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HD$k�c�4�^�`�O�p�W�§�W�Ð�#�z�6�B�u�V�A�B�O�M�B>{é�$j 4���e�0�:&7$6��Ä�-3�e�O+q����+.\	&7L�56-3&. 3&7$,�<_{56HD&7$,�A&7-
"W+.&.$,�Y')HJ 4�N+7�{�6HDX7�~+.$O��$��<-3X./O+7�{5�&7�4�0HD��CE��+W �+2 z+.-3X7�B e>%�����TCEHD\�HJ �&7$O 3�6�T�<$6�<-3X./
+�I.+.HDCE+.��CE��LM&7-� 4����56-3&%9�;,@G 3HE&.$j&7L�$��B'Þ56+.-0 4HE@BCE���AHV�� 3�6�:@B�<$Q 4-3�K&7L�\A+7�3�A�<$6�<-3X./
&.L{ 3�6���3@<+W 3 3�<-3HE$�XK5�-3&=@B�e�3�<>CS�2@<+.$*�c���0�<��$*LM-3&7\��fHDX6>f� þ >E�._�Ld&7-#@B�<$Q 3-4��&7L{\�+7�3�
�<$���-3X7HD���hX7-3�e+( 4�<-h 4�6+.$N���S�B÷Ð$�&�Ld;6-0 4���<-]-3���0&7$,+W$,@B���]@<+.$~�c�S-3��@<&7X.$6HE�0�e9~+.$69A 3�6�
�<CE+7�! 4HE@2@B-3&1�3���0��@G 4HD&7$�HE�h 3�6�<-3��+.Ld 3��-]&7$�CD/~+\�HD$6&7-]5,+.-0 �&7L� 4�6�T 3&. z+.C�@B-3&1�3���0��@B 3HD&7$�>
����HE�[�<$6�<-3X./N-4+.$�X7�2HE�)9�&7\�HD$6+W 4��9��Q/~HE$��<CV+7�! 3HE@#5,+.-0 3HV@BCD�#56-3&=9=;,@G 4HD&7$?>

éb$8�0;6@z�*56-3&=9=;,@G 3HE&7$|�<Â%5��<-3HD\��<$Q z��&7$6��9�&Q����$6&W #CD&%&7":Ld&7-2-3���3&.$,+.$6@<����HD$* 3�6�
@B-3&1�3�T�0�e@G 3HE&.$|��;� T-4+W 4���<-S�! 4;69�HD���[ 4�6�P5,+W-3 3HE@BCE���)')��HV@4�|+.-3�P@<-3��+W 3�e9�_,X.��$��<-z+WCECJ/KHE$
X.��$��<-4&.;,��^Q;6+.$Q 3HD 3HD�e�<_�HD$| 4����-3��+7@G 4HD&7$,�<>�é�LY 4���e�0��5,+W-3 3HE@<CD���#+.-3���0��&7-0 2CEHJI1��9�_� 4����$
HJ �HE��&7$�CJ/85�&1�3�0HD�6CD�~ 4&|+7@G 4;6+.CDCD/�9=�< 3��@B � 3�6�<HD-�9���@<+�/q5�-3&=9=;,@G z�<>Z���6�~�0�6&7-0 �CEHJI1��9
�! 4+W 4����@<+.$?_%��&e'��BI1�<-�_Q&7Ld 4�<$~�c�S-3��@<&7$6�! 4-3;6@B 3��9~�Q/� 4����HD$QI.+.-3HE+.$Q ]\A+7�3�]\��B 4��&=9�>%ébL
 3�6�A\�&7\��<$Q z+��9�[+.$,9*��$��<-4X.HE����� � &.L] 3�6��I.+.-3HD&7;6�#56-3&=9=;,@G z�#@<+.$8����\���+7�0;�-4��9�_
 3�6�<$�']�[\A+�/�;6�0�� 4���[LM+7@B f 4�6+W Y 3�6��\A+7�3�����:&7L, 3�6�)9=�e@<+�/1��9�5,+.-0 3HV@BCD���ÝHE�UX7HJI1��$
�1/

� ��9�u� ��� ��9� � � ��¡ � � � �p¢ �
� �C¡ � � � ¢ � �£��¡ � �9� �p¢ �

ý �!� þ >E�(�

é�$Ã56-4+7@G 3HV@B��&.$6���! 3;,9�HD����+|X7-3��+W �$Q;6\�c�<-�&7LS�3@<+W 0 4�<-3HD$6X}�BI1�<$Q 4��+.$,9i@<+.CE@B;6CE+W 4���
 3�6�*HD$QI.+.-3HE+.$Q �\A+7�3��&.L��0&7\��*5,+.-0 3HV@B;�CE+.-K@B&7\�6HD$,+W 3HD&7$À&7L# 4���*5,+.-0 4HE@BCD���N')�6HE@z�
�6+�I1�K�c�<�<$j9=�B 4��@G 4��9?> È �6&7-0 �CDHJI1�e9Ã-3���0&7$,+.$6@B�e��')�6HE@4�k�,+�I7��9=�e@<+�/1��9iHD$Q 4&* 4�6���0�
56+.-0 4HE@BCD�e�)-3�BI1��+.C� 3�6�<\A�0�<CJI1���S+.�)5���+."%�)HD$K 3�6�PHD$QI.+.-3HE+.$Q T\A+.�4�T�05c�e@G 3-3;6\K>�RT$K 3�6�
&.$6�)�,+.$69�']�)\A+�/�HE9��<$Q 3HDLd/A�0�6&7-0 {CEHJI1��9A-3���0&7$,+.$6@B�e�U 3�,+W Y']�S+.CD-3��+79=/�"%$��B'Á+.��&7;= 
HD$| 4��HV�S'�+�/1_�&7$| 3�6��&W 4�6�<-��,+.$69:']��@<+.$| 4�Q;,�2�0�<��HDLh$��<'P_�5�-4�BI=HD&7;6�0CD/:;6$�"%$6&e')$
56+.-0 4HE@BCD�e�)+.-3�2���<HD$6X�Ld&7-3\���9?>S��+.$N�BÂ�+W\�56CD�#@B&7$6�0HV9=�<-] 4���2HD$QI.+.-3HE+.$Q �\A+7�3�[�05c��@B 3-3;6\ø&7L? 4���#� � ¿ ò Æ Ä�$,+.C
56+.-0 4HE@BCD�e�[HD$� 4�6�2-3��+7@G 4HD&7$ � � ¿q5~ó ò Æ ¿ ò � ¿i� � ý
����HE�)9�HE�056CE+�/��T+�@BCD�e+.-)5c��+."N+W P���y¤ þ ö��<÷�¥ � � �V�UHDX6>?� þ >ÿ�7�{')��HV@4�:@B&7-3-3���05�&7$696�] 3&
+W$i�BÂ�@BHJ 4��9k��Æ�>Z���6�K� � Æ��,+.-0/1&7$qHV�P 4����-3�<LM&7-3�~HE9��<$Q 3HDÄ6��9�LM-3&7\ HJ z��9���@<+�/qHD$Q 4&
� � Æ ó ò Æi¿�� � > È HD$6@<�� 4��HV�AHE�O+q�! 3-3&7$6Xq9=��@�+�/k+.CDCT^Q;,+.$1 4;�\ $%;�\���<-4�<_Y�7> X6>E_
�! 3-4+.$6X7�<$��e�3�A+.$,9ÃHE�0&1�056HD$�_{+.-3�:@B&7$,�0�<-0I1��9?>Uéb$k 4���:+.�c&eI1�K-3��+7@G 4HD&7$jHJ ~HE�2�0;6�! ~+7�
CDHD"7�<CJ/} 4&����� 4���~@<+7�0�� 4�6+W �+|� � �Á�! z+W 3�OHV�P5�-3&=9�;6@B�e9�>����6HE�2']&7;6CE9} 3�6�<$�9=�e@<+�/
HD$Q 3&� � ¿ ò � > È  4;69=/�&7Lc 3�6�)HD$QI.+.-3HE+.$Q {\A+7�3�0���Y/=HD�<CE96�h+WCE\�&1�! hHV9=�<$Q 4HE@<+.C,\A+7�3�0���{LM&7-
 3�6���0�S b']&��,+W-3/7&7$,�<>�¦����6HE�h\A+�/~+.CE�0&��c��-3��+79O&7èKLM-3&7\§�fHDX6>�� þ >ÿ�%>%���6���0&7\��B')�,+W ¨ ìUí1���2��¦!¦R�1ª@F�� µ �z« �4��º=� ´ aZ�z�z« ´ í1�O¢4©�QÃ��« � ´ í1�O¢4©?DkªJ¦ µ ¨e¹1¶eí > ï«ª kA��mSnuo#tlGd¦b�z�
ì���º >ÿ�#Bë��ÿ)¨e«�©j�=¯.G²`NU�



Bë��J ìfí1��� µ ¨��1¹ � ´ ªJ¨e«���« �"!]� ´ �#� ´ ªJ¨e«�¨e»�îf� µbï ¨�«Q¦ ¯�²e°

30

25

20

15

10

5

1305 1355 1405 1455 1505 1555 1605 1655

Events

    Invariant Mass (Λ0
¬
 π+) [MeV/


c 2]

30

25

20

15

10

5

Events

1305 1355 1405 1455 1505 1555 1605 1655

    Invariant Mass (Λ
® 0
¬
 π−) [MeV/


c 2
¯
]24365�7°8 :j7�±�7,¥g«�be� µ ªD��« ´ �#��¦b¦f¦!©%�#� ´!µ ¹1�À¨e» ´ í1�]©Q� µ�´ ªr�c>J�²�4¨e�Tº1ªJ«Q� ´ ªJ¨e«1¦U¡=zpg�B�D³Gµ´r¶¸·UIUN���« �

¡;zOgeB�Q¹GJºU»�¼�½`IAN�ªJ« ´ í1� µ �G�?� ´ ªJ¨e«¾PvQ�g�©À¿ÁBEDSg"B�Q�g�¡;z^�ZìUí1�A��¨e�2�z« ´ ¹1� ¨e» ´ í1�
ªÿ«1ª ´ ªD�?> ¾ ��¨e«eaU��¦T^�ÿeCÂ]�cm�np�?�=ìfí1�)�cb(�z« ´ ¦�aZ� µ � µ �#�4¨ µ �1�#��ªÿ«O��º1¹1º1º >J�S�0íQ���)º=� µ ��îZ¨ ´ í
¦b©=�#� ´!µ �Ã�1ªÿ¦!© >J� ï ��©=�z� ¾ � µ ¨e¹1« �*G°^](ëÃk��cm�npo#t^djaYí1ªr�0íÄ�4¨ µ!µ �z¦b©=¨e« � ´ ¨~¢�©�Di�<«;�:¢4©�Q
µ �z¦b©=�#� ´ ª@b(�c> ï �EÅ�î µ �zª ´ ¼VÆ8ªJ¶e«1� µ �1ªÿ¦ ´bµ ªÿº1¹ ´ ªÿ¨e«¾GfÇUK?È;I<»6È;É;K�É�ÊË´ »6Èj¶ANhíQ��¦)º%�z�z«Ì| ´b´ �#� ´ ¨ ´ í1�
©%�G� ¾ �eìfí1�U�2��¦!¦���« �Sa{ª@� ´ í�¨e» ´ í1� µ �z¦b¨e«Q��« �z�U�2� ï º=�f»V¨�¹1«;�SªJ« ´ í1ªJ¦�aU� ï �(ìfí1�U�z«1� µ ¶ ï ¨e»
´ í1�h©Qªÿ¨e«ËaYí1ªr�0íªÿ¦Z«1¨ ´ ªÿ«�b(¨^>@b(�c�ªJ« ´ í1�h�1�c�G� ï ªJ¦ ¾ ªÿ«1�z�#� ´ ªr�G��>r> ï | x7�#�P»E¨ µ ��« ï ©Q� µb´ ªr�z¹ >J� µ
º%�G���ú�4«1� µ ¶ ï �=¥ ´ ¦��z¨e�)º1ªJ«Q� ´ ªÿ¨e« ´ ¨e¶e� ´ í1� µ aYª ´ í ´ í1�)¡=z ï ªJ�c>r�1¦]�lÍ�»V�?>ÿ¦!�#Î#©=�G� ¾ � ´ í1ªJ¶�í1� µ
�4«1� µ ¶�ªJ�z¦�aYí1ªr�0í"�1¨.�z¦Y«1¨ ´ �z¨ µbµ �z¦b©=¨e« � ´ ¨#� µ �z¦b¨e«Q��« �z�ËGd» µ ¨��£Y Ï�>rÐ7c_¸NU�
Ñ +W 3 3�<-�5c��+."O+( ��6HDX7����-]�<$6�<-3X7HD���hI%HV�0HD��CE��HD$��c&. 4�N�05c��@B 3-4+HV�]+�@B&7$,�0��^Q;��<$,@B��&7L� 3�6�
5c&1�3�0HD�6HDCDHD �/� 3&#@B-3�e+( 4����HJ 3�6�<-Y&7L6 4���e�0�] b']&2@z�6+.-3X7�e9A�8-4���0&7$6+.$,@B���<ÅW 4����\�&7\��<$Q 3;6\
+W$,9P�<$6�<-3X./#&7L= 4���h56HD&7$P')�6HE@z�HE�l$6&. f@<-3��+W 3�e9PHD$ 3�6�]9���@<+�/#HE�ZÄ�Â%�e9P+.$,9�0&S@B-4��+W 3���
+~a�Ò Ä,@G 4HJ 4HD&7;6�3a���5���+."KHD$| 3�6�HD$QI.+.-3HE+.$Q 2\A+7�3���05c��@B 3-3;6\K>�����HE�2+.\��HEX.;6HJ b/|@<+.$|�c�
-3���0&7CJI1��9i�Q/�@�+.-3-0/=HD$�X*&7;= � 3�6�N�BÂ=5��<-3HD\��<$Q �+W A9�HDèc�<-3HE$�X*����+.\ô�<$���-3X7HD���<>Y�����<-3�
HE�+KLd;6-0 4����-P�0\A+.CDCh�,+7@4"%X7-3&7;�$,9}HD$8 3�6�AHE$1I.+.-3HV+W$Q �\�+7�3��05���@G 4-3;�\ ')�6HE@4�qHE�P$6&. 
@B&7-3-3�<CE+W 4��9}')HJ 4�} 3�6�O+.��&eI1�7_?Hg> �7>E_?HJ �9�&%���#$�&. @B&7\��OLd-3&7\ô� ��Ó 9���@<+�/1>�Ô8�A$�&. 4�
 3�,+W � 4�6�K�BÂ�@BHJ 4��9Á�ø�0 4+W 4��'�+7�AÄ�-4�! OLd&7;6$69ÃHD$Ð�?ÕyÖ ü ;,�0HD$6X} 3�6�KHD$QI.+.-3HE+.$Q O\�+7�3�
\��< 3�6&%9�× TC6Ö ü`Ø >

ébLY 4�����6+.-0/1&7$6HE@��! 4+W 4�� 3�,+W �']��')HE�0�| 4&NHE$1I1���! 4HDX1+W 4��HV�2+.CD-3�e+79%/:"%$6&e')$?_, 4����$
 3�6�A-3���0&7$,+W$,@B�A\�+�/*����HE$1I1�e�! 3HDX1+W 4��98HD$8HD$,9�HJI%HV9=;,+.CY�BI1��$1 z�P+.�2']��CDCg>l���6HE�#HE�<_�LM&7-
�BÂ�+W\�56CD�7_7HD\�5c&7-0 z+.$1 {Ld&7-f 4�6�[+.�c&eI1�[HE9=��$1 4HDÄ,@<+W 3HE&.$A&7L, 3�6�S� � Æ _7�0HE$6@B�[ 4���)� � HJ z�0�<CDL
9=��@�+�/=�ZI=HE+2� � óõ5{¿ ò �K+.$,9\;,�! YÄ�-4�0 U�c��-3��@<&.$,�! 4-3;6@B 3��9��1/P 4����HD$QI.+.-3HE+.$Q Y\�+7�3�
\��< 3�6&%9?>{������9��B 3�e@G 3HE&7$k&7LS 3�6��� � HE��-3��$69��<-3��9k��+7�0HD�<-O�1/ÃHJ z�ACD&7$�X8CDHELd�B 4HD\��:&7L
� ý Ö � � ü �°¦ � �T�g9=;6�� 3&PHJ z�U'���+."�9=��@�+�/6�G>%RS$A+�I1�<-4+.X7�[ 3�6�)� �  4-4+.$6�!I1��-4�0���{+#9�HE�! z+.$6@B�
Ld-3&7\ú�0�BI1��-4+.C=@<�<$Q 3HD\��B 4-3���f 4&2+SLd�B'Ã\��B 4-3���<_W 3�6HE�Y9=�<5��<$,9��Z;�5�&7$�HJ 4�f�<$6�<-3X./1_W���<Ld&7-3�
HJ h9=��@�+�/=��>��,-3&7\� 4�6�� 3-4+7@4"=�U&7LcHJ z�{9=��@�+�/�5�-3&=9�;6@G z�Z 4���[5�&1�0HJ 3HE&7$�&7Lc 3�6�)� � � �Y9=�e@<+�/
\�+�/��c�2CD&=@<+.CDHV�0��9�+.$69K9=HV�! 3HE$�X7;6HE�0���e9�LM-3&7\  3�,+W )&.Ll 3�6�#5�-3HE\�+.-0/N-3��+7@G 4HD&7$�> $6HE@B�P�BÂ�+.\�5�CD�&7Lf�0;,@4�:+A�! 4�<5��1/��! 3��5�-3��@B&7$,�! 3-4;6@G 4HD&7$�&.Lf 3�6�#HD$6HJ 4HE+.CDCJ/:@B-3�<F
+( 4��9?_l56-3HD\A+.-0/85,+.-0 3HV@BCD����LM-3&7\ +*�S�f¿S$%;6@<CD�<;,�P-3��+7@B 3HD&7$iHE���0��&e')$�HD$��UHDX6>h� þ > ��>



¯�² ª Bë ìfí1�)îU� µ�ï ¨e«1¦

Strip counter

Target
1

1 cm
1 m

Σ–

K+

2

π+

Ξ –

Λ0
3

π–

π-

p

π–

Drift chambers
Proportional chambers

in magnetic field

24365�7E8 :�7�Ùj7;!]� ´ �#� ´ ªÿ¨e«2¨e»%�hºQ� µ�ï ¨e«v�1�#�G� ï �G��¦f�G�?�1�Y� ´�´ í1�9ÆwÅ²]^[h�1� ´ �c� ´ ¨ µ � ´�´ í1�hÚZÏ°Ûh�
í ï ©%� µ ¨e«8º=�G���ÜGdºQ��¦b�#�8¹1©=¨e«ÝY ì µ [(¯�_¸NU�Z¥g« ´ í1ªÿ¦�cb(�z« ´ �:¢hQjí ï ©=� µ ¨e«ÞaYª ´ íq°`{<²�Âh�cm
¾ ªJ«1� ´ ªr�P�z«1� µ ¶ ï í1ª ´ ¦S� ´ í1ªJ«
�G� µ º=¨e« ´ � µ ¶e� ´ ��ìUí1�#©Q� ´ í1¦T¨e» ´ í1���!í%� µ ¶e�c�K©Q� µb´ ªr�#>ÿ�z¦ ´ íW¹1¦
© µ ¨��1¹ �z�c�#� µ ���1� ´ �#� ´ �#�#«1�G� µ?´ ¨ ´ íQ� ´ � µ ¶e� ´ º ï ¦bªr>ÿªr�z¨�«#¦ ´!µ ªÿ©R�1� ´ �#� ´ ¨ µ ¦Z�<« �#»E¹ µ�´ í1� µ �#af� ï
º ï � µ ªJ» ´ ��« �A© µ ¨e©=¨ µ�´ ªÿ¨e«Q�?>E�0íQ���Tº%� µ ¦#��ìfí1�zª µ �2¨e���z« ´ �P� µ ���1� ´ � µ ��ªJ«1�c�Oº ï ���G��¦b¹ µ ªÿ«1¶
´ í1���1�cßQ�#� ´ ªJ¨e«�¨e» ´ í1� ´!µ �?� ¾ ¦TªJ«���¦ ´!µ ¨e«1¶A�2��¶e«1� ´ ª@�Ë|Q�#>r�j��ìfí1� ´!µ �?� ¾ ¦T�#� µ!¾ �c��ªJ« ´ í1�|Q¶e¹ µ �#� µ �2ºQ��¦b�#�N¹1©=¨e« ´ í1�2¦!ªÿ¶e«Q�?>J¦[» µ ¨e� ´ í1�vb�� µ ªÿ¨e¹1¦à�1� ´ �c� ´ ¨ µ ¦u�cìfí1�2ºQ� µ�ï ¨e«1ª@�Ë�1�#�G� ï�0íQ��ªÿ«�ªÿ¦��1�z¦f� µ ªJº=�#��ªJ« ´ í1� ´ �cx ´ �
�����\��< 3�6&%9:&7LfHD$QI.+.-3HE+.$Q S\A+7�3�0����@B&7;6CE9��c�;6�0�e9� 4&N�0��&e'�+A 4��-3����! 4�<5:56-3&%@<���3�
&.LZ�,+W-3/7&7$K9���@<+�/��<>6���6�2\���+7�0;6-3��9N-3�e+7@G 3HE&.$�HE�

� � ¿� ó 5�¿�� Æ ¿ ò Æ ¿ ò � ¿ ò � ¿ ò � ¿�Há ý
������HD$6HJ 4HE+.CU-3��+7@G 4HD&7$: z+.".�e�S56CE+7@B��+W �&7$6��&7LU 3�6��56-3&. 3&7$,�T&7L{+~$%;6@<CD�<;,�v>�TCDCf&7L
 3�6�[5,+.-0 3HV@BCD���{HD$A 3�6�[Ä6$6+.C,�! 4+W 4�[']�<-4�[HE9��<$Q 3HEÄ���9:�M�<Â=@<�<5= hLd&7-U 4���)Ä�$,+.C�$%;,@BCD�<;,�� á �
+W$,9: 4���<HE-2\�&7\��<$Q 4+N']�<-3��\���+7�0;6-3��9?>����6�� 3-4+7@z"%��&7L]+N5�-4&W 4&7$}+.$69*+ ò �Ý@B&7;�CV9
�c��\���+7�0;�-4��9ÃHD$k9�-3HDLV O+.$,9i5�-4&.5�&7-0 3HE&7$6+.C[@4�,+.\�c�<-4�A+.$69iLd&7CDCE&e']��9Ã�6+7@z"8 4&* 3�6�
5c&7HD$Q ����Q�G_,')�6�<-3��+~� � 9=�e@<+�/1��9��g+7��+O@�+WCV@B;�CV+W 3HD&7$*&7LU 4����HD$QI.+W-4HE+.$1 2\A+.�4�S&.LU 3�6�
5�-3&. 4&7$:+.$,9� 4�6� ò � �0��&('T�z�z> È HD$,@B�P']� 3�%;,�)�,+�I7�P 4���\�&7\��<$Q 3;6\Þ&7Lf 3�6��� � ']�
@<+.$}�<ÂQ 4-4+.5c&7CE+W 4�AHJ 4�#5,+W 3�8�,+.@z": 3&q���7�T')����-3��HJ \����B 4�2 4���A5,+W 3�}&7L�+ ò �{>����6�
HD$QI.+W-4HE+.$1 [\�+7�3��&7L? 3�6��� � +.$69~&7L? 3�6HE� ò � HE�]-3&7;6X7��CJ/:���Q� ü ö��B÷�¥ � � ')�6HE@4��HE�h 3�6�
\�+7�3��&7LY 4�6���²�k�,+.-0/1&7$?>����6HE���,+.-0/1&7$*@<+.$|HE$| 4;�-3$*�c�� 3-z+.@<��9: 3&N 3�6� z+.-3X7�B P+W 
�!�(�G>����6�2+.$,+.CJ/��0HE�� 3�6�<$K�0�6&e'T�h 4�,+( [ 3�6�#�²�}'�+7��HD$KL�+.@B � 4���#9=��@�+�/~56-3&=9=;,@G �&7LZ+
5�-3HD\A+.-0/� ��� �! z+W 3�h')��HE@z�|`0HD$,�! z+W$Q z+.$��<&7;,�0CJ/�aS9=�e@<+�/1��9#I=HE+) 3�6�h�! 4-3&7$6XTHE$1 4�<-4+7@G 4HD&7$



Bë�� ¯ îf� µbï ¨�«�k�¹ > ´ ªJ© >ÿ� ´ ¦ ¯�²(ë
HD$Q 3&A+A�²�q+.$,9�+ ò Æ�>����6�#@B&7\�5�CD�< 3�P-3��+7@G 4HD&7$KHD$�+.CDC?HJ z�[X7CD&7-0/~'�+7�] 4�6�<-3�<LM&7-3�� 3�6�
Ld&7CDCE&e')HD$�X

� � ¿�Ðó �h���h¿�� Æ ¿ ò � ¿âHáã óô� � ¿ ò Æã ó �j�h¿ ò �ã ó 5¿ ò � ý
����HE��-3�e+7@G 3HE&.$K+.CE�3&��BÂ=�<\�5�CDHEÄ����� 4���#+7�3�0&=@BHE+W 3�e9N56-3&%9�;,@G 3HE&.$N&7LZ�! 4-4+.$�X7��5,+.-0 3HE@<CD���<Å
 3�6��S�qLd-3&7\  4���#�c��+.\ �6+79K�! 3-z+W$6X7�<$6���3�Ë�2�#+.$,9O/1�B )56-3&=9=;,@B����HE$N 4���P@B&7CDCDHV�0HD&7$
')HJ 3�# 4���U z+.-3X7�B l+)� ��� ')HJ 4�P�! 4-4+.$6X.��$����4�4�S�%> È HE$6@B�Y 3�6�{�! 3-z+W$6X7�Y^Q;,+W$Q 4;�\�$Q;6\�c��-
HE�Y@B&7$,�0�<-0I1�e9�HD$A�0 3-3&7$6X2HE$1 4�<-4+7@G 4HD&7$6�{+.$A+7969=HJ 4HD&7$,+WCO�PÆ:')HJ 4�A�0 3-4+.$6X7�<$��e�3�h¿��'�+7�
+WCV�0&O@B-3��+W 4��9�>

ÉlÊ�ËJä à8ÙfÑ=á{ÒhØæå Ôvç§Ö�×fèvçbÎ�Ö=â
Ô8�~$�&e'ø'�+.$Q  4&*9=���3@<-3HD�c�NHD$Ã�0&7\��B')�6+W �\�&.-4�N9=�< 4+.HDCh')�6HE@z���,+.-0/1&7$6�P\A+�/q�c�
��;6HDCJ �;65ûLd-3&7\  3�6�|;�F4_�9%FA+.$69û�!F�^Q;6+.-3"=�<>hÔ8�:')HDCECS 4��&7;6X7�ÁCDHD\�HJ �&.;6-4�0�<CDI1���~ 3&
 3�6�PCDHDX7�Q 4���! 2�! z+( 4���<_cHg> �7>E_6 3�6&1�0�#')���<-4�# 3�6�^Q;6+.-3"=�)�6+�I1�P-3�<CE+W 4HJI1�&7-3�6HJ z+.CZ+W$6X7;�CV+.-
\�&7\��<$Q 4;�\êé)� ü +.$,9�+W-4�2$6&. [-4+79�HE+.CDCJ/��BÂ�@BHJ 4��9?>

���6�) 3�6-3�<�)I.+.CD��$6@B��^Q;,+W-4"%�{HD$O 4���S�6+.-0/1&7$O\;6�0 �_Q�Q/�I=HD-3 3;6�T&7L� 4�6�<HD-]Ld��-3\�HE&7$�HE@
@4�,+W-z+.@B 3�<-e_��3+W 4HE�0Ld/~ 4�6�RëU+.;6CDH?5�-3HE$6@BHE5�CD�1>6���6�� 4&. 4+.C?�,+.-0/1&7$�HE@S'[+�I1�<Ld;6$6@B 3HD&7$ìZíWî�íLïcð �òñ�óWô ïAíJõ ï�ð �^ö#÷ ïføcîcù?ú ��û óWô õ ü �^ý Ç î#ð î#ù�ú
\;6�! )HD$K&. 3�6�<-�']&7-496���c�#+.$1 4HE�!/=\�\��< 3-3HV@2;6$,9=�<-� 3�6�2�BÂ�@4�,+.$�X7�2&7LZ+.$Q/O �'�&�&7Ll 3�6�
^1;,+.-3"=�<>������� 3&. z+WC{�6+.-0/1&7$6HE@��056HD$â�û-3���0;6CJ z�#LM-3&7\ +79�9�HD$�X� 4�6�� 4�6-3�<�AHD$,9=HJI=HE9�;6+.C
^1;,+.-3"q�05�HD$,���µþ��õ�(�.�7�P+.$,9�\;6�0 ����~�<HJ 4����-��ú�õ�(�7�K&7-��ù�Ú�Q�7�%> È HD$,@B�~']�
9=�<\A+.$,9O 4�,+( àéT� ü _= 4���� 4&. 4+.C�+.$�X7;6CE+.-�\�&7\��<$Q 3;6\æ	}&7L� 3�6�2�,+.-0/1&.$�HE�f�0;6�! [ 3�6�
 3&. z+WCl�05�HE$K&.Ll 4���2 3�6-3�<�#^Q;,+W-4"%�<>ÿ�� p��Zu�x��cn,r«�Zp%s1wlæftMpQv.y�� �B l;,�?Ä6-4�! lHE$1I1���0 3HDX1+W 4�Y 4���à	��8�Á�Q�7�.ÆN�,+.-0/1&7$6�<>	�S�<-3�
 3�6�P 4��-3����^1;,+.-3"=�T�6+�I1��56+.-4+.CDCD��Cf�056HD$,��+.$69K 4�6���056HD$:'[+�I7��LM;�$,@G 3HE&7$:HV�T 4����-3�<Ld&7-3�
�!/%\�\��B 4-3HE@�;�$,9��<-�+.$*HD$Q 4�<-4@4�,+.$�X7��&7LU b']&N&7LY 3�6��^Q;,+.-3"%��>E�,&7-Hé� ü �! 4+W 4���S 4��HE�
HE�S+.CE�0&A 4-3;6�P&7Lf 3�6��05,+W 3HV+WCl'�+�I1�PLM;6$6@G 4HD&7$�>,�Z+."%HD$�X6_,LM&7-)�<Â=+.\�56CD�7_6 4�6�P;6;�;:�! z+W 3�
HJ AHE��&.�QI=HD&7;,� 3�,+W � 4��� Ñ +�I1&7;�-�'�+�I1��LM;�$,@G 3HE&7$i�,+7� 3&*�����!/=\�\��< 3-3HV@K+W$,9q 4��HE�
 3�6�<$�HD\�5�CEHD���[ 3�,+W � 3�6�#@B&7CD&7;6-�'�+�I1��LM;�$,@G 4HD&7$�\;6�! )���S 4&. 4+.CDCD/�+.$1 4HE�!/=\�\��< 3-3HV@2HE$
&.-z9=�<-� 4&N/=HD�<CE9}+.$8+.$1 4HE�!/=\�\��B 3-3HV@� 3&. z+WCU'�+�I1��LM;�$,@G 4HD&7$}+.$,9*�0&�Ld;6CDÄ6CDCf 4���"ëY+.;�CDH
5�-3HD$,@BHD56CD�7>f�h��@<+.;,�0�O�,+W-3/7&7$,�P+.-3�~@B&7CD&7;�-4CD���3�&7�=�!�e@G 4�# 3�6�A 3&. z+.CDCJ/q+.$Q 3HV�!/=\�\��B 4-3HE@
@B&7CD&7;�-['�+�I1�2LM;�$,@G 4HD&7$�@<+.$����#@B&7$6�0 3-3;,@G 4��9�+7�[Ld&7CDCE&e'T�<Å

ý Ç î#ð îcù?ú � �
 Ö ¡������ ��� � ¡� ����� ��� � ¡������� ��� � � � � � ã ^ � ^ � ^ ����� �!� þ >ÿ�7�



¯�²?Ð Bë ìfí1�)îU� µ�ï ¨e«1¦
')���<-3��'��O�0;6\ &eI1�<-# 4���A 3�6-3�<�O@B&7CE&.;6-4�<_��6�<-3�~9=�<$6&. 3�e9}�Q/i�4�#���! .�3�z�B�*+W$,9#"%$}�6�<_
+W$,9 � � � � HE�� 4���� 4&. 4+.CDCD/K+.$Q 3HE�!/=\�\��B 3-4HE@2 3�<$,�0&7-�>

ébL�']�N9=&:$6&W �@<&7$6@B��-3$�&.;6-4�0�<CDI1���#')HD 3�i-4+79=HE+.Ch�<Â=@<HJ 4+W 4HD&7$6��_l']�N+.-3�OCD�<Ld ')HJ 4�
 3�<$89=HEèc�<-3��$1 #�!/��! 4�<\A�S 4�,+( P@<+.$*�����6;�HDCD #&7;= 2&7LY 4��-3����^Q;6+.-3"=�<_�+W-4�w	°�Á�ù�Q�.�.Æ
+W$,9N�,+�I1�� 4&. 4+.CDCJ/K+.$Q 3HV�!/%\�\��B 4-3HE@2'[+�I7�#Ld;6$6@B 3HD&7$,�<>6���6���0�#+.-3�&&   DjD('*) && ¹,+B¹,+<¹,+ ' &&   D-'.) && ¹,+B¹,+��,+ ' &&   z	'*) && ¹+p�,+p�,+ ' &&   Q-'*) && �,+p�,+��,+ '&& ¢�©?D '*) && ¹ + ¹ + ¦ + ' && ¢4©?z '*) && ¹ + � + ¦ + ' && ¢�©`Q '*) && � + � + ¦ + '&& £�©�z '*) && ¹ + ¦ + ¦ + ' && £Z©�Q '*) && � + ¦ + ¦ + '&& ¤²Q-' ) && ¦ + ¦ + ¦ + '�/0T&. 4�� 4�,+( {']�)�6+�I1�)&7$�CJ/�X7HJI1�<$� 4���T�056HD$�F Ñ +�I1&7;�-Y5,+.-0 {&.Lc 3�6�[ 4&. 4+.C6�,+.-0/1&.$6HE@�'�+�I1�
Ld;6$6@B 3HD&7$Á�6�<-3�7_�+.$69Ý 3�,+W NHD$À+.$û+.�6��-3�<I%HV+( 4��9ÝL�+7�0�6HD&7$?>]é§ �\;,�! ��c�*�!/=\�\��B 3-4HE@
;�$,9=�<-{^Q;6+.-3"��BÂ�@4�,+W$6X7�7>.éb$� 4���T+.�c&eI1�[$6&W z+W 3HE&7$� 3�6HE�YHE�Y�<I%HV9=�<$Q YLM&7-U 3�6�)5�;6-3��;6;�;�_
9�969|+.$,9|�3�3�2�!/��! 3�<\A�<>C�,&7-��,+.-0/1&7$6�S�6;�HDCD 2&7;= 2&7LY\�&7-3�� 3�,+.$|&7$6��^Q;,+W-4" Ñ +�I1&7;6-
 3�6�P�!/=\�\��< 3-3HE�3��9�I1��-4�0HD&7$�@<&7$1 z+.HD$,�)�0�BI1�<-4+.C? 3��-3\A�<>6���%;,�� 3�6�<$� 4����!/%\�\��B 4-3HE�0��9
56+.-0 )&.Ll 4���2'�+�I1�#Ld;6$6@G 4HD&7$K&.L!_�Ld&7-[�BÂ�+.\�5�CE�7_= 4����hÆ�-3�e+.96�[\�&7-3�2LM;6CDCJ/�Åã � Æ � � �
 �21 ã ;�3e;43e9�3 � ¿ ã ;43(953e;�3 � ¿ ã 9�3e;43�;�3 �76 ý
é�$A')�6+W {LM&7CDCD&e'T�U']�[')HECDC,\�&1�! 4CJ/���\�56CD&e/� 3�6�T+.���6-3�BI=HE+W 4��9�$�&. z+W 3HE&.$ALM&7-U 4���)�,+W-3/QF
&.$6HE@~^Q;,+.-3"*'�+�I1�~Ld;6$6@G 4HD&7$Ã+.$69q^Q;6HD�B 4CJ/�+7�3�0;6\��O 3�,+W  4���~ 3&. z+.C{'�+�I1�~LM;�$,@G 3HE&7$
�6+7��HD$�LM+7@B [�c���<$K@B&7-3-4��@G 4CJ/�+.$Q 3HE�!/=\�\��B 4-3HE�0��9?>

ébLh']�O9=HV�05�CE+�/* 3�6�O�! z+( 4���#&7Lh 3�6HE�#�,+.-0/1&7$89=�e@B;�56CD�B P&7$q+W$q� � I��<>Z�Á56CD&. �_?']�&.�� z+WHE$q�W�fHDX6>�� þ > 8%��+.$KHE�0&1�3@B��CD���[ 4-3HE+.$6X7CD�7>,���6HE�)-3� Ñ ��@G z�� 3�6�2 3�6-3�<�<LM&7CE9��!/%\�\��B 4-0/
&.Ll 4�����0�2 4��-3���BF�^Q;6+.-4"~�!/=�0 3�<\A�<>ÿ�� p#�Zu�x��cncr�n?s7vep1v7y Ô8�N+.-3��$�&e' L�+.@<��9q')HJ 4�� 4���K^1;6���! 4HD&7$Ã&7L)��-3HE$�X7HD$6X| 3�6�
$Q;,@BCD��&.$,�[HD$Q 4&A&7;6-)\�&=9��<C�&7Ll 3�6�P�6+.-0/1&7$6��>�ébLl 4��-3���P^Q;6+.-3"=�<_���+7@z��')HD 3�:�056HD$q�(�7�Q_
+W-4�: 4&�/%HE�<CE9û+i�35�HD$ù�e�7�8�6+.-0/1&7$�_{ 4����$Ý 4���}�05�HE$Á&7LP&7$6�:&7L# 4���}^1;,+.-3"=�O\;,�! 
�c�N+W$Q 4HD5,+W-z+WCECD�<Ch 4&� 4���~&. 4����-P b']&6_lHg> �7>E_l']�~\;6�! ��6+�I1�29:9:;,>Z����HE���05�HD$Ã�! z+( 4�~HE�
 3�6�<$K$���HJ 3�6�<-T�!/=\�\��B 4-3HE@#$6&7-)+W$Q 4HE�!/=\�\��< 3-3HE@P;�$,9=��-[�056HD$:�!'�+.56�<_��6;= )-4+W 4����-[�6+7�
+}\�HJÂ=��9Á�!/=\�\��< 3-0/1>]����HE�~\;6�! O 4����$Ý+.CE�0&����K 3�6�:@<+7�0�:LM&7-A 3�6� Ñ +�I1&7;�-A'�+�I1�
Ld;6$6@B 3HD&7$�_7�0&� 4�6+W U 3�6�<HD-Y56-3&=9=;,@G �_W 3�6�] 4&. 4+.C6�056HD$�F Ñ +�I1&7;�-f'�+�I1��LM;6$6@G 4HD&7$�_.HE�U5�;6-3�<CJ/
�!/%\�\��B 4-3HE@.>����6HE�hHV�]$�&. ]5�&7�4�0HD��CE��Ld&7-h 3�6�S;6;�;�_%9�969~+.$,9~�3�3�]^Q;,+W-4"A@B&7\�6HD$6+W 4HD&7$6�
+W$,92HD$,9��<��92']�{9�&)$�&. lÄ�$,9#+.$1/2X7-3&7;6$69#�! z+( 4�{�,+W-3/7&7$,�?&7LQ 3�6HE��LM&7-3\À')HJ 4�"	|� �(�7�%>
�����<-3�O+.-3�� 4����$8&7$6CJ/* �']&|9=HDè��<-3�<$Q P5�&1�3�0HD�6CD�~@B&7\��HE$6+W 4HD&7$6�P&7L];�+.$6989q^1;,+.-3"=�
')��HE@z�:@<+.$�Ld;6CDÄ6CDC? 4���P$6��@B���3�3+.-0/K�!/=\�\��B 3-0/�@<&.$,9�HJ 3HE&.$,�)&7$� 4���#'�+�I1�#LM;6$6@G 4HD&7$�&7L
+��056HD$8�(�7�P�,+.-0/1&7$?_�+.$,9~ 3�6���0�P+.-3�]�0;,�! � 4���#56-3&. 3&7$K+.$,9~ 4���#$��<;� 3-4&.$�>

���6HE�h�0HD\�5�CEHDÄ���9O 3-3�e+( 4\��<$Q h&7L� 3�6�S9=�<-3HDI.+W 3HD&7$O&7L� 4���T5c&1�3�0HD�6CD�S�6+.-0/1&7$6HE@)�! z+W 3���
+W$,9 4����HD-Y\;�CJ 4HD56CD�B z�{@<+.$��c��56;� U&7$�+2Ä�-3\��<-{^1;,+.$1 4HJ z+W 3HJI1�[LM&%&W 4HD$6X�')HJ 4�� 4���[���<CE5
&.L È=< �LÖQ�]^Q;6+.-3"~�!/=\�\��B 3-0/Q_='��2-3��Ld�<-[�6�<-3�� 4&� 4���#CDHJ 4�<-4+W 3;6-3�~���0���7_��7> X6>E_°× >hCdê`Õ Ø �G>



Bë�� ¯ îf� µbï ¨�«�k�¹ > ´ ªJ© >ÿ� ´ ¦ ¯�²`{
���6�25�-4&W 4&7$K+.$69�$��<;� 4-3&7$~'[+�I1�2Ld;6$6@B 3HD&7$,��\A+�/N�c�#�3@z����\�+W 4HE@<+.CDCD/N')-4HJ 0 4�<$�+7�ã 5 3 � � ã ; 3 ; 3 9�? � ã $ 3 � � ã ;�?e9 3 9 3 � ýÔ8��$�&e'i'�+.$1 U 3&2@B&7$,�! 4-3;6@G U 3�6���!/=\�\��< 3-3HV�0��9�'�+�I1��Ld;6$6@B 3HD&7$�>`�6&7-U+S56-3&. 3&7$�')HJ 4�?_

�7> X�>E_= 3�6��@A�05�HD$:@B&7\�5�&7$��<$Q BADCU�K¿�(�7�%_%']�#\�+�/N')-3HJ 3�2 4���P�056HD$�'�+�I1�2LM;�$,@G 3HE&7$
+.�~+85�-4&%9�;6@B O&7L� 3�6�K 4���|�05�HD$Ý'�+�I1��LM;6$6@G 4HD&7$j&7L2&7$6�:^Q;6+.-3"Ã+.$,9Ã 4�6+W ~&7L� 3�6�
-3�<\A+.HD$�HE$�XA5,+WHE-�Åû ô �µ	S� ¦� � ADCU� ¦� �U�FE �7�W� û ù?ù �0� � �(� û(G � ¦� � � ¦� �Z�#E �(�W� û ù?ù �0� � ü � ûHG � ¦� � ¦� � ý�!� þ > �Q��T��-3�T']�S�6+�I1�S@z��&1�0��$O 3&��0HD$6X7CD��&7;= h 3�6��9%Fb^1;,+.-3"�+.$,9O@B&7;656CD��9A 4���S;�F�^Q;6+.-3"�56+.HD-�>
�MébLl']�2HD$6HJ 4HE+.CDCJ/:�0HD$6X.CE�2&7;� )&7$��2&7Ll 3�6�2;�F�^Q;6+.-3"=�h'��2&7�= z+.HD$� 3�6�#�3+.\��2-4���0;�CD �_6�6;= 
 3�6�2$6&. 4+W 4HD&7$K�c�e@B&7\��e�[\;6@z�K\�&7-3�P@B&7\�56CDHE@<+W 4��9�>ÿ�������#L�+.@B 3&7-4�[HD$� 4��HE�)��^1;,+W 3HE&7$
+W-4�P 3�6�I>hCD���6�3@z�=FU�S&7-49�+.$|@B&%���A@BHD��$1 z�SLM&7-T 3�6��@B&7;65�CDHD$6X~&7LY�35�HD$i��+.$69|�05�HD$i�(�7�%>J)�<56CE+7@BHD$6X û �!� � ü �f�Q/� 3�6�S@B&7-3-3��@G ]�35�HD$A 4-3HD56CD�B h'[+�I1�)Ld;6$6@B 3HD&7$|�K9:;f¿2;:9=�0� 
 �S 4����$/%HE�<CE96�[HD$K&7;�-)�056HD$�F Ñ +�I1&7;�-[$�&. z+( 4HD&7$ã 5 3 � �LE �7�W� ã ; 3 ; 3 9 ? � �#E �(�`Ö ã ; 3 ; ? 9 3 � �ME �e�`Ö ã ; ? ; 3 9 3 � ý �!� þ > 8%�
����HE���BÂ=5�-4���3�0HD&7$|HV�2�! 3HECDCU&7$�CJ/|�!/=\�\��B 4-3HE@�HD$| 3��-3\���&7LU 4�����BÂ=@z�6+.$6X7�&7LY 3�6��Ä�-4�0 
+W$,9Ý�0��@<&7$69Á^1;,+.-3"=�<_h+.$,9j$�&. NLd&7-O �'�&i+W-4��HJ 4-4+.-0/Ý^Q;6+.-3"=�O+7�O']�|$��<�e9�>{é� �@<+.$�_
��&e']�<I7��-�_Q���S�0 3-4+.HDX7�Q 3LM&7-0'�+.-49�CJ/O 3&. z+WCECJ/~�!/=\�\��B 3-4HE�0��9N�Q/O�!'�+.565�HE$�X 3�6�SÄ6-4�! [+.$69
 3�6HD-49�+7�f']�<CDC,+7�f 3�6�)�0��@B&7$,9�+.$,9 4��HD-z9�^Q;6+.-3"=�fHD$���+7@z�� 4�<-3\ú&7L, 4��HE�UCV+.�0 {��^1;,+W 3HE&7$
+W$,9P+7969=HE$�X) 3�6���0�h$��<'q 4�<-3\A�<>?ÔûHJ 3�P 4���]@B&7-3-3�e@G Z$�&7-3\A+.CDHE�4+( 4HD&7$�L�+7@G 3&7-� 4���{ 4&W z+.CDCJ/
�!/%\�\��B 4-3HE@#5�-4&W 4&7$N'�+eI7�#Ld;6$6@G 4HD&7$KHE�� 3�6�<$

ã 5 3 � � �
 �?¤ 1 � ã ; 3 ; 3 9 ? � ¿Ã� ã ; 3 9 ? ; 3 � ¿Ã� ã 9 ? ; 3 ; 3 � � ã ; 3 ; ? 9 3 �� ã ; 3 9 3 ; ? � � ã 9 3 ; 3 ; ? � � ã ; ? ; 3 9 3 � � ã ; ? 9 3 ; 3 � � ã 9 3 ; ? ; 3 �N6 ý �!� þ > þ �

�����N$6�<;� 3-3&7$i'�+�I1�NLM;6$6@G 4HD&7$ÃHE�� 4-3HJI=HE+.CDCJ/ÃLd&7;6$69i�1/��BÂ�@4�,+.$�X7HE$�X| 4����;�F#+W$,9Ã9%F
^1;,+.-3"=�<Å

ã $ 3 � � �
 �?¤ 1 � ã 9 3 9 3 ; ? � ¿Ã� ã 9 3 ; ? 9 3 � ¿Ã� ã ; ? 9 3 9 3 � � ã 9 3 9 ? ; 3 �� ã 9�3�;43e9 ? � � ã ;43(953e9 ? � � ã 9 ? 9�3�;�3 � � ã 9 ? ;43(9�3 � � ã ;43e9 ? 9�3 �N6 ý �!� þ > ÖQ�
���6�2$%;,@BCD�<&7$,���,+�I1�#HE�0&1�056HD$q�(�7��+.$69K�0&ALM&.-4\ +.$KHE�0&1�056HD$:9=&7;6��CE�B �>OÐLM;�-0 4����-

9=&7;6��CD�< U\A+�/����]56-3&=9=;,@B��9��Q/�@B&7\��HD$6HD$6X� b']&#�0F�^Q;6+.-3"=�l')HJ 4�A+�CEHDX7�1 h^Q;6+.-3"�>.����HE�
HE�)�3@4�6�<\A+W 3HV@<+.CDCJ/�X7HDI7��$K�1/ã � � 3 � � ã ; ? � 3 � 3 � ã � � 3 � � ã 9 ? � 3 � 3 � ý �!� þ >ÿê7�

�����2-3��\�+.HD$6HD$6XO^1;,+.-3"~@B&7\�6HD$6+W 4HD&7$,�)+.-3�#+.$KHE�0&1�056HD$� 4-3HD56CD�B S+.$69K+��3HD$�X7CD�< �Å



¯�²?] Bë ìfí1�)îU� µ�ï ¨e«1¦

-1

0
O
-2

0-1 +1 -1 0 +1

Σ
P *-

∆
Q -

S
R

I3 I3

-3

∆
Q 0
S

∆
Q + ∆

Q ++

Σ
P *0 Σ

P *+

Ξ
T *- Ξ

T *0

Ω-
Ξ
T - Ξ0

Σ- Σ0 Σ+

nU pVJ
W P= 3

+
         2 J

W P= 1
+

         2

Λ0

24365�7�8 :�7YXE7cìUí1�]ºQ� µ�ï ¨e«2Z\[ ) °W®�¯ D �1�#�z¹1© >ÿ� ´ Gf´@¶<·UI6Nl��« � ´ í1��Z\[ ) <®�¯ D ¨�� ´ � ´ GLº�»r¼?½`I6N
ªÿ«P¬^]4b7¦#�1·O© >J¨ ´ ¦#�W¥§«Ë�z¨e« ´bµ �?�1ªÿ¦ ´ ªJ« � ´ ªJ¨e« ´ ¨ ´ í1�{�2�z¦b¨e«1ª@�h�G��¦b� ´ í1�hºQ� µ�ï ¨e«#�T¹ > ´ ªJ© >ÿ� ´ ¦U� µ �
¦b¨^>ÿ�#> ï �z¨e��©=¨e¦b�#�A¨e»�½W¹Q� µ!¾ ¦u� Å]« ´ ªJºQ� µ�ï ¨e«1¦]� µ �[©1¹ µ �#> ï �4¨e�2©=¨e¦b�#��¨e»?�<« ´ ªJ½.¹Q� µb¾ ¦h��« ��¦b¨
»E¨ µ � ´ í1�zª µ ¨uaY«jd%�4½.¹1ª@b��?>J�z« ´ ��« ´ ªJºQ� µbï ¨e«��T¹ > ´ ªÿ© >J� ´ ¦u�

ã � Æ 3 � � ã ; 3 ; 3 � ? �ã � � 3 � � ã ; 3 9 3 ��? � ã � � 3 � � ã ; 3 9�?e� 3 �ã �S� 3 � � ã 9 3 9 3 ��? � ý �!� þ > ¤Q�
0T&. 4�h 4�6+W f 3�6��;696�f^1;,+.-3"P@B&7\�6HD$6+W 4HD&7$�+.565c��+.-4�l b')HE@B���6�<-3��+.$,9�9��<5c��$69�HD$�XS;65c&7$
 3�6�h-3�<CE+W 4HJI1��^Q;,+W-4"#�05�HE$6�f+.$69PHE�0&1�056HD$,�f@<+.$�@B&7-3-3���05�&7$692 4&T b']&�9�HDèc��-3�<$Q Z5,+.-0 3HE@<CD���<>
é�LY 4����;}+.$,9|9*�056HD$6�2+.$,9:HV�0&1�05�HD$,�#@B&7;�56CD�� 3&}�._?+7�T 4���B/*9=&NLd&7-� 3�6��@4�,+W-4X.�e9}�
�6+.-0/1&7$6��_. 4����$� 4���S+.�c&eI1�T^Q;,+W-4"�@B&7\�6HD$,+( 4HD&7$~HE�h+�� � >1ébL� 3�6�B/A@B&7;�56CD�) 3&�_<�<-3&P']�
+W-4��9���+.CDHD$6XN')HD 3�8+K� � >?�����e�0�� �']&K�Q/%5��<-3&7$,�S�,+�I1��+N\A+7�3�#9=HDè��<-3�<$,@B��&7Lh+.��&7;= ¤ ü ö:�B÷�¥ � � >?����HE�2HE�2�BI=HE9��<$6@<�� 3�,+W #+��056HD$�F��056HD$}HD$Q 3�<-4+7@B 3HD&7$}\;,�! P+.CE�0&K5�CE+e/|+.$
HD\�5c&7-0 z+W$Q T-3&7CD�PHD$K 3�6�256�Q/=�0HV@<�)&.LZ 3�6�#�6+.-0/1&7$��05c��@B 3-3;6\K>6���6�#�<HDX7�Q R	������(�.� Æ
�6+.-0/1&7$6�f+.-3��9=HV�05�CV+�/7�e9HE$�+.$�� � I=��>y��5�CE&W UHD$"�fHDX6>=� þ > 86>�0S&. 4��+.X1+WHE$ 3�6�h 4��-3���<Ld&7CV9
�!/%\�\��B 4-0/�&.Ll 4���#�! z+W 3�e�<>

ÉlÊ�Ëa` à8ÙfÑ=á{ÒhØæåôÙUâ%â%Î�â

�����T\A+7�3�]�05c�e@G 3-4;�\�&7L� 4�6�T�,+.-0/1&7$6�{HE�h5�CE&. 0 4��9OHD$w�UHDX6>c� þ > þ +.X1+.HD$6�0 ��! 3-z+W$6X7�<$6���3�
+W$,9jHE�0&1�05�HE$?>]���6��CE&e']���! N�<$���-3X./kCD�BI1�<CV�~+.-3�� 3�6�Þ	��j���(�7�.Æ�+.$69 	°�j���Q�.�.Æ
\;�CJ 4HD56CD�B z�<_?+7��@<+.$|����@<CD��+.-3CJ/|�0���<$?>�é� �HE�2+.CE�0&N�<I%HV9=�<$Q � 3�,+W S 3�6���,+.-0/1&.$|\A+7�3�0���
HD$6@<-3��+7�0��')HJ 3�| 3�6��$%;�\���<-S&7L{�! 4-4+.$�X7��^Q;6+.-3"=�<_,')�6HE@4�|']��@<+.$|56;= 29�&e')$� 4&~ 3�6�
CE+.-3X7�<-�\A+.�4�~&7LP 3�6�*�!Fb^Q;6+.-3"�>h�,;�-3 3�6�<-3\�&7-3�:']�}@�+W$À�0���| 3�,+W N 3�6��	��û���Q�.�.Æ
�6+.-0/1&7$6�]+.-3�2+.�c&7;� �� ü7ü ö��B÷�¥ � � �6��+�I=HD�<-] 4�6+.$O 4����HD-H	��P�|�e�7�.Æ8��^Q;�HJI.+.CD��$1 z�<>�S�



Bë�� ° îf� µbï ¨e«ÃkA��¦b¦!�z¦ ¯�²^[

M
as

s 
� [

G
eV

/b c
2
]

1.2

1

0.8

1.6

1.4

1.2

S          0          0        -1        -1       -2        -3

I          1/2       3/2       0         1       1/2       0

Ξ

Ξ*

∆

Λ
c Σ

dΣ*

Ω

N

24365�7Ë8 :j7�:�7Tìfí1�A�2��¦b¦!�4¦¨e» ´ í1���1�#�4¹1© >J� ´ ��« �}¨�� ´ � ´ ºQ� µbï ¨e«1¦P© >J¨ ´b´ �#�8��¶(��ªÿ«1¦ ´´ íQ�4ª µ
¦ ´!µ ��«1¶e�z«1�4¦!¦#·���« �Kªÿ¦b¨e¦!©1ªÿ«:¬ ��ìUí1��<«1¶e¹ >D� µ ��¨e�2�4« ´ �eZ*¨e» ´ í1�Ëbe� µ ªJ¨�¹1¦TºQ� µ�ï ¨e«1¦�� µ �
¦bí1¨uaY« ´ í µ ¨e¹1¶eí2� µbµ ¨ua{¦#�eìUí1�.Z [f) °W®�¯^D��1�#�z¹1© >ÿ� ´ ºQ� µbï ¨e«1¦°>ÿªJ�f¦!ªÿ¶e«1ª@|;�z��« ´ > ï ��º%¨pbe� ´ íQ�4ª µZ\[ ) <®�¯ D ¨�� ´ � ´ ©Q� µb´ «1� µ ¦u�
'�+7�S 3�6��@<+7�0��')HJ 4�| 4����\��e�0&7$6�<_� 3�6HE�2�<èc�e@G #@<+.$*���� 4-4+7@B��9|�6+7@z"K 4&K+��05�HE$=Fb�05�HE$
HD$Q 3�<-4+7@B 3HD&7$ gjóVó<��^ � ^:h(�U� 8 òÕji ��Ik ó�l � � l hA � A2hnm �po{� � �!� þ > ÕQ�
')��HE@z��HE��&7$�CJ/qHD\�5c&7-0 z+.$Q �+W ��0�6&7-0 �9�HE�! z+.$6@B�e�<>f���6�~&7�6�0�<-3I.+.$1 �-3�e+.9��<-�\A+�/q$�&.F
 3HE@<�* 3�,+W � 3�6�q8=¥`ÕiLM+7@G 4&7-�HE��&7$6CJ/Á�,+.CDLP 3�,+W N')�6HE@4�û']�}Ld&7;6$69ûLd&7-N 4���8^Q;6+.-3"QF
+W$Q 4HE^Q;6+.-3"K5c&. 4�<$1 4HE+.CZHD$: 3�6�\��e�0&7$6���!����>E� ü �z_, 3�6HE�SHE��+A-3���3;�CJ �&7L.rs>h��@B&7$6�3HE9=��-0F
+( 4HD&7$,�<>-th^c>��!� þ > ÕQ�z_�HJ ��3��&7;6CE9}�c�A$6&. 3�e9�_l9=���3@<-3HD�c�e�P&.$6CJ/* 3�6�AHD$Q 4�<-4+7@G 4HD&7$q&7Lh b']&
^1;,+.-3"=�Y')HD 3�N��+7@4�N&. 4���<-[+W$,9~�0& 3&�9����3@<-3HD�c�S 3�6�S�,+.-0/1&7$~\A+.�4�]�05�CEHJ 0 4HD$6X�']�S$6�<��9
 3&��0;6\Ú 3�6���05�HE$=Fb�05�HE$:HE$1 4�<-4+7@G 4HD&7$,�S&eI1�<-2+.CDCf^Q;,+.-3"K56+.HD-4��>���������+7�0HD���0 2@�+7�0����+.-3�
 3�6&1�0��CDHD"7�� 3�6��$%;,@BCD�<&7$,�<_� 3�6�A�Ì� �#+.$,9� 4���A�Ð')�6�<-3�� 3�6��@B&7$,�! 3HD 3;6�<$Q #\A+.�4�0���2&7L
+WCEC� 4��-4�<�T^Q;6+.-3"=�Y+.-3�[ 4���T�3+.\��1>1���6�<$�']�U�0;,�! {�6+�I1�[ 3&@<+.CE@<;�CE+W 4�[ 4�6�)�BÂ=5c��@G z+W 3HE&7$
I.+.CD;��e�SLM&7-S 3�6���0;�\A��&eI1�<- l � � l hN>E���<$6&. 3HE$�XN 3�6� 3&. z+.Cf�6+.-0/1&7$|�35�HD$*�Q/vu +.$69;6�0HD$6X� 4���#HE9��<$Q 3HD �/wu � ���yx ¦ ¿zx � ¿zx � � � '��2Ä6$69�HD$�+��0HD\�HDCE+.-)'�+�/~ 4&��0����>D�7�(�GÅ�¡� � h � ¦�a{ h l � � l hT� 8i �

�¡� � h � ¦�p{ h x � � x|hT�~} �)�PLM&7-\�8� �(�7� �
¿��PLM&7-\�8�Á�Q�7� ý �!� þ >E� ü �

�����#�056HD$�F��056HD$K�<$6�<-3X./}�M\A+7�3�z���05�CEHJ 0 4HD$6XALM&7-� 3�6���0�#�6+.-0/1&7$,��HE�� 4���<$��!;,�! 



¯.z² Bë ìfí1�)îU� µ�ï ¨e«1¦�(�=�����Ã8;:�7<8=7%ìfí1�Y�#��¦b¦b�z¦l¨�» ´ íQ�4>ÿªJ¶eí ´ �z¦ ´ ºQ� µ�ï ¨e«1¦�º=¨ ´ í�» µ ¨e�Ý��x7©=� µ ªJ���z« ´ ��« �#�<¦�| ´b´ �#�
» µ ¨e�§G�Bë��ÿB¯�NU�=ìUí1�à| ´ ¦�aZ� µ � ´ ¨ ´ í1�T�#b(� µ ��¶e�àbe�?>ÿ¹1�z¦h¨e» ´ í1�àbe� µ ªJ¨�¹Q¦{�)¹ > ´ ªJ© >J� ´ ¦���« �A� µ �
ªÿ«~¶e¨.¨��N��¶ µ �z�z���z« ´ aYª ´ í ´ í1�����G��¦b¹ µ �c���2��¦b¦!�z¦#�jÅh>J¦b¨�ªJ« �c>J¹ �1�#�NªJ« ´ í1ªJ¦ ´ ��º >ÿ�#� µ � ´ í1�>ÿªJ»E� ´ ªJ�2�4¦��« �|��¨e¦ ´ ªJ��©=¨ µ�´ ��« ´ �1�#�G� ï �0íQ��«1«1�#>J¦#¨e» ´ í1�z¦b��ºQ� µ�ï ¨e«1¦�Y �°!à[^]�_V�lìfí1��»E¨e¹ µ�0íQ� µ ¶e�#�A  µ �z¦b¨e«Q��« �z�z¦h� µ �[«1¨ ´ ªJ« �1ª@b.ªr�1¹Q�?>@> ï >Jªÿ¦ ´ �#�j�kO��¦b¦SY kA�cm�npoctc_ � µ ªÿ�#� µ�ï !]�#�G� ï· ¬ îf� µ�ï ¨e« ´ í1�z¨ µ � �cx7©j� � Y ¦µ_ �1�#�z� ï �0íQ��«1«1�#>ÿ¦ ´gï ©%�

© [e°^]y� ° ¦ ´ ��º >J�7� � �²  ® ¯ « [e°?[ [e°^[y� Ð ]^]^Ð��}{ ©=�^Q �:� G²e²H� aZ�G� ¾
© B�Q Ð ª �ÿ�� aZ�G� ¾² ¡ ee ª eeBë��}{ ¯�/ Ð�°��eG²yQ ¨ z « BOz °(ë�� {-� aZ�G� ¾
© BOz ë.^� ÐH� aZ�G� ¾¸� ¢9D eu]^[y� ª ²:/ ]�²��eG²yQ ¨ z « BED ª ]y� °H� aZ�G� ¾

 ¢Zz e�{p[ eu[(¯�� Ð {|/ ª �eG²yQ�tfz ¡(� �ÃG²e²H� �#>ÿ�2¶e«j�
¢�Q eu[`{`� ª �/ ª ]��eG²yQ ¨ z « B�Q [^[y� ]H� aZ�G� ¾
£�z G°7Bë ¯�/ [�²��eG²yQ ¨ z ¡ZBOz �ÃG²e²H� aZ�G� ¾� �� ��� �

�%�����
� �

¸{¯  ® ¯ £9Q G°(¯^{ G°(¯. �/ Ð ª �eG²yQ ¨ z ¡ZB�Q �ÃG²e²H� aZ�G� ¾
² ° ® ¯   B¯�°?[ B¯�°(¯ ²:/ ë�ë!�eG²yQ�t ] �hB [^[y� ª � ¦ ´!µ ¨e«1¶

¢�� D G°^]e°
¸�  ¢ � z G°^]. G°^] ª �/ {.�eG²yQ�t ] ¡ZB ]^]H� ¦ ´!µ ¨e«1¶

¢ � Q G°^]`{ ¢�B B¯(� ¦ ´!µ ¨e«1¶

£ � z Bë�°(¯¸{¯  ® ¯ £(� Q Bëe¯�[ Bë�°(ë {.�eG² Q�t ] £CB �ÃG²e²H� ¦ ´!µ ¨e«1¶

¡ZPvQ Ð^]H� aZ�G� ¾� ��  ¡¢ ��
� ��%�£
� �� �

¸Y° ² ¤²Q uÐ^]e¯ uÐ`{�¯�� ª ²:/ ]e¯!�eG²yQ ¨ z £�z#B�Q ¯�°H� aZ�G� ¾
£9QOBEz [H� aZ�G� ¾

¤ �¾óWó{�
¥¦¦¦¦¦¦¦¦¦§ ¦¦¦¦¦¦¦¦¦¨
�)� � 8 Õ©i �� � ò k óA �ù � G ã ì � ü � ã � Ld&7-� 4���#$%;6@BCE�<&7$6�?_

¿�� � 8 Õ i �� � ò k óA �ù � G ã ì � ü � ã � Ld&7-� 4���� �! z+W 3����_

¿�� � 8 Õ i �� � ò k óA �ó ã ì � ü � ã � Ld&7-� 4����Á�6+.-0/1&7$#>

�!� þ >E�7�(�

�T��-3� ã ì � ü � ã � HE�] 3�6��56-3&7�,+W�6HDCDHD �/O 4�6+W [ b']&�^Q;6+.-3"=��+.-3�2+W � 4���#�3+.\��256CE+7@B�7> È &7\��<F
')�6+W ]\�&7-3��@B&7\�5�CDHV@<+W 3��9~�BÂ=5�-3���4�0HD&7$6�h\�+�/A�c�S&7�= z+.HD$��e9ALd&7-{ 3�6&1�0�T�,+.-0/1&7$6�{\�+79��
;�5K&.Lf+�\�HJÂ% 4;�-3�#&7Ll�6��+�I=HD�<-T�!F{+.$,9NCDHEX7�1 4�<-);�FY&7-)9%Fb^Q;6+.-3"=�2�g�0�<�# 3�6�2�BÂ=�<-4@BHE�3���z�z>



Bë�� ª kO��¶e«1� ´ ªr��kA¨e���z« ´ ¦ ¯.eÔûHJ 4�K 3�6�#�6�<CD5�&7LZ 3�6HE�)\A+7�3�T�056CDHJ 0 4HD$6XOLM&7-3\;6CE+A+�X7�<$6�<-4+.C��BÂ=5�-3�e�3�0HD&7$�LM&7-[ 3�6�
\�+7�3�0�e�[&7LZ+.CDC? 3�6�vé,� ü �,+.-0/1&7$6��\A+�/N����')-3HJ 3 3�<$�Å� � ¡ � A � ¿ ¤ ��óWó ý �!� þ >E�(�7�

�����: 4��-3�<�|;6$�"%$6&e')$6�O����-3�7_hH§> �1>D_!A ù � G _.AlóO+.$,9 k ó ã ì � ü � ã � _h\A+�/Ý�c�|&7�= z+.HD$��e9�1/*Ä� 0 4HD$6X� 3&K 3�6���BÂ=5��<-3HD\��<$Q 4+.CY\A+7�3�0���<>�S��')HJ 4�} 3�6��\����0&7$,�2']�A+7�3�0;6\��� 3�,+W k ó ã ì � ü � ã � HE�l-3&7;�X7�6CJ/� 4���h�3+.\��{LM&.-Z+.CDCQ&.L% 4���{�,+.-0/1&7$6�<>�Ô8�h�0&)&7�� 4+.HD$P 3�6�{LM&.CECD&e')HD$6X@B&7$6�! 4HJ 4;��<$Q ~^Q;6+.-3"�\A+7�3�0����Å�A ù � G«ª �yÖ7�Yö��B÷�¥ � � _�AÌó ª þ �y¤Uö��<÷Ë¥ � � × ��+y¤�� Ø >
�����{Ä� 0 4��9#�,+.-0/1&7$P\�+7�3�0�e�l+.-3�Y')HJ 4�6HD$~�H¬Á&7L% 4�6�<HD-l 3-3;6�YI.+.CD;6���<>%�g�l+.�6CD�T� þ >E�(�z>e���6�
@B&7$6�! 4HJ 4;��<$Q P^1;,+.-3"�\�+7�3�0�e��&7�= z+.HD$��e9|Ld-3&7\ �3;6@z�*�! 4;69�HD����&7L{�,+.-0/1&7$6��+W-4��+~CEHJ 0 4CD�
CE+.-3X7�<-Z 3�,+.$P 4���<HE-f\����0&7$�HV@]@B&7;6$1 4�<-35,+.-0 4�<>W���6HE�ZHE�Z$�&. f$��e@B���3�3+.-3HECJ/�+S@B&7$Q 3-4+79�HE@G 4HD&7$
�0HD$6@<�P@B&7$,�! 3HJ 4;6�<$Q S^1;,+.-3"~\�+7�3�0�e�)+.-3�#X7�<$6�<-4+W 4��9��1/N 3�6�#9=/=$6+.\�HE@<�[&7Ll 4�6�P^Q;6+.-3"QF
X.CE;�&7$*HD$1 4�<-4+7@G 4HD&7$}+.$,9K 3�6���<è���@G 4HJI1��HE$1 4�<-4+7@G 4HD&7$,�S&7L{+O 3�6-3�<�BFb^1;,+.-3"K�0/=�! 4�<\Þ')HECDC
$�&. )�c�#HE9=��$1 4HE@<+.C� 4&� 4��&1�0�#&7LZ+A^1;,+.-3"QF�+.$Q 3HV^1;,+.-3"A&7$6�7>

ÉlÊ�ËK åôÙ¯®{ØTÎ?Ö�×bÕ¹åôÒ*°�Î�ØhÖ=â

�����O@B&7$,�! 3HD 3;6�<$Q �^Q;6+.-3"*\�&%9��<CYHV��3+W 3HE�3LV/=HD$6X7CJ/q�0;,@<@B���3�0LM;6CY')���<$qHJ 4�P56-3��9�HE@G 4HD&7$6�
Ld&7-Y�,+W-3/7&7$6HE@�\A+.X7$��B 4HE@[\�&.\��<$Q z�{+.-3�)@B&7\�56+.-3��9�')HJ 4�� 4�6�[-3���3;�CJ z�Y&7Lc�BÂ=5��<-3HD\��<$Q �>
é�$���HE-4+7@� 4����&.-3/� 4���T\A+.X7$��B 4HE@)\�&.\��<$Q �±�&7L�+#5c&7HE$1 h5,+.-0 3HV@BCD�)')HD 3�O\A+7�3�h� +.$69
�05�HD$8��¥7�HE� ±�² õ úWï Ç �´³ i�`� ý �!� þ >E���Q�
����HE��-3��CE+W 3HD&7$,�0�6HD5�6+7���c�<�<$P�BÂ=5c�<-3HE\���$1 z+.CDCJ/P@B&7$6Ä�-4\��e92LM&7-��c&. 3�# 4���{�<CD�e@G 3-3&7$�+.$69
 3�6�Y\;�&7$�>BébLQ 4�6�U56-3&. 4&.$2']�<-3�{+.$#�<CD�<\��<$Q 4+.-0/25,+.-0 4HE@BCD�Y')HJ 3�6&7;= Z+.$Q/2�0;��,�! 4-3;6@G 4;6-3�7_
 3�6�<$�HD 4�[\A+.X7$��< 3HE@#\�&7\��<$Q S�0��&7;6CE9N���2&7$��2$%;,@BCD��+.-)\A+WX7$6�B 4&7$?Å±�µ*� ³ i�`��ô ý �!� þ >E�%8%�tYÂ%5��<-3HD\��<$Q z+WCECJ/1_%�6&e']�BI1�<-�_1 3�6�T\A+.X.$6�B 4HE@)\�&7\��<$Q ]&7L� 4���T56-3&. 3&7$OHE�h\���+7�0;6-3��9A 3&
�c�s± ô �À� ý ê`Õ�± µ >¶ u4·,rZp1v(ä�sOo8nco8p%r�veç�äMriv � pe¸�wZu�x|¹8oqnC�Zp%tby �����S56-3&. 3&7$~\A+.X7$��B 4HE@S\�&7\��<$Q 
HD$� 4�6�~X7-3&7;6$69��! z+W 3�1_l')HD 3�âé[� ü _ZHV��+*�0HD\�5�CE�NI7�e@G 3&7-3HV+.C��0;6\ &7L[ 4���N\A+.X7$��< 3HE@
\�&7\��<$Q z�[&7L� 4���2 3�6-3�<�#^Q;,+.-3"%��Åº ô � º ù ¿ º ù ¿ º G ý �!� þ >E� þ �

�����256-3&. 3&7$K\�+.X7$6�B 4HE@2\�&7\���$1 »±�ô 3�6�<$��,+7�] 4�6�2�BÂ=5c��@G z+W 3HE&7$�I.+.CD;��±CôP�L¼ º ô � �F¼ ì ô ã º ô ã ì ô �½� �!� þ >E�?ÖQ�



¯.G¯ Bë ìfí1�)îU� µ�ï ¨e«1¦
')���<-3� ì ô~HE�S 4���� 3&. z+.CU+.$1 4HE�!/=\�\��B 3-3HV@A^1;,+.-3"�'[+�I1��Ld;6$6@B 3HD&7$*&7LY 4����56-3&. 3&7$�>���&
&.�� z+WHE$¾±CôK']�~\��<-3��CJ/q-3��^Q;6HD-3�O 4�����05�HD$i5,+W-3 &7L[ 3�6�O'�+�I1�~LM;6$6@G 4HD&7$�_ û ô=>Z�6-3&7\
�!� þ > �Q�{']�� 3�%;,�[9���9�;6@B�±Cô#� �

� �a± ù ¿¾± ù �v± G ��¿ �
� ± G � 8

� ± ù � �
� ± G � �!� þ >E�(ê7�

')���<-3��± ù � G +.-3�2 4���#^Q;,+W-4"O\A+.X7$��B 4&7$6��Å± ù � G � @ ù � G ³ i��A ù � G ý �!� þ >E�?¤Q�
�����T&. 4����-à	��P�|�e�7�.Æ}�,+W-3/7&7$,�U')HJ 4�O b']&HE9=��$1 4HE@<+.C�^1;,+.-3"=�Y\A+�/A�c��9=���3@<-3HD�c�e9A�Q/
�!� þ >E�(ê.��')HD 3�*+N�0;�HD 4+.�6CD��@z�6+.$6X7�&7LY^Q;,+.-3" Ñ +�I1&7;�-4�<>�������$���;= 4-3&7$?_cLd&7-��BÂ�+.\�56CD�7_
�6+7�[+�\A+.X7$��< 3HE@#\�&7\��<$Q ± ü � 8

� ± G � �
� ± ù �!� þ >E�?ÕQ�

+.$69�+.$,+.CD&7X7&7;6�0CJ/�Ld&7-� 4����� Æ ']�#�,+�I7�±�¿\À�� 8
� ± ù � �

� ±�ó ý �!� þ >ÿ� ü �

���6�K�0HD 3;,+W 3HD&7$jHE�O+*CDHJ 3 3CE�:9�HDè��<-3�<$Q ALd&7-� 4�6��� � >�S��']��"%$6&e'  3�6HE�A�1/=5c��-3&7$
@B&7$1 z+.HD$,�T+O;�F]+.$69:+O9%Fb^Q;6+.-3"~')�6&1�0��35�HD$,�S+.-3�@B&7;65�CE��9K 4& ü +.$69:�0&N@B&7$1 4-3HD�6;= 4�
$��<HD 3�6�<-S 4&~ 3�6���35�HD$*$�&7-S 4&~ 4����\A+.X7$��< 3HE@�\�&7\���$1 #&7LU 4�����,+.-0/1&7$Ã� È ��@G e>f� þ > �7�G>�T��$6@B�:�c&. 3�j 3�6�:�056HD$Á+.$,9i 4�6��\�+.X7$6�B 4HE@�\�&7\���$1 ~&7L� 3�6�:� � +.-3�|9=�B 4�<-3\�HD$6��9
�0&7CD�<CJ/��Q/O 4���P�!Fb^1;,+.-3"�Å ±�Á��Â±�ó ý �!� þ >ÿ�%�(�

�l&P 3�6�T�BÂQ 4�<$Q h 4�6+W h 3�6�T;~+.$,9O9O@B&7$6�! 4HJ 4;���$1 �^Q;,+.-3"�\A+7�3�0���]@<+.$O�c�S�0�B ���^1;,+.C
 3&���+7@z��&. 4���<-f']�]�,+�I1�!± ù ���S�|± G +.$,9\A+�/P 4���<$')-4HJ 3�] 4����5�-3&. 4&7$�+.$69$6�<;� 3-3&7$
\�+.X7$6�B 3HV@2\�&7\���$1 z�)+7��Ld&7CECD&e'T�±Cô#� �

� ± ù � ± ü ���B± ù ý �!� þ >ÿ�7�7�

Ô8�� 4�%;6��&7�� 4+.HD$� 4���#LM&7CDCD&e')HD$6XA5�-3�e9=HE@B 3HD&7$KLM&7-� 3�6�<HD-)-4+W 3HE&± ü±Cô ��� �� � �!� þ >ÿ�W�Q�

')��HE@z�KHE�[HD$K�<Â=@B��CDCD�<$Q S+.X.-4�<�<\��<$Q [')HJ 3�� 4�6�2�BÂ=5��<-3HD\��<$Q 4+.C�-3���0;6CJ )&7L²� ü�ý Öy¤ þ >
���6�2+.�,�0&7CD;� 3�2\A+.X7$��< 3HE@2\�&7\���$1 z�[@�+.$N&7$6CJ/N�c�#@<+.CE@B;6CE+W 3�e9�HDL�'��#@<+.$K�05c��@<HDLV/

 3�6��^Q;6+.-3"�\A+7�3�0����> � �B �;6�TÄ6-4�! �_c�6&e']�BI1��-�_,CD&%&."�+W S 4��HE�S56-3&7�6CD�<\Ú 3�6�&. 4���<-T'�+�/
-3&7;�$,9�+.$69;,�0�h 4����\���+7�0;6-3��9I.+.CD;6�]&7L\±CôT 3&29��B 4�<-3\�HD$6�h 4�6��^Q;,+.-3"#\A+7�3�0���<>��6-3&7\±Cô#��� ý ê`Õ�±�µ|��� ý ê`Õ ³ i�`��ô �!� þ >ÿ��8%�



Bë�� ª kO��¶e«1� ´ ªr��kA¨e���z« ´ ¦ ¯.G°
+W$,9 ±CôP� �

� ± ù � ³ i��A ù �!� þ >ÿ� þ �

']�2&7�� 4+.HE$ A ù � ��ô
� ý ê`Õ �Á�7�yÖ2ö��B÷�¥ � � � �!� þ >ÿ�`ÖQ�

')��HE@z�NHE�]I1�<-0/~@BCD&1�0�2HD$,9=�<�e9O 3&� 4����\�+7�3�]']��LM&.;6$,9OHD$ È ��@G e>�� þ > �LM-3&7\� 4���2�! 3;,9%/
&.Ll 4���#�6+.-0/1&7$K�05c�e@G 3-4;�\K>¶ p%u6ç�wZxWäMr(·}v � pKoqu�·,rZpQveä�sNo8nco8p%r�v�ç7y �����#+.X7-3�<�<\��<$Q [�c�< �']���<$N 3�6���BÂ=5c�<-3HDF
\���$1 z+.C?I.+.CD;6���[&7LZ 3�6�#�Q/%5��<-3&7$K\A+.X7$��B 4HE@#\�&7\���$1 z�[')HJ 4�K 4���#56-3��9�HE@G 4HD&7$,�[&7LZ 3�6�
^1;,+.-3"Ã\�&=9=�<CSHE�~HD\�56-3���3�0HJI1�k���Z+.��CD�i� þ >ÿ�7�z>[RS;�-N+.��HECDHJ b/j 4&�\���+7�0;�-3�: 3�6�:\A+.X.F
$��B 4HE@�\�&7\��<$Q 4�#&7Lh\A+.$Q/|&7L{ 4���A�0�6&.-3 #CDHJI1��9}�Q/=5c�<-4&.$,���pÃ ª � ü ��¦ � �z�THV�#9=;6�� 3&
+N@B&7\�6HD$6+W 4HD&7$*&7LU b']&�@<HD-4@B;6\��0 4+.$,@B���<Å��Q/%5��<-3&7$,�T56-3&=9=;,@B��9:HD$*$%;,@BCD�<&7$�F§$%;,@BCD�<&7$
HD$Q 3�<-4+7@B 3HD&7$,�Y+.-3�]5c&7CE+.-3HV�0��9�+.$69 3�6�]']��+."PHD$Q 3��-4+7@G 3HE&.$�I=HD&7CE+W 3�e�f56+.-3HD �/�\A+(Â=HD\A+.CDCJ/Q>
é�$~@B&7$6�3��^Q;��<$,@B�[ 3�6�T+.$�X7;6CE+.-{9�HE�! 4-3HD�6;= 4HD&7$6�{&7Lc 4�6�<HD-h9���@<+�/�56-3&=9=;,@G 4�{+.-3�T�! 4-3&7$�X7CJ/
9=�<5��<$,9=�<$Q f;�5c&7$ 3�6��9�HD-3��@B 3HD&7$�&7L� 3�6�]�Q/=5c�<-4&.$,���W�05�HE$6����Hg> �7>E_( 3�6�<HD-U5c&7CE+.-3HE�3+W 4HD&7$,�z�z>� �B Y;,�U@BCE+.-4HDLV/� 4�6���0�[-3�<\A+.-3"=�U�1/��! 4;69=/=HD$6X2�6&e'Ã 4���[\A+.X7$��B 4HE@[\�&.\��<$Q {&7L, 3�6�
� � HE�)�BÂ=5c�<-4HD\��<$1 z+.CDCJ/K\��e+7�0;�-3�e9�>40S&. 3�2 4�,+( ) 4��HE�)HE�� 4���P\�&1�! S��+7�0HDCJ/�9=�B 4�<-3\�HD$6��9
&.Ll 4���#�1/=5��<-3&7$�\�+.X7$6�B 4HE@2\�&7\���$1 z�<>6���6�#9���@<+�/

� � óõ5�¿ ò ��(�=�����w8 :�76±�7�Ï°x7©=� µ ªÿ�2�z« ´ �?>=��« � ´ í1�z¨ µ � ´ ªr�G�?>=b��?>J¹1�4¦f¨e» ´ í1�hºQ� µ�ï ¨e«P�2��¶e«1� ´ ª@�h�2¨e���z« ´ ¦Y Ä��^[7^d`��!\[^]?_V�.ìfí1�h�2�G��¦b¹ µ �#�Ëbe�?>J¹1�4¦Z¨e» ´ í1�{©jd.«P��« �P¡=zY�2¨e���z« ´ ¦U� µ �h¹1¦b�#� ´ ¨)© µ �c�Qª@� ´
´ í1¨e¦!�]¨e» ´ í1��¨ ´ í1� µ ºQ� µ�ï ¨e«1¦#�1ìUí1�)¢Zz]í ï ©=� µ ¨e«íQ��¦Y�Sbe� µbï ¦!í1¨ µb´ >ÿªJ»E� ´ ªÿ�2�vGL{|/ ª �BG²yQ�tfz6¦�N
��« �
�1�c�G� ï ¦S�#>ÿ�#� ´!µ ¨e�2��¶e«1� ´ ª@�G�?>@> ï b7ªD�~¢Zze¿ô¡=z�gq���½ÅQ¨ µ)´ í1ªÿ¦S©Q� µ�´ ª@�#>J� ´ í1� ´bµ ��«1¦bª ´ ªJ¨e«
�2� ´!µ ª@x�#>J�z���z« ´©Æ ¡ z|Ç È(Ç ¢ z%É ªJ¦Y¶�ª@b(�z«�ªÿ«�© >J�?�z�[¨e»�ª ´ ¦U�#��¶e«1� ´ ªr�)�2¨��2�z« ´ �

îf� µ�ï ¨e« È ® È4Ê G¸Ï°x7©=� µ ªJ���z« ´ N Ëh¹Q� µ!¾ ��¨��1�#>ÍÌ È ® È\Ê
© g]¯�/ {�[(¯°] ª {�°^]^Ð.Î�²y� ²e²e²l²�²e²�²^Ðe° G ª È\Ï ¸ È4Ð Nb®<° �
« ¸��/ [7G°l² ª ¯°{�ëÑÎ�²y� ²e²e²l²�²e² ª ë G ª È4Ð ¸ È\Ï Nb®<° �
¡;z ¸Y²:/ Ð7G° Î�²y� ²e² ª È4Ò �
¢ D g]¯�/ ª ë?] Î�²y� ²7G² G ª È\Ï ¸ È Ò Nb®<° g]¯�/ Ð`{
¢9z G�¯ È4Ï g:¯ È�Ð ¸ È Ò Nb®<° gh²:/ {�[

¢Zz²¿ø¡=z ¸��/ Ð7 Î�²y� ²^] G È�Ð ¸ È Ï�Nb®�Ó ° ¸��/ Ðe°
¢hQ ¸��/ÿuÐe² Î�²y� ²(¯eë G ª È4Ð ¸ È Ò Nb®<° ¸��/ ²^[
£°z ¸��/ ¯eë�² Î�²y� ²7 ª G ª È4Ò ¸ È Ï�Nb®<° ¸��/ ª °
£9Q ¸Y²:/ Ð(ë�²9{ Î�²y� ²e²(¯lë G ª È Ò ¸ È Ð Nb®<° ¸Y²:/ ª [
¤\Q ¸{¯�/ ²(¯ Î�²y� ²(ë ° È Ò ¸��/ ] ª



¯. ª Bë ìfí1�)îU� µ�ï ¨e«1¦

MagnetProton beam

Target Precession�
µÔ Λ
Õ

pK

pΛ

pK x pΛ
Õ B

φ

24365�7R8;:�7×ÖO7 ³W¾ � ´ �0í*¨e» ´ í1���2�z��¦!¹ µ �z���z« ´ ¨e» ´ í1���#��¶e«1� ´ ªr�A��¨e�2�4« ´ ¨e» ´ í1��¡;z?�lìUí1�
í ï ©%� µ ¨e«�ªJ¦[¶e�z«1� µ � ´ �#��º ïO´ í1�#ªÿ« ´ � µ �?� ´ ªÿ¨e«K¨e»f��© µ ¨ ´ ¨e«l�z¨e��ªJ«1¶�ªÿ«�» µ ¨e� ´ í1�R>J�z» ´ aYª ´ í
�A© µ ¨ ´ ¨�«:ªÿ« ´ í1� ´ � µ ¶e� ´ �?ìfí1�¦!©1ªÿ«:¨e» ´ í1�¡=zªÿ¦#d�»E¨ µSµ �G��¦b¨e«1¦�¨e»Y©Q� µ ª ´gï �4¨e«1¦!� µ b�� ´ ªJ¨�«jd
©%� µ ©%�z« �1ªr�z¹ >J� µP´ ¨ ´ í1�A© µ ¨��1¹ � ´ ªJ¨e«8© >J��«1�^�fìfí1�A¡=z ´ íQ�4«}©Q��¦!¦b�z¦ ´ í µ ¨e¹1¶eí8���2��¶e«1� ´ ª@�|Q�c>r�eaYíQª@�0í�ªJ¦U¨ µ�´ í1¨e¶e¨e«Q�?> ´ ¨ ´ í1��©Q� µb´ ªr�#>ÿ��Ø ¦{¦b©1ªJ«j� Åh» ´ � µf´!µ �#b(� µ ¦!ªÿ«1¶#�v�1ªÿ¦ ´ ��« �z�fÙ#ªÿ« ´ í1�
�2��¶e«1� ´ ª@�à|Q�#>r� ´ í1�[¦!©1ªÿ«�í%�<¦{© µ �#�z�z¦b¦b�#� ´ í µ ¨e¹1¶eíA��«���«1¶^>ÿ�BÚ��
HE�]-4+W 4����-��3HD\�5�CD�� 4&�HE9=��$1 4HDLd/N+.$69~�6+7�h 4����CV+W-4X.�e�! [��-4+.$,@4�6HD$�X�-4+W 3HD&��WÖ�8.¬��G>=é�L� 3�6�
� � �056HD$OHV�<_%�3+�/Q_1HE$O 3�6�T5�&7�3HJ 3HDI7�DÛ@�9�HD-3��@B 3HD&7$�_1 3�6�<$O 3�6�T56-3&. 3&7$A')HDCECc\�&1�! ]CDHD"7�<CD/O�c�
�<\�HJ 0 4��9KHD$� 3�6�#$��<X1+W 4HJI1�qÛ@�9�HD-3�e@G 3HE&.$�_6HD$�+7@<@B&7-49N')HJ 4�� 3�6�#+.$6X7;�CE+.-)9�HE�! 4-3HD�6;= 4HD&7$Ü��aÝ1�ßÞ �h¿ k @B&1�4Ý ')�6�<-3� k ª ü�ý Ö|8 ý �!� þ >ÿ�7ê7�
�����A+.$�X7CD�2ÝNHE�2 3�6�A+W$6X7CD�����B b']�<�<$} 3�6���35�HD$8&7L{ 4���A� � +.$69| 4����\�&7\��<$Q 3;6\ &7L
 3�6�5�-3&. 4&7$?>c���6�P5,+.-4+.\��< 3�<- k 9��<5c��$696�);65c&7$K 4�����! 4-3�<$6X. 3�:&7Lf 4���HD$Q 4�<-3LM�<-3�<$,@B�&.L{ 4��&1�0�� 4�<-3\A�S')HJ 4�}&7-3�6HJ 4+.CY+.$�X7;6CE+.-2\�&7\��<$Q 3;6\æéf� ü +.$69«éf�Ã��HD$* 3�6��5�F ò �
�!/=�0 3�<\Ú+.$,9NHJ z�)�0Hà_<�P\;6�! )���#9=�< 3�<-3\�HD$6��9��Q/N�BÂ=5c�<-3HD\��<$Q e>

���6�|+.�0/%\�\��B 4-0/kHE$j 4���|�<\�HJ 0 4��9Ý56-3&. 4&.$,�A 3�6�<$ÝÄ=Â=���O 3�6�:� � 5c&7CE+.-3HV�3+W 3HD&7$�>�THEX7��CJ/N5�&7CE+.-3HE�0�e9K� � 5,+.-0 3HV@BCD���[\A+�/N���2&7�= z+.HD$6��9�Ld-4&.\  4���#-3��+7@G 4HD&7$
5¿�5~ó � Æ ¿��j�h¿�5 ýT�T�0��&e')$KHE$Ä�fHDX6>�� þ > Ö�_= 4�6�P�05�HE$K&7Ll 4���� � HE�)5c�<-45c�<$,9=HE@<;�CE+.-[ 3&� 4�6�#5�-3&=9�;6@G 4HD&7$

5�CE+.$6��9��<Ä�$6��9|�Q/: 3�6��56+W 4�*&7L{ 3�6��HD$,@B&7\�HD$6XK5�-3&. 4&7$}+.$69| 3�,+W 2&7L{ 3�6��� � HJ z�0�<CELb>
����HE�~HE�N�c��@<+.;,�0�|&7$�CD/Ã 4��HV�~5c&7CE+.-3HV�3+W 3HD&7$À9�HD-3��@G 4HD&7$À@B&7$6�3�<-0I1���~56+.-3HD �/1_h')��HV@4�ÁHE�
@B&7$6�0��-0I1��9NHD$� 4�6�#�! 4-3&7$6X�HD$Q 4�<-4+7@G 4HD&7$?>

ébLf 4����� � �6+.-0/1&7$� 3-4+�I1�<-z�0���S+~9�HE�! z+.$6@<�âáNHD$*+O\A+.X7$��< 3HE@Ä6�<CE9wãq_,')�6�<-3�P 3�6�
Ä��<CV9KHV�)5��<-35c��$69�HE@B;6CE+.-) 3&A 3�6�P�Q/=5c�<-3&7$°� �)�05�HE$?_6 4���<$�HD 4�S�056HD$:5�-3�e@B���3�0���)')HD 3�� 3�6�� +.-3\�&7-[Ld-3�e^1;6�<$,@G/ ä(å

� º Á ãi �!� þ >ÿ�`¤Q�
 3�6-3&7;�X7�N 4���P+.$�X7CD�



Bë�� ë ³ �z�2ª@>J�4© ´ ¨e«1ªr�Tîf� µbï ¨e«"!]�#�G� ï ¦ ¯.Bë

ý � ä å ¤�æ � ä å áç � �!� þ >ÿ�`ÕQ�
')���<-3� ç HV�[ 3�6��35c�<��9K&7LZ 4���� � �d 4�6HE�)\A+�/����#-3�e@B&7$6�! 4-3;,@G 3�e9K�Q/�\���+7�0;�-4HD$�XA 3�6�
\�&7\��<$Q z+2&7L�HJ z�h9=��@�+�/�56-3&=9=;,@G z�<_.Hg> �7>E_Q+256-3&. 3&7$O+.$69A+#5�HD&7$��z>Q���6�[\�&1�! h+7@�@B;�-4+W 4�
-3���0;6CJ 4�#\�+�/*�c��&7�� 4+.HD$6��9*�1/|-3�BI1��-4�0HD$6XN 4����\A+.X.$6�B 4HE@�Ä6�<CE9}+.$69*\���+7�0;�-4HD$�X� 3�6�
+W$6X7CD�A� �`ý ')�6HE@4�*HE�SX7HJI1�<$|�Q/K 3�6��9�HDè��<-3�<$,@B����B b']�<�<$: 4����9=HE-3��@G 4HD&7$6�S&7LU 4����� �
�05�HD$,�T�g+.LV 4�<-h@B-3&1�3�0HE$�X# 4���[I.+.-3HD&7;,�Y\A+.X7$��B 4HE@[Ä6�<CE96�z�z>Q���6HE�U 3-4HE@4"�$6��+W 4CJ/���CDHD\�HD$,+W 3���
\�&1�! ~&7LS 3�6���0/=�! 4�<\A+W 3HV@��<-3-3&7-4�<>{���6�K\A+.X7$��B 4HE@K\�&7\��<$Q OHE�� 4�%;6�ALM&7;�$,9i 3&q�c�× ë��RÕ�8 Ø ±�Á����U� ü�ý Ö����Bè ü�ý ü7ü 8%�=±�µ ý �!� þ > � ü �
é�L�']�N�0;65�5�&1�0�A 4�6+W  4���N�!Fb@B&7$6�! 4HJ 4;��<$Q �^1;,+.-3"*HV��+Ä��HD-4+7@O5,+.-0 4HE@BCD�N+.$,9} 4�6+W �HJ 4�
\�+.X7$6�B 3HV@�\�&7\���$1 #&7�c�B/����0� þ >E�?¤Q�z_c 4���<$|'����0��� 4�6+W � 4��HE�2-3���0;6CJ 2Ld&7-s± Á HE�#@B&7$=F
�0HE�! 4�<$Q )')HJ 3��+��! 4-4+.$�X7�P^Q;6+.-3"O\A+7�3�[&7L þ � ü ö��<÷�¥ � � >

���6�P\A+.X7$��< 3HE@\�&.\��<$Q z�T&7LU\A+.$Q/K&.LU 3�6��Q/%5��<-3&7$6�)�,+�I1��c�<�<$:\���+7�0;6-3��9�HE$
+��0HD\�HDCE+.-�LM+7�0�6HD&7$8 3&� 3�6�~+.�c&eI1�7>l�����<-4�AHE��+.$q+7969=HD 3HD&7$,+.Ch@<&.\�56CDHE@<+W 4HD&7$�LM&.-P 3�6�
@4�,+W-4X.�e9��Q/=5c�<-4&.$,�fHD$� 3�,+W U 3�6�<HD-h9=� Ñ ��@G 4HD&7$��Q/ 4���[\A+.X7$��< 3HE@[Ä���CE9�\;6�! {���] z+W"7��$
HD$Q 3&:+7@<@<&.;6$Q PHDL]&7$6��'�+.$Q 4�# 3&:�! 3;,9%/8�056HD$856-3��@B���3�3HD&7$8��èc��@B 4�<>l���6�������! -3���0;6CJ 4�
�6+�I1�A�c���<$8&.�� z+WHE$���9q+W ��6��-3\�HDCE+.��+.$698+.-3�ACDHE�! 4��98HE$q�l+.�6CD�:� þ >ÿ�%>������e�0�A-3���0;6CJ 4�
+W-4�@B&7\�56+.-3�e9�')HJ 4�:^Q;,+W-4"N\�&%9��<C�56-3��9�HE@G 4HD&7$,�<>c���6�P-3���0;6CJ 4�TLM&7-) 3�6�P5�-4&W 4&7$?_6 3�6�
$��<;� 3-4&.$À+.$69j 3�6�*� � ']��-3�|;,�0��9j 4&iÄ=ÂÁ+.CDCS 3�6�|;6$�"%$6&e')$Ý56+.-4+.\��B 4�<-4�N+.$,9Á�0&
5�-3��9�HE@G  4�6�O&W 4�6�<-\�+.X7$6�B 4HE@O\�&7\���$1 z�<>Z���6�O-3���0;6CJ z�&7L] 4���O�BÂ=5c��-3HD\��<$Q 4��+.X7-3�<�
')HJ 3�� 4���#\�&=9=�<C?56-3��9�HE@G 4HD&7$6�� 4&�')HJ 4�6HD$�+�LM�B'�5c�<-z@B�<$Q �>

���6���0��-3�e�0;�CD 4�#�0;6565c&7-0 #&.;6-#@B&7$,�! 3HD 3;6�<$Q P^Q;,+.-3"�5�HV@G 3;6-3��HD$* b']&N'[+�/=��Å�Ä6-4�! 4CJ/
 3�6�[@B&7$6�! 4HJ 4;��<$Q {^Q;6+.-3"P\A+7�3�0���fLM-3&7\ú&.;6-f\A+7�3�fLd&7-3\;6CE+2+.$,9P 3�6&1�0��&7�� 4+.HD$6��9�Ld-3&7\
 3�6�+W��&eI1�+W$,+.CJ/��0HE�T&7LZ 4���P\A+.X7$��B 4HE@#\�&7\��<$Q 4�S+.X7-3�<�#']��CDC�')HJ 3�:��+7@z��&. 3�6�<-S+.$69
�0��@B&7$,9=CJ/k 3�6��\A+WX7$6�B 4HE@�\�&7\��<$Q 4�A 3�6�<\A�0�<CJI1���N+.-3�:@<&.$,�0HE�0 3�<$Q ~')HJ 3�j 4�6�:^1;,+.-3"
\�&=9��<Cg>

é� Z�0��&7;6CE9#�c�Y$6&. 3��9?_<�6&e']�BI1��-�_B 4�6+W � 3�6�{9��BI=HE+W 4HD&7$6��&7LQ 4�6�U�<Â%5��<-3HD\��<$Q z+WC7I7+WCE;����
Ld-3&7\ø 4���256-3��9=HV@G 3HE&.$,��&7L� 3�6�2\�&=9��<C?�0�6&e'û 3�,+W � 3�6�2@<&7$6�! 4HJ 4;��<$Q )^Q;,+.-3"A\A+.X7$��< 3HE@
\�&7\��<$Q z�#+.CD&7$��O9=&K$�&. P�0;j�A@B�� 3&�9����3@B-3HE�c�� 3�6��\�+.X7$6�B 4HE@�\�&7\��<$Q z�2&7L{ 3�6���Q/QF
5c�<-3&7$,�h�BÂ�+7@G 4CJ/1>��,;�-3 3�6�<-]�<è���@G z�<_=�3;6@z��+7�]-3�<CE+W 4HJI=HE�! 3HV@�&7$6����+.$69O 4��&1�0�29�;��S 3&� 3�6�
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�����P']��+."�9���@<+�/��T&7Lf 4�����6+.-0/1&7$,�T+.CDCfLd&7CDCE&e'  4�����3+.\���56+W 3 3��-3$?>�ù^Q;6+.-3"��<\�HJ z�
+�I=HD-0 4;6+.CCÔ Ó �c&1�0&7$K+.$,9��0&A@z�6+.$6X7����HD 4��']�e+W"~HE�0&1�056HD$:+.$69N 3;6-3$6��HE$1 4&A+�CDHDX7�Q 3�<-
^1;,+.-3"�>{�����ÄÔ Ó 9���@<+�/��AHD$Q 3&i+8CD��5= 4&7$=Fb+.$1 4HDCD�<5� 4&.$Á5,+.HD-O&7-�_{HDL2HD 4�O��$��<-3X./j�0;6LVF
Ä6@B�e�<_�+�^Q;,+W-4"1Fb+.$1 4HE^Q;6+.-3"|56+.HD-e>?éb$} 3�6�~9=��@�+�/=�#HD$Q 4&:+K^Q;,+W-4"1Fb+.$1 4HE^Q;6+.-3"|5,+.HD-#']�
+.@B 3;,+.CDCJ/~\��e+.�3;�-3��&7$��S&7-]\�&7-3�S\����0&7$,�]HD$~ 3�6�SÄ�$,+.C��! z+( 4�7>=���6���0��9=�e@<+�/��]@<+.$6$�&. 
�c�T�BÂ�+7@G 4CJ/O@�+.CE@B;6CE+W 3��9~����@<+.;6�3�T&7L� 4�����! 3-4&.$6XHD$Q 3��-4+7@G 3HE&.$°� �]@B&7\�56CDHE@<+W 4HD&7$6�<>�ö:+W 3F
 3�<-4�#+W-4���0HD\�5�CE�<-2LM&7-2�0�<\�HDCD��5= 4&7$�HE@A9=�e@<+�/��<>����6��-4HE@4�}96+W 4+N+eI.+WHECE+.��CE�� 3&�;6��Ld-3&7\
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�0�<\�HDCD�<5� 3&7$6HE@��6+.-0/1&7$k9���@<+�/����,+�I1��\A+79=��+89=�e@BHE�0HJI1�:@B&7$Q 3-3HE��;� 3HE&.$k 4&8&.;6-A@<;�-0F
-3�<$Q S;6$,9=�<-z�! 4+.$,9=HD$6XO&7Lf 4���']��+."KHD$1 4�<-4+7@G 4HD&7$}+7�TLd&7-3\;6CE+W 4��9:HD$: 3�6�X7�<$6�<-4+.CDHV�0��9>]+W�6HD�6�c&� 4���<&7-0/Q>Ô8�|$6&e'Þ'�+.$Q ~ 3&Ã+W 3 3��\�5� N 3&Ã9=�e�3@B-3HD���: 4���:']��+."j9���@<+�/��~&.L# 3�6�|�6+.-0/1&7$,�
;6�0HD$6X#&7;�-Y"%$�&e')CE��9=X7�[&7L, 4���[']��+."HD$Q 3��-4+7@G 3HE&.$OLM-3&7\ê>h�,+.5?>�� ü >7���6�]'���+."�9���@<+�/��
 4+."7��5�CV+.@<�N���3�0��$1 4HE+.CDCJ/j+( � 4���K^Q;6+.-3"qCD�BI1�<Cg_U�6;= �LM-3�<��^Q;,+.-3"%��9�&*$�&. ��BÂ=HE�! O+.$69
�BÂ=5c�<-3HD\��<$Q z�h+.CJ'�+�/��h�0�<�S�6+79�-3&7$6�<>yÔ8�)\;,�! h 3�6�<-3�<LM&7-3�) 3-0/� 4&PHE$1 4�<-356-3�B ]�6+79�-3&7$�HE@
&.�,�0�<-0I7+W�6CD���~')HJ 4��HD$Á 4���*Ld-4+.\��B']&7-3"k&7L2 4���|LM;�$,9�+.\��<$Q z+.C) 4����&7-0/j&7L2 4���:']�e+W"
HD$Q 3�<-4+7@B 3HD&7$�>�Ô8�O')HDCDC��0 4+.-0 ��1/q@B&7$,�0HE9=��-3HD$6X� 4�6�2ë?F�9���@<+�/q&.L� 4�6�O$6�<;� 3-3&7$�_l�0HE$6@B�
 3�6HE�]�,+7�]�c�<�<$~ 4��&7-3&7;6X7��CJ/OHE$1I1���0 3HDX1+W 4��9NHD$NI.+.-3HE&7;6�]�BÂ=5c��-3HD\��<$Q 4�<>=é� ]')HECDC� 4�6�<$N�c�
&.$6CJ/*+N\�HD$6&7-#\�+W 3 3�<-2 4&��BÂ% 3�<$,9: 4�6��LM&7-3\A+.CDHE�0\  4&N 4�����0��\�HECD�<5� 3&7$6HE@A9=�e@<+�/���&7L
 3�6�2�Q/=5c�<-4&.$,��+.$,9~ 4&�$%;6@<CD��+.-�ë?Fb9=��@�+�/=��>Ô8���6+�I1���0�<�<$|LM-3&7\ÞCD�<5� 4&.$6HE@�9=�e@<+�/��S�0;,@4�*+7��±Z�Ãó	�y�K¿ ì=í{¿îì�ï� 4�6+W S 3�6�
']��+."}HD$Q 3��-4+7@G 3HE&7$qI=HD&7CE+W 4���5,+.-3HJ b/q@B&7$,�0�<-0I.+W 4HD&7$�\�+WÂ=HD\A+.CDCJ/Q_l')�6HE@z��\P;,�! �\��e+.$
 3�,+W T 4�6��@B&7;65�CDHE$�XN@B&7$,�! 4+.$Q 4�SLM&7-) 4���I1��@G 4&.-2+.$69|+(Â=HE+.ClI1��@G 4&7-T 4�<-3\A��+.-3�&.LU 3�6�
�3+.\��T�0Hà_<�1> È HE$6@B�[$6�<;� 3-3HE$�&1�Y+.-3�[CD�<Ld Y�,+.$69���9�+.$69�+.$Q 3HD$6�<;� 3-3HE$�&1�Y+.-3�[-3HDX7�Q {�6+.$,9=�e9
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���3�0�<$Q 4HE+.C{ 3&� z+.".�A 4�6�~^1;,+.-3":'�+eI7�OLM;6$6@G 4HD&7$q&7L] 4���O�6+79�-3&7$8HD$Q 4&|+7@<@B&7;6$1 e>°�,;�-0F
 3�6�<-3\�&7-3�A�! 4-3&7$�XKHD$Q 3��-4+7@G 3HE&.$q�<èc��@B 4�#&.LhI%HD-3 3;,+.CU5,+W-3 3HE@BCE���P@�+W$6$6&W P�c��$��<X7CE��@G 4��9�Å
+WCD 3�6&7;�X7�û 4���}�<è���@G 4HJI1�}�<CD�e@G 3-4&.\A+.X7$6�B 3HV@8@B&7;�56CDHD$6Xj@B&7$6�0 4+.$Q KHE��LM&7-�-3�e+7�0&7$6��&7L
@4�,+W-4X.�O@B&7$6�3�<-0I.+W 3HE&.$8$6&. +.CJ 4�<-3��9}�1/| 4���O@BCD&7;,9}&7L��0��+K^Q;6+.-3"=�#+W$,9}X7CD;�&7$,�<_� 3�6�
']��+."A@B&7;�56CDHD$6XHV�{HE$69��<��9~�0&�@z�6+.$6X7��9�>Qé�$O')�6+W ]LM&.CECD&e'T�{']�T')HDCDC�HD$6HJ 4HE+.CDCJ/O z+."7�) 3�6�
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CD�<5� 3&7$,�<>c�����PHD$6HJ 4HE+.Cl$6�<;= 4-3&7$:�! z+W 3��6+7�[ 3�6�#'�+�I1�PLM;�$,@G 4HD&7$ ã ;6969 � +.$,9� 4���PÄ�$,+.C�! 4+W 4�[HE�Y9����3@B-4HD�c��9��Q/P 4�6�)^1;,+.-3"@B&7\�6HD$,+( 4HD&7$ ã ;�;,9 � >7������'[+�I1��LM;�$,@G 4HD&7$6�U&7L, 3�6��<CD��@G 4-3&7$|+.$,9� 3�6�+.$1 4HD$6�<;� 3-3HD$6&N@<+.$���+7@4�:�c�P-3��5�CE+7@B�e9K�Q/}�(� 
 g�_c�3HD$6@B�P'��P�,+�I7����#� i � �.>
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�! 4+W 4���{&7L��! 4-3&7$�XPHE�0&1�056HD$�>1éb$úë?F�9���@<+�/�']�)$6�<��9� 3&�@B&7$6�3HE9=�<-{ 3�6�)�<HDX7�<$,�! z+( 4���{&7L� 3�6�
']��+."|HD$Q 3�<-z+.@B 3HD&7$�>CÔ8�� 3�6�<-3�<LM&7-3��-4��@<+.CDCU 4�6+W #')��HDCE�� 3�6��CE+7969=�<-P&75c�<-4+W 4&7-4�#� Ó &7L 3�6���! 3-3&7$6XOLM&7-4@B�\A+.5 ã ; � +.$69 ã 9 � &.$Q 4&O�e+.@z�:&. 4���<-�_, 3�6��û Ó &.5��<-4+W 4&7-4�T@B&7$6$���@B  3�6� ã ; � +.$69 ã 9 á � ^Q;,+.-3"N�! z+( 4���<>c�����#&eI1�<-3CE+.5��c�B b']���<$ ã 9 � +.$,9 ã 9 á � HV�<_,+.@�@B&7-49=HE$�X 3&��0� ü >E��ÖQ�G_�Ä=Â=��9��1/~ 3�6�P@B&1�0HD$6�2&7Ll 3�6��>]+.�6HD�6�c&A+.$�X7CD�1>5�S�<$,@B�¼M; ã û Æ ã 9 � �F¼d; ã � Æ ã 9 � � @B&1�4Ý�� ')�6�<-3��@B&1�4Ý�� ª ü�ý Õy¤ ý �!� þ > ��8%�
������I1��@B 3&7-T@B&7\�5�&7$���$1 )&7L� 4���#\A+W 3-3HJÂ��<CE�<\��<$Q )HE�� 4�6�<$óõô � � � ÿg @B&1�4Ý�� � �7ü ¼(;�;,9 ã �¡ � � ¦ � � � Æ ã ;6969 � � � ÿg @B&1�4Ý�� � �ýü � � ý �!� þ > � þ ��T��-3�N']���,+�I1���<\�5�CD&e/1�e9� 4����L�+7@G � 3�,+W � 4�����0;�\ ¼M;�;,9 ã	� � � � � Æ ã ;6969 � \;,�! A�c�;�$6HJ b/8�0HD$,@B�� 4���A&75c��-4+W 3&7- � � � � � Æ +.5�56CDHD�e9* 4&K 3�6�O^1;,+.-3":'�+�I1�ALd;6$6@B 3HD&7$q&.L] 3�6�$��<;� 3-4&.$A�!;,�! SX7HJI1���) 4����^1;,+.-3"N'�+�I1�PLM;6$6@G 4HD&7$:&7LZ 4���5�-3&. 4&7$?>c���6HE�TLM&.CECD&e'T�TLd-3&7\
HE�0&1�05�HE$*@B&7$,�0�<-0I.+W 4HD&7$|HD$: 4�����! 4-3&7$�X~HE$1 4�<-4+7@G 4HD&7$*+.$,9�\A+�/��c���! 3-z+WHEX7�1 4Ld&7-0'[+.-49=CJ/
I7��-3HDÄ6��9�')HJ 3�� 4���)�6�<CD5�&7LU�0� þ > þ �f+W$,9K�0� þ > ÖQ�G>`Ôq�� 4�Q;,�Y�3�<�� 4�6+W Y 4���à�,�<-3\�H6\A+W 3-4HJÂ
�<CD�<\��<$Q THE�[HD$,9=�<5��<$,9=�<$Q )&.Ll 3�6�#HD$Q 3�<-4$6+.C��! 3-3;,@G 4;�-3�#&7L� 4�6�2$%;,@BCD�<&7$�>
 åläMu,t)vex(u6rlç(ädv(äMn,rZç.y ����&1�0� ë?F�9���@<+�/��� 3�,+W 2 4+."7�A5�CE+7@B�A+7�#+N-3�e�0;�CJ P&7L]+.$8+WÂ%HE+.C
I7�e@G 3&7-[@B&7;65�CEHD$�X�+.-3��@�+.CDCD��9����`�O������,�%$K$D�B�v���c�W���u�V�W�§�W���B>%éb$��0;6@z��@<+7�0���h 4���29�HD-3��@BF
 3HD&7$k&7L) 4���KLd��-3\�HE&7$k�056HD$ Ñ HD56��&eI1�<-�>U���6��\A+( 4-3HJÂi��CD�<\��<$Q O9��<5c�<$,96��;65c&7$i 3�6�
&eI1�<-3CE+.5�&.Ll 3�6�P�056HD$:9=��$6�0HJ 4HD���)&7Ll 4���#5,+.-0 4HE@BCD���T@<+.-3-0/=HD$6X� 4���2']��+."N@z�6+.-3X7�#HD$K 3�6�
HD$�HD 3HE+.CZ+W$,9NÄ�$,+.C��! 4+W 4���<>,������ 4-4+.$,�0HJ 3HE&7$K&75c��-4+W 3&7-[HE�� 3�6�<$ �ýþ û Æ l >���6�h;6$�HJI1�<-z�3+.CDHJ b/&7L� 3�6�{'���+."#HD$Q 3��-4+7@G 3HE&.$�\���+.$,�� 4�6+W Z 4��HV�Z-3���0;6CJ Y�0��&7;6CE9+.CV�0&
��&7CE9Ld&7-ZLd-3���h5c&7HD$Q U^1;,+.-3"=�<> È HD$,@B��^1;,+.-3"=�l+.-3�]+.CJ'�+�/��� 4-4+.565c��9#HE$6�0HV9=�]�,+79=-4&.$,�<_�']�
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$��<�e9A 4&�@B&7$,�0HE9��<-h 4����HD$1 4�<-3$,+.C��! 4-3;,@G 3;6-3��&.L? 3�6�S$%;6@<CD�<&7$NHDL?']�S'�+.$Q h 4&�@<+.CE@<;�CE+W 4�
�0;6@z��\A+W 3-3HDÂN��CD�<\��<$Q 4�<>j�,-3&7\  4���P@B&7$,�! 3HJ 4;6�<$Q T^Q;6+.-3"O\�&=9=��C�'��2�,+�I1�

ã óõô � ã ��� ��� ÿg �ýþ ã ¼(;�;,9 ã �¡ � � ¦ û � � Æ l ã ;6969 � ã ý �!� þ > �yÖQ�
È HD$,@B�A 3�6�~�3^Q;6+.-3�e�#&7L] 4���O�<Â%5���@G z+W 3HD&7$qI.+.CD;��e�P&.L� 3�6�~@B&7\�5c&7$6�<$Q 4�P&7L��j+.-3�

��^Q;6+.Cf 4&K��+7@4�}&. 4����-�_*¼ � � � � � �� � � ¼ � � � � � �:� � � ¼ � � � � � ��� � _�HJ HE�P�0;��A@BHE�<$1 P 3&@<+.CE@B;6CE+W 3�N 3�6�~�BÂ=5c��@B 4+W 4HD&7$qI.+.CD;6�N&7L�� � � ¼(;6;69 ã	� � � � � Æ � � � � ã ;6969 � >URS$6�~Ä�$,96�Ld-3&7\ �0� þ > þ �G_��!� þ > ÖQ�]+.$69��0&7\��2 4��9=HE&.;,�)+W-4HJ 3�6\��B 3HV@� 4�,+( ¼(;6;69 ã ¡ � � � � Æ � � � � ã ;,9�9 � � þ
� ý �!� þ > �Qê7�

ÿ�� p*v�n,v�u,t[o8u�vexWädåÁp%t�pQoqpQr�v7y éb$|�BÂ=5c�<-3HE\��<$Q z�)']�\���+7�0;6-3�P 4�6�P56-3&75c��-0 3HE���T&7L
 3�6�)$%;6@BCE�<&7$?_Q�0;,@4�O+7�YHJ z�h�05�HE$?_Q+.$69�$6&. Y 4��&1�0�)&7Lc 4���T^Q;,+.-3"%��>1��&@B&7\�56+.-3�) 3�6�<&7-0/
')HJ 3�q�BÂ=5c�<-3HD\��<$Q #'���\;6�0 # 3�6�<-3�<LM&7-3��-3�<LM&7-3\;�CV+( 4�� 3�6��\A+W 4-3HJÂ*�<CE�<\��<$Q �3&� 3�,+W 
+WCEC�&75c�<-4+W 4&7-4�]+7@G [;65c&7$~ 3�6���j�j�%$E�4�W��'�+�I1��Ld;6$,@G 3HE&.$�>������2�3^Q;6+.-3��&7L? 4����$6�<;� 3-3&7$
9=��@�+�/~\A+W 3-4HJÂ��<CD�<\��<$Q )\A+�/N����')-3HJ 3 3��$�+7�

ã ó ô � ã � ��� �üg � ã ¼(5 ã � Æ ã $ � ã � ¿�� �þg � ã ¼(5 ã � Æ l ã $ � ã � ý �!� þ > �y¤Q�Ô8�T�! 4-3���3�Y 4�6+W ]� Æ +.$,9 l $�&e'Á+7@G h;�5�&7$� 3�6�['�+�I1�)LM;�$,@G 4HD&7$A&7L� 3�6�)$%;6@BCE�<&7$?>1���6�^1;,+.$1 4HJ 4HD��� � ü +.$,9 � þ +.-3�P 3�6&1�0�P')�6HE@4�*+.-3�\��e+7�0;�-3�e9�HD$|$���;= 4-3&7$ ë?F�9���@<+�/:+.$699=���3@<-3HD�c�# 4����+.�6�0&7CD;� 3��! 4-3�<$6X. 3�,�)&.Lf 3�6�#I7�e@G 3&7-S+.$69�+WÂ=HE+.C?I1��@G 4&7-S@B&7$1 4-3HD�6;= 4HD&7$,�<>
�����B/:@B&7$Q 4+.HD$| 3�6�5�-3&=9�;6@G �&7LU 3�6�P']��+."�@4�,+.-3X7���S+W S 4����CD�<5� 3&7$6HE@�+.$69:�6+79�-3&7$�HE@
I7��-0 3HV@B���<>

È HD$,@B�� 3�6��56-3&. 3&7$q+.$69* 4����$6�<;� 3-3&7$8LM&.-4\ +W$8HE�0&1�056HD$�9�&.;6�6CD�B e_Y�0� þ > ��¤Q��\�+�/
�c��')-3HJ 3 4�<$�+7� ã ó ô � ã � ��� � �ü ¿�� � �þ �3�:g � ý �!� þ > �yÕQ�Ô8�[$6&. 3�[ 4�,+( Y 4���TLM+7@G 4&7-Y&7L��2HD$� 4���S+WÂ%HE+.C�I1�e@G 3&7-{5,+.-0 {HE�{9�;��[ 3&2 4�6�)�BÂ=5c��@G z+W 3HE&7$
I.+.CD;��#&7L� 4���P�056HD$K&75c��-4+W 3&7- l � ��� �� ¿�� �� ¿ � �� >éb$} 4���O@B&7$,�! 4HJ 3;6�<$Q �^1;,+.-3":\�&=9=�<C � ü +.$69 � þ +.-3�A-3�<CE+W 4��9* 4&� 4���O^Q;,+.-3"|9��BF5c�<$,9=��$1 T@B&7;�56CDHD$6XA@B&7$,�! z+W$Q z� �ýü +.$,9 �ýþ +7��LM&7CDCD&e'T�<Å

� ü � � ÿ @B&1��Ý�� �ýü � �!� þ > 8 ü �
� þ ª � ÿ @B&1��Ý � þ� � þ ý �!� þ > 86�(�

���6�\�6��-3\�H�\A+W 3-3HJÂ��<CD��\���$1 S�!� þ > � þ ��HE�UHD$,9=�<5��<$,9=�<$Q U&7L6 3�6��HD$Q 3��-3$6+.C6�! 4-3;6@B 3;6-3�
&.L� 3�6��$6�<;� 3-3&7$�+.$,9*�!� þ > 8 ü �YHE�[+7�]�BÂ�+7@G )+7�h 4����HV�0&1�05�HD$��!/=\�\��< 3-0/~&7L? 4�6��56-3&. 3&7$
+W$,9~ 3�6�#$��<;� 4-3&7$?>����6�2+WÂ=HE+.C�I1��@B 3&7-)@B&7;65�CDHE$�X6_�&7$N 4���2&. 4����-[�6+.$,9�_�9�&%����9��<5c��$69
;�5�&.$O 4���2�! 3-3;,@G 4;�-3��&7L� 3�6�S$%;,@BCD�<&7$�>Qéb$~ 3�6��@B&7$,�! 3HD 3;6�<$Q �^Q;,+.-3"�\�&=9=�<C�HJ �HE�]X7HJI1��$
�1/*�0� þ > 86�(�G>=é� )HE��HE\�5�&7-0 4+.$Q � 4&�;�$,9=��-4�! 4+.$,9~ 3�,+W � 3�6�2LM+7@G 4&7-[&7L þ �W��HE�[\���-3�<CJ/�+.$
���! 3HE\�+W 4�7_��0HE$6@B�P 3�6�@B&7$,�! 3HD 3;6�<$Q �^Q;6+.-3"N\�&=9=�<Cl&7$6CJ/�X7HJI1���T;,�T+.$:+.565�-3&eÂ=HD\A+W 3HE&7$
&.Ll 4���#$Q;,@BCD��&7$N'�+�I1�#Ld;6$,@G 3HE&.$�>



Bë�� ë ³ �z�2ª@>J�4© ´ ¨e«1ªr�Tîf� µbï ¨e«"!]�#�G� ï ¦ ¯.u[ÿ�� pûrlp%w�vex(ncr t�äpò�pQveä�o8p,y ���6��CEHDLd�< 3HD\��:HE�AX.HDI1�<$k�1/� 4���KHE$1I1�<-4�3�K&7L) 4���� 4&. 4+.C
9=��@�+�/~56-3&7�6+.�6HDCDHJ b/�5c��-[;�$6HJ [ 3HE\��1Å

�Ã �"!�#%$&('*)*+ 9½Ü9��Bí 9j�fí��,!�#-$&('*)*+ � òi ã óõô � ã � 9�ö ô �L� � � �fí<�9��fí 9��Bí ý �!� þ > 8%�7�
T�4�0;�\�HD$6X� 4�6+W [ 3�6�2\A+( 4-3HJÂN��CD�<\��<$Q )HV��HD$,9��<5c�<$,9=��$1 [&7Ll 3�6�2�<$6�<-3X./1_%']�P@<+.$�56;�CDC
HJ {&7;= z�0HE9��� 3�6�[HD$Q 3�<X7-4+.C§>1�����)�! 4+W 4�)9��<$,�0HJ b/ ö ô �L� � � �fí<�l\A+�/1_7HD$A+.$,+WCE&7XW/ 4&O�K86>E�?¤Q�+W$,9}� þ >ÿ�%�e�G_��c��')-3HD 0 4�<$�+7�

9�ö ô �L� � � �BíB�Y� �K8 ò � �
�§� ò i �/. � �í 9��4í9�� í � �0 9�� 09�� � g � 9��Bí � �!� þ > 81�Q�

')���<-3�#']��6+�I1�# z+.".��$�HD$Q 3&~+7@<@<&7;�$Q ) 4�6+W T']�P���<-4�#�,+�I1�+.$��<CD��@B 3-3&7$|+.$69�+A$���;=F
 3-3HD$6&N+.$69K�6�<$,@B�+N�eF§5,+W-3 3HE@<CD���! 4+W 4��9=�<$,�0HJ b/�+.$69qg�HE�) 4���PI1&7CD;�\��HD$�')��HV@4�� 3�6�
'�+�I1��Ld;6$6@B 3HD&7$,�]&7L� 3�6���<CD��@G 4-3&7$K+.$69~&7L? 4���2$6�<;= 4-3HD$6&�+.-3��$6&7-3\A+.CDHE�0��9?> È HD$6@<�S 4��HE�
$�&7-3\A+.CDHE�3+W 4HD&7$N�<$Q 3�<-4�{ 4���S\�+W 4-3HJÂA��CD�<\��<$Q 2�0� þ > �yÕQ�ZI=HE+�+O�(�:g � L�+7@G 4&7-�_7 4����9=�e@<+�/
5�-3&7�,+.��HDCEHJ b/NHE�[HD$,9=��5c�<$,9=��$1 )&7L�gA>

éb$j�0� þ > 8%�7�)']��&7$6CJ/|HE$1 4�<X7-4+W 4��&eI1�<-� 4�����<CD�e@G 3-4&.$q�05���@G 4-3;�\ +.$69}�0&N']��$6�<��9
 3�6��9��<$,�0HJ b/*&7Lh�! z+W 3�e�2Ld&7-#+N 3&. z+.CU�<$6�<-3X./³� � ')HJ 4�q+NÄ�Â%�e9|�<CE��@G 4-3&7$}�<$���-3X./��Bíe>0T��X7CD��@G 4HD$6X�-3��@B&7HDC��<è���@G z�{']���,+�I7�R� � � �Bí?¿Þ� 0 +.$69O�6�<$,@B��9j� � �Á9�� 0 > < �0HE$�X 3�6�2-3��CE+W 3HDI%HV�! 3HE@P�<$6�<-3X./QF�\�&7\���$1 4;�\ -3�<CE+W 4HD&7$Ä� � ��� � � � ¿ A � � � '��� 4�%;6��Ä6$69

� �í 9��4íN� �� � �4íu�fíc9j�fí�� �� � �Bí E � �í �qA �í�� � 9��Bí �!� þ > 8:8%�
+W$,9�+.$i+.$,+.CD&7X7&7;6�-3��CE+W 3HD&7$ÃLM&.- 4���~$6�<;� 3-3HD$6&6>9T�4�0;�\�HD$6X: 4�6+W � 4���N$��<;� 3-4HD$�&|HE�
\�+7�3�0CE���3�[']�#&.�� z+WHE$

9�ö ô �W� � � �BíB�U�ú�K8 ò � � g � �Bí E � �í �nA �í^� � � �W� � �Þ�BíB� �
��� ò i � �*. 9j�fí ý �!� þ > 8 þ �

�l&KÄ�$,9* 3�6��CDHDLM�B 4HD\��2Ã}']�A$�&e'�$6�<��9* 4&�@<+.-3-0/*&7;= # 4�6��HD$Q 3��X.-z+WCS�!� þ > 8%�7�z>?é� 
HE��;6�3;6+.CZ 3&�$6&7-3\�+.CEHE�0�� 4�����<$6�<-3X7HD����HE$| 3�<-3\A��&7LY 4�����<CD�e@G 3-4&.$*-3�e�! 2\A+7�3�2+.$,9|�0&
9=�<Ä6$��

1 �L� � ���2! 34$¦65 í�E 5 �í �Ã� � � 5 � � 5 íB� � 9 5 í ')�6�<-3� 5 � ����ANí � � ý �!� þ > 8 ÖQ�
��&7X7�B 4���<-[')HJ 4�q�!� þ > �yÕQ�Y 4��HE�)CD��+79��� 4&

�Ã � A87í � �
� ò � i:9 � � � �ü ¿i� � �þ � � 1 �L� � � ý �!� þ > 8%ê7�

�6&7-P�L� �<; A í � � �{']�#�6+�I1�
1 �L� � � ª 5 7�� ü �!� þ > 8 ¤Q�



¯e¯<² Bë ìfí1�)îU� µ�ï ¨e«1¦
+W$,9��3&

�Ã ª �i:9 � . � � � �ü ¿�� � �þ � � �=7�Ö ü ò � ý �!� þ > 8 ÕQ�
����HE�[9=�e@B-3��+7�0��&7L? 4���2CDHDLM�B 4HD\��#+7�] 3�6��Ä�Ld 4�N5c&e'��<-]&7L�� � HE��@<+.CDCE��9?>C�.�a Q�B�O�A@ ���u�5$D�<>éb$N$��<;� 4-3&7$N9���@<+�/��²� � HE��-3&7;�X7�6CJ/O@<&.\�5,+.-4+.��CD�S 4& ANí � � +.$69A 4���2+.565�-4&eÂ%HE\�+WF 3HD&7$i�0� þ > 8 ¤Q��HE�T$�&. S+.565�CDHV@<+.��CD�1>c���6�9=��@�+�/�56-3&7�,+.��HDCDHD �/KHV�)-3&7;6X7��CD/��6+.CELZ 4�����0Hà_<�
&.L��0� þ > 8 ÕQ�zÅ

�Ã ü ª �i:9 � . � � � �ü ¿�� � �þ � � � 7�Ö ü ò � ��ü�ý 8%ê ý �!� þ > þWü �B å�æYpQxWä�o8p%r�v�u,t]x(p%ç�wftdveç.y ���6�P$��<;� 3-4&.$KCEHDLM�B 3HD\����6+7�)�c���<$K\���+7�0;6-3��9�I1�<-3/N56-3�BF
@BHE�0�<CD/~HD$N-3��@B�<$Q ]/1��+.-4�<>=���6�S�0 3&7-4+.X7�S&7L?;6CJ 4-4+�@<&7CE9~$��<;� 3-4&.$,�h�6+7�h���<�<$N+PI.+.CD;,+.��CD�
 3&%&7C]HD$� 4���e�0�N�BÂ=5c��-3HD\��<$Q 4�
× ö|+�¤yÕ�_��S& Õ�81+ Ø >HtYÂ% 4-3�<\��<CJ/i�0CD&e' $6�<;� 3-3&7$,��@<+.$i�c�
�! 3&7-3��9��c�< �']���<$K�0&7CEHE9N'�+.CDCE��')�6HE@z��-3�<56-3���0��$1 T+�5�&. 3��$1 4HE+.C?�6+.-3-3HD��-�>����6�2$6�<;= 4-3&7$,�
+W-4�T 4&W z+.CDCJ/~-3� Ñ ��@B 3��9��0HD$,@B�S 3�6�S-3��Ld-4+7@B 3HD&7$NHE$69��BÂOHD$��3&.CEHE9~\A+W 0 4�<-[HE���0\A+WCECD�<-� 4�6+.$
 3�,+W PHD$q+.HD-Ì× �S&%ê`Õ Ø >CÔûHJ 3���0;6@z�q�! 4&.-z+WX7�O@B��CDCE�# 3�6�ACDHDLM�B 3HE\��~&7Lh 3�6��$6�<;= 4-3&7$8\�+�/
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