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ZEUS

ZEUS (prel.) 1996-2000

PYTHIA
HERWIG
CASCADE
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kMl¢s>µ®s�¹�j#¶�oJ¿¬ Ñ Ò�¬&Ò/®EÖ�¼�lnm!¹�lÍk
·¤j0Àäs�Þn¹@s@»*»�s�ÀEk×jpÂnÂnw
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Àn·EÀEk
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m�Ç�j�kMm*·pÀ«À¢j0kMunw�j0»*»�¶�wMs�Ânw
·�µnu¢¹�s�o
kMl¢sC¹@·pw
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É�j�kMm*·pÀ�j0»!o�·Ho�l¢·�¼ro
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lns;,�À¢·pÀnÂ�s@wMkMunw
v¢j0kMm*ÉpsH¹�l¢j0w
ºWm�À Î Â�s@À Î unm�À�o".«m*ÀEk
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m�Ç�j�k
m�·EÀ×Ânw
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¸Ê·pw«kMl¢s�µ®s�¹@j#¶®o«¿ Ñ Ò�¬�ÔÞÝCÖB¼�lnm*¹�l¦m*oWjp»�w
s�jEµ®¶äº«s�jpoMunw
s�µ<¼�m�kMl lnm Î lèÂ¢wMs�¹�m!o�m*·pÀ�Ä
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jE¹�kMm*·pÀÃÂnl�jpoMspÖO¼�lnm!¹�l¤m*oH¹@·pÀ¢oMm*o�kMs�Àk
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j Î s�µK¿fÑ Ò�ÔhÕ�Ò�Ò>v¢w
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� ~#µ �0� ª¾}��*}!²A~ © � �N� w��A� �rg� � ��uxÿ � ¯Ôr � txu � � � { � © r«rD��Ê$~Y¬D}*¸p�
�0�9× �*}�wFs � r � txu � � � {Nµ { � �A¸ � ¬|ð × ��ÊP~0uv±"!$#%&!�'Ô¸¶��~�{Nt � ��¸¶�Au � {|}�u � sx�¶r��Kr Ã ¬Dsx�
² � ¸b�x}*ux��± � ��{�° � uv{N�D° �
� ¯}!± ��{9È(%�à {N�A°�~ � ~ � } � u �0� ~ � ����~�{ � � Ã��&)`����� �*~�� �F� ~ �N��� µ�¸ � y
¸¶�Au � ~qtx° �
� 	 Ã��+* ����,.- Ã ä s �0�
� uv{�~�uv±b������² �
�N� uv{�~ � ��±x� � ��² � ��±¶}*up~�u¶~ �N� ~#µ �0�0/$1 	�2
r�{43 � ¬D���î² � µ { � ~��*{ � ½Dr�5î�î� � ²�~ � ��±�}*uv{N}*± � � sx�D¸¶~�w�ux� � }!²gÙv�A�!±k~�uv±b² � ¯�� � }*uxw � sx�D�Au � } � �
{ � �*}*±®~0uxwF��� �0�9� sx�p²�s�~ � w���±Ô°v~ �N� }!²��*� �
� ~F²�ÿ}*uxwY{�µ { � �A¸ Ã ¬Dsx� � Ã�� ¬Þ¸[~0w�uv� � }!²KÙ��A�!±
}!{ � � � t � uv��±=¯¾}!~Ô~0u;} �
� u;µ � ÿ��FÊ&}�uv{ �N� tx¸¶�Au � ��± �
� ± � � ��² � ¸kt � u�{k~�uv±;È 6Ö¸¶��{ � uv{
� »75 þ � Ã ¬Dsx�Ø»75 þ ² � uv{N}*{ � { �0� ~0� � � � uv~ � }*uxwK�*~#µF� � { �0��� ��{�}!{ � }*¯��D°x�!~ � �Ø²�s�~0¸b��� � {9~�uv±
8 Ã91 ²�¸ � sx}!²�ÿ`{ � �A����°x�!~ � ��{ Ã

: TWç<;=�?>A@�ï�@¶ï'çCB(�¾ç<�éD;E�
3EuU~0�*� � sx��±x��²A~#µW¸ � ± ��{D° � ��{N�Au � ��±Wsx� � �FÊ � sx��² � u � }*u¾txtx¸o° �N� ²A��{
{
� ¿#À�¿FÁ®ÄGFPÑF0�&}!{ � sv�|± � ¸¶}*uv~0u � �v~F²�ÿ¾w �
� txuv± Ã ª¾}*uv²��L³ Ñ³Ý�A¯F�Au � {C~ � �Ø{�°xsv� � }*²�~0� ¹«sx}*���
� sv�C² � u � }�u¾txtv¸ ��¯��Au � {á~ � �0H�� � y��*}�ÿF��Ê#¹��9~0°x°x�*µI²�t � { � uK¯�~ � } � tv{á�A¯���u � {�sv~�°��C¯#~ � }!~0�v����{
� {Ntv²�s=~�{b{�°xsv� � }*²A} � µFÊ � s � tv{ � ~0uvw��*��Ê ×x� ñ¾y�� � � ��� ~0¸Ò¸ � ¸¶�Au � {AÊ&~0uv± � sx�?° �
� ± tv² � } � u
~0uvw��*� ��� ³k� �N� {Ntx°x° � ��{
{ � sx�¶�v~F²�ÿ¾w �
� txuv± Ã 8 � ÈI%#à·{N�A°�~ � ~ � } � uÉ}*{I°�� �N����� ¸¶��±Ô�¾µ
~0°v°x��µ¾}*uxw�~I²�t �g� u � sx�|��}*ÿ�����}*s �¾� ± � ~ � } � Ê&JLKM, � J�N7OQPRK9��ÊF¹«sx� � �SJMK � JMNx�&}!{9~Iÿ�~ � u
� °v} � u����*}*ÿ��A�*}*s �¾� ±j² � ¸p°vt � ��± ���
� ¸å}�u ����� ¸¶~ � } � u ���N� ¸ � sx�Y°v~ �N� }!²��*�`}!± ��u � }òÙ�²A~ � } � u
± ��¯}!²���{UTÔ{N°���²�}�Ù�²U} � uv}WV�~ � } � uÖ� � {
{¶}�u � sx�Ô²���u �
� ~��|± � } ��� ²�s�~0¸b��� � Ê�°xs �0�
� y.�A�*��² �N�
� u
ó ôYX
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× }�wFt � � � TQZ[#]\ �!����^���_A� ���'���x�¼��¡ ³ßÄ Å Æ$Ç à&ÁM`NÅ Æ$Ç È;Áa\ ��£���¦#�Ub ¢P¤x�dcp� \�\ ���
¤¾�!���E�N¥�^N�.ck�L�.^
�$¡��&^ ³ÞÄåÅ e�\ �
£��0¦#�L��� \ ��¤v��_
�0���E�.c´���P���|�.^
�î¡��&^ ³ ÄåÅgf\ ��£
�0¦#�Ub
¢P¤x�I�ih�hx�U^q�0�����L�.^N�&¡��&^ ³ÞÄ ÅkjI\ ��£���¦#��§&¨î¤x�U^N� Åkj c¶�����v� Å[ÌLÄåÈ;Á$àáÀl\ ��£
�0¦#�Ub

µ¾}����*±Y}*u � sx��~0� �N� w�����rgsx� � ��uxÿ � ¯?² � txu � � � {AÊx~�uv± � }�¸¶�Ay ��� y�mv}*w�s ��ÃI� �
³ ²A~�uv± }!±x~ � ��{�~ � �¶}!± �Au � }òÙv��±¼tv{N}�uxw � ¹ � ÿ¾}�ux��¸[~ � }!²[¯�~ � }!~0�x�*��{�TK����~0¸ ² � u�{ �
� ~�}�ux��±
¸[~�{
{UTknporqts # fuwvyx{zl| Ð fo Ê�~0uv± � sx�W��ux� � w�µ¼± }W}�� � ��uv²���TgZ[#tq~#�o | # uwvyx{z Ã
zØ� � ��# u�v�x{z }!{ � sx�|����~�¸Þ�Auv� � w�µ�Ê�Ð�o;~�uv±g#�o·~ � � � sx�Ø¸ � ¸¶�Au � tx¸ ~0uv±p�Auv� � w�µ ��� ~
� ��² � uv{ �
� t�² � ��± ³ ²A~�uv± }!±x~ � ��Ê � ��{�°���² � }*¯��A�*µ�Ê�¹«sx� � ��~0�*�$¯�~ � }!~0�x�*��{|~ � ��± ��Ùvuv��± }*u � sx�
� � 8�� � � ��{ �K��� ~�¸p� Ã rgs�~ � w���±¼² � u.H�txw~ � �[}*{�~�°x°x�*}���± � s �
� tvw�s¼}�u � sx}!{�u ��� �?�Añ ²A�A° �
�����|� sx�b±x} � ��² �+��� ¯¾} � �!~ � } � u {N��~ � ²�s Ã ¬Dsx��µ¾}*�A�!±x{|~ � � � � � ~0}*ux��± ���N� ¸ �A} � sv� � þ ~�ñ }òy
¸btx¸a5á}*ÿ�����}*s �¾� ±?Ù �Ø��� �Añ � �Auv±x��± þ ~�ñ }*¸btxuI5á}*ÿ�����}*s �¾� ±`Ù �Ø� u � s�~ � ¯�~ � }*~��x�*��{ Ã � �
¬Dsx�W{N}�wFuv~0�9±x}*{ �N� }��vt � } � uv{b~ � � � � � ~�}�uv��± ���N� ¸ {N}�wFuv~0� þ � u � �`r�~ � � � {N~�¸p°v���FÊ$¹«sx}*���
� sx�p�v~F²�ÿw �N� txuv±U± }!{ �N� }��xt � } � uv{q~ � �b��} � sx� �q���
� ¸Ò² � u � }�u¾txtv¸ þ � u � �?r�~ � � �W��� ±x~ � ~
� t � {�}!± ��{N}�wFuv~0� � �AwF} � u Ã

� i ë<�¾í�;�>A@[è�ê·^�<; é.�
8 Ã � ³bÀ;ÄåÅ¶Æ$Ç�È®À

3Eu � sx}!{�~�uv~0�*µ {�}!{AÊî¹g�?~ � �¶� �¾� ÿ¾}�uvw ���F�K� sv�W²�sv~ � w��¶~�{Nµ¾¸¶¸p� �N� µÉ}*u=³bÀÚÄßÅ e�� f�È®À
± ��²�~#µ {AÊá¹«sv� � �¶Å e ¸¶��~�uv{KÈÉÀ�È;Ám~�uv±ÉàáÀ9à&ÁCÊîÅ f ¸¶��~0u�{KÈ��
à�Ì�`
È��Nâ�`NÈ
����`
È���Û
~0uv±ÚÈ
�
Û�� Ã ¬Dsv�·Å e � ��° � ��{���u �Y� sx�Q��O�� ��� ��}�wF�Auv{ � ~ � ��ÊI¹«sx}*�*�·Å f � ��° � ��{���u �
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× }�wFt � � � TgÐ�ÑÐ �����#�&^��'���v�+c¶������¡��.^ ³oÄ Å[Ì
ÐgÑÐR� ����¡���� \ ��£���¦#�Ub Z[#�\ �!����^���_�� ���'���W¡��&^
³ÞÄåÅ Ì Ð�ÑÐM� cp� \�\ �����`�0� \ ¡��&^ ³ÞÄåÅ Î�Ì Ð�ÑÐL� ^��ò¥#¤¾�W� \ �
£��0¦#��b+����� � \ ¤¾�!���E�N¥�^N�.c �!��¡�^N�.c
��¤x�����ò¥����0���p� ¨�����¤ Ð�ÑÐ ¥F�A���U^N���E� \ ���ghv¤x�����k��hv��£��ib

� | � ��� ��}�wF�Auv{ � ~ � � Ã ¬Dsx�¼µ}*�A�!±x{ ~ � � � � � ~0}*ux��± ���N� ¸ Ù � { � u�Z[# ~ ��� � � �A¯���u �
{Nsv~0°��;~0uv±Ý»�3y� ²At � {É¹«} � s�n o }*u � sx�·{N}�wFuv~0� � �AwF} � u Ã ¬Dsx�;±v~ � ~ {
~0¸¶°x�*�=¹��
tv{N��±j~ � � � �E� � � ��Á e � u � � 8�� � Ã ¬Dsv� ��� ��� � ¹«}�uvw � �A�!~ � } � u�{k~ � �`tv{���± �
� ² � uv{ �N� ~0}*u
� sv� ��� °xs�~�{N����¡�¢¤£ e�� f q�¥ Í oR¦E§7¨R©�ª «4¬�¦ Ï.Á ¥ Í o<�§7¨R©wª «�¬� Ï¥ Í o ¦ §7¨R©�ª «4¬ ¦ Ï�À ¥ Í o  §7¨R©wª «�¬  Ï q

f�®�¯�° ±0²�³�¯?° ±�´Dµe À ® « À f�®�¯�° ±0² ³ ¯?° ±�´Dµ `
¶ e{� f q¸·&¹9º

©�ª «�» ¦E¼ 
·&¹9º
©wª «�» E¼

·&¹9º
©�ª «4½ ¦ ¼ 

·&¹9º
©wª «�½  ¼

·&¹9ºE¾
» ¦ ¼ 

·&¹9ºE¾
»  ¼

·&¹9ºE¾
½ ¦ ¼ 

·&¹9ºE¾
½  ¼ q � OÀ¿ f O � ¿�² � {=Á.��² � {E�Y¡�`�¹«sx}��*��Á.��qÂÁ ����� Å e ~�uv±

qÃÁ�O;à ���F� Å f Ã
¬Dsx� � ��{�tx� � { �0� Ù ��� }�uxwI~ � �C{Ns � ¹«u�}*u × }*w Ã � Ã ¬Dsv�g° � �A�*}*¸p}*uv~ � µ � ��{�tv� � { ���x� sx��� � ~0uv²�sxy
}*uxw ��� ~�² � } � uv{�}*u � � � ¸ �0�P� sv� � ~ � } � ² � ¸p°�~ � ��± �N�K� sx�|² ���
� ��{�° � uv±x}�uxwbr�~��x}�� �¾�I� ~#¯ �F�
± ��²A~#µ {�~0u�± � sx�Y² ���
� ��{N° � uv± }*uxw"£ e�� f Ê ¶ e�� f ~ � �kÄ � Å[Ì�È;Áî�4%.Ä � Å[ÌAà&Á��[q � � � � 8�Å
� � ��� � Å � � ���$1 Ê{Ä � Å e È;Á��4%.Ä � Å e à&Á��Æq � � � � � Å � � � 	�2 Å � � � � � Ê�Ä � Å f È=Á���%DÄ � Å f à&Á��q � � ��� � Å � � � � / Å � � ��� 2 Ê�£eÇqlO � � � � Å � � ��2 Å � � ���q� | � � � 8[È £e È � � 1 	�É � � � � � P�� ��Ê£�f�q | � � ��� Å � � � 8�Å � � � 8 � | � � 2 1 È £�f È � � ��	�É � � � � � P�����Ê ¶ e�q � � 	�	 Å � � 	 1 Å � � � �
~0u�± ¶ f q � � � 1 Å � � � � Å � � � � Ã

8 Ã � ³ÞÄåÅ Í!ÎNÏ!Ð�ÑÐ

¬Dsx}!{K���A� � uxw{ �N� � sv�W² � � �F� {Ntx°x° � ��{N{N��±¼± ��²A~#µ {q¹«} � s=�v~ � µ � uv{ Ã ¬Dsx�?Å?Ì?}*{ � ��² � uxy
{ �N� tv² � ��± � s �
� txwFsYÈ;Á$àáÀS`NÈ;Á$àáÀ&àáÀ&à&Á·~0u�±`È;ÁáàáÀ�à�Ì Ã ¬Dsv�IÅWÀ·}!{ � ��² � uv{ �N� tv² � ��±
ó ô0Ê
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× }�wFt � � 	 TRZ#t\ �!����^���_A� ���'���x�b��¡ ³ÞÄåÅ Í!ÎNÏEÈ;ÁîÈÔÌ�Í!ÎNÏ7\ ��£���¦#�Ub

� s �
� tvw�s¶È=ÁáàáÀ&àáÀ�Å`Îg}*{ � ��² � uv{ �N� tv² � ��±b}�u¶Å`Î�ÌLÄåÅ[Ì�à�Ì«~0uv±pÅ`ÎNÀ=ÄåÅ[Ì�àáÀ Ã ¬Dsx�
µ¾}����*±x{L~ � � � � � ~0}*ux��± ���
� ¸oÙ � { � uËZ[# ~ ��� � � ��¯���u � {�sv~�°���~�uv± ä 3y� ²�t � {Ø¹«} � sËnpo
}�u � sx�[{�}*w�uv~�� � ��w�} � u Ã ¬Dsx�[±x~ � ~ {N~�¸p°v���p¹g�¶tv{N��±�~ � � � �=� 8 � ��Á e � up� � 8$� � Ã ¬Dsx�
�N��� ~0��µ¾}����*±v{ � � � ~0}*ux��±Ô~ � ��� �vÃ �¶���F� Ñ³bÌ�Ä Å?Ì�Ð�ÑÐ®~0uv± � �xÃ 	 ����� Ñ³�ÌbÄ Å`Î�Ì�Ð�ÑÐ Ã ¬Dsx�
¸¶��~�{Nt � ��±p� � ~0uv²�sv}�uxw ��� ~�² � } � uv{9~ � �ÇÄ � Ñ³bÌLÄåÅ[ÌNÐgÑÐ��Rq � � � � / Å � � � � Å � � � 1 �ÍÌ � � Á�Î�ÊÄ � Ñ³�Ì Ä Å`Î�Ì�Ð�ÑÐ��Qq � � � � � À�Ì�Ï ¡�¡Á�ÌUÏ f�Ð �gÌ � � Á�Î Ã ¬Dsx� � �=~0� � u � {�}*w�uv~��*{ � �v{N� � ¯���± }*u
³bÀ Ä Å?À&Í!ÎNÏ!Ð�ÑÐ®± ��²A~#µ { Ã ¬Dsx�A} � tv°x°�� � �*}*¸p} � ~ � ��Ä � ³bÀmÄ Å?ÀPÐ�ÑÐP� È � � � 	 Ì � � ÁYÎ
~0uv±dÄ � ³kÀÕÄ Å`ÎNÀPÐgÑÐ�� È � � ��� Ì � � Á�Î[~ � � � � r Ã 5 Ã ¬Dsx�pÙ ��� }�uxwUsv}*{ �N� w � ~0¸[{I~ � �
{�s � ¹«u`}*u × }*w Ã � Ã 2 �

8 Ã 	 ³ ÄåÅ Í!ÎNÏEÈ;Á$ÈÔÌ�Í!ÎNÏ

¬Dsx}!{K± ��²�~#µ¾{qux����±pÑ¾ÑÑ¶° �
� ± tv² � } � u Ã �®�[~0�!{ � ¯F� �N�Y� sx�[³_Ä Å?Åk�K}*u � sx}!{K± ��²A~#µ { Ã
¬Dsx� Å }!{ � ��² � uv{ �N� tv² � ��±=}*ujÅ?ÌÔÄËÈ;Á$àáÀe~0u�±·Å?À Ä È;ÁáàáÀ�àáÀeÅ`ÎW}!{ � ��² � u y
{ �
� t�² � ��±;}*ujÅ`Î�ÌÉÄËÅ[ÌAà�ÌU~�uv±;Å`ÎNÀ ÄËÅ[Ì�àáÀ Ã ¬Dsx�Yµ}*�A�!±x{p~ � � � � � ~�}�ux��± ���
� ¸
Ù � { � ulZ[#a~ ��� � � �A¯F�Au � {Nsv~0°��®~�uv± ä 3y� ²At � {`¹«} � sÂnÀoÂ}*u � sv��{N}�wFuv~0� � ��w�} � u Ã
¬Dsx�L±v~ � ~k{N~�¸¶°x���|¹g�Ltv{���±?~ � � � �=� 8 � ��Á e � u(� � 8$� � Ã ¬Dsx�|° � �A�*}*¸p}*uv~ � µ � ��{�tv� � {C~ � ��¢Ä � Å[Ì�È;Á$È�Î�Ì��Mq ��1 � � Å � � 	 Å � � � ��Ì � � Á�Î�ÊDÄ � Å?À�È=Á$È¼Î�Ì#�Rq ��/ � / Å � � � Å � � 8 �&Ì � � ÁYÎAÊÄ � Å`Î�Ì�È;Á$È�Î�Ì���q � � 8 � � Å 	 � � Å � � 2 �+Ì � � ÁYÎ0Ê<Ä � Å`ÎNÀ�È=Á$È�Î�Ì#��q � � � � / Å � � � Å
� � � ��Ì � � ÁYÎ0Ê�~0uv±ËÄ � Å[ÌAÈ;ÁîÈÔÌ#��q ��� � � Å � � 8�Å � � / ��Ì � � Á�Î Ã ¬Dsx�g� � � r Ã 5 Ã tx° y

ó¾ô�Ò



ö«÷'øEù`÷Aújû¾ü�ý

 ∆E (GeV)

E
ve

n
ts

 /
 2

0
 M

eV

K+π-

 ∆E (GeV)

E
ve

n
ts

 /
 2

0
 M

eV

K+π0

 ∆E (GeV)

E
ve

n
ts

 /
 2

0
 M

eV

K0π+

 ∆E (GeV)

E
ve

n
ts

 /
 2

0
 M

eV

K0π0

 ∆E (GeV)

E
ve

n
ts

 /
 2

0
 M

eV

π+π-

 ∆E (GeV)

E
ve

n
ts

 /
 2

0
 M

eV

π+π0

 ∆E (GeV)

E
ve

n
ts

 /
 4

0
 M

eV

π0π0

× }�wFt � � 8 TRZ#t\ �!����^���_A� ���'���x�C¡��&^ ³ ÄåÈÉà �0� \�à�àl\ ��£���¦#�Ub

°�� � ��}*¸¶} � ~ � ��Ä � Å À È Á È Ì � È 	 � � Ì � � Á�Î ÊRÄ � Å Î�Ì È Á È Ì � È ��� � 8 Ì � � ÁYÎ ~�uv±Ä � Å`ÎNÀ&È=ÁîÈÉÌ�� ÈÓ8 � �[Ì � � Á�Î Ã9× }*w Ã 	 {Ns � ¹ � sx��Z[# ± }*{ �N� }*�xt � } � u�{ Ã
Ô ^��<; é.�À���$@i@pX�; é.�Ôi_ë<�í�;�>A@
� Ã � ³ÞÄåÈÔà¤`Nà�à
�9~ � } � tv{K± ��²A~#µ { ��� ³ ÄãÈÔà ~0uv±�à�àº²�~0u¼���Wtv{���± �N� �Añ �N� ~�² � { �N�
� uvw ~�uv±¼¹���~0ÿ
°xsv~F{�� Ã ¬Dsx�`µ¾}����*±x{p~ � � � � � ~�}�ux��± ���
� ¸ Ù � { � uÕZ[# ~ ��� � � �A¯���u � {Nsv~0°��`~�uv± ä 3y�
²�t � {«¹«} � sËnpom}*u � sx��{N}*w�uv~�� � ��w�} � u Ã ¬Dsv��±x~ � ~[{N~�¸p°v���I¹��Ktv{���± ~ � � � �=� 8 � ��Á e � u� � 8�� � Ã ¬Dsx� � ��{Ntx� � {9~ � �Ø{Ntx¸¶¸[~ � }WV���±p}*u?¬î~��x��� � Ã�× }*w Ã 8 {�s � ¹ � sv�«Ù �C� ��{Ntx� � { Ã ¬Dsx�
²�sv~ � wF�I~F{�µ¾¸¶¸¶� �
� µ(£ Æ$Ç }!{|± �AÙvux��±U~F{ Ö Í oÆ§ j Ï.Á Ö Í oÆ§ j ÏÖ Í oÆ§ j Ï�À Ö Í oÆ§ j Ï Ã ¬Dsx� � ��{Ntx� � { ��� £ ÆîÇ }*{}*u ¬�~0�v��� � ~0uv± � sx� � �K~ � �qu �p� �¾¯} � t�{�²�s�~ � w��I~�{Nµ¸¶¸¶� �
� µW}�u � s � {N�I±x��²A~#µ { Ã
� Ã � ³ À Ä Û È À `NÛà À
5$~ � wF�;� � ~�uv²�sx}*uxw ��� ~F² � } � uv{ �0� ³ Ä Û×��È � ³ Ä Û È¼ÎA� �N� ³ Ä Û×��È¼Î � ³ Ä
Û È®� 1 `S�E` � � � {Ns � ¹ � sx�W��}P��² �p�0�D� sv�?}�u � � �N� � � �Auv²A�?��� � ¹g���Au=°��AuxwFtx}*u;~0uv± �
� ���
² � u �N� }��xt � } � uv{ Ã 3Eu � sv}*{k~0uv~���µ {N}*{�ÊáÛ�}*{ � ��² � uv{ �N� tv² � ��± � s �N� txw�s¼Û=Ä�Ø�Øj~�uv±�Û¼Ä
àáÀ&à&Áîà�Ì�±x��²A~#µ { Ã

ó ôPô



ö«÷'øEù`÷Aújû¾ü�ý

¬î~��x�*� � T�Ù ^N���P£
¤ ���¥q¡�^N�F£����'���v� �ÚÄ �W��� \ £�¤x�.^�¥F�[����¦.c[c[����^�¦ £�Æ$Ç ��¡ ³ Ä ÈÔà¤`Nà�à b
¢P¤x�b�ih�hv��^I� �Ûcp���C�!�b��� � � � �Rb �RbØ¢P¤x�[_�^
����£�¤¾���¾¥|¡�^
��£A���'�0�x����� \ �ih�hv��^I� �Ûcp���D�&^N�K���
��¤v��� ��������¡ � � ÁYÜ b

þ � ± � ÝL}*�A�!±x{ Ä £ ÆîÇ
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ÈÔÌ�à�Ì � � Å / � � 1�1 Å � � 	�� Å � � � 2 y
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ª¾}*w�uv~��áµ¾}����*±x{«~ � � � � � ~�}�ux��± ���N� ¸ ��ñ � �Auv± ��±Ytxu¾�x}�uvux��±Y¸[~�ñ }*¸btx¸o��}*ÿ�����}*s �¾� ± � þ 5î�
Ù � { � u � sx�[¯�~ � }!~0�x�*��{7npoÝ~0u�±dZ[#_~ ��� � � �A¯F�Au � {�sv~�°��?~�uv± ä 3y� ²�t � { Ã ¬Dsv�?±x~ � ~
{N~�¸¶°x���p¹��ktv{N��±®~ � � � �=� 8 � ��Á e � uÞ� � 8�� � Ã ���¶sv~#¯�� � �v{N� � ¯���±Ô~W�!~ � w��bÛ¾È®Àº~0u�±
àáÀo{N}*w�uv~��*{ Ã ¬Dsx��° � �A�*}�¸¶}*uv~ � µ � ��{�tv� � {Y~ � ���*}*{ � ��±Õ}*u ¬�~0�v��� � Ã ¬Dsx�={ � ~ � }!{ � }!²A~0�
{�}*w�uv}òÙ�²�~0uv²A� �wß �Ø}!{I± ��Ùvuv��±�~�{ s | � ��u � J ��� �4%.JLà¤á4âF�Ø¹«sx� � �[JLà¤á4â?}!{ � sx�p��}*ÿ�����}*s �¾� ±
~ ��� sx�Øu � ¸p}*uv~��v{�}*w�u�~0� µ¾}����*±¶~�uv±[J ��� ��}*{ � sx�Ø�*}*ÿ��A�*}*s �¾� ±p¹«} � s � sv�|{�}*w�u�~0� µ¾}����*±kÙxñ ��±
�N� VA� �N��Ã ¬Dsx�D° �
� H���² � } � uv{ ��� Ù �N� }*uxw � ��{Ntx� � { ����� ³ÞÄåÛ ÈÉÀ�`NàáÀ®~ � ��{�s � ¹«up}*u × }*w Ã&� Ã

� Ã 	 ³ Ä âCÈÉÀ�`�â9àáÀ
3Eu � sx}*{�~0u�~0�*µ¾{N}!{AÊ¾²A~�uv± }!±x~ � �Øâ;¸¶��{ � uv{g~ � � � ��² � uv{ �N� tv² � ��± ���
� ¸´àáÀ&à&Á$à�ÌI² � ¸b�x}*uv~�y
� } � uv{�¹«sx� � � � sx�`r þ ¸ � ¸¶�Au � tx¸ ���g� sx�[à�Ì[}*{ � �iãFtv} � ��± �N� ���?w � ��~ � � �q� sv~0u 	 ���
þ �U�7,.- �N�I� ��± t�²�� � sv�«�*~ � wF��² � ¸b�v}�uv~ �N�F� }!~0�¾�v~F²�ÿw �N� txuv± ���N� ¸e� � ¹j�Aux� � wFµ�°xs ���N� uv{ Ã
ª¾}*w�uv~��$µ¾}����*±v{|~ � �K��ñ �
� ~F² � ��±Ytv{�}*uxw?tvu�v}�uxuv��± þ 5¼Ù � {N}�¸ktx� � ~0ux� � tv{N�*µ ����� n o ~0u�±
Z[# Ã ¬Dsx�«�v~�²�ÿ¾w �N� txuv± � txu�² � } � u�{�}�u�²��*tv± �Ø~K² � ¸b�x}*uv~ �N��� }!~0� ² � ¸p° � uv�Au � ~0uv±p~K² � ¸ky
° � ux�Au �L���N� ¸ ��� sx� � ²�sv~ � ¸¶�*��{
{«³ ± ��²A~#µ { Ã �Ltx� �
�[� sv�b° � {
{�}*�x�*��¸¶}*{�y�}!± ��u � }òÙ�²A~ � } � u
��� � ¹g���Au·È;Á ~0u�±=à&ÁCÊ�¹��`~0�!{ � }�u�²��*tv± �`~®² � ¸p° � uv�Au �������k� �A��±¾yE± � ¹«u ���N� ¸ â9à&Á
�N� âCÈ=Á Ù ��� }�uxw¼~0u�±;¯¾}*²A�`¯F� � {N~ Ã ¬Dsx�YÙ ��� ��±jµ}*�A�!±x{p~0uv± � sx� ¸¶��~F{�t � ��±=� � ~0uv²�s y
}�uvw ��� ~F² � } � u�{q~ � �[{Ntx¸¶¸[~ � }WV���±®}�u¼¬î~��x�*� � ¬Dsv�p° �N� H���² � } � uv{ �0�g� sx��nÀo ~�uv±pZ[#
¹«} � s � sx�bu �F� ¸[~���}äVA��±U{�}*w�uv~��î~�uv±U�v~F²�ÿw �N� txuv± ä � × {L~ � �k{�s � ¹«uU}*u × }*w�t � � 2 Ã �®�

ó¾ô0å



ö«÷'øEù`÷Aújû¾ü�ý

0

5

10

5.2 5.225 5.25 5.275 5.3
Mbc  (GeV/c2)

Ev
en

ts 
/ 2

 M
eV

K+ η (γγ)

K+ η (3π)

BELLE

0

2.5

5

7.5

10

-0.2 0 0.2
∆E  (GeV)

Ev
en

ts 
/ 2

0 
M

eV

K+ η (γγ)

K+ η (3π)
BELLE

0

2

4

6

8

10

5.2 5.225 5.25 5.275 5.3
Mbc  (GeV/c2)

Ev
en

ts 
/ 2

 M
eV

π+ η (γγ)

π+ η (3π)
BELLE

0

2

4

6

8

-0.2 0 0.2
∆E  (GeV)

Ev
en

ts 
/ 2

0 
M

eV

π+ η (γγ)

π+ η (3π)
BELLE

× }�wFt � � � T�æ ^N�yçA��£����'���W�0� npo ��� \SZ# ¡�^N�&céèiêl�`�ë9�������¾¥�^N����� � ���v¡��.^ Û È®À�� �ih�hx�U^w�
��� \¶Û¾àáÀ�� _
�0���E�.c+�`¨�����¤���¤x�`�4ì�hv�
£A�E� \ ���ò¥����0�C��� \ _
�F£�í�¥�^N��� � \ ¡�� ��£A���'�0�j�.���U^�����¦�� \ b
¢P¤x�b�N¤x� \ � \ �&^N���k^N��hY^
���A�A�v��� Û[Ä 	 àî\ �
£��0¦#��b

sv~#¯F� � �v{N� � ¯���± � sv�`± ��²A~#µÉ³[ïeÄ âCÈðï ¹«} � s 2 � 8 ) {N}�wFux}òÙ�²A~0u�²�� Ã ðLt ��� ��{Ntx� � { � u
� sv�b³[Á;Ä âCÈ;Á·~0uv±Yâ9à&Á;� � ~�uv²�sx}*uxw ��� ~F² � } � uU¸p��~�{Nt � �A¸¶�Au � {|± }*{
~0w � ���I¹«} � s � sx�
��~ � �*}*� �q� ux��{ ���
� ¸ r�5î½�ð / � ~0uv±�� © � ©  �F� Ã ��t �I� sx�[{Ntx¸ ���C� sv�p� � ~�uv²�sx}*uxw
��� ~�² � } � uv{ �0� ³[Á®Ä � âCÈ=Á
O¼â9à&Á&��}*{Ø² � uv{N}!{ � �Au � ¹«} � s � sx�kr�5$½Dðñ { � ��{Ntx� ��Ã

� Ã 8 ³ÞÄ Ð�ÑÐ�Èò`�ÐgÑÐxà
���bsv~#¯F�b{���~ � ²�sx��± ���F�|� sx�k± ��²A~#µY¸ � ±x��{q³bÀÖÄ Ð�ÑÐ�È®ÀÖ~�uv±Ô³bÌkÄ ÐgÑÐvÈÉÌó Ã ¬Dsv��{N�
¸ � ± ��{I~ � �b�Añ °���² � ��± �
� ° �
� ²�����±Ô¸[~�}�ux�*µU¯¾}*~(ô�ÄõÑp°��AuxwFtx}*u®± }!~0w � ~�¸¶{ Ã �®�[~��*{ �
{N��~ � ²�s ����� ³bÀ Ä Ð�ÑÐ�àáÀ ¹«sx}!²�sÔ}*{L��ñ °���² � ��± �N�W� ²�²�t � ° � }�¸[~ � }*��µY¯¾}*~`~
ôIÄ÷ö �
� ���
° �
� ²���{
{ Ã ¬Dsx��{N���v~ � µ � ux}*²9¸ � ± ��{î²�~0u����Dtv{N��± �
� ��} � sx� � ² � uv{ �
� ~�}�u ����� �v{N� � ¯��C±x} � ��² �
��� ¯} � �!~ � } � u }�uU³Â± ��²A~#µ Ã � � � ¬Dsx��² � ¸b�v}�uv~ � } � uv{D¹«}*�*�$����¯�� �N� } �&� sx��}*u¯�~ � }!~0uv²A�
¸[~�{
{ �0�î� sx�K° �
�0�
� u ~0u � }�y.° �N���N� uW°v~�} �D� ~����á¹«} � sv}�u � sv�Kÿu � ¹«uY²�sv~�¸ � ux}*tx¸ { � ~ � ��{ Ã

ó×å0ø



ö«÷'øEù`÷Aújû¾ü�ý

0

2

4

6

8

10

5.2 5.22 5.24 5.26 5.28 5.3

Mb (GeV)

En
tri

es
 / 

20
 M

eV
BELLE

0

2

4

6

-0.3 -0.2 -0.1 0 0.1 0.2 0.3

∆E (GeV)

En
tri

es
 / 

20
 M

eV

BELLE

0

2

4

6

8

10

5.2 5.22 5.24 5.26 5.28 5.3

Mb (GeV)

En
tri

es
 / 

20
 M

eV

BELLE

0

2.5

5

7.5

-0.3 -0.2 -0.1 0 0.1 0.2 0.3

∆E (GeV)

En
tri

es
 / 

20
 M

eV

BELLE

× }�wFt � � 2 Tùæ ^N��çA��£A���'�0� ��� nÀo �0� \úZ[# ¡�^N�.c èDêû�`�üë9�������¾¥~^N����� � ���j¡��&^
âCÈÉÀ�� �ih�hv�U^w�U�0� \¶â9àáÀ�� _������E�.c+�Y¨�����¤¼��¤x�Y�4ì�hv��£��E� \ ���ò¥0�P���g�0� \ _��F£�í�¥&^
��� � \ ¡�� ��£A�
���'�0���&�#�U^�����¦�� \ b

3Eu × }*w�t � � 1 Ê�¹��k{Ns � ¹ � sx�kZ[#Â± }!{ �
� }*�xt � } � uÉ~0uv±ðnpoÕ± }!{ �N� }��xt � } � u ���F�|� sx�k{N}�wFuv~0�
²A~�uv± }!±x~ � ��{ ����� ³ÞÄ Ð�ÑÐ�È À ± ��²A~#µ { Ã ¬Dsx�LÙ ���N�k� sx�7Z[#Þ± }!{ �N� }��xt � } � uWwF}�¯F��{�~�µ¾}*�A�!±
�0� 8 � � / À e Ì�Ï ýÁ Ð Ï þ ¹«} � s ~¶{�}*w�ux}�Ù�²�~0uv²A� �0�¤� � 2 )&Ã ¬Dsx}!{D}*{ � sx�qÙ � { �D� �v{N� � ¯�~ � } � u �0� ~gô«ÄÿÑ
�N� ~0uv{N} � } � uY¹«} � sY��~ � µ � u�{g}*u � sx�IÙ�uv~0�á{ � ~ � � Ã ��� �
�®��~��*{ � ��ñx~0¸¶}*ux� � sx��n�����k¸[~�{
{D± }!{ �
� }*�xt � } � uv{ ����� ��¯��Au � {D}�u � sx��Z[#k`�npom{N}�wFuv~0�
� ��w�} � u Ã ¬Dsv�?{�}*w�uv~���µ¾}����*±¼~�{K~ � tvuv² � } � u ��� Ð�ÑÐ=¸[~�{
{I}*{�{Ns � ¹«u�}�u × }*w�t � � 1¾Ã ¬Dsx�
± }!{ �
� }*�xt � } � u ���N� ¸o~ � s � �A��y.� � ±xµ`°xs�~�{N�b{�°�~�²�� þ rºu ��� ¸¶~���}äVA��± �N�[� sx�k~ � ��~ �0�&� sx�
{�}*w�u�~0��}!{K{�tx°�� � }*¸p° � {N��± Ã 3 � }!{K²��*��~ �L� sv~ �I� sx� � �v{N� � ¯���±U¸[~�{
{K± }!{ �
� }*�xt � } � u®}!{Iu �0�
² � uv{�}!{ � �Au � ¹«} � s � s � ����y.� � ± µ?°vsv~�{N�K{�°v~F²��I�xt � }*uv{ � ��~�±`}*{«°���~�ÿ���±`~ � � � ¹·Ð�ÑÐ ¸¶~F{N{ Ã
¬ � ~#¯ � }!±?¸ � ± �A�$±x�A°��Auv± ��uv²��I}*u � sx��± � � � � ¸¶}*uv~ � } � u ���$� sv�K� � ~�uv²�sx}*uxw ��� ~F² � } � u �����
Ð�ÑÐ�ÈÉÀ�Êv¹��IÙ �Ø� sx��Z[# {�}*w�uv~���µ¾}����*±Y}*uU�x}�u�{ �0� n�����¶~�uv± ² ���
� ��² �D���F�D� sx�b±x� � ��² � } � u
���?²�}*�Au�²�µ?}*u`��~�²�s?�v}�uYtv{N}�uxw[~ � s � �A�Ay�� � ± µ[°xsv~F{��I{N°v~�²A�q³kÀ¼Ä Ð�ÑÐ�È®À þ rm¸ � ± ��� Ã
�®� � sx��u;{�tv¸ � sx�W°v~ ��� }*~��9� � ~0uv²�sv}�uxw ��� ~�² � } � uv{K}*u;��~�²�s¼�x}*u �N�Ô� � � ~�}�upÄ � ³kÀÝÄ
Ð�ÑÐ�ÈÉÀ���q � 8 � 	 À e Ï eÁ�ÌUÏ Ð � { � ~ � � Å � � �x� {�µ { � ���+Ì � � ÁYþ&� © Ù �K�N�Y� sv��Z# ± }!{ �
� }*�xt � } � uv{ �N�

ó�å�ó



ö«÷'øEù`÷Aújû¾ü�ý

¬�~0�x�*� � T�� ����� � ���k��¡
�9�.ck_����P� \ _U^N�0��£�¤¾���¥�¡�^N��£A���'�0�x� �ÚÄ �`�.^	��
� �¤b �Lb9�ò�Ûck����§g���ò¥��
�v� ë�£�����£�� � ß �D¡��&^ ³ÞÄ Û ÈÉÀS`NÛàáÀ �0� \KâCÈ=Á�â9à&Á b

þ � ± � ª¾}�wFuv~0�0Ýq}����*±v{ ß Ä � � � ÁYþ��
Û����¾ÈÉÀ � � � 1 ÀAÜUÏ ÌÁ�Î�Ï f 8 Ã 	 � � 1 À f Ï fÁ e Ï ÐÛ N  N ¦ N

¾
È®À 8 � � À ¡ Ï eÁ f Ï ¡ � Ã 8 8 � 2 À ¡ Ï ÎÁ f Ï ÜÛ ÈÉÀ y 8 Ã � � � 	 À e Ï ýÁ e Ï Ü Å � � 2Û����àáÀ ��� � 8 À�Î�Ï ÐÁ�Î�Ï e 	 Ã / � � � À f Ï ÜÁ f Ï eÛ N  N ¦ N
¾
àáÀ 8 � � À ¡ Ï eÁ f Ï ¡ � Ã � 8 � / À ¡ Ï �Á f Ï ýÛ¾àáÀ y 8 Ã 	 � � 8 À f Ï ÌÁ e Ï � Å � � 2âCÈÉÀ � �E� 1 ÀAÜUÏ ÎÁ�Î�Ï ý 2 Ã 8 �=� � À f Ï �
À�ÌUÏ �Á f Ï Î�Á�Ì�Ï Üâ9àáÀ � � � 2 À�Î�Ï ýÁ�Î�Ï Ü 	 Ã 	 8 � 	 Å � � � Å � � �v� È / � � �

Ð�ÑÐ�È��KwF}�¯F��{ 2 � 8 À�Î�Ï ÎÁ ¡ Ï � ��¯���u � {I~0uv±WÐgÑÐvàáÀÕw�}*¯���{ � 2 � � ÀAýUÏ þÁYýUÏ Ì ��¯���u � {|¹«} � s¼{N}�wFux}òÙ�²A~0u�²�� �0�
� � � )&Ã © °v°x��µ¾}*uxw � sv� × ���*± ¸[~�u y�r � tv{N}�uv{9° �N� ²A��± t � ��Ê[� 	 � Ê�¹�� � � � ~0}*u[~0u¶tx°x°�� � ��}*¸¶} �
~ � � � � r Ã 5 Ã�0� Ä � ³bÌ|Ä Ð�ÑÐ�ÈÔÌ�� È 1 � � Ì � � ÁYþD~0u�±kÄ � ³bÀ¼Ä_Ð�ÑÐvàáÀC� È 	 � 1 Ì � � ÁYþ Ã
� háì<�À�À; éD>
���bsv~#¯F� � �v{N� � ¯���± ~0uv±U¸¶��~�{Nt � ��± � sx�p� � ~0uv²�sv}�uxw ��� ~�² � } � uv{ �0�M��� °vsv~�{N� � �A�!~ � ��±
³ÞÄåÅ Æ$Ç È ± ��²�~#µ¾{ Ã ���Cs�~#¯��C~��*{ � ¸[~�± � � sx�CÙ � { ��� �v{N� � ¯�~ � } � u ��� ²�sv~ � ¸¶����{N{$�v~ � µy
� uv}*²p± ��²�~#µU³bÀºÄ Ð Ð�ÈÉÀDÊ � sx�p² � � ��� {�tv°x° � ��{
{���±U�v~ � µ � ux}!²�± ��²�~#µ {L³oÄ Å[Ì�Í!ÎNÏ!Ð ÐáÊ
� sv� � s � �A�Ay�� � ± µ®³bÌ`ÄßÅ Í!ÎNÏEÈ®À�ÈÔÌ�Í!Î�Ì
Ïq~0uv± � � � ~�}�u=~U{ �N�
� uxwU��¯}!± ��uv²�� ��� ³kÀÝÄ
Û ÈÉÀÖ~0uv± ³kÀ·ÄåÛ¾àáÀ Ã ���b~��*{ �¶� �v{N� � ¯���± � sx�b± ��²A~#µW³kÀ·ÄåâCÈ®À·~0u�±`¸¶��~�{Nt � ��±
� sv�p� � ~�uv²�sx}*uxw ��� ~�² � } � uv{ �����q� sv�¶±x��²A~#µ {q³ Ä ÈÔà·~�uv±Ôà�à Ã ��µÔ{�tx¸¶¸¶� � � ��� � } �
}!{b~0u � }*²A}�°v~ � ��± � sv~ � ���A�*���`¹«}��*�Csv~#¯F�?² � ���*��² � ��±p� �Y� ��Á e �0� ±x~ � ~ ° �
� ¯¾}*±x}�uxwÔ~ � }!²�s
{
~0¸¶°x�*� �
� ² � u � }*u¾tx� � sx�U{N��~ � ²�s �����[� ~ � �`³å± ��²�~#µ {p~�uv±j¸p��~�{Nt � � ��� ¯¾} � �*~ � }*uxw
��}P��² � {«}*uU~p¯#~ � }*� � µ ��� ³ ±x��²A~#µ[¸ � ± ��{ Ã

� TWí��áçîê��k���ë��Y�$�Q�çPèi@
���C¹«}!{�s �
�Ø� sv~0uxÿ � sv��»K½g»K�É~�²�²������ � ~ �N��� w �
� tx° �����î� sv�C��ñx²A�A�*����u ��� °�� � ~ � } � u ��� � sx�
»K½C»K� ~�²�²��A�*� � ~ �
����Ã ���k~F²�ÿu � ¹«����± w��K{Ntx°x° ���N�Ø���N� ¸ � sx� þ }*ux}!{ �
� µ �0� ½g± tv²A~ � } � uáÊ
rgtx� � t � ��Êáª¾° ���N� {�Êáª ²�}*�Au�²���Ê�~�uv±É¬î��²�sxu � � � w�µ �0��� ~0°�~0uÔ~0u�± � sv� � ~0°v~�u®ª � ²�}*� � µ �����
� sv� ä �N� ¸ ��� } � u �0� ª ²�}*�Auv²A��¢ � sv� © tv{ �
� ~���}!~0u`«��{N��~ � ²�s`r � txuv²�}*�P~0uv± � sx� © tv{ �N� ~0�*}*~�u
�L�A°v~ ��� ¸p��u �?�0� 3Euv± tv{ �N� µ�Ê«ª ²�}*�Au�²��Ô~0u�±ÖØ��{ � t � ²���{U¢ � sv�Ë�|��°v~ �N� ¸¶��u �?��� ªx²�}*�Auv²A�
~0u�±®¬î��²�sxu � � � w�µ ��� 3Euv±x}*~E¢ � sx�?�D» � � ° �N� w � ~0¸ ���C� sv� þ }�uv}*{ �N� µ �0� ½C±xtv²A~ � } � u �0�

ó×å��



ö«÷'øEù`÷Aújû¾ü�ý

-0.1 0.0 0.1 0.2
∆E ( GeV )

0

10

20

30
Events / 1

0 MeV
(a)

5.22 5.28
M bc  (GeV/c 2)

0

10

20

30

Events / ( 2
.5

 MeV /c
2  

)

(b)

0

20

40

60

80

100

120

2 2. 5 3 3. 5 4 4.5
M pp

_     (GeV/ c 2 )

dN / dM
pp_    (Events / (GeV /c

2
))

Events / (5 MeV/
c2 )

0

5

10

3 3.0 5 3.1 3.15

(c)

× }�wFt � � 1 T � �{� Z[# �0� \d� _y� npoú\ �!����^���_�� ���'���v��¡��&^ ³kÀmÄåÐgÑÐvÈ®À £���� \ � \ �0�.���Ub � £y�
¢P¤x�Së9���E� \ ¦��'�A� \I\ �Û��� \ � \ _�¦`��¤v�g_����®�������D¡��&^ ³kÀ·Ä Ð�ÑÐvÈÉÀ �#�k�q¡�� ��£A���'�0�¼��¡ n����� b
¢P¤x� \ �!����^���_A� ���'���`¡�^
�.c ��������^N�����0���0�v� ³kÀ ÄaÐ�ÑÐvÈ®À �Þ� ���Ûcp� �������'���j�!�k���ihv��^��Ûcp�hx���A� \ bÖ¢P¤v�W���v�A���|��¤v��¨&�[��¤x� n ����Q\ �!����^���_�� ���'���`¡��.^?��¤x�"! %$#gÈ®À ���ò¥����0�R^N�.¥0�'�0�Õ_A¦^N�Uc¶�&�����¾¥W��¤x�p£�¤x�.^{c �����E��b

» ��� ��~=~�uv± � sv�¼r�z|½ ä ª Ør ° �
� w � ~0¸ �0�K� sx�®» �F� ��~¼ªx²�}*�Auv²A�®~0u�±º½9uxwF}�uv�A� � }*uxw
×x� txuv±x~ � } � uA¢ � sv� ä � �*}*{Ns?ª � ~ � �Kr � ¸¶¸¶} �N� �A� ����� ª ²�}*�Au � }�Ù�²ØØ��{N��~ � ²�s¶txuv± � � ² � u �N� ~�² �
% ��Ã � ä � 	 � � 1.� � 1 ¢ � sx� þ }*ux}!{ �
� µ ��� ª ²A}���uv²��[~0u�±®¬î��²�sxu � � � w�µ ��� «tv{
{N}*~�u × ��± � � ~�y
� } � uA¢ � sx� % ~ � } � uv~0�9ª ²A}���uv²��Wr � tvuv²�}*�9~0uv± � sx� þ }�ux}!{ �N� µ �0� ½g± tv²�~ � } � u �0� ¬î~�}�¹D~0uA¢
� sx� � ~�°v~0uxy.¬�~0}*¹�~�u=r �¾� °�� � ~ � }*¯�� ä �
� w � ~�¸ �0�D� sx��3Eu � � � ²�s�~0uxwF� © {
{ � ²�}!~ � } � uA¢9~0u�±
� sx�'& Ã ª Ã �L�A°v~ ��� ¸p��u �D��� ½Cux� � w�µ Ã

X���(w�éD�¾ç�í���@
� Ã % Ã r�~0�v}��x� � Ê ä s¾µ¾{ Ã «�A¯ Ã 5$� �N��Ã æ) Ê � 	 � � � � 2�	 �{¢ þ Ã » � �v~#µF~F{�sx}¶~0u�± ¬ Ã
þ ~�{Nÿ#~#¹D~xÊ ä �N� w Ã ¬Dsx� �F��Ã ä sµ { Ã �+* Ê 2 � � � � � 1 	 � Ã

� Ã �������*�Ör � �*�!~0� ��� ~ � } � u$Ê © Ã © �v~�{Nsx}!~0u �A� �0�Wb Êk»K½g» ä �N� w � ��{
{YØ�A° ���N� � ����� y 8
� � ����� ��Ê �N� ~0°v°���~ � }�u % tv²�� Ã 3Euv{ ��Ã ~�uv± þ � � s Ã © Ã

	 Ã »K½g»K� � × ~�² �
��� µ �|��{�}*w�u «��° �F��� Êv»K½C»eØ�A° ���N� � � y 1W� � ��� � ��Ê¾txux°xtv�x��}!{Nsx��± Ã
8 Ã ¬Dsv�Ø{�sv~�°��D¯�~ � }!~0�x�*��{�tv{N��±p}*u � sx}*{C~0uv~���µ {N}*{&± }W}�� � ~0¸ � uxw � sx�«¸ � ± ��{ Ã © � µ¾°x}!²A~0�
�Añx~0¸¶°x�*�I{N�A� ä sµ { Ã 5á� ��� i Ô�æ � Ê 	 � � � ��� � Ã

�xÃ ¬Dsv� ± �AÙvux} � } � u ��� ��ñ � ��uv± ��± þ ~�ñ }*¸btx¸ 5A3EÿF�A�*}�s �� ±´Ù � }!{·}*u ä sµ { Ã 5$� ���
i Ôáæ � Ê 	 � � � � ��� � � Ã

ó�åPõ



ö«÷'øEù`÷Aújû¾ü�ý

2 Ã �������*�®r � �*�*~�� �F� ~ � } � uáÊ9» Ã © ��� �A�p�0�Wb ÊDsx�A°xy��AñE, � � ���&��/ 	 Ê�{Ntx�x¸¶} ��� ��± �N� ä s¾µ { Ã
Ø�A¯ Ã 5á� ����Ã

1 Ã r�5î½�ðer � ���!~0� ��� ~ � } � uáÊ�� Ã r �
� uv}�u yEzØ��uxux��{N{Nµ ���D���Wb Ê ä s¾µ¾{ Ã «�A¯ Ã 5$� ����Ã-, Ô Ê � � �
� � ����� � Ã

/vÃ r�5î½�ðÚr � ���!~0� ��� ~ � } � uáÊ r Ã ä Ã�� ��{N{ � ° �A�g�0�Wb Ê ä s¾µ { Ã «��¯ Ã 5$� ����Ã-, Ô Ê � /�/ � � � ����� � Ã
� Ã � © � ©  r � �*�*~�� �F� ~ � } � uáÊI� Ã © tx��� �N� ���Y���Wb Ê ä s¾µ¾{ Ã «�A¯ Ã 5$� �N��Ã., � Ê ��� � /�� �
� � ��� � � Ã

� �vÃ ª �A� ä �
�0��Ã r Ã z Ã ��~�uxwEñ { � ~0�*ÿ[}*uYz|��~#¯¾µ0/Ltv~ � ÿ {g~�uv±�5$�A° �
� uv{�Ê��|}*� �N� }�Ê � ��� � �����
� sx�Ktx°P±x~ � ��±U���A�*�*� � ��{Ntx� � { ��� Û � È ~�uv±YÛ È Î Ã

��� Ã �������*�kr � �*�*~�� �F� ~ � } � uáÊ » Ã © ��� �A�D�0�Wb Ê ä s¾µ¾{ Ã «�A¯ Ã 5$� �N��Ã1,+, Ê � / � /�� 	 � � ��� � � Ã
� � ÃS*pÃ ½9}*�*~�¸YÊ þ Ã�*q�N� uv~0t$Êx~0uv± �vÃ  � {Nux� � Ê ä s¾µ { Ã Ø�A¯ Ã � :+* Ê / � � � � � / �� Ã
� 	 ÃS*pÃ1�vÃv× �A�!± ¸[~0uU~0u�±` Ã � Ã r � tv{N}�uv{�Ê ä s¾µ { Ã «�A¯ Ã � Ô � Ê 	 /$1 	 � � ��� / � Ã

ó×åYX



�����������
	���������������������������������! #"�"$�&%'%�%&(*)�+�+�)�,.-0/#/ �1�2�3
45)�+�6
798;:=<?>�@A@A>CBD�&���E	����F�EG
HI-�JK���L)�6M	��L4ON�P#Q#�D1��'	M-�)�+�+�)

RTSVUXW�SLY Z?[\RT]_^XW�]I`aW�UTSb]_cd^fe$SLghWAiCSkjK`lZmcdW�npoq^XSKnr]ksde

tu
vAwxv�yXzr{}|�~F��v���u���~Fy
���E���������M���&�������0�k�V�����A�����
���E�����9�����.�A�

�V� t���| �V� �
|�v��AvAyuDv�����v��M�*��vAyu
 x¡}�
v��M¢£¡�u
�¤~xy?�� x¥��! �u
��wFvV 0y�¥?��v�����¡*vA��u
~xy£�!�k¦h��v��M~xy_¥£v��A #§��¤ 0�
v
¥�v��
���
�*��v�¥�{©¨dv� x�M¢£�
vA��vAyu
�r~0ª«�*y}��¡*¢}�M��wFvT xy}¥¬v��£��¡*¢}�M��wFvT_®°¯A±² xy}¥³_®°¯A´Aµ¶´�·
¥�v��� #§��A¸$ xy}¥¹v��£��¡*¢}�M��wFvm¦p®»ºF±³ 0y�¥¹¦¼®¾½¹¿�À¿©��v�y£Áx¢£�*y=¥�v��� #§��K 0�
v��}�Mv���v�yFu
v�¥�{
�DÂ£vXv��ÃuM�� x��uM�*~xy;~xªlÄ Å�ÆEÇ#Ä�ª5�
~x�È�*y}��¡*¢}�M��wFvT¦È®ÊÉ?ÆE´�¿³¥�v��� #§Ã�l 0y}¥;ª5�M~F�Ëv��£��¡*¢}�M��wFv
¦Ì®ËÍTÎ�´�¿T¥�v��� #§Ã�D�!�� 0¡!�M~�¥£�*�
��¢}�
�Mv�¥�{

Ï W�ÐOÑAÒ�ÓÕÔ�Ö¶×xÑ�Ø�Ó�Ð

|« x¥£�* 0uM�*wxv? 0y�¥=��v����*¡*vA��u
~xy£�!�m¥�v��� #§��I~0ª«¦p��v��M~xy}�r 0�
v��MvAy�����uM�*wxv�u
~Ù ÚyÃ¢£�r��vA�a~xª
�ÜÛ ¨Ý�m �u
�M���²v�¡�v���vAyu
�?ª5~x�_Þ�Â}�*��ÂßvA����v��M�*��vAyu
 x¡V��v� F��¢£�
vA��v�yFu��_ x�Mvdy£v�v�¥�v�¥àuM~
��~Fy}��u
�
 x��y�u
Â£v«¢£y£��u
 x�M��u�§luM�
�* xy£Áx¡*v«¥�v��
���
�*�£��y}Á �Üáãâ w�*~x¡! �u
��~Fyl�*y�uMÂ}vL¦ä��v��M~xym�M§���u
vA�
~0ª�uMÂ£v«tu� 0y}¥£ x�
¥�¨d~�¥�v�¡Õå�t�¨Ùæ�{�çEy� F¥£¥���uM�*~xyÕ¸x�
 F¥��* 0uM�*wxvD¥�v��� #§��¶ x�MvÜv�����v���u
v�¥luM~kÂ} #wFv
���*Áxy}�éè��� 0yu«��v�y}�M�éu
��wÃ��u�§muM~my£v�Þê�}Â§��M�*���A{

ëÃì�í



î¶ï!ð_ï!ñKò}ó�ô#õ#ö�÷#òÃø

b

ν
–

l

c

l-W

b s,dt,c,u
W

γ

b st,c,u
W

γ, Z0 l-, ν

l+, ν
–(a) (b) (c)

ù ��ÁF¢£�
v³úxûýü¶�Aþ��}ÿm���h���'���0�M�0ÿ����������A��ÿ����������E���}�'�³�����ý�M�F���'�0������� ¦Ý�x������þ	��
�����
�®È¯A±à�0���r�®��x±��������rÜ® ¯�´ µ ´ ·�� ¯#¿�À¿��������a�®���´�À¿��

�LwxvA�ÕuMÂ£v9�� x��uÕª5vAÞ¬§xv� 0���OuMÂ}vA�
v9Â} x�Õ��v�vAyr�M��ÁFy£��è��A xyFuÕvA����v��M�*��vAyu
 x¡x�£�
~xÁF�Mv��M���*y
uMÂ}vC��u
¢}¥�§L~0ªÃuMÂ£v���v9¥£v��A #§���{$�DÂ£�!���!�$¥�¢£vã�m x��y£¡*§LuM~DuMÂ}v9¡* x�MÁFvã¥£ �u� ���vAu
�9å��! #"C¨ ¦ À¦
vAwFvAyu
��æ���~F¡�¡*v���uMv�¥ý�Ã§³uMÂ£vdu�ÞÜ~; x�M§Ã����vAuM�
�*� � ª' x��u
~x�
§³vA�Ã��vA�
�*��v�yu
��¸ �  x�} 0�? xy}¥
� vA¡*¡�vF¸C�£¢£u?Þ��éu
Â²�M��ÁFy£��è��A xyFum��~FyuM�
���£¢£uM�*~xy}�� 0¡!�M~Ùª5�
~x�Èu
Â£v �%$'& �qv�����vA�
����vAyum�*y
�M�£�éu
v�~0ª¤ Ú�M~x��vAÞ�Â} 0uI�M�m 0¡*¡�v��K¥£ �u� T�
 0���£¡*vx{��DÂ£�*�I�
vAwÃ�*vAÞhÞ��*¡*¡9¥��*�
��¢��M�k�
v���v�yukvA� â
��vA�
����vAyu� 0¡C�
v��M¢£¡�u
�r~xy;�� x¥��! �u
��wFv__®Ê¯�±à 0y}¥;T®(�x±à¥£v��A #§���¸$u
Â£v_�
vA¡! �u
v�¥¬�� 0�
v
¥�v��A #§��Ü�®È¯A´Aµ¶´�· � ¯�¿&À¿_ xy}¥mu
Â£vIv��ÃuM�� x��uM�*~xy?~xªÜÄ Å�ÆEÇ#Äxª5�M~F� ��v����*¡*vA��u
~xy£�!�L¦ ¥�v��A #§���{

çEy© X¦ ª' F��uM~F�M§Úv�ywÃ�*�M~Fy£��vAyuk¦ À¦qvAwxv�yu
�k 0�
vr�£�
~�¥�¢}��v�¥Ù 0uLu
Â£v*)�å,+¯#æV�Mv���~ â
y} xy}��vF{T¦p��v��M~xy=�� 0y}¥��!¥£ 0uMv��r 0�
v��
v��A~xy}��uM�
¢}��uMv�¥©Þ���uMÂ¬uMÂ}v_ 0�!¥¹~0ªDu�Þ¤~.-Ã�*y£vA�m 0uM�!�
w� 0�
�* x�£¡*v���¸0/21436587 9 Î;:Ç�<�=?>A@CB Î;:D  0y}¥FEG9H5I9lÎD @ 9�ÎÇJ<K=?> ¸ÜÞ�Â}�*��Âà¥�v�è�y£vÚuMÂ£v
�
v���~Fy}��uM�
¢}��u
v�¥ ¦ �m x�
�k xy}¥dv�y£vA�
Áx§Ú�
vA¡! �uM�*wxvruM~TuMÂ£vL-Ãy£~�Þ�y ��v� x�pvAy£v��MÁF§x¸M9lÎÇ�<�=?> {
�  x��-ÃÁx�
~x¢}y}¥«ª5�
~x� y£~Fy â �Mv���~Fy} 0yu'NOÀNKåPO
��~FyFu
��yÃ¢£¢}�LQæO�!�$�
v�¥�¢���v�¥a�§IvA�Ã�}¡�~F�éu
��y£Á«uM~x��~ â
¡*~xÁx�!�A x¡£¥��SR�v��Mv�y}��v��9��v�u�ÞÜvAvAy�u
Â£vUT�v�u â ¡*�V-xvWNOÀNI 0y�¥��M�£Â£v��M�!�A x¡�¡*§l�M§Ã����vAuM�
�*��¦ À¦ävAwFvAyu
�
¢}�M��y}ÁÚ Ú�A~x�r�}��y} 0uM�*~xy¹~0ªDvAwFvAyu â ��Â� 0��vX-Ã�*y£vA�m �u
�*��w� x�M�! 0�£¡*v���{�|�v��M�*¥£¢} 0¡C�A~xyuM�*yÃ¢£¢£�
�} F��-ÁF�M~F¢£y}¥£�l 0�
v_ÁFvAy£v��
 x¡�¡*§©v���u
���m 0uMv�¥³~x��v����£¡*�*�A�éu
¡�§ý��¢£�£uM�� x��u
v�¥=¢����*y£Á¬¥£ �u� Ù��~F¡ â
¡*v���u
v�¥Tª5~x�Du
Â£�!���£¢£�
��~��v%T�¢}��u«��vA¡*~�ÞßuMÂ}vX)�åY+¯#æ¤�
v��M~xy} xy}��vF{Z R\[}Ô¶Ø][�Ñ�Ø,^`_ ¦ Ô�_×a[cb�d
|« F¥��* 0uM�*wxv9¦ ��v���~Fya¥�v��� #§Ã�O~�����¢£�Õ�*yKu
Â£v¤t�¨ wÃ�! �vPROv���uM�*wxvfe� #wF~x¢£�Õ��Â} xy£Áx�*y£Á�y£v�¢�uM�� 0¡
��¢}�M�
vAyu
�L��v�¥��! �u
v�¥©�Ã§Ù��~ â �� 0¡*¡�v�¥FO���vAy}Áx¢£�*ygQT¡�~Ã~x�¹¥��! 0Áx�� 0�m��¸�¥�~x���*y} �u
v�¥©�§Úu
Â£vLhi ¢} 0�j-O¸9 x���MÂ£~�Þ�y³�*y³è�Áx¢£�
vÙú� £{³�DÂ£vX�£Â£~xuM~Fy²�� 0y³��vX�
 F¥��* 0uMv�¥=ª5�
~x�  0yÃ§=~xª«uMÂ£v
��Â} x�MÁFv�¥X¡��*y£v��V x�
�M~Ã�A�* 0uMv�¥ÚÞ��éu
ÂduMÂ£v� i ¢} 0�j-O{ � v��A x¢}��vIu
Â£vr¡*~Ã~x� �A~x¢£¡!¥d��~0uMv�yuM�! 0¡*¡�§
��~Fyu
 0�*ya~xuMÂ£v���Â}v� #wÃ§Iw�*�MuM¢} x¡�� 0�MuM�!��¡*v���¸#uMÂ£v���vD¥�v��� #§��¶�� 0yr��vD¢}�Mv�¥Ku
~k�A~xy}��uM�� 0�*yay£v�Þ
�£ÂÃ§����!�A�C �u9vAy}vA�
Áx�*v��ã�M��ÁFy£�éè��A 0yu
¡�§l��v�§x~xy�¥ru
Â£vV¦ �m x�
�9�
�A x¡�vF{¶çEyuMv���ª5v��Mv�y}��v���v�u�ÞÜvAv�y
uMÂ}vIt�¨  0y}¥_y£~xy â t�¨p�}�M~���v��M�Mv��¤�A xy_ 0¡!��~r��~xuMvAyu
�* x¡�¡*§�¡�v� x¥�u
~ �Üá9â wÃ�*~x¡! �uM�*y£Áa��Â} x�MÁFv
 x�M§Ã����vAuM�
��v��D x�D¡! 0�
ÁxvI x��k#"ml ú�æ {CtÃ¢}��Âd x�M§Ã����vAuM�
��v��Ü x�MvK�M�m 0¡*¡���yXuMÂ}vrt�¨={

ë�ìon



î�ï*ðTï*ñaò}óAô�õ�ö�÷�òÃø

5

10

15

20

25

30

35

40

45

50

2

4

6

8

10

12

14

16

18

20

5.2 5.22 5.24 5.26 5.28 5.3
0

2

4

6

8

10

5.2 5.22 5.24 5.26 5.28 5.3
0

2

4

6

8

10

12

14

)
2

 (GeV/cESm

2
E

ve
nt

s/
0.

00
2 

G
eV

/c

B
0→K*

0γ : K*
0→K

+π-

B
0→K*

0γ : K*
0→K

0

S
π0

B
+→K*

+γ : K*
+→K

+π0

B
+→K*

+γ : K*
+→K

0

S
π+

0

5

10

15

1.2 1.4 1.6 1.8 2 2.2 2.4

(a) data
total
K*(1410)γ
qq
∆E sideband

M(Kπ)(GeV/c2)

E
ve

n
ts

/(
50

M
eV

/c
2 )

0

5

10

15

5.2 5.25 5.3
Mbc(GeV/c2)

E
ve

n
ts

/(
2.

5M
eV

/c
2 )

(b) data
total
qq

0

5

10

15

20

0 0.5 1
cosθhel

E
ve

n
ts (c) K2*(1430)γ

K*(1410)γ
total

ù ��ÁF¢£�Mvpk£ûq�'�$�����S�.rL�
���0�s�����?t}�A�E�
�u/2143 ���m¦ ® ½¹Îxå,vawakxæE± �����O���'�x�0�.�P�©�c�A�E�����������þ\xL�c�����L�;y}�{zã���|� ��y}�}�}���M�0ÿ��A�E�����S~������'���à�����Yy£�_���0ÿL�A�����0�.�0���'�C���x�����0�M�#t���� �0��� ������0�O���`�£�����d���«�Yy£�I¦ ÿm�	�����.�YrL����y�����½�� �0����¦ ÿm�	�����0���*y£�A� �'�A����þ ���m�0�*�?��������������Pt����'���g���Ü�c�A�.�0�������2��þXxL�A�����?�������L¦Ì® ½p�O±à�����O���'�F���E�?���a���{������y}�V½¬Î0å]wcvakFæIÿm�	�����
k�{*ú ¦Ì®Ë½¹Î0å,vawakxæE±
�DÂ£v?¥�v��A #§Ù¦ ®¾½¬Î�å,vawakFæ.±;�£�
~�wÃ�*¥�v�¥ u
Â£v�è}����uav�wÃ�*¥�v�y}��vm~xª¤u
Â£v_�® ¯�±;�}�M~���v��M�
Þ�Â£vAyê�éuXÞÜ F�_~F�}�MvA�
wxv�¥²�Ã§ �%$'& �¼�*y\ú�wcwa� k0æ { �DÂ£�!�_��~�¥�vÙ�!�Ty£~�Þ ª' 0�*�M¡*§²Þ¤v�¡�¡
��v� x�M¢£�
v�¥�¸�Þ���uMÂly£vAÞý�£¢£�£¡*�!��Â£v�¥a�
v��M¢£¡�u
�¶ª5�M~F� �%$'& � �æ  xy}¥ �  0�� 0� +æ  xy}¥r L�
v���v�yu
�£�
vA¡*�����*y} 0�
§a��v� F��¢£�
vA��v�yFuãª5�
~x� � v�¡�¡*v  xæ å���v�vDu
 0�}¡�vKú#æ�{ � ½��©~x�9½p��  0y}¥� }�'�¹~x��M�k x�Mv«�MvA¡*v���uMv�¥�ª5~x�CÞ�Â}�*��Âmu
Â£vL½p�d��~x�l�£�*y} �u
��~Fym�*�¤��¡*~F�Mv�uM~Ku
Â£vVvA����v���uMv�¥?½¹Îxå,vawakFæ
�m x�
�A{��DÂ£v��Mv¤ x�MvC�A~x�l�£��y}v�¥IÞ���uMÂl xyKvAy£v��MÁFv�u
�*�C�£Â£~0u
~xy?åJk�� "��kv��6��9�����ks� vW�kv��kæ
uM~�ª5~F�M� u
Â£vr¦ ��v��M~xyÚ�A xy}¥��!¥£ �u
vx{9�DÂ£va¦ �m F�M��¥��!��uM�
���£¢£uM�*~xy}��~F��u
 x��y}v�¥T�§ �  0�} x�
 0�
vT�MÂ£~�Þ�y;�*y;u
Â£vT¡*v�ª�um�M�*¥�vT~0ª«è�Áx¢£�
vuk£{ �  x��-ÃÁF�M~F¢£y}¥£�a x�MvT�£�
v�¥�~F���*y} xyFu
¡�§©ª5�
~x�
��~FyFu
��yÃ¢£¢}��NOÀNÚvAwxv�yu
�lÞ��éu
Âý  �}Â£~0u
~xy=ª5�
~x�Èç�t�| ~x�G�M�T~F�X�;¥�v��A #§���{©�DÂ£v���vX 0�
v
��¢}�£�£�
v��
��v�¥d�Ã§Ú T��~F�r�£�*y} �u
��~Fy ~0ª9v�wxv�yFuI��Â� 0��vl�
v i ¢£�*�Mv���vAyu
�L 0y}¥d�}Â£~0u
~xyÙwFv�u
~v��A{
�DÂ£vK�£�
v��A�*�M��~FyT~xª¶u
Â£va #wxv��
 xÁxvL~0ª�uMÂ£v���vK��v� F��¢}�Mv���v�yu
�D�!��y£~�Þ� ú�"ml �*yX��~0u
ÂÚuMÂ£v
��Â} 0�
Áxv�¥_ xy}¥Xy£vA¢�u
�
 x¡���~Ã¥£v���{

�  x�} 0�� 0y}¥ � v�¡�¡*vX��~xuMÂ³¡*~Ã~c-¹ª5~x� �Üáãâ wÃ��~F¡* 0uM�*y£ÁÙ��Â} x�MÁFv_ x�M§Ã����vAuM�
��v��A¸����'�D¸
�Ã§X�A~x���} 0�
�*y£Á�uMÂ£vr�
 0uMva~xª À¦ ® À½¹Î�±© 0y}¥d¦ ® ½¹Î�±�¸�~x��u� 0�*y£�*y£Á�wc"ml ��~Fy�è�¥�v�y}��v
¡��*���éu���~0ª @ "s�*ú	�#w���� �4� ��"s� "cv|kr xy}¥ @ "s� "cva ���� �'� ��"g��ú�+awl�Mv�����v���uM�*wxv�¡�§F{

ëÃìM�



î¶ï!ð_ï!ñKò}ó�ô#õ#ö�÷#òÃø

�¶ x�£¡*v�úFû9¦_å�¦Ì®Ë½¹Î0å,vawakxæE±�ær�;�P�}������ÿm�����.�0�Õ�M�P�?t�� �,�
¦��I®Ë½¹ÎK��± ¦rµ=®Ë½¹ÎMµ�±

�%$'& � åY+`�  a ���"g� �#"���"g� �c+æ�¡©ú�"�·o¢ å,�g� �#£¤�¥"s� vc£��¥"s� k#væ%¡©ú�"�·�¢
�  0�} x� åY+`� kc�W��"g� +|"���"g� kakxæ�¡©ú�"�·o¢ å,�g� va�¤�¥"s� £ak¤�¥"s� kckFæ%¡©ú�"�·�¢

� vA¡*¡�vmå5�}�Mv�¡��*�?æ åY+`� "av µM��¦ §j¢·���¦ §j§ ��"g� kc£Fæ�¡¹ú�"�·o¢ åY+`� w|k µM��¦ ¢;¨
µM��¦ §;©·`��¦ ¢;ªA·���¦ §j« æ%¡¹ú�"�·o¢� ~F�r�£�*y£v�¥ åY+`� k£ú���"g� kcwFæ�¡¹ú�"�·o¢ åY+`� kc�¤�¥"s� +|kFæ%¡©ú�"�·o¢
�� 0�£¡*v�k�û�¬U�P�}������ÿm�����.�0��ÿm���	�?t��M�Aÿ��A�}�]�L���I�j��A�tm�������D¦Ì® É � ±?�����ÜÉ � ÿ��{���k�c���{����Yy£�L½¹Î�å]vcw|kxæ��
�%$4& � ¦_å�¦Ì®Ë½¹Î: å�ú�+a�a"Fæ.±Õæ å�úa� £a£ µM��¦ ¢j¨·���¦ ¢j§ ��"g��ú��Fæ�¡©ú�"�·o¢¦_å�¦Ì®Ë½¹Î: å�ú�+a�a"Fæ.±Õæ å�úc�  µ���¦ ®·���¦ ¢ �¥"s�*ú�æ�¡¹ú�"£·�¢¦_å'¦lµ;®Ë½Ùµ��&·4�Õµ�±Õæ å]k�� +��¥"s�  µM��¦ ª·`��¦ : æ%¡¹ú�"£·�¢� vA¡*¡�v ¦_å'¦lµ;®Ë½¹ÎK�P�Õµ&±Õæ å]k�� " µ���¦ ª·���¦ : �¥"s� kxæ�¡¹ú�"£·�¢¦_å�¦rµ=®Ë½Ùµ&º|��±Õæ å�úc� "W�¥"s�  µM��¦ :·`��¦ § æ%¡¹ú�"£·�¢¦_å�¦rµ=®Ë½Ùµf�&·4�Õµ&± y£~xyX�
v��M~xy} xyFu�æ �¯"s� wG¡©ú�"�·�¢

k�{ k z«�*ÁxÂ£v����m x�
��¦\® É � ±Ù��~Ã¥£v��
�%$'& � �xæ  0y}¥ � v�¡�¡*v £æ Â} #wFvÙ��~0u
Â ��uM¢}¥£��v�¥ ¦¾® ½p�O± ¥�v��A #§��T��yêÞ�Â£�*��Â uMÂ£v
�m x�
��~0ªVu
Â£vd½�� ��§���uMvA�È�!�m 0��~�wxv_uMÂ£v ½¬Î�å]vcwakFæ�{ �%$'& � �Mv���~F��u
v�¥³ xy³~F�}��v��Mw�  â
uM�*~xy$¸}y£~�Þ ��~Fy�è}�
��v�¥X�§Ú �y£v�Þ ��v� x�M¢£�Mv���vAyu�ª5�M~F� � v�¡�¡*vx¸�~0ªã¦ ®f½¹Î: å�ú�+|�c"æ.± �*yÞ�Â£�!��ÂXuMÂ£va½¬Î: å�ú�+a�a"FæÜ¥�v��A #§��DwÃ�* �½¹ÎK�: ® ½Ùµ��&· � ½��� �M�r~x�«½ ÎMµ: ®È½©µf�M� � ½p�� �ÕµD{� ~xyu
�M�*�£¢�u
��~Fy}�lª5�M~F� ½¹Î: å�ú�+|�c"Fæl 0y�¥³½¹Îxå�ú�+}ú�"Fæa x�MvX¥��!��u
��y£ÁF¢£�!��Â£v�¥³�Ã§¬è£uMuM�*y£Á¹uMÂ£vÂ£v�¡��!����u�§; 0y£ÁF¡�vÚ¥��!��u
�M�*�£¢�u
��~Fy å���Â}~�Þ�y³�*y³è}ÁF¢£�
vukxæl~xª«uMÂ£vd¦f® ½p�O±ß�A 0y�¥��*¥} �uMv��A{
�DÂ£va½ Î: å�ú�+a�a"FæÜ��~F����~Fy£vAyu«�!�Dª5~x¢£y�¥XuM~?¥�~F���*y} 0uMvx{ � vA¡*¡�vKÂ} F�« 0¡!�M~��A~xy}�M�!¥�vA�
v�¥_uMÂ£vuMÂ}�Mv�v â ��~�¥�§KÉ � è�y} 0¡���u
 �u
v�½��M�O±m¢}�M��y£ÁI k���*����¡! 0�ã 0y� 0¡*§Ã�M�!�$��v�u
Â£~�¥�¸F xy}¥aÂ� x�¶ª5~x¢£y�¥uMÂ� �uD�éu��!�Ü¥£~x����y� �uMv�¥?�Ã§m�
v��M~xy} xyFuD��~FyFu
�M�*�£¢�u
��~Fy}�¤ª5�M~F� ½¹ÎP�© 0y�¥_½ º�{ã�DÂ£vk�Mv���¢£¡�u
�
 0�
vk¡��!��u
v�¥X�*yTu� 0�£¡*v�k�{k�{ � çEy}��¡*¢}�M��wFvK¦\® É � ±
�DÂ£vT��y}�A¡�¢����*wxv_¦Ë®ÝÉ � ±²�
 0uMv?�!�r��~F�Mv?�
~x�}¢}��uruMÂ£v�~x�
v�uM�!�A x¡�¡*§©uMÂ} xy¬uMÂ£vTv��£��¡*¢}�M��wFv�£�
v�¥��!��u
��~Fy}�$�M�*y}��v¤�éu��*�¶��y���v�y}����uM�*wxv9uM~Vy}~xy â ��v���u
¢£�
�} �u
��wFv9¡�~Fy£Á â ¥��!��u� 0y}�Av�° �%± v�R�v���u��A{
ç.uVÂ} F����vAvAy �� 0¡!��¢£¡! �u
v�¥Ú �u}² $ �äuM~_��v��g�  |�¤�³"s� �c"G¡¬ú�"�·�ªIª5~x�W9 �C´ úa� £*�kv�� �0æ {
� ~x�l�£�*y£��y}ÁÚuMÂ£v?��v� x�M¢£�Mv�¥¹�£�
 xy}��Â£�*y£ÁÚ�
 0uM�*~F�Iª5~F�KuMÂ}v_½¹Îxå,vawakxæE±�¸�½¹Î: å�ú�+a�c"æ.±³ xy}¥
ë�ìoµ



î�ï*ðTï*ñaò}óAô�õ�ö�÷�òÃø

SM prediction
(Buras et al. HEP-PH/0203135)
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data presented here were collected during a later four
week period of running in 1997 using an improved trigger.

The KTeV neutral beam is produced by an 800 GeV/c
proton beam hitting a 30 cm BeO target at an angle
of 4.8 mrad. Collimators define two square 0.35 µsr sec-
ondary beams. Photons in the beams are converted by
a 7.6 cm lead absorber, and charged particles are swept
out of the beam by a series of magnets. The sweeping
magnets also serve to precess the polarization of the Ξ0 to
the vertical direction. The polarity of the final sweeping
magnet is regularly flipped so as to have equal amounts of
Ξ0 polarized in opposite directions, making the ensemble
average of the Ξ0 polarization negligible. An evacuated
decay volume extends from 94 m to 159 m downstream of
the target. Downstream of the decay volume is a charged
particle spectrometer consisting of an analysis magnet
and four drift chambers, two upstream and two down-
stream of the magnet, followed by a CsI electromagnetic
calorimeter. The neutral beams pass through two holes
in the calorimeter. Other components of the KTeV de-
tector used here are the photon vetoes and the system
of transition radiation detectors (TRD). Details of the
detector and trigger system can be found elsewhere [4].

The decay chain observed here is Ξ0 → Σ+ e− νe , with
Σ+ → p π0 and π0 → γγ. The final state consists of
five particles: a high momentum proton which travels
through one of the calorimeter beam holes, a neutrino
which is unobserved, an electron and two photons which
are required to hit the calorimeter.

The trigger selects events with a high momentum pos-
itively charged track (proton) traveling through one of
the beam holes, an opposite charged track (electron) in
the CsI calorimeter, and two energy clusters (π0 ) not
associated with charged tracks.

The decay is reconstructed by finding the longitudi-
nal position of the π0 decay (zπ0 ) from the energies and
positions of the photon clusters in the calorimeter using
the π0 mass as a constraint. The photon energies are re-
quired to be at least 3 GeV and their positions to be
at least 1.5 cm away from the edge of either beam hole.
The momentum of the π0 is determined from the extrap-
olated position of the proton at zπ0 . Then the proton

and π0 momenta are added to give the momentum of the
Σ+ . Finally, the Σ+ trajectory is traced back to its clos-
est approach to the electron track, forming the Ξ0 vertex.

To reduce background from kaon decays, the proton
momentum is required to be both between 120 GeV/c
and 400 GeV/c and greater than 3.6 times the electron
momentum. For electron identification (π− rejection),
we accept only those events in which the energy of the
calorimeter cluster associated with the negative track is
within 10% of the track momentum. Also, we require a
π− probability of less than 0.1 for the TRD signal asso-
ciated with the negative track.
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FIG. 1. The Σ+
→ p π0 mass peak, after all selection cri-

teria have been applied. The background to the left of the
peak is due to Ξ0

→ Λ π0 decays (followed by Λ → p π− or
Λ → pe−νe ). Since Ξ0

→ Σ+ e− νe is the only source of
Σ+ in the beam (Ξ0

→ Σ+ π− is kinematically forbidden), sig-
nal events are identified by having a proton-π0 mass within
15 MeV/c2 of the nominal Σ+ mass.

To remove KL → π0π+e−ν decays, we require that the
π0π+e− invariant mass is greater than 0.5 GeV/c2 , or
that zπ0 is at least 3 m downstream of the Ξ0 vertex.

KL → π+π−π0 events are suppressed by selecting events
with a π+π−π0 invariant mass greater than 0.57 GeV/c2 .
Photon conversions in the drift chambers upstream of the
analyzing magnet are reduced by rejecting events with an
extra in-time hit in the horizontal views of these cham-
bers. To reduce background from KL → π+e−νγ , we
reject events with an electron track upstream segment
projected to the CsI calorimeter within 2 cm of a neu-
tral cluster. For Ξ0 → Σ+ e− νe events the Σ+ vertex is
always at or downstream of Ξ0 vertex within the 1 m mea-
surement error, but for kaon background events there is
no relation between the longitudinal positions of the ob-
served false Σ+ and Ξ0 vertices. Thus the longitudinal
position of the Σ+ vertex is required to be no more than
6 m upstream of the Ξ0 vertex, and no more than 40 m
downstream of the Ξ0 vertex.

We calculate the transverse momentum of the
Ξ0 vertex (~p⊥ ) by taking the component of the total ob-
served momentum transverse to the line connecting the
target to the Ξ0 vertex. Events where the magnitude
of ~p⊥ is larger than the energy of the neutrino in the
Ξ0 frame do not have a physical solution for the neutrino
momentum and are therefore removed.

Signal events are identified by having a proton-π0 mass
within 15 MeV/c2 of the nominal Σ+ mass (Fig. 1) [5].
After the application of all selection criteria, we have
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»0ºLr*t¬sÁw
® wo¾'»0zU»Dw ½Ê· »0z · r*sº · z · w�º · x t¬s Ç ÃÀr*saz�»0z ·_ð ´��]´ ºLz�»0s�w�r�ºLr*t¬sÁw ¿µ½Ê·pÂ »0s z
t Æ ÌDÈ Ç Ã
xyr!w�º
r�sÁÌ Æ r!w�ÈUºLÈ ·I·�Õ º · sÁw�r*t¬s�wBt0¾�ºLÈ · ± Óhr*sºLt§º ½ t�Ður*Ì Â »0º · ÌDt¬z
r · w?ñI öp~��¬}?�����g����|p©§���Á��©o���®ç¨����~�ôy�[���'~0�������'~���¿ t¬z Í tyx ·�Ç w ½ È · z · ºLÈ · t¬s Ç Ãjw�t Æ z Â?·

t¬¾ �Æ »¬zLäË É »#¼¬t Æ z Í r Õ r*suÌ_r*w]º
È · ´ � Ó Í »0ºLz
r ÕÀÿ'· Ä ÌÁÄNºLÈ · º ½ t0Ë4��r*Ì¬Ìw�ËCxyt Æ Ð Ç*· º
Í tyx ·�Ç t¬¾�º�Ã ¹�· v�v ¿ º
È · Â t¬sÁw�ºLz�»0r*s · x Í r�sur Í » Ç w Æu¹�· z
wLÃ Í�Í§· ºLz
r Â ± Ó ¿B· º Â Äã��Ä
vCspºLÈur!w Â »Dw · sut¬syËCw�º
»0s�xu»0z�x Â tDsDº
zLr*Ð Æ º
r�tDsÁw°»¬z · w · ¼ · z ·�Ç Ã Ç r Í rÒº · xpÐÃYº
È ·§Â t¬syË
w�ºLz�»0r*sº
w�¾3zLt Í ·?Ç*·�Â ºLz
t ½Ê· »0ä°xÁ»�º
»ÁÄ��°t ½Ê· ¼ · z ¿?½µ· w�ºLz · w
wNºLÈ�»�º�º
È · Èur*Ì¬ÈuË ¹ z ·�Â r*wLr*t¬s
tDÐyº
»¬r�s · x[ÐÃ Ë�è Å »0sÁx ±�Ë�´ »�º�ºLÈ ·Ê� ¹�· »¬ä ÿ º�Ã ¹ r Â » Ç*Ç Ã£»�º�ºLÈ ·B¹�· z Í r Ç�Ç*·BÇ�· ¼ ·?Ç � ¿
z · ¾ · z
wµº
tot¬ÐÁw · z
¼�»0Ð Ç*· wµº
ÈÁ»�º�z ·�Â?· r*¼ · ºLz ·?· Ë Ç*· ¼ ·?Ç�Â t¬sºLz
r�Ð Æ ºLr*t¬sÁw ½ r�ºLÈÁr�s_º
È · ± Ó;Ä
² È · » Â�Â�Æ z�» Â Ã�t¬s�º
È ·�¹uÆ z ·g�Æ »0sº ÆuÍ ·�Ç�·�Â º
zLt ½µ· »¬ä · Ï ·�Â º�w7ÐÁ»¬z ·�Ç Ã[z · » Â È · w�ºLÈ ·
å�X\[ Ç*· ¼ ·?Ç Ä ² È Æ w · ¼ · s ½ r�ºLÈur*sÀº
Èur!w Â t¬s�w�º
z
»¬r�s · x9w Â�· s�»0z
r�tãtDs ·_Â »0s ·�Õy¹�·�Â º
x · ¼Ôr*»0ºLr*t¬sÁwJ»�ºJºLÈ · åYX\[ ��Á X\[ Ç�· ¼ ·?Ç r�spt¬ÐÁw · z
¼�»0Ð Ç*· w�w ÆÁÂ Èp»Dw k ûß� ���� z�»�º · w?Ä¼ · º�»0r Ç�· x Â » Ç!Â�ÆuÇ »�º
r�tDsÁw ¹�· z�¾3tDz Í�· x ½ rÒº
Èur*s º
È · É »#¼¬t Æ z�Ë Â tDsÁw�ºLz�»0r*s · x Ó ±u± Ó
Â t¬syÑ�z Í ºLÈur!w ·�Õy¹�·�Â º�»�ºLr*t¬s$Ä å � vCs ¹ zLr*s Â r ¹uÇ*· º
È · w ·£· Ï ·�Â º
w Â t ÆuÇ x_Ð · x · º ·�Â º · x ¿
wLr*s Â�· º
È · ÃY»0z · »¬Ð�t�¼ · º
È · r�sº
zLr*sÁwLr Â º
È · tDz · ºLr Â » ÇN· zLz
t¬z�w?ÄI öp~��¬}?�����g����|p��}?� �?~0ôy�L¥�}��§~�óNé?ôÁ����ê0�´ç¨����~�ôy�[©[�ÒøD���÷¬¿ w ÆÁÂ Èã»¬wJÌ · s · z
r Â ±�ëJ±\ì
·?Õ º · s�w�r*t¬sÁw�t0¾µºLÈ · ± Ó ¿$Í tyx ·?Ç w ½ r�ºLÈ;s ·�½ Ì · s · z
»0ºLr*t¬sÁwGt¬¾ �Æ »¬zLäyw ¿$· º Â Äí$Js
Ì · s · z
» Ç Ì¬z
t Æ sÁxuwGº
Èur*w Â »0º · ÌDt¬z
Ããr!wIºLÈ ·TÍ tDw�º£sÁ»0º Æ z�» Ç tDs ·¬¿ wLr�s Â�·=½µ·o·�Õy¹�·�Â º
wLt Í�·7Í�·�Â ÈÁ»0sur!w Í Ð · ÃDt¬sÁx]º
È · ± Ó ºLt�Ð · z · w ¹ tDsÁwLr�Ð Ç*· ¾3t¬z$ºLÈ · t¬ÐÁw · z
¼ · x É »#¼¬t Æ z
w�ºLz ÆÁÂ º Æ z · Ä&vCsÁx ·�· x§º
È ·JÂ »¬w · t0¾ Í r�sÁr Í » Ç�É »#¼Dt Æ zg¼Ôr*t Ç »�ºLr*t¬s Â »0soÐ ·JÂ t¬sÁwLr*x · z · x
»Dw[» ¹ »0zLºLr Â�ÆuÇ »0z Ç r Í rÒº�t0¾¨º
Èur!w[Ì · s · z
» ÇAÂ »0º · Ì¬t¬z
ÃNñ£º
È ·YÇ r Í rÒº ½ È · z · º
È · s ·�½
wLt Æ z Â?· w]t0¾ �DÆ »0z
äDË É »#¼Dt Æ z Í r Õ r�suÌj» ¹u¹�· »0zGt¬s Ç Ã ½µ·?Ç*Ç »0Ð�t�¼ · ºLÈ ·o·�Ç�·�Â º
zLt ½µ· »¬ä
w Â » Ç�· Ä
ð ´��]´ w Â t ÆuÇ xUÐ · xyz�» Í »0ºLr Â » Ç*Ç Ã=»�Ï ·�Â º · xYÐÔÃoºLÈ ·I¹ z · w · s Â�· t¬¾¤s ·�½ wLt Æ z Â�· wµt0¾�Æ »¬zLäË É »#¼¬t Æ z Í r Õ r*suÌ ¿ r�¾7º
È ·[Ç »�ºLº · z Ç*· »Dxuw�º
tTt�¼ · z Â t Í r*suÌoº
È · w�ºLz
t¬suÌ ´ � Ó
ÈÁr · z
»¬z Â ÈÔÃ¬Ä ² Èur!w · Ï ·�Â ºBr*w ¹ t¬º · sDº
r*» Ç�Ç Ã Í t¬z ·�¹ z
t¬sut Æ s Â�· x�r�sTz
»¬z ·°ð ´��]´ ä�»0tDs
x ·�Â »#Ãyw ¿&½ È · z · ºLÈ · ´ � Ó w�ºLz ÆÁÂ º Æ z · r Í§¹ÁÇ r · w§»0sÞV ÿ&¤)¦ ��w Æu¹u¹ z · w
w�r*t¬s;t¬¾¨ºLÈ ·
Ç*· »Dxyr*suÌã» Í�¹uÇ rÒº Æ x ·D¿ º
ÈÁ»0sár*s c x ·�Â »#Ãyw?Ä ² Èur*w£sÁ»0r*¼ ·o·?Õy¹�·�Â º
»0ºLr*t¬sár!wIr�s�x ·?· x
·?Õy¹uÇ r Â r�º Ç Ãáz · » Ç rTî · xár*s w ¹�·�Â r�Ñ Â »¬sÁx Â t¬sÁwLr*w�º · sº�¾3z
» Í�·?½ t¬z
äÔw�ÄjvCs ¹ »¬z�º
r Â?ÆuÇ »0z ¿
½ r�ºLÈÁr�s ºLÈ · sÁt¬syË Â tDsÁw�º
z
»¬r�s · x9Ó ±Á± Ó r�ºor*w§¾3t Æ sÁxÞï � ºLÈÁ»0º Î]ÿ�k  ûð�«Ç ���� �»¬sÁx)ñ�t¬z Î ²®òcó ��ô	õ ö ÿ'k! û��«Ç#üQ��üZ��� ÿ ºLt£Ð · x · ÑÁs · x Ç »0º · z�� Â t ÆuÇ x�Ð ·°· suÈÁ»¬s Â�· x
t�¼ · z ± Ó ·�Õy¹�·�Â º
»�º
r�tDsÁw Æu¹ ºLtotDs · t¬z�x · zBt¬¾ Í »0ÌDsur�º Æ x · Ä

B Ä Á è Õy¹�· z
r Í�· sº�» Ç z · w ÆuÇ º�w¨»0sÁxUr Í§¹ » Â º�r*sYºLÈ ·IÆ surÒº�»0z
rÒº�Ã ¹uÇ »¬s ·
² È · w · »¬z Â È[¾3t¬z ¹ zLt Â?· w
w · w ½ rÒº
È Í r!w
w�r*suÌ · s · z
Ì¬Ã[»¬sÁx§Ðuz�»0s Â Èur*suÌIz�»�º
r�tw&Ð ·�Ç t ½ åYX®��Ö1Ç
r!w�x · ÑÁsur�º ·�Ç Ã§»°¼ · z
ÃIxyrÅS Â?ÆuÇ º Â È�» Ç*Ç�· suÌ ·D¿ Ð Æ ºgÈÁ»¬w�Ð ·?· s ¹ z
t�¼ · xIsut¬º�º
tGÐ · r Í§¹ tDw
wLr�Ð Ç*· Ä
® w�º
zLtDsuÌ · ¼Ôr*x · s Â�· t0¾ k �;û��r� ���� ÈÁ»¬wµÐ ·?· sYt¬Ðuº
»0r*s · x=ÐÔÃ�ºLÈ · è Ù å Ù ·�Õy¹�· zLr Í�· sº
w»�º ¯��FË ¿�½ È · z · º ½ t Â�Ç*· »¬s Â »0sÁxur*xu»0º · wIÈÁ»#¼ · Ð ·?· s tDÐÁw · z
¼ · x�Ä åYXb� ² È · ÐÁz
»¬s Â Èur*suÌ
æNæ�÷
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ð r�Ì Æ z ·#Á ñùø �L}��?}����7��©�ùÁ�¬¥?�Ê~�óÊk �áû��r� ���� ���Y�3|u}Iôy�Á���C����������ùN�����N}�¢o{N|u}gòA�A~��j�3|u}���Ò÷�|y�¤ùu�0��}?�¤�¬~T��~0�A����¥?�ôÁ�D}Jc "bú �c " �D���C�¬¢�û �
z
»0ºLr*t�r�sy¾ · zLz · xT¾3z
t Í º
Èur*w�z · w ÆuÇ º�r!wÎGÿ'k � û�� � ���� ��OýüLåbºãÌZÙ �;Ö Ü þJ¦�íÇ Ü ÿJ��� ×¸å�X ��Ö4Ç º ÿ Ù��
® Ç ºLÈut Æ Ì¬Èjw�ºLr Ç�Ç�Â t Í�¹ »0ºLr*Ð Ç�·G½ r�ºLÈur*sYºLÈ ·G· zLz
t¬z�w ¿ º
È · xyrÒÏ · z · s Â�· Ð · º ½Ê·�· sUºLÈ ·�Â?· sºLz�» Ç
¼�» Ç*Æu· wAr�s è � w?Ä ÿ Ù��A»0sÁx ÿ Ìb�gt ¹�· sÁw7r*sº · z · w�º
r�suÌ ¹�· z�w ¹�·�Â ºLr*¼ · w ¿ »¬wÊw�ÈÁt ½ s§r*s ð r*ÌÁÄ Á Ä Ùb�
² È · r�sº
zLr*Ì Æ r*suÌY»¬w ¹�·�Â ºGt0¾Aº
È ·�Â�· sº
z
» Ç ¼�» Ç�Æu· r*s è � Ä ÿ Ù��°r*wJºLÈ�»�ºIr*w ¹�· zL¾ ·�Â º Ç Ã Â t Í Ë
¹ »�º
r�Ð Ç�·J½ rÒº
È �à »¬sÁx �á Â tDsÁw�º
z
»¬r�sº�wgt¬s!f�h »0sÁx Í � ��� Í ¿ Ð Æ ºÊr�ºA¾'»#¼Dt Æ z�wg»�wLt Ç*Æ ºLr*t¬s ½ rÒº
È�á�� X ¿�½ Èur Â È�r!w$r*s Â t¬sºLz�»¬xur Â ºLr*t¬s ½ r�ºLÈNK c O B xu»0º
»ÁÄ ² È Æ w$ºLÈ ·µÇ »¬zLÌ ·AÂ�· sºLz�» Ç ¼�» Ç�Æu·t0¾ Î]ÿ�k �áû��r� ���� ��r!w&sut¬º7s ·�Â?· w
wL»¬zLr Ç Ã�»]Èur*sº7t0¾�s ·?½ ¹ ÈÔÃyw�r Â w�r*s[º
È ·ÊE û ���� » Í�¹uÇ rÒËº Æ x ·¬¿ r�º Â t ÆÁÇ xU» Ç w�t§Ð · »§Èur*sºBt¬¾$s ·�½ ¹ ÈÔÃyw�r Â wµr*s c " � �c " Í r Õ r*suÌÁÄ ² Èur!wµ¾'»¬w Â r*sÁ»�º
r�sÁÌw Â?· sÁ»¬zLr*t ½ r Ç�Ç Ð ·T·�Õy¹uÇ t¬z · xáÐÔÃpº
È ·=Æu¹ Ì¬z�»¬x · t¬¾BºLÈ · ºLÈ · è Ù å Ù ·�Õy¹�· zLr Í�· sº ÿ ¯��FË Ëè ï Ï ï � ½ ÈÁr Â È ¿ r*sjºLÈÁz ·�· Ã · »0z�w¨t0¾Axu»0º
»�º�»0äÔr*suÌ ¿ w�ÈÁt ÆuÇ x Â t Ç�Ç*·�Â ºJ»0Ð�t Æ º[åYX · ¼ · sº
w ¿ »�ººLÈ · ± Ó z
»0º ·D¿ t¬z7»¬Ð�t Æ º B X · ¼ · sº�wgrÒ¾�ºLÈ · ºLz Æu· z�»�º ·�Â t¬r*s Â r!x · w ½ rÒº
È�ºLÈ ·°Â?· sºLz�» Ç ¼�» Ç�Æu·
r�s è � Ä ÿ Ù���Äë sy¾3t¬zLº Æ sÁ»�º ·?Ç Ãpº
È ·=¹ z
t¬ÌDz · wLw Â tDs Â�· zLsÁr�suÌYº
È ·Tk! û � Ç ���� r!w Í[ÆÁÂ È;w Ç t ½µ· z�Ä� tpx · xyr Â »0º · x ·?Õy¹�· zLr Í�· sº£ÈÁ»Dw�w�º�»0zLº · xáÃ · º ÿ'Â tDsºLz�»0z
ÃjºLtjº
È ·Tk � Â »¬w · �G»¬sÁx ºLÈ ·
Ð · w�º�xyr*z ·�Â º Ç r Í rÒº¨r!w Í tDz · ºLÈÁ»¬s=¾3t Æ zÊtDz
x · z�w7t0¾ Í »¬Ì¬sur�º Æ x · »¬Ð�t�¼ · ºLÈ · ± Ó ·�Õy¹�·�Â º
»�Ë
ºLr*t¬s�Ä å¬åY�
� k ûH���	����� {uÙ�Ý k û��	�����
± r Í r Ç »0z Ç ÃÎºLt k û � ���� ¿ wLÈutDz�ºLË.xyr!w�º
»0s Â�·9Â tDsºLz
r�Ð Æ ºLr*t¬sÁwãºLt k û ���	����� »0s�x
k û �	�����p»0z ·�Â » Ç*Â?ÆuÇ »0Ð Ç*·¨½ rÒº
È=Èur*Ì¬È=» Â?Â�Æ z
» Â Ã[»¬sÁxo»0z · Èur*Ì¬È Ç Ã�w · sÁw�r�ºLr*¼ · ºLt Í tyx Æ Ë
Ç�Æ w�»0sÁx ¹ È�»¬w · t¬¾ ¤ � Äù��t ½µ· ¼ · z ¿ r�s_º
È · w ·G¹ zLt Â?· w
w · wµºLÈ · wLrTî · t0¾ Ç tDsuÌ0ËCxyr!w�º�»0s Â?·GÂ t¬syËºLz
r�Ð Æ ºLr*t¬sÁwAr*w Æ w Æ » Ç*Ç Ã Í£ÆÁÂ È Ç »0z
Ì · zgÐ ·�Â » Æ w · t0¾ ·?Ç*·�Â º
zLt Í »0Ì¬s · ºLr Â r*sDº · z�» Â ºLr*t¬sÁw�Ä�$Js Ç Ã

æ�æ��



èIé!ê?ë�ìCíuîÔï�ì

r*s¸¾ ·�½ Â »¬w · w ÿ'Í »¬r�s Ç Ã¸r�s ´ ÅgË.¼Ôr�t Ç »0ºLr*suÌYt¬ÐÁw · z
¼�»0Ð Ç*· w��°»¬z ·�Ç t¬suÌ¬Ë.xur*w�º
»¬s Â�·�Â tDsDº
zLr*Ð Æ Ë
ºLr*t¬s�wgw Æu¹Á¹ z · wLw · x[»0sÁx[r!w&rÒº&ºLÈ · s ¹ twLwLr*Ð Ç�· º
t ·?Õ ºLz�» Â º�ºLÈ · r�sº · z · w�º
r�sÁÌ]wLÈut¬zLº�ËCxyr!w�º�»0s Â?·
r*sy¾3t¬z Í »�ºLr*t¬s$ÄÁ Ä*å k ûH���	�����
´ t¬sº
z
»¬zLÃ£ºLt�º
È ·#E û ���� Â »¬w ·¬¿ ºLÈ · q]v�Ó Í�·�Â È�»0sur!w Í t0¾�º
È ·#E ûHG¬þ   » Í�¹uÇ rÒº Æ x · r*wt¬s Ç Ã Ç t¬Ì»0z
rÒº
È Í r Â Ä ® w�»§z · w ÆÁÇ º ¿ ºLÈ ·�k û��Nþ   ûH���	�����;» Í�¹uÇ r�º Æ x · r!w Â t Í�¹uÇ�· º ·�Ç Ã
xyt Í r*sÁ»0º · xTÐÔÃ Ç tDsuÌ0ËCxyr!w�º�»0s Â?· xyÃÔsÁ» Í r Â wB»¬sÁx ¹ z
t�¼Ôr*x · wµ» Ç »0z
Ì ·JÂ t¬sºLz
r*Ð Æ ºLr*t¬sTºLt[ºLÈ ·
´ ÅgËC» Ç*Ç t ½Ê· x�º
z
»¬sÁw�r�ºLr*t¬s�w k � û�� � � � � � »¬sÁx kLw ûH� Ç � � � � Ä å B � ² Èur*wµ» Í�¹uÇ r�º Æ x ·
Â »¬sÀÐ · x · w Â z
r�Ð · x r*s » Í tÔx ·?Ç Ë�r*sÁx ·�¹�· sÁx · sº ½ »#Ã r*s º · z Í w�t0¾�º ½ t¸¾3t¬z Í ¾'» Â ºLt¬z�w ¿� � ÿ
	 �B»0sÁx�� w ÿ�	 � ¿ x · ÑÁs · xYÐÔÃ å Á �©� G�����ü � ����� ��Í ����s À��� ÿ ������� w � Ö ÿ X\����Í k ��� � � ÿ
	 �ÿ Ï ��� �! 	�ÿ#" h � "�$ � À&% ÿ å %(' �$ � � À*) Ý
½ È · z · � O " h % " $ ¿�	 O � � u	n �h »¬sÁx ' $ O£n $ u2n h Ä ² È · º ½ t�¾3t¬z Í ¾'» Â º
t¬z�w�»0z ·
sutDsYwLr�sÁÌ ÆuÇ »0z�»0º 	 O X�»0s�x ¿ Ð ·�Â » Æ w · t¬¾¤Ì» Æ Ì · r*sÔ¼�»0z
r*»¬s Â�·D¿ ¼�»¬sur*wLÈYºLt Ç t ½Ê· w�º¨t¬z�x · z
r*s Â Èur*z
» Ç&¹�· z�º Æ zLÐ�»�ºLr*t¬spºLÈ · t¬z
Ã ÿ ´ �°Å ² ��Ä å B � ¯ · Ã¬t¬s�x Ç t ½µ· w�ºJtDz
x · zJº ½ t_w ·�¹ »0z�»�º ·
Â tDsºLz
r�Ð Æ ºLr*t¬sÁw[ºLtp� � ÿ�	 � Â »¬s Ð · r*x · sºLr�Ñ · x�ñ_»¸sutDsyË Ç t Â » Ç º · z Í_¿ � $+$� ÿ�	 � ¿ x Æu· º
t
ºLÈ ·[k û Á �9ûß�Nþ   w Â »�ºLº · zLr*suÌ ¿ »0s�xã» Ç t Â » Ç º · z Í_¿ �-,�.0/� ÿ
	 � ¿�½ Èur Â È · s Â tyx · w°ºLÈ ·
Â tDsºLz
r�Ð Æ ºLr*t¬sÁw&t¬¾ Æ suäÔsut ½ s Ç t ½ Ë · s · z
Ì¬Ã Â t¬sÁw�º
»¬sDº�w ÿ º
tIÐ · x · º · z Í r*s · x§ÐÔÃ£xu»0º
»Z��Ä ® ºV ÿ#" � �7ºLÈ ·]Ç t Â » Ç º · z Í r!wµwLr Í§¹ÁÇ Ã=» Â t¬s�w�º�»0sº ¿Ô½ È · z · »¬wµ»�º�V ÿ#"�1 �Ê» Ç wLt[» Ç r*s · »¬zµw Ç t ¹�·
r*s 	 »¬zLr!w · w�Ä � t0º · ºLÈ�»�ºµ» Ç z · »DxyÃ�»�ºÊV ÿ2" � � Â Èur*z
» Ç wLÃ Í�Í§· ºLz
Ão» Ç t¬s · xut · wAsÁt0ºBÈ ·?Ç*¹ º
t
z ·?Ç »�º · � w »0s�x¨� � ¿ tDz k w »0sÁx k � x ·�Â »#Ãyw?Ä å B �

³ ·�Â?· sºµz · w ÆuÇ º
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ºLÈ · w�ÈutDz�ºLË.xur*w�º
»¬s Â�· xyt Í r*sÁ»0s Â�· t0¾]ºLÈ ·ãÂ?Ç�· »0s ± Ó ºLz�»0sÁwLr�ºLr*t¬sÁw§r!w · sÁw Æ z · x ÐÔÃ;ºLÈ ·
¹ z · w · s Â?· t0¾Áº
È · È · »#¼Ã�ºLt ¹$¿¬½ Èur Â È[r*sÁx Æ�Â�· w7sut¬syËCx ·�Â t ÆÁ¹uÇ r*suÌ Â tDsºLz
r�Ð Æ ºLr*t¬sÁw&ÌDzLt ½ r*suÌ
½ r�ºLÈ § � a »¬w ·?ÕÔ¹ÁÇ r Â r�º Ç Ã wLÈut ½ s r�s ÿ¥B �4d�Ä ® w�r Í r Ç »0z ¹ È · sÁt Í�· sutDs Â »0sÁsut0º�t Â?Â?Æ zIr*s} û k ºLz�»0s�w�r�ºLr*t¬sÁw ¿ Ð ·�Â » Æ w · t¬¾Jº
È · w�r Í£ÆÁÇ º�»0s · t Æ w=w Í » Ç*Ç s · w
w�t0¾ § � »¬sÁx t0¾]ºLÈ ·
´ � Ó ¾'» Â º
t¬z � ��� �  �f� Ä è ¼ · sU¾3t¬z } û�kp» Í§¹ÁÇ r�º Æ x · w ½ r�ºLÈã»§ÈÁ»0z�x_q]v�Ó Í�·�Â ÈÁ»0sur!w ÍY¿
ºLÈ ·°Ç t¬suÌ¬Ë.xyr!w�º
»0s Â�·�Â tDsºLz
r�Ð Æ ºLr*t¬soxyt Í r*sÁ»�º · w ½ rÒº
Èur�s=ºLÈ · ± Ó;Ä ® wA»�z · w ÆuÇ º ¿Ôð ´��G´ f
x ·�Â »#Ãyw Â »0sÁsut0º¨Ð ·IÆ w · xUºLt Í »0ä ·G¹ z ·�Â r*wLr*t¬sUº · w�º
wBt¬¾¤º
È · ´ � Ó Í§·�Â ÈÁ»0sÁr*w Í Ä

vCs Â »¬w · w ½ È · z · rÒº�r*w ¹ twLwLr*Ð Ç�· º
t ¹uÆ º&»µÑÁz Í Æu¹Á¹�· z$Ð�t Æ sÁx�t¬sGºLÈ ·7Ç tDsuÌ0ËCxyr!w�º�»0s Â?·
Â tDsºLz
r�Ð Æ ºLr*t¬s ¿�ð ´��G´ f x ·�Â »#Ãyw Â »¬s�Ð ·AÆ w · xGº
t ¹ z
t¬Ð · s ·�½ Ë ¹ ÈÃywLr Â w$w Â�· sÁ»0z
r�tw?Ä ² Èur*w
¹ tDw
w�r*Ður Ç r�º�Ã=ÈÁ»DwBz ·�Â�· sº Ç ÃoÐ ·?· s_xur*w Â�Æ w
w · xT¾3t¬z f ûe�#�	����� ¿Áf û � þp»0sÁx f û þ�þ
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Í tÔx · w ¿�Ï Ù Ý Ï å � ½ È · z · ºLÈ · z · r!wgw�º
r Ç*Ç » Â tDsÁw�r!x · z
»¬Ð Ç�· ÌD» ¹ Ð · º ½µ·?· s ± Ó ·?Õy¹�·�Â º
»0ºLr*t¬sÁw
»0sÁx ·?Õy¹�· zLr Í�· sº
» Ç�Ç r Í rÒº�w?Ä � t¬º · º
ÈÁ»�ºJt¬s Ç Ã ·?Õ t¬ºLr Â sut¬suË.w�º
»¬sÁxu»0z�xYw Â?· sÁ»¬zLr*tDw Â »¬sjÐ ·
¹ z
t¬Ð · x ÐÔÃ Í�· »¬sÁw=t¬¾ ð ´��]´ f x ·�Â »#Ãyw?Ä vCsÁx ·�· x ¿ º
t9Ð ·¸Â�Ç*· »0z Ç ÃÀr!x · sºLr�Ñ · x ¿ ºLÈ ·
s ·?½ Ë ¹ ÈÔÃyw�r Â wowLt Æ z Â?· wLÈut ÆÁÇ x ¹ z
tÔx ÆÁÂ�· t¬z�x · z�Ë.t0¾�Ë Í »0Ì¬sÁrÒº Æ x ·T· suÈÁ»¬s Â�·�Í§· sº
w�t�¼ · z§»
Ç tDsuÌ0ËCxyr!w�º�»0s Â?· ± Ó » Í�¹uÇ r�º Æ x · Ä

ÙÔÄ B Ë ·?¹ ºLt¬suË É »#¼Dt Æ zLË.¼r*t Ç »�º
r�sÁÌ Í tÔx · w¼ ·�Â »#Ãyw Ç r�ä ·ãk! û ú�ü ¿�k û ��ú�ü ÿ »Dw ½Ê·�Ç�Ç »¬w=wLr Í r Ç »¬z f »0s�x c Í tyx · wJ�=»0z ·
Â t Í§¹ÁÇ�· º ·?Ç Ã;¾3tDzLÐur!xux · s ½ r�ºLÈur*s ºLÈ · ± Ó ¿g½ È · z ·UÇ*·?¹ ºLt¬s É »#¼Dt Æ z§r*w Â t¬sÁw · z
¼ · x ¿ Ð Æ º
»0z · » Ç w�t=»¬ÐÁwLt Ç*Æ º ·�Ç Ã=s · Ì Ç r*Ì¬r*Ð Ç�· r�¾ ½µ· w�r Í�¹uÇ Ã ·�Õ º · sÁxUºLÈ ·£Í tyx ·?Ç ÐÔÃYr�s Â�Ç*Æ xyr*suÌot¬s Ç Ã¼ r*z�» Â Ë�º�Ã ¹�· s ·?Æ ºLz
r�sut Í »DwLw · w�Ä ® ¹ tw�r�ºLr*¼ ·A· ¼Ôr*x · s Â?· t0¾Á»¬sÔÃJt¬¾yºLÈ · w ·Ê¹ zLt Â?· w
w · w ½ t ÆuÇ x
ºLÈ · z · ¾3t¬z ·ÊÆ sÁ» Í Ður�Ì Æ t Æ w Ç ÃIw�r*Ì¬sÁ» Ç s ·?½À¹ ÈÃywLr Â w ¿�Â » Ç*Ç r*suÌJ¾3t¬z&sut¬suË Í r*sur Í » Ç·?Õ º · s�w�r*t¬sÁw
t0¾�ºLÈ · ± Ó;Ä

vCs ·?Õ t¬ºLr Â w Â?· sÁ»¬zLr*tDw ¿ w ÆÁÂ È_»¬w��JË ¹ »0z
r�º�ÃDË.¼Ôr�t Ç »0ºLr*suÌ ±�ë]±\ì t¬z Í tyx ·�Ç w ½ r�ºLÈ Ç*·?¹ Ë
ºLt �Æ »0z
äyw ¿ ºLÈ · � � û � 
 ú�ü�» Í§¹ÁÇ r�º Æ x ·§Â »0sp» Ç z · »DxyÃUÐ · Ì · s · z�»�º · xj»�º]ºLz ·?·[Ç�· ¼ ·?Ç Ä]vCs
ºLÈur!w Â »¬w ·¬¿A· ¼ · s9¾3t¬zoÈÁr�ÌDÈ s ·�½ Ë ¹ ÈÃywLr Â w�w Â » Ç*· w�r�º�r!w ¹ tDw
w�r*Ð Ç*· º
táÌ · s · z�»�º ·YÇ*·?¹ º
t¬syË
É »#¼¬t Æ z�º
z
»¬sÁwLrÒº
r�tDsÁw Â?Ç tw · º
t=º
È ·[¹ z · w · sDº ·�Õy¹�· zLr Í�· sº
» Ç¤Ç r Í r�º
w�Ä]vCs ¹ »0zLºLr Â�ÆÁÇ »¬z ¿ ºLÈ ·
Ð�t Æ sÁx Ï ï � ÎGÿ'k! ûýú�üQ� � Ï º´Ù_× åYX ��Ö � Ý ÿ å ï �
½ Èur Â È r!w[ºLÈ ·YÍ tDw�º�w�ºLz
r�sÁÌ · sº Ç r Í rÒºotDs9ºLÈ · w · º�Ã ¹�· w§t0¾�º
z
»¬sÁwLrÒº
r�tDsÁw ¿AÇ�· º Æ w ¹ÁÆ º�»
Ð�t Æ sÁxotDs Ç*·?¹ º
t �Æ »¬zLä Í »¬w
w · w7»0Ð�t�¼ · åYXbX ² ·	Ú ÿ »DwLw ÆuÍ r�sÁÌ ·?Ç*·�Â ºLz
t ½Ê· »0ä Â t Æu¹uÇ r*suÌDw���Ä

vCs Í t¬z ·oÂ tDsÁw · zL¼�»0ºLr*¼ · w Â?· sÁ»¬zLr*tDw ¿ w ÆÁÂ È »Dw]ºLÈ · Ì · s · zLr Â Ó ±u± Ó ¿�½ È · z · �	� û� 
 ú�üBº
z
»¬sÁwLrÒº
r�tDsÁw�t Â�Â�Æ zgtDs Ç Ã�»�º&ºLÈ · tDs · Ë Ç tt ¹£Ç*· ¼ ·?Ç »0sÁx£ºLÈ ·¨Í§·�Â ÈÁ»0sÁr*w Í w$¾3tDz �Æ »0z
äË
»0sÁx Ç�·�¹ ºLtDsyË É »#¼¬t Æ z Í r Õ r*suÌ¸»¬z · w ·�¹ »0z�»�º ·¬¿ ºLÈ · z
»0º · wI¾3t¬z Ç*·?¹ º
t¬syË É »#¼¬t Æ zLË�¼Ôr*t Ç »�ºLr*suÌ
k9¿Áf »¬sÁx c x ·�Â »#ÃÔw¨»¬z · sÁ»0º Æ z�» Ç*Ç Ã ½Ê·�Ç�Ç Ð ·�Ç t ½ ºLÈ ·IÇ*· ¼ ·?Ç t¬¾ Â?Æ zLz · sº ·?ÕÔ¹�· z
r Í§· sº
» Ç
Ð�t Æ sÁxuw�Ä

� Z Ü�Ù�ßb�'Þ y à'Ü�Ù y
³ »0z ·7ð ´��G´ x ·�Â »#ÃÔw�t0¾ k »0sÁx c Í§· w�tDsÁw ¹ z
t�¼Ôr*x · » Æ sur �DÆÁ· t ¹u¹ t¬zLº Æ surÒº�ÃJºLt ¹�· z�¾3tDz Í
Èur*Ì¬ÈyË ¹ z ·�Â r!wLr�tDsGº · w�º
w¤t0¾ ´ Åp¼r*t Ç »�º
r�tDs�»0sÁx É »#¼¬t Æ z Í r Õ r*suÌ ¿ Ð�t0º
È ½ rÒº
Èur*s[»0s�xGÐ · Ã¬t¬s�x
ºLÈ · ± Ó;Ä

² È ·Ac ûhW ¡ þ£z�»�º · z ·?¹ z · w · sDº�w�ºLÈ · Èur�ÌDÈ · w�º ¹�· »0äJr�sIt Æ z ¹ z · w · sº�äÔsut ½¨Ç*· xyÌ · t¬¾ð ´��G´ w?ñ�Ð�t0º
È ·?ÕÔ¹�· z
r Í§· sº
» Ç »0s�x_ºLÈ · t¬z · º
r Â » Ç�· z
zLtDz
w¨È�»#¼ · z · » Â È · xã» Â t Í§¹ »0z�»0Ð Ç*·
Ç�· ¼ ·�Ç t¬¾ ¹ z ·�Â r!w�r*t¬s ¿ »0z
t Æ sÁx å�X\[ ¿ »0s�xáºLÈ · »0ÌDz ·�·?Í�· sº£Ð · º ½µ·?· s;ºLÈ · t¬z
Ãá»0sÁx xu»�º�»
Â tDsÁw�º
rÒº Æ º · w�»§Èur*Ì¬È Ç ÃTsutDsyË�ºLz
r�¼Ôr!» Ç�Â tDsÁw�º
z
»¬r�sºµ¾3t¬z Í »0sÔÃ ·?Õ º · s�w�r*t¬sÁwBt¬¾¤º
È · ± Ó;Ä

² È ·�Ç » Â ä=t0¾gx · ¼r!»�º
r�tDsÁwµ¾3z
t Í ± Ó ·?Õy¹�·�Â º
»0ºLr*t¬sÁw�r�s iÊÿ'c ûjW ¡ þr�BwLÈut ÆuÇ xYsut0ºxyr!w Â t Æ z�»0Ì · ºLÈ · w · »0z Â È§¾3t¬zµt0ºLÈ · zAz�»0z ·°ð ´��]´ t¬Ð�w · zL¼�»0Ð Ç�· w?Ä ® w ·?Í�¹ ÈÁ»Dw�r î · x=w · ¼ · z
» Ç
ºLr Í�· w�x Æ zLr*suÌ§ºLÈur!wBº�» Ç ä ¿ ºLÈ · z · »0z · w�º
r Ç*Ç w · ¼ · z
» Ç t¬ÐÁw · z
¼�»0Ð Ç*· w ¿ w ÆÁÂ È_»¬wµº
È · ¾3t¬z ½ »0z�x �
ÐÁ» Â ä ½ »0z�x[»Dw�Ã Í�Í�· º
zLÃ[r�s c û k   �	�����ãtDz&ºLÈ · z�»�º · wgt¬¾ c û �	�����ã»0sÁx k û�� ����
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Í tyx · w ¿D½ È · z · w�r î · »0Ð Ç*· x · ¼r!»�º
r�tDsÁw&¾3z
t Í ºLÈ · ± Ó »0z ·�¹ tDw
w�r*Ð Ç*· »0sÁxT»0z ·¨·�Õy¹�·�Â º · x�r*s
w ¹�·�Â r�Ñ Â s ·?½ Ë ¹ ÈÔÃyw�r Â w Í tyx ·?Ç w�Ä

² È ·oÍ�· »¬w Æ z ·?Í�· sº�t¬¾µtDÐÁw · zL¼�»¬Ð Ç�· w ½ rÒº
ÈáºLÈ · t¬z · º
r Â » Ç7· zLz
t¬z�wG»�ºIºLÈ ·=¹�· z�Ë Â�· sº
Ç*· ¼ ·�Ç�¿ w ÆÁÂ È¸»Dw iAÿ'kL ûÉ�«Ç ���� � ¿�iÊÿ'c û�W ¡ ���� �J»0sÁx iAÿ'c ¡J� " û úr�&ú���� ¿ r!w]»U¼ · zLÃ
r Í§¹ t¬zLº
»¬sº Ç t¬suÌ¬Ë�º · z Í ¹�· z
w ¹�·�Â º
r�¼ · Ä è ¼ · sãr�¾As ·�½d¹ ÈÔÃyw�r Â w ½ r Ç�Ç ÑÁz�w�º]Ð · xur*w Â t�¼ · z · x
·?Ç w ·?½ È · z ·D¿u· Ä ÌÁÄ�»�º�¾ Æ º Æ z · ÈÁ»¬xuzLtDs Â t Ç*Ç r!x · z
w ¿ ºLÈ ·£·�Õy¹�· z
r Í�· sDº�» Ç w�º Æ xyÃUt¬¾7w ÆÁÂ È ¹ zLt¬Ë
Â�· wLw · w ½ t ÆuÇ xaw�º
r Ç*Ç Ð · ¼ · z
Ã Æ w · ¾ ÆuÇ ºLtÀr*sÔ¼ · w�º
r�Ì»�º · ºLÈ ·pÉ »#¼¬t Æ zTw�ºLz ÆÁÂ º Æ z · t0¾£»0sÔÃ
s ·�½ Ë ¹ ÈÔÃywLr Â wµw Â�· sÁ»0z
r*tÁÄ

S ß���Ù�Ü|�Ã��zÔÝ���z � zÔÙNÚ y
v ½ r*wLÈ_ºLt=ºLÈÁ»¬suäTº
È · tDzLÌ»0sur!w · z
wÊ¾3tDz�ºLÈ · r�sÔ¼Ôr�º
»�º
r�tDs ¿ »¬sÁxY¾3t¬z Â ÈutÔtDwLr�sÁÌ�w ÆÁÂ Èã»�sur Â�·
¹uÇ » Â?· ¾3tDzBºLÈ ·�Â t¬sy¾ · z · s Â�· �
R z|¡¯zÛ�zÙ�ßbz y
å¬Ä�q§Äuv�wLr*xytDzLr ¿Á�°�0�L}£�D}�¥
�0�#�R¢={�|Á}�~����=���?¢g}Lø�ùÁ}�����©o}����'��� »0z7£°r*¼Nñ È ·�¹ Ë ¹ È�ñ�XÁå¬å�X B ÌZÌyÄB Ä�q§Ä ¯ ÆÁÂ ÈÁ» Ç�Ç »[»¬sÁx ® Ä�¤�Ä ¯ Æ z�»¬w ¿_��ôÁ¥���¢ ø |Ô�#�?¢ ¯ gDV;� ¿mÁ X ï ÿ å ïbïZï �2µÔÓ9ÄÁÓjr!w�r!»0ä»0sÁx>¤�Ä ë z
ÐÁ»0s ¿ ø |y�#�?¢$ $}?���.¢ ¯ V�g�× ¿ åY½Áå ÿ å ïbïZï ��ÄÁ Ä ® Ä ð Ä ð » Ç ä ¿ ® Ä Ë ·?½ »0sÁxyt ½ wLäÔr�»¬sÁx ® Ä ® Ä$Å · º
zLt�¼ ¿ ø |Ô�#�?¢7 ¤}����.¢ ¯ g3¥�g ¿ åYXcÙ
ÿ&B XbXuåQ��ÄÏ Ä¨Ó;Ä Ë Æ »¬sÁx_Ó;Ä ¶ r!w ·D¿ ø |y�#�?¢$ $}?���.¢ ¯ ��xDV ¿ Ï ½Áå ÿ å ïbï Ï ��ÄÌyÄ�q§Ä ¯ ÆÁÂ ÈÁ» Ç�Ç »o»0s�xãq§Ä�v�wLr*xut¬z
r ¿ ø |Ô�#�?¢� ¤}?���C¢ ¯ V�V�¥ ¿ å�Ù�X ÿ å ïbï å �Ñµ ¼ Ä ³ · r*sp»¬sÁxË Ä Ó;Ä ± · ÈuÌD» Ç�¿ ø |Ô�#�?¢¤�°}?�#¢ ¼ �3¦ ¿mÁZÁZB Ì ÿ å ï å ï ��Ä½uÄ ¶ Ä ¤�ÄÁÓã»¬z Â r*»¬sut�»0sÁx�§�ÄÁÅg»¬z
w
» ¿ ø |y�#�?¢$�°}?��¢ ¼ g3� ¿ ³ å ÿ å ïZï ½\��ÄÙÔÄ�q§Ä ¼&¨ ® Í Ðuz
tDwLr�to»¬sÁxYq§ÄÁv�w�r!xyt¬z
r ¿ ø |y�#��¢¤ $}?���C¢ ¯ g���¥ ¿ åYX åYÿ&B XbX B ��Äå Ä ® Ä�¤�Ä ¯ Æ z�»¬w ���B����¢*¿p��ôÁ¥��*¢ ø |Ô�#�?¢ ¯ g3¦�x ¿ ÌbÌ ÿ&B XbXÁå���Äï Ä ® Ä�¤�Ä ¯ Æ z�»¬w }?�µ���*¢*¿p�IôÁ¥?��¢ ø |Ô�#�?¢ ¯ g3w3w ¿®Á_ÿ&B XbXbX\��Ä

å�XuÄ ± Ä �G· º�º ·�Ç�¿ ºLÈ · w ·G¹ z
t Â�·?· xyr*suÌDw�Ä
åDå¬Ä�¤ÁÄ ® xu» Í w }?�µ�0��¢ a � ² ·	Ú ´ t Ç�Ç »0Ð$Ä d ¿ ø |y�#�?¢¤ ¤}����.¢ ¯ V�V ��¿mB Ï X ÿ å ïZïbï ��Ä
å B Ä�q§Ä è Â ä · z ¿ ® ÄÁÅAr Â È_»0sÁx è Äux · ³ »�¾'» ·?Ç�¿_��ôÁ¥���¢ ø |Ô�#�?¢ ¯ x�¦$× ¿ ½ ï BUÿ å ï å Ù���Ä
å Á Ä�q§Ä ¼&¨ ® Í ÐÁzLtw�r*t ¿ q§Ä è Â ä · z ¿ q§Äµv�w�r!xytDzLr]»0sÁx9¤�ÄµÅ&tDz�º
t Çª©· w ¿¬«��J� ø ¥3� ¿ XbX Ïÿ å ïbï å ��Ä
æ)(�æ
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å Ï Ä ³ Ä ® ¹u¹�·?Ç¨}������*¢ a è å ½ZÌ ´ t Ç�Ç »0Ð�Ä d ¿ ø |Ô�#�?¢��°}?�#¢¤ $}?���C¢ ��� ¿ ÏbÏ åZBYÿ å ïbïbï ��Äm�£Ä�Óã»}��¨����¢ a è å ½ZÌ ´ t Ç�Ç »0Ð$Ä d ¿ ø |Ô�#�?¢��°}?��¢� $}?���C¢ �3V ¿mB Ì å X ÿ&B XbXZXZ��Ä
åQÌyÄ���Ä � ÄÁÅg»¬zLä }?�B�0��¢ a �°Ã ¹�· z ´ Å ´ t Ç*Ç »0Ð�Ä d$»0z7£°r*¼Nñ È ·�¹ Ë ·�Õ ñ�XÁå¬åYXZX ÁZÁ
å�½uÄ ® ÄÁÓ · wLwLr*sÁ» ¿ ø |Ô�#�?¢$ ¤}?���C¢ ¯ g���� ¿ å Á X ÿ&B XbX B ��Ä
å�ÙÔÄ ® Ä Ë »0r }?�µ�0��¢ a �J® Ï å ´ t Ç�Ç »0Ð�Ä d ¿ ø |y�#�?¢$ $}?���.¢ ¯ g�×*V ¿mB Ì ÁUÿ¥B XbXÁå���Ä
å å Ä ® Ä�¤�Ä ¯ Æ z
»Dw ¿ Ó9Ä è Ä Ë » Æ º · sÔÐÁ» Â È · z ¿ Ó9Ä¬Ójr!w�r!»0ä�»¬sÁx[Ó9Ä¬Ó Æ s®î ¿£�IôÁ¥?��¢ ø |Ô�#�?¢ ¯V�x3� ¿®Á Ï ï ÿ å ïbï Ï ��Ä
å ï Ä ® Ä Ë »¬r }?�°����¢ a �J® Ï å ´ t Ç*Ç »0Ð�Ä d ¿ ø |Ô�#�?¢� ¤}?���C¢ ¯ g���w ¿�BZB ï ÿ¥B XbX B �2µ ³ Ä ¶ »0suä ·¬¿ºLÈ · w ·I¹ z
t Â�·�· xyr*suÌDw�ÄB XuÄ ® Ä ® Ç »#¼Ôr�Ë¯�J»0z�»�ºLr }?�B�0��¢ a � ² ·	Ú ´ t Ç�Ç »0Ð�Ä d ¿ ø |y�#�?¢��°}?�#¢� ¤}?���C¢ �3w ¿®Á ï Ù ÿ¥B XZXuå���ÄB å¬Ä¨q§Ä Ú » Ç*· s Â r*» ¿ ��ôÁ¥���¢ ø |y�#�?¢ ¯ g�× ��¿�ÁbÁ ï ÿ å ïbï å �Ñµ�q§Ä ¼ ÆuÍ�Í »¬sÁx ® ÄAÅAr Â È ¿ø |Ô�#�?¢$�J}���¢� $}?���.¢ ��¥ ¿ Ï ½ ÁZÁUÿ å ïbï å ��ÄBZB Ä ¼ Ä ® Í ÐÁzLtw ·o}��¨���*¢ a è å ÙÔå ´ t Ç*Ç »¬Ð�Ä d ¿ ø |Ô�#�?¢��J}���¢� $}?���.¢ �3V ¿ å Ábå ï ÿ&B XbXZXZ��ÄBbÁ Ä ¼ Ä è Äuq]zLtÔt Í }?�µ�0��¢ a Åg»¬z�º
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χ2/dof = 22.0 / 24

αK* = -0.192

Ratio = Data/MC

¸�º�ùEx±®L«f2EÏ»���
�){�|F}¤�L�m��~|�%~&�[�4~±�J���!�������$��}¤���'���:�1��Ó Ô Ó Ö ���|�������'�����f�»�����������§Ð Ñ Ò
Ó Ô Ó Ö ×³�F���@�����������@�^�l�|�=���f�N~±���E�����]�L~|�%~µ�4~±�J�w���D�U�0�B�>��~|�]~¤�!���D�s|0�L�0� �L~|�%~¾�4~±�
� ���|�D���Õ�0�W����~Õ����~l��~|�`��������{8�wa�ikj���K�����.�0�p{w|U}¤�L�J�L~±�%~&�J�4~±�J�w�0�.�W� � �¾�L�0���'�E�

t+��twº 
«�´�Ç

� Ð Ñ ÒoÓ Ô Ó ÖÜÛÜÔÕÛ&Ö

sCÉ±«l´¤«�¬�t#¶<Ð Ñ Ò Ó Ô Ó Ö$ÛÜÔ&Û&Ö ï±®
²¤¬�«�«�´±¯[LÉ±®
²wx|ùwÉ:'��²ûË�º*®�
x|t0°Cï±É|²0L²E{|¯�ñBÐ Ñ Ò
×-��×���ÒoÓ Ô Ó ÖÜÛÜÔÕÛ&Ö ÇÕsCÉ±«@®
«§tw®L«�°!t0®
ùw«fË�tw®Lº!t�
º�²E{|¯8¼�«�'��«@«�{iLÉ±«�²w®
«�
º*¬�t0°|ï|®L«�´¤º*¬�Lº*²w{|¯
²0·�º �¯u¼|®
tw{|¬�É±º*{±ù§®�t�
º�²��F:�5 E���>&2	3 ÖB� 6E÷ ñ±ó'2O5 6OE�7f3"5 3��0÷=>&243 ÖB��� ó$E=5 6��7f3"5I2 u ÷=>&243 ÖBA
´¤«@ï�«@{�´¤º�{|ù§²w{mLÉ±«�t0z»²wx±{$²w· ª�ð Ë�º�²E°*t0Lº*{±ù�¬�²E{L®
º�¼±x±Lº*²w{ �0÷ ñ#tw{|´>ó12F5 E=7&3=5 :E÷�>?243 ÖB�
Å ÷ Ç

¸�º*ùwx±®
«f:U¯LÉ±²%��¯KLÉ±«iÓ#Ó Û�Û º*{Ë�tw®Lº!t0{KzitE¯L¯H´¤º!¯�
®Lº*¼±x¤
º�²E{í²E¼|¯L«@®
Ëw«�´Î¼¶Î½Jsu«@¿
x|¯Lº�{±ù�24CFC��O�`2	COCFCÎ´±t0
t|Ç ¦ tw¯L«�´Ê²w{p2	EOEû«�Ëw«�{E�¯»º�{e
É±«l¯�º*ùw{|tw°f®L«�ùwº*²w{��fÉ±«@®
«�3±Ç Å
¼|tw¬�v�ùE®L²Ex±{|´»«@ËE«@{
¯Ctw®L«K«�î¤ï�«�¬�
«�´�ñ¤½Jsu«@¿ ùEt#Ëw«?G[òpH óR:"5 6=2w7�3"5;:UET7�3=5o2 Å ÷]>�243 Ö��
ó4ï±®
«@°*º*z�º*{|tw®L¶±÷ Cw÷ ÇUsCÉ±º!¯J®
«�¯Lx±°�Hº!¯m¬@²w{|¯Lº*¯�L«�{8�fº�LÉ�
É±«@º*®Jï±®
«@Ë�º*²wx|¯H®
«�¯Lx±°��ñ�Gcò�H

�����



���	��
��
��
���


¸�º�ùEx±®
«P:¤ÏH��~|�BÓ Ô Ó Ö$ÛÜÔ&Û&Ö ���|�������'�0�|�u�»���
�n���!�������$��}¤���'���?�����C��~|���l���"� �F�F�"�F�§�U�F�O�
�w�0�.�E��� ���D���[�U�/���X}¤�'��� � ¡E¡Y�@�#�@�|���J�L�@�»�0���û���û�4~±�m���¡|0�N�%�Ü�
�M|w�'���N�

óR:"5 6�:�7�3=5 Ä 3�7�3=5o2%�0÷w>¢2	3 Ö�� 2	3E÷ ¼|tE¯�«�´»²w{ Ä Em«@Ëw«�{
¯�ñtw{|´»LÉ|« d ®�¯�øz�«�tw¯Lx±®
«@z»«@{�ñ
G[òQH óM:�5 C Ô-A r £Ö bXr ¤ ÷�>�2	3 ÖB�

2F2�÷ ¼|tw¯L«�´U²w{>²E{±«]«@Ëw«�{�ÇÕsCÉ±«�¯L«]®L«�¯�x±°�
¯ø«�î±¬@°�x|´±«]¯L²wz»«]²0·
LÉ|«HLÉ±«�²w®
«�Lº!¬@tw°�ï±®
«�´¤º!¬�
º�²E{|¯f¯�É|²%�f{Tt0¼�²�Ëw«EÇ

sCÉ±«cÓ#Ó�t0{|´ Û�Û zitw¯
¯§´±º*¯�L®
º�¼|x¤Lº*²w{|¯]¯LÉ±²%� tT¬�°*«�tw®�«@Ë�º!´¤«@{|¬@«m·4²E®Kti{±²E{¤ý�L®
º�Ë�t0°
·4²w®
z ·'tw¬�
²w®�ñ�tw{|´ d �¯Ktw®L«[º�{Îï|®L²Eùw®
«�¯
¯@Çn¥Kx±®
º�{±ùULÉ±«�¬�²E{¤·4«@®
«@{|¬@«wñ�þ�¯�º!´¤²E®Lº�¯�x±ùEùw«�¯�
«�´
L² d �·4²w®]t)¥Kþ ð ·4²w®
z ·'tE¬�
²w® 24:w÷ a:x|¯Lº*{±ùUÐ Ñ Ò¹Ó Ô Ó Ö ×�ñ�t0{|´£x|¯L«mº�
¯KË�t0°*x±«[tw¯§t
¬�²E{|¯�
t0{��fÉ±«�{ d LLº*{±ùi·4²E®CLÉ±«J²wLÉ±«�®fï|t0®�t0z»«�
«@®�ñ¦8ñ±x|¯Lº�{|ù»Ð Ñ ÒoÓ Ô Ó Ö$ÛÜÔ&Û&Ö Ç

½Js$«�¿ É�tw¯�°�²�²Evw«�´Tt��LÉ±«mtw{±ùw°*«»óR§N÷�¼�«@'�ø«�«@{£Ó#ÓJt0{|´ Û�Û ï±°!t0{|«�¯�º�{TLÉ|« ª � ¨
·4®�t0z»«wñÜtw{|´l·4²Ex±{|´�6FE>«�Ëw«�{E�¯]º�{ûLÉ±«i¯Lº�{k§K¬�²¯=§�¨Q3T®
«@ùwº*²w{ít0{|´©�%3T«@Ëw«�{
¯]º�{ûLÉ±«
¯Lº�{k§K¬�²¯=§[ªK3U®L«�ùwº*²w{ÜÇJsCÉ±º!¯Hº*¯H¬@²w{|¯Lº*¯�L«�{?�fº�LÉüÉ|t#Ë�º�{±ùT{±² ª�ð Ë�º�²E°*t0Lº*{±ùU«X��«�¬��¯@ñ
tw¯C«@î¤ï�«�¬�L«�´�Ç

½Js$«�¿<É|tw¯Ütw°*¯L²f¯�«�t0®�¬�É±«�´§·4²w®$°�«�ï¤L²E{Kú�t#Ëw²w®�Ë�º*²w°!t�
º�{±ùf´¤«�¬@t#¶Eñ�Ð Ñ ÒoÓ%«&Ó%« Û�¬&Û�¬ Ç
¦ tw¯L«�´»²E{U{±²c²w¼|¯L«@®
Ëw«�´c«�Ëw«�{E�¯@ñ
É±«@¶i¯L«�ft0{>x±ï|ï�«�®ø°*º�z»º��Gcòqª Ä 5I24:>¢2	3 Ö�®s® ó$CO3�¯
ªP° ÷§ó4ï±®
«@°*º*z�º*{|tw®L¶±÷ C÷ �fÉ±º!¬�É>º!¯øtm·'tw¬�L²w®PEmº*z»ï±®L²�ËE«@z»«@{B²�ËE«@®Õ
É±«]ï±®L«�Ë�º�²Ex|¯8®
«�¯Lx±°�
·4®
²wz ½Jsu«@¿ 2	3w÷ Ç

�B���



���	��
��
��
���


q Ý�ÞKÒoÓ Ô Ó Ö Ó Ô Ó Ö

±wx�¯�§°*º*vw«mÐ Ñ Ò Ó Ô Ó Ö$ÛÜÔ&Û&Ö tw{|´£Ð Ñ ÒÿÓ Ô Ó Ö Ó Ô Ó Ö ñ±
É±«[´¤«�¬@t#¶UÝ�ÞJÒÿÓ Ô Ó Ö Ó Ô Ó Ö
ï±®
²�¬@«@«�´±¯Õ
É±®L²Ex±ùwÉ»'��²mº*{L«@®
z»«�´¤º!t�
«�Ë�º�®LLx�t0°|ï|É±²0
²w{|¯�ñE«�tw¬�É>¬@²w{�Ëw«�®�
º�{±ùH
²cÓ#ÓKï|t0º*®�Ç
½Js$«�¿oÉ|tw¯£¬�²E°�°*«�¬�L«�´Ít L²w
t0°H²w·�: Å v¾¯�x�¬�ÉÌ«@ËE«@{
¯Yx|¯Lº*{±ù Ð>Ñ Ò EwÝ�Þ<´¤«�¬�t#¶�¯
�fÉ±«@®
«û²E{±«ü²0·JLÉ|«íÝ Þ g ¯Y´¤«�¬@t#¶w«�´³L² Ä «�°�«�¬�
®L²E{|¯@Ç sCÉ±«�¶ez»«�tw¯Lx±®L«�´<G[ò»ócÝ Þ Ò
Ó Ô Ó Ö Ó Ô Ó Ö ÷
ö%G[ò»ó]Ý�Þ�Ò ×�×Ü÷)H ó$E"5;:O� Ä 7p3"5 3O:O:87p3=5o24C��w÷>²243 Ö�³ ó'ï±®
«@°*º�z»º*{|t0®
¶±÷
2	Ew÷ ÇcsCÉ±º!¯Hº!¯]¬@²w{|¯Lº!¯�
«@{��fº 
Éû
É±«»ï±®L«�Ë�º�²Ex|¯]z�«�tw¯Lx±®
«@z»«@{H¼|tw¬�v£º*{�24CF6O:±ñÕó$E"5I2 Å 7
3"5 EF3÷P>�243 ÖB´ ñ±¼|tw¯L«�´T²w{�2 Ä 6[«�Ëw«�{E�¯ 2 Ä ÷ Ç

sCÉ|«[t0{|tw°�¶¤¯Lº*¯Cº!¯fx±{�´¤«@®?��t#¶i
²iº�z»ï±°*«@z»«�{E§·4x±°�°u®
tE´¤º!t�Lº*Ëw«J¬@²w®
®L«�¬�Lº*²w{�¯ft0{|´TL²
d f·4²w®�·4²w®
z ·'tw¬�L²w®�tw{|´Yt0{±ùEx±°*tw®f´¤º*¯�L®
º*¼±x¤Lº*²w{�¯@Ç

µ Ð Ñ ÒáÝ Ô Ý Ö Ó Ô Ó Ö

sCÉ±«i´¤«�¬�t#¶ÎÐ Ñ Ò ÝÜÔÕÝ&Ö�Ó�ÔÕÓEÖeï±®L²¤¬@«@«�´|¯§
É±®
²wx±ùEÉíÐ Ñ Ò ÝÜÔ&Ý&Ö$× � �fÉ|«@®
«[
É±«�× �
º�{
«@®
{|t0°*°�¶T¬�²w{�ËE«@®L
¯øL²>Ó#ÓHï|twº�®�Ç

sCÉ|«@®
«£tw®L«T'��²ízit%¶�²E®i¬�²w{
®Lº*¼±x¤
º�²E{|¯X� ª�ð Ë�º�²E°*t0Lº*{±ùíº*{±{±«�®�ý.¼±®
«@zi¯
¯�
®
twÉ±°�x|{±ù
�fÉ±«@®
«KLÉ±«]×���º!¯�«@z»º��L«�´>·4®
²wz t[ï±º*²w{Üñ±tw{|´ ª�ð ¬�²w{�¯�«�®LË�º*{±ùc´¤º*®
«�¬�C«@z»º!¯L¯Lº*²w{��fÉ|«@®
«
LÉ±«U×-�iº*¯[«@z»º��L«�´ü·4®L²EzÀ
É±«UÐ Ñ Ý Ô Ý Ö Ëw«@®LL«@î�ÇYsCÉ±«Uº�{L«�®�·4«�®L«�{|¬�«i¼�«�'��«@«�{�LÉ±«�¯�«
¬�²E{E
®Lº*¼±x¤
º�²E{|¯mtw{|´üLÉ±«Uï�²E°*tw®Lº*Æ�t0Lº*²w{ü²0·�LÉ±«i×����fÉ|º*¬�É<zit0{|º ·4«�¯��¯Jº �¯�«�° ·f¼�¶íLÉ±«UÓ#Ó
ï±°!t0{±«Eñ�ï±®L²¤´¤x�¬�«�¯Kt0{ütw¯L¶z»z»«�
®L¶Yº*{ÎLÉ|«�´¤º!¯�L®
º�¼±x±Lº*²w{û²w·ÕLÉ±«»t0{|ùw°*«J§ü¼�«�'��«@«@{ûLÉ±«
Ý�Ýlt0{|´»Ó#Ó�ï±°!t0{|«�¯�Çw·K¯�º*{±ù]LÉ±«K¬�x±®
®L«�{ ª�ð Ë�º*²w°!t�
º�²E{cï|tw®
twz»«�L«�®�ñEô�ñwLÉ±«�tE¯�¶�z»z»«�
®L¶
¼�«@'�ø«�«@{l¯Lº�{k§K¬�²¯=§�¨�3»t0{|´�ª�3»º!¯Cï±®
«�´¤º!¬�
«�´TL²»¼�«mt0¼�²wx¤&2 Ä ¯ 2 u ÷ Ç

sCÉ|«§¼±®�t0{|¬�É|º�{±ùJ®�t�
º�²^��tE¯ d ®�¯�Bz»«�tw¯Lx±®L«�´»¼�¶�½Jsu«@¿ÌL²m¼�«cóRE"5;:]7�3"5 6�7�3"5 Ä ÷�>
2	3 Ö £]¼|tw¯L«�´Y²E{ Ä 6c«�Ëw«�{E�¯ 246w÷ ñ�t0{|´£t�ï±®
«@°*º�z»º*{|t0®
¶>®
«�¯Lx±° �ñ$ó$E=5 6OEn7[3=5o2O2T7[3=5o2 Ä ÷T>
2	3 Ö ££ó4ï±®
«@°*º*z�º*{|tw®L¶±÷�Ctw¯H®
«@ï�²w®LL«�´í¼|tE¯�«�´û²E{²2 u 3��Ç Å «�Ëw«@{�¯Hx|¯�º*{±ùYLÉ|«�2	COC��U´±t��t
¯Ltwz»ï±°�« 2+�0÷ Ç ª�Á ©�Â Â ¥�ÄÅ É|tE¯[²E¼|¯L«@®
Ëw«�´�24EFE�Y«@ËE«@{
¯cº�{:LÉ±«£¯�º*ùw{�t0°�®L«�ùwº*²w{<º*{
LÉ±«�24CFC Å �`2	COCFC»´±t0
tY¯Ltwz�ï|°�«Eñ$tw¯H¯LÉ±²%�f{ûº*{ü¸�º*ù|Ç�E±Ç�sCÉ±«i¯�º*ùw{|tw°$
²£{±²wº!¯�«�®�t�Lº*²Yº*¯
«�¯�Lº*zit�L«�´Î
²£¼�«)E Å Ç ¦ tE¯�«�´û²E{ÎLÉ|º*¯m¯
t0z»ï±°*«wñÜLÉ±«�¶Î²w¼¤�t0º*{±«�´�G[ò¸H óRE"5I2�7�3=5o2�7
3"5;:w÷->f2	3 Ö £Kó'ï±®
«@°*º�z»º*{|t0®
¶±÷ 2 Å ÷ ÇÕ½Jsu«@¿µ{±²%�ÊÉ|tw¯ u 3 u 6w7��2�¯�º*ùw{�t0°¤«@ËE«@{
¯8²w{�L²Eï�²w·
2 Å u ¼|tE¬�vùE®L²Ex±{|´J«�Ëw«�{E�¯$º*{cLÉ±«�·4x±°*°�2	COC��F�`24CFCOC�´|t�
t]¯
t0z»ï±°*« 24Cw÷ ñ0tw{|´[LÉ±«Ct0{|tw°�¶¤¯Lº*¯
º*¯�º�{£ï±®
²wùE®L«�¯L¯�Ç

sCÉ|«CtE¯�¶�z»z»«�
®L¶m²w·|
É±«n§>´¤º!¯�
®Lº*¼±x¤
º�²E{`�Ctw¯ d ®�¯�&z»«�tw¯Lx±®L«�´m¼�¶[½Jsu«@¿cñ0tw¯]¹9H
ó'24E"5 67�:"5 u 7J2O5 :E÷º¯ :F3w÷ ¼|tw¯L«�´H²E{HLÉ±«k2	CFC�ø´±t��t±Ç�·K¯�º*{±ùf
É±«B´±t0
t�¯
t0z»ï±°*«&·4®
²wz»2	CFC Å
t0{|´@2	COCFC»®
x±{|¯�ñNÂ ¥�ÄÅ ®
«�¬�«�{L°*¶Yz»«�tw¯Lx±®L«�´�¹¼H½24E"5 C?7²:�5¾�k7�:"5 3¯Àó'ï±®
«@°*º�z»º*{|t0®
¶±÷
2 Å ÷ Ç�½Jsu«@¿ É|tE¯Jt0°!¯�²Yz»«�tE¯�x±®
«�´�¹»H¿24E"5 E87p2O5 Ä óRL	N'*�N�÷º¯áó'ï±®L«�°�º*z»º�{�t0®
¶¤÷K¼|tE¯�«�´Î²E{

����À
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Data

MC

MC KL→π+π-π0
D

Double Ke3 evts

1337 candidates
in

signal region

S/B = 38

KL→π+π-e+e-

¸�º�ùEx±®
«&E±Ï»�N~|�f���!�������$�X}¤���'���:�'�[���|�������'�����f�»�����c�'��Ý Ô Ý Ö Ó Ô Ó Ö �F�����@�����s���@�`Á�f =Â
���i�4~±�8ÐUÑ��������i�B�������B�L~±�U~���~|�k�w�0�.���������H�4~±�ø~¤�!���.�s|0�
��� �L~|�%~&�f��~|� � �����.�&�8���W���E�

LÉ|«H·4x±°�°u´±t��t�¯
t0z»ï±°*« 24Cw÷ Ç
sCÉ±«�·4²w®
z ·'tw¬�
²w®�¯K·4²w®]LÉ±«i´¤«�¬@t#¶£É|t#ËE«c¼�«@«�{íz»«�tE¯�x|®L«�´Î¼�¶Î½Js$«�¿ x|¯�º*{±ùTLÉ±«

2	COC��[´±t��t :U3E÷ ñ|tw{|´>
É±«H·4x±°*°$´±t0
t»¯Ltwz»ï±°�«Jº!¯f¬�x|®L®
«@{L°*¶>¼�«@º*{±ùit0{|tw°�¶�Æ�«�´�Ç

Ã ÐUàUÒáÝ Ô Ý Ö Ó Ô Ó Ö

sCÉ±«�´¤«�¬�t#¶KÐ à ÒoÝÜÔÕÝ&ÖuÓ#ÔÕÓEÖ>º*¯�¯�º*z»º�°!t0®$L²§ÐUÑYÒoÝÜÔ&Ý&Ö�Ó�ÔÕÓEÖU¼|x¤uº�uº!¯u´±²wz»º�{�t�L«�´
¼�¶>
É±«mº*{±{±«@®K¼±®
«@zi¯L¯�L®�t0É|°�x±{|ù|ñ±¯Lº�{|¬@«JLÉ|« ª�ð Ë�º�²E°*t0Lº*{±ùi´¤º�®
«�¬�§«@z»º!¯L¯Lº*²w{£º*¯�É±«�t#Ë�º*°�¶
¯Lx±ï±ï±®
«�¯
¯�«�´�ÇHÂ ¥�ÄÅ É|tE¯§²E¼|¯L«@®
Ëw«�´Y
É±«�¯L«[«�Ëw«�{E�¯�·4²E®§
É±« d ®
¯�§
º�z»«EñÜt0{|´lz»«�tw¯Lx±®L«�´
G[òQH ó Ä 5 u 7[3"5¾�T7©3=5 Ä ÷�>�2	3 Ö�³ ¼�tw¯L«�´>²E{ u 6[«�Ëw«�{E�¯�º�{TLÉ±«�24CFC Å ´±t��t :�2�÷ Ç8sCÉ±«@¶
É|t#ËE«mt0°!¯�²>¯LÉ±²%�f{YLÉ|t0�LÉ|«cÓ#Ómº*{�Ë#tw®Lº!t0{�zitw¯
¯§´±º*¯�L®
º�¼|x¤Lº*²w{lº!¯§¬@²w{|¯Lº*¯�L«�{k�fº 
É£LÉ±«
º*{±{±«@®K¼±®
«@zi¯L¯�L®�t0É|°�x±{|ù|ÇfÂ ¥§ÄEÅ É|tE¯�®
«�¬@«@{L°*¶Ytw{|t0°*¶�Æ@«�´Y´|t�
ti·4®L²EzÄ24CFC Å �`2	COCFC[ô�õ�ö�ô
®
x±{lt0{|´£É±º*ùwÉlº*{L«�{|¯�º��¶TÐTà£®Lx|{lº�{D24CFCFCc·4²E®fLÉ±º!¯§´±«�¬@t#¶Tz»²�´±«wÇ ¥ ¯§¯LÉ±²%�f{£º*{Î¸uº*ù|Ç
Ä ñ�
É±«@¶Ê²w¼|¯L«@®
Ëw«�´�C�:�2£«@ËE«@{
¯iº*{³LÉ|«Î¯�º*ùw{|tw°�®
«@ùwº*²w{$ñ�tw{|´ez�«�tw¯Lx±®
«�´�G[ò»ó'ÐTà Ò
Ý Ô Ý Ö Ó Ô Ó Ö ÷�H ó Ä 5 Ek7@3"5;:�7@3"5 EE÷P>�2	3 ÖB³ ó4ï|®L«�°�º*z»º�{|tw®L¶±÷ 2 Å ÷ Ç

sCÉ±«@¶üÉ|t#Ëw«itw°*¯L²l°�²�²Evw«�´�t0JLÉ±«Y´¤º*¯�L®
º*¼±x¤Lº*²w{�²w·�
É±«Utw{±ùw°*«ÎóR§N÷J¼�«�'��«@«�{�LÉ±«
Ó#Ó�t0{|´ÍÝ�Ý ï±°!t0{±«�¯@ñHt0{�´¾z»«�tE¯�x±®
«�´Ìt0{ÍtE¯�¶�z»z»«�
®L¶Å¹ÆH ó'ln3=5 :�7KE=5 Ä 7Ç2O5 Ä ÷º¯

�B��È



���	��
��
��
���


ó4ï±®
«@°*º*z�º*{|tw®L¶±÷ 2 Å ÷ �fÉ±º!¬�ÉÎº!¯§¬�²E{|¯Lº*¯�L«�{E?�fº 
É�3±Ç ¨ º�{|¬@«JLÉ|« ª�ð Ë�º*²w°!t�
º�{±ùi«X��«�¬�]º*¯
{±«@ùE°�º*ùwº*¼±°*«cº*{íLÉ±º!¯H´¤«�¬�t#¶wñNLÉ|«�{�x±°*°Õtw¯L¶�z�z»«@L®
¶Yº!¯Jt0{í«�î¤ï�«@®
º�z»«@{�t0°&«@Ë�º!´¤«@{|¬@«[
É|t�
LÉ±«mtE¯�¶�z»z»«�
®L¶U´±x±«HL² d {|tw°$¯�
t�
«Hº�{L«�®
tE¬�
º�²E{|¯Cº*¯C{|«@ùw°*º*ùwº*¼±°�«8�fº�LÉ±º*{YLÉ±«J«�®L®
²w®�Ç

KS→π+π-e+e-

KL→π+π-π0

|→e+e-(γ)

921 events
in

signal region

↓ ↓

Data

MC

¸�º�ùEx±®L« Ä Ïm�N~±�J�D�
�`{w|U}¤�
�K��~|�%~&�]��~|�CÝ Ô Ý Ö Ó Ô Ó Ö �����#�0���'�����8�»�����8���!�������$��}¤���'���|�w���0�
Á?�� =Â»ÐUà����
�0�»�£�N~±�f�E�����m�L~±�%~Í��~|�f�w�0�.��~Õ���4~ �FÉ� �@�#�@�|���m���í�4~±�c���¡|w���U�u�L�Ê|w�'���N�
�N~±�ø~¤�!���.�s|0�
��� �L~|�%~&�C��~|� � ���|�D�8�8���W�*�w�»��~|�k�������D���@{w|U}¤�L�ø�L~|�%~&�C��~|�n���!�������$��}¤���'���
�'�m¯Lº*{k§§¬@²E¯�§Ë~u~|���L��§ �!�>�4~±�Y���|U���Ì���@�R~B���@�íÓ#Ó<���B�>Ý�Ý³�B�*�������>���e��~|�T���@�|�D���U�1�
�»���������
���i���l�������»��~|�%~ �4~±�¢�w�0�.���J�0�B�Î��~|��~¤�!���D�s|0�L�0�á��~|�%~&�>�4~±� � ���|�D���Õ�0�W���w�
Á[�T�����$�w�@�|���#�������»�@�����i�!�m�O���@�@���#���E�

Í Ð à ÒáÝ�Þ#Ó Ô Ó Ö

cK{±«�²w·�
É±«�ï�²E¯
¯�º*¼±°*«���t#¶¤¯�L²[z�«�tw¯Lx±®
«ø
É±«�º*zit0ùwº*{|tw®L¶mï�t0®L8²0·NLÉ±« ª ½�� zit0L®
º î�ñFÎNñ
º*¯§L²Tx|¯L«cÐ Ñ Ò¹Ý�Þ�Ó Ô Ó Ö Ç]sCÉ|«cÐ Ñ Ò Ý�Þ�Ó Ô Ó Ö ´¤«�¬�t#¶TÉ�tw¯]¯�«�Ëw«@®�t0°u¬�²w{
®Lº*¼±x¤
º�²E{|¯X�
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´¤º*®L«�¬� ª�ð Ë�º*²w°!t�
º�{±ù<ï�«@{|ùwx±º*{¾´¤º!t0ùw®�t0z£ñ�º�{�´¤º�®
«�¬� ª�ð Ë�º�²E°*t0Lº*{±ù:t0z»ï±°*º�Lx|´¤«��fº 
É
²w{|«>Ë�º�®LLx|tw°øï|É±²0
²w{Üñ8tw{|´ ª�ð ¬@²w{|¯L«@®
Ë�º�{±ùÎtwz»ï±°�º�Lx�´¤«��fº�LÉ:'�ø²íËº*®LLx|tw°Bï±É±²wL²E{|¯@Ç
þD{µtw´±´±º 
º�²E{Üñ ¨ · ¨ yÀï�«@{|ùwx±º*{µ´¤º*twùw®�t0z ¬@²wx±°!´Êº�{|¬@®L«�tw¯L«YLÉ±«l¼±®�t0{�¬�É±º�{|ùü®�t�
º�²�Ç³þD{
²w®�´¤«�®HL²£«�î�L®�tw¬�JLÉ±«>´±º�®
«�¬� ª�ð Ëº*²w°!t�
º�{|ù£¬@²w{L®
º*¼±x¤Lº*²w{$ñ$²w{|«�É�tw¯H
²lx±{|´¤«�®
¯�
tw{|´
²0
É±«@®c¬�²w{
®Lº*¼±x¤
º�²E{|¯@Ç£sCÉ±« ª�ð ¬�²w{�¯�«�®LË�º*{±ùl¬�²w{
®Lº*¼±x¤
º�²E{:¬@t0{�¼�«U«�¯�
º�zit�
«�´ü·4®
²wz
Ð Ñ ÒáÝ�Þ@×�×Y´±«�¬@t#¶»z»«�tE¯�x|®L«�z�«�{
¯�Ç�sCÉ±«Kº�{�´¤º�®
«�¬� ª�ð Ëº*²w°!t�
º�{|ù[t0z»ï±°*º 
x|´¤«H¬@tw{>¼�«
´¤º*®L«�¬�
°�¶>z»«�tw¯Lx±®L«�´>·4®
²wz LÉ±«J¼±®�t0{�¬�É±º�{|ùc®�t�
º�²»²0·ÕÐUà>ÒáÝ�Þ#Ó Ô Ó Ö Ç

Â ¥�ÄÅ É|tE´ Ä 3»É±²Ex±®
¯�²0·B¯Lï�«�¬�º!t0°$ÐUàÎ®Lx|{lº�{[24CFCOC[
²U¯L«�t0®�¬�É±«�´U·4²E®�
É±«[´¤«�¬@t#¶wñ
t0{�´i¯�«@�t0{ix|ï±ï�«�®ø°*º*z�º��ñ�Gcò�ó�Ð à ÒáÝ�Þ#Ó Ô Ó Ö ÷�ª92O5 Ä >¢2	3 Ö £Hó$CO3�¯ ªP° ÷Õ¼�tw¯L«�´i²E{)3
²w¼�¯�«�®LËE«�´i«�Ëw«@{�¯ :F:0÷ Ç8sCÉ±º!¯ø°*º*z�º�
¯fLÉ±«Hº*{|´¤º*®L«�¬� ª�ð Ëº*²w°!t�
º�²E{T¬@²w{L®
º�¼|x¤Lº*²w{Tº�{TLÉ±«
Ð Ñ ÒáÝ�Þ�Ó Ô Ó Ö ¼±®
tw{|¬�É±º*{±ù�®
t0Lº*²c
²Ìª Ä >�2	3 Ö�® Þ0Ç

r d éuå�éuæ+Ð�ÑHæ#çBÒ	Ó�Ð�ê0å	Ò

Â ¥§ÄEÅ �fº*°�°KÉ|t#Ëw«lt<´¤«�´¤º!¬@t�
«�´³É±º*ùwÉ³º*{L«@{�¯�º��¶ÊÐUàµ®Lx±{µº*{9:U3O3O:û¼�¶ x¤
º�°*º�Æ�º�{|ù<LÉ±«
«�î¤º!¯�
º�{|ù£ÐTàí
t0®
ùw«@m¯��t�Lº*²w{$Ç»sCÉ|«@º*®J²w®
º�ùEº�{|tw°&ùw²Etw°&º*¯H
²l¬�²w°*°*«�¬�mtw¼�²Ex¤JL«�{�ÐTàüÒ
Ý�Þ�Ó Ô Ó Ö «�Ëw«�{E�¯@ñ8¯L«�»¼�«��
«@®i°*º�z»º�
¯�²w{eÐUà¾ÒÔE0Ý�Þ£t0{�´ ÐUàµÒ Ý Ô Ý Ö Ý�Þl´¤«�¬@t#¶¤¯�ñ
º*{|¬�®
«�tE¯�«]LÉ|«[Ð à Òo×�×Î«@ËE«@{
¯f¼�¶�:�²w®�´¤«@®�¯C²0·Õzit0ùE{±º�Lx|´¤«Eñ±º*{|¬�®
«�tE¯�«H
É±«[¯�
t�
º*¯�Lº!¬@¯
·4²w®JÐUà�ÒßÝ Ô Ý Ö Ó Ô Ó Ö «�Ëw«@{�¯@ñ$tw{|´ûL²l¯�
x|´¤¶ÎÉ�¶�ï�«@®
²w{í´±«�¬@t#¶¤¯�ÇcsCÉ±º!¯8�fº*°�°8¼�«�LÉ±«
z»²E¯�f®Lº!¬�ÉYÐTàYï±®L²Eùw®�t0z º*{YLÉ±«H·4²E®L«�¯�«�«�t0¼|°�«K·4x¤Lx|®L«EÇ

Â ¥�ÄÅ t0°!¯L²<É|tw¯Tt:ï±°!t0{³
²:É|t#Ëw«ít:´¤«�´±º*¬�t�L«�´µÐ�« ®
x±{ÜÇ ¦ ¶³¯�ï|°�º��
º�{±ù LÉ±«
¬�É|tw®LùE«�´£v�t0²E{|¯Kt0·�L«�®§
É±«»ï±®L²¤´¤x�¬�Lº*²w{Î
t0®
ùw«@§·4²E®§�t0ùwùEº�{|ù|ñ�t0{|´Î®L«�¬�²wzc¼±º*{±º�{|ù>LÉ|«@z
¼�«�·4²w®
«YLÉ±«l´¤«@L«�¬�L²E®�ñBLÉ±«�¶:ï±°!t0{ÊL²<¬�²Ez»ï|t0®
«U
É±«�¥Ktw°�º�LÆlï|°�²w»¼�«�'��«@«�{eÐ Ô tw{|´
Ð Ö Ò Ý�«8Ý Ô Ý Ö ´¤«�¬@t#¶¤¯�ÇcsCÉ±«»«�î¤ï�«@®
º�z»«�{EJÉ|tE¯H¼�«�«@{�t0ï±ï|®L²�ËE«�´�ñ�t0{�´ûº�mº*¯Hx|{|´¤«@®
ï±®
«@ï|tw®
t0Lº*²w{ÜÇ

½Js$«�¿ É|tw¯ d {±º!¯�É|«�´<º�
¯c´±t��t£
twvº*{±ùÎ®
x±{ÜñÕtw{|´�LÉ|«@¶�t0®
«Ut0{|tw°�¶�Æ�º�{±ù£
É±«>·4x|°�°
´±t0
t»¯Ltwz»ï±°�«]·4²E®fË#tw®Lº*²wx�¯f´¤«�¬�t#¶iz�²¤´¤«�¯@Ç

¥ ¯H¬�²�ËE«@®
«�´£¼�¶ ¨ L«�Ëw«»½H«�LL«@°*°Õº*{ÎLÉ|º*¯J¬@²w{¤·4«�®L«�{|¬�«Eñ�
É±« ª ½��ÿ«@î�ï�«@®
º*z�«�{Ht0
¸±«�®Lz»º*°*tw¼�º*¯Jï|°*tw{±{±º*{±ù£L²Î¬@²w°*°�«�¬�m²w{|«iÉx|{|´¤®
«�´�Ð Ô Ò Ý Ô�Õ Õ «�Ëw«@{�¯J´¤«�¬�t#¶º*{±ù£º*{
ú|º*ùwÉ[
²íz»«�tw¯Lx±®L«��  =!$#�� Ç<sCÉ±«T«�î¤ï�«@®
º�z»«@{»É|tw¯c¼�«@«@{et0ï±ï|®L²�ËE«�´�ñÕt0{�´<º »º!¯cx|{|´¤«@®
ï±®
«@ï|tw®
t0Lº*²w{ÜÇ

Ö _ éw×[×[Ø¤æ+Ù

¦ «�¯Lº*´±«�¯�LÉ|«]z»«�tw¯Lx±®L«�z»«@{f²0·$
É±« ª�ð Ë�º�²E°*t0Lº*²w{Yï|t0®�t0z»«�
«@®�ñ¤ô
õ�ö�ô�ñ±¸|«@®
z�º*°!t0¼£½Js$«�¿
t0{�´ ª�Á ©�ÂµÂ ¥§ÄEÅ «�î¤ï�«@®
º�z»«@{�¯8t0®
«øï|®L²¤´¤x|¬@º�{|ùJz»tw{�¶m®L«�¯�x|° �¯&²w{�®
tw®L«Cv�t0²E{�´¤«�¬@t#¶¤¯�Ç
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Ûµº 
ÉÎ
É±«@º*®KÉ|º�ùEÉÎ¯�«�{|¯�º�Lº*Ë�º �¶Eñ�{|²0K²E{±°*¶U
É±«@¶lt0®
«[¯L«�LLº*{±ù>¼�«��
«@®]°�º*z»º �¯]²w{£LÉ|«[®
«�t0°
®
tw®L«l´¤«�¬@t#¶Êz�²¤´¤«�¯f�fº�LÉ<G[òÜªÄ_»ó12	3 Ö�® Þ�÷�ñC
É±«@¶e¬�²E°�°*«�¬�>z�²E®L«£
É|t0{µt�É�x±{|´±®L«�´
«@ËE«@{
¯H·4²E®m´¤«�¬�t#¶Îz»²¤´¤«�¯��fº�LÉDGcò � _»ó12	3¤Ö���÷H¯Lx|¬�É<tw¯JÐ>ÑeÒÚÓ�ÔÕÓEÖ Û Ô Û Öøñut0{�´
zit0v�º�{|ùTtw¬�¬�x±®�t�
«mz»«�tE¯�x±®
«@z»«�{E�¯§²E{lLÉ|«�¯L«@z»º�ý�®�t0®
«m´¤«�¬�t#¶¤¯n�fº�LÉ�Gcò¸ªK_»ó'243 ÖB³ ÷�Ç
sCÉ±«�¯L«B®
«�¯Lx±°�
¯$²w{m®�t0®
«8Ð Ñ ´¤«�¬�t#¶¤¯-�fº*°�°®L«�zit0º*{HLÉ±«ø¼�«�¯��·4²w®$LÉ±«ø{±«�î��´±«�¬@tE´¤«wñ#«@î¤¬@«@ï¤
·4²w®�ÐÀÒáÝ Õ Õ ´¤«�¬�t#¶�¯�Ç

âÝ S ê4ÞÜä�çßfà$Ð�è�áBÐ×[Ð�äNå	Ò

þ �ø²Ex±°!´»°�º*vw«f
²JLÉ�t0{±v»©�t0º*{±«�®�Û�t0{±vE«f·4²w®øï±®L²�Ë�º!´¤º*{±ùJz»«�ï±°*²0
¯�t0{�´»º�{¤·4²E®Lzit0Lº*²w{»·4²w®
ï±®
«@ï|tw®Lº*{±ù�z[¶>�t0°*vNÇ

R ÐâÊÐæ+Ð�ä�êFÐÒ

2EÇ�¿cÇ|¸|tw{Lºø�@���U���*ñ ð É¶¤¯�Ç ° «@��Ç�ã q µ rÜñ uOu E£ó'24CFCFC÷�Ç

:±Ç�±�Ç ° tE´¤x±«Eñ ð ®
«�¯L«@{L«�´Ut0�¥ ð ¸ :F3F3O:±ñÛµº�°*°�º!t0zi¯L¼±x±®
ù|ñ¤¿ ¥ ñ=·[Ç ¨ Ç ¥ ÇuóR:F3F3�:w÷�Ç

E|Ç ° Ç ¦ «@®
ùE¯�L®+ä²wz£ñ Á Ç=�ÎtE¯L¯L²Bå²�t0{|´ ð Ç ¨ º*{±ùE«@®�ñ ð É�¶¤¯@Ç ° «���Ç-2	E=2 ¦ ñ�:O:UCYó'24C Å E÷�Ç

Ä ÇC½»Ç¾ccÇ"�lº*v�t0«@°*º!t0{£t0{|´Ì±�Ç ¨ z»º 
ÉÜñ ð É�¶¤¯�Ç±©f«@ËNÇ|W µ ñ�2+�U6FEYó'2	C�U:E÷�Ç

u Ç ¥ Ç ¥ °!t#Ë�º ýæ\§tw®
t0Lº8�@���%�*�*ñ ð É�¶¤¯�Ç±©f«@ËNÇ ° «@��Ç�rBÍÜñ=3�2 Å 3"2[óM:U3O3"2�÷�Ç

6|Ç ª Ç�çKx±º�ùEù|ñ�±�Ç ¥cÇ=±tw¬�v¤¯�²E{Üñ�x±{±ï±x|¼±°�º!¯LÉ±«�´�ñ °$¦�° ï±®L«�ï±®
º�{n· ª © ° ýs2 Å0ÄÅ �Uó'2	CO6 Å ÷�Ç

�¤Çnè&Ç"·�¶wñ ð É�¶¤¯@Ç±©f«�ËNÇ±Wÿq � ñ Å 3�:Uó12	COC"2�÷�Ç

Å Ç ° ÇBè�É|tw{±ù|ñ�±�Ç ° Ç�é]²wº��¶wñ ð É�¶�¯�Ç±©f«�Ë�Ç±W µ ÍÜñ��%3FE=2�ó12	COC Å ÷�Ç

C|Ç�±�Ç"\§twz»zYñ ð ®
«�¯L«@{L«�´Tt0�¥ ð ¸ :F3F3O:±ñÛµº�°*°�º!t0zi¯L¼±x±®
ù|ñ¤¿ ¥ ñ=·[Ç ¨ Ç ¥ ÇuóR:F3F3�:w÷�Ç

2	3|Ç ¥ Ç ¥ °*t#Ë�º�ýÊ\Kt0®�t�
ºÕ�@�f�%���*ñ ð É�¶¤¯@Ç¤©f«�Ë�Ç ° «�L�Ç�r�ÍÜñ�2F2F2 Å 3�:>óR:F3F3=2�÷�Ç

2F2EÇ ð Ç=é]x:�@�C�U���*ñ ð É�¶�¯�Ç¤©f«@ËNÇ ° «�L�ÇBÍ Ã ñ Ä E"2+:Uó12	CFCO6E÷�Ç

24:±Ç�é�Ç�¥^g ¥ zc¼±®
²wº!¯�º*²|ñ�é�Çwþ�¯Lº*´±²w®
º|t0{|´f±�Ç ð ²E®�
²w°�ê«�¯�ñ ð É�¶¤¯�Ç ° «@��Çã q �=� ñ�E Å u ó'24CFC Å ÷�Ç

2	E|Ç ð Ç±su²Etw°�«Eñ ð ®
«�¯L«@{L«�´Ut0k¥ ð ¸]:F3F3�:¤ñÛµº�°*°*º*twz»¯L¼±x±®
ù|ñ¤¿ ¥ ñ�·mÇ ¨ Ç ¥ Ç$óR:F3F3�:w÷�Ç

2 Ä ÇCÂ[Ç ð Ç ¨ t0z»º*²E¯J���f�%�*�*ñ ð É�¶¤¯�Ç�©�«@ËNÇ â"�=Ã ñ�2 ÅwÄwÄ ó'2	CO6O:E÷�Ç

�BÀ�ë
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2 u Ç ° Ç �:Ç ¨ «@É|ùEt0°8tw{|´��<Ç�Ûütw{±{±º*{±ùw«�®�ñ ð É�¶¤¯@ÇÜ©f«�ËNÇÜW q Ã ñ�243FE u ó'24CFCO:E÷W�ø�$���$�E�*ñ�W
q Ã ñ u :F3FCUó Á ÷Hó12	CFC�:w÷�Ç

2	6|ÇP±�Ç ¥ ´±t0zi¯Cº��«�§t0°�Ç*ñ ð É�¶¤¯@Ç¤©f«�ËNÇ ° «@��Ç�r Ý ñ Ä 2+:UEYó'2	COC Å ÷�Ç

2+�¤Ç�½»Ç ¨ «@{�¶w²�ñ ð ®
«�¯L«@{L«�´Tt0 Áøðø¨ \ Áøð CFC|ñ¤sutwz�ï�«@®
«wñ±¸�º*{±°!t0{|´�ó'24CFCOCE÷�Ç

2 Å Ç Á Ç��Ît0Æ�Æ@x|¬�t�L²�ñ ð ®L«�¯�«�{E
«�´¾t0YþD{
«@®
{|t�
º�²E{|t0° ª ²w{¤·4«�®L«�{|¬�«ü²w{ ª�ð ¿Kº�²E°*t0Lº*²w{Üñ
¸|«@®
®
tw®
t|ñ�þ.
t0°*¶ûóM:U3F3O3E÷�Ç

2	C|Ç ¥ Ç�é]²w°*²E¯
¯
t0{±²�ËNñ ð ®
«�¯L«@{L«�´Ut0�¥ ð ¸ :F3F3O:±ñÛµº�°*°�º!t0zi¯L¼±x±®
ù|ñ¤¿ ¥ ñ=·[Ç ¨ Ç ¥ ÇuóR:F3F3�:w÷�Ç

:U3|Ç ¥ Ç ¥ °!t#Ë�º ýæ\§tw®
t0LºNº��«�§t0°�Ç*ñ ð É�¶¤¯@Ç¤©f«�ËNÇ ° «@��Ç�r|quñ Ä 3 Å óM:U3F3O3E÷�Ç

:�2EÇ ¥ Ç ° twºø�@���%�*�*ñ ð É�¶¤¯�Ç ° «�L�Ç=ã q Ö�Ã ñ�2	E�>óM:U3O3F3E÷�Ç

:F:±Ç ¥ Ç ° twºø�@���%�*�*ñ ð É�¶¤¯�Ç ° «�L�Ç=ã µÜâ quñ=: u ETóM:U3O3"2�÷�Ç

��À��
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SUTWVIX?YLZ\[$S^]IS`_W[aX?bdc0e!f#c
ghMiAj'k0lnm?opi�q�h
msr*tulntvMwLx�wzy0{�|?}~v�}�}��I�I���'y��L���������&����v����A���s�0�;�n���'�����E���&v��Ey����

� o�g���� ��� �
���M� msqMhMr*�IqMi� ~tui�¡¢h � iD£nq
i � iAlh � h�k�hM¤ � msjnh � iCh � iAmFqMiAhMt!¥Ak0r�¥�k0r!¥�¤nr!k�h
tumFl � msj c0e!f#c k0l§¦`h � i¥�mF¨©£�k0q
t � mslª¡�tuh � h � i`£nq
i � iAlh�iA«~£�iAq
t*¨©i�lh
k0r$qMi � ¤nruh ��¬�� ¦�t � ¥A¤ �M� h � iUqMmFrui`msj � tu � iAqmsq�¦�iAqp¥ � t*q
ksr�¥�mFqMq
i�¥�hMt*msl � k0l§¦®t*l?FiAlni�q
ksr§m0j¯l§msl�°�j'ks¥�hMmsq
t*±�k0²§rui³¥AmslhMq
tu²§¤�hMt*msl � j4msq^h � ii�«�£nr!k0l§k0hMt*msl;msj³h � iª´©µ·¶¹¸ f0º � i�rui�¥�hMt*msl»qM¤nr*iªk0l§¦;¦ntuq
i�¥�h �p¼  ~tumFr*k0hMt*msl=t*l·½�k0mFl¦�i�¥�k#� �A¬ gh
tur*rIr*kF¥�½~tuln � k�h
t � j'ks¥�hMmFqM�¾r*k0h�h
t*¥Ai¿¥Aksr*¥A¤nr*k0hMt*msl ��À k0l�k0r*�Fh
t*¥Á¨©iAh � m�¦ � k0l�¦£ � i�lnms¨ÂiAl§msr*msst!¥Aksr�ks£n£nq
mFkF¥ � i � k0q
i � iAr*£�j4¤nr¯t*lÃ¤§l§¦�iAq � h
k0l�¦�tul§©¥Amsq
qMi�r*k0hMt*msl � k0¨Âmsl§h � i�msq
i�h
t*¥�k0r³iAÄ�i�¥�h � k0l§¦¾iA«~£�iAq
t*¨©i�lh
k0rÅ¦nk�h�k ¬ g~¤n² � h
kslFh
t*ksr³£nq
msFqMi �M� j4q
ms¨Ær*k0h�hMt!¥�iÇ �pÈ t � i�«�£�i�¥�h
i�¦ÉtulÉh � i`¥�mF¨©t*lnÂ�si�k0q �A¬
Ê Ë�ÌOÍAÎ�Ï¯Ð�Ñ�ÒsÍ�Ó�Ï�Ì
� � iCq
i � ¤nruh � ms²�h�k0t*lni�¦It*lKh � iCr!k � h$j4i�¡=�si�ksq � ²�Åh � i^Ô �³ÕFÖ ¸�× ksl§¦Ih � i^ØK��iAÙ º × ¥�mFrÚ°r*ks²�mFq
k0hMt*msl �³� k# siI¨®k0q
½si�¦Ék?sq
i�k�h³iA«�£�i�qMt*¨ÂiAlh
ksr$ks¥ � t*iA FiA¨ÂiAlh À i � h
ks²nrut �M� tul§ � mF¨Âi

Û�ÜOÝ



Þ�ß!àÂá#â#ã�ä~åuæ�ç¯æ
èFé �si�k0q � k0j�hMiAqph � iK¦�t � ¥�m� FiAq
��msj �p¼  ~tumFr*k0hMt*msl?t*lêh � iIlniA¤nhMq�k0rO½�k0msl � � � hMi�¨ è × h � ii�«�t � h
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msr À h � ksln½ � £nq
t*¨ÂksqMt*r*�êh
m®h � i¡pmsq
½ý¦�mFlniêt*l=h � iÃi�k0q
ru�ýlnt*lni�h
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k0l�¥�iJ.Éj'kF¥�h
msq � t*l»i�C ¬ ù t � h � iÉ¥AqM¤§¥At*ksrDt �
� ¤§i?j4msqh � i?mslnFmst*lnW¥Aksr*¥A¤nr*k0hMt*msl ��¬ � � i?t � m � £nt*l¢²nqMi�k0½~t*ln=í � o�×I£§ksq
ks¨©iAhMi�q ¸ ¹¨» À Ftu Fi � k0hh � iKrui�ks¦�t*ln0°.msq�¦�i�qIíËÊ H ×pt*lªh � i�¥ � tuq�k0r�iA«�£§k0l � t*mslªk$ÌnÍ �JÎDÏ�ÎÑÐ ¥ ¥Amsq
qMi�¥�hMt*mslêhMmÂh � i`6 �
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i � iAlh
ru��CF¤§tÚh
iU¤nl§¥AiAqMh
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½�mF£�i�q
k0hMmFq � t*l?£nq
m�¦�¤§¥�h � msj$¥�¤nq
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iA¨®k�h
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ru�n× ¬� h�k®¥Arum � i�qDrum~ms½ � m�¡piA si�q À tuj&¡piÅj4m�¥�¤ � mF¤nq³k�hMhMi�lFh
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kssi¾m0jªh � iaÔ � è ¸ À ú ù0è ¸ À ØK��iAÙ ksl§¦ Ô ��ÕFÖ q
i � ¤nruh � í c0e!f#c ¶¸ ù�ð º�ñ ¸ ð Ö óô¸�õ�ö�÷#× À ¦niA£nt!¥�h
i�¦É²~�®h � iKFq
k#� � msq
tu±�mslh
ksr�²�k0l§¦ ¬
� � t � i�ÄOi�¥�h�¡pk �³� hMt*s¨®k�h
tu±�i�¦ª¡piAr*r$²�i�j4msq
iKh � i`r!k�hMi � hLi�«�£�i�qMt*¨ÂiAlh
ksr¯q
ms¤nl§¦ª²~�h � i`¡^mFqM½®msj&h � i`��qMt*i � hMiKFqMmF¤n£ ºsò * ºFù × À ksl§¦ªk0£n£�i�ksq � ¥Arui�k0q
ru�?t*lªh � i`¥�ms¨Â£§ksqMt � mslm0j�h � iÉrui�ks¦�t*ln·¸ f ã��©k0l§¦=r!k�hMhMt!¥�iÉqMi � ¤§rÚh � ¡�tuh � h � iª¥ � t*q
ksr;C¤§ksqM½¢¨Âm�¦�iAr�k0l�k0r*� � t �t*l¢û�t* ¬ º ¬ � � i?¥ � t*q
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½Á¨Âm~¦niArCks£n£nq
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iAqMhMiAq
¨ � × ¬ Ô�msl�°�j'ks¥�hMmsq
t*±�k0²§ruiÂ¥ � t*q
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iAlh�¥�k0r!¥�¤nr!k�h
tumFl � m0jDh � iêq
iAr*iA �k0lh`¨®k�h
qMtu«¢iAr*iA¨ÂiAlh ��¬ È ¤ni?h
mh � i�rui�ks¦�t*lnÅqMmFruiD£nr!k#�si�¦`²~�/| � k0l�¦�| § ¡piD¨Âk#�U¡�qMtuhMi�k � t*¨Â£nr*t<�§i�¦© siAq � tumFl`m0jOiJC ¬ ò À

c ec�í ¸ èÈîï ðÓñ ÷�òó &è Õ õ/�ÁiAÙ×ôõ � ¨Â �9® ¸F¸�õ��WiAÙ� q í º >Åi�ÙI× ± � t Ä � í�¸ #%¸ ¹v» × # õ ð Õ Ä ñ � ò§ { * í Ã ×
¡ � t!¥ � ksrÚh � ms¤§ � ,�lnmshI²�i®¤ � i�¦¿j4msq`ksl� � iAq
t*ms¤ � k0l�k0r*� � t � . º Ã × st* si � kslôiAÄ�i�¥�h
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mÂhMi � h�k0l�¦Ã¥Ams¨Â£§k0q
iI¦�tÚÄOiAq
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tumFl �A¬
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qMmFlnsr*� � ¤nsFi � h�× ¬ � � iUg ¼ ÇÅ¥A¦n�d¥Amsr*r*ks²�mFq
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Y U��DUÎ_U~Ì�ÒVU��
¸ ¬ � ¬ Ê$kst �A��y0����À ú ¤nq ¬ ¼ � � �A¬_�¬ � NnN À º0è ¸Lí º õsõ§¸�×��sg ¬ >Åtu¤§¦nt*¥At À h � i � i ¼ q
m~¥AiAi�¦�tul§ ��¬
º ¬ � ¬ � r!k# ~tÚ° E ksq
k0hMt �A�py����&À ¼ � � ��¬ �³iA  ¬ Ê¯iAh�h ¬�� ß À ºsº í�¸ ÃVÃÚÃ ×���g ¬ >Åtu¤�¦�t*¥At À tul¢¸�× ¬è ¬¤�¬ E`¬ � � q
t � h
iAl � msl ����y����ëÀ ¼ � � �A¬ ��i�  ¬ Ê¯iAh�h ¬ Ê�ß À ¸ è Ö í�¸ Ã ò Õ × ¬Õ ¬ g ¬ opi�q�h
msr*tulnt À�§¬ H�¬ ú iA©k0l§¦z� ¬ û§ks²n²nq
t*¥ � i � t À ��iA  ¬ �Wm�¦ ¬ ¼ � � ��¬�� N À òé í º õsõFõF×��� ¬ �¬ op¤nq�k ��À��p���! ��`}� "��GJG0�$#��% ������M���'&�F�s�0À�� i�£�°.£ � � õ§¸�õ§¸ èsèFò ¬
é ¬ � ¬ >ÅiAr*rÚ°��ÁkslnlÉksl§¦ � ¬ ¼ kst ��À ¼ q
m�¥ ¬ >År*k � Fm�¡ � mslnj ¬¯À è Õ º í�¸ Ã ésé × ¬ò ¬ � ¬ � tu¤�¥ � tul§t$k0l§¦×> ¬ �Áksq�h
tul§iAr*rut À Ô³¤§¥Ar ¬ ¼ � � �A¬ ¼ qMm�¥ ¬ g~¤§£n£nr ¬�(�( à À ºFù í º õsõ§¸�× ¬
ù ¬¤�¬ >Ik �
� iAqDk0l§¦ ª`¬ > ¬ �WiAt �
� lni�q À ¼ � � ��¬ Ê¯i�hMh ¬ o N�) �¯À º ¸ Ã í�¸ ÃÚÃ ¸�×�� ú ¬ � � iAr*r¯k0l�¦� ¬ > ¬(H r �
� mFl À ¼ � � �A¬ ��i�  ¬ È � �¯À Õ õ ù�ò í�¸ ÃVÃ è × ¬Ö ¬¤�¬ °D� ¬ >+*iAq�k0q�¦Ék0l§¦ �¬§þ iA�FiAq �AÀ ¼ � � ��¬ Ê$i�h�h ¬ o )�,nß À ÃÚÃ í º õFõn¸#×���Ô ¬ ��¬ ØIm�¥ � iAr*iA ksl§¦ÃÙ ¬ Ùëi�lFh
m À ¼ � � ��¬ ��i�  ¬ Ê$i�hMh ¬��$��À ¸F¸s¸ ò õn¸©í º õsõn¸#× ¬Ã ¬ � ¬ � tu¤�¥ � tul§t ���Dy����ëÀ�ÚE úC¼ ,¯Ê�, ��À õ§¸ è í º õFõn¸#× ¬
¸�õ ¬ Ø ¬ ØIr*iAt*ln½~lni�¥ � h À h � i � i ¼ qMm�¥AiAiAi�¦�t*ln ��¬
¸s¸ ¬ � ¬ �¬ op¤nq�k ��À ¼ q
m~¥ ¬�-ÂyVG�{.&�F�s� � mFl�j ¬uÀ ¼ t � k À� h�k0r*� Àn� iA£�°.£ � � õn¸�õ Ã ¸ Ã ù ¬¸ º ¬ � ¬ �¬ op¤nq�k �®���Iy����pÀ Ô³¤§¥Ar ¬ ¼ � � ��¬ o ß � , À ò Ã í�¸ ÃVÃ º ×��$Ô³¤§¥Ar ¬ ¼ � � �A¬ o �$,�, À è~ùí�¸ ÃÚÃ è ×���Ô³¤§¥Ar ¬ ¼ � � ��¬ o �$,�, À ù0é í�¸ ÃVÃ è ×��~Ô�¤§¥�r ¬ ¼ � � ��¬ o �$, �$À º õ Ã í�¸ ÃÚÃ è × ¬¸ è ¬ � ¬ � t*¤§¥ � t*lnt ���Cy0����À ¼ � � �A¬ Ê¯i�hMh ¬ o ß�,$Ê À ºsòsè í�¸ ÃVÃ è ×��Ô�¤§¥�r ¬ ¼ � � �A¬ o ��Ê/) À Õ õ èí�¸ ÃÚÃ Õ × ¬¸ Õ ¬¤�¬ >Ik �
� iAq³k0l�¦ EU¬ Ê¯i�¤�h�¡��~rui�q À Ô�¤§¥�r ¬ ¼ � � ��¬ o N�)�, À Õ òFé í�¸ Ã Ö é × ¬¸ é ¬ > ¬ ú ¥�½si�q ���Dy����&À ¼ � � �A¬ Ê¯iAh�h ¬ o �$0 �¯À ÖsÖ í º õsõFõF× ¬
¸ ò ¬ g ¬ >Ik0q�¦�lni�qDksl§¦�> ¬ Ù9k0r*iAl�¥�t!k À ¼ � � ��¬ Ê$i�hMh ¬ o ��0�0 À èésé í�¸ ÃVÃVÃ × ¬¸ ù ¬ g ¬ >Ik0q�¦�lni�qDksl§¦�> ¬ Ù9k0r*iAl�¥�t!k À ¼ � � ��¬ �³iA  ¬ È 0åN À õ Ã Õ õ º Õ í º õsõsõ× ¬¸ Ö ¬ Ø ¬ �Ák0ruhM¨®kslÂksl§¦ � ¬sþ msruj4i À ¼ � � ��¬ Ê¯iAh�h ¬ o � � N À ùsù í º õsõFõF×�� ¼ � � ��¬ ��iA  ¬ È 0(ß Àõ§¸ Õ õsõ Ö í º õsõn¸#× ¬
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¸ Ã ¬ Ù ¬ � t*qMt*sr*t!k0lnm À;�¬ û ¬ È mslnmF � ¤niWk0l§¦ ú ¬ >Åmsr*m�¡�t*¥ �¯À ¼ � � �A¬ Ê$i�hMh ¬ o �$)�, À º Õ ¸í�¸ ÃÚÃVÃ ×�� ¼ � � �A¬ �³iA  ¬ È 0$Ê À õ Ã è õsõn¸©í º õsõsõ×�� ¼ � � ��¬ ��iA  ¬ È 0$Ê À õ Ã è õsõ º í º õsõFõF×��ú ¤nq ¬ ¼ � � �A¬b�¬ � Ê �$À Ö è í º õsõsõ× ¬
º õ ¬ � ¬ �¬ op¤nq�k ��À � ¬V k0¨Ât*l©ksl§¦ ú ¬ Ê$ks¤�hMi�l²�ks¥ � i�q À ¼ � � ��¬ Ê¯iAh�h ¬ o ß ��($À ù Õ Ã í�¸ ÃVÃ ò × ¬
º ¸ ¬ � t*¤§¥ � t*lnt �A��y����^À21�¬ ¼ � � ��¬ � 0 �$À º0è Ã í�¸ ÃVÃ é ×��¯Ô�¤§¥�r ¬ ¼ � � �A¬ ¼ q
m�¥ ¬ g~¤n£n£§r ¬ ) (¯À¸ Õ Ã í�¸ ÃVÃ ù × ¬
ºsº ¬^þ ¬ � ¬ oDk0q�¦�i�iAl À � ¬ §¬ op¤nq
k � k0l�¦ §¬ � ¬ >Åi�q
ksq
¦ À Ô�¤§¥�r ¬ ¼ � � ��¬ o N ( ß À ù Ö ù í�¸ Ã Ö ù × ¬
º0è ¬ > ¬ �Ák0qMhMt*lniAr*r*t À ¼ qMm�¥ ¬�-ÂyÚG�{.3�3 � mslnj ¬uÀ � � t*¥�k0sm À�ª g � Àn� iA£n°�£ � � ÃVÃ ¸�õ º0èù ¬
º Õ ¬ g ¬�þ iAt*l~²�i�qM À ¼ � � � t!¥Ak ] À Ã ò í èºFù ×�¸ Ã ù Ã � � ¬ �Ák0l � mFksq�k0l§¦ E`¬ >ÅiAmFqMFt À Ô³¤§¥Ar ¬¼ � � ��¬ o Nnß�� À ¸ Ö Ã í�¸ Ã Ö0Õ × ¬
ºsé ¬ � ¬ ¼ t!¥ � k0l§¦ ú ¬ ¦ni`�³k�j'ksiAr À Ô³¤§¥Ar ¬ ¼ � � ��¬ o ß$) �$À è ¸F¸©í�¸ ÃÚÃ ¸�× ¬
º0ò ¬ g ¬ opiAqMhMmsr*t*lnt ����y����&À Ô³¤§¥Ar ¬ ¼ � � �A¬ o )¯Ê�� À òFè í�¸ ÃÚÃ Ö × ¬
ºFù ¬ g ¬ opiAqMhMmFrut*lnt ���9y����¯À Ô³¤§¥Ar ¬ ¼ � � ��¬ o )¯Ê�� À Ã è í�¸ ÃVÃ Ö ×�� ¼ � � ��¬ ��i�  ¬ È 0(ß À õ ésò õFõ Ãí º õFõn¸�× ¬
º Ö ¬ g ¬ opiAqMhMmsr*t*lnt À ¼ q
m�¥ ¬54��7698;:54<&�F�s�0À � k0q
¨©i�r À;ª g � À i � mFl�j � õFõsõ Ã ¸s¸ Àë� iA£�°£ � � õ§¸�õn¸ º ¸ º ¬
º Ã ¬ � ¬ �¬ op¤nq�k ��À ¼ q
m�¥ ¬/-ÂyVG�{=3>3 � mFl�j ¬*À � � t*¥�k0Fm Àbª g � Àn� i�£�°.£ � � ÃÚÃ õ Ö è Ã é ¬
è õ ¬ � ¬FE k0¨�²~�si ���Iy�����À ¼ � � ��¬ �³iA  ¬ È ) �¯À õn¸ Õ õn¸ ù í�¸ ÃVÃ Ö ×���Ô³¤�¥�r ¬ ¼ � � �A¬ o )�0�� Àè Ã ¸®í º õsõFõF× ¬
è ¸ ¬@? ¤§i�°�Ê¯t!k0ln þ ¤ À ¼ � � ��¬ ��iA  ¬ È 0�� À õn¸ ò õsõ§¸�í º õsõ§¸�× ¬
èFº ¬ºEU¬ ?©¬ � � i�ln À � � tul ¬n§¬ ¼ � � ��¬ ß �$À ¸�õ ÕsÕ í º õsõsõ× ¬
èsè ¬ ú ¬ ¼ ksrur!k0lhMiKksl§¦ � ¬ ¼ t!¥ �¯À ¼ � � ��¬ ��i�  ¬ Ê¯iAh�h ¬�� � À ºsé0ò Ö í º õFõsõ×��§Ô�¤§¥�r ¬ ¼ � � ��¬ o

) ( N À º Ã Õ í º õsõFõF×�� ú ¬ ¼ k0r*r!k0lhMi À � ¬ ¼ t*¥ � k0l§¦ ��¬ g�¥�t*¨ÂiA¨Ât À Ô³¤§¥Ar ¬ ¼ � � �A¬ o 0¯Ê ��ÀÕFÕ ¸®í º õsõ§¸�× ¬
è Õ ¬ � ¬ � ¬ opiArÑç ½sm�  �A�py����&Àn� i�£�°�£ � � ÃÚÃ õ ù0èsèé ¬
èFé ¬ � ¬ û§ks²n²nq
t*¥ � i � t À ¼ � � ��¬ ��iA  ¬ È 0åN À õ Ã ù Ã õ º í º õsõsõ× ¬
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èsò ¬¤�¬ opt :�l§iAl � ksl§¦ §¬ ¼ q
kF¦�i ��À�ÚE úC¼ ,�,�,�0 À õ èFé í º õsõsõ× ¬
èù ¬ g ¬ Ô�ksqMt � mFl À Ô³¤§¥Ar ¬ ¼ � � �A¬ o ) ( ß À è í º õsõ§¸�× ¬
è Ö ¬¤�¬ Ô³mk0½~t �A�Dy0����Àn� i�£�°�r!k�h � õ§¸�õ Ö õn¸ è ¬
è Ã ¬ � ¬ o^r*¤n¨ �A��y����&À§� iA£�°.r!k�h � õn¸F¸�õsõ ù0é ¬
Õ õ ¬ � ¬ È mslnt*lnt �A�py0���&À ¼ � � ��¬ Ê¯iAh�h ¬ o � � , À º0èsè í�¸ ÃVÃÚÃ × ¬Õ ¸ ¬ > ¬ �Ák0qMhMt*lniAr*r*t À Ô�¤§¥�r ¬ ¼ � � ��¬ ¼ q
m~¥ ¬ g~¤n£n£nr ¬ Ê�,�0 À Ã Ö í º õsõ º × À�� iA£�°.r!k�h � õn¸F¸ º õ§¸s¸ ¬Õ º ¬ � ¬ ØIlni�¥ � h À g ¬ ¼ iAq
t � ksl§¦ ú ¬ ¦�i?�³k0j'k0i�r À ¼ � � ��¬ Ê¯iAh�h ¬ o )�, �$À ¸s¸ ù í º õsõ§¸�×���g ¬¼ i�qMt ��À� iA£�°.£ � � õ º õ Õ ¸ Ö ¸ ¬
Õ è ¬ Ù ¬ � t*q
tuFrut!k0lnm ÀÚ�¬ û ¬ È mFlnms � ¤ni À ú ¬ >ÅmFrum�¡�t!¥ � k0l�¦?Ø ¬ �ÁksrÚh
¨®k0l À ¼ � � �A¬ Ê¯iAh�h ¬ o

)(N(N À º Õ é í º õFõn¸#× ¬
ÕsÕ ¬¤�¬ opt :�l§iAl ��À ú ¬ >Iks¨Âtu±`ksl§¦ �¬ ¼ q
kF¦�i ��À�ÚE úC¼ ,¯Ê�Ê�, À õsõ Ã í º õFõn¸�× ¬Õ é ¬ ú ¬ ûni�qM¨Ât À g~¤n£n£§r ¬ Ô�¤nm� sm � t*¨ ¬ N À ¸ ù í�¸ Ã ésé × ¬Õ ò ¬ Ô ¬ ��¬ �W¤ �M� ½si�rut �M�  ~t*rut ÀÁ}���{BAs���uy��»v�{§�E�CA0�My0�D�FEA�§y�����G�{n� í�Ô³m~msq�¦ � msÄ À >ÅqMmFlntuFiAl À¸ Ã ésè × À £ ¬ º õ Õ ��� ¬(H ¨ÂlG�i �AÀ Ô³¤§m� sm � tu¨ ¬��$À è ¸ ò í�¸ Ã é Ö × ¬Õ ù ¬ � ¬ Ô ¬ ��qM¤nmFln À ¼ � � �A¬ Ê¯iAh�h ¬ o N�, ��À Õ Ã é í�¸ Ã ÖsÖ ×�� ª`¬ �WiAt �M� lni�q À tul�, ¼ iAq � £�i�¥�hMt* si �t*lWÔ³¤§¥Ar ¬ ¼ � � � t!¥ � k�h � lh
iAq
¨©i�¦�t!k�hMi ú lniAq
st*i � . è Ö é ° è Ã Ö À �$q
t*i � hMiÂ¸ ÃÚÃ ¸ ¬ÕFÖ ¬ � ¬Ú�¬ op¤nq�k ���A�9y����¯À ¼ � � ��¬ Ê¯iAh�h ¬ o � � , À Ö õ®í º õsõsõ×��X� ¬ op¤ni�¥ � rui�q ���9y0����À ¼ � � �A¬Ê$i�hMh ¬ o )nN¯Ê À º Ã í º õFõn¸�× ¬Õ Ã ¬ Ù ¬ � t*qMt*sr*t*kslnm À��¬ û ¬ È msl§ms � ¤niIk0l�¦ ú ¬ >Åmsr*m�¡�t*¥ �$À�XE ú^¼ ,�,$Ê�, À õ ÕÖ í º õFõsõF× ¬
é õ ¬ � ¬ >ÅmsruhMi�qM¨®k0lªk0l�¦ ú ¬ ¼ k0r*r*kslhMi À Ô�¤§¥�r ¬ ¼ � � ��¬ ¼ q
m�¥ ¬ g~¤n£§£nr ¬ Ê�,�0 À èsèFé í º õsõ º × À� iA£�°.r*k0h � õn¸s¸�õn¸ Ö è ¬
é ¸ ¬ � ¬ � ¬ g�kF¥ � q
kú:�¦nk À ¼ q
m�¥ ¬�#��CHO�DG0{§�JIK��G���G�{L&~�s�F��À �³ms¨®k À�� h�k0r*� À�� i�£�°�£ � � õ§¸s¸�õ è õ Õ ¬
ésº ¬ È ¬ ØKks£nr*ksl À ¼ � � ��¬ Ê$i�hMh ¬ o N ���¯À è Õ º í�¸ ÃVÃ º × ¬é0è ¬ Ê ¬ �Ákst*kslnt¯k0l§¦�� ¬ ��i � h
k À ¼ � � �A¬ Ê$i�hMh ¬ o N���) À é Ö é í�¸ ÃÚÃ õ× ¬é Õ ¬ Ê ¬ Ê¯i�rur*ms¤�¥ � ksl§¦z� ¬ Ê¤è¤ � ¥ � i�q À � ms¨Â¨ ¬ �Ák0h �¯¬ ¼ � � �A¬ N¯Ê ($À è ¸®í º õsõ§¸�× ¬
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À�|¬��¶F»x»¯¶F�\ì���~0¿Tµ�{
~�{
|�Ç
à �Ê{
À�|dz{
~�����~��
�äá^¶Y�Y|A¿�ÍEg þsr M�%$(�5 SPt }5¶F�vuÑø 2 2 6^��|��A~#ÁYµ¯��¶F�{
~0�*���*��ÐÌ~

��À�~��4»¯¶�����¹�» µ�{�~�{4|FÍ�ÕqÀ�|��4| r M¯�!µD{
À�| ³ª¾ |A�*Ð�|��¸�~�¿�¹�|I¶�}�{
À�|Iì���~�¿$µ�{�~�{
|�ÇC²DÀ�|��4|A}5¶��
|
îNî�w
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}5¶��D{
À�|�µ4|¬�Y|���~#ÁYµC{
À�|I{4�*»¯|�ÆE�Y|A½�|A���Y|A�{ ³ª¾ ¸«��¶F¿*~0{4�*��Ðy~�µ4Á«»x»¯|A{4�
Áy�*µ
Q	axb ��ÒCB é þ � r M9µ4�*��Î X 6/kylX��ÒnÓ^Ô�ÒCB é � �Fé

~0���§��{
µÈ~�»¯½�¿���{4¹��Y|K�*µq~¯�Y�*�
|���{È»¯|�~�µ4¹��4|�»¯|A�{ª¶�}&µ4�*��Î X Ç

V i	z8{*|Ú�ß�}.|ØNÙ�~��*~��o{*|«Þ�Ù/�
²D��»¯|y�Y|�½�|����Y|A�{K~�µ4Á«»x»¯|A{4�
��|�µL~��4|x»¯¶«���Ïì�|��Ä·«ÁÄ�Y|A{4|���{4¶F�L|oD�|���{
µK~����^{
À�|A�*�I»¯|�~�Æ
µ�¹��4|�»x|��{¼�
|�º¹��*�4|�µI~j�Y|A{4|��4»¯�*��~�{
��¶F�d¶0}C{4À�|¯|�ÅY½�|A�
��»¯|��F{�~0¿9ÒCB��
|�µ4¶�¿*¹Y{4�*¶��f~0���d{4À�|
}5�
~F��{
��¶F�§¶�}h|A¸�|��{
µ�Í��¬Í��*�^ÕqÀ��!��ÀÑ{4À�|¬{
~0Ð?~Fµ4µ4�*Ð���|�»x|��{D�!µÈ�*���A¶��
�4|���{�ÇÖ²DÀ�|¬¶�·�µ�|��4¸F|��
~0»¯½�¿*�Ï{
¹��Y|�µq}5¶���{4À�| ³ª¾ ~�µ4Á»¯»¯|�{
�4Áj���ÄÉ a\b[µ
~0»¯½�¿*|v~0���\{
À�|¬»¯��Å«�*��Ð\~Fµ�Á«»¯»¯|�{
�4Á
���d{4À�|yÉ M/N F_O µ
~0»¯½�¿*|x~��4|n�4|��Y¹���|��^·«ÁÑ{4À�|¯µ
~0»¯|¬}'~F��{4¶F�� ç � Î@� é �Y¹�|n{4¶§»x�!µ�{
~0ÐµAÇ
z«�*����|�{4À�|LÒCB&�
|�µ4¶�¿*¹Y{4�*¶��¯�!µC�Y¶F»x�*��~0{4|��¯·«Á¯É ��F_G Í«~�µh��{ÖÕq�*¿*¿�·�|�»¯|A�{4�*¶���|��¯¿!~�{4|���Í�{4À�|
ÒCB��Y�!µ�{
�4�*·�¹Y{
��¶F��µÈ}5¶F�È{
À�|xÉ a\b ~����Ñ{
À�|xÉ^M/N F_O µ
~0»¯½�¿*|v�A~��Ä·�|x�A¶��«¸�¶F¿�¹Y{
|��ÑÕq��{4Àd~
��¶F»x»¯¶F�dÒ:Bq�
|�µ4¶�¿*¹Y{
��¶F�Ñ}5¹�����{
��¶F�TÍ8�K���'B é Í�ÕqÀ�|��4|:�'Bq�!µ�{4À�|x�Y�PDN|A�
|A����|¬·�|�{�Õª|A|��^{4À�|
»¯|�~�µ4¹��
|��§~0���\{4�
¹�|vÒCBª¸#~�¿�¹�|�Ç

��|AÐF¿�|���{4�*��Ðy{
À�|¬¿*�Ï}5|A{4�*»¯|n�Y��D�|��4|�����|K·�|�{�Õª|A|��^»y~�µ
µq|A�*Ð�|���µ�{�~�{
|�µ�Í�~0���j�*���Y�!�A~0{�Æ
����Ð¯{4À�|¬ÉvËK¿���}5|�{
��»¯|KÕq��{4À"��Í�{
À�|K¶�·�µ4|A�
¸�|��\�Y|��A~#Áy��~�{
|�µq�A~��j·�|KÕq�
�Ï{4{4|A�^~Fµ

Y�� ��ÒCB é þ
%$(�� � � � �1�
!�� � çh� � ç � Î�� é�23] 6=��ÒnÓ^Ô�ÒCB é ��� �K���'B é �>! é

}5¶��q¶F½�½�¶µ���{4|^A�~#¸�¶��^� [Ié ~����§µ4~�»x| A�~#¸F¶��-� � é µ4�*Ð���~�¿�|A¸�|��{
µ�Í«~����

d � ��ÒCB é þ
%�(�� � � � �1�
!$� � çh� r$M � ç � Î�� é µ4�*��Î X 6/kylX��ÒnÓ Ô Ò:B é ��� �K���'B é � +�é

}5¶��ÈÉ Ë {
~0ÐFÐ�|��4� [Ié ~0��� É Ë Æ�{�~0ÐFÐ�|��4� � é �Y|��A~#ÁYµÖ{4¶ ³ª¾ |A�*Ð�|���µ�{
~�{
|�µ�Ç
²DÀ�| ± |�¿�¿*|K��¶F¿�¿!~0·�¶���~�{
��¶F�\½�|A�4}5¶��
»¯µª�*���Y|�½�|��Y|A�{Èì�{�µª}5¶��D{
À�|K»¯�*µ�{
~�Ðn}5��~���{4�*¶���µ

~0���`�K���'B é Í«|AÅ{
�
~F��{
����Ðv{4À�|�ì���µ�{ª}5�4¶F» {4À�|I~0»¯½�¿*�Ï{
¹��Y|¼¶0}�{
À�|L»¯��ÅY����Ð¯~�µ4Á«»¯»x|A{4�
Án¶�}
{4À�|yÉ^M/N F_O µ
~0»¯½�¿*|�ÍT~����d{4À�|yµ4|���¶F���^}5�
¶�» ~?ì�{K¶�}ª��À�~��4ÐF|��Ä~����d��|A¹Y{
�
~�¿ ± »x|�µ�¶F�
¿���}5|�{
��»¯|�µAÇ[²DÀ�| ± ~ ± ~0�¯��¶�¿*¿!~0·�¶���~�{4�*¶��=½�|A�4}5¶��
»yµ¯~fµ4��»n¹�¿�{
~0��|A¶�¹�µvì�{x{
¶d{
À�|^É�axb
µ4~�»¯½�¿�|¼~0���?{4¶v{4À�|¼À��*Ð�Àjµ�{
~0{4�!µ�{
�*��µÖÉ^M/N F_O µ
~0»¯½�¿*|�Õq��{4À§µ��*��Î X Í=�è~0���`�K���'B é ~Fµ9}5�
|A|
½�~0��~0»¯|A{4|A��µ�Ç ± ¶0{
Àn|AÅ«½�|A�
�*»x|��{
µ�ì�ÅxÒnÓ^Ôq~0���:�n{4¶¼{4À�| ¾*�^�j� éÖ¸�~0¿*¹�|D�*�n{
À�|qµ��*��Î X
ì�{�Ç

à �Ä~�¿�¿��A~�µ4|�µª{
À�|K»¯|�~Fµ�¹��
|A»¯|��F{È¶�}hÒnÓ^Ô0Í����^~F���Y��{4�*¶��§{4¶?·�|A�*��Ðy¶�}�{
À�|A¶F�4|A{4�!�A~0¿
���{
|A�
|�µ�{�Í«À�~�µD�A¶�»¯»¯¶��\|�¿�|�»¯|A�{
µªÕq��{4À?{
À�|K~0��~�¿�ÁYµ4�*µC}5¶��Ö{4À�|¼»¯|�~�µ4¹��4|�»¯|A�{Ö¶�}�µ��*��Î X

î�î��
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~0���Ã{4À�|��4|A}5¶��
|y�Ï{n�A¶���µ�{4��{4¹�{4|�µn~0�=|�µ4µ4|A�{4�!~0¿C¸#~�¿��!��~0{4�*¶��Ì{4|�µ�{n¶0}D{4À�|\ÕqÀ�¶�¿*|\~0��~0¿*Á«µ4�!µ
��À�~����TÍY�*���A¿�¹�������ÐKA�~#¸�¶��Ö{
~�Ð�ÐF����Ð�Í�ÒCBÖ�Y|A{4|A�
»¯����~�{4�*¶��^~����\�
|�µ4¶�¿*¹Y{
��¶F�TÇ
ÎYÇ ç ÒCBÖ»¯|�~Fµ�¹��4|�»x|��{
�È|�Ð�¿*|���{4�*��ÐK{4À�|Lµ4»¯~�¿�¿ ± »¯¶F»x|��{4¹�» �*�¯{4À�|�9;�>!=< é ��|��F{
|A�Ö¶0}T»y~�µ
µ9µ4Á«µ�{4|�»ÑÍ«ÒCB9�A~��
·�|x�Y|A{4|��4»¯�*��|��d·Á§{
À�|C9;��!=< é ·�¶«¶µ�{�Í X8� Í�~����^{
À�|n»¯|�~�µ4¹��4|�»¯|A�{�¶0}C{4À�|¯�Y�!µ�{�~0���A|
Ò�¯·�|A{�ÕÖ|�|A�§{4À�|L{�Õª¶ ± �Y|��A~#Áy¸F|A�4{4�!��|�µq~�¿�¶F��Ðn{4À�|K|�¿�|���{4�
¶��§·�|�~0» �Y�*�4|���{4�*¶��j}5�
¶�»

ÒCB þ Ò�Yú X8� 2��
²DÀ�|�~#¸�|��
~�Ð�|ª¸�~0¿*¹�|D}5¶��DÒC�¬�*µÖ~0½�½��
¶#ÅY��»y~0{4|A¿*ÁvÎ �$�^� Ó ~0{ å-)CåK± ÕqÀ�|A�
| X8�"�

��� !Î + ~����yÎ � ��� Ó ~�{ ¾*)Ö¾ Æ à�à ÕqÀ�|A�
| X��"� ��� +$+ Ç�²DÀ�|�Ò�K�4|�µ�¶F¿�¹�{4�*¶��x�*µ9��¶�»¯����~�{4|��
·«Áv{
À�|	�K½�¶Fµ4��{4�*¶��y�
|�µ4¶�¿*¹Y{4�*¶��x}5¶��C{4À�|LÉ ��FHG ¸�|���{
|�Å�Í�ÕqÀ��*��Ày�!µh{
��½��!�A~�¿�¿*Á ç ! � Æ ç'���^� Ó
¶��j{4À�|¬É ��FHG µ��!�Y|¬��¶F»¯½�~0�
|��?{4¶?~0·�¶�¹�{ �@�� ÓÂ¶��ÑÉ IHJ 
 µ��!�Y|�Ç
� É¬Ë ÉvË };ß>zTß�Øx�fÚ�|=��Ý��5Ù/�
²DÀ�|ÈÉvË ÉnËq»¯�ÏÅY�*��ÐK}5�
|�º¹�|�����Á¯ÒvÓ^Ôq�!µC��|�{4|��4»¯�*��|��xÕq��{4À?~Kµ4��»n¹�¿�{
~0��|A¶�¹�µh¿��*â�|�¿��*À�¶«¶Y�
ì�{D{4¶x{
À�|¬Ò:Bª�Y�!µ�{
�4�*·�¹Y{
��¶F��µD¶0}�¶�½�½�¶Fµ4�Ï{
|	A�~#¸�¶��^�'ÉvË É¬Ë é ~����\µ
~0»¯| A�~#¸F¶�����É¬Ë#É¬ËI¶��
É¬Ë É¬Ë é |A¸F|A�{
µ�Ç

´ ¶��D}5¹�¿�¿*ÁÆ��
|��A¶���µ�{4�
¹���{
|��jÉ Ë �Y|��A~#ÁYµª{4¶¯À�~F�Y�4¶F��µ�Í ± ~ ± ~0�DÀ�~�µD»¯|�~�µ4¹��4|�� ��é
ÒvÓ^Ô þ ����+Yç�êE�.��� ��ç � �m6oB ÿ B é8�.��� ��ç/� � 6/¡�6/B é£¢ 6 (�7 �

²DÀ��!µD�*µ���¶���µ��!µ�{
|A�{qÕq�Ï{
ÀÑ½��4|�¸«��¶F¹�µD»¯|�~�µ4¹��
|A»¯|A�{�µC}5�
¶�» ¶0{
À�|A�q|AÅ«½�|A�
�*»x|��{
µ � é¼~����
Õq��{4Àd¶�{4À�|����
|�µ4¹�¿�{
µ�}5�4¶F» ± |�¿�¿*|n~���� ± ~0·�~���Í�{4À�|n»¯¶Fµ�{L½��4|����!µ�|¬¶�}CÕqÀ��!��Àd~0�
|¬·�~Fµ�|��
¶��Ñ~¯�Y��D�|��4|��F{q{
|���À����*º¹�|¬~����j~¯�Y�*¿*|A½Y{
¶��^��~�{�~¯µ4~�»x½�¿�|¼{4¶yÐF��¸F|

ÒnÓ Ô¼þ ��� ! ê��¤�¥��� ��ç Î�� 6/B ÿ B é��.��� ���Fê �m6o¡�6/B é£¢ 6 (87
}5¶�� ± ~�·�~0�qëFé¼~����

ÒnÓ Ô¼þ ��� ! � �¤�¥��� �$��ë � 6/B ÿ B é��.��� ��ç � �m6o¡�6/B é£¢ 6 (87
}5¶�� ± |�¿�¿*|KêFé#Ç

à ����¿*¹��Y�*��Ð?~0¿*¿N{4À�|�µ4|¼»¯|�~�µ4¹��4|�»¯|A�{
µ�Í«{4À�|K��|AÕèÕÖ¶F�4¿!�\~#¸F|A��~0Ð�|nç/��éL�!µ
ÒnÓ^Ô þ ��� ! ë�ê¤�.��� ���Fë

~0���\��{È�*µ��Y¶�»¯�*��~�{
|��j·Á\{4À�|K�
|�µ4¹�¿�{
µª}5�
¶�» ± ~ ± ~��q~0��� ± |A¿*¿�|KÀ�|��4|I�
|A½�¶��4{4|���Ç

î�¦8§
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¨

¨3©�ª

¨3© «

¬£®¬>¯°¬²±³¬ « ¨ « ± ¯ ´xµ�¶P·�¸m¹

º» ¼ ½
¾ ¼»
¾¿ À ÁÂ

Ã�Ä£ÅHÆhÇ ª
Ã�Ä£ÅHÆEÈ ª

´ ��ÐF¹��4| ç�É	Ê �§��¡��¼�������'�&�4���p�#����¢n¢y�A�����n���§�5¡��L�ÌËY¢KÍ��A�L��� É¬Ë ���N� ÉvË �E�A 0��� � Î^ËÏ �Î Ï�Ð é ú���ÎÄËÏ [ Î Ï\Ð é �¯���^�\�HËY��ÑA���'�0� ��� ÒCB ���4��¢ÓÒL��Í����A £�¡��4Ë�Ô�Ô����CÔ��*���x�!�I���0�Õ\Ö ���F�-×9�N�������.�0�.�����ª�5¡��?�����C�A�¤ÔN�����������¯�5¡�� Õ\Ö �����A� ù�úEûvüdËØ Ì£N¡��y���0� �'�ÙÑoËY���#����4��Ô��4���A�����Ö�5¡��v�4���HËY�Ï�ª���¬��¡��CÑ���¢,ÍA�������	×C�C��¡Y��Ñ
¡§¡����n���A�.�A��¢n���N���?�5¡��Ñ��������4�0� µ��*��Î X
�#�0�ÚË��ÜÛ�¨�mÝ�Þ_ß� Ê � ��¡��Ä���Ï #¡«��� ÒCB ���!��������ÍoËY���'�����v���
��¢ÓÒ��A�����¯�����^�5¡��Ì�A�#�A�����Ñ�h����¡
à'á MÑþ ç ���N� à'á M§þ � ç �ª��¡����4� á M �!�x��¡�� Õ\Ö ���Ï �����#�0�ÚË��\�0��� à þ ç � � ç�é ����� É¬ËÛ ÉKË ß§�E�A  £�¡��j�4���_ËY� �I���y�5¡��x �����Í�����×9������� µ4����Î Xãâ ¨�²ä�¦f�!�y�4¡��0�h�p���x�A�0� �'�f�0���
������¡����åÑoËY�������I�4��� Ô��HÑ���������� ��
æ µ��*��Î XpÚ�|=��Ý��5Ù/�çyß5Ù�èé��Û��'Ü�|«ØäÜ�|«Þ�~$êë}ÊÛTÜx|ì�
´ �
¶�» � ÎL»¯��¿*¿��*¶��yÉ É |A¸�|��{
µh��¶F¿�¿*|���{4|��n·�|�{�Õª|A|�� ç�ê�êFê ~����yÎ ����ç Í�ÕqÀ��!��Ày��¶F�4�
|�µ4½�¶F���
{4¶v~��y���{
|AÐ���~�{
|��n¿�¹�»x�*��¶µ���{�Án¶�}T~0½�½��
¶#ÅY��»y~0{4|A¿*Á + � d u�(87�ÍF{4À�| ± ~ ± ~0�9�A¶�¿*¿*~�·�¶F�
~0{4�*¶��À�~�µD»¯|�~�µ4¹��4|��dçFç�é

µ��*��Î XÄþ ���Ú�@+c�.��� ��ê � 6/B ÿ B é��.��� � !�� 6/¡�6/B é
²DÀ�|xÉ a\b µ
~0»¯½�¿*|v¹�µ�|��^���d{4À��!µ¼»¯|�~�µ4¹��
|A»¯|A�{I��¶���µ��!µ�{�µ�¶�} ± »¯|�µ4¶���µL�Y|���~#ÁFÆ

����Ðf{
¶Ã{4À�|Ñì���~0¿qµ�{�~�{
|�µ§ù�ú�ûvüÄËý �'üÄËý øîí�&�í�(*ïðí�Ëoí�Ë é Íªû���Î$< é üdËý �'üdËý øñí�&�í�( é Í
ò�
 7 üÄËý ��üÄËý ø í�&�í�( é Í�ù�ú�ûvü � Ë$��ü � ËLø üdËý í�Ë�ï
üÄËý øóí�&�í�( é ÍY~0���Ñù�úEûnüÄËØ Çh²DÀ�|ù�úEû ~0���Êû���Î�< é »x|�µ�¶F��µx~0�
|\�
|���¶F��µ�{4�
¹���{
|��Ì{
À��4¶F¹�Ð�À;{4À�|����y�Y|��A~#ÁYµK{
¶ô%'&�%$( ~0���
� & � (hõF{4À�|qû ��Î$< é �!µ9~0¿!µ�¶I�
|��A¶���µ�{4�
¹���{
|��n{4À��4¶F¹�Ð�Àx�Ï{�µC�Y|��A~#ÁK{
¶yù�ú�û-í�&�í�(CÇh²DÀ�| ò�
 7�*µÈ�4|���¶���µ�{
�4¹���{4|��?�*�j{
À�|¬�Y|��A~#Á?»¯¶Y�Y|xù�úEû � Ç

²DÀ�|¼¶F·�µ4|A�
¸�|��y{4�*»x|AÆ.��|A½�|A���Y|��{q~Fµ�Á«»¯»¯|�{
�4�*|�µÖ}5¶��ª{
À��*µqÉ a\b ��~�{�~nµ
~0»¯½�¿*|I~0�
|
µ�À�¶�Õq�j�*�§ì�Ð�Ç ç �5½�¿*¶0{�µq¶��j{4À�|K¿*|�}�{ é Ç
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sin2β

World Average  0.78± 0.08

Opal  3.20+1.8 ±0.5 3.20 -2.0

Aleph  0.84+0.82 ±0.16 0.84 -1.0

CDF  0.91± 0.32±0.18

Belle  0.82± 0.12±0.05

BaBar  0.75± 0.09±0.04

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

-1

0

1

-1 0 1 2

sin 2βWA

∆md

∆ms
 & ∆md

|εK|

|εK|

|Vub/Vcb|

ρ

η

CK M
f i t t e r

´ ��ÐF¹��
|¯Î ÉvÊ �=��¡��y���������È¢¯�������4�HÑ
�A��� µ��*��Î X �4���_ËY� ���Í��Ä�1÷3Ô��A����¢¯�A���E Ê �=��¡��¯���Ï #¡«���Ô��
���A�A���$���N�����4�HÑA��Ñ��0�������
���������È���?�5¡���Ô����������'�0�Ñ���D��¡��L�HÔ��1÷¯���D�5¡��?�������E���������\£Y���'�0� ����
���Ñ��¡��KÛ3øù ï ør ßcÔ����0�����9���0�h����ÑA�ÚË������« ¯��¡�� µ4����Î X ¢y���#�_ËY�4�A¢¯�A���En£N¡��X×9������� ¤Ô��4��Ñ�����ËY�4�
�!�§�F���oÑA����Í
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À�|^½��
|A¿*��»¯�*��~0�
Á;�
|�µ4¹�¿Ï{y}5¶F�\µ4����Î X
Õq��{4ÀÃ{4À�|�µ�|¯½�¹��4|�¿�ÁÄÀ�~��Y�
¶����!�x�Y|���~#Á«µ�Í$µ4����Î X þ � Ç ! ���ÿ� Ç ! � ��µ�{�~�{ é^�ÿ� Ç �Fë ��µ�ÁYµ�{ é �*µ
��¶F��µ4�*µ�{4|��F{qÕq��{4ÀÑ¶0{
À�|A�qÐF¶�¿!�Y|A�§»¯¶Y�Y|�µ�Ç

²DÀ�|¼ì���~0¿Tµ�{
~0{4|I�*�§¸F|���{4¶��4Æ.¸�|���{4¶F�Ö�Y|��A~#ÁYµª¿��*â�|KÉ¬Ënø ù�ú�û ü � Ë,��ø üdËý í�Ë é �*µ~y»¯��Å{
¹��
|v¶0}h|�¸�|A�Ä~����^¶Y��� ³ª¾ ÍN�Y|A½�|A���Y����Ð\¶��Ñ{
À�|v�
|A¿!~�{
��¸F|K¶��
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~0¿�~0��ÐF¹�¿!~0�È»¯¶0Æ
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~���Ð�¿*|
{4À�|I{�ÕÖ¶y��¶F»¯½�¶F��|A�{
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|�µ4¹�¿Ï{C}5�4¶F»a{
À�| ± |A¿*¿*|È|�ÅY½�|A�
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~0»¯|I»¯¶Y�Y|�µ�ÍY������¿*¹��Y�*��Ð?�Y|���~#ÁYµª{4¶ r 
 üdËý Í��!µ

µ4�*��Î X þ ��� ë Î � ����ç Î��m6oB ÿ B éô� ��� �$+ � 6/¡�6oB é
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À�|ª��¶�»¯����~0�{�µ4¶�¹�����|�µT¶�}�µ�ÁYµ�{4|A»y~0{4�!�9|A�
�
¶���~��4|9{4À�|ª½�~�Æ
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��¶F��µI·�|�{�Õª|A|A�Ã{
À�|?É�axb ~����ÌÉ M/N F3O µ
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��|�µK�*�f{
À�|y¿*|A¸�|�¿�Í
��¶F»¯½�¶µ���{4�*¶��Ñ~0��� ³ª¾ ~�µ4Á«»x»¯|A{4�
Á?¶0}�{4À�|K·�~���â«Ð��
¶�¹�����Ç
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|�µn»¯������»y~0¿È~Fµ4µ4¹�»¯½Y{
��¶F��µv¶F�Ê·�~F��â«Ð��
¶�¹�����µAÍ�{4À�| ± ~ ± ~��n�A¶�¿*¿*~�·�¶F�
~0{4�*¶��
À�~�µD¶F·Y{
~�����|��

i g i þ ��� ê��¤�.��� � � � 6/B ÿ B é��.��� � Î�� 6/¡�6/B é
��¶F��µ��!µ�{4|A�{qÕq��{4Àdz{�~0����~��
�já^¶Y�Y|A¿$|�ÅY½�|���{�~�{4�*¶��Ñ¶�}���¶y�Y�*�4|���{ ³ª¾ ¸«��¶F¿*~0{4�*¶��TÇ

� µ��*��Î XpÚ�|=��Ý��5Ù/�çyß5Ù�è Û�Ù�èx|ÚL};Û$Üx|ì�
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À�|L��~�{
~Kµ
~0»¯½�¿*|È�*�����
|�~Fµ�|�µAÍ�»x¶F�4|D{
|�µ�{
µC¶0}N{4À�|Iz{
~�����~��
�¯á^¶Y�Y|�¿�~0���
�����Y|A½�|A����|A�{Ö»¯|�~Fµ�¹��4|�»x|��{
µ&¶0}�µ4����Î X Õq�Ï{
Ày¶0{4À�|A�C�Y|��A~#Á¬»¯¶Y�Y|�µC�A~��¯·�|q½�|A�4}5¶��
»¯|���Ç

° �n|AÅ�~0»¯½�¿*|ª�!µ�Ð��*¸�|��v·«Á¬��|�¹Y{4��~0¿ ± �Y|��A~#Á«����Ð�{
¶�� � � � � þqÍ0ÕqÀ�|A�
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µq�*µq{4À�| ³ ~�·��*·�·�¶�Æ.µ4¹�½�½��4|�µ4µ4|��\{4�
|A|¬�Y|��A~#Á`uLø 2 2�� ~0���j{
À�|¬½�|A�YÆ
Ð�¹��*�\�A¶��{4�
��·�¹Y{4�*¶��?�!µ9|AÅY½�|���{4|��y{
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Q a\bc��ÒCB é þ <*6okylX��ÒvÓ Ô Ò:B éx[�
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~0��� ± ~ ± ~��ª½��4|�¿��*»¯����~��4Áy�
|�µ4¹�¿�{
µq~��4|
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²D��»¯|AÆ.�Y|�½�|����Y|��F{n»x|�~�µ4¹��
|A»¯|A�{
µ¬·Áf|�ÅY½�|A�
��»¯|A�{�µ¬~�{ ± Æ�}'~���{
¶��
��|�µK~0¿*¿�¶�Õa{4À�|\»x¶µ�{
½��
|����!µ4|�»¯|�~Fµ�¹��
|A»¯|��F{�µ9¶�}T{4À�| ³ª¾ Æ.¸«��¶F¿*~0{4�*��Ð¬~0»¯½�¿*��{4¹��Y|Iµ4����Î X ~����¯{4À�|¼ÉvË É¬Ë¼»¯�ÏÅ«Æ
����Ð¬}5�
|�º¹�|A����Á�ÍYÒnÓÑÔFÇ ¾ �
|�µ4|A�{C�
|�µ4¹�¿�{
µC¶��\µ4����Î X ~��4|��A¶���µ4�!µ�{
|A�{CÕq��{4Ày{
À�|Iz«{
~0����~0���
á^¶Y�Y|A¿�½��4|��Y�*��{4�*¶���µ�Í�~�µªÐF��¸F|A�\·«Á ³ªå á Ð�¿*¶�·�~�¿�ì�{
µD¶�}��*���Y�*�4|���{q»¯|�~�µ4¹��
|A»¯|A�{�µAÍY~0���
À�~#¸�|x��¶�Õ �4|�~���À�|��Ä~§¿�|�¸�|A¿&¶�}Ö½��
|��A�*µ4��¶F�Ä{
À�~�{¬¶�D�|��
µIµ4��ÐF���Ïì��A~0�{K��¶F��µ�{
�
~����{I¶��f{4À�|
½�¶µ���{4�*¶��Ñ¶�}${4À�|¬~0½�|�Åj¶�}${
À�| � ����{
~��4��{�Á\²��4�!~0��Ð�¿*|¼�*�§{4À�|L� øù ï ør é ½�¿*~���|�Ç

�È|�µ4¹�¿Ï{�µD¶��§µ��*��Î X ·«Á ± ~ ± ~0�D~0��� ± |�¿�¿*|I~0�
|Lµ�{4�*¿�¿�¿*��»¯��{4|��\·«Á¯{4À�|I��~�{
~nµ4~�»¯½�¿�|
µ��*ãA|¬~����§~0�
|¼|AÅY½�|���{4|��j{4¶¯��»¯½��
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�L¸�|A�I{
À�|y��|AÅ{v}5|AÕ Á�|�~��
µ�ÍT�*���Y|�½�|��Y|A�{v»¯|�~Fµ�¹��4|�»x|��{
µI¶0}ª{4À�| ³ª¾ ¸«��¶F¿*~0{4�*¶��
½�~��
~�»x|A{4|��
µªÕq��{4ÀÙuqø 2 2�� ¶��¤uqøÓ6 6 � Í���}&���^�Y�!µ4~�Ð��
|A|�»x|��{DÕq��{4À^µ4����Î X Í���~0�§½��
¶�·�|
{4À�|K|3DN|���{�µq¶0}���|AÕè½�À«ÁYµ��!�AµD·�|AÁF¶����\{4À�|vz{
~�����~0���§á^¶Y�Y|A¿�Ç

gv|��y|Ú�|Ø�Þ�|ì�
ç ÇE�vÇ ³ ~0·���·�·�¶�Í ¾ À«Á«µ�Ç¬�q|�¸�Ç��$|�{4{�Ç ×�� Í ç���ë � ç�ê � ! é õ^á=Ç å ¶F·�~#ÁF~Fµ�À��¯~0��� ²IÇ
ád~�µ4â#~#ÕD~�Í ¾ �4¶FÐ�ÇY²DÀTÇ ¾ ÀÁYµ�Ç æ�� Í � + Îv� ç�êì���Fé Ç

Î�Ç ° Ç ± Ç ³ ~���{
|A�L~���� ° Ç à Ç�z�~0����~�Í ¾ À«ÁYµAÇN�q|A¸NÇ ]^V � Í ç�+ � � � ç�ê�ë�ç�é õ à Ç à Ç ± �*Ð��h~����
° Ç à Ç�zY~0����~�Í���¹���¿�Ç ¾ À«ÁYµ�Ç s ×�Ì� Í ë$+ � ç�ê�ë�ç�é Ç

� Ç�� ¾�° � ³ ¶�¿*¿*~�·�¶F�
~0{4�*¶��TÍ å Ç ° ��âF|A��µ�{�~�D �A�����* Í ) ¹���Ç ¾ ÀÁYµ�Ç���¶F¹���Ç w � Í �=�0ê � ç�ê�êFëFé õ
³ � ´ ³ ¶F¿�¿!~0·�¶���~�{
��¶F�TÍC²IÇ ° D�¶F¿*�Y|�� ���x���� Í ¾ À«ÁYµAÇh�q|�¸NÇ ] �$× Í �=� Î �$�$+ ��Î ���$�Fé õ
° ¿�|�½�À ³ ¶�¿*¿!~0·�¶���~�{4�*¶��$Í ¾ ÀÁYµ�Ç��T|A{�{�Ç s æ�� V Í�Î +�ê ��Î �$���Fé Ç

!�Ç ± ~�·�~0� ³ ¶F¿�¿!~0·�¶���~�{
��¶F�TÍ ± Ç ° ¹�·�|A�4{ ���q���� Í ¾ À«ÁYµAÇ��q|�¸NÇ��T|A{�{�Ç����TÍ ê�ç�ë���ç ��Î ����ç#é Ç
+ Ç ± |�¿�¿*| ³ ¶�¿*¿*~�·�¶F�
~0{4�*¶��TÍ å Ç ° ·�| �A�D�0�� Í ¾ À«Á«µ�ÇY�q|A¸NÇ��$|�{4{�Ç ����Í �Fê�ç�ë�� Îv��Î ����ç#é Ç
� Ç ¾ ~���{
�*�A¿�| � ~�{�~ � �
¶�¹�½TÍ � Ç ) Ç � �4¶«¶�» ���D���� Í ) ¹���Ç ¾ À«ÁYµAÇ�F¶�¹���Ç w ×� Í ç ��Î �����é Ç
� Ç ± ~�·�~0� ³ ¶F¿�¿!~0·�¶���~�{
��¶F�TÍ ± Ç ° ¹�·�|���{ ���9���* Í ¾ À«Á«µ�Ç��q|�¸NÇ!�T|A{�{�Ç"���TÍ«Î�Î ç�ë�� Î:��Î ��� Î é Ç
ë Ç ± ~�·�~0� ³ ¶F¿�¿!~0·�¶���~�{
��¶F�TÍ ± Ç ° ¹�·�|���{ ���9���* Í ¾ À«Á«µ�Ç��q|�¸NÇ!�T|A{�{�Ç"���TÍ«Î�Î ç�ë��$� ��Î ��� Î é Ç
ê Ç å Ç ° ·�| �A�D�0�� Í ± |A¿*¿*| ³ ¶F¿�¿!~0·�¶���~�{
��¶F�TÍ ¾ À«ÁYµAÇY�q|�¸NÇ��T|A{�{�Ç�� � Í � ÎFÎ ë ��Î �$��ç#é Ç
ç/� ÇÖÀ{4{4½ É$#%# ¿�|�½�·�¶µ4��Ç Õª|A·$Ç �A|A�
�TÇ ��À # � )Ö¾C± �Iz ³ # ��¶�»n·��*��|�� �4|�µ�¹�¿�{
µ # ¾h� � Î �$� Î�Ç
ç�ç Ç ± ~�·�~0� ³ ¶F¿�¿!~0·�¶���~�{
��¶F�TÍ ± Ç ° ¹�·�|���{ �A�x�0�� ��¶��{
�4�*·�¹Y{
��¶F�Ê{
¶ ç � {
À&�$|�µy�
|A����¶���Æ

{
�4|�µK�Y| ¾ À«ÁYµ4�*º¹�|y�Y|¯¿!~('9~�¿�¿*|A|?��) ° ¶Fµ�{4|�Í�¿*~Ñ²DÀ«¹��*¿�|FÍ à {�~0¿*Á�Í$áÄ~��
��À=Î �$� Î�Í�À�|A½YÆ
|AÅ #�� Î ���$���=� Ç

ç Î�Çª²IÇ¤����ÐF¹���À���ÍÈ}5¶F�j{
À�| ± |�¿�¿*| ³ ¶�¿*¿*~�·�¶F�
~0{4�*¶��TÍq{
¶p~�½�½�|�~0�§�*� ¾ �4¶Y�0Ç+*,*-*,' à�à {4À
�È|A���A¶��{4�
|�µq�Y|ná^¶��
��¶F���/. ³ � ~0���"�L~��Y�
¶����!� à �{4|A��~���{4�*¶���µ�Í á^¶��
��¶F����Í ´ ��~0����|�Í
ád~0����ÀÑÎ ��� Î�Í«À�|A½YÆ.|�Å #@� Î �=+@� Î � Ç

ç/� Ç ° Ç\�10¶��â�|�� �A�L���* Í ) ¹���Ç ¾ À«ÁYµ�Ç��F¶�¹���Ç w¯V × Í�Î�Î + ��Î ����ç�é ÇNád~0�«Á^¶0{
À�|A�K~0��~0¿*Á«µ4�!µ
~�¿*µ4¶y~#¸�~0�*¿*~�·�¿�|FÇ

ç !�Ç32xÇ � �
¶Fµ
µ�»y~0�Ñ~0���já=Ç ¾ Ç�4Ã¶���~0ÀTÍ ¾ ÀÁYµ�Ç��T|A{�{�Ç s ����� Í�Î�! ç � ç�êFê=�0é Ç
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i�ª�k!qMiYª�°±¯�«M¸ ©´³ jlk*r�!¯�pMk*r�m<«
i�qM¬¡�p
quª�rE¸uig²4«MrE¸ pM°¡ioÁ¡i�«M¸½k**¯�Í<É¡È}i�µl¿
p
¯�«MÞEi�p¨i�È º i@«
k�¸½i�mEp�q Æ���� �K¯�m±µoÁ�Â ©´Ã ng¯�m±µYpM°¡i0/�12/43æª@i@mpM«�¯0Îµ¡i�pMi�ª�p
r�«�Ë ©´Å$Æ ÂU»
5 »6� Æ���� �H¯0m±µ¾Á�Â ©´Ã ngi@È º i�«Mk*¸½i@mp
q
Æ���� �Jà'Á&Â ©´Ã n¡á&pMrlr�þ½µ¡¯�p�¯J¯�påÁ±i@«
¸½k�!¯0Íèµ}¬¡«
k*m¡ÞJpM°±i¨É¡È}i�µl¿�p
¯�«MÞEi�p8«
¬¡m¡m¡k*m¡ÞJr�²7� �8� �:95 à�� �8�8; 9 � á�»$¦C°¡i�q�i¨i@È º i�«Mk*¸½i@mp
q�Ë0*k�þEiö¯0*}¸ur}µ}i�«MmuÉ¡È}i�µl¿�p�¯0«
Þ�i@p&ª�°±¯�«M¸ i�È º i�«Mk*¸½i@mp
q
¯0«
i�õ¬¡k�pMi�q�k*¸½k�!¯0«�» ¥ r�pM°gq º r�«Mpåq�k**k*ª@r�mgq�pM«
k º µ}i�p
i�ª�p
r�«�q8k*m>p
°¡i�jEi@«MpMi�È½«
i@Þ�k*r�m½p
rUqMi º ¿
¯0«�¯�p
i8p
°¡iöª�°±¯0«
¸ º «
r}µ}¬±ª�p
k�rEmU¯�m±µUµ¡i�ª@¯#ÌJjEi@«MpMk!ª�i�q@Ë0¯Kþ�i�ÌJ«Mi�õE¬±k�«
i@¸½i@mp&k�m½qMi º ¯�«
¯0pMk*m¡Þ
qMk�ÞEm±¯0±²4«MrE¸ Í�¯�ª�þlÞ�«
r�¬¡m�µ�»�Á±r�*�r�ä¨k*m¡ÞJp
°¡i�qMk*�k!ª�rEm>µ}i�p
i�ª�p
r�«�qå¯�«Mi�ä¨k�«
iKª�°±¯�¸cÍ�i@«�qB¯�m±µ
¸è¯0ÞEm¡i�p�q>ä¨°¡k!ª�° pM«�¯�ª�þ ¯0m±µ ¸½rE¸ui�mpM¬¡¸ ¯0m�¯0*Ì"��iopM°¡iÄµ}i�ª�¯#Ì º «Mr}µ}¬±ª�p
q�» ³ ¯0«MpMk!ª�*i
k!µ}i@mpMk�É�ª�¯�pMk*r�mÊr0²åª�°�¯0«
Þ�i�µo°�¯�µ}«
r�m±qKk!q�¯Eª@ª@r�¸ º *k*qM°¡i�µ·ÍÌop
°¡iu¬±q�iur0² 5 à Æ��<� ��áör�«>=
à'Á&Â ©´Ã n¡áJ¸c¬¡�pMk�¿.ª@i@*8p
°¡«Mi�q�°±r�!µ@?© i@«
i@m¡þEr�j®ª�rE¬¡mpMi@«�q�» Æ �i�ª�pM«
r�¸è¯�Þ�m¡i@pMk!ªuª�¯0*r�«
k�¸½i@¿
pMi�«
q�k*µ¡i@mpMk�²4Ìoi@*i�ª�p
«MrEm±q�¯�m±µ º °±r0pMrEm±qöä¨°±k�*iUq
ª�k*mpMk*�!¯�p
k�rEm®ª�rE¬¡mpMi@«�qöµ}r�ä¨m�q�p
«Mi�¯0¸÷r0²
¯0Í�q�rE«MÍ¡k*m¡Þæq�p
i@i�öä´¯��!qè¯0«
io¬±qMi�µâpMræk!µ}i@mpMk�²4ÌÚ¸c¬¡rEm±q@» ¥ r�pM° i�È º i@«
k�¸½i@mp�q½¬±q�i�µ ¯
°±¯Eµ}«MrEm<ª@¯0*r�«
k*¸ui@pMi�«HpMropM«
k*Þ�Þ�i�«^r�mæk*mpMi@«
i�q�pMk*m¡Þdi�j�i@mp�qJä¨k¼p
°<°¡k*Þ�°<iBA>ª@k�i�m±ª�ÌE»¾¦C°¡i
ë�ì�C
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p
¯�«MÞEi�p
q�k*m½Í�r�pM°ui�È º i�«Mk*¸½i@mp
q&ä´i@«
iCq�i�Þ�¸½i@mpMi�µ^p
rJ¯0*�r�ä£ª�°�¯0«
¸�µ}i�ª�¯#Ìlq�k*mè¯0k*«�» Æ��<� �
¬±qMi�µd¯�D8E8EGF�iIHKJ<L>M73:Í�i�¯�¸÷ä¨°±k�*icÁ�Â ©´Ã n¾¬±qMi�µd¯ º °±r0pMrEmdÍ�i�¯0¸÷ä¨k¼p
°·¯0m·¯#jEi@«M¿
¯0ÞEici@m±i@«
Þ�Ì¾r0²&�.N4E�F�iIH÷à�²4rE«Ki�j�i@mp�q�ä¨k�pM°®¯g«Mi�ª�rEm±q�p
«M¬�ª�pMi�µdª�°±¯0«
¸ º ¯0«MpMk!ª�*i�á�»K¦C°¡i
¯#j�i�«
¯�Þ�iJª�°±¯0«
¸W¸½rE¸ui�mpM¬¡¸÷ä´¯Eqö¯0«
r�¬±m±µ ; EGF�iIHKJ<L�²4rE«�Í�r0pM°di@È º i�«Mk*¸½i@mp
q�»öÁ¡«
r�¸
¯oª�r�**i�ª�p
k�rEm®r�² 5 EYÍ¡k*�*k*r�m à ; Í¡k*�*k�rEm�á�pM«
k�ÞEÞ�i�«Mi�µdi@jEi@mp
q�Ë Æ���� �Yà�Á�Â ©´Ã n¡áK²4¬¡*�Ì·«
i�¿
ª�rEm±q�p
«M¬�ª�pMi�µg¸½rE«Mi�pM°�¯0m 5 E4E¡Ë E8E8EYà��EË E4E8E¡Ë E8E4EEáBª�°±¯0«
¸ º ¯0«MpMk!ª�*i�q�»

5 » 5 ©´Å$Æ Â i�È º i@«
k�¸½i@mp
¦C°¡i ©´Å�Æ Â i�È º i@«
k�¸½i@mpu¬}pMk*�k6�@i�q^p
°¡i ©´Æ n}§ q�pMr�«�¯0ÞEiè«Mk*m¡Þ·¯0p © r�«
m¡i��åä¨°¡k*ª�°<k!qc¯
q�Ìl¸½¸½i�p
«Mk!ªG/ 1 / 3 ª@r�*�k!µ}i�«�»o¦C°¡i ©´Å$Æ Â «
i�qM¬¡�p
q º «Mi�q�i�mEp
i�µæ°¡i�«Mi>ª@r�¸½i½²4«
r�¸ µ¡¯�p�¯
p
¯�þ�i@m·¯0pK¯0m�µdm¡i�¯�«¨pM°±i�OuàQPSR8á�Ë�¸½rEq�pM*Ìg²4«
r�¸ ©´Å$Æ Â�çMç�» H÷à�� �8�8; 9 � á�» ¥ r�pM° ©´Å�Æ Â
ç�ç �#á ¯0m�µ ©´Å$Æ Â ç�ç�» H 5 á µ}i@pMi�ª�pMrE«
qå¬±qMiKä¨k*«MiHª�°±¯�¸cÍ�i@«�qÿ²4r�« º ¯�«�p
k*ª@�i�pM«�¯�ª�þlk*m¡Þc¯0m�µ
¯0mdi@È}ª@i@*�i�mpKi@*i�ª�pM«
r�¸è¯0ÞEm¡i�p
k*ª © qMç¨ª@¯��rE«Mk*¸½i�pMi�« º «
r�jk!µ}k*m¡ÞèÞ�rlr}µo«
i�ª�rEm±q�pM«
¬±ª�p
k�rEm¾r�²
º °¡r�pMr�m�q@Ë¡i��i�ª�p
«MrEmÎË±¯0m�µ�M*T"U q�»B¦C°¡i�q�i^µ¡i�pMi�ª�p
r�«�q¨¯0«
i�k*m±qMk*µ¡i^¯V��»WDU¦�¯�È}k!¯0Î¸è¯�Þ�m¡i@pMk!ª
É±i@!µd¯0m�µ¾qM¬¡«
«MrE¬¡m±µ}i�µgÍlÌY¸c¬¡rEm·ª�°±¯0¸UÍ�i�«
q�»ÿçDm ©´Å$Æ Â¶ç�ç�» H ¯èqMk�*k!ª�r�mdq�pM«
k º qMÌ}q�p
i@¸
m¡i�¯�«8p
°¡iKÍ�i�¯�¸Çä´¯EqB¯0!qMr º «
i�qMi@mp�»&¦C°¡iKµ±¯�p
¯ º «
i�qMi@mpMi�µ½°¡i@«
i�¬}p
k�*k6�@i�P�» � 9$�X=¡» � º Í*3*Y
r0²O�¬±¸uk*m¡rq�k�p�Ì�» © °±¯0«
¸ º ¯�«�p
k*ª@�i�q º «Mr}µ}¬�ª�i�µ½¯0p ©´Å�Æ ÂÚÞEi@m¡i�«
¯��*ÌJ°±¯#jEiC¯�¸½r�¸½i�mEp
¬¡¸
r0²ÿ¯U²4i@äZF�iIH>J�L�»
[ \ Õ'Ò��lÝ�Ø>SUTWVYÕ'Ö�×'Ñ¡Ø�Õ'Ö�ÙÚe��S-�Ü�×4ØX-=¡»6� ¦Cäår�¿�Í�r}µ}Ìgµ}i�ª@¯#Ì}q
Æ���� � =á Ë±Á�Â ©´Ã n Pá Ë±¯0m±µ ©´Å$Æ Â D�á °±¯#j�i�¯0*��rlrEþ�i�µ>²4r�« ©´³ jlk�rE*¯0pMk*m¡ÞUÍ�i@°�¯#jk*r�«
k�m pM°±i © ¯�Í¡k�Í±Í�r q�¬ º¡º «
i�q
q�i�µøµ}i�ª�¯#Ì}q]	^TG�`_a12_,3 ¯0m�µb	^T��cMd12M73B» ¦C°¡i�q�i
¸½i�¯�qM¬¡«
i@¸½i@mp�q@ËOq�°±r�ä¨m·k�mÄÁ�k�Þ�»e�u¯0m±µop�¯0Í¡¬±*¯0pMi�µ·k�mÄ¦�¯�Í¡�i]�U¯�«Miu¯ º¡º «
rE¯Eª�°¡k*m¡Þ½pM°¡i��f �i�j�i@�ä¨°±i@«
i�m±r�m}¿�np
¯�m±µ¡¯�«
µYûdr}µ}i@Îi@é�i�ª�p�q¨¸½k�ÞE°EpöqM°¡r�ä ¬ º »

¦�¯�Í¡*i&��ß2g®t��#~:h}�Mt@�èt���w'~åx�yBw4{¡t>i$zÚ�#~�|��u�½t@w���|�y��Mx0�b	^T$�j_a12_k3ml2Md17M73:�Et��
�0|#~In
Æ È º p ���e� à _o_Êá�àpfuá ����� àQM*M$áHàpfuá
Æ���� �Eà � Ná =Eá �K�4q E&r,Psq � rt�8q 5 �uPsq � r � q N&rv=wq E
Á�Â ©´Ã n�à E4EEá Pá �&Esq��+r 5 q 5 rt�8qWD Psq N�rv=wq � r 5 qWD
©´Å$Æ Âuà E 5 á DEá Ewq E�r 5 q 5 rvEwq N �8q � rv=wq 5 rvEwq N

Á&Â ©´Ã nH°�¯�qÎ«
i�ª@i@mpM*Ì º ¬¡Í¡*k*qM°¡i�µ ; á «Mi�q�¬±¼p�qÎ¬±qMk�m±Þ¨pM°¡iBp�äår�¿�Í�r}µ}ÌHµ}i�ª�¯#Ì�¸½r}µ}i�q	G1x�y_aTz Md1CËÎä¨°¡i�«Mi © ¯�Í¡k�Í±Í�rY²'¯#j�rE«Mi�µ·¯0m±µÄµ}rE¬¡Í¡*Ì © ¯0Í¡k*Í¡Í�r¾qM¬ º¡º «Mi�qMqMi�µÊ¯0¸ º *k¼¿
ëOìOì



íoî'ï$ð�ñ#ò�ó�ôlò

-15

-10

-5

0

5

10

15

Average

〈ACP(KK)〉  =  −0.1% ± 1.7%

A CP
  (

%
)

-15

-10

-5

0

5

10

15

E791(98) FOCUS(00) CLEO(02)

Average

〈ACP(ππ)〉  =  2.1% ± 2.6%
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Á�k�ÞE¬¡«
i{�Eß�g·t���~|h}�
t��èt���w'~^x�y^w�{±tGi$z ��~�|��u�èt�w���|gx�y&	GT$�Z_o12_k3+l2Md17M73��Et��
�0|#~In
pM¬�µ}i�q½ª@¯�m£k*mpMi@«M²4i@«
iY¯�m±µv	�1k��_}Tz _o1 ä¨°¡k!ª�°£k!q½¯ÊqMk�m±Þ�*Ì © ¯�Í¡k*Í¡Í�ræqM¬ º¡º «
i�q
q�i�µ
µ}i�ª@¯#Ìæä¨°¡i@«
igk*mpMi�«�²4i�«Mi�m±ª�iYÍ�i@p�äåi�i@m:p
°¡iYpM«
i@iY¯�m±µ º i@m±Þ�¬¡k*mâµ}k!¯0ÞE«
¯�¸èqcª@¯�m:r}ª@ª@¬¡«�»
¦C°¡i�q�iuµ}i�ª�¯#Ì¾¸½r}µ}i�q�qM°¡rE¬¡*µÊ¯0!q�r¾µ}k!q º !¯#Ìd¯ ©´³ jlk�rE*¯0pMk*r�m·ª�rE¸ º rEm¡i@mpJµ}¬¡iUpMr ©´³
jlk�rE*¯0pMk*r�mÊk�m~_}Tèµ}i�ª@¯#Ì}q@» ¤ qJqMi@i�mÊk*m<¦�¯�Í¡�i 5 Ë$m¡roi@jlk*µ¡i@m±ª@iur�² ©´³ jlk�rE*¯0pMk*r�mÄä´¯Eq
²4r�¬±m±µgä¨°±k*ª�°¾k*q¨ª@r�m±qMk!q�p
i@mp´ä¨k�pM°¾p
°¡i^np
¯�m±µ¡¯0«�µ¾ûdr}µ}i@O²4rE«åp
°¡k!qC�i�j�i@�r�²�qMi@m±qMk�pMk*jk�p�Ì�»

¦�¯0Í¡*i 5 ß�g·t���~|h}�
t��èt���w'~Cx�y´w�{±t�i$z �#~�|��U�èt@w���|&y��Mx���	G10�Z_}Tz _a1�l:_}Tz Md1Ú�Et��
�0|#~In
©´³ ¤ qMÌ¸½¸½i�p
«MÌ Á&Â ©´Ã n� �e� à _ Tz M 1 á´äJ» «�» p�»�_ 3 M 1 M 1 à��K�8q ; r]�4q D$r{Ewq � á�f���e� à _}Tz _a1ÿá´äJ» «�» p�»�_,3�Md17Md1 à ; q � r ; q E$r]�8q NEá�f���e� à _}Tz _a1ÿá´äJ» «�» p�»�_aTz Md1 à � q���r ; q6�Sr]�8q Pá�f

=¡» 5 ¦C°¡«
i@i�¿.Í�rlµ¡Ìgµ}i�ª�¯#Ì}q
nli�¯0«�ª�°¡k�m±Þ®²4rE«>µ}k�«
i�ª�p ©´³ jk*r�!¯�p
k�rEm£k*mÚpM°¡«
i@i@¿�Í�r}µ}Ìâµ}i�ª@¯#Ì}quk*qgq�k*Þ�m¡k�É�ª�¯0mpM*Ì<¸½r�«
i
ª�rE¸ º �k!ª@¯0pMi�µ<pM°�¯0mâp�äår�¿�Í�r}µ}Ì<µ}i�ª�¯#Ìlq�»ÚÂKm¡ioª@¯�m£*rlr�þæ²4r�« ©´³ jlk�rE*¯0pMk*r�m:ÍlÌ:k*mpMi�¿

ë�ì$�
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Þ�«�¯�p
k�m¡Þ¾r�j�i�« º °±¯�qMièq º ¯Eª�iEË�ÍÌ®�rlr�þlk*m¡ÞY¯0p^õE¬�¯�qMk&p�äår�¿�Í�r}µ}Ì·µ}i�ª�¯#Ì}q�ÍlÌ®ª@¬}p�p
k�m¡ÞorEm
«Mi�q�rEm±¯0m�ª�i�q�Ë}r�«¨ÍlÌ>¬�q�k*m¡Þ>¯u²4¬¡* ú ¯0*k¼p�� º *r0p�¯0m�¯0*ÌlqMk!qår�²�p
°¡icª�°±¯�«M¸ ¯0m±µ¾¯0mpMk!ª�°±¯�«M¸
º ¯0«MpMk!ª�*iöp
rU*rlr�þu²4r�«Cµ}k!qMª@«Mi º ¯0m�ª�k*i�q�»�Á&Â ©´Ã n PEá ¯0m±µ Æ���� � � á °±¯#j�iKÍ�r�pM°g«
i º r�«MpMi�µ
«Mi�q�¬±¼p�q>²4rE«]	G1��c_k3�_o17Md1C» Á&Â ©´Ã n «
i º r�«MpMi�µ � �e��� à
Ewq ; r��4q��0r�Esq DEá�f
¯0m±µ º !¯0m±qKpMr º i@«M²4r�«
¸ ¯ ©´³ jk*r�!¯�p
k�rEm ú ¯0*k¼p�� º *r0p^¯�m±¯0*Ì}q�k!qök*m®p
°¡iU²4¬}pM¬¡«
i�» Æ��<� �
¯0!q�rg«Mi º rE«�p
i�µo«
i�qM¬¡¼p�qö²4rE«öp
°¡iuqM¬¡Í}¿.«
i�qMr�m±¯�m±ª�i�q@ß ����� àp��Md1Bá � à�� 5 q N�r�=wq ; á�fW¯0m�µ���e� à _~�B_o1&á � à��K�4q E�r�D�q EEá�fg»

¤ q¨¯cÍlÌ º «
r}µ}¬±ª�pCr0²�pM°¡i�k�« ú ¯0*k¼p�� º �r�pö¯0m±¯��Ì}qMk*qår0²7	^T$�Z_,3�Md17M*T NEá Ë ©´Å�Æ Â
¸½i�¯�qM¬¡«
i�µ

����������� �k���8� � ���� � �+� �� �� �k� � � � ���� � �+� �� ��� 	m� � à��&=sq��mrvNwq ; á�f�l à 5 á
¯0Þ¯0k*m¾ª@r�m±qMk*q�pMi�mpCä¨k�pM°V��i@«
r±»
� ScTJ] VYÕ�Ö�×�Ñ}Ø�Õ�Ö�Ùt���lÑ}Ò�Ý�Ð
ç.pYk!qgª@r�¸½¸½r�mãþlm¡r�ä¨*i�µ}ÞEiopM°±¯0p º r�k*mEp º ¯0«MpMk!ª�*i Å rE«Mi�mp��dk*mj�¯�«Mk!¯0mpèÉ±i�*µ p
°¡i@rE«Mk*i�q
«Mi�õ¬¡k�«
i ©´³ ¦ k�mlj�¯0«
k!¯0m±ª@i � á »]�ör�ä´i@jEi@«�ËÎq�rE¸½ignp
¯�m±µ¡¯0«�µÄûdr}µ}i@åi�ÈlpMi�m±q�k*r�m�qHm¡i@i�µ
m¡r0p½Í�i Å r�«
i@mp��@¿�k*mlj�¯0«
k*¯�mEp �XE�á »<çDm:²'¯Eª�p�Ë8k¼p½¸½k�ÞE°puÍ�i º rqMqMk�Í±�igpMrÊÉ±m±µ:i�jlk*µ}i�m±ª�i
²4r�«^q�pM«
k�m±ÞEqHä¨°¡k!ª�°<µ}r�¸½k*m±¯�p
i½¯0pJpM°¡i ³ *¯�m¡þ·q
ª@¯0*i½¬±qMk�m¡Þ·µ±¯�p
¯¾ä¨°¡k!ª�°Äi�È}k*q�p
qJpMr}µ¡¯#Ì�»
Å k*¸½k¼p�qårEm ©´³ ¦ jlk*r�!¯�pMk*r�m½°±¯#jEiöÍ�i@i@m¾q�i@pB¬±qMk�m±Þcm¡i�¬}pM«�¯0$_À¯0m�µG��¸½i�qMr�m�q�à4¸½k�È}k�m¡Þ
k�mp
i@«M²4i@«
r�¸½i�p
«MÌ¡á�»�ç.pÿk*q º rEq
q�k*Í¡*i�Ë0°±r�äåi�j�i@«�Ë�²4r�«�pM°±i�qMi´i@é�i�ª�p�q�pMrH¸è¯0m¡k�²4i�q�p8¯�p8µ}k�é�i�«Mi�mEp
�i�j�i�*qCk*mdµ}k¼éOi@«
i@mpu �¯#jEr�«�qåqMrè¯½ª�°¡i�ª�þ>k*m¾pM°¡i^ª�°�¯0«
¸ q�Ì}q�pMi@¸ k*q¨¯�*qMr½k�¸ º r�«Mp
¯�mEp�»

P±»6� ©´³ ¦�H�k*r�!¯�pMk*r�moÁ¡rE«M¸è¯��k!q�¸
¦C°¡k!qg¯0m�¯0*ÌlqMk!qU¸½rq�p
�Ì£²4r�*�r�äöq½p
°¡idm¡r�p
¯�p
k�rEm r0²J§¨i�²�» �4��á »�Á�k*«�q�p�ËBp
°¡i®q�p
¯0m�µ¡¯0«�µ
i�éOi�ª�pMk*j�i0��¯�¸½k��pMrEm¡k*¯�mYk!q¨«
i@ä¨«
k¼pMpMi�mÎß

¡ � � � �5£¢ � �d¤ ¡ � �5K¥�¦a§�¨ �,© ªk«¬3*Yªk« ¨ �a©® à =Eá
ä¨°¡i@«
i ¨ Ë*ª½Ë*« Ë�¯�m±µV©è¯0«
icª�rE¸ º �i@Èo¯�m±µ ¥�¦ � ¥{� � ¢�¥ �°¯ 5 »´¦C°±i º ¯�«
¯�¸ui@pMi�«©dk*qcpM°±i ©´³ ¦Çjlk*r�!¯�p
k�m¡Þ·pMi@«
¸o»®¦C°¡igpMk*¸ui@¿.µ¡i º i@m±µ}i�mpu«
k�ÞE°p�¿Dq�k*Þ�mk	^T±�²Úµ}i�ª@¯#Ì
º «
r�Í±¯�Í¡k�*k�p�Ì>k*qCÞEk�jEi@m¾ÍlÌ�ß

�7³�àQ´�á � �5�� µG� � / 3$¶�·m¸�¹ ��� � © � �Bº ª@rEqM° ¥ � � ¹ �s� � © � �Iº ª�rq ¥��� 58» à ©�á}qMk�m¡° ¥ � � 54¼ à ©�á}q�k*m ¥���½ q àQPá
ëOì£¾
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¦C°¡idp
k�¸½i@¿.µ}i º i�m±µ}i�mEp 	^T�� �µ}i�ª@¯#Ì º «MrEÍ±¯0Í¡k**k¼p�Ì � ³ à ´�áèk!qgqMk�¸ º *Ì¿� ³ àQ´�á>ä¨k¼p
°©a�À�u©d¯0m�µ µ � µ »dÁ¡«
r�¸üpM°¡k!q�Ëÿr�m¡i>ª�¯0mæ²4r�«
¸ ¯0m:¯�qMÌl¸½¸ui@pM«
Ì·²4rE«c«
k�ÞE°EpM¿.qMk*Þ�m
µ}i�ª@¯#Ì}qC¯�q�ß

������Á àQ´�á � � ³ àQ´�á7�~� ³ à ´�á� ³ àQ´�á��v� ³ à ´�á � 58» à ©�á}qMk�m¡° ¥ � ´°� 54¼ à ©�á}qMk�m ¥2� ´
à��S� � © � � á}ª�rq�° ¥ � ´d� à���� � © � � á}ª@rEq ¥2� ´ q à
D�á

¥ Ìè¦�¯#Ìl*r�«´i�È º ¯0m�µ}k�m±ÞUqMk�mdl
q�k*m¡°dl
ª�rqBlMª@rEqM°èpMrx��q�pårE«
µ¡i@«C¯0m±µYq�ä¨k�p
ª�°¡k*m¡ÞcpMrUpM°¡iHq�p�¯0m}¿
µ¡¯�«
µY¸½k¼È}k*m¡Þ½j#¯�«Mk!¯0Í±�i�q�Â � ¥�� ¯�� Ë�Ã � ¥ ��¯ 5 � Ë}rEm¡i�É±m±µ¡q�ß������Á à ´�áÅÄ�Æ » àQ©�á�ÃÇ� ¼ àQ©�áSÂOá ½ � ´ à ; áF�k*j�i@mup
°¡i�¸½i�¯Eq�¬±«Mi�µU*k*¸uk�p
qBr�m½¸½k¼È}k*m¡Þc¯�m±µupM°¡i��k�²4i�p
k�¸½i�«�¯0m±Þ�i º «
r�Í�i�µ½ÍlÌ^p
°¡i�Á�Â�¿
©´Ã nYi@È º i@«
k*¸ui�mp�ËlpM°±k*qö¯ º¡º «
r#È}k�¸è¯�p
k�rEmgk!q¨q�¬wAèª@k�i�mpM*ÌY¯�ª�ª�¬¡«�¯�p
i�» Æ È º i@«
k�¸½i�mEp�¯0*�ÌOß������Á à ´�È*á �ÊÉ � � à ´ È á7� É � � àQ´ È áÉ � � à ´ È á�� É �+� àQ´ È á q à � á
¦C°¡i�«Mi@²4r�«
i�ËÎ¸½i�¯Eq�¬±«Mk*m¡ÞopM°±i>q�*r º ièr0²CpM°±iè�k�²4i�p
k�¸½ig«�¯�p
k�rdµ}k!q�pM«
k�Í¡¬¡pMk*r�mæk�¸½¸½i�µ¡k*¯0pMi@*Ì
«
i�pM¬±«Mm±qKÆ » àQ©�á�ÃË� ¼ àQ©�áSÂ ½ »P±» 5 ³ «
i@*k�¸½k*m±¯0«
Ì>Á�Â ©´Ã n ©´³ ¦tHKk�rE*¯0pMk*r�md§¨i�qM¬¡�p
q
Á�k�ÞE¬¡«
i 5 q�°±r�äöq>p
°¡iæk�mlj�¯0«
k*¯�mpY¸è¯�q
qoµ}k*q�pM«
k*Í¡¬}pMk*r�m ²4r�«o«
k�ÞE°EpM¿.qMk*Þ�mb	^T���_,3dMd1
µ}i�ª@¯#Ì}q@»8¦C°±i�qMi^µ}i�ª�¯#ÌlqC°�¯#j�iHÍ�i�i@mop�¯0Þ�ÞEi�µY¬±qMk�m¡Þ½p
°¡i^ª�°±¯�«MÞEi�r�²�p
°¡icqMr0²�p º k*r�m¾²4«
r�¸	]��10�Z	^TXMd1Ì µ}i�ª�¯#Ìlq�»

çDmoÁ�k*Þ±»s=±Ë}pM°±iJ«
¯0pMk*rur�² 	 T pMrG	 T ¯Eq¨¯u²4¬¡m±ª�pMk*r�mdr0²&«
i�µ}¬±ª@i�µ º «
r º i@«CpMk*¸½i�Ë�´ È Ë
k!q º *r0p�p
i�µ�»C¦C°¡iJ«
i�µ}¬�ª�i�µ º «
r º i@«Cp
k�¸½i^k!q�µ¡i�É±m¡i�µ¾ÍÌ]´ È � àQÍ�� É}ÎwÏ á ¯ àQÐ*Ñ*L@áCä¨°±i@«
iÍök!q8p
°¡i�µ¡k*q�p
¯�m±ª�iKÍ�i@p�äåi�i@m>p
°¡i º «Mr}µ}¬±ª�pMk*r�mg¯�m±µgµ¡i�ª@¯#Ìuj�i�«�p
i�È�Ë Î�Ï k*qBpM°¡iHª@¯�*ª@¬¡!¯�pMi�µ«
i�qMr�*¬}pMk*r�mor�mxÍ0ËO¯0m±µ É k!q¨p
°¡ic¸½k*m¡k�¸U¬¡¸¹µ}i�p�¯�ª�°¡¸½i@mpKª@¬}p�¯ º¡º *k�i�µ�»¨¦C°¡k!qö°±¯EqCpM°¡i
i�éOi�ª�pKr�²Bq�p�¯0«MpMk*m¡ÞèpM°±iuª@�r}ª�þo¯�p�p
°¡ic¸½rE¸ui�mp�¯�p�ä¨°¡k!ª�°dpM°¡i º ¯0«MpMk!ª�*iUª@r�¬¡!µ¾É±«�q�p�Í�i
«
i�ª�rEm±q�pM«
¬±ª�p
i�µâÍÌ£pM°¡i®i�È º i�«Mk*¸½i@mp®à4ä¨k�pM° p
°¡i·ÞEk�jEi@m µ}i�p�¯�ª�°¡¸½i@mpgª@¬}p�áè¯�m±µÚpM°l¬±q
Þ�«
i�¯0pM*Ìo«Mi�µ}¬±ª�k*m¡ÞYpM°¡i>¯�¸½r�¬¡mpHr0²´ª@r�«
«Mi�ª�p
k�rEm·m¡i@i�µ}i�µÄµ}¬¡iup
ro¯Eª@ª@i º p�¯0m±ª@i�»c¦C°¡iuÉ¡p
pMrèÁ�k*Þ±»s=uk!q´pM°¡iJÍ±¯Eq�k!qCr0²�pM°±i º «Mi��k*¸½k�m�¯0«
Ì>Á�Â ©´Ã nY«
i�qM¬¡�p�ß» à ©�áSÃt� ¼ àQ©�áSÂ � Esq E4E8N4=xr@Esq E4E ; D]r@Esq E4E�P�� à NEá
¦C°¡iè¯�ª�pM¬±¯�&�k*¸½k¼pJr�m®pM°¡i ©´³ ¦ jlk�rE*¯0pMk*m¡Þ º ¯0«�¯0¸½i�p
i@«Hµ}i º i@m±µ±qHr�mÄ¸uk�È}k�m±Þ º ¯�«
¯�¸u¿
i�p
i@«�qIÒO²4rE«Hi�È¡¯0¸ º *iUk�²mÂ � E¾¯0m�µ}Ã � �<fWpM°¡i�m » à ©�á � Ewq N8=�rÓEwq ; D�r¿Ewq Ps��»J¦C°¡i
qMÌlq�pMi�¸è¯�pMk!ª^i�«M«
r�«�qöä´i@«
iUµ¡i�pMi�«M¸½k*m¡i�µ®ÍlÌdi�È º *r�«
k�m¡ÞgpM°¡iui�éOi�ª�p�r�²åµ}k�é�i�«Mi�mpH¯�Í±q�rE« º ¿
pMk*r�mã*i@m±Þ0pM°�qèk�m p
°¡iÊû·r�mpMi © ¯�«M*r:q�k*¸c¬±*¯0pMk*r�mÎË¨µ}k�é�i�«Mi�mpYq�i��i�ª�p
k�rEm ª@«Mk�pMi�«Mk!¯¡Ë¨¯�m±µ
µ}k�é�i�«Mi�mp�q�k!µ}i@Í�¯0m±µ¾q�i��i�ª�p
k�rEm±q´²4r�«Cp
°¡iJÍ±¯�ª�þlÞE«MrE¬¡m±µgqM¬¡Í}p
«
¯Eª�p
k�rEmÎ»
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Û ScÖ�Ù�Ý�×'Ü°-�Õ'Ö�Ù
© r�m�q�k!µ}i@«�¯0Í±�i º «
r�ÞE«Mi�qMqHk!qcª@¬¡«M«
i@mp
�ÌÊÍ�i�k�m¡Þ®¸½¯Eµ}i>ÍlÌÊÁ&Â ©´Ã næ¯�m±µ ©´Å$Æ Â k*mæpM°¡i
qMi�¯0«�ª�°:²4rE«èµ}k�«
i�ª�p ©´³ jk*r�!¯�p
k�rEm£k*mÚpM°¡idª�°±¯�«M¸ qMÌ}q�p
i@¸o» © ¬¡«M«
i@mpè*k�¸½k�p
q>¯�«Mio¯ º ¿
º «
rE¯Eª�°¡k�m±ÞJpM°¡i{��f *i@jEi@O¯�pCä¨°¡k*ª�°Ym¡r�m¡¿Dnp�¯0m±µ±¯0«�µèûdr}µ}i@Oi�éOi�ª�p
q´¸½k�ÞE°påÍ�i�qMi@i�mÎ»&çDm
pM°±i^m¡i�¯�«ö²4¬}p
¬¡«
i�Ë ¥ ¯ ¥ ¯0«ö¯0m�µ ¥ i��*icqM°¡r�¬±*µoÍ�iU¯�Í¡�iHp
r º «
r�Í�i^i@jEi@mo²4¬¡«MpM°±i@«�k*mopM°±k*q
i�È¡ª@k¼p
k�m¡Þu¯0«
i�¯±»�Á¡rE�*r�ä¨k*m¡ÞJpM°±k*q�Ë ¥ ¦�iIH�ä¨k*�O¯0!q�rc°±¯#j�i�¯�m>r º±º rE«�p
¬¡m¡k�p�Ìcp
rUqMi�¯0«�ª�°½²4r�«
©´³ jlk*r�!¯�p
k�rEmdk�m®pM°¡i½ª�°±¯0«
¸¹q�i�ª�pMrE«�ä¨k�pM°Ä¯gq
¯0¸ º *icr0²8¸½rE«MicpM°±¯�m,�cÍ¡k**�k*r�mÊ«Mi�ª�r�m¡¿
q�pM«
¬±ª�p
i�µ¾ª�°±¯0«
¸ µ}i�ª�¯#Ì}q@»�çDmd¯�µ¡µ}k�pMk*r�m$ËlpM°¡iJqMi�¯0«�ª�°>²4rE« ©´³ ¦øjlk*r�!¯�p
k�rEmgk!q¨¯0!q�rUÍ�i�k�m¡Þ
i�Èlp
i@m±µ}i�µ·k*mpMr>p
°¡ièª�°±¯0«
¸¹q�i�ª�pMrE«�» ¥ r0p
°·p�Ì º i�qKr0²åqMi�¯�«
ª�°¡i�qö°±¯#jEi^p
°¡i º r0p
i@mpMk!¯0�p
r
¬¡m±ª@r�j�i�«´i@È¡ª�k�pMk*m¡Þ½m¡i@ä º °lÌ}q�k!ª@q�»

e��S#Ü�Ò<�Ù�Ý8�S-
�E»mÝu»�hH¬±Í�r�p
¯®t@wö����nÿà ©´Å$Æ Â © rE�!¯0Í�r�«�¯�p
k�rEm�á�ËsÞ�¬±ª��»�çDm±q�p
«M¬±¸¾»Oûdi@pM°Î» ¤ [£�sß Ë ;4;
à�� �4� 5 á�»5 »C¦H»<��k�*Ît�w��0��n¡à ©´Å$Æ Â © r�**¯�Í�rE«
¯0pMk*r�m�á�ËXÞ�¬±ª��»#çDmEp
«M¬±¸¾»�ûdi@pM°Î» ¤ �$Ï�à Ë�= 5 à�� �8� NEá�»=±» Æ » û:» ¤ k�p
¯�*¯dt@wC�0��n$à Æ���� � © r�**¯�Í�rE«
¯0pMk*r�m�á�Ë ³ °lÌ}q@» Å i@p�p�»sá �*�ÎÏ Ë�P"E4DYà�� �4� Ná�»P�»�â�» û<» Å k*m¡þæt�wC����n�à'Á&Â ©´Ã n © r�*!¯0Í�r�«�¯�pMk*r�m�á�Ë ³ °lÌ}q@» Å i�p�p�»sá �$ã$Ï Ë 5 = 5 à 5 E8E8Eá�»D¡»¨n�» Æ » © qMr�«
m±¯èt�wÿ����nOà ©´Å$Æ Â © rE�!¯0Í�r�«�¯�p
k�rEm�á�Ë ³ °Ì}q�»�§¨i�j�» ú�ä Û Ë"E8=w�4�.E 5 à 5 E8E 5 á�»; »�â�» û<» Å k*m¡þ t@wg����nUà'Á&Â ©´Ã n © r�**¯�Í�rE«
¯0pMk*r�m�á�Ë ³ °lÌ}q�»C§öi@jO» Å i@p�p�» à$à Ë(E�P�� ; E 5
à 5 E4E 5 á�»� » Æ » û:» ¤ k�p
¯�*¯dt@wC�0��n$à Æ���� � © r�**¯�Í�rE«
¯0pMk*r�m�á�Ë ³ °lÌ}q@» Å i@p�p�»sá �£ß$[ Ëw= �8� à�� �4�"� á�»N±»¨n�»±hHr º¡º t@wC�0��n�à ©´Å$Æ Â © r�*!¯0Í�r�«�¯�pMk*r�m�á�Ë ³ °lÌ}q�»l§öi@jO» úåä [ ËwE � 5 E8Ew�uà 5 E8Ew�#á�»� »C§^» Fu»Bn}¯Eª�°±q�Ëu O{¡tYzB{l|#~��'��~·x�y: $���ètGæ�t@�#t@��~@����Ë Ã m¡k*j�i�«
qMk�p�Ì<r0² © °¡k!ª@¯�Þ�r ³ «
i�q
q
à�� � N � á�»�.E±»mHU» ¤ *¯�m·hHrEq�pMi��i�ª�þuçÌOË ³ °lÌlq�»�§öi@jO» úèä � Ë�E �<; E8Ew�èà 5 E8Es��á�ËsHc» ¤ !¯0m·hHrq�p
i@*i�ª�þuçÌOË
³ °lÌlq�»0§¨i�j�» ú�ä Ï Ëw� ; E4E 5 à 5 E4E8EEá�Ë ú » © r�**¯Eµ¡¯#Ìc¯�m±µËHU» ¤ *¯�m½hHrq�p
i@*i�ª�þuçÌOË ³ °lÌ}q�»
§öi@jO» ú Û�à �8� ; E4E 5 à�� �8� Ná�Ë ú » © r�**¯Eµ¡¯#Ìc¯�m±µ^Hc» ¤ !¯0mghHrq�p
i@*i�ª�þuçÌOË ³ °lÌ}q�»E§¨i�j�»
ú Û�Û ;S�<; Egà�� �8�S� á´¯0m±µY«
i�²4i@«
i@m�ª�i�q´p
°¡i@«
k*mÎ»�8�E»mHU» ¤ *¯�m¾hHrq�p
i@*i�ª�þuçÌOË ³ °lÌ}q@»¡§¨i�jO» úåä � ËsE �<; E4Ew�cà 5 E4Ew��á�»
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scenarios with large ν   mixing excluded, e.g. threefold maximal mixinge

Combining Superkamiokande and CHOOZ
(Dec. 2000 SK data: 79.5 kTy)



SK + CHOOZ      (56 data fitted)
SK (79.5 kTy)      (55 data fitted)
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SK and SNO response functions
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SK (“adjusted” SK threshold)

(present SNO threshold)

at present, differences
are numerically negligible

no
rm

al
ize

d 
re

sp
on

se
 fu

nc
tio

ns

neutrino energy E   (MeV)ν



SK
/S

SM

SNO/SSM

∃ active oscillations

unphysical

SK & SNO data

no
 ac

tive
 os

cill
ati

on
s

Pictorial view of SK vs SNO
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SK + SNO data

Model-independent analysis of SK and SNO under
the assumption of only active oscillations
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Pre-SNO data: Cl+Ga+SK rates + CHOOZ
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Impact of SNO on rates: Cl+Ga+SK+SNO rates +CHOOZ

enhanced likelihood
of all LA solutions
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Impact of SNO: all data
Cl+Ga+SK+SNO rates + CHOOZ + N&D SK spectra
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Impact of latest SNO data: all solar ν data
Cl+ Ga + SK + SNO (no CHOOZ)
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Ç y�¹�¹ ¶C·F» ¿�v�zkz ¶C» ¹ · |�z{vÈ¿ · v�¿}y�½Hy0¹5|*v�zAy0z�uUz{vHzwÉ µ ¹�y0z}u{y · uÊz ¶C» ¹ · |*z{vÈ¿ · vH¿ ¶�· ¹
| ¶�µCË °FÁ ¶s�vHz{½ µ ¹
y�z}uw|*z{½ µ vHs*y · z ¶C» ¹ · |*z{v µ ¿ »{ÌCÌ s ¶`µ Á{v�Ä µ ¹5Á}y0¹tz ¶C» ¹ · |�z{v µ Ç y#À » z}u ¶�· ½Hv�Í�y ¸ v »}·¹ · y0z µ ºÎv · Ç y�¹
|�vHz µ Ä¢Á{|*s ¶ ¹ · y ¸H¶ s*s�|*z{½Êº · v Ç ¹5Á ¶ ¯ » za¹5vXÏEy · ¹5Ápy0z�upÄ¢|Ð¹
Á{|�z�¹5Á ¶ ÏÑy · ¹5Á«Ò
u »{· |�z}½l¹
Á ¶ z}|�½HÁH¹ÊÁ{v »{·
µ Ò ´�¶ ºÎv ·
¶k´�¶ |�z{½Óu ¶ ¹ ¶�Ã ¹ ¶ u Ë xGz=¹
Á ¶ ¿}y0¿ ¶C·Êµ vHs*y · z ¶C» ¹ · |*z{v µ
v ´}µ5¶C·
¸ y�¹
|�vHz µ y ·
¶�·
¶C¸ | ¶ Ä ¶ u Ë x Ç ¿{s*| Ã y�¹
|�vHz µ v�º ¶�Ô | µ ¹5|*z{½ Ç ¶ y µ5»{·5¶ Ç ¶ z¹ µ y ·5¶ u{| µ
Ã�»}µ
µ5¶ u Ë

Õ W�ÖP×CØ�Ù«Ú�ÛdÜ�×�Ý�Ù�Ö

°FÁ ¶ ¯¹
y�z}u{y · uÞÂavwu ¶ sMß�¯{Âlàká àkâ�à v0º ¶ s ¶�Ã ¹ · v�Ä ¶ y0Å?y�z}u µ ¹ · v�z{½ã|�z¹ ¶C· y Ã ¹
|�vHz µ Á}y µ
µ�»�ÃCÃ�¶�µ5µ º » s*s�Àp¿}y µ5µ5¶ u ¸�¶C· Àk¿ ·5¶�Ã | µ�¶ ¹ ¶�µ ¹ µ y�¹j¹5Á ¶©ä{Ë á#å y�z}u á#å s ¶C¸H¶ s ËNæt¶�¸�¶�· ¹
Á ¶ s ¶�µ
µ Ò
¹5Á ¶ s*v�z}½0É µ ¹�y0z}uw|*z{½ µ vHs*y · z ¶�» ¹ · |*z{v µ ¿ »}ÌCÌ s ¶ | µ v�¼ ¶�· |*z{½Êy » z{|*¾ »{¶ vH¿{¿�v · ¹ » z{|�¹�ÀÊ¹5vÊ½Hv
´�¶ À�vHz}uk|Ð¹®y µ Ä ¶Mµ Á{v�Äç|*zU¹
Á{| µ ¿}y0¿ ¶C·�Ë
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°FÁ ¶ ¯ » z µ Á{|�z ¶�µF´ À\¹ · y0z µ ºÎv · Ç |*z{½©ÁÆÀwu · v�½ ¶ zU|*z¹5v\Á ¶ s�| » Çpñ
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z » Ç ´�¶C· v�º�z »}Ã s ¶ y ·X·
¶ y Ã ¹5|*v�z µ ò à y0z}u º ¶ Ä v0º`¹
Á ¶ Ç ¿ · vwu »}ÃC¶ ynú û Ë °FÁ ¶ Ç y0|*z
µ v »{·�Ã�¶ v�º µ v�s!y · z ¶C» ¹ · |*z{v µ | µ ñ�� õ � ø�� õ ö ô õ ú û Ë	�}· v Ç ¹
Á{| µU·5¶ y Ã ¹5|*v�z«ÒF|*z
¿}y · ¹
| ÃC» s*y · Ò�Ä ¶ s ¶ y · zÈ¹
Á}y�¹EvHzAy ¸�¶�· y�½ ¶ ¹5Á ¶ ú û Ã y ·
· | ¶�µ y0z ¶ z ¶C· ½�À`v�º�y ´ v » ¹ ä}Ë âKÂ ¶�
�Ë
¯Æv�Ò$¹�y0ÅÆ|�z}½k|*z¹5vly ÃCÃ v » z¹K¹5Á}y0¹`ºÎv · y ´ v » ¹ ¶�¸�¶C· À á ÿpÂ ¶�
 ¹
Á ¶ ¯ » z?¿ · vwu »�Ã�¶�µ y�ú0û
ß µ5¶C¶�¶ ¾ Ë á à�Ò�|Ð¹j| µ®¶ y µ ÀX¹5v µ Á{v�Ä ¹5Á}y0¹ µ v�s!y · z ¶�» ¹ · |*z{v µNÃ y ·
· ÀAv0¼?y ´ v » ¹ á Ë� å v0º&¹5Á ¶
¹5v�¹
y�s ¶ z ¶C· ½�À ·
¶ s ¶ y µ�¶ u\¿ ¶�·F¶ y Ã Á Ã À Ã s ¶ ÒÆ| Ë ¶HË�¶C¸�¶�· ÀÈ¹
| Ç ¶ ÁÀwu · v�½ ¶ zA| µFÃ vHz ¸H¶C· ¹ ¶ u\|�z¹
v
Á ¶ s�| » Ç Ë��{»{· ¹5Á ¶�· Ç v ·5¶ Ò$¹
Á ¶Uµ v�s!y · z ¶�» ¹ · |*z{v µ Í »wÔ vHz=ÏEy · ¹
Á Ã y0z ´�¶A¶�µ ¹5| Ç y�¹ ¶ u?y µ
��� ß á ÿ�� ö��Kà��çü{ý ü�� á ä����`Ã Ç ÷�� µ ÷ � Ò�Ä¢Á ¶C·
¶ ��� � ý ü�� á ä!�"� Â ¶�
 Ã Ç ÷#� µ ÷ � | µ ¹5Á ¶
µ v�s!y · s » Ç |*z{v µ |Ð¹�À�y0¹N¹
Á ¶\Ã�»{·
·
¶ z¹ ¶ ¿�v Ã Á ËÈ³ ¹
Á ¶C· ¹�ÄqvU| Ç ¿�v · ¹�y0z¹ µj·
¶ y Ã ¹5|*v�z µ Ä¢Á{| Ã Á
¿ · vwu »}Ã�¶ z ¶C» ¹ · |*z{v µ y ·
¶ ñ�$�% ö õ ö ÷ ø $ �'&�õ)(\õ ú û Ä¢|�¹5Á+*-,". � ä}Ë � üÊÂ ¶�
 ß0/21 ä å à
y0z�u3*4,5. � ä}Ë ÿ � Â ¶�
 ß0/ á ä å àt¹
v�½ ¶ ¹5Á ¶C· Ä¢|�¹5Á76 % ø�6 % ö98 õ ö ÷ õ ú û Ä¢|Ð¹
Á:*4,5.<;
á  Â ¶�
�Ë xGz3=}½ Ë á ¹
Á ¶Aµ v�s!y · z ¶C» ¹ · |�z{v µMµ ¿ ¶�Ã ¹ ·
» Ç vHz ÏÑy · ¹5ÁÓy µ ¿ ·
¶ uw| Ã ¹ ¶ u ´ Àa¹5Á ¶
¯{¯wÂc| µ&µ Á{v�Ä¢z � Ë °FÁ{| µ =}½ »{·
¶Eµ Á}v�Ä µ Ò#|*z`¿}y · ¹5| Ã�» s*y · Ò�¹5Á�y�¹ µ v�s!y · z ¶C» ¹ · |�z{v µ y ·5¶ Ç y�|�z}s�À
µ5»{´ ÉGÂ ¶�
 ¿}y · ¹5| Ã s ¶�µ�Ë °FÁ ¶ Í »{Ô ¶�µ ¹5| Ç y�¹ ¶ uÞy ´ v ¸H¶ | µÊ¶ z{v » ½�Á=¹5v » z}u ¶�·
µ ¹
y�z}u?¹
Á}y�¹
u ¶ ¹ ¶�Ã ¹5|*v�zMv�º µ vHs*y · z ¶C» ¹ · |�z{v µ vHz`ÏEy · ¹5ÁK| µ º ¶ y µ | ´ s ¶ Ä¢|�¹5Á�Á » ½ ¶ ¹�y · ½ ¶ ¹ Ç y µ5µ u ¶ ¹ ¶�Ã ¹
v ·�µCË
r µ y Ç y�¹�¹ ¶C· v0ºPº'y Ã ¹�Ò0¹
Á ¶NÃC· v µ5µ�µ5¶�Ã ¹5|*v�zÈºÎv · z ¶C» ¹ · |�z{v�É ¶ s ¶�Ã ¹ · vHz ¶ s*y µ ¹
| Ãtµ
Ã y0¹�¹ ¶C· |�z{½�Ò�y µ
y0z ¶�Ô y Ç ¿{s ¶ Ò0y · v » z}u á ä Â ¶�
 | µ y ´ v » ¹ á ä ÷�ù
ù Ã Ç � Ò µ v®¹
Á ¶q¶�Ô ¿ ¶�Ã ¹ ¶ u · y0¹ ¶ ºÎv · y®Å¹5vHz
¹
y · ½ ¶ ¹ Ç y µ
µ v�º?> � ³ | µA@CBEDGF � ß'ÿ�� á ä�H � àCß  � á ä�I�Ã Ç ÷#� µ ÷ � àCß á ä ÷�ù
ù Ã Ç � à � ä ý  ò u ÷ � Ò
Ä¢Á ¶�·5¶J@KB | µ ¹5Á ¶ z » Ç ´�¶C· v0º®¹
y · ½ ¶ ¹ ¶ s ¶�Ã ¹ · v�z µ Ò D ¹5Á ¶ z ¶�» ¹ · |�z}vaÍ »wÔ ßÎº · v Ç =�½ Ë á
y · v » z}u á ä Â ¶�
 àMy0z}u F ¹5Á ¶UÃ�· v µ
µKµ�¶�Ã ¹5|*v�z Ëp³ º Ã v »}·
µ5¶ Òd|�zÓv · u ¶�· ¹5v�u ¶ ¹ ¶�Ã ¹ µ5»}Ã Á
y µ Ç y0s*s µ |*½�z}y�s�Ò�u ¶ ¹ ¶�Ã ¹5v ·
µ Ç »�µ ¹ ´�¶ s*v Ã y�¹ ¶ uãu ¶C¶ ¿ » z}u ¶C· ½ · v » z}ua¹5v ·5¶ u »}Ã�¶ÈÃ v µ Ç | Ã
· y#À µq´ y Ã ÅÆ½ · v » z}u Ë

¯Æv�s!y · z ¶C» ¹ · |�z{v µ Á}y ¸�¶j´�¶�¶ zpu ¶ ¹ ¶�Ã ¹ ¶ u µ |�z ÃC¶ á 1�ü �  à Ë °FÁ ¶ | · Í »wÔ | µ Ç ¶ y µ5»{·5¶ u
¹5v ´�¶kµ Ç y0s*s ¶C· Ä¢|�¹5Á ·5¶�µ ¿ ¶�Ã ¹`¹5va¹
Á ¶ ¯}¯wÂ ¿ ·
¶ uw| Ã ¹
|�vHz µ�Ë °FÁ{| µ u ¶ = Ã |�¹©| µ ÅÆz{v�Ä¢z=y µ
¹5Á ¶Êµ v�s!y · z ¶�» ¹ · |*z{v µ ¿ »{Ì�Ì s ¶�ËU³N¸�¶�· ¹5Á ¶ ¿}y µ ¹`ÿ ò À ¶ y ·�µ ¹
Á ¶Aµ v�s!y · z ¶C» ¹ · |�z{v µ u ¶ = Ã |Ð¹
Á}y µ ¹ · |�½H½ ¶�·5¶ u`¹
Á ¶ |!u ¶ yKv�º�z ¶�» ¹ · |*z{vKÍ�y ¸ v »{· ¹ · y0z µ ºÎv · Ç y�¹
|�vHz µ |*z©¹
Á ¶ s ¶ ¿w¹
v�z µÑµ�¶�Ã ¹
v ·�Ë
°FÁ{| µ ¿�v µ
µ | ´ |*s�|�¹�À�ÒÆy0s ·5¶ y�uwÀ Ã v�zL= · Ç ¶ uÈy0¹ 9F s ¶C¸�¶ s�Ò µ Á}v�Ä µ yK¿{ÁÆÀ µ | ÃCµ�´�¶ ÀHv�z}u©¹5Á ¶ ¯wÂ Ë
xGz=¹
Á ¶ z ¶�Ô ¹Èº » ¹ »{·
¶ Ò µ vHs*y · z ¶�» ¹ · |*z{v µ ¹5vH½ ¶ ¹
Á ¶C· Ä¢|�¹5Á y�¹ Ç v µ ¿{Á ¶C· | Ã z ¶C» ¹ · |*z{v µ y�z}u
z ¶�» ¹ · |�z}v µ º · v Ç y ÃCÃC¶ s ¶C· y�¹
v ·�µ Ä¢|�s*s�y�u{u ·5¶�µ5µ y`º » z�u{y Ç ¶ z¹�y0s�| µ
µ�»}¶ ñ u ¶ ¹ ¶C· Ç |�z}y0¹5|*v�zXv0º
� xGz:=}½ Ë á y ·
¶ y�s µ v ·5¶ ¿�v · ¹ ¶ u z ¶�» ¹ · |�z}v µ º · v Ç ¹5Á ¶ ² æK³ Ã Á�y0|*z Ë °FÁ{| µ`Ã Á}y�|�zÓ|*z

¹5Á ¶ ¯ » zp¿{s!y#À µ vHz{s�Àky Ç |*z{v ·¢· vHs ¶
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� |*½ »}·5¶ á ñ �������0�M����Nw�����7�P�#�K�0O{�QPC���RNw�����JSt�����UT{�

¹5Á ¶ z ¶C» ¹ · |*z{v µ Ç | Ô |�z{½ Ç y0¹ · | Ô�Ë
xGz�¹5Á{| µ ¿}y0¿ ¶C· Ä ¶ y ·5¶ ½�v�|*z{½¢¹
v ·
¶C¸ | ¶ Ä=y�z}u Ã v ÇÊÇ ¶ z¹d¹
Á ¶qµ v�s!y · z ¶C» ¹ · |�z{v µ ¿ »{Ì É

Ì s ¶ º · v Ç ¹5Á ¶q·
¶�µ5» s�¹ µ v�º ¶�Ô | µ ¹
|�z}½ ¶CÔ ¿ ¶�· | Ç ¶ z¹ µ�Ë °FÁ ¶ ¿}s*y�z©v�º�¹
Á ¶ ¿}y0¿ ¶C· | µ y µ ºÎvHs�s*v�Ä µCË
xGz ¯ ¶�Ã0Ë â µ v�s!y · z ¶�» ¹ · |*z{v µ v ´}µ5¶C·
¸ y�¹
|�vHz µ y ·
¶`·
¶C¸ | ¶ Ä ¶ u Ë xGzã¯ ¶�Ã�Ë ÿA| Ç ¿{s*| Ã y�¹
|�vHz µ v�º
Ç ¶ y µ5»{·
¶ Ç ¶ z¹ µ y ·
¶ uw| µ
Ã�»}µ
µ�¶ u Ë xGz�¯ ¶�Ã�Ë ÿÈÄ ¶ u · y#Ä v »}·tÃ v�z Ã s »}µ |*v�z µCË

V b«Ù�WYXwØAÖ[ZÆÛ$×�Ø�Ý'Ö�ÙG\]Z!^`_AZØ�ÝYa)ZÆÖP×�\

r µ v�ºE¹5vwu{y#ÀÓþ ¶CÔ ¿ ¶C· | Ç ¶ z¹ µ Á}y ¸H¶©´�¶C¶ z y ´ s ¶ ¹
v Ç ¶ y µ5»{·5¶Êµ v�s!y · z ¶C» ¹ · |*z{v µCË °dy ´«Ë á
µ Á}v�Ä µ ¹
Á ¶ Ç y0|*zUº ¶ y�¹ »}·5¶�µ v�º$¹
Á ¶K¶�Ô ¿ ¶�· | Ç ¶ z¹ µ � Ë ¯ÆvHs*y · z ¶C» ¹ · |*z{v µ u ¶ ¹ ¶�Ã ¹
v ·�µqÃ y0z ´�¶

� °FÁ ¶ ¯ » ¿ ¶C· ÉcbMy Ç |*v�Å�y�z}u ¶`¶CÔ ¿ ¶C· | Ç ¶ z¹jÁ}y µ®´�¶C¶ z µ ¹5vH¿{¿ ¶ u ´�¶�Ã y »}µ5¶ v�ºEy0z y ÃCÃ |ÐÉu ¶ z¹�Ä¢Á{| Ã Á�Á}y ¸H¶ u ¶�µ ¹ · v�À ¶ u`y ´ v » ¹&ü ä å v0º µ v Ç ¶ á�á Ò â ä�ä ¿}Á{v0¹
v Ç » sÐ¹
|�¿{s*| ¶C·�µ ßedEÂ�° µ à Ëf y0¹
yÈ¹�y0ÅÆ|�z}½ÈÄ¢|*s*s ´�¶M·
¶�Ã v ¸�¶�·5¶ u ´ À\¹5Á ¶M¶ z}ukv0º�â ä�ä â`Ä¢|�¹5Á ò þ å v�ºd¹
Á ¶ dEÂ�° µ�Ë
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°dy ´ s ¶ á ñ �������0�`����Nw�����7���#�`�"gRO}�C���7�Ê�C�}����ht�RNw�È�Ê�0��¬A�EiM�UT{���Ê�0�7�ji������0Nw�5���C�
Ï Ô ¿ ¶C· | Ç Ë °ÑÀ¿ ¶ � |!u »}Ã |*y�s Ç y µ
µ °FÁ ·
¶�µ Á{v�s!u ¯¹
y · ¹ ¯¹
y0¹ »}µ

ßÎ¹5vHz µ à ß�Â ¶�
 à
²Ñs�É.r · · yHuw|�v Ã Á Ë á ÿ  ß H5I ²Ñs7à ä}Ë � á ò á 1�ü � µ ¹5vH¿{¿ ¶ u
bMy Ç |*v�Å�y0z�u ¶ Ã Á ¶�·5¶ z{Å�v ¸ ü � ä ßY> � ³ à þ Ë ä á 1 �  µ ¹5vH¿{¿ ¶ u
¯wrlkKÏ · yHuw|�v Ã Á Ë â0ÿ�ß $ � kKyHà ä}Ë â�ÿ�ÿ á 1m1 ä ·5» z}z{|�z}½
kKy0s*s ¶�Ô · yHuw|�v Ã Á Ë á â}ß $ � kKyHà ä}Ë â�ÿ�ÿ á 1m1 á » ¿{½ · yHu ¶ u

|�z¹5v�k æK³
¯ » ¿ ¶C· É�bMy Ç |�v�É Ã Á ¶�·5¶ z{Å�v ¸ âHâwÒ 0ä�ä ßY> � ³ à wË ä á 1m1 � µ ¹5vH¿{¿ ¶ u
Å�y0z}u ¶ ß�¯nb`à
k æj³ · yHuw|�v Ã Á Ë á â}ß $ � kKyHà ä}Ë â�ÿ�ÿ á 1m1 á ·5» z}z{|�z}½
¯ æK³ Ã Á ¶�·5¶ z{Å�v ¸ á ä�äHä ß f � ³ à wË ä á 1m1�1 ·5» z}z{|�z}½

uw| µ ¹
|�z}½ » | µ Á ¶ uk|�z¹
v©¹�ÄqvÈ¹�ÀÆ¿ ¶�µ ñ · y�u{|�v Ã Á ¶ Ç | Ã y�s ¶�Ô ¿ ¶�· | Ç ¶ z¹ µ y�z}u ·5¶ y0s�É�¹
| Ç ¶K¶�Ô ¿ ¶C· |ÐÉ
Ç ¶ z¹ µ�Ë

xGz©¹
Á ¶¢· y�uw|*v Ã Á ¶ Ç | Ã y0s ¶CÔ ¿ ¶C· | Ç ¶ z¹ µ vHz ¶ Ç y�Å ¶�µ&»}µ�¶ v�º�¹
Á ¶ |�z ¸H¶C·�µ�¶F´�¶ ¹
y0É.u ¶�Ã y#À
·
¶ y Ã ¹5|*v�zj¹5Á · v » ½�Ápo4qqß�ú0ûsr5ö ÷ àto4q ô � Ò�Ä¢Á ¶C·
¶ o4q ô � u ¶�Ã y#À µ Ä¢|Ð¹
ÁMÁ}y0s�º7É�s*|�º ¶ v0ºÆ¹5Á ¶ v · u ¶�·
v0º á ä u}y#À µ É á Ç v�z¹5Á H0Ë xGz`¹5Á ¶ u ¶ ¹ ¶�Ã ¹
v · =�u »}Ã |*y�s Ç y µ5µ vHz ¶ y ÃCÃC» Ç » s!y�¹ ¶�µ ¹5Á ¶ ¿ · vwu »}Ã ¹
z »}Ã s ¶ | Ë rtº7¹ ¶�· ¹
Á ¶q¶�Ô ¿�v µ�»}·5¶ ¹5Á ¶�µ�¶ s*y0¹�¹ ¶C· y ·
¶E·
¶ Ç v ¸�¶ u ´ À · y�uw|*v Ã Á ¶ Ç | Ã y�s µ5¶ ¿}y · y0¹5|*v�z
y0z�u Ã v » z¹ ¶ uk|�zpyÊ½Hy µ É0=}s*s ¶ uA¿ · v�¿�v · ¹5|*v�z}y�s Ã v » zH¹ ¶C·�Ë

xGzl¹�y ´«Ë á ¹5Á ¶ Ç y�|�z ¿}y · y Ç ¶ ¹ ¶C·�µ v0ºÑ¹5Á ¶Ê· y�uw|*v Ã Á ¶ Ç | Ã y0s ¶CÔ ¿ ¶C· | Ç ¶ z¹ µ y ·
¶©·
¶ É
¿�v · ¹ ¶ u Ë xGz©¹5Á ¶ ºÎvHs�s*v�Ä¢|*z{½NÄ ¶ ½�| ¸�¶ y ´{· | ¶ ºPu ¶�µ
Ã�· |*¿w¹5|*v�zÈv0º�¹5Á ¶F¶�Ô ¿ ¶C· | Ç ¶ zH¹ µ y0z}u ·
¶ º ¶C·
¹5Á ¶®·
¶ y�u ¶C· ¹
v©u ¶ uw| Ã y�¹ ¶ u\¿�y0¿ ¶C·�µ ü�àjþ�à � àl1�à á ä à á�á à á â0à Ë °FÁ ¶ ²Ñs�É.r ·Ñ¶CÔ ¿ ¶C· | Ç ¶ z¹
Á}y µ`´�¶C¶ z=¹5Á ¶ = ·
µ ¹`¹
vlv ´�µ�¶�·5¸H¶Aµ vHs*y · z ¶C» ¹ · |�z{v µCË °FÁ ¶ u ¶ ¹ ¶�Ã ¹5v · | µ s*v Ã y�¹ ¶ uÓ|*z?¹5Á ¶
>tv Ç ¶�µ ¹
y0Å ¶ ½�v�s!u Ç |�z ¶ |�zU¯Æv » ¹5Á{É f y0ÅHv0¹
yKy0¹ÑyMu ¶ ¿{¹5Á\v0º ò Ò�â äHä Ç Ë Ä Ë ¶�Ë xGzÊ¹5Á ¶ u ¶ ¹ ¶�Ã É
¹5v · z ¶C» ¹ · |*z{v µ |*z¹ ¶�· y Ã ¹&Ä¢|Ð¹
Á H $ ²Ñs{y0¹5v Ç µ�¸ |*y H $ ²Ñs.ß�ú0û#ÒHö ÷ à H $ r ·�Ë[H $ r · | µ&· yHuw|�vy Ã ¹5| ¸�¶
y0z�uMu ¶�Ã y#À µ Ä¢|Ð¹
Á`y¢Á}y0s�º7É.s�|�º ¶ v0º{ÿ  u{y#À µCË  ¶ ºÎv ·
¶;µ ¹�y · ¹5|*z{½ty¢z ¶ Ä ·
» z«Ò�y µ Ç y0s*sHy Ç v » z¹
ß ä}Ë á É ä}Ë ÿ Ã Ç H àEv�º µ ¹
y ´ s ¶pH"u r · y�¹
v Ç µ y ·
¶ |*z¹ · vÆu »}Ã�¶ uU|*zk¹5Á ¶Kv � v�w ù Ë rq¹¢¹5Á ¶K¶ z}ukv0º¹5Á ¶t¶�Ô ¿�v µ5»{·5¶ ß�ÿ  É �ä u{y#À µ à�ÒHr · | µE¶�Ô ¹ · y Ã ¹ ¶ u ´ À©Í »}µ Á{|*z{½C> ¶ ºÎv · â ä Á ·�Ë ¯Æ|*z ÃC¶ r · | µ
yÊz{v ´ s ¶ ½y µ Òw|Ð¹N| µ z ¶ |�¹5Á ¶�·NÃ Á ¶ Ç | Ã y�s�s*ÀAz{v · ¿{ÁÆÀ µ | Ã y�s�s*ÀUy0¹�¹
y Ã Á ¶ uX¹
vÊ¹5Á ¶ ²Ñs µ vHs » ¹
|�vHz
y0z�u Ã y�z ´�¶È¶ y µ |*s�À ·
¶ Ç v ¸�¶ u Ë °FÁ ¶ r · y0z}ux> ¶ y ·5¶�µ5¶ ¿�y · y�¹ ¶ u ´ ÀUÍ »�µ Á{|*z{½U¹5Á ¶ ½Hy µ
|*zH¹
vUy Ã Á�y ·�Ã vHy�sP¹ · y0¿�Å ¶ ¿w¹jy�¹®¹
Á ¶ s*|!¾ » |*uaz}|Ð¹ · vH½ ¶ zp¹ ¶ Ç ¿ ¶C· y�¹ »}·5¶HË °FÁ ¶ r ·jµ y Ç ¿{s ¶ Ò
Ä¢|�¹5Á{|*zk¹5Á ¶MÃ Á}y ·
Ã vHy0s�Ò| µ s!y�¹ ¶C·¢·
¶ Ç v ¸�¶ uAy0z}u Ã v » z¹ ¶ u Ë °FÁ ¶ z » Ç ´�¶C· v�º H"u r · y0¹5v Ç µ
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Ã |*s*s*y0¹5|*v�z µ Ò¢y µ vHs » ¹5|*v�z ¹5v=¹5Á ¶ µ vHs*y · z ¶C» ¹ · |�z{v µ ¿ »}ÌCÌ s ¶ Á�y µUµ ¹5|*s*s®¹
v Ã v Ç ¶HË	�ã¶
Á}y ¸H¶ y0s µ vls ¶ y · zH¹�º · v Ç ¯ æj³ ¹5Á�y�¹ µ v�s!y · z ¶C» ¹ · |�z{v µ y ·5¶ z{v0¹ Ç | µ
µ |*z{½ Ë °FÁ ¶ ÀÓÁ}y ¸H¶
´�¶C¶ zp¹ · y�z µ ºÎv · Ç ¶ u ´ ÀkyÊ¿ · v ÃC¶�µ
µ Ä ¶ Á}y ¸�¶ ¹
v » z}u ¶�·
µ ¹
y�z}u ´�¶ ¹�¹ ¶C·�Ë rq¹t¹
Á ¶ Ç v Ç ¶ z¹
y ·
» z{z{|*z{½ ¶CÔ ¿ ¶�· | Ç ¶ z¹�Ò�bMy Ç �$y�z}u â ä à Ò&Á}y µ ¹5Á ¶ ¿�v0¹ ¶ z¹5|!y0s*|�¹�Àl¹
v µ ¹ » uwÀÓz ¶�» ¹ · |�z}v
v µ
Ã |*s*s*y0¹5|*v�z µ |*z ¹
Á ¶p· y�z{½ ¶ v0ºN¹5Á ¶ �dÂ�r µ vHs » ¹
|�vHz Ë bMy Ç �$y�z}u=| µ yÓÑv ·5¶CÔ |�z{v�É�s*|*Å ¶
u ¶ ¹ ¶�Ã ¹5v · Ä¢Á{| Ã Á�v ´}µ�¶�·5¸H¶�µzÔú û � µ �dÂ�r ¿�y · y Ç ¶ ¹ ¶C·�µ Ò�¹5Á{| µ Ç |�½HÁH¹ µ ¹
|�s*s&s ¶ y ¸�¶`· vÆv Ç ºÎv ·
µ v Ç ¶a» z{¿ ·
¶ u{| Ã ¹ ¶ u µ5»{´ ÉGuwv Ç |*z}y�zH¹ ¶ ¼ ¶�Ã ¹U|*z ¹5Á ¶ãµ vHs*y · z ¶C» ¹ · |*z{v µ y0z{v Ç y0s*À Ë °FÁ ¶
·
¶ y µ v�z ´�¶ |*z{½M¹5Á ¶ ¿�v µ
µ | ´ |*s�|�¹�À�v�ºPz ¶C» ¹ · |*z{v ¶ s ¶�Ã ¹ · v Ç y�½�z ¶ ¹5| Ã |�z¹ ¶�· y Ã ¹
|�vHz µ Ä¢|Ð¹
Á{|*z\¹5Á ¶
¯ » z Ë r µ y Ç y�¹5¹ ¶C· v0º¢º'y Ã ¹\y�z{vHzwÉ ÌC¶C· v Ç y µ
µ ºÎv · z ¶C» ¹ · |*z{v µ©Ã v » s!u?| Ç ¿}s�À=ylz{v�zwÉ
ÌC¶�· v Ç y0½Hz ¶ ¹
| Ã Ç v Ç ¶ z¹ â á à Ò Ë , Ë °FÁ{| µ Å|*z}u v0ºÑ|�z¹ ¶�· y Ã ¹
|�vHzãÁ}y µj´�¶�¶ zã¹
y0Å ¶ z |�z¹
v
y Ã�Ã v » z¹�¹5vl=}¹ µ v�s!y · z ¶�» ¹ · |*z{v µ u{y�¹�y â�â0à »}µ |*z{½ Ë , y0¹$¹
Á ¶ s ¶C¸H¶ s�v�º á ä ÷ � �'Ë È Ò#Ä¢Á{| Ã Á`| µ
Ã vHz µ | µ ¹ ¶ zH¹;Ä¢|�¹5Á\y µ ¹ · vH¿{ÁÆÀ µ | Ã y0s ´ v » z�u µ â�ÿ�à Ë xGzÀ=}½ Ë ü}ÒHy µ y0z ¶�Ô y Ç ¿}s ¶ Ò�Ä ¶tµ Á{v�Ä ¹5Á ¶
¯nbnu{y�¹�yty0½y0|*z µ ¹$uw|Ð¼ ¶C·
¶ z¹ µ v�s » ¹5|*v�z µCË °FÁ ¶Eµ v�s*|*ujs*|�z ¶ÑÃ v ·
·
¶�µ ¿�vHz}u µ ¹5vNy ´�¶�µ ¹¢={¹ »}µ |�z}½
¹5Á ¶ �dÂ�r ¿�y · y Ç ¶ ¹ ¶C·�µ º · v Ç á þ�à u Ä¢|�¹5Á�º È�� á Ë ä þ $ Ë °FÁ ¶ u}y µ Á ¶ uMs*|*z ¶qÃ v ·
·5¶�µ ¿�v�z�u µ ¹
v

u �$Â�r ´�¶�µ ¹�É0={¹t¿}y · y Ç ¶ ¹ ¶�·
µ y ·
¶ ñ ¹�y0z �`Õ � ä ý ò â�y0z}u�Ös× � �  � á ä ÷ Ij¶�
 � Ë > ¶C·
¶Õ | µ ¹5Á ¶ Ç | Ô |*z{½©y�z{½�s ¶®´�¶ ¹�Ä ¶C¶ zA¹
Á ¶N¶ |�½ ¶ z µ ¹
y0¹ ¶�µ Ä¢Á{| Ã ÁXy ·5¶ Ç y�z{|*s�À\|*z ¸ v�s ¸�¶ uÊ|�zU¹5Á ¶v µ
Ã |*s*s*y0¹5|*v�z µ Ò`Ös× �j� × �� ¶�× � � Ò�Ä¢Á ¶C·
¶ × � y0z}u²× � y ·
¶ ¹
Á ¶ z ¶C» ¹ · |�z{v µ Ç y µ5µ5¶�µ ºÎv ·¹5Á ¶M¶ |*½ ¶ z µ ¹�y�¹ ¶�µ × � y�z}uJ× � Ò ·5¶�µ ¿ ¶�Ã ¹5| ¸�¶ s�À Ë
$ º È | µ ¹5Á ¶M´�¶�µ ¹�É0={¹ ¸ y0s »{¶ ºÎv · ¹
Á ¶ 6C Í »wÔ z}v · Ç y�s�| ÌC¶ uA¹
vÈ¹5Á ¶ ¯{¯{Â ¿ ·5¶ uw| Ã ¹5|*v�z

{`| M
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¹5Á ¶Mµ y Ç ¶ �$Â�r ¿}y · y Ç ¶ ¹ ¶C·�µÑ´{» ¹¢Ä¢|Ð¹
ÁUº È�� á Ë ä þ`y0z}uAº � û0Ê � á â96 Ë °FÁ ¶ uwv�¹�¹ ¶ uXs�|*z ¶ | µ
ºÎv · Ë , �  � á ä ÷ � � Ë?È y0z}uÈy Ã v�z µ ¹�y0z¹ µ�» ¿}¿ ·5¶�µ5µ |*v�z`º'y Ã ¹
v · u »{¶ ¹
vjv µ5Ã |�s*s!y�¹5|*v�z µ&¶ ¾ » y0s
¹5v ä{Ë ÿ {Ë °FÁ ¶\µ y Ç ¶ u{y�¹�y Ã v » s!u ´�¶ ={¹5¹ ¶ u »}µ |*z{½ayAÍ�y0¹`uw| µ ¹ · | ´{» ¹5|*v�z ñ µ5» ¿{¿ ·5¶�µ5µ |�vHz
º'y Ã ¹5v · � ä{Ë ò  Ò?¬ � � @ �!Ø9Ù � â ä ý ÿ � á � ßÎ½ Ë v Ë º Ë � ÿHâ å à Ë °FÁ ¶�µ5¶\·5¶�µ�» s�¹ µ�µ Á{v�Ä ¹5Á}y0¹ µ ¹5|*s�s
y�Ä¢|!u ¶U· y0z}½ ¶ v�ºt¿�v µ5µ | ´ |�s*|Ð¹ ¶�µ y µÈµ�»}´ É.u{v Ç |�z�y0z¹ ¶ ¼ ¶�Ã ¹ µÊÃ v » s!u ´�¶ ¿�v µ5µ | ´ s ¶ |�z ¹5Á ¶
µ vHs*y · z ¶C» ¹ · |*z{v µÈµ5¶�Ã ¹
v ·È´�¶ À�vHz}uÓ¹5Á ¶ �dÂ�r µ vHs » ¹
|�vHz Ë r µÊµ ¹
y�¹ ¶ uÞy ´ v ¸�¶Uµ5»{´ ÉGÂ ¶�

µ vHs*y · z ¶C» ¹ · |*z{v µq¶CÔ ¿ ¶C· | Ç ¶ z¹qÁ}y ¸H¶ y µ ¹ · vHz{½�¿�v0¹ ¶ z¹5|!y0s*|�¹�ÀÊ¹5v µ�¶ y ·�Ã ÁÊºÎv ·¢µ�»�Ã Á ¶ ¼ ¶�Ã ¹ µ
|�zk¹
Á ¶ z ¶�Ô ¹tÀ ¶ y ·�µ�Ë

xGzp¹
Á{| µ ¿}y0¿ ¶C· Ä ¶ Á}y ¸H¶Kµ Á{v�Ä¢zpÁ{v�Ä µ ¹ · vHz{½Ê| µ ¹
Á ¶ v�¿}¿�v · ¹ » z{|�¹�ÀA¹5v µ5¶ y ·
Ã ÁXºÎv ·
z ¶ Ä�¿}ÁÀ µ | Ã�µ Ä¢|�¹5Á µ v�s!y · z ¶C» ¹ · |*z{v µCËx� ¶ Á�y ¸�¶ y0s µ v µ Á{v�Ä¢zÓ¹
Á}y�¹Êy0s ·5¶ y�uwÀ y�s*v0¹�v�º
|�z{ºÎv · Ç y0¹5|*v�z=Á�y ¸�¶U´�¶C¶ z Ã v�s*s ¶�Ã ¹ ¶ u?v ¸�¶�· ¹5Á ¶ s!y µ ¹Êÿ ò À ¶ y ·�µ`´ À þ ¶CÔ ¿ ¶C· | Ç ¶ z¹ µ�Ë r
º » z}u{y Ç ¶ z¹
y�s�y µ ¹ · vH¿{ÁÆÀ µ | Ã y0sÆ¿}y · y Ç ¶ ¹ ¶�· Ò�¹5Á ¶ ¿{¿\Í »wÔ Ò Ã y�z ´�¶ y�s ·
¶ yHuwÀ ¶CÔ ¹ · y0¿�v�s!y�¹ ¶ u
º · v Ç ¶�Ô | µ ¹
|�z}½Èu{y0¹
y � à y0z}uUº · v Ç ¯ æK³ ·
¶�µ5» sÐ¹ µ |Ð¹¢| µ ¿�v µ5µ | ´ s ¶ ¹5v Ã s!y0| Ç ¹5Á�y�¹¢z ¶C» ¹ · |ÐÉ
z{v µK» z}u ¶C· ½�vXÍ�y ¸ v »{· ¹ · y0z µ ºÎv · Ç y�¹
|�vHz µ�Ë °FÁ ¶�·5¶ ºÎv ·
¶ Ò�¹
Á ¶Aµ vHs*y · z ¶C» ¹ · |*z{v µ y�z{v Ç y�s�À
y0s ·5¶ y�uwÀÊÁ}y µE´}· v » ½�Á¹ »�µÑ´�¶ ÀHv�z}u\¹5Á ¶ ¯wÂ Ë >tv�Ä ¶C¸H¶C· ÒHÄ ¶ z ¶C¶ uUz ¶ Ä u{y�¹�y{ÒÆ|�zX¿}y · ¹5| Ã É
» s!y · Ò$|*zã¹
Á ¶Aµ5»{´ ÉGÂ ¶�
�·
¶ ½H|�vHz�¹5v�=�½ »{·
¶ v » ¹`Á{v�Ä ¹5Á ¶ Ç ¶ zH¹
|�vHz ¶ uã¹ · y�z µ ºÎv · Ç y0¹5|*v�z
| µ Á}y�¿{¿ ¶ z{|*z{½Êy0z}uz=}z}uXv » ¹F|Ðº&y0zÆÀÊz ¶ Äçz{v�zwÉ µ ¹
y0z�u{y · u\z ¶�» ¹ · |�z}v©¿ · v�¿ ¶C· ¹�À Ã v » s*u ´�¶
|*u ¶ z¹5|�= ¶ u Ë

Ú fUÜ�Û«ÖdÙ�Ü�WeZÚ[Ý�Z!a�ZÖP×�\

°FÁ{| µ ÄÑv · ÅpÁ}y µN´�¶C¶ z µ5» ¿{¿�v · ¹ ¶ u ´ Àax æ-�&æ Éc� æ kM¯ Ë °FÁ ¶ y » ¹5Á{v · ¹5Á}y�z{Å µ ¹
Á ¶ v · ½Hy0É
z{| Ì |*z{½ Ã v ÇÈÇ |�¹�¹ ¶C¶ ºÎv · ¹
Á ¶ ¿{s ¶ y µ y�zH¹�y�¹ Ç v µ ¿{Á ¶C·
¶ |�zÈ¹
Á ¶¢´�¶ y » ¹
|Ðº » s µ�¶ ¹�¹
|�z{½ µ v0º 
 | ¶ ¹ · |
µ�» s Ç y ·
¶�Ë

S�Z�ªcZØsZÆÖ�ÜmZ�\

á Ë ¯ Ë � Ë kjs!y µ Á{v�ÄMÒ æ®»}Ã s Ë dEÁÀ µ�Ë V�V Ò  þ91jß á 1Hü á à Ë ¯ Ë��ã¶ |�z ´�¶C· ½}Òsd;ÁÆÀ µCË ± ¶C¸PË � ¶ ¹�¹ Ë ÕnÞ Ò
á â0ü ò ß á 1�üþ�à Ë r Ë ¯wy�s*y Ç Ò�|�z Sq���C�Ê�C�}�G����¬4ßt�������YP����]à#T{������¬ Ò ¶ u Ë�´ À æ�Ë ¯ ¸ y · ¹
Á{v�s Ç
á 1�ü�1 Ë

â Ë > Ë��{· |�¹ Ì�µ
Ã Á ���¢��� ÒGd;ÁÆÀ µCË � ¶ ¹�¹ Ë  Ò`á Ò{ÿHü  ß á 1þ0ÿHà Ë

ÿ Ë�â�Ë æ`Ë Fy0Á Ã y0s*s ���¢��� Ò}r µ ¹ · v�¿{ÁÆÀ µ�ËLâ}Ë Ú�ÚGÚ ÒL1m1 ä ß�â äHä á à Ë

6�> ¶�·5¶ º � ûeÊ Á}y µ ¹5Á ¶©µ y Ç ¶ Ç ¶ y0z{|*z{½\v0º&º È ´{» ¹tºÎv · Á ¶ ¿az ¶C» ¹ · |*z{v µ ñ H ó ö õ � ø ù
ó ö õ ö ô õ ú û Ë

{#| é
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ò Ë�â�Ë æ`Ë qy�Á Ã y�s�s}|�z �©��Nw�����7���K¥j�����5�"O�TÆ¬#���YP�� Ò ¶ u Ë�´ ÀA²qy Ç ´{· |!uw½ ¶ �tz{| ¸�¶�·
µ |�¹�Àjd ·
¶�µ
µ Ò
²qy Ç ´{· |!uw½ ¶ Ò á 1 � 1 Ë

{Ë ± Ë f y ¸ | µ ���¢��� Ò�d;ÁÆÀ µCË ± ¶C¸PË � ¶ ¹�¹ Ë V�ã Ò á â ä� ß á 1Hü � à Ë
ü Ë  Ë ° Ë ²Ñs ¶C¸�¶ s*y�z}u ���F��� Ò�r µ ¹ · v�¿{ÁÆÀ µCËnâ�Ë Ò#ÞGä �ä� ß á 1�1 � à Ë
þ Ë °FÁ ¶ kKy0s*s ¶�Ô�Ã vHs�s!y ´ v · y�¹
|�vHz«Ò�d;ÁÆÀ µ�Ë � ¶ ¹�¹ Ë  VGå�Ú Ò�ÿÆþ�ü�ß á 1m1 á à Ë °FÁ ¶ kKy�s�s ¶�ÔaÃ vHsÐÉ
s!y ´ v · y�¹
|�vHz«Ò�dEÁÆÀ µ�Ë � ¶ ¹�¹ Ë  ©�Ò`V Ò ò�ò ä ß á 1�1  à Ë °FÁ ¶ kKy�s�s ¶�ÔÊÃ vHs�s!y ´ v · y�¹
|�vHz«Òmd;ÁÆÀ µ�Ë
� ¶ ¹5¹ Ë  ÒGÒ`á Ò á âHþUß á 1m1m1à Ë

� Ë °FÁ ¶ ¯{rlkKÏ Ã v�s*s*y ´ v · y0¹5|*v�z«Òwy µ ¹ · v�É�¿{Á ��ä â ä ò â ò  Ò µ�»{´ Ç |�¹�¹ ¶ uX¹5v�æ�Á Ë Ï;Å µ ¿ Ë ° ¶ v ·�Ë
� | Ì�Ë ß â ÏÑ°�dÑà Ë

1 Ë °FÁ ¶ ¯ » ¿ ¶C· ÉcbMy Ç |*v�Å�y�z}u ¶KÃ v�s*s!y ´ v · y�¹5|*v�z$Ò�dEÁÆÀ µ�Ë ± ¶�¸�Ë � ¶ ¹5¹ Ë å�ä Ò  ü  á ß�â ä�ä á à Ë

á ä}Ë Â Ë r®sÐ¹ Ç y�z ���;�0� Ònd;ÁÆÀ µCË � ¶ ¹5¹ Ë  Ò�Ò#á Ò á âHþÈß á 1m1�1Hà Ë ² Ë ²qy�¹5¹
yHuwv · |wºÎv · ¹5Á ¶ k æK³
Ã v�s*s*y ´ v · y0¹5|*v�za|*z ñ d · v Ã0Ë °dr��4d â ä�ä á ÒG� æ kM¯ µ5¶ ¿{¹ Ë â ä�ä á Ò�¹5v ´�¶ ¿ »{´ s*| µ Á ¶ u�|*z
æ®»}Ã s Ë dEÁÆÀ µ�Ë  Ë

á�á Ë °FÁ ¶ ¯ æj³ Ã vHs�s!y ´ v · y�¹
|�vHz«Ò!dEÁÆÀ µ�Ë ± ¶�¸�Ë � ¶ ¹5¹ Ë å#á Ò ä þ á ÿ ä á ß�â ä�ä á à Ë

á â Ë °FÁ ¶ ¯ æj³ Ã vHs�s!y ´ v · y�¹
|�vHz«ÒHz »}Ã sÐÉ ¶�ÔG�0ä â ä ò äHä � Ë

á ÿ Ë °FÁ ¶ ¯ » ¿ ¶�· É�bMy Ç |*v�Å�y0z�u ¶jÃ v�s*s*y ´ v · y0¹5|*v�z«Ò æt»�Ã s Ë xGz µ ¹ ·
» Ç Ë Â ¶ ¹
Á{vwu µ d;ÁÆÀ µCË ± ¶�µCË
¯ ¶�Ã ¹ Ë r Ò`V�Õ Ò á�á ÿXß á 1m1�1Hà Ë

á ò Ë�â�Ë æ`Ë Fy0Á Ã y0s*s�ÒLd;ÁÆÀ µCË ± ¶�¸�Ë ² ä#Ú Ò ä â  � ä á ß�â ä�ä âHà Ë

á {Ë ° Ë bK| ·�µ ¹ ¶ z�ºÎv · ¹5Á ¶ k æj³cÃ v�s*s!y ´ v · y�¹5|*v�za|*z ñ d · v Ã0Ë�æt¶�» ¹ · |�z}vpâ ä�ä â{Ò�Â » z Ã Á ¶ z
Ç y#ÀXâ ä�ä âM¹
v ´�¶ ¿ »{´ s�| µ Á ¶ up|*z æ®»}Ã s Ë dEÁÀ µ�Ë  Ë

á ü Ë °FÁ ¶ ¯ æj³ Ã vHs�s!y ´ v · y�¹
|�vHz«ÒHz »}Ã sÐÉ ¶�ÔG�0ä â ä ò äHä 1 Ë

á þ Ë�â�Ë æ`Ë Fy0Á Ã y0s*s �C�q��� Ò}Á ¶ ¿wÉ�¿}Á ��ä â ä ò ÿ á ò Ë

á � Ë °FÁ ¶ Ñv ·5¶CÔ |�z{v Ã vHs�s!y ´ v · y�¹
|�vHz«Òwr µ ¹ · v�¿ Ë dEÁÆÀ µ�Ë Õnä Ò}â ä� ß�â äHä âHà Ë

á 1 Ë °FÁ ¶ Ñv ·5¶CÔ |�z{v Ã vHs�s!y ´ v · y�¹
|�vHz«Òwr µ ¹ · v�¿ Ë dEÁÆÀ µ�Ë å Ò á ò á ß á 1m1 � à Ë
â ä}Ë r Ë dE| ¶ Å ¶ ÒGbMy Ç �dy0z}u ñ y ·
¶ y Ã ¹5v · z ¶�» ¹ · |�z}v ¶�Ô ¿ ¶C· | Ç ¶ z¹t¹ ¶�µ ¹5|*z{½A¹
Á ¶©µ v�s!y · z ¶C» É

¹ · |*z{v®y�z{v Ç y�s�ÀHÒ�|*z ñ d · v Ã�Ë v0ºÆ¹5Á ¶Aç x ç ¹5Á©xGzH¹ ¶C· z}y�¹
|�vHz}y0sÆ²Ñv�zwº ¶�·5¶ z Ã�¶ vHz æt¶�» ¹ · |�z}v
dEÁÆÀ µ | ÃCµ y0z�uXr µ ¹ · vH¿{ÁÆÀ µ | ÃCµ Ò á ü�É�â á â�» z ¶ â ä�äHä Ò æt»�Ã s Ë d;ÁÆÀ µCË  Þ«Õ á ä� ß�â ä�ä á à Ë

{��n|
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â á Ë Â Ë  ËL
 vHs�v µ Á{|*z ���F��� ÒP¯Æv ¸PË d;ÁÆÀ µCËnâ ÏE°�d ä�Ò Ò ò�ò üXß á 1 � üHà Ë
â�â Ë�â�Ë d » s�|!uwv}ÒwÁ ¶ ¿wÉ.¿{Á �0ä á�á â á ä ò Ë
â0ÿ Ë k Ë k Ë ±ty0¼ ¶ sÐ¹�ÒèdEÁÀ µ�Ë ± ¶C¸PË � ¶ ¹�¹ Ë ä�Ò Ònâ �  ü ß á 1m1 ä à Ë�
©Ë ²qy µ ¹ ¶ s*s!y0z{|?y0z�u

¯ Ë f ¶ ½�s0� xGz}z{v Ã�¶ z¹
|�Ò{r µ ¹ · vH¿{ÁÆÀ µ�ËLâ�Ë Ò�ã#V Ò  þ ò ß á 1m1HÿHà Ë

{[�#�
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Honda 1D 1995
Honda 3D 2001
Fluka 3D
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yU{N²uº�yU²0³�©N«qy è ûFûÂq¬*zm{�«mr#¿uy[Â�y�yAz »�²uº�Âq¬*zqy�o�w=vD«qyÃoqr�©�rËÆm©
{�©N«qyÃ°qt
y�o¹¬!»�©
¬ ²Fz;Â�y�r0µq©N¬ ³Àµq *´;¬ ³Lrh©�pÏ²uÄ
Î�r#¿F²utUÜ���O Ü _ ²F{
»�¬* !r�©
¬ ²Fzh¬!{Ir0°q°q*¬*y�oh©N²b©N«qy�zqy�µ¹©Nt
¬ zm²bÎ�µ�Ëp¥¬¶©
«={�¬*z æ ¼0çbâ è ruzmoë�ì æ â`��a è ¾�bdcLyAý æ w9vD«qyK»�²Fz©N²uµmt
{C³À²utD©
«q¬*{DÂ�y�{�©DÆq©�r0t
yL{N«q²�p¥zÃ*r0©Ny�t�¯�¬*zÃÿ�¬*¸mwmû¹w
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ÿ�¬ ¸Fµqt
y�¼¹ÙDvD«qygþ�yAzq¬ ©N«hruzq¸u*yWo¹¬!{�©Nt
¬ Âqµq©N¬*²uzÅ³À²ut�©N«qy�r�©
º�²{�°m«qyAt
¬*»IzmyAµ¹©
tN¬*zq²F{�µm{Ny�oÅ¬*z
©N«my ¤ µq°�yAtNÄ.xKruº�¬*²u®�ruzmo¹yU²F{
»�¬* !r�©
¬ ²Fzbr0z�r0*´�{N¬!{Aw
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¨Ez ©
«qy?°mrF{�©�¯$©
«qy?¿�r0*µqy·²u³I9 º�y�ru{Nµqt
y�o Â�´h¬*tN²Fz=»Ar0*²ut
¬*º�yA©Ny�t
{K{Nµm»�«=ru{gfKh¥Ä
¤ n�i\= á r0z�o_ÿqt
yj!�µm{�> á {�y�yAº�y�oÃ©
²[{N«q²�p *¬¶©N©N*yWy�¿¬!o¹y�zm»�yK³À²Ft½zqy�µ¹©Nt
¬ zm²·²F{
»�¬* !r�©
¬ ²Fzm{A¯
»�²Fº�°�r0t
y�oK©
²�©
«qyD»�²uz©
yAº�°�²Ft
ruzqyA²Fµm{�psr0©NyAt § «qy�tNy�zq®u²�¿Ko¹yA©Ny�»�©N²Ft
{�xKr0º�¬*²u®�r0zmoqyÏr0z�o
¨�Ç £ w § µqt
t
yAz©N*´u¯�©N«qy ¤ ²uµ�oqr0z±¼bÆmzmy�Ä.¸ut�r0¬*zqy�o ¬*tN²Fz ©Nt�ru»�®�¬ zm¸Å»�r0*²ut
¬ º�yA©NyAtW¬ z;Ç_¬*z¹Ä
zqy�{N²0©�rq¯�hgw ¤ w ¢ w*¯q«mrF{DtNy�»�²ut�o¹y�o�©N«qyI!r0t
¸uy�{�©Doqr�©�r�{Ny�© è ¾Fá ²u³�»�²Fz©
r0¬*zqy�o[r�©
º�²F{N°q«qyAt
¬!»
zqyAµq©Nt
¬ zq²=¿FyAtN©N¬!»�y�{�µm{�¬*zq¸=¬*tN²FzÁw�vD«qy�´ »�²Fz¹Æmt
ºß©N«my_°q¬*»�©Nµqt
y_²0³Kr�©
º�²F{N°q«qyAt
¬!»bzmyAµ¹Ä
©Nt
¬ zm²;²F{
»�¬* !r�©
¬ ²FzÁ¯sp¥¬¶©
«�{�²Fº�yËÍµq¬ ©Ny o¹¬+%PyAt
yAz©b{N´¹{�©
yAº·r�©
¬*»�{?{Nµm»�«�ru{·¸FyA²Fº�ru¸uzqyA©N¬!»
 ²¹»�r�©N¬*²uz$¯�©
rutN¸Fy�©�z�µm»A y�µm{�¯9r0zmo±tNy�»�²uz�{�©
tNµm»�©N¬*²uz=©
y�»�«qzm¬*ÍµqyFw ÿm²ut�©N«myA¬*t�ruzmr0*´¹{�¬!{g²u³
û¹w > ®©lk ´�t�{L²u³Ïoqr0©
rq¯�µ�{�¬*zq¸År[º�¬*zq¬ º�µqº º�²uº�y�zF©
µqº ²u³m�u¾F¾[Ç_y�ý
�0»0¯ ¤ ²Fµmoqr0z ¼?t
y�Ä
°�²Ft�©�{"9ßâ ¾ é ê è H é ¾ > ¯Ï¬ zªru¸ut
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y�»A²u¸uÄ
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«q¬*¸u« yAzqy�tN¸F´ËÍµmru{N¬¶Ä.yA!ru{�©N¬!»A{�Û�{�¬*zq¸u*y�©Nt�ru»�®¹{�á�¯�*²�p y�zqyAt
¸u´hÍµmrF{�¬ Ä.yA!ru{�©N¬!»A{Up¥«qyAt
y�©N«qy
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r0©N¬*²uz ³À²ut
o¹¬s%�y�tNy�zF©I²F{
»�¬***r0©N¬*²uz_°mrut
ruº�yA©Ny�t
{�w�ÿ�¬ ¸Fµqt
y��[{N«q²�p½{½©N«qy�Â�y�{�©Kr0¸FtNy�yAº�yAz©�¯�³À²uµmzmoËr�©
è a è ¾�b æ y�ý æ ruzmob{N¬*z æ ¼�çWâ�¾ é > ê�w�vD«qyIr0°m°mr0t
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vD«myIÇ ¢�§ ¦¥ÉÊo¹y�©
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ru¬ zqy�oh¬*z©Ny�t
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²0³9r�*²�pÏy�t½{�y�»�©N¬*²uzÃÆm**y�oÅp¥¬ ©N«Ë»�t
µm{N«qy�oÅt
²¹»�®[r0Â�{�²FtNÂ�yAt½ruzmoÅr0z_µq°q°�yAtU{�y�»�©
¬ ²Fzb©
«mr�©
¬*{U«q²F *²�p�)PÂ�²u©N« {�y�»�©N¬*²uz�{LrutNyg¬*zm{�©Nt
µqº�yAz©Ny�oËp¥¬ ©N« °q*ruzqy�{L²0³C{�©Nt
y�ruº�yAt½©
µqÂ�y�©
t
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¬ zm¸mwIÿmru{�©U©N¬*º�¬*zq¸b¬*{Uº�y�rF{�µqt
y�oÅÂ�´Ã©
ruzq®¹{�²u³C*¬*Íµq¬!oË{
»�¬*zF©
¬ *!r�©N²Ft�©
«mr�©I{�µmtNt
²uµqz�oÅ©N«qy
o¹y�©
y�»�©N²ut�¯Fruzmo�©N«qy¥°m*ruzqy¥Â�yA©�pÏy�yAz�µq°q°�yAtsr0zmo� ²�psyAt9{Ny�»�©N¬*²uzm{&¬!{9ru*{N²Kr�©
¬ º�¬*zq¸K°q!r0zqy
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²·º�y�ru{Nµqt
yL©
«qygo¹¬!{�©
²utN©N¬*²uzÅ¬*z
þAy�zq¬¶©
«bruzq¸u*yDÎmµ��³À²utÏµq°�psrut
o�º�µq²uz�{�©N«�r�©Ï°�ru{
{C»�²Fº�°q yA©Ny� ´�©N«qt
²uµm¸u«�©N«myUo¹yA©Ny�»�©N²Ftw)
©N«q¬!{L¬*{U{�«m²�p¥zÃ¬*z_©
«qyW*y�³5©U°mr0zqy��²u³9ÿ�¬*¸mw � w½vD«my�{NyWoqr�©�r?o¹y�º�²Fzm{�©Nt�r�©Ny�r·Â�y�{�©NÄ�Æm©�©N²
zqyAµq©Nt
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«
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Electrons

Muons

log (L / E)

log (L / E)

bg subtr.

unoscillated
Monte Carlo

best fit
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ÿ�¬ ¸Fµqt
yz�mÙWvD«qy í ��îeo¹¬*{�©Nt
¬*Âqµ¹©N¬*²uz ³À²Ftg«q¬*¸u« tNy�{�²F µq©N¬*²uz r�©Nº�²{�°q«myAt
¬*»�zqy�µ¹©Nt
¬ zm²F{I¬*z
©N«my ¤ ²uµmomr0z_¼�ruzmr0*´¹{�¬!{�w

©N«my ¤ µm°�y�t�ÄEx tNy�{�µm¶©�wgÇ ¢�§ ¦½ÉY«mru{Ir0!{N²[{�©
µmo¹¬*y�oh©N«qy�r0°m°qtN²q¹¬*º·r�©NyWyAzqy�tN¸F´Åoq¬*{�©Nt
¬¶Ä
Âqµ¹©
¬ ²Fz[²u³Á©N«qy�{�yIy�¿uyAz©�{LÛ'¬ zb³À²uµqtsÂq¬*zm{D²0³ è � ¯u�Fûq¯ > ¾q¯¹ruzmo è ûu¾�üUy�ýUáÏÂ�´?»�²uz�{�¬!o¹yAt
¬*zq¸©N«my[r0º�²uµmzF©K²u³Dº�µq ©N¬*°q y?{
»Ar0©�©
yAt
¬ zq¸ è ¼0á wÃvD«q¬*{Wr0zmru ´¹{N¬*{K{N«q²�p½{g»A²uzm{N¬*{�©Ny�zm»�´hp¥¬¶©
«
zqy�µ¹©Nt
¬ zm²[²F{
»�¬***r0©N¬*²uzm{�¯�p¥¬ ©N«h©N«qy�¸ut
y�r0©Ny�{�©UÜ��_o¹¬*{
r0°m°�y�r0t�r0zm»Ayg¬ zË©N«qy� ²�psy�{�©Ly�zqyAt
¸u´
Âq¬*zm{�w

Ç ¢�§ ¦½É±ru*{N²¥º�y�rF{�µqt
y�{�©N«qyÏt
r0©Ny9²u³�*²�psyAtÁy�zqyAt
¸u´�Û[� � üUyAýIá�zqy�µ¹©Nt
¬*zq²½yA¿FyAz©
{
©N«�r�©·o¹² zm²0©·°mru{
{�r0*s²u³�©
«qybpDr#´ ©N«qt
²uµm¸u«;©
«qy_o¹y�©
y�»�©N²ut è �Fá w;¨Ez©Ny�tNz�r0Dµq°q¸F²u¬*zq¸
yA¿FyAz©
{9²ut
¬ ¸F¬ zmr0©NyD¬*z�©N«qy½*²�psyAt9r0Â�{�²FtNÂ�yAt&Âqµ¹©D»Aruz�Â�y�o¹¬!{�©N¬*zq¸uµq¬!{N«qy�o�³Àt
²uº o¹²�p¥z�psrut
o
{�©N²u°m°q¬ zm¸hºWµm²uzm{�¬ ³½©N«qy�´=°mru{
{W©N«qt
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yW¬!{Lrb{Nruº�°m yg²u³C¬*zF©
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zmr0�o¹²�p¥zq¸F²u¬*zq¸?yA¿FyAz©
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rut�©L¬ zh©N«qy�r0Âm{N²ut
Â�y�tLruzmo
y&¹¬ ©¥©N«qt
²uµm¸u«Ã©N«qyWÂ�²u©�©N²FºÅwsvD«qy�{�yK«�r#¿uyKr0zÅ¬*zmo¹¬!{�©
¬ zq¸Fµq¬!{�«mruÂq*yI©N²u°�²u*²u¸F´?³Àt
²uº zqyAµ¹Ä
©Nt
¬*zq²_¬ z�o¹µm»�y�o µq°�psrut
o {�©
²u°q°m¬ zq¸_º�µq²uz�{AwÃÿq²utN©Nµmzmr�©
yA*´u¯$Â�²0©
« ²0³D©N«qy�{�y�©
²u°�²u*²u¸F¬ y�{
r0t
yUzqyAµ¹©
tN¬*zq²�¬ z�o¹µm»�y�o�¯¹p¥¬ ©N«Å{�¬*º�¬ !r0tD°mrutNy�zF©DyAzmyAt
¸u´?o¹¬!{�©
tN¬*Âqµ¹©
¬ ²Fzm{�w&vD«myUt
y�{Nµq ©
{Ï³À²ut
©N«my�{Ny?{Nruº�°m y�{Kr0t
y�{N«q²�p¥z ¬ z ©
«qy?t
¬ ¸F«F©K°mruzqyA!{I²0³¥ÿ�¬ ¸�w � w?vD«my�{Ny?oqr�©�r_r0!{�²b³'r#¿u²Ft
zqy�µ¹©Nt
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Internal
Upgoing

Upward Stopping +
Internal Downgoing

Throughgoing
Upwardgoing
Muons
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∆m2 = 0.0025 eV2 sin22θ = 1

MACRO data

Bartol flux w. sys. uncertainty

ÿ�¬ ¸FµqtNy � Ù�vD«my[þAy�zq¬ ©N«;r0zm¸u*y[o¹¬!{�©
tN¬*Âqµ¹©
¬ ²Fz ³À²utWr0©Nº�²F{N°q«qy�tN¬!»·zqy�µ¹©Nt
¬ zm²F{K²u³D¿�rutN¬*²uµm{»Ar0©NyA¸F²ut
¬ y�{s¬ zÃ©N«mygÇ ¢�§ ¦½É ²F{
»�¬***r0©N¬*²uzbruzmr0*´¹{�¬!{�w

ÿ�¬*¸uµqt
y¥ûL{N«q²�p½{$©N«qy¥»A²uz¹Æ�oqyAzm»Ays¬*z©Ny�tN¿�r0!{�³À²ut�©N«myDr0©Nº�²F{N°q«qy�tN¬!»ÏzqyAµ¹©
tN¬*zq²Ir0zmru¶Ä
´¹{�y�{m!�µm{�©Woqy�{
»�t
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«qy�{Nys©N«qt
yAyDy��°�yAt
¬*º�y�z©
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yA*´Kµq°�²uz·r�©
º�²F{N°q«qyAt
¬!»
zqyAµq©Nt
¬ zq²{A¯�«qyAz�»�y·rÃ³ÀµqtN©N«qy�tg»�²uzqÆmtNº·r0©N¬*²uz µm{�¬*zq¸_rÅ»�²Fº�°m yA©NyA*´ oq¬+%PyAt
yAz©KzqyAµq©Nt
¬ zq²
{�²Fµqt�»�yK¬!{Lo¹y�{�¬*t�r0Âq*yuwDvD«qy�xg¼ux y�¹°�y�tN¬*º�yAz©�¬!{¥©N«mygÆmt�{�©L ²Fzq¸·Âmru{NyA*¬*zqygy&¹°�yAt
¬ º�y�zF©
©N² °qtN²FÂ�y[zqyAµ¹©
tN¬*zq² ²F{
»�¬* !r�©
¬ ²Fzm{Kp¥¬ ©N«±y�zqyAt
¸u´ r0zmo=Îm¬ ¸F«©�o¹¬!{�©�r0zm»Ayb»�²Fº�°mr0t�r0Âq*y�©N²
r�©
º�²{�°m«qyAt
¬*»WzqyAµq©Nt
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Soudan 2

MACRO

MACRO Low Energy
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νµ→ντ

νµ→(cosξντ + sinξνs)

νµ→νs

Best Fit χ2=172.6/190 (P=81%)
sin2ξ=0.0
sin22θ=1
∆m2=2.1×10-3 eV2
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r·{Ny�©½¬!{½»A²uzm{N¬*{�©Ny�z©½p¥¬¶©
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¤ µq°�yAtNÄExKr0º�¬ ²F®�r0zmo¹yÅ©�r0zq® ¬*º�°q ²¹o¹y�o�w ¢ ©Ã©N«�r�©[©
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5 T600 modules, 5 years CNGS (4.5 x 1019 p.o.t./year)

0

5

10

15

20

25

30

35

40

-2 0 2 4 6 8 10
lnλ

E
ve

n
ts

/1
2 

kt
o

n
 x

 y
ea

r

νe CC + ντ CC

νe CC

ντ CC, τ→ e

Overflowè

�qs½G}v�
ur! � �0�´�:gi�´xV� �BµG���á�s�v�����h¢ª�B�¾�v���J�.�M�4���]p<������$Ã�B�#�B�����{�5�V�¾�v�¬$iä�¶o�
�������O����c
b����V�b�B���®���r·¸R���¹ �%º ��m`»(¼X�B�#�B�����\�������4���'ov�0���Ù�F�Ù�@â�æÛ�5���F�B�4���B���'�0��m6{(f'½^���������°�.�
â ê ©����£µ#i0�4�0�����i�5���F���
���B���'�0�Jf

¾ ]ÆÍÀ¿DÒÊ#ÚDÒ�ÖvÕ<Ü

ç³q*½�ziws}v¸ªq*tvrG~4qs·�¹VtvuB}�·
�4q*tvro¿�u�|0¸V~{Â�|0t@¿�u`¶v�4r���}�Â�u��i¿�¹\q*t�ÂB�4u�|�~4qstv½º·4zvu`qst�qá·
q*|�w�¶��4r�à
·4rGtÃ¿�u�|0¸ q*t·4u�t�~�qs·�¹�Å%2Mu�·4u�Â�·
r���~MÂBr�}vw!�b·
zvuBtµ¿�u\¶vw!|�Â�u��br7��àF|�¼�q*~®qstµr�����uB�®·4r^~�·
}���¹
w*r�Ä u�tvuB�
½�¹¨â0ã |�t��¨·4r<�
u��v}�Â�uXâ0êÙÂBr�t·
|�¸ªqst�|0·4q*r�tÆÅ ± zvuXÂBr��
�4u�~�¶�r�t��vqstv½Û¶vz�¹�~�q!ÂB~
¶v�
r�½G�
|�¸ Ä r�}�w*�^¿�uhâ�ãi��q!~
|0¶v¶�u�|��
|�t�Â�uJ|0t��i·4z�uº~�·
}���¹ir�»�â0ã\äZâ0êMr~4ÂBqsw*w*|0·4q*r�t�~�Å

¯ uBÝGuB��|0w$¶��4r(°�u�Â�·�~³z�|#ÝGuº¿�uBuBtµ¶v�
r�¶�rG~4u��Ùq*t4�|0¶�|�tÆÀ�q*t4�D}v�
r�¶�u 5 � ��1 � À�|�t��bq*t
·4z�u:NºÅ ¯ Å ¬ Å �.� � À�¿�}�·:r�tvw*¹º·
zvu:�|0¶�|�tvu�~4uy�ç6X¶v�
r7°�u�Â�·�z�|�~&¿�uBu�tª|�¶v¶v�
r�Ý�u��º¹�uB·�Å�÷FtV|
+���~�·E¶vz�|G~�uJr�»Æ·4zvq!~E¶v�
r7°�u�Â�· ��� � À�·4zvu�)71"�`u�� ú ¯ ~4qá·
}�|�·
u��iqstl� ¬ � ² ÷ Â�rG}vw*�f��uBw*q*Ý�uB�
!vÅ !Á�#1 ü K ¶v�
r0·
r�t�~@¶�u���!vÅ !>~@Â�¹�ÂBwsuGÀEÂBr��
�4u�~�¶�r�t���qst�½X·
r<|\1vÅ�s7)Ûøb´ ¶�r�Ä uB��Å ± zvu
q*t���}�ÂBu������`u�� tvu�}�·4�
qst�rh¿�u�|0¸cÄ r�}�w*�i¿�uJ��q*�4u�Â�·4u��V·
r ¯ }v¶�uB��ÞL|0¸ªq*r�ß�|0t���u��(5.)Jß�¸
|#ÄE|#¹�Å ± z�q*~r+���~�·D¶�z�|�~4u®Â�rG}vw!�@~�·�|0�4·Dq*t&�71.1[s�Åy÷Fti|º~4u�ÂBr�t��V¶�z�|�~4u�À�·4zvu`¶v�
r0·4rGtª¿�u�|0¸
¶�r�Ä{u��DÄ r�}vw!�V¿�uMq*t�Â��
u�|G~�u��\·4r
;oøb´ |�t�� ¯ }�¶�u��
ÞL|�¸\q*r�ß�|�t���u®Ä r�}�w*�V¿�u`}v¶v½���|��vu��
·4rVç®¹¶�uB��ÞL|0¸ªq*r�ß�|0t���u9�@�#1.1(1oß ± rGt � Å

¬ t<rG�
��u��ºr0»³¸V|�½�tvqs·4}��vuiÂ�rG}vw*�<¿�uf�4u�|�Â�zvu��µq*t>·
zvuf|0·4¸ªrG~4¶vzvu��4q!ÂVrG~
Â�q*w*w*|0·4q*r�t
~4u�Â�·
r���ÀGÄ°qs·4z^|0tfuB�
�4rG�:r�tlSUT G r0»Æ·
zvuMrG�
�vuB�Dr�»r�#1 H K u�� G Àv|0t��i|0tiu��4�
r��{r�t&P#QWR G �0û
|0�
r�}�t��
1�Å 18��Åy÷Fto·
zvu³~4u�Â�·
r���r�»O~4r�w!|0��r~4ÂBqsw*w*|0·4q*r�t�~�À�|M»'|�Â�·4rG�r�71JÂ�rG}vw*�\¿�u³½G|�qst�u��oÄ°qá·
z
q*t^¶�|0�4·4q!Â�}vw!|0�³|ªw*qs¸ªqs·®r�t�P#QWR G ��û�ü�ýLr0»�|o»¾uBÄÂ�#1 H ý Å ± zvuox úÔÝ�qsrGw*|0·4q*tv½ª¶vz�|G~�uºÂBr�}vw!�
¿�uL¸\u�|�~4}v�
u��^��r�Ä°ti·
rV|0¶v¶v�
r#¼�Å¬�(1ª��uB½G�4u�u�~%�¾qs»&·4zvuºpyø ¬ ~�rGws}v·4q*r�t^q*~°ÂBr�t�+��
¸ªu�� � Å

ë���ì



î®ï4ð{ñ�ò�ó�ô�ô#ò�õ�ö

Ã UbÒÍyÉBÊ�Ï�ÈyËÁÓ.ÖvÎ0É�Ë�Ê�Ï�ÒÜ Ç�¾ � ÇÄÃ � Ç�Å � ÇÄÆ � Ç�Ç �

± zvuE}vws·4q*¸ª|0·4uEtvu�}�·4�
qst�rJ~4r�}��
ÂBu{Â�rG}vw!�h¿�u°|®¸o}vr�t\~�·
r���|0½�u{�4q*tv½�Å ± zvuEq!��u�|Mq*~�·
rL~�·�|0�4·
|�~y}�~4}�|0w�»¾�4rG¸ |®¶v�
r0·4rGtL¿�u�|0¸ ~4zvr�r0·4q*tv½Mr�tº|°·�|0�
½�uB·�À#qsthr�����uB�$·4r®¶��4r���}�ÂBuD¶vq*r�t�~$|0t��
ß�|0r�t�~®·
z�|�·h�vu�ÂB|#¹bq*t·4r^¸h}vrGt�~L|0t��Xtvu�}�·4�
q*tvrG~�Å ± zvu�tÆÀÆq*t�~�·4u�|G�Xr�» ~�·4rG¶v¶vq*tv½fu�Ý�u��4¹
¶�|0�4·4q!Â�w*u ¿v}�·�·4zvu tvuB}v·4�
qstvr~BÀ#·
zvu ¸h}vrGt�~&|0�
uDß�u�¶�·�À���|0¶�q*��w*¹LÂ�r�r�w*u��h|0t��h�4u�|�ÂBÂBuBw*uB��|�·
u��
·4r\|J»¾uBÄ ·4u�t�~{r0»´�`u�� ¿�uB»¾r��
u³¿�u�qst�½o~�·4r��
u��\q*ti|L�
qst�½LÄ°qá·
z@wsrGtv½h~�·4��|0q*½�z·:w*qstvu�~BÅ ± zvu
¸h}vrGt ��u�Â�|#¹�~@|0w*r�tv½Á·
zvu�~4uÃw*qst�u�~i~4zvrG}vw*�Ô¶��4r���}�ÂBubÄ{u�wsw®»¾r�Â�}�~4u��Ôtvu�}�·4�
q*tvr<¿�u�|0¸V~
Ä°qá·
zµz�qs½GzXq*tG·
uBt�~4qs·4q*u�~J|0t��X¶�u���»¾u�Â�·
ws¹bß�tvr�Ä°tXÂBr�¸ª¶�rG~4qá·
qsrGtÆÅ ± zvu\½�rG|�wyq!~®·4r^r�¿�·�|0q*t
�#1 G ^ tvu�}�·4�
qst�rG~ ¶�u��°¹�u�|0��Å ± z�u`¸V|�qst^¶v�
r�¿vw*uB¸V~{·4z�|0·³|0�
uM}vt���uB�³~�·4}��v¹fÂ�rGt�Â�u��4ti·4zvu
·
|��4½Gu�·
~$·4z�|�·�~�zvrG}vw!�h~4}v¶v¶�r��4·�|³z�qs½Gzh¶v�
r0·
r�tº¿�u�|�¸ qst·4u�t�~4qá·�¹GÀ0|0t��º·4zvu{·4u�Â�zvtvr�w*r�½G¹Mr�»
»'|�~�·®Â�r�r�w*q*tv½\|�t��f�4u�|�ÂBÂBuBw*uB��|�·
qstv½or0»�·4zvuJ¸o}vr�t�~�Å ± zvu�+���~�·®âà�»'|�Â�·4rG�4¹@Ä°q*w*w�¶v�4rG¿�|0¿�ws¹
tvr0·³¿�uº|#Ý�|0q*w*|�¿vw*uM¿�u�»¾rG�4uU�(1.�71�Å

øX|�~
~�q*Ý�u³��uB·4u�Â�·4rG�
~�ÂBr�}vw!�ª¿�u³¶vw!|�Â�u��ª|�·D|`»¾uBÄÈ��1 ý ß�¸ rGt\·4zvu³t�uB}�·
�4q*tvrL¿�u�|0¸V~
qstµr�����uB�³·4rf~4r�w*Ý�uº·4zvuo¸ª|G~4~®zvq*uB��|0��Â�z¹^|0¸o¿vqs½G}vqs·�¹^|�t��b¸ªu�|G~�}v�
uL·
zvuVx ú Ýq*r�w!|�·
qst�½
¶vz�|G~�uE¿�¹º·
zvu³~�·
}���¹or0»�¸V|0·�·4u��:u��Ou�Â�·
~�Å ¬ ~:|0t\u�¼v|�¸\¶�wsuGÀ7+�½�ÅÀ;J¶v�
u�~4uBt·
~�·
zvu°¶vz�¹�~�q!ÂB~
¶�r�·4u�tG·
q*|�w&r0»:tvu�}�·4�
qst�r@»'|�Â�·4rG�4q*u�~MÂ�r�¸ª¶�|��4u��^·4ri·4z�|0·`r�»D~�}v¶�uB�
¿�u�|0¸V~�À�~�zvr�Ä°q*tv½V·
z�|�·
r�����uB��~ r0»&¸V|0½�t�qá·
}���uLÂ�rG}vw*�^¿�uL½G|�qstvu�� ��= � Å

Å É Ë�È�Î(Ê'Í�Ü�Ï'Ë�È

ù®|0·4}v��|0w�tvu�}�·4�
q*tvr`~4r�}��
ÂBu�~&|0w*wsr�Ä u��º¶vz�¹�~4q!Â�q!~�·�~$·
rL��q*~
Â�r�ÝGuB��tvuB}v·4�
qstvrL��q!~
|0¶v¶�u�|��
|�t�Â�uGÅ
øÃ|0tvà�¸V|��vu°tvuB}�·
�4q*tvrJ¿�u�|0¸V~:|��4uEtvr�Ä ¸V|0t���|�·4rG�4¹J·
rºÂ�rGt�~�·
�
|�qsto·4z�u³¸ªqá¼�q*tv½L¸V|�·4�
qs¼OÅ
¬ ¶v¶�u�|��
|�t�Â�uLuB¼�¶�u��4q*¸ªuBt·
~°w*q*ß�uhè`úr� ²³¬ |0�
uLqstÙ¶�|���·
q*ÂB}vw*|��°tvu�ÂBu�~
~4|��4¹ª·
rV¶v�
r�Ý�u`·4zvu
â�ã<ä â�æÃrG~
Â�q*wsw!|�·
qsrGtÆÅ ¯ }v¶�uB�
¿�u�|0¸V~h|�t��ÁtvuB}v·4�
qstvrÃ»'|�Â�·
r��
qsu�~ºÂ�rG}vw!�Û·4zvu�t×|0w*wsr�Ä ·4r
~�·
}���¹Ùâ�ãªäåâ0ê³r~4ÂBqsw*w!|�·4q*r�t�~ |�t��Ãx ú Ýq*r�w!|�·
qsrGtfq*tf·4zvuLtvu�}�·4�
q*tvr@~�u�Â�·
r���Å

giÒ�Ó.ÒÊ#Ò�È�Î�Ò�Ü

�GÅEÞªÅvùM|0ß�|0¸o}v��|^�B�E�0� À�ù®}�Â�w�Å�ú:z�¹�~�Åvú:�
r�Â�Å ¯ }v¶v¶vw�ÅJË Ç À8�71(!����(1(18� � Å

�vÅ ¯ Å çhÅ ¬ zvt<�B�E�0� À�úDz¹�~�ÅvpÆuB·�·�Å�Y ÅÆÇ�Ç À��es7=&�'�71.1�� � Å

!�ÅEøÃ÷�ù`è ¯ x{r�w*w*|�¿�rG�
|0·4q*r�tÆÀ�ù³}�øb÷.à.ùJè ± ��à@�%�Dù³àW1.!(![sO�@��5(5(= � Å

;�Å`�\Å ¬ Â�±}vq!~�·
|0¶�|�Â�u@�B� �0� ÀOxy� ² ùÈ5(=�àk1.�vÀG÷�ù�&ù�� ¬ ��àk5(=Ä�]1.)��@��5(5(= � Å

)vÅ ² Å  |0q*wsu�¹µ���E��� ÀOxy� ² ù³à ¯ p¬�]5.5�àk1(!7;J�¸2M÷ � À÷�ù6&ù�� ¬ �:àW5.5[�]1[)O� �#5(5.5 � Å

ë����



î³ï
ð{ñ�ò�ó�ô�ô#ò�õ�ö

10 Ì 6 10 Í 5 10 Î 4 10 Ï 3 10 Ð 2 10 Ñ 1

sin2 2 Ò 13

Sensitivity to sin22 Ó 13

Systematic

Correlation

Degeneracy

JHF Ô SK

JHF Ô HK

NuFact Ô I

NuFact Ô II

10 Õ 6 10 Ö 5 10 × 4 10 Ø 3 10 Ù 2 10 Ú 1

sin2 2 Û 13

Sensitivity to sin22 Ü 13

10 Ý 5 10 Þ 4 10 ß 3 10 à 2 10 á 1

sin2 2 â 13

0

0.2

0.4

0.6

0.8

1

C
ov

er
ag

e
in

ã C
P

NuFact ä II JHF ä HK

NuFact JHF

10 å 5 10 æ 4 10 ç 3 10 è 2 10 é 1

sin2 2 ê 13

0

0.2

0.4

0.6

0.8

1

C
ov

er
ag

e
in

ë C
P

�qs½G}v�
u�; � �:��¢6o������!�B���>�@brov���#���'����o����F�������'�0���º�@bM�B�������
��������o����B©�����¢c�B���B�������'���h�����
�B�����B�4�����O���������5����b��G���F�����'���L�B�
�B���0���'�#�"ì������ »7} � b����º���B�.�0�5���Wí(f³¡:�5������oO�s���D�4�v�]p&�J�B�B��£
���5���5���5���L�.��P�QWR G �0û�ü�ý[f�xO�������O�0o��*���y�����]p&�³�¾�v�°���B�v���5���5���5���L�F�L�¾�v�L�$� ���'�0�s�����5�[i:ov���#�B��c
»V¢V��������».{({�î �B���4���h¢ª���#�����4�B¢V�����¸mr{V¢V�������0o��B�ïb��
�B� ¢ª���#�����4�B¢V�����Wf

M�ÅEø<Å��`}vw*uB�<���^���Bf*Àoxy� ² ù�� ¯ ú ¯ xð�71(1.1�àk1.�(=vÀ ¯ ú ¯ x`��ú0!��#=�À®p$ù�� ¯ úy�()[�7�71.1(1
�'�71.1(1 � Å

s�ÅEø<Å.�`}vw*uB�³��������f*À�xy� ² ù�� ¯ ú ¯ x\�(1(18��àk1.�()vÀ ¯ ú ¯ x`��ø�M(M(=�À0p$ù�� ¯ àW�rñMúh!(1Ä�7�71.1��
¬ �v��ÅÀ�e�]18�
�'�71(18� � Å

=�Å� Å ¬ �4t�uBr���rÃ���°���áÀ�p$ù�� ¯ àW�rñMúò�#!Ä�]=.5h|�����Å �[�]18�>�'�71(18� � Å

5�ÅEçhÅ�øbq*t�|0ß�|0·
|b���°���áÀ�ù³}�ÂBw�Å�ú:z�¹�~BÅvúD�4r�Â0Å ¯ }�¶v¶vw�Å Ç�ÇÄó À�;.1(;��'�71(1[� � Å

�#1�Å ø<Å�x |0¸ª¶�|�tvuBw*wsq�À�zvu�¶�à�uB¼A�]1.�(17;[1(17;&���71.1.� � Å

ë���ë



î®ï4ð{ñ�ò�ó�ô�ô#ò�õ�ö

�(�GÅ�2oÅ  u�|#Ý�q*~º�B� �0� Àvzvu�¶�à�uB¼A�]1.�(1.)(17;.1����71.1.� � Å
���vÅ0²\Å�²®·
r�Ä �B�E�0� Àvzvu�¶�à.u�¼A�]18�#1(M.1���59���71.1�� � Å
�#!�Å ¯ ÅA�`uBu���À�zvu�¶�à.¶vzJ�]1.1(1.=���).)9���(1(1.1 � Å
��;�Åy�oÅ  |0�
½�u��J�B�E�0� À�úDz¹�~�ÅvpÆuB·�·�Å�Y Ã�ôJÅ À�![s75&�'�71.1(1 � Å
��)vÅ ¯ ÅA�`uBu���À�zvu�¶�à.¶vzJ�]18�(�.�#1���MO���(1(18� � Å
�#M�Å ¯ ÅA�`uBu���À�zvu�¶�à.¶vzJ�]18�(�.�#1���MO���(1(18� � Å
�es�Å ± Å ¬ �v|�¸ª~º�B�°��� Àvz�uB¶�à.¶vzJ�71��(�.�#1.!(1O�'�71(18� � Å
�#=�ÅEú&Å ç³}�¿�u��h���°��� À�zvuB¶�à.¶vzJ�71.�(17;.![)(�9�'�71.1.� � Å

ë���õ



î®ï4ð{ñ�ò�ó�ô�ô#ò�õ�ö

·4��|�Â�ß�~�Å úDw*|�tvu�~°r�»�¶vw*|G~�·
q*Âh~4ÂBqst·4q*w*w*|0·4r��M~�·
�4q*¶�~���f�s�ºøb÷�ù`è ¯ Ä°q*w*w$¿�uhq*tG·
uB�
wsu�|#Ý�u��i¿�u�à
·�Ä{u�uBtÃ¿��4q!Â�ßÙÄ |�wsw!~®q*tÃrG�
��u��³·
ri·
�4q*½�½GuB�³·
zvuhuB¼�¶�u��4q*¸ªuBt·J|�t��Ã|�wsw*r�Ä ·4r&+�t��b·
zvu\zvqá·
¿v�
q*Â�ß�~°Ä°zvq!Â�zbÄ°q*wswÆ¿�uº·�|0ßGuBtÙr�}�·³¿�¹Ù|ª�4rG¿�r�·°»¾r��®~
ÂB|�tvtvq*tv½�Å ¬ ¸o}vr�tb~4¶�u�Â�·4�
r�¸ªuB·4uB�
qst�~�·
�4}v¸ªu�tG·
u��ªÄ°qs·4zV�
u�~4q*~�·4q*Ý�u°¶�w*|0·4u³Â�z�|�¸h¿�uB��~&Ä°qsw*w�¿�u³¶vw!|�ÂBu��ª��r�Ä°t�~�·4�
u�|�¸ u�|GÂ�z\~4}�à
¶�u��4¸ªr���}vw*u`·4rVÂ�rG¸ª¶vwsuB·4u`·4z�uJ|�t�|0w*¹�~�q!~ r0»Æ·
zvuLuBÝGuBt·
~�ÅDè`úr� ²³¬ z�|G~E¿�u�uBtÙ|0¶v¶��4r�ÝGu��
¿�¹µxy� ² ù |0t��Ãpyù�� ¯ Â�r�¸ª¸ªqs·4uBu�~`qsthvuB¿��4}�|��4¹��71.1��GÀ�|0t��X��uB·4u�Â�·4rG�`ÂBr�t�~�·4�
}�Â�·
qsrGt
q*~®~�·�|0�4·4q*tv½�Å

â æ Â�z�|0�
½�u��iÂ�}��4�
uBt·°qst·
uB��|�Â�·
qsrGt�~°~4zvr�}vw!�^¿�uº~4q*½�tvu��f|�ws¸ªrG~�·³¿�|GÂ�ß½G�4rG}vt���à�»¾�
uBu
¿�¹@·4z�uh|0¶v¶�|0�
qá·
qsrGtfr�»�|"$^·
�
|GÂ�ß@Ä°qá·
zÃ|VÂ�z�|0��|�Â�·4u��4q!~�·
q*Âfþ�ß�q*tvß�ÿª��}vuL·
rª·4zvu�$b��u�ÂB|#¹
�'~4uBu\·
|�¿ÆÅl� � Å ± zvu@|G~4~4r�Â�q!|�·
u��b¶v�
r�¿�|0¿vq*wsqs·�¹Ãr�» |�!�� ~4qs½Gtvqj+�ÂB|0t�Â�uo»¾r��US
T G X���Å*)
�#1 H ý u�� G q!~ ½��
u�|�·
uB�{·4z�|�t&5.5[ZiÅ&÷Ft@·4z�uJ|�¿�~4uBt�ÂBuMr�»y~�q*½�t�|0w�Àvè`ú0� ²³¬ ÂB|�tfÂ�r�ÝGuB�{·4zvu
�4u�½�q*r�tÙÂ�rG�4�
u�~4¶�rGt���q*tv½o·4rª·4z�uº|�·4¸ªr~�¶vz�uB�
q*Â`rG~
Â�q*w*w*|0·4q*r�ti¶�|0��|0¸ªu�·
uB��~BÀv��r�Ä°tf·4r���1 H ý
u�� G Å ¬ ·³w!|�~�·�À�è`ú0� ²³¬ z�|G~°|0w!~�rª|Vâ ã äåâ ê |�¶v¶�u�|0��|0t�Â�u`¶v�4rG½���|0¸ÙÅ

± |�¿vw*u>� � �L��¢V©����º�@bº�B�������'�J�B�����Ã�5��wD�:�3g6�Vb��0�o���@���������º�����Jf
S
T G �@��1 H ý u#� G � � æ �>�W�� k¡£¢	¤n¥_¦e§(¨

�GÅ ! ; 1�Å*s()
�vÅ ) ��1 1�Å*s()
;�Å 1 �(M 1�Å*s()

���*��� �ª©�«¬�6�>�®�¯ �

÷4x ¬®² N ¯ q*~{|J¶v�4r(°�u�Â�·D¿�|�~4u��\rGtª·4zvuM}�~�u®r0»E!(1.1 ± r�t�~:w*q�±}vq!�V|0�
½�rGto·
qs¸ªu³¶��4r(°�u�Â�·
qsrGt
Â�z�|0¸o¿�u��
~�À�Ä°zvq*Â�zX¿�u�tvu�+v·�~M»¾�4rG¸ |@»¾}vwsw3!.2 u�Ý�uBt·`�4u�Â�r�t�~�·
�4}�Â�·4q*r�tÆÅ ¬ +���~�·`¸ªr��v}vwsu
z�|�~M¿�uBuBtX¸\rG}vt·4u��Ã|0t��b·4u�~�·4u��bq*tXú�|#Ý�q*|ªw!|�~�·M¹Gu�|0��Àv·�Ä r@¸ªr���}vw*u�~`|0�
uºr�tÃ·4zvuoÄ |#¹
·4rb¿�uVqst�~�·�|0w*wsu��µq*tÛ·4zvu@pyù�� ¯ Ä°qs·4z>|^¶v�
r7°�u�Â�·Lr0»°Â�rG~4¸ªq*Â\�
}vtÁu�|��4w*¹4�71.1(!fÄ |�qá·
qst�½
»¾r��E·
zvuox ù�� ¯ ¿�u�|�¸^Å

± z�uEâ�æ`|0¶�¶�u�|0��|0t�ÂBu:Ä°qsw*w�¿�u ~4qs½Gtvu��hr�tL·
zvuE¿�|�~4q!~$r�»�|0touBÝ�u�t·�àF~�z�|�¶�uDwsq*ß�u�wsq*zvr�r��
¸ªu�·4z�r��ÆÀGÄ°zvu��4u°Ý�q!~�q*¿vw*u³|0t��\¸ªq!~4~4qst�½`¸ªrG¸\u�t·
|J¶vw!|#¹o|`¸V|]°�rG���4rGwsu���~�u�u�+�½�Å¬! � Å ± zvu
¶�u���»¾rG�4¸V|�t�Â�u�~�r0»O÷4x ¬®² N ¯ |��4u³~4q*¸\q*w!|0��·
rJ·4zvu³¶�uB�4»¾r��
¸V|0t�ÂBu�~�r�»Æè`ú0� ²³¬ À0¶v�
r�Ý�q*��u��
·4z�|0·º|�·Jwsu�|�~�·>��1@¸ªr���}vw*u�~%!(1.1 ± r�t�~Mu�|GÂ�zµ|0�
uo~4u�·J}v¶ÆÅ�²:u�·�Ày|�!^~�q*½�¸V|@u���u�Â�·LÄ°q*wsw
tvuBu��i|U;.1Lß ± r�tÆÅ ¹�u�|0�D�
}vtÆÅ ± zvuM÷4x ¬®² N ¯ ~�u�t�~4qá·
qsÝ�qs·�¹ª·4r\â0ã\äåâ�êErG~
Â�q*wsw!|�·
qsrGt�~:¸V|#¹
¿�uº|ªw*qs·�·4w*uL¿vqs·³¿�uB·�·
uB�°·
z�|0tÙq*tf·
zvuºÂB|G~�u`r0»Dè`úr� ²³¬ Å

ë���³



î³ï
ð{ñ�ò�ó�ô�ô#ò�õ�ö

5 T600 modules, 5 years CNGS (4.5 x 1019 p.o.t./year)
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5 T600 modules, 5 years CNGS (4.5 x 1019 p.o.t./year)
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