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@A@>BDCFE4G�HIGKJ�LNMOB4P;QRMSETMKQUC4P2EFLWVRMYXZGKE\[I]^BFQ2MKE�Q2GKH*C4LWH_]^MSJ�PRH�CFP?HIGa`aM�B7bcEFGKH*C4PRLdETMKBRegf*]IPhXZP2EFJ�LiCTMSJjEFPRB4GKkW`KPRE�P2H^Ldl�J�M�B�Bm]IEFlKLNn$G*B
XZP2kWGhMo`aMSH^p2GqbcP2LdC4G;M�]IJ�nIM�n$G?J�G�J;PRH*C4G^rts�J;Pun$LNnIM?f*]IP>HIGa`KG*BvLdHwBDCFE4]IJ�PRH�CFG�BxB4yKG?QUG�H^BDCFE4]^zWn$G*B2e�E4PuBmXZG�BmCFM�B{BFySG�G�[$C4LNnIM�B2e*P>MKG
J�PRB4J�GqC4PRJ;XZG�HIGa`aM�BtbcE4G�H*C4P2LWETMKBvBFySG�MaCFLdH^lKLNnIMKBReKP7H^Ga`oM�BvXZP2EFlK]IH*CFM�B|BFySG�bcGKEFJ?]^kWM�nIMKBRr~}�XZGKE4CFMKH*C4Gq]IJYM��KE4PuMqQU]a�DG?nILdH^MKJ�LWB4J�G
PU�$LWlKPqQ2MKX^MKQ2LWn^MKn$PuB{CFPRQ2HIGKkW�Kl�LWQRMKBRr
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@/@>BDCFE4G�HIGKJ�LNM7XIEFGS�ZB4B4LdG�H^MSk_QUG�J�PRpUG�]�HIGq��EFM�BmLWk_MSXZP2H^M�B�H^G�BtMSHIG*Bt�S�Ir�@/Q2GKJh]IHILNnIMKn$P�MKBmC4EFGKH^�KJ�LWQRM�[IETMKB4LdkWP2LWETM�C4PRJ C4PRH*CFMKnIG
n$PuB4n$PYPRH*CFySG�B4P2lK]^LdE�M¡P2`�GKkW]^p2yKG¢Jh]IH^n$LNMSkxnIM�QULW£2H^Q2LWM�P�JYMSLNBqEFPRQUPRH*C4P2J�PRH�CFP;CFMSJh[w¤RJ¥nIM¢CFPRQUH^GKkWGKlKLNM¡MKBmC4EFGKHI��J;LNQ2M^r;@�kdl�]IH^B
n$G*B�X^M�B4B4G�B>LWJ;XZGKE4CFMKH*C4PRB>HIPuB4BFMOn$LWEFPRp2yKGYbcGKETMSJ�¦�bcG�E4JYM�p2ySG¢n$P;nIGK]$CFGKEFPRB7H^G¢P2�*CFP2EFLdG�Eh§¨G_Q2GKEFE4LNn$G�X^E4LWH^QULWX^MKkdJ�P2H*CFP;Q2GKJ©[wG�kWBFMKB
n$GYª�«7¬{f�HIG*BxMKHIG�B�­K��Pq�S��®�¯_M?Q2E4LNMKpRySG?n^M�XZ��Bm°±l�EFM�n$]^MKpRySG�HIGhX^MSzNB{H^PRBFB4M��KE4PuMIeZe_P�XZG�BmC4P2EFLWGKE{G�E4LWP2H*CTMKp2yKG�n$P\HIGa`KG*B|n$GK]IC4GKEFPRB
HIG���EFM�BmLWk²¯³M¢LWH^BDCTMSkNMKpRySGOn$G�´~MK[wG�EFMSC4��E4LWGO«�M�QULWGKH^MKk�nIP;@>BDCFE4GKbczWB4LWQRM�§²´~«>@>®>HIG¡¬|LWQ2G¡nIG�B�µ�LNMKB\PRJ+¶R·�¸I¶Ke¹QUG�J©C4PRkdPuB4Q2�KXILWG¢n$P
¶Kr ­SJ�¯*M�MKBFBmG$Q2LWM�p2ySG�MSG*BtXIEFGS�DPUCFG�B|º\PRJ;LWHIL±e*Q2GKJAX^MSE4C4LNQULWX^M�p2ySG�n$P>»Ir ¼*½�PRJ¾»>CFP2kWPRBFQU�KX^LdG*B|n$P�¸KJ¿HIG;ªxÀ^LdkWP�P�Á�Mo`aMKz^M�X^MSE4C4LWE{n$P
¶R·�·SÂweKP\GK[^B4P2EF`aMKpUÃ_PuB|M�X^MKEmCFLdE�n$Ph¶R·K·�·Ie�P\n$G;QUG�H^Bm��EFQ2LdG?ÄwÅ7@>ÆqeKCFP2kWPRBFQU��XILdG;n$P\ÂKJ¾HIG�ªxÀ^LdkWPKe$QUG�J¾X^MSE4C4LNQULWX^MKpRySG?nIP>ÇSÂ$½Oe_Q2GKJ
GK[wBmPRE4`aMKp2Ã_PRB�MhXwMSE4C4LWE7n$P�»S�K�KÂ^¯_P\�^H^MKkdJ�P2H*CFP�M�Q2GKH^BmC4EF]^p2yKG;nIP\LWH^BmC4EF]IJ�P2H*C4G*B�X^MSETMhGhCFP2kWPRBFQU��XILdG�Ä^Å�@�Æ�e$PRBmC4P�ÈIkdC4LWJ;GYPuBDbcG�EFp2G
J?]^LiCFGhl�EFMKH^n$P>nIP2`_LWnIG;MKGhl�EFMKH^n$P>MSC4ETMKB4GqC4PuQUHIG�kd��lKLNQUGhP2J%f*]IP�HIG�BxP2HwQUGKH*CFEF�o`aMSJ�G*B{MaCF¤>Gh�^H^MKkgn$G�B�MSH^G�B�·K�I¦tG;PRB4XwPuQ�CFE4��lKETMabcG
Ä_ÉDÊvÄ��m�?PuBDCT�?HIG�ªxÀILWkdP�P�BmPRH^n$G;LdHwBDCTMSkNMKn$G;HIGhC4P2kWPRBFQU��XILWG;Ä^Å�@�Æqe_P�G�B�PuBmXZPRQUC4EF�KlKETMabcG*B|��Ë�Ê�LgP�Ä$Ë�Ìx´³ÌxÄ¡B4P2lK]^LdETySG�PRJ�»S�^¶R�qP
»S�^¶K¶\E4PuBmXZPRQUC4LW`aMSJ�P2H*C4P�r
@ QUGKJh]IHILNnIMKnIP\M�BDCFE4G�HI�KJ�LNQ2M�Jh]IH^n$LNMSk~PRBmCF�hHIG�J;G�J�P2H*C4G�XIEFP2X^MKEFMKH^n$GhXIE4GK�DPUCFG�B�n$PqlKETMSHwn$PRB{C4PRkdPuB4Q2�KXILWG�B�QUG�J%PRB4XZP2kWÀIG�B�n$P

ÇK�OMYÂ��KJ¡eZP?PuBDCTySGOB4P2Hwn$GOn$PuBmPRH*`�GKkW`_LWn$G*B�G�B>XIEFGS�DPUCFG�B�CFPRQ2HIGKkW�Kl�LWQ2G�B7n$P?CFMKLWB7C4P2kWPRBFQU��XILWG�B7P;BmPR]^B7LWH^BmC4EF]IJ�P2H*C4G*B2eZP�G*B�XIEFGS�DP2C4G*B
QULWP2H*CFzi�wQ2G�B�MKkdJ�PD�mM�n$G�B�P�B4]^Mhb¨MKQUC4LW[ILdkWLNnIMKn$P�r
@�Bqb¨M�QULWkdLNnIM�n$PRBqG�[^B4P2EF`oM�QULWGKH^MKLWB�n$P¢f�]^POn$LNBmXZÃ_POM�QUG�J?]IHILNnIM�n$P�MKBmC4EFGKHI��J�LWQRM¢[^EFM�BmLWkdPRLdETM�MaCF]^MSkWJ�P2H*C4PYH^yKGÍB4yKGÍBm]I�wQULWP2H*C4PuB2e

MSXZPRBFMSEvn$G*BtMo`oMKH^pUG*B~G�[$C4LNn$G*B2eaP�G�BtPuBDbcG�EFp2G�B�nIM\QUGKJh]IHILNnIMKnIPxPRJÎX^MSE4C4LNQULWX^M�p2ySG>HIGqn$PRB4P2H_`�GKkW`*LWJ�P2H*C4G\n$P�LdHwBDCFE4]IJ�PRH�CFG�B�P�QUG�HIÀIPU°
QULWJ�P2H*C4G*B�C4PuQUHIG�kd��lKLNQUG�B�n$PuQUGKEFEFP2H*C4PuB�nILWBmC4GweIMKBFBmLWJ�QUG�J�G;B4]^M;XIEFG_nI]^p2yKG;Q2LdPRH�CFzi�ZQ2M�n$P�f*]^MSkWLNnIMKn$P�eIBmPRE4LNMSJ�Jh]ILdC4G�XIEFPD�D]^n$LNQ2M�n$G�B
B4P\HwySG�X^MSE4C4LNQULWX^MKE4J�G�B�n$PqMKkdl�]IJ�n$G*B�XIE4GK�DPUCFG�B�n$P�lKETMSHwn$PRBxC4PRkdPuB4Q2�KXILWG�BRr
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¬�G�ExPuB4BFM�ETMSVuySGweKLWHILWQ2LWMKJ�G�B�QUGKH_`�P2ETB4M�B|QUG�J�G�BxXIE4GK�DPUCFG�B{nIP>l�EFMKH^n$PRB{C4PRkdPuB4Q2�KXILWG�B{PU�$LNBDCFP2H*C4PuB�MSC4]^MKkdJ�PRH�CFPKrvÁ��hÇ?X^E4GK�DPUC4G*B{n$P
C4PRkdPuB4Q2�KXILWG�B�n$P\lKETMSHwn$P>XZGKE4C4PqMSC4]^MKH^n$G;HIGh��X$C4LNQUGK°±LWH$bcETMo`KPRE4J�P2kWÀIGwe�f*]IP�`_LWBFMSJ�G�[^BmPRE4`aMKExG�Ñ7HILW`KPREFB4G;P2J%XIEFGSbc]^H^n$LNnIMKn$P�rtÌ{BDCFPRB
BFySG?G;Ìv�_C4EFP2J�PRkdÒ�´�MSEFlKP>Ë�P2kWPRBFQUG�XwP;§cÌ{´$Ë7®�Q2GKJ�PRB4XZP2kWÀIG;nIP>Â_»aJ%n$P�n$LNÓSJ�PUCFE4Gwe_MhBmPRE�LdH^BmCFMKkWM�n$G?H^GYªxÀILWkWPKe$G;º\LNMSH*C�ÔÍMSl�P2kWkWMKH
Ë�P2kWPRBFQUGKXZPO§±º�ÔÍË7®�e¹n$P;»SÂKJ�ewMOBmPRE�LWH^BDCTMSkNMKn$GOHIG¡ªxÀILWkdP�ewPhGOË�ÀILWEmCDÒ�Ô�P2C4P2E\Ë~PRkdPuB4Q2GKXZPO§¨Ë�Ô�Ë7®�e¹n$PhÇ��SJ�ewM�B4P2E>LdHwBDCTMSkNMKn$G�H^G
Á�Mo`aMKz²r
«�MKB�CTMS[ZP2kNMKB�¶�e^»;P�Ç�B4P2l�]IP2J%G*B�LdHwBDCFE4]IJ�PRH�CFG�B�XIEFGS�DP2CFM�n$G�B�X^MKEFMhG�Ì{´$Ë�e^Ë�ÔÍË�P?º�ÔÍËÕEFPRB4XZPRQ�CFLd`aMKJ;PRH*C4PKr
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Å\B�GK[$�DP2C4LW`KG�B�Q2LdPRH�CFzi�ZQUG�B�BFySG;LWH*È^J;PRE4G*B2e$P�nILWBFQU]$CFLdJ�G*B�M;B4P2l�]ILWE7MSkWlK]IH^B�n$PRkdPuB7f*]IP�LdH*CFP2EFPRBFB4MKJ%Ú;Q2GKJh]IHILNnIMKn$P�[IETMKB4LWkdPRLdETMIr
ÛTÜ�Ý�ÞTßaà¨ß�áYßaàãâ4Þ2äåá�ß�á?äæá2ç_á;ßKÞqÞFçUèIáSéIê2ëKì�ßKì�í�é^àãîaÞUâTê2ìKï ÅÕEFPRn^BmÀILdbãC>§¨Vu®vn$P�]IJYM�nIMKn^M\bcGKH*C4P7`aMKE4LNM\kdPRH�CTMSJ�P2H*CFP�QUG�J¿GqCFP2J�XwG

n$PR`*LNn$GYÚ�MKQ2P2kWP2ETMKp2yKG¢§¨GK]�n$PRBFMKQ2P2kWP2ETMKpRySG*®{n$GYÑ7HILW`KPREFB4G^rtÌ|Jh[wG�EFM�B4PD�mM;]IJYMYnIM�B�bcGKEFJ�M�B�J�MKLWB�B4LWJ;X^kdPuB7n$P�B4P\J�Pun$LdE7M;bc]^H^p2yKG
V�§cCT®Ue�G�PUbcPRLiCFG�¤�CFyKG¡XZPRf*]IPRHIGÍf*]IPYBm]wM¢J�Pun$LWn^M�¤YLdJ�XZG�BFBmzW`KPRk|QUGKJðG�BqMaCF]^MSLNB�EFPRQU]^EFB4G�B>C4PuQUHIG�kd��lKLNQUG*B2r�Ì|Jh[wG�EFM¡G�n$PRB4`_LdG�n$P
VOf*]IP¡BmP�PuBmXZP2ETM�H_]IJYM�PRBFQ2MKkWM�nIP�C4PRJ�XwG.n$PÍ¶R��MSHIG*B�BmPm�mMÍnIM�G�EFnIP2Jñn$POMSkWlK]^H^B?Q2J�òSB2e�GÍEFPRnIB4ÀILdbãCh¤�]^JñnIG�B�G�[^B4P2EF`o�o`�P2LNB
J�PRn$LNn$G*B?QUG�J¥JYMKLdG�E�XIEFPRQULNBFySG^r�@�kd¤RJñnILWBFBmGwe�G�PUbcP2LdC4G�XwG$n$P¡BmPRE�GK[wBmPRE4`aMKnIGÍMS]IJ�P2H*CTMSH^n$GÍMÍPRBmCFMaCFzWBmC4LNQ2M�BmLWlKHILd�wQRMaC4LW`aMSJ�P2H*CFP
f*]^MSHwn$GYPRB4XwPuQ�CFE4G*B7B4yKG�C4G�J�M�n$G�B�MSGYkWGKHIl�G�nIMYkWLdHIÀwM�n$P�`_LNB4M�nIMYn$P;ó�Ä^Å\B7GKH^n$P?GYH*È^J;PRE4G¢n$P�kWLdHIÀwMKB7n$P;´³Ò

α
¤?P2J�C4GKEFHIG�n$P

QUPRH*C4P2HwMKBRr�ÌxBDCFPq¤q]IJ�P2�_PRJ�XIkdG�PRJ?[IkWP2JY�aCFLWQ2GYnIM�QULW£2H^Q2LWM�M�BmPRE�bcP2LdCFMYQ2GKJ%G*B�lKETMSH^n$PuBxC4P2kWPRBFQU��XILWG�BRr
ôUÜÍÝ�ÞTßaà¨ß�á�ßKÞ¡îaáaâ�à¨áKõuë�ì�ßKÞÍöTìSéIê�äåáSé^äæÞ�ê�÷Tø$é¹ßKáSù�Þ2é^äæáaàNêTú?Þ�ÞUé¹ÞUâ±ûSà¨á×ÞUêUö2ø$â4á�ï G*B�PRBmC4]wn$G�B;nIMÍHwMaC4]^E4PRVRMÍnIM�P2HIPRE4l�LWM�PuB4Q2]IETM

B4P2lK]^P2JðX^E4LWH^QULWX^MKkdJ�P2H*CFPOn$]^M�B�n$LWE4PupUÃ_PRBRe�]^J�M�nIP2kNMKB�`�P2EFLi�ZQ2M�BmPOXwG$n$POB4P2E?LWn$PRH*C4Ld�wQ2M�nIM�M�]IJYMÍQ2GKH^BmCFMKH�CFP�QUG*BmJ�GKkW�Kl�LWQRMIe³G�]
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 "!$#&%(' )�þ ÿ�*+�,���xý�	-��.Yý0/1��� 2�24305 6�6�6 67� 8:9�;<67� 9�=
µ
� 60� >:=0? 2@��� � �%BADC�EF% GH
��I	DþJ� �LK M 5 6�6�6:�N2�675 6�6�6 67� >4;�60� M 3 µ � 90� 87?%BOB�
 vý O(�P�Q���@	D�<�R�Rÿ��S� � ý7/1�@� 2�=�3�;-2�3�6�6Q;�=02�5 6�6�6 60� T4;�2�� >

µ
� 8QU)$A,�$GV!$W$� ýKþX�*ÿ��X� � þX����YHZ"þ�Y��\[]�Q�^Y�ý0/1��� M 5 6�6�64;�=�675 6�6�6 60� >4;�=0� M µ � 67� 302S_`2�� 6:=05X2�� =Q>Q_�=0� 3QTQU=�� 3�TQ_�3���2�=05 30�X2�=4_a2�60� = M UGb%Bc]�æý G;þPY7���D���R�2ÿ��@�4ý0/1���@d � AD! 2�605 6�6�64;�2�6�605 6�6�6 =0� e4;-2�87� >

µ
� 2�>QU�5 � �LKgf 67� M _a2�� T4UGH�
 ]A,#\! #�þIh1�-E^þ��qþI	��<�D ]�����@�-� 8�6�6�6Q;�3�6�6�6 60� >4;�=0� M µ � 3Q8QU!�OBc]��GV!�ý�;�%(��%iGV!�ý )�þ ÿ�*+�,���xý�	-��.Yý0/1��� 3Q6�6�67jk8�6�6���.0l�mS5 =Q675 6�6�6n67� 8�94;�2�� 9

µ
� 90? ý7
�/1�@��;jk>�6���.7l�mS5 M 675 6�6�6�jo=�3Q��.7l�m � �P�Q�����!�OBc]��GV!�ý�;<#$��!$�,A�GbA�ý Z"þ�Y�� � þX����YH�xþX��
^��� p 67� 8�94;�2�� 9

µ
� 9�?X5 � �LKNf =4_�84Uý0��GbOBEF% )�þ ÿ�*H�,���q�<�/ý0/1��� 2�6�675 6�6�6 60� >4;�=0� 3

µ
� 67� M 34U�5 M U

cL�Q.1�����b� fsr,t+u\vRr$wxr$y1z{y}|+vR~�r�u\r$y�r��L�����&rg�$�H�P�1���0���4�F���a�^���$�F�^�b���0�J��f >�þX���
	���
�������	����&/7�����Sþ��
	����N/��Q�-�b��%BE�c$�!�OBc]��GV!�ýR	��@��=N�:�@��	�����	������BA � þ��
	-��Y��N/7�Dþ����FþX�-�g¡������gY7���:�����@�,Y7���Tþ�Y�þ�Y��N���¢��.7�DþX� � =�602�67�
ýKþ ÿ���� �<���
	���
�������	�� �$�

λ � ∆λ λλ � ��� ����������	��
���D�æý W$�<�£� �LK ý0/1�����<�R�Rÿ��S� M 6�6�6 67� >Q;�=�� 3

µ
� 84UZ � !�ý Z"þ�Y�� � þX����Y�!$/�	4ý7/1�@� 2�6�6�6Q;�3Q6�6�6 67� 872S;�2��X2

µ
�¤e:=�� M ? 2 � 2�8�6�6QU���$GYý GH
��X	Dþdý0�iþI	�W,����ý7/1��� =�6�6�6Q;�3Q6�6�6 2�� 6Q;�=�� 3

µ
� 8�6QUk;�=0?GH���,%�ý G;þPY7���,%B�-*��@���X�Uý0/1��� 3�6�6�6Q;�2�6�675 6�6�6 M � 34;�=�3 µ � 84U%(_�AD!$�¥O(�������S	 � �����R�Q	DþX���H���R�2ÿ��@� 9Q6Q;�3�6�6 2��X2@;�=�� M µ � =�_^=�_�=0� =4U)$�D!�ý )xþiÿ�*��D���-!$/�	4ý0/1��� 8�605 6�6�64;
3Q675 6�6�6¥67� 8 M ;�2�� 6 µ � =Q6QUZ¦���D GV ]A,!/þX�R�2ÿ��@� 3�;�2�6�6 67� 8:9�;�=0� 3

µ
� 8�6QU ý7
�/1�S��;W$�<�$%�ý W$�<� %B�-*����X�X�>ý7/1��� 3�6�6�6Q;<8�675 6�6�6 2@;�3

µ
� =�U ]A�ý7A )�þ ÿ�*��D���-GH
��I	DþP!$.7l 8�675 6�6�6:§ 67� 8:9�;�2
µ
� W&!�c�ý7%}EJ%� ]c"%(#

cL�Q.1��������� f�ug¨H©@v�u&zªw«r$u\r$v¬u\r$y}r&�L�­���&r ®qu\w«u��a�H�¯�^���0���4�F��°��1���`�F���V�H���J��f >�þX���
	���
�������	����s/7�����SþX�
	����(/^�4�-���\cqGbc$�!$�D8­/��DþX���TþI�����]¡±���-�Q�¬�����X���TþX������Y����$/��Q�-���­/7�DþX���TþI�-�g¡��Q�����
W
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λ � ∆λ λλ � ��� ���0Y7���
2²��þX�æþX.��X�&Z � GV!�ý 3Q6�6Q;�3Q6�6�6 60� M ;�2�� 6 µ �¤T�6Q;�243Q67?

2
GV!�ý � � �LK&� c �(� ���R�2ÿ��@�= W$���³GV!�ý 2�3�6�64;�3�6�6�6 60� eQ;�=0� 3

µ
�´=�34;�2�6�67?

2
GV!�ý � � �LK&� c �(� ���R�2ÿ��@�8 ��þX�æþX.��X�\%(�S*����X���µ=�6�6�6�64;�2�6�605 6�6�6¥60� 8Q;�2�� 6

µ
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