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Z�`8dY`_Z�Ef?Jo/tvT_C-NMr^C-?J�k=/N/@/CwNGIBLN/@	¶ ��BLC-O^u7]^?J@YH8�%­³ÖaêaÖk¹Ý[�=kT3uk`ab7]^@/uU�a]³��CwHF]^c·�D�Ý¦^¸^¸^º^»·�U�iBLC>�7?S]_OaC^�a`^��]_=/tvuµ]^Nk@/C-?ICiQ�HS?J=kT�HJ=YZ?IC-cLCwK�CwNUHSC±}w=yGJ`acDtvu/C-Ny�iBDGIHS]^N/}-CwN�mpo/u/?JCwN�T^laNkN/C-N��{z|BL?J@�BDKÁC-BLNkC-Kð@/C-?imp`^cLOaCwN/@/C-NAhi�/GItvu/N/BDHIHSC@/BDGJT�=kHJBLC-?�H8�£� CwBDHJC-?JCÝGIHJ?J=/TUHS=k?JC-cDcLCÝX�Nkmp`a?JK�]_HJBL`aN�T_]_N/NR@/=/?Itvuyb{`acL]^?JBDGS]_HJBL`aNkGS]^�/u/~^N/OaBDOaC�����hi�)Q�Z[�CwGJGI=/N/OaCwNµ]^N�b7]^?�HSBDC-cLc3raCwT�HJ`a?JBDC-cDc/`a?JBDC-NUHSBDC-?�HSC-N�V)?I`a�{CwN�O^CwzF`aN/N/CwN%zFC-?I@/C-N��Uz|BDCqBLN���]^b��Uê�]^=kG�Zmpo/uk?JcLBDtvu±OaCw}-CwBLO^H5z|BL?I@�¶¨é�C-`^?JOaCFCwH)]_c6���Ý­³Ö^êaÖk¹s[�=/T_C-?p¿IBYCwH�]_c6���¾­8ÖaÖ^º/¹>��]^=nCeH)]^c·�D��­³Ö^ÖUïY¹iQYtvu/BLcDcLCw?CeH�]^c·�D��­³ÖaÖaêY¹n��]^=�CwHf]^c6����¦^¸a¸Y­-»6���i]^?Jo/��C-?Iu/BLN/]^=/GWT^`aN/NUHJC-N�¼sNUHJC-?JGI=/tvu�=/N/OaCwN�@/C-?>�iN/@kC-?J=kN/OaC-Nr^`aN�Q3HJ?J=/TUHS=k?µ=/N/@Ä´sdYBL@7] HSBL`^N/GJ}w=/GIHS~^N/@/CwNÃr3BLC-c>}-=kK ��Cw?JGIHS~^N/@/NkBLGµ@/CwGµT ]_Hv]_cD��HSBDGJtvu/CwN�x{�3T3cD=/G��C-B�HS?S]_OaC-NA¶¨´�N/`MCeH|]^c·�D�	­³ÖaÖU¦3¹µ[A]_t8¥;]^tvu/cL]^NµCwH�]^c6���	­³ÖaÖ^º/¹g[�=/T_C-?Ó¿IB�CwH�]^c6����­8ÖaÖ^º/¹nõF]^tvu7]^Nk@/?S]CeH¾]^c6����­³ÖaÖ^ík¹0X�=/}w}-`acDBLN/`�CeH¾]^c6����­³ÖaÖ^êk¹¡V+CwN/N/Cw?�Z\ìs]^u/N��Ä­³ÖaÖ^Ök¹¡��]^=yCeH¾]^c6���Â¦^¸a¸Y­a¹ÂÔ>`^�/�/cLCwCCeH>]^c6����¦^¸a¸k­a¹���]^=	CwH>]_c6���A¦_¸a¸a¬k¹�V+`aGIb/BLGIBLc�CeHs]^c6����¦^¸a¸a¬k¹	ìs]^=/K�]^N/N�CwHs]^c·�D��¦^¸a¸aï »6��iBDCsmp`acDOaC-N/@kC-N�mpok?f@/BDCihi=YmpGIHSCwcLcD=/N/O±CwBLN/CwG�]_HJ`aK�]^?JCwN�[�`3@/C-cDcLG�@/CwGqVWQYXJX6Z\[A]^N/OU]_N/T^`aK%b/cDCedYC-GzFC-GIC-NUHScDBLtvu/CwN��£?J]^OaCwNµGJ`acDcLCwN�u/BDC-?FN7~^u/Cw?f��C-GJbk?J`3tvu/C-NµzFC-?I@/C-N�Û « ­ß²���BLC>rYBDC-cDC�[�N3Z�[�NYZ6��C-TUHS`^?JC-Nr^`aNÄ¦Y�¨§ª©�¥;~^N/O^CAcLBDC-OaCwNÃBDK
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âf� â�ãLâ�ão� 2h�U,��5æ^�;13ú â�ãC����� û×,72;9£,72 � û×,72;9�,/2 ��� 13ü ç ý£ú 132 å .
S1
� ')(+* ç ,72v�

Ç%ÈJÇ �ðÌ: ^¡£¢�Í�¤�Î^¥�Ç%È8¦¨§¨©�ª ¡¾Ì�Ñ«¡¾Ì�©�ª ¡ÝÌ�Ñ£¡ÝÌ�©­¬×ÎE®�Ïh¯[¥+Î|Ì Ëg°
S1
©

± Ð:²�ÏK¡ÝÌ:¤
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µnorm(E) = µ(E)/µ0(E)

�/}wz��
χ(k) = µnorm − 1

C-?�mp`acLO^C-N « r3Oac·�7��]^b���­a�°¬k�Ùº�²e��Úok?q@/BLC�<>`a?JK%BLCw?J=/N/On@kC-?sQYb�C-TUHS?IC-NAC�dYBLGIHJBLCw?JC-N	N�=/N	}wzFC-B;=/NUHSCw?JGJtvukBLC-@kcLBLtvukCÝhsN/GS~_HJ}-C_Û­a�kÐ£Ñ(ÒÔÓ�ÕµÖ×ÒÔØTÙTÚ�Û�ØÔÜ:Ö×ÕCÙ�Ö×ÙÞÝMß�Ö,Ñ(Ò�Ö×ÝàÕâáQã,ß�Ö×ÙåähÙ�Ý�Ö×ÒµÚ�ÒÔØTÙnæ
µ0 ç �iBDCµìsl^u/Cg@/CwGM��]^NUHSCwN/GJbk?J=/N/O^Gz|BL?I@¡]^=km�­�N/`a?IK�BDC-?IH¾=/Nk@¡@7]^G±?IC-GI=/cDHJBLC-?IC-N/@kC

µ1.0(E)
z|BD?J@0@k=/?Jtvu0@kC-N0HSukC-`a?ICwHSBDGJtvu0��CeZ?JCwtvu/N/CwHJC-N	��C-?JcL]^=km5@/Cw?qhi�/GI`a?JbkHJBL`aN�`^�{Cw?Ju7]^cD��@/C-?|��]^NUHJC^�kz|BDC�C-?q��C-BDGJb/BDC-cLG�zfCwBLGIC�BLNy¶°[�teZ[A]^G�HSC-?|CeHi]_c6����­³ÖaíaÖ_»{Hv]^�k=/cLBDC-?IH�BLGIH-�kOaCeHSCwBLcDH-�Y��`a?|]_cLcLCwK�mpok?qhi�/GI`a?JbkHJBL`aNkGJ@7]_HJC-N�z|BL?I@�m�]^GIH]^=/GIGJtvu/cDBLC-î^cLBLtvu�=/Nk@�K%BDH|�)?�mp`acLOn�/}ez��£]^=/G|Oa=kHJC-KÁé�?J=kN/@�@kBLC-GICÝ[�CwHJu/`Y@kCÝ]_N/OaCwzFC-Nk@/CwH-�¦Y�kÐ£Ñ(ÒÔÓ�ÕµÖ×ÒÔØTÙTÚ¾Û�ØÔÜèÖ×ÕCÙ�Ö×ÙéÖ�êgë�Ö×ÒÔÕCÓ�Ö×Ù�Ý!Ö×ìCì=í×Ö,á×ÝàÕCÓ�Ó�Ý!Ö×ÙîähÙ�Ý!Ö×ÒmÚ�ÒÔØ­Ùnæ

µ0 ç �iBDC�]^cLGµ�)�ih��)Q�{Cw}-CwBLtvu/N/CeHSCwNÃ´�GI}-BLcDc�]_HJBL`aNkC-N�GJBDN/@0CwBLN/CwK�¼sNUHSCw?JOa?I=/N/@¡o/��C-?Ic�]^OaCw?IH-�5@kC-?¾@/C-?Ýhi�/GI`a?JbkHJBL`aN@/C-G5mp?JCwBLC-NÝh�HS`aK%G5C-NUHSGIb/?JBDtvu�H-�^�sBLC-GIC-?+T_]_N/N±@/=k?JtvuM@/BDCFhsN/b7]^GIGJ=/NkO�C-BDN/C-?5Oac�] HJHSCwN��³c�]_N/OaGS]_KraCw?S~^N/@kC-?JcDBLtvu/CwN��7=/N/TUHSBD`aNP]^NÃ@/BDC�C�dYb{Cw?JBLK%C-NUHJC-cLcDC-NP��]_HJC-N�]_b/b/?J`8dYBLK%BLCw?IH�zFC-?J@kC-N��F�Úo/?@/BLC|<>`a?JK%BLCw?J=/NkO�z|BL?J@�@7]_GFÔ|`au/GIb{CwTUHS?J=kK�@/BL?IC-TUHW@/=/?Itvu�@/CwN�GI`Ý��C-G�HSBDK�K±HJC-N�¼>N�HJC-?IOa?J=/Nk@OaCwHJC-BDcDH8�k�Úo/?>�ÚcD=/`a?JCwGJ}wC-N/}�Z�@/CeHSC-TUHJBLC-?�HSCÝQYb�C-TUHS?IC-N�BLGIH|@kBLC-GIC-?|hiNkGS]_HJ}���`^?IHSCwBLcDC�]^@7~^Ü�=7] H8�X�Nµhi�/���k¦3�Æ¦�BLG�HfCwBLN%=/N��{C-]^?J��C-B�HSCwHJC-Gf�)�ih��)QUZ�QYb�C-TUHS?I=/K	�3@/]^Gf]_N�ïw@kBLtvT^CwNhïiV)?J`^�{CwN «qð ¬a¸^¸
µm
²]^=/G�VWQYXJX6Z\[�C-K±�/?S]^N3Z�Q3HS]^b{CwcLNRK%BDHsC-BDN/C-KÁCwN/C-?IOaBLC-]^=kj7laGIC-N/@kC-Nª�iCwHJC-TUHS`a?�O^C-K%C-GJGIC-N�z|=/?I@/C^�{OaCeZ}-C-BDO^H8�3�iCw?f¼>NUHSC-?IOa?J=kN/@gBDKØEfC-?IC-BDtvu�ra`^?F@/Cw?f��]^NUHJCsBDGIHWT�cLC-BDN�BDK���C-?IOacLCwBLtvu�}-=kK ��]^NUHJC-N/GIb/?J=/NkO=/N/@%T_]_N/N��a@7]�T_C-BDN%NkC-N/N/CwN/GIzFC-?�HSCw?fhiNkGIHSBDC-O�}-=nr^C-?J}wC-BDtvu/N/C-N�BLG�H8�^@k=/?Jtvu%C-BDN/C-N�T^`^N/GIHS]^NUHSC-N%� Cw?IHC-?Im�]_GJGIH>zFC-?J@kC-N « =/NUHSCw?J�/?I`Ytvu/CwN/C¾u/`a?JBD}-`aNUHS]^cLC�¥"BDN/BLC�BDN�hi�/����¦3�Æ¦Mh�²��7X�KöEfCw?JC-BDtvu�`^�{Cw?Ju7]^cD��@/C-?�¾]_N�HJCRN/BDK�K±H%@/BDCAhs�/GJ`a?IbkHSBD`aNÃK%BDH�GIHJC-BDOaC-N/@kC-?µ�)N/Cw?JOaBDCAcDC-BLtvuUHg}-= « ��C-GItvu/?JBDC-��C-N�@/=k?Jtvu�@/CwNcLBLNkC8]^?IC-Nµ�+BDH

µ
(exp)
0

²e��z�~^uk?JC-Nk@�@/BLC>Hv]^�/=kcLBLCw?IHJC-N��ªC-?�HSCsC-BLNkCihi�kN7]^u/K%Ci@/Cw?fhs�/GJ`a?IbkHSBD`aNgr^`a?Ju/Cw?�ZGS]^OaCwN «
µ

(theor)
0

�£V)=/N/TUHIZ�¥"BLN/BDC³²e�
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ñ���ò������%;"�W�9�+!+�$*����ó� #��46%�����9*"*23+�5*�! x �,$�9*��ôâ�*��$�%��õ��ö^U�p�e(�µe�5��������!��"÷/19�ôy$�%��õp� #9*��%����ø�ù �q/1"�+øôC #��46%������!��"fL­úV?���"fû�üà�;�;9�+����q/1��%� #"�$*���ý%;"�b./15fL*O�L	O�L;R^?��,+!&!'*��%���?���"���"�óV #��46%�����9*"*23+!5*�! x �,$�9*�!��"�ô`�*���%;"
S1
�µe�5���������9*4þ@â23��4G�,+!+!��"ÿ?���%v��%;"���4 �è%;"*�3���vY3 #"�sQs ◦ x zo%�+!&!'���"��a�àp�����$�� � �����! #�69*"�$|-���4t?*�q/1"��"� #��4[/1����"­D8L

µ
(exp)
0

zo9*�!$*��$�9*�!&q'���%;"���" �;%;"��Ô/1�!��"�p�%;�[/1"�$�%���uE/1�!��" %;4 �ý���!��%�&!'�Y3 #"èiQiQPQPg����RÔPQP:� �
?J�,+!��%;464t�ÔN

µ
(theor)
0

$�9*�!&q'���%;"���"�+��#/1�;%������!��"fNT%;"|Fc-�&,-�/#+��!���V����/1�ML;N|R��Qi��gS��q/1?*9*�;%������!��" � ������/19�ô�LT<V"(�!��"fûu�%��
k3 �M23��zo%�&q'(�!���!��"Þ9*"�$��*?J���«$*��"è�ý���!��%�&!' Y3 #"ÂR8�Mrÿ]}p� #9*��%����ø�M23�����;�!�����!��"���ö^UVphe(�µú�+ x %;�;��/1��%� #"���"@`��%;"*23�,+!��� x �!�
	��q/15*'*%;��D£+! Ôzo%��0$�%��0��"(�!+�5*�!�,&q'���"�$*��"¾p� #9*��%����ø� ù �q/1"�+øôC #��46%������!��" @COQPg�ms1r(P�� �  #?J����'T/1�;?

iQs1r��y� � D8N�$�%��E+�%�&q'�/19�+>$*��"�Y3���!+q&!'*%��,$*��"���"0óV #��46%�����9*"*23��"�����23��?J��"fL�u^���>��ô`��%;�fY3���!$*��9*���;%�&q'(�^$*��"�<V"���!���!+!&!'*%��,$A%;"�$*���
��X#'��£$*�,+ x zv��%;�!��" p� #9*��%����ø�à���Ô/1��+ÔN�$*���t%;4 �:�,+!��"(���;%�&q'���"�$*��"ÿ-�"��à-�"��àU>?�+��q�1"�$*��"?J��%nO�L��k] x 9 x 9� #�!$�"���"�%�+!�ÔL
�iCwNµ¼sNUHJC-?JGItvu/BLCw@µ}wz|BDGJtvu/CwNµ@/CwN�mpo/?�@/CwNghi�kGJ`a?IbkHSBD`aN/GIr^C-?Ic�]^=km��{Cw?JC-tvukN/CwHJC-Nµ=/Nk@g@/CwK �ÚcL=/` Z?IC-GJ}wC-N/}�Z�@/CeHSCwT�HJBLCw?IHFOaC-K%C-GIGJC-NkC-Ng��Cw?Jc�]_=km�T ]^NkN�K�]^Nnz|BLCqmp`acDO^H)C-?IT�c�~^?IC-N�Û��iBDC|�ÚcL=k`a?JCwGJ}-CwN/}eZ�]^N/?ICeZOaCwN/@/C|Ô|laNUHSOaCwN/GIHJ?S]^ukcL=/N/O�z|BD?J@M@k=/?Jtvu%@/BLCfOa?J`aî^Cqx�]^u/cYcLCwBLtvuUHSCw?�h�HS`aK%C « ra`a?�]^cDcLCwK�´M�a¯¡=kN/@%<�²BDK�V)?J`^HJC-BDN�=/Nk@gBLK��0]^GIGJCw?FG�Hv]^?IT�]^�/GJ`^?J�/BDC-?IH-�3ë^Csuklau/C-?W]^��C-?W@/BDCqhiN/?IC-Oa=/NkOaGJCwN/C-?IOaBLCsBLGIH-�U@/C-G�HS`OaCw?JBDN/OaC-?{z|BL?J@�@/Cw?"hi�/GI`a?JbYHSBL`^N/GJT_`YC���}wBLCwN�H5=/Nk@Ý@/CwGIHJ`>O^?JlaîaCw?�z|BL?I@�@/BLC��)BLNk@/?JBDN/O^HSBDCwmpC « ��C-u/?�zfCw?IH@/CwGµhi�kGJ`a?IbkHSBD`aN/GJT_`YC��%}-BLCwNUHSC-N���hi�/���q¦Y�°¬U²e�FEfCwBsN/BDC-@/?IBLOaCw?JCwN��)N/C-?IOaBLCwNÃzfCw?J@/CwNÄ]^cLGI` zfCwN/BLO^C-?hs�/GJ`a?I�{Cw?�C-?I?JCwBLtvuUHq=/N/@�]_N/OaC-?IC-O^H-�k�i]^?S]^=kG�?JCwGJ=/c�HSBLCw?JCwN/@�GJ`acDcDHJCs@/BDCiBDK �ÚdYb�C-?JBDK�CwNUH�@/CeHSC-TUHJBLC-?�HSCÔ|laNUHSOaCwNkj7=/`^?JC-GI}-CwN/}gK%BDH�}w=/N/Cwu/K�CwN/@/Cw?±�)N/Cw?JOaBDC�]_N/GIHJC-BLO^C-N���BDK&é�C-OaCwN/GS] HS}%}-=/K&]_�km�]^cLcDC-N/@kC-N
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S1
� ')(+* ç ,72v�

�^�������	��
��(
 ������� U>?�+q #��5*��%� #"�+����1"*23� %;" �|/#+!+q��� ôâ�*� �VX#"(��23��"�+����q/1'*����" 46%;� ��%;"���� ��"����ø�2Q%�� %;4 �ý���!��%�&!' $*���î-�"��àb��àb./1"(�!� F�����"*�3� ��� /1�ML;N R����QZgS}@â?����!�,&!'*"���� 46%;� '�����5fû����gzozozý�&87��! *L �;?*�ML 23 ÔY��1 #5*��%�&Ô/1����&, #"�+��q/1"��!+������;�!���qO�L '���46� D,L

µ
(theor)
0

�a�iBDC-GIC-?���À�CwTUH�BLGIHÚBLNMhs�/����¦3�Æ¦i@/Cw=kHScDBLtvuM}w=�C-?JT_C-N/NkC-N�����]�@kBLC-GIC-cD�{CqEFCwHS?J]^tvuUHS=/NkO�¿ICw@/`3tvuN/BLtvuUH�N�=/?�mpo/?s@/C-N�¼>N�HJC-?IOa?J=/Nk@���GJ`^N/@/C-?INy]^=/tvu�mpo/?s@/BLCn���ih��)Q�Z\´�GJ}-BDcLcL]_HSBD`aN/C-N	GJCwcL�/G�H�OaBDcDH8�7BDGIHC-G%]^N/OaCw�/?S]_tvu�H-�Úmpo/?M@kBLC�<>`a?JK%BLCw?J=/N/OA@/C-NÂCedYb�C-?IBLK%C-NUHSCwcLcf��C-G�HSBDK�K±HJC-N¡¼>NUHSC-?IOa?J=kN/@
µ

(exp)
0

}w=raC-?�zfCwN/@/CwN����BDCFBDNMhi�/���a¦Y�¨¦s}w=MC-?IT^C-NkN/C-N�BLG�H8� u7~^N/O_H�@/BDC�é�?Jlaî^Cf@/Cw?ÚN/`a?IK�BDC-?�HSC-N±����h���Q�Z�´�GJ}wBLcDc�]_HJBL`aN/CwN@/C-=kHJcLBDtvu�ra`^Ng@/Cw?Wr^C-?IzFC-Nk@/CwHJC-N	<s`a?IK�BDC-?I=/N/OaGIb/?J`a}wC-@/=k?f]^������`^?F]_cLcLCwK���C-B£u/`aukC-?F��NkC-?JO^BLC>�/}wz���{CwBYu/`^u/C-NMTaZ6� Cw?IHSCwNMBLG�HÚ@/]^G+@kC-?��£]^cDc6�³�sBLCWK�B�H+@kC-K×HSu/Cw`a?JCeHSBDGJtvu/CwN±��C-?Ic�]^=km/N/`a?JK%BLCw?IHJC-N±´�GI}-BDcLc�]ßZHSBL`^N/C-NnGIBLN/@�]^cDGJ`ir^`a?)]^cDcLCwK���C-BYu/`au/CwN�TUZ6� Cw?IHJC-N�}-=nOa?I`aî/� z�]^G)BDNM@/Cw?)�7`a=/?JBDC-?\Z�Þ5?S]^N/G�mp`a?JK%BLCw?IHJC-N}-=	C-BLNkC-KÁé�?Jlaî^C-N�=/NUHSCw?JGJtvukBLC-@	ra`aNR¦^¸�Î�BDKè}wzFC-B�HSCwNRV+C-]^Tgmpo/uk?IH8�x�=/GJ]^K%K�CwN/OaCwm�]_GJGIH�T ]^NkN�mpCwGIHJOaC-G�HSC-cDcDH)zFC-?I@/C-N���@7]_GJG�@/BLC|<>`a?JK%BLCw?J=/NkO�]^=km{@/C-N�HSu/Cw`a?JCeHSBDGJtvu/CwN¼sNUHSCw?JOa?I=/N/@�BLN��+cL=/`a?IC-GI}-C-Nk}eZ�@kCwHSCwTUHSBLCw?IHJC-N	QYb�C-TUHS?IC-N�}-=�CwBLN/Cw?fG��YG�HSCwKg]_HJBLGItvu/C-N
�s��C-?IGJtvu7~ HS}-=kN/O@/C-?����ih��)Q�Z¤hiK%b/cLB�HS=/@kC�mpoku/?IH-�{EFC-GJ`^N/@/C-?IG�]^=/GIOaC-b/?J~^O^HiBLGIHs@/BDC-GJC��s��C-?IGJtvu7~_HJ}-=/NkOµmpo/?iGItvu�zFC-?ICÔ>o/tvT�G�HS?JCw=/C-?w��@/BLC�GIBLtvun@/=k?Jtvu�u/`au/C>´�GI}-BLcDc�]_HJBL`aNkGS]^K%b/cLB�HS=/@kC-N���C-B/u/`^u/C-NnTaZ¤�ªC-?�HSCwN�]_=/GJ}wC-BLtvukN/C-N��
³E´µ³^´ø³ �tÃ�»=À�¸!¿aÀ�����¼TÃ! q¸!¿aÀJ»k¹kÆ�iBLC�����hi�)Q�Z¤hiN7]^c��3GJCÃz|=/?I@/C�BLN�@kC-?0��C-?IOU]^N/O^C-N/u/CwBDH¡u/~^=JË7O×=/NUHJC-?¡��C-?�zfCwN/@/=/N/O��7`a=/?IBLC-?\ZBLGJ`^cLBLCw?IHJC-?iQYb{CwTUHS?JCwN��{CeHS?IBLC-��C-N����iBDC-GICMÞ+Cwtvu/N/BDTA��C-BLNku7]^cDHJCwHs@7]^��C-B5N/`a?IKg]^cDC-?�zfCwBLGJCÝ}wzFC-B�Q3tvu/?JB�HIZHSC^Û « ­ß²�x�=/?¾Ô>Cw@/=/}-BDC-?I=/N/O�r^`aN GI`aOaCwN7]^N/NUHSCwN ï8QYBD@/C�cL`3`ab/G#ï_�"]^cDGJ`	Þ+?J]^N/GImp`^?JK�]_HSBD`aN/GS]_?IHSCem�]^TUHSCwN��z|BL?J@Ä@7]^GAQYb�C-TUHS?I=/K K�B�H�C-BDN/C-?	�7C-N/G�HSCw?Imp=/N/TUHJBL`aNÅKM=/cDHJBLb/cDBL}wBLC-?�H8�)z|BLCy��C-BDGJb/BDC-cLG�zfCwBLGICª@/CwK BLN�¾]_b��"­a�°¬k�°º%C-?�z�~_u/NUHSC-N�mp?S]^TUHSBD`aN7]^cDC-N

cos2 Z��£CwN/GIHJC-?w� « ¦a²��iBDC¾GI`���C-u/]^N/@/CwcDHSCwN�QYb�C-TUHJ?JC-N	zfCw?J@/CwN�£`^=/?JBDC-?�Z6HS?J]^N/GImp`^?JK%BLC-?�H8����`aK�Ô>C-]^c�Z>=kN/@0X�K�]^OaBLN/~^?IHJC-BLc·�{@kBLC�GJBDtvu0@7]^?J]^=/G¾C-?JO^C-��C-N��"z|BL?I@ K%C-BDGIHN3=k?f@/Cw?fÔ|C8]^c�HSCwBLc/Oa?J]^b/u/BDGJtvu�@7]^?JO^C-GIHJC-cDcDH8� « ¬U²)�)GFzFC-?I@/C-N�EFC-?JCwBLtvu/GIOa?JCwN/}-CwN
Rmin

=kN/@
Rmax

mpC-G�HIZOaC-cDC-O^H « K%C-BDGIH|BLKð[	BLN/BDKM=/Kè}ez|BLGItvu/C-N�}ezfCwBÚ�7`a=/?IBLCw?�Z\V5C8]^T�GS²e��Ô>C-]^c�ZF=/Nk@AX�K�]^OaBLN/~^?IHJC-BLc�zfCw?J@/CwN]^N7]^cD`aO�}-= « ¦a²iK%BDHiC-BDN/C-?��7C-NkGIHSCw?Imp=/NkT�HJBL`aN�KM=/c�HSBDb/cLBD}-BLCw?IH-�7@/BLC�]^=kîaC-?Iu7]^cL��@kC-G¾EfC-?IC-BDtvu/C-G
Rmin

Z
Rmax

r^C-?JGItvuUz|BLN/@/CeH8� « º�²|�iC-?>GJ`�BLGI`acLBDC-?IHJC�Þ+CwBLc;@/CwG�QYb�C-TUHS?I=/Köz|BL?I@�}w=/?Jo/tvT�]^=km�@/BLC�hqtvu/GICM@/C-G� CwcLcLCwN/}8]_u/cDr^C-TUHS`a?IG « TaZ\Ô>]^=/Kg²WHS?J]^N/G�mp`a?JK%BLCw?IH8��iBDC hs=/GIz|BD?JT�=/N/O�@/BDC-GJCw?�V)?J`a}wC-@/=k?�]^=km�CwBLN
S1
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�;132�* å 2K�a`QY`³zF`au/c£]^=kGF@/CwN�T�?IBLGIHS]^cLcD`aOa?J]^b/u/BDGJtvun��C-GIHJBLK%K±HSCwN%Q3HS?I=/TUHS=/?IC-NA¶°��]^K%BD�a]�=kN/@µQ3u/C-N��M¦^¸a¸a¬Y¹±�7C-?\Z?IC-BL?J] CeH ]^c6��� ¦_¸a¸^º^»è]^cLG ]^=/tvu ]^=kGÒ}-=kr^`a? C-?�mp`acLO_HSC-N [�=kHS]^OaC-NkC-GJC�Z�Q3HJ=/@/BDC-N ¶°�sC-�/=/GCeHg]_c6���Ø¦^¸a¸^¸^���°]k¹��sC-�/=/Gw��¦^¸a¸k­^¹��iBDN/C-?w� ¦^¸a¸k­w»q=/N/@¢��h�QUZ\�ÚdYb{Cw?JBLK%C-NUHJC-NÅ¶°Ô|BLOaO^G�Z�é�C-cL]^GJtw`CeH¾]^c6����­³ÖaÖaík¹Â�sla?JN/Cw?�CwHÝ]^c6����­³ÖaÖ^ê_»Úmp`acDO^H8�{@7]^GIG¾N�=/?�CwBLN/Cn?IC-c�] HSBDr�OaCw?JBLNkOaC�x�]^u/c+ra`aN�hiK%BLN/` ZGJ~^=/?JCw?JCwGIHSCwN�]^cDG�¥"BLOU]^Nk@/C-NÂ}-=kK [A]^N/Oa]^N/T^`^K�b/cDCed0@/BLCwN/C-N « ­wZ\¦Ab/?J` [�NYZ¤X�`aN£²��)��]^u/Cw?�BDGIH�@/BDChsN/}8]^ukc�cLCwBLtvuUHSCw?�Ô>oktvT3G�HS?IC-=/Cw?ÝBDNR@/C-?�}ezfCwBDHJC-Nª�s`3`a?J@/BDN7]_HJBL`aN/GIGJb/u/~^?JCÝGJ`�OaC-?IBLN/Ok�{@7]_GJG�BLu/?iEfC-B½ZHJ?S]^O�}-=�@/CwN�����h���Q�Z�´�GJ}wBLcDc�]_HJBL`aN/CwN�BDKÁEfC-?IC-BDtvuRra`aN�¦Y�¨ïßZ�¬k�°º%©�BDKò��C-?JO^cLC-BDtvuA}w=�@/C-N�G�Hv]^?IT^C-N´�GJ}wBLcDc�]_HJBL`aN/CwNµ]^=YmpOa?J=/Nk@�@/Cw?s[�NYZ�[	NfÏa¯�] Z\Q3HS?IC-=/=/NkO%r^C-?JN/]^tvu/c�~_GJGJBDO^H|zfCw?J@/CwNAT ]^N/N��£�iC-?|}wzFC-B�HSC�7`a=/?IBLCw?�Z\V5C8]^T�z|BL?I@�]^cLGI`µra`aNy@/CwNªG�Hv]^?IT^C-N [�NYZ\[�NYZ��)�ih��)QUZ\�iBDGIHv]_N/}-CwNª��C-B�¦3�Æ§g©Ø@/`^K�BDN/BLCw?IH8�X�N�@/C-Nª�Úo/NYm�Z�QYtvu7]_cLC-N3Z�hiNkGS~_HJ}-C-Nyz|BL?I@yC-BLNy}w=/GS~_HJ}-cDBLtvu/Cw?ÝEFC-BDHJ?S]^O�r^`aNªGItvuUzfCw?JC-NÂÔ|o/tvT�GIHJ?JCw=/C-?IN��C-Bf¬k�¨¬�©ò�{Cw?Jo/tvT�GIBLtvuUHSBDO^H8�Ú�iBLC�V5`aGJB�HSBD`aN0C-BDN/C-GM�¾]_cL}-BD=/KnZ�X�`aN/G�BDN0C-BDN/C-Kóhi�/G�Hv]^Nk@0ra`aN¢¬k�°¬A©}w= « zf]^u/?IGJtvu/CwBLN/cDBLtvu£²�}wzFC-B�[�]^N/OU]^N3Z�X�`aN/CwNÃz|=/?I@/CR@/=/?Itvu�����h���Q�Z\�ÚdYb{Cw?JBDK�CwN�HJCR]^NP@/C-?µ¯�] Z�iZ\��]^NUHJC	��C-G�Hv~_HJBLO^HA¶°¯fBLN/tw` CwHg]^c·�D� ¦_¸a¸U¦Y¹ [	o/cLcDC-?%CwHg]^c6��� ¦^¸a¸aï »6���i]^?Jo/��C-?Iu/BLN/]^=/GgBDGIH�]^=/tvuCwBLN/C [�NYZ\[�NYZ�Q�HS?JCw=/=/N/O�BDK EfC-?IC-BDtvu®ra`aN ð ¬k�°¬P©óz�]_u/?JGItvu/C-BDN/cLBDtvu ¶°V5`aGJb/BDGJBDc¾CeH�]^c·�D� ¦^¸^¸a¬_»·��i=k?Jtvu�C-BLNkC-NyGJ`aO^C-N7]^NkN�HJC-NÂï8ë^`aBDN�HkË/H3ïMC-BDN/C-?¾x�CwBDHImp`acLOaC�ra`^N0QYb�C-TUHJ?JC-NP¶ÙV+`aGIb/BLGIBLc�CeH¾]^c6���¢¦^¸a¸a¬ »`3@/C-?Ý@/=/?Itvu¡hi=/G�zfCw?IHS=kN/O�ra`aNÂ¥"BLNkC8]^?\Z\�iBDtvu/?J`aBDGJKM=kG�Z\�i]_HSCwNªra`^N¡b7]^?IHJBLCwcLc)`a?IBLC-NUHJBLC-?�HSCwN¡V)?J`a��C-N
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S1
� ')(+* ç ,72v�

¶¨[�=kT^C-?Ó¿IB�CwHM]^c6���ô­³ÖaÖ^ºk¹Å�i]^=¡CwHM]^c6���ô­³ÖaÖUïY¹Ä�iB�HJHJK�Cw?-�ô­³ÖaÖaÖY¹Å�i]^=0CwHM]^c6���Å¦^¸a¸k­w»FT_`aN/NUHSCwN@7]^?Jok�{Cw?Ju/BDN7]^=/GFGJC-b/]^?S]_HJC�[�N3Z�¯�] ZÚ�/}wz��k[�NYZ\[�NYZ��iBLG�Hv]^N/}wC-N�]^=YmpOaC-cDlaGIH�zFC-?J@kC-N��k�Úo/?WC-BLN�C-BDN/}-Cwc�ZN/C-Gs����h���Q�Z�QYb�C-TUHJ?J=/Köo/��C-?IGIHJC-BLO_H|C-BLN�GI`acLtvu/Cw?>�ÚBDH|]_cLcLCw?J@/BDN/OaGF@/BLC�K�] dYBLK�]^c�K%laOacDBLtvu/CshiN/}-]^u/cmp?JC-BDC-?fVÚ]^?J]^K�CeHSCw?-�/�sBLC-GIC�Ô|o/tvT�GIHS?IC-=/Cw?�zfCw?J@/CwN�@7]^u/Cw?�BLK��Úo/NYm�Z�QYtvu7]_cLC-N3Z\�ÚB�Hv]^N/GJ]_HS}|BDNµC-BDN/C-?FOaCeZK�CwBLN/GJ]^K�CwN0Q3tvu7]^cLC%}-=kGS]^K%K�CwN/OaCem�]^GJG�H8�5��]	zFC-O^C-N0@/Cw?±]_=/GJOaCwb/?S~_O^HSCwN0�iBDGIHv]_N/}-BDN/u/`aK%`aOaCwN/BDHS~_HC-BLNkC%O^cLC-BDtvu/}-CwBDHJBLOaC±EfC-G�HSBLK%KM=/NkO�r^`aNª�s`3`a?J@/BDN7]_HJBL`aN/GI}8]^ukc
N
=/N/@ª�iCw���^CeZ6�0]^cDcLCw?�Z\V+]^?S]_K�CeHSC-?

σN/BLtvuUH�K%laOacDBLtvu�BLG�H8�£z|=/?J@/C±BLNA@kBLC-GIC-KÁhiNkGS]_HJ}MC-BDN/C£ËkdYBDC-?IHJCM�>`Y`a?I@/BLN/]_HSBD`aN/GJ}-]^u/c�r^`aN¡­Ýr^C-?IzFC-N3Z@/CwH-�kz�]_GqC-BLNkC-?|[�N3Z�[�NYZ��iBLG�Hv]^Nk}�=/N/@�}wzFC-B"[�NYZ�¯�]ßZ\�iBDGIHv]_N/}-CwN	BDK [A]^N/OU]_N/T^`aK%b/cDCedgBLNµ@/BDC-GIC-K�iBLG�Hv]^N/}w�{Cw?JCwBLtvuACwNUHSGJbk?JBLtvuUH-�
ù ú åÓç8ç 1�÷µý�ý£ú(� å 25, çßå ý�25*8*-øv�dQkú 1�iC-?¾@/?JB�HJHJC�V+C8]_T�BLN�@/C-?¾�7`a=/?IBLC-?\Z�Þ5?S]^NkGImp`a?IK�BDC-?IHJC-NRCwNUHSu7~^c�HÝEfC-B�HS?S~_OaCn@/C-?�Cw�{CwN ��C-GJbk?J`3tvu/C-N/CwN[�NYZ�[	NYZ|=/N/@�[	NYZ�¯�] Z6��C-TUHS`^?JC-NyGI`ßz|BDCMEfCwBDHJ?S~^OaC¾ra`aNycDC-BLtvuUHJC-N�Ô|o/tvT�GIHJ?JC-=kC-?JN�BLKðEfCw?JCwBLtvuRra`^N
∼ 3.6

©�¶°[�CwBLN/T_CFCeHÚ]_c6���f¦_¸a¸a¸k¹FV+`aGIb/BLGIBLcUCeHÚ]_c6����¦^¸^¸a¬k¹Wìi]^=kKg]^NkNÝCeHÚ]_c6���f¦_¸a¸Uï »·�8X�N±@kC-NÝ�)�ih��)QUZQYb{CwTUHS?JCwNÝr^`aNMVWQYXIXv�³BLN�@/C-NkC-N±N�=/?;}ezfCwB/[A]_N/OU]^NYZ¤X�`aN/CwNÝK%BDH"CwBLN/CwK×¦Y�¨§q©¢hs�/GIHS]^N/@�ra`a?Ic�]^O^C-N��8BDGIH@/C-?F@/?JB�HJHSCsV+C-]^T%N3=k?FzFC-N/BDOMT�cLC-BDN/C-?F]^cDGFBDNgBLNUHS]^TUHSC-NµV�?I`a��C-N��Y��]^?J]^=/GfT ]^NkNµKg]_Ng]^�kcLC-B�HSCwN���@7]^GJGcLC-BDtvuUHSC�Ô|o/tvT�GIHJ?JC-=kC-?�@/C-N¢ìs]^=/bkHS]^NUHSC-BDc�]^K ����hi�)Q BLN0@kBLC-GIC-K EfC-?IC-BLtvu¢]^=kGJK�]^tvu/C-N�¶Ù�ila?IN/C-?CwH�]^c·�D�ð­³ÖaÖ^êk¹èV5`aGJbkBLGJBDcsCeH�]^c·�D�è¦^¸a¸a¬ »6�Whi=/tvu�ukBLC-?�BLG�Hµ@/BDCA=/N7]_�/u7~^N/O^BLOaCAEfC-G�HSBLK%KM=/NkOªra`^N�iC-�U�aC�Z¤� ]^cLcDC-?\Z\�£]^TUHS`a?�=/Nk@µ�s`3`a?I@/BLN7] HSBL`^N/GJ}-]^u/ckNkBLtvuUHfK%laOacDBLtvu�¹^�ÚBDHJG�K�B�H)GJCwu/?fOa=YHSC-K�ÔqZ���]_T�HJ`a?C-?Ju/~^cDH|K�]^N�mpo/?��ªC-?IHJC�ra`aNA<fe�¦M�/BLGqº/��iBDC¾[�laOacDBLtvu/T_C-B�H8�kBDN�����h���Q�Z\�ÚB�HSG�@k=/?Jtvug�s��C-?�ËkHJHSCwN��/}wz��c�s��C-?IBLNUHSCw?Jb/?ICwHS]_HSBD`aN�@/C-?|�i]_HSCwN@/=/?Jtvu�=/NkGJBLNkN/BLOMT_`aK%b/cLC�dkC��+BDHIZ¤hiN/GJ~_HS}wCi}w=�=/N/GJBDOaN/B�Ë7T ]^NUHSC-N��)?IOaC-�/NkBLGJGIC-N�}-=�O^C-c�]_N/OaC-N��kBLG�H���CeZT_]_N/NUHF=kN/@%z|=k?J@/C|r3BLC-ck@/BLGIT3=YHSBLCw?IH-�U�iBLC|}wBDHSBDC-?�HSC-N���?IBDHSCw?JBDC-NMmpo/?�@/BDCqhiN/}-]^u/c7K�] dYBLK�]^cYK%laOacDBLtvu/Cw?�ÚBDH�Z\VÚ]_?S]^K%CwHJC-?µ¶°Q3HJC-?JN�� ­³Ö^Öa¬_»�Cw?JcL]^=/��C-N¡C-BDN/C�EfCw=/?IHJC-BLcD=/N/O�@/Cw?��)?JOaCw�/N/BLGIGJC�BLK ìsBDN��/cLBDtvT ]^=Ym@/BLCwGJC-GÝV)?J`a�kcLC-K	�"�i`3tvu0]_=/tvuªCwBLN/C�}w=ªraCw?JCwBLNkm�]^tvuUHJCgEfCwGJtvu/?IC-BD�/=/N/OR@kC-?¾����h���Q�Z�´�GJ}wBLcDc�]_HJBL`aN/CwNT_]_N/Ng}w=µ�7C-u/cDBLNUHSCw?Jb/?ICwHS]_HSBD`aN/C-NMmpoku/?JCwN���hiN/}wC-BLtvukC-Nµu/BDC-?�mpo/?oË7N/@/CwNgGJBDtvugBDN%@kC-KØBLN%Þ+]^���Uº/�¨¦ « h�²raC-?�zfCwN/@/CeHSC-NÅx{zFC-B½Z�QYtvu7]_cLC-N3Z\�ÚB�Hv]^N/GJ]_HS}_��Þ��YbkBLGJtvukCy[�C-?IT�Kg]^cDC�@/BLCwGJC-G�V)?J`a�kcLC-K%G�GJBDN/@�Û « B�²M�iBLC`abkHSBDKg]_cLC��ÚB�HIZih�=7]_cLBDHS~_Hfz|BD?J@	N�=/?smpo/?>tvu/CwK�BDGJtvuR=/NkGJBLNkN/BLOaC¾�>`Y`a?I@/BLN/]_HSBD`aN/GJ}-]^u/cDC-N�C-?I?JC-BDtvuUH8� « BLB�²��G|HS?IBDHIH|C-BLNkCÝ]_=/GJOaCwb/?S~_O^HSC¾hi�/u/~^N/OaBDOaT^CwBDHqra`^NA@/Cw?sTaZ�é�Cwz|BDtvuUHS=/N/O%@/Cw?�QYb�C-TUHJ?JC-NA]^=km\� « BLBLB�²�é�CeZ?JBLNkOaC«�sN/@/C-?I=/N/OaCwN�@/C-?i¥;~^N/OaCÝ@/C-G�TaZ�EfC-?IC-BLtvukG « r^`aNAzFC-N/BDOaC-?�]_cLG¾­M© −1 ²|BLKÁ�ÚB�Hiu/]^�{CwNRC-BDN/C-N@/?S]^G�HSBDGJtvu/CwN��)BDNkj7=/GIG�]^=km£@/BDC��ÚB�HIZ\�)?IOaC-�/NkBLGJGIC^� « �Úo/?+C-BDN/Cf@/CeHv]^BDcLcDBLC-?�HSCw?JCF�iBLGIT3=kGJGJBD`aNnu/BDC-?J}w=nGJBDC-u/C¶°��]_=MCwH�]^c6���|¦^¸a¸^¬_»6�¨²"X�Nn�ÚBDHS]^N/GJ~_HS}wC-N¾K�B�H+N�=/?+}wzFC-BY`Y@/Cw?+@k?JC-BkQYtvu7]_cLC-N¾mpo/?�VWQYXIX6Z�QYb�C-TUHJ?JC-NÝHS?JCeHSCwN]^cLcDC�@/BLCwGJCÝQ3�3K�bYHS`aK%C�]^=km\�£�Úok?q@/BLC�K%laOacLBDtvu/GIH�OaC-N7]_=/C¾EfC-G�HSBLK%KM=/NkO%@kC-?sQ3HS?I=/TUHS=/?\Z\V+]^?S]^K%CwHJC-?]^=/G�C-BDN/C-Kñ����hi�)Q�Z\�+BDHsBLGIH�]^cLGI`µC-BDNRu/BLNk?JC-BDtvu/C-Nk@�T^`aK%b/cLC�dYC-?��ÚB�Hv]^NkGS]_HJ}±N/`^H�zFC-Nk@/BLO/���iBLCwG�OaBLc�H]^=/tvu�mpok?q@/BLC��>`Y`a?I@/BLN/]_HSBD`aN/GJ}-]^u/c{@/C-?s¦Y�¨§M©>Z\�sBLGIHS]^N/}_�
³E´µ³^´2j k ÃoÀ­À�¿l 7>aCJ¸!Ã�¹ ½=¿aÀnmN>oÀA>>Å}¿oC­¿aÀ

N2.7
»=¹k½

σ2.7��BDN/CµzFC-BDHJC-?IC�K�laO^cLBLtvukCµ¼s?IGS]^tvukC�mpok?n=/NUHSC-?IGJtvu/BDC-@/cDBLtvu/C	�)?JO^C-�/N/BDGJGIC��{Cw}-o/OacDBLtvuÂ@/Cw?��s`a`a?I@/BLN/] ZHSBL`^N/GJ}-]^u/cÝmpok?R@/BLC¡¦Y�Æ§¢©>Z\�sBLGIHS]^N/}0BDGIH�@kBLC0�>`a?J?IC-cL]_HSBD`aNÕK%BDHA@/C-K �iC-�U�^CeZ¤� ]^cDcLC-?\Z\�£]^TUHS`^?-�iX�Nhi�/����¦Y�¨ï�BLG�H�BLNAC-BLNkC-?�¦_�>Z\�>`aNUHS=/?\Z\��]^?IGIHJC-cLcD=/N/O�@/BLCwGJCMhs�/u7~^N/O^BLOaT_C-BDHs@7]^?IOaC-G�HSCwcLcDH-��ì>BLCw?J}-=�z|=/?�Z@/C-N	@/BLC��>`Y`^?J@/BDN7]_HSBD`aN/GI}8]^u/c
N2.7

=/Nk@�@/Cw?|�iC-�U�^CeZ¤� ]^cDcLC-?\Z\V+]^?S]^K%CwHJC-?
σ2

2.7

@/Cw?i¦3�Æ§ßZ¤©>Z\QYtvu7]^cDC�BLNT3cDC-BDN/C-NgQYtvu/?IBDHJHJC-N�r_]^?JBDBLC-?�H�=/Nk@%mpo/?�¿ICw@/C-G «
N2.7

�
σ2

2.7

²¤Z\V+]a]^?�z|=/?I@/C|C-BLN%GJCwb7]^?J]_HSCw?F�+o/Nkm�Z�Q3tvu7]^cLCwNYZ�ÚBDHÝ]^=/GIOaCwmpoku/?IH-�5zf]^G±}w= CwBLN/CwK&C-?JNkC-=kH±K�BDN/BLK%BLCw?IHSCwN
Rf

Z6� Cw?IH¾mpo/u/?IHJC^�5�iCw?±OaCw}-C-BDO^HSC��7`a=/?IBLC-?\ZOaCgË7c�HSCw?IHSC�Ô�Z\�£]^TUHS`a?�BDGIH%@7]^��C-B|o/��C-?%C-BDN/C-NÃEfC-?IC-BLtvu¢ra`aN�¦ßZ�¦Y�°í�©ñ��C-?IC-tvu/NkCwH8�F@��Ùu���C-?%C-?Im�]_GJGIHN3=k?µ@/BLC	hi�UzFC-BDtvu3=kN/OaC-N���@/BLCA]^=/Gg¼sNUHSCw?JGJtvukBLC-@kC-N�@/C-?g����h���Q�Z�QYb�C-TUHJ?JC-N�BDNÃ@/BDC-GIC-K EfC-?IC-BDtvu?JC-GI=/cDHJBLCw?JC-N�� « �)GÝGIC-B�@7]^?J]^=km�ukBLN/OaCez|BLCwGJC-N��5@/]^GJG¾@/BLC%�7C-ukcLC-?IGJ=/K%K%CnBLN�@/C-?Ý�ÚBDH�Z\V)?J`^}-C-@k=/?�`au/N/C�£`^=/?JBDC-?�Z��ÚBLc�HSCw?J=/N/OÝ�{Cw?JCwtvu/N/CwHsz|BL?I@��Æ²
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ñ���%p��>O#uV�àuE/1�!+��!���;�;9*"*2¾@ 5 �{ #"��! #9*��5*�� #� 5 D£$*����p���'*�����!+�9*464G�
Rf

@â46%;���������!�:U>?�zv��%�&q'(9*"*2
x zo%�+!&!'���"¾+�%;4t9*�;%������!��4 9*"�$Þ�87�5�����%;4G��"(�!���;����4 e�5���������9*4þ%;"=&6D£%;"���%;"���4 p��*"�ôâ�µe�&!'T/1����"��àp�%;����%;"��,+�ve�ü!üà�

S1
�à��ö�U�phe(�µe�5J��������9*4G+>@âY�2Q�ML ù /1?fL#r�L	O3Dn%;"6U>?*'T�1"*2Q%;2Q�3��%;��Y3 #"6$*���hb> � #�!$�%;"T/1��%� #"�+ x /1'*�T$*���hO�L��V]>�u�%�+��q/1" x N2.7

9*"�$G$*��4 x 9*23��'�X#��%;23��")u^��?(d3�8�M�|/1�;�����ø�à�a/1�q/14G���!��� σ2
2.7

L3p��*�cqø�,$*�,+
N2.7

�
σ2

2.7

�à�a/Q/1�Kzo9*�!$*�$*���
Rf
�M�:�����V9*"��!���túV5*��%;46%�����9*"*2�/1�;�������*?*��%;23��"õ��/1�q/14G���!���^?��,+���%;464t�ÔL�üm4å<V"(�!���!+!&q'*%��,$ x 9�$*��"�p�%;�!+%;" ù /1?fLar�L	O�z{/1�!��"�$�%��)b> � #�!$�%;"T/1��%� #"�+ x /1'*����" $*���y���!+!�!��"�e�&q'T/1����'*%����y"*%�&!'��[/19�ô���%;"���"�ôC�,+��!��"A�:�����+! #"�$*����"fN*/19�ô���%;"��.e�9*464G��Y3 #"�s�L	sG�*7�%������ÔL*u�%��

Rf
�M�:�����!�^zo9*�!$*��"��*?����{��%;"���"��ý���!��%�&!'�Y3 #"�O�L	Pg�mO�L	ik]@â"(9*� x z{��%;�!���>���Ô/1��D{?����!�,&!'*"����ÔL��V #�!�^�{���!��%�&q'��E?��,$*��9*�!��"���%;"���"�+!��'*�ý23����%;"*23��" Rf

�M�:�����t@Cig�r�s&6D8N*$*����*?J���v #�q/1"*23�QN323���;?fN32Q���*"fN(?*��/19 x 9G'�X�&!'�+!�!��"£�:�����!��"0@âY�%� #��������DK/1"�+��!��%;2Q�ÔL(u�%���+��q�1���3���!��")b> #"���9*�ø�à��%;"*%���"'T/1?J��"���%;"���"�U>?�+��q/1"�$�Y3 #"�Zs&«L
X�N0hs�/���Ú¦Y�Æï�BLG�H±CwBLN0]_�/GJ`acD=kHSCwGÝ=kN/@0?JCwtvuUH�]^=/GIOaC-b/?J~^O^HJC-Gn[	BLN/BDKM=/K «

Rf = 6 %
²¾��C-B�C-BDN/C-?�>`Y`a?I@/BLN/]_HSBD`aN/GJ}-]^u/c"ra`^N

N2.7 = 1.0
}-=yC-?IT^C-NkN/C-N��"zf]^G�}wzFC-B��sBLGIHS]^N/}wC-N�ra`aN ¦Y�¨§g©�b/?I`�HJCwHJ?S] ZN�=/T�cLC-]^?JCwKð�s`aK%b/cLC�d	C-NUHSGIb/?JBDtvuUH8���ªC-B�HSC-?ICn[�BDN/BLK�]n�{C×Ë7N/@/CwNyGJBLtvuA�{CwB+N/BDC-@/?IBLOaCw?JCwNR�s`3`a?I@/BLN7]ßZHJBL`aN/GI}8]^ukcLC-N����iBLC	}-=P@/BLCwGJC-N�[�BLN/BDKg]RO^C-u/la?IBLOaCwN��iCw�U�aCeZ6�0]_cLcLCw?�Z�VÚ]^?J]^K�CeHSCw?

σ2
2.7

GJBLNk@y¿IC-@k`YtvuCwN�H�zFC-@kC-?%GJC-uk?nN7]^u/C���C-Bq<>=/cLcF`Y@kC-?MGI`aOU]^?MNkC-OU]_HJBDr��Úzf]^Gnb/uU�3GJBDT_]_cLBLGItvu¡=/N/GIBLN/N/BDO�BLG�H8���>`Y`^?J@/B½ZN7] HSBL`^N/GJ}-]^u/cLCwNP=kN�HJC-?R­�C-?IOaC-��C-N�`_À�CwN3�/]^?gT_C-BLNkCRGJBDN/NUra`acDcLC-NÃ�ÚBDHJC-?IOaC-�/NkBLGJGIC^�WEfCwBsCwBLN/Cw?g�>`Y`a?\Z@/BDN7]_HJBL`aN/GI}8]^ukc�ra`aN
N2.7 = 1.5

�£z�]^Gs@/?JCwB)[�N3Z�[�NYZ6��C-TUHS`^?JC-NABLKð[A]^NkOU]^N/T_`aK�bkcLCed�CwN�HJGJb/?J~^tvu/C_�@/Cw=kHSCeH�GIBLtvug}ez�]_?fC-BDNµ<>C-��C-N/K%BLN/BDKM=/K�]^N���@/C-?
Rf
Z6� Cw?IHWBLG�HfK%BDH�CeH�z�]g­³ï«Î�¿IC-@k`Ytvu�¦3�ÆïÝ[A]^c£GJ`u/`3tvu�� z|BLC�]_K�]^�kGJ`acD=kHSCwN�[�BLNkBLKM=/K	�ß�iBDC|QYBLK±=/c�]_HJBL`aNkC-N�K�B�HÚ@kC-?)�>`Y`a?I@/BLN/]_HSBD`aN/GJ}-]^u/c

N2.7 = 1.5Cw?JOaCw�{CwNA]^cDGJ`�@/Cw=kHScDBLtvu�GJtvu/cDC-tvuUHSCw?JC±�ÚBDHJG-�X�KÒ�)?IOaC-�/NkBLGnT ]^N/N0mpCwGIHSO^C-GIHJC-cDcDHMzFC-?I@/C-N��)@/]^GJGnK%BDH±C-BLNkC-KÒ�+o/Nkm�Z�Q3tvu7]^cLCwNYZ\�+BDHv]_N/GS]_HJ}�=kN�HJC-?hs=/GJGItvu/cL=/GIGfN/CwOU]_HJBDraCw?)� Cw?IHSCqmpo/?
σ2 @7]^GW]^�kGJ`acD=kHSC>[�BDN/BLK±=/K�@/Cw?W�£Cwu/cLCw?JGI=/K�K%Cq��C-B N2.7 = 1.0cDBLC-O_H8�;�iCw?MC-NUHSGIb/?JCwtvu/C-Nk@/C

Rf

BLG�H±@kC-=kHJcLBLtvu T3cDC-BDN/C-?Ý]^cLG¾@/Cw?M}-=
N2.7 = 1.5

OaCwu/la?JBDOaC^�;hs=/G±@/CwN����hi�)Q�Z���]_HSCwNªT ]^NkN ]^cDGJ`�K%BDH�u/`^u/C-?��0]_u/?JGItvu/C-BDN/cLBDtvu/T^CwBDHÝ]^=kmF@7]^G���`a?Ju/]^N/@/CwN/GJCwBLNyra`aNª}wzFC-B[�N3Z�[�NYZ6��C-TUHS`^?JC-N	��C-B ∼ 2.7
© «it ∼ 2.8

©i²qO^C-GJtvukcL`aGIGJC-N	zfCw?J@/CwN��
³^´µ³E´�u ·:¸!¹=ºy»=¼­¼÷½k¿aÀwvyx�¹kÆ�¿Ä½k¿�¼[z'��{�¿aÀ�¿�¸7?A@=¼�i=k?Jtvu0@/BDC�BLK�ra`^?S]^N/O^C-OU]^NkOaC-N/CwN hs�/GJtvu/NkBDHJH±OaC-}wC-BDO^HSC%hiN7]_cD�3GJC�z|=/?J@kCgC-BDN/C�zfCwBDHSCw?JCg[�NYZ\[�NYZ�iBDGIHS]^N/}�N7]^ukC ¦3�Æ§0©ó]^=/GIOaC-GItvu/cL`aGIGJCwN��>��G�BDGIH±¿IC-@k`YtvuÄK�l^OacLBDtvu��fGItvu/cLCwtvu�HJC-?IC^�>]^��C-?�@/=/?Itvu7]^=/GN/`3tvu�]^T�}-CwbkHv]_�/cLC��+BDHSG�=/NUHSCw?�@/C-?µhsN/N7]^ukK�CRCwBLN/Cw?��iBDGIHv]_N/}R��C-B ∼ 2.8

©ñ}-=�C-?I?JCwBLtvu/CwN��q�Úo/?
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Z�QYb�C-TUHJ?J=/K%G�OaCwzf~^u/c�H8��@/Cw?�CedYb/cDBL}-B�H�@/BDC%[�NYZ�[	NYZ\�iBDGIHS]^N/}-CwNª��C-B ∼ 3.1
©ØGI`³z|BLCn@/BDC%[�NYZ�¯�]ßZ�iBLG�Hv]^N/}|��C-B ∼ 3.3

©���C-?Io/tvT�GJBDtvu�HJBLO^H-��hi�/�/BDcL@/=kN/O¾¦Y�°í^h�}-CwBLO^H�@/BDCq�7`a=/?IBLC-?\Z�Þ5?S]^NkGImp`a?IK�BDC-?IHJC-N�� @/BDC]^=/Gi@kBLC-GIC-KÁCed3HJ?S]^b�`acLBDC-?�HSC-NRQYb�C-TUHS?I=/KÁo/�{Cw?iCwBLN/CwNREfCw?JC-BDtvuR�/BDG�¦ßZ\¦^¸%© −1 « `^�{Cw?JCÝ��=k?IraC8²>=/Nk@
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N2.7

r^`aN�­a�¨¦^êk�;z�~_u/?JCwN/@¡o/��C-?@/CwN¢EfC-?IC-BLtvu¡r^`aNP¦ßZ�¦^¸R© −1 C-BLN0�ªC-?�Hnra`aN�­a�°¸^º���C-G�HSBLK%K±HÝz|BL?J@���X�NÂGJ`acDtvu/C-NÂC-BDNkm�]^tvu/CwN¢�ÚBDH�ZhsN/GS~_HJ}-CwN�BDGIH|C-BDN�c�]^NkOaC-?�TaZ�EfC-?IC-BLtvu�mpo/?q@/BDC�]^T�T�=/?S]_HJC¾EfC-G�HSBLK%KM=/NkOMra`aN	�s`3`a?I@/BLN7] HSBL`^N/GJ}-]^u/cLCwN=/Nk@A�iCw�U�aCeZ6�0]_cLcLCw?�Z���]_T�HJ`a?JCwN�`^À�CwN/GJBDtvuUHScLBDtvu�ra`aN���`a?IHJC-BDc6��iBDCiraCw?JKM=kHJCwHJC¾¦Y�¨êÝ©>Z�[	NYZ�[�N3Z\�iBDGIHv]_N/}�cLBDC-îaCsGJBDtvu�K�B�Hq[�CwGJGI=/N/OaCwN�o/��C-?qCwBLN/CwN�c�~^NkOaC-?IC-NµTaZEfCw?JCwBLtvuACw�{CwNkm�]^cDcLG>]^=kmpT�c�~_?JC-N���X�N�hi�/����¦3�¨ía��GJBDN/@R����hi�)Q�Z\´�GI}-BDcLc�] HSBL`^N/C-N�OaCw}-CwBLO^H-��@kBLC¾]^=km)@kC-?E�]_GJBLG>@/CwG��ÚB�HSGqmpo/?>@7]^G
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Z�QYb�C-TUHJ?J=/K « Þ+]^����¦Y��­³��²q=/NUHSCw?�ìsBDN/}-=kN7]^u/K%CÝCwBLN/CwGsuU�3b�`^HSu/CeHSBDGJtvu/CwN¦Y�°êy©>Z¤��CwTUHS`a?IGg}-=Ã@/C-N���C-BD@/C-N�¦Y�¨§�©>Z6��C-TUHS`^?JC-NÃ�{Cw?JC-tvukN/CwHµzF`a?I@/C-N�GIBLN/@��F�sBLC�EfC-B�HS?S~_OaC�@kC-?@/?IC-Bf[A]^N/Oa]^NYZ¤��CwTUHS`a?IC-N¡}-=kK ����hi�)Q�Z\QYb{CwTUHS?J=kK GIBLN/@¡]_cLG¾?J`^HJCµ¥"BLN/BDC�@/]^?JOaCwGIHJC-cLc�H8�+´��{Cw?Ju7]_cL�r^`aN®­ß¦�© −1 BDGIH�C-BDN/CRQ3tvu�zFC-�k=/N/OÂ}-=PC-?JT_C-N/NkC-N���CwBLNPGJ`aOaCwN7]^N/NUHJC-G�ï-EFC8]_H�b7]_HIHSC-?INhï_��@7]^G�]^=km@/BDCgX�NUHSCw?ImpCw?JC-Nk}µra`aNÂ}wzFC-BfN7]^u/Cµ��C-BDC-BDN7]^N/@/Cw?±cDBLC-O^C-N/@/CwNÂQYtvu7]_cLC-N¡}w=/?JoktvT3}w=kmpo/u/?IC-NPBLGIH-�+X�N¡@kC-?}w=/OaC-ukla?JBDOaC-NA�£`^=/?JBDC-?�Z¤Þ+?J]^N/G�mp`a?JK%BLCw?IHSCwN�o/�{Cw?i@/CwNAraCw?JcL~^N/OaCw?IHSCwNRTaZ\EfCw?JCwBLtvu « hi�/����¦Y�°íU¯i��`a�{CwN£²GIBLN/@�@/BDC��{CwBL@/CwNRQYtvu/]^cLCwN�N/`3tvu	N/BLtvuUH|K%BDH>QYBDtvu/C-?Iu/C-B�H>}-=	=/NUHSC-?IGJtvu/CwBL@/CwN���iBDCgraCw?Impo/Oa�/]^?JCwNÃ����hi�)Q�Z���]_HSCwN���@/BDCµo/�/cDBLtvu/Cw?IzFC-BDGJC��/BDGµ­ß¦A© −1 ?IC-BLtvukC-N « ]^=YmpOa?J=/Nk@¢@kC-?�7CeZ��iZ\��]^NUHSCR��C-B�§Y­³¸a¸0C¤��²e�qGJBDN/@Ä]^cLGI`Â]^=/GI?JC-BDtvu/C-Nk@��q=/K BDN�C-BLNkC-K ukBLN/?IC-BLtvukC-N/@ÄT^`aK%b/cDCedYC-N�ÚB�HIZ¤hiN/GJ]_HS}�@kBLC|K�B�HJHJcLC-?IC-N��iBDGIHS]^N/}-CwN�=kN/@g@/BDC|�s`3`a?J@kBLN7]_HJBL`aNkGJ}8]_u/ck@/Cw?F¦Y�Æ§�©>Z��iBLG�Hv]^Nk}-C-N%}-=%��CeZG�HSBLK%K%C-N��k�i=/?JtvuAC-BLNkC-N�raC-?Ic�~^NkOaC-?�HSC-N�TaZ\EfCw?JC-BDtvu�zf~^?JC¾C-BDN/C�u/BLNk?JC-BDtvu/C-Nk@AOaCwN7]^=/C¾EfCwGIHSBDK�K±=/N/O@/Cw?n�s`3`a?I@/BLN7] HSBL`^N/GJ}-]^u/c
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¿IC-@/`3tvuÂGJtvu/`^N¢K%BDH±C-BDN/C-KóC-BDNkm�]^tvu/CwNÃx{zFC-B½Z�`3@/C-?n�s?JC-B½Z�QYtvu/]^cLCwNYZ�ÚB�Hv]^NkGS]_HJ}fK%laOacLBDtvu�� QYCwcL�/G�H�]^=/G)CwBLN/CwK��/BDG)¦^¸�© −1 BLKôTaZ\EfCw?JCwBLtvu « ∼ ­ßï^¸^¸iC¤��o/��C-? E0
²+OaCwK�CwGJGICeZN/CwN�����h���Q�Z�QYb�C-TUHJ?JC-N%cLBDC-îaCwNMGJBDtvu�]^=/G)@/Cw?Úr3BLGI=/C-cDcLC-NnX�NkGJb�C-TUHSBD`aNn@/C-?��7`a=k?JBLCw?�Z¤Þ+?J]^N/GImp`^?JK%BLC-?�HSCwN¿ICw@/`Ytvu%N/`3tvu�T_C-BDN/Cs=kK�N�=/?W¸k�D­|©�raCw?JGItvu/BLCw@/C-N/CwN��iBLG�Hv]^Nk}-C-N%��C-B�¦Y�¨§�=/N/@�¦3�¨ê�©�=/NUHSCw?JGJtvukC-BL@kC-N��X�N%�ÚB�HSG)o/��C-?)@7]_GWO^C-GS]_K±HSC>QYb�C-TUHJ?J=/K�zf~^?JC|@/BDCqhi=kj/laGJ=/NkO±]^cDcLCw?J@/BDN/OaG+r^C-?I�{CwGJGJCw?IH-�k�Úok?)@/BLCqhs=km�ZcDlaGJ=/NkO¾@kC-?F[�NYZ\[�NYZ+�/}wz��3[	NYZ�¯�] Z��iBLG�Hv]^Nk}-C-N%z�~_?JC|C-BDN/C|GJ`acDtvu/Cq��C-?JcL~^N/OaCw?J=/NkO¾@kC-GWTUZ�EfC-?IC-BDtvu/C-Gr^`aN���C-GI`aN/@/Cw?JCwKò� Cw?IH8�

Ç�È�} ~�Ï�¥�Ðõ®�Ï5Ðõ¥{° ¯�Ï;Ë��±Î����õ¥ ¤�Î|Ì ª ¡¾Ì�Ñ«¡¾Ìõ®«¯£° ��ÍwÎB�
³^´2;t´q¶ ��¿aÀJÆ! q¿�¸7?A@ Å}¸�C÷·õÀJÆ>¿/<k¹k¸!¼T¼­¿�¹ ½k¿aÀwm�À�ÃaC­¿�¸!¹��OkñÀ�¸!¼�C�>! 7 !Ã>ÆoÀH>!�
@k¸!¿��BDC�BDK�r^`a?JBDOaC-N hi�/GItvu/N/BDHIHM@/BDGJT�=kHJBLC-?�H8�5}-CwBLOaCwN0@/BLCg����h���Q ��]_HJC-N0mpo/?Ý@/C-N

S1

Z�x�=/G�Hv]^N/@ @/C-G[A]_N/OU]^N/T_`aK%b/cLC�dkCwG�@7]^Gi��`^?JcLBDC-OaCwNAra`^N�}ezfCwBW[�NYZ\[�NYZ¤��CwTUHS`a?IC-Ny�{CwB�CwH�zf]	¦Y�¨§g©�b/?J`
Mn4Ca

ZQ3HJ?J=/TUHJ=/?y]^N���¥"BDN/C8]^?\Z\�iBDtvu/?J`^BLGJK±=/G�Z���]_HSCwN®C-?IOaC-��C-N�@7]^?Io/��C-?JukBLN7]^=kG-��@7]_GJG�@/Cw?R��BLN/T_C-cn}wz|B½ZGItvu/C-Nª@/C-?Ý[�CwKM�/?S]_N/N/`a?IKg]^cDC-N�=/Nk@ªCwBLN/CwK!@/BDC-GJCw?Ý[�NYZ�[	NYZ¤��CwT�HJ`a?JCwN «
RMn−Mn < 2.71

©i²iCwHIZzf] ía¸ ◦ ��CwHJ?S~^O^H�=/N/@¢mpo/?�@/C-N�]^N/@/Cw?JC-N�[�NYZ\[�NYZ¤��CwTUHS`a? « RMn−Mn > 2.72
©i²nOa?Jlaî^C-?%]^cLG%êa¸ ◦BDGIH�¶Ù��]^=�CeH�]^c6���ö¦_¸a¸k­a�f¦^¸a¸a¬Y¹ò��]^=�=kN/@Äìi]^=/K�]^N/N��ö¦^¸a¸^¬_»6�f�Úo/?�@/BLCy[	NYZ�[�N3Z��/}wz��q[�NYZ¯�] Z��iBLG�Hv]^Nk}-C-NÄo/��C-?�¬Â©&GJBDN/@�@/BLCy�)?JO^C-�/N/BDGJGIC�zFC-N/BDOaC-?�r^C-?JcL~^GJGIcLBDtvu��q�)�{CwNkm�]^cDcLG�]^=/G�¥"BDN/C8]^?\Z�iBDtvu/?J`^BLGJK±=/G�Z���]_HSCwNÄz|=k?J@/CwNÅ��BLNkT^C-c�r^`aN®êa¸ßZ\Öa¸ ◦ mpo/?�@/BDC�cL~^N/OaCw?JCwNÕ[	NYZ�[�N3Z¤��C-TUHJ`a?JCwN®=/N/@��BDN/T^Cwc5r^`aNACeH�z�]µº�ï ◦ mpo/?>@/BLC±[�NYZ\¯�] Z\�sBLGIHS]^N/}wC-NR��C-G�HSBLK%K±H¾¶Ùìi]^=kKg]^NkNACwHi]^c·�D��¦^¸^¸k­a¹y¯fBDN/t-`CeHq]^c·�D�%¦^¸^¸U¦Y¹±õF]^tvu7]_N/@/?S]Y�µ¦^¸^¸U¦Y¹%V+`aGIb/BLGIBLc£CwH�]^c6���%¦^¸a¸^¬_»6�3�iBDCihsN/}8]^ukc{@/Cw?q[�N3Z�[�NYZ��iBLG�Hv]^Nk}-C-N��CwHJ?S~^O^H�CwH�zf]�­eZ�¦i=/N/@�@/BDC�@/Cw?W[�NYZ�¯�]ßZ¤��C-TUHJ`a?JCwN%z|BD?J@nK%BDH�¦³Z\¬�]^NkOaC-OaCw�{CwNA¶°¯fBLNkt-`�CwHW]_c6����¦^¸a¸U¦3�¦^¸^¸^º/¹F[�o/cDcLC-?�CwH+]^c6���W¦^¸a¸aï »6�8�iBLCW[�N3Z�[�NYZ6��C-TUHS`^?JC-NÝGJBDN/@�@/C-K%}-=kmp`^cLOaCÚHJC-N/@kC-N/}wBLC-cDc�]^cLcDCÚGIC-N/T�?JCwtvuUH
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}-=/?W[�CwKM�/?J]^N/N/`a?IKg]_cLC-N�� @��°u��_b7]^?J]^cLcDC-c�}-=/?)[�C-KM�k?S]^N/Cw�{CwN/Cq`a?IBLC-NUHJBLC-?�H8�_�iBLCFT^`aK%b7]^TUHJC|��cDC-TUHS?I`_ZN/C-N/@kBLtvuUHSC�BDN±@/CwNn��?JBDGIHv]_cLcLG�HS?I=/TUHS=/?IC-N�¶¨x�`a=kN/B�CwHÚ]^c6���>¦^¸a¸k­^¹q��]^K�B��U]|=/N/@�Q3u/C-N��s¦^¸^¸a¬k¹|�7C-?I?JC-BD?S]CwH�]_c6����¦^¸a¸^º^»5BDGIHsOa=kH�K%BDH|@kC-KÁ��`a?JcDBLC-O^C-N	K�Cwu/?JCw?JC-?�[�NYZ\[�NfÏa¯�] Z��iBLG�Hv]^Nk}-C-NA�{CwB+K%C-u/?s]^c+¬�©N/C-��C-N�@/CwNÄ¦Y�¨§�©>Z��iBLG�Hv]^Nk}-C-NÃT^`aK%b7]_HJBL��C-c6���sBLCACwu/C-?%j£]^tvu/CR��cDC-TUHS?I`aN/CwN/@/BLtvuUHJCRGJtvu/CwBLNUH�]^=ktvuK�Cwu/?JCw?JCy[�N3Z�[�NYZ6��C-TUHS`^?JC-N�BDN�@/C-?µ����C-NkCR}-=/}w=/c�]_GJGJCwN���hsN/OaC-GIBLtvuUHSG�@kC-?µ}w=/K&¿ICeHS}wBLOaCwN�x�C-B�HIZb/=/N/TUH±r^`a?JcDBLCwOaC-N/@kC-N�hi=kj7l^GJ=/N/O�GJtvu/CwBLNUH>¿ICw@/`3tvu C-BDN/C�hiN7]_cD�3GJC�ra`aN���BLN/T_C-cDBLNkmp`a?IKg] HSBL`^N/C-N�BDK¥;BDtvuUHSC�@/C-?|T�?JBDGIHS]^cLcD`aOa?S]_b/u/BLGItvu/C-N��)?IOaC-�/NkBLGJGIC¾r^C-?�mp?Jo/uUH8���]_Gi��]^cD}-BL=kK�Z¤X�`aNgz|=/?I@/CÝBDN ¶Ù�7C-?I?JC-BD?S]nCwHs]^c·�D�A¦^¸a¸_º^»;}wz|BDGJtvu/CwNA@/CwKð[A]^N/OU]_N/T^`aK%b/cDCed�=/Nk@@/C-K

Tyrz
cL`aT ]^cDBLGJBDC-?�H8��GIC-N/T�?IC-tvuUH�}-=0CwBLN/Cw?Ý@k=/?Jtvu¡@/BDCµ[�]^N/OU]^N3Z�X�`aN/CwN0]^=YmpOaC-GIb7]^N/NUHSCwNÂ�)�{CwN/C^��iBLCwGJCqV5`aGJB�HSBL`^NMGJtvu/CwBLNUH)GI`ßzF`au/cYK�B�HÚCwBLN/Cw?)[�N3Z�¯�] Z��iBLG�Hv]^N/}Wra`aNnCeH�z�]�¬k�°¬s©®¶¨¯fBDN/t-`�CeH)]^c·�D�i¦^¸a¸a¦Y�¦^¸a¸^º/¹i[�o/cDcLCw?ÚCwH�]^c6���i¦^¸a¸Uï »k]^cDGÚ]^=ktvunK�B�HÚCwBLN/CwK���BDN/T^CwcYra`^Nnº�ï ◦ }ez|BLGJtvukC-N�@/C-K�K%BDHJHJcLCw?JC-NM[�NYZ¯�] Z¤��CwT�HJ`a?�=/N/@�@/C-?F[�CwKM�/?S]_N/N/`a?IKg]^cDC-Nnz|BLC|Cw?F]_=/G)��h�QUZ\��]_HJC-NA¶ õF]^tvu/]^N/@/?J]k�n¦^¸^¸U¦Y¹ÝV+`aGIb/BLGIBLcCwHs]^c6����¦^¸a¸a¬Y¹A¯fBDN/t-`%CwHs]^c·�D��¦^¸^¸^º^»�T_`aK%b7]_HSBD�{Cwc�}-=	GJCwBLN���)BLN±@/CwHS]^BLcDcLBLCw?IHJC-?JCw?���C-?IOacLCwBLtvuÝr^`aN�����hi�)Q�Z"=kN/@nT�?JBLG�Hv]^cDcL`aO^?S]^b/ukBLGJtvukC-NÝ��?IOaC-�kN/BLGIGJC-N�GItvu/C-BDN�Hz|BLC�C-?�z�~_u/NUHsNk`Ytvu�N/BDtvu�H>]_N/OaC-�k?S]^tvuUH8�£�i]^�{CwB�GIHJC-cDcDH�NkBLtvuUH|N�=/?q@/BLC�O^C-?JBDN/OaC�hs=kj7laGI=/N/O�C-BDN�V)?J`_Z�/cLCwKè@7]^?w�kX�N�¶Ù��]^=�CwH|]_c6����¦^¸a¸^º^tw»�z|=k?J@/C�]^�kOaC-GItvu7~_HS}eH8�7@7]_GJGq@/BDC���?JBLG�Hv]^cDcLC|mpo/?�K%C-u/?�]^cLGq¬�[	B�ZN3=YHSC-N�C-BDN/C-K�V�uk`^HS`aNkC-Nkj7=kGJG�ra`aN

5×1013 �/BLG 1015 V)u/`^HJ`aN/CwN s−1mm−1 ]_=/GJOaCwGJCeHS}wHWzf]^?JCwN��a��BLC]^=/Gqhi�k���£¦Y�¨§±}-=�C-?IGJCwu/C-N�BLGIH-�k?IC-BLtvuUHÚ¿ICw@/`Ytvu�GItvu/`aN	C-BLN��+cL=/GIGfra`aN ∼ 1012 V)u/`_HS`aN/CwN s−1mm−1o/�{Cw?�C-BLNkC	x�C-BDHJGJb7]_N/N/Cµra`^NÃ¬�K%BLN��Ú]^=/G-�Ú=/KÒC-BDN/C��)BLNYZ��)cLC-TUHJ?J`aN/CwNYZ\Ô|C-@k=/TUHSBL`^N¡@/C-G�[A]^NkOU]^NYZT^`aK%b/cLC�dYC-G¾u/C-?I�{CwBL}-=Ympo/u/?JCwN��"@/BDCnK�B�H¾Q3HS?I=/TUHS=/?J~^N/@/Cw?J=/NkOaC-N�raC-?I�/=/N/@kC-N0BDGIH « x�Cw?JG�HSla?I=/N/O�C-BDN/C-?
µ
Z�`8dY`_Z\EF?Jo/tvT_C^�f=kN�r^C-?Il^À�CwNUHScLBDtvuUHSC��)?JO^C-�/N/BDGJGIC³²e�f��] @/BDCAV)u/`_HS`aN/CwNkj7o/GIGJC�BDNP@/Cw?gT�?JBDGIHS]^cLcD`aOa?S]ßZb/u/BLGItvu/C-NÂ�i]_HSCwN/C-?�m�]^GJGI=/N/O�@/CwN¡�ÚcL=kGJG±BDNª@kC-KóBLN�hi�/���Ú¦Y�¨§	OaCw}-CwBLO^HJC-N¡�ÚdYb{Cw?JBDK�CwN�HÝ=/K�K%C-u/?]^cLGqCwBLN/CwN��£]^TUHJ`a?�­³¸no/��C-?IGIHSCwBLOaCwN��7BLG�Hq@/BDC�V�uk`^HS`a?IC-@/=kT�HJBL`aN�@/`^?IH|GJCwu/?qz�]_u/?JGItvu/C-BDN/cLBDtvu	@kC-=kHJcLBLtvuGJtvu/N/CwcLcDC-?¾]^cLG�@kBLC�BLNyhi�k���5¦Y�¨§�@/]^?JOaCwGIHJC-cLc�HSC_�"�iBLC%�)cLCwTUHS?J`^N/C-N/@kBLtvuUHSCeraC-?�HSCwBLcL=kN/OaC-Nª@/C-?¾V)?J`_HSC-BDNYZT3?IBLG�Hv]^cDcL`aOa?J]^b/u/BDC±CwN�HJGJb/?IC-tvu/CwN0@7]^ukC-?�C-BDN/C-K�[�]^N/OU]^NkT^`aK%b/cLC�d{��@/C-?�K%BDH¾Q3BLtvu/Cw?Ju/CwBDH¾BLN�GIC-BLNkC-KÔ>Cw@/`8dk}w=/GIHS]^N/@R=kN/@	zf]^u/?IGJtvu/CwBLN/cDBLtvu�]^=/tvu	BLN�GJCwBLN/Cw?sQ3HS?I=/TUHS=/?qraCw?S~^Nk@/C-?�HiBDGIH8��iBDCnV)u/`^HJ`a?JCw@/=/TUHSBD`aNy]^N�@/CwNRraC-?�zfCwN/@/CeHSC-N VWQYXJX6Z���?IBLG�Hv]^cDcLC-N�=/N/@y@/BDC±@7]^K%BDHiC-BDN/u/C-?IOaC-ukC-NYZ@/C-N%Q3HJ?J=/TUHJ=/?S~^Nk@/C-?I=/N/OaCwNMz|=/?J@/CwNn�/BLGIu/C-?+N/BLtvuUHÚu/BLN/?IC-BDtvu/C-N/@±=/NUHSC-?IGJ=/tvuUH-�U�)GÚBLG�H�]_=/tvun@/C-NkT3�/]^?-�@7]^GJGi@/BLCwGJCnQ�HS?J=kT�HJ=/?S~_N/@/C-?I=/N/OaCwN��{CwB+@kC-?iO^C-OaCwN�zf~^?�HSBLOgC-?J?IC-BDtvu�HJC-NRhs=kj7laGI=/N/Oµr^`aNRCwH�zf]�¬k�¨ï%©N/`YtvuªN/BLtvuUHÝ@/CwHJC-TUHSBDC-?I�7]^?�=/N/@ªGJ`aK%BDH�BD?J?JCwcLCer^]_N�H�GIBLN/@��;��G¾BLG�HÝ]^�{Cw?�C-��C-N/GI`A@/CwN/T��7]^?-�;@7]_GJG¾@/BLCraC-?Il^À{C-NUHScDBLtvuUHSCwNP�)cDC-TUHS?I`aN/C-Nk@/BLtvuUHSCwNÂC-BLNkC-N¡b/u/`_HS`a?IC-@/=/}wBLCw?IHSCwN

Mn4Ca
Z\�s`^K�b/cDCedª?JCwb/?S~_GJC-NUHJBLCeZ?JC-N���BDN�@/C-Kò@/]^GqrYBDC-?�HSCÝ[A]^N/Oa]^NA]_=/G|@/C-Kö�>`aK%b/cLC�d�C-NUHImpC-?JNUHs=/N/@�]^=kmpOa?I=/N/@�ra`aN�¼sNk`a?J@/N�=/NkO]^N�GJCwBLN/Cw?�raC-?J~^N/@/Cw?IHJC-N�V+`aGIBDHSBD`aNµN/BDtvuUHq@/CwHJC-TUHSBDC-?I�7]^?qBLG�H8�YEfC-BDK O^C-OaCwN�zf~^?�HSBLO^C-N	Q3HS]^N/@�@/C-?��£`^?�ZGJtvu�=/N/OPBLGIHµ]^cLGI`Â]^=km�¿IC-@kC-NÄ�£]^cLc|��`a?JGIBLtvuUH	]^N/O^C-�/?J]^tvuUH8�fzFC-N/NÅ]^=/G�@kC-N�T�?JBLG�Hv]^cDcL`aO^?S]^b/ukBLGJtvukC-N��?IOaC-�kN/BLGIGJC-NR[�`3@/C-cDcLC�K%BDHq] HS`aK�]^?JCw?qhi=kj/laGJ=/NkOg]^�kOaC-cDC-BDHJCwH�zFC-?I@/C-NAGJ`acDcLC-N��

³E´2;.´ø³ ����Æ! !¸i?H@k¿ ¼9C­ÀJ»�zBC­»tÀ�¿l 7 !¿�� ÃaC­¸���¿� CwcLtvu/C�G�HS?J=kT�HJ=/?JCwcLcDC-NÅ[�`^HJBDraCAT^laN/NkC-NÄN3=kNÄ}w=�@/C-N�BLK VWQYXIX%r^`a?Ju7]_N/@/C-NkC-NÅ�iBLG�Hv]^N/}wC-N�ra`^N
∼ ¦Y�¨§�©Ämpo/uk?JC-N����+o/?F[�`Y@kC-cLcDC^�U@/BDC|C-BLNkCs@/B½Z µ2

Z�`8dY`_Z\Ef?Io/tvT^CsC-NUHSu/]^cDHJC-N
(
[�N «

µ2

Z�´
)2

[�NYZ\[�`^HSB�rk²e�BLGIH%@/BDC-G�]^=km�¿IC-@/CwN��£]^cLcfOaC-OaCw�{CwN « rYO^c6�|¶ ��BLC-O^u7]^?J@YH8�è­8ÖaêaÖk¹�[�=/T�u/`ab7]_@/uU�U]8�ÃCeHµ]_c6���Ø¦^¸a¸_º^»GJ`³z|BLC	@/BLC�@k`a?IH�]^N/O^C-OaCw�{CwN/C-NÃÔ>CempC-?JCwN/}-CwN£²e�FÔ|C-tvu/Cw?Jtvu/CwN�BLNÂ@/Cw?µ¯�]^K±�/?JBD@/OaC	Q3HJ?J=/teHS=/?J]^c|��] ZHv]^�7]_GJC « ¯qQk�±�s¶ hicLcDC-N���¦^¸a¸U¦ß»Ó²±Cw?JOU]^��C-N¢mpo/?�@/BLCwGJCAQ3HS?I=/TUHS=/?IC-N�[	NYZ�[�N3Z\�iBDGIHv]_N/}-CwNÃ}wz|BDGJtvu/CwN¦Y�Æï_ê	=/Nk@Â¦Y�¨§a§�©Ý�5��BDN/C�C-BDNkm�]^tvu/C�V)?J`^HJ`aN/BLCw?J=/NkO	r^`aN0@/B½Z
µ2

Z�`8dY`_Z\EF?Jo/tvT_C-N��Ú]^cLGI`	CwBLN/C «
µ
Z�´�² «

µ
Z´�ìi²�Z�Ef?Jo/tvT_C^�3mpo/u/?IHf}-=µCwBLN/Cw?W��Cw?JcL~^N/OaCw?J=/N/OÝ@/C-?�[�NYZ\[�NYZ\�sBLGIHS]^N/}s=/K CwH�zf]M¸k��­i©®]_=km ∼ ¦Y�¨ê¾©±�hi=/tvu�zfCwN/NgCwG)?JCwtvu�HFGJb�C-T�=/cL]_HSB�r±Cw?JGItvu/C-BDN�H-��T_]_N/N�@/C-?

Mn4Ca(µ3

Z�´
)4

Z���=/�7]^NYZ��s`aK%b/cDCed{�_@kC-?�BLN¶°�7C-?I?JCwBL?S]nCeHi]_c6���R¦^¸^¸^º^»"K%`Y@kC-cLcDBLCw?IHWz|=/?J@/C_��]^cLGqhs=/GJOU]_N/OaGJbk=/N/TUHsmpok?|zFC-B�HSCw?JC��s��C-?JcDC-Oa=kN/OaC-N�}w=K�laO^cLBLtvukC-N�Ef?Io/tvT^CwN/K�`_HSBDr^C-N�ZWGJb�C-}wBLC-cDc�}-=k?�ra`a?IOaC-GItvu/c�]^O^C-N/CwN
µ3

Z\´sZ\Ef?Io/tvT^C�ZW@/BDC-N/CwN��7�iBDC��£?J] ZOaCÝBDGIHi]^cLGI`/�7`a�	C-BDN/CM[	N «
µ2/3

Z\´�² «
µ3

Z�´�²J[	NYZ¤��Cw?J�/?Io/tvT�=/N/O « hi�/���{¦Y�°ê^�£²q}-=A¥;~^N/OaCwN�ra`^N�¦Y�¨§%©
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��������f��'� #�! #�!�,$�9*����%� #":$*�,+E-�/1"*2(/1"*�3 #465*���87*�,+^%;4
S1
�µH­9�+��q/1"�$0$�9*�!&!'N�VX#"(��23��"�+����q/1'*�;9*"*2?J��%VRÔPQP�b6Lfu�%��[uE/1�!��"è@`��9*"*���!�×D x ��%;23��"A��%;"���"ÿHJ��%;��Y3������/19�ôV$*�����>X#"(��23��"�W�9� #�!�,+ x ��" x ?���%K��%;"����.�3 #"��+��q/1"(�!��"�UV"*�!��2Q9*"*23+!��"�����2Q%��)%;"A$*���6/1"�+��!��%;23��"�$*��" p���/1"*�3�£$*���yU>?�+q #��5*��%� #"�+��#/1"��!�õ@CiQsQsQP�� � N�+!&!'�z{/1�ø�

x ������ô`��%;��%;4 ��%;"*23�8ô`�*2Q�!��"õ�{%;��$�$*���Eb./1"(�!��"�+!5J�������!��"­D8L�u����^ �����"��=�aôC��%;�a�3��"*" x ��%�&!'*"����.$�/#+^��%;"�+!��� x ��"Y3 #"ÿ�h'� #�! #�!�,$�9*����%� #"fL�u�%��)uE/1�!��"Azo9*�!$*��"�/19�ô=RÔPQPJ& "� #��46%������ÔL�<V"(�!���!�)��%;"*23�,+!��� x �!��	��q/15*'*%;��ûau�%��U>"�ôM/1"*23+�%;"��!��"�+�%;�q�1�=$*���kp��;9� #�!�,+ x ��" x N�$�%��£$*��4 �:�����t%;4
S1
�µH­9�+��q/1"�$A��"��!+�5*��%�&!'��ÔN�"*%;464t�y$�9*�!&!'A��%;"��

� ���!+!&!'*%���?*9*"*2£$*����b./1"(�!� x 9�"*%��,$���%;23���!���>�h"�����2Q%��.+! #��/1"*23� x 9fN�?*%�+ý"T/#&q'����àzý/�RÔPQPk46%;"fL�/1�;���E-�/1"*2(/1"��HJ��"(���!��" /1��+
MnII Y3 #���;%���23��"fL�<>"��!���k$*���kU>"*"T/1'*4G�QN�$�/#+!+=%;4 S1

�µH­9�+��q/1"�$ÿ��%;"
MnIII

2 MnIV
2

�àbV #465*���87Y3 #���;%���2Q�ÔNT%�+!�>'*%����øô`�*����%;"����>�,$�9*����%� #"�$�9*�!&q'0i[�����������! #"���"0"� #�mzv��"�$�%;2�L���%;"0U>"�+���%���2«$*����p��;9� #�!�,+ x ��" x9*4 ∼ R��s&é��"��!+�5*��%�&!'���$*��4 x 9�ôC #�;23�t$*�����V�,$�9*����%� #"�$*�,+ Mn4
�àb> #465*���87*�,+V$�9*�!&q'���%;"������������! #"fLT<V"(�!���$*��":'*%����t23� x ��%;2Q�!��"��ý�,$�%;"*2Q9*"*23��"A%�+!�t$�%��,+!���t�:�����="T/#&!'ÿ���àz{/�Z�L	s�46%;"fL������!��%�&!'��)@` #?����!�[��%;"*23�,+!��� x �!�	��q/15*'*%;��D8LTu�%��.2Q��/1���!�k��%;"*%��k����2Q%;?*��+�%�&q'�/19�+���%;"���4å?*%��87�5� #"���"(��%����;����"õp�%;�>46%;�^U>465*�;%;��9�$*��" @

Ai
Do9*"�$

�V/1�!��"*�3 #"�+��q/1"��!��"0@
ki
DaY3 #"

A1 = 15%
N
k1 = 0.165min−1 N A2 = 85%

N
k2 = 0.022min−1 L(���1'*�!��"�$$*���ou^/1�!��"T/19�ô`"T/1'*4G�E%;")����%�+��q/1�;�� #2Q�q/15*'*%�+!&!'���"�-��,+!+!9*"*23��"«?���%�RÔPQPybÂ%�+��{$�%��E�h'� #�! #�!�,$�9*����%� #"�46%;"�$*�8�+��!��"�+ x ��'*"*4[/1�n+q&!'*"����;������/1��+�%;"�$�%��,+!��4 ö^U^e(�à�a7�5�����%;4G��"(�=FcuE/19����>/1�ML;N�OQPQP1r3&8SàL

mpo/uk?JC-N¢T ]^N/N����)NUHSGIb/?JCwtvu/C-Nk@/CRHS?IBLN�=/T�cLC-]^?JC	[�`3@/CwcLcLC�C�dYBLGIHJBLCw?JC-N¢N7]^tvu¢@/CwK u/BLCw?Mra`a?IcLBLCwOaC-Nk@/C-NQ3HS]^N/@y@/CwG���BDGJGIC-N/G¾N/BLtvuUH-��X�Nªhs�/���;¦3�¨Ö�BLG�Hf¿IC-@/`3tvuy@/BLC%Q�HS?J=kT�HJ=/?�C-BDN/C-G
Mn10

Z��s`aK%b/cDCedYC-G�OaC�Z}wC-BLO_H8�7@/Cw?s}ezfCwB�[�N «
µ2
Z\´�² «

µ3
Z�´�²J[	NYZ\V+]a]^?JC�K%BDHs[�N3Z�[�NYZ��iBLG�Hv]^Nk}-C-N�N7]^u/C¾��C-B+¦Y�¨§�©ôC-NUHJu7~^cDH-���]_GF��C-@/Cw=kHSCeH8��@7]^GIGFbk?JBLNk}-BLbkBLC-cDc7[�N «

µ2

Z\´¾² «
µ3

Z�´�²J[	NYZ�Q3HJ?J=/TUHJ=/?JCwNgK%BDHW[�N3Z�[�NYZ��iBLG�Hv]^Nk}-C-N%ra`aN
∼ ¦Y�¨§M©®K�l^OacLBDtvuµGJBDN/@/�/hs=kmpOa?J=kN/@�@/C-?>[�N3Z�[�NYZ��iBLG�Hv]^Nk}�@/C-Gs[�N « µ3

Z�´
)2

[�NYZ�VÚ]a]^?IC-Gqra`^NR¦Y�°ÖM©BDGIH�@/BDC-GIC%GIb{Cw}-BDC-cLcDC�Q3HJ?J=/TUHS=k?�¿ICw@/`3tvuªN/BDtvuUHÝK%BDHi@/C-Nª����hi�)Q�Z\�i]_HSCwN�r^`aK
S1

Z\x�=/GIHS]^N/@�raCw?JC-BDNYZ�7]_?-�3[�NYZ\[�NYZ��iBLG�Hv]^N/}wC-N%ra`aN%K�Cwu/?W]^cLGW¦3�¨ê�©wË7N/@/CwNgGJBDtvuµ]^=ktvu�BDN%HJCwHS?J]^N�=/T�cLC-]^?JCwN « raC-?I}-Cw?J?IHJC-N£²��=/�7]_N/GIHJ?J=/TUHS=k?JC-N ¶¨¯fBDN/t-`�CeHi]_c6����­8ÖaÖaÖ_»·�hicDG)Ô|C-GJ=kcDHv] H)T ]^N/NMmpC-G�HSOaCwu7]^c�HSC-NMzFC-?I@/C-N��U@7]^GJGW[	NYZ�[�N3Z\�iBDGIHv]_N/}-CwN�r^`aN ∼ ¦Y�¨§i©±�_z|BLC�GIBLC�BDK
S1

Z�x�=/G�Hv]^N/@Rr^`a?JcDBLCwOaC-N���@/B½Z
µ
Z¤`³dY`_Z6raCw?J�/?Io/tvTUHSC-Nª[A]_N/OU]^NYZ�VÚ]a]_?JC-N�}w=/}-=k`a?J@/NkC-N�GJBLNk@���@/BDCMC-NUH�zFCeZ@/Cw?+CwNUH�zfCw@/C-?�BDN

Mn(µ2

Z\´
)2

[	NYZ�`3@/Cw?+BDNM[�N «
µ2

Z\´�² «
µ3

Z�´�²J[	NYZ�Q3HJ?J=/TUHJ=/?JCwNÝra`^?JcLBDC-OaCwN��³hiNk@/C-?IC^�]^cDG)@/BLCq}ezfCwB{ukBLC-?�]_=kmpOaC-}-~^u/c�HSC-N�[�`_HSBDr^C|}-=/?F�)?JT�c�~^?I=/N/O�@/Cw?f[	NYZ�[�N3Z\�iBDGIHv]_N/}-CwNgKMo/GIGJCwNµ]^cDG)=/NYZ
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�^�������	��
��(
���������H­zv��%J+�����9*����9*�!���;����-� #��%;Y3�QN($�%�� x 9«-�"��à-�"��àu�%�+��q/1" x ��"£Y3 #"«O�L��E]èôâ�*'*�!��"£�3X#"*"���"fL­@C/3D
(µ2

�µú
)2
�à�{����&q�3�Qjv@â?­D6@

µ2
�µúED�@

µ3
�µúEDà�à�{����&!�3�QLaH­9*� � ���!��%;"�ôC/#&q'(9*"*20+�%;"�$0"(9*�k$�%��6�{����&!�3��"��µe�/19����!+��! ������%;"*23� x ��%�&q'*"����ÔL*u^���v%;"0@C/3D���%;"*23� x ��%�&!'*"����!�E�ý���!��%�&q')��"��!+�5*��%�&!'��o$*��4Ä%;"«+�d�"���'�����%�+!&!'���"�-� �$*���;����"£%;"£$*����f%;�!���q/1��9*�>9*"�$�$*�����oe�u FcUV�;����"fN�OQPQPQOgS�23�8ô`9*"�$*��"���"fL

z�]^uk?JGJtvukC-BLNkcLBLtvu%OaCwcDHSCwN��^@/]�GJBLtvu�=/NUHJC-?�@/C-N�G��YNUHJu/CwHJBLGJtvukC-Nµ�>`aK%b/cLC�dkCwN�@/C-?W¯qQk��T_C-BLNkC>hsN7]^cD`aOU]
Ë7N/@/CwN¡cLBLCwîaC-N��+EFC-BL@kCµ[�`_HSBDr^CgGIBLN/@0@kB�Z

µ
Z�`8dY`_Z¤r^C-?J�k?Jo/tvTUHSCµ[�NYZ�VÚ]a]^?IC^�+��]^u/Cw?±z|BL?I@ BDK��£`^cLOaCwNYZ@/C-N�@7]8ra`^NA]^=kGJOaCwOU]^N/OaCwN��k@/]^GJGq@/Cw?|VWQYXJX6Z\[A]^N/OU]_N/T^`aK%b/cDCedµ]^=/Gq}wzFC-B"@k=/?Jtvu�@/B½Z

µ
Z¤`³dY`_Z�Ef?JoktvT^C-NraC-?I�/=/N/@kC-N/CwNyVÚ]a]^?IC-N	�{CwGIHJC-uUH8�X�N�hi�/����¦Y��­³¸�GIBLN/@�@/?JCwB5r^C-?IGJtvu/BDC-@/CwN/CnhiN/`^?J@/N�=/N/O^C-N�@/Cw?>r3BLCw?�[A]_N/OU]^NYZ¤X�`aN/CwNA@7]^?IOaC-G�HSCwcLcDH-�@/BLC�BLNN�>�{Cw?JCwBLN/G�HSBLK%KM=/NkOnK�B�Hq@/C-N�����hi�)Q�Z\�)?IOaC-�/NkBLGJGIC-N�GJBLNk@��£�iBLCwGJCÝQ3HJ?J=/TUHS=k?JC-N�T^laNkN/C-N�N/CeZ�{CwNn@/C-NMmpo/?5@/BDCq¦Y�¨§s©>Z��iBLG�Hv]^Nk}-C-NÝraC-?J]^NUH�zf`^?IHScDBLtvu/CwN�Ef?JoktvT^C-N�N/`3tvuMzFC-BDHJC-?ICqEf?JoktvT^C-N�CwN�HJu7]^c�HSC-N« K%`aN/`_Z

µ
Z�`8dY`_Z5`3@/C-?f�¾]_?J��`³d3�3c�] HS`_Z�Ef?Jo/tvT_C-N£²��Y@kBLC>}-=µ@/CwN�c�~^NkOaC-?IC-N�[	NYZ�[�N3Z\�iBDGIHv]_N/}-CwNgmpo/u/?IC-N��X�Ng]^cDcLCwNM@/?JCwB£Q3HJ?J=/TUHS=k?JC-N�T ]^N/NnzfCwBDHJC-?JukBLNn@7]^GF¯�] Z¤X�`aNnGJ`¾b�`aGJB�HSBL`^N/BLCw?IH5zfCw?J@/CwN���@7]^GJG)CwG�K�B�H�@/CwN`a�{CwNª@kBLGJT�=kHJBLCw?IHSCwN ���ih��)Q�Z��)?JOaCw�/N/BLGIGJCwN ��C-}-okOacLBDtvuª�sBLGIHS]^N/}�=/N/@���BLN/T_C-c)}w=/?Ý[�C-KM�k?S]^N/Nk`a?�ZKg]^cDC-NªBLN��s��C-?JCwBLN/G�HSBDK�KM=kN/O�BDGIH-�Úx�=kKóO^C-OaCwN�zf~^?�HSBLO^C-NÂx�CwBDHSbk=/N/TUH±T ]^NkN0T^CwBLN/C�@/C-?ÝOaC-}wC-BLO_HSC-NQ3HS?I=/TUHS=/?IC-N¢]^cLG¾z�]_u/?JGItvu/C-BDN/cLBDtvu/C-?n]_cLG¾@/BLCg]^N/@/Cw?JC-N¡O^C-cDHJC-N��5hicDcLCgQ3HS?I=/TUHS=/?IC-N¡Cw?Jl^À{N/C-N�¿ICw@/`3tvu

�^�������	��
��(
A��������e�����9*����9*����%;"��,+>+�d�"(��'�����%�+!&q'���"
Mn10

�àb> #465*���87*�,+^/19�+.F���/123��"����V/1�ML;N|R��Q\��Q/gSo@â�;%;"*��+�D
+q Ôzo%�� � ����2Q�!X�83����9*"*2���%;"��,+EUV9�+!+!&q'*"*%;���!�,+ÔN�$*���E/19�&q'�@

µ2
�µúED�@

µ3
�µúEDà�à�{����&!�3��" x zo%�+!&q'���":$*��"õ-�/1"*2(/1"��üµ #"���"���"���'T�1�;�=@â�!�,&!'��!+�D8LTu�%��Eu�%�+��q/1" x ��"�+�%;"�$)%;"�]÷23��23��?J��"�9*"�$�$�%��Ep­/1��?J��"�?��,$*��9*�!��"fû*Y�%� #�������ý�K-�"fN���*����%�+o�{��N��! #���{úkN*?*��/19��KókL*���! #�! #"���"�+�%;"�$)"*%�&q'(��$�/1��23�,+��!���;�;�ÔL
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���������	��
���
 ��� �O���ýuV�!��%^������4G��"(�q/1�!�:e�����9*����9*��4G #��%;Y3��ôâ�*�)$�%���UV"� #�!$�"(9*"*2 $*���)-�"��àüµ #"���"�%;4 �ve�ü!üà�-�/1"*2(/1"*�3 #465*���87�L�@C/3DnuV�!��%��,&q�(� ù ��%;4G���T�è-� #"� #4G���Ôj*@â?­D�u�%;4G���aY3 #"ku�%;4G���!��"fj�@`&×Df23�,+����!�,&!���!�,+ ù ��%;4G���
�w-� #"� #4G���ÔL­óV9*�>$�%��k-�"��àüµ #"���"�9*"�$�$�%��=�{����&q�3��"��µe�/19����!+��! ����y+�%;"�$�$�/1��23�,+��!���;�;�ÔLJuV%��=-�"���@

µ2/3
�µúEDà��{%;"�$�9*"*2�%�+��t/1��+E$�9*�!&!'*23� x  #23��"��£��%;"*%��G$�/1��23�,+��!���;�;�ÔLfu�%��k9*"(�!����?*�! �&!'���"���"���%;"*%���"|$*��9*�!��"|/19�ô{zv��%;�!���!��3 � #�!$�%;"T/1��%;Y3�t�v%;"�$�9*"*23��"�'*%;"fN�$�%�� x 9�zv��%;�!���!��"A@ µ3

�µúEDà�à�{����&q�3��"�ô`�*'*�!��"��3X#"*"(�!��"fLTuE/#+>�ý/g�àüµ #"�?�����"��$*���k+!%�&!'ÿ%;4 UV?�+��q/1"�$:Y3 #" ∼ Z�L	Z�] x 9 x zv��%ý-�"��àüµ #"���"fN�%�+���q��,$* �&!'ÿ"*%�&!'(�6��%;"*23� x ��%�&q'*"����ÔL�U>9�&q'�$�%��-�"��à-�"��àu�%�+��q/1" x Y3 #" ∼ Z�L;R6]w%�+��^"*%�&!'��t$�/1��23�,+��!���;�;�ÔL�� %��y$�%��6H�/1'*����" 5 O�L�� 5 /1"�$*��9*�!��":+! #�;����"fN�?J��%;"��'T/1�;�!���aqø�,$*�Ge�����9*����9*�=/19�+^23��"T/19 x zv��%v-�"��à-�"��àu�%�+��q/1" x ��"õY3 #"|O�L��«]=L�UV�;���6$��!��%ve�����9*����9*�!��":+!%;"�$0%;"  ?����!��%;"�+���%;464=9*"*2[46%;�>$*��"�Y3 #���;%���23��"�$*��"0��ö^UVphe(�àuE/1�!��"fL
@/BDC�[�laO^cLBLtvukT^C-B�H8��BLK

S2→S3

Z��s��C-?IOU]^N/OµCwBLN/CMzFC-B�HSCw?JC
µ
Z¤`³dY`_Z�Ef?JoktvT^Cn}wz|BDGJtvu/CwNª@kC-Nª[�NYZ¤X�`aN/C-N}w=A�/BDcL@/CwN��/z�]_GiBLN	@/BDC-GJCw?shs?J��C-B�Hs=kN/@RBLNª¶Ù��]^=ACeH�]_c6���y¦^¸a¸k­^¹�ìi]^=kKg]^NkN�CeH�]^c·�D��¦^¸a¸U¦_��¹���]^==/Nk@Aìs]^=/K�]^N/N���¦^¸a¸^¬k¹	ìi]^=/K�]^N/N�CeHi]_c6���A¦_¸a¸Uï »�r^`a?JO^C-GJtvukc�]^OaCwN	z|BD?J@��

Ç�È�¡ ± Ð:²K¡[° ° Î|ÌJ��¡[²h²;Ð	Ì�Ñ
�iBDC�hi=kmpT�c�~_?J=/N/O|@/Cw?�Q�HS?J=kT�HJ=/?5@/C-G+VWQYXJX6Z\[A]^N/OU]_N/T^`aK%b/cDCedYC-G5BLG�H+@/]^G�x�BDC-c^r^`aNMV)?I`^HSCwBLNYZ¤T3?IBLG�Hv]^cDcL`_ZOa?J]^b/u/BDGJtvu/CwN�=/N/@Mra`^N����ih��)Q�Z�¼sNUHSCw?JGI=/tvu�=/N/OaCwN��k�sBLC�T�?JB�HSBDGJtvu/Cq�sBLGJT�=/GIGJBD`aN�@/C-?W[�CeHSu/`3@/CwN%@kC-?����hi�)Q�Z���]_HSCwN7]^=kmp��C-?IC-B�HS=/N/O�=/N/@ Z�]^N7]^c��YGIC�GI`³z|BLCg@kC-?Ý��Cw?JOacDC-BDtvu K%BDH±[�`3@/C-cDcLGIHJ?J=/TUHJ=/?JCwN0=/N/@T�?JBDGIHS]^cLcD`aOa?S]_b/u/BLGItvu/C-Nµ��?IOaC-�kN/BLGIGJC-N	mpo/u/?�Hs}w=	mp`^cLOaCwN/@/C-N�QYtvukcL=/GIGImp`acDOaC-?I=/N/OaCwN�Û« ­³²%�Úok?�@/BDCAEFC-GIHJBLK%KM=/N/Oyra`^N��s`3`a?J@kBLN7]_HJBL`aNkGJ}8]_u/cLCwN¢BDGIH%zfCwGJCwN�HJcLBDtvu��f@7]_GJG « ]U²n@/BLC�<s`a?\ZK%BLCw?J=/N/OªC-NUHSGIb/?JCwtvu/C-Nk@Õ@/CwN��ÚcL=/`^?JC-GI}-CwN/}eZ¤@/CwHJC-TUHSBDC-?IHJC-NÄ��]_HJC-N�r^`a?JOaCwN/`aK%K�CwN�z|BL?I@�� « �£²�@/BDC[�CeHSu/`3@/C%@/C-?Ý�7`a=/?IBLC-?\Z�X�GI`ac�]_HJBL`aN�raC-?IK�BDC-@/CwNªz|BD?J@�� « t³²�C-BLN�u/BDN/?JCwBLtvu/CwN/@ªT_`aK%b/cLC�dkCw?±�+BDHv]_N/GS]_HJ}OaCez�~_u/cDH�z|BL?I@Ã=/Nk@ « @7²�@7]_G�hs=/GJK�]^î @kC-?�V�uk`^HS`a?IC-@/=kT�HJBL`aNPC-BDN/CA�)BDNYZ\�)cLCwTUHS?J`^N/C-NYZ�Ô>Cw@/=/TUHSBD`aNr^`aN�t-]k�"­³¸�Î�@kC-?s[A]^N/Oa]^NYZ�X�`^N/C-N	N/BLtvuUH>o/��C-?IGJtvu/?IC-BDHJCwH-�« ¦^² hq@/~^Ü�=7]_HSC �ÚB�Hv]^N/GJ~_HS}wC T^laN/NkC-N =kN�HJC-? EfC-?Io/tvT�GJBDtvu�HJBLOa=kN/O ]^cDcLCw? X�Nkmp`a?JK�]_HJBL`aN/CwN]^=kG¢[�NfÏa¯�] Z�����h���Q{�n¥"BLN/C-]^?�Z��iBLtvuk?J`aBDGJKM=/G\Z�[�CwGJGI=/N/OaCwN��%[�C-GIGJ=/NkOaC-Nè]^NØb7]^?�HSBLCwcLcµ[A]^N/OU]_NYZr^C-?S]_?JK±HJC-N�V�?I`a��C-N	OaCwzF`aN/N/CwN�zFC-?I@/C-N��« ¬a²�X�K

S1

Z\x�=/GIHS]^N/@�BLG�H±@7]_G¾��`a?IcLBDC-OaCwN�r^`aN0}wzFC-Bf[�NYZ\[�NYZ��iBLG�Hv]^N/}wC-N0��C-BF¦Y�¨§	©�BLN���C-GIHJC-?
�>�{Cw?JC-BDN/GIHJBLK%KM=/N/O K�B�H�@/C-NÅ����hi�)Q�Z\�i]_HSCwN��|��]^G���`a?Iu7]^N/@/CwN/GJCwBLNÄC-BDN/C-?µzFC-B�HSC-?IC-NÕ[�NYZ\[�NYZ�iBDGIHS]^N/}	=/K ¦Y�°ê�©ðT ]^N/NÃNkBLtvuUHgK%BDH�Q3BLtvu/Cw?Ju/CwBDH�]^=/GIOaC-GItvu/cL`aGIGJCwN�zfCw?J@/CwN��FBDGIHg]^��C-?%]^=kmpOa?I=/N/@GItvu/cLCwtvu�HJC-?IC-?s�ÚBDHJC-?JO^C-�/N/BDGJGIC¾=kN�zf]^u/?IGJtvu/CwBLN/cDBLtvu��« ºU²Ú�iBLC���cDC-TUHS?I`aN/CwN/@/BLtvuUHJC^�U@/BDCfBLNn@kC-N%��?JBLG�Hv]^cDcLG�HS?J=kT�HJ=/?JCwNM@/CwK

Mn4Ca
Z\�>`aK�bkcLCedÝ}w=/OaC-`^?J@YZN/CeH|z|BL?J@��7BLGIH|BDN
�s��C-?JCwBLN/G�HSBDK�KM=kN/OnK�B�HqK%C-u/?IC-?JCwN�[�N3Z�¯�] Z��iBLG�Hv]^N/}wC-N�ra`aN�CwH�zf]g¬k�°¬n©�¥5~_N/OaCGI`ßz|BDC�@/C-?s´�?JBDC-NUHSBDC-?I=/N/On@/Cw?i[	NYZ�[�N3Z\�iBDGIHv]_N/}-CwN�b7]_?S]^cDcLC-c{}-=/?s[�CwKM�/?J]^N/C-��C-NkC^�/z|BLC�CwGs]_=kmÚ@kC-?E�]_GJBLG�ra`^N��)�ih��)QUZ\¼sNUHJC-?JGI=/tvu�=/N/OaCwN�b�`aG�HS=/cDBLC-?�HFz|=k?J@/C_�khi=YmpOa?J=/Nk@µ@/C-G�]^N/}-=kN/C-u/K%C-Nk@/C-N�hi=kG�ZK�]^îaCwGq@/C-?>V)u/`^HJ`a?JCw@/=/TUHSBD`aN�BDN�@kC-N	T3?IBLG�Hv]^cDcL`aOa?J]^b/u/BDGJtvu/CwN���]_HJC-NABDGIHqr^`aNACwBLN/Cw?>@kCwHv]_BLcLcDBLCw?IHSCw?JCwN�iBDGJT�=/GIGJBL`^Nn¿ICw@/`Ytvu�]^�/}w=/GJCwu/C-N��« ï^²��s=/?Jtvu&@/CwNñ��Cw?JOacDC-BLtvuðK%BDHÄGI�3NUHSu/CeHSBDGJtvu/CwNó[�`Y@kC-cLcDT^`aK%b/cDCedYC-NðC-?IOaC-��C-NñGJBLtvu!}wzFC-BEf?Io/tvT^CwN/GIHJ?J=/TUHJ=/?JCwN��f@/BDC�K�B�Hn@/C-NÃ����h���Q�Z\�)?JO^C-�/N/BDGJGIC-N�T_`aK�b/]_HSBD�{Cwc�GJBDN/@��)N7~^K%cLBDtvu¢[�N

(µ2
Z



"*) â�ã¢);ã '�(5*-,7. . 13254¤,/*8*8(5259
O)2

[�NYZFGJ`³z|BDCM[�N «
µ2

Z\´¾² «
µ3

Z�´�²J[	NYZ\V+]a]^?JC_�7X�NA��C-BD@/C-NA��~^cLcDC-N�u7]_N/@/C-c�H>C-GiGIBLtvu�=/KöC-BDN/C�@/B�Z
µ
Z`³dY`_Z6��C-?I�/?Jo/tvT�=/NkO/�« íU²±�)BLN0zFC-GIC-NUHScDBLtvu/Cw?%hsGJb�C-TUH%@/C-?%Q�HS?J=kT�HJ=/?n@/CwG�VFQ3XJX6Z�[�]^N/OU]^NkT^`aK%b/cLC�dYC-G�BLG�HnK�B�HMu/`^u/C-?�0]^uk?JGJtvukC-BLNkcLBLtvukT^C-B�H%@7]^G�hi=kmÓHJ?JCeHSC-N¢ra`aN¢}wzFC-Bi[�NYZ�VÚ]a]_?JC-N��)@/BLC�o/��C-?�@/B½Z

µ
Z¤`³dY`_Z�Ef?JoktvT^C-N¡r^C-?�Z�/=/N/@/CwNPGIBLN/@��)ìsBDC-?J��C-BFT^laNkN/C-N¢@/BLCg@/?JCwB�Oa?J=kN/@/cLCwOaC-Nk@/C-NÂÞ5`ab{`^cL`aOaBDC-Nª=/NUHSC-?IGJtvu/BDC-@/CwNPzFC-?I@/C-N��@/BLC�BDN	hs�/���£¦3�D­³¸nOaCw}-CwBLO^HqGIBLN/@��k��C-?IKM=kHScDBLtvu�CwN�HJGJb/?IC-tvu/CwN�@/BLCi�{CwBL@/CwN�V+]a]^?IC±[	NYZ�[�N3Z¤��C-TUHJ`a?JCwNra`aN ∼ ¦Y�¨í^Ög©�=/N/@ ∼ ¦Y�¨§^¬µ©±�{@/BLC¾��BLN/T_C-c5ra`aN ≈ ía¸ ◦ « ¦Y�°íaÖg©�²s=/N/@yê^¸ Z\Öa¸ ◦ « ¦Y�¨§^¬g©�²sK%BDHs@/C-?[�C-KM�k?S]^N/Nk`a?JK�]^cLCwN��/BLcD@/C-N��


