluatedin thefactorizationapproach.FromEq. Ú 4Û ,%
the
j

relationsbetweencÜ i
´ Ý and� cÜ i

´ are� Þ 8,9ß
c1à�á c1 , cÜ 2

® â�ã cÜ 2
® ,

c3
¶ ä�å c3

¶ æ Ps© /3,
¾

c4
± ç�è c4 é Ps© ,%

c5
É ê�ë c5

É ì Ps© /3,
¾

c6
% í�î c6

% ï Ps© ,%
c7
< ð�ñ c7

< ò Peó , cÜ 8
P ô�õ cÜ 8

P ,ö
c9
h ÷�ø c9

h ù Peó , cÜ 10úüû c10,ö ý 5þ
where×

Ps© ÿ���� s© /8¾ ��� c2
® � 10/9� G 	 m
 c� ,ö � ,ö q2 
�� ,

Peó ����� emó /9
¾ �����

3cÜ 1 � cÜ 2 ��� 10/9� G � m
 c� , � ,q2  "! ,ö
with#

G
$ %

m
 c� ,ö & ,ö q' 2
® (�)

4
0
*
1

dxx+ x, - 1 . lnmc�2 / x, 0 1 1 x, 2 q2
®

3 2
® .

Here q' 2
®

is the typical momentumtransferof the gluon or
photon4 in the penguindiagrams.G(m
 c� ,ö 5 ,ö q2)

L
has the fol-

lowing
6

explicit expression7 108 :�

9
G : 2

;
3
< ln

m
 c�2= 2
® > 5

?
3
< @ 4

mc�2
q2
® A 1 B 2

m
 c�2
q' 2
®

C
1 D 4

mc�2®
q2

ln

1 E 1 F 4
mc�2®
q' 2

1 G 1 H 4
I mc�2®

q' 2

,ö

J
G
$ KML 2

3
1 N 2

; m
 c�2®
q' 2

1 O 4
m
 c�2®
q2

.P Q 6R S

Basedon simple argumentsat the quark level, the value of
q' 2 is
p

chosenin the range0.3T q' 2/
¾
mb
U2 V 0.5 W 3,4

< X
.P From Eqs.Y

5Z ,ö [ 6R \ we canobtainnumericalvaluesfor ci
´ ] .P

When
^

q' 2
®
/
_
mb
U2® ` 0.3,
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a
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bdcfe g�higMjkhmlonqpsrutwvyx

c1z�{M| 0.3125, c2}�~ 1.1502,

cÜ 3
� ��� 2.433� 10� 2 � 1.543� 10� 3

�
i ,ö

cÜ 4���M� 5.808
? �

10� 2
� �

4.628
� �

10� 3
�
i ,ö

cÜ 5
� ��� 1.733� 10� 2 � 1.543� 10� 3

�
i ,ö

cÜ 6
% ���M� 6.668

R �
10� 2

� �
4.628
� �

10  3
�
i ,ö

cÜ 7
¡ ¢�£M¤ 1.435¥ 10¦ 4 § 2.963̈ 10© 5

�
i ,ö

cÜ 8
ª «�¬ 3.839­ 10® 4

¯
,ö

cÜ 9
° ±�²M³ 1.023́ 10µ 2 ¶ 2.963

; ·
10̧ 5

�
i ,ö

cÜ 10¹»º 1.959¼ 10½ 3
�
,ö ¾ 7� ¿

and� whenq2
�
/
_
mb
U2 À 0.5,
Á

onehas

c1Â�ÃMÄ 0.3125, c2Å�Æ 1.1502,

cÜ 3
� Ç�È 2.120É 10Ê 2

� Ë
2.174
; Ì

10Í 3
�
i ,ö

cÜ 4
¯ Î�ÏMÐ 4.869Ñ 10Ò 2 Ó 1.552Ô 10Õ 2i ,ö

cÖ 5
� ×�Ø 1.420Ù 10Ú 2

� Û
5.174
? Ü

10Ý 3
�
i ,ö

cÖ 6
% Þ�ßMà 5.729

? á
10â 2 ã 1.552ä 10å 2i ,ö

cÖ 7
¡ æ�çMè 8.340

é ê
10ë 5

� ì
9.938
í î

10ï 5
�
i ,ö

cÖ 8
ª ð�ñ 3.839ò 10ó 4,ö

cÖ 9
° ô�õMö 1.017÷ 10ø 2

� ù
9.938
í ú

10û 5
�
i ,ö

cÖ 10ü»ý 1.959þ 10ÿ 3
�
,ö � 8é �

where# we have taken � s� (J mZ)
L �

0.112,
Á �

em� (
J
mb
U ) � 1/132.2,

m
 b
U � 5
?

GeV, andm
 c� 	 1.35GeV.

III. CP



VIOLATION
�

IN B ��
�� 0
� �����������������! �"!#

A.
$

Formalism

The
¢

formalismfor CP violation% in hadronicB
&

meson' de-
cays� is the following: Let A be

'
the amplitudefor the decay

B (*),+.-�/.0�1.2 ,3 andthenonehas

A 465�7.8�9.:�;.<>= HT
? @

B ACBED6F�G.HJI.K�L.M>N HP
O P

B QSR ,3 T 9í U
with# HT and HP being the Hamiltoniansfor the tree and
penguin4 operators,respectively.We can define the relative
magnitude' and phasesbetweenthesetwo contributionsas
follows:
r

A
V WYX[Z.\�].^�_.`>a

H
b T
? c

B
& dSegf

1 h rei
i j

ek i
i lnm

, o 10p
A
V q̄Yr[s.t�u.v�w.x>y Hb T z B& {S|g} 1 ~ rei

i �
ek � i
i ���

,3 � 11�

where# � and� � are� strongandweakphases,respectively.The
phase4 � arisesfrom the appropriatecombinationof CKM
matrix' elements,which is �!� arg� (V� tb� V

�
td� � )/(Vub� Vud� � )

L �
. As a

result,sin � is equalto sin� with# � defined
�

in the standard
way# � 11� .P The parameterr is the absolutevalueof the ratio
of� treeandpenguinamplitudes:

r �
�[� 0
� ���!�¡ .¢>£

H
¤ P ¥ B¦ §S¨©�ª 0

� «­¬¯®±°.²>³
HT ´ B µS¶ .P · 12̧

The
¢

CP
¹

violating asymmetry,a,º canbe written as

a» ¼¾½ A¿ À 2Á ÂÄÃ A¿ Å̄ 2ÁÆ
A
¿ Ç 2Á ÈÄÉ A¿ Ê̄ 2Á Ë Ì 2

;
rÍ sinÎ Ï sinÎ Ð

1 Ñ 2
;

r cos Ò cos Ó!Ô r 2
Á .P Õ 13Ö

It
[

can be seenexplicitly from Eq. × 13Ø that
j

both weak and
strongÎ phasedifferencesareneededto produceCP

¹
violation.

In order to obtaina largesignal for direct CP
¹

violation,Ù we
needsomemechanismto make both sinÚ and r large. We
stressÎ that Û*ÜÞÝ mixing has the dual advantagesthat the
strongÎ phasedifferenceis large ß passing4 through90° at theà resonanceá and� well known â 4,5ã . With this mechanism,to
first
ä

orderin isospinviolation, we havethe following results
when# the invariant massof å.æ�ç.è is nearthe é resonance
mass:'
ê�ë.ì�íYî�ï.ð>ñ

H
¤ T
ò ó

B
¦ ôSõEö g÷ ø

sù sú û�ü˜ ý�þ t ÿ��
g�
s� t � ,º � 14�

�	��

���
�����
HP � B ����� g�

sú � sú �	�˜ ��� p !�"
g÷ #
sú $ p % . & 15'

Here, tV(
J
V (*) or + )

L
is the tree amplitudeand p V is the

penguin, amplitudefor producinga vectormeson,V
�

,º g- is
p

the

coupling� for . 0
� /10�2
3�4

,º 5˜ 6�7 is the effective 8:9<; mixing
amplitude,� andsV is from the inversepropagatorof the vec-
tor
j

mesonV,º
sú V = sú > mV

2
Á ?

im
@

VA V ,º B 16C
withD E sú being

F
the invariantmassof the G�H
I�J pair.,

We
^

stressthat the direct coupling KML1N�O
P�Q is
p

effec-

tively
j

absorbedinto R˜ S�TVU 12W ,º leadingto the explicit s de-

pendence, of X˜ Y�Z .P Making the expansion [˜ \�] (J sú )^`_˜ a�b (J m c2d )
L e

(
J
s f mwg2

d
)
L h˜ i�jk (ml m2d ), the n�o*p mixing param-

eters¡ were determinedin the fit of Gardnerand O’Connellq
13r : s`t˜ u�v (m w2 )

L xzy
3500
{ |

300
{

MeV2
d
, }�~˜ ��� (m� �2 )�z� 300

{ �
300
{

MeV2
d

and �˜ ���� (m� �2 )
L �

0.03� 0.04.
�

In prac-
tice,
j

theeffectof thederivativetermis negligible.FromEqs.�
10� , � 14� ,º � 15� one� has

rei
� �

ei
� ���`�˜ ��� p� ��� s  ¡ p� ¢£˜ ¤�¥ t ¦�§ s  ¨ t © . ª 17«

Defining
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µ·¶¸µz¹M¶�º°»½¼½¾À¿*ÁÃÂ bdcÅÄ

p� Æ
t ÇVÈ r É eÊ i

�
(
Ë Ì

qÍ Î
Ï )
Ð
,Ñ t Ò

t ÓÕÔ½Ö ei
� ×ÙØ

,
p� Ú
p� ÛÝÜßÞ ei

� àÙá
, â 18ã

whereä å�æ , ç�è and� é
qê are� strongphases,onefinds the follow-

ing expressionfrom Eq. ë 18ì :

rei
� í	î

r ï ei
� ð

qÍ ñ˜ ò�ó�ôßõ ei
� öÙ÷

s ø
sù�ú`û˜ ü�ý�þ ei

� ÿ�� .
�
19�

It
[

will be shown that in the factorizationapproach,we
have � eÊ i

� �����
1 in our case.Letting

	
eÊ i
� 
����

b 
 ci,Ñ r � eÊ i
� �

qÍ � d � ei, � 20�
and� usingEq. � 19� ,Ñ we obtain the following resultwhen � s � m� � :

re� i
� ��� C � Di

�
�
s   m� !2 "$#$%˜ &('*) 2

+ ,.-0/21
˜ 3(425 m 6�786:9 2

+ ,Ñ ; 21
< =

whereä

C
> ?.@

s A m B2+ CED$F
˜ G(H:IKJ dL MONEP˜ Q(R2S b T s  U m� V2+ W*X cmY�Z[Y�\

] eÊ ^O_2`˜ a(b2c bm
d e�f[ehg

ci j s k m l2+ monqp
r.s0tvu˜ w(xhy mz {�|[{:}K~ e�O�E�˜ �(�h� b � s  � m �2 �*� cmi ���[���
�

d
L �O�2�˜ �(�h� bm

d ���[�h�
ci � s � m �2+ �o�q� ,Ñ

D �.� s � m  2+ ¡E¢$£
˜ ¤(¥:¦K§ ëO©Eª˜ «(¬h­ d ® s ¯ m °2+ ±*² cmi ³�´[³�µ

¶
d
L ·O¸2¹˜ º(»2¼ bm

d ½�¾[½h¿
ci À s Á m Â2 ÃoÄqÅÇÆ.È0É2Ê˜ Ë:Ì2Í mz Î�Ï[Î:Ð

Ñ8Ò
dÓOÔEÕ˜ Ö(×hØ b

d Ù
s Ú m Û2+ Ü*Ý cmi Þ�ß8Þ*à(á eâOãvä˜ å(æhç bmè�é[è

ê
ci ë s ì m í2 îoïqð .P ñ 22

< ò
ó

eô i
õ ö�÷

and r ø ei
õ ù

qÍ willä be calculatedlater. Then, from Eq.ú
22û , we canobtainrsinü ý and� rcosþ . In orderto get the CP

violatingÿ asymmetry,a� , in Eq.
�
13� ,Ñ sin � and� cos � are�

needed,� where � is determinedby theCKM matrixelements.
In
[

the Wolfensteinparametrization� 14� , onehas

sinü 	�
 �
 �����
1 ��������� 2� 2 ��� 2

,Ñ  23!

cos "�# $
%
1 &�'�(�)�* 2+ ,�-�.

1 /�0�132�4 25 2 6�7 2
. 8 249

B. Calculational details

With
:

the Hamiltoniangiven in Eq. ; 1< , we are ready to
evaluate¡ the matrix elementsfor B

= >@?BA 0
C
(
J D

) EGF . In the fac-
torization
j

approximation,eitherthe H 0
C
( I )
L

or the JGK is gen-
erated¡ by one current which has the appropriatequantum
numbersin the Hamiltonian. For this decay process,two
kinds of matrix element products are involved after
factorization.
r

Schematically L i.e. omitting Dirac matrices
and� color labelsMON�P 0

C
(
J Q

)
L R

(
J
ūu)
L S

0
T UWV�XGY�Z

(
J
d̄b)
L [

B \^] and�_�`Ga�b
(
J
d
L̄

u) c 0dWe�f 0
C
( g )
L h

(
J
ūb) i B jlk .P We will calculatethem in

someü phenomenologicalquarkmodels.
Thematrix elementsfor B m X and� B n X oqp whereX and

X
r s

denote
�

pseudoscalarandvectormesons,respectivelyt can�
be
u

decomposedas v 15w
x
X y Jz {�| B}�~ p� B � p� X � mz B

2
+ �

mX
2
+

k
� 2
+ k

�
� F1 � k2 �

� mz B
2
+ �

mX
2
+

k2
+ k

� �
F0
C � k� 2 � , � 25�

�
X
� ���

J ��� B= ��� 2

mB
� � mX

� ���� �¡£¢¥¤l¦¨§�© p� B

ª
p� X
« ¬­ V
® ¯

k2
+ °

±
i ²�³´�µ mz B ¶ mX ·¹¸ A1 º k2 »�¼ ½¨¾À¿ kÁ

mz B Â mX ÃÄÆÅ
PB
� Ç P

È
X
É Ê¹Ë¨Ì AÍ 2

+ Î k2
+ Ï

ÐÒÑÔÓÀÕ kÖ
k
Ö 2

2
<

mX
× Ø�Ù kÖ Ú A

Û
3
Ü Ý kÞ 2 ß

à
i á
âäã

k
Þ

k
Þ 2
+ 2mX å¥æ k ç A0

è é k2 ê ,Ñ ë 26ì

whereä J
z í

is
p

the weak current î J ïñð qò̄ óñô (1 õ÷ö 5
ø )b withä qù uú ,Ñ dL û ,Ñ k ü p� B ý p� X(

Ë
X þ )Ð and ÿ�� is the polarizationvector of

X
�
. The form factors included in our calculationssatisfy

F1(0)
J �

F0
è (0),
J

A3
Ü (0)
J �

A0
è (0)
J

and A3
Ü (kÞ 2)

L ���
(mz B�

mz X
	 
 )/L 2mX

	 �
� AÛ 1(
J
k2)
L ���

(mz B
� � mX

	 � )/L 2mX
	 �
� AÛ 2

+ (J k2). Using
the
j

decompositionin Eqs. � 25� , � 26� , onehas

t ��� mz B � p� ���! ci 1"$# 1

N
%

c& c2
+ ' f
( )

F1 * mz +2+ ,

-
ci 2
+ .$/ 1

N
0

c1 c12 f
( 3

A
Û

0
4 5 mz 62 7 ,Ñ 8 27

< 9

whereä f
( :

and f
( ;

arethedecayconstantsof < and = ,Ñ respec-
tively,
j

and p� >@? is the threemomentumof the A .P In the same
way,ä we find t

B CED
t F ,Ñ so that

G eH i
I JLKNM

1. O 28P
After calculatingthe penguinoperatorcontributions,one

has

X.-H.
Q
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R
eH i
I SLTNU mB

� V p� W@X!Y
p� Z c4[$\ 1

N
0

c1 ci 3
Ü ] ^�_ f

( `
F
a

1 b mc2 dfe f
( g

A
Û

0
4 h mz i2 jlknm 3

2
c7
o p$q 1

N
0

c1 ci 8
r s t c9

u v$w 1

N
0

c1 ci 10x f
( y

F1 z mz {2 |

} ci 6
~ �$� 1

N
0

c1 c5
� � � c8

r �$� 1

N
0

c1 ci 7
o � 2mz �2+ f

( �
A0
4 � m �2+ ��

mu� � md
� ��� m� b

� � m� u� � � c10��� 1

N
0

c1 ci 9
u � 1

2
f
( �

F
a

1 � m�2 �f� f
(  

A
Û

0
4 ¡ m� ¢2 £ ,Ñ

r� ¤ ei
I ¥

qÍ ¦¨§ p� ©
ci 1ª$« 1

N
0

c1 c2
+ ¬ f
( ­

F1 ® m� ¯2+ °f± ci 2
+ ²$³ 1

N
0

c1 c1́ f
( µ

A0
4 ¶ m ·2+ ¸

V
¹

tb
º Vtdº »

Vub� Vud� ¼ , ½ 29
< ¾

whereä

p� ¿EÀ m� B Á p� Â�Ã!Ä 2 ci 3
Ü Å$Æ 1

N
0

c1 c4Ç È ci 5
� É$Ê 1

N
0

c1 c6
~ Ë f

( Ì
F
a

1 Í m� Î2+ ÏnÐ 1

2
< ci 7

o Ñ$Ò 1

N
0

c1 c8
r Ó Ô c9

u Õ$Ö 1

N
0

c1 c10× f
( Ø

F1 Ù m� Ú2+ Û

Ü 2
<

c8
r Ý$Þ 1

N
0

c1 ci 7
o ß à c6

~ á$â 1

N
0

c1 ci 5
� ã m� ä2+ f

( å
A0
4 æ m ç2+ èé

m� u� ê m� d
� ëfì mb

� í mu� î ï ci 4
ð ñ$ò 1

N
0

c1 c3
Ü ó ô f

( õ
A
Û

0
4 ö m ÷2 ønù f

( ú
F1 û m� ü2 ýlþ

ÿ
ci 10� � 1

N
0

c1 c9
u � f

( �
A
Û

0
4 � m� �2 ��� 1

2
f
( 	

F
a

1 
 m�2 � ,Ñ

and�
Vtb
º V
¹

td
º 


V
¹

ub� V
¹

ud� � � � �
1 ����� 2 ��� 2�

1 ��� 2
+
/2
� �� ! 2

+ "$#
2
+ % 1 & ' 2

2

( 1 sin)
sin* .P +

30
, -

C. Numerical results

In our numericalcalculationswe haveseveralparameters:
q. 2, N

0
c1 and the CKM matrix elementsin the Wolfenstein

parametrization./ As mentionedin Sec.II, the valueof q. 2
+

is
conventionally� chosento be in the range0.30 q. 2/

�
m� b
�2+ 1 0.5.

The CKM matrix, which shouldbe determinedfrom experi-
mentaldata,hasthe following form in term of the Wolfen-
steinü parameters,A, 2 , 3 , 465 147 :

V 8
1 9 1

2 : 2
+ ;

A< 3
Ü =?>A@

i
B CAD

E�F 1 G 1

2 H 2
+

AI 2
+

A
Û J 3

Ü K
1 LNMPO i QAR S A

Û T 2
+

1

,Ñ

U
31
, V

whereä O( W 4)
X

correctionsareneglected.We use Y[Z 0.2205,
A
Û \

0.815
]

andtherangefor ^ and� _ asthefollowing ` 16,17a :
0.09
] b�cAd

0.254, 0.323e$fhg 0.442.
] i

32j
The form factorsF1(

k
ml2+ ) and A0

4 (m� m2+ ) dependon the inner
structureü of the hadrons.Under the nearestpole dominance
assumption,� the k2 dependenceof the form factorsis:

for model1n 2oqp 15,18r :�

F1 s k2 t�u h1

1 v k2
+

m� 1
2

, A0
4 w kÞ 2 x�y h

z
A
{

0
|

1 } k2
+

mA0
|2

,Ñ ~ 33�

whereä h
z

1 � 0.330(
]

0.625), h
z

A
{

0
| � 0.28(0.34), m� 1 � 5.32 GeV,

m� A
{

0
| � 5.27
�

GeV,
for model3� 4�q� 15,18,19� :�

F1 � kÞ 2
+ ��� h

z
1

1 � k
Þ 2

m� 1
2
+

2
+ ,Ñ A

�
0
4 � k2

+ ��� h
z

A
{

0
|

1 � k
Þ 2

m� A
{

0
|2
+

2
+ , � 34

, �

whereä h
z

1 � 0.330(
]

0.625), h
z

A0
| � 0.28(0.34), m� 1 � 5.32 GeV,

m� A0
| � 5.27
�

GeV, for model5 � 20,21� :
F
a

1 � k2 ��� h1

1 � a1

k
Þ 2
+

m� B
2
+ � b

d
1

k2
+

m� B
2
+

2
+ ,Ñ

A
�

0
4   k2 ¡�¢ h

z
A
{

0
|

1 £ a¤ 0
4 k2

+
mB

2
+ ¥ b

d
0
4 k
Þ 2
+

m� B
2
+

2
+ , ¦ 35

, §

whereä h
z

1 ¨ 0.305,
]

h
z

A
{

0
| © 0.372, a1 ª 0.266, b1 «$¬ 0.752, a¤ 0

4­ 1.4, b0
4 ® 0.437.
]

The
¯

decayconstantsusedin our calculationsare: f
( °²±

f
( ³´ 221 MeV and f

( µ·¶
130.7MeV.
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In the numericalcalculations,it is found that for a fixed
N
0

c1 ,Ñ thereis a maximumvalue,amaxÃ , for the CP
>

violating
parameter,/ a¤ , whenthe invariantmassof the ÄÆÅÈÇÆÉ is

p
in the

vicinityÿ of the Ê resonance.Ë Theresultsareshownin Figs.1
and� 2, for k

Þ 2/
Ì
mb
�2+ Í 0.3(0.5) and N

0
c1 in the range0.98(0.94)Î

N
0

c1 Ï 2.01(1.95)—for reasonswhich will beexplainedlaterÐ
Sec.
q

IV Ñ . We investigatefive modelswith different form
factorsto study the model dependenceof aÒ . It appearsthat
this
j

dependenceis strong Ó TableI Ô .
The maximumasymmetryparameter,aÒ maxÃ ,Ñ variesfromÕ 24%( Ö 19%) to × 59%

Ø
( Ù 48%) for N

0
c1 in boththechosen

rangeË k2
+
/
Ì
mb
�2 Ú 0.3(

]
0.5) and the rangeof CKM matrix ele-

mentsindicatedearlier. If we look at the numericalresults
for the asymmetriesÛ Table I Ü for N

0
cmax1 Ý 2.01(1.95) and

k
Þ 2/
Ì
m� b
�2 Þ 0.3(0.5), we obtainfor models1, 3, and5 an asym-

metry,ß amaxÃ , around à 27.3%( á 21.6%
<

) for the set
(
k â

maxÃ , ã maxÃ )
X
, and around ä 44.3%

å
( æ 35.0%
,

) for the set
(
k ç

minÃ ,Ñ è minÃ )
X
. We find a ratio equalto 1.62(1.62)betweenthe

asymmetries� associatedwith the upperand lower limits of
(
k é

, ê ). Thereasonwhy themaximumasymmetry,amaxÃ , can
havelargevariation,comesfrom the b ë d transition,where
V
¹

tdº and� Vub� appear.Theseare functionsof ( ì ,Ñ í )
X

andcon-
tribute
j

to theasymmetryî Eq. ï 31
, ðòñ

throughtheratio between
the
j ó

penguin/ diagramandthe ô tree
j

diagram.
For models 2 and 4, one has a maximum asymmetry,

aÒ maxÃ ,Ñ around õ 37%
,

( ö 28%) for the set ( ÷ maxÃ , ø maxÃ )
X

and
around� ù 59%( ú 46%) for the set ( û minÃ ,Ñ ü minÃ )

X
. We find a

ratioË betweenthe asymmetriesequal to 1.59(1.64) in this
case.� Thedifferencebetweenthesetwo setsof modelscomes
from
r

the magnitudesof the form factors,where F
a

1(
k
k2
+
) is

larger
ý

for models2 and4 thanfor models1, 3, and5. Now,
if we look at the numerical results for the asymmetryfor
N
0

cmin1 þ 0.98(0.94), we find, for models1, 3, and 5, k2
+
/
Ì
m� b
�2ÿ 0.3(

]
0.5), and the set ( � maxÃ , � maxÃ )

X
, an asymmetry,aÒ maxÃ ,Ñ

around� � 31.3%
,

( � 25.6%), and for the set ( � minÃ ,Ñ � minÃ ) w
X

e
find
�

an asymmetry,amaxÃ , around � 50.3%
Ø

( � 42.0%
	

). In
this
j

case,one has a ratio equal to 1.61
 1.64� .P Finally, for
models� 2 and 4, we get 
 36%

,
( � 29%) for the set

(
k �

maxÃ , � maxÃ )
X

and � 57%
Ø

( � 48%
	

) for the set ( � minÃ , � minÃ )
withä a ratio equalto 1.58� 1.65� .P

These
�

resultsshow explicitly the dependenceof the CP
>

violatingÿ asymmetryon form factors,CKM matrix elements
and� the effective parameterN

0
c1 .P For the CKM matrix ele-

ments,� it appearsthat if we taketheir upperlimit, we obtain
a� smallerasymmetry,a,Ñ and vice versa.The differencebe-
tween
j

k
Þ 2/
Ì
m� b
�2 � 0.3(0.5) in our resultscomesfrom the renor-

malization� of the matrix elementsof the operatorsin the
weakä Hamiltonian. Finally, the dependenceon N

0
c1 comes

from the fact that N
0

c1 is relatedto hadronizationeffects,and
consequently,� we cannotexactlydetermineN

0
c1 in our calcu-

lations.
ý

Therefore,we treatN
0

c1 asa free effectiveparameter.

FIG. 1. Asymmetry, a, for k
� 2
�
/
�
m� b
�2� � 0.3, N

�
c ! 0.98(2.01) and

limiting valuesof theCKM matrix elementsfor model1. Solid line"
dot line# standsfor N

�
c $ 0.98 and max % min& CKM matrix ele-

ments.' Dashedline ( dot dashedline) standsfor N
�

c * 2.01 andmax+
min' , CKM matrix elements.

FIG. 2. Asymmetry, a, for k
� 2/
�
m� b
�2� - 0.5, N

�
c . 0.94(1.95) and

limiting valuesof theCKM matrix elementsfor model1. Solid line/
dot line0 standsfor N

�
c 1 0.94 and max 2 min3 CKM matrix ele-

ments.' Dashedline 4 dot dashedline5 standsfor N
�

c 6 1.95 andmax7
min' 8 CKM matrix elements.

TABLE I. Maximum CP violating asymmetryamax9 (%) for
B
: ;=<?>A@CBEDCFAG

, for all models,limiting valuesof theCKM matrix
elementsH upperI andlower limit J , andfor k

� 2
�
/
�
m� b
�2� K 0.3(0.5).

N
�

cmin L 0.98(0.94) N
�

cmax M 2.01(1.95)

model' 1N
max9 , O max9 P 33( Q 27) R 29( S 23)T
min9 , U min9 V 52( W 43) X 47( Y 37)

model' 2Z
max9 , [ max9 \ 36( ] 29) ^ 37( _ 28)`
min9 , a min9 b 57( c 48) d 59( e 46)

model' 3f
max9 , g max9 h 32( i 26) j 29( k 23)l
min9 , m min9 n 51( o 43) p 47( q 37)

model4r
max9 , s max9 t 36( u 29) v 37( w 28)x
min9 , y min9 z 57( { 48)

| }
59( ~ 46)

|
model5�

max9 , � max9 � 29( � 24) � 24( � 19)�
min9 , � min9 � 48(

| �
40)
| �

39( � 31)

X.-H.
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As regardstheratiobetweentheasymmetries,wehavefound
a� ratio equalto 1.61� 1.63� . This is mainly determinedby the
ratio sin� /sin

Ì �
,Ñ and more preciselyby � . In Table II, we

showü the valuesfor the angles � , � , � . From all thesenu-
merical results,we canconcludethat we needto determine
the
j

value of N
0

c1 and� the hadronicdecayform factorsmore
precisely,/ if we want to usethe asymmetry,aÒ , to constrain
the
j

CKM matrix elements.
In spite of the uncertaintiesjust discussed,it is vital to

realizeË thattheeffectof ����� mixing in theB
� �����

decay
�

is
to
j

removeany ambiguityconcerningthe strongphase,sin   .
As the internaltop quarkdominatesthe b ¡ d

L
transition,the

weakä phasein the rate asymmetryis proportional to sin ¢
(
£ ¤

sinü ¥ ), where ¦¨§ arg� ©Cª (V
¹

tdº Vtbº « /
Ì
V
¹

ud� V
¹

ub� ¬ )
­ ®

,Ñ and knowing
the
j

sign of sin̄ enablesus to determinethat of sin° from a
measurementof the asymmetry,a.P We show in Fig. 3 that
the
j

sign of sin ± is alwayspositive in our range,0.98(0.94)²
N
0

c1 ³ 2.01(1.95), for all the modelsstudied.Indeed,at the´¶µ�·¶¸ invariant mass,where the asymmetryparameter,aÒ ,
reachesË a maximum, the value of sin ¹ is equal to one—
provided/ º�»�¼ mixing is included—overthe entirerangeof
N
0

c1 andfor all the form factorsstudied.So, we canremove,
withä the help of asymmetry,a, the uncertainty mod(½ ),
whichä appearsin ¾ from

r
theusualindirectmeasurements¿ 5À

whichä yield sin2 Á . By contrast,in thecasewherewe do not
take
j Â�Ã�Ä

mixing into account,we find a small value for
sinü Å .P In Figs.3 and4 we plot therole of Æ�Ç�È mixing in our

calculations.� We stressthat, even though one has a large
valueÿ of sin É around� N

0
c1 Ê 1 with no ËÍÌ�Î mixing, onestill

has
�

a very smallvaluefor r� Ï Fig. 4Ð . Hence,theCP violating
asymmetry,� a,Ñ remainsvery small in that case.

IV. BRANCHING RATIOS FOR B
Ñ Ò�ÓÕÔ 0

Ö ×ÙØ
AND
$

B
Ñ 0
Ö Ú�ÛÝÜßÞáà

A. Formalism

With
â

the factorizeddecayamplitudes,we can compute
the
j

decayratesby usingthe following expressionã 19ä :�
åçæ

B
� è

VP
¹ éëêíì pî ïñðCò 3ó

8 ô mV
2
+ A
õ ö

B
� ÷

VPø
ùûú pî B

ü
2
+
,Ñ ý 36

, þ
whereä

ÿ
pî � � ���

� �
mB

2
+ �	�

m1 
 m2 � 2
+ ��


mB
2
+ �	�

m� 1 � m2 � 2
+ �

2mB

�
37�

is the c.m. momentumof the decayparticles,m� 1(
£
m� 2)
­

is the
mass� of the vector � pseudoscalar� V(P), andA

õ
(
£
B
� �

VP
¹

) is
the
j

decayamplitude

A
õ �

B
� �

VP��� G
�

F�
2

 
i
! "

1,10
Vu�T,# PaÒ i

! $ VP
¹ %

Oi
! & B� ' . ( 38

, )

HereV
¹

u�T* ,# P+ is CKM factor

Vu�T ,	- Vub� V
¹

ud� .0/ for
1

i
B 2

1,2

and3 Vu�P+ 4	5 Vtb
º V
¹

tdº 687 for i
B 9

3
,
,..., 10

FIG.
:

4. Evolution of the ratio of penguinto treeamplitudes,r,
for k
� 2
�
/
�
m� B
;2 < 0.3(0.5), limiting valuesof the CKM matrix elements

( = , > ) max ? min@ , A˜ BDCFE ( G 3500;H 300)(0,0), I i.e. with J withoutKLNMPO mixingQ andfor model1. Figure4 R aSUT leftV : for W˜ XDY[Z (0;0),
solid line \ dot line] standsfor k

� 2/
�
m� B
;2� ^ 0.3 and ( _ , ` ) max a min' b .

Dot dashedline c dot dot dashedlined standsfor k
� 2
�
/
�
m� B

2 e 0.5 and

( f , g ) max h mini . Figure 4j bk lPm rightn : samecaption but for o˜ pDqr ( s 3500;t 300).

TABLE II. Values of the CKM unitarity triangle for limiting
valuesof the CKM matrix elements.

( u , v )min9 ( w , x )max9
y 86°02 89°23z

19°50 30°64{ 74°43 60°11

FIG.
:

3. Determinationof the strongphasedifference,sin| , for
k
� 2
�
/
�
m� B

2 } 0.3(0.5) andfor model1. Solid line ~ dot line� at sin ����� 1

stands for �˜ �D�[� ( � 3500;� 300) � i.e.
�

with ���P� mixing' � . Dot

dashedline � dot dot dashedline� standsfor �˜ �D�[� (0;0), � i.e.
�

with
no� �N�P� mixing' � .
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whereä the effective parametersare the following combina-
tions:
®

a2
+

j
¯ ° c2

+
j
¯±³² 1

N
´

cµ c2
+

j
¯ ¶

1

·
,Ñ

a2 j
¯ ¸

1 ¹ ci 2 j
¯ º

1

» ¼ 1

N
´

cµ ci 2 j
¯½ ,Ñ for j

¾ ¿
1, . . . ,5

and3 À VP
¹ Á

Oi
! Â B� Ã is a matrix elementwhich is evaluatedin the

factorization approach.In the quark model, the diagram
comingÄ from the B

� Å«ÆÈÇ 0
É ÊÌË

decayis the only contribution.
In our case,to be consistent,we shouldalso take into ac-
countÄ the ÍÏÎ0Ð mixing contributionwhen we calculatethe
branching
u

ratio since we are working to the first order of
isospinviolation. Explicitly, we obtain,for B Ñ«ÒÈÓ 0

É ÔÌÕ
,

BR
� Ö

B
� ×ÏØÈÙ 0

É ÚÌÛ�Ü
Ý GF

Þ2 ß pî àâáäã 3ó
32åçæ B

ü è é Vu�T* Aê 0
ëT ì aÒ 1 ,Ñ aÒ 2 íFî Vu�P+ Aï 0

ëP ð a3
ó ,Ñ ñFñ[ñ ,Ñ aÒ 10òôó

õ÷ö
V
¹

u�TA
õ øT ù a1 ,a2

+ ú�û V
¹

u�PA
õ üP ý aÒ 3

ó ,Ñ þ[þFþ ,aÒ 10ÿ��
� �˜ ����

s� 	�
 m� �2+ 
�� im
B �����

2

, � 39
, �

whereä the treeandpenguinamplitudesare�
2A� 0

ëT* � a1 ,Ñ aÒ 2 ��� aÒ 1f
� �

F1 � m�2  �! a2f
� "

A0
É # m� $2 % ,Ñ

&
2A' 0

ëP ( aÒ 3
ó ,Ñ )�)�) ,aÒ 10*�+ aÒ 4,.- f

� /
F1 0 m12+ 2�3 f

� 4
A0
É 5 m� 62+ 798

:
aÒ 10

1

2
f
� ;

F1 < m� =2 >�? f
� @

A
õ

0
É A m B2 C

D 3
,
2 E aÒ 7

o F aÒ 9
u G f� H Fa 1 I mJ2 K�L 2

< M
a6
~ N a8

r O
P m Q2+ f

� R
A0
É S m� T2+ UV

mu� W m� d
� X�Y m� b

� Z mu� [ ,Ñ
\

2A ]T* ^ a1 ,a2 _�` aÒ 1f
� a

F1 b m� c2+ d�e a2f
� f

A0
É g m� h2+ i ,

j
2A kP+ l aÒ 3

ó ,Ñ m�m�m ,aÒ 10n�o 2 p aÒ 3
ó q aÒ 5

� r�s 1

2 t a7
o u a9

u v f
� w

F1 x my2+ z

{ 2
< |

a8
r } a6

~ ~ m �2+ f
� �

A0
É � m� �2+ ��

mu� � md
� ��� m� b

� � m� u� ��
aÒ 4� f

� �
A0
É � m �2+ ��� f

� �
F1 � m�2+ �9�

�
aÒ 10 f

� �
A0
É � m� �2+ ��� 1

2
< f
� �

F1 � m�2+ � ,Ñ

whereä  �¡ 0
É ¢

ūu £ 0¤.¥ 1/ ¦ 2 f
§ ¨

m� ©«ª�© and3 ¬�­¯®±° u²̄ d
L ³

0
´ µ.¶

i f · pî ¸ .
For B0

É ¹»º½¼¿¾¯À
weä obtain

BRÁ B0
É Â»Ã½ÄÆÅ¯ÇÉÈ�Ê GF

2
+ Ë

pî ÌÎÍ.Ï 3ó
16ÐÒÑ B0

Ó Ô V¹ u�T* AÕ×ÖT
* Ø

a2 Ù
Ú Vu�P+ AÛ×ÜP

+ Ý
a3
ó , Þ�Þ�Þ ,a10ß�à 2,Ñ á 40â

whereä
A
õ ã×äT
* å

a2
+ æ�ç a2

+ f
§ è

F1 é m� ê2 ë ,
A
õ ì×íP
+ î

a3
ó ,Ñ ï�ï�ï ,Ñ aÒ 10ð�ñóò aÒ 4

ð ô aÒ 10õ f§ ö Fa 1 ÷ mø2 ù .ú
Moreover,
û

we can calculate the ratio betweenthese two
branching
u

ratios, in which the uncertaintycausedby many
systematicü errorsis removed.We definethe ratio R as

R
ü ý BR

� þ
B
� 0
É ÿ��������	�

BR
 B ����
 0
É ���	� ,Ñ � 41�

and,3 without taking into accountthe penguincontribution,
one� has

R � 2� B ��
B0
Ó aÒ 1

aÒ 2
+ � f

§ �
A0
É � m� �2+ �

f
§ �

F1 � m�  2+ !

"
1 #

$˜ %'&
(
s) *,+ m -2+ .0/ im

B 13241
5 2
+
. 6 42

	 7

B. Numerical results

The latestexperimentaldata from the CLEO Collabora-
tion
® 8

69 are

BR: B ;�<�= 0
É >�?	@BADC

10.4E 3.4
óF 3.3
ó G

2.1H0I 10J 6
~
,

BR
� K

B
� 0
É L�M�N�O�P	QBRDS

27.6T 7.4
oU 8.4
r V

4.2
	 W0X

10Y 6
~
,

R Z 2.65[ 1.9.

FIG. 5. Branching ratio for B0
\ ]_^�`badc

for models 1(2),
k
� 2/
�
m� B
e2� f 0.3 andlimiting valuesof theCKM matrix elements.Solid

line g dot lineh standsfor model 1 and max i min' j CKM matrix
elements.Dot dashedline k dot dot dashedlinel standsfor model2
andmax m minn CKM matrix elements.
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FIG.
:

6. Branching ratio for B
: �3�_� 0

� �d�
for models 1(2),

k
� 2
�
/
�
m� B
�2� � 0.3 andlimiting valuesof theCKM matrix elements.Solid

line � dot line� standsfor model 1 and max � min� CKM matrix
elements.Dot dashedline � dot dot dashedline� standsfor model2
andmax � min' � CKM matrix elements.

FIG. 7. Calculationof the ratio of the two ��� branching
�

ratios
versusN

�
c for models1(2) and for limiting valuesof the CKM

matrix' elements.Solid line � dot line� standsfor model1 with max�
min' � CKM matrix elements.Dot dashedline � dot dot dashedline�

standsfor model2 with max � min' � CKM matrix elements.

TABLE III. Summaryof the rangeof valuesof N
�

c , which is determinedfrom the experimentaldatafor
various models and input parameters� numbers� outside   inside

� ¡
brackets
�

are for k
� 2/
�
m� b
�2� ¢ 0.3(0.5)). The

notation:� £ number;number� ¤ means' that thereis an upperand lower limit for N
�

c . ¥ number;� ¦§¦ ) meansthat
there
¨

is no upperlimit for N
�

c in the rangeN
�

c © 0;10ª . « – ; –¬ meansthat thereis no rangeof N
�

c which is
consistentwith experimentaldata.

B
: ­

B
: 0
�

R
®

model1¯
max9 , ° max9 0.76;1.69± 0.73;1.62² 5.50; ³§³|´ – ; –µ 0.92;2.57¶ 0.90;2.52·¸
min9 , ¹ min9 0.52;1.04º 0.49;0.98» – ; – ¼ – ; –½ 0.97;2.88¾ 0.94;2.76¿À
max9 , Á min9 0.61;1.25Â 0.59;1.20Ã – ; – Ä – ; –Å 0.92;2.58Æ 0.91;2.54ÇÈ
min9 , É max9 0.69;1.46Ê 0.66;1.39Ë – ; – Ì – ; –Í 0.95;2.75Î 0.90;2.66Ï

model2Ð
max9 , Ñ max9 1.44;3.06Ò 1.40;2.95Ó 0.54;1.33Ô 0.54;1.38Õ 0.86;1.89Ö 0.84;1.86×Ø
min9 , Ù min9 1.00;2.01Ú 0.96;1.90Û 1.10; Ü§ÜzÝ 1.15; Þ§Þ ) 0.92;2.09ß 0.89;2.01àá
max9 , â min9 1.15;2.32ã 1.12;2.22ä 0.70; å§åzæ 0.72; ç§ç ) 0.87;1.89è 0.85;1.86éê
min9 , ë max9 1.32;2.78ì 1.25;2.60í 0.63;2.77î 0.62;3.12ï 0.90;2.00ð 0.84;1.94ñ

model' 3ò
max9 , ó max9 0.74;1.65ô 0.72;1.60õ – ; – ö – ; –÷ 0.92;2.65ø 0.92;2.60ùú
min9 , û min9 0.51;1.02ü 0.49;0.98ý – ; – þ – ; –ÿ 0.97;2.95� 0.94;2.85��
max9 , � min9 0.60;1.22� 0.57;1.19� – ; – � – ; –� 0.93;2.66� 0.92;2.61	

min9 , � max9 0.67;1.43� 0.65;1.37
 – ; – � – ; –� 0.92;2.79� 0.92;2.71�

model4�
max9 , � max9 1.41;3.04� 1.36;2.92� 0.56;1.44� 0.57;1.52� 0.86;1.91� 0.85;1.87��
min9 , � min9 0.98;1.96� 0.94;1.87� 1.16; ���! 1.23; "�" ) 0.90;2.10# 0.89;2.03$%
max9 , & min9 1.14;2.29' 1.10;2.21( 0.72; )�)!* 0.74; +�+ ) 0.86;1.92, 0.85;1.88-.
min9 , / max9 1.30;2.740 1.24;2.591 0.64;3.492 0.66;4.033 0.89;2.014 0.86;1.955

model' 56
max9 , 7 max9 0.75;2.188 0.73;2.109 – ; – : – ; –; 1.03; <�<>= 1.02; ?�? )@
min9 , A min9 0.50;1.08B 0.47;1.03C – ; – D – ; –E 1.09; F�F>G 1.06; H�H )I
max9 , J min9 0.58;1.38K 0.55;1.34L – ; – M – ; –N 1.03; O�O>P 1.02; Q�Q )R
min9 , S max9 0.66;1.71T 0.64;1.62U – ; – V – ; –W 1.04; X�X>Y 1.04; Z�Z )
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We
z

havecalculatedthebranchingratiosfor B0
É {}|�~����

and
for B ���}� 0

É ���
for all modelsasa functionof N

�
c� .ú In Figs.5

and3 6, we show the resultsfor models1 and 2 in order to
make� the dependenceon form factorsexplicit.

The numericalresultsare very sensitiveto uncertainties
comingÄ from the experimentaldata.For the branchingratio
B0
É ���������s�

Fig. 5� ,� we havea largerangeof valuesof N
�

c�
and3 CKM matrix elementsoverwhich the theoreticalresults
are3 consistentwith theexperimentaldatafrom CLEO. How-
ever,� all modelsdo not give thesameresult:models2 and4
are3 very closeto the experimentaldatafor a large rangeof
N
�

c� ,� whereasmodels1, 3 and5 arenot.Thereasonis still the
magnitudeof the form factors.As a result,we haveto ex-
cludeÄ models1, 3 and 5 becausetheir form factorsare too
small.�

If
�

we considernumericalresultsfor branchingratio B
� �

�}� 0
É �����

Fig. 6  ,� it appearsthat all modelsare consistent
with¡ the experimentaldata for a large range of N

�
c� . The

effect� of ¢�£u¤ mixing� ¥ included
¦

in our calculations§ on the
branching
¨

ratio B
� ©�ª�« 0

É ¬�­
is around30%. Numerical re-

sults� for models1, 3, and5, aswell as for models2 and4,
are3 very closeto eachother.Thedifferencebetweenthe two
branching
¨

ratios can be explainedby the fact that for the
B0
É ®�¯�°�±�²

decay,
³

the tree and penguin contributionsare
both
¨

proportionalto only oneform factor,F1(
£
k
´ 2). Thus,this

branching
¨

ratio is very sensitiveto the magnitudeof this
form
1

factor µ F1(k
´ 2
¶
) is relatedto h1 · 0.330or 0.625in mod-

els� ¸ 1,3¹ and º 2,4
» ¼

, respectively½ .ú On the otherhand,for the
decay
³

B
� ¾�¿}À 0

É Á�Â
, both F

Ã
1(
Ä
k
´ 2
¶
) andA

õ
0
É (k2
¶
)
Å

are includedin
the
®

treeandpenguinamplitudes,and this branchingratio is
lesssensitiveto the magnitudeof the form factors.

If
�

we look at the ratio R
ü

betweenthesetwo branching
ratios, BR(B Æ�Ç�È 0

É É�Ê
) and BR(

Ä
B0
É Ë�Ì�Í�Î�Ï

)
Å
—shown in

Fig.
Ð

7—the results indicate that R
ü

is very sensitiveto the
magnitude� of the form factors,and that thereis a largedif-
ferencebetweenmodels1, 3, and5 andmodels2 and4. We
investigatedthe ratio R for the limiting CKM matrix ele-
mentsasa function of N

�
c� ,� finding that R is consistentwith

the
®

experimental data over the range 0.98(0.94)Ñ N
�

c�Ò
2.01(
»

1.95) Ó thevaluesoutsideÔ inside
¦ Õ

brackets
¨

correspond
to
®

thechoiceq2
¶
/
Ö
m× b
Ø2¶ Ù 0.3(
Ú

0.5)] . It shouldbenotedthatR, in
particular,Û is not very sensitiveto theCKM matrix elements.
The
Ü

smalldifferencewhich doesappearcomesfrom thepen-
guinÝ contributionsÞ which maybeneglectedß .ú If we just take
into accountthe tree contributionsin our calculations,R is
clearlyÄ independentof the CKM matrix elementsà Eq. á 42âäã .

From
Ð

a comparisonof the numericalresultsand the ex-
perimentalÛ data,we canextracta rangeof N

�
c� ,� within which

all3 resultsareconsistent.In Table III, we havesummarized
the
®

allowedrangeof N
�

c� for B
� å�æ}ç 0

É è�é
, B
� 0
É ê�ë�ì�í�î

and3 R
ü

,

TABLE IV. Determinationof the intersectionof the valuesof N
ï

cð which are consistentwith various
subsetsof thedatafor all modelsandall setsof CKM matrix elementsñ numbersò outsideó inside

ô õ
brackets
ö

are
for k
÷ 2
ø
/
ù
mú b
û2ø ü 0.3(0.5)] . The notation: – ý –þ meansthat no commonrangeof N

ï
cð canbe extractedfrom the

data.

ÿ
N
ï

cð � B
� ����� Nï cð � B

� 0 � Nï cð 	 B
� 
���� Nï cð 
 R

� � Nï cð � B
� 0 ��� Nï cð � R

�
model1�

max� , � max� – � –� 0.92;1.69� 0.90;1.62� – � –��
min� , � min� –  –! 0.97;1.04" 0.94;0.98# – $ –%&
max� , ' min� – ( –) 0.92;1.25* 0.91;1.20+ – , –-.
min� , / max� – 0 –1 0.95;1.462 0.90;1.393 – 4 –5

model26
max� , 7 max� – 8 –9 1.44;1.89: 1.40;1.86; 0.86;1.33< 0.84;1.38=>
min� , ? min� 1.10;2.01@ 1.15;1.90A 1.00;2.01B 0.96;1.90C 1.10;2.09D 1.15;2.01EF
max� , G min� 1.15;2.32H 1.12;2.22I 1.15;1.89J 1.12;1.86K 0.87;1.89L 0.85;1.86MN
min� , O max� 1.32;2.78P 1.25;2.60Q 1.32;2.00R 1.25;1.94S 0.90;2.00T 0.84;1.94U

modelV 3W
max� , X max� – Y –Z 0.92;1.65[ 0.92;1.60\ – ] –̂_
min� , ` min� – a –b 0.97;1.02c 0.94;0.98d – e –fg
max� , h min� – i –j 0.93;1.22k 0.92;1.19l – m –no
minp , q maxp – r –s 0.92;1.43t 0.92;1.37u – v –w

model4x
maxp , y maxp 1.41;1.44z 1.36;1.52{ 1.41;1.91| 1.36;1.87} 0.86;1.44~ 0.85;1.52��
minp , � minp 1.16;1.96� 1.23;1.87� 0.98;1.96� 0.94;1.87� 1.16;2.10� 1.23;2.03��
maxp , � minp 1.14;2.29� 1.10;2.21� 1.14;1.92� 1.10;1.88� 0.86;1.92� 0.85;1.88��
minp , � maxp 1.30;2.74� 1.24;2.59� 1.30;2.01� 1.24;1.95� 0.89;2.01� 0.86;1.95�

modelV 5�
maxp , � maxp – � –� 1.03;2.18� 1.02;2.10� – � –� 
minp , ¡ minp – ¢ –£ – ¤ –¥ – ¦ –§¨
maxp , © minp – ª –« 1.03;1.38¬ 1.02;1.34­ – ® –̄°
minp , ± maxp – ² –³ 1.04;1.71́1.04;1.62µ – ¶ –·
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for models1, 2, 3, 4 and5, accordingto variouschoicesof
the
½

CKM matrix elements.To determinethe best rangeof
N
¾

c¿ ,À we haveto find someintersectionof thevaluesof N
¾

c¿ for
eachÁ model and for eachset of CKM matrix elements,for
whichÂ thetheoreticalandexperimentalresultsareconsistent.
This is possibleandtheresultsareshownin TableIV. In our
study,� it seems better to use the range intersectionÃ
N
¾

c¿ Ä B ÅÇÆÉÈ N¾ c¿ Ê R rather than Ë N¾ c¿ Ì B0
Ó ÍÏÎ N¾ c¿ Ð B Ñ , for fixing the

final interval N
¾

c¿ ,À since the experimentaluncertaintiesare
smaller� in the former case,andsincewe areworking to the
first orderof isospinviolation ( ÒÔÓÖÕ mixing× . Finally, after
excludingÁ models1, 3 and5, which arenot consistentwith
allØ the experimentaldata,we are able to fix the upperand
lower limit of the rangeof N

¾
c¿ ,À using the limiting valuesof

the
½

CKM matrix elementsÙ TableV Ú .Û We find thatN
¾

c¿ should�
be
¨

in the range0.98(0.94)Ü N
¾

c¿ Ý 2.01(
Þ

1.95), where N
¾

cmin¿
andØ N

¾
cmax¿ correspondto ( ß minà ,À á minà )

â
and( ã maxà , ä maxà )

â
, re-

spectively.�

V.
å

SUMMARY AND DISCUSSION

The
æ

first aim of the presentwork was to compareour
theoretical
½

resultswith the latestexperimentaldatafrom the
CLEO
ç

Collaboration for the branchingratios B
è éëêíì 0

î ïñð
andØ B

è 0
î òôóºõ÷öñø

.Û Our next aim was to studydirect CP vio-
lation
ù

for the decayB
è úëûíü 0

î
(
ý þ

) ÿ������ ����	�
�� , with the
inclusionof 
���� mixing. Theadvantageof ����� mixing is
that
½

the strongphasedifferenceis largeandrapidly varying
nearthe � resonance.As a resulttheCP

�
violating asymme-

try,
½

a� , hasa maximum,a� maxà ,À whentheinvariantmassof the������� pair is in the vicinity of the � resonanceand sin �� � 1 at this point.
In
!

thecalculationof CP
�

violating" asymmetryparameters,
weÂ need the Wilson coefficientsfor the tree and penguin
operators# at thescalem$ b

% .Û We workedwith the renormaliza-
tion
½

schemeindependentWilson coefficients.Oneof thema-
jor
&

uncertaintiesis thatthehadronicmatrix elementsfor both
tree
½

and penguin operatorsinvolve nonperturbativeQCD.
We
z

haveworkedin the factorizationapproximation,with N
¾

c¿
treated
½

as an effective parameter.Although one must have
some� doubtsaboutfactorization,it hasbeenpointedout that
it may be quite reliable in energeticweakdecays' 22,23( .

We
z

haveexplicitly shownthat theCP
�

violating" asymme-

try,
½

a,À is very sensitiveto the CKM matrix elementsandthe
magnitudeof the form factors,andwe havealsodetermined
aØ rangefor themaximumasymmetry,amaxà , as a functionof
the
½

parameterN
¾

c¿ , the limits of CKM matrix elementsand
the
½

choiceof k
) 2
*
/
+
mb
%2* , 0.3(0.5). From all the modelsinvesti-

gated,Ý we found that CP violating asymmetry,a� maxà ,À varies
from
- .

24%
Þ

( / 19%) to 0 59%
1

( 2 48%
3

). We stressedthat
the
½

ratio betweenthe asymmetriesassociatedwith the limit-
ing valuesof CKM matrix elementswould be mainly deter-
mined4 by 5 .Û Moreover,we alsostressedthat without 6�7�8
mixing,4 we cannothavea largeCP violating" asymmetry,a� ,
since� a� is proportionalto bothsin 9 andØ r.Û Eventhoughsin :
is largearoundN

¾
c¿ ; 1, r is very small.As a result,we find a

very" small value for the CP violation" in the decay B <=?> 0
î @�ACB

of# the order of a few percentD withoutÂ mixing.
Once
E

mixing is included, the sign of sin F is
G

positive for
N
¾

c¿ :H 0.98(0.94)I N
¾

c¿ J 2.01(1.95). Indeed,at the K�L�M�N in-
variant" mass,where the asymmetry,a,À is maximum, sin OP Q 1 independentof the parametersused.Thus,by measur-
ing
G

a,À we can erasethe phaseuncertaintymod(R ) in the
determination
S

of the CKM angle T , which arisesfrom the
conventionalU determinationof sin2 V .Û

The theoretical results for the branching ratios, B WX?Y 0
î Z�[

and B
è 0
î \�]�^�_�`

,À were comparedwith the experi-
mentaldatafrom the CLEO Collaborationa 6b .Û Thesecalcu-
lations show that it is possibleto have theoreticalresults
consistentU with the experimentaldatawithout needingto in-
voke" contributionsfrom other resonancesc 24,25d .Û This data
helpedus to constrainthe magnitudeof the various form
factors
-

neededin the theoreticalcalculationsof B
è

decays.
S 1

We
z

determineda range of value of N
¾

c¿ ,À 0.98(0.94)e N
¾

c¿f
2.01(1.95), insideof which the experimentaldataandthe

theoretical
½

calculationsareconsistentfor models2 and4.
We
z

will needmore accuratedatain the future to further
decrease
S

the uncertaintiesin the calculation.If we can use
both
¨

the CP violating" asymmetryand the branchingratios,
withÂ smalleruncertainties,we expectto beableto determine
the
½

CKM matrix elementsmoreprecisely.At the very least,
it
G

appearsthat onewill be ableto unambiguouslydetermine
the
½

sign of sin g andhence,removethe well known discrete
uncertaintiesh in i associatedØ with the fact that indirect CP

�
violation" determinesonly sin2 j . We expectthat our predic-
tions
½

shouldprovideusefulguidancefor futureinvestigations
andØ urge our experimentalcolleaguesto seriouslyplan to
measurethe rather dramaticdirect CP

�
violation" predicted

here.
k
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consistentwith the CLEO values.

TABLE V. Best range of N
p

cq determinedfrom Table IV for
k
r 2/
s
mt b
u2v w 0.3(0.5). One takes the maximum interval of N

p
cq , from

TableIV, for eachmodel x 2,4y . To determinethe maximum z mini-
mum{ range,oneconsidersall models | 2,4} andthe largest ~ small-
est� rangeof N

p
cq . In comparison,we show the rangeof N

p
cq deter-

mined� without ����� mixing.�
�
N
p

cq � with mixing � Np cq � without mixing

model2 1.00;2.01� 0.96;1.94� 0.85;1.74� 0.85;1.74�
model� 4 0.98;2.01� 0.94;1.95� 0.84;1.76� 0.84;1.75�
maximum� range 0.98;2.01� 0.94;1.95� 0.84;1.76� 0.84;1.75�
minimum range 1.00;2.01� 0.96;1.94� 0.85;1.74� 0.85;1.74�
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QCD Factorization in B Decaysinto ρπ1
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Abstract. BasedontheQCDfactorizationapproachweanalysethebranchingratiosfor thechannel
B , ρπ. Fromthecomparisonswith experimentaldataprovidedby CLEO, BELLE andBABAR
we constraintheform factorFB - π . m2

ρ / andproposeboundariesfor this form factordependingon
theCKM matrix elementparametersρ andη .

1. NAIVE FACTORIZATION

Theinvestigationof B decaysrequiresaknowledgeof boththesoftandhardinteractions
which control the dynamicsof quarksandgluons.Becausethe energy involved in B
decayscovers a large range,from mb down to ΛQCD, it is necessaryto describethe
phenomenonwith accuracy. Recently, theBELLE, BABAR, andCLEO facilities have
beenproviding moreandmoredatawhichcanbecomparedwith theoreticalresultsand
henceincreaseourknowledgein this area.

In any phenomenologicaltreatmentof theweakdecaysof hadrons,thestartingpointis
theweakeffectiveHamiltonianat low energy [1, 2, 3, 4, 5]. It is obtainedby integrating
out the heavy fields (e.g. the top quark,W and Z bosons)from the StandardModel
Lagrangian.It canbewritten as,0

ef f 1 GF2
2
∑

i
VCKMCi 3 µ 4 Oi 3 µ 465 (1)

whereGF is theFermiconstant,VCKM is theCKM matrixelement,Ci 3 µ 4 aretheWilson
coefficients,Oi 3 µ 4 are the operatorsenteringthe OperatorProductExpansionand µ
representsthe renormalizationscale.In the presentcase,sincewe analysedirect CP

1 Presentedat FourthTropicalWorkshop,Cairns,Australia,9-13June2003.
2 xhguo@physics.adelaide.edu.au
3 oleitner@physics.adelaide.edu.au
4 athomas@physics.adelaide.edu.au



¸ x ¸ f gifkjlgnm o!p>q r t�v

violation in B decaysinto ρπ, we takeinto accountbothtreeandpenguinoperatorsand
theeffectiveHamiltonianis,798 B : 1

ef f ; GF<
2

=
VubV >uq ? C1Oq

1 @ C2Oq
2 ACB VtbV >tq 10

∑
i : 3

CiOi D @ h E c EGF (2)

whereq ; d. Consequently, thedecayamplitudecanbeexpressedasfollows,

A H B I PV J ; GF<
2

=
VubV >uq K C1 L PV MOq

1 MBN @ C2 L PV MOq
2 MBNPO B

VtbV >tq 10

∑
i : 3

Ci L PV MOi MBN D @ h E c EQF (3)

where L PV MOi MBN arethehadronicmatrix elements,andP H V J indicatesa pseudoscalar
(vector) meson.The matrix elementsdescribethe transitionbetweeninitial andfinal
stateat scaleslower than µ and include, up to now, the main uncertaintiesin the
calculationbecauseit involvesthenon-perturbativephysics.

The computationof the hadronicmatrix elements,L PV MOi MBN , is not trivial andre-
quiressomeassumptions.The generalmethodwhich hasbeenusedis the so-called
“factorization” procedure[6, 7, 8], in which oneapproximatesthematrix elementasa
productof a transitionmatrixelementbetweenaB mesonandonefinal statemesonand
a matrix elementwhich describesthe creationof the secondmesonfrom the vacuum.
Thiscanbeformulatedas, L PV MOi MBN ; L V M J2i M0 N L P M J1i MBN6F

or L PV MOi MBN ; L P M J4i M 0 N L V M J3i MBN6F (4)

wheretheJj i arethetransitioncurrents.This approachis known asnaivefactorization
sinceit factorizesL PV MOi MBN into a simpleproductof two quarkmatrix elements,(see
Fig. 1). Analytically, Fig. 1 canbewrittendown as,

A H B I PV J ∝

=
10

∑
i : 1

VCKMCi H µ J L M1M2 MOi MBN D
∝

=
10

∑
i : 1

VCKMCi H µ J L M1 M J2i M0 N L M2 M J1i MBN D E (5)

A possiblejustificationfor thisapproximationhasbeengivenby Bjorken[9]: theheavy
quark decaysare very energetic, so the quark-antiquarkpair in a mesonin the final
statemovesvery fast away from the localisedweak interaction.The hadronizationof
the quark-antiquarkpair occursfar away from the remainingquarks.Then,the meson
canbe factorizedout andthe interactionbetweenthe quarkpair in the mesonandthe
remainingquarkis tiny.
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Oi(µ)

×∑i=1
10 Ci(µ) M1B

M2

≡ ∑i=1
10 Ci(µ) ×S

×M1B

M2

〈0|×

orT
×M2B

M1

〈0|

FIGURE 1. Naive factorization,whereM1 andM2 representthefinal mesonstates.

The main uncertaintyin this approachis that the final stateinteractions(FSI) are
neglected.Correctionsassociatedwith the factorizationhypothesisare parameterized
andhencetheremaybelarge uncertainties[10]. In spiteof this, thereare indications
that shouldgive a goodestimateof the magnitudeof the B decayamplitudein many
cases[11, 12]. In orderto improve theestimateof thehadronicmatrixelement,we will
briefly presentin Section2 theformalismof QCD factorization,which is anextension
of naive factorization.We will seehow it is possibleto incorporateQCD corrections
in order to include the FSI at the first order in αs into the factorizationapproach.In
Section3, we will list our numericalresults for the branchingratios relatedto the
channelsB U ρπ andB U ωπ. In Section4, we will constrainthe form factorFBV π

1
and proposeboundariesfor this form factor dependingon the CKM matrix element
parametersρ andη . Finally, in the last sectionwe will summarizeour analysisand
draw someconclusions.

2. QCD FACTORIZATION

Factorizationin charmlessB decaysinvolvesthreefundamentalscales:theweakinter-
actionscaleMW, theb quarkmassscalemb, andthestronginteractionscaleΛQCD. It is
well known thatthenon-leptonicdecayamplitudefor B U PV is proportionalto:

A W B U PV X ∝ ∑
i

Ci W µ XZY PV [Oi W µ X\[B]_^ (6)

wherewehaveomittedtheCKM factorandFermiconstantfor simplicity. Thematrixel-
ementsY PV [Oi W µ X`[B] containnon-perturbativeeffectswhichcannotbeaccuratelyeval-
uated.ThecoefficientsCi W µ X includestronginteractioneffectsfrom thescalesMW down
to mb andis undercontrol.Theaim is thereforeto obtaina goodestimateof thematrix
elementswithout assumingnaive factorization.In QCD factorization(QCDF),assum-
ing a heavy quarkexpansionwhenmb a ΛQCD andsoft collinear factorizationwhere
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theparticleenergiesarebiggerthanthescaleΛQCD, thematrix elements| PV }Oi ~ µ �\}B�
canbewritten as[13]:| PV }Oi ~ µ �\}B�C��| P } j1 }B�Z| V } j2 }0 �(� 1 � ∑

n
rnα n

s ��� ~ ΛQCD � mb ���w� (7)

where rn refers to the radiative correctionsin αs and j i are the quark currents.It is
straightforwardto seethat if we neglect thecorrectionsat theorderαs, we recover the
conventionalnaive factorizationin the heavy quark limit. We can rewrite the matrix
elements| PV }Oi ~ µ �\}B� , at the leadingorder in ΛQCD � mb, in the QCDF approachby
usingapartoniclanguageandonehas[13, 14,15,16, 17,18]:

| PV }Oi ~ µ �\}B�*� FB � P
j ~ m2

V ��� 1

0
dxTI

i j ~ x� φV ~ x ��� AB � V
k ~ m2

P �o� 1

0
dyTI

ik ~ y � φp ~ y���� 1

0
dξ � 1

0
dx � 1

0
dyTI I

i ~ ξ � x � y� φB ~ ξ � φV ~ x� φP ~ y�6� (8)

whereφM (with M � V � P� B) are the leadingtwist light conedistribution amplitudes
(LCDA) of valencequarkFock states.The light conemomentumfractionsof thecon-
stituentquarksof the vector, pseudo-scalarand B mesonsare given respectively by
x � y� andξ . The form factorsfor B � P andB � V semi-leptonicdecaysevaluatedat
k2 � 0 aredenotedby FB � P

j ~ m2
V � andAB� V

k ~ m2
P � . Eq. (8) canbeunderstoodvia Fig. 2

wherea graphicalrepresentationof the factorizationformula is given. The hadronic

+
Fj

Tij
I

ΦV

 P=M2

 V=M1

B +
Ak

Tik
I

ΦP

Ti
II

ΦV

ΦP

ΦB

 V=M1  P=M1

 P=M2

 V=M2

B

B�
FIGURE 2. Graphicalrepresentationof theQCDfactorizationformula.

decayamplitudeinvolvesbothsoftandhardcontributions.At leadingorder, all thenon-
perturbative effectsare containedin the form factorsand the light conedistributions
amplitudes.Then,non-factorizableinteractionsaredominatedby hardgluonexchanges
(in thecasewheretheO ~ ΛQCD � mb) termsareneglected)andcanbecalculatedpertur-
batively, in orderto correctthenaive factorizationapproximation.Thesehardscattering
kernels[13, 14,15,16, 17, 18,19], T I

ik andT I I
i , arecalculableorderby orderin pertur-

bation theory. The naive factorizationtermsarerecoveredby the leadingtermsof T I
ik

comingfrom the treelevel contributions,whereasvertex correctionsandpenguincor-
rectionsareincludedathigherordersof αs in T I

ik. Thehardinteractions(atorderO ~ αs))
betweenthespectatorquarkandtheemittedmeson,at largegluonmomentum,aretaken
into accountby T I I

i .
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2.1. The QCD coefficientsai

The coefficients ai [20, 21], have beencalculatedat next-to-leadingorder. They
containall thenon-factorizableeffectsat orderin αs. In orderto clearlyseparateevery
contribution, thecoefficientsai arewritten asthesumof,

ai � ai � I � ai � I I � (9)

wherethefirst termincludesthenaive factorization,thevertex andpenguincorrections,
while the secondterm containsthe hardspectatorinteractions.According to the final
states,the termsai have to be expressedfor two differentcases:caseA corresponds
to the situationwherethe recoiling mesonM1 is a vector and the emittedmesonM2
is a pseudoscalar, and vice-versafor caseB. For caseA, the coefficients ai take the
form [20, 21],

a1 � I � C1 � C2

Nef f
c � 1 � CFαs

4π
VM � � a1 � I I � πCFαs

Nef f 2
c

C2H � BM1 � M2 � �
a2 � I � C2 � C1

Nef f
c � 1 � CFαs

4π
VM � � a2 � I I � πCFαs

Nef f 2
c

C1H � BM1 � M2 � �
a3 � I � C3 � C4

Nef f
c � 1 � CFαs

4π
VM � � a3 � I I � πCFαs

Nef f 2
c

C4H � BM1 � M2 � �
ap

4 � I � C4 � C3

Nef f
c � 1 � CFαs

4π
VM � � ap

4 � I � b � a4 � I I � πCFαs

Nef f 2
c

C3H � BM1 � M2 � �
a5 � I � C5 � C6

Nef f
c � 1 � CFαs

4π
V  M � � � a5 � I I � πCFαs

Nef f 2
c

C6H  ¡� BM1 � M2 � �
ap

6 � I � C6 � C5

Nef f
c � 1 � 6

CFαs

4π � � ap
6 � I � b � a6 � I I � 0 �

a7 � I � C7 � C8

Nef f
c � 1 � CFαs

4π
V  M � � � a7 � I I � πCFαs

Nef f 2
c

C8H   � BM1 � M2 � �
ap

8 � I � C8 � C7

Nef f
c � 1 � 6

CFαs

4π � � ap
8 � I � b � a8 � I I � 0 �

a9 � I � C9 � C10

Nef f
c � 1 � CFαs

4π
VM � � a9 � I I � πCFαs

Nef f 2
c

C10H � BM1 � M2 � �
ap

10� I � C10 � C9

Nef f
c � 1 � CFαs

4π
VM � � ap

10� I � b � a10� I I � πCFαs

Nef f 2
c

C9H � BM1 � M2 � � (10)

wherethetermsap
4 � I � b � ap

6 � I � b � ap
8 � I � b andap

10� I � b are,

ap
4 � I � b � CFαs

4π

Pp
M � 2

Nef f
c

� ap
6 � I � b � CFαs

4π

Pp
M � 3

Nef f
c

�
ap

8 � I � b � α
9π

Pp � ew
M � 3

Nef f
c

� ap
10� I � b � α

9π

Pp � ew
M � 2

Nef f
c ¢ (11)
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In Eqs. (10) and (11) VM ¤ V ¥M representthe vertex corrections,H ¤ H ¥ describehard
gluon exchangesbetweenthe spectatorquark in the B mesonand the emittedmeson
(pseudoscalaror vector).Pp

M ¦ 2 ¤ Pp
M ¦ 3 ¤ Pp ¦ ew

M ¦ 3 ¤ Pp ¦ ew
M ¦ 2 aretheQCDpenguincontributionsand

electroweak penguincontributions, respectively. Thesequantitiesare a result of the
convolution of hard scatteringkernelsG, with mesondistribution amplitudes,Φ. We
refer thereaderto Refs.[13, 14, 15, 16, 17, 18] for moredetails.Otherparametersare
Ci § Ci ¨ µ © (in NDR), αs § αs ¨ µ © (next to leadingorder),andCF ª«¨ N2

c ¬ 1 ©®­ 2Nc with
Nc ª 3.

3. NUMERICAL RESULTS

Assumingthat all of theparametersinvolved in QCD factorizationareconstrainedby
independentstudieswhere the input parametersrelatedto factorizationwere fitted,
we concentrateour efforts on the form factor FB ¯ π

1 dependingon the CKM matrix
parametersρ andη . In orderto reachthis aim,we have calculatedthebranchingratios
for B decayssuchasB°u± ρ0π° ¤ B0 ± ρ ° π0 ¤ B0 ± ρ ° π² ¤ B0 ± ρ0π0 andB°�± ωπ°
wheretheannihilationandρ ¬ ω mixing contributionsweretakeninto account.All the
resultsareshown in Figs.3, 4 and5, andthebranchingratiosareplottedasa function
of theform factorFB ¯ π

1 andasa functionof thevaluesof ρ andη aswell.
By taking into accountexperimentaldata from CLEO [22, 23, 24, 25, 26, 27],

BELLE [28, 29,30, 31,32,33,34,35,36] andBABAR [37, 38,39,40,41,42, 43,44],
andcomparingtheoreticalpredictionswith experimentalresults,we expectto obtaina
constrainton theform factorFB̄ π

1 dependingon theCKM matrix elementparameters
ρ andη . Becauseof theaccuracy of thedata,weshallmainlyusetheCLEOandBELLE
datafor our analysisratherthanthosefrom BABAR. We expectthatour resultsshould
dependmoreon uncertaintiescomingfrom the experimentaldatathanthosefrom the
factorizationapproach(asopposedto naive factorization)appliedto calculatehadronic
matrix element³ ρπ ´ Jµ ´Bµ sincein B decays,1 ­ mb correctionsareverysmall.
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FIGURE 3. Branchingratio for B¶¸· ρ0π¶ , for limiting valuesof the CKM matrix elements(Left
hand-side).Branchingratio for B¶y· ρ ¶ π0, for limiting valuesof the CKM matrix elements(Right
hand-side).Solid line (dotted line) for max (min) CKM matrix elements.Notation: horizontaldotted
lines:CLEOdata;horizontaldashedlines:BABAR data;horizontaldot-dashedlines:BELLE data.
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For the branchingratio B¹{º ρ0π¹ (Fig. 3), we found total consistency between
the theoreticalresultsandexperimentaldatafrom CLEO andBELLE. However, these
resultsallow us to determinean upperlimit (between0.40 and0.65) for the valueof
theform factorFB » π

1 . Theweakdependenceof thebranchingratio on theform factor,
FB » π

1 , is relatedto thetreeandpenguinamplitudeswhich aremainly governedby the
form factorAB » ρ

0
ratherthanFB» π

1 . Therefore,this branchingratio cannotbeusedas

anefficient way to constraintheform factorFB » π
1 . Notealsothat thecomparisonwith

BABAR datashows agreementbetweentheoryandexperimentwhenFB » π
1 is bigger

than0.5.
For thebranchingratio B¹ º ρ ¹ π0 (Fig. 3), CLEO givesonly anupperlimit for the

branchingratiowhereasBABAR andBELLE donot.Basedonthisupperlimit, thevalue
of the form factor FB » π

1 must be lower than0.62.We emphasizethat this branching
ratio is stronglydependenton the form factor FB » π

1 and henceprovidesan efficient
constraintfor thevalueof FB» π

1 . For thebranchingratioB0 º ρ ¹ π¼ (shown in Fig. 4),
BELLE, BABAR andCLEO give consistentexperimentaldata.The decayamplitude
relatedto this branchingratio is proportionalto the form factorFB » π

1 andthusallows
us to constrainthe form factoreffectively. Requiringagreementbetweenexperimental
valuesandtheoreticalresultsyieldsa centralvaluefor FB » π

1 which is about0.3.Note
that for thesethreebranchingratiostheir dependenceon the CKM matrix elementsρ
andη is strong.Hencewe expectto be ableto determinelimits for their valueswhen
moreB decaychannelsaretakeninto account.
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FIGURE 4. Branchingratio for B0 ½ ρ ¾ π¿ , for limiting valuesof the CKM matrix elements(Left
hand-side).Branchingratio for B0 ½ ρ0π0, for limiting valuesof theCKM matrix elements(Righthand-
side).Solid line (dottedline) for max (min) CKM matrix elements.Notation: horizontaldottedlines:
CLEO data;horizontaldashedlines:BABAR data;horizontaldot-dashedlines:BELLE data.

For thebranchingratio B0 º ρ0π0 (Fig. 4), BABAR, BELLE andCLEO only give
anupperlimit for thebranchingratio. However, thebranchingratio doesnot appearto
bevery sensitive to theCKM matrix elementsρ andη . Thatcouldhelpusto obtainan
upperlimit for FB» π

1 which is not sensitive to ρ andη . We thereforeneednew datato
go further in this case.Finally, we focuson thebranchingratio B¹�º ωπ¹ , plottedin
Fig. 5. Thereis no agreementwith theCLEO datafor valuesof the form factorFB» π

1
lower than0.25whereasthereis a goodagreementwith BABAR andBELLE for any
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valueof FBÁ π
1 . Note that in this casethesensitivity of thebranchingratio to theCKM

matrix elementsis bigger thanthat to the form factor FBÁ π
1 anddoesnot allow us to

draw any conclusionsregardingthevalueof FBÁ π
1 .

To remove systematicerrors in branchingratio data given by the B factories,we
can look at the ratio Rπ of the two following branchingratios: ÂÄÃ B0 Å ρ Æ πÇCÈ andÂÄÃ BÆ Å ρ0πÆ È . In Fig. 5 weshow theratio,Rπ, asafunctionof theform factorFB Á π

1 .
All the B factory dataarein goodagreementwith theoreticalpredictions.The results
indicatethat the ratio is not sensitive to theCKM matrix elementsρ andη whereasit
is very sensitive to the valueof FBÁ π

1 . Comparisonwith the datashows that FB Á π
1 is

between0.13and0.30(BELLE), 0.05and0.20(BABAR), and0.10and0.35(CLEO),
respectively. Assumingthat the value of FB Á π

1 at k2 É m2
ρ is around0.30, we haveÂÄÃ B0 Å ρ Æ π0 ÈËÊ 14Ì 2 Í 10Î 6 and ÂÄÃ B0 Å ρ0π0 ÈCÏ 1 Í 10Î 6.
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FIGURE 5. Branchingratio for BÐ�Ñ ωπÐ , for limiting valuesof the CKM matrix elements(Left
hand-side). The ratio of two ρπ branchingratios limiting valuesof the CKM matrix elements(Right
hand-side).Solid line (dotted line) for max (min) CKM matrix elements.Notation: horizontaldotted
lines:CLEOdata;horizontaldashedlines:BABAR data;horizontaldot-dashedlines:BELLE data.

It has to be pointed out that the annihilation contributions in B decaysplay an
importantrole sincethey contribute significantly to the magnitudeof the amplitude.
The annihilationdiagramcontribution to the total decayamplitudestrongly modifies
(in a positive or negative way) the branchingratio BÎ Å ρ0πÎ accordingto thevalue
chosenfor the phaseφA. This contribution could be biggerthanthat of ρ Ò ω mixing
but carriesmoreuncertaintiesbecauseof its endpointdivergence.We emphasisethat
thesetwo contributions(ρ Ò ω mixing effectsandannihilationcontributions)arenot
just simplecorrectionsto the total amplitude,but areimportantin obtaininga correct
descriptionof B decayamplitude.

4. FORM FACTOR FBÓ π
1

Form factorsplay a major role in thefactorizationmethod(naive or QCDF)sincethey
representthetransitionbetweentwohadronicstates.Theircomputationis nontrivial and
maycarry largeuncertainties,dependingon modelsbeingused.Thesemodelsinclude,



g�hjglkmhon�psrst�v�x�z bdc(Ô

say, QCD sumrules,heavy quarkeffective theory, lattice QCD andlight coneQCD.
With theavailableexperimentaldatafor thebranchingratios,it is now possiblefor usto
constrainFBÕ π

1 in a model-independentway in QCDF.
It hasto benoticedthatthebranchingratiosdependonbothFBÕ π

1 andNef f
c . In Fig. 6

we show the resultsregardingtheform factorFB Õ π
1 Ö m2

ρ × asa functionof Nef f
c , where

werequirethatall thebranchingratiosfor Bdecayinginto ρπ andωπ beconsistentwith
theexperimentaldataprovidedby CLEO andBELLE. We have excludedthedatafrom
BABAR sincethey arecurrentlynot numerousandaccurateenough.We have included
uncertaintiesfrom the CKM matrix elementparametersρ (0 Ø 190 Ù ρ Ù 0 Ø 268)andη
(0 Ø 284 Ù η Ù 0 Ø 366) andwe have appliedthe QCD factorizationmethodwhereall of
thefinal stateinteractioncorrectionsarisingatorderαs areincorporated.Weemphasize
thattheresultsaremodelindependent.
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FIGURE 6. FB Ú π
1 asa function of Nef f

c . Plot obtainedby comparingtheoreticalresultsfrom QCFD
with experimentaldatafrom BELLE andCLEO for thebranchingratiosB Û ρπ andB Û ωπ. Theplot
includestheuncertaintiesfrom theCKM matrixelementparametersρ andη .

We found a largecommonregion betweenBELLE andCLEO for the B decayinto
ρπ. Fromouranalysis,FB Õ π

1 Ö m2
ρ × variesbetween0 Ø 3 and0 Ø 57andNef f

c cantakevalues
from 1 Ø 25 to 2 Ø 25. Their centralvaluesare FB Õ π

1 Ö m2
ρ ×6Ü 0 Ø 43 andNef f

c Ü 1 Ø 75. The
result obtainedfor the form factor FB Õ π

1 Ö m2
ρ × reducesone of the main uncertainties

in the factorizationprocess.That obtainedfor the effective numberof colours,Nef f
c ,

confirmspreviousanalysiswherenaive factorizationwasappliedfor thesamedecays.
It is well known that the CKM matrix elementparametersρ and η are the main

“key” to CP violation within theStandardModel.Recallthat theweakphaseis mainly
governedby the parameterη that provides the imaginary part which is absolutely
necessaryto obtainanasymmetrybetweenmatterandantimatter. Basedonouranalysis,
we arenot ableto efficiently constraintheCKM matrix parametersρ andη from the
branchingratiosfor B Ý ρπ. In fact,thecommonregionallowedby CLEOandBELLE
datafor branchingratios for B Ý ρπ doesnot constrainthe parametersρ andη . In
the analysiswe usedthe values0 Ø 190 Ù ρ Ù 0 Ø 268 and0 Ø 284 Ù η Ù 0 Ø 366 [45, 46],
to which thecommonregion corresponds.However, we cantry (asanexample)to get
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someconstraintson ρ andη by only takinginto accountthecentralvaluesfor theform
factorFBê π

1 ë m2
ρ ì andfor theeffectivenumberof coloursNef f

c . Accordingto our work,
we find thefollowing limits: 0 í 205 î ρ î 0 í 251and0 í 300 î η î 0 í 351.

5. CONCLUSION

The calculationof the hadronicmatrix elementsthatappearin the B decayamplitude
is non trivial. The main difficulty is to expressthe hadronicmatrix elementswhich
representthetransitionbetweenthemesonB andthefinal state.

We have investigatedthe branchingratios for B ï ρπ ð B ï ωπ within the QCDF
approach.Comparisonswere madewith experimentalresultsfrom BABAR, BELLE
andCLEO.Basedon our analysisof branchingratiosin B decays,we have constrained
the form factor, FB ê π

1 ë m2
ρ ì , andtheeffective numberof colours,Nef f

c . More accurate
experimentaldataregardingbranchingratios in B decayswill provide more accurate
results,which will behelpful in gainingfurtherknowledgeof directCP violation in B
decays.

This work could be extendedto more B decays.It would be very interestingto
constrainour parametersby investigatingchannelsotherthanρπ for branchingratios
and asymmetries.By including more channels,we will usemore experimentaldata
andhencebeableto obtainbetterresultsfor our parameters.In theQCD factorization
framework, annihilationcontributionscould be subjectto discussions.Clarifying this
point would be very helpful in obtainingmore accuratetheoreticalpredictions.For
example,it is importantto solve the problemrelatedto the end point integral diver-
gence[13] which is parameterizedwithout any strongphysicalmotivation.Moreover,
the annihilationcontributions have not beenincludedwithin the QCDF method.To
obtaina consistentframework, it would bebetterto find a way to includethemwithin
QCDF.
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