
HAL Id: in2p3-00023902
https://hal.in2p3.fr/in2p3-00023902

Submitted on 17 Mar 2005

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Rare B decays at LHC
S. Viret

To cite this version:
S. Viret. Rare B decays at LHC. 6th International Conference on Hyperons, Charm and
Beauty Hadrons (BEACH 2004), Jun 2004, Chicago, Illinois, United States. pp.420-425,
�10.1016/j.nuclphysbps.2005.01.071�. �in2p3-00023902�

https://hal.in2p3.fr/in2p3-00023902
https://hal.archives-ouvertes.fr


��������� 	
������
�����������
��������! #"%$&�('*)+$-,%�."0/
/2143 ��576�8!9;:!<;=?> ,%��'�@!��A-� 6�B ,C�D'FE.�;G
HJILKNMPO�QSRUT�VNWYX[Z2\]RUZ_^�X[`badceVgf�^ihjILklkm`bW�ILKn`FMPolILadp

qdrjsutwvjx(vzy%{7|nsu}Py%t
x(~��.}Py0{#};suy%�e�(�[�#rjy���x��#y%tm�
vzy%{��-�({#��x(~!�Cy�tm�#���;s�y%tw�(���������F�4�4qJ�b�����bx(~j���J�g��su~�{�x�{#y0����t�yC�%�#�({��
�L��x.}n�n�!{
��r�x�~j|(s�~!|g �yC�;��{�x(�d���!{�{#yC~¡�#t+s�~D}P�(�u}PyCt+¢�£¥¤*�({7¢�£§¦���{�x�~jt�s¨�#su�n~!tw�¡�C�C�;{�{#su~j|g�n~!�¨©��-{#�(�ª�u�¡�(v!�«�uyC}PyC�dsu~��#r!y
�D��x�~��jx.{��g�N�D�!y%�¬��qdr!y%©�C�(~jt�y�®¡�!yC~¡�#�u©Nv!{#�.}Ds��!y+x(~gy%¯;�Cy%���uyC~¡��v!{#�(�zy+���4y%°�yC�%�#t��(�4 �y%�²±³rD©;t�su�CtC�[´µs¨�#rjsu~�#r!yw�¡��x(~j�jx�{��
�N�D�!yC�¶�J�#r!yCt�yg�!y%��xC©!t�x.{#ygt�yC~jt�s¨�#su}Py�#�*�#rjy]��·+�¸��x���{#s¨¯�yC�uyC�2y%~D�#t]¹ º�»½¼(¹x�~��¾¹ º »&¿ ¹ �¾�D�n�2yN���Y�#rjy%t�yg�0rjx(~j~!yC�utC�J�usuÀPy
��£ÂÁ*Ã0ÄL�År�x�}Py�x��¨{#y�xn�D©_�zyCyC~��2y�x(t��;{#y���x.�
���¬�¶x(�0�#�({#suyCtC�g���.��yC}Py%{��Å�!�jy
�#�x}Py%{�©*��x�{#|nyÆ¢0Ç¢wv!{#�D�!�!�%�#su�n~��L�#rjy������
�[su���³v!�&xC©*x��uy�xn�;s�~!|?{#�(��yws�~]{�x�{#y
�U�l�!y%��xC©!t�tm�#���;s�y%tC�7È4y%{�©gv;{#�n�2sut�su~j|Æt�yC�%�#��{#tC�L�usuÀPy
�É£ÊÁ ÃCË�Ë ��{+�É£ÍÌ Ë�Ë �F�[su�u�³�zy
y%¯D�#yC~jt�su}Py%�u©?tm�#���;suy��gx����F�Y����Î��#rjy%{�{�x�{#y+��r�x(~!~jyC�utC�z�usuÀPy+��£ Ë�Ë �({�� ¼ £ÐÏ�ÄL���C�n�!�&��zy+�n�!t�y%{#}Py��N�-�({��#rjy�Ñj{#tm���#su�2y
x��J�#r!yU�F�����

ÒbÓgÔ.ÕLÖ�×¡Ø³Ù�ÚÛ;Ö(ÜlØFÕ
B A-�PÝ!@;,0ÞmECß��;'�à;$-'�à2'��(áz"0,C�DA³E�á�,%,0�('!"�âz�nE��Pãz �$&'�Ý;@!A&ÝjÞ

$-'�àåäæèç]@!,ÆäNæèé�"0,C�D'� 0$&"0$-@;'� 
@zE�E�á�,�@!'�A&ãåê¬,0@!ë
A-@�@;ìzÞmA&�(Ý;�(A[$&'í"0ß�� �zî GJïYß���,%�.ê¬@!,0�"%ß���ãµE�@;ë�*ð�$&"0ß
 0ëg�DA-A���,C�D'�ECß�$&'�à2,C�¡"%$&@j [�D'FâN"0ß�á� �ì�,0@¡Ý�$½âz�U�D'g��ñ�E.��A&Þ
A-��'j"�ì�,%@;�b��@DêÅ$-'�âz$-,0�nE�"�'���ð�ì�ß�ãz �$½E� [�.òL�(E�"C �Gdói$&"0ß�$-'
"%ß�� �zîí6 "%ß��( 0�_âz�(E(�Pã� ?�D,%�* 0��'� 0$�"%$&Ý!�]"%@å"%ß�� 5�ô2î
ëg�¡"%,0$&ñ���A-��ë�('!"C gõ ö�÷«øDõL�D'Fâ¾õ ö�÷«ù�õ�G?ú�ë�(�; 0á�,%��ë��'j"
@;ê["0ß��n ��ì��;,%�;ë�."0�(,% 7ð�@;á�A½â��b�gE.@;ëì�A-��ë�('!"C�D,%ã�"0@
"%ß���$-,Uâz�."%��,%ë$&'��D"0$-@;'ûê¬,0@!ëªü�ë$�ñz$-'�à�G� @2ê«�;,["0ß��+ê¬@!A&A-@¡ð�$&'�à��.ñ�E.A-á� 0$&Ý!�Uâz�(E(�Pãz [ß��PÝ!�U�F�(��'
�(ÝP�;A&áF�¡"0�nâ]ê¬@!,U14ý 5 ��ñ�ìb��,%$-ëN�('j"% (þ

ÿ���� Ù�Ü � ÖnÜ�����Ù��jÛ �
	��� üwù æ����������l14ý 5 � 6
úJï�14ú ����6 ü ø æ �����l14ý 5 � 6 úJï�1ú ���.6
ü ù æ �����«1ý 5 � � G

ÿ� Ü�!#" ÚØbÕÜlÛ Ù$��Û ��	��� üwù æ �%�&�(')' 6
üwø�æ �*')' 6 ü
ù7æ,+-')'JG

ÿ�. Ú4×/�10 	 "SÚ�ØFÕ�Ü«Û�Ù��jÛ �
	��� üwù(2 øYæ,')'JG
� @;ë� @Dê?"0ß��n ��µECß��;'�'���A½ 6 $-'�ì��D,0"0$½E.á�A½�D,_ü ù æ�%�&��� 6 ß��PÝ;�U�;A&,%�(�!âzãÆ�b���(']@;�F ��(,0Ý!�(âN�¡"�ü�Þlê«�!E�"0@!,0$-�( (G3 "%ß���, ECß��D'�'���A½ 6 A&$54;� ü æ ')' 6 ë$&à!ß!" �F�² ��(��'

�b�.ê¬@!,0��"0ß���14ý 5  �"%�D,0"g@;'�A-ãí$&ê7"%ß���$-,]��,C�D'FECß�$&'�àS$½ 
 �"0,%@;'�à!A&ãû��'�ßF�D'�E��(â 6 $�G �!G7$&ê['���ðÉì�ßjãz 0$-E( +��òb�nE�"C 7�;,0�
A½�D,%à;�!GNü
ù]æ6�����7')'²ì�,%�(E.$½ 0$&@!'åë�(�! �á�,%��ë�('!"C 6 @;,
@!�� ��(,0Ý¡�D"0$-@;'�@;ê�,%�;,0�Yüeâz�(E(�Pã� �$-'Æ"%ß���üwø� ��nE�"%@;, 6 ð�$&A-A

�DA½ �@N�F�2,%�( 0��,%Ý;�nâê¬@;,Y"%ß���14ý 5 @!,98Yï��)�ð�$&"0ß�"0ß��($&,
ß�$&à!ß���,�A-á�ë$-'�@! 0$�"%$&�n �G: ' �D'�ã E��! �� 6 14ý 5 ð�$&A-Agì�,%@¡Ý�$-âz�²,C�;âz$½E��;A&A-ã�$&'zÞ
E.,%�(�; 0�(âN �"%�¡"%$- �"0$½E� d$-'?"0ß���,C�D,%��üÉâ��(E��Pãz d�D,%�(��Gý+@¡ðYÞ
��Ý;�(, 6 "%ß��( 0�_âz�(E(�Pã� ?ð�$-A&AY�b�û@!�� ��(,0Ý!�(â @!'�A&ãµ$&êU"%ß���ã
�D,%�û"%,0$-à;à!��,%�(âÅG<;Jñ�E.A-á� 0$&Ý!�*,C�D,%��ü ECßF�D'�'��(A- E�,0@j 0 �Þ
 ��nE�"0$-@;'F i�D,%��@DêS"0ß���@!,%âz�(,�@Dê �>=�?A@�BDä�C�DFE @;,i�GIH(JLK BDäMC-DFE 6 "0@U�b�YE.@;ëì��;,0�nâw"0@w14ý 5 à!A&@!���DA!$&'���A½�; �Þ
"0$½E*E.,%@! % �Þm 0�(E."0$-@;' @Dê 9;:NJ äMC-DFEJG 5 @;'� 0�(Ojá��('j"0A-ãåð��
ð�$&A-AF �"%�;,�"�ð�$&"0ß]�
ì�,0�n ��('!"C�¡"%$&@!'?"%ß��+âz$&òL��,%��'j"["0,%$-à;à;�(,
 #"%,%�D"0��à!$&�n Nì�,0@!ìF@j ��nâ ê¬@;,,C�D,%��ü âz�nE��Pãz  #"%á�âzãµê¬@!,
14ý 5 G

PÅÓRQ�×PÜTS*S��j× � Ö�× � Ö(�1SbÜU� �WV Ø�×]× � ×/� ü Ù���Û ��	��X �;,0�Nü  0��A-�(E."0$-@;'�$-'SúJï�1ú �L645�îå�L6 �;'�â�14ý 5 �
$- ��F�; 0�(âû@;'�âz$&òb�(,0�('!"U %ECß���ë�n 6 âz�(ìF�('�âz$-'�à]@!'û�n�;ECß
�.ñzìF�(,0$-ë��'j"(G�óS�?E.@;á�A-â_ �"0$-A&A�âz��Y�'��
"#ð�@gA½�D,%à;�2E��D"0��Þ
à;@;,%$-�( (þU,%�!âz$½�¡"0$-Ý;�?âz�(E(�Pã� w 0��A-�(E�"%$&@!' 6 ���! ��nâ�@;'S��A-�(E.Þ
"0,%@;ëg�Dà!'��."%$-EZY�,C �"�ÞmA&�(Ý;��A_"%,0$-à;à!��, 6 �D'Fâªë?á�@;'�$-E�@!,
 ��(ëN$&ÞmëÆá�@!'�$-Eâz�nE��Pãz 2 0��A-�(E�"%$&@!' 6 ���! ��nâå@!'µâz$�ÞmëÆá�@;'
"0,%$&à!à;��,nGPÅÓlÒFÓR[]\_^a`
1ý 5 �_"0,%$-à;à;�(,cbed7f4$- Uì�,0�n ��('j"0�(âû@;'LY�àFGgd!G : "U$- +âz$�Þ

Ýj$½âz�nâÆ$-'j"0@w"0ß�,%���Y �"0��ìF �Gdú�"d"0ß��YA-@¡ð��n #"d@;,Câz��,9�«E(�DA-A&�nâ
1 :��.6  0$-'�à;A-�Uì��;,�"%$-E�A&�n [ð�$&"0ßLhjieklh2"0,C�D'� 0Ý;�(,% 0�Yë@;ë��'zÞ
"0á�ëÊ�;,0�? ��n�D,CECß��(âm�¬"0ß�,%�( 0ß�@;A½â� 7@Dêndpo�qsr H ö � G
1 :
$- *ì��; % ��nâ�$�ê
"%ß���ß�$-à;ß��n #"Ltnu E(�DA-@;,%$&ë�."%��,]E�A&á� �"0�(, 6

d



<

@;,2"%ß��"#ð�@�ß�$&à!ß��( �"n=*u�ë?á�@;' "0,C�;Ev4z w$-'S"%ß��]ë?á�@;'
 #"C�¡"%$&@!'� R�¬'��;ë�(â î dN"0@ î qû@;'wY�àFGgd � ,%�(�!ECß�"%ß��( 0�
,0�lOjá�$&,%��ë�('!"C �G

B $&à!á�,0�xd!G 3 Ý!��,%Ýj$-��ðÉ@;ê�"%ß��]14ý 5 �å"%,0$-à;à!��,
 �ãz �"0��ëbed7f 6 $-'*ì��;,%�;A&A-��Abð�$&"0ß]"%ß��
14ý 5 ��âz�."%�(E."0@;,nG�y+$&òL��,%��'j"
 #"%��ì� *�D,%��âz�n 0E�,0$-�b�(â¾ð�$�"%ß¾A-$&'�4� g"0@ "0ß���E�@;'�E���,%'��(â
ì��D,0"l�l � @;ê4"%ß���âz�."%�(E."0@;,nG
ïYß���ü�â��(E��PãwÝ;�(,�"%�.ñw$- ,0�nE.@!'� #"%,0áFE�"0�nâ
�¡"4"%ß���'��.ñ�"

A&�(Ý;�(AW�l1zd ��6 "0ß�á� ��DA-A-@¡ð�$&'�àí"0@�ìF�(,�ê¬@!,0ë $-ëìF@!,�"C�D'j"
"0@!ìF@!A&@!à;$½E��DALE.á�"% (GdïYß�$- �Ý;�(,�"%�.ñ"0,%$-à;à;�(,�$½ �"0ß��{4;�(ãN$-'
"0ß��_14ý 5 �  0��A-�(E�"%$&@!'í 0ECß���ë�;G_|7 �$-'�à�"%ß�$½ �ê¬�n�¡"0á�,0� 6
14ý 5 �*�.ñzìb�(E."% �Ý;�(,0ãß�$-à;ßg"%,0$-à;à!��,���}]E.$-��'�E�ãê¬@;,Yâz$&ê¶Þ
ê¬��,%��'j"Uü ì�ßjãz 0$-E( YECß��D'�'���A½ 6 ð�ß�$½ECß��;,0�+"0,%�(�¡"%�(âû ��(ìzÞ

�;,%�D"0�(A&ã @;'�A-ã �¡"Æ"%ß��*'��.ñ�"N �"0�(ì³þß�$&à!ßzÞmA&�(Ý;��A�"0,%$&à!à;�(,�lý+1zï � G
ú�"g"0ß���ý+1zï 6 ê¬á�A-AU�(Ý;��'j"g,%�(E.@!'� �"0,%á�E�"%$&@!' $½ ìF�(,�Þ

ê¬@!,0ë�nâ��;'�â_ �ìb�(E�$eYbE2E.áz"C +�D,%�2�Dì�ì�A&$-�(âÅG�ú+ �"%ß��2��}Þ
E�$&�('�E.$-�( ��¡ê¶"%��,�ý+1zïµ�D,%�[Ý!��,%ã7E.A-@! 0�J"%@U"0ß�@! 0���¡ê¶"%��,d1zd 6
"%ß��Yì�,%@;ìb@;,0"0$-@;'�@;êb �"%�Dà!�(â2�(Ý;�('!"C �$- �Ý;�(,0ã
$-ëìF@!,�"C�D'j"(GB @;,���ñz�;ëì�A&� 6z8;9-~ @Dê4"%ß��2ü ù æ������M�å�;'�âN�F� ~ @;ê
"%ß��µü ù æ �����7')' ð�ß�$-ECße�D,%�åð�$&"0ß�$-'�"%ß��µ14ý 5 �
�!E�E���ìz"C�D'�E��Æð�$-A&Ad�b�N 0��A-�(E."0�(â³G
ïYß�$- 7Ý;�(,0ã�ß�$-à;ß�"%,0$-àDÞ
à!��,?��}]E.$-��'�E�ãåê¬á�A&A-ãµE.@;ëìb��'� %�¡"%�( ?14ý 5 � A&@¡ð���,�A-ázÞ
ë$-'�@! 0$&"#ã�� <a� d :���� @ J_�I� ç �)�¡6 E.@;ëì��;,0�nâg"%@x���]�g�v�F�M�<�� d :���� @ Jw��� ç ��� ê¬@!,UúJï�14ú � �D'�â 5�îå��� GP³Ó�P³ÓR��Q�[]�x� � Õ�Ù�^a���: ']úJï�14ú � �D'Fâ 5�îS� "0ß��+ 0$&"0á��D"0$-@;'$- �'�@D"��(Ojá�$-Ý!Þ
�;A&�('j"]"0@í1ý 5 �³G�y7�."0�nE�"%@;,*�!E�E.�(ìz"%�;'�E.� 6 $&'� �"%�;'j"%�¡Þ
'���@;áF 7A-á�ë$-'�@! 0$�"#ã 6 �D'�âSì�ß�ãz �$½E� 7@;���#�(E�"%$&Ý!�( w�D,%�Nâ�$�ê¶Þ
ê¬�(,0�('j"(G : 'Æì��D,0"0$½E.á�A½�D, 6 úJï�1ú � �;'�â 5�îå� ß��PÝ!�Jë@;,%�
��ñ�"0��'Fâz�(âgì�ßjãz 0$-E( Jì�,%@;à!,%�;ë J�;'�âß��PÝ!�Y"0@Æâz�n�DAFð�$�"%ß
$-ëìF@!,�"C�D'j"
ì�$&A-�.Þmá�ì �.òL�(E."% (GÆïYß��( 0�âz$�òL��,%��'FE.�( wA-�(�!â
"%@N�!â�âz$&"0$-@;'��;AbE�@;'� �"0,C�D$-'j"% [ê¬@;,�"0ß��w,%�;,0�wü  0��A-�(E."0$-@;'³Gî á�@!'�$½E?�;'�â� 0��ë$�ÞmëÆá�@;'�$½EÆâz�nE��Pãz +�;,0�?á� 0$&'�à*"0ß��
E�A-�! 0 0$½E��DAFü2Þmì�ß�ã� 0$½E� [âz$-ëÆá�@;'"0,%$-à;à;�(, 6 ð�ß�$-ECßg$½ ]Ojá�$&"0�
 0$-ëN$-A½�D,]$-'�úJï�14ú � �D'�â 5�îå� "%ß��D'i$-'�14ý 5 � 6 �¡"
A-�(�! #"��¡"�A-��Ý!��A�d;G : 'û"0ß�$½ YE��; 0�
âz$�òL��,%��'FE.�( Y�;,0$½ ��w@;'�A&ã
�D"2A&�(Ý;��A < �¬�lOjá�$&Ý¡�;A&�('!"w"0@�1ý 5 � 1zd � G?ú7 w"0ß��Ý;�(,�Þ
"%�.ñí"%,0$-à;à!��,N$- N'�@;"ê¬�(�; 0$-��A&��$-'²úJï�1ú � �D'�â 5�îå�L6
A-�( % U 0��A-�(E."0$-Ý;�2E.áz"C U�D'Fâ*"%ß���'_ß�$-à;ß���,Y"0ß�,0�n �ß�@!A-â� ��D,%�
�;ì�ì�A-$&�nâ 6 "0ß�á� 7A&@¡ð���,%$-'�à"0ß��N��}]E�$&�('�E.$-�( (G+)J�(,�"%�.ñz$&'�à
�;'�â� �ìb�(E�$eYFE
E�áz"% ��;,0�wìF�(,�ê¬@!,0ë�nâ*�¡"Y"%ß��
'��.ñ�"UA-��Ý;�(Alþ
�(Ý;�('!"pY�A&"0��,R�T; B�� GÅú+ 7$-'�"0ß��N1ý 5 �åý71zï 6 �7}]E.$-��'zÞ
E�$&�n 
ê¬@;,�"0ß��] 0$&à!'��DA[�Dê¶"0�(,a; B �D,%�N�lOjá�$&Ý¡�;A&�('!"2"%@��.ê¶ÞYbE.$-��'�E�$&�n w�Dê¶"0�(,
1!)71 < G�ï,0$-à;à!��,w��}]E.$-��'FE.$-�( w�D,%�?��ñjÞ
ìb�(E."0�nâ"0@?�F�+ 0ëg�DA-A&�(,�$-']úJï�14ú � �D'�â 5�îå� "0ß��;']$-'
1ý 5 � 6 ��áz"[âz$&Þ�ë?á�@;'Æ"0,%$&à!à;�(,ð�$-A&A��;A- 0@+ð�@;,#42�¡"[14ý 5
ß�$&à!ßÉA&á�ë$-'�@! 0$&"#ã 6 ð�ß�$½ECß�ð�$&A-AÆ�b��q : "0$-ëN�n �A½�D,%à;�(,
"%ß��D'_14ý 5 �³G[ïYß�á� Yì�,%@¡Ý�$-âz$-'�àNÝ;�(,0ãA½�D,%à;�
�D'�â�E.@!ë?Þ
ìb�."%$�"%$&Ý!�2��Ý!��'j"+ 0�;ëì�A&�n �GX �!âz$-�D"0$-Ý;�_ü â��(E��Pãz N ��(A&�nE�"%$&@!'í$- Në@;,%�ûâ�$e}]E.á�A�"
"%@?ßF�D'�âzA-�;G�y7á��7"0@Nì�$&A-�.Þmá�ì]��òb�nE�"c�«�;�F@!áz"�q�$&'j"%��,C�;E�Þ
"%$&@!'� 7ìF�(,7E.,%@! % 0$&'�àg�D" <W� d :���� @ J_�I� ç �)�7��69� 1ý 5 �zÞ
A-$54;�(�g"0,%$&à!à;��,7$- 7'�@;"+ê¬�(�! �$-��A-��$-'åúJï�14ú � �D'Fâ 5�îå� G: '_@!,%âz�(,Y"0@,%�(�;ECß_�;E(E.�(ìz"%�;��A&�
,C�¡"%�( Y�¡ê¶"%��,UA-��Ý!��A�d 6 �
E�@;ëì�A-��ë��'j"C�D,%ã*ëÆá�@;' 6 $-'��;â�âz$�"%$&@!'�"0@g"%ß���A-@¡ð>t u
�(A&�nE�"%,0@!ë�;à;'���"0$½EE.A-á� #"%��, 6 $½ 2,%�(Ojá��n #"%�(âÅG*ú�"?A&�(Ý;��A <
$-'j"0�(,0�n #"%$&'�àå"0,C�;Ev4z ÆE�@;ë$-'�à�ê¬,%@;ë������û@;,R�²ëN�n �@!'
â��(E��Pã��D,%�� ��(A&�nE�"%�(â�$&'_"%ß���$-'�'��(,+âz�."%�(E."0@;, 6 ��áz"U"0ß�$- 
 �"0�(ì $½ Æë@!,0�*â�$e}]E.á�A�"N"0@Së�;'��Dà!�]$-' úJï�14ú � �D'Fâ



8

5�îå� "%ß��D'g$-'*1ý 5 � 6 �D'�âA-á�ë$-'�@! 0$�"#ãN$½ ��¡"�A&�n�; �" d :
"%$&ë�( UA-�;,0à!��,nG[ýU@¡ð���Ý;�(, 6 �,%�(E���'j"+ �"0á�âzãûß��; + �ß�@¡ð�'
"%ß��¡"4 0��A-�(E."0$-'�à�,%�!âz$½�¡"0$-Ý;�Jü�â��(E��Pãz L$-'�úJï�14ú � �¡"³A-@¡ð
A-á�ë$&'�@! 0$�"#ã 6 ð�$&"0ßi�D�b@;á�"¡q ~ �7}gE�$&�('�E.ã²�¡ê¶"%��,]ý+1zï
�;'�â*,%�(�! �@!'��D��A&�7"0,%$&à!à;�(,�,C�¡"%�( 6 ð�$&A-A³�b�
ê¬�(�; 0$-��A&�Rb < fmG¢4Ó ��� Ù�Ü � ÖnÜ���� ü Ù���Û ��	��3 '�A-ã���ñ�E.A-á� �$-Ý;� ,%�!âz$½�¡"0$-Ý;�eü â��(E��Pãz 6  0á�ECß �; 
ü ù æ ������� 6 ü ø æ ��� 6 @;,²ü ù æ +�� 6 ð�$&A-A
�b�]@;�F ��(,0Ý!�(â �¡"�"%ß��*14ý 5 GïYß��(ã �;,0�"%ß���@!,0��"0$½E��;A&A-ã
ë@;,%��âz$e}]E�á�A�"�"%@�ßF�D'�âzA-�e"0ß��;'ª$-'�E�A&á� 0$-Ý;��ü æ£L¤ ø#2 ùv¥ �ÍECß��;'�'���A½ 6 ��áz"��(�; 0$-��,²"0@ �;E(E.�( % ¾�.ñzìF�(,0$&Þ
ë��'j"C�DA-A&ã!G î @;,%��@¡Ý;�(, 6 "0ß��(@;,%�."%$-E(�DA�á�'�E.�(,�"C�D$-'j"0$-�( w�¡ê¶Þ
ê¬�nE�"0$-'�à���,C�D'�ECß�$&'�àe,C�¡"0$-@e�( �"0$-ë�D"0�n A-�;,0à!��,%A&ãÉE��;'zÞ
E���A�ð�ß���' âz@;$-'�às¦I§ @!,7$½ �@j �ì�$&'�Ý�$-@;A½�¡"%$&@!'�ë�(�; 0á�,%�.Þ
ë��'j"C �G ïYß��n �� �; 0ã�ëNë��"0,%$&�n û�;,0�S�.ñzìF�nE�"%�(âi"%@¾�b�
 0ëg�DA-A�ð�$&"0ß�$-'í"%ß�� �zîµ6 ��áz"N"0ß��(ãíE.@!á�A-â �F��A½�D,%à;��A-ã
�('�ß��D'FE.�(âû��ã]'��(ð ì�ß�ãz 0$-E( Y�.òL�(E�"C �b 8 f 6 b �
f�G
14ý 5 ��ñzìF�(,0$-ë��'j"% �ð�$&A-AF�b�+�;��A&�U"0@�ìb��,0ê¬@;,%ë "%ß��( 0�

ë�(�! �á�,0�(ëN�('j"% �ð�$�"%ß �²A-�;,0à!� ì�,0�nE.$½ �$-@;'³GÍï��D��A&�¨d
 0á�ëëg�D,%$g©(�S14ý 5 �e�;'�â�úJï�1ú � �.ñzìb�(E�"C�¡"%$&@!'� _�¡ê¶Þ
"%��,w@;'��?ã;�(�;,+@;ê�,0á�'�'�$-'�àû�D" <R� d :
�#� @ Jw��� ç �)�P6 $�G �!G<WG ä ��� ê¬@!,U14ý 5 � 6 �D'Fâ <;:WG ä �)� ê¬@;,UúJï�1ú � G

ü ø æ���� ü ù æ������M� X ��ê#G
14ý 5 � ª 8!:;: 8 q :!:;: b q/f
úJï�1ú � <D8!:;: q�� :;: b < f

ï��D��A-�<d;þ X �;âz$½�¡"%$&Ý!� ECß��;'�'��(A- ��.ñzìb�(E."%�¡"%$&@!'� _�¡ê¶"%��,
@!'��
ã;�(�;,��¡"�A&@¡ð A&á�ëN$-'�@j �$&"#ã;G

14ý 5 �2�.ñzìF�nE�"C�¡"0$-@;'F ³�D,%�[ �A-$-à;ßj"0A-ã+�b�."0"0��,4"0ß��;'�úJï�Þ
1ú � GnóS��ß��PÝ;�� ��(�[$&'�"0ß���ì�,%��Ý�$&@!á� ³ 0�(E."0$-@;'2"%ß��¡""0ß�$½ 
âz$&òL��,%��'�E��7ëg�D$-'�A-ã]E.@!ëN�n �ê¬,0@!ë "0ß��w"%,0$-à;à!��,Y 0ECß��(ë� 6
ð�ß�$½ECß$- [ëN@!,0���7}]E.$-��'j"[$&']1ý 5 ���«'�@2ëÆá�@!''����nâz�(â
�D"«YF,% �"�A&�(Ý;��A 6 Ý;�(,�"%�.ñ]"%,0$-à;à!��, 6 '�@ì�$&A-�.Þmá�ì � G
ýU@¡ð���Ý!��, 6 ð��7 ��(�U"0ßF�¡"��(Ý;�(']úJï�14ú � ð�$&A-AF�b�+Ý!��,%ã

E�@;ëìF��"0$&"0$-Ý;��ð�$�"%ß E�á�,%,0�('!"e�.ñzìb��,%$&ë��'j"C ��T8Y�
8Y�D,
�;'�âw89;�141¬;e��ñ�ìb�(E."2"0@�E.@!A&A-�(E."Æ�D�b@;áz"sd :;:!: ü
ù]æ�%�&�����(�;ECß � G� $-à;'��;AL"0@g���!Ev4jà!,0@!á�'�âû,%�D"0$-@N��® � �D'�â_ 0$&à!'��DA³ 0$-àDÞ'�$gYFE(�D'�E���� ¯ ® � ß��PÝ;�7'�@D"Y�b����'�ì�,%�(E�$- 0��A-ãg��Ý¡�DA-á��D"0�(â�D"?"%ß�$- ìb@;$-'j" 6 ì�,0$-'�E�$&ì��;A&A-ã �F�nE��;á� ���@Dê7"0ß��_A½�;Ev4 @Dê

 �$-ëÆá�A½�¡"%�(â¾���;Ev4�à!,0@!á�'�âµ�(Ý;��'j"C �G²14�D,%à;�û��Ý!��'j"Nì�,0@;Þ
âzá�E�"%$&@!' 6 yw�¡"%� 5 ß��DA-A&�('�à;� <�6 $- *@;'�à!@;$-'�àµ�D'�â�ð�$-A&A
�DA-A&@¡ð ,0�(ì�,0@zE��( % �"0@�"0ß�$- åìF@!$&'j"(G,°U�(Ý;��,0"0ß���A-�( % 6 $&"
ß��; N�b����'² �ß�@¡ð�'í"0ßF�¡" ® ð�$-A-A��b�_�¡"A&�n�; �"Nà!,0�n�¡"0�(,
"0ß��;' : G �µê¬@!,û14ý 5 ��$-'i"0ß�� ü
øµæ ����E(�; 0� 6 �;'�â
A-�;,0à!��,�"%ß��D'å�]ê¬��ðÉìb��,CE.�('!"C Uê¬@!,7úJï�1ú � GÅú+E."0á��;A&A-ã 6
ê«�D,Æ�b�."0"0�(,Æ,%�( 0á�A�"C Æ�;,0�g��ñ�ìb�(E."0�nâ 6 $&'µì��;,�"%$-E�á�A½�D,2ê¬@!,
ü ø æ����dG
ïYß��É 0$&à!'�$gYFE��;'�E.� 6 �( �"0$-ë�D"0�nâ ð�$&"0ßª"0ß�@j ��eìF�n #Þ

 �$-ë$- �"0$½EÆA-$-ëN$&"% w@!' ® 6 $½ Ü«Õ � Õ 	 Û ��� � A½�D,%à;��,+"0ß��;'q_�¡ê¶"0�(,�@;'�A&ãS@;'��]ã!�(�;,w@;ê�,0á�'�'�$&'�à�G 5 @!'� 0�(Ojá���'j"%A&ã 6
�íE.A-�(�;,g@;�� 0��,%Ý¡�¡"0$-@;'²@Dê2,C�;âz$½�¡"%$&Ý!��ü âz�(E(�Pã� 6 ð�$�"%ß
�F@;"0ß�14ý 5 ���D'�âiúJï�1ú � ��ñ�ìb��,%$-ëN�('j"% 6 E�@;á�A½â��b�
ìF@j 0 0$&��A&���Dê¶"0��,U1ý 5p±  «Y�,C #"Uã!�(�D,Y@;ê�,%á�'�'�$-'�àFG
úJï�1ú � ð�$&A-AL�F�
�D��A-�7"0@Æì�,0@¡Ý�$½âz�7�;'*á� 0�.ê¬á�AÅE�,0@j 0 �Þ

ECß��(Ev4
"%@w1ý 5 �Æ,%�( 0á�A&"% 6 $&'Nì��;,�"%$-E�á�A-�;,4ê¬@!,�ü
ø�æ���� 6
ð�ß�$-ECß�E�@;á�A½â*�b�� 0����'�ê¬@!,Y"0ß���Y�,C �"�"%$&ë�!G® �;'�â²,0�nE.@!'� #"%,0áFE�"0$-@;'²��}]E�$&�('�E.$-�( ð�$-A&A+�F��ì�,0��Þ
E.$½ ��(A&ã?�( �"0$-ë�D"0�nâ 6 $-'g@;,Câz��,d"%@2��Ý¡�DA-á��D"0�U14ý 5 ìb@D"%��'zÞ
"0$½�DAzê¬@!,[�; 0ãjëë�."%,0ãÆëN�n�; 0á�,%��ë��'j"% d$-'?"0ß��U,C�;â�$-�D"0$-Ý;�
ü âz�(E(�Pã� � 0�(E."0@!,(G

²4Ó  ÜU" ÚØbÕÜlÛ ü Ù���Û ��	��²4ÓlÒFÓR³p´³Û
0«Ú � Ü��*��ÛFµ � Õ�Õ$�10 �8��(E(�Dá� 0�J@Dêj"0ß���âz$&Þ�ë?á�@;'{Y�'��;A! �"%�D"0� 6  0��ë$�ÞmëÆá�@;'�$½E
�D'�â�ì�á�,%��A-ã]ë?á�@;'�$½E2âz�nE��Pãz �ð�$&A-A³�b�2�(�; 0$-��,Y"0@g 0��A-�(E."
"0ß��;'å,C�;âz$½�¡"%$&Ý!�2@;'��n ¶�l ��(�? 0�(E�"%$&@!' <
� G7ïYß�$½ w,0�(ëg�D,#4
$- 
ì��;,�"%$-E�á�A½�D,%A&ãû"0,%á��?ê¬@;,2úJï�14ú � �;'�â 5�îå�Å6 ð�ß���,%�
,%�!âz$-�D"0$-Ý;�2ü âz�(E(�Pãz ��D,%�wâz$g}]E.á�A&"U"%@?"%,0$-à;à!��,nG
ü
ù7æ��%���7')'@;�� 0��,%Ý¡�¡"%$&@!'7à!$&Ý!�( Å�;E(E.�n 0 L"%@U��A½�D,%à;�

'já�ëÆ�b��,�@Dê?@;�� 0��,%Ý¡�D��A-�( ûð�ß�$½ECß 6 $&êÆ"%ß���ã��;,0� ë�(�DÞ
 �á�,%�(âåð�$�"%ß �� 0áj}]E.$-��'j"wì�,0�nE.$½ �$-@;' 6 E�@;á�A½â�à!$&Ý!�ÆÝ;�(,0ã
$&'j"0�(,0�n #"%$&'�àN$-'zê¬@!,0ëg�¡"%$&@!'*ê¬@!,�'���ðeì�ß�ãz �$½E� Y,%�(�!ECß³GB @;,%ð��;,%â�Þm���!Ev4jðY�D,Câ��; 0ãjëë�."%,0ã�$½ ¾@!'���@;ê�"0ß��
ëN@j #"Éì�,%@;ë$½ �$-'�à ì��D,C�Dë��"0��,e@Dê�ü ù æ �%���7')'
ì�A-�;'�'��nâ� �"0áFâzã;G : "U$½ Uâz�7Y�'��(â���ã_b = fmþ
· ¸ ®
é�¹ �»º d

é�¼�½¡é-¹ � ¾¿ �À
�

é � ¼
é-¹ � é�E�@! (��Á � é�E�@! l��Á � o�À

�)� é � ¼
é-¹ � é�E.@! (��Á � é�E�@! (��Á �&ÂÃ �&d �

ð�ß���,%�¡ÁS$- Æ"0ß����;'�à;A-�*�b�."#ð����('í"0ß���ü ë�( 0@;' �;'�â
"0ß��c'�Ä¾$&'�"%ß���âz$&Þ�ë?á�@;'_E.�('!"%��,0Þ�@;ê¶Þ�ëg�! 0 Y 0ã� �"0�(ë_G
ói$&"0ß�$-' "0ß�� �zîµ6 · ¸ ® Ý¡�D'�$½ 0ß��( ��¡"_��¹ �� ÝP�;A&á��



�
âz��YF'��(â���ã]"%ß��2,0�(A-�D"0$-@;'³þ
osÅ H �ÇÆ�ÈÉ&ÊFÊ �Æ�ËÉ&ÊFÊ º < JNÌ¹ �� JL�® o%¹ ��J �®_Í J �Î Ï o�¹ �� � <��: "YE�@;ë�( �@;á�"�ê¬,%@;ëÐ� <
� "0ß��D" · ¸ ® ß��; «©��(,0@?Ý¡�DA-á��
$�êL�D'�âÆ@;'�A-ã2$&êIÆ ËÉ&ÊFÊ Å H �ÇÆ ÈÉ�ÊlÊ � $- �'��(à!�D"0$-Ý;�;G � "%�;'�â��;,%âî @zâz��A�ì�,%�(â�$-E."% d�U'��(à!�D"0$-Ý;�� 0$&à!'�ê¬@!,4"%ß�$- ���ñ�ì�,0�n 0 0$&@!' 6
"0ß��N�D�� 0��'FE.�2@Dê[�s¹ � Ý¡�DA-á���ð�$-A&A4"0ß�á� +�F�Æ�*E.A-�(�D,+��ÝjÞ$-â���'�E��ê¬@;,
'���ð�ì�ß�ãz �$½E� (GNú+'�@D"%ß���,
$-'j"0��,%�( �"0$-'�à�ê¬�(�DÞ
"0á�,%�]@;ê�¹ � 6  0ß�@¡ð�'µ@Dê«Y�à;á�,0� <�6 $½ 2"%ß��¡"Æ"0ß��(@;,%�."0$½E��;Aá�'�E���,0"%�D$-'j"0$-�( Y@!'û"%ß�$½ �ì��D,C�Dë��"0��,��;,0�
 �ëg�;A&A�G

B $&à!á�,0� < G ·p¸ ® �¡"'��.ñ�"�Þ�"0@;Þ�A-�(�!âz$-'�àY@;,Câz��,z�l �@!A&$½â2E.�('zÞ
"0�(,2A&$-'�� �.6 �;'�âåA-�(�!âz$-'�àû@!,%â���,R�«â��! �ß��(â � GNïYß�����;'�â
$&'FE.A-á�âz�( +�DA-AÅ"0ß��w"%ß���@!,0��"0$½E��DAÅá�'�E.�(,�"C�D$-'!"%$&�n cb = f�G
ýU@¡ð���Ý;�(, 6 "0ß��Nì�,%�(E�$- 0�Æë�(�! �á�,0�(ëN�('j"7@Dê · ¸ ® ,0��ÞOjá�$&,%�( ��A-�;,0à!�� %�Dëì�A-�i@Dê_,%�(E.@!'� �"0,%á�E�"%�(â üwùªæ� ��� ')' �(Ý;��'j"C 6 ð�ß�$½ECßÉð�$-A&A?�F� �PÝ¡�;$&A½�D��A-� @;'�A-ã �D"

14ý 5 G� "%�D"0$½ #"%$-E( d�.ñzìF�nE�"%�(âÆê¬@;,J@;'���ã!�(�;,��D"dA-@¡ð A-á�ë$-'�@! �Þ
$�"#ã��;,0�N �á�ëNëg�;,0$5©��nâ�$&'å"%�;��A&� < G2ú7 +ê¬@!,w"0ß��N,%�!âz$½�¡Þ
"0$-Ý;�+üÉâ��(E��Pãz J �"0á�â�ã 6 14ý 5 �,%�( 0á�A&"% Jì�,%�( 0��'j"%�(âNß���,%�
ß��PÝ;�Æ�F�(��'å@!�z"%�;$&'��(â_ð�$&"0ß�"%ß��Æ,%�.Þm@;ì�"0$-ëN$5©��nâ�âz�."%�(E.Þ
"0@!,abed : fmG�úJï�14ú � �D'�â 5�îå� ,%�( 0á�A&"% Yð���,%�2@;�z"C�D$-'��(â
ð�$�"%ß�@;A½âz��,YÝ!��,C �$-@;'� �@;ê"%ß���âz�."%�(E."0@;,�A½�Pã;@!áz"cb ª�f�G: 'N�!â�âz$&"0$-@;' 6j5�îS�  �"0áFâz$&�n dð��(,0�Yâz@!'��Y@;'�A-ãÆ�¡"d"%ß��
ì��D,0"0$½E.A-�*A-��Ý!��A 6 "0ß�á� ?�.ñzì�A½�D$-'�$-'�à�"%ß���A-�;,0à!�*âz$½ 0E�,0�(ìzÞ
�D'�E�$&�n 2ð�$&"0ß "0ß��g@D"0ß���,���ñ�ìb��,%$-ëN�('j"% (G*úJï�14ú � �;'�â5�îå� �D'F�DA-ã� 0$½ ?ð�$-A-AU�F�� 0@�@;'²,0�(ì�,%@�E��( % ��nâ 6  0ëg�DA-A&�(,
'�á�ëÆ�b��,U@;ê�(Ý;��'j"C ��D,%�w��ñzìF�nE�"0�nâÅG

ü ù æ������7')' X ��ê#G
1ý 5 � �
� :;: bÑ�lf
úJï�14ú � d7� :;: b 9 f
5�îå� 9;:!:;: b 9 f

ï��D��A&� < þxy7$�ÞmëÆá�@!'�$½E�ECßF�D'�'��(A- N��ñ�ìb�(E."%�D"0$-@;'� �¡ê¶"%��,
@!'��2ã;�n�D,��¡"�A-@¡ð�A-á�ë$&'�@! 0$�"#ã!G

: '²@;,Câz��,Æ"0@ E.@;ëì��;,0��14ý 5 �¾ð�$&"0ß²úJï�14ú � �D'Fâ5�îS�L6 $&"+ �ß�@;á�A½â*�b��ìb@;$-'j"0�(â�@!áz"�"0ß��D"+ ��(ë$�ÞmëÆá�@!'�$½E
â��(E��Pã�ð�$-A-A��b�g�DA½ �@� #"%á�âz$-�(â �¡"
ß�$-à;ß A&á�ë$-'�@! 0$&"#ã 6  0@
"%ß��¡"û,%�!âz$-E(�DA-A&ã¾$&'FE.,%�(�; 0�(â² �"%�¡"%$- �"0$½E� ]"0ß��;'�"0ß�@j ���@;ê
"C�D��A-� < ð�$&A-Aw�F� E.@;A-A-�(E�"%�(âi��ã�úJï�14ú � �D'Fâ 5�îå� G
ý+@¡ð��(Ý;�(, 6 úJï�14ú � �D'�â 5�îå� �.ñzìb�(E."%�¡"%$&@!'� U�D"Yß�$&à!ß
A-á�ë$-'�@! 0$�"#ãûß��PÝ;�w'�@;"Uã;�."��b���('��n #"%$&ëg�D"0�(â³Gy7á��2"0@]�Në@;,%�2 �ìb�(E�$eYbEw"0,%$&à!à;��, 6 "0ß��� �$-à;'�$gYFE(�D'�E��
$½ ³,C�;â�$-E(�DA-A&ãUA½�D,%à;�(,bê¬@;,Å"%ß��� 0��ë$�ÞmëÆá�@;'�$½EJâz�(E(�Pãz b"0ß��;'
ê¬@!,�"0ß�� ,C�;âz$½�¡"%$&Ý!�å@;'��( 6 �D'Fâ �¾Ý;�(,0ãiE.A-�(�;'  0$&à!'��DA
 0ß�@!á�A-âû�b�2@;�� 0��,%Ý;�nâg��ã*14ý 5 � 6 úJï�14ú �L6 �;'�â 5�îS�
�Dê¶"0�(,U@;'�A-ã]@!'��
ã;�(�;,Y@Dêd,0á�'�'�$&'�à�G
ïYß��µ��ñ�ìb�(E."0�nâ�ì�,0�nE.$½ �$-@;'e@;' ê¬@;,%ðY�D,Câ�Þ��F�;Ev4�ð��;,%â

�! �ã�ëë�."%,0ãí$½ gì�,%�( 0��'j"%�(â²@;'�Y�à;á�,0�n 8 �D'�â�� 6 ê¬@;,
úJï�1ú � �D'�â�1ý 5 ��,%�( 0ìb�(E�"%$&Ý!��A-ã;G+1ý 5 ��ì�A&@;"% w�D,%�
ê¬@!,["#ð�@�ã;�n�D,C J@Dê4â��¡"%�2"%��4�$-'�à��U� G ä �)� ��6 úJï�14ú � ê¬@;,8 ã!�(�D,C �¡"Nd :���� @ Jw��� ç �)� � 8!:%G ä �)��� Giú�ê¶"0�(,g"#ð�@
ã!�(�;,% 7@Dê�,%á�'�'�$&'�à 6 14ý 5 � �.ñzìb�(E."% 7"0@_âz�."%��,%ë$&'��W¹ �ð�$&"0ß_�Nì�,%�(E.$½ 0$&@!']@Dê : G : d 6 "0ß�á� ��;A&A-@¡ð�$-'�à?�Nâz�."%��,%ë$�Þ
'F�¡"0$-@;'Æ@Dê]Ò É ¤gÓ$ÔÕ×Ö�Ö ¥Ó�ØÕ×Ö�Ö ð�$&"0ß?� =-~ �;E(E.á�,C�;E�ã;G³ó ��E�A&�n�D,%A&ã
 0���ð�$&"0ßwY�à;á�,0� 8 "%ß��¡"2ì�,%�(E�$- 0�Æë�n�; 0á�,0�(ë��'j"% wð�$-A&A
�;A- 0@�F�
ê¬�n�; 0$&��A&�
$-'_úJï�1ú � �D'Fâ 5�îS� G²Ó�P³Ó����1"íÜ�!%ÜlÕÛ�0«Ú � ÜU�*�*ÛFµ � Õ�Õ$�10 �
)J��,%ãµ��}]E�$&�('!"ì��;,�"%$-E�A&�û$-âz�('j"0$gYFE��D"0$-@;' ð�$-A-AY�;A&A-@¡ð

1ý 5 ��"%@µì��D,0"0$½�DA-A&ã ,0�nE.@;'F #"%,0á�E."]ü§æ £ ù7')'��D'Fâ
ü�æ £ ø ')'Së@zâz�( (G: "7ßF�; 7�F�(��'å 0ß�@¡ð�'Ùbgd
d�f"0ß��D"7á� 0$-'�à]ì��;,�"%$-�;A&A-ãû$-'zÞ
"%��à!,%�D"0�(âû��,C�D'�ECß�$&'�àN,C�¡"0$-@! 6 âz�7Y�'��(â_�! �ê¬@;A-A&@¡ðU (þ
Ú¶ÛzÜ ºÞÝ&ßà¬á�âÀ

Ý ßà�ãgä
é Û �«ü æ £ Ü ')' �

é-¹ � é-¹ � � 8��
ð�$&"0ßå? º ç
æ%é 6 ¹ �ç Ü5è º d�r H ö �D6 �D'�âå¹ �ç�éMê º



q

B $-à;á�,%� 8 GUúJï�1ú �  0��'F �$&"0$-Ý�$�"#ã�"0@ · ¸ ® G+ïYß��2"%ß�,%���
ìb@;$-'j"% dð�$&"0ß��,%,0@!,�F�D,C ��;,0��"0ß��U �$-ëÆá�A½�¡"%�(â?,0�n �á�A�"C d$&'
"%ß�� �zî E��! ��g�Dê¶"0��,Æ@;�z"C�D$-'�$&'�à 8!:NG ä �)� G*ïYß��* 0@;A-$-â
A-$&'��* �ß�@¡ðU 2"0ß�� �zî ì�,0�nâz$-E."0$-@;'³GSïYß��*âz@;"�"0�nâµA-$&'��n 
 0ß�@¡ðí"%ß��U,C�D'�à!��ì�,0�nâz$-E."0�nâ�jãÆ"0ß�� îS���zî $&ê�Æ ËÉ&ÊFÊsë: �;'�â_"%ß��?â��! �ß��(â�A-$&'��( w �ß�@¡ðe"%ß��?,C�D'�à;�2ì�,%�(âz$½E�"%�(â
��ãg"%ß�� îå���zî $&ê�Æ ËÉ&ÊFÊsì : b ª/fmG
= r H ö �;6 ð��2ß��PÝ!�+"%ß��
ê¬@;A-A-@¡ð�$&'�à,%��A½�¡"%$&@!'³þÚaí ºÐî ÚaÛ ùlïî Ú¶Û øMï º

õ ö ÷«ù õ �
õ ö ÷«ø õ � �&d Í @�BFDFD H @ K ?×BFE4ç � �U� �

ð�$&"0ß î Ú¶ÛzÜ ï º�ð�ñ ã Ä ðRòñ ã� G*ïYß��(@;,%�."0$½E��;A[E.@!,0,%�(E."0$-@;'� 
$-'<�U� � �D,%�N@;'�A-ã�@Dê�"0ß��@;,Câz�(,w@;ê�@!'��?ìb��,CE.�('j"(G Ú�í
ë�(�! �á�,0�(ëN�('j" 6 $�êê¬�(�; 0$-��A&� 6 ð�$&A-AL"0ß�á� �ì�,%@¡Ý�$-âz�
��Ý!��,%ã
E�@;ëìF��"0$&"0$-Ý;�
�( �"0$-ëg�¡"%$&@!'û@;ê�ó ô(õ5öFóó ô õ�÷ ó $&'Fâz��ìb��'�â���'j"�ê¬,0@!ë"%ß��
@;'��2à!$&Ý!��'*��ã�üwø+@! %E.$-A&A½�¡"%$&@!'� �ë�(�; 0á�,%��ë��'j"nG
ïYß�$½ w �"0áFâzã�ß��; w�b���(' âz@!'��?ê¬@;,214ý 5 �<bgd < f�G X ��Þ

 0á�A&"% 4 0ß�@¡ðS"0ß��D" ó ô õ�ö óó ô õ�÷ ó ,C�¡"%$&@UE�@;á�A½â2�b�[�( �"0$-ëg�¡"%�(â2ð�$&"0ß�Rd :-~ á�'�E���,0"%�;$&'j"#ã�¡ê¶"0�(,�"#ð�@�ã!�(�D,C [@;ê4â��¡"C�2"C��4�$&'�à 6
�;'�âLq ~ �¡ê¶"%��,�d : ã!�(�;,% (Gø³ÓR� ÚØbÕ�Ü«Û ü Ù���Û ��	��
ú+ ?ì�á�,%��A-ãµA&�(ìz"0@!'�$½Eûü âz�(E(�Pãz Æ�D,%�]"%ß���@!,0��"0$½E��;A&A-ã

Ý!��,%ãSE.A-�(�;' 6 "0ß��(ã ì�,0@¡Ý�$½âz�*�;'í$-â��(�DA�A-�;�F@!,%�D"0@!,0ãåê¬@;,
 0���(4j$-'�à�$-'�âz$-,0�nE�"4ß�$&'j"% @Dêz'��(ð ì�ß�ã� 0$½E� ³��òb�nE�"C �G�ýU@¡ðYÞ
�(Ý;��, 6 "0ß��(ã]�D,%�7Ý!��,%ãâ�$e}]E.á�A�"Y"0@N@;�F ��(,0Ý!�U�F�nE��;á� ��w@Dê
"%ß���$-,U �ëg�;A&AÅ��,C�D'FECß�$&'�àÆê¬,C�;E."0$-@;'� ��TùW��d :�� È æ(d :��)� � ��� Gî @j #"�ì�,0@!���D��A&ãN'���ðiì�ßjãz 0$-E( �E(�D'�'�@;"�$-'�E.,%�(�! ��Y"%ß��( 0�

B $-à;á�,0����GJ1ý 5 �� ��('� 0$�"%$&Ý�$&"#ãg"0@ · ¸ ® �! ��?ê¬á�'�E�"%$&@!'
@Dê³ç��lç º Ý&ßç ß ú

� GJïYß���ìb@;$-'j"% Jð�$&"0ß�(,0,%@;,d���;,% J�;,0��"0ß��
 �$-ëÆá�A½�¡"%�(âS,0�n �á�A�"C 7$-'S"0ß�� �zî E��! ��N�¡ê¶"0�(,2@;�z"C�D$-'�$-'�à� G ä �)� G � "0,C�D$-à;ßj"�A-$&'��*$½ Æ��A-$&'��(�D,�Y�"Nâz��"0�(,0ë$-'�$&'�à
ç � G�û�,0�n �@!'��D'FE.�( �ð���,%�
Ý;�."%@��(â�bed < fmG
��,%�;'�ECß�$-'�à! �"%@gA&�(Ý;��AÅÝ�$½ �$-��A-�2�F��ê¬@;,%�214ý 5 G5 @!'� ��lOjá���'j"0A-ã 6 14ý 5 �.ñzìF�(,0$-ë��'j"% ³ð�$&A-A;ì�A½�Pã7�Yëg�DÞ�#@;,g,%@;A-�*$-' "%ß�$- * ��nE�"0@!,(G : '²�!â�âz$&"0$-@;' 6 $�ê
ü¥æü')'
�D'��;A&ãz 0$- L,%�(Ojá�$-,0�n Lß�á�à;�JA-á�ë$&'�@! 0$�"#ã 6 "%,0$-à;à!��,%$&'�àY$½ Å'�@;"
,0�n�DA-A&ãíì�,0@!��A&�(ëg�¡"0$½E 6 ��Ý!��'��¡"gß�$-à;ß²A&á�ë$-'�@! 0$&"#ã;G : '
"0ß�$½ �E.@!'j"0�.ñ�" 6 úJï�14ú � �D'�â 5�îå� ß��PÝ!��_E�A&�n�D,��;âzÞ
ÝP�;'j"%�Dà!�
@;'�14ý 5 �³G�ïYß�$½ �$½ UE.@!'jY�,%ë�(âû�jã*"0ß��2�n #"%$�Þ
ë�D"0$-@;'� w@!�z"%�;$&'��nâ�ê¬@!,w�n�;ECßS�.ñzìF�(,0$-ë��'j"
ð�ß�$-ECß �D,%�
 �á�ëëg�D,%$5©��(â�@!'_"%�D��A&� 8�6 ð�ß��(,0��úJï�1ú � �D'Fâ 5�îå�
,0�n �á�A&"% 
�;,0�?à;$-Ý;��'�ê¬@;,
@;'��?ã;�n�D,w@Dê�,%á�'�'�$-'�à��¡"
ß�$&à!ß
A&á�ë$-'�@! 0$&"#ãw�&d :;:WG ä �)�7� G

ü ø æ,')' üaC1@7ý-þ1D/BFÿ*E³é X �.ê#G
1ý 5 � dF� ë d :;: bed 8 f
úJï�14ú � ª < =;=!: b ª�f
5�îå� <D= ë = b ª�f

ï�;��A&� 8 þ3�á�,%��A-ãÆëÆá�@;'�$½E�ECß��D'�'���A½ d�.ñzìb�(E�"C�¡"%$&@!'� [�¡ê¶Þ
"0��,+@;'��
ã;�n�D,��¡"+1ý 5 G



=

úJï�14ú � �D'�â 5�îå� �F�;Ev4�à;,%@;á�'Fâ ,0���#�(E�"%$&@!' �D,%�
 �A-$-à;ßj"0A-ã¾âz$&òL��,%��'j"(G�ïYß�$- ]â�$- %E.,%��ì��;'�E.ã¾E.@;á�A-âz' ± "]�b�
�.ñzì�A½�D$-'��(â]@;'�A-ã�jã 5�îå� �F��"�"%��,�ì�,0�nE.$½ �$-@;'*@;']ë?á�@;'
"0,C�D'� 0Ý;�(,% 0�+$-ëì�á�A½ �$-@;'4G : "U$- YE.á�,0,%��'j"0A-ã]á�'Fâz��,Y$-'jÝ!�( �Þ
"0$-à!�D"0$-@;' 6 �;'�â�ì�,%@;�F�D��A-ã2E.@;ë�n ³ê¬,%@;ë �;'��DA-ãz �$½ 4âz$&òL��,0Þ
��'�E��( Æ�F��"#ð��(��' "0ß��g"#ð�@���ñzìF�(,0$-ë��'j"% ¡�«E��;A&@!,0$-ë�."%��,
$- 0@;A½�¡"%$&@!' 6 ê¬@;,��.ñ��Dëì�A-� 6 $½ $&'�E�A&áFâz�(âÆ$&' 5�îå� ��á�"�'�@;"
$&'�úJï�1ú ��� G
14ý 5 �í �"%�D"0$½ #"%$-E( ��D,%�] 0ë�;A&A-��,�"0ß��;'íúJï�14ú � �;'�â5�îå� Gz°+��Ý;�(,�"%ß���A-�( % 6 $&"gð��! Æ 0ß�@¡ð�'í$-'Zbgd 8 f�"%ß��¡"g�

E.A-�(�;,� 0$&à!'��DAFë$&à!ß!"��F�7@;�� 0��,%Ý;�nâ��ã?"%ß��+��ñzìF�(,0$-ë��'j"
�¡ê¶"%��,�Y�Ý!�
ã;�(�;,% �@;ê,%á�'�'�$-'�à�G: 'E�@;'�E�A&áF �$-@;' 6 ì�á�,%��A-ã?ë?á�@;'�$-E�âz�nE��Pãz Jð�$-A&AF�F�+�.ñ�Þ
"0�('� �$-Ý;�(A&ãe@;�F ��(,0Ý!�(â��D'�âÉ �"0áFâz$&�nâ�$&'�úJï�14ú � �;'�â5�îå� â�á�,0$-'�àå"0ß���ß�$-à;ß A-á�ë$-'�@! 0$�"#ã �(,%��G ý+@¡ð��(Ý;��, 6
��Y�,C #"�@;�F ��(,0Ý¡�¡"%$&@!'û�Dê¶"0��,+@;'��
ã;�n�D,��¡"UA-@¡ð�A-á�ë$-'�@! �Þ
$�"#ãû$- U'�@D"��.ñ�E�A&á�â��(âÅG

�³Ó�^?ØbÕÛ�0«Ú � ÜlØFÕ �
ïYß��[ë@;,%�[,%�(E.�('j"4�( �"0$-ëg�¡"0$-@;'F ³E.@!'�E.�(,0'�$-'�àU,C�D,%�z8�Þ

âz�(E(�Pãz 4�¡"�14ý 5 ßF�PÝ;�[�b���('�ì�,%�( 0��'j"0�nâÅG4ú+ �.ñzìb�(E."0�(â 6
"0ß��Sß�$-à;ß�ä��äûì�,%@zâzá�E�"%$&@!'�E.,%@! % g ��nE�"%$&@!'²A-�(�!â� g"%@ �
Ý;�(,0ãSà;@�@zâ ìF�(,�ê¬@!,0ëg�D'FE.�g$-' "0ß��* 0�(�;,%ECß ê¬@!,��F�PÝ;@!á�,
ECß��D'�à;$-'�à�'���áz"%,%�;A�E.á�,%,%��'j"% (G ú¸A-�;,0à!� '�á�ë?�F�(,�@Dê
�.ñ�E.A-á� 0$&Ý!�NECßF�D'�'��(A- wð�$-A&AJ�b�Nê¬á�A-A&ã�,%�(E�@;'� �"0,%á�E."0�(âå��ã
úJï�14ú �L625�îS�L6 �D'Fâe1ý 5 � 6  �@!ëN�µ@;ê?"%ß���ë 6 A-$54;�
ü��ø æ���� 6  0ß�@;á�A-â �(Ý;��' �b�*@!�� ��(,0Ý!�(âåê¬@;,Æ"0ß��RYF,% �"
"0$-ë�;G
)J��,%ã A½�D,%à;�i,%�(E.@!'� �"0,%á�E�"%�(â���Ý!��'j"  0�;ëì�A&� �¡ê¶"0�(,

@;'�A-ãÉ@;'�� ã;�n�D,S@Dê*,%á�'�'�$-'�àe �@!á�A-â��DA-A&@¡ð "%@ ë�(�DÞ
 �á�,0�wì�,%�(E.$½ 0��A-ãNÝ!��,%ãì�,0@!ë$- 0$&'�àÆì��;,%�;ëN��"0�(,% [ê¬@;,�'���ð
ì�ß�ãz �$½E� � 0�(�;,%ECß 6 ì��;,�"%$-E�á�A-�;,0A-ã ê¬@!,0ðY�D,Câ �F�;Ev4�ð��;,%â
�; 0ã�ëNë��"0,%ã]@DêJü ù æ����M')'JG
ïYß�$- 7ì��;ìF�(,
�;A- 0@ûE�@;'jYF,0ë "0ß��?A½�D,%à;�NE.@;ëì�A-��ë�('zÞ

"%�;,0$&"#ãí�b�."#ð�����'�úJï�14ú � �D'�â 5�îå� �D'�â²14ý 5 �²$-'
"0ß��_ 0�(�D,CECß ê¬@;,?�.ñ�E.A-á� 0$&Ý!�],%�;,0�]ü âz�(E(�Pãz �G�úJï�1ú �
�D'�â 5�îS� ð�$&A-A�E���,0"%�;$&'�A-ã "C��4!��"0ß���A-�(�!â ,0@!A&�i$-'
ì�á�,%��A-ãgA&�(ìz"0@!'�$½E+�D,%�(� 6 ð�ß���,%�(�; �14ý 5 �*ð�$-A&AL�b�7ë@;,%�
��}]E.$-��'j"Y$&']"0ß��7,%�!âz$-�D"0$-Ý;�+ 0�(E."0@!,(G : 'g"0ß��+ë�(�;'!"%$&ë� 6
Ý;�(,0ãNì�,%@;ë$- 0$-'�à� ��(ë$�ÞmëÆá�@!'�$½E�âz�(E(�Pã� � �ß�@!á�A½â�F�7�.ñ�Þ
"0�('� �$-Ý;�(A&ã� #"%á�âz$-�(â���ã*�DA-AL"0ß�,0�(�2�.ñzìF�(,0$-ë��'j"% (G

� ÓR�ûÛ��³Õ�Ø	�R0U��Ù�S*�1"Ù��ÕLÖ �
ïYß��D'�4z 
"%@�"0ß��û14ý 5 � 6 úJï�14ú �L6 �;'�â 5�îå� E�@;A&Þ

A-�;�F@!,%�D"0$-@;' 6 �D'�â��( 0ìF�nE.$½�DA-A&ã�"%@ î �;,0$½� � ëN$5©(�;'� �4P� 6°U$54;@!A-�;$$°U$54�$�"%$&' 64� ��,%à;�(ã � $-Ý;@�4�A&@�4;@¡Ý 6 3J�¡"%,0$½Ev4 ô @!ìzÞ

ìb��'���á�,0à 6;� �D'�â�,%�7úUëg�¡"%@ 6 �D'Fâ > �DA-$&'F�+3J��4�ß�A-@¡Ý¡�Yê¬@;,
"%ß���$-,�ß��(A&ì�$-'e"0ß��µì�,%��ìF�D,C�¡"0$-@;' @DêN"0ß��µð�@;,#4�ì�,%�.Þ
 0��'j"%�(â_�¡"Y"0ß�$- UE�@;'zê¬�(,0�('�E.�!G� ³�
�³ � ³�_^¶³��d!G�ïYß��?14ý 5 ��E�@;A-A-�;�F@!,%�D"0$-@;' 6������������ ieklk-� ����� ����A��� 6F5 ; X ° ¡1ý 5�5 <D:!:;8 Þ :;8 d�� <D:;:!8��< G � G�)7$&,%�." 6�B G 3 ß�A½ 0 0@;'�Þ î �;A&�(4 6"!Éî G � ë$5©(�D'F �4¡� 6

úJï�1ú � '�@D"%�s�&i$#&% � �'%�� � �/�Çi)(*# �8 G�úÆG 1�G ô �Dà!�;' ! î GÙ°+��á��b��,0" 6 3�ßjãz (Gµ1³�."0"(G8�q 8 ª�� <D:;:j<
�.6�<!< ��FG�úÆG 1�G ô �Dàj�D' ! î G�°U�(á��b��,0" 6 3�ßjãz (G X ��ÝLGy�q 9 �&d(ª�ª 9-��6z: ª
� : d <q�G > G³3J�
4jß�A&@¡Ý¡� ! : G�8��(A&ãj�D��Ý 6 14ý 5 �S'�@D"0� <D:!:;8 Þ: ª : � <D:!:;8��= G î GI8���'��(4;� 6 ï
G B �(A-â�ë�;'�' 6+! y?G � ��$½âz��A 6 °Uá�E�AlG
3�ßjãz (G�8 = d < � <;:;: d ��6�< qPÞ&q 9�zG-,FG ýÆG�1³@!ìF�n 6 1ý 5 �_'�@;"0� <D:!:;8 Þvd : �*� <D:;:!8��9 G�3dG�8��;A&A����%�/�/. 61032 �54#� � �>�/�w� h�� ����� . X �.Þ
ìb@;,0"[@Dêb"0ß��ad(ª
ª�ª+ð�@;,#4z �ß�@;ìÆ@!'g #"C�D'�â��;,%â?ë@zâz��A
ì�ß�ãz 0$-E( ��D"Y"0ß���1ý 576 ß��(ìzÞ�ì�ß6 :!:;:;8j<D8!987 �;'�âLyÆGî �(A&$54�ß�@¡Ý 6 °�G °+$g4�$&"0$-' 6?B G X $g©n�¡"%â�$&'�@¡Ý¡� ! 1[G� ë$-,0'�@¡ÝP� 6 úJï�1ÅÞ�3�ý:9 � ÞAª 9 Þ#d <D8 ��d(ª�ª 9��ª�G�ïYß���úJï�14ú �Æ5 @;A-A-�;�F@!,%�D"0$-@;' 6*;<�=��;>�1� �54#h�#�i)4v�/�
? �M�Miek@#BAp�C%D( � �FE�(��/.HGJILKzh � �Mi)4��MK�� �ON ( � �R�*#64v� 65 ; X ° D14ý 5�5 ª
ªDÞ#dFq���d(ª
ª�ª ��7 �;'�âWyÆG î ��A-$54jß�@¡Ý 6B G X $g©n�¡"%â�$&'�@¡Ý¡� 6Æ� G � $-Ý;@�4�A&@�4;@¡Ý 6
� G:9[á ! 1[G� ë$-,0'�@¡ÝP� 6 úJï�1ÅÞ�3�ý:9 � ÞAª��;Þ : �-q���d(ª�ª�� �d : G³ïYß�� 14ý 5 � E�@;A-A-�;�F@!,%�D"0$-@;' 6P�Q����� Ap�R(5%��Çi$�
��i/Sl� 2 ? ���A�54��'( � ? ���viek@# �T# 2 K�� �ON ( � �R�*#64v� 65 ; X ° D14ý 5�5�<D:!:;8 Þ :;8!: � <D:;:!8��d�d;G³úÆG³úUA-$ ! > GÅýU$-A&A-��, 6 ;[á�,nGÅ3[ß�ãz �G=,FG 5�9 �&dlª
ª�ª ��6= d(ª¡Þ =!< ªd < G³3dG ô @;ì�ìb��'���á�,%à 6 3[ß*y "%ß��( 0$- ?�D'�âµ1ý 5 �í'�@D"0�<;:;:!< Þ : dF� 6 � <D:;:j<
�d 8 G�8wGzâz�
3J�Dá�A½� 6jB G î �;,0$-'�ß�@ 6J!�� GzúUëg�¡"%@ 6 14ý 5 �
'�@;"0� <;:;:;8 Þ#d = q�� <D:!:;8-�


