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0 µB¦B³j³P¸�¯ Öoü ¶j¦D­x­#°^¸Úº#¯o¶x­#°ô¥�­P´PªE³#¶ ©R¥§¸R³B±s·#³B¦B¥§¦D¹
º Ö Çr¸�®�¦K¶h­P¦#³P¬0«�¯o¼�­B¦D®+¦�©�¯#¦P¸E¥ 2

ξ  � 0 º#¯<¶#­x«�µZ¦P®+¸R¹
³#¸E­PªE­P¦P©�ªE¶ ¥�©E¥E¸E³P±o·x³P¦#¥E¦Zº Ö Çr¸�¬�©�¯#¦P¸9·o³j¶ ­j´P¯#¸R¥§¦#¨
ª�¸�¬0·P¸R³x«�ª�´B³B¸ 2

ξ - Ä 0 ºP¯s¶j­o«9µP¦Z®�¸E³P¸R­jª�­j¦�©�ªR¶Æ¥K­j¦D³#¹
¬�«�¯<¼E­j¦�¬½¬a¸�ª�«§¯#¯o¸Ë·x³#¶áµ#³j¶PªR¶jÂ�¸�©EµP¦#¨íª�¸�¬0·j¸R³j«�ª�´#³P¸
¬�­j¦�®�¦�©�¯o¦P¨o­P¦#¨V©�ªE³P´oµZª�´#³o° 2 Ã Ä 0 µj³#¶#ªE¶PÂP¸�©Rµ#« Ö ª�¸�¬a¹
·#¸E³#«�ª�´B³x«g¬H­#¦Z®�¦�©�¯x¦D¨x­P¦#¨I©�ªR³B´BµBª�´#³#° 2 ÃHÄ  90 µP³o¶PªE¶#¹
ÂD¸�©Eµ#« Ö ª�¸�¬H·#¸E³#«�ª�´#³o«Y©R¥§¸R³B±o·o³B¦B¥§¦�º Ö Çr¸�®�¦g¬0«�ª�¸R³#¶j«E¯o« 2
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8�: Þ Å 0 µ#¥�«E­jªÍ¬0«�®�­o¶PªE­j¦�®�¦�·j¦�ª�¦BµP«sÒ

;�´#­xµ ü ¶xÔ
η(< ) ¥l­P¦#³P¬0«�¯o¼Z­#°^±F©�¯#¦ Ö ± ¾ ¥Eª�¦B³j« Ö ©�ª�³#¦P¹µ#«l©�¦P¦�ªE­#¦Pär¸E­o¶ Ö ¾ ÐxÀEÀg¬0°Ú×E«�ºo«�¯o¶�Ï0¦�©E­#¦P¥�°b¥�« Ö ©R¼V­o«

ª�¦�¬ ·#³B¦D©�ª�¦�¬þ©�¦P¦ Å ³j«�ÛÁ¸R­j¶o¶`Ï<ÂPª�¦l¦ Å °@Â#­P¦I¥åãRµP©E·P¸E³o¶j¹
¬H¸R­Bª�¸Á­j¦D³P¬0«�¯<¼E­o°^¨�©�¯#¦#¨p¥�° Å ¶#³x«�¸�ª�© Ö ¶P×r¬H¸�ª�«§¯#¯x¦D¥Y©
Ã Ä - →

Ê<Ò=�a«�¬H¸�ª�¶j¬fÏ#¦Pº#­o«EµB¦<ÏoÂPª�¦p¥m¬H¦�ºj¸�¯o¶VæPègÏo¦P·o¶j¹
©E°^¥�«�ÔbÇr¸E¨ ©E¥E¸E³P±<³P¸Eär¸�ªEµ#¶`ÏÍ¶P©R·j¦�¯<¼�×�´BÔbª�© Ö ðP·#¸E³P¸E¹
­j¦D³P¬0¶x³P¦D¥Z«�­#­x°@¸DóáµP¦P³o³B¸�¯ Öoü ¶#¦P­o­j°@¸�ºP¯s¶#­x°

ξ 6 ( Ã )
Ï

ξ 4 (
Ã

)
¶Ú·#«E³o«�¬H¸�ª�³x¹�òt´o­#µ ü ¶ Ö

η( < ) Òg¤0¯o¸�º#¦D¥Z«�ª�¸�¯<¼E­#¦}Ï×E­#«�µFòb´B­xµ ü ¶x¶
η( < ) Ïa¥�­j´PªR³#¶9­j¦D³j¬a«§¯o¼�­B¦D®+¦I©�¯x¦ Ö ¦B·j¹³P¸�º#¸�¯ Ö ¸�ª�© Ö ãRµZ©E·#¸E³#¶j¬Q¸E­#ª�¦�¬bÒl¿\«E·o³#¶j¬Q¸E³�Ïå¥ ³#« Å ¦�ª�¸

Ì�Î�ÐoÑ ³j«�©�©�Â#¶PªR«E­x° ª�¸�¬0·#¸E³#«�ª�´#³#­o°@¸ ×�«Z¥�¶P©E¶j¬Q¦P©�ªE¶
¥E¸E³P±<­#¶j±çµj³#¶#ªE¶PÂP¸�©Rµ#¶B±ç·j¦�¯x¸E¨Ë©²·P¦P¬a¦PÇÁ¼�Ô½¬H¦Zº#¸�¯<¶
¾ ÎRÀ§Ï ¾ Ð#Àt©=òt´#­#µ ü ¶Z¸R¨

η(< ) Ïo·P¦�¯j¦EÛ=¶Bª�¸�¯o¼E­Z¦D¨l¥?>i¹�©�¯#¦Z¸PÒ¿\«�ä ¥Z° Å ¦#³í×E­#«Eµ#«
η(< ) ¥@>i¹�©�¯j¦D¸Ë·x³P¸�ºo·P¦P¯o«§®�«�¸�ªjÏ

¦PÂ�¸E¥�¶jºo­P¦`Ïo©�¯s« Å °f¨lãEòfòb¸EµPª Å ¯o¶j×�¦P©�ªE¶`Ò
é�³j«�¥�­B¸R­x¶P¸mæ�è ¾ Î§Àb­P¸�¦ Å ±o¦Zºo¶P¬H¦\ºj¦B·B¦D¯x­o¶PªE¼r´P©�¯o¦P¹
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º#¸�¯ Ö ¸�ª�© Ö µj«EµI®�³j«E­o¶ ü «g¦ Å ¯o«E©�ª�¶F×�­x«�ÂP¸R­#¶x¨F¥�­j¸RäÁ­B¸�®�¦
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�a«�¬H¸�ª�¶#¬bÏrÂDª�¦²´B³x«E¥�­B¸R­x¶ Ö ¾,+ À�» ¾ ÎPÎ�ÀF©�¦#¥Z·#«�ºo«EÔbªÈ·j¦
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ÂP¸�©EµP¦Z®�¦i·j¦�¯ Ö Ï}µ#³B¦D¬`¸\¦Pºo­B¦D®+¦I·#³#¶x­ ü ¶o·j¶o«�¯o¼Z­P¦P®+¦i¬H¦P¹
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¸�ª�© Ö ¶j×h©�¸RµZ´#¯ Ö ³#­j¦�®�¦Ë´#³#«E¥�­j¸E­#¶ Ö Ï\¦P·o³B¸�º#¸�¯ Ö ÔrÇr¸�®�¦
Ö ºo³P¦�¶j­#ª�¸�®�³#«�¯<¼E­j¦�®�¦l´#³o«E¥Z­P¸E­o¶ Ö º#¯ Ö ·x«E³#«�¬H¸�ªE³#«�·#¦P¹
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¾ ë + ÀEÀZÒ#ÞK¶P×�¯s«�®�«§¸�¬`¦B¨m¬H¦Zº#¸�¯x¶HÏD·j¦�©�ªR³B¦D¸E­#­j¦D¨g­x«b¦�©E­#¦P¹
¥E¸�ª�¸�¦D³j¶o¶ æD¶x­P× Å ´o³B®�«Z»xèÁ«E­Pºo«�´HÏfª�¸�¬0·P¸E³#«§ª�´o³#­#« Ö ×E«E¹
¥�¶j©E¶P¬H¦�©�ªR¼ � Ä �

⊥
¦D·x³P¸�ºj¸�¯ Ö ¸�ª�© Ö ¥E¸�¯s¶PÂ#¶x­#«�¬0¶

ξ  ( Ã )
Ï

ξ - (
Ã

)
¾ ¶#¯x¶ �  ( Ã )

Ï � - (
Ã

)
ÀZÏ Ö ¥§¯ Ö Ô�ÇY¶#¬H¶#© Ö òt¸R­j¦�¬H¸E¹

­j¦�¯x¦�®�¶PÂP¸�©Rµj¶P¬0¶I·o«E³j«�¬a¸�ªE³#«�¬0¶o¹�ò^´o­jµ ü ¶ Ö ¬0¶ ¾ ±j¦Dª Ö ¶j±
òb´#­oµ ü ¶#¦P­o«�¯o¼Z­#°f¨V¥�¶Pº ¾ Ý<Àfºj¦�©�ªR«�ª�¦PÂD­j¦p¦�ÂP¸E¥�¶jºP¸R­`ÀZÒ
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- ¯ Ö ­x«�±o¦ZÛÁºP¸R­x¶ Ö ·o«E³j«�¯o¯#¸�¯<¼E­#¦Z®�¦�¥E¸E³P±<­P¸�®�¦�µP³o¶j¹

ªE¶PÂP¸�©EµP¦�®�¦ù·#¦Z¯ Ö ¶#©E·P¦P¯o¼E×�´P¸�ª�© Ö ©�¯x¸�º#´#ÔfÇm« Ö ©�ª�«�­j¹
ºo«E³PªE­x« Ö ·o³P¦ ü ¸�º#´#³#«�Ì�Ð<Ï�ë<Ñ�Ò�âb´D©�ªE¼�¥Z­P¸RäY­#¸�¸l¬�«�®�­x¶PªE¹
­j¦�¸9·P¦P¯#¸RQ½­#«Z·#³#«�¥§¯#¸E­#¦K·x«E³#«E¯j¯o¸�¯o¼�­B¦È·P¯x¦�©EµP¦P©�ª Ö ¬
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¾ Î�ëoÀZÏQ³#«E¥�­j¦i¥§¸R³B±o­#¸�¬H´iµ#³j¶#ªE¶PÂP¸�©EµP¦Z¬a´I·P¦P¯oÔåÒ
âr¦D¥§ª�¦#³#¶P¬bÏoÂPª�¦lò^¦#³P¬0«�¯<¼E­#¦p·#³j¦ ü ¸�º#´#³#«\­x«�±#¦PÛrº#¸E¹

­x¶ Ö ¥E¸E³P±<­P¸�®�¦IµD³x¶PªE¶PÂP¸�©EµP¦Z®�¦I·P¦P¯ Ö ©�¦D¥�·x«�ºo«�¸�ª\©p·j³#¦P¹
ü ¸�º#´#³P¦#¨`Ïp¦Z©R­j¦D¥Z«E­o­B¦B¨í­#«÷¬�¶jµ#³P¦P©RµB¦D·x¶PÂP¸�©EµP¦D¨�ª�¸�¦P¹
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³o¶#¶ Ì�Ý<Ñ�Ï�µj³P¦�¬H¸K·#³#¶x­ ü ¶o·j¶o«�¯o¼Z­P¦P®+¦È¬H¦P¬Q¸E­jªR«jÏ^¦Pª�¬`¸R¹
ÂD¸E­x­P¦P®�¦l¥p·#³B¸�ºo°@ºj´BÇY¸�¬È³#«�×�º#¸�¯#¸#Ò

�^ ���� � ���,K����²£$���	�����Á¡o E¢j£o 
¿\«�¬0¶ Å °t¯o¶Í·x³P¦D¥§¸�º#¸E­x°Ø¥�°@Â#¶j©�¯j¸R­x¶ Ö � Ä �

⊥(
Ã

)
¶�iÄ �
	 	 ( Ã )

º#¯ Ö ©E¥E¸E³P±s³B¸Rär¸�ª�¦Bµ �G�/��

��ÏS¶j©�©�¯#¸�º#¦#¥�«E­#¹
­o°@±�¥VÌ�Î�ÝxÑ�Ò
�\µP«E×�«E¯#¦P©E¼jÏöÂ�ª�¦ ãEµP©E·P¸R³x¶P¬H¸E­PªR«�¯<¼E­x« Ö ×R«E¥Z¶#©E¶#¹

¬a¦P©�ª�¼ � Ä �
⊥(
Ã

)
¦D·x¶P©E°^¥�«E¸�ª�© Ö ©Í·#¦Z¬a¦#ÇÁ¼EÔ òb¦#³P¬H´P¯

¾ ÝsÀZÏ ¾ ï#À�» ¾ ÎPÎ�Àf·#¦Zº#®�¦P­oµZ¦#¨l·o«E³#«§¬Q¸�ªR³B¦B¥
ξ � Ï ξ 4�� º#¯ Ö¯sÔ Å ¦Z®�¦Øòr¶oµZ©E¶o³B¦B¥Z«E­#­j¦�®�¦á×E­o«�ÂP¸E­#¶ Ö ·o«E³#«§¬Q¸�ªR³j«�


¾ ©�¬bÒf³o¶P©jÒfÐoÀZÒrâÁ³#¶P¬H¸R³Æ×E«E¥�¶P©E¶#¬H¦Z©�ªE¶ µB¦D³#³j¸�¯ Öjü ¶P¦#­#¹
­o°@±Fº#¯o¶x­

ξ  � Ï ξ4�� ¦�ªg·x«E³#«�¬H¸�ªE³#«�
mÏQ¥�°@Â#¶P©�¯o¸E­#­x°@±º#¯ Ö ¦ Å ³#«E× ü « ���/��
	�Ø© !  =
Î�ïPÉ�� �jÏ ! - =

Î�ÉPÊ�� �jÏ
·o³#¶x¥E¸�ºP¸R­V­o«g³#¶B©#Ò<Ý<Ò
¤ö¶B©R·j¦�¯<¼�×�¦P¥�«Z­#¶#¸�¬á­#«E¨#ºj¸R­#­x°@±Í×E­o«�ÂP¸E­#¶o¨Í·x«E³#«E¹

¬a¸�ªE³P¦#¥
ξ � Ï ξ - Ä Å °t¯o¶þÂD¶j©�¯#¸R­x­P¦þ¶P©�©�¯x¸�º#¦P¥�«E­x° ³B¸R¹äÁ¸E­#¶ Ö ×E«�ºo«�Â#¶ ¾ ÉxÀZÏ ¾ Î�Ý<ÀZÏ ¾ Î�ë<ÀmºD¯ Ö ¯oÔ Å ¦P®+¦Sòr¶#µP©E¶#¹

³#¦P¥�«E­x­P¦P®�¦�×�­o«�ÂP¸E­#¶ Ö ·#«E³x«�¬a¸�ª�³x« � � Ò ¾ ¿ «E·P¦P¬0­#¶j¬^ÏÂDª�¦Í³P¸Rä=¸R­x¶ Ö ´#³#«�¥Z­P¸E­o¶ Ö ¾ Î�Ý<ÀS·B¦D¯j´DÂ#«EÔbª�© Ö ·P¦P©�¯j¸R¹
º#¦#¥�«�ª�¸�¯o¼Z­#°@¬�©EäÁ¶x¥�«E­x¶P¸�¬í·P¦P©R³P¸�º#©�ª�¥E¦P¬Ú®�³#«E­x¶PÂ#­x°@±
´#©�¯j¦B¥Z¶#¨ ¾ ÉxÀ�¯s¶#­j¸E¨#­o°@±²µP¦�¬ Å ¶#­x« ü ¶#¨Æòf´#­xµ ü ¶x¨h·#«E¹
³o« Å ¦D¯x¶#ÂP¸�©RµZ¦P®+¦ ü ¶#¯x¶o­Pºx³#«jÒ À��f«�µ9¶�©�¯j¸�º#¦P¥�«§¯#¦�¦ZÛ\¶#¹
ºB«�ª�¼jÏB­#«�¶ Å ¦E¯o¼�äf¸�¬<´ ¾ ©�³Z¸�º#¶g¬Q«�µZ©�¶Z¬Q«�¯o¼�­P°0±<À^×�­P«�Â�¸�­P¶PÔ
¥�­j¸RäÁ­j¸�®�¦í¬0«�®�­#¶jªR­B¦D®+¦á·#¦Z¯ Ö �

( � � ) ©�¦Z¦Pª�¥E¸�ª�©�ªE¥E´#Ôbª×R­x«�ÂP¸R­#¶ Ö ·#«E³x«�¬a¸�ª�³x« � � = � ! ( � = Ê<Ï ±
� (

±
Ð<Ï=),)+)

)
¶

¥E¦P¯o­j¦D¥�°t¸Èòb´#­oµ ü ¶o¶aÏ=©E¶P¬H¬H¸�ª�³o¶PÂ#­#°t¸K¦ZªR­j¦�©E¶#ª�¸�¯<¼E­#¦
©�¸E³#¸�º#¶o­j° � ¹�®�¦��0¹�©�¯o¦ Ö ÒIâ�³o¶�ã�ª�¦Z¬ ª�¸�¬a·j¸E³#«�ª�´#³x­#« Ö
×R«E¥Z¶#©E¶P¬H¦P©�ª�¼ � Ä ��	 	 ¾ Ã 2 � : = � ! ÀÍ¶P¬H¸�¸�ª�ðPÐ��i¹�±<«E³#«�µP¹ª�¸E³<ólÌ�ÐoÑ ¾ ©�¬fÒ#³#¶P©jÒDë<À^¶`ÏD©�¯x¸�ºP¦#¥�«�ª�¸�¯x¼�­P¦`ÏB­B¸f©�¦D®+¯<«�©�´#¹
¸�ª�© Ö © ãEµZ©R·j¸E³#¶#¬`¸R­jªE«�¯o¼�­P¦#¨�µP³x¶#¥E¦#¨ ¾ ©�¬fÒg³#¶P©jÒ ÐxÀZÒ
�a«�¬H¸�ªE¶P¬bÏoÂPª�¦g×E­x«�ÂD¸E­#¶ Ö ·#«Z³#«�¬H¸�ªE³#« � � ­#«�±x¦�º Ö ª�© Ö ¶j×¥�«�³j¶#« ü ¶j¦D­x­P¦P®+¦I·o³#¶x­ ü ¶#·x«mº#¯ Ö òb´#­#µ ü ¶P¦#­#«E¯x«læ�è�¶`Ï
µ#«Eµl¯#¸�®�µZ¦i·j¦Dµ#«�×E«�ªE¼xÏo¦#·#³P¸�º#¸�¯ Ö Ôtª�© Ö ´o³j«E¥�­j¸R­#¶j¸�¬

� � =
∫ � ψ � (� 2 � � ) ! �
∫ ψ

�
(� 2 < � ) ! �

Ò ¾ Î�î#À

ÓÁ× ¾ Î�î#À ©�¯o¸�ºP´#¸�ªBÏ�ÂPª�¦á×E­o«�ÂP¸E­#¶ Ö ·o«E³#«§¬Q¸�ªR³j« � � Ï©�¦D¦ZªR¥§¸�ª�©�ª�¥E´oÔbÇÁ¶j¸pðDÐ��à¹�·P¦#¥E¸�º#¸E­#¶oÔYógª�¸�¬H·#¸E³#«�ª�´B³x­P¦#¨
×E«E¥�¶j©R¶P¬H¦Z©�ªE¶ � Ä �
	 	 Ï Ö ¥§¯ Ö Ôtª�© Ö ³P¸EäÁ¸E­#¶ Ö ¬a¶²´#³#«�¥Z­P¸E¹­x¶ Ö ¾ Î�îxÀ ¾ ©p·P¦PºP©�ªR«E­j¦D¥ZµP¦#¨�¥ ¾ Î�îjÀ\¥§¦�¯<­P¦#¥�°@±9òf´#­#µj¹
ü ¶#¨HÏm©R¶j¬H¬Q¸�ªR³#¶jÂ#­#°@±�¦PªE­P¦P©R¶Pª�¸�¯o¼�­P¦ ©�¸E³P¸�ºo¶x­#° � ¹�®�¦��¹�©�¯o¦ Ö À ¯s¶#äY¼ º#¯ ÖûÅ ¸�©EµP¦D­j¸�Â#­P¦#¨ ©R¥§¸R³P±<³P¸Eär¸�ªRµ#¶aÒ
ðPÐ��i¹�±<«E³#«�µZª�¸R³<óÚª�¸�¬0·j¸R³#«�ª�´#³#­j¦D¨�×R«E¥Z¶#©E¶P¬H¦�©�ªR¶ � Ä ��	 	³P¸E«E¯o¶j×�´#¸�ª�© Ö ¶Æº#¯ Ö µP¦#­P¸�Â#­P¦#¨h©E¥E¸E³P±<³P¸Eär¸�ªEµ#¶Æ©K­P¸E¹
ÂP¸�ªE­#°@¬9Â#¶P©�¯o¦Z¬��0¹�©�¯x¦�¸E¥\¶åÂD¸�ªE­#°^¬FÂ#¶P©�¯x¦�¬.>i¹�©�¯o¦Z¸R¥sÏ
·j¦�©EµP¦�¯<¼EµP´i¥Y©E¶#¯#´l­o«�¯x¶#Â#¶ Ö ·P¯o¦Z©RµB¦�©�ªR¶�©E¶P¬H¬a¸�ªE³#¶#¶l¥
©�¸R³P¸�ºo¶x­P¸ ü ¸E­jªR³#«�¯<¼E­j¦�®�¦ ��¹�©�¯x¦ Ö ´#³#«E¥�­j¸R­j¶#¸ ¾ Î�î#À
¶j¬Q¸�¸�ª ³B¸Rär¸E­x¶P¸�¬áª�¦PÂD­x°^¨Ú­P´#¯o¼sÏ=©�¦�¦PªE¥E¸�ª�©�ªR¥§´BÔrÇÁ¶x¨
ÂP¸�ªE­P¦#¨I¥§¦�¯<­P¦#¥E¦D¨Vòf´#­xµ ü ¶x¶

ψ(� ) Ò

H�Ú³×Ù÷ ó ��! 5�*%(�3�1�-�CP3�;�"�$�.�&�;�Wo3H"�3�CP(�3�1�$�"�,�1�;�Wx3HL�$�/+-�*�-�CZ)�*%"�-^/+3�1�T þ;�3�?�)Í5�1�-�"�-�c�3�*�5�)+?�)Í(�)+.�'ËCZ;�)+?�)�*�.�)+X�;�)�X *�"�1�,�5�"�,�1�W#" �%$ �'&
(
:
(*) =

8��+� + , d : -/. =
8���� + , ) (�1�-p(�$�1�$�.�.�3�.�&�;�)+CK[ I _r-p(�3�1�(�3�; þ4�-�5�,�.�'�1�;�)+Cl[ ó _H1�$�*�(�)�.�)+GQ3%;�-�-r/+;�3�Ua;�3�?�)^CD$%?�;�-�"�;�)+?�)b(�)�.+'r)�" þ

;�)+*�-�"�3�.�&+;�)p(�)�/+3�1�T�;�)�*�"�-I*�.�)�3�/Vu 810��b-I1�$%*�*�c�-�"�$+;�;�Wo3gL�$%/+-�*�- þ
CD)+*�"�- $ 2 3 4 4( 5 ) - $ 2 3 ⊥( 5 ) [�*�(�.�)+Ua;�Wx3a.�-�;�-�-Z_ �

H�Ú�×Ù÷�6 ��7 ;�$�c+3�;�-�'b4�.�-�;r5�)�?�3�1�3�;�"�;�)�*�"�-�/b*�/+3�1�T�(�1�)�/+)%4�'�eH3�C ξ 8 9[ I _@-Á;�)+1�C�$%.�&+;�)�C
ξ: 2 [ ó _0*%.�)+'�T\/bL�$�/+-�*�-�CZ)�*%"�-Á)+"�(�$�1�$�CP3�"�1�$*�5�$+c+5�$I/%)�.�;�)�/+)+X<;x,�;�5�6�-�- H ;�$I?�1�$%;�-�6�3lC�3%"�$�.�.�N�*�/+3�1�T�(�1�) þ

/+)%4�;�-�5 �

H�Ú�×Ù÷>= ��7 $�/+-�*�-�CZ)�*�"�& $ 2 3 4 4( 5 ) dP1�$%*�*�c+-�"�$�;�;�$k'�4�.�'ÁC�;�)+?�)+*%.�)�X�;�)+X*�"�1�,�5�"�,�1�W !o]@!ß[ : 8 =
8 ��� ? @ d : : =

8���� ? @
)
*�)²L�;�$�c+3�;�-�'�CZ-

4�.�-�;Æ5�)+?�3�1�3�;�"�;�)+*�"�- ξ8 9 = 8A0�: ? @ - ξ: 2 = 0�� ? @ -hL�;�$�c�3�;�-�3%C(�$�1�$�CP3�"�1�$ C B = � dP*�)+)+"�/+3�"�*�"�/k,�7<eH-�Cg1�3%UQ3%;�-�70dP*�-�C�CP3�"�1�-�c+;�)+CE,)+"�;�)+*%-�"�3�.�&+;�)0*�3�1�3�4�-�;�Wp*�/+3�1�T�(�1�)�/%)+4�'�eH3�?�)@*�.�)�' �
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ÞÙ³x«�©�©�¬0«�ªE³#¶#¥�«§¸�¬`¦#¨KÛY¸iãEµP©E·#¸E³#¶P¬H¸E­#ª�«E¯o¼Z­P¦#¨K©E¶#¹
ª�´#« ü ¶o¶ �G�
��
	� ¾ ÎDÎg©�¯#¦P¸R¥��	�9¶²Î�ÊV©�¯#¦P¸R¥ �G�QÀ�Ì�Î�Ý<Ñ
ª�¦PÂD­j¦D¨ Ö ¥E¯ Ö ¸�ª�© Ö ©E¶j¬Q¬H¸�ªE³#¶ Ö ¦ZªR­B¦D©E¶Pª�¸�¯<¼E­j¦I©�¸E³P¸�ºo¶#¹
­o° ü ¸R­jª�³x«�¯o¼�­P¦P®+¦ > ¹�©�¯o¦ Ö Ò�ÞÍã�ª�¦�¬²©�¯#´#ÂD«§¸i¶#­jª�¸�®�³#«E¹
¯s°þ¥m¥�°^³#«�ÛÁ¸E­#¶x¶ ¾ Î�îoÀ Å ¸R³P´Pª�© Ö ·j¦\­#¸�©E¶P¬H¬a¸�ª�³x¶PÂ#­#°^¬
·o³P¸�º#¸�¯o«E¬ß¶`Ï\©�¯o¸�º#¦P¥�«�ª�¸�¯<¼E­#¦}Ï ·j¦�º#©�ªR«E­j¦D¥Zµ#«²¥ ¾ Î�îxÀ
ÂD¸�ªE­P¦#¨h¥E¦Z¯s­P¦#¥§¦D¨hòb´#­oµ ü ¶o¶ÜºB«§¸�ªF­P¸R­j´P¯#¸E¥E¦P¸I×E­#«EÂZ¸R¹
­o¶P¸l·o«E³j«E¬Q¸�ªE³#« � � ÏaÂPª�¦<Ï0¥l©R¥§¦#ÔÚ¦�ÂP¸E³P¸�ºx¼xÏa·x³P¦Pª�¶o¥§¦D¹³#¸�ÂD¶jª�´j©�¯#¦#¥Z¶#Ô ÂD¸�ªE­P¦P©�ª�¶

ψ(� ) Ò �Áºo­o«EµB¦Ü·j³#¶ Å ¦Z¯s¼E¹ä\¶P± ×R­x«�ÂP¸R­j¶ Ö ±Ù¥Z­P¸Eä\­P¸�®�¦²¬0«�®�­x¶PªE­#¦Z®�¦Í·P¦P¯ Ö ¾ ¶P¯<¶
Ã #G# ÃQÄ�Àm¥E¦P¯o­j¦D¥Z« Ö òb´#­#µ ü ¶ Ö ¯#¦#µ#«�¯o¶j×�¦P¥�«E­x«p¥I·#³B¸R¹
º#¸�¯<«�±á¦Pºo­P¦P®+¦ � ¹�©�¯#¦ Ö ÏiªPÒ�¸jÒi¦ Å ³#«�×�¸ ü ·o³#«EµBªR¶PÂP¸�©Rµj¶
ãRµ#¥Z¶o¥Z«�¯#¸E­#ª�¸R­ Å ¸�©RµZ¦#­P¸�Â#­#¦P¨g©E¥E¸E³P±o³j¸Rär¸�ªEµ�¸jÏD©�¯x¸�º#¦P¥�«E¹
ª�¸�¯s¼E­j¦<Ï�·x³#¶K­x¶P×Eµ#¶P±þª�¸�¬H·#¸E³#«�ª�´B³x«�±K©E­j¦D¥�«F·P¦P¯#´PÂ#¶#¬
ðDÐ��à¹�·P¦#¥E¸�ºP¸R­x¶P¸Pó ×E«E¥�¶P©E¶j¬a¦Z©�ªE¶ � Ä ��	 	( Ã )

Òhâr¦ß¬a¸E³P¸
´o¥E¸�¯o¶jÂ�¸E­o¶ Ö ª�¸�¬0·j¸R³#«�ª�´#³#° ´#¥E¸�¯o¶jÂ#¶#¥�«�¸�ª�© Ö ©�ª�¸R·B¸R­x¼
ðD³x«�×�¬H«E×�°b¥�«E­#¶ Ö óg¥E¦�¯<­P¦#¥E¦P¨lòf´#­#µ ü ¶#¶l·P¦g©�¯#¦ Ö ¬bÏBª�«�µ
ÂDª�¦Ë·x«E³#«E¬`¸�ªE³ � � ©�ª�«�­P¦#¥Z¶Pª�© Ö ©�´#Çr¸�©�ªE¥E¸E­o­B¦Í¦Dª�¯o¶jÂD¹­o°@¬í¦PªÈ­P´P¯ Ö ÏÁ¶HÏr©�¯j¸�º#¦#¥Z«�ª�¸�¯o¼�­B¦QÏÁ¥hµP¦P­oµP´#³P¸E­ ü ¶oÔ
¥E©�ª�´#·x«EÔfªÍ­j¸�ÂP¸�ª�­o°@¸Í¬H¦Zºo° ¥§¦�¯<­P¦#¥E¦D¨áòt´o­#µ ü ¶#¶�Ïå¥
¶#ª�¦�®�¸þµ#³#¶#¥Z« Ö � Ä ��	 	( Ã )

Å ´#ºP¸�ªK×E«�¬H¸�ªE­P¦²¦�ªEµP¯#¦#­ Ö ªR¼�© Ö
¥�­x¶P×p¦Pªpµ#³#¶x¥E¦P¨ � Ä �
	 	 ( Ã )

º#¯ Ö9Å ¸�©EµZ¦B­B¸�Â#­j¦D¨F©E¥E¸E³#±o³B¸R¹
äÁ¸�ª�µ#¶�Ò<â�³o¶�ºP¦P©�ªE¶PÛÁ¸E­#¶x¶�ª�¸�¬0·j¸R³j«�ª�´#³P¦#¨l­P¸EµP¦�ª�¦#³P¦�®�¦
×R­x«�ÂP¸R­#¶ Ö Ã ∗ ·o«E³j«�¬a¸�ªE³ � � ©�ªR«E­P¦#¥Z¶Pª�© Ö ³#«E¥Z­o°@¬ ! & ÐxÏÂDª�¦I©�¦�¦PªE¥E¸�ª�©�ªE¥E´P¸�ªp©E¶P¬H¬H¸�ª�³x¶PÂ#­P¦#¨F¦�ªE­P¦P©E¶Pª�¸�¯<¼E­#¦l©�¸R¹
³#¸�º#¶o­#° >i¹�©�¯#¦ Ö ¥E¦Z¯s­P¦#¥§¦D¨½òf´#­#µ ü ¶#¶�Òþ¤�³o«E¥Z­P¸R­x¶P¸
×R­x«�ÂP¸R­#¶ Ö � Ä ��	 	( Ã ∗)

Ï\·P¦P¯#´PÂP¸R­x­P¦P®+¦ê¶B× ¾ Î�Ý<ÀEÏ ¾ Î�ë<À§Ï�©
ãRµP©E·j¸R³#¶B¬a¸E­jª�«E¯o¼Z­#°@¬Ë·P¦#µ#«�×E°^¥�«�¸�ª#Ï0ÂZª�¦Fª�¸�¬0·P¸E³o«�ª�´#³#«
Ã ∗ ¶l¸�©�ªR¼mª�¦PÂ#µP«g·#¸E³P¸�±#¦Pºo«Y¦DªmÐ��i¹@µ�Ý��i¹�·j¦D¥§¸�º#¸E­x¶#ÔåÒâ=³#¶Æ¦�ÂP¸E­#¼ Å ¯s¶B×Rµ#¶B± µhµ#³#¶BªR¶jÂ�¸�©RµB¦B¨Üª�¸�¬a·j¸R³j«�ª�´#³x«�±
¾ ¶#¯o¶ ¬0«�¯o°^± ×R­#«§Â�¸E­o¶ Ö ± ¥�­B¸Räm­P¸�®�¦ñ¬0«�®�­#¶jª�­j¦�®�¦
·#¦Z¯ Ö Àp³j¸Rä=¸R­#¶j¸ ¾ Î�ÝsÀ§Ï ¾ Î+ësÀåº#¦P¯#Û\­P¦9©�¦#¥�·#«�ºo«�ªE¼Vº#¯ Ö
­#¸m¦PÂD¸E­#¼ Å ¦Z¯s¼EäY¶#± � © ! ¹�·j¸R³#¶B¦Dºx¶PÂP¸�©Eµ#¶P¬h³P¸EäÁ¸E­#¶j¸�¬´o³#«E¥�­j¸E­#¶o¨çæ�èì·o³#¶ ­P´#¯#¸E¥E¦P¬á¥�­P¸Eäm­P¸�¬í¬0«�®�­#¶jªR­B¦D¬
·#¦Z¯o¸jÒ �Q¸Eär¸E­o¶B¸#ÏH©�¦P¦�ªE¥E¸�ª�©�ªE¥E´#ÔfÇY¸�¸i­P´#¯j¸R¥§¦D¬`´K¥�­P¸EäÁ¹
­#¸�¬H´p¬0«�®�­o¶PªE­j¦�¬H´i·j¦�¯<ÔmÏs­j¸r×R«E¥Z¶#©E¶PªÁ¦Zª\·P¸E³#¸�¬Q¸E­x­P¦#¨� Ò 1�ª�¦I­o«§¯s«§®�«E¸EªmªE³#¸ Å ¦#¥P«�­x¶x¸\­<«g¥E¦#¯<­j¦B¥Z¦P¸mÂD¶j©�¯#¦ 2 �2

(
�

→
Ê
) →

Ê}Ò<âf¦g©�¦�¦ Å ³x«�Ûr¸R­x¶ Ö ¬K³#«�×�¬a¸E³#­j¦�©�ªR¶�¥�°^¹
Å ¸E³P¸�¬ 2

∝ √( � ¶#¯o¶ � � ∝
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