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�1�� ��«M¿kºk¸-¡-« �>¹¾¿k¤)&¼ºk 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �
�1��+1�� Ä
¹�§H²�ºkÃ+� ÃQÁ�³Q«±¹B� ¤¬´Mµª�´Qµª¹�«M¿k¤¬´Mµª�®@Áª¼¥k§¼ºk¤¬¨»¿1¤¬Ã�«¡Á�-¥
§-Ã�«ª¥k¤4¿1µ±¹�«�¿1¥¸¼©¬¸��>¼«M¿1¹�¤¬º -¥�Á��©¬¹ �>¹¾¿k¤)&-º  1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �
�1��+1 � ÄF¡Á�¤½¹ � ºk¹B��� �Áª-¥C¨�²±¹�¥k¼¥CÁª�©¬¹ �>¹¾¿k¤)&-º �²±¹�Áªº Ã7«ª¤¦´Mµª 1 1U1 1 1 �
�1��+1  °�©¬¹�¥'�>¹¯Áª¡´Qµª¹�º'.M¥C¼¿CÁª � ©¦µªÃ7«ª¥�¼«p§¼Ã7µª¨ª©¬¹ �  @ Ã�º ¿U, ¥08;:�°</�1 1 1�� �

�1 � ÄF-¥<§-Ã7©¦©¬¤¦¥ ¤¦Ã7«ª¥�®ª¨ª²ª¸-«�Ã+� ¸-«ªÃ7©¦Ã � ¤¦�¼¿ �7ÃQ§-¹BAªµª©¬¹�¤¦ºk 1 1U1 1 1 1U1 1 1U1 1 1����
�1 �1��  �Ã�©¬©¦¤¬¥ ¤¦Ã7«�¥�¨�ºkÃ�¿kÃ7«�3¨�ºkÃ�¿kÃ7« 1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1����
�1 �1 �  �Ã�©¬©¦¤¬¥ ¤¦Ã7«�¥�«�Ã]³�¹�µ��3«ªÃS³�¹�µ 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1���
�1 �1  ��¤¬©½¹¾« 1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1����

�1  ÄF-¥<¨ªºkÃ � º1¹B��� -¥�2P»¨&¸-º ¤)� -«�¿B¹�µ�P 1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1����
�1 T1�� ÄF�¢C�éÂÉ ä¼¿C¥ -¥CÁª¸-§¼Ã7µT�7¼º ¿k-¥�1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1��� 
�1 T1 � ÄF�Ä
��  ¼¿C¥ -¥C¨&-º ¥k¨&¼§¼¿1¤4�7-¥ 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �!�

�1 � ÄF-¥<Ã+Aª¥k¼º>�a¹BAª©¬¼¥CÁªµz¨ª©½¹¾¥'�>¹¯Áª¡´Qµª¹�º'.M¥C¼¿CÁª � ©¦µªÃ7«�¥ 1 1 1 1U1 1 1U1 1 1 ���
�1 �N1�� ÄF¡´Mµ±¹¾º'.
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J/Ψ
1 1U1 1 1U1 1 1 1U1 1 1U1 1 ���

�1 �N1 � ÄR� ¸-§¼Ã7µª©¦�� -«M¿<-©¦©¬¤¦¨�¿k¤¦´Mµª#1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �" 
�1 �N1  ÄF¼¥C¨ª²�Ã�¿1Ã7«�¥C¨�ºkÃ+� ¨�¿1¥ 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1  �
�1 �N1 � ÄF¼¥���b¿1¥Cb¿C©¬$#&%('�)+*-,.%(/1032546/57 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 ��
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T1�� ��µz§ M�¿k¸�Á��©¬¹¯¿k²ª¸-Ã�ºk¤¬ 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 � 

T1��+1�� ÄF;� ÃQÁN&¼©¬OÁ�-¥C¨±¹¾º ¿1Ã�«ª¥ 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �	�

T1��+1 � ÄF¼¥C¤¦«M¿1¼º1¹�§b¿1¤¦Ã7«ª¥G��µ�©¦¿1¤¦¨�©¦-¥ 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1D�!�
T1��+1  �Qµª¨ª¨ªº -¥k¥ ¤¬Ã7«p£V: I 1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1D� �
T1��+1 � Ä
¹¯¿1²ª¸¼Ã7ºk¤¦OÁªU:¡º ¤)A&Ã��
�3¢C �+�  1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1D���
T1��+1E� °�¹¾º ¿1Ã�«� A±¹¾¥k-Á :Oºk¤*A&Ã��
�/¢< �B� �¿1²ª¼Ã7ºÉ³ 1U1 1 1U1 1 1 1U1 1 1U1 1 1D���
T1��+1F� ÄF;� ÃQÁN&¼©¬OÁ�-¥C§¼Ã7ºkÁª¼¥ 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1G�H�

T1 � Op¤¦¥k¡-«zºk � ¹�º Áz-«�¿1ºk��À°(����¼¿CÁ��g¹�µ�¿kºk¼¥V� ÃQÁN&-©¦-¥ 1U1 1 1 1U1 1 1U1 1 1G�B�
T1 �1�� ÄF¼¥CÁª¤ �Õ¸¼ºk¼«M¿1¥ � ÃQÁN&¼©¬-¥ 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1G�� 
T1 �1 �  �ÃB�>¨±¹¾º1¹�¤¦¥kÃ7« ¹��7-§��À°(�¡� 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1D�!�

T1  ÄF-¥ � ¸-«�¸-º1¹a¿1-µ�ºk¥CÁ�� ¸��7¸-«��� -«�¿1¥ 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1G H�
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T1 T1 � 8�µ�� -¥É¿>�3§¼�´Mµª�§O�g¼¥ ¿�� 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1G �
T1 T1 � :O¸-«ª¸¼º1¹a¿1-µ�º¡Á�� ¸��7¸¼«ª�� -«�¿1¥ �-:¡¸¼«ª¸-ºk¹¾¿1¼µªº¡Áª�Áª¤¦¥ ¿1º ¤)Aªµ�¿k¤¬Ã�«ª¥�¤¬«�§¼©¬µª¥ ¤*�7¼¥ 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1G �
T1 T1  8�µª¼©¬©¦Oµ�¿k¤¬©¦¤4¿1¸�� 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1G �

T1 � �`¿1µªÁª¡¨ª©¬µª¥�Áª¼¿1¹�¤¦©¬©¦¸-�Áª�° �O�<�CÂ3£ 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1G ��
T1 �N1 � °�²ª¤¦©¬Ã7¥ Ã7¨ª²ª¤¦�Áª�° �O�<�CÂ/£ 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1G ��
T1 �N1 � ÄF¡¥kÃ�µª¥Q�!¨ªºkÃQ§¼-¥k¥ µª¥�Á�µªº 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1G ��
T1 �N1  ¢C¹�Áª¤¬¹¾¿1¤¦Ã�«�Á�� ¸¼¿1¹¾¿C¤¬«�¤¦¿1¤¦¹�©ù¼¿ Iª«±¹�©"1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1G ��
T1 �N1 � � º1¹¾¤¦¿1��>¼«M¿�Áª-¥C¤¦«M¿k-º1¹¾§¼¿k¤¬Ã7«ª¥G�¯µª©¦¿k¤¦¨ª©¦¼¥ 1 1 1U1 1 1U1 1 1 1U1 1 1G � 
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�N1�� Â3«M¿k-º1¹¾§¼¿1¤¦Ã7« ¸-©¬¸�� -«M¿1¹�¤¬º  1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 
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�N1��+1 � :O¸-«ª¸¼º1¹¾©¬¤¦¿k¸ 1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 
 �

�N1��+1 � Â3«�¿1-ºk¹�§b¿1¤¬Ã�« � Ã7©¬©4 1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 
�
�N1��+1  "�§B²ª-©¦©¬OÁªµªº  1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 
��

�N1��+1 � �»Ã�µª¥Q�!¨ªºkÃQ§¼-¥k¥ µª¥éÁªµªº 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 
��
�N1��+1 � "�§B²ª-©¦©¬O¥k��>¤ �3Áªµªº  1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 
B�

�N1 � �»-§b¿1¤¦Ã7«z2K>§-¹�§¼�¨±¹¾º ¿1¤¦-©¦©¦ 1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 
	


�N1 �1 � �±Ã7«�§¼¿1¤¦Ã7«�Áª;��-º ¿k2P 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 
	


�N1 �1 � Â3«�¿1-ºk¹�§b¿1¤¬Ã�« �¯µª©4¿1¤¦¨ª©¦51 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 
	


�N1 �1  ��¸b¿1¼º'� ¤¬«±¹a¿1¤¬Ã�«�Áª¡©½¹¯«±¹¾¿1µ�ºk¡Áª¼¥C¸-§B²ª¼©¬©¬¼¥¡®�� Ã7©¦©¦�Ã7µ Áªµªºk�� 1 1 � ���
�N1  °�ºkÃQÁªµª§b¿1¤¦Ã7«zÁª¡¨±¹¾º ¿1¤¦§-µª©¦-¥ 1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 � �!�

�N1 T1 � ¢<¸@¹¾©¬¤¬¥k¹¾¿1¤4Ã7«�Á��©¬¹�§¼Ã7ºkÁ� 1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 � �!�
�N1 T1 � ¢<-¥É¿1-¥CÁª¼¥C¨ªº ÃOC ¼§¼¿k¤¬©¬¼¥�¼¿C§¼¤)A�©¬-¥#1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 � �!�

�N1 � "�§-º1¹¾«M¿B¹ � ¡¼¿C¨±¹¾º ¿B¹ � OÁ��g¸¼§B²ª-©¦©¬-¥ 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 � �	�
�N1E� � º1¹�¤4¿1�� -«�¿<§-Ã�©¬©¦-§¼¿k¤ @ 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 � � 

�N1E�1 � �»¸¼¨±¹�ºk¹¾¿1¤¦Ã7«p �Ã7º 2�/ �Ã7ºkÃ7«ª¹�¼¿C§¼Ã7«ªÁª¤4¿1¤¦Ã7«ª¥�¤¬«ª¤4¿1¤¬¹¾©¦¼¥ 1U1 1 1 1U1 1 1 � � �
�N1E�1 � OpÃQÁT&-©¦¡¥k¤)� ¨ª©¦¤¦¥ ¿k 1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 � �" 
�N1E�1  OpÃQÁT&-©¦¡²M³QÁªº Ã»Á»³»«ª¹B� ¤¬´Mµª 7��¸��7¸¼«ª�� -«�¿�¨ª¹�º<¸2�7¸-«ª�� -«M¿ 1 1 1 � �" 

�N1F�  �Ã7« @ º Ã7«M¿1¹¾¿1¤¦Ã7« ¹�µP ÁªÃ�«ª«ª¸¼-¥-1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 � ��

�N1F�T1 � ÄF¼¥C§-Ã�©¬©¬¤4¥k¤¦Ã7«�«ª-µªº ¥ 1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 ��� �
�N1F�T1 � ÄF¼¥Cº1¹@³7Ã7«ª¥<§-Ã�¥'� ¤¬´Mµª-¥ 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 �����
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�1�� :¡¸¼«ª¸-ºk¹¾¿1¤¦Ã7« Á�-¥C¨±¹¾º ¿1Ã�«ª¥<¨&Ã7µªº�©¬-¥�¸-§B²ª¼©¬©¬¼¥<¥k��>¤ �3Áªµªº -¥O®K¹¾«ª§-¤¦-« � ÃQÁN&-©¦ � �5�

�1��+1 � ��¼¥k§¼ºk¤¬¨»¿1¤¬Ã�«zÁª¡©½¹¯¨ªº ÃQ§-¸-Á�µªºk 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 � �5�
�1��+1 � Â3«ª§¼Ã7«
�7¸-«ª¤¦-«�¿1¥éÁª¡©M�[¹�«�§-¤¬¼«ª«ª � ¸¼¿1²�ÃQÁª�®ª¨ªºkÃ+A�©¬¸��>¹¾¿k¤¦´Qµ� 1U1 1 1 � �<�

�1 � �Q¿1º µª§¼¿kµªº1¹a¿1¤¬Ã�« -« Aª©¬ÃQ§¼¥<¤¬«�Áª¸-¨&¼«ªÁ±¹�«�¿1¥ 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 � �"�
�1 �1 � ��¸2I±«ª¤4¿1¤¦Ã7« Áª-¥ �¾¹�ºk¤¬¹BAª©¦-¥71 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 � �"�
�1 �1 � ��¤¦¥ ¿kºk¤)A�µ�¿1¤¦Ã7«�Áª¡¨ªº Ã+A±¹BAª¤¦©¬¤:¿1¸�Á�-¥ �¾¹¾ºk¤¬¹BAª©¬¼¥
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1 1 1 1U1 1 1 � � 

�1 �1  ��¤¦¥ ¿kºk¤)A�µ�¿1¤¦Ã7«�Áª¡¨ªº Ã+A±¹BAª¤¦©¬¤:¿1¸�Á�-¥ �¾¹¾ºk¤¬¹BAª©¬¼¥
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®
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1 1 1 1U1 1 1 ����
�1 �1 � �K¹�§b¿1Ã7º ¤¬¥k¹¾¿1¤¦Ã�« 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 ��!�
�1 �1 � ��¤¦¥ ¿kºk¤)A�µ�¿1¤¦Ã7«�Áª¡¨ªº Ã+A±¹BAª¤¦©¬¤:¿1¸�Á�-¥ �¾¹¾ºk¤¬¹BAª©¬¼¥
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& 1U1 1 1 1U1 1 1 ��	�
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�1  � -¥É¿�Á��Á�¸��>¹�ºk§B²ª 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �� 
�1 T1�� � ¼¥ ¿�¹�«±¹¾©¦³M¿1¤¦´Qµ� 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �� 
�1 T1 � � ¼¥ ¿é¥k��>¤ �/¹�«ª¹�©4³M¿1¤¦´Mµª 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 ��" 
�1 T1  � ¼¥ ¿éÁª¼¥ @ Ã7«ª§b¿1¤¬Ã�«ª¥�Áª¡Áª¤¬¥É¿1ºk¤*Aªµ�¿k¤¬Ã�«�¨±¹�ºÉ¿1Ã7«ª¤¦´Mµª 1 1 1U1 1 1U1 1 1 � 	


�1 � Â � ¨ª©¬¸��>¼«M¿1¹¾¿1¤¦Ã7«�Áªµ¯«ªÃ7µT�7-¹�µ OpÃ�«M¿1F�3§-¹�ºk©¦Ã�¨&Ã7µªº�©¬¼¥H�¾¹¾ºk¤½¹OAª©¬¼¥�Áª�©9� ¸-§B²ª¼©¬©¦H� ���
�1 �N1�� ¶CÃ7µT�7-¹�µ OpÃ�«M¿1F�É �¹�º ©¬Ã�¨&Ã�µªº<©¦-¥

x±IB

1U1 1 1U1 1 1 1U1 1 1U1 1 1 � ���
�1 �N1 � OzÃ7«M¿k2�É �¹¾ºk©¦Ã�¨&Ã7µªº<©¦-¥

p⊥ (
& 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 � �� 

�1E� :O¸-«ª¸¼º1¹¾¿k¤¬Ã7« Á=�g¸2�7¸-«ª��>¼«M¿k¥�¹��7-§¡¥k¸-©¦-§b¿1¤¬Ã�« 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 � �B 
�1E�1�� °�º Ã7¥k¨&¼§¼¿1¤¦Ã7«�®±´Mµª¼©¬©¦O¿3³Q¨&�Áª¡¥k¸¼©¬¼§¼¿k¤¬Ã7«ª¥ � 1 1U1 1 1 1U1 1 1U1 1 1 � �B 
�1E�1 � �é¤¬¥k§¼µª¥k¥ ¤¬Ã7«zÁª¡©½¹S� ¸¼¿1²�ÃQÁª¡Áª¼¥C¥k¸¼©¬¼§¼¿1¤¦Ã7«ª¥-1 1U1 1 1 1U1 1 1U1 1 1 �����

�1F�  �Ã7©¦©¬¤¦¥k¤¦Ã�«
pp

$�Á��g¹�µ»¿1ºk¼¥C¸-«�-º � ¤¬¼¥ 1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 ���	�
�1F�T1��  �Ã�©¬©¦¤¬¥ ¤¦Ã7«

pp
¹�µ�P ¸-«�-º � ¤¬¼¥C� ��a¹¾¿1º Ã7« 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 ���	�

�1F�T1 �  �Ã�©¬©¦¤¬¥ ¤¦Ã7«
pp

¹�µ�P ¸-«�-º � ¤¬¼¥éÄ
��  1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 ���	�
�1E�  �Ã7©¦©¬¤¦¥k¤¦Ã�«ª¥�Á�� ¤¬Ã7«�¥<©¦Ã7µªº Áª¥ 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 ��� 

� 	 � �R���B� � ��� ; � 
 �= "� �R	�� �  "!#� � 
 �� � � � !
�T1�� � -§B²ª«ª¤¦´Qµ�-¥éÁ�� ¤¬«�¿1¸ � º1¹¾¿k¤¬Ã7«�Á�5:¡¹�µª¥ ¥51 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 ��� 
�T1��+1�� �±Ã�«ª§¼¿k¤¬Ã7«ª«��� -«�¿<Áª¡©½¹¯´Mµ±¹�Áªºk¹¾¿1µªº �Á�5:¡¹�µª¥ ¥�1 1 1 1U1 1 1U1 1 1 ��� 


�T1��+1 � �é¤*K §-µª©4¿1¸�©¦¤¬¸- $�©9� µ�¿k¤¬©¦¤4¥1¹¾¿k¤¦Ã7« Áª�©½¹�� ¸¼¿k²ªÃQÁª�Á=�g¤¦«M¿1¸ � º1¹a¿1¤¦Ã7«�Áª
:¡¹�µª¥ ¥ 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �����

�T1 � ��¹BAªµª©¬¹¾¿1¤¦Ã7« �¾¤4«M¿1¼ºk¨&Ã7©¦¹¾¿k¤¦Ã�« 1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 ���	�
�T1 �1�� Â3«�¿1¼ºk¨&Ã7©¬¹¾¿1¤¦Ã7«�¨&Ã7©4³»«�Ã+� ¤½¹¾©¦¯®ª¨ªºk¤¦«ª§-¤¦¨& 1U1 1 1U1 1 1 1U1 1 1U1 1 1 ���	�
�T1 �1 � Â � ¨&Ã7ºÉ¿B¹�«ª§¼·Áª·©9� ¤¬«�¿1¼ºk¨&Ã7©¬¹¾¿k¤¦Ã�« ®ù¸¼§H²ª¼§�Áª·©9�g¹�«ª§¼¤¬-«�«ª·¤¦«M¿k-ºk¨&Ã3�©¬¹¾¿1¤¦Ã�«�¨&Ã7µªº

f±
1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 ��� 

�T1 �1  �QÃ7©¬µ�¿k¤¬Ã7«�¥�¨&Ã7µªº<©M�g¤¦«M¿k-ºk¨&Ã�©½¹a¿1¤4Ã7«8Áª
f±

1U1 1 1U1 1 1 1U1 1 1U1 1 1 ��� �
�T1 �1 � �QÃ7©¬µ�¿k¤¬Ã7«�¥�¨&Ã7µªº<©M�g¤¦«M¿k-ºk¨&Ã�©½¹a¿1¤4Ã7«8Áª

E
1U1 1 1U1 1 1 1U1 1 1 1U1 1 � ���

�T1 �1E� ��¹BA�µª©½¹¾¿k¤¬Ã7«8Áª�©¬¹ @ Ã�«ª§¼¿k¤¬Ã7«
S

1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 � �B�
�T1  :O¸-«ª¸¼º1¹¾¿k¤¬Ã7«~Áª �¾¹�º ¤½¹BA�©¬-¥+¥kµ�¤*�¾¹¾«M¿ µ�«ª�Áª¤¬¥É¿1ºk¤*Aªµ�¿k¤¬Ã�«~Áª�¨ªº Ã+A±¹BA�¤¬©¬¤:¿1¸ ®¿1¼§H²�«ª¤¬´Mµª�Á� OpÃ�«M¿1� �¹�º ©¬Ã 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 ����


�T1 T1�� °�º ¤¬«ª§¼¤¬¨&OÁª¡©½¹·¿1¼§H²�«ª¤¬´Mµª�Áª OpÃ�«M¿1@ �¹�ºk©¦Ã 1 1U1 1 1 1U1 1 1U1 1 1 ����

�T1 T1 � °�º ¤¬«ª§¼¤¬¨&OÁª¡©9�g¹�§¼§--¨»¿B¹¾¿k¤¬Ã7«�!ºk C ¼¿ 1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �����
�T1 T1  �é¤*K §-µª©4¿1¸¼¥<Áª¡©½¹S�>¸b¿1²ªÃQÁ�¡Á±¹�«ª¥<¥kÃ�«�¹¾¨ª¨ª©¬¤¦§@¹a¿1¤¦Ã7«-$ �À°(�¡� 1 1 1 ���5�
�T1 T1 � �é-¥k§¼ºk¤¦¨�¿1¤¦Ã7«zÁª¡©¬¹�¨ªº ÃQ§-¸¼Áªµªºk 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 ��� 
�T1 T1E� Â � ¨ª©¦¸�� -«�¿B¹¾¿k¤¬Ã�«�Áª¡©¬¹ � ¸¼¿k²ªÃQÁª¡Áª¡§¼Ã7µª¨ªµªº  1 1 1 1U1 1 1U1 1 1 ���"�

� � �3� �" "�B��
 � � �"�����
��� ��� �
�1�� ��¤¦¥k§-µ�¥k¥k¤¦Ã7«p¥ µªº<©¬¼¥?C b¿1¥%1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �� !�

�1��+1�� 8�µ�� -¥É¿é§¼�´Mµ�� µª« C ¼¿�������>¹�«ªÁ�Ã7«ª¥V$�µª« ¿1²�¸-Ã7º ¤¬§-¤¦-« 1U1 1 1U1 1 1 �  H�
�1��+1 � 8�µ�� -¥É¿�§-·´Mµ�� µª«�C ¼¿�������+¹¾«ªÁªÃ7«ª¥�$>µª« FP�¨&¸¼ºk¤*�>¼«M¿1¹¾¿1¼µªº�Á�-¥¤¦Ã7«ª¥�©¦Ã7µªºkÁ�¥ 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �� 	�

�1 � �»¼§¼¿1¤¦Ã7«z2K §@¹�§¼�Áª¡¨ªº ÃQÁªµª§b¿1¤¬Ã�«zÁª�C b¿1¥ 1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �  ��
�1 �1��  �ÃB�>¨±¹¾º1¹�¤¦¥kÃ7« ¹��7-§�©¦-¥�ÁªÃ7«ª«ª¸¼-¥ �é£ � 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �� �
�1 �1 �  �ÃB�>¨±¹¾º1¹�¤¦¥kÃ7« ¹��7-§�©¦-¥�ÁªÃ7«ª«ª¸¼-¥��»� £�¢ 1 1 1U1 1 1 1U1 1 1U1 1 1 �� ��
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�1 �1  ��¤¦©½¹¾«�Áª�©¬¹é§-Ã�« @ ºkÃ7«�¿B¹¾¿k¤¬Ã7«�-«�¿1º �©¬�§-¹�©¬§¼µª©�¹¾«±¹�«ª©4³Q¿k¤¬´Mµª�Á��g�(°(�¡�b¿C©¬¼¥<ÁªÃ7«�«ª¸-¼¥ 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 �� ��
�1 �1 � ��¤¦¥k§¼µª¥k¥ ¤¬Ã7«z¥kµªº<©¦-¥<Á�-µP5C -µP Áª¡ÁªÃ7«�«ª¸-¼¥;1 1U1 1 1U1 1 1 1U1 1 1 �� �


�1  ��¤¬¥ §-µª¥ ¥k¤¦Ã7«p¥ µªº<©¬-¥ #&%('�� 46/��5%�����®±µ�¿k¤¬©¦¤¦¥1¹¾¿k¤¦Ã7«�¹ �7¼§��À°(��� 1U1 1 1 1U1 1 1 � 
	�
�1 T1 � 8�µ�� -¥É¿é§-¡´Mµ�� µª« #.%('�� 46/��5%��51 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 � 
	�
�1 T1 � �<¿1¤¦©¬¤¦¥k¹¾¿1¤¦Ã�«�Á�� µª« #&%('�� 46/��5%��¯¹��7-§��À°(�¡� 1 1U1 1 1U1 1 1 1U1 1 1 � 
��

�1 � °�ºkÃQÁªµª§b¿1¤¦Ã7«zÁ�� ¸b¿1º1¹�« � ¼¿k¸�Á±¹¾«ª¥C©¦-¥HC ¼¿1¥ 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 ������1 �N1 � ÄR� ¸¼¿kº1¹�« � ¼¿1¸ 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 �����
�1 �N1 � ¢C¹�¨ª¨&Ã�º ¿

Λ/K0
s

1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 �����
�1 �N1  ¢C¹�¨ª¨&Ã�º ¿

Λ/K0
s

Áª¹�«ª¥<©¬¼¥?C ¼¿k¥ 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 ���!�
�1E� ��¤¬¥ §-µª¥ ¥k¤¦Ã7«p¥ µªº<©¬-¥�¨&-º ¥k¨&-§b¿1¤4�7-¥éÁ�� ¸¼¿1µ�Áª-¥é¹ �7¼§��À°��¡� 1 1U1 1 1 1U1 1 1 �����
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�1�� ÄF-¥<Áª¤ �ù¸-º -«�¿1¥<«ª¤4�7@¹�µP�Á��gÃ�º � ¹�«�¤¬¥1¹a¿1¤¬Ã�«�Áª¡©½¹S�>¹¾¿1¤*&-ºk 1 1 1 1U1 1 1U1 1 1 �
�1 � Ä
¹�§¼Ã7«ª¥ ¿1¹�«�¿1�Áª¡§¼Ã7µª¨ª©¬¹ � OÁª¡©9� ¤¬«�¿1¼º1¹�§b¿1¤¦Ã7« @ Ã7º ¿k�® αs �  ��M1 1U1 1 1U1 1 1 �
�1  � º1¹�«�¥k¤¦¿k¤¬Ã7«�Áª¡¨ª²±¹¾¥k�Áª¡©½¹S�>¹¾¿1¤*&-º O²ª¹�ÁªºkÃ�«ª¤¬´Mµª � �����91 1 1 1 1U1 1 1U1 1 1  
�1 � OpÃQÁª¸¼©¬¤¦¥1¹¾¿k¤¬Ã7«vÁª¼¥ Á�¤ �ù¸-ºk¼«M¿k-¥�¸¼¿1¹�¨&-¥�Á±¹�«ª¥8©¬�¿k�� ¨ª¥8Á��gµ�«ª$§¼Ã7©¦©¬¤¦¥k¤¦Ã�«¨ªº Ã�¿1Ã7«��3¨ªº Ã�¿1Ã7«�®�©¦-¥�¤¬«M¿k-ºk¹�§¼¿k¤¬Ã7«�¥�¨ªº ¤)�>¹�¤¦º -¥��Q©¦-¥�§-Ã7º Áª-¥�¼¿�©9� ²±¹�Á�ºkÃ7«ª¤¦¥1¹3�¿1¤¦Ã7« ,ú§-ºk¸-¹¾¿k¤¬Ã7« Áª>¨±¹�ºÉ¿1¤¦§-µª©¦-¥�¨±¹¾º @ º1¹ � � -«M¿1¹¾¿1¤¦Ã�«�Áª>©½¹ §-Ã7º Áª /O³�¥ Ã7«M¿ºk¼¨ªºk¸¼¥k¼«M¿1¸¼¥�1 1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1�� �
�1E�  �Ã7©¦©¬¤¦¥k¤¦Ã�«

pp
®",ú²±¹�µ�¿E/�¨ªº ÃQ§-¼¥k¥kµ�¥�Á�µªº��",�A±¹�¥E/�¨ªºkÃQ§¼-¥k¥ µª¥ �>Ã�µ 1 1 1 1U1 1���

�1F� Â3©¬©¦µª¥ ¿kº1¹¾¿k¤¦Ã7«�Á�-¥CÁª¤ �Õ¸¼ºk¼«M¿1¼¥C¸b¿B¹�¨&¼¥CÁ�� µª«ª�§¼Ã7©¬©¦¤¦¥k¤¦Ã�«�Á�� ¤¬Ã�«ª¥<©¦Ã7µªº Áª¥�1 1 1 1����
�1E� Â3©¬©¦µª¥ ¿kº1¹¾¿k¤¦Ã7« Áªµõ¥k¤4¿1�Áªµ�¢C�éÂÉ  ,M$ � ¹�µ�§H²ª�/ ¢C�éÂÉ  �QµõÁª ©9� -¥ ¨±¹�§¼B1À��«²±¹�µ»¿·® � ©¦�Á�¯ÄFÃ7« � �3Â3¥k©¬¹�«ªÁ�1K�À« A±¹�¥�® �-ÃQÃB� ¥kµªºé©9�g¹�«ª«ª-¹�µ�Á�µ�¢C�éÂÉ  ¼«§-Ã�«ª¥ ¿kºkµª§b¿1¤¬Ã�«�1
Â �+¹ � �Áªµ'¥k¹¾¿1¼©¬©¬¤4¿k�Ä ¹¾«ªÁª¥1¹a¿>� �T�TC µ�¤¬©¬©4¼¿ � 
" �1<, $zÁªºkÃ�¤¦¿1�/ÄF(¥k¤4¿1ÀÁªµ�§¼Ã7©¬©¦¤¦¥k¤¦Ã�«ª«ª-µ�º
¢é�CÂÉ '¹�µ�� ���	�	
�2���"%(/����"'�4�� /������������ ���"'�� ��� � �
��91 � 

�1F ÄR�[¹¾«ª«ª@¹¾µpÁªµpÄ
�� �� @ º Ã7«M¿k¤)&-º  @ º1¹¾«ª§-Ã3�3¥kµ�¤¬¥k¥ B�N�Qµª�Á�µp§¼¤¬¼© � �����M1 1 1U1 1 1 �	�

�1 
 ¢<-¨ªº ¸-¥k¼«M¿1¹¾¿1¤¦Ã7«�Á��©M�[¹�«�«ª@¹�µ�Áªµ Ä
�� �-«�§¼Ã7µª¨& ®Õ©¬-¥�¤¬«ª¥É¿B¹�©¦©¬¹¾¿1¤4Ã7«�¥�¥ ¥k¤4¿1µª¼«M¿ $ � �	�O� Áª¡¨ªºkÃ @ Ã7«ªÁª¼µªº � �"���M1=1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �	�

�1�� �~ÄF¡Áª¸¼¿k-§b¿1-µ�ºé£é©¬¤¬§¼ � ����� 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 � 

�1���� Â3©¬©¦µª¥ ¿kº1¹¾¿k¤¦Ã7«�Á��gµ�«ª�§¼Ã7©¬©¦¤¦¥k¤¦Ã�« ¼«M¿1º �Á�-µPz¤¬Ã�«ª¥<©¬Ã�µªºkÁª¥<µ�©¦¿1ºk¹�º -©¬¹¾¿1¤4�»¤¦¥É¿1-¥��¹ �a¹�«M¿<¼¿é¹�¨�º'&-¥<©½¹¯§-Ã7©¦©¬¤¦¥ ¤¦Ã7«(1U1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �"�
�1�� �~�»§B²ª¸��>¹·Á��©½¹ �-Ã�«ª�Á�� ¤¬«M¿k-ºk¹�§¼¿k¤¬Ã7«>b¿�Áª�¥k¹ @ Ã7º'� CÁ��g¹B�+¹¾«ªÁªS,�¹¾«ª¤¬¥ Ã�¿1º ÃO�¨ª¤¦�¹ �¼¤)�¯µ�¿B¹¾© /`´Mµª¤ùÁªÃ�«ª«ª¼º1¹·µª«�O¹¾«ª¤¬¥ Ã�¿1º Ã7¨ª¤¦é¹ �¼¤)�¯µ�¿1¹�©¦<Áª-¥�¤*�>¨ªµ�©¬¥ ¤¦Ã7«ª¥¿1ºk¹�«ª¥Q�7-ºk¥ -¥éÁª-¥<¨±¹�º ¿k¤¬§¼µª©¬¼¥�¸�� ¤¬¥ -¥�1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 ��


�1���~ÄR�[¹¾«ª¤¬¥ Ã�¿1º Ã7¨ª¤¬À¹ �¼¤)�¯µ�¿B¹¾©¦�Áª�©½¹ �¼Ã7«ª�Áª(§-Ã7©¦©¬¤¦¥ ¤¦Ã7«¡¤¬«ªÁ�µª¤¦¿
µª«ª�¹�«ª¤¦¥kÃ�¿kºkÃ7¨�¤¬¹ �¼¤)�¯µ�¿1¹�©¦�Áª¼¥C¤)� ¨ªµª©¦¥k¤¦Ã�«ª¥�¿1ºk¹�«ª¥>�7¼ºk¥ -¥éÁª-¥<¨±¹�º ¿k¤¬§¼µª©¬¼¥�¸�� ¤¬¥ -¥ � � ��M1 1 1 1 ��


�1�� � "�§-Ã7µ�©¬��>¼«M¿�¼©¬©¦¤¦¨�¿1¤4´Qµ��®�Áª¤¬¥É¿1ºk¤*Aªµ�¿k¤¬Ã7« -«
v2

-« @ Ã7«ª§b¿1¤¦Ã7« Áª
p⊥

¨ùÃ�µªºÁª¤ �Õ¸¼ºk-«�¿1¥`¿/³Q¨&-¥(Á�<¨±¹�ºÉ¿1¤¬§¼µª©¬¼¥J$ √
sNN = 200

:O �äÁ±¹�«�¥ÀÁª-¥À§-Ã7©¦©¬¤¦¥ ¤¦Ã7«ª¥£�µ��3£�µp¹¾µp¢é�CÂÉ  � �"���M1V1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 H�
�1���� ��¤¦¥k¤¦Ã7«'¥k§B²ª¸��>¹¾¿k¤¬´Mµª8Áª¼¥�Á�¤ �ù¸-ºk¼«M¿k¥·¿3³»¨&¼¥�Áª8¨ª²ªÃ¾¿1Ã7«�¥¯¨ªºkÃQÁªµ�¤¦¿1¥+®�Áª¸F�§-º Ã7¤¬¥ ¥1¹�«�§-7,��7-ºÉ¿F/2�ª¿k²ª-º>�>¤¦´Mµª7,úºkÃ7µ �  /F�±¨�ºkÃ+� ¨�¿U,�Aª©¬¼µL/ �  ����91 1 1 1U1 1 1  �

�1����� �Ã7©¦©¬¤¦¥k¤¦Ã�«�Á�� ¤¬Ã�«ª¥<©¦Ã7µªº Áª¥�¼¿ #&%(' )+*-,&%(/1032546/57B1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 B�
P��
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�1���� �K¹�§¼¿k-µªºzÁª � ÃQÁª¤4I±§@¹a¿1¤¦Ã7«ä«Qµ�§-©¬¸-¹�¤¦ºk
RAA

¨&Ã7µªºz©¦-¥z²±¹�Áªº Ã7«ª¥p§B²±¹¾º � ¸¼¥¼¿ ©¦-¥
π0 Á±¹�«�¥ ©¦-¥�§-Ã7©¦©¬¤¦¥ ¤¦Ã7«ª¥·£�µ�!£�µõb¿ Á�3£éµ $ √

sNN = 200
:¡ �51��Ã7«ª«�¸--¥�Á� ��¢<£�� O ��-« ²±¹�µ�¿ $ � ¹�µª§B²ªO�Q°À���À¶éÂ�� -« ²±¹�µ�¿ $OÁªºkÃ7¤4¿1O�°À��� ���¡� ¼«p²ª¹�µ�¿ $ � ¹�µª§B²ª¡¼¿��Q��£�¢ -« A±¹�¥V$�Á�ºkÃ7¤4¿1O1 � ����� 1 1 1U1 1 1 B�

�1��� �,�¹
/À�é¤¬¥ ¿kºk¤*Aªµ�¿1¤¦Ã7«ª¥ÀÁ�-¥�§¼Ã7º ºk¸-©¬¹¾¿1¤¦Ã7«ª¥(¹ �-¤*��µ»¿B¹�©¦¼¥<$�Á�-µP>¨±¹�ºÉ¿1¤¬§¼µª©¦-¥(¨&Ã�µªºÁª-¥O¸2�7¸-«ª��>¼«M¿k¥�Á� Aª¤¬¹�¤¬¥ � ¤¬«�¤)�·µN� �KÁª¼¥O§-Ã7©¦©¬¤¦¥ ¤¦Ã7«ª¥é§-¼«M¿kº1¹�©¦-¥�Á�3£éµ�¼¿¨ª¨�1 , AL/���¤¦¥ ¿kºk¤)A�µ�¿1¤¦Ã7«8¹ �-¤*�¯µ�¿B¹�©¦�$¯Á�-µP�¨±¹¾º ¿1¤¦§-µª©¦-¥�¨&Ã7µªº�Áª¼¥<§¼Ã7©¦©¬¤¦¥k¤¦Ã�«ª¥£�µª£éµ��±Á�3£éµ��±¨�¨ � 
� ��M1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 � 
�1�� 
~��¤¬¥É¿1ºk¤*Aªµ�¿k¤¬Ã7«�¤¬«ª§¼©¬µª¥ ¤*�7 Áª+²±¹�Áªº Ã7« ¥ -µª©�-« @ Ã7«ª§b¿1¤¬Ã�«'Áª

ξ = ln(
Ejet

p
)
1 �Ã+� ¨±¹�º1¹¾¤¬¥kÃ�«¡¹��7-§�Áª-¥
Á�Ã7«ª«ª¸¼-¥
2P»¨&¸-º ¤)� -«�¿B¹�©¦-¥dÁª-¥
FP»¨&¸-ºk¤¦-«ª§¼-¥��O°ù£�Ä¼¿C� £O���ª�S1���¤ � µªº OFP»¿kº1¹�¤4¿1OÁª � 
�
��91 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 	


�1 ��� ��¤ � µªºk�FP»¿kº1¹�¤4¿1 Áª � � �����91	� � ¹�µª§B²ª}® �»¤¦¥kµ±¹¾©¬¤¦¥1¹¾¿k¤¦Ã7«vÁ�� µª«#C ¼¿�Áª � �
:¡ � Áª¹�«ª¥Oµª«��§-Ã7©¦©¬¤¦¥k¤¦Ã�«�§-¼«M¿1ºk¹�©¬¯£éµ�
�£�µ ����� :O �S1���Áªº Ã7¤¦¿k8® @ Ã�«ª§2�¿1¤¦Ã7«8Áª @ ºk¹ � � -«�¿B¹¾¿k¤¬Ã�«+Á±¹�«ª¥�µª«ªO§¼Ã7©¬©¦¤¦¥k¤¦Ã�«8§¼-«�¿1ºk¹�©¬�£éµ�
�£�µ � �	� :O �S�§-Ã+� ¨±¹�ºk¹�¤¦¥kÃ7« ¹ �7¼§�©¦-¥<Á�Ã7«ª«ª¸¼-¥C-«z¨ªºkÃ�¿kÃ7«�!¨ªºkÃ�¿kÃ7«�1 1U1 1 1U1 1 1 1U1 1 1 � �

T1�� Â3«M¿k-º1¹¾§¼¿1¤¦Ã7«�-«�¿1º ·µª« ¸-©¦-§b¿1ºkÃ�« b¿�µª« ¨�ºkÃ�¿kÃ7«�Á±¹�«ª¥�©¦U� ÃQÁN&¼©¬�Áª¼¥�¨±¹¾ºQ�¿1Ã7«�¥¡®±©9� ¸¼©¬-§b¿1º Ã7« ¤¬«�¿1¸¼º1¹ � ¤4¿<¹��7-§¡µª«z´Qµª¹�º'.�¹�¨ªº ¸-¥<º1¹�Á�¤½¹¾¿k¤¬Ã�«�1?1 1 1 1U1 1 1 �	�

T1 � ¢é¹@³7Ã7«ª«��� -«M¿éÁ��©9� ¸¼¿B¹a¿C¤¬«�¤¦¿1¤¦¹�©�®±©¬-¥<¨±¹�ºÉ¿1Ã7«ª¥<´Mµª¤ ¨ª¹�º ¿k¤¬§-¤¦¨&-«�¿é¹¾µp¥kÃ7µ�¥Q�¨ªºkÃQ§¼-¥ ¥kµª¥éÁªµªº<ºk¹S³7Ã7«�«ª-«�¿��±©¬
Q2 Áª¡§¼-¥C¨±¹�ºÉ¿1Ã7«ª¥<¹�µ � � -«�¿1;1 1 1 1U1 1 1 � �

T1   �Ã7©¬©¦¤¦¥k¤¦Ã�«ª¥
pp
Á±¹�«ª¥�©¦ � ÃQÁN&-©¦�Áª¼¥`¨±¹¾º ¿1Ã�«ª¥�1¾Ä
¼¥`¨ª¹�º ¿kÃ7«ª¥

1
¼¿

2
¤¦¥k¥kµ�¥`Á�-¥¨ªºkÃ¾¿1Ã7«ª¥

1
b¿

2
-«�¿1ºk¼«M¿CÁ±¹�«�¥C©¦O¥kÃ�µª¥C¨�ºkÃQ§-¼¥k¥ µª¥Q�3Á�µªº�1

dσ̂/dt̂
ºk-¨�ºk¸-¥ -«�¿1©½¹�¥ -§b¿1¤¬Ã�«�2K §@¹�§¼ Áª¤ �Õ¸¼ºk¼«M¿1¤¦-©¦©¦>¨&Ã7µªº¯©¬+¥ Ã7µª¥Q�!¨ªºkÃQ§¼-¥ ¥kµª¥

2 → 2
1�Ä
¼¥¨±¹�ºÉ¿1Ã7«ª¥�¨ªºkÃQÁªµª¤4¿1¥ @ º1¹ � �>¼«M¿k-«�¿<¨ùÃ�µªº<ÁªÃ�«ª«ª-º<Áª¼¥C²±¹�Á�ºkÃ7«ª¥�151 1 1 1U1 1 1 �B�

T1 �  �Ã+� ¨±¹�º1¹¾¤¬¥kÃ�«�¼«M¿kºk�©¬¼¥�ÁªÃ�«ª«ª¸-¼¥`Á��©M�gFP»¨&¸-ºk¤¦-«�§-�� ��b¿� ��<�<8 �2O ¨&Ã�µªº©9� Ã+Aª¥ -º>�a¹BAª©¦
F2 � ��� ���M1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 � �

T1E� � -¥ ¿ÀÁª< ��<�<8 �2O|¨&Ã7µ�º`©½¹�¥ -§b¿1¤¬Ã�«�2K §@¹�§¼<¤¬«�§-©¬µ�¥k¤*�7�Á��¨ªº ÃQÁªµª§b¿1¤¬Ã�«�Áª
C ¼¿7,M$ � ¹�µª§B²ª�/O� � ¨&Ã7µªºOÁª¤ �ù¸-º -«�¿1�¿kº1¹�«ª§B²ª�¼« ºk¹�¨ª¤¦Áª¤¦¿k¸¯¼¿ , $�ÁªºkÃ7¤4¿1�/ �� ��¨ùÃ�µªº<©¬¹�ºk¹�¨ª¤¬Á�¤¦¿1¸�§¼-«�¿1ºk¹�©¬

η < 0.5 � �"� ��� 1 1 1 1U1 1 1U1 1 1 1U1 1 �B 
T1F�  �Ã+� ¨±¹�º1¹¾¤¬¥kÃ�«}-«�¿1º  ©¬¼¥�ÁªÃ7«ª«ª¸¼-¥ Á�-¥�2P»¨&¸-º ¤¬-«�§-¼¥+� � b¿ 	d�"���}¹ �7¼§

:U�7¢ �� ¯¨&Ã7µªº<©M�gÃBAª¥k¼º>�¾¹OAª©¬
F2 � �"� ���M1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 � 


T1E� � -¥ ¿·Áª :U�7¢ �� ¨&Ã�µªº�©½¹ ¥ -§b¿1¤¦Ã7«'2K §@¹�§¼+¤¦«ª§-©¦µª¥k¤4�7�Áª>¨ªº ÃQÁªµª§b¿1¤¬Ã�« Áª
C ¼¿<¨ùÃ�µªº<Áª¼¥C§-Ã�©¬©¦¤¦¥k¤¦Ã7«

pp̄
¹¾µP ¸-«�-º � ¤¬¼¥C� ��a¹¾¿1º Ã7« � ��� ���M1 1 1U1 1 1U1 1 1 � 


T1F �»-§b¿1¤¦Ã7«ª¥�2K §@¹�§¼-¥ ¨ùÃ�µªº$Áª-¥�§-Ã7©¦©¬¤¦¥ ¤¦Ã7«ª¥ ¨ªºkÃ¾¿1Ã7«�!¨ªºkÃ¾¿1Ã7« $äÁª¤ �ù¸-º -«�¿1¼¥¸-«ª¼º � ¤¦-¥CÁ±¹�«ª¥é©¦¡§--«�¿1º ·Á�U�>¹�¥k¥ B1&°�Ã7µªºCÁª¼¥�²ª¹�µ�¿1¼¥é¸-«ª¼º � ¤¦-¥�®K©½¹�¥ -§F�¿1¤¦Ã7«~�K §@¹¾§-$Áª ¨ªºkÃQÁ�µª§¼¿k¤¬Ã7«�Á�7C ¼¿k¥���Á±¹�«ª¥�©¦ §-¹�Áªº �Áªµ �>ÃQÁN&¼©¬�Áª¼¥¨±¹�ºÉ¿1Ã7«ª¥��±-¥É¿é¥ µª¨&¸-º ¤¬¼µªºkU$�©½¹¯¥k-§b¿1¤¦Ã7«z�K §-¹�§-¡¿1Ã�¿1¹�©¬ � ��� 
��91#1 1 1 1U1 1 1D�!�
T1 
 ÄR�g¤*�>¨ªµ�©¬¥ ¤¦Ã7«$¿1ºk¹�«ª¥>�7¼ºk¥ -� ÃS³7-«ª«ª>-« @ Ã7«ª§b¿1¤¦Ã7« Áª+©¬¹ ��µ�©¦¿1¤¦¨�©¦¤¦§¼¤4¿1¸�Áª¼¥¨±¹�ºÉ¿1¤¬§¼µª©¬¼¥`§B²±¹�º � ¸--¥À¨&Ã7µ�º�Áª¼¥À§-Ã7©¦©¬¤¦¥ ¤¦Ã7«ª¥ pp ¹�µP�¸¼«ª-º � ¤¬¼¥À� 2�¾¹¾¿1º Ã7« , �+1E �  �;/2�±§-ÃB�>¨±¹¾º1¹�¤¦¥kÃ7«�Áª¼¥CÁªÃ7«ª«ª¸¼-¥é¹ �7¼§�Áª¤ �Õ¸¼ºk-«�¿1¼¥C¨±¹�ºk¹B� ¸¼¿1º ¤¬¥k¹¾¿1¤¦Ã�«�Áª° �O�<�éÂ3£ b¿é�é¼º �<¤¬« � � � �����M1<1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1D�	�

P��Q¤



���������
	����� ����� ����

T1�� �~��¸¼¨&-«ªÁ±¹¾«ª§-�Áª�©M�g¤*� ¨ª©¦µ�¥k¤¦Ã7«�¿1ºk¹�«ª¥>�7¼ºk¥ (� Ã]³7¼«ª«ª¸�¼« @ ÃQ§¼«M¿k¤¬Ã7«�Áª�©¬¹
�¯µª©¦¿k¤¦¨ª©¦¤4§-¤4¿k¸pÁª-¥�¨±¹�ºÉ¿1¤¦§-µª©¦-¥+§H²ª¹�º � ¸--¥�1C �ÃB�>¨±¹¾º1¹�¤¦¥kÃ7«v-«M¿kºk�©¦�C ¼µäÁªÁªÃ7«�«ª¸-¼¥�� ,5/��8¼¿C©¬ C ¼µzÁª¡ÁªÃ7«ª«ª¸¼-¥�� ,!/����21 ��¤ � µªºk�2PQ¿1ºk¹�¤¦¿k¡Á� � � �!� �91G� 

T1����� �Ã+� ¨±¹�ºk¹�¤¬¥ Ã7«�¼«M¿1º C©¬¼¥ÀÁªÃ7«ª«�¸-¼¥�� ,5/����¯¼¿�° �O�<�CÂ3£ �T1 �!� �¡¨&Ã7µªºÀ©M�g¤*� �¨ªµª©¦¥k¤¦Ã7«>¿1º1¹¾«ª¥>�7¼ºk¥k � Ã]³7¼«ª«ª¸�-« @ Ã�«ª§¼¿k¤¬Ã7«+Áª�©¬¹U��µ�©¦¿1¤¦¨�©¦¤¦§¼¤4¿1¸CÁª¼¥�¨±¹¾º ¿1¤ �§-µ�©¬-¥<§B²±¹�º � ¸-¼¥�1���¤ � µªº OFP»¿kº1¹�¤4¿1OÁª � � �!� �M151 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1D� 
T1�� �vÄR�g¤*�>¨�µª©¬¥ ¤¦Ã7«$¿1ºk¹�«ª¥Q�7-ºk¥ ��>ÃS³7-«ª«�+-« @ Ã7«�§¼¿1¤¦Ã7« Áª+©¬¹ �¯µª©¦¿k¤¦¨ª©¦¤4§-¤4¿k¸ Á�-¥¨±¹�ºÉ¿1¤¦§-µª©¦-¥`§B²±¹�º � ¸-¼¥(¨&Ã�µªº�Áª¼¥À§-Ã7©¦©¬¤¦¥ ¤¦Ã7«ª¥ pp ¹�µP�¸¼«ª-º � ¤¦-¥���2�¾¹¾¿kºkÃ7« , �+1F 

:O �;/F�±§-ÃB�>¨ª¹�º1¹�¤¦¥kÃ7«�Áª¼¥CÁªÃ7«�«ª¸-¼¥�¹��7-§��À°(�¡� 1 1 1 1U1 1 1 1U1 1 1U1 1 1D� �
T1���~��¤ �Õµª¥ ¤¬Ã7«õ²±¹�Áªº Ã7«ª¤¬´MµªzÁ±¹�«ª¥>©½¹�¿1²ª¸¼Ã7ºk¤¦pÁ�(:Oºk¤*A&Ã��
�/¢< �B� B1ÀÄF¼¥>¿1ºk¹�¤¦¿k¥¨ª©¦-¤¬«�¥(º Ã7µ � ¼¥�º -¨ªº ¸-¥k¼«M¿k-«M¿�©¬¼¥(¨&Ã+� -º Ã7«ª¥(¸¼§H²±¹¾« � ¸¼¥�-«+¨ª¹�º1¹�©¦©)&¼©¦O® G(s, b)

�"�
T1�� ��¢<-¨ªº ¸-¥k¼«M¿1¹¾¿1¤¦Ã7« � º1¹�¨ª²�¤¬´MµªÀÁ=�gµª«�(§-Ã7«�¿1ºk¤*Aªµ�¿k¤¬Ã7«;$<©M�[¹B� ¨ª©¦¤:¿1µªÁ��¸¼©½¹�¥É¿1¤¦´Qµ�Áª¡©½¹¯Áª¤ �Õµª¥ ¤¬Ã7«�¨ªºkÃ¾¿1Ã7«�!¨ªºkÃ¾¿1Ã7«�1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1D�" 
T1����v¢<-¨ªº ¸-¥k¼«M¿1¹¾¿1¤¦Ã7« � º1¹�¨ª²�¤¬´MµªÀÁ=�gµª«�(§-Ã7«�¿1ºk¤*Aªµ�¿k¤¬Ã7«;$<©M�[¹B� ¨ª©¦¤:¿1µªÁ��¸¼©½¹�¥É¿1¤¦´Qµ�Áª�©½¹�Áª¤ �Õµª¥ ¤¬Ã7« £V� � ®±Áª¼µPp«Mµª§-©¦¸-Ã7«�¥éÁªµp¨ªº Ã3C -§¼¿k¤¬©¦¡¤¦«M¿k¸-º1¹ � ¤¬¥ ¥k¼«M¿é¹ ��-§Áª¼µPz«Mµª§-©¦¸-Ã7«ª¥<Áª¡©½¹¯§-¤*Aª©¦B11 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1D��

T1����~��¼µP ¸-©¦¸�� -«�¿1¥·Á��Aª¹�¥k+Á±¹�«ª¥·©¦-¥·¤¦«M¿k-º1¹¾§¼¿1¤¦Ã7«ª¥ �¯µª©¦¿k¤¦¨ª©¦¼¥>®H$ � ¹�µª§B²ªO�µª«ª¡¸¼§H²�-©¦©¬OÁª¡¨ª¹�º ¿kÃ7« @ -º>�>¸¼¡º -¨ªº ¸-¥ -«�¿B¹�«�¿éµª«ª¡¤¦«M¿1¼º1¹�§b¿1¤¦Ã7«�¸¼©½¹�¥É¿1¤¦´Qµ�«ª>¨ªºkÃQÁªµ�¤¬¥1¹¾«M¿�¨±¹�¥�Áª>¨±¹�ºÉ¿1¤¬§¼µª©¬¼¥�¼¿S$pÁ�ºkÃ7¤4¿1B�Fµª«ª+¸¼§B²ª-©¦©¬>Á�+¨±¹¾º ¿1Ã�«Ã7µT�7¼º ¿ké´Qµ�¤&ºk¼¨ªºk¸¼¥k¼«M¿1�µª«�é¤¬«�¿1-ºk¹�§¼¿k¤¬Ã7«�¸¼©½¹�¥É¿1¤¬´Mµª<¨ªºkÃQÁ�µª¤¬¥k¹�«M¿(Áª-¥�¨±¹¾ºQ�¿1¤¦§-µª©¦-¥�1 1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1G�	�
T1�����Â3©¬©¦µª¥ ¿kº1¹¾¿k¤¦Ã7« Á�� µª«ªé§-Ã7º Áª�Áª¹�«ª¥�©¦V�>ÃQÁT&-©¦CÁª�ÄFµª«ªÁ8¼«M¿kºk�Á�-µP+¨ª¹�º ¿kÃ7«ª¥¨ªº ÃQÁªµª¤¦¿k¥<Áª¹�«ª¥<µª«ª¡§-Ã7©¦©¬¤¦¥ ¤¦Ã7«

e+e− � � � ���M1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1G�H�
T1��� vÂ3©¬©¦µª¥ ¿kº1¹¾¿k¤¦Ã7«�Á�µ � -§B²±¹�«�¤¬¥'� OÁª @ Ã7º>�+¹¾¿k¤¦Ã7«8Áª�¥  � �>¼«M¿1¥<Áª¡§-Ã7º Áª-¥�®�$§B²±¹�´Mµª Aªºk¤¦¥kµªº B�ªÁª-¥C¨ª¹�¤¬º -¥

qq̄
¥ Ã7«M¿C§¼ºk¸¼¸--¥ � ���91 1 1 1U1 1 1U1 1 1 1U1 1G�H�

T1�� 
vÂ3©¬©¦µª¥ ¿kº1¹¾¿k¤¦Ã7«¯Áª<©¬¹ � ¸b¿1²ªÃQÁª�Áª¤¦ºk-§b¿1�Áª<ºk¼§B²ª-º §H²ªCÁª-¥À¨&Ã7¤¦«M¿1¥`Áª Aªº ¤¬¥kµ�ºkÁ�� µª«ª¯§-Ã7º Áª¯Á±¹�«ª¥O�À°(��� 1
�Qµªº�©½¹>¥kµ�º @ ¹�§¼�¨�ºkÃ7¨ªº �A±¹¾©½¹S³7¸¼¯¨±¹�º�©¬¹+§¼Ã7ºkÁ�Á±¹�¥ « ©9� -¥ ¨±¹�§¼ Áª Op¤¬«T.�Ã��<¥>.Q¤M�F©¬¼¥�¹�¤¬º -¥
A1

�
A2

�
A3

¥kÃ�«M¿�¨ª©½¹¾§-¸¼-¥�¥ µª§2�§-¼¥k¥ ¤*�7�� ¼«M¿�¼«M¿kºké©M�[¹¾¤¬ºk�¨�ºk¸-§¼¸-Áª¼«M¿k�b¿�©¦CÁ�-ºk«�¤¬¼º(¨ùÃ�¤¬«�¿(Áª Aªº ¤¬¥ µªºkO1 � � � ��� ��T1 ���vÂ3©¬©¦µª¥ ¿kº1¹¾¿k¤¦Ã7« Áª¼¥$Áª¤ �ù¸-º -«�¿1¥(�>¸¼§@¹¾«ª¤¬¥>�>¼¥�Áª}¨ªºkÃQÁ�µª§¼¿k¤¬Ã7« Áª Aª¹�º ³7Ã�«ª¥Á±¹�«�¥ ©¬-�>ÃQÁT&-©¬�Á�-¥ §-Ã7º Áª-¥z®V,�¹+/¯©¬-�>ÃQÁT&-©¦ ��¤¬´Mµ±¹�º>. , AL/¯©¦ � ÃQÁN&-©¦
� 4
	���� %� ���&0 � �+/ , §�/�©¬%�>ÃQÁN&¼©¬�� ����"/103% �� ���&0 � �+/ � � � 
T� �������M1S1 1U1 1 1G�B�

T1 �!�}°�ºkÃQÁªµ�§¼¿1¤¦Ã7«'Áª7A±¹�ºÉ³7Ã7«ª¥·Áª¹�«ª¥·©¦��>ÃQÁN&¼©¬�Áª-¥·Áª¤¦´Mµ±¹�º'.M¥>®�¹�µ'¨&Ã7¤¦«M¿�Áª
Aªº ¤¬¥kµ�ºk>µ�«ª>¨±¹�¤¦ºk Á�¤¬´Mµ±¹�º>.
�3¹�«�¿1¤¬Á�¤¬´Mµ±¹�º>.M¥�-¥É¿·¨ªºkÃQÁªµ�¤¦¿1 ® ©¦-¥�¥k � �>¼«M¿k¥Áª¡§-Ã�ºkÁª¼¥é¹�¤¬«ª¥ ¤d¨ªº ÃQÁªµª¤¦¿k¥<¨&¼º'� ¼¿ ¿1-«�¿CÁ�� ¤¬Áª¼«M¿1¤4I±-º�Á�-¥VA±¹¾º ³7Ã7«ª¥�1 1U1 1 1G�B�

T1 �	�v°�ºkÃQÁªµ�§¼¿1¤¦Ã7«�Áª Aª¹�º ³7Ã7«�¥OÁ±¹�«ª¥O©¦S� ÃQÁN&¼©¬·¨&Ã7¨&§-Ã�ºk«$¥ ¤)� ¨ª©¬>®Õµª« � ¸¼¥kÃ7«
Or-¥É¿é¨ªº ÃQÁªµª¤¦¿�-«�¿1ºk¡©¬¼¥<Áª¼µP A±¹¾º ³7Ã7«�¥�1 1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1G���

T1 � vÂ3©¬©¦µª¥ ¿kº1¹¾¿k¤¦Ã7« Áª-¥�§-Ã7«�¿1¤*Aªµ�¿1¤¦Ã7«ª¥�¹�µõ¥ ¨&-§b¿1ºkz¼«�ºk¹�¨ª¤¦Áª¤¦¿k¸8Áª¼¥ ¨±¹�ºÉ¿1¤¦§-µª©¦-¥¨ªº Ã��7-«ª¹�«M¿(Áª<©½¹ @ ºk¹ � � -«�¿B¹¾¿k¤¬Ã�«�Á�� ¸-§B²ª¼©¬©¦-¥ , ©¬¤ � «ª�¼« ¿kº1¹�¤4¿�¨ª©¬¼¤¬«L/�¼¿(Á�-¥¨±¹�ºÉ¿1¤¦§-µª©¦-¥O¨ªº Ã��7¼«±¹�«M¿�Áª�©½¹ @ º1¹ � � -«�¿B¹a¿1¤¦Ã7«�Áª¼¥�ºk¼¥ ¿k-¥�Áª-¥�¨ªº Ã3C -§¼¿k¤¬©¦-¥¼¿C§¼¤)Aª©¦-¥ ,û¿1º1¹�¤4¿�¨&Ã7¤¦«M¿k¤¬©¦©4¸ /�Áª¹�«ª¥C�À°��¡� , �Qµª�Á��g¹�º ¿k¤¬¥É¿1 / � ��� ���91;1 1 1U1 1 1G�B�
T1 � ��°RA�/°RA $ �1E�$�  � ®(Á�¤¬¥ ¿k¤)Aªµ»¿1¤¬Ã�«õ¼«v¨ª¥k¼µªÁªÃ7ºk¹�¨ª¤¦Áª¤¦¿k¸z¨&Ã7µªº Áª¤ �Õ¸¼ºk-«�¿1¼¥§-¼«M¿kº1¹�©¦¤¦¿1¸¼¥�Á±¹�«ª¥C�À°(�¡� � � ���!� ��1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1D� 

P��Q¤¦¤



��� �� � 	����� ����� ����

T1 ���v°RA�/°RA $ �1 �+�  � ®d��¤¬¥É¿1º ¤)Aªµ�¿k¤¬Ã7«�-«$¨ª¥ -µªÁ�Ã7º1¹�¨�¤¬Áª¤4¿1¸¯¤¦¥k¥kµ��Á��gFPQ¿1º1¹¾¨&ÃO�©½¹¾¿k¤¬Ã�«�Áª¼¥CÁªÃ7«�«ª¸-¼¥éÁªµp¢C�éÂÉ  � ��� ��� 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1D� 
T1 �"�~°RA�/°RA $ ��1 �>�  �|®d�é¤¬¥ ¿kºk¤*Aªµ�¿1¤¦Ã7«�¼«�¨ª¥k¼µªÁªÃ7ºk¹�¨ª¤¦Áª¤¦¿k¸·¨&Ã7µªº���°�O �7�À���Â ÂkÂ � ���"��� 1U1 1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1D� �
T1 ���v°RA�/°RA�¹a¿ ��1 �¯�  � ®±��¤¬¥É¿1ºk¤*Aªµ�¿1¤¦Ã7«�¼«p¨

T

$
η = 0

¨&Ã7µªº<�(°(�¡� � ���!� � 1 1D���
T1 �" ~°RA�/°RA�¹a¿ ��1 �¯�  � ®±��¤¬¥É¿1ºk¤*Aªµ�¿1¤¦Ã7«�¼«p¨

T

$
η = 0

¨&Ã7µªº<��I¡¢�� � ����
�� 1 1D���
T1 ��
� �Ã+� ¨±¹�º1¹¾¤¬¥kÃ�«�¼«M¿kºk¯�(°(�¡� ,ú-« ºkÃ7µ �  /<¼¿O��I¡¢�� , ¥k¨&¼§¼¿1º ¯¨L8¡ ��5�Õ¼«

Aª©¬¼µL/�¨ùÃ�µªº<©¬O¥ ¨&-§b¿1ºk�-«z¨
T
¹
η = 0

¨&Ã7µ�º<©½¹�§¼Ã7©¦©¬¤¦¥ ¤¬Ã�«�©¬¹�¨ª©¦µª¥<§-¼«M¿kº1¹�©
, �3� ��� / 1 1U1 1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1D�"�

T1 	�~°RA�/°RA>¹a¿ �1E���  � ®�,M$�ÁªºkÃ7¤4¿1�/���¤¬¥É¿1ºk¤*Aªµ�¿k¤¬Ã7«¯¼« ¨
T

$
η = 0

��,M$ � ¹�µª§B²ª�/��¤¬¥É¿1ºk¤*Aªµ�¿k¤¬Ã7«8-«z¨ª¥k¼µªÁªÃ7ºk¹�¨ª¤¬Á�¤¦¿1¸O¨&Ã7µ�ºC�é¤ C ¤¬« � � BB̄ � ���< ��91 1 1U1 1 1U1 1 1D�"�
T1 H�}°RA�/°RA($ �1 � �  � ®&Áª¸-¨&¼«ªÁ±¹�«ª§¼�-« §¼-«M¿kº1¹�©¦¤¦¿k¸�¨&Ã�µªº��À°(�¡� � ���!� �91ù�»µªº©¬¡¨�ºk�� ¤¦-º � º1¹�¨�²ª¤¬´MµªO�K©¦-¥<¨&Ã7¤¦«M¿1¥<¤¦©¬©¦µ�¥ ¿1º -«�¿<Áª-¥CÁªÃ7«ª«ª¸¼-¥éÁªµp� ��a¹¾¿1º Ã7«´Mµª¤F¤¬«ªÁª¤¦´Mµª-«�¿C´Mµª¡§-¼¿ ¿1�ÃBA&-¥kºQ�¾¹BAª©¦¡«��g¼¥ ¿é¨ª¹�¥<µª«ª¡§-Ã7«ª¥É¿B¹�«�¿1O1 1 1U1 1 1D�" 
T1  �v°RA�/°RA-$ ��1 ���  � ®QÁª¸¼¨&-«ªÁ±¹¾«ª§-O¼«�§¼-«�¿1º1¹¾©¬¤4¿1¸C¨&Ã7µªº�µª«ª�2PQ¿1ºk¹�¨&Ã7©¬¹¾¿1¤¦Ã7«Áª-¥<ÁªÃ7«ª«ª¸¼-¥ � �������M1 1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1D�" 
T1 �~°RA�/°RA $ �1E���  ��®±Áª¸¼¨&-«ªÁª¹�«ª§-�¼«p§¼-«M¿kº1¹�©¦¤¦¿k¸O¨&Ã7µ�ºC��°�O �7�����3Â Â Â � �������M1 ��
T1 ���°RA�/°RA $ �1E���  ��®

RAA

$
η = 0

¤¬¥ ¥kµzÁ��g�(°(�¡� � ���!� �M1�1 1 1 1U1 1 1U1 1 1G 	�
T1 B�v°RA�/°RA�¹a¿ ��1 �¯�  � ®

RAA

¨&Ã7µªºC�C¤ C ¤¦« � � BB̄ � ���" ��M1 1U1 1 1 1U1 1 1U1 1 1G 	�
T1 ��~°RA�/°RA $ �1E���  ��®

RAA

¨&Ã7µªº � ' �+46/57  %��30 ��� �"'�4�� / � ���"���M1 1U1 1 1 1U1 1 1G H�
T1 B�v°RA�/°RA $ �1E���  ��®

RAA

¨&Ã7µªº<��I�¢�� � ��� ��91 1 1 1 1U1 1 1U1 1 1 1U1 1 1G H�
T1 � � �Ã7©¬©¦¤¦¥k¤¦Ã�« ¥k²ª¸��+¹¾¿k¤¬´MµªéÁªéÁª-µ�P+¨ªºkÃ�¿kÃ7«ª¥é®Qº1¹¾Áª¤½¹¾¿k¤¦Ã7« Á�� ¸¼¿1¹¾¿�¤¦«ª¤4¿1¤¬¹¾© ,úÂ �»¢�/

, �+/F�ª¨ªºkÃQ§¼-¥ ¥kµª¥éÁªµªºU, 
/�¼¿Cºk¹�Áª¤½¹a¿1¤¦Ã7«8Á��g¸b¿B¹¾¿ Iª«±¹�©<, ����¢ / , � / � ����
�� 1 1 1G B�
�N1�� Â3©¬©¦µª¥ ¿kº1¹¾¿k¤¬Ã�«�Á�� µª«ª¡¸-§B²ª-©¦©¬OÁª¡¨±¹�ºÉ¿1Ã7«ª¥¡®N� Ã7©¬©4�Ã7µzÁ�µªºkO1=1 1U1 1 1 1U1 1 1 
�
�N1 � �é«ª�¸¼§H²�-©¬©¦��>Ã7©¦©¦O1»ÄF � Aª©¬ÃBA��+¤¦©¬©4µª¥ ¿kºké©½¹�¨±¹¾º1¹B� ¸¼¿kºk¤¬¥k¹¾¿1¤¦Ã�«�$·©¬¹5� ÃQÁª¢C �+� O1 1 1U1 1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 
��

�N1  �é«ª$¸-§B²ª¼©¬©¬�Áªµªº  ¹��7-§�¸2�7Ã7©¦µ�¿1¤¦Ã7« 8¡ �� ,ú¸�� ¤¬¥k¥ ¤¬Ã7«�Áª$¨±¹�ºÉ¿1Ã7«�¥E/8¨±¹¾º©9� Ã7¨&¸-ºk¹¾¿1¼µªº
E �����

¼¿C¨ªº ÃQ§--¥ ¥kµª¥éÁªµ�ºk¥
2 → 2

,
σ
&��	��
 /F1 1 1 1U1 1 1 1U1 1 1 
B�

�N1 � �é«ªO¸¼§B²ª-©¦©¬�¥k��>¤ �3Áªµ�ºkB�»©¬�§-¼«M¿1º ¡Á�O©9� ¸-§B²ª-©¦©¬�¼¥ ¿<¤¬Áª¼«M¿k¤¬´MµªO¹¯©9� ¸-§B²ª¼©¬©¬Áªµªº B�±-« A&Ã7µ�¿CÁ=�g¸¼§H²ª¼©¬©¦B�±©¬¹�¨�ºk¸2�!��7Ã7©¦µ�¿1¤¦Ã7«-�>Ã�©¬©¦
E � ����

1 1 1U1 1 1 1U1 1 1 
B�
�N1E�  �©½¹�¥ ¥k¡Áª-¥�¿1-º>�>¼¥<§-Ã�ºkºk¼¥k¨&Ã7«ªÁª¹�«M¿ $�µª«ª¡¤¬«�¿1¼º1¹�§b¿1¤¬Ã�«�¤¬«ª¸¼©½¹�¥É¿1¤¬´Mµª � ��� ���M1 � ���
�N1F� ÄF��±µPpÁª·§-Ã�µª©¬¼µªºk¥éÁª-¥�¨±¹�º ¿kÃ7«ª¥é¨&-º>�>b¿�Á��¿1ºkÃ�µT�7-º�©¬¹ §-Ã7«I � µªºk¹¾¿1¤¦Ã7«Áª-¥<§-Ã7º Áª-¥ � � � ���91H1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 � �	�
�N1E� ��Ã7µNA�©¬�Ã+A�C ¼¿�§-ºkÃ�¤¬¥k¸�Á±¹¾«ª¥�©½¹ @ Ã7º>�+¹a¿1¤¦Ã7«�Áª¼¥�§¼Ã7ºkÁ�-¥�¨&Ã�µªº�©¦-¥¡¸-§B²ª¼©¬©¦-¥

, ��b¿ ��¨ªºkÃ �»¤¦-«ª«�-«�¿�Áª�©¬¹�§-¤*Aª©¬O�  b¿ �>Á�µ�¨ªº ÃOC ¼§¼¿k¤¬©¬�/21±Ä
¼¥éºk¼¥ ¿1¼¥�Áª¼¥¨ªºkÃ3C ¼§¼¿1¤¦©¬¼¥�¼¿C§¼¤)Aª©¦-¥�¥kÃ�«M¿é¹�¤¦«ª¥k¤�Aª©¬¹�«ª§¼¥<¼¿CFP»§-¤4¿1¸-¥�1L1 1U1 1 1U1 1 1 1U1 1 1 � � 
�N1F �é«ª�¤¬«�¿1¼º1¹�§b¿1¤¦Ã7«�¨±¹�º ¿kÃ7«�!¨±¹�º ¿kÃ7« Aª¹�¥k¤¦´Qµ�B1] �²±¹�´MµªÀ¨±¹�ºÉ¿1Ã7«O¤¬«�¿1¸-ºk¹ � ¤4¿F¹��7-§µª«z¥k¼µª© ¹�µ�¿kºkO1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 � � 
�N1 
 �»§B²ª¸��>¹�Á��gµ�«ªéºk¸2�!¤¬«�¿1-ºk¹�§¼¿k¤¬Ã7«�Á�� µª«+¨ª¹�º ¿1Ã�«+¹ �7¼§éµª«+Áª¼µP»¤)&��>C¨±¹�ºÉ¿1Ã7«p®¨±¹�ºÉ¿B¹ � +Á��g¸¼§B²ª-©¦©¬B1� ��¨±¹�ºÉ¿B¹ � 8¨&-µ�¿�§-ºk¸¼-º�µª«ª�Á�-µP»¤)&�� �¸-§B²ª¼©¬©¦8¤¬«�¸-©¬¹�¥ ¿k¤¬´Mµª�,M$ � ¹�µª§B²ª�/�Ã�µz¸-©¬¹�¥ ¿k¤¬´Mµª�,M$�ÁªºkÃ�¤¦¿1�/21N1 1 1 1U1 1 1U1 1 1 1U1 1 1 � � �
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���������
	����� ����� ����

�N1�� �~��¹�«�¥<µª«ª¡§¼Ã7©¦©¬¤¦¥ ¤¬Ã�«8«ªÃS³�¹�µ�!«ªÃ]³�¹¾µ�®�µª«ª �¼Ã7«ªOÁª @ Ã7º ¿kOÁª¼«ª¥k¤4¿1¸OÁª @ º1¹ � �
� -«M¿k¥<ÁªO§-Ã7º Áª-¥¡®±©¦O§¼Ã7ºk¡¼«zºkÃ7µ � ¡b¿Cµª«� �¼Ã7«ª¡Áª @ ¹¾¤)Aª©¦�Á�-«ª¥ ¤¦¿1¸�®ª©¬¹§-Ã�ºkÃ7«±¹�-«SCk¹�µª«ªO1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 � ���

�N1����}ÄF �ªÃ�� ¼©¬©¬¤¦¨�¿k¤¦´Mµª
v2

-« @ Ã7«ª§¼¿k¤¬Ã7«�Áª ©½¹�¨ª¥ -µªÁ�ÃO�3ºk¹�¨ª¤¦Áª¤¦¿k¸
η
Á±¹�«�¥ ©¬¼¥§-Ã�©¬©¦¤¦¥k¤¦Ã7«�¥�Á�� ¤¬Ã�«ª¥�©¦Ã7µªºkÁ�¥;, £éµ�3£éµL/�$ � �	� :¡ �5��¨&Ã7µªº�©¦-¥�§¼Ã7«ªÁª¤4¿1¤¦Ã7«ª¥�¤¦«ª¤4�¿1¤¬¹�©¦-¥�¨ª¹�º1¹O�>¸b¿1ºk¤¦¥k¸¼-¥��7¨&Ã7µªºÀÁª¤ �Õ¸¼ºk¼«M¿1¼¥(§¼©½¹�¥ ¥k-¥(Á�C§¼-«M¿kº1¹�©¦¤¦¿k¸-¥��7§¼Ã+� ¨±¹�ºk¸¹�µP8ÁªÃ7«ª«ª¸¼-¥<Áª � ���!�+� ���	���91ª�»µªº�§B²±¹�´Mµª � ºk¹�¨ª²ª¤¦´MµªB��©¬¼¥��§¼Ã7µªº>A&-¥ @ Ã7«M¿ºk¸ @ ¸-º -«ª§¼5$¯¿1ºkÃ�¤¬¥�Áª¼¥k§¼ºk¤¬¨»¿1¤¬Ã�«ª¥<Á�¤ �ù¸-ºk¼«M¿k-¥<Áª�©M�g²ª¹�ÁªºkÃ�«ª¤¬¥k¹¾¿1¤¦Ã�« � �����M1R1 1 1 � ���

�N1�� �vÄF �±Ã��v-©¦©¬¤¦¨�¿k¤¦´Mµª
v2

-« @ Ã7«ª§b¿1¤¬Ã�«�Áª�©½¹�¨ª¥ -µªÁªÃ3�3º1¹¾¨ª¤¬Áª¤4¿1¸
η
Á±¹�«ª¥�©¬¼¥�§¼Ã7©4�©¬¤¦¥k¤¦Ã7«�¥
Á�� ¤¬Ã7«ª¥ ©¦Ã7µªºkÁ�¥�, £éµ�3£éµL/"$ ������:¡ �5�]¨&Ã7µªº�©¦-¥ §-Ã�«ªÁª¤¦¿k¤¬Ã�«ª¥ ¤¦«ª¤4¿1¤¬¹¾©¦-¥ÁªÃ7«�«ª¸-¼¥C¨±¹�º<�À°(��� �±¨&Ã7µªº�Áª¤ �ù¸-º -«�¿1-¥<§¼©½¹�¥ ¥k¼¥CÁª¡§¼-«�¿1ºk¹�©¬¤4¿1¸-¥��ª§¼Ã+� ¨±¹�ºk¸¹�µP$Á�Ã7«ª«ª¸¼-¥�Áª � � �H�+� ��� ���M1
�Qµªº�§B²±¹¾´Qµ� � ºk¹�¨ª²ª¤¦´Qµ�B�F©¦-¥O¿kºkÃ7¤¦¥O§-Ã7µ�º'A&-¥@ Ã7«�¿Cº ¸ @ ¸¼ºk-«�§-5$¯¿1º Ã7¤¬¥�Áª-¥ §-ºk¤¦¨�¿1¤¦Ã7«ª¥�Áª¤ �ù¸-º -«�¿1-¥<Áª¡©9� ²±¹�Á�ºkÃ7«ª¤¦¥1¹¾¿k¤¦Ã7« � �����91 � �B�

�N1��� �±Ã7º>�+¹¾¿k¤¦Ã7«�Áª-¥
§-Ã7º Áª-¥(®@©½¹�©¬Ã7« � -µ�º��¾¹�º ¤¬O� @ Ã�º ¿
º -§-Ã�µT�Qºk�� ¼«M¿�¹�µ�§¼-«�¿1º C®§-Ã�«ªÁª¤¦¿k¤¬Ã�« ¤¦«ª¤¦¿k¤¬¹�©4�¨±¹�ºÉ¿1¤¦§-¤¬¨&5$8©¬¹ @ Ã7º>�>�¿1ºk¤¬¹�« � µ�©½¹¾¤¦º �¨&Ã7µªº�©M�g¸2�7Ã7©¦µ�¿1¤¦Ã7«²M³QÁªº ÃQÁ�³Q«±¹B� ¤¬´Mµª � ������M1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 � ���
�N1�� �~Â3©¬©¦µª¥ ¿kº1¹¾¿k¤¦Ã7«�Á��©¬¹�¥ µªº @ ¹�§¼�Á=�g²±¹¾ÁªºkÃ7«�¤¬¥1¹a¿1¤¬Ã�«�1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 � �� 
�N1����v��¼«ª¥k¤4¿1¸ Á�� ¸-«�-º � ¤¬ $ ηs = 0

¼¿
b = 8.2

@ � ¨&Ã7µªº�Á�¤ �ù¸-ºk¼«M¿k¥¯¿1�� ¨ª¥�®
τ = 0.6

@ � �¾§B�
τ = 3.6

@ � �¾§�¼¿
τ = 6.6

@ � �¾§�¨&Ã7µªº�Áª¼¥ §-Ã7©¦©¬¤¦¥k¤¦Ã�«ª¥£�µ��3£�µ $ ���	��:O � � ��� ��91 1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 � ��

�N1���� ��¤4¿1¼¥k¥k�º1¹¾Áª¤½¹¾©¬<$

ηs = 0
¼¿
b = 8.2fm

¨&Ã7µªº�Áª¤ �ù¸-º -«�¿1¥�¿k�� ¨ª¥�®
τ = 0.6@ � �¾§B�

τ = 3.6
@ � �a§Cb¿

τ = 6.6
@ � �a§C¨&Ã7µªº(Áª-¥�§-Ã7©¦©¬¤¦¥ ¤¦Ã7«ª¥À£éµ�3£éµ�$ � �	�

:O � � ������M1�1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 ��� �
�N1����v��¼«ª¥k¤4¿1¸pÁ��g¸¼«ª¼º � ¤¦ $

τ = 4.6
@ � �a§zb¿

b = 5.8
@ � ¨&Ã7µªº Áª¤ �ù¸-º -«M¿k-¥¨&Ã7¥ ¤¦¿1¤¦Ã7«�¼« ºk¹�¨ª¤¬Á�¤¦¿1¸�¥k¨±¹¾§-¤½¹¾©¬

ηs
¨&Ã7µªº�Áª-¥ §-Ã7©¦©¬¤¦¥ ¤¦Ã7«ª¥8£éµ�!£�µ $ ���	�

:O � � ������M1�1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 ��� �
�N1��� ��»¨&¼§¼¿1º �-«zº1¹�¨ª¤¦Á�¿1¸O¨&Ã�µªº<µª«��§¼Ã7©¬©¦¤¦¥k¤¦Ã7«8¨ªºkÃ¾¿1Ã7«�!¨ªºkÃ¾¿1Ã7« $ �����7:O �51T1 1 1 �"���
�N1�� 
��»¨&¼§¼¿1º �¼«p¤*�>¨�µª©¬¥ ¤¦Ã7«8¿kº1¹�«ª¥Q�7-º ¥k�¨&Ã7µ�º<µª«ª�§¼Ã7©¦©¬¤¦¥k¤¦Ã�«�¨ªº Ã�¿1Ã7«��3¨ªº Ã�¿1Ã7« $

���	��:O �51 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 ��� �
�N1 �����»¨&¼§¼¿1º �¼«8º1¹¾¨ª¤¬Áª¤4¿1¸<¨&Ã7µªº�µ�«ª�§-Ã�©¬©¦¤¦¥k¤¦Ã7«�¨ªºkÃ�¿kÃ7«�3¹�«M¿k¤4�!¨ªºkÃ¾¿1Ã�«7$ �� 	���S:O �51 �"� �
�N1 �!���»¨&¼§¼¿1º �¼«p¤*�>¨�µª©¬¥ ¤¦Ã7«8¿kº1¹�«ª¥Q�7-º ¥k�¨&Ã7µ�º<µª«ª�§¼Ã7©¦©¬¤¦¥k¤¦Ã�«�¨ªº Ã�¿1Ã7«��3¨ªº Ã�¿1Ã7« $

�� 	����:¡ �S1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 ��� 
�N1 �	��Â � ¨ªµª©¬¥ ¤¬Ã7«'¿1º1¹¾«ª¥>�7¼ºk¥k � Ã]³7¼«ª«ª ¨&Ã7µªº�µª«ª §-Ã7©¦©¬¤¦¥ ¤¦Ã7« ¨ªºkÃ�¿kÃ7«�!¨ªºkÃ�¿kÃ7« $

�� 	����:¡ �S1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 ��� 
�N1 � ��»¨&¼§¼¿1º �-«z¤)� ¨ªµª©¦¥k¤¦Ã7«+¿1º1¹¾«ª¥>�7¼ºk¥k�¨&Ã7µªº<µ�«ª�§¼Ã7©¬©¦¤¦¥k¤¦Ã�«�¨�
�£éµ $ ���	��:O �S1��"� �
�N1 � �ä�»¨&¼§¼¿1º �¼«�¤*�>¨ªµ�©¬¥ ¤¦Ã7«õ¿kº1¹�«ª¥Q�7-º ¥k�¨&Ã7µ�º+Áª-¥8§¼Ã7©¬©¦¤¦¥k¤¦Ã�«ª¥ £�µ�
�£�µ $ � �

:O �S�ª¥kµª¤4�¾¹�«�¿CÁª¤ �ù¸¼ºk-«�¿1¼¥C§-©¬¹�¥ ¥k-¥CÁ��§¼-«�¿1ºk¹�©¬¤4¿1¸B1%1 1 1U1 1 1 1U1 1 1U1 1 1 ��� �
�N1 ���~�»¨&¼§¼¿1º 8-« ¤*�>¨ªµ�©¬¥ ¤¦Ã7«$¿1º1¹¾«ª¥>�7¼ºk¥k8¨&Ã7µ�º·Áª¼¥¯§¼Ã7©¬©¦¤¦¥k¤¦Ã�«ª¥�£éµ�
�£�µ $ ���	�

:O �S�ª¥kµª¤4�¾¹�«�¿CÁª¤ �ù¸¼ºk-«�¿1¼¥C§-©¬¹�¥ ¥k-¥CÁ��§¼-«�¿1ºk¹�©¬¤4¿1¸B1%1 1 1U1 1 1 1U1 1 1U1 1 1 �����
�N1 �"���»¨&¼§¼¿1º �¼«}¤)� ¨ªµª©¦¥k¤¦Ã�«�¿1º1¹¾«ª¥>�7¼ºk¥k�¨&Ã7µ�º·Áª-¥¯§-Ã�©¬©¦¤¦¥k¤¦Ã7«�¥¯ �µ�
¡ �µ $ ���	�

:O �S�ª¥kµª¤4�¾¹�«�¿CÁª¤ �ù¸¼ºk-«�¿1¡§¼©½¹�¥ ¥k¡Áª¡§-¼«M¿1ºk¹�©¬¤4¿1¸O1%1U1 1 1U1 1 1 1U1 1 1U1 1 1 �����
�N1 ��� OpÃ+� -«�¿C©¦Ã7« � ¤4¿1µ�Áª¤¦«±¹�©ù¨&Ã7µ�º<µª«ª¡§-Ã7©¦©¬¤¦¥ ¤¦Ã7« I + 
¡  $ � �	��:O ��1 1 1U1 1 1 ��� �
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��� �� � 	����� ����� ����

�N1 �" ��¤¦¥k¤¬Ã�«p¥k§B²ª¸��>¹¾¿1¤¦´Mµª·Áª¼¥�Áª¤ �Õ¸¼ºk-«�¿1¼¥�§¼Ã+� ¨&Ã7¥1¹�«�¿1¼¥�Á��gµ�«ª � ¼º'A&¯¹¾¿'�>Ã3�¥k¨ª²�¸-ºk¤¦´Mµª 1 1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 �����
�N1 ��
��»¨&-§b¿1º �Á�-¥>ºk¹S³7Ã7«�¥>§¼Ã7¥'� ¤¬´Mµª¼¥��À¨ªº ¸-¥k¼«M¿1¹�«M¿+©¦ �±µPõÁªz¨±¹�ºÉ¿1¤¬§¼µª©¬¼¥�¼«

@ Ã7«ª§b¿1¤¬Ã�«�Áªp©M�g¸¼«ª¼º � ¤¦B1(�»Ã7«M¿>ºk¼¨ªºk¸¼¥k¼«M¿1¸¼-¥8¨±¹�º Áª-¥ ��&¼§H²ª¼¥8ºkÃ�µ � ¼¥>©¬¼¥¸-«ª¼º � ¤¦-¥<Áª¼¥CÁª¤ �ù¸-º -«�¿C§¼Ã7©¬©¦¤¦¥k¤¦Ã�«ª«ª-µ�ºk¥ � ���B���M1�1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 ���  
�N1 	�~��-«�¥k¤¦¿k¸CÁª �¯µªÃ7«�¨&Ã7µªº�©9� 2P»¨&¸-º ¤¬-«�§-C£éµ � -º<®��(°(�¡��¼¥ ¿�©¦�¥k-µ�©L� ÃQÁN&-©¦

$�¼«ª§@¹¾Áªºk¼ºC©¬¼¥<ÁªÃ7«�«ª¸-¼¥�¹��7-§�©¦-¥�¥k¤)�¯µª©¬¹¾¿k¤¦Ã�«ª¥�¨ªºkÃ¾¿1Ã7« ¼¿ @ ¼º � ���� ��M1 1 1 1 ��� 

�1�� Â3©¬©¦µª¥ ¿kº1¹¾¿k¤¬Ã�«OÁª¼¥ ¤¬«�¿1-ºk¹�§¼¿k¤¬Ã7«�¥ �¯µª©¦¿k¤¦¨ª©¦¼¥�®S¸¼§H²ª¹�« � (Á�� ¸¼§H²ª¼©¬©¦-¥
Áª(¨ª¹�º ¿1Ã�«ª¥-«z¨±¹�ºk¹�©¬©*&-©¦O��©M�g¸¼«ª-º � ¤¬O¼¥ ¿C¨±¹�ºÉ¿B¹ � ¸¼¡¼«M¿1º �©¦-¥�¸-§B²ª-©¦©¬¼¥�1�1 1U1 1 1 1U1 1 1 � ���
�1 � �»§B²ª¸��>¹>¤¦©¬©¦µª¥É¿1ºk¹�«M¿<©½¹�¨ªºkÃQ§¼¸-Á�µªºk·¤4¿1¸-ºk¹¾¿1¤4�7¡¨&Ã7µªºC©½¹ � ¸¼«ª¸-ºk¹¾¿1¤¦Ã7«pÁª�¨±¹¾ºQ�¿1Ã7«�¥<Áª-¥Cºk¹�Áª¤¬¹¾¿1¤¦Ã7«�¥�¤¬«ª¤4¿1¤¬¹¾©¦¼¥�¥ µªº<©¬O¨ªº �� ¤¬-º�§ M¾¿1¸¡Áª¡©9� ¸-§B²ª¼©¬©¬O1 1 1U1 1 1 � � 
�1  Â3©¬©¦µª¥ ¿kº1¹¾¿k¤¬Ã�« � º1¹�¨ª²�¤¬´Mµª¡Á�-¥C§¼Ã7«M¿kºk¤)A�µ�¿1¤¦Ã7«ª¥ σ ��� ��� � σ �	��� b¿ σ � �	��
 1 1U1 1 1 � � 
�1 � ¢C¼¨ªºk¸¼¥k¼«M¿B¹a¿1¤¬Ã�« � º1¹�¨ª²�¤¬´Mµª Áª ©9� 2P»¨ªº -¥ ¥k¤¬Ã�«äÁª

σ ��� ���
¼« @ Ã7«�§¼¿1¤¦Ã7«~Áª

σ
�	��� , Áª¼ºk«ª¤¦-º�¿1¼º'� ¡¼«z¿kºk¤½¹¾« � ©¦ /21 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 � ���

�1E� ¢C¼¨ªºk¸¼¥k¼«M¿B¹a¿1¤¬Ã�« � ºk¹�¨ª²ª¤¦´MµªÀÁªÀ©9� 2P»¨ªº -¥k¥ ¤¬Ã7«�Áª σ �	��� ¼« @ Ã7«ª§b¿1¤¬Ã�«¡Áª σ � �	� 
, Áª¼ºk«ª¤¦-º�¿1-º>�>�/21 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 � �"�
�1F� ��¸�Iª«ª¤¦¿k¤¬Ã7« Áª¼¥CÁª¤ �Õ¸¼ºk¼«M¿1¼¥ �a¹�ºk¤¬¹BAª©¬¼¥�©¦O©¬Ã7« � Áª¡©M�g¸¼§H²ª¼©¬©¦B1%1U1 1 1 1U1 1 1 � �< 
�1E� �Q¿1º µª§¼¿kµªº1¹a¿1¤¬Ã�«�Áª�©9� ¸-§B²ª¼©¬©¬�-« Aª©¦ÃQ§-¥`¤¦«ªÁª¸¼¨&-«ªÁ±¹¾«M¿k¥<®7ÄFGAª©¬ÃQ§

E
��§-Ã+��� Áª¸�Iª«ª¤¬�¨ª¹�º�©9� ¸-´Mµ±¹¾¿k¤¬Ã7« , �1 � �
/�º -¨ªº ¸-¥ -«�¿1�©M�g¸2�7Ã7©¬µ»¿1¤¬Ã�« ¼«M¿kºk�©9� -«�¿1º ¸-Á±¹�«ª¥À©M�g¸¼§H²�-©¬©¦�¼¿(©¦�¨ªºkÃQ§¼-¥ ¥kµª¥ ��Ã�ºk«�1�ÄF Aª©¦Ã»§

K
��Áª¸2I±«ª¤¦<¨±¹�º�©9� ¸-´Mµ±¹a¿1¤¬Ã�«

, �1 ���
/F�ªº -¨ªº ¸-¥k¼«M¿k�©¬O¨ªº ÃQ§-¼¥k¥kµª¥ ��Ã�ºk«�1=1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 � � 

�1F Â3©¬©¦µª¥ ¿kº1¹¾¿k¤¬Ã�«}Áªµ Aª©¦Ã»§ ¶|¼« @ Ã7«�§¼¿1¤¦Ã7«�Áª

x
# $ ®�¨ª¹�¥ Á�zº ¸-¥kÃ�©¬µ�¿k¤¬Ã7«}¥kµªº©9� ¤¬«�¿1¸-º ¤¦-µªº�Á��©M�g¸¼§H²�-©¦©¬B1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 ����

�1 
 Â3©¬©¦µª¥ ¿kº1¹¾¿k¤¬Ã�«+Áªµ Aª©¦ÃQ§¡�+-« @ Ã7«ª§b¿1¤¦Ã7«�Á�
x
# $
, x
%'& ®�ºk¸¼¥kÃ7©¦µ�¿1¤¦Ã7«8¥ µªº�©9� ¤¬«�¿1¸F�ºk¤¦-µªº�Áª¡©M�g¸¼§H²�-©¬©¦B1 1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 ��	�

�1�� �~¶éÃ+�SA�ºk�Á�� ¸-§B²ª-©¦©¬�¥ �� ¤4�!Áªµªº �-« @ Ã7«ª§b¿1¤¦Ã7«�Áª
x+#�$ ¹�µ�Áª¼¥k¥ µª¥(¼¿À¼« @ Ã�«ª§2�¿1¤¦Ã7«�Á�

x+%'& ¹�µ�Á�-¥k¥ Ã7µª¥��¾¤¦«M¿1 � ºk¸À¥ µªº ©¬¼¥ �a¹�ºk¤¬¹BAª©¦-¥
¼« x− �S¨&Ã7µªº
Áª¤ �ù¸-º -«�¿1¥¿/³Q¨&¼¥�Á��g��H²�-©¦©¬-¥8®�¥k-¹3�3¥ @¹ , ���B/2�"�a¹�©4�!¥k-¹ , ���B/2��¥ @¹3�9�¾¹�©%, B�+/¡¼¿5�¾¹�© � �¾¹¾©
, � �B/2�`¥kÃB�7� ¸�¥ µªº�©¬-¥�¸�� ¤¬¥ ¥k¤¬Ã�«ª¥�¨&Ã7µªº��(°(�¡� �B1E���1�°�Ã7µªº�©¬¼¥

x
#�$ ��¼«¿1ºk¹�¤¦¿é¨ª©¬¼¤¬«�º Ã7µ � +® N 	�
�

�ù-«�¸b¿1Ã7¤¦©¬�ºkÃ�µ � +® N 
 �	
�� 	�
�
1Õ°�Ã7µªº�©¬¼¥

x
%'& ®¿1ºk¹�¤¦¿�¨ª©¦-¤¦« ºkÃ�µ � �¿1-¥É¿S,ú£ /F��Aª©¦-µ�¿1-¥É¿�, �G/2�N�7-ºÉ¿�®�¿1¼¥ ¿�,�  /21�1U1 1 1 1U1 1 1 ����

�1����}¶éÃ+�SA�ºk�Á�� ¸-§B²ª-©¦©¬�¥ �� ¤4�!Áªµªº �-« @ Ã7«ª§b¿1¤¦Ã7«�Áª
x+#�$ ¹�µ�Áª¼¥k¥ µª¥(¼¿À¼« @ Ã�«ª§2�¿1¤¦Ã7«�Á�

x+%'& ¹�µ�Á�-¥k¥ Ã7µª¥��¾¤¦«M¿1 � ºk¸À¥ µªº ©¬¼¥ �a¹�ºk¤¬¹BAª©¦-¥
¼« x− �S¨&Ã7µªº
Áª¤ �ù¸-º -«�¿1¥¿/³Q¨&¼¥�Á��g��H²�-©¦©¬-¥8®�¥k-¹3�3¥ @¹ , ��� /2�"�a¹�©4�!¥k-¹ , �!� /2��¥ @¹3�9�¾¹�©%, H��/¡¼¿5�¾¹�© � �¾¹¾©
, � /F�aÁ±¹�«�¥�©¬�§-¹�¥�¥1¹�«�¥`¸��>¤¦¥k¥ ¤¬Ã7«�¨&Ã7µ�º`�À°(�¡� �+1F���T1a°�Ã7µªº�©¬-¥

x
#�$ �¾¼«·¿1º1¹¾¤¦¿¨ª©¬¼¤¬«zº Ã7µ � �®&�À°��¡�p¹�«ª¹�©¦³M¿1¤¦´Mµª��K°�Ã7µªºC©¦-¥ x %'& ®±¿1ºk¹�¤4¿C¨ª©¦-¤¦«zºkÃ�µ �  �@¼º¿1¼¥ ¿�¥ µª¤*�a¹�«M¿(©¬¹ @ ¹�§b¿1Ã7º ¤¬¥1¹a¿1¤¦Ã7«��OAª©¬¼µ Áª¼µP»¤)&�� �¿1¼¥ ¿���§-Ã7«
�7Ã7©¦µ�¿1¤¦Ã7« ¹��7-§

F@ ¹�¤¦¿G$�©M�gFP»¿kºk¸¼ºk¤¬¼µªº���7¼º ¿¡®»¿1ºkÃ�¤¬¥k¤*&�� C¿1-¥É¿C¹ �7-§O©¬¼¥ @ Ã�«ª§¼¿k¤¬Ã7«
S
«ªÃ7º>�+¹�©¦¤¦¥ ¸-O1 � B�

P P



���������
	����� ����� ����

�1�� �v¶éÃB�SAªºk�Á�� ¸-§B²ª-©¦©¬�¥k��>¤ �3Áªµªº �-« @ Ã7«�§¼¿1¤¦Ã7«�Áª
x+#�$ ¹�µ�Á�-¥k¥ µª¥(¼¿À¼« @ Ã�«ª§2�¿1¤¦Ã7«¡Áª

x+%'& ¹�µ�Áª-¥ ¥kÃ7µª¥��¾¤¦«M¿1 � ºk¸�¥kµªº ©¬¼¥ �¾¹�ºk¤¬¹BAª©¦-¥F-« x− �S¨&Ã7µªº
Áª¤ �Õ¸¼ºk-«�¿1¥¿3³»¨&¼¥�Á��  �B²ª-©¦©¬¼¥�®�¥ @¹3�!¥k@¹ , � �+/2� �¾¹�© �3¥k-¹ , ���+/2� ¥k@¹�� �¾¹¾© ,  �B/�¼¿5�¾¹�© � �¾¹¾©
, � �+/2�ùÁ±¹�«ª¥�©¬·§@¹�¥¡¹��7-§�¸�� ¤¬¥ ¥k¤¬Ã�« Áªµ$§ M�¿1¸ 
 µª«ª¤¦´Mµª�� -«�¿¡¨&Ã�µªº¡�À°(�¡�
�+1F���T1`°�Ã7µªº�©¬¼¥

x
#�$ �`-«�¿kº1¹�¤4¿�¨ª©¦-¤¦«�º Ã7µ � �® N 	�
�

�`¼«�¸b¿1Ã7¤¦©¬+ºkÃ7µ � �®
N

 �	
 � 	 
 �

1�°�Ã�µªº8©¦-¥
x
%'& ®(¿1ºk¹�¤¦¿>¨ª©¬¼¤¬«vº Ã7µ � p¿k-¥ ¿ , £ /F� Aª©¬¼µv¿1¼¥ ¿�, � /2�

�7-ºÉ¿�®�¿1¼¥ ¿�,�  /21 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 ��"�
�1���~¶éÃB�SAªºk�Á�� ¸-§B²ª-©¦©¬�¥k��>¤ �3Áªµªº �-« @ Ã7«�§¼¿1¤¦Ã7«�Áª

x+#�$ ¹�µ�Á�-¥k¥ µª¥(¼¿À¼« @ Ã�«ª§2�¿1¤¦Ã7«¡Áª
x+%'& ¹�µ�Áª-¥ ¥kÃ7µª¥��¾¤¦«M¿1 � ºk¸�¥kµªº ©¬¼¥ �¾¹�ºk¤¬¹BAª©¦-¥F-« x− �S¨&Ã7µªº
Áª¤ �Õ¸¼ºk-«�¿1¥¿3³»¨&¼¥�Á��  �B²ª-©¦©¬¼¥�®�¥ @¹3�!¥k@¹ , � 
/2� �¾¹�© �3¥k-¹ , � 
/2� ¥k@¹�� �¾¹¾© , �+/�¼¿5�¾¹�© � �¾¹¾©

, ��
/2� Á±¹¾«ª¥¯©¦+§-¹�¥�¹��7-§8¸��>¤¦¥k¥k¤¦Ã7« Áªµ}§ M�¿1¸���µª«ª¤¬´Mµª��>¼«M¿¯¨&Ã7µªº¯�À°(�¡�
�+1F���T1`°�Ã7µªº�©¬¼¥

x
#�$ �`-«�¿kº1¹�¤4¿�¨ª©¦-¤¦«�º Ã7µ � �® N 	�
�

�`¼«�¸b¿1Ã7¤¦©¬+ºkÃ7µ � �®
N

 �	
 � 	 
 �

1�°�Ã�µªº8©¦-¥
x
%'& ®(¿1ºk¹�¤¦¿>¨ª©¬¼¤¬«vº Ã7µ � p¿k-¥ ¿ , £ /F� Aª©¬¼µv¿1¼¥ ¿�, � /2�

�7-ºÉ¿�®�¿1¼¥ ¿�,�  /21 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 ��"�
�1�� ��¶éÃB�SAªºk�Á�� ¸-§B²ª-©¦©¬�¥k��>¤ �3Áªµªº �-« @ Ã7«�§¼¿1¤¦Ã7«�Áª

x+#�$ ¹�µ�Á�-¥k¥ µª¥(¼¿À¼« @ Ã�«ª§2�¿1¤¦Ã7«¡Áª
x+%'& ¹�µ�Áª-¥ ¥kÃ7µª¥��¾¤¦«M¿1 � ºk¸�¥kµªº ©¬¼¥ �¾¹�ºk¤¬¹BAª©¦-¥F-« x− �S¨&Ã7µªº
Áª¤ �Õ¸¼ºk-«�¿1¥¿3³»¨&¼¥�Á��  �B²ª-©¦©¬¼¥�®�¥ @¹3�!¥k@¹ , � � /2� �¾¹�© �3¥k-¹ , ��� /2� ¥k@¹�� �¾¹¾© , ��
/�¼¿5�¾¹�© � �¾¹¾©

, ��� /2�aÁª¹�«ª¥�©¬�§-¹�¥`¹ �7¼§�¸�� ¤¦¥k¥k¤¦Ã7«�Áª-¥�Áª-µP·§ M�¿k¸-¥�¨&Ã7µªº`�À°(�¡� �+1F���T1a°�Ã7µªº©¬¼¥
x
# $ ��¼«�¿1º1¹¾¤¦¿�¨ª©¬¼¤¬«¯º Ã7µ � �® N 	�
�

��¼«�¸¼¿1Ã�¤¬©¦�º Ã7µ � �® N 
 �	
�� 	�
�
17°�Ã7µªº©¬¼¥

x
%'& ®�¿1ºk¹�¤¦¿�¨ª©¦-¤¦« ºkÃ�µ � �¿1-¥É¿S,ú£ /F��Aª©¦-µ ¿k-¥É¿�, �G/2�N�7-ºÉ¿�®�¿1¼¥ ¿�,�  /21 1 1 1 ����

�1����v¶éÃB�SAªºk�Á�� ¸-§B²ª-©¦©¬¼¥�¥k�� ¤4�!Áªµªº -¥�-« @ Ã7«ª§b¿1¤¬Ã�«�Áª
x+#�$ ¹�µõÁª¼¥k¥kµ�¥>¼¿ ¼«

@ Ã7«ª§b¿1¤¦Ã7«vÁ�
x+%'& ¹�µvÁª-¥ ¥kÃ7µª¥���¤¦«M¿1 � ºk¸z¥kµªº+©¦-¥��¾¹�º ¤½¹BAª©¦-¥ -« x−

�(¨ùÃ�µªºÁª¤ �Õ¸¼ºk-«�¿1¥�¿/³Q¨&-¥>Á��g¸¼§H²�-©¬©¦-¥p®À¥ @¹3�!¥k-¹ , ��/2� �¾¹�© �3¥k-¹ , �B/2�À¥ @¹3�9�¾¹�©U, 
/¯¼¿
�¾¹�© � �a¹�©G, � /2�ù¥kÃ+��� ¸·¥kµªº�©¬¼¥�¸�� ¤¬¥ ¥k¤¦Ã7«ª¥ , �+/é¨&Ã�µªºO�À°��¡� �B1E���1Õ°�Ã7µªº�©¬¼¥
x
# $ ®L��6�� �§B²ªÃ7¥k�´Qµ�·¨ªºk¸¼§-¸¼Áª���� -«M¿�1Õ°�Ã�µªºé©¦-¥

x
%'& ®&¼«�¿kº1¹�¤4¿C¨ª©¬¼¤¬«��©¬¼¥`Áª¤ �ù¸-º -«�¿1¥`¿k-¥É¿1¥À¹�«±¹�©4³M¿1¤¬´Mµª¼¥���¼«�¸¼¿kÃ7¤¬©¦�Aª©¦-µ�®�©¬¹�Áª¤¬¥É¿1ºk¤*Aªµ�¿k¤¬Ã�«¯¼«

x±# $ÁªÃ7«�«ª¸-�¨ª¹�º<©¦ O   ¼¿C¤¦«3C -§b¿1¸OÁ±¹�«ª¥<©½¹ @ Ã7«ª§b¿1¤¬Ã�«
S
1 1U1 1 1 1U1 1 1U1 1 1 � 	


�1����~¶éÃB�SAªºk�Á�� ¸-§B²ª-©¦©¬¼¥�¥k�� ¤4�!Áªµªº -¥�-« @ Ã7«ª§b¿1¤¬Ã�«�Áª
x+#�$ ¹�µõÁª¼¥k¥kµ�¥>¼¿ ¼«

@ Ã7«ª§b¿1¤¦Ã7«vÁ�
x+%'& ¹�µvÁª-¥ ¥kÃ7µª¥���¤¦«M¿1 � ºk¸z¥kµªº+©¦-¥��¾¹�º ¤½¹BAª©¦-¥ -« x−

�(¨ùÃ�µªºÁª¤ �Õ¸¼ºk-«�¿1¥�¿/³Q¨&-¥>Á��g¸¼§H²�-©¬©¦-¥p®À¥ @¹3�!¥k-¹ , ��/2� �¾¹�© �3¥k-¹ , �B/2�À¥ @¹3�9�¾¹�©U, 
/¯¼¿
�¾¹�© � �a¹�©J, � /2�ªÁ±¹¾«ª¥C©¦O§@¹�¥<¥1¹¾«ª¥C¸�� ¤¬¥ ¥k¤¦Ã7« , ��/�¨&Ã7µªºC�À°(�¡� �+1F���T1±°�Ã�µªº<©¬¼¥
x
# $ ®L��6�� �§B²ªÃ7¥k�´Qµ�·¨ªºk¸¼§-¸¼Áª���� -«M¿�1Õ°�Ã�µªºé©¦-¥

x
%'& ®&¼«�¿kº1¹�¤4¿C¨ª©¬¼¤¬«��©¬¼¥`Áª¤ �ù¸-º -«�¿1¥`¿k-¥É¿1¥À¹�«±¹�©4³M¿1¤¬´Mµª¼¥���¼«�¸¼¿kÃ7¤¬©¦�Aª©¦-µ�®�©¬¹�Áª¤¬¥É¿1ºk¤*Aªµ�¿k¤¬Ã�«¯¼«

x±# $ÁªÃ7«�«ª¸-�¨ª¹�º<©¦ O   ¼¿C¤¦«3C -§b¿1¸OÁ±¹�«ª¥<©½¹ @ Ã7«ª§b¿1¤¬Ã�«
S
1 1U1 1 1 1U1 1 1U1 1 1 � � �

�1����v¶éÃB�SAªºk�Á�� ¸-§B²ª-©¦©¬¼¥�¥k�� ¤4�!Áªµªº -¥�-« @ Ã7«ª§b¿1¤¬Ã�«�Áª
x+#�$ ¹�µõÁª¼¥k¥kµ�¥>¼¿ ¼«

@ Ã7«ª§b¿1¤¦Ã7«vÁ�
x+%'& ¹�µvÁª-¥ ¥kÃ7µª¥���¤¦«M¿1 � ºk¸z¥kµªº+©¦-¥��¾¹�º ¤½¹BAª©¦-¥ -« x−

�(¨ùÃ�µªºÁª¤ �Õ¸¼ºk-«�¿1¥�¿/³Q¨&-¥>Á��g¸¼§H²�-©¬©¦-¥p®À¥ @¹3�!¥k-¹ , ��/2� �¾¹�© �3¥k-¹ , �B/2�À¥ @¹3�9�¾¹�©U, 
/¯¼¿
�¾¹�© � �a¹�©S, �
/2��Á±¹�«ª¥�©¦�§@¹�¥�¹ �7-§�¸��>¤¦¥k¥k¤¦Ã7«vÁªµä§ M�¿1¸ 
 µª«�¤¬´Mµª��>¼«M¿ , �+/¨&Ã7µªº �À°(��� �+1F���T1�°�Ã7µªº�©¬¼¥

x
#�$ ®R��6��  §B²ªÃ7¥ p´Mµªz¨ªºk¸¼§-¸¼Áª����>¼«M¿�1°�Ã7µªº�©¬¼¥

x
%'& ®7-«�¿1ºk¹�¤¦¿`¨ª©¬¼¤¬«���©¦-¥�Áª¤ �Õ¸¼ºk-«�¿1¥`¿1-¥É¿1¥(¹�«±¹�©4³Q¿k¤¬´Mµª¼¥��7-« ¸b¿1Ã7¤¦©¬

Aª©¦-µv®�©¬¹pÁ�¤¬¥ ¿kºk¤)A�µ�¿1¤¦Ã7«�-«
x±# $

ÁªÃ�«ª«ª¸-+¨±¹�º�©¬ O� �¼¿¯¤¦«3C ¼§¼¿1¸>Á±¹�«ª¥·©¬¹
@ Ã7«ª§b¿1¤¦Ã7«

S
1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 � � �

P P»¤



��� �� � 	����� ����� ����

�1��� ~¶éÃ+�SA�ºk�Á�� ¸-§B²ª-©¦©¬¼¥ ¥ �� ¤4�!Áªµªºk¼¥�-« @ Ã7«ª§¼¿k¤¬Ã7«}Áª
x+# $ ¹¾µõÁª¼¥k¥kµª¥>b¿ ¼«

@ Ã7«ª§b¿1¤¬Ã�«vÁª
x+%'& ¹�µ~Á�-¥k¥ Ã7µª¥���¤¬«�¿1 � ºk¸p¥ µªº+©¬¼¥��¾¹�ºk¤¬¹BAª©¦-¥ -« x−

��¨&Ã�µªºÁª¤ �ù¸-º -«�¿1¥ ¿3³Q¨&-¥+Á=�g¸¼§H²ª¼©¬©¦-¥p®À¥k-¹3�!¥k@¹ , ��/2�R�a¹�©4�!¥k-¹ , �+/F�À¥ @¹3�9�¾¹�©U, 
/¯¼¿
�¾¹�© � �¾¹¾©H, � /F�QÁª¹�«ª¥�©¦C§@¹�¥�¹ �7¼§�¸�� ¤¬¥k¥ ¤¬Ã7« Áªµ8§ M�¿1¸ ��µª«ª¤¦´Qµ��� -«M¿ , 
/À¨&Ã�µªº�À°��¡� �+1F���T1M°�Ã�µªº�©¦-¥

x
#�$ ®
�76��><§B²ªÃ7¥ �´Mµªé¨ªº ¸-§¼¸-Áª��7� -«�¿�1»° Ã7µªº(©¬¼¥

x
%'& ®Õ¼«�¿1ºk¹�¤¦¿�¨ª©¦-¤¬«=�ù©¬¼¥�Áª¤ �ù¸-º -«�¿1¥�¿1-¥É¿1¥¡¹�«±¹�©4³M¿1¤¬´Mµª¼¥��ù-«$¸¼¿kÃ7¤¦©¬UAª©¬¼µ�®©½¹�Áª¤¦¥ ¿kºk¤)A�µ�¿1¤¦Ã7« -«

x±#�$
ÁªÃ�«ª«ª¸-�¨±¹�º�©¦ O� ~¼¿�¤¬«�C -§b¿1¸éÁ±¹�«ª¥�©¬¹ @ Ã7«ª§b¿1¤¦Ã7«

S
1 � �H�

�1�� 
~¶éÃ+�SA�ºk�Á�� ¸-§B²ª-©¦©¬�¥ �� ¤4�!Áªµªº �-« @ Ã7«ª§b¿1¤¦Ã7«�Áª
x+#�$ ¹�µ�Áª¼¥k¥ µª¥(¼¿À¼« @ Ã�«ª§2�¿1¤¦Ã7«�Á�

x+%'& ¹�µ�Á�-¥k¥ Ã7µª¥��¾¤¦«M¿1 � ºk¸À¥ µªº ©¬¼¥ �a¹�ºk¤¬¹BAª©¦-¥
¼« x− �S¨&Ã7µªº
Áª¤ �ù¸-º -«�¿1¥¿/³Q¨&¼¥¡Á��g¸¼§H²�-©¦©¬-¥�®Õ¥k-¹3�!¥k@¹ , � /2� �¾¹¾©4�!¥k@¹ , �+/2�ù¥k@¹�� �¾¹¾© , 
/C¼¿ �a¹�©4�9�¾¹�©G, �
/2�Á±¹�«ª¥�©¬�§-¹�¥<¹��7-§O¸�� ¤¬¥ ¥k¤¦Ã7«8Áª¼¥<Á�-µP�§ M¾¿1¸-¥ , � /�¨&Ã7µ�º<�À°(�¡� �+1E�"�T1ª°�Ã�µªº©¬¼¥
x
# $ ®<��6�� z§H²ªÃ�¥k�´Mµª�¨ªºk¸¼§-¸¼Áª����>¼«M¿�1�°�Ã7µªº>©¦-¥

x
%'& ®(-«�¿1º1¹¾¤¦¿¨ª©¬¼¤¬«��Q©¦-¥�Á�¤ �ù¸-ºk¼«M¿k¥�¿1-¥É¿1¥<¹�«ª¹�©¦³M¿1¤¦´Mµª-¥���¼« ¸b¿1Ã7¤¦©¬ Aª©¦-µ�®»©½¹�Áª¤¬¥É¿1º ¤)Aªµ�¿k¤¬Ã�«-«

x±# $
ÁªÃ�«ª«ª¸-�¨ª¹�º<©¦ O   b¿C¤¬«3C ¼§¼¿1¸OÁ±¹�«ª¥<©½¹ @ Ã7«ª§b¿1¤¦Ã7«

S
1 1 1 1 1U1 1 1 � �H�

�1 ���� �Ã+� ¨±¹�º1¹¾¤¬¥kÃ�« ¹ �7¼§'©¦-¥ @ Ã7«ª§b¿1¤¬Ã�«ª¥zÁª Á�¤¬¥ ¿kºk¤)A�µ�¿1¤¦Ã7«ª¥�¨±¹�º ¿kÃ7«ª¤¦´Qµ�-¥�1C�À«¿1ºk¹�¤¦¿F¨ª©¦-¤¬«OºkÃ7µ � <®]�À°(����¿1-¥É¿��51]ÄF-¥�¹¾µ�¿1º -¥ §¼Ã7µªº>A&-¥ §-Ã7º ºk-¥ ¨&Ã7«ªÁª¼«M¿�¹�µ
�76��>�§@¹�©¦§-µª©±¹ �7¼§C©M�gµ�¿k¤¬©¦¤4¥1¹¾¿k¤¦Ã7«¯ÁªC°(����Áª¤¦¥k§¼µ�¿1¸<Á±¹�«�¥(©½¹�¥k¼§¼¿k¤¬Ã7« T1��+1���®-« ¨&Ã�¤¬«M¿k¤¬©¦©4¸ �7-ºÉ¿;:¡¢ �5�K¿kº1¹�¤4¿>�!¨&Ã7¤¦«�¿ Ck¹�µª«� : �7¢ �" ¼¿�-«�¨&Ã7¤¬«�¿1¤¬©4© �Aª©4-µ ® ��<�<8 �1 1U1 1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 � � �

�1 �!�� �Ã+� ¨±¹�º1¹¾¤¬¥kÃ�« ¹ �7¼§'©¦-¥ @ Ã7«ª§b¿1¤¬Ã�«ª¥zÁª Á�¤¬¥ ¿kºk¤)A�µ�¿1¤¦Ã7«ª¥�¨±¹�º ¿kÃ7«ª¤¦´Qµ�-¥�1C�À«²±¹�µ�¿�®`ºk¹¾¿1¤¦Ã ¼«M¿1º z�À°(�¡�}b¿7:¡¢ �5��-«�Áª¼¥k¥kÃ�µª¥z®�º1¹¾¿k¤¬Ã��À°(�¡� �+: �7¢ �-«zÁª-¥ ¥kÃ7µ�¥�®±º1¹a¿1¤¦Ã��(°(�¡� �7 ��<�<8S�K-« A±¹�¥¡®±ºk¹¾¿1¤¦Ã�:U�7¢ �� �� ��<� 8 �T1 1 1 � ��
�1 �	�v¶éÃ+�SA�ºk�Á�� ¸-§B²ª-©¦©¬�¥ �� ¤4�!Áªµªº �-« @ Ã7«ª§b¿1¤¦Ã7«�Áª

x+#�$ ¹�µ�Áª¼¥k¥ µª¥(¼¿À¼« @ Ã�«ª§2�¿1¤¦Ã7«�Á�
x+%'& ¹�µ�Á�-¥k¥ Ã7µª¥��¾¤¦«M¿1 � ºk¸À¥ µªº ©¬¼¥ �a¹�ºk¤¬¹BAª©¦-¥
¼« x− �S¨&Ã7µªº
Áª¤ �ù¸-º -«�¿1¥¿/³Q¨&¼¥�Á��g��H²�-©¦©¬-¥8®�¥k-¹3�3¥ @¹ , ���B/2�"�a¹�©4�!¥k-¹ , ���B/2��¥ @¹3�9�¾¹�©%, B�+/¡¼¿5�¾¹�© � �¾¹¾©

, � �B/2�M¥ Ã+���>¸<¥kµ�º�©¬¼¥�¸��>¤¦¥k¥k¤¦Ã7«ª¥�1 , � º1¹¾¨ª²ª¤¬´MµªCÁªµ7A±¹�¥E/�¨&Ã7µªº��(°(�¡� �+1 
�
T1��«+¿1ºk¹�¤¦¿(¨�©¬-¤¦«>º Ã7µ � �®M¿k-¥ ¿ , £%/21Q��¿kÃ7¤¬©¦-¥ÀºkÃ7µ � -¥é®»¹¾«ª§-¤¦-« OpÃ�«M¿1F�É �¹�º ©¬ÃT1�`¿1Ã7¤¦©¬-¥��7-ºÉ¿1¼¥�®ª«ªÃ7µT�7-¹�µ OpÃ7«�¿1F�É �¹�º ©¬ÃN1�1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 � �B�
�1 � ~¶éÃ+�SA�ºk�Á�� ¸-§B²ª-©¦©¬�¥ �� ¤4�!Áªµªº �-« @ Ã7«ª§b¿1¤¦Ã7«�Áª

x+#�$ ¹�µ�Áª¼¥k¥ µª¥(¼¿À¼« @ Ã�«ª§2�¿1¤¦Ã7«�Á�
x+%'& ¹�µ�Á�-¥k¥ Ã7µª¥��¾¤¦«M¿1 � ºk¸À¥ µªº ©¬¼¥ �a¹�ºk¤¬¹BAª©¦-¥
¼« x− �S¨&Ã7µªº
Áª¤ �ù¸-º -«�¿1¥¿/³Q¨&¼¥�Á��g��H²�-©¦©¬-¥8®�¥k-¹3�3¥ @¹ , ��� /2�"�a¹�©4�!¥k-¹ , �!� /2��¥ @¹3�9�¾¹�©%, H��/¡¼¿5�¾¹�© � �¾¹¾©

, � � /2�¾Á±¹¾«ª¥`©¬�§-¹�¥�¥k¹�«ª¥`¸�� ¤¬¥k¥ ¤¬Ã7«=1T, � ºk¹�¨ª²ª¤¦´Qµ��Áªµ Aª¹�¥E/�¨&Ã7µªº`�À°��¡� �+1 
�
T1��«+¿1ºk¹�¤¦¿(¨�©¬-¤¦«>º Ã7µ � �®M¿k-¥ ¿ , £%/21Q��¿kÃ7¤¬©¦-¥ÀºkÃ7µ � -¥é®»¹¾«ª§-¤¦-« OpÃ�«M¿1F�É �¹�º ©¬ÃT1�`¿1Ã7¤¦©¬-¥��7-ºÉ¿1¼¥�®ª«ªÃ7µT�7-¹�µ OpÃ7«�¿1F�É �¹�º ©¬ÃN1�1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 � ���
�1 � ��¶éÃ+�SA�ºk�Á�� ¸-§B²ª-©¦©¬�¥ �� ¤4�!Áªµªº �-« @ Ã7«ª§b¿1¤¦Ã7«�Áª

x+#�$ ¹�µ�Áª¼¥k¥ µª¥(¼¿À¼« @ Ã�«ª§2�¿1¤¦Ã7«�Á�
x+%'& ¹�µ�Á�-¥k¥ Ã7µª¥��¾¤¦«M¿1 � ºk¸À¥ µªº ©¬¼¥ �a¹�ºk¤¬¹BAª©¦-¥
¼« x− �S¨&Ã7µªº
Áª¤ �ù¸-º -«�¿1¥¿/³Q¨&¼¥�Á��g��H²�-©¦©¬-¥8®�¥k-¹3�3¥ @¹ , � �B/2�"�a¹�©4�!¥k-¹ , �	�B/2��¥ @¹3�9�¾¹�©%,  �+/¡¼¿5�¾¹�© � �¾¹¾©

, � �B/2�ùÁ±¹�«ª¥O©¦¯§-¹�¥¡¹��7-§�¸�� ¤¬¥ ¥k¤¬Ã�« Áªµ$§ M�¿1¸�
 µª«ª¤¦´Mµª�� -«�¿¡¨&Ã7µ�º¡�À°(�¡�
�+1 
	
T1%, � ºk¹�¨ª²ª¤¦´Mµª Áªµ Aª¹�¥E/+��«�¿1º1¹¾¤¦¿+¨ª©¬¼¤¬«~º Ã7µ �  ®�¿k-¥ ¿ , £ /F1��`¿1Ã7¤¦©¬¼¥ºkÃ7µ � -¥¡®±¹�«ª§-¤¦-« OzÃ7«M¿k2�É �¹¾ºk©¦ÃN1±�`¿1Ã�¤¬©¦-¥G�7¼º ¿k-¥�®±«ªÃ�µT�7@¹�µ OpÃ7«M¿k2�/ �¹�ºk©¦ÃN1 � ���

P P»¤¬¤



���������
	����� ����� ����

�1 ���v¶éÃB�SAªºk�Á�� ¸-§B²ª-©¦©¬�¥k��>¤ �3Áªµªº �-« @ Ã7«�§¼¿1¤¦Ã7«�Áª
x+#�$ ¹�µ�Á�-¥k¥ µª¥(¼¿À¼« @ Ã�«ª§2�¿1¤¦Ã7«$Áª

x+%'& ¹�µ�Áª¼¥k¥kÃ�µª¥�� ¤¬«�¿1 � ºk¸�¥kµªº�©¦-¥ �a¹�ºk¤¬¹BAª©¬¼¥O-« x− �F¨&Ã7µªº¡Áª¤ �Õ¸F�ºk¼«M¿k¥ ¿3³Q¨&-¥zÁ��  �B²ª-©¦©¬¼¥$®�¥ @¹3�!¥k@¹ , � 
/2� �¾¹�© �3¥k-¹ , � +/2��¥ @¹3�9�¾¹�© , �
/>¼¿
�¾¹�© � �a¹�©V, � 
/F�
Á±¹¾«ª¥�©¬ §-¹�¥·¹ �7¼§+¸��>¤¦¥k¥k¤¦Ã7«�Áªµ'§ M�¿1¸ ��µ�«ª¤¬´Mµª��>¼«M¿�¨ùÃ�µªº�À°(��� �+1 
	
T1), � ºk¹�¨ª²ª¤¦´Mµª�Áªµ Aª¹�¥E/F��«¡¿1ºk¹�¤¦¿d¨ª©¬¼¤¬«OºkÃ7µ � <®-¿1¼¥ ¿�, £%/21S�`¿1Ã7¤¦©¬¼¥ºkÃ�µ � -¥¡®±¹�«ª§¼¤¬-« OpÃ7«M¿k2�/ �¹�ºk©¦ÃN1±�`¿kÃ7¤¬©¦-¥��7-º ¿k-¥�®±«�Ã7µT�7@¹¾µ OpÃ7«M¿k2�/ �¹�ºk©¦ÃN1 � � �

�1 �"�~¶éÃB�SAªºk�Á�� ¸-§B²ª-©¦©¬�¥k��>¤ �3Áªµªº �-« @ Ã7«�§¼¿1¤¦Ã7«�Áª
x+#�$ ¹�µ�Á�-¥k¥ µª¥(¼¿À¼« @ Ã�«ª§2�¿1¤¦Ã7«¡Áª

x+%'& ¹�µ�Áª-¥ ¥kÃ7µª¥��¾¤¦«M¿1 � ºk¸�¥kµªº ©¬¼¥ �¾¹�ºk¤¬¹BAª©¦-¥F-« x− �S¨&Ã7µªº
Áª¤ �Õ¸¼ºk-«�¿1¥¿3³»¨&¼¥�Á��  �B²ª-©¦©¬¼¥�®�¥ @¹3�!¥k@¹ , � � /2� �¾¹�© �3¥k-¹ , ��� /2� ¥k@¹�� �¾¹¾© , ��
/�¼¿5�¾¹�© � �¾¹¾©
, ��� /2��Áª¹�«ª¥8©¬�§-¹�¥�¹ �7-§ ¸�� ¤¬¥ ¥k¤¬Ã�«~Á�-¥�Áª¼µP~§ M�¿k¸-¥�¨&Ã7µ�º��À°(��� �+1 
	
T1
, � º1¹�¨ª²�¤¬´Mµª�Á�µ Aª¹�¥E/C��«p¿1º1¹¾¤¦¿C¨ª©¦-¤¦«pºkÃ�µ � >®±¿1¼¥ ¿ , £ /F1ù�`¿kÃ7¤¬©¦-¥Cº Ã7µ � ¼¥�®¹�«ª§¼¤¬¼« OpÃ7«�¿12�/ �¹�º ©¬ÃN1ª�`¿1Ã7¤¦©¬-¥��7-ºÉ¿1-¥�®ª«ªÃ7µT�7-¹�µ OpÃ7«�¿1F�É �¹�º ©¬ÃN1 1 1U1 1 1 � � �

�1 ���~�»¨&¼§¼¿1º �¼«
p⊥ (
& ¥kÃ+��� ¸�¥kµªº
¿kÃ7µª¥
©¬¼¥F¿/³Q¨&-¥ Á�� ¸-§B²ª-©¦©¬À¼¿ ¥kµªºF¿1Ã7µª¥
©¬¼¥
§@¹¾¥Á�� ¸�� ¤¬¥ ¥k¤¬Ã�«�¨&Ã7µªº��(°(�¡� �B1 
	
1a�À«�¿1ºk¹�¤¦¿ ¨�©¬-¤¦«�º Ã7µ � C®¾�À°(�¡�·¹�«±¹¾©¦³M¿1¤¦´Qµ�B�¸¼¿kÃ7¤¬©¦-¥�ºkÃ7µ � -¥8® ©9�g¹�«ª§¼¤¬-« OzÃ7«M¿k2�3§-¹�ºk©¦ÃN�
-«}¨&Ã7¤¦«M¿k¥5Aª©¦-µ�¥8® ©¬>«ªÃ7µT��@¹�µ

OpÃ7«�¿1F�3§@¹¾ºk©¬ÃT1 1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 � �	

�1 �" � �Ã7«�¿1ºk¤*Aªµ�¿k¤¬Ã7« Áª¼¥éÁª¤ �ù¸-º -«�¿1-¥ �-Ã7«�-¥é-«

x+%'& ∗ x−%'& ¹¾µp¥k¨&¼§¼¿1º ·¼« p⊥ ( & 1
x+% & ∗ x−%'& < 0.01

§¼Ã7«M¿kºk¤*Aªµª µª«ª¤¬´Mµª�� -«M¿·¹�µP$¿1º'&¼¥�¨&¼¿1¤4¿1¥
p⊥

1 °�©¬µª¥�©¬¨ªº ÃQÁªµª¤¦¿é¹�µ � � -«�¿1O�&¨ª©¦µª¥é¤¦©
§¼Ã7«�¿1ºk¤*Aªµª�¹�µ�¥k¨&¼§¼¿kºk¯¨&Ã�µªºéÁª¼¥ p⊥OB
¨ª©¦µª¥

� ºk¹�«ªÁª¥�1R1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 ���"�
�1 ��
~¶éÃB�SAªºk�Á�� ¸-§B²ª-©¦©¬�¥k��>¤ �3Áªµªº �-« @ Ã7«�§¼¿1¤¦Ã7«�Áª

x+#�$ ¹�µ�Á�-¥k¥ µª¥(¼¿À¼« @ Ã�«ª§2�¿1¤¦Ã7«¡Áª
x+%'& ¹�µ�Áª-¥ ¥kÃ7µª¥��¾¤¦«M¿1 � ºk¸�¥kµªº ©¬¼¥ �¾¹�ºk¤¬¹BAª©¦-¥F-« x− �S¨&Ã7µªº
Áª¤ �Õ¸¼ºk-«�¿1¥¿3³»¨&¼¥�Á��  �B²ª-©¦©¬¼¥�®�¥ @¹3�!¥k@¹ , ���+/2� �¾¹�© �3¥k-¹ , �"�+/2� ¥k@¹�� �¾¹¾© , B�B/�¼¿5�¾¹�© � �¾¹¾©

, �B�+/2� ¥ Ã+���>¸ ¥kµªº·©¬¼¥·¸��>¤¦¥k¥ ¤¬Ã7«ª¥�¨&Ã7µªº¯�À°(�¡� �+1F���pÁ±¹¾«ª¥¯µ�«ª8§¼Ã7©¦©¬¤¦¥k¤¦Ã�«
pp

$ √
s = 1.8

�  �S1ª°�Ã7µªº�©¦-¥
x
#�$ ��¼«�¿kº1¹�¤4¿�¨ª©¬¼¤¬«+ºkÃ�µ � ¯® N 	�
�

1�°�Ã7µªº©¬¼¥
x
%'& ®�¿1ºk¹�¤¦¿�¨ª©¦-¤¦« ºkÃ�µ � �¿1-¥É¿S,ú£ /F��Aª©¦-µ ¿k-¥É¿�, �G/2�N�7-ºÉ¿�®�¿1¼¥ ¿�,�  /21 1 1 1 ���<�

�1 	�~¶éÃB�SAªºk�Á�� ¸-§B²ª-©¦©¬¼¥�¥k�� ¤4�!Áªµªº -¥�-« @ Ã7«ª§b¿1¤¬Ã�«�Áª
x+#�$ ¹�µõÁª¼¥k¥kµ�¥>¼¿ ¼«

@ Ã7«ª§b¿1¤¦Ã7«vÁ�
x+%'& ¹�µvÁª-¥ ¥kÃ7µª¥���¤¦«M¿1 � ºk¸z¥kµªº+©¦-¥��¾¹�º ¤½¹BAª©¦-¥ -« x−

�(¨ùÃ�µªºÁª¤ �Õ¸¼ºk-«�¿1¥¯¿3³Q¨&-¥�Á��  �B²ª¼©¬©¦-¥�®�¥k@¹��3¥k-¹ , ���+/F�H�¾¹¾©4�3¥ @¹ , ���+/F��¥k-¹3� �a¹�©;, B�+/¼¿��a¹�©4�9�¾¹�© , �B�+/2�K¥kÃ+���>¸�¥kµªº�©¦-¥é¸�� ¤¬¥ ¥k¤¬Ã�«ª¥é¨&Ã7µ�º��À°(��� �+1F���>Á±¹�«ª¥�µª«�§-Ã�©¬©¦¤¦¥k¤¦Ã7«
pp

$ √
s = 5.5

�  �S1À°�Ã�µªº�©¬¼¥
x
# $ �`¼«�¿kº1¹�¤4¿¯¨ª©¬¼¤¬«}º Ã7µ �  ®

N 	�
�
1&°�Ã7µªºC©¬-¥

x
%'& ®±¿kº1¹�¤4¿C¨ª©¬¼¤¬«zºkÃ�µ � ¡¿1-¥É¿ , £%/2�LAª©¬¼µp¿k-¥É¿�, � /F�L�7-ºÉ¿·®¿1¼¥ ¿ ,�  /21 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 ���<�

�1 H�}¶éÃB�SAªºk�Á�� ¸-§B²ª-©¦©¬¼¥�¥k�� ¤4�!Áªµªº -¥�-« @ Ã7«ª§b¿1¤¬Ã�«�Áª
x+#�$ ¹�µõÁª¼¥k¥kµ�¥>¼¿ ¼«

@ Ã7«ª§b¿1¤¦Ã7«vÁ�
x+%'& ¹�µvÁª-¥ ¥kÃ7µª¥���¤¦«M¿1 � ºk¸z¥kµªº+©¦-¥��¾¹�º ¤½¹BAª©¦-¥ -« x−

�(¨ùÃ�µªºÁª¤ �Õ¸¼ºk-«�¿1¥¯¿3³Q¨&-¥�Á��  �B²ª¼©¬©¦-¥�®�¥k@¹��3¥k-¹ , ���+/F�H�¾¹¾©4�3¥ @¹ , ���+/F��¥k-¹3� �a¹�©;, B�+/¼¿��a¹�©4�9�¾¹�© , �B�+/2�K¥kÃ+���>¸�¥kµªº�©¦-¥é¸�� ¤¬¥ ¥k¤¬Ã�«ª¥é¨&Ã7µ�º��À°(��� �+1F���>Á±¹�«ª¥�µª«�§-Ã�©¬©¦¤¦¥k¤¦Ã7«
pp

$ √
s = 10

�� �S1�°�Ã7µ�º>©¦-¥
x
#�$ �À-«õ¿1º1¹¾¤¦¿�¨ª©¬¼¤¬«�ºkÃ7µ � �®

N 	�
�
1&°�Ã7µªºC©¬-¥

x
%'& ®±¿kº1¹�¤4¿C¨ª©¬¼¤¬«zºkÃ�µ � ¡¿1-¥É¿ , £%/2�LAª©¬¼µp¿k-¥É¿�, � /F�L�7-ºÉ¿·®¿1¼¥ ¿ ,�  /21 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 ���"�

P P�¤¦¤¬¤



��� �� � 	����� ����� ����

�1  �v¶éÃ+�SA�ºk�Á�� ¸-§B²ª-©¦©¬¼¥ ¥ �� ¤4�!Áªµªºk¼¥�-« @ Ã7«ª§¼¿k¤¬Ã7«}Áª
x+# $ ¹¾µõÁª¼¥k¥kµª¥>b¿ ¼«

@ Ã7«ª§b¿1¤¬Ã�«vÁª
x+%'& ¹�µ~Á�-¥k¥ Ã7µª¥���¤¬«�¿1 � ºk¸p¥ µªº+©¬¼¥��¾¹�ºk¤¬¹BAª©¦-¥ -« x−

��¨&Ã�µªºÁª¤ �ù¸-º -«�¿1¥¯¿3³Q¨&-¥�Á��  �B²ª¼©¬©¬¼¥�®`¥ @¹3�!¥k-¹ , ���+/2�"�¾¹�© �3¥ @¹ , ���+/2��¥k-¹3� �a¹�©;, ��+/¼¿��a¹�©4�9�¾¹�© , � �B/2�&¥ Ã+���>¸�¥kµªº�©¦-¥é¸�� ¤¬¥k¥ ¤¬Ã7«�¥é¨&Ã7µªº��À°��¡� �+1E�"�>Á±¹�«ª¥�µª«ª§-Ã7©¦©¬¤¦¥ ¤¦Ã7«
pp

$ √
s = 14

�� �51�°�Ã7µªº ©¦-¥
x
#�$ ��-«�¿kº1¹�¤4¿�¨ª©¬¼¤¬«õº Ã7µ � �®

N 	�
�
1&°�Ã7µªºé©¦-¥

x
%'& ®±¿1ºk¹�¤¦¿<¨ª©¬¼¤¬«zºkÃ7µ � ¡¿1-¥É¿ , £ /F�LAª©¬¼µp¿k-¥ ¿ , � /F�L�7-ºÉ¿¯®¿1¼¥ ¿�,�  /21 1U1 1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 ���"�

�T1�� Â3©¬©¦µª¥ ¿kº1¹¾¿k¤¬Ã�«�Á�� µª«¡¸-§B²ª-§ÀÁª�©½¹��>¸b¿1²ªÃQÁ��Á�� ¤¬«�¿1¸ � º1¹¾¿k¤¬Ã7«�Á� :¡¹�µª¥ ¥Q�3Ä
 � -«�Áªºk�®Á�� $$©½¹$Áª¤¦¥ ¿kºk¤)A�µ�¿1¤¦Ã7«�Áª¼¥>«ªÃQ-µªÁ�¥��(©½¹ �¾¹�©¬¼µªº Á�p©M�g¤¦«M¿1¸ � º1¹¾©¦�-¥É¿+¥kÃ7µ�¥Q�-¥É¿1¤)� ¸-O1 1U1 1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 ���!�
�T1 � �±Ã7º'� �Á��©½¹ @ Ã7«ª§b¿1¤¬Ã�«

f±
, ¸¼´Qµª¹¾¿1¤¦Ã7« , ��1 �< 
/'/+¨&Ã7µ�º ©½¹ ¿1¹BAªµª©¬¹¾¿k¤¬Ã�«�¼¿©9� ¤¬«�¿1-º ¨&Ã7©¬¹¾¿k¤¦Ã�«�1¾�»¤»µ�«�¨±¹�¥�©¬Ã � ¹�ºk¤:¿1²ª«ª¤¦´Mµª(¨&-º'� b¿`Áª�º -¨ªº ÃQÁªµª¤¬º �©½¹ �-Ã7«ª

x
%'&
< 0.5

�ª¤¬©Õ«��g¼¥ ¿é¨±¹¾¥<�K §@¹�§¼�¨&Ã�µªº<©¬¹��¼Ã7«ª
x
%'&
> 0.5

1 1 1U1 1 1 1U1 1 � ���
�T1  Â3«M¿k-ºk¨&Ã�©½¹¾¿k¤¬Ã7«�Áª

f±
Á±¹¾«ª¥`©¬¹éºk¸ � ¤¬Ã�« x %'& > 0.5

17 �¹�º ºk¸�¼¿`¨&Ã7¤¦«M¿k¥�§¼Ã7« @ Ã7«�Áªµª¥�®�©¬-¥7�¾¹�©¦-µªº ¥�Á�
f±

¥kÃ7«�¿ ¥ µª¨&-º ¨&Ã7¥k¸¼-¥p¹�µP �¾¹�©¬¼µªºk¥8¤¦«M¿k-ºk¨&Ã�©¬¸-¼¥�1 �Ã7µªº>A&-¥O®»©¦-¥�Áª¤ �Õ¸¼ºk¼«M¿1¥�¨&Ã7©¦³Q« MB�>¼¥�µ�¿k¤¬©¦¤¦¥k¸¼¥�¨&Ã7µ�º�¤¦«M¿k-º ¨ùÃ�©¬¼º�©½¹ @ Ã�«ª§¼¿k¤¬Ã7«=1 �����
�T1 � �±Ã7«ª§b¿1¤¬Ã�«

E
¨&Ã7µªºÀ©¬�§@¹�¥��»-¹3�É�Q@¹T��¥kµª¤4�¾¹�«�¿�Áª¤ �Õ¸¼ºk¼«M¿1¥À§@¹�¥C®M¹ �7¼§éÃ�µ>¥1¹¾«ª¥¸�� ¤¬¥ ¥k¤¬Ã�«�1`��«õºkÃ�µ � �®`©½¹ @ Ã7«ª§b¿1¤¦Ã7«

E
1���« Aª©¬¼µ ®`©M�g¤¦«M¿k-ºk¨&Ã�©½¹a¿1¤4Ã7«�1�ÄF¼¥Áª-µ�Pz¥k¡¥kµª¨&¼ºk¨&Ã7¥ -«M¿é¨±¹�º @ ¹¾¤¦¿1��>¼«M¿�1<1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 ���"�

�T1E� �±Ã7«ª§b¿1¤¬Ã�«
E
¨&Ã7µªº(©¦C§-¹�¥ �(¹¾©4�/�»@¹T�7¥kµ�¤*�¾¹�«�¿�Áª¤ �Õ¸¼ºk-«�¿1¥(§@¹�¥C®Q¹ �7¼§éÃ7µ>¥1¹¾«ª¥¸�� ¤¬¥ ¥k¤¬Ã�«�1`��«õºkÃ�µ � �®`©½¹ @ Ã7«ª§b¿1¤¦Ã7«

E
1���« Aª©¬¼µ ®`©M�g¤¦«M¿k-ºk¨&Ã�©½¹a¿1¤4Ã7«�1�ÄF¼¥Áª-µ�Pz¥k¡¥kµª¨&¼ºk¨&Ã7¥ -«M¿é¨±¹�º @ ¹¾¤¦¿1��>¼«M¿�1<1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 �����

�T1F� �±Ã7«ª§b¿1¤¬Ã�«
E
¨&Ã7µªº(©¦C§-¹�¥��Q@¹3� �(¹�©9�7¥kµ�¤*�¾¹�«�¿�Áª¤ �Õ¸¼ºk-«�¿1¥(§@¹�¥C®Q¹ �7¼§éÃ7µ>¥1¹¾«ª¥¸�� ¤¬¥ ¥k¤¬Ã�«�1`��«õºkÃ�µ � �®`©½¹ @ Ã7«ª§b¿1¤¦Ã7«

E
1���« Aª©¬¼µ ®`©M�g¤¦«M¿k-ºk¨&Ã�©½¹a¿1¤4Ã7«�1�ÄF¼¥Áª-µ�Pz¥k¡¥kµª¨&¼ºk¨&Ã7¥ -«M¿é¨±¹�º @ ¹¾¤¦¿1��>¼«M¿�1<1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 ���" 

�T1E� �±Ã7«ª§b¿1¤¬Ã�«
E
¨&Ã7µªº(©¬C§-¹�¥ �(¹�©4� �(¹�©M�7¥ µª¤*�a¹�«M¿�Áª¤ �ù¸-º -«�¿1¥�§@¹¾¥�®Q¹��7-§�Ã�µ+¥1¹¾«ª¥¸�� ¤¬¥ ¥k¤¬Ã�«�1`��«õºkÃ�µ � �®`©½¹ @ Ã7«ª§b¿1¤¦Ã7«

E
1���« Aª©¬¼µ ®`©M�g¤¦«M¿k-ºk¨&Ã�©½¹a¿1¤4Ã7«�1�ÄF¼¥Áª-µ�Pz¥k¡¥kµª¨&¼ºk¨&Ã7¥ -«M¿é¨±¹�º @ ¹¾¤¦¿1��>¼«M¿�1<1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 ����


�T1F Â3©¬©¦µª¥ ¿kº1¹¾¿k¤¬Ã�«õÁªp©¬¹ � ¸¼¿k²ªÃQÁªpÁ� OzÃ7«M¿k� �¹¾ºk©¬Ãõ®(Áª¸b¿1¼º'� ¤¬«±¹a¿1¤¬Ã�«õÁªp©¬¹¥kµªº @ ¹�§-¡Á�� µª«p©¬¹�§ � �!�� ��M1=1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 ��� ��T1 
 Â3©¬©¦µª¥ ¿kº1¹¾¿k¤¬Ã�«�ÁªéÁª¤ �ù¸-º -«�¿1-¥ @ Ã7º>�>¼¥(¨&Ã7µT�a¹�«M¿�6b¿1º é¨ªºk¤¦¥k-¥�¨ª¹�º(©½¹ @ Ã7«ª§b¿1¤¦Ã7«
S �

 �

=
∫

dx−%'& S(x+#�$ , x−#�$ , z+, z−)
¨&Ã7µ�º<©½¹ � ¸-«�¸-º1¹a¿1¤¦Ã7« Áª x+%'& 1 1 1U1 1 1 �����

�T1�� �vÂ3©¬©¦µª¥ ¿kº1¹¾¿k¤¬Ã�«�ÁªéÁª¤ �ù¸-º -«�¿1-¥ @ Ã7º>�>¼¥(¨&Ã7µT�a¹�«M¿�6b¿1º é¨ªºk¤¦¥k-¥�¨ª¹�º(©½¹ @ Ã7«ª§b¿1¤¦Ã7«
S(x+#�$ , x−#�$ , z+, z−)

¨&Ã7µ�º<©½¹ � ¸-«�¸-º1¹a¿1¤¬Ã�« Áª x−%'& 1 1 1U1 1 1U1 1 1 1U1 1 1 ��� 
�T1���� Â3©¬©¦µª¥ ¿kº1¹¾¿k¤¬Ã�«�ÁªéÁª¤ �ù¸-º -«�¿1-¥ @ Ã7º>�>¼¥(¨&Ã7µT�a¹�«M¿�6b¿1º é¨ªºk¤¦¥k-¥�¨ª¹�º(©½¹ @ Ã7«ª§b¿1¤¦Ã7«

S(x+#�$ , x−#�$ , z+, z−)
¨&Ã7µ�º<©½¹ � ¸-«�¸-º1¹a¿1¤¬Ã�« Áª x−%'& 1 1 1U1 1 1U1 1 1 1U1 1 1 �����

�T1�� ��Â3©¬©¦µª¥ ¿kº1¹¾¿k¤¬Ã�« Á��Áª¤ �ù¸-º -«M¿k-¥ @ Ã7º'� -¥<¨&Ã�µT�¾¹�«�¿ 6¼¿kºk�¨ªºk¤¦¥k¡¨±¹�º<©½¹ @ Ã7«ª§b¿1¤¦Ã7«
S(x+#�$ , x−#�$ , z+, z−)

¨&Ã7µ�º�©½¹ � ¸-«�¸-º1¹a¿1¤¦Ã7«+Áª x−%'& 1���«�º Ã7µ �  S �»¼«UCk¹¾µª«ª©¬ OpÃ�«M¿1� �¹�º ©¬ÃN��Á±¹�«�¥C©¦-¥<¹�µ�¿1º -¥<§-Ã�µª©¬¼µªºk¥<©¬¹�¨ªº Ã7¨&Ã7¥k¤4¿1¤¦Ã7«�1 1 1 1 1U1 1 1 ���< 
�T1���vÂ3©¬©¦µª¥ ¿kº1¹¾¿k¤¬Ã�« Á��Áª¤ �ù¸-º -«M¿k-¥ @ Ã7º'� -¥<¨&Ã�µT�¾¹�«�¿ 6¼¿kºk�¨ªºk¤¦¥k¡¨±¹�º<©½¹ @ Ã7«ª§b¿1¤¦Ã7«

S(x+#�$ , x−#�$ , z+, z−)
¨&Ã7µ�º�©½¹ � ¸-«�¸-º1¹a¿1¤¦Ã7«+Áª x−%'& 1���«�º Ã7µ �  S �»¼«UCk¹¾µª«ª©¬ OpÃ�«M¿1� �¹�º ©¬ÃN��Á±¹�«�¥C©¦-¥<¹�µ�¿1º -¥<§-Ã�µª©¬¼µªºk¥<©¬¹�¨ªº Ã7¨&Ã7¥k¤4¿1¤¦Ã7«�1 1 1 1 1U1 1 1 ��� 


P P»¤*�



���������
	����� ����� ����

�1�� ��¤¦¥k¤¦Ã7«�¥ §B²ª¸��>¹¾¿1¤¦´Mµª�Áª�©½¹ @ º1¹ � �>¼«M¿B¹a¿1¤¦Ã7«¯Á=�gµª«�¨±¹�ºÉ¿1Ã7«�-«�C ¼¿�®7¨±¹¾¥k¥1¹ � Áªµ � Ã7«ªÁ�zÁª-¥>¨±¹�ºÉ¿1Ã7«�¥+¹¾µ � Ã7«ªÁ�zÁª-¥>²±¹�Á�ºkÃ7«ª¥ ¨±¹�º ©M�g¤¦«M¿1¼º'� ¸-Á�¤½¹¾¤¦º Á�� µª«ª @ Ã�«ª§¼¿k¤¬Ã7« Á� @ ºk¹ � � -«�¿B¹¾¿k¤¬Ã�«�1T1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �� 	��1 � �!��:O � Áª¤ �*C b¿ �Qµ'Á±¹�«ª¥�µª«'¸���¸-«ª��>¼«M¿¯§-¼«M¿1ºk¹�©(£�µ 
O£éµ $ √
s = 200:O � Á±¹¾«ª¥C©¦OÁª¸¼¿k-§b¿1-µ�º��»� £�¢ � �	�"���91�1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �� 

�1  ÄF-¥(²ª¹�ÁªºkÃ�«ª¥(¨ªº ÃQÁªµª¤4¿1¥À©¦Ã7ºk¥�Á�C©M�g²±¹¾ÁªºkÃ7«�¤¬¥1¹a¿1¤¦Ã7«�Á=�gµª«>¨ª¹�º ¿kÃ7« ¼« C ¼¿(¥ Ã7«M¿
�>¹3C Ã�ºk¤4¿B¹¾¤¦º �� ¼«M¿�§¼Ã7«M¿k-«Mµª¥éÁª¹�«ª¥<µª«z§ M7«ª¡Áª¡º1¹@³7Ã7«

R
171 1 1U1 1 1U1 1 1 �  �

�1 � �»¼§¼¿1¤¦Ã7«ä2K §@¹�§¼$¤¬«ª§¼©¬µª¥ ¤*�7�Áª�¨ªºkÃQÁªµ�§¼¿1¤¦Ã7«�Áª7C ¼¿�Á±¹�«�¥ µª«�$§¼Ã7©¦©¬¤¦¥k¤¦Ã�«
pp̄

$ Áª¤ �ù¸-º -«M¿k-¥�¸¼«ª-º � ¤¬¼¥��
§-Ã+� ¨±¹�º ¸-¼¥5$zµ�«'§@¹¾©¬§-µ�©�¿1²�¸-Ã7º ¤¬´Mµª µ�¿1¤¦©¬¥k¹�«M¿Áª¼¥O°(���~Áª�¿/³Q¨&���µT.�2�/����-«ª¥�, §@¹¾©¬§¼µª©�¹¾º'Aª¤4¿1º1¹¾¤¬º �� ¼«M¿ �¯µª©4¿1¤¦¨ª©4¤¦¸�¨±¹¾ºÁª¼µPN/ � �	�< ��91 1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �� ��
�1E� �»¼§¼¿1¤¦Ã7«ä2K §@¹�§¼�¤¦«ª§-©¦µª¥k¤4�7 Áª�¨ªº ÃQÁªµª§¼¿k¤¬Ã7«�Áª7C b¿ $ √

s = 200
:O �Á±¹�«�¥¡µª«ª�§¼Ã7©¦©¬¤¦¥k¤¦Ã�«

pp̄
®d§¼Ã+� ¨±¹�º1¹¾¤¬¥kÃ�«�¼«M¿1º  �À°(����b¿¡©¬-¥OÁ�Ã7«ª«ª¸¼-¥�Á�

�é£ � � �	�" ��M1V1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �� "��1F� ¢C¹¾¿1¤¦Ã>-«M¿kºk·©¬-¥éÁªÃ7«ª«ª¸¼-¥�Áª��C£ �¯b¿�©¬-¥éÁª¤ �ù¸-º -«�¿1¥�§@¹�©¦§-µ�©¬¥�®ù¼«�²±¹�µ»¿¯®
�é£ � ���À°(�¡� �K¹�µ � ¤¬©¦¤4-µ�®��C£ ����¶�Ä �S�ª-« A±¹�¥¡®K¶éÄ � �¾�(°(�¡� 1 1 1U1 1 1 �� ��

�1E� �»¼§¼¿1¤¦Ã7« �K §-¹�§-�¤¦«ª§-©¦µª¥k¤4�7OÁ�¡¨ªºkÃQÁ�µª§¼¿k¤¬Ã7«�Áª�C ¼¿<Á±¹¾«ª¥<µª«ª¡§¼Ã7©¦©¬¤¦¥k¤¦Ã�«
pp$ √

s = 200
:¡ �S�ª§-Ã+� ¨±¹�º ¸-¼¥ $�µª«z§@¹�©¦§-µª©Õ¿1²�¸-Ã7º ¤¬´MµªU8¡ ���¶éÄ � � �	��
��91 �� � 

�1F �»¼§¼¿1¤¦Ã7«ä2K §@¹�§¼�¤¦«ª§-©¦µª¥k¤4�7 Áª�¨ªº ÃQÁªµª§¼¿k¤¬Ã7«�Áª7C b¿ $ √
s = 200

:O �Á±¹�«�¥¡µª«ª�§¼Ã7©¦©¬¤¦¥k¤¦Ã�«
pp

®d§¼Ã+� ¨±¹�º1¹¾¤¬¥kÃ�«�¼«M¿1º  �À°(����b¿¡©¬-¥OÁ�Ã7«ª«ª¸¼-¥�Á��»� £�¢ � �	��
��9171 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �� �
�1 
 ¢C¹¾¿1¤¦Ã�-«�¿1ºk�©¬¼¥�ÁªÃ�«ª«ª¸-¼¥�ÁªO�»� £�¢ b¿�©¬¼¥�Áª¤ �Õ¸¼ºk¼«M¿1¥�§-¹�©¬§¼µª©¬¥é®Q-«8²±¹�µ�¿�®�»� £�¢����À°(�¡� �&¹�µ � ¤¬©4¤¦-µ�®K�»� £�¢���¶�Ä �S�±¼« A±¹¾¥�®±¶�Ä � ���À°(�¡� 1G1U1 1 1 � 
��
�1�� �� �Ã+� ¨±¹�ºk¹�¤¬¥ Ã7« -«�¿1ºk�©¬¼¥OÁ�Ã7«ª«ª¸¼-¥¡Áª �»� £�¢ ,

R = 0.4
/�b¿¡©¬¼¥OÁªÃ�«ª«ª¸¼-¥Áª �é£ � ,

R = 0.7
/-1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 � 
H�

�1���� Â3Áª¼«M¿1¤4I±§@¹a¿1¤¬Ã�«ª¥éÁ�·Áª¼µP C ¼¿k¥�Á±¹¾«ª¥�©¦-¥C¿kº1¹�§¼-¥�Áª�¨±¹�ºÉ¿1¤¬§¼µª©¦-¥���I � µªºk�2P �¿1ºk¹�¤¦¿kOÁ� � � ���91 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 � 
 �1�� ��� º1¹�§¼�Áª�¨±¹¾º ¿1¤¦§-µª©¦-¥¯® �7Ã7¤4¿>�3Ã�« ¿kºkÃ7¤¦¥ , ¹�µ � ¤¬©¦¤4-µL/<Ã7µ$´Mµ±¹¾¿kºk ,M$8ÁªºkÃ�¤¦¿1�/
C ¼¿k¥ � ��¤ � µªºk�2PQ¿1ºk¹�¤¦¿k¡Á� � � ���91 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 � 
�

�1���~¢<-¨ªº ¸-¥k¼«M¿1¹¾¿1¤¦Ã7« � ºk¹�¨ª²ª¤¦´Mµª ����b¿ ���Áª-¥�Áª¤¦¥ ¿1º ¤)Aªµ»¿1¤¬Ã�«ª¥CÁª¯¨±¹�ºÉ¿1¤¦§-µª©¦-¥Á±¹�«�¥`©M� -¥k¨ª¹�§-�Áª¼¥`¨ª²±¹¾¥k-¥`b¿`Áª¼¥`¤*�>¨ªµ�©¬¥ ¤¦Ã7«ª¥
¿kº1¹�«�¥>�7-º ¥k¼¥�Á±¹�«ª¥�©9� ¼¥k¨±¹�§¼-¥Áª¼¥�¨ª²±¹�¥ -¥�¨&Ã�µªº�µª«+¸��7¸-«��� -«�¿�¨±¹�ºÉ¿1¤¦§-µª©¦¤¬¼ºÀÁ�� µª«ª�§¼Ã7©¬©¦¤¦¥k¤¦Ã�«
pp

$ √
s =

14
�  ��§¼Ã7«M¿k-«±¹¾«M¿é¹�µ � Ã7¤¬«�¥�µª«z¨±¹¾º ¿1¤¦§-µª©¦O¹ �7-§

p⊥ > 10
:¡ � �¾§ � � 	
��91 � 
B�

�1�� ��°�ºkÃBIª©¬¥ ¼«v¤*�>¨�µª©¬¥ ¤¦Ã7«}¿kº1¹�«ª¥Q�7-º ¥k�¼«
η
,M$ � ¹�µª§B²ª�/2�À-« φ , � ¤¦©¦¤¦¼µL/·¼¿¨ªº ÃBI±©�-« ¸¼«ª-º � ¤¬�¼« @ Ã7«ª§b¿1¤¦Ã7«äÁ�

η
, $}Áªº Ã7¤¦¿k />¨&Ã7µªº�µª«ä¸��7¸¼«ª�� -«�¿¨±¹�ºÉ¿1¤¦§-µª©¦¤¦-º�Á�� µª«ªé§¼Ã7©¬©¦¤¦¥k¤¦Ã�«

pp
$ √

s = 14
�  � §¼Ã7«M¿k-«±¹¾«M¿�¹¾µ7�>Ã7¤¦«ª¥�µª«¨±¹�ºÉ¿1¤¦§-µª©¦¡¹��7-§

p⊥ > 10
:¡ � �¾§ � � 	
��M1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 � 
� �1����v¢C¹�¨ª¨&Ã7ºÉ¿

Λ/K0
s

� ¼¥kµªºk¸ $�º1¹¾¨ª¤¬Áª¤4¿1¸+§--«�¿1ºk¹�©¬�¨±¹�º�©9� 2P»¨&¸-º ¤¬¼«ª§-p�»� £�¢Á±¹�«�¥>©¬-¥ §¼Ã7©¬©¦¤¦¥k¤¦Ã�«ª¥�£éµ�3£éµv¨&Ã7µ�º>Á�¤ �ù¸-ºk¼«M¿k-¥>§-©¬¹�¥k¥ -¥>-«v§¼-«�¿1º1¹�©¦¤¦¿k¸ ¼¿Á±¹�«�¥C©¦-¥�§-Ã7©¦©¬¤¦¥ ¤¬Ã�«ª¥
pp

$ √
s = 200

:O � � ���B���M1 1U1 1 1U1 1 1 1U1 1 1U1 1 ���H�
�1����~¢C¹�¨ª¨&Ã7ºÉ¿

(Λ + Λ̄)/K0
s

¨&Ã7µªº�µª«�+§-Ã7©¦©¬¤¦¥ ¤¦Ã7«
pp̄

$ √
s = 630

:O �51�ÄF-¥§-Ã�µªº'A&¼¥�ºkÃ�µ � ¼¥8¨ªº Ã��7¼«±¹�«M¿8Áª-¥8¤¬«�§--ºÉ¿1¤4¿1µªÁª¼¥+¥kµªº+©¬¼¥+¨±¹�º1¹O�7&b¿1ºk¼¥+2P �¿1ºk¹�¤¦¿k¥���¨ª©¬µª¥�Áª¡¨ªºk¸¼§-¤¦¥k¤¦Ã7«ª¥<Áª¹�«ª¥ � �������M151U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 � � �
P P�



��� �� � 	����� ����� ����

�1����v¢é¹¾¨ª¨&Ã7º ¿
(Λ + Λ̄)/K0

s

Áª¹�«ª¥�µª«ª¯§¼Ã7©¬©¦¤¦¥k¤¦Ã�«
pp

$�� �8�� � Á±¹¾«ª¥�©¬ � ¸-«�¸2�º1¹¾¿k-µªº�Á=�g¸2�7¸-«ª��>¼«M¿k¥é�À°(�¡� 1±��« º Ã7µ � �©½¹·§¼Ã7«TI � µªº1¹a¿1¤¬Ã�« � , � 
3�»-«-Aª©¬¼µ©½¹¯§-Ã7«I � µªºk¹¾¿1¤¦Ã7«�� %(' 1S1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 ��� 
�1��� ~¢é¹¾¨ª¨&Ã7º ¿

(Λ + Λ̄)/K0
s

Áª¹�«ª¥�µª«ª¯§¼Ã7©¬©¦¤¦¥k¤¦Ã�«
pp

$�� �8�� � Á±¹¾«ª¥�©¬ � ¸-«�¸2�º1¹¾¿k-µªº�Á=�g¸2�7¸-«ª��>¼«M¿k¥é�À°(�¡� 1±��« º Ã7µ � �©½¹·§¼Ã7«TI � µªº1¹a¿1¤¬Ã�« � , � 
3�»-«-Aª©¬¼µ©½¹+§-Ã7«TI � µªº1¹a¿1¤¬Ã�«�� %('M1d�À« Ck¹�µª«ªO�d©½¹+§-Ã7«I � µªºk¹¾¿1¤¦Ã7« � , � 
�¥1¹�«ª¥O²M³QÁªºkÃQÁ»³ �«±¹B� ¤¬´MµªOÁª¹�«ª¥C�(°(�¡� ,��>¤¦«ª¤Õ¨�©½¹�¥>�+¹¯Ã7¨�¿k¤¬Ã�« Ã �</ 1 1U1 1 1U1 1 1 1U1 1 1 ��� 
�1�� 
~¢é¹¾¨ª¨&Ã7º ¿

(Λ + Λ̄)/K0
s

Á±¹�«�¥�µ�«ªO§¼Ã7©¬©¦¤¦¥k¤¦Ã�«
pp

$ ����� :¡ � Á±¹�«�¥�©¦ � ¸-«�¸2�º1¹¾¿k-µªº�Á=�g¸2�7¸-«ª��>¼«M¿k¥é�À°(�¡� 1±��« º Ã7µ � �©½¹·§¼Ã7«TI � µªº1¹a¿1¤¬Ã�« � , � 
3�»-«-Aª©¬¼µ©½¹¯§-Ã7«I � µªºk¹¾¿1¤¦Ã7«�� %(' 1S1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 ��� �
�1 ���~¢é¹¾¨ª¨&Ã7º ¿

(Λ + Λ̄)/K0
s

Á±¹¾«ª¥Cµª«ª�§¼Ã7©¬©¦¤¦¥k¤¦Ã�«
pp

$ �B1E ��  ��Á±¹�«�¥é©¦ � ¸-«�¸2�º1¹¾¿k-µªº�Á=�g¸2�7¸-«ª��>¼«M¿k¥é�À°(�¡� 1±��« º Ã7µ � �©½¹·§¼Ã7«TI � µªº1¹a¿1¤¬Ã�« � , � 
3�»-«-Aª©¬¼µ©½¹¯§-Ã7«I � µªºk¹¾¿1¤¦Ã7«�� %(' 1S1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 ��� �
�1 �!�}¢é¹¾¨ª¨&Ã7º ¿

(Λ + Λ̄)/K0
s

Á±¹¾«ª¥Cµª«ª�§¼Ã7©¬©¦¤¦¥k¤¦Ã�«
pp

$ ��1 ���  ��Á±¹�«�¥é©¦ � ¸-«�¸2�º1¹¾¿k-µªº�Á=�g¸2�7¸-«ª��>¼«M¿k¥é�À°(�¡� 1±��« º Ã7µ � �©½¹·§¼Ã7«TI � µªº1¹a¿1¤¬Ã�« � , � 
3�»-«-Aª©¬¼µ©½¹¯§-Ã7«I � µªºk¹¾¿1¤¦Ã7«�� %(' 1S1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 �����
�1 �	�v¢é¹¾¨ª¨&Ã7º ¿

(Λ + Λ̄)/K0
s

Áª¹�«ª¥�µª«ª¯§¼Ã7©¬©¦¤¦¥k¤¦Ã�«
pp

$�� �+�� � Á±¹¾«ª¥�©¬ � ¸-«�¸2�º1¹¾¿k-µªº�Á=�g¸2�7¸-«ª��>¼«M¿k¥é�À°(�¡� 1±��« º Ã7µ � �©½¹·§¼Ã7«TI � µªº1¹a¿1¤¬Ã�« � , � 
3�»-«-Aª©¬¼µ©½¹¯§-Ã7«I � µªºk¹¾¿1¤¦Ã7«�� %(' 1S1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 �����
�1 � ��Q³Q«M¿k²ª¸¼¿k¤¬¥1¹a¿1¤¬Ã�«�Áª�¿1Ã�µ�¿1¼¥�©¦-¥�§¼Ã7µªº'A&¼¥�Áª¤¬¥ §-µ�¿k¸--¥�¨&Ã7µªº�©¦�º1¹�¨�¨&Ã7º ¿

(Λ +
Λ̄)/K0

s

Á±¹�«�¥é�À°(�¡� ¥kµ�ºC©¦ �76��>�¥k§B²ª¸��>¹T1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 ���"�
�1 � ��¢é¹¾¨ª¨&Ã7º ¿

(Λ + Λ̄)/K0
s

Á±¹�«�¥>�»��£�¢ ¨&Ã7µ�º�©¬¼¥�¤¬Ã7«ª¥¯©¬Ã7µ�ºkÁª¥��
pp

¼¿ µª«�¥k¸¼©¬-§b¿1¤¦Ã7«z¥ µªº<©¬¼¥?C b¿1¥�1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 �����
��1�� ¶éÃ+�SA�ºk�Á�� ¸-§B²ª-©¦©¬¼¥ ¥ �� ¤4�!Áªµªºk¼¥�-« @ Ã7«ª§¼¿k¤¬Ã7«}Áª

x+# $ ¹¾µõÁª¼¥k¥kµª¥>b¿ ¼«
@ Ã7«ª§b¿1¤¬Ã�«vÁª

x+%'& ¹�µ~Á�-¥k¥ Ã7µª¥���¤¬«�¿1 � ºk¸p¥ µªº+©¬¼¥��¾¹�ºk¤¬¹BAª©¦-¥ -« x−
��¨&Ã�µªºÁª¤ �ù¸-º -«�¿1¥(¿3³»¨&¼¥�Á=�g��H²�-©¬©¦-¥é®Q¥ @¹3�!¥k-¹-, �"��/2�
�a¹�©4�!¥k@¹ , �!��/2��¥k@¹�� �¾¹¾©?, H��/`¼¿

�¾¹�© � �¾¹¾©?, � /2�MÁ±¹�«ª¥�©¦é§-¹�¥�¥1¹�«ª¥�¸��>¤¦¥k¥k¤¦Ã7«>¨&Ã7µªº��À°(�����+1F����Á±¹¾«ª¥�µª«ª�§-Ã�©4�©¬¤¦¥k¤¦Ã7«
pp

$ √
s = 1.8

�  �S1»°�Ã7µªº�©¬¼¥
x
# $ �Q¼«+¿1ºk¹�¤¦¿(¨�©¬-¤¦«>ºkÃ�µ � �® N 	 
�

1°�Ã7µªº(©¬¼¥
x
%'& ®M¿kº1¹�¤4¿(¨ª©¦-¤¦«>º Ã7µ �  �@¼º(¿k-¥É¿�¥kµª¤4�¾¹�«M¿�©¬¹ @ ¹¾§¼¿1Ã�ºk¤¬¥k¹¾¿1¤¦Ã7«=�+Aª©¬¼µÁª-µ�P�¤*&�� �¿1-¥É¿���§¼Ã7«
�7Ã7©¬µ�¿k¤¬Ã7«·¹ �7¼§

F
@ ¹�¤4¿ $é©9� 2PQ¿1º ¸-ºk¤¦-µªº��3�7¼º ¿�®a¿kºkÃ7¤¦¥k¤*&�� ¿1¼¥ ¿é¹ �7-§¡©¬¼¥ @ Ã7«ª§b¿1¤¦Ã7«

S
«ªÃ�º'�>¹�©¬¤4¥k¸¼B1�1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 �!���

��1 � ¶éÃ+�SA�ºk�Á�� ¸-§B²ª-©¦©¬¼¥ ¥ �� ¤4�!Áªµªºk¼¥�-« @ Ã7«ª§¼¿k¤¬Ã7«}Áª
x+# $ ¹¾µõÁª¼¥k¥kµª¥>b¿ ¼«

@ Ã7«ª§b¿1¤¬Ã�«vÁª
x+%'& ¹�µ~Á�-¥k¥ Ã7µª¥���¤¬«�¿1 � ºk¸p¥ µªº+©¬¼¥��¾¹�ºk¤¬¹BAª©¦-¥ -« x−

��¨&Ã�µªºÁª¤ �ù¸-º -«�¿1¥(¿3³»¨&¼¥�Á=�g��H²�-©¬©¦-¥é®Q¥ @¹3�!¥k-¹-, � �+/2�
�a¹�©4�!¥k@¹ , �	�+/2��¥k@¹�� �¾¹¾©?,  �+/`¼¿
�¾¹�© � �¾¹¾©�, � �+/2�&Áª¹�«ª¥�©¬�§-¹�¥O¹��7-§¯¸��>¤¦¥k¥ ¤¬Ã7«pÁªµ § M�¿k¸ 
�µª«ª¤¬´Mµª��>¼«M¿�¨&Ã�µªº�À°��¡� �B1E����Á±¹�«�¥éµª«��§-Ã�©¬©¦¤¦¥k¤¦Ã7«

pp
$ √

s = 1.8
�� �S1ù°�Ã7µ�ºC©¬-¥

x
#�$ �K¼«¿1ºk¹�¤¦¿O¨ª©¦-¤¦«$ºkÃ7µ �  ® N 	 
�

1F°�Ã7µªº¡©¬¼¥
x
%'& ®d¿kº1¹�¤4¿O¨ª©¬¼¤¬«$º Ã7µ � ¯¿1-¥É¿�,ú£ /2�

Aª©¬¼µ ¿k-¥ ¿ , � /F�N�7-º ¿�®�¿1-¥É¿�,�  /F1L1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 �!� �
P P��»¤



���������
	����� ����� ����

��1  ¶éÃB�SAªºk�Á�� ¸-§B²ª-©¦©¬¼¥�¥k�� ¤4�!Áªµªº -¥�-« @ Ã7«ª§b¿1¤¬Ã�«�Áª
x+#�$ ¹�µõÁª¼¥k¥kµ�¥>¼¿ ¼«

@ Ã7«ª§b¿1¤¦Ã7«vÁ�
x+%'& ¹�µvÁª-¥ ¥kÃ7µª¥���¤¦«M¿1 � ºk¸z¥kµªº+©¦-¥��¾¹�º ¤½¹BAª©¦-¥ -« x−

�(¨ùÃ�µªºÁª¤ �Õ¸¼ºk-«�¿1¥(¿3³Q¨&-¥�Á��g��B²ª-©¦©¬-¥é®Q¥ @¹��3¥k-¹-, � 
/2�
�a¹�©4�!¥k-¹�, � 
/F�M¥k-¹3� �a¹�©?, �+/�¼¿
�¾¹�© � �a¹�©V, � 
/F�
Á±¹¾«ª¥�©¬ §-¹�¥·¹ �7¼§+¸��>¤¦¥k¥k¤¦Ã7«�Áªµ'§ M�¿1¸ ��µ�«ª¤¬´Mµª��>¼«M¿�¨ùÃ�µªº�À°(��� �B1E�"� Á±¹¾«ª¥éµ�«ª�§¼Ã7©¬©¦¤¦¥k¤¦Ã�«

pp
$ √

s = 1.8
�  �S1ù°�Ã�µªºC©¬¼¥

x
#�$ �K¼«¿1ºk¹�¤¦¿O¨ª©¦-¤¦«$ºkÃ�µ �  ® N 	 
�

1
°�Ã7µªº¡©¦-¥
x
%'& ®Õ¿1º1¹¾¤¦¿O¨ª©¬¼¤¬«�ºkÃ7µ � �¿1¼¥ ¿�,ú£ /F�

Aª©¦-µ ¿k-¥É¿�, � /F�N�7-ºÉ¿�®�¿1-¥É¿�,�  /21L1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �!� �
��1 � ¶éÃB�SAªºk�Á�� ¸-§B²ª-©¦©¬¼¥�¥k�� ¤4�!Áªµªº -¥�-« @ Ã7«ª§b¿1¤¬Ã�«�Áª

x+#�$ ¹�µõÁª¼¥k¥kµ�¥>¼¿ ¼«
@ Ã7«ª§b¿1¤¦Ã7«vÁ�

x+%'& ¹�µvÁª-¥ ¥kÃ7µª¥���¤¦«M¿1 � ºk¸z¥kµªº+©¦-¥��¾¹�º ¤½¹BAª©¦-¥ -« x−
�(¨ùÃ�µªºÁª¤ �Õ¸¼ºk-«�¿1¥(¿3³Q¨&-¥�Á��g��B²ª-©¦©¬-¥é®Q¥ @¹��3¥k-¹-, � � /2�
�a¹�©4�!¥k-¹�, � � /F�M¥k-¹3� �a¹�©?, ��
/�¼¿

�¾¹�© � �a¹�©V, �	� /F�
Áª¹�«ª¥�©¬�§@¹�¥·¹��7-§>¸�� ¤¬¥ ¥k¤¦Ã7«�Áª-¥�Áª¼µP'§ M�¿1¸¼¥�¨ùÃ�µªº·�À°(�¡�
�+1F��� Á±¹�«�¥�µ�«ª §-Ã7©¦©¬¤¦¥ ¤¬Ã�«

pp
$ √

s = 1.8
�  �S1 °�Ã7µªº¡©¬-¥

x
# $ �F-«�¿1º1¹¾¤¦¿¨ª©¦-¤¬«$ºkÃ7µ � z® N 	�
�

1
°�Ã7µªº�©¬¼¥
x
%'& ®F¿kº1¹�¤4¿¡¨ª©¬¼¤¬«�º Ã7µ � �¿1-¥É¿-,ú£ /2� Aª©¬¼µ¿1¼¥ ¿ , � /2�N�7¼º ¿�®ª¿k-¥ ¿ ,�  /F1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �!���

��1E� ¶éÃB�SAªºk�Á�� ¸-§B²ª-©¦©¬¼¥�¥k�� ¤4�!Áªµªº -¥�-« @ Ã7«ª§b¿1¤¬Ã�«�Áª
x+#�$ ¹�µõÁª¼¥k¥kµ�¥>¼¿ ¼«

@ Ã7«ª§b¿1¤¦Ã7«vÁ�
x+%'& ¹�µvÁª-¥ ¥kÃ7µª¥���¤¦«M¿1 � ºk¸z¥kµªº+©¦-¥��¾¹�º ¤½¹BAª©¦-¥ -« x−

�(¨ùÃ�µªºÁª¤ �Õ¸¼ºk-«�¿1¥(¿3³Q¨&-¥�Á��g��B²ª-©¦©¬-¥é®Q¥ @¹��3¥k-¹-, �"��/2�
�a¹�©4�!¥k-¹�, �!��/F�M¥k-¹3� �a¹�©?, H� /�¼¿
�¾¹�© � �a¹�©H, � /F�QÁ±¹�«�¥�©¦é§-¹�¥�¥1¹�«�¥�¸��>¤¦¥k¥ ¤¬Ã7«>¨&Ã7µ�º��À°(�¡���+1F����Áª¹�«ª¥�µª«ª�§¼Ã7©4�©¬¤¦¥k¤¦Ã7«

pp
$ √

s = 1.8
�  �51�°�Ã7µªº�©¦-¥

x
# $ �M-«+¿kº1¹�¤4¿�¨�©¬¼¤¬«>º Ã7µ � �® N 	�
�

1°�Ã7µªº(©¬¼¥
x
%'& ®�¿1º1¹¾¤¦¿(¨�©¬-¤¦« ºkÃ7µ �  �--ºÀ¿1-¥É¿�¥kµª¤4�¾¹�«�¿�©¬¹ @ ¹¾§¼¿kÃ7ºk¤¦¥1¹¾¿k¤¬Ã�«��+Aª©¬¼µÁª¼µP»¤)&�� �¿1-¥É¿��¾§-Ã7«
�7Ã7©¬µ»¿1¤¬Ã�«¯¹ �7¼§

F
@ ¹¾¤¦¿?$�©9� 2PQ¿1º ¸-º ¤¬-µ�º��3�7¼º ¿�®]¿1ºkÃ�¤¬¥k¤*&�� ¿1¼¥ ¿é¹ �7¼§�©¬¼¥ @ Ã7«�§¼¿1¤¦Ã7«

S
«�Ã7º'�>¹�©¬¤4¥k¸¼B1�1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �5���

��1F� ¶éÃB�SAªºk�Á�� ¸-§B²ª-©¦©¬¼¥�¥k�� ¤4�!Áªµªº -¥�-« @ Ã7«ª§b¿1¤¬Ã�«�Áª
x+#�$ ¹�µõÁª¼¥k¥kµ�¥>¼¿ ¼«

@ Ã7«ª§b¿1¤¦Ã7«vÁ�
x+%'& ¹�µvÁª-¥ ¥kÃ7µª¥���¤¦«M¿1 � ºk¸z¥kµªº+©¦-¥��¾¹�º ¤½¹BAª©¦-¥ -« x−

�(¨ùÃ�µªºÁª¤ �Õ¸¼ºk-«�¿1¥(¿3³Q¨&-¥�Á��g��B²ª-©¦©¬-¥é®Q¥ @¹��3¥k-¹-, � �+/2�
�a¹�©4�!¥k-¹�, �	�+/F�M¥k-¹3� �a¹�©?,  �B/�¼¿
�¾¹�© � �a¹�©�, � �+/F�&Á±¹�«ª¥�©¬�§-¹�¥�¹ �7-§·¸�� ¤¬¥k¥ ¤¬Ã7«pÁªµ § M¾¿1¸ 
�µª«ª¤¦´Qµ��� -«M¿�¨ùÃ�µªº�À°(��� �B1E�"� Á±¹¾«ª¥éµ�«ª�§¼Ã7©¬©¦¤¦¥k¤¦Ã�«

pp
$ √

s = 1.8
�  �S1ù°�Ã�µªºC©¬¼¥

x
#�$ �K¼«¿1ºk¹�¤¦¿O¨ª©¦-¤¦«$ºkÃ�µ �  ® N 	 
�

1
°�Ã7µªº¡©¦-¥
x
%'& ®Õ¿1º1¹¾¤¦¿O¨ª©¬¼¤¬«�ºkÃ7µ � �¿1¼¥ ¿�,ú£ /F�

Aª©¦-µ ¿k-¥É¿�, � /F�N�7-ºÉ¿�®�¿1-¥É¿�,�  /21L1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �!�  
��1E� ¶éÃB�SAªºk�Á�� ¸-§B²ª-©¦©¬¼¥�¥k�� ¤4�!Áªµªº -¥�-« @ Ã7«ª§b¿1¤¬Ã�«�Áª

x+#�$ ¹�µõÁª¼¥k¥kµ�¥>¼¿ ¼«
@ Ã7«ª§b¿1¤¦Ã7«vÁ�

x+%'& ¹�µvÁª-¥ ¥kÃ7µª¥���¤¦«M¿1 � ºk¸z¥kµªº+©¦-¥��¾¹�º ¤½¹BAª©¦-¥ -« x−
�(¨ùÃ�µªºÁª¤ �Õ¸¼ºk-«�¿1¥(¿3³Q¨&-¥�Á��g��B²ª-©¦©¬-¥é®Q¥ @¹��3¥k-¹-, � 
/2�
�a¹�©4�!¥k-¹�, � 
/F�M¥k-¹3� �a¹�©?, �+/�¼¿

�¾¹�© � �a¹�©V, � 
/F�
Á±¹¾«ª¥�©¬ §-¹�¥·¹ �7¼§+¸��>¤¦¥k¥k¤¦Ã7«�Áªµ'§ M�¿1¸ ��µ�«ª¤¬´Mµª��>¼«M¿�¨ùÃ�µªº�À°(��� �B1E�"� Á±¹¾«ª¥éµ�«ª�§¼Ã7©¬©¦¤¦¥k¤¦Ã�«
pp

$ √
s = 1.8

�  �S1ù°�Ã�µªºC©¬¼¥
x
#�$ �K¼«¿1ºk¹�¤¦¿O¨ª©¦-¤¦«$ºkÃ�µ �  ® N 	 
�

1
°�Ã7µªº¡©¦-¥
x
%'& ®Õ¿1º1¹¾¤¦¿O¨ª©¬¼¤¬«�ºkÃ7µ � �¿1¼¥ ¿�,ú£ /F�

Aª©¦-µ ¿k-¥É¿�, � /F�N�7-ºÉ¿�®�¿1-¥É¿�,�  /21L1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �!�  
��1F ¶éÃB�SAªºk�Á�� ¸-§B²ª-©¦©¬¼¥�¥k�� ¤4�!Áªµªº -¥�-« @ Ã7«ª§b¿1¤¬Ã�«�Áª

x+#�$ ¹�µõÁª¼¥k¥kµ�¥>¼¿ ¼«
@ Ã7«ª§b¿1¤¦Ã7«vÁ�

x+%'& ¹�µvÁª-¥ ¥kÃ7µª¥���¤¦«M¿1 � ºk¸z¥kµªº+©¦-¥��¾¹�º ¤½¹BAª©¦-¥ -« x−
�(¨ùÃ�µªºÁª¤ �Õ¸¼ºk-«�¿1¥(¿3³Q¨&-¥�Á��g��B²ª-©¦©¬-¥é®Q¥ @¹��3¥k-¹-, � � /2�
�a¹�©4�!¥k-¹�, � � /F�M¥k-¹3� �a¹�©?, ��
/�¼¿

�¾¹�© � �a¹�©V, �	� /F�
Áª¹�«ª¥�©¬�§@¹�¥·¹��7-§>¸�� ¤¬¥ ¥k¤¦Ã7«�Áª-¥�Áª¼µP'§ M�¿1¸¼¥�¨ùÃ�µªº·�À°(�¡�
�+1F��� Á±¹�«�¥�µ�«ª §-Ã7©¦©¬¤¦¥ ¤¬Ã�«

pp
$ √

s = 1.8
�  �S1 °�Ã7µªº¡©¬-¥

x
# $ �F-«�¿1º1¹¾¤¦¿¨ª©¦-¤¬«$ºkÃ7µ � z® N 	�
�

1
°�Ã7µªº�©¬¼¥
x
%'& ®F¿kº1¹�¤4¿¡¨ª©¬¼¤¬«�º Ã7µ � �¿1-¥É¿-,ú£ /2� Aª©¬¼µ¿1¼¥ ¿ , � /2�N�7¼º ¿�®ª¿k-¥ ¿ ,�  /F1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �!� 


P P��Q¤¬¤



��� �� � 	����� ����� ����

��1 
 ¶éÃ+�SA�ºk�Á�� ¸-§B²ª-©¦©¬¼¥ ¥ �� ¤4�!Áªµªºk¼¥�-« @ Ã7«ª§¼¿k¤¬Ã7«}Áª
x+# $ ¹¾µõÁª¼¥k¥kµª¥>b¿ ¼«

@ Ã7«ª§b¿1¤¬Ã�«vÁª
x+%'& ¹�µ~Á�-¥k¥ Ã7µª¥���¤¬«�¿1 � ºk¸p¥ µªº+©¬¼¥��¾¹�ºk¤¬¹BAª©¦-¥ -« x−

��¨&Ã�µªºÁª¤ �ù¸-º -«�¿1¥(¿3³»¨&¼¥�Á=�g��H²�-©¬©¦-¥é®Q¥ @¹3�!¥k-¹-, �"��/2�
�a¹�©4�!¥k@¹ , �!��/2��¥k@¹�� �¾¹¾©?, H��/`¼¿
�¾¹�© � �¾¹¾©?, � /2�MÁ±¹�«ª¥�©¦é§-¹�¥�¥1¹�«ª¥�¸��>¤¦¥k¥k¤¦Ã7«>¨&Ã7µªº��À°(�����+1F����Á±¹¾«ª¥�µª«ª�§-Ã�©4�©¬¤¦¥k¤¦Ã7«

pp
$ √

s = 1.8
�  �S1»°�Ã7µªº�©¬¼¥

x
# $ �Q¼«+¿1ºk¹�¤¦¿(¨�©¬-¤¦«>ºkÃ�µ � �® N 	 
�

1°�Ã7µªº(©¬¼¥
x
%'& ®M¿kº1¹�¤4¿(¨ª©¦-¤¦«>º Ã7µ �  �@¼º(¿k-¥É¿�¥kµª¤4�¾¹�«M¿�©¬¹ @ ¹¾§¼¿1Ã�ºk¤¬¥k¹¾¿1¤¦Ã7«=�+Aª©¬¼µÁª-µ�P�¤*&�� �¿1-¥É¿���§¼Ã7«
�7Ã7©¬µ�¿k¤¬Ã7«·¹ �7¼§

F
@ ¹�¤4¿ $é©9� 2PQ¿1º ¸-ºk¤¦-µªº��3�7¼º ¿�®a¿kºkÃ7¤¦¥k¤*&�� ¿1¼¥ ¿é¹ �7-§¡©¬¼¥ @ Ã7«ª§b¿1¤¦Ã7«

S
«ªÃ�º'�>¹�©¬¤4¥k¸¼B1�1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 �!� 


��1�� �¯¶éÃ+�SA�ºk�Á�� ¸-§B²ª-©¦©¬¼¥ ¥ �� ¤4�!Áªµªºk¼¥�-« @ Ã7«ª§¼¿k¤¬Ã7«}Áª
x+# $ ¹¾µõÁª¼¥k¥kµª¥>b¿ ¼«

@ Ã7«ª§b¿1¤¬Ã�«vÁª
x+%'& ¹�µ~Á�-¥k¥ Ã7µª¥���¤¬«�¿1 � ºk¸p¥ µªº+©¬¼¥��¾¹�ºk¤¬¹BAª©¦-¥ -« x−

��¨&Ã�µªºÁª¤ �ù¸-º -«�¿1¥(¿3³»¨&¼¥�Á=�g��H²�-©¬©¦-¥é®Q¥ @¹3�!¥k-¹-, � �+/2�
�a¹�©4�!¥k@¹ , �	�+/2��¥k@¹�� �¾¹¾©?,  �+/`¼¿
�¾¹�© � �¾¹¾©�, � �+/2�&Áª¹�«ª¥�©¬�§-¹�¥O¹��7-§¯¸��>¤¦¥k¥ ¤¬Ã7«pÁªµ § M�¿k¸ 
�µª«ª¤¬´Mµª��>¼«M¿�¨&Ã�µªº�À°��¡� �B1E����Á±¹�«�¥éµª«��§-Ã�©¬©¦¤¦¥k¤¦Ã7«

pp
$ √

s = 1.8
�� �S1ù°�Ã7µ�ºC©¬-¥

x
#�$ �K¼«¿1ºk¹�¤¦¿O¨ª©¦-¤¦«$ºkÃ7µ �  ® N 	 
�

1F°�Ã7µªº¡©¬¼¥
x
%'& ®d¿kº1¹�¤4¿O¨ª©¬¼¤¬«$º Ã7µ � ¯¿1-¥É¿�,ú£ /2�

Aª©¬¼µ ¿k-¥ ¿ , � /F�N�7-º ¿�®�¿1-¥É¿�,�  /F1L1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 �	� �
��1����O¶éÃ+�SA�ºk�Á�� ¸-§B²ª-©¦©¬¼¥ ¥ �� ¤4�!Áªµªºk¼¥�-« @ Ã7«ª§¼¿k¤¬Ã7«}Áª

x+# $ ¹¾µõÁª¼¥k¥kµª¥>b¿ ¼«
@ Ã7«ª§b¿1¤¬Ã�«vÁª

x+%'& ¹�µ~Á�-¥k¥ Ã7µª¥���¤¬«�¿1 � ºk¸p¥ µªº+©¬¼¥��¾¹�ºk¤¬¹BAª©¦-¥ -« x−
��¨&Ã�µªºÁª¤ �ù¸-º -«�¿1¥(¿3³»¨&¼¥�Á=�g��H²�-©¬©¦-¥é®Q¥ @¹3�!¥k-¹-, � 
/2�
�a¹�©4�!¥k@¹ , � 
/2��¥k@¹�� �¾¹¾©?, �
/`¼¿

�¾¹�© � �¾¹¾© , � 
/F�
Á±¹�«�¥�©¬ §-¹�¥·¹ �7¼§+¸�� ¤¦¥k¥k¤¦Ã7«�Áªµ'§ M¾¿1¸ ��µª«�¤¬´Mµª��>¼«M¿·¨&Ã�µªº�À°��¡� �B1E����Á±¹�«�¥éµª«��§-Ã�©¬©¦¤¦¥k¤¦Ã7«
pp

$ √
s = 1.8

�� �S1ù°�Ã7µ�ºC©¬-¥
x
#�$ �K¼«¿1ºk¹�¤¦¿O¨ª©¦-¤¦«$ºkÃ7µ �  ® N 	 
�

1F°�Ã7µªº¡©¬¼¥
x
%'& ®d¿kº1¹�¤4¿O¨ª©¬¼¤¬«$º Ã7µ � ¯¿1-¥É¿�,ú£ /2�

Aª©¬¼µ ¿k-¥ ¿ , � /F�N�7-º ¿�®�¿1-¥É¿�,�  /F1L1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 �	� �
��1�� �·¶éÃ+�SA�ºk�Á�� ¸-§B²ª-©¦©¬¼¥ ¥ �� ¤4�!Áªµªºk¼¥�-« @ Ã7«ª§¼¿k¤¬Ã7«}Áª

x+# $ ¹¾µõÁª¼¥k¥kµª¥>b¿ ¼«
@ Ã7«ª§b¿1¤¬Ã�«vÁª

x+%'& ¹�µ~Á�-¥k¥ Ã7µª¥���¤¬«�¿1 � ºk¸p¥ µªº+©¬¼¥��¾¹�ºk¤¬¹BAª©¦-¥ -« x−
��¨&Ã�µªºÁª¤ �ù¸-º -«�¿1¥(¿3³»¨&¼¥�Á=�g��H²�-©¬©¦-¥é®Q¥ @¹3�!¥k-¹-, � � /2�
�a¹�©4�!¥k@¹ , � � /2��¥k@¹�� �¾¹¾©?, �� /`¼¿

�¾¹�© � �¾¹¾©V, �	� /F�
Á±¹¾«ª¥�©¬�§@¹�¥·¹��7-§>¸�� ¤¬¥ ¥k¤¬Ã�«�Áª-¥�Áª-µ�P'§ M�¿1¸¼¥·¨&Ã7µ�º·�À°(�¡�
�+1F��� Á±¹�«�¥�µª«�>§¼Ã7©¬©¦¤¦¥k¤¦Ã�«

pp
$ √

s = 1.8
�  �S1 °�Ã7µªº�©¦-¥

x
#�$ �F-«�¿1º1¹¾¤¦¿¨ª©¬¼¤¬«$ºkÃ7µ � z® N 	�
�

1 °�Ã�µªº�©¬¼¥
x
%'& ®F¿1ºk¹�¤4¿�¨�©¬-¤¦«�ºkÃ�µ � �¿k-¥É¿-, £%/2� Aª©¬¼µ¿1¼¥ ¿�, � /2�N�7¼º ¿�®ª¿1¼¥ ¿ ,�  /21 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 �	�5�

��1���¯¶éÃ+�SA�ºk�Á�� ¸-§B²ª-©¦©¬¼¥ ¥ �� ¤4�!Áªµªºk¼¥�-« @ Ã7«ª§¼¿k¤¬Ã7«}Áª
x+# $ ¹¾µõÁª¼¥k¥kµª¥>b¿ ¼«

@ Ã7«ª§b¿1¤¬Ã�«vÁª
x+%'& ¹�µ~Á�-¥k¥ Ã7µª¥���¤¬«�¿1 � ºk¸p¥ µªº+©¬¼¥��¾¹�ºk¤¬¹BAª©¦-¥ -« x−

��¨&Ã�µªºÁª¤ �ù¸-º -«�¿1¥(¿3³»¨&¼¥�Á=�g��H²�-©¬©¦-¥é®Q¥ @¹3�!¥k-¹-, �"��/2�
�a¹�©4�!¥k@¹ , �!��/2��¥k@¹�� �¾¹¾©?, H��/`¼¿
�¾¹�© � �¾¹¾©?, � /2�MÁ±¹�«ª¥�©¦é§-¹�¥�¥1¹�«ª¥�¸��>¤¦¥k¥k¤¦Ã7«>¨&Ã7µªº��À°(�����+1F����Á±¹¾«ª¥�µª«ª�§-Ã�©4�©¬¤¦¥k¤¦Ã7«

pp
$ √

s = 1.8
�  �S1»°�Ã7µªº�©¬¼¥

x
# $ �Q¼«+¿1ºk¹�¤¦¿(¨�©¬-¤¦«>ºkÃ�µ � �® N 	 
�

1°�Ã7µªº(©¬¼¥
x
%'& ®M¿kº1¹�¤4¿(¨ª©¦-¤¦«>º Ã7µ �  �@¼º(¿k-¥É¿�¥kµª¤4�¾¹�«M¿�©¬¹ @ ¹¾§¼¿1Ã�ºk¤¬¥k¹¾¿1¤¦Ã7«=�+Aª©¬¼µÁª-µ�P�¤*&�� �¿1-¥É¿���§¼Ã7«
�7Ã7©¬µ�¿k¤¬Ã7«·¹ �7¼§

F
@ ¹�¤4¿ $é©9� 2PQ¿1º ¸-ºk¤¦-µªº��3�7¼º ¿�®a¿kºkÃ7¤¦¥k¤*&�� ¿1¼¥ ¿é¹ �7-§¡©¬¼¥ @ Ã7«ª§b¿1¤¦Ã7«

S
«ªÃ�º'�>¹�©¬¤4¥k¸¼B1�1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1 �	�5�

P P��Q¤¬¤¦¤



���������
	����� ����� ����

��1�� ��¶éÃB�SAªºk�Á�� ¸-§B²ª-©¦©¬¼¥�¥k�� ¤4�!Áªµªº -¥�-« @ Ã7«ª§b¿1¤¬Ã�«�Áª
x+#�$ ¹�µõÁª¼¥k¥kµ�¥>¼¿ ¼«

@ Ã7«ª§b¿1¤¦Ã7«vÁ�
x+%'& ¹�µvÁª-¥ ¥kÃ7µª¥���¤¦«M¿1 � ºk¸z¥kµªº+©¦-¥��¾¹�º ¤½¹BAª©¦-¥ -« x−

�(¨ùÃ�µªºÁª¤ �Õ¸¼ºk-«�¿1¥(¿3³Q¨&-¥�Á��g��B²ª-©¦©¬-¥é®Q¥ @¹��3¥k-¹-, � �+/2�
�a¹�©4�!¥k-¹�, �	�+/F�M¥k-¹3� �a¹�©?,  �B/�¼¿
�¾¹�© � �a¹�©�, � �+/F�&Á±¹�«ª¥�©¬�§-¹�¥�¹ �7-§·¸�� ¤¬¥k¥ ¤¬Ã7«pÁªµ § M¾¿1¸ 
�µª«ª¤¦´Qµ��� -«M¿�¨ùÃ�µªº�À°(��� �B1E�"� Á±¹¾«ª¥éµ�«ª�§¼Ã7©¬©¦¤¦¥k¤¦Ã�«

pp
$ √

s = 1.8
�  �S1ù°�Ã�µªºC©¬¼¥

x
#�$ �K¼«¿1ºk¹�¤¦¿O¨ª©¦-¤¦«$ºkÃ�µ �  ® N 	 
�

1
°�Ã7µªº¡©¦-¥
x
%'& ®Õ¿1º1¹¾¤¦¿O¨ª©¬¼¤¬«�ºkÃ7µ � �¿1¼¥ ¿�,ú£ /F�

Aª©¦-µ ¿k-¥É¿�, � /F�N�7-ºÉ¿�®�¿1-¥É¿�,�  /21L1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �	���
��1����·¶éÃB�SAªºk�Á�� ¸-§B²ª-©¦©¬¼¥�¥k�� ¤4�!Áªµªº -¥�-« @ Ã7«ª§b¿1¤¬Ã�«�Áª

x+#�$ ¹�µõÁª¼¥k¥kµ�¥>¼¿ ¼«
@ Ã7«ª§b¿1¤¦Ã7«vÁ�

x+%'& ¹�µvÁª-¥ ¥kÃ7µª¥���¤¦«M¿1 � ºk¸z¥kµªº+©¦-¥��¾¹�º ¤½¹BAª©¦-¥ -« x−
�(¨ùÃ�µªºÁª¤ �Õ¸¼ºk-«�¿1¥(¿3³Q¨&-¥�Á��g��B²ª-©¦©¬-¥é®Q¥ @¹��3¥k-¹-, � 
/2�
�a¹�©4�!¥k-¹�, � 
/F�M¥k-¹3� �a¹�©?, �+/�¼¿

�¾¹�© � �a¹�©V, � 
/F�
Á±¹¾«ª¥�©¬ §-¹�¥·¹ �7¼§+¸��>¤¦¥k¥k¤¦Ã7«�Áªµ'§ M�¿1¸ ��µ�«ª¤¬´Mµª��>¼«M¿�¨ùÃ�µªº�À°(��� �B1E�"� Á±¹¾«ª¥éµ�«ª�§¼Ã7©¬©¦¤¦¥k¤¦Ã�«
pp

$ √
s = 1.8

�  �S1ù°�Ã�µªºC©¬¼¥
x
#�$ �K¼«¿1ºk¹�¤¦¿O¨ª©¦-¤¦«$ºkÃ�µ �  ® N 	 
�

1
°�Ã7µªº¡©¦-¥
x
%'& ®Õ¿1º1¹¾¤¦¿O¨ª©¬¼¤¬«�ºkÃ7µ � �¿1¼¥ ¿�,ú£ /F�

Aª©¦-µ ¿k-¥É¿�, � /F�N�7-ºÉ¿�®�¿1-¥É¿�,�  /21L1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �	���
��1����¯¶éÃB�SAªºk�Á�� ¸-§B²ª-©¦©¬¼¥�¥k�� ¤4�!Áªµªº -¥�-« @ Ã7«ª§b¿1¤¬Ã�«�Áª

x+#�$ ¹�µõÁª¼¥k¥kµ�¥>¼¿ ¼«
@ Ã7«ª§b¿1¤¦Ã7«vÁ�

x+%'& ¹�µvÁª-¥ ¥kÃ7µª¥���¤¦«M¿1 � ºk¸z¥kµªº+©¦-¥��¾¹�º ¤½¹BAª©¦-¥ -« x−
�(¨ùÃ�µªºÁª¤ �Õ¸¼ºk-«�¿1¥(¿3³Q¨&-¥�Á��g��B²ª-©¦©¬-¥é®Q¥ @¹��3¥k-¹-, � � /2�
�a¹�©4�!¥k-¹�, � � /F�M¥k-¹3� �a¹�©?, ��
/�¼¿

�¾¹�© � �a¹�©V, �	� /F�
Áª¹�«ª¥�©¬�§@¹�¥·¹��7-§>¸�� ¤¬¥ ¥k¤¦Ã7«�Áª-¥�Áª¼µP'§ M�¿1¸¼¥�¨ùÃ�µªº·�À°(�¡�
�+1F��� Á±¹�«�¥�µ�«ª §-Ã7©¦©¬¤¦¥ ¤¬Ã�«

pp
$ √

s = 1.8
�  �S1 °�Ã7µªº¡©¬-¥

x
# $ �F-«�¿1º1¹¾¤¦¿¨ª©¦-¤¬«$ºkÃ7µ � z® N 	�
�

1
°�Ã7µªº�©¬¼¥
x
%'& ®F¿kº1¹�¤4¿¡¨ª©¬¼¤¬«�º Ã7µ � �¿1-¥É¿-,ú£ /2� Aª©¬¼µ¿1¼¥ ¿ , � /2�N�7¼º ¿�®ª¿k-¥ ¿ ,�  /F1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 �	� 

P P»¤4P



��� �� � 	����� ����� ����

P�P P



� �Fu nzs qts~u np� � �dsv��o|�

�1�� ��¥ ¿k¤)�>¹¾¿1¤¦Ã7«$Áª>©¬¹zÁ�-«ª¥ ¤¦¿1¸>Á=�g¸¼«ª-º � ¤¬>¹¾¿k¿k-¤¬«�¿1�Á±¹�«ª¥�©¦-¥�Áª¤ �ù¸-º -«�¿1¥�¥É³»¥ �¿0&��>¼¥<¥kµª¤4�¾¹�«�¿C©¬O¥ §-¸¼«±¹�ºk¤¦Ã Áª � C Ã7º>.�-«=1 1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1��� 
�1 � ÄF-¥zÁª¤ �ù¸-ºk¼«M¿k-¥z¨ªº ¤¬¥ -¥zÁ��ÁªÃ7«�«ª¸-¼¥pÁªµ §¼Ã7©¦©¬¤¦¥k¤¦Ã�«ª«ª¼µªº ¢C�éÂÉ Üb¿p©¦-µªº ¥§@¹¾º1¹�§b¿1¸-º ¤¬¥É¿1¤¬´Mµª¼¥�1V1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 ���

�1  Ä
¹8§-¹�¨±¹�§¼¤¦¿1¸·Áª¯©½¹7�+¹�§B²ª¤¦«ª¯Ä
��  ®ù2P»�� ¨ª©¦¯Á�� ¸-«ª¼º � ¤¦¯Á±¹�«ª¥�©¬·§-¼«M¿kºkÁª �>¹�¥k¥ O¼¿�ÁªO©¬µN� ¤¦«ªÃ7¥ ¤4¿1¸�¹¾¿k¿k-«ªÁªµ�¡¨&Ã7µ�º�Áª¤ �Õ¸¼ºk¼«M¿1¥�¥ ³Q¥ ¿0&��>¼¥é¹¾µzÄ
�� �1��	�
T1�� �±Ã7«ª§b¿1¤¦Ã7«ª¥�Áª¡Áª¤¦¥ ¿1º ¤)Aªµ»¿1¤¬Ã�«�¨±¹¾º ¿1Ã�«ª¤¬´Mµª�,�°À� �R/F1 1 1 1U1 1 1 1U1 1 1U1 1 1D���
T1 �

dN/dη
$
η = 0

Áª¹�«ª¥>©¬¼¥>§¼Ã7©¦©¬¤¦¥k¤¦Ã�«ª¥ °RA�3°JAv©¬¼¥>¨�©¬µª¥ §-¼«M¿kº1¹�©¦-¥>¨&Ã7µªºÁª¤ �Õ¸¼ºk-«�¿1¥ � ÃQÁN&-©¦-¥ $ �1 �¯�  �S1J1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1D�	�
�N1�� ÄF-¥<Áª¤ �ù¸-º -«�¿1¥<¥kÃ7µ�¥Q�3¨�ºkÃQ§-¼¥k¥ µª¥�Áªµ�ºk¥CÁ�¤¬¥k¨&Ã�«ª¤)Aª©¦-¥�Á±¹�«ª¥C�À°(��� 1 1 1U1 1 1 
��
�T1�� ��¹BAª©¦@¹�µ ºk¼§@¹�¨ª¤4¿1µª©¬¹¾¿1¤ @ Áª¼¥ @ Ã7º>�>¼¥�Áª-¥�¨ªºkÃ7¨&Ã�¥k¤¦¿k¤¬Ã7«�¥éµ�¿1¤¦©¬¤¦¥ ¸--¥�Áª¹�«ª¥�©¬¼¥Áª¤ �Õ¸¼ºk-«�¿1¼¥��-Ã7«ª¼¥�¨&Ã�µªº�©½¹ @ Ã7«ª§b¿1¤¦Ã7«

S �

 � 1ªÄ
¹U�a¹�ºk¤¬¹BAª©¬

a
¤¬«�Áª¤¬´Mµªé©¬C¿/³Q¨&Áª ©M� ¸-§B²ª-©¦©¬ , �$®`¥k-¹3�3¥ @¹T� � ®?�¾¹�© �3¥k-¹T��}® ¥k@¹�� �¾¹¾©9� ��®?�¾¹�© � �¾¹¾© /21

b
¼¿
c¤¬«�Áª¤¬´Mµª�¥��g¤¦©
³�¹+¸�� ¤¬¥k¥ ¤¬Ã7«pÃ7µ�«ªÃ7« Á�� µª« § M�¿k¸·¼¿�Á�·©9�g¹�µ�¿1º �Áª·©M�g¸¼§H²ª¼©¬©¦

, ��®±¥k¹�«ª¥<¸�� ¤¬¥k¥ ¤¬Ã7«=�1� ®±¹ �7-§¡¸�� ¤¬¥ ¥k¤¬Ã�«L/21 1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 ���<�
�T1 � ��¹BAª©¦@¹�µ ºk¼§@¹�¨ª¤4¿1µª©¬¹¾¿1¤ @ Áª¼¥ @ Ã7º>�>¼¥�Áª-¥�¨ªºkÃ7¨&Ã�¥k¤¦¿k¤¬Ã7«�¥éµ�¿1¤¦©¬¤¦¥ ¸--¥�Áª¹�«ª¥�©¬¼¥Áª¤ �Õ¸¼ºk-«�¿1¼¥"�¼Ã7«ª-¥À¨&Ã�µªº�©¬¹ @ Ã7«�§¼¿1¤¦Ã7«

S
17Ä
¹%�¾¹¾ºk¤½¹OAª©¬

a
¤¬«�Áª¤¬´Mµª�©¦�¿/³Q¨&<Áª©9� ¸-§B²ª¼©¬©¦ , ��®7¥k@¹��3¥k-¹T� ��®+�¾¹�© �3¥ @¹T� �® ¥k-¹3� �a¹�©9�	� ®+�a¹�©4�9�¾¹�© /21

b
¼¿
c
¤¦«ªÁª¤¬´Mµª¥�� ¤¬©&³�¹¯¸�� ¤¬¥ ¥k¤¬Ã�«8Ã7µ «ªÃ�« Á�� µª« § M�¿k¸O¼¿�ÁªO©9�g¹�µ�¿kºk�Á�O©9� ¸-§B²ª-©¦©¬ , �8®�¥1¹¾«ª¥¸�� ¤¬¥ ¥k¤¦Ã7«��1� ®±¹ �7¼§�¸��>¤¦¥k¥k¤¦Ã7«L/F1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 ���"�

£U1 �t��¹BAª©¦@¹�µ>Á�-¥�2P»¨ªº -¥ ¥k¤¬Ã7«�¥�Áª¼¥�¥k-§b¿1¤¦Ã7«ª¥�2K §@¹�§¼-¥�Áª¤ �Õ¸¼ºk-«�¿1¤¦-©¬©¦¼¥À¨&Ã�µªº(©¬¼¥¥kÃ�µª¥Q�!¨ªºkÃQ§¼-¥k¥ µª¥�Áªµ�ºk¥
2 → 2

151 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 1U1 1 1 1U1 1 �5� �

P P P�¤



� � � ��� 	��� ����������� ���

P P P»¤¬¤



� �r� w �&nzxzs �

� � nzxzy|qror{ np�dy��

� $��F%'�����,*1� " /% �:� ��	�- ������H��� " ���H�
����� ����/�������#� � ��	��+*
�2�:� �������������#	���� � � 	1" /% � !�����/����������:�R��3J3S���

%'�������������
�&������% ����	��	��3�
�3S�
��� �R��3 3S���H� %'������3�������� � 	1" /% �&-������ ������H��� ceVBW�f+;B< �����D���R	���%  � 	���* �+����	��:��	 % /-.���������

ÄFz¨ª²�³»¥ ¤¬§¼¤¬-«�´Mµª¤<Ã+Aª¥k¼º>�7p©¬ � Ã7«ªÁª $$¿kº1¹��7-ºk¥ ©¬ ¨ªº ¤¬¥>�> Á=�gµª«�§-Ã7©¦©¬¤¦¥ ¤¦Ã7«ª«�-µªº�Áª¨±¹�º ¿k¤¬§¼µª©¬¼¥<¼¥ ¿Q�3¤¬©d©M�g²ªÃB�7� �-«�§H²±¹ � «ª¸¡Áª�©9�g¹�©¦©¦¸ � Ã7º ¤¦�Áª�©¬¹�§@¹��7-º «ª�Áª�°�©¬¹¾¿1Ã7«=�ª§-¼©¬µª¤F´Mµª¤«ª(�7Ã7¤4¿�´Qµ��©¦-¥�Ã+�SA�ºk-¥�Áª¼¥ §H²ªÃ�¥k-¥zb¿z©¦-¥�¸¼§H²�Ã7¥zÁ�-¥ ¥kÃ7«ª¥���Ã7µä-¥É¿>�3¤¦©�¹�µä§-Ã7«�¿1ºk¹�¤¬º ©9� ²ªÃ+��� �´Mµª¤F¥k¡Áª¸ @ ¹�¤4¿<Áª¡¥k¼¥C§H²ª¹ � «�-¥<¼¿C§¼Ã7«M¿k�� ¨ª©¬O©¦ �>Ã�«ªÁªOºk¸-¼©
¹�µ � ºk¹�«ªÁ5C Ã7µªº �
ÄF-¥�§-Ã7©¦©¬¤¦¥ ¤¦Ã7«ª«ª¼µªºk¥�¹¾§-§¼¸-©¬¼ºk¼«M¿¯Á�-¥·¨±¹¾º ¿1¤¦§-µª©¦-¥GC µª¥ ´Qµ=� $�Áª¼¥U�Q¤¦¿1¼¥k¥ -¥¯¨�ºkÃQ§B²ª-¥·Áª>©½¹

�»¤4¿1¼¥k¥k�Áª�©½¹8©¦µN� ¤)&¼ºkO�Õ¤¦©¬¥�©¬¼¥ @ Ã7«M¿O-«�¿1ºk¼º¡¼«�§-Ã7©¦©¬¤¦¥ ¤¦Ã7« Á±¹¾«ª¥¡©¬SAªµ»¿�Áª�¥kÃ7«�Áª-º¡©¬¹��+¹��¿1¤)&¼ºkO�d§¼Ã+� ¨ªºk¼«ªÁªºk�¥kÃ7«$§-ÃB�>¨&Ã7ºÉ¿1��>¼«M¿OÁ±¹�«�¥¡Áª¼¥¡§-Ã7«ªÁ�¤¦¿1¤¦Ã7«ª¥�FPQ¿1º'6��>¼¥��
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°�¹�º>�>¤K©¦-¥�¥É³»¥É¿0&��>¼¥�Á��§-Ã�©¬©¦¤¦¥k¤¦Ã7«�¥���«ªÃ7µª¥�¹�µªºkÃ�«ª¥�©M� Ã»§¼§@¹¾¥k¤¬Ã�«>Á��[¹OA&Ã7ºkÁª¼º�©¦-¥�§¼Ã7©¬©¦¤¦¥k¤¦Ã�«ª¥¨ªºkÃ�¿kÃ7«�!¨ªºkÃ�¿kÃ7«ä¼¿zÁ�� ¤¬Ã7«�¥ ©¬Ã7µªº Áª¥�1���¹�«ª¥z©¬�¨ªºk�� ¤¬-º�§B²±¹�¨�¤¦¿1º B��«�Ã7µª¥z¨ªº ¸-¥k¼«M¿k-º Ã7«ª¥�©¦§-Ã7«�¿1FP»¿k�¨ª²M³Q¥ ¤¬´Mµª�©¬¤¦¸¯¹�µ�P�§-Ã�©¬©¬¤4¥k¤¦Ã7«�¥�Á�� ¤¬Ã7«ª¥�©¦Ã7µªºkÁ�¥ $�¥k¹ �7Ã7¤¦º�©¬·¨ª©½¹¾¥'�>¹+Áª�´Mµ±¹�º'.M¥¡b¿Áª � ©¬µªÃ�«ª¥�1]Â3©Q¥��g¹ � ¤4¿�Á�� µª«¯¸¼¿1¹¾¿�¨±¹¾º ¿1¤¦§-µ�©¬¤¦-º
Á��©¬¹V�+¹a¿1¤)&¼ºkÀ¨&Ã7µT�a¹�«M¿?6¼¿kºk�¨ªºkÃQÁªµª¤4¿�Á±¹�«�¥�Áª¼¥§-Ã7©¦©¬¤¦¥ ¤¦Ã7«ª¥�Á�� ¤¬Ã7«�¥�©¦Ã7µªºkÁ�¥�µª©4¿1ºk¹3�3º -©¬¹¾¿k¤4�Q¤¦¥ ¿k-¥�1ª��¹�«ª¥�¥k-¥<¨ªº �� ¤)&-º -¥ @ º1¹�§b¿1¤¬Ã�«ª¥�ÁªO¥k¼§-Ã7«ªÁ�-¥Á��gFP»¤¬¥É¿1-«�§-·¹�¨ªº>&-¥<©¬ ��¤ � � ��¹¾« � ��©M� µª«ª¤*�7¼ºk¥�¨ªºk¤*�>Ã7º Áª¤¬¹¾©¦�¥ -ºk¹�¤¦¿<¨±¹�¥ ¥k¸�¨±¹�º�µª«ª¡¨ª²±¹�¥ �Áª¨ª©½¹¾¥'�>¹�Áª(´Mµ±¹�º>.Q¥ ¼¿�Á� � ©¬µ�Ã7«ª¥�1S°�¹�º
©½¹�¥kµ�¤¦¿1O�S«ªÃ7µª¥ Áª¤¦¥k§¼µ�¿1¼ºkÃ7«ª¥ ©½¹�¨�²ª¸-«ªÃB�>¸¼«ªÃ7©¦Ã � ¤¬`Áª¼¥§-Ã7©¦©¬¤¦¥ ¤¦Ã7«ª¥ ¨ªºkÃ¾¿1Ã7«�!¨ªºkÃ¾¿1Ã7«·b¿�¤¦Ã7«ª¥�©¦Ã7µªº Áª¥�1B���Áª¸2I±«ª¤¦º1¹�¤»¹�©¬Ã7º ¥�©¬¼¥�¨ªºkÃQ§¼-¥ ¥kµª¥ÀÁ�¤¦¿1¥ � � Ã7µª¥ �¼¿¯©¬¼¥·¨ªºkÃQ§¼-¥k¥ µª¥�Á�¤¦¿1¥ � Áªµªºk¥ � 1 ��¤¦«±¹�©¦�� ¼«M¿��
«ªÃ�µª¥¯¨ªº ¸-¥ -«M¿k-º Ã7«ª¥�Á�-¥¯Ã+Aª¥ -ºQ�¾¹BAª©¦-¥¯Áª§H²�Ã7¤4PõÁ±¹¾«ª¥>©9� ¸¼¿1µ�ÁªpÁªµv¨�©½¹�¥>�+¹$Áªp´Mµ±¹¾º'.M¥+¼¿+Á� � ©¬µªÃ�«ª¥ ¼¿+«�Ã7µª¥>§-Ã�«ª¥ ¿B¹a¿1¼ºkÃ7«ª¥>´Qµ�©9� ¸¼¿kµªÁª�Áª¼¥�¨ª¹�º ¿k¤¬§-µ�©¬¼¥�Á��²±¹¾µ�¿1¼¥�¤)� ¨ªµª©¦¥k¤¦Ã�«ª¥À¿1º1¹¾«ª¥>�7¼ºk¥k¼¥<b¿�©¦-¥ C ¼¿1¥�ºk¼¨ªºk¸¼¥k-«�¿1¼«M¿<µª«ª¨ª²M³Q¥k¤¦´Mµª�Á��g¤¦«M¿k-º>6¼¿C´Mµª¤F¥k¼º1¹�-«�¿1ºk�¹�µ�¿kºk¡¸b¿1µªÁ�¤¬¸-¡¨±¹¾º<©M�gFP�¨&¸¼ºk¤¦-«ª§¼�£�ÄFÂÉ �� 1
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� ¤¬O1&¶éÃ�µª¥�¹BA&Ã7ºkÁ�-ºkÃ�«ª¥�¹�©¬Ã7º ¥C©¬¹ «�Ã�¿1¤¦Ã7«pÁ�·¥ -§b¿1¤¬Ã�«��I±§-¹�§-·¨±¹¾º ¿1¤¦-©¦©¦B�ª¸-©¬¸��>¼«M¿é¸¼¥k¥k¼«M¿k¤¬-©Á�z©½¹ ¿k²ª¸-Ã�ºk¤¬O1À¶CÃ7µª¥ Áª¤¦¥k§-µ»¿1-º Ã7«ª¥ º1¹¾¨ª¤¬Á�����>¼«M¿�©9� ¤)� ¨ª©4¸�� -«�¿B¹a¿1¤¦Ã�«�Á�-¥ ��ù¼¿k¥>§¼Ã7©¬©¦-§F�¿k¤ @ ¥<Á±¹�«�¥��À°��¡�z¼¿é«ªÃ7µª¥VIª«ª¤¬º Ã7«ª¥C¨±¹¾ºC¨ªºk¸¼¥k-«�¿1¼º�µ�«ª�ºk2�»µ�·Áª¼¥�¥ µª§-§�&-¥�Á=�[�À°(�¡�p¨&Ã7µªº©¬¹�¨ª²�³Q¥k¤¬´Mµª Áª¼¥�§¼Ã7©¬©¦¤¦¥k¤¦Ã�«ª«ª¼µªºk¥Ob¿�©¬¹�¨ª²�³»¥ ¤¬´Mµª Áª-¥�¢C¹S³7Ã�«ª¥· �Ã�¥'� ¤¬´Mµª-¥�1� �b¿k¿1�¿k²N&-¥ ¥��g¤¦«ª¥k§¼ºk¤4¿<Á±¹�«ª¥<©¬O§-¹�Áªº �ÁªµzÁª¸2�7-©¦Ã7¨ª¨&��>¼«M¿éÁ=�[�À°(�¡� 1

 �-¥�¿kºkÃ7¤¦¥¡§B²±¹�¨�¤¦¿1º -¥�«�Ã7µª¥�¥k¼ºkÃ7«�¿·«ª¸¼§-¼¥k¥1¹�¤¦ºk¼¥·¨&Ã7µ�º�¹BA&Ã�ºkÁª¼º�©½¹�¨ªº Ã+Aª©¬¸��+¹a¿1¤¦´Mµª�Áª§¼¼¿ ¿1O¿1²ª¸¼¥k�´Mµª¤F§-Ã�«ª§-¼ºk«ª�©¦-¥�¨ªºkÃQ§¼-¥kµ�¥éÁªµ�ºk¥<¼¿C©¦-µªº � ¸-«ª¸¼º1¹¾¿k¤¬Ã7«�Á±¹�«ª¥<Áª¼¥C¸2�7¸-«ª��>¼«M¿k¥§¼Ã+� ¨ª©¬b¿1¥�1
��¹�«�¥�©¦�§B²±¹�¨ª¤4¿1º  �N�F«ªÃ7µ�¥�¨ªºk¸¼¥k-«�¿1¼ºkÃ7«ª¥�©½¹�¨ªº ÃQÁªµª§¼¿k¤¬Ã7«�Á� ¨ªºkÃQ§¼-¥ ¥kµª¥·Á�µªºk¥Áª¹�«ª¥�©½¹;�7-ºk¥ ¤¬Ã7«8Á��g�À°(���8¹¾«M¿1¸¼ºk¤¦-µªº %$·§¼¼¿k¿k�¿1²T&-¥kO��«ªÃ7µª¥�2P»¨ª©¦¤¬´Mµª-º Ã7«ª¥�¥k¼¥�©¦¤)��¤4¿B¹a¿1¤4Ã7«�¥´Mµ±¹¾«M¿ $é©½¹<¨ªºkÃQÁ�µª§¼¿k¤¬Ã7«�Á�� ¸��7¸¼«ª�� -«�¿1¥`º1¹�ºk¼¥�1¾¶éÃ�µª¥�Á�¸¼¿B¹¾¤¬©¦©¦-ºkÃ�«ª¥�¹¾©¬Ã7º ¥ ©9� ¤*� ¨ª©¦¸�� -«M¿1¹¾¿1¤4Ã7«Á�-¥<¨�ºkÃQ§-¼¥k¥kµ�¥CÁªµªºk¥<¹ �7¼§¡µª«ª � ¸¼¿1²�ÃQÁªOÁªO¥ ¸-©¬¼§¼¿k¤¬Ã7« @ Ã7«ªÁ�¸-O¥kµªº�µª«ªO¥ ¿kºkµª§b¿1µªºk¹¾¿1¤¦Ã7«�-«
A�©¬ÃQ§¼¥+¤¬«ªÁª¸¼¨&-«ªÁª¹�«M¿k¥�´Mµª¤�«ªÃ�µª¥8¨&-º>�>b¿k¿kº1¹'Áª � ¸-«ª¸¼ºk¼º @ ¹¾§-¤¬©¦�� ¼«M¿>Áª-¥8¨±¹�ºÉ¿1¤¦§-µª©¦-¥>Áª²ª¹�µ�¿
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ÄF�¨ª©½¹¾¥'�>¹�Á� ´Mµ±¹�º>.M¥�b¿�Áª � ©¬µªÃ�«ª¥�,98;:¡° / � � �À¼¥ ¿�©9� ¸¼¿1¹¾¿¡¥kµª¨�¨&Ã7¥k¸ Áª�©½¹-�>¹¾¿k¤)&-º ´Qµ�-©¦´Qµ�-¥ @ º1¹�§b¿1¤¬Ã�«ª¥�Á�$¥k-§¼Ã7«ªÁª ¹�¨ªº>&-¥ ©¦ ��¤ � � ��¹¾« � 1� �¼¿z¸¼¿1¹¾¿zÁ�$©½¹ �>¹¾¿1¤*&-ºk ¹�¸b¿1¸¨ªºk¸¼Áª¤¦¿�¼« � 
B����¨±¹�º � -¥ ¥k¤¦-µªº ¥O �Ã7©¬©¦¤¦«ª¥��K°�-º º ³+�d �¹BA�¤)ANA&Ã+b¿O°�¹�º ¤¬¥k¤ � ��� ��91ù��¼¥�¿1²�¸-Ã7º ¤¬-¥¤¬«ªÁ�¤¬´Mµª-«�¿O´Qµ��Á±¹�«ª¥O¥ -¥¡¨ªº �� ¤)&-º -¥ @ º1¹�§b¿1¤¦Ã7«ª¥�Áª�¥ -§¼Ã7«ªÁª�Á��gFP»¤¬¥ ¿k-«ª§¼B�F©9� µª«ª¤*�7¼ºk¥�¸¼¿1¹�¤¦¿§H²ª¹�µªÁzb¿<Áª¼«ª¥kO�±¤¬©ù¥k¼º1¹�¤4¿�¨±¹�¥ ¥k¸¡¨±¹�º�µª«ªO¨ª²ª¹�¥kOÃ�3 ¥k¹�Áª-«�¥k¤¦¿k¸O-¥É¿<¿k-©¬©¦�´Mµª¡©¬¹S�>¹¾¿k¤)&-º -¥ ¿�Áª¸¼§-Ã�«TI±«ª¸¼B1MÄR� µª«ª¤*��-ºk¥ @ Ã7º>�>�µª«ª�¥ Ã7µª¨&�¨�ºk¤)� Ã7º Áª¤¬¹¾©¦B�]©¦ 8;:�°"1¾Â3©ª¹¾µªº1¹�¤4¿`¹�©¦Ã7ºk¥�¥kµTAª¤¦¿µª«ªO¿1º1¹¾«ª¥k¤4¿1¤¬Ã�«�Áª¡¨ª²±¹�¥ ;�7-º ¥C©½¹S�+¹a¿1¤)&¼ºk�²±¹¾ÁªºkÃ7«�¤¬´MµªB1
Ä
¹ �+¹¾¿k¤)&¼ºk�-¥É¿¯§¼Ã+� ¨&Ã7¥k¸¼>Á��[¹a¿1Ã+� -¥�� @ Ã�º'� ¸-¥�¨±¹�º�µª«'«Qµª¹ � >Á=�g¸¼©¬-§b¿1º Ã7«ª¥�Ã7º'Aª¤4¿B¹�«�¿¹�µ�¿1Ã�µªºCÁ��gµ�« «ªÃS³�¹�µ�1Õ �¼©¬µª¤ �3§-¤F-¥É¿�µ�« � ¹ � ºk¸ � ¹¾¿"�zÁª·«Mµª§-©¦¸-Ã�«ª¥·®K¨ªºkÃ¾¿1Ã7«ª¥C¼¿�«ª¼µ�¿1º Ã7«ª¥�1Ä ¹8§-Ã7²ª¸¼¥k¤¦Ã7«$Áªµ�«ªÃS³�¹�µ�¼¥ ¿�¹¾¥k¥kµªº ¸-�¨±¹�ºO©M�g¤¦«M¿1¼º1¹�§b¿1¤¦Ã7« @ Ã�º ¿1�¹�µ$«ª¤*�7-¹�µ$«Qµ�§-©¬¸-¹�¤¬º B1dÄF-¥«Qµª§¼©¬¸¼Ã7«ª¥�«ª·¥ Ã7«M¿�¨±¹�¥éÁª-¥�¨±¹�ºÉ¿1¤¬§¼µª©¬¼¥é¸¼©¬¸��>¼«M¿1¹�¤¬º -¥��K¤¦©¬¥C¥ Ã7«M¿�§-Ã+� ¨&Ã7¥ ¸-¥�Áª·´Mµ±¹¾º'.M¥�´Mµª¤¥kÃ7«�¿ $�©9� ²ª-µ�ºk�¹�§b¿1µª¼©¬©¦é©¬¼¥�§-Ã7«�¥ ¿1¤4¿1µ±¹¾«M¿1¥�¸¼©¬¸��>¼«M¿B¹¾¤¬ºk¼¥�Áª�©½¹ �+¹¾¿k¤)&¼ºkB1QÄF-¥�´Qµª¹�º'.M¥�¥kÃ7«�¿§-Ã7«I±«ª¸-¥ Á±¹�«ª¥ ©¦-¥�«Mµª§-©¦¸-Ã7«�¥ ¨±¹�º�©M�g¤¦«M¿k-ºk¹�§¼¿k¤¬Ã�« @ Ã7º ¿kB���7¸¼²ª¤¬§¼µª©¦¸-$¨ª¹�º�©¬¼¥ � ©¦µªÃ7«ª¥�1�ÄF-¥

� ©¬µ�Ã7«ª¥�¥kµNAª¤¦¥k¥k¼«M¿é¸ � ¹�©¬��>¼«M¿<©½¹ @ Ã7ºk§¼�´Mµ�� ¤¬©¦¥G�7¸-²ª¤¦§-µª©¦-«�¿�1KÄ
¹�¿1²ª¸¼Ã7ºk¤¦¡Áª¸¼§-º ¤*�¾¹¾«M¿C©¬O§-Ã+� �¨&Ã7º ¿k�� -«�¿�Áª-¥�´Mµ±¹¾º'.M¥�b¿�Á�-¥ � ©¦µªÃ7«ª¥O-¥É¿�©½¹8§H²�ºkÃ+� ÃO�3Á»³»«ª¹B�>¤¦´Mµª�´Mµ±¹¾«M¿1¤¦´Mµª ,M8� ��%/21¶éÃ7µ�¥+¨&Ã7µT�7Ã7«ª¥7�7Ã7¤¦º>¥ µªº+©½¹ ��¤ � µªº  ��1 ��©¦-¥>Áª¤ �Õ¸¼ºk-«�¿1¥+«�¤*�7-¹�µPvÁ=�gÃ7º � ¹�«�¤¬¥1¹a¿1¤¬Ã�«�Á��©½¹
�+¹a¿1¤)&¼ºk5C µª¥k´Mµ��g¹�µ�P~´Mµ±¹�º>.M¥8§¼Ã7«ª¥ ¿k¤¦¿kµ±¹�«M¿k¥�1�°�¹¾º'� ¤<©¬-¥ ¨±¹�º ¿k¤¬§¼µª©¬¼¥��À¥ Ã7«M¿+Áª¤¦¥ ¿1¤¦« � µª¸¼¥>©¦-¥©¬¼¨�¿1Ã7«�¥7,ú¸-©¬¼§¼¿kºkÃ7«ª¥�� �¯µªÃ7«�¥��Õ¿B¹�µ�¥��Fb¿�©¦-¥O«ª-µ»¿1ºk¤¦«ªÃ7¥¡¹�¥k¥ ÃQ§-¤¦¸-¥E/�´Mµª¤�¥ Ã7«M¿�Á�-¥¡¨±¹�º ¿k¤¬§¼µª©¬¼¥¸-©¦¸�� -«M¿1¹�¤¬º -¥��Q¼¿�©¬¼¥�²±¹�Áªº Ã7«ª¥�1ª��¹�«�¥�©½¹ @ ¹B� ¤¦©¦©4CÁª-¥�²±¹�Á�ºkÃ7«ª¥���Ã�«�Á�¤¬¥ ¿k¤¬« � µªé©¬¼¥��>¸¼¥kÃ7«�¥��§-Ã+� ¨&Ã7¥ ¸-¥CÁ=�gµª«z´Mµ±¹�º'.8b¿CÁ�� µª«�¹�«�¿1¤¦´Qµª¹�º'.+b¿C©¬¼¥ A±¹¾º ³7Ã7«ª¥<§-Ã+� ¨&Ã7¥ ¸-¥<ÁªO¿1ºkÃ�¤¬¥�´Mµ±¹¾º'.M¥�1

�



��� ����� ������� � ��� ������������� � � ��������� � ��� 	 ����������� � � � 	�� � � ����	��

���
	�� �1�� 8 ÄF-¥<Áª¤ �ù¸-º -«M¿k¥<«ª¤*�7-¹�µP Á=�gÃ7º � ¹�«ª¤¦¥1¹¾¿k¤¬Ã�«�Áª¡©½¹S�>¹¾¿1¤*&-ºk
�������� � Ø��ªÚéÙ������������éØ���� ��!�"#��!éØ��%$&� ��!�"(')��")*&�&Ù��,+�$&� ���-��")*.�/���0*1�32

$&!éØ���$&*54)6 47��")��$�Ø��3Ù�")*��0"86ÉØ9��Ø:$&� ;dÙ�"

ÄF7� Ã�¿ � §H²ªº Ã+� ÃQÁ�³Q«±¹B� ¤¬´Mµª ��¨ªº Ã��Q¤¬¼«M¿�Áªµ �>Ã�¿ � ºk¼§ 032 �=< 	 ��´Mµª¤(¥ ¤ � «�¤*I±�§¼Ã7µ�©¦-µ�ºk¥�1��À«}��ù¼¿��`©¦-¥¯´Mµ±¹¾º'.M¥��`-«}¨ª©¬µ�¥¯Á�� 2P»¤¬¥É¿1¼º�¥kÃ7µ�¥�¨ª©¬µ�¥k¤¬¼µªºk¥·¥1¹ ��-µªº ¥�2P»¤¦¥ ¿1¼«M¿�¥ Ã7µª¥¿kºkÃ7¤¦¥�§-Ã�µª©¬¼µªºk¥�1�Ä
¹p§¼Ã7µª©¦-µªº�¼¥ ¿¯µ�« «ªÃ+�SA�ºk>´Mµ±¹¾«M¿1¤¦´MµªB1���¹�«ª¥·©¦-¥�²±¹¾ÁªºkÃ7«�¥�� ¨ª©¬µª¥ ¤¬¼µªºk¥´Mµ±¹¾º'.M¥�«��¨&-µ�7-«M¿�FP»¤¬¥ ¿k-º¡¹ �7-§�©¦-¥ ��6�� -¥�«ªÃ+�SAªºk¼¥O´Mµ±¹�«M¿k¤¬´Mµª¼¥ ,ú¨ªºk¤¦«ª§-¤¦¨&�Á=�gFP�§¼©¬µ��¥ ¤¬Ã7«$Á�>°�¹¾µª©¬¤ /21Õ£é¤¬«ª¥ ¤9�Õ©¬¼¥¡´Mµ±¹¾º'.M¥;�7Ã7«�¿�¨ùÃ�º ¿1¼º¡Áª¼¥�§¼Ã7µª©¬¼µªºk¥¡Á�¤ �ù¸-ºk¼«M¿k-¥7, ºkÃ�µ � O���7¼º ¿Ã�µ A�©¬-µ�/¡Áª @ ¹RG¼Ã7« $ @ Ã�º'� -º�µª«ª+¨±¹¾º ¿1¤¦§-µª©¦ � Aª©¬¹�«ª§B²ª � , ¼« ºk¸ @ ¸-ºk¼«ª§-�¹¾µP'§¼Ã7µª©¦-µªº ¥¨�ºk¤)�>¹�¤4ºk-¥�¼«pÃ7¨»¿1¤¬´Mµª�/21
�é«8Áª-¥�§¼Ã7«ª§-¼¨�¿1¥ @ Ã�«ªÁ±¹B� -«�¿B¹�µ�P+Áª�©½¹S8¡ �� -¥ ¿�§--©¦µª¤ùÁª�©½¹�©¦¤)A&-ºÉ¿1¸�¹¾¥ ³��>¨»¿1Ã�¿k¤¬´Mµª

� ¤¦¥·-«�¸��Q¤¦Áª-«ª§¼ -« � 
�� �¨±¹�º :¡º Ã7¥k¥�� Kä¤¬©¬§��-�. ¼¿�°�Ã7©¬¤4¿ �¼-º � �N�(����®�©¬¹ @ Ã�ºk§-8Áª¤*�>¤¦«Qµ�©¦Ã7ºk¥ ´MµªC©¬¼¥(´Qµª¹�º'.M¥�Ã7µ>©¬¼¥ � ©¬µ�Ã7«ª¥À¥kÃ7«�¿�¨�ºkÃQ§B²ª-¥�1 � ©M�gÃ�¨ª¨&Ã7¥k¸¼B�M©½¹ @ Ã7ºk§¼é¼«M¿kºké©¦-¥(´Mµ±¹¾º'.M¥b¿ � ©¬µªÃ7«�¥é¹�µ � �>¼«M¿1�¥ ¤ ©¬¹ Á�¤¬¥ ¿1¹�«ª§¼�¼«M¿1º �-µPz¿k-«ªÁ $>¹�µ � � ¼«M¿1¼º�1���¿1º>&-¥é§¼Ã7µªº ¿k�¨&Ã7ºQ�¿k¸-O�À©¦-¥�´Qµª¹�º'.M¥ ¼¿ ©¦-¥ � ©¬µªÃ�«ª¥�¥kÃ7«�¿ ©¬¤*Aªºk¼¥�Áª ¥k �>Ã7µ�7Ã7¤¬º��?�>¹�¤¬¥ $�Áª-¥ ¸¼§H²�-©¦©¬-¥�¨ª©¦µª¥
� º1¹�«ªÁ�-¥5,ú¸-§B²ª-©¦©¬OÁª-¥C¨±¹¾º ¿1¤¦§-µª©¦-¥�¨±¹�º�2P»�� ¨ª©¦ /2�±¤¦©¬¥�¥kÃ7«�¿C¿kº'&¼¥ @ Ã7ºÉ¿1�� -«�¿C§¼Ã7«TIª«ª¸-¥éÁ±¹¾«ª¥©¦-¥�²±¹¾ÁªºkÃ7«�¥�1»£é¤¬«ª¥ ¤9�MÃ7«+«ª�¨&¼µ�¿�¨±¹�¥�ÃBAª¥k¼º>�7¼º�Áª�´Mµ±¹�º'.M¥�©¬¤)A�ºk-¥(Á±¹¾«ª¥�©½¹�«±¹¾¿kµªºkO1N:OºkÃ7¥ ¥��
Kä¤¦©¬§��-�.8b¿é°�Ã7©¦¤¦¿ �¼-º�ºk G-µªº -«�¿é©¬O¨ªº ¤4P ¶CÃ+A&-©FÁª¡¨ª²�³Q¥k¤¬´Mµª�-« ��������¨&Ã7µªº�§--¥<¿kº1¹��¾¹�µP 1
�é«��Á�-¥ � º1¹¾«ªÁª-µ�ºk¥�§@¹�ºk¹�§¼¿k¸-º ¤¬¥ ¿k¤¬´Mµª¼¥�Áª�©¬¹S8¡ �� -¥É¿�©¬¹�§-Ã�«ª¥ ¿B¹¾«M¿1�Áª�§¼Ã7µª¨�©½¹ �  αs

1ÄR� ¸-´Mµ±¹a¿1¤¬Ã�«õ¥kµ�¤*�¾¹�«�¿1 «ªÃ7µ�¥ ¨ªº ¸-¥ -«�¿1p©¬¹ @ Ã7º>�>8Áª
αs

Á±¹�«ª¥�©½¹ ©¬¤*� ¤4¿k
Q2 � Λ �����
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Q2 -¥É¿�©½¹;�Q¤¬ºÉ¿1µ±¹¾©¬¤4¿1¸<b¿�§¼Ã7ºkº -¥k¨&Ã�«ªÁ $�©M�g¤*� ¨ªµª©¦¥k¤¦Ã�«�¿1º1¹¾«ª¥ @ ¸¼ºk¸¼�Á±¹¾«ª¥�©9� ¤¬«�¿1¼º1¹�§b¿1¤¦Ã7«�1 Λ �����¼¥ ¿O©9� ¸-§B²ª¼©¬©¬�¿3³»¨�¤¬´Mµª¯Áª¯©½¹�8� ��U1
 �� -¥É¿�µ�«�¨±¹�º1¹O�7&b¿1ºk·Á��©¬¹>¿k²ª¸-Ã�ºk¤¬O�ùÁª¸¼¿k-º>�>¤¦«ª¸·¨±¹�º©M�gFP»¨&¸-ºk¤¦-«�§-B1`��¹�«�¥�©¦-¥¯¹�«ª«ª¸¼-¥  ��T��Áª¤ �Õ¸¼ºk¼«M¿1¼¥¯¸¼¿1µ�Áª-¥�Ã7«�¿¯¥k¤¦¿kµª¸+¥1¹ �a¹�©¬¼µªº·-«�¿1ºk
0.1
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:¡ � � ���M1K��¼¥é¸¼¿kµªÁª-¥C¨ª©¬µª¥�ºk¸-§¼-«�¿1-¥éÃ7«�¿Cºk¸¼Áªµª¤¦¿<©½¹ @ Ã7µ�ºk§B²ª¼¿ ¿1B�K´Mµª¤F¥k¼º1¹�¤4¿C¨ª©¦µ�¿ M�¿¹�µ�¿1Ã�µªº<Á�
0.2 − 0.3

:O � � ���M1 nf

-¥É¿é©¦¡«�Ã+�SAªºkOÁª�¥k¹ �7¼µªºk¥éÁ�¤¬¥k¨&Ã�«ª¤)Aª©¦-¥��
nf = 2, ..., 5Á±¹�«ª¥ �  ��91»°�©¬µª¥ Q2 ¹�µ � � -«�¿1O�»¨ª©¦µª¥ αs

Áª��Q¤¦-«�¿�¨&b¿1¤¦¿�®Q©¬¼¥�´Mµ±¹�º>.M¥�¥ Ã7«M¿��Qµª¥�§-Ã+��� éÁª¼¥¨±¹�º ¿k¤¬§¼µª©¬¼¥�´Mµ±¹�¥ ¤4�!©¬¤*Aªºk¼¥�1� �%�>¸¼§@¹¾«ª¤¬¥>�>é-¥É¿<¤¦©¬©¦µ�¥ ¿1º ¸é¥kµªº�©¬¹ ��¤ � µªºk �1 ��´Qµ�¤Õ¨ªºk¸¼¥k-«�¿1Oµª«ºk¸-¥ µN� ¸+Áª¼¥S� ¼¥kµªºk¼¥·2P»¨&¸-º ¤)� -«�¿B¹�©¦-¥�Áª>§-+¨�²ª¸-«ªÃB�7&¼«ªB��§¼Ã+� ¨±¹�ºk¸7$pµª«ª+¨�ºk¸-Á�¤¬§¼¿k¤¬Ã7«
8� ���2P»¨ª©¬¤¦§-¤4¿1¸�Áª¹�«ª¥ �  ��M1 ��¤¬«±¹�©¦�� -«M¿��Õ©¬¼¥¡Ã+Aª¥ -ºQ�¾¹BAª©¦-¥�´Mµª¤R�>b¿k¿1¼«M¿¡-«-C ¼µ Á� @ Ã�º ¿1¼¥�»¤¦º ¿kµ±¹�©¦¤¦¿k¸-¥ ,

Q2 /2�À¤*�>¨�©¦¤¦´Mµª¼«M¿ µª«�§¼Ã7µª¨ª©¬¹ �  @ ¹�¤*Aª©¬8¼¿>ÁªÃ7«�§p©¬¹$¨&Ã�¥k¥k¤*Aª¤¬©¦¤4¿1¸8Á��g �ù-§¼¿kµª-ºÁª-¥�§-¹�©¬§¼µª©¦¥C-« 8¡ ���¨&¼º ¿1µ�º'A±¹¾¿k¤*�7O1ù¶éÃ�µª¥�¹��7Ã7«ª¥éÁª¸-¥ Ã7º'�>¹�¤¦¥C©¬¼¥é¨±¹�ºÉ¿1¤¦§-µª©¦-¥Cb¿�©¦�§@¹�Á�ºk¿1²ª¸¼Ã7ºk¤¦´Mµª�Áª�©9� ¤¬«�¿1-ºk¹�§¼¿k¤¬Ã�« @ Ã7ºÉ¿1�®7©¬¹;8¡ ��517Â3«M¿1¸¼ºk¼¥k¥kÃ�«ª¥Q�3«�Ã7µª¥<�+¹¾¤¬«M¿k-«±¹¾«M¿R$O©¬¹%�>¹¾¿k¤)&-º ²±¹�Áªº Ã7«ª¤¦´Qµ�B1
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	�� �1 � 8 Ä ¹�§-Ã�«ª¥ ¿1¹�«M¿k�Áª¡§-Ã�µª¨ª©½¹ � OÁª¡©9� ¤¬«�¿1-ºk¹�§b¿1¤¬Ã�« @ Ã�º ¿1�® αs �  ��91
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Ä
¹�¿1ºk¹�«ª¥ ¤¦¿1¤¦Ã7«·Áª�¨�²±¹�¥k�Áª�©½¹��>¹¾¿k¤)&-º �²ª¹�ÁªºkÃ�«ª¤¬´Mµª��7-º ¥Àµ�«�¨ª©¬¹�¥'�>¹�Á��´Mµ±¹�º>.Q¥�¼¿�Áª
� ©¬µ�Ã7«ª¥�ºk¸-¹�©¬¤¦¥1¹BAª©¦é¼« ©¬¹BA&Ã7º1¹a¿1Ã7¤¦º é-¥É¿<¨ªº ¸-Áª¤4¿1�¨ª¹�º�©¦-¥�§-¹�©¬§¼µª©¬¥�Á�O©¬¹·§B²ªºkÃB�>ÃQÁ�³Q«±¹O�>¤¦´Qµ�´Qµª¹�«M¿k¤¬´Mµª�¥ µªº�º ¸-¥k-¹�µ � 
� � ���M1aÄ
¹�8¡ ���¥kµªº ºk¸-¥ @¹�µ=�¾¤¦«M¿kºkÃQÁªµª¤4¿1�-« � 
B� �C¨±¹�ºDI 1 : 1 Kä¤¦©¬¥kÃ�«
� �"� �9�&-¥ ¿Oµ�«ª5�7-º ¥k¤¬Ã�«�Áª¤¦¥k§-º ¸¼¿k¤¬¥k¸¼¯Áª·©½¹ ¿1²�¸-Ã7º ¤¬B1ùÄFÃ7ºk¥ ´Qµ� αs

¼¥ ¿�¿1º Ã7¨ � º1¹¾«ªÁ��ù©¬¹�8¡ ��¨&-º ¿kµªº'Aª¹¾¿1¤4�7¯«��g¼¥ ¿¡¨ª©¦µª¥O¹¾¨ª¨ª©¬¤¦§@¹OAª©¬O1ùÄ
¹8¥ Ã7©¬µ�¿k¤¬Ã7«=�&¨&Ã7µªº�§-¹�©¬§¼µª©¬¼º�«MµN�>¸¼ºk¤¦´Qµ��� -«�¿OÁª¼¥
� º1¹¾«ªÁª-µ�ºk¥+«ªÃ�«v¨ù¼º ¿kµªº'A±¹a¿1¤*��-¥��(-¥É¿8ÁªpÁª¤¬¥ §-º ¸¼¿1¤¦¥k¼º>©9� -¥k¨ª¹�§-F�!¿k�� ¨ª¥ @ Ã�º'�>¹�«M¿>¹�©¦Ã7ºk¥�µª«ºk¸-¥ @¹¾µ � � ���M1K �¼¿ ¿1¡¿kº1¹�«ª¥ ¤¦¿k¤¬Ã7« ¹¾µªº1¹�¤4¿�©¬¤¦-µ $ Tc ≈ 175

Op � ¨&Ã7µªº�¿1ºkÃ�¤¬¥�¥k¹ �7¼µªºk¥ � � ��91°�Ã7µ�º�§¼Ã+� ¨ªºk¼«ªÁªºk8§-¼§-¤M��«ªÃ7µª¥¯¨&Ã7µT�7Ã7«�¥ @ ¹¾¤¬ºk>µª«ª�¹�«±¹�©¦Ã � ¤¦+¹��7-§�©M�g-¹�µ}´Mµª¤�2P»¤¬¥É¿1
�
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¥ µªº � ¼ºkºkz¥ Ã7µª¥�¿1º Ã7¤¬¥�¸b¿B¹¾¿k¥z®�¥kÃ�©¬¤¦ÁªB�`©¦¤¬´Mµª¤¦ÁªB� � ¹ �B1À��« � ÃQÁª¤*I±¹�«M¿�©¬¼¥�§-Ã�«ªÁª¤¦¿k¤¬Ã7«�¥�¨±¹�ºFP»�� ¨ª©¬8Áª8¿1�� ¨&¸-ºk¹¾¿1µ�ºk�Ã7µ}Áª�¨ªºk¼¥k¥k¤¦Ã7«��`Ã7«}¨&-µ�¿�¨±¹�¥ ¥k-º�Á=�gµª«�¸¼¿1¹¾¿�$ ©9�g¹�µ�¿kºkB1`�O«¨&¼µ�¿>º -¨&Ã7ºÉ¿1-º�©¬¼¥�§B²±¹�« � ��>¼«M¿k¥ Áªz©¬¹(�+¹a¿1¤)&¼ºk8²±¹�Áªº Ã7«ª¤¦´Qµ�z¥ µªº µª«õÁª¤½¹ � º1¹O�7��8Áª-¥¨�²±¹�¥k¼¥CÁªO©9� ¤¬«�¿1-ºk¹�§b¿1¤¬Ã�« @ Ã7ºÉ¿1OÁª �76��>�´Mµª¡©9� Ã7«�¨&-µ»¿Cºk¸¼¨&-º ¿kÃ7ºk¤¦-º�©¬-¥�Á�¤ �ù¸-º -«M¿k¥<¸b¿B¹¾¿k¥Á�O©M�g-¹�µ�¥ µªº�µª«�Áª¤¬¹ � º1¹O�7��éÁª¼¥<¨�²±¹�¥k¼¥ � � ���M1�£é¤¬«ª¥ ¤9�Q«ªÃ7µª¥�¨&Ã7µT�7Ã7«ª¥G�7Ã�¤¬º�¥kµªº�©½¹ ��¤ � µ�ºk
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�/¹3�¿Q�3¤¦©�Áª-¥ ¸b¿B¹¾¿k¥ ©¦¤¬¸¼¥�Áª ´Qµª¹�¥k¤ �3¨±¹�ºÉ¿1¤¦§-µª©¦-¥�¹�¨ªº'&¼¥ ©½¹�¿1ºk¹�«ª¥k¤4¿1¤¦Ã7«}Áªz¨�²±¹�¥k Áªz©¬¹ 8¡ �� � 1��«�Á��g¹�µ�¿kºk¼¥8¿1¼º'� -¥���Áª¼¥�¸b¿B¹¾¿k¥8©¬¤¦¸-¥ ¿1¼©�´Mµª
cc̄

¨&-µ�7-«�¿>�3¤¦©¬¥+2P»¤¦¥ ¿1¼º8Á±¹�«ª¥8©¦(8;:�° �
� °�Ã7µªºk´MµªÃ�¤±-¥É¿>�3§¼<´MµªC©¦V8;:¡°�¥k<§-ÃB�>¨&Ã7ºÉ¿1�§-Ã+���>�µª« ©¬¤¦´Mµª¤¬Á��¨ª©¦µª¥�Ã7µ � Ã7¤¬«�¥`¨±¹�º @ ¹�¤¦¿¨�©¬µ�¿NM�¿�´Qµ�O§¼Ã+�7� éµª« � ¹ ��Áª¤¦©¬µª¸éÁ��´Qµª¹�¥k¤ �3¨±¹�ºÉ¿1¤¦§-µª©¦-¥ ��� 1±�%Aª¥ -ºQ�7Ã7«ª¥Q�!«ªÃ7µ�¥<ºk¸¼-©¦©¬��>¼«M¿©¦U8;:¡°v-« @ ¹�¤*Aª©¦O¤¦«M¿k-º1¹¾§¼¿1¤¦Ã7«�¿k-©
´Mµª�¨ªºk¸¼Áª¤4¿CÁ±¹�«ª¥C©¦-¥C¹�«ª«ª¸¼-¥ ����±Ã7µzÃ+Aª¥ -º>�7Ã�«ª¥Q�!«ªÃ7µª¥´Mµª¼©¬´Mµª¼§H²�Ã7¥k�Áªé´Mµª-©¦´Qµ��¨&-µ8Áª¤ �ù¸-ºk¼«M¿�´Qµ�¤ù¥ -º1¹¾¤¦¿�-« @ Ã7º ¿kC¤¬«M¿k-ºk¹�§¼¿k¤¬Ã7«z®Q©¦C¨ª©¬¹�¥'�>¹¡Áª´Mµ±¹¾º'.M¥C¼¿CÁª � ©¦µªÃ7«ª¥�Á� @ Ã�º ¿1O¤¬«�¿1¼º1¹�§b¿1¤¦Ã7«�Ã7µz¥E8;:¡° � � ���91Ä
¹�ºk¸-¨&Ã�«ª¥k�¥k-ºk¹ @ Ã7º'�>¹�©¦¤4¥k¸-O¨±¹¾º :¡¼©)�>¹�«��±�»²Mµªº ³�¹O. b¿ 	d¹¾²ª-ÁzÁ±¹�«ª¥ � � ��
¼¿ � �"���
Ã�3¤¦©¬¥�¨�ºkÃ7¨&Ã7¥ -«�¿�µª« � ÃQÁN&-©¦�Áª � � � � �(4 0 ��� � ' ��� /57�� � � � , ��� % � * �  Ã7µ�§�8;:�°"1F£é¤¬«ª¥ ¤9�Õ¤¬©¦¥¹¾º � µN� ¼«M¿1¼«M¿�´Mµª�©¦-¥�¨ªº Ã7¨ªºk¤¦¸¼¿k¸-¥�Á�µ 8 :¡°"�¾Áª¹�«ª¥�µª«ª�º ¸ � ¤¦Ã7«·Á� 1−1.5 Tc

�a¨&-µT�7¼«M¿R6¼¿1º 
� ÃQÁª¸¼©¬¤¦¥k¸¼-¥é¨ª¹�ºéµª« � ¹ ��Áª�´Qµª¹�¥k¤ �3¨±¹�ºÉ¿1¤¦§-µª©¦-¥V�>¹�¥ ¥k¤*��-¥��&§-©¬¹�¥k¥ ¤¬´Mµª¼¥�¼¿�«ªÃ7«�ºk¼©½¹¾¿k¤*�Q¤¦¥ ¿1¼¥��¤¦«M¿k-ºk¹ � ¤¬¥ ¥1¹�«�¿O¨±¹�ºOÁ� @ Ã7º ¿k-¥�� �>¹�¤¦¥�§-©¬¹�¥k¥ ¤¬´Mµª¼¥��F§B²±¹�º � -¥¡Áª�§¼Ã7µª©¦-µªº ¥�1FÂ3©¦¥¡¹�C Ã7µ�¿k-«M¿¡´Mµª©¦-µ�ºk¥�º ¸-¥ µª©¦¿1¹¾¿1¥8¤¬«ªÁª¤¦´Mµª-«�¿�©9� 2P»¤¬¥É¿1-«�§-�Áª�¨ª©¬µª¥ ¤¬¼µªºk¥8¨ª²±¹�¥ -¥z¹�©¦©½¹¾«M¿+Á�� µª«ª$¨�²±¹�¥k � ¹ �
$z§¼Ã7µª¨ª©¬¹ �  @ ¹�¤)A�©¬ $zµª«ª>¨�²±¹�¥k>§¼ºk¤¬¥É¿B¹�©�Á�� ¤¬«�¿1-ºk¹�§¼¿k¤¬Ã7« @ Ã�º ¿1�¼¿�Á��gÃ�ºkÁªÃ7«�«±¹�«ª§¼�� -«�¿·Áª§¼Ã7µª©¦-µªº ¥ ,û¿/³Q¨& @ -º ºkÃ+�>¹ � «�¸¼¿1¤¦´Mµª�¨&Ã7µªº�©9�g¹�«±¹¾©¬Ã � ¤¦�¹��7-§<©¬¼¥R�+¹a¿1¸-º ¤½¹�µ�P�/F��¼« ¨±¹�¥ ¥1¹�«�¿(¨±¹�ºµ�«ª�¨�²±¹�¥k¡©¬¤¦´Qµ�¤¬ÁªO¹¾µz§-Ã7µ�¨ª©½¹ � O¤¬«�¿1-º>�>¸¼Áª¤½¹¾¤¦ºk � � ��R1�»µªº�©¦%��6�� �¥kµ�C ¼¿<ÁªO©½¹·Áª-¥ §-º ¤¬¨�¿k¤¬Ã7«�Áª¼¥<¨ªº Ã7¨ªºk¤¦¸¼¿k¸-¥�Á�¡©¬¹S�>¹¾¿k¤)&¼ºk�Ã+Aª¥ -ºQ�7¸-�Á±¹¾«ª¥©¦-¥À¹�§-§¼¸-©¦¸-º1¹a¿1-µ�ºk¥���O 1Q��¹¾¿ �<«ªÃ7µª¥Àº1¹�¨�¨ù¼©¬©¦�Á±¹¾«ª¥ � �	���±´MµªO�Q¹�µ�3Á�-¥k¥ µª¥�Á�C©¬¹�¿1��>¨&¸¼º1¹¾¿kµªºk§¼ºk¤4¿1¤¬´Mµª

Tc

�Q©¦-¥�´Mµ±¹�º>.M¥�¼¿�©¦-¥ � ©¦µªÃ7«ª¥(2P»¤¦¥ ¿1¼«M¿�Áª¹�«ª¥�µª« � ¤¬©¦¤4-µ>Á�¸-§¼Ã7«TI±«ª¸O1�Â3©&¤¬«�¥k¤¬¥É¿1C§-F�¨&¼«ªÁ±¹�«�¿O¥ µªº�©¦ @ ¹�¤¦¿é´Mµª¯©¦·Á�¸-§-Ã�«TI±«ª��>¼«M¿O«�� ¤)� ¨ª©¬¤4´Mµª�¨±¹¾¥�«�¸-§-¼¥k¥1¹¾¤¬ºk��>¼«M¿O©M�[¹OAª¥k¼«ª§-Á=�g¤¦«M¿k-º1¹¾§¼¿1¤¦Ã7«ª¥�1� ��´Mµ�� -©¦©¬8¤*� ¨ª©¬¤4´Mµª+-¥É¿�©½¹�Áª¤¦¥k¨±¹¾ºk¤4¿1¤¦Ã7«'Á�� ¸¼¿1¹¾¿1¥�©¦¤¬¸¼¥¯«�-µ�¿kºk-¥�-«�§¼Ã7µ�©¦-µ�º�1ùÂ3©�«ªÃ7µª¥�¤¬«�Áª¤¬´Mµª·´Mµª�©½¹>¨ªºk¸¼¥k-«�§-�Á��gµ�«ª�¤¬«�¿1¼º1¹�§b¿1¤¬Ã�« @ Ã�º ¿1·Á±¹�«�¥O©¬·¨ª©¬¹�¥'�>¹+¹8¸b¿1¸¤¦«M¿k-º ¨ªºk¸b¿1¸-·Áª·Áª¤ �ù¸-º -«M¿k-¥ @ ¹HG-Ã7«�¥�ÁªÃ�«M¿�©¬¹>Áª¼¥k§-º ¤¬¨�¿k¤¬Ã7«�¨±¹�ºéµª« � ºk¹�«ªÁ «�Ã+�SAªºk�Á�� ¸¼¿B¹a¿1¥Á� º ¸-¥kÃ�«±¹�«ª§¼-¥�Áª�§-Ã7µ�©¬-µ�ºk¥ � �����À§¼Ã+���>¯2P»¨ª©¬¤¦´Mµª¸�¨ªºk¸¼§-¸¼Áª���� -«M¿�1
Â3©À¹�º � µN� -«�¿1�´MµªÁ�-¥ ¸¼¿kµªÁª¼¥>ºk¸¼§--«�¿1¼¥+¥ µªº ©¦-¥�Áª � º ¸-¥ Áªz©¦¤)A&¼º ¿1¸8Áªµ 8;:¡°�¥ ��SAª©¦-«M¿�¤¬«ªÁ�¤¬´Mµª-º�´Mµ�� µª«ªÁ�-¥k§¼ºk¤¦¨�¿1¤¦Ã7« @ Ã7«ªÁª¸¼�¥ µªº<µª«ª;�+¹�¥ ¥kO¿k²ª-º>�>¤¦´Qµ�¡Áª¼¥C´Mµ±¹�º>.Q¥C¼¥ ¿C¤¬«�¿1¸-º -¥k¥k¹�«�¿1 � �"���M1¶éÃ�µª¥�¹ �7Ã�«ª¥V�Qµ�Á±¹�«ª¥C§-¼¿ ¿1�¥k¼§¼¿k¤¬Ã7«p´Mµª�©½¹ �>¹¾¿1¤*&-º ¡²±¹�Á�ºkÃ7«ª¤¦´Mµª�¨&-µ�¿�FP»¤¬¥ ¿k-ºé¥ Ã7µª¥©¬¹ @ Ã7º'� ¯Á�� µª«�¨ª©½¹�¥>�+¹8Á��´Mµ±¹�º'.M¥�b¿�Áª � ©¬µªÃ7«�¥�1F¶CÃ7µª¥�¹��7Ã7«ª¥¡¸ � ¹�©¬��>¼«M¿ � Ã7«M¿kºk¸�´Mµª©¬¹8§¼Ã+�>¨�ºk¸-²�-«ª¥ ¤¬Ã7«$Áªµ$Áª¤½¹ � º1¹B����·Áª-¥¡¨�²±¹�¥k¼¥�Áª�©½¹ �+¹¾¿k¤)&¼ºk·²±¹�Áªº Ã7«ª¤¦´Qµ��ÃQ§-§-µ�¨& ©¦-¥¨�²M³Q¥k¤¦§-¤¦-«ª¥ Áª¼¨ªµª¤¬¥ ©¦-¥ ¹�«�«ª¸-¼¥����T1< �¼¨&-«ªÁª¹�«M¿p©¦ 8;:�°�Ã+Aª¥ -º>��¸'¹¾µ ¢C�éÂÉ  «��g¹�¨ª¹�¥¥É¿1º ¤¬§¼¿k�� -«�¿�©¬¼¥é¨ªºkÃ�¨ªºk¤¦¸¼¿1¸¼¥éÁªµ 8;:¡°�¨ªº ¸-Áª¤4¿1¼¥�Á±¹�«�¥�§-¼¥O¹�«�«ª¸-¼¥�1d¶CÃ7µª¥�¹�µªºk¤¦Ã7«ª¥é¹ �Õ¹�¤¬º 
� �
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¹�µ¡¥E8;:¡°p¨ª©¦µ�¿ M¾¿F´Mµ��[¹¾µ � 8;:�°"1]�»¤7©¦ÀÄ
�� $ÁªÃ7¤4¿
¹�¨ª¨&Ã�º ¿1¼ºFÁª¼¥
¨ªºk¸¼§-¤¬¥ ¤¬Ã7«�¥F¼¿
Áª�«ªÃ7µ�7-©¦©¬-¥¤¬« @ Ã�º'�>¹¾¿1¤4Ã7«�¥�¨&Ã7µªºG� ¤¬¼µP+§-Ã+� ¨ªºk¼«ªÁªº O§- 8;:¡°H��¤¦©ù«ªÃ7µª¥ @ ¹¾µ�¿ � ¹�º Áª-º $¯©M�g¼¥k¨ªºk¤4¿�´Mµª¡©¦¥1¹�µ�¿(-«>¸-«ª¼º � ¤¦C¼«M¿1º é©¦<§-Ã�©¬©¬¤4¥k¤¦Ã7«�«ª-µªºÀ¢C�éÂÉ õ¼¿�©¦CÄ
�� õ-¥ ¿ � ºk¹�«ªÁ>b¿�¨±¹�ºÀ§-Ã�«ª¥k¸¼´Mµª-«M¿��«ªÃ7µª¥�¨&Ã7µ�7Ã7«ª¥�«ªÃ7µª¥�Áª��>¹�«ªÁª¼º�¥k¤�©½¹ �>¹¾¿1¤*&-ºk+´Mµª¤�¥k¼º1¹$¨ªºkÃQÁ�µª¤¦¿k�Á±¹�«�¥�©¬-¥�§¼Ã7©¬©¦¤¦¥k¤¦Ã�«ª¥Á��g¤¦Ã7«ª¥C©¦Ã7µªºkÁ�¥Cµª©¦¿kº1¹3�!ºk-©¬¹a¿1¤ �»¤¦¥É¿1-¥C¹�µ�Ä ��  ¥ -ºk¹+©¬¹ �76��>¡´Qµ=�[¹�µ ¢C�éÂÉ  ,ú¥E8;:¡°H� � 8;:�°Ã7µp¹�µ»¿1ºk�/ �
��« ºk¸¼¥kµN� ¸B�<©¦$¨ª©¬¹�¥'�>¹}Áª$´Qµª¹�º'.M¥pb¿pÁª � ©¬µªÃ7«�¥ -¥É¿pµª« ¸¼¿1¹¾¿z¨±¹�ºÉ¿1¤¬§¼µª©¬¤¦¼º�Á��©½¹

�+¹a¿1¤)&¼ºkO1]Ä
¹<Áª¤¬¥ §-µª¥ ¥k¤¬Ã�«·Áªµ�Áª¤¬¹ � º1¹O�7���Áª¼¥�¨ª²±¹�¥ -¥�Áª�©¬¹ �>¹¾¿1¤*&-º À²ª¹�ÁªºkÃ�«ª¤¬´Mµª�¹ �>Ã7«�¿1º ¸´Qµ=�gµª«� ¿kº1¹�«ª¥ ¤¦¿k¤¬Ã7«äÁ� ¨ª²ª¹�¥k Á�-¥p«ªÃS³�¹�µP Á��g¹¾¿1ÃB�>¼¥ �7¼ºk¥p©¬ 8;:¡° -¥ ¿p¨&Ã7¥k¥ ¤)Aª©¦(�»¤¬¹©9�g¹�µ � � -«�¿B¹¾¿k¤¦Ã7«�Áª<¿1��>¨&¸¼º1¹¾¿kµªºkO1» ��g¼¥ ¿�§-C¨ªº ¤¬«ª§¼¤¬¨&<´Mµª¤K-¥É¿�µ�¿k¤¬©¦¤¦¥k¸�¨&Ã7µªºÀ§-º ¸--º(©¬ 8;:¡°¹ �7¼§ Áª¼¥p§¼Ã7©¦©¬¤¦¥k¤¦Ã�«ª¥�Á=�g¤¦Ã7«ª¥ ©¬Ã�µªºkÁª¥�µª©¦¿kº1¹3�!ºk-©¬¹a¿1¤ �»¤¦¥É¿1¼¥ Á±¹¾«ª¥z©¬¼¥ � º1¹�«�Áª¥p¹�§¼§-¸¼©¬¸¼º1¹¾¿1¼µªºk¥Áª�¨±¹¾º ¿1¤¦§-µª©¦-¥�¿1¼©C´Qµ� ©¦�¢C�éÂÉ  Ã�µ~¼«ª§-Ã�ºk�©¬pÄ
�� �1(£�¤¦«ª¥k¤M�(¹ �a¹�«M¿+ÁªpÁª¤¬¥ §-µ�¿k-º+¨�©¬µª¥-«'Áª¸¼¿1¹�¤¬©�©¬¼¥�FP»¨&¸-ºk¤¦-«�§--¥S� ¼¿ ¿B¹�«�¿�¼« C ¼µ'§-b¿k¿1>¨ª²M³Q¥ ¤¬´MµªO��«ªÃ7µª¥·¹�©¦©¬Ã�«ª¥¡2P»¨ª©¦¤¬§¼¤¦¿k-º¡©½¹¨ª²ª¸¼«ªÃ+� ¸-«ªÃ7©¦Ã � ¤¦�Áª¼¥O§-Ã�©¬©¬¤¦¥ ¤¦Ã7«ª¥éÁ=�g¤¦Ã7«ª¥�©¬Ã7µ�ºkÁª¥�¼¿�¸ � ¹�©¦�� -«�¿�¨ªº Ã�¿1Ã�«�3¨ªº Ã�¿1Ã�« ,
pp
/21ÕÄF-¥«ªÃ]³�¹¾µP�¸¼¿1¹�«�¿�§¼Ã+� ¨ùÃ�¥k¸-¥�Á�·¨ªºkÃ¾¿1Ã7«ª¥éb¿�«ª¼µ�¿1º Ã7«ª¥��ù©¦-¥é§¼Ã7©¬©¦¤¦¥k¤¦Ã�«ª¥

pp
¥ Ã7«M¿%$>©½¹�A±¹¾¥k·Áª©½¹¯§-Ã+� ¨ªºk¸¼²ª¼«ª¥k¤¦Ã7«zÁª-¥<§-Ã7©¦©¬¤¦¥ ¤¦Ã7«ª¥�«ªÃS³�¹�µ�!«ªÃ]³�¹¾µ�1

����� � (����
	����/��%/�	  �������� &+ �	 , &+ �	���	�� /�( (2"���	��2-�������- /�$'(

 "!$#&%�')(%�§�*+',')-,%.-,*+#/%�0/1.*$23*+#��40/1.*$23*+#5(�2�6��7-,*+#/%�')*+8&196/%��:8/#'§�(1.2;!<-)#=#&*+�SA/19(>6/( �>?2�§@!$#&-)%'�>(�%A%.*+#B2C(# C.(�8�1ED I/#F6/(=0/19?0G!$19(1H',(�%A6/-,%k§8/%9%.-)*+#/% @ 8&238/1.(�%��"!<2923!$196&*+#/%Q�I#/*+8/%
23*+8&2J6��K!OAL*+1967$�6/?-§19-,19(�'M!N0/O&?�#/*+�>?#/*+')* � -)(P6/(%�§*+')',-,%9-,*$#/%Q0&19*$29*+#�40&19*$29*+#��+0&8/-)%J#/*SRB!$8�
#/*TRB!<8�1VUV( A/8&2N6/(�§�(�2923(W6/-)% §�8/%.%9-,*+#X(�%Y2�6/( �>(2.231.(W(#Z?2�[-)6/(#ª§�(\',(�%"#/*$29-)*+#/%^][8&-Q#&*+8/%
%9*+#B2_-)�>0L*+1.23!$#`29(�%�1

��3���� a ��6 6 � *&� ���0*5+^b �:$ ����2 +^b � $&���

U:! �c- � 8/19( �1 ��0/1.?�%9(#`29("',(�%d6/- �e?19(�#B23(%f?2;!<0L(�%
6=�78/#&(�§*+')',-,%9-,*$#>0/1.*$23*$#�40/1.*$23*$#�6/!$#/%
')(�23(��>0/%��J'M�K!3Pg(�6/(%h!BA&%k§�-,%9%.(�%�(�%Y2�'9�7!3Pg(�6/(�'M!�§*+')',-,%9-,*$#��c')(�23(��>0/%\(�%.2�%.8/1>'9�7!3Pg(�6/(%
*+196/*$#/#/?(�%�1"UV(%H-,#`23(13!¾§23-,*+#/%�]`8/(i#/*$8/%H!$0/0L(')')(19*+#B2j-)#/-k23-)!<',(%�%9*+#B2H')(%A-,#`29(�13!¾§23-,*+#/%
0G!$1.29*+#�I0G!$1.29*+#l][8&-m*+#`2\')-,(�8n!$8n6/?�A&8&2�6&(�')! §�*+',')-,%.-,*+#�1po
(�%>-,#`29(�13!¾§23-,*+#/%¯§�*B��0L*$%9(�#B2
'9�q?23!<2�-)#/-k23-)!<'M1sr_*+8/%�RC1.(��[-)(#/6/19*$#/%�0G!$1�'M!�%.8/-,29(B1:UV(�%�0G!<1.23*$#/%�0&19*[6/8/-k23%�0L(8T�+(#`2562919(
�g8&%�§�*B�7�>(W8/# §tO/!B��0Z6/( §*+8/',(�8/1�')*+# � -,298/6/-,#/!$'c]`8/-J%9(���*[6&?�')-,%9(W0/!$1�8/#/( §�*+1.6/(B�u!$8
%9(�#&%m6&8-�>*[6N&')(_6/(�%�§*+1.6/(�%;,ú§ @ 1 T1 �B1E�T�`0�1H�H�TvF1gwc!$1f'M!�%98/-k23(O�g')!�§*+196/(^%.( @ 13! � ��(#`29(B�[',(�%
%9( � ��(#`29%N6/(·§�*+1.6/(W!$-)#&%9-x0&19*[6/8/-k23%^%.*+#`2"-)6/(#`23-4IG?% $h6/(%NO/!$6/19*$#/%�1Vy[8/1"')! �x- � 8&19( �1 �N�
')(�2913!$-k2E0&')(�-,#j19(�0&19?�%.(�#B23(W'M�7?�2;!<2E6/(%�§*+196/(%��z')(�2313!<-,2E0L*$-)#B23-)'k',?B�G'M�7?�2;!<2E6/(%"%.( � �>(�#B23%^6/(§�*+1.6/(B�G')(% �N&-§;O/(�%E-,#/6/-,][8&(�#B2_]`8/(�#&*+8/%_! �+*+#&%E! �e!$-,19("6/?�%.*+1'��!$-,% $\6&(�%_OG!<6/19*+#&%�1

{�(��+(#/*+#/%f%98/1d')(%d-,#`29(�13!¾§29-)*+#/%Q-)#&-,23-,!$',(%�1B 5�q8/#h0L*+-,#`2J6/( �[8/(_23O&?�*+1.-)]`8/(O�`-)'&R>!�6/(�8P
!$%90L(¼§23%_-)�>0L*+1Y2;!$#B23%P6G!<#/%_8&#/(�§*+')',-,%9-,*$#

pp
0G!$1m(2Pg(��>0/',(B1

• UV(�%�0/1.*Q§�(%9%98/%h6/8/1.%j|d'M�7-,#`29(�19!�§29-)*$#n6/(j6/(8P}0G!$1.29*+#/% ,~]`8G!<1'.n*$8 � ')8/*+#Gv2��§;OG!3�§�8&#�-)%.%98n6&(�%\0/1.*$23*$#/%W-,#/-,29-)!$8P �"��! � ?�#&?�19(1\8/#&( §*+')',-,%9-,*$#i6/8l24R[0L( 2 → 2
]`8/-
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Interactions Initiales
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	�� �1 ��� Oj*[6/?')-,%3!<29-)*+#�6/(%Q6/- �e?19(�#B23(%Q?�2;!$0L(%Q6G!<#/%p')(f29(��>0/%p6��q8/#/(�§�*+',')-,%.-,*+#�0/19*$29*+#�
0&19*$29*+#A|g')(%
-,#`29(�13!¾§29-)*+#/%d0/19-*��!$-,19(%��`',(�%�§�*+1.6/(�%P(�2P'9�qOG!$6&19*+#/-,%3!<29-,*+# , §19?@!�23-)*$#h6/(^0G!$1.29-4�§8/',(�%�0G!$1 @ 13! � ��(#`2;!�23-,*+#�6/(�')!�§*+196&(Sv
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∑
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∑

σh1h2

m (s)
Ph�}L��Bv

=

∫

d2b
[

1 − exp
(

−A(b)σh1h2�
	�� � (s)
)] PV�}L43`v

!�\+(Ll
σh1h2�
	�� � (s)

'M!�%9(rl�23-,*+#�(dg�l�!)l�(~l@!<'Il�8&')?(N6/!$#/%m')(fW>*[6���',("6&(�%�0G!<1.23*$#/%N| lS_�L/(]|L|�}LrJ�(2
σm

|

σh1h2

m (s) =

∫

d2b
(A(b)σh1h2�
	�� � (s))m

m!
exp(−A(b)σh1h2�
	�� � (s))

Ph�}LrN+v

A(b)
(%.2\')! _ *+# l23-,*+#i6/(�19(Ll�*+8M\g1.(oW>(�#B2\0/19*$29*+#M�I0/19*$29*+#�Lco
(2.23(�23(LltO&#/-)]`8/(�0L(1bW>(2W6/(

19(�%Y2;!$8&19(�1_'M!W6/-[tz8/%9-,*+# W 8/'k23-,0/'k(qL o
(0L(�#/6/!$#`2oRe!$81l8/#/(�-,#}_ *+1nWh!�23-k*+#�#�Yq(�%Y2^6/*+#/#&?�(�0L*+8/1
')(^0G!$1.23!q~+("6&(N'lYq?�#/(1b~+-,("(#`2919(N',(�%P6/-[tz?�1.(�#B23(�%m6&-[tz8/%9-,*+#/%oL& "!$#&%_w �"e � V4D RG')(^0/19*Nl(�%9%.8/%
')(N0/',8/%�6&8/1�(�%Y2X~+?#/?�1.?�%98&-[\<!<#`2_')!W%.(rl�23-)*$#�(dg�l@!)l(�-,#1l�',8/%9-�\+(qR&0/8/-)%m6/(%_6/-[tz8/%.-)*+#/% WW8&'��
23-)0&')(%�%9*$#`2tl@!<'Il�8&')?(�%oLuo
(2.23( W>?23O&*[6/(>#/(\29-)(�#B2�0G!$%�l*dW�0g23(\6/(\23*+8/%�',(�%�!$%90L(Ll23%�6/(%
-)#B23(�19!)l29-)*+#&% W 8/'k23-,0/',(%�l�*dWeW�("#/*+8&%E!$',')*$#/%P')(N6&-)%�l8&23(1�6G!$#/%�'M! %9(Ll29-)*+#�%.8/-[\<!<#`23(gL

��.SW�("%9-e#/*+8&%�!�\+*$#/%m6/-,%�l�8g23?N-=l�-z8/#/-,]`8/(oW>(�#B2m6/8�W>*[6���',(^6/(%�0/!$1.29*+#/%oR&-,'z#/(N%SYK!g~+-,2
][8&("6�Yq8/#/("0&19(oW>-m�19(E?�2;!$0L(X\+(�1.%P8/#/(X_ *+1bW 8/')!$-k*+#>0/')8&%|l�*qW�0/'[�29(E(2P1.-m~+*$8/19(8/%9(%P6&(�%P-,#M�
23(�19!)l�23-)*$#/%P6/8/1.%oR � %3!]\+*+-)1
'M!�0�i�oP R/*+8$i�oP 0L(1.238/1nUG!<29-[\+( x � J tgzlL]+Q')',(^6/*+#/#/(N8&# - 8/% �23- c1l@!<29-[_�7 ,�;
BD9 WD8:@K;=8:@d6/8 W>*[6��')("6/(�%�0G!$1.29*+#/%SL UV(�%m23O/?*+1b�SW�(%�6/( _~!)l29*+19-,%3!<29-)*$#�6&*+#/#/(
8/#ul�!$6/19("29O/?�*$19-)]`8/("6/?SW�*+#B231.?N6/!$#/%m',("6/*qWh!$-,#/(^0L(1.298/1bUG!�23-[_ x � JTojzhLGo
(0z(#/6G!<#`2]RG'hY78&#/-��\+(�1.%3!$',-,23?C6/(X'M! _~!)l�23*+1.-)%.23!$-,*+# #�Yq(�%Y2j0G!$%�?S\[-,6/(�#B2j(�2�')(H23O/?*+1b�SW>(X#�YK!n?�23?X6/?oW>*+#B2319?
19-m~$*+8/1.(�8/%.(oW>(�#`2�]`8/(�0L*+8&1Ql�(1.23!$-)#/%m0/19*Nl(�%9%.8/% x � JqygzhL
2c-,#G!$',(oW>(#`2oRz',( W�*[6��')(�6&(�%N0G!$1Y23*+#&%N(%.2�8&# W>*[6���',(�231n��%N8g23-)',-,%9?�6G!$#/%"'lYq?298/6/( 6/(%

- (23%SL y&! \<!$',-)6/-k29?^6G!<#/%m')(^6/*dW�!$-)#&(^6/(�% _ *+1.29(�% \g-,1.298G!$',-,29?�%
(# _~!$-,2
8/#�*+8&29-)'z0L(1n_ *+1nWh!$#B2]L
U�Yq?�238/6/(�6/(�% _ *+#1l29-)*$#/%�6/(�6/-,%.231.-mU/8&29-)*$#Z6&(h0/!$1.29*+#/% P~wJ "2Qv�(%.2�8/#=6/*dW�!$-,#/(>!)l�23-[_
6/(
'M!A0/O`R[%.-)]`8/(qLJo
(�0L(�#&6G!$#`2oRQ'M!&l�*+#&%.231.81l29-)*+#l6/(ml�( W>*[6���',(�%.( _ *Nl�!$')-,%9(h%.8/1W'M!A0/1.*[6/81l��
23-)*$#X6/(�%�%90L(Ll231.(�%�-)#1l')8/%.-[_ %eP

pp → p$(�2
+

��vcL V4'Q#�Yq(�%Y2�0G!<%�0L*+%9%.-mU/',(\6/(\19(oW>*+#B23(�1w�
23*+8&29(�%f',(�%d-,#}_ *+1nWh!�23-k*+#/%?l�*+# l�(�1.#G!$#B2P8&#h?S\+?#/(oW>(�#B2]L& ^!$#/%Bl�(XW>*[6��')(qRB',(�%d-,#`29(�13!Ml23-,*+#/%
W 8/',29-,0/',(�%�#/(�%9*+#B2 0G!<%sl*dW�0&')?29(oW>(�#B2�0/19-,%9(%�(# l�*qW�0&29(qLxU:!j]`8/(%.29-)*+#=(�%.2�6/(h%9!�\+*+-,1
%9-Q')!ml*+#/%.-)6/?13!<29-)*+#C6/(�%�-)#B23(�19!)l29-)*$#/% W 8/'k23-,0/'k(�%"(�%Y2�8/#/(\#/*$29-)*+#C-mW>0L*+1Y2;!$#B23( 0L*$8/1w~+?��
#/?�1.(�1m6&(�%m?S\+?#/(oW>(�#B23%Ql�*qW�0&')(29% 	� YK!<8&231.(N0G!$1Y2]RMW�*$#�*qU - (Ll29-[_u6/!$#/%�l�( W�!$#`8/%�l19-,2P(%.2
'lYq?298/6/(^6/(%P0/19*Nl(�%.%98/%m6/8&19%P(# \[8/(^6�Y78&#/(N!$0/0&')-=l@!<29-,*+#h!<8Mi - (�23%oLbp}Y7!$8/19!$-)%f6&*+#1lf�sl���8/1
6/(�l*dW>0G!$1.(�1\')(%>%90L(Ll231.(�%h-)# l�',8/%9-�_ %\6/( W>*+#}!$0/0/1.*NltO&(^��l(�8Mi}6&8 W>*[6���',(�6/(%�0G!$1��
23*+#/%SR[#/*<2;!qWeW>(�#`2J(�#wl*dW�0/!$13!$#B2
!]\+(rlE6/(% _ *+# l23-,*+#/%J6/(E6/-,%.231.-mU/8&29-)*$#/%J0G!<1.23*$#/-)]`8/(%fPflc_
ltO/!$0/-,2919( N+vcL
� 	��	�� � � ! ��� � b ��� ��� � b ��� � �
	�	 �����

yg-e'hY7*+#�%9*$8/OG!$-k23("%.( l�*+#1l(�#B2319(1�%98&1m')(%m!$%90L(Ll29% W�*+8&%P6�Yq8/#/( l�*+',')-,%.-,*+#h(2P2319!$-,29(�1
',(�%
-)#B23(�19!)l29-)*+#&%�W 8/',29-,0/',(%oR8/#/(J!$0/0/1.*NltO&(J(�%Y2u')!
23O&?�*+1.-)(p6/(�k�1.-mUL*�\ �4{_(S~d~+( x � J�RMR � �TSgzhLSo
(�2929(

NdN
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29O/?�*$19-)(_0L(�1nW�(�2
6/(_2313!<-,23(1d%.0L?rl�- cG]`8/(oW>(�#B2m',(�%f-,#`29(�13!Ml23-,*+#/%IW 8/'k23-,0/'k(�%J][8&-z%98&1n\[-)(#/#/(�#B2
(# 0/!$13!<')'[��',(qLTo Y7(%.2p8/#/(d23O&?�*+1.-)(d6/(Bl;OG!qW>0/%x(Stz(rl�23-�\+(qLq{N#�6/?dcG#&-,2c8&# *qU - (�2
|T')(fwx*dW>(�1.*+#
]`8/-V19(�0&19?�%.(�#B23(�8&#/(�-)#B23(�19!)l29-)*$#�?�',?oW>(�#B2;!$-,19( W�!$-,%m6/*+#B2_'M!`\+?�1.-,23!qU/',(�#G!�238/1.(�#�Yq(�%Y2^0/!$%
l*+#/#`8/(qL
$�4�� + % 46-

UV(�wx*dW>(19*+#�!C',(�%W#/*dW`U/1.(�%W]`8G!$#`29-)]`8/(%>6/8 \g-,6/(�(2\0L(�8&2>6/*$#1l .�2319( \g8 l*dWeW�(
8&#/(�(�i l-,23!<23-,*+#n6/8�\g-,6/(qLaV4'�!C?23?�-)#B2319*[6&8/-,2W6/!$#/%>',(�%>!<#/#/?�(% tTSC0G!$1�m"'M!<6/-mW>-k1 kN19- �
UL*�\ x � J�R}R � � � R � �dJjzf0L*+8/1�(�ig0/')-,]`8/(�1�'hYK!$8}~dW>(�#`23!<23-,*$#56/*$81l�(�6&(�% %9(Ll29-)*+#&% (dg�l�!)l�(%W6/(l*+',')-,%.-)*$#/% O/!$6/19*$#/-)]`8/(% �CO/!$8&23(%>?#/(�1n~+-)(%oLJUpYq8/#/(�6/(�% l�*$#/%9?][8&(�#1l�(�%h6&(�'lYqO`R[0L*$23O}��%9(
6&8i0L*dW>(�1.*+#=(%.2 ]`8/(h',(�%�%.(rl29-)*$#/%�(dg�l�!)l�(%W6&(�%sl�*$')')-,%.-,*+#/%�0/1.*$23*$#M�40/1.*$23*$#5(2�0/19*$29*+#M�
!<#`29-)0/1.*$23*+#X6/*$-[\+(#`2 .�231.(>?o~B!<')(�%�0L*+8/1�8/#/(>?�#&(�1b~$-)(>%.8]g>%3!qWeW>(�#B2 ~+19!$#/6/(gLxo
(�')!�!�?�23?
6&?oW>*+#`2919?�0G!$1�V %9!+!�n\wx*qW�(13!$#1l;O`8bn x � �d�jzlL`UV(�23(1bW>(_6&(^wx*qW�(19*+#>')8/-/(�%Y2
6�Y7!$-)',',(8/19%Q6/?c�6&-)?gL+ "!$#/%Q')(%Q!$#/#/?(�%�R�S}R$')(%p(cig0L?�1.-)(#1l�(% �s2G(�1bW>-)',!qU x � ��3qz/(�2I�N ^(%.R x � �uNjz&*+#B2�W>*+#B231.?'hY7(�ig-)%Y23(�# l�(N6/( l�(�1Y2;!$-,#/(�%m0/1.*+0/1.-)?29?�%P6/8�wx*dW�(19*+#ZLb+J#�(Stz(2oR/-)'e!W?�23?N*dU/%.(�1n\+?�]`8/(�6G!<#/%
',(�% l�*+',')-,%.-,*+#/%Q0/19*<23*+#�� !$#B23-)0&19*$29*+#�R$*���'lYq*+#>%98&0/0L*+%3!<-,2f'hY7?LltO/!$#�~+(_6�Yq8/#h0L*qW�(19*+#�R`!$8 l�8/#/(
0/!$1.29-Il�8&')("#�Yq(2;!<-,2�6/?�23?Ll23?(�6G!<#/%_8&#/(�')!$1b~$(N1.?o~+-,*+#�!$#}~+8/'M!<-)1.( x � �uNMR � �TtgzhL
� -/. +*%(0 � .13546-�� ��� .(3 	�� + � 0 - )�� % 3�� 4
	����+
��� +

{"#h6&(dcG#/-k2
T (s, t)

R['hY7!qW�0&',-k298/6/(�?'M!$%Y23-,][8&(_]`8/-	l�*$1919(%90L*+#&6 ��'lYq?rl;OG!<#�~+(_6�Y78&#�0L*qW�(��
1.*+#�(�2_6/*+#B2_')(%�0/!$13!qWe�2919(%�6/*+-�\+(�#B2 .�2319(�6/?�23(1bW>-)#/?%�(cig0L?�1.-mW>(�#B2;!$',(oW>(�#B2�|

T (s, t) ≈ isα0+α′t Ph�ML t+v
DE-)#&%9-x')!�%9(Ll23-,*+#H(dg�l@!Ml�(W-,#/?�')!$%.29-)]`8/(�0L(8&2N%oYq?Ll�19-,19(gRe(�#H8&23-,')-,%9!$#`2E',(�%^1n�o~+',(�%^6/(�23O/?*+19-,(
6&(�%�l;OG!qW>0/%�|

σh1h2�
	 � � =

∫

d2b1 − exp(−G(s, b))
PV�}L o$v

!]\+(rl
G(s, b)

0/1.*+0L*+1Y23-)*$#/(�'M�^')!_2313!<#/%n_ *+1nW�?(
6/(�2G*+8&1919-,(�1u6/(
T (s, t)

R<][8&-&19(0/19?%9(�#B23(m8/#/(
-,#`29(�19!)l29-)*+#�?')?SW�(#`2;!<-)1.(f-)6/(#`23- cG?(P0/!$1c8/# 2319!$-,2x0/')(-)#�%98/1p')!"2x-m~+8/1.( �}L � �}L+o
(�l�*$#1l�(0&2d!
?�23?E291b�% _ 1981l�238/(8Mi�0L*+8&1|l�!$'Il8/',(�1d8/# ~+19!$#/6h#/*dW`U/1.(E6�Yq*dU/%9(1n\<!gU/')(%P6��%%m"+dr h"y x � �_ojzhR0&19?rl8/19%.(�8/1_6/(�rQ+ �sh^yKR ',8/-�� W#.SW>("0/1.?rl8/19%.(�8/1E6ZY +JwI{�yKL

�IH���� �ML � � �� ^-�te8&%9-)*$# OG!$6/1.*+#/-,][8&(m6/!$#/%p'M!E29O/?�*+1.-)(
6/(�k�19-[UL*�\u�4{_(S~d~+(qL<UV(%p2319!$-,29%c0/')(-)#/%
1.*+8�~+(%�19(0/19?%9(�#B23(#`2^')(%�0L*dW>(�1.*+#/%m?rl;OG!$#�~$?�%_(�#�0G!$13!<')'[��',( |

G(s, b)

N�t
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h_#/( ~+13!$#&6/(_',-mW>- 2;!�23-k*+#W6/(�l�(�2929(^!$0&0/19*Nl;O/(_(�%Y2f][8&(E'M! l*+#/%9(1n\<!�23-,*+#�6�Yq?�#/(1b~+-,(_#�Yq(�%Y2

0G!$%"0/19-,%9(�(�#pl*dW>0&23(�6G!$#/%"')(sl�!$'=l�8/'x6/( 'M!�%9(rl�23-,*+#C(dg�l�!)l�(�| l;OG!$]`8/(\wx*dW>(�1.*+#C0&19(�#&6
'M!�23*<2;!$',-k23? 6/(>'lYq?�#&(�1b~$-)(W6/85OG!$6/1.*+#Z-)#1l-)6/(#`2oL:UpY7?#/(1b~+-,(>#�Yq(�%Y2sl*+#/%9(1n\+?(h][8&(�6G!<#/%�'M!
0/19*[6/8 l23-,*+# 6/(P0G!$1.29-Il8/')(% l�(P]`8/-/1.(�#/6nl�(�2923(m!$0/0/1.*NltO&(m-,#1l�*+O&?�19(#`29(qLBo
(m0/1.*dU/'m�SW>(P!"?�23?
%9*+8/',-m~$#/? 0G!$1"')(�%�!<8&23(8/19%�6/( x � �dygzp]`8/-Q19(SW�!$19]`8/(#`2�]`8/(\')!ol�*+#&%9(�1 \<!<29-)*+#X6/(\'hY7?#/(1b~+-,((2�6/(>'hY7-[W>0/8/',%9-,*$#C(�%Y2�8/#5?')?oW>(�#B2�(%9%9(#`29-)(�'hLxof(2929(�?#/(�1n~+-)(\6/*$-,2A.�2319(\0G!$1.23!q~+?(\(�#`2919(
')(%E-,#`29(�13!Ml23-,*+#/%�19?(�',')(%_(2X\[-,1.238&(�')',(�%SL�hE#H!<8&2319(�0/1.*dU/'m�SW>(�(%.2^]`8/(�',(�%_0L*dW>(�1.*+#/%_%9*+#B2
2313!<-,23?%^6&-[tz?�19(SW W>(#`2^%.8/-[\�!$#`2"')(8/1^*$196/1.(�|z',(�0/1.(oW>-)(1E(�%.2N0/!$1.29-Il�8&')-,(�1SRL!$')*+1.%E]`8�Yq-)'x#�Y R
!>!$8 l�8/#/( - 8/%.29- c�l�!<23-,*+#�0L*$8/1Ql(�'M!ML
+Q#]cG#�Rx%9-f6/!$#/%�')( W>*[6���',(�6&(�% 0/!$1.23*$#/%�')!j]`8/(%.23-,*+#i%9(h0L*+%3!$-k2�6/8=2913!$-k23(SW�(#`2�6/(%

-)#B23(�19!)l29-)*+#&% W 8/',29-,0/',(�%SRz6G!<#/%N')!�23O/?*+19-,( 6/( k�1.-mUL*�\ �4{_(S~d~+(gRL'M!h]`8/(%.23-,*+#X(%.2�0L*+%.?�(W6/8
2313!<-,23(SW>(�#`2N6/(%�0/19*Nl(�%.%98/%�6/8/1.%oL�+J#Z(Stz(2�19-,(�#X#/(\0L(�1bW>(2�6/(\')(�%N6/-)%dl�8&29(�1SLuwx*$8/1�8/#/(
U/-mU&')-,*d~$13!<0/O/-,("0&')8/%m6/?23!$-)',',?�("%98&1_')! 29O/?�*$19-)(N6/( kN19-[UL*�\u� {�(o~d~$(qR l*+#}_ �19( x � ��RgzlL
2c-,#G!$',(oW>(#`2oRe#&*+8/%�!]\+*+#/% ��#/*$231.(W6/-)%.0z*$%9-k23-)*$#C',(`W�*[6��')( 6/(%�0G!$1Y23*+#/%N]`8/-Q(%.2�!<0M�

0/')-=l@!qU&')(�!$8Mi�0/1.*Nl�(%9%98&%�6&8/19%>(2h!$8�i - (29%oR�W�!$-)%W6/*$#`2�'hY78g23-)',-k%3!�23-,*$#n(�%Y2h',-mW>- 23?gLQr_*+8/%
!�\+*+#&% W�*<23-�\+?�'lYq-)#B23(1r.2_6/(sl*+#/%.-)6/?19(1^')(%E-)#B23(13!)l�23-)*$#/% W 8/',29-,0/',(%_(�2"')!>0/1.*[6/81l29-)*+#j6/(
0/19*Nl(�%9%.8/%W6/8/19%�6G!$#/%sl�(wl�*+#B23(ci[29(qLprE*+8&%W!]\+*+#/%W!<')*+1.%�?S\+*[]`8/?�'M!�29O/?�*$19-)(�6/(jk�1.-mUL*�\ �
{_(S~d~+(>(�2�%9*+#Z2313!$-k23(SW�(#`2�6/(%�-,#`29(�13!Ml23-,*+#/% W 8/',29-)0&',(�% W�!$-)%N%9(%�')!)l�8&#/(�%�(�#Z23(�1nW�(\6/(
l�*+#&%9(�1 \<!<29-)*+#H6�Yq?�#&(�1b~$-)(�(�2"6/(�%^0/19*Nl(�%9%.8/%N6/8/1.%oLerE*+8/%"!$',')*$#/%_6/-,%�l�8g23(�1 W�!$-,#`23(#G!$#B2E6/8
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k�1.-mUL*�\u�4{_(S~d~+(^29O/(�*$1.R  x � �TRgzhL
� 	��	�� � �Qb�! �" 	 � � ����� � b ��� � � 	�	 ���
�� ! � ��� b��

o
(�2923(A!$0&0/19*Nl;O/( W>-�i[23(gRQ(�#B231.(j')(�W>*[6���',(�6/(%h0/!$1.29*+#/%>(2�'M!H23O/?*+19-,(�6/( k�1.-mUL*�\ �
{_(S~d~+(gR[2913!$-k23(_6G!$#/%
',(XW#.oW>( _ *+1nWh!<',-,%bW>(�')(%P!<%90L(rl�23% W>*+8/%
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Ẽq
� ��� � (1)(xq, x) = x

1

γh

xα ��� � � Γ(2 + α ������	 − αR)

Γ(1 + α ������	 )Γ(1 − αR)

× q � ��� (xq)(1 − xq)
−1−α ��� �� +αR(x− xq)

−αR
� i 1 �Ij §

E � ��� � g�\tcb]ElZl	gV_`_@oio&%&Y&_`[acdU`Y&W ) Y&_`_`gil	YE[ZeyU@WafZU@rs[Zg�ezr|[^#9U`_>\&# ]��EU`cyf^#9[ZWag�TVYEWscdU`W|[�]�cdU@YEW�fZg_<#9o(%&Y&_`[acdU`Y&W ��; ¦ >�TVgVl	g�WZf�]EWqc�f�]�WZ\^[ZWag�eDo&�&U@YEWnY"! _@g�\hcdg�T"�aWZU@rs[Zg�\�l	gVe5cd[Ze_c�]�cdU9%&gV\iWZg
\&# ]�lZlZ_@U`rs[ZgVWqc lZ]E\:1

Ej
� ��� � (z)

]._j]�\DUn�&WZU9r�T¤]�cDU@YEWufag>_j]�fZU@\5cdeDUncZ[acDU@YEWug�W�U ) la[Z_@\tU`Y&W�fZ[yl�]Ee5cdY&W
j
fZ]EWZ\;_j]hl�]EetcDU@g ) Y&_`_`g5>al	Y&[Ze.lZ_@[Z\.fZgzfZo�cd]EU@_=TVY&WA*R,VeDg �9� / ,5 1

, �



� ����� � � � �!��� � ����� � � � � ���� ���!����� ���

�"��� � 	��6�
����� 		� �� � 	�
 ����
��	�����	

�6].\tgVT7cdU@YEWylaeDoVT�oVfagVWscDg8WZY&[Z\6].l	g�e ) U@\$fZgQfZo�TVeDU`eDgQ[ZWag>U`Wscdg�ed]ET7cdU`Y&W�oV_`o ) gVWqc,]EU`eDgXg�c6\tgV\fZUnhBoVetgVWqcdgV\QW�]�cd[aeDgV\Ql	Y&\D\tUqcZ_`gV\:1 ¦ ]EWZ\>T�g�ctcdg;\Dg�T�cDU@Y&W^WZYE[Z\8]E_`_@YEWZ\XfZU@\tTV[acDgVeQTVY )`) gVWqcQ\DY&WqceDo¤]�_@U`\DoVg�\�_`gV\�U`WscDgVed]�T�cDU@Y&WZ\ ) [Z_`cDU`lZ_`g�\:>	T�#pgV\5c_' 6�'*fZU`eDgb_=#poVT,��]EW2�&ghgVW�l�]EeD]E_@_n,V_`gyfZghlZ_@[a\DU@g�[ZeD\oVT,�ZgV_`_@g�\:1

Q '���'*) � +0 � 8:7 +0 � 	� 	43 8 	��
�0gyT�Y&[ZlZ_@]��&gufZg

n
U@WqcdgVeD]ET�cDU@YEWZ\.oV_`o ) gVWscd]EU@etgV\;]I%EgVTy_@guW|[ZT�_@o�Y&W�g�\tc�g(amlZetU ) ozl�]�e�_`gV\

*�Y&WZT7cdU@YEWZ\.fZg%&gVetcDg(a
F
fZg�\�lZetY5Btg�T�cDU@_@g�\.g�c�T�Uqca_@gV\&1

F = FN� ����	
(

1 −
n
∑

k=1

xk

)

exp

(

−R2
N

n
∑

k=1

q2
k⊥

)

n
∏

k=1

FN� ��� � (xk)
� i 1 ��� §

]I%&g�T

FN� ��� � (x) = γNx
−α ��� � �

FN������	 (x) = xαN� � �� Θ(x)Θ(1 − x).
g�c
R2

N

>
γn

>
α � ��� � g�c αN������	 >$fZgV\ylZ]Eed] ) ,7cdeDg�\:1$�{YE[Z\y_`gV\ul�]EeD] ) ,7cdetgV\z]I%&g�T�[ZW U@WafZU@T�g N\DY&WqcF\Dl	o�TVU9r�rs[ZgV\Fl	Y&[Ze>_@g.lZeDY!BtgVT7cdU`_@g.g�c8_j]uT�UqcZ_`g.g�cF\tY&WqcFfZU9h=o�eDgVWqcd\>lBYE[Ze>fZUnhBoVetgVWqcd\>c*�|l	gV\

fZg��Z]EfZeDYEWZ\:1
xk

g7c
q2
k⊥

\DY&Wqc�_@gV\;U ) lZ[Z_`\DU`YEWZ\.T )&WZgyfZgy_@[ ) Un,Vetgzg7c�U ) lZ[Z_`\DU`YEW�cded]�WZ\_%&g�eD\Dg]E[�TV]EeDetozfZ[�W|[ZT�_@oVYEW�TVY&Wa\tcdU�cd[�]EWqc;>Zl�]Ee5cdU`TVU@lZ]EWsc.6^_=#pU`Wscdg�ed]ET7cdU`Y&W^1

Q '���'�� [ 0�8
	43�����8:7�+0��  5 8:7 � 5�	
->w �zx�T,�ZgVetT"�Zg@6�cDed]EU�cdg�eufagm*�]53VY&W�g&hBgVT7cdUn%&gicdYE[acdg�\y_`gV\uU@WqcdgVeD]ET�cDU@Y&Wa\ ) [Z_�cdU`lZ_�gV\�fZg

) ]�WZUq,�eDg�6�];%&Y&U@e�]ET�T:,V\y]�[Aa�\Dg�T�cDU@Y&Wa\zg(8�TV]ET�gV\zcdY�c,]E_`gV\�g7czl�]Ee5cdU@g�_@_`g�\:1$xmUXWZY&[Z\uTVYEWZ\DU`fZo('eDY&WZ\�[aWZghU`WscDgVed]�T�cdU`Y&W�lZetYEcdY&W '*lZetYEcdY&W�oV_`o ) gVWqc,]EU`eDg�>ª[aW�T�gVe5c,]EU`W�WZY ) cZeDg�f$#pU@WqcdgVeD]ET�cDU@Y&Wa\\DY&Wqc�o�T,��]EW-�&o�gV\�g�W�l�]EeD]E_@_n,V_`g51 ;-gVe5c,]EU`WZgV\.U@Wqcdg�ed]ET7cdU@YEWZ\�\Dg�eDY&Wqc�o�_j]E\5cdU@rs[Zg�\P��\D]EWZ\;lZetY|fZ[ZTO'
cdU@YEW^fZg�lZ]EetcDU@TV[a_@gV\d§Xg�c8f$#9]E[acDeDgV\8U`WZoV_@]E\tcDU@rs[Zg�\b��lZeDY|fZ[aT�cdU`Y&W^fZg�l�]�etcdU`TV[Z_`gV\d§(1q�d# ] ) la_@U�cD[ZfZgU@WZo�_j]E\5cdU`r|[agbgV\5cz_@]}\DY )@) gbfZgbcdYE[Z\�_@g�\�T¤]�\z];%&gVTi[ZWagiU`Wscdg�ed]ET7cdU`Y&WkU@WZo�_j]E\5cdU`r|[agbg�cuo(%&gVWA'cd[Zg�_@_`g ) gVWscula_@[Z\tU@g�[ZeD\uU@WqcdgVeD]ET�cDU@Y&Wa\uo�_j]E\5cdU`r|[agV\zT�Y )`) ghU@_`_`[Z\5cdeDoh\t[Zez_j]�lXUn�&[ZeDg i 1 y 16xm[aeTVg�\^faUj]��Eed] )`) g�\:> _@g�\h_`Uq�&WagV\bT�Y&[Zl	o�gV\^\tg�eDo(*�oVetgVWqc�]E[Aa¨U`WscDgVeD]ET�cDU@Y&WZ\�U@WZo�_j]�\tcdU`rs[ZgV\���l	Y!'
) g�eDY&Wa\�TVY&[Zl	o�\,§�c,]EWafZU@\�rs[Zgi_@g�\�lZ_@g�U@WZg�\�\tgieDo(*�gVeDetgVWqcy]E[Aa�U`Wscdg�ed]�T�cdU`Y&WZ\�o�_j]�\tcdU`r|[agV\:1$�6]\DY )`) g�fZg�cdY&[a\�_@g�\�fZU@]��&ed] )@) gV\zeDg�lZeDo�\Dg�Wscd]EWsch_@g )`?:) g�o�cd]�c rZW�]E_8g�\tch]ElZl	g�_@_@o�g�[ZWZgTV_@]E\D\tg

K
v

K = {m,x+
1 , x

−
1 , . . . , x

+
m, x

−
m}]I%&g�T

m
etgVlZetoV\Dg�Wscd]EWscX_`g>WZY ) caeDg>fZg8_`Uq�EWZgV\0T�Y&[Zl	oVg�\Xg7c x± _`gV\ %�]EetUj]�ca_@gV\0T*)&WZg8fZg8_`[ ) Uq,�eDg51

Ω(K)
etgVlZetoV\Dg�WscDg�]E_@Y&et\�_@]}\tY )@) gb\t[Ze�cdY&[Z\�_`gV\�cdgVe ) g�\�f�]EWZ\�_j]�TV_@]E\D\tg K 1=�6]~\Dg�T�cDU@Y&W

g&8�T¤]�TVgy\:#pg(amlZeDU ) gzT�Y )`) g�_j]h\DY )@) gu\D[ae;cDY&[acDgV\;_@g�\;TV_@]E\D\tgV\yv

σ � 	 � � (sNN) =
∑

K 6=0

∫

d2bΩ(K)
� i 1 �;� §

, ,



�  ������ ��� � �����������

Ω
fZoVl	g�WZf U ) lZ_`U�TVU�cdg ) gVWqc}fZg sNN

g7c�fZ[ l�]EeD] ) ,7cdetg�f$#pU ) l�]�T�c b 1��6g�\~cdg�e ) gV\~U@WZfaU9'%|U`fZ[Zg�_@\ ∫
d2bΩ(K)

eDgVlaeDoV\tgVWqcdgVWqcb_@g�\z\Dg�T�cDU@Y&WZ\zg&8�TV]ETVg�\�l�]Ee5cdU@g�_@_`g�\uo7c,]EWqcyfZY&WaWZo^r|[^#9U`_@\
etgVlZetoV\tgVWqcdgVWsc�fZgV\�o7c,]�cD\7r�W�]E[Aa faU@\tcDU@WZT7cd\&16;-g�TVY&WaTVgVlmc�l	gV[ac ? cDeDg�o�cdg�WZfZ[ ]E[ T¤]E\^fZgV\
U`WscDgVeD]ET�cDU@Y&WZ\�WZYO�q]E[A'�WZY)�q]E[^>�TVY&WA*R,VeDg �9� / ,5 1

&�')(+* i 1 y ¢ ;F_j]E\t\DgzfZgV\;cDgVe ) g�\;TVY&eteDgV\tl	Y&WZf�]�Wsc 6i[ZWZgzU@WqcdgVeD]ET�cDU@Y&W�U`WZoV_@]E\tcDU@rs[Zg �9�Iy5i� 1

Q('���'	� � . 8
	43 � 7&0 � 8:7�+0 � 	 5�� 0 � 8  3 	 � 	�� . �-S 	15&5�	�������+5&5�	  
�  3 	��

�d#9o�rs[�]�cdU`Y&W i 1 �I� WZY&[a\F] ) Y&WscDeDo.rs[Zg�_j]�\Dg�T�cdU`Y&W�g&8�T¤]�TVg�U`WZoV_@]E\5cdU@rs[Zg�f$#p[ZWZg�TVYE_@_@U`\tU`Y&WlaeDYEcDY&WA'*laeDYEcDY&W�l	gV[mc�\:#poVT�eDU@etgbgVW *�Y&WZT�cDU@Y&W�f^#
Ω
rs[ZU{\&#9U`Wscdg�eDlZe_,�cDgbTVY )`) gy_j]�laeDY c�]5cZU@_`U�cdofag^fZU`\tcdetUqcZ[mcdU@YEW�l	Y&[Zeu[ZWZg^T�Y&W2r-�&[Zed]�cdU@YEW�f^#9U`Wscdg�ed]ET7cdU`Y&W$1$w{YE[ZeuT"��]�r|[ag�U@Wqcdg�ed]ET7cdU`Y&W�U`WA'

faUn%|U@fa[ZgV_`_@g~o�_@o ) gVWqc,]�U@eDg5>�WZYE[Z\�]I%EY&WZ\�fZo(r�WZU;_@g�\7*�Y&WZT7cdU`Y&WZ\ G r|[aU;U@WqcdgVe %|U@gVWaWZgVWqc�fZ]EWZ\
Ω
g�c�WaY&[Z\�lBg�e ) g�ctcdgVWqc�fZgbfZo�cDgVe ) U`WZgVe�_@g�l	YEU@fZ\�f$#p[ZW�c*�|l	ghf$#9U`WscDgVeD]ET�cDU@Y&W�l�]Ee�ed]ElZl	YEetc

6�[ZW�]E[mcdeDg51=wQeDg�WZY&WZ\�_<#9gOamg ) lZ_@gyf$#9[aWZghU`Wscdg�ed]ET7cdU`Y&W�oV_`o ) gVWqc,]EU`eDgyl�]Ee5cdU`TV[Z_`Un,VeDg�];%&gVTbfZgV\U ) lZ[Z_`\DU`Y&Wa\�T )&WZgzfZgz_@[ ) Un,Vetg�fZY&WZWao x+ g�c
x−

g�c�[aW�lZ]Eed] ) ,�cDeDguf$#pU ) l�]ET7c b v

G = G � ��� � +
1
∑

a=0

1
∑

b=0

Gab� ����� � i 1 � , §

];%&gVT
a
g�c
b
U@WZfaU@rs[�]EWqc�_`gFc*�|lBg�fZg�T�Y&[ZlZ_@]��&g� ) g�e 0

Y&[�%�]E_@g�WZTVg
1
§{l	YE[Ze�_@]�laeDo('�o&%&Y&_`[acdU`Y&W

) Y&_`_`ghgVW c	YE[ac�fag�_=#poVT,�Zg�_@_`g�1 G00� ����� gV\5c�[ZWZg�U@Wqcdg�ed]ET7cdU@YEW�fZg^c*�|l	g�HIKvCE�=HIKvC�g�c G11� ����� g�\tc_<#9U`WscDgVeD]ET�cDU@YEW�fZgzlZ[Zetgo%�]E_@g�WZTVg51 lXU@W�]�_@g ) gVWqc;>a_`gV\.ed]�cDU@Y&\�v

G � ��� �
G

> Gab� �����
G

� i 1 u�� §

faY&WZWZg�Wsc�_@g�\;l	Y&U`fZ\;etgV_@]�cdU9*�\�l	Y&[Ze._@gV\.fZU9h=o�eDgVWqcd\;lZetY|TVg�\D\D[a\:1

� � �



� � � ���	� �/��
 � �!��� � ������ ���!� � 
!��� �

�"��� � � �����"���
����� ��	�
  ���
��������		�

��YEcdeDg.fZU@\tTV[Z\t\DU`Y&W�\:#pgV\tc Bt[a\Drs[$#w6zlZeDo�\DgVWqc-]EeDe ? cdo�g�]�[�WZU9%&g¤]E[�lZ]EetcDY&WZU@rs[Zg5>qT�gVl	g�WZf�]EWqc;>TVg�\tY&Wsc�fZgV\���]�fZeDY&Wa\�rs[ZU8\tY&Wsc�Y c	g�e_%&oV\bfZ]EWZ\�_`gV\yfZo7cdg�T�cdg�[ZeD\&1�w{YE[Zey_j]�lZetY|fZ[ZT7cdU@YEW fZg
l�]EetcDU@T�[Z_@g�\:>�-8w �zxk[mcdU@_`U`\Dgy_`g ) Y|f-,V_`g�fagV\�T�Y&eDfagV\�fZYEWsc�_@gV\�lZetU@WZT�U@l�]�[Aak]�\Dl	gVT7cd\�Y&Wqc�o7cdolZeDo�\DgVWqcdo�\�f�]EWZ\;_j]h\DgVT7cdU`Y&W /21 � 1 j 1

Q ' ��'*) � . �+5&7 � � 8:7 +0 � 	 5�� �  3 � 	

 T,��]Ers[Zg©o�T,�ZgV_`_@g o�T"�Z]EW-�&o�g©gVW lZ]Eed]E_`_n,V_`g�gV\5ckU@fZg�WscDUnr�o�g fZg�[Aa TVY&etfZg�\:1��6g�\�l�]Ee '

cdY&WZ\�lZetY|fZ[ZU�cd\�l�]Ee�_<#9o�T"�agV_@_`g�\tY&Wsc�TVYEWZWZgVT7cdo�\ 6¥TVg�\kT�Y&eDfagV\�\D[aUn%�]EWqc�_@g�\�TVYEWZWZg�T�cdU`Y&WZ\
fZguTVY&[Z_`gV[Zet\:1 ¦ g�\;r|[Z]Ee �s\���]EWscDU@rs[�]Ee��|\ ��fZU@rs[�]Ee���E]EWscDU@fZU`rs[�]Ee��|\d§8cdg�e ) U@WZg�Wsc.Y�cZ_@Un�q]�cDY&U�eDgO'
) g�Wscb[ZWZg}T�Y&eDfZg�cd]EWZfZU`\�r|[ag~_@g�\ �E_@[ZY&Wa\P*�Y&WscbfagV\hfZU`\tcDY&eD\tU@Y&WZ\ 6�_j]�TVY&etfZg�>X]E[mcdeDg ) g�Wsc]ElZl	gV_`oVg�\��!N)$��IH(1

.�W l	Y ) gVetY&W$>$Y&[�oVT,�ZgV_`_@gifZY&WZWZg�ed]�]E[ ) U@WZU ) [ ) fZgV[Aa�TVY&etfZgV\�];%&gVT@6�T"�Z]Ers[Zg�g(ag'
cdeDo ) U�cdo�_@gV\�lZ]EetcDY&WZ\�lZeDU`\�f�]�WZ\._@g�\�eDg�\tcdg�\;fZg�\.lZeDY!BtgVT7cdU`_@gV\-g�c.T�UqcZ_`gV\:1a�0gV\.l�]�etcdYEWZ\.eD]EfZU`oV\_@gy_@Y&W-��fagb_=#poVT,�Zg�_@_@g�]�U@WZ\tU rs[Zgb_@g�\�fZgV[AaklZetY|fZ[ZU�cd\�l�]�e�_@g�\tY&[Z\�lZetY|TVgV\t\D[Z\�fZ[Ze���l�]Ee5cdY&WZ\
U@WZU�cdU@]�cdg�[ZeD\ fag4�&gVe_c	gV\d§ %&Y&Wqc�\t[-cZU`e{[ZWZg4�&g�evc	g-l�]�etcdYEWZU@rs[ZgFlZetY|fZ[ZU`\d]EWqcX[ZW��&eD]EWZfbWZY ) caeDgfZg�l�]�etcdYEWZ\:1 �*_@\z\tgVetY&WsczcdY&[Z\zTVYEWZWZgVT7cdo�\h]E[ a T�Y&eDfagV\yU@WZU�cdU@]�_`g�\:10�0g�\yl�]EetcDY&WZ\zU@\t\D[Z\yf$#p[ZW
)@?&) gylZ]EetcDY&WkU`WZU`cDU@]�cDgV[Ze;\tgVetY&Wsc�TVYEWZWZgVT7cdo�\u\t[Ze�_j] )`?&) gyT�Y&eDfZg5>=];%&gVT�[ZWZgblaeDY c�]5cZU@_`U�cdo
1/2

f$# ? cdetg�TVYEWZWZgVT7cdo�\6�_<#p[ZWZgyY&[�_<# ]E[mcdeDg51ªw{Y&[Ze�_=#pY&etfZgzf�]EWZ\�_@g�r|[agV_ \tY&Wqc�T�Y&WZWZg�T�cdo�\�_@gV\l�]EetcDY&WZ\&>	_`g ��[Aa�fZg�T�Y&[Z_`gV[Ze�gV\5c�eDg:�&]EeDfZo�v	fZ]EWZ\�_@gyTV]E\�f$#p[ZWZg�TVY&etfZg�\DU ) lZ_`g�>Z_@g �Z[Aa�fZgTVY&[a_@gV[aeP%�]�fZ[©rs[�]Ee�� 6�_<# ]�WscdU`rs[�]Ee � 1 xmU>fZgV\ �&_`[ZY&WZ\y\tY&Wsc�lZeDo�\Dg�Wscd\&>X_`g ��[Aa lZ]E\D\tg}l�]Ee
TVg�[Aag'*TVU<1 ¦ ]EWa\8_@g�T¤]E\>f$#p[ZW`cZed]EWaT"�Zg ) gVWsc g → g+g

Y"!^_@g�\>fZg�[Aa^l	Y&\D\tUqcZU`_@U�cDoV\�\DY&Wqc8gVWk%|U9'
\d]��Eg¤]�cZ_`gV\&>a_`g ��[Aa~g�\tc.T,�ZY&U`\DUB]E_@oV]�cdY&U`etg ) g�Wsc-]I%&g�T�[ZWZg�lZetY c�]5cZU@_`U�cdo 1/2

1 ;-g�ctcdg�fZo7cdgVe ) U�'W�]�cdU`Y&WyfZ[ ��[AayfZgFT�Y&[Z_`gV[Ze g�\tcXU`_@_�[Z\tcDeDoVg>\t[Ze{_@].rG�&[aeDg i 1 j l	Y&[Ze _<#9gOaag ) la_@g>f$#p[ZWZgFTVYE_@_`U`\DU`Y&W
e+e−

>$T�Y&_@_`U`\DU`YEW�o�_@o ) g�Wsc,]�U@eDgbl	Y&[Zez_@]Ers[Zg�_@_@gbTVgic*�ml	g^fZg ) Y|f-,V_`gV\�Y&WsczU@WaU`cdU`]E_�g ) gVWqcuo7cdofZo&%&g�_@Y&lal	oV\:1=xm[Ze�T�g �Eed]ElZ�aU@rs[Zgy_`gV\ �G,VT,�Zg�\�gVW�cdU@etg�c�U`WZfZU`r|[agVWqc�_`g ��[Aa�fZgyTVY&[a_@gV[ae�l	Y&[Ze
TVg7c�g(amg ) lZ_`g�1 ¦ g�lZ_@[a\:>0f-,�\�rs[Zg�_@]�TVY&etfZg�etgVWZT�Y&WscDeDg�[ZW rs[�]�e �]��Y&[ ]EWscDU9'�r|[Z]Ee �m§�TVg7cDcdg
TVY&etfZg�\&# ]�eDe ? cdg�g�c�eDg�TVY )`) gVWZT�g�[ZWZg�WZYE[2%&gV_`_@g�TVYEeDfZg�]I%&g�T�_@g�rs[�]Ee���\t[ZUn%�]EWsc:1a�0gV\0�E_@[ZYEWZ\eDgVWaTVY&WqcdetoV\X\tY&Wsc{TVY&WaWZgVT7cdoV\X\D[Ze _j];T�Y&eDfZg8g�c{TVeDo�oVgFfZgV\{l	Y&U`Wscd\6f$#9U`W ��gOaaU`Y&WZ\ T�Y&[ZfZo�\:>E]�[acdeDgO'
) g�WscF]ElZl	gV_`oV\��!N)$��!1 .�Wag�oVT,�Zg�_@_`g�l	gV[mc-fZY&WaT�lZetY|fZ[ZU@etg�la_@[Z\>fZg�fZg�[Aa�T�Y&eDfagV\:1m�d#pg(amg ) lZ_`gfZg�_@]orG�E[ZeDg i 1 j WZY&[a\-fZY&WaWZgVeD]b_`gV\FT�Y&eDfagV\

q− g1 − q̄′
g7c
q′− g2 − g3 − g4 − g5 − g6 − q̄

1
;-g )`?&) g ) o�T¤]EWaU@\ ) gugV\tc�o7cdgVWafZ[ 6 pp Y"!�_`gV\;TVYEeDfZg�\�U@WaU`cdU`]E_�gV\.\DYEWsc�*�YEe ) oVgV\;g�Wscdetgy_@gV\l�]EetcDY&WZ\�lZetU@\�f�]EWZ\�_@g�\�M K#"%$	C�$GJRH(>	l�]Ee�_@]}\D[aU`cdgb_@g *�Y&WZT7cdU`Y&WZg ) gVWqc�fZ[ ��[Aa�fZghTVY&[Z_`gV[Zet\g�c�fZg��!N)$��~g�\tc�_`g )@?&) g�1

Q ' ��'�� � 	�� 8 	�� � 	�� � 3 �� 	 � 8 7&5�	���	 8 � 7�� 5�	��
�0gV\~fZgV[ a l�]Ee5cdY&Wa\~U@WqcdoVeD]��&U`\D\d]�Wsc}f�]EWZ\~_=#poVT,�Zg�_@_`gk_j]�U@\t\DgVWqc~fZgVeteDUn,VeDgkgV[Aa�_@g�\~etgV\tcDgV\

fZgV\~laeDY!BtgVT7cdU@_`gV\�g7c~TVUqca_@gV\�T�Y&_@Y&etoV\&1 ��W�l	Y&[Zeted]EU�c�TVY&WZ\tU@fZo�eDg�e~_`gV\}etgV\tcDgV\~TVY )`) g�o7c,]EWqc\DU ) lZ_`g ) gVWqc^[ZW faU@rs[�]Ee��nfZY&WaW�]EWsc�W�]�U@\D\D]EWZT�gW6 [ZWZg r�W fZg�TVY&etfZg�1�;-gVl	g�WZf�]EWqc~TVg7cDcdg

� �2�



�  ������ ��� � �����������

&�')(+* i 1 j ¢ �6g ��[Aa�fagyTVY&[Z_`gV[aeD\�fZg�\�l�]�etcdYEWZ\�l	g�e ) g�c�fZgzcdetY&[2%&g�e�_j]iT�Y&W2rG�&[aed]�cDU@Y&W�fZgV\T�Y&eDfagV\ ���;igy� 1

U ) ]��&gz\tg ) cZ_`g ? cdeDg�oVTV]EetcDoVgbl�]�e�_@g�\�etoV\D[a_j]�cD\�fZgV\�]�WscdUnc�]Ee5�&Y&WZ\�o�cdeD]EW-�&g�\�]E[�xmwFx �9� ,�i� >]�[�lZetY�rZc;fZgz_=#pU ) ]5�&g�f$#p[ZW�faY&[-cZ_`gzY�cABtg7c�T�eDY&U`\Do�1��6]mlXUq�&[aeDg i 1 � U`_@_`[a\tcdetg�_@gulaeDU@WaTVU@l	g�fZ[faY&[-cZ_`g�Y c Btg�cb� � g7c u l	Y&[Ze�_@g�lZetY!BtgVT�cDU@_`g�>�/�g�c i l	Y&[Ze�_j]�TVUncZ_@g¤§{rs[ZU2%&YEWsc>U`Wscdg�e_%&g�WZU@e�f�]�WZ\
_`gV\;TVYEeDfZg�\�fZgy_<#9o�T"�Zg�_@_`g�1 ;-��]ET�[ZWkfZg�\�Y c Btg�cD\�l	gV[ac ? cDeDgy[ZW�rs[�]�e � >B]�WscdU`rs[�]Ee � >�fZU`rs[�]Ee � >]�WscDU@fZU`r|[Z]Ee � 1 ;-g�fZY&[-ca_@g�Y�cABtg7c.l	g�e ) g�c�fZg�_@]EU@\t\Dg�e-_`gV\-eDg�\tcDgV\.\D]EWZ\�TVY&[a_@gV[ae:1a��Y&[Z\.];%&Y&WZ\]�U@WZ\tU�]5h$]�U@eDgx6�cDeDY&U`\hY c Btg�cD\icDY&[Z\7cZ_@]EWZTV\&1Q�0gV\ieDgV\5cdg�\�]EU`WZ\DU-T�eDoVo�\�\tY&Wsc^_@]�lZ_`[Zl�]Ee5cifZ[
cDg ) lZ\igOamTVU�cdoV\&16;-g�ctcdg�U ) ]��&g 6�cDeDY&U`\hY c Btg7cd\^]�l	g�e ) U@\bfZg�eDo�\DY&[ZfaeDg�_`g~lZeDY�cZ_q, ) g}fZgV\
cZ]Eet�&YEWZ\ ) [Z_�cdU�'�o�cDed]�W-�&gV\ ��� ,ky! 1

w{Y&[Zeu_`gV[Ze�fZo�TVetY&U@\t\d]EWZT�g�>0_@g�\ueDg�\tcDgV\zfZgV\zlZetY5Btg�T�cDU@_`gV\�g�czT�UqcZ_`gV\�l	gV[2%EgVWsc ? cdetgicDed]EU�cdo�\T�Y )`) g-fZgV\QeDoV\tY&WZW�]�WZTVg�\:>sfZg�\>TVY&etfZgV\>YE[^gVWaTVY&etg;fZgV\e�EY&[acdg�_@g7cDcDgV\:>Eg�c )`?:) g�[ZW ) o�_j]EW2�&gfag�fZgV[Aa�Y&[�cdeDYEU@\>fZg�TVg�\-oV_`o ) gVWscD\$sscDY&[acFfZoVl	g�WZf~fZg�_@g�[Ze8g(amT�U`c,]�cdU@YEW$>qfZg�_@g�[Ze ) ]�\D\Dg5>|g7cfagb_@g�[Ze�TVY&Wqcdg�W|[�gVW�\D]I%&g�[Ze:1$xmU _@gyeDg�\tcDgi]�[aWZg *�]EUncZ_@g ) ]E\t\Dg�>	U`_6l	gV[ac ? cdetgbfZU`eDgVT7cdg ) g�WscU`fZg�WscdU9r�oU6h[aW���]�fZeDY&W~Y&[�[ZWZg�eDo�\DY&WZWZ]EWZTVgurs[ZU^%�]hfZoVT�eDY&U�cdeDg5>Z]�[acdetg ) gVWsc:>a_`g�eDgV\5cdgul	g�[ac\tY&U`c ? cdetgF[ZWZg4�EY&[acdg�_@g7cDcDgFrs[ZUg%�]�fZo�TVeDYEU`cdetgF\t[ZUn%�]EWsc{[ZWbcDed]EU�cdg ) g�Wsc ) U@TVetY|T¤]EWaY&WZU`rs[Zg8f$#p[ZWg�\Dl�]�TVg^fZgV\zlZ�Z]E\Dg�\ 6
n
T�Y&eDlZ\ �9� , j5 >$\tY&U`cufagV\zTVYEeDfZg�\zr|[aUt%&Y&Wqc*�ed]�� ) gVWqcdg�e�\D[ZU9%�]EWqcz_j]

) o7cd�ZY|fZgufZoVT�eDU�cdgzf�]EWa\�_@]i\tgVT�cDU@YEWW/A1 � 1 j 1

��� � � ������������	 	�� 
 ������� 	 ���9������	�����		�

¦ ]EWZ\�_@gV\-WZY)�q]�[Aa >Zl	Y&[Ze-cDgVWZU`e-TVY ) lacdg�fZgV\.g(h=g7cd\.f$#poVT�ed]EWqc,]��Eguf��Z\�6b_j]bl	YE\D\DUncZ_@g�eDoO'U`WscDgVeD]ET�cDU@Y&W^f$#p[ZW}l�]Ee5cdY&W}];%&gVT�[ZW�\DgVT�Y&WZf~lZ]EetcDY&W$>s[aW ) oVTV]EWZU@\ ) g;fag�l�]Ee5c,]��Eg�f$#poVT,�ZgV_`_@g
� HLE	� N J<J N)$|�a§�g�\tc�U ) lZ_`o ) g�Wscdo�f�]EWa\ ->w �zx 1��6]Dl{Uq�&[Zetg i 1 � laeDoV\tgVWqcdg©[ZWag U@Wqcdg�ed]ET7cdU`Y&W

� �ku



� ��� � ��� ��� � ��� � � � � �/��� � � �!� �

1 2

3 4

Cible

Projectile

&�')(+* i 1 � ¢}¦ YE[-cZ_@g�Y c Btg�c.T�eDY&U`\Do�fZ]EWZ\._@] *�YEe ) ]�cdU`YEW}fZgV\.T�Y&eDfagV\.l	Y&[Ze�_`gV\-oVT,�ZgV_`_@g�\P� � g7cu lZeDYI%mU`gVWZWagVWqc�fZg�_j]iTVUqca_@g�> /�g7c i fZ[�lZeDY!BtgVT7cdU`_@gO§O1ª�0gV\�etgV\tcDgV\�fagV\�lZeDY!BtgVT7cdU`_@g�\�g7c�TVUncZ_`gV\
\DY&Wqc�]EU@Wa\DU$cZ_@]EWZTV\.g�c�gOaaT�U`cDoV\:1

l�]EetcDY&WA'�l�]EetcDY&WTc�]E\DU`rs[Zg�v$T"��]�r|[ag�l�]EetcDY&W�fZ[ lZeDY!Btg�T�cdU`_@ghU`Wscdo�ed]5�&U`cu];%&gVT�[aW g�cy[aW \tgV[Z_
l�]EetcDY&W�fagy_@]iT�UqcZ_`g�1 ¦ ]EWZ\�_@]mlXUn�&[ZeDg i 1 , >Z_@gul�]Ee5cdY&W�eDoO'*U@Wqcdg�ed]��&U�c.]I%&g�Ty[ZW�]E[acdetgzl�]Ee5cdY&WfZgy_j]^T�UqcZ_`gzfZYEWZW�]EWqc�W�]EU@\t\d]EWaTVg 6�[ZW�l�]Ee5c,]��&gzfZgy_=#poVT,�Zg�_@_`g�1ª�6]^fZgV[AamUn, ) gyoVT,�ZgV_`_@gzU@\D\t[ZgfZ[ lZ]Eetcd]��&g�l	gV[ac ? cdetg�o�_j]E\5cdU@rs[Zg�Y&[£U`WZoV_@]E\tcDU@rs[Zg�1+;-g�c*�ml	g�f^#9o�TVeD]EWscd]��&g�g�\tc}g�\D\tgVWscDU@g�_
l	Y&[Ze�eDgVlaeDY|fZ[ZU`eDg�_@g�\.T�Y&_@_`U`\DU`YEWZ\-fZgu\5�m\5c , ) g�\;cde_,V\;]E\5� ) o�cDeDU`r|[agV\.fZ[�c2�|l	gufZgV[mcdgVetY&WA'�Y&e:1

projectile

cible

projectile

cible

&�')(+* i 1 � ¢ .�WZg�U@WqcdgVeD]ET7cdU@YEW l�]EetcDY&WA'�l�]EetcDY&W c�]E\DU`rs[Zg�1�;-�Z]Ers[Zg}l�]EetcDY&W U@WqcdoVeD]��&U�cy]I%&g�T[ZW�\DgV[a_ ]E[acDeDg51

�"��� � ������
	�� 	���� � � ����	(�6�
���

.�WZg�fagV\ �&eD]EWZfZg�\8WZYE[2%&g¤]�[acdo�]ElZl	YEetcdo�gV\8etoVT�g )`) g�Wsc 6 ->w �yxigV\tc8_@g�cDed]EU�cdg ) g�WscQfZg�\g&hBg�cD\�TVY&_`_@g�T�cdU9*�\:1 ;-g�c�]E\Dl	g�T�c�fZgy_j]iTVY&_`_@U`\tU`Y&W ��rs[ZU6gV\tc 6�etgV_`U@g�e�]�[ � � w8§�gV\5c�gV\t\Dg�WscdU`gV_`_@gl	Y&[Ze�etgVlZetY|fZ[ZU@etg�[ZW ) ]!amU ) [ ) fZgBtgV[Aa fZg�fZY&WZWaoVgV\bfZU9h=o�eDgVWqcd\&1 ¦ ]EWZ\bT�g�cDcDg}\Dg�T�cDU@Y&W$>

� � /



�  ������ ��� � �����������

projectile

cible

projectile

cible

&�')(+* i 1 , ¢ x|T"�ao ) ]�f$#9[aWZg.eDoO'*U`Wscdg�ed]ET7cdU`Y&Wbf$#p[ZW^lZ]EetcDY&W^];%&gVT.[aW^fagV[AamUq, ) g�lZ]EetcDY&W�v�l�]Ee 'cd]��&gyf$#9o�T,�ZgV_`_@g51 ;-gbl�]Ee5c,]��&gyl	gV[ac�TVetoVgVe�[ZWZgbfZg�[AamUq, ) g�o�T"�Zg�_@_`g�U@WaoV_@]E\tcdU`rs[Zg � 6@�q]E[aT"�Zg¤§YE[�oV_@]E\tcDU@rs[Zg`�<6ifZeDYEU`cDgO§(1

WaY&[Z\�fZU`\DTV[mcdgVetY&WZ\�_j]il	Y&\D\tUqcZ_`gzU ) lZ_`o ) g�Wscd]�cdU`YEW�fagV\�g(h=g7cd\�TVY&_`_@g�T�cdU9*�\.fZ]EWZ\ ->w �zx�gVW�\Dg
*�YEWZf�]EWqc.\D[Ze._`gV\�\Dg&� ) g�WscD\;fZguT�Y&etfZg�1���Y&[Z\.lZetoV\Dg�WscDgVeDYEWZ\�gVWa\D[ZU�cdgu[ZW ) Y|f-,V_`g�\DU ) lZ_`U`\tcDgrs[ZU8]�l	g�e ) U@\zfag�TVgVetWZgVey_=#pU ) l	Y&e5cd]EWZT�gifZgV\yg&hBg�cd\yTVY&_`_@g�T�cDUn*�\ufZ]EWZ\y_@g�\zTVY&_`_@U`\tU@YEWZ\uf^#9U`Y&WZ\_`Y&[ZetfZ\ ) ]EU@\Fo:�q]�_@g ) g�Wsc�gVW�lZetYEcdY&W '*lZetYEcdY&W^1a��Y&[a\0r�WZU`eDY&WZ\�\t[Ze.[ZW ) Y|f-,�_@g��s�|fZetY|fa�|W�]!'
) U`r|[aguo&%&o�WZg ) gVWqc�l�]�e;o(%&oVWZg ) g�Wsc�rs[ZU6g�\tc;cdY&[�BtY&[ZeD\.gVW�TVY&[aeD\�fagyfao&%&g�_@Y&lZl	g ) g�Wsc:1

Q('���',) ��. � � 3�� 8:7�+0��  3 	 
�� +3 +0 ��	 8 � +0�� 7 8:7�+0	� 7&02798:7 �+5�	��

¦ ]EWZ\ -8w �zx >-_=#pU ) lZ_�o ) g�Wsc,]�cdU`YEW fZg�_=#p�s�|fZeDY|fm�mWZ] ) U`rs[Zg�\tg *�]EU�c�]�[ WZUn%&gV]E[ fZg�_j]
*�eD]�� ) gVWqc,]�cDU@YEW©fZg�T�Y&eDfZg�\:1�� %�]EWscif$# ? cdetg�U@fZg�WscdU9r�oVg�\m6�fagV\i��]EfZetY&WZ\&>�_@g�\hTVY&etfZgV\�*�ed]��!'
) g�Wscdg�Wsc8g�W�\Dg:� ) g�WscD\:1|�6]ufZg�WZ\DU�cdo;fZg;\Dg&� ) gVWscD\8fZ]EWZ\>_=#pgV\tl�]ETVg.cdeD]EWZ\ %&gVeD\tg�g�\tc8T¤]E_`TV[Z_`oVg51x|U8T�g�ctcdg�fZgVWZ\tU`cDo�gV\tcb\t[Zl	oVetU@gV[aeDg 6�[aW©l�]Eed] ) ,7cdetg ρ0

>6_j]���Y&WZg�gV\5cbTVY&Wa\DU@faoVeDo�g}T�Y )`) g[aWZg��VYEWZgyfZg�WZ\Dgb]Elal	gV_`oVgyT�Y&eDg51Bx|U6_@]ifZg�WZ\DU�cdoyg�\tc�*�]EUncZ_@g5>a_j]���Y&WZgyg�\tc�]ElZl	g�_@o�gyT�Y&[ZeDYEWZWZg
YE[ T�Y&eDYEW�]210�6] lXUq�&[aeDg i 1 � � U`_@_`[a\tcdetghTVg7cDcdg^\Do�l�]EeD]�cdU`Y&W�TVYEeDg('�TVYEeDY&W�]�f�]�WZ\z_@ghT¤]E\zf$#p[ZWZg
T�Y&_`_@U`\tU@YEWnWZYO�q]E[A'*WaY)�q]E[^1 ¦ ]�WZ\�_j]�T�Y&eDYEW�]2>Q_`g�cDed]EU�cdg ) g�Wsci[Z\D[Zg�_;fZgV\�TVYEeDfZg�\�g�\tc�etgVlZetU@\\D]EWZ\ ) Y|faUnr�TV]�cdU`YEW$1 ¦ ]EWZ\�_@]��VY&WZg�T�Y&eDg5>Q[ZW cdeD]EU`cDg ) gVWqci�s�|fZeDY|fm�mWZ] ) U`rs[Zg�gV\5c}]ElalZ_@U�'rs[Zo5>ª_`gV\.T¤]EeD]ET�cDoVeDU`\tcDU@rs[Zg�\�fagV\�\tg:� ) gVWqcd\;fZgzTVY&etfZgV\ ��oVWZg�ev�&U`g�>ZU ) lZ[Z_`\DU`YEW$> 1n191 §�\Dg�eDY&Wqc�_`gV\T�Y&WZfaU`cdU`Y&WZ\8U@WaU`cdU@]�_`g�\8fZ[}cdeD]EU`cDg ) gVWqcFfZg�_j]yl�]�etcdU`g��q�mfaeDY-1 ;-g7cDcdg�\Do�l�]Eed]�cdU`Y&W}TVY&etg('�TVY&etY&W�]l	g�e ) g�c f$# ];%&Y&U`e6[ZWycded]�U`cdg ) gVWsc6T�Y ) lZ_@g7c fZg�\{TVYE_@_@U`\tU`Y&WZ\&1 -QWbg(h=g7c;>)_@g�\ TVYE_@_`U`\DU`Y&Wa\0TVgVWqcdeD]E_@g�\]�[ZeDY&WqcQ[aW^TVYEeDg�U ) l	Y&etcd]EWsc{g�cQ[ZWZg4*�]EUqcZ_`gFTVY&etY&W�]hv�_@gFcdeD]EU`cDg ) gVWqc��q�mfaeDY|fa�|W�] ) U@rs[Zg�\Dg�ed]laeDoVl	YEWZfZoVeD]EWqc;1��0gV\{o&%&o�WZg ) gVWqcd\Xl	oVetU@lZ�Zo�eDU`rs[ZgV\{rs[�]EWqct6�gV[ a^>�]E[aeDY&Wqc{[ZW�cDev,V\ *�]�UqcZ_`gQTVY&etgg7c8[aWZg;U ) l	Y&etcd]EWqcdg-TVY&etY&W�]iv&_j]�lZ]Eetc>fZg._=#p�s�|fZeDYz\tgVeD]*�]EUqca_@g5>EYEW�etg BtY&U`Wsc>]E_`Y&eD\�_`g.etoV\t[Z_`cd]�cT�_j]�\D\DU`rs[Zgb\D]EWZ\��s�|fZetY ��� , �! 1 ¦ gblZ_@[a\�_`gV\�T�Y&WZfZU�cdU@YEWZ\�U@WZU�cdU@]�_`g�\�]E[ ) Y|f-,�_@gy�q�mfaeDY~o�cd]EWscfaY&WZWZo�gV\�faU@eDg�T�cDg ) gVWsc�lZ]Ee ->w �zx	>ªU@_=��]^[ZWZgyT�Y&�Zo�eDgVWaTVg�gVWqcdeDgzcDY&[acDgV\�_`gV\;o�cd]El	gV\�fZgz_j]T�Y&_`_@U`\tU@YEW$1 .�W~]E[acDeDg�l	YEU@Wsc8gV\t\DgVWqcdU`gV_BfZg�TVg7cDcDg�]ElZlaeDY|T,�Zg�g�\tc-rs[Zg�_j]zfZo7cdgVe ) U`W�]�cDU@Y&W^fZg�_j]
��Y&WZg^T�Y&eDgigV\tco*�]EU�cdgi]�[ WZU9%&g¤]E[�fZgV\z\Dg&� ) gVWqcd\zfZg^TVYEeDfZg�\:10��U@Wa\DU=>=T�g�ctcdg�]ElZlZetY|T"�ag�l	g�[ac]�[Z\D\tU ? cdetg�]�lZlZ_@U`rs[ZoVgk]E[ a TVYE_@_`U`\DU`Y&Wa\�lZeDY�cdY&WA'�lZeDY�cdY&W£\DU�_`gV\�oVWZg�ev�&U`gV\}\tY&Wsc~\t[28�\d]EWqcdg�\
l	YE[Ze;lZetY|fZ[ZU`eDgu[ZWZg*�Y&etcDgzfagVWZ\tU`cdozfZgz\Dg&� ) gVWqcd\�fagyT�Y&eDfagV\�f�]�WZ\�_<#9g�\Dl�]�TVgucded]�WZ\_%&g�eD\Dg51

� ��i



� ��� � ��� ��� � ��� � � � � �/��� � � �!� �

&�')(+* i 1 � � ¢z¦ ]EWZ\{[ZWZg8TVY&_`_@U`\DU`YEWzWZY)�q]�[A'*WZYO�q]E[}v)[aWZg �VYEWZgFfZg *�Y&e5cdg8fagVWZ\tU`cdo8fZg *�ed]5� ) gVWscD\fZgzTVY&etfZgV\yvZ_@guT�Y&eDgzg�W�etY&[-�&gug�c�[ZWZg �VYEWZgyfago*�]�UqcZ_`g�fZg�WZ\DU�cdo^v�_@]iT�Y&eDYEW�]^g�W7BD]E[aWZg�1

¦ ]EWa\�TVg7cDcdgb\toVl�]EeD]�cdU`Y&W ;-Y&eDgO'*;-Y&etY&W�]2>	_`gV\�laeDY|TVg�\D\t[Z\ufZ[aeD\�U`WZU`cDU@]�cDgV[Zet\�fZg.Btg�cd\�\DY&Wqcg(amTV_`[Z\�fa[�T�Y&eDg51=�0g�cdeD]EU`cDg ) gVWqc�fZgV\�lZeDY|T�gV\D\t[Z\ufZ[Zet\�gV\tc�g&hBgVT7cd[Zoh\D]EWZ\�T"��]�W-�&g ) g�Wsc;1 �*_W$#p��]}fZY&WZThl�]�\ufZ]EWZ\�TVg�ctcdg�%EgVeD\tU@Y&W�f$#pU@Wqcdg�ed]ET7cdU@YEW�l	Y&\t\DUncZ_@gbgVWqcdetgi_`gV\�lZ]EetcDY&WZ\�fZ[Zet\ug7c
_@g ) U@_`U�gV[�fZg�WZ\Dg51
;-g�TVUXl	Y&[Zeted]EU�c ? cDeDg *�]EU`c�];%&gVTh[aW ) Y|fZ[Z_`g�fagbc*�|l	g �b'2w�
�����*� ��� , �! 
r|[aU�eDoV]E_@U`\Dg�_@] *�ed]�� ) gVWqc,]�cDU`Y&Whf$#p[ZW�l�]EetcDY&W^f�]EWa\>[ZW ) U@_`U�gV[$1E�0gV\>l�]�etcdYEWZ\>laeDY|fZ[ZU�cd\QfZ]EWZ\
-8w �zx^eto¤]E_`U@\tgVWqc>[ZWZg��&g�evc	g;l�]Ee5cdY&WZU`rs[Zg;fZ]EWZ\>_@g0%|U`fZg�>&TVg7cDcdg��&gVe_c	g�lZ]EetcDY&WZU`r|[ag;l	Y&[aeDed]�U`c
? cdetg ]E_@YEeD\�eDoV]E_@U`\DoVg�l�]Ee �b'2w�
�����*� ]I%&gVT _@g�\�T�Y&WZfaU`cdU`Y&WZ\�\D[Ze�_`g ) U@_`U�gV[�fZYEWZWZo l�]Ee
-8w �zx 1	�0gV\�l�]�etcdY&Wa\�lZeDY|fZ[aU`cd\;\Dg�ed]EU`gVWqc�gVWZ\t[ZU`cDg�T�Y&WZWZg�T�cDoV\�\Dg�_@Y&W�_@]^lZetY|TVo�fZ[ZeDg�[Z\t[ZgV_`_@g
fZgV\�T�Y&eDfagV\:1

¦ ]EWa\-_@g�\Fo7cd[ZfagV\-\D[ZeF_@g�\ ) Y|f-,�_@g�\F�q�|fZeDY|fa�|W�] ) U`rs[ZgV\-fZ]EWZ\F_j]zfZgV\tTVetU@lacDU@Y&W�fZg�\-TVY&_`_@U�'\DU@YEWZ\ f$#pU@Y&Wa\ _@Y&[aeDfZ\&>)_@];fZo�cDgVe ) U`W�]�cdU`Y&WzfZg�\XT�Y&WZfaU`cdU`Y&WZ\6U`WZU`cDU@]E_�gV\0l	Y&[Ze _=#po&%&YE_@[acDU@Y&Wz�q�|fZeDY5'fa�|W�] ) U@rs[Zg�gV\5c�g�W~rs[Zg�\tcDU@Y&W$1 ->W}g(h=g7c;>|U`_ªg�\tc-_@o&�&U`cDU ) g.fZg�\&#9U`Wscdg�eDetY �&gVe8\t[ZeF_=#pU ) lZ]ET�c>fZg�\TVY&WafZU`cDU@Y&WZ\{U@WaU`cdU`]E_�gV\{\D[aeQ_<#9o(%&Y&_`[acdU`Y&W�fZ[ ) U`_`U`g�[}vE_@]�lZeDY|fZ[aT�cdU`Y&W r�W�]E_`g-fZg�l�]�etcdU`TV[Z_`gV\Xg�\tc 'gV_`_@g�\tgVWZ\tUqcZ_`g�6uT�gV\>TVY&WafZU`cDU@Y&Wa\�U@WqcdU@]E_`g�\(!;�d#po�cD[ZfZg �p� �! TVY ) l�]Eetg._`gV\�g&hBg�cd\>fag;fZg�[Aaic*�|l	gV\fZgyT�Y&WZfZU�cdU`Y&WZ\.U`WZU`cDU@]E_�gV\�\D[Ze;[ZWZg )`?&) guo�r|[Z]�cdU`Y&W�f$#po&%&Y&_`[acdU`Y&W�l	Y&[Ze;_`gu\Dl	gVT7cdetg�fZ[ ��Y �oV_`U@lacDU@rs[Zg�gVW *�Y&WZT7cdU@YEW}fZg�_j]ylZ\tgV[ZfZY!'*ed]�lZU@fZU�cdo51m�0g�lZetg ) U@g�e8c*�ml	g�fZg�TVY&WafZU`cDU@Y&WZ\8U@WaU`cdU`]E_�gV\gV\tc�[ZW l�]�ed] ) o�cDed]��Eg^rs[ZU>Y&lacDU ) U`\tgi_@g^eDo�\D[Z_�c,]�cr�W�]E_ �9� ,�, > u����5 >$T�g�c*�|l	g�fZg�T�Y&WZfZU�cdU`Y&WU@WZU�cdU@]�_`g�gV\tc.*�eDo�r|[ag )`) g�Wsc;[mcdU@_`U`\Do�f�]�WZ\;_`gV\�o�cd[afZgV\;\D[Ze._`gV\ ) Y|f-,�_@g�\.�q�|fZeDY|fa�|W�] ) U`rs[ZgV\&1�6gu\tgVT�Y&WZf�c2�|l	gzfZguTVYEWZfZU`cDU@YEWZ\�U`WZU`cDU@]E_�gV\-gV\5c ->w �yx�vZU@_	��]ifZYEWZTu_ 6hl	g�[�fZgu_@Unc	gVe5cdo�\t[Ze
_@g�\-T�Y&WZfaU`cdU`Y&WZ\8U`WZU`cDU@]E_�gV\&>sTVg�\tY&Wsc-TVg�_@_`gV\FfZYEWZWZoVg�\�l�]EeF_`gb�&o�WZo�ed]�cDgV[Ze-f$#po&%&o�WZg ) gVWqcd\.fZ]EWZ\_j]h\DoVlZ]Eed]�cDU@Y&W�T�Y&eDgO'*T�Y&eDY&WZ]21

�0gV\ lXUn�&[ZeDg�\ i 1 � � g�c i 1 �Iu g(a|cdeD]EU`cDgV\�fag �p� �� lZeDo�\DgVWqcdg�Wscu_`gV\�eDo�[Z_`cd]�cd\�l	YE[Ze�_`gV\�fZgV[Aa
c2�|l	gV\yfZg^T�Y&WZfZU�cdU@YEWZ\uU`WZU`cDU@]E_�gV\�l	Y&[ZeufZUnhBoVetgVWqcdgV\zTV_@]E\D\tgV\yfag�T�gVWqcded]�_@U`cDo�1$�0gV\zfZUnhBoVetgVWqcdgV\
TVY&[aevc	gV\�U@WafZU@rs[Zg�Wsc-fZUnhBoVetgVWscDgV\-fZgV\tTVeDU`lacdU`Y&WZ\-fZg�_=#p��]EfaeDY&WZU`\tcd]�cdU`YEW$>sWaY&[Z\-WZg�fZU`\DT�[acdg�eDY&WZ\
l�]E\;U@TVU$TVg7c�]E\tlBg�T�c:1B�0gzl	Y&U@Wqc.%|ed]EU ) g�Wsc;g�\D\Dg�WscDU@gV_6rs[ZgyWZY&[Z\;\DY&[Z�Z]EU`cDY&WZ\ ) g�ctcdeDgugVW�o(%mU�'fZgVWaTVg^U@TVUXg�\tcz_j]@*�Y&e ) ghfZg�\zT�Y&[Zevc	g�\:1�-QW g(h=g7c;>$_@g�\ufZYEWZWZoVg�\yl	YE[ZeufZg�\zTVY&_`_@U`\tU`Y&W�f^#9U`Y&WZ\_@Y&[aeDfZ\;]�[Aa�oVWZg�ev�&U`gV\;fa[ %b���*; > �pu��2� > u�� u! >alZeDo�\Dg�Wscdg�Wsc�[ZWZgz\5cdeD[aT�cd[aeDgucdeDU@]EW-�&[a_j]�U`etg�1a�0g
l�]Eed] ) o7cdeD]��&g.lZeDo�\DgVWqcdg�lZ_@[mc )Ec>[ZWZg�*�Y&e ) g.fZg�TV_`Y|T"�ag�1 -8w �zxW� lXUq�21 i 1 ��u §�gV\5c-TV]El�]�cZ_`g;fZg

� �ky



�  ������ ��� � �����������

&�')(+* i 1 � � ¢ �6g ��Y
�
gV_`_@U`lacDU`rs[Zg

v2
g�W\*�Y&WaT�cdU`Y&W�fZg _j]nlZ\Dg�[ZfZY!'*ed]�lZU@fZU�cdo

η
f�]EWZ\�_`gV\

T�Y&_`_@U`\tU@YEWZ\�f$#pU@YEWZ\�_@Y&[ZetfZ\7����[A'*��[ª§ 6 u���� � g f >=l	YE[Ze�_`gV\�TVY&WZfaU`cdU`Y&WZ\�U@WaU`cdU@]�_`g�\�l�]EeD] ) oO'cDeDU`\DoVg�\:>Bl	YE[Ze�fZUnhBoVetgVWscDgV\�T�_j]E\t\DgV\�fZgbT�gVWqcded]�_@U`cDoV\&>	T�Y ) lZ]EeDob]�[Aa�fZY&WZWZo�gV\�fZg �wu��A� > u��ku! 1x|[Ze�T,��]Ers[Zg��&eD]ElZ�ZU`rs[Zg�>	_@g�\U/�TVYE[Zevc	g�\ *�Y&Wsc�eto&*�o�eDgVWaTVg76�cDeDY&U`\�fZg�\DT�eDU@lmcdU@YEWZ\�faUnhBoVeDg�WscDgV\
fagy_<#p��]EfZetY&WZU@\D]�cdU`YEW �p� �! 1

etgVlZetY|fZ[ZU`eDg�>�]�[ ) Y&U`WZ\�rs[�]E_`U`c,]�cdU9%&g ) g�Wsc:>a_j] *�YEe ) g�cDeDU@]EW-�&[Z_@]EU�eDg51a�e#po&%EY&_@[acDU@Y&W��q�|fZeDY|fa�k'WZ] ) U@rs[Zg>o7c,]EWqc{_j] )@?&) g5>O_j].fZU9h=o�eDgVWaTVgFfag *�YEe ) g>gV\5cXfZYEWZT8fZ[ZgF]E[AayT�Y&WZfZU�cdU`Y&WZ\6U`WZU`cDU@]E_�gV\&1
¦ ]EWZ\ -8w �zx >$TVg�_j]~\:#pg(amlZ_`U@rs[ZgigVW�l�]Ee5cdU`ghl�]Ee�_`gV\�TVY&WZfaU`cdU`Y&WZ\�U@WaU`cdU`]E_�gV\�fZY&WZWaoVg�\yl�]�eu_`gV\\tg:� ) g�Wscd\ufZgiT�Y&eDfagV\:10�0gV\u\Dg&� ) gVWscD\zfagiTVY&etfZgi\:#po�cDgVWZfZg�WscygVW�lZ\Dg�[ZfZYEed]ElZU`fZU`cDoh\Dl�]�TVUj]�_@g
ηs
>XT&* 1Xfao&r�WZU�cdU`Y&W¨f�]EWa\ �p� �! >�];%&gVT�fZg�\ ��[ZT7cd[�]�cDU@Y&Wa\hTVY&WZT�gVetW�]EWqc�_`gV[Zeb_`Y&W-�&[Zg�[Ze:> ) ]EU`\etgVT�Y&[2%|ed]�WsczcDY&[!BtY&[aeD\u_`ghl	Y&U@Wqc

ηs = 0
faY&WZW�]EWqcy]EU`WZ\DUX[aWZg7*�YEe ) gbcdetUj]EW2�&[Z_@]EU`etgbT�Y )`) gWaY&[Z\Ql	Y&[2%&YEWZ\>_<#9Y�cZ\Dg�e_%&gVeQ\t[ZeQ_j]brG�&[aeDg i 1 � /21�.�W�]�[acdeDg�oV_`o ) gVWqcQrs[ZUZTVY&WqcdetUqcZ[Zg�fZg0*�]53VY&WU ) lBYEetc,]�WscDg 6}_j]`*�YEe ) g�fZgh_@]�T�Y&WZfZU�cdU@YEWkU`WZU`cDU@]E_�gygV\5cu_j]`*�YEe ) ]�cdU`YEW�fZghlZ]EetcDU@TV[a_@gV\�f�]�WZ\_`gV\�M K#"%$	C�$GJ H(1 -QW~g(h=g7c;>|f�]EWZ\FTVgV[ a '�TVU<>m_`gV\FlZ]EetcDU@TV[a_@gV\8\tgb*�Y&e ) g�Wsc-]ElZe_,V\Fr|[^#9U`_@\F]EU@g�WscFo7cdogOamTVU�cdoV\U��lZ]Ee8fZo�TVeDYEU@\t\d]EWZT�g�>g*�Y&e ) ]�cdU`YEW^fZg�T�Y&eDfagV\FY&[@�&Y&[acDgV_@g7cDcDgO§(>qU@_Z��]yfaY&WZT�[aW�cdg ) lZ\

τ � ����	 ��	 � WZo�TVg�\D\d]EU`eDgW6 _@g�[Zem*�Y&e ) ]�cdU`YEW$1>xmU;TVg�cDg ) lZ\�gV\tc�\D[Zl	o�eDU@g�[Ze}]E[¥cdg ) lZ\}]�[Zrs[ZgV_\tY&Wqc�laeDU@\tgV\�_@g�\�TVYEWZfZU�cdU@YEWZ\;U`WZU`cDU@]E_�gV\.l	Y&[Ze�_@]7*�Y&e ) ]�cdU`Y&W�fZ[kT�Y&eDg5>ªTVg�\�T�Y&WscDeDUncZ[acdU`Y&WZ\.gVW\tY&Wqc�g(amT�_@[Zg�\:1=�0g�\ M K#"%$	C�$GJ H�TVeDo�gVWqcUc	gV]E[ZTVYE[Zl�fZgyl�]EetcDU@T�[Z_@g�\b6m*�YEetcdgyeD]ElZU`fZU`cDo�1ªxmU6_@g�[Ze
cDg ) lZ\FfZgb*�YEe ) ]�cdU`YEW�gV\5c-cdeDYEl �&ed]�WZf$>|g�_@_`gV\8\Dg�eDY&Wqc�fZY&WZT�lZeDY|fa[ZU`cDgV\F\D[aUn%�]�Wsc-_j] ) o7cd�ZY|fZg[a\D[Zg�_@_`g ��eDo�\DY&WZWZ]EWZTVg5>>TVY&etfZg�Y&[ �&Y&[acDgV_@g7cDcDgO§bg7c�W$# ]�[ZeDYEWsc�faY&WZT�l�]�\�]ETVrs[ZU`\^fZg���F�� v
g�_@_`gV\�Wag^T�Y&WqcdeDUncZ[Zg�WsczlZ]E\z]E[

v2

1
;-gilZ�ZoVWaY ) ,VWZgil�]EetcDU@T�U@l	gbf�]EWZ\ ->w �zx"6~_=#pg(amU@\5cdgVWaTVg

� � j



� ��� � ��� ��� � ��� � � � � �/��� � � �!� �

&�')(+* i 1 ��u ¢ �0g ��Y
�
g�_@_@U`lmcdU`rs[Zg

v2
g�W\*�YEWZT�cDU@Y&W�fZg _j]nlZ\tgV[ZfZY!'*ed]�lZU@fZU�cdo

η
f�]EWa\�_`gV\

TVY&_`_@U`\tU`Y&WZ\=f$#pU@Y&Wa\0_@YE[ZeDfZ\e����[A'*��[ª§$6 u � � � g f >¤l	Y&[Ze0_`gV\0T�Y&WZfaU`cdU`Y&WZ\$U`WZU`cDU@]E_�gV\=fZY&WZWaoVg�\ l�]Ee-8w �zx >Bl	Y&[Ze�faUnhBoVeDg�WscDgV\�TV_j]�\D\Dg�\�fZgbTVg�WscDed]E_`U`cdo�\:>	T�Y ) l�]EeDob]E[ akfZY&WZWaoVgV\�fZg �pu��2� > u��ku! 1xm[Ze0T"�Z]Ers[Zg �&eD]ElZ�ZU`rs[Zg�>¤_`gV\$cDeDY&U`\$TVY&[aevc	gV\ *�Y&Wsc0eDo(*�oVeDg�WZTVg 6�cdeDYEU@\$fZg�\DTVetU@lacDU@Y&Wa\0fZUnhBoVetgVWqcdgV\
fZgz_=#p��]EfZetY&WZU`\d]�cdU`YEW �p� �! 1

f$#9[aWZguTVY&WZfaU`cdU`Y&W}U@WscDUj]E_�g�cdeDU@]EW-�E[Z_j]�U`etg�1AlXU`W�]E_`g ) g�Wsc;>m]E[a\D\DU$caU@gVW�_`gV\�T�Y&eDfagV\.U@WscDgVetWZgV\�r|[ag_@g�\yTVY&WqcdeDUncZ[acDU@Y&Wa\zg(a|cdg�eDWZg�\hT�Y&WscDeDUncZ[ZgVWqc 6�_j]x*�Y&U@\y]�[©T�Y&etg�g�c 6�_@]�TVYEeDY&W�] ) ]EU`\zfZ]EWZ\fZgV\-lZeDY&l	Y&e5cdU`Y&WZ\8fZUnhBoVetgVWscDgV\-\D[ZU9%�]EWqc�_@]�fZg�WZ\DU�cdo�fZg�\�\Dg&� ) gVWscD\�fag�T�Y&eDfagV\�f�]�WZ\-_=#pgV\DlZ]ETVgcded]�WZ\_%&g�eD\Dgkg�c}_@g�cdg ) la\}fag *�Y&e ) ]�cdU`Y&W fZgV\}TVYEeDfZg�\}f�]EWZ\�_@gV\ M K#"%$	C�$GJ H(1�;-g7cDcdgko7cd[Zfag
fZo ) Y&WqcdeDgu_=#pU ) l	YEetcd]EWZT�gufagV\�T�Y&WZfZU�cdU@YEWZ\.U`WZU`cDU@]E_�gV\�f�]EWa\�[aWZgyo7cd[ZfZgz�s�|fZetY|fa�|W�] ) U@rs[Zg�1

&�')(+* i 1 � / ¢ l�YEe ) ]�cdU`YEW~fZgV\;TVY&etfZgV\zvZ_j]h_`Y&W-�&g�[Ze0%�]EeDU`g�>A*�Y&etc.eDgVT�Y&[2%|etg ) gVWsc�]E[�TVg�Wscdetg�vTVY&WafZU`cDU@Y&W�U`WZU`cDU@]E_�gkl�]�etcdU`TVU`l	gT6¨_j] *�Y&e ) g�cdetUj]EW-�E[Z_j]�U`etgkl	Y&[ae�_=#po&%&YE_@[acDU@Y&W �s�|fZetY|fa�|W�]!'
) U`rs[Zg �wu � /  1

� �k�



�  ������ ��� � �����������

Q('���'�� �  ���15�	 � 7 � �25&7 � 8
	

¦ ]EWZ\ ->w �zx >{_`g�cDed]EU�cdg ) gVWqc��q�|fZeDY|fa�|W�] ) U`rs[Zg}\Dg}\t[-cZ\5cdU`cD[Zg~]E[ cdeD]EU�cdg ) gVWqc�[Z\t[ZgV_fagV\~TVYEeDfZg�\�_`Y&eD\tr|[ag�_@] fZgVWa\DU`cDo�fZg�\tg:� ) g�Wscd\~fag�TVYEeDfZg�fZ]EWZ\~_`gklZ_@]EW£cded]�WZ\_%&g�eD\Dg�g�\tc
\t[28�\d]EWqcdg51 ;-g�ctcdg�\Dg�T�cDU@Y&W^cdeD]EU`cDg.f$#p[ZW�lZetg ) U@g�e ) Y|f2,V_@g�\DU ) lZ_`U`\tcDg.rs[ZUª]zo�cDo�U ) lZ_`o ) gVWscDofZ]EWZ\ ->w �zx g7c�rs[ZU8o7c,]EU�cy_`g^\Dg�[Z_8fZU`\Dl	Y&WZUncZ_@gifZ]EWZ\y_@gV\%&gVet\DU@YEWZ\�f$# ->w �zx�Bt[a\Drs[$#p6 � 1 , 1
;-g7cDcDg�YElacdU`Y&W¨eDg�\tcdg�fZU`\Dl	Y&WZUncZ_`g}f�]EWa\�->w �zx u 1 � gVWncd]EWqcir|[ag�cDgV\5c;1+;-g~cdeD]EU`cDg ) gVWqci]l	g�e ) U@\ufag ) gV\t[ZeDg�ez_j]�WaoVT�gV\D\DU�cdo�f$#p[ZW cDed]EU�cdg ) g�Wscu�s�|fZetY|fa�|W�] ) U@rs[Zg^l	Y&[Zeu_@gV\u��]E[acDgV\o�WZg�ev�&U`gV\ )@?&) g�\:#pU@_$WZgzl	gVe ) g7c�l�]E\;fZgzfaY&WZWZg�e�fZg�\�lZetoVfZU`T�cdU`Y&WZ\.rs[�]EWqcdU�c,]�cDUn%&g�\:1

�0g�cdeD]EU`cDg ) gVWsc8�q�|fZeDY|fa�|W�] ) U`rs[Zg�fZ[~T�Y&eDg�\tgb*�]�U`c8l�]�eF[ZW}l�]�ed] ) o�cDed]��&g;fZg�_=#q�s�|l	g�e '\t[Ze_*�]�TVgyf$#p��]EfaeDY&WZU`\d]�cDU@Y&W^1��6]`l{Uq�&[aeDg i 1 �;i U@_`_`[Z\5cdeDg�TVg7cDcdgy�q�|l	gVeD\t[Ze_*�]�TVg�l�]Ee;_@]Ers[ZgV_`_@g�Y&W
lZ]E\D\tg}f^#9[ZWag ) ]�cDUq,�eDgigVW©U`WscDgVed]�T�cdU`Y&WT*�Y&etcDg@6�fZg�\���]EfZetY&WZ\y_@UqcaeDgV\&16�0g�\t�|\tcv, ) g}o(%&Y&_@[Zg
Bt[a\Drs[$#p6kTVg}rs[Zg}_@]�fZg�WZ\DU�cdo�f$#poVWZg�ev�&U`g~]�cDcdg�Uq�EWZg�[ZWZg@%�]E_@g�[Ze�T�eDU�cdU@rs[Zg5> *�Y&e ) ]EWqc�]EU@WZ\tU>_j]\t[Ze_*�]�TVg�f$#p��]EfaeDY&WZU`\d]�cDU@Y&WifZY&Wqc8_@g�cdeD]EU`cDg ) gVWqc>g�\tc *�Y&WafZo;\D[Ze>_j]ulZetgV\tTVeDU`lacdU`Y&W^fZg2;-Y|Y&l	g�e '
l�e5�&g �9�;j2� > u���i� 1

&�')(+* i 1 �;i ¢ �*_`_@[Z\5cded]�cdU`Y&W~fZgz_j]h\D[Ze *�]ETVgzf$#9�Z]EfZeDYEWZU@\D]�cdU`Y&W$1

;-g ) Y|f-,V_`g�]�l	gVe ) U`\yfZ]EWZ\�[ZW lZeDg ) U`gVeucDg ) lZ\yfZg�cDgV\tcDgVe�_<#9U ) l�]ET7czfZgV\�g&hBg7cd\�TVY&_�'_`gVT7cdU9*�\bfZ]EWZ\h_@g�\bTVY&_`_@U`\DU`YEWZ\�WaY)�q]E[ '*WZYO�q]E[nf$#p[ZWZg~l�]Ee5chg�cilaeDYEcDY&WA'*laeDYEcDY&W¨f^# ]E[mcdeDg}l�]Ee5c;1
��[Aa�o�WZgVe_�&U@g�\�� � ; >�_j] ) [Z_�cdU`lZ_�U`TVU(cdo�]�cDcDgVU@WqcdgufZ]EWZ\;TVg�etcd]EU@WZg�\;TVYE_@_@U�\DU`Y&Wa\�lZeDY�cdY&WA'�lZeDY�cdY&Wg�\tc�cde_,V\�U ) l	Y&etcd]EWqcdg�>XTVY ) l�]�ed]�cZ_`g 6 T�gV_`_@g�fagV\�T�Y&_@_`U`\DU`YEWZ\iWZYO�q]E[A'�WZY)�q]�[ ]E[Aa¥o�WZgVe_�&U@g�\
fa[ %��b�*; 1ª��U@WZ\tU=>ZfZg�\�g&hBg�cD\�TVY&_`_@g�T�cdU9*�\.fZ]EWZ\�_@gV\;TVYE_@_@U`\tU`Y&Wa\;laeDYEcDY&WA'*laeDYEcDY&W�\tY&Wsc�g�Wg%|U@\D]!'
�Eg¤]�ca_@gV\8g7cFl	gVe ) g�ctcdg�WscFgVWscDeDg�]�[acdetg�fZg�fZo�TVetU@eDg�rs[�]E_`U`cd]�cdU�%&g ) gVWsc>_@]*�Y&e ) g;fZg�\Fed]ElZl	YEetcd\
cZ]Eet�&YEW�\t[Ze ) oV\tY&W$1ª��YE[Z\�etg&%|U@g�WZfZetY&WZ\�\D[ae�TVgzl	Y&U@Wqc;f�]EWZ\;_@guT,��]ElZU�cdeDgu\D[Ze;_@g�\�]ElZlZ_`U@TV]!'cDU@Y&Wa\.fZ[ ) Y|f2,V_@g51

Q('���'	� �  ���15�	 S�� �(3  ����0 � � 7��  	 � � .�+.10 	 ��	10�8 � � 3 .�+.10 	 

��	10�8

xm[ZU�cdgF]E[Aa�\D[ZT�T	��\Qf�
p[ZWZg-U��la_@o���gVWqc,]�cDU`YEWy�s�|fZeDY|fm�mWZ]���U`rs[Zg-f�]�WZ\ ->w �zx���[ZW�cded]���]EU`_
� gV]E[ZT�Y&[Zl la_@[Z\�T�Y���la_@g�cu]~o7cdoieDoV]E_@U`\Dobl	Y&[Ze�U���lZ_`o	��g�WscDgVe�[ZWagio��&Y&_`[acdU`Y&W��s�|fZetY|fa�|W�]��

� ���



������� � � � � � � � ���+�!��� � � 
� � � � � � � �

��U`rs[Zg�o��&o�WZg	��gVWqcil�]�e�o �&oVWZg���g�Wsci] �&g�T}[ZWZg�oVrs[�]�cDU@Y&W f�
9o7c,]�c���;-gV\bfZo �&gV_`Y&lZl	g	��g�Wscd\��
]ET�cD[ZgV_`_@g���g�Wsc g�WbTVY&[Zet\{f�
9o �&Y&_`[acdU`Y&W��O\DYEWscXeto¤]E_`U@\toV\ g�WscDeDg-]E[acDeDg8l�]Ee	�8[ZetU�
z]�eDl	gVW���Y�fZ]EWZ\
_@g�TV]EfZeDg�f�
p[ZWZg�cd� ��\Dgz] �&g�T�
u_j]E[a\� gVeDWagVe�� ;-g�cDed]EU�cdg	��gVWqc-�s�|fZetY|fa�|W�]���U@rs[Zg�gV\5c���Y&WafZo
\D[Zei_j] ��o7cd�ZY|fZg~fZg � Y|fZ[ZWaY � ��fZo�TVetU@U`cDg~f�]EWZ\if�]EWa\���� ����� ���0gV\��{U��&[aeDgV\�� � ��� �!��� �#" g7c
� � �#$ lZeDo�\Dg�Wscdg�Wsc�fZgV\.lZeDg���U`gVet\�eDo�\D[Z_�c,]�cD\.fZguT�g�ctcdgzU��lZ_`o	��gVWqc,]�cDU`YEW~l	Y&[ae.fZg�\;T�Y&_@_`U`\DU`YEWZ\
f�
9U`Y&WZ\�_@Y&[aeDfZ\&%���[ �*��[ª§(' √

(s) = 200 � g*)+�-,*TVU �=TVg^W 
9g�\tcyl�]�\z_@] �&g�eD\DU`Y&W�o��&o�WZg	��gVWqc
l�]Ee>o��&oVWag	��gVWqc�� �}]EU`\Q[ZWZg�TVY&WafZU`cDU@Y&W^U@WaU`cdU`]E_�g ��YO�&gVWaWZoVg�\t[Ze8lZ_@[a\DU@g�[ZeD\>o��&o�WZg	��gVWqcd\-rs[ZU
gV\tc^[acdU`_@U`\Do�g.���6]/�XU��&[Zetg0� � ��� ��Y&WqcdeDg~_@]�fZgVWZ\tU`cDo�f�
poVWZg�e1�&U`g�'

ηs = 0
g7c
b = 8.2

� �
l	Y&[Ze�fZU�2BoVetgVWscD\�cdg���la\�����W�� �&Y&U�c�_ 
9o �&Y&_@[mcdU@YEW�fa[k\t�|\tc ����gb�s�|fZeDY|fm�mWZ]���U`rs[Zg.�	��[kfZo �
� [ac���_ 
9o�WZgVe3�&U@g~g�\tc^cde �V\ifZgVWZ\tg�]E[ T�gVWscDeDg�fZ[¥\5�|\tc ����g�lZ[ZU`\i_@g~\t�|\tc �	��g�\�
9g54ml�]EWZf-�8�6]
�XU��E[ZeDg6� � �#$ laeDoV\tgVWqcdg�_j] ��7	��g�o �&Y&_`[acdU`Y&W �}]�U@\>l	YE[Ze8_j] �|U`cDgV\D\tg�eD]EfZUj]�_@g8�s�0g�\t�|\tc �	��g�\Dg
TVY���l	Y&e5cdgiT�Y�� ��gh[aWZg^TVY|rs[ZU`_@_`g~v0]�[�TVgVWqcdetg�_`gV\ �|U`cDgV\t\DgV\z\DY&WqcyWs[Z_@_`gV\��$�6]9�XU��&[Zetg�� � ��"
lZeDo�\DgVWqcdgk_@g�\t�|\tc ����gkl	Y&[Ze�[ZW£cdg���lZ\&:�4mo ��]EU@\&' fZU;2BoVeDg�WscD\�l	Y&\DU�cdU`Y&WZg	��gVWqcd\^gVW

ηs

�
� ]�\tcdet[ZT�cD[ZeDgbgV\5c�TVY�� ��gz[ZWkcd[ � g�rs[ZU{\Dgbeto�cdetoVT�U`c('�\tY&W�g<4|cDeDo	��U`cDo.�	��Y&[a\�\DY&[Z�Z]EU`cDY&WZ\
U@T�U$\DU��la_@g	��g�Wsc�U@_`_`[Z\5cdeDg�e�_ 
9] ��]EWZT�g	��gVWsc;fagzTVg�\;cdeD] ��]�[�4�rs[ZU0\tY&Wqc;cdYE[�=tY&[Zet\;g�W�TVY&[aeD\;fZg
fZo��&g�_@Y&lal	g	��gVWqc�l	Y&[Ze>:�W�]E_`U@\Dg�e._ 
9�q�|fZeDY|fa�|W�] ��U`r|[agzo �&oVWZg���gVWsc�l�]Ee.o��&o�WZg	��gVWqc��

?�@BA�C�� � ��� ¢h¦ gVWa\DU`cDo;f�
poVWagVe1�EU@g6' ηs = 0
g7c
b = 8.2

� � l	Y&[ZeQfaU�2BoVeDg�WscD\QcDg	��lZ\.v
τ = 0.6� � ��T��

τ = 3.6
� � ��T�g�c

τ = 6.6
� � ��Tul	YE[Ze;fZg�\�TVY&_`_@U`\tU`Y&WZ\���[ �*��[D'E� � � � g*)F��� �HG8� �

�"�JI K ���ML � ������ �
�����  �ON �����"�MP�		�

¦ ]EWa\i_@]�\Dg�T�cdU`Y&W G � � WaY&[Z\i]��&Y&WZ\hfZU`\DT�[acdo~_`gV\ � ]E\tgV\bcd�Zo�Y&eDU`r|[agV\hfZ[ ��Y|f ��_@g �{fZ]EWZ\
TVg�T,��]ElZU�cdeDg�WaY&[Z\.]��&Y&WZ\Q=t[Z\tr|[ 
R'hlZeDo�\DgVWqc;fZU`\DTV[mcdo�_`gV\-fZU�2BoVetgVWqcd\.]�\Dl	gVT7cd\.fZ[M�EoVWZo�ed]�cDgV[Ze
f�
9o �&oVWag	��gVWscD\�� ¦ ]EWZ\8TVg7cDcdg�\tgVT�cDU@Y&W �sU`_Z\Dg�ed]yrs[ZgV\5cdU`Y&W�f�
p[ZWZg�TVY&W���eDY&Wqc,]�cDU@Y&W^g�WscDeDgTS>wVUyxg�c-fZgV\-fZYEWZWZo�gV\���S>W}gW2Bg�c	�m_ 
9Y � =tg�T�cdU;�$f�
p[ZW0�EoVWZo�ed]�cDgV[Ze-f 
9o �&oVWZg���g�WscD\.gV\5c�fZg�eDgVlaeDY|fZ[ZU`eDg
cdY&[Z\Q_`gV\>]E\tlBg�T�cD\8fZg;_@]�TVYE_@_`U`\DU`Y&W ��g�c>l�]EeQ_@] ��7	��g.fag;eDg�lZeDY|fa[ZU@etg.[ZW�lZ_`[Z\X�&eD]EWZf^WZY�� � eDg
l	Y&\D\tU � _`g�f�
pY � \tgVe ��] � _`gV\��m��YE[Z\-]E_`_@YEWZ\>f 
 ] � YEeDf�fZU@\tTV[acDgVe8_@gV\>fZY&WZWZo�gV\ZY.TVY&_`_@U`\tU`Y&WZWagV[Zet\\[ �
T�
pgV\5cT'hfZU`eDg�_@g�\�fZY&WZWZo�gV\�xmwFx � %^]T,*; g�c�_ g���]�cdeDYEW-��wQ[ZU@\�WZYE[Z\.lZetoV\tgVWscDgVetY&WZ\;fZgV\.eDo�\D[Z_ �

�#`Ha



���������
	��� ��� ������

?V@BA�C � � �#$ ¢ )�U�cdgV\t\Dg�ed]�fZUj]�_@g�'
ηs = 0

g�c
b = 8.2fm

l	Y&[ae�faU�2BoVeDg�WscD\�cdg���lZ\�v
τ = 0.6� � ��T �

τ = 3.6
� � ��Tug7c

τ = 6.6
� � ��Tul	Y&[ae;fZgV\;TVY&_`_@U`\tU`Y&WZ\���[ �*��[D'E� `.`�� g*)F�R� `HG8� �

?V@BA�CH� � �#" ¢b¦ g�WZ\DU�cdo.f 
9o�WZgVe3�&U@g�' τ = 4.6
� � ��TFg�c

b = 5.8
� � l	YE[Ze�fZU;2=o�eDg�Wscdg�\Ql	Y&\tU`cDU@Y&W

g�W�eD]ElZU`fZU`cDo�\Dl�]�TVUj]�_@g
ηs

l	Y&[Ze;fagV\�T�Y&_@_`U`\DU`YEWZ\���[ ����[D'�� `H`�� g*) ��� `HG�� �

cd]�cd\Qf 
RS>wVUzx^l	Y&[ZeQ_@]�lZ�q�m\tU@rs[Zg;fZgV\6%�]¤�&Y&WZ\6;-Y&\ ��U`r|[agV\��H,*_ZgV\tc8l	g�[�TVY�� �h[ZWif�
p[acdU`_@U`\Dg�e
[aW �&oVWaoVed]�cdgV[aehf�
po �&oVWZg���g�Wscd\ifag}_j]�lZ�s�|\tU@rs[Zg~fZg�\hU@YEWZ\�_@YE[ZeDfZ\�fZ]EWZ\b_@g�fZY���]EU@Wag�fZgV\
%�]¤�&Y&WZ\ ;-Y&\ ��U`r|[agV\	��WZYE[Z\ ��Y&WqcdeDg�eDY&Wa\;rs[Zgz_ 
pU@WscDoVe37�c.gV\tc�l	Y&[Ze5c,]EWqc;cDe ��\^�&eD]EWZf-�

� '���',) � 	�� � 65&5&7 �:7�+020 	  3 �

 T,��]Ers[ZgbWaY&[ �&g�_@_@g �&gVeD\tU@Y&W � S>wVUyx�gV\5c���]E_@U`fZoy] �&g�TbfZg�\�cDgV\tcD\�U@Wqcdg�eDWZg�\�]E[ ��Y|f ��_@g

l	YE[Ze �&oVetU�:�g�e^\D]�T�Y&�ZoVetgVWZT�gk]�U@WZ\tU�rs[�
9] �&g�T�cdY&[mcdgV\i_@gV\hfZY&WZWZo�gV\�rs[ZU�WZY&[Z\i\DY&Wqc�fZU`\Dl	Y �
WaU � _`gV\W� ;-gV_j]keDg�lZeDo�\DgVWqcdg�fZg�\iTVg�Wsc,]�U@WZg�\ifZg0�&eD]ElZ�ZU`r|[agV\hl	Y&[Zehfag�WZY�� � eDgV[ 4¨\t�|\tc �	��gV\
%�lZeDY�cdY&W ��lZeDY�cdY&W��FWZYO�q]E[ �*WaY)�q]E[ �.fagV[acDgVeDYEW �*��[��Z�;��� § ��fZg�WZY�� � etgV[Z\tgV\�oVWZg�e1�&U`gV\ %4xaw8x v
� ` � �#��� � � g*)�� %^]T,*; v � `H`�� g )���_ g���]�cdeDY&W � � � _{g )z§ �Zg�c;fZU �&gVeD\tgV\;Y � \tgVe ��] � _`gV\ % �h[Z_ �

���#`



������� ����� � � ��� 	 � 	�� ��� ������� ����� �� �

cdU@la_@U`T�U�cdo �¤U���lZ[Z_`\DU`YEWzcDed]EWa\ �&gVet\Dg ��ed]ElZU`fZU`cDo����;�K§0l	Y&[Ze faU�2BoVeDg�WscD\ c*�|l	gV\XfagFl�]Ee5cdU`TV[Z_`gV\��)��Y&[Z\
W�
 ]�_@_`Y&WZ\ug�W©]E[ZTV[aW©TV]E\yU`TVU�fZo�cd]EU@_`_`gVe�_ 
pgVWZ\tg	� � _`g^fZg�T�gV\yfZY&WZWZo�gV\b]��&gVT�_@g�\Drs[Zg�_@\ S>wVUyx
gV\tcFeDoW�&[Z_@U�Vetg	��gVWqc>cdg�\tcDo��|WZYE[Z\-]E_`_@YEWZ\QfZU@\tTV[acDgVe8rs[ZgV_`r|[agV\ �&eD]ElZ�ZU`rs[ZgV\8U@Wqcdg�eDgV\t\d]EWqcd\Fl	Y&[Ze
fZU�2BoVetgVWqcd\;\t�|\tc �	��gV\W�

��	�
��
����D��	�
��
��
�0gV\�TVY&_`_@U`\tU`Y&WZ\}lZetYEcdY&W �*lZetYEcdY&W�\DY&Wqc�fZgV\�T�Y&_@_`U`\DU`YEWZ\}l	Y&[Ze�_`gV\Drs[Zg�_@_`gV\ � gV]E[ZT�Y&[Zl fZg

fZY&WZWaoVgV\z\tY&WscufZU@\tl	Y&WZU � _@gV\�lZetY �&g�W�]EWqcyf 
9[ZWagicDe �V\Z�Eed]EWZfag �q]�� ��gbg�W�oVWZg�e1�&U`gig7czf�
pg<4 �
l	oVeDU`gVWZT�gV\.fZU;2=o�eDgVWqcdg�\����6]��XU��E[ZeDgT� � ��� laeDoV\tgVWqcdgz_`g�\tl	gVT7cdeDgugVW�ed]ElZU`fZU`cDo�f�
p[ZWZguTVYE_@_`U`\DU`Y&W
pp

' � `H` � g*) fZ]EWZ\>_@g.T�gVWqcdeDg;fZg �}]E\t\Dg8� S>W � _`gV[��&_j]�TVYEWscdetU � [mcdU@YEWiU@WscDgVetWZg��&gVW(=D]E[ZWZg;g7c
�&gVe5c._@g�\-TVYEWscdetU � [mcdU@YEWZ\Fg54mcDgVetWZgV\	�Zg�W�eDYE[ �&g �m_j]�\tY�� ��g�fZg�cDY&[ac�T�Y���l�]EetoVg�]E[ 4}fZY&WZWZo�gV\
fZg���� � ��S>wVUzx}gV\tc.g�W�]ET�TVY&etf�] �EgVT�_@g�\-fZY&WZWaoVgV\W���6]��XU��&[ZeDg^� � ��a lZetoV\Dg�WscDgu[ZW�\tl	gVT�cDeDg
gVW�U��lZ[a_@\tU`Y&W�cdeD]EWZ\ �&gVeD\tgzl	Y&[Ze�TVg7cDcDg �E7���g�o�WZgVe3�&U@g�T�Y���lZ]EeDo�gu]E[�4~fZY&WaWZoVg�\;fZg�%^]T,*;
l	Y&[Ze�_@g�\�l�]EetcDU@T�[Z_@g�\�T,��]Ee3�&oVg�\��0� '~gVWZT�Y&eDg � S>wVUzx�gV\tczg�W ]ETVT�Y&etf ] �&g�T^_`gV\�fZYEWZWZoVg�\�� x|U
WZY&[Z\�]E[ ����g�WscdYEWZ\�_ 
9o�WZgVe3�&U@gzl	Y&[Ze�l�]�\D\Dg�e�]E[�4�faY&WZWZo�gV\�fZ[ _{g ��]�cDeDY&W�]��&gVT�_@gV\T�XU��&[ZeDg�\
� �R� ` g�c ��� � � rs[ZU	laeDoV\tgVWqcdgVWqc._`gV\8\Dl	gVT7cdetgV\�g�W~eD]ElZU@faU`cdo.g�c-g�W~U��lZ[Z_`\DU`Y&WicdeD]EWZ\ �&g�eD\tg�l	Y&[Ze
_@g�\�l�]EetcDU@T�[Z_@g�\�T,��]�e1�&o�gV\	�-S>wVUzx�g�\tc�cDY&[�=tY&[aeD\�gVW�]ETVT�Y&eDf�] �&gVTh_`gV\�faY&WZWZo�gV\��$�6]0�XU��E[ZeDg
� �R�H�^lZetoV\Dg�WscDgh_ 
pU���lZ[a_`\DU`Y&W�cdeD]EWZ\ �&gVeD\tg ��YO�&gVWZWag�gVWD��Y&WaT�cdU`Y&W�fZg�_@] �h[Z_�cdU`lZ_�U`T�U�cdo8� ;�
9g�\tc
[ZWZg~Y � \tgVe ��] � _`g~fZoV_`U@TV]�cdg�T�Y�� ��g�WZY&[Z\b_ 
9] �&Y&WZ\bfaU@\DT�[acdo~fZ]EWZ\h_`g}T,��]ElZU�cdetg G � � e��ETVg0'
[ZW cdeD]EU`cDg	��gVWqcyTVY���lZ_`g�cyfZgV\�U@WqcdgVeD]ET�cDU@Y&Wa\ �h[Z_�cdU`lZ_�gV\	� S>wVUzx g�\tcbgVW ��gV\D[aeDg�fZg�_@]�etg �
lZeDY|fZ[aU@eDg8� ��Y&[a\h]��&Y&WZ\ ��Y&Wqcdeto�TVU`WZr/�Eed]ElZ�aU@rs[ZgV\�l	Y&[ae�_@g�\�T�Y&_@_`U`\DU`YEWZ\

pp
'�fZU�2BoVetgVWqcdgV\

oVWZg�e1�&U`gV\>Y��ES>wVUzx^g�\tc8g�W�]ETVT�Y&eDf�]��&gVT;_@g�\QfZY&WZWaoVgV\��sU@Wqcdo�eDgV\t\DY&Wa\ �*WaY&[Z\ ��]EU`Wscdg�W�]EWqc>]E[ 4
TVY&_`_@U`\tU`Y&WZ\�fZguc*�|l	gyl�]Ee5cdU@T�[Z_@g �*WaY)�q]E[-�

?V@BA�C � � ��� ¢ xml	gVT7cdetg�g�W�eD]ElZU`facdoul	YE[Ze;[ZWZgzTVYE_@_`U`\DU`Y&W~lZeDY�cdY&W ��lZeDY�cdY&W9'E� `H`�� g*)+�

�����



���������
	��� ��� ������

?V@BA�C�� � �#a ¢ xml	gVT7cdeDg.gVW^U���lZ[Z_`\DU`YEWbcDed]EWZ\ �&gVet\Dg�l	YE[ZeQ[aWZg;T�Y&_`_@U`\DU`YEWhlaeDYEcDY&W �*laeDYEcDY&W&'�� `.`
� g*)+�

?V@BA�C � � � ` ¢ xml	g�T�cdetgugVW�eD]ElZU`fZU`cDo�l	Y&[Ze�[aWZguT�Y&_@_`U`\DU`YEW}lZetYEcdYEW �2]EWqcdU �*laeDYEcDY&WO' � �H`.` � g )��

��� 	��������	��
 � ��
�����

�6]O�XU��&[ZeDg�� �R� G lZeDo�\DgVWqcdgh[ZWk\Dl	g�T�cDeDghg�W�U���lZ[Z_`\DU`YEW�cdeD]EWZ\ �&g�eD\tghl	Y&[Ze�[ZWagbTVYE_@_@U`\tU`Y&W
l��u��[ '9� `H` � g*) l	Y&[Ze�_j]}laeDY|fZ[ZT7cdU`Y&W�fZgil�]Ee5cdU`TV[Z_`gV\�T,��]�e1�&o�gV\��
;-gic*�|l	gifZgi\t�|\tc �	��g
g�\tc�cde ��\�]E\5� ��o�cDeDU`r|[agbg7c�fZY&WZTb]E\D\tg �bfZU���T�U@_@g '�cDed]EU�cdg�e��ª��Y&[Z\�l	Y&[ �&Y&Wa\��&Y&U@e�rs[�
�S>w�Uzx
g�\tc�gVW�]ETVT�Y&eDf�]��&gVTy_`gV\.fZY&WZWZo�gV\��	lZ]Ee;WZY�c,]�� ��gVWsc.[aW�cDed]EU�cdg���g�Wsc.fZgz_ 
poVT�ed]EWqc,].�Eg.�

� 
���������� 
�����

¦ ]EWZ\QT�g.l�]�ed].�&eD]ElZ�Zg-WZY&[Z\Q]E_@_`Y&WZ\{fZU`\DTV[mcdgVe�_@g�\�TVY&_`_@U`\tU`Y&WZ\{WZYO�q]E[ �*WaY)�q]E[ �q�0g�\ �XU��E[ZeDg�\��� ��� �H� �R� � g�cV� �R� $ lZeDo�\DgVWqcdg�Wsc-_`g.\Dl	gVT7cdeDg�gVW�U���lZ[Z_`\DU`YEWhcded]�WZ\ �&g�eD\Dg�fZgV\8lZ]EetcDU@TV[a_@gV\QT,��]�e �
�EoVg�\8l	YE[ZeQfZU;2=o�eDgVWqcdg�\>TVg�WscdeD]E_@U�cdo�\Qfag;_j]�TVY&_`_@U`\tU`Y&W-��� ]�TVY&[ae � g;eDYE[ �&g.U`WZfZU@rs[Zg-cdYE[�=tY&[Zet\Q_j]
T�Y&_`_@U`\tU@YEWi_@]�lZ_@[a\>T�gVWqcded]�_@g.g�c8_@]�TVY&[ae � g6�&eDU`\Dg._@]ula_@[Z\Ql	oVetU@lZ�aoVeDU`rs[Zg.�s�6]��XU��&[Zetg���� �8�uTVY&e��

��� �



������� ����� � � ��� 	 � 	�� ��� ������� ����� �� �

?�@BA�C � �R� � ¢ x|l	gVT�cDeDg�g�W¥U���lZ[Z_`\DU`YEW¨cDed]EWZ\ �&gVet\Dg�l	Y&[Zei[ZWZg�TVYE_@_@U�\DU`Y&W¨lZetYEcdY&W �*lZetYEcdY&W '
� �H`H`�� g*)+�

?�@BA�C � � �.� ¢ , ��lZ[a_@\DU`Y&WhcdeD]EWZ\ �&g�eD\tg���YO�&gVWaWZg�l	Y&[ae>[ZWZg�T�Y&_`_@U`\DU`YEWilZeDY�cdY&W �*lZeDY�cdY&W&' � �H`.`
� g*)+�

eDgV\tl	Y&WZf9'b[ZWZg�T�Y&_@_`U`\DU`YEW���[ ����[M' $ � � g*) �|_j]+�XU��&[ZetgT� �R� � g�\tc.l	Y&[ae�_`g���7	��g�\t�|\tc �	��g
'&� `.`�� g*) �a_j]�fZg�eDWZU�VeDg�T�Y&eDetgV\Dl	YEWZf�'h[ZW�\t�|\tc �	��g ;-[ �*;-[�oW�q]E_`g	��gVWqc�'&� `H` � g*)+��xm[ae
_ 
pgVWZ\tg	� � _`g�fZg�T�gV\ �&eD]ElZ�ZU`rs[ZgV\���S>wVUyx�gV\5c-gVW~]ET�TVY&etf~] �&g�T�_`gV\8fZY&WZWZo�gV\-l	Y&[aeF_`gV\ � ]E\t\DgV\
U���lZ[Z_`\DU`YEWZ\6cDed]EWa\ �&gVet\Dg�\Qg�cX\t[ZeDg�\tcdU��gF_`gV\{faY&WZWZo�gV\�l	Y&[ae{fZgV\

p⊥ > 2.5
� g*)���T.��,*_|WZgV��]E[ac

l�]E\8Y&[ � _`U@g�e>T�gVl	g�WZf�]EWqc�rs[Zg�f�]�WZ\FT�g�c*�ml	g�fZg�\5�m\5c ����g�\>'yTVg�\FoVWZg�e1�&U`gV\��|fZg�\FgW2Bg�cD\FfZ[Z\ '
_j] ��Y&e ��]�cDU`Y&W�f�
9[aW ��U@_`U�gV[�fZg�WZ\Dgbg�c�TVY&_`_@g�T�cdU;��%�� � w8§.\DYEWsc�]�cDcdg�WZfZ[Z\��B_`gV\�l�]EetcDY&WZ\�fa[ZeD\
l	Y&[ ��]�Wsc�U@WscDgVeD].�&U`e{] �EgVT�TVg�_@[ZU �*T�U � ¦ ]EWZ\�T�g�ctcdg��&gVet\DU`Y&W���_ 
pU@Wqcdg�ed]ET7cdU`Y&W�lZ]EetcDY&W � ��U`_`U�gV[�W�
pgV\5cl�]E\�U���lZ_`o���gVWscDoVg �6_`gV\yl�]EetcDY&WZ\�laeDY|fZ[ZU�cd\yf�]EWa\b_@] ��Y&WZg�fZ[©TVYEeDg�\	
pgVW¨o�T,��]ElZl	g�Wsch\d]EWZ\
_@g �&Y&U`e��0��Y&[Z\y] �&YEWZ\ ��gVWao^[ZWZg^o�cd[afZg�f�]EWa\y_@]Ers[ZgV_`_@gbcDY&[Z\z_`gV\zlZ]EetcDY&WZ\zfZ[Zet\ylZetY|fZ[ZU�cd\
f�]EWZ\;_`guT�Y&eDguo�cd]EU@g�Wsc;\5�|\tcdo��}]�cdU@rs[Zg���g�Wsc�T�Y&WZ\tU@fZo�eDo�\�TVY�� ��g ��]EU@\D]EWqc.l�]EetcDU@g�fZgzT�gV_`[ZU ��TVU
%�cdYE[Z\�_`gV\�l�]�etcdYEWZ\�\tY&Wsc�rs[ZgVWaT"�Zo�\�]E[ �}]�4mU�h[ �}§ ��_@g�\���]E[acD\

p⊥
o�cd]EU@g�Wsc}]�_@Y&et\^\DY&[Z\��

gV\tcDU���oV\W� ��WZg ��gVU`_@_�gV[Zetg�fZg�\DTVetU@lacDU@Y&W�fagu_ 
pU@Wqcdg�ed]ET7cdU`Y&W�=tg�c � ��U@_�U`g�[~fZg��|eD]EU`c.l	g�e ��g�cDcDeDg�fZg

���#G



���������
	��� ��� ������

?�@BA�C ��� � G ¢ xml	gVT7cdetg�g�W�U��lZ[Z_`\DU`Y&W}cded]�WZ\ �&g�eD\Dgyl	Y&[Ze;[aWZgyT�Y&_@_`U`\DU`YEW�l ����[D'�� `H`�� g*)��

etgVlZetY|fZ[ZU`eDgu_@gV\.fZY&WaWZoVg�\��

?V@BA�C � �R�8� ¢ xml	g�T�cdetgugVW�U��lZ[a_@\tU`Y&W�cded]�WZ\ �&g�eD\tgzl	Y&[Ze-fZg�\.T�Y&_@_`U`\DU`YEWZ\F��[ ����[9' $ � � g ) �
\t[ZU��]EWsc;fZU�2BoVetgVWqcdgV\;TV_@]E\D\tgV\�fagyT�gVWqcded]�_@U`cDo.�

� ����	�
�����
������ 
��

SQW}lZ_@[a\FfagV\F\t�sc ����g�\FcdeD]EfZU`cDU@YEWZWZg�_@\Qo�cD[ZfZU@o�\	�sU@_�g<4mU`\tcdg�fagV\FeDo¤]�T�cdU`Y&WZ\8lZ_`[Z\8g<4mYEcDU@rs[Zg�\
T�Y�� ��g�TVg�_@_@g�\�laeDoV\tgVWqcdoVg�\�\D[ae}_@] �XU��E[ZeDg9� �R� " ] �&gVT�[ZW�\5�m\5c ����g 
 + ��; faY&WZWZg�lZeDY �
cDY&W-� ¦ ]EWZ\h_@g�\ � ]EeteDgV\bf�
9g�eDetgV[Zet\	�XS>wVUzx©gV\tchgVW ]ET�TVY&etf ]��&gVT~_@g�\bfZY&WZWaoVgV\W�XS>wVUyx©g�\tc
oW�q]E_`g	��gVWqc.cdg�\tcDoy\D[Ze;fZg�\�TVYE_@_@U�\DU`Y&Wa\-cde ��\�o�_@o���g�Wsc,]�U@eDg�\.fZ[�c*�|l	g

e+e−
Y&[�g�l-�

;-g�ctcdg�\tgVT�cDU@Y&W¥WaY&[Z\�]E[Zed]�fZY&WaWZo�[aW ]El	g�e���[£fZg�_j] �&ed]EWafZg�eDU`T"�agV\D\tg�fZgV\�faY&WZWZo�gV\
faU@\Dl	YEWZU � _`gV\il	Y&[ZeicdgV\5cdgVe�_@g ��Y|f �V_`g.�+;-gVl	g�WZf�]EWqc��8gV_@_`g�WZg�TVY&WZT�gVetWZgkrs[Zg�_j]�lZ�s�|\DU`rs[Zg
fagV\yTVYE_@_`U`\DU`Y&WaWZgV[Zet\	�$[ZWag�]E[acDeDg^\DYE[ZeDT�g�U���l	Y&etcd]EWscDghfZg�faY&WZWZo�gV\�fZ]EWZ\y_@]�lZ�q�m\tU@rs[Zg�fZgV\
T�Y&_`_@U`\tU@YEWZ\ fag-l�]EetcDU@T�[Z_@g�\{g�\tc�TVg�_@_`gFfZg�\�eD]O�&Y&Wa\XTVY&\ ��U`r|[agV\XT�Y�� ��g8WZY&[Z\X]E_@_`Y&WZ\6_@gFfaU@\DT�[acdg�e
fZ]EWZ\;_j]h\Dg�T�cdU`Y&W�\D[aU��]EWqcdg8�

��� �



������� ����� � � ��� 	 � 	�� ��� ������� ����� �� �

?�@BA�C�� � � � ¢ xml	gVT7cdeDg;g�W�U���lZ[Z_`\DU`YEWbcdeD]EWZ\ �&g�eD\tg�l	Y&[ZeQfagV\>TVYE_@_@U`\tU`Y&WZ\X��[ ����[�' � `H` � g*) �
\D[ZU ��]EWqc�fZU;2=o�eDgVWqcdg�\�T�_j]E\t\DgV\;fZgyT�gVWqcdeD]E_@U�cdo.�

?�@BA�C � �R� $ ¢ xml	g�T�cDeDg�g�W�U��la[Z_@\tU`Y&WbcdeD]EWZ\ �&g�eD\tg�l	YE[Ze>fagV\8T�Y&_`_@U`\DU`YEWZ\+;-[�� ;-[E' � `H` � g*) �
\D[ZU ��]EWqc�fZU;2=o�eDgVWqcdgzT�_j]E\t\DgzfZgzTVg�WscdeD]E_`U`cdo8�

� '���'�� � 	�� 3�� � +0 � �  � � 7��  	��
��Y&[Z\~]�_@_@YEWZ\^lZeDo�\Dg�WscDgVe~[ZW�]E[acDeDg�fZY���]EU`WZg�fZgk_@] lZ�q�|\DU@rs[Zgkf�]EWZ\�_@g�rs[ZgV_�gV\5c~[acdU �

_@U`\DoES>w�Uzx£v _j]�lZ�q�|\DU@rs[Zg}fZgV\bed]¤�&Y&WZ\bT�Y&\ ��U@rs[Zg�\M% %�;.§5�X��Y&[Z\h]�_@_@YEWZ\zfZo	��Y&WscDeDg�e�r|[ag
_ 
p[acdU`_`U`\D]�cdU�Y&W£fZ[ ��7	��gD�&o�WZoVeD]�cdg�[Ze~f�
po��&o�WZg	��g�Wscd\�]E[a\D\DU � U@g�W�f�]EWa\~_@] lZ�q�|\DU@rs[Zg�fZg�\
TVY&_`_@U`\tU`Y&WZWZg�[ZeD\�rs[Zgzf�]EWZ\.TVg�_@_@g�fZg�\�eD]O�&Y&Wa\;TVYE\ ��U@rs[ZgV\.gV\tc�[aW�]�cdYE[ac;U��l	YEetc,]�Wsc�l	Y&[ae;_`g
��Y|f ��_@g8�

� � 
 � 
�� � ��
�� 	�����
 ��� � 
 ��� ��� � 
����

�0gkeD]O�&Y&Wag	��gVWqc~T�Y&\ ��U@rs[Zg�g�\tc~TVY���l	Y&\tokfZg�l�]EetcDU@T�[Z_@g�\�T,��]Ee3�&oVg�\ � Y�� � ]�eDf�]�Wsc�_j]
cdgVeteDg8�0�0Y&eD\Drs[ZgiTVg�\zl�]Ee5cdU@T�[Z_@g�\�gVWqcdetgVWqcyf�]�WZ\u_ 
9]�c ��Y&\Dla� �Vetgbcdg�eDeDg�\tcDeDg��$gV_`_@gV\�gVWqcdeDg�WsczgVW

�����



���������
	��� ��� ������

?�@BA�C � �R� " ¢�� Y���g�Wsc;_@Y&W �EU`cD[ZfZU`W�]�_=l	YE[Ze;[ZWagyTVYE_@_@U�\DU`Y&WM
 + ��; ' �#`H`�� g*)

T�Y&_`_@U`\tU@YEW�] �&g�Ti_@gV\ ��Y&_`oVT�[Z_@g�\�r|[aU�_@gbTVY���l	Y&\tg��=U@WaU`cdU`]EWqc�[ZWZgiTV]E\DTV]EfZg^fagil�]Ee5cdU`TV[Z_`gV\�\Dg �
T�Y&WZfZ]EU@etgV\�rs[ZU!'~_@g�[Ze�cdY&[ae��&Y&WqcuU@WqcdgVeD].�&U`e�vBT�
pgV\tcz_@]O�&g�e � gi]�c ��Y&\Dla�ZoVetU@rs[Zg8�$wX]Ee ��U{_`gV\
WaY�� � eDg�[Z\Dg�\�l�]Ee5cdU`TV[Z_`gV\�lZetY|fZ[ZU�cdgV\��	T�gVe5c,]EU`WZgV\�]EeteDU �&gVWscX=t[a\Drs[�
9]E[�\DY&_6Y �kg�_@_`gV\�l	Y&[aeDeDYEWsc
77cdetgyfag�cdg�T�cDoVg�\��

�6] : �&[ZeDgT��� � � laeDoV\tgVWqcdg�[aWZg �mU`\DU`Y&W�\tT"�Zo���]�cdU`r|[ag�fagV\-faU�2BoVeDg�WscDgV\FTVY���l	Y&\D]EWscDgV\��m�6]
T�Y���l	Y&\d]�Wscdg �i[aY&WZU@rs[Zg}g�\tciTVeDo�oVg�l�]Eeb_j]�fZoVT�eDY&U`\D\d]�WZTVg�fZg�\ilZU@Y&Wa\hT,��]Ee3�&o�\igVW �i[aY&WZ\
%
π+ → µ+νµ

g�c
π− → µ−ν̄µ

§5�+;-g�ctcdg�TVY���l	Y&\D]EWscDg�g�\tc^cdetoV\^o7c,]E_`oVg�]E[mcdY&[Zeifag�_ 
9]�4mg
fag�fZo �&gV_`Y&lZl	g���g�WscbfZg�_j]M�&gVe � g}]�c ��Y&\tlZ�Zo�eDU@rs[Zg8� �6]�T�Y���l	YE\d]EWqcdg�o�_@oVT7cdetY��}]8�&WZo7cdU@rs[Zg
g�\tc�U`WZU`cDU`oVg�l�]Ee~_@]©fZoVT�eDY&U`\D\d]�WZTVg�fZg�lZU`Y&WZ\~WagV[acDeDgV\�gVW�fZg�[�4

γ
��;-gV\

γ
�&Y&Wsc�gVWa\D[ZU�cdg

U`WscDoVeD].�&U@etgVWqc^]��&gVT�_ 
 ]�c ��Y&\DlZ� �VeDg �X\DY&U�c^lZ]EeifZU;2=[Z\tU@Y&W ;-Y���lacdY&W ��\tY&U`cil�]EehTVeDoV]�cdU`Y&WnfZg
lZ]EU@etg9%

N + γ → e− + e+ § �=_@gV\�l	Y&\DU�cdetY&WZ\�\	
9]EWZWZU`�ZU@_`gVWqcu] �&g�T^_@g�\uo�_@gVT7cdetY&WZ\ufZgi_ 
9]�c ��Y �\tlZ� ��eDgklZeDY|fZ[aU@\d]�Wsc�fZgV\
γ
r|[aU�eDg�TVY�� ��gVWZT�gVWqc~_`g�lZeDY|T�gV\D\t[Z\�� ,*_�g�\tc~g�\tcdU��o�rs[Zg

90%fagb_ 
poVWagVe1�EU@gyU@WZU�cdU@]�_`gzfZg�_j]�l�]�etcdU`TV[Z_`gylZetU���]EU`etgyg�\tc�T�Y&WscDgVWs[�f�]�WZ\�_j]�T�Y���l	Y&\d]�Wscdg�o�_@oVT �
cDeDY���].�EWZo�cDU@rs[Zg��=rs[ZU�eDgV\5cdg^lZeDY|T,�Zg^fZgi_ 
9]�4mgifZg^_j]0�EgVe � g8� �XU@WZ]E_`g	��gVWqc��B_j]~T�Y���l	Y&\d]�Wscdg
�Z]EfZeDYEWZU@rs[Zg�TVY&WqcdU`gVWqcF_@gV\ ��ed]8����gVWscD\8W|[aTV_`o¤]EU`eDgV\8g7c-fZg�\-��]EfaeDY&WZ\Frs[ZU �&YEWsc-g�WscDeDg�cDgVWZU`eF_`gV\
fagV[�4 lZetg	��U��Vetg^TVY���l	YE\d]EWqcdgV\W� 
 cDU`cDeDg^f 
9g54mg	��lZ_@g �6l	Y&[Zez[ZWZg��&g�e � g �&gVe5cdU`T¤]E_`g^fZg

1019g ) �|U@_�gV\5c�gV\5cdU��o�rs[Zg�_`g�WZY�� � eDg�fZg�l�]Ee5cdU`TV[Z_`gV\F]E[}\tY&_	g�\tc�fag � ��U`_`_`U`]EetfZ\	�qfZYEWsc
90%

fZg
la�ZYEcdYEWZ\	�

10%
f�
9o�_@g�T�cDeDY&WZ\zg7c ≈ 1%

fag �h[ZY&WZ\&��� `H$�� �=l	Y&[Zeu[ZWZg^etg��|[Zg^lZ_@[Z\ufao�c,]�U@_@_`o�g
\t[Ze;_@g�\;ed]¤�&Y&WZ\;TVYE\ ��U@rs[Zg�\�T�Y&W�� ��eDg��R� `.$8� �

� � � � 	�� ��� 
�� 	 �����	��� � ��� � 
 �	��
���

�0gV\>ed]¤�&Y&WZ\>TVYE\ ��U@rs[ZgV\>rs[ZUª]EeteDU �&gVWqc8\t[Ze _ gVeteDg�l	g�[ �&gVWqc�]��&Y&U@e�[ZWag�o�WZgVe3�&U@g;]E_`_j]EWqc�fZg
_ 
9YEeDfZetg.fa[ � g ) 'ur|[agV_@rs[Zg�\

1020 g*)��s�6]��{U��&[Zetg>� �R� a laeDoV\tgVWqcdg�_@g�\Dl	g�T�cdetg�fZg;T�gV\>ed]O�&YEWZ\T�Y&\ ��U`r|[agV\�v��Z[�4 fag�lZ]EetcDU@T�[Z_@g�\zgVW ��Y&WZT7cdU@YEW fZg�_ 
poVWZg�e1�&U`g.�
;-g�\tlBg�T�cDeDg�gV\tc�eDg��}]�eDrs[�]��
� _@g���g�Wsc._@U@Wao¤]EU`etg�\t[Ze � �hYEeDfZetgV\;fZg��Eed]EWafZgV[Ze.gVW�o�WZgVe3�&U@gug�c G �hY&etfZeDg�\;fZg��Eed]EWZfagV[Ze.gVW

���#$



������� ����� � � ��� 	 � 	�� ��� ������� ����� �� �

?�@BA�CH� �R� � ¢ )�U`\DU@YEWb\DT,�Zo	��]�cdU`rs[Zg�fZg�\QfZU;2=o�eDgVWqcdg�\QT�Y���l	Y&\d]EWqcdg�\�f�
9[aWZg��&g�e � g.]�c ��YE\DlZ�Zo �eDU@rs[Zg

��[�4 � ¦ g�\ ��]EetUj]�cDU@YEWZ\�fag;_j]�lBg�WscDg;\DY&Wqc8Y � \DgVe �&oVg�\	�|g�_@_`gV\�\DY&WqcF]�lZl	gV_`oVgV\ �EgVWZY&[^g�c>T,�Zg��|U@_`_@g%��������;g�c������ ����\D[ae8_j]��{U��&[Zetg�� �R� a §5�s� 
pU@WscDgVetlZeDo7c,]�cDU@Y&WifZg�_ 
pY&etU��EU`WZg�fZg�T�gV\8T"��]�W �&g���g�Wscd\
fZgil	gVWqcdgV\zfZ]EWZ\u_@gb\Dl	gVT7cdetg�\tY&WscugVWZT�Y&eDg&'~_ 
po�cd[afZgifZg ��7	��gbr|[ 
9[ZWag�o �&gVWqcd[Zg�_@_`giT,�|[acDg
� eD[acd]E_@g�fZ[ ��[�4�]E[�fZg�_ 'ifZg

4.1019 g*) ]E[mcdeDg���g�Wsc�]ElZl	g�_@o�gy_@]iT�Y&[Zla[ZeDg �
	 
 �
�XU`W�]E_`g	��g�Wsc	�	rs[�
pU@_{\	
9].�&U@\t\DghfZghlZetYEcdYEW�f�]�WZ\�[ZW�]ETVT�oV_`gVed]�cdgV[aeufaghl�]EetcDU@T�[Z_@g�\�Y&[ �&g �

W�]EWqc8fZg�_@]Z�q]�_j]�4mU@g �ET�gV_j]uWZg;eDgV\5cdg�l�]E\ ��Y&U@Wa\Qrs[Zg�fZg�\8U@WqcdgVeD]ET�cDU@Y&Wa\QgVWqcdetg�l�]Ee5cdU`TV[Z_`gV\��q�6]
�XU��E[ZeDg&� �R� a laeDoV\tgVWqcdg}o��q]�_@g���g�Wscy_j]�_`Y|T¤]E_`U`\d]�cdU`YEW fag�_ 
poVWZg�e1�EU@g^oVrs[ZU��]E_@g�WscDg}]E[ %T]^,*;��
_{g ��]�cDeDY&W�g�c;� ]2; �Z�6]h_`U��&Wag �&gVe5cdU`T¤]E_`g�eDYE[ �&g�U@WZfaU@rs[Zg�_ 
9g�WZfZeDYEU`c���]�4mU��h[ � ]�ctcdg�U@Wsc>'bTVg
=tY&[ZeQlZ]EeQ_@g�\QTVY&_`_@U`\tU`Y&WZWZg�[ZeD\W�&��Y&[Z\QY � \Dg�e �&Y&Wa\F]E_@YEeD\�rs[Zg;TVg.cDed]EU�cQg�\tc8_@YEU@WhfZg;_@]�lZ�s�|\tU@rs[Zg
fZgV\�eD]O�&YEWZ\�T�Y&\ ��U`r|[agV\;f�
p[Z_`cDed]i��]�[acdgzoVWagVe1�EU@gE%�lZeDY|T,�ZgzfZgz_j]hTVY&[alZ[ZeDg ��	 
y§<�


� 
�� ����� � 
 � � 
��

%;oVT�g	� ��g�Wsc�� [ZWnlaeDY � _�	��g}]ko�cDo ��U@\ '&=tY&[Ze�gVWqcdeDg}_@gV\bfaY&WZWZo�gV\il	YE[Zeb_@g�\bed]¤�&Y&WZ\
TVY&\ ��U`rs[ZgV\�g�c�_@gV\���Y|f ��_@g�\�f�
pU@WqcdgVeD]ET�cDU@YEWZ\��Z]EfZeDYEWZU@rs[Zg�\�[acdU`_@U�\DoV\�f�]EWa\�_j]�la�s�|\DU`rs[ZgifZg�\
%�;��XT�
pgV\5c^_@g}lZetY � _�	��g}T�Y�� �h[ZWao	��gVWqci]ElZl	g�_@_`o Yy� 
9g54mT	�V\^fag �h[ZYEW0[ �!SQW g<2=g7c��XTVg�\
\DU��h[a_j]�cDU`YEWZ\ilaeDY|fZ[ZU`\d]EU`gVWqc � g¤]E[ZT�Y&[Zl ��YEU@WZ\hfZg �h[ZY&Wa\^r|[ag�T�g�rs[ZU;g�cd]EU@g�Wsc^Y � \Dg�e �&o�\
f�]EWZ\i_`gV\hfZYEWZWZoVg�\�� S>wVUzx¨r|[Z]EWsc�'�_`[ZUFlZeDY|fa[ZU@\D]EU@g�WschW�]�cD[ZeDg�_@_`g	��gVWqchlZ_`[Z\hfZg �h[ZYEWZ\��
��lZe �V\bU`W �&gV\5cdU��q]�cdU`Y&WZ\���� `���� �6U`_>\�
9g�\tci] �&o�eDo}rs[�
�S>wVUyx lZeDY|fa[ZU@\D]EU`cylZ_`[Z\�fag �h[ZYEWZ\	�6T¤]Ee
U@_�laeDY|fZ[ZU`\d]EU�c}la_@[Z\}fag � ]Ee5�&Y&WZ\/%�g�c�]EWqcdU � ]Eet�&YEWZ\,§5� SQW lZetY|fZ[ZU@\D]EWsc}lZ_`[Z\}fZg � ]Eet�&YEWZ\	�
��YEU@WZ\uf 
9o�WZgVe3�&U@g^gV\5c�fZU@\tl	Y&WZU � _@ghl	Y&[Zez_j]�TV]E\DTV]EfZg�o�_@g�T�cDeDY���].�&WZo7cdU`rs[Zg^rs[ZUQWZg�lZetY|fZ[ZU�c
l�]E\zfZg �h[ZY&WZ\W� SQW lZetY|fZ[ZU`\d]EWqczlZ_@[Z\ufZg � ]Eet�&YEWZ\	�0U`_X��]�lZ_@[a\ufZg^T,��]EWZT�g�fZg^lZetY|fZ[ZU`eDg
:�W�]E_`g	��gVWqc�fagV\ �h[ZY&WZ\W�;�6] ed]EU`\DY&W�l	Y&[Ze�_@]Ers[ZgV_`_@g S>wVUyx�laeDY|fZ[ZU�c�lZ_@[Z\�fag � ]Ee5�&Y&WZ\
r|[ag�_`gV\y]E[mcdeDg�\ ��Y|f �V_`gV\ugV\tc�faU@eDg�T�cDg	��gVWqcy_@U@o�g^]E[/��]EU�czrs[�
pU@_�gV\tcyfZo��&g�_@Y&lZl	o�oW�q]E_@g���gVWsc
l	Y&[ZeF_@]zlZ�s�|\DU`rs[Zg�fZgV\-T�Y&_`_@U`\tU@YEWZWZg�[ZeD\>Y �}_@]ylZetY|fZ[ZT7cdU@YEW}fag � ]Eet�&YEWZ\�]yo�cDo�o7cd[ZfaU@o�g�fZ]EWZ\

����"



���������
	��� ��� ������

?V@BA�C�� �R� a ¢ xml	gVT7cdeDg�fZgV\-ed]¤�&Y&WZ\FTVY&\ ��U`r|[agV\	�|lZeDo�\Dg�Wsc,]�Wsc�_@g ��[�4}fZg�l�]EetcDU@T�[Z_@g�\Fg�WO��Y&WZT �
cDU@Y&W}fag�_ 
poVWZg�e1�&U`g.�axmY&Wqc.etgVlZetoV\tgVWscDoVgV\;l�]�e�fagV\ � �VT,�Zg�\;eDYE[ �&gV\-_@g�\�o�WZgVe3�&U@g�\�fZg�\.fZU;2=o�eDg�Wsc
T�Y&_`_@U`\tU@YEWZWZg�[ZeD\���� `H"�� �

_`g�fZo�cd]EU@_ �XgV\Dl ��TVg�l�]Ee^g�\Dl �VT�g���'�fZU;2=o�eDgVWqcdg�\�oVWZg�e1�&U`gV\^lBYE[Ze^fZU�2BoVetgVWqcd\^\t�|\tc �	��gV\�� ;-g�\
faY&WZWZo�gV\uW 
9o7c,]EU`gVWsc =t[Z\Drs[Zg �*_ '}lZ]E\�T�Y&WZ\tU@fZo�eDoVg�\uTVY�� ��g�U���l	Y&e5c,]EWqcdgV\�l	Y&[Ze�_@]�lZ�s�|\DU`rs[Zg
fagV\yeD]O�&Y&Wa\yT�Y&\ ��U@rs[Zg�\���;-g7c�g<4mg���la_@g^WZYE[Z\ ��Y&WqcdetgiTV_@]EU@etg	��gVWqcurs[�
RS>wVUzx \�
9g�\tcb] �&o�eDo
77cdetg�[ZW ��Y|f �V_`gil	gVe5cdU`WZgVWqcyl	Y&[Zez_`gV\ %�; �&e��ETVg�'�\tY&W g<4ml	oVetU@gVWaTVg�fag�_@]�lZ�q�m\tU@rs[Zg�fZgV\
T�Y&_`_@U`\tU@YEWZWZg�[ZeD\W�¤�6]6�XU��&[ZeDg � � GH` lZeDo�\DgVWqcdg8_@]�fZg�WZ\DU�cdoQfZg �i[aY&WZ\ ��gV\t[ZeDo�g>l�]Ee$_ 
pg<4ml	oVetU@g�WZTVg
��[ �&g�e��s�0gV\8ed]¤�&Y&WZ\>TVY&\ ��U`rs[ZgV\8\tY&WqcF\t[ZlZl	Y&\Do�\ 77cdetg�lZetU@WZT�U@l�]E_`g	��g�WscQfZg�\FlaeDYEcDY&WZ\>Y&[�fZgV\
WaY)�q]E[ 4�fZg ��gVeW���0g�\ ��Y|f ��_@g�\}lZeDo�\Dg�Wscdg�Wsc�_@g�\~\tU��h[Z_@]�cDU`YEWZ\�l	Y&[Ze}_ 
p[ZW�g7c�_ 
 ]E[mcdeDg�T¤]E\W�
U�W�\�
 ]�cDcdg�WZf '©T�g�rs[Zg�_`gV\}fZYEWZWZoVg�\�\tY&U@g�Wsc}[ZW ��o�_j]EW �Eg�fZg�\~fZgV[ 4�TVYEWscdetU � [mcdU@YEWZ\�g7c

��� �



������� ����� � � ��� 	 � 	�� ��� ������� ����� �� �

fZY&WZTbrs[�
pgV_`_@gV\�\DY&U`gVWsc�gVWaT¤]EfaeDoVg�\ul�]Ee�_@g�\�\DU�h[Z_j]�cdU�Y&WZ\�lZetYEcdYEW�g7c ��gVeW�$xm[Ze�T�g�ctcdg �XU��&[Zetg��
S8wVUzx gVWaT¤]EfZetg _`gV\�faY&WZWZo�gV\��;_@g�\�]E[acdetgV\ ��Y|f ��_@g�\�\tY&Wsc�gVW fagV\D\tY&[Z\�TVY�� ��g�fZU`\DTV[mcdo
lZeDo�TVo�fZg	� ��g�Wsc��

?�@BA�C � � GH` ¢}¦ g�WZ\DU�cdo�fZg �h[ZYEW~l	Y&[Ze-_ 
pg<4ml	o�eDU@g�WZTVg���[ �&gVe�v�S8wVUzx}gV\tc._`g�\Dg�[Z_ ��Y|f �V_@g 'gVWZTV]EfZetgVe�_@g�\;faY&WZWZo�gV\�] �&g�Ty_@g�\;\DU�h[Z_j]�cdU�Y&WZ\�laeDYEcDY&W�g7c6��gVe ��� `���� �


 
�� ��
������ 
���� � ¡ � ��� �
� ]E_��&e �y_j] � YEWZWZgbetgVlZetY|fZ[ZT7cdU@YEWkfZgV\�faY&WZWZo�gV\�TVY&WZT�gVetW�]EWsc�_`gV\ �i[aY&WZ\	�ª_ 
pg<4ml	o�eDU@g�WZTVg


z��x ;-� ¦ S ] ��Y&WscDeDo�f�]EWZ\ ��� `.a8� rs[Zgh_ 
poVWagVe1�EU@g�l	Y&etcDoVghlZ]Ee�_@g�\���]EfZetY&WZ\�fZ]EWZ\ZS>wVUyx
o�c,]�U`czcDeDY&l/��]EU � _@g.�1;-g�lZetY � _�����g�] ��U@\ugVW o��|U@fZg�WZTVg�[ZWZg�gVeteDgV[ae�TVYEWZTVg�eDW�]�Wscb_@g^TV]E_@T�[Z_
fZg�\tgVT7cdU@YEWkg ��T¤]ET�gbY ��T�gVetcd]EU@Wa\�gW2Bg�cD\�o7c,]EU`gVWqc�laeDU@\;gVW�TVY���lacDgyl	Y&[Ze�_@]^lZetYmfa[ZT�cDU@Y&W�fZg
l�]EetcDU@T�[Z_@g�\ �}]�U@\6l�]E\{l	Y&[ae{_@g8TV]E_@T�[Z_|fag-\tgVT7cdU@YEWZ\Xg ��TV]ET�gV\�� ;-g�_j]�]�o�cDo-T�Y&eDetU��&o>f�]EWZ\ �R� �#`8� �
eDgVfa[ZU@\D]EWsc>]�U@WZ\tUm_j]�\tgVT7cdU@YEW^g ��T¤]ET�g;g7c>_ 
9U`WZoV_@]E\5cdU`T�U�cdoFg7c>]E[ ����gVWqc,]EWqc�_ 
poVWZg�e1�&U`g���]�4mU��h[ �
fZg $.`�� �m��U`WZ\DU �|_`gV\�%�; Y&Wsc-fZY&WZWZo�[ZW�etg�cDY&[Ze-\t[Ze�_`g���Y|f ��_@g�l	g�e ��g�c,]�Wsc�fag�_@g�cDgV\tcDgVe�g7c
fZgz\	
9]E\D\t[ZeDg�e�fZgz\d]^T�Y&�Zo�eDgVWaTVg.�

�XU`W�]E_`g	��g�Wsc	�|T�g�c.g54ag���la_@g�WZY&[Z\.]�[Zed] ��Y&WqcdeDo�rs[Zg�_ 
p[acdU`_`U`\d]�cdU`YEW�f�
RS>wVUzx�]E[a\D\DU � U@gVW
l	Y&[Ze�_j]�lZ�q�|\DU@rs[Zg�fZgV\�TVYE_@_@U`\tU`Y&WaWZgV[Zet\�rs[Zg�l	Y&[Ze�T�gV_@_`g�fZgV\�ed]¤�&Y&WZ\�T�Y&\ ��U@rs[Zg�\�gV\5c}[ZW
]�cdYE[acyg�\D\Dg�WscdU`gV_>l	Y&[Zez_`g ��Y|f �V_`gir|[aU>l	gVe ��g7cyf�
 ]��&Y&U`ey]ET�T	��\+'�[ZW la_@[Z\��&eD]EWZf WZY�� � eDg
fZgzfZY&WZWZo�gV\�fZU�&g�eD\Dg�\	�ª_`gV\;Y � \Dg�e ��] � _@gV\ ��g�\D[ZeDo�gV\�f�]EWZ\;_`gV\;fZg�[�4�lZ�q�|\DU`r|[agV\�o�cd]EWqc�fZU�2Bo �
eDgVWqcdg�\��

SQWnTVY&WZT�_@[a\DU@YEW��{WZY&[a\^]��&Y&WZ\ ��Y&WscDeDo}rs[�
�S>w�Uzx¨gV\5c^[ZW �EoVWZo�ed]�cDgV[Zehf�
po��&o�WZg	��gVWqcd\
cde ��\�TVY���lZ_@g7c�r|[aUXcDed]EU�cdgb]E[Z\t\DU � U@g�W�_`gV\�U@WscDgVeD]ET�cDU@Y&Wa\��h[Z_�cdU`lZ_`g�\	�	_@]}lZ�q�|\DU@rs[Zg ��Y&_`_`g��ª_j]
TVY&_`_@g�T�cdU �|U`cDo8g7cQ_`gV\XlaeDY|TVg�\D\t[Z\>fa[ZeD\Xf�]EWZ\X[ZW ��7	��gV��Y&e �}]E_`U�\ ��g8rs[ZUm\	
9]ElZlZ_`U@rs[Zg '�cdY&[a\�_`gV\
\t�|\tc �	��gV\.fag�_j]ylZ�s�|\tU@rs[Zg�fZgV\-TVY&_`_@U`\tU`Y&WZWagV[Zet\Fg�c-fZg�_j]ylZ�s�|\tU@rs[Zg�fZgV\-ed]¤�&Y&WZ\-TVYE\ ��U@rs[Zg�\��

���#a



���������
	��� ��� ������

� � `



� �������	��
�� �

��� ����� � �
	 ��� ������	  �
� ��
����n�
������� �� 
��

�  X/�'��! d�5%F�9 �/&� #¤�>%4?��2���3 ����j% ��%!���j%"�&���!%F%!�z�"�5��%!�#�4%2C$ª%5� �9%�A2#O�	 %�&�('%�(��%F��%)�(',#O:,%5� �9%2�8�7�*�+',#O:,%"�,�j%2��C�q� %*�,�s/) ,�.-0/=#1�!%+2� 43�C+. ,�K�=/&� #1�65���70-98s��%"�)� ��� %2�,�B+. ��,�! %�&�$G G G�3
:<; J�J>=@? ;BADCFE�G

�0gFT�Y&Wqcdg<4|cDg-lZ�q�m\tU@rs[Zg-g7cX_`gV\ � ]�\DgV\ cd�Zo�Y&eDU`rs[ZgV\{YEWsc{lZetoV\Dg�WscDo-_@g>T¤]EfZetgFfZg8TVg�ctcdg8cd� �V\Dg �
WZY&[Z\ ]E_@_`Y&Wa\0U`TVU&fZU`\DTV[mcdgVe6lZetoVTVU`\Dg���g�Wsc _j].laeDY � _`o	��]�cDU@rs[Zg�fZg8_@]��&o�WZo�ed]�cDU@Y&Wzf�
po��&o�WZg	��gVWqcd\
TVY���lZ_`g�cd\~] �&gVT�[ZWZg ��o7cd�ZY|fag�ed]�lZU@fZgkl	Y&[Ze�_@]¨laeDY|fZ[ZT7cdU`Y&W fZg�l�]EetcDU@T�[Z_@g�\~fZg���]E[mcdgV\
U���lZ[Z_`\DU`YEWZ\�cded]�WZ\ �&g�eD\Dg�\��=��YE[Z\�faoVTVetU@etY&WZ\�_ 
9]EWZT�U@g�WZWZg ��o7cd�ZY|fagy[acdU`_@U`\toVguf�]EWZ\TS8wVUzx�g7c
\DgV\�U`WZT�Y&W �&o�WZU@g�WscD\	�ªlZ[ZU@\;WZY&[a\�laeDY&l	Y&\tgVetY&WZ\�[ZWag�\5cdeD[aT�cd[aeDg�g�W � _`Y|TV\;U@WZfaoVl	gVWaf�]EWqcd\�rs[ZU
WZY&[Z\;l	gVe ��g7cDcDed]ifZgyeto¤]�_@U@\tgVe�fZgV\;\DoV_`gVT7cdU@YEWZ\��

� ��� H P��MP�����
����� ��		� 
 ����
����� 
 � ��� ��		� P�����	�����		� �1	�� ��I
� � � 		��J  �"� ��	�� � ����K���	

�0gV\bTVYEWZTVg�lacd\h_@U@o�\b]�[�4©o�T"�Zg�_@_`gV\b\tg	��U �*fa[ZeDg�\bY&Wqcho7cdo}fZg �&gV_`Y&lZl	oV\hf�]EWa\h_@] � �(L%M!N����
���&O �QP !RL%S��>N��O�$# �4�O� �UT=� ��N&L"������WZg�U���lZ_`o���gVWscd]�cdU�Y&W�fZgV\Qo�T"�agV_`_@gV\�\tg	��U ��fZ[ZeDg�\�o7c,]EU�c�faY&WZT
fZo =1'©eDo¤]�_@U`\DoVg�f�]EWZ\MS>wVUzx �WVEg ��]EU`\}fZU@\tTV[acDgVe~T�g�ctcdg�U���lZ_`o	��g�Wsc,]�cdU`YEW g7c ��Y&WqcdeDg�e}\tgV\
_@U��U�cDgV\�f�]EWa\�_`guT¤]EfaeDgzf�
9[aWZg�]ElZla_@U@TV]�cdU�Y&W�l	YE[Ze;_@gz� ]2; �

��'*)+'*) � 	�� � 3 7 � 8:7�60 � 	 5 � �23  � . �  3 	
�0g�WZY�� � eDg�f�
poVT,�Zg�_@_`gV\�g�c�_@g�[Ze�W�]�cD[ZeDg�\DY&Wqc�fZo7cdgVe ��U`WZoV\�\D[ZU ��]EWqc�[aWZg�lZeDY|T�oVfZ[aeDg

� Y&Wqcdg ;�]EeD_`Y ��Y&WafZoVg�\D[ae}_@] faU@\tcDeDU � [acdU`Y&W fZg�lZeDY � ] � U`_@U�cDo�g54mlZeDU��o�g�f�]EWa\}_@] \tgVT7cdU`Y&W
� �R��� G � 
 l�]Ee5cdU@e�fZgz_ 
9o�r|[Z]�cdU`Y&W9��� � � �ZU@_=gV\tc�l	Y&\t\DU � _@guf�
poVT�eDU@etg�� ��GHa8� v

∑

K

Ω(K) = 1
% � � � §

] �&g�T�v
K = {m,x+X(Y

1, x
−X�Y

1, . . . , x
+X(Y

m, x
−X(Y

m}
% � �R�&§

� � �



���������
	��� ��� ��� ��� ���  � 	 � 	�� ��� �������� � �� � ��� � � � ���

_@]uTVY&W�: �&[ZeD]�cdU`Y&W�f 
9[ZWag�T�_j]E\t\Dg�fZg�faUj].�&eD]�� ��g�\�� ;-g�TVU	WaY&[Z\8l	gVe ��g7c8f�
9U`WscDgVeDlaeDo�cDgVe
Ω(K)T�Y�� ��g�_@]�faU@\tcDeDU � [acdU`Y&WnfZg�laeDY � ] � U@_`U�cdo~l	Y&[Ze^[ZWZg�T�Y&W�: �&[aed]�cDU@Y&W

K
g�c�]EU@Wa\DU.[mcdU@_`U`\Dg�e

fagV\���o7cd�ZY|fagV\ � Y&Wqcdg ;�]�eD_@Y�l	Y&[ae�_@]��EoVWZo�ed]�cDU@Y&W�]E_@oV]�cdYEU@etgzfagV\�TVY&W�: �&[Zed]�cdU@YEWZ\
K

\t[ZU �
��]EWsc

Ω(K)
�
K

o7c,]EWqc �h[Z_`cDU ��faU��g�WZ\DU`Y&WZWagV_`_`g �|_j]�cDgVT,�ZWZU@rs[ZgufZg�\.T"��]��jWZg�\.fZg � ]Ee��EY �}gV\5c[mcdU@_`U`\toVg.�ZwQ_@[Z\;fagylaeDoVT�U@\tU@Y&WZ\.\DgucdeDYE[ �&gVWqc�fZ]EWZ\ � �#G.a8� �
�0gV\ ��]EetUj] � _`gV\�T
	&WZgzfZgz_`[ ��U��eDg�fZg�\�l�]Ee5cdY&WZ\.gVWscDed]EWqc�f�]�WZ\�_ 
9o�T,�ZgV_`_@g�\DY&Wqc�]ElZl	gV_`_@o�gV\

x±X(Y �{�6] �XU��&[Zetg � � � lZetoV\Dg�WscDg~[ZW¨\tT"�ao	��]kfZg�cdetY&U@\yo�T"�agV_@_`gV\�U@Wqcdg�e �&gVWZ]EWscbgVW©l�]Eed]�_@_�V_`g
]��&gVT}_`gV\ ��]EeDU@] � _`gV\yT�	&WZg}fZg�_@[ ��U�Vetg�]�\D\DY|T�U@o�gV\W��� 
poVWZg�e1�&U`g�gV\5chl�]Eetcd].�&o�g�gVWqcdeDg�T"�Z]Ers[Zg
o�T,�ZgV_`_@g.� ¦ ]�WZ\h_`g���Y&WaT�cdU`Y&WZWZg���gVWsc�f�
RS>wVUzx©l	Y&[Ze�_j]�lZetY|fZ[ZT7cdU@YEW¨fag}l�]EetcDY&WZ\�fZ[ZeD\��{_j]
T�Y&WZ\tgVe ��]�cdU`Y&Wnf�
poVWZg�e1�&U`g~W�
pU@WqcdgVe �|U@g�Wschl�]E\h[ZWaU@rs[Zg	��gVWqc^]E[¨WZU�&gV]E[nfZ[n\tY&[Z\ilaeDY|TVg�\D\t[Z\
fa[Ze ��]EU@\.]E[�WZU�&gV]E[�fZgz_ 
poVT,�Zg�_@_`guT�Y���la_��7cdg.�

X
+
1PE X

+
PE2 X

+
PE3

P1

P2
X1PE X PE2 X PE3

− −−

?V@BA�C � � � ¢ ,*_@_`[Z\tcDed]�cDU`Y&WifZgV\8U@Wqcdg�ed]ET7cdU`Y&WZ\ �h[Z_`cDU`lZ_`g�\.vqoVT,��]EW �Eg�f�
poVT,�Zg�_@_`gV\8fZg�lZ]EetcDY&WZ\>gVWlZ]Eed]E_`_�V_`g��m_ 
poVWagVe1�EU@gug�\tc�l�]Eetcd].�&o�gzgVWqcdetgy_`gV\;o�T"�agV_`_@gV\W�

��Wag+��Y&U`\�_@g�WZY�� � eDg�f�
poVT,�ZgV_`_@g�\�fZo7cdg�e ��U@WZob] �&g�Th_@g�\���]�eDUj] � _@g�\
x±X�Y �	T"�Z]Ers[Zgio�T,�ZgV_`_@g\tg	��U ��fZ[ZeDgbl	g�[ac�7�cDeDgbcded]�U`cdo�gbU@WZfZo�l	gVWZfag	� ��g�Wsc��$�6]~T�Y&WZ\Dg�e ��]�cdU`Y&W�f�
poVWagVe1�EU@ghgV\tcy]�\D\D[ �

etoVg�l�]�e�_@]�fZU@\5cdeDU � [acDU@YEW¥fZ[£WZY�� � eDg�fag�l	Y���gVeDYEWZ\�g�W ��Y&WZT7cdU@YEW£fZg
x±X(Y �8��Y&[Z\�l	YE[ ��EY&WZ\�faY&WZT �VY|Y���g�e�\D[Ze�[ZWZgboVT,�Zg�_@_@g8� ,*_ �k]�f�
9] � Y&eDf�_@]�lZeDo �*o��&YE_@[acDU@Y&W ��Y&_@_`g �

E �� ���
\t[Ze

T,��]�r|[ag � ed]EWZT,�Zg �>lZ[aU@\	��o��&g�WscD[ZgV_`_@g���g�Wsc�[ZWag�o �&Y&_@[mcdU@YEW fZ[aeDg�c2�|l	g ¦ � �0��w v
E �����

�
rs[ZU6laeDY|fZ[ZU�c�_`gV\;l�]Ee5cdY&WZ\;fZgyed]�fZUj]�cDU@YEW�U`WZU�cdU@]�_`g.� �XU`W�]E_`g	��g�Wsc	��]E[�TVg�Wscdetg�fZgy_ 
9o�T"�agV_@_`g��Z_`g
\tY&[Z\��*lZetY|TVgV\t\D[Z\�fZ[Ze;fZguc*�|l	g

2 → 2
TVY�� ��guU`_@_�[Z\tcdeto�\D[Ze;_j] �XU��&[ZeDg(� � � �

� � �	������� 
�� � � � � � � � � � �������

w{Y&[Ze;_@] �EoVWZo�ed]�cDU@Y&W�fZg�\�l�]Ee5cdY&WZ\;_`gu_@YEW �^fZgz_ 
9o�T"�Zg�_@_`g��a_j]hlZ�ZU@_`Y&\DYElZ�ZU`g�gV\5c�fZgzTVY&Wa\DU �
faoVeDg�ey_ 
9o�T"�agV_@_`giTVY�� ��gi[ZWag � Y��@cDg�v

σ �������
� '�T,��]�r|[ag�o	��U`\D\DU`Y&W��=[ZWZg � Y��@cdgila_@[Z\zl	g7cdU�cdg

g�\tc�fZo7cdg�e ��U@WZo�g�] �&g�Tb_`gV\�T¤]�ed]ET7cdoVetU@\5cdU@rs[Zg�\�fZgy_ 
po	��U@\t\DU@YEW�lZeDo�TVo�fZgVWqcdg��Bg�c�]EU@Wa\DU6fag�\D[ZU�cdg
=t[a\Drs[�
�'hTVg�rs[Zg�cDY&[acdg�\�_`gV\-o���U`\D\tU@Y&WZ\F]EU@g�Wsc-o�cDo�etoV\DYE_@[Zg�\��a� ]+�XU��E[ZeDg � � �yU@_`_`[Z\5cdeDg�_j]ylZeDY �

� �H�



�8������� � � � ��� 	�� ��� �� ��� ��� 	 ��������� ��� �  � � ���� � �  � � �� ��� � � �� ���
� � ���  � � ������� 

TVo�fZ[ZeDg�U`cDoVed]�cdU�&g�l	Y&[Zeh_@] �&o�WZoVeD]�cdU`Y&WnfagV\il�]Ee5cdY&Wa\�v '�T,��]Ers[Zg�o���U`\D\tU@Y&W �{_`g~WaY&[ �&gV]E[
σ � ��� �

fZgz_ 
poVT,�ZgV_`_@g�eDg�\tc,]�WscdgzgV\5c�TV]E_@T�[Z_@o�gzl	YE[Ze;_@]iWZYE[ �&gV_`_@gulZetY � ] � U`_@U�cDo.�

h1

xPE
+ Q0

+

x1
+Q1

+

h1

h2

xPE
+ Q0

+

xPE
− Q0

−

x1
+Q1

+

σhard

s Q1
+ Q0 

−( , , )

Q2
+x+

2

s Q+
2 Q0 

−( , , )
σhard

h2

xPE
− Q0

−

?�@BA�C � �R� ¢ x|T"�ao	��]}U`_@_�[Z\tcDed]EWqc�_j]^lZeDY|T�oVfZ[aeDgbU`cdo�ed]�cDU�&gzl	Y&[Ze�_j]��EoVWZo�ed]�cDU@Y&W�fZg�l�]Ee5cdY&Wa\
fZgV\�eD]EfZU@]�cdU`Y&Wa\�U@WZU�cdU@]�_`g�\.\t[Ze;_@gulZetg	��U@g�e.T
	�cdozfZgz_ 
poVT,�Zg�_@_`g.�

w{Y&[ae�fZU`\DT�[acdg�e�TVY�� ��gVWqc�YEWieto¤]E_`U@\tgFTVg�ctcdg�lZetY|TVoVfa[ZeDg�U`cdo�ed]�cDU�&g ��U@_|WaY&[Z\ ��]E[mc�fZoW:ZWZU@e-v
σ � ��� �

rs[ZU{TVY&eteDgV\tl	Y&WZf/'}_j]�T�Y&WqcdeDU � [acdU`Y&W�TVY���lZ_��7cdg�l	Y&[ae�_@]�l�]Ee5cdU`gbfa[ZeDgbf�
9[aWZghoVT,�ZgV_`_@g
\Dg	��U �*fZ[Zetg�� g7c

σ � ���
rs[ZUFeDg�lZeDo�\DgVWqcdg�_@]�TVYEWscdetU � [mcdU@YEW©f�]�WZ\h_`g�T¤]E\bY �¨_`gV\bl�]�etcdYEWZ\b\DY&Wqc

Y&eDfZYEWZWZo�\bgVW �|U@e5cd[�]�_@U�cdo�v6_@g�l�]�etcdYEW
j
l�]�etcdU`TVU`l	g�]�[©\DYE[Z\ ��lZeDY|T�gV\D\t[Z\ifa[Zeb]��&gVT}_@]�la_@[Z\

��]E[acDg��|U@e5cd[�]�_@U�cdo�l	Y&\t\DU � _@g8�a�0g
σ � � �
	

r|[aU=eDg�lZeDo�\DgVWqcdgu_j]�T�Y&WscDeDU � [acdU`Y&W}\D]EWZ\�o	��U@\t\DU`Y&W-�m�6]
�XU��E[ZeDg � � G U`_@_`[a\tcdetgZ�Eed]ElZ�aU@rs[Zg���g�Wsc.cdY&[acDgV\;TVg�\�TVY&WqcdetU � [acDU@Y&Wa\��

σhard σord σborn

?�@BA�C � � G ¢ ,*_@_`[Z\tcDed]�cDU`Y&WM�Eed]ElZ�aU@rs[ZgufZgV\�T�Y&WscDeDU � [acdU`Y&WZ\
σ � ��� �

�
σ � ���

g7c
σ � � ��	

�6] �EoVWZo�ed]�cDU@Y&W�fZg�lZ]EetcDY&WZ\FT�Y�� ��g�WZTVg�] �&g�T�[ZW}T�	Ecdo�fZg�_ 
9o�T"�agV_@_`g��qY&W}fao�cdg�e ��U@Wag�\�
9U`_
� ]�gVWZT�Y&eDg}[aWZg}ed]�fZUj]�cDU`Y&W f�
po�cd]�cbU@WZU�cdU@]�_>]���]EWqcb_@g�\DY&[a\ �*laeDY|TVg�\D\D[a\ifZ[Ze�fZg}T�g}T�	Ecdo�fZg
_ 
poVT,�ZgV_`_@g ��]��&gVTy_@]ilaeDY � ] � U@_`U�cdo�f�
p[ZWZgyo���U`\D\DU`Y&W�fZoW:ZWZU@gzT�Y�� ��ghv

lZeDY �
(
o���U`\D\DU`Y&W�lZeDg���U`gVe�T
	EcDo

) =
σij
� ��� � (ŝ, Q2
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=
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S(x+X(Y , x−X(Y , z+, z−) =
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i,j

∫

dtduEM,i(z+)EM,j(z−)

× Ki,j(x
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√
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ppO�W=U�\'JVK�^�\']VY1_VK[¨�QRH']LW1OaK[eaJVO9Y1��UXOaK9Z'^�OaK�SRH'Y�WcU�M9]V^XOaK�_V]~®5O�W=JVO��;\�Y5ipO9JqW�SRH'K[]VJy�oOa^VH'ipH'K _VOSVH'Y5W1U�Ma]L^�O9K�U�K5\�^�e`O�W�Ma^�H'UXY1OaiNO9JqW�UX_VOaJ.WcU6�)H'�V^XO'r¥§7O9K�SVH'Y5W1U�Ma]L^�OaKI_CfgU�J.WceaY7�9WlK1\�J.W�iNea^BHTJV��eaO9KH	h�OaM�_LOaK�SRH'Y�WcU�M9]V^�O9K�h�OaJRHTJqW�_V]dY1OaK�WcO�_VOE^BHIM9\�^�^XUXK1UX\'J98�H']bWcY1O9K�SVY5\uMaO9K1K1]LK�_V]VY5KaZ.SLY1\uMaO9K1K5]VKiN\�]LKaZ�:<;>=@?A�*ipHTW1UB�aY5OyM9\�^X^�OaM�WcU%h�ODC�r*§7Hn��UX��]VY5ONÎbr?ÉxSVY5eaK1O9JqW1Op^BH�Y1OaSLY1eaK5OaJ.W�HTW1U�\�JÌOaJ
η, φ_LOn^�H Y5eaSo\�JVK5On_VOaKN_Le9WcO9M9W1Oa]VY5Kpwu]LU�M9\�JqW1U�OaJ.WN_LOa]b¬ª®5O9WcKd_CfgeaJVO9Y1��UXOxWcY1H'JVK5h�O9Y1K5O�ea�.HT^�OP¨Éu�FE�O � _RHTJVKz^XOp_Le9WcO9M9W1Oa]VYykHG��I�lrI�IJÍh�\�U%W{K1]VY{MaO�W1WcO��R��]VY5Ot^XOaK{JV\'i`�VY1O9]VK1O9KyHT]LWcY1O9KSVH'Y5W1U�Ma]L^�O9K�H']LWc\']VY�_VOaK=®5O�WcK�U�_VO9JqW1U3�Re9KJ8;SVU�M9K�K1]LY~^�H$�R�']VY1OKC�r)©^*�°HT]LW�_V\�JVM�_VeL�RJVU�Y�^�O9K�MaH,|Y1H'M9W1eaY5U�K5W1U�wq]VO9K�_V]�®5O9W�O9W�]bWcU�^XUXK1O9Y�_VOaK�ipe�WcQV\u_LOaK�_VO�Y1O9Ma\�JLK5WcY5]VM9W1U�\�JxH'SLSoOa^XeaOaK �KM>MV�ON PHM>L�r}�\�]VK�_VUXK1Ma]bWcOaY5\�JVK�SL^�]VK�OaJ�_Ve9WcH'U�^o^XOaK�_VUX¯�eaY5OaJqW1K �KM>MV�ON P>M>L OI_VUXK1So\�JVUX�V^�O9K�O�WE^XOa]LY1K�MaH'YcH'M�|W1eaY5U�K5W1U�wq]VO9KI_VH'JVKI^XO{K1OaM�WcUX\�J�Îbr@�brC�O`wq]VO`JV\']VKIK5\�]VQRH'U%Wc\'JVK�iNO9W1W1Y1O{OaJ e�hbUX_VO9JVMaO`U�MaU�O9K5W
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^BH`_Ve9SoOaJV_VH'JVMaO�_VOl^�HzhTH'Y5UBH'�V^XO�®5O�W~HT]b¬xMa\�JV_LUXWcUX\�JVK�O�¬bSoeaY1UXipO9JqWcH'^�O9KEO9W�_VOl^�f�H'JVH'^X�uK1OIwq]VUOaK5W�ipO9JVeaOTr���JVO�SLY1\��V^XeaipHTW1UXwu]LO�OaK�W~^BH`K1\�]VK�WcY1H'M9W1U�\�JP_V]��VY5]VUXW�_LOl�;\�JL_Cr���JVO{H']bWcY1OlO9K5W^�O`M�QV\�U"¬�_VOy^�Hth,H'^�O9]VYI_V]�YcH	��\�J
R

_V]�M���JVO`�;\�Y5ipezSRH'YI^�O9KISRH'Y5W1U�M9]V^�O9KI_V]t®5O9WaZCM9\�iNipOU�^X^X]VK5W1Y1e�K5]VY�^�Hd��U��']VY1O�Îur@�Lr)�O9W5WcOlhTH'^XOa]VY�O9K5W~O9K1K1O9JqW1U�Oa^X^�O�_RH'JVK�^�HySVY1\uM9ea_L]VY1O{_LO�Y1O9Ma\�JLK�|WcY1]LM9WcUX\�Jn_L]y®5O9W�O9W�SoOa]LW~iN\u_VU3�VOaYE^�O�JV\�i`�VY5OlO9W�^�O9K�MaH'YcHTM9Wce9Y1UXK5WcUXwq]VOaK�_VOaK[®5O9WcKEWcY1\�]bh�eaK9rGIH'JVK~^�OaK~H'JRH'^%�uK1OaK~O�¬LSoe9Y1UXipO9JqW�HT^�OaK9ZoM9O9W5WcO{h,H'^�O9]VY~O9K5W�K1\�]bh�OaJqWIM9\�JqW1YcH'UXJqWcO�SVH'Y~^�HdWcH'U�^X^XO_V]x_Ve�WcO9M9WcO9]VY�H	h�OaMTZLSRH'Y�O�¬LO9iNSV^�OTZRkqW�H'Y9Zbwq]VU¥]bWcU�^XUXK1O
R = 0.4

_RH'JVK�^�OaK�HTJRH'^X�uK5OaK�_LO�®5O9W1KaZ_VOl�°H! 9\�J�¨dMaO�wq]Cfg]VJd®5O�W~wq]VU�HTY1Y1U%h�O�H']niNU�^XU%Oa]x_V]�_Ve�WcOaM�WcO9]VY~K1\�U%W�OaJqW1UB�9Y1OaiNOaJ.W�SVY1e9K1O9JqW_RH'JVK�^�f�H'M9MaO9SLW�H'JLMaO�_V]n_Ve�WcO9M9WcO9]VYar

� �����CÎbr?É Ê Éu� ElO � _VU"|X®5O�W�hu]ª_RH'JLK�]LJªe9h�eaJLOaiNOaJ.W�M9OaJ.WcYcHT^���]�"I�~] ¨ √
s = 200
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��¬bSoeaY1UXiNOaJqWcH'^�O9ipO9JqWaZ�^BHtJV\'W1U�\�J�_LO~®5O9W�OaK�Wl]VJVOyJV\'W1U�\�J H'i`�LU��$#VOTZ�JV\TW�H'iNiNOaJqW�SRH'Y^�OdSVY1\��L^B�aiNOd_VOpK5eaSRH'Y1HTWcUX\�JCr �=JvO9¯�O9W	Z7U�^=O9K5WzSRH'Y��;\�U�Kl_Ve9^�UXM	HTWl_VOp_VUXK5WcUXJV��]VO9Yl_VOa]b¬x®5O�WcKO9W�_VO�KcHFh�\'U�Y�K1UCSVQ.�uK1U�wq]VO9ipO9JqWaZ)\'JnHdHT¯¥H'U�Y5O�¨`]VJn\']P_VOa]b¬{®5O9WcK9r)}�\�]VKEY1O�hbUXOaJV_LY1\�JVK�K5]VY
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� ��� �N£���¦7���{  £�� ������£��P£��x¡ ���P�P��¦7�9�{  �x£ ¤¥£�¦��
GIH'JVK�^�OdM�QRH'SVU%WcY5O��bZ*JV\']VKzH	h�\�JVK�SVY1e9K1O9JqWcep^BHxK5WcY5]VM9W1]VY1Op_VO9K{SVY5\uMaOaK5K1]VKz_V]LY1K{_RHTJVK

��j��lkyH'UXJVK1Ubwq]Cfg]VJyWcO9K5W�H'JRH'^%�qWcU�wq]VO�K5]VUXh,H'JqW[^BH�K5]VSVSVY5OaK5K1U�\�Jd� E��dZTwq]VULSoOa]bW�KafgO�¬LSLY1U�iNOaYO9J��;\�JVM�WcUX\�Jn_V]
p⊥ � �

8;M9�=K5OaM�WcU�\'J��br?Ébr@�de9wu]VHTWcUX\�J 8 �br �L� C7C�r)}�\�]VK�HT^�^X\�JVKESo\�]Lh�\�UXY�W1OaK5W1OaYM9O�M	H'^XMa]V^7HTJRH'^X�qW1U�wq]VOlUXJVMa^X]VK1U%��HFh'OaM{_LOaK~_L\�JVJVe9OaK�H��RJ�_LOlhTH'^XU�_VO9YE^BHy_VeaipH'Y5M�QVOlSRH'Y�]VJVOM9\�iNSRH'Y1H'U�K5\�JpO�¬bSoeaY5U�iNOaJ.W�H'^XO'rb§*O9K�_V\�JLJVeaO9KEK5\�JqW�UXK1K1]LOaK�_VO�^�f�O�¬LSoe9Y1UXOaJVM9O �~�{�ISo\�]VY�_VOaKM9\�^X^�UXK5U�\'JVK
pp̄

ZoJV\�]LKIM9\�JVK5U�_Ve9Y1\�JLKIUXMaU7^�OaK~_V\'JVJVe9OaK�¨ √
s = 200

E�O � È?É'É'ÏTË O�WI_VOyk>G ���So\']VY�_VO9K�Ma\'^�^�U%K1UX\�JLK
pp

¨ √
s = 200

E�O � È�É�É �TË�r
±�² &�²5³ !ÌÄ Â , ( Æ ( Ç · Ä�¼ (#"�¶*¹ /�¶*· Ã~Ä�¼~¼ Å*¶*·%$'& ³

§=f�O�¬bS�e9Y1UXOaJVM9O �~�{�`wq]VU K9f�O9K5WI_VeaY5\�]V^XeaOzH'] -����} kLj ¯j�k�Z�H'SVY7�aK�^�HdWcYcHTJVK5�;\�Y5itH,WcUX\�J_L] kLj�k OaJ�M9\�^�^XUXK1UX\'JVJVOa]LY`_VOPSLY1\'W1\�Jb| HTJqWcUXSVY1\TWc\�J¥Z�H SVY1UXKy_VO9KN_V\'JVJVe9OaKNOaJ.WcY5O��(��ÏL�xO�W�)�*��Lr �=^X^�OpHLZ7OaJqW1Y1O�H']LW1Y1OTZ SoO9Y1iNU�K�^BHn_Ve9Ma\']Lh�OaY�WcO�_VOaKz�o\�K1\'JVK,+ O9W.- HFh�O9M ����ÉnOaJ�)��Ï.Ébru§7HziNOaK5]VY1O�wq]VU�JV\�]VK�U�J.Wce9Y1OaK5K1OIUXMaUoO9K5W�MaOa^X^�O�_VOI^�H{K5OaM�WcU�\'J�O/�NM	HTMaOI_VOISLY1\u_V]VM�WcUX\�J_LO�®5O9W1KaZRO�¯¥O9M9W1]VeaO�OaJÌ�)��Ï�ÏxÈ?É'É'ÏTË*¨y_VUX¯�eaY5OaJ.WcOaK�e9JVOaY5��U�O9K � √
s = 63, 200, 500, 900

ElO � r}�\�]VK�JV\']VK��;\uMaH'^XU�K1O9Y1\�JLK�K1]LY
200

ElO � wq]VU7Ma\�Y5Y1O9K1So\�JV_�¨d^BHyi �9ipO�eaJVO9Y1��UXO�wq]VO`k>G ���HT]t�10~©��ru§7H���UX��]VY1O�Îur 
�SVY5eaK1O9JqW1O�^�H�ipO9K1]VY5O~O�¬bSoeaY1UXiNOaJqWcH'^�OEMa\�iNSRHTY1eaO�¨l]VJpM	HT^�Ma]L^R_VO^�H�K1O9M9WcUX\�J�O��NM	H'M9OI]LWcUX^�UXKcHTJqW�_VOaK�j�GI�v_VO~W�bSoOIG�]32'O�| �54�O9JVKlÈ?É��*6TË 8;WcY1H'UXW�SV^�O9U�J C�ZqK1]LY�^BH� U���]LY1O�Îur 
VZ,^XO�MaH'^XMa]V^uOaK�W=i`]V^XW1UXSV^XU%e�SRH'Y _VOa]b¬z_VO��°H  a\�JyHTY1�VU%WcYcHTUXY1O�So\�]LY �9W1Y1O�SV^�]VK SVY1\uM�QVO_LOaKI_V\�JLJVeaO9Kar*§*O9K�®5O9W1KI\�J.WIe9W1e`U�_LOaJqW1U3�Re9KIH	h�OaM`]VJt�KM��C�ON
	>M��d_Ve9h�O9^�\�SLSoe`_RH'JVK`È7�.É$Ë�ZoOaJ]bWcU�^XUXK1H'JqWE]LJ�Y1HF��\'Jn_VOlM ��JVOl_VO
0.7

r§7Hv��U��']VY1OªÎbr@�ÌSVY1e9K1O9JqWcO�]VJLO�M9\�iNSRH'Y1H'U�K5\�J O9JqWcY5Oª^�OaKp_V\'JVJVe9OaK�_VO ���z�ªO9W�_LUX¯�e�|Y5OaJ.WcKEM	H'^XMa]V^XKar	�=JPY1\�]V�'O'ZL^�OIM	HT^�Ma]L^*HTJRH'^X�qW1U�wq]VOI_Cf ��j���kx_LU�K1M9]LWce�_RHTJVK�^�H`K5OaM�WcU�\'J �br?Ébr �uZe9wq]RHTWcUX\�J 8 �br �L� C�r �=J��V^�O9]�O�W�h�OaY5WaZ)^�Oli��aiNOlMaH'^�M9]V^*itHTU�KEOaJ�Y1O9ipSL^BH! aH'JqW�^XOaKE�;\�JVM�WcU�\'JVKe9wq]VUXh,H'^�O9JqW1OaK�H']u¬�j�G�� U�K5K1]VO9K~_Cf ��j��lknSRH'Y�M9Oa^X^�OaK�_VOz G ��8 �pO�W E:9��~É 6*6�Ïy_VUXK1Ma]bWceaO9K_VH'JVKI^BHpK1O9M9WcUX\�J �Lr%��r%��r�©^�K9f?HT��UXW�_V\�JVM`_Cfg]VJ M	H'^XMa]V^ UXJVMa^X]VK1U%�=_VO`SVY1\u_V]LM9WcUX\�J�_V] SRH'Y�Wc\�JVK¨�^�HnK1\'Y5WcUXOp_V]vSVY1\uM9OaK1K5]VKy_V]LYar2��J So\'U�JqW1U�^X^%eaKlY1\�]V�'OaKaZ�]VJ MaH'^�M9]V^�_Ve�h�Oa^X\�SVSoetSRH'YtÈ�É��L�aËO�Wz�;\�]LY1JVU�SRHTY�È�É��.É$Ë�H�e9WcetSLY1eaK5OaJ.Wce'r�©^�Kaf�H'��UXW{_Cfg]VJ M	H'^XMa]V^�}~§ �;8l�G wq]VU�M	HT^�Ma]L^�ON^BHK5OaM�WcU�\'J O��NM	H'M9Oy_VOzSVY1\u_V]LM9WcUX\�J�_LO�®5O�WcK�H	h�OaM`_LUX¯�eaY1O9JqW1K
R
8°SL^�]VK

R
_VUXipUXJq]VO'Z)SV^X]VK�_VO9KQVH'_VY1\'JVK !IK9f�e9M�QRH'SVSoO9JqW #x_V]nM ��JVOTZRU�^¥JVO�K5\�J.W�SV^�]VKEU�JVM9^�]VK�_VOa_RHTJVK5C�r

�FÏ�




�<����� �$� � � ��� � ����� � ��� ��� ��� ����� � 
 � � ��� � ��� � �����

� ������Îbr 
 Ê kbO9M9W1U�\�J O/�NM	HTMaOªU�JVM9^�]VK5UXh�OP_VO�SVY1\u_V]LM9WcUX\�J _VOy®5O9Wp_RH'JLKt]LJVOªM9\�^�^XUXK1UX\'J
pp̄¨x_VU%¯¥e9Y1O9JqWcO9Kle9JVOaY5��UXOaKaZCM9\�ipSVH'Y1e9OaKl¨x]LJÌMaH'^XMa]V^ WcQVe9\�Y1UXwq]VOy]LW1U�^�K1H'J.WI_VOaK�j�GI� _VO`W�bSoOG�]32'O�| �54�OaJLK$8;M	H'^XMa]V^*H'Y5�VUXW1YcH'UXY5OaiNO9JqWEi`]V^%WcUXSV^XU%eISRHTY�_VO9]b¬	ClÈ?É'É'ÏTË�r

§7HÍSVY5OaiNUB�9Y1OnY1O9itH'Y5wq]VO�wu]LOª^�fg\�J SoOa]LWp�°H'U�Y5OnMa\'JVMaO9Y1JRHTJqW�MaO�W1WcO�Ma\�iNSRH'Y1H'U�K5\�J O9K5Wwu]¥f?HT]VMa]VJ�M	H'^XMa]V^)JCfgOaK�W�OaJtipO9K1]VY5O~_VO�Y5OaSVY5\u_V]VUXY1O~^XOaK�_V\�JVJLeaOaK9rR�O9SoOaJL_RH'JqWaZL^XOaK�H']LWcO9]VY1K_VOnÈ�É�É'Ï,Ë=Y5OaK5W1OaJ.W{M9Y1UXW1U�wq]VO9K�K1]VY�^�fgO�¬uWcY1H'M9W1U�\�J _LOaKl_V\�JVJLeaOaK9Z7U�JL_VU�wq]RH'J.W�wq]VOd_VOaKlSVY5\���Y �9KK1\�J.WxOaJVM9\�Y1O JLeaM9OaK1KcHTU�Y1O9KPK5]VY�^�OaK{�KM����ON
	>M�����r�}~\']VK�� Y1O9huUXOaJV_VY5\�JVKxSVH'Y�^�HvK5]VUXW1O'r�§7H��U��']VY1O Îur@�vSVY1e9K1OaJ.WcO�_VO9KxYcHTW1U�\�K ��OaJmQVH']LW	Z�Y1H'SVSo\�Y�WxO9JqW1Y1O ^�O9K�_V\�JLJVeaO9KP_VO �~�z� O�W
��j��lk��CH']�iNU�^XU%Oa]CZ)YcHTSVSo\�Y5W�OaJ.WcY5O`^�O9K�_V\�JVJLeaOaKI_VO ���z�`O9WI^�O{M	HT^�M9]V^�}~§2� 8l�G HFh�O9M
R = 0.7

� O9WyO9J �RH'K9Z�^�OpYcHTSVSo\�Y5W`O9JqW1Y1O�^�OpM	HT^�Ma]L^�}�§ � 8l�G O9W$��j��lk�r=kuU�^XOaKz_VO9]b¬SVY1O9ipUXOaY5K���Y1H'SVQVO9K{M9\�J��RY5ipO9JqW{JV\TWcY1ON\��LK1OaY�hTHTW1U�\�JÌSVY1e9Maea_LOaJqW1O�K5]VY{^�HP_VU%¯¥e9Y1O9JVMaONOaJqW1Y1O^�O9K�_V\'JVJVeaO9K�O�WI^�fgO9JVK1O9iy�L^�O{_VO9KIM9\�ipSVH'YcH'UXK1\�JLKaZ)^�O{_LOaY1JLU�OaY~��YcHTSVQVOzwq]RHTJqW�¨t^X]VU7SoOaY1iNO9W_VO�Ma\'ipSRHTY1OaY�_VU�Y5OaM9W1OaiNOaJ.W ��j��lkPH	h�OaM�^�OIMaH'^XMa]V^C}�§ � 8l�Gzr �IJx�ph�\�U%WEwq]VOlM9OaKE_VOa]b¬M	H'^XMa]V^XKEK1\'JqW�WcY7�aK�SVY1\uM�QVO9K~^�f�]LJn_LO�^�f?HT]LWcY5O'r
±�² &�² & !ÌÄ Â , ( Æ ( Ç · Ä�¼ ( "�¶*¹ / ¶*· Ã~Ä�¼�¼ Å*¶*·	��
 &	�

§=fgO�¬bSoeaY5U�OaJLMaOnkHG���� H'] �10~©� M9\�J.WcU�Jq]VO�HTM9Wc]LOa^�^XOaiNOaJ.Wz_LO�SLY1OaJL_VY1O�_VO9K`_V\�JLJVeaO9Kar}~\�]LK�JV\�]LK�U�J.Wce9Y1OaK5K1O9Y1\�JVK�U�M9U.H']b¬l_V\'JVJVeaO9K SV]V�L^�U�e9OaK7O9J`É 6 6�lÈ?É'É �TË.K1]LY�^�HEK1O9M9W1U�\�J�O/�NM	HTMaOU�JVM9^�]VK5UXh�O{_VOzSVY5\b_L]VM9W1U�\�Jª_VO�®5O9WcK�_RH'JLKI^�O9K�M9\�^�^XUXK1UX\'JVK
pp

¨ √
s = 200

E�O � r¥§7H���UX��]VY1OÎbr?ÎnSVY1e9K1O9JqWcO�M9OtY1e9K1]V^%W�HTWzH	h�OaMt]VJVOpMa\�iNSRH'Y1H'U�K5\�JvHT]vM	H'^XMa]V^�8l�G�}~§ � _LO�È?É��L�aË�wq]VU
�FÏ �



��������� � � � ��������� � 
 � � ��� � ��� � �����

�������[Îbr@� Ê kuOaM9W1U�\�JÍO��pMaH'M9OtU�JVM9^�]VK5UXh�Od_VONSVY1\u_V]LM9WcUX\�JÍ_VOI®5O9Wz¨ √
s = 200

ElO � _RH'JVK]LJVO�M9\�^X^�UXK1UX\'J
pp̄

�RM9\�iNSRH'YcHTU�K1\'JPO9JqW1Y1O ��j��lkPO�W�^�O9K�_V\'JVJVeaO9K~_LO ���z�pÈ�É�É'Ï,Ë�r
SLY1OaJL_nO9JPMa\'ipSLW1OI^BH{h,H'Y1U�HTWcUX\�Jt_V]PY1HF��\�Jx_V]PM���JVOTr)kb]VY�MaO�W1WcO1�R�']VY1OTZVUX^o�xH`_LOa]b¬�W�uS�O9K_LO _V\'JVJVeaO9KaZ�M�QRHTwu]LOt®5O9]m_VO�_V\�JVJVe9OaKxOaK5Wx]VJVO M9\�i`�VU�JVH'UXK1\�J _VO9KP_L\�JVJVe9OaKPSVY5U�K5OaK�OaJÉ 6*6�`O9W~É 6 6�
VrV§*OaK�MaH'Y1Y5eaKEhuUX_VOaKE�;\'JqW�Y5e9�;e9Y1OaJLMaO{¨y]VJLOlK1e9^�OaM�WcUX\�J ��� N ��� ; � : ��� ��8 ����C�r§*O9K�Y1\�JV_LK�SV^�O9U�JVK�K1\'JqW{So\']VYl]VJVONK1e9^�O9M9WcUX\�JÌ_VOdW�uSoO
	 ���������� M�� � � ����� M�� 8 0%G ClH	h�OaM]LJy®5O�W�WcY7�aK�eaJVO9Y1��e�WcU�wq]VO�O�W�_V\�J.W�^BH`SRH'Y�WcU�M9]V^�OISVY5U�JVM9U�SRH'^XO 8 =3M � 	 � N � C�OaK�W~Oa^X^�O�|i��9iNO�WcY7�aKe9JVO9Y1��e�WcU�wq]VOTrq§*OaK�®5O9WcK=\�J.W�e�WceEU�_VO9JqW1U3�Re9K=SRHTY=]VJ��KM��q�ON
	>M��~_VO�W �uSoO ��� 	�� ��� N ����� � N+M�È ��TË�ZH	h�OaMI]LJxY1HF��\�J�_VO�M �'JVO

R = 0.4
M�QV\�UXK1UoSRH'Y�Y1H'SVSo\�Y�WE¨{^�f�H'MaM9OaSLWcH'JVM9OI_V]�_Ve9W1OaM9W1Oa]VY9rR§*OaKHT]LWcO9]VY1K`HTY1��]ViNOaJ.WcO9JqWzwq]CfgU�^XKzHTW5WcO9JV_VOaJ.W`wq]VOtSV^�]VK{_LO � ����_VOp^�fgeaJVO9Y1��UXONW1\'W�HT^�ON_L]n®5O9WK5\�UXWEMa\�iNSVY5U�K1OI_RH'JVK�]VJnM ��JLO�_VOlYcH	��\�J

R = 0.4
r§7Hd��U���]LY1OlÎbr�ÏySVY1e9K1OaJ.WcO�]VJVOlM9\�ipSVH'YcH'UXK1\'JxOaJ.WcY1O ��j��lkPO�W�_VUX¯�e9Y1OaJ.WcK�MaH'^�M9]V^XKESo\�]VY^�H K5OaM�WcU�\'JmO/�NM	HTMaOaKn_LO�SVY5\u_V]VM�WcU�\'Jm_VOp®5O�WcKaZEH	h�OaM�^XOaK�_V\�JVJVe9OaKP_VOÌkHG��I��_VUXK1Ma]bWceaO9KSLY1eaM9ea_LOaiNipO9JqW	r[§*O�SLY1OaiNU�O9Yze9^�e9ipO9JqW`wq]VO�^�fg\�J Y5OaipH'Y1wq]VOtOaK5Wywq]VO�Ma\�J.WcYcHTU�Y1O9iNOaJqW`H']_L\�JVJVe9OaK�_VO �~�{��Z�S�\']VYt^XOaKp_V\�JVJLeaOaK�_VO kHG��I�lZ�Wc\']VKt^�O9KtMaH'^�M9]V^XKpK1\�J.W�SVY5\uM�QVO9K�_VOaK_L\�JVJVe9OaK9r��OaM9UbO9K5W�M9\�J��RY5ipe�SRHTY�^BH���UX��]VY5O�Îbr7�~HFh�O9M�OaJzQRHT]LW �$^�O�YcH'SLSo\�Y5W�kHG��I������j �lk�Z

�FÏ�



�<����� �$� � � ��� � ����� � ��� ��� ��� ����� � 
 � � ��� � ��� � �����

� ������Îbr@� Ê ��HTWcUX\ÌOaJ.WcY5Oª^�O9Kp_V\'JVJVeaO9K�_VO �~�{�ªO9Wt^XOaKp_VU%¯¥e9Y1O9JqW1KtMaH'^�M9]V^XK ��OaJ QRH']LW �
�~�{� ����j���koZoHT]nipUX^XUXO9]������z� �'}~§ �`ZRO9J��RHTK �)}�§ � ����j��lk�r
H']�iNU�^XU%Oa]�kHG��I���'}�§ �`Z)OaJ��RH'K~}�§ � ����j���koro�~U�JVK5U�ZVU�^¥�nHNip\'U�JVKE_Cfg]VJ��°H'M�WcO9]VY�_VOa]b¬OaJ.WcY1Ol^�O9K�_V\'JVJVeaO9K~_LOzk>G ���»O9W%��j��lkPK1]VY�JVO9]L�[\'Y1_VY5OaK�_VO��'YcH'JV_LOa]VY9r
±�² &�² � � Ç / ( ¼ Ã ¶ / ( ¹ Ä�¼��cÆVÄ�¼ ¸H(=¸ Ç Ä�¼ ¶ ¼ ¸ Æ ¶ / ¶ ¹+(O/ ¹ µ /�( ¼ ( ¼ /���¸ Ç º µ ¶Ã��
	��� � ¶¥¸�/ ¶*· Ã~Ä�¼~¼ Å*¶*·

}�\�]VKIH	h�\�JVK�M9\�ipSVH'Y1eJ��j��lkªHFh�O9M`^XOaK~_V\�JLJVeaO9KI_VO ���z�zO9WI^XOaK~_L\�JVJVe9OaKI_VOyk>G ���So\�]VYN^BH�SVY5\u_V]VM�WcU�\'J U�JVM9^�]VK5UXh�OP_VOy®5O�WcKp_VH'JVKp_VO9KtM9\�^�^XUXK1UX\'JVK
pp̄

O9W
pp

So\�]VYN^BH�i��aiNOeaJVO9Y1��UXO √
s = 200

E�O � r=©^EOaJ Y5eaK1]L^XWcOPwq]Cf@��j��lk�OaK�Wt^X\�U�J _VO9Kp_V\'JVJVe9OaKp_VO����z�nO9WSVY1\uM�QVOt_VOaKz_V\�JVJLeaOaK`_VOxk>G ��� 8°iN\�UXJVK�_Cfg]VJv�°H'M9W1Oa]VYyÉnK5]VY �ª\'Y1_VY5OaKz_VOt��Y1H'JV_VO9]VY1K C�ZWc\�]LW7M9\�ipiNO[^�O9K�H']bWcY1O9K7M	H'^XMa]V^XK7H'UXJVK1U�wq]VO�^�O=MaH'^�M9]V^ 8l�G }�§ � H	h�OaM
R

hTH'Y1U�H'�V^XO'r	Gzf�H']LW1Y1OSRH'Y5WaZ UX^��°H']LWzYcHTS�O9^�^XOaY�wq]VO�^�ONWcO9K5Wywq]VO�JL\�]VK`Y5e	H'^XU�K5\�JVK{So\�]LY ��j��lkvU�M9U�OaK5W`]VJ MaH'^�M9]V^H'JRH'^%�qWcU�wq]VO �;\�JV_Ve=K5]VY7^XOaK¥�;\�JVM�WcU�\'J
f±

wq]VO=JV\�]VK7HFh�\'JVK7_Ve®1¨EU�_LOaJqW1U3�Re9O=HE_VO9K*�;\�JVM�WcUX\�JVKC_VO_VUXW1Y1U��L]LWcUX\'JVKESVH'Y5W1\�JVUXwu]LOaKaro�fgOaK�W�_V\'JVM�^�HyK1O9M9WcUX\�JnO/�NM	HTMaO{_LO�SVY5\u_V]VM9W1U�\�JP_Cfg]VJ�SRH'Y�Wc\�JH'SVY �9Kl^�OySLY1\uMaO9K1K1]LK{_V]VYlwq]VU=O9K5W�M	H'^XMa]V^XeaOyO�W�JV\�J�O�¬LH'M�WcOaiNOaJ.W{^�f�\��LK1OaY�hTH'�L^�O~®5O9War*�~U�JVK5U�Z^�O�MaH'^�M9]V^¥_VH'JVK���j��lk�M9\�Y1Y5OaK1So\'JV_nH']xM	HTKE\�]x^XO�YcH	��\�Jx_V]xM ��JLO�O9K5W�ipH,¬bU�ipHT^ �uWc\�]LKE^XOaK
�FÏ.Î



��������� � � � ��������� � 
 � � ��� � ��� � �����

������� Îbr?Î Ê kbOaM�WcUX\�JÌO��NM	H'M9OpUXJVMa^X]VK1U%h�Oy_VOdSVY5\u_V]VM�WcU�\'JÌ_LOI®5O�W�_RHTJVKl]VJVOdMa\�^X^�UXK5UX\�J
pp

¨
√
s = 200

E�O � ZVMa\�iNSRH'Y5eaO9K~¨y]VJnM	H'^XMa]V^¥W1QVea\�Y5U�wq]VO,8l�G }~§ � È�É�É �,Ë�r
QVH'_VY1\'JVK�SVY1\u_L]VUXW1K~K1\�J.WIU�JVM9^�]VK�_RH'JVK�^XOE®5O9War�©^�OaJ�Y1eaK5]V^XW1Ozwq]VO`^�HNMa\�iNSRH'Y5U�K1\'J�H	h�OaMz_VOaK_L\�JVJVe9OaK�®5O9W[JCf�O9K5W�SVH'K[Y1UX��\�]VY5Oa]VK5O'Z'O9^�^XO�JLO�S�O9]LW=JV\�]VK[_V\�JLJVOaY[wq]Cfg]VJd\�Y1_LY1O�_VO��'YcH'JV_LOa]VY9r
��j��lkxe9W�HTJqW�_RH'JVK�^XO�i��aiNO�\'Y1_VY5Ol_VO���YcH'JL_VOa]VYEwu]LOzkHG�����ZVJV\�]VK�M9\�JVK1UX_VeaY5\�JVK�wq]VOlMaOW1OaK�W~O9K5W�Ma\�JVM9^�]VH'JqW�O9W�hTHT^�UX_VO�JV\TWcY1OlH'SVSVY5\uM�QLO'r

j \�]VYp^XOaKp_V\'JVJVeaO9K�_VO �~�{��Z�U�^EY1O9K5WcOª_LOaKtU�JVM9\�iNSVY1e9QVOaJLK1U�\'J K1]LYtM9OaKt_V\�JVJVe9OaKtM	H'YHT]VMa]LJª_VOaK~iN\u_	�a^XOaKaZRSo\�]VY�W�H'J.W~SVY5\uM�QVO9K�_LOaK~_V\�JVJLeaOaK~_VO`kHG����¾JVO�^�O9K�Y1OaSLY1\u_V]VU%W	r)}~\,|WcH'iNipO9JqW�^XOlMaH'^�M9]V^ 8l�G }~§ � È?É��L�aË*wu]LU7SVY1O9JV_ªO9J�Ma\�iNSLWcOl^�H`hTH'Y1U�HTWcUX\�Jx_VO
R

rR��UXJVK1U�ZK5]VY`^�O9KJ�R�']VY1O9KaZ[K5\�JqWySLY1eaK5OaJ.WceaKd_VO9KyY5eaK1]L^XW�H,WcKyH	h�OaM
R = 0.7

So\�]VY ���z�xO�W
R = 0.4So\']VY~k>G ����r)§*O�M	H'^XMa]V^CSo\�]LY

R = 0.7
O9K5W�MaO9^�]VUCwq]VU*OaK�W�^�O�SV^X]VKESVY1\uM�QVOl_Cf ��j��lk"8°HFh�O9M]LJ

R �����

C�O�W�^�Hy��U��']VY1OlÎur@�yJL\�]VK�HyiN\�JqW1Y1eIwq]Cf�UX^¥�xHFh,H'UXWE]VJxWcY �9K��o\�JnH'MaM9\�Y1_POaJqW1Y1Ol^XOaK_LOa]b¬�r
��UXJRH'^XOaiNO9JqW	Z7MaO�Wde�Wc]V_LOPHªiN\�JqW1Y1et^�H�h,H'^�UX_VU%WceN_VO�^BH�_Ve9itHTY1M�QVO�O9W`_VO�^�fg]LWcUX^XUXK1HTWcU%\�J_LOaKz�;\�Y1i`]V^XOaKzHTJRH'^%�uW1U�wq]VO9Kz_Cf@��j��lk�r=�OaSoO9JV_RH'J.W	Z[JV\�]LK`JVO�So\�]Lh�\'JVKySVH'K`O9JqWcY5OaY`_RHTJVK^XOaK�_Ve�W�H'UX^�KEMaH'Y�_RH'JVK%��j��lk�Z)\�JnMa\�JLK1U�_��aY1O�^�HySVY1\u_L]VM9W1U�\�Jn_VOlSRH'Y5W1U�M9]V^�O9K�¨d^BHyK5\�Y5W1U�O�_V]SLY1\uMaO9K1K5]VK�_V]VY�O9WE_RH'JVK�^�OaK�_V\'JVJVeaO9KaZRUX^�Kaf�H'��U%WE_LO�^BHzY5OaMa\'JVK5W1Y1]VM�WcU�\'JP_VO�®5O�WcK�H	h�OaM�]VJy�KM���ON�	HM��d_LUX¯�eaY1O9JqW1K�_RH'JVK�M�QRH'wq]VO`e9W1]V_VOzO9WI_VO9KIYcH	��\�JVK�_VOzM �'JVOz_VUX¯�eaY5OaJqW1Kar¥j \']VY~hTH'^XU�_LOaYM9\�iNSV^�e�WcO9ipO9JqW ��j �lk�ZuUX^R�°HT]V_VYcHTUXW�Y5e	H'^XU�K1O9Y�^BHli �9ipO�H'JRH'^%�uK1O�wu]LO�_RH'JLK�^XOaK�O�¬bSoe9Y1U�O9JVMaO9KK5]VY�_LOaK�e9h�e9JVOaiNOaJ.WcKI��e9JVeaY5eaK�H	h�OaMz^XOaK~SVY5\uMae9_V]VY1O9K ��\�J.WcO�|��H'Y5^�\Vroj \']VY�H'^�^XOaY�SV^X]VK~^X\�U�J_VH'JVK�^BH`_VU�K5Ma]VK5K1UX\�JnK1]VY�^�O9K�_V\'JVJVeaO9KaZ)JV\�]LK~H'^X^�\'JVK�^�O9K�M9\�iNSRH'Y1O9Yar

�FÏ�Ï



�<����� �$� � � ��� � ����� � ��� ��� ��� ����� � 
 � � ��� � ��� � �����

� �����[Îur?Ï Ê kuOaM�WcU�\'JvO��NM	H'M9OtU�JLMa^�]LK1UXh�Od_VONSVY1\u_V]LM9WcUX\�JÍ_LO�®5O9Wz¨ √
s = 200

E�O � _RH'JVK]VJVOlMa\�^X^�UXK5UX\�J
pp

�RM9\�iNSRH'Y1H'U�K5\�JxOaJ.WcY1O ��j �lkPO�W�^�O9K�_V\'JVJVeaO9K~_LOzk>G ��� È?É'É �TË�r
±�² &�²�� À Ç ·u¹ µ ·b· Ç Ä�¼ · µ~Æ / ¶*· Ã ¶ µ * ½ ¶ µ * Ã ¶ Ã~Ä�¼~¼ Å*¶*·

}�\�]VKIH	h�\�JVK�iNU�K�OaJ�e�huU�_VO9JVMaO`wq]VOz^XOaK~_VU%¯¥e9Y1O9JqWcK~M	HT^�Ma]L^�K�SVY1e9K1O9JqWce9K�e�W�H'UXOaJqW~SVY1\uM�QVO_VOaK�_V\�JVJLeaOaKE_LOlkHG��I�sW1\�]LW�O9JPe�W�H'J.W�HTK1K1O���ea^X\�U��'JVeaK�_VO9KE_V\�JLJVeaO9KE_VO �~�{��rV�Oa^�HzS�O9]LWSRH'YcHTUXW1Y1O�H'K5K1O�� K1]VY5SVY1O9JRH'JqWPMaH'Y�U�^~Kaf�H'��U%W � �
� � � � � _VO ^�Hvi �9ipOª\��LK1OaY�hTH'�V^XO�8°K5OaM�WcU�\'JO/�NM	HTMaOzU�JLMa^�]LK1UXh�Ol_VO{SLY1\u_V]VM�WcUX\�J�_VOE®5O�WcK5CESo\�]VY�^BHdi��aiNO�e9JVOaY5��U�O √
s = 200

ElO � ro§7H��U��']VY1OpÎbr%�(6niNO9W�K1]VY{^�HPi �9ipO$�R��]LY1Op^XOaK�_VOa]u¬P®5O9]b¬Í_VOp_L\�JVJVe9OaKz\��ÍJV\�]VK�h'\$��\�JVK{^BH��YcHTJV_VOaK�_VU%¯¥e9Y1OaJLMaOaK�O9JqW1Y1O�^XOaKE_VOa]u¬¥r
§*OISVY5OaiNU�OaY�ea^XeaiNOaJ.W�wq]VO�JV\�]LKESo\']Lh�\�JVKEUXJqh�\uwq]VO9Y�OaK5WE^�Hz_VU%¯¥e9Y1O9JVMaOI_V]xK5�uK5W �aiNO�_VOMa\�^X^�UXK5UX\�JCr��=JNO9¯�O9WaZ.M'fgOaK�W�]VJLO�M9\�^X^�UXK1UX\'J

pp̄
_RH'JVK�^XOEMaH'K�_VO ���z��O9W�]LJVO�Ma\�^X^�UXK5UX\�J

pp
_RH'JVK^�OyM	HTK�_VOpkHG��I�lr2��H'^���Y7�`Wc\�]bW	Z7¨xMaO�W1WcONe9JVOaY5��UXO'Z*^BH�_VUX¯�eaY5OaJVM9OpHTW5WcO9JV_V]VONO9K5W{iNU�JLUXiNO'ZMaO9^BHdHde�WcelMa\�J��VY1iNel_RH'JLK�^XO�M	H'K�_Cf ��j��lk�r

��Jv_VO9]b¬bUB�9ipONSo\'U�JqWlwq]VOpJV\�]LK{So\�]bh�\�JVK{_VUXK1M9]LWcO9Y{O9K5W{^�fg]LWcUX^XUXK1HTWcUX\'J�_Cfg]VJÍYcHF�'\�JÍ_VO
�FÏ*�



��������� � � � ��������� � 
 � � ��� � ��� � �����

��������Îur � Ê ��HTWcUX\�OaJqW1Y1Ot^�OaK{_V\�JVJLeaOaK`_VOxkHG��I� O9W`^�O9Kz_VU%¯¥e9Y1O9JqWcKzMaH'^�M9]V^�K ��OaJ QVH']LW �k>G ��� ����j��lk�ZoHT]niNU�^XU%Oa]��ok>G ��� �T}�§ �`ZROaJn�RH'K �)}~§ � ����j �lk�r
M���JVO�_VU%¯¥e9Y1OaJ.W=_RHTJVK[^�OaK�_VO9]b¬ye9W1]V_VO9K

R = 0.7
_VH'JVK �~�{�EO9W

R = 0.4
_VH'JVK�kHG��I�lr'��h�OaM]LJVO�_VU�iNUXJu]LW1UX\�Jt_V]PYcH	��\�JP_V]PM �'JVO'ZV\�JxKaf�HTW1W1OaJV_�¨`MaO�wq]VOl^�¨`\ �P^�O��KM��R�ON
	>M���WcY5\�]LhTHTUXW]LJÌK1Oa]L^¥®5O�WlWcY7�aKleaJLOaY1�'e9WcUXwq]VOpH	h�OaMd]VJÌ��YcHTJV_ÌY1HF��\'JÌ_VOdM �'JVO'Z*UX^[O9JÌW1Y1\�]bh�ON_LeaK1\'Y1ipH'U�K_LOa]b¬ HFh�OaM�_VOaKye9JVOaY5��U�O9KySL^�]VKzS�O�WcU%WcO9KySo\']VY`]VJ SV^�]LK`SoO9W1UXW`YcH	��\�J _VO�M �'JVO'r���UXJVK1U�Z \�JK9f?H,W1WcO9JV_x¨zM9O�wu]LOI^�O�K1SoOaM�WcY5Ol¨{QRHT]LW

p⊥
_VUXipUXJq]VO'rb�fgOaK�WE_Cf�H'U�^X^XO9]VY1K�MaO�wq]VO�^�fg\�Jt\'�VK1O9Y5h�OSo\']VY[^XO�M	HT^�M9]V^38��G }�§ �mH	h�OaM�]VJ

R
hTH'Y5UBH'�L^�O'rTkb]VY[^�HI� U���]LY1O�ÎbrX�)6�K1\�J.W=e9�.H'^�O9ipO9JqW�ipUXK^XOaK�_VOa]u¬pMaH'^�M9]V^�K�H	h�OaM�_VOaK

R
_VO56br 
�8°O9JpS�\'U�J.WcU�^%^XeaK=�V^XOa]LK5C=O9W�6Lr Î�8;OaJpSo\�U�J.WcU�^%^Xe9K�Y5\�]V��O9K5C�r�O9SoOaJL_RH'JqWaZ�^�H�_LUX¯�eaY1O9JVMaO9Kp\��VK5OaY5h'eaOª_RHTJVKp^XOPM	HT^�M9]V^�}~§ � 8��G OaK�WpWcY7�aKd�°H'UX�V^�O�SRH'YY1H'SVSo\�Y�WE¨z^�H{_VU%¯¥e9Y1OaJLMaOI\��LK1OaY�h�eaO�OaJ.WcY5OI^�O9K�_VOa]u¬�®5Oa]b¬t_VOI_V\'JVJVe9OaKarVGzf?HT]LW�H'J.WESL^�]VK�wq]VO^�Hd_VU�iNUXJu]LW1UX\'Jn_V]ªK5SoOaM9W1Y1OzU�J.WcO9Y5huU�O9JqW�¨NQRH']bW

p⊥
]VJVUXwu]LOaiNOaJ.W	Z�HT^�\�Y5K�wq]VO{^BHd_VU%¯¥e9Y1OaJLMaOO9JqW1Y1Ol^�OaKE_VO9]b¬`®5O9]b¬P_VOl_V\�JVJVe9OaK�OaK�W~SVY5eaK1O9JqW1O{K1]LY�W1\�]LW�^�O�K5SoOaM9W1Y1OTr

§*OaK�H']LW1Y1OaK�e9^�eaiNOaJ.WcK�K1]VY�^XOaK1wq]VO9^�K�JV\']VK�So\�]Lh�\�JVK�U�J.h�OaK5W1U���]LOaY�Ma\�JLMaO9Y1JVO�^BHlK1e9^�O9M9WcUX\�JO�W�^�f�H'JRHT^X�uK1OI_VOaK�_V\�JVJVe9OaK9r�G{f�]VJLO�SRH'Y5WaZV^�OaKE_V\�JLJVeaO9K~_LOzk>G ���»Ma\�J.WcUXOaJVJLOaJqW�]VJLO�K5ea^XOaM�|W1U�\�Jd_VU%WcO 	 ���� ����� M�� � � ����� M���Z�K1ea^XOaM�WcU�\'JN_VO[®5O9W1K�WcY7�aK�e9JVOaY5��e9W1U�wq]VO~O�W�_L\�JqW�^BH�SRHTY5WcUXMa]V^XOSLY1U�JLMaUXSRH'^XO 8 =BM � 	 � N � C�OaK�W�WcY7�aK�eaJVO9Y1�'e9WcUXwq]VO'ro§*O9K~H']LW1Oa]VY5K�_LOpÈ�É�É �,Ë*SVY1e�hbUXOaJLJVOaJ.W~wu]LO��
�(�*6



�<����� �$� � � ��� � ����� � ��� ��� ��� ����� � 
 � � ��� � ��� � �����

� �����CÎbr%�(6 Ê �\�ipSVH'YcHTU�K1\'J�O9JqW1Y1O{^�OaK�_V\�JLJVeaO9KI_LOyk>G ��� 8
R = 0.4

CEO9W�^XOaK�_V\�JVJLeaOaK�_VO
�~�{��8

R = 0.7
C

! �  M 	 � � � ����� M�� � �
� ����� 	 � N � � N ��� M � �DM 	 �KML=BM ��� ����� ����� � �E�KM�� � � � � ; �DM� � p⊥ 	>M � MLN
	 � N �
: ��� ��� ��� � � 	��KM�� � � � �   � � 	�� � ��� � MLN � � �  � � �
� � 	�; �5M � N"ML=BM ��� � ��� ��� N+M�� � �5�  ��� M�� #�OnW�bSoOn_VO�K5ea^XOaM9W1U�\�J�JCf�HÌSRH'KNe9W1e�]LW1U�^XUXK1ex_RH'JVK �~�{��r�©^E��HÌea��H'^�O9ipO9JqWN^XOaKNO9Y1Y5Oa]VY5KK5�qWce9itH,WcU�wq]VO9K�wu]LU�SoOa]Lh�O9JqW��9W1Y1OIH'K5K1O��IMa\�JLK1eawq]VO9JqWcOaKaZLwu]LOIM9O�K1\�U%W�_RHTJVKEkHG��I�m\�]�_VH'JVK
�~�{��r)§*OaK�H']LW1Oa]VY5K�_VONÈ�É�É'ÏTË*UXJV_VUXwq]VOaJ.W�So\�]LY �~�{���
!
	-N ��� M�� ��� M � �  M$M� � M�� ��� MLN � � = 	 � � � � �5M � � � ��� � � � ��� � �� ���� M����  � N�=BM � 	 � N �
� � 	>M��
����� �
� M 	 � ��� � � N ����� �9M� � = � � N+M 	 :LM�� � �5M � ���(��� M � � � � � ;>N �5M�� � � � N � � M� � : � �  � N �  M 	 � � �
� N
	 � N �  M�� � = �L;H= � � � � N � � � N � � � � ;>N ��� � � � � � � � N �  � � 	 � ����� M � � N ��� #�O9W5WcO�M9\�JVK1UX_VeaY1HTWcUX\�J�K5]VY*^�OaKCOaY5Y1Oa]LY1K7K5�qW1eaipHTWcUXwq]VOaK*Ma\�J��VY1iNO=^BH�hTH'^XU�_VU%W1e�_V]�WcO9K5W7_Cf ��j��lkHFh�O9M�^�O9K�_V\'JVJVe9OaKar��j���k{Y1O9SVY1\u_V]VU%W�^�fg\�Y1_LY1O�_LO���Y1H'JV_VO9]VY1K�_VO9K[\��VK5OaY5h,H'�V^XOaK[M9\�JVK1UX_Ve9Y1eaO9Kar

§*O�_VOaY5JVU�O9Y�So\�UXJqW�wq]VO�JL\�]VK K5\�]VQRHTUXWc\'JVK�K5\�]V^XO9h�OaY�U�M9U.Ma\�JLMaO9Y1JVO�^�f�]bWcUX^XUXKcH,WcUX\'Jli��aiNO�_V]�KM����ON
	>M���r,}�\�]VK�HFh�\'JVK�_Ve®1¨~Y1O9^�O9h'e�^XO��°H'UXW�wq]VO�^XOaK M9\�JV_VU%WcUX\�JVK�_¥f�]LW1U�^XU�K1HTWcU%\�J�_L]��KM��'�ON
	>M��K1\�J.WpO9K1K5OaJqW1U�O9^�^�O9KdO9WNip\u_VU6�RO9JqWdK1O9JVK1UX�V^XOaiNOaJqWd^�OaKdY5eaK5]V^XWcHTWcKdSVY5\u_V]VU%WcKar=§7H�_VU�iNUXJu]LW1UX\�J
�(�L�



��������� � � � ��������� � 
 � � ��� � ��� � �����

_L]�Y1HF��\�Jª_L]�M���JVOzSVH'Y~O�¬LO9iNSV^�O{O9JqWcY1H���JVO{]VJLOz_VUXipUXJq]LWcUX\'Jn_V]ªK1SoO9M9WcY5Oy¨pQVH']LW
p⊥

r�G�OSL^�]VK9Z,^�f�]LW1U�^XU%KcHTW1UX\'J�_VO �KM��'�ON
	>M�����_VU%¯¥e9Y1O9JqWcK�H	h�OaM�_VU%¯¥e9Y1O9JqWcK iN\u_VO9K \�SoeaY1HTWc\'U�Y1O9K O9JqW1YcH'UXJVO�°H,W�H'^XOaiNOaJ.W�_VOaK~Y1e9K1]V^%W�HTW1K�K1O9JVK1UX�V^�O9ipO9JqW~_LUX¯�eaY1O9JqW1KaZ)JV\�]VK�Y1O9huUXOaJV_LY1\�JVK~O9Jª_Ve�W�H'UX^*K1]VY�^BHJL\'WcUX\�J _LOp�KM����ON
	>M�� _RHTJVKt^�HÌK5OaM�WcUX\�J Îbr �Lr�G�OaKtM�QRH'JV�'OaiNOaJ.WcKtM9\�JVK5U�_Ve9YcH'�V^XOaKp\'JqWpOa]^XU�O9]�K5]VYN^BH SVQq�uK1UXwq]VO�_VOaK��KM����ON
	>M�����OaJ.WcY5OÍ�(�'Ï�Ï�O9W�É 6*6�Lr=§=f�UXJL�;\�Y1ipHTW1UX\'J�wq]VO�JV\']VKSo\']Lh�\�JVK�W1U�Y5OaY�O9K5W�wq]Cfg]VJVOlH'JRH'^%�uK1OI_VOI_V\�JLJVeaO9K�K1]LYE^�f�\��LK1OaY�hTH'�L^�O�®5O�WEJCf�H`_VOIK1O9JVK�wq]VO�K5U^�f�\'JNSVY1e9MaUXK1O~wq]VO9^q�KM��b�ON
	>M���H�e�Wce~]bWcU�^XUXK1eEO9W�_VH'JVK�wu]LOa^�^XOaK�M9\�JV_VU%WcUX\�JVK%8
R

SRH'Y�O�¬bOaiNSV^�OKC�r�fgO9K5W`O9JÍ�°H'U%W�^�HP_VeL�RJVUXW1U�\�JÌ_LO�®5O9W1K{wq]CfgU�^[�°H']LW{SLY1eaM9U�K5OaYaZ7O9W{wq]VU�K1O9YcHnSVY1\�SLY1Op¨nM�QVH'wq]VOe�Wc]V_LO'r �IJ�So\�]VY5YcH'U%W�UXitH'�'UXJVO9YE^�Hy_VU�K5Ma]VK5K1UX\�J�_Cfg\��VK5OaY5h,H'�V^XOaK~O9Jn�;\�JVM9W1U�\�JP_VO
R

ZRM9\�iNipO^XO�JV\'iy�LY1O�_VO7®5O9W1K�SRH'Y O�¬bOaiNSV^XO'r��O9^BH~Ma\'J��RY1iNO�^XO��°H'U%W wu]LO�So\�]VY�hTH'^XU�_VO9Y�_Ve��RJLUXWcU%h�OaiNOaJ.W
��j��lkpHFh�O9M�_VO9K�_L\�JVJVe9OaK�K1]LY�^�O9K*®5O�WcK9ZuU�^V�°HT]LW�Y1eaH'^�UXK1O9Y�HFh�O9M1��j��lk�Zu^BHli��aiNO�e9Wc]L_VO�wq]VOK5]VY{^�O9K{e�h�eaJVO9ipO9JqW1K`O�¬bSoeaY5U�iNOaJ.W�H']b¬�r���hTHTJqWz_VOpSo\�]bh�\�U�Y�Y5e	H'^XU�K1O9Y�M9O9W5WcOte�Wc]V_LO'Z UX^=�°HT]LW_¥f?H'�o\'Y1_�h,H'^�UX_VOaY�^�f�]bWcU�^%UXKcH,WcUX\'JP_Cf@��j��lkªHFh'OaM{]VJp�KM����ON
	>M���ro�f�O9K5WIM9Ozwq]VU�K5OaY1HpSVY1e9K1OaJ.Wce_VH'JVK�^BH`K1O9M9WcUX\�JªÎbr �Lr
� ��� � �a�7���P�7�*�9�{  �7��¡ ¢�£�� ����� 	�
��������� � ��¦7�9¢��	�#�l¦7�a�z 

���z£��������;�

§*OaKN�KM����ON
	>M����ÍK1\�J.W�_VOaKªH'^X��\�Y5U%WcQVidOaKx_VOÍY5OaMa\'JVK5W1Y1]VM�WcU�\'J _VO�®5O9WcK9r�©^XKnK1\'JqW�_VOaKe9^�e9ipO9JqW1K�U�JVM9\�JqW1\�]VY1JVH'�V^XOaK�_VOI^�H{SVQq�uK1UXwq]VO�_VO9K�®5O9WcK9ZLK1H'JVK�Oa]u¬¥ZLUX^oJCfgOaK5WESVH'K�So\�K5K1UX�V^�O~_VOSVH'Y1^XOaY�_Cf�\'�VK1O9Y5hTHT�V^�O9K !�®5O9W #�Zo\�JªOaK5WI\��L^�U��'e�_LOzKaf�H'Y1Y7�9WcO9YIH']�JVU%h�O	HT]�_VO9KIQRH'_LY1\�JVK9r¥§*OaKe�Wc]V_LOaK�O�¬bSoe9Y1U�iNOaJ.W�H'^XOaK�K1]LY�^XOaK�®5O9W1KIK1\�J.W�Ma\�JL_VUXW1U�\�JVJLeaO9KISRHTYI^XOa]VY�]bWcU�^XUXKcH,WcUX\'JCr�kbU�JV\']VKK5\�]VQRHTUXWc\'JVK{O9¯�OaM�Wc]VO9Y`_VOaKzMa\'ipSRHTYcH'UXK1\�JVK�O9JqWcY5O ��j��lkÍO9W`^XOaK{_V\�JLJVeaO9KaZ�JV\�]LKzK1\�iNipO9K\'�V^�UX��e9K`_VOPJV\�]LKy� UXJqW1eaY1O9K1K1O9YNSo\']VYyMa\�iNSVY1O9JV_VY5OPMaOPwq]VOPJV\�]VKdM9\�iNSRH'Y1\'JVKar=GIHTJVKd]VJSLY1OaiNUXOaY~W1OaiNSVKaZ�JV\�]VK��;OaY1\'JVKI]VJVOy_LOaK1M9Y1UXSLWcUX\�J�YcH'SVUX_VOz_VO`^BHpSVQq�uK5U�wq]VOy_VOaK��KM��C�ON
	>M�����rG�H'JVK�]VJn_VO9]b¬bUB�9ipO�W1OaiNSVKaZRJL\�]VK�SVY1e9K1OaJ.WcO9Y1\�JVK~]VJLO�SVY5OaiNUB�9Y1O�ea�RHT]VM�QVO{_¥f�]VJnMa\�]LSV^BH'�'OO9JqW1Y1O ��j��lkPO�W�]VJd�KM��o� N
	>M���r
±�² � ²5³ ´ µ�� ¶*·q¸ ¹¥¶»º µ �°µ~¼��� "!$#&%('*)+ -,

GIH'JVK ]VJ e9h�eaJLOaiNOaJ.W	Z�U�^��°HT]LW U�_LOaJ.WcU3�VOaYª^�OaKª«R]u¬ Ma\�^X^�UXiNHTW1eaKª_LO SRH'Y�WcU�M9]V^�O9KaZ~wq]VU�;\'Y1iNOaJ.WE_VOaK�HTitH'K9ZVHFh�O9Ml_VO9KE�;\�Y5W1K
p⊥

ZV¨y_VO9K�®5O9WcK9rR§7O9K���UX��]VY5OaK�Îbr%����O9W~Îbr%�$ÉbZLO�¬bW1YcH'U%WcO9K_LOÍÈ�É���TË�Z[U�^�^%]VK5W1Y1OaJ.WdM9O9WpSVY5\��V^XeaipHTWcUXwq]VOTr�kb]VYd^BH ��U���]LY1OnÎbr%���PJV\�]VKyh�\$��\�JLKt¨���H']VM�QVO^�f�UX^X^%]VK5W1YcHTWcU%\�Jn_VOaK�W1YcH'M9OaK�_VOaK�SRH'Y5W1U�M9]V^�O9K~_RH'JVK�]VJ�_VO�WcOaM�WcO9]VYarC}~\']VK�S�\']Lh�\�JVKIUX_VO9JqWcU6�ROaY_LOa]b¬�®5O�WcKywq]VU�K1\�J.WdipHTW1eaY1U�H'^XU%K1e9K`K5]VYy^�H �R��]VY5Ox_VO�_VY1\'UXWcOTr2G�HTJV_VUXKywq]VOxK1]LYy^BHª��U���]LY1OÎurX�FÉbZLJV\�]VK�\'�VK1O9Y5h�\�JLK~¨y�.H']LM�QVO�^�O9K�WcYcHTMaOaKE_VOaK�SRH'Y�WcUXMa]V^XOaKaZLSV]LU�K�H']PiNU�^%UXOa]�O9W�¨y_VY5\�UXW1O'Z_LOa]b¬�UXJqW1OaY1SLY1e9WcHTWcUX\�J So\�K1K1UX�V^XOaK9�[��H,|AW�|UX^�W1Y1\�UXKy\�]�wq]RHTW1Y1O`®5O�WcKN_VH'JVKNM9O9WNe9h�eaJLOaiNOaJ.W	rj�\�]VY�JVOzSRH'K�H	h�\�UXY�¨tK1OzSo\�K1O9YIMaO�W1WcOzwu]LOaK5W1U�\�J ¨tM�QRH'wq]VO`e9h�eaJLOaiNOaJ.W	ZC_LOaK�H'^X��\�Y1U%W1QViNO9K\'JqW�e9W1e�_Ve�h�Oa^X\�SVSoe9K~So\�]LY�H']LW1\�itH,WcUXK1O9YE^�HySLY1\uMae9_V]VY5O'Z)MaOlK1\�J.W�^�O9K=�KM��)�ON
	>M�����r
§*OaKNH'M9Ma\�Y5_VKd_VO �LN ��� � � ���Z��;\�JV_Ve9KNK5]VYd]VJ�W1YcH	hTH'UX^�_VOÌÈ�É���
'Ë�Z �L¬bO9JqWp^�H�_Ve��VJVUXW1U�\�J_¥f�]VJn®5O9WzMa\�iNipON�RH'K5O�_VOpWcY1HFhTHTU�^�So\�]VYz^XOp_Ve9h�O9^�\'SVSoOaiNOaJ.Wy_VO9K��KM����ON
	>M�����r GIHTJVK`M9O9W

�(�.É



�<�����������	��
������������
�������� � ��� �	� ����� ������
 � � ��� �*� � � � � ��� � � �#��� �

� �����uÎbr%��� Ê ©_VO9JqW1U3�RMaHTWcUX\�JVK[_VOE_VO9]b¬�®5O9W1K=_RH'JVK=^�O9K[W1YcH'M9OaK=_VO�SVH'Y5W1U�M9]V^�O9KaZ��R�']VY1OEO�¬bW1YcH'U%WcO_VONÈ?É����TË�r

� �����uÎbr%�$É Ê G Y1H'MaOE_VO�SRH'Y5W1U�M9]V^�O9K-�Th�\�U%W5|A\�JzW1Y1\�UXK 8°H']yipUX^XUXO9] C7\�]ywu]VHTWcY5O 8�¨I_VY5\�UXW1ODCV®5O9W1K����U��']VY1OIO�¬uWcY1H'UXW1Ol_LOpÈ�É���,Ë�r
H'Y5W1U�M9^�O �R�']VY1OlMa\'ipiNO�M9\�JV_VU%WcUX\�JVK1�
��	 M � M�� � = ��� � � � � � N � �
� � � M�� � � M���  � � �  � ;>= 	 :LM � M�� :�� � �KM�� 	>M;�ON � � � � N � � M�

� � 	 ��� � =BM � � ��� � =BM � MLN � � N � N"M� � M�� ��� MLN � � = � N � = � � � ��
� � 	 ��� � =BM � � ��� � =BM � MLN � � N �  M��  M � � � � � � � = � � = �L;>= � � � � N�
� � � M;�ON+M 	 � � � N � � � 	>M�� � � � M�� � ; ��: � � � � N �  M � � ��
� ��� � ML= 	 ���ON � � M���� � �� �DM ��� � � N � � � N � � � 	>M�� � � � M�� � ; ��: � � � � N �  M � � ��
� ��� � ML= 	 � � ��� � �� �DM ��� � � N �  � � � �:� ML= � � ��� ML= � � N �DMLN � � � ��� M � �� � 	 � � N ����� � � � N ���Gzf�H'SVY7�aKEÈ�É���TË�Z,JV\']VK�Ma\�iNSVY1O9JV\�JVK�wq]VO�^BH�SVY1\'SVY1UXe9Wce�J

◦
��O9K5W[Y1O9^�UXeaO�¨~^BH�huUXW1OaK5K1O�_CfgO�¬be�|Ma]LW1U�\�Jy_VOE^�f?HT^���\'Y1U"WcQLiNO�O�W�wq]VO�^�HISLY1\�SVY5U�e�Wce�J

◦

lO9K5W�Y1Oa^XU�e9OEH']u¬y_VU%h�OaY1�'OaJVM9OaK�U�JL�;Y1H'Y1\']V��OaKO9W�Ma\�^XU�JVeaH'U�Y5OaK1�V^XOaKEeaiNU�K5K1UX\�JVK�ip\'^�^XO9K�O9W�^�OaKE�VY1H'JVM�QVOaiNO9JqWcK�Ma\�^XU�JVeaH'UXY1O9K�JVOl_V\�U%h�OaJ.W�SVH'Kip\u_VU6�RO9Y�^�O�®5O9War)j�HTY1iNUC^XOaKE_VU%¯¥e9Y1O9JqWcK[�KM��)�ON
	>M����l_VU�K5S�\'JVU��L^�OaK9ZL_VOa]u¬nMaHTWce9��\�Y5U�O9KEK1Ol_Ve9K�|K1U�JLOaJ.W ��^�HISLY1OaiNUB�9Y1OTZ'_VU%WcO�_VO�W�bSoOEM ��JLO'Z�KcHTW1U�K��°H'UXW�^BH�SVY1\'SVY1UXe9Wce�J

◦
�EitH'UXK[HFh,H'UXW[SoOaJV_VH'JqW^�\�JL�'WcO9ipSVKE_LOaK�_VU��NMa]L^XWce9K�¨dKcHTW1U�K5�°HTU�Y1OI^BHySVY5\�SVY5U�e�WcelJ

◦

Vr��¾^�fgU�J.h�OaY5K1O'ZR^�Hy_VOa]u¬LU3�aiNO�MaH,|Wcea�'\�Y1UXO'ZL_VO�W �uSoO�Y5OaM9\�i`�VU�JVH'U�K5\�JxK1e9wq]VOaJ.WcU�O9^�^XO'ZVKcHTW1U�K5�°HTUXW�SRH'YEMa\�JVK�WcY5]VM9W1U�\�Jn^�HySLY1\�SVY5U�e�Wce

�(��



��������� � � � ��������� � 
 � � ��� � ��� � �����

J
◦

VZ�ipH'UXK�e9W�HTUXW{_VU��NM9U�^XON_Cfg]LWcUX^�UXKcH,WcUX\'JÍ_��v�°HTUXW{_Cfg]VJvWcO9ipSVK{_VOtM	HT^�Ma]L^��oOaH']VM9\�]VS WcY5\�S^X\�JV�Lr }�\�]VK`J¥f?H'^X^�\'JVK{SVH'K`UXMaU�_Ve9MaY5U�Y1OtO9J _Ve�W�H'UX^�^�ON�;\�JVM�WcUX\�JVJVO9ipO9JqWz_VOtM�QVH'Ma]VJ _VOtMaO9KW�uSoOaK�_¥f?H'^X��\�Y5UXW1QViNO9KaZqJL\�]VK�H'^X^�\'JVKC®5]VK�WcO�_VeaM9Y1UXY1O~�VY1U3�9h�OaiNO9JqW�^XOa]VY��;\�JVM�WcU�\'JVOaiNOaJ.W�O�W�M9U%|W1OaY�^�O9K�_VOaY5JVUB�9Y1O9K�UXJVJV\FhTHTW1U�\�JLK=SoOaY1iNO9W5W�H'J.W�¨lM�QRH'M9]VJVO~_VO9K�MaHTWce9��\�Y5U�O9K�_VO�Y1e9K1\�]L_VY1O�^�O9]VY1K_Le9�°H']bWcKar'�O9W5WcO�_VO9K1M9Y1U�SbWcU�\'JzJL\�]VK K1OaY1H�]bWcU�^XO�^�\�Y5K1wq]VO�JV\']VK[HT�o\�Y1_VO9Y1\�JLK�^XO�Ma\�]VSL^BH'�'O�O9JqW1Y1O

��j��lkPO�W�]VJd�KM��o�ON
	>M��z_RHTJVK�^�HyK5OaM�WcU�\'JªÎbr@�br Ébr
��������	�
����������������������� �!�

§*OaK�H'^��'\�Y1U%W1QViNO9KP_LOÌW�uSoOÍM���JVO È7�.ÉuZ(��TËlK5\�J.WnWcY �9KªHTSVSVY1e9MaUXeaKnSRH'YP_VOÌJV\�i`�VY5Oa]b¬O�¬bSoeaY1UXiNOaJqWcHTWcO9]VY1K�_RH'JVK�^�O�K1O9JVK�\��x^XOa]VY�O�¬be9Ma]LW1U�\�JPO9K5W�Y1H'SVUX_VOIO�WEwu]¥f�UX^�K�Y1O9Ma\�JVK�WcY5]VU�K5OaJqW_LOaK�®5O9WcK�_VO��;\'Y1iNO�Y5ea��]V^XUB�9Y1OTrR§*OlSVY5U�JVM9U�SoOI_VOl�RH'K5O�_V]P�;\'JVM9W1U�\�JVO9iNOaJqWE_VO9K~H'^X��\�Y1U%W1QViNO9K_LOlW�uSoO�M���JVOlOaK5W�^�O�K5]VUXh,H'JqW ��'r�Y1O9M�QLOaY1M�QVO{_VOl^�HySRHTY5WcUXMa]V^XOI^BHySL^�]VKEeaJVO9Y1��e�WcUXwu]LO'ZÉur�\�]Lh�O9Y5W1]VY1O�_Cfg]VJnM ��JVOl_VOlYcH	��\�J
R
�L¬be{HT]LWc\�]LY�_VOlM9O9W1W1O�SRH'Y�WcUXMa]V^XO'Z

�br�_Ve�WcOaY5ipUXJRHTW1U�\�J�_VOaK�SVH'Y5W1U�Ma]L^�O9K�H'SVSRHTY5WcO9JRH'J.W~¨dM9O�M���JVO'Z

Lr�M	HT^�Ma]L^~_V] �VH'Y5�uMaO9JqW1Y1O O9J eaJLOaY1�'U�Oª_VOªW1\�]LW1OaK�^XOaKtSRHTY5WcUXMa]V^XOaKtH'SVSVH'Y5W1OaJRH'J.Wx¨vMaOM �'JVO'ZRMaOlwq]VU7_Le��RJVU%W�]VJnJV\']Lh�Oa^7H,¬bO'Z
�ur�^BH`SVY1\uM9ea_V]LY1O�OaK�W~Y5eaUXW1eaY5eaO�¨ySRH'Y5W1U�Y�_VOlMaOlJV\�]bh�Oa^�H$¬LOTZ
�br�^BH`SVY1\uM9ea_V]LY1O�Kaf�H'Y5Y �9W1O�^X\�Y1K5wu]LOl^�f�H,¬bOl_V]nM���JVOlOaK5W�K5WcH'�V^XO'r�O�W1W1On_VO9K1M9Y1U�SbWcU�\'J�O9K5WdWcY �9Kd�RH'K5U�wq]VOPO9WN_LOaKNK5\�SVQVUXK5WcUXM	H,WcU�\'JVK`K1\�J.WNSVY5eaK1O9JqW1OaKp_RH'JLKN^XOaKHT^���\'Y1U%W1QViNOaK9r�§*Oz_Ve9�°H']bW�SLY1U�JLMaU�SVH'^�_VOzMaOzW�uSoOy_¥f?H'^X��\�Y5UXW1QViNO9K~O9K5W�_Cf �9W1Y1O`_VU%h�OaY1�'OaJ.W�UXJb|�;Y1H'Y1\']V��O 8°SVY5\�SVY1UXe9W1e�J

◦

y_LOaKEH'MaM9\�Y1_LKE_LO,�LN ��� � � �� C�rb�fgOaK�W�¨z_VUXY1O�wq]VOIK1U�^�f�H'^��'\�Y5U%W1QViNOM9\�iNipO9JVMaO�H	h�OaM�]VJLOÌH']LW1Y1O SRH'Y�WcU�M9]V^XO�wq]VO�^BH SVY5eaM9ea_VO9JqW1O'Z�_VH'JVKPM9OaY�W�H'UXJVKxM	H'K9ZEU�^~JVOY5O9W1Y1\�]Lh�OPSRHTKd^�O9Kyi �9ipO�®5O9W1Kar��OPSVY1\'�V^B�9ipOxH e9W1ePY1e9K1\�^X]�SVH'Yy^�f�H'^��'\�Y5U%W1QViNOxkb©�kV�\'JVO

8 	 M5M 	�=BM��#"LN � � � � M 	 � 	 � �<M � � N+M[�KM�� � = � � � � �  � CIÈ�É�� �$Ë�r
��������	�
�������������������$	%�&���'�)(*
+�!,-
+./� �0.21&354!�6�'��
7�&�7�7�

§*OaK~H'^��'\�Y1U%W1QViNO9KE_VO�Y1O9Ma\�i`�VUXJRH'UXK1\�JxK1eawq]VO9JqWcUXOa^X^�OTZ)_L\�JqW�^�O�SVY1O9ipUXOaYEOaK5W~_VU%W
kt

È�É���LZÉ��.Î,ËCK5\�JqW�SLY1e9�;e9Y1e9K�SVH'YE_VO�JV\'i`�VY1O9]b¬�WcQLea\�Y5U�M9U�OaJLKEMaH'YEUX^�K�KcH,WcU�K��;\�JqW�SRH'YEM9\�JVK�WcY1]LM9WcUX\�Jn¨^�H`SVY1\�SLY1U�e�Wce�J
◦

N_VO9K~H'MaM9\�Y5_VK�_VO �LN ��� � � ���rL§7O9]VY�iNeaM	HTJVU�K5ipOIK1Ol�RH'K1OlK1]VY�^�f�UXJqh�O9Y1K1UX\�J_L]nSVY5\uMaO9K1K1]LK~_VO��VYcH'JLM�QLOaiNOaJqW�^�\�Y5K�_VOl^�Hz�;\�Y5itH,WcUX\�Jt_V]`®5O�W	r

kt
O�¬bSVY1UXipOI]VJVOl_LU�K5WcH'JVM9OO9JqW1Y1On_VO9]b¬ SVH'Y5W1U�Ma]L^�OaK9r��IJ M9\�iNipO9JVMaOPSRH'Yd^�H�SL^�]VKdSoO9W1UXWcOP_LU�K5WcH'JVM9O'r �IJ�Y1OaM9\�i`�VU�JLO^XOaKISVH'Y5W1U�M9]V^�O9KIO9J�]VJVO`K1Oa]L^�OTZCSV]VUXKI\�J M�QVO9Y1M�QVON¨�JV\�]bh�O	H']b¬ ^�HtSRH'Y�WcUXMa]V^XOaKIHFh�O9My^BHtSV^X]VKSoO�WcU%WcOy_VU�K�W�H'JLMaOdO9Wlwu]LU�J¥f�O9K5W{SRHTK�K5]VSoeaY5U�O9]VY1ON¨P^�Hx^XU�iNU"WcO

R
r7§*\�Y5K1wq]Cf�UX^[JCfg� O9JvHxSV^X]VKaZ^�H SVY5\uMae9_V]VY1OnKaf�H'Y5Y �9W1O'r�§*OPSVY1O9ipUXOaYyUXJVMa\'Jqh�e9JVU�O9JqWNipH,®5O9]VYy_VOnM9OPW�bSoOn_¥f?H'^X��\�Y5UXW1QViNO9KM9\�JVM9OaY5JVO{^�O�W1OaiNSVK�_VO�M	H'^XMa]V^�r)�O�SVY1\'�V^B�9ipOlHde9W1e{Y5eaK5\�^�]�H	h�OaM{�)H'K5W 9'O�WzÈ ��
'Ë �)^XOlMaH'^�M9]V^_L]ÌSL^�]VKISVY1\uM�QVO`h�\�UXK1U�J�JCf?H��oOaK1\'U�J�_Cf �9W1Y1O`�°H'UXWIwq]CfgOaJÌ_VO9]b¬�_LU�iNOaJVK5U�\�JVK9Z¥M9Odwq]VU[Y5ea_V]VU%W^XO JV\'iy�LY1O _VO�M	HT^�M9]V^�KxJLeaMaO9K1KcHTU�Y1O9K�O�WnSRHTYPM9\�JVK1e9wq]VOaJqW�Y1OaJL_Á^XOaK�WcOaiNSVKx_Cf�O�¬beaMa]bWcU�\'JSLY1\uM�QVO _VO�MaO9]b¬ _VOaKPH'^X��\�Y5U%WcQVidOaKp_VO�W�uSoO M ��JVO È?É���TË�r ��JsH']bWcY1O�UXJVMa\'Jqh�eaJLU�O9JqWx_VOaKHT^���\'Y1U%W1QViNOaK�_LO�W �uSoO

kt

OaK5W�wq]VO{^BHy�;\�Y5ipOl_VO9K�®5O�WcK�WcY5\�]Lh�e9K�JCfgOaK�WISRHTK~Y1e9��]V^XUB�aY5OlMaO{wq]VU
�(��




�<�����������	��
������������
�������� � ��� �	� ����� ������
 � � ��� �*� � � � � ��� � � �#��� �

Y1OaJL_ Ma\'ipSL^�O�¬bO{^�Oa]LY�]bWcU�^XUXKcH,WcUX\'J�_Cfg]VJ So\'U�JqW~_VO{hb]LO`_VOz^�f�H'JRH'^%�uK1O{O�¬LSoe9Y1UXipO9JqW�HT^�OTr��~JVOK1\�^X]LWcUX\�JÍOaK5WyH'SVSo\�Y�Wce9O�SRHTYz^�O9K`H'^X��\�Y1U%W1QViNO9K{_VOpW�bSoOxHTJqWcU"|
kt

È � �$Ë�wq]VU�Y1ea�']V^BHTY1U�K5OaJ.Wz^BH�;\�Y1iNO�_LOaK[®5O�WcKEWcY1\']Lh�eaK9r
§*OaK`Y1e9MaO9JqW1KyW1YcH	hTH']b¬vY1eaH'^�UXK1e9KzK1]VY`^XOaKz_VU%¯¥e9Y1O9JqWcK{W �uSoO�_VOz�KM�� �ON
	>M��P�;\�JqW`wq]VOtWc\']VK_VeaK5\�Y1ipH'UXK�K1O~Y1O®5\�UX��JVOaJ.W�O�W�Y1O9ipSL^�U�K5K1O9JqW�^XOaK�Ma\'JV_VUXW1U�\'JVK�UXJqh�\uwq]Ve9OaK�_RHTJVK�^�O9K�HTMaMa\'Y1_VK�_VO

�LN ��� � � ���rVj=^�]LK�_VOlY1O9JVK1O9U���JVO9iNOaJqW1K�K1\'JqW�_VUXK1So\�JVUX�V^XOaKEK5]VY�È?É��'ÏTË�r
±�² � ² & $ ¸ Ç / Ç ·H([¸ Ç Ä�¼�Ã �°µ~¼��  "!$#&%('�)  -, ( "�¶*¹ 	 �� �

§7HªK1O9M9W1U�\�J�Îbr?ÉªHªiNU�K�OaJ e�hbUX_VOaJLMaOx^�H�JVe9MaOaK5K1UXW1ex_VOtMa\�]LSV^�O9Yz^�Op��e9JVeaY1HTWcO9]VY`_Cfge9h�e�|JVOaiNOaJ.WcK ��j��lk H	h�OaM`]VJt�KM��C�ON
	>M��dS�\']VY�So\�]VK5K1OaYISV^�]VK�^X\�UXJ�^BHpMa\'ipSVH'YcH'UXK1\�JªHFh�O9My^XOaK_V\�JVJLeaOaK�K1]VY�^�O9KC®5O9W1Karu}~\�]VK�H'^X^�\'JVK�SLY1eaK5OaJ.WcOaY�]VJVO~e�Wc]V_LO~SVY1e9^�U�iNU%JRH'U%Y1OESo\�]LY�^�O�Ma\']VSV^BHT��OOaJ.WcY1O ��j �lkNO9W�]VJ{�KM��L� N
	>M��l_LO~W�uSoO�M���JVOzÈ?É�� �TË�r G�\�]LK�^�O9K�e�h�eaJVO9iNOaJqW1K�_VUXK1Ma]bWceaK�_VH'JVKMaO�W�K5OaM�WcU�\'JxMa\'JVMaO9Y1JVO�_VO9KEM9\�^�^XUXK1UX\'JVK
pp

¨ √
s = 14

G�O � rV§*OaK �RM�QVUXOaY1K�_LOIK1\�Y�WcU�_Cf ��j��lkMa\�J.WcO9JRH'JqWz^�fgU�JL�;\�Y5ipH,WcU%\�JVK�K1]VY�^�OaK�SVH'Y5W1U�Ma]L^�OaKlSVY5\u_V]VUXW1OaK�8°JRH,Wc]VY5O'Z7U�iNSV]V^XK1UX\'JCZCeaJVO9Y1��UXO'ZSo\�K1U%WcU�\'J�_L]�h�OaY�WcO�¬ C�Z�e�W�H'UXOaJ.WNMa\'Jqh�O9Y5WcUXKNO9J��RM�QVU�O9Yd^�U�K5U��L^XO�SRH'Yd� � �1G�r�§*Oy�KM����ON
	>M��]LWcUX^�UXK5e�O9K5W~_VO�W �uSoO�M �'JVO'Z)UX^CKaf�H'��U%W�_V]d�KM��o�ON
	>M��`\ �pM9U�O9^*_Cfg�I§*©�-�EZ 0�© 9'�¾�;\�JV_Le�K5]VY�^XO�KM��o�ON
	>M��z_Ve�h�Oa^X\�SVSoe�So\�]LY �~�{�pÈ �b�aË�r
����,-� �!.2� � 
+. 4!�&�+��� � � �*	��&� 
�� 	 � �&./� , � �&���7���������
	�����

�O�W1WcO�SVY1O9ipU3�aY5O�H'JRH'^%�uK1O�O9K5WxO9¯�OaM�Wc]Ve9O�K1]LYx]LJVO�K1ea^XOaM�WcU�\'J _¥f�e�h�eaJVO9ipO9JqW1K�H	h�OaM�^BHY1Oawq]	��WcO�wq]Cf�UX^�K[M9\�J.WcU�O9JVJVO9JqW�H']diN\�UXJVK�]VJVOESRH'Y�WcU�M9]V^XOEH	h�OaME]VJ
p⊥ > 10

ElO � �TMTZ�MaO9MaU)H �RJ_VO�Kaf�H'K1K5]VY1O9Y�_Cf�H	h�\�U�Y�H']piN\�U�JLK�]LJ�®5O9W�SVH'Y�e�h�eaJVO9iNOaJqW�O9W�_V\�JVM�_Cf�HFh�\'U�Y�_LOaK�e�h�eaJVO9iNOaJqW1KU�J.WceaY5OaK5KcH'J.WcK So\�]LY�JV\'W1Y1O�e9Wc]L_VO'r ��J{O9¯�O�W	Z$_RH'JVK�^�H��'eaJVe9YcHTW1U�\�J�_¥f�e�h�eaJVO9ipO9JqW1K[SVH'Y ��j��lk�ZKcH'JVK[^XO�_Ve9h�O9^�\�SVSoO9ipO9JqW=_LO�^BH�ipe�WcQV\u_VO�_LO�K1e9^�O9M9WcUX\�JCZ$Wc\�]LK[^XOaK W�bSoO9K=_Cfge9h�e9JVOaiNOaJ.WcK=K1\�J.WSVY1\u_V]LUXWcK9rF©^qJCf ��H�H']VM9]VJVO���H'YcHTJqWcU�wq]Cf�]LJze9h�e9JVOaiNOaJ.W[SLY1U�K�HT]{QRH �	H'Y5_{K1\�U%W�_CfgUXJqWcO9Y ��W So\�]VY^BH`SVQq�uK1UXwq]VO�_VOaK[®5O�WcK9r
§7Hy��UX��]VY5O�Îbr%�D�`O9K5W�]LJVO�Y1O9SVY1e9K1O9JqW�H,WcU�\'JP��Y1H'SVQVUXwq]VOlÉ'G»O9W ��G»_VOaKE_VUXK5WcY5U��V]bWcUX\�JVK�_VOSRH'Y5W1U�M9]V^�O9K[_RH'JVK=^�fgOaK5SRH'M9O�_VO9K�SVQRH'K5OaK�O9W�_VO9K�U�iNSV]V^XK1UX\'JVK WcY1H'JVK�h�OaY1K5OaK�_RH'JVK=^�fgOaK5SRH'M9OaK�_VO9KSVQRH'K5OaKISo\']VY~]VJªe9h�eaJLOaiNOaJ.W�SRH'Y�WcU�M9]V^�UXO9Yaroku]VY�^�H �R�']VY1O{OaJ�QVH']LWI¨p�.HT]VM�QVO'Zo\�Jª^�\uMaH'^�U%K1O_VOa]u¬ H'itHTK{_VO�SVH'Y5W1U�Ma]L^�O9KzO9J 8

η ≈ 1
Z
φ ≈ 2
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	>M��pO�W�]VJt®5O�W�SVY1\u_V]VU%WI_RH'JVK ��j �lk�Z¥JV\�]VKI_VO9h�\�JLKl_VUXK1Ma]bWcOaYIMaOywq]VOyJV\']VKHTSVSoOa^X^�\�JLK�®5O9W{_RH'JLKJ��j���kor2�=JvO9¯�O9WaZ�^�HPK1O9M9W1U�\�J Îbr%�tHniN\�J.WcY1edwq]VOp_V]ÍSo\�U�J.W�_VONhu]VOW1QVea\'Y1U�wq]VOTZF]VJ�®5O9W7SVY1\FhbUXOaJ.W�_VO�^BH��;YcHT��ipO9JqWcHTWcUX\�JI_Cfg]VJ{SRHTY5Wc\'J�OaJ�QRH'_LY1\�JVK9r$GIH'JVK2��j��lk�Z^�H�SVY5\u_V]VM�WcU�\'J _VOnSRH'Y�WcUXMa]V^XOaKdO9K5WtY5e	H'^XU�K5eaOPSRH'Yd^�OPiN\u_	�a^XOP_VO9KpMa\�Y5_VOaKp_Ve9MaY5UXWp_VH'JVKN^BHK5OaM�WcU�\'J �LrX�'r@�Lr��OÍJ¥f�O9K5Wª_V\�JLMÍSRHTK�^�H�i��aiNO hbUXK1UX\�Jswq]VOÍ^BH hbUXK1UX\�JmWcQLea\�Y5U�wq]VOÌ_VOÌ^BHK5OaM�WcU�\'JÌÎurX�'r¥§*OaKISVH'Y5W1\�JVK�_V]VY5KIU�JVU%WcU�H,WcO9]VY1K�_VO�®5O�WcKIK5\�J.W�_RHTJVK ��j��lkªSVY1\u_V]LUXWcK~SRH'Y�^XOaKK5\�]VK�SLY1\uMaO9K1K5]VK=_L]VY1K�_LOaK�eaM�QVO9^�^XOaK K1O9ipU"|_V]VY5OaK9r'�OaK�SRH'Y�Wc\�JLK�Y5e	HT^�U�K5OaJ.W OaJVK5]VUXW1O�]VJLO���O9Y1�oOO�WEWc\']VKE^�O9KESVH'Y5W1\�JVKE_VO�M9O9W5WcOl�'OaY1�oO�K5\�JqW�O9JVK1]LUXWcO�M9\�JVJVO9M9Wce9K~H']b¬�Ma\�Y5_VOaK9ZRSV]LU�K�^BHzMa\�Y5_VO�;Y1H'��iNOaJ.WcOTr�§7H huUXK1U�\'Jm_VO�®5O�WcKn_VH'JVKnM9OÌSVY5\uMaOaK5K1]VK�_CfgQRH'_VY5\�JVU�K1HTWcUX\�J JCf�O9K5W�SRH'KnH']VK5K1UM9^BHTU�Y{wq]Cf�HFh�OaMP^�f�]bWcU�^%UXKcH,WcUX\'Jv_VOaK`�;\�JVM�WcUX\�JVKz_VO��;YcHT��ipO9JqWcHTWcUX\�J¥r��~JVO�i �9ipOtMa\'Y1_VOxSoO9]LWSLY1\u_V]VUXY1O�^XOaKESRH'Y�WcUXMa]V^XOaKEwq]VOl^�fg\�J�hTH$�RJRHT^�O9ipO9JqW�UX_VO9JqWcU6�ROaYEH']b¬{®5O9W1K�SV^�]LK�¨y^�fgO�¬uW1Y1eaiNU%Wce_LO�^�HyM9\�Y1_LO'ZR_Cf�H']LWcY5OaK�SRH'Y5W1U�M9]V^�O9KarR}�\�]VKE�xY1O�huU�OaJL_VY1\�J.W�SRH'YE^BH`K1]VU%WcOTr
j \�]VY�]VJVO~hTH'^�UX_RHTW1UX\�JN_V]�Ma\�]LSV^BH'�'O~OaJ.WcY1O1��j���kpO9W�]VJz�KM��L�ON
	>M���ZuJV\']VK�H'^�^X\�JVK�JV\']VKSo\'K1OaY�^BHIwu]LOaK5W1U�\�J �.^�O9K¥®5O9W1K�UX_VOaJ.WcU6�ReaK=SRH'Y�^XO=�KM��q�ON
	>M��ISVY5\$huU�O9JVJVO9JqW5|AU�^XK=_Cfg]VJpSLY1\uMaO9K1K5]VK_L]VYaZ*O9W{SVH'YlO�¬uWcO9JVK1UX\�JCZ7_Cfg]VJVONeaM�QVOa^X^�OdK1O9iNU%|_L]VY1OTr7j \�]LY�^BHxSVY5\u_V]VM�WcU�\'JÌ_VONSRH'Y�WcU�M9]V^XOaKaZJL\�]VK�H'^�^X\�JLKE_LU�K5W1U�JV�']VOaY1�Ê ^�O9K�SRHTY5WcUXMa]V^XOaKEUXK1K5]VOaK�_VO9K�e9M�QVO9^�^XOaK�iN\�^�^%OaK 8°M9\u_VO ��j��lk �VUXW����É 6,|�É �CÊ ^�O9K�SRHTY5WcUXMa]V^XOaKEUXK1K5]VOaK�_VO9K�e9M�QVO9^�^XOaK�K1O9iNU%|_L]VY1O9K 8;Ma\u_VO ��j �lk �VUXW��� �*6,| �*� CÊ ^�O9K�SRH'Y�WcU�M9]V^�O9K�UXK1K5]VOaK�_VO9KEY5OaK5W1OaKE_LOaK�SVY1\,®5O9M9WcUX^�O9K�O�WEM9U��V^XOaK18°M9\u_VO ��j �lk �bU%W ��� �*6,|
�*� C§7H`hTH'Y5UBH'�V^XOIUXW��OaK�W~]VJVO�hTH'Y5UBH'�V^XOI_Cf@��j��lknwq]VU*JV\�]LK�SoOaY5ipO�W�_VOlY1O9ip\�J.WcO9Y�¨d^�HyJRH,Wc]VY5O_LOE^�f�e9M�QLOa^X^�O�¨�^�fg\�Y1UX��U%JVO�_VO�MaO�W1WcO�SRH'Y�WcU�M9]V^�O�_VO�^�fge9WcHTW �RJVH'^�rT�~U�JLK1U�Z,So\�]VY�^�OaK)®5O9WcK[UX_VOaJ.WcU3�VeaK
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� ������Îbr%�D� Ê ��O9SVY1e9K1O9JqWcHTWcUX\�Jz��YcH'SLQVU�wq]VO�É'G O9WI��G _VO9K�_VU�K�WcY1UX�V]LW1U�\'JVK7_VO�SVH'Y5W1U�Ma]L^�OaK�_VH'JVK^�fgOaK5SRH'MaOp_LOaK{SVQRH'K5OaKzO�Wz_VO9KzUXipSL]V^�K5UX\�JVKIWcYcHTJVK5h�O9Y1K1O9K`_RH'JLK{^�fgOaK5SRH'MaO9Kz_LOaK{SVQRH'K5OaKzSo\�]VY]VJte9h�e9JVOaiNOaJ.WESRHTY5WcUXMa]V^XUXOaY=_Cf�]LJVO�Ma\'^�^XUXK1UX\�J
pp

¨ √
s = 14

G O � Ma\'JqWcO9JRH'J.WEHT]tip\'U�JVK�]VJSRH'Y5W1U�M9]V^�O�H	h�OaM
p⊥ > 10

E�O � �,MNÈ?É��*�TË�r
SRH'Y ^�O7�KM����ON
	>M���Z$JV\�]VK[H'^X^�\'JVK7h�e9Y1U6�ROaY�wq]VO�^�O9K SRH'Y�WcU�M9]V^�O9K wq]VUb^XO�M9\�ipSo\'K1OaJ.W[SVY5\$huU�O9JVJVO9JqWWc\�]LW1OaK�_VOl^�H`i �9ipOIeaM�QVOa^X^�O�O�W�wq]VO�M9O9W1W1O�e9M�QLOa^X^�O�_V\�U%W�HFh�\�UXYE]LJnMa\u_VOlUXW��� �*6LrVG�OlSV^X]VKaZK1U�^�f�\'J�\'�VK1O9Y5h�Oy_VO9]b¬N®5O9WcK�SVY1\Fh�OaJVO9JRH'J.Wl_VO`^�Hpi �9ipO{e9M�QVO9^�^XO`HFh�O9My]LJ Ma\u_VO`U%W ��� �*6$| �*�O9W�wq]CfgU�^)K1\'JqW�_VUXK5WcH'JqW1K�_VO

φ = 180◦
Zu\�JtH']VY1H{\��LK1OaY�h�e�^BHlSVY1\u_V]LM9WcUX\�Jp_VO~_VO9]b¬l®5O�WcK�eaiNU�K

�(�.Î
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�������)Îbr%�K
 Ê j=Y1\��R^XK�OaJxU�iNSV]V^XK1UX\'JNWcYcHTJVK5h�O9Y1K1O�OaJ
η
8°¨z�.H']VM�QVOKC�ZLOaJ

φ
8;ipUX^XUXO9] C=O9WESVY5\��R^O9JdeaJVO9Y1��UXOEO9Jd�;\�JLM9WcUX\�Jy_LO

η
8�¨I_VY1\'UXWcOKC So\�]LY=]VJde�h�eaJVO9ipO9JqW�SRH'Y�WcU�M9]V^XU�O9Y�_¥f�]VJLO�Ma\'^�^�UXK5UX\�J

pp
¨ √

s = 14
G�O � Ma\�J.WcO9JRH'JqW~H']Pip\�UXJVK�]VJnSRH'Y5W1U�M9]V^�O�HFh'OaM

p⊥ > 10
E�O � �TMdÈ?É�� �TË�r

_L\�K�|¨,|_V\'KN_RH'JVKp]VJ SVY1\uM9OaK1K5]VK�_V]VY9r�GIH'JVK���j��lk�Z�M�QVH'wq]VOªSRH'Y5W1U�M9]V^�OnHÍ_LOaKtJq]Vipe9Y1\�KUX_VO9JqWcU6�)H'J.WcK�wq]VU¥SoOaY5ipO�W1W1OaJqWE_LO�_Le9WcO9Y1iNU�JLOaY�K1\�Jx��e9JVU%WcOa]LY�O�WEKcH`_VO9K1M9OaJV_RH'JLMaO'ZR\�JxSoO9]LW_L\�JVM�\��LW1OaJVUXY ^BH�M9\�Y1_VO�¨~^�fg\�Y1UX��U%JVO�_Cfg]VJ`SRH'Y�WcU�M9]V^�O�O�W[^�fgeaM�QVO9^�^�O�¨~^�fg\�Y1UX��U%JVO�_VO�M9O9W1W1O�M9\�Y1_VOTr
GIH'JVK ��j���koZ�]LJVO���YcH'JL_VO�M9\�JqW1Y1U��L]LWcUX\�J _VO9KnSRH'Y�WcUXMa]V^XOaKxSLY1\u_V]VU%WcO9KPSVY1\FhuU�O9JqWP_VOaK

� M � N � N � ��Z�JV\'W1Y1Oz�;OaJ	��WcY5OdO9J�YcH'SLU�_VU%Wce{Ma\�]bh�OaY5W1OdSRHTYI^�O��KM��C�ON
	>M��pe�W�H'J.W�W1Y �9K�^BH'Y5��O'Zo_VOJL\�i`�VY1O9]VK1O9KzK5W1Y1]VM�Wc]VY1O9K`e�W�H'UXOaJ.W{U�_VO9JqWcU6�Re9OaK{SRHTY{^XOl�KM�� �ON
	>M��PH'^X\�Y1Klwu]¥f�UX^�e�W�H'U%W�W1Y1U%hbU�H'^wq]VO�MaO�JCf�e�W�H'UXOaJ.W=SRHTK[_VOaK�®5O�WcKar�§7H~�;OaJ	��WcY1O�_Cf�\']Lh�OaY�Wc]VY5O�HIe9W1eEY5ea_V]LUXWcO�¨ −1.5 < η < 1.5
r

�[W�]VJÍJV\']Lh�O	H']ÍK1O�W{_Cf�e�h�eaJLOaiNOaJqW1K`HPe9W1eNSVY1\u_L]VUXW1K�HFh�O9Mp^XOaKlM9Y1UXW �aY1Odwq]Cf�H']ÍiN\�U�JVKI]VJVOSVH'Y5W1U�Ma]L^�OzH'U%W�]VJ
p⊥ > 10

E�O � �,M`O�W −1 < y < 1
rC�OaKIY1OaK�WcY5U�M9W1U�\�JLK�JV\�]LKI\�JqWISoO9Y1iNU�K_LO�JL\�]VK�HT¯�YcH'JVM�QVUXYE_VOl^BH`So\�^X^�]LW1UX\�J�_VOaK[®5O�WcK�SRH'YE^�O9K�Y5OaiNJRH'JqW1Kar

j \�]VY�MaO�W1WcO�K1e9^�O9M9WcUX\�J`_Cfge9h�e9JVOaiNOaJ.WcKaZ�U�^bH�e9Wce�\'�LWcO9Ju]ywq]VOE^�H�ipH$®5\�Y1U%W1e�_LOaK=SVH'Y5W1U�Ma]L^�OaKUX_VO9JqWcU6�ReaO9K�_RH'JVK�]VJ�®5O�W�SRH'Y�^XO��KM��L�ON
	>M���SVY1\Fh�OaJVH'UXW�_RH'JVK ��j��lkp_Cfg]VJVO�i��aiNO�Ma\�Y5_VO�O�Wwq]VO`MaO�W1WcO`Ma\'Y1_VO`SVY5\$h�O9JRH'UXWI_Cfg]VJVO`eaM�QVO9^�^�OzK5OaiNU%|_L]VY1OTr�©^[Htea��H'^�O9ipO9JqW�e9W1ey\'�VK1O9Y5h�eaK�_VOJL\�i`�VY1O9]b¬nM	H'K~\���_VO9]b¬y®5O9WcK~K5\�JqW�WcY1\']Lh�eaK~SRH'Y�^�OE�KM����ON
	>M��dHFh'OaMz]LJVO{_VUX¯�eaY5OaJVM9O{OaJ
φ_LO

180◦
ZCSVY1\FhbUXOaJVJLOaJqW�_Cfg]VJVON\�]Ì_VOd_VO9]b¬ÌMa\'Y1_VO9KaZ*Wc\�]bWcOaKlU�K5K1]VO9K{_LON^�Hxi��aiNOyeaM�QVOa^X^�O9KK5OaiNU%|A_V]VY1O9Karb}�\�]VK�H	h�\�JVK�^B¨�]VJVO�M9\�Y1Y5OaK1So\'JV_RH'JLMaO�M9^BH'UXY1O�OaJqW1Y1O�^�O9K�K5WcY5]VM9W1]VY1O9K ®5O�WcK�UX_VOaJb|W1U3�Re9K~SVH'Y�^�O��KM����ON
	>M��yO�W�^�O9K=®5O�WcK~SVY1\Fh�OaJVH'JqW�_VO{^BHy�;Y1H'��iNOaJqWcHTWcUX\'Jn_VO{M9\�Y1_VO9K~�;\�Y5ipe9OaK_LOaK~SRH'Y�Wc\�JVK�UXK1K1]LK~_VOaK~K5\�]VK�|ASVY1\uM9OaK5K1]VKI_V]LY1K~_RH'JLK ��j �lk�roGzf?HT]LWcY5OaK~SRH'Y5W1U�M9]V^�O9K�e�W�H'UXOaJ.WUX_VO9JqWcU6�ReaO9K[SRH'Y[^�O �KM��.�ON
	>M��~Ma\'ipiNO�H'SLSRH'Y5W1OaJRHTJqW�H']b¬�®5O9W1KaZ�H'^�\�Y5K�wq]VOE_RH'JVK ��j��lk`Oa^X^�O9Ke�W�H'UXOaJ.W�U�_VO9JqWcU6�Re9OaK�Ma\'ipiNO�SVY5\$h�O9JRH'J.W�_Cfg]VJVO�W1\�]LW1O~H']LWcY5O�eaM�QVO9^�^XO'rq§7O9]VY�SVY1e9K1O9JVMaO�e9WcH'JqWW1Y �9K{iNU�JV\'Y1U%WcH'U%Y1OTZCOa^X^�OySoOa]LW{KafgO�¬bSV^XU�wq]VO9Y{SRH'Yl^BHxMa\���JVMaUX_VO9JVMaOTZ�U�^[JCfgOaK5W{K5W�H,WcU�K�WcUXwu]LOaiNOaJqWSVH'KlUXipSo\'K1K1UX�V^XO`wq]VOd_VO9]b¬�Ma\�Y5_VOaKlMa\'ipSV^Xe9W1OaiNOaJ.Wl_LU�K5W1U�JVM�WcO9KlSLY1\u_V]VUXK1O9JqWlM�QRHTMa]VJVOd]VJVOSVH'Y5W1U�Ma]L^�O�wu]LU*K1O9Y1\�J.W�SVY5\uM�QLOaK�_RH'JVKE^�fgOaK1SVH'MaO�_VOaK�SVQRHTK1OaK9Z)i��aiNOIKafgU�^¥JCf �PHyH']VMa]LJVOlMa\�Y |Y5ea^�HTWcUX\�J�OaJ.WcY1O`O9^�^XO'r¥�O�W1W1O`hTHT^�UX_RHTWcU%\�JªHte9W1e`Y1e	HT^�U�K5eaO{K1]VY�]VJVO`K1e9^�O9M9WcUX\�J�_Cfge9h�e9JVOaiNOaJ.WcKaZ
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Oa^X^�O�_VOaipH'JV_LOEH1��WcY5O���eaJVe9YcH'^XU�K5eaO�O9W[e9WcO9JV_V]VOESo\�]VY�Y1e9Oa^X^�OaiNO9JqW hTH'^XU�_VO9Y�^�fg]LWcUX^XUXKcH,WcUX\'Jz_Cfg]VJ�KM��o�ON
	>M��`H	h�OaM ��j��lk�r

 	��&� 
�� 	 ��,-. � � 	%. 4*�!����1&��1 	�,-�7
+.2,6��
7�'�

GIH'JLK�MaO�W�e�Wc]V_LO'ZqJV\']VK��'eaJVe9Y1\�JLK�É 6*6*6�e�h�eaJVO9iNOaJqW1K�HFh�O9M%��j���koZqKcHTJVK�H']LMa]VJVO�K5ea^XOaM�|WcU�\'JlK5]VY7^�O
p⊥

_LOaK�SVH'Y5W1U�Ma]L^�O9K*SVY1\u_L]VUXW1OaKaZ	\��l^�O[So\�K1U%WcU�\'JVOaiNOaJ.W*_RH'JLK7^�fgOaK1SVH'MaO�_VO9K�SVQVH'K1O9Kar�OxK5\�JqWdÉ 6*6 6ªe�h�eaJVO9ipO9JqW1KdK5WcH'JV_RH'Y5_VK`_Cf ��j��lk�r[j \�]VYz^�f�H'JRH'^%�uK1O'Z�JVO�K5\�JqW`Ma\�JLK1OaY�h�eaOaKwu]LON^�O9KlSRHTY5WcUXMa]V^XOaK�HFh�OaMd^�OyM9\u_VONU%W ��� �*6bZCSo\']VYlKaf�HT¯�YcHTJVM�QLU�Y�_VOd^BH�So\�^�^X]LWcU%\�J _LOaK � M � �
N � N � ��rb�O9^BHlhTH{_RHTJVK�]LJtSVY1O9ipUXOaY�W1OaiNSVK��°H'M9U�^XU%W1OaY=JV\'WcY5O~e9W1]V_VO�ipH'UXK�SoOa]LW�ea��H'^�O9ipO9JqW�^BH�VUBHTU�K1O9YEMaH'Y�^XOaK ®5O9WcK�JVOlK5OaY1\'JqW[®5]VK5W1OaiNOaJ.W~SL^�]VKESo\�^�^X]VeaK9r

��h'OaM`^�OaK~Y1ea�'^BH'�'OaK~_V]��KM��¥�ON
	>M��dwq]VO`JV\�]VKIHFh�\�JLKI]LW1U�^XUXK1e9K�®5]LK1wq]Cf�¨�SVY1e9K1OaJ.W 8
R = 1O9W

p⊥ ����� = 10
C�Z�JV\�]LK`WcY5\�]Lh�\�JLKyK1O9SLWde�h�eaJVO9ipO9JqW1KN_VH'JVKy^XOaK5wu]LOa^XKyK1\'JqWyU�_VO9JqW1U3�Re9K`_VO9K®5O9WcK9r=GIH'JVKy^BHªSV^�]VSVH'Y5Wy_LOaKdMaH'KaZ[_VO9]b¬ª®5O�WcKyK1\�J.WdU�_VO9JqW1U3�Re9KdH	h�OaM

∆φ = 180◦
O9WdSo\�]VYM�QVH'wq]VO�®5O�W�]VJVO��'YcH'JV_LO�SVH'Y5W1U�O�_VO9K�SRH'Y5W1U�M9]V^�O9K18;SV^�]LK�_VOIÎ 6 � C�SVY5\$huUXOaJVJVO9JqW�_LO�^�H�i �9iNOMa\�Y5_VO'Z¥^�O9KI_VOa]b¬p®5O�WcK�SLY1\$h�O9JRH'J.Wl_VOy^�Hti �9iNO`e9M�QLOa^�^XOaK9r*G�H'JVK�_Cf�H']LWcY5OyMaH'KaZ¥]VJ�K5Oa]V^o®5O9WOaK5WlUX_VOaJ.WcU6�ReyH	h�OaMy]VJVOy��YcHTJV_VOySVH'Y5W1U�Oz_VOaK�SRH'Y5W1U�M9]V^�O9K 8°SL^�]VKI_VONÎ 6 � C�SLY1\Fh�OaJRH'J.Wl_VOy^BHi �9ipOIMa\�Y5_VO'r

}�\�]VK�HFh�\�JLK�O9JVK1]LUXWcO��°H'U%W�hTHTY1U�O9Y[^�O�Y1HF��\'Jd_V]dM ��JLO�]LW1U�^XUXK1e�SRHTY=^XO��KM��q�ON
	>M���r�§=fgU�J.WcOaY7�9W_VO`_VUXipUXJq]VOaY
R

OaK�W�_VO`Y5ea_V]VUXY1Oz^XOz�VY5]VUXW�_VOz�;\�JL_CrCkb]VY�^�O9K�e9h�eaJLOaiNOaJ.WcKlSLY1eaM9ea_LOaJqW1KaZ*\'JY1OaipH'Y5wq]VO�wq]CfgOaJ _VU�iNUXJu]VH'JqW
R

8 6Lr?Î�SV]VUXK 6br 
 C�Z�^�OnJL\�i`�VY1On_VOy®5O�WcKtH']L��ipO9JqW1OaJqWar �=JO9¯�O9WaZb]VJLO�K5W1Y1]VM�Wc]VY5O�wq]VU�JLO~�°HTU�KcHTUXW�wq]Cf�]LJxK5Oa]V^�®5O9W�H	h�OaM
R = 1

h,H{_V\�JVJVO9YEÉ 8;h�\�UXY�SV^X]VK5C_VO�®5O9WcK�H	h�OaM
R = 0.7

SL]VU�K
R = 0.4

r
��UXJRH'^XOaiNO9JqWaZ¥OaJÌY5O9h�OaJVH'JqW{¨

R = 1
ZCJV\�]VK�H	h�\�JVK��°H'U%WIhTH'Y5U�O9Y�^�O

p⊥ �����
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 G O �_RH'JVK ��j �lk�r �=JÍY1\']V��Od^�HxM9\�J��R�']VYcHTW1U�\�J :<;>=@?,ZCOaJÍ�L^�Oa]�^BH�Ma\�J��V��]VYcH,WcU�\'Jx�KM���r*§7OdSVY5O�|ipUXOaY�e9^�e9ipO9JqW{¨PY5OaipH'Y1wq]VO9Y�O9K5W{wq]VOp^XOaKl_VO9]b¬ÌMa\�]VY5�oOaK{K5\�J.W�WcY7�aK�_VU%¯¥e9Y1OaJ.WcO9K�^�fg]VJVOd_VO
É 6L�
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��������ÎurX�K� Ê �~H'SLSo\�Y5W
(Λ+Λ̄)/K0

s

So\']VY�]VJVO�Ma\�^X^�UXK5UX\�J
pp̄

¨ √
s = 630

E�O � r,§*OaK M9\�]VY5�oOaKY5\�]V��O9KzSVY5\$h�O9JRH'JqW`_VO9K`UXJVMaO9Y5WcU%Wc]V_LOaK{K1]VYz^XOaK{SRH'Y1H'i��9WcY5OaK{O�¬uW1YcH'U%WcKaZ�SV^X]VK{_VOtSVY5eaMaUXK1UX\�JVK_VH'JVK�È%�D� 6TË�r
^�f?HT]LWcY5O'r�§7H�M9\�]VY5�oO :<;>=@?y¨�]VJVO��;\�Y5ipO�_LO�M9^�\uM�QVO'r.§7HIMa\�]LY1�oO�®5O�W�OaK�W�SV^�HTWcOTr�GIH'JVK���j��lk�Z^�f�Q.�u_VY1\u_L�uJRHTipUXwq]VO�OaK5W�UXipSV^Xe9iNOaJ.WceIO9W�M9\�iNipOIJV\�]LK�^�f?H	h�\�JVKE_VUXK1Ma]bWceaOl_RH'JVK�^�HyK5OaM�WcU�\'J

Lr �uZ.]VJdWcY1H'UXW1OaiNOaJ.W�M9\�^�^XOaM�WcU%�oOaK�W�OaJ.huU�KcHT��O	HT�V^�O�_VH'JVK�^XOaK=Ma\�^X^�UXK5U�\'JVK[SVY1\TWc\�Jb|ASVY1\TWc\�Jd¨�WcY7�aKQVH']LWcO�eaJLOaY1�'U�O'rq§*O�ip\u_��a^�OEQ.�u_VY1\{]bWcU�^XUXK1e�U�M9URO9K5W�^�OEiN\u_	�a^XOEK1U�iNSV^XO 8;M9� r 
Vr@�br?ÉC�r.§7H��;\�Y5ipO_LOl^�H`Ma\']VY1�oO :<;>=@?�KafgO�¬bSV^XU�wq]VO�SRH'YE^XOaKEO�¯¥O�WcK�M9\�^�^XOaM�WcUX�;K�wq]VUCSRH'Y�O9¯�O9W�_VOlipH'K5K1OlH'��UXK1K1O9JqWSL^�]VKlK1]LY{^XOaKl�RH'Y���\�JVK�wu]LOpK1]LY{^XOaKlipe9K1\�JLK�8

p = γmv
C�Z7M9Opwq]VU�UXipSL^�U%wq]VOywu]LOp^�OdY1HTWcUX\HT]V��iNOaJ.WcO'rCGIH'JVKlM9OdiN\u_	�a^XO`Qq�u_VY1\LZ*^XOaK�SRHTY5WcUXMa]V^XOaKIUXK1K1]VO9Kl_VOaKlSVY5\uMaO9K1K1]LK{_V]VY5KlJCfgU�J.Wce�|Y1H'��UXK1K1O9JqW�SRHTKEHFh�O9M�^�O~ipUX^XUXO9]tO9W�KafgOaJPe9M�QRHTSVSoO'ZVO9^�^XOaK�K5\�JqW�Ma\�iNSV^Xe9WcO9ipO9JqW�_Ve9Ma\�JVJLOaM9W1eaOaK_LO�^�f�e�h�\�^X]LWcUX\�JtQ.�b_LY1\u_L�uJRH'iNUXwu]LO'rR�OaKESRH'Y�WcUXMa]V^XOaK !=®5O�W #tK1\�J.W�_L\�JVMISVY5\u_V]VUXW1OaK�K5]VUXh,H'JqW^�f�QVH'_VY1\'JVU�K1HTWcUX\'JªSRH'Y�^�O9KIMa\'Y1_VO9Kar7�Oywq]VU�O�¬bSV^XU�wq]VO`wq]VOy^XOzYcHTW1U�\l®5O�W�K1\�U%WISV^�HTWIO�W�wu]LOy^BHM9\�]VY5�oO$:<;>=@?dW1OaJV_�¨{Y1O®5\�U�JL_VY1O�^�H�M9\�]VY1�oO=®5O9W�S�\']VY�^XOaK�SL^�]VK�QRH']LW

p⊥
Zq^B¨l\��tUX^)JCf �pH{SV^X]VK_¥f�O�¯¥O�WI_VOz^�fgQq�u_VY5\u_L�uJRH'iNU�wq]VOTr�§*OaK�\�K1M9U�^X^BH,WcU%\�JVK�_VOz^BHNM9\�]VY5�oOaKIK5\�JqW�]VJVU�wq]VO9iNOaJqW�_V]VO9K¨y]VJnipH'JVwq]VOl_VOlK5WcHTWcUXK5WcUXwq]VO'rj \�]VY�hTH'^XU�_VO9Y�MaO�W1WcOEQ.�bSo\TWcQ	�9K1O'Z.JV\�]LK=So\�]Lh�\�JVK[WcY1H'MaO9Y=M9OaK�i��aiNO�Ma\�]LY1�oOaK=OaJdK1]VSLSVY1U"|ipH'J.WI^�O{WcYcHTUXWcO9iNOaJqW�Qq�u_VY5\u_L�uJRH'iNU�wq]VOTr7�f�O9K5WlMaOywq]VU[O9K5WlSVY5eaK5OaJqW1edK1]VYI^BH���UX��]VY5OyÎbrX�	Ï\ �t^BHlMa\�]VY5�oO�®1H']LJVO~Ma\�Y5Y1OaK5So\�JV_xH']�:<;>=@?NKcHTJVK�Qq�u_VY5\VrL�O9W1W1O�_VO9Y1JVU3�aY1O~O9K5WE¨�MaO�iN\�iNOaJ.W^�¨zWcY �9K�SVY5\uM�QLO�_VOl^�HyMa\']VY1�oO�®5O9W �V^BHz�;\�Y1iNOIOaJ�M9^�\uM�QVO�Hy_VU�K5SRH'Y5]Crj \�]VY�\��LK1OaY�h�OaYl^BHth,H'Y1U�HTWcUX\�J�_VOyMaO9K�Y1HTWcUX\�KIO9J��;\�JLM9WcUX\�JVKI_VOd^�f�e9JVO9Y1��UXO'Z¥MaO�W1W1Odi �9ipOe�Wc]V_LO{OaK�W�Y1eaH'^XU�K1e9O�¨ √

s =
É 6*6 E�O � Z*��r?Ï G�O � Z �br@� G�O � Z)O9W{�(6 G�O � r �[W~^�fg\�JnMa\'JVK5WcHTWcOwq]VOy^BHth,H'^�O9]VY�ipH,¬bUXitHT^XOz_L]ÌY1HTWcUX\xH']V��iNOaJ.WcOyHFh�OaMy^�fgeaJVO9Y1��UXO'rC§*OyYcH,WcU�\�O9K5W�SL^BHTW�¨nÉ 6 6

E�O � O9W[^�O9K�Ma\']VY1�oO9K :<;>=@?{O�Wo®5O9W[K1\'JqW[wq]RH'K5U�iNOaJ.W[UX_VOaJ.WcU�wq]VO9K�So\�]VY[H']L��iNOaJqW1OaY _VO�SV^�]VK OaJSL^�]VK¥®5]VK5wu]¥f?¨p�)6 G O � rL�Oa^BHlSoO9]LW�Kaf�UXJqW1OaY5SVY1e�WcOaY�SRHTY�^�HlSLY1eaK5OaJVM9O�_VO�SV^X]VK�OaJpSV^�]LK���Y1H'JV_VO_LO�^BHySRH'Y�WcUXOlQ.�b_LY1\u_L�uJRH'iNUXwu]LO�_RH'JVK�^�Hd_LOaK1M9Y1UXSLWcUX\�Jn_VO�^�HyMa\�^X^�UXK1UX\'JxSVSCr�� É 6*6�ElO � ZRU�^J¥fg�yOaJtHlwq]RH'K5U�iNOaJ.W�SRH'K9ZqM'fgOaK�W�M9O�wq]VU)OaK�W�_Cf�H'U�^X^XOa]VY5K=\��VK5OaY5h'e~_VO��°H! 9\�JNwq]RH'^�U%W�HTW1U%h�OE_RHTJVK^XOaKI_V\�JVJLeaOaKl_VONkHG��I� 8°M�� r7Îbr%� �C�rCj=]VU�KlHT] �;]VY�O�W�¨xiNOaK1]LY1Oywu]LOd^�fgeaJVO9Y1��UXOyH']V�'ipO9JqW1O'Z^�Hzh,H'^�O9]VYEipH,¬bU�ipH'^%OIHTW1W1OaUXJqW1O�SRHTYE^BHzMa\�]LY1�oO :<;>=@?�OaK5W�_VOlSL^�]VKEO9JnSV^X]VK��;\�Y�WcOIO9W�_VeaMaH'^�e9O
É 6.É
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� �����LÎurX�FÎ Ê ��H'SVSo\�Y�W
(Λ+Λ̄)/K0

s

_RH'JLK�]VJVO�M9\�^X^�UXK1UX\'J
pp

¨d�K
 G O � _RH'JVK�^XOE��eaJVe9YcHTW1Oa]VY_Cf�e�h�eaJLOaiNOaJqW1K ��j��lk�r �=J�Y1\']V��Ol^�H`Ma\�J��V��]VYcH,WcU�\'J":<;H=@?,ZVOaJn�V^XOa]n^�HyM9\�J��R�']VYcH,WcU�\'Jy�KM���r

� �����LÎurX�	Ï Ê ��H'SVSo\�Y�W
(Λ+Λ̄)/K0

s

_RH'JLK�]VJVO�M9\�^X^�UXK1UX\'J
pp

¨d�K
 G O � _RH'JVK�^XOE��eaJVe9YcHTW1Oa]VY_Cf�e�h�eaJLOaiNOaJqW1K ��j���kor ��J Y5\�]V��Oz^�HpMa\�JH�R��]VY1HTWcUX\�JA:<;H=@?,Z�O9J �V^�O9]�^BHpMa\'J��R��]VY1HTWcUX\�Jp�KM���r
��J�®1H']LJVO'Z ^BH�Ma\'J��R��]VY1HTWcUX\�J :<;>=@?ÍKcH'JVK`Qq�u_VY5\u_L�uJRH'iNU�wq]VO�_VH'JVK$��j �lk 8°iNU�JVU�SV^�H'K1ipH\�SLWcUX\�Jx\'¯�C
h�OaY5KN^�H�_VY1\'UXWcOTr=�Oa^�H OaK�Wp¨ iNO9W5WcY1O�OaJ�Y5Oa^�HTWcUX\�J H	h�OaMP^�fge9h�\'^�]LW1U�\�J \'�VK1O9Y5h�e9O�O9JqW1Y1O�É 6*6
ElO � O9W%���*6�ElO � _RH'JLK�^XOaKEMa\�^X^�UXK1UX\'JVK�SVSCr

��UXJRH'^XOaiNO9JqWaZ7^�ON�°H'UXW{wq]VO�^�f�\�J HTUXW{_RH'JVK ��j��lkv]VJvWcY1H'UXW1OaiNOaJ.WzM9\�^�^XOaM�WcUX��_Cf�]LJ Ma\'Y1O_VOaJLK1OtO9W{^XOdW1YcH'U%WcOaiNO9JqWlK5W�HTJV_RH'Y5_v_VON^BHPM9\�Y1\�JVHnSRH'Y�^�Hx�;YcHT��ipO9JqWcHTWcUX\�J�_LOpMa\'Y1_VONSoOaY�|ipO�W{¨ ��j��lkÌ_VONSVY1e9_VU�Y5ON^�Hx�;YcHTM9WcUX\�J�_V]Ìh�\�^�]ViNOdwq]VU�M9\�JqW1Y1U��L]VOpH'] :<;H=@?�8°K1e9SRH'Y1HTWcUX\�JMa\�Y5O�|AMa\�Y5\�JRH C�r�©^��°H']bWpMaO9SoOaJV_RHTJqW�Y1O9K5WcO9YtM9Y1U%WcU�wq]VOPwq]RH'JqW�HT]b¬ SLY1ea_LU�M�WcU�\'JVKNSVY5eaK1O9JqW1eaOaK
É 6�
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�������.ÎurX�(� Ê ��H'SVSo\'Y5W
(Λ+Λ̄)/K0

s

_RH'JVK ]VJVO�Ma\�^X^�UXK5UX\�J
pp

¨IÉ 6*6 E�O � _RH'JLK�^XO��'eaJVe9YcHTW1Oa]VY_¥f�e�h�eaJVO9ipO9JqW1K1��j��lk�r ��JnY1\']V��Ol^�HyM9\�J��R�']VYcHTW1U�\�J :<;H=@?,ZVOaJn�V^�O9]n^�HyM9\�J��R��]LYcHTW1U�\�J`�KM���r

�������uÎbr?É 6 Ê ��H'SVSo\'Y5W
(Λ+Λ̄)/K0

s

_RHTJVK=]VJVOEM9\�^�^XUXK1UX\'J
pp

¨`��r�Ï1G�O � _RH'JVK[^�O��'eaJVe9YcHTW1Oa]VY_¥f�e�h�eaJVO9ipO9JqW1K1��j��lk�r ��JnY1\']V��Ol^�HyM9\�J��R�']VYcHTW1U�\�J :<;H=@?,ZVOaJn�V^�O9]n^�HyM9\�J��R��]LYcHTW1U�\�J`�KM���r
H	h�OaM�MaO�W1WcO�h�OaY5K1U�\'Jp_Cf�]LJVO~e�h�\�^�]LW1U�\'JNQ.�b_LY1\u_L�uJRH'iNU�wq]VO�SRHTYcH'iNe9W1Y1U�K5eaOTr �=JtO�¯¥O�W	ZqM9\�iNipOJL\�]VK[^�f?H	h�\�JVK�_Le ®1¨�_VU�K5Ma]LW1e�_RH'JLK[^BH~K5OaM�WcU�\'J$
Lr �bZ,MaO�iN\u_	�9^�O�JCf�H�SRH'K�h'\uM	HTW1U�\�J`¨�Y1O9K5WcO9Y�WcOa^wq]VO9^C_RH'JVK ��j��lk�ZVU�^�K9f?H'�'UXW�_Cfg]VJVO�SVY1O9ipU3�aY5O�H'SLSVY1\uM�QVO�_V]PSLQVeaJV\'i �9JVO�SoOaY1iNO9W5W�H'J.WE_VOaKM9\�JVK5U�_Ve9YcHTW1U�\�JLK=wq]RH'^�U%W�H,WcU%h�O9KaZ'itHTU�K[O9JpH']VM9]VJpMaH'K�wq]RH'J.WcU%W�HTW1UXh�OaK9r��~U�JVK5U�Z'^BH�h,H'^�O9]VY=ipH,¬bU%|ipH'^XOz_VO9KlYcH'SLSo\�Y5W1K��RH'Y���\�JVK �Tipe9K1\�JLKlJCfgOaK5WlSRH'Kl¨�Ma\�JVK5U�_Ve9Y1O9YlM9\�iNipOz]VJVOySVY1e9_VU�M�WcUX\�JCr�O�W1W1O~h,H'^�O9]VY�e9WcH'JqW�U�JL«V]VOaJLMaeaO~SRH'Y�^�fgU�iNSL^XeaiNO9JqWcHTWcU%\�Jd_V]�� ��� _VH'JVK�^XO�iN\u_	�a^XO'Z._Ve9SoOaJb|_VH'JqW�_VO�SRH'Y1H'i��9WcY5OaK9rb�O�wq]VUR�°H']LW�Y5O9WcO9JVUXY�M9\�iNipOESVY5ea_VUXM9WcUX\�JNO9K5W�^BH�_VU%¯¥e9Y1O9JVMaOJ:<;>=@?q|X®5O�WO�W�^�f�e�h�\�^X]LWcUX\�J�OaJ��;\�JLM9WcUX\�Jª_VO`^�fge9JVOaY5��U�O{_V]�¨t^�HpSRH'Y5W�_VO`SV^X]VK�OaJ SV^X]VK�U�iNSo\�Y5WcH'J.WcO�_VO^�f�Q.�u_VY1\'Jq�u_RH'iNU�wq]VOTrT�O�W1WcO�i��aiNO�e9W1]V_VO�_VO�huYcH%�9W1Y1O�Y1OaSLY1\u_V]VU%WcO�H'SVY �9K ^�fgU�idSV^Xe9iNOaJqWcHTWcU%\�J
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� �����uÎbr?Éb� Ê ��H'SVSo\'Y5W
(Λ+Λ̄)/K0

s

_VH'JVK=]VJVOEM9\�^�^XUXK1UX\'J
pp

¨ �ur � G�O � _RH'JLK=^�O���eaJVe9YcHTW1Oa]VY_Cf�e�h�eaJLOaiNOaJqW1K ��j��lk�r �=J�Y1\']V��Ol^�H`Ma\�J��V��]VYcH,WcU�\'J":<;H=@?,ZVOaJn�V^XOa]n^�HyM9\�J��R�']VYcH,WcU�\'Jy�KM���r

� �����LÎur É'É Ê ��H'SVSo\�Y�W
(Λ+Λ̄)/K0

s

_RH'JLK�]VJVO�M9\�^X^�UXK1UX\'J
pp

¨d�(6 G O � _RH'JVK�^XOE��eaJVe9YcHTW1Oa]VY_Cf�e�h�eaJLOaiNOaJqW1K ��j��lk�r �=J�Y1\']V��Ol^�H`Ma\�J��V��]VYcH,WcU�\'J":<;H=@?,ZVOaJn�V^XOa]n^�HyM9\�J��R�']VYcH,WcU�\'Jy�KM���r
_Ve��VJVUXW1UXh�O�_V]nip\u_	�9^�OIQq�u_VY1\ ��G¾e�h�eaJVO9ipO9JqW~SRH'YEe9h�e9JVOaiNOaJ.W	r

§7H���U��']VY1OPÎbr?É�� Y1e9K1]ViNOP^BH�_VUXK1Ma]LK1K1UX\�J�SVY5eaM9ea_VO9JqWcOTr �IJ�� h�\'UXWyMa^BHTU�Y1O9iNOaJqW`^�f�H']V�,|ipO9JqWcHTWcUX\�JNSLY1\���Y5OaK5K1UXh�O�_VO~^�HlSRH'Y�WcUXO�Qq�u_VY1\ 8 :<;>=@? ��WcYcH'U%W�SV^XOaUXJ C�r ��Jp\'�VK1O9Y5h�O�e9�.H'^�O9iNOaJqW]VJVO�H']V��iNOaJ.W�HTW1U�\�J�_V]�SL^BHTW1O	H']nH,W1WcO9U�J.W�SRH'YE^�O9K�Ma\']VY1�oO9K[®5O9WcK�OaJP�;\�JVM�WcUX\�JP_VOl^�fgeaJLOaY1�'U�O'r©^[K1O9YcH'U%W�SoOaY5W1U�JVO9JqW�_VOdY5e	H'^XU�K5OaY�]VJ WcOa^X^�Oze9W1]V_VOd_VH'JVK�^�OaKISVY1O9ipU3�aY5OaKI_V\�JVJVe9OaKl_V]Ì§#0I�Z^BH{_VU%¯¥e9Y1O9JVMaOI_VO~�;\�Y1iNO~_RH'JVK�^XOaK�M9\�]VY1�oO9K :<;>=@?tO�W ®5O�W�ipO�W1W�HTJqW�OaJxe9huUX_VOaJLMaO�^�H{SVY1e9K1OaJLMaO_VOlSVQVeaJL\�i��aJVO9K~M9\�^�^XOaM�WcUX�/K�_RH'JVK�^�O9K�M9\�^�^XUXK1UX\'J
pp

¨yW1Y �aK�QRH']bWcOleaJVO9Y1�'U�O'r
É 6 �
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�������=Îbr?É�� Ê ku�uJqW1QVe9W1U�KcH,WcU�\'Jv_VONWc\�]LW1OaK{^�OaK{M9\�]VY5�oOaK`_LU�K1M9]LWce9OaKzSo\�]VY{^�ONYcHTSVSo\�Y5W
(Λ +

Λ̄)/K0
s

_RH'JVK ��j���kxK1]VY�^�O�i��aiNO�K5M�QLeaipHLr

��UXJRH'^XOaiNO9JqW	Z[JL\�]VKpHFh�\�JVKNip\'JqWcY5eP^BH _VUX¯�eaY5OaJVM9O�_VOaKpY1H'SVSo\�Y�WcK
(Λ + Λ̄)/K0

s
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