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Æ]¾�ÆÑ�Ë�¿ÓÒ�ÈWÄaÒ�ÔzÑ�Æ'ÒÕ¼aË�Ä9Ö�ÑWÅW×sÆ�Ä�Ç²¾ØÈÉÙ�ÇmÄ�Ê�Ù�Ì�Ç²È�Ça¼«½�¾�×
Â�Å�ÎÛÚ�Ü�Ý'Þr»p½�¾ßÙ�Ì«Ë¼�Æ�ÑWÅWÈWÄ�Ò�ÔàÑ�ÆÇmá²ÇaâfÆÑWÌaÊ�ÂaÑ�Ê«Ì�ÍtãtÈ
ÂaÇaÑ�Ç�Ì�Í�ÎäÙ�Ì�¾a¿�Ë�Æ]½�ÍàË,ÅWÑ�Ça¿IÍ�Ì�Å�ÆWÙ�ÇmÄ9Å�å�Å�ÔàÑÆ'ÒZÈ,Ça¼�½«Ç²¿
¿}Ç�½aÇaÆ�Ä�ÇaË�Èm½�ÊaÑWÌ�¾ræ�¾aÆ�ÑÇmå�Ç/¿}Ça½�ÇaÂ�Ì�¾�ÆÑ�ÅWÄ�Ä�Å�Ù�ÇmÄ�Ê�Ù�ÌaÇ²×
ÈWÇa¼�½�¾�ÂaÅ�Þ�çwÌ�¾�åcÇaÑ�Ç�È�Ä�Ë]½�¾aË/Ñ]ÅWÂ�¾aÎbÆ�ÑÌ�Ê�ÂaÑ�Ê�ÌgÇmÆÊ�ètËÆ�Ñ×
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èwËW½�¾«ÒbÑËWÌa¿I¾�½�Ç�Ä�Ç�å¾�¾_¿.ÍfámÊ�¼aË¿ù½�¾aíwËrÊaÆ�Ä�ÇaÈ�½�Çb½�ÅW×
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¼�Ë¿�Ça½�Æ�Ñ]Ì�¾�Ì�ÇaÈ�ÅW½�ÇéÙ�ÌaÇ�Ò�ÈWÄ�Ë]½�¾�ËØÏWî,îzË]Â«ÑÇaÈ���� ¾
���	��È�ÑWÅWÂ�¾�ÎrÇaá���ËWÂaÑWÅ�Î�Þ�çwÌaË�¼�ÆÑ�Å�ÈWÄ«Ò«Ë�Ñ�¾�½�Ñ�Ë]Ì«ËÆ�¾aÁÊ�×
æ²ËW½�¾aË¬ÏWî,îzË]Â«ÑÇaÈÛÂ²ÈmÅ�½aÑ�Ç²È�Ç�âÃ¾�½�Ñ�ËWÌ�îBËWÌ�ËW½�ï�¾�¾ö¼�ÄaÒ
ÆËWÌ�¾�¾�Çaá²Ì�Å�Á]ïaÇ�ÈõÆbÌ�Å�Á�Ä�¾�æ²½�Ç²â�ÂmÇ«½�ï�ËW½�Ñ�Ì�ÅWï�¾aËWâ�¼�ÈWÊ�×
¿}ËWÌ�½�Í�ÎYÏ�Ä�ËWÂmÑ]ÌaÇ�½aÇ�È9Þ
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½�¾aÑ�Ç�ÙaÇaÄ�ËWÈ�Í�ÎüÁ]ÅWÈm¾�ÆW¾a¿�ÇaÆÑ�ËWâüÙ�Ì�¾üÌ�Å�Á�Ä9¾«æ«½�Í�ÎüÑË�¿}×
Ù�ËWÌ�Å�Ñ�Ê«Ì�Å�Î æaËÑ�Í,ÌaË�Î Ç�á�Ì�Å�ÁWï�ÇaÈ'-�ã Î�ÅWÌ�Å�ÂmÑ�Ë]Ì�¾�Æ�Ñ]¾�Â�¾
ÂaÇaÑ�Ç�Ì�Í�Î¥Ù�Ì�¾�ÈWË�¼aË]½�Í ÈñÑ]Å�áaÄ�¾�ïaË�Þ/.BÇ�½�ï�Ë]½�ÑÌ�ÅWï�¾mÒb½�Ç²×
Æ]¾�ÑË�Ä�ËWâ10_Èg½�¾�Î¥¾aÁ�¿�Ë]½²Ò«Ë�Ñ�Æ�Ò¥½�ÅZÙ�Ç²Ì«Ò«¼aÇ�Â_û�Çaá²Ì�ÅWÁï�Í
2 ¾43�ý��rÂ�Ç�½�ï�ËW½�ÑÌ�ÅWï�¾mÒ5�

⋅
Ü�	 h � Æm¿ −

S Ù�ÌaË�¼�ÆÑWÅWÈWÄ�ËW½�Å
¼�ÈWÊa¿:Ò¥Çmá�Ì�Å�Á]ï�Å�¿I¾76�×98�¾76�×98:8ã�Ça¼�½�ÅWÂaÇbÌ�Å�Á�Ä9¾«æ«ÅWÔzÑ�Æ'Ò
È�Ì�Ë¿:Ë]½�ÅrÊ�Ù�ÌaÊ�å4ÇaåcÇ_Ì�Å�ÆÆ�Ë'Ò�½�¾mÒ¥Èg½�¾aÎRÞ��IÇ²å4Ä�Å�Æ]½�Ç�Ú9��Ý'ã
Ù�ÌaË�¼�Æ�Ñ]ÅWÈ�Ä�ËW½�½�ÍàËøÂmÇ�½�ï�Ë]½�ÑÌ�ÅWï�¾�¾b½aÇaÆW¾aÑ�ËÄ�ËWâ£ÆÇmÇ²ÑWÈWË�Ñ×
ÆÑWÈWÊ�ÔzÑZÿm¿}Ë�ÑWÅ�Ä�Ä�¾�æ�Ë�ÆWÂaÇ�â � ÇmáaÄ�ÅWÆ�Ñ¾_ÙaÇ�ÈWË�¼²ËW½�¾mÒYÏÄ�Ë]Âa×
Ñ]ÌaÇ�½�½�Í�Î¬ÆWÈWÇaâ�Æ�ÑÈ

δ〈 
 〉
×*ÆÄ�Ç²ËWÈ�ãrÙaÇaÆ]ÂmÇaÄ�Ö�Â«Ê ÙaËWÌ�Ë�Î�Ça¼

¿}Ë�ÑWÅ�Ä�Ä 
 ¾�Á�Ç�Ä�Ò«Ñ'Ç«ÌöÈüÑÅ�Âa¾�ÎÉÆ]¾aÆ�Ñ�Ë¿IÅ�ÎìÙ�ÌaÇ�¾aÆ�Î�Çm¼�¾�Ñ
Ù�Ì�¾ÉÂaÇa½�ï�ËW½aÑ]Ì�ÅWï�¾�¾

≤
�
⋅
Ü�	 h$� Æ�¿ − ; Þ<.àÅWÌ�Ñ¾�½aÊÃÌ�Å�Æ]×

Ù�ÇmÄ�ÇmíwË]½�¾aÒúÙ«Ç²¼aÁ�Ç�½ùÈðÙ�ÇmÑËW½�ï�¾�Å�Ä�Öm½aÇ�â�Ò�¿�Ë_¼�ÄaÒùÆ�Ç²×
Ç²ÑWÈWË�Ñ�Æ�Ñ]È�Ê�Ô�èt¾�ÎìÂaÇ�½�ï�Ë]½«Ñ]Ì�Åmï�¾�âÃ½�Ç�ÆW¾�ÑË�Ä�ËWâÉ¿�Çaíw½�Ç
Ù�ÇmÄ�Êaæ�¾aÑWÖb¾aÁYÌ�Å�Æ�æaËÑW½�ÍàÎ�ÁWÅWÈ�¾�Æ]¾a¿�ÇmÆÑ�Ë]â

ε( = 7 )
ã	Ù�Ì�¾�×

ÈWË�¼�Ë]½�½�Í�Î�È�Ú9��Ý�ãIÄ�¾aáaÇ�¾aÁgÇ�ïaË]½�Ç²Â}ãRÂ«Ç²Ñ'Ç«Ì�Í�ËY¿�Çaíw½�Ç
Æ¼�Ë�Ä�Å�Ñ]ÖìÙ«ÇØÑ�ËÇ�Ì�¾�¾éÚ9>�ÝßÆÃÙ�Ç�¿�ÇaèpÖWÔ Ù�ÅWÌ�Å�¿}Ë�ÑWÌ�Å
ν = =@?�A'BS ã}å4¼�Ë = 75C ÂmÇ�½�ï�Ë]½�ÑÌ�ÅWï�¾²Ò¥Å�Âaï�Ë]Ù�Ñ�Ç�Ì�½�Í�Î
Ù�Ì�¾�¿�Ë�Æ�Ë]âðÈ

δ
×sÆ�Ä�Ç�Ë �ED B = κ F−GIH@J S C ÏWî,îzËWÂaÑ]¾�È�½�ÍBâ

á²ÇaÌ�ÇaÈWÆWÂ�¾�â©Ì�Å�¼�¾�Ê²Æ�ã
κ C ¼�¾�Ï�Ä�ËWÂaÑ]Ì�¾aæaËÆWÂ�Å'ÒZÙ�ÌaÇa½�¾�ï�ÅW×

Ë¿�ÇaÆÑ�ÖùÌaË!�tËÑÂ�¾¬û�¼aÄ�ÒK��
κ =

ÜaÜ�ãL�ùÚ9M�ÝcýmÞBç�Ç�Ä�Êaæ²ËW½�×
½�Í�ËYÑ�Å�Âa¾�¿�ÆWÙ�Ç�Æ�Ç²ámÇa¿�Á½�Å�æaËW½�¾«Ò

ε
Ù�Ì�¾�¿�ËWÌ�½aÇ�Æ�Ç�È�Ù�ÅW×

¼�ÅWÔzÑwÆøÌ�Å�ÆæaË�Ñ]½�Í�¿I¾gÁWÅWÈ�¾�ÆW¾a¿�Ç�Æ�Ñ�Ò�¿I¾YÈgÚN��Ý�Þ
.,È�ÅW½«ÑÇ�È�Å'Ò¢¾�½�Ñ�ËWÌ�îBËWÌ�ËW½�ï�¾mÒ¢Ù�Ì�¾�ÈWÇa¼�¾aÑYÂ�ÙaÇmÒ�ÈWÄ�Ë]×

½�¾�ÔöÂ�È�ÅW½�Ñ�Ç²È�Í�Î�Ù�ÇaÙ�Ì�ÅWÈ�Ç�Â¢Â�Ù�ÌaÇ�ÈWÇm¼�¾a¿�ÇaÆÑ¾ ¾�Æ�ÆÄ�Ë]×
¼�ÊaË¿�Çaå4ÇäÇaá���ËWÂaÑWÅ�ÞIç�ÌaÇ�ÈWÇm¼�¾�¿:ÇaÆÑWÖ

δ
×*ÆÄ�ÇWÒ_Æ]ÂmÄ�Å�¼�ÍBÈ�ÅW×

Ë�ÑÆ'ÒQ¾�ÁpÙ�ÌaÇ�È�Ç�¼�¾�¿�ÇaÆ�Ñ]¾©ÁWÅW½aÒ�ÑWÍ�ÎQÂ�È�ÅW½�ÑÇaÈ�Í�ÎbÙaÇa¼�Á'Ç«½}Þ
� ÌaÇaÆÑ�Ç�¿�½�Çm¿}ËWÌ�ÅgÙaÇa¼aÁÇ�½_Ù�ÅWÌ�ï�¾�Å�Ä�Ö�½�Å�Ò¥ÂaÇa½�ï«Ë]½�Ñ]Ì�ÅW×
ï�¾mÒù½�ÇmÆ]¾�Ñ�Ë�Ä�ËWâ�È�Ù«Ç²¼�Á�Ç�½�ÅWÎ�Êaá�ÍBÈ�Å�Ë�Ñ�ãà½aÇ�Ù�Ì�¾�ÏÑ�Ç�¿
Ì�Å�ÆÑ�Ë�ÑpÙ�ÅWÌ�ï�¾�Å�Ä�Öm½�Å�ÒYÙaÇa¼�È�¾«íp½aÇaÆÑ�Ö©û�Æ¿àÞ}Ú'Ü²ã$Ü�	 
 Ü���Ý�ý�Þ
�ì¾�Ñ�Çaå4ËùÙ�ÌaÇ�ÈWÇm¼�¾a¿�ÇaÆÑÖ�Ù«Ç²¼�Á�Ç�½ Ç�Â�Å�ÁWÍBÈ�Å�Ë�Ñ�Æ�Ò¬Ù�Ì�¾�×
¿�Ë]Ì�½�ÇüÇa¼�¾�½�ÅWÂaÇ²È�Ç«â}ÞPO�Æ�Ä�¾ÉÙ�Ì�¾�½mÒ�Ñ]ÖüÈWÇÛÈ�½�¾a¿IÅW½�¾«Ë
ÑWÅWÂaí�Ë�ÁÅW¿:ËÑW½�ÇmËb¿�Ë�ípÙaÇa¼aÁÇ�½�½�Ç�Ë�Ì�Å�ÆÆ�Ë�Ò�½�¾�Ë�ãàÙ�Ì�¾�Æ�Ê�×
è�Ë�Ë

δ
×sÆ�Ä�ÇmÒ�¿Bã�Ñ�ÇùÙ�Ì�¾�Ç«Ù�¾�ÆWÅW½�¾�¾�Ñ]ÅWÂ�¾«Î ¾�½aÑ�Ë�åÌ�Å�Ä�ÖW×

½�Í�Î�Î�ÅWÌ�ÅWÂaÑ�ËWÌ�¾aÆ�ÑW¾�Â:ã�Â�ÅWÂ�ÙaÇaÄ�½�Å'Ò Ù�ÌaÇaÈWÇa¼�¾a¿�Ç�Æ�ÑWÖ
δ
×

Æ�Ä�Ç�Ò ¾ Â�È�ÅW½�Ñ�Ç²È�Í�Ë ÙaÇ�Ù�Ì�ÅmÈ�Âa¾ Â ½�ËWâ:ã ¿�Ç²íw½�Ç
¾�Æ]ÙaÇaÄ�Ö�Á�Ç�È�Å�ÑWÖ ½�Ë]Â«Ç�Ñ�Ç²Ì�ÍBâ¬ÏWî�î,ËWÂaÑ¾�È�½�Í,âüÂaÇ�ÏWî�î�¾�×
ï�¾aË]½�Ñr¼�¾�î,îzÊaÁ]¾�¾ � ¾_¼�ÌaÊ�å�¾�ËrÊ�ÆWÌaË¼�½aË]½�½�Í�Ë©Î9ÅWÌ�ÅWÂ�×
Ñ�Ë]Ì�¾�Æ�Ñ¾�Â�¾�È�Æ�Ç�ÇaÑÈ�ËÑ�ÆÑWÈ�¾�¾�ÆbîzÇ�Ìa¿�ÊaÄ�ÅW¿�¾�¼�Ä�Ò¢¼�È�Ê�×
¿�Ë]Ì�½�ÇaâìÏ�Ä�ËWÂaÑ]Ì«Ç²½�½aÇ�âÉÆ]¾�Æ�ÑË�¿}ÍøÞQ� Ù�ÌaÇ�ÈWÇm¼�¾�¿�ÇaÆÑW¾
È�Â«Ä�ÅW¼_Ñ�Ò�íwË�Ä�Í�Î�¾_Ä�Ë�å�Â�¾aÎ�¼�ÍzÌaÇ²Â�½aËWÌ�Å�ÁÄ�¾�æ²¾�¿zÞ/R�Í
¾�Æ]ÙaÇaÄ�Ö�Á�Ç�È�Å�Ä�¾�ÊaÆWÌaË�¼�½aËW½�½aÇaË_Á]½�Å�æaË]½�¾�Ëðû�Ñ]¾�Ù�Å�ÿmÇa¿.¾�×
æaËÆWÂaÇaâ � Ï]î�îàË]ÂaÑW¾�Èm½�Çaâ�¿IÅ�Æ�Æ]Í�ýTS

=
	9ã ���S T ã,ÂmÇaÑÇa×ÌaÇaË Ù�Ç�Ä�Êaæ«Å�Ë�Ñ�Æ�ÒìÙ�Ì�¾óÅW½�ÅWÄ�¾�Á�ËüÑ�Ë�¿.Ù�ËWÌ�Å�ÑÊ�Ì�½�Ç�å'ÇÃ¾

¿IÅ�å½�¾�Ñ�Ç�ÙaÇaÄ�ËWÈWÇaå4Ç ¾�Á�¿�ËW½�ËW½�¾«ÒóÅ�¿IÙaÄ�¾aÑ�Êa¼ìÇaÆ]ï�¾aÄ�ÄaÒ�×
ï�¾�âVU Êaá²½�¾�ÂaÇ�ÈmÅ 
 ¼�Ë�þ�ÅWÅ�Á]Å_¼aÄ�Ò Ù�ÌaÇ�ÈWÇ�¼�¾a¿�Ç²Æ�Ñ¾�¼�ÍB×
ÌaÇaæ�½�Í�ÎYå�Ë�Ñ�Ë]ÌaÇaÙ�ËWÌaË�Î�Çm¼�Ç²È©ÈrÂ�ÌaË�¿I½�¾�¾õÚ�ÜW��Ý'Þ

X !&%�Y�·�Z�º'[.·�¹"$*�(\�¹ #,·�Z�·�]�^(\�"$*�"$#
.,È�Åm½aÑ�Ç²È�ÍàË¢ÙaÇ�Ù�Ì�ÅWÈ�Â�¾�Ç«Ù�ÌaË¼�ËÄ�Ò�ÔBÑ�ÇmÆÇaámË]½�½aÇaÆÑW¾

Ñ�Ë¿IÙaËWÌ�ÅWÑ'Ê�Ì�½aÇaå4Çb¾_¿IÅ�å½�¾�ÑÇaÙ�ÇmÄ�ËWÈWÇmå�Çb¾aÁ�¿�Ë]½«Ë]½�¾mÒ�ÆÇa×
Ù�ÌaÇ�ÑW¾�È�Ä�ËW½�¾mÒù¾aÁ�ÊaæaË]½�½�Í�Î

δ〈 
 〉
×*Æ�Ä�ÇaË]È�È_�`��ôBÙ�Ì�¾ Ù�Ça×

½�¾aíwËW½�¾�¾ ÑË�¿IÙaË]Ì�Å�Ñ�Ê«Ì�Í ÆÇ�Ù�Ì�Ç�ÑW¾�ÈWÄ�ËW½�¾�ËÛÙ�Ì�Ç�Î�Ç�¼�¾«Ñ
æaË]ò«ËÁ�¿I¾�½�¾a¿�Ê²¿�¾©¼�Å�Ä�Ë�Ë ½�¾�í�Ë©Ü�	 
 �a.�Ê�È�ËÄ�¾�æ�¾�È�Å�Ë�ÑW×
Æ'Ò�û\Ì�¾aÆ�Þ	Üaã�ÈWÆ�Ñ]ÅWÈmÂ�Åaýmã�ÅZÙaÇaÄ�Çaíw¾�Ñ�Ë�Ä�Ö�½aÇaË/¿IÅ�å\½�¾aÑ�ÇaÆÇa×
Ù�ÌaÇ�ÑW¾�È�Ä�ËW½�¾aËr¾a¿�Ë�ËÑ/Î�ÅWÌ�ÅWÂaÑ�ËWÌ�½�ÍBâ£¼aÄ�ÒYÏWî,îzËWÂaÑ]Åa���
îzÊ�½�Âaï�¾�Ça½�Å�Ä�Öm½�Í,â È�¾�¼ù¾�ÁWÅ�¿}Ë�ÑW½aÇ�Ê²¿�ËW½�Ö��tÅ�ËÑ�Æ�ÒùÙ�Ç
Å�¿IÙ�Ä�¾�Ñ�Ê�¼²ËrÙ�Ì�¾YÙ�Ç²È�Í ��ËW½�¾�¾QÑË�¿IÙaË]Ì�ÅWÑ�Ê�Ì�ÍfûÌ�¾aÆ�Þ ��ý�Þ
R�ÍÛÙ�ÌaÇaÈWË�Ä9¾�Åm½�Å�Ä�¾aÁ¥Ù«Ç²Ä�Ê�æ�ËW½�½�ÍBÎ�ÁWÅWÈ�¾aÆW¾�¿}ÇmÆÑ�ËWâ�È
Æ�Ç²ÇmÑ]È�ËÑ�Æ�ÑÈ�¾�¾fÆ îzÇaÌa¿�Ê²Ä�Å�¿I¾f¼²Ä�Ò ÏWî�îzËWÂmÑÇ�Èb�I� ¾
���	��Þ

-Ic v4J�>�`!N�dZF�`!U C4=!C4H4GK!X�drH	daK�G�F�M�C4v�J�F�=!>�X�F�F�e ®feÅøÅíhg �Ni e,y i ë¦î � öWgje	ü � ù÷öÇôlk�ôÒöÇüJ�i�mlg!î ø i ô÷õÏî ù ú·öWn o�í¾ôqp�î � óai ¯�öÇø i gÅùòôÀú�o

r�ÅWámÄ9¾�ï�Å
s,F�`!F��4K�D!M�F�K���>�J�>�M'=!K�J�F�D!=!FM'FBFD!D�G�K!LC4H4>�X�X�d��BC4v4J>�`!NC'H
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u v
−−
i
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λ }

7 S�i j�� �'PN~mhIe4h � � o l�i l �mi#h T�i P4l T�i lW�
B ê�� �Wi T�T S'l�~��Be4h�� � o l�i ~ S4j T�i �4� T�i �P
B ê���� �Wi1h!j h9�4S�lze � � o PWi P �4��i � T�i P4l T�i lW�
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r:Ë�¿}Ù�Ë]Ì�Å�Ñ�Ê�Ì�½�Å'Ò ÁWÅWÈ�¾�ÆW¾a¿�Ç²Æ�ÑÖðÂ�È�ÅW½aÑ�Ç�È�Í�ÎùÙ�Ç²Ù�Ì�ÅW×
ÈWÇ�Â ÂØÙ�ÌaÇ�ÈWÇm¼�¾a¿�ÇaÆÑ¾ÐÇaÙ�¾aÆWÍ,ÈmÅ�ËÑ�Æ'ÒÕÆ�ÇaÇ�ÑW½�Ç ��Ë]½�¾�×
Ë¿�Ú��:ã Üh��ã$Ü$��Ý

∆σ ª =
J S
�
π
S F−

D ª������ τ
� ûaÜ�ý

D ª =











� + λ ª ã

−
Ü
� � + λ ª ã

τ� ��� τϕ
ã

τ� ��	 τϕ
ã

å�¼�Ë
τ C ÈmÌaË�¿�Ò�Ê«Ù�ÌaÊaå�Çaâ�Ì�Ë�Ä�ÅWÂaÆWÅWï�¾�¾�Ï�Ä�Ë]Â«Ñ]ÌaÇa½�ÇaÈf�

τϕ
C ÈmÌaË�¿�Ò�Æ�á�ÇmÒ î�Å�ÁWÍÛÈWÇaÄ�½�Ç²È�Ç«â îBÊ�½�Â�ï�¾�¾ ÏÄ�Ë]Âa×

Ñ]ÌaÇ�½aÇ�È �
τ���QC È�Ì�Ë�¿�Ò�Æ]Ù�¾�½�×sÇaÌ�áa¾�ÑÅ�Ä�Ö�½«Ç²å4Ç�ÈWÁÅm¾a¿�Ç²×

¼�Ë]â�Æ�ÑÈ�¾«ÒùÙ�Ì�¾ Ê�Ù�Ì�Ê²å4Ça¿¬Ì�Å�Æ�ÆË'Ò�½�¾�¾ Ï�Ä�ËWÂmÑ]ÌaÇ�½aÇ�È �
λ ªC Â«Ç«½«ÆÑWÅW½�Ñ�Å È�ÁÅ�¾a¿�Çm¼�Ë]â�Æ�ÑÈ�¾«Òl� � C ÙaÇ�Â²Å�ÁÅWÑ'ËÄ�Ö

ÆÑ�Ë]Ù�ËW½�¾ö¼²Ä�Ò ÁWÅWÈ�¾aÆW¾�¿�ÇmÆÑW¾
τϕ

−
h

∝ � 
 Þ�ç,ËWÌ�Ë�Î�Ça¼ÛÇaÑ
¾�Á�¿�ËW½�ËW½�¾«ÒøÆ�Ç�Ù�ÌaÇaÑW¾�ÈWÄ�Ë]½�¾aÒZÂrÙaÇ�Ù�Ì�ÅWÈ�Â�Å�¿�ÂpÙ�ÌaÇ�ÈWÇm¼�¾�×
¿}ÇaÆ�Ñ¾£Ç²Æ�Ê�è�Ë�ÆÑWÈWÄaÒ�Ë�ÑÆ'ÒbÈ©ÆÇmÇ²Ñ�ÈWË�ÑÆ�Ñ]Èm¾�¾£ÆøîzÇ�Ìa¿�ÊaÄ�Ç�â
− ∆σ( � ) =

Ú�

( � ) −



( � ë¦î�g ) � G 
 ( � )


�
−−

( ������� ) ã�å4¼aË�
�
−−C Æ�Ç�Ù�òaÇaÑW¾�ÈWÄ�Ë]½�¾�ËzÊ�æ²Å�ÆÑÂ�Å�¼�ÈWÊa¿�ËWò�½�Çmå�ÇrÙ�ò�ÇaÈWÇa¼�½�¾�Â�Å

Â�È�Å�¼�ò�ÅWÑ½�Ç²âYîzÇ�òa¿IÍtÞ
�	ÂaÆWÙaËWÌ�¾«¿}ËW½aÑWÅ�Ä9ÖW½�Í�ËrÁWÅWÈ�¾�Æ]¾a¿�ÇmÆÑW¾_¼aÄ�ÒbÇmá�Ì�Å�Á]ï�Ç²È

�Zã 
 ×98Y¾b6�×98:8 - Î�Ç²Ì�Ç3��Ç�ÆWÙ�ÌmÒ�¿�Ä�Ò�ÔàÑÆ'Ò ½�Å�Â�ò�¾�ÈmÍ�Î
Á]ÅWÈm¾�ÆW¾a¿�ÇaÆÑ¾

−∆σ
ÇmÑ ��� � û�Ì�¾«Æ�ÞBÜ�ýmã}¾�½�Å�á²Ä�Ô,¼�Å�ËÑ�Æ'ÒÏÑ�ÇrÆ]Ù�ÌaÒ�¿�Ä�ËW½�¾�ËwÂ�ÅWÂ©Ù�Ì�¾��

=
	9ã�Ñ]ÅWÂ©¾gÈw¼�ÇmÆÑWÅ�Ñ�Ç²æa½�Ç

Æ]¾�Ä�Ö�½«Ç²¿ ¿.Å�å�½�¾�ÑW½aÇa¿ùÙ�Ç�Ä�ËgûÌ�¾�Æ�Þ���ýmÞIç�Ì�¾aæaË¿ ÆäÌaÇmÆ]×
ÑÇa¿�ÙaÇaÄaÒñ½�ÅWÂaÄ�Ç�½©Ù�ÌmÒ�¿IÍ�Î C ∆σ( ��� � )

Ê�ÈWË�Ä9¾«æ«¾�È�ÅWË�Ñ×
Æ�ÒäÈ�ÆÄ�Ë�¼�Æ�Ñ]Èm¾aËwÙaÇa¼�ÅWÈWÄ�Ë]½�¾mÒäÈ�ÂmÄ�Å�¼�Å �I�©Þ���ÈWË�Ä�¾�æmË]½�¾aË
½�ÅWÂaÄ�Ç«½�Å�Ù�ÌaÒ�¿�ÍBÎ�Æ¥Ì«Ç�Æ�ÑÇa¿ Ù«Ç²Ä«Ò ½�ÅbÌ�¾aÆ�ÞI��ÆWÈ�¾�¼aË]×

Ñ�ËÄ�Ö�ÆÑWÈWÊaË�ÑpÇ£Ñ�Ça¿,ã�æaÑÇgÁW½�Å�Â£Ù�ÇaÙ�Ì�ÅWÈ�Ç�ÂgÇ�ÑrÏWî,îzËWÂaÑÇaÈ
�I�ß¾ ���	��Ì�Å�Á½�ÍBâ.ã�æaÑ�Çg½�Å�ámÄ9Ôà¼�Å�ËÑ�Æ'ÒQÙ�Ì�¾gÆW¾aÄ9ÖW½�Ç�¿
ÆWÙ�¾�½�×*Ç²Ìaá�¾aÑWÅ�Ä9ÖW½�Ç�¿�È�ÁÅ�¾a¿�Çm¼�Ë]â�Æ�ÑÈ�¾�¾

τ� � 	 τϕ
Þ

��¼�ÈWÊa¿�ËWÌ�½aÇ�â©Æ]¾�ÆÑ'Ë¿�ËpÈrÙaËWÌ�Ù�Ë]½«¼�¾�ÂmÊ�Ä«Ò�Ì�½�Çm¿�¿}Å�å�×
½�¾aÑ]½«Ç²¿ Ù«Ç²Ä�Ëb¾aÁ�¿}ËW½aËW½�¾«ËQÙ�ÌaÇaÈWÇa¼�¾a¿�Ç�Æ�ÑW¾�ãIÆWÈ�Ò�ÁÅ�½�½�ÇmË
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ÆWÈ�¾�¼²Ë�Ñ�ËÄ�Ö�ÆÑWÈWÊaË�ÑwÇZÑ�Ça¿Bã�æaÑ�ÇäÈmÂaÄ9Å�¼YÈñ¿}ÅWå�½�¾aÑ�Ç�Æ�Ç«Ù�Ì�Ça×
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½�¾aË�¿¬ÆWÙ�¾�½�ÇaÈWÇaå4ÇùÌ�Å�Æ�ÆË'Ò�½�¾mÒ�½�Åõ¿.Å�å�½�¾aÑW½�Í�Î�Ù�Ì�¾�¿:Ë]×
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