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âãØc^KÔGâÅÙGÜ9àáÕ�Ö�×�Ö ô Ú�Ô�Ü9×Ú¨Ö�×ãú9ÔG× Õ�Ó�Ö�Þ
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♦ åtÓ3Ô°â�ÔGÙKÜ9Þ3ß�Ö>×ãÝ Õ�Ö�×ºÕ�ØvÙGÚ�ÔKâ�" � Ó�Ø�Ù�Ó²Ö>×�Ô!Õ3×�Ü�ß3ö3ÙKÔGß Ø�Þ Ó�Ö�ß3×ãÜ9Þ3Ø�Ù!ØvÞYÕ�ÔG×�Ö�Ù2Õ�Ø�Ü9Þ3â4"4Ó�ÖzÛ�Ô Ö àUÔGÖ�ÞÕ�×�Ö�Þ3âãÛ�ÔG×ãâ�Ô¬àáÜ9àáÔGÞ�Õ�ö�à Ü�# Ö ô Ü9ö�Õ øÑú ÿX'*)�+ ��� ä�åtÓ�ö3â4"�ß�ÔGÙzÖzÝ�Ø�Þ�ú-Þ3ÔKö�Õ�×�Ö�Ú�Õ3Ø�Ü�Þ3âZàUØvú9Ó�ÕZØ�Þ3ØuÕ�Ø¨ÖDÕ�ÔÔGÚvÔGÙ2Õ�×�Ü9àUÖ�ú9Þ�Ô2Õ�ØvÙ¬âãö ô 5�âãÓ3Ü � ÔK×�â¬Ö�Õ#Ú¨Ö>×�ú9ÔK×»Õ�×�Ö�Þ3âãÛ�ÔG×ãâ�Ôáß3Ø�âºÕ�Ö�Þ3ÙKÔGâHÖ�Þ3ß!Ö>Þ3ú9Ú�ÔKâ�#_×�Ü9à¨Õ�Ó3Ô âãÓ3Ü � ÔK×Ö«¤$Ø�âKä åtÓ3Ô«Ú�Ö�Õ�ÔK×�Ö�Ú�ß3Ø�âºÕ�×ãØ ô ö�Õ�Ø�Ü9Þ&Ü�#�Õ3×ãÜ�Õ�Ü�Þ;âãÓ3Ü � ÔK×�â�Ø�â0Õ�Ó�ÔG×�Ô7#_Ü9×�Ô ô ×ãÜ�Ö�ß3ÔK×Gä
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ÔKÞ3ÔG×ãú�Ý9ä=o�â¬ÖBÙGÜ�Þ3â�ÔKõ�ö�ÔGÞ3ÙKÔ&Õ3Ó3Ü�Õ�Ü9Þ ß�Ô2Õ�ÔKÙ2Õ�Ü9×�â«ß3Ü
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♦ @Kë'ì#í�ë'ðÉñ�Õ|5}òÉð &�è¬âxë�ö´ìxé2èGâQê�òÉò4��ó¹ìxèHê�é=î´ðcñ3ú�Õxî´è¹èHê�ìÖÕ�î�î´êTô�è¹Õ�î´è¹õxê�ö®è{ðcñ´é2ðc÷´è2ñYÕV÷´ðcìÖè8é2Õxðcë'ñ�ø¦ùbî´ðcõí´ìÖë'í¶è8ìÖÕ}ï{ðcõúê�òcõÖë¦ðcñ´î´è2ìxè2ñYÕ¸ðcñ³Õ�î�è0í´ìxëi÷3ö´é2è8÷?ê�ðÉìúõxî�ë � è8ìÖõ8ø�ùbî´è[í´ìÖë�Õ�ë�ñ´õ¸ë�#&Õ�î�è`$0ÂÑðÉñ¹é8ë'ñ�Õ�ìxê�õÖÕ�"ê�ìÖè�ðcõÖë�Õ�ìÖë'í´ðcé8ê�òcòuïb÷´ðÉõÖÕ�ìÖð ô ö�Õ�è8÷ ô è8é8ê�ö´õxè�Õxî´è2ïVê�ìxè�ìxê�ñ´÷´ë'ö?òÉï#÷´è7:Kè8é�Õ�è8÷ ô ïVÕ�î�è ú�ê�ò°ê�é2Õ�ðÉéúö®ê�ú'ñ´è�Õ�ðÉéóKè2òc÷´õ2ø À Õbðcõ$Õ�î´è2ìxè7#«ë'ìxèVí¶ë'õÖõxð ô òcè#Õxë³ìxè2÷3ö´é2èQê³ò°ê�ìãú'èi#«ìxê�é2Õxðcë'ñ§ë�# ô ê�é-&�ú'ìÖë9ö´ñ´÷ ô ï§ö?èHê�õ�ö´ìÖðcñ3ú{Õxî´èðÉñ´é8ðÉ÷´è8ñ�Õ�ê�ñ3ú'òÉè�ë�#
Õxî´è®í�ìxðcö®ê�ìºï�íKê�ìºÕ�ðcé2òcè2õ8øIo ú'ëiëi÷Èê�ñ�ú9ö´ò°ê�ì¦ìxè8õÖë'ò�ö�Õ�ðcë�ñ�ðÉõQÕxî´è8ìÖè4#«ë'ìÖè§ê�òcõxëÁë�#&�è2ïSðcö?í¶ë'ìÖÕ�ê�ñ´é8è�ø
♦ oûí¶ë'õxõÖð ô ðÉòcðÉÕ}ïpÕ�ëp÷´ðÉõÖÕxðcñ3ú9ö�ðcõxî ô è2Õ � è8è2ñ§�T5¸ê�ñ´÷®í�ìxë�Õxë'ñ®ðÉñ´÷3ö´é2è8÷§ê�ðcì�õÖî´ë � è2ìxõ
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NPO$QSR�T$U�VGW ¿6XEY�Z�¿ O$Q�[\U�]�Q\^_U`WG]�U�a�Q;b Y�Zdc0tjrfe VgU X b1U�h Y ]�WGi$U�i ¿ ^ Y V9QjW9ik]�U w WG]�W u WGi$a ¿ O$Q £ml OnU�h$^ Y i
bMQ;VGQ;[ ¿ W Y io[\U e U�p�WGVGW ¿ W9Q\b\q °1e ¿_Y i Y+r i�QsU�^tV X U�V9VK]�Q ¿ O Y h$b Z*Y ^ £nl O$U�h$^ Y iubtQ e U�^MU ¿ W Y i r W ¿ O$W9i ¿ O$Q ¾ N
U�^tQHpnU�btQ\h Y i ¿ O$Q�b Y	l [sU�V9VGQ;hov ¾úyQyÜt�rue U�^MU�]�Q ¿ Q;^Mbxw <�y�z�{�< ®+| q}NPO$Q;bMQEW9]HU�a�Q e U�^_U	]�Q ¿ Q\^tb�h$Q;bM[;^MWGp~Q
¿ O�Q�V9WGa�O ¿ [ Y i ¿ Q;i ¿ z btOnU e Q�U�i$h Y ^MW9Q\i ¿ U ¿ W Y i Y�ZP¿ O$Q`bMO Y�r Q\^jWG]�U�a�Q;b�WGi ¿ O�Q�[\U�]�Q\^_U�q�NPO$Q £ml OnU�h$^ Y i
bMQ e U�^MU ¿ W Y ifWGb ¿ O�Q\i}U�["O$WGQ2��Q;hkp X U e$e V X WGi$a`btQ\VGQ;[ ¿ W Y if[\T ¿ b Y i ¿ O$Qjv ¾úy-yÜtjrEe U�^MU�]�Q ¿ Q;^Mb;q
NPO$Q����_�@�B���,�����t���H�2�?�2�_�x�(v ¥�� U�^tQ
h$Q\^tW9��Q;h Z ^ Y ] ¿ O$QSV9WGa�O ¿ h�WGb ¿ ^MW9p$T ¿ W Y iEWGi ¿ O$Q
[sU�]�Q\^MU�U	i$hkU	^MQ
h$Q2�ni$Q\hkU�b Z*Y VGV Y�r b
�/btQ\QD�na$q ; q ® q�� �2�

�d���}�
�1� U�]�Q\U�bMT�^MQ Y	Z?¿ O$QSVGQ;i$a ¿ O Y�Z U�i c0tjr q ¾N¿ [ Y ^M^tQ\b e~Y i$h�b ¿_Y�¿ O$Q ¼ §�r ��U	VGT$Q Y�Z
¿ O$Q
VGW9a�O ¿ h$WGb ¿ ^tWGp$T ¿ W Y ifU	V Y i$a ¿ O$Q
]HU	WGiEU w W9b Y	Z_¿ O$Q
bMO Y�r Q\^�WG]�U�a�Q

���� ��1� Ux]�QsU	bMT$^tQ Y�Z�¿ O$Q r WGh ¿ O Y�Z U�i c0tjr q ¾N¿ [ Y ^t^MQ;b e~Y i$h$b ¿_Y�¿ O$Q ¼ §�r �	U�VGT�Q Y�Z
¿ O$Q
VGW9a�O ¿ h$WGb ¿ ^tWGp$T ¿ W Y ifU	V Y i$a ¿ O$Q
]�W9i Y ^�U w WGb Y�ZQ¿ O$Q
bMO Y+r Q\^�WG]�U�a�Q

¡ �K¢j� ¡ ¿ O$QDU�i�a�VGQ�p~Q ¿6r Q\Q\i ¿ O$Q�]�U�WGi�U w WGb Y�ZÜ¿ O�Q�bMO Y+r Q\^PW9]HU	a�Q�U�i$h ¿ O$Q�[ Y i$i$Q;[ ¿ W9i$a
V9WGi$Q Z ^ Y ] ¿ O$Q�[sU�]�Q\^MU1[\Q;i ¿ Q\^ ¿_Ys¿ O$Q¤£��2¥n�6�2��¦¨§�©��t��ª�«¬�(­��(®P¯j° �BY�Z�¿ O�Q�WG]�U�a�Q

±j² � ± ^MU ¿ W Y p�Q ¿6r Q;Q\i ¿ O$Q�VGW9a�O ¿ [ Y i ¿ Q\i ¿ WGi ¿ O$Q ®�e W w Q\V9b r W ¿ O ¿ O$QPO$W9a�O$Q\b ¿ VGW9a�O ¿³X WGQ\V9h
U	i$h ¿ O$Q Y ��Q\^MU�VGV¨VGWGa�O ¿ [ Y i ¿ Q;i ¿�Y�ZQ¿ O�QjW9]HU	a�Q

 H��´µ� h�WGb ¿ U�i$[;Qjp~Q ¿6r Q\Q;i ¿ O�Qj[\U�]�Q\^_U¤[;Q\i ¿ Q;^�U	i$h ¿ O$QS®P¯
° Y�ZQ¿ O$Q
WG]�U�a�Q
´³��¶�� Y ��Q\^_U	VGVBVGW9a�O ¿ [ Y i ¿ Q\i ¿�Y�ZQ¿ O$Q
WG]�U�a�Q
¾ i·a�Q\i$Q;^_U�V ¿ O$Q¤v ¥ U�^MQ¤i Yl¿ [sU	VG[\T�VgU ¿ Q\h Z ^ Y ] ¿ O$Q�^MU r Q2��Q\i ¿ bH�/U�b Y p�bMQ\^¸��Q;h � z p$T ¿ b Y ]�Q�W9]HU�a�Q

[\V9QsU�i�WGi$a e ^ Y [\Q;h$T$^tQ\bDU�^tQ�U e$e VGW9Q\h¹p�Q Z*Y ^MQ;OnU�i$h¨q1NPO$Q;bMQ e ^ Y [\Q\h�T$^MQ;b z U	b r Q\VGVºU�b ¿ O$QSQ w U�[ ¿�Z*Y ^t]¤T$VgU	b
Z*Y ^Ph$Q;^MW»��W9i$a ¿ O$Qjv ¥ U�^MQ e ^MQ\btQ\i ¿ Q;h,WGifbtQ\[�q y q { q ® U�i$h y q { q¼��q

NPO$Q�WG]�U�a�Q e U�^MU�]�Q ¿ Q;^MbK�d���}�
�1� z ���� ��1� z ±S² � ± U�i�hx´³��¶�� ¡/½ h$Q;bM[\^tWGp~Q ¿ O$Q�bMOnU e Q�U�i$h
VGW9a�O ¿ [ Y i ¿ Q\i ¿
Y�Z�¿ O$Q�bMO Y�r Q\^
WG]�U�a�Q z r O�Q\^MQ\U�b ¡ �d¢j� ¡ U�i$h· ���´µ�¾["OnU�^MU�[ ¿ Q\^MW u Q ¿ O$Q Y ^tWGQ\i ¿ U ¿ W Y i
U�i$h e�Y bMW ¿ W Y i Y�Zs¿ O$Q}WG]�U�a�QEWGi ¿ O�Qk[sU	]�Q;^_U�q¿NPO�QkWG]�U�a�Q e U�^_U�]�Q ¿ Q\^ ¡ �d¢j� ¡ h$Q e Q\i$h�b Y i ¿ O$Q
^MQ;VgU ¿ W9��Q Y ^tWGQ\i ¿ U ¿ W Y i Y�ZU¿ O$Q·� Y�eD¿ W9[sU�V �s¿ Q\V9Q\bt[ Y�e QEU w WGb¤U�i$h ¿ O$QxbMO Y+r Q\^�U w W9bE�/btQ\QH�$a$q ; q ® q ; ��¡*À q ¾ÁZ
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¿ O$Q1bMO Y�r Q\^�U w WGb Y�Z U	i c0tjr U�i�h ¿ O$Q ¿ Q;VGQ\bt[ Y�e Q�U w W9b�V9WGQ r W ¿ O$WGi Y i$Q e VgU�i$Q ¿ O�Q ¡ �d¢j� ¡ e U�^_U	]�Q ¿ Q\^
p�Q;[ Y ]�Q\b
��Q;^ X bM]�U�VGV�� ¡ �d¢S� ¡ïî }�ð � qENPO$Q�T$i$[\Q;^ ¿ U�WGi ¿6X·Y�Z!¿ O$Q ¡ �d¢S� ¡ e U	^_U�]�Q ¿ Q\^
WGbj]HU	WGi$V X
h$Q ¿ Q\^M]�WGi�Q\hjp Xj¿ O$Q e W w Q\V�btW u Q Y�Z�¿ O$QK[sU	]�Q;^_U z ¿6X�e WG[\U�VGV X�r W ¿ OjU1ñnò�ó	ômõ�ò Y�Z��4l?ö ð qµNPO�WGb@WGb e U�^ ¿ W9[\T$VGU�^MV X
¿ O$Qd[sU	bMQ Z*Y ^@U�V9V�bMO Y�r Q\^tb e U�^MU�VGV9Q\V ¿_YI¿ O$Q ¿ Q\V9Q\bM[ Y�e Q�U w W9bK� r O$Q;^MQ ¿ O$Qdh$W9^MQ;[ ¿ W Y i Y�Zx¿ O$Q e ^tWG]�U�^ X1e U�^ ¿ WG[;VGQ
[ Y W9i$[\W9h$Q\b r W ¿ O ¿ O$Q�h$W9^MQ;[ ¿ W Y i Y�Z³Y p�bMQ\^¸�	U ¿ W Y i � q ¾ i$[\V9WGi$Q;hkbMO Y+r Q\^tb�V X W9i$a`WGi ¿ O$WGb e VGU�i$QSU�VGb Y�e~Y btbMQ\btb
U¹bt]HU�V9V ¡ �K¢j� ¡ �	U�VGT�Q z p$T ¿�¿ O�Q X [sU	iup~Q`h$WGb ¿ WGi�a�T$WGbtO$Q\h ¿MY b Y ]�Q�Q wx¿ Q\i ¿SZ ^ Y ] e U�^_U	VGVGQ;VµbtO Y�r Q;^Mb
p X ]�Q\U�i$b Y�Z�¿ O$Q;WG^j���� ��1� � �d���}�
�1�÷^MU ¿ W Y �(U e T$^tQ\V X a�Q Y ]�Q ¿ ^MW9[sU�V�Q p Q\[ ¿Ò� q q Q;��Q;^ ¿ O$Q\V9Q\bMb z ¿MY
T$inU�]¤p�WGa�T Y T$bMV X h$Q ¿ Q\^M]�WGi�Q ¿ O$Q Y ^tWGQ;i ¿ U ¿ W Y i Y�Z0¿ O$QSbMO Y�r Q\^DU w W9b�U ¿ VGQ\U�b ¿j® �/U�i$h,W9ikb Y ]�QS[sU�btQ\bD� �
t ®�N�bSU�^MQ`i$Q;Q\h$Q;høqHNPO�Q�W9]HU	a�Q e U�^MU�]�Q ¿ Q;^ ¡ �d¢S� ¡ p�Q;[ Y ]�Q\b
VgU	^Ma�Q�W Z�¿ O$Q`bMO Y�r Q\^�U w WGb
U�i$h ¿ O�Q
¿ Q\V9Q\bt[ Y�e QjU w WGbPh Y i Yl¿ V9WGQ r W ¿ O$W9i Y i$Q e VgU�i�Q�q

NPO�Q ±j² � ± e U�^MU�]�Q ¿ Q;^�h$Q\bt[\^MW9p�Q;b ¿ O$Qf[ Y ] e U	[ ¿ i�Q\bMb Y�Z ¿ O�Q¹btO Y�r Q;^�]�U w WG]�T$]ù^tQ\a�W Y iøq ¸nY ^
£ml WGi$h�T$[\Q;hkU�W9^PbMO Y�r Q\^tb ¿ O$W9b�^MQ\a�W Y ifWGbP��Q\^ X [ Y ] e U�[ ¿ U�i�h ¿ O�Q ±j² � ± e U�^MU�]�Q ¿ Q;^ ¿ O$Q\^tQ Z*Y ^tQSVGU�^Ma�Q�q
v�U�h$^ Y i¹bMO Y�r Q\^Mb z Y i ¿ O$Q Yl¿ O�Q\^POnU�i�h z U�^MQ
] Y ^MQDQ wx¿ Q\i�h$Q\hkU�i$h¹OnUs��QjbM]�U�VGV ±S² � ± �	U�V9T$Q\b;q

NPO�Qj�	U�V9T$Q Y�ZQ¿ O$Q
 ���´µ� e U�^_U	]�Q ¿ Q\^�[ Y ^t^MQ\b e�Y i$h$b�^ Y T$a�O$V X�¿_Y�¿ O�Q
U�i$a�V9Q ¿_Y�¿ O$Q ¿ Q\V9Q\bM[ Y�e QSU w W9b z
T$i$h$Q;^ r O$W9["O ¿ O�Q�btO Y�r Q;^�]�U w WG]¤T$]úWGb
bMQ;Q\iøq ¸nY ^ e U�^MU�VGV9Q\VÐU	WG^DbMO Y+r Q\^tb Y�ZP¿ O$Q�b_U�]�Q�Q\i$Q;^Ma X z ¿ O�Q
 H��´³� e U�^_U�]�Q ¿ Q\^KWGb�US]�QsU�btT$^MQ Y	Z
¿ O$Q1WG] e U�[ ¿ h$W9b ¿ U�i$[\Q1p�Q ¿6r Q;Q\ifbMO Y+r Q\^�U w W9b�U	i$h ¿ Q;VGQ;bM[ Y�e QDU w W9b\q
r O Y�r Q;^Mb r W ¿ O�bM]�U�VGV� H��´µ�û�	U�V9T$Q\b��?ü }D�¯»�ð � h$Q2��Q\V Y�e [\V Y bMQ ¿MY�¿ O$Q ¿ Q\VGQ;bM[ Y�e Q�U w W9b\q�NPO$WGbÐ]�QsU�i�b ¿ OnU ¿
Z*Y ^ e U	^_U�V9VGQ\VnbtO Y�r Q;^Mb r W ¿ Oxbt]HU�V9V~ H��´³�ý�	U�V9T$Q\b Y i$V X �/U�VG] Y b ¿Ò��¿ O$Q�WGb Y�¿ ^ Y�e WG[�®�O$Q\^tQ\i$þ Y �xVGW9a�O ¿�Z ^ Y ]
¿ O$Q�b ¿ ^ Y i$a�V X bM[sU ¿v¿ Q;^MQ;h¹Q;VGQ;[ ¿ ^ Y i$b Y�ZÜ¿ O$Q�bMO Y�r Q\^ ¿ U	WGVm^MQ;a�W Y i�[sU�iHp�Q�]�QsU	bMT$^tQ\h·�*bMQ\Q��$a$q ; q { q �ÿ� q ¸nY ^
VgU�^ta�Qj H��´³� e U�^_U�]�Q ¿ Q\^tb¤��� �~�¯��ð � z ¿ O$Q ¿ Q\V9Q\bM[ Y�e Q�[sU	i Y i$V X h$Q ¿ Q\[ ¿ ®�O$Q;^MQ\i�þ Y �,V9WGa�O ¿�Z ^ Y ] btO Y�r Q;^
OnU�V Y�e U�^ ¿ WG[\V9Q\b;q ¾ i ¿ O$QD�n^Mb ¿ [\U�bMQjVgU	^Ma�Q��$T$[ ¿ TnU ¿ W Y i$b�WGi ¿ O$Q
WG]�U�a�Q\b Y�Z btWG]�WGVGU�^D�*bMWG]�WGVGU�^KQ\i$Q;^Ma X U	i$h
WGh$Q;i ¿ WG[\U�V e ^tWG]�U�^ XSe U�^ ¿ WG[;VGQ � U�WG^ÐbtO Y�r Q;^Mb Y [;[\T$^ r O$W9VGQ�W9i ¿ O$Q�bMQ;[ Y i$h�[sU�btQ Y i$V X U
V Y�r W9i ¿ Q\i$btW ¿6X V9WGa�O ¿�mU�bMO WGb Y p$bMQ;^t��Q\h z ¿ O�T$b Y i$V X � e ^MW9]HU�^ X���e U�^ ¿ W9[\VGQ;b Y�Z O$WGa�O$Q\^�Q;i$Q\^ta X U�^tQ�h$Q ¿ Q\[ ¿ Q\h¨q ¾ iup Yl¿ O [\U�bMQ;b
¿ O$Q�WG]�U�a�Q\b
U	^MQ�T$i$bMT�W ¿ U	p$VGQ Z*Y ^ ¿ O$Q�h$WGb ¿ W9i$[ ¿ W Y i·p~Q ¿6r Q\Q\i a�U�]�]�UfU�i$h O$U�h$^ Y iobMO Y+r Q\^tb\q¹N X�e W9[sU�V
bMO Y�r Q\^
WG]�U�a�Q;bDU�i$h ¿ O$Q�h$WGb ¿ ^tWGp$T ¿ W Y i Y�Z�¿ O$Q;WG^Dv ¾úyQyÜt�r e U�^_U�]�Q ¿ Q\^tb
U�^MQ¤btO Y�r iuW9i,�na$q ; q ® q � U	i$h
�na$q ; q ® q y q

¾ i ¿ O$Qu^MQ\]�U�W9i$WGi$a ["OnU eD¿ Q;^Mb ¿ O$Q v ¾úyQyÜt�r e U�^MU�]�Q ¿ Q;^Mb ���� ��1� z �d�S�k�D��� z  ���´µ� U	i$h
¡ �d¢S� ¡ U�^tQ�U	V r U X bKa�W9��Q\ixW9i�T�i$W ¿ b Y�Z h$Q\a�^tQ\Q�U�i$h ¿ O$Q�´Ð��¶�� WGb�U�V r U X b�a�W9��Q;iHW9iHT$i$W ¿ b Y�Z i�T$]�p�Q;^
Y�Zµe O Yl¿_Y Q\V9Q\[ ¿ ^ Y i$b\qdNPO$Q;bMQjT$i$W ¿ b�U�^MQ ¿ O$Q\^tQ Z*Y ^tQji Yl¿ U�V r U X b�Q w�e VGW9[\W ¿ Q\V X b ¿ U ¿ Q\høq
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a) γ-induced air shower
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b) proton-induced air shower

0.5 TeV

1.2 TeV
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10.0 TeV
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Ì²Ê�Û�ÛðÆxÄ�Æ5ËiÏ_Ð Ö»ä Í�Î�ÈNÅ5Ç_Û�É�ËiÎ�×FÆ h ËyÎ�Å'Ó�ÆxÕdÎ�Å5ÆcÍ�Ç_È'Ç:Ë�Ç h Í�Æ5ËNÏ�ÉdÉ�Ó´ÆxÄ�Æ5ËiÏ_Ð´ËyÆxÈyÉ�Û�Ê h Î�É�Ä � Æ Ö Ï Ö ¯ Æ'& ª ±�(�)+*-,�.0/���	��� & Î ª & ïNíaîêÌ²É�Ë�Í�É�×FÉ�Ï�ÆxÄ�Æ5É_Ê�È5ÔYÌ²Ê�Û�Û�ÐwÇ_Å h Î�Õ_ÆÒÈiÍ�ÉIÜÒÆxËbÅ5É_Ê�Ä h Æ5ËiÈ21ô¨ é�3 � Ö�ä Í�ÆÒÈiÎ h Ê�Ç h Î�É�Ä'Î�È�ÈyÎ�×FÎ�Û�Ç_Ë$Ì²É�Ëö	¦Òä ÈxÔOÙ�Ê h Ä�É1Ü h Í�ÆÒÅ5Ç_Û�É�ËiÎ�×FÆ h Æ5Ë�×¦Ç h Æ5ËiÎ?Ç_ÛOÎ�È�Ï_Î�Õ�ÆxÄ�ÙOÐ h Í�ÆJÇ h ×FÉ�ÈyÑ�Í�Æ5ËyÆ�Î h ÈyÆ5Û�Ì Ö�ä Í�ÆÒËyÆxÈyÊ�Û h Î�Ä�ÏeÈiÎ�Ï�Ä�ÇCÛ ÔÎ Ö Æ Ö:h Í�Æ h É h Ç_Û8Ç_×FÉ�Ê�Ä h ÉCÌ ¦ Í�Æ5ËiÆ5Ä í ÉIÕ�Û�Î�Ï�Í h Ñ�ËyÉdÓ�Ê�ÅxÆ5Ó�ÜãÎ h Í�Î�Ä¬Ç_Ä   öPü ÔbÎ�È'Î�Ä54�ËiÈ h É�ËyÓ�ÆxË'Ó�Î�ËyÆxÅ h Û�ÐÑ�ËyÉ�ÑàÉ�Ë h Î�É_Ä�Ç_Û h É h Í�Æ<ÈiÍ�ÉIÜÒÆxËJÆ5Ä�Æ5ËyÏCÐFÇ_Ä�Ó h Í�Æ5ËiÆxÌ²É�ËiÆ h É h Í�Æ<ÆxÄ�Æ5ËiÏ_ÐcÉ_Ì h Í�Æ�Ñ�ËyÎ�×¦Ç_ËkÐ�Ñ�ÇCË h Î�Å5Û�Æ � ÈyÆxÆeÆxÄ�ÓÉ_ÌbÈiÆ5Å Ö8 �Ö�é�Ö ¨:� ÖUv ÄÚÅxÉ�Ä h ËyÇ_È hãh É h Í�ÆNÈ�Ç h Æ5Û�Û�Î h ÆeÙàÉ�ËyÄ�ÆwÓ�Æ h Æ5Å h É�ËDÍ�ÉIÜ�ÆxÕ�ÆxË5ÔàÉ�Ä�Û�Ð�ÇtÈy×»Ç_Û�ÛÁÌ²Ë�ÇCÅ h Î�É�Ä:É_Ì h Í�ÆÅ!Ç_Û�É�ËyÎ�×»Æ h Æ5ËwÈiÎ�Ï�Ä�Ç_ÛUÎ�ÈNÓ�Æ h Æ5Å h ÆxÓ3ÔðÎ Ö Æ Ö»h Í�Æ ¦ Í�Æ5ËiÆ5Ä í ÉIÕ�Û�Î�Ï�Í h Å5É�Û�Û�ÆxÅ h ÆxÓ¬ÙOÐ h Í�Æ ö	¦ÒäwÖ76 Ê�Ë h Í�Æ5Ëi×»É�ËiÆ_ÔÈyÆ5ÅxÉ�Ä�Ó�É�ËiÓ�Æ5Ë»Å5É�ËiËyÆ5Å h Î�É�Ä�È:Ç_ËiÎ�ÈiÆ�Ì²ËyÉ_× h Í�ÆªÌ\Ç_Å h Ô h Í�Ç h�h Í�Æ ¦ Í�ÆxËyÆ5Ä í ÉIÕ Û�Î�Ï�Í h Ó�Î�È h ËyÎ�Ù�Ê h Î�É�ÄWÉ�Ä h Í�ÆÏ�ËyÉ�Ê�Ä�Ó´Ó�Æ5ÑàÆ5Ä�Ó�È�É_Ä h Í�ÆtÓ�Î�È h Ç_Ä�Å5Æ h É h Í�ÆtÈiÍ�ÉIÜÒÆxËNÅ5É�ËiÆ � ÈyÆxÆ�4�Ï Ö�8�Ö:9�Ö�é � Ö ¥ h Í�Æ5ËwÑ�ËiÉ�ÅxÆ5ÈiÈyÆ5ÈNÈiÊ�ÅâÍèÇCÈÇ h ×FÉ�ÈyÑ�Í�Æ5ËiÎ�Å h ËyÇ_Ä�Èy×FÎ�ÈiÈyÎ�É�Ä´ÅâÍ�Ç_Ä�Ï�ÆxÈ�;²ÈyÆxÅ Ö� �Ö�é�Ö* %< Ç_Ä�Ó h Í�ÆFÍ�ÆxÎ�Ï�Í h É_Ì h Í�ÆcÈyÍ�ÉIÜ�Æ5Ë'×¦Ç ø Î�×�Ê�×>=�ÇCÛ�ÈyÉÎ�Ä � Ê�Æ5Ä�ÅxÆ h Í�ÆcÇ_×FÉ�Ê�Ä h É_Ì8É�Ù�ÈyÆ5ËkÕ�ÆxÓ ¦ Í�ÆxËyÆ5Ä í ÉIÕ ç Û�Î�Ï�Í h!Ö'v Ä�ÈiÊ�×F×¦Ç_ËkÐ�Ô h Í�Æ5ËiÆFÇ_ËyÆ�ÈiÆxÕ_Æ5Ë�ÇCÛ�ÇCÓ�Ó�Î h Î�É�Ä�Ç_ÛÌ\Ç_Å h É�ËyÈFÜãÍ�Î�ÅâÍ Í�Ç!Õ_Æ h ÉèÙàÆ h Ç í ÆxÄ Î�Ä h ÉèÇ_Å5ÅxÉ�Ê�Ä h ÜãÍ�ÆxÄ�ÆxÈ h Î�×»Ç h Î�Ä�Ï h Í�ÆªÆxÄ�Æ5ËiÏ_Ð¼ÉCÌwÎ�Ä�Ó�Î�ÕdÎ�Ó�Ê�Ç_Û�Ç_Î�ËÈyÍ�ÉIÜ�Æ5ËyÈ Öä Í�Æ�Ù�Ç_ÈyÎ�ÅDÎ�Ó�Æ5Ç¶É_Ì h Í�ÆDÆxÄ�Æ5ËiÏ_ÐtÆ5È h Î�×¦Ç h Î�É�Ä'×»Æ h Í�ÉdÓtÎ�È h ÉNÊ�ÈyÆDÅxÆ5Ë h Ç_Î�ÄFÎ�×¦ÇCÏ�Æ�Ñ�Ç_Ë�Ç_×FÆ h Æ5ËiÈ�; §m¨�©'ª ÔÙ ¨"Ú3Û�Ü Ô Þoª Óeß Û�Ü ÇCÄ�Ó h Í�Æ j ÆxÄ�Î h ÍµÇ_Ä�Ï_Û�Æ�? <Dh É�Ó�Æ h ÆxËy×FÎ�Ä�Æ h Í�Æ'Æ5Ä�ÆxËyÏ_Ð�É_Ì h Í�Æ�Ñ�ËiÎ�×»Ç_ËiÐ�Ñ�Ç_Ë h Î çÅ5Û�Æ Ö�² Æ5ËyÆCÔ h Í�Æ»Î�×¦ÇCÏ�ÆtÑ�Ç_ËyÇ_×»Æ h ÆxË §m¨�©'ª Ó�ÆxÄ�É h ÆxÈ h Í�ÆFÉ�Ù�ÈyÆxËiÕ_Æ5Ó�Û�Î�Ï�Í h ÐdÎ�ÆxÛ�Ó¬Ç_Ä�ÓèÎ�ÈNÎ�Ä@4�ËyÈ h É_ËyÓ�ÆxËÑ�ËyÉ�ÑàÉ�Ë h Î�É_Ä�Ç_Û h É h Í�ÆcÑ�ËyÎ�×¦ÇCËiÐ�ÆxÄ�Æ5ËiÏ_Ð Ö»ä Í�ÆFÉ h Í�ÆxËNÑ�Ç_Ë�ÇC×»Æ h Æ5ËiÈ�Ç_ËyÆcÊ�ÈiÆ5Ó h É�ÅâÍ�Ç_Ë�Ç_Å h ÆxËyÎ j ÆcÈyÉ�×FÆcÉ_Ìh Í�Æ�¨CÄ�Ó�É�ËiÓ�Æ5Ë�Å5É_ËyËyÆxÅ h Î�É�Ä�È'×»ÆxÄ h Î�É_Ä�Æ5ÓèÇ_ÙÁÉIÕ_Æ ÖÚä Í�Æ¦Ì²Ê�Ä�Å h Î�É�Ä�Ç_ÛUËiÆ5Û?Ç h Î�É_Ä�ÈyÍ�Î�Ñ¬ÙàÆ h Ü�Æ5ÆxÄ h Í�Æ»Î�×»Ç_Ï�ÆÑ�Ç_Ë�ÇC×»Æ h Æ5ËiÈ8Ç_Ä�Ó h Í�ÆãÑ�ËiÎ�×»Ç_ËiÐ'Æ5Ä�ÆxËyÏ_ÐcÎ�È`Ó�Æ h Æ5Ëy×FÎ�Ä�Æ5ÓtÌ²ËyÉ�×°ÇNÈyÇ_×FÑ�Û�ÆDÉ_Ì ¤4¦ ÈiÎ�×�Ê�Û?Ç h Æ5ÓFÇ_Î�ËbÈyÍ�ÉIÜ�Æ5ËyÈ Öû É h Æ_Ô h Í�Ç h Ì²É�Ë h Í�Æ h Î�×FÆcÙÁÆxÎ�Ä�Ï h Í�Æ¦Ç h ×FÉ�ÈyÑ�Í�Æ5ËiÎ�Å h ËyÇ_Ä�Èy×FÎ�ÈiÈyÎ�É�Ä¬ÅâÍ�Ç_Ä�Ï�ÆxÈtÇ_ËyÆ»Î�Ï�Ä�É�ËyÆxÓ3Ô�ÈiÎ�Ä�ÅxÆ¦É�Ä�Û�Ð×»Æ5Ç_Ä�ÕCÇ_Û�Ê�Æ5È<Ç_ËyÆ�Ð�Æ h Î�Ä�Å5Û�Ê�Ó�Æ5Ó�Î�Ä h Í�Æ ¤4¦ ÈyÎ�×�Ê�Û?Ç h Î�É�Ä�È ÖÒv ÄªÉ�ËyÓ�ÆxË h É¦ÅxÉ�×»ÑàÆ5Ä�È�Ç h Æ h Í�Î�È�Ó�ÆA4�ÅxÎ�ÆxÄ�ÅxÐ_ÔÉ�Ä�Û�Ð�É�Ù�ÈyÆ5ËkÕCÇ h Î�É�ÄèÓ�Ç h Ç�Ì²ËiÉ�× Å5Û�Æ5Ç_Ë�Ä�Î�Ï�Í h È�Ç_ËiÆ¦Ê�ÈiÆ5Ó Ö ¥¶Ä�Æ¦ÈyÑàÆ5Å5Î$4�Å¦ÅxÉ�×FÑ�Û�Î�Å!Ç h Î�É�ÄµÌ²É�Ë ¦Òäwé Ç_ËyÎ�ÈyÆ5ÈÌ²ËyÉ�× h Í�Æ'Ì\Ç_Å heh Í�Ç heh Í�Æ�Å5Ç_×»ÆxË�Ç¦Ó�Î?Ç_×FÆ h Æ5Ë�Î�È h ÉdÉ�Èy×»Ç_Û�Û3Ì²É_ËeÍ�Î�Ï�ÍªÆxÄ�Æ5ËiÏ_ÐªÈiÍ�ÉIÜÒÆxËyÈxÔSÎ Ö Æ Öãh Í�Æ�Î�×¦ÇCÏ�Æ5ÈÇ_ËyÆNÉ_Ì h Æ5Ä h ËiÊ�Ä�Å!Ç h Æ5Ó�Ç_Ä�Ó h Í�Æ�É_Ù h Ç_Î�Ä�Æ5Ó §m¨�©'ª Î�È h É�ÉcÈi×¦Ç_Û�Û Ö
B�C7DFEHGJIKGJLMEONPGRQ�GJSTN	GRS:UVQ�WYXFZRI�U[EVNRNJEVN�S]\_^-IAW]^AEV`2S:\aGJLFEOE�^AI-W:D�GJS:I-\aI�bcQ-\ad #7eYf GRLFEOXgI�NPS]GJS:I-\hI�b%GRLFE�NPLMIji�EVZ�k2Qjl�S:kmDFkI-b%XMQ�ZJGJSTU[W:EVNni'SoGRLpGRLFEHNRQ�k0EqEV\FE�ZRr-stSTNn\FI-G�Q é l�EV`2^jQ�W:DFE f�u D�G�UVQ�\2vMDgUwGJDgQjGJE u stDMXpGJItQObxE�i�S]\�GJEVZRQAUwGRS]IA\2W]EV\Fr�GRLMN7yzNPEVEé rM{}|M{:~-{ �A�[{ è LME�W:Q-ZJrAEVNPG�vMDgUwGJDgQjGJS:I-\gN'I�U�U[DMZ�S:\�XFZRI�GJIA\aS:\M`�DgU[EV`�NJLFIji�E�Z!N�{
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ä Í�ÆwÆxÈ h Î�×¦Ç h Î�É_Ä¦É_Ì�ÈiÍ�ÉIÜÒÆxË�ÆxÄ�Æ5ËiÏ�Î�ÆxÈJÎ�È�Ó�É�Ä�ÆwÎ�Ä h Ü�ÉtÈ h ÆxÑ�È�; h Í�Æ¶Î�Ä�Ó�Æ ø�� È h Ç_Ä�Ó�ÈJÌ²É�ËJËiÆ5Å5É_Ä�È h ËyÊ�Å h Æ5Ó <-�
♦ � È h Î�×»Ç h Î�É�Ä¶É_Ì h Í�Æ`Î�×FÑ�Ç_Å h Ñ�Ç_ËyÇ_×»Æ h ÆxË���;²ÈyÆ5Æ�4�Ï ÖO8�Ö]9�Ö ¨ < Ì²ËyÉ_× h Í�Æ`É�Ù�ÈyÆxËiÕ_Æ5Ó�ÈiÍ�ÉIÜÒÆxË h ÍAÊ�È'4 ø Î�Ä�Ïh Í�ÆwÑÁÉ_ÈyÎ h Î�É�Ä¦É_Ì h Í�Æ ö��Òä Î�Ä h Í�Æ � Í�ÆxËyÆxÄ í ÉIÕ©Û�Î�Ï�Í h ÑàÉ�É_Û$É�Ä h Í�ÆwÏ�ËyÉ�Ê�Ä�Ó Ö`ä Í�Î�ÈDÎ�ÈDÇtËyÆxÛ?Ç h Î�Õ�ÆxÛ�ÐÆ5Ç_ÈiÐ h ÇCÈ í Ì²É�Ë'Ç�ÈiÐdÈ h Æ5× É_Ì � Í�Æ5ËyÆxÄ í ÉIÕ h Æ5Û�Æ5ÈiÅ5É�ÑàÆ5È�1  �é-3 Ù�Ê h ×�Ê�ÅâÍ�×FÉ�ËyÆFÅ5É�×FÑ�Û�Î�Å!Ç h Æ5ÓµÌ²É�Ë'ÇÈiÎ�Ä�Ï�Û�Æ h Æ5Û�ÆxÈyÅxÉ�ÑÁÆÒÛ�Î í Æ �Òäwé�Öbä Í�ÆDÊ�ÈyÆxÓ�Ì²Ê�Ä�Å h Î�É_Ä�Ç_Û ö Ä�È�Ç h�j ÜÒÇ_È � �A� Í �-� ¯ Ú �c� ÛhÃtÙ � Ú3Û�ÜeÃ ? ± Ö
♦ � È h Î�×»Ç h Î�É�Ä�É_Ì h Í�Æ¦ÈyÍ�ÉIÜ�Æ5ËtÆxÄ�Æ5ËiÏ_ÐèÙOÐ¬×»Æ5Ç_Ä�È�ÉCÌ h Í�Æ�ËiÆ5ÅxÉ�Ä�È h ËyÊ�Å h ÆxÓfÎ�×»Ñ�Ç_Å h Ñ�Ç_ËyÇ_×»Æ h ÆxË��A�5Ôh Í�Æ j Æ5Ä�Î h ÍÚÇ_Ä�Ï�Û�Æ�?�Ô h Í�Æ��O�c�h�»Ô Ù � Ú3Û�Ü Ç_Ä�Ó h Í�Æ Þ � Ópß Û�Ü Ñ�ÇCË�Ç_×FÆ h Æ5Ë �
�2� Í �2� ¯ �O�c�h� ÃtÙ � Ú3Û�ÜeÃ�Þ � Ópß Û�ÜeÃ �-� Ã ? ± Ö

v Ä h Í�ÆwÌ²É�Û�Û�ÉIÜãÎ�Ä�Ï�Ô�ÙàÉ h Í©È h Æ5Ñ�ÈeÇ_ËiÆwÓ�Æ5ÈiÅ5ËiÎ�ÙàÆ5ÓªÎ�Ä©Ó�Æ h Ç_Î�Û Öä Í�ÆNÎ�×FÑ�Ç_Å h Ñ�Ç_ËyÇ_×»Æ h ÆxË2�¦É_Ì�ÇtÑ�Ç_ËyÇ_Û�Û�Æ5Û�; ÜãÎ h Í:ËyÆ5ÈiÑÁÆxÅ h�h É h Í�Æ h Æ5Û�Æ5ÈiÅ5É�ÑàÆ�Ç ø Î�È < � öPü Î�ÈJÏ�Î�Õ_Æ5ÄÚÙOÐh Í�Æ Ú �c� Û Î�×¦ÇCÏ�Æ�Ñ�Ç_ËyÇ_×FÆ h ÆxË�Ç_Ä�Ó h Í�ÆcÓ�Î�È h ÇCÄ�Å5Æ Ë ÙàÆ h Ü�Æ5Æ5Ä h Í�Æ ö��Òä Ç_Ä�Ó h Í�ÆFÅxÆ5Ä h ÆxË�É_ÌÒÏ�Ë�Ç!ÕdÎ h ÐÉ_Ì h Í�Æ � öuü ;\ÈiÆ5Æ�4�Ï Ö�8�Ö]9�Ö ¨ <aÖxü Î�Ä�Å5Æ h Í�Æ�Ó�Î�È h Ç_Ä�ÅxÆ Ë Å5Ç_Ä�ÙàÆ¦åAÊ�Ç_Ä h Î$4�Æ5Ó ÙOÐ¬×»Æ5Ç_Ä�È�É_Ì h Í�Æ�Î�×¦Ç_Ï_ÆÑ�Ç_ËyÇ_×FÆ h ÆxË Ù � ÚYÛ'Ü Ô h Í�Æ'Î�×»Ñ�ÇCÅ h Ñ�ÇCË�Ç_×FÆ h Æ5ËDÙàÆ5Å5É_×»ÆxÈ<ÇtÌ²Ê�Ä�Å h Î�É�Ä©É_Ì Ú ��� Û Ç_Ä�Ó Ù � Ú3Û�Ü�� ���
 ¯ Ú ��� ÛhÃtÙ � Ú3Û�Ü ±!� Ö�� Ä�ÆÒÑÁÉ�Î�Ä h Ä�É hbh Ç í Æ5ÄtÎ�Ä h ÉwÇ_Å5ÅxÉ�Ê�Ä h ÈyÉ¶Ì\ÇCË5Ô�Î�È h Í�Æ�� �a�}� �	���e���_£�� ;J� ö�< É_Ì h Í�ÆÉ�Ù�ÈiÆ5ËkÕ_Ç h Î�É_Ä ÖO6 É�ËUÛ�Ç_ËyÏ�Æ2� ö È h Í�Æ h Í�Î�Å í Ä�ÆxÈyÈ8É_Ì h Í�Æ�Ç h ×»É�ÈiÑ�Í�ÆxËyÆãÎ�Ä�ÅxËyÆ5Ç_ÈyÆxÈ�ÇCÄ�Ó h Í�ÆãÈyÍ�É1Ü�Æ5Ë8Î�ÈðÌ²Ê�Ë h Í�Æ5ËÇ!ÜJÇ!Ð©Ì²ËyÉ_× h Í�Æ h ÆxÛ�ÆxÈyÅ5É_ÑÁÆ ÖJä Í�Æ�Ó�Î�È h Ç_Ä�ÅxÆ Ë h É¦ÇCÄ � öuü Û�ÉdÅ!Ç h Æ5ÓÚÇ h Í�Æ5Î�Ï�Í h Ë�� Ç_Ä�ÓÚÉ�Ù�ÈyÆxËiÕ_Æ5ÓµÊ�Ä�Ó�Æ5ËÇ@� ö ?êÎ�È�;	4�Ï Ö�8�Ö]9�Ö ¨ <-� Ë�  ¡Ë±Í Ë%� &�¢ �Y£¤?¥;\ÈyÎ�Ä�Å5Æ ¡Ë5¦ � <QÖ�v Ï�Ä�É�ËiÎ�Ä�ÏªÇ h ×FÉ�ÈiÑ�Í�Æ5ËiÎ�Å»Ç_Ù�ÈiÉ�ËyÑ h Î�É�Ä$Ôh Í�ÆÚÉ_Ù�ÈyÆxËiÕ�ÆxÓ Þ�v�Øeäp§ Î�ÈtÏ_Î�Õ�ÆxÄWÎ�Ä h Í�Æ¨4�ËiÈ h É�ËiÓ�Æ5ËFÇ_È �UÙ � Ú3Û�Ü  ª©�â¬«'¯ Ù � Ú3Û�Ü ± Í®­ & Ë�Í
¢ �¬£ ¯ ? ±c¯ ­ & Ë%� ; ­ Ó�ÆxÄ�É h ÆxÈ h Í�ÆãÇ_Ù�ÈiÉ�Û�Ê h ÆDÛ?Ç h Æ5ËyÇ_Û�ÜãÎ�Ó h ÍtÉCÌ h Í�ÆDÈyÍ�ÉIÜ�Æ5Ë <aÖ�ü Î�Ä�Å5Æ h Í�Æ Ú �c� Û Ñ�Ç_ËyÇ_×FÆ h ÆxËÎ�È¶Ç_Û�ÈiÉ:Ñ�ËyÉ�ÑàÉ�Ë h Î�É_Ä�Ç_Û h Éµ� & Ë ; Ú ��� Û   £ ä «�¯ Ú �c� Û ± Í � & Ë < Î h Í�Ç_È h Í�ÆtÈ�Ç_×FÆ�� ö Ó�ÆxÑÁÆxÄ�Ó�ÆxÄ�Å5Æ»Ç_Èh Í�Æ Ù � Ú3Û�Ü Ñ�Ç_ËyÇ_×»Æ h ÆxË Ö�ö ÈiÎ�×FÑ�Û�Æ ö Ä�È�Ç h�j Ì²É�Ë h Í�ÆNËyÆxÅ5É�Ä�È h ËiÊ�Å h Æ5ÓµÎ�×»Ñ�ÇCÅ h Ñ�ÇCË�Ç_×FÆ h Æ5Ëp�A��Î�È h Í�Æ5Ä
; h Í�ÆNÎ�Ä�Ó�Æ ø±° È h Ç_Ä�Ó�È�Ì²É�ËDÎ�×»Ñ�Ç_Å hj<-�

�-� Í 
 ¯ Ú �c� Ûp²tÙ � Ú3Û�Ü ±#¯_³ ¯ ? ±
Í ¯P´ Ø ÉVÊ Øn¯ Ú �c� Û�É¶µ Ø·¯ Ù � Ú3Û�Ü ±7¯ ¯ ¢ �Y£-¸}¹ ¯ ? ± É Ë Ø·¯ ¢ �Y£A¸ ³ ¯ ? ±i±� É Ë Ø ; 8�Ö]9�Ö�éF<

§ ÆxËyÆCÔ h Í�Æ¦Ì²Ê�Ä�Å h Î�É�Ä 
 ¯ Ú ��� Ûp²tÙ � Ú3Û�Ü ± Î�È�Ç_Ñ�Ñ�ËiÉ ø Î�×¦Ç h Æ5ÓèÙAÐ�Ç ä Ç!ÐdÛ�É_Ë�ÈyÆxËyÎ�Æ5ÈtÆ ø Ñ�ÇCÄ�ÈyÎ�É�Ä�Ê�ÈyÎ�Ä�Ïh ÆxËy×FÈ<Ê�Ñ h É h Í�Æ�4�ËyÈ h É�ËiÓ�Æ5Ë Ö<ä Í�Æ h ÆxËy× ³ ¯ ? ± Ó�Æ5Ä�É h Î�Ä�Ï h Í�Æ�� ö Ó�Æ5ÑàÆ5Ä�Ó�Æ5Ä�ÅxÆcÇ_Û�ÈiÉ¦ÅxÉ�Ä h Ç_Î�Ä�ÈeÇ¦¨CÄ�ÓÉ�ËiÓ�Æ5Ë�Å5É�ËiËyÆxÅ h Î�É�Äº; h Í�Æ»Ó�Æ5Ä�É�×»Î�Ä�Ç h É�ËwÎ�È�Ê�ÈyÆxÓ h É�Ä�É�Ëy×»Ç_Û�Î j Æ h Í�Î�È h Æ5Ëy× h ÉªÊ�Ä�Î h Ð�Ç h ? Í ��l <aÖ©ä Í�ÆÌ²Ê�Ä�Å h Î�É�Ä©Ñ�Ç_Ë�ÇC×»Æ h Æ5ËiÈ ´ Ø ç Ë Ø Ç_ËiÆwÓ�Æ5ËiÎ�Õ�ÆxÓ�Ì²ËiÉ�× ¤»� Ï�Æ5Ä�Æ5Ë�Ç h Æ5Ó�Ç_Î�ËDÈyÍ�ÉIÜ�Æ5ËyÈ�;\ÈiÆ5Æ�ÙÁÆxÛ�ÉIÜ <aÖä Í�ÆfÈ h ËyÇ h ÆxÏ_Ð h É�ÆxÈ h Î�×»Ç h Æ h Í�Æ ÈyÍ�ÉIÜ�Æ5Ë�Æ5Ä�ÆxËyÏ_Ð Î�ÈµÈyÎ�×»Î�Û?Ç_Ë h É h Í�Ç h É_Ì h Í�Æ Î�×FÑ�Ç_Å h Ñ�Ç_ËyÇ_× çÆ h Æ5Ë Ö ä Í�Æ�ÆxÈ h Î�×»Ç h ÆxÓ�Æ5Ä�ÆxËyÏ_Ð�Î�ÈµÇCÏOÇ_Î�Ä�Å5É�Ä�ÈiÎ�Ó�ÆxËyÆxÓ Ç¼Ñ�ËyÉdÓ�Ê�Å h É_Ì h ÜÒÉ Î�Ä�Ó�Æ5ÑàÆ5Ä�Ó�Æ5Ä h Ì²Ê�Ä�Å h Î�É_Ä�È
�2� Í 
n¼ ¯ Ú � Ó � ²�Þ � Ópß Û�Ü½² �-� ±7¯�³ ¼ ¯ ? ± Ô�É�Ä�Æ h ÉcÆ5È h Î�×¦Ç h Æ h Í�Æ�ÆxÄ�Æ5ËiÏ_Ð�Ì²É�ËDÆaÕ�ÆxÄ h È<É_Ù�ÈyÆxËiÕ�ÆxÓ�Ê�Ä�Ó�Æ5Ë��l�� ö Ç_Ä�ÓµÇCÄ�É h Í�Æ5ËeÉ_Ä�Æ h É h Ç í Æ h Í�Æ j ÆxÄ�Î h ÍµÇ_Ä�Ï_Û�Æ�Ó�Æ5ÑàÆ5Ä�Ó�Æ5Ä�ÅxÆtÎ�Ä h É¦Ç_Å5ÅxÉ�Ê�Ä h!Ö¶ä Í�Æ�4�ËyÈ h Ì²Ê�Ä�Å h Î�É�ÄÓ�ÆxÑÁÆxÄ�Ó�ÈeÉ_Ä h Í�Æ�Û�Î�Ï_Í h Ó�Æ5Ä�ÈiÎ h Ð5; Ú � Ó � ÌñÍ �O�c�h� & ¯ Ù � Ú3Û�Ü ¯ Þ � Óeß Û�Ü ± ÔàÈiÆ5Æ�4�Ï ÖK8�Ö]9�Ö]9 Å <Jh Í�ÆËyÆxÅ5É�Ä�È h ËiÊ�Å h Æ5Ó�Î�×FÑ�Ç_Å h Ñ�Ç_ËyÇ_×FÆ h ÆxËh�-�NÇ_Ä�Ó h Í�Æ Þ � Ópß Û�Ü Ñ�Ç_ËyÇ_×»Æ h ÆxË Öwä Í�ÆtËiÆ!Ç_ÈiÉ�ÄµÌ²É�ËeÊ�ÈiÎ�Ä�Ï h Í�ÆÛ�Î�Ï�Í h Ó�Æ5Ä�ÈyÎ h ÐFÎ�Ä�È h Æ!Ç_ÓFÉ_Ì h Í�Æh���c�h� Î�ÈÒÇ_ÈUÌ²É�Û�Û�ÉIÜãÈ �H6 É�ËUÛ?Ç_ËiÏ�ÆãÆ5Ä�ÆxËyÏ_Ð»Ç_Ä�Ó·¾CÉ�Ë`Û?ÇCËyÏ�ÆDÓ�Î�È h Ç_Ä�Å5Æ�Ñ�Ç_ËyÇ_× çÆ h Æ5ËiÈ5Ô h Í�ÆãÑ�ËiÆ5ÈiÆ5Ä h Å5Ç_×FÆ5Ë�Ç¶ÉCÌ �Òäwé Î�È h É�ÉNÈi×¦Ç_Û�Û h ÉNÅ5É�Ä h ÇCÎ�Ä h Í�ÆDÆxÄ h Î�ËiÆãÈyÍ�ÉIÜ�Æ5Ë8Î�×»Ç_Ï�Æ Ö�v ÌÁÑ�Ç_Ë h É_Ì h Í�ÆÈyÍ�É1Ü�Æ5ËãÎ�×¦Ç_Ï_Æ<Û�Æ!Ç í ÈJÉ�Ê h É_Ì h Í�ÆwÅ5Ç_×FÆ5Ë�Ç�Ô h Í�Æ¶×»Æ5Ç_ÈyÊ�ËyÆ5Ó½�O�c�h�»Ô�Ç_ÈÒÜ�Æ5Û�ÛSÇ_È h Í�Æ Þ � Ópß Û�Ü Ç_Ä�Ó·¾YÉ�Ëh Í�Æ Ù � Ú3Û�Ü Õ_ÇCÛ�Ê�ÆxÈ�ÇCËyÆ´Ê�Ä�Ó�ÆxËyÆxÈ h Î�×¦Ç h Æ5Ó ÖÀ¿ ÈiÎ�Ä�Ï h Í�Æ¬ËyÇ h Î�ÉÁ�O�c�h� & ¯ Ù � Ú3Û�Ü ¯ Þ � Ópß Û�Ü ±Î�Ä�È h Æ5Ç_Ó¼É_Ì h Í�Æ@�O�c�h� h Í�Æ5ËiÆxÌ²É�ËiÆ�ËyÆxÓ�Ê�Å5ÆxÈ h Í�ÆªÛ�Æ!Ç í ÇCÏ�ÆªÆ ÿ ÆxÅ h È¦É�Ä h Í�ÆªÆ5Ä�ÆxËyÏ_ÐWÆ5È h Î�×»Ç h Î�É�Ä Ö ä Í�ÆÞ � Óeß Û�Ü Î�ÈwÊ�ÈiÆ5Ó3Ô�ÈyÎ�Ä�Å5ÆcÎ h Ç_Û�ÈiÉ©Ó�Æ5ÑàÆ5Ä�Ó�È'É�Ä h Í�ÆcÆ5Ä�ÆxËyÏ_Ð´ÇCÄ�Ó´Ñ�ËyÉIÕdÎ�Ó�ÆxÈ�Ç_Ó�Ó�Î h Î�É_Ä�Ç_ÛbÎ�Ä�Ì²É�Ëi×¦Ç h Î�É�Ä
Â$# \FI-GJLFEVZnX¬IANRNPS u W:E#Q�XMXFZJI�Q-U!L2U[IADFWT` u E#ÃtÄ�ÅKÆÈÇ»Ã�É2Ê#Ë�ÌFÍ	ÎJÏ]Ð�ÆÈÉpÃ_Ñ¤Ê7Ì}Ò±ÅtÆzÇ»Ã�É2Ê#Ë�ÌFÍ	ÉpÃ_Ñ¤Ê fAu D�G�GJLFEqZREVNJDFW]GRNQ�ZRE�Ó�DFSoGRE�NPS:k0S]WTQ�Z�{

g�g



DIST

d0

d

2xWIDTH

COG

Impact parameter I

zenith angle

d~

+$,.-�ò�/CòôóCòrqOö7Ô��!þBÿ^@ãûOøBÿ>ùA@�ÿ>ûO4híDÿ>ùùíâþBüBÿ
���5üBÿ>ùOMNüB÷Kíãÿ
�wû��!@�ü`û��5ø�����í�ü¼í�ø�ú�
q�5ùFLqÕD9��?þ¼í®íDü¼í�Ö�üi0��
É_Ì h Í�ÆcÆxÕ�ÆxÄ h!Ö�ä Í�ÆcÌ²Ê�Ä�Å h Î�É�Ä´Î�È�Ç_ÏOÇ_Î�Ä�Ç_Ñ�Ñ�ËiÉ ø Î�×¦Ç h Æ5Ó´ÙOÐ�Ç ä Ç!ÐdÛ�É�ËNÈiÆ5ËyÎ�Æ5ÈxÔ�Ù�Ê h Î�Ä�ÅxÉ�Ä h ËyÇ_È hNh É h Í�Æä Ç!ÐdÛ�É�ËUÈiÆ5ËiÎ�Æ5È`Æ ø Ñ�Ç_Ä�ÈyÎ�É�ÄcÉ_Ì h Í�ÆãÎ�×FÑ�Ç_Å h Ñ�ÇCË�Ç_×FÆ h Æ5Ë ö Ä�È�Ç hyj ÔAÈyÆxÅ5É�Ä�Ó»É�ËyÓ�Æ5Ë h ÆxËy×FÈ`Ç_ËyÆDÎ�Ä�Å5Û�Ê�Ó�ÆxÓ�;²Ï�Î�Õ çÎ�Ä�Ï´Ç�Èi×¦Ç_Û�Û ÔðÙ�Ê h ÈyÎ�Ï�Ä�Îz4�Å!Ç_Ä h Î�×»Ñ�ËiÉIÕ�Æ5×FÆ5Ä hj<aÖ�ä Í�Æ ö Ä�ÈyÇ h�j Ì²É�Ë h Í�ÆÚ¨CÄ�Ó�É_ËyÓ�ÆxË h Æ5Ëi×»È�ÜÒÇ_ÈtÌ²É�Ê�Ä�ÓÆ5×FÑ�Î�ËiÎ�Å!ÇCÛ�Û�Ð Öä Í�Æ¦Ì²Ê�Ä�Å h Î�É_Ä ³ ¼ ¯ ? ± Î�È'ÈiÎ�×FÎ�Û�Ç_Ë h É ³ ¯ ? ± Ì²ËyÉ�×áÆxå Ö»8�Ö]9�Ö�é ÔbÙ�Ê h Ä�ÉIÜ�¨CÄ�Ó�ÇCÄ�Ó  _h Í�É�ËiÓ�Æ5Ë h Æ5Ëi×»ÈÇ_ËyÆ'Ê�ÈyÆxÓ Ö¶ä Í�ÆtËiÆ!Ç_ÈiÉ�Ä�Î�È h Í�Ç heh Í�Æ��O�c�h�ÃÇ_Ä�ÓµÇ_È¶Ç»Å5É�Ä�ÈiÆ5åAÊ�ÆxÄ�Å5Æ h Í�Æ5ËyÆxÉ_Ì h Í�Æ Ú � Ó �¼Ñ�Ç_Ë�ÇC×»Æ h Æ5ËÓ�Æ5ÑàÆ5Ä�Ó�È�åAÊ�ÇCÓ�Ë�Ç h Î�Å5Ç_Û�Û�ÐcÉ�Ä ¢ �Y£ ¯ ? ±�× ÖUv Ä©ÈyÊ�×F×¦ÇCËiÐ�Ô h Í�Æ ö Ä�ÈyÇ h�j¶h ÉtÆ5È h Î�×»Ç h Æ h Í�ÆwÆxÄ�Æ5ËiÏ_Ð�ÉCÌbÇCÄ � öPüÎ�ÈDÏ�Î�Õ�Æ5ÄÚÙOÐ�; h Í�ÆNÎ�Ä�Ó�Æ ø�Ø È h ÇCÄ�Ó�ÈDÌ²É�ËDÆ5Ä�Æ5ËyÏCÐ <��

�2� Í 
 ¼ ¯ Ú � Ó � ²�Þ � Ópß Û�Ü½² �-� ±H¯_³ ¼ ¯ ? ±Í ¯J´�ÙqÚÜÛjÙ ¯ Ú � Ó � Ú µ Ù ¯ �A� Ú¶Ý�Ù ¯ Þ � Ópß Û�Ü Ú Ø Ù ¯ Ú � Ó � ¯ Þ � Ópß Û�Ü
Ú 
 Ù ¯ �A� ¯ Þ � Ópß Û�Ü ±O¯ ¯ ¢ �Y£ ¸ ³ ¯ ? ± Ú ³ Ù ¯ ¢ �¬£ ¸%Þ ¯ ? ±�±� Ú ³ Ù ; 8�Ö:9�Ö ¨ <

; h Í�ÆNÌ²Ê�Ä�Å h Î�É�Ä©Ñ�Ç_ËyÇ_×FÆ h ÆxËyÈ ´�Ù ç ³ Ù Ç_ËyÆ�Ç_Ï�Ç_Î�Ä:Ó�ÆxËyÎ�Õ�Æ5Ó©Ì²ËyÉ_× ¤»� ÈiÎ�×�Ê�Û?Ç h Î�É�Ä�È <aÖv Ä�É�ËyÓ�Æ5Ë h É¦Ó�Æ5ËyÎ�Õ�Æ h Í�Æ�Ñ�Ç_ËyÇ_×FÆ h ÆxËyÈ ´ Ø ç Ý Ø Ç_Ä�Ó ´�Ù ç ³ Ù Ô ¤»�8ç Ï_Æ5Ä�ÆxË�Ç h Æ5Ó�ß ç ËyÇ!Ð©ÈyÍ�ÉIÜ�Æ5ËyÈeÍ�Ç!Õ�Æ�ÙàÆ5ÆxÄÊ�ÈyÆxÓ�; h Í�ÆeÈyÎ�×�Ê�Û?Ç h Î�É�Ä�È8ÅxÉIÕ�Æ5ËJ� l Ô ë � l Ç_Ä�Ó Ð%à l � ö ÔdÈyÆxÆwÈyÆ5Å ÖK8�Ö ¨ <aÖoü Î�Ä�Å5Æ h Í�Æ¶ÆxÄ�Æ5ËiÏ_Ð»É_Ì h Í�ÆeÑ�ËyÎ�×¦Ç_ËkÐÑ�Ç_Ë h Î�ÅxÛ�ÆµÇ_Ä�Ó h Í�Æ´Î�×FÑ�Ç_Å h Ñ�Ç_Ë�ÇC×»Æ h Æ5Ë©É_Ì�Ç�ÈyÍ�ÉIÜ�Æ5Ë�Ç_ËyÆ í Ä�ÉIÜãÄ Ì²É_Ë h Í�Æ ¤»� Ó�Ç h Çá;\Î�Ä�Ó�Æ ø ¤»�2< Ôh Í�ÆtåAÊ�Ç_Û�Î h ÐÚÉ_Ì h Í�Æ�Æ5Ä�ÆxËyÏ_Ð ç Ç_Ä�ÓµÎ�×FÑ�Ç_Å h Ñ�Ç_ËyÇ_×»Æ h ÆxËeÆ5È h Î�×¦Ç h Î�É�ÄÚÌ²É�ËwÇ_ÄµÎ�Ä�Ó�Î�Õ�Î�Ó�Ê�Ç_Û�ÈiÍ�ÉIÜÒÆxË�Å5Ç_ÄµÙàÆådÊ�Ç_Ä h Îz4�Æ5ÓÚÙAÐ �
â�e S]\MU�EmGRLFE0ZRQA`�S:DMN#I-b·GJLME & LME�ZRE�\FãAIj^aW:S]rAL�GOX¬I_I-W¤STN7XMZJIAXgIAZPGRS]IA\MQ�W�GJIhGJLFE0`�STN	G!Q�\MU�EKI-bnGRLFEKd #7eYf GRLFE0Q�ZREVQpI-b·GJLME& LME�ZRE�\FãAIj^tW:S:r-L�G'XgI_I-W�yxX¬E�ZRXgEV\M`�STU[DFWTQ�Z�GRIKGRLFE�NJLFIji�EVZ�Q�l�S:N!��Q�XFXFZRIäl�S]k2Q�GJE�W:s2NJUVQ�W:EVN�i'S]GJLæåäç¤è�éAÎ	ênÆxë%Ì�Q�\M`�GJLME�E�\FEVZJrAs`FE�\MNJSoG	sæi'S]GJL�è[éAÎJê·Æxë%Ì�{ è LFE�Ñ}Ã�ìqí f XMZJIAXgIAZPGRS]IA\MQ�W}GRI�GRLFE�\_DFk u EVZKI-bqktE�Q-NJDFZREV` & LFEVZJEV\Fã-Ij^�XFLFI�GRI-\MN f GJLME�ZRE[bxI-ZRENRU�Q-W]E�N�i'SoGRLhè�éAÎ ê Æxë%Ìw{}î�\aGJLFE�UVQ-NJE#I�bcGJLFE�`�EV\MNJSoG	s f GRLFE0ï Ç»Ã�É2Ê#Ë¶Íwðní�ñ�òOÊ7Ë�ï óÈGJEVZJkôSTN�DMNPE�`pGRItU�I-ZRZJE�UwG�GJLFEOW:EVQ�ãjQ-r-EE ) E�UwG!N f NPI0S]GRN ( E�\FS]GJL�Q-\Fr-W:E�`�E�X¬E�\M`FE�\MU�E�`�I_EVN'\FI-G#U�Q-\MU[EVW�Q�r�Q�S:\MN	G�GRLMQjGqI-bcGRLFEmÑ}Ã�ìqíõy
bxIAZ#NJk0Q-W]W¤ö # N�WTQ�ZRr-EOW:EVQ�ãjQ-r-EE ) E�UwG!N f bxIAZ'W:Q-ZJrAE�ö # N�i'S]GJL�NJk0Q-W]W:E�ZqÇ»Ã�É2Ê#Ë÷Q�\M`hðnímñ�òOÊ#Ëø^jQ-W]DFE�N'NPk2Q-W]W�W:EVQ-ãäQ-r-EOE ) EVU[GRN!�w{

g ÷



DIST [deg]

im
pa

ct
 p

ar
am

et
er

 [m
]

0

20

40

60

80

100

120

140

0 0.5 1 1.5

a)

WIDTH [deg]

im
pa

ct
 p

ar
am

et
er

 [m
]

0

20

40

60

80

100

120

140

0 0.1 0.2 0.3 0.4 0.5

b)

DENS [pe/deg2]

E
m

c 
[T

eV
]

0

5

10

15

20

25

30

0 20000 40000

c)

impact parameter [m]

D
IS

T 
[d

eg
]

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 50 100 150 200 250

d)
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�ø�ú_� �5ù:LqÕJ9»ý�ø�ú!ûAþDý�ø������5üBÿ^@��54>4>PF�¶9_ú_��íú�
àüB÷Kíâþ±íÒþ�÷AúQ[�í�ø�þ8þBüBÿ>4>4�üBøBÿ>MIMCí�øUüB÷Kí�ü¼í�4híâþk@âú!û�í��¬�O=OüðüB÷KíD@âú!øBø¼íâþBû�ú!ùAý�ÿ>ùOMNþB÷AúQ[Ií�øUÿ
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�wû��!@�üSû��5ø�����í�ü¼í�ø�ÿ^þ3ø¼íâþ�ü�ú!ø¼íâý}��Õ�4>4�ø¼íâþB=O4>ü�þS[Ií�ø¼íUú_�Oü��5ÿ>ùKíâýw[Uÿ>üB÷N7�u�ý%�5ü��2�5ü�� l�� Õ5�5ùAýwX�V¬ú$Z;��54>=Kíâþ�� í�4^úQ[������ l �ÿí�ÖO@®í�ûOüU]AM%�Sýd0��
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� � ��� ¯ ����� Ý �-� ± & � ��� ; 8�Ö:9�Ö:9�<
� � ��� ¯ �!��� Ý �2� ± & �!��� ; 8�Ö:9�Öô %<

ä Í�Æ¶ÉIÕ�ÆxË�Ç_Û�ÛÁÆxÄ�Æ5ËiÏ_Ð�ÇCÄ�Ó�Î�×FÑ�Ç_Å h Ñ�Ç_Ë�Ç_×FÆ h Æ5Ë8ËyÆxÈyÉ�Û�Ê h Î�É�Ä¦Î�È h Í�Æ5Ä�Ï�Î�Õ�ÆxÄ�ÙOÐ h Í�Æ ñ<¤4ü É_Ì h Í�Æ � � ÇCÄ�Ó
� �eÓ�Î�È h ËyÎ�Ù�Ê h Î�É�Ä�;²É�Ä�Æ`Æ5Ä h ËkÐNÌ²É�ËSÆ!Ç_ÅâÍ ¤»� ÆaÕ�Æ5Ä hj< Ç_Ä�Ó h Í�Æ8Ù�Î?Ç_ÈSÉ_Ì h Í�Æ`ÆxÄ�Æ5ËiÏ_Ð�Ç_Ä�Ó'Î�×FÑ�Ç_Å h Ñ�Ç_Ë�ÇC×»Æ h Æ5ËÆ5È h Î�×»Ç h Î�É�Ä�Î�È�Ï�Î�Õ_Æ5Ä�ÙOÐ h Í�Æ»×»Æ5Ç_Ä�É_Ì h Í�Æ � � ÇCÄ�Ó � �´Ó�Î�È h ËiÎ�Ù�Ê h Î�É�Ä ÖÚv ÄèÉ�ËyÓ�ÆxË h É�×»Î�Ä�Î�×FÎ j Æ h Í�ÆËyÆ5ÈiÉ�Û�Ê h Î�É_Ä3Ô�ÇCÈ�Ü�Æ5Û�ÛÁÇ_È h Í�ÆeÙ�Î?Ç_ÈxÔ�Ç�ÅxÉ�×»×FÉ�ÄF×»Î�Ä�Î�×FÎ j Ç h Î�É�Ä�ËiÉ�Ê h Î�Ä�Æ�; ¤�v­û��cü Ô�Ñ�Ç_Ë h É_Ì h Í�Æ ¤�v­ûa¿<vBäÑ�Ç_Å í Ç_Ï�Æ�1 g ÷F3�< ÜJÇ_ÈeÊ�ÈyÆxÓ Öeä Í�Æ�Ï�ÉOÇ_ÛSÜÒÇ_È h É�4�Ä�Ó h Í�Æ�ÈiÆ h ÉCÌUÑ�Ç_ËyÇ_×»Æ h ÆxËyÈ ´ Ø ç Ý Ø Ç_Ä�Ó ´�Ù ç ³ Ù ÈyÊ�ÅâÍ h Í�Ç hh Í�Æ �¬�y¡_�#"%$ &�¡_¢��('�)�¢Q¢��Y¢ ; ¤4ü � ç ÈiÊ�× É_Ì h Í�Æ�ÕCÇ_ËiÎ?Ç_Ä�Å5Æ�Ç_Ä�Ó h Í�Æ�Ù�Î?ÇCÈ8ÈiåAÊ�Ç_ËyÆxÓ < ÉCÌ h Í�Æ � � ÇCÄ�Ó � �Ó�Î�È h ËyÎ�Ù�Ê h Î�É�Ä:ÙàÆ5ÅxÉ�×»ÆxÈ�Çc×FÎ�Ä�Î�×�Ê�× �

* ��� ¯ � � ± �+� , ³ ¯ � � ± ÚÜÛ ° ´.- ³ ¯ � � ± �0/ ¯ � � ±k³ 1 ; 8�Ö:9�ÖT8Y<
* ��� ¯ � � ± �+� , ³ ¯ � � ± ÚÜÛ ° ´2- ³ ¯ � � ± � / ¯ � � ± ³�1 ; 8�Ö:9�Ö g <

ü Î�Ä�ÅxÆ_Ô�Î�Ä:ÙàÉ h Í:Å!Ç_ÈiÆ5È5Ô h Í�ÆNÙ�Î?ÇCÈJÎ�ÈJÆxåAÊ�Ç_Û h É h Í�Æw×FÆ!Ç_Ä:ÕCÇ_Û�Ê�Æ_Ô h Í�Æ ¤4ü � É_Ì � �¦Ç_Ä�Ó � �°Î�ÈJÏ_Î�Õ�ÆxÄÙAÐ h Í�Æ'¨CÄ�ÓÚÇ_Û�Ï�Æ5Ù�ËyÇ_Î�Åe×»É�×FÆ5Ä h ÉCÌ h Í�Æ � �¦Ç_Ä�Ó � � Ó�Î�È h ËyÎ�Ù�Ê h Î�É�Ä3ÔdËyÆ5ÈiÑÁÆxÅ h Î�Õ�ÆxÛ�Ð Öä Í�Æ�ËyÆxÈyÊ�Û h ÈãÉ�Ù h Ç_Î�Ä�Æ5Ó©ÜãÎ h Í h Í�Î�ÈD×FÆ h Í�É�Ó�Ç_ËyÆNÈiÍ�ÉIÜãÄ�Î�Ä¨4�Ï Öt8�Ö]9�Ö* Ç_Ä�Ó h Ç_Ù Ö28dÖ:9�Ö�é�Ö`ä Í�Æ'É1Õ_Æ5ËyÇ_Û�ÛÆ5Ä�ÆxËyÏ_Ð ÇCÄ�Ó Î�×FÑ�Ç_Å h Ñ�Ç_Ë�ÇC×»Æ h Æ5ËtËiÆ5ÈiÉ�Û�Ê h Î�É�ÄèÎ�ÈF¨ g43 Ç_Ä�ÓW¨ ù 3 ñe¤pü ÔðËyÆxÈyÑàÆ5Å h Î�Õ_Æ5Û�Ð Ç_Ä�Ó h Í�Æ:×FÆ!ÇCÄÙ�Î?Ç_ÈDÎ�ÈDÅ5Û�É�ÈyÆ h É j Æ5ËiÉ ÖUä Í�ÆNÈyÎ h Ê�Ç h Î�É�Ä:Î�ÈDÅâÍ�Ç_Ä�Ï_Æ5Ó©ÜãÍ�Æ5ÄÚÈy×»Ç_Û�Û�Æ5Ë�; ¤»�2< Æ5Ä�Æ5ËyÏCÐ©ËyÆ5Ï_Î�É�Ä�ÈJÇ_ËyÆNÈyÆxÛ�ÆxÅ h ÆxÓ
;\ÈyÆxÆ�4�Ï 8�Ö]9�ÖT8 Ç:Ç_Ä�Ó�Ù <aÖ�ä Í�ÆtÙ�Î?Ç_ÈwÎ�È¶ÅâÍ�Ç_Ä�Ï�Î�Ä�Ï�ÜãÎ h ÍµÆxÄ�Æ5ËiÏ_Ð�Ô�Í�Ç!ÕdÎ�Ä�Ï©Ç:×FÎ�Ä�Î�×�Ê�× Ç h<ç ¨65 3 ; � � <Ç_Ä�Ó ç[9�8 3 ; � � < ;�4�ËyÈ h ÑÁÉ�Î�Ä h È5Ô�Ä�É h ÜãÎ h Í�Î�Ä h Í�ÆFÈiÅ!Ç_Û�ÆcÉ_Ì h Í�ÆcÑ�Û�É h�< Ç_Ä�ÓèÇ:×»Ç ø Î�×�Ê�× Ç hcé ��3 ; � � <Ç_Ä�Ó é�ù 3 ; � � <aÖêä Í�ÆªËiÆ!Ç_ÈiÉ�ÄWÌ²É�Ë h Í�Î�ÈFÙ�Î?ÇCÈFÎ�ÈcÆ ø Ñ�Û?ÇCÎ�Ä�ÆxÓ¼Ç_ÈcÌ²É�Û�Û�ÉIÜãÈ �döJh ÈiÍ�ÉIÜÒÆxË¦ÆxÄ�Æ5ËiÏ�Î�ÆxÈ¦Å5Û�É�ÈyÆh É h Í�Æ h Í�ËyÆ5ÈiÍ�É�Û�ÓWÆxÄ�Æ5ËiÏ_Ð�É_Ì h Í�Æ h ÆxÛ�ÆxÈyÅ5É_ÑÁÆCÔÒÉ�Ä�Û�Ð�ÈiÍ�ÉIÜÒÆxËyÈ»Ì²ËiÉ�× ÜãÍ�Î�ÅâÍêÇCÄWÎ�Ä�Å5ËiÆ!Ç_ÈiÆ5ÓWÇ_×»É_Ê�Ä h É_Ì� Í�Æ5ËiÆ5Ä í É1Õ�Ñ�Í�É h É�Ä�ÈJÎ�È�Ó�Æ h ÆxÅ h ÆxÓ©Ï�Î�Õ_Æ¶Ç h ËyÎ�Ï_Ï�Æ5Ë Öðä Í�Æ5ÈiÆNÇ_ËyÆ<ÈyÍ�ÉIÜ�Æ5ËiÈ5Ô�ÜãÍ�Î�ÅâÍ�Ó�Ê�Æ h É � Ê�Å h Ê�Ç h Î�É_Ä�ÈÒÎ�Äh Í�Æ'ÈyÍ�ÉIÜ�Æ5Ë¶Ó�ÆaÕ�ÆxÛ�É�Ñ�×FÆ5Ä h Ô$ÆxÕ_É�Û�Õ_Æ�Ó�ÆxÆ5ÑàÆ5ËeÎ�Ä h Í�Æ�Ç h ×»É_ÈyÑ�Í�ÆxËyÆ Ö<ä Í�Æ Ú � Ó �¼Ç_Ä�Ó Ú �c� Û ÕCÇ_Û�Ê�Æ5È�É_Ìh Í�ÆxÈyÆcÈyÍ�ÉIÜ�Æ5ËiÈ�Ç_ËiÆ h Í�ÆxËyÆaÌ²É�ËyÆtÛ�Ç_ËyÏ�ÆxË h Í�Ç_Ä h Í�Æ h ÐdÑ�Î�Å!Ç_Û Ú � Ó ��Ç_Ä�Ó Ú �c� Û ÕCÇ_Û�Ê�Æ5ÈwÎ�Ä h Í�Ç h Æ5Ä�ÆxËyÏ_ÐË�Ç_Ä�Ï_Æ Öwä Í�Î�ÈeÓ�ÆaÕ�Î�Ç h Î�É�ÄªÌ²ËiÉ�× h Í�Æ Ú � Ó � ç ÆxÄ�Æ5ËiÏ_ÐªÇ_Ä�Ó Ú �c� Û�ç Î�×»Ñ�ÇCÅ h Ñ�Ç_Ë�Ç_×FÆ h Æ5Ë<ËyÆ5Û�Ç h Î�É�Ä�ÈiÍ�Î�ÑÅ!Ç_Ä�Ä�É h ÙàÆÒÅ5É_×»ÑàÆ5Ä�ÈyÇ h ÆxÓtÙOÐ h Í�ÆJÆ5Ä�Æ5ËyÏCÐ�Ç_Ä�Ó�Î�×FÑ�Ç_Å h Ñ�ÇCË�Ç_×FÆ h Æ5ËbÆxÈ h Î�×»Ç h Î�É�Ä�Ì²Ê�Ä�Å h Î�É�Ä�È Öbö ÈUÇeËyÆxÈyÊ�Û h Ôh Í�ÆFÆ5Ä�ÆxËyÏ_Ð�ÇCÄ�Ó¬Î�×»Ñ�Ç_Å h Ñ�Ç_Ë�Ç_×FÆ h Æ5ËiÈ'ÇCËyÆcÉIÕ�Æ5ËiÆ5È h Î�×»Ç h Æ5Ó�ÇCÄ�Ó h Í�ÆcÙ�Î?ÇCÈ87 � ��9NÇ_Ä�Ó:7 � �;9wÙàÆ5Å5É_×»ÆxÈÄ�Æ5ÏOÇ h Î�Õ_Æ Ö
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old method - Integral Flux (E > 1.5 TeV) [ 10-11 cm-1 s-1]
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b)MC, ds97
eff. collection area
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d) MC, ds97hv06
eff. collection area

θ = 0o

θ = 30o

θ = 45o
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f) MC, scuts96
eff. collection area

θ = 0o

θ = 30o

θ = 45o
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differential rate
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differential rate
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differential rate

α=2.8

θ = 0o

θ = 30o

θ = 45o

10
-6

10
-5

10
-4

10
-3

10
-1

1 10
energy [TeV]

dR
γ /

 d
E

 [T
eV

-1
s-1

]

d) MC, ds97hv06
differential rate

α=2.8

θ = 0o

θ = 30o

θ = 45o

10
-6

10
-5

10
-4

10
-3

10
-1

1 10
energy [TeV]

dR
γ /

 d
E

 [T
eV

-1
s-1

]
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differential rate
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f) MC, scuts96
differential rate
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��£ Ç ¡/��£¬�o«���£¬¨¥¨:ª��m���o¨w¤o�z­{£¬«��=�s�c±b§-�=§s¢¦��²!³W���=�s�m s¢��z���J«[���V��¡�µo�/©-���p�o«g�oª&���J¢V¤/¡/�=£¥�o«s��¡�¢��m«s�����=¢��J¡/�=�z­
£¬«��=�s���o &��£¬��¡�¨)��¡�´o² Å �� s¢���¤��J���J«[�=�m¡�¢��^�kÂ- q�J�k�=�J­U��£¥�=�Ã«s�k�Î­&´p«:¡���£¬�J¡�¨	�J§&���m�� &�=£¥��£ Ç �J­{��«Ä¨Z¡/¢�µo�
�¦��¡t�=£¬�V�=£¥�J�����-�o«Ä�o¢^ÊÁËÏ­s¡/��¡{¡�«&­Ð��£w�=�Ñ¡�«:¡/¨¥´p��£¥�����k�=�s�p­s��¡�­s¡� &�=�z­Ð���{�=�s���¦ ��z�J£Z¡/¨!�J�o«&­s£¥��£¬�o«s�c��±
���p�o«{�oªs�¦�J¢V¤�¡t�=£¬��«s�y»i���z�����J�/²W¼p²¥¶o²�Ò ¾ ²
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ºn�s£¬�r�¦�J�k�=£¬��«Ð­&�J���z¢�£¥ª��z�r�=�s�����z���s�-­Ä§s���z­Ð���S­s�J¢¦£¥¤��Ã»i£¬«[���Jµo¢�¡�¨ ¾ À:§-ÂÁ¤/¡�¨¥§s�J�m±b¢��o�æË�º�¶�­:¡/��¡-²^ºn�&�
�=�J���&«s£¬ç8§s���W¡/�l£¥«[�=¢��p­s§s�z�J­Ãª[´ÃèH²¹é��k�=¢¦´Æêw¶�ë ¯ ©s Q² � ¶Jìqív¡�«&­U£¥�nªs¢�£¥�zÀs´g��§s���g¡/¢�£ Ç �J­��s�z¢���²ºn�s�N���o�V�	£¬�� q�o¢¦�=¡�«[�Q :¡�¢�¡����z�=�z¢Q£¬«�­&�J¢�£w¤p£¬«sµWÀ:§pÂr¤/¡�¨¬§&�J�	£¬���=�s�eî[ïNîpð�ñ�òOó�î^ðoôqõiõiîpð�ñ�òbôqög÷sø�î8÷ 
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û:ü ýiþ�ÿ
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 û��$ýiþ����)ÿ��/û:þ�
��� ýÞþ����Qÿ »½¼-²1·&²w¶ ¯ ¾

ºn�s���zì��J�z��£¥¤����J�o¨¥¨¬�J�k�=£¥�o«{¡�¢¦��¡�­s�J q�J«&­s���o«S�=�s� Ç �J«s£w�=��¡�«sµ�¨¬����©&�=�&�^�¦�s�����z¢��J«s�z¢�µ�´�þ�©&�=�&��¡� s s¨¥£¬�J­
� ¿h���z¨¬�J�k�=£¥�o«Á�J§-�=��¡�«&­Á�o«����J«[¤p£¬¢���«s���z«[����¤/¡�¢¦£Z¡�ª&¨¬�J�l¨¬£¥É��^�=�s�y�J�o«[¤o�z¢��¦£¬�o«Æ±i¡��k�=�o¢m�o¢m���s����� � �J�o«[�=¢¦£w¿
ªs§&�=£¥�o«Q©q���s£¬���Æ��£¬µo�[�m���:¡�«sµ��H±b¢��o� �oª&���J¢V¤/¡/�=£¥�o«Ä�=�g�oªs���z¢¦¤/¡/��£¬�o«Q²cºn�s���zì��J�k�=£w¤o���z�o¨¬¨¥�J�z��£¬�o«Ä¡�¢��J¡g£¬�
��¡�¨¥�J§s¨¬¡/�=�z­�±b¢¦�o�ÍÊÄË ­:¡/�=¡�¡��J�z�o¢�­s£¥«sµ��=���

� ùhúLú ýiþ����)ÿ 
 ø������� �! ýÞþ���"#���)ÿ$"/û%" »½¼-²1·&²w¶ � ¾

� �J¢¦� �! ýÞþ���"#���Qÿ�­s�J«s�/�=�J�!���s�W s¢¦�oª:¡�ª&£¬¨¬£w�?´r�=�s¡/�N¡ � ¿?¢�¡�´H�¦�s�����z¢N��£w�=��µ�£¥¤o�z«��J«s�z¢�µ�´Hþ�© Ç �J«s£w�=��¡/«sµo¨¬���¡/«s­U¢�¡�­s£¬¡�¨Q­s£¥�¦��¡/«s�J�&"��=¢¦£¬µoµ��J¢��W���s���=�J¨¥�J�¦�J�o q�^¡�«s­U±b§&¨¥¸:¨¥¨¬�����s� � ¿h�:¡�­s¢¦�o«Ã���J¨¥�J�k�=£¬��«Ã�z¢�£w�=�J¢¦£Z¡&² Å �l£¬�¡����¦§s���z­{�=�:¡/���=�s�r &¢��oª:¡/ªs£¬¨¥£¥�?´ �! ­s�z ��z«s­s���o«S�=�&��£¬�� :¡��z�� :¡�¢�¡����k�=�z¢���±�¡����&�����J¢�ªs§-�n«s���n��«{£¥�=�¡ Ç £¥��§&�=��¡/«sµo¨¬�/²(':�o¢Wªs£¥«s«s�J­Ã­:¡/�=¡&©s�zçq²�¼-²1·&²w¶ � �=¢�¡�«s��¨¬¡/�=�z�n£¬«[�=�Ã»i¡����¦§s��£¬«sµ �! ýÞþ���"#���)ÿ 
*),+#-/.1032 ±b�o¢��¡����Uªs£¬« ¾ � � ù½úkú ýÞþ546���)ÿ 
87:9 �! ýÞþ54;�<" 9 ���Qÿ �>= " �9@? ACBED " �9@? FHGCI »½¼-²1·&²w¶ | ¾

��£¥�=�

�! ýÞþ546��" 9 ���)ÿKJ 
ML B3N<OPO ýiþE46�<" 9 ���QÿL O 4RQÑýÞþ54;�<" 9 ���Qÿ
»½¼-²1·&²w¶ � ¾
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�$ý��Qÿ(��� ýiþ5�������)ÿ 
 � ��$��� � ùhúLú ýÞþ��<�Qÿ û:ü$ýÞþHÿ
û:þ û:þ »Þ¼-²1·&²+ës� ¾

Å «��=�s����¡/������±�ªs£¬«s«&�J­Ã­:¡/��¡-©&�=�s£¥�nª��z�J�o���J�

� ý��)ÿ 
�7 4 � ùhúLú ýÞþ54;���)ÿ � ����� �6�
� ��� � � û:ü ýiþ�ÿ

û:þ û:þ 2 »Þ¼-²1·&²+ëp¶ ¾

� �z¢��HþE4 ? AXB ¡�«s­Áþ54 ? F�G ­&�J«s�����y���s�y§& s ��z¢r¡�«&­Ä¨¬�����J¢lªs£¬«Ãªq�o§s«s­:¡/¢¦´Ã��±B���s�H£w�=�Ã�J«s�z¢�µ�´Ãªs£¥«Q² Å «Á�J¡����/©
�=�&�U�¦ ��z�z�=¢�¡�¨����:¡/ ��®»iªs§-�g«s�/�����s�U¡��� &¨¬£¥��§s­s� ¾ ��±�¡Ñµo£w¤o�J« ����§s¢��z�Ä£¬��É8«s����«Q©W�zç¹² ¼-²1·&²+ëp¶U�J¡�« ªq�
£¬«[���Jµo¢�¡/�=�z­Q²{³ �z�o�� :¡�¢�£¥���o«Ñªq�z�?���J�z«°�=�s���J�¦��£¬��¡/�=�z­��LÂ-�J�J�¦��¢=¡/���W� ý��Qÿ^¡�«s­����s���oªs���z¢¦¤��J­��kÂ-�z�J���
¢=¡t�=�r�=�&�J«Äµ�£¥¤o�z�l¡�«��J�¦��£¬��¡/�=��¢�±b�o¢W�=�&�y¡/�� s¨¥£¥��§s­s��»b�o¢n£¬«[�=�zµo¢=¡/¨)À:§-Â ¾ ��±��=�s������§s¢��z��²

Å «���¡��¦�yü$ýÞþHÿ 
 ü����s��ýÞþHÿ 
 ü�����ýÞþ���þ5���tÿV���R���� P¡B­s�J�¦�J¢¦£¬ªq�J�n�=�s��£¥«[�=�Jµ�¢=¡�¨����o§s¢¦�J���¦ ��z�z�=¢¦§s� ��£w�=�
É8«s����«Ä­s£wì)�z¢��z«8��£Z¡�¨��� q�J�k�=¢=¡/¨�£¥«s­s�LÂ£¢¥¤6¦�©:�zç¹²�¼p² ·&² ë-¶�ªq�J�J�����z�1�

� ý��)ÿ 
 7 4 � ù½úkú ýÞþ546���)ÿ	§�ü ýÞþ54 ? F�G ÿ D ü ýÞþ54 ? AXB ÿ@¨

 ü����
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ü ýÞþ5���/ÿ 
 ü���� 
 � ùP² ýr�)ÿ® ýÞþ5���:�V¢¯�<�Qÿ »Þ¼-²1·&²+ë/· ¾
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�=�&� ��´(µ·¶>� ¿½¸s��©-���J�c���J�/²�¼-² ·-²+ë ¾ ¡�«s­S�o« �¯ »i�J��«8��¢�£¥ªs§&�=£¥«sµH��� � ù½úkú:¸ £¥�W£¥�W¡��¦��§s���J­{���:¡/�5¹ L BhNCO\O 
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 y ¾ ²!ºn�s�l�¦´p�V�=�J��¡/��£¬�l�J¢�¢¦�o¢N��±vü}���r£¬�N��¡�£¬«s¨w´H­&§s�l���^���s�l§s«s�J�z¢¦�=¡�£¬«[�=£¥�J����±)���s�
­s£wì)�z¢��J«[��£Z¡�¨	�¦ ��z�z�=¢�¡�¨v£¬«s­&�kÂ»¢ ¡�«s­��=�s�y�J�o«[¤o�z¢��¦£¬�o«Ã±i¡��z���o¢u¼�»i���z�H�¦�J��²l¼p²¥¶o²w¶ ¾ ² Å �l��¡�«Uª��^�J�V�=£¬��¡/���J­
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�J«&�J¢�µ/´�¢=¡�«sµ�� ã%4 
åä Ã4 � ä 4¶o²H�H¿l¶o² ¼ æ 2Hç ª ½èy 2 ��é¶o² ¼y¿�ë-²1· y 2Rê æE½èy 2 y�~ë-²1·H¿�·&²H� y 2Hë y
½èy 2 y:�·&²H�H¿�¼-² ¼ ª 2 ª ç ½èy 2 y ê¼-² ¼y¿ x ²�Ò ª 2 æ ª ½èy 2 ª yx ²�Ò�¿l¶�ë-² x ª 2 |�~u½èy 2 ª æ¶�ë-² x ¿l¶ â ² ¯ ª 2 |{é
½èy 2 ª é¶ â ² ¯ ¿�·{�&²H� ª 2Hë |
½èy 2 |{|ì$í{î[,s./,10/,1./4/ïvIKC�\&C�I?<?>EC�FpGJDA>A<Þ_H;�C�F8X?<VGJF/<KX(ð 4 G�XBT[7=I?>A@�7�TyMZC�IB<?687�T[XXñ#ò�;=Y[<KXeGJF8THPSRÐX?>A]mY[DwGJ<?>EC�F8XNG�T1ó½Y8X?<K7�Ty<KC<?687nP���F�ô��o~�T8GJ<VG¾õ¥MOC�I��S�����HöÈ÷�j
§s���z­Æ£¬«U¡����z�J�o«&­Æ�¦�=�z Ä�=��­s�J¢¦£¥¤��y�=�&�y s¢¦�o q�o¢¦��£¬�o«:¡/¨¬£¥�?´g�J�o«&�¦��¡/«8���gã%4!ªq�z�?���J�z«Æû�� ýÞþ54;���)ÿ��/û:þ54!¡/«s­
û��$ýiþ·Ã4 ���Qÿ��tû:þ·Ã4 ²(øNç8§:¡t�=£¬��«Ä¼p² ·&²w¶ ¯ �=�&�J«Ãª��z�J�o���J�,�

ûsü ýÞþ54iÿ
û:þE4 
 û�� ýiþE4;���Qÿ��tû:þE4�u�Ì� ýÞþ546���)ÿ 
 ã%4�u�Ì� ýiþE4\���Qÿ û�� ýÞþ·Ã4 ���)ÿ

û:þ Ã4 »½¼-²1·&² ë/Ò ¾

�m�������Ñþ54c­s�z«s�����J�{¡®ÊÁË �J«s�z¢�µ�´ ªs£¥«Q©W£½²���² ª 2 ��ù�ú,û ü þuýgþÿü æ 2 |�ù�ú,û ¡/«s­�þ·Ã4 ­s�z«s���=�z�g�=�&�
�J�o¢¦¢��J�¦ ���«s­s£¬«&µ�¢¦�J�z�o«s�¦��¢�§s�k�=�z­Á�J«s�z¢�µ�´Sªs£¬« ª 2 �Kù¥úhû ü þ&Ã
üåæ 2 |Eù�ú,û�²ºn�s�W s¢¦�o ���¢¦�=£¥�o«:¡�¨¥£¥�?´c�J�o«s�V��¡�«[�Ôã�4s£¬��¡c¢=¡/��£¬�l��±s�?���r±i¡��z���o¢��z²Bºn�s��¸:¢��V�!£¬�v�=�&�W ��z¢��z�J«[��¡�µ�� ä Ã4 ��±s�z¤o�z«[�=���£¥�=�S���s���J��¢�¢��z�z���z«s�J¢¦µ�´S£¥«{¡�µo£¥¤��J«�¢��z�J�o«&�¦�=¢¦§s�z���J­Ã�J«s�z¢�µ�´gªs£¬«�þ&Ã4 ²eºn�s���¦�J�z�o«s­Ã£¬�����s�r q�J¢��z�J«[��¡/µo�ä 4Q��±��z¤o�z«[�=�l��±v�=�s�^ÊÁË��J«&�J¢�µ/´Sªs£¥«�þE4½©&���s£¬�����:¡�¤���ª��z�J«Ã¢��J�z�o«s�V�=¢�§&�z�=�z­Ã��£w�=�S���s���J�o¢¦¢��z�z�n�z«s�J¢¦µ�´Ý�

ã%4 
åä Ã4 © ªä 4¯
 L ýiþ·Ã4 � þE4Oÿ
L ýÞþ Ã4 ÿ © L ýÞþ54bÿ

L ýÞþ Ã4 � þ54iÿg
 L ýÞþ54bÿ
L ýiþ Ã4 ÿ »½¼-²1·&² ëo¼ ¾

L ýÞþ&Ã4 � þ54bÿKJ £¬�W���s��«8§s��ªq�J¢���±��z¤o�z«[�=�c£¥«�ªs£¬«Ãþ·Ã4 ©:¢��z�J�o«s�V�=¢¦§s�z���J­U��£w�=�{�=�&�^�z�o¢�¢¦�J�k�m�z«s�J¢¦µ�´
L ýiþ·Ã4 ÿKJ £¬�W���s��«8§s��ªq�J¢���±��z¤o�z«[�=�c£¥«�ªs£¬«Ãþ·Ã4
L ýÞþ54bÿKJ £¬�W���s��«8§s��ªq�J¢���±��z¤o�z«[�=�c£¥«�ªs£¬«Ãþ54

ºn�s�m s¡�¢=¡����z���J¢¦� ä 4½© ä Ã4 ¡�«&­±ã%4q��¨¥£¬µo�[�=¨w´�­s�z ��z«s­g��«����s�����:¡� q�l��±����s���J«s�z¢�µ�´��¦ ��z�z��¢�§s� »b±b��¢(¢ 
 æ 2 y¡�«s­ ¢ 
 æ 2¬ê �=�s��­s£¥ì��J¢¦�J«s�z���/±W�=�s�Wã%4¥¿½¤�¡/¨¬§s�z�^£¥�H¡/ª��o§-��¼�¿�¶�¼�� ¾ ²gºn�s�k´°¡�¢¦���=�s�z¢��z±b��¢��g¢¦�J�z§s¢��¦£¥¤o�z¨¥´
��¡�¨¥�J§s¨¬¡/�=�z­r���s�J«y­s�J¢¦£¥¤p£¬«sµW���s�N�J«s�z¢�µ�´r�� q�J�z��¢=¡y»i�¦�J��ª��z¨¬��� ¾ ²�³c��¡�«��kÂ&¡��� s¨¥��©���¡�ª)²!¼-²1·&² ¼���§s����¡�¢�£ Ç �J�
�=�s��ã%4�¤/¡�¨¥§s�J�l¡����oª-��¡�£¥«s�J­���£¥�������s�^­s� â[� �J§-�=�J²�ºn�s�HÊÁË ��£¥��§s¨¬¡/�=£¥�o«s�����J¢¦��¡�­��¦§s�¦���J­��=���=�s�HÊUÉ8«
¼��&¶�­:¡/�=¡���¡��� s¨¬�r��£w�=�Ã¡��� q�J�z��¢=¡�¨	£¥«s­s�LÂ���±b¢ 
 æ 2Rê ²ºn�&�m«s�LÂp���V�=�J �£¬«�­s�J¢¦£¥¤p£¬«&µ����s���J«s�z¢�µ�´��¦ ��z�z��¢�§s�Ì£¥�N���s�l��¡�¨¥�J§s¨¬¡/�=£¥�o«���±��=�s������¡�«��J«s�z¢�µ�´�¤/¡�¨¥§s�J�
þE4:±b�o¢e�J¡�����ªs£¬«Ã»b£½²���²��=�s���J«&�J¢�µ/´H¤/¡�¨¬§&��¡����¦£¬µo«s�z­��=����¡/����£¥«s­s£¥¤p£¥­s§:¡�¨pªs£¬« ¾ ²k':�o¢!¡rÉp«&����«�­s£wì)�z¢��J«[��£Z¡�¨
À:§-Â»��ýÞþHÿk©&���s�����J¡�«��J«s�z¢�µ�´�£¥�n��¡�¨¥�J§s¨¬¡/�=�z­�¡��J�z�o¢�­&£¬«sµ��=�%�
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�p£¬«s�z�g�=�s�g­s£¥ì��J¢¦�J«[�=£¬¡�¨�Às§-Â ��ýiþ�ÿy£¥�H«s�/��É8«s��� £¥«°¡�­-¤�¡/«s�J�/©!�=�s�S����¡/«°�J«s�z¢�µ�´®ªs£¬«�¤�¡/¨¬§s�z� þ54
�:¡�¤o�H���Sª��y��¡�¨¥�J§s¨¬¡/�=�z­Ä¢¦�J�J§&¢���£w¤o�z¨¥´o©q�=�p�s²lºn�s����¡�£¬«U¡�¨¬µ��o¢�£w�=�s� �=�S�z�¦�=£¥�g¡t�=���=�s�y�� q�J�z��¢�§s� £¬���=�s�z«
¡��n±b�o¨¬¨¥�����,�
³Î ������J¢�¨Z¡�� �� q�J�z��¢�§s� ��£¥�=���¦ ��z�z�=¢�¡�¨	£¬«&­s�kÂY¢ 
 æ 2Rê £¥�W§s�¦�J­U����µo�z�l¡�¸:¢¦�¦�l�J�V�=£¥�g¡/���r��±��=�s������¡/«â ¶



�J«&�J¢�µ/´Ä¤/¡�¨¬§&�J� þ54N¡�«s­Æ�=�&���J�o«&�¦��¡/«8����ã�4 ¤�
 ²yºn�&���J«s�z¢�µ�´Æ�¦ ��z�z��¢�§s� £¥�=�¦�J¨w±N£¬�r­s�z¢�£w¤o�J­Æ±b¢¦�o�æ¡±¼
��¿½¸s�
��±W¡����p­s�J¨!±b§s«&�z�=£¥�o« »i�/²1µs²� ������J¢^¨Z¡��&����ýÞþHÿ 
 � � ©�þ ��� ��¢�¡Ã q�����z¢y¨¬¡�� ���p­s£w¸:�J­Ñª[´Ð¡{�J§&����ì
 :¡�¢�¡����z�=�z¢ ¤ S �Å��ýÞþHÿ 
 � � ©�þ ��� ©�� � ������� ¾ �=�g���s��­:¡/�=¡g :¡�£¥¢���»iû:ü$ýÞþ54iÿ��/û:þ54h© þE4 ¾ ²r³mµ[¡�£¬«����������
±b¢���� �=�&�HÊ Å � � Å º ê ¯ � ív :¡���Ét¡�µo����¡���§s���z­U±b�o¢W���s£¬�� s§s¢¦ �������² � «s�z�����s���� q�J�k�=¢=¡/¨��¦�:¡� q��£¬�nÉ8«s����«Q©þ54h©�ã%4Q¡�«s­g���s�c�¦ ��z�z�=¢¦§s� ¡/¢��l¢��J�J¡�¨¬�z§s¨Z¡t�=�J­)²!ºn�s£¬���J�o«[��£¬«8§s�J��§s«[�=£¬¨¹�=�&�c¢��z¨Z¡/��£¥¤��m­s£wì)�z¢��z«s�J�r�/±Q�=�s�l¸s�
 :¡�¢�¡����z�=�z¢��n£¥�lªq�J¨¥��� ¶�� ¤6¤ ²

³ �¦�J¢¦£¬�J�v��±&��£¥��§s¨Z¡t�=£¬��«s�Q�:¡�¤o��ªq�J�J«y��¡�¢¦¢�£¥�J­^�o§&��£¬«��o¢¦­s�J¢v�=�n�=�z�¦���=�s£¥�v���k�=�s�p­S»b���z��¸:µ&²!¼-²1·&²w¶�·�¡�«s­
��¡/ªQ²e¼-²1·&² ¯ ¾ ²¥'B£¥¢��¦�J©o¡c­s¡/��¡c��¡��� s¨¬����±�ÊÁË"!:¿?¢�¡�´^�k¤o�J«[���N��¡��!§&���J­����rµo�z«s�J¢�¡/�=�W¢�¡�«s­s����¨w´��J�o�� ���§s«s­��§&ªs�=¡��� s¨¥�J�����&£¬��� ±b�o¨¥¨¬���Í¡�« �J«s�z¢�µ�´ �� q�J�k�=¢¦§s� ��£w�=� �¦ ��z�z��¢=¡�¨m£¬«s­s�LÂè¢ »b ������J¢S¨¬¡�� �� q�J�z��¢�§s� ¾
�o¢��¦ ��z�z��¢=¡�¨W£¥«s­s�LÂ ¢ ¡�«&­��J§&����ì �z«s�J¢¦µ�´�þ � »b���Æ�J¡�¨¬¨¥�J­°�z§&�=��ì �� q�J�z��¢�§s� ¾ ¤�# ²Ðºn�s�{�¦ ��z�z�=¢¦§s� ��¡��
�=�&�J«Æ�J�V�=£¥�g¡/���J­Á±b�o¢m��¡����Ñ�¦§sªs�=¡/�� s¨¥�H£¥«Á�=�s��¡/ª���¤o�H���z«8��£¬�o«&�J­Á��¡�´�²�ºn�s�����J¡�«Ñ¡�«s­%$mÊ �Ä��±e���s�
£¬«&­s£¥¤p£¬­&§:¡�¨q�� q�J�z��¢�§s�  :¡�¢�¡����k�=�z¢��5¢�©á� � ¡�«&­Q©s£¥±v§&���J­)©s�=�s���z§&�=��ìÄ�J«s�z¢�µ�´Sþ � ���J¢¦�����s�J«{�J¡�¨¬�z§s¨Z¡t�=�J­)²':¢��o� �=�s��¢¦�J��§&¨¥�=�z©: s¢��z���z«8���J­Á£¥«S��¡�ª)²�¼p² ·&² ¯ ���k¤o�J¢�¡�¨v�J�o«&�J¨¬§&��£¬��«s�n��¡�«Ãªq�^­&¢=¡���«	�

♦ �z§&�=��ìÑ�¦ ��z�z��¢=¡%�
& '�£¥����£¬«sµ�¡� q�����J¢�¨Z¡��$³c«s��¡/� Ç �=���=�s���¦£¬��§s¨¬¡/�=�z­��J§&����ì��� q�J�k�=¢=¡�´p£¬�J¨¥­s�J­�¡�«�§s«:¡��z�J�z &��¡�ª&¨¬�¼
�n£¥«����o�¦����¡/���J��±b�o¢��¦�g¡/¨¬¨ Ç �z«s£¥���{¡�«sµ�¨¬�J�z²eèc§s�l�=�H���s�c¢¦�J­s§&�J�J­{�z«s�J¢¦µ�´�¢=¡�«&µo�r¡/��¨Z¡/¢�µo�z¢
Ç �J«s£w�=�U¡�«sµo¨¥�J�z©s«s��­s£¬�V�=£¬«&�z�=£¥�o«{£¬�n q�o�¦��£¬ª&¨¬��²

& ':�o¢��¦�g¡/¨¬¨ Ç �J«s£w�=� ¡�«sµo¨¥�J�z©����s����£¬�H§s¨Z¡/���J­��z§&�=��ì �¦ ��z�z��¢=¡Ð¡�¢����J��¢�¢��z�z��¨¥´�¢¦�J�J��«s�¦��¢�§s�k�=�J­
ª[´Æ���s���J§&����ì�³c«&�=¡/� Ç ²�ºn�s��­s�z¢�£¥¤��J­Ð�� q�J�k�=¢=¡/¨e£¬«s­s�LÂÐ¡��r���J¨¥¨N¡��r�=�s���z§&�=��ì°�J«s�z¢�µ�´Ñ¡/¢��
�z�o«s�¦£¬�¦���J«[����£¥�=�°���s��£¬«s£w�=£¬¡�¨N«p§&��ª��z¢��z²�³W��¨¬¡�¢�µ��J¢ Ç �J«s£w�=� ¡�«sµo¨¥�J�z©N���s�{�J��¤��J¢��z­$�z«s�J¢¦µ�´
¢�¡�«sµo�^¡�«&­áU/�o¢W���s�yÊÁË �V��¡/��£¬�¦��£¬�z��¡�¢��^¡�µ[¡/£¬«S�=�p������¡�¨¬¨q�=��µo£w¤o���J¨¥��¡�¢n¢¦�J�¦§s¨¥���J²

& Ë�§-�=��ìg�� q�J�z��¢=¡�¡�¢¦�W�o«s¨w´'�¦§s�¦��£¥¸:�z­����s�J«��=�&��¸s�B´p£¥�J¨¬­&�!¡�«��z¢�¢���¢�±b�o¢��=�s�W�z§&�=�/ìS :¡�¢�¡����z�=�z¢
þ � ���:¡/��£¥�n�J�o«s�¦£¬­s�z¢=¡�ª&¨¥´S�¦�g¡/¨¬¨¬�z¢��=�s¡�«Ãþ � ²

♦  q�����z¢l¨¬¡�� �¦ ��z�z�=¢�¡%�
& ºn�&��­&£¥ì��J¢��z«[���� q�J�k�=¢=¡/¨!£¬«s­&£¬�J�z�r¡�¢¦�H���J¨¬¨B¢��J�z�o«s�V�=¢�§&�z�=�z­�ª[´U�=�s�� q�����z¢�¨Z¡�� ¸s��²^èc§&���=�
���s������¡�¨¬¨:ÊÁË �V��¡/��£¬�¦��£¬�z�N¡/�N¨Z¡�¢¦µo�J¢ Ç �J«&£¥�=��¡�«sµ�¨¬�J�z©o�=�s�n¸s�� :¡/¢=¡����z���J¢��e�s¡�¤��m¨¬¡�¢�µ��J¢!�z¢�¢���¢��
���s�J¢¦��²

& ³m s s¨w´-£¥«sµ�¡��J§-�=��ìU¸s�W�=�����s�� q�����J¢n¨¬¡�� �¦ ��z�z��¢�§s� ¡�¨¬�¦��µo£¥¤��J�W�z�o«s��£¥�¦���J«[�l¢��J�¦§s¨¥���J²�ÊU���¦�
�/±B�=�&�y­s�z¢�£w¤o�J­U�� q�J�k�=¢=¡/¨�£¥«s­s£¥�J�J�l¡�µ�¢��J����£w�=�s£¥«����s�J£¥¢��J¢�¢¦�o¢n��£¥�������s�^��£¬�H§s¨Z¡/���J­��� q�J�k�=¢�¡�¨
£¥«s­s�LÂ)²Bºn�s�n�J§&����ìS�z«s�J¢¦µ�´��¦�s�����e¨Z¡�¢¦µo��À:§&�z�=§s¡/�=£¥�o«s�e¡�«&­�§&«s�J�z¢¦��¡/£¬«[�=£¥�J�J²b':�o¢!¡gy z Ç �J«s£w�=�
¡/«sµo¨¬�/©-�k¤o�z«S�=�s�m��£¥«s£¬��§&� �J§&����ìÃ�J«s�z¢�µ�´gþ Q�4)(� 
 ý ª{ª 2 éE½ ª æ 2Hç ÿ!ù�ú,û £¬���¦��£¬¨¥¨q�z�o«s�¦£¬�¦���J«[�
��£w�=�S�s¡�¤p£¥«sµ�«s���z§&�=��ìU�J«&�J¢�µ/´g£¥«g�=�s�rË�º�¶��J«s�z¢�µ�´�¢=¡/«sµo��² � «s�c��¡�«g���s�J¢¦�z±b�o¢¦�r�J��«s�J¨¥§s­s�
���:¡/�m¡� s§s¢¦�^ q�����z¢�¨Z¡�� �¦ ��z�z��¢�§s� £¥�n§s«s¨¥£¬É��z¨¥´��=��ª���£¥«[�=�J¢¦ s¢��k�=�z­Ä¡��l¡��J§-�=��ìÆ�¦ ��z�z��¢�§s�Ã²
èm§s�y�������s�y¢¦�J­s§&�J�J­Ä«p§&��ª��z¢m�/±!­:¡/�=¡� s¡�£¬¢¦��±b��¢l¨¬¡�¢�µ�� Ç �J«s£w�=�U¡�«sµo¨¥�J�z©q£w��­s�p�J�l«s���l�g¡/É��
�¦�J«s�¦�^����¡� s s¨w´S¡��z§&�=�/ìÁ¸s��²(�l�z¤��J¢¦���s�J¨¥�J�¦�J©:�=�s��¡/µo¢��z�J���J«[�n��£¥���S�=�s���¦ ��z�z�=¢�¡�¨Q£¥«s­s£¬�z�J�W£¥�
µ��-�p­Q²E�-������¸s�=�lµo£w¤o�^����¡�¨¬¨	�z§&�=��ìÐ�z«s�J¢¦µo£¬�z�J©q¡�¨¥��¡�´p�c�J��£¬«s�z£¬­s£¥«sµ���£¥�=�U¡��¦�g¡/¨¬¨	�� q�J�k�=¢�¡�¨
£¥«s­s�LÂ{»b��²�µs²!þ � 
 ª 2Rê ù¥úhû ¡�«s­�¢ 
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a) MC, cutoff

differential spectrum
 θ = 0o

dF / dE = f0 * (E/TeV) -α * e -E / E0

χ2 = 6.2
α = 1.99 ± 0.18
E0 = (5.48 ± 1.17) TeV
f0 = (17.68 ± 1.66) 10-11 cm-2 s-1 TeV-1
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b) MC, power law
differential spectrum

 θ = 0o

dF / dE = f0 * (E/TeV) -α

χ2 = 5.2
α = 2.52 ± 0.06
f0 = (14.97 ± 1.17) 10-11 cm-2 s-1 TeV-1

Z\[)]W^`_�^Pa�^)bca�d
eGf�X?<KX�CJMo<hg8f�X?\if�;=<?I?Y[]jf�X?<?>A]^GJ<?>EC�FcGJDAd�C�I?>A<hg[]lk�g8f=FcGJ\[\[DA>mf�Tl<KCNTo>+9nf=Iof=Ft<�P{Rgd�f=F8f=IVGJ<of�TcXKC�Y[IK;pf
X?\`f�;=<?IVGoj4qÞFsr8d8j�G#÷�GÃ;=Y[<KCJ9�XK\`f�;=<?I?Y[]tke>A<hg�X?\if�;=<?IVGJD�>AF8Tuf�x�� � ���:vUGJF8TÐ;=Y[<KCcwjf=F8f=I?d�_x � �zy��:v
{�|p}lk�~�X!Xh�A]��u�1~c�ofp�n�����;r8� �$÷�~��`�KkEf��O�1~pkz�h�ifp���h�h�u��k����hg��h�ifp���h�Y~c�i���8�uf������z�������eOg8f-�o�����m�������8f-�uf��8���ofp���hg8f-f��8f��h�6 ¡�of��6�m���¢�8�ofp��£¤���@�hg8f-�o�`fp���h�h�u�¥r8�B��¦����§���u�u�u����~c�Y~c�¨f��of��o�~c�of�~��p���u�Y~c�of��� ¡�ofp�p���8�h�h�h�8���ofp�n�

♦ ºª©s�¡«�¡�����ÊÁË ­:¡/�=¡¬«=¡/�� s¨¥�®­�¡�«r§`«��J­Æ±°¯o¢�±�©i²;³�¡�¨´³J§s¨¬¡�±=£´¯o«µ¯�±�±�©i²;²J«i²z¢�µ�´¶²c«Y±=£¸·�¡�±�£¸¯o«�±b§s«i³L¿±=£´¯o«i«J©8±�©`²*³�¡�¨´³J§s¨¬¡�±=£´¯o«¹¯�±M±�©`²&ã%4¥¿h¤/¡�¨¥§i²c«�¡�«s­¬±�©i²cµ�²J«i²z¢=¡�±�£¸¯o«�¯/±I±�©i² «�§sªi«�¡�·� s¨¸²º«J²eºª©i²r¢»²c«¦§s¨´±�«·�£¥µ�©u±�±�©i²J¢»²z±°¯o¢»²nª�²ª«»¯�·¼²K­-©:¡�±O±�¯W¯½¯� `±=£´·�£´«»±=£´³�²vºª©s£´«O«�²º²c·¢«@±�¯�ª�²�¡/¨¸«�¯c¢�²zÀi²c³º±�²J­�ª8´;±�©i²ª«»·g¡/¨¬¨¼ � ¿h¤/¡�¨¬§`²c«'¯�±B«i²�¡/¢�¨¥´S¡�¨¬¨q¸i±�«z²
♦

Å «%«�¯�·¢²�³�¡�«»²c«®¯�±¾³J§`±�¯�ì°¸i±�«�¡�±�¨Z¡/¢�µ�² Ç ²J«s£1±�©Ð¡�«sµ�¨¸²c«*±�©i²¹«� G²c³K±=¢�§`·¿³�¡�¨´³J§s¨¬¡�±=£´¯o«Á¢»¯o§`±=£¥«i²�­s£¥­
«i¯�±-³º¯o«[¤�²J¢¦µ�²�²�ºª©i²c«»²®­¾²J¢»²y«`¯�±ª±�¡�É�²J«U£¬«u±�¯�¡�³º³c¯o§&«8±À©i²z¢�²�²

ºª©`²S­i²º±�²J¢»·�£¥«:¡�±=£´¯o«�¯�±'±�©`²�Ë�¢=¡�ª"«� G²c³º±�¢�§i· £¸«y¡�«°£´·� G¯o¢Y±�¡�«u±¨±�²º«»±¡¯/±ª±�©i²� s¢�²º«�²J«u±�²J­Á·¼²K±�©i¯p­Q²�-£¬«i³º²¬±�©`²�Ë�¢=¡�ª�£´«�¡Â«»±�¢�¯o«&µÑ¡�«s­z«»±�²�¡�­-´"!:¿?¢�¡�´Ã²c·�£´±»±�²z¢®­�£1±�©�¡Á G¯�­¾²J¢H¨Z¡�­Ä«� G²c³º±�¢�§i·Å²kÂ�±�²z«s­s£¥«sµ­�²z¨¬¨!¡/ª�¯�¤�²�ës�gºE²�ÆH©)£1±r£¸«À¯�±¤±�²z«Æ§i«�²z­Ð¡�«�¡¬«Y±�¡�«s­s¡�¢�­s³J¡�«s­s¨´²¡¯�±Nº�²�Æ ¡�«»±�¢�¯o«i¯�·H´o²g'�£¬µo§s¢»²�¼-²1·&²w¶�Ò{¡ ¾«�©i¯6­-« ±�©i²y¢»²c«¦§s¨´±�«l±°¯o¢ª±�©i²�«¦ �²º³º±=¢¦§i· ¡�«:¡�¨w´�«�£¸«-¯�±E±�©i²�¶ â{â ¼�¿ â ¯ Ë�¢=¡/ªÄ­:¡�±=¡&²nèc§`²;±�¯¹±�©`²;«»·g¡�¨¥¨	­:¡�±=¡«=¡�·� s¨¸²/©�±�©`²�²z¢�¢»¯o¢�«N¡�¢»²ª«�¯�·¢²º­-©s¡�±N¨Z¡�¢¦µ�²�©�ªs§`±N«i²k¤�²J¢Y±�©i²z¨¸²º«�«J©�±�©i²�¡/µo¢�²º²c·¢²J«u±�­�£´±�©¢¯�±�©i²z¢e¢�²c«¦§s¨´±�«l»Ç²/²1µs²
ê ¼tíP��û:ü
�/ûsþ 
 ý\æ 2¬ê�ë ½�y 2 y:æ5½�y 2 �oÿ)ýÉÈ°�sù�ú,ûyÿ � ��Ê ËhÌoÍ � Ê �hÎ Í � Ê � Ë © ª y �� 6 EÏºÐY� �pÑ ��  ù�ú,û ��  ¾½Ò «¨Ó�²cÔV´®µ�¯W¯p­Q²ÅhÕ×Ö ­s­ Ò ± Ò ¯ ÕIØ ±�©i²ºÔ�² Ò « Ö�Ù «�¯ Ö µ�¯�¯-­ Ö µ�Ô»²c²c·¢² Õ ±ª¯/±I±�©i²mÀnÚ-ÂW²c« Ö ±W­ Ò ì\²ºÔ�² Õ ± Ç ² Õ Ò ±�© Ö�Õ µ Ù ² Ô�²zµ Ò ¯ Õ «J²!ºª©`²
¸nÔ�«Y±�­ Ö ± Ö½Û ¯ Ò Õ ±�« Ö ±@±�©`²-±�² Ù ²c«�³º¯ Û ²�±�©iÔ�²º«�©i¯ Ù ­Á»°¯ Û ² Õ · Ö Ô¦É�²ºÔ�« ¸ ±�©`²z´�­i² Û ² Õ ­¬¯ Õ ±�©`² � ÆÜ«»²º±»± Ò Õ µ Ö�Õ ­±�©i² Ç ² Õ Ò ±�© Ö�Õ µ Ù ²¨Ô�²zµ Ò ¯ Õ ¾ ­i¯ Õ ¯�±�¸i±À­¾² Ù´Ù Ò Õ ±�¯¹±�©`² Û ¯6­�²ºÔ Ù¸Ö ­�« Û ²c³K±�Ô�Ú`·U²Wºª©`²^ÀnÚpÂSÓ Ö�Ù Úi²c« Ö Ô»²½±�¯�¯«�· Ö�Ù¸Ù§Ý ´ Ö�Ý ¯�Ú`± Ö ± Ö ³K±�¯�Ô¾¯�±�·&²!ºª©i²½Ô»² Ö «»¯ Õ ±°¯�Ô¾±�© Ò «�­ Ò «»³cÔ»² ÛnÖ�Õ ³z´ Ò «�­iÚ`² ±�¯¡«»¯�·¢²*« Ò · ÛiÙ Ò ¸n³ Ö ± Ò ¯ Õ « Ò Õ±�©i²HÊÁËÜ« Ò ·¡Ú Ù¸Ö ± Ò ¯ Õ «�­-©`²cÔ�²®±�©i²¨±�² Ù ²º«�³c¯ Û ²¨±�Ô Ò µoµ�²ºÔ Û ²ºÔ¦±°¯�Ô»· Ö�Õ ³c² Ò « Õ ¯�±À± Ö É�² Õ Ò Õ ±�¯ Ö ³º³c¯�Ú Õ ± Ò Õ ±�©`²³c¯�Ô»Ô�²c³K±À­ Ö ´ ¤hÞ ²n³À« Ö Ô�²º«�Ú Ù ± Ø ±�©i² Õ Úi· Ý ²cÔ�¯�±O±�Ô Ò µ�µ�²cÔª²KÓ�² Õ ±�« Ö�Õ ­µ±�©i²ºÔ�²z±°¯�Ô�²;±�©i²®²zì�²c³º± Ò Ó�²�³c¯ Ù¸Ù ²º³º± Ò ¯ ÕÖ Ô�² ÖÂÖ Ô�²¼¯6Ó�²cÔ»²c«Y± Ò · Ö ±�²J­Q² ÅhÕ4Ö ­s­ Ò ± Ò ¯ Õ ±�©i²�³ Ö�Ù ³cÚ ÙßÖ ± Ò ¯ Õ ¯�±'±�©i² Û Ô»¯ Û ¯�Ô»± Ò ¯ ÕnÖ�Ù Ò ±?´¶³c¯ Õ «Y± Ö�Õ ±�«¾ã%4^»Ç²zçq²
¼-² ·-²+ëo¼ ¾ Ò « Ö�Ù «»¯�²zì�²c³º±�²J­Q²�$�²º³c² Õ ±;« Ò ·¡Ú ÙßÖ ± Ò ¯ Õ «�êE¶�¼ ¯ í@«»©i¯6­�²z­"±�© Ö ±®±�©i² Û Ô�¯ ÝiÙ ²º· Ò «¨· Ö Ò ÕiÙ ´¶Ô»² Ù¸Ö ±�²z­×áà ]	_�`uf3o\o\dHÒVf3jÝePdRqK`ÅlÈd¬nrePo\dHÆ#v#ePdRphc�phÇ/eP_#`ÅdRc�lÈdRÒ1d¬lÈv�fhj³Í�_#p3e\pB0Ó`XjR`Cm6e\oPp,c�nCÕ$e\_#`�nrjRdHi,_1e¯qKdRnPq5fVe;m;_¾p3Ç}e\_#`�nrdRihc�fhj³mCf3Æ#jR`jR`Xc�i3eP_sn!fhc�l�e\_#`ÀN�v�m6e\v�fVe\dHp,c�n!dHc�eP_#`¨âED fhc�l¾`CjH`<m6e\oPp,c�m@p,jHjR`Cm@ePdRphc�`YãEm@dR`Xc�mXt�phÇ}eP_�` ä�>&]$n!É^`Xo\`
c#pheKmXphc�nPd¬lÈ`Xo\`ClÍ�oPp,Ís`CoPjRthw

â ·



åæ ç
è

é êë ì
íî ë
ï ð
ñò ó
ô

õì ö
÷ øù)ú ö
î ë�û
ï ü
ñò ó
ô

é êë ì
í�ýõ
÷éë øêþ

ÿ �
������
�ç ��� û
	�
�
� ���
����

ÿ �
����ç
�ç �ç�

ï ÿ �
���ç û
	�
�
� �çô


 
�
�� ��
�ç �� û�
� �
�����
� ��


 
�
������
� �� û
�� �
�� ���
�ç ��

õì ö
÷ øù)ú ö
ý õ
÷éë øêþ

ÿ �
���ç�
�ç �ç� û
	 
�
�� ���
� � ��

ÿ �
����ç
�ç �ç�

ï ÿ �
����ô

	 �� � 
�
�� ��
�� �� û

 
�
�� �� �ç

�� û�
� ��

���
����

 
�
�� ���ç

�� û
�� �
�����
� ��

õì ö
÷ øù)ú ö
ý õ
÷éë øêþ

ÿ �
�����
�ç �ç� û
	 
�
���� �
�ç�
�� �� ��ç
�

ÿ �
�����
�ç �ç�

ï ÿ �
����ô

	 �� � 
�
�� �� �
�� �� û

 
�
�� ���ç

�� û�
� �
� ���
����

 
�
�� ��
�� �ç û
�� �
� ��
�� ��

õì ö
÷ øù)ú ö
ý õ
÷éë øêþ

ÿ �
� ��ç
�ç ��� û
	 
�
� �� �
�ç�
����� ��ç
�

ÿ �
� ���
�ç �ç�

ï ÿ �
� ��ô

	 �� � 
�
�� ���
����� û

 
�
�� ��
�� �� û�
� �
� ���
����

 
�
�� �� �
� �� û�
� �
� �� �
����

åæ
�çè

é êë ì
íî ë
ï �
ñò ó
ô

õì ö
÷ øù)ú ö
î ë
ï ð
ñò ó
ô

é êë ì
í�ýõ
÷éë øêþ

ÿ �
�����
�ç ��� û
	 
�
� �� �
�ç�
�� �� ��ç
�

ÿ �
� �ç�
�ç ���

ï ÿ �
���ç û
	�
�
� �çô


 
�
�����
��� �� û�
� �ç

�� �ç
��


 
�
������
����� û�
� �ç

��
�ç ��

õì ö
÷ øù)ú ö
ý õ
÷éë øêþ

ÿ �
�����
�ç ��� û
	 
�
���� �
�ç�
�� �� ��ç
�

ÿ �
�����
�ç ���

ï ÿ �
����ô

	 �� � 
�
�� ���
�� �ç û

 
�
�� ����

�� û�
� �ç

���ç
��


 
�
� � ���
� �� û�
� �ç

���ç
��

õì ö
÷ øù)ú ö
ý õ
÷éë øêþ

ÿ �
�����
�ç ��� û
	 
�
� �� ��ç
� �
� �� ��ç
�

ÿ �
�����
�ç ���

ï ÿ �
����ô

	 �� � 
�
� �� �
� �� û
 
�
�� ��
��� �� û�
� �ç

�� �ç
��


 
�
�� ���
����� û
�� �
� ���ç

��

õì ö
÷ øù)ú ö
ý õ
÷éë øêþ

ÿ �
�����
�ç �� � û
	 
�
���� �
�ç�
�� �� ��ç
�

ÿ �
� �� ç
�ç ���

ï ÿ �
� ��ô

	 �� � 
�
� �� �
� �� û

 
�
��� ��
��� �� û
�� �
� �� �
� ��

 
�
������
��� �ç û
�� �
� ���ç

��

åæ
� �è

é êë ì
íî ë
ï �
ñò ó
ô

õì ö
÷ øù)ú ö
î ë
ï �
ñò ó
ô

é êë ì
í�ýõ
÷éë øêþ

ÿ �
�����
�ç �� � û
	 
�
� �� ��ç
� �
� �� ��ç
�

ÿ �
� ��ç
�ç ���

ï ÿ �
���ç û
	�
�
� �çô


 
�
��� ���
�� �� û�
� �ç

���ç
��


 
�
�� � ���
��� �� û�
� �
� ���ç

��

õì ö
÷ øù)ú ö
ý õ
÷éë øêþ

ÿ �
� ���
�ç ��� û
	 
�
� �� �
�ç�
�� �� ��ç
�

ÿ �
�����
�ç ���

ï ÿ �
����ô

	 �� � 
�
�����
���� û
 
�
�ç ���
�� �� û�
� �
� ���ç

��

 
�
�ç ��
��� �� û�
� �
� ���ç

��

õì ö
÷ øù)ú ö
ý õ
÷éë øêþ

ÿ �
����ç
�ç ��� û
	 
�
� �� ��ç
� �
� �� �
�ç�

ÿ �
�����
�ç ���

ï ÿ �
����ô

	 �� � 
�
� �� �
�� �� û
 
�
��� ����
���� û
�� �
� ���ç

��

 
�
�� � �ç
�� � �� û�
� �
� ���ç

��

õì ö
÷ øù)ú ö
ý õ
÷éë øêþ

ÿ �
� ���
�ç ��� û
	 
�
� �ç �
�ç�
����� �
�ç�

ÿ �
� ���
�ç ���

ï ÿ �
� ��ô

	 �� � 
�
� ��
�� �� û

 
�
��� ���
�� � �� û�
� �ç

��
�ç ��

 
�
��ç ���
�� �� û�
� �
� �ç
�ç ��

ì�í{îu^i_�^Pa�^ ��d"!�fp�o�u���o�½�c£¾�hg8f��h�ifp���h�h�u� fp�h�h���®~c�h�m���Ã~c�������h���hgu� k�g8f��"~c�u�u���mfp�Â�o�×���)wif��of����$#&%Ü��f��8f��Y~c�ofp��o���u�o�pf �h�ifp���h�Y~��¾eOg8fÀ�ofp�h�u���o�'�c£E~®���u�o�cwµr8�'~c�ofÀ�u�ofp�of��/�ofp�����¼�hg8f('c�8�n�W�hg8fÀ�ofp�h�u���o�'�c£E~®�u�u�of�i�BkEf����1~Bkzr8�������hg8f*)c�o���p�����u�½�§��eOg8f'���u���if��o�@�of��u�ofp�of����@�hg8f'�¨fB~c�¢~c�8�+!,#.-$/�~c���8f�£¤���0)21���8���3/��m����~c���� ;��f��8f��Y~c�ofp�¹�Y���u�o�pfª�h�`fp���h�Y~��
�µ�uf��8���ofp���hg8fª�h�ifp���h�Y~c�n���8�uf��i�ux � �hg8fª���u�o�cw×f��8f��h�6 ���×eGf54¥~c�8�76 � �hg8f¨~c�8�o�����u�of988���¬���×�u�u���o�-�c£;:pv �� 6 =<?> � �?@ ��  {�|p} ��  � eOg8f*�1~c�h�of��-�B~c�u�8���-�if�����ofp���h�� À�p���½��~c�ofp� £¤���I���)wif��of����M�o�Bk@�M���M�p�����u�½�8�B�IeOg8f��/�u���if��
�c£W�uf��6�ofpfp�M�c£W£¸�ofpfp�u��� õBADC;E}÷�m�O�6�3/�f��¹£¤���@fB~��og¢���8���3/��m����~c�G�Yfp���h�m���§�
â Ò



10
-15

10
-14

10
-13

10
-12

10
-11

1 10
E [TeV]

F
lu

x 
[c

m
-2

 s
-1

 T
eV

-1
]

a) Crab, 1995-96
differential spectrum

7o< θ < 38o

7o< θ < 21o

21o< θ < 38o

dF/dE = f0 (E/TeV)-α

χ2 = 0.6
α = 2.8 ± 0.34
f0 = (5.2 ± 2.8) 10-11 cm-2s-1TeV-1
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b) Crab, 1995-96
differential spectrum

7o< θ < 38o

7o< θ < 21o

21o< θ < 38o

dF/dE = f0 (E/TeV)-α

χ2 = 0.6
α = 2.72 ± 0.27
f0 = (4.6 ± 1.9) 10-11 cm-2s-1TeV-1
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a) Mkn 501, 1997
differential spectrum

11o< θ < 21o

= nomoon
= nomoon, hv06
= moon, hv00
= moon, hv06
= moon, hv10

dF/dE = f0 (E/TeV)-α

χ2 
red

 = 1.5
α = 2.83 ± 0.05
f0 = (15.2 ± 1.2) 10-11 cm-2s-1TeV-1
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b) Mkn 501, 1997
differential spectrum

21o< θ < 38o

= nomoon
= nomoon, hv06
= moon, hv00
= moon, hv06
= moon, hv10

dF/dE = f0 (E/TeV)-α

χ2 
red

 = 0.9
α = 3.15 ± 0.11
f0 = (19.6 ± 3.9) 10-11 cm-2s-1TeV-1
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c) Mkn 501, 1997
differential spectrum

11o< θ < 21o

= nomoon
= nomoon, hv06
= moon, hv00
= moon, hv06
= moon, hv10

dF/dE = f0 (E/TeV)-α exp (-E/E0)

χ2 
red

 = 1
α = 2.11 ± 0.21
E0 = (7.18 ± 2.26) TeV
f0 = (11.2 ± 1.4) 10-11 cm-2s-1TeV-1
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d) Mkn 501, 1997
differential spectrum

21o< θ < 38o

= nomoon
= nomoon, hv06
= moon, hv00
= moon, hv06
= moon, hv10

dF/dE = f0 (E/TeV)-α exp (-E/E0)

χ2 
red

 = 0.4
α = 1.2 ± 0.6
E0 = (3.6 ± 1.21) TeV
f0 = (4.7 ± 2.4) 10-11 cm-2s-1TeV-1
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a) Mkn 501, 1997
differential spectrum

11o< θ < 38o

dF/dE = f0 (E/TeV)-α

χ2 
red

 = 5.9
α = 2.95 ± 0.05
f0 = (15.9 ± 1.1) 10-11 cm-2s-1TeV-1
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b) Mkn 501, 1997
differential spectrum

11o< θ < 38o

dF/dE = f0 (E/TeV)-α exp (-E/E0)

χ2 
red

 = 0.5
α = 2.03 ± 0.19
E0 = (6.12 ± 1.31) TeV
f0 = (10.1 ± 1.2) 10-11 cm-2s-1TeV-1
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a) Mkn 501, 1997
differential spectrum

11o< θ < 38o

dF/dE = f0 (E/TeV)-α

χ2 
red

 = 5
α = 3.16 ± 0.07
f0 = (24.6 ± 2.9) 10-11 cm-2s-1TeV-1

E [TeV]

av
er

ag
e 

flu
x 

[c
m

-2
 s

-1
 T

eV
-1

]

10
-16

10
-15

10
-14

10
-13

10
-12

10
-11

10
-10

10
-9

1 10

b) Mkn 501, 1997
differential spectrum

11o< θ < 38o

dF/dE = f0 (E/TeV)-α exp (-E/E0)

χ2 
red

 = 0.6
α = 1.91 ± 0.33
E0 = (5.47 ± 1.55) TeV
f0 = (9.7 ± 2.6) 10-11 cm-2s-1TeV-1
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c�d�c�e ]�lgfPh dji � ÷ ��� ¯ � � Á Õ _Pc�dPk�l�c�m-l<nPc.o�kVe<e<c[m<pqk	d«_ h d ]®h\r ige�s�l h k$�te<k	uvl�s f b0pqb}rmbÚ{ªt h l-w�sVmKo[k	dPm h _Pc�exc`_só�ysm��c.n h^] nzc[dPc�e ]ml mxp{c[o[l�e r u bùv nPc.n h^] nPc�m�l=k f m<c[ex|Vc`_}c�dPc[e ]ml w�sVm-l<nPc�d7_Pc x dPc`_~sVm-l<nPc.uNsui h u r uc�d�c�e ]�l �"EOw h l<nJ�Bc�mxmZl�n\sVdî�
¤ n o[k	e<exc�m<pqk	d«_ h d ] l�k å Ã t �ysm�Vc�n h}] nJc�dPc[e ]ml m<pqc�o[l<e�s bVd d�sm_q_ h l h k	djis�e<c*s�m<k	d\s f �Bc »RÛ+ü � çz÷�ã w-s�mó_Pc[uNsVdq_Pc`_ n o�kVe<e<c[m<pqk	d«_ h d ] l�k	�NÃ tGbHÙ kVl<cViHl<n\s�lOl�n�c.��Ð�m�l�s�l h m�l h o[mh d�l�nPc2� ü � � ÷ � ÜìÝ�Þ f�h d�w�sVmZs f k r lZsX�ysVoGl�k	e � �~mxuNs��B�Bc[eOo�k	ubp\sVexc`__l<k�l�nPcRe<c�sV�;_\sQl�s~m<sVubpP�Bc bv nPcbc�exe<k	e�k	d�l�nPc � � ÷ � ÜìÝ�Þ ��Ð h\r i�|�sV� r c h m.l�nPc[e<ck�tkVe<cb�'sVe ] c�e.o[k	uRpPsVe<ck_�l<k~exc*sV�0_\s�l�s~s�d«_�l<nPcpPexk f s fPh � h l l �tkVeÌ�ysm�Vc�n h^] nzc�dPc[e ]ml mxp{c[o[l�e<s h mKk�|	c�exc�m�l h uRs�l<c`_ bv nPcZuRsÅi h u r u�c[dPc�e ]ml w h l�n�sgm h}] d h x o*sVd$l ò­¬�e�s l c[u h m<m h k	d�w�sVm(_Pc[e h |Vc`_�sVm4� Eaü � åz÷ ê ÜìÝ�Þ n p r e<cpqk�wXc�e=�Bs�w t s�d«_¶� Eùü � � ÷èã Ü\Ý×Þ n p{k�wXc�eY�'s*w+w h l�n�o r l�k Ó s�l"ê ÷ � ÜìÝ�Þ tGb
ÝÛÞ�� ���«ðmê�èªéjëcåfá)�qì¤ð�á5ì å½ä,êÜñ0è�ê�ðmêmì,æªê~���F���E�qì2�5áãâcä0å
� nPczuRs h d_�	k$sV�XkV�YuRk]k	d�k f m<c�e�|�s�l h k	dPm}� h�� c � l�nPczk f m<c�e�|�s�l h k	d h d�l<nPczpPe<c[m<c[dPo�c}kV�YuRk]k	dP� h �	n$l�� h ml�k h dPo�exc*sVmxcgl�nPcz� r l���o[�]o[�BczkV�asVdJ�aÐ � �5  dJo*sVmxczk f mxc�ex|�s�l h k	d�m¡sVe<cgpqc�e��tk	e<ubc�� r d�l h � ã �
¤¢ubk]k	dh ��� r u h dPs�l h k	dji�l�nPc=� r l��¡o[�]o���cakV��sVdb�aÐ � ��s�l��
� � �Bs�l h l r ��c��2o*s�d f c h dPo[e<c*s�m<c��b�te<k	u � ã ¤ r p¡l�k å ï
¤Ô Ö ÕÅ× � �K��|�sVd$l�sV�	c[mak��2ubk�kVdzk f m<c[ex|�s�l h k	dPmYsVexc��

♦
� nPc¡pqk	m<m hBfPh � h l��zl�k�sVo[o r u r �'s�l<cZsz�'sVex�	c�eFsVubk r d$l.kV�X�\s�l�sN�te<k	u�szm<k r exo�cZo�sVdP� h �\s�l�c�ijw=n h o�nu h �	n$lKexc�m r ��l h d�l<nPcO�Pc[l<c�oGl h kVd~kV�£l�n�c�k f]¤ c�oGl �

♦ �¥ubk	e<cLo[k	ubpP�BcGl�cLl h ubcLo�k�|	c[e�sV�Vc�kV�£|�sVe h s f ��cLk f]¤ c[o[l�m[i:� hB¦ c.� §$Ù �
� nPc�§\e<m�lLpqk h d$l h mYdPkVlFsbo[k	ubp{c[�B� h dP�¡sVex� r ubc�d$la�tkVeaubk�kVd}k f m<c[ex|�s�l h k	dPm[i{m h dPo[c h lFo�sVd f c�o[k	ubp{c[d�¨m�sQl�c�� f ��c?©�l<c�dP� h dP��l�nPc}�\sVe ¦ d h �	n$lbk f mxc�ex|�s�l h k	d�mb�tk	eZl<nPc�k f�¤ c�o[lRkV� h d$l�c�exc�m�lª�tnPk�w�cG|	c�e[iYs�lRl<nPccG©�pqc�dPmxc¡kV�`k f m<c[ex|�s�l h k	dPm.k��Xk�l�nPc[eLk f]¤ c[o[l�m�� ��  d�l<nPcZo*s�m<cZkV�@|�sVe h s f ��c7m<k r e<o[c�m�i«nPk�wXc[|Vc�e�iEl<nPcZ�\sVe ¦d h �	n$lR�Ps�l�s�o*sVd�dPkVl f c r mxc��¬l<k�m rPf m�l h l r l�c�l�n�c~ubk�kVd��Ps�l�s�sVdP��l�nPc�ubk�k	dJk f m<c�e�|�s�l h k	dPmRsVe<c�kV��	exc*s�l h ubpqk	exl�sVdPo�cXl�nPc[d � � nPc=�	e<c�s�l�c[mxlXk f m�l�sVo[�Bc h dbpqc�ex�tkVe<u h dP�Lubk]k	d¡k f m<c[ex|�s�l h k	dPm h m5� h |Vc�d f �Zl<nPcÙRô Ê�dPk h mxcVi]w=n h o�n�o*s�d h dPo[e<c*s�m<c f � r p�l<kZs7�ysVoGl�k	eÌÎß�
�7�´����� r e h d��7� r �B�qubk�k	d ÔûÖ Õ2× o[k	uRpPsVe<c[�gl�kdPk�¨�uRk]k	dzo[k	dP� h l h kVdPm �  d&l<nPc_p\s�mxl*i.l�wXk­sVpPpPexk$sVo�nPc[m~l<k�p{c[ex�tk	exu uRk]k	d+k f m<c[ex|�s�l h k	dPm}n\s*|	c f c[c�dWm r o�o[c�m<m�� r �B�I�+l<c�m�l�c��

® �	¯



Ô ® Õ�° i ® Ö$±Å× � £ k�wXc[|Vc�e�i f kVl<ngubc[l�n�k��Pm`e<c Í�rPh excFn\sVex��w�sVe<cauRk]� h §Po*s�l h k	dPmY�tm<k	�BsVe f � h dP�Hò`² � m Ô ® ÕV°u× k	e³Y´ m<c�d�m h l h |VcY§\�Il�c[e<m Ô ® Ö$±Å× �`s�dP�Ns�e<cKl�nPc[e<cG�tk	e<c=l h uRcKo[k	dPm r u h dP�g�µw=nPc�dRmxw h l�o�n h dP���texk	u¶dPkQ¨�ubk�k	dZl<kuRk]k	dªk f mxc�e�|VsQl h kVdPm��Fs�dP��c?©�p{c[dPm h |	c � � n�c�e<cG�tk	e<c�i£sVdPkVl<nPc�eOsVp�pPe<k$s�o�n�w�sVm h d$|Vc�mxl h �$sQl�c��ªw h l�nJÐ � ®h d ® ±	±	· �ym<c[c Ô¸± ® × �tk	eK�PcGl�s h �Bm�� � É r c.l<k¡l<nPc.�Bk�w+�$s h dgk	pqc�e�sQl h kVdzkV�Hl<nPc³ò`² � m��tm<c�cOmxc�o � ° � ® � h l-w-s�mp{k	mxm h�f �Bc7l<k�o�k	ubp{c[dPm�sQl�c�l�n�c h dPo�exc*sVmxc�� ÙRô ÊCdPk h m<cZ� r e h dP�zuRk]k	dªk f m<c�e�|�s�l h k	dPmLw h l<n�sguRk]�Pc�e<s�l�ce<c�� r o[l h k	d�k��-l�nPcHò`² �¼£Y´ m<c[lxl h dP� � É c�pqc�dP� h dP��kVd�l�n�c ÙRô Ê¹dPk h m<cVi£l�nPcHò`² � m�wXc�excNk	pqc�e<s�l�c[�s�l¡dPk	u h d\s�� £=´ �»º å ��¤¼uRk]k	d h ��� r u h dPs�l h k	d:�Giìê�¤ £Y´ e<c[� r oGl h kVd&��º ï���¤ h �B� r u h d\s�l h k	d:�?i � ��¤£Y´ e<c[� r o[l h k	d½�»º ç ��¤ h �B� r u h d\s�l h k	d:�?i � ��¤ £Y´ exc�� r oGl h k	d���º ç �
¤ h �B� r u h d\s�l h k	d\�=s�dP� � ê�¤ £=´
e<c�� r o[l h k	dW�»º ç ï�¤ h �B� r u h d\s�l h k	d\� � � n�c £Y´ m<cGl<l h dP��kV�Ll<nPc�ò`² � mRw�sVmRe<c�� r o�c[�½w=nPc�d�c[|	c[eNl�n�cs�|Vc�e<sV�	c§ò`² � o r exe<c�d$lOexc*sVo�nPc[� � åY¾j¿OÀ � � nPc h d�o�e<c�sVm<c h d�l<nPcZc�dPc[e<�V�}l�n�e<c�mxnPk	���ªkV�@l�nPc7l<c���c�m<o[k	pqcw-sVmYºÒ�N��¤¹�tk	e�ubk	mxl�kV�El�n�cL�\s�l�sz�ymxc�cFl�s fj� ¯ � ® � ® �XsVd��Nw-s�m=s f k r lKs��ys�o[l�kVe�kV�ì���tkVeXl�n�cL�\s�l�s�w h l<n� ê�¤Áexc�� r o�c�� £Y´ � � nPc�uRs h d�sV��|�sVd$l�sV�Vc�m=kV�£l�n h m-l�c�o�n�d h^Í�r c�sVe<cN�

♦   l h m=p{kVm<m h�f �BcLl<kRsV�\sVp�l=l<nPcO�Pc[l<c�o[l<k	e=l�k¡l�nPc h dP� h | h � r sV� Ù9ô ÊÂd�k h mxc�o[k	dP� h l h k	dPm � � nPc�c�dPc[e<�V�l�nPexc�mxnPk	�B��mXs�e<c=k	dP�I�ZuRk]�Pc[e�s�l<c�����s Ó c�o[l<c�� f � £Y´ e<c[� r o[l h k	d��ymxc�c=l�s f�� ¯ � ® � ® sVd��R§\� �AÃ�� ° � ®V® � �
♦

Ù kbsV�P� h l h k	d\sV�qo�kVmxl<mY�tk	eKnPsVe<��w�sVexc�ubk]� h §\o�s�l h k	dPmXc�ubc�e<�Vc � £ k�wXc[|Vc�e�i:l�n�cLò`² � m=m<nPk�wCmxk	ubch dPo[e<c�sVm<c[�}�ys�l h � r c.� r c.l�kZl�n�c h dPo�exc*sVmxc��}o r exe<c[d�l<m �
♦
� nPc�m�l�sVd��\sVe<�½sVd\s����]m h mbubc[l<nPk]�PmNs�e<c}mxl h �B�Ks�pPpP� h o*s f �Bc � � dP����mx� h �	n$lRubk]� h §\o�s�l h k	dPm�l<k�l<nPcl�s h �Bo r lKpPexk�o[c�� r exc.w�c[e<c�dPc�o[c�m<m<sVex�_�tm<c�c�m<c[o �XÃ�� ® � Ö � �

♦   dRl<nPcFo�sVm<cakV�Eubk�kVdbk f m<c[ex|�s�l h k	dPm`w h l�nNºÒï���¤¹ubk]k	d h �B� r u h d\s�l h k	dg� h»� c � £Y´4��� sVdP� £Y´ �	¯ �Giw=n h o�nªuRs ¦ c r pJÎ�ï���¤ÄkV�@l�nPc7k�|Vc�e<sV�B�HuRk]k	d�k f m<c[ex|�s�l h k	dª�\s�l�s�i{l<nPc�k f l�s h dPc��ªmxc�dPm h l h | h l h c�msVe<c¡o[k	uRpPsVe�s f �BcZk	e�k	dP�I��m<� h �	n$l<����wXk	exm<cNo[k	ubp\sVe<c[��l<k~d�k�¨�ubk�kVd�k f m<c[ex|�s�l h k	dPm.w h l<n�m h u h �BsVe£Y´ m<cGl<l h dP�~�tl�s fj� ¯ � ® � ® � �
♦
� nPc £Y´ e<c[� r oGl h kVd~o�sVd f cO�PkVdPc.|	c�e�� Í�rPh o ¦ �����tw h l<n h dzmxc�o[k	dP�Pm�� �

Ù kVl<cgl�n\s�lZl<n h m7uRcGl�nPk]� h m�dPk�lbsVpPpP� h o*s f �Bcb�tk	e+ò`² � mRk	pqc�e<s�l�c[��s�lZn h �	n��$s h dji h»� c � w h l�nPk r l�l�n�csV�P� h l h kVd\sV�jpPexcG¨�sVuRp�� h §Pc�e<m �-  d~l<n\s�lao*sVmxc�l<nPc £=´ n\s�mal�k f c��Pe<sVmxl h o*s��B���Ne<c[� r o�c[� h d}k	e<��c�e=l�kNo[k	pqcw h l�n~l�nPc h dPo[e<c*s�m<c�� ÙRô ÊWdPk h m<c � �amLsNexc�m r ��l�iql<nPc+ò`² � m.sVe<c�k	pqc�e�sQl�c�� h d~l<nPc7d�k	d�¨�� h dPc�sVe=�Pk	uRs h dsVdP��l�nPcOe<c[m r �Il h dP�Zmxl<e<k	dP�bm h �	d\sV�{Å r o[l r s�l h k	dPmKmxp{k h ��l<nPc h uRsV�	c.sVdPsV���]m h m �� n�cR§\exmxl h uRpqk	e�l�sVd$lOe<c[m r �Il7o[k	dPo[c�e<d h dP�}l�nPcHÐ � ® ubk�k	d�k f mxc�e�|VsQl h kVdPm�w�sVm7sV�Bexc*sV����m<nPk�w=d h d§\� � ¯ � ® � Õ �}  l�pPexk�|	c���l<nPcNpqk	mxm hBf�h � h l���l�k�k f m<c[ex|VczsVdP����c[l�c[o[l�ò\¨�e�s*��m<k r exo�c[m�w h l�n�l�nPcRpPe<c[m<c[d�l<c��uRk]k	d�¨�k f m<c[ex|�s�l h k	dbl�c�o�n�d h^Í�r c � � n�cLdPcG©]l=m�l�c�p h dNl�nPca|	c�e h §\o�s�l h k	dgkV�«l<n h m`l�c�o�n�d h^Í�r c h m�l�k�o[k	ubp\sVe<cl�nPcY�Pc�e h |Vc��gubk�kVdNsVd��NdPk�¨�uRk]k	dZÅ r ©b|�sV� r c�m � � nPc ® ±	±$· ² ¦ d Ã � ® �\s�l�s�w h l<n h l�m`mxl<e<k	dP��|�sVe h s�l h k	dPmsVdP�bn h �	n�ò\¨�e<s*��e�sQl�c h mA�ys h e<�I��wXc����\m rPh l�c��¡l�kOo�nPc[o ¦ l�nPc=�Pc[e h |Vc��¡Å r ©¡|�sV� r c�m5k�|	c[e�sO�'s�e<�	c�Å r ©be�sVd��	c ��Æo�kVuRp\s�e h mxk	d_k��-l�nPcg² ¦ d Ã � ® Å r ©�|Vs�� r c[m�sVm��Pc�e h |	c[���te<k	u¼ubk]k	d�sVd���dPk�¨�uRk]k	d�k f m<c[ex|�s�l h k	dPml�s ¦ c�dz� r e h dP�Ol�n�cFm�s�uRcad h �	n$l h mXm<nPk�w=d h dR§\� � ¯ � Õ � ® �5ÇFr cFl<k�l<nPcFm�l�e<kVdP��|�sVe h s fPh � h l���kV�jl<nPcYm<k r exo�c�ih dP� h | h � r s��X�\sQl�s�pqk h d$l<m�n\s*|	c}s�m<kVuRcGw=n\s�lZ�BsVe<�	c[e7�PcG| h s�l h k	d_�texk	uÈs�k	dPcG¨»l�k�¨�k	dPcgo[k	e<exc�mxp{k	d��Pc�dPo[c�y�Pc[p{c[dP� h d���k	d�l<nPcNp�n\sVm<cNkV�-l�n�cNubk�k	d�i£l<nPcNubk�kVd�k f m<c�e�|�s�l h k	dPmOw�c[e<cgpqc�e��tk	e<ubc���c h l<nPc�e f cG�tk	e<ck	e¡s��µl�c[e7l�n�czdPk�¨�ubk]k	d�k f mxc�e�|VsQl h kVdPm�� � � n h m h mZsV��m<kªe<cGÅ\c�oGl�c[� f ��l<nPcz�ysVo[l�i@l<n\s�l�l<nPczo�kVe<e<c[�'s�l h k	do�k]cköbo h c�d$l.��� ÷èã �X½ù� ÷ � ã � h m å Ã�s�w�s*�¡�te<k	u r d h l�� � Ð�k	dPm h �Pc�e h dP�Ol�n�caubc*sVd¡Å r ©{i]nPk�w�cG|	c[e�i�l<n h m`c Ó c�oGlm<nPk r �B���BcG|	c��«k r lYsVdP��l�n h m h m=sV��m<kZm<n�k�w=d f �zl�nPcOe<c[m r �IlK�te<k	uÆsbm�l�e<s h �	n$l=� h dPcF§�lB�©�ÉµÊ � ­�Q8Q�Ë� � Á�Â'Â{Ì[ÍÍÁËÛ�Î Á�Â ü�
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ý k�l�cVi�l�n\s�l�l�nPcJe<c[m r �Il�m��texk	u s�m h u h �'s�e�sVdPsV���]m h m�pPexc�m<c[d$l�c�� h d	� ± ® i�§\� Ã�
 m<n�k�wXc�� m<kVuRcGw=n\s�l�'s�e<�	c[e5�Pc[| h sQl h kVdPmA�te<k	u�l�nPc��yubc*s�d:�Ak	dPcG¨»l�k�¨�k	dPc-Å r ©bo�k	exe<c�mxp{kVdP�Pc�d�o�cZ��©�ÉµÊ
� ­�Q8Q�Ë���� � þ ���7½ä� þ � ç�� ±� � þ�ã �"½ä� þ �
� � ¯ ©�ÉµÊ
� ËBQ Á ­\Q8Q»Ë i�w h l<n¿©�ÉµÊ
� ­�Q8Q�Ë sVdP�÷©�ÉµÊ
� ËBQ Á ­�Q8Q�Ë h d r d h l<mLkV� � �ËÁ�Â'Â Ì�Í ÁËÛ Î Á�Â<� � � n h mc[ù{c�oGl h mXsQl<l�e hBfPr l�c��bl�kOl�nPcauRk]� h §\c��¡l�s h �Bo r l@pPe<k]o�c[� r excZ�ymxc�o �`Ã�� ® ��� �2w=n h o�nNw�sVm�dPk�l-sVp�pP� h c�� h d�� ± ® 
sVdP�}e<c[m r �Il�m h dzmxk	ubc[w=n\s�lY� h ù�c[e<c[d�l=Å r ©�c�m�l h uRs�l<c�m �
�FdPk�l�nPc[e5o�k	dPm h m�l�c�d�o[�7l<c�m�l@kV�\l�nPc�uRk]k	d�k f m<c�e�|�s�l h k	d7l�c[o�nPd h��]r cKo*sVd f c-uNs��Pc f ��o[k	ubp\sVe h dP�al<nPcc�d�c�e<���gm<pqc�oGl�e<s � �Fm f c[�tk	excVi�l<nPcL|�sVe h s fPh � h l���kV�2² ¦ d Ã � ® h m�dPkVl=s�pPexk f ��c�u}i�m h dPo[cOsV�B�q�\s�l�s�m�sVubpP�Bc[mo�k�|Vc�e�s��BsVe<�Vc}l h ubc~e<sVdP�	c�sVdP��pqk	m<m hBf ��c~|�sVe h s�l h k	dPm h d¬l�n�c�m<pqc�oGl�e�s��Fm<nPsVp{c~kV��² ¦ d Ã � ® m<nPk r �B�l�n�c�e<cG�tk	e<c���c[|	c[�Kk r l � � n�c}exc�m r ��l<mbk��Ls�o r l<kVù�§Pl¡l<k�l<nPc�� h ù{c�exc�d$l h sV�-c[dPc�ex�V�Jm<pqc�oGl�e�s�sVm¡�Pc[e h |Vc���te<kVu¹l�nPc�� � ® ubk�kVdRs�dP�Rd�k�¨�ubk�kVdb�Ps�l�sOm�sVubpP��c�ma� h dPo�� r � h d���s��B�
��c[d h l<nNs�dP�	�Bc[m��5sVexcamxnPk�w=d h d¡l�s f��¯ ����� ® � �FmFo�sVd f c7mxc�c[dji{l<nPc7k f l�s h dPc��}§PlLp\s�e�sVubc[l<c�e<masVexc h d}�	k]k���sV�	exc�c�ubc�d$l �Y  d~l�nPc�o*sVmxc7kV�Al<nPc£Y´ �	¯ �\s�l�s�iPs�p r e<cLpqk�w�c[eK�'s*w­w-s�m-�ys�|Vk	e<c[� f �Rl�nPcF�\s�l�s���� ® wXc����Es f k�|	cFl<nPc.uNs�© h u r uvk f mxc�e�|	c��c�d�c�e<� h c�m��GiHnPk�w�cG|	c�e[i ¦ c[c�p h dP�	µ�§�©�c[��s�lOl�nPc¡|�sV� r cb��c�e h |	c[� h d�c �:� ¯ � ® � · m<nPk�w=m7l<n\s�lOl�nPcb�\s�l�s h mmxl h ��� h d��	k]k���sV�	exc�c�ubc�d$lLw h l�n�l<nPc�kVl<nPc�e�� � ® �\s�l�sNm�sVubpP��c�m � � nPcZ�	k]k���sV�	e<c[c�ubc�d$l f c[l�wXc�c[d�l<nPc� � ® uRk]k	d�sVdP�}dPk�¨�uRk]k	dzc[dPc�ex�V�zm<pqc�oGl�e<s h m=sV�Bmxk¡| h m hBf �Bc h d�§P� � ¯ � ® � ° �
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  dbm r uRuRsVex�ViVl�n�c � � ® ubk�kVd�k f mxc�ex|�s�l h k	d�m5n\s*|	c=pPe<k�|Vc�d¡l�k.� h c����Ze<c[� h s f �Bc`e<c[m r �Il�mA�tk	e f kVl�n h d$l�cG¨�	e�sV�qÅ r ©N|Vs�� r c[mKsVdP�zc[dPc�ex�V�gmxp{c[o[l�e<s �`ÇFr cLl<k�l�nPcLc�sVmx�gsVpPpP� h o�s fPh � h l��}�tdPkZn\sVex��w�sVe<c.ubk�� h §\o�s�l h k	dPmsVdP��k	dP�I�gm<� h �	n$lKo�nPsVdP�	c[m h dzl�nPcOsVdPsV���]m h mKpPe<k]o�c[� r exc�s�e<c.dPc[o�c�mxm�sVe����Kl<n h mKk f m<c�e�|�s�l h k	dzl�c�o�n�d h!��r c h m|	c�e��Z|�sV� r s f �Bc h dZcG©]l�c[dP� h dP��l<nPc-l h uRc�o�k�|	c[e�sV�	cYkV� � c ´ mxk r e<o[c�m � � nPc h dPo[e<c*s�m<c��¡l h uRc�o�k�|	c[e�sV�	c h m5kV�uNs h d h ubp{k	e�l�sVd�o�c h dZl<nPcao�sVm<cakV��|�sVe h s f �Bc-mxk r e<o[c�m[i�� h�¦ ca² ¦ d Ã � ® �tm<c[cFm<c[o � · � �A  l`m<nPk r �B� f cYdPkVl<c��jil�n\s�l@l<n h m h mAl�nPc=§\e<m�l@l h ubcVi�l�n\s�l � c ´ c�dPc[e<�V�¡mxp{c[o[l�e<s�nPs�|Vc f c�c[dN�Pc[e h |	c��¡�te<kVu¶uRk]k	dZk f m<c�e�|�s�l h k	d\sV��\s�l�s �
"$#!% &����('*),+.-�/V�10&����2$�,-30425-769850;:�8,<18=0;:>/R�?+���� &A@CBD)1046E:>F48G&A@�HJILKM/�:N8��
� nPc�² ¦ d Ã � ® Å:sVe<cNkV� ® ±	±$· w-s�m�l�nPcb§\e<m�l�l h uRc¡w=nPc�exc f k�l�nO� � ® sVd��_l�nPcP� � ¨�mx�]m�l�c�uÈw�c[e<c h d� r �B�Hk	p{c[e�s�l h k	d�i{l�n r mOo[k	dPo r e<e<c[d$l�k f m<c[ex|�s�l h k	dPm.k	dªl<nPcZm�sVubc�k f�¤ c�o[lOwXc�excbpqk	mxm hBf �Bc �RQ�h dPo�c¡sz�'s�e<�	cd r u f c[e¡kV�7ò\¨�� hB¦ cgm<n�k�wXc�ebc[|Vc�d$l�mbw-s�mbexc�o[k	e<�Pc[� f � f kVl�nJ�PcGl�c[o[l�kVe<m��TS �
��¤¡�Gi5l�n h mZ�\s�l�s h m�wXc��B�m rPh l�c��¡l�k�o�kVuRp\s�e<c-l�n�cak f l�s h dPc��¡e<c[m r �Il�m[i�sVm5wXc����:sVm5l�nPc=l�c[�Bc�mxo�k	pqc=p{c[ex�tk	exuNs�dPo�c �AÇFr c=l�kOl�n�cY��k�w�c[ec�dPc[e<�V�bl�nPexc�mxnPk	�B�RkV�jl<nPcU� � ¨�mx�]mxl<c�u}i h lXsV��m<k�s��B�Bk�w=m`s7o[e<k	mxm�o�nPc[o ¦ kV�jl<nPcFpqc�e��tk	e<uRsVdPo[cak��jl�nPc�� � ®sVd\sV�I��m h mXuRcGl�nPk]�PmX�tkVe�k�|	c[e<�'s�pPp h d���c�dPc[e<� h c�m �5  dgl�nPcF�tkV�B�Bk�w h dP�7s�o�k	ubp\sVe h m<kVdgkV�El�n�cLe<c[o�k	dPm�l�e r o[l<c��m<nPk�wXc�e.c�d�c�e<���ªsVdP� h uRpPsVo[lap\sVe<sVuRcGl�c[eaw h ��� f c�p�e<c�mxc�d$l�c[�jiEw=n h ��c�l<nPc��Pc[e h |Vc���Å r ©�|�sV� r c�maw h �B� f co�k	ubp\sVexc�� h d�m<c[o � ¯ �V�P�  d�k	ex�Pc�ejl<kYo[k	ubp\sVe<cHl�nPc@c�d�c�e<���.kV� h dP� h | h � r sV�VmxnPk�w�c[e<m�iQl�nPcA§Pe<mxl£m�l�c�p h m{l�k=m<c�sVe<o�nO�tk	eEo�k h dPo h �Pc[d�lc[|	c[d$l�m¡� f kVl<n��PcGl�c[o[l�kVe<mFnPs�|Vc r d�mx�]dPo�nPexk	d h �[c��ª�Pc�sV��l h ubcVi\� h ù�c[e<c�d$lFo�k	���Bc�oGl h k	d�sVe<c�sVmasVdP��� h ù{c�e<c[d$lc�dPc[e<�V��l�n�e<c�mxnPk	���Pm�� �WQ]h dPo[c f kVl�n��Pc[l<c�oGl�k	exm�sVexcRk	pqc�e<s�l�c[��o�kVuRpP��c[l<c���� h dP��c�pqc�dP�Pc[d$l����ViAo�k h dPo h �Pc[d�lc[|	c[d$l�mLn\s*|Vc7l�k f cO�tk r dP� f �~o[k	ubp\sVe h dP�Zl�nPc�e<c[o�k	ex�Pc�� ³Y� �+l h uRcOkV�Hl�nPc�c[|	c[d$l�m � � w�kgcG|	c[d�l<mOsVe<ce<c��	sVe<�Pc[��o�k h dPo h �Pc�d$l�i h ��l�nPcg� h ù{c�e<c[dPo�cRkV�Kl�n�c h e�e<c[o�k	ex� h d���l h uRcb� h c�mOw h l�n h d�s�� h |Vc�d�o[k h d�o h ��c�dPo[cw h dP�Pk�w&kV�Hl��]p h o*sV������� þ � Î �tm<c�c f c��Bk�wa� �Q k	uRcFo�k	ubpP� h o*s�l h k	d�m�sVe h mxcF�te<k	uvl�n�cL�ysVo[lKl<n\s�l-l<nPc.e<c[o�k	ex� h dP��l h ubcFkV�Hs�mxnPk�w�c[eYcG|	c[d�l h m-�Pc[l<c�e)¨u h dPc�� h dª� h ù{c�e<c[d$l�w�s*�]m��tk	eLl<nPcA� � ¨�m���m�l�c[uÈs�dP�(� � ® � � nPcZ�tk	e<ubc�e.exc�o�kVe<�Pm.l�n�c¡l h ubc�m h �	d\sV�2kV�s §YX Q e<c[o�c h |	c[eaw=n h �BcZ� � ® exc�o[k	e<�Pm=l�n�c�m h �	d\s��EkV�5sbe rPfPh � hBr uÆo���k�o ¦:�[Q]h dPo[c�mxk	uRcGl h uRc[mKk�o[o r exe h d���Bc*s�pªm<c�o[k	dP�PmR�tm<c�c�\
]1^5];_T`badcLef_Tc1]=g�hi_3\j^�k�l�m,e�l�k�m�]�nba=m,oM_3p�q�\jk	��sVexcZsV�P�Pc[�ªl�kgl�n�c §ZX Q l h uRc�i fPr ldPkVl-l<k7l�nPcFe rPfPh � hBr uÁo[�Bk]o ¦ l h ubcVi�l�n�cFl h uRcYmxl�sVdP�\sVex�PmKm<n�k�w+sVdzk�ù�mxc[l-l<k�c*sVo�n�kVl<nPc�e[i � � Î sVd�� �
� Îh d ® ±	±$· � �FdPk�l�nPc[e`o[k	d$l�e hBfPr l h k	dZl<k�l<nPcYl h ubcKkVù{m<c[l h m`o�s r mxc�� f �¡mxk	uRc h dPsVo�o r e�sVoG�ZkV�{l�nPcYe rPf�h � h�r uo��Bk]o ¦:� � n h mLo�kVd�l<e h�fPr l h k	d h mFuRk	d h l�kVe<c���k	d�sg�\s h ��� f sVm h mOsVdP� h mLkV�@l�nPcZkVe<�Pc[eLkV� � ÍbÎ � ³ d��tk	e�l r ¨d\s�l�c[���ViqkVdP���zl<nPc X � h d�l<c�exd\sV�«o���k�o ¦ l h ubc h mas�|�s h �'s f �BcF�tk	eas f k r l ã ¤ÆkV�Hl�nPc�c[|	c[d$l�mLexc�o�kVe<�Pc[��w h l<nl�nPc�� � ¨�m��]mxl�c[u sVdP��m<k	ubc ç ¤Ák��Hl<nPcOc[|	c[d$l�mFnPs�|Vc�l<nPc h eKk f mxc�ex|�s�l h k	dzl h ubcLe<c[o�k	ex�Pc��}k	dP�I� h d r d h l�mkV�-mxc�o�kVdP�Pmz�tc � � � i2sV�Il�k	�Vc[l�n�c�eZS � å�r kV��l<nPcRcG|	c[d�l<m�n\s*|	cRs�m<pqk h ��c��ªl h uRc h d��tk	e<uRs�l h k	d:� �Z  d�kVe<�Pc[edPkVlFl<kN��k�k	mxc�l<k�kRuNs�d��}o[k h dPo h �Pc[d$lFcG|	c�d$l<m�i h lYw�sVmFl�n�c�e<cG�tk	e<c�dPc�o[c�mxm�sVe���l�kRc�dP�BsVe<�Vc�l�n�c7o�k h dPo h �Pc[d�lw h dP�Pk�w+l�k � þ � Î �§ h |	c�d~l�n\s�lYl h uRcOw h d��Pk�wOi{l�n�c7d r u f c�eakV�@o�k h dPo h �Pc�d$lac[|Vc�d$l�mR��sQ�µl�c�easVpPp���� h dP� ò\¨�n\sV��e<k	d~m<c���c�oGl h kVdo r l<m��`w�sVm�o�sV�Bo r �'sQl�c��b�tk	eXs�m<cGl-kV�j� h ù{c�exc�d$l�l h ubcYk�ù�mxc[l�m h dNkVe<�Pc[e`l<k��Pc[l<c�oGl�l�n�c � � Î sVdP� �
� Î kVù{m<cGl�ym<c[cZ§\� � ¯ � ° �s� s	� � �Fm.cG©�pqc�oGl�c���i£ubk	m�l.kV�@l�nPcZo[k h d�o h ��c�d$l.c[|Vc�d$l�m�k]o�o r eOs�l � � Î sVdP� �
� Î fPr l.l�n�csV�P� h l h kVd\sV��mxuNs��B�Bc[e�pqc*s ¦ sQl � å Î k�ù�mxc[l h mKdPk�l r dP�Pc�exmxl<k�k]�}�Vc[l � �a�B�jo[k h dPo h �Pc[d$l=c[|	c[d$l�mLsQl � � Î s�dP��
� Î kVù�mxc[l¡n\s*|Vc f c�c[d r m<c[�J�tkVe7l�nPcNo�k	ubp\sVe h m<kVd � � nPc�sVubk r d$lZkV�=e<sVdP�Pk	uÈo�k h dPo h �Pc�d�o�c�m h d_l�n�c� þ � Î o�k h dPo h �Pc[dPo�cFl h ubcYw h dP�Pk�w+o*sVd f cLc�m�l h uNs�l<c��N�texk	u §\� � ¯ � ° ��� s$�Xs�m[SÒï r � � k�� r exl�n�c�e-exc�� r o[cl�nPc�d r u f c[eFkV�5e<sVdP�PkVu o[k h d�o h ��c�dPo[c�m�i{l�nPc7s=� h u r l�nut�kV�`sb� h |Vc�d�mxnPk�w�c[e.c[|Vc�d$lOo*sVd f c r m<c[�½�tm<c[c§\� � ¯ � ° � ® sVdP� ¯ � ° ���}f � �uQ]h dPo[cNe�s�dP�Pk	u o�k h dPo h �Pc[dPo�c[m�sVexcNdPkVl�� h�¦ c[���ªl�k~� h |VcNuRs�l�o�n h dP��s=� h u r l�n|Vs�� r c[m�i-s��B�-mxnPk�w�c[eNc[|Vc�d$l�mbw h l<n h d�l�n�c}l�wXk�sVexc*sVm¡�PcG§\dPc[� f ��l�nPc}�\sVmxnPc��¬� h d�c�m h dJ§\� � ¯ � ° ����f �sVe<cRo�k	dPm h �Pc[e<c[��sVm r dPo�kVe<e<c[�'s�l<c�� f sVo ¦ �	e<k r dP��sVdP��l�nPc[e<c[�tkVe<cNexc ¤ c[o[l�c[� � � nPcNexc�� h k	d h d�l<nPc r p�p{c[esVdP���Bk�w�c[eOo�k	exdPc�eOo�kVd�l�s h d�mO|�sV� h �ªo[k h dPo h �Pc[dPo�c[m�i f c[o*s r m<cbkV�-s�d_sVu fPh � r�h l���s�lOc � � � t Â�v �[w�s�dP�t ÛRv ± w � �a�µl�c[e�exc ¤ c[o[l h dP�}c[|	c[d$l�m7w h l�n h d\sVp�pPe<k	p�e h sQl�c¡s=� h u r l<n�|�sV� r c�m[i£l<nPcRsVuRk r d$l�k��Ke�sVd��Pk	u
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o�k h dPo h �Pc[dPo�c[m h mYexc�� r o�c��~l�k�S�� r � � nPc�§Pd\sV�«�\s�l�sbm<sVuRp��BcOo�k	d$l�s h dPm ¯ ��� cG|	c�d$l<ma� r �I§\�B� h dP�Zs��B�Eo r l�m�tk	e¨ò\¨�o�sVdP� h �\s�l<c�m ���o�kVuRp\s�e h mxk	d�kV�:l<nPc-�Pc[e h |Vc��¡c�d�c�e<���ZsVdP� h uRpPsVo[l2p\sVe�s�uRcGl�c�e>�A|�sV� r c[m2�tk	e£l�nPc-o[k h d�o h ��c�d$l5c[|Vc�d$l�mh mam<nPk�w=d h d~§\� � ¯ � ° ��� o��asVdP���:� � � nPc��.�_o�k	d�§P�Pc�dPo[c f sVdP�ji r m h dP��sVd�c[dPc�ex�V�~e<c�mxk	� r l h kVd�kV� � ± r�T� � ® �asVdP� � x r �T� � ¨�mx�]mxl<c�uN�FsVdP� h uRpPsVo[lYp\sVe<sVubc[l�c[eaexc�mxk	� r l h k	d~kV� � x r �3� � ® sV��k	dPc�� h mYm<n�k�w=dsVm.�\s�m<nPc[��� h dPc[m � �am.o*sVd f cZmxc�c[djiEl�nPc¡�Pc[e h |Vc���m<nPk�wXc�e�c�dPc[e<� h c�mOsV�Ve<c�c�|Vc�e��ªw�c[�B�Ak�|	c[e.l�nPcZw=nPk	��cc�d�c�e<����e�sVdP�VcVi«c[|Vc�d�sQl.l�nPcA� � ® l<nPe<c[m<nPkV�B��c�dPc[e<�V� � � n�c��.�Jo[k	d�§\�Pc[dPo�c f sVdP� h mLl<k�kzw h �Pc�w=nPc�do�kVuRp\s�e<c���w h l�n�l�nPc�exc�o�kVdPmxl<e r oGl�c��¬c�dPc[e<� h c�m h d�� � ® sVdP�Jl�n�cW� � ¨�mx�]mxl<c�u �3S ç ���¢kV�Yl�nPc��\sQl�spqk h d$l�m@� h c-w h l<n h dZl<nPca�PsVm<nPc[�N� h dPc[m�� � � nPcaexc*sVmxk	d h m5l�n\s�l f kVl�nb�PcGl�c�oGl�k	exm�k f m<c�e�|	cYl�nPcYm�sVubc=m<nPk�wXc�esVdP�bsVexcKl�nPc[e<c[�tkVe<c=m rPf�¤ c�o[l`l�kLl<nPc=m�sVubc-Å r oGl r sQl h kVdPm h d�l�n�cYmxnPk�w�c[eX��c[|	c[�Bk	p�uRc[d�lXsVd��RsQl�ubk	m<pPn�c�e h oo�kVdP� h l h k	d�m � ö e<kVu l�n h m=e<c[m r �Il*i�l<nPc.�tk	�B��k�w h dP��o[k	dPo�� r m h k	dPmKo�sVd f cO�Pe�s*w=d �

♦
� nPcXc�dPc[e<�V��e<c[m<k	� r l h k	d��Pk]c�m2d�kVlAmxk	�Bc[���O�Pc[p{c[dP��k	d7l<nPc ��r s�� h l��Ok��Pl�nPcXm<nPk�wXc�eAexc�o[k	dPmxl<e r oGl h k	djifPr l h m@sV��m<k.mxl<e<k	d��	����s�ù�c[o[l<c�� f ��m<nPk�wXc�e@Å r o[l r s�l h k	dPm h dZl�nPc=s�l<uRkVm<pPnPc[e<c � � nPc=�Pc[l<c�e h k	e<s�l h k	dkV�£l�n�c�c[dPc�ex�V�zexc�m<kV� r l h k	d�� r c.l<k¡l<nPc�mxc�Å r o[l r s�l h k	dPm h mas f k r l7ï=��� �

♦
� nPcYc�d�c�e<���Rexc�o[k	dPm�l�e r o[l h k	d¡�tk	e f kVl<n h dPmxl<e r ubc�d$l�m@mxnPk�w=m-sOe<c�uRsVe ¦ s f �BcYsV�	exc�c[uRc[d�l@l<nPe<k r �	n�¨k r l2l�n�cXw=nPk	��c�c[dPc�ex�V�7e<sVdP�	c�i	sV�Il�nPk r �	n7o[k	ubpP�BcGl�c��I�O� h ù{c�exc�d$lAo�sV� h�f e�sQl h kVd�ubc[l<nPk]�Pm2n\s*|Vc f c[c�dr mxc�� �

♦
ý k_�'s�e<�	c}k r l<� h c[e<m~� h»� c ��� � �����,��æ������ ��� � �1� � ���1�%æJ� � � � þ�å �tk	eRsV���YcG|	c[d�l<mgw h l<n � ���1�%æJ�u¡å ÜìÝ�Þ �Zw�c[e<cªexc�o�kVdPmxl<e r oGl�c����tkVeP� � ® iKl�n�c�e<cG�tk	e<c~k	dP�I�½s��tc[w u h m h d$l�c�expPe<cGl�c[�½n h �	n½c[dPc�ex�V�mxnPk�w�c[e<mLs�e<c.cG©�pqc�oGl�c�� �

  d¡l�nPcYo*sVmxc=kV��l<nPc h ubp\sVo[l@pPsVe�sVubc[l<c�e[i	l�nPcYsV�	exc�c[uRc[d�l h m`exc*sVmxk	d\s f ���Z�	k]k]�ji fPr l@l�n�cY� h mxl<e h�fPr l h k	dZkV�l�n�c�� � ® �\s�l�s.p{k h d$l�m5m<n�k�w=mXs.m<� h �	n$l f c�dP� h dP��s�l@�BsVe<�	c[e h ubp\sVoGl5p\sVe<sVubc[l�c[e<m � � nPc=uNs h dZe<c�sVm<kVdRs�e<cl�n�c���c*s ¦ sV�Vc�cGù�c[o[l<makV�Hl�nPcOmxuNsV����� � ® o*sVubc�e<s��tm<c�c�m<c[o �-Ã�� ° � ® �?i h»� c � l�n�c�l<e r dPo�s�l�c[� h uNsV�Vc�m-n\s*|Vc�s
¢�ÐjÑ�Ø«ß-Ø)Ú»Ñ�â�Ý�ÓxäGÖQÓ�ØxÝXÚ�â5Ø<ÓtÚ»ÒTßKÜ?Ú�ØjÚ�ÑQØEØ�Ù�Øx×�å¤£`Ü?ÙQÝ�ÒÔß-éQÜGÕ)ÚqéQÜ?×�Ü?ß-Ø�Ú�Ø�×,¥0â[×\Ú�Ñ�Ø9¦�Ðj§µÓ3£*ÓyÚ�Øxß�ÜG×�ØEÝ�Ø<Ó�Õ�×�ÒÔè�Ø<Ý�ÒTÙ�¨ ©�äNªJ«'à
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m<uRsV�B��c�e�¬A­,®�¯K¨�|�sV� r c � � nPc.w h ��l<n�kV�Hl<nPc ® ��o�kVd�§\�Pc[dPo�c f sVdP� h m=sV�$s h dgl�k]kZ�'sVex�	cFw=nPc[d~o[k	uRpPsVe<c[�l�kZl�nPcO�\sQl�s}�TSÒï ã � kV�£l�nPcO�\s�l�sZp{k h d$l�mK� h cFw h l<n h dzl<nPcO�\sVm<n�c��}� h d�c�m�� �  dªm r ubuNsVe��	iql�nPc�exc��Bs�l h |	c7c[dPc�ex�V��sVdP� h ubp\sVoGlFpPsVe�sVubc[l<c�eao*sV� hBf e<s�l h k	d f c[l�wXc�c[d(� � ® s�dP��l�n�c� � ¨�mx�]m�l�c�u h mKm r expPe h m h d��	���N�	k�k]�ji�sV��l<nPk r �	nzo[k	ubpP�BcGl�c��I�g� h ù�c[e<c[d�lYubc[l<nPk���m-w�c[e<c r m<c[� ��°.h |Vc�dzl�n�cn h �	n�c�e-c[dPc�ex�V�gl�n�e<c�mxnPk	���zkV�M� � ® sVd���l<nPc.e<c[m r �Il h dP��m<uRsV���{pPn�kVl�k	d�m�l�s�l h mxl h o[m�i�l<nPcZ� � ® e<c�m r ��l<m=sVe<co�k	ubp\sVe<s f �Bcal�kZl�nPc�� � ¨�mx�]mxl<c�u �\s�l�s �
"$#�± ²P-�/�2
³
/d/d-��10
  d~o[k	uRpPsVe h m<k	dgl<kbl<nPcOp rPf � h m<n�c���� � ® exc�m r ��l�mK�texk	uÄ² ¦ d Ã x�® � �d
 m<k	ubcOm h �	d h §Po*sVd$l h uRpPexk�|	c�ubc�d$l<mw�c[e<c�sVo�n h c[|	c[� f �NuRc�sVdPmKkV�«l�n�c.dPc[w=�I� h d�l<e<k]� r o[c��}sVd\sV�I�]m h mXl�c�o�n�d h!��r c[m7�tm<c[o �XÃ�� ° � �5  dzl�n�c.o*sVmxc.kV�k�|Vc�ex�'sVpPp h dP�Z�\sQl�s�i]l�s ¦ c�d~s�l-l�n�c.m�sVubcL�\s*�	iPl<nPc h d$l<c��	e<sV�qÅ r ©z|�sV� r c�mKsVexc.dPk�w h d f cGl<l<c�eKsV�Ve<c�c[uRc[d$lw h l�nzl<nPcZ� � ¨�m���m�l�c[u exc�m r ��l<m � �¥o�k	ubp\sVe h mxk	dgkV�£l�nPc�² ¦ d Ã x�® Å r ©z|�sV� r c[mK�Pc�e h |Vc����te<k	u´� � ® s�dP�� � ¨�mx�]m�l�c�u k f m<c[ex|�s�l h k	dPm�l�s ¦ c�dJ� r e h dP��l<nPcgm�s�uRcgd h �	n$l h m�m<n�k�w=d h d_§\� � ¯ �V�P� ® �(Q�h dPo[cgubk	mxl7kV�l�nPcµ� � ® sVdP�¶� � ¨�mx�]mxl<c�u �Ps�l�sbn\s*|	c f c�c[d�l�s ¦ c�d�s�lLs f k r lYl�nPc�m�sVubc�l h ubcViqsb|Vc�ex�~�	k]k��~o�k	exe<c[�'sQ¨l h kVd h m�c?©�p{c[o[l�c[��sVdP� h dP��c�c���pPe<c[m<c[d�l h d�l�nPcb�\s�l�s � � n�cRo[k	e<exc��'sQl h kVd�o[k�cN·bo h c[d$lz��� þ�ç êU¸E� þ ��¹	� h mo�k	dPm h m�l�c�d$lYw h l<n r d h l�� � �Cm�l�e<s h �	n$l=� h dPcL§Pl=mxnPk�w=mFmxk	uRcGw=n\s�l=�BsVe<�	c[eK�Pc[| h s�l h k	dPm-�te<kVu sZk	dPc?¨�l�kQ¨�k	dPco�k	exe<c�mxp{kVdP�Pc�d�o�c=º
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ã ¸ � þ ��� �9¾ » ÉµÊ
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ý c[|Vc�e�l�nPc[�Bc�mxm�i�l�nPc�uRc�sVd7Å r ©�e�s�l h k » ÉµÊL�b��� � � » ÉtÊ
�b��� ¼ ��æ���¿ÁÀ�Â � � þ �,�1¸P� þ �
ï h mHo�k	d�m h m�l�c[d�l5w h l�n r d h l��sVdP�}n\sVm=m h �	d h §Po*sVd$l��I� h uRp�e<k�|	c[�}o[k	ubp\sVe<c[�}l<kÃ� ��
 w=nPc�exc h l�m-|�sV� r cLw-sVm=�Pc[e h |	c���sVm � þ ï=�[¸ � þ � å �  dzl<nPc.o*sVmxcOkV�«l�nPc.c[dPc�ex�V�gmxp{c[o[l�e<s�iPl�n�c�e<c h m-�	k]k���s��	e<c[c�ubc�d$l-w h l<nzl�nPc.p r�f � h m<nPc[�Ã� � ® exc�m r ��l<m� ��
��}  d�sV�P� h l h k	dji«m<k	ubcNm h �	d h §\o�sVd$l h uRpPexk�|	c�ubc�d$l<m7o�k r �B� f cRuNsV��c � �-l7§\exmxl�i h lOw�sVm�pqk	m<m hBf ��cbl<kl�e�s�o ¦ �Pk�w=d�l<nPc h dPsV�Pc ��r sQl�c7l<e h �V�	c�eYm h u r �'sQl h kVd h d�l�n�c¡²u�W�\s�l�sRw=n h o�n h �	dPkVe<c�mYl�nPc�sVe<e h |�sV�El h uRc� h m�l�e h�fPr l h k	d�kV�Yl�n�c h dP� h | h � r s���pPnPk�l�k�¨�c��Bc[o[l<e<k	dPm � ö r exl<nPc�exuRk	excViXsªp r e<c�pqk�w�c[eb�Bs*wÆmxp{c[o[l�e r u h mdPk�w¶e r �Bc��ªk r l f ��l�n�cÄ� � ® �\sQl�szs�l.l<nPcCÅ þ ¹5���BcG|	c���i h dªo[k	d$l�e�s�mxl.l�kzl<nPcZk	�B��e<c�m r ��l<m � ö h d\sV�����Viq�tk	el�nPcZ§\exmxlOl h uRc�iEsVd�c�dPc[e<�V�ªmxp{c[o[l<e r u �texk	u ubk�kVdªk f m<c[ex|�s�l h k	d��\s�l�szo�k r ��� f c¡�Pc[e h |Vc�� � í ©�o�c[�B�Bc[d$lsV�	e<c[c�ubc�d$l f cGl�w�c[c�d}l�nPcOm<pqc�oGl�e<sb�Pc[e h |	c����te<kVuÆ�\sVe ¦ d h �	n$lYsVdP��uRk]k	dPmxn h d�c.�\s�l�sZn\s�m f c[c�d��tk r dP� �� nPcKo�k	u fPh d\sQl h kVd7kV�:l�n�c-�\s�l�s.sV�B��k�w=m£l�nPc�e<c ¤ c[o[l h k	dZkV�\l<nPcKp r excKp{k�wXc�e5�Bs�wJmxp{c[o[l<e r u s�dP� h dPo[e<c�sVm<c[ml�nPcOpPexc�o h m h k	d}s�l=c�dPc[e<� h c�mYs f k�|	cVi:m<s��Vib¹ Ü\Ý×Þ ���m h �	d h §\o*sVd$l ò\¨�e<s*�LÅ r © r pOl�k�S��.Å Ü\Ý×Þ o[k r ��� f c@�Pc[l<c�o[l<c��jiVo�k	dPm h m�l�c�d$l£w h l<nOl<nPc`o�k	exe<c�mxp{kVdP� h d��e<c�m r ��l<m��texk	u l�nPc�� � ¨�m���m�l�c[u �$ò:¨�e�s*��Å r © r p_l<k¶SÆ�Pê ÜìÝ�Þ � � � n h m h m7s�d h ubpqk	exl�sVd$l�exc�m r ��l�w h l<ne<c�mxp{c[o[lal�k¡l�nPcO� h m<o r m<m h k	d�kVd}l<nPc Ç í4Ç óY� �Pc�d�m h l�� �-ÇFr c�l�kRs¡�'sVo ¦ k��2l h uRc�i�l�n h m h m=dPkVlY� h m<o r m<mxc��sVd$��� r exl<nPc�e�sVd���l<nPc¡e<c�sV�Pc�e h m.e<c[�tc[e<exc���l�kÈ� � i ®dÉ i ± �d
@h dPm�l�c�sV� � � nPcZ§\d\s��A§\� r excbk��Xl<n h m.o�n\s�p�l�c[em<nPk�w=m-l�n�cFl h uRcas*|	c�e<sV�	c[� � c ´ c[dPc�ex�V�gmxp{c[o[l<e r u kV�£² ¦ d Ã x�® � r e h dP� ® ±V±$· sVmXk f l�s h dPc[�Nw h l<nÊ� � ®�tl�n h m-l�n�c�m h m��?ib� � ¨�mx�]m�l�c�uË� �=
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a) Simulated sinusoid
(even data spacing)
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a) simulated sinusoids
(TeV data spacing, sample mean)
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: T0 = 50533 d
: T0 = 50539 d
: T0 = 50545 d

880

890

900

910

920

930

940

950

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
sinusoid frequency [1/d]

F
o

u
ri

e
r 

p
o

w
e

r

b) simulated sinusoids
(X-ray data spacing, sample mean)

: T0 = 50527 d
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c) simulated sinusoids
(TeV data spacing, zero mean)

: T0 = 50527 d
: T0 = 50533 d
: T0 = 50539 d
: T0 = 50545 d
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d) simulated sinusoids
(X-ray data spacing, zero mean)

: T0 = 50527 d
: T0 = 50533 d
: T0 = 50539 d
: T0 = 50545 d
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e) simulated sinusoids
(TeV data, even data spacing)

: T0 = 50527 d
: T0 = 50533 d
: T0 = 50539 d
: T0 = 50545 d
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f) simulated sinusoids
(X-ray data, even data spacing)

: T0 = 50527 d
: T0 = 50533 d
: T0 = 50539 d
: T0 = 50545 d
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Amplitude: 18.00
Period: 28.71 d
T0: 50533.00 d

a) Simulated sinusoid

-15

-10

-5

0

5

10

15

50560 50580 50600 50620 50640 50660

MJD

Fl
ux

 (E
 >

 1
.5

 T
eV

) [
 1

0-1
1  c

m
-2

 s
-1

 ]

b)

�K�H���E��������ÍS�JÎK 	¦�¤r¢I°z¥a¤>¶ ® ¢z¡�Á ­ Å ­ ±_²Ï¶> �¢z¢9¤>°9¥a �±_²[£�±�ÂdÐ ¼ £�Â ¯�® ¶r¡�¢z»$¤<Ñ�À�Å`³� �¢ ­ °9£�Á&¡ ¼È­F® ¤>²g°z£�±�¡_°* �£�²Ò½�ÓR¤�ÔÕ² ­F®*­°z¥ ­ ¶r£�±�ÂSÅ@¦`£ ®z¯¸­ ¥a¤r¢z£� �²�¶ ¼  6°9¤ ®   ®z¯ ¤/Á, � �±�¥a¤r¢z£� �² ­ ±_²qÂ6£�»$¤r±´¥ ¯~­ °9¤/» ­F¼ ¡_¤,½M¾�¿[¤>²qÀS· ®z¯ ¤ ® £�Á,¤ �¢z£�Â6£�±}Ã Ä Å<ÆKÓ ¯ ¤`Â6¢9¤>¤r± ¼ £�±_¤!¶> �¢z¢9¤>°9¥a �±_²�° ®   ®z¯ ¤`Á, 6° ® ¥�¢9 �Á}£�±_¤r± ® Á, �²�¤`£�± ®z¯ ¤`¥4 	¦@¤r¢�°z¥4¤>¶ ® ¢z¡�Á
­ Å<Æ

Ö6×�Øa×�Ø Ù�Ú>ÛFÜ�ÝDÞ�ÛIß#à$á,Þ�âRÚ&ã�ä�á>å� æåSçRèÏéKä�á>å� Òè~åaÞDå�±°}²�ÃqÆPcÖÃq¸�´�¸�½�Ñ�µ.½±µ.¶�òY³F¸¼³�°.Î`Ã^ÆPcÀî£c�ï µC½�Âó� ñ_²qµ+òÊÂ±µCÃqµ�°.Î`êìëP½îí.þ ý Ä±Ã_º6°�¹�²xc�ñ_³xcL¶�cLÇ[Ã^¸¼°}½R³�Æ±µ+»Vc�Á{c[cL½´�µ.ÂPc ¤
♦ ï ½�¶�òôÂ�µCÃrµ�Î#²^°}´�Ã^ÆPc�ù±²F³FÃ`Ã_º6°T³^Æ±µCÂ�°5º*ñ_Ç+µC´Rc[²qµ.³;°.ÎAð��hîIñÅÆ�µ5»Vc*Áqc�cL½Ò·R³<cLÂ
Ô`îiÆPciÂ±µCÃqµ�³^µ.´�¹R¶Bc°.ÎRÃqÆPc Ì ²^ÂôÇ+µ.´bcL²^µ�¸¼³�²qµ'ÃqÆPc[²;¸�½�ÇL°}´�¹�¶�c[Ã�c�Æ±µ+»g¸¼½RÑh¶¿µC²^Ñ	c�Â±µCÃqµ�ÑIµ.¹R³eµ.½RÂÀº*µC³;ÃqÆ�cL²<c�Î#°}²<c6½�°.Ã;·�³<c[Â�Ô
♦ îiÆPc�Ã^¸¼´�¸¼½�Ñ�µ.½±µC¶�òg³^¸�³�º�µ.³T²<c[³FÃ^²^¸¼Ç�Ã�c[ÂÏÃq°�ÃqÆ�cÀÃq¸�´Rcô²<cLÑ.¸¼°}½Ï°CÎ �.�I�S�P�gòôóöõE÷øò �.�[ù[ù.� è�Á�¶�·Pc¶�¸¼½Pc[³ô¸�½Ìù±Ñ�ÔÈÕYÔ � Ô8�IëBÄe¸�ÔTcCÔÏµóÃ^¸¼´bc�²^µ.½�Ñ	c��ûú �}� � ¯ Ôýüh³À¶¼°5º�c[²À¶�¸¼´�¸�Ã	Ã^ÆPc�ÁqcLÑ}¸�½�½�¸¼½RÑó°.ÎiÃ^ÆPc¶¼µ.²^Ñ	cqþ±µ.²^¸�½�Ñnµ.Ç[Ã^¸�»g¸�Ã_òóº*µC³ô³xcL¶Bc[Ç[Ã<cLÂíµC½�ÂðµC³�·R¹�¹{c[²Ö¶¼¸¼´�¸�Ã ÃqÆ�c�Ã^¸¼´bc�°.Î�ÃqÆPc�³FÃqµ.²FÃÖ°.Î6ÃqÆPcÓÂ±µ'ÃrµÑIµC¹É¸�½ÐÃqÆPcÍ��ñ�²qµ+òÐÂ±µ'ÃrµÏº*µC³�·R³<cLÂ
Ô îiÆ�¸�³Ó¶¼¸¼´�¸�ÃÀµ.¶�³^°�c��YÇL¶�·�ÂPc[³�Ã^ÆPcnÂ±µCÃrµÏÃqµ�ëVc[½�µCÃÒÃ^ÆPc�cL½�Â°.Î6ÃqÆPc�°}Á�³xcL²F»CµCÃ^¸¼°}½Å¹qcL²^¸�°YÂ è�°CÎ:ü&ÿ�î;³B���[ë�Ä�¸2Ô¸c.Ô�ÄeÂ±µCÃqµnº�ÆR¸¼ÇrÆðºXcL²xc�°}ÁRÃqµ.¸¼½�cLÂ¾Î#²^°}´ ³FÆ�°}²FÃ0ñ�Ã^¸¼´bc°}ÁR³<cL²0»CµCÃq¸�°}½�³�µC½�ÂðÃqÆ�cL²<c�Î#°}²<c�Æ±µ.Âí¶¼µ.²^Ñ	c[²�c[²^²F°}²^³[Ô � ¸�½�Ç�c�ÃqÆPc�¸�½�Â�¸�»Y¸�Â�·±µ.¶oÂ�µCÃrµ�c[²^²F°}²^³ÒµC²<c�½R°.ÃÃqµ�ëVc[½�c��Y¹�¶�¸¼Ç[¸�Ãq¶�ò�¸�½IÃq°�µ.ÇLÇ[°}·�½IÃ�¸¼½ÍÃqÆPc��@°}´�ÁYñ � Ç+µC²^Ñ}¶�c	¹{c[²^¸�°YÂ�°.Ñ}²qµ.´ÊÄ�µCÂ�Â�¸¼½RÑ�µÓ³^´�µ.¶�¶
Î#²qµ.Ç�Ãq¸�°}½°.ÎhÂ±µCÃqµÅº�¸�Ã^Æ ´À·�ÇrÆ ¶¼µ.²^Ñ	c[²¡cL²^²F°}²^³�´�¸¼Ñ}ÆIÃÓ³^¹:°}¸�¶*ÃqÆPcÊ²<c[³^·�¶�Ãq³LÔ �±·�²0ÃqÆPc[²^´�°}²<cCÄ6Ã^Æ�¸¼³ÓÂ±µCÃqµÅº�µ.³Ãqµ�ëVc[½�µCÃ�¶¿µ.²FÑ	c���c[½�¸�Ã^Æ�µ.½RÑ}¶Bc[³�µC½�Â ³0òY³0Ã�c[´�µCÃ^¸¼Ç�cL²F²^°}²F³�ºXcL²xcóÃ^ÆPcL²xc[Î#°}²xcó¶¼µ.²^Ñ	c[²óè�¸¼½ ¹±µC²FÃ�Â�·PcÃ^°óÃqÆ�c�³^´�µ.¶�¶\êÒÿ ³FÃqµCÃq¸�³FÃq¸�ÇL³ôµ.½�ÂÌ¸¼½ð¹�µ.²FÃôÂ�·Pc�Ãq° ÆR¸¼Ñ}ÆPc[²ô¸�½aþ±·Pc[½�Ç�c�°.Îi°}¹YÃq¸¼ÇLµ.¶oÃq²^µ.½�³^´�¸¼³F³^¸�°}½»Cµ.²F¸¿µCÃ^¸¼°}½�³6°.Î�ÃqÆPc�µCÃ^´�°}³F¹�ÆPc[²<c5ëBÔîiÆPc�Ã^¸¼´bc�¶¼¸�´�¸�ÃÖ³<c[¶BcLÇ�Ãq¸�°}½ÐÆ±µ.³�Áqc�c[½ ´�µ.Â�c�¸¼½íÃ^ÆPc�»VcL²FòíÁ{c[Ñ}¸¼½�½R¸¼½�Ñó°.Î�ÃqÆPc�¸�½I»	cL³0Ãq¸�ÑIµCÃq¸�°}½Ðµ.½RÂÐÆ±µ.³Áqc�cL½Ê·�³xcLÂ ³F¸¼½�Ç[cTÃqÆPc[½�Ô
ï ½�Ç�c*Ã^ÆPc*Â±µCÃqµ	³qµ.´�¹�¶�c�¸¼³eÂPc[ù±½�cLÂÒÎ#°}²;Ã^ÆPc*Ãq¸�´�¸�½�Ñ�µ.½±µ.¶�òY³F¸¼³[Ä.ÃqÆPc6ù±²^³0Ão¸¼³F³^·PciÇ[°}½�Ç�c[²^½�³`Ã^ÆPc�� ò	�P·�¸�³FÃÎ#²<c
�P·PcL½�Ç�òÅè�³xc�cT³xcLÇ.Ô6ÕYÔ ý ë�µ.½�Â�ÃqÆ�c	²<c[¶¿µCÃ<cLÂÍ¹�²F°}Á�¶Bc[´ °.ÎyÃqÆPc	½P·�´ÀÁ{c[²*°.Îy¸¼½RÂPcL¹qcL½�Â�cL½IÃiÎ#²<c
�g·�cL½�Ç[¸BcL³ ó¸¼½óÃqÆPc�Â�µCÃrµ�³^µ.´�¹�¶BcCÔ�üh³TÇLµ.½ÈÁ{cô³<c[cL½ÈÎ#²^°}´ ù±Ñ�Ô�ÕgÔ � Ô3�RÄ:ÃqÆPc�î£c�ï ¶�¸¼Ñ}ÆIÃqÇ[·�²F»Vc�¸¼³�ÇL°}´�¹:°}³<c[ÂÈ°.Î�³^´�µ.¶¼¶Ñ}²F°}·�¹�³ °.Î`Ã_òg¹�¸�Ç+µ.¶�¶�ò Ì Â±µCÃrµ�¹d°.¸¼½IÃq³ ³<c[¹±µ.²qµ'Ã�cLÂ ÁPò ý Â±µ+òÌè�½�°�°}Á�³<c[²F»CµCÃ^¸¼°}½�³�Â�·�²F¸¼½�Ñ�Â±µ+òg¶¼¸¼Ñ.ÆPÃrë�Ô*îiÆR¸¼³ÇrÆ±µ.²^µ.Ç[Ã<cL²F¸¼³FÃ^¸¼Ç ý Â±µ+ò�Ãq¸�´Rc[³^ÇLµ.¶Bc*¸�³�µ.¶¼³F°T»Y¸�³^¸�Á�¶Bc*¸�½ÒÃqÆPciº�¸¼½RÂ�°5º�¸¼½�ÑTÎ#·�½�Ç�Ãq¸�°}½óè#ù±Ñ�ÔoÕYÔ � Ô Ì µIëe°.Î:ÃqÆ�c î£c�ïN�� �K�;�#"$�&��)������J��"$�X��3����* #(>+>�#���')w.��* #�1���_2Y+	)��d�'36����89�;5$)S�6�* /���#5��6��895�0�-/�1)�+>�#���;=R��0�0K3S�*���� #����5$)����9�/+	)���"S+��\+ D+>��"��* K01+� �%'��
*��)$���#"X+�)$%�01�^=J"��*)I�#"$����3����* #(>+>���1��)I���#+� ��D�*LºQE"$�� ��*���� #�G���J8�+	)I3�����3����* #(��<�/��)$01�/���� E+;��"$�' ��R���1-7��5$)F���10��"���
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�K�H���E���������$�GÎR �¦@¤r¢I°z¥4¤>¶ ® ¢z¡�Á ­ Å ­ ±_²¸¶> �¢z¢9¤>°z¥4 �±_²[£�±�ÂxÐ ¼ £�Â ¯S® ¶r¡�¢z»$¤<ÑXÀ�Å`³P �¢ ­ °z£�Á&¡ ¼È­F® ¤>²g°z£�±S¡_°9 �£�²©½�ÓA¤�Ô ² ­F®*­°z¥ ­ ¶r£�±�ÂSÅ@¦`£ ®z¯Ï­ ¥4¤r¢z£� S²�¶ ¼  6°9¤ ®   ®z¯ ¤/Á, � �±�¥4¤r¢z£� S² ­ ±_²qÂ6£�»$¤r±´¥ ¯~­ °*¤/» ­F¼ ¡_¤,½M¾�¿�¤>²qÀ�· ®z¯ ¤ ® £�Á,¤ �¢z£�Â6£�±}Ã Ä Å<ÆEÓ ¯ ¤CÂ6¢9¤>¤r± ¼ £�±_¤!¶> �¢z¢9¤>°z¥4 �±_²�° ®   ®z¯ ¤`Á, 6° ® ¥�¢9 �Á}£�±_¤r± ® Á, �²�¤`£�± ®z¯ ¤`¥4 	¦�¤r¢@°z¥4¤>¶ ® ¢z¡�Á
­ Å<ÆIÓ ¯ ¤ ¼È­ ° ® ¥ ¼   ® ¶�Å\° ¯  	¦!° ®z¯ ¤�°z£�Á&¡ ¼È­F® ¤>² ¼ £�Â ¯�® ¶r¡�¢z»$¤}¡_°z£�±�Â ®z¯ ¤��F±_²¸Á, 6° ® ¥�¢9 �Á}£�±_¤r± ® Á, �²�¤³«¢9 �Á ®z¯ ¤:¥4 	¦�¤r¢;°z¥4¤>¶ ® ¢z¡�Á ­ Å<Æ
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b) Gaussian random noise

�K�H���E�������«���JÎJ¢9 �À ­ À�£ ¼ £ ® ·x²�¤r±_°z£ ® ·�³«¡�±_¶ ® £� �±x³� �¢ ®z¯ ¤��Y �Á&À[Ê#Ç�¶ ­ ¢zÂ ¼ ¤7¥4¤r¢z£� S²� �Â6¢ ­ Á�³� �¢��7³�¢9¤>µ�¡_¤r±_¶r·�¢ ­ ±�Â$¤>° ­ ±_²
®z¯ ¤JÁ, � �±:³�¢9¤>µ�¡_¤r±_¶r·7£�± ®z¯ ¤G¶ ­ °*¤G F³ ®z¯ ¤^ÓA¤�Ô ­ Å ­ ±_²��\Ê�¢ ­ ·7À�Åº² ­F®*­ °z¥ ­ ¶r£�±�Â_ÆKÓ ¯ ¤G²[£H¹4¤r¢9¤r± ® Î��/�_°¦�¤r¢9¤w²�¤r¢z£�»$¤>²æ³�¢9 �Á ®z¯ ¤w² ­F®*­ À�·�¢9¤r¥ ¼È­ ¶r£�±�Â ®z¯ ¤w �À_°9¤r¢z»$¤>²��_¡[¿[¤>°��F¶> �¡�± ® ¢ ­F® ¤>°�¦`£ ®z¯ �:­ ¡_°9°9£ ­ ±¦ ¯ £ ® ¤7±_ �£�°9¤6ÆJÓ ¯ ¤7² ­ ° ¯ ¤>² ¼ £�±_¤;²�¤r±_  ® ¤>° ®z¯ ¤7¤<¿[¥a �±_¤r± ® £ ­F¼ ¥�¢9 �À ­ À�£ ¼ £ ® ·q²[£�° ® ¢z£�À�¡ ® £� �±q¦ ¯ ¤r¢9¤ ­ ° ®z¯ ¤À ¼ ¡_¤ ¼ £�±_¤7²�¤r±_  ® ¤>° ®z¯ ¤;À4¤ ®*­ ²[£�° ® ¢z£�À�¡ ® £� �±q¥�¢9 �À ­ À�£ ¼ £ ® ·�½ ®*­"! £�±�Â�£�± ®   ­ ¶>¶> �¡�± ®`®z¯ ¤7£�±_²�¤ ® ¤r¢zÁ}£�± ­ ¶r· F³ ®z¯ ¤&» ­ ¢z£ ­ ±_¶>¤�Å`³«¢9 �Á ¤>µ�Æ$#�Æ%�[Æ%&[Æ('�±Ï �¢9²�¤r¢ ®  d£�±_¶r¢9¤ ­ °9¤X° ®*­F® £�° ® £�¶>°*),+*-x¶> �±_°*¤>¶r¡ ® £�»$¤I³�¢9¤>µ�¡_¤r±_¶r£�¤>°
¯~­ »$¤:Àa¤>¤r±Ï¶> �Á&À�£�±_¤>²ì½�¤<¿�¶>¤r¥ ® ³P �¢ ®z¯ ¤:Á, � �±�¥a¤r¢z£� �²~Å<Æ

Â±µCÃqµRÔeîiÆ�c/.0��ò	�g·R¸¼³FÃoÎ#²xc"�P·Pc[½�Ç[ò1.3254yº�µ.³eÃ^ÆPcL²xc[Î#°}²xc*³<c�Ã`Ãq°6254Cú �87D� ¯,9;: �=<+ÔeîiÆ�¸�³`¸¼³eµ.¶¼³F°h³F·�¹�¹:°}²FÃ<cLÂÓÁIò³^¸�´�·�¶¼µCÃq¸�°}½�³o°.Îy³F¸¼½P·�³^°.¸¼Â�³6ÇL¶¼°.³<c	µCÁd°5»	c/2>4 ètº�ÆPcL²xc	³^¸�Ñ}½�¸�ù�Ç+µ.½IÃ�µ.¶¼¸¼µ.³^¸�½�ÑOc
?{cLÇ[Ã^³iµ.²xch³^·R¹�¹d°.³<cLÂ�Ã^°À³FÆ�°5º·�¹\ëBÔXü�³hÇ+µC½ÏÁ{cô³<c[cL½ÏÎ#²^°.´ ù�Ñ�Ô	ÕgÔ � ÔA@RÄ\ÃqÆPcôÇL°}²F²<c[³^¹:°}½�Â�¸�½�Ñ�¹qc+µ�ëÊ¸¼½ÊÃqÆPcô¹d°5ºXcL²	³F¹{c[Ç[Ã^²^·�´ ¸¼³�Î#°}¶¼Â�cLÂÁ±µ.Ç>ëÓ¸�½PÃ^°�Ã^ÆPc�Î#²<c"�P·Pc[½�Ç[ò�²qµC½�Ñ	cCB �8D 254FE�Ô � ¸¼½�Ç[c Ã^ÆPc ³^¸¼½P·�³F°}¸¼Â�¹qc+µ�ëÓ³FÃqµ.²FÃ^³�Î#°.²<ëP¸¼½�ÑôµCÃ$2HG �87D� ¯ 9;: Ã^ÆPcÇrÆ�°}¸�Ç�cÖ°.Î�2>4�¸¼³i²xc+µ.³F°}½±µ.Á�¶�c.ÔîiÆPc�½P·�´�ÁqcL²À°.Îi¸¼½RÂPcL¹qcL½�Â�cL½IÃ�Î#²<c
�P·PcL½�Ç[¸Bc[³ ó º*µC³�cL³0Ãq¸¼´�µCÃ<cLÂíÁIòÌ´RcLµ.½�³À°CÎ&êÒÿ ³^¸�´�·�¶¿µ'Ãq¸¼°.½�³LÔ
ühÑ}µ.¸¼½Èµ�³xc[ÃÖ°.Î�¶�¸¼Ñ}ÆIÃ�ÇL·�²0»	cL³�è�²xcL¹�¶¼µ.ÇL¸�½�Ñ�Ã^ÆPcqþ±·���c[³röCÇ[°}·�½IÃ�²qµCÃ<cL³	º�¸�Ã^ÆÅ÷�µC·�³^³F¸¿µ.½ º�ÆR¸�Ã�cÒ½R°}¸¼³xc5ë º�µ.³·�³xcLÂ Ãq°�cL³0Ãq¸¼´�µCÃ<c�ÃqÆPcÍ¹R²^°}Á±µCÁ�¸¼¶�¸�Ã_ò ìJI=K B ¦ £ B¿§$E$Léª Ä E�Ã^Æ±µCÃ�µCÃÓ¶�c+µ.³0ÃÒ°}½Pcn°.Î�ÃqÆ�c�Ã�cL³0ÃÓÎ#²<c"�P·Pc[½�ÇL¸�cL³Æ±µ.³�µ��\°.·�²^¸�cL²i¹:°?ºXcL²�»Cµ.¶¼·�cÖµ.Ád°5»Vc�ª Ä Ô6îiÆ�¸¼³�¹�²F°}Á±µ.Á�¸�¶¼¸�Ã_ò�Æ±µC³ Ã^°�ÁqcÖÇL°}´�¹±µ.²xcLÂnº�¸�ÃqÆnÃqÆ�cÀµ.½�µ.¶�òPÃq¸�Ç+µ.¶c��Y¹qcLÇ�ÃrµCÃ^¸¼°}½�Ägº�Æ�¸¼ÇrÆ�Ç+µ.½�Áqc�Ãqµ�ëVc[½nµ.ÇLÇ[°}²^ÂR¸¼½�Ñ�Ãq°�c
�:Ô�ÕgÔ � Ô � ¸�½�Ç+µC³<c�Ã^ÆPc	´bc+µ.½�¸¼³6³<c[Ã6Ãq°M�[cL²F°Òµ.½�Â�Ã^ÆPc»Cµ.²^¸¼µ.½�Ç[c	Ãq°Ó·�½�¸�Ã_ò}Ô\ðYc[¹�¶¿µCÇL¸¼½RÑÍ� � ì�N ÁIò ìOI=K µ.½�ÂÊ³^°}¶�»Y¸�½�Ñ�Î#°}² ó Ñ}¸�»VcL³ ¤

ó ú PRQ B0��� ìJI�K EPSQ B0���UTWVYX�B0��ª Ä EZE è2ÕYÔ � Ô3�Ië
ü Ã<cL³FÃTº�¸�ÃqÆ¾µ.½ªc�»	c[½ÅÂ�µCÃrµ�³F¹±µ.ÇL¸�½�Ñnµ.½�ÂÏº�¸�ÃqÆÏÎ#²xc"�P·PcL½RÇL¸Bc[³T²<c[³FÃq²F¸¼Ç�Ã�cLÂÈÃ^°[25\^] K ò �Y7D� ¯,9;: ²<c[»Vc+µ.¶�cLÂ
ó ú �`_Y7 �;a �870_ è�µh�±°}·�²F¸BcL²�¹:°?ºXcL²;°.Î:ª Ä úÕ� º�µ.³`·�³xcLÂ\ëyº�Æ�¸¼ÇrÆ�¹qcL²0ÎtcLÇ�Ãq¶�òôµ.Ñ.²<c�c[³;º�¸�ÃqÆÀÃ^ÆPc6Ã^ÆPcL°}²xc[Ã^¸¼Ç+µC¶»Cµ.¶¼·�c ó úcbg�Ê�dBe25f^] K �hgi2jE,úkbg�Ê�lB=25f^] Knm �oE,úkbg�Ê�lB �878� m �}� � E,ú �`_ Ô�îiÆPc�»Cµ.¶�·PcÓ°.Î ó Î#°}²ÃqÆ�cÀ·�½Pc�»	c[½Å³^µ.´�¹�¶Bc[Â î£c�ï Â±µCÃqµ�º�µ.³	ÂPc[²^¸�»	cLÂÏµ.³ ó ú �h_Y71ù a �87�ù ³^°�µ.¶¼¶@ÃqÆ�côÎ#²<c
�P·PcL½�Ç[¸Bc[³p25q@úsr_�'�è#º�¸�ÃqÆHrCú � D"7t7t7WD	ó ëKc"�P·±µ.¶y°}²�ÁqcL¶¼°5º ÃqÆPci.0��ò	�g·R¸¼³FÃ�Î#²<c
�g·�cL½�Ç�ò,.u2>4`ú �87D� ¯,9;: µ.²<cÖÇL°.½�³^¸�ÂPcL²xcLÂóÃ^°�Áqc¸¼½RÂPcL¹qcL½�Â�cL½IÃ+ÔË_½�°.²^ÂPc[²�Ã^°ÀÇL°.´�¹±µC²<ciÃqÆPc ²<c[³^·�¶�Ãq³�Î#²^°}´ Ã^ÆPchî£c�ï¬µ.½�Â�� ñ_²^µ5òÓÂ�µCÃrµRÄIÃ^ÆPc�´�µ��Y¸¼´À·�´ Î#²<c
�P·PcL½�Ç�ò�Î#°.²�Ã^ÆPc��ñ�²qµ+òóÂ±µCÃrµ�º*µ.³ÖµC¶¼³^°�³<c�ÃTÃq° �878� ¯ 9;: Ô � ¸¼½RÇ�cÀÃ^ÆPcÀ��ñ�²qµ+òóÂ±µCÃrµ�ÇL°5»	c[²^³TÃqÆPcÀ³qµ.´bcôÃ^¸¼´bcÀ²<c[Ñ}¸¼°.½Ïµ.³hÃ^ÆPc
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Period: 1.90
T0: 50545.18

Simulated sinusoid

�K�H���E�������0���JÎK 	¦�¤r¢\°z¥4¤>¶ ® ¢z¡�Á ³� �¢ ­ °z£�Á&¡ ¼È­F® ¤>²�°9£�±�¡_°9 �£�² ­ À4 	»$¤ ®z¯ ¤���É;·�µS¡�£�° ® ³«¢9¤>µS¡_¤r±_¶r·��`� 4��U�`����� 9;: ½�ÓA¤�Ô² ­F®*­ °9¥ ­ ¶r£�±�ÂSÅ<ÆGÓ ¯ ¤I°9¤>¶> �±_²q¥4¤ ­"! À4¤ ¼  	¦�� 4 £�°!²[¡_¤ ®   ­F¼ £ ­ °z£�±�Â_Æ
î���ï Â�µCÃrµRÄYÃqÆ��Ö½P·�´�Á1�L² ó £ °.Î;¸¼½�Â8�L¹1�L½�Â��[½IÃ Î#²��"�P·��[½�ÇL¸S�L³��"�P·±µ.¶y°}²iÁ1�L¶�°?º�2æú�� 78� ¯,9;: ¸�³ �`_ ÄRÃ^°Y°RÔîiÆ���¹d°5º��L²�³^¹1�LÇ�Ãq²qµÒÎ#°}²*Ã^Æ��Ö´��Lµ.³^·�²��LÂÊî^��ï µ.½RÂH� ñ_²qµ+òÍÂ�µCÃrµÒ³qµC´�¹�¶S�L³�µ.²��T³^Æ�°5º�½ó¸¼½Íù±Ñ�Ô�ÕYÔ � Ô ý þµIëeµC½�ÂÓÇ5ë�Ô@üh¶�³^°T³^ÆR°?º�½�µ.²��*ÃqÆ��iÇ[°}²^²��L³^¹:°}½�ÂR¸¼½�ÑT¶�¸¼Ñ}ÆIÃ`Ç[·�²F»h�L³�è�Á�µ.½RÂÒÂ�øPÁ�¸¼½�½8�LÂÓ¸¼½�Ã^Æ��iÇ+µ.³��i°.Î\ÃqÆ��O� ñ²qµ+ònÂ±µ'ÃrµIëiµ.½�Â
Ä\µ.³hµÓÑ}²��"�L½ó¶¼¸�½��.ÄRÃ^Æ���¹�²^°}´�¸¼½8�L½IÃ�´�°gÂ��[³�Î#²F°}´ Ã^Æ��ôÇ[°}²^²��L³F¹d°}½RÂ�¸¼½�Ñ�¹:°?º��L² ³^¹1�LÇ�Ãq²F·�´è#Î#²��"�P·��[½�ÇL¸S�L³�º�¸�ÃqÆ�µ��±°}·�²^¸S�L²Ó¹:°?º��L²�µ.Á:°?»h� � þ}ë�Ô üh³�Ç+µ.½ Á,�ó³Z�
�L½�ÄiÁ:°.ÃqÆ ¹d°5º��L²�³^¹1�LÇ[Ã^²qµðÆ�µ5»h�Èµ¹�²F°}´�¸�½��L½IÃT¹1�+µSëÈµCÃ��c���nÂ�µ5òg³[ÔÒË_½ÌÇ[°}½IÃq²qµC³FÃÖÃq°ÍÃqÆ8�Òî^��ï Â±µCÃqµRÄ@Æ�°5º��[»`�[²LÄ�ÃqÆ��Ó¹1�L²^¸�°YÂR¸¼ÇÀ³0Ãq²F·�Ç[Ã^·�²Z�¸¼³�½�°.ÃÀµ.³�ÇL¶S�+µ.²F¶�òÏ»g¸¼³F¸¼Á�¶S�Ó¸¼½ÌÃ^Æ�����ñ_²^µ+òÌ¶�¸¼Ñ}ÆIÃ^ÇL·�²0»`�.ÔÍË_½ð°}²^Â��[²�Ã^° ²��L´�°?»h��Ã^Æ���Ç[°}½IÃq²F¸¼Á�·RÃ^¸¼°}½Å°.Î*Ã^Æ��ù±²F³FÃô¹�²^°}´�¸¼½8�L½IÃÖÎ#²Z�"�P·��[½�Ç[òÌµCÃi�5�5� ¸¼½¾ÃqÆ�����ñ�²qµ+òÈ¹:°5º$�[²À³^¹1�LÇ�Ãq²F·�´[�� 5ÄyÃqÆR¸¼³Ö´�°gÂ��Òº�µ.³ô³F·�ÁRÃ^²qµ.Ç�Ã}�LÂÎ#²^°.´ ÃqÆ���Â±µCÃqµ	��¡+Ô*îiÆ8�ô²��L³^·R¶�Ãq¸�½�ÑÓ¹d°5º��L²�³^¹1�LÇ[Ã^²^·�´�¸�³�³^Æ�°5º�½Ï¸�½Êù±ÑRÔiÕYÔ � Ô ý þi�+ë�Ô6îiÆ��C�±°}·R²^¸R�[²�¹d°5º��L²µCÃ6ÃqÆ��	²��L´�°5»`�LÂÍÎ#²��"�P·��L½RÇ[òÍÇ[°}´�¹:°}½��[½IÃ*¸¼³6½��+µC²^¶�ò��"�[²^°�ÄYÁ�·RÃ�µC¶¼¶:°.ÃqÆ��[²6Î#²��"�P·��L½RÇL¸R�[³�µ.²Z�h°}½�¶�ò�³F¶¼¸¼Ñ.ÆPÃ^¶�òµ�?,�LÇ�Ã}�LÂ
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a) Mkn 501 1997, all CTs
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b) Mkn 501 1997, all CTs
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c) Mkn 501 1997, RXTE
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d) Mkn 501 1997, RXTE
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e) Mkn 501 1997, RXTE
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�|\2^��Ö�
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(CT1 no-moon data)
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(CT1 data including moon observations)
b) simulated sinusoid
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dDP�T���N]FXd,�WcW\2NrL�L&F�¨J² 9p³ ]�´�úø��� 7 � , :.- /9102- ÄDµ LOVJZC¨)¶}ú��`� 776 , :.- /9;:.- 8 µ�·:¸ ^��o��N2NXP�N2F�Z���VJPO\}�u\2^��/�^£¥¤XêP&��\r^��xUSV)ZJU�e1USZ)H�L&Rvd1�[LSë1F�U�Vj\2^��xdDP�T���N�F2d1��c \rNXHJI ·
♦ ��P�N�\2^�� ��Ì Z�L[¹ld,�WN2U�PnZvqn\r^8�o�"º�NrL[¹mLOVJZ ¸ ��»zZJLO\�L`LORSF2P5^�L[e`��\r^8��FrL&Ii�udJ^JL&FZ� ·�¸ ^)USF]c�L&VGL&RSFXPY,�uFZ�"�WVG�QNXP�I½¼�¾ ·�¿n· � ·�À Ì q1T�^JUSc�^iFX^JP�T�F�\2^���c�P&N2NZ�WR�LO\2USP�Vlc�P	�WÁKc�US��V�\4Y1�W\.T��"�WVG\2^��,ð�� ¸ ñÂLOVJZ

ÿ ¸�À Z�LO\�L�L&F`L��QH)VJcW\2USP�V
P&�"L&VÃL&Nb\rU�¼�c�USL&R:\rUSIi�mFX^JU���\�Y1�W\.T��"�WVÃ\2^��æð�� ¸ ñ�L&V)Z ÿ ¸�À \2USIi� ·anUSV)c"�l\2^��MIlL��nUSI5HJIÄc�P�NXNZ�WR�LO\2USP�V�c�P	�WÁKc�US��V�\`U�F5P�Yn\�L&U�V���Z�LO\`LG\rUSIi�KR�L&¾GP&��� µ qfY+P&\2^hZ�LO\rLFrL&IKdJRS��F�L&N��|U�VidJ^�L&F�� ·
♦ ¸ ^���d1��NXUSP1ZJUSc:Fb\rNXHJcW\2HJNZ��USF�T$�WRSRpe1USF2U�YJRR�:U�V�\2^�� ¸ ��»`qtYJH)\{VJP&\{F2Puc�RR��L&N2R�¹�USVx\r^8���"º�NrL[¹xRSU�¾�^�\rcWHJNXeh�Å ¼�¾ ·�¿n· � · Ø�Æ ·
♦ ¸ ^�� ��Ì Z�L[¹id1��NXUSP1ZmUSVi\2^�� ¸ ��»zZJLO\�L�USF�VJP&\�c[LOHJFZ�WZ�Y�¹m\2^���Z�LO\rL�¾�L&dJF4ZJH���\2P�\r^����QHJR�RvIKPnP&VUSV�\}�WN2NXHJd)\rU�P�V ·
♦ Ç U�e`�WVm\r^���VpHJR�R�^�¹nd+P&\2^���FXUSF�P&� Ç L&HJF2FXU�L&VmT�^)U�\}�uVJP�USF��&q)\2^���F2U�¾�VJU�¼�c[L&V)c"��P&�_\2^�� ��Ì Z�L[¹id1��NXUSP1ZY,�Wc�P�Ii��F�� ù � 77È 3m�QP&Nf\r^��O�kº.NrL[¹`L&VJZ ù 9 7ÊÉ 3m�QP�Nf\r^�� ¸ ��»ËZ�LO\rL Å �"� ·�¿n· � · ínq�\�LSë1U�VJ¾�USV�\2P�LOc�c�P&HJV�\\r^��xVpHJI`Y1��N�P&�Cí ¿ USV)Z���d1��VJZ8��V�\"\Z��Fb\k�QN��"�pH��WVJc�US��F Æ ·

üuF�T�USRSR�Y,�GF2^JP�T�VÌU�VÃ\2^��GV�� Í1\lIML&U�V�FZ��c \rU�P�V�q�\2^���F���FXUS¾�VJU�¼�c[LOVJc"�WFKT�U�RSR]ZJN2L&IlLO\rU�c[L&R�R�¹�c�^�L&VJ¾h��U�Vc[L&F��mP&�kL&VJPO\r^��WN5dJ^�¹1F2U�c�F`IKP&\rU�eOLO\}�WZhL&FXF2HJIKd)\rU�P�V�P&V�\r^��MV1H)RSR�^p¹1d+P&\r^8��F2U�F · ÿ�P&VJFZ�
�1H8��VJc
��FKP&�]\r^8�P�YJFZ�WNXeh��ZÎd1��NXUSP1ZJUScWU�\.¹�T�USR�R�L&R�F2P�Y,�xZJU�F2cWHJF2F���Z�\2^���V ·
ÏnÐSÑ ÒuÓ�ÔjÕ�Ó�Ö�×xØ�Ö)ÙÚÕ&ÔmÛÜÖ_Ý�ÔOÞ
�.V|\2^���c�L&FZ��P&� Ç LOHJF2FXU�L&VxT�^JU�\Z�:VJP�U�FZ�:\r^���ß�P�I`Ynº�anc[LON2¾�RS�fd,�WN2U�PnZJP&¾�NrL&IË^�L&F��pHJU�\Z��L�FXUSIKdJRR�:Fb\�LO\2USFb\rUSc�L&RY,�W^�L[enU�P�N · üuF�T�L&F|F2^JP�T�V�U�V�\r^��KR�L&Fb\xc�^�L&d)\Z��NWq{U�\rF|à��/�ËYJL&F2U�c[L&R�R�¹G�QP�RSR�PsT�F�\2^��Kà��/��P&��\r^8�lY1�W\rLZJUSFb\rN2U�YJH)\2USP�V�Y,�WUSVJ¾ Å USV5\2^��]c�L&FZ�4P&�w\2^�� ¸ ��»�L&VJZM�kº.NrL[¹�Z�LO\rL Æ c�R�P�FZ��\rPu\2^��O� Índ+P�V��WVp\2U�L&R)ZJUSFb\rN2U�YJH)\2USP�VT�U�\r^�HJV)U�\:Ii�[L&VKL&V)Z�eOL&NXU�L&V)c"� · �uH��4\rP�\2^��IëpVJP�T�VMà��/��U�\:U�F}\r^8��VKdDP�FXF2U�YJRR��\2P|L&F2FXUS¾�V�dJNXP�Y�L&YJU�RSU�\rUR�WF\rP�\r^��xU�VJZJU�e1U�ZJH�L&Ru�wP&HJN2US��N]d+P�T$�WNkeOL&R�H���F ·�.Vj\r^8��c[L&F��|PO�`êìëpVýí&á À ^JP�T��Weh��N�qw\r^8��Y�L&F2U�cxL&F2FXHJIKd)\rU�P�VjP&� Ç L&H)F2F2USL&ViT�^JU�\Z��VJP�U�FZ��P&�_\r^8�|d)NZ� ºenU�P�HJF]c�^JL&d)\}�WN]ZJP	��F]V)P&\]Fb\rN2U�cW\2R�¹K^JP�R�Z · anU�VJc"��ü Ç ��FX^JP�T�\r^���d)^���VJP&I��WVJP�ViP&�JþwLON2USV)¾JqncWP�VJF���c�Hn\rU�eh�Z�LO\�Lmd+P�U�Vp\2F�L&N��`VJP&\xU�VJZ���d1��V)Z���V�\|L&V�¹1IlP&NZ��L&VJZÎ\2^���L&FXF2HJIKd)\rU�P�V�P&�:T�^JU�\}��VJP&USFZ�5USFu\2^���N��W�QP�N���USVnºe&LORSUSZ · ï V��lT�L[¹�\2P�^�LOVJZJRR��\r^)USF|dJN2P�Y)RR��IÄU�F|\2P �WFX\rU�IMLt\}��\r^��KVpHJI`Y1��N5PO�4c�P�NXNZ�WR�LO\Z��Z�cWP�VJF���c�Hn\rU�eh�Z�LO\�Lmd+P�U�Vp\2F|â�L&VJZ�NZ�WdJR�L&c
�M�[LOc�^o¾�NXP�HJd�P&��âÎZ�LO\rLmdDP�U�V�\rF�Y�¹�U�\rF�L[e`�WNrL&¾h� ' À í Ì ( ·5¸ ^JUSF�dJNXPnc
��ZJH)NZ�&q^JP�T$� e`��NWqvIlL[¹���U�\r^��WNkU�V�\rN2P1ZJHJc
�xV��WTãP&NkN���IKP�e`�6� ÍnUSFb\rUSV)¾ld1��NXUSP1ZJUScWU�\rUS��F��QN2P�Iä\2^��|dDP�T���NkF2d1��cW\2N2HJIÅ anR�H)\}�'ëp¹1.ÊF ¸ ^8��P�N���IGq ' @�@ q�d · @ ¿ ( Æ · üzZJU¦?u�WNZ�WVp\"L&d)dJN2P�LOc�^GT�L&F4\r^��WNZ� �QP�NZ�xHJF���Z�^8��NZ�O*¸ ^8��å�æ�çtè5éQê�é�ë è�P�NMå�æ�çtèxìvçtíSå�éiîMç�ï1é ð�USF`T���R�R:ë1V)PsT�VÃUSVl�WRR��c \rNXP�VJUScWF ' À�¿ (�L&V)Z �kº.NrL[¹hL&FX\2N2P�VnºP�I5¹1ñ.ò ÅX' À @`Ø (�L&VJZjNZ� ����NZ�WVJc"��\2^���N���USV Æ L&VJZjZ��WVJP&\}�WF]\r^���N���FXdDP�V)FZ�xP&�{L`RSU�V��[L&N�FX¹1FX\Z��I�\2P�USVJdJHn\4Z�LO\rLT�^JUSc�^icWP�VJF2U�FX\2F4P&��L`R�L&NX¾`�uVpHJI5Y,�WN]P&��NrL&V)ZJP�IKR�¹�ZJU�FX\rNXUSYJHn\}��ZMF2^JP&\2F]T�U�\2^iNrL&VJZ)P�IäLOIldJR�U�\2HJZ�� ·�¸ ^JU�FIlP1Z���Rvc[L&VGY,�p��L&F2U�R�¹iLOZJP�d)\Z��Zi\rPló�R�L��[L&NXF4Yp¹mUSZ��WVp\2U���¹1USV)¾`\r^��xF2^)Pnc>ëmT�L[e`��FWqDP&N4IlP�N���dJNZ�Wc�U�FZ��R�¹m\r^8�USV�\}�WNrL&c \rUSP&VJF�P&�uL�FX^JP1c>ë�T]L[eh�GT�U�\r^ÃL�dJR�L&FXIMLd.ÊYJR�P�Yj.fU�Vh\r^��5ô��W\�q�T�U�\r^
\r^8�GN2L&VJZJP&IõF2^)P&\rF ·Ã¸ ^8�FX¹1FX\Z��IöN���F2d+P�VJF��i�QHJVJcW\2USP�V�USF5\2^���V�¾�U�e`��V
Y�¹o\r^�� é º.d)N2P1ZJHJcW\2USP�V�IlP1Z���R�L&VJZ
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AMLE: 4.69 ± 2.16
rtMLE: 0.93 ± 0.73
dtMLE: 0.05 ± 1.76
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: 1.79

a) Mkn 501 1997, all CTs
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b) Mkn 501 1997, RXTE
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b) Mkn 501 1997, RXTE
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b) probability interaction (σ=1)
λ = 0.05 [day-1], τd = 10. [day]
λ =   0.5 [day-1], τd = 2. [day]
λ =   0.5 [day-1], τd = 1. [day]
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c) amplitude interaction (σ=0.5)
λ = 0.5 [day-1]
λ = 0.7 [day-1]
λ = 1.0 [day-1]
original power spectrum
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d) amplitude interaction (σ=1)
λ = 0.5 [day-1]
λ = 0.7 [day-1]
λ = 1.0 [day-1]
original power spectrum
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� �� * � ² � .�� Â�� * Ä ����� Â � � � * 0FÄ � ë]Ì ã Ì û?	

� 2 � Û �¡0,¢w� Û Ã ¢]©ý©)©£¢ � æ � * Û ®¥¤ , ��.W¢ , Û Ã ¢]©ý©)© � Ç 3 Ë×. Û � 0 ÅAÆ!Ó Î ÊTÓpÒ�Ó�Ç>ß@Ó�ÅAÉ�Ê]Å 3 Ó�Ê5ÏÐÚ>Ç�ß 	 Ø�ÊÎ ÇEÚ?Ê�¦ �Q� Û Ã
� �� * � ² �� � � ² � �w����� � �T®¥¤�� , Â �T�§�^Ä{0d��. �

Û Ã
�
¨ �
*¥© � � �fª«� �V¬ �

*�© � © �®­� � � �����{� � �=®®¤�� Â �T�§�^Äu� � � Ã �
����� � �T®¥¤�� Â ���X�[Ä �

Ã �
����� � �T®¥¤�� Â �Q�a�^Äu� � �°¯

Û Ã
� � * �Q� Û �Q� � ë]Ì ã Ì B
	

� ÆpÅ 3 Ô'Ê Ã �
����� � �T®¥¤�� Â �T�§�^Ä �²±  ,³w��¢5�¡´ � Ç 3 Ë Ã �

����� � �T®¥¤�� Â ���a�^Äu� � �3µÛ  �Ñ:Ò?Ï}� µÛ � Ç 3 Ë¶ �T�§� ¶¡· � � Ã 	j>k¹¸ �
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Û
���{�

Â ñ ¤��5�{ØfÑ Ä ÃWö ����� Â ñ ¤w�5�GÄ
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ë ÕGÕ Êf÷GË¦Å�{¨ë¹Ì��¦Ì ã Ô6ÌX�YßAÊEÇ�ÆÐÊ�÷GÒ�ÓpÊ�Ó Î Ç>Ó¹Ó Î ÊSËGÊM|�÷GÅAÓpÅ=Ò�÷�Ò�Ñ	2 � ËGÊ5ÓpÊ'ÏÐÉ�Å¹÷GÊ'Æ~} Ç>Æ~} Û �� Ý ç Â 2 � ö 2 ç Ä6Ìá Î Ê�ËGÊ=|�÷¦ÅAÓ�ÅAÒ�÷�} Û 2 � ö 2 ç ÅAÆ²÷GÒ�Ó±Ô5Ò?ÏpÏÐÊ'Ô5Ó Ï Å ÷SÓ Î Ê8ÆÐÊf÷GÆÐÊ8Ó Î Ç>ÓUÓ Î Ê � 
��îËGÒ^Ê'ÆW÷GÒ�Ó±Ô5Ò�÷
Ú?Ê5Ï Î Ê�Ó�Ò�Ó Î Ê
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ÞGÅ ÷NÉFÊEÇ�÷ Ô æ Ó�Ç>â^Å¹÷ Î } Û 2 � ö 2 ç ÷GÊ Î ß=Ê5Ô5ÓpÆ/Ò�÷GÊ�ÞGÅ ÷ÍÌÕ Ç�ÏÐÓ ÍxÍ ¦Í ÷�ÔEÇ�ÆÐÊ]Ò�Ñ
� Û Ñ1Ø ×[æ Ø�Ê Î ÇEÚ?Ê � Û ¤ÅÑ1ØD} æ 2 � Û �L}WØ«Ñ Ï 2 4 ÔEÇ�÷�Þ$Ê8ÆpÊ6ÓyÓpÒ�ñ5Ê'ÏpÒFØ±ÅAÓ Î Ò?È¦Ó/ß=Ò�ÆpÆ/Ò�ÑÎ Êf÷GÊ5Ï�Ç�ßAÅAÓ5Ö æ ÆÐÊ'Ê]ÆpÊ'Ô>Ìyë]Ìs�[Ì ã Ô±Ç�÷GË�- Û�� }WØ × Ñ � ´$� Ï ÆÐÅ ÷GÔ5Ê 021 î × � - Û;Ù¦æ Êfù{Ì!ê[ÌÛò[Ìóò�Ô6ÌUëUÔ5ÓpÈlÇ�ßAß¹Ö æ Ê«ùèÌ
ê[Ìóò^Ì ã Å=Æ²÷¦Ò�Ó/ËGÊ=|�÷¦Ê'Ë Ç�Ó � Û ¤ÅÑ1Ø�} æ ÞGÈ¦Ó/ÅAÓ±Ô'Ç�÷�ÞèÊ�Ô'Ò�÷
ÓpÅ ÷\ÈGÒ?ÈGÆÐß¹ÖøÊ!{^Ó�Êf÷¦ËGÊ'Ë�Þ¡ÖNÈ¦ÆpÅ ÷ Î � 2 � Û ¤ � ¬ ´
Ç�÷GËNÓ�Ç�â\Å ÷ Î Ó Î Ê�ß=ÅAÉ�Å"Ó	´ ) Ù Ì Í Ó/Ó Î Êf÷cÞèÊ'Ô'Ò�É�Ê5Æ Ï ÈGÆpÅ¹÷ Î�t ë Û Ã Ç�÷GË � Û¾Ù Ô�¦ãÅø Û�� í���,� 4 Ã× ä�å � ú �� ��ç �}� èfé�ê Â ¤ Â � ö � Ø × Ä ¬ ´�Ä,� ëú �� ��ç èfé�ê ë Â ¤ Â � ö � Ø × Ä ¬ ´�Ä ¬ � ú �� ��ç �Q� êxí î Â ¤ Â � ö � Ø × Ä ¬ ´�Ä,� ëú �� ��ç êxí¹î ë Â ¤ Â � ö � Ø × Ä ¬ ´�Ä ï��ð

Ï ë]Ìs�[Ì å Ôw ÅAÓ Î Ò?È¦Ó±ß=Ò�ÆpÆUÒ�Ñ Î Êf÷¦Ê'Ï�Ç>ß=ÅAÓ5Ö � ÛcÙ Ô'Ç�÷�ÞèÊXÈGÆÐÊ'Ë æ ÆpÒQÓ Î Ç>Ó
ã&ø Û Ã× ä�å � ú �� ��ç �Q� Â°ö8Ã Ä � � ëÑ ¬ � í��� � 4 êxí î ë ´ � ú �� ��ç �Q� Âuö]Ã Ä � � ëÑ.êxí¹î ë ´ ï��ð

Û ÃÑ ¨ �� � ��ç �}� Â°ö8Ã Ä � ¯ ë Ï ë]Ìs�[Ì�ê�Ô
Ø Î Å=Ô Î Å=ÆUÅ¹÷cÔ5Ò�÷GÔ5Ò?ÏpËlÇ�÷GÔ'Ê�Ø±ÅAÓ Î Ó Î Ê�Ô'ß=Ç�ÆpÆÐÅ=ÔEÇ>ßÍËGÊ=|�÷GÅAÓpÅ=Ò�÷ÍÌ�gßAÊEÇ�ÆÐÊe÷GÒ�Ó�Ê æ Ó Î Ç�ÓUÑ:Ò?Ï±Ç�÷�ÖSÑ:ÏpÊ«ù\ÈGÊf÷GÔ5Å=Ê5Æ � ËGÅ��$Ê'ÏÐÊf÷
Ó±Ñ:ÏpÒ?É � � Ó Î Ê Õ ÏÐÒ[Ò�Ñ@É�Ç�Ö�÷GÒ�Ó Î Ò�ß=ËÍÌ�������=�����U�9� ���%���$�/�D�! �¡
¢L�U£¤ h B¥��¦£¤§�¡M�B�J¨�£�¡M§=©ª���B¨s�����M«M�\¡!¬ w �J�U�`�U�D�Q�M­ª�Q® ¯D® ¯±°�¡M�D�Q�D�M�B¬²¡M§�¨s�U¡! 9¨s�M�³�=�³ B¥��µ´2¡M�9¨�¡!��£¤�¨��µ���U�U�%�$�¶­·�=�¦¸��M 9¥*©ª���B¨��%�%�=«M�\¡!¬(�� B�²¥D¡2´M�¹¡!�º�¤»%©ª�M���U�= B¨s¡M§;©��B�M¸D¡M¸�¨�§s¨� G¼¶�%¨��G B�9¨s¸�½% B¨��=�¿¾¦¨� 9¥*½���¨� G¼À¬²�U¡M� w �9���[�³® ¯�® ¯=°¤®

ãEå �



��������� ÁIW c WJ� e W9�Ja c�# g;� e WJT$�\ÂhÃSW9�GP " P R W9]`_ f _
TU�JP�gSP%i;T c �á(ÄSÅ�Æ(Æ$Ç±ÈMÉ2Å�Ê�÷ËÅ�Æ²ÌVÍªÅ ÷¦ß¹ÖÎÍÏÆ$ÐSÌÎÌVÍªÑÂÖVÊªÒÓÍªÔSÔ'Çf÷SÕhÅ�{øëÖÊ�Ò�ä ã��ª�+çB× Í ÉÀÅ�Æ²Æ$ÄhÊ�ØW÷ æ É$Ä�Í�É²É$ÄSÇ � ÊLÌTÞ/�¤
/È�Í�Ñ Î ß�ÇÔ'Ç±Ñ$Å�Ê/ÕhÊ Î Ñ2Í�Ì Ï ÍªÆÀÕSÇ=|�÷hÇ±ÕÙÅ¹÷ËÇfù × ê × ò ×Aã ÔÚÔ'ÊLÆUÆ$Ç±ÆUÆ$Ç=ÆKÍ�÷ËÇM{/Ô'Ê�÷SÇf÷;É$ÅdÍ�ß¦ÔSÑUÊ?Þ�Í�ÞhÅ=ß�Å�É5Ö�ÕhÅ�ÆUÉ$Ñ$ÅAÞSÐhÉ2Å�Ê�÷ÛÅ¹÷ËÉ$ÄSÇÈ�Í�Æ$ÇKÊªÒ�Å ÷hÕSÇ±Ô'Çf÷SÕhÇf÷;É Ï ØÀÄSÅ�É2Ç�ÔÚÜÝÍªÐhÆ$Æ$Å�Í�÷M÷SÊLÅ�Æ$Ç × Í ÷ËÒJÍ�È=É æ É2ÄSÇKÑUÇfùÞÐSÅ�Ñ$Ç±ÌÎÇf÷;ÉÀÊªÒßÉ$ÄSÅ�Æ²ÆUÅ�ÌÎÔGß�Ç¿ÆUÉ2Í�É2Å�ÆUÉ2Å�È�Í�ßÕSÅ�ÆUÉ2ÑUÅ=ÞSÐ/É2Å�Ê�÷øß�Ç�Í�ÕSÆ²É2ÊÏÉ2ÄhÇÝÕhÇ=|�÷SÅ�É2Å�Ê�÷ËÊªÒÓÉ$ÄSÇ � 
�Ô'Ç±ÑUÅ�Ê�ÕSÊ Î Ñ$ÍªÌ ×
�É2ÍªÑUÉ$Å ÷ Î ØÀÅ�É2Ä�Í Î Çf÷SÇ=Ñ2Í�ß�Å=ñ�ÍDÉ2Å�Ê�÷ÛÊªÒ�É2ÄSÇbÕSÅ�Æ$È±ÑUÇ=É$Ç.à�ÊLÐhÑ$Å�Ç=ÑÚÉ2Ñ$Í�÷SÆ�ÒGÊLÑ$Ì Ï Çfù × ê ×"ãL×Aã Ô� }��âá �Úã[äæå/ç Ñ1Ø ×ªè �� � ��ç �Q� � Õaè«é�ê � 2 �"¬ �\éÀêxí¹î � 2 � � Ï ë × � ×�l Ô
É2ÄhÇÝÈ=ÊLÑ$ÑUÇ±ÆUÔ`Ê�÷hÕSÅ ÷ Î Ô'Ç±ÑUÅ�Ê�ÕSÊ Î Ñ$ÍªÌëê'Ç±È=ÊLÌÎÇ±Æf¦ãÅø á �Úãìä íÑ ¶ � } ø á �Úã ¶ ë

ä Õ ë× æ �� � ��ç �Q� èfé�ê � 2 � ì ë ¬ é ë× æ �� � ��ç �Q� êxí¹î � 2 � ì ë Ï ë × � × ��ÔÍ ÷.É$ÄSÇ³È�ÍªÆUÇªîDÉ2Ä�Í�É � Å�ÆßÅ ÷hÕSÇ±Ô'Çf÷SÕhÇf÷;É³ÜbÍªÐSÆUÆ$ÅdÍ�÷/÷hÊLÅ�ÆUÇ³ØÀÅ�É2Ä8ñ±Ç=Ñ$ÊºÌÎÇ�Í�÷~Í�÷hÕÝï�ÍªÑUÅdÍ�÷SÈ=Ç t ë î�É2ÄSÇHùÞÐ�Í�÷;É2Å�É5Ö
ð á �Úã[ä Õ �� � ��ç �Q� èfé�ê � 2 � Ï ë × � ×�ñ�� Ô

Å�ÆÀÍ�ò�Æ$Ê1÷SÊªÑ$ÌVÍªò�ò£ÖVÕhÅ�ÆUÉ$Ñ$Å�êSÐhÉ2Ç=Õ�ØÀÅ�É2ÄNñ=Ç±Ñ$ÊÎÌÎÇ�Í�÷�Í�÷SÕËï�ÍªÑ$Å�Í�÷SÈ=Ç
t ëó äõô ð á �Úãuë=ö ä Õ ë �� � ��ç �� � ��ç�÷ �Q��� �±ø èfé�ê � 2 � èfé�ê � 2 �

ä Õ ë Ñ twë �� � ��ç è«é�ê ë � 2 � Ï ë × � ×�ñªñ ÔÏ É$ÄSÇbÈ±ÑUÊLÆ$Æ(É2Ç=Ñ$ÌÎÆ(ïªÍ�÷SÅ�ÆUÄ�ÆUÅ ÷SÈ=Ç � Å�ÆÀÍªÆ$ÆUÐSÌÎÇ±Õ�É$Ê�ê`ÇbÅ ÷hÕSÇ±Ô'Çf÷SÕhÇf÷;É�Ô × 
�Å�ÌÎÅ�òdÍ�Ñ$ò¹Öªî
ù á �Úã[ä Õ �� � ��ç �Q� êxí î � 2 � Ï ë × � ×�ñ ò�Ô

Å�Æ²÷hÊLÑ$ÌVÍªò�ò£ÖÎÕSÅ�Æ�É2Ñ$Å�êSÐhÉ$Ç±Õ�ØÀÅ�É$Äcñ=Ç±ÑUÊVÌÎÇ�Í�÷�Í�÷hÕ�ï�ÍªÑUÅdÍ�÷SÈ=Ç
t ëú ä ô ù á �Úãuë ö ä Õ ë �� � ��ç �� � ��ç�÷ �Q�Ò� ��ø êxí î � 2 � êxí¹î � 2 �

ä Õ ëÒÑ t ë �� � ��ç êÂí î�ë � 2 � Ð Ï ë × � ×�ñ ��Ôá(ÄSÇ^Ô`Ç=Ñ$Å�Ê/ÕSÊ Î Ñ2ÍªÌ È�Í�÷B÷SÊ%Øìê'ÇZØÀÑUÅ�ÉUÉ2Çf÷�ÍªÆ�É2ÄSÇ^Æ$ÐhÌ ÊªÒ�ÆÂù�ÐSÍªÑ$Ç=ÆÙÊªÒ.É,ØÚÊ ÷SÊLÑ$ÌVÍªò�ò¹Ö�ÕSÅ�Æ�É2Ñ$Å�êSÐhÉ$Ç±Õï�ÍªÑ$Å�ÍªêSò�Ç±ÆÚØÀÅ�É2ÄNñ±Ç=Ñ$ÊÎÌVÇ±Í�÷�Í�÷SÕËïªÍ�Ñ$ÅdÍ�÷SÈ±Ç=Æ t ó Í�÷SÕ t ú ¦ã&ø á �Úã[äæí×üû ð ëýá �Úã ¬ ù ëÓá �Úã\þ Ð Ï ë × � ×�ñ â¡Ô
ñ ê �



á(ÄSÇ�Ñ2Í�÷SÕSÊLÌÿï�ÍªÑ$Å�ÍªêSò�Ç�� ä ð ë á �Úã Ø t ëó ¬ ù ë á �Úã Ø t ëú Å�Æ¶É2ÄSÇ=Ñ$ÇMÒGÊLÑ$Ç3� ë �\ÕSÅ�Æ�É2ÑUÅ�êSÐhÉ$Ç±Õ�ØÀÅ�É2ÄaòVÕSÇ Î Ñ$Ç±Ç=ÆÊªÒÓÒGÑUÇ±Ç=ÕSÊLÌ Í�÷hÕ�Å�É2Æ(ÔSÑUÊLê�ÍªêSÅ�ò�Å�É5ÖVÕhÅ�ÆUÉ$Ñ$Å�êSÐhÉ2Å�Ê�÷�Å�Æ«¦��� á�� ã³ä á í Ø × ã ���{� á ö ��Ø × ã Ð Ï ë × � ×�ñ�� Ô
à�ÊªÑ t ó ä t ú ä t îâÇ«ù × ë × � ×�ñ â^È±Í�÷ ê`ÇËÑUÇf÷SÊLÑUÌ�Í�ò�Å=ñ=Ç±Õ É$Ê t ë Í�÷SÕzÉ2ÄÞÐSÆ�ÊLêhÉ2ÍªÅ ÷SÆ�É$ÄSÇ�ÇM{/Ô'Ê�÷SÇ«÷ÞÉ$ÅdÍªòÔSÑ$ÊLêSÍªêSÅ�ò�Å�É5ÖVÕSÅ�Æ�É2ÑUÅ�êSÐhÉ$Å�Ê�÷Á¦ � á�� ô ãÅø á �Úã ô � ¬�� � ã³ä ���{� á ö � ã � � Ï ë × � ×�ñ
	 ÔÏ á(ÄSÇ�ÒJÍªÈMÉ2ÊLÑUÆ ñ�� òVÅ ÷ Ç«ù × ë × � ×�ñ âÛÍ�÷SÕ¼ë × � ×�ñ�� È±Í�÷SÈ±Ç=òýÇ±ÍªÈ
ÄZÊªÉ2ÄSÇ=ÑÒÔ × w Å�É2Ä t ó ä t ú ä t Çfù × ë × � ×�ñ��Í�÷SÕcë × � ×�ñ ò3Ö�Å�Ç±ò�ÕhÆf¦ Õ�
 æ �� � ��ç èfé�êÂë � 2 � ì � ç q ë Ï ë × � ×�ñ ê�Ô
Í�÷SÕ

é�
 æ �� � ��ç êÂí î�ë � 2 � ì � ç q ë Ï ë × � ×�ñ%l Ôá(ÄSÇ�ÔhÑ$ÊLÔ'ÊLÑUÉ$Å�Ê�÷SÍªò�Å�É5ÖZÈ±Ê�÷SÆ�É
Í�÷;É$Æ�ÍªÑUÇÛ|h{/Ç±ÕpÉ2ÊZÐ�÷SÅ�É5Özê�ÖzÕSÇ±ÌVÍ�÷SÕhÅ ÷ Î È±Ê�÷hÒGÊLÑ$ÌÎÅ�É5Ö^ØÀÅ�É$ÄzÉ2ÄSÇËÈ±ò�ÍªÆ$ÆUÅ��È�Íªò³Ô'Ç±Ñ$Å�Ê/ÕhÊ Î Ñ2Í�Ì Å ÷üÉ$ÄSÇVÈ±ÍªÆ$ÇÎÊªÒÚÇ=ïLÇ«÷Sò¹Ö^ÆUÔ�ÍªÈ±Ç=Õ Õ�Í�É2Í Ï Æ$Ç=Ç�Íªò�Æ$Ê�ÍªÔSÔ'Çf÷SÕhÅ�{×ë × � × ò�Ô × á(ÄSÇVÑ$Ç±ÆUÐSò�É$Å ÷ ÎÔ`Ç=Ñ$Å�Ê�ÕSÊ Î Ñ2ÍªÌ4Å�Æ²É$ÄSÇf÷w¦
ã&ø á �Úã[ä í×�t ë ä�å å ú �� ��ç �Q� è«é�ê � 2 � è ëú �� ��ç èfé�ê ë � 2 � ¬ å ú �� ��ç �Q� êxí î � 2 � è ëú �� ��ç êxí¹î ë � 2 � ï��ð Ð Ï ë × � ×�ñ ��Ô

Í ÷�È�Í�Æ$ÇÝÊªÒýÕSÍ�É
ÍÏÆ2Í�ÌVÔSò�Ç±Æ²ØÀÅ�É2Ä,÷SÊ�÷/�²ñ±Ç=Ñ$ÊÎÌVÇ±Í�÷,�¹îSÇfù × ë × � ×�ñLñ Í�÷SÕcë × � ×�ñ �Ïê`Ç=È±ÊLÌÎÇ±Æ«¦
twëó ä ô ð á �Úã5ë ö ä Õ ë Ñ twë �� � ��ç èfé�ê ë � 2 � ö æ � �� � ��ç èfé�ê � 2 � ì ë Ï ë × � × ò � Ô
t ëú ä ô ù á �Úã ë�ö ä é}ë Ñ t ë �� � ��ç êxí¹î�ë � 2 � ö æ � �� � ��ç êxí¹î � 2 � ì ë Ï ë × � × ò ñ Ô

à�ÊªÑ¶ÇMïLÇ«÷üÕ�Í�É
Í�Æ$ÔSÍªÈ±Å¹÷ ÎaÏ 2 � ä 2 4 ¬ � m� n � ä í ¢fÐ¹Ð£Ð¹¢ Ñ î á�ÕSÇ«÷SÊªÉ2Ç=Æ¿É$ÄSÇ~È=Ê�ïªÇ±ÑUÇ±Õ É2Å�ÌVÇKÑ$Í�÷ Î ÇDÔ¶Í�÷SÕ�ÒGÊLÑÉ2ÄSÇ¶Æ$ÇMÉ²ÊªÒ`ÒGÑ$ÇfùÞÐSÇ«÷SÈ±Å�Ç±Æ � ä@� � ä × ¤ �m ¢�� ä í ¢fÐ¹Ð£Ð¹¢ Ñ1Ø × É$ÄSÇ¿É$Ç±ÑUÌVÆ ú �� ��ç è«é�ê � � 2 � Í�÷SÕ ú �� ��ç êÂí î � � 2 �ÍªÑ$Ç/ñ±Ç=Ñ$Ê Ï ÔSÑ$Ê�ÊªÒµê�ÖÎÑ$Ç=ÔSòdÍ�È±Å ÷ Î3× ) í Í�÷SÕ ñ ) × Å¹÷�Ç«ù × ë × ò × ò�Ô!î/êhÐhÉâÒGÊªÑâÐ�÷hÇ=ïLÇ«÷�Õ�Í�É2ÍÝÆUÔ�ÍªÈ±Å¹÷ Î É$ÄSÇ±ÆUÇÉ2Ç±ÑUÌVÆ�Æ$Ô'ÊLÅ�òLÉ2ÄSÇâÇM{/Ô`Ê�÷SÇf÷;É2Å�ÍªòÞÔSÑ$Êªê�ÍªêSÅ�ò�Å�É5ÖºÕSÅ�Æ�É2ÑUÅ�êSÐhÉ$Å�Ê�÷�� × á(ÄSÇÚÆUÊLò�ÐhÉ$Å�Ê�÷KÉ$Ê¿É2ÄhÅ�Æ�ÔSÑ$ÊLêhò�Ç±Ì�Å�ÆßÉ2ÊºÑUÇ±ÔSò�ÍªÈ±Ç�}� ê�Ö �Q� ö � × 
/Å ÷hÈ±ÇbÍªÕSÕhÅ ÷ Î ÍÏÔSÄSÍªÆ$ÇKÉ2Ç=Ñ$Ì4-ËÅ ÷�Çfù × ë × � ×�l ÕSÊ�Ç±ÆW÷SÊªÉÀÍD�IÇ=È=É(É2ÄhÇKÈ�Íªò�È±ÐSò�Í�É2Å�Ê�÷SÆ±îÞÉ2ÄhÇÔSÑ$Ê�ÊªÒâÅ�ÆKÈ±ÊªÌVÔSò�Ç=É$Ç±Õ × á(ÄhÇVÆUÔ`Ç=È±ÅdÍ�òýÒGÊLÑ$ÌæÊªÒQÉ2ÄSÇÏ-^È�Í�÷^ê'ÇÏÕSÇ±ÑUÅ�ïLÇ=Õ^ÒGÑUÊLÌ ò�Ç�ÍªÆ�ÉbÆxùÞÐ�ÍªÑUÇ±Æ.Í�÷�Íªò£Ö/ÆUÅ�ÆKÍ�ÆÔSÑ$Ç=Æ$Çf÷;É$Ç±Õ Å¹÷�� � l��B×���d­S�M�D�¹���±�$�µ���! ¦¾µ¡!�± µ 9�À�%�$¡!§;¾¦¨� 9¥��! B¥*�M�\�%������� �¦¡!�D�!�#"%$º 9�U�9¬(�µ¨s�*�'&ª®��³® ¯�® (�®
ñ
)/ñ



j>k+* ,c�¿o{z.o�zHtB�¿o��fruo{zÆÈ��Ky{|Qvx~H�,q5y¡Äß�°qmr�-Å��qsrm~
y�yÅtÀ|f��zHÈ�vxruy{zZ|xy{�Kvx~
�,��~HywvezHy{rm���O�ZyÅt&��qá(ÄSÇÛÌÎÇ�Í�÷zÍ�÷SÕ ï�ÍªÑUÅdÍ�÷hÈ±Ç�Ê�Ò(É2ÄSÇ Ï ÌVÍD{/Å�ÌÎÅ/.±Ç=Õ Ô*ò�Ê Î �,ò�Å+0ªÇ=ò�Å�ÄhÊ/Ê�ÕÙÒGÐ�÷SÈMÉ2Å�Ê�÷ È�Í�÷ ê`Ç�È�Íªò�È±ÐSò�Í�É2Ç=Õ Ð�÷SÕhÇ±ÑÉ2ÄhÇ�ÍªÆ$ÆUÐSÌÎÔhÉ2Å�Ê�÷ ÊªÒ¶Í�÷ ÇM{/Ô'Ê�÷SÇf÷;É$ÅdÍªò21�354765896 :<;=:<>�?A@CBED�FE:<>�?HGJICDLKE>#:M4NDPO2Q*à Ï É$ÄSÇ�ÔSÍªÑ2ÍªÌÎÇ=É$Ç±ÑQ�*Ì�Í�ÑR0ÞÆÉ2ÄhÇHS ÕSÅ��IÇ=Ñ$Çf÷;ÉÀÉ2Ç=ÆUÉÀÒGÑ$Ç«ùÞÐSÇf÷SÈ=Å�Ç=ÆÒÔ�¦ T á�� U ã³ä íVLU ����� á ö � U�ØWVLU ã Ð ÏYX~× â ×�ñ Ôá(ÄSÇ�Æ$Ä�ÍªÔ'Ç�ÊªÒºÉ$ÄSÇ�ÌÎÇ�Í�÷�ï�Íªò�ÐhÇ±ÆZVLU¿ÌVÅ Î Ä;É�ê`Ç Î Å�ïªÇf÷ Ï ÍªÈ=È±ÊLÑUÕSÅ ÷ Î É2ÊZÉ2ÄhÇ�ÆUÄSÊªÉ½÷SÊLÅ�ÆUÇ�ÌÎÊ�ÕSÇ±ò²ØÀÅ�É2ÄÜbÍªÐSÆ$ÆUÅdÍ�÷�É5Ö�Ô'Ç\[�ÍªÑ$Ç=ÆÒÔÀÍªÆf¦ VLU ä ÕZõ ���{� o ö²� ëU t ë r ¬ ð ÏYX~× â × ò�ÔÏ ÆUÇ±ÇÝÆ$Ç=È ×])/× �ÏÒGÊªÑ(ÕSÇ=É2ÍªÅ�ò�ÆÒÔ × á(ÄhÇÝò�Ê Î �\ò�Å/0�Ç±ò�Å�ÄSÊ�Ê/ÕÏÒGÐ�÷hÈ=É2Å�Ê�÷ËÅ�Æ²É$ÄSÇf÷�ÕSÇ=|�÷hÇ±ÕÙê�Ö^� � lW� ¦_ 3 ä � éa`cb ä _ Ý
dfeg Uih ç T á�� U ã[ä ej Uih ç k � éa` íVLU ö � UVLUml ÏYX~× â × ��Ôá(ÄSÇbÈ�Í�ò�È±ÐhòdÍ�É$Å�Ê�÷�ÊªÒ�É2ÄhÇÝÌÎÇ�Í�÷onqp _sr Í�÷SÕËï�ÍªÑ$Å�Í�÷SÈ=Çutvp _sr ä nvp _ ë r ö nwp _<r ë Å�Æ²÷SÊ%Ø�Æ�É2Ñ$ÍªÅ Î Ä;É(ÒGÊLÑ�Ø²Í�Ñ$Õw¦
nwp _<r ä ö ej Uih ç k � é7`cVxUzy íVLU nwp{� U r l

ä ö æ S y ej Uih ç � é7`cVxU�ì ÏYX~× â × â¡Ô
n û _ ë þ ä ej Uih ç ej | h ç n~} k � éa`2VLUzy � UVLU5l k � éa`2V | y � |V | l��

ä ej Uih ç ej | h ç k � é7`cVxU � éa`2V | y � éa`2VLU íV | nwp�� | r y � é7`�V | íVLU nwp�� U r y íVLUsV | nvp{� U<� | r l
ä ej Uih ç ej | h ç k � é7`cVxU � éa`2V | y íVLU/V | nwp{� U<� | r l y × S ej Uih ç � é7`�VLU ÏYX~× â ×s� ÔÍ ÷^È�ÍªÆUÇ����ä ��É2ÄSÇÏÉ,ØâÊÙÑ2Í�÷SÕSÊLÌS÷ÞÐSÌ~ê`Ç=Ñ$Æ�� U²Í�÷hÕ�� | ÍªÑUÇ�Å ÷SÕSÇ=Ô`Ç«÷SÕSÇ«÷ÞÉ~Í�÷SÕZÉ2ÄhÇ��UÊLÅ¹÷;ÉuOcQºà�Å�ÆbÉ$ÄSÇÔSÑUÊ/ÕSÐhÈ=É¶ÊªÒ�É2ÄSÇbÅ ÷hÕSÅ�ï�Å�ÕhÐ�Íªò�O2Q*à�Æu��ò � îSÔ × ò lN�B× w ÇKÉ2ÄSÇ=Ñ$Ç=ÒGÊªÑ$ÇbÄ�Í�ïLÇ

íVLU/V | nwp{� Us� | r ä íVxU/V | nvp�� U r nwp�� | r ä í Ð ÏYX~× â ×%	 ÔÍ Ò�� ä � ¦ íV ëU nvp�� UY� U r ä íV ëU]�q�� ��ëU T á#� U ã � � U ä ���� � ëUV ëU2�E�z� á ö � UsØWVLU ã � � UVLU ä × Ð ÏYX~× â ×�) Ôá(ÄSÇQò�÷SÕ�Íªò Î Ç±êSÑ$ÍªÅ�ÈºÌVÊLÌÎÇf÷;É�nwp _ ë r É2ÄSÇ«÷�ê'Ç±È=ÊLÌÎÇ±Æf¦n û _ ë þ ä ej U=h ç ej | h ç � éa`2VLU � é7`cV | y × S ej U=h ç � éa`2VLUzy�S áMS ö í ã y × S ÏYX~× â ×�l Ô
Í�÷SÕËÉ2ÄhÇbï�ÍªÑUÅdÍ�÷hÈ±ÇKÊªÒ�É2ÄSÇbò�Ê Î �,ò�Å/0�Ç±ò�Å�ÄSÊ�Ê/ÕÏÒGÐ�÷SÈMÉ2Å�Ê�÷ËÅ�Æ�tvp _<r ä nwp _ ë r ö nwp _sr ë ä S ×
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á(ÄSÇo·o0¡÷ �ª�/ñ ÕSÅ�ÐSÑÂ÷�Íªò¸[SÐ/{ ï�Íªò�ÐSÇ±Æ�Íªê'Ê%ïLÇ í Ðsx\¹ �»º ÍªÆ�ÌÎÇ�ÍªÆUÐSÑ$Ç=Õpê�Ö½¼pá ñ
Ï Ê�÷Sò¹Ö ÆUÉ2Í�É2Å�ÆUÉ2Å�È�Íªòc[�Ð/{Ç±Ñ$ÑUÊLÑ$Æ Î Å�ïLÇ«÷ Ô¾�¿aÀ�Á Â á�n«Ã í Ðsx¸¹ �Eº ãÅÄ ÆÈÇ ó É º�Ê ¾�¿aÀ�Á Â á#n«Ã í Ð�xË¹ �»º ãÌÄ ÆÈÇ ó É º�Êx í�Í Ð í
ÎaÏaÏ í Ð%Ð ×ÒÑ[Ù Ð ñ í × Ð ñ Ï Ó�Ô · �a	 x7Ð;x¿Ð í
Õ/í
Õ í Ð í Ð ÑàÙ Ð ÕaÏ ñ Ð Ù�Ù Ö�×*�a	x í
Î Ð í
Î ñ Õ í Ð Ï ñ Ñ[Ù Ð ñ Î × Ð Ù�Ù Ó�Ô · �a	 x7Ð;x¿Ð ÏaÎ7Îhí Ù Ð�Ð;x Ñ í Ð Ï x í Ð Ù�Ù Ó�Ô · �7	x í
Ï Ð í
ÕaÏaÏ Ù Ð ÏaÕ Ñ[Ù Ðsx Í × Ð Ù�Ù Ó�Ô · �a	 x7ÐaÐ�Ð íLí Ð Ï í Ð Ï ×�ÑàÙ Ð ñ Í Õ Ð Ï7Ï Ö�×*�a	x ×�Ù Ð í�ÍaÍ/í í Ð ÏaÎ Ñ[Ù Ð ñ í × Ð ÎaÎ Ó�Ô · �a	 x7Ð Í Ð í x í x í Ð í
Ï ÑàÙ Ð ñ Î × Ð Ï7Ï Ö�×*�a	x × í Ð í�Í ñ Ð × Ð Ù Í Ñ[Ù Ð Õ9Í Õ Ð ñ Î Ó�Ô · �a	 x7Ð Î Ð Ù ÕaÍaÍ í Ð í
Î ÑàÙ Ð Õ ñ × Ð ñ Ï Ó�Ô · �ª�x ×�× Ð í�Í Ù Ï Ù Ð Í7Î Ñ[Ù Ð × Í Õ Ðsx Ù Ó�Ô · �a	 x7Ð Î Ð í x Ù Ï í Ð Î ñ ÑàÙ Ð ñ Í × Ð Î × Ö�×*�a	x × Õ Ð í�Í ñ Î í Ð Ï ñ Ñ[Ù Ð Õ ñ Õ Ð ÏaÏ Ó�Ô · �a	 x7Ð Ï Ð Ù Ð ñ Õ í Ð�x Í ÑàÙ Ð Õ Ð × Ð Õ × Ó�Ô · �ª�x × x�Ð ×�Ù Î × í Ð ñ ×ÒÑ[Ù Ð ñ Í í Ð%ÐaÐ Ó�Ô · �a	 x7Ð Ï Ð í ÐLx Ù í Ð ñ ×�ÑàÙ Ð ñ�ñ × Ð í Ð Ö�×*�a	x × Ð{Ð í ñ Îhí Õ Ð Í x ÑZ× Ð Ù í í Ð Ù�Ù Ö�×�ñ�� x Í Ù Ð Ù Í�í × Ù Ð Î ñ ÑàÙ Ð × ñ Õ Ð�x Ù Ó�Ô · �ª�x × Ð{Ð × í�Í x í Ð Î Ð Ñ[Ù Ðsx Ù í Ð%ÐaÐ Ó�Ô · �a	 x Í Ù Ð í�ÍWÎhí í Ð Ù í ÑàÙ Ð�Ð Ï í Ð Õ7Õ Ö�×*�a	x × Í Ð × Õhí Ù Ù Ð Îhí Ñ[Ù Ðsx Î Ù Ð Ï × Ó�Ô · �a	 x Í/í Ð Ù Î Ð Ï í Ð ÏaÕ ÑàÙ Ð × Ð ñ Ð × x Ó�Ô · �ª�x × Î Ð ×�Ù x Ù × Ð Í ×ÒÑ í Ð%Ð × Ù Ð Í x Ö�×�ñ�� x Í/í Ð í
Ï/í�Í í Ð�x Ï Ñ í Ð Ù Õ Ù Ð�Ð7Ð Ö�×*�a	x × Î Ð × ÕaÏ x × Ð Ù í Ñ í Ð × Í Ù Ð ñ × Ó�Ô · �a	 x Í × Ð í Ù�× Ð Õ Ð ÎaÎ ÑàÙ Ð Õ x x�Ð Ù�Ù Ó�Ô · �ª�x Õ Ð{Ð í x ÕaÎ Õ Ð ×�Ù�Ñ[Ù Ð Îhí × Ð ÏaÏ Ö�×�ñ�� x Í7Õ Ð Ù Ï7Ï9Í í Ð Î Ù�ÑàÙ Ð × Ð ñ Ð Í x Ó�Ô · �ª�x Õ9Í Ð í Ð;x Ï í Ð ñ Ð Ñ[Ù Ð%Ð ñ Õ Ð × Î Ö�×�ñ�� x Í ñ Ð Ù Î × í í Ð ÏaÎ ÑàÙ Ð × Õ Ð{Ð ñ Ï Ó�Ô · �ª�x ÕaÏ Ð í�Í × ñ Õ Ð%Ð Ù�Ñ[Ù Ð ÍaÍ × Ð Î × Ö�×�ñ�� x Í x¿Ð Ù Î7Î x Õ Ð Í7Õ ÑàÙ Ð Õ × x�Ð Ï7Ï Ó�Ô · �ª�x ñ Ù Ð íLí ñ�ñ Õ Ð × Í Ñ[Ù Ð ÍaÍ í Ðsx Ù Ó�Ô · �a	 x Í Ð�Ð Ù Î × x Ð�Ð Õhí ÑàÙ Ð ñ x x�Ð Î7Õ Ó�Ô · �ª�x ñ Ù Ð í
ÎaÏ Ù í Ð Îhí Ñ[Ù Ðsx Í í Ð ÎaÕ Ö�×K�7	 x ÍaÍ Ð Ù Î Ù Ð x¿Ð Ù�×�ÑàÙ Ð ÕaÎ Ð{Ð í x Ó�Ô · �ª�x ñ x�Ð ×�Ù x Õ Ù Ð ÕaÕ Ñ[Ù Ð Õ Ð í Ð × x Ó�Ô · �a	 x Í7Î Ð Ù Î Ù í ñ Ð ñ Ï ÑàÙ Ð Õ x Ð{Ð Õ7Õ Ó�Ô · �ª�x ñ Ð{Ð í x ñ x í Ð × x Ñ[Ù Ð × Ï Õ Ð%ÐaÐ Ó�Ô · �a	 x Í7Î Ð Ï Ð Ù�× í x¿Ð ñ Î Ñ x¿Ð Ù�× Ù Ð�x Ù Ö�×*�a	x ñ Í Ð í × Í7Ï Ù Ð Î9Í Ñ[Ù Ð × í x�Ð ÕaÏ Ó�Ô · �a	 x Í7Ï Ð Ù Í7Í ñ x¿Ð ñ Ð ÑàÙ Ð ñ Õ ñ Ð Ï7Î Ó�Ô · �ª�x ñ Î Ð í × ÎaÎ × Ð × Î Ñ[Ù Ð Õhí x�Ð × Õ Ó�Ô · �a	 x Í7Ï Ð Ï Ð7Ð Ï Î Ð ÕaÏ Ñ í Ð�x Ù í Ð Ï/í Ö�×*�a	x ñ Ï Ð í × Ð ñ í Ð Îhí Ñ[Ù Ð × Ï x�Ð ñ Ù Ó�Ô · �a	 x Î Ù Ð í Ù Î ñ ñ Ð�x ×�ÑàÙ Ð Õ x ñ Ð × x Ó�Ô · �ª�xLx Ù Ð íLí
Õhí × Ð í ×ÒÑ[Ù Ð ÕaÏ × Ð ÏaÏ Ó�Ô · �a	 x Î × Ð Ù ñ Í × × Ð ÎaÕ Ñ í Ð�Ð;x Ù Ð ñ Ï Ö�×*�a	xLx í Ð Ù�× í × Í Ð Í Ù�Ñ Õ Ð í x í Ð Ù�Ù Ö�×K�7	 x Î × Ð Ù Ï Ù ñ × Ð�xLx ÑàÙ Ð�x í í Ð í Ð Ó�Ô · �ª�xLx í Ð íLí × Í Í Ð ñ Ï Ñ[Ù Ð Í/í Õ Ð × ñ Ó�Ô · �a	 x ÎaÕ Ð Ù�Ù Õ × ñ Ð Ï Ù�ÑàÙ Ð Í Ù Õ Ð Ï7Ï Ö�×*�a	xLx × Ð Ù Õ x × ñ Ð í
Ï Ñ í Ð Õ × í Ð%ÐaÐ Ö�×K�7	 x ÎaÕ Ð í ñ�ñ�ñ x¿Ð�Ð ×�ÑàÙ Ð ñ Í × Ð Í Ù Ó�Ô · �ª�xLx × Ð í x Ù í ñ Ð ×�Ù�Ñ[Ù Ð ñ x Õ Ð%ÐaÐ Ó�Ô · �a	 x Î ñ Ð Ù ñ�ñ�ñ x¿Ð Ï ñ Ñ í Ð í
Ï í Ð × Ï Ö�×*�a	xLx Õ Ð Ù Í Ù x ñ Ð Í7Ï Ñ í Ð ñ Ï Ù Ð ÏaÏ Ö�×K�7	 x Î ñ Ð í
Î/í × Õ Ð Ù x ÑàÙ Ð�Ð;x Ù Ð Ï7Ï Ó�Ô · �ª�xLx Õ Ð íLí
Î Ù ñ Ð í Ð Ñ[Ù Ð Ï × í Ð Ù�Ù Ó�Ô · �a	 x Ï x¿Ð í Ù Í Ù í Ð�Ð Í ÑàÙ Ð�x Î × Ð Ù�Ù Ö�×*�a	xLxLx�Ð í
Î x Ù x�Ð ñ í Ñ[Ù Ð Í Ù í Ð%ÐaÐ Ó�Ô · �a	 x Ï9Í Ð ÏaÏ7Õ Ð Ù Ð Í ×�ÑàÙ Ð ñ�ñ Ù Ð Ï7Ï Ó�Ô · �ª�xLx Î Ð í�Í ñ × Õ Ð%Ð ×ÒÑ[Ù Ð Î9Í × Ð × Í Ö�×�ñ�� Ð Ù�Ù Ð Ù Î7ÏaÎ í Ð í Ù�ÑàÙ Ð ÕaÕ í Ð ñ Ï Ó�Ô · �ª�xLx Ï Ð í ÐaÐ í x�Ð Ù ñ Ñ í Ðsx × Ù Ð Ï ñ Ö�×�ñ�� Ð Ù í Ð íLíªí Ù × Ð í
Î ÑàÙ Ð Õ x × Ð�x Ù Ó�Ô · �ª�x7Ð Ù Ð í Ð ×�Ù Õ Ð Ï ×ÒÑ í Ð × Õ × Ð Í ñ Ö�×�ñØ	 Ð Ù�× Ð í Ù í�Í × Ð ñ Î ÑàÙ Ð ñ�ñ í Ð�x Ù Ó�Ô · �ª�x7Ð Õ Ð í × Í7Õ Ù Ð ÏaÕ Ñ[Ù Ðsx Í ñ Ð Õ Ù Ö�×�ñ â Ð Ù Õ Ð íLíØÏ9Í ñ Ð�x7Ð ÑàÙ Ð ñ x Õ Ð�x Ù Ó�Ô · �ª�x7Ð ñ Ð íLí
ÏaÏ ñ Ð í ×ÒÑ[Ù Ð%Ð ñ ñ Ð Õ × Ö�×�ñ�� Ð Ù ñ Ð í
Õ/í ñ ñ Ð ×�Ù�ÑàÙ Ð ñ Ð × Ð Ï7Ï Ó�Ô · �ª�



¾�¿aÀ Á Â á#n«Ã í Ðsx ãÅÄ ÆÈÇ ó É º Ê ¾�¿aÀ Á Â á#n«Ã í Ð�x ãÌÄ ÆÈÇ ó É º ÊÐ Ù x¿Ð íLíØÕ Ð Õ Ð ñ Ï Ñ[Ù Ð ñ Ù Õ Ð�x Ù Ó�Ô · �ª� Ð ñ × Ð Ï Ð;x Õ Í Ð × Õ ÑàÙ Ð Ï Ù × Ð ÕaÕ Ö�×K�a	Ð Ù Í Ð í × Î Ð x�Ð%Ð;x Ñ[Ù Ðsx Í × Ð ñ Ï Ó�Ô · �ª� Ð ñ Õ Ð Ù x Í x Ð{Ð Í7Î Ñ í Ð ñ�ñ Ù Ð%ÐaÐ Ö�×K�L�Ð í Ù Ð í × x Õ í Ð Í/í Ñ[Ù Ð Õhí × Ð ñ Ï Ó�Ô · �ª� Ð ñ Õ Ð Ù Ï x7Ð Ð{Ð ñ Õ Ñ í Ðsx Í Ù Ð Ï Ù Ó!Ô · �L�Ð íLí Ð Ù�Ù í x í Ðsx Ù�Ñ[Ù Ðsx × í Ð Ù�Ù Ö�×*�L� Ð ñ Õ Ð ÏaÎaÎaÕ × Ð Î9Í ÑàÙ Ðsx × Õ Ð%Ð Õ Ö�×K�a	Ð íLí Ð Ù x Îhí Ù Ð Ï Ð Ñ[Ù Ð Õ ñ í Ð ñ Ï Ó�Ô · �ª� Ð ñ�ñ Ð í Ù ÕaÏ × Ð Ù�Ù�Ñ ñ Ð Ù í Ù Ð ÕaÎ Ó!Ô · �L�Ð í × Ð Ù�× ñ Ï × Ð ñ Ï Ñ[Ù Ð ñ í × Ð Ù�Ù Ö�×*�L� Ð;x Ù Ð Ï × Î Ù Õ Ðsx Ï ÑàÙ Ð%Ð Î × Ð Ù�Ù Ö�×K�a	Ð í × Ð í ×�× Ð Õ Ð%Ð ñ Ñ[Ù Ð ñ Í × Ð�x Ù Ó�Ô · �ª� Ð;x Ù Ð ÏaÏ x Õ Ù Ð × Í Ñ í Ð × ñ Ù Ð ÏaÏ Ö�×�ñ%�Ð í
Õ Ð Ù Ð Ù Í Î Ð Ï9Í Ñ[Ù Ð Ï x í Ð Ù�Ù Ö�×*�L� Ð;x í Ð Ù ÕaÕhí Õ Ð Ù í Ñ x�Ð Í7Ï Ù Ð%Ð;x Ö�×�ñ âÐ í
Õ Ð í
Õ Ð;x Í Ð ñ Ð Ñ[Ù Ð Í × × Ð�x Ù Ó�Ô · �ª� Ð;x í Ð Ïhí × x í Ðsx ñ ÑàÙ Ð ÍaÍ Ù Ð ñ í Ó!Ô · �L�Ð í x¿Ð ÏaÕ/í Ù Ù Ðsx ñ ÑZ× Ð Î9Í Ù Ð Ï7Ï Ö�×~ñ â Ð;x í Ð Ï × x Î × Ð ñ Ù�ÑàÙ Ð ñ Í í Ð Õ9Í Ö�×K�L�Ð í x¿Ð ÏaÎ ñ Ï × Ð ÕaÏ Ñ í Ð Ù Õ í Ð Õ × Ö�×~ñ%� Ð;x × Ð Ù�Ù�Ù Õ × Ð%Ð Î ÑàÙ Ð Í x í Ð%ÐaÐ Ö�×K�a	Ð í Ð�Ð Ù ÍWÕ ñ × Ð Í Ð Ñ[Ù Ð Í/í í Ð Ï7Ï Ö�×*�a	 Ð;x Õ Ð Ï ñ Õ × í Ð ñ Ï ÑàÙ Ð ñ x í Ð Ù�Ù Ó!Ô · �L�Ð í Ð�Ð Ï Ð7Ð Ù Ù Ð × ñ Ñ[Ù Ð Í/í × Ð�Ð Õ Ö�×~ñ â Ð;x ñ Ð ÏaÕ Ð ñ Ù Ð Ï x ÑàÙ Ð ñ × í Ð Ù�Ù Ó!Ô · �L�Ð í�Í Ð Ù Í x Õ í Ð Ù Ï Ñ[Ù Ð Í Ð í Ð�Ð7Ð Ö�×~ñ%� Ð;xLx�Ð Ù x Ù Î ö Ù Ð × Í Ñ[Ù Ð Í7Õ í Ð ñ Ï Ö�×K�a	Ð í�Í Ð ÏaÎ Ù Ð ö Ù Ð × í Ñ í Ð Ù Í Õ Ð × Ð Ö�×~ñ
	 Ð;x7Ð{Ð Ù Ð í
Ï í Ð × Ð Ñ[× Ð × Ï Ù Ðsx Ù Ö�×K�L�Ð ×�× Ð Ï × Í Ù Ð{Ð × x Ñ[Ù Ð Ï ñ Ù Ð Î7Õ Ó�Ô · �ª� Ð;x Í Ð Ù Ð Ù Õ × Ð Ï x Ñ í Ð Í7Ï Ù Ðsx Ù Ó!Ô · �L�Ð × Õ Ð Ù�× Ð Õ Ð{Ð ñ Õ Ñ[Ù Ð Í × × Ð Ï7Ï Ö�×*�a	 Ð;x Í Ð ÏaÎ Ð Í × Ð í Ù�ÑàÙ Ð Õ Ù Õ Ð ñ Ï Ó!Ô · �L�Ð × ñ Ð Ù Õ × Î × Ð Ù Ï Ñ[Ù Ðsx7Ð × Ð Õ × Ö�×*�a	 Ð;x Î Ð ÏaÎ Ù�× Ù Ð ñ Î ÑàÙ Ð í�Í ñ Ð Ù�Ù Ó!Ô · �L�Ð × ñ Ð Ï x Õ ñ × Ð í ñ Ñ[Ù Ð ñ Õ í Ð Õ7Õ Ó�Ô · �ª� Ð;x Ï Ð ÏaÎ Ù Ð í Ð í Ù�ÑàÙ Ð ×�× Õ Ð ÏaÏ Ó!Ô · �L�Ð × x¿Ð Ù xªx Ï × Ð Ù Î Ñ[Ù Ð Í ñ í Ð�Ð7Ð Ö�×*�a	 ÐaÐ Ù Ð Ï9Í/í Ù í Ð ÕaÎ ÑàÙ Ð × Ð Õ Ð ñ Ï Ó!Ô · �L�Ð × x¿Ð Ï9Í Ð Õ í Ù Ð�Ð ñ Ñ[Ù Ð Î Ù í Ð�x Ù Ó�Ô · �ª� ÐaÐ í Ð Ï Ð Î ñ í Ð%Ð ×�ÑàÙ Ð Õ Ù Õ Ðsx Ù Ó!Ô · �L�Ð × Ð�Ð Ù x Õ x Ï Ð Ï9Í Ñ í Ð%Ð × Ù Ð Ï7Ï Ö�×*�a	 ÐaÐ × Ð Ï Ð Î Ù × Ð ñ x ÑàÙ Ð Õ × Õ Ð ñ Ï Ó!Ô · �L�Ð × Ð�Ð ÏaÏ × Ï Í Ð ÕaÎ Ñ[Ù Ðsx í × Ð�x Ù Ó�Ô · �ª� ÐaÐ Õ Ð Ï Ð Ï Ð x�Ð ÍaÍ ÑàÙ Ðsx í Õ Ðsx Ù Ó!Ô · �L�Ð × Í Ð Ù Î7Ï ñ Í Ð ñ í Ñ í Ð Ù í í Ð Ù�Ù Ö�×*�L� ÐaÐ ñ Ð Ï ñ Í Ð í Ðsx7Ð ÑàÙ Ð Õ Ù × Ðsx Ù Ó!Ô · �L�Ð × Î Ð Ù Î7Õ × Ð{Ð íLí Ñ í Ð ñ Ù Ù Ð�x Ù Ó�Ô · �ª� ÐaÐ;x�Ð Ï ñ í ñ í Ð × Î ÑàÙ Ð Õ9Í í Ðsx Ù Ó!Ô · �L�Ð × Ï Ð Ù�Ù Õ x í Ð Õ x Ñ[Ù Ð Õhí × Ð Ù�Ù Ó�Ô · �ª� ÐaÐaÐ{Ð ÏaÕ × Í × Ð Ù í ÑàÙ Ðsx × í Ð Ù�Ù Ó!Ô · �L�Ð × Ï Ð ÏaÎ7Ï x í Ð Ù�Ù�Ñ[Ù Ð × Î í Ð Î ñ Ó�Ô · �ª� ÐaÐ Í Ð Ïhí ñ Ð Ð{Ðsx Õ Ñ í Ð Õ Ù Ù Ð ÎaÕ Ö�×K�a	Ð Õ × Ð ÏaÎaÍ Ù Ù Ð%Ð Õ Ñ[Ù Ð × Ð × Ð Ù�Ù Ó�Ô · �ª� ÐaÐ Í Ð Ï ñ Õ Ð ñ Ð Í7Î Ñ í Ð í
Õ Ù Ðsx Ù Ó!Ô · �L�Ð Õ ñ Ð Ù�Ù Ð;x Ù Ð Í/í Ñ[Ù Ð × í Õ Ð Ù�Ù Ó�Ô · �ª� ÐaÐ Î Ð Ï × ñ Í í Ð Õ Ð ÑàÙ Ðsx Î í Ðsx Ù Ö�×K�a	Ð Õ x¿Ð Ù í Ù Ï í Ð Í ×ÒÑ[Ù Ð × Î Õ Ð Ù�Ù Ó�Ô · �ª� ÐaÐ Ï Ð ÏaÕaÕaÕ ñ Ð ÕaÕ ÑàÙ Ð Ïhí í Ð ñ Ï Ö�×K�a	Ð Õ Ð�Ð Ù�Ù Í7Î Ù Ð Ù Ð Ñ[Ù Ð í
Ï × Ð�x Ù Ó�Ô · �ª� Ð Í Ù Ð Ï × Í/í Ù Ð ñ í ÑàÙ Ð%Ð ñ í Ðsx Ù Ö�×K�a	Ð Õ Ð�Ð Ïhí Ù ñ í Ð Í Ð Ñ í Ð í Ù Ù Ð Õ7Õ Ö�×*�L� Ð Í/í Ð Ï ñ × Î × Ð Ï Ù�ÑàÙ Ð%Ð Î × Ð ñ Ï Ö�×K�a	Ð Õ Ð�Ð ÏaÏ ñ x Ù Ð%Ð;x Ñ[Ù Ð × í Õ Ð Ù�Ù Ó�Ô · �ª� Ð Í × Ð Ï x í × í Ð × x ÑàÙ Ðsx ñ Õ Ð Ù�Ù Ö�×K�a	Ð Õ9Í Ð Ï ñ�ñ Í Ù Ðsx Í Ñ[Ù Ð ñ x Ù Ð Î7Õ Ö�×*�L� Ð Îhí Ð Î9Í7ÕaÕ í Ð í x ÑàÙ Ð Î × Ù Ðsx Ù Ö�×K�L�Ð ÕaÎ Ð Ù Õ × x í Ðsx Í Ñ[Ù Ð ñ Ù í Ð ñ Ï Ó�Ô · �ª� Ð Îhí Ð Ï Ù x í í Ð ÏaÕ ÑàÙ Ðsx7Ð í Ð Ù�Ù Ó!Ô · �L�Ð ÕaÎ Ð ÏaÕ x Õ x�Ð Í ñ Ñ[Ù Ð Í7Ï Ù Ð Ï7Ï Ö�×*�L� Ð Î × Ð Î Ð Ïhí Ï Ð Î Ð Ñ[× Ð í
Õ Ù Ðsx Ù Ö�×K�a	Ð ÕaÏ Ð Ù�× ñ�ñ x�Ð Õ x Ñ[Ù Ð ñ Ï Õ Ð Ù�Ù Ó�Ô · �ª� Ð ÎaÕ Ð Î9Í7Õ x Í Ð Ï ñ Ñ í Ð ÕaÏ Ù Ðsx Ù Ö�×K�L�Ð ÕaÏ Ð ÏaÕ7Ï Ù x�Ð Ù ñ Ñ í Ð ñ Õ Ù Ð�ÐLx Ö�×*�a	 Ð ÎaÕ Ð Ï Ù x7Ð Ð{Ðsx Í ÑàÙ Ð ÎaÏ í Ð Ù�Ù Ó!Ô · �L�Ð ÕaÏ Ð Ï9Í Ð í ñ Ð%Ð Í Ñ[Ù Ð Í/í í Ð Ù�Ù Ö�×*�L� Ð Î ñ Ð Î9Í Ù�× í Ð í�Í ÑàÙ Ð Í Ð Ù Ðsx Ù Ö�×K�L�Ð ñ Ù Ð Ù Ð Ù í ñ Ð í
Ï Ñ[Ù Ð ñ Î Õ Ð íØÏ Ó�Ô · �ª� Ð Î ñ Ð Ï × Ð × × Ð Í x ÑàÙ Ð ñ x × Ð × x Ó!Ô · �L�Ð ñ Ù Ð Ï ñ ÎaÎ x�Ð ÎaÕ Ñ[Ù Ð Ï x í Ð Õ7Õ Ö�×*�a	 Ð Î x�Ð Î9Í/í
Ï Ù Ð ÕaÕ ÑàÙ Ð%Ð Î Ù Ðsx Ù Ö�×K�L�Ð ñ í Ð Ù í Ù Õ Õ Ð Î Ð Ñ[Ù Ð ÎaÎ Ù Ð�Ð Í Ö�×*�L� Ð Î x�Ð Ïhí
Õ ñ Ù Ð × Í ÑàÙ Ð × Ï í Ðsx Ù Ó!Ô · �L�Ð ñ í Ð Ù Ð Ï Ð × Ð × x Ñ[Ù Ð ñ Í × Ð í ñ Ó�Ô · �ª� Ð Î Ð{Ð Î Ð Î x í Ð × Î Ñ í Ð Ù Í Ù Ð ÕaÕ Ö�×K�L�Ð ñ í Ð Ï xWÐ × Õ Ð%Ð;x Ñ[Ù Ð Í x í Ð Ï7Î Ö�×*�a	 Ð Î Ð{Ð ÎaÏ9Í Ù Ù Ð ñ�ñ ÑàÙ Ð ÕaÎ Ù Ð ÏaÏ Ó!Ô · �L�Ð ñ × Ð Ù ñ í�Í × Ð Ù ñ Ñ í Ð Õ9Í Ù Ð Õ7Õ Ö�×*�L� Ð Î9Í Ð Î Ð Í x í Ðsx ñ Ñ í Ð Ù Ð Ù Ð ÕaÕ Ö�×K�L�Ð ñ × Ð Ù Î Ù�× × Ð Îhí Ñ[Ù Ð Í/í í Ð�x Ù Ó�Ô · �ª� Ð Î9Í Ð Ïhí x ñ × Ð í
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Õ Õ Ð í
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	�� íCî7ï :<D ï9ù9ù�
�������� ö�B5FEIC;=>YF]GJ3m4Né óôå!õ]öË÷�� â ï 87D�@
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K5451�:MKèñ?�FE>ÅBEé ×cXôX 
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FÅ1 ã BE3E:MKG� ã BE35BED�ì94! !>�BE;/B5F
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Ä�÷SÅ�È±Íªò P Ç±Ô'ÊLÑ�É�·ªO7YB�O[Ä Bc���Ll � � îñ·�ÍD{Þ��O[òdÍ�÷hÈ50;�ZY5÷SÆUÉ$Å�É$ÐhÉÀÒ\[SÑ�O[Äàû�ÆUÅ/0^] w Ç±ÑÂ÷SÇ±Ñ¤� Ö Ç±Å�ÆUÇf÷Þê'Ç±Ñ�/D�_Y5÷SÆ�É2Å�É$ÐhÉa`!î�·ÙÍªÑUÈ
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�Ê/È=Å�Ç=ÉÅûªî�#,c�d�¦7e ��� e ñ �hî·ÙÍØû ñ����9)/×� ñ��N� w ×�á Ç±Õ�÷SÍªÑ$Ç»0�Í�÷SÕ Pb× ß × O[Ñ$ÊªÉ$ÄSÇ±ÑUÊ/Ç × ë£4 @7Iz; 87>�:M4ND£4�GÒ÷Èõ0� ç987é¯é�8��Å3'87?
F\6 ?Z:<D�>ÅBE3'8CKE>#:M4NDoð�:<> ãf �Å3'87?�F¯GJ3m4Né 87D 8CK5KE3mBE>�:M4ND @7:/F
K ã 4N>YFÅ1�4N> × ·�Ê�÷;É2ÄSò û Ó ÊªÉ$Å�È=Ç±Æ�ÊªÒbÉ2ÄhÇ P Ê
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K54! 7BE3J?o4�G õ�87é¯é�8��MöË87? å]é¯:/F5FE:M4ND896E4! 7B�� íCî õôB�ä�GJ354Né > ã B�p�nvn�8CK5BE3E>M8CB^s�6ubØB5KE> ï åcè � �.�q�F� í9ï � ×�X Æ�É2ÑUÊLÔSÄ9û�Æ$Å�È±Íªò�ßªÊLÐSÑ&i�Íªò9îý(g�J�¦ 	/ñ
	qD îñßªÐSò û ñ����ªlh×

ñ�)ªl



�y� �W� · × ¼²Í�É
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KE:<;<; 87>�:M4ND�F�:<D�õ]öôè ï9ù9ï9í � ïCî7í ×·�Ê�iÞÉ$ÄSò+û Ó ÊªÉ$Å�È±Ç=ÆÀÊªÒÓÉ$ÄSÇ P Ê
ûLÍªò X Æ�É2Ñ$Ê�iSÊLÌÎÅ�È�Í�ò � Ê�È±Å�Ç=ÉÅûLî(�,g,g�¦ ~a) � �"~a)7	 î Ô ÈMÉ2ÊLê'Ç±Ñ ñ.���Llh×� ~z�7��B(× ß × à�ÇHi9û�ïªÇ±Æ=î �`× Ó ×�á Íªò�Ê�/Sî Ó ×!Pb× Q*Í�ï/Å�ÆÓÇMÉ¹Í�ò × å];/B5KE>�354Né�8
ç7DLBE>�:MK�K54Né!1�4NDLBED�> 4�G í�®�¯\°�±�í�®�¯S² �»º87:<3�F ã 4Nð¸BE3mF × O[Ä9û�Æ$Å�È�Íªò P Ç=ï�Å�ÇMØ Q~î-��d�¦ 	��q���C	q~7	 îhà�Ç=êSÑ$ÐSÍªÑ'û ñ.�LlLlh×� ~�~N� e × à�Ç±ÑUÑ2ÍªÑUÇ±ÆUÇªî ÖÝ× ¼ × à�ÊLÑUÕËÍ�iSÕ w × ßLÍ��`Ç × å0 
:�@CBEDLK5B�GØ4N3\8ZëA8NF5FE:@ 7B+pÒ; 8CK5ìHóu4N;/B�:<D�> ã B�÷!KE>#:@ 7Bõ�87; 8.%a?³�¯õ��´� � �7ï GJ3m4Né ó�I�6
6 ;/BAèa1�8CK5B â BE;/B5F
K5451�B � é�8
çCB5F£87D�@½èa1�B5KE>�3'8 × X Æ�É2ÑUÊLÔSÄ9û�Æ$Å�È±ÍªòßªÊLÐhÑ�i�Íªò9îÿþ�d�gÅ¦ ������D î Ô È=É$ÊLê`Ç=Ñ ñ����a	h×� ~7	W� ¼ ×(B(× àýÅ�È
Ä;É2Ç±ò9îÿQ × e ×ÿá Ç±Ñ�É2Æ$È
ÄIî�ß × ¼ÚÄSÅdÍzi�/ÏÇ=É¶Íªò ×�â�ã BµQ235FE>ËBEDLBE3#çCBE>�:MKôç987é¯é�8��Å3'87? B&%»1�BE3E:<é BED�>>ÅBE;/B5F
K5451�B � å!õ]ö�å â � F
4NIC3mK5B�KR87>M87;/4Rç ×�X ÆUÉ$Ñ$ÊLÔhÄàû�ÆUÅ�È�Í�ò!ßªÊªÐSÑ�i�Í�ò � ÐSÔSÔSò�Ç±ÌÎÇ�i;É�î��ÿþ&¦ ~�~/ña��~ªlhñ îÔ È=É$ÊLê'Ç±Ñ ñ������h×� ~a)N� Y × à�Ñ2Íziÿ0ÛÍ�ihÕ$Y ×(X ÍªÌÎÌ × Q¿Êa0Þò ×ÿX 0�Í�Õ × Ó ÍªÐ�0'î ������P î�Jàþ=¶���·®¦ ñ.���qD î ñ�� � )/×� ~ªlW�uÖÝ× à�Ñ$ÍªÐSÇHihÒGÇ±ò�ÕSÇ±ÑÀÍ�ihÕ B(× · ×ñÖ Ç�iSò�Ç»û ×¯â BE:<;/K ã BEDæIzD�@�	¯BE3JDLB × Ô ò�ÕSÇ�iÞê'ÊLÐSÑ&/Sî ñ��Lla)/×� ~��W� U × à�Ñ$Å�ÉR.±ÇÚï × � X ò�ïLÇHiSÆ$ò�Ç±ê'Ç�i × Y_i ¼ × e¦Ç±Å�É$ÄSÇ±ÑUÇ±Ñ[ÇMÉQÍªò × ]JÇ±ÕhÅ�É2ÊªÑ$Æ�`!îC÷�è k �]4NDØG � è�BE3 ��ùaú T0NL3m4Néøèñ> 873mF>Å4oõ�87; 8.%a:MB5F;îSÔSÍ�/LÇ±Æ �q�7	qD î ñ����a	/×� 	��W�GXK×,EÏ× ÜbÍªÅ�ÆUÆ$Ç±Ñ × �]4
FEé¯:MK!öË87?
FH87D�@ k 873E>�:MKE;/B k2ã ?�FE:MK5F × ¼²ÍªÌ�êSÑUÅ�Õ�/ªÇGU�iSÅ�ïLÇ±ÑUÆ$Å�ÉÅû O[Ñ$Ç±ÆUÆ±î ñ������h×� 	hñ ��EÏ× ÜbÇ=êSÄ�ÍªÑUÕhÉ�îxß ×-E ÊªÑ$ÌÎÇ�iSÕ�ûªî-e × ¼ ×�Ö ÊÎÇ=ÉºÍªò × p�; 8CK5ì¯óu4N;/B\ë^8NF5F�å2FE>�:<é�87>�B5FcGJ3m4Néòö�B) 7BE3 6EBE3a�87>�:M4NDªë^8E191�:<DCç 87D�@ôGJ354Né èa1�87>�:�87;<;=?Èö�B5F
4N;¸ 7BR@¹	u:<DLBEé�87>#:MK5F ×2X ÆUÉ$Ñ$ÊLÔhÄàû�ÆUÅ�È�Í�ò ßªÊªÐSÑ�i�Í�ò�eßÇMÉ$É$Ç±Ñ$Æ=îýÿþ��w¦0e ~�� e l î Ó Ê%ïLÇ=Ì�ê'Ç±Ñ�w �����/×� 	 w � Ü × ÜbÄSÅ�Æ$Ç=ò�ò�Å�iSÅ × åµ%a>�3mBEé Bôèñ?NDLK ã 3m4N>�4ND�p�; 8�}
873mF�TÒ> ã B��28NF
B\4�GÒë$	�� íCî7ï × Y_i â�ã BÒ÷!KE>�:@ 7B f �Å3'87?èÿìN?�T�ö�B5FEIz;=><F2GJ3m4Néºp�BÅ191�4�èz÷ f 87D�@�ö f â åÏî�Ô�Íz/LÇ±Æj� �9)�D î ñ����Ll/×� 	 � � Ü × ÜKÅ�Ê%ï�Í�i�iSÅ�iSÅSÍ�ihÕVÇMÉÚÍ�ò × ä�n�p � s�6EF
BE3a N87>#:M4ND�F!4�GËë�3mì)� � ï 87D�@uëª35ì íCî7ï × Y_i ÷�è k �]4NDØG � è�BE3 �ï9í9ù T�pWnrn�8CK k2ã BEDL4Né BEDL4ND�îSÔ�Í�/ªÇ±Æ � � �qD î ñ������h×� 	��7��EÏ× ÜKÑ$Ç±Å�Æ$ÇHi × O[Ñ$Ê�/ × ¼ÚÊLÆ$ÌÎÅ�È P ÍØû O[Äàû�ÆUÅ�È±Æ=î���¦ ñ�D î ñ.�q~7	h×� 	q~N��EÏ× ÜKÑ$Ç±Å�Æ$ÇHi ×�X i�iÞÐ�Í�ò P ÇMï/Å�Ç=Ø�ÊªÒ Ó ÐSÈ±ò�Ç�ÍªÑ � È=Å�ÇHiSÈ±Ç�î�J�g�¦ 	 � D î ñ��a	��h×ñ%l��



� 	7	W� U × ÜbÑUÇ�i�ÍziSÕSÇ±Ñ Í�iSÕ · ×�P ÊLÆUÇ�iÞêSòdÍDÉ$É × èñ>M87>�:/FE>#:MKR87;\÷!D�87;=?
FE:/Fv4�G èñ>M87>#:M4ND�873J? â :<é Bfè�BE3J:MB5F ×X ò�Ìt»;ï�Å�Æ�Éjm w Å/0ÞÆUÇ±ò�ò9î ñ���~7	h×� 	a)N� ¼ × /LÑ$ÊªÐSÔ × ë�:<D�IC:<>cIàF
BE3mF!ç7IC:�@CB�­ k 354Rç73'87éºnü:�6 3'873J? �uíCîq� × ¼ B�P Ó î ñ������h×� 	ªlW� Q ×zBÀ× ÜKÑ$ÐSê'Ç±Ñ=îaO ×!Pb×Ná òdÍ�ihÈ±ÊSî w ×NX.×7Ö Ç±Å�iSÕSòÞÇ=ÉýÍªò ×�â�ã B ã : ç ã BEDLBE3Mç7? f �Å3'87?�>�:<é¯:<DCçÈB&%»1�BE3J:<é BED�>4ND f â å ×vX ÆUÉ$Ñ$Ê�ihÊLÌHûpÍ�iSÕ X ÆUÉ$Ñ$ÊLÔhÄàû�ÆUÅ�È±Æ=î � ÐSÔSÔSò�Ç±ÌÎÇ�i;É � Ç±ÑUÅ�Ç±Æ=îGJ�#,g�¦^¼ 	z�Sñ�D îËQºÇ=È±Ç=Ì�ê`Ç=Ññ����a	/×� 	��W��PÝ× ¼ ×�Ö ÍªÑUÉ$Ì�Í�iIîñQ × e ×xá Ç±ÑUÉ$Æ$È
Äµî �`× Q ×�á ò�Ê/ÊªÌ Ç=É¿Íªò ×¯â�ã B â�ã :<3R@�å!õ]ö�å â �287> 87;/4Rçæ4�G�ó!: ç ã �å]DLBE3Mç7?�õ�87é¯é�8��MöË87?^è�4NIC3mK5B5F ×qX ÆUÉ$Ñ$ÊLÔSÄ9û�Æ$Å�È�Íªò!ßªÊLÐSÑ&i�Íªò � ÐSÔhÔSò�Ç=ÌVÇHiÞÉ±î�J�#,��¦ )���� w � w/îÒßªÐhò+ûñ������/×� )z�W� Ó ×�Ö ÍØû;ÍªÆUÄSÅ�Õ�Í/î Ö.×�Ö Å�Ñ2Í�Æ2Í�Ø²Í/î�à × Y,ÆUÄSÅ/0DÍ�ØÚÍÎÇMÉ¶Íªò × s�6EF
BE3) N87>�:M4ND�FH4�G â B�ävõ�87é¯é�8¯öË87?*N2; 873mB5FGJ3m4NéÙëA873mì7873E:�87D íCî7ï ð�:<> ã > ã B â BE;/B5F
K5451�B¸÷!3J3'87? k 354N>Å4N>�?J1�B ×�X Æ�É2Ñ$ÊªÔSÄ9û/ÆUÅ�È±Íªò�ßªÊLÐhÑ�i�Íªò-e¦Ç=ÉUÉ2Ç=Ñ$Æ±îý(gñþÅ¦xe )/ñ�D î � Ç=ÔhÉ2Ç=Ì�ê'Ç±Ñ ñ����Ll/×� )�ñ �uÖ+B Ü P�X ¼ÚÊLò�ò�Íªê'ÊLÑ2Í�É$Å�Ê�iIî X~×�E Ê�iSÊLÔ'Ç±ò/0�ÊSî�à ×ZX Ä�ÍªÑUÊ�iSÅ�Í�i Ç=É Íªò × � BE>�B5KE>�:M4ND 4�G�ç987é¯é�83'87?�Fª896E4! 7B ï â B�ä�GJ3m4Né³> ã B¼��3'896¦�uB 6 IC; 8f6 ?�> ã B§F
B5K54ND�@^ó�å!õ]öÒ÷ :<é�8
ç7:<DCç�87>�é 4
FÅ1 ã BE3J:MK
� ã BE3mBED�ì94! È>�BE;/B5F
K5451�Bu87>�n�8 k 87;=é�8 ×�X ÆUÉ$Ñ$ÊLÔSÍªÑUÉ$Å�È±ò�Ç\O[Äàû�ÆUÅ�È±Æ=îñþ&¦ ñ������ w ñ�~ îSà�Ç±êSÑUÐ�ÍªÑÌû ñ����7	h×� ) w � w ×ñÖ Ç=Å�É2ò�Ç±Ñ ×Hâ�ã Bt½ËIÿ87D�>�ICé â�ã B54N3J? 4�G!öË89@7:�87>�:M4ND × Ô {�ÒGÊLÑUÕ¥UjiSÅ�ïªÇ±Ñ$ÆUÅ�ÉÅû O[ÑUÇ±Æ$Æ=î ñ��a	��h×� ) � � Ü ×aÖ Ç�ihÑ$ÅBî;Ü × OÓÇ±ò�ò�ÇMÉ2Å�Ç=Ñ±î9O × Ô × OÓÇMÉ2ÑUÐSÈ±È=Å�Ç=ÉQÍªò × ÷�KE>�:@ 7B¸ç987; 8CKE>�:MK�D�IñKE;/BE:�8NF ã : ç ã BEDLBE3#ç7?¯BEDCç7:<DLB5F ×X Æ�É2Ñ$ÊªÔ�ÍªÑUÉ$Å�È=ò�Ç\O[Ä9û/ÆUÅ�È=Æ±î;J,J ¦�� �à)�� � ~W	 î�ßªÐSò û ñ������h×� )!�7�\X~× · ×üÖ Å�ò�òdÍªÆ × Y_i ï�
 > ã � D�>ÅBE3JD�87>#:M4ND�87;��]4
FEé¯:MK¯öË87??�]4NDØGØBE3mBEDLK5B � k 873J:/F � îßïLÊLò�ÐSÌVÇ l îÓÔ�Í�/LÇ=Æñ�� � D î ñ.�LlhñL×� )�~N�\X~× · ×üÖ Å�ò�òdÍªÆ × �]BE3mBED�ì94! �;=: ç ã >!:<é�8
çCB5F�4�GZå�÷�èA1�3m4 @7IñK5BR@^6 ?Z1�3E:<é�873J?§ç987é¯é�8 × Y_i¾�Ò÷�èz÷ �õô4 @9@9873'@Aèa1�8CK5B¹N2;=: ç ã >*�]BED�>ÅBE3 ï9ù > ã � D�>ÅBE3JD � �]4
FEé¯:MK¯öË87?¿�]4NDØG � ­æä�4N; � �§1?�q� í �@�q� ú¿� èÿå2å
� úàí ���.� ú"� ��� ��� ù � � î/ïªÊLò�ÐSÌÎÇG�hî�Ô�Íz/LÇ±Æ ����~.�����;l î X Ð�/ªÐSÆUÉ ñ��Ll�~/×� )W	W�\X~× · ×¡Ö Å�ò�ò�ÍªÆ × � :  �BE3mBEDLK5B5FZ6EBE>#ð¸B5BEDwõ�87é¯é�8��MöË87?ª87D�@ ó\89@73m4ND�:MKZè ã 4Nð¸BE3mF ×�� Ô�Í�È±Ç � È±Å�Ç�iSÈ=Ç
P ÇMï�Å�Ç=Øbî�dÿýw¦ ñ�)�� � � î�ßLÍ�iÞÐ�Í�Ñ'û ñ����7	h×� )7)N�\X~× · ×ÒÖ Å�ò�ò�ÍªÆ × � D�:<>�:�87;�é 4 @CBE;=:<DCç�4�G â B�ä FÅ1�B5KE>#3'8�476EF
BE3a 7BR@½87>H> ã B£| ã :�191�;/B5s�6EF
BE3a N87>Å4N3E? ×X Æ�É2Ñ$ÊªÔ�ÍªÑUÉ$Å�È=ò�Ç\O[Ä9û/ÆUÅ�È=Æ±î;J,J ¦xw )�� � � î�ßªÐ�iSÇ ñ������/×� )�lW��PÝ×ñÖ Å�ò�ò�Å�Ç=Ñ × õ�87é¯é�8ZöË87?È÷!FE>�354NDL4Né¯? × ¼Úò�ÍªÑ$ÇHiSÕSÊ�ioO[Ñ$Ç±ÆUÆ±î Ô {�ÒGÊLÑ$Õµî ñ��Ll��S×� )z�W�'�`× Y_iSÊLÐSÇ�Í�iSÕ à ×�X Í70DÍªÄSÍªÑ2Í × å¸;/B5KE>�3m4ND ÷�K5K5BE;/BE3'87>�:M4NDÙ87D�@øõ�87é¯é�8��MöË87?qå]é¯:/F5FE:M4NDPGJ3m4Né
p�; 8�}
873mF ×�X ÆUÉ2ÑUÊLÔSÄ9û�Æ$Å�È�Íªò¡ßªÊLÐhÑ�i�Íªò9îÿþ��,��¦ ~�~�~�D îñßªÐ�iSÇ ñ����7	h×� l��W� ß × Q × ßLÍªÈ50ÞÆ$Ê�i × 	u; 8NF5FE:/F
K ã Bôå];/B5ìN>#3m4 @7?ND�87é¯:/ì × w Íªò�É2Ç=Ñ(ÕSÇ.ÜbÑUÐ�ûÞÉ2Ç±Ñ=î-w�Ç±ÕSÅ�É2Å�Ê�iµî ñ��ªl � ×� l/ñ � ß ×ÿ×�× ßªÇ=ò�ò�ÇEû × � ã BE35BED�ì94! �3'89@7:�87>#:M4ND^87D�@�:<>YFH8E191�;=:MKR87>�:M4ND�F × O�Ç±Ñ&/;ÍªÌÎÊ�iæO³ÑUÇ±ÆUÆ±î ñ��q~ªlh×� l w �\X~×!E ÍªÑ$ò�Ç × å¸D�>�ð�:MK5ìN;=ICDCçHBE:<DLB5FcDLBEI�873J>#: çCBED�87>�é 4
FÅ1 ã�� 3J:/F
K ã BED â F
K ã BE3mBED�ì94! N@CBE>�B5ìN>Å4N3mF2IzD�@ôë£B5F)�FEIzDCçCBED�87D ã 4
K ã BEDLBE3MçCBE>�:/F
K ã BE3�	¯4
FEé¯:/F
K ã BE3uèñ>�3'8 ã ;=IzDCç�} ð�:/F
K ã BED ï9í ICD�@ ïCî9î9î â B�ä × O[Ä × Q ×É2ÄSÇ=Æ$Å�Æ±î,e¦ÐSÕhØÀÅ�/z�Ì·ÙÍ�{hÅ�ÌVÅ�ò�Å�Í�iSÆ��_U�iSÅ�ïLÇ=Ñ$Æ$Å�É���É¸·$[�iSÈ
ÄSÇ�iIîLßªÐ�iSÇ ñ.�����S× ·oO�YÀ�ÅO[Ä Bc����� � ñ�)/×

ñ�lhñ



� l � � ß ×�E ÍDÉ
ÍªÊa0DÍhîLß ×�Pb× ·�Í�É$É$Ê%{`î ß ×�Á ÐSÅCi�i Ç=ÉbÍ�ò × ó!: ç ã �Må]DLBE3Mç7?�å¸é¯:/F5FE:M4NDZGJ3m4Né > ã B â B�ärp�; 8�}
873ëA873mì7873E:�87D íCî7ï @7IC3J:<DCçAëªIz;=>�:<ðc8� 7BE;/BEDCç7> ã s�6EF
BE3a N87>�:M4ND�F§:<D ï9ù9ù�� ×^X Æ�É2Ñ$ÊªÔSÄ9û/ÆUÅ�È±Íªò�ßªÊLÐSÑ&i�Íªò9îýFJ9þÅ¦ ñ � l��'ñ.�9) î�·ÙÍ�Ñ$È
Ä ñ������h×� l��7�\X.×FEÏ×FE Ç±Ì�êSÄSÍ%ï�Å³Í�ihÕ�ß ×x×�× Ó ÍªÑ$ò�Å/0DÍªÑ × ½ËI�8NF 873mF�87D�@ ÷!KE>#:@ 7B õ�87; 8CKE>#:MK¡�!I�KE;/BE: × ¼²ÍªÌ�êhÑ$Å�Õ�/LÇ
UjiSÅ�ïªÇ±Ñ$ÆUÅ�ÉÅû O[ÑUÇ±Æ$Æ=î ñ.�����h×� lq~N� · ×�E Ç=ÆUÉ2Ç=ò ×fâ�ã B â B�ä?�;�Må]é¯:/F5FE:M4ND½4�GÈ> ã BH÷Èõ0� ëoìND¥� � ï :<D ï9ù9ù9ù)Â � î9î9î 8NF 476EF
BE3) 7BR@æð�:<> ã> ã B�ó�å�õ]öË÷¨� ã BE3mBED�ì94! â BE;/B5F
K5451�B¡� â ï × O[Ä × Q × É2ÄSÇ=Æ$Å�Æ=î X Ç±È
Ä�iSÅ�Æ$È
ÄSÇ'U�ihÅ�ïLÇ=Ñ$ÆUÅ�É��DÉ�·$[�iSÈ
ÄhÇ�iµî
w ���hñL×� la	W��Pb×�E ÄSÍ�i�i�ÍÝÍ�iSÕ§· × ¼²ÍªÌVÇHiÿ.±Å�iSÕ ×!â�ã BËç73'8� 
:<>Å4Né�8
ç7DLBE>#:MKô@7?ND�87é 4ZB\ �B5KE> :<Do8CK5KE3mBE>#:M4NDæ@7:/F5ì
F\4�G3m4N>M87>#:<DCç�6 ; 8CK5ì ã 4N;/B5F ×�X Æ�É2Ñ$ÊªÔSÄ9û/ÆUÅ�È±Íªò¡ßªÊLÐSÑ&i�Íªò�e¦Ç=ÉUÉ2Ç±ÑUÆ±î�þ��ñýw¦0e ñ w ��� e ñ �qw/î Ó Ê%ïLÇ=Ì�ê'Ç±Ñ ñ������h×� l9)N�GXK×�E Å�ÒGÐ�ihÇªî XK×�X ÍziSÅ�ÌÎÊLÑ$Å9î �`× Ô /LÅ�ÊbÇ=ÉâÍªò × ä�BE3J? ã : ç ã BEDLBE3#ç7?!ç987é¯é�8H3R87?
F GJ3m4Né k èÿö ï�
Wîq� �@�q� ×X ÆUÉ2ÑUÊLÔSÄ9û�Æ$Å�È�ÍªòüßªÊLÐSÑ&i�ÍªòFe¦ÇMÉ$É2Ç=Ñ$Æ=î�þ��,cw¦�e �hñ)� e ��� î�ßLÍ�iÞÐ�ÍªÑ'û ñ����q~/×� lLlW� ß × Ü ×zE Å�ÑR0ÝÍ�ihÕ X~× ·ÙÍªÆUÉ$Å�È
ÄSÅ�ÍªÕSÅ�Æ × ä�873J:�896 :<;=:<>�?¸1�87>#>ÅBE3JD�F!4�GcFE?WDLK ã 3m4N>�354ND§87D�@u:<D( 7BE3mF
BG�]4Né!1�>Å4NDBEé¯:/F5FE:M4ND�:<DA6 ; 8�}
8735F ×�X Æ�É2Ñ$ÊªÔ�ÍªÑUÉ$Å�È=ò�Ç�O[Ä9û�Æ$Å�È=Æ±î;J,J�¦ �q~����;l îÿßªÐ�iSÇ ñ������/×� l��W� Q ×�E Ñ$Í�iSÅ�È
Ä × ä�BE3»6EB5F5F
BE3JIzDCço@CBE3 õ�87é¯é�8 Â ó\89@73m4ND(� â 35BED�D�ICDCç§:<Df@CBE3Hóu4
K ã BEDLBE3#ç7:MB�õ�87é¯é�8��÷!FE>#3m4NDL4Né¯:MBué¯:<>j� ã BE3mBED�ì94! â BE;/B5F5ì9451�BED�î X ÔSÑUÅ�ò ñ����9)/× QºÅ�ÔSò�ÊLÌVÍªÑUê`Ç=Å�É�îz·ªO7YÀ�ÅO³Ä B]�z�9) � ñªñL×� ���W� Q ×zE Ñ2Í�ihÅ�È
Äµî Ô × ¼ × ÕSÇ
ßLÍ�/ªÇ±Ñ±îa· ×zE Ç=ÆUÉ$Ç±òhÇMÉ¹Í�ò × å0 
:�@CBEDLK5BLGØ4N3Ë8�½ k s FE>#3JI�KE>#IC3mB�:<D�> ã B â B�ä�87D�@f �Å3'87?�;=: ç ã > KEIC3a 7BË@7Iz3J:<DCç�> ã B ï9ù9ù�
 ã : ç ã FE>M87>�B;�^BEé¯:/F5FE:M4ND 4�G�ëoìND íCî7ï × Y_i � � > ã � D�>ÅBE3ED�87>�:M4ND�87;
�]4
FEé¯:MK�öË87?$�]4NDØGØBE3mBEDLK5B � èx87;=>7n�8Nì9B¹��:<>#? � îSïLÊªò�ÐSÌÎÇG�hîSÔ�Íz/LÇ±Æj� ~ªl�D î ñ������h×� �hñ � Q ×,E Ñ$Í�iSÅ�È
ÄIî PÝ× ·�Å�Ñ'.±Ê
û;Í�iIîñQ × OÓÇMÉ2Ñ'ûÛÇ=É¿Íªò ×uâ B�ä£ç987é¯é�8��Å3'87? 476EF
BE3) N87>�:M4ND�FH4�G\> ã B���3'896È87D�@ë
	�� íCî7ï @7Iz3J:<DCçAé 4
4ND�F ã :<DLB 87D�@^>�ð�:<;=: ç ã > ×�X Æ�É2Ñ$ÊªÔ�ÍªÑUÉ$Å�È=ò�Ç�O³Ä9û�Æ$Å�È±Æ=î�J�#w¦ 	q~���)!� î Ô È=É$ÊLê'Ç±Ññ������h×� � w �uÖÝ×�E Ñ2Í�ØâÈ .Eû"ihÆR0ÞÅBî O ×��`× ¼ÚÊLÔSÔSÅ9î XK× ·ÙÍªÈ=È�ÍªÑUÊ�iSÇ~ÇMÉbÍªò × f �Å3'87? Â â B�ä���ç987é¯é�8��Å3'87? 476EF
BE3) N87>�:M4ND�F4�GuF
B) 7BE3R87; FE>#3m4NDCç h 873mB5F 4�GuëoìND íCî7ï @7IC3J:<DCç ï9ù9ù�
 87D�@�:<é!1�;=:MKR87>�:M4ND�F ×\X Æ�É2Ñ$Ê�iSÊLÌHûÙÍ�iSÕ X Æ��É$Ñ$ÊLÔSÄ9û�Æ$Å�È±Æ=î��ñý,�w¦ �9)��'ñ.�9) îñßLÍ�iÞÐ�Í�Ñ'û
w �����h×� � � � à ×�E ÑUÇ�i�iSÑUÅ�È
Ä × p�B547658CK ã >�ICDCç+ 74ND â B�ä�� k2ã 4N>Å4NDLBEDZ87I9F�@CBE3�ö�:MK ã >�IzDCç�@CB5F�	u3mB 6EFEDLB 6EBE;�Fcé¯:<>�@CBEéí ��Ã � â F
K ã BE3mBED�ì94! 
>�BE;/B5F5ì9451½@CB5F�ó�å!õ]öÒ÷�� � BE>ÅB5ìN>�4N3mF × O[Ä × Q × É$ÄSÇ±ÆUÅ�Æ±î¤eßÐhÕhØÀÅC/z��·ÙÍD{/Å�ÌÎÅ�ò�ÅdÍ�ihÆ��
UjiSÅ�ïªÇ±Ñ$ÆUÅ�É���Éô·$[�iSÈ
ÄhÇ�iµî Ô È=É2Êªê`Ç=Ñ ñ.���q~/× ·oO�YÀ�ÅO[Ä Bc���a	 � � � ×� ���7�\X.×"E ÑÌû/Æ=î B(×�E Ñ'û�ÆâÍ�iSÕ X~× w Í�Æ$Å�ò�Ç=ØÀÆ'0�Å × ó!: ç ã �RBEDLBE3#ç7?�1 ã 4N>Å451�3m4 @7IñKE>�:M4ND�:<Do87:<3ÒF ã 4Nð¸BE3mF × ßªÊLÐSÑ��
i�Í�ò¦ÊªÒ�O[Ä9û�Æ$Å�È±ÆºÜ�îFJ�d�¦ ñ w 	hña�'ñ w 	�� î X Ð�/LÐSÆ�É ñ.���hñL×� �q~N��Pb× w × e¦Ç±ÆUÆ2ÍªÑUÕ × ä�å2ö � â ÷�è�Tü> ã Boä�BE3J?¯å¸DLBE3#çCBE>�:MK�öË89@7:�87>#:M4ND � é�8
ç7:<DCç â BE;/B5F
K5451�B�÷!3J3'87?Zèñ?�F)�>ÅBEé ×2X ÆUÉ2ÑUÊLÔ�ÍªÑ�É2Å�È±ò�Ç�O³Ä9û�Æ$Å�È±Æ=îµJ,J�¦xw � � � w �9	 îÿßªÐ�iSÇ ñ������/×� �a	W�\X.× · × eßÇMï�ÅCiSÇ�î ÖÝ× á Ñ2ÍªÕ/É�î w × ¼ÚÐSÅ³Ç=É.Íªò × N2:<3mFE>�ö�B5FEIC;=>YF�GJ3m4Né > ã BH÷!;<;¸� èÿìN?§ë�4ND�:<>Å4N3§4NDf> ã Bö�4
F5FE: f �MöÒ87? â :<é¯:<DCç�åµ%»1�;/4N3mBE3 ×�X ÆUÉ$Ñ$ÊLÔSÄ9û�Æ$Å�È�Íªò]ßªÊLÐhÑ�i�Íªò�e¦ÇMÉ$É2Ç=Ñ$Æ=îüþ��,�w¦'e���� D î � Ç=ÔhÉ2Ç=Ì�ê'Ç±Ññ����a	h×� �9)N�GXK× e¦Å¦ÍziSÕ KÏ× ·�Í × ÷!D�87;=?
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� �ªlW� Ó ×µPÝ× e¦ÊLÌ�ê × n BR8NFE>u�MF�R I�873mB5FôGJ3mB�R I�BEDLKE?^87D�87;=?
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F ã 451
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�ù �Ò÷ 1�3m4N>Å4ND(�Å:<D�:<>#:�87>ÅBR@KR8NF
KR89@CB\:<D�> ã B�bØBE>�Ä ×2X Æ�É2Ñ$Ê�iSÊLÌHûËÍziSÕ X ÆUÉ$Ñ$ÊLÔhÄàû�ÆUÅ�È±Æ=î�#�ý,�w¦xe;w ñ)� e;w � îÿßLÍ�iÞÐ�ÍªÑÌû ñ���� w ×� ñ��z�7��EÏ× ·�Í�i�iSÄSÇ=Å�Ì�î �`× w Ç±ÆUÉ$Ç±ÑUÄSÊª�Óî ÖÝ× ·�Ç»ûªÇ±Ñ ÇMÉ Íªò × p!BR8CK54ND�F�87>�> ã Boç987é¯é�8P3'87? ã 4N3J:Å}N4ND ×X Æ�É2Ñ$Ê�iSÊLÌHûËÍziSÕ X ÆUÉ$Ñ$ÊLÔSÄ9û�Æ$Å�È±Æ=î��FJCýw¦ )a)��/l�~ î Ó Ê%ïªÇ±Ì�ê'Ç±Ñ ñ����7	h×� ñ���~N� e × ·ÙÍªÑ$ÍªÆ$È
ÄhÅBî�Ü × à�ÊLÆUÆ2Í�É$ÅBî/à ×�X Í�ïLÇ=È±È
ÄSÅ�Ê�Ç=ÉÀÍªò × �]4N3E3mBE; 87>ÅBR@� N873J:�896 :<;=:<>�? 4�G�ë
	��Æ� � ï 87> f �Å3R87?87D�@ â B�ä�ðc8� 7BE;/BEDCç7> ã F\4NDæ>#:<é BôF
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�ù ×�X ÆUÉ2ÑUÊLÔSÄ9û�Æ$Å�È�ÍªòüßªÊLÐSÑ&i�ÍªòFe¦ÇMÉ$É2Ç=Ñ$Æ=î��,��d�¦�e ~�� e � î � Ç=ÔhÉ2Ç=Ì�ê'Ç±Ñ ñ���� w ×� ñ��a)N�\X~× O × ·ÙÍªÑUÆ$È
ÄSÇ=ÑÎÍ�iSÕ w ×7EÏ× ÜKÇ�ÍªÑ × ë£4 @CBE;�F�GØ4N3 ã : ç ã � GJ35B�R I�BEDLKE?�3'89@7:M4£4NIz>M6 Iz3mFE><F :<D B&%a>�3'8��ç987; 8CKE>#:MK F
4NIC3mK5B5F�­Zð�:<> ã 8E191�;=:MKR87>�:M4NDv>�4�> ã B�BR873J;=? ï9ùaú �fé¯:<;<;=:<é BE>ÅBE3a�Å>�4!�Å:<DØGJ3'873mBR@ h 8735B£4�G$�(�
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 � ×�X Æ�É2ÑUÊLÔSÄ9û�Æ$Å�È±Íªò¡ßªÊLÐSÑ&i�Íªò9î,#,�-cw¦ ñLñ��!�'ñ w ) î Ó Ê%ïªÇ±Ì�ê'Ç±Ñ ñ��Llq~�×� ñ��ªlW�\X~× ·�ÍªÆUÉ$Å�È
ÄSÅ�ÍªÕSÅ�Æ�Í�iSÕ ß × Ü ×�E Å�ÑR0 × ë�4 @CBE;�F£4�G¢ N873J:�896 :<;=:<>�? :<D�6 ; 8�}
873'bØBE><F × Y_i Ü × à × ÍziSÕÜ × ·ÙÍzi�iSÊ�È±È
ÄSÅ¤]JÇ±ÕhÅ�É2ÊªÑ$Æ�`!î�N�3m4ND�>�:MBE3�s�6ubØB5KE><F�:<D�÷!FE>#3m451 ã ?
FE:MK5F\87D�@ k 873J>#:MKE;/B k2ã ?�FE:MK5F � ä�IC;/KR87DL4ï9ù9ùaúH� îñ·ÙÍ�Ñ$È
Ä ñ����Llh×� ñ����W� Y × à × ·�Å�Ñ2Íªê'Ç±ò9î ×�× QºÄ�Í�ØÚÍ�iµî �`× ¼ÚÄ�Í�ÉÅûZÇMÉ~Í�ò × ÷!K5KE35BE>�:M4NDf:<D�FE>M896 :<;=:<>#:MB5F�87D�@GbØBE>¡GØ4N3Jé�87>�:M4ND :<Dõ]ö�è ï9ù9ï9í � ïCî7í ×�X Æ�É2ÑUÊ�iSÊLÌHûÛÍ�iSÕ X Æ�É2Ñ$ÊªÔSÄ9û/ÆUÅ�È=Æ±î��,�,g�¦xe ��� e ñ w/îhà�Ç±êSÑUÐ�ÍªÑ'û ñ����Llh×� ñLñ.�W��PÝ× ·�Å�Ñ'.±Ê
û;Í�iIîCß × à�Ç±Ñ&i�Í�iSÕSÇ».ªî B(× e¦ÊLÑUÇ�iÿ.(ÇMÉQÍªò × ÷ @7:<3mB5KE> é BE> ã 4 @¯4�GÒé BR8NFEIz3J:<DCç\> ã BËFE:<DCç7;/Bü1 ã 4!�>�4
BE;/B5KE>�3m4NDA>�4H÷ � ��K54NICD�>YF¯K54ND( 7BE3mFE:M4NDHG»8CKE>Å4N3�GØ4N3�� ã BE35BED�ì94! â BE;/B5K5451�B5F\87D�@�@CBE>�BE3Jé¯:<D�87>�:M4ND4�Gu> ã B â BE;/B5F
K5451�B�>#3J: ç
çCBE3H> ã 3mB5F ã 4N; @ × Y_iA¼ × ¼ÚÑ$Ç=ÆUÉ$Å�]GÇ±ÕSÅ�É2ÊLÑ�`Mî â 4Nðc873'@NFH8�ëA8&bØ4N3�÷!>�é 4
FÅ1 ã BE3J:MK
� ã BE3mBED�ì94! � BE>ÅB5KE>�4N3 � ä � k 89@7I�8 � îSÆ$Ç=Ô ñ.���q~/×� ñLñªñ ��PÝ× ·�Å�ÑR.±Ê
ûLÍ�iµî ×�× à�ÊLÌÎÅCi Í�iSÕ X.×¤� É$Ç±Ô�ÍziSÅdÍ�i × sËD�> ã Bo451�>�:MKR87;]@CB5FE: ç7Dv4�G�äLóôå ç987é¯é�8ª3R87?:<é�8
ç7:<DCçÇ� ã BE3mBED�ì94! £>�BE;/B5F
K5451�B5F × Y_i�¼ × ¼ÚÑUÇ±ÆUÉ$Å�]JÇ=ÕSÅ�É$ÊLÑ�`!î â 4Nðc873R@NFA8fëA8&bØ4N3 ÷!>�é 4
FÅ1 ã BE3J:MK
� ã BE3mBED�ì94! � BE>ÅB5KE>�4N3 � ä � k 89@7I�8 � îSÆ$Ç=Ô ñ.���q~/×� ñLñ w ��PÝ× ·�Å�ÑR.=Ê
û;Í�iµî Pb×,E Í�iÿ0DÍ�iSÅ�Í�iµî�O ×-� Í�ØÚÍªò�ò�Å�Æ$È
ÄËÇMÉºÍ�ò ×Èâ�ã B7Q23mFE> � é�8
ç7:<DCçÈ÷!:<3¹� ã BE3mBED�ì94! â BE;/B)�F
K5451�B 4�GH> ã B�óôå!õ]öË÷ K54N;<; 896E4N3R87>�:M4ND × Ó ÐSÈ±ò�Ç�ÍªÑ�Y_iSÆUÉ$Ñ$ÐSÌÎÇ�i;É$Æ.ÍziSÕ£·�Ç=É$ÄSÊ�ÕSÆ±î�È �ñý�J�¦ ~/ñ � D îñ������h×
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� ñLñ � ��Pb× ·�Å�Ñ'.±Ê
û;Í�i Í�iSÕ BÀ× e¦ÊLÑUÇ�iÿ. × ë�BR8NFEIC3mBEé BED�>Z4�G > ã B��!: ç ã >uèÿìN?9nü: ç ã >�pô8CK5ì ç73m4NICD�@�87>�n�8
k 87;=é�8 ×ÇX Ç±È
Ä�iSÅ�È±Íªò P Ç±Ô'ÊLÑUÉ§·ªO7YÀ��O[Ä Bc���z� ��� ~ î�·ÙÍD{���O[ò�Í�iSÈ50��_Y_iSÆ�É2Å�É2ÐhÉVÒ\[SÑ O[Ä9û�Æ$Å+0É] w Ç=Ñ�iSÇ=Ñ��Ö Ç±Å�ÆUÇ�iÞê'Ç±Ñ�/!�_Y_iSÆ�É2Å�É$ÐhÉa`!îñQºÇ±È=Ç±Ì�ê'Ç±Ñ ñ����z�S×� ñLñ.�7��Pb× ·�Å�ÑR.=Ê�ûLÍ�ipÍ�iSÕ B(× e¦ÊLÑUÇ�iÿ. × sËD�> ã B9�287;=:�6 3'87>�:M4ND ÷!K5KEIz3'8CKE?�4�G¹nü: ç ã >�è�BED�F
4N35F :<D�÷!>#é 4!�FÅ1 ã BE3J:MK¡� ã BE35BED�ì94! �­;N2;=I�4N3mB5F
K5BEDLK5B\87D�@���BEIC>�3E:<DL4Hå¤%»1�BE3J:<é BED�><F × Y_i � í > ã � D�>ÅBE3JD�87>#:M4ND�87;;�]4
F)�é¯:MK�öË87?$�]4NDØGØBE35BEDLK5B �u� IC3 6587D � î/ïLÊªò�ÐSÌÎÇ ) îSÔ�Íz/LÇ±Æ�w 	q~�D î ñ����Llh×� ñLñ�~N� · × ·�ÊLÑUÅ × èñ> 87>�IàFA4�G > ã B¼� ÷+�¯õ2÷!ö�s�s�� ���&� k 3m4�bØB5KE> × Y_i ÖÝ× ß ×�× Ê�Ç±ò+0zÍ�iSÕ à ×2X Ä�ÍªÑUÊ�iSÅ�Í�i
]GÇ±ÕSÅ�É2ÊLÑUÆ�`Mî\>Å4 8E191�BR873o:<D > ã B k 3m4
K � 4�Gæ> ã BoóuBE:�@CBE; 6EBE3#ç � D�>ÅBE3ED�87>�:M4ND�87;Ëèñ?Né!1�4
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BE3) N87>�:M4ND�F4�G\> ã B�p�n³n�8CK5BE3J> 8CB¯476ubØB5KE><F�ëæöj	 ïaúzî 87D�@¯ëoö�	 íCî7ï ×�X ÆUÉ2ÑUÊLÔSÄ9û�Æ$Å�È�Íªò¡ßªÊLÐhÑ�i�Íªò9î,#,cñý�¦ ~7)/ñ)�
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