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Å
¸�B B4´<¯	3416=43,16CD´4?Aµ ¦ � � /,/ �¤B�B �¤B ��² Ë�tAª
t9¬lt6§AªA§

Å
¸�¯	B>Ã.Å ®A3,1º8

B4µM¹D¹D®AC ¶/2434?6® ¶l���±´4´<Â�¾/B4CD®6?A½4´4B<=�²<CD?A5A2,19³O1�@ �-B4¾~24?)24?¼Ã.?���¹D´4B!@�B~¯�?A34µM¹"C"B4CD®6?A½4´4B4=@?Aµ
« � � /�/+¦ ´4Bq�z´4B4¹�2,1¼´4¹¿Ã.Bv34B4C¼* © �A¸¿*

S 3,16ÉA?6®6¹�Æ'Â�=@?A571)Bz³O3�* ¦ �8m � -�� ���  � * «6§A§AË ¸MC ³O¹ÄÃO16´4Â�?A»4¹D´4=4B|24?6®6?A=>1�?A2<®6B4½4¹±CD=@?AÊ±?
B4C¿®A?A½4´<B4=>1<²'24?º�!5AB>³.B4µM?Aµ�;A²[CD?A?6®A56¹D®AC¿®A56;$@ ��¹±ÊD? 	 «¼§<© ?<*[��C±2<?¼Ã.Å6°D;6¶ B·°À5A¹DCD®A´<Â�¹¢5A¹¿Ã.B<½4B4´4Â
³O56;78�É¼Ã.B<°¿Ã.¹e��1���B·8¢°±5A¹D°Ä³�B<°�=>1¼®º1ºÃ.?AÊÄ1C� / D « * ª�¦ � � � � �o ���  � * «6§6§A§ ¸¿²O?6®6µM¹±½4¹D´4´4Â'8+C±B>�
´4B4µMB�=434¹±C¿®AB4=>16µMB�´,102,16´4¹ÄÃ,¶·8�� B ( 34B<C6* © �·².µM?��~´4?z?A2434¹ ³O¹¿Ã,B<®AÅ|5A¹ÄÃ.B4½4B<´4Â B4CD®6?A½4´4B4=>1
	 «6§<© ?z5~¯�B·Ã,Å9®63,1º8 � � /,/ �¤B�B � �.� +�B � � /�/ �¤B B � B �	*OÈ�?ACD=>?ºÃ.ÅA=<;vB4C¿®A?A½4´<B4=¢B4µM¹±¹¿®|2434?¼® ¶q��¹D´·�
´<;$@ C¿®A3<;>=<®¼;>3<;A²@Ê±3416´4B4»,1¼µMB�B4CD®6?A½4´4B<=·1�CD½4B<®º16¹¿®AC ¶�;>34?A5A¹D´4Å�C±=@?A3<?ACD®6B�C±½!�¿®º1<²AC±?6?6®A5A¹¿®AC¿®A56;7�
@ �-B4¾�24?¼Ã,?A5AB4´4¹'3,1¼°À´<B4»4Â µM¹e��³.;)¯	?6´4?Aµ¢B-¶<34½,16¾ � ¹±¾�®6?A½4=@?A¾�B4CD®6?A½4´4B<=·1·*º��1ºÃ.¹±¹¼²9³,Ã4¶�24¹Ä�
34¹DC±½4¹¿®º1:°±5
�D°Ä³O´4Â'8+5A¹ÄÃ.B4½4B4´ � � /�/ � B B � �.� +¢B � � /�/ � B B �¤B �&5|24?6®6?A=4Bb£±´4¹D34Ê±B<B�²X´4¹±?6É 8A?±³OB4µM?
?A243<¹Ä³O¹ÄÃ.B<®AÅ�´<; Ã.¹D5AÂ�¹®6?A½4=4B|Bz=>?�£±¯�¯�B4»4B4¹D´<®AÂ(24¹±34¹DC±½!�¿®º1<*>�	Ã,¶=£D®A?�5)=>1 ��³.?Aµ+³OB,1¼2,1¼°À?6´4¹
B4CD24?¼Ã.Å6°±?A5716´<ÂP24?'³O56¹M?A24?A34´<Â�¹[°±5A¹D°Ä³OÂ�²91�B4µM¹±´<´4? ¬ CD24¹±=·®A34?A¯�?6®6?AµM¹D®634B4½4¹DC±=4B<¹�CD®º16´@³b163<®6Â
� � �-B � © t<© � « � ¦ ��� � ©�t
tA§ ¸¿*·È�?)B<°À56¹±CD®6´4Â�µ 56¹¿Ã.B4½<B4´,16µ �

AB

B|5A¹ÄÃ.B4½4B<´,16µr£D®6B·8/°±5
�D°Ä³n5
ª7«



�MB4C6* © � -���°À?AÉ63,1 ��¹D´4B<¶ ?A=43<¹±CD®6´4?AC¿®AB�B4C¿®A?A½<´4B4=>1 	 «6§·© ? 24? ³b16´4´<Â�µ ?AÉ6°±?A34?A5 � � /�/ � B B
¦ 56¹±3A8·´<¶<¶�2,16´<¹¿Ã.Å@¸-B « � � /�/^¦ ´4Bl�~´<¶·¶ 2,16´4¹ÄÃ.Å@¸Ä*MÈ�?¼Ã.?���¹±´<B4¹:B4CD®6?A½4´4B4=>1�	 «6§<© ?�?6®6µM¹±½4¹Ä�
´4?:?A=43·;$�z´4?AC¿®AÅ
@)²�C±?6?6®A5A¹¿®AC¿®A56;$@ �-¹±¾ ? � B4ÉA=@¹�Ã.?A=>1ºÃ.B·° 16»4B<BP5w� ′′* « *X�U¹ÄÃ��±´<Â�µMBPB�C±B<´4B4µMB=434¹DCD®6B4=>16µMB�?6®6µM¹±½4¹D´4Â ®A?6½4¹±½4´<Â�¹-B4C¿®A?A½4´<B4=4B�B<°	=>1¼®º1ºÃ,?AÊÄ1�� / D « * ª *

¯�B·Ã.Å ®A341º8�� � /�/ � B BaÉAÂ'Ã.B�?A243<¹Ä³O¹ÄÃ.¹±´4Â C¿Ã.¹ ³.;$@ �-B4¹�´416É¼Ã�@%³b1¼¹±µMÂ�¹�24?6®6?A=4B�£±´<¹±34ÊDB4BzB<CD®A?6½·�
´4B4=>1 	 «¼§<© ?.- �

Blue �
« *��	µM=4�´U² �

Red

# § * « ��µ[�´U² �
IR

# § *�� Ë µ[�´�*<��É���1º¶~24?6Ê±34¹ � ´4?AC¿®AÅ
?A24B<CÀ16´4´<?A¾�2434?A»4¹ ³.;>34Â�´4¹�2<34¹±5AÂ � 16¹D® «6§�� B�²�5:?ACD´4?A5A´<?Aµ�²UCD56¶<°À16´,1|C�2434?6® ¶l��¹±´<´4?ACD®6Å
@
B4C¿®A?A½4´<B4=>1 	 «6§<© ?<*

��Ã,¹Ä³.;6¹D®�?6®AµM¹¿®AB<®6Å4²9½<®A?"5�C±B·Ã4;�2434B4C¿;@®ACD®65AB<¶-5�24?¼Ã.¹�°±34¹±´4B·¶ I�y{z |s} ¶43<=>?6¾ ¦ �
V
#K�·*�? « ¸

°À56¹D°¿³.Â ��� ©�t6ªAª7«A« ²º?A2<®6B4½4¹DC±=>1¼¶0=>16µM¹±3,1 I�y{z |s} � ��� � 1 B4CD24?¼Ã.Å6°±?A5716´41�®6?¼Ã.ÅA=@?�C'; Ã.Å ®A3416¯�B·�
?¼Ã.¹¿®A?A56Â�µMBn¯�B·Ã.Å ®63,16µMB �(« B � « * S £¿®AB·8n¯�B·Ã.Å ®A341º8:B4C¿®A?A½4´<B4= -0I�587:- ´4¹�ÉAÂ'Ã:³O¹D®6¹±=<®6B·�
34?A5A16´�²X1:5A¹±3A8·´4B4¹02434¹ ³O¹¿Ã,Â�´4¹�¶45¼Ã4¶!@�®6C ¶�B<´4¯�?A34µ[1¼®6B45A´4Â�µMBPB<°D� ° 1:C±B·Ã.Å6´4?AÊ±?vµM¹e�0°À5��D°¿³4�
´4?AÊD?|24?AÊ Ã.? ��¹±´<B<¶ ¦ ÊÄ1ºÃ.16=<®AB<½4¹±CD=>?6¹z24?6Ê Ã.?���¹D´4B4¹�5|´,1¼243,165¼Ã,¹±´4B4B¢´41 	 «6§<© ?~CD?A?6®65A¹D®6CD®A5¼;A¹D®
�

V ≈
t *�?7¸¿*

� ��� ��������% ��% %������)( ��(��)�)�+*�% �  ��� � ��� ����������"�� $ �+����"�� � ���!���
�

 �� %�� � � ����%� � � �'� ���)(��
�
�'������$&��� � ����� ��%

γ �
� � � � �


�?AµMÉ6B4´4B434?65716´4´4Â�¾ 34¹±´<®6Ê±¹D´4?A5ACD=4B4¾ CD24¹±=·®A3 B4CD®6?A½4´4B<=·1 	 «6§<© ?<²�24?ACD®634?A¹D´4´4Â�¾&24?
³b16´<´4Â�µ I�y{z |s} B -sI�587>- ²687163,16=<®6¹±34¹D´z³,Ã,¶zC±B·Ã,ÅA´4?-2<?AÊ Ã.?�� �±´4´4?6Ê±?�´4¹¿®A¹±2>Ã.?A5A?AÊD?�B4C¿®A?A½4´<B4=>1<*
¡�;>½4¹±571º¶)=@?A´<»4¹±´<®63,16»4B·¶-5A?±³O?634?±³b1<² ?A»4¹D´4¹±´<´,1¼¶)24?'³b16´4´4Â�µ I�y{z |s} ¦ C±µ�* 3,1¼°Ä³O¹¿Ã « *��A¸¿²±°À16µM¹D®6´4?
2434¹D5AÂ � 1¼¹D®0°À´,1 ½4¹D´4B4¹g�

H ∼
¦ ©¿¬·ª ¸ × © § 21 C±µ −2 ²>8@163,1¼=<®A¹D34´4?A¹³,Ã,¶n����� γ

�ED8m$n
o!p ²<3,1¼C±CD®6? ¶·�
´4B4¹�³O?z=>?¼®A?A34?6Ê±?~CD?ACD®º1¼5¼Ã,¶4¹¿®|?A=@?¼Ã.? © *��0=42<= ¦ � �o,+�� �#� � �±² �.-
n � �D² �o�+ � p n�n & ©�t ? § ¸Ä*, �16=<B4µ

ªAª



?AÉA341¼°À?Aµ�²·5A¹±3<?9¶·®A´4¹D¹�5AC±¹DÊ±?4² 	 «6§·© ?-´,1º8A?±³OB<®AC ¶|³b1ºÃ,Å � ¹¼²4½4¹±µ ����� γ
�~D8mln�o!p ²<BvÊD¹±´4¹¿®AB4½<¹±C±=<B

´4¹�C±5¼¶<° 1¼´nC £D®6B4µ ?6CD®º1¼®6=>?6µ�*

 =@C¿®A3,162<?¼Ã,¶4»<B<¶034¹±´<®6Ê±¹D´4?A5ACD=>?6Ê±?�CD24¹±=<®63,1�B4CD®6?A½4´4B4=>1 	 «6§<© ?�5�ÊÄ16µMµ[19� ³OB,1¼2,1¼°À?6´�=·19�

µM¹±3<Â 36587 3g1 ³O1��D®)24?6®6?A=�²@C±?A56µM¹±CD®6B4µMÂ�¾/C"´,16É¼Ã^@%³O¹±´4´<Â�µ 24?6®A?6=>?6µ ?6®	ÊÄ16µMµ[1º�ÁB4CD®6?A½4´4B4=>1
�  � 	 «¼§7«6§ �A� § � ª ²6½<®6?)2<?6°À5A?ºÃ,¶4¹¿®)ÊD?A5A?A3<B<®AÅ	?�5A?6°ÀµM?��z´4?Aµ�C±?65A2,19³O¹D´4B4B�£D®6B·80B4CD®6?A½4´4B<=>?654*
��Ã.¹ ³.;A¹¿®z?¼®AµM¹D®6B<®AÅ<²,½<®A?�24?ºÃ.?���¹±´4B·¶ 	 «6§<© ?	BG�  � 	 «6§7«6§ �A� § � ª ´<¹�´,1º8A?À³,¶<®AC ¶v5)8A?A34? � ¹±µ
C±?6?6®A5A¹¿®AC¿®A5AB4B�³O3<;>Ê�C[³O3<;>Ê±?Aµ -�	 «6§<© ?�´,1º87?±³OB·®AC ¶�´,13416C±C¿®A? ¶4´4B<B ª6§ ′* Ë ?6®´4?AµMB4´41ºÃ.ÅA´4?6Ê±?�24?¼�Ã.?���¹D´4B<¶ �  � 	 «6§7«¼§ �A� § � ª B	´,1"3416C±C¿®A? ¶4´4B<B ª � ′* ��?6®"´4?6µMB4´,1ºÃ.Å6´4?AÊ±?�24?¼Ã.?���¹D´4B<¶	B4C¿®A?A½4´<B·�=>1 ª� � 	 «6§7«¼§ �A� §<© � ¦ =@?6®6?A34?A¹%?A2434¹ ³O¹¿Ã.¹D´4?�C[;·½q�D®A?6µ+CDB4Ê±´41ºÃO1´4Bl��¹ © � £ S ¸¿*¼��?AµMB4´,19Ã.ÅA´,1¼¶®A?6½4´4?AC¿®AÅ/Ã.?A=>1ºÃ.B·° 16»4B<B £D®AB>8¢ÊÄ16µMµ[1º�ÁB4CD®6?A½4´4B<=>?65|C±?AC¿®º165¼Ã,¶<¹D®G? ′ ³,Ã,¶��  � 	 «6§7«¼§ �A� § � ª B
t * Ë ′ ³,Ã,¶ ª� � 	 «6§7«6§ �A� §·© ��´,1�;>34?65A´4¹ t � ��¦ � �� � �o,+ �  ��-�� � ©�t
t �·² �  � ���  o � �  � * ©�t
t�t ¸¿*
�"³O´,16=@?4²,´41º87?���³O¹±´4B·¶�B4C¿®A?A½<´4B4=@?A5 36587 3g1 5A´4¹�B·8v´4?6µMB4´,1ºÃ.Å6´4Â'8v24?¼Ã.?���¹D´4B4¾ ¬ 3,1¼C±2434?º�
CD®63,16´4¹D´4´4?A¹	¶45¼Ã,¹±´4B4¹¼*O�	1¼2434B4µM¹D3�²!¡g£±µMÉ0B���1¼=>?6µMÉ ¦��  � �  o�+&�  � -�� � © t
t �A¸'24?6=·1º° 1ºÃ.BU²
½<®6?/C±34¹ ³O´4¹D¹�?6®A=>Ã.?A´4¹D´4B4¹ «6§ É¼ÃO1¼°À1634?A5<²4³.¹D®A¹D=<®AB<34?A5716´<´4Â'8 36587 3 1 ².?6®~B·8n´4?AµMB4´41ºÃ.ÅA´4Â'8
24?6°±B4»4B4¾�CD?ACD®º1¼5¼Ã,¶4¹¿® § ◦* ª<© ² 6��B<°�´4B·8-?6®A=·Ã,?A´4¹±´<Â ´,1�ÉA?¼Ã.¹D¹�½4¹±µ § ◦* Ë�¦ ´4¹DC±µM?6®63@¶�´41�®A?4²¼½<®A?<²5�?6®ÀÃ,B4½4B4¹�?6® 	 «6§<© ?<²º5ACD¹ £D®6B�B4CD®6?A½4´4B4=<B0´41º87?±³.¶·®AC ¶0´,15AÂ�CD?A=4B·8-ÊÄ1ºÃO1¼=<®AB4½<¹±C±=<B·8 � B43<?6®º1º8b²
Ê ³O¹)?6®AC¿;>®6CD®656;A¹¿®C���DCD®6=4B4¾n³OB4¯�¯�;@°À´4Â�¾�¯	?6´�².2434¹±2·¶<®AC¿®A56;$@ ��B4¾+´,19³O¹ �~´<?A¾vÃ.?6=·19Ã.B<° 1¼»4B4B
ÊÄ16µMµ[1º�ÁB4CD®6?A½4´4B<=>?65@¸¿* � ¹D34¹¿Ã.Å6C~B�³.3�* ¦ � � � � � ��& ���  � * «6§A§<© ¸�?A»<¹±´4B45A1�@�®n®A?A½4´<?ACD®6ÅnÃ.?A=>1ºÃ.B>�
° 1¼»4B4B�?6®6´4?ACDB<®A¹ÄÃ.ÅA´4?:C¿Ã.16ÉAÂ'8nÊÄ16µMµ[1º�ÁB4CD®6?A½4´4B4=@?A5|5z2·Ã.?ACD=@?ACD®6B � 1ºÃO16=·®AB4=4B¢=>16= © ◦ *OÆ'?¼Ã.¹D¹®A?6Ê±?4²º³O1 ��¹�B4CD=·Ã�@�½4B<®A¹ÄÃ.ÅA´4?�¶43<=4B4¹�ÊÄ1ºÃO1¼=<®AB4½<¹±C±=<B4¹�ÊÄ1¼µMµ[1º�!2<; Ã.Å6CÀ1634Â � � � B�� ����p o!n "3,16CÄ�
24?¼Ã,? ��¹±´4Â�5A´4¹ t�t�� ³O?A5A¹D34B<®A¹ÄÃ.ÅA´4?6Ê±?0=>?6´<®6;>3,1 36587 3 1 ¦ �  � � � �o ���  � * ©�t
t
t ¸¿*·��C¿®A?A½<´4B4=
ª� � 	 «6§7«¼§ �A� §<© �%¶<5¼Ã,¶4¹¿®AC ¶�³O?AC¿®º1¼®A?A½<´4?¶43<=4B4µ�²9?±³O´,16=@??6´)3,1¼C±24?¼Ã,? ��¹±´-5"B4CD=·Ã�@½<B<®A¹ÄÃ.ÅA´4?
ÊD;6CD®6?A´,16CD¹¿Ã��D´4´4?A¾�?AÉºÃO16CD®6B-ÊÄ1ºÃ.16=<®AB<½4¹±CD=>?6¾�2·Ã.?ACD=>?6CD®ABU²¼Ê ³O¹�B4µM¹D¹D®AC ¶-µM?���´<Â�¾-B	CD;��¹DCD®A56¹±´·�
´4?�´4¹D?±³O´4?A34?±³O´<Â�¾/³.B4¯�¯�;@°±´4Â�¾:¯	?6´�²<24?634?���³)�D´4´4Â�¾v�����

γ
�ED8m$n
o!pbB|?A=43<;��1�@ ��B4µMB:¹DÊ±?

µM?¼Ã.¹D=<; Ã,¶43<´4Â�µMB ?6É¼ÃO16=>16µMB�²d1�®º16=q��¹~¹e���~³O5A1�ÊÄ16µMµ[1º�!B<CD®A?6½4´4B4=>1 ¬�ª� � 	 «6§A«·© � ª � © Ë B
ª� ��	 «6§·© Ë � ªAË �
�>² ¬ ´,1º8A?À³,¶q��B<¹±C ¶�´41�3416C±C¿®A? ¶4´4B<B�µM¹±´4¹D¹ ª ◦ ?¼® 	 «¼§<© ?<*��Ã,¹Ä³.;6¹D® ®º16=q��¹¢?¼®AµM¹D®6B<®AÅ<²�½<®A? B4´<®6¹±´4CDB45A´4Â�¾�24?AB<C±=^B4CD®6?A½4´4B<=·1·²�C±?A?¼®A5A¹¿®ACD®656;$@"�
��¹DÊ±? ª  � 	 «¼§7«6§ �A� §<© �·²450µ�¶4Ê±=@?Aµ 34¹±´<®6Ê±¹D´4?A5ACD=>?6µ ³.B,162,1¼°±?A´4¹	C)2<?AµM?���Å�@�?AÉ6C±¹±3<571¼®A?634B4B
u��q���)����� B 5�3,19³OB<?À³.B,162,1¼°±?A´4¹vC|24?AµM?��-Å
@�®A¹ÄÃ.¹±CD=>?62,1x� � ��� o � �o�� ¦ 	 ��) � �(� ©�t
t
t ¸-5AÉ¼Ã.B·�
°ÀB�´4?6µMB4´,1ºÃ.Å6´4?AÊ±?v24?¼Ã,? ��¹±´4B<¶ ª  � 	 «6§7«6§ �"� §<© �z´4¹-³b19Ã�3<¹D°±; Ã.Å ®º1¼®º1 ¦ � � �#� � � ���  � * «¼§A§ �4²
� � p�& & � -�� � ���  � * «6§A§AË ¸Ä*U��C¿®A?A½4´<B4= 	 «6§<© ?�Ã.¹e�zB<®|° 1z2434¹Ä³.¹¿ÃO16µMB�24?ºÃ.¹±¾�²UB4C±CÄÃ.¹Ä³O?65716´4´4Â'8�5
£D®6B·8)3,16ÉA?¼®º1º8b*¼ d16=4B4µn?AÉA3,1¼°±?Aµ�² ´4¹DC±µM?6®63@¶-´,1�341¼°À´4B<»<;�5´4?6µMB4´,1ºÃ.Å6´4?Aµ�2<?¼Ã.?���¹±´<B4B-ÊÄ16µMµ[19�
B4C¿®A?A½4´<B4=>1 ª� ��	 «6§7«6§ �"� §<© � � �  � 	 «6§A«6§ �A� § � ª B(34¹±´<®6Ê±¹D´4?A5ACD=>?6Ê±?^B4CD®6?A½4´4B<=·1 	 «¼§<© ?<²
´4¹ÄÃ.Å6°±¶�B<C±=·Ã�@�½4B<®6Å4²K½<®A? £D®6BPB<CD®A?6½4´4B4=4B+C±?65A2,19³b1 @�®9²�B 	 «6§<© ?~¶45¼Ã,¶<¹D®6C ¶¢®º16=q��¹�B4C¿®A?A½4´<B·�
=@?Aµ�´<¹D®A¹D2·Ã.?A56?AÊ±?�ÊÄ1¼µMµ[1º�!B<°¿Ã,;>½4¹±´<B<¶�*<��=>?6´4½,1¼®6¹¿Ã.ÅA´<Â�¾/?6®A56¹D®�´41g£¿®A?6®-5A?A2434?6C"µM?���¹¿®-É6Â�®AÅ
³b16´zÉ6;À³.;��B4µMB|ÊÄ1¼µMµ[1º�Á®6¹¿Ã.¹DC±=@?A2,16µMBU²<´,162<34B4µM¹±3U²·?AÉ6C±¹±3<571¼®A?634B4¹±¾ 58;49AI{1 ¦ CDµ�* ²>´,162<34B4µM¹±3U²
� � � � � ��&  o�+&�Gp �������& -�o ©�t�t
t ¸¿*

�	Ã,¶&?6®65A¹D®º1�´,1(56?A2434?AC ?�2434B43<?À³.¹ B4C¿®A?A½<´4B4=>1 	 «6§<© ?�5�3,16ÉA?¼®A¹ Æ'Â�=@?A571^B ³O3�*
¦ � m � -�� ���  � * «6§A§AË ¸24?ACD®634?A¹D´4?nCD24¹±=·®A3,1ºÃ,ÅA´4?A¹z3,16C±2<34¹Ä³O¹ÄÃ.¹±´<B4¹=£D´4¹±34ÊDB4B ¦ / � � ��� �� �  o�� � n�m
�6p(& ����p �
 �&p�-�o�² /  ���)¸¿²OB<°DÃ,;>½,1¼¹±µM?A¾b£D®6B4µ�B4CD®6?A½4´4B4=@?Aµ ¦ 34B<C6* ©ÀË ¸¿*U��Ã.¹Ä³,;A¹D®v?6®6µM¹D®6B<®AÅ4²X½·®A?

�������
	
ν �� ν ·

∫

∞

ν
Fν(ν′) dν

′
>�% 3 �

Fν

6 3 ��: :�0�����������	&��!��?�� :�! �������?�� �����0,� ��;���� ���������,E��I

ª �



�MB4C6* © Ë -6�n´4?AÊD?A5A?¼Ã.´<?A5A?A¾�CD24¹±=<®63zB<CD®A?6½4´4B4=>1�	 «6§<© ?·*6��1�5A¹D378·´4¹D¾�2,16´4¹ÄÃ.B�24?ACD®634?A¹D´0´416É¼Ã�@��
³O¹D´4´4Â�¾|C±2<¹±=<®63�*,��1-´4Bq�z´4¹D¾/2,16´4¹ÄÃ.B|24?AC¿®A34?6¹±´|C±2<¹±=<®63�²4B4CD243,165¼Ã,¹±´4´4Â�¾|°À1-ÊÄ1ºÃO16=·®AB4½4¹DC±=@?A¹
24?AÊ Ã,?���¹D´4B4¹ ¦ �

V ≈
t *�?7¸Ä*>��Ã.¹Ä³.;6¹D®�?6®6µM¹D®6B<®AÅ4²<½<®A?)C±24¹D=<®A3|´4¹�¶45ºÃ,¶4¹¿®AC ¶/CDB4´·8·34?A´<´4Â�µ -@³b1¼´·�

´4Â�¹�503,1¼°À´<Â'8/³OB,162,1º°À?A´,198 £±´4¹D34Ê±B<B�24?¼Ã4;·½<¹±´4Â]503,1¼°±´4Â�¹�µM?AµM¹±´·®AÂ]5A3<¹±µM¹±´<B�*

ª �



´,16ÉºÃ�@%³O¹±´<B<¶05)3,1º°À´4Â'8�³OB4162,1¼°±?A´,1º8�2<34?AB<°±5A?±³OB·Ã.B4CDÅ)5	3,1¼°±´4?A¹�5A34¹Dµ�¶�Bz2<?ACD®634?A¹±´<´4Â�¾/µM´4?¼�
Ê±?65A?¼Ã.´4?65A?A¾ C±24¹D=<®A3 ´4¹/¶45ºÃ,¶4¹¿®AC ¶�C±B4´>8<3<?A´4´4Â�µ�²�½<®A?�´4¹DC±=@?¼Ã.Å6=>?PC±´4Bl��16¹D®+¹DÊ±?+B4´4¯�?A34µ[1º�
®AB<5A´4?AC¿®AÅ4²X24?6C±=@?¼Ã.ÅA=·;�B4C¿®A?A½4´<B4=�µM? ��¹D®:ÉAÂ�®6Åv2<¹±34¹DµM¹±´4´4Â�µ�*KÈ�34¹ ³O24?¼Ã,? ��¹±´4B4¹�?/®6?Aµ�²U½·®A?
µ[16=@C±B<µ�;·µ¢3419³OB4?AB·°DÃ,;>½4¹D´4B<¶�5�³OB,1¼2,1¼°À?6´4¹ © *�� � � »U² ´,16É¼Ã�@%³��±´4´4Â�¾ � ;49 ¦ 34B<C6* © �@¸Ä² C±?A?6®65A¹D®º�
CD®656;A¹¿®)®6?A½4¹D½4´4?Aµ�;�3,1 ³OB4?AB4C¿®A?A½<´4B4=<;6²>3416C±24?ºÃ.?���¹±´4´<?Aµ�;�´,1�µM¹DCD®A¹ 	 «6§<© ?<²6´4¹�2<34?6®AB<5A?A34¹D½4B<®
B4µM¹e@ ��B<µMC ¶)³b16´4´<Â�µ�²¼24?�£D®A?6µ�;)5�C±24¹D=<®A3-´,1�34B<C6* © Ë ;6C¿Ã.?65A´4?�5A=>Ã�@½4¹D´,1CD?A?6®A56¹D®AC¿®A56;$@ ��1¼¶
®A?6½4=>1<²93,165A´4?"=>16=	B�³b1¼´4´4Â�¹ 3A587 3g1 *ºÈ�34B)É6?¼Ã.¹±¹[=@?A´4CD¹±345A1¼®AB456´4?Aµ¢24?±³,8A?À³.¹8£¿®AB-®6?A½4=4B)C¿Ã.¹Ä�
³.;6¹D®	3,16CDC±µ[1¼®634B4571¼®6Å)=>16=�5A¹D3A8<´<B4¹�2434¹Ä³.¹¿Ã.Â�*·��Ã.¹ ³.;A¹¿®)®º16=l��¹�?6®AµM¹¿®AB<®6Å4²@½<®A?�?A2·®AB4½4¹DC±=@?A¹"B
B4´4¯�3,1¼=43,16CD´4?A¹"B<°DÃ,;>½4¹D´4B4¹�5	?6=434¹±C¿®A´4?6CD®AB 	 «¼§<© ?�B4µM¹±¹¿®-2<34?6® ¶q��¹±´4´<;$@(CD®A3·;·=·®6;>3<;A*,��B4µM¹Ä�
@ �-B4µMB4C ¶z´,1�C±¹DÊ±?±³O´<¶ � ´4B4¾�³O¹±´4Å�³b16´<´4Â�µMBz´<¹�;À³b1 �D®AC ¶z3,1¼°Ä³O¹¿Ã,B<®AÅ)5A?6°ÀµM?��z´<;$@ »4¹±´·®A3,1ºÃ,Å¼�
´<;$@ CD?ACD®º1¼5¼Ã,¶!@ �-;$@-²dC±?A?6®65A¹D®6CD®656;$@ �-;$@ ®A?A½<¹±½4´4?6µ�;�B4C¿®A?A½<´4B4=<; 	 «6§<© ?·²aB�2434?6® ¶l���±´4´<?A¹
ÊÄ1ºÃ.?<*XÈ�?
£D®6?Aµ�;¢5~³O¹±¾<CD®A56B<®A¹ÄÃ.ÅA´4?AC¿®AB�²a®A?A½<=4B�5v?62<®AB4½<¹±C±=@?Aµ B+B<´4¯�3,16=43,1¼C±´4?Aµ ³OB,1¼2,1¼°À?6´4¹
µM?AÊ¿;>®v3,1¼C±24?¼Ã.16ÊÄ1¼®AÅ6C ¶�´4¹DC±=@?¼Ã.Å6=>?v´4Bq��¹6²�½4¹Dµ £¿®A?vB<°À?6ÉA3,1 ��¹D´4?:´,1|34B4C¼* © Ë *X��1637¶@³.;�C�´,1º�
É¼Ã�@%³O16¹±µMÂ�µ¢CD24¹±=<®634?Aµ�²º´,1�3<B4C6* © Ë 2434¹ ³OCD®º165ºÃ.¹±´�CD24¹±=<®63�²6B<C±243,1¼5¼Ã.¹±´<´4Â�¾-° 1"ÊÄ1ºÃO16=·®AB4½4¹DC±=@?A¹
24?AÊ Ã,?���¹D´4B4¹6²M=@?6®6?A34?A¹~B4µM¹±¹¿®�5A¹±CDÅAµ[1�CD;��¹DCD®65A¹±´4´·;l@ 5A¹ÄÃ.B4½4B4´·; 5�3,1¼C±C±µ[1º®A34B45A16¹±µM?Aµ&´,1º�
243,1¼5¼Ã.¹±´<B4B ¦ �

V ≈
t *�?7¸Ä* � 19ÃO16=<®6B4½4¹±CD=@?A¹n2<?AÊ Ã.?��-¹±´4B4¹v5�?A=434¹DCD®6´4?ACD®6B 	 «6§<© ?�?A»4¹±´<¹±´4?+´,1?ACD´4?A5A¹�=>163·®9²�2434¹ ³OCD®º165ºÃ.¹±´4´<Â'8�5 3,16ÉA?6®6¹b &Ã.¹DÊ±¹¿Ã4¶�²���B4´4=<É716¾4´4¹D3,1 B � £±5AB4C±1 ¦0/ ��,��� n � � ²

� p o�� � �ep o�� �±² �  �$p�& ©�t�t ?7¸¿²·2434Bv24?AµM?��-Bn=>1ºÃ,ÅA=<; Ã,¶<®6?A3,1�B � / ���9*
��24B<CÀ16´4´<Â�¹	56Â � ¹�C±56?A¾4CD®6571�B4CD®6?A½4´4B4=>1 	 «6§<© ?�2<?6°À5A?ºÃ,¶!@"®�Ê±?A5A?634B<®AÅ�?�5A?6°±µM?��~´4?6¾

B4´<®6¹±342<34¹D®º16»<B4BY£D®6?AÊ±?+B4C¿®A?A½4´<B4=>1¢Ã.B<ÉA?¢5¢=>19½<¹±CD®65A¹vµ[16C±CDB45A´4?A¾ 34¹D´<®AÊD¹±´4?65AC±=@?A¾ ³O5A?A¾4´<?A¾
C±B<CD®A¹DµMÂ]5 � 19ÃO16=<®6B4=@¹6²<Ã.B4É6?05�=>1 ½4¹DCD®A56¹-16=·®AB45A´<?AÊ±?�¶>³.3,1�´4¹�C¿Ã,B � =@?Aµ ³b1ºÃ��D=>?6¾ ¦ z � § * © ¸ÊÄ1ºÃO1¼=<®AB4=<B�*.��É��K¹±=·®AÂ^?AÉA?AB>8~3416C±CDµ[1¼®A34B<5716¹±µMÂ'8~®AB42<?A5�=@?A´45A¹D3<®AB<3<;$@�®05�B<°¿Ã,;>½4¹±´4B<¹"£±´4¹D3·�
Ê±Bq@ 16=4=434¹D»4B4?A´<´4Â'8|24?¼®A?A=@?A54²<B|µM?AÊD;@®�2434? ¶<5¼Ã,¶<®6Å�C±¹DÉ9¶:=>16=|CDB·Ã.ÅA´<?�24?AÊ Ã.?��-¹±´4´<Â�¹)´4¹¿®A¹D2·�
Ã.?A56Â�¹	3<¹±´<®6Ê±¹±´<?A5AC±=<B4¹-B4C¿®A?A½<´4B4=4B�*


 ´,16CD®6? ¶q��¹Dµ�; 5634¹±µM¹D´4B °À´419½<B<®A¹ÄÃ.ÅA´,1¼¶ ½,16C¿®AÅ B4C¿®A?A½<´4B4=@?A5 -0I�587:- B>³O¹D´<®AB<¯	B<»4B·�
34?A5A16´,1 =·1¼= ÊÄ1ºÃO1¼=<®AB4½<¹±C±=<B4¹ 34¹D´<®AÊD¹±´4?A56C±=4B4¹P³.5A?A¾4´4Â�¹+C±B<CD®A¹DµMÂ�²ÉA?ºÃ.Å � ¹D¾ ½,1¼CD®AÅ�@�B4µM¹Ä�
@ �-B4¹¢5 C±5A?��±µ C±?AC¿®º165A¹�µ[16CDC±B45A´·;l@ °±5A¹D°Ä³.; ¦ C±µ�* ²�´,16243<B4µM¹±3�² � p��(� p  ��� �	 o�+ D �  �¤m «¼§A§ �4²
� -�� &�p �#�����  � * «6§A§6Ë B|C±CDÂ'Ã.=4B:5�£¿®AB·8/3,16ÉA?6®º198,¸Ä*4�a¹±´<®6Ê±¹±´<?A5AC±=<B4¾nCD24¹±=·®A3vB4CD®6?A½4´4B4=>1 	 «6§<© ?
¦ �Dµ�*U3,1º°¿³O¹ÄÃ « * �A¸�B¢¹±ÊD?|C±5A¹¿®AB4µM?AC¿®AÅ �

x ∼
ª
×
© §

35
¦ + �>© § =424=,¸ 2 £±3<Ê�C −1 5z³OB,1¼2,1¼°À?6´4¹ ©¿¬ ? §=!£ S ¦ + ¬ 3,16CDCD®6?9¶<´4B4¹�³O? 	 «6§<© ?7¸Ä²U´4¹�243<?6®AB456?A34¹±½41¼® £¿®A?A¾PÊ±B42<?6®A¹¿°À¹6* S B>³.B4µ[1¼¶�2434?¼® ¶q��¹D´·�

´4?AC¿®AÅ ¦ ∼ © §
′′ ¸d?A2<®AB<½4¹±CD=>?6Ê±?	B0B<´4¯�3,16=43,1¼C±´4?AÊD?�B4CD®6?A½4´4B4=>1<² �D?A5A2,19³O1�@ �-¹±Ê±?�24?�2<?¼Ã.?���¹±´<B!@C 	 «6§·© ?<²aµM? ��¹D®¢ÉAÂ�®6Å¢B4´<®6¹±34243<¹D®AB<34?A5716´41P=>16= µM?��-´4Â�¾ 5A¹D®6¹±3 °À56¹D°¿³.Â'� ³O?A´<?A3,1<²�2<34B4´,19³4�

Ã.¹ ��1 ��¹D¾n=v3,16´<´4¹±µ�;:CD24¹±=<®63,1ºÃ.Å6´4?Aµ�;:=·ÃO1¼C±CD;n� B·Ã.B S *O��C±´4?65A´4?A¾|®A3·; ³.´4?ACD®6Å
@ ÊÄ19ÃO16=<®6B·�
½4¹DC±=@?A¾¢B4´<®6¹±342<34¹D®º16»<B4B+¶<5¼Ã,¶<¹D®AC ¶�?AÉ��X¶4CD´4¹±´<B4¹-µM´4?6Ê±?A5A?ºÃ.´4?A5A?6Ê±?0C±24¹D=<®A3,1 	 «6§·© ? ¦ 34B4C¼* © Ë ¸
B�²45�½416CD®6´4?ACD®6B�².´,1ºÃ.B<½4B4¹�´4¹D®6¹±2·Ã,?A5A?AÊD?zÊÄ16µMµ[19�!B<°¿Ã,;>½4¹±´4B·¶�²,5A¹D34? ¶<®A´<Â�µ B4C¿®A?A½4´<B4=@?Aµ =@?6®A?º�
34?AÊD?/¶45¼Ã4¶4¹D®6C ¶ 	 «6§<© ?<²b5|3416µM=>1º8�µM?±³O¹ÄÃ.Bn³O5A?6¾4´4?A¾¢CDB4CD®6¹±µMÂ�*a�%;��¹DCD®A5¼;A¹D®9²a?±³O´,16=@?4²b=·ÃO16CDC
µ[16CDC±B45A´<Â'8~³O5A?A¾<´4Â'8:C±B<CD®A¹Dµ�².´,1¼°ÀÂ�5A16¹±µMÂ'8:µMB<=434?A=45A1¼° 163416µMB ¦ C±µ�* ²4´,1¼2434B4µM¹D3�²,?AÉ6°±?A3v�[B>�
ÉA? ¦ � p ���- «¼§A§ �A¸dBzC±C±Â'Ã,=4B~5g£D®6?A¾~3,1¼ÉA?6®A¹À¸¿²@=@?6®A?634Â�¹6²>24?±³O?AÉA´<?-16=·®AB45A´<Â�µ�¶>³O3416µ�ÊÄ1ºÃ.16=<®AB<=�²
?AÉ¼Ã.19³b1�@"®nµM? ��´4Â�µMBP34¹¿Ã,¶·®AB456B4CD®6C±=4B4µMB B<CD®A¹D½4¹±´<B<¶4µMB�*d�n´4?6Ê±?A5A?ºÃ.´4?A5AÂ�¹�CD24¹±=<®634Â�®º16=4B>8
?AÉ��K¹D=<®A?654²[5P½,1¼CD®A´<?ACD®6B�²'CD24¹±=<®63 C±B<CD®A¹DµMÂ �%/ � §Aª
t ¦ � � ��� � � �o,+ ���- � ������ � «¼§A§AË ¸Ä²MÉ¼Ã.B<°¿�

� �
	�	��������� ������I �+� � 2 I 2 ��* 	�� 2 � I � $�� �#������*	� 2 �#	
� !�� �%� ����� �

ªAË



=4B�2<?~CD®63<;>=<®6;>34¹�=nC±24¹D=<®A3<; 	 «6§<© ?0B�CD?À³.¹±3L��1¼®����±CD®6=<;$@�´4¹¿®A¹±2>Ã.?A56;$@ C±?6CD®º165¼Ã4¶!@ �);$@�5
ÊÄ16µMµ[1º�¨³OB,16241¼°À?A´<¹6*

��16B<ÉA?¼Ã.¹D¹�5A¹±3<?9¶·®A´4?6¾�B<´<®A¹D342434¹¿®º16»4B4¹D¾]B4CD®6?A½4´4B<=·1 	 «6§<© ?<²�¶<5¼Ã,¶<¹D®AC ¶^56C �P��¹¼²�16=·�
®AB<5A´4?A¹-¶@³O34?/ÊÄ19ÃO16=<®6B4=4B�*b�=<®6B45A´4Â�¹�¶@³O3,1~ÊÄ1ºÃ.16=<®AB<=+½416CD®6?~¶45¼Ã4¶!@�®6C ¶¢?AÉ��K¹D=<®º16µMB -0I�587:-
¦ CDµ�* ²O´,162<34B4µM¹±3U²U?AÉ6°±?A3�Æ%¹±=4µ[16´41~Bv³O3�* ¬ � � �#� �  o!o ���  � * «6§6§AË ¸¿*.��ÉAC±?¼Ã^@�®A´<?A¹�ÉA?¼Ã,Å � B4´>�
CD®65A?~B@³O¹±´<®6B4¯�B4»4B43<?A5716´4´<Â'8¢B4C¿®A?A½4´<B4=@?A5 36587 3 1 ®º16=q��¹�¶45¼Ã4¶!@�®6C ¶¢16=·®AB45A´<Â�µMB�¶>³O3416µMB
ÊÄ1ºÃO1¼=<®AB4= ¦ � �� � � �o ���  � * ©�t
t
t ¸Ä*@�n´4?6Ê±?A5A?ºÃ.´4?A5A?6¾~C±2<¹±=<®63 	 «6§<© ?�B4µM¹D¹D®�C 8A?±³OCD®65A?�C1¼´,1ºÃ.?¼�
Ê±B<½4´4Â�µMB�C±24¹D=<®A3416µMB�É¼Ã.B<°±=4B·8�CD¹±¾4¯�¹D3<®A?A56C±=4B·8�B�3,19³OB<?AÊÄ1ºÃO16=·®AB4= ¦ CDµ�* ²¼´,16243<B4µM¹±3�²�� � ��� � �
�o�+C� � � � � �(& ©�t
t �A¸Ä*@�	Ã,¶

z
# § * §7« CD5A¹D®6B4µM?AC¿®AÅz®º1¼=>?6¾nÊÄ1ºÃ.16=<®AB<=4Bn5-³OB4162,1¼°±?A´4¹³O? © §A§ =q£ S

µM?���¹D®0CD?ACD®º165ºÃ,¶<®6Åz?A=@?¼Ã,? ©À§ 43 £D34Ê�C −1 *.Æ%?¼Ã.¹±¹�=@?A´<=434¹D®6´4?4²<³O56;78·24B4=@?A5A1¼¶vCD®A3·;·=·®6;>3,1/µM´4?¼�Ê±?65A?¼Ã.´4?65A?AÊ±?�C±24¹D=<®A341 	 «¼§<© ?�56¹±C±Å6µ[1C 87?���1�CD?�C±24¹D=<®A3416µMB�É¼ÃO1¼°À1634?A54²ºB4´<®6¹±342<34¹D®6B43<;A¹DµMÂ�µMB
5�3,16µM=>1º8/C±B4´·8·34?¼®A34?A´<´4?A¾�µM?±³O¹ÄÃ.Bn1656®A?6=>?6µM2<®A?A´<B<° 16»<B4B ¦ �%�!p(& ����� p o!p «6§A§ �7¸¿*@�	Ã,¶:2<34?A5A¹D34=4B
Ê±B<24?6®A¹¿°ÀÂ ?�É¼ÃO1¼°À1634´4?A¾�2434B<34?±³O¹ 	 «6§·© ?�´<¹±?AÉÀ87?±³OB<µM? 2434?65A¹±C¿®AB]CDB4´·8·34?A´4´<Â�¹ µM´4?AÊD?A5A?¼Ã4�
´4?A56Â�¹|´,16É¼Ã�@%³.¹±´4B<¶K£¿®A?AÊD?PB4C¿®A?A½<´4B4=>1<*%� ³.3<;>Ê±?A¾ CD®A?634?A´4Â�²M´,1¼É¼Ã�@%³O¹D´4B<¶�²M2<?AC±56¶l��¹D´4´4Â�¹
24?AB<C±=<;:5A3<¹±µM¹±´<´��?A¾v24¹±34¹DµM¹±´4´<?ACD®6B�B4CD®6?A½4´4B<=·1 	 «6§<© ?<²·µM?AÊ Ã.BnÉAÂ(B<C±=·Ã�@�½4B<®6Å/?±³OB4´vB<°	C±»4¹Ä�
´,163<B4¹±54²,2<?AC±=@?¼Ã.Å6=<;vµMB4=434?A=<571¼° 1¼34Â ?AÉ6Â�½4´4?0B4µM¹ @"®/24¹D34¹±µM¹D´4´4?AC¿®AÅ/´,1�µ[16C � ®º16É7198vµMB4´<;@®9²
1�16=<®6B45A´4Â�¹�¶>³O3410ÊÄ1ºÃ.16=<®AB<= ¬ ´,1�Ê±?A3,1º°¿³O?0É �?¼Ã.Å � B·8:µ[1¼C � ®º1¼É71º8v?6®�³O´4¹D¾|³.?�Ã.¹¿®9*

S 3,16µM=>1º8 5A´<¹±ÊÄ1ºÃO1¼=<®AB4½<¹±C±=@?A¾^B4´·®A¹±3<2434¹D®º1¼»4B4B 	 «6§<© ?�2434?6® ¶l��¹±´<´,1¼¶ CD®A3·;·=·®6;>3,1 5
?A2<®6B4½4¹DC±=4B·8 B B4´4¯�3,1¼=43,16CD´4Â'8 ³OB,16241¼°À?A´41º8 µM?���¹¿®PÉ6Â�®AÅ+24?A´<¶·®º1+=>16= B<°¿Ã,;>½4¹±´4B<¹�CÀ1¼µM?A¾
ÊÄ1ºÃO1¼=<®AB4=<B�²4C±?±³O¹D3L��1 ��B<¾n1¼=<®AB456´4?A¹¶@³O34?4²>´,16É¼Ã^@%³b16¹±µM?6¹�5 ���DCD®6=4B·8~Ã4;·½41º8b*,��Ã.¹ ³.;A¹¿®0®º1¼=·�
��¹[;>24?Aµ�¶4´·;>®6Å�?24?6Ê±3,16´<B4½4´4?Aµ ¦ ?A=@?¼Ã.? ª

σ
¸b³O¹D®6¹±=<®6B434?A571¼´4B4B�Ã.B4´4B<B���¹¿Ã.¹¿° 1�


α
C £±´<¹±34ÊDB4¹±¾

Ë * « =!£ S 5/C±24¹D=<®A3<¹
γ
�ED8m$n
o!p ²b24?ºÃ,;>½4¹±´4´<?Aµ(?6ÉAC±¹D34571¼®6?A34B4¹D¾ 7>Qw143 ¦ C±µ�*U341¼°¿³O¹ÄÃ.Â « * «À¬<« * ª B

3,16É6?6®6;PÆ'Â�=@?A571vB+³O3�* ¬ � m � -�� � �  � * «6§A§ �7¸¿* 
 ®º1vÃ.B4´<B<¶ µM?���¹¿®�;>=>1¼°ÀÂ�571º®AÅ¢´,1v´,1ºÃ.B4½<B4¹
24?AÊ Ã,?���¹D´4´4?AÊD? 16=<=434¹±»<B43<;$@ �-¹±Ê±? B4CD®6?A½4´4B4=>1<²�B<µM¹ @ �-¹±ÊD? =43416C±´4?6¹¢C±µM¹e�-¹±´4B<¹

z ∼
§ * §Aª *

È�?6®A¹D´4»4B,19Ã.ÅA´,1¼¶�Ã,B4´4B<¶0´,1 Ë * « =!£ S ´4¹�É6Â'ÃO1�³O¹D®6¹±=<®6B434?A571¼´,1)5�CD24¹±=<®634¹"B<°DÃ,;>½4¹D´4B<¶zC±¹D5A¹±34?º�
° 1¼2,19³O´4?6¾ ½,16C¿®AB

γ
�ED8m$n
o!p¨²d2<?¼Ã,;>½4¹±´<´4?Aµ ?AÉACD¹±34571º®A?A34B<¹±¾ 9AI�uv9 ¦ �8m � -�� ���  � * «6§A§ �7¸¿* 
 ®A?

µM?���¹D®nÉAÂ�®6Å�?AÉ��X¶<C±´4¹D´4?:®A¹±µ�²a½<®6?�B4C¿®A?A½4´<B4= 	 «6§<© ?v´,1987?±³OB<®6C ¶ ° 1:24?¼Ã.¹Dµ�²K´,16É¼Ã�@%³.¹±´4´4Â�µ
9AI�uv9 ²,´4?�24?62,19³b16¹¿®~5�24?ºÃ.¹�°À34¹D´4B<¶n=>?ºÃ4Ã.B4µ[1¼®6?A3,1 7 Q 143 !6uv9 *

� ��� � " � �'$ "

¦ p ¸ S 34¹¿°±; Ã.Å ®º1¼®A¹)´,16É¼Ã^@%³O¹±´4B<¾�24?¼Ã4¶n?6CD®º1¼®6=·10C±5A¹D3A8<´<?A5A?A¾
γ
�ED8m$n
o!pXÊÄ16µMµ[19�

?AÉACD¹±345A1¼®A?A3<B4¹±¾ -0/21436587:96; 5A2<¹±345AÂ�¹ 24?ºÃ,;>½4¹±´4Â B<°À?6ÉA3,1 ��¹D´4B<¶ ?AC¿®º1¼®A=>1�C±5A¹D378·´4?65A?A¾ 5
���DCD®A=<B·8&34¹±´·®AÊ±¹D´4?A5ACD=4B·8 ³OB,16241¼°À?A´41º8 ?6® «6§ =!£ S ³O?F? § =!£ S * S C±¹±56¹±34?¼� ° 162419³O´4?A¾&½,1º�
CD®6B

γ
�ED8m$n
oqp"5¢³OB,16241¼°À?A´<¹|³O?\? § =q£ S ?6ÉA´,163<;��¹D´ B4C¿®A?A½<´4B4=Y���DCD®A=@?AÊD? B<°¿Ã,;>½4¹±´4B·¶.BE���

	 «6§<© ?��A� § � ª *
¦ p p ¸ S 34¹¿°±; Ã.Å ®º1¼®A¹P´,16É¼Ã^@%³O¹±´4B<¾ C±¹D5A¹±3<?¼�Á°À162,19³O´<?A¾^½,16CD®6B

γ
�~D8m$n
o!p�?AÉACD¹±345A1¼®A?A3<B4¹±¾

I�y{z |s} ?AÉA´4163<;��¹±´|B~Ã,?A=>1ºÃ.B<°±?A5716´|C®6?A½4´4?6CD®AÅ�@]³.?�� ′′ ���±CD®6=4B4¾v34¹±´·®AÊ±¹D´4?A5ACD=4B4¾vB4CD®6?A½4´4B<=�²B4µM¹e@ ��B<¾�=@?A?A36³OB4´,1º®AÂ «6§ - © ?.- ª ?<*��
� �A� § -�� © - §A§ *�� ¦ 	 «6§6§A§ ¸¿*,��´vµM?���¹D®zÉAÂ�®6Å~?6®6? ��³O¹DCD®A5ºÃ��±´
C�B4CD®6?A½4´4B<=>?6µYBE��� 	 «6§<© ?��A� § � ª *

ª �



¦ p p p ¸ S ¹D34? ¶<®6´4¹±¹ 5ACD¹±ÊD?4²�B<CD®A?6½4´4B4= BE� � 	 «6§<© ?��A� § � ª ¶<5¼Ã,¶<¹D®AC ¶]16=<®6B45A´4Â�µ�¶>³.34?Aµ
É¼Ã.B·°À=@?A¾ ¦

z � § * © ¸[ÊÄ19ÃO16=<®6B4=4B�²·=>?¼®A?A34?6¹2434?6¹±»4B43·;l@ ��¹D¹±C ¶v´,1)2<?¼Ã.¹ γ
�~D8m$n
o!p ¦ Ã.B4É6?4²·C"µM¹±´<Å¼�

� ¹D¾~5A¹D34? ¶<®6´4?ACD®6Å
@-²>ÊÄ1ºÃO1¼=<®AB4½<¹±C±=<B4µ µMB4=434?A=<571¼° 1¼34?Aµ�¸¿*>�"³O´416=@?-?AÉ¼Ã.16CD®6Å)56°À16B4µM?±³O¹D¾4CD®65AB<¶
?AC¿®º1¼®A=>1zC�5A¹¿®A34?6µ µ[16C±CDB45A´4?6¾nµM?¼Ã,?À³.?A¾|°À5A¹¿°¿³OÂ ��� © tAªAª7«A« ®º1¼=q��¹�µM?���¹D®z5A´4?ACDB<®AÅ05A=·Ã.19³
5¢���±C¿®A=@?A¹-B·°DÃ,;>½4¹D´4B4¹

γ
�~D8mln�o!p ²,°À1634¹±ÊDB4CD®634B434?65716´4´4?6¹-=>16µM¹±3<?A¾ -0I�587:- ²,B�503,19³OB<?AB<°DÃ4;·½<¹¿�

´4B4¹¼²,?AÉA´,1¼3<;��¹±´4´<?A¹�®A¹¿Ã,¹±C±=@?A2<?Aµ � ;49 *
¦ p �<¸,�	Ã,¶�?6=>?6´4½,1¼®6¹¿Ã.ÅA´<?AÊ±?"5AÂ�5A?±³b1�?�2434B<34?±³O¹{���±C¿®A=@?AÊ±?"B4C¿®A?A½4´<B4=>1 BE� � 	 «6§<© ?��A� § � ª

´4¹D?AÉÀ87?±³OB4µM?^2434?65A¹±C¿®AB ³O?A24?ºÃ.´4B<®6¹¿Ã.ÅA´<Â�¹�´416243,165ºÃ.¹±´4´<Â�¹ C±24¹D=<®A34?6¯	?¼®A?AµM¹¿®A34B4½<¹±C±=<B4¹ ´,1º�
É¼Ã�@%³.¹±´4B<¶C£D®6?AÊ±?0B4C¿®A?A½4´<B4=>1z50?A2<®AB<½4¹±CD=>?6µ Bn3419³OB4?±³OB,1¼2,1¼°À?6´,1º8b*

ª ?



� e ��g%h�i:j�� jvg'h�p	w:ovj:i y q:p�l�f
�	i:h�j:y	ovp � p	��l��	g'h�j {�y	f�{%��p)p	� x ��{�p	y-��o:j:� ��� � � �����

�6� D ËAªAª � ¬ £D®6?�16=·®AB45A´41¼¶+?AÉ¼ÃO16C¿®AÅ:°À5A¹¿°¿³O?6?AÉA3,1¼°±?A5716´<B<¶ ¦ �"���X¸¿²�B<µM¹ @ ��1¼¶PÉA?¼Ã.?¼�
µM¹D®634B4½4¹DC±=<;$@ C±56¹D®AB<µM?ACD®6Å �

bol ∼
© * t · © § 6 �

�

B 16C±CD?A»4B4B43·;A¹±µ[1º¶ C�ÊDB4ÊÄ16´<®6C±=4B4µuµM?¼Ã.¹D=<;7�
Ã,¶<34´4Â�µ ?AÉºÃO16=@?Aµ�²�µ[16CDCÀ1 =>?¼®A?A34?6Ê±? CD?ACD®º1¼5¼Ã,¶4¹¿®$�

cloud ∼
© * Ë · © § 5 � �

¦ CDµ�* ²�´,162<34B4µM¹±3U²
� -�
!n � ���o����  � * ©�t ? Ë ¸¿*O�n´4?6Ê±?A½4B<C¿Ã.¹D´4´4Â�¹�´,16É¼Ã^@%³O¹±´4B·¶�5/3,1 ³OB4?¼�'B�5|��
� ³.B,162,1¼°±?A´4¹	24?6°¿�
5A?¼Ã,B·Ã.B�;ACD®º1¼´4?A5AB<®6Å-´,19Ã.B4½4B4¹�CÄÃ.?��~´4?6¾zC¿®A3<;>=<®¼;·3<Â �6� D ËAªAª �<²7C±?6CD®A? ¶l��¹±¾zB<°"´4¹±CD=@?¼Ã.ÅA=4B>8
87?634? � ?�Ã.?A=>1ºÃ,B<°À?A5A16´4´4Â'8:°±5A¹D°Ä³O?A?AÉA341¼°±;$@ �-B·8:¶>³.¹±3�*O��1¼C±C±B<5A´4Â�¹�°À5A¹¿°¿³O?A?6ÉA3,1¼°D;l@ ��B4¹�¶>³4�
3,1�3,16CD24?¼Ã.?���¹D´4Â]5º³O?ºÃ.Åz?±³O´<?A¾n?6C±B�Bv?AÉA341¼°±;$@�®08·34¹±ÉA¹¿®/3,1º°ÀµM¹±3<?Aµ ?A=@?¼Ã,? «6§ ′× ª ′ ².16CDC±?A»4B>�B43<;$@ ��B4¾4C ¶vC16´,1ºÃ.?6Ê±B4½4´<?A¾|CD®63<;>=<®6;>34?A¾vµM?¼Ã.¹D=<; Ã,¶43<´4?AÊ±?�?6É¼ÃO16=>1<* 
 ®A?6®�8·34¹DÉA¹D®�½<¹D®A=@?-³O¹Ä�
®A¹D=<®AB<3<;A¹¿®AC ¶/56?�µM´4?AÊ±B>8�£D´4¹±34ÊD¹D®6B4½4¹±CD=4B·8�³OB,1¼2,1¼°À?6´,1º8�?¼®�3,19³OB<?AB<°DÃ4;·½<¹±´4B<¶�´41�½,16CD®6?6®A¹ ?�� ª
� � �"³O?�34¹D´<®AÊD¹±´4?A56C±=@?AÊ±?0B<°¿Ã,;>½4¹±´4B·¶nC6£±´4¹D34Ê±B4¹D¾n´<¹±C±=@?¼Ã,ÅA=@?0=q£ S *<�	1¼É¼Ã�@%³O¹D´4B<¶|C¿®º16´>³b163·®¼�
´4Â'8�B<´>³OB4=>1¼®6?A34?A5��"���d²6®º16=4B>8�=>16=01¼®A?Aµ[1¼34´4Â�¹�Ã.B4´4B<B ��D B B�� © ��?�µM=4µ�² � �AB�� © ��µM=<µPB�� �"B��
ËAª µM=4µ�²�1|®º1¼=q��¹�ÉA?AÊÄ1¼®6Â�¹�Ã.B4´4B<¶<µMB�C±24¹D=<®A34Â B·°DÃ,;>½4¹D´4B<¶+µM?¼Ã.¹D=<; ÃK²X5AÂ�¶456B·Ã.B�2434?AC¿®A3,1¼´·�
CD®65A¹±´<´<;$@ C¿®A3<;>=<®¼;·3·; B<°¿Ã,;>½4¹±´<B<¶Y�6� D ËAªAª �·²�C±?±³O¹D3L��1 �-;$@ C±Ê¿;ACD®6=4B 5A¹ ��¹DCD®A5A1<²MB<°DÃ4;·½41º�
@ �-¹±ÊD?v5z³O1ºÃ.ÅA´4¹Dµ ��
� ³.B,162,1¼°±?A´4¹¼*���¹±CD=>?ºÃ.ÅA=@?/Ã.¹D®:´,1º° 19³ 
�34¹±µM¹D3�Bn� ��¹±=@C±?A´ ¦ 
 �  ��� � �
�o�+ 	 ��#� & -
o ©�t
t
t ¸[24?±³O3<?AÉA´4?�B4CDC¿Ã.¹ ³O?A5719Ã.B:µM?¼Ã.¹±=·;9Ã4¶434´4Â�¾:ÊÄ1¼°�5��A�gD ËAª6ª ��B/24?6CD®A3<?AB·Ã.B
³O¹¿®º1ºÃ.ÅA´4Â�¹	=>163<®6Â ?AÉ¼Ã.16CD®6¹±¾�²4CD?±³O¹±3L��1 �-B·8:B<°¿Ã,;>½,1�@ ��B4¹	µM?¼Ã.¹D=<; Ã.Â D ��²^D / BG���

3

*4
�34¹Ä�
µM¹±3+B�� ��¹±=@C±?A´P?AÉA´,1¼3<;�~B·Ã,BPCÄÃ.?��~´<;$@ 2434?6CD®A3416´4CD®65A¹±´<´<;$@�CD®A3·;·=·®6;>3<;PµM?¼Ã.¹±=·;9Ã4¶434´4?6Ê±?
ÊÄ1¼°À1<²�C±?±³O¹D3L��1 �-;$@ µM´4?AÊD?A½4B4CÄÃ.¹±´<´4Â�¹�5A?¼Ã.?A=<´,1/B¢2<;@°ÀÂ�34BU*K�d19³OB<?A´,16É¼Ã^@%³O¹±´4B·¶��A�gD ËAªAª �
C05AÂ�C±?A=<B4µ]2434?6CD®A3416´4CD®65A¹±´<´4Â�µ�341¼°À34¹ � ¹D´4B4¹±µ�²R5AÂ�24?¼Ã,´4¹±´4´<Â�¹|
�16343,1ºÃ,ÅnB¢³O3�* ¦ D  � �� � � �
 � * «6§A§7« ¸¿²�5AÂ�¶<5AB·Ã.BP´,1ºÃ.B<½4B4¹0?AÉA?¼Ã.?6½4¹±½4´<Â'8+CD®A3·;·=·®6;>3 3,1¼°±µM¹±34?Aµ ?6® § * ©9« ³O? ª *��:2<=�²K5A?6°D�
µM?��~´<?4²·¶<5¼Ã,¶!@ ��B·8AC ¶v24?¼Ã.?AC¿® ¶4µMB�²,CD?6°¿³O16´4´4Â�µMB:5A¹¿®A3,16µMBvµ[16CDC±B45A´<Â'8|°À5
�¿°¿³a* S �A�gD ËAªAª �
´,16ÉºÃ�@%³b1ºÃ.?6C±Åv´4¹D®6¹±2·Ã.?65A?A¹~3419³OB4?AB·°DÃ,;>½4¹D´4B4¹6²Rµ[1¼°À¹D34Â�´,1 �

2

��² � � BPµM¹¿®º16´4?¼Ã,¹6²R1:®º16=l��¹
C±B>Ã.ÅA´4Â�¹ ¦ ?A=@?¼Ã,? «¼§A§ µM= � CÀ¸-µ[16Ê±´<B<®A´4Â�¹n24?¼Ã,¶ ¦ C±µ�*[��1¼34µ[1+B�³O3U* ¬ /  ��� '���  � * «6§6§A§v¬
B�CDC±Â'Ã.=<B 5C£¿®A?A¾�3,16ÉA?6®6¹ ¸Ä*R�R16C±C¿®A? ¶4´<B4¹0³O?C�A�gD ËAª6ª �:?A»4¹±´<B45716¹¿®AC ¶ =>16= © * �|=424= ¦ � � �#� ���
©�t � ?7¸¿*

S @ÊD?¼�Á°À162,19³O´<?A¾�½,1¼CD®ABv8<3<¹±É6®º1w�6� D ËAªAª �~��16=,Æ%34B4´�B|³O3�* ¦ � � ��� ��� o ���  � * ©�t � t ¸
?AÉA´4163<;�~B>Ã.B ¶<34=4B4¾uB4CD®6?A½4´4B<= ��
�!B<°¿Ã,;>½4¹±´4B·¶�²�=@?6®A?A3<Â�¾ ´4¹�ÉAÂ'Ã ³.¹D®A¹D=<®AB<34?A5716´ 2434B
2434¹ ³OÂ%³.;��B>8���
�!´,16ÉºÃ�@%³O¹±´<B<¶·8C£D®6?A¾�?AÉºÃO16CD®6B�*bÆ'?¼Ã.?AµM¹¿®A34B<½4¹±CD=·1º¶¢C±5A¹¿®AB4µM?6CD®AÅw£¿®A?AÊD?/B4CÄ�
®A?6½4´4B4=>1nCD?ACD®º1¼5¼Ã,¶·Ã.1v?A=@?¼Ã,? © * t · © § 5 �

�

* S É¼Ã,B<°ÀB+B4CD®6?A½4´4B<=·1nB4µM¹ @"®AC ¶Pµ[1¼°À¹D34Â�´,1 �
2

�uB
� �)*@��CD®6?A½4´4B<=~B4µM¹D¹D®�2<34?6® ¶q��¹±´4´<;$@(ÉAB424?¼Ã4¶434´<;$@^CD®63<;>=<®6;>3<;~Bz?6É¼ÃO16C¿®AÅ	5AÂ�C±?A=@?ACD=@?A34?AC¿®¼�
´4?AÊD? B4CD®6¹±½4¹D´4B<¶U²�´,16É¼Ã�@%³O16¹±µMÂ�¹�5PÃ.B<´4B4B �

2

´,1+³4Ã.B4´4¹¢5A?ºÃ.´4Â Ë
t µM=4µ�*'È�¹D34¹±µM¹D´4´4?AC¿®AÅ
£D®6?AÊ±?�B4C¿®A?A½<´4B4=>1+µM?���¹¿®+ÉAÂ�®AÅ�B4´<®6¹±342<34¹D®6B434?A571¼´,1P=>16= 5ACD2·Ã.¹DC±=�C±5A¹¿®AB4µM?AC¿®AB ´,1�3,16´4´<¹±¾
CD®º1 ³OB4B:16=<®6B45A´4?6Ê±?)°±5A¹D°Ä³O?A?AÉ63,1¼°À?65716´4B<¶U²@Ã,B4ÉA?	=·1¼=/´,1ºÃ.B<½4B4¹µM?ºÃ.?±³O?AÊ±?������]5-µM?¼Ã.¹D=<; Ã,¶43>�
´4?Aµ¢?6É¼ÃO16=@¹ ¦ � � ��� � �eo����  � * ©�t � t ¸Ä*¼�n?¼Ã.?±³OÂ�¹������^5µM?¼Ã,¹±=<; Ã,¶<34´4Â'8�?6É¼ÃO16=>1º8-µM?AÊD;@®�É6Â�®AÅ
?AÉA´4163<;��¹±´<Â�=>16µM¹D34?A¾ -sI�587>- 24?|B·8�ÊÄ16µMµ[1º�ÁB<°DÃ,;>½4¹D´4B!@ 5~Ã.B4´<B<¶·8 44 �:p�C)8@1¼3,16=<®6¹±34´4Â�µMB
£±´<¹±34ÊDB<¶4µMB Ë ?z=!£ S B � ?z=!£ S�¦ � � � ��
!o ���  � * «¼§A§Aª ¸Ä*O��16µMB�24?0C±¹DÉA¹-µ[16CDC±B456´4Â�¹-�"���+¶<5¼Ã,¶·�
@�®6C ¶ =@?AµM2,16=·®A´4Â�µMB ?AÉ¼Ã.16CD® ¶<µMB C~µM?��-´4Â�µ £±´4¹D34Ê±?A56Â%³O¹¿Ã.¹D´4B4¹Dµ�²MÊ ³O¹~°À5��D°¿³.´4Â�¹|5A¹D®634Â B

ª
t



����� Ê±¹D´4¹±3<B43<;$@�®|É6Â�CD®A3<Â�¹);À³b1634´<Â�¹)5A?ºÃ.´4Â�²,BvÊ ³O¹)¯�?A3<µMB43<;$@�®6C ¶�´4¹¿®A¹±2>Ã.?A5AÂ�¹)C±24¹D=<®A34Â
B<°¿Ã,;>½4¹±´4B·¶ ¦ �Dµ�* ²º´,16243<B4µM¹±3�²¼3,16ÉA?¼®6;)Æ'Â�=@?A571 ¬ �8m � -�� «6§A§<© ¸Ä*9 �16=4B<µ�?AÉA3,1º°À?Aµ�²9´,16ÉºÃ�@%³O¹±´<B<¶
5=��¹DCD®6=>?6µ(34¹D´<®AÊD¹±´4?65AC±=@?Aµ ³OB,16241¼°À?A´<¹-¶45¼Ã4¶!@�®6C ¶�571 �z´4Â�µ C±3<¹Ä³OC¿®A5A?Aµ�B<°D;·½<¹±´4B<¶��"���d²OB
5�½,16C¿®A´4?AC¿®AB�²��A�gD Ë6ªAª �|*

È�¹D345AÂ�¹-´416É¼Ã�@%³O¹D´4B<¶b�6� D ËAªAª �z50³OB,1¼2,1¼°À?6´4¹ ª9¬.© § =!£ S ÉAÂ'Ã.B¢5AÂ�2<?¼Ã.´4¹D´4Â ´,1~?AÉ¼�
C±¹D34571¼®6?A34B4B 9"I�uv9 © �z165AÊD;6CD®º1 © t
tAË Ê±?±³b1�BC� ¬ ��µ[1¼3<®º1 ©�t�t ��Ê±?±³b1 ¦ �  � &�
��  �p%� �  � * © t
t
t �
/ ���$p � - � -����  � * «6§6§A§ ¸¿* S 34¹D°D;9Ã,Å9®º1º®A¹ £¿®AB·8v´416É¼Ã�@%³O¹D´4B4¾nÉAÂ'Ã.?-³O¹D®6¹±=<®6B434?A5A16´4?/34¹D´<®AÊD¹±´4?65¼�
C±=@?A¹�B<°¿Ã,;>½4¹±´<B4¹�8·34¹DÉ6®º1K�A�gD ËAªAª �<²�1 ®º16=q��¹¢B<°DÃ,;>½4¹D´4B4¹PB4CD®6?A½4´4B4=>1 ��� 	 © � «6§ * ª � ª ���
�4²
´,1º8A?±³.¶q�-¹±Ê±?6C ¶¢2434B4µM¹D34´4?z5 © § µMB4´<;@®º1º8n=vC±¹D5A¹±3<;v?6®z»4¹D´<®A3,1�8<3<¹±É6®º1<*U�'24¹D=<®A3n8·34¹DÉ6®º1~µM?¼�
��¹¿®/ÉAÂ�®6Å|?A24B4C±16´�µM?±³O¹¿Ã,Å
@�®6¹±2·Ã.?65A?A¾¢2·ÃO1º°ÀµMÂ C)®6¹±µM24¹D3,1¼®¼;·3<?A¾P?6=>?ºÃ.? t =q£ S *U��C¿®A?A½<´4B4=
��� 	 © � «¼§ * ª � ª � ���+B@³O¹±´<®6B4¯�B4»4B43<?A5716´ CD?P°À56¹D°¿³.?A¾�D �"� ª � ©A© �L? « ²M?6®6´4?AC ¶l��¹±¾<C ¶ = =·ÃO1¼C±CD;
� § *�� �¼*

��¹ ³b165A´4B<¹´,16ÉºÃ�@%³O¹±´<B<¶G�A�gD Ë6ªAª �-´41-?AÉACD¹±34571º®A?A34B<B u��q���)����� 2434?A16´,1ºÃ.B·°ÀB434?65716´4Â

 °À?�£+B ³O3U* ¦� � - � ���  � * «6§6§AË ¸¿* S ³.?A24?¼Ã.´<¹±´4B4¹�=^5A?ACDÅAµMB4C¿®º16µu®6?A½4¹±½<´4Â�µ B4C¿®A?A½4´<B4=>16µ�²
³O¹¿®A¹±=·®AB434?65716´4´4Â�µ(5|24?¼Ã.¹ �A�gD ËAª6ª �~243<B¢24?AµM?��-B¢=·1¼µM¹±34Â 9�uv-sI ²O1656®6?A34Â ?AÉA´4163<;�~B>Ã.B
³OB4¯�¯�;@°À´<;$@ B·°DÃ,;>½,1�@ �-;$@ ?AÉ¼Ã.16CD®6Å�3,1¼°±µM¹±34?6µ � ×

t 24= B C±5A¹¿®AB4µM?6CD®AÅ�@ «
·
©À§

33 £±3<Ê�C −1 *

 °À?�£�B�³.3�* ¦� ��- � � �  � * «6§A§AË ¸a2434¹ ³O24?¼Ã,? �zB·Ã.BU²7½<®A?�®A¹D2·Ã.?A56?A¹�B<°DÃ4;·½<¹±´4B4¹"C�®A¹DµM24¹±341¼®6;>34?A¾z5
´4¹DC±=@?¼Ã.ÅA=@?�=q£ S 243<?AB4C 87?±³OB·®�?6®�2>ÃO1¼°ÀµMÂ�²>´,16ÊD34¹D®6?A¾~;À³b163<´4Â�µMB/5A?¼Ã,´,16µMB�°À5
�¿°¿³O´4Â'8~5A¹¿®A34?A5<²
1 ���±C¿®A=@?A¹�=@?A´<®6B4´<;A1ºÃ.ÅA´4?6¹�B<°DÃ4;·½<¹±´4B4¹�Cn2·Ã,?AC±=4B<µ�C±24¹D=<®A3<?Aµ ¬ ?6®P;ACD=>?634¹±´4´<Â'8 ½,1¼CD®AB<»�*
�"³O´,16=@?v5|³.B,162,1¼°±?A´4¹�³O? © § =q£ S ®A3<;À³O´4?�½!�D®6=>?n3,1¼°Ä³O¹¿Ã.B·®AÅ�B<°¿Ã,;>½4¹±´<B4¹/´,16ÊD34¹D®6?AÊ±?nÊÄ1¼° 1vB
B<°¿Ã,;>½4¹±´4B<¹%;ACD=@?A34¹±´<´4Â'8)½,16CD®6B4»�² 24?�£D®A?6µ�;³,Ã,¶³O¹¿®º1ºÃ.ÅA´4?6Ê±?B·°±;>½4¹±´<B<¶ ���±C¿®A=4B·8	B<CD®A?6½4´4B4=@?A5
5/24?ºÃ.¹��6� D ËAªAª �z´4¹±?6É 8A?±³OB4µM?|=@?AµMÉAB4´<B434?A571º®AÅ|´,16ÉºÃ�@%³O¹±´<B<¶¢´,10?AÉAC±¹D34571¼®6?A34B4B u��q���)����� ²
?6®ÀÃ.B<½,1�@ �-B4¹±C ¶05AÂ�CD?A=4B4µ�243<?ACD®63,16´4C¿®A5A¹D´4´4Â�µ 3,1º°À34¹ � ¹±´<B4¹±µ�²7C%´,16É¼Ã�@%³.¹±´4B<¶<µMB�56���±C¿®A=@?Aµ
34¹D´<®AÊD¹±´4?A56C±=@?Aµ ³OB,1¼2,1¼°À?6´4¹6*

È�?±³O?AÉ6´4Â�¾ 1¼´,1ºÃ.B<°(2434?65A¹Ä³)�D´ Æ'Â�=@?A56Â�µ�²~
�3,16CDB·Ã.Å��-B4=@?A5AÂ�µ�²���571¼34?A5AÂ�µ B ³O3�*
¦ � m � -��b² 
 �� & & p(� �� ����qp�� -��O² '"�� � -!�O² � �  � * «¼§A§AË ¸'B:2434¹ ³OCD®º1¼5¼Ã.¹±´�5z3,1º°¿³O¹ÄÃO1º8 ª * ©¿¬·ª *��4*

�	��
 � � ����� $ �)��% ����� � ����� �  �� #�)(���� � �
	 �  ����� �	� ����

È�?¼Ã,¹ �6� D ËAªAª �z´,16É¼Ã�@%³O1ºÃ.?ACDÅ~=>16µM¹±3<?A¾ -0/21436587:96;K-0I�587>- ¦ � � � ��
!o � �  � * «6§A§Aª ¸
5	8A?±³O¹5AÂ�2<?¼Ã.´4¹D´4B<¶/2<34?AÊ±3416µMµ C±=>16´4B<34?A5716´<B<¶/ÊÄ1ºÃ.16=<®AB<½4¹±CD=>?6¾|2·Ã.?ACD=>?6CD®AB ¦ �	� / ¸MB/Ê Ã,;>ÉA?º�
=@?A¾�£±=@C±24?¼°ÀB4»4B<B|»4¹±´<®63,1 � 1ºÃO16=·®AB4=4B ¦ �gD �  ¸¿²>1�®º16=q��¹"B4´>³OB<5AB>³.;A1ºÃ.ÅA´4Â'80°À1¼¶45A?6= §<© «6§<©A© ?¦ ´416É¼Ã�@%³O¹D´4B<¶034¹D´<®AÊD¹±´4?A56C±=4B·8z´4?65AÂ'8b²73<;>=>?65A?±³OB<®A¹ÄÃ.Å ¬ � o�+ � �  � - �(+,) 
 ���/¸KB §·©9«6§A§<© � ¦ ´,1º�
É¼Ã�@%³.¹±´4B<¶024¹D34¹±µM¹D´4´4Â'8�³O5A?6¾4´4Â'8�B4C¿®A?A½<´4B4=@?A54²@3<;>=@?A5A?±³OB<®6¹¿Ã.Å ¬ � � �$p o,+ �  ���  � ¸¿*9��16´<´4Â�¹
ÉAÂ'Ã.B�2<?¼Ã,;>½4¹±´<Â ´,1?634ÉAB<®º1º8�C>� Ë 24? © Ë ��5�24¹D34B4?±³zC « ?¯�¹D5A3,1ºÃ,¶ «6§A§Aª Ê±?±³b1�24? « �"¯	¹D5A3,1ºÃ4¶
«6§A§ �0ÊD?±³b1�Bn´,1987?±³.¶<®6C ¶�5�?6®6=434Â�®A?6µ�³O?AC¿®6;>24¹-C�B!@�´<¶ «6§A§ �-ÊD?±³b1<*

��16´<´4Â�¹ -0I�587>- ÉAÂ'Ã.B�?AÉ63,16ÉA?6®º1¼´4Â C'2<?AµM?���Å�@ C¿®º16´>³b163·®A´4?AÊD?�2,16=@¹D®º1 � / �Y�·* §�¦ CDµ�* ²
´,162<34B4µM¹±3U²�D -�
 � � -
p�&�p�� �����  � * «6§6§Aª ¸¿* S ?AÉ���¹D¾�C¿Ã.?��z´4?ACD®6B�²XÉAÂ'Ã.?:243<?716´,1ºÃ,B<°ÀB43<?A5716´4? � ª6Ë

� 
 ?6É���¹D¾ ³4Ã.B<®A¹ÄÃ.ÅA´4?6CD®AÅ�@ � «¼§ ®AÂ�C6*MCD¹±=<;>´>³K*[�d16CDC±µ[1¼®634B4571ºÃ,B4C±Å�®A?¼Ã,ÅA=@?+®6¹:
� 
 ²R=>?º�
®A?634Â�¹/C±?6?6®A5A¹¿®AC¿®A56;$@�®+C¿®º16´>³b163·®A´4Â�µ&=434B<®6¹±34B·¶4µ&=·1 ½4¹DCD®6571v³b16´4´<Â'8'-K;À³b1ºÃ.¹D´4´4?AC¿®AB C±2·;>®º�
´4B4=>1 -&/=1436587>9A; ?¼®�3,19³OB416»4B4?A´<´4Â'8|24? ¶<C±?A50�U¹DµdÃ.B�²<´<B<°À=@?Aµ�;~¯	?6´<;=£D´4¹±3<Ê±B4½4´<Â'8v½,16CD®6B4»

� §



�MB4C6* © � -[
�3·;·2<´4?Aµ[16C � ®º16ÉA´<Â�¹¢=·1¼3<®AÂ�24?ºÃ,¶ �A�gD ËAª6ª �<²[24?¼Ã4;·½<¹±´4´4Â�¹�Cv2<?AµM?���Å�@ =>16µM¹Ä�
34Â -sI�587>- *d�34=4B4¾ B4C¿®A?A½4´<B4= ´,1P@�Ê±?¼�Á5A?AC¿®A?A=@¹:?6®��A�gD Ë6ªAª � ¬ £D®6?Pµ[1¼C±C±B<5A´,1¼¶P³.5A?A¾4´,1º¶
C±B<CD®A¹Dµ[1  � � © � «A« ¬·ªAË6ªz¦ C±µ�*·´4¹Ä³b1¼5A´!@6@(3,16ÉA?¼®6;z
�?A34ÉA¹�B0³O3�* ¬ D - � � � ��� �  � * «¼§A§ �·²@24?ACD56¶·�
���D´4´<;$@F£D®A?6µ�;�B4CD®6?A½4´4B4=·;4¸Ä*>��C¿®A?A½<´4B4=~5g�6� D ËAªAª ��?AC¿®º16¹D®6C ¶/5AB@³OB4µMÂ�µ�562·Ã.?6®6Å�³.? ���±CD®º�
=@?AÊ±?�³OB,16241¼°À?A´41g� § ¬ ? § =!£ S ²·5�®A?)5A34¹±µ�¶0=>16=0°À´,1 ½4B4µM?6CD®AÅ�³O¹D®6¹±=<®6B434?A571¼´4B<¶  � � © � «6« ¬·ªAËAª
�D;�-¹±CD®65A¹±´<´4?n;>µM¹±´<Å � 16¹¿®AC ¶+C�34?AC¿®A?Aµ�£D´4¹±34ÊDB4B�*a�U¹ÄÃ��±´4Â�¾�=@?A´<®¼;>3P´,1/56C±¹¿8n®A3q�¿8�2,1¼´4¹¿Ã,¶>8b²
?AÉA?¼°À´,1 ½,1�@ ��B4¾¢?6É¼ÃO16C¿®AÅ/B<°±ÉAÂ�®A=>1|B<°¿Ã,;>½4¹±´4B·¶�50³OB,16241¼°À?A´<¹ Ë9¬O©À§ =!£ S ²U´,1¼É¼Ã�@%³O¹D´4´4?AÊD?|=·19�
µM¹±3<?A¾ 9AI�uv9 5N-sI ²4243<B4É¼Ã.B<°±B<®A¹ÄÃ.ÅA´4?~C±?A5A2419³b16¹¿®~C8·34¹DÉ6®A?AµY�A�gD ËAªAª �<*

B�´4?6µMB4´,1ºÃ.Å6´4?Aµ�;n¯�;>´4=<»4B4?A´4B<34?A5716´<B!@�2434B<ÉA?A34´4?6¾P£¿Ã.¹D=<®A3<?A´4B4=4BU*K
�3<?AµM¹)®6?AÊ±?4²O3,16CDC±µ[1¼®º�
34B45A1ºÃ.B4CDÅ�®6?¼Ã.ÅA=@?�®A¹v
� 
 ²�5¢=@?6®A?A3<Â'8�CD;>µMµ[1634´,1º¶ 2<34?±³O?¼Ã^�zB<®A¹ÄÃ.ÅA´4?6CD®AÅ+=>1 ½4¹±C¿®A5A¹D´4´4Â'8
B4´<®6¹±345A1ºÃ.?A5 ¦ � �:B ¸�243<¹±5AÂ � 1ºÃO1 © §6§ CD¹±=<;>´>³a*U�'24B4CD?A=�243<?716´,1ºÃ,B<°ÀB43<?A5716´4´<Â'8�
� 
 2<34B45A¹Ä�
³)�D´n5�2434B>Ã.?���¹±´4B<B

A
* Ë *

�	Ã,¶ 2<?ACD®634?A¹±´<B<¶ B·°À?AÉA341 ��¹±´<B4¾�B<C±24?¼Ã,Å6°À?A5A1ºÃ.B4CDÅ � B434?A=4B<¹ CD24¹±=<®63,1ºÃ.Å6´4Â�¹ ?A=<´,1¦ «¼§9¬ � § =!£ S ² � §9¬ ? § =!£ S ² «6§9¬·ËA§ =!£ S ¸¿²�24?6C±=@?¼Ã.ÅA=·;(5 ;@°À=@?Aµ�CD24¹±=<®63,1ºÃ.Å6´4?Aµ�?A=4´<¹ -0I�587:-
´4¹D5A?6°ÀµM?��z´4? ´,19³��e�z´4?A¹�³O¹¿®A¹D=<®AB43<?A5716´4B<¹(B4C¿®A?A½<´4B4=>1&CD5A¹D®6B4µM?AC¿®AÅ
@ ´4¹DC±=@?¼Ã.ÅA=@?&µMB·Ã4Ã.B>�

�3,16É4*�	Ã,¶&; Ã,;>½ � ¹D´4B<¶ °À´419½<B4µM?ACD®6B�³O¹D®6¹±=<®6B434?A5A16´4B<¶ B4C¿®A?A½<´4B4=@?A5 ¦ 2<34B�?±³O´4?A5634¹±µM¹D´·�
´4?Aµ^;78>; ³ � ¹±´<B4BP®6?A½4´4?AC¿®AB�Ã.?A=>1ºÃ.B<°À16»4B4B,¸¿²�5:2,16=@¹¿®A¹ � / � 5AÂ�=·Ã�@�½,1ºÃ.C ¶+2,1¼3,16µM¹D®63 � �!p�� � �
&�� � �  +!p o!n<* �

�	Ã,¶P?A243<¹Ä³O¹ÄÃ.¹±´4B·¶ ;>34?A5A´4¹D¾ °À´,1 ½4B<µM?ACD®6B ³.¹D®A¹D=<®AB<34?A5716´<B<¶ B4CD®6?A½4´4B<=>?65¢B4C±24?ºÃ.Å6°À?º�
571ºÃ,B4C±Å:=>16=+CD®º16´>³O163<®A´<Â�¹/=>163<®AÂ�°À´,1 ½4B4µM?6CD®A¹D¾�²a24?¼Ã,;>½,16¹DµMÂ�¹z2<34BP2<?AµM?���B+2,16=@¹¿®º1 � / �-²
®º16=^B ?A3<B4Ê±B4´41ºÃ.ÅA´,1º¶ µM¹D®6?À³.B4=>1<²�?AC±´<?A5716´4´41¼¶ ´,1 2<?ACD®634?A¹±´<B4B^3,16C±2<34¹Ä³O¹ÄÃ.¹±´<B<¶�C±=@?A34?AC¿®AB
C±½q�D®º1�5�?6É¼ÃO16C¿®AB 3,1º°ÀµM¹±3<?Aµ 5�´4¹DC±=@?¼Ã.Å6=>?�Ê±3,19³,;AC±?65¢5A?A=43<;>Ê024?6®6¹±´4»4B41ºÃ.ÅA´4?6Ê±?¢B4C¿®A?A½4´<B4=>1<²
´4¹�C±?±³O¹D3L��1 ��¹D¾�B4´<Â'8:¶434=4B>8:B4CD®6?A½4´4B<=>?654²b=<34?AµM¹�B4C±CÄÃ.¹Ä³,;A¹±µM?6Ê±?4*

�	Ã,¶	?A2<34¹Ä³O¹ÄÃ.¹±´<B<¶-2<?6®A?A=@?A5�B)2<?ACD®634?A¹±´<B<¶�CD24¹±=<®634?A5"³.¹D®A¹D=<®AB<34?A5716´<´4Â'8�B<CD®A?6½4´4B4=@?A5
B4CD24?¼Ã.Å6°±?A571ºÃ.16C±Å)=434?ACDC¿�!=>1ºÃ,B4ÉA34?A56=·1)C´,16ÉºÃ�@%³O¹±´<B<¶4µMB:
�3,16É6?A5AB>³O´<?A¾z®¼;·µ[1¼´4´4?AC¿®AB�²>®9* ¹¼*<24¹Ä�
34¹DC±½!�¿®z2<?6®A?A=@?A5�½<¹±34¹¿°�C±?A?6®6´4? � ¹±´4B4¹�CD=>?634?ACD®6BnCD½!�D®º1016´,19Ã.B<°ÀB<3<;A¹DµM?AÊ±?�B4C¿®A?A½4´<B4=>10B:
�3,1º�
ÉA?A56B>³O´4?A¾)®6;>µ[16´4´4?6CD®ABz5�?±³O´4?Aµ�B�®6?Aµ ��¹>£±´<¹±34ÊD¹D®AB<½4¹±CD=>?6µ+³OB,16241¼°À?A´<¹�C';>½!�D®6?AµPB·°À5A¹DCD®A´<?¼�
Ê±?�CD24¹±=·®A3,10
�3,16ÉA?A56B>³O´4?A¾/®¼;>µ[16´4´4?AC¿®ABnB|µM?À³.¹¿Ã.ÅA´<?AÊ±?�C±2<¹±=<®63,10B<C±C¿Ã,¹Ä³.;6¹±µM?AÊD?~B4C¿®A?A½4´<B4=>1<*
�'B4C¿®A¹±µ[1º®AB4½4¹DC±=>1¼¶^? � B4ÉA=>1¢®º16=@?A¾ 2434?6»4¹Ä³.;>34Â�²�C±5¼¶<° 1¼´4´,1¼¶U²MÊ ÃO165A´4Â�µ ?AÉA3,1¼°±?Aµ�²MC:2434?6® ¶>�
��¹D´4´4?AC¿®AÅ
@ B<C±C¿Ã,¹Ä³.;6¹±µM?AÊD?)B4C¿®A?A½<´4B4=>1<²A´4¹'2434¹±56Â � 16¹¿® « � � *6
�34?ACDC¿�Á=·19Ã.B4ÉA34?65A=4B�®A?6½4¹±½4´<Â'8
B4C¿®A?A½4´<B4=@?A5 -0I�587:- 2434?A16´,1ºÃ.B·°ÀB434?65716´4Â]5�3,1¼ÉA?6®A¹"¡g@É6B4´4ÅACD=>?6Ê±? ¦ � 
 �!p o�& �p «6§A§ �@¸¿*


�3<;>24´<?Aµ[16C � ®º16ÉA´4Â�¹�=>163<®6Â 24?ºÃ,¶��A�gD ËAªAª �·²'24?¼Ã4;·½<¹±´4´4Â�¹�C¢24?6µM?���Å
@ =·1¼µM¹±34Â
-sI�587>- ²42434¹ ³OCD®º165ºÃ.¹±´4Â ´41034B<C6* © �·*4�	1�34B<CD;>´4=@¹-5AB@³O´4?4²,½<®6?zB<CD®A?6½4´4B4=n5=�6� D ËAªAª ��¶<5¼Ã,¶·�

� ©



�-B,162,1º°À?A´�²<=!£ S �U´,1 ½4B<µM?ACD®6Å4²
σ

È�?6®A?6=�² © § −11 £±3<Ê)CDµ −2 C −1«6§9¬>ËA§ �4* t © *�? ± § * ª �«6§9¬ � § �4* « © * © ± § * «6Ë� §9¬ ? § ª * © © * « ± § * ª
t
 �1¼É¼Ã.B4»,1 ª -AÈ�?6®A?6=4B�B�°±´,1 ½4B4µM?AC¿®AÅ	B4CD®6?A½4´4B<=·1·²A³.¹D®A¹D=<®AB<34?A5716´<´4?AÊ±?)=>16µM¹±34?6¾ -0I�587>- 5�24?¼Ã,¹
�A�gD Ë6ªAª �<*

�MB4C6* © ?.-6�'24¹±=·®A3�B4CD®6?A½4´4B<=·1·²¼³O¹D®6¹±=<®6B434?A571¼´4´4?AÊD? -0I�587>- 524?¼Ã.¹:�6� D ËAªAª � ¦ ®6?A½4=4B�C%? � B4Éº�
=>16µMB.¸Ä²,Bn¹DÊ±?0µM?À³.¹¿Ã.Å ¦ CD2·Ã.? � ´,1¼¶|Ã.B4´4B·¶.¸¿*

� «



¹D®6C ¶ ���±C¿®A=4B4µ�24?�CD3,165A´4¹D´4B!@ C®6B424B4½<´4?A¾vµ[16C±CDB45A´4?A¾z³.5A?A¾4´4?6¾|C±B4C¿®A¹±µM?6¾  � � © � «A« ¬·ª6ËAª ²
®º16=q��¹	2<?A2,19³b1 @ ��¹D¾�5�24?¼Ã,¹�°±34¹±´<B<¶ -0I�587>- *

��»4¹D´4=4Bv24?6®6?A=@?A5zB<CD®A?6½4´4B4=>1 -0I�587>- 52�A�gD Ë6ªAª �<²,2<34B45A¹ ³O¹±´4Â 50®º16ÉºÃ.B4»4¹ ª *
�'2<¹±=<®63¢B4CD®6?A½4´4B4=>1/52�A�gD ËAª6ª �<².24?¼Ã4;·½<¹±´4´4Â�¾¢C)24?AµM?��-Å
@&=·1¼µM¹±34Â -0I�587:- ².2434¹Ä³4�

CD®º1¼5¼Ã.¹±´�´41�34B4C¼* © ?<* 
 ®A?6®�C±24¹D=<®A3�µM?���¹¿®ÉAÂ�®6Å�?A24B<CÀ16´�C¿®A¹D24¹±´4´<Â�µ�°À16=@?A´4?Aµ¢C�24?A=>1¼°À1¼®A¹ÄÃ.¹±µ
γ
# § * t ± § * ª 2<34B χ2

ν

# § *��
�4*
È�34?65A¹Ä³O¹D´4´,1¼¶P?AÉA3416ÉA?6®6=·1v163A8·B45A´4Â'8�³b16´<´4Â'8P=·1¼µM¹±34Â u:587�� 36587 3g1 24?6°±5A?¼Ã.B>ÃO1

;AC¿®º16´4?A56B<®AÅ�CÄÃ.¹Ä³,;l@ ��B4¹5A¹±3A8·´4B4¹�2434¹Ä³.¹¿Ã.Â ´,1�ÊÄ16µMµ[19�!B<°¿Ã,;>½4¹±´4B<¹"�A�gD Ë6ªAª �<* S ³OB,1¼2,1¼°À?6´4¹
5AÂ � ¹ © §A§ �G£ S 24?6®6?A=|´4¹�2434¹±56Â � 16¹¿® t * t · © § −8 ¯	?¼®�C±µ −2 � −1 ²41-5�³OB,16241¼°À?A´<¹�5AÂ � ¹ © � £ S24?6®6?A=/´4¹�2434¹D5AÂ � 16¹¿® © * « · © § −8 ¯�?6®�CDµ −2 � −1 * S CD?A½4¹D®º1¼´4B4B|C�³O16´4´4Â�µMB -0I�587:- £D®AB|2<34¹Ä³O¹Ä�Ã.Â&;·=>1¼°±Â�571�@"®�´,1|´,19Ã.B4½4B4¹�B<°¿Ã.?Aµ[1:5:C±24¹D=<®A34¹2�A�gD Ë6ªAª �|´,1|´4¹D=>?¼®A?A34?6¾\£±´<¹±34ÊDB4B�5AÂ � ¹© §A§ =!£ S *

�	��� � � ����� $ �)��% ����� � ����� �  #�+��%�� �+(��  � ����� �

È�?¼Ã,¹:�A�gD Ë6ªAª ��´,1¼É¼Ã�@%³b1ºÃ,?AC±Å�µM?A´4B·®A?A34?6µ -&/=1436587>96; JL3NM ORQ ¦�� 
!o�+����  � * «6§A§Aª ¸
5	8A?±³O¹5AÂ�2<?¼Ã.´4¹D´4B<¶/2<34?AÊ±3416µMµ C±=>16´4B<34?A5716´<B<¶/ÊÄ1ºÃ.16=<®AB<½4¹±CD=>?6¾|2·Ã.?ACD=>?6CD®AB ¦ �	� / ¸MB/Ê Ã,;>ÉA?º�
=@?A¾�£±=@C±24?¼°ÀB4»4B<B|»4¹±´<®63,1 � 1ºÃO16=·®AB4=4B ¦ �gD �  ¸¿²>1�®º16=q��¹"B4´>³OB<5AB>³.;A1ºÃ.ÅA´4Â'80°À1¼¶45A?6= §<© «6§<©A© ?¦ ´416É¼Ã�@%³O¹D´4B<¶034¹D´<®AÊD¹±´4?A56C±=4B·8z´4?65AÂ'8b²73<;>=>?65A?±³OB<®A¹ÄÃ.Å ¬ � o�+ � �  � - �(+,) 
 ���/¸KB §·©9«6§A§<© � ¦ ´,1º�
É¼Ã�@%³.¹±´4B<¶024¹D34¹±µM¹D´4´4Â'8�³O5A?6¾4´4Â'8�B4C¿®A?A½<´4B4=@?A54²@3<;>=@?A5A?±³OB<®6¹¿Ã.Å ¬ � � �$p o,+ �  ���  � ¸¿*9��16´<´4Â�¹
ÉAÂ'Ã.B�2<?¼Ã,;>½4¹±´<Â ´,1?634ÉAB<®º1º8�C>� Ë 24? © Ë ��5�24¹D34B4?±³zC « ?¯�¹D5A3,1ºÃ,¶ «6§A§Aª Ê±?±³b1�24? « �"¯	¹D5A3,1ºÃ4¶
«6§A§ �0ÊD?±³b1�Bn´,1987?±³.¶<®6C ¶�5�?6®6=434Â�®A?6µ�³O?AC¿®6;>24¹-C�B!@�´<¶ «6§A§ �-ÊD?±³b1<*

��16´<´4Â�¹ JL3NMPORQ É6Â'Ã.B ?AÉA3,1¼ÉA?6®º16´4Â C�2<?AµM?���Å�@ CD®º1¼´>³b163<®6´4?AÊD? 2,1¼=>¹¿®º1 � / � �·* §
¦ CDµ�* ²K´,1¼2434B4µM¹D3�²�D -�
 � � -
p�&�p�� � � �  � * «6§6§Aª ¸¿* S ?AÉ��-¹±¾PC¿Ã.?��z´4?ACD®6B�²aÉAÂ'Ã.?v2434?716´41ºÃ.B<°±B434?A5719�
´4? Ë ?~
� 
 ?AÉ��-¹±¾n³,Ã,B<®A¹ÄÃ.ÅA´4?AC¿®AÅ
@ t7« ®6Â�C6*XCD¹±=<;>´>³a*K�R16C±CDµ[1¼®A3<B4571ºÃ.B<C±Å:®A?¼Ã.Å6=>?/®6¹�
� 
 ²
=@?6®A?634Â�¹�C±?A?¼®A5A¹¿®ACD®656;$@�®)CD®º16´@³b163<®6´4Â�µ�=43<B<®A¹D34B<¶4µ+=>1 ½4¹±C¿®A571"³b1¼´4´4Â'8�-6;À³b1ºÃ.¹D´4´4?AC¿®AB�C±2·;>®º�
´4B4=>1 -&/=1436587>9A; ?¼®�3,19³OB416»4B4?A´<´4Â'8|24? ¶<C±?A50�U¹DµdÃ.B�²<´<B<°À=@?Aµ�;~¯	?6´<;=£D´4¹±3<Ê±B4½4´<Â'8v½,16CD®6B4»
B�´4?6µMB4´,1ºÃ.Å6´4?Aµ�;n¯�;>´4=<»4B4?A´4B<34?A5716´<B!@�2434B<ÉA?A34´4?6¾P£¿Ã.¹D=<®A3<?A´4B4=4BU*K
�3<?AµM¹)®6?AÊ±?4²O3,16CDC±µ[1¼®º�
34B45A1ºÃ.B4CDÅ�®6?¼Ã.ÅA=@?�®A¹v
� 
 ²�5¢=@?6®A?A3<Â'8�CD;>µMµ[1634´,1º¶ 2<34?±³O?¼Ã^�zB<®A¹ÄÃ.ÅA´4?6CD®AÅ+=>1 ½4¹±C¿®A5A¹D´4´4Â'8
B4´<®6¹±345A1ºÃ.?A5 ¦ � �:B ¸�243<¹±5AÂ � 1ºÃO1 © §6§ CD¹±=<;>´>³a*U�'24B4CD?A=�243<?716´,1ºÃ,B<°ÀB43<?A5716´4´<Â'8�
� 
 2<34B45A¹Ä�
³)�D´n5�2434B>Ã.?���¹±´4B<B

A
*��·*

�	Ã,¶-24?AC¿®A34?A¹D´4B<¶�B<°±?AÉA3,1���¹±´4B<¾�B4C±24?ºÃ.Å6°À?6571ºÃ.B4CDÅ � B434?6=4B4¹�C±2<¹±=<®63,1ºÃ.ÅA´<Â�¹"?6=4´,1 ¦ ª ¬© § =!£ S ² Ë9¬O© § =!£ S ² © §9¬·«6§ =!£ S ² ©À§9¬·ª �'=!£ S ¸¿² 2<?AC±=@?¼Ã.Å6=<;�5�;>°±=@?Aµ�C±2<¹±=<®63,1ºÃ.ÅA´<?Aµ�?A=4´<¹ JL3NM ORQ
´4¹D5A?6°ÀµM?��z´4? ´,19³��e�z´4?A¹�³O¹¿®A¹D=<®AB43<?A5716´4B<¹(B4C¿®A?A½<´4B4=>1&CD5A¹D®6B4µM?AC¿®AÅ
@ ´4¹DC±=@?¼Ã.ÅA=@?&µMB·Ã4Ã.B>�

�3,16É4*

�	Ã,¶0?A2<34¹Ä³O¹ÄÃ.¹±´<B<¶/°À´419½<B4µM?ACD®6Bz³O¹D®6¹±=<®6B434?A5A16´4B<¶|B<CD®A?6½4´4B4=@?A5�B<C±24?¼Ã,Å6°À?A5A1ºÃ.B4CDÅ�=>16=
CD®º1¼´>³b163<®6´4Â�¹�=>163<®AÂ^°À´419½<B4µM?ACD®6¹±¾�²<24?¼Ã,;>½,16¹DµMÂ�¹�2434B/2<?AµM?���B~2,16=@¹D®º1 � / �-²@®º16=|B/?634B4Ê±B>�
´,1ºÃ,ÅA´,1¼¶nµM¹D®6?À³.B4=>1<²b?6C±´4?A5A16´4´,1¼¶n´,1024?ACD®634?A¹D´4B4B¢3,16CD2434¹ ³O¹¿Ã.¹D´4B<¶¢CD=@?A34?AC¿®AB¢C±½q�D®º1~5z?AÉ¼ÃO1º�
CD®6B)341¼°ÀµM¹D34?Aµ�5�´4¹DC±=@?¼Ã.Å6=>?"Ê±3419³.;ACD?A5"5A?A=43<;>Ê[24?6®6¹±´4»<B,1ºÃ.ÅA´<?AÊ±?�B4CD®6?A½4´4B4=>1<²9´4¹MCD?±³O¹±3L��1 �-¹±¾
B4´4Â'8:¶<34=4B·8|B4CD®6?A½4´4B4=@?A5<²O=<34?AµM¹�B4C±CÄÃ.¹Ä³,;A¹±µM?6Ê±?4*

�	Ã,¶	?A2<34¹Ä³O¹ÄÃ.¹±´<B<¶-2<?6®A?A=@?A5�B)2<?ACD®634?A¹±´<B<¶�CD24¹±=<®634?A5"³.¹D®A¹D=<®AB<34?A5716´<´4Â'8�B<CD®A?6½4´4B4=@?A5
� ª



�MB4C6* ©�t -9
	1¼3<®AÂ 2<?¼Ã,¶ �A�gD ËAª6ª �<²924?¼Ã4;·½<¹±´4´4Â�¹%C%2<?AµM?���Å�@�µM?6´4B<®A?63,1 JL3NMPORQ *º���Á?AÉA3,1º°À´,1¼¶
?AÉ¼Ã.16CD®6Å�C�=43<;�z=>16µMB�?AÉA?¼°À´,1 ½,16¹¿®8·34¹±É6¹D®g�A�gD Ë6ªAª �B-C±ÊD;6CD®6=4B0°±5
�D°Ä³O?A?AÉ63,1¼°À?65716´4B<¶�5´!�Dµ�²
5:C±?A?¼®A5A¹¿®ACD®65AB4B C0��
�!=>163<®6?A¾�¡�;>Ê±3416´,1:B¢³O3U* ¦ � -�
!n � ���o ���  � * ©�t ? Ë ¸´,1:5A?¼Ã.´4¹�� © µM=4µ�*

�?A?A36³OB4´41¼®AÂ�³O16´4Â 5�CDB4CD®6¹±µM¹ 	 «¼§A§A§ *

B4CD24?¼Ã.Å6°±?A571ºÃ.16C±Å)=434?ACDC¿�!=>1ºÃ,B4ÉA34?A56=·1)C´,16ÉºÃ�@%³O¹±´<B<¶4µMB:
�3,16É6?A5AB>³O´<?A¾z®¼;·µ[1¼´4´4?AC¿®AB�²>®9* ¹¼*<24¹Ä�
34¹DC±½!�¿®z2<?6®A?A=@?A5�½<¹±34¹¿°�C±?A?6®6´4? � ¹±´4B4¹�CD=>?634?ACD®6BnCD½!�D®º1016´,19Ã.B<°ÀB<3<;A¹DµM?AÊ±?�B4C¿®A?A½4´<B4=>10B:
�3,1º�
ÉA?A56B>³O´4?A¾)®6;>µ[16´4´4?6CD®ABz5�?±³O´4?Aµ�B�®6?Aµ ��¹>£±´<¹±34ÊD¹D®AB<½4¹±CD=>?6µ+³OB,16241¼°À?A´<¹�C';>½!�D®6?AµPB·°À5A¹DCD®A´<?¼�
Ê±?�CD24¹±=·®A3,10
�3,16ÉA?A56B>³O´4?A¾/®¼;>µ[16´4´4?AC¿®ABnB|µM?À³.¹¿Ã.ÅA´<?AÊ±?�C±2<¹±=<®63,10B<C±C¿Ã,¹Ä³.;6¹±µM?AÊD?~B4C¿®A?A½4´<B4=>1<*
�'B4C¿®A¹±µ[1º®AB4½4¹DC±=>1¼¶^? � B4ÉA=>1¢®º16=@?A¾ 2434?6»4¹Ä³.;>34Â�²�C±5¼¶<° 1¼´4´,1¼¶U²MÊ ÃO165A´4Â�µ ?AÉA3,1¼°±?Aµ�²MC:2434?6® ¶>�
��¹D´4´4?AC¿®AÅ
@&B4C±CÄÃ.¹Ä³,;A¹±µM?6Ê±?/B4C¿®A?A½<´4B4=>1<².´4¹�2434¹D5AÂ � 16¹¿® « � � *


�163·®AÂ 24?ºÃ,¶��6� D ËAªAª �·²@24?¼Ã,;>½4¹D´4´4Â�¹�C�24?AµM?��-Å
@(µM?6´4B<®A?63,1 JL3NMPORQ ²@2434¹Ä³.CD®º165¼Ã,¹¿�
´4Â�´41v34B<C6* ©�t *K��1:34B4C¿;·´<=>¹z?6®A½q�D®ÀÃ.B456?�5AB>³O´41v243<?6® ¶q��¹D´4´,1¼¶PCD®63<;>=<®6;>3,1�3<¹±´<®6Ê±¹±´<?A5AC±=<B·8
B4C¿®A?A½4´<B4=@?A54².C±?A562,19³b1�@ ��1¼¶v24?�24?ºÃ.?���¹±´4Bq@&Bv´,162<3,165¼Ã.¹D´4B!@ C�8·34¹±É6®6?Aµ.�6� D ËAªAª �·*

�	��� � � ����� $ �)��% ����� � ����� �  �� #�)(���� ���������	�
� � �.�	�

È�?¼Ã,¹A�A�gD Ë6ªAª �-´416É¼Ã�@%³b19Ã.?AC±Å�=>16µM¹D34?A¾ u��q���)����� 9�uv-sI 5-®6¹±½4¹D´4B4¹ � § ®6Â�C6*4CD¹±=<;>´>³
5�3,16µM=>1º8|2434?AÊD3,16µMµMÂ�´,16É¼Ã�@%³.¹±´4B4¾v?6®6=434Â�®A?6Ê±?~=@?A´<=<;>34CÀ1 ¦ ´,1¼É¼Ã�@%³O¹D´4B<¶ « �
� ª B « �
� �4²·3<;7�
=@?A5A?±³OB<®6¹¿Ã.Å ¬ � *  � - � ¸Ä* S ?AÉ6?AB·8|´416É¼Ã�@%³O¹D´4B<¶>8vB4C±24?ºÃ.Å6°À?6571ºÃO16CDÅz=@?A´<¯	B<ÊD;>3,16»4B·¶ 9�uv-0I�O - *
��16É¼Ã�@%³.¹±´4B<¶vÉAÂ'Ã,Bn243<?AB<°À56¹Ä³O¹D´4Â ª<© 165AÊ¿;ACD®º10B « CD¹±´<® ¶<ÉA37¶ «6§6§7« Ê±?±³b1<*

��16´<´4Â�¹)É6Â'Ã.B�?AÉ63,16ÉA?6®º1¼´4Â]C	24?AµM?��-Å
@�C¿®º16´>³b1¼3<®A´4?6Ê±?|2,16=@¹¿®º1 D B � � ª * ©~¦ CDµ�* ²O´,1º�
2434B<µM¹±3�² � ��
,& � p(-
o�� «¼§A§ �@¸Ä*7�	Ã,¶|2<?ACD®634?A¹±´<B<¶vB<°À?AÉ63,1 ��¹D´4B4¾:B4C±2<?¼Ã.Å6°±?A571ºÃ.B<C±Å�?AÉ71�´,1¼É¼Ã�@%³O¹Ä�
´4B<¶U².1)³,Ã,¶v24?AC¿®A34?A¹D´4B<¶nC±24¹D=<®A3<?A5~B4CD24?¼Ã.Å¼°À?A5719Ã.?AC±Å�®6?¼Ã.ÅA=@?0C±¹±56¹±34´4?6¹)´,1¼É¼Ã�@%³O¹D´4B4¹ ¦ « �
���@¸¿²

�
�



�MB4C6* «6§ -X��°À?AÉA341 ��¹±´<B4¹�24?¼Ã,¶ �A�gD Ë6ªAª �:5~³OB,162,1º°À?A´4¹ § *�? ¬O© § =q£ S ²K24?AC¿®A34?6¹±´4´4?6¹~24?~³b16´>�
´4Â�µ u��q���)����� 9�uv-0I *6Æ'¹ÄÃO1¼¶�3416µM=>1�?6Ê±3,16´<B4½4B4571¼¹D®�CD;>µMµ[163<´4?A¹�24?¼Ã,¹6²6´416É¼Ã�@%³O¹D´4´4?A¹�5�?6ÉA¹±B·8
£±=@CD24?6°ÀB<»4B<¶·8 u��q���)����� ¦ C±µ�*4®º16=l��¹)3<B4C6* «·© ¸¿*,
�?A?A36³OB<´,1¼®AÂ^³b16´4Â(50CDB4CD®6¹±µM¹ 	 «6§A§A§ *

24?ACD=@?¼Ã.ÅA=<;b@>�z´4?A¹�´416É¼Ã�@%³O¹D´4B4¹ ¦ « �
� ª ¸�C±?62434?A5A?���³b1ºÃ.?6C±Å|° 16µM¹¿®A´4?6¾�5ACD24Â � ¹D½4´4?A¾ 1¼=<®AB45º�
´4?AC¿®AÅ
@)*

��°±?AÉA3,1 ��¹±´4B4¹24?¼Ã,¶ �6� D ËAªAª �-5�³.B,162,1¼°±?A´4¹ § *�? ¬O©À§ =!£ S ²424?AC¿®A34?A¹D´4´4?A¹�24?)³O16´4´4Â�µ
u��q���)�����69�uv-0I ²¼243<B45A¹Ä³.¹±´4?	´,1�34B4C¼* «6§ *6��1�34B4CD;>´4=@¹"5AB>³O´41�CD®A3·;·=·®6;>3,1<²>C±?AC¿®A? ¶q��1¼¶0B<°�µM´4?¼�
��¹DCD®A5A1�Ã.?6=·19Ã.B<°À?65716´4´4Â'8�³.¹D®º1ºÃ.¹D¾�²º5�?ACD´4?A5A´<?Aµn3416C±24?ºÃ.?���¹±´4´<Â'8-59³O?¼Ã.Å�8·34¹±É¼®º16�A�gD Ë6ªAª �<*

�	��� ��������% � % %������)( ��(��)�)�+*�%��  ��� � ��������������"�� $ �+����"�� ��� � � � �������

��°±?AÉA3,1 ��¹±´4B<¶v24?ºÃ,¶P�6� D ËAªAª �<².24?¼Ã,;>½4¹D´4´4Â�¹�´41z?AÉACD¹±345A1¼®A?A3<B4B -&/=1436587>9A; ².;>=·19�
°ÀÂ�5A1�@�®P´,1�´,1ºÃ.B4½<B4¹:C¿Ã.?��z´4?A¾�2434?AC¿®A3,16´<CD®A56¹±´4´4?6¾ CD®63<;>=<®6;>34Â ���±C¿®A=@?AÊD?�34¹D´<®AÊD¹±´4?A56C±=@?¼�
Ê±?�B<°¿Ã,;>½4¹±´<B<¶ 5b£D®6?Aµ 2<?¼Ã.¹6²M?±³O´416=@?P243<?ACD®63,16´4C¿®A5A¹D´4´4?AÊD? 3,1¼°±34¹ � ¹±´4B<¶ 2434B<ÉA?A34?A5 -&/=1438O
587>9A; ´4¹ ³O?AC¿®º1¼®A?A½<´4?:³,Ã4¶+®6?AÊ±?<²�½<®A?6ÉAÂ C ³O¹ÄÃO1¼®6Å�5AÂ�5A?±³�?:2434B43<?À³.¹0´<¹D®A¹D2·Ã.?A56?AÊ±?nB<°DÃ,;>½4¹Ä�
´4B<¶��A�gD Ë6ªAª �<*d�	Ã,¶ £D®6?AÊ±? ´<¹±?AÉÀ87?±³OB<µu1¼´,1ºÃ.B<°nµM´4?AÊD?A5A?¼Ã,´4?A5AÂ'8 ³b16´<´4Â'8b²%5A=>Ã�@½,1º¶ ´,1º�
É¼Ã�@%³.¹±´4B<¶~C243<?ACD®63,16´4C¿®A5A¹D´4´4Â�µ�3,1¼°À3<¹ � ¹D´4B4¹Dµ Ã,;>½ � ¹�;>Ê Ã.?A56?A¾/µMB4´<;@®6Â�BzC±24¹D=<®A341ºÃ.ÅA´<;$@
B4´4¯�?A3<µ[16»4B!@ 5�3,1¼°¿Ã.B4½4´4Â'8n34¹D´<®AÊD¹±´4?65AC±=4B>8:³.B,162,1¼°±?A´,1º8b*

�v´4?AÊ±?65A?¼Ã.´4?65AÂ�¹�=·1¼3<®AÂ]2<?¼Ã,¶G�A�gD Ë6ªAª ��2434¹ ³OCD®º1¼5¼Ã.¹±´<Â&´41�3<B4C6* «·© *

�163·®º1 7�� Il9 1 ! I�!6u ²KB<°À?6ÉA3,1 ���D´4´,1¼¶P´,1v34B4C6* «·©�� ²K24?ACD®634?A¹D´,1�24?|³b16´4´4Â�µ ?6É6°À?¼�

3,1 � � /�/ ¦ � -
n ��& ©�t�tAª ¸¿²M´41º87?±³.¶l��B4µMC ¶ 5P?6®6=434Â�®6?Aµ ³O?ACD®¼;>24¹6*%��1�£¿®A?A¾ =>163·®A¹�?¼®A½4¹¿®ÀÃ.B·�
5A? 5AB@³O´,1 =·Ã.?A½<=>?6571¼®º1¼¶^C¿®A3<;>=<®¼;·341<²�B<´<®A¹D342434¹¿®AB43<;6¹±µ[1¼¶]=·1¼=�3<¹D°±; Ã.Å ®º1¼® ´4¹D?À³.´4?A34?±³O´4?6Ê±?
3,16CD2434¹ ³O¹¿Ã.¹D´4B<¶PB4CD®6?A½4´4B<=>?65�µ�¶4ÊD=@?AÊ±?v34¹±´·®AÊ±¹D´4?A5ACD=@?AÊ±?nB<°DÃ,;>½4¹D´4B<¶PB�C±B·Ã.Å6´4Â'8+2434?AC¿®A3,1¼´·�

��



�MB4C6* «·© - ��� 
�163<®º1 7 � Il9 1 � � /�/�§ *�� ¬<« *��P=!£ S Cn=>?6´<®6;>3,16µMB M � I{1 � �	� / ? � ª � � »U*��16CDC±B456´4Â�¹/°À5
�¿°¿³OÂ�²K³O¹D®6¹±=<®6B434?A571¼´4´4Â�¹v5�?A2<®6B4½4¹±CD=@?Aµ ³.B,162,1¼°±?A´4¹¼²d24?A=>1¼°À16´4Â =45719³.3,1¼®AB>�
=>16µMB ¦ S �Á°±5
�D°Ä³OÂ"¸0B =<5719³O3,1º®AB4=>16µMB CD?�5A24B<CÀ16´4´<Â�µMB =43<;�~=>16µMB ¦ ���Á°±5
�D°Ä³OÂ"¸¿* � � 
�163<®º1
u��q���)����� � ¬ ?~=!£ S ²�C±Ê Ã.1 ��¹±´<´,1¼¶¢C « 8@�Á24B4=@C±¹ÄÃ.ÅA´4Â�µ�ÊÄ1À;AC±CD?A5ACD=4B4µ(¶@³O34?Aµ^B¢=@?A´<®¼;>34Â � ;49
� � /�/ © *�� � � »�*[��1¢=·1¼3<®A¹v24?A=>1¼°À16´4Â ?6C±´4?A56´4Â�¹nB<CD®A?6½4´4B4=4BU²�³.¹D®A¹D=<®AB<34?A5716´<´4Â�¹ u��q���)�����
5�?6É¼ÃO16C¿®AB�²%C±?A?6®65A¹D®6CD®656;$@ ��¹D¾ B<°±ÉAÂ�®A=·; -0I�587:- ²�1P®º16=q��¹n24?¼Ã.¹¼²'B4CD24?¼Ã.Å¼°À?A571¼5 � ¹D¹±C ¶ ³,Ã4¶
24?AC¿®A34?6¹±´4B<¶�¯�?A´41 u��q���)��� � *�� � 
�163<®º1 JL3NM ORQ ª9¬.© § =!£ S C�=@?A´<®6;>3,1¼µMB 9AI�uv9 5N-sI Ë9¬O©À§
=!£ S B � ;49 � � / ?·* ª � � � »�*�� � 
�163·®º1 -0I�587>- «6§9¬·ËA§ =!£ S C/=@?A´<®¼;>3,16µMB�B<°|?A2<®6B4½4¹DC±=@?¼�
Ê±?�?AÉ6°À?63,1 � /�/ �.� +U*'�d�!?6ÉA3,1¼°±´,1¼¶ ?AÉ¼ÃO16C¿®AÅ Cn=43<;�~=>16µMB ?6ÉA?6°À´419½416¹D®+8<3<¹±ÉA¹¿®K�A�gD ËAªAª �
B C±Ê¿;AC¿®A=4B °À5
�¿°¿³O?6?AÉA3,1¼°±?A5716´<B<¶ 5�´!�Dµ�²�5�CD?A?6®A56¹D®AC¿®A5AB<B C|��
�!=>163·®A?A¾x¡�;>Ê±3,1¼´,1�BP³O3�*R´,1
5A?¼Ã,´4¹ � © µM=<µ ¦�� -�
!n � � �o � �  � * ©�t ? Ë ¸¿*d��É¼ÃO16C¿®AÅ¢B<°±ÉAÂ�®A=>1 -sI�587>- 24?6=·1º° 16´,1�´41�2,16´4¹ÄÃ,¶·8
7¸ ¬ � ¸ � ®634B·8A?A5AÂ�µMB�2437¶<µM?6;>Ê±?¼Ã.Å6´4B4=>16µMB�*b
�?A?A36³OB4´,1º®AÂ]´,1�5ACD¹¿8v2,16´<¹¿Ã,¶>8/³b16´4Â(5zCDB4CD®6¹±µM¹
	 «6§A§6§ *

� Ë



CD®65A¹±´<´4Â'8 571634B,1¼»4B4¾�Ã4;·½<¹±5A?A¾ =@?A´4»4¹D´<®A3,1¼»4B4B 5A?±³O?634?±³b1 ¦ �
H

¸�5PµM?¼Ã,¹±=<; Ã,¶<34´4?Aµ�?6É¼ÃO16=@¹6*
��1+=>163·®A¹:®º16=q��¹v?6®AµM¹D½4¹±´<Â µ[1¼C±C±B<5A´4Â�¹:°À5
�¿°¿³OÂ�²�³O¹D®6¹±=<®6B434?A5A16´4´4Â�¹�5+?A2<®6B4½4¹DC±=@?Aµ�³OB,19�
2,1¼°±?A´4¹¼²UB¢24?A=>1¼°À16´4Â&=@?A´<®6;>34Â�3,16CD2434¹Ä³.¹¿Ã.¹D´4B<¶+B4CD®6?A½4´4B<=>?65v3419³OB4?AB·°DÃ,;>½4¹D´4B<¶�´,1/½,1¼CD®A?¼®A¹
?�� ª � � »�²[´,16É¼Ã^@%³O¹±´4´<?AÊ±? ®6¹¿Ã.¹DC±=@?A24?Aµ M � I{1 ¦ �Gp����(& ©�t ?L�6¸�5+87?±³O¹�56Â�24?¼Ã.´4¹D´4B<¶ ?AÉ6°À?63,1
2·Ã.?6C±=@?ACD®6B � 19ÃO16=<®6B4=4B�*��1:=>163<®A¹ JL3 M ORQ ²a2<34¹Ä³OC¿®º165¼Ã.¹D´4´4?A¾ ´41v34B<C6* «·© ( ²�5AB@³O´4Â�®A3<B�B<°¿Ã,;>½,1�@ �-B·8�?AÉ¼ÃO1º�
CD®6B)-�B<°±ÉAÂ�®A?6=PB<°¿Ã,;>½4¹±´<B<¶�²�CD?A5A2,1 ³b1�@ �-B4¾�C�B4C¿®A?A½4´<B4=@?Aµ �"� 	 © � «6§ * ª � ª � �
� ¦ �  � &�
 �  �p � �
 � * ©�t
t
t ¸Ä²72434?6® ¶l���±´<´,1¼¶zB<°DÃ,;>½,1 @ ��1º¶/?AÉ¼Ã.16CD®6Å-5 @�Ê±?¼� ° 162419³O´4?A¾z½,16C¿®ABz8·34¹DÉ6®º1��A�gD Ë6ªAª �<²
?AÊDB4É71�@ ��1¼¶¢B<CD®A?6½4´4B4= -sI�587>- C�5A?6CD®A?6=·1|B¢C�@�ÊÄ1<²�1~®º16=l��¹�´4¹±B@³O¹±´<®6B4¯�B4»4B43<?A5716´4´<Â�¾�B<°¿�
ÉAÂ�®6?A=�²<2<34B4µMÂ�=>1�@ �-B4¾v=|C±¹±56¹±34?¼� ° 162419³O´4?A¾|½416CD®6B/¶434=@?A¾|?AÉºÃO16CD®6B�²<´416É¼Ã�@%³O¹D´4´4?A¾ -0I�587:- *
��16µMÂ�¾¢¶43<=4B4¾�B<°ÀÉ6Â�®A?A=+B<°DÃ4;·½<¹±´4B<¶+5~³OB,1¼2,1¼°À?6´4¹ ª9¬O© § =!£ S ²U´,16É¼Ã�@%³��±´4´4Â�¾ JL3 M ORQ ²�´,1º�
87?±³OB·®AC ¶/2<34B4µM¹±3<´4?-5 « *���;>Ê Ã.?65AÂ'8zµMB4´<;@®º1º8z?6®	B4CD®6?A½4´4B<=·1 �A�gD ËAªAª ���²A?6®6½!�D®ÀÃ,B45A?	³O¹¿®A¹D=·�
®AB<3<;A¹DµM?AÊ±?z?AÉAC±¹D34571¼®6?A34B4¹D¾ u��q���)����� 5-³OB4162,1¼°±?A´4¹g� ¬ ?�=!£ S Bn?AÉ6?6°À´,1 ½4¹D´4´4?AÊD?�´,1�34B4C6* «>© �%*
��1/=>163<®A¹�®º16=l��¹�2434B45A¹ ³)�±´�=@?A´<®¼;>3�²KC±?A?6®65A¹D®6CD®656;$@ ��B<¾ µ[16=@C±B4µ�;>µ�;�3,1 ³OB4?AB<°¿Ã,;>½4¹±´<B<¶+´,1
½,16C¿®A?6®6¹ ?·* ª � � � »�²�2<?ACD®634?A¹±´<´4Â�¾ 24?n³O16´4´4Â�µ�?AÉ6°À?63,1 � ;49 � � /�¦�� �o!n & � -
o � �  � * «6§A§A§ ¸
B�=@?A´<®¼;>3�²�C±?6?6®A5A¹¿®AC¿®A56;$@ �-B4¾�µ[1¼=>CDB4µ�;>µ�;�34¹D´<®AÊD¹±´4?65AC±=@?AÊD?nB<°¿Ã,;>½4¹±´<B<¶�50³OB,1¼2,1¼°À?6´4¹ Ë9¬O©À§
=!£ S ²,24?AC¿®A34?A¹D´4´4Â�¾�2<?�³O16´4´4Â�µ 9AI�uv9 5N-sI ²4´,1987?±³.¶q�-B4µMC ¶�5�?6®6=434Â�®6?Aµ�³O?AC¿®6;>24¹¼*

��1�=>163<®A¹ -sI�587>- ²,2<34¹Ä³OC¿®º165¼Ã.¹D´4´4?A¾¢´41z34B4C¼* «>© ��²,?¼®A½!�¿®ÀÃ.B45A?|5AB@³O¹±´nB<°ÀÉAÂ�®6?A=�B<°¿Ã,;7�
½4¹D´4B<¶�5¢³.B,162,1¼°±?A´4¹ «6§9¬>ËA§ =!£ S ²MCD?A5A2,1 ³b1�@ �-B4¾�24?P2<?¼Ã.?���¹±´<B!@ C|8·34¹DÉ6®A?6µ �A�gD ËAª6ª �¢5
?AÉ¼Ã.16CD®6B�B4´4¯�3,1¼=43,16CD´4Â'8nµ[16=@C±B4µ�;>µM?A5 ¦�� B � D - � � & ¸ B�B B�BGB � ¦�� -�
!n � � �o����  � * © t ? Ë ¸Ä²4?AÉA?¼�
°À´419½<¹±´4´4Â'8G���ÄÃ,®AÂ�µMB�=43<;�~=>16µMBU*.�	1�=>163<®6¹	®º16=l��¹)2<34B45A¹ ³)�±´v°À¹¿Ã^�±´4Â�¾�=@?A´·®6;>3�²OC±?A?6®65A¹D®º�
CD®656;$@ �-B4¾�µ[16=@CDB4µ�;>µ�;|?A2<®6B4½4¹±CD=@?AÊ±?0B<°DÃ4;·½<¹±´4B<¶n5�¯�B·Ã.Å ®A3<¹ ��²<2<?ACD®634?A¹±´<´4Â�¾�24?)³O16´4´4Â�µ
?AÉ6°±?A3,1 � /�/+¦ CDµ�* ²,´4162434B4µM¹D3�² � �ep�+ ���  � * ©�t�t<© ¸¿²<´,1º87?±³.¶l��B4µMC ¶n50?6®A=43<Â�®A?Aµ�³.?ACD®¼;·2<¹6*

��1-=>163·®A¹ u��q���)����� 9�uv-sI ²>2434¹ ³OCD®º1¼5¼Ã.¹±´<´4?A¾�´41�34B4C6* «·© ��²45AB>³O´<Â(243<?6® ¶q��¹D´4´4Â�¹�B<°¿�
Ã,;>½,1�@ ��B4¹�?AÉ¼ÃO1¼CD®ABU²@8A?A34? � ?-=@?A3434¹ÄÃ.B43<;$@ ��B4¹�C"2434B456¹Ä³)�D´4´4Â�µMB/´,1�®A?Aµ ��¹�34B4CD;>´4=@¹�=@?A´>�
®6;>3,1¼µMB~3,19³.B4?AB4C¿®A?A½4´<B4=@?A5-5�³OB,16241¼°À?A´<¹ © *�� � � »U²724?ACD®634?A¹D´4´4Â�µMB/24?³b1¼´4´4Â�µ ?AÉ¼°À?A3,1 � ;49
� � /�/ ¦ D -
o�+�-�o ���  � * ©�t
t ?7¸¿*K��1|=>163<®A¹z2434B456¹Ä³O¹D´,1�?AÉ¼Ã.16CD®6Å4²XB4C±2<?¼Ã.Å6°±?A5716´4´41¼¶�³4Ã,¶+?A»4¹±´>�
=4B:¯�?A´,1 u��q���)����� 9�uv-0I ²41�®º16=q��¹�?6®6µM¹±½4¹D´4Â ¶<34=4B4¹�?AÉ¼Ã.16CD®6B�²·³,Ã,¶:=@?6®6?A34Â'8v2434?65A?±³OB·Ã.?ACDÅ
C±2<¹±=<®63,1ºÃ.ÅA´<?A¹-B4CDC¿Ã.¹ ³O?A571¼´4B4¹6*

��´,1ºÃ.B·° 3,1¼C±2434¹ ³O¹¿Ã,¹±´4B<¶ B4CD®6?A½4´4B<=>?654²)´416É¼Ã�@%³)�D´4´4Â'8�?AÉACD¹±345A1¼®A?A3<B4¹±¾ u��q���)����� 5
³OB,1¼2,1¼°À?6´4¹�� ¬ ?0=q£ S Bv´,1º8A?±³.¶q�-B·87C ¶�5A´·;>®634B�?6É¼ÃO16C¿®AB�B<°±ÉAÂ�®A=>12���±CD®6=@?AÊ±?/B·°DÃ,;>½4¹D´4B<¶�²4³O¹Ä�
®A¹D=<®AB<34?A5716´<´4?A¾ -sI�587>- B�2<?A=>1¼° 16´<´4?A¾�´,1�34B4C6* «·© ²924?¼°À5A?¼Ã4¶4¹D®�Ê±?A5A?634B<®AÅ?�³O56;78-5A?6°±µM? �z´4Â'8
B4´<®6¹±342<34¹D®º16»<B<¶·8�´,16É¼Ã^@%³b16¹±µM?6Ê±?0´4¹D®6¹±2·Ã.?65A?AÊ±?zB<°DÃ4;·½<¹±´4B<¶P�A�gD Ë6ªAª �<*

È�¹D34571¼¶+B4´<®6¹±342<34¹D®º16»<B<¶�C±?AC¿®A?AB<®�5n®A?6µ�²a½·®A? ���DCD®6=>?6¹/34¹±´·®AÊ±¹D´4?A5ACD=@?A¹/B<°¿Ã,;>½4¹±´4B<¹6²
´,16ÉºÃ�@%³O¹±´<´4?A¹ -sI�587>- 5/³OB,1¼2,1¼°À?6´4¹ «6§9¬·ËA§ =!£ S ²X2434?6B4C 87?±³OB<®�?6®:¶434=@?AÊD?vÃ.?A=>1ºÃ,B<°À?A5A16´4´4?AÊD?
B4C¿®A?A½4´<B4=>1<²�B4µM¹e@ ��¹DÊ±?|=@?A?A36³OB<´,1¼®AÂ ¦ 	 «¼§A§A§ - © � - «6§ - «·© *�? �4� ª � - � « -��
?7¸�B�?6®A½q�D®ÀÃ.B456?|5AB>³OB4µM?º�
Ê±?�´,1�34B4C6* «·© �%* 
 ®6?6® B4C¿®A?A½<´4B4=]CD?A5A2,19³O16¹D® CP3419³OB4?AB<CD®A?6½4´4B4=@?Aµ �6� D ËAªAª ��� ¦ 	 «¼§A§A§ -
© � - «6§ - «·© *�? �,� ª � - � « -��L?·* « ¸Ä²b?624B4CÀ1¼´4´4Â�µ �n?A3,16´<?Aµ(B�³O3U* ¦ ��- ���o � �  � * ©�t
tA§ ¸¿*��R19³OB4?±³b1¼´4´4Â�¹
�n?A3416´,1�B	³O3U* ¦ ��- ���o�� �  � * © t
tA§ ¸X;·=>1¼°±Â�571�@"®�´,1®A?4²¼½<®A? �6� D ËAª6ª ���+¶<5¼Ã,¶<¹D®AC ¶�¯�?A´<?A5AÂ�µ
5A´4¹DÊÄ1ºÃO16=·®AB4½4¹DC±=4B<µ�B<CD®A?6½4´4B4=@?Aµ�².Ê±¹D´4¹D®6B4½4¹DC±=4B¢´4¹�CD56¶<°À16´4´4Â�µ C	�"�����A�gD ËAª6ª �<*

��Ã.Å ®A¹D34´,1¼®6B45A´,1¼¶nB4´<®6¹±342<34¹D®º16»<B<¶�CD?ACD®6?AB<®z5�®A?Aµ�²,½<®6?����±CD®6=@?A¹�34¹±´<®6Ê±¹D´4?A5ACD=>?6¹-B<°¿�
Ã,;>½4¹D´4B4¹6²<´,16É¼Ã�@%³.¹±´4´4?6¹ -sI�587>- ²>2434?6B4C 87?±³OB<®0?6®-2434?6® ¶l��¹±´<´4?A¾:?AÉ¼ÃO1¼CD®ABU²<´4¹�³O?AµMB4´4B<34?A5716´>�

��



�MB4C6* «6« -���°À?AÉ63,1 ��¹D´4B4¹ ?A=43<¹±CD®6´4?AC¿®AB��6� D ËAªAª � �-²-2<?¼Ã,;>½4¹±´<´4?A¹�C�2<?AµM?���Å�@ =·1¼µM¹±34Â
u��q���)�����"9�uv-sI *@�R19³OB4?A?6ÉA?¼Ã.?A½<=·1·²>´416É¼Ã�@%³O¹D´4´,1¼¶~´,1	®6¹¿Ã.¹DC±=@?A24¹ � ;49 ²·24?6=·1º° 16´,1	ÉA¹¿Ã,?A¾/3,16µd�
=@?A¾�5z¯	?634µM¹)®63,1624¹D»4B4B��bÉA¹¿Ã.Â�¾¢=<34¹±C¿®AB4=�?AÉA?¼°À´,1 ½,16¹¿®/24?ºÃ.?���¹±´4B<¹-µ[16=@C±B<µ�;·µ[1/B·°DÃ,;>½4¹D´4B<¶
´,1¢½,16C¿®A?6®6¹P� � � » ¦ D  � �� � ���  � * «6§A§A« ¸¿*dÆ'¹¿Ã.Â�¾ =45719³.3,1¼®AB<=�?6ÉA?6°À´419½416¹D®+24?¼Ã,? ��¹±´4B4¹:B4´>�¯�3,16=43416C±´4?6Ê±? B4C¿®A?A½4´<B4=>1HB � /b©�t ¦ � � ��� ��� o ���  � * ©�t � t ¸¿*�
�?A?A36³OB4´,1º®AÂ ³b16´4Â 5 CDB4CD®6¹±µM¹
	 «6§A§6§ *

´4?A¾�?±³O´<B4µPB<CD®A?6½4´4B4=@?Aµ�²7´4?�CD?ACD®6? ¶q��¹D¾~B<°�´4¹±CD=>?ºÃ.ÅA=4B·8�¶<34=4B·8�C±Ê¿;ACD®6=@?A54²75�½4B4CÄÃ.?�=@?6®A?A3<Â'8
´4¹"5¼87?±³OB·®��A�gD Ë6ªAª ���* 
 ®º1	?AÉ¼ÃO1¼CD®AÅ<²>?6ÉA3,1¼°±?A5716´4´41¼¶�³O56;>µ�¶0C±?ACD¹Ä³O´4B<µMB~¶434=<B4µMB~24B<=>CD¹¿Ã,¶>�
µMB -sI�587>- °À1	B<C±=·Ã�@�½4¹±´<B4¹±µ µ[1ºÃ,?A¾ ¦ © § ;>Ê Ã.?A5AÂ'80CD¹±=<;>´>³b¸[?A=<34¹±C¿®A´4?AC¿®ABw�6� D ËAªAª ���²A´4Bq��¹
É6;À³O¹¿®/B4µM¹D´4?A571¼®6ÅAC ¶ � �&¦ � � �� +��!� � �eo�+�� + � �2p(& &�p�-
oB�±¸¿*,��1�34B4C6* «·© ?AÉ¼ÃO1¼CD®AÅ � � ?AÉA?¼°À´,1º�
½4¹D´,1�Ê±?¼Ã4;·É6Â�µ�2<3@¶<µM?6;>Ê±?¼Ã,ÅA´4B4=@?Aµ�²<1-´,16B4É6?¼Ã.¹±¹�¶434=4B<¹C±Ê¿;AC¿®A=4Bv5�´4¹D¾|24?AµM¹±½<¹±´4Â^=>16= �A�gD
ËAªAª ���-²vD © BP� « *a��16µMB+24?:C±¹DÉA¹�¶434=<B4¹�C±ÊD;6CD®6=4B 5:?AÉ¼ÃO1¼CD®AB � � µM?6ÊD;@®�CD?ACD®6? ¶<®AÅn=>16=�B<°
´4¹DC±=@?¼Ã.ÅA=<B·8�CÄÃO16ÉAÂ'8b²b´4?~®A?6½4¹±½4´<Â'8�B4C¿®A?A½<´4B4=@?A54²U®º1¼=�B�¶45ºÃ,¶<®6ÅAC ¶�B4C¿®AB4´<´4?z³OB4¯�¯�;@°À´4Â�µMB
CD®63<;>=<®6;>3,1¼µMB�*

��C¿®A?A½4´<B4=4B��A�gD ËAªAª � � B�D © CD?A5A2,19³O1�@�®�C%µ[16=@C±B4µ�;>µ[16µMB�3,1 ³OB4?AB<°¿Ã,;>½4¹±´<B<¶�´,1�½,1º�
CD®6?6®A¹ © *�� � � »U²À24?A=>1¼°À16´4´4Â�µMB�°À¹ÄÃ.¹±´4Â�µMB)=@?A´<®6;>3,1¼µMB)´,1�34B<C6* «·© �%* 
�34?6µM¹�®A?AÊD?4²��A�gD ËAªAª ���C±?±³O¹D3L�~B<®3,19³OB<?A?AÉA?¼Ã,?A½4=<;�341¼°ÀµM¹D34?Aµ�5 © ��;>Ê Ã.?A5AÂ'8	CD¹±=<;>´>³a²ºB4µM¹e@ �-;$@ 24?6®A?6=-?A=@?¼Ã.? © § �´
5�³OB,162,1º°À?A´4¹ Ë C±µ�²@?AÉA´,1¼3<;��¹±´4´·;l@ 
�16343,1ºÃ,Å)B�³O3�* ¦ D �� �� � ���� � * «¼§A§7« ¸Ä* � B B �Á?AÉ¼ÃO1¼CD®AÅ �A�gD
ËAªAª ���uCD?A5A2,1 ³b16¹D®�®º16=q��¹/Cz¶434=4B<µ B4´4¯�3,16=43416C±´4Â�µ B4C¿®A?A½<´4B4=@?Aµ B � /b© t ²R?6ÉA´,163<;��¹D´4´4Â�µ
��16=4Æ'34B4´4?6µ+B�³O3�* ¦ � � ��� ��� o����  � * ©�t � t ¸¿*º��1�34B<C6* «6« 2434¹ ³OCD®º1¼5¼Ã.¹±´<?	B·°À?AÉA341 ��¹±´<B4¹�?A=43<¹±CD®º�
´4?AC¿®AB��A�gD ËAªAª � ��5z³OB4162,1¼°±?A´4¹ « * §9¬ ?·* § =q£ S ²b24?¼Ã,;>½4¹D´4´4?A¹�C�2<?AµM?���Å�@�=>16µM¹±34Â u��q���)�����
9�uv-sI * � ¹D´<®A341ºÃ.ÅA´4Â�¾n3,19³OB<?AB4CD®6?A½4´4B<= �A�gD ËAª6ª ���-²<B4µM¹ @ ��B4¾n24?6®A?6= Ë * © ± § * t µ[�´v5�5AÂ'�C±?6=>?6½,16CD®6?6®A´<?Aµ 3,19³OB4?±³OB4162,1¼°±?A´4¹ ª * ��C±µ ¦ D �� �� � � �  � * «6§A§A« ¸¿²M´4¹n?AÉA´,1¼3<;��¹±´ 5�34¹D´<®AÊD¹¿�
´4?A56C±=@?Aµ ³.B,162,1¼°±?A´4¹|?AÉ6C±¹±3<571¼®A?634B4B u��q���)����� �R?À³.´,16=@?�´,1+3<¹±´<®6Ê±¹±´<?A5AC±=@?A¾ =>163<®A¹ u��q���)�����
B4µM¹D¹D®AC ¶�B<°ÀÉ6Â�®A?A=PB<°DÃ,;>½4¹D´4B<¶U²RCD?A5A2,19³O1�@ �-B4¾�C�B4´4¯�3,1¼=43,16CD´4Â�µ]B4C¿®A?A½4´<B4=@?Aµ B � /O©�t ²X´,1º�
87?±³.¶l��B4µMC ¶�5A´<;@®A3<B�3,19³.B4?A?AÉA?ºÃ.?A½4=4BU*

�L?



��CD®6?A½4´4B4= �6� D ËAªAª ��� �6� D ËAªAª ��� D © D «
�

H
a

© ª
±
ª * § « * � ± § *�� § * Ë ± § * © § *�� ± § * ©

Γb
§ * t ± § *�� © *�� ± § * ª © *�� ± § * © © *�� ± § * ©

χ2
ν

� +�-�� ©�t � �� ª6§ � � © t
t ��t7« �L? �¼Ë7«
�

x
c

« * t © * § § * t § * Ë
a ¡�;>½4¹±5A1¼¶v=>?6´4»4¹±´·®A3,16»<B<¶�56?À³.?A34?±³b1<² © § 22 CDµ −2

b È�?6=·1º° 1¼®6¹¿Ã.Å0CD®6¹±24¹D´4B
c ��¹D24?AÊ Ã.? ��¹±´<´4Â�¾�24?6®6?A=v5�³OB4162,1¼°±?A´4¹ « * §9¬ �·* § =!£ S ² 10−12 £±34Ê	C±µ −2 C −1

 �1¼É¼Ã.B4»,1�� -4È	1¼3,16µM¹D®634Â]CD24¹±=<®634?A5zB<°DÃ,;>½4¹D´4B<¶�´,16B4ÉA?ºÃ.¹±¹�¶43<=4B·8:CDÊD;AC¿®A=@?A5/50?AÉ¼Ã.16CD®6B � �
BvB4CD®6?A½4´4B4=>12�A�gD ËAªAª ���²<2<?¼Ã,;>½4¹±´<´4Â'8n=·1¼µM¹±34?A¾ u��q���)������9�uv-sI *

�MB4C6* «6ª -aD'24¹±=<®634Â B<CD®A?6½4´4B4=@?A5G�A�gD ËAªAª ��� ¦ Ã.¹D571¼¶�2,16´4¹ÄÃ.Å@¸�Bb�6� D ËAªAª ��� ¦ 243,165A1¼¶¢2,1º�
´4¹ÄÃ.Å@¸¿²@24?6CD®A3<?A¹±´4´<Â�¹�24?�³b16´4´4Â�µ�=·1¼µM¹±34Â u��q���)�����"9�uv-0I *@�n?±³O¹¿Ã,ÅA´4Â�¹CD24¹±=·®A34Â^24?A=>1¼°À16´4Â
C±2>Ã.? � ´<Â�µMBvÃ.B4´<B<¶4µMB�*b��ÉA¹�µM?±³O¹ÄÃ.B�B4µM¹e@�® χ2

ν
<∼

© *

�	Ã,¶]C±24¹D=<®A3,19Ã.ÅA´4?AÊD? 1¼´,1ºÃ.B<°À1 B4CD®6?A½4´4B<=>?65 u��q���)����� 5^?AÉ¼ÃO16C¿®AB � � B4C±24?ºÃ.Å6°À?º�
571ºÃ,B4C±Å¢C¿®º16´>³b163·®A´4Â�¹n2434?A»4¹ ³.;>34Â 2416=@¹D®º1�D B � � ª * © * S =>1 ½4¹DCD®A56¹v¯�?A´41�B4C±24?ºÃ.Å6°À?6571ºÃO16CDÅ
2437¶4µM?¼;·ÊD?¼Ã.ÅA´41¼¶ ?AÉºÃO16CD®6Å4²[B<°À?6ÉA3,1 ���D´4´,1¼¶ ´,1+34B4C6* «·© � B 24?AµM¹±½<¹±´4´,1º¶ =>16= � �  �#�n � -�
!o�+
� �en
p�-�o�* �¿ �16=q��¹-B4CD24?¼Ã.Å6°±?A571ºÃ,B4C±Å:µM?±³O¹¿Ã,BP2<;6CD®6?AÊ±?n´4¹±É71 ¦ ���  o�� & �m<¸Ä²X5ACD®634?A¹±´<´4Â�¹z5|2416=@¹D®
D B � ��*d�a¹D°D;9Ã,Å9®º1º®AÂ CD24¹±=·®A3,1ºÃ,ÅA´4?AÊD?�16´,1ºÃ.B·° 1�´,1¼B4ÉA?¼Ã.¹D¹0¶<34=4B·8PCDÊD;AC¿®A=@?A5�5�?6É¼ÃO16C¿®AB � �
B B4C¿®A?A½<´4B4=>1 �6� D Ë6ªAª ��� 2434¹Ä³.CD®º165¼Ã,¹±´4Â 5 ®º16É¼Ã.B4»<¹P�4* S C±¹�CD24¹±=·®A34Â µM?À³.¹¿Ã.B43<?A571ºÃ.B<C±Å
CD®6¹±24¹D´4´4Â�µ °À16=@?A´4?Aµ C�;>½!�¿®A?Aµ 24?AÊ Ã.?��-¹±´4B·¶�*

�'2<¹±=<®634Â ´,16B4É6?¼Ã.¹±¹�¶<34=4B·8+B4C¿®A?A½<´4B4=@?A5 �6� D ËAªAª ��� B �A�gD ËAª6ª ���-²U24?¼Ã,;>½4¹D´4´4Â�¹
=>16µM¹±3<?A¾ u��q���)������9�uv-sI ².24?A=>1¼°À16´4Â ´,1034B4C¼* «6ª *U�'?65AµM¹±C¿®A´4Â�¹�CD24¹±=·®A34Â £D®6B·8v³.56;78�B<CD®A?6½·�
´4B4=@?A5<²,24?ACD®634?A¹D´4´4Â�¹-2<?�³O16´4´4Â�µ u��q���)����� B -0I�587:- ²42434¹ ³OCD®º1¼5¼Ã.¹±´<Â ´,103<B4C6* « �<*


�?AµMÉ6B4´4B434?65716´4´4Â�¾ CD24¹±=·®A3 �6� D ËAª6ª ���²"24?AC¿®A34?A¹D´4´4Â�¾�24? ³b16´4´<Â�µ u��q���)����� ¬
-sI�587>- ²RµM?���¹¿®�ÉAÂ�®AÅ�?A24B<CÀ16´ C¿®A¹±2<¹±´4´4Â�µ�° 16=@?A´4?6µ �~24?A=>1¼° 1º®A¹¿Ã,¹±µ

Γ
# § * t ± § * © ²R´4?A34µ[19�Ã.B<°À16»4B4¹D¾ 
 # ¦ « * t ± § * t ¸ · © § −4 ¯�?6® �±µ −2 � −1 =!£ S −1 ´,1b£±´<¹±34ÊDB4B © =!£ S B Ã,;>½4¹±56?A¾ =@?A´>�

»4¹D´<®A3,1¼»4B4¹±¾n5A?±³O?A34?±³b1¢�
H

# ¦ © * « ± § * © ¸ · © § 23 CDµ −2 * 
 ®º10µM?±³O¹ÄÃ.Å0B4µM¹±¹¿® χ2
ν

# § * � « *,
�?AµMÉAB·�
´4B43<?A5716´4´<Â�¾ C±24¹D=<®A3 �A�gD ËAªAª � �-²a24?ACD®634?A¹D´4´4Â�¾ 24?n³b16´<´4Â�µ u��q���)��� � ¬ -0I�587>- ²RµM?���¹¿®
ÉAÂ�®6Å�?624B4CÀ1¼´�C¿®A¹D24¹±´4´<Â�µ ° 16=@?A´<?Aµ ��24?A=>1¼° 1º®A¹¿Ã,¹±µ

Γ
# § * � ± § * © ²%´4?A34µ[1ºÃ,B<° 16»<B4¹±¾ 
 #

� t



�MB4C6* « � -X�'?65AµM¹±C¿®A´4Â�¹ �±24¹D=<®A3<Â�B4CD®6?A½4´4B<=>?65C�6� D ËAªAª ��� ¦ Ã,¹±571¼¶�2,16´4¹ÄÃ.Å@¸Bb�A�gD ËAªAª ���
¦ 2<3,16571¼¶ 2,16´4¹ÄÃ.Å@¸Ä²�24?AC¿®A34?A¹D´4´4Â�¹�24?P³b1¼´4´4Â�µ =>16µM¹±34Â u��q���)�����b9�uv-sI B =>16µM¹±3<Â -&/=1438O
587>9A;x-0I�587:- *,�n?±³O¹ÄÃ.ÅA´4Â�¹�CD24¹±=<®634Â]24?6=·1º° 16´4Â�C±2>Ã.? � ´<Â�µMBvÃ.B4´<B<¶4µMB�*,��É6¹�µM?±³O¹¿Ã.BvB4µM¹Ä�
@�®

χ2
ν

<∼
§ * ���·*

¦ Ë * © ± © *��@¸ · © § −5 ¯�?6® �±µ −2 � −1 =q£ S −1 ´41 © =q£ S B�Ã,;>½4¹±5A?6¾ =@?A´4»4¹D´<®A3,1¼»4B4¹±¾ 5A?±³O?634?±³b1P�
H# ¦ © *�� ± § * « ¸ · ©À§ 22 CDµ −2 * 
 ®º10µM?±³O¹ÄÃ.Å0B4µM¹±¹¿® χ2

ν

# § *��
�·*
D'2<¹±=<®63 B<°DÃ,;>½4¹D´4B<¶^?AÉºÃO16CD®6B � � ²'2<?¼Ã,;>½4¹±´<´4Â�¾^=·1¼µM¹±34?A¾ u��q���)��� � 9�uv-0I ²[2434¹Ä³4�

CD®º1¼5¼Ã.¹±´:´,1)34B4C6* « �·* 
 ®A?6®�CD24¹±=<®63:C±?±³O¹±3L�zB<®�CD®63<;>=<®6;>3<;6²b=@?6®6?A3<;$@ µM?��~´<?-B4´<®6¹±342<34¹D®6B434?¼�
571¼®6Åz=>16=:Ã.B4´4Bq@ ��¹ÄÃ.¹D°À1zC £±´4¹D34Ê±B<¹±¾ Ë *�� ± § * © =!£ S *b��´�C±?6Ê ÃO16CD;6¹D®6C ¶¢C)=@?AµMÉ6B4´4B434?65716´4´4Â�µC±2<¹±=<®634?Aµ¢¶>³O¹D3)°±5A¹D°Ä³O?A?AÉA341¼°À?A5A16´4B<¶ B ¬ ��²924?¼Ã4;·½<¹±´4´4Â�µ�243<B4ÉA?A34?6µ 9"I�uv9 5N-sI ¦ / � �p � - � - � �
 � * «6§A§7« ¸¿²7=@?6®A?634Â�¾/µM?��~´<?	?624B4CÀ1º®AÅ-®6¹±2·Ã.?65A?A¾~µM?±³O¹ÄÃ.Å
@(�d16¾<µM?A´>³b1º� �'µMB<®º1 ¦ �  m � -�o�+  o�+
/ ��p(� � ©�t �
�A¸UCM®6¹±µM24¹D3,1¼®6;>34?6¾ t * § +3.3

−1.8

=q£ S B�Ã.?A3<¹±´4»4¹D5AC±=@?A¾�Ã.B4´4B<¹±¾-CN£D´4¹±34ÊDB4¹±¾ Ë * Ë ± § * © =!£ S *�"³O´,16=@?+C¿Ã.¹ ³.;A¹¿® ?6®6µM¹D®6B<®AÅ4²�½<®6? �±2<¹±=<®63 ?AÉ¼Ã.16CD®6B � � ²M24?¼Ã4;·½<¹±´4´4Â�¾ =·1¼µM¹±34?A¾ u��q���)�����
9�uv-sI ²7CD?AÊ ÃO16C¿;A¹¿®AC ¶vB~CD?-CD®6¹±24¹D´4´4?A¾:µM?±³O¹ÄÃ.Å
@ C"24?A=>1¼°À1¼®A¹ÄÃ.¹±µ

Γ
# © *�� ± § * © B0Ã4;·½<¹±5A?A¾~=>?6´·�»4¹D´<®A3,1¼»4B4¹±¾ 5A?±³O?A34?±³b1 �

H
# ¦ © * ª ± § * « ¸ · ©À§ 22 C±µ −2 * S 2<?AC¿Ã.¹ ³O´4¹Dµ�C¿Ã,;>½,1¼¹~Ã.B4´4B<¶r��¹¿Ã.¹¿° 1

B4µM¹D¹D®)´4¹D®6¹±2·Ã.?656;$@(243<B434?±³.;A*>��¹±2<?AÊ Ã.?�� �±´4´4Â�¾z24?6®6?A=zB·°DÃ,;>½4¹D´4B<¶z5�³.B,162,1¼°±?A´4¹ « ¬ ��=!£ S B<°
?AÉ¼Ã.16CD®6B � � CD?ACD®º1¼5¼Ã,¶4¹¿® �4*�� · © § −12 £±34Ê��±µ −2 � −1 *¼��´,1ºÃ.B<°�C±24¹D=<®A3,1�243<?6® ¶q��¹D´4´4?A¾�?6É¼ÃO16C¿®AB
� � 2<?�³b1¼´4´4Â�µ�?6ÉAC±¹D34571¼®6?A34B4B u��q���)����� 2434B�£±´4¹D34Ê±B·¶·8z5AÂ � ¹ ��=!£ S 5�°À´419½<B<®A¹ÄÃ.ÅA´4?A¾~CD®A¹Ä�
24¹D´4B/° 1656B4C±B<®-?6®�B4CD24?¼Ã.Å¼°±;A¹DµM?A¾|µM?±³O¹¿Ã,B|¯	?6´,1<²@24?ACD=>?ºÃ.ÅA=<;z5 £¿®A?Aµ�³OB,1¼2,1¼°À?6´4¹¯�?A´z2434B4ÉA?º�
34?A5 u��q���)��� � B4µM¹D¹D®�C¿;$�-¹±C¿®A5A¹D´4´4Â�¹2<34?ACD®63,16´4C¿®A5A¹D´4´4Â�¹"´4¹±?±³O´<?A34?±³O´4?AC¿®AB�*9�)Ã4¶�3,1¼°¿Ã.B4½4´<Â'8
µM?±³O¹¿Ã,¹±¾�¯�?A´,1·²O2<?ACD®634?A¹±´<´4Â'8�2<?~B<°±?AÉA3,1 ��¹±´4B<¶<µ 3,1¼°¿Ã.B4½4´<Â'8 �D2·;ACD®6Â'8 ��?6É¼ÃO16C¿®A¹±¾�5~24?¼Ã,¹
°À3<¹±´4B<¶�?6ÉAC±¹D34571¼®6?A34B4B u��q���)����� ²bÉAÂ'Ã.B�24?¼Ã,;>½4¹D´4Â 341¼°DÃ.B<½4´4Â�¹�°À´,1 ½4¹D´4B<¶�C±=@?A3<?ACD®6BPCD½!�D®º1
5:³.B,162,1¼°±?A´4¹=� ¬O© § =!£ S *R�U´,1 ½4¹±´<B4¹~CD=>?634?ACD®6B C±½!�¿®º1�5:³OB4162,1¼°±?A´4¹=� ¬O© § =!£ S ²K2434B45A¹ ³)�±´<´4?A¹
´,1	34B4C6* « �·²@24?ºÃ,;>½4¹±´4?)³4Ã,¶~µM?±³O¹ÄÃ.B/¯�?A´,1�®A¹DµM´4?AÊ±?�´<¹±É71 ¦ � ��� �o���& �m � ��#�$n � -�
!o,+B�À¸%Bz24?6®A?º�
µ�;/µM?���¹¿®�C±½<B<®º1¼®AÅ6C ¶�5A¹D3A8<´<B4µ 243<¹Ä³O¹ÄÃ.?Aµ�* 
 ®6?6®02434¹Ä³.¹¿ÃnC±?A56µM¹±CD®6B4µ C2434¹Ä³.24?¼Ã.?���¹D´4B4¹±µ ?
®A?6µ�²�½<®A?:°À´419½<B<®A¹ÄÃ.ÅA´,1¼¶+½,1¼CD®AÅ ��¹DCD®A=@?AÊD?nB·°DÃ,;>½4¹D´4B<¶\�A�gD ËAª6ª �|5z³OB,16241¼°À?A´<¹ «¼§9¬·ËA§ =q£ S
2434?6B4C 87?±³OB<®�B<°?6É¼ÃO16C¿®AB � � *<�'2<¹±=<®63|B4CD®6?A½4´4B4=>1 �A�gD ËAªAª ���²A24?AC¿®A34?6¹±´4´4Â�¾~24?�³O16´4´4Â�µ
?AÉACD¹±345A1¼®A?A3<B4B u��q���)����� ¦ CDµ�*bÃ.¹±5¼;l@ 2,1¼´4¹¿Ã.Å:34B<C6* «6ª ¸Ä²b® ¶<´4¹D®6C ¶�³O? t =!£ S B¢®6? ��¹-87?A34? � ?
C±?65AµM¹±C¿®AB4µ C"5AÂ�CD?A=@?
£±´4¹D34Ê±B<½4´4Â�µ C±24¹D=<®A3<?Aµ�²@24?ACD®634?A¹D´4´4Â�µ 24?³b16´4´<Â�µ -sI�587>- *¼�	Ã,¶�®6?AÊ±?<²
½<®6?AÉAÂ(®6?A½4´4¹D¹�?A»4¹±´<B<®AÅ0?6®A´<?AC±B<®6¹¿Ã.Å6´4Â�¹-5A=>ÃO19³OÂ�?AÉ¼ÃO1¼CD®AB � � BU²45A¹±3<?9¶·®A´4?<²,5A´4¹±ÊÄ19ÃO16=<®6B·�

� §



����������	�
�����������������������������! �"#��$��%���!&(')'+*�� #������������,+-.��$�/����� �-1032�4�5�6�784:9;0=<?>�

	�@



½4¹DC±=@?AÊ±?<²AB4CD®6?A½4´4B<=·1 �6� D ËAª6ª ���²º5�B<°±ÉAÂ�®A?A=����±CD®6=@?AÊ±?�B<°¿Ã,;>½4¹±´4B·¶�²A´,1¼É¼Ã�@%³)�D´4´4Â�¾ -sI�587>- ²
®A3<¹±É6;$@�®6C ¶v³b19Ã.ÅA´4¹D¾ � B4¹)´,16É¼Ã^@%³O¹±´4B·¶n5���¹DCD®6=>?6µ 34¹±´·®AÊ±¹D´4?A5ACD=@?Aµ ³OB,16241¼°À?A´<¹6*

È�¶·®AÅ�°À5A¹¿°¿³O?A?6ÉA3,1¼°D;l@ ��B·80¶@³O¹±3�²73416C±24?ºÃ.?���¹±´4´<Â'8~59³O?¼Ã.Å�8·34¹±É6®º1 �A�gD ËAª6ª �<²7?6®6½!�D®º�
Ã.B456?-5AB>³.´4Â ´,1)=>163·®º1º8/?6ÉAC±¹D34571¼®6?A34B4B u��q���)����� BzB4µM¹ @"®����±C¿®A=4B<¹�C±?AC¿®º165¼Ã,¶q@ �-B4¹�C £±´4¹D3·�
Ê±B·¶4µMB^5AÂ � ¹ � =!£ S *��	Ã,¶^?A»4¹D´4=4B^?6®6´4?AC±B·®A¹¿Ã,ÅA´4Â'8(5A=·ÃO1 ³O?A5H£D®6B·8^?AÉ¼Ã.16CD®6¹±¾�5x���±C¿®A=@?A¹
B<°¿Ã,;>½4¹±´4B<¹��A�gD ËAªAª �:ÉAÂ'Ã.?:243<?AB<°À56¹Ä³O¹D´4?�CD3,165A´4¹D´4B4¹�B·8�2<?6®A?A=@?A5v5~³OB,16241¼°À?A´<¹=� ¬ �~=!£ S ²
50=>?¼®A?A34?6µ ¹e� �)5A?¼°ÀµM?��~´<?�°±´,1 ½4B4µM?A¹�³O¹¿®A¹±=·®AB434?65716´4B4¹¼*�Æ'?ºÃ.¹±¹	24?¼Ã.?65AB4´4Â ���±CD®6=@?AÊ±?z34¹±´<®º�
Ê±¹D´4?A5ACD=@?AÊ±? B<°DÃ,;>½4¹D´4B<¶^8·34¹±É6®º1 �A�gD ËAª6ª � 2434?AB<C 87?±³OB<® ?¼®�®6?A½4¹D½4´4?AÊD? B4C¿®A?A½4´<B4=>1��A�gD
ËAªAª ����Bn?6®z?AÉ¼ÃO16C¿®AB � �&¦ CD;>µMµ[163<´4Â�¾�´4¹D24?AÊ Ã.?��-¹±´4´<Â�¾+2<?6®A?A=C£D®6B·8�B<CD®A?6½4´4B4=@?A5/5�³OB,19�
2,1¼°±?A´4¹ � ¬ ��=!£ S �±?AC¿®º165¼Ã,¶<¹D®~?A=@?¼Ã.? « · © § −12 £±3<Ê)CDµ −2 C −1 ¸Ä*.�³O3,10°±5A¹D°Ä³O?A?AÉ63,1¼°À?65716´4B<¶GB�B�B
��².3,1¼C±24?¼Ã,? ��¹±´4´4Â�¹-5AC±¹DÊ±?/50´4¹±CD=@?¼Ã.ÅA=4B>8�;>Ê Ã.?A56Â'8�µMB4´·;>®º198�?6®~?AÉ¼ÃO1¼CD®AB � � B�?6®6µM¹±½4¹D´·�
´4Â�¹z=·1¼=HD ª B � �n´,1n3<B4C6* «·© ��²RB<µM¹ @�®�24?6®6?A=4B 5|³OB,162,1º°À?A´4¹�� ¬ �:=!£ S ²a2434B<É¼Ã.B<°±B<®A¹ÄÃ.ÅA´4?
3,1656´4Â�¹ § *�� · ©À§ −12 £±34Ê-C±µ −2 C −1 B § * ª · © § −12 £D34Ê�C±µ −2 C −1 ²UC±?6?6®A5A¹¿®AC¿®A5A¹D´4´4?4*K��µM¹D¶�5/5AB>³.;2434B<µMÂ�=·1¼´4B4¹�£D®6B·8¢B<CD®A?6½4´4B4=@?A5|=¢?AÉºÃO16CD®6B � � B�2434?6CD®A3416´4CD®65A¹±´<´4?A¹�3,1¼°±34¹ � ¹±´4B4¹�=>16µM¹Ä�
34Â -sI�587>- ²>CD?ACD®º1¼5¼Ã,¶!@ ��¹D¹ © « ;>Ê Ã.?A5AÂ'8/µMB4´<;@®9²<°À1¼®A3<;À³O´<B<®A¹ÄÃ.ÅA´4?�C ³O¹ÄÃO1¼®AÅ�=@?¼Ã.B<½4¹±C¿®A5A¹D´4´4?A¹
° 1¼=·Ã�@½<¹±´4B4¹�?:5A=·Ã.19³O¹�¶>³.¹±3¢°À5A¹¿°¿³O?6?AÉA3,1¼°±?A5716´<B<¶bB B�B � 5|´,16É¼Ã^@%³b16¹±µM?6¹ -0I�587>- ���±C¿®A=@?A¹
B<°¿Ã,;>½4¹±´4B<¹-5-³OB,16241¼°À?A´<¹	56Â � ¹ «6§ =!£ S *

�R16C±CDµM?6®A3<B4µ 24?±³O34?AÉ6´4¹±¹"?AÉA¹"5A?6°±µM? �z´4Â�¹�B4´<®6¹±342<34¹D®º16»<B4B:´,16É¼Ã�@%³.¹±´4´4?6Ê±? ���DCD®6=>?6Ê±?
B4C¿®A?A½4´<B4=>1z52�A�gD ËAª6ª �<*

� %�� ]�%�� ���� �¢X.��������q]��!W�+!��Z��$(
W���XF�_(
+q%)Z�����W.� � d �)���!���

È�?¼Ã,? ��¹±´4B4¹�B4C¿®A?A½<´4B4=>1<²4³O¹D®6¹±=<®6B434?A571¼´4´4?AÊD? u��q���)��� � 5034¹D´<®AÊD¹±´4?A56C±=@?Aµ ³OB,1¼2,1¼°À?6´4¹
§ *�? ¬O© § =!£ S ²bC-®6?A½4´4?6CD®AÅ�@�Ã,;>½ � ¹ © ;·Ê Ã,?A5A?A¾�CD¹±=<;>´>³.Â�CD?A5A2,19³O16¹D®|C)24?¼Ã.?���¹D´4B4¹Dµ�3419³OB4?AB>�
CD®6?A½4´4B<=·1G�A�gD ËAªAª ���²UB<°¿Ã,;>½4¹±´<´4?AÊ±?��n?A3416´4?Aµ^Bn³O3�* ¦ ��- � �o ���  � * ©�t
tA§ ¸Ä*U��16ÉºÃ�@%³O¹±´<B<¶
�A�gD ËAªAª ����5	Ã.B4´4B4B � BM5AÂ�¶<5AB·Ã.B/´41ºÃ.B4½4B<¹5AÂ�3,1���¹±´4´<?A¾/C±2<¹±=<®63,1ºÃ.ÅA´<?A¾~³O¹D®º1ºÃ,B�²<?AÉºÃO19³b1º�
@ �-¹±¾�5AÂ�CD?A=@?A¾�?6®A34B<»,1¼®A¹ÄÃ.ÅA´4?6¾PCD=>?634?ACD®6Å
@ ¦ ?A=@?¼Ã,? © §A§ =4µ � C ¸¿* 
 ®A?:24?6°±5A?¼Ã,¶<¹D®:ÊD?A5A?A34B·®AÅ
? ®A?6µ�²�½<®A? 3,16CDCD®6?9¶<´4B4¹�³O?K�A�gD ËAªAª ��� C±?AC¿®º165¼Ã,¶<¹D® 24? µM¹±´4Å � ¹±¾�µM¹±3<¹ Ë =<24=�*���1 ?ACÄ�
´4?A5A16´4B4B�£D®6?A¾�?A»4¹±´<=4B�²"�n?A3416´(B ³O3U* ¦ ��- ���o ���  � * ©�t�tA§ ¸zC ³O¹ÄÃO1ºÃ.B�5AÂ�5A?±³]? ®A?Aµ�²�½·®A?
�A�gD ËAªAª ��� ´4¹�C±56¶·° 16´|C�µM?ºÃ.¹±=<; Ã,¶<34´4Â�µ ?AÉ¼ÃO16=@?AµK�6� D ËAªAª ��B|¶<5¼Ã,¶4¹¿®AC ¶:5A´<¹±ÊÄ1ºÃO1¼=<®AB4½<¹¿�
C±=<B4µ B4CD®6?A½4´4B<=>?6µ�*X�'24¹D=<®A3,19Ã.ÅA´4Â�¹�8@1¼3,16=<®6¹±34B4C¿®AB4=<B\�6� D Ë6ªAª ����5 � B<34?A=@?Aµ ³OB,1¼2,1¼°À?6´4¹
£±´<¹±34ÊDB4¾¢C±?AÊ Ã.16CD;$@�®6C ¶¢C	2,163,16µM¹¿®A3,1¼µMB�²O®6B424B4½<´4Â�µMBn³,Ã,¶n24?AÊ Ã.? ��¹±´<´4Â'8�16=<=434¹±»<B43<;$@ �-B·8
5A´4¹DÊÄ1ºÃO16=·®AB4½4¹DC±=4B>8�B4CD®6?A½4´4B<=>?654²716CDC±?A»4B<B43<;$@ �-B·87C ¶0C�16=·®AB45A´<Â�µMB�¶>³O3,1¼µMB�ÊÄ1ºÃO16=·®AB4= ¦ CDµ�* ²
´,162<34B4µM¹±3U² �  �qp �o «6§6§ �@¸¿*!D'?AÊ ÃO16CD´4?~CD24¹±=·®A3,1ºÃ,ÅA´4Â�µ ³b16´<´4Â�µ ?AÉ6C±¹±3<571¼®A?634B4B u��q���)��� � ²>Ã,;7�
½4¹D571¼¶0=@?A´4»4¹D´<®A3,1¼»4B<¶/56?À³.?A34?±³b1�5)´416243,165ºÃ.¹±´4B<B��A�gD ËAªAª ��� CD?ACD®º165ºÃ,¶4¹¿®�?A=@?¼Ã.? © § 23 C±µ −2 ²½<®6?nC¿;$�-¹±C¿®A5A¹D´4´4?�5AÂ � ¹�®AB424B<½4´4Â'8�³,Ã,¶�2<?¼Ã,¶��A�gD ËAªAª �/°±´,1 ½4¹±´4B<¾x�

H <∼
ª
·
©À§

22 C±µ −2 B®º16=q��¹%;>=>1¼°ÀÂ�571¼¹D®�´,1"5A´4¹DÊÄ1ºÃO16=<®6B4½4¹DC±=<;$@ 2434B<34?±³.; £¿®A?AÊD?�B4C¿®A?A½4´<B4=>1<*9�	Ã,¶	34¹D´<®AÊD¹±´4?A56C±=@?AÊ±?
C±2<¹±=<®63,1�16=<®6B45A´4Â'8	¶>³.¹±3�ÊÄ1ºÃ.16=<®AB<=-8@163,1¼=<®A¹D34´4?�´,19Ã.B4½4B4¹%=@?AµM2·Ã.¹D=>CD´4Â'8�?6C±?AÉA¹D´4´4?AC¿®A¹D¾�²6B4´>�
®A¹D342434¹¿®AB43·;A¹±µMÂ'8�=>16=/B<°¿Ã,;>½4¹±´<B4¹�5)Ã.B4´4B·¶·8���¹¿Ã.¹¿° 1-3,1º°DÃ.B4½<´4?A¾:CD®6¹±24¹D´4B:B4?A´4B<°À16»4B4BU²4C±µM¹Ä�
���D´4´4?A¹�5:=43,1¼C±´<;$@ ?AÉ¼ÃO1¼CD®AÅvC±2<¹±=<®63,1 ¦ �±µ�* ²X´,16243<B4µM¹±3�² �.� � � ��& «6§6§Aª ¸¿*U��16É¼Ã�@%³O¹D´4B4¹��A�gD
ËAªAª ��� ´,1~?634ÉAB<®º1ºÃ,ÅA´4?A¾�?AÉACD¹±345A1¼®A?A3<B4B Q"MGM O / � y{}���� ²U?AÉ¼Ã.19³b1�@ ��¹±¾�Ã4;·½ � ¹±¾U²�24?|C±34165A´4¹Ä�

� «



�MB4C6* «6Ë -O
�34B4571º¶�É¼Ã.¹DC±=>1w�A�gD ËAªAª ���(5�³OB,162,1º°À?A´4¹ «6§9¬ � § =!£ S ²b24?6CD®A3<?A¹±´4´41¼¶¢24?0³O16´4´4Â�µ
-0/21436587>9A; -sI�587>- *>�v?AµM¹±´<®6Â ´,1 ½,1ºÃO1�B0=>?6´4»,1�´,16É¼Ã�@%³.¹±´4B4¾z;·=>1¼°À16´4Â 5�;ACD¹±½4¹D´4´4Â'8=@"Ã.B>�
16´4CD=4B·8/³O´·¶·8 ¦ � 	���¸¿²,?A2<34¹Ä³O¹ÄÃ,¶4¹DµMÂ'8n=·1¼= � 	�� # 	�� ¬:« �
� §�§6§A§ *��·*

´4B!@�C~?AÉAC±¹D34571¼®6?A34B4¹D¾ u��q���)����� ²a½<;>5ACD®65AB<®6¹¿Ã.ÅA´<?ACD®6Å
@ 5¢µ�¶<Ê±=@?Aµ]³OB,162,1º°À?A´4¹ § *�� ¬ ��=q£ S
B+8A?A34? � B4µ C±2<¹±=<®63,1ºÃ.ÅA´<Â�µ&341¼°À34¹ � ¹D´4B4¹±µ ¦� �

∆
 # «6§ ¬ � § ¸Ä²�µM?AÊ Ã.?�É6Â�24?6°±5A?¼Ã.B<®6ÅvÃ.B<ÉA?

³O¹¿®A¹±=·®AB434?65716´4B4¹'24?±³O?AÉA´4?6¾-=@?AµM2·Ã.¹D=@C±´4?A¾-?AC±?AÉ6¹±´4´4?6CD®AB-5�CD24¹±=<®634¹:�6� D ËAªAª ���¢B)?A2434¹ ³O¹¿Ã.¹Ä�
´4B4¹�=<3,16C±´<?AÊ±?�C±µM¹ ��¹D´4B<¶C£D®A?6Ê±?�B4CD®6?A½4´4B<=·1·²,Ã,B4ÉA?�´,1ºÃ,? �zB<®6Å0C¿;��¹±C¿®A5A¹D´4´4Â�¹�?6Ê±3,16´<B4½4¹±´<B<¶
´,1�£D®6?6®/24163,16µM¹¿®A3�*

S 3,16É6?6®A¹��n?A3,16´41PB ³.3�* ¦ ��- � �o � �  � * ©�t
t6§ ¸�2434?716´41ºÃ.B<°±B434?A571¼´,1P24¹D34¹±µM¹D´4´4?AC¿®AÅ
24?6®6?A=>1¢�A�gD ËAª6ª ��� 5)³OB,1¼2,1¼°À?6´4¹ Ë C±µ�C § * © ?��´ © t Bq@´<¶ ©�t ��?-Ê±?±³b1)³O? § *�� t �´ «6§ ¯�¹±5¼�
3,1ºÃ4¶ ©�t ? © Ê±?±³b1~B/³b1ºÃ.Å6´4¹±¾ � ¹±¹�É6?¼Ã.¹±¹	µM¹Ä³4Ã.¹±´4´<?A¹);>µM¹±´<Å � ¹D´4B4¹�24?6®6?A=>1�³O? § *��~�´�50B!@�Ã.¹©�t ?�?+ÊD?À³O1<*��	1¼É¼Ã�@%³O¹D´4B<¶.�6� D ËAªAª �P=>16µM¹D34?A¾ -&/=1436587>9A; -sI�587>- ?À8<5A1¼®AÂ�571 @�® 24¹D34B4?±³
2434?±³O?ºÃ^�~B·®A¹¿Ã,ÅA´4?AC¿®AÅ
@ ?A=@?¼Ã,?-Ê±?±³b1·²<24?
£¿®A?Aµ�;�³,Ã,¶z¶434=@?AÊD?�24B4=@CD¹¿Ã,¶ -0I�587>- ²@C±?A562,19³b1�@ ��¹DÊ±?
C�24?¼Ã.?���¹D´4B4¹Dµ �A�gD ËAª6ª ���²XÉAÂ'Ã.1v24?6CD®A3<?A¹±´,1v=434B45A1¼¶+É¼Ã.¹±CD=>1<²K2434B45A¹ ³)�±´<´,1¼¶P´,1n34B<C6* «6Ë *
�	Ã,¶�24?A56Â � ¹±´<B<¶z°±´,1 ½4B4µM?AC¿®AB0®A?A½4¹D=~´,1�=43<B45A?A¾�É¼Ã.¹DC±=>1<²@C±?6ÉAÂ�®AB<¶0ÉAÂ'Ã,BzCDÊ±3<;>2424B<34?A5716´<Â 5
�~5634¹±µM¹D´4´4Â'8¢B<´<®A¹D34571ºÃO1·*���1zµ[16C � ®º16ÉA1º8¢ÊD?À³O1~´4¹-?6ÉA´,163<;��¹D´4?~°±´,1 ½4B4µM?A¾�2<¹±34¹DµM¹±´4´4?6CD®AB
24?6®6?A=>1 �6� D ËAªAª ����5�³.B,162,1¼°±?A´4¹ «6§9¬ � § =!£ S � µM? �z´4?�Ê±?65A?A34B<®6Å�?�°±´,1 ½4B4µM?Aµn?6®AC¿;>®6CD®65AB4B�571º�
34B,1¼»4B4¾/24?¼®A?A=>1-C"µ[16C � ®º16ÉA?Aµ 5A1634B,16»<B4¾~ÉA?ºÃ.Å � ¹ ª *>��1	34B<C6* « �	243<B45A¹Ä³.¹±´,1-=<34B4571¼¶zÉ¼Ã.¹DC±=>1
�A�gD ËAªAª ����²�24?AC¿®A34?A¹D´4´,1¼¶P24?~³b16´<´4Â�µ u��q���)������9�uv-0I *���1|µ[16C � ®º16É71º8+½,1¼CÀ1|´4¹�?AÉA´,1¼3<;7�
��¹D´4?�°À´,1 ½4B4µM?6¾�24¹D34¹±µM¹D´4´4?AC¿®AB�24?¼®A?A=>1�5�³OB4162,1¼°±?A´4¹ § *�? ¬ ?<* § =!£ S *

��Ã.Å ®A¹D34´,1¼®6B45A´4Â�µ 571¼34B,16´<®6?Aµ�C±B·Ã.Å6´4?:24?AÊ Ã.?��-¹±´4´<?AÊ±?�16=4=434¹D»4B43<;$@ ��¹±ÊD?�B4C¿®A?A½4´<B·�
=>1zµM?AÊ Ã.1zÉAÂ]É6Â�®AÅ~ÊÄ19ÃO16=<®6B4½4¹±CD=>1¼¶n³O5A?6¾4´,1¼¶vC±B<CD®A¹Dµ[1~C	´4¹±¾<®634?A´4´<?A¾�°À5A¹¿°¿³O?6¾�B·Ã.Bn½!�±3<´4?A¾
³OÂ�34?6¾�*@�	Ã,¶|=>1 ��³O?AÊD?�B<°"£¿®AB·8/®AB424?65-8@163,1¼=<®A¹D34´4Â ?62434¹Ä³.¹¿Ã.¹D´4´4Â�¹g£±µM24B43<B4½4¹±CD=4B4¹�C±?6?6®A´4?º�
� ¹D´4B<¶�µM¹e��³.;:C±5A¹¿®AB4µM?6CD® ¶4µMB�5z3,19³OB4?±³OB4162,1¼°±?A´4¹-Bn5zµ�¶<Ê±=@?Aµ 34¹D´<®AÊD¹±´4?65AC±=@?Aµ ³OB,1¼2,1¼°À?6´4¹

� ª



������������
�� ����� $#� "#���� ��$��	� ��
��������������$���$#�  ������������������:�����(*��� ������� �� ����$#� �� ���$�����,+/
��$�/�� ��, 032�4�5�6�7 4 9;0=< >���! �/�������, ��$ ��$ ��$ � �� �����$ ��$�"#�! "�� ����- ����$#� $���,#� ��� ����� ����,%$
 ����$���������$&�����'$)(+*-,�.	/%* ������0���%����� /�,%$!��$��1*-,�.324,�.5� �6����������� 	��

�7��@8� �����9(+:�/+� *=��$#������/���� * ���0� $�������-  �"��  ��<;;���'��� ��$=�?>A@�BDC�@�E ����� 	�/%� � $���� ��� ��� ����GF?$�H
��$������������ ���'$I�J�� �-���,%$ � ��������/ � ��K�����,+/��I��,+��$�/�� * ��$L$� 8���DM;�'$ � �)� ����� �  �/3(ON6K �����  �/P/
�  ����� �������1� ��/��Q RM;�'$ ��� ����F ���� ���������- �� #�� �� /�� ��S�T � @7� /�������A� ��$#")�U����$#��$#�  ����!�7�
@7� �����(*=��� ��������,VT $� � @7� /XW � �=� $7���� ��� #�� ���� * ��������,VT;$� RM ���.@8��� /XW � *  �"���$����'N;� ��,
�� �!S��  �1�J�� �-���,%$ ��������� / � ��K�����,+/��I��,+��$�/�� * ��$L$� 8���DM;�'$ � �G�Y��,+�  ��  �/3( / �DF �  �/P/(�  LH
���� ������� �1��/��� -M;��$1��� ����F ���� ���������� �� ��� ����  ��� � @I� ��$#"Z�[���$���$#�  ���� �8��@7� ���8�\( @
� ��$�"]�^���$���$#�  ���� �7��@7� ����� �� ���� $�� �����%� ������/������� � · @7� −8 ����F ��/ −2 : −1 /%��� $7���� ��� #�� ���� *
��$�" �! "� $���/�,+� � ��� ����F ���� ���������$_�!�� �-���,%$.� ��������/ � ����-����� �����,+/�� �8���%�`� $#/�� *  �"�,+���� ���
�����Q��,VT $a � ��$����� ��� ��� ��  �� $���$ � �F ������,%$ � ��������/ � ��K�����,+/��Z��,+��$#/��b( � /+� * ��$�������/�� � *
c_d�BDeZ@Qfhg�i �)������	�/%�Xj-���� �������/�� ����,+�!��$�"#�A "��� �������k�:�l
�������m� ��� ����F ���� ������� �/ �1��$LH
���� �����$���$#�  ���$L$G�� ����$ �� �� ��� ���� ��� 8�������QS��)� $���� ��� ��� ����k�:�n
�������o�U����$���$#�  ����1

� /+*���� /������ ����,+-U� @7p����6F  ����*��� � ����S � $ @8 ��%�^� ��$�"#�! "��������-  �"���� ��� $ �� ������ 032�4�5�6�7 4�*
�  ���� $������?���q&W � *���� hF  ���$#�`�� h��,VT;� ������������,%$.� ��$ ��������-1�����UF?$ �$���������� ������$_�!�� �-���,%$
� ��������/+* ��/��� RM ��$ ��������F�� �� ���� ����-.�� ��� ��_�6����$���$#�  ���� �8��@7� ���8� �� �� �r����$ @ /��������A� ��$�"��

s $�����/  �"���$#�  �/+*r�����  ��  �����$ ���%�AS��� �F� h��,t�� 8��$  �������� ����:������ ���������$u�k�:�v
�������
���� �"8$  �����/� ���� ���� �����  ����� ������ /�������,+� ��$�" �! "��� �����]� ��$����� �����$#��$#�  ���� �]� / �DF �  �/ ��� ���LH
F ���� ������  �/?����$#��$#�  �����* ���� �"�, ���� �����������S ������� ��������� $����� 5���� �F  :������ ���������$ ��$��hF?$ ��$�������H
����� �  �-?�J�� �-��� �- � ��������/�, �� !�� � ����� �T;������ �� ��� ��� ���* $ � $���N � ���� �������� �%��� �� ���� � � ������H
����$ �!S���,%$ ��������������� *���/��QM6K�����,%$G������$������'  �"#�$�����S�� ����������$ � ������� $�����,%$ � �����������wH
������/ �������-<N �%����� $�*x����� ���� ���� ����� ������� ��������� $a�����y�k�:�o
������� ��$#� $#���������� �F  �'���$
F?$ ��$#��������� �

	a



� *�%�+L, ��V$��� ��X����+!�[v]_%���%�XY�_(
+q%)Z�����W.� %)'^]��^(
+!������L��	�%)%�'�*��q�%��)�q���v,

�U56¹D°¿³.?A?AÉA3,1º°±;$@ �-B4¹%=@?AµM2>Ã.¹±=@C±Â µM?AÊ¿;@®�C±?±³O¹D3L��1¼®AÅ�37¶>³�?6É��K¹±=<®6?A54²À¶<5¼Ã,¶!@ ��B·8AC ¶�24?¼�
®A¹D´4»4B,19Ã.ÅA´4Â�µMBnB4CD®6?A½4´4B4=>16µMBn5AÂ�C±?6=>?�£±´4¹D34Ê±B4½<´4?AÊ±?zB<°DÃ4;·½<¹±´4B<¶U²4®º16=4B·8v=>16=:5A¹¿®A3,1�µ[16CDC±B45º�
´4Â'8�µM?ºÃ.?±³OÂ'8�°À5��D°¿³ �>�	����²756°À16B4µM?±³O¹D¾4CD®656;$@ ��B<¹C�µM?¼Ã.¹D=<; Ã,¶43<´4Â�µMB~?AÉºÃO16=>16µMB��AµM?ºÃ.?±³OÂ�¹
°À5��D°¿³.´4Â�¹�?AÉ��K¹±=<®6Â ¦�� / ��¸¿²M?AÉ¼Ã.19³b1�@ ��B4¹vµ[16Ê±´<B<®A´4?6¾ 16=<®6B45A´4?6CD®AÅ�@ ��5AÂ�C±?A=@?ACD=@?A34?AC¿®A´4Â�¹
B4C¿®A¹±½<¹±´4B<¶ ¦ ³���¹D®6Â"¸dB�?AÉ��K¹D=<®AÂ #�¹D34ÉAB4ÊÄ19�!�3<?4* S CD¹>£D®6B�®AB424Â�?AÉ��K¹D=<®A?65�³O?¼Ã^�z´4Â 3,16CDC±µ[1¼®º�
34B45A1¼®AÅAC ¶P=>16=�56¹±34? ¶<®6´4Â�¹~B<CD®A?6½4´4B4=4B�´,16É¼Ã�@%³O16¹±µM?AÊD?C���DCD®6=>?6Ê±?�´<¹D®A¹D2·Ã.?A56?AÊ±?�B·°DÃ,;>½4¹D´4B<¶
�A�gD Ë6ªAª �<*

��1�µM´4?6Ê±?A5A?ºÃ.´4?A5AÂ'8~=>163<®º1º8b².2434¹ ³OCD®º1¼5¼Ã.¹±´<´4Â'8n´,1�34B4C¼* «·© ²·B4µM¹±¹¿®AC ¶n3@¶@³�?AÉA?¼Ã.?6½4¹±½·�
´4Â'8+C¿®A3<;>=<®¼;·3U²�´4¹±=@?6®6?A34Â�¹zB<°0=>?¼®A?A34Â'8PB>³.¹±´<®6B4¯�B4»4B434?65716´4Â =>16=+5A¹D®63,1nµM?¼Ã,?À³.Â'8�°À5
�¿°¿³
¦ �Dµ�* ²a´,162<34B4µM¹±3U²{D  � �� � ���  � * «6§A§A« ¸¿*aÆ'?¼Ã,¹±¹z®6?AÊ±?<²d24¹D34¹±µM¹D´4´4?AC¿®AÅ�µM?���´<?AÊ±?¢B4C¿®A?A½<´4B4=>1�5
³b1ºÃ,ÅA´4¹±µ^��
� ³.B,162,1¼°±?A´4¹¼²bB4µM¹e@ �-¹±Ê±?:=@?A?A36³OB<´,1¼®AÂ 	 «6§A§6§ - © � - «6§ - §A§ ² � ª � -���?.- © §v¦ � � ��� � � o � �
 � * ©�t � t ¸'B�´,1º8A?±³.¶q�-¹±Ê±?6C ¶�50´4¹±24?6C±34¹ ³OCD®65A¹±´4´<?A¾�É¼Ã.B<°±?ACD®6B�?6®0B<°ÀÉ6Â�®A=>1 -sI�587>- ²,24?6°À56?¼Ã,¶4¹¿®
Ê±?65A?A34B<®6Å�?�5A?6°±µM?��~´4?6CD®AB|C¿;��¹±C¿®A5A?65716´4B<¶vµM?¼Ã,?À³.?AÊ±?0����� 5A´<;@®A34B:µM?¼Ã,¹±=<; Ã,¶<34´4?AÊD?�?AÉ¼ÃO1º�
=>1<²,=@?6®A?634Â�¾�B:¶45¼Ã4¶4¹D®6C ¶vB4CD®6?A½4´4B4=@?AµY���±CD®6=@?AÊ±?zB<°DÃ,;>½4¹D´4B<¶n5�?AÉ¼ÃO16C¿®AB � � *

��16ÉºÃ�@%³)�±´<´4Â�¾nCD24¹±=·®A3 -0I�587>- 5-³OB4162,1¼°±?A´4¹�³O? © §A§ =q£ S 87?A34? � ?�?A24B4CDÂ�5716¹¿®AC ¶nCD®A¹Ä�
24¹D´4´4Â�µ^° 16=@?A´4?6µ(C�2<?A=>1¼° 1¼®6¹¿Ã.¹Dµ�²X2434B4ÉºÃ.B<°ÀB·®A¹¿Ã,ÅA´4?�34165A´4Â�µ © *,�)Ã4¶¢2434?A56¹±34=4B�ÊDB424?6®6¹D°ÀÂ
?+´,1ºÃ.B4½<B4B µM?¼Ã,?À³.?AÊ±? �	��� 5P?AÉºÃO16=@¹ �6� D ËAªAª �·²MC±24¹D=<®A3 É6Â'Ã B4CDC¿Ã.¹ ³O?A571¼´ ´,1�´,1ºÃ.B4½<B4¹
Ã.B4´<B4¾n´<¹±CD®º1¼ÉAB·Ã.ÅA´<?AÊ±? 44 �:p�´,1�£±´<¹±34ÊDB<¶·8 Ë �·* t =!£ S B � ?<*���=q£ S *.�a¹D°±; Ã.Å ®º1¼®6?AµY£¿®A?AÊD?zB4CDC¿Ã.¹Ä�³O?A5A16´4B<¶0¶45¼Ã4¶4¹D®6C ¶/5A¹D3A8<´<B4¾|2434¹ ³O¹¿Ã:´41);>34?A5A´4¹ ª

σ
²@CD?ACD®º165ºÃ,¶!@ ��B4¾ « * © · ©À§ −5 ¯�?6®)C±µ −2 � −15�?AÉA¹DB·8-Ã,B4´4B<¶>8U* 
 ®A?�°À´,1 ½4¹D´4B4¹�C±?6?6®A5A¹¿®AC¿®A56;6¹D®�56¹±3A8·´4¹±µ�;�2<34¹Ä³O¹ÄÃ,;�µ[16CDC±Â�2434?AB·°À5A¹ ³)�±´4´<?AÊ±?

C±56¹±3A8·´4?A5A?A¾ 44 �:p ² �±?AC¿®º165¼Ã,¶q@ �-¹±µ�; « * ª · © § −6 �
�
²O½<®A?/´416µM´4?AÊD?~µM¹±´<Å � ¹-®6B424B4½<´4Â'8�®6¹±?A34¹Ä�

®AB<½4¹±CD=4B·8/°±´,1 ½4¹±´<B4¾0³,Ã,¶~C±5A¹D3A8<´<?A5AÂ'8~µM?¼Ã.?���¹ © §A§ Ã.¹D® ¦ B )��� - � - � �  � * ©�t
t�t ² � - - & ���em  o�+
� �  � � � ©�t�t �A¸¿*

�'?6Ê ÃO16C±´<? ³b16´<´4Â�µ ��
��zB�3,19³OB<?A´,16É¼Ã^@%³O¹±´4B<¾�²5�?AÉ¼ÃO1¼CD®AB �A�gD ËAªAª ��� B4µM¹±¹¿®AC ¶
µM?��-´4Â�¾ ¦ ÉA?ºÃ.?AµM¹D®634B4½4¹DC±=>1¼¶ CD5A¹D®6B4µM?ACD®6Å ∼ « * � · © § 5 �

�
¸�5AÂ�C±?A=@?ACD=@?A34?AC¿®A´4?A¾ ÉAB<24?¼Ã,¶<34´4Â�¾

B4C¿®A?A½4´<B4=�5 ³O1ºÃ.ÅA´4¹Dµ �	
�¨³OB,162,1º°À?A´4¹�B µM?���´4Â�¾ �
2

��Áµ[1¼°À¹D3�²�1 ®º1¼=q��¹ 37¶>³�?AÉ��K¹±=<®6?A5
#�¹D34ÉAB4ÊÄ19�!�3<? ¦ �±µ�* ²6´4162434B4µM¹D3�² � -�
!n � ���o ���  � * ©�t ? Ë ¸KB�½4¹D®6=@?	?6½4¹±34½<¹±´4´,1º¶�3,19³OB<?A?AÉA?¼Ã,?A½4=>1
3,1¼°±µM¹±34?6µ ?A=@?¼Ã.? © ��;·Ê Ã,?A5AÂ'8nC±¹D=<;>´>³a²O=>?¼®A?A3<;$@&µM?��~´4?0B4´<®6¹±342<34¹D®6B434?A571º®AÅ|=>16=n;À³b1¼34´4Â�¾
¯�34?A´<®9²>C±?¼°¿³b16´<´4Â�¾/5A¹¿®A34?Aµ °±5A¹D°Ä³OÂ^=·ÃO16CDCÀ1�� �·*�� ¦ D  � �� � ���  � * «¼§A§7« ¸Ä* 
 ®º1-3,19³OB<?A?AÉA?¼Ã,?A½4=>1
24?A=>1¼°À16´,1	5-5AB>³.¹�ÉA¹ÄÃ.?A¾0®A3,162<¹±»4B4B~´,1)=>163<®6¹?AÉ6C±¹±3<571¼®A?634B4B u��q���)����� ¦ 34B<C6* «A« ¸Ä*@
	1¼343,1ºÃ.Å)B
³O3�* ¦ D  � �� � ���  � * «6§6§7« ¸X?A»4¹±´<B4571�@"®�µM¹¿8@1¼´4B4½4¹DC±=<;$@^C±5A¹¿®AB4µM?6CD®AÅ�5A¹¿®A3,1°±5A¹D°Ä³OÂ�=·ÃO16CDCÀ1�� �·*��
=>16= �

wind ∼
© §

37 £±34Ê�C −1 ² ½<®6?CD?ACD®º165ºÃ,¶4¹¿®�´4¹±CD=@?¼Ã.ÅA=@?2<34?A»4¹D´<®A?A5?6®"ÉA?¼Ã.?AµM¹¿®A34B<½4¹±CD=>?6¾�C±5A¹Ä�®AB<µM?ACD®6B+É6B424?¼Ã,¶<34´4?AÊD?/B4C¿®A?A½4´<B4=>1<²�?A24B<CÀ16´4´<?AÊ±?�¡�;>Ê±3,1¼´4?Aµ Bv³O3U* ¦ � -�
qn � �� o'���  � * ©�t ? Ë ¸¿*
�MC¿Ã.B~B/5-C±16µM?Aµ+³O¹ÄÃ.¹É6?¼Ã.?AµM¹¿®A34B4½<¹±C±=>1¼¶�£±´4¹D34Ê±B<¶�£D®A?6Ê±?�B4C¿®A?A½<´4B4=>1�ÉAÂ'ÃO1-B<C 87?±³O´4?�°À16=·Ã�@��
½4¹D´,1�5�µM¹¿8716´4B4½<¹±C±=@?A¾ £±´4¹D34Ê±B4B(C±5A¹D3A8·°±56;>=@?A5AÂ'8 B4CD®6¹±½4¹D´4B4¾]24?62<; Ã,¶4»4B<B µM?¼Ã.?±³OÂ'8 ¦ 2434?º�
®A?7¸ °À56¹D°¿³.´4Â'8+?AÉ��K¹D=<®A?A5<²X1~° 1¼®6¹±µ(2434¹±563,1¼®AB>ÃO16C±Åv5|B<°¿Ã,;>½4¹±´4B<¹z5z³b19Ã.ÅA´4¹Dµ ��
� ³OB4162,1¼°±?A´4¹6²
®A?nµM¹¿8716´4B<°±µM?Aµ�²K?AÉA¹±CD24¹±½<B4571�@ ��B4µ ���DCD®6=>?6¹z34¹D´<®AÊD¹±´4?65AC±=@?A¹/B·°DÃ,;>½4¹D´4B4¹6²RµM?AÊ Ã.?vÉAÂ É6Â�®AÅ
®A?634µM?6°À´<?A¹B<°¿Ã,;>½4¹±´<B4¹�ÉAÂ�C¿®A34Â'8�£¿Ã.¹D=<®A34?6´4?A54²@;ACD=>?634¹±´4´<Â'8z³O? £±´4¹D34Ê±B4¾|?6=>?ºÃ.?��C£ S 5g£D®AB>8
£±´<¹±34ÊDB4½4´4Â'8�B<CD®A¹D½4¹±´<B<¶·8b* S CÄÃ.¹Ä³OC¿®A5AB<¹0=·;9Ã,?A´4?A5ACD=4B·8�24?6®A¹D34Å4²�£±¯�¯�¹±=<®6B45A´4?AC¿®AÅ:®A?A3<µM?6°À´4?º�
Ê±?vB<°¿Ã,;>½4¹±´4B·¶ 5v34¹±´<®6Ê±¹D´4?A5ACD=>?6µ]³.B,162,1¼°±?A´4¹0?6®A´<?AC±B<®6¹¿Ã.Å6´4?�´4¹D5A¹¿Ã.B<=·1·²a?±³O´416=@?�5v2·Ã.?6®6´4?A¾

�
�



C±3<¹Ä³O¹�£¿®AB�2<?6®A¹D34B�µM?AÊ¿;>®/C±?6°Ä³b1¼®AÅ~µM?���´4Â�¾�2434?6® ¶l���±´4´<Â�¾¢B4CD®6?A½4´4B4=���
�!B·°±;>½4¹±´<B<¶�* 
 ¯��
¯�¹±=<®6B45A´4?6CD®AÅ�®6?A34µM?6°±´4?AÊ±?�B·°DÃ,;>½4¹D´4B<¶�C±?6CD®º165¼Ã4¶4¹D®	24?63@¶@³O=>1 © § −5 5CD;>É@�C£ S ´4?Aµ�³OB,1¼2,1¼°À?6´4¹5|C±3<¹Ä³O¹�CD?¼Ã.´4¹D½4´4?AÊD?vCD?ACD®º1¼571<*� d16=4B4µ^?AÉA341¼°À?Aµ�²)£¿Ã,¹±=<®634?A´4Â�C £±´4¹D34Ê±B<¶<µMBP?6=>?ºÃ.?v�C£ S µM?¼�
ÊD;@®�2<34?AB<°±5A?±³OB<®AÅ����DCD®6=>?6¹�34¹±´·®AÊ±¹D´4?A5ACD=@?A¹�B<°DÃ,;>½4¹D´4B4¹�CD?�C±5A¹¿®AB4µM?6CD®AÅ�@ �

x <∼
© §

34 £±3<Ê � −1 *�n?±³O¹ÄÃ.Åv;6C±=@?A34¹D´4B<¶ £¿Ã.¹D=<®A3<?A´4?A5�� � � ; ³O1634´4Â�µMB+5A?¼Ã.´416µMB�²�B4µM¹e@ �-B4µMBPCD=@?A34?AC¿®AB�?6=>?ºÃ.?
© §A§ =4µ � C¼²U=@?6®A?634Â�¹�®AB42<B4½4´4Â]³,Ã,¶¢B<CD®A¹D½4¹±´<B4¾�C�µ[16C � ®º16É716µMB¢5�³O?¼Ã.B¢2,1¼34C±¹D=·1/5~2·Ã.?6®6´4?A¾
C±3<¹Ä³O¹�C�=@?A´4»<¹±´<®63,16»4B4¹D¾P½416CD®6B4» o

a >∼
© §

4 �Dµ −3 ²U3,1¼°±3,16ÉA?¼®º16´,1|Æ'Â�=@?A5AÂ�µ�Bn³O3�* ¦ «6§A§6§ ¸¿* S
£D®6?A¾�3,16ÉA?¼®A¹�3,1¼C±C±µM?¼®A34¹D´PCÄÃ,;>½,16¾�C±5A¹D3A8·°±56;>=@?A5A?AÊD?v®6¹±½4¹D´4B<¶�²UC±?6°Ä³b16´4´4?6Ê±?|;À³b1634´4Â�µ�¯�34?A´·�
®A?6µ C±5A¹D378·´4?65A?A¾¢5/2·Ã,?6®A´4?6µ C±ÊD;6CD®6=>¹�µM?¼Ã,¹±=<; Ã,¶<34´4?AÊD?|?AÉ¼ÃO16=>1<*U�"³O´,16=@?zµM?À³.¹¿Ã.Å:Æ'Â�=@?A5A1~B
³O3�* ¦ «¼§A§A§ ¸�µM?���¹D®�ÉAÂ�®6Å�2434B4µM¹D´4¹±´41�B-=-CÄÃ,;>½,1�@^� � �	�!5A?ºÃ.´4Â C 8A?À³.´4?AÊ±?3,1¼°ÀµM¹D3,15�2·Ã.?6®6´4?A¾C±3<¹Ä³O¹¼²%CD?6°¿³b1¼´4´4?A¾ ³O3<;>Ê±B<µ C±5A¹D378>°±56;>=>?65AÂ�µ B4CD®6¹±½4¹D´4B4¹Dµ�*��®ÀÃ.B4½4B·®A¹¿Ã,ÅA´4?A¾ ½4¹D3<®A?6¾ ®º16=@?A¾
µM?±³O¹¿Ã,B�¶45¼Ã4¶4¹D®6C ¶�?6½4¹±´4Åz2·Ã.?ACD=4B4¾�3<¹±´<®6Ê±¹±´<?A5AC±=<B4¾¢C±24¹D=<®A3�C)24?6=·1º° 1¼®6¹¿Ã.¹Dµ�C¿®A¹D24¹±´4B

Γ ∼
© *

S CÄÃ,;>½,16¹�CDB4´·8·34?6®634?A´4´4?6Ê±?�B<°DÃ4;·½<¹±´4B<¶�£¿Ã.¹D=<®A34?6´4?A5�C £D´4¹±34ÊDB4¹±¾�24?63@¶@³O=>1 £ S ²9;ACD=@?A34¹±´<´4Â'8
ÉAÂ�C¿®A34Â�µMB�²·C±?	C±=@?A34?6CD®AÅ�@ C±56Â � ¹ ©À§A§A§ =4µ � C¼²@;À³b1¼34´4Â�µMB~¯�34?6´<®º16µMB�²>?AÉA3,1º°À?A571¼´4´4Â�µMB02434B
CD®6?¼Ã.=4´<?A5A¹±´<B4B:µM?���´4Â'8~°À5
�¿°¿³O´<Â'8|5A¹¿®A34?A5<²q£±¯�¯�¹±=·®AB45A´<?ACD®6Åz=@?A´456¹±34CDB4Bw£±´4¹D34Ê±B<B:;6C±=@?A34¹D´·�
´4Â'8v½,1¼CD®AB<»�5����±C¿®A=@?A¹	34¹±´·®AÊ±¹D´4?A5ACD=@?A¹-B<°¿Ã,;>½4¹±´<B4¹-µM?���¹¿®zÉ6Â�®AÅ~56Â � ¹�B|³.?ACD®6B4ÊÄ1¼®AÅ © § −3 *

�	��� � " � �'$ "

¦ p ¸ S 34¹D°D; Ã.Å ®º1¼®A¹�´416É¼Ã�@%³O¹D´4B4¾/ÊÄ19ÃO16=<®6B4½4¹±CD=@?A¾:16=<®6B45A´4?A¾z?AÉ¼ÃO1¼CD®AB0°À5A¹¿°¿³O?6?AÉA3,1¼°±?A571º�
´4B<¶ �A�gD Ë6ªAª �"ÊÄ16µMµ[1º�!?6ÉAC±¹D34571¼®6?A34B4¹D¾ -0/21436587:96; ?AÉ6´,163<;��¹D´�B4CD®6?A½4´4B<= ���±C¿®A=@?AÊD?�34¹±´<®º�
Ê±¹D´4?A5ACD=@?AÊ±?�B<°¿Ã,;>½4¹±´4B·¶ C|´4¹¿®A¹D2·Ã.?A5AÂ�µ�C±24¹D=<®A3<?Aµ�²�® ¶4´<;�-B4µMC ¶ 2<?+=<3,16¾4´4¹D¾ µM¹±34¹z³O? © §6§
=!£ S *

¦ p p ¸�È�34?65A¹Ä³)�D´4´4Â�¾ µM´4?6Ê±?A5A?ºÃ.´4?A5A?6¾ 16´,19Ã.B<°/?6É¼ÃO16C¿®ABH�A�gD Ë6ªAª ��2<?6°À5A?ºÃ.B·Ã °À16=·Ã�@��
½4B<®6Å4²�½<®A?�?AÉA´4163<;��¹±´<´4Â�¾ ���DCD®6=4B4¾ B<CD®A?6½4´4B4=]µM?���¹¿®�ÉAÂ�®AÅ ?6®A?���³O¹±C¿®A5¼Ã.¹D´]=>16=�C+¯�?¼�
´4?A56Â�µ 5A´4¹DÊÄ1ºÃO16=<®6B4½4¹DC±=4B4µk3,19³.B4?AB4C¿®A?A½4´<B4=@?Aµ �A�gD ËAªAª ���²�2434?A¹D»4B43<;$@ ��B4µMC ¶ ´41(?AÉ¼�
ÃO16C¿®AÅ¢�6� D ËAªAª �·²>®º16=|B|C�2434?6® ¶l��¹±´<´4?A¾ � B�B �!?AÉ¼Ã.16CD®6Å
@-²·16C±CD?A»4B4B<3<;$@ ��¹D¾4C ¶nC�¶43<=4B4µ���
��
B4C¿®A?A½4´<B4=@?Aµ�B�3,19³OB<?A?AÉA?¼Ã,?A½4=@?A¾��6� D Ë6ªAª ���)*À�	Ã,¶)=@?¼Ã.B4½<¹±CD®65A¹±´<´4?A¾0?A»4¹±´<=4B�5A=·Ã.19³O?A5 £D®AB>8
B4C¿®A?A½4´<B4=@?A5/5�´,16É¼Ã^@%³b16¹±µM?6¹g���DCD®6=>?6¹)34¹D´<®AÊD¹±´4?65AC±=@?A¹�B·°DÃ,;>½4¹D´4B4¹��6� D ËAªAª ��´4¹D?AÉÀ87?±³OB4µMÂ
³O?A2<?¼Ã.´4B<®6¹¿Ã.Å6´4Â�¹|´,16É¼Ã^@%³O¹±´4B·¶ 5:³OB4162,1¼°±?A´4¹~56Â � ¹ © § =!£ S C~2434?6CD®A3416´4CD®65A¹±´<´4Â�µ 3,1º°À34¹Ä�
� ¹D´4B4¹Dµ ´4¹�8>;$��¹	;>Ê Ã.?A56?A¾nµMB<´<;@®AÂ�*

� Ë



� � i:i x f��vj|� on� {�� � �	r�o:j:wvf�o:o|}z� o:f �:h x p)o:o|}~� {�y	f�{%�n}

��=4=434¹D»4B4¹D¾-?AÉAÂ�½<´4?�´,1¼°ÀÂ�5A16¹D®6C ¶-=@?AµM2·Ã,¹±=@C%¯�B<°±B4½4¹DC±=4B·8)243<?A»4¹±CDC±?A5"B�¶45¼Ã.¹D´4B4¾�² CD56¶·�
° 1¼´4´4Â'8~C5AÂ�CD5A?AÉA?���³O¹±´4B<¹±µ B~®63,16´4CD¯	?634µ[16»4B4¹D¾|Ê±3,1¼5AB<®º16»4B<?A´4´4?A¾w£D´4¹±3<Ê±B4B|5A¹ ��¹DCD®A5A1�2434B
¹±ÊD?z2419³O¹±´<B4Bn´410=@?AµM2,1¼=<®A´4Â�¾n?AÉ��K¹D=<®9*

��¹D¾<®A34?6´4´4Â�¹�°À56¹D°¿³.Â ¦ �	�X¸�243<¹Ä³OC¿®º165¼Ã,¶q@�®�C±?AÉ6?A¾ 3,1¼C±2434?6CD®A3416´4¹±´<´4Â�¾(=>ÃO16C±C�16CD®º�
34?A¯�B<°±B4½4¹DC±=4B·8+?6É��K¹±=<®6?A54*XÈ�?|®A¹D?A34¹¿®AB4½4¹DC±=4B<µ ?A»4¹±´<=·1¼µ�²XB·8�³O?¼Ã4¶�5/°À5
�¿°¿³O´4?6µ ´,16CD¹¿Ã.¹D´4B4B
� 19ÃO16=<®6B4=4B�CD?ACD®º1¼5¼Ã,¶4¹¿®~?6=>?ºÃ.? ©À§ −3

¦ C±µ�* ²,´,162<34B4µM¹±3U² �:p � � � &D² � - - & ��� mA² � �  � � � ©�t
tAË ¸Ä*
�'?6Ê ÃO16C±´<?�C±?65A34¹±µM¹D´4´4Â�µ ®A¹D?A34¹¿®AB4½4¹DC±=4B<µu243<¹Ä³OC¿®º165¼Ã.¹D´4B<¶4µ B B4´<®A¹D342434¹¿®º16»4B4B�´,1º�

É¼Ã�@%³.¹±´4B4¾�µM?¼Ã.?±³OÂ'8 ¦ C|5A?6°±3,16C¿®A?Aµ�µM¹±´4Å � ¹:´4¹±CD=>?ºÃ.ÅA=4B·8 µMB·Ã4Ã.B4?6´4?A5�Ã.¹D®7¸�3,19³OB4?62<; Ã.ÅACÀ19�
34?A5<²·°À´419½<B<®A¹ÄÃ.ÅA´,1¼¶v½,1¼CD®AÅz�	��?AÉ¼ÃO19³O16¹D®�CDB·Ã.ÅA´4Â�µ ¦

B ∼
©À§

10
¬O© §

12 � C ¸%µ[16ÊD´4B<®6´4Â�µ 24?¼Ã,¹±µ¦ �Dµ�* ²,´4162434B4µM¹D3�².?AÉ6°±?A3v�d16¾<°±¹±´4¹DÊ±ÊD¹±3,1 ¬ �.� p�& � o��en
n � � «6§A§<© ¸Ä*
�	��C±?AC¿®A? ¶<®|B·°�C±56¹±3A8·2·Ã.?6®6´4?AÊ±?|56¹e��¹DCD®6571.-U2<34B�3,1 ³OB<;ACD¹�24?A37¶@³O=>1 © § =<µ ?A´4Bn?AÉ¼ÃO1º�

³b1�@"®vµ[16C±CD?A¾�24?A37¶>³O=>1 ©¿¬<« µ[1¼C±C0�'?¼Ã.´<»,1 ¦ �
�

¸Ä²UB�²�CÄÃ.¹Ä³.?A571¼®6¹¿Ã.ÅA´<?4²KB4µM¹ @"®nCDB·Ã.ÅA´<?A¹�Ê±3,19�
5AB<®º1¼»4B4?A´4´<?A¹24?ºÃ.¹6*@�[C±=@?A34¹D´4B4¹�C±5A?AÉ6?À³.´4?AÊ±?)2,19³O¹D´4B<¶~´,1	2<?A5A¹±3A8·´4?AC¿®AB:�	�nµM?��z´4?)?6»4¹±´4B·®AÅ
=>16=

gsurf ≈ G
M∗

R 2
∗

∼ 1.9 · 1014 ·
(

M∗

M�

)

·
(

1012 C±µ 2

R 2
∗

) CDµ · � −2,
¦ « ¸

Ê ³O¹ M
∗

B 7
∗

¬ µ[16C±C±10B:3,1 ³OB<;AC)�	�d*

 ´<¹±34ÊDB<¶�²K5AÂ�CD5A?AÉA?���³b1�@ ��1¼¶4C ¶P2434BP16=4=<34¹±»4B<B 5A¹e�-¹±C¿®A571<²K° 198<5A19½<¹±´4´4?6Ê±?�ÊD3,165AB·®º1º�

»4B4?6´4´4Â�µ 2<?¼Ã.¹±µ �	�d²4´,1�24?A5A¹D378·´4?6CD®AÅ0°À5A¹¿°¿³OÂ�².µM?���¹¿®~ÉAÂ�®6Åz?6»4¹±´4¹D´,1�=·1¼=

Eff ≈ G
M∗Macc

R∗
∼ 3.1 · 10−4 ·

(

M∗

M�

)

·
(

106 CDµ
R∗

)

·
(

Macc

mp

)

£±34Ê ≈ ¦¨ª ¸

≈ 0.19 ·
(

M∗

M�

)

·
(

106 CDµ
R∗

)

·
(

Macc

mp

)

� £ S ,

Ê ³O¹ M
acc

¬ µ[16CDCÀ1016=4=43<¹±»4B43<?A5716´4´<?AÊ±?05A¹e�-¹±C¿®A571<²O1 �
p

¬ µ[16C±C±10243<?6®A?A´41<*
�-;>´>³b1¼µM¹±´<®º1ºÃ,ÅA´4Â�µMB 5A?A243<?ACÀ16µMB(®A¹±?634B4B 16=4=<34¹±»4B<B ´,1 �	�&¶45ºÃ,¶!@"®AC ¶ 5A?62434?AC+?

2434?6B4C 87?���³O¹±´4B<B 16=4=<34¹±»4B<?A´4´4?AÊD?�5A¹ ��¹DCD®A5A1 ¦ 5¢®6?Aµ ½4B<C¿Ã.¹¼²M?P¹DÊ±?�C±?AC¿®º165A¹vB =@?¼Ã,B4½4¹±C¿®A5A¹¼²
° 198<5A1¼®AÂ�571¼¹±µM?Aµ 5 ¹ ³OB4´4B<»<; 5634¹±µM¹D´4B Ê±3,1¼5AB<®º16»4B<?A´4´4Â�µ 24?¼Ã,¹±µ �	�X¸¿²�1+®º1¼=q��¹�5A?62434?ACv?
®A?6µ�²M5P=>16=@?A¾�¯�?A34µM¹:5AÂ%³O¹ÄÃ,¶4¹¿®AC ¶ ÊD3,165AB·®º16»4B4?A´<´,1¼¶ £±´4¹D34Ê±B<¶ 16=4=<34¹±»4B<?A´4´4?AÊD?�5A¹ ��¹DCD®A5A1<²
=>16=>1¼¶v½,16C¿®AÅ0¹ ��B<°DÃ4;·½416¹D®6C ¶�B<°)16=4=<34¹±»4B<?A´4´4?A¾vC±B<CD®A¹DµMÂ�²b=>16=<B4¹�C±24¹D=<®A3,19Ã.ÅA´4Â�¹)Bn5A3<¹±µM¹±´>�
´4Â�¹�?ACD?AÉA¹D´4´4?AC¿®AB¢£D®6?AÊ±?�B<°¿Ã,;>½4¹±´4B·¶zµM?6ÊD;@®	ÉAÂ�®AÅ�´,1¼É¼Ã�@%³O¹D´4Â CD?A5A34¹DµM¹±´4´4Â�µMB�®A¹ÄÃ.¹±CD=@?A2,16µMB
5�3,1º°DÃ.B4½<´4Â'8w£D´4¹±34ÊD¹D®6B4½4¹±CD=4B·8|³OB,1¼2,1¼°À?6´,1º8~B/=>16=4B4¹�¯�B<°±B4½4¹DC±=4B4¹�2,1¼3,16µM¹D®634Â(16=4=434¹D»4B4?A´>�
´4?A¾vC±B<CD®A¹DµMÂ µM?AÊD;@®0ÉAÂ�®6Å~?A243<¹Ä³O¹ÄÃ.¹±´4Â 24?2£¿®AB4µ ´,16É¼Ã�@%³.¹±´4B<¶<µ�*

��C¿®A?A½4´<B4=@?Aµ 16=4=43<¹±»4B4?6´4´4?AÊD?]5A¹e�-¹±C¿®A571 µM?���¹¿® É6Â�®AÅ]=>16=�µM¹e�0°À5
�¿°¿³O´,1º¶ CD34¹Ä³b1·²
C±=<5A?6°ÀÅ	=@?6®A?63<;$@^³O5ABl��¹D®6C ¶|16=4=<34¹±»4B<3<;$@ ��1º¶~°À56¹D°¿³O1<²7®º16=~B0°À5A¹¿°¿³b1º�Á=@?AµM2,16´4Å9?A´z5	®6?Aµ�CÄÃ,;7�
½,16¹¼²<=@?AÊ ³b1�1¼=4=434¹D»4B43<;$@ ��1¼¶v�	��´,1º8A?À³.B<®AC ¶v5	³O56?A¾4´4?A¾~C±B4C¿®A¹±µM¹¼*.�MC¿Ã.B/°±5A¹D°Ä³b1º�!=@?AµM2416´4Å9?A´
B4CD2<;ACD=·1¼¹D® CDB·Ã.ÅA´4Â�¾(5A¹D®6¹±3�²"16=<=434¹±»<B<¶�µM? ��¹D® 2434?AB4C 8A?±³OB<®AÅ ´4¹±24?6C±34¹ ³OCD®65A¹±´4´<? B<°�£D®A?6Ê±?
5A¹¿®A3,1 �d5¢2434?6®6B45A´4?Aµ&C¿Ã4;·½416¹:5A¹e�-¹±CD®65A?�°À5A¹¿°¿³OÂ'�¨³O?A´4?A341�2<¹±34¹D24?¼Ã.´<¶<¹D®P24?¼Ã.?6CD®AÅ+�a? � 1¢5A?¼�
=43<;>Ê2£D®A?6¾P°À56¹D°¿³.Â�²d1:° 1¼®6¹±µ]24¹D34¹D®6¹±=>16¹¿®�5�24?¼Ã,?ACD®6Å��R? � 1��	� ½4¹±34¹¿°~®6?A½4=<;b¡)16Ê±3416´q��1:B
¯�?A34µMB43·;A¹D®/16=4=43<¹±»4B4?6´4´4Â�¾:³.B4C±=�*

�
�



�-B4CD=@?A571¼¶(16=4=<34¹±»4B·¶(56Â'87?±³OB<® °À1�3416µM=4B�´,16CD®6? ¶q��¹D¾]3,16É6?6®AÂ�²�2434¹ ³OµM¹D®6?Aµ�=@?6®A?º�
34?A¾P¶45¼Ã,¶q@�®6C ¶ 2434?A»<¹±C±CDÂ�²d243<?AB4C 87?±³.¶l��B4¹:5�16=4=434¹D»4B4?A´<´4?A¾ =@?¼Ã.?A´<=>¹~´4¹±24?6C±34¹ ³OCD®65A¹±´4´<?+;
24?A56¹±3A8·´4?ACD®6B^�	�d²�´41P5AÂ�CD?6®A¹¼²%´4¹n2434¹D5AÂ � 1�@ ��¹D¾ ´4¹±CD=>?ºÃ.ÅA=4B·8 3,19³.B<;ACD?A5�°À56¹D°¿³.Â�´,19³^¹e�
µ[16ÊD´4B<®A´<Â�µ 24?¼Ã�@�C±?Aµ�*

� ��
 � (��+���%�� �����'�+(  �)$&�'� � � �+��(��)*�%�% ��� ��� ����(�������� � ������� $ �

�v?À³.¹¿Ã.B:16=<=434¹±»<B4B/´,1-=@?AµM2416=<®A´<Â�¹�?AÉ��K¹±=·®AÂ CD®634? ¶<®6C ¶:CC±¹D34¹Ä³.B4´4Â ËA§ � 80ÊD?±³O?A5 ���
5A¹D=·1 ¦ C±µ�*O24B4?6´4¹±34CD=4B4¹�3,1¼ÉA?6®AÂ&�U¹ÄÃ.Åº³O?65AB4½,1 ¦ ©�tAË �7¸¿²O�'?¼Ã.2<B<®A¹D3,1 ¦0/  � � � � � � ©�t6Ë �@¸¿²b�U¹ÄÃ.Åº³O?¼�
5AB4½41-B  �16=<;>34Â ¦ © tAË
t ¸Ä²·È�34B<´4Ê ÃO1�B|�MB4C±1 ¦ � � p o!n ��� �o�+ �.� ��& ©�t � « ¸¿²$ �16=·;·3<Â(Bv� @�´<¶4¹D571
¦0/ �  � 
 �� �o�+ / 
!oLm  � � ©�t � ª ¸ ¸Ä*

D ®6¹¿8¢2<?A3¢24?AC¿®A34?A¹D´�3@¶@³ 16´,1ºÃ.B·®AB4½4¹DC±=4B>8U²X2<?¼Ã,;71¼´,1ºÃ.B<®6B4½4¹DC±=4B·8+B¢½<B4C¿Ã.¹D´4´4Â'8+µM?¼�
³O¹ÄÃ.¹±¾|1¼=4=434¹D»4B4B/´,1)�	�nB~½4¹D34´4Â�¹�³OÂ�34Â ¦ CDµ�* ²>´,162<34B4µM¹±3U²·=4´<B4ÊD;~��3,16´4=>1<²·
�B4´4ÊÄ1	B/�d1¼¾4´,1
«6§A§A« ¸¿²b?À³.´,16=@?:´4¹±=@?6®6?A34Â�¹�571 �z´4Â�¹�5A?A2<34?AC±Â�²UC±¯�?A34µ�; Ã.B43<?A5716´4´<Â�¹�;$��¹�5|CÀ16µMÂ'8�3416´4´4B·8
3,16É6?6®º1º8b²R³O?¢C±B>8 24?A3 ´4¹:B4µM¹e@�®�¶4CD´4?AÊ±?�?6®65A¹D®º1·*���³.B4´ B<°v¯�;>´>³O16µM¹±´<®º19Ã.ÅA´4Â'8�5A?62434?ACD?A5
C±?6CD®A?6B<® 5¢®A?6µ�²�®A¹±½q�D®PÃ,B 16=<=434¹±»<B4?A´4´4?6¹n5A¹ ��¹DCD®A56?�=>16=�ÊÄ1¼°�5¼° 16B4µM?±³O¹D¾4CD®656;$@ �-B·8 µM¹ �0�
³.;nC±?AÉ6?A¾¢½,16C¿®AB4» ¦�� Ê±B>³.34?±³OB4´,16µMB<½4¹±CD=4B4¾+34¹e�zB4µ�� ¸�B·Ã.B¢=>16=¢´,1¼ÉA?A3�?6®±³.¹¿Ã.ÅA´<Â'8�´4¹±5¼° 16B4µM?º�
³O¹D¾4CD®656;$@ ��B>8�½,16C¿®AB4» ¦�� 34¹ �~B<µ C±5A?6ÉA?±³O´4?AÊD?~2,19³.¹±´4B<¶�� ¸Ä* S 3,16ÉA?¼®º1º8��U¹¿Ã.Åº³.?A5AB4½,1 ¦ ©�t6Ë �A¸�B
�U¹¿Ã,Åº³O?A5AB<½,1|B   16=<;>34Â ¦ ©�tAË
t ¸"ÉAÂ'Ã.B+3,16C±CDµM?6®A3<¹±´4Â�?6É71w£D®AB+34¹ �~B4µ[1|B�ÉAÂ'Ã.?v24?A=>1¼°À16´4?4²
½<®6?�C±24¹D=<®A3:B<°¿Ã,;>½4¹±´4B·¶n56É¼Ã.B<°±B/24?A5A¹D3A8<´<?ACD®6Bv°±5A¹D°Ä³OÂ(C¿;��¹±C¿®A5A¹D´4´4Â�µ ?6ÉA3,1¼°±?Aµ ° 1656B4C±B<®�?6®
3,16CDC±µ[1¼®634B4571¼¹±µM?AÊD?~34¹ �~B4µ[1�16=<=434¹±»<B4B�*

S 2·Ã.?6®6Å	³O?�´,16C¿®A? ¶q�-¹±ÊD?05634¹±µM¹D´4Bz³,Ã,¶~?AÉA?ACD´4?A5716´<B<¶~®6?AÊ±?�B>Ã.B|B4´4?AÊD?�34¹e�zB4µ[1)1656®A?º�
3,16µMB�µM?À³.¹¿Ã.¹D¾�2434B456?À³,¶<®AC ¶�=@?ACD5A¹±´<´4Â�¹�=>1 ½4¹±C¿®A5A¹D´4´4Â�¹01634Ê¿;·µM¹D´<®AÂ&5~´419³O¹e��³O¹)´,10®6?4²b½·®A?
34¹±1ºÃ.B4C¿®AB4½4´41¼¶vµM?À³.¹¿Ã.Å4²,2<?À³.=434¹±2>Ã.¹±´4´41¼¶G£±=@C±24¹D34B4µM¹D´<®º1ºÃ.ÅA´<Â�µMB¢C±5AB>³.¹D®A¹ÄÃ.ÅAC¿®A5716µMBU²OµM?���¹¿®
 � - & � � ��p�- ��p�?A243,1¼5º³b1¼®6Å 5AÂ�ÉA?A3 34¹e�zB4µ[1+24?�=43416¾4´4¹D¾ µM¹±34¹|³,Ã,¶ ´4¹±=@?6®6?A34?A¾ ?AÉºÃO16CD®6B 2,1º�
3,16µM¹¿®A34?65P1¼=4=434¹D»4B4?A´4´<?A¾ C±B4C¿®A¹±µMÂ�*[���-¹|?À³.B4´ C±56¶·° 16´4´<Â�¾�C=£D®AB<µ�5A?62434?AC~°À16=·Ã�@�½,16¹¿®AC ¶
5~®6?Aµ�²b2<34B¢=>16=4B·8v;ACÄÃ.?A5AB·¶·8¢5~16=4=43<¹±»4B4?6´4´4?Aµ^24?6®6?A=@¹�5A?6°±´4B4=>1�@"®|ÉA¹±CDCD®6?¼Ã.=4´4?65AB<®A¹ÄÃ.ÅA´4Â�¹
;À³b1634´<Â�¹)5A?ºÃ.´4Â ¦ � S ¸¿²4®A?634µM?6°±¶l��B4¹	5A¹ ��¹±C¿®A5A?~´,1�2<;@®AB�=v24?A56¹±3A8·´4?ACD®6B�°À56¹D°¿³.Â�*

Æ%B4C±´4?6571¼®AÂ�¾>� 
�?AÊÄ16´�B+��34B>³Oµ[1¼´ ¦ ©�tAË
t ¸";>=·1º° 1ºÃ.BU²�½<®A?��	�
	�	 �� ������� ����� � ���������:� S
µM?���¹D®�24? ¶456B<®AÅAC ¶)5"24?6®A?6=>¹%16=4=<34¹±»4B<?A´4´4?AÊD?5A¹ ��¹DCD®A5A1´,19³�24?A5A¹D3A8<´<?ACD®6Å
@ �	�d² ¹±CÄÃ.B)°±5A¹D°Ä³b1
?AÉ¼Ã.19³b16¹¿®�³.B424?¼Ã.Å6´4Â�µ µ[16ÊD´4B<®6´4Â�µ 24?¼Ã.¹Dµ � ∼

© §
8 � C¼*�d³O1634´,1¼¶z5A?¼Ã,´,1<²@®A?A34µM?¼°±¶q��1¼¶|1¼=4=434¹D»4B4?A´4´<Â�¾v2<?6®A?A=~5	³O5A?A¾<´4?A¾/CDB4CD®6¹±µM¹�C��	�d²@B4ÊÄ�

3,16¹¿®�=·Ã^@½4¹D56;$@ 34?¼Ã,Å)5)µM?À³.¹¿Ã.B���£D5AB>³OCD?A´,1	B����D®����6¾��@¹
��� ¦ �  �$p�+�& -
o  o�+ ��& � � p(� � � ©�t � ª ¸ �
S µ"!±³O¹¿Ã4¶$#� %��&�'���!('*)+!¼Ã�&,'<®A¹���� ¦ / � ��qp � - �o�+ /  � � � � � � ©�t �
�6¸¿²AÆ+���
�-!.'/) @´<¶<¹
01� ¦ �  & � -
�o�+ / 
!oLm  � � ©�t � Ë ¸¿²�¡2�¼´4Ê±¹����3'54���&�&�!6&�!��<®7� ¦��  o!n � �  o�+�� ��� -�� - � � ©�t ? « ¸8'PÆ+���:9>´��;'
<8#7¹ÄÃ=� ¦ ��� �
!o  o�+ �  ����� © t ?��@¸>�������±µ"!6®��4¹±´��(���,���4¹±»,'<¶�´���?A@/08���¼°DÃ�'4½4´4Â+#B&��4¹Ä³�&�!¼Ã�!���¹DC
´�'<¶�#E!.0A¹ÄÃ�'4½�'<´4¹�µF�6Ê±´�'·®A´�!AÊ�!G&,!¼Ã,¶�°:06¹D°¿³.ÂH'�´��6¾@³O¹±´4ÂI	 �� ����� ��� ����J ���4¹ � ¹D´�'<¶/�
'��¿®A¹±µMÂ
Ê
'@³=��!±³='4´��¼µ"'4½4¹
����'$#K9$����0A´4¹D´�'4¾P³,Ã,¶K�����,�4¹±»�',!A´4´�!AÊ�!L&�!6®�!6���,��MN!±³O¹¿Ã�'x %��&�'��,!L'O)+!¼Ã,C
&�'<®6¹
��� ¦0/ �  �!p � - �o,+ /  � � ��� � � © t �
�A¸8'�¡2�¼´4Ê±¹����N'K4���&�&,!6&�!6�<®7� ¦ � �o!n � � �o�+ � ��� -�� - � �
©�t ? « ¸A&�!��D®�9 Ã�',�,9$@�® ´��ºÃ�'4½�'<¹�	 �������� ��� ������PH�	�
	�	 �� ������� ����� � �=������PRQ S ´���´<¹
�-!6®6!���!A¾
0AÂS��!6®A¹z´��9³T&�!�0A¹
�6#·´�!6�¿®AÅ
@)²R¶�0ºÃ,¶!@ ��¹±¾,� ¶U&������6µM¹D®���!Aµ £D®�'$#�µ"!À³.¹¿Ã.¹D¾V��ÆW���
�-!X'U) @´<¶<¹
0

��?



¦ �� & � - �o�+ / 
!oLm  � � ©�t � Ë ¸V&��<¹Ä³,Ã�!��/'·Ã�'G�4¹e�/'4µR���,���4¹±»,'�'B� ����� �����E���	����P Q S 0��¼®6µ"!6�±¯�¹DC
�4¹ ?A@�� S µ"!±³O¹ÄÃ�'zÆ+���:9>´��.'<�#A¹¿Ã=� ¦ � ���
!o  o�+ �  ��� � ©�t ?��7¸ &�!6���¼°:�6´�!4²¼½<®6!/	 �� ����� ��� �������
�	�
	�	 �� ������� ����� � �=�����:�GQ S µ"!���¹D®G��9��¹��D®�06!601�¼®6Å�´��9³�&�!60A¹��1#·´�!��D®AÅ�@(°��¼µF�6Ê±´�'<½4¹±´4´,!A¾�?A@
®6!ºÃ.Å6�-!B0)®�!AµO�¿Ã�9·½��6¹6²��-!AÊ ³ �2����!���!6�D®6Å�������<¹±»�'�'�³=!6�D®7�º®6!A½4´,!�µF�ºÃ=� ¦ �G'4µM¹D´4´�!4²>´4¹ &��4¹
06Â+C
� �¼¹D®z´4¹
����!ºÃ.Å6��'$#3&,��!A»4¹D´<®6!602£ ³4³='4´<ÊD®6!6´�!606����!6Ê
! &��<¹Ä³O¹ÄÃ=�/����!���!6�D®�'L���,���4¹±»,'�'.¸ �

�-¹¿®7�ºÃ.ÅA´4Â�¹�µ"!±³O¹ÄÃ�' ³�0�9>µM¹
�4´�!6¾(´4¹��D®7�6»,'�!A´����<´�!A¾ ����� ��������� ����� O �7���.�������=� � ��������P
	�� � �����
	���� ���� �� ��� ��	 �-��P.�������<¹±»�'�')´���°��6µF�¼Ê±´�'4½<¹±´4´,9$@H?G@B���º°:���6É�!6®7�6´4Â�� ��!A´���!Aµ�²��Ã.¹±¾�C
´�!Aµ 'X�
!1��0¼®6!6���¼µ"' ¦ �DµS� 
 ���ep o �o�+ � � -
o,& ©�t ? t ² 
 �(� p o�� �  � � © t
tAË 'X�
�±Â'Ã���'R0�£D®�'$#X���6É6!�C
®7�7#4¸ ��� 06®6!6�<ÂY£D®�'$#0µ"!±³O¹¿Ã.¹D¾ &�!��$�º°��ºÃ�'U²>½·®6!	¹
�¿Ã�' �
�-!6�,!6�D®6ÅB�����,�4¹±»�','�³=!6�¿®7�¼®6!6½4´�!206ÂS�
!6���
¦ �*'4µM¹±´<´�!4².¹
�ÄÃ�'R�����,�4¹±»�'·¶�¶�0ºÃ,¶4¹¿®6� ¶L� 9��¹
�¿®60A¹D´4´�!;�
06¹
�6# �v£ ³4³='4´4Ê¿®6!A´,!606�
�-!A¾,¸¿²>0 �-!¼Ã�!A´��@¹
&�! ¶�0ºÃ,¶!@"®6� ¶ 'r£
0�!¼Ã�@»,'�!A´�'��$9l@"® ����	 �� ����� ��� ����J � �����7��� ����� ����� O �7���.�������=� � � ����J �2Q S �
S � �z´��¼¶3!6��!AÉA¹D´4´�!6�¿®AÅ=£¿®6'$#X���6É�!6® ��!6�D®�!6'<® 0z®6!6µ�²O½·®6!/´��9Ã�'4½�'4¹(Q S 0 �-!¼Ã�!6´��@¹-´4¹A&�!6�¿®�91C
Ã�'��$9A¹D®�� ¶�² ��¶,0¼Ã,¶<¹D®6� ¶3�ÄÃ.¹Ä³=�¿®606'<¹±µ µ"!±³O¹¿Ã,ÅA´�!A¾C£
06!¼Ã^@»�'�'3�
',�D®A¹DµMÂ.�

� � � � � � %L	{�L]���� ����������� � � �!����"�#����

$ ����%6!�&('*) ��&�'���! 'R)+!�+�&,',&('����.- / ��/���021 -3/�4�+ / / � � � � �
16587:9(;(<S&�!6�=&6��!('
>��3?�',�=+�'
>$C
>���@BA"!8C�'=+�D��=&7��E�'�!(>�����>�!(F �HGI'���'�?�'��
��'$C �
'�AJAJ'=&6��',?�>�!(FO��������'
E�'�'.>���?A@!K ��LE�M�IL
NPORQ:N
� �( ��������� � ��� �$����MN!HCS'=+ DT%1��U:',�,9('=&6�V@W>��X&��,'XC=&�!�+�!ZYR'H>�','O!L��9�[*'��
&�06!601��>,'�' �
'�+�D�>�!(F
98C ����>,!(FB06!�+ >�\]- Q^$P<>0������,��'HE�',!(>�>�!(AR&,!�&6!6��'_>���C&�!�0('
�6#�>�!6�=&(D(`aU
0('
UXCS\.�($b\S�
!�&7��06!�+�>�\
>���C5&,!60('
�6#�>�!6�=&(D(`cU
0('
UXCS\ !6&,��'XCS'X+ @�'=&6�V@ 0�&���!�E�'
���H'',&('�����E�',!(>�>�\+#.?,'��=+�'
>�>�\+# �����H?�dDC
&6!�0e&7���fKS?�&6!(%(\I�
�-!6��!6�=&(D &,!�&6!6���e>��*&,!60('
�6#�>�!6�=&6'gU
0('
UXCS\ �=&6��'
A"'�+=���
D �h>$9�+ `iK=�j&�'HA"&�'DC
����&�9���\ '�!(>�!60/'gkX+�'
�,&���!(>�!�0ml;�Bk
G6GI'��,&6'�0�>�!(FBG(!�&�!(>�>�!(Fh&('HA"&,'
����&�9���'�K>!6&,��'XCS'X+ @�'
A"!(F
�-!(>�0('����
','HFO��'�>,'
&6',?�'
����!�FWk
>�'
�,n
'�' ���,����'HE,'�!(>�>�!�n
!L&�!�&6!6���X0h?�'
��>,!�&('X+�D(>�!('�'�U
+�9M?�'
>�'�'
&�!60�'
�6#�>�!6�
&�'gU:0�'
U=C�\.�

$ ����%6!�&�'B'���&�!�+�D�U
!601��>,! &���'�C=&�!�+�!ZYR'
>�'�'E!/����0('
>��
&�0('*&('
A"&�'
����&�9��5',!(>�!60 'gk=+�'��$C
&6�,!(>�!60^U:�oG(��!(>,&�!(ARQp$8��qb&6!.&��,'XC=&�!�+�!ZYR'H>�','S&�!HC=����U�9�AJ'�01��'=&�K:?,&6!.� 9M[i'
�=&60�9�'
&rAJ' #-��>�',U8A
%(\S�=&6��!(Fs%('��
�
&�!�+���>,!606',&�'=+�D(>,!(FX&�'���'XC=��?,'hk
>�'
��n�'�'3!�&'�!(>�!�0E�skX+�'
��&6��!(>���AS��$tk
&�!(A �X+�91C
?���'jkX+�'
�,&���!(>�\ !6����UH\S01��`u&6�V@�>���n
��'=&(\vC=!w&('
A"&�'
����&�9���\ ∼ 5ZxNMhk8$yK �zU:��&('
A !�#�+=��YjC � C
`y&��V@mC=!i&�'HA"&�'�����&�9$�,\ ∼ 5Zx(xG�,k8$a>��rAF���
{r&7��%1�7# &�!6�:@MC��$�z58xrAS�,�.�
>�!60(>,\PAWAJ'D#-��>,',U8A"!(A
!:#�+=��YRCS'H>�'�@i@�0�+ @�'=&6�V@E�,9Z+�!�>�!606���$��@B��'X+=���-�:��E,',@|K�� !6�
>�!60(>�\PA"'RAJ'D#-��>,',U8AF��A"'E'�U
+�9M?�'
>�',@
l.&�!6��A"!�UH>�!(' ',U=+�9M?�'H>,'�';'�!(>�!60X'�k=+�'��,&6�,!(>�!60.>��gkX+�'
��&6��!(>��7#}K"�h&7���,Y*' �-!(A"&,&6!�>�!606����'�'
&���!�E�'
���H\.�

~.'��X+�'H>,>�!('_A"!HCS'X+�'���!606��>�'�'W&,!�U:06!�+�'�+�!.��0�&6!6����AR����%6!�&(\O&�!6�=&6��!�',&(D(&���!�GA'M+�'i&('
A�C
&�'�����&�9��|K$�
�-!6��!��
&6'�' &�+�!�&�>�!6�
&�';�������,'HE�'�!�>�>�!(n�!E&�!�&6!��$�$�,�.��'zk=&6!(AO0rA"!HCS'=+�D�>�!(AO&�!�&�!6��'
06!�UH>�'�����'=&�k
A"'��
��'�!(>�>���@�U
!(>��TU��.GA�,!(>,&6!�A Qp$oK�{2'���'�>��5�-!�&6!���!(FT�
!6�=&7��0�+ @,'
&U&,!6�:@MC=���
5Zx�AS��$�k
&�!(F�U
!(>�'*&�'HA"&�'�����&�9����hk=+�'��,&6��!�>�!60X�,'
U:�-!3&���C ��'
&sU����H?�d=&X',>,&('
>��
'�0�>�!(FK�-!(A"&�C
&6!�>�',U���E�'�'�>��wA�@,n
��'�# ��'H>,&�nH'
>�!606����'$#�GA!�&6!(>�� #gC=!�9���!60(>,@ !6�-!�+�!�58x 9 �,k8$oK�>����-!�&�!6��!(A
�-!(A"&,&�!(>�!606���-!('!�#�+=��YjCS'
>�'�'29�����0(>�!60('={B'�06��'
&��V@�>���n
��'�06!(A]U�� �
?�d
&;�,9Z+�!�>�!606����'$#R�=&6!�+��$C
>�!60�'H>�'�F;�^n�!6�:@�?�',A"'3',!(>���A"'V�,$�%�+�'�U:';&�!60('��6#,>,!6�
&�'sU
0('
UXCS\�&�'HA"&�'�����&�9$�,\ '�!(>�!602'�k=+�'��$C
&6�,!(>�!60&���C=��`y&*C=!RU8>���?,'H>�',@fK��
!6!�&�0('
&��
&�0�9M`y[*'
n
!z&�'HA"&�'�����&�9���'r?�'
�,>�!�&('X+�D(>�\+#hG(!�&�!(>�!60�K

;�7



',U=+�9M?���'HAJ\+#N�(&�!60�'
�6#�>�!6�
&�'V�

��������� � �	�J#:����
g�����#��������o��������������"��

$ ����%�!�&('��G��>�nH'����G' 4���&,&�!6&�!6��&7��-�� /�4���H1 /�4���y/���� /����(1! u5Z7#"#$(<�&���'�C +�!ZYR'H>��i?�'��DC
+�'
>�>���@gA"!8C�'=+�D �=&7��E�'�!�>�����>�!�FL�-!�+�!(>��-!60�!(FR�����,��'HE�','T>��eU:��AF��nH>,'�?�'H>,>,9M` -�% ∼ 58x 12 & �8<
?A@�0&��,'XC=&�!�+�!ZYR'H>�','|K�?,&6!/�
�-!6��!6�=&(D/�������,'HE�'�'�-

Ṁ
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ε − ε′ =
[

ε2 + 2piz(pe − p′) + (pe − p′)2 +
2pi⊥

λ

√
2x cos θ +

2x

λ2

]1/2

− ε ≈
� ~�Q �

≈ piz

ε
(pe − p′) +

(pe − p′)2

2ε
+

pi⊥

√
2x cos θ

λε
+

x

λ2ε
.
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RA(x) =

A0 − (piz/ε)A3 = const(x)
?

RB(x) = B1

√

n/x
F��4@= �32e= 2�C ��6#!�2425?!�u?022�"!0=@682�
q= fa4�60/,C#
6!
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M = S1 cos2 θ + S2 cos θ + S3,
� ~.- �

= ��!

S2 = −2
pi⊥

ε
RAB1

√

n

x

[

piz

ε
(pe − p′) +

(pe − p′)2

2ε
+

x

λ2ε

]

+
pi⊥

√
2x

λε

[

R2
A +

(

pi⊥

ε

)2

B2
1

n

x

]

,
� ~#[ �

S1 = −2

√
2n

λ

(

pi⊥

ε

)2

RAB1, S3 = T1 · x + T2 · 1

x
+ T3,

T1 =
R2

A

λ2ε
, T2 =

(

pi⊥

ε

)2

B2
1 · n

(

piz

ε
(pe − p′) +

(pe − p′)2

2ε

)

,

T3 = R2
A

(

piz

ε
(pe − p′) +

(pe − p′)2

2ε

)

+
(

pi⊥

ε

)2

B2
1 ·

n

λ2ε
.
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8C ∫ 2π
0 (dθ/2π) cos θ �

Y>; ∫ 2π
0 (dθ/2π) cos2 θ �

 B#$M;�<�
6!�O
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�� 254

I = 2πr2
0 ·

Bq

B
· 1

n!
· c ·

∫ ∞

−∞
dp′

E0 + m

2E0
· En + m

2En
×

� ~ 7 �

×
∫ ∞

0
dx · δ(E0 + ε − En − ε′)

exp(−x)

(x + Q2)2
· xn

{

1

2
S1 + S3

}

.

d �2�$1�;����>4
δ(φ(x)) =

∑

i

1

|dφ(x)
dx

(ai)|
δ(x − ai), φ(ai) = 0,

/#4eU 2;4 JE2�95?5<D2*���

φ(p′) = E0 + ε − En − ε′ = E0 + ε − � ~#" �

−
[

m2 + p′2 +
2n

λ

]1/2

−
[

ε2 + 2piz(pe − p′) + (pe − p′)2 +
2pi⊥

λ

√
2x cos θ +

2x

λ2

]1/2

,

dφ(p′)

dp′
= − p′

En
+

piz + (pe − p′)

ε′
= −

(

p′

En
− p′iz

ε′

)

.
� ~ 8 �
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φ(p′) = 0
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ε′ − ε
F �4�= �32

δ(E0 + ε − En − ε′) =
1

| p′

En
− piz+(pe−p′)

ε′
|
∑

±

δ(p′ − p±),
� Q3Y �

= ��!
p± = (−B ±

√
B2 −A · C)/A ; A = 1 − (piz/ε)

2 ; B = pe(piz/ε)
2 − E0(piz/ε)

;
C = 2n/λ2 + 2E0(piz/ε)pe − (piz/ε)

2p2
e − p2

e

F
�2�A5?0/K4"1>652GJE4 /�;;= 2;C��>6#!�2025?!�q?02��"!B=D682�
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Θ =

∑

± δ(p′ − p±)

| p′

En
− piz+(pe−p′)

ε′
|

{(

1

2
S1 + T3

)

· Bn(Q2) + T1 · Bn+1(Q
2) + T2 · Bn−1(Q

2)
}

,
� Q  �
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dEi

dt
= 2πr2

0 ·
Bq

B
· c
∫

dpedpiz2πpi⊥dpi⊥ · E0 + m

2E0

· fe(pe) · fi(piz , pi⊥)
N
∑

n=1

1

n!

∑

p′=p±

En + m

2En

×
� QB$ �

×
(

1
2
S1 + T3

)

· Bn(Q2) + T1 · Bn+1(Q
2) + T2 · Bn−1(Q

2)

| p′

En
− piz+(pe−p′)

ε′
|

,

= ��! � 
 1'
(?D1>4@=@4
t
� Y

Bn(t) =
∫ ∞

0
dx

exp(−x)

(x + t)2
xn.

�N4><DAJ4�
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Bn(t) ∼ n!

; � 
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B̃n(t) =
∫ ∞

0
dx

exp(−x)

(x + t)2

xn

n!
.
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n =
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|pe| ≤ 5 · (Te +
√

2mTe)
; |pi| ≤ 5 ·

√
2mTi

;
pi⊥ ≤ 5 ·

√
2mTi

F
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