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Â ¸ »Ù­¯À�»¯­Ù°Á® ¸ Ë¿®�¾�±5òÁ®t®�÷lÇÈ®�¾Ã­ÙÚ=®�°Z±�¼Ï»�Ç ¸ ­Ù°Z±5Â
�+�������������������������������JI��

�_�4� � ¸ ±9± ¸ Ú Æ ­AÀl®Î±5® · ± ¸ ¾�Â9ÇÈ® · ±9¾9ºÁÚ�¾Ã® ·Î¸ ¾9ÀÁ®ÎÀ�ÀlºÁ¾9­¯° Í ±5òÁ® èa`cb d ¸ ��h�Ú=®³¼¿ÂÃºÁ¾9®�Ì
Ú=®�°Z±�� ¹ òÁ®MËú®Î¾Ã±5­ · ¼¿»ÈÀN¼¿ÂÃòÁ®�Àw»Ù­Ù°l®�Â�ÀÁ® µ °Á®�±9òÁ®�®Î°Á®�¾ Í �¸� ­Ù°ÁÀ ¸ � ºlÂ9®�À=	 ¸ ¾�±9òÁ®
·Î¸ ­Ù° · ­ÙÀl®�° · ® � ­¶±5ò�±5òl® ¹ Ö Æ � ¹ òl®ü» ¸ � ®Î¾�ËÏ¼¿»¯ºÁ® � ¼¿Â�Â9®Î±M± ¸ ¼³Ë ¸ ­ÙÀ�¼¿Â�Ú?º · ò
¼ÏÂCÇ ¸ Â9Â9­¯ôÁ»Ù®M±5òÁ® ·�¸ °Z±5¾Ã­ÙôÁº7±5­ ¸ °Â	æ¾ ¸ Ú ·�¸ °mË¿®�¾ÃÂ9­ ¸ °�®Î»Ù® · ±5¾ ¸ °ÁÂk¼Ï°ÁÀ�¬ ¸ Ú=Çl± ¸ °_Ì
Â · ¼Ï±Ã±5®Î¾9®�À+²ÈÂ
�(Ö�»¯Â ¸ Ë_­¯Â9­Ùôl»Ù® ­ÙÂü±5òÁ®�Ç�®�¼�x2ÇÁ¾ ¸ ÀÁº · ®�Àcô � ±9òÁ®Â���r
 ö ®Îû7ÀAÌ
ÇÁ¼¿¾Ã±9­ · »¯®�Âk®ÎÚ�­¶±9±5®ÎÀ�­Ù°�±5òl®
èa`cbe� � Í ¾ ¸ ºl°ÁÀ�ÂÃ±�¼ ±5®�ÀHÌ ÀÁ® · ¼ � ���������������������JIR


�_���98 Æ_¸ »Ù­¯À�× ¹ Ö Æ ÂÃÇ�® · ±5¾ÃºÁÚ�¾Ã® Í ­¯ÂÃ±9®�¾9®ÎÀ|­Ù° ·�¸ ­¯° · ­¯ÀÁ®�° · ® � ­¶±5òã±9òÁ®wô ¸ ±Ã± ¸ Ú Æ ­øÌ
Àl®Î±5® · ± ¸ ¾.ÀÁºÁ¾Ã­Ù° Í ±9òÁ®�èa`cbed ¸ � h Ú=®³¼ÏÂ9ºÁ¾Ã®�Ú=®�°Z±����.¼¿ÂÃòÁ®�À!× ¹ Ö Æ Â9ÇÈ® · ±5¾ÃºÁÚ
­¯° ·�¸ ­¯° · ­¯ÀÁ®�° · ® � ­¯±5ò�±9òÁ®�ô ¸ ±Ã± ¸ Ú Æ ­¶Ì ÀÁ®Î±9® · ± ¸ ¾�ºÁÂÃ®�Àq	 ¸ ¾�±5òÁ®cèa`cbed ¸ 
Yf
·Î¸ °Z±�¼¿Ú=­Ù°Á¼Ï±5­ ¸ ° ¸ 	¡±5òÁ®tÇÁ¾Ã®ÎË_­ ¸ ºÁÂ ¸ °Á®��Ã�������������������������������������JI�3

�_����� èa`cbed ¸ � h 5 h Â9ÇÈ® · ±5¾ÃºÁÚ�� ¹ òl® · ¼¿» · ºÁ»Ù¼Ï±5®ÎÀ�ÇÁ­Ù»¯®�ºÁÇwÀÁ­ÙÂÑ± ¸ ¾Ñ±5­ ¸ °�­ÙÂ�ÇÁ» ¸ ±Ã±5®ÎÀ�¼¿Â
¼
Â ¸ »Ù­¯À�»¯­Ù°Á® ¸ Ë¿®�¾�±5òÁ®t®�÷lÇÈ®�¾Ã­ÙÚ=®�°Z±�¼Ï»�Ç ¸ ­Ù°Z±5Â
�+�������������������������������JI��

�_���;
yÔ�®�ÂÃºÁ»¯±9Â ¸ 	
±5òl® èa`cb d ¸ 
 f ÀÁ® · ¼ � ¼¿°N¼¿» � ÂÃ­ÙÂ�ºÁÂ9­¯° Í ±5òÁ® Ó ö Ú=®Î±5ò ¸ À���� ¸ ±5ò
Ó*¬�¼Ï°ÁÀ�5 h ¾9®ÎÂ9Ç ¸ °ÁÂ9®�Úw¼ ±5¾9­ · ®ÎÂ � ®Î¾9® · ¼¿» · ºÁ»Ù¼Ï±5®ÎÀj	 ¸ »Ù» ¸ � ­¯° Í ±5òÁ® ®Î»Ù® · ±5¾ ¸ Ì
Ú�¼ Í °l®Î±5­ · ÀÁ®�Ì ®�÷ · ­¶±�¼Ï±9­ ¸ °�Â · òÁ®ÎÚ�®����
Õ�­Ù¾ÃÂÃ±�¾ ¸ � ×
Ó*¬ Ðñ»¯®
	 ±�Ò*¼¿°lÀ=5 h Ðñ¾Ã­ Í òZ±�Ò
®�÷7Ç�®Î¾9­ÙÚ=®�°Z±5¼¿»ìÂ9ÇÈ® · ±9¾5¼TºlÂ9®�À�­¯°=±9òÁ®'¼Ï°N¼¿» � ÂÃ­ÙÂ�� Æ ºÁÇÈ®�¾Ã­ÙÚ=Ç ¸ ÂÃ®�Àw¼¿¾9®M±5òÁ® ·�¸ ¾ÅÌ
¾Ã®�ÂÃÇ ¸ °lÀÁ­Ù° Í Â9­¯Ú?ºÁ»Ù¼Ï±5®ÎÀ�Â9ÇÈ® · ±9¾5¼(ÐñÂ ¸ »Ù­ÙÀ�»¯­Ù°Á®ÎÂ�ÒO¾Ã® ·�¸ °ÁÂÃ±9¾9º · ±5®�Às	æ¾ ¸ Ú ±5òÁ®t¾9®�Ì
ÂÃºÁ»¯±9­Ù° Í 	æ®�®ÎÀÁ­Ù° Í ÀÁ­ÙÂÑ±5¾Ã­ÙôÁºl±9­ ¸ °lÂ�� Æ ® ·Î¸ °ÁÀ
¾ ¸ � ×¡¾9®Î»½¼Ï±9­¯Ë¿®�ÀÁ®�Ë_­½¼Ï±9­ ¸ °ÁÂ¡ôÈ®Î± � ®�®�°
±9òÁ®�®�÷7ÇÈ®�¾9­¯Ú�®Î°Z±�¼¿»�¼¿°lÀ ÂÃ­ÙÚ?ºl»½¼Ï±9®�ÀcÂ9ÇÈ® · ±5¾9¼�	 ¸ ¾?ô ¸ ±9òyÓ*¬-Ðæ»Ù®E	 ±�Ò?¼¿°ÁÀÄ5ih
Ðæ¾9­ Í òZ±�Ò · ¼¿Â9®ÎÂ�� ¹ òÁ­Ù¾ÃÀ�¾ ¸ � ×.¾9®ÎÂ9ºÁ»¶±5­¯° Í Ó*¬ Ðñ»¯®
	 ±�Ò�¼¿°ÁÀj5ih Ðñ¾9­ Í òZ±�Ò¾	æ®Î®�ÀÁ­¯° Í
Àl­ÙÂÃ±9¾9­¯ôÁºl±5­ ¸ °ÁÂC° ¸ ¾9Ú�¼¿»Ù­¯Â9®ÎÀ�± ¸ ºÁ°Á­¶± � �����������������������������������������JI��

�_���93¡Å ¥ Ðñ­Ù° ¼¿¾ÃôÁ­¯±9¾5¼¿¾ � Â · ¼¿»Ù®³Ò ôÈ®Î± � ®�®Î°b±5òÁ®�®�÷7ÇÈ®�¾9­¯Ú�®Î°Z±�¼¿»M¼¿°ÁÀ ö�¸ °Z±5®�¬C¼¿¾9» ¸
ÂÃ­ÙÚ?ºl»½¼Ï±9®�À Â9ÇÈ® · ±5¾5¼ü¼¿Â*¼�	æºÁ° · ±9­ ¸ ° ¸ 	�±5òÁ®�°mºÁÚ?ôÈ®�¾ ¸ 	�­¯±9®�¾5¼ ±5­ ¸ °ÁÂ$­Ù° ±5òl®�Ó ö
Ú=®Î±9ò ¸ À�� ¹%¸ Ç�×*Ó�¬ Â9ÇÈ® · ±5¾5¼C�S� ¸ ±9± ¸ Ú�×Æ5 h · ¼ÏÂ9®��l���������������������������HG�8

�_������Ô�®�ÂÃºÁ»¯±9Â ¸ 	O±5òl®�èa`cbed ¸ 
Rf+5 h ÀÁ® · ¼ � Ó ö ¼Ï°N¼¿» � ÂÃ­ÙÂ.ºÁÂÃ­Ù° Í ±5òÁ¾Ã®�®=ÀÁ­p��®�¾Ã®�°Z±
Ç ¸ ÂÃ­¯±5¾ ¸ °w¾Ã®�ÂÃÇ ¸ °lÂ9®.Ú�¼Ï±5¾Ã­ · ®ÎÂO¼Ï°ÁÀ�®�»¯® · ±9¾ ¸ Ú�¼ Í °l®Î±5­ · ÀÁ®�Ì ®�÷ · ­¶±�¼Ï±9­ ¸ °�Â · òÁ®ÎÚ�®
��� ¹ òÁ® · ­Ù¾ · »Ù®ÎÂ ·Î¸ ¾9¾Ã®�Â9Ç ¸ °ÁÀ�± ¸ ±9òÁ®T¾Ã®�ÂÃºÁ»¯±9Â ¸ ô7±�¼¿­¯°Á®�À � ­¯±5ò�±5òÁ®{DtÓ�Öv� ¹ 3
ÂÃ­ÙÚ?ºl»½¼Ï±9®�À ö�¸ °Z±5®C¬C¼¿¾9» ¸ ¾Ã®�Â9Ç ¸ °ÁÂÃ®¿«¿±9òÁ®�±9¾9­Ù¼¿° Í »¯®�ÂA± ¸ ¼�¾Ã®�Â9Ç ¸ °ÁÂÃ® � òÁ®Î¾9®�±9òÁ®
±5¼¿­Ù»�¼Ïô ¸ Ëú® ±5òl®��98�
�
�¼Ï°Á°Á­Ùòl­Ù»½¼ ±5­ ¸ °(ÇÈ®³¼�x � ¼¿ÂT¾Ã®�Ú ¸ Ëú®�Àã¼¿°ÁÀ�±5òÁ®=Ây�mºN¼¿¾Ã®�Â
± ¸ ¼?¾9®ÎÂ9Ç ¸ °ÁÂ9® � òÁ®Î¾9®.±5òl®'±�¼¿­¯»!¼¿ô ¸ Ëú®.±5òl®��98R
�
{xÏ®ÎûeÇÈ®³¼�x � ¼¿ÂkÚTºÁ»¯±9­ÙÇÁ»¯­Ù®�À
ô � ¼�	ñ¼ · ± ¸ ¾ ¸ 	!± � ¸ � ¹¡¸ Ç�×$±9òÁ®�±5òÁ¾Ã®�®v	æ®Î®�ÀÁ­¯° Í ÀÁ­¯ÂÃ±9¾9­Ùôlºl±5­ ¸ °ÁÂ���� ¸ ±Ã± ¸ Ú�×¡±9òÁ®
·Î¸ ¾9¾Ã®�ÂÃÇ ¸ °lÀÁ­Ù° Í ±5òl¾9®�®tÂÑ±5¾9®Î° Í ±9ò�ÀÁ­¯ÂÃ±9¾9­Ùôlºl±5­ ¸ °ÁÂ��6�����������������������������HG�


�_���;< ¹¡¸ Ç�×=ÂÃ±9¾9®Î° Í ±5ò�ÀÁ­¯ÂÃ±9¾9­Ùôlºl±5­ ¸ °ÁÂ�	 ¸ ¾T±5òl®�èa`cbed ¸ 
Yf Àl® · ¼ � · ¼¿» · ºÁ»Ù¼Ï±5®ÎÀ¶	æ¾ ¸ Ú
±9òÁ®�Ó�¬�ÐæÂy�mºN¼¿¾Ã®�Â5Òx¼¿°ÁÀ�5 h Ð ±5¾9­Ù¼¿° Í »¯®�Â5ÒA	æ®�®�Àl­Ù° Í ÀÁ­ÙÂÑ±5¾Ã­ÙôÁºl±9­ ¸ °lÂ��=� ¸ ±9± ¸ Ú�×
¾Ã®�»Ù¼Ï±5­¶Ëú®.ÀÁ®�Ë7­Ù¼Ï±5­ ¸ °ÁÂkôÈ®Î± � ®�®Î°(±5òÁ®üÓ*¬ ¼Ï°ÁÀ�5 h ÂÃ±9¾9®Î° Í ±5òãÐæ±9¾9­Ù¼¿° Í »¯®�Â�Ò��������HG�<



�_���9I ö�¸ °Z±5®�¬C¼¿¾9» ¸ 5 h Àl®Î±5® · ±9­ ¸ °�®
± · ­¯®�° · � ¸ 	k±9òÁ®wô ¸ ±Ã± ¸ Ú Æ ­�ÀÁ®�±5® · ± ¸ ¾
¼¿Â?¼
	æºÁ° · ±5­ ¸ ° ¸ 	%±9òÁ®tÇ ¸ ÂÃ­¯±9¾ ¸ °�®Î°ÁÀ7ÌÊÇ ¸ ­¯°m±�®Î°Á®�¾ Í � �Ç�������������������������������JG�I

�_���;GbÔM®ÎÂ9ºÁ»¶±5Â ¸ 	*±9òÁ®wèa`cbed ¸ 
Yf�ÀÁ® · ¼ � ¼¿°Á¼¿» � Â9­¯Â'ºÁÂÃ­Ù° Í ±9òÁ®
Ó ö Ú�®�±5ò ¸ À���� ¸ ±9ò
Ó*¬�¼¿°ÁÀ�5 h ¾Ã®�ÂÃÇ ¸ °lÂ9®wÚ�¼Ï±9¾9­ · ®�Â � ®�¾Ã® · ¼Ï» · ºl»½¼Ï±9®�Àt	 ¸ »Ù» ¸ � ­Ù° Í ±9òÁ®=®�»Ù® · ±9¾ ¸ Ì
Úw¼ Í °Á®Î±9­ · ÀÁ®�ÌÊ®�÷ · ­¯±�¼ ±5­ ¸ °wÂ · òl®�Ú=®�
C��Õ�­¯¾9ÂÑ±�¾ ¸ � ×�Ó�¬ Ðæ»Ù®E	 ±�Ò
¼¿°ÁÀ=5ihãÐñ¾9­ Í òZ±�Ò
®�÷7ÇÈ®�¾9­¯Ú�®Î°Z±�¼¿»HÂ9ÇÈ® · ±5¾9¼wºÁÂ9®ÎÀ�­Ù°�±5òÁ®T¼¿°N¼¿» � ÂÃ­ÙÂ
� Æ ºÁÇÈ®�¾9­¯Ú�Ç ¸ ÂÃ®�À�¼Ï¾9®x±9òÁ®ü¾9®�Ì
Â9ÇÈ® · ±5­¯Ë¿®�ÂÃ­ÙÚ?ºl»½¼Ï±9®�À=Â9ÇÈ® · ±9¾5¼wÐñÂ ¸ »Ù­ÙÀ »¯­Ù°Á®ÎÂ�Ò$¾9® ·�¸ °ÁÂÑ±5¾Ãº · ±9®�ÀÂ	æ¾ ¸ ÚX±5òÁ®M¾9®ÎÂ9ºÁ»¶±ÃÌ
­Ù° Í 	æ®Î®�ÀÁ­¯° Í ÀÁ­¯ÂÃ±9¾9­Ùôlºl±5­ ¸ °ÁÂ�� Æ ® ·�¸ °ÁÀy¾ ¸ � ×(¾Ã®�»½¼ ±5­¯Ë¿®�ÀÁ®ÎË_­½¼ ±5­ ¸ °ÁÂ ô�®�± � ®Î®�°
±5òÁ®�®�÷lÇÈ®�¾Ã­ÙÚ=®�°Z±�¼Ï»k¼¿°ÁÀ Â9­¯Ú?ºÁ»½¼ ±5®�ÀcÂÃÇ�® · ±9¾5¼t	 ¸ ¾
ô ¸ ±5ò Ó*¬zÐñ»¯®
	 ±�Òx¼¿°ÁÀµ5 h
Ðñ¾Ã­ Í òZ±�Ò · ¼¿ÂÃ®�Â�� ¹ òl­Ù¾9À2¾ ¸ � ×.¾Ã®�ÂÃºÁ»¯±9­Ù° Í Ó*¬ Ðæ»Ù®E	 ±�Ò�¼¿°lÀ�5 h Ðæ¾9­ Í òm±�ÒA	æ®�®ÎÀÁ­Ù° Í
ÀÁ­ÙÂÑ±5¾Ã­ÙôÁºl±9­ ¸ °lÂC° ¸ ¾ÃÚw¼¿»¯­ÙÂÃ®�À�± ¸ ºÁ°l­¯± � �q���������������������������������������JG�\

�_���9\�ÔM®ÎÂ9ºÁ»¶±5Â ¸ 	*±9òÁ®wèa`cbed ¸ 
Yf�ÀÁ® · ¼ � ¼¿°Á¼¿» � Â9­¯Â'ºÁÂÃ­Ù° Í ±9òÁ®
Ó ö Ú�®�±5ò ¸ À���� ¸ ±9ò
Ó*¬�¼¿°ÁÀ�5 h ¾Ã®�ÂÃÇ ¸ °lÂ9®wÚ�¼Ï±9¾9­ · ®�Â � ®�¾Ã® · ¼Ï» · ºl»½¼Ï±9®�Àt	 ¸ »Ù» ¸ � ­Ù° Í ±9òÁ®=®�»Ù® · ±9¾ ¸ Ì
Úw¼ Í °Á®Î±9­ · ÀÁ®�ÌÊ®�÷ · ­¯±�¼ ±5­ ¸ °wÂ · òl®�Ú=®¹3���Õ�­¯¾9ÂÑ±�¾ ¸ � ×�Ó�¬ Ðæ»Ù®E	 ±�Ò
¼¿°ÁÀ=5 h Ðñ¾9­ Í òZ±�Ò
®�÷7ÇÈ®�¾9­¯Ú�®Î°Z±�¼¿»HÂ9ÇÈ® · ±5¾9¼wºÁÂ9®ÎÀ�­Ù°�±5òÁ®T¼¿°N¼¿» � ÂÃ­ÙÂ
� Æ ºÁÇÈ®�¾9­¯Ú�Ç ¸ ÂÃ®�À�¼Ï¾9®x±9òÁ®ü¾9®�Ì
Â9ÇÈ® · ±5­¯Ë¿®�ÂÃ­ÙÚ?ºl»½¼Ï±9®�À=Â9ÇÈ® · ±9¾5¼wÐñÂ ¸ »Ù­ÙÀ »¯­Ù°Á®ÎÂ�Ò$¾9® ·�¸ °ÁÂÑ±5¾Ãº · ±9®�ÀÂ	æ¾ ¸ ÚX±5òÁ®M¾9®ÎÂ9ºÁ»¶±ÃÌ
­Ù° Í 	æ®Î®�ÀÁ­¯° Í ÀÁ­¯ÂÃ±9¾9­Ùôlºl±5­ ¸ °ÁÂ�� Æ ® ·�¸ °ÁÀy¾ ¸ � ×(¾Ã®�»½¼ ±5­¯Ë¿®�ÀÁ®ÎË_­½¼ ±5­ ¸ °ÁÂ ô�®�± � ®Î®�°
±5òÁ®�®�÷lÇÈ®�¾Ã­ÙÚ=®�°Z±�¼Ï»k¼¿°ÁÀ Â9­¯Ú?ºÁ»½¼ ±5®�ÀcÂÃÇ�® · ±9¾5¼t	 ¸ ¾
ô ¸ ±5ò Ó*¬zÐñ»¯®
	 ±�Òx¼¿°ÁÀµ5�h
Ðñ¾Ã­ Í òZ±�Ò · ¼¿ÂÃ®�Â�� ¹ òl­Ù¾9À2¾ ¸ � ×.¾Ã®�ÂÃºÁ»¯±9­Ù° Í Ó*¬ Ðæ»Ù®E	 ±�Ò�¼¿°lÀ�5ih Ðæ¾9­ Í òm±�ÒA	æ®�®ÎÀÁ­Ù° Í
ÀÁ­ÙÂÑ±5¾Ã­ÙôÁºl±9­ ¸ °lÂC° ¸ ¾ÃÚw¼¿»¯­ÙÂÃ®�À�± ¸ ºÁ°l­¯± � �q���������������������������������������JG��

�_���9� ¹%¸ Ç�×HÂÃ±5¾Ã®�° Í ±5òTÀl­ÙÂÃ±9¾9­¯ôÁºl±5­ ¸ °ÁÂ°	 ¸ ¾H±9òÁ®kèa`cbed ¸ 
YfTÀÁ® · ¼ � · ¼¿» · ºÁ»½¼Ï±9®�À�	æ¾ ¸ Úí±5òÁ®
®�»¯® · ±9¾ ¸ Ú�¼ Í °l®Î±5­ · ÀÁ®�Ì ®�÷ · ­¶±�¼Ï±9­ ¸ °2Â · òÁ®�Ú=®�Âo�ú«i3�¼¿°lÀ+3��o� ¸ ±Ã± ¸ Ú�×t¾9®�»Ù¼Ï±5­¶Ëú®
ÀÁ­p��®�¾Ã®�° · ®�ÂMô�®�± � ®Î®�°(±9òÁ®üÂÃ±5¾Ã®�° Í ±5òÁÂ®	æ¾ ¸ Ú ®�»Ù® · ±9¾ ¸ Ú�¼ Í °Á®�±5­ · ÀÁ®�Ì ®�÷ · ­¶±�¼Ï±9­ ¸ °
Â · òÁ®ÎÚ�®ÎÂ¹

¼¿°lÀ���ÐñÂ��mºN¼¿¾9®ÎÂ�Ò�¼¿°ÁÀ�»Ù®�Ëú®�»AÂ · òÁ®�Ú=®�Âv3 ¼¿°ÁÀ��wÐ ±5¾Ã­½¼¿° Í »Ù®�Â5ÒE�=�����U\�8

�_�2
�8 ¹%¸ Ç�×OÂÑ±5¾9®Î° Í ±9ò�ÀÁ­ÙÂÑ±5¾Ã­ÙôÁºl±9­ ¸ °lÂz	 ¸ ¾k±5òÁ® èa`cbed ¸ 
Rf�ÀÁ® · ¼ � · ¼¿» · ºÁ»Ù¼Ï±5®ÎÀ�ô � ±5òÁ®
Ó ö Ð · ­Ù¾ · »Ù®ÎÂ�Ò�« ö Ó�ÐñÂy�mºN¼Ï¾9®�Â5Òw¼¿°ÁÀÈ
­ÉËÊ ¸ ¾9ÀÁ®Î¾w¾Ã® Í ºÁ»Ù¼¿¾9­¯Â5¼Ï±9­ ¸ °°��� ¸ ±Ã± ¸ Ú�×
¾9®Î»½¼Ï±9­¯Ëú®TÀÁ®ÎË_­½¼ ±5­ ¸ °ÁÂ'ôÈ®Î± � ®�®�°�±5òÁ® ö Óí¼¿°ÁÀ�Ó ö ÂÑ±5¾9®Î° Í ±9òbÐæÂy�mºN¼¿¾Ã®�Â�Ò.¼¿°lÀ

­ÉËÊ ¸ ¾ÃÀÁ®�¾k¾Ã® Í ºÁ»Ù¼¿¾9­¯Â5¼Ï±9­ ¸ °�¼¿°ÁÀ ö ÓyÂÃ±9¾9®Î° Í ±5òlÂ?Ð ±5¾9­Ù¼¿° Í »¯®�Â5ÒE�¾�����������������U\R


�_�2
C� ØvuRw · ¼¿» · ºÁ»Ù¼Ï±5®ÎÀ�ôl­Ù°�ô � ôÁ­Ù°6	æ¾ ¸ Ú ±5òÁ®üÓ*¬ ¼Ï°ÁÀ�5 h 	æ®�®ÎÀÁ­Ù° Í ÀÁ­¯ÂÃ±9¾9­Ùôlºl±5­ ¸ °ÁÂ
ô � ­Ù°Z±5®Î¾9Ç ¸ »½¼ ±5­ ¸ ° ¸ 	¡±5òÁ®üÓ*¬�Ì�5ih
Ð Øvu�wìÒk¾9¼Ï±5­ ¸ ±�¼¿ôlºÁ»½¼Ï±9®�À�­Ù°�©:D�¼kû�GC�E¬´�^�����U\��

�_�2
�
bÓ�÷lÇÈ®�¾Ã­ÙÚ=®�°Z±�¼Ï»�Ó�¬-Ðæ± ¸ ÇìÒ
¼¿°ÁÀ¡5ihVÐñô ¸ ±9± ¸ ÚwÒTÂ9ÇÈ® · ±9¾5¼j	 ¸ ¾
±5òÁ® èa`cb d ¸ ��h
ÀÁ® · ¼ � �����������������������������������������������������������������������U\RG

�_�2
�3�ÔM®ÎÂ9ºÁ»¶±5Â ¸ 	*±9òÁ®wèa`cbed ¸ � h ÀÁ® · ¼ � ¼¿°Á¼¿» � Â9­¯Â'ºÁÂÃ­Ù° Í ±9òÁ®
Ó ö Ú�®�±5ò ¸ À���� ¸ ±9ò
Ó*¬�¼¿°ÁÀ�5 h ¾Ã®�ÂÃÇ ¸ °lÂ9®wÚ�¼Ï±9¾9­ · ®�Â � ®�¾Ã® · ¼Ï» · ºl»½¼Ï±9®�Àt	 ¸ »Ù» ¸ � ­Ù° Í ±9òÁ®=®�»Ù® · ±9¾ ¸ Ì
Úw¼ Í °Á®Î±9­ · ÀÁ®�ÌÊ®�÷ · ­¯±�¼ ±5­ ¸ °wÂ · òl®�Ú=®�
C��Õ�­¯¾9ÂÑ±�¾ ¸ � ×�Ó�¬ Ðæ»Ù®E	 ±�Ò
¼¿°ÁÀ=5 h Ðñ¾9­ Í òZ±�Ò
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¸ ôÁÂÃ®�¾ÑËú®�À2ô � d��"�O® · �_ºl®�¾9®Î»�¼¿Â'¼Ï°�­Ù° Í ¾9®�Àl­Ù®�°Z±�­Ù°(±9òÁ®TÀl­ÙÂ ·Î¸ Ëú®�¾ � ¸ 	�¾9¼¿ÀÁ­ ¸ ¼ · ±9­¯Ë_­¯± � ��É ± � ¼¿Â
Ô�ºl±5òÁ®Î¾�	 ¸ ¾ÃÀ�­¯°§�9\���� � ò ¸ ¾9®�¼¿»Ù­¯ó�®�À ±5òÁ¼Ï±
±5òÁ®M¾5¼ÏÀÁ­½¼Ï±9­ ¸ °�	æ¾ ¸ Ú ¥-,-. ù�¸ ôlÂ9®�¾ÑËú®ÎÀ�ô � �O® · �_ºl®�¾9®Î»
òN¼¿À�¼Ï±C»¯®³¼¿ÂÑ±O± � ¸
·�¸ Ú=Ç ¸ °Á®�°Z±5ÂÎ« ¸ °l®�Ú ¸ ¾9®�¼¿°ÁÀ ¸ °l®'»Ù®ÎÂ9ÂOÇÈ®�°l®Î±5¾9¼Ï±5­¯° Í �ÆdM®'ôN¼¿Ç7±5­ÙÂÃ®�Àw±9òÁ®�Ú
¼¿ÂÂÀV¼¿°lÀ¡5 ¾5¼ � Â�«M¼¿°lÀ ±5òl®(°N¼¿Ú=®�Â�òN¼³Ëú®�¾Ã®�Ú�¼¿­Ù°l®�À ®ÎËú®Î°�­p	.° ¸ � ¼¿ÀN¼ � Â � ®/xm° ¸ � ±5òN¼ ±
Â9º · ò ÇÁ¼¿¾Ã±9­ · »¯®�Âx¼¿¾9®�° ¸ ±9òÁ­Ù° Í ¸ ±5òl®�¾T±9òN¼¿°ãéedM®�°mº · »¯®�­O¼¿°ÁÀ|®Î»Ù® · ±5¾ ¸ °ÁÂ�� Æ � ö ® � ®Î¾�«*Ó��¡Ë ¸ °
Æ7· ò � ®�­ÙÀl»Ù®�¾*¼¿°lÀ�ÕS�YDt­¯®�ÂÃ®�»ÁÀÁ­¯Â ·Î¸ Ë¿®�¾Ã®�À�±9òÁ® · òN¼¿¾ Í ®�À=°N¼Ï±9ºÁ¾9® ¸ 	!ÂÃº · òwÇN¼Ï¾Ã±5­ · »¯®�Â$ô � ÂÑ±5ºÁÀ � ­¯° Í
­¯±9Â.ÀÁ®0/Á® · ±9­ ¸ ° � ­¶±5ò2Úw¼ Í °Á®Î±9­ ·Tµ ®�»ÙÀlÂ���� ¸ ±tÚ?º · ò�»½¼Ï±9®�¾Î«^¯��!û�­Ù»¯»½¼¿¾ÃÀ�¼¿ÀÁÀÁ®ÎÀ�± ¸ ±5òÁ® »¯­ÙÂÃ± ¸ 	
¾5¼ÏÀÁ­½¼Ï±9­ ¸ °�± � ÇÈ®�Â�¼T±5òl­Ù¾9À ·Î¸ Ú�Ç ¸ °Á®Î°Z±³×$±5òl®�²NÌ ¾5¼¿ÀÁ­Ù¼Ï±5­ ¸ °��%ÉÊ° ·Î¸ °Z±5¾9¼¿ÂÃ± � ­¯±9òsÀc¼¿°ÁÀ§5�ÌÊ¾5¼ � Â�«
òÁ® ¸ ôÁÂÃ®�¾ÑËú®�À�±5òN¼ ±.±5òÁ®�²NÌÊ¾9¼¿ÀÁ­½¼ ±5­ ¸ ° � ¼ÏÂü®�Ëú®Î°ãÚ ¸ ¾9®?ÇÈ®�°l®Î±5¾9¼Ï±5­¯° Í ¼¿°ÁÀ2­¯±9Â'±5¾9¼õÄÃ® · ± ¸ ¾ � ¾9®�Ì
Ú�¼¿­Ù°Á®ÎÀ|ºÁ° · òÁ¼¿° Í ®ÎÀ ô � Ú�¼ Í °Á®�±5­ ·�µ ®Î»ÙÀÁÂ
�|Ó��
Ô�ºl±5òÁ®Î¾�	 ¸ ¾ÃÀ ¼¿°ÁÀ�Õ>� Æ_¸ ÀÁÀ � Â9º ÍúÍ ®�ÂÑ±5®ÎÀ ­¯°
�9��8�3w±5òN¼Ï±'¾5¼¿ÀÁ­ ¸ ¼ · ±5­¯Ë_­¶± �s� ¼¿Ât»Ù­¯°_x¿®ÎÀ�± ¸ ±9òÁ®?±5¾9¼¿°ÁÂ9ÚTºl±�¼Ï±9­ ¸ ° ¸ 	�®Î»Ù®ÎÚ�®Î°m±9Â�� ¹ òÁ® ò � Ç ¸ ±5ò_Ì
®�ÂÃ­ÙÂ � ¼¿Â ·�¸ ° µ ¾9Ú=®�À�ô � ³¸��ÕÈ¼JÄ9¼¿°ÁÂ.¼¿°lÀ2Õ>� Æ7¸ ÀÁÀ � «H¼¿°ÁÀ�±9òÁ® � 	 ¸ ºÁ°ÁÀ�±9òN¼Ï± ¸ °l» � Àb¼¿°ÁÀt5
¾5¼ � Â � ®�¾Ã®�¼ ·Î¸ °ÁÂÃ®��mºÁ®�° · ® ¸ 	C°mº · »Ù®�¼¿¾ · òN¼Ï° Í ®�� å �%¬OòN¼¿À � ­ · x�Àl­ÙÂ ·Î¸ Ëú®�¾Ã®�Àc­¯°¡�9������±9òN¼Ï±³«
­Ù° ·Î¸ °Z±5¾9¼¿ÂÃ± � ­¶±5ò�± ¸ Ày¼¿°ÁÀ/²NÌÊ¾9¼ � ÂÎ«�±5òÁ®
®Î»Ù® · ±5¾ ¸ °ÁÂ¹	 ¸ ¾ÃÚ�­¯° Í ±9òÁ®�5�ÌÊ¾5¼ � Â'ÀÁ­¯À�° ¸ ±.Çl¾9®�ÂÃ®�°Z±
¼
ÀÁ­ÙÂ · ¾Ã®Î±5®üôÁºl±�¼ ·�¸ °m±9­Ù°mº ¸ ºlÂM®Î°Á®�¾ Í � Â9ÇÈ® · ±5¾ÃºÁÚ�� ¹ òÁ­¯Â ·�¸ °ÁÂÑ±5­¶±5ºl±9®�À�¼ ÇlºÁó�óÎ»Ù® � òÁ­ · ò�®ÎË¿®�°
· òN¼¿»¯»Ù®Î° Í ®�À2¼ ±.Â ¸ Ú=®?Ç ¸ ­Ù°Z±�±5òÁ® ·Î¸ °ÁÂ9®Î¾ÃËÏ¼Ï±9­ ¸ °�»Ù¼ � Â ¸ 	*®�°Á®Î¾ Í � ¼¿°ÁÀ�Ú ¸ Ú�®Î°Z±5ºÁÚs�.É ±'± ¸_¸ x
Ú�¼¿° ��� ®³¼¿¾ÃÂ ± ¸�µ °ÁÀc±5òl®�¾9­ Í òm±T®�÷7ÇÁ»Ù¼¿°N¼Ï±9­ ¸ °¶	 ¸ ¾T±5òÁ­¯Â?ÇÁòÁ®Î° ¸ Ú=®�°N¼C��ÉÊ°T�9��3C�ú«÷Ïæ�÷¯%¼¿ºÁ»Ù­
Ç ¸ ÂÃ±9ºÁ»½¼Ï±9®�À�±5òÁ®ü®�÷7­¯ÂÃ±5®Î° · ® ¸ 	
¼Ï°(¼¿»¯Ú ¸ ÂÃ±k° ¸ °7ÌÊ­¯°m±9®�¾9¼ · ±9­Ù° Í Ú�¼¿Â9ÂÃ»Ù®�ÂÃÂ�¼Ï°ÁÀ(°Á®Îºl±5¾9¼¿»AÇN¼¿¾Ñ±5­ · »Ù®
· ¼Ï¾9¾ � ­¯° Í ±5òÁ®TÚ�­¯Â9Â9­¯° Í ®Î°Á®�¾ Í � ÌÊÚ ¸ Ú�®Î°Z±5ºÁÚ�­Ù°�¼w±9òÁ¾9®Î®
ô ¸ À � 5�ÌÊÀÁ® · ¼ � �xÓ��AÕN®�¾9Ú=­ Í ¼³Ëú®
­¯±
±5òl®ü°Á¼¿Ú�® � òl­ · ò�­ÙÂkÂÃ±9­Ù»¯»�­Ù°�ºÁÂÃ®¿×�±5òÁ®1��
��324������5 ¸ ¾kÂ9Ú�¼¿»¯»�°Á®�º7±5¾ ¸ °��

¼'°Á® ¸ 	k±9òÁ®�Ú�¼¿° � ÇÁ¼¿¾Ã±9­ · ºl»½¼¿¾x¼¿Â9ÇÈ® · ±5Â ¸ 	®5AÌ ÀÁ® · ¼ � ­¯Âx±5òÁ¼Ï±?­¶±?¼¿ÇlÇ�®�¼¿¾9Â?­¯°�±9òÁ¾9®Î®�ÀÁ­p	½Ì
	æ®�¾Ã®�°Z± � ¼ � Â�� ¹ òÁ®T¼�	 ¸ ¾9®�ÌÊÚ=®�°Z±5­ ¸ °Á®ÎÀs5�Ì ÀÁ® · ¼ � ­¯Â ¸ °Á» � ¸ °Á®xÚ ¸ ÀÁ® · ¼¿»¯»Ù®�Às5 f Ì ÀÁ® · ¼ � �kÉÊ¾9®Î°Á®
¼¿°ÁÀ2ÕS� å ¸ »¯­ ¸ ±ÑÌÑ¬OºÁ¾Ã­Ù®tÀÁ­ÙÂ ·�¸ Ëú®Î¾9®ÎÀ�5 h Ì ÀÁ® · ¼ � ­Ù°¶�9��3��Á«È± ¸ Í ®Î±5òl®�¾ � ­¶±5ò�±5òl®?­ÙÚ=Ç ¸ ¾Ã±�¼Ï°m±¾	ñ¼ · ±
±5òÁ¼Ï±�°mº · »Ù®Î­ · ¼¿°�ôÈ®xÇÁ¾ ¸ Àlº · ®ÎÀ�¼¿¾Ã±9­ µN· ­½¼¿»¯» � ­Ù°�°_º · »Ù®�¼¿¾�¾Ã®³¼ · ±5­ ¸ °ÁÂ���Õ ¸ »¯» ¸ � ­Ù° Í ±9òÁ®TÚ ¸ ÀÁ®�¾Ã°
ºÁ°ÁÀl®�¾9ÂÑ±�¼¿°lÀÁ­Ù° Í « � òÁ­ · ò2­ÙÂ'Ë¿®�¾ � Â9­¯Ú�­¯»½¼¿¾k± ¸ ±9òN¼Ï± ¸ 	�±9òÁ®
ÇÁ­ ¸ °Á®�®Î¾9Â ¸ 	�¾5¼¿Àl­ ¸ ¼ · ±5­¶Ë7­¶± � «�¼�°_º_Ì
· »¯®�ºÁÂ.­¯Â�±5¾9¼¿°ÁÂà	 ¸ ¾9Ú=®�À�­¯°t5AÌ ÀÁ® · ¼ � ­Ù°Z± ¸ ¼¿° ¸ ±9òÁ®�¾ � ­¶±5ò�±5òl®
Â5¼¿Ú=®?Ú�¼¿Â9Â.°mºÁÚ?ôÈ®�¾(6�¼Ï°ÁÀ2¼
· òN¼¿¾ Í ®87:9[��ÀÁ­��!®Î¾9­¯° Í ô � ¸ °Á®=ºÁ°Á­¶±�	æ¾ ¸ Úz±9òN¼Ï± ¸ 	C±9òÁ®�­¯°Á­¯±9­½¼¿»%°mº · »¯®�ºÁÂ;7��s¼'°Á®�Ú�¼õÄ ¸ ¾
ÀÁ­��!®Î¾9®�° · ® � ­¯±9ò�¾9®ÎÂ9ÇÈ® · ±k± ¸ ±5òl®'®³¼¿¾Ã»Ù­¯®�¾ ·�¸ Ú=ÇÁ¾9®ÎòÁ®�°lÂ9­ ¸ °�­ÙÂO±9òN¼Ï±C° ¸ � ¼¿ÀN¼ � Â � ®�xm° ¸ � ±5òN¼ ±
ÇÁ¾ ¸ ± ¸ °lÂO¼¿°lÀ�°Á®Îºl±5¾ ¸ °ÁÂ�¼¿¾9®M° ¸ ±*®Î»Ù®�Ú=®�°Z±5¼¿¾ � ¼Ï°ÁÀwÇÁ¾Ã®�ÂÃ®�°Z±k¼tÂÃ±9¾9º · ±5ºÁ¾Ã®�®�÷lÇl»½¼¿­¯°Á®�À=­Ù° ±5®Î¾9Ú=Â
¸ 	��mºN¼¿¾�xmÂ�� ¹ òÁ­ÙÂ�­ÙÂC° ¸ ±C°Á®Î®�ÀÁ®ÎÀ�ò ¸ � ®ÎË¿®�¾k± ¸ ºl°ÁÀÁ®�¾ÃÂÃ±5¼¿°ÁÀ�±5òÁ®'Ú�¼õÄ ¸ ¾l	æ®³¼Ï±9ºÁ¾9®ÎÂ ¸ 	i5�ÌÊÀÁ® · ¼ � «
¼¿°ÁÀ�±5òmºÁÂÎ« � ® � ­Ù»¯»�° ¸ ±�Ú�¼�x¿®üºÁÂ9® ¸ 	
­¶±�¼Ï°ÁÀ ·Î¸ °ÁÂ9­¯ÀÁ®�¾MÇÁ¾ ¸ ± ¸ °lÂ'¼¿°ÁÀ�°Á®�º7±5¾ ¸ °ÁÂ'¼¿ÂM®�»¯®�Ú=®�°7Ì
±�¼Ï¾ � �
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Õ�­ Í ºl¾9®¸�����ú× ¹ òÁ¾Ã®�®?Àl­p��®�¾9®Î°Z±�ÀÁ® · ¼ � ÇÁ¾ ¸_· ®ÎÂ9ÂÃ®�Â��MÉÊ°/5÷f(ÀÁ® · ¼ � «�¼=°Á®�ºl±9¾ ¸ °|Ða�n�Y�_Òk­¯ÂM±9¾5¼¿°lÂÑÌ
	 ¸ ¾9Ú=®�À ­Ù°Z± ¸ ¼�Çl¾ ¸ ± ¸ ° Ðã�Q�"�_ÒTô � ®�÷ · òN¼¿° Í ® ¸ 	'¼�Ë_­Ù¾Ñ±5ºN¼Ï»¾�)fyô ¸ Â ¸ °y¼¿°ÁÀ ®�Ú=­ÙÂ9ÂÃ­ ¸ ° ¸ 	
¼¿°y®Î»Ù® · ±5¾ ¸ °¡��fb¼¿°ÁÀ ¼¿° ®�»¯® · ±9¾ ¸ ° ¼¿°Z±5­øÌÊ°Á®Îºl±5¾Ã­Ù° ¸È��;� � ÉÊ°¡5 h ÀÁ® · ¼ � «k¼2ÇÁ¾ ¸ ± ¸ °íÐa�Q�n�_ÒT­ÙÂ
±5¾5¼Ï°ÁÂ�	 ¸ ¾ÃÚ�®ÎÀ ­¯°Z± ¸ ¼�°Á®Îºl±5¾ ¸ ° Ðã�n���_ÒTô � ®�÷ · òN¼¿° Í ® ¸ 	'¼2Ë_­¯¾Ã±5ºÁ¼¿»¾� h ô ¸ Â ¸ °y¼¿°lÀy®�Ú=­ÙÂÅÌ
Â9­ ¸ ° ¸ 	.¼�Ç ¸ Â9­¶±5¾ ¸ °µ� h ¼¿°ÁÀy¼¿° ®�»Ù® · ±9¾ ¸ ° °Á®�ºl±9¾9­¯° ¸+�;� � ¹ òÁ®(®Î»Ù® · ±5¾ ¸ ° · ¼¿Çl±9ºÁ¾9®�ÇÁ¾ ¸7· ®�Â9Â
òN¼¿Ât±5òÁ®=Â5¼¿Ú=® ®
��® · ±?¼¿Â�5 h ÀÁ® · ¼ � ×T¼¿°�®Î»Ù® · ±5¾ ¸ °j	æ¾ ¸ Ú-±9òÁ®�¼Ï± ¸ Ú=­ · Â9òÁ®Î»Ù»
òN¼¿Âx¼�° ¸ °ÁóÎ®�¾ ¸
ÇÁ¾ ¸ ôÁ¼¿ôÁ­Ù»¯­¯± �/ £¢ Ða¤¿Ò   ¥ ¸ 	AôÈ®�­¯° Í ­¯°ÁÂ9­¯ÀÁ®k±5òÁ®�°mº · »¯®�ºÁÂÎ«Á¼¿°ÁÀ=±5òmºÁÂCôÈ®�­¯° Í · ¼¿Çl±9ºÁ¾9®ÎÀ�ô � ¼üÇÁ¾ ¸ ± ¸ °� òÁ­ · ò2­ÙÂM±5òÁ®Î°�±5¾5¼Ï°ÁÂ�	 ¸ ¾ÃÚ�®ÎÀ�­Ù°Z± ¸ ¼�°Á®�ºl±9¾ ¸ °°� ¹ òl® · ¼¿Çl±9ºÁ¾9®ÎÀ2®�»Ù® · ±9¾ ¸ °�»¯®³¼³Ëú®ÎÂt¼�ËÏ¼ · ¼¿° · �
­Ù°y±9òÁ®�¼Ï± ¸ Ú�­ · Â9òÁ®Î»Ù» � òÁ­ · ò�­¯Â µ »¯»Ù®�À ô � »¯®�Â9Âwô ¸ ºl°ÁÀb®�»¯® · ±5¾ ¸ °ÁÂ�� �'ºl¾9­Ù° Í ±5òl­ÙÂwÇl¾ ¸_· ®�ÂÃÂ�«
· òN¼¿¾5¼ · ±5®Î¾9­¯ÂÃ±5­ ·�¦ ÌÊ¾9¼ � Â ¸ ¾kÖ�º Í ®Î¾M®Î»Ù® · ±5¾ ¸ °ÁÂM¼¿¾Ã®ü®ÎÚ�­¶±9±9®�À��

Ö�Â=ÂÃò ¸ � °y­¯° Õ%­ Í �z©ß������¬¦«�±9òÁ¾9®Î®�Àl­p��®�¾9®Î°Z±�Çl¾ ¸_· ®�ÂÃÂ9®ÎÂwÂ5¼ ±5­ÙÂà	 � ¸ ºl¾=Àl® µ °Á­¶±5­ ¸ °��cÉÊ°�±5òÁ®
ºÁÇÁÇÈ®�¾t»Ù®E	 ± ·�¸ ¾Ã°Á®�¾Î«i5÷f7ÌÊÀÁ® · ¼ � ­ÙÂ.Çl¾9®�ÂÃ®�°Z±5®ÎÀ�«�­¯° � òÁ­ · ò ¸ °Á® °Á®Îºl±5¾ ¸ °yÐa�n�Y�7Ò · òN¼¿° Í ®ÎÂt­Ù°Z± ¸
¼�ÇÁ¾ ¸ ± ¸ ° Ða�Q�n�_Ò�¼¿°lÀ�¼ÏÂ.¼ ·�¸ °lÂ9®��mºÁ®Î° · ®�¼¿°2®�»¯® · ±5¾ ¸ °j��f�¼¿°ÁÀ�¼¿°�®�»¯® · ±5¾ ¸ °2¼¿°Z±5­¶Ì °Á®�º7±5¾9­¯° ¸
��­� ¼¿¾9®=®�Ú=­¯±Ã±5®�À°� ¹ òl®wºÁÇÁÇÈ®�¾x¾9­ Í òZ± ·Î¸ ¾9°Á®Î¾?¼¿°lÀã» ¸ � ®�¾xÇN¼¿¾Ã± ¸ 	�Õ%­ Í �l© ������¬*Â9ò ¸ � ±5òÁ®=± � ¸
·�¸ Ú=ÇÁ»Ù®ÎÚ�®Î°Z±�¼¿¾ � ÇÁ¾ ¸_· ®ÎÂ9ÂÃ®�Â � òl­ · ò�òN¼³Ëú® ±5òÁ® Â5¼ÏÚ�® ·�¸ °ÁÂ9®
�_ºl®�° · ®¿«
°N¼¿Ú=®�» � ±9òÁ®¸5 h ÌÊÀÁ® · ¼ �
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¼¿°ÁÀ�±5òÁ®=®�»¯® · ±5¾ ¸ ° · ¼ÏÇl±5ºÁ¾Ã®�Ó*¬v�¡ÉÊ°ãô ¸ ±5ò · ¼¿ÂÃ®�ÂÎ«
¼�ÇÁ¾ ¸ ± ¸ °�Ða�Q�n�_Ò�­ÙÂt±5¾9¼¿°ÁÂ�	 ¸ ¾9Ú=®�À�­Ù°Z± ¸ ¼
°Á®Îºl±5¾ ¸ °cÐã�"�Y�_ÒE��Ö�»Ù»�±5òl¾9®�®üÇÁ¾ ¸7· ®�Â9ÂÃ®�Â�¼¿¾9®tÂ9ºlÚ�Ú�¼¿¾9­¯Â9®ÎÀ�±9òÁ¾ ¸ º Í ò�±9òÁ®ü¾9®³¼ · ±5­ ¸ °ÁÂ�­Ù°lÀÁ­ · ¼Ï±5®ÎÀ
ô � ÓÆ�Q��Ð»�����õÒ�«NÓÆ�Q�%Ðà���2
úÒC¼¿°lÀ�ÓÆ�Q�%Ðà���43ZÒ�×

5 f ×SRT�UWVÄgXRT h è UWV fNèZY � f Y ��;� Ðà���p�õÒ
5 h × R T UWVÄg R T fNè UWV h èZY � h Y �;� Ðà���r
úÒ[�\ ×SRT UWV Y � f gXRT fNè UWV h è]Y �;� Y_^�` Ö Ù Ðà���23ZÒ

É ±*­ÙÂ$­¯Ú�Ç ¸ ¾Ã±5¼¿°Z±$± ¸ ¾Ã®³¼¿»¯­ÙÂÃ®C±5òN¼Ï±
±9òÁ®kÇÁ¾ ¸7· ®�Â9ÂÃ®�Â�Ú�®Î°m±9­ ¸ °l®�À ¸_·�· ºl¾ � òl®�° ±5òÁ® � ¼¿¾9®�®Î°Á®�¾ÅÌ
Í ®�±5­ · ¼¿»Ù» � ¼¿»Ù» ¸ � ®ÎÀ�«7±9òN¼Ï±k­¯Â�« � òl®�°�±5òÁ®.®Î°Á®�¾ Í � ¾Ã®�»¯®³¼¿ÂÃ®.­Ù°w±9òÁ®.ÀÁ® · ¼ � ­ÙÂOÇ ¸ ÂÃ­¯±9­¯Ëú®�� Æ º · ò�®�°_Ì
®�¾ Í � ¾Ã®�»Ù®�¼¿Â9®ÎÂO¼Ï¾9®�®�÷7ÇÁ¾Ã®�Â9ÂÃ®�À�­¯°
±5®�¾ÃÚ�Â ¸ 	È±5òl®'Ø�Ì ËÏ¼¿»¯ºÁ®�Â�¼ÏÂ*Àl® µ °Á®ÎÀw­¯°�ÓÆ�Q��Ðà���:�mÒ�«mÓ��Q��Ðà���r<úÒ
¼¿°ÁÀ�ÓÆ�Q�¡Ðà���4IZÒ�×

5 f ×_Ø+acbWdfe�Ð R T UWVCÒhgie�Ð R T h è UWV fNè Ò Ðà���4�mÒ
5 h ×_Ø a�j dke�ÐlRT UWVOÒhgme�ÐnRT fNè UWV h è Òhgµ
ce � j Ðà���r<úÒ[�\ ×_ØvuRwWdke�Ð R T UWVOÒhgme�Ð R T fNè UWV h è Òhgmoqp Ðà���2IZÒ

� òÁ®Î¾9®�±9òÁ®1e�ÂT¼Ï¾9®
±5òÁ®�¼Ï± ¸ Ú�­ · Úw¼ÏÂ9Â9®ÎÂT¼Ï°ÁÀ%orp�­Ù°�Ó��Q��Ðà���2IZÒ'­¯Ât±9òÁ® ôÁ­Ù°lÀÁ­Ù° Í ®Î°Á®�¾ Í � ¸ 	
±5òl® · ¼¿Çl±9ºÁ¾9®ÎÀ�®Î»Ù® · ±5¾ ¸ °�«Nô ¸ ±5ò�­Ù°�°N¼ ±5ºÁ¾9¼¿»AºÁ°Á­¶±5Â��

Ï òÁ­Ù»¯®�5 f ÌÊÀÁ® · ¼ � òN¼ÏÇÁÇ�®Î°ÁÂ � òÁ®�°e±5òÁ®�Ú�¼¿Â9Â2ÀÁ­��!®Î¾9®�° · ®�ô�®�± � ®Î®�°�±9òÁ®�ÇN¼¿¾Ã®�°Z±|¼Ï°ÁÀ
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±5®�¾ÃÚ�­¯° ¸ » ¸ Í ­Ù®ÎÂ�� þ a Ð [ � Ò�d �
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¹ òÁ®�Ú ¸ ±5­¯ËÏ¼Ï±9­ ¸ ° ¸ 	�±5òl®�ÀÁ­ÙÂ · ºÁÂÃÂ9­ ¸ ° Â ¸ 	ñ¼¿¾?­¯ÂT±5òN¼ ±
ÀÁ®Î±9®�¾ÃÚ�­¯°Á­Ù° Í ±5òÁ®�ÇÁ¾ ¸ ôN¼¿ôl­Ù»Ù­¶± � ¸ 	
¸_·�· ºl¾9¾9®Î° · ® ¸ 	�¼�ôÁ¼¿Â9­ · ÇÁ¾ ¸7· ®�ÂÃÂ?Ú�®ÎÀÁ­½¼ ±5®�À�ô � ±9òÁ® � ®³¼�x�­¯°m±9®�¾9¼ · ±9­ ¸ °�­ÙÂ ¸ 	z	æºÁ°lÀN¼¿Ú=®�°Z±�¼¿»
­ÙÚ=Ç ¸ ¾Ã±5¼¿° · ®�� ¹ òÁ®wÇN¼Ï¾Ã±5­ · ºÁ»Ù¼¿¾�xm° ¸ � »Ù®�À Í ® ¸ 	C±9òÁ®�ÀÁ­¯ÂÃ±9¾9­Ùôlºl±5­ ¸ ° ¸ 	k±5òÁ­¯ÂxÇl¾ ¸ ôN¼ÏôÁ­Ù»¯­¯± � ¸ Ëú®Î¾
±5òl® µ °N¼¿»C°mº · »Ù®�¼¿¾?ÂÃ±5¼Ï±5®ÎÂ Í ­¯Ë¿®�Â
­Ù°C	 ¸ ¾9Ú�¼Ï±5­ ¸ ° ¸ °c±5òÁ® ·Î¸ Ú�Çl»Ù®�÷ã°mº · »¯®³¼¿¾ � ¼³Ëú®§	æºÁ° · ±5­ ¸ °ÁÂ�«
¼¿°ÁÀ�Â9ºÁôlÂ9®��mºÁ®Î°Z±5» � « ¸ °�±9òÁ®T¾Ã®�ÂÃ­ÙÀÁºN¼Ï»¡°mº · »Ù®�¼¿¾�­¯°m±9®�¾9¼ · ±9­ ¸ °��OÖC±�±5òl®TÂ5¼ÏÚ�®t±5­¯Ú�®Ï«Á±5òÁ­¯Â ·Î¸ Ú Ì
ÇÁ¾Ã®�òÁ®Î°ÁÂ9­ ¸ ° Í ­¯Ë¿®�Â$ºÁÂ$±9òÁ® � ¼ � ± ¸ ºÁ°lÀÁ®�¾ÃÂÃ±�¼Ï°ÁÀ ¸ ±5òÁ®Î¾
ÇÁòÁ®Î° ¸ Ú=®�°N¼'­¯°?°mº · »¯®³¼¿¾
ÇÁò � Â9­ · Â
�l¼.°l®
®�÷l¼¿Ú=ÇÁ»¯®$­ÙÂ�±9òÁ® · ¼¿» · ºÁ»Ù¼Ï±5­ ¸ °ÁÂ�­Ù°.±5òÁ® ¹ ¼¿Ú=Ú Ìc�.¼¿° ·Î¸ �?¼ÏÇÁÇÁ¾ ¸ ÷7­ÙÚ�¼Ï±9­ ¸ °?Ð ¹ ��Ö.Ò�ô � ©:dMÖ ö ��<­¬´�
É ±?­¯°ÁÀÁ­ · ¼Ï±9®�Âx±9òN¼Ï±x±5òÁ®�ÀÁ­ÙÂÑ±5¾9­¯ôÁºl±9­ ¸ ° ¸ 	AD ¹ ÂÃ±5¾Ã®�° Í ±5òcÇÁ¾ ¸ Ë_­¯ÀÁ®�Âx­Ù°�	 ¸ ¾ÃÚw¼ ±5­ ¸ ° ¸ °ã±5òÁ®w°_º_Ì
· »¯®³¼¿¾xÀÁ®
	 ¸ ¾9Ú�¼Ï±5­ ¸ °�«�ôÈ® · ¼¿ºÁÂÃ®�­¯±x­ÙÂ�	 ¸ ºÁ°ÁÀ|± ¸ ÀÁ®�ÇÈ®�°ÁÀ�ÂÃ®�°ÁÂÃ­¯±5­¶Ëú®Î» � ¸ °|±5òÁ®w°_º · »Ù®�¼¿¾TÂÃòN¼¿ÇÈ®
	 ¸ ¾�
 d 7 °mº · »¯®�­W� ¹ òÁ®wÂ5¼¿Ú=®o	æ®�¼Ï±5ºÁ¾Ã®�òN¼¿Âxô�®Î®�°cÇ ¸ ­Ù°Z±9®�À ¸ ºl±?ô � © Æ Ö�ÔA��\�¬´��Ö�° ¸ ±5òÁ®Î¾
®�÷l¼¿Ú=ÇÁ»¯®'­ÙÂC±9òÁ® · ¼¿»¯­ÙôÁ¾9¼Ï±5­ ¸ °ÁÂ*°Á®�®ÎÀÁ®�Às	 ¸ ¾O±9òÁ®üØ.ÔA¯ÈÖ · ¼¿» · ºÁ»Ù¼Ï±5­ ¸ °ÁÂO¾Ã®�»Ù¼Ï±5®ÎÀ�± ¸ ±5òÁ®.À ¸ ºÁôÁ»¯®
5�ÌÊÀÁ® · ¼ � © Ó��¹D�\�\�¬AÇÁ¾ ¸7· ®�ÂÃÂ��
¹ òÁ®�¾Ã®�¼¿¾Ã®�¼¿»¯Â ¸(¸ ±5òÁ®Î¾ µ ®Î»ÙÀÁÂx»Ù­ xÏ®�ÇÁ¼¿¾Ã±9­ · »¯® ÇÁò � ÂÃ­ · Â�«*¼¿ÂÃ±9¾ ¸ Çlò � ÂÃ­ · Â?¼¿°ÁÀ|¾Ã®³¼ · ± ¸ ¾t±5® · ò7Ì

° ¸ » ¸ Í �s� òÁ®�¾Ã® � ® µ °lÀ2±9òÁ®
°Á®Î®�Àj	 ¸ ¾.¼�¾9®Î»Ù­Ù¼¿ôÁ»Ù®�xm° ¸ � »Ù®�À Í ® ¸ 	�±5òÁ®oD ¹ ÂÃ±5¾Ã®�° Í ±5ò�� Æ7¸ Ú=®
¸ 	*±5òÁ®ÎÂ9® ­ÙÂÃÂ9ºÁ®ÎÂ � ®�¾Ã® ÂÃ±5¾Ã®�ÂÃÂ9®�Àã­Ù°�±5òl®=¾Ã®ÎË_­Ù® � ¼¿¾Ñ±5­ · »Ù®ÎÂ ¸ 	>³.»½¼¿ÇÈÀ ¸ ¾�©:³�VAÖ¹\�3­¬
­Ù°�±5òl®
Ú�­¯À
\�8¿Â
� ¹ òl®(ÇÈ®�¾9ÂÃ­ÙÂÑ±5®�° · ® ¸ 	�±5òÁ®�Ë¿¼Ï»Ù­ÙÀl­¯± � ¸ 	'Â9º · ò ¼¿¾ Í ºÁÚ=®�°Z±5Âw¼¿°ÁÀ ±5òÁ® ·�¸ °Z±5­¯°mº ¸ ºÁÂÃ» � ¾9®�Ì
°Á® � ®ÎÀ�­Ù°Z±5®Î¾9®ÎÂÃ±M­Ù°�¾9®Î»½¼Ï±9®�À�Ú�®�¼¿Â9ºl¾9®�Ú=®�°Z±9Â · ¼¿°�ôÈ®üÂ9ò ¸ � °(­¯°�± � ¸ ¾9® · ®�°Z±�®�÷l¼¿Ú=ÇÁ»Ù®ÎÂ�� ¹ òÁ®
ÉÑ¬OÖ'Ô ù'Æ »Ù­ �mºÁ­¯À�¼¿¾ Í ¸ °�ÀÁ®�±5® · ± ¸ ¾�© ÉÑ¬OÖv��3�¬A­¯ÂCÀÁ®�ÂÃ­ Í °l®�À�± ¸ ÂÑ±5ºÁÀ � ±5òÁ®'Â ¸ Ì · ¼¿»Ù»¯®�À�Â ¸ »½¼Ï¾C°Á®�º_Ì
±5¾Ã­Ù° ¸ ÇÁ¾ ¸ ôl»Ù®�Ú�©:½ ù �z��\­¬$ô � ·Î¸ ºÁ°Z±5­¯° Í ±5òÁ®;/Áº7÷ ¸ 	*òÁ­ Í ò�®�°l®�¾ Í � °Á®Îºl±5¾Ã­Ù° ¸ Â ·�¸ Ú=­Ù° Í 	æ¾ ¸ Ú
±5òl® Æ ºÁ°�¼¿Â � ®�»¯»
¼¿Â'ôÈ®�­¯° Í Â9®Î°ÁÂ9­¶±5­¯Ë¿®?± ¸ °Á®Îºl±5¾Ã­Ù° ¸�¸ Â · ­¯»Ù»Ù¼Ï±5­ ¸ °ÁÂ�� ¹ òÁ® · ¼¿»¯­ÙôÁ¾9¼Ï±5­ ¸ ° ¸ 	�ÂÃº · ò
¼?ÀÁ®�±5® · ± ¸ ¾k¾Ã®��mºÁ­¯¾9®�Â�¼�x_° ¸ � »¯®�À Í ® ¸ 	H±5òÁ®�5�ÌÊÀl® · ¼ � ÇÁ¾ ¸ ôN¼¿ôÁ­¯»Ù­¯±9­Ù®ÎÂ ¸ 	¡é»b ¹ ­�­Ù°Z± ¸ ±9òÁ®'®�÷ · ­¯±9®�À
ÂÃ±5¼Ï±5®ÎÂ ¸ 	�é»b Æ7· «A±5òl®=Ú=­Ù¾Ã¾ ¸ ¾�ÇÁ¾ ¸_· ®ÎÂ9Â.± ¸ ±9òÁ®
¾9®�¼ · ±9­ ¸ °�é»b�Ö�¾JÐ �;� « ®JÒÊé»be³
«H¼¿°ÁÀ ·�¸ ºÁ»¯À ¸ °Á» � ôÈ®
Ú=®³¼¿ÂÃºÁ¾9®ÎÀ�¾9® · ®�°Z±9» �¸� ­¯±9ò�±5òl®�°Á® · ®�ÂÃÂ5¼¿¾ � ¼ ·�· ºl¾5¼ · � ÐæÂ9®�®�©:VAÉ ù ��\�¬�¼¿°ÁÀ�¾Ã®
	æ®Î¾9®�° · ®�Â�±5òÁ®Î¾9®�­¯°ìÒE�
¹ òÁ®.ÂÃ® ·�¸ °ÁÀ�®�÷l¼¿Ú=ÇÁ»Ù® ·Î¸ Ú=®�Â>	æ¾ ¸ Úv±9òÁ® µ ®Î»ÙÀ ¸ 	H¾Ã®³¼ · ± ¸ ¾�±5® · òl° ¸ » ¸ Í � ���'®ÎÂ9ÇÁ­¶±5® ·Î¸ °Z±5­Ù°mº ¸ ºÁÂ
­ÙÚ=ÇÁ¾ ¸ Ë¿®�Ú=®�°Z±5Â�À ¸ � °b±5òÁ® � ®�¼¿¾9ÂÎ«�±9òÁ®�¾Ã®�¾9®ÎÚw¼Ï­Ù°ÁÂ�¼�ÂÃ­Ùó�®�¼¿ôÁ»¯®(ÀÁ­¯Â · ¾Ã®�ÇN¼Ï° · � ô�®�± � ®Î®�°�±5òl®
Ú=®³¼¿ÂÃºÁ¾9®ÎÚ�®Î°m±9Â ¸ 	H±5òÁ®.Àl® · ¼ � òÁ®³¼Ï±xÐæ®�°Á®Î¾ Í � ¾9®Î»Ù®³¼ÏÂ9®�À�ô � µ Â9Â9­ ¸ °�ÇÁ¾ ¸ ÀÁº · ±5Â�¼­	 ±5®�¾C¼?¾9®³¼ · ± ¸ ¾
Â9òmºl±9À ¸ � °ìÒ�ÀÁºl®�± ¸ ²NÌÊ¾9¼ � ®ÎÚ�­¯Â9ÂÃ­ ¸ ° ¼¿°ÁÀ ±5òÁ®�Â9ºÁÚ=Ú�¼Ï±5­ ¸ ° · ¼¿» · ºÁ»Ù¼Ï±5­ ¸ °ÁÂ ôN¼¿ÂÃ®�À ¸ °yÀN¼Ï±5¼
»Ù­¯ôÁ¾5¼Ï¾9­Ù®ÎÂ ·Î¸ Ú?ôÁ­¯°Á­Ù° Í ô ¸ ±9ò ±9òÁ® ¸ ¾9®Î±9­ · ¼¿»N¼¿°ÁÀ ®�÷lÇÈ®�¾Ã­ÙÚ=®�°Z±�¼Ï»Ç�_ºÁ¼¿°Z±5­¯±9­Ù®ÎÂ���ÉÊ°�¼.¾9® · ®�°Z± · ¼¿¾Ã®
	æºÁ»
¼¿°N¼Ï» � Â9­¯ÂO© � ¼ Æ ���­¬M­¯± òN¼ÏÂ�ôÈ®�®Î°yÇ ¸ ­Ù°Z±5®ÎÀ ¸ ºl± ±5òN¼Ï±=Ú ¸ ÂÃ± ¸ 	�±5òl®�ÀÁ­¯Â · ¾9®�ÇÁ¼¿° · � Çl¾ ¸ ôN¼ÏôÁ» �
·�¸ Ú�®ÎÂ�	æ¾ ¸ ÚG­Ù°N¼ ·�· ºl¾5¼Ï±9®�Ú�®�¼¿Â9ºÁ¾Ã®�Ú=®�°Z±5Â ¸ 	M±9òÁ®65�ÌÊÀÁ® · ¼ � Çl¾ ¸ ôN¼ÏôÁ­Ù»¯­¯± � ÀÁ­ÙÂÑ±5¾Ã­ÙôÁºl±9­ ¸ ° ¸ 	�¼
	æ® � ­ÙÂ ¸ ± ¸ ÇÈ®�Â
�wÖvÀÁ®�®ÎÇ�®Î¾xºÁ°lÀÁ®�¾ÃÂÃ±�¼Ï°ÁÀÁ­Ù° Í ¸ 	�±5òÁ®=ÀÁ­ÙÂ · ¾Ã®�ÇN¼¿° · �j� ¸ ºÁ»ÙÀ · ®�¾Ñ±�¼¿­¯°Á» � òN¼³Ëú®w¼¿°
­ÙÚ=ÇN¼ · ± ¸ °�Â5¼�	æ®�± � ¾9® Í ºÁ»Ù¼Ï±5­ ¸ °ÁÂk¼¿°lÀ�¾Ã®³¼ · ± ¸ ¾�Ú ¸ ÀÁ®Î»Ù»¯­Ù° Í �

ø¸ù
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±9®�»Ù»¯Â�ºlÂ�±5òÁ¼Ï±zxm° ¸ � ­Ù° Í ±5òÁ®�­Ù°Á­¶±5­Ù¼¿»N¼¿°ÁÀ µ °N¼¿»ÈÂ9ÇÁ­¯°ÁÂC¼Ï°ÁÀ � ¼JË¿®�Ì´	æºÁ° · ±9­ ¸ °lÂ ¸ 	A±5òl®
ÂÃ±5¼Ï±5®ÎÂ'­Ù°ZË ¸ »¯Ë¿®�À�­¯°�¼wÀÁ® · ¼ � « � ® · ¼¿°�ÀÁ®�±5®Î¾9Ú=­Ù°Á®t±5òÁ®x±5¾5¼Ï°ÁÂ9­¶±5­ ¸ °�¾9¼Ï±5®�� ö�¸ ¾9® ¸ Ë¿®�¾�«�±5òÁ® ÔØõ
¸ ÇÈ®�¾9¼Ï± ¸ ¾.ºlÂ9®�À2± ¸ ÀÁ®ÎÂ · ¾9­ÙôÈ®
±5òÁ® ÇÁ¾ ¸7· ®�ÂÃÂx¼ · ±5Ât­¯°�¼�Ë¿®�¾ � ÂÃ­ÙÚ=ÇÁ»Ù® � ¼ � «Hô � · òN¼¿° Í ­Ù° Í ¸ °Á» �
±5òl®�ó�ÌÊÇÁ¾ ¸ ÄÃ® · ±5­ ¸ °ÁÂ ¸ 	'­¯Â ¸ ÂÃÇÁ­Ù° ÐñÇl¾ ¸ ± ¸ ° ­¯°Z± ¸ °Á®�ºl±9¾ ¸ ° ¸ ¾?Ë_­ · ®�Ë¿®�¾9Â9¼ZÒ ¼¿°ÁÀyÂÃÇÁ­Ù°°� Éð	�±5òÁ­¯Â
ÀÁ®ÎÂ · ¾Ã­ÙÇl±9­ ¸ °w­ÙÂ ·�¸ ¾Ã¾9® · ±³«N¼Ï°ÁÀw±5òl®�¾9®�­ÙÂO° ¸ ¾9®�¼¿Â ¸ ° � ò � ±5òÁ®�Â9ÇÁ­¯°QÌÏ­¯Â ¸ ÂÃÇÁ­Ù°�	 ¸ ¾9Ú�¼¿»Ù­¯Â9ÚXÂÃò ¸ ºÁ»¯À
	ñ¼¿­¯»*òl®�¾9®Ï«�Â9º · ò ¼�Â9­¯Ú�Çl»Ù®=ÇÁ­ · ±5ºÁ¾Ã®�Â9ò ¸ ºÁ»ÙÀc¼Ï»Ù» ¸ � ºlÂ?± ¸�·Î¸ °�	æ¾ ¸ °m±?Â9º ·Î· ®�ÂÃÂ�	æºÁ»¯» � ±5òÁ®w±9òÁ® ¸ Ì
¾9®�±5­ · ¼¿»%ÇÁ¾9®ÎÀÁ­ · ±5­ ¸ °ÁÂ � ­¯±9ò�±5òÁ®
®�÷lÇÈ®�¾Ã­ÙÚ=®�°Z±�¼Ï»$ÀN¼Ï±5¼�� ¹ òÁ® ·Î¸ Ú�Ú ¸ °�ÂÃ­¯±9ºN¼Ï±5­ ¸ °�­¯Â.ò ¸ � ®�Ëú®�¾Î«
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±5òN¼Ï±�±5òÁ® ¸ ôÁÂÃ®�¾ÃË¿®�ÀsDt¼¿Ú ¸ � Ì ¹ ®Î»Ù»¯®�¾�ÂÃ±9¾9®�° Í ±5ò�¼ÏÇÁÇ�®�¼¿¾9Â*± ¸ ô�®�Â � ÂÃ±9®�Ú�¼Ï±5­ · ¼¿»¯» � ÂÃÚw¼¿»¯»Ù®Î¾$±5òN¼¿°
±5òÁ® ¸ ¾9®�±5­ · ¼¿»Ù» � ®�÷7ÇÈ® · ±9®�À��*ÉÊ°�ÇN¼¿¾Ñ±5­ · ºÁ»Ù¼¿¾�«ZËú®Î¾ � »½¼¿¾ Í ®?ÐæºÁÇ�± ¸ Â9®ÎË¿®�¾9¼¿» ¸ ¾ÃÀÁ®�¾ÃÂ ¸ 	HÚ�¼ Í °Á­¶±5ºÁÀÁ®³Ò
ÀÁ®ÎË_­½¼ ±5­ ¸ °ÁÂ · ¼¿° ô�®§	 ¸ ºÁ°lÀ � òÁ®Î° ·Î¸ Ú�ÇÁ¼¿¾9­¯° Í � ­¯±5òc±9òÁ®�®�÷_±5¾9®ÎÚ�®�Â9­¯° Í »¯®�ÇN¼¿¾Ã±9­ · »Ù®�Ð¦Ó Æ ¯*Ò
Â9òÁ®Î»Ù»OÚ ¸ ÀÁ®�»�ÀÁ®�Â · ¾9­¯Çl±5­ ¸ °�� ¹ òl®�Â9­¯±9ºN¼Ï±9­ ¸ °�­ÙÚ=ÇÁ¾ ¸ Ëú®ÎÂ � òÁ®Î° ¼�ô�®�±9±5®Î¾?ÀÁ®ÎÂ · ¾Ã­ÙÇl±9­ ¸ ° ¸ 	k±5òÁ®
°_º · »Ù®ÎºÁÂM­ÙÂkºÁÂÃ®�À�«ìôÁºl±�±9òÁ®�¾Ã®ü®�÷7­ÙÂÃ±9ÂM¼¿» � ¼ � Â�±5òl®.°Á®�®ÎÀ�± ¸ ­¯°m±9¾ ¸ ÀÁº · ®x¼
¾Ã®�ÌÊ° ¸ ¾9Ú�¼¿»Ù­¯Â5¼Ï±9­ ¸ ° ¸ ¾� �

���	¿Â3���3º{	ñ¼ · ± ¸ ¾(¦�	 ¸ ¾'±5òÁ®�D ¹ Ì ¸ ôÁÂ9®Î¾ÃËÏ¼¿ôÁ»¯®�Â.Â ¸ ±5òÁ¼Ï±'±5òl®=®�÷7Ç�®Î¾9­ÙÚ=®�°Z±5¼¿»$¾9®ÎÂ9ºÁ»¶±5Â · ¼¿°2ô�®
¾9®�Çl¾ ¸ ÀÁº · ®ÎÀ��
¹ òÁ® µ ¾ÃÂÃ±�x_­¯°ÁÀ ¸ 	CÀN¼Ï±5¼ � òl­ · ò · ¼¿°ãôÈ®=ºÁÂ9®ÎÀ¶	 ¸ ¾ ·�¸ Ú=ÇN¼¿¾Ã­ÙÂ ¸ °ÁÂ ·�¸ Ú=®�Â�	æ¾ ¸ ÚZ5�ÌÊÀÁ® · ¼ �

®�÷7Ç�®Î¾9­¯Ú�®Î°m±9Â��
Ö · »½¼¿ÂÃÂ9­ · ¼¿» � ¸ ¾yxs© Ï É»ViG�3�¬ ·Î¸ Ú=ÇN¼¿¾9®ÎÀ=±9òÁ®�¾9®ÎÂ9ºÁ»¶±5Â÷	æ¾ ¸ ÚXÂ9òÁ®Î»Ù»ÁÚ ¸ ÀÁ®�» · ¼¿» · º7Ì
»½¼Ï±9­ ¸ °ÁÂ�Ú�¼¿ÀÁ®�	 ¸ ¾Ó¡lÌÊÂÃòÁ®�»¯»¡¼¿°ÁÀ(» ¸ � ®Î¾ È �¿ÌÊÂÃòÁ®�»¯»A°_º · »Ù®Î­CÐn6(d��;GõÌ»
C�õÒ � ­¶±5ò�±9òÁ®ü®�÷7Ç�®Î¾9­¯Ú�®Î°m±5¼¿»­Ù°�	 ¸ ¾ÃÚw¼ ±5­ ¸ °y¼³ËÏ¼¿­Ù»Ù¼¿ôÁ»¯®(¼Ï±w±5òN¼Ï±�±5­¯Ú�®�� ÉÊ° ¸ ¾9ÀÁ®Î¾�± ¸ ¾Ã®�ÇÁ¾ ¸ Àlº · ®�±9òÁ®t5�ÌÊÀÁ® · ¼ � ÀÁ¼Ï±�¼l«�¼¿°
¸ Ë¿®�¾9¼¿»Ù»�¾9®�Àlº · ±9­ ¸ °¶	ñ¼ · ± ¸ ¾ ¸ 	¾¦#dä8¥â2\��RGé9 8¥â28�3R<�òN¼ÏÀã± ¸ ôÈ®�ºÁÂÃ®�À+	 ¸ ¾ü±5òÁ®�®
��® · ±5­¯Ë¿®sD ¹
Â9­Ù° Í »Ù®�ÇÁ¼¿¾Ã±9­ · »¯®wÚ�¼Ï±5¾Ã­¶÷ã®�»¯®�Ú=®�°Z±5Â
¾Ã®�»½¼ ±5­¯Ë¿®w± ¸ ±9òÁ®=	æ¾9®Î®�Ì °_º · »Ù® ¸ ° ¸ °Á®ÎÂ�� ¹ òÁ®Î¾9®�¼¿¾Ã®�Ú ¸ ¾9®
¾9® · ®�°Z± · ¼Ï» · ºl»½¼Ï±9­ ¸ °ÁÂ�	 ¸ ¾�±5òl®q¡lÌ Â9òÁ®Î»Ù»¡­Ù°�© ¬zd¹¼���3­¬ � òÁ­ · ò�®�°lÀ�ºÁÇ � ­¯±9ò¼¦1dæ8¥â4\R
r9T8§â28��9<C�
¹ òÁ®�¾9®�ÂÃºÁ»¯±?­Ù°T© Ï É»ViG�3�¬ � ¼¿Â
®�÷7ÇÁ¾Ã®�ÂÃÂ9®�À ­Ù°ã±9®�¾ÃÚ�Â ¸ 	�¼�¾Ã®�Ì ° ¸ ¾9Ú�¼¿»¯­ÙÂ5¼ ±5­ ¸ °�	 ¸ ¾ü±5òÁ®�ËÏ¼¿»¯ºÁ®
¸ 	 � R � � � �¾d ¸ � ®�Ëú®Î¾�« ¸ °Á® ·�¸ ºl»ÙÀ�¼Ï»ÙÂ ¸ òN¼³Ëú®x±5ò ¸ º Í òZ± ¸ 	$±9òÁ®T¾Ã®�Ì ° ¸ ¾9Ú�¼¿»¯­ÙÂ5¼ ±5­ ¸ °�¼¿Â ·Î¸ Ú�­¯° Í	æ¾ ¸ Ú�¼ ·Î¸ ¾9¾Ã® · ±9­ ¸ °�± ¸ ±9òÁ®�°_º · »Ù®�¼¿¾ Úw¼ ±5¾9­ø÷|®Î»Ù®ÎÚ�®Î°m± ¸ 	 Ô�õ �¡VH¼Ï±9®�¾ ¸ °�«�±5òl®�ÂÑ±5ºÁÀ ��� ¼¿Â
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¸ 	k±9òÁ®§D ¹ Ìc�mºÁ®�° · òÁ­Ù° Í � ¹ òÁ®�¾9®ÎÂ9ºÁ»¶±5Â ¸ 	k±5òÁ®=± ¸ ±5¼¿»O¼ÏôÁÂ ¸ ¾ÃÇl±5­ ¸ °|®�÷lÇÈ®�¾Ã­ÙÚ=®�°Z±5ÂT°Á®³¼¿¾ èabcb Æ °
ÇÈ®�¾�	 ¸ ¾9Ú=®�À ¼Ï±6D Æ É?ô � ±9òÁ® ù °Á­¯Ë¿®�¾9ÂÃ­¯± � ¸ 	AÏ|¼Ï¾9Â5¼ � D.¾ ¸ ºlÇ � ­¶±5òÁ­¯° ±9òÁ®O�.¼Ï¾9Ú=ÂÃ±�¼ÏÀl±ÃÌ Æ ±��
¯%®�±5®Î¾9Â9ôlºÁ¾ Í Ì û*¼¿»Ù®Î° · ­Ù¼ ÌðÏã¼¿¾ÃÂ5¼ � ·Î¸ »Ù»Ù¼¿ô ¸ ¾5¼Ï±9­ ¸ ° · ¼Ï°�ô�®¹	 ¸ ºl°ÁÀ�­Ù°j©«³.Ö'Ô¾��\�¬A¼Ï°ÁÀ ·�¸ °ÁÂÑ±5­¶±5ºl±9®
±5òl®¹¯
òÇ� � ¸ ¾yx ¸ 	 ö ¼¿¾9®
xÂ³t¼¿¾Ã° � � ¹ òÁ­¯Â � ¸ ¾yx ¾Ã®�Ç ¸ ¾Ã±9Â ¸ °=±5òÁ®�¾9®�ÂÃºÁ»¯±9Â ¸ ô7±�¼¿­¯°Á®�À�ô � Ú=®³¼¿°lÂ
¸ 	�±9òÁ¾9®Î®�°Á® � ¼¿°N¼¿» � Â9­ÙÂ�¼¿» Í ¸ ¾9­¶±5òÁÚ=Â÷	æ¾ ¸ ÚX±5òÁ®A5AÌ ÀÁ® · ¼ � ÂÑ±5ºÁÀl­Ù®�Â�­Ù°=±5òÁ®.èæéÅêEDtÀ�¾9® Í ­ ¸ °!«7Ú ¸ ¾9®
ÇN¼¿¾Ñ±5­ · ºÁ»Ù¼¿¾9» � ¸ °=±5òÁ®�ÀÁ® · ¼ � Â ¸ 	 èa`cb d ¸ 
 f ¼Ï°ÁÀ èa`cb d ¸ ��h�� ¹ òÁ®�Àl®Î±�¼Ï­Ù»ÙÂ ¸ 	�±9òÁ®M®�÷7Ç�®Î¾9­¯Ú�®Î°m±9Â
· ¼Ï°�ôÈ®�	 ¸ ºÁ°ÁÀ�­Ù°�±9òÁ®t°Á®�÷_± · òN¼¿Çl±9®�¾��
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Ö�Â=­Ù°ÁÀÁ­ · ¼Ï±9®�À ­Ù°c±5òl®�ÇÁ¾Ã®ÎË_­ ¸ ºÁÂ · òÁ¼¿Çl±5®Î¾�« � ®�ÀÁ®ÎË ¸ ±5®ÎÀ ¸ ºÁ¾ ®
� ¸ ¾Ñ±5Â ± ¸ ±5òÁ®�ÂÃ±9ºÁÀ � ¸ 	�±5òÁ®
°_º · »Ù®Î­�­Ù°=±5òÁ®üèæéÅêEDtÀ�¾Ã® Í ­ ¸ °��
Ó$Ëú®Î°�±5ò ¸ º Í òw±5òl®'°mºÁÚ?ôÈ®�¾ ¸ 	iI��?ÇÁ¾ ¸ ± ¸ °ÁÂO­ÙÂO° ¸ ±kÚ�¼ Í ­ · «Z±5òÁ®
Â9ºÁôÁÂÃòÁ®�»¯» · » ¸ ÂÃºÁ¾9® � ­¯±5ò�¼ Í ¼¿Ç ¸ 	�v�
C�4� ö ®Îû ¸ �!®Î¾9ÂO¼TÇN¼¿¾Ñ±5­ · ºÁ»½¼Ï¾9» � ÂÃ±5¼¿ôÁ»Ù®�ÂÃ±9¾9º · ±5ºÁ¾Ã® � òÁ­ · ò
¼¿»Ù» ¸ � Â�èæéÅêEDtÀb± ¸ òN¼³Ëú®�Çl¾ ¸ ÇÈ®�¾Ñ±5­Ù®ÎÂ�¼¿°N¼Ï» ¸ Í ¸ ºÁÂ=± ¸ ±5ò ¸ Â9® ¸ 	.±9òÁ®�À ¸ ºlôÁ» � Ú�¼ Í ­ · °mº · »¯®�ºÁÂ¥ b . ¯�ô°� ¹ òmºÁÂÎ«È±9òÁ®.°mº · »¯®�­A­¯°�±9òÁ®?èæéÅêEDtÀ�¾Ã® Í ­ ¸ ° · ¼¿°�ô�®.ºl°ÁÀÁ®�¾ÃÂÃ± ¸7¸ À(¼ÏÂM®�÷ · ­¯±5¼Ï±5­ ¸ °ÁÂ�¼¿ô ¸ Ëú®
±5òÁ®tÕN®�¾ÃÚ�­ìÂÃºÁ¾�	ñ¼ · ®.ÀÁ® µ °Á®�À�ô � ±9òÁ®xèæéÅêED.À ·�¸ ¾Ã®���d ¸ � ®ÎË¿®�¾Î«N­Ù° ·Î¸ °Z±5¾5¼ÏÂÃ±C± ¸ ¾9®³¼Ï»�Ú�¼ Í ­ · °mº7Ì
· »Ù®Î­ « ¸ °Á®MòN¼¿Â�± ¸ ¾9®E	æ®�¾�¼¿» � ¼ � Â�± ¸ �mºN¼¿ÂÃ­¶ÌÊÇÁ¼¿¾Ã±9­ · »¯® ¸ ¾��mºN¼¿Â9­øÌÊò ¸ »Ù®�®�÷ · ­¶±�¼Ï±9­ ¸ °lÂ�«mÂ9­¯° · ®�±5òÁ®M¾9®�¼¿»
ÇN¼¿¾Ã±9­ · »Ù®�Â�¼¿°ÁÀ�ò ¸ »Ù®ÎÂ'¼¿¾Ã®?¼¿» � ¼ � Â�ÂÃºÁ¾9¾ ¸ ºÁ°ÁÀÁ®ÎÀ2ô � ¼wÇ ¸ »½¼Ï¾9­ÙÂ9¼Ï±5­ ¸ ° · » ¸ ºÁÀ�� ¹ òÁ­ÙÂ�Úw¼�x¿®�Â�±5òÁ®
�_ºÁ¼¿Â9­øÌÊÇN¼¿¾Ñ±5­ · »Ù®ü®�°l®�¾ Í ­Ù®�Â�Ë¿¼Ï¾ �s� ­¯±5ò�±5òÁ® ¸_·�· ºÁÇN¼¿° · � °mºÁÚTô�®Î¾ ¸ 	
±5òl® ¸ ¾9ôl­¯±�¼Ï»´�¹V ¸_¸ xm­Ù° Í ¼Ï±
±5òÁ®A�_ºÁ¼¿Â9­øÌÊÇN¼¿¾Ñ±5­ · »Ù®�®Î°Á®�¾ Í ­Ù®ÎÂ�­¯°�±5òl®�ÂÃ®�Ú=­¶ÌÊÚ�¼ Í ­ · èæéÅê DtÀ=°mº · »¯®�ºÁÂOÇÁ» ¸ ±*­¯°wÕ�­ Í �n©:
C�p�
¬ « � ® · ¼¿°
Â9®�®?±9òN¼Ï±.°mº · »Ù®Î­ � ­¯±9òÐ7 ô I���¼Ï°ÁÀ:
<;�\�
w¼¿¾9®xÂ9ºÁÂ · ®ÎÇl±5­¯ôÁ»Ù®?± ¸ ÀÁ® · ¼ � ±5òl¾ ¸ º Í ò(±5òÁ®�	ñ¼ÏÂÃ±Í èÊèWÎ ¥ g Í è»Î ¥ Dt¼¿Ú ¸ ��Ü ¹ ®Î»Ù»Ù®Î¾�±5¾9¼¿°ÁÂ9­¶±5­ ¸ °�� ¹ òÁ®OÇl¾ ¸ ± ¸ ° È èWÎ ¥ « Í èÊèWÎ ¥ ¼¿°lÀ�� , Î ¥ Â9­¯° Í »¯®*ÇÁ¼¿¾Ã±9­ · »¯®¸ ¾9ôÁ­¶±�¼¿»¯Âk¼¿¾Ã®t¼¿»Ù» � ­¶±5òÁ­¯°s
�I�8�xÏ®Îû?«È¼¿°lÀ�±9òÁ® Í èÊèWÎ ¥ ¼¿°ÁÀ È èWÎ ¥ »¯®ÎË¿®�»ÙÂ�¼Ï¾9®ü¼¿»ÙÚ ¸ ÂÑ±CÀÁ® Í ®�°Á®Î¾5¼Ï±9®��¹ òÁ­ÙÂ ¸ ÇÈ®�°ÁÂt±5òl®=ºl° · ®Î¾Ã±�¼Ï­Ù°Z± � ¼¿ô ¸ ºl± � òÁ®�¾Ã®=±9òÁ®
ËÏ¼¿»Ù®Î° · ® ÇÁ¾ ¸ ± ¸ °yÐ ¸ ¾.ÇÁ¾ ¸ ± ¸ °ÁÂ5Ò.­¯ÂtÇÁ»½¼ · ®�À
¼¿°ÁÀ � òl­ · òw­¯Â
±5òÁ® ·�¸ ° µ Í ºÁ¾9¼Ï±5­ ¸ ° ¸ 	�±9òÁ®�Çl¾ ¸ ± ¸ °ÁÂ�	 ¸ ¾
±5òÁ® Í ¾ ¸ ºÁ°ÁÀ=ÂÃ±�¼ ±5®�Â ¸ 	ç7 ô I��x°mº · »Ù®�­W�¹ òÁ® · ¼¿ÂÃ® ¸ 	�±5òÁ®T°Á®�ºl±9¾ ¸ °�ÂÃ­ÙÀÁ®T­ÙÂ�Ë¿®�¾ � ÀÁ­p��®�¾Ã®�°Z±³«!Â9­Ù° · ®?±5òl® µ ¾9ÂÑ± ¸ ¾9ôl­¯±�¼Ï» k ¯ Î ¥ ¼¿ô ¸ Ë¿®?±5òÁ®� d�\R
T°Á®Îºl±5¾ ¸ °�Â9òÁ®Î»Ù» · » ¸ Â9ºÁ¾Ã®'­ÙÂ�Ú ¸ ¾9® · »Ù®�¼¿¾9» � ÂÃ®�ÇN¼Ï¾5¼Ï±9®�À=	æ¾ ¸ Úv±9òÁ®'òÁ­ Í òÁ®�¾�» � ­Ù° Í ¸ ¾ÃôÁ­¯±5¼¿»ÙÂ
�

¼'ºÁ¾.®�÷lÇÈ®�¾Ã­ÙÚ=®�°Z± � ¼¿Â ·�¸ ° · ®�­¶Ëú®�À � ­¯±9òÁ­Ù°2¼¿°�¼¿ÚTôÁ­¯±9­ ¸ ºÁÂ�ÇÁ¾ ¸ Í ¾5¼¿Ú=Ú=®�	 ¸_· ºÁÂÃ®�À ¸ °�±5òÁ®
®ÎË ¸ »Ùºl±9­ ¸ ° ¸ 	�±9òÁ® Í èÊèWÎ ¥ g Í è»Î ¥ D ¹ ¾9®�Â ¸ °N¼¿° · ® ÂÃ±5¼¿¾Ã±9­Ù° Í 	æ¾ ¸ Ú�±9òÁ®�è°é�êëêpìaí(d � · ¼¿ÂÃ®���Ïã®
· ¼¿° µ °ÁÀ(­¯°(Õ�­ Í ��©:
C�2
­¬%¼¿»Ù»!±9òÁ®�7 ô I���°mº · »Ù®Î­ � òl­ · ò ·Î¸ ºÁ»ÙÀ�ôÈ®xÚ=®³¼¿ÂÃºÁ¾9®ÎÀ�«ì± ¸ Í ®�±5òÁ®Î¾ � ­¶±5ò±5òÁ®
Ú ¸ ÂÃ±'¾9®�»¯®ÎËÏ¼¿°Z±tÇN¼¿¾9¼¿Ú=®Î±5®Î¾9Â ¸ 	*±9òÁ®�­¯¾'ÀÁ® · ¼ � Â��
ÕN¾ ¸ Ú�±9òÁ®
ÇÁò � Â9­ · ÂtÇ ¸ ­¯°Z± ¸ 	�Ë_­Ù® � «�±5òÁ®
­ÙÀÁ®�¼¿» · ¼¿°ÁÀÁ­¯ÀN¼Ï±9®�Â�¼¿¾Ã®�¼¿»¯»�±9òÁ®t�+d�\�
 · » ¸ Â9®ÎÀ�Â9òÁ®Î»Ù»M°_º · »Ù®Î­´� ö ¼¿° � ¸ 	.±9ò ¸ Â9®(òN¼³Ëú®�ôÈ®�®�°
¼¿»Ù¾Ã®³¼¿À � ÂÑ±5ºÁÀÁ­¯®�À � ­¯±5òwòÁ­ Í ò=¾9®ÎÂ ¸ »¯ºl±5­ ¸ °wÂÃÇ�® · ±9¾ ¸ Â ·�¸ Ç � «lôÁºl±O±9òÁ®�»¯­ÙÚ=­¯±9®�À
Â9®Î°ÁÂ9­¶±5­¶Ë7­¶± � ¸ 	�±5òl­ÙÂ
±5® · òl°Á­ �mºÁ® ÐæÂ9®�®(ÇÁ¾9®�Ë7­ ¸ ºÁÂ · òÁ¼¿Çl±5®Î¾�Ò ¸ Ç�®Î°ÁÂ�Â ¸ Ú�®�À ¸ ºÁôl±9Â ¸ °b±9òÁ®�	æºÁ»¯»�Àl®Î±5® · ±9­ ¸ ° ¸ 	.±5òÁ®
Dü¼¿Ú ¸ ��Ü ¹ ®�»Ù»¯®�¾
ÂÑ±5¾9®Î° Í ±9ò�� ù °C	 ¸ ¾Ã±9ºÁ°N¼Ï±9®�» � «Z±5òÁ®A� d�\R
 · ¼¿ÂÃ®�Â�¼¿¾9®�° ¸ ± Í ¸7¸ À · ¼¿°ÁÀl­ÙÀN¼Ï±9®�Â�	 ¸ ¾
±5òÁ® ¹ Ö¾D Æ ±5® · òl°Á­ �mºÁ®���É ± · ¼¿°�ôÈ® ¸ ôÁÂÃ®�¾ÑËú®�À�­¯°�Õ�­ Í �°©:
C�2
­¬!±9òN¼Ï±C¼¿»Ù»�Ðñ®�Ëú®�°�½�«C� d�\R
úÒ�°mº · »¯®�­
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ÇÁ¾Ã®�Â9®Î°Z± Â9Ú�¼¿»Ù»¯®�¾xØvuRwãËÏ¼¿»Ùºl®�ÂT±9òN¼¿°ã±9òÁ®�ÀN¼¿º Í òZ±5®�¾TÀÁ® · ¼ � ÂÎ« � òl­ · òcòN¼¿Âü±5òÁ® ·�¸ °ÁÂÃ®��mºÁ®Î° · ®
±5òÁ¼Ï±�±9òÁ® ·Î¸ °Z±�¼¿Ú=­Ù°N¼ ±5­ ¸ °§	æ¾ ¸ Ú�±5òÁ®xÀN¼¿º Í òm±9®�¾�¼ · ±9­¯Ë_­¯± �6� ¸ ºÁ»¯À�ô�®xÀN¼¿° Í ®�¾ ¸ ºÁÂ9» � ®�÷_±5®�°lÀÁ®�À
­Ù°�±9òÁ® ¹ Ö Æ Â9ÇÈ® · ±9¾5¼ ô�® � ¸ °lÀ�±9òÁ®.ÀN¼Ï±5¼ ·Î¸ ¾9¾Ã®�ÂÃÇ ¸ °lÀÁ­Ù° Í ± ¸ ±5òÁ®tÚ�¼¿­Ù°�Ú=®³¼ÏÂ9ºÁ¾Ã®�Ú=®�°Z±�� ¹ òÁ­¯Â
À ¸ ®�Â�° ¸ ± ¸7·Î· ºÁ¾�	 ¸ ¾�±5òÁ®?Ð ¸ ÀÁÀ6½�«�� d�\R
¿Ò�°mº · »Ù®�­¦«môÁºl±>	 ¸ ¾*±9òÁ®�Ú � ® µ °ÁÀ�¼¿° ¸ ±9òÁ®�¾*ÇÁ¾ ¸ ôÁ»Ù®ÎÚ��
Ö�»¯»HÐ ¸ ÀÁÀo½�«R�+d�\�
úÒ · ¼¿ÂÃ®�Â*ÇÁ¾9®ÎÂ9®Î°m±'Ð¦¼ ±�»Ù®³¼ÏÂÃ±�Ò%± � ¸ ­ÙÂ ¸ Ú�®Î¾9Â�«m¼Ï°ÁÀ
±5òÁ®Î¾9®M­ÙÂ
° ¸ ®�÷7ÇÈ®�¾Ã­ÙÚ=®�°Z±�¼¿»� ¼ � ± ¸ Çl¾ ¸ ÀÁº · ® ±5òl®�Ú�Â9®ÎÇN¼¿¾9¼Ï±5®Î» � �=Ö�° � ÀÁ­¯¾9® · ±�	æºÁÂ9­ ¸ °7ÌÊ®�ËÏ¼¿Ç ¸ ¾5¼Ï±9­ ¸ °�¾Ã®³¼ · ±5­ ¸ °�Çl¾ ¸ ÀÁº · ®ÎÂ
¼¿»¯Â ¸ ±5òl®
ÇN¼¿¾9®Î°Z±�Ð´½ÈÌ �¿«^� d�\��õÒM°_º · »Ù®ÎºÁÂ��xÉ ± · ¼¿°2ôÈ®
Â9®Î®�°�­Ù°2Õ�­ Í �÷©:
C�2
­¬�±9òN¼Ï±.±9òÁ­ÙÂ'°mº · »Ù®ÎºÁÂ

7/2
p1/2

h9/2

p3/2

f 7/2

h11/2

s1/2

d3/2

d3/2

h11/2

d5/2

g7/2
p1/2

h9/2

p3/2

f 7/2

s1/2

d3/2

s1/2

πh11/2( )
2

(ππh11/2 h11/2 ν f7/2)Ho +9+
9+9+0

150

πh11/2)
2

(ππh11/2 d3/2 ν f7/2)(-2
0+ 22--Ho

150

s

i

126

13/2

==>>??@
@

AABB CCD
D

1/2

d3/2

h11/2

d5/2

g

π νπ ν

h11/2

11/2
h

h
9/2

G
am

ow
-Teller

G
d

146

203 keV

50 keV

2.4 MeV 64

f 5/2

82

50

EGFIH�JLK!MON�PRQ�SUT�JWV,XYFIZWV,K
[\F^]`_IMaM`bcM�K!H�F^M`X7FIbd[!ecMgfihkjmlonpK!M�H�FIq�b�P

V,_^X!q�eWV�r,Ms[utvq�F^X!q�w�M`KYFI]UXY[*Vx[\M`X�yzV,bcngFR[\X{ncFIKYM`]�[|ZcK!q}ncJc]m[\FIq,b~V,_^tvV��}X|_IM`V,ncX{[!q�V,b�V,nLw�F���[!JcK!Mq,�v��q,[!e��(�Gy&������N,��FIX!q,w�M�K!X�r}F�V/���uncM�]�V��:q�K�FIb�[!M`K!bcV,_|[\K!V,bcX!FR[\F^q�bcX`P���JL]*e�Mm��Z9M`KYFIw�M`b�[*V,_eWV,bLncFI]`V,ZcXUM`_IF^w�F^bWV�[!Mv�iK!q�w�[\ecM7]�V,bLncFInWVx[\M7_IFIX
[UV,_I_�������NobzJc]�_IM�F�V�bcn��iq�KY]`M7JcX�[\q�]�q�bcXYFIncM�K[\eLM����o�,��]`V,X!M�X`P�EWq�K�[\ecM�X!M�b}JL]`_IM�F�[\ecMOX!FR[\JWV�[!FIq�b�F^X7w�q�KYMo�$V�r,q�JcK\V��c_IM�y9F^b�ZcV,KY[!FI]`JL_�V,Ks�iq�K[\eLMaq}ncn���q�ncn�]`V,X!M�X`P6 �XUFIX�XYecq¡t�b.FIb�EGF^HcP�¢£N�P¤N¦¥(y�[\eLM`X!M7bzJc]`_^M`F�ZcKYM`X!M�b�[v[ut§q�FIXYq�w�M`K!F^]sXY[\V�[\M�Xq,�¨X!ZLFIbcX7Nz©�V�bcnpª�«{yc�LJL[�[\ecM�[!ecM�X!FR[\JWVx[\FIq,bdFIXsnLF^¬�M`K!M�b�[s�iK!q�w­[\eLM��$q}ncnp�GyW������N,�§]�V,XYM`X�P®aM�K!M�yWncJcM�[\q~[!ecMOlOV�w�q¡ts�u¯¨M`_^_IM�KvX!M�_IM�]�[\F^q�b/K!JL_IM`X�yc[\ecM�Mmr�M�b��uMmr�M`b°ZWV,K!M�b�[�b}JL]`_IM�JcX`yct�eLFI]*eV,_RtsV��}X6eWV,Xv±�²��´³�«Gy,]�V,b�q�bc_R�OncM`]`V¡�gFIb�[\q�[!ecM�_Iq¡tµX!ZLFIb~FIXYq�w�M`K`P¨¯�ecF^X|ZWV,K
[\FI]�Jc_�V�K{�iM�Vx[\JcKYM
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V,_I_^q¦t�X�V~XYM`_IM�]�[!F^r�MOK!M`V,]�[!FIq�b/t�ecF^]*e�ZLK!q}ncJc]`M�Xaq,bc_^��[\ecMoZWV,KYM`b�[aq,�{[!ecMoM�r,M`b���M�r�M�bºbzJc]`_^M`JcX[\ecKYq�JcH�e.V,b�Ç�È�]*eWV,bLbcM`_�V,bcn�ÉWbWV,_^_^��K!M�V�]*ecM`XU[\ecM7M�r,M`b���M�r�M�b��������o_Iq¡t�X!ZcF^b.FIXYq�w�M`K�V��Ê[!M`K����ncM`]`V���P
N=83N=82 N=84N=81

+

-+

Q    in keVEC

Tb147

Dy148

Ho

Er150

Tm151 Tm

Ho Ho

Dy Dy

Er Er

TmTm

Er

Dy

Tb Tb Tb

Gd Gd

146 148

148147

149

151

147

149 151 152

152 153150

(7/2-) (27/2-) 0+

7.17(5) m

0+

3.1(1)m

1+ 6-

9.59(15) s2.2  1.1 s

1/2+ 11/2-

40  10 s 55.7(7) s

21.1(1) s 56(3) s

(9)+2-

72(4) s 23.3(3) s

(1/2+)(11/2-) (11/2-)

35.2(1) s 47(1) s

(1/2+)

(7/2-)

-

23.5  1.3 s

150

(27/2-)

0.58(2) s

(6-) (10+)

2.2(2)s 5.2(3)ms 4.17(10)s

(11/2-) (1/2+)

6.6  1.4s

0+

10.3(1) s

0+

18.5(7) s

(2)- (9)+

8(1)s 5.2(6)s

(1/2+) (11/2-)

4(2) s 8.9(2) s

4108(?)

(11/2-)

2.5(2)s

(1/2+)

1.48(1)s

7372(27) 7390(60)

Ho

4.20(14) m 0.490(15) s

1+ 5-

8(4) s 23(2) s

(1/2+) (11/2)-

1.7(1) m 1.83(6) m

2- 9+

60(1) m 2.20(5) m

1/2+ 11/2-

4.118(25) m 4.16(4) m

Gd
0+

48.27(10) d

GS spin/parity

half life

+

-+

-

Z=64

Z=69

Z=68

Z=67

Z=66

Z=65

3638(6) 3673(6)

9400(272) 9400(272)

11100(500) 11100(500) 7400(300)7400(300) 8600(300) 8600(300) 6502(24)6459(24)

7800(471) 8542(470) 5400(300) 7986(300) 3109(44)

6063(24)6014(24) 5165(13)5124(13)

6373(53) 7123(53) 2682(44) 3812(12) 6473(12) 1794(9)

8267(9) 4659(12)4659(12) 5764(17) 5854(17)8267(9)+X

149

150149148

146
Z
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EGF^HcP�¢£N�P9�x¥�X!eLq¦t�X�[\ecV�[~[\ecM�]�M`b�[\K!V,_���M`V,w _^FIbcMdV,_I_^q¦t�X�[utvqãw�M`V,X!JLK!M`w�M`b�[!X`S/[\ecM�XYq�JcK!]�M]`q,w�Z9q�X!FR[\F^q�bñw�q�bcF^[!q�K!F^bcHâV,bLnô[!ecM:w.V�FIbð¯¨ ��ðMm��Z�M�K!F^w�M�bz[`P­ �X�]�V,b1�9M�q��cX!M�KYr,M`nÙF^bEGF^HcP�¢£N�P õ ¥�ycncJcKYFIbcHg[!ecM�K!Jcb�q�bLM��iq�JcKY[!e�q,�&[\ecM�[!q,[*V,_9[\F^w�M�tvV,X�ncM�ncFI]`V�[\M�n/[\q�ncM�[!M`KYw�F^bcFIbcH[\eLMßZcJLK!F^[u�ôq���[\eLMßK!V,ncFIq�V,]�[!F^r�M:X!V,w�ZL_IM`X�w�M�V,XYJcK!M�n´���ô[\ecMã¯¨ ���P�¯�ecF^XptvV,X°nLq�bcMã�z�Z9M`K!F^q�nLFI]/FIw�Zc_IV,b�[*V�[!FIq�bâq,�a[\ecM�w.V�X!X�X!M`ZcV,K\V�[!M`nñ�9M�V�w<q�b�[\q�V�[*V�Z�M�Pð¯�ecM°K!V,ncFIq�V,]�[!F^r�MX!q,JcK!]�M�]`q�_^_IM�]�[\M�n.tvV,Xv[\K!V,bcXYZ�q�K
[\M�ndFIb��iK!q�b�[sq��¨V���³M: e��}Z�M�K!ZcJLK!MOl�M�ncMm[\M`]m[\q�K�ycV,XvX!ecq¡t�bX!]*eLM`w�V�[\F^]�V,_^_^��FIbpEGFIHLP�¢£N�P��¦¥(P
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¯�ecMo[\FIw�M�ncM�ncFI]`V�[\M�np[!q~[\ecMoZcJcKYF^[u�.]`q�b�[\KYq�_�q,�¨[\ecMoXYq�JcK!]�MOtvV,X�JcXYM`n��iq,K��WV,] x H�K!q,Jcbcnw�M�V,XYJcK!M�w�M�bz[!X�t�F^[\e�[!ecM~¯{ ���P�¯�ecM�K!M�XY[Oq,�U[\ecMg[!FIw�M��i[!ecK!M�M�ç}JcV,KY[!M`K!X\�my�[\eLM��9M�V�w tvV,XV,XYX!FIH,bcM`n.[!q�[!ecM�¯¨ ����iq�K�[\eLM�X!q,JcK!]�M�w�M`V,X!JLK!M`w�M`b�[!X`P6¯�ecM�XY]*ecM`w�M�q,��[\ecM7[\FIw�M�ncFIX
[\KYFI�cJ��[\F^q�b°�9M�[ut§M`M�b�[\ecMg¯¨ ���V,bcn�w�q�bcF^[!q�K!F^bcH�X!Mm[\JcZ�F^X�X!eLq¦t�b�F^bºEGF^HcP{¢ N}P õ ¥�P�¯�eLMgw�M`V,X!JLK!FIbLH
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]��}]`_^M�UWVYX1V[Z]\otsV�X�X!Mm[g[\q°V�r�V,_IJLM�[u�}ZcF^]�V,_^_^�âQ��kN�[!FIw�M`Xo[\ecM�eWV,_^����_IFR�iMgq,��[\eLM.FIXYq,[\q,Z�M�[\q���MXY[\JLncFIM�n�Ps¯�ecF^XaF^bz[!M`K
r,V�_(yct�ecF^]*e°eWV,X�[\eLM�X!V,w�Mo_^M`bcH,[!e°V�X7[!ecM�F^w�ZL_�V,b�[*Vx[\FIq,bdq�K�]`q�_^_IM�]�[\F^q�bZ�M�K!FIq}n^UWV[_WZ]ZÊy|tvV,XgncFRr}FIncM�n�FIbâV�X!M�[gq,�7X!Jc�cH,K!q�JcZLX�t�ecFI]*eâZLK!q¡r}FIncM�nâFIbL�iq�KYw.Vx[\FIq,bßq�bß[\ecMncM`]`V¡�°q,�6[\eLM�X!q,JcK!]�M,P`��M`V,X!JcKYM`w�M`b�[\XoV�bcnºFIw�Zc_IV,b�[*V�[!FIq�bcXst§M`KYM~]�V,KYK!F^M`nºq�J�[�FIb�ZWV,K!V,_I_^M`_(yV,bcndVx�Ê[\M`K6[!ecMa]�q�w�Zc_IMm[\FIq,b�q���Vo]��}]`_^M,y�Vo[\V,Z�M�[\K!V,bcXYZ�q�K
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EGF^HcP�¢ N}P��x¥LMm��ecF^�cF^[!XGecq¡tµ[\ecMsF^q�bcX¨[\K\V�r,M`_I_^FIbcH�V,_Iq�bLHa[\eLMs]`M�bz[!K\V,_L��M`V,w�_^FIbcMUtvM�K!M�XYM`b�[6[\q[\ecM�¯¨ ���y�_Iq}]�V�[!M`ngF^bcX!F^ncMsV�b�V,FIKk�u]`q,bcncF^[!FIq�bLM`n�ezJL[6V,��q¡r,Ms[\ecMbacq�q�K{_IMmr�M`_�PG ab~M`_IM�]�[!K!q�X
[*V�[!FI]w�F^K!K!q,K{t�F^[!e�V�[\K!V,bcX!w�FIXYX!F^q�bgq,� 7 ��³M: nLM	aWM�]�[\X6[!ecM`w ª�³�c6JcZ�tsV�K!ncX�P Ü bLM�å�F^b&/`M�_R��_IM`bLX|V,bcnV,b�M�_IM�]�[\KYq�XY[\V�[\F^]�çzJWV,ncKYJcZ�q,_IMo]`q�b�[!K!q�_��iJcK
[\ecM�K��iq�]�JcX!F^bcHcyWV,bLnpÉWbcV,_I_R��[!ecMo��M`V,w [\K!V�r�M`KYX!M�XVO]�q�_I_^FIw�V�[\q�KGV,bcn�FIX�FIw�Zc_IV,b�[\M`n�q�b�V�[*V,Z9M,P|¯�eLMaF^w�Zc_IV,b�[\M�n�XYq�JcKY]`M7X!Z9q,[UeWV,X§VOXYFd/`M�q,� 7 �w�wpPv 7�Ê[\M`KaV�H�F^r,M`b°]�q�_I_^M`]m[\FIq,b�[!FIw�M,yL[!ecMOX!q�JcKY]`M�X�V,K!M�[!K\V,bcXYZ�q,KY[\M�n�[!q�[\eLM�]�M`b�[\KYM�q,�{[\ecM¯{ ���P��}FIbc]�M�[\eLM�F^w�Zc_IV,b�[*V�[!FIq�b/F^XanLq�bcMOFIb�r�V,]�JcJcw �
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EGFIH�JLK!MON�P9��S6¯�ecMo]`q,JcZc_IF^bcH~q,�{[\ecMo¯¨ ��d[\q~[\ecM�lO��ÛUq�b��u_^FIbcM�w.V,XYX�X!M`ZcV,K\V�[!q�K

ncM�[!M`]�[!q�K�F^X�X!eLFIM`_^ncM`n�t�F^[\e<��]`w _IM`V,nºV�bcn:Ó�P9��]`wÚ�9q�K\V¦�°q,b°[\ecM���q,[Y[\q�wÚV�bcn°[\eLMgX!F^ncM`XV,H�V,F^bcXY[UM`b�r}FIKYq�bcw�M`b�[*V�_9�cV,] x H�K!q�JLbcndK\V�ncFIq�V�]�[\FRr}F^[u���Yr9XsV,bcn�bcM`J�[\K!q,bcX*��P6¯�ecM�w�M`]*eWV�bcFI]`V,_ncM`XYFIH�bãq,�v[!ecM�JcZcZ9M`KOZWV,K
[oq,�v[!ecM�X!Z9M`]�[!K!q�w�M�[!M`Koncq}M`XObcq,[OV,_^_Iq¡t�X!]`KYM`M�bcFIbcHpq�b:[\ecM~[!q�Z�P
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ÑabLncM`K�bcq,K!w�V,_�M���Z�M�K!FIw�M`b�[\V,_�]�q�bcncFR[\FIq,bcXvt�F^[!e/V àuÞ �aF���M`V,w q,bd[*V,KYH�M�[`y�[\eLM��WV,] x H�K!q,JcbcnK\Vx[\M�V,w�q�Jcb�[\M�nã[!qãQ�³ ì ]�q�Jcb�[\Xt��X`P� a�Ê[!M`K�[\ecM��9M�V,w FIX�[\JcKYbcM`nãq,¬{y�[\ecM�r�V,_IJcM~nLM`]`KYM�V,XYM`nX!_^q¡t�_^�/Vx�Ê[\M`K7Vg�iM�t´ecq�JcKYX�[\q�ÝM�,³~]`q,Jcb�[\X?�xX�V,bLn�KYM`w�V,FIbcM�n/XY[\V,�c_IMOV�[�[!eWV�[�r�V,_^JcM,P

EGF^H�JcK!M�N�P ÝLS~æ6F^]�[\JLK!M�q,�s[\eLM.¯¨ ��ßXYM�[\JLZ�PpÐ&Mm�Ê[�S�[!ecM.F^w�ZL_�V,b�[*Vx[\FIq,b�]*eWV,wg�9M`K�V,�9q¦r,M.[\eLM_�V�XY[oçzJWV,ncKYJcZ9q�_IM�q,�U[\ecM��9M�V,w�_IF^bcM,Pu�vM`b�[\KYM,SOq�JL[\M�KoZWV,KY[Oq,�U[\eLM�¯¨ ���X!eLFIM`_^ncFIbLHcP�Ì7F^H�e�[�S�$_IV,K!H,M¡�§M��LZ9M`KYFIw�M`b�[\M�K7V,bcn�[\ecMoXY[\V�[\F^q�b�JcX!M�np�iq,K�[!ecM�[*V,Z9M�[\K!V,bcXYZ�q�K
[���M�ecFIbLn�ecF^w�P

¯�ecM.ZLecq,[\q,H�K\V,ZLeßXYecq¡t�bâFIbßEGFIHcP6¢ N�P Ý�¥�q,¬�M`KYXgV/r}FIM�t q,�v[!ecM�F^bcX!F^ncM�q,�v[!ecM�ezJL[Ot�F^[!e[\eLMoV,JL[\eLq�K�V,n��YJcX
[\F^bcH~[\ecMoV,ZLZWV,K\Vx[\JcX�P Ü b/[\eLM���q,[Y[\q�w _IMm�Ê[�y�[!ecMo_�V,X
[�çzJWV,ncKYJcZ9q�_IM�q,�¨[\eLM�9M�V,w _IFIbLM�FIXvr}F^X!FI�L_IM��9M�[ut§M`M�b�[ut§q�K!V,] x X�t�F^[\ed[!ecM�r�V,]`JLJcwØ]`q,bz[!K!q�_�M`_IM�]�[!K!q�bcF^]`X�P Ü b/[!q�Zq,��F^[�FIX6[!ecMaw�V,F^b�ZcV,KY[Uq,��[\ecM�r�V,]`JLJcw­]*eWV,wg�9M`K6t�ecM�K!Ma[!ecM7FIw�Zc_�V,b�[\V�[\F^q�bgq,�9[\ecM7FIXYq,[\q,Z�M�X[*V x M`X�Zc_IV,]`M�P6�vq�w�ZWV,KYFIbcH:E{FIHcP�¢£N�P Ý�¥st�FR[\eò[\ecM�X!]*eLM`w�M�F^böEGF^HcP�¢£N�P9�x¥�yvF^[�F^X~Z�q,X!X!F^�c_IMd[!qK!M�]`q�H,bcFIXYMO[!ecMO[ut§qd�cK!V,bc]*ecM�X�q,�{[\ecMOncF^¬�M`KYM`b�[\FIV,_�ZcJcw�ZcF^bcH�X
�}XY[\M�w�S§[\ecMO_Iq¡t§M`K7q�bcM,y9JcXYM`nV,XvV,b/Mm��F^[§[\qgKYq�q,wýZcK!M�X!X!JLK!M,y�V�bcn.[\eLM�JcZcZ9M`Ksq,bcM�[\eLK!q�JcH,e.t�ecFI]*ed[!ecMa[\V,Z9M�K!Mm[\JcKYbcX�FIb�[!qr�V,]`JLJcw�P�¯�ecM.q�JL[\M�KgV,_^Jcw�FIbcF^Jcw �9q��ãt�ecFI]*eâXYJcK!KYq�JcbcncXO[\ecM.¯{ ���V,bcnßF^[\XOX!eLFIM`_^ncFIbLH�F^XX!FR[![!FIbcHpq�b�[!ecMvaWq}q�K.�$Zc_IV�[!�iq,K!w.�my¨bcMm�}[�[!q°[\eLM.FIw�Zc_IV,b�[*V�[!FIq�b:]*eWV,w���M�K`Pp¯�ecM.[*V�Z�M�JcbcF^[t�ecF^]*ep[!K\V,bcXYZ�q,KY[\X�[!ecMoFIw�Zc_�V,b�[!M`n/X!q,JcK!]�M`X7FIX�ecF^ncncM`bp���d[\eLMOM���Z�M�K!FIw�M`b�[!M`K`P



¶�·wsâ¹�» � ¹ ÃW×¡ÁW¿bxGy{z`Ã�Â¦Ö¨×¡À$Ã9¼}|�Ö
�}¾,×¡Â¦Ã~R��z×³�}Â ¶T�

ù�ú�� ûýüºþ ûJ�u�H���6���.IH�4CDB!�%���4F ��B�þ����%C%�4E þK�|þ�C
EGFIHcP�¢ N�PËÓx¥¨FIX7V�X!]*ecM�w.Vx[\FI]oncK!V�t�FIbcH�q,�G[!ecMOH�M`q�w�M�[!KY�/q��G[\eLM�¯¨ ��pV,XaJLX!M`n�FIb�[\ecMOMm��Z9M`KYFR�w�M�bz[`P|¯�ecM�XYZ�M�]�[\KYq�w�M�[\M�KGtvV,X6]`q�bL]`M`FRr�M�n.V,bLn~ncM`XYFIH�bcM�n~�iq�K{[!ecMsXY[!JcnL�~q��9å����x�{«dnLM`]�V��}X`P¯�ecM~ncM�[!M`]m[\q�K�]�q�bcXYFIXY[!X�q,�UV._IV,K!H,M,y�tvM�_I_&[u��Z9M~�aV,Ûm�$¯�_��7]`K
�}XY[*V�_����o�M��� Ý.]�w^�U�M��P Ý.]`w Mm�z�[\M`KYbWV,_¨ncFIw�M`bLX!FIq,bcX*��Pa¯�ecM õ éâH�M�q�w�M�[\K
��FIXaK!M`X
[\q�KYM`nº���°V�XYw.V,_^_IM�K7ZL_IJcH.��V,Ûm�i¯�_Ê��]`KY�}X
[*V,_��� õ �¤Ó~]`w���Q8��P ³�]�wd�vF^bcX!M�KY[!M`npFIb/[\ecMoecq,_IM,P
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  ecq,_IncM�K��iq,Ks[utvq�[\ecF^b���Fu�$Ð&F��§ncMm[\M`]m[\q�KYXg����N,N~w�w��7Q�w�wd�vF^X�V�[![\V,]*ecM�np[!q�[!ecMo��q�[Y�[\q�w q,�s[!ecMdZc_^JcH°ncMm[\M�]�[\q,K`Pº¯�ecM.ecq�_InLM`KgV�_IX!q�X!JcZLZ�q�K
[\X�[ut§q�K!q,_I_IM�K!Xot�ecFI]*eâXYJcXY[\V,FIbß[\ecMFIw�Zc_�V,b�[\V�[\F^q�b�[*V,Z9Mv�9M�[ut§M`M�bg[\ecMU[utvq���Fu�$Ð&F���ncM�[!M`]�[!q�K!X�P|¯�ecM§ncFIX
[*V,bc]�Mv�9M�[ut§M`M�bg[\ecMs��Fu�$Ð&F��
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FIX6q��{Q�w�w V,bLn�[!ecM�X!q�_^FIn~V�bcH�_IM�]�q¡r�M`KYM`n��z��[\ecM�wýV,w�q�Jcb�[\X|[!qoª�Ó�P ÝM: q,� õ é6P{¯�ecMa��Fu�$Ð�FÊ�
XV,KYM~M`bcM�K!H,���u_^q�X!X�[!K!F^H�H�M`KancM�[!M`]m[\q�KYXot�eLFI]*eãV,_I_^q¡tèq�bcMg[\q�KYM`H�F^XY[\M�K�X!F^H�bWV,_^X�FIb�[\ecM���V�Ûm�$¯�_Ê�FIbã]`q,FIbc]�FIncM�bc]`M�t�F^[\eã���uZWV�KY[\F^]`_^M`X��$Z9q�X!FR[\KYq�bcXoFIbãq�JcKO]�V,XYM¡��Pp¯�eLM.�¨«���]`q�w�Z�q,bcM`b�[�q,�s[\eLMncM�]�V��~]�V�b~��Ms[\V,H�H�M�n~FIb�[!ecFIXGtvV���P6¯�ecMs[!ecFI] x bcM�X!X�q,�¨Q�w�w�q,����F�w�M`V,bcX|[!eWV�[�V�[!ecK!M�X!ecq�_^n]�V�b°�9M�XYM�[7t�ecFI]*eºw�FIbLFIw�FIX!M�Xv[\eLM�Mm¬�M�]�[aq,�6JcbcnLM`X!F^K!M�n�[\KYFIH�H,M`K!X�]�q�w�F^bcH~�iK!q�w ]�q�b�r�M�K!X!F^q�bM`_^M`]m[\K!q,bcX`P|¯�eLMv[\ecKYM`XYecq�_IngtvV,X�V,n8�YJcXY[!M`ng[\q 7 ��³�³ x M	��y�X!F^H�bcFRÉW]�V,b�[!_^��V,�9q¦r,Mv[\eLMsMm��Z9M`]�[!M`n
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0

0.25

0.5

0.75

1

0 1000 2000 3000 4000 5000 6000

Photopeak efficiency

Total efficiency
¤

TAS with absorber
¤
TAS without absorber

Eγ¥  (keV)

εf
f
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ZcJc_IXYM`K~V�bcn�FIbLncF^r}FInLJWV,_�Z�M`V x X��iK!q,wÍ]�V,_^FI�cK!V�[\F^q�bßXYq�JcKY]`M`X�P�¯�ecM.r�V,_^JcM`X�q,�s[\eLMdK!Mm�iM`K!M�bc]`M]`M`b�[!K!q�F^ncXd�iFIb:]*eWV,bLbcM`_^X*�oV,XOV/�iJLbc]�[!FIq�bãq,�U[\FIw�M�V,KYM�_^FIX
[\M`n:F^bã¯{V,�c_^Mp¢ N}PË��¥�P±�ôecM`bß]`q�w~�ZWV,K!M�n/[\q~F^[!XsK!M�X!Z9M`]m[\F^r,Mow�M`V,bdr�V,_IJcM�X�²�X!eLq¦t�bpFIbd[!ecM�_IV,XY[�KYq¡t´q,�¨¯{V,�c_^M�¢ N}PË��¥�yLFR[�]�V�b/��MX!M`M�bp[!eWV�[vbcq�bcM�q��¨[!ecM�Z9M�V x X�w�q¡r�M`n/w�q�KYMa[\ecV,b´³�³LP �±:­V,_Iq�bLH�[\eLM�t�ecq�_IMaMm��Z9M`K!F^w�M�b�[�P

f ìkî �vX juá �vq ÞuÞ ¢ juá �vq Ð�FIH�e�[�ZcJL_IX!M�K [!FIw�M��$ecK\�]`M`b�[!K!q�F^n ]�M`b�[\KYq�FIn ]`M�b�[\K!q,FIn ]`M�bz[!K!q�F^n ]`M�bz[!K!q�F^nÝ�Ý�N x M�� Q�Q¡Ó,� x M	� Q¡����Ý x M	� N��,³�Ý x M	�

Q õ �LP � N��,N�P^Q ��ªLQ�P � � õ Q�P ª N õ Ý��LP õ ³LPË³Q õ N�P ª N��}Q�P�� ��ªLQ�P ³ � õ ³LP ª N õ � õ PËN Q¡Ó�P��Q õ N�P � N��}Q�P õ ��ª�³LP � � õ ³LPËÓ N õ�õ ªLP9� N,Ó�P��Q õ N�P � N��}Q�P õ ��ª�³LPËÓ � õ ³LPËÓ N õ�õ ªLP õ �,ªLP��Q õ N�PËÓ N��}Q�PË� ��ª�³LP9� � õ ³LP9� N õ�õ ªLP õ � õ PËª� � � � N õ � õ P � Ó,Ó�PËª

²�� Q õ N}PËª ²°� N���Q�P9� ²����,ª�³LP ª ²°�µ� õ ³�PËª�� ²�� N õ � õ PË� �

¯GV,�L_IMvN�PË��S¨¯�F^w�M�Mmr�q�_^JL[\F^q�b�q��L[\eLMv]`M�b�[\K!q,FIncX¨q,�L[!ecMv_^FIbcM�X&FIbo[\ecMUM`bcM�K!H,�OXYZ�M�]�[\K!V�ZcKYq�ncJL]`M`n�z�/[!ecMo_IF^H�e�[�ZcJc_^X!M`K7V,bLnpKYM��iM�K!M`bL]`MO]�V,_^FI�cK!V�[\F^q�bdX!q,JcK!]�M`X`P

ù�ú#¶ ûýüºþ þ���þ��'�fC%�vF.���AI
¯�ecMñ]`q,w�Zc_^M�[!M�M�_IM`]m[\KYq�bcFI]�XßXY]*ecM`w�Mñq,��[\ecM�¯{ ���X!Mm[\JcZýF^XßXYecq¡t�b FIb EGFIHLP�¢ N�P ª�¥�V,bcnEGFIHcP§¢£N�PRQ¡³�¥�P°¯�ecM/bcq�[*V�[!FIq�bßV,bcn x M���t§q�KYncXgJcXYM`nâFIbß[\ecMdXY]*ecM`w�Md]`V,bâ��M��iq�Jcbcn�FIb�¯{Vx��c_IMd¢ N�P õ ¥�P�EWq�_^_Iq¡t�FIbLH�[!ecMg_^FIbcM�XaM�bcncM`n����°V.�c_IV,] x V,K!KYq¦toy�t�ecF^]*e�K!M`ZLK!M`XYM`b�[�[\eLM�ncFR¬�M�K!M`b�[M`bcM�K!H,��X!F^H�bWV,_^X`y�t§Ma]`V,b.XYM`Ma[!eWV�[vVo[!q,[*V�_Wq,�|Q8��M`bLM`K!H���XYFIH�bcV,_IX6t§M`K!M7[*V x M`b��iK!q�w [!ecMa¯¨ ��V,bcn°[!ecM�V�bc]`F^_I_�V�KY�dnLM�[\M�]�[!q�K!X�S7N�]`q,K!K!M�X!Z9q�bcncF^bcH.[!q�[!ecM�[!q�ZºV,bLn°�9q,[![!q�w ��F¨ncM�[!M`]�[!q�K!X�yGQ�iq�K7[!ecM�loM��a��K\V���ncMm[\M`]m[\q�K�y{Q,QO�iKYq�wØ[\ecM�æ���¯�X�q,b�[\eLM�w�V,FIbp�aV,Ûm�$¯�_���]�KY�}XY[\V,_&K!M�V�ncq�JL[V,bcn�V�bcq,[\eLM`Ko�iq�K�[\ecM.æ�_^JcHpncM�[!M`]�[!q�K`P/¯�eLM�XYFIH�bWV�_IXoq,�v[!ecMpQ¦N�æ���¯�XOtvM�K!M.XYJcw�w�M�n����eWV,K!n�tsV,KYMgFIb°V�w�FR��FIbLH�w�q�nLJc_IM�P�¯�ecMdQ¦N « ª æ��p¯�y�]`q,K!K!M�X!Z9q�bcncF^bcH�[!q.[\eLM�Zc_^JcH.ncMm[\M�]�[\q,K`ytsV,X.ncF^r}FInLM`nö�9M��iq,K!M�[!ecM°XYJcw�w�F^bcHßF^böq�KYncM`K�[\q�ecV¡r,M�V,b�FIbcncM�Z�M�bcncM�bz[dK!M�V�ncq�JL[`Pó¯�ecMq�JL[\ZLJL[�q��{[!ecMgl�MoncM�[!M`]m[\q�K�[\K!V,bcXYFIXY[!q�K�K!M�X!M�[aZcKYM�V,w�Zc_IFRÉWM`K§tsV,XaV,_^X!q�ncF^r}F^ncM`np��Mm�iq�K!MoZcKYq��]`M`XYX!F^bcHcP�¯�ecF^X�V,_^_Iq¡t§M`n°JLX�[\q�K!M`]�q�K!n�ZLJc_IXYM`X�V�[7[ut§q/ncF^¬�M`KYM`b�[�H�V�FIbcX�S�V�ecF^H�e°q�bLM��iq�K�[\ecM
�a�uK!V��º[*V,H,H�FIbcH�V�bcnãVp_^q¦t�q�bcM~�iq�K�w�q�bcFR[\q�KYFIbcH.V,bcnßV,b:M�r,M`b�[\JWV�_§����[\V,H�H�F^bcH�t�eLFI]*eßtvV,Xbcq,[7bcM`M�ncM`n�P
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¯�ecM.[ut§q:��FUM`bcM�K!H,�ãZcJL_IX!M�X�t§M`KYMdncFIKYM`]m[\_^�ãV�w�Zc_^F^ÉWM�nãV,bcn�KYM`H�F^XY[\M�K!M�n�P�¯�ecMdX!_^q¡týK!M��X!Z9q�bcXYM�q��6l�M,yWF^bp]�q�w�ZWV,K!F^X!q�b/[!q�[!ecMOK!M`X
[7q,�{[!ecMOncM�[!M`]�[!q�K!X�y�w.V,nLM�bcM`]�M`X!X!V,KY��[!ecM�JLX!Moq,�ncM�_�V���V,w�Zc_IFRÉWM`KYXsFIb/q,K!ncM�K�[!q�eWV�r�M�V,_I_�_^q�H�F^]�V,bcnpM`bLM`K!H���X!FIH,bWV,_IXvq�bp[!FIw�M,P¯st§q/ncF^¬�M`KYM`b�[oV,]�ç}JLFIX!FR[\F^q�b°X
��X
[\M�w�X�t§M`KYM~M`w�Zc_Iq¡��M�n�FIb°[!ecM�ncV�[*V.[\V x FIbcHcPa¯�ecMgÉWKYXY[�q�bLM]`q,bcX!F^XY[\M�nâq,��[\ecKYM`M��}FI_IM�bWVºÓ õ N,��Ña®��ß �Ò��vXg]`q�JLZc_IM�n�[\q°[!ecK!M�M´�v ��� ��×�°ÌaN,³�³�³°eLFIX
�[\q,H�K\V,w�w�FIbcHOw�M�w�q,K!FIM�X�V,bcn/ecV,npV~[!q,[*V�_�FIb�[!K!FIbLX!FI]ancM�V�n�[!FIw�M�q,�UQ¡³u²�X�P6¯�ecFIX�M��}[\K!M�w�M�_^��$V,X
[aX
�}XY[\M�w tvV,X7JcX!M�n��iq�K�w�q�bcFR[\q�KYFIbcH~ZcJLK!Z9q�X!M�X�V,bLn°K!M�]`q�KYncM`n�q�bc_R�d[\ecMOM`bLM`K!H���X!FIH,bWV,_IX]`q,w�F^bcH��iKYq�w [!ecMd¯¨ ���y|æ�_^JcH�V,bLnµloMdnLM�[\M�]�[!q�K!X�Pã¯�eLM/X!Z9M`]�[!K\V�]`q,_I_IM�]�[!M`n�F^b�[\ecF^X�tvV¡�V,KYMg[\ecM~XYqp]`V,_I_^M`n�Ø�ÙYÚÜÛ ��
 ØanWVx[*VLy�[!eWV�[oF^X`y�KYM`H�F^XY[\M�K!M�n:t�FR[\e�bcq/�iJcK
[\ecM�K�]`q�bLncF^[!FIq�bcX�Pg�}FIbc]�MX!JL]*e�VdK!F^H�FIn�tsV��:q,�UXY[!q�K!F^bcH/[\ecM~ncV�[*V/ncq}M`X�bcq�[OV,_I_^q¦t q�bLMg[\q�w.V x M�V,b���_^FIb x ��Mm[utvM�M`b[\eLMgK!M�]`q�KYncM`n:ZWV,K!V,w�M�[\M�K!X�y�[\eLM~nWV�[*V�JcX!M�nãF^b°[\eLMgK!M`V,_|V,bcV,_^�}X!F^X�eWV�r,Mg[\qd�9MgK!M�]`q�KYncM`n:F^bV � ÙdØ�Ý ��Þ�ß3
 t�ecF^]*eâV,_^_Iq¡t�X�[\ecM�M`X
[*V,�c_^FIXYecw�M�b�[�q,�vwgJc_R[\FIZL_IM~]`q,bcncF^[!FIq�bLXOF^bßXYq,�Ê[utvV,K!M�Pp aXr}FIXYFI�c_^M7F^b.E{FIHcP9¢£N�P ª�¥�V,bcndE{FIHcP9¢£N�PRQ¡³�¥�y}w�q�X
[vq,��[\ecM�X!M�XYFIH�bcV,_IX6t§M`K!Ma]`q�b�r,M`KY[!M`n/�����v ��� ��w�q�ncJL_IM`X�P§  X!Mm[�q��6� õ ZWV,K\V�w�Mm[\M`KYX��iq�K!w�FIbcH~q,bcM 
�à�
 ÚáÝ$yWtvM�K!MOt�K!F^[Y[\M�b�q�b�[!qdV�Ò�Ð�¯ó[\V,Z9Mt�ecM�bcM�r,M`K�V�b°V,]�]`M�ZL[\M�n�[\KYFIH�H,M`KsZcJL_IX!M�ÉWKYM`n�[\ecMoX
��X
[\M�w�P

�$XY_Iq¡ta�sM`bcM�K!H,�dX!FIH,bWV,_IX �i�$V,X
[��v[\F^w�F^bcH�XYFIH�bcV,_IX
âãäå Ì7V�[!M�ncF^r}FInLM`K FIw�Z�M�nWV,bc]�M �w�Z ��Z9M`]m[\KYq�X!]�q�Z��� aw�ZL_IF^ÉcM`K Ò�M`_IV��d �w�Z Ð�FIbcM`V,K�Ò�M�_�V��/ �w�Zc_^F^ÉWM�K¯�E�  ¯�F^w�F^bcH~EGF^_^[!M`Ks aw�Zc_^F^ÉWM�K �pFR��M`K ®�V,KYnLtsV�K!M���JcwlOÒol lOVx[\MoV,bcn�Ò�M`_IV���l�M`bcM�K\V�[!q�K �°ÌaN,³�³,³ ®aF^XY[\q,H�K\V,w�w�FIbcH���M`w�q�K!F^M`X �Ò��  abWV,_Iq,H�[!q�Ò�FIH�FR[*V,_��vq�b�r�M�KY[\M�K ¯�Ò�� ¯�FIw�M�[\q�Ò�F^H�F^[\V,_§�vq,bzr,M`K
[\M`Kæ�Ñ�Ì æ�F^_IM�JcZpÌ7MW�YM`]�[!q�K Ð�  �7Û��<��¯�¯�Ð�]`q,bzr,M`K
[\q�K

�vq�FIbc]  �b�[\F^]`q�F^bc]`F^ncM`bc]�M �vq�F^bc] �vq�F^bc]`F^ncM`bL]`MÑabcFR[ Ñ7bcF^[¯�ÒgQ¡³�³,³ ¯�FIw�M�X!M�çzJcM`bc]�M`K  �ÒgQ¡³,³�³ ¯�ÒgQ¡³,³�³±�v ��� ��´Ûub�[!M`KY�$V�]`M
�sE|Ò �vq�bcX
[*V,b�[aEWK\V,]m[\FIq,b �u��� ��JL_^[\F^Zc_IMÒ�FIXY]`KYFIw�FIbWV�[!q�K Ð�q�H�F^]oÑabcFR[ �vq�FIbc]�FIncM�bc]`MOÑ7bcF^[

¯{V,�c_IM�N�P õ S6�7q,[*V�[!FIq�b�V,bcn x M���t§q�K!ncXvJcX!M�ndFIb.EGFIHcP9¢£N�P ª�¥�V,bcndE{FIHcP�¢£N�P^Q�³�¥(PG¯�ecM�KYM`XY[vq,��[\eLMbWV,w�M`X7V,KYM�X!M�_^�{Mm��Zc_�V�bWV�[\q,KY��P
 �_^_{[\eLM±�v ��� ��èw�q}ncJc_^M`X�V�ZcZ�M`V,K!F^bcHdF^b�EGFIHLP|¢£N�P ª�¥6V,bLn:EGFIHcPG¢£N�P^Q�³�¥|XYJcK!KYq�JcbcncM�n:�z�nWV,XYecM`n~�9q���M`XGt§M`KYMsXY[\V,bcncF^bcH�FIbO[utvq�]`K\Vx[\M`X�y�M�V�]*e~q�bcMvq��W[\ecM�w�V�]`]`M�X!XYFI�c_^Ms����V���¯�ÌsÑæ���

���A� F^b�[\M`_^_IF^H�M`b�[��v æ�� �� ]�q�b�[\K!q,_I_IM�K`P�¯�ecMç���A�ÚFIX�VòÑ��7Û$� ]`q�w�ZcJL[!M`K�]�V�ZWV,�c_^Mºq,�K!JLbcbcFIbLHd[\ecM�]`q,w�Zc_^M�[!MgnWV�[\V/[\V x FIbcH/X
�}XY[\M�w t�F^[!e:V�_IV,K!H,M�[\q�[*V,_|nLM�V,n�[\F^w�M�q,� 7 ª�³,³�²�X�iq�K~V�� õ ZWV,K\V�w�Mm[\M`K~Mmr�M�bz[`PâEWq�KY[!JcbWV�[!M`_R��y|[\eLM�V,]`çzJcF^X!F^[!FIq�b�X!q,�Ê[utvV,K!MpV�r�V,FI_IV,�c_^M.V�[�l���Û*y[\eLM°��Jc_^[!F�ÎvK!V,bc]*e´�}�}XY[\M�w ���°Îs�c�mysF^X�V,�c_^M°[\qòeWV,bLnc_IM:V�[*V�X x XYeWV,KYFIbcHòw�V,XY[!M`K?�xX!_�V�r,M]`q,bLÉWH�JcK!V�[\F^q�bât�ecM`bò[ut§qßq�K~w�q�KYM/X!Jc]*e�]`q�b�[\KYq�_I_^M`KYX~V,K!M�ZcKYM`XYM`b�[�PµÎ§�âJLX!FIbLH:[ut§q�XYJc]*e]`q,bz[!K!q�_^_IM�K!X�t§M�_Iq¡tvM�K!M�nò[!ecMd[\q�[*V,_snLM�V,nâ[\F^w�M�[\q 7 N,³�³<²�Xg�iq�K�[\ecM/X!V,w�M/Mmr�M�bz[�_^M`bcH,[!eq,�U� õ ZWV,K\V�w�Mm[\M`KYX`P�¯�ecM�w.V,X
[\M�K����A� tvV,X�X
[*V,bLncFIbcHdV,_Iq�bLM�FIb�[\ecMgX!V,w�M�]`K!V�[\MgV,X�[\eLM~�ecF^XY[\q,H�K\V,w�w�FIbcHdw�M`w�q�KYFIM`XoV�bcnßtvV,XOK!M`XYZ�q,bcX!F^�c_IM~�iq�K�[\eLM�Mmr�M`b�[��cJcFI_^ncFIbLHcy�[*V,Z9M�t�K!F^[!FIbcH
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[\ecKYq�JcH�eºFR[\X��&����Û��cJcX�V,bcn°�iq,KaXYM`KYr}F^bcH/V��iK!V,]�[!FIq�bpq,�6[!ecM�nWVx[*V��LJL¬�M�K!Xg�i[u�}ZcFI]`V,_I_R�:Q¡³M:��[\qd[\eLM~q�b��u_^FIbcM�V,bWV,_R�}X!FIXaXY�}XY[!M`wpP�¯�ecM~XY_�V�r�M4���A��y�XYF^[Y[\FIbLHdFIb°[!ecM~q,[!ecM`K�]�K\V�[!Mgt�F^[!eº[\ecMK!M`X
[�q��G[\eLMè�v æ�� ��´w�q�ncJL_IM`X�yLtvV,XaH,M`bcM�K\V,_^_^�d�LJcXY�pK!M`V,ncF^bcH~[\ecMoncFR¬�M�K!M`b�[aXY[\V�[\F^q�bcX�V,bcnX!M`bLncFIbcH�[\eLM`wØ[\q~[!ecMow.V,X
[\M�K����A�1[\ecKYq�JcH�epV,b��o��Î1�cJLX`P
ù�ú?é ûýüºþ E þæ�èIfL.C6þ�E þ�FG�%I
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´=N6230%2F?7E3?@.%V+5e}+��AD"%?@Ei0%2F(=&>$)H%N%2F$1&bC/.6.%(/Am4|$1C/060%57?@$)H`A3(ZCyÒiCJ�<Y[!#5j\'!�²m´:f���AnzMC/Er2F$)&>(+VJo.%?7EF$)H�CJA�C/.�$bC/2F5@}ÎH%CJAD$ � �qÒi³�P�Z � AD"%CJAZAD"%${EF&)?7.XA3?75757CJAD?@(+.µ5@?7V+"XAZ0623(pH%N%&)$>H�?@.�ÒiC/�<Y^!#5j\&)2F}pERASC/5@Ek4X}°íIov2DCb}pE�H%$)0|(+E3?eAD?@.%V�C/575mA3"%$)?@2�$>.%$)2FV/}°?7E .%(JAk0623(+0|(+2FA3?7(+.%C/5iAD(�AD"6$�$>.%$)2FV/}+f!#"%?7EZ.%(/.=ov0%2F(+0|(+2FA3?7(+.ICJ57?@Av}£"IC/EyA3"%$dEFA323?8Gp?@.%V�&>(+.%E3$>cBN%$).%&>$�A3"ICJAyíIo�2DCb}µEFN%* 0|$bC�GpEyC/23$H%?7EF0%5PC/&>$)H�?7.{AD"%$-*-$)C/E3N%2F$)H�E30|$)&>A323N%* z'?eAD"£2F$)EF0:$>&>AKA3(`EF?7.%V+5@$1í�o�2DCb}{0|$bCHGBE)f�E�?7V%f � �6fË» �E3"%(�z'EnA3"%$]H%$>Lp?PCtAD?7(/.%E#9^23(+*®Cs57?@.%$bCJ2M$).%$>23V/}�&)C/57?@4%2DCJA3?7(+.U(/9�A3"%$l0:$)CHGZ0:(/E3?@A3?7(+.6E#?7.�*-$)CtoE3N%2F$)Hd!�²r´ZE30|$)&<AD2DCs9^(+2hC,EF$>Ah(/9�H%?@w:$)2F$).XAh2DC/H%?@(XC/&<AD?@L/$lE3(+N%2F&)$>E)~j�9�SÒiC6�����u´=&J�T��� Ñ (%��� � Ñ (%�� � ´=2)� ���m� � Ã ��� Ñ H�� ÃvÃ!� ´p.�� Ã!� �uÑ E)� Ã!� � Ñ $/� � � � ÐnV�C/.%H �9� Ã ²n*kf1!#"%$s5@?7.%$)C/2m&bCJ57?7462DCJA3?7(+.`zTC/E(+46ASCJ?7.%$>H`N%EF?7.%VUA3"%$KEF?7.%V/57$ríIov2DCb}�0|$bCHGBEi(J9a$).%$>23V+?@$)En2DC/.%V/?7.%V,9^23(+*��t� ��; ÇUZ~ZX»,�k$��¤AD(��� � »=ÇQ]~P�Il��$���f+´=$>L/$)23C/5%(/9IA3"%$M&bCJ57?7462DCJA3?7(+.]E3(+N623&)$>Ea0%23(pH%N%&>$MEFA323(+.6VrH%(+N%4%5@$�íIov23Cb}KEFN%*0:$)CHGBEa?7.KA3"%$M23$>&)(+2FH%$)H1EF0:$>&>A32DC6~.�9�<ÒiC1YÊ���~Z~a6ÇUZ}My»~]~P�I6Ç ; G/$��l\<�����u´=&lY!a~a+Ó6ÇÈ��M��+��» ; ÇQP�G/$��r\<�� � Ñ (°YR�+�\]/�6ÇË»�M¤���+�X»=ÇQP�GJ$��r\UC/.%H ��� � Y�a/Ó~a6Ç ; M¤�\a+�~Z6Çe��GJ$��r\<fT²nEU&)C/.Î4|$dE3$>$).Î9^23(/*E�?7V%f � �=f­» � ��AD"6$10:(+EF?@A3?7(+.%Ei(/9�C/575�AD"%$>E3$s0:$)CHGBE]C/23$1EF"%?@9jA3$)H{N%0XzMCJ23H%E]4X}{� ; G/$���9^23(+*�AD"%$0:(+EF?@A3?7(+.%EWAD"ICJAs0|$bC�GpE,(/9nC�E3?@.%V+57$-í�o�2DCb}pEs(/9i$>cBN%?@LJC/5@$).XAs$).%$>23V+?@$)E1z�(+N%57H�"ICbL/$/fQ�v.�AD"%$E30|$)&>A323N%* (/9 �9� ÒiC�?7E�L=?@E3?@4%57$rCKA323?@0%57$hí�o�2DCb}-E3N%*±0|$bC�G�YR�b�~Z~a6ÇUZtMQ»n �P=�+�+Ç ; GJ$��l\u�%z'"%?7&S"?7ElH%?7EF0%5PCJ&)$)H{4X}�Z ; G/$���f�!#"%$sAvzT(kC/.%.%?@"%?757CJAD?@(+.dcBNIC/.XADC�?@.{A3"%?7El&)C/E3$,C/2F$,&>(+*,?7.%VZ9^23(/*0IC/?72�0%23(pH%N%&<AD?@(+.�4X}KA3"%$'»=fQ]~P�Il��$��·íIov23C�}/f�!#"%$#?@.%&)2F$bC/EF?7.%Vi.%$)VXCtAD?@L/$MH%$<L=?7CJAD?@(+.K(/4%E3$>2FL+$>H9^(+2rE3?@.%V+57$�íIo�2DCb}d0|$bCHGBEl(/9�$).%$>23V+?@$)El4|$)57(�z<Z ;~; G/$�� ?@ErH%N%$1AD(ZA3"%$s.%(+.=o�57?7.6$bC/2F?@Av}�(/9qAD"%$$)57$>&>A323(+.%?@&K&S"ICJ?7.�fr��Ai?7Enz�(+2RAD"�.%(/A3?7.%V-AD"%$�&>(+.%ERASC/.%&<}d(/9aA3"%$KLJC/5@N%$K(/9aA3"%$�EF"%?@9jAnAD"ICJAnzT$9^(+N%.%H{Y!¡�� � � ; ÇQP£¢��+ÇQP�G/$��l\uf6!#"%?@ET$>w:$)&<AM"ICJE�L+$>2F}U?7*,0:(+2RASC/.XAq&)(/.%E3$>cpN6$).%&>$)E#9^(+2OAD(/ADC/5C/4%E3(/2306A3?7(+.QVXCJ*-*-Ctov23Cb}�EF0:$>&>A323(+EF&)(+0X}Qz'?@A3"�ÒiC/�<Y^!#5j\WH6$>AD$>&>A3(+23E>f���A1?7EK.%(/As0|(+E3EF?74%5@$UAD(E30|$bCHGy(J9�AD"%$r$>.%$)2FV/}y&)C/57?@4%2DCJA3?7(+.-(/9�AD"6$r*-$)C/E3N%2F$)H E30|$)&<AD23C�?7.yAD"6$rN%E3NICJ5xE3$>.%E3$lEF?7.%&>$mAD"%$&)(+N%.XA3E-?@.Q(+.%$Z&S"IC/.6.%$)5#*-Cb}�&)(/*-$y9^2F(+*�H6?@w:$)23$>.XA-H6$)0|(+E3?eAD$)H�$>.%$)2FV+?7$>E)f���As?@E�$>Lp?7H6$).XAb�AD"ICJAn?7.�(+2FH%$)2'AD(-C/.IC/5e}pE3$]!�²m´�E30|$)&<AD23CU0%23(/0:$>235@}/�%AD"%?@En$<wx$>&>An"IC/E'AD(-4:$]?7.%&>57N%H6$)H�?7. AD"%$E3?7*KN%5PCJA3$)H 23$>E30|(+.%EF$/f
!#"%$8.%(+.=o�0%23(/0:(+2RAD?@(+.IC/5k57?7V/"BA°}p?7$>57Hü9^(+2·íIov2DCb}pE�?7E�C &>(+.%E3$>cBN%$).%&>$¦(/9�A3"%$8.6(+.=o0%23(+0|(+2RAD?7(/.IC/5M5@?7V+"XA�}p?7$>57HQ9^(+2�A3"%$ E3$)&>(+.%HICJ2F}�$)5@$)&<AD23(/.%E-V/$).%$>2DCJA3$)H�4B}QA3"%$ ?7.XAD$>2DC/&<AD?@(+.%E(/9�A3"%$l0%"%(/A3(+. � �`�hvhZ=� � fsE�?7V%f � �6fÈ� � H6?7E3065PCb}pE'A3"%$rLJC/57N%$>E#(/9�AD"%$l2DCtAD?7(�¤ 0 �R¥<�%z'"%$)2F$�¤�?7EAD"%$#5@?7V+"XA�}=?@$)5@HK?7.�ÒiC/�<Y^!#5j\�0%2F(=H6N%&)$>H14B}�C/.�$>57$)&<AD2F(+.�z'"%(+EF$#$).%$>23V/}��C¥�?7E�9^N%575e}KCJ4%E3(+2F4:$>H�f!#"%$-23CJAD?@(Z?7ElC/2F4%?@A32DC/2F?75e}k.6(+23*-C/57?@E3$>HdAD(�N%.%?@Av}dCJA��C¥ � �k�k$���f�!#"%$1LJC/57N%$>E]C/23$�ADCHG/$>.9^23(+*¦v'$>9Êf � ���svCZ6� � C/4|(�L/$3P ;H; G/$���C/.%H�9^23(+*¦v'$>9Êf � v#glglÓHZ � 4|$)5@(�z�P ;~; G/$��Kfx!#"%$WN%E3$



z:ð §K¨�©%ª�«�ò ¬ î

(/9%¤ 0 �R¥�&)C/.Z4|$m$bC/EF?75e}s?7*,0%57$>*-$>.BA3$)H-?7.UA3"%$mE3?@*�N%57CJAD?@(+.s&)(pH%$/fa²h9jAD$)2T$bC/&S"yA32DC/&yGB?7.6V�EFA3$)0AD"6$K$).6$)23VJ}kH6$)0|(+E3?eAD$)H`4B} A3"%$K0ICJ2FAD?@&)5@$]?@.kA3"%$�ÒnC/�<Y[!#5P\'*,$)H%?@N%*®?7E'&>(+.XL+$)2RAD$>H�?@.XAD(U5@?7V+"XA$)cBN%?eLJC/57$>.BA)fsEI(+2#&)(+.XL/$).%?@$).%&>$WAD"6$]H%CJASC1E3"6(�z'.k?7.cE�?@V%f � �6fÈ� � z�$)23$ ¥ AFAD$)H AD(sAD"6$]&>N%2FL/$/~¤�R¥ �¨§ Ã�© � K / ê«ªm¬9­«®m¯ M § � �R¥6M § � ���¥§ � M § � �R¥6M § � � �¥ Y��6fe� ; \
þ § ���l� þ �/ÇQZIY�»+\ ( ; Ç ; PHaIY�a+\ ( ; ÇQPHa ; Y!IB\ ( ; Ç ;~; IXÓ ; Y¿»+\ ( ; ÇË»~P%Y¿»/\ ( ; ÇUI']JÓ%Y!IX\ ( ; Ç ;~; IXÓHIIY�»+\ �z'"%?@&S"-$u;=A3$).%H6ETC/4|(�L+$C�R¥ � �]�k$��°A3"%$#57?@.%$bC/2�4:$>"ICbL=?@(+N%2a(/9}¤�9^(/2G$).%$>23V+?@$)EOV+2F$bCJA3$)2GAD"%C/.; fQP`�k$���f���9R��zTC/E]AD"%$-$).%$>23V/}�(/9MA3"%$,0IC/2FA3?7&>57$,C/.%H°¡��®AD"%$-$).%$>23V/}�5@(+EFAW?7.{AD"%$-EFA3$)0AD"6$). AD"%$l57?@V+"XAR¡�¤µ0%2F(=H%N6&)$)Hk?7E#&)C/57&>N%5PCJA3$)H C/E>~¡�¤ � ¤hY��K\ K ¤nY!� K ¡���\ Y��6fe�+��\

0.9
±

1

1.1

1.2

1.3

1 10 10
2

10
3

10
4

Ee (keV)

L(
E

e)
/E

e

E�?@V+N%23$]�6fÈ�6~TÒiC/�<Y^!#5j\#23$)57CJAD?eL+$l57?@V+"XA'}=?@$)5@H�LJC/5@N%$)E'9^(+2'9^N%575e}yEFA3(+0%0|$)Hd$>57$>&>AD2F(+.%EiC/EiCs9^N%.%&uoAD?@(+.Q(/9'AD"6$)?72K$).%$>23V/}/f Ñ ?72F&)5@$)E)~,9^23(+*²vh$<9Êf � v#glgrÓ~Z � f�!�23?7C/.%V+5@$)E)~,9^23(+*³v'$>9Êf � ���svhZ=� � fÑ (+.XAD?@.BN%(+N%E'57?@.%$/~ ¥ AWY[E3$>$]A3$<;pAu\uf
�v.�AD"%?@E]zTCb}+�GA3"%$ �k(+.XA3$ Ñ C/235@(`EF?7*�N%57CJAD$>H�EF0:$>&>A32DCd.ICJA3N%2DCJ575@}{?@.%&)5@N%H%$sAD"%$U$>w:$)&>AK(/9.%(+.pov0%2F(+0:(/2FAD?@(+.IC/5@?@Av}/fG!#"%$W9^N6575�C/46E3(+2F06AD?@(+.k0|$bC�Gy?7. AD"%$]E3?@*�N%57CJAD$>H�5@?7V+"XA#EF0:$>&>A32DC-(J9�í�?@EH%?@E30%57C/&)$>H z'?eAD" 23$>E30|$)&<AnA3(sA3"%$l0:(/E3?@A3?7(+.U(/9�A3"%$l0:$)CHGy?@. A3"%$l$).%$>23V/}yH%$)0|(+E3?eAD?@(+.ZE30|$)&<AD2DC=f��AMzTC/EM9^(+N%.6HyAD"ICJA�AD"%?@EMH%?@E30%57C/&)$>*-$>.BAMC/*,(+N%.XADETA3(s� ; fË»�G/$���C/.%HZERASCb}pE#&)(+.%ERASC/.XA#z'?eAD"%?@.�*G/$���9^(+2#íIov23C�}y$).%$>23V+?@$)E'?7.ZAD"6$ ; fUZto9I%f ; �k$���23C/.%V+$Jf�!#"6?7E#LJC/57N%$r?@E'?7.�C/V+2F$)$)*,$).XA'z'?@A3"AD"6$]$u;=0:$>23?7*,$).XADC/5�LJC/57N%$r(J9�A3"%$l57?7V/"BAM(/wxEF$>AKY�¡�� � � ; Ç^PR¢��/Ç^P�G/$��l\uf



î�ï@ð£ñW¨�òdó+ô:õ�ö>« ¬t÷ ó/«�ø^ô:õ�ô º «�¨�ò ¬ òpö)ªaô|õ�ö)ò�ù£©6« ¬ øjú ¹ z:î
!#"%$s2F$)E30|(+.%EF$1AD(yAD"6$ é o�&)(+.XA3?7.BN%N%* ?7Em(+4=ASC/?@.%$)H{4X}dEF?7*�N%57CJAD?@.%V-A3"%$157?@V+"XAr0%2F(=H%N6&)$)H?7.£A3"%$y?7.XA3$)2DCJ&>AD?@(+.%E](/9'$)5@$)&<AD23(/.%E�(/9'*,(+*,$).XASCc´ÎY^?7.£N6.%?@A3EK(/9Rµ¶¥�·)\lEDC/*,0%5@$)H£9^2F(+* AD"%$H%?7ERAD23?@4%N6A3?7(+. � )mgrÒ>Z~P � ~¸�Y!´6\ � ´ ��¹ Ã ê«º ¬�»¼¬t½¿¾ � K�À �FMÁ´ �yÂ � /ÄÃ¼Å�ÆÇhÈ Ã ë¼É ¬ÊÊÊÊQË°Ì È � K 4 �ÎÍh� M�? 4 Í´ À �jM�´ ��Ï ÊÊÊÊ � Y[�6fe��»+\

Ðn$)2F$ 4 � /¿� 0
Ð ·#?7EOAD"%$ ¥ .%$<o�EFA323N%&<ADN%2F$m&)(+.6EFASCJ.BA)� Í AD"%$n&S"IC/23V/$i(/9:AD"%$nHIC/N%V+"XA3$)2T.BN%&>57$>N%E)�¾ �r� �RMÑ�*Ò6Ó �V X 0 µ¶¥�·�����C/.%H Ë ?@EiAD"6$1&)(+*,0%57$u;�VXCJ*-*-C,9^N%.6&>AD?@(+.�f]��ArzMCJErH%$)*,(+.%ERAD2DCtAD$)H?7. �èÑ ²mÒnÓ+Ó+C � AD"ICJA�C/.Q$<;=&>$)575@$).XAsC/V/23$)$>*-$>.XAKz'?@A3"Q*-$)C/E3N623$)HQ2F$)EF0:(+.6E3$)E�9^(/2KE3$<L+$>2DC/5M23CtoH%?7(XCJ&>AD?eL+$W?7E3(JAD(+0|$)E>�:&)C/.�4:$W(+46ADC/?7.%$>H`z'"%$>.dAD"%$�?@.%H%?eL=?@H%NIC/5�íIo�2DCb}�23$)EF0:(/.%E3$>ElC/23$WV+$).%$>2RoCJAD$>Hk4X}k�k(+.XA3$ Ñ CJ2357(sEF?7*�N%57CJAD?@(+.�fEI(+2#AD"6$�C/.ICJ5@}pE3?@E)��*-(/23$]&)(+.%&>23$<AD$)5e} 9^(+2hA3"%$K&>(+.%ERAD23N6&>AD?@(+.d(/9�AD"%$]23$>E30|(+.%E3$K*UCJA323?@&)$)E>�zT$W"ICbL+$KV/$).%$>2DCJA3$)H�CsE3$<Am(/9�í{23$)EF0:(/.%E3$]9^N%.%&>A3?7(+.6Eh9^2F(+* � ; G/$���N%0kA3(Wa-�k$��¤?7.�EFA3$)0%E(/9T» ; G/$���f�²iH6H%?@A3?7(+.ICJ575@}/���\ay23$>E30|(+.%E3$>E]A3( é�ë 0IC/2FA3?7&>57$)EhzT$>23$sV+$>.%$)23CJAD$>H{9^(/2m$).%Hpov0|(+?7.XA$).%$>23V+?@$)Eh4:$<AvzT$>$).d�=� ; G/$���C/.%Hf]=f ; �k$��Kf�T$<9^(+23$ ¥ .%?7EF"%?7.%V�A3"%$lH%?7EF&)N%EFE3?@(+.��IE3$<L+$>2DC/5�&)(/*-*,$).XADE'CJ23$r0|$)2FA3?7.%$>.XAhCJA#AD"%?@E#0:(/?7.XAbfG�v.AD"%$ &bCJE3$�(/9 é o�H%$)&)C�}£9[C/2�9^23(+*_AD"%$ ERASC/4%?@57?eAv}�5@?7.%$J�aAD"%$ .BN%*�4|$)2s(/9n57$<L+$)5@EsC/&)&>$)EFE3?74657$ ?7.AD"%$-H%$)&)C�}�?@.%E3?@H%$1AD"%$,$).%$>23V+$<AD?@&bC/5@5@}{C/5@57(�z�$)H{z'?7.%H%(�z�Y�Ô � ; ��$��l\r&bCJ.£4|$)&)(/*-$,$bC/EF?75e}(/9�A3"%$l(+23H6$)2#(/9q� ; � K � ; �bfqgm.%$l&bCJ.%.%(/A'"%(/0:$mA3(,"%C/.%H%5@$lCs0623(+4%5@$)* (/9�E3N%&S"kH%?7*,$).%EF?7(+.xf�aL/$).�*-(+2F$/��?eAr"IC/Er5@?@A3A357$WE3$).6E3$,E3?7.6&)$�AD"6$,2F$)EF(+57N6A3?7(+.`(/9�A3"%$sE30|$)&<AD23(/*-$<AD$)2,Y�Õ »/� ; G/$��CJA>P,��$���9^(+2'C-ÒnC/�<Y[!#5P\TE30|$)&<AD23(/*-$<AD$)2D\Tz'?7575x4:$l?7. V+$>.%$)23C/5�*�N%&S"�5PCJ23V+$>2MAD"IC/. AD"6$]5@$>L/$)5$).%$>23V/} EF$)0IC/23CJAD?@(+.%E>fEI(+2-H%$).%EF$)5e}ÎE30%C/&)$>H�5@$>L/$)57E>�'2DCJA3"%$)2UA3"IC/.ÎA3"%$dH%$>&bCb}·0%2F(+4IC/4%?@57?eAv}�AD(Q$)C/&S"°57$>L/$)5��#?@AzT(+N657Hd4|$W*,(+2F$KC/060%23(+0623?PCtAD$lAD(UH6$>AD$>23*,?7.%$lAD"6$�CbL+$>2DC/V+$W0%23(/4IC/4%?@57?@Av}y(�L/$)2iC-&)$>2FADC/?7.k$).=o$)23VJ}�?7.XA3$)2FLJC/5=(+2G4%?@.��/A3"%$#E3(r&)C/575@$)H�ERAD23$>.%V/A3"s9^N6.%&>A3?7(+.�f��v.1AD"%?@EGE30%?@23?eAG(+.%$T&bC/.s23$>?7.XAD$>230%2F$>A�Oc�f:Y��=f­»+\�C/E3EFN%*-?@.%VrAD"ICtA�ÍW23$>0%23$>E3$>.BA3ETCr&>$)2FADC/?7.s$>.%$)2FV/}14%?@.,(J9:*,$bCJ.,$>.%$)2FV/}�YeÍ K Ã� \A¡��-�
Å>½ AD"%$-CbL+$>2DC/V+$,9^$)$>H%?7.%V�AD(�57$<L+$)5@E]z'?eAD"%?@.�A3"ICJA]?7.XA3$)2FLJC/5qC/.6H ¹ ½ A3"%$UCbL/$)2DCJV+$U2F$)E30|(+.%EF$/fÑ "%(=(/E3?7.6VUC/.�$).6$)23VJ}k46?7. E3?8�)$�¡Ö�¦&>(+*-0%C/2DC/4657$mAD(sAD"6$WHICtASCs4%?7.�E3?8�)$/�%A3"%$]H%?7*,$).%EF?7(+. (/9�Oc�f�Y��=f­»+\T?@E#V+23$)CJAD5e}y2F$)H%N%&>$)H�f
²¶.6$>z�H%?@�,&)N65@Av}UC/23?@E3$)ET"%(�zT$<L+$)2>��.IC/*,$)5@}sA3"ICJAMA3"%$lCbL+$)23C/V+$r2F$)E30|(+.%EF$ ¹ ½ ?7EM.%(JA#&bC/5Ïo&)N%57C/4%57$KN%E3?@.%V�C/.{$<;=0%23$>E3EF?7(+.�E3?@*-?@5PC/2#AD(��ac�fOY��=fUIB\ufK!#"%$s2F$bC/EF(+.{?7EmAD"%CJAmAD"6$14%2DC/.6&S"%?7.%V2DCJA3?7(U*-CJA323?e;�×y&)C/.%.%(/Ai4:$WV+23(/N%0:$>Hd?7.XA3(U4%?@.%E)~MA3"%$K4%23C/.%&S"%?@.%Vy(+N=Am(/9GA3"%$�5@$>L+$>57Ehz'?@AD"6?7.C,V+?eL+$>.`4%?@.kH%$>0:$>.%H%En(+.k"6(�zçAD"%$>E3$]57$>L/$)5@EiC/2F$l23$bCJ&S"%$)H�fT!#"pN6E)��AD"%$]&)(+.6EFAD2FN%&>A3?7(+.�(/9�AD"%$C�L/$)23C/V+$K2F$)EF0:(+.6E3$KEF"%(+N%5@Hk4|$l4IC/EF$)Hd(+.�?7.6H%?@Lp?7H6NIC/5�&)C/E3&)C/H%$)E>f#Ðn(�z�$>L/$)2)�xC,EF?7*,0%57$r&)C/57&>N=o5PCJA3?7(+.kE3"%(�z'ErAD"ICtAr$>L/$).{9^(+2mCy*,(=H6$)2DCtAD$�.BN%*�4|$)2i(/9q* � »~P ; 4%?7.6EsY�Cy23C/.%V+$�(J9n� ; �k$��z'?@AD"�¡�� � I ; GJ$��r\<��A3"%$y.BN%*�4|$)2�(J9'&)(+.XL+(/57N6A3?7(+.%EW.%$)&>$)EFEDC/2R}�AD(d46N%?75@H�AD"6$y23$>E30|(+.%E3$*UCJA323?Ï; N%E3?@.%VZ�ac�fGY[�6fJIB\'?@Ehµ�YØµ K ��\ 0 »�Õ��Ö �� ; ����z'"%?75@$]A3"%$K.BN%*�4|$)2n(/9a&>(+.XL+(+5@N6AD?@(+.%E



zTz §K¨�©%ª�«�ò ¬ î

.%$>&)$)EFEDC/2R}�N%E3?@.%Vs?7.%H%?eLp?7H%NICJ5x&bCJE3&bCJH%$)Eh?7EWY!µ K »+\F»YÙ ê Ã M°�>Õ »� �� ; ���)f
!#"%$M(/A3"%$)2�?7*,0:(/2FASCJ.BA�&>(+.%EF?7H%$>2DCJA3?7(+.W?7E�AD"ICJA�AD"6$T4%23C/.%&S"%?@.%Vm2DCtAD?7(/E�CJ23$TN6E3NIC/5@5@}	GB.%(�z'.9^(+2]9^$>z 57$<L+$)5@E�5@}p?@.%V�CJAK23$)57CJAD?eL+$>5@}�57(�z�$<;=&>?@ASCtAD?7(/.�$).%$>23V/}/f�´pAD2F?7&<AD5@}�EF0:$)CHGB?7.%V%�GA3"%$yN%.poGB.%(�z'.%E1?7.�(+N%2]0%23(/4%57$>*�CJ23$-A3"%$-9^$>$)H%?@.%V+EKC/.%H£A3"%$UN%.¼Gp.6(�z'.�4%23C/.%&S"%?@.%Vd23CJAD?@(+E)f !#"%?@EH%(p$)Eq.%(/Aq(+.%5e}1?7.6&)23$)C/E3$'AD2F$)*,$).%H6(+N%E35e}1AD"%$hH%?@*-$>.%E3?@(+.s(/9xA3"%$n0623(+4%5@$)*¦4%N=ATCJ57E3(]&)(/.BL/$)2RADE?@A#A3(,Cs"6?7V+"%5e}U.6(+.%57?@.%$bCJ2#(+.%$/f
!#"%$rzMCb}Z(/N6AM9^23(/* AD"6?7E#C/060IC/23$>.XAD5@}U"%(+0|$)5@$)E3E#EF?@A3NICJAD?@(+.y&>(+*-$>EM9^23(+*�AD"6$l9^N6.%HIC/*,$).=oASCJ5�0%23(+0|$)2RAv}Z(/9�CsA3(/ASCJ5�C/4%EF(+2306A3?7(+. EF0:$>&>AD2F(+*,$>AD$>2)fFEI(+2'C/. ?7H%$)C/5�E30|$)&<AD2F(+*-$<AD$>2)�%AD"6$)23$l?@E.%(,H%$)0|$).6H%$).%&>$�(/9�AD"%$]23$>E30|(+.%EF$K(+. AD"%$l4%23C/.%&S"%?@.%V,2DCJA3?7(+E>��C/.%H AD"BN%E)�|?@A'?@E#$<;=0|$)&>A3$)Hd9^(+2CZV+(p(=H{E30|$)&<AD2F(+*-$<AD$>2UY^?¿fè$/f�(/.%$s57?NGJ$1(+N%2FElz'?eAD"{5PCJ23V+$�H6$>AD$>&>A3?7(+.�$>�,&)?@$).%&<}6\<��AD"ICJArA3"%$)2F$?7E#5@?@AFAD57$nH%$)0|$).6H%$).%&>$K(+. AD"6$)*�fs�MC/E3$>H`(+.ZA3"%?7E'0%2F(+0:$>2FAv}/�%zT$]&bC/.�N%EF$W�ac�f�Y��6fJIB\�A3(,46N%?75@HAD"6$m23$>E30|(+.%E3$i*UCJA323?Ï;s9^(+2�46?7.%.%$>HZ57$<L+$)5@E)fa!#"%?@ET?@E�AD"6$i*,(+EFAT&)(+.XL+$>.%?7$>.XA#zMCb},AD(�?@.BA323(pH%N%&>$AD"6$,H6$)0|$).%H%$>.%&)$U(+.�&)C/E3&)C/H%$,*�N%5eAD?70657?7&>?@Av}�C/.6H�$>.%$)2FV+?7$>E)��AD"%$,*-(/EFAl?7*,0|(+2FADC/.XAm9^$bCJA3N%23$>E(/9�A3"%$mH%$uov$u;6&>?@ADCJAD?@(+.�f�EIN%2RAD"%$>23*,(+23$J�pA3"%$i462DC/.%&S"6?7.%V�23CJAD?@(+EO9^(+2qA3"%$iN6.�GB.%(�z'.�0%C/2FA�(/9�AD"6$57$<L+$>5ME3&S"%$>*-$yz'?@575q4:$U"IC/.%H%5@$)H�C/EK$<;pAD$>23.IC/5T0IC/2DCJ*-$<AD$)2FE�?7.XA323(pH%N%&)$>HQ4X}�"IC/.6H�f{�v.�AD"%?@EzTC�}kzT$12F$)H%N6&)$�AD"6$10%23(+4657$)*üAD(yCyEFAD2F?7&<AD5@}�5@?7.%$)C/2n(/.%$/fl!#"%$>.{A3"%$1?7.XL/$)23EF$10%23(/4%57$>* &)C/.4|$mE3(+5eL+$>HZ4B}UE3(+*,$mCJ0%0%23(/0%23?7CJAD$n*-$<AD"%(pH��p0%23(�Lp?7H%?@.%V�N%E�z'?@AD"-AD"%$mcBNICJ.BA3?@A3?7$)ET23$)5@$>LJC/.XATA3(AD"6$r0%"X}=EF?7&)C/5�0%23(/4%57$>*k~�AD"%$r9^$)$>H%?7.6V1H%?7ERAD23?@4%N6A3?7(+.�f���9�A3"%$r23$>0%23(pH%N%&<AD?@(+.Z(/9�AD"%$r*,$bCJE3N%2F$)HE30|$)&<AD2FN%*¦?7EO0|(=(+2>�+AD"%?@EO?7.%H%?@&bCJA3$)EGA3"ICJAq(+N%2OV+N%$>E3Eq(+.sAD"%$'4%23C/.%&S"%?@.%VW23CJAD?@(+Ea?7EO.%(JAO&)(+2F23$)&<AC/.%H,?@AG"IC/EaAD(]4:$'*,(=H6? ¥ $>H�f�!#"6$hz'"%(/57$#0%2F(=&>$)H%N%2F$n?@Ea23$>0:$)CJAD$>HUN%.XAD?@5IC/.-C/H%$>cpN%CJAD$'23$>0%23(toH%N%&<AD?@(+.y(/9�A3"%$m*,$bC/EFN%23$>HZE30|$)&>A32DC1?7ETCJA3ADC/?7.6$)H�fG!#"6$i9^N%.%HICJ*-$>.BADC/5x0623(+0|$)2RAv}U(/9�A3"%$iAD(JASC/5C/4%EF(+230=AD?7(/.�EF0:$>&>A323(+*,$>A3$)2hV+NIC/23C/.XAD$)$>EhA3"ICJA'AD"6?7E'&bC/.k4:$]C/&S"6?7$>L/$)Hd?@.�C,2F$)H%N%&>$)Hd.BN%*K4:$>2(/9�EFA3$)0%E>f

Ô �SÔ ÚÜÛÄÝsÚ,ÞOà>Ýa×�ã Ü�á+Ú,Þ Ýa×dØ�Ü�ÚÖÛbß`ÝGà)Ú,Û ÚsáÎà¿ÛÄÛ�Þ|â£Ú,Ü�Ør� Û)àbÛdØmä�Þ
à)Û¶ß,ØrÞOÜ�Ø â�ÞaÚÖàáÛ)Ørã Ü

¯�$m"ICbL+$mA3(�E3(+5eL+$iA3"%$m5@?7.%$)C/2�0623(+4%5@$)* 23$>0%23$>E3$).XA3$)H�4B}-AD"%$i*UCJA323?Ï;-�Oc�f�Y��6fË»+\<~ ¸{��¹ãâ º/�?¿fè$/f�zT$m"%C�L/$mAD( ¥ .%Hyºm9^(+2qAD"%$hGp.6(�z'. ¸ C/.%HZCWV+?@L/$). ¹ fs�q}-&S"6(=(+EF?7.%VWAD"%$mH6?7*,$).%EF?7(+.,(/9ºUY!µ�\M$)cBNIC/5�A3(1AD"%$lH%?@*-$>.%E3?@(+. (/9 ¸ Y!ä�\u�%AD"%$l*-CJAD"6$)*-CJAD?@&bC/5:E3(+5@N6AD?@(+.Z?7E
º ��¹ ê Ã â�¸ Y��6fe���X\
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[��HOx���Ë»+»J`�1G5�/¢6D+(1I6	6D+�-�1GE0FJ<+2B.067+�8¥.?>l- []A�.0YI1GE0- 5V6	6D<�>D<JE�Y=.?5�Fo1:>D-U6	<GpCE?.?5�-21/2�- []A(1I6D.?<J5�>3V^y1G5V^y<Ip�67+�-:12YI1G.?E?1G3�E?-K6D- R�+�5�.?[]A�- >U��¦y-�+(12YJ-�R�+�<G>D- 5y67+�-W¤�§¨/�-UR <J8�T4<J>D.�67.?<G5 � +�.?R�+R21I5b34-�pq<JA�5�/c.?5yr psvltOÓX»vux�
¦P-¡1/2D-lE?-;p�6�5�-UYJ->2B6D+�- E0- >D> � .�67+�6D+�-�5�- -U/�67<\>BTL-UR .�p�^�6D+�-i2B- FJA�E�1/2B.?>71v67.?<G5�T�1/271G8�-U6D-)2�z��©lTc67<!5�< � a�6D+�-)2B-S.0>,5�<G6�1�R E0-21/2,R>2D.06D-)2B.?<J5o<J5�+�< � 6D<!R�+�<N<G>D-M.06MOq>D- -�r ÐlªmÒnÓJ�IuCr r�tC«6Ó
Pvupq<+2l1G5X<ZYG-)2BY=.0- � <J5b/�.0�L-)2B- 5V6	R>2D.06D-)2B.�1V`n��ª¬T(1/2B6D.?RUA�E�1/2BE0^�>D.?8�T�E0-MR>2D.�67-)2B.?<J5�.?>,6D<�R�+�<=<J>D-\1z�YI1GE0A�-K>BA�R�+�67+(1I6¡67+�-�E0-21G>�6�>D[]A(1/2B- >W- >�67.08�1I6D<+2 å �W-U[=A�1GE?>	6D+�-K5]A�8K34-)2�<GpC/(1v6�1�T4<J.?5V6D>ä�aC.?8�T�E0.?R .�67E�^�1G>D>BA�8�.?5�F¢6D+(1I6�67+�-o/(1I6�1�1/2B-o5�<+2B8�1GE0E0^�/�.0>B6D2B.?3�AN67- /��%ª¡5�<I67+�->2�R)2D.�67->2D.?<G5>D-U-ÄG]>	67+�-S-nm�1IRU6�-U[=A�.?E?.03%2D.0A�8­34-U6 � - -U5�67+�-S1G/YgBA�>�678�- 5V6¡6D<:6D+�-\/(1v6�1�1I5�/d2D-UFJA�E?1/2D.0>71I6D.?<J5FJ.�YJ- 5�3V^c67+�-SzXYI1GE?A�-�RU<+232B- >BTL<J5�/�.?5�F�67<!67+�-WRU<+2D5�->2l<Ip�67+�-S>B<:R 1GE?E0- / ùm:1ú:>B+(1GT4- /bR A%2�YJ-O�¤��9R A%2�YJ-Z`na � +�.?R�+!R21I5�34-�<J3N6�1G.05�- /�3V^�T�E0<G6D6D.?5�FlE?<JF å �®r º u�YG-)2D>BA�>CE?<JF	| ~ â º�| �H1G>
1¡pqA�5�R;67.0<J5<Gp}z��
«N.?5�R -b6D+�-X>B<JE?AN67.?<G5�º¢FG.0YJ-U5¯3V^�tH[��	Ox���Ë»+»J`K/�-UTL-U5�/�>oE?.05�-21J2DE0^P<J5{6D+�-X/(1v6�1 ¸ a�67+�-T%2B<JT(1GFV1v67.?<G5�<Gph-)2F2D<+2B>,E�1 � T%2D<ZY=.?/�-U>�1 � 12^�6D<�R21GE0R A�E?1I67-	-nm�1GRU6DE0^�6D+�-�R <ZYI1/2B.�1G5�RU-�8�1v6D2D.�mè ��r E�v, 	]/Ó®u°a � +�.?R�+b+(1G>,67+�-�pq<+2B8bwè � � O ¹ ç â¿è ê Ãé âb¹ M{z�~nç â ~!` ê Ã â�¹ ç â¿è ê Ãé â�¹ âO ¹ ç â¿è ê Ãé âb¹ M�z4~nç â ~!` ê Ã Ox���Ë»G�V`



î�ï@îëê¶ì # ô�kJø�j®f�ù�ö º ô�k�j®f�ò`ö)ô|ì ÷ j�ø^ô|õ�ô º ø!ì!ìîíDiaô|ö)ò ¸ ì[ø�õ�ò]g�kyø[õ}ï|ò]kJö>òbihk�ô , ì^ò=ù£ö z�û
ªl> � -�R21G5±<J3�>D-)2�YJ-IaH6D+�-�8:1GFJ5�.�67A�/�-:<Gp�A�5�R ->2B6�1I.?5V67.0- >�1G5�/%R <+2F2D-UE�1I6D.?<J5�>M<Gp,6D+�-�-;m]�6D271IRU67-U/PT(1J271G8�-U6D-)2D>lº�/�- T4- 5�/�>S<G5�6D+�-�YG1IE?A�-!<GpC67+�-s2B- FJA�E?1/2D.0>71I6D.?<J5�T�1/271G8�-U6D-)2Mz@��¦P-� <JA�E?/�E?.NGI-	67<s2D-U8�1J2mG�6D+(1I6,67+�-]2B- >BA�E06 � -M<G3�6�1G.05c.?5�t
[4�hOQ���Ë»G�V`�/�<=- >�5�<G6�RU<J.?5�RU.?/�- � .�67+67+�-W<J5�-WFJ.�YJ-U5b.05fv�-Up��@rJrW �©iÓ~Pvu°�
 	5�-²E�1I>B6³R21GAN67.?<G5(1/2B^ � </2D/­<G5´6D+�-�2B- FJA�E�1/2B.?>71v67.?<G5�8:-;67+�<=/&wµ67+�-#1GE0FJ<+2B.067+�8 <GptH[��¡Ox���Ë»+»J`\/�<N-U>:5�<I6:T62D-UYG- 5V6�6D+�-cR <J8�TL<G5�- 5V67>�<Gpl67+�-�>D<JE0A�67.0<J5�ºbp^2B<J8¶+(12Y=.?5�F�5�-UFV1v�67.0YG-lYI1GE0A�- >U�}·_5�R21I>D- >�>DA�R�+c1I>C6D+�-¡T%2B- >B- 5V6,<J5�-Ia � +�-)2D-l67+�-l>D<JE0A�67.0<J5!R21G5�5�<G6�34-l5�- FV1I6D.0YG-Ga.06o8:12^�E0-21G/¯6D+�- 5�6D<%A�5�T�+V^=>D.0R21GEr2B- >BA�E06D> �¸ ¡pSRU<JA%2B>D-Ga�67+�.0>�5�- � ûX¹ üÎý�þYü�ý G]5�< � E?-U/�FJ-R <JA�E0/�3L-\1G/�/�-U/�67<ot
[��HOx�N�0�ô]G`;a43�A�6	6D+�- 5¢6D+�-K>D<GE?A�6D.?<J5¢/�<N-U>	5�<G6l6�1HGI-K67+�-K>B.?8�T�E?-Wpq<+2B8tH[���Ox���Ë»+»J`n��¦y-:+(12YG-�T%2B-Upq-)2F2D-U/P67<cGG-U- TP6D+�-�>B.?8�T�E?-Kpq<+2B8¤1G5�/y.?5VYJ-U>B6D.?FV1I6D-�6D+�-:1GRU6DA(1GE-U�L- RU6D>l<G5�6D+�-W>D<JE0A�67.0<J5&�

ÿ���ÿ��9º $ 
�»¡�B¼¸��¼ ½¢�����(��¾�¿ �U$ ½�"%$ �&��'	��)
*,+�-�ÀXt��_8�-U6D+�<N/±.0>\3(1I>D- /Á<J5%6D+�-�ÀX1vmN.08KA�8Ât
5]632D<JTV^�pa2B.?5�RU.?T�E0-:<Gp�>�6�1I6D.?>B6D.?R 1GE�.05�pq-)2��- 5�RU-�rÄÃGª � P~]vux�
·96,>B671I67-U>�67+(1v6�67+�-	<JT�6D.?8:1GE�>D<JE0A�67.0<J5:pq<+2�1G5o.?5VYG-)2D>B-�T%2D<G3�E?-U8ba=<JT�6D.?8:1GE(.?567+�-�>B- 5�>B-�<IpHE?- >B>	3�.?1G>D-U/�3]^X<JA%2	.0FJ5�<+2D1G5�RU-Ga�RU<+232B- >BTL<J5�/�>�67<�6D+�-K<J5�- � +�.?R�+�8:1vmN.?8�.?>D-U>67+�-�.?5�pq</2D8:1I67.0<J5X67+�- <+2B-U67.0R!- 5V6D2B<JTV^%Å�r�Æ uC<Gp�«N+(1G5�5�<J5�rÇ«6ÐlªhI
aIuC1G5�/P.?>WRU<J5�>D.0>B6D- 5V6 � .�67+<G67+�->2�R <J5�>B6D2D1G.?5V6D> ��·_5±T(1/2B6D.?RUA�E�1/2Ua}.0p,6D+�-�RU<J5�>B63271G.05V6�.?>\6D<�2D-UT%2D<=/�A�RU-�67+�-o/(1v6�1¢.?5y67+�-E?-21I>B6�>D[]A(1/2B- >�>D-U5�>D-Ia�6D+�-WT%2D.05�R .0T�E?-¡R21G5�3L-�pq<+2B8KA�E?1I67-U/&wµ §JÈ w=Å�rÉÆUu K%Ê å � rÉÆUu OQ���ÌË�I]`
� +�-)2B- Ê .0>h1h:�1GF+2D1G5�FJ-H8KA�E067.0T�E?.0-)2U�&*,+�-�-U5V6D2D<GT]^\Å�r�Æ up2D- T62D- >B- 5V67>�<JA%2jû�¹ üÎý�þYüÎý G]5�< � E?-U/�FJ-<Gp�6D+�-!>D<JE0A�67.0<J5&�S*,+�-�pqA�5�/(1G8�- 5V6�1IE}R�+(1/2D1GRU6D-)2W<GpC67+�-!8�-U67+�<N/�.0>�<Gp�67-U5y>�6D2D-U>D>B- /%1I5�/�.06+(1G>!3L-U- 5³>D+�< � 5#rÄ«=Ð	 ia ; uMr�*,·�)	aHIGu,6D+(1I6!.06KR21G5Á34-o/�-)2B.0YJ-U/³p^2B<J8Í>B.?8�T�E?-�R <J5�>B.?>�67- 5�RU^R <J5�/�.067.0<J5�>U�±ª¡E06D-)2B5(1I67.�YJ-UE0^²r�*,·_*Ra
Pvuxa�6D+�-c8:-;67+�<=/ÁR21G5Á34-oYN.0- � - /{1G>�1G5�<G6D+�-)2K6_^=T4-b<Gp2D- FGA�E�1/2B.?>D1I67.0<J5�8�-U67+�<N/&a�3]^ 2B- RU<JFJ5�.0>D.?5�F!6D+(1I6�t
[��hOx���ÌË�I]`�R 1G5�3L-l2D- � 2D.�6D67-U5�1G>µZÆ�äyw å � r�Æ u K z4Å�rÉÆ u OQ���ÌË~PJ`
� .067+�67+�-:-U5]632D<JTV^�1GR;67.05�FX1I>]2B- FJA�E�1/2B.?>71v67.?<G5XpqA�5�R;67.?<G5(1GE°�:«N-;YJ->271GE
pq<+2B8:>W<GpC67+�-�- 5V632D<JTV^Å�r�Æ u�+(12YG-S34- -U5XT%2B<JTL<G>D- /b1G5�/cA�>B- /&�H¦y-M+�1ZYG-SR�+�<J>D-U5b67+�-Wpq</2D8

Å�rÉÆ u ��K ÎÂ ��� Ã O Å � E?5 Å �Ï¼� K Å � M Ï¼� ` OQ���ÌËHZV`
� +�-)2B- f 2D- T62D- >B- 5V67>¡1G5o.?5�.067.?1GE�2D-;pq-)2D-U5�R -I��*,+�-M8�.?5�.?8�.?>71v67.?<G5�<Ip�OQ���ÌË~PJ`�.0>�- []A�.�YG1IE?- 5V6,6D<�w�:�=O å �®r�Æ u K zLÅ�r�Æ u�` � { aN3�A�6,5�< � a�.05�R <G5]63271G>�6,67<\6D+�-i:6v��_8�-U67+�<N/&a]67+�-	5�<J5oE0.?5�- 1/2�R�+�1/2��1GRU6D-)2W<Gp�6D+�-!- 5V6D2B<JTV^�pqA�5�R;67.?<G5(1GE�pq<+2BR -U>MA�>W6D<bT4-)2�pq<+2D8Ð67+�-!8�.?5�.08:.0>71I6D.?<J5�5]A�8�-)2D.0R21GE0E0^G�t
Ñ�RU.?- 5V6�1GE0FJ<+2B.067+�8:>H+(12YJ-�34- -U5c/�-UYG- E?<GTL-U/cpq</2�67+�.?>�>BTL-UR .0��R	R21G>B-�rÄ« )W·�a�IGu°�
·_5�6D+�.?> � <+2�G� -�+(12YJ-�T62D-Upq->232B- /\6D<lA�>B-�1G>h1�>D.?8�T�E0-
.067->271I6D.0YG-�1IE?FJ<+2B.06D+�8�6D+�-C<J5�-CA�>D-U/K.?5�v�-;p��=r Ñ  i:6aVËvux�*,+�-S8�.?5�.?8�.?>71v67.?<G5:E0-21G/�>�6D<�67+�-W>D-;6¡<Ip�-U[=A�1I67.0<J5�>SOqpq<+2,A�5�R <+2F2D-UE�1I6D- /c/(1I671V`;wÎÂ ��� Ã Ëó �� Ä �ÉÒ OQÓ � K ÙÂ � � Ã Ä � � Å � ` � zlE05 Å ÒÏVÒ ( Í � � ( Ç)ÇbÇ ( µ OQ���ÌË~]J`



z}S e\fhg�i�j�ò]k î

� +�<J>B-�pq</2D8Ô>BA�FJFJ-U>B6D>\1G5�.06D-)2D1I67.�YJ-�>D<GE?A�6D.?<J5 � +�->2D-:1I6W-21IR�+P>B6D- TPÕhMÖ�Ja ÏVÒ .0>	6�1HGI- 5%1I>67+�-MT62D-UY=.0<JA�>'2D-U>DA�E�6¡1I5�/o67+�-l2D.0FJ+V6�+(1G5�/�>D.0/�-�.?>�1GE0>D<�-;YG1IE?A(1I6D- /�1I6�67+�-MT62D-UY=.0<JA�>�>B6D- T&w

Å
×ÙØ ë ÃxÚÒ �

Å
×ÙØ ÚÒ -;mNT L Ëz ÎÛ ���LÜ}Ý �ÉÒ OxÓ � K ÙÛ � �LÜ Ý � �ZÞ ×ÙØ Ú� ` 0 ó �� O ( ß � � (2à2à2à�( µ Ox���ÌËHaV`

*,+�-�pq<+2B8¸<Gp�6D+�-,1GE0FJ<+2D.�67+�8át
[���OQ���ÙË�aV`£>D+�< � >}6 � <W<Gp�67+�-�8:<J>�6
.?8�T4<+2B671G5V6�T%2B<JT4-)2B6D.?-U><Gp£67+�-\ÀXt��_8�-U6D+�<N/�wC6D+�-l2D- >BA�E06D> � .0E?E&34-MTL<J>B.06D.0YJ-W<+2R�U-)2D<�.0p£67+�.0>�.?>�<JA%2�.?5�.067.?1GE4-;mNTL-URU671v�67.0<J5&�:ª¡>Spq</2W6D+�-x:%v��_8�-U6D+�<=/&a@67+�->2D-�.0>W5�<XRUE?-21J2MT62D- >BR)2B.?T�6D.?<J5P1G>M6D< � +�1I6S6D+�-�R <+2F2D- R;6T(1/2D1G8�-U67->2�z�>D+�<GA�E?/¢34-G�>��- >B.?/�-U> a@1I>¡.?5¢1G5V^X.�67-)2D1I67.�YJ-M8:-;67+�<=/¢<Gp}>D<JE0A�67.0<J5&a4<J5�- � <JA�E0/+(12YJ-�67< � <+2F2B^:1G34<JA�6C67+�-�.?5 � A�- 5�R -¡<G5:67+�-l�(5(1IE4>B<JE?AN67.?<G5:<Gp�67+�-�.?5�.�67.?1GE�FJA�-U>D> f 1I5�/�67+�-5]A�8K34-)2�<Gp£.06D-)271v67.?<G5�>WOQ>�67<JT�T�.?5�F!R>2D.06D-)2B.�1V`n�
 	5�R -�6D+�-c1GE?FG<+2D.�67+�8¤+(1I>KR <J5VYG-)2DFG- /Á67<�1¢R ->2B671G.?5±>B<JE?A�6D.?<J5�a�67+�-�A�5�R ->2B671G.?5V67.0- >�R 1G534-b-;YG1IE?A(1I6D- /Áp^2D<J8¶tH[��lOx�N�ÙËHaJ`\3]^�1GT�T�E0^=.?5�F�6D+�-�E�1 � <Ip	T%2B<JT(1GFV1v67.?<G5³<Ip	-)2F2D<+2B> ��*,+�--;mNT%2B- >B>D.?<G5bpq<+2�6D+�-WR <ZYI1/2D.?1G5�R -�8:1I632D.�m�.?>Uw

ó � ñ � ò � Iz � Þ � Þ Ò ÎÛ â �LÜ Ý
â � Ý â Òó �éAñ Ox���ÌËGãV`

äl<I67.?RU-C6D+(1I6£/�A�-C67<l6D+�-�5�<J5N�_E0.?5�- 1/2D.�6_^	<Gp(tH[���Ox���ÌËHaV`nav6D+�-�RU<®YI1/2B.�1G5�R -C8�1I632D.�mW.?5St
[4��Ox���ÌËGãV`.?>,<G5�E0^�1��%2D>B6l<+2B/�-)2�1GT�T%2D<2mN.?8:1I67.0<J5&�
ÿ,�9ÿ,�9ÿ ½�»¡¾\��å���
��(������æI$ 
�»¡�B¼´���N
��(����� �U½X$ "P$ �&��'	��)
*,+�-�t�Ào��1GE0FJ<+2D.�67+�8�.?>M1bFG- 5�->271GEH8�-U67+�<N/�pq<+2W8�1®m�.08KA�8çE0.NGI- E?.0+�<=<N/¢-U>B6D.?8:1I67.0<J5�<Gp,T(1v�271I8:-;67-)2B>Sp^2B<J8s.?5�RU<J8:T�E?-U6D-:/�1I6�1±r r�tCÀ ]~]vux�X*,+�-�8:-;67+�<=/%.0>S.05%- >B>D- 5�R -o.06D-)2D1I67.�YJ-�1I5�/2D-UR -U.0YJ-U>M6D+�-!5(1G8�-�p^2D<J8Ð67+�-�6 � <X>B6D- T�>]2D-U[]A�.72B- /�pq<+2�.06D>W1GT�T�E0.?R21v67.?<G5&w\�®`	RU<J8:T�A�67-�67+�-R <G5�/�.06D.?<J5�1GESèBéU¹(è�ê;ë�ûGë ý�þvì <Gpl67+�-�E?<GFI�_E0.NGG-UE?.0+�<N<=/&aHËG`�T4-)2�pq<+2D8í67+�-�îÖû2é ý î ý?ï ûGë ý�þvì <Gp	67+�--;mNT4- R;6�1I6D.?<J5&��*,+�-c8�-U67+�<N/ � 1G>!1GT�T�E?.?-U/%67<¢6D+�-oT%2D<G3�E?-U8í<Gp�.08�1GFG-U2D-UR <J5�>B6D2BA�RU6D.?<J5Á.05- 8�.?>B>D.0<J5�1G5�/c6D271I5�>D8�.?>B>D.?<G5c6D<J8�<JF+271IT�+V^Ja�3V^c-;mNT�E0.?RU.067E�^�1I>D>DA�8:.05�F�6D+(1I6�67+�-M/�1I6�1�pq<JE?E0< �67+�-Wph<J.?>B>D<J5�>B671I67.0>B67.0R >:rÇ«�ð¡tsaVËvu9r :�ª¡ä>aHIIu°��*,+�-:1GE?FJ</2D.06D+�8Ð<J3�6�1I.?5�-U/y.05�6D+�.?> � 12^�R <JA�E0/1GE0>D<�3L-c1IT�T�E?.0- /%6D<y<JA62�T(1/2B6D.?RUA�E�1/2\*£ª�ñM«%.?5VYJ->2D>D-�T%2B<J3�E?-U8b�P·_5]6D-)2B- >B6D.?5�FGE0^JaH67+�-�>D1G8�-1GE0FJ<+2D.�67+�8ò.?>C<J3�6�1I.?5�-U/�.?5Wv�-;p��&r r�ª�ñMã
PZu�3V^:A�>D.05�F���1Z^G- >�6D+�- <+2B- 8��}*,+�-i��1Z^G- >�6D+�- </2D- 82D-UE�1I6D- >�67+�-SR21GA�>B- >�OqT(1/271I8:-;67-)2B>lÆZ` � .06D+X.06D>¡-;��-URU67>�OQ/(1I671�ó£`l1G5�/�R21G5¢34-\>BA�8�8�1/2B.?>B- /&aA�>B.?5�F�1!5�<G6�1v67.?<G5oR E?<G>D-	67<�<JA%2,T62D<J3�E0- 8�a�.05c6D+�-�pq<+2D8\A�E�1�w

ô�O Þ Ò |�Ó � ` � ô:OxÓ � | Þ Ò `Bô:O Þ Ò `� ÙÒm�LÜ ô:OxÓ � | Þ Ò `�ô�O Þ Ò ` Ox���Ä� ; `
ðl->2D-:ô�O Þ Ò `�O " Þ Ò 0 � ÙÒ��LÜ Þ Ò `i2D-UT%2D-U>D- 5V6D>\67+�-fû�¹ üÎý�þYüÎý T62D<J3(1I3�.?E0.06_^b<J5�6D+�-�pq- -U/�.?5�FG> Þ Ò �ô:OxÓ � | Þ Ò `�2D-UT%2D-U>D- 5V6D>�67+�-�RU<J5�/�.�67.?<G5(1GE�T%2B<J3(1G3�.?E?.�6_^S6D+(1I6H67+�-�/�1I67A�8�Ó � .0>CT62D<=/�A�R -U/�3V^�67+�-R21IA�>D- Þ Ò a � +�.0R�+:.0>}3V^�/�-;�(5�.06D.?<J5\- []A�.0YI1GE0- 5V6
67< Ý �ÉÒ ��E�.?5�1GE?E�^JaJô:O Þ Ò |�Ó � `�.0>�67+�-*û�¹ þZï ë�è üÎý�þYüÎýR <G5�/�.06D.?<J5�1GE	T%2B<J3(1G3�.0E?.�6_^{67+�1I6c67+�-yT(1/271I8:-;67-)2 Þ Ò � 1G>bR21GA�>D-P<Ip\67+�-y/(1v67A�8 Ó � �­*,+�-



î�ï@îëê¶ì # ô�kJø�j®f�ù�ö Æ ô�k�j®f�ò`ö)ô|ì ÷ j�ø^ô|õ�ô Æ ø!ì!ìîíDiaô|ö)ò ó ì[ø�õ�ò]g�kyø[õ}ï|ò]kJö>òbihk�ô , ì^ò=ù£ö z}q
/�- 5�<G8:.05(1I67</2l<J5�67+�-W2D.0FJ+V6¡+(1I5�/¢>D.0/�-M<GpCt
[4��Ox�N�Ì� ; `�-U5�>DA%2B- >¡6D+�-\T62D<JT4-)2l5�<+2D8:1GE0.?>71v67.?<G51G5�/!T%2D-U>DA�8�- >}6D+(1I6}6D+�-,R21IA�>D-U>¡O�pq- -U/�.?5�FG>�`�1/2B-�.?5�/�- T4- 5�/�- 5V62�
*,+�-R��1Z^G- >
pq<+2B8KA�E�1�FJ.0YG- >H1� 12^�67<W.08:T%2B<ZYJ-,<JA%2H.05�.06D.�1GE]- >�67.08�1I6D.?<J5�<IpL6D+�-,T(1/2D1G8:-;67->2D>H3(1G>B- /�<J5�6D+�-,8�-21G>BA%2D-U8:-U5]6D> a� +�.?R�+cR21I5�34-	-nm�T�E?<J.�67- /o3V^U2D- RU<JFJ5�.0>D.05�F\67+�1I6�67+�-�-;mNTL-URU6D- /cYG1IE?A�-l<Gp�67+�-	pq-U- /�.05�F Þ Ò R21G53L-l2D-UE�1I6D- /o67<!67+�-M-nmNTL-URU67-U/bYI1GE0A�- >�<Gph67+�-W/(1v6�1PõóP67+%2B<JA�FJ+

Þ Ò � �� Î���LÜ Ý �ÉÒ ÎÛ ���LÜ ô�O Þ Ò |�Ó � `höÓ � ( ß � � (2à2à à ( µ OQ���Ä���®`
� +�-)2B-n� Î���LÜ Ý �ÉÒ 2B- T%2B- >D-U5V67>�67+�-�-;Ñ:RU.?-U5�RU^�pq</2�/�-U6D- R;67.?5�F!1K/�- R 1Z^�67<�E?-;YJ-UE ß �
*�1HG].05�FKpq<+267+�-�-nm�T4- R;67-U/cYI1GE0A�-cõó�67+�-¡8:- 1G>DA%2B- /�YI1GE0A�-	óy1G5�/o.?5�>D-)2�67.05�FKt
[���Ox�N�Ì� ; `C.?5V6D<�t
[4�&Ox���Ä���®`na� -S1/232B.0YG-W1I6�67+�-W.06D-)2D1I67.�YJ-�1GE0FJ<+2B.067+�8bw

Þ ×ÙØ ë Ü ÚÒ � �� Î���LÜ Ý �ÉÒ ÎÛ ���LÜ Ý ��Ò Þ ×ÙØ ÚÒ Ó �� Ù � �LÜ Ý � �ZÞ ×ÙØ Ú� ( ß � � (2à2à à ( µ OQ���Ä�VËJ`
*,+�-¡tCÀ�1GE0FJ<+2D.�67+�8¸>D+(1J2D- > � .067+!67+�-�ÀXt±1GE0FJ<+2B.067+�8¸67+�-¡T%2B<JTL->2B6_^!<Gp&TL<J>B.06D.0YJ-U5�- >B>�<Gp67+�-K>B<JE?AN67.?<G5&a41G5�/�+(1G>�67+�-K1G/�YI1G5V6�1GFG-\<GpH5�<I6	.?5VYG<JE0Y=.?5�F�1G5V^�2D-UFJA�E�1J2D.?>D1I67.0<J5�T(1/271I8:-;67-)2U�«N.?5�RU-S6D+�-K2B- E�1v67.?<G5�<Ip}67+�-Mpq- -U/�.?5�FG> � .�67+b6D+�-\/�1I6�1,2D- T62D- >B- 5V67-U/�3]^bt
[��}OQ���Ä�VËJ`,.?>�E?.?5�-21/2UaÆ ×÷Ø ë Ü Ú �Íø ×÷Ø Ú â óHa,.06:.?>�T4<J>D>B.?3�E0-�6D<%- >�67.?8:1I6D-�6D+�-XA�5�R -)2�6�1G.05V67.?-U>�1G5�/¯R <+2F2D-UE�1I6D.?<J5�>!<Gp67+�-¢T�1/271G8�-U6D-)2B>�3V^¯1IT�T�E0^=.05�Fy6D+�-XE?1 � <Ip�T%2D<GT(1GFV1I6D.?<J5�<Gp�->232D</2D>o1I6:67+�-bTL<G.?5V6 � +�-)2D-R <J5VYJ->2DFJ-U5�R -\.?>,<J3�671G.?5�- /&w è � ��ø âÄè é â ø ç OQ���Ä�J�V`
ªl>�R 1G5:34-�<J3�>B-)2BYG- /&a�5�<S-nmNT�E?.0R .06
1G>D>BA�8:TN67.?<G5�1G34<JA�6H6D+�-�>B6�1v67.?>�67.0R >C1GT�T�E0.?R 1G3�E?-�67<W67+�-/(1I6�1!+(1G>�34- -U5b.05]YG<~GG-U/X.05�<G3�6�1G.05�.?5�F\67+�-M1GE0FJ<+2B.067+�8b�





ù ú û¨ü ýyþ¬ÿ �
� ú þ � û ýPû � � û���� 	�
�	 û�� 
 � þ�	�� �@ý�	

����� ��ÛyÝaÞaÚ���ß��#Ýaà)Ú,Û
·_5²6D+�.?>�R�+(1GT�6D-)2 a�67+�-�/�1I6�1±1G5�/�2B- >BA�E06D>o<J3�6�1I.?5�-U/&a�1/2D-�T%2B- >B- 5V67-U/&��ª¡>o8�- 5V6D.?<J5�-U/�.?5>D- R;67.0<J5²���ÌËNa,-UYG-)2B^¯-UYJ-U5V6 2D- RU<+2D/�- /�<J5¯671GTL-bR <J5�>D.?>�67>�<IpM1P>D-;6o<GpM�HI%T�1/271G8�-U6D-)2B> �Öª>D<+2�67.?5�FoT%2D<JF/271G8�a � 2B.06B67- 5�.05áps:
��E�1G5�FGA(1GFJ-Ia � 1G>�A�>D-U/�67<�+�.0>B6D<JF+271I8�6D+�-�T�A�E0>D-n�_+�-U.?FJ+V6/(1I6�1Mp^2D<J8�6D+�-¡-;YJ- 5V6D>,<J5�6�1ITL-I�}·_5�67+�.?> � 12^Ja=67+�-�6 � <�RU<J8:T4<J5�-U5V67>�<Ip&67+�-¡t���� é�ë �_/�-UR212^� ->2D-�-;m=6D2D1GRU6D- /�3V^�2D-U[]A�.72B.?5�F	RU<J.?5�R .?/�- 5�RU- >
34-U6 � - - 5�1	>D8:1GE?E�ñ�-Tìl��2712^K/�-;67-URU67</2
<+2
1i¡!t«N.}/�-;67- R;67<+2M1G5�/¢67+�-!äl1G·;OQ*,E�`�OQ*hª�«�`n�@ðl< � -UYJ->2 a£1G>	-nm�T�E�1G.05�- /�.?5�>B- R;67.?<G5�>iI��Ä�o1G5�/ I��JI�a>DA�R�+�2D1 � >DT4- RU63271�+(1G/b6D<:34-MT%2D<=R -U>D>D-U/¢.?5�<+2B/�-)2�67<�FJ-U6�67+�-W2B.?FJ+V6�>DT4- R;6D271!pq<+2�1G5(1GE�^=>D.?>U�*,+�-bpq-U- /�.05�FP/�.0>B632D.?3�A�67.0<J5�>!1G5�/ é �_>B632D-U5�FG67+�>:<Gpl67+�-b/�- R 12^N>:>B6DA�/�.?-U/¯1/2B-bT62D- >B- 5V67-U/�.?5>D- R;67.0<J5�>CI��QZ!1G5�/cI��^]K67<JFG-U67+�-)2 � .06D+X1�R 1/2D-;pqA�E@/�.?>BR A�>B>D.0<J5&�
���! "$#&% â�ÞaÚ��'%(��ß�Þ)% *�Ú %nå�*aÞaä+�'*,*)#&% �dä-*�ä
ª¡E?EN67+�-,E0.?>B6��_8�<N/�-�- 5�-)2DFI^�>D.0FJ5(1GE0> � ->2D-�>71G8�T�E0- /�3V^3I
)�ªwr.��> �}ðl< � -;YJ->2 a�.�6 � 1G>O271GT�.0/�E0^pq<JA�5�/�67+(1I6M67+�-/�tpH© 67.?8�-s2D-U[=A�.72D-U/P3V^�67+�-�1G5�1GE0^=>D.0>WT%2D<JF/271G8�> � +�- 5%-U5�-)2BFG^�>DT4- R;6D271<Gp}>BA�R�+¢1�3�.05�>B.N�U- � -)2B-W- 8�T�E?<Z^J-U/&a(-;mNRU- - /�- /�3V^�pQ1/2�6D+�-WR <J8�T�A�6D.?5�F�T4< � ->2l<Gph67+�-WpqA�E?E0^/�- /�.0R21I6D- /!ªw:6pHðlª�ªlA � </2mG]>B671I67.0<J5 � .067+o�ZËHaVÀ��°v�ª�À¥1G5�/!1wIV�J�WÀXðC�Rr�t0�C�9ªw:6pHðlªT%2D<=R -U>D>D</2 ��*,+=A�> a�67+�-!>D.8� -!<GpC67+�-!*hª�«]�9>DT4- R;6D271�+(1G/�67<c34-!R <J8�T%2D-U>D>B- /P3V^�1�pQ1GR;67<+2�<GpÕ*a�.?5�<+2D/�-)2�67<�8�1�GG-�67+�-�1G5�1GE0^=>D.0>�pq-21G>B.?3�E0-G�!ª¡>M1G5�-;m�1G8�T�E?-Ia�.06W.?> � <+2B6D+y8�- 5V6D.?<J5�.05�F67+(1I6�67+�-lR <J5�>B6D2BA�RU6D.?<J5:<Gp&6D+�-i2B- >DT4<J5�>B-	8:1I6D2B.�m � +�-U5o>DT4- R;6D271S<Gp1I ;~; R�+(1G5�5�- E0>,1/2D-�A�>B- /&a2D- []A�.@2D-U>CÕ�I ; 8�.?5�a � +�.0E?-l<J5�E0^WÕ¬���^P\8�.?5�1/2D-l5�- -U/�- / � +�-U5c6D+�-	>B.N� -¡.?>�<G5�E0^�Ë ;~; R�+(1G5N�5�- E0> ���<I67+¢>B.?8KA�E?1I67-U/�1G5�/�-nmNTL->2D.?8�- 5V671GE�2B- >BTL<J5�>D- >W5�-U- /�67<�+(12YJ-K67+�-K>71G8�-KR 1GE?.03%271I6D.?<J5�>pq<+2�67+�-M1G5�1GE0^=>D.0> �
*,+�-M>DT4- R;6D2D1�a � .06D+b1I5b-U5�-)2BFG^cR21GE0.?3%2D1I67.0<J5�FG.0YJ-U5b3V^ct
[��£O!I����®`

�R¥2143VO�·U` �65 K ã
] à P ; ahM P à �J�J�s·£M²� à PGËJË â � ; ê � · � O�$¼/87K` ·>öÖ�\Z ; à aHa
PK �¿I
] à aGãJ�CM P à Z
] ; ·,O�$¼/87K` ·>÷Ö�\Z ; à aHa O!I����®`



ð�ð e\fhg�i�j�ò]klz
� -)2D-n2D-n�_R21IE?.?36271I6D- /!67<S6D+�-¡>B.?8KA�E�1I6D- /s2D-U>DT4<J5�>D-U>�A�>B- /o.?5!67+�-	1G5(1IE0^=>D.0> � .�67+�1SR21IE?.?36271I6D.?<J5FJ.�YJ- 5�3V^ct
[���OØI��ÌËJ`� Ø � Ù O�·U` � 5 K �¿I à ���ôPRM��~Z à ]G�N�s·£M�� à I~I�� â � ; ê �%·���O�$¼/87\` ·hö²ËG� à ã ; ËK �J� à ZVË~]RM��~a à �HI
Pt·£M ] à �HI'P â � ; ê � · � O�$¼/87\` ·h÷²ËG� à ã ; Ë O!I��ÙËJ`

ª�6¡6D+�.?>lTL<J.05V62a�<J5�-S8KA�>B6¡/�.?>BR A�>B>l6D+�-\>�6�1I6D.?>B6D.?R 1GE�/�.?>�6D2D.03�A�6D.?<J5�A�>D-U/X67<�- >B6D.?8:1I67-W67+�-A�5�RU-)2�6�1G.05]6D.?-U>�<Gp&6D+�-¡*hª�«V�_>DT4- R;6D2D1��H*,+�-¡/�.0>B632D.?3�A�67.0<J5�1IT�T�E?.0- /:.?5�8�<J>�6�<Gp�67+�-l>D.06DA(1I6D.?<J5�>.?5S>DT4- R;6D2D<G>DR <GT]^Ga=1G5�/�.?5S<G67+�-)2��(-UE?/�>UaJ.?>�67+�-�p£<J.0>D>B<J5�<J5�-I��*,+�.0>�+(1GT�TL-U5�>
-UYG- 5�pq<+2h>D-UYG-)2D1GE/�<JA�3�6DpqA�E�R21G>B- > � +�->2D-�67+�-¡R <J5�/�.067.0<J5�>�pq</2�67+�-W1GT�T�E0.?R21I3�.?E0.06_^�<Gp�6D+�-ip£<G.?>D>B<J5c/�.?>�6D2B.?3�A�6D.?<J51/2B-:5�<�E?<G5�FJ-)2�pqA�E��(E?E0- /&�ÖE(<+2�67+�-:>B.067A�1I67.0<J5�T%2D-U>D- 5V6D- /%+�->2D-Ia£67+�--2B- []A�.72B- 8�- 5V6M67+(1I6M67+�-/�-UR212^�T%2D<G3(1G3�.0E?.06_^ 4 Ó:9�pq<+2W1G5�.05��(5�.�67- >B.?8:1GE�67.?8�-K.05]6D-)2�YG1IEG2D-U8�1G.05�>	RU<J5�>B671G5V62a � +�-)2B- 4.?>�67+�-SRU<JA�5V67.05�FU2D1I67-IaL.0>�5�<�E?<G5�FJ-)2,632DA�-I��*,+�-\8�-21G>BA%2D.05�F�6D.?8�-W<Gp}67+�-S/�.���->2D-U5]6l>D<GA%2DRU- >>B6DA�/�.0- /¢.05X67+�.0> � <+2mG�-;m=6D- 5�/�-U/�67<�>B-UYG-)271IE}+(1GE�p
E?.�YJ- >Ua � +�.0R�+¢8�-21G5�>�67+(1v6�1�8:1ôgB<+2�T(1/2�6<GpC67+�-!T4<J>D>B.?3�E0-�/�- R 12^N> � -)2D-,2D-UFJ.?>�67->2D- /���«N.?5�RU-�67+�-!/�-;67- R;67<+2WA�>B- /y+(1G>M1o/�-U6D- RU6D.?<J5�-;p���(RU.?- 5�RU^³<Gp*Õ¶�Ja�6D+�-c67<G671GE�5=A�8K3L->2:<Ip�R <JA�5]6D>�ä�<GpW1�R <J5�/�.06D.?<J5N�°p^2D-U-�*hª�«³>DT4- RU632DA�8R21I5�34-cR <J5�>B.?/�->2D-U/¯1G>�67+�-c6D<G6�1IE�5]A�8K34-)2!<Gp	/�- R212^=> a�1G5�/Á67+�-cA�5�RU-)2�6�1G.05]6_^³1I>D>D<=R .?1I67-U/� .06D+�.06¡>D8:1GE?E0-)2�67+(1G5¢6D+�-K<J5�-K-;mNT4- RU6D- /�p^2D<J8�1¶p£<G.?>D>B<J5�/�.0>B6D2B.?3�AN67.?<G5&�	*,+�.0>�1/2DFGA�8:-U5V6.?>�+�< � -UYG-)2�5�<G6�YI1GE0.?/%pq<+2K6D+�-o*£ª	«ÁRU<J.?5�R .?/�- 5�RU-�>BTL-URU63271�aC>D.05�R -o67+�-oE?.?8�.06D- /%-;Ñ�R .?-U5�RU^<Gp£67+�-M1G5�RU.?E0E�1/2�^�/�-;67-URU67</2D>¡A�>D- /�67<,2D-U[=A�.72D-�6D+�-SRU<J.?5�R .?/�- 5�RU-M.05V6D2D<=/�A�RU- >l1G/�/�.�67.0<J5(1GEL>B6�1®�67.0>B6D.?R21IE � A�RU67A�1I67.0<J5�> �y*,+]A�> aC67+�-oR>2D.06D-)2B.?<J5Á1G/�<JT�67-U/Á.?5%67+�.?> � <+2mGP.?>\6D<�R <J5�>B.?/�->2K67+(1v667+�-�R <J5V67-U5V67>�<Gp�67+�-W*hª�«�>DT4- R;6D271�OqR <J.05�R .0/�- 5V6�<+2,5�<I6n`Cpq<JE0E?< � 67+�-�ph<J.?>B>D<J5c/�.0>B632D.?3�A�67.0<J5&�ðl< � -UYG-)2 a&6D+�-\.05 � A�-U5�R -S<GpHR <G5�>D.0/�-)2B.?5�F�1:8KA�E�67.05�<J8�.�1GEL3L-U+(12YN.0<JA%2l<Gp}67+�-\-;mNT4-)2B.?8�- 5V6�1GE>DT4- R;6D2D1 � 1G>K1GE?>B<¢R�+�- RyGI- /Ápq<+2\RU<J8�T(1/2D.0>D<J5��b*,+�-�R <J5�RUE?A�>B.?<J5%1Ip�67->2\/�<J.05�FX>B< � 1I>\67+(1v6>DE0.?FJ+V6DE0^�>B8�1GE0E?->2�OQ.?5!pq- � T4-)2BR -U5]6�`�A�5�RU-)2�6�1G.05]6D.?-U>�1/2B-¡<J3N6�1G.05�- /!pq<+2H67+�-��(5(1GE�2D-U>DA�E�67>U�
·96�.0>� <+2B6D+y8�- 5V67.0<J5�.05�F�67+(1v6�67+�-!8KA�E�67.05�<J8�.�1GE�34- +(12Y=.?<JA62M.05V6D2D<=/�A�RU- >WR </232D-UE�1I6D.?<J5�>	3L-;6 � -U- 567+�-�/(1I671��X*,+�-�-;mNT%2D-U>D>B.?<J5�>Kpq</2M6D+�-�R21IE?R A�E�1I6D.?<J5�<Gp�6D+�-�A�5�RU-)2�6�1G.05]6D.?-U>\.?5y67+�-:>B6D2B- 5�FI67+FJ.�YJ- 5X.?5�1GT�TL-U5�/�.�mXª\a4-;mNT�E0.?RU.067E�^cR <J5�>D.?/�-)2l6D+�.?>�pq-21I6DA%2D-I�	·_5¢67+�-KR21G>B-K<Gpdph<J.?>B>D<J5�>�6�1I6D.?>��67.0R >Ua&1GE0Eh<I�4�9/�.�1GFG<J5(1GE@-UE?- 8�- 5V6D>	<Gp
67+�-KR <ZYI1/2D.?1G5�RU-\8:1I6D2B.?R -U>lRU<+232B- >BTL<J5�/�.?5�F�6D<�67+�-\/(1I6711/2B-o5=A�E?E°�yäl-;YJ->2B67+�- E?-U>D>Ua�67+�-o5�<G6�1I6D.?<J5 � -c/�-UR .?/�- /Á67<¢pq<JE0E?< � .?5%6D+�-�67-nmN6�.0>\67+�-c8�<J>B6FJ-U5�-)2D1GE&<J5�-	1G5�/ 2D-;pq-)2D>,-nmNT�E?.0R .06DE0^�6D<�R <ZYI1/2D.?1G5�R -¡8�1I632D.0R - >�1G5�/o5�<G6�<J5�E0^�67<�.�67>�/�.�1GFG<J5(1GE- E0- 8�- 5V67>U�
*,+�-d2D1 � t��µ1G5�/ é ë �9>DT4- R;6D271y5�- -U/�- /�67<P3L-bR <+2F2D- R;67-U/¯pq<+2�RU<J5V6�1G8�.?5(1v67.?<G5&�²*,+�-T%2B<NRU- /�A%2B-,.?>£T%2D-U>D- 5V6D- /�.?5�t
[��(OØI��Ì�J`;��*,+�-�>DT4- R;6D2DA�8¸p^2D-U-,<Gp�R <G5]671G8�.?5(1G5V6D>0;W.?>�<J3�6�1I.?5�-U/p^2D<G8¨67+�-]2D1 � E?.0>B6��_8�<N/�-l>DT4- R;6D2DA�8=<#3]^�>DA�3�63271GR;67.05�F�6D+�-�T�A%2B-SRU<J5V6�1G8�.?5�1G5V67>?>{1G5�/A@� .06D+�6D+�-XT%2B<JT4-)2�5�<+2D8:1GE0.?>71v67.?<G5�>!zCB 1G5�/�zCD��²*,+�-bR <ZYI1/2D.?1G5�R -�8:1I6D2B.�m óCE ñ E ò <Ip+;±.0>R21IE?R A�E�1I6D- /c.?5o67->2D8�>�<Gp£6D+�-M<G67+�->2�R <ZYI1/2D.?1G5�R -U>�1G>�FJ.0YG- 5�3]^�t
[��£O!I��JI]`na � +�.?R�+�.?>�1�/�.72B- R;62D-U>DA�E�6Wp^2D<J8Ð67+�-:ñW1GA�>D>W->232D</2MT62D<JT(1IFV1I67.0<J5¢pq<+2B8KA�E�1N�K*,+�-�>DT4- RU63271�1G5�/�5�<+2B8�1GE0.?>D1I67.0<J5�>A�>B- /bpq</2�6D+�-W/�.0�L-)2B- 5V6lR21G>B- >l1/2D-M/�- >BR)2B.?34- /�.?5�/�-U671G.?E&.05b>B- R;67.?<G5�>hI��Ì�����Ja�I��Ì���ÌËNa�I��JI����\1I5�/I��JI��ÌËN�

Å ���GFh��K zCBh� ��K zHDJI � $ � � à�à0à ä O!I��Ì�V`óCE ñ E ò � óLK ñ K ò M�z � B ó B ñ B ò M{z � D ó D ñ D ò M�� � � Ò�óLMON M³� � � ÒyóLMON O!I��UI]`



z�ï@î£ñSf�ò Ü � �!P ô Ë ê + Ü � �!Q/R ó g�jZg ð�î
*,+�-:/�.?>�67<+2�67.0<J5y<Ip�67+�-:>DT4- R;6D271b.?5�/�A�R - /P3]^�6D+�-�-UE?- R;6D2B<J5�.?R�T�A�E0>D-�T�.?E0- A�Ty8KA�>�6K1GE0>D<3L-r2B- 8�<®YG- /cp^2D<J8 67+�-�>DT4- RU63271��� ¡67+�-)2 � .0>D-Ia�1G>�-;mNT�E?1G.?5�- /c.?5�rS��ª	älãJãG3�uxa�67+�-�A�5�T�+V^=>D.0R21GER <J5V6D2B.?3�AN67.?<G5�<Gp�67+�-�T�A�E0>D-,T�.0E?-UA�T\67<�6D+�-,/�- /�A�R -U/ é �_>�6D2B- 5�FG6D+!.?>}/%2D1G8:1I67.0R21GE0E0^W- 5�+(1G5�RU- /&�ª�YJ-)2�^�T%2B- R .0>D-�8�-U6D+�<N/�3�1G>D-U/�<G5¢67+�-K632DA�-�T�A�E?>D-\>D+(1GT4- � 1G>�- >BTL-UR .�1IE?E0^b/�-;YJ- E0<JT4- /�pq<+267+�.0>W1GT�T�E0.?R21v67.?<G5&�iE(<JE?E0< � .?5�F�67+�-�T%2B<NRU- /�A62D-�/�-U>DR)2B.?34- /�.?5ÁrS��ª	älãJãG3�uxa&67+�-�/�.?>B6D<+2B6D.?<J5UT.?5V6D2B<N/�A�R - /P3]^�-UE?- R;6D2B<J5�.?R�T�A�E0>D-:T�.?E0- A�T � 1I>KR21GE0R A�E?1I67-U/�pq</2S- 1GR�+%>DT4- R;6D2BA�8b��*,+�-U5&a
1G>-;mNT%2D-U>D>B- /�3]^�t
[���OØI��^PG`;a�6D+�-X/�.0>B6D<+2B6D.?<J5 � 1I>�>DA�3�6D2D1GRU6D- /¯p^2D<G8¶67+�-bR <J5V6�1I8:.05(1G5V6:p^2B- ->DT4- RU632DA�8 ;��C*,+�-X5�</2D8:1GE?.0>71I6D.?<J5³zLV#<Gp�6D+�-X/�.?>B6D<+2B6D.?<J5³A�>B- /¯.05�67+�-X>DA�3�6D2D1GRU6D.?<J5 � 1G>/�-U6D-)2D8�.?5�- /X3V^b1:E0-21G>�6¡>B[]A(1/2D-U>l��6 � .06D+�.?5c67+�-K2D-UFJ.?<G5b<Gp£67+�-S>DT4- R;6D2DA�8 � +�-)2D-\<J5�E0^�67+�-T�.?E0- A�TcR <G5]632D.03�A�67.0<J5c.?>,T%2B- >B- 5V62a(67+�1I6�.?>Ua�1G3L<ZYG-W6D+�-�b _
` �Å
ô ��� Å ��K zLV@ô � $ � � à�à0à ä O!I��QPJ`óCE V ñ E V ò � óCE ñ E ò M ó �MOW ô � ô Ò O!I��UZV`

*,+�-	R <ZYI1/2B.�1G5�RU- > óCE V ñ E V ò 1vp�67-)2H67+�-¡>DA�3�6D2D1GRU6D.?<J5�.05�t
[��&OØI��UZV`;a=+(12YJ-	34- -U5�-UYI1GE0A(1I6D- /�RU<J5N�>D.?/�-)2D.05�FM<J5�E0^�6D+�-�-)232B<+2 óLMOW 1G>D>B<NRU.�1I6D- /:6D<M6D+�-�5�<+2D8:1GE0.?>71v67.?<G5\pQ1GRU6D<+2�zCV£a�1G>B>DA�8�.?5�FM6D+(1I667+�-�R21IE?R A�E�1I6D- /!/�.?>�67<+2�67.0<J5XT�.0>}p^2D- -�<GpLA�5�RU-)2�6�1G.05]6D.?-U> �}*,+�-'2B- >DA�E067>
pq<+2}6D+�-,/�.���->2D- 5V6CR21I>D- >R21G5�3L-�pq<JA�5�/b.05c>D- R;67.0<J5�>RI��Ä���0�Ga�I��Ä���ÙË=a�I��JI��0�M1G5�/fI��JI��ÌËN�
���ZY "$#&% �ôP ;C[ Ú]\ K ^ �ôP ;`_ba �&c-*dc
*,+�-�67<G671GEh6D.?8�-\/�-U/�.?R 1I67-U/�67<�67+�- Ü � � ðl<oË:e + Ü � � r¡^X8�-21I>DA%2B- 8�- 5V6 � 1I>��J�J�JIo+�<JA%2B> �r	A%2D.05�Fl6D+�.?>�67.08:-IaG1�67<G671GE]5=A�8K3L->2�<GpTPN�Ì�~P â � ;H� -UYG- 5V67> � -)2B-M2D-UFJ.?>�67->2D- /\3]^W6D+�-�1GRU[]A�.?>B.067.0<J5>B^=>B6D- 8��
f ��ÿ���� ½Ug ��¾\��å����(

*,+�-ct��C�_R <G8:T4<J5�-U5]6\<Gp,67+�- Ü � � ðl<�Ë e + Ü � � r¡^y/�- R212^ � 1G>\8:- 1G>DA%2B- /%3V^£2D- []A�.@2D.05�F¢1R <J.05�R .0/�- 5�RU-b34-U6 � - -U5�6D+�-b*hª�«Á1G5�/Á67+�-�R�+�1/271GR;67->2D.?>�67.0R ì��v2D1Z^=>!<Gpwr¡^J�Á*,+�.?>�YG-)2B^Á>B-;�E?- R;67.�YJ-�R <J5�/�.067.0<J5�/�.0/y5�<I6\12YG<J.?/y1�>B8�1IE?E
1G8�<JA�5V6M<Gp�R <J5V671G8:.05(1I6D.?<J5�RU<J8:.05�Fop^2D<J8�67+�-Ü � � tO2x+ Ü � � ð�<�1G5�/ Ü � � r¡^¼+ Ü � � *,3Á/�- R 12^N>!/�A�-�67<X6D+�-��(5�.�67-�-U5�-)2BFG^Q2B- >D<GE?A�6D.?<J5y<Gp�67+�-ìl�v2D12^�/�-U6D- RU6D<+2M1G5�/���<J8�T�67<J5�-UYG- 5V67>U�¶E�.0F��Hr I��0�Uu
>D+�< � >M67+�-s2D-UFJ.?<G5�<Ip�.?5V6D-)2D-U>B6M<Gp�67+�-- 5�->2DFG^�>BTL-URU632DA�8 2D- RU<+2D/�- /�.?5X6D+�-�ñW-Wìl�v2D12^X/�-;67-URU67</2�/�A%2D.05�F�67+�-�8:- 1G>DA%2B- 8�- 5V62�W*,+�-67+%2B- -3) º Ü ) º � /�<JA�3�E?-U6D>¡RU<J8:.05�F!p^2D<J8µ67+�- Ü � � r¡^�/�- R 1Z^%OQ*,3dì��v2D1Z^=>7`�<J5¢6D+�-\E0-Up�6l>D.?/�-GaÜ � � ðl<¢/�-UR212^²O!r¡^{ìl�v2D12^N>7`S.?5�67+�-�R - 5V632D-GaH1I5�/ Ü � � ta2K/�-UR212^�OQðl<`ì��v2D1Z^=>7`S<J5P6D+�-U2B.?FJ+V6>D.?/�-Ga�1/2B-�R E?- 1/2DE�^�Y=.0>D.?3�E?-G�ò·_5�<+2B/�-)2o6D<�2B- 8�<ZYJ-�67+�-�RU<J5V6�1G8�.?5(1v67.?<G5�> a�67+%2B- -�/�.���->2D- 5V6*£ª	«]�_>BTL-URU6D2D1 � -)2B-\1GRUR A�8\A�E�1I6D- /�3V^Z2D-U[=A�.72D.05�F�1�R <J.05�R .0/�- 5�RU- � .067+c67+�-M*,3�aTr¡^c1G5�/bðl<ìl�v2D12^N>U�H*,+�-l6D+%2D-U-	T(1G.@2D>C<Gp@YJ->2B67.0R21GE4/(1G>B+�- /oE0.?5�-U>�.05lE�.0F��Lr I��0� u4E0.?8�.06
67+�-¡- 5�-)2DFI^U2B- FJ.0<J5�>A�>D-U/y67<c-U>B6�1I3�E?.0>D+¢67+�-�RU<J.?5�R .?/�- 5�RU-G�K*,+�-!5]A�8K34-)2W<Gp�R <GA�5V67>l2D-UFJ.?>�67-)2B- /�.?5¢6D+�-!*,3&a%r¡^1G5�/bðl<,2D- FG.?<J5�> � 1G> a�2B- >DT4- R;67.�YJ- E�^JaLËN��� ;¼â � ; � a|P=�^PHa â � ; ��1G5�/y�J�ÌË�I â � ; �Ua � +�.?E0-	67+�-W5]A�8K34-)2<GpHR <JA�5]6D>�.?5X6D+�-KRU<+232B- >DT4<J5�/�.?5�F�RU<J.?5�R .?/�- 5�RU-K*£ª	«]�_>BTL-URU63271 � 1G>MËN� ; Ë â � ; � a PN�UI
] â � ; �	1G5�/�J�0�ÄI â � ; �2�



ð�z e\fhg�i�j�ò]klz

0
h

200
i
400
j
600

800
k

1000

1200

x 10l 2

44
j

46
j

48
j

energy (keV)m

co
un

ts

X-rays

Tb
n

Dy Ho

Kαo 1 Kαo 2
p Kαo 1 Kαo 2

p Kαo 1 Kαo 2
p

qdrtsvu`wyxdz`{t|~}�����wy�����y�Hx��O��w�u`��r����y�`x��(x)�`x��yx����y�vw�wyx����vw��`x��.�`u`w�r��`s��y�`x�� ���!� �\Ë e ��x��~��u`wyx!���x��:��{)���`x��0x� t Jw�x��y�~ t¡vx�����¢�£`¤?�X�~�`� � �¦¥.§ � ¥(§�¨'�`�vu©¢` �xO�����0x�w�x(u`�yx����y�ª�~����u`�«u© ¬�­�yx���©wyx�x+�¯®�°±�����²x�����wy�/r��&���vr��©��r��©x��`��x~{����`x+wyx�s~r��v�`��r��³�y�`xª�(x+���²x����ywyu`�´u`�yx��U�y�/wyx�µ±u`r�w�x���©x����vr��©��r��©x��`��x¶�­wyxª �rt�¶r·��x��³¢:��¡vx�w���rt���~ d�L�~�y�©x��� tr��`x���{«���©x¶s:�¸��x��(�~�¹�y�`x¦��¢��~�©� � ����ºw����»����x�wyx¼�yx��½���vwyx(�`�~wyw��8�' ·�¾r��¾�~wy�`x�w'�y�¦�L��¡vx.���`x.�� tx��~�©x����½�H�v�y��r�¢` tx(�y�Hx��O��w��¿{

qdr�s©{�ÀÁz`{ÌË¸Â����`���'�.�y�`x«���vwyw�x��y�H�v�`�©r��`s¾���vr��`��r��`x��`��x+�¯®�°±�����²x�����wy�©{¼���`xªw����Ã� ���!� ��Ë eÄ������`x������ª���²x�����w�u`�Årt�d�` t�~�y�yx��¦�~�Æ�����v �rt�+ �rt�`x~{Ç���`x'�`�~����x��ª�y�Hx����ywyu`�Èr��d�y�`xÉs:�­�yxÉ�v�ª���©x� ���½��wy���»��£v���L�­�dr���£:� � ��� Ä)w)Ä������`x������ª�y�Hx��O��w�u`�Ê{�qdr��L�­ � t�~£����`x��L�­�y�`x��¿���`�­�y��x��¦�y�Hx����ywyu`�r����y�`x�s:�­��xª�~�¹�y�`x¶��¢U���ºw����»��£��'�`r��Z�¹���~�¶x��.ËÌw��v�Í�y�`x�Ä0���º�`x��������­Ë � ���!¤?�H{����`x¶ ��~������0�¼���²x����yw��¼�~wyxÉ�����~ tx��¦¢:�+�y�`xÉËÎ�~���y�vwy�)rt�`�`rt���­�yx��ªr��«�y�`xÉÏLsvu©wyx~£v�'�©r��Z�¦���vw�wyx��y�H�v�`�ª���(���©x�¶�~sv�`r·��u`�`x.�~Ë¯���`x¼���~�±���~��r��L�­�yr��v���`w�x���x��:�(r������©x-�¶�~r�� � ��� � �!Ë e Ä����º�`x������Ð���²x�����w�u`�Ð{Ñº�)���~�ª¢²x��yx�x��¦r��ªqdrts`{¿ÀÒz©{ÙË¸Â2£~�y�L�­���y�`xÉ���~�±�ywyrt¢`u©��rt�v�`�Ç�������©xÉ�²x��~Ó-�­�)z±Ô~Õ�Ó~x�Ö×rt�+���©x � ���!Ä)wÄ��������²x�����w�u`�Ø�~�©�U�y�`xª�Hx��~Ó³�­�.ÙvÚ:ÔXÓ­x�ÖÛr��&�y�`x � ���!¤?��Ä����º�y�Hx����ywyu`�Ü�~wyx¦�~ t�y�/�©wyx���x��:�r������©x¼ÏLw�����Ý~ÞvÞ¦Ó~xOÖÅwyx�svr��~�Ê�~Ë¯���`x¼w���� � ��� � ��Ë±e�Ä��G�`x������Ê���²x����ywyu`�Ð{É®? t�y�¦¡»r��yrt¢` �x.rt�qdrts`{`ÀÁz`{ÌË¸ÂLrt�d���L�¸�����`x'���v�:�Z�~��r��L�¸��r��~�`�d�­wyx��L�~w��¶ tx����)�~¢H�8¡~x�Ý~ÞvÞ�Ó~xOÖ«£:¢Hx����~u`�yx��y�`x���¡vx�wy�~ � ���~�±�ywyrt¢`u©��rt�v�Ðr���ß�|8à/{Éá��~�y�³���v�:�Z�~��r��L�¸��r��~�`���0x�wyx-�yu`¢¿��w��­����x��³ËÌwy�~�����`x � ��� � �KË e Ä�â�`x������/���²x�����w�u`�6�~��x!ã©�©wyx����yx��Ê¢:�XÄÆµC{�äÎz`{åÔvæO{d���`x?�0x�r�s~�±�y�'ç/��x�wyx(�`xO��x�w��¶rt�`x��¶ËÌwy�v�$���©xw��¸��r��Ð�~ËÉ�~wyx��~�-¢Hx����0x�x������`x¶z±Ô~Õ�Ó~xOÖ,�~�`��ÙvÚ:Ô¾Ó~x�Öè �rt�`x��.r��¹���`x�r��©�`rt¡»r��©uL�~  � ���!Ä)w+�­�`�



éÇêtë�ì-íÇî � ���!ïÊðoË e6ñ � ���!ò/óõô�ö©÷�ö øCø
� ���!¤?��Ä�â����`x����������²x�����wy���~�`�Ur��&�y�`x � ��� � �bË e Ä�â��º�`x������&�y�Hx����ywyu`�Íwyx����²x����yrt¡vx� t�~{«qL�vw���`rt���`u`w��²�v��x+���©x«z:¥$�y�Hx��O��w��X�0x�w�x«u`��x���£���r��`��x+���`x-�²x��~Ó±�����`x�wyx+�0x�w�xª¢²xO�y�yx�w?w�x����v t¡~x���{���`x��Ð�~w�x.svrt¡~x��Ðr��ÐÄ)µH{ÇäÌz`{úù:æÉ�~�`�ÊÄ)µH{ÇäÌz`{úÚ:æO{

û-üþýGû-ü�ÿ�������� ¨	��
 çJÿ����
��� û+ü�ÿ����
��� 
 ç�ÿ���������û-ü�ÿ�������� äÎz`{åÔvæçJÿ��������Çý Þ � ÞvÕ:Ô�� Þ � Þ~ÞvÙ äÎz`{úù:æç�ÿ���� ��� ý Þ � ÞVËvÝ�� Þ � ÞvÞ©| äÎz`{úÚ:æ
®�ËÌu`w ���`x�w¦���vw�wyx��O��rt�v� �É�~�¦�`x�x��`x�� rt�A�~wy�`x�w¦�y�Uwyx�����¡vx¾���©xÐ�©r����y�vw��yr��v��r��:��w��¿�`u©��x��¢±�Ê���`x-x� tx����ywy�v�©r��+�©u` ���x+�`rt �x�u©��{�Ä�¡vx���rtË��y�`x«���vu`�:��rt�`s/w��¸��x�����x�wyx«Ó­x��©�¼�­�?�X t�8� ¡­�~ tu`xß Ý��y|�Þ��)���vu`�:�����­��£±r·�)���~�¦¢HxÉ�yx�x���r��¦qdrts`{©ÀÒz`{úÙ­Â`�y�L�­���y�`x��`rt�����~w���rt�v�«rt�)����rt � »�`wyx��yx��±��rt�«���`x���v�:�Z�­�¶rt�L�~�:��� ËÌwyx�x'���²x�����w�u`�Ð£»rt�¶�`�~w��yr���u© ¬�~w)�­¢²��¡vx½�Z�L�~�©�`x�  �¦|�ÚVË¿£:�'�`r��Z�����~wywyx��y�H�v�`�`��������`x��`�:�»�yrt���~ �x��`� �­Ë��y�`x��y�Hx����ywyu`� rt�¶�H�v��x�� ¢:�����©x"! �$# { qdr�s`{ÉÀÒz©{åÙ­ÂÉ�y�`���'�¶�~ ����&���`x�`r� tx�u`���`r�� ���vw ��rt�v��£v���~ ���u` ¬�­�yx��¦¢:�ª���`x'�`w��¿��x��`u©wyx½�`x�����wyrt¢²x��Xrt�&ÀSâ�®&%�ÚvÚ~¢©Â2£±�8¡~x�w� ¬�~�`�Hx���������`x¶xOã¿�²x�wyrt�¶x��±���~ Æ�y�Hx��O��wyu©�Ê{Ð���`xXx!ã¿��x� t �x��±�«�~svw�x�x���x��:�+�~¢H�8¡~xX�Z�L�­�`�`x� '�¦|�ÚVËÐw�x)(Lx���������`x.µ±uL�~ trt���/�­Ë¯�y�`x.���vw�wyx��O��rt�v��{

1

10

10 2
*

10 3
+

10 4
,

10 5
-

0 50 100 150 200

channel.

co
un

ts Contaminations of the 150Ho 2- EC spectrum

0 1 2 3 4 5 6 7 (MeV)

150Ho 2- EC-decay + contaminants

150Er EC-decay contamination x 0.067

150Dy EC-decay contamination x 0.025

qdr�svu©wyxXz©{ÙË¿}�¤�r0/Jx�wyx��:�+���v�:�Z�­�¶rt�L�­��rt�v�`�¼r��¹���`x¾¤?�¹���ºw����¹s:�­�yx�� �y�Hx��O��w�u`� äÌ�y�v tr��� tr��`x�æ�`u`wyrt�`s����©x � ��� � �\Ë21��¶x��~�yu©wyx���x��:��{�Ñ��¦�vwy�`x�w����(svxO�����©x��� �x��~��Ä�â����y�Hx��O��w�u`�Å�v�`x��`�~������yu`¢©�yw��~�O��£C���`x � �����ºw����¾s:�­�yx��Ê�y�Hx����ywyu`� äÌ�`�~�y�yx��Cæ'�~�`�Ð���`x¼��¢Ê�½��wy���/s:�­��x��³���²x�����w�u`�äÎ�L�~���`x��»���`�~����x��Cæ��'r·���¾���©x¼�©�vwy�¶�~ �rt���­�yr��v�©��r��©�`r����­��x��¾r��¾���`x(ÏLs~u`wyx­{



ø43 5 í ö76�÷ î28/é

1

10

10 2

10 3

10 4

10 5

0
9

100 200

channel.

co
un

ts Pileup subtraction of the 150Ho 2- EC spectrum
0
:

2
;

4
<

6 8
=

10 (MeV)

calculated pileup distortion

qdrtsvu`wyxdz`{åÙ¿} � ��� � �]Ë>1«Ä�â��º�`x��������y�Hx����ywyu`�GËÌwyx�xÆ�~Ë»���v�:�Z�~��r��L�¸��r��~��{����`xÆ���­ ���u© ¬�­�yx��(�`rt �x�u©��`rt�����~w���rt�v�¾r����© ��~����x��Ð�~�½�ª�y�~ �r��¾ tr��`x(��¡~x�w����`x.x!ã©�Hx�w�r���x��:�Z�­ ��²�vrt�:����{
?A@
B�@�C DFEHG7IKJML NPORQ
Ñ�� ���~�¶�L�­wyr����v���'r·�������©x/�� tx��~���½��w��������vrt�`��rt�`x��©��xX�yx��Z�`�`rtµ±u`x~£Æ���`xTS��º�L�~w ��r��� �x¦�Z�~s~svr��`sr��.�¾�«u©�Z�� tx��y�.��x� �x����yrt¡vx��`w��¿��x��`u`w�x~{�¤�u`xª����r·���(���~�±�yr��±u`�vu©�¼x��`x�w�s~�U�y�Hx��O��w�u`�Ê£��y�`x�S���L�~w ��rt�� �x������­�¶�`�­�Æ¢²x'u`��x��¦ËÌ�vwÆ�~�¦r����v¢L�~w�r��Ért�`x��:��r·ÏL���¸��r��~��{VUÐ�vwyx��8¡~x�w�£¿r·ËH�y�`x�rtw)x��`x�wys~�« ��v���r������»�«�y�¶�~ t  £v���©x��/xO¡vx��Ð tr�x½¢²x� ���� ���©x(�~�`��r� � ��~w��«�`x��yx����y�vwÉ���©wyx����`�v t�¾�~�`�¾�`�+�`�~�ÉÏLw�x?���©x�~��µ»u©r��yr·��rt�v�¾���»���yx��Ð{qdr�s©{`ÀÁz`{Sz~Â`���`���'�����`xÉx��`x�w�s~�«���²x����ywyu`�È�'�©r��Z�«���~�Æ�~����u`�«u` ��­��x��ª�`u`w�r��`s?�y�`x � ��� � �MË 1��x��~��u`wyx��¶x��±��rt� ���©x�¢²�~�����v� °¿r��`x��yx����y�vw�{����`x��¶�~r��õ���v���²�v�©x��:�¾�~Ë.���©x��y�Hx����ywyu`�¡»r���r�¢` txÉ�~�Æ�����v�:��r��±u`u©�Å�~w�x����`x���r�sv�`�~ ��¯�`wy�»�`u`��x���¢±�-���`x�x��`x�w�s~�« t�v�y�d�~ËH�²�v��rt�ywy�v�`�dr��«���©x�`xO��x��O���vw�{Æ���`x-¢©u`�¶�Ð�­�A�.ÙvùvÞªÓ­x�Ö����vw�wyx����²�~�`�`�'���ª���`x.��x��~��x��`x�w�s~�¾ ��~�y���~Ë¯�²�~�yrt�ywy�v�©�r�� |¦���´�­Ë�°¿r2£J�'�`rt�Z�¹rt�.�¾w��­�y�`x�w(���v�`�����~�:�(¡­�~ �u`x«ËÌ�~w?���`xª�©r�/²x�wyx��:�-x��`x�w�svr�x���{�UÊ�~wyÓ­x��¢:�³¡~x�w��yr����~ d�L�­�y�`x��� tr��`x����~w�x+���`xª t����x�w(�~�`��u`�©�²x�w����`w�x��y�©�v ��`�(��x��(¢:�³�y�~Ë �����~wyx¦�`u©wyr��©s���©xÊ��/C�� tr��`xX�`wy�»��x��y�yrt�`s¹�~Ë?�y�`x��L�­�Z�¿{ ���`xÐ ����0x�� �¶¡­�~ tu`x¾�É�~���yxO�/�­���©r�sv�A�~���²�~�y�yrt¢` �xr��³�vwy�`x�w?���/��¡~�vr��&ËÎ�­ ��yx¼��w�r�svsvx�wy�����v��r��`s�ËÌwy�v�=���~�±¡~x�w��yr��~�¹x� �x�����w��v�`�(�­�`�XWH��{(®YUÊ�~�±�yxâÉ�~w� ����yr��+u` ¬�­�yr��v�X�~Ëd�y�`x¼�'�©�v �x¼�`x������Êw�x�¡~x��~ tx��Ê�y�L�­�½���`rt�'���v�:��w�r�¢`u¿��r��~�Ðrt�'�y�¶�~ � tx�wÉ���`�~�Þ©{åÝvà/{&���`x/u©�`�²x�w+���©wyx����`�v t�����vw�wyx��y�H�v�`�`�«�y�³���`x¶ ¬�~� �«®?¤.âÈ�Z�L�~�`�`x�  {&���©x¾�y�Hx����ywyu`�r���qdrts`{�ÀÒz©{úz~Â0�~ t�y�Ð�`wyx��yx��±�y�ª�Ê�Hx��­ÓU�­�Z�(z`{ÌË"UÊxOÖ����vwyw�x��y�H�v�`�©r��`s����Ð���`x¶svwy�vu©�`��� �Z�­�yx
[ �º�`x������¾�~Ë � ���!¤?�v{



éÇê é ì-íÇî � ���!ïÊð/Ú�\ ñ � ���0ò/ó ô�ö©÷�ö ø^]

1

10

10 2

10 3

10 4

1000 2000 3000
_

4000 5000
`

energy (keV)

co
un

ts

Bottom Si detector

threshold at 330 keV

α particles from 150Dy
a

ground state α-decay

βb +
 continuum

qdr�svu©wyx)z`{Sz`}�á��~�����v� °¿r:�`x��yx��O���vw��y�Hx��O��w�u`� wyx����vw��`x��-�`u`wyrt�`s����`x �dc � � �KË21-��x��~��u`wyx��¶x��:��{���`xX¡vx�w��yr����­ ��L�~���`x��  tr��`x��-�©x�ÏL�`x¶���`x¶x��`x�wys~�¹�'r��`�©�8�Ûu`��x���ËÌ�vw.���©x/���vrt�`��rt�`x��©��x¶�'r·������`x'�Ç®(°²{:���`x� t����x�wÆ¡­�~ tu`x����~�Æ�yxO���y�.��¡v�vrt�¶�­�)�«u`�Z�¶�~�)�²�~�y�yrt¢` �x0���`x'���~�±�ywyrt¢`u©��rt�v�«ËÌwy�~����v�:¡vx�wy��r��v�¹x� tx����ywy�v�©�.�~�`�¹â��v���©���~���y���¸�y��x�wyx��eWH��{¼®? t�y�/¡»r���r�¢` tx+rt�?���`xª�Hx��­Ó³�`w��¿�`u©��x��¢±�¾�y�`x.z`{ÌËfUÐx�Ö [ �º�L�~w��yr��� �x���x���rt�y�yx���r��¾�y�`x �dc �!¤?�/svw��vu`�`�Ð�����­��x [ �º�`x������v{
���`xÍ�vwyrtsvr��L�­ õ�y�Hx��O��wyu©� �`w�x���x��:��x�� � �y�¶�~ �  �dc � ��� ä	g
! �$#4h�ikjl��monp��j ý«|v|~{úzqUÊx�ÖÀÒ®�r�¤(Ú:Ô¸Â¬æ?�~�`�U�/� ��wy�~�`s �dc �!Ä)w�äs! �># ý�z`{·|�ÞvùLä4|v|8æ�Ó~xOÖ´ÀÒ®�r�¤(Ú:Ô¸ÂÆæ½���v�:�Z�­�¶rt�L�­��rt�v��{(qL�vw4���u`�L�¸��x� ·� �dc �Z���Ð£)�'rt��� � �ut ¨wv Ý&��£0�~�`� �dc �!Ä)w�£Æ�'rt�y� � �ut ¨ ý«|�ù¿{ Ý³��£��`��¡~xÊ��r�sv�©rtÏL���~�:�� t��y�¶�~ � tx�w.�L�~ ·Ë� �r·¡vx��.���`�~� �dc � � ��Ë21�£d�'r·����� �ut ¨�ý.ÔJË©äÎz±æ(��{Ð���`r��+�~ � t����x���rt�y�-��u`�`�`w�x����yr��~�¢±�Xu`�yrt�`sª�v�` ·�¦���`x(� �Z�­�yr����yr����É�~��µ»u©r�wyx��¾�`u`w�r��`s«�y�`x� ¬�­����Ù~Þ«�É�~ËÇ�+���­�Z�~ H�¶x��~�yu©wyx���x��:�'rt�¿���x�w ¡­�~ ��Hx�w��y�~u`wy��x(�~Ë�|®Ë~Þ«��{Æ���`x(���²x����ywyu`��� ���vw�x����`u`w�r��`s«�y�`r���wyx��©u`��x��Ð�yr���x?wyx�svr�� ��x�wyx��Ý¿{úzvÚP��|�Þyxª���vu©�±�y�¦�~�`� ���~� ¢²xX�yx�x�� r�� qdrts`{0ÀÒz©{ Ý¸Â2£d�y�vsvx��y�`x�w-�'rt�����y�`x/���~ ���u` ¬�­�yx����`r� tx�u`��`r�� ���vw ��r��~�³u`��x���ËÌ�vw'���`x«�©r� �x�u`�&���vwyw�x����yr��v�J{?���`x«���vwyw�x����²�v�©�`r��`s¾���vwyw�x��O��x������²x����ywyu`�´r�����`x.�v�`x(�y�L�­�'�É�­�½u©�yx��ÐËÌ�vwÉ���©xzS�\����~�¶�H�v�`x��±���~�`�~ t�»�yrt��{

{}|�{ ~��X� |8Ý­Þ4��������� |8Ý~Þ���� �X�z�V�
���`x/���~���~ Æ��r���xX�©x��`rt���­�yx������Ê���`x �dc � � �UÚ$\ ñ �dc �¶¤?����x��~��u`wyx��¶x��±�+�É�~�¾|�Ý¿{t|X�`�vu`w���{¤�u`wyrt�`s(���`rt����r���x~£v�(�y�~�Z�­ `�±u`�«¢Hx�wÆ�~Ë�Ý¿{åùvÝ���|�Þ��ÆxO¡vx��±�y�����~��wyx�svr�� ��x�w�x���¢:�«���`x½�~��µ±u`r���rt��rt�v����»���yx��Ð{



ø4� 5 í ö76�÷ î28/é

1

10

10 2

10 3

10 4

10 5

0
9

100 200

channel.

co
un

ts Pileup subtraction of the 150Ho 2- β+ spectrum
0 2 4

�
6 8 10(MeV)

calculated pileup distortion

qdrtsvu`wyx�z`{ Ý»} �dc � � �SË21TS�\C�º�`x������¦���²x����ywyu`�Ð{����`x'���­ ���u© ¬�­�yx��¦�`r� tx�u`�¦�`rt���y�vw��yr��v�ªrt�)�` ��~����x���~�½�ª�y�v tr��¾ tr��`x���¡~x�w'���`x.xOã¿�Hx�w�r���x��:�Z�~ ��H�vrt�±�y��{
?A@d?A@�� �e� G7IKJML NPORQ
®?�½r������©x+���­�yx¼�~Ëd�y�`x+ t�8� �y�`rt�³rt�y�v��x�w�£`���`w�x�x¼�`r�/²x�w�x��:�?�Ç®(°:���y�Hx��O��wy�¶��x�wyx-wyx����vwy�©x��&rt����~r��`��r��`x��`��x+�'r·���Ð����wy���¿��{(qdrts`{¯ÀÒz`{úÕ­Â¯�y�`���'���y�`x«wyx�svr��~�³�~ËÆrt�±�yx�w�x������~Ë����©x«x��`x�wys~�Ê�y�Hx��!���w�u`� wyx����vw��`x��³r������`x+�.x(�½��w������`xO��x������~w?�`u`w�r��`s¦���©x �dc � � �XÚ$\ ñ �dc �!¤?�¾�¶x��~�yu©wyx���x��:��{���`x����`w�x�xÊ¥(§ � ¥(§�¨X�`�~u`¢` �xO���¦�~Ë?��¢�£� tx�Ë �¦�yrt�`x~£�¤?�v£0��x��:�ywyx~£'�­�`� � �`£�w�r�sv�:�¦��r��`x­£É�~w�x¡»r���r�¢` tx~{����`x����`w�x�x(�L�~rtwy�0�~Ë�¡vx�w���rt���~ ²�L�~���`x��� �rt�`x��0r��¾q¯r�s`{²ÀÁz`{åÕ¸ÂJ tr���rt�Æ���`x?x��`x�wys~�¶wyx�svr��v�©�u`��x��U����x�� �Z�~¢` tr����U�y�`xª���~r��`��r��`x��`��x­{ª���`x¦�»u©�«¢²x�w.�~Ë����vu`�:�y�-w�x�svrt����x�wyx��¹rt�&���`x¦��¢�£Ç¤?��~�`� � ��wyx�svr��~�`�É�É�­��£Cwyx��y�Hx����yrt¡~x� t�~£�|v{åù­z7��|�Þ c £Cù©{úÕvÕP�t|�Þ c �~�`�Ðz`{úùvÚP��|�Þ c £`�'�`rt �x��y�`x-�±u`�+¢²x�w�~ËÆ���vu`�:���(rt�Ê���©x«���vw�wyx��y�H�v�`�`rt�`s¾���vrt�`��rt�`x��©��x+�Ç®(°:���y�Hx��O��wy�¾���~�«|~{ Ô~ù���|�Þ c £�ù©{åÝ­z7�t|�Þ c �­�`�z`{Sz:ùP�t|�Þ c {����`xª�¶�~r��Ð�`r�/²x�w�x��`��x+�'rt�y�&wyx��y�Hx��O�����X�y�`x« t�8���y�`rt�&r����v�¶x�w?rt�½�y�L�­� �dc � � ��Ú \���~u` ��«�©�~��¢HxÉ�`w��¿�`u©��x��ªrt�ª�?�� �x��­�+�É���~{����`x�wyx��~���yr��v�+�`r��+�~ ������²�~�`u` ¬�¸��x �dc �!Ä)w�£~�'�`r��Z�¦�­��0x+�L��¡vx+�yx�x��&�`w�x�¡»r��vu©�y t�~£C�`x������»��rt�:��� �dc � � �!Ë21�{����»u©��£J�y�`x-�©r�sv�Ê�~�`�& t�����y�©r��³rt�y�v��x�w�`x������»�'�0x�w�x.¢²�~�y���`wyx��yx��:���­�É�y�`x(���­�¶x��yr���x?r����+ËÌwy�~���yr��v�/�~��xOã¿�`w�x��y��x��&¢:�/ÄÆµC{ÇäÌz`{t|�Þ:æO{

� ÿ���� ��� ���� ÿ�������� ¨	� � |Ë äÎz`{·|�Þ:æ
® �yu©¢©��wy�~���yr��v� �~Ë½���`x¾ t���è���`r�� r����v��x�w«���v�:��wyrt¢`u©�yr��v� rt�ª�`x��¶�~�`�`x�� rt� �vwy�©x�w«���UsvxO����`u`w�x �dc � � �¼Ú$\�Ä�â����`x������¦�y�Hx��O��wyu©�Ê{����©r��)���~u` ��ª¢Hx��`�v�`x'¢Hx����~u`�yx½�(�`u`w�x �dc � � �\Ë21XÄ�â��



éÇê é ì-íÇî �dc �!ïÊð/Ú�\ ñ �dc �0ò/ó ô�ö©÷�ö ø4�

0
�

200
�
400

600
�
800
�

1000

1200

x 10� 2

44 46 48
energy (keV)

co
un

ts

X-rays

Tb Dy Ho

Kα  1 Kα  2
¡ Kα  1 Kα  2

¡ Kα  1 Kα  2
¡

qdr�svu©wyx�z`{úÕ©}��½��w����?�y�Hx����ywyu`� r������©x��(x��`xO��x������~wÇw�x����vwy�`x��-�©u`wyrt�`sÉ���`x �dc � � �+Ú�\¦��x��­�yu`w�xO��¶x��±��{)���`x��0x� � ²wyx��y�v ·¡vx�����¢�£`¤?�/�~�©� � �ª¥(§ � ¥(§�¨��`�vu`¢` tx��y����x�wyx(u`��x��¾���¦�­����u©�«u` ¬�¸��x���`w�x�x«�Ç®(°±�º�y�Hx��O��w��¶r��³���vr��©��r��©x��`��x~{½���`x+w�x�svrt�v�`�½�~Ë����©xª�(x+x��©x�wys­�Ê���²x����ywyu`�=u`�yx��&ËÌ�vw���`x's:�­�yx��Æ �rtxÉ¢Hx����0x�x��¶¡vx�w ��rt���~ L�L�­�y�`x��¶ tr��`x���{d���©x�s:�¸��x��Æ�v�ª�y�`x'��¢X�~�©� � �.�½��wy���»�)�0x�wyx�yx��½ËÌ�vwÉ�y�`x.wyx�����¡­�~ ��~Ë¯���v�:���~�¶rt�L�­�yr��v��{
�`x������&�y�Hx����ywyu`�´�É�~�.�v¢¿�Z�~rt�`x����`u©wyr��©s/���`xªrt�`�`x��Hx��©�`x��:�. ���� �y�©r��U�¶x��~�yu©wyx���x��:��{-���`x�`wy�v¢© �x��$���~���y�+�`xO��x�w��¶rt�`x'�'�`r��Z���~���vu`�:�0�~Ë�r·��rt�0�`w�x���x��:��r������`x����v���H�v�yr·��x½�y�Hx����ywyu`�Ð{Ñ��³�¦svx��©x�w��­ ����~��x¼�y�`r������vu` ����`�­���`��¡~x-¢Hx�x��Ê�©�v�`x(¡vx�w��Ð�`wyx���rt�yx� ·�v£L¢`u¿�½ËÌ�~w���u©�L�­��x� t�~£`�`u`x���U���`xÐ�L�~w ��r���u` ¬�­w«�`x������ �y�Z�`x��¶x­£Ért�ª���~���²�v���yrt¢` �x��`x�wyx~{ ���`xÐ�`�vwy�¶�~ tr����¸��r��~����x����©�¿�wyx���r��`x��«r��¹���`x¶�y�`rt���`r0/Jx�wyx��©��xX�­Ë'¢²�~�y��rt�y�v��x�w���{Ð���`xX t�8�Ã���`r���r��y�~�¶x�w¼�H�v�`u© ¬�­�yx��X| 1 £Ë 1 �~�©�&Ù 1 �����­��x��?r�� �dc � ¤?�H{É���`x�| 1 £LË 1 �`xO�ºxOã¿��r·��x.���¦���`x-Þ \ s~wy�vu`�©�³�����­��x¼�`rtwyx��O�� ·�¾�vw���`w��vu`sv�¾¡vx�w��/ËÌxO� �vwÉ�v�`x(rt�:��x�w��¶x��`r¬�¸��x? tx�¡~x� ���{)���`x.Ù�1Ð�`x!��x!ã©��rt���­��rt�v�¾�L�­�y�¾���Z�¸��x����+u`����­�( �x��~���?r��`�� �u`�©x+�v�`x+ �x�¡~x� 2{�Ñ��U�~�:�³���~�yx­£����`x+�«u` t�yr��` tr���rt���/�­Ë)���`x«���~�y���~�`x��(r���x!ã©�Hx��O��x�����¹¢²x�¢Hx����0x�x��G|³�­�`�¯Ë»£��'�`rt�Z� rt�¦�¹ t���6¡­�~ tu`x~{£¢�� ���`x��~�y�`x�w¦�L�~�©��£0�y�`x��`r�sv� ���`r��r��y�~�¶x�w«�²�~�`u` ¬�¸��x��¦ù�\d£�Ú$\×�~�`�×|�Þ$\ �����­��x��ªr�� �dc �!¤?�H{����`x��`x!��x!ã©��rt���­��rt�v� �L�­�y� �y�����`xsvwy�vu©�`� � �Z�­�yx¾�«u`� �¶rt�`�� tu`�`x��& ��~wysvx�wª�±u`�«¢Hx�wª�~Ë¤WL�º��wy�~�`��rt��rt�v�`��£��'�`r��Z� �~���vu`�:�ª���¹�~���¡~x�wy�~svx/�«u© t��rt�` �rt��r·���³¢Hx����0x�x�� z&�~�`� Ý¿{¾Ñ���¢H�~�����`r�sv���~�`�� ����$�y�©r����©x������»��£)���v� �+�~Ë���`x�ËÌwy�~sv��x��:��x��¾r��:��x��`�yr·���Xrt�����~ � �x����yx��¾r��:�y�+���`x?����w��v�`s«ÏLw����lË�\ ñ Þ$\³��wy�~�`��rt��rt�v��£±�'�`r��Z����v�`�©x����y�ª���`xXÏ`wy���«xOã¿��r·��x�� � �Z�­�yx¾�­�¦ù~ÞvÙ³Ó~xOÖ��'rt�y�����`xXsvwy�vu©�`� �����­��x­{eUÊ�vwyx���¡vx�w�£)���`xË�\�rt���H�¿�~wy t�¶ËÌx��&�©u`x¼�y�X��x� �x����yr��v�Êwyu` tx���£Cx��y�Hx���r��~ � ·�¾r������©x+�`rtsv�Ê���`r��Ê�`x������v{'���±u`��£H���`xWC�º���~�����~�©x���x��`�`rt�`sU�­�ª�y�`x�Ë�\õ�����­��x��L��¡~xÊ�&���X�­ � ��+u` t�yr��` tr���r·���Aä |O��Ëvæ-rt�����`x¾ t���è���`r��



3R¥ 5 í ö76�÷ î28/é

1

10

10 2
*

10 3
+

10 4

10 5
-

0 50 100 150 200

channel.

co
un

ts Contaminations of the 150Ho 9+ EC spectrum

0 1 2 3 4 5 6 7 (MeV)

150Ho 2- and 150Ho 9+

EC-decays
+ contaminants

pure 150Ho 2-

EC-decay x 1.075

150Er EC-decay contamination x 0.073

150Dy EC-decay contamination x 0.035

80
3 

ke
V

qdrtsvu`wyxXz`{ Ô»}¾¤�r�/²x�w�x��:�¦���v�:���~�¶rt�L�­�yr��v�`�-r�� ���©x�¤?�����ºw�����sv�­��x��A���²x����ywyu`�Ð£0���v �rt�  �rt�`x~£�`u`w�r��`s'���©x �dc � � �-Ú \ ��x��~��u`wyx��¶x��:��{dÑ��-�vwy�©x�w����½svx������©x0�� �x��­� �dc � � �+Ú \ �`x������¼�y�Hx����ywyu`��v�`x��L�~���y�«�yu©¢©��wy�~����£¿�'rt�y�X���©x?�`�vw��X�­ �r��y�­��rt�v�`�)rt�`�`r����­��x��Xrt�X���`x½ÏLsvu`w�x~£»���`x��©u`wyx � �SË 1�L�~���`x��¹�y�Hx��O��w�u`�Ê£��y�`x¦�`�~�y�yx�� � �¾���ºw����&sv�­��x��¹���²x����ywyu`�b�~�©�U�y�`x¦�L�~���`x��¿�º�`�~����x��¹��¢���ºw����¾s:�¸��x������²x�����w�u`�Ð{
�`x��������~�©�U�X ¬�~w�svx+�+u` t�yr��` tr���r·���/rt�³���`x+�`r�sv�³�y�`rt���`x������ äÎz­�4ÝvæO£C�'�`rt�Z�¹¢©wyr��©sv�?u`�����/���©x�H�vr��:�É�y�L�­�'���`x(�Hx��­Ó/�v¢`��x�w�¡~x��³�­�½ùvÞvÙªÓ~xOÖÈrt�/���`x.�Ç®(°±�º�y�Hx��O��wyu©� �«u`���'¢Hx� t�v�`s¦�v�` ·�¶�y����©xX ����$���`r������v���²�~�`x��:��{�Ñ���ËÎ�­����£Ç���`x¶�`wy�~¢L�~¢`rt �rt���&�~Ë��v¢`��x�w ¡¿rt�`s³�y�`r��¼x������~�HxX�Hx��~ÓUrt��`x�sv �rtsvr�¢` tx)�y�¶�~ � ±rt�-���©x��`rtsv�+���`r��«�©x������+�`u`x0�y�?���©x� ¬�­wysvx�x)¦���rtx��`�O�+�­ËL���`x0�y�Hx����ywy�v��x��yx�w�{®?�U�v¢©�yx�w ¡­�­��rt�v�U�~Ë0�y�`x¦ùvÞvÙ¾Ó­x�ÖÛ �rt�`x«r��&�y�`x¦�`r�s~���y�`rt�¹rt�y�v��x�w?�`x������U���²x����ywyu`�Í�0�vu` t���x��~�U���L�¸�-�y�`wyx�xO�ºËÌ�~u`wzWH�¼���v���` tx���x� t�³x��y���~�Hx�� �~�©�����©xXùvÞ~ÙÐÓ­x�Ö§W ���~�-�`x��yx����yx���{¾®���~��xOã©�~���` tx~£CÄ)µC{ÇäÎz`{·|v|8æ����`���'�½�y�`x.�`wy�v¢`�~¢`r� trt���T¨È�~ËÇ���`rt�É���¦�L�~�©�²x��ÐËÌ�vwÉ�y�`x.�`�v��r��L�­�±�ù \ äxË­z:Þ©|�æ ñ Õ \ ä |�ùvÞ¿|8æ ñ z \ ä |�z±ÝvÔvæ ñ Ë \ äÎùvÞvÙ:æ ñ Þ \ ���~�����~�`x­{

¨ ýª©s«­¬±ä2ùvÞ~Ù:æ�À | 
 ©�®°¯s®yä Ý~Ý¿|8æ4ÂºÀ | 
 ©�®°¯s®�ä2Ù~ÚvÙ:æ4ÂºÀ | 
 ©�®°¯s®yä2Õ:Ý­Ù:æ4Â±� Ý � zF�:|�Þ 1�² äÎz`{·|v|8æ
�'�`x�wyxZ©s«­¬±äÎû�³~æ'�~�`�X©�®°¯s®�ä2û'³~æ'�~wyx¼wyx��y�Hx����yrt¡~x� t�Ð���©x-�`�©�~���v�Hx��­ÓÊ�­�`�³���­�Z�~ �x´¦¶��r�x��`��rtx��?ËÌ�vw�ªsvrt¡~x��µW�x��©x�wys­���~�`��À | 
 ©�®°¯s®yä2û'³~æ4Â��y�`x.x��y���~�Hx-�`w��v¢L�~¢©r� �r·���v{

���`r��'�Hx�w��¶r·���Éu`�'���¦x����Z�­¢` �rt�y�Ð�ª�`�vwy�¶�~ tr����¸��r��~�Xu`��r��`sª���©x-�­wyx��­�½�­Ë¯�y�`x¼ùvÞvÙªÓ~xOÖ� tr��`x�`w�x��yx��:��rt�¾¢²�­��� �dc � � �-Ú$\Z� �dc � � �KË>1Ê�~�`���`u`w�x �dc � � �\Ë21Ð�y�Hx��O��w��¿{����©x(�~���`x�w����v�:���~�¦�r��`�~�:���+ËÌw��v� �y�`x �dc �!Ä)wª�~�©� �dc �!¤?���`x������»�ª��x�wyx¾�yu©¢©��wy�~���yx�� u`�yrt�`s&���©x/�`�vw��X�~ tr��y�­��rt�v�`�



éÇê é ì-íÇî �dc �!ïÊð/Ú�\ ñ �dc �0ò/ó ô�ö©÷�ö 3o¶

svrt¡~x��X¢:�¦���©x�wy�­��rt�v�Æ�~Ë��~w�x��~���~Ë²���`x½z±Ô~Õ.Ó~xOÖ �~�`�XÙvÚ:Ô(Ó~xOÖ� �rt�`x���£:wyx��y�Hx����yrt¡~x� t�~{)���`x?��u`¢¿���w��­����rt�v�Ð�~�`����x�r�sv�:�y�½�­Ë��~ t J���©x.�yx�w��¶�½�~w�x(svrt¡~x��Ð¢±�ÐÄ)µC{ÇäÎz©{t|®Ë~æO£LÄ)µC{¯äÎz`{·|�Ù:æ!£LÄ)µH{ÇäÌz`{·|�z±æ�~�`�ÊÄÆµC{¯äÎz©{t|8Ý~æO{
û-ü ý û-ü�ÿ�������� ¨	��· � � 
 çJÿ����
��� û+ü�ÿ����
��� 
 ç�ÿ���������û-ü�ÿ�������� 
 çJÿ�������� ¨	� û+ü�ÿ�������� ¨	� äÌz`{·|®ËvæçJÿ��������Çý Þ � Þ:Ô~Ù�� Þ � Þ~ÞVË äÌz`{·|�Ù:æç�ÿ���� ��� ý Þ � ÞvÙ:Ý�� Þ � ÞvÞvÙ äÌz`{·|�z±æçJÿ�������� ¨	� ý�| � Þ:Ô~Ý��õÞ � ÞJË äÌz`{·|8Ývæ

���`x«�`r0/Jx�wyx��:�½���ºw����Ðs:�­��x��³x!ã©�Hx�w�r���x��:�Z�­ ¯���²x�����wy�X��x��~��u`wyx��&���~�³¢²x¼�yx�x���r��³qdr�s©{ÇÀÒz`{åÔ¸Â2{���`x«�y�~ �r��� tr��`x.r������©x+�` t�~�½r��'���`x¼���v�+¢`r��`x�� �dc � � �ªÚ$\¸� �dc � � ��Ë21�Ä�â �`x������Ð���²x�����w�u`�ä2¤?�����ºw�����s:�­�yx�æO{A¹~u`� �(¢Hx� ����.£C��x-�yx�x+���`x-�`u`w�x �dc � � ��Ë>1&�'rt�y�Ê�y�`x+�`w��v�Hx�w?�©�vwy�¶�~ �rt���¸���r��~��äÌ�L�~���`x��Cæ!{Æ���`x-�©�~�y�yx��Ð�y�Hx����ywyu`�è���vw�wyx����²�~�`�`�'���ª���`x.�`�~wy�¶�~ �rt�yx�� �dc �!Ä)w½Ä�â����`x�������y�Hx����ywyu`�Üä � �+���ºw����Xsv�­��x�æ0�~�`�¶���`x��`�~�y�`x��¿���©�~�y�yx��¾r������`x?�`�vwy�¶�~ tr��yx�� �dc � ¤?�XÄ�â����`x�������y�Hx����ywyu`� äÌ��¢Ê�½��w����Xs:�­��x�æO{

10
-1

1

10

10 2

10 3

10 4

10 5

0
9

100 200
º

channel»

co
un

ts Pileup subtraction of the 150Ho 9+ EC spectrum
0
¼

2 4 6
½

8
¾

10 (MeV)

calculated pileup distortion

qdr�svu©wyx(z`{úù©} �dc � � ��Ú$\¹Ä�â����y�Hx��O��w�u`�Ê{����`x.���­ ���u© ¬�­�yx����`r� tx�u`���`rt���y�vw��yr��v�¾rt�½�© ��~����x��Ð�~�½��y�v tr��� �rt�`x���¡vx�w½�y�`x.xOã¿�²x�wyrt�¶x��±���~ ��H�vr��:�y��{
���`x?���vw�wyx��O��rt�v�XËÌ�vwÆ���`x?�`r� tx�u`�¶�`r�� ���vw ��r��~�����~���`�v�©x?r��¶���`x����~��x������/�~�0ËÌ�vw��y�`x� t�8��y�`rt�Êrt�y�v��x�w�{Æqdr�s`{�ÀÒz©{åù­Â��y�`���'�'���`x.���~�±���~��r��L�~�:��ËÌw�x�x¼Ä�â����y�Hx��O��w�u`�=�~�`�¾���`x.���~ ���u` ¬�­�yx���`r� tx�u`���`rt�����~w���rt�v�¹äÎ���v �rt�CæO{



34¿ 5 í ö76�÷ î28/é
?A@d?A@�C D E G7IKJML NPORQ
���`x«�±u`�+¢²x�w��~ËÆ���~u`�:����rt�³���`x-�¯®�°±�����²x����ywyu`�´r��&���vr��`��r��`x��`��x¼�'rt�y�³���`x+¢²�~�����v�=°»rd�`x!���x����y�vw��É�­��|v{åÞ~ÙP��|�Þ���{ � �8�0x�¡~x�w�£¿���v�`�yrt�`x�w�r��`s(�~�` t�¼���`x� ��~���
Ë~Þ��)�~Ë²�����»�� �x'�~ËHz:Þ��À�¸�y�vu`w���x­£���©r����±u`�«¢Hx�w'r���w�x��`u©��x��Ð����z`{úÙvÕP��|�Þ�²�{

1

10

10 2

10 3

10 4

1000 2000
º

3000
_

4000
Á

5000
`

energy (keV)

co
un

ts

Bottom Si detector

threshold at 330 keV

α particles from 150Dy
ground state α-decay

βb +
 continuum

qdrtsvu`wyxXz`{åÚ¿}/á��~�����v�]°¿rÉ�©x���x����y�vwª�y�Hx��O��wyu©� wyx����vw��`x��A�`u`w�r��`s&�y�`x �dc � � ��Ú$\õ��x��~��u`wyx!���x��:��{S���`x¶¡~x�w ��r����~ Æ�L�~���`x��� tr��`x��.�`x�ÏL�©x¶���©xXx��©x�wys­�¹�'rt�`�`���$u`��x���ËÌ�~w.�y�`xX���vr��©��r��©x��`��x�'rt�y�&���`xª�Ç®(°H{����`x¦ ����0x�w�¡­�~ �u©x+�É�­�(�yx��(�y�Ð��¡~�vr��U�­�(�«u`�Z�¹�~�(�H�v�y��r�¢` tx+���`xª���v�:��w�r�¢`u¿���rt�v�³ËÌw��v�´���v�:¡vx�wy�yrt�v�Ux� tx����ywy�v�©�(�~�`�¹â��v���©�y�v�¿�������­����x�wyx��}WH��{.®� ��y�¶¡¿rt�yrt¢` �x-r����y�`xª�Hx��~Ó�`w��¿�`u©��x��Ð¢:�¾���`x.z`{ÌË�UÊx�Ö [ ���L�~w ��rt�� �x��Éx���rt����x��Ðrt�¾���`x �dc �!¤?�/s~wy�vu`�©�Ê� �Z�­�yx [ ���`x������v{
���`x?�©wy�v¢` tx��$�~ËJ���v�:���~�¶rt�L�­�yr��v�¦¢Hx����~�¶x��0xO¡vx��¾���vw�x��­��u©�yx�rt���y�`x?���~�yx½�~Ë��y�`x �dc � � �Ú$\ÂS�\C�����²x����yw��©{A®?���~ twyx��­�©����x��:��rt�v�`x���£0�y�`xµS��º�L�~w ��r��� �xX���~svsvrt�`s&��x��Z�`�`rtµ»u©xÊ�`�»x��¦�`�­��`w��8¡»rt�`x0�� �x��~�-���²x����yw��©£:�­�`�-�y�`r���r����~Ë©��w�u`��r��~ ±r����²�vw �Z�~�©��x��'�`x��ª�½��u`¢©�yw��~�O��r��~�+�`w��¿��x��`u`w�xr��X�`x��¶�~�`�`x���{Åq¯r�s`{?ÀÒz©{åÚ­Â?�y�`���'�¾���©x�x��`x�wys~� �y�Hx����ywyu`� wyx�s~r����yx�w�x��×r��õ�y�`x�¢²�­�y���~� °¿r�`xO��x��O���vwÇ�`u`w�r��`s��y�`x �dc � � �?Ú�\fS�\ª�¶x��~�yu©wyx���x��:��{d®?��ËÌ�vw��y�`x0�~�`xÆr��¼qdr�s©{±ÀÒz©{úz~Â2£¸rt���`w�x��yx��:����X���v�:��r��±u`u©�´�`w��¿�©u`��x��¹¢:�Ð���`x+x��`x�wys~�³ ��v���?�~Ë)�y�`x«�H�v�yr·��wy�~�`�?rt��|«���=�­ËÆ�yr� tr����v��{½���`xx��©x�wys­�/�'r��`�©�8�Gu`��x���ËÌ�vwÉ���`x(���vr��©��r��©x��`��x��'rt�����Ç®(°/r����X�~w�Ó~x��Ê¢:�X�y�`x.�L�~���`x���¡vx�w���rt���~  �rt�`x���£v�'rt�y�¶�( t�8�0x�w)�y�`wyx��y�`�v t�¦�~Ë�Ù~ÙvÞ(Ó~x�Ö+{±®? ����(¡¿rt�yrt¢` �xÉrt�����`x'�Hx��~Ó+�`wy�»�`u`��x���¢±�+���`x'z`{ÌËUÊxOÖ [ �º�L�~w��yr��� �x��½���~�¶rt�`s¶ËÌw��v�=�y�`x �dc �!¤?�Ðsvw��vu`�`��� �Z�­�yx [ �º�`x������~{(���`x«�Ç®(°±�º�y�Hx��O��wyu©�r��U���vr��`��r��`x��`��x«�'r·���U���`xª¢H�~�����v�b°»r��`x��yx��O���vw¼r��(�` t�~�y�yx��U�~�¼�¾�y�~ �r��� tr��`xªrt�Uqdr�s©{)ÀÁz`{t|�Þ­Â {á�x��yr��©x��'���`x �dc � � ��Ë21³�`wy�»�`u`��x��&�¸�½�y�`x¼���~��x(��r���x~£¿���`xzS�\¹���²x�����wy�¶�L�­�Ê� ��wy�~�`s �dc �Z���



éÇê é ì-íÇî �dc �!ïÊð/Ú�\ ñ �dc �0ò/ó ô�ö©÷�ö 3 ë

1

10

10 2

10 3
Ã

10 4

10 5
Ä

10 6
Å

0 50 100 150 200

channel»

co
un

ts Contaminations of the 150Ho 9+ β+ spectrum
0
9

1 2
º

3
_

4
Á

5
`

6
Æ

7
Ç (MeV)

150Ho 2- and 150Ho 9+

β+-decays
+ contaminants

pure 150Ho 2-

β+-decay x 2.7

80
3+

51
1+

51
1 

ke
V

qdr�svu©wyx�z`{·|�Þ©}³°¿�v �rt��}¾�Ç®(°A���²x����ywyu`� wyx�svr�� ��x�wyx�� r��A���vrt�`��rt�`x��©��x��'rt��� ���©xÊ¢H�~�y�y�v� °¿r ��`x��yx����y�vw��`u©wyr��©s¶���©x �dc � � �¦Ú \ �¶x��~�yu©wyx���x��:��{?¤(�~���`x��J}��¯®�°Ê�y�Hx��O��wyu©�´rt�³���~r��`��r��`x��`��x�'rt�����y�`x/¢H�~�y�y�v� °¿r·�º�`x��yx��O���vw-u`�yx���ËÌ�vw-�y�`x �dc � � �yË 1 ���v�:�Z�­�¶rt�L�­��rt�v�¹�~Ë����`xX�`wyxO¡¿rt�vu`��v�`x~{
�~�`� �dc � Ä)w����~�±���~��r��L�­�yr��v�©��{ �dc � ���Ð£²�'r·���&� �ut ¨ v Ý¶��£J�É�­�(x��~��r� t�Ðw�x����8¡~x���¢:�&�`�~ tË¬�º �rtËÌx�`r�����wyrt�¶rt�L�­�yr��v�Ðwyx�È�x����yr��`s/�y�`x«ÏLw����MË~Þ/�?�~ËÆ���`xªz:Þ¶�(�¶x��~�yu`w�x���x��:�(rt�±�yx�w ¡~�­ d�Hx�w����vu`wy��x~{r��©ËÌ�vw ��u`�`�­��x� t�v£����`rt�¦�`r�� �`�~��w�x��`u`��xÊ��r�sv�©rtÏL���~�:�� t�����`xÐ���~�±���~��r��L�­�yr��v���~Ë-�dc � Ä)w�£0�yrt�`��xrt���+�L�~ tË½ trtËÌx�� �ut ¨�ý«|�ù¿{ Ý³�ªrt�+¡vx�w�����r���r� ��~w¼�y�&���`x¾� �ut ¨OýWË­z��ª�­Ë �dc � � �UÚ$\d{¹���`x �dc � � �Ë21/���v�:�Z�~��r��`�­��rt�v�+���~�0w�x�����¡vx���¢:�¦�yu`¢¿��w��­����rt�`s(���`x�S�\¾�y�Hx��O��wyu©�$�v¢©�Z�­r��`x����©u`wyrt�`s(���`xr��`�`x��²x��`�`x��±�¯ ����¹�y�©r��.r����v�¶x�w���x��~��u`wyx��¶x��±��{¯���©x��©wy�»��x��©u`wyxÆr���x!ã¿�`wyx��y�yx��+¢:�.Ä)µC{»äÎz`{·|�Õ:æ!{

S \ÿ�������� � � ýªS \ÿ�������� ¨	��· � � 
ÊÉ ÿ���� ��� ¨ � S \ÿ�������� ¨	� äÌz`{·|�Õ:æ
É ÿ���� ��� ¨ � ýÖË � Ô�� Þ � Ë äÌz`{·|8Ôvæ

���`x��`�vw��X�­ �r��y�­��rt�v�+ËÎ�~�O���vw�svr·¡vx��¶r��¶Ä)µH{JäÎz©{t|8Ô~æ)���~���©x���x�wy��r��`x��X¢:�¦���`x½w��¸��r��¼�~Ë��­wyx��­�0�~Ë���`x¦ùvÞ~Ù&� Ý¿|v|'�×Ý¿|v|«Ó­x�ÖÛ�²x��~ÓÐ�`wyx��yx��:�¼r���¢H�~�y���y�Hx����yw��©{¼���`rt�?��u`w��`x��U�vu¿�����¾¢Hx« �x��y��`wyx���r���x-�y�L�~�³ËÌ�vw��y�`x«Ä�â ���­�yx+�©u`x-�y�¶���©x+�`r0¦¶��u` t����rt�ÐÏ©�y��rt�`sX�©wy�v�Hx�w� t�/�y�`x-¡~x�w��Ê�y�¶�~ t �²x��~ÓC{�Ñº�½���~��¢²x.�yx�x��Ðr��Ðqdrts`{�ÀÁz`{·|�Þ­Â��y�L�­���y�`x.�²x��~Ó/�yr·����rt���¦Ó±rt�`���~Ë¯¡­�~ t �xO�v{����`rt�'r��:��w��­��`u`��x����� ¬�~w�svx�� �¿� ��x��X�­�yr��Éx�wyw��vw�r��¦Ä)µC{CäÌz`{t|�ÔvæO{Ç®?�`�©rt��rt�v�L�~ t t�~£¸�y�`x �dc � � �MË>1fSË\C���y�Hx��O��w�u`�u`�yx���ËÌ�~w��y�`x��yu©¢©��wy�~���yr��v�X���~�É�©�~�É�`u©wyx�¢`u¿�É���~�±���~��r��L�­�yx���£»�yrt�`��x?�~�É��x��:��rt�v�`x��X¢Hx�ËÌ�vw�x~£���`x �dc �!Ä)w����vu` ����©�~�(¢Hxªwyx��©u`��x��¹¢:�³�L�~ tË¬�º �r·ËÌx¼�©r��y��wyrt�¶rt�L�­��rt�v��{�®? � ����©x��yx¦�`w��v¢` tx������~�`�



3 é 5 í ö76�÷ î28/é
u`���~�©�/¢`wyrt�`s«u`�0���+�y�`x��H�vr��:���y�L�­�0���`x(�­�L�~ t�»��r����­Ë����`x&S�\³���v���²�v�©x��:���~Ë��y�`x �dc � � �«Ú$\�`x��������L�~�����¦¢Hx.µ»u©x����yr��v�©x���{

1

10

10 2

10 3

10 4

10 5

10 6

0
9

100 200

channel»

co
un

ts Pileup subtraction of the 150Ho 9+ β+ spectrum
0
Ì

2 4 6 8
Í

10 (MeV)

calculated pileup distortion

qdrtsvu`wyx½z`{·|v|v} �dc � � �ªÚ$\"S�\Ð�y�Hx����ywyu`�Ð{Æ���`x����~ ���u` ¬�­�yx��¶�`r� tx�u`�¶�`r�� ���vw ��r��~�Xr����` t�~�y�yx��¾�~����y�~ �r��¾ tr��`x?�8¡~x�w'���`x.x!ã©�Hx�w�r���x��:�Z�­ ��²�vrt�:����{
�¯�X���v�`�� �u`�©x~£C���`x-�`wy�v�Hx�w��`r� tx�u`�Ð���~wywyx����yr��v�Ð�É�~���`�v�`x+�~��ËÌ�~w½�y�`x+w�x����?�~Ë��y�`x-�©wyx�¡»r ��vu`�� t�Ê�`wyx��yx��±�yx��¹�y�Hx��O��w��¿{-q¯r�s`{dÀÒz©{t|v|�Â��y�©�8�'���y�`x+ÏL�`�~  �dc � � �/Ú \ S \ �y�Hx����ywyu`�Ð£��~�©���v����~�Ð�­Ë�rt��£¿�y�`x.���~ t��u` ��­��x��Ð�©r� �x�u`�¾�`rt�����~w���rt�v�¹äÎ���v �rt�CæO{

{X|­Î Ï �VÐ �ÒÑXÓ � � � Ñ � Ô�Õ×ÖÊØZÙÛÚ��ÝÜÞÚ¤ß}Üà�á�Vâà� Ñ
���`x��~�`�~ t�»�yrt�+��x��y�`�¿�©�«�`wy��¡»r��©xX���`x/Ä0âÃ�~�`��S�\L�ºËÌx�x��`r��©s&�`r�� ��w�r�¢`u©�yr��v�©�«�~�`���y�`x�rtw+u`�»���x�w����~r��:��rtx���{ ���©x��õ���~�×¢²x³u`�yx�� rt�`�`x��²x��`�`x��:�y t�õ�~wX���vs~x����©x�w/rt� �vwy�`x�wX��� �~¢©�Z�~rt� ���©xS���� ��wyx��`s~�y��{�â��v�`��r��`x�wyr��©s+���`x?�`r�����wyxO��x��`�­��u`w�x��~Ë��y�`x(�L�­���©£»�y�`x&S���� ��w�x��`s~�y�¾�`r�� ��w�r�¢`u©�yr��v�ËÌ�vw'�ªsvr·¡vx��Ðx��©x�wys­��¢`r��µã)���­�Ê¢Hx.�v¢©�Z�­r��`x���ËÌw��v��Ä)µC{¯äÎz`{·|�ù:æ

ä^å­æ ý |ç û è å­æé äs! �># 
 û�êÌæìë �ut ¨ äÎz`{·|�ù:æ
�'�`x�wyx ç ûÜr��«���©x¾x��`x�wys~� ¢©r����'r��¿���GäÎz:Þ&Ó­x�Ö=r����y�`r��«�0�vw�Ó©æ é w�x��`w�x��yx��:���¶�y�`x�qLx�w��¶rr��:�yx�svwy�~  £©û�êÇ���`x.x��`x�w�s~���~ËÇ���`xFãÎ� ���Ð¢`r��J£7ë �ut ¨ ���Z�­�`�`�'ËÌ�vwÉ���`x.�L�­ tË¯ �rtËÌx?�~Ë¯�y�`x¼�`x������Ð�­�`�



éÇê øÊí²÷ 88î�î�ï ÷ í ö î ô  t�vs é±ðÒñ ö7ò ñ>ó òÎö¿÷õôÎð î 3Cø

è å­æ rt���v¢©�Z�­r��`x��Êu`��r��`s¶Ä)µC{ÇäÎz`{·|�Ú:æ�ËÌwy�~�è���`x¼Ä�â �~�©�öS�\�ËÌx�x��©r��`s��`r�� ��w�r�¢`u©�yr��v�©��û+ü÷ê¯�~�`�S \ê �~�`��r·����wyx��y�Hx��O��rt¡~x¼�0x�rtsv�:���AøX�~�©�"ù�}
è å­æ ý

ø±û-ü÷ê��úùÀS \êûýü ê ÎÞþ ø±û+ü÷ê��úùÀS \ê äÌz`{·|�Ú:æ
���`x�u`�yx³�~Ë(���`x&�¼�­u`�y�/x�wyw��vwX�`w��v�L�~sv�­��rt�v� ËÌ�vw��«u` ��¹�`w���¡¿rt�`x��¶���`x&u©�`��x�w��Z�­r��:��� �­Ë(���`x����w�x��`s­���«�­�¯���`���'�+r��¼Ä)µC{¿äÎz`{ÌË~Þ:æ!£¸rt�¼�yx�w��¶���~Ë»���`x�u`�`��x�w �Z�~rt�±�yr�x��Ç�­Ë©���©xÆ¡­�~w�r¬�~¢© �x���rt�:¡v�v ·¡vx��r��ÐÄ)µH{¯äÌz`{t|�ù:æO}

ÿ ¨��� æ ý ��� ä^å­æ�
è å­æ��

¨
ÿ ¨� � æ � �	� ä^å­æ� ë �ut ¨ � ¨ ÿ ¨
 ÿ���
 � ��� ä^å­æ� é ê � ¨ ÿ ¨� æ äÌz`{ÌË~Þ:æ

���`x-x!ã¿�` �rt��rt��ËÌ�vwy���­Ë¯�y�`x.���»x)¦���rtx��:���½r��ÐÄ)µC{ÇäÎz`{ÌË~Þ:æ����~�Ê¢Hx(ËÌ�vu`�`�Ðr��Ð�~�©�²x��`�`r·ã¾®+{`���`xr��:��x�svw��~ ²¡~�­ �u`x(�~Ë¯���`x.� ��wyx��`s~�y�Ê���~�Ê¢Hx(xOã¿�`w�x����yx���rt�¾��x�w��¶���­Ë¯�y�`x(���~���~ � ��~s é4ð
 ��vs é4ð ý  t�vs � � � |û ê ä^å­æ ç û � ýG t�vs � ���� |

û ê � � æ� æ 
 ÿ���
��� äÌz`{ÌË¿|8æ
qCu©w����©x�w'�`x����~r� t���v�¾���`x. t�vs é±ð u©�`��x�w��Z�­r��:�������~ t��u` ��­��rt�v�/���~�Ê¢Hx�ËÌ�vu`�©�Êrt�Ê�­�`�²x��`�`r ã�®+{

Ñº�'rt�'�~ ������H�v���yr�¢© �x����¦svxO�����`xFS���� ��w�x��`s~�y�¾ËÌwy�v���~�` t�¶�v�`x.�~Ë¯¢²�­���ÐÄ�âG�vw�S�\&ËÌx�x��©r��`s�`r�� ��wyrt¢`u©�yr��v�`�+¢±��u`�yrt�`s&���`x��¹ýÍÄ�â���S�\ wyx� ¬�­�yr��v�����~¢`u` ��­��x�� r�� ÀS�á¢�Ö.Ô¿|�Â {����`x¾���~���~ r��:��x��`�yr·��� è å ���~��¢HxªxOã¿�`w�x��y��x���r��&��x�wy�����~ËÆ���©x¦Ä0â r��:�yx��`��rt��� è �># �vw?�y�`xZS�\�r��:��x��`�yr·���è å �Ê�~�'r��`�©r����¸��x��¾¢:�ÐÄ)µC{ÇäÎz`{ÌËJËvæÉ�­�`�³Ä)µC{ÇäÎz©{ÙË~ÙvæO£`w�x��y�Hx��O��r·¡vx� ·�v{

è å­æ ý ������ | � � æ"! è$#&% ê�ý � | � � æ"! #'% æ(*),+.-/ #'% / ã ç û10Â! �># 
 |�ÞVËGË
è2#'% ê²ý #&% æ(3)4+.-/ #'% / ã ç û15Â! �># 
 |�ÞVËGË äÌz`{ÌËJËvæ

è å­æ ý ���� ä | �6�)êÌæ è å � ýÅä |��7�àêÎæ å �æ(*) +.- � ÿ0�8
9
/ å �/ ã ç û10Â! �$# 
 |�ÞVËJËÞ ã ç û15Â! �$# 
 |�ÞVËJË äÌz`{ÌË~Ù:æ
�àê�w�x��`w�x��yx��:���/���©x³r��:�yx�wy�H�v ��­��x�� ¡­�~ �u©xÊ�~Ë?���`x³��¡~x�wy�~svx&û-ü*��S \ wy�­��rt��ËÌ�vw¦���©x"ãÎ� ��� ¢`r�����~ t��u` ��­��x��Ðrt�ÐÄÆµC{ÇäÌz`{ÙË¸z±æ �)ê�ý |�Þ&:; æ9<>= +.- 1 #'? \ : ü æ äÌz`{ÌË­z±æ
�'�`x�w�xA@B ê��~�`� @ ù�ê'�~w�xX���`x¾���¿x´¦���r�x��:���«ËÌwy�~�b�y�`x¾ �rt�`x��­w-w�x�svw�x��y��r��v��ËÌ�~wª�³svr·¡vx�� x��`x�w�s~�Ä'{LÑº�½rt�É���vw ���Ðwyx����~ t �r��©s+���L�¸�����`x¼Ä�â ËÌx�x��`r��©s��©r����ywyrt¢`u©��rt�v�¾r���x!ã»��x��©�`x��Ê�8¡~x�w'���`x(�'�`�~ �x! �$# �º�'rt�`�`���.£²�'�`rt �x.���`xKSË\UËÌx�x��`r��`sX�`r�� ��wyrt¢`u©�yr��v�Ðx��`�©�.�­���­�&x��`x�wys~�Ê�~Ë ! �># 
 Ë BDCFE ¨ {���`r�����x��~�©�É���L�­�É�`�ªr��©ËÌ�~wy�¶�­��rt�v�X�v�/�y�`xÒS���� ��wyx��`s~�y�¾r��/���©x( ¬�~� �(|�ÞVËJË¼Ó~x�Ö �~Ë��y�`xz! �># ��'r��`�`��� ���~�+¢Hx�x!ã¿�yw��~�O��x��«rtË©�v�` t�(�y�`x�SË\¦ËÌx�x��`r��`s��`r�� ��w�r�¢`u©�yr��v�.rt�d��¡­�~r� ��~¢` tx~{����`x0�`r�����wyxO��x



343 5 í ö76�÷ î28/é
S���� ��wyx��`s~�y�����~��¢Hx¦���~ t��u` ��­��x���rt�U�y�`x¦�����Ê���~��x��-�'r·���U���`x¦�`x� ����~Ë0�y�`x¶ÄÆµC{0äÎz©{ÙËvÝ~æ.�­�`�Ä)µC{ÇäÎz`{ÌË~Õ:æ

ä^å­æ ý ���� �G # � | � � æH! �JILK æ� æ 
 ÿ���
 ã ç û10Â! �$# 
 |�Þ�MNM�G # ��ILK æ� æ 
 ÿ���
 ã ç û15Â! �$# 
 |�Þ�MNM äÎz`{OMvÝvæ
ä^å­æ ýQP �G # ä | �6�)êÌæ � � � æ� æ 
 ÿ���
 ã ç ûQ0 ! �$# 
 |�Þ�MNMÞ ã ç ûQ5 ! �$# 
 |�Þ�MNM äÎz`{OM~Õ:æ

���`x¦�~�©�` �rt���­�yr��v�Ð�~Ë)���©x¦�¼�­u`�y��x�wyw��vw�ËÌ�vw��«u` ��X�~w�wyrt¡~x��?�y�X���©x«xOã¿�`w�x��y��r��v�U�~Ë�Ä)µC{ÆäÌz`{>M~ÔvæO£�'�`rt�Z� r��¶�~�L�~ t�vsv�vu`�¦����ÄÆµC{�äÎz`{OM~Þ:æ¦¢`u©�X�'r·���õ�~�`x&�~�©�`rt�yr��v�L�­ É��x�w�� ���v��r��`s¹ËÌwy�v� ���©xr��:�yx�wy�H�v ��­��rt�v�/�~ËÇ���`x(���~¢`u` ��­��x��ÊÄ�â���S \ ¡­�~ �u`x���{
ÿ ¨� � æ ý � � ä^å­æ�

è å­æ �
¨
ÿ ¨�9� æ � � � ä^å­æ� ë �ut ¨ � ¨ ÿ ¨
 ÿ��J
 � � � ä^å­æ� é ê � ¨ ÿ ¨� æ � � � ä^å­æ� �àê � ¨ ÿ ¨ æ äÎz`{OMvÔvæ

���`x�r��:�yx�svwy�­��x��A t�vs é±ð ���~� ¢Hx��`wy�»��u`w�x��A�~�L�­ ��vsv�~u`�y ·�¹�y�����`x¾���~�yx¾�0x�wyxÐ¢H�~����ËÌx�x��`rt�`s�`rt����w�r�¢`u¿��r��~�`���~w�x¦��¡~�­r� ¬�­¢` �x­{¼���©x����v���` �xO��x«�`xO�Z�~rt ����~�&���`rt�(���~ t��u` ��­��rt�v�&�~���0x� t Æ�~�����©xu`�`��x�w �Z�~rt�±����xO¡­�~ �uL�¸��r��~�¾�~wyx.�`x��y��wyr�¢Hx��Ðr��Ð�~�©�²x��`�`r·ã¾®+{
{X|SR ~��X� |8Ý~Þ7�q�UT 
 � |8Ý­Þ4��� Ð �*V ß}Ü)� V
°¿rt�`��x«�y�`r���rt�?���©x«¡vx�w �&ÏLw����(��rt�¶x¼���L�¸�(���`x¦�~�`�~ t�»�yrt����x����©�¿�`�?�`wyx��yx��:�yx���rt���yx�����rt�v�UÙ©{úÙ�L��¡vx.¢Hx�x��³�~�©�` �rtx��X�y�¦�y�`x(�Ç®½�-°/r��:¡~x�wy��x.�`wy�v¢© �x��Ð£¿�0x(�'r� t ²�`�­�'¢²x(���v�`��x�wy�`x��Ð�'r·���¾���©xwyx��yu` ·���½�v¢©���~r��`x��ÊËÌ�vw��y�`x �dc � � �WM21³�`x������³�~ t�v�`x~{�X�x.�'r� t ��~ ����¶�`x��y��wyr�¢Hx.���`x-�`wy�v�Hx�w½u`�4��~svx��­Ë²�y�`x'�~�L�~ ·�»�yr��)��x��y�`�»�`��£:rt � �u©����wy�­��x����`x�r�w)�¶�~r��«ËÌx��­��u©wyx���£±r��`�� �u`�`rt�`s(�~�¿¡~�­�±���~svx��0�­�`��`rt���~�©¡­�~�:���~svx���£»�~�`���`x����v�`� ��w��¸��x����`x'���v�`�yrt���yx��`�O�¶�­Ë²�y�`x���x��Z�©�`r�µ±u`x½���`w��vu`sv���.�� �x��~w)�yxO��~Ë¯xOã©�~���` �x���{

���`x������~w��yr��`s?�²�vrt�:���~ËL�y�`x��~�L�­ t�»�yrt�dr��Ç���`x��y�Hx����yw��(���~wywyx��y�H�v�`�`rt�`s?�y�����`x�Ä�â �~�`�ZS�\H����~�¶�H�v�`x��±�y���~Ë)�y�`x¶�dc �!� �YM 1 �`x������~£JËÌwyx�x«�~ËÆ���v�:�Z�~��r��L�­�±�y���~�©�&���vw�wyx�����x���ËÌwy�v�,�`rt �x�u©��`rt�����~w���rt�v�`���~���`x�����w�r�¢Hx��õrt� �yu©¢`�yx�����rt�v�þäÌz`{åÙ¿{t|8æª�~�©� äÎz©{åÙ©{OMvæ!{×Ä��­�Z�õ�v�`xÐ�~Ë��y�`xÐ�y�`wyx�x�~�L�­ t�»�yrt���~ tsv�vwyr·���`���'�`x�����w�r�¢Hx���r��³�yx��O��rt�v�UÙ©{úÙX�L�~��¢Hx�x�����w��­�`�y ��­��x��&r��:���/�/q�¢[Z¯��Z½® %�`w��vsvw��­�Ê{Ð���`x/�v¢2È�x����yrt¡~x/�~Ë½�~�:���~ËÉ���©xX���`w�x�x/���¿�©x��«rt�-���©xX���­�¶x­}¦�y�&���­ ���u© ¬�­�yx¶rt�`�`xO��Hx��`�`x��:�� t��¢H�~����Ä0âÅ�­�`� S�\C� ËÌx�x��©r��`sÊ�`r�� ��wyrt¢`u©�yr��v�`��£¯� �Z�~w ��rt�`sÊËÌw��v�Ü���`x¶���vw�wyx��y�H�v�`�`rt�`s�y�Hx��O��wy�ª�~�`�/���©x(�`wy�v�Hx�w0wyx��y�H�v�`�yx(�¶�­�ywyr���x���{)®?�Éx!ã©�© ¬�~rt�`x��/rt�/�yx����yr��v��Ù©{OM¿£¿�v�`x��`x�x��`�É�y�r��©�`u©�?�y�`xª�`x������&���Z�`x���x«ËÌ�vw��y�`xª���~�`���ywyu`�O��r��~���~Ë)���`x+wyx����²�~�`�yxª�¶�­��w�r���x���{(���©r�����x��~�©����`�­�'���`x.�L�~w �½�~Ë¯�y�`x¼x� �x����ywy�v�¶�~sv�`xO��rt���`xO�ºxOã¿��r·�Z�­�yr��v�����Z�`x���x¼�'�©r��Z�³rt��u`�`Ó±�`���'�&�L�­�'�y�¢Hx?svu`x��y��x��¾¢:���y�v��x���x��y�`�»��£»�'�©r��Z�/rt�±�ywy�»�`u`��x��0�~�/u`�`Ó±�`���'�¾x� �x���x��:�0r��:���¼���`x½wyx��yu` ·����{� ���0x�¡~x�w�£¯���`x�r�w.���vw�wyx������©x��y�+���~��¢²x¶�~�y��x����yx�� r·Ë0�y�`x��¹�­wyx¦¡vx�w �¹�yr���r� ��~wªäÌ�vw.x�µ±u`r·¡~�­ �x��:�ZæËÌ�vw-�`r�/²x�w�x��:�«rt�`rt�yr¬�~ )svu©x��y��x���{ UÐ�vwyx��8¡~x�w�£Æ�y�`x/�`r0/Jx�wyx��`��x��ª�²x�wy��rt�¼u`�+�y�&�`x��yx�w��¶rt�`xX���©x���»� ��x��¶�­�yr��«u`�©��x�w �Z�~rt�:��r�x������~�¶rt�`sXËÌwy�~�,�y�`xª�`x��²x��`�`x��©�����v�&�y�`xªwyx��y�H�v�`��x~{[X�x«���`�vu` t��`�~�¶ËÌ�vwys~x������L�­�¶��x&�~wyxÊ�`x��~ tr��`sU�'rt�y� ���ywyx���x��©�`�vu`�� t�A���v���` txOãA�`w��v¢` �x�� �'�`r��Z� �L�­�



éÇê 3 ì-íÇî �dc �!ïÊðDM>1 ñ �dc �!ò/ó 88î]\ ó òÌ÷ \ 3^]

�X�~�:�³�¶�vw�x«u`�`Ó±�`���'�`�.���`�~���L�­���©{+���`xªµ±uL�­ �rt���Ê�Z�`x��ZÓ»�¼�'�`r��Z�U�L��¡~x�¢Hx�x��¹�~�`�` tr�x��&�~wyx�yu`���X�­wyr���x��Ð�~��ËÌ�v t ����'��}
|v{����`xÆ���~ t��u` ��­��x���ËÌx�x��`r��`s'�`rt���ywyr�¢©u©��rt�v���«u`� ��wyx��`wy�»�`u`��xÆ�y�`xÆ�L�­���©£����L�­��r���£��y�`x UÊ�v�:��xâÉ�~wy t�&�y�Hx��O��wy�&svx��`x�w��­�yx�� ËÌ�vw+�³�`x����������­ ���u© ¬�­�yx����'r·�����y�`x¾Ä�â$�~�`��S�\C� ËÌx�x��©r��`s�`r�� ��w�r�¢`u©�yr��v�©���«u`� ��wyx��`wy�»�`u`��x����`x(w�x����²x�����r·¡vx(x!ã©�Hx�w�r���x��:�Z�­ �Ä�â �­�`�µSË\L�����²x�����wy�©{���`r��?r����y�`x«�`w�r��¶�~w��Ðsv�v�~ ¯�­Ë)���`xª�­�L�~ t�»��r����­ �sv�vw�rt�y�`�¶��£C�yr��©��xª�~ t ��~ËÆ���`x��´rt�`�� tu`�`x���`rt��ËÌx��­�yu`wyx.�~�½�ª�`w�x�wyx�µ±u`r���rt��x­{M¿{����`x/rt�`�`x��Hx��©�`x��:���~�L�­ t�»�yrt�-�~Ë��y�`x/Ä�â$�~�`� S \ ���y�Hx��O��wy�³�«u`� �ª�`wy��¡»r��©x¶���©x/���~��x���ywyx��©s~����{d���`r��ÇËÌx��­�yu`wyx0r��Ç�`�~�)�­u©���v�¶�­�yr����­ � t�½ËÌu` ·ÏL � tx���£8�yrt�`��x0���`x0wyx����²�~�`�yx���u`�yx��ªr��¢²�­���Ê�~�L�~ ·�¿��r��½�~w�x¼���v���` �xO��x� ·�/�`r0/Jx�wyx��±��{�Ñ������`x¼���­ ���u© ¬�­�yr��v�¾�~ËÇ���©x+Ä�âGw�x��y�H�v�`��x~£�v�` ·�}WC�ºw��~�©r¬�­�yr��v���L�­�-���Ê¢²x����~�`�yrt�`x�w�x���£d�'�©r� �xªËÌ�vw.���©x¸S�\ �~�`x~£Ç���`x¶x��`x�wys~�¹ ��~�y��~Ë��²�~�yrt�ywy�v�©���L�~���y�¾¢²x«rt�`�� tu`�`x��AäÎr��©�� �u©�`r��`s¶���`x+���0�³Ý¿|v|«Ó­x�ÖÛµ±uL�~�:�Z�¾�`w��¿�`u©��x���­Ë ��x�w¯�y�`x��~�`�©r��`rt ¬�­�yr��v�(�`w��¿��x����ZæO{d���`xÉ ¬�­wysvx��`r�/²x�w�x��`��xÉr��¯�� tx��~w� t�.r� t �u`� ��wy�­��x��-¢:�¼���`x�`r�/²x�w�x��:�½�y�L�­�²x��½�­Ë¯�y�`x(xOã¿�Hx�wyrt�¶x��:�Z�~ ����²x����yw��©{Æ���±u`��£L�y�`x¼�~wysvu©�¶x��±����x.ËÌ�v � t���×r�����L�¸��rtË��`r0/Jx�wyx��±�É�y�Hx����yw��©£©�`r�/²x�w�x��:�'wyx��y�H�v�`�yx��½�~�`�¾�`r0/Jx�wyx��:�ÉËÌx�x��`rt�`sª�`rt����w�r�¢`u¿��r��~�`��`wy�»�`u`��x¼�y�`x.���~��x(���ywyx��`s~���J£`���`x. ¬�¸�y��x�w��L�~�����¦¢Hx.�� ��~�yx(���ª���©x.�ywyu©�y��{
Ù©{����`x¦�`x�s~wyx�x¦�~Ë��`x��²x��`�`x��`��x��~ËÆ���`xª���~ ���u` ¬�¸��x��UÄ�â �~�`�}S�\H�ºËÌx�x��`rt�`s¾�`rt����w�r�¢`u¿��r��~�`��v���y�`x��~�y��u`���©��rt�v�`�.�X�­�`x¦�v�¹�y�`x�u`�`Ó±�`���'���L�~w �¼�~Ë��y�`x¦ �x�¡~x� Æ�y�Z�©x���xX�«u`� �¼¢²x�`x��yx�w��¶rt�`x���{�°¿�¶�~ t ��8¡~x�wy�~ � ��`xO¡¿r��­��rt�v�`���~wyx-�¶ËÌu`w ���`x�w��©wy�»�~Ë)�~Ë��y�`x¼���vw�wyx��O���`x��y�(�~Ë���`x.w�x��yu© t��{
z`{����`x��L�­�yu`wyx/�­Ë½�y�`x/���©wyx�x¾��x��y�`�»�`�«u`��x�� �����y�~ t¡vx/�y�`x¾r��:¡~x�wy��x¾�`wy�~¢` �x��]r��+���v�ª��` �xO��x� t�«�©r�/²x�wyx��:��{����±u`��£¿x�µ»u©rt¡­�~ �x��:�)ÏL�L�~ Lw�x��yu© t���)�©wy��¡»r��`x����0�-���v�`�yrt���yx��`�O�¦�Z�`x��ZÓ±��{���`x-Ï`wy����r����y�L�­�'���`x¼��x����©�¿�`�½�~w�x(���vw�Ó±r��`s`£L�'�`rt�Z�³���`�vu` t�Ê�`�­��¢Hx¼���v�`��r��`x�wyx��&�~��~u©�y�v�X�¸��r����~ � ·�-ËÌu© tÏL t �x��J{¯���`x?�yx����v�`�/rt���y�L�­�����`x�r�w����v�:¡~x�wys~x��`��x��`wy��¡»r��©x��É�¼���ywy�v�`sx�¡»r��©x��`��x-�~ËÇ���©x¼���vwyw�x��O���`x��y�?�­Ë¯�y�`x¼�~�L�~ ·�¿��r���{
Ý¿{�®?�¯r��`�`rt���­�yx��-r��¾ÀS�(®�¤(Ú~z8Â £­���`x�Ä0â��­�`�KS�\�ËÌx�x��`rt�`s��`rt���ywyr�¢©u©��rt�v�`��£��'r·���+�y�`x0�©wy�v�Hx�w�`�vw��X�~ tr��y�­��rt�v�`��£����~�¼¢²xÆu`��x��¼���½�`x��yx�wy��r��©x����`x ! �># �~ ��v�©s'�y�`x)�'�`�v tx�x��`x�w�s~�(wy�~�`svx¢:�Ur��:��x�wy�H�v ¬�­�yr��v�Ê�~Ë����`x�Ä�â���S�\ w��­�yr��/�Z�­¢`u` ¬�¸��x��Urt�AÀú�z¢'Ö(Ô¿|�Â2{ª���`x¦���v�`��r�� ��x��©����~Ëd�y�`x¼wyx���u` t���~ t�v�`sª���©x¼x��`x�w�s~�Ðw��~�©svx.r��½�~�`�~�y�`x�w'�`w��¿�­Ëd�~Ë¯���`x¼���~wywyx����y�`x����?�~Ë¯���`xwyx��yu` ·����{X�x&�����~w��XËÌwy�v� ���`xÊ¡¿rtx��=���L�¸�/���`x³�¯®½�¼° ��x��Z�`�`r�µ±u`xU tx��~�`�¶�����y�`x��`wy�~�²x�w/�y�L�­�²x�~Ë0�y�`x¦���ywyx��©s~�����`r�� ��wyrt¢`u©�yr��v���­�`���­����u©w��­�yx¶�­�`�Uwyx� tr¬�~¢© �x«rt�±�yx�svwy�­��x���¡~�­ �u`x���{ � ���0x�¡~x�w�£�`u`x-�y�¶�y�`x+ tr���rt�Z�¸��r��~�`��rt�±�ywy�»�`u`��x��³¢:�����©x+ ���� w�x����v �u©�yr��v�Ð�~Ë��y�`x¼�`x��yx����y�vw�£²rt�½�`�»x����`�~�wyx����v t¡~x¶�� ��v��x� ·���` ¬�­��x���r��`�©rt¡»r��`u`�~ d tx�¡vx� ���{XÑ���ËÎ�­����£��y�`x¶� ��w�x��`s~�y���`rt���ywyr�¢©u©��rt�v�`�(�L��¡vx����¢²x/rt�:��x�w��`wyxO��x�� �~�«��¡~x�w��­svx/�`rt����w�r�¢`u¿��r��~�`��£Ç�yrt�`��xX�y�`x�w�xXrt�«�Ê���vwyw�x� ��­��rt�v�õäÌ�vw+��r�s~w��­�yr��v�Cæ¢²xO����x�x��¦���v�:�yr�svu`�~u`�dx��`x�w�s~�¼¢`r��`��{d®��¯�0x��'r� t :�yx�x­£~���©r��d�`�~w��yr���u© ¬�~w� t�(�y/Jx������Ç���`x��~����u`w��­����~Ëd�y�`xá! �$# ���~ ���u` ¬�¸��r��~�XËÌwy�v�6���`x¼Ä�â���S�\�w��­�yr��`{



34� 5 í ö76�÷ î28/é
?A@_^�@�� `�a"b3c[aHb3dýQªG�e�f"gANhaiejblkAm*a�L'mYORJ�I&One�c[g&LoJMG"Nnm&JúJpo&IáJ�OqaHrYJsb÷NPQ�fcÒQìN7Q
���`xª�`rt�y��u`�y��r��v���v�&�y�`r������v�`rt�+���~�U¢²x«� �Z�~w ��x��U�'r·�����­�±�³�~ËÆ���`x«�~�L�~ ·�¿��r�����x��y�`�»�`��{*X�x�L��¡vx��Z�©�v�yx�� �y�`x�Ä�U äÎ�`w�x��yx��:��x�� r�� �yu`¢`��x��O��r��~�GÙ¿{åÙ©{úÙ:æ¶¢Hx����~u`��x&��x����v�`�yrt�`x�wXrt�/¢Hx�� ��~�L�­�©��x��&���¾�vu`w?�`wy�v¢© �x��Ð}'rt�?r��?x��~���³���/rt�¶�` tx���x��:��£Hrt�?���v�:¡~x�wys~x��(ËÎ�~���?���/���©x«�y�v tu©��rt�v��£�`x��~ ����L�¸��u`wy�~ � ·�¶�'r·���Ð�`wy�v¢`�~¢`r� trt�yr�x��0�~�`�Ð�`w��8¡»rt�`x��'�H�v�yr·��rt¡~x(�y�v tu©��rt�v�`��{°¿x�¡~x�wy�~ Æx� �x����ywy�v�¶�~sv�`xO��rt�«�`xO�ºxOã¿��r·�Z�­�yr��v�����Z�`x���x��.�0x�wyx�u`��x��¹r��&���©x����v�`� ��wyu©����rt�v�U�~Ë���©x�w�x��y�H�v�`��x?�¶�­��w�r���x��)�`x�x��`x��/¢:���y�`x½�~�L�~ ·�»�yr��Æ��x��y�`�¿�©��{�®� � L�~Ë²���`x��$�L��¡vx?rt�¦���v���¶�~����©x¼�y�~��x¼�©xO��x!ã¿��rt���­��rt�v�¾�y�Z�©x���x-u`�����tM¿{åÔ�UÊx�Ö+£`�'�`r��Z�Ð�É�~�'�v¢¿�Z�~rt�`x��¾ËÌwy�~� �ª�yx��`�~w��­�yx�`rtsv� w�x����v �u©�yr��v� x!ã©�Hx�w�r���x��:���'rt��� ���©x&â� tu`���yx�wXâ�u`¢²x�ÀÒ®½�[Z½Ú:Ô8Â+À�Z'r?áÉÚvÔ¸Â { ���»u©��£É���©x�`r0/Jx�wyx��©��x��.¢Hx����0x�x������`xª�y�`wyx�x����Z�`x���x��¼u`��x��¹���v�`��r�� �-�~�` t�Êr������©x��©x��������©wy�v�Hx�w ��r�x��(�~Ë���©xX �xO¡vx� ��¾äÌ¢`r��©�Zæ(r����y�`x/w�x�svrt�v��¢Hx����0x�x��uM¿{ ÔöUÊx�Ö �~�`���y�`xw! �># {ÊqLu`w��y�`x�w¼�`xO�Z�~rt ��¼�v����©r��'�~���²x������~Ë¯�y�`x¼�~�L�~ ·�»�yr������~��¢²x(ËÌ�vu©�`�Êrt�Ð�~�`�Hx��`�`r ã�á?{v Ä) �x����ywy�v�¶�~sv�`xO��rt�Ê�`x!��x!ã©��rt���­��rt�v�õ�y�Z�©x���x |v}�Ñº�/r��/�­�×��¡~x�wy�~svx��y�Z�©x���x�¢L�~�yx��×�v��y�`x³x!ã©�Hx�w�r���x��:�Z�­ ?�`x������ �©wy�v�Hx�w ��r�x��X�~Ë(�y�`x³ tx�¡~x� ��X�~¢H�8¡~xwM¿{åÔ UÊxOÖÜ�'�`r��Z�õ�0x�w�x�v¢©�yx�w ¡vx��/�'rt���¶���`x�â� �u`� ��x�wÉâ�u`¢HxªÀ�Z'r?áÉÚvÔ¸Â {)®� � `�y�`x� �xO¡vx� ��?äÎ¢`rt�`�Zæ��~¢²��¡~x*M¿{åÔKUÊxOÖ�`x������+�y�����`x� t����x����Æ t�»rt�`s?�v�©x��)r��«�y�`xÉ�y�~�¶x��X�~�©�`x�w)�­�`�ª�`wyx��yx�w�¡»r��`s(�y�`x��v¢`��x�w�¡~x��WL��rt�:��x��©�yrt���~{v Ä) �x����ywy�v�¶�~sv�`xO��rt�Ð�©xO��x!ã¿��rt���­��rt�v� ���Z�`x���xwM¿}³®?�õu`�©�`�:�¿��r����~ ?���Z�`x���x³�'�`rt�Z�õ���v�»���r��`x�wy�����`�­��xzy9y`���©xª¢`r��`���~¢²��¡~x�M¿{ ÔwUÐx�ÖÃ�`x������&rt�&���`xª�y�~�¶x+�X�~�©�`x�w?�'r·���u{F|2}�xzy�`w��v¢L�~¢©r� �r·���¦���¶�~�:�¾�~ËÇ���`x.�����­��x���¢Hx� t���~M¿{åÔ�UÊx�Ö+{v Ä) �x����ywy�v�¶�~sv�`xO��rt�)�`xO�ºxOã¿��r·�Z�­�yr��v�.�y�Z�©x���xÉÙ©}�®A�y�Z�`x��¶x0¢L�~��x��+�~�+�'�����­��rt����rt���~ :���»�`x� ËÌ�vw��y�`x'x� tx����ywy�v�¶�~sv�©x���rt���`x!��x!ã©��rt���­��rt�v�¦�~Ë²�y�`x'�±u`�� tx�u`���~¢H��¡vx�M¿{åÔzUÐx�Ö«{:®×�`x��y��wyr��»��yr��v�¾�~ËÇ���©x¼���»�`x� ����~�Ð¢²x(ËÌ�vu`�©�Êrt�Ê�­�`�²x��`�`r ã�á?{

qdr�s©{½ÀÒz`{·|,M¸Â'���`���'�X���©xÊw�x��yu© t�¶�~Ë����©x³�~�`�~ t�»�yrt�¶�­Ë?���©x³Ä�â��~�`�úS�\H�����²x�����wy�¹ËÌ�vw¦���©x�dc � � �tM21U�©x������³�`wyx��yx��:�yx��Ur��&��x��O��r��~��z`{åÙ¿{�X�x+�'r� t ¯rt�`rt�yr¬�~ t t�¶�`x��~ Ç�'rt�y�³���`x+wyx���u` t�y���v¢¿��Z�­r��`x���ËÌ�vw-�`xO�ºxOã¿��r·�Z�­�yr��v���y�Z�`x��¶x&|/�­Ë ��x�w«�~��Ä U �­�L�~ t�»��r���{Ð���`x/ tx�Ë �-���v tu`�����~Ë'�` t�~������~wywyx��y�H�v�`�`�É�y�+���©x(Ä�â ���~�yx­£©�'�`rt �x��y�`x?w�r�sv�:�0ËÌ�vw0�y�`x&S�\d{����`x�Ï`wy���Éwy���×�~Ë��` t�~���0�y�`���'����©x(���v���L�~w�r��y�~�/¢²xO����x�x������`x(x!ã¿�²x�wyr���x��:���~ J���²x�����wy�ÐäÎ�H�vr��:����æ��~�`�/�y�`xzUÊ�v�:�yx¼âÉ�~wy t�«wyx!��y�H�v�`��x��½äÌ�y�v tr��¼ �r��©x�æ��v¢©�Z�­r��`x��-ËÌwy�~�þ�y�`x����~ ���u` ¬�¸��x��¼ËÌx�x��`r��`s?�`r�� ��wyrt¢`u©�yr��v�`�0äÌ�`�vwy�¶�~ tr��yx��¼�y�u`�`r·���©æ¯r��¼���`xÉ ��~���dwy���.{d���©x��yx����v�`�¦wy��� �~ËC�© ��~�y�d�y�©�8�'���y�`xÉw�x� ¬�¸��rt¡~x��`xO¡»r¬�­�yr��v�`�¯¢²xO����x�x�����©x/wyx��y�Hx����yrt¡~x¾xOã¿�²x�wyrt�¶x��±���~ É�­�`�ÊUÊ�v�:�yxÐâÉ�~wy t�&wyx����v�`� ��w�u`���yx�� �y�Hx��O��w��&���~ ���u` ¬�¸��x���¢±�Ä)µC{ÇäÎz`{OM~ù:æ
w�x� 2{)�`x�¡H{»ý � CJ� « 
 � þ ê ;ÿ CJ� « äÎz`{OM~ù:æ

�'�`x�wyxf� C�� «¦�~�`�e� þ ê ; �­wyx«���©xª�»u©�«¢²x�w��~Ë����~u`�:���.r��&�y�`x«xOã¿�Hx�w�r���x��:�Z�~ ��~�`���yrt�«u` ��­��x���y�Hx��O��wy�¶�~�©� ÿ C�� «+�~w�x(���`x.xOã¿�Hx�w�r���x��:�Z�~ Ju`�`��x�w����~r��:��rtx���{



éÇê 3 ì-íÇî �dc �!ïÊðDM>1 ñ �dc �!ò/ó 88î]\ ó òÌ÷ \ 34�

���`x( ¬�~w�svx½�`r�����wyx��L�~�`�O�X�~¢`�yx�w�¡vx��¾ËÌ�vw0�y�`x&S�\Ê���~�yx�¢Hx� t���×�Z�L�~�`�`x� ��¼Ý~ù+r��0�`u`x½���ª� �dc �!Ä)w���v�:�Z�­�¶rt�L�­��rt�v�¹äÎ��x�x. ¬�¸��x�wÉËÌ�~w��¶�vw�x(�`x����~r� t�Zæ!{

1

10

10 2

10 3
�10 4

50
�

100 150 200
channels

co
un

ts

1

10

10 2

10 3
�10 4

50
�

100 150 200
channels

co
un

ts

-10

0
�10

50
�

100 150 200
�

channels

re
l. 

de
v.

-10

0
�10

50
�

100 150 200
�

channels

re
l. 

de
v.

0
�0.02

�0.04
�0.06
�0.08
�

50
�

100 150 200
�

energy (bin=40 keV)

fe
ed

in
g

0
�0.02

�0.04
�0.06
�

50
�

100 150 200
�

energy (bin=40 keV)

fe
ed

in
g

�����N���F���h����M���Z��2�F���������z���F�h� � c¢¡.£ �wM21¥¤��2¦¨§¨©ª§z«n§z�¬©��"���­�h�F��«h�®�F�h�	¯�U °��$�F�h�]¤p�²±��z���¯0â³§z«h¤ SË\´�F�$�Fµ'�N«h�"�¶°Y§L���"��¦$�2�D·j�$�F�¸¦¨§z��¦2�h��§L���$¤¹�8�N�����,·���«h�º�F�h�¶�$���$¦$���"�N°Y§z�N«h������¦²¤h��»�Oã�¦2�¬�S§L�F���N«¼�F¦S�h�$°Y�6�N�½�����"�"���"�,·[�u¯�â ä����$�9�Zæ	§z«h¤ýS \ ä��"���N���ZæD�!ã�µ&�$�F��°��2«���§z�*�Fµ'�2¦�����§�h�F�$¤¸��«²������§z«n§z�¬©]�F���$�*¾���µ&�$�F��°�µ'�N�F�$¤¿§z�F�����h��¦2�N�"�F�2�"µ&�z«h¤h��«��D�F��°À�h�Á§L�F�2¤®�Fµ'�2¦$�F��§Uä8�F�N����¤����«��2�Zæ3�"�2¦2�z«h�"�F�F�h¦����2¤¶�8�F�N°Â���h���F�$�F�h�¬����«����8�$�2¤h��«h� ¤h���H���F��Ãh���F���N«h�$��¾��2¦$�N«h¤¶�F��·[���"�2��§L���¬ÄN�¤h�$Ä]�Á§4�����z«h�ÅÃ'�$�¢·��2�$«¸�F�h�À�.Æ�µ'�2�"��°��2«��S§L�Ç§z«h¤²�F��°À�h�Á§L�F�2¤®�Fµ'�2¦$�F��§t�8�N��Ã&�L���¿¯ÉÈlÊ����$�9�.Ë�§z«h¤SË\¶Ê��"���N���SËÌ¦2§z�F�$�2�ÌÍÎ�h���F¤Y�F��·[�Ç�F�$�F�h�¬����«h�­¯�ÈÏÊ������9�.ËÌ§z«h¤fS�\ºÊ8�F���N���.Ë��8�2�$¤h��«h�­¤h���"���"��Ãh�������z«h�«h�N�F°Y§z�����F�$¤	���W�h«h�¬�¢©N�



]P¥ 5 í ö76�÷ î28	Ð
Ñ_��·�§z�Ò°��2«������N«h�2¤ µh�"�$Ä]���N���F��©Y���n§4�Ò�F�h�­¯�UÓ°��$������¤���°�µh�����2��§z«������$��§L�F��Äz��§Lµhµh�F�N§z¦S����W�����À�F�z�����F���N«p�ÉÔÅ�Ò��«®§z«�© �z�����2�Ò�����$��§L�F��Äz�­µ��F�]¦2�2¤��h�F�LÕÖ§W¦2�N«�Äz�2�F�z�2«h¦$��¦2�F�¬���$�F���z« �h§z�Ò�F�Ã'�­�$�"��§zÃh�����F�h�$¤���«��N�F¤��2�����W�H���Nµ����h�[�¬���2�F§L�����N«h�$�ÇÍÎ�h�[¦2�"�����$�F���N«	·j�­�n§¨ÄN�[�8�N������·j�$¤D�NÃ'�$©]��¢·��Y¤h���F�$¦$���¬ÄN�$�2��¶X¶��·j§z«��3������U®�N«�����È�§z�F���t�F�$¦2�N«��"���"�h¦$�F�2¤w�Fµ'�2¦����F§Y���	Ã'�×§L�3¦2���N�F�À§z�Åµ'�N�F�"��Ãh���­�F��F�h�[��Æ�µ&�$�F��°Y�$«Ø��§z�p�N«��2�2�M6ÍÎ�h�¿�8�$�2¤h��«h�N���NÃ���§z��«h�$¤A�8�F�N° ���h�¸¯�U °Y�����h�]¤¼§z�F�w§¨ÄN�$��§z�z�¸¤����"�F�F��Ãh�������N«h�D§L«h¤�"�h�N�h��¤A«h�z�t�F�h��·³�h«h�F�2§z�����"�F��¦��N�F¦$�����Á§L�F���N«h�$�ÙÑ_�*���h�Ú«Ø�h°ÀÃ&�$�t�z�[�¬���2�F§L�����N«h���������]���§z�F�N�LÕÇ���h�	¯ U °��$������¤ª�F�2«h¤h�×�F�¿�F�$µh�F�]¤h�h¦$���F�h�D�"��§L�����"�F��¦¨§L��(n��¦$���h§L�����N«h���z��������.Æ�µ'�2�"��°��2«��S§L�Û�Fµ'�2¦$�F��§�Õ'�2�"µ&�$¦2��§z���¬©D��«����h�­�F�$�N���z«h�Î·��h�2�"��������«Ø�h°×Ã'�2�Ò�z��¦2�N�h«��F��������,·[�

10
-1

1

10

10 2

0 50
Ü

100 150 200
Ý

iteration number

χ2  (
a.

s.
)

10
-1

1

10

10 2

0 50
Þ

100 150 200
iteration number

χ2  (
a.

s.
)

EC spectrum

β+ spectrum

�����N�h�F�²ßh���¨à��ºá�â¶Ê���«Ù§z�FÃh�¬���F§z�"©6�F¦2§z���¨ËtÃ&���¢·j�$�2«¼��ãh�¿�.Æ�µ'�2�"��°��2«��S§L�*§z«h¤¼ä®�z«Ø�F�¶È�§z�F����F��°×�h��§L���$¤��"µ&�$¦$�F��§À§L�j§*�8�h«h¦������z«Y�z�&��ãh�Ò«Ø�h°×Ã'�2�É�z�p�¬���$��§L�F���N«h�Ì��«��Fãh��¯�äå°Y����ãh�]¤p�Çæç�Nµp�¯ÉÈ¼�"µ&�$¦$���F§���±j�z�F�F�N° �Çèçéw¦2§z�F�L�
æÎãh���*�8�N�"¦2�$���h�*�F� �H���h¤�©¿·�ãh�2�"���Fãh�W¤h��ê&�2�"�2«h¦$�2�2Õs�N��Äz�2«¸Ã�©Ú��ãh�Wá�âÀÃ'�$�¢·��2�$«º��ã����.ÆØ»µ'�2�F��°Y�$«��S§z��§z«h¤Yä®�N«�����È�§z�"���*�"�2¦2�z«h�"�F�F�h¦����2¤Y�Fµ'�2¦�����§�Õ]¤��­«��z�Ì��°�µh�"�,Äz�Î�F���N«h��ëh¦¨§z«����¬©×§L«h¤§L�*�Fãh�W��§z°��×����°Y�À�Fãh�W�F�N���������N«h�3¤��®«h�L�[�h«hµhã�©]�F��¦¨§z����©Ú�z�F¦2������§L���×��«¿�N�F¤��2�*�����F�$µh�F�]¤h�h¦$���ã��Y�H�S§L�F���"�F��¦2§z�Çìn�h¦����n§L�F���N«����z����ãh�Y¤n§L��§��	�����h�Éíîßh���¨àLï��Fãh��·��À�Fãh��Ã&�$ãn§¨Ä����N�h�­�z�j�Fãh��áçâ�Õ��« §z�"Ãh���F��§z�H©	�"¦¨§z���zÕhÃ'�$�¢·��2�$«²��ãh�[�.Æ�µ'�2�"��°��2«��S§L��§z«h¤²ä®�N«�����È�§z�"���W�F��°×�h�Á§4���2¤D�"µ&�$¦$�F��§t§L�§��8��«h¦$�F���N«Ú�L�Ç��ãh��«Ø�h°×Ã'�2�Å�L�Ì���F�2��§4�����z«h����«®�Fãh�×¯Éäð°��$�Fãh��¤Ö���n�N����ã��×¯ÉÈñ¦¨§z�"��Ê��hµ�µ&�$�



Ðçò�óºô�õçö ��÷ ¡.ø®ùDú�û½ü ��÷ ¡.ý	þ ÿ ö ��������� 	�

µn§z�"�SËj����¦2§z«�Ã&�[�NÃh�"�2�HÄN�2¤ ��ãn§4�Ò§W¦$�N«�ÄN�$�F�N�$«h¦2�­����§�¦2�N«h�H�S§z«���ÄL§z�����*�����F§L��ãh�$�Î��§z�"�2Õh�F��«h¦2��8�N�[à
�D���F�2��§4�����z«h�3�N«h�W§L�F�F�¬ÄN�$�3��� §D�"�S§LÃh���×ÄL§z���h���z��áçâ2���n�N�3��ãh��èçé¥¦¨§L�F�®Ê����,·��2�[µn§L�"�.Ë.Õ��ãh��¦2�z«ØÄz�2�"�N�2«h¦$�Å���Ç�F���,·��2�$�ÌæÎãh���Ì���Ìµh�F�zÃn§zÃh�¬©À�"�2�Á§4���2¤��F�[�Fãh�Î¤h�¬êÖ�$�F�2«����"�2�Fµ'�N«h�"�Ò�8��«h¦$�F���N«§z«h¤º«h§L���h�"�W�z�j�Fãh�W�Fµ'�2¦$�F�F�h° ���¶�Wãn§¨ÄN�Y¤h�2¦$��¤h�$¤¸�F�®�H���Nµ¸��ãh�W���F�2�F§L�����N«h�[§L��§	ÄL§z���h�W�z����
��ÕqÃ'�2¦¨§L�h�F�­�8�N�Ò�Fãh���ÎÄL§z���h�­�Fãh�­�F�N���������N«h��ãn§¨ÄN�À§Y�F°��]�z��ã Ã&�$ãn§¨Ä]���N�h��§z«h¤²§L����ãh����§z°������°��[§��N�]��¤D�"�2µh�"��¤h��¦$�����N« �z�s�Fãh�[��Æ�µ'�2�F��°Y�$«��S§z�p�"µ&�$¦$�F��§Y����§z¦Sãh���$ÄN�$¤p�æÎãh��§z«n§z�¬©��"���s�z�h��ã����Fµ'�2¦�����§Å·j§z�Ç¤��N«h��Ã�©��F�2���2¦�����«��3�N«h�¬©À§�µn§z�"���z�h�Fãh�2° ��æÎãh�j�F�2�z���N«�8�N���Fãh�*¯ÉÈA�Fµ'�2¦$�F�F�h°l·j§z�Î¦Sãh�N�"�2«	���ÀÃ&�3Ã'�$�¢·��2�$«�¦Sãn§z«h«h�$���3� ú §z«h¤Ú��� ú Õ]��Æ�¦2���h¤h��«��×�N«h�¬©��ãh�Òµn§z�H�j§4������·j�$�"���2«h�$�F�N���2�2��æÎãh�����F�$�N���z«Y����§LêÖ�$¦$�F�2¤tÃ�©W�H©��H���$°t§L�F��¦Ò�2�"�F�N�"�É¦$�N°���«h�*�8�F�z°��ãh�[¦2�z«Ø��§z°���«n§z«��j�F�hÃ��F��§z¦������N«pÕn§z«�¤ �����$�jÃ'�2����·¼��ãh�3ëh�F�"���.Æ�¦2���F�2¤ �"��§L����Ê ú épË�§L���
�Nà��z���×�æÎãh�®��«h¦2���h�F���N«¥�N��«h�L�W�z���Fãh���
�Nà��z���Âµ&�2§��ÙÊJ§4�W¦Sãn§z«h«h�$� úNú ËÀãn§z��§¿�"�F�F�N«��¶��«�ìn�h�$«h¦2��N«¿��ãh�W�F�$¤h�h¦$�2¤�»_áçâ��z����ãh��ëh�[°Y§z¤h��Ã'�$�¢·��2�$«¶�Fãh����Æ�µ'�2�F��°Y�$«��S§z�Ì§L«h¤ªä �N«����YÈ�§z�F����¯ÉÈ�Fµ'�2¦$�F��§�Õ�Ãh���[«h�N«h����«Ú��ãh��¦2§z��¦$�h�Á§L�F���N«®�z�É��ãh�W¯ÉÈñ�8�2�2¤���«h��¤h���"���"��Ãh�������z«p�[æÎãh���F�N���F¦2�W�z���ãh�Òµh�F�zÃh���$°1���Ì��ãn§4�É�Fãh�Ò�F�2�"µ&�z«h�F�$�j�8�N�Ì��ãh���n»��Ø�n§z«���§[·��2�"�Å¦¨§L��¦2���Á§L�F�2¤���«��F�2�z�h�Á§z�Ì�$«h�2�"�z©��«����$�"ÄL§z����Ê8�F�2�­�F�$¦$�F���N«®à�� ú �8�N��¤h���S§z������Ëj§z«h¤®«h�z���8�N����ã����"���Nã����2«��2�F�z���2�ÀÊ����Nà �z�!� ��«���ã����¦¨§z�"��Ë���Ñ¢«­��§z¦��¨Õ,��ãh��ÄL§z�����É�L�há�â#"%$��¨ßNß'&����
�)(~àzß+*¬���NÃ���§z��«h�$¤­�8�z���Fãh��¦2�N°�µh���$�����"µ&�$¦$���"�h°���Ì�F�$¤h�h¦$�2¤W��� ú * àÅ·�ãh�2«W��ã����
�Nà,�z���Ù���Ì«h�L�Ìµh�F�$�F�$«Ø�2�ÌæÎãh���ÇÄL§z���h��°����Nã���Ã&�Î¦$�N«h�F��¤h�2�"�2¤�§z��"�������Ö�F���W��§z�F�N�LÕhÃh����·���ãh§�Äz�­�F�Y�"�2¦2§z���Ö�Fãn§L����ã��­�"�2�"µ&�N«��F�À���F�2¤®��«D��ã���§L«n§z��©]�"������«h¦$���h¤��2��N«h��©¿§�Äz�2�F§z�N�W�8�¨§L�F�h�F�$���z����ãh�W¤h�.»¢�.Æ�¦$����§L�����N«p�WæÎãh���[°Y§��z�$���¬�*·j�$���Ì�"�h���F�2¤¶�F���F�2µ��F�]¤h�h¦2���ãh�Y�,Äz�2�F§z�����"�F�F�h¦����h�"�t�z����ãh�Y�Fµ'�2¦����F��°®ÕsÃh����«h�z�­��ãh��¤h�$��§z�����2¤¸�"�F�F�h¦����h�"�Y·�ãh��¦Sã¶·��N�h��¤�F�-�Ø�h���F��§­Ã'�$�"���$�.�Ø«h��·����$¤h�N�Ò�N«W��ãh���2���2¦����F�z°t§z�z«h�$�F��¦Î¤h�.»¢��Æ�¦$���S§4�����z«��"¦Sãh�2°��z�É�n�N�Ç�Fãh��èçé�Fµ'�2¦$�F�F�h° Õ���ãh���"�2�N���N«W�z�p§L«n§z��©]�"���Ç·j§z��¦Sãh�N�F�$«tÃ'�$�¢·��2�$«	¦Sãn§z«h«��2���./��[§z«�¤®��/0�3��«W�N�F¤��2�Ì���§�Äz�N��¤D�Fãh�À��÷ ¡ ¯Ì��¦2�N«���§z°Y��«n§L�F���N«Y�hµD����¦Sãn§z«�«h�2��/����ÇæÎãh���Îãh§z����ãh�Å¦2�N«h�"�-�Ø�h�$«h¦2�­��ãn§L�j��ãh��8�2�2¤���«h�N��¦$�N�F�"�2�Fµ'�N«h¤���«h�W������ãh§L�Ò�F�2�z���N«Dãn§¨Äz�­�F�YÃ'�)�]���2�"�F���N«��2¤pÕq�F��«h¦2�*�Fãh�$©	·��2�"��¦2§z��¦$��»�Á§L�F�2¤¿��«�¤h���"�2¦$�F��©z�*±j���3�8�z�"����«n§L���$��©zÕp§z�Å·������çÃ&�À�Fãh��·�«w�Á§L�F�2�$ÕÖ�F��¦Sãw�8�$�2¤h��«h�N�3ãh§�Äz�W§tÄN�$�"©�F°Y§z���ç��«�ìh�h�2«h¦$�×�N«²�Fãh�À�F�z�S§z�ç�"�F�F�$«h�z��ãÖ�3æÎãh���F�$¤h�h¦$�2¤�»_áçâ[�NÃ��S§z��«h�2¤Ú��� ú * ßh�212354-6�798
:;6LÕ< ã+6�=+:>8
?+@A6!7B8�CED+F>GA3+HJI�39I�K
6!:LI�H
6�:>6-F;=M8
3+F>6NGOFP=+:>6-F;6!3 <�QSR 8
:P?M8 < ã9TSUVI�35W�è éMX :;6!F;=M8
3+F;6!F-YG < 4�I039?M6�F;6!6-39GA3 R GAH Q íîß Q ú ï < ã+I <Z< ã+6�:>6-@[I < GOK�6�W+6!K\GAI < GO8
3+FP?M6 <�] 6-6!3 < ã56^6`_a=E6!:;GA796-3 < I�@bI�3+WF;GA7cD+@[I < 6-W�F>=E6!4 < :;I�8�F;4-GO@A@AI < 6cI�@A@dI�:;8�D+3+Wfe-6!:;8�GA3 < ã56 :;6-H�GA8
3+F280CgI03bI�@Oh\F>GAF-Y ] ã5GA4Sãf7�6-I�3+F< ãbI <�< ã+6JI�K�6-:;I�H
6 < :>6-3+WiGAF�:;6!=+:;8\W+D+4!6-W Q
Ug8
354-6-:>3+GA35H < ã+6wè é X F>=E6!4 < :>D+7 I�3+I�@Oh\F;GOF-YNG < ãbI0F�?M6-6!3j796-3 < GA8
3+6!W%I�@A:>6�I�W5hkGA3lF;6!4 X< GA8�3tà Q ú < ãbI <m< ã+6N=M6-356 < :;I < GO8
398�Cn=M8
F;G < :>8
3+FmGAFmD+3+W56-:;6!F < GA7�I < 6!Wo?'h < ã+6qp)Tmrqs�æ�àÀäi8
3 < 6U#I�:;@O8i4!8aW+6²ítUgr,sq���
ILï Q æÎã+GOFJGOFJI�3uGO7�=M8
: < I�3 < =M8
GA3 < Yv?M6-4-I�D+F;6�GOC.G < GAF)3+8 < =M8
F>F;GA?5@A6 < 8:;6-=5:;8\W+D+4-6 < ã+6#:;6!F;=M8
3+F>6�C�8�:Çè X :LI�h\F-Y�G < I4ê�6!4 < F < ã+6�:;6!F;D+@ < 8�C < ã56Îèsé X 4!8
7�=M8
3+6!3 < I�3bI�@wh\F;GAF QrqF^FLI�GOWiGO3iF>6-4 < GA8
3®à Q ú Y < ã+GOF�C�8
:;4!6-WxD5F < 8�?bI04y� < ã+6­è X W+6 < 6-4 < 8
:�?'h�I�=5GA6-4!6)8�CP=M8
@Oh�6 < ãzh X@A6-356�Y�GA3V8
:;W56-: < 8u79GA3+GO7�GOF;6 < ã+6x=M6-3+6 < :;I < GO8
3k8�C < ã+6x{ û &�{�éj8
: < ã+6!GA:9?+:;6!7�F>F < :LIzã+@OD+3+H:LI�W+GAI < GO8
3�GA3 < ã+6�sNI�|�}�æ�@[~^W+6 < 6-4 < 8
: Q2� h�W+8
GO3+HoF>8+Yn6�K
6-3fI�:;6-@AI < GwK
6!@Oh�@[I0:;H
6JW+GAF>4-:>6-=bI�354!hGA3 < ã+6o=5:;6-W5GA4 < 6-W¥è�:>6-F;=M8
3+F>6	ãbI�F�8
3+@wh�IiK
6!:>h�F;7�I�@A@ZGO3�ìbD+6!3+4-6�GO3 < ã+6 < 8 < I�@m:>6-F;=M8
3+F>6�YF;GA354-6�3+8 ] 7�8
F < 8�C < ã+6�=E8�F;G < :;8
35Fy�0?+:>6-79F;F < :LILã+@AD+35H,W+823+8 < 6-3 < 6!:ZGA3 < ã56#4-:�haF < I�@ Q |�3 8
:>W+6-:< 8�?M6 <>< 6-:gD+3+W+6!:;F < I�3+W < ã+6qGO3�ìbD+6!3+4-6,80C < ã+GOFg6$êE6-4 < GO3 < ã+6qI�3bI�@wh\F;GAF!YaG < GOF ] 8
: < ã�F;=M6-35W+GA3+HF;8
796 < GA796,W+6!F;4!:;GA?5GA3+H < ã56J3+I < D+:>6)8�C < ã+6[èçéfF>=E6!4 < :;D+7 Q



	+� � õ��+� � ö ÿ��

10
-5

10
-4

10
-3

10
-2

0
�

50
�

100 150 200
energy (bin=40 keV)�

fe
ed

in
g

0
�0.05

� 0.1
�0.15
� 0.2
�0.25
� 0.3
�

0
�

50
�

100 150 200
�

energy (bin=40 keV)�S
β 

(k
eV

-1
 s

-1
 x

10
-6

)

normal tail
no tail
double tail
�

R GOH
D+:;6tß QO� ß+����6-F>D+@ < F 8�C < ã+6���÷��`�N8 úØû èçé�W+6-4-I�h�TÉä I�3+I�@Oh\F;GOF�D+F>GA3+H < ã+:;6!6�W5G�êE6-:;6!3 <=M8
F;G < :;8�3�:;6-F>=E8�3+F;6)7�I < :>GA4-6!F#I�35W�6!@A6!4 < :>8
7�I�H
3+6 < GA4NW+6 X 6�_a4-G < I < GA8
3�F>4Sã+6-796 �
Q æÎã+624!GA:;4!@A6!F4-8�:;:;6!F;=M8
3+W < 8 < ã+6�:>6-F;D5@ < F 8�? < I�GO3+6-W ] G < ã < ã+6�p)Tmrqs�æ�à�F>GA7�D+@AI < 6!W7äi8
3 < 6�U#I�:;@O8�:;6 XF;=M8
3+F>6�Y < ã+6 < :;G[I03+H
@A6!F < 8�I9:>6-F>=E8
35F;6 ] ã56-:;6 < ã56 < I�GA@�I0?E8�K
6 < ã56 � � úNú I�3+3+G�ã+GA@AI < GO8
3�=M6�I��] I�F�:;6!7�8�K
6!W�I�3+W < ã562F;�zDbI�:>6-F < 8�I�:>6-F;=M8
3+F>6 ] ã+6-:>6 < ã+6 < I�GA@EI�?M8�K
6 < ã56 � � úNú �06!��=M6�I��] I�F�7�D+@ < GO=+@AGO6-W�?'h�IiC�I�4 < 8
:J8�C <�] 8 Q æ�8
=n� < ã+6 < ã+:;6!6oC�6-6!W+GA35HxW+GOF < :>GA?+D < GA8�3+F Q�� 8 <;< 8�7i�< ã56J4!8
:;:>6-F>=E8
35W+GA3+H < ã+:;6!6�F < :;6!3+H < ãiW+GOF < :;GA?5D < GO8
3+F QæÎã+62:;6!F;=M8
3+F>6 < 8 Ic=M8
F>G < :>8
3	ãbI0F <�] 8 4!8
79=E8
356-3 < F!� < ã+6,:>6-F>=E8
35F;6 < 8 < ã+6,6!3+6-:>H�h�@A8
F>F8�C < ã56 =E8
F>G < :;8
3�G < F;6!@OCN}�=E6!3+6 < :LI < GA8
3�8
:2?5:;6-79F;F < :;Izã+@AD53+Hz~qI�35W < ã+6 :;6!F;=M8
3+F>6 < 8 < ã+6 <�] 8F;D5?+F;6!�\D56-3 < @wh =+:;8\W+D+4!6-W¡/ ��� ��6��¢I�3+3+G�ã+GA@AI < GO8
3�� X �zDbI�3 < I Q äi8
F < 8�C < ã56�=E8�F;G < :;8
35F�I�:>6F < 8
=+=M6-W GO3 < ã56oW+6-I�W£7�I < 6!:;G[I0@ZF;D+:>:;8
D+35W+GA3+H < ã+6�:LI�W+GO8'I�4 < GOK�6�F;I�79=+@A60Y¤?bI�F>GA4-I�@A@wh�GA3+F>GAW+6< ã569p)6 W+6 < 6!4 < 8�:28
:2GA3 < ã+6 =E8�@Oh
6 < ã'h\@A6!3+6�I�?+F>8
:;?M6-: Q 1,3+@Oh < ã+6 <�] 8i/ �
� �06!�¥�MF*ãbI�K
69I@[I0:;H
6J=+:;8�?bI�?+GO@AG < h�8�Cm?E6!GA3+H�W+6 < 6-4 < 6-W�Yn=+:;8\W+D+4!GA3+H�Io=E6-I���I <�� � úNú �06!�¥I03+WfI�Ug8
79= < 8
3?bI�4y�zH
:>8
D+3+W Q ¦ 3+W56-: < ã+6!F;6�4-GO:;4!D+7�F < I�354-6-F!Y ] 6�4�I03�I0F;F;6!F;F < ãbI <,< ã+6Yäi8�3 < 69U#I�:;@O8�H
6-3 X6-:;I < 6!W�:;6!F;=M8
3+F;6�ã+I�F,3+8�=+I < ã+8�@A8
H
GO6-F!YEF>GA3+4!6 < ã+6cGA3 < 6!:LI�4 < GA8�3x8�Cm��:LI�W5G[I < GA8
3�GAFN=+:;8
=M6-:>@Oh< :>6�I < 6-W Q �N8 ] 6!K
6!:-Y^C�6 ] =E8�F;G < :;8
35F�8�C[ã5GAHNãV6-3+6!:;H
GO6-Ff}�8
:oI0F;F;8\4-GAI < 6!W�?+:>6-79F;F < :LIzã5@AD+3+H'~ãbI�K
6,Ic4SãbI�3+4!6 < 8�6!3 < 6-:gGA3+F>GAW+6 < ã+6q4-:>h\F < I�@�I0C < 6!:g=bI�F>F;GO3+H < ã5:;8
D+Hzã < ã+6,I�?+F;8�:;?M6-: Q |�3 < ã+GOF4�I0F;6�Y < ã56^6!3+6-:>H�h�@A8�F < ?'h < ã56^=M8
F>G < :>8
3�GA3 < ã56NsNI�|�}�æ�@[~¤GAFmI�W5W+6-W < 8 < ã+6�6!3+6-:>H�h�W+6-=M8
F>G < 6!W?'h < ã+6 <�] 8�/ ��� �06!�§=hã+8 < 8
3+F!YEI03+WxI0F ] 6�I�@A:>6�I�W5h��\358 ] Y < ã+GAF�GAF�358 <�] 6!@A@�6!K0I�@ODbI < 6-W�?zh< ã56�äi8
3 < 6�U#I0:;@A8�4!8aW56 Q æÎã+6 =M6-3+6 < :LI < GA8�3�8�C < ã+6 =M8
F>G < :>8
3+FL�0?+:;6!7�F>F < :LIzã+@OD+3+H�=5:;8\W+D+4-6!FI < I�GA@¨GA3 < ã+6N:;6-H�GA8
3�I0?E8�K
6 < ã+6,/ �
�d© / ���¤©�ª¬«#­ ��6��®F;D+7¯=M6�I��¨Y+I03+W�4�I03�=+@[I�h�I�3�GO7 X



� ò�óºô�õçö ��÷�� ø®ùDú�û½ü ��÷�� ý	þ ÿ ö ��������� 	+°
=E8
: < I�3 < :;8�@A6 ] ã+6!3o@A8\8
�zGA35H2I < W+6!4�I�h\F < 8)@O6!K
6!@AFm@Oh\GO3+HJI < @A8 ] 6�_a4-G < I < GA8
3�6-356-:;H�GA6-FN}8ã+GAHNã56-:=E8
F>G < :;8
3�6!3+6-:>H
GA6!Fy~ Q æÎã56JGO3�ìbD+6!3+4-6280C < ã+GOF#6$êE6-4 < 8�3 < ã+62I03bI�@Oh\F>GAF#8�C < ã+6*èçéx4-8
79=M8
3+6-3 <ãbI�F�?E6!6-3iF < D5W+GA6!Wi?'h�798aW5GOC±h\GA3+H�I�: < G�ëb4!G[I�@O@Oh < ã+6):>6-F;=M8
3+F>6 < 8�=E8
F>G < :;8
3+F Q
R GOH Q í�ß Qw� ßzïaFFã58 ] F < ã+6#C�6-6!W+GA3+H2W5GAF < :;GO?+D < GO8
3+F#} < 8�=¨~¤I�3+W F < :>6-3+H < ã+F^}�?M8 <>< 8
7o~�8
? < I�GO3+6-WC�:;8
7 < ã+6xI�3bI�@wh\F;GAF ] G < ã < ã+:>6-6�W5G�êE6-:;6!3 < =M8
F;G < :;8�3�:;6!F;=M8
3+F;6!F-� < ã+6i:;6-F>=E8�3+F;6�8
? < I�GO3+6-WW+GA:>6-4 < @OhiC�:;8
7²pJTZr,sÒæ�àu}�4-GO:;4-@O6-FL~�YvI�:;6!F;=M8
3+F;6 ] ã+6!:;6 < ã+6�=M8
F;G < :>8
3 < I�GO@�ãbI0FJ?M6-6!3�F>D+= X=+:;6!F;F;6!W�}�F;�zDbI�:>6-Fy~)I�3+W�I�:;6!F;=M8
3+F>6 ] ã+6!:;6 < ã56 =E8
F>G < :;8
3 < I0GA@�ã+I�F2?E6!6-3�7�D+@ < GA=5@AGA6!Wx?'hfIC�I�4 < 8
:�8�C <�] 8�} < :>G[I�3+H�@A6-FL~ Q | < 4�I�3�?M6�F>6-6-3iGA3 R GOH Q íîß QO� ßzï < ãbI <^< ã+62C�6-6!W+GA3+H9W+GOF < :>GA?+D < GA8�3+FI�:;69K
6-:�h�F;GA79GA@AI�:,D+= < 8 < ã+6o:>6-F>8
3bI�3+4!6 Qi³ GOH
3+G�ë+4�I�3 < W+G�êE6-:>6-3+4!6-F�I0:;698
?+F;6!:>K�6-W¡I�?M8�K�6�/äi6!�cYa6!F;=M6-4-GAI�@A@wh�C�8
: < ã56^C�6!6-W+GO3+H�W5GAF < :;GO?+D < GO8
3�8
? < I�GA3+6!W ] ã56-3 < ã+6N=M8
F>G < :>8
39=E6!3+6 < :LI < GA8
3GAFq356-H
@O6-4 < 6-W Q æÎã+GAFN4�I�3�?M6c6`_a=+@[I�GO3+6-WxI�FqC�8
@O@A8 ] F Q æÎã+6 < I�GO@�=5:;8\W+D+4-6!W�?'h < ã+6c=M8
F;G < :>8
3+F6�_ < 6!3+W+F < ã+6Åèsé�:>6-F>=E8
35F;6 < 8�I�@[I�:>H
6-:.6-3+6!:;H�ho:LI�3+H�6 Q æÎãzD+F-Y5F;8
796,8�C < ã+624-8
D53 < F�I < ã5GAHNã6-3+6!:;H
GO6-Fg4!8
796^C�:>8
7´6!K�6-3 < F ] ã56-:;6,I�@A@ < ã+6N6!3+6-:>H�h9W+6-=M8
F>G < 6!W�?'h < ã+6��MF#I�3+W < ã+6 <�] 8�/ �
���6!�®�zDbI03 < IÀãbI�F < 8c?M62I�W5W+6-W < 8 < ã56q6-356-:;H0ho@O8
F < ?zh < ã56q=M8
F;G < :;8�3+F Q |µC < ã+6[äi8�3 < 62U#I�:>@A8:;6-F>=E8�3+F;6�W+8a6!F)3+8 < GA3+4!@AD+W56 < ã+696$êE6-4 < Y < ã+69I�3bI0@Oh\F;GOF)I�@AH
8�:;G < ã+7 < :;GO6-F < 8�:>6-=+:>8aW+D54-6 < ã+66�_a=E6!:;GO7�6!3 < I�@�F>=E6!4 < :;D+7¶?'h�=+@[I04-GA35Hc798
:;6qC�6!6-W+GO3+H I < ã+GAHNã56-:g6!3+6-:>H
GA6!F Q æÎãbI < GAF ] ã'h < ã+6W+GAF < :;GO?+D < GA8
3�7�I�:>��6-W�?'h�F>�zDbI�:;6!F�@AGA6!Fg8
3 < 8
=�8�C < ã5628
3+6,W+6�ëb3+6!Wi?'h < ã+624-GO:;4!@A6-F Q 1,3 < ã+68 < ã+6!:ÎãbI�3+W�YbGOC < ã562=E8
F>G < :;8
3�=M6-3+6 < :;I < GO8
3�GAF�8�K
6!:;6!F < GO7oI < 6-W�Y < ã+6!3 < ã+62F;=M6-4 < :>D+7·I < ã5GAHNã6-3+6!:;H
GO6-F�4�I�3�?M62:;6!=+:;8\W+D+4!6-W�?zh�=+@[I�4!GA3+Hc@A6-F>F�C�6-6-W5GA3+H Q æÎã5GAF�6�_a=+@AI�GA35F ] ã'h�W+8
D+?+@OGA3+H < ã+6=E6!3+6 < :LI < GA8
3 ] 6�8
? < I�GA3f@A6!F;F)C�6-6!W+GA3+H Q æÎã+69:;6-I�@m=+:;8�?+@A6!7¸I�:;:>GOK�6-F ] ã+6-3�4-8
3'K
6!: < GA3+H < ã+6èsé�C�6-6!W+GA3+H�GA3 < 8�F < :>6-3+H < ã ] G < ã¶ã56-@A=�8�C#Tm� Q }�ß Q ú $
~ Q æÎã56-3nY < ã+696�_ < :;I�C�6!6-W+GO3+HxI < ã5GAHNã6-3+6!:;H
GO6-F�GAF 6!3hãbI�3+4!6-WV?zh < ã+6 R 6-:>7�GSC�D+3+4 < GA8
3¡I�35WVI0F�I�4!8
3+F;6!�zD+6-3+4!6 < ã+6�F < :>6-3+H < ã¡GAFW+:LI�7�I < GA4�I0@A@Ohx@[I�:>H
6-: Q æÎã+GAFJ4�I03£?E6!6oF>6-6-3 GO3 < ã+6o@O8 ] 6-:J=bI�: < 80C R GAH Q í�ß Qw� ßzï�Y ] ã56-:;6 < ã+6F < :>6-3+H < ãk8�? < I�GO3+6-W�?'h�W+GOF;:;6!H'I�:>W+GA3+H < ã+6�=E8
F>G < :;8
3�=M6-3+6 < :LI < GA8�3¹}�F;�zDbI�:>6-FL~�6`_5=5@A8\W+6-F�I <ã+GAHNãi6�_a4-G < I < GA8
3�6!3+6-:>H
GA6!F Q æÎã+6�:;6-7�I�:>�0I0?+@A6)=M8
GA3 < GAF < ã+I <N< ã+6J:;6-F>D+@ < FqIºC < 6-:^4-8�3+F;GOW+6-:>GA3+HI�F>GA3+H�@A6,8
:gW+8
D+?+@O6,=M6-3+6 < :LI < GA8�3�8�C¤=M8
F>G < :>8
3+F�I0:;623+8 <g< 8\8 W+G�êE6-:>6-3 <�Q æÎãzD+F!Y < ã+62796-F;F;I�H
6GAF < ã+I < 6!K
6!3uGwC < ã+6�=E6!3+6 < :LI < GA8
3�80Cg=M8
F;G < :>8
3+F2GAF2358 < GA3+4!@AD+W56-W ] 6!@A@ZGO3 < ã+6 :;6!F;=M8
3+F>6�Y�G <ãbI�F < 8�?E6)4!8
3+F;GOW+6-:>6-Wn� < ã56J6�ê�6!4 < 8
3 < ã+6)F < :;6!3+H < ã�GAF�3+8 <�< 8\89@AI�:;H�6)I�3+W�4�I�3�?E6 < :;6�I < 6-WI�F^I9F�haF < 6!7oI < GA426!:;:;8�: Q
R :;8�7 < ã56S=M8
GO3 < 80CaK\GA6 ] 8�C5=hã'h\F;GA4!F-Y ] 6S4�I�3JF;6!6.GO3 < ã+6 < ã5GA:;W):>8 ] 8�Ca=+@A8 < FvGA3 R GAH Q íîß QO� ú ï< ãbI < ?E8 < ã�TSU»I�3+W²èsé X C�6-6!W+GA35HoW+GOF < :>GA?+D < GA8�3+FN:>6!K�6�I�@¤I9K
6!:>hxFFãbI�:>=�:;6!F;8
3+I�3+4-6c8�CN}½¼ ú à
���6!� ] GAW < ã¨~�I < ¼*ß Q /Yäi6���6�_a4-G < I < GA8
3�6!3+6-:>H�h Q æÎã+GAF�GOF�=bI�: < GA4!D+@[I�:>@Oh9F;=M6-4 < I�4!D+@[I0:�C�8�: < ã+6è é 4�I�F>6�� < ã+6�6�_a=M6-:;GO7�6!3 < I�@Éè é¨X F>=E6!4 < :;D+7¬W+8\6-Fc358 < GO3+W+GA4-I < 6�F>8�6!K\GAW56-3 < @wh£I�F < ã56�TSU8
3+6 < ã+6�=+:>6-F;6!3+4-6 80C < ã+6�3bI�:;:>8 ] ?5D+7�=�I < ß Q /	äi6���Y ] ã+GA4Sã�GOF < ã+6�4-8�3+F;6!�\D56-3+4!6980C < ã+64-8
79=+@A6 < 6!@Oh�W5G�êE6-:;6!3 < :>6-F>=E8
35F;6-F�GA3'K
8�@OK
6!W�GO3f?E8 < ãf=+:;8\4-6!F;F;6!F Q æÎã56�C�I04 <)< ãbI <2< ã+69FLI�796FFãbI�=M6JGAF�:;6!4-8�K
6!:;6!W�GA3�?M8 < ã�F < :;6!3+H < ã�W+GOF < :>GA?+D < GA8�3+F#GAF�I0@A:;6-I�W5h�I�3iGO7�=M8
: < I�3 < F>D+4-4!6-F;F Q

¾q¿½À�¿µÁ ÂuÃ,Ä§Å�Æ,Ç2Ä�ÈcÄ�Æ,Ç2Ä�Æ#ÉkÊ�Ë ÌmÆ,ÇÎÍ)Ï¯ÌmÆ,ÌmÐÒÑ^Ó5Å�ÓæÎã+6,3+6`_ <.< 8
=5GA4 < 8�?E6NW+GAF>4-D+F>F;6-W�GOF < ã+6^4-8
79=bI�:>GAF;8�3�8�C < ã+6NF < :>6-3+H < ã+F.8
? < I0GA3+6!W�C�:;8�7 < ã+6W+G�êE6-:>6-3 < T.U¡I�3+WWèçé X C�6!6-W+GO3+H2W+GOF < :>GA?+D < GA8�3+F Q rqFm796-3 < GO8
3+6-W�GO3 F;6-4 < GO8
3Wß Q /\Y < ã+6�F < :;6!3+H < ã



	 � � õ��+� � ö ÿ��
4�I03�?M6N4-I�@A4!D+@[I < 6-W C�:>8
7 < ã56NTSU X C�6-6-W5GA3+H�W+GAF < :;GO?+D < GA8
3 ] G < ã < ã+6�ã+6!@A=98�C�TZ� Q }�ß Q ú /
~`Y
C�:;8
7< ã56tèçé X C�6!6-W+GO3+HxW5GAF < :;GO?+D < GO8
3�I�F�6`_a=+:;6!F;F;6!WV?'huTZ� Q }�ß Q ú $
~JI�35WuC�:;8
7¸?M8 < ã < 8
H�6 < ã56-:�I0FGA35W+GA4-I < 6!Wc?'h�Tm� Q }�ß Qw� �'~ Q¤R 8
: < ã+6Éëb:;F <¤<�] 8,4�I0F;6-F!YzIN�z3+8 ] @A6!W+H
6#80C < ã+6#ÔqÕ'ÖcGOFdW+6!7oI03+W+6-W�Y] ã+GO@A6qC�8
: < ã+6)@[I�F < 8
3+@wh < ã+6 ] 6!GAHNã < F�8�C < ã56 <�] 894-8
79=E8�3+6-3 < F�GOF�3+6-6!W+6-W Q ��6)�\358 ]j< ãbI <

×JØÚÙ�Øv"j×)Õ'Ö © ×)Û�Ü }�ß Q ú �'~
?M6-GA35HV×)ØÚÙ½Ø < ã+6 < 8 < I�@,3zD+7�?M6-:�8�C�W+6-4-I�h\FxI�3+Wj×JÕ'ÖnY,× Û�Ü I�:;6f:>6-F;=M6-4 < GwK
6-@wh < ã+6 < 8 < I�@3zD+7�?M6-:28�CSW+6!4�I�h\F�80C < ã+6�TSU�I03+Wwèsé£4!8
79=E8
356-3 < F Q ³ GO3+4-6 < ã+6 W+6 < 6-4 < GA8�3�6!Ý94-GO6-3+4�h�8�C< ã56­æ�r ³ GAF�Þ�ØÚÙ½Ø�( � Y < ã+6)6�_a=+:>6-F;F>GA8
3i8�C¤Tm� Q }�ß Q ú �
~.GAF�I�3+I�@A8
H�8
D+F < 8

ß ØÚÙ½Ø>}�à>~m" ß Õ'Öv}±à>~Þ�Õ'Ö © ß Û�Üv}�à>~Þ>Û�Ü }�ß Q à
�'~
] ã+6!:;6 ß ØÚÙ�ØL}±à>~®( ×JØÚÙ½Ø;}�à>~�GAF < ã+6�3zD+7�?M6-: 8�C�8�?+F;6!:>K
6!Wá4!8
D+3 < F�GO3´I»4-8
35W+G < GA8
3´I03+W?bI�4y�zH
:>8
D+3+W X C�:;6!6NF>=E6!4 < :;D+7�Y\I�3+W ß Õ'Ö�}±à>~�Y ß Û�Ü }�à>~ZI�:;6�:>6-F;=M6-4 < GwK
6-@wh < ã+6�3zD+7�?M6-:m8�C�4-8
D53 < FGA3 < ã+6 TSU§I03+W¿è é F;=M6-4 < :LI�796�I�F>D+:;6!W�W5D+:;GO3+H < ã+6 F;I�796 < GO7�6�GA3 < 6!:>K0I�@ <-Q æÎã56 <�] 8�4-8 X6!Ý94!GA6-3 < F�I�:>6 < ã+6i6�Ý94-GA6!3+4!h�C�8
: < ã+6�â X :;I�h�W56 < 6!4 < GA8
3kÞ>Õ'Ö�I03+W < ã+6i6�Ý94-GA6!3+4!h�C�8
: < ã56=M8
F;G < :;8�3�W56 < 6!4 < GA8
3�Þ Û�Ü Q TZ� Q }8ß Q à
�'~q4�I03�?M6�:;6 ] :>G <>< 6-3�GA3 < 6!:;79F28�C < ã+6 < 8 < I�@½YvTSUBI03+Wèçé�F;=M6-4 < :LI5Y¨4SãbI03+3+6-@�?'h�4SãbI03+3+6-@�Yb7�6-I�F;D5:;6-W�GA3�W+G¬ê�6!:;6!3 <�< GA796,GA3 < 6!:>K0I�@OF#à � Y+à â I03+W�àÒãæ^13æ�äÒ}±à � ~m"¹å�æ�TSUgäÒ}±à â ~ ©Vç æ�è éä }�àÒã`~ }�ß Q à � ~
|�3 < ã5GAF ] I�h
Y ] 6�4-I�3ªëb3+W < ã56�F;6�I0:;4Sã ] 6!GAHNã < F�å¨Y ç ?'h£W+8
GO3+HfI <�] 8f4-8
79=E8�3+6-3 < @O6�I�F <F;�zDbI0:;6-F�ë < 8�C < ã+6JT.U%I�3+W�è é X F>=E6!4 < :LI < 89I�4-8�3+W+G < GA8
3�I03+W�?bI�4y�zH
:;8�D+3+W X C�:;6-6)F>=E6!4 < :>D+7 Q|�3�8
D+:�4�I0F;6�Y < ã+62K�I0@AD+6!F�8�CPåoI�3+W çN] 6!:;6)C�8
D+3+W < 8�?M6

å "¹/a* à
�^è��5*é� ú }�ß Q à ú ~ç " ú * ú
ê è��5*é� � }�ß Q àNà'~
rq3�GA79=E8�: < I03 < :>6-7�I�:;� GOF < ãbI <N� &�å�I03+W � & ç FFã+8
D5@AWo358 < ?M6^GAW+6!3 < G�ëb6!W ] G < ã�Þ�Õ'Ö�I�3+WoÞ>Û�ÜnYF;GO3+4-6 < ã56�I�3bI0@Oh\F;6!W�TSU»I�3+W®è é X F>=E6!4 < :;I ] 6-:;6�7�6-I�F;D5:;6-WiW+D+:>GA3+H�W+G�êE6-:>6-3 <N< GA796-F Q æÎã+6!h4�I03¡8�3+@Oh�?E6oD+F;6!W < 8�4�I�@O4-D+@AI < 6 < ã+6 < 8 < I�@�è X GA3 < 6-3+F>G < h�ë Û I0F GA3+W+GO4�I < 6-W£?'h£Tm� Q }8ß QO� �'~�Y] ã+6!:;6 < ã+6^TSUVI�35W�èçé�C�6-6!W+GA35H�W+GOF < :;GA?5D < GO8
3+FP7�D5F < ãbI�K
6 < ã56^F;I�796�3+8
:;7�I�@OGAFLI < GA8�3�I�F < ã56:;6!F;=M6-4 < GOK�6o6`_5=M6-:>GA796-3 < I0@ZF;=M6-4 < :LI Q æÎã+696!Ý94-GO6-3+4!GA6-F)C�8
: < ã56oTSUBI�35W¶èçé�W+6 < 6-4 < GA8
3�I�:>6Þ>Õ
Ö�"là5*ì/
íîI03+WuÞ Û Ü "lßzß+*ì�
í Q æÎã+6!h ] 6-:>6�W+6 < 6!:;79GA3+6!W�GO3 < ã+6�F;I�7�6 ] I�h�I�FJåxI�35W ç?+D < D+F;GO3+H�F;=M6-4 < :LI�796�I�F>D+:;6!Wf8�K�6-: < ã+6 FLI�796 < GA796 Q rq4 < DbI0@A@Oh�Y < ã+:;6!6×ë < F ] 6-:>6�W+8
3+6�C�8
:F;=M6-4 < :;I98
? < I�GO3+6-W�W+D5:;GA35H < ã+:;6!6 < GA796,GO3 < 6-:�K�I0@AF Q æÎã+6):LI < GA8 8�Cd6!Ý94-GO6-3+4!GA6!F^�06-= < 4!8
3+F < I�3 <I <)� ú *ì�^èk�5* ú QæÎã+6�F < :;6-35H < ã9W+GAF < :>GA?+D < GA8
35FP4�I�@O4-D+@AI < 6!W�C�:;8
7 < ã+6�TSUj}�F;�zDbI0:;6-FL~SI03+WWèsé X C�6!6-W+GO3+H�} < :>G XI�3+H�@A6-FL~�W5GAF < :;GO?+D < GO8
3+F�I�:>6iF"ã+8 ] 3�GA3 < ã56xD+=+=M6-:9=bI�: <�R GAH Q íîß Qw� /4ï Q æÎã+6x@O8 ] 6!:�=bI0: < 8�CR GOH Q í�ß QO� /,ïaGO@A@OD+F < :LI < 6-F < ã+6.:;6!@[I < GOK
6SW+6�KaGAI < GO8
3+Fv?M6 <�] 6-6-3 < ã+6#TSU�}�F>�zDbI�:;6!Fy~¤I03+W×èçé�} < :;GAI�3 XH
@O6-Fy~SW+6-W+D54-6-W�F < :;6!3+H < ã5F Q æÎã+62W+6�KaGAI < GO8
3+F�I03+W�I�F;F>8a4!G[I < 6-W�D+354-6-: < I�GO3 < GA6!F�I�:;6q4�I�@O4-D+@AI < 6!W



� ò�óºô�õçö ��÷�� ø®ùDú�û½ü ��÷�� ý	þ ÿ ö ��������� 	+ï
] G < ã < ã56­ã56-@A=�8�C¤TZ� Q }8ß Q àzßz~gI�35WxTZ� Q }�ß Q à'/
~`�

:;6-@ Q W56!K Q " E äMð£ñ-äñ-ä }8ß Q àzßz~
ò+óOô�õ÷ö øLô±ù!ö " E äñ-ä ú ò+û�üñ-ädý â © ú òbþ�üE ädý â }8ß Q à'/
~

�N6-:>6�ñ-ä¨GAF < ã+6�4!8
3 < 6!3 < 8�C < ã+6�G X < ã�?5GA3 8�C < ã+6�:;6�C�6-:;6!3+4-6�4!D+:>K�6c}�TSU X F < :;6!3+H < ã�GO3�8
D+:Z4-I�F;6�~�YE ävGOF < ã+624!8
3 < 6-3 < 8�C < ã56JG X < ã�?+GA3�80C < ã+624-D+:�K
6 < 8�?M624-8
79=bI�:>6-W�I�3+W ò+û�ü I03+W òbþ�ü I�:>6 < ã+6:;6-F>=E6!4 < GOK
6�D+3+4!6-: < I�GA3 < GA6-F Q

0
ÿ0.05

ÿ 0.1
ÿ0.15
ÿ 0.2
ÿ0.25
ÿ 0.3
ÿ

0
ÿ

50
�

100 150 200
�

energy (bin=40 keV)�

S
β 

(k
eV

-1
 s

-1
 x

10
-6

)

EC only

β+ only

-0.4

-0.2

0
ÿ0.2
ÿ0.4
ÿ

0
ÿ

50
�

100 150 200
energy (bin=40 keV)�

re
l. 

de
v.

R GAH
D5:;63ß Qw� /a��æd8
=��ZF < :>6-3+H < ã�W+GAF < :>GA?+D < GA8
35F.C�8
: < ã+6 ��÷�� �N8 ú û�W+6!4�I�h�4-I�@A4!D+@[I < 6-W�C�:>8
7 < ã+6T.U¥}�F;�zDbI�:>6-Fy~NI�3+WÚèçé�} < :;GAI�3+H
@O6-FL~#C�6!6-W+GO3+H�W+GOF < :;GA?5D < GO8
3+F Q�� 8 <;< 8
7i�g:;6-@AI < GwK
6JW+6!K\GAI < GO8
3+F?E6 <�] 6!6-3 < ã+6JT.U%I�3+W èçéfF < :>6-3+H < ã } < :;GAI�3+H
@O6-FL~



	 ó � õ��+� � ö ÿ��
Ug8
3+F>GAW+6!:;GA35H < ã+6�@[I�:>H
6�W+G¬ê�6!:;6!3+4-6�?M6 <�] 6-6-3 < ã+69TSU§I03+Wwèsé 6`_5=M6-:>GA796-3 < I0@PF;=M6-4 < :LIaY< ã56 FFãbI�=M6 8�C < ã56 <�] 8�F < :;6-35H < ã+F)@O8a8
�zF,F>D+:;=5:;GAF>GA3+H�@Oh�F;GO7�GO@[I�:�8
3�I�K
6!:LI�H
6�D+= < 8i/Däi6!�cY] ã+GO4Sã9GOF¤6�KaGOW+6-354-6�8�C < ã56�4-8
:>:;6-4 < 3+6!F;Fm8�C < ã56�I�3bI�@wh\F;GAF Q �^8 ] 6!K�6-:!Y < ã+6-:>6�6�_aGAF < @[I�:>H
6gW5G�êE6-: X6-354-6-Fd?+GA3 < 8N?+GO3nY�=bI�: < GA4!D+@[I0:;@OhNGA3 < ã+6m:;6-H�GA8
3+F ] ã+6!:;6 < ã+6mF < :;6!3+H < ã < I0��6-F�G < F�@A8 ] 6-F < K0I�@AD56-F QæÎã+6!F;6oW56!K\G[I < GA8
35F2=+:;8�K\GAW+69I�3�6-F < GO7oI < 6�8�C < ã+6�F>h\F < 6-7�I < GO4�D53+4-6!: < I0GA3 < GO6-F)4-8
79GA35H�C�:;8
7< ã569GO3+W+6!=E6!3+W+6-3 < TSU§I�35W¸è éMX I�3bI�@wh\F;GAF Q | < GOF2GA79=E8
: < I�3 <N< 8�:;6!7oI�:>� < ãbI <2< ã56-F;6�D+354-6-: X< I0GA3 < GO6-F^ILêE6-4 <^< ã56cFFã+I�=E60YE?5D <N< ã+6JGA3 < 6!H
:LI < 6-W�K�I0@AD+6!FqI�:>6�798
:>6�I04-4-D5:LI < 6-@Oh�W56 < 6!:;79GA3+6!W?M6-4�I0D+F;6 < ã+6�8�K
6!:LI�@O@5C�6�I < D+:>6-FSI�:;6�=+:>6-F>6-:>K�6-W�?'h < ã+6 < 6!4Sã+3+GA�zD+6 Q æÎã+6^F < :>6-3+H < ã94�I�@O4-D+@AI < 6!WC�:;8�7 < ã56¿èsé X C�6-6!W+GA35H W+GAF < :;GO?+D < GA8
3�} < :;GAI�3+H
@O6-FL~9W+6�KaGAI < 6!F�C�:;8
7 < ã+6fTSU¢8�3+6¡}�F>�\D+I�:;6!Fy~I�?M8�K
6J/×äi6��®D+= < 8 < ã+6JÔ Û�Ü Q | < FFã+8�D+@AW�?M6,:;6!7�6!7�?M6-:;6!W < ãbI < Ô Û�Ü "¹ÔqÕ'Öcð ú�� C Y+I03+W< ã56-:;6�C�8
:;6J3+8�GA35C�8
:>7oI < GA8�3�8
3 < ã+6JF < :;6-35H < ã�4-I�3x?M6)8
? < I�GA3+6!W�C�:>8
7 < ã56�èçéfF;=M6-4 < :;D+7 GO3< ã56J@AI�F <)� � úNú ��6��B80C < ã+6�Ô,Õ
Ö ] GO3+W+8 ])Q

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 2000 4000 6000
Eβ (keV)

εf
f

th
re

sh
ol

d=
33

0 
ke

V

R GOH
D+:;6Dß QO� $a� äi8
3 < 6xU#I�:;@O8wè é W+6 < 6-4 < GO8
3V6�Ý94-GA6!3+4!h�80C < ã+6i?M8 <>< 8
7 ³ G�W+6 < 6-4 < 8
:�I�F9IC�D+3+4 < GO8
3�8�C < ã+6)=E8�F;G < :;8
3�6!3+W X =M8
GO3 < 6!3+6-:>H�h QæÎã+6�W+G¬ê�6!:;6!3+4-6�6`_aGAF < GA3+Hx?E6 <�] 6!6-3V/xI�3+W£$¿äi6!�¶GAF�Ii4-8
3+F>6-�zD+6!3+4-6�8�C^IxW5GAF < 8
: < GA8
3=+:>6-F;6!3 < GA3 < ã+6¶èçé X C�6-6!W+GA3+H�W+GOF < :;GA?5D < GO8
3 Q æÎã+6�W+GAF < 8
: < GA8�3%GOF�GA3 < :>8aW+D54-6-W%?'h < ã+6�W+6 X=M6-3+W+6!3+4-6�8�C < ã+6�è é W+6 < 6-4 < GA8
3�6�Ý�4!GA6!3+4!h¡Þ Û Ü�} « Û Ü¨~c8
3 < ã+6�6!3+6-:>H�h 8�C < ã+6�=M8
F;G < :>8
3+F QæÎã+6!GA:o4!8
3 < GO3\D58
D+F�6!3+6-:>H�hkF>=E6!4 < :;D+7 7�6-I�3+F < ãbI < I�C�:LI�4 < GO8
3�8�C < ã+6-7 :;6!7oI0GA3+F�D+3+W+6 X< 6!4 < 6-W�?E6!4�I�D5F;6)8�C < ã56 < ã+:>6-FFã58
@AW�F>6 < GO3 < ã+6 ³ G�W+6 < 6-4 < 8
: Q æÎã+626$êE6-4 < ?E6!4-8
796-F�@AI�:;H
6!:.C�8
:F;7�I�@O@A6-:�6!3+W X =M8
GO3 < 6-3+6!:;H
GO6-F Q2R GAH Q íîß Qw� $Lï�FFã58 ] F < ã+6×èçéuW+6 < 6!4 < GO8
3�6�Ý�4!GA6!3+4!hx4�I�@O4-D+@AI < 6!W?'hupJTZr,sÒæ�à5YPI0F�I�C�D53+4 < GA8
3�8�C < ã+6o=M8
F;G < :>8
3�6!3+W X =E8
GO3 < 6!3+6-:>H�h Q | < 4-I�3u?M6oF>6-6!3 < ãbI <



� ò�óºô�õçö ��÷�� ø®ùDú�û½ü ��÷�� ý	þ ÿ ö ��������� 	¨	
< ã+6�ã+GAHNã56-F < K0I�:;GAI < GO8
3+F�GA3 < ã+6JF;@O8
=M6�8\4-4!D+:qGO3 < ã56­ëb:>F < ú äi6���Y�F>GA3+4!6JC�8�:NF>D+4Sã�6-3+6!:;H
GO6-F< ã+6!:;6)GAF�I�@AI�:;H�6qC�:LI�4 < GO8
3�8�Cd=E8�F;G < :;8
35F#?E6!@A8 ]l< ã+6 < ã+:;6!FFã+8�@AW Q æÎã+GOF#GAF < ã+627�8�F < F>6-3+F>G < GwK
6=bI�: < 8�C < ã+6x4!D+:>K�6�I�3+WVG < F�4!8
7�=5D < I < GA8
3�W+6!=E6!3+W+F�8�3�I�=5:;8
=M6-: < :>6�I < 7�6!3 < 8�C,?M8
:>W+6-:6$êE6-4 < F�GA3 < ã+6�F;GO7�D+@[I < GA8�3n� < ã+6�K
6-:�h 4-@O8
F;6oH
6-8
796 < :>h�8�C < ã+6 ³ GgW+6 < 6-4 < 8
: GO3 < :;8\W+D+4!6-F�IF < :>8
3+H�W+6-=M6-3+W56-3+4!6�8�C,G < F�6$êE6-4 < GOK�6 < ã+GA4y�z3+6!F;F�8
3 < ã+6�4-:>8
F;F>GA3+HuI�3+H
@O6�8�C < ã+6xGO3+4-GOW+6-3 <=bI�: < GA4!@A6 Q æÎã+6[äi8
3 < 62U#I�:>@A8c6�Ý94-GA6!3+4!h ] 6ÅãbI�K
6qC�8
D53+W�F;6!6-79F < 8�?E6N@[I�:>H
6-: < ã+I�3 < ã56q:;6-I�@8
3+6�C�8
:m@A8 ] 6!3+6-:>H�h�=E8�F;G < :;8
35F-Y ] ã+GA4Sã94-8�:;:;6!F;=M8
3+W�7�I�GO3+@Oh < 8­è é < :LI�3+F>G < GA8
3+F < 8�F < I < 6-F.I <ã+GAHNãx6�_a4-G < I < GA8
3�6!3+6-:>H
GA6!F Q | < F,8�K
6-:>6-F < GA7�I < 6-W�W+6 < 6-4 < GO8
3�7�6-I�3+F < ãbI <q< ã+6�F;I�796c3zD+7�?M6-:8�C#4!8
D+3 < FJGA3 < ã56�èçé X F;=M6-4 < :;D57²=+:;8\W+D+4!6-FJ@A6!F;F2C�6-6!W+GA3+H < ã+I�3 < ã+6-:>6�:;6�I0@A@OhxGAF Q 12354-6 < ã+6F;8
D+:>4-6�8�C < ã+6c=+:>8
?+@O6-7¶GOF^�z3+8 ] 3nY < ã+6J796-F;F;I�H
6JGAF�4-@O6�I�:!� < ã+6�@AI�F < äi6��B80C < ã+6JF < :;6!3+H < ã8
? < I0GA3+6!W9C�:>8
7 < ã56Òèçé�4-8
79=M8
3+6-3 < I�3bI0@Oh\F;GOFZGAFm3+8 < 4!8
:;:>6-4 < Ya?5D < G < GAFm3+8 < I,C�I�GO@AD+:>6#8�C < ã+6I�3bI�@whaF>GAFSI�@OH
8
:;G < ã+7 Q�R 8
: < D+3bI < 6-@Oh�Y < ã56qTSUVF>=E6!4 < :>D+7´4-8�3 < I�GA35F < ã+6�7�GOF;F>GA3+H)GA3aC�8
:;7�I < GO8
3nYF;8 < ãbI < 3+8 < ã+GO3+H GAF�@O8
F <-Q
¾q¿½À�¿�� ÂuÃ,Ä%Ç2Ä�ÈcÄ�Æ,Ç2Ä�Æ���Ä
	�� É+Ã,Ä�
bÄvÓ��2ÐµÉ+Ó�	.ÆáÉ+Ã,Ä%ÌZÓaÓ����¥ÄvÇ È,Ì�
5É�	��É+Ã,Ä§Ð�Ä��.ÄdÐ9Ó��MÃ,Ä��¯ÄUg8
3 < GA3zD+GO3+H ] G < ãi8
D+:�W+GAF>4-D+F>F;GO8
3nY ] 6 ] GA@A@�358 ] 6�K0I�@ADbI < 6 < ã+6JGA3�ìbD+6-354-6c8�3 < ã56cF < :;6!3+H < ã8�C < ã+6oI�F;F>D+79= < GO8
3+FJ7oI�W56�GO3 < ã56o4-8�3+F < :;D+4 < GA8�3£8�C < ã+6o:>6-F;=M8
3+F>6�7�I < :>GA4-6!F Q Ug6-: < I�GO3+@Oh�Y8
3+6c80C < ã+6�7�8�F < W+6-@OGA4�I < 6)=E8�GA3 < FN8�C < ã+6�I�3+I�@Oh\F;GOFNGOF < ã+6�C�I04 <^< ãbI < 8
3+6�ãbI�F < 8o4!8
79=+@A6 < 6< ã+6�D53+�z3+8 ] 3¡=+I�: < 8�C < ã+6��VW56 X 6`_a4-G < I < GO8
3u=+I <;< 6-:;3uGA3£8
:>W+6-: < 8�?5D+GA@OW < ã56�3+6-6!W+6-W�:>6 XF;=M8
3+F;6c7oI < :;GO4-6-F Q �^8 ] 6!K�6-:!Y < ã+6JW+6!=E6!3+W+6-354-6 8�C < ã+6�:;6-F>D+@ < FN8�3 < ã56cI�F>F;D+79= < GA8
3+F^7�I�W+64�I�3�?M6#4-8
35F;GAW56-:;6!W�?zhc4-8
79=bI�:>GA3+H < ã+6#8�D < 4!8
7�6!F¤C�8
:PW5G�êE6-:;6!3 < GA3+G < GAI�@'H
D+6!F;F;6!F Q äi8
:>6-8�K
6!:-Y< ã+6�K0I�:;GAI < GO8
3+FPC�8
D+35W�4-I�3o?M6�D+F;6!W < 8)6-F < GO7oI < 6 < ã+6^F>h\F < 6-7�I < GO4�D+3+4-6!: < I�GA3 < GO6-F.I�F;F>8a4!G[I < 6-W] G < ã < ã+6�D+3+�z3+8 ] 3o=+I�: < 8�C < ã+6�:;6!F;=M8
3+F;6 Q æÎã+6�:;6!F;D+@ < FmFFã+8 ] 39F;82C�I�: ] 6-:>6�8
? < I0GA3+6!W ] G < ã< ã+6�W56 X 6`_a4-G < I < GO8
3�F;4Sã+6!7�6 ��QqR GOH
F Q íîß Qw� ê ïdI�3+W7íîß Qw� �LïdI�:>6c6-�zD+GwK0I�@A6!3 <^< 8 R GAH Q íîß Qw� ú ïdI�3+W=+:;6!F;6-3 <2< ã+6c:>6-F;D5@ < Fq8�C < ã56�TÉä X ?+I�F;6!W�I03bI�@Oh\F>GAF�C�8
: < ã+6�W+6 X 6`_54!G < I < GO8
3iF>4Sã+6-796-F ú I�3+W¿àI0C < 6!: � �
��G < 6!:LI < GA8
35F-Y¨:;6!F;=M6-4 < GOK�6-@Oh Q æÎã+6�6!@A6!4 < :>8
7�I�H
3+6 < GA4)W+6 X 6`_54!G < I < GO8
3�F;4Sã56-796�àoGAF^F;8< 8,F;I�h < ã56g798
F < :;6�I0@AGAF < GO4.I0F;F;D57�= < GA8
3�8
3+6.4�I�3�7�I��06�Y
F>GA3+4!6gG < GA354-@AD5W+6-F < ã+6.6�_a=E6!:;GO7�6!3 < I�@GA35C�8
:>7oI < GA8�3�I�K0I�GO@[I�?5@A62I�35Wi4!8
7�=5@A6 < 6-F^G <�] G < ãiI9F < I < GAF < GA4-I�@�W+6 X 6�_a4-G < I < GA8
3�798aW56-@�8�C < ã+63\D54-@A6!D+Fc}�F;6!6cI0=+=E6!3+W+GÚ_ � C�8
:#C�D+: < ã+6-:�W+6 < I�GO@AFL~ Q
1,=+=M8
F;G < 6 < 8,G < Y R GAH Q íîß Qw� ê ïaFFã+8 ] F ] ã+I < ãbI�=5=E6!3+F ] ã+6!3 < ã+6.D+3+=hã'h\F;GO4�I�@aW+6 X 6�_a4-G < I < GA8
3F;4Sã+6!7�6 ú GOF�4-8
3+F>GAW+6!:;6!W Q r~ëb:>F < GA3+F>=E6!4 < GO8
3�:;6�K
6�I0@AF < ãbI <�< ã+6JC�6!6-W+GO3+H�W+GAF < :>GA?+D < GA8
35F�8
? X< I�GO3+6-WxI�:;6)=M8a8
:>@Oh�I0?+@A6 < 89:;6!4-8
35F < :>D+4 <N< ã+6J6�_a=M6-:>GA796-3 < I�@vF>=E6!4 < :;I Q �N8 ] 6!K�6-:-Y < ã+GOF�F;G < D XI < GO8
3�?E6!4-8
796-F�@A6!F;F�W+:;I�7oI < GA4 < ãbI�3�79GAHNã < ?M6)6�_a=M6-4 < 6-W�GwC ] 6J4-8
35F;GAW56-: < ã56JF < :>6-3+H < ã Q
|�32C�I�4 < Y�@A8\8
�zGA3+H#I <�< ã+6ZF < :>6-3+H < ã�W5GAF < :;GO?+D < GO8
3+FnGO3 < ã+6ZD5=+=E6!:v=bI�: < 80C R GAH Q í�ß Qw� �Lï�Y ] ã+GA4Sã4-8
:>:;6-F>=E8�3+W < 8 < ã+6N6-@A6!4 < :;8
7�I�H
3+6 < GO4^W56 X 6`_a4-G < I < GO8
3oF>4Sã+6-796-F � }�4!GA:>4-@A6!Fy~`Y ú }�F;�zDbI0:;6-FL~gI�3+Wàx} < :;GAI�3+H
@O6-FL~�Y ] 6)4�I�3�F;6!6 < ãbI <�< ã+6 < ã+:>6-6J4-D+:�K
6!FqI�:>62K
6-:�h�F;GO7�GO@[I�:.8
3�I�K
6-:;I�H
6 Q rNF�GA3+W+G X4�I < 6-W�?zh < ã+62:>6-@[I < GOK�6,W+G¬ê�6!:;6-354-6-F^I�35W < ã+6-GO:#D+3+4!6-: < I�GO3 < GA6!F-Yb4�I0@A4-D5@[I < 6-W ] G < ã < ã+6*ã56-@A=�8�CTm� Q }8ß Q àLßz~,I�3+W�TZ� Q }�ß Q à'/
~`Y < ã+6 7�I��>8
:,W5GAF;4!:;6!=bI�3+4!GA6-F)8\4-4!D+: ] ã+6-:>6 < ã+6 F < :;6!3+H < ã5F < I���6< ã+6!GA:J@A8 ] 6!F < K0I�@AD+6!F Q | < GOFJ:>6-7�I�:;�ºI�?5@A6 < ãbI < 6�K
6!3 < ã+69W+GOF < :>GA?+D < GA8�3fC�8�: < ã+69D+3+=hã'h\F;GO4�I�@



	�� � õ��+� � ö ÿ��

1

10

10 2

10 3
�

10 4

50
�

100 150 200
channels

co
un

ts

1

10

10 2

10 3
�

10 4
�

50
�

100 150 200
channels

co
un

ts

-10

0
�

10

50
�

100 150 200
channels

re
l. 

de
v.

-10

0
�

10

50
�

100 150 200
channels

re
l. 

de
v.

0
�

0.025
�

0.05
�

0.075
�

0.1
�

50
�

100 150 200
energy (bin=40 keV)

fe
ed

in
g

0
�

0.02
�
0.04
�
0.06
�
0.08
�

50
�

100 150 200
energy (bin=40 keV)

fe
ed

in
g

R GOH
D+:;6Îß QO� ê �P��6-F;D5@ < FS8�C < ã+62��÷��`�N8 úØû W+6-4-I�h9I�3bI�@whaF>GAFmD+F>GA3+H < ã+6NTÉä¢796 < ã+8aW QP� 8 < ãoTSUI�3+W[è é :;6!F;=M8
3+F>6.7�I < :>GA4!6-F ] 6-:>6S4-I�@A4!D+@[I < 6-W,C�8�@A@A8 ] GO3+H < ã+6m6-@A6!4 < :;8
7�I�H
3+6 < GO4¤W+6 X 6�_a4!G < I < GA8�3F;4Sã56-796 ú QPR GO:;F < :;8 ] �¤TSUj}�@A6�C < ~�I�3+WWè é }�:;GOHNã < ~d6`_a=E6!:;GA796-3 < I�@5F>=E6!4 < :;I2D+F;6!W�GO3 < ã+6�I�3+I�@ Xh\F;GOF Qq³ D+=M6-:;GO7�=M8
F>6-W�I�:>6 < ã+6c:>6-F>=E6!4 < GwK
6�F>GA7�D5@[I < 6-WxF>=E6!4 < :LI�}�F;8
@OGAW�@AGA356-Fy~�:;6!4-8
35F < :>D+4 < 6-WC�:;8�7 < ã+6�:>6-F;D5@ < GO3+HiC�6!6-W+GO3+H�W+GOF < :;GA?5D < GO8
3+F Q�³ 6-4!8
3+W :>8 ] �9:;6!@[I < GOK�6�W+6�K\G[I < GA8
3+F�?E6 <�] 6!6-3< ã56i6`_5=M6-:>GA796-3 < I0@NI03+WkF>GA7�D+@AI < 6!WVF>=E6!4 < :LI�C�8�:9?M8 < ã�TSU²}�@O6!C < ~�I03+W èçé }�:;GOHNã < ~�4�I�F>6-F QæÎã+GO:;W£:>8 ] ��:>6-F;D5@ < GO3+H�TSU·}�@A6!C < ~JI03+Wªèçé }�:>GAHNã < ~2C�6!6-W+GO3+H�W+GOF < :>GA?+D < GA8�3+F)3+8
:;7�I�@OGAF;6!W < 8D+3+G < h Q
6-@O6-4 < :;8�7oI�H�3+6 < GA4qW56 X 6`_a4-G < I < GO8
3�F>4Sã+6-796 ú W+8\6-F�3+8 < W+G�êE6-:.GA3�FFã+I�=E6NC�:;8
7 < ã+628 < ã+6!: <�] 85Y] ã+GO4Sã�GOFqK
6!:>hfGA79=+:>6-F;F>GOK�6 Q�R D+: < ã+6!:;798
:;60Y < ã+GOF ] 6-I���W+6!=E6!3+W+6!3+4!h�8
3 < ã56 @A6!K�6-@ZF>4Sã+6-796=M6-:;79G < F)D+F < 8xH
DbI0:LI�3 < 6!6 < ã+6o4!8
:;:>6-4 < 3+6-F>F�8�C < ã+69:;6-F>D+@ <-Q æÎã+6�C�I�4 <�< ãbI <J< ã+6�:;6!F;D+@ < GA35HF < :;6!3+H < ã5F�W+8�3+8 < W+6-=M6-35W < 8a8�7�D+4Sã�8
3 < ã+62I�F>F;D+79= < GA8
3+F.7oI0W+6q8
3 < ã+6,@O6!K�6-@ X F;4Sã+6!7�60Y5GOFI�W5GA:;6!4 < 4-8
35F;6-�zD+6!3+4-6�8�C < ã+6�ã+GAHNã�6!Ý94!GA6-354!hi8�C < ã56cF;=M6-4 < :>8
7�6 < 6!: Q æÎã+6c4!8
7�=+I�:;GOF;8
3�8�C



� ò�óºô�õçö ��÷�� ø®ùDú�û½ü ��÷�� ý	þ ÿ ö ��������� 	� 

1

10

10 2

10 3
�

10 4

50
�

100 150 200
channels

co
un

ts

1

10

10 2

10 3
�

10 4
�

50
�

100 150 200
channels

co
un

ts
-10

0
�

10

50
�

100 150 200
channels

re
l. 

de
v.

-10

0
�

10

50
�

100 150 200
channels

re
l. 

de
v.

0
�

0.025
�

0.05
�

0.075
�

0.1
�

50
�

100 150 200
energy (bin=40 keV)

fe
ed

in
g

0
�

0.02
�
0.04
�
0.06
�

50
�

100 150 200
energy (bin=40 keV)

fe
ed

in
g

R GAH
D5:;6�ß Qw� �5�d�^6!F;D+@ < FS8�C < ã+6,��÷��`�N8 úØû W56-4�I�h�I�3bI0@Oh\F;GOFZD+F;GO3+H < ã+6NT�ä 7�6 < ã+8\W Q¤� 8 < ãoTSUI�3+W[è é :>6-F>=E8
35F;6m7oI < :;GO4-6!F ] 6!:;6S4�I�@O4-D+@AI < 6!WqC�8
@O@A8 ] GA3+H < ã+6Z6!@A6-4 < :>8
7oI0H
3+6 < GA4dW+6 X 6�_a4-G < I < GA8
3F;4Sã+6!7�6Òà Q¤R GA:>F < :>8 ] �¤TSUj}�@A6!C < ~¤I�3+W�è é }�:;GAHzã < ~d6�_a=M6-:>GA796-3 < I�@5F;=M6-4 < :LI2D+F>6-W�GA3 < ã+6�I�3bI�@ XhaF>GAF Q2³ D+=M6-:>GA79=E8�F;6-WxI�:;6 < ã+6�:;6!F;=M6-4 < GOK�6�F;GO7�D+@[I < 6-W�F;=M6-4 < :;If}�F;8�@AGAW�@AGO3+6-FL~#:;6-4!8
3+F < :;D54 < 6!WC�:;8
7 < ã+6�:;6!F;D+@ < GA35HxC�6-6!W+GA3+HxW+GAF < :;GO?+D < GA8
3+F Q�³ 6-4-8�3+W�:;8 ] ��:;6-@AI < GwK
6�W+6!K\G[I < GA8�3+F�?M6 <�] 6-6!3< ã+6i6�_a=E6!:;GO7�6!3 < I�@^I�3+W¡F;GO7�D+@[I < 6-W¡F;=M6-4 < :;I�C�8
:9?E8 < ãVT.U¸}�@A6�C < ~ I�3+Wuèsé§}�:>GAHNã < ~ 4-I�F;6!F QæÎã+GA:>W£:;8 ] ��:;6!F;D+@ < GA35H�TSU }�@A6�C < ~)I�3+Wªèçé¹}�:;GOHNã < ~,C�6-6!W+GA3+HxW+GAF < :;GO?+D < GA8
3+FJ3+8
:>7oI0@AGAF>6-W < 8D+3+G < h Q
< ã+6 < ã+:>6-6#4!D+:>K�6-FPGO3 R GOH Q í�ß QO� �4ï5I0@A@A8 ] F�8
3+6 < 8q6!F < GA7�I < 6 < ã+6.F>h\F < 6-7�I < GO4.6!:;:>8
:;FdGA3 < :>8aW+D54-6-W?zh < ã+6JI�F;F>D+79= < GO8
3+F�7�I�W+62GA3 < ã+6)4-8
3+F < :>D+4 < GA8
3�8�C < ã+6):;6!F;=M8
3+F>6�7�I < :>Gw_"! QæÎã+6�GO3 < 6-H�:LI < 6-W @A8�H�#Mà)K�I0@AD+6!F�GA3ªædI�?+@O6wíîß QO� ïgC�8
: < ã+6 < ã+:;6!6�@A6�K
6-@gF;4Sã+6!7�6!F94!8
3�ëb:>7I�@AF>8 < ã+6)6-�zD+GwK�I0@A6-354-628�C < ã+6):>6-F;D5@ < F Q | < 4�I�3�?E6)F>6-6-3 < ã+I <�< ã+62@O8
H$#Mà.K0I�@OD+6-F�@OGA6,?M6 <�] 6-6!3



�&% � õ��+� � ö ÿ��

0

0.05

0.1

0.15

0.2

0.25

0.3

0 50 100 150 200
energy (bin=40 keV)

S
β 

(k
eV

-1
 s

-1
 x

10
-6

)

Decay-scheme 1

Decay-scheme 2

Decay-scheme 3

-0.4

-0.2

0

0.2

0.4

0 50 100 150 200
energy (bin=40 keV)

re
l. 

de
v.

R GOH
D+:;6�ß Qw� �5�®æd8�=n�xF < :;6!3+H < ã�W+GAF < :>GA?+D < GA8
35F�C�8
: < ã+6���÷��`�N8 úØû W56-4�I�h¡4�I0@A4-D5@[I < 6-W�C�:;8
7< ã56�6-@O6-4 < :;8
7�I�H
356 < GO4�W56 X 6`_a4-G < I < GO8
3�F>4Sã+6-796-F � Ypà�I�3+Wwà Q,� 8 <;< 8
7��^:>6-@AI < GwK
6cW5G�êE6-:;6!3+4-6!F?M6 <�] 6-6-3 < ã+6�F < :;6!3+H < ã5FSC�:>8
7B6!@A6-4 < :>8
7oI0H
3+6 < GA4�W+6 X 6`_54!G < I < GO8
3 F;4Sã+6!7�6!F ú I�3+W � }�F>�\D+I�:;6!Fy~I�3+W�@A6�K
6!@�F;4Sã+6!7�6!FÅà�I�3+W � } < :;G[I03+H
@A6!Fy~ Q
à Q �
�JI�3+W	à Q �Nà�I�3+WoI�:;6^4-8
35F;GAF < 6!3 <.] G < ã < ã56N6!:;:;8�:.4!8
7�GO3+H2C�:;8
7 < ã+6,I03bI�@Oh\F>GAF Q æÎã+6 < ã+:;6!6W+G¬ê�6!:;6-3 < 4!8
3 < :>GA?+D < GA8
35F < 8 < ã+6 < 8 < I0@.6!:;:;8�:-YZ3bI�796-@wh < ã+6oD+3+4-6!: < I�GA3 < h£GO3 < ã56�ÔqÕ'ÖnY < ã56D+3+4!6-: < I�GO3 < hfGO3 < ã+6�ãbI�@OC X @AGwC�6(' �*)_â I�3+W < ã+69D+3+4!6-: < I�GO3 < GA6!F�GO3 < ã+69C�6!6-W+GO3+H
F)4-8�7�GO3+H�C�:;8
7F < I < GOF < GA4-F!YSI�:;6�6`_a=+@AGO4-G < @Oh�GA35W+GA4-I < 6!W GA3 < ã56�4-8
:>:;6-F>=E8�3+W+GA35H�4!8
@AD57�3+F Q æÎã56�7�I��>8
:�4-8
3 X< :>GA?+D < GA8�3xGAF < ã+6�8�3+6 4-8
79GA35H�C�:;8�7 < ã+6�D+3+4!6-: < I�GO3 < hxGA3+' �*)_â Q æÎã+6 8 < ã56-: <�] 8�I�:;6c7�D+4SãF;7�I�@O@A6-: Q æÎãzD+F-Y�I9?E6 <;< 6-:q796�I0F;D+:>6-796-3 < 8�C < ã+6Àã+I�@OC X @AGOC�6 ] 8
D5@AW�F>GAH
3+G¬ëb4�I03 < @Oh�:>6-W+D+4!6 < ã568�K
6!:LI�@O@�D+3+4-6!: < I�GA3 < h Q



� ò�óºô�õçö ��÷�� ø®ùDú�û½ü ��÷�� ý	þ ÿ ö ��������� ��


,�6!K�6-@vF;4Sã56-796 @A8
H�#¨àvè ò+õ.-0/21 Ø ò43&576 ò�8�9;:=< ò�>ìô�ô�ø@?.A@/
� à Q �Nà9è � Q �Nà � Q � � æ � � û ã � Q ú /aæ � � û � � QO� $aæ � � û âú à Q � � è � Q �Nà � Q �zß5æ � � û ã � Q ú /aæ � � û � � QO� /\æ � � û âà à Q � � è � Q �Nà � Q �
�aæ � � û ã � Q ú /aæ � � û � � QO� àaæ � � û â

æ¤I�?5@A6*ß Qw� � ��÷�� �N8 ú ûiW+6!4�I�h�@O8
H$#Mà.K0I�@OD+6-F�GO3 < 6-H�:LI < 6-W�D+= < 8 êNú �
����6�� Q æÎã+62K0I�@AD56-F ] 6-:;68
? < I0GA3+6!W�C�8�: < ã+6)6-@O6-4 < :;8�7oI�H�3+6 < GA4,W+6 X 6`_54!G < I < GO8
3�F;4Sã+6!7�6!F � Y ú I�3+W®à9IºC < 6-:�I 4!8
7�?+GO3+6-WI�3bI�@whaF>GAF�8�Cd?M8 < ãiTSUjI�3+W è é C�6-6-W5GA3+H�W+GOF < :>GA?+D < GA8�3+F Q
æÎã+6�F>h\F < 6-7�I < GA4�D+3+4-6!: < I�GA3 < h%GA3 < ã56 < 8 < I�@2@O8
H$#Mà�4!8
79GA3+H C�:;8�7 < ã+6�I�F;F>D+79= < GO8
3+FI�?E8�D <q< ã+6cW+6 X 6`_54!G < I < GO8
3�=bI <>< 6!:;3�4-I�3�?M6c6-F < GO7oI < 6-W�?'h < ã+6�F < I�3+WbI�:>W�W+6!K\GAI < GO8
3i80C < ã+6<�] 8�@A8
H�#Mà.K0I�@AD+6!F#C�:;8
7 G < F�796�I03�K0I�@OD+6 Q æÎãzD+F!Y ] 6J=+:;8�=E8
F>6 < ã+62K0I�@OD+6 ò�B=CDBõ.-0/E1 Ø "j�5*ì� � / Q

¾q¿½À�¿�¾ ÂuÃ,Ä�Ç2Ä�ÈcÄ�Æ,Ç2ÄdÆ���ÄF	$��É+Ã,Ä

bÄvÓ��2ÐµÉ+ÓG	.Æ¯É+Ã,Ä�ÌmÆ,ÌmÐÒÑ^Ó5Å�ÓH�¯ÄnÉ+Ã�	�Çrq3+8 < ã+6-:S4-8�3+F;GOF < 6!3+4!h94Sã+6!4y��GAFm=+:;8�K\GAW56-W9?zh < ã+6^4-8
79=bI�:>GAF;8�3980C < ã+6N:>6-F>D+@ < FS4!8
79GA3+H2C�:;8�7< ã+6 < ã+:;6!6�W+G¬ê�6!:;6-3 < I�3bI�@whaF>GAF�7�6 < ã+8\W+FJW+6-F>4-:;GO?E6!W GA3£F>6-4 < GA8�3¥à Q à Q æÎã+6o:;6-F>D+@ < GA3+H < ã+:>6-6W+GAF < :;GO?+D < GA8
3+FqI�:;6 =5@A8 <>< 6-WxGA3 < ã56�D+=+=M6-:2=bI0: < 8�C R GOH Q í�ß Q ú �Lï�� < ã+6 4!GA:;4!@A6!F,4-8
:>:;6!F;=M8
3+W < 8< ã+6JTÉä¬I03bI�@Oh\F>GAF-Y < ã+6)F>�\D+I�:;6!F < 8�äxT�I�3+W < ã+6 < :;GAI�3+H
@O6-F < 89I ú ALø X 8
:;W56-:�:;6!H
D+@AI�:;GOFLI < GA8
3 QæÎã+6�FLI�796�:;6!F;=M8
3+F>6�7�I < :;Gw_EYP4-I�@A4!D+@[I < 6-W�C�:;8
7 < ã+6�W56 X 6`_a4-G < I < GO8
3£F>4Sã+6-796 � Y ] I0F D+F;6!WC�8
: < ã56 < ã+:>6-6 4-I�F;6!F2GA3�8
:>W+6-: < 8�7�I���6 < ã+6�W+GOF;4!:;6-=+I�3+4-GO6-F2W+6!=E6!3+Wf8
3+@whi8�3 < ã+6 I03bI�@Oh\F>GAF7�6 < ã+8\W Q æÎã+6�C�I�F < 4-8
3'K
6!:;H
6!3+4-6c8�C < ã+6JT�ä 7�6 < ã+8\W�7oI�W56JD5FNW+6!4-GOW+6 < 8�F < 8
=iI0C < 6-: � �
�G < 6!:LI < GA8
35F Q rq:>8
D+3+W < ã+GOF^K0I�@OD+6�Y ] 6cI�:;:>GOK�6-W�I <^< ã56c=M8
GA3 <�] ã+6-:>6�8
3+@wh�I�F>7oI�@O@�GA79=+:;8�K�6 X7�6!3 < GA3 < ã+6�:;6!=+:;8\W+D+4 < GA8�3u8�C < ã+6�6�_a=E6!:;GO7�6!3 < I�@mWbI < IiGAF�I�4Sã+GO6!K�6-W I0C < 6-:J8
3+6�F < 6!= Q rqF7�6!3 < GA8
356-W�?M6!C�8
:>6�Y < ã+GOFg796�I�3+F < ãbI <.< ã+6NF;8
@OD < GO8
3oGOF < :>h\GA3+H < 8�:>6-=+:>8aW+D54-6 < ã+6,F < I < GOF < GA4�I0@ìbD+4 < DbI < GA8
3+F.8�C < ã56qF;=M6-4 < :;I Q æÎã+6,3zD+7�?M6-:g8�C�G < 6-:;I < GO8
3+FmGA3 < ã+6q4-I�F;6q8�C < ã56*äxT�F;8
@OD < GO8
3] I�F ú �
�5Y\I�35W < ã+6N:>6-H
D5@[I�:>GAFLI < GA8�3 =bI�:LI07�6 < 6-:>FSC�8�:S?M8 < ãoTSU�I�3+W�è é 4!8
7�=M8
3+6!3 < I03bI�@Oh\F>GAF] 6!:;6 4Sã+8
F>6-3 < 8�?E6JIbÕ
Ö�"KI Û�Ü " � Y�8
3 < ã+6�4!8
:;356-:q80C < ã+6J, X 4-D+:�K
6 Q | <q] I�FqC�8�D+3+W < ãbI <
IbÕ
ÖoI�3+WLI Û Ü9F>7oI0@A@A6!: < ã+I�3 � W+6!:;GOK�6-W�GA3�4-8
3'K�6-:;H�6-3+4!6,=+:;8�?+@A6!7�F!Y ] ã+GA@O6#K�I0@AD+6!F.I0?E8
D <N��QO�8
:[ã+GAHNã56-:2=+:>8�K\GOW+6-W�F;8
@OD < GO8
3+F ] ã+GO4Sã ] 6-:>6 < 8a8�F;798\8 < ãfGA3 < ã+6�:>6-F>8
3bI�3+4!6�:>6-H
GO8
3 Q æÎã+6FFãbI�=M6)8�C < ã+6 ú A;ø X 8
:>W+6-:g:;6-H�D+@[I�:>GAF;I < GO8
3�F;8�@AD < GA8
3�F>D+H
H
6!F < 6-W�I0@AF;8 :>6-H
D5@[I�:>GAFLI < GA8�3�=bI�:;I�7�6 X< 6-:>FPC�8
:ZTSU�I�3+W�èçé�4-@O8
F;6 < 8 < ã+6�4!8
:;356-:Z8�C < ã56M, X 4-D5:>K
6 Q æÎãzD+F-Y ] 6�D+F;6!WLI+Õ'Ö�"¹$5*ì/�æ � � ûONI�3+WPI Û Ü " ê *ì/cæ � � û ÷ QiR 8
:)K0I�@AD56-F­ã+GAHNã56-: < ãbI�3 < ã+8�F;6�Y < ã+6�F;8
@OD < GO8
3+F)C�8
D+3+W ] 6!:;6 < 8a8F;798a8 < ãuGO3 < ã+6o:>6-F;8�3bI�3+4!6o:;6!H
GA8�3nY ] ã5GA@A6 K0I�@OD+6-F�I�?M8
D < 8
3+698
:;W+6!:c8�Cg7oI0H
3+G < D+W+6�@A8 ] 6-:}�I�3+W�?M6-@O8 ] ~S6-3+W+6!WiD5=�GO3 ] GA@OW+@Oh�8
F>4-GO@A@[I < GA35H�C�6-6!W+GA35H W+GAF < :;GO?+D < GA8
3+F Q | < 4-I�3�?E6,8�?+F;6!:>K
6!WGA3 R GOH Q íîß Q ú �Lï < ãbI <^< ã+6cFFãbI�=M6c80C < ã+6�F < :>6-3+H < ã�C�8
: < ã+6 ú ALø X 8
:;W56-:q:>6-H
D5@[I�:>GAFLI < GA8�3�4-I�F;6cGAFF;GAH�3+G�ëb4-I�3 < @wh�F>7�8\8 < ã+6-: < ãbI�3 < ã+6,8 < ã+6-: <�] 8 Q æÎã56,6$êE6-4 < GAFg=5:;8\W+D+4-6!W�I0C < 6!:�ãbI�K\GA3+H < :;GO6-W



�¨� � õ��+� � ö ÿ��

0

0.05

0.1

0.15

0.2

0.25

0.3

0 50 100 150 200
energy (bin=40 keV)

S
β 

(k
eV

-1
 s

-1
 x

10
-6

)

EM-method

ME-method

2nd order Regularisation

-0.4

-0.2

0

0.2

0.4

0 50 100 150 200
energy (bin=40 keV)

re
l. 

de
v.

R GOH
D+:;6�ß Q ú �a�­æ�8
=n�JF < :;6!3+H < ã�W+GAF < :>GA?+D < GA8
35F,C�8
: < ã+6���÷��`�N8 úØû W+6-4-I�hf4�I�@O4-D+@AI < 6!W�?'h < ã56TÉäÎ}�4-GA:>4-@O6-Fy~`YNäiT�}�F;�zDbI0:;6-FL~�I03+W ú A;ø 8�:;W+6!:d:>6-H
D+@AI�:;GOFLI < GA8
3 Qv� 8 <;< 8
7��n:;6!@[I < GOK
6mW+6�K\G[I < GA8
3+F?M6 <�] 6-6-3 < ã+6YäxT»I03+WuTÉä F < :;6-35H < ã�}�F;�zDbI0:;6-FL~JI03+W ú ALø 8
:;W+6!:2:;6!H
D+@[I0:;GAF;I < GO8
3fI�3+W¶äxTF < :;6!3+H < ã5F�} < :;GAI�3+H
@O6-FL~ Q
< 8�:>6-W+D54-6 < ã+6 8�F;4-GO@A@AI < GO8
3+F�8�C < ã+6 4!D+:>K�69I�?E8�K�6�$ Q ��äi6�� Q rN4 < DbI�@A@wh
Y < ã+6 :;6!H
D+@AI�:;GOFLI < GA8
3796 < ã58aWf=+:>8aW+D54-6-F < ã56-:;693+6!H'I < GwK
6 C�6-6!W+GA35H
F�}�F;6 <)< 8�e-6-:>8�C�8�: < ã+6�F < :;6-35H < ã�4�I�@O4-D+@AI < GO8
3¨~] ã+GO4SãxI�:>6)4-8
79=E6!3+FLI < 6-W�?'h�@[I0:;H
6!:�3+6-GOHNãz?E8
D5:;GA35H =E8
F>G < GOK
6,K0I�@OD+6-F QæÎã+6fF;GO7�GO@[I�:9FFãbI0=E6!F�80C < ã+6 < ã+:>6-6f4-D5:>K
6!Fi8�3jI�K�6-:LI0H
6fF;D+H
H�6-F < I�35W%D53+W+6-:>=+GA3 < ã56:;8�?+D+F < 3+6-F>F28�C < ã+6�I�3+I�@Oh\F;GOF < 6-4Sã+3+GO�zD+6-F2I03+W < ã56�4-8
:>:;6!4 < 356-F;F280C < ã+6�:;6!F;D+@ < GA35HoF < :;6!3+H < ã QæÎã+6,:>6-@AI < GwK
6^W+G�êE6-:>6-3+4!6-F�I�3+WoG < FSD+3+4!6-: < I�GO3 < GA6!F-Y54-I�@A4!D+@[I < 6-W ] G < ã	ã+6-@O=�8�C�TZ� Q }8ß Q àLßz~SI03+W



� ò�óºô�õçö ��÷�� ø®ùDú�û½ü ��÷�� ý	þ ÿ ö ��������� �¨°
Tm� Q }�ß Q à'/
~`YE4-I�3�?M6�D+F;6!W < 8�6-F < GA7�I < 6 < ã56�F>h\F < 6-7�I < GO4cD+354-6-: < I�GO3 < GA6!FqGO3 < :;8\W+D+4!6-W�?'h < ã+6I�3bI�@whaF>GAF2I0@AH
8
:>G < ã+7�F Q æ¤I�?5@A6�íîß Q ú ïP4!8
3 < I�GO3+F < ã+6 @O8
H$#Mà�C�8
: < ã56�T�ä�Y�äxT»I�35W ú ALø 8
:>W+6-::;6-H�D+@[I�:>GAF;I < GO8
3 Q | < 4-I�3i?M6)8
?+F>6-:>K�6-W < ãbI <�< ã+6!h�I0:;6)4-8
35F;GAF < 6!3 <�] G < ã�6�I�4Sãi8 < ã56-: Q

rq3bI�@wh\F;GAFÒä�6 < ã58aW @O8
H$#Mànè ò+õ.-0/E1 Ø ò434576 ò�8�9;:*< ò�>éô�ô�ø@?.A@/
TÉä à Q �zà�è � Q �Nà � Q � � æ � � û ã � Q ú /\æ � � û � � Qw� $5æ � � û âäxT à Q ����è � Q �Nà � Q ß+æ � � û ã � Q ú /\æ � � û � � Qw�
� æ � � û âú ALø 8�:;W+6!:^:>6-H Q à Q �zà�è � Q �Nà � Qw� ú æ � � û ã � Q ú /\æ � � û � � Qw� ß+æ � � û �

æ¤I�?5@A6*ß Q ú � ��÷�� �N8 ú û W+6!4�I�h�@O8
H$#Mà.K0I�@OD+6-F�GO3 < 6-H�:LI < 6-W�D+= < 8 êNú �
����6�� Q æÎã+62K0I�@AD56-F ] 6-:;68
? < I0GA3+6!WuC�:;8
7 < ã56�:;6!F;D+@ < F�8�C < ã+6�TÉä�YÇäxT§I03+W ú ALø 8�:;W+6!:c:;6!H
D+@AI�:;GOFLI < GA8
3�4-8
7c?+GA3+GO3+H?E8 < ãxTSU%I�3+W è é C�6!6-W+GO3+H�W+GAF < :;GO?+D < GA8
3+F Q
æÎã+6�F�haF < 6!7oI < GA4�D+3+4!6-: < I�GO3 < h£GA3 < ã+6 < 8 < I�@g@A8
H�#Màc4-8
79GA35H�C�:;8
7 < ã+6�I�3bI0@Oh\F;GOF�I�@AH
8 X:;G < ã+79F�4-I�3k?M6x6!F < GO7oI < 6-W¡?'h < ã+6iF < I03+WbI�:>W�W+6!K\GAI < GO8
3V80C < ã56®ëb:>F <o<�] 8£@O8
H�#Mà K0I�@AD56-FC�:;8
7îG < Fq7�6-I�3�K0I�@AD+6 Q æÎã569@O8
H�#MàN4-8
79GA35HoC�:;8
7 < ã56 ú ALø 8
:>W+6-:2:>6-H
D+@AI�:;GOFLI < GA8
3iF;8
@OD < GO8
3FFã+8
D5@AWo358 < ?E6�4-8�3+F;GOW+6-:>6-W�I�FSI)FLI0C�6^3zD+7�?M6-:S?E6!4�I�D5F;6q80C < ã+6N=5:;8
?+@O6-7 ] G < ã < ã+6^3+6!H'I < GwK
6C�6-6-W5GA3+H
F�796-3 < GO8
3+6!W�?M6!C�8�:;6 Q æÎãzD+F!Y ] 6J=+:;8
=M8
F>6 < ã+62K0I�@AD+6 òQB=CDBõ.-0/21 Ø "j�a*ì� � /

¾q¿½À�¿SR ÂuÃ,ÄUTWVYXîÇ2ÄnÉ+ÄZ
4�¯Å>Æ,Ì¤É+Å[	gÆæÎã+6i@AI�F < 4!8
3+F>GAF < 6-3+4�h�4Sã+6-4y� ] 6�ãbI�K
6�7oI�W56�GAF < ã56�4-I�@A4!D+@[I < GA8�3£8�C < ã+6iÔqÕ'Ö�C�:;8
7 < ã+6T.U��4èsé :;I < GO8 Q æÎã+GOF�GAF�358 < 8
35@OhkI < 6-F < Y^?+D < I0@AF;8£I£7�6 < ã+8\W�GA3kG < F>6-@wC ] ã+GA4Sã%I�@O@A8 ] F8
3+6 < 8 W+6 < 6!:;79GA3+6 < ã+6�ÔqÕ'Ö�C�:;8
7 < ã+6�4-I�@A4!D+@[I < 6-WlTSU¢I�3+WÙèçé¹C�6-6-W5GA3+H�W+GOF < :>GA?+D < GA8�3+Fíép2r�\2�zß4ï Q æÎã569:;I < GO8�?E6 <�] 6!6-3£?M8 < ã�W5GAF < :;GO?+D < GO8
3+F,@O6�I�W5F < 8 < ã+6�ÔqÕ'Öf?'h�GA3 < 6-:;=M8
@AI < GO8
38�C < ã56�TSU��Lèçém}½ÔqÕ'Ö¨~#K0I�@AD56-F < I�?+D5@[I < 6-WxGO3¥ítp�1�� ê � ï Q æÎã+6�Ô,Õ
ÖxK0I�@AD+6!FN8�? < I�GO3+6-Wi?+GA3 < 8?+GA3oC�8�: < ã56,:;6!H
GA8
3�?E6 <�] 6!6-3®à�I�3+W�$�äi6!� I�:;6,F"ã+8 ] 3�GA3 R GAH Q íîß Q ú � ï Q æÎã+6)$�äi6�� D+=+=M6-:@AGA79G < 4-8�:;:;6!F;=M8
3+W+F < 8 < ã+6�6-3+W98�C < ã+6Îè é 4-8�7�=M8
3+6!3 < Ô Û�Ü "¹ÔqÕ
Ö�ð � � úNú 79GA3zD+F�àNà��,��6!�} < ã5:;6-F"ã+8
@OW�8�C < ã56 ³ GbW+6 < 6-4 < 8
:y~ Q æÎã+6^:;6-H�GA8
3 ] ã+GO4Sã�4-I�39?E6�D+F>6-W�C�8�: < ã+6NÔqÕ'Ö94�I�@O4-D+@AI < GO8
3GAFJ@AGA79G < 6-WfGA3 R GAH Q í�ß Q ú � ïS?'hfK
6!: < GO4�I�@SWbI�F"ã+6-Wu@AGA356-F Q æÎã+6�@A8 ] 6-:c@OGA79G < 80C�à Q ú äi6��¶4-8�: X:;6-F>=E8�3+W+F < 8 < ã+6 6-3+W�8�C < ã56 F;7�I�@A@Z��÷��`TZ:24-8
3 < I07�GO3bI < GO8
3x=5:;6-F>6-3 < GA3 < ã+6�èçé£F;=M6-4 < :;D+7 QæÎã+6ND5=+=E6!:.@OGA79G < 8�Cv/ Q ú äi6�� ] I�F < I��06-3oGO3�8
:;W+6!: < 8�I�K�8
GAW < ã56^W5GAF < 8
: < GA8
3 =5:;6-F>6-3 < GO3 < ã+6@[I�F < äi6!�§8�C < ã+6[èçé�C�6-6-W5GA3+H�W+GOF < :>GA?+D < GA8�3�}�F;6!6)F;D+?+F>6-4 < GA8�3²ß Q $ Q ú C�8�:#C�D+: < ã+6-:�W+6 < I�GO@AFy~ QæÎã+6c8
F;4!GA@A@AI < GO8
3+F�C�8
D+35W�?E6 <�] 6!6-3¸à Q ú I�3+Wf/ Q ú äi6��¥I�:;6�I�3�6$êE6-4 < 8�C < ã56�F < :;8
3+HoW+6 X=E6!3+W+6-354-6�8�C < ã+6�ÔqÕ'Öi8�3 < ã56�W+6 < I�GO@A6!WiF"ãbI�=M6�8�C < ã+6JC�6-6!W+GA3+H9W+GOF < :>GA?+D < GA8�3+F Q æÎã+6-:>6�Y < ã+6I�K�6-:;I�H
6�FFã+I�=E6g8�C < ã+6#C�6!6-W+GO3+H,W+GOF < :;GA?5D < GO8
3cGOF¤3+8 < I�4-4!D+:LI < 6#6!3+8
D+HNã < 8,:;6!=+:;8\W+D+4!6 < ã+6gW+6 X< I�GO@A6-W F < :>D+4 < D+:;6 Q æÎã+6�ëb3+G < 6�:;6!F;8
@OD < GO8
3nY
GO3+4-@OD+W+6!W GA3 < ã56�:;6-F>=E8�3+F;6�C�D+3+4 < GO8
3�D+F;6!W9C�8
: < ã+6I�3bI�@whaF>GAF!Yb=+@[I�h\F�I�3�GA79=E8
: < I�3 < :>8
@A6 Q | < GA3 < :>8aW5D+4-6!F^4!8
:;:>6-@AI < GO8
3+F�?M6 <�] 6-6-3 < ã+6)4-I�@A4!D+@[I < 6-W



� � � õ��+� � ö ÿ��

5500

6000

6500

7000

7500

8000

8500

9000

3000 4000 5000 6000
energy (keV)

Q
E

C

region of interest

R GOH
D+:;6�ß Q ú � �)ÔqÕ'Ö�4-I�@A4!D+@[I < 6-W�?5GA3f?'hf?+GA3�C�:;8�7 < ã56�TSU�I�3+W¸èsé£C�6!6-W+GO3+H�W+GAF < :;GO?+D < GA8
3+F?'h�GA3 < 6-:;=M8
@AI < GO8
3�8�C < ã+6JTSU��Lèçém}½ÔqÕ
Ö¨~g:LI < GA8 < I0?+D+@[I < 6-W�GO3ºítpJ1�� ê � ï Q
C�6-6!W+GA35H
FcGO3£4-8
3 < GAH
D+8�D+Fc4!6-@A@OF Q æÎã+6�I�?+F>6-3+4!6�8�C�FFã+I�:;= F < :;D54 < D5:;6-F GO3 < ã+6�6�_a=M6-:>GA796-3 < I�@F;=M6-4 < :;I9C�8
:>4-6-F < ã56�I03bI�@Oh\F>GAF�=+:;8�H
:LI�7 < 89W+89F;8
796)�\GO3+W�8�CZI�K
6!:LI�H�GA3+H+Y¨I03+W < ã+GAF�GOF�=+:;8
= XI�H'I < 6-W�I�@O8
3+H F>6!K
6!:LI�@�?5GA3+F Q r 79GAH�:LI < GA8
3�8�CvC�6-6-W5GA3+H C�:;8�7 8
3+62?5GA3 < 8 < ã5623+6-GOHNãz?E8
D5:;GA35H8
3+6!F×ãbI�Fc3+6-H
@OGAH
GO?+@A6�GO3�ìbD+6!3+4-6�8�3 < ã+6�F < :>6-3+H < ã�I�3+W£GO3 < 6-H�:LI < 6-W @A8�H�#MàJW+6 < 6-:;79GA3+I < GO8
3nY?+D < ILêE6-4 < FSF;D+?+F < I�3 < G[I�@O@Oh < ã+6^K0I�@OD+6�8�C < ã+6N6`_a=E6!:;GA796-3 < I�@MT.U��4èsé�:LI < GA8+YzI03+W < ã+GAFS4�I03o?M6< :;I�3+F>@[I < 6-W9GA3 < 8 < ã56^8�?+F;6!:>K
6!W�8
F>4-GA@O@[I < GA8
35F Q æd8�4-8
354-@AD5W+6�8
D+:mW+GAF>4-D+F>F;GO8
3nY < ã+6NI�3+8�7oI�@O8
D+F?M62ãbI�K\GA8
D5:P8�C < ã+6�4-I�@A4!D+@[I < 6-W Ô,Õ
Ö�K�I0@AD+6!FP?E6 <�] 6!6-3�/ Q ú I03+W�$[äi6!�cY�K\GAF>GA?+@O6gGA3 R GAH Q íîß Q ú � ï½YGAF�I�4-8�3+F;6!�\D56-3+4!6�8�Cd=bI < ã58
@A8
H0h�GA3 < ã+6[è é C�6-6!W+GA35H9W5GAF < :;GO?+D < GO8
3�GA3 < ã+6)@[I�F < ä�6!��?E6!@A8 ]< ã56�Ô Û�Ü Q rNFNG <�] I�F^796-3 < GO8
3+6-W�W+D+:>GA3+H < ã+6�W5GAF;4!D+F;F>GA8
3�8
3 < ã+6JF < :;6!3+H < ãi8
? < I�GA3+6!W�C�:;8
7< ã56�èçé�C�6-6!W+GA3+H9W+GOF < :>GA?+D < GA8�3nY < ã56J6�Ý94-GA6!3+4!h�8�C < ã56 ³ G�W56 < 6!4 < 8
:NGO3 < :;8\W+D+4!6-FNI9W5GAF < 8
: < GA8
3< ã56-:;6 QæÎã+6)7�6-I�3�K0I�@AD+6280C < ã+6JÔqÕ'Ö�GA3 < ã+62:>6-H
GO8
3 ] ã+6!:;6JG < ãbI0F < 8 ?E6)4-I�@A4!D+@[I < 6-W�I�798
D+3 < F< 8�ÔqÕ
Ök" ê ßNßNß�è � ú $��06!� Q �N6!:;6 < ã56�D+3+4!6-: < I�GA3 < huGAF < ã+6�F < I�3+WbI�:>W W+6!K\GAI < GO8
3£8�C < ã56=M8
GA3 < F ] G < ãx:>6-F>=E6!4 <q< 8 < ã+6�796�I03�K0I�@OD+6 Q æÎã5GAF�K�I0@AD+6)GAF^GA3�C�I�GO:;@OhoH
8\8aW�I�H
:>6-6!7�6!3 <^] G < ã< ã56o6�_a=M6-:>GA796-3 < I�@mK0I�@AD56o8�C^ÔqÕ
Ö¨" ê à êNú } ú
ê ~,8
? < I�GA3+6!WuC�:;8�7 I�3£GA8�3 < :;I�=£796�I�F>D+:;6!7�6!3 <í � TSU#� ê ï Q



� ò�óºô�õçö ��÷�� ø®ùDú�û½ü ��÷�� ý	þ ÿ ö ��������� �¨ï
¾q¿½À�¿½À Ë]	.Æ��vÐ^�,Ç)Å�Æ�_`
bÄ��¥Ì�
&a�ÓæÎã+6�796-F>FLI�H�6 < 89?M6 < :;I�3+F;79G <>< 6!WiIºC < 6-:�ãbI�K\GA35H�H
8�3+6 < ã+:>8
D+HNã�I�@O@ < ã+6 < 8�=+GA4!F�GA3 < :>8aW+D54-6-WF;8xC�I�:!YdGOF < ãbI <J] 6tãbI�K
6 < 8�@A8\8
��I <J< ã+69:;6!F;D+@ < F ] G < ã�I�K
6!:LI�H
GO3+H�I03+WuGO3 < 6-H
:;I < GO3+H�6!h�6-F-�ædr^p ³ I�@O@A8 ] FZ8
3+6 < 8�796�I�F>D+:;6 < ã56^F"ãbI�=M6N80C < ã56Òè X F < :>6-3+H < ã�C�D+3+4 < GA8
3�I�3+W9G < FmGA3 < 6!H
:LI < 6-WK�I0@AD+6.?E6!4�I�D+F>6�3+8q� X GO3 < 6-35F;G < hJGOFd79GAF>F;6-W Q æÎã+6�I03bI�@Oh\F>GAFPI0@AH
8
:>G < ã+7�F�:>6�I�@O@A8\4�I < 6 < ã+6g4!8
D+3 < F8�C < ã+6�6�_a=M6-:;GO7�6!3 < I�@SF;=M6-4 < :LI�GO3u8
:>W+6-: < 8iH
6 <�< ã+6�8�:;GAH�GA3bI�@dC�6-6-W5GA3+H�W5GAF < :;GO?+D < GO8
3 Q æÎã+6=E8\8
:#:>6-F;8�@AD < GA8
3�80C < ã+6*æ�r ³ W+6 < 6-4 < 8
:�W58a6!F#3+8 < =M6-:>7�G < 8
356 < 8 8
? < I�GO3�I�W+6 < I�GA@O6-W�F < :>D+4 X< D+:>6�Yz?+D <Z< ã+6�:;6-F>D+@ < FmI�:;6�4!8
:;:>6-4 < 8�3�I�K�6-:LI0H
6 Q æ�r^p ³ GOFmI,:;8
?+D5F < I�3+W�:;6!@AGAI�?+@A6 < 6!4Sã+3+GA�zD+6] ã+GA4Sã�I�@O@A8 ] FJD+F < 8xF < D5W5h < ã+6�8�K
6!:LI�@O@.=5:;8
=M6-: < GA6!Fc8�C < ã+6	è X W+6-4-I�h�YP4-8�7�=+@O6-796-3 < I0:>h < 8ã+GAHNã�:>6-F;8�@AD < GA8
3�F;=M6-4 < :>8
F;4!8
='h QædI�?+@O6²íîß Q àLïSFFã+8 ] F < ã+6�GA3 < 6!H
:LI�@PK0I�@OD+6-FJ8�C < ã+69F < :;6-35H < ãuC�8�: < ã+6���÷��`�N8 úØû W+6!4�I�h�GA3< ã+6�C�8
:;7î8�C < 8 < I�@P@A8�Hb#¨à,I�35W < 8 < I�@ � }½p*æ^~ Q rN@AF;8�H
GwK
6!3�GO3 < ã+6 < I�?5@A6�I�:>6 < ã+6�W+G¬ê�6!:;6-3 <4-8
3 < :>GA?+D < GA8�3+F < 8 < ã+6 < 8 < I0@ND+354-6-: < I�GO3 < h ò ØÚÙ½Ø�Y ] ã+GO4Sã ] I�F�8�? < I�GO3+6-WVC�:;8
7 G < FoF>�\D+I�:;6!W�\D+I�W+:LI < GA4JF;D57 Q ��6­ãbI�K
6 < I���6!3�I�FNI�:>6!C�6-:>6-3+4!6 < ã+6c:>6-F;D5@ < F^8
? < I�GA356-W�C�8
:�W+6 X 6�_a4-G < I < GA8
3F;4Sã+6!7�6 � I0C < 6-: < ã+6�TÉä I�3bI�@wh\F;GAF Q ��6u4-I�3¹F>6-6 < ãbI <�< ã+6�7�I��>8
:�4-8
3 < :;GA?5D < GO8
3 ò�ced ûGA3 ò ØÚÙ½Ø 4-8�7�6!F�C�:>8
7 < ã+6�D53+4-6!: < I0GA3 < GO6-F�GA3 < ã56�=bI0:LI�796 < 6-:;F�GO3zK�8
@OK�6-WjGA3 < ã+6�F < :;6!3+H < ã4�I�@O4-D+@AI < GO8
3nY�7�8�F < @wh2C�:;8
7 < ãbI < GA3 < ã+6ÉãbI�@wC X @AGwC�6^}�F>6-6jædI�?+@O63íîß Qw� ï\8
:jí�ß Q ú ï[~ Q æÎã+6gF�haF < 6!7oI < GA4D+3+4-6!: < I�GA3 < GO6-F.I�F;F>8a4!G[I < 6-W < 8 < ã+6NI�F;F>D+79= < GO8
3�8�3 < ã+6qW+6 X 6`_54!G < I < GO8
3�F;4Sã+6!7�6 ò�B=CDBf I�3+W < ã+6I�3bI�@whaF>GAF�I�@OH
8
:>G < ã57�F ò B=CDBd^gih I�:>6)K�6-:�h�F;GA79GA@AI�: Q

< 8 < I�@n@A8�H�#Mà ò c7d û ò�BjC@Bf ò�BjC@Bdkglh ò ØÚÙ�Ø
à Q � ú / � Q � ú / � Q � � / � Q � � / � Q �NàNà

< 8 < I�@ � }½p*æ^~ ò�c7d û ò BjC@Bf ò BjC@Bdkglh ò ØÚÙ�Ø
� Q / ê
ê � Q �Nàzà � Q � ú � � Q � ú � � Q �zß�à

æ¤I�?5@A6�ß Q à5�*æ�8 < I�@¤@A8
H�#MàqI�3+W � }�p[æ^~NK0I�@OD+6-F,C�8�: < ã+6���÷��`�N8 úØû W+6-4-I�h�GA3 < 6!H
:LI < 6-WfD+= < 8êNú �
����6�� Q æÎã+69D+3+4!6-: < I�GO3 < GA6!F)I�F;F>8a4!G[I < 6-W ] G < ã < ã+6�F < :;6-35H < ã�4�I�@O4-D+@AI < GO8
3 ò�c7d û Y < ã56 W+6 X=E6!3+W+6-354-6#8
3 < ã56.W+6 X 6`_54!G < I < GO8
3)F;4Sã+6!7�6 ò B=CDBf Y < ã56.W+6!=E6!3+W+6!3+4-6#8�3 < ã+6gI03bI�@Oh\F>GAF�I�@AH�8
:;G < ã+7ò B=CDBd^gih I�3+W�G < F�F;�zDbI�:>6-Wi�\D+I�W+:LI < GA4)F>D+7 ò ØÚÙ½ØPI�:;6)H
GwK
6-3�6�_a=+@OGA4!G < @wh Q



� ó � õ��+� � ö ÿ��
m+neo pUq+r � /���sutwv © x � /��&y{z | r�}Y~����Y}
rNC < 6-: < ã56�W56 < I0GA@A6!W W+GAF>4-D+F>F;GO8
3V7�I�W+6�GO3 F;6-4 < GO8
3uß Q $ ] 6i4-I�3V=5:;8\4-6-6!W¡C�I0F < 6!: ] G < ã < ã56:;6!F;D+@ < F�8�? < I�GO3+6-W£C�8�: < ã56x��÷��`�N8��Né�W56-4�I�h�Y.F>GA3+4!6 < ã+6o=+:;8\4-6!W+D+:;6 ] 6 ] GA@O@SC�8�@A@A8 ] GOF < ã56FLI07�6�8
3+6 Q �N8 ] 6!K
6!:-Y < ã+6!:;6�I0:;6 <�] 8�7�I��>8
:JW+G�êE6-:>6-3+4!6-F ] G < ã£:>6-F;=M6-4 <�< 8 < ã+6�@A8 ] F;=+GO34�I0F;6 QNR GO:;F < Y < ã+6cI�3bI�@whaF>6-W�6`_a=E6!:;GA796-3 < I�@dF>=E6!4 < :LIoF"ã+8 ] 3�GA3iF;6-4 < GO8
3Úß Q ßo:>6!K
6-I�@¤F < :>8
3+H
6!:4-8�3 < I�79GA3bI < GA8
3 Q æÎã+GAFvGAF�358 < I�?5GAH�=+:;8�?+@A6!7»GA3 < ã56.TSU�4-I�F;60Y�F>GA3+4!6.I0@A@ < ã+6m4-8
3 < I07�GO3bI < GO8
3+F] 6-:;6x:;6-798�K
6!W�=+:;8�=E6!:;@Oh�Yg?+D < G < W+6!7oI03+W+6-W�I�798
:;6�4�I0:;6!C�D5@NF < D+W5h¡8�C < ã+6iF>h\F < 6-7�I < GO4D+3+4!6-: < I�GO3 < GA6!Fg4-8�7�GO3+H�C�:>8
7 < ã+6,F>D+? < :LI�4 < GA8�3 Q �N8 ] 6!K
6!:-Y < ã+63èçé X F;=M6-4 < :;D+7á4-8
D5@AW�3+8 < ?M64-8�:;:;6!4 < 6-WnY ] ã+GO4SãiGO7�=+@OGA6!F < ã+I <�< ã+6):>6-F;D5@ < F�4!8
7�GO3+H�C�:;8�7 G < FFã+8
D5@AW�?E62GO3 < 6-:>=+:;6 < 6-W ] G < ã4�I0:;6 Q rN4 < DbI�@A@wh
Y ] 6 ] GA@O@mF;6-6 < ãbI <�< ã+6 < 8 < I0@gF < :;6!3+H < ã ] I�F×ëb3+I�@A@whf6�_ < :;I�4 < 6-W C�:;8
7 < ã56I�3bI0@Oh\F;GOF�8�C < ã+6JTSU%4-8�7�=M8
3+6!3 <-Q
¾N¿0�#¿^� ��Å>Æ,Ç)Å�Æ�_¹ÌjÓ�	.Ð^�NÉ+Å[	gÆ���Ã2Å[�MÃ�
bÄ�È�
&	�Ç�����ÄvÓxÉbÃ,ÄVÄQ�,È�Ä�
¨Åk�¥ÄdÆgÉ5ÌmÐÇ2Ì¤É+ÌæÎã+6JGA35C�8�:;7�I < GO8
3 ] 6cI�:>6)@A8\8
�zGA3+H�C�8
:�GOF-YbF>8 < 8�F;I�h�Y¨7�8
:>6*ã+GAW5W+6-3iGA3 < ã+6 ��÷�� �^8�� é F;=M6-4 X< :;I < ãbI�3iG <�] I0FNGO3 < ã+6�=5:;6!K\GO8
D+F ��÷�� �N8 ú û 4�I0F;6�Y ] ã+GO4SãxGAF^I94-8
3+F>6-�zD+6!3+4-6�80C < ã56�ã+GOHNã+6!:� X 7�D5@ < GO=+@AGO4-G < h�GA3 < ã+6oW+6-4-I�h Q æÎã+GAF×ã5GAHNã+6!:c7�D5@ < GO=+@AGO4-G < h ] I�FFã+6!F�8
D <c< ã+6�F < :;D54 < D5:;6-F�GO3< ã56xF;=M6-4 < :;I5Y�F;GA354-6 < ã+6x6�Ý�4!GA6!3+4!h < 8uC�D5@A@Oh I�?+F;8�:;?lI�4-I�F;4-I�W+6�4!8
3+F>GAF < GA3+Hu8�C*ß X /f�MFoGOFF;7�I�@O@A6-: < ãbI�3 < ã+6 < 8 < I�@^I�?5F;8
:>= < GO8
3k6�Ý�4!GA6!3+4!h¡C�8
: � X ú �EF�4�I�:>:>h\GA35H < ã56xFLI07�6i6-3+6!:;H�h QrqW5W+G < GA8
3bI0@A@Oh�Y < ã+6�W56-4�I�hx8�C#��÷��`�N8o�Néu=+:>8a4!6-6-W5F < 8 < ã56×ß
�z= X F < I < 6-F9}��NédYé�Né I�3+W � �Né�~NI <ã+GOHNã�6�_a4-G < I < GA8
3�6!3+6-:>H
GA6!FNI03+W < ã+6 ú �z= X F < I < 6-F�}��zé�~�I < @A8 ] 6-:�6�_a4-G < I < GA8
3�6!3+6-:>H
GA6!F Q
�N8 ] 6!K
6!:-YPF>8
796980C < ã+6�8�K�6-:;I�@A@PC�6-I < D+:>6-FJ8�C < ã+6�W+6!4�I�hf4�I�3�?E6�6-I�F;GO@Oh�W56-W+D+4!6-W�C�:;8
7< ã56i6`_5=M6-:>GA796-3 < I0@^F>=E6!4 < :LI�=5@A8 <>< 6-W¡GA3 R GOH Q íîß Q úzú ï Q æÎã+6iT.U F>=E6!4 < :;D+7�Y#GA3 < ã+6iD5=+=E6!:=bI�: < 8�C R GAH Q íîß Q úNú ï�YE=+:>6-F>6-3 < F)I�3xGA3 < 6!3+F;6�=E6-I��xI < I�3x6-3+6!:;H�hi8�CSI�?M8
D < ú Q ß�äi6!�cY ] ã5GA4Sã4-8�:;:;6!F;=M8
3+W+F < 8 < ã56o@A8 ] 6-F < 6�_a4-G < 6!W�� é F < I < 6oGA3 ��÷�� \qh Q æÎã+GOFcF;GO3+H
@O6 ú �z= X F < I < 6�4-I�:;:>GA6!FI�F;GAH�3+G�ëb4-I�3 < =bI�: < 8�C < ã+69F < :;6-35H < ãnY¤I�FJGAFJ:;6$ì+6-4 < 6-W£GO3 < ã+69F;=M6-4 < :;D+7 Q æÎã+6�:;6!F < 8�C < ã56F < :;6!3+H < ã�GAF)7�I�GA3+@wh�W+GOF < :;GA?5D < 6!WuI�798
3+H < ã+6Yß��\= X F < I < 6!F�I < ã+GOHNã+6!:J6`_a4-G < I < GO8
3f6-3+6!:;H
GO6-F!YI�@OF;8x7�I�:>��6-W�GA3 < ã+6�F;=M6-4 < :;D+7 Q æÎã+6�W+G¬ê�6!:;6!3+4-6 ] G < ã�:;6!F;=M6-4 <�< 8 < ã+6�T.U F>=E6!4 < :>D+7 8�C< ã56^@O8 ] F;=5GA39GAF;8�7�6!:ZGAF < ã+I < ã+6-:>6 ] 6NW58�3+8 < 8
?+F;6!:>K�6qF;D54Sã�I24-@A6-I�:SI�3+W9GA3 < 6!3+F;6^F < :;D+4 < D+:>6?+D < I ] GAW56 ?+D+79= Q æÎã+GOFJGOF,=bI�: < GAI�@A@whxI03�6�ê�6!4 < 8�C < ã+6�F>7�8\8 < ã5GA3+H�GO3 < :;8\W+D+4!6-W�?'h¿ã+GAHzã7�D+@ < GO=+@AGO4-G < h�� X 4�I�F>4�I�W+6!F-Y ] ã+GA4Sã�4�I03�?M6�?E6!F < 8
?+F>6-:�K
6-W ] ã+6-3�@A8\8
�zGA3+H�I <2< ã+6�:>6-H
GO8
3�8�C< ã56iTSUáF>=E6!4 < :;D+7 ?M6-@O8 ]á< ã+6 ú Q ßºäi6!�¢=M6�I�� Q æÎã+6iGO3+4-:>6�I�F>GA3+Hf4!8
3 < GA3zD+D57 GAF 7�I�GA3+@wh=+:>8aW+D54-6-W�?'h < ã+6,6!F;4-I�=E6!F�8�C < ã56,GA3+W5GOK\GAW+D+I�@b�EFgW+6 X 6�_a4-G < GA35H < ã+6,� é F < I < 6 Q 1,3 < ã+6,8 < ã+6!:ãbI�35WnY < ã56J@O8 ] 3zD+7c?E6!:�8�C¤4!8
D+3 < F�GO3 < ã+63ëb:>F < ú /c4SãbI03+3+6-@OF�8�C < ã+6)F;=M6-4 < :>D+7¶:;6�K
6-I�@AF < ã56ã+GOHNã�W+6 < 6-4 < GA8
3�6!Ý94!GA6-354!h�8�C < ã+6­ædr ³ � < ã+6)=+:>8
?bI�?5GA@AG < ho80CPW+6 < 6-4 < GO3+H�@O8 ] 6-356-:;H0h�6!K
6!3 < FGAF#K�6-:�h�F;7�I�@A@EW+D+6 < 8 < ã+6)@AI�:;H
6qF;D+797�GO3+H Q
,�8a8
�zGO3+H�I <�< ã56*èsé X F;=M6-4 < :>D+7¶=+@O8 <;< 6-W�GA3 < ã+6)@A8 ] 6-:�=bI�: < 8�C R GAH Q íîß Q úNú ï�Y ] 6)4-I�3Dëb3+WF;GO7�GO@[I�:.=+:;8�=E6!: < GO6-F Q æÎã+6�hxI0:;6J6!K
6!3�798
:;62=+:>8
3+8
D53+4-6!W�W+D+6 < 8 < ã+6JGA3�ìbD+6-354-6J8�C < ã+6 <�] 8I�W+W5G < GO8
3bI�@P/ �
� ��6��¶I03+3+G�ã5GA@[I < GA8�3x�zDbI�3 < I�C�:;8
7 < ã+6�:;6!F;=M8
3+F>6 < 8i=M8
F;G < :>8
3+F Q æÎã+69=M6�I��



� ò 	 ô�õçö ��÷�� ø®ù �zé ü ��÷�� ý	þ ÿ ö ��������� �E	

0

2000

4000

6000

8000

10000

50 100 150 200
channels

co
un

ts

0

2000

4000

6000

8000

10000

x 10

50 100 150 200
channels

co
un

ts
EC

8+ state at 2403 keV

4qp states (8+,9+, 10+)

β+

8+ state at 2403+1022 keV

4qp states (8+,9+, 10+)

150Er contamination

R GAH
D5:;6²ß Q úNú �uT¤_a=E6!:;GO7�6!3 < I�@,TSU¬} < 8
=¨~oI�35W¹èsé }�?M8 <;< 8
7�~�F;=M6-4 < :LIuC�8�: < ã+6���÷��`�N8l�NéW+6-4-I�h Q
4-8
:>:;6-F>=E8�3+W+GA35H < 89W+GO:;6-4 < C�6-6-W5GA3+H < 8 < ã+6��NéfF < I < 6JI < ú Q ß	ä�6!�§GAF^I�@AF>89K\GOF;GA?5@A62GA3 < ã+6�èçéF;=M6-4 < :;D+7 Q�� D < 3+8 ] Y ] ã+6!3£4-8�7�=bI0:;6-W < 8 < ã+6�TSUB4�I�F>6�Y < ã+6-:>6�I�=+=M6�I0:;F�Ii?M6-@A@ X F"ãbI�=M6-W4-8
3 < GO3zD+D+7 8�3£G < Fc@A6�C < F>GAW+60Y ] ã+GO4Sã GAFc=5:;8\W+D+4-6!W ?'h£I²ã5GAHNã+6!:c7�D5@ < GO=+@AGO4-G < h�8�C^$ X ê } < ã+6<�] 8xI�W+W+G < GA8�3bI�@Z/ �
� ��6!�á�zDbI�3 < I
~ ] G < ã�:;6!F;=M6-4 <J< 8 < ã+69T.U�:;6-F>=E8�3+F;6 Q æÎã+6�W+G¬ê�6!:;6-354-6-FI�:;6J7�8�:;6)W+:LI07oI < GA4 ] ã56-3�@O8a8
�zGO3+H�I <�< ã+6J:;6!H
GA8�3 ] ã+6!:;6 < ã+6­ß
�z= X F < I < 6-FNI�:>6�Y¨?+D <^< ã+GOF�GAF7�8
F < @wh < ã56J4!8
3+F>6-�zD+6-354-6�8�C < ã56­ã5GAHNã�TSU��Lèçé�:LI < GA8 < ã56-:;6 QæÎã+6 =5:;6!K\GO8
D+F,W+GOF;4!D+F;F>GA8
3fGA@O@AD+F < :;I < 6!F�ã+8 ] C�D+3+WbI07�6!3 < I�@¤GOF < ã56 :;8
@O6c8�C < ã+6 :;6!F;=M8
3+F;6C�D+3+4 < GA8
3�GO3 < ã+6*æ�r ³o< 6-4Sã+3+GO�zD+6�Y¨=bI�: < GO4-D+@AI�:;@wh�GA3 < ã5624�I�F>628�CdI×ã+GAHNã�7cD+@ < GA=+@OGA4-G < h W+6!4�I�h Q



�4� � õ��+� � ö ÿ��
|�3�8
:;W+6!: < 8�4-8�3+F < :;D+4 <J< ã+6�:;6!F;=M8
3+F;697�I < :>GA4-6!FqC�8
: < ã+6�I�3bI�@wh\F;GAF!Y�3+GA356 < ha=M6-FJ8�C.6-@O6-4 < :;8 X7�I�H
3+6 < GA4�W+6 X 6`_54!G < I < GO8
3�F>4Sã+6-796-F ] 6!:;6�I0F;F;D57�6!W Q äi8
F < 8�C < ã+6-7 @O6�I�W < 8�K
6-:�h�F;GA79GA@AI�:8
D < =+D < F-YnI03+WxC�8
: < ã+GOFN:>6�I�F>8
3 ] 6 ] GA@O@�W+GAF>4-D+F>F,8
3+@wh < ã+6�:;6!F;D+@ < Fq8�? < I�GO3+6-W�C�:;8
7 < ã+6 <�] 86-@O6-4 < :;8�7oI�H�3+6 < GA4�W+6 X 6`_54!G < I < GO8
3�F;4Sã+6!7�6!F ] G < ãf=+:;8\W+D+4!6-W < ã+6�7�Iº_aGA7�I�@�W+G�êE6-:>6-3+4!6-Fo}�F;6!6I�=+=M6-35W+Gw_ � ~ Q
� 8 < ã 80C < ã+6!7 ãbI�K
6�GO3�4-8
79798
3 < ã56#FLI�796#W+6 X 6`_54!G < I < GO8
3 F;4Sã+6!7�6�D5= < 8 ú Q ßäi6�� } < ã+6^� é ü $ é ü ß é ü ú é ü � é 4�I�F>4�I�W56�~�Y ] ã+GO4Sã ] I�FS8
? < I0GA3+6!W�C�:>8
7 I)=+:>6!K\GA8
D5Fã+GOHNã�:;6!F;8
@OD < GO8
3�6`_5=M6-:>GA796-3 < ítp)r�\2�zßLï Q æÎãzD+F!Y < ã+6#W5G�êE6-:;6!3+4-6!FZ?E6 <�] 6!6-3 < ã+6 <�] 82F;4Sã56-796-FD+F>6-W�4-8�3+F;GOF < 8
35@Oh�GA3 < ã+6�W+6-4-I�hx=+:;8�=E6!: < GO6-FN8�C < ã56�@A6�K
6-@OF }�?+GA3+FL~^GO3 < ã56�:;6!H
GA8
3i?E6 <�] 6!6-3ú Q ßYäi6!�BI�3+W < ã56cÔqÕ
Ö£}�F>6-6JI�=+=M6-35W+Gw_ � ~ Q

� TZ@A6!4 < :;8
7�I�H
3+6 < GO4�W56 X 6`_a4-G < I < GO8
3kF>4Sã+6-796 � �²æÎã+6�:;6!H
GA8�3V?M6 <�] 6-6!3 ú Q ßªäi6!� I03+W< ã+6�ÔqÕ'Ö ] I�F2W+GOK\GOW+6-W�GO3 < 8oC�8
D+:q6-3+6!:;H�h ] GA3+W+8 ] F Q æÎã+6 ?5GA3+F�}�@A6�K
6-@OFy~NGO3 < ã56Àëb:;F <] GO3+W+8 ] YZ?E6 <�] 6!6-3 ú ßz/��iI�3+W ú ���
�i�06!� W+6!4�I�h I�@O@mGA3 < ã+6�FLI07�6 ] I�h < 8 < ã+6�ëb:;F <ú édYpß�é I�3+Wf$zé£6�_a4-G < 6-WfF < I < 6-F Q æÎã+6 ?+GO3+F,GA3 < ã+6�F>6-4-8�3+W ] GO3+W+8 ] Y�?M6 <�] 6-6-3 ú �
���I�35W¥àNà
�
����6���Y¤W56-4�I�h�GA3 < ã+6oF;I�796o7�I�3+3+6!: < 8�I�@A@ < ã+6o?+GO3+FcGO3 < ã+6Yëb:>F < :>6-H
GO8
3 QæÎã+6c?+GA3+FNGA3 < ã+6 < ã+GA:>W�:;6!H
GA8�3nYE?M6 <�] 6-6!3¸àNà
�
��I�3+Wwà
�
������6���YEW+6-4-I�hxGA3 < ã+6�F;I�7967�I�3+3+6!: < 8 < ã+6�?+GO3+FmGA3 < ã56^F>6-4!8
3+W�:>6-H
GO8
3 QPR GA3bI�@O@Oh�Y < ã56^?5GA3+FmGA3 < ã+6�C�8
D+: < ã�:>6-H
GO8
3nY?M6 <�] 6-6!3²à
���
��I�3+W < ã+6)ÔqÕ'ÖnYaW+6-4-I�h < 8 < ã+63ëb:>F < $Né�I03+W��Néx6`_54!G < 6-W�F < I < 6!F�I�F ] 6-@A@I�F < 8 < ã+628 < ã+6-:�:;6!H
GA8�3+F Q rN@A@ < ã+62?+:LI03+4Sã+GA35H
F ] 6!:;6�I�W��>D+F < 6-W�GA3�8
:>W+6-: < 89=5:;6-F>6-:�K
6< ã+62��GA3 < 6-3+F>G < GO6-F�796�I�F>D+:;6!WxGO3¸íép2r�\2�zß4ï Q
� TZ@A6!4 < :;8
7�I�H
3+6 < GO4iW+6 X 6`_54!G < I < GO8
3�F;4Sã56-796 ú � rÎF;4Sã+6!7�6�?bI0F;6-Wl8
3lI�F < I < GAF < GO4�I�@798aW56-@�C�8
: < ã+6)6-@O6-4 < :;8
7�I�H
356 < GO4,W+6 X 6�_a4!G < I < GA8�3�8�C < ã+6)3zD+4-@O6-D+F ] ã+GA4Sã�GA354-@AD5W+6-F < ã56GO35C�8
:;7�I < GA8
3�C�:>8
7 ítp)r�\2�zßLï Q r¯W+6-F>4-:;GO= < GO8
3u80C < ã56�798aW56-@Z4�I03£?E6�C�8
D+35W�GO3£I�= X=M6-3+W5Gw_ �qQæÎã+6�6-@O6-4 < :;8
7�I�H
356 < GO4�W+6 X 6�_a4!G < I < GA8�3�F;4Sã+6!7�6 � GAF28�3+6 8�C < ã+6 F>GA79=+@A6!F < I0F;F;D57�= < GA8
35F8
3+6�4�I�3x7oI��06cGwCP3+8 < ã+GA35Ho?+D <N< ã+6�7oI��>8
:^C�6-I < D5:;6-FN8�C < ã56cW+6!4�I�h }�@AGO��6J7�D+@ < GA=+@OGA4!G < h5~gI�:>6�z3+8 ] 3 Q 123 < ã+698 < ã56-:Àã+I�3+WnY < ã+6�@A6!K�6-@SF;4Sã+6!7�6 ú GAF�I ] 6-@O@m6-W+D+4-I < 6!W H
D+6!F;F�?bI0F;6-Wu8
3I�@O@ < ã+6�6`_5=M6-:>GA796-3 < I0@¤GA3aC�8
:;7�I < GO8
3�I�K�I0GA@[I0?+@A6 Q æÎãzD+F!Y ] 6 6`_a=E6!4 <,< ãbI <q< ã+6�798
F < :;6!@AG[I0?+@A6:;6!F;D+@ < F ] GO@A@m?M6�8
? < I�GA3+6!W ] ã+6-3 F>4Sã+6-796 ú GAF�D+F;6!WnYSI�3+W < ãbI < C�8�:cF;4Sã56-796 � GA@A@OD+F < :LI < 6-Fã+8 ] C�I0: ] 6J4�I�3�H
8�GOCdI�@O7�8�F < 3+89GA3aC�8
:;7�I < GO8
3oGOF�=+D < GA3 < 8 < ã+6JI�3bI�@wh\F;GAF QæÎã+62:;6!F;D+@ < F�8�C < ã+6)TÉä²I�3bI�@wh\F;GAFg?bI�F;6!W�8
3�6-@O6-4 < :;8�7oI�H�3+6 < GA4qW56 X 6`_a4-G < I < GO8
3�F>4Sã+6-796 úI�:>6 FFã+8 ] 3�GA3 R GOH Q íîß Q ú àLï�� < ã56�T.U®4�I�F>6 GA3 < ã56 @A6!C < 4-8
@OD+7�3�Y�I�3+W¿èçé 4�I�F>6�GA3 < ã56 :;GAHzã <4-8�@AD+793 Q rqF9GA3 < ã+6���÷��`�N8 úØû I�3bI0@Oh\F;GOF-Y.I�3zD+7�?M6-:�8�C � �
��G < 6-:;I < GO8
3+F ] I�F96-3+8
D5HNã < 84-8�3zK�6-:>H
6 < 8xI�F;8
@OD < GO8
3 Q æÎã+6Wëb:;F < :>8 ] GA@O@AD+F < :LI < 6-F*ã58 ]B< ã+69TSU¶}�@O6!C < ~)I03+W¶èçéj}�:>GAHNã < ~äi8
3 < 69U#I�:;@O8�F;=M6-4 < :LIf}�GA3�F>8
@AGOW¨~�:>6-=+:>8aW5D+4-6 < ã+6�:;6!F;=M6-4 < GOK�6�6�_a=E6!:;GO7�6!3 < I�@�æ�r ³ F>=E6!4 < :LI}�W+I�FFã+6!W¨~ Q æÎã56 ] ã58
@A6�:;I�3+H
6�8�C < ã56NTSU�F;=M6-4 < :;D+7´?M6 <�] 6-6!3o4SãbI03+3+6-@ � I�3+W ú ��� ] I�FmD+F>6-WC�8
: < ã+6cI�3bI�@wh\F;GAF Q æÎã+6c4!8
3 < I�79GA3bI < GA8�3+F�=+:;6!F;6-3 < GO3 < ã+6Àè é F>=E6!4 < :;D+7 C�8
:;4!6-W�D5F < 8 < I��06Ic:>6-W+D+4!6-W�I�3bI0@Oh\F;GOFg:LI03+H
6,?M6 <�] 6-6!3i4SãbI03+3+6-@OF�$
��I03+W � �
� Q æÎã+62=+@A8 < Fg80C < ã+6,F>6-4!8
3+W�:;8 ]GA3 R GAH Q í�ß Q ú àLïg6�_�ã+GO?+G < < ã+6�W+G�êE6-:>6-3+4!6-F�?M6 <�] 6-6-3 < ã+6 äi8�3 < 6iU#I�:;@O8fI�3+W�4-8
:>:;6!F;=M8
3+W+GO3+H6�_a=M6-:>GA796-3 < I�@�F>=E6!4 < :LI5YM4�I�@O4-D+@AI < 6!W�I�FN6`_a=+:;6!F;F;6!W�?'hxTZ� Q }�ß Q ú �'~ Q æÎã56�C�D+@O@�TSU¹F;=M6-4 < :;D+7GAF ] 6!@A@E:;6-=5:;8\W+D+4-6!WnY ] G < ã < ã56,6�_a4-6!= < GO8
3�8�C < ã56,:;6!H
GA8
3 ] ã+6-:>6 < ã+6 ú ß'�Nàc=M6�I��9GAFg@A8\4�I < 6-W Q



� ò 	 ô�õçö ��÷�� ø®ù �zé ü ��÷�� ý	þ ÿ ö ��������� �4 

1

10

10 2

10 3
�

10 4

50 100 150 200
channels

co
un

ts

10

10 2
�10 3
�10 4

10 5
�

50 100 150 200
channels

co
un

ts
-10

0

10

50 100 150 200
channels

re
l. 

de
v.

-10

0

10

50 100 150 200
channels

re
l. 

de
v.

10
-5

10
-4

10
-3

10
-2

10
-1

50 100 150 200
energy (bin=40 keV)

fe
ed

in
g

10
-5

10
-4

10
-3

10
-2

10
-1

1

50 100 150 200
energy (bin=40 keV)

fe
ed

in
g

R GAH
D5:;6�ß Q ú à5�d�^6!F;D+@ < FS8�C < ã+6,��÷��`�N8��Né�W56-4�I�h�I�3bI0@Oh\F;GOFZD+F;GO3+H < ã+6NT�ä 7�6 < ã+8\W Q¤� 8 < ãoTSUI�3+W[è é :>6-F>=E8
35F;6m7oI < :;GO4-6!F ] 6!:;6S4�I�@O4-D+@AI < 6!WqC�8
@O@A8 ] GA3+H < ã+6Z6!@A6-4 < :>8
7oI0H
3+6 < GA4dW+6 X 6�_a4-G < I < GA8
3F;4Sã+6!7�6 ú Q¤R GA:>F < :>8 ] �¤TSUj}�@A6!C < ~¤I�3+W�è é }�:;GAHzã < ~d6�_a=M6-:>GA796-3 < I�@5F;=M6-4 < :LI2D+F>6-W�GA3 < ã+6�I�3bI�@ XhaF>GAF Q2³ D+=M6-:>GA79=E8�F;6-WxI�:;6 < ã+6�:;6!F;=M6-4 < GOK�6�F;GO7�D+@[I < 6-W�F;=M6-4 < :;If}�F;8�@AGAW�@AGO3+6-FL~#:;6-4!8
3+F < :;D54 < 6!WC�:;8
7 < ã+6�:;6!F;D+@ < GA35HxC�6-6!W+GA3+HxW+GAF < :;GO?+D < GA8
3+F Q�³ 6-4-8�3+W�:;8 ] ��:;6-@AI < GwK
6�W+6!K\G[I < GA8�3+F�?M6 <�] 6-6!3< ã+6i6�_a=E6!:;GO7�6!3 < I�@^I�3+W¡F;GO7�D+@[I < 6-W¡F;=M6-4 < :;I�C�8
:9?E8 < ãVT.U¸}�@A6�C < ~ I�3+Wuèsé§}�:>GAHNã < ~ 4-I�F;6!F QæÎã+GA:>W£:;8 ] ��:;6!F;D+@ < GA35H�TSU }�@A6�C < ~)I�3+Wªèçé¹}�:;GOHNã < ~,C�6-6!W+GA3+HxW+GAF < :;GO?+D < GA8
3+FJ3+8
:>7oI0@AGAF>6-W < 8D+3+G < h Q
,v8\8
�zGA35H24�I�:>6!C�D+@O@Oh
Y ] 6�8
?5F;6-:�K
6 < ã+I <Z< ã+6�W5G�êE6-:;6!3+4-6!FZ7oI03+GOC�6!F < I�3 8�F;4-GO@A@AI < GO8
3�I <¤< ã+6�=M8
F;G X< GA8�3980C < ã56^=M6�I0�MY\GA35W+GA4-I < GO3+H < ã+I <m< ã+6�=+:>8
?+@A6!7 GAFSI24-8�3+F;6!�\D56-3+4!6,8�C < ã+6�?+GA353+GA3+H Q |�3 < ã+64�I�F>6N8�C < ã+6Òèçé�F;=M6-4 < :;D+7�Y < ã+6�:;6!=+:;8\W+D+4 < GO8
3�GOFm3+8 < H
8\8aW ?M6-@O8 ]V< ã+6 < ã56 ú ß'�Nà)��6!�j=M6�I�� QæÎã+6�I�3bI0@Oh\F;GOF�I�@OH
8
:;G < ã+7ÎGAFJW+8
GA35HxG < Fc?M6-F < YZ?+D <�< ã+6�4-8
3 < I�7�GO3bI < GA8
3+FJ4-@O6�I�:>@OhfF>=E8
GO@ < ã+6:;6-F>D+@ < F Q æÎã+6 4-I�@A4!D+@[I < 6-W�TSU¯}�@O6!C < ~�I�3+WÚèçé�}�:;GOHNã < ~�C�6!6-W+GO3+H�W+GOF < :>GA?+D < GA8�3+FqI0:;6�W+GOF;=+@AI�h
6-W



 &% � õ��+� � ö ÿ��

0

0.05

0.1

0.15

0.2

0.25

0.3

0 50 100 150 200
energy (bin=40 keV)

S
β 

(k
eV

-1
 s

-1
 x

10
-6

)

free feedings
�
no feeding to 2+, 4+ and 6+

x 0.25 at 2403 keV

-0.4

-0.2

0

0.2

0.4

0 50 100 150 200
energy (bin=40 keV)

re
l. 

de
v.

R GOH
D+:;6 ß Q ú ß+�®æd8
=���F < :>6-3+H < ã�W+GOF < :;GA?5D < GO8
3+F C�8
: < ã+6f��÷��`�N8V�Né¹W+6!4�I�hk4-I�@A4!D+@[I < 6-W ] G < ã< ã56)T�ä I�@OH
8
:;G < ã+7 ] ã56-3 < ã+62C�6-6!W+GA35H < 8 F < I < 6!F�?E6!@A8 ] ú ß'�Nà���6���GAF�I�@O@A8 ] 6-W�}�4!GA:>4-@A6!Fy~.8�:6�_a=+@OGA4!G < @wh�C�8�:;?+GOW+W+6-3�}�F;�zDbI�:>6-Fy~ Qg� 8 <;< 8
7i�¤:;6-@AI < GwK
62W+6�K\G[I < GA8
3+F�?M6 <�] 6-6!3 < ã56 <�] 894-D+:�K
6-F Q
GA3 < ã+6 < ã+GA:>W£:;8 ] 8�C R GAH Q íîß Q ú àLï Q �Ùã5GA@A6�@A8\8
�zGA3+HxI <c< ã+6�TSU´C�6!6-W+GO3+H�W+GOF < :>GA?+D < GA8�3nY ] 6] I�3 <^< 89C�8\4-D5F < ã+6JI <;< 6-3 < GO8
3�8
3 <�] 89=M8
GA3 < F QæÎã+6�ë+:;F < GAF < ã+6SF;7�I�@O@
C�:LI�4 < GA8�3�8�C��>3+8 < I�@A@O8 ] 6!W��^C�6!6-W+GO3+H }�¼[ß'í9~vI�F>F;GAH�3+6-W < 8N@O8 ] F;=+GO3}�ßNéiI�35W�$Né�~ZF < I < 6!Fg?M6-@O8 ]V< ã+6N�Né�@A6!K�6-@MI < ú ß'�Nà)��6�� Q æÎã+6 < I�GA@+I <.< ã+6^@A6!C < F>GAW+6^8�C < ã+6N�Né=M6�I�� GOF.?M6-F < :>6-=+:>8aW+D54-6-W ] ã+6-3 < ã+6^:;6-F>=E8�3+F;6!F#8�C < ã+6^@A8 ] 6!:.6`_a4-G < 6-W�F < I < 6-F.I�:;6^GA354-@AD5W+6-WnYI�3+W < ãbI < =5:;8\W+D+4-6!F < ã+6�I�F;F>GAH
3+796-3 <�< 8 < ã56-F;6�@A6�K
6-@OF Q �u6JW+893+8 < 4-8
35F;GAW56-: < ãbI <�< ã+6-:>6�GOFIc=+:>8
?+@O6-7´GA3 < ã+6N:;6!F;=M8
3+F;6 < 8 < ã+6,�Né ü $Né ü ß�é ü ú é ü �Néx4-I�F;4-I�W+6,?M6-4-I�D+F>6,8�C < ã56



� ò 	 ô�õçö ��÷�� ø®ù �zé ü ��÷�� ý	þ ÿ ö ���������  �

6�_a4-6!@A@A6!3 < I�H
:>6-6-796-3 < 8�? < I�GO3+6-W�C�8
: < ã+6oF>GA7�D5@[I < GA8
3+F)8�C��z3+8 ] 3 W+6!4�I�h\F®íéUgrqsq�
�
I4ï Q �u6I�@AF>8�W+8 3+8 <g< ã+GO3+� < ã+6-:>6,GAF#I�=+:;8
?5@A6-7¥8�C�4!8
3 < I�79GA3bI < GA8�3�GO3 < ã+6)TSU�F;=M6-4 < :>D+7iY5F;GA354-6)I�@O@4-8
3 < I07�GO3bI�3 < F ] 6!:;6 =+:>8
=E6!:;@whi:>6-798�K
6-W Q �u6�:;I < ã56-: < 6-3+W < 8 < ã5GA3+��GA35F < 6-I�W < ã+I <q< ã+GAFNGAFI�3�6$êE6-4 < 8�CS@A8 ] 6-3+6!:;H�hi� < :LI�3+F>G < GA8
3+F ] ã+GA4Sã ] 6-:>6 3+8 < 4!8
3+F;GOW+6-:>6-WfGA3x8
D+:,6!@A6-4 < :>8
7oI0H X3+6 < GA4�W+6 X 6�_a4!G < I < GA8�3£F;4Sã+6!7�6!F Q ��6DãbI�K
6�K�6-:;G¬ëb6-W < ã+6�GA3�ì+D+6-3+4!6�8
3 < ã+6 < 8 < I0@gF < :;6!3+H < ã8�C < ã+6�6�ê�6!4 < ?zh�C�8�:;?+GOW+W+GA35H�6`_a=+@AGO4-G < @OhiC�6-6-W5GA3+H < 8 < ã+6!F;6�@A8 ] @whaGO3+H�F < I < 6!FcI�35W < ã56�W+GwC XC�6-:;6!3+4-6!FcC�8
D+35W£I�:>6�F>7oI�@O@A6!: < ãbI03 /
í Q |�3�=bI�: < GA4!D+@[I�:!Y ] 6�H
6 < Ii@O8
H$#Mà)"*à Q ê àb} � ~ ] ã+6!33+8�4-8
35W+G < GA8
3�GAF�I0=+=+@AGO6-W I03+W I�@A8�H�#Màc"[à Q ê � } � ~ ] ã+6-3 < ã56oW+6!4�I�h£GOFcC�8
:;?5GAW+W+6!3 < 8 < ã+6F < I < 6-Fg?E6!@A8 ]k< ã+6,�Né Q æÎã+6q4!8
79=bI�:;GOF;8
35F.?M6 <�] 6-6!3 < ã+6NFFãbI�=M6-F.8�C < ã+6qF < :>6-3+H < ã+Fg:>6-F>D+@ < GA3+H] ã+6-3 < ã56�C�6-6-W5GA3+H
F,I�:;6cC�:>6-6!@Oh�F;6 < ?zh < ã+6c=+:;8
H�:LI�7 8
:,6`_a=+@AGO4-G < @Oh�C�8
:>?+GAW5W+6-3�I < 6-3+6!:;H
GO6-F?E6!@A8 ] < ã+6��Né�F < I < 6 I�:;6�FFã+8 ] 3�GO3 R GOH Q í�ß Q ú ßzï Q �u6�4-I�3�F>6-6 < ãbI <q< ã+6c7�I��>8
:^W+G¬ê�6!:;6-354-6-F8a4!4-D+:,C�8
: < ã+6 F < :>6-3+H < ã�I�F;F>GAH
3+6!W < 8 < ã+6 � é @O6!K
6!@½Y ] ã+GA4SãfGAFÅã+GAHNã56-: ] ã56-3f3+8�C�6-6!W+GA35H�GAFI�@A@O8 ] 6-Wi?E6!@A8 ] G <�Q æÎã+6�:;6-H�GA8
3�?E6 <�] 6!6-3 < ã56c�Né�F < I < 6cI�3+W < ã+6�:>6-F>8
3bI�3+4!6 I�@OF;89=+:;6!F;6-3 < FF;8
796�79GA358
:#K0I�:;GAI < GO8
3+F QgR 8
: < ã+6J:;6!F < Y < ã56�F"ãbI�=M6-F,I0:;6J4-8
79=+@A6 < 6!@Oh�I03bI�@A8�H
8
D+F^I�3+Wi8
3+@whI9F>7oI�@O@�?+GAI�F�GAF�=5:;6-F>6-3 <�QæÎã+6�F>6-4!8
3+W9=E8
GO3 < GAFPI�?E8�D <P< ã56�8
F;4!GA@A@AI < GO8
3+F�8�C < ã+6�TSU£C�6-6!W+GA3+H2W5GAF < :;GO?+D < GO8
3c?M6 <�] 6-6!3$9I03+W ê Q ß�äi6!� Q æÎã+6!h�4-8
:>:;6-F>=E8�3+W < 8×ìbD+4 < DbI < GA8�3+F�GA3 < ã+6*ã+GOHNã�6-3+6!:;H�ho=bI�: < 8�C < ã+6)TSU XF;=M6-4 < :;D+7�Y^7�8
F < =+:>8
?bI�?+@wh¡GA3 < :>8aW+D54-6-W�?'h < ã+6�4!8
3 < I�79GA3bI03 < I�3+W�=+GO@A6!D+=�F;D5? < :;I�4 < GA8
3GA3�I�:>6-H
GO8
3f8�C#@O8 ] F < I < GOF < GO4-F Q æÎã56oI�3+I�@Oh\F;GOFJI�@AH
8�:;G < ã+7 < :;GO6-F < 8�:;6!=+:;8\W+D+4!6 < ã+6-7 ] G < ã4SãbI�3+H
6!F�GA3 < ã+6,F"ãbI�=M628�C < ã+6NC�6-6-W5GA3+H�W5GAF < :;GO?+D < GO8
3 Q æÎã\D5F-Y ] 63ãbI�K
6 < 8�?E6q4�I�:>6!C�D+@E?E6�C�8
:;6GA3 < 6!:;=+:>6 < GO3+H < ã+6!F;6[ìbD+4 < DbI < GA8
35FNI0F^:>6�I�@�F < :>D+4 < D+:;6!F Q
¾q¿S��¿µÁ ÂuÃ,Ä§Å�Æ,Ç2Ä�ÈcÄ�Æ,Ç2Ä�Æ#ÉkÊ�Ë ÌmÆ,ÇÎÍ Ï ÌmÆ,ÌmÐÒÑ^Ó5Å�ÓrqF#796-3 < GO8
3+6!W�GA3�F;D+?+F>6-4 < GA8�3Dß Q $ Q ú Y < ã56,F < :;6-35H < ã�4-I�3�?M6q4�I0@A4-D5@[I < 6-W�C�:>8
7¥?E8 < ã�TSU�I�3+Wè é¨X C�6-6!W+GA35HcW+GOF < :>GA?+D < GA8�3+F Q �N8 ] 6�K
6!:-YbGA3 < ã+6N=bI�: < GA4!D+@[I0:S4-I�F;6q8�C ��÷�� �N8�� é Y < ã56Åè é I�3bI0@Oh XF;GAF.@A6-I�W+F < 8 I ] :>8
3+H�:>6-F;D5@ <�QP� 6-F>GAW+6!F < ã+6NW+GAF < 8
: < GO8
3oGO3 < :;8\W+D+4!6-W�GO3 < ã56,@[I�F < ä�6!� 8�C < ã+6F < :>6-3+H < ã9W+GAF < :;GO?+D < GA8
3�?zh < ã+6�6�Ý�4!GA6!3+4!h GO3 < ã56�F;GA@OGA4!8
3�W+6 < 6-4 < 8
:^}�F;6!6^F>D+?+F>6-4 < GA8
3Wß Q $ Q ú C�8
:W+6 < I�GA@OFy~�Y < ã+6g7oI��>8�:d=+:>8
?+@O6-7´ã+6-:>6�I�:;6 < ã+6g4-8
3 < I07�GO3bI < GO8
3+Fv=+:>6-F;6!3 < GA3 < ã+6�èçé X F;=M6-4 < :;D+7 QR GAH Q í�ß Q ú /,ïbGA@O@AD+F < :LI < 6-Fsã+8 ] W+G¬ê�6!:;6!3 < I�:>6 < ã+6�F < :>6-3+H < ã+FS8
? < I0GA3+6!W�C�:;8
7 < ã+6^TSU¹}�F;�zDbI�:>6-Fy~I�3+W�èçé } < :;G[I03+H
@A6!Fy~SI�3bI�@whaF>GAF Q æÎã+GAFg6�_5I�79=+@A6,:>6!K�6�I�@OF�ã+8 ] GO7�=M8
: < I�3 < G < GOF < 8ÀãbI�K
6)4-@O6�I�3F;=M6-4 < :LIJGA3�8
:;W56-: < 8JI�:>:;GOK�6^I <Z< ã+6�:>GAHNã < :;6!F;D+@ <�Q | < I�@OF;82GO@A@AD5F < :;I < 6!F < ã56NGO7�=M8
: < I�3+4!6#8�C < ã+6â X :;I�h < I�H
H
GO3+H < 6!4Sã+3+GA�zD+60Y�F>GA3+4!6cG < I�@O@A8 ] F^I�3xGOF;8
?+I�:;GO4JW5GAF;4!:;GO7�GO3bI < GO8
3 Q æÎã+6c4!8
3+4!@AD+F>GA8
3GAF < ãbI < 3+8�GO35C�8
:;7�I < GA8
3�4�I03�?E6�6�_ < :;I�4 < 6-W�C�:>8
7 < ã+6�èsé X F;=M6-4 < :;I�I�3+WÚã+I�K�6 < 8�:;6!@Oh�8
3+@wh8
3 < ã+6JTSUjI�3bI0@Oh\F;GOF QæÎã+6�F;G < DbI < GA8
3�8�CÇãbI�KaGO3+Ho8�3+@Oh�8�3+6�F>=E6!4 < :;D+7 C�8
: < ã+6cI�3bI�@wh\F;GAF�7�I�W+6JD+FqF < D+Wah ] G < ã6!K
6!3k798
:;6�4�I�:>6 < ã+6�GO3�ìbD+6!3+4-6�80C < ã+6�4-8�3 < I�79GA3bI�3 < F>D+? < :LI�4 < GA8�3 GA3 < ã56�T.U´4�I0F;6 Q rqF7�6!3 < GA8
356-WuGO3fF;6-4 < GO8
3ºß Q ß+Y < ã+6���÷��`�N8��NéVTSU§F;=M6-4 < :;D57 ] I�FJ8
? < I�GA3+6!W�?'h�F;D5? < :;I�4 < GA3+H< ã+6�=+D+:>6���÷��`�^8 úØû TSU�F;=M6-4 < :>D+7²C�:;8
7ÎI�3�I�W+79Gw_ < D+:>6 8�C.?E8 < ãfW+6-4-I�h\F Q æÎã+693+8
:>7oI0@AG XFLI < GA8
3�8�C < ã+6���÷��`�^8 úØû TSU F;=M6-4 < :;D57 ] I�F2W+6 < 6-:>7�GO3+6-W < 8�?E6�IbÕ
Ö�" �
Q � ê / Q æÎã+6�K0I�@OD+64-8
796-F9C�:;8
7 < ã+6x:;I < GO8�80C)I�:;6-I�Fo80C < ã56��
�Nàf��6��¸=M6�I���GA3 < ã56�I�W+79Gw_ < D+:;6�I�3+WkGA3 < ã+6



 ¨� � õ��+� � ö ÿ��

0

0.05

0.1

0.15

0.2

0.25

0.3

0 50 100 150 200
energy (bin=40 keV)

S
β 

(k
eV

-1
 s

-1
 x

10
-6

)

EC only

β+ only

x 0.25 at 2403 keV

R GOH
D+:;6�ß Q ú /a�Ìæ�8
=n�ZF < :;6!3+H < ã�W+GOF < :;GA?5D < GO8
3+F.C�8�: < ã+6J��÷��`�N8��Né�W+6-4-I�h�4�I�@O4-D+@AI < 6!WoC�:;8�7 < ã56TSU®}�F;�zDbI0:;6-FL~gI�3+Wtèsé£} < :>G[I�35H
@A6!Fy~¤C�6-6!W+GA3+HcW+GAF < :;GO?+D < GA8
3+FmGO3 < ã+6N4�I�F>6,8�C�6!@A6!4 < :>8
7�I�H
3+6 < GA4W+6 X 6�_a4!G < I < GA8�3�F>4Sã+6-796 ú Q
=+D+:>6�@A8 ] F>=+GA3uF;=M6-4 < :;D+7 Q �^8 ] 6�K
6-:!YmF;7�I�@A@ZK0I�:;GAI < GO8
3+F)8�C < ã+GAF�=bI�:;I�7�6 < 6!:�8�CNè ú í¸I�:>6F < GA@O@P4-8
79=bI < GA?+@O6 ] G < ã+GA3 < ã+696-:>:;8
:>F Q æÎãzD+F!Y ] 6oW+6!4-GAW56-W < 8x=M6-:�C�8
:;7 < ã+6�I�3bI�@whaF>GAF ] G < ã< ã5:;6-6�W+G�êE6-:>6-3 < ��÷��`�^89�NéuTSU»F;=M6-4 < :LIaY�4-8�:;:;6!F;=M8
3+W+GO3+H < 8 < ã56c@A8 ] F>=+GA3xF;D+? < :LI�4 < GO8
3�=bI X:LI07�6 < 6-:>FLI+Õ'Öj" � *ì�'/�/�� � *é� ê / � *é�
�'/ Q æÎã+6i:>6-F>D+@ < GA3+H�F < :;6-35H < ã�W5GAF < :;GO?+D < GO8
3+F�4�I03k?M6F;6!6-3£GO3 R GOH Q íîß Q ú $Lï Q æÎã+6oF < :;6!3+H < ã£4�I�@O4-D+@AI < 6!W�C�8
:(I+Õ'Ö¨" �
Q � ê /�GAFJ=+@A8 <;< 6!W ] G < ã�4-GA:>4-@O6-F-Y< ã56�F < :;6-35H < ã C�8
:JIbÕ
Ö¨" ��Q �'/�/iGAF�=5@A8 <>< 6-W ] G < ã F>�zDbI�:;6!F�I�3+W < ã+6�8
3+6oC�8�:�I+Õ'ÖM" �
Q ���'/�GOF=+@O8 <;< 6-W ] G < ã < :;GAI�3+H
@O6-F Q æÎã+6o:>6-@[I < GOK�6�W56!K\G[I < GA8
35F-YdI�FcW+6�ëb3+6!W ?zh�TZ� Q }8ß Q àzßz~�Yd?E6 <�] 6!6-3< ã56,F < :;6-35H < ã+F.C�8
: < ã+6,7�Iº_aGA7�I�@�} < :;GAI�3+H
@O6-Fy~ZI�35W�7�GO3+GA7�I�@�}�F;�zDbI�:>6-FL~gF;D+? < :LI�4 < GO8
3oC�I�4 < 8
:>F] G < ã�:>6-F>=E6!4 <c< 8 < ã+6�4!6-3 < :;I�@m8
3+60Y¤:;6�K
6-I�@gI�C�D+@O@Oh�F�h\7�796 < :;GA4�=+GO4 < D+:;6 Q æÎã+GAFJGAFJI�W+GA:>6-4 <4-8�3+F;6!�\D56-3+4!6�8�C < ã+6x@OGA3+6-I�: =+:;8�=bI�H'I < GA8
3�8�C < ã+6�=E6!: < D+:;?bI < GA8�3VGO3 < :;8\W+D+4!6-Wk?'hVIfF;7�I�@A@K0I�:;GAI < GO8
3�GO3 < ã+6�F;D+? < :LI04 < GO8
3fC�I�4 < 8
: Q æÎã+69W+6�KaGAI < GO8
3+F!YvI�@ ] I�haF)F>7oI�@O@A6!: < ãbI03 ú �
í�Yv4-I�3?M6�D+F;6!W < 8�W+6 < 6-:>7�GO3+6 < ã+6�F;GOe-6�8�C < ã+6�F>h\F < 6-7�I < GA4�D+3+4!6-: < I�GO3 < GA6!F I�F;F>8a4!G[I < 6-W ] G < ã < ã56F;D5? < :;I�4 < GA8
3 Q æÎã56�@O8
H�#MàSK�I0@AD+6!F�C�8�: < ã+6 < ã+:;6!6�4-I�F;6!F^H�GOK
6!3iGO3Dæ¤I0?+@A6Yíîß Q ßLï½Y+GO3+W+GO4�I < 6 < ãbI << ã569F�h\F < 6!7oI < GA4 6!:;:>8
:)GA3 < ã56 < 8 < I0@PF < :;6-35H < ã�GAF2F>7oI�@O@A6!: < ãbI03¶à
í Q æÎã56�F�haF < 6!7oI < GA4 D+3 X4-6!: < I�GA3 < hiGA3 < ã+6 < 8 < I0@d@O8
H$#Mà�I�F>F;8\4-G[I < 6-W ] G < ãxF;D+? < :LI�4 < GO8
3ÚãbI�FN?E6!6-3�6!F < GO7oI < 6-Wx?zh < ã56F < I�3+WbI0:;W�W+6!K\GAI < GO8
3£8�C < ã+6 < ã+:>6-6�:>6-F;D5@ < F�C�:;8
7¬G < Fc796�I�3£K0I�@OD+6 Q æÎãzD+F-Y ] 6�=+:;8
=M8
F>6�IK0I�@AD5628�C ò B=CDBõ.-0/21 Ø "¹�5*é� � � Q



� ò 	 ô�õçö ��÷�� ø®ù �zé ü ��÷�� ý	þ ÿ ö ���������  ¨°

0

0.05

0.1

0.15

0.2

0.25

0.3

0 50 100 150 200
energy (bin=40 keV)

S
β 

(k
eV

-1
 s

-1
 x

10
-6

)

λEC=1.075

λEC=1.055

λEC=1.095

-0.4

-0.2

0

0.2

0.4

0 50 100 150 200
energy (bin=40 keV)

re
l. 

de
v.

x 0.25 at 2403 keV

R GAH
D5:;6×ß Q ú $5�Åæd8
=��,F < :;6-35H < ã�W+GAF < :>GA?+D < GA8
35FNC�8
: < ã+6o��÷��`�N8��zé�W56-4�I�hfTSU�I�3bI�@whaF>GAF Q æÎã+64-D+:�K
6-Fi4-8
:>:;6!F;=M8
3+W < 8 < ã+6�I�3bI�@wh\F;GAF�80C < ã+:;6!6�6`_5=M6-:>GA796-3 < I0@2TSUîF;=M6-4 < :LI C�:;8�7 ] ã+GA4Sã< ã+6���÷��`�N8 ú�û 4-8�3 < I�79GA3bI < GA8
3 ] I�FNF;D+? < :LI�4 < 6!W ] G < ã < ã56 ] 6-GOHNã < F-� �
Q � ê /i}�4-GO:;4-@O6-FL~�Y �
Q �'/
/}�F;�zDbI0:;6-FL~qI�3+W �
Q �
�'/�} < :>G[I�35H
@A6!Fy~ Q#� 8 <;< 8
7��.:>6-@[I < GOK�6)W+G�êE6-:>6-3+4!6-F,?M6 <�] 6-6!3 < ã+6JF < :;6-35H < ã+F4-8
79GA3+H�C�:;8�7 < ã+6�4-6-3 < :LI�@SF;D+? < :LI04 < GO8
3u80C �
Q � ê /iI03+W < ã+8
F;6�4-8
79GA35H�C�:>8
7 < ã+6�7�GO3+GA7�I�@F;D+? < :LI�4 < GO8
3i80C �
Q �'/
/�}�F;�zDbI�:>6-Fy~�I�3+W�7�Iº_aGA7�I�@�F>D+? < :LI�4 < GA8�3�80C �
Q �
�'/�} < :;GAI�3+H
@O6-FL~ Q
¾q¿S��¿�� ÂuÃ,Ä%Ç2Ä�ÈcÄ�Æ,Ç2Ä�Æ���Ä
	�� É+Ã,Ä�
bÄvÓ��2ÐµÉ+Ó�	.ÆáÉ+Ã,Ä%ÌZÓaÓ����¥ÄvÇ È,Ì�
5É�	��É+Ã,Ä§Ð�Ä��.ÄdÐ9Ó��MÃ,Ä��¯Ä
R GAH Q íîß Q ú
ê ïSFFã58 ] F < ã+6�F < :;6-35H < ã�W+GAF < :;GO?+D < GA8
3+F):>6-F;D5@ < GO3+H�C�:;8
7 < ã+6oI03bI�@Oh\F>GAF ] ã+6-3£6!@A6!4 X< :;8�7oI�H�3+6 < GA4�W+6 X 6�_a4-G < I < GA8
3�F;4Sã+6!7�6!F � }�4-GO:;4-@O6-FL~SI�35W ú }�F;�zDbI�:>6-Fy~ ] 6!:;6qD5F;6-W�C�8�: < ã+6q4!8
3 X



 � � õ��+� � ö ÿ��
³ D5? < :;I�4 < GA8
3�C�I�4 < 8
: �
Q �'/
/ ��Q � ê / �
Q �
�'/

@O8
H$#Mà à Q êNú } � ~ à Q ê àb} � ~ à Q ê ßb} � ~
ædI�?+@A6Îß Q ß+��@A8�Hb#¨àdK0I�@OD+6-FZ8�C < ã56�F < :>6-3+H < ã+FmGA3 R GOH Q í�ß Q ú $Lï+8
? < I0GA3+6!W�C�8�: < ã+6 < ã+:;6!6^W5G�êE6-:;6!3 <F;D5? < :;I�4 < GA8
3�C�I�4 < 8
:>F Q
F < :;D+4 < GO8
3i80C�! Q ��6J8
?+F;6!:>K�6c4-8�3+F;GOW+6-:;I�?+@Oh�@AI�:;H�6-:�W+GOF;4-:>6-=bI03+4-GO6-F < ãbI�3�C�8
: < ã+6 ��÷�� �N8 ú û:;6!F;D+@ < F F"ã+8 ] 3¡GO3 R GAH Q íîß Qw� �Lï Q �^8 ] 6�K
6-:!YgG < GAFcGA79=E8
: < I�3 <J< 8�F < :;6!F;F < ã+I <�] 6iI0:;6�4!8
7 X=bI�:>GA3+H < ã+6 F < :;6!3+H < ã5FfC�8�: <�] 8l6�_ < :;6-796�4�I�F>6-F Q æÎã+6�6-@A6!4 < :;8
7�I�H
3+6 < GO4uW+6 X 6�_a4!G < I < GA8�3F;4Sã56-796 � GO3+4-@OD+W+6-F < ã+6�79GA3+GO7�D+7®I�798
D+3 < 8�CMGA3aC�8
:;7�I < GO8
3�C�:>8
7 < ã+6�6�_a=M6-:>GA796-3 < I�@5W+6-4-I�hF;4Sã56-796 íép2r�\2�zß4ï½Y�3bI�796-@Oh < ã56�W+8
79GA3bI03 < �Né ü $Né ü ß�é ü ú é ü �Néu4�I0F;4�I0W+6 Q æÎã+6W+6 X 6�_a4!G < I < GA8�3�=bI <;< 6!:;3�8�3 < 8�=�8�CnG <.] I�F.4-8
79=+@A6 < 6!@Oh GO3zK�6-3 < 6!W�?+D < =+:;6!F;6-:�K\GA3+H < ã+6q7�I��>8
:C�6�I < D+:>6-Fq80C < ã56�W+6!4�I�hi@AGA�06 < ã+6�I�K
6-:;I�H
6�7�D+@ < GA=+@OGA4!G < h�I�3+W < ã+6J6�_a=M6-:;GO7�6!3 < I�@�� X GO3 < 6-3+F>G < hC�:;8�7 ítp2r�\2�zß4ï Q æÎãzD+F!Y+G < GAF.3+8 < F;D+:>=+:;GOF;GA35H < ã+I <g] 6Åëb3+W < ã+6N@[I�:>H
6NW5G�êE6-:;6!3+4-6!F#FFã58 ] 3�GO3R GOH Q í�ß Q ú
ê ï ] ã56-3�4!8
7�=+I�:;GO3+H ] G < ã < ã+6�:;6-F>D+@ < Fq8
? < I�GO3+6-W�C�8
:^I�F < I < GOF < GA4�I0@�W56-4�I�hi7�8\W+6!@ QrqFq7�6!3 < GA8
356-W�I <^< ã56�?E6!H
GA353+GA3+H�8�C < ã5GAF^F;6-4 < GO8
3nY < ã+GAFNF < I < GOF < GO4�I�@vW+6!4�I�h ] I�F,H�6-3+6!:LI < 6-W] G < ãfI�@A@ < ã+6 6`_a=E6!:;GA796-3 < I�@PGA3aC�8
:;7�I < GO8
3�I�K0I�GO@[I�?+@O6�YEI�3+W < ãzD+F!Yv7�GOHNã < ?M6 GA3 < 6!:;=+:>6 < 6!WuI0F798
:;6�4-8
:>:;6-4 <2< ãbI03�6-@A6!4 < :;8
7�I�H
3+6 < GO4cW+6 X 6�_a4!G < I < GA8�3�F;4Sã+6!7�6 ��Q �N8 ] 6�K
6!:-Y�8
D+:2I�GO7 GAF < 8FFã58 ]%< ã562:;6�I0@�@AGO7�G < Fm8�C < ã56 < 6!4Sã+3+GA�zD+60Y¨I�3+W�C�8
: < ã+GOF#:;6-I�F;8
3�I�4!8
3+F>6-:>K0I < GOK�624-8
79=bI�:>GAF;8�3] I�F 4Sã+8
F>6-3 Q æÎã56�:;6-@AI < GwK
6�W+G�êE6-:>6-3+4!6-F�?E6 <�] 6!6-3 < ã+6 <�] 8f4-D+:�K
6!Fx}�¼ ú /
í¬8
3�I�K�6-:LI0H
6�~`Y4�I0@A4-D5@[I < 6-W�I�4-4!8
:;W5GA3+H < 8iTZ� Q }�ß Q àzßz~`Y�=+:;8�K\GAW56�I�3�6!F < GA7�I < GO8
3�8�C < ã+6�F�haF < 6!7oI < GA4 D+354-6-: X< I0GA3 < GO6-F�GA3 < :;8\W+D+4-6!W�?zh < ã+6)W+6-=M6-35W+6-3+4!6c8
3 < ã+6):;6-F>=E8�3+F;6J7oI < :;GÚ_ Q

,�6!K
6!@vF;4Sã+6!7�6 @O8
H$#Mànè ò+õ.-0/�1 Ø ò43&576 ò�8 9;:*< ò�>éô�ô�øD?.A@/
� à Q $�$�è � Q � � � Q $
�5æ � �]û ã � Q /��aæ � �]û â � Q ê �5æ � �]û âú à Q ê à�è � Q � � � Q $ ê æ � � û ã � Q ß ê æ � � û â � Qw�
� æ � � û �

ædI�?+@A6¿ß Q /a�k��÷��`�^8%�Né W+6-4-I�hl@O8
H$#Mà9K�I0@AD+6!F�GA3 < 6!H
:LI < 6-WlD+= < 8 ê � ú �£��6!� Q æÎã+6�K�I0@AD+6!F] 6-:;6�8
? < I�GO3+6-W�C�8
: < ã+6 <�] 8)6-@O6-4 < :;8
7�I�H
356 < GO4gW+6 X 6`_54!G < I < GO8
3 F;4Sã+6!7�6!FSI0C < 6!: < ã+6�TÉä X ?bI�F>6-WI�3bI0@Oh\F;GOF�8�C < ã+6JTSU%F;=M6-4 < :>D+7 Q
æÎã+6cGO3 < 6-H�:LI < 6-Wx@O8
H$#Mà�:>6-F;D5@ < GO3+H�C�:;8
7·?M8 < ãxI�3bI�@wh\F;6-FqI�3+WiH
GOK�6-3�GO3®ædI�?+@O6	íîß Q /4ïdI�@AF>8=+:>6-F;6!3 < @AI�:;H�6-:�W+GAF>4-:;6!=bI�3+4!GA6!FfI�F�GA3 < ã+6V��÷��`�^8 úØû 4-I�F;6 Q �^8 ] 6�K
6-:!Y < ã+6 <�] 8 < 8 < I�@F < :;6!3+H < ã5F#I�:>6^F < GO@A@b4-8�7�=bI < GA?5@A6 ] G < ã+GO3�¼ � �'í Q æÎã+6NF>h\F < 6-7�I < GO4�D+3+4-6!: < I�GA3 < h9GA3 < ã+6 < 8 < I�@



� ò 	 ô�õçö ��÷�� ø®ù �zé ü ��÷�� ý	þ ÿ ö ���������  ¨ï

0

0.05

0.1

0.15

0.2

0.25

0.3

0 50 100 150 200
energy (bin=40 keV)

S
β 

(k
eV

-1
 s

-1
 x

10
-6

)
Decay-scheme 1

Decay-scheme 2

x 0.25 at 2403 keV

-0.5

0

0.5

0 50 100 150 200
energy (bin=40 keV)

re
l. 

de
v.

R GAH
D5:;6�ß Q ú
ê �²æ�8
=n�xF < :>6-3+H < ãkW5GAF < :;GO?+D < GO8
3+F C�8
: < ã56���÷��`�N8¡�NélW+6!4�I�hk4-I�@A4!D+@[I < 6-W�C�:;8�7< ã+6iTSUáF;=M6-4 < :;D57 C�8�: @A6!K�6-@ X F;4Sã56-796-F � }�4!GA:>4-@A6!Fy~�I�35W ú }�F;�zDbI0:;6-FL~ Q�� 8 <;< 8
7i��:>6-@AI < GwK
6W+6!K\G[I < GA8�3+F�?E6 <�] 6!6-3 < ã+6 <�] 894-D5:>K
6!F Q
@A8
H$#MàNI�F>F;8\4-G[I < 6-W ] G < ã < ã+6 <�] 8�W5G�êE6-:;6!3 < W+6 X 6�_a4-G < I < GA8
3xF;4Sã+6!7�6!FJ4-I�3�?M6�6-F < GA7�I < 6-W�?'h< ã+6�F < I03+WbI�:>W�W+6!K\GAI < GO8
3i80C < ã+6 <�] 8�:;6!F;D+@ < FNC�:>8
7·G < FN796�I03iK0I�@AD56 Q æÎãzD+F!Y ] 6�=+:;8�=E8
F>6�IK�I0@AD+628�C ò B=CDBõ.-0/�1 Ø "¹�5*é�zß'� Q
¾q¿S��¿�¾ ÂuÃ,Ä�Ç2Ä�ÈcÄ�Æ,Ç2ÄdÆ���ÄF	$��É+Ã,Ä

bÄvÓ��2ÐµÉ+ÓG	.Æ¯É+Ã,Ä�ÌmÆ,ÌmÐÒÑ^Ó5Å�ÓH�¯ÄnÉ+Ã�	�ÇR GAH Q íîß Q ú �Lï,F"ã+8 ] F < ã+6�4!8
7�=+I�:;GOF;8
3�80C < ã+6�F < :;6!3+H < ã�W+GAF < :;GO?+D < GA8
3+F�8
? < I�GA3+6!WkC�8
:�6!@A6!4 X< :;8�7oI�H�3+6 < GA4oW56 X 6`_a4-G < I < GO8
3 F;4Sã56-796 ú ?zh I�=+=+@OGA4�I < GA8�3�8�C < ã+6 ú ALø 8
:>W+6-:c:;6-H�D+@[I�:>GAF;I < GO8
3



 ó � õ��+� � ö ÿ��
796 < ã58aW�} < :;GAI�3+H
@O6-FL~�YnäiTV796 < ã58aW�}�F;�zDbI�:>6-Fy~�I�35WiTÉä¸7�6 < ã+8\W�}�4!GA:>4-@A6!Fy~ Q r < 8 < I�@�80C � ���G < 6-:;I < GO8
3+F ] I�FN6!3+8
D+Hzã < 894-8�3zK�6-:>H
6 < 8 < ã+6cTÉä X F;8
@OD < GO8
3nY ] ã+GO@A6 ú ��� ] ã+6!:;6JD+F;6!W�GA3 < ã56äxT 4-I�F;6 Q rq3¹äiT¥=+I�:LI�796 < 6-:�8�C�I»" � *é�'/ ] I0Fo4Sã+8
F>6-3nY ] ã5GA4Sãk4!8
:;:>6-F>=E8
35W+F < 8 < ã564-8�:;3+6!:^80C < ã+6�, X 4-D+:�K
6 Q

0

0.05

0.1

0.15

0.2

0.25

0.3

0 50 100 150 200
energy (bin=40 keV)

S
β 

(k
eV

-1
 s

-1
 x

10
-6

)

EM-method

ME-method

2nd order Regularisation

x 0.25 at 2403 keV

-0.4

-0.2

0

0.2

0.4

0 50 100 150 200
energy (bin=40 keV)

re
l. 

de
v.

R GOH
D+:;6Ìß Q ú �a�Ûæd8
=���F < :>6-3+H < ãcW+GOF < :;GA?5D < GO8
3+F�C�8
: < ã+6 ��÷�� �N8�� é W+6-4-I�hJ4-I�@A4!D+@[I < 6-W)?'h < ã+6STÉä}�4!GA:>4-@A6!Fy~`Y�äxT¶}�F;�zDbI�:>6-FL~�I�3+W ú ALø 8
:;W+6!:�:;6!H
D+@AI�:;GOFLI < GA8
3k} < :;G[I03+H
@A6!Fy~ Q�� 8 <>< 8
7���:;6!@[I < GOK
6W+6�KaGAI < GO8
3+F.?E6 <�] 6!6-3 < ã+6*äxTVI03+W�TÉäÎF < :;6-35H < ã�}�F;�zDbI�:>6-Fy~#I03+W ú ALø 8
:;W+6!:#:;6!H
D+@AI�:;GOFLI < GA8
3I�3+WiTÉä F < :>6-3+H < ã+Fc} < :>G[I�35H
@A6!Fy~ Q
æÎã+6�FLI07�6�4!:;G < 6-:>GA8
3 ] I�F�I0W+8
= < 6-W£C�8
: < ã+6 ú A;ø X 8�:;W+6!:�:;6!H
D+@[I0:;GAF;I < GO8
3u=+I�:LI�796 < 6-:�?zh< I0�\GO3+H�I#K0I�@AD+6Z80C�I�" � *ì�+æ � � û ÷ Q | < 4-I�3�?M6Z8
?+F>6-:�K
6-W < ãbI <�< ã+6 < ã5:;6-6mW+GOF < :;GA?5D < GO8
3+F�=5:;6-F>6-3 <I^K�6-:�hcF>GA79GA@[I0:�I�K
6-:;I�H
6#F"ãbI�=M6 Q �N8 ] 6�K
6!:-Y < ã+6jäxTfI�3+W ú ALø X 8
:;W56-:�:;6-H�D+@[I�:>GAF;I < GO8
3)F < :>6-3+H < ã



� ò 	 ô�õçö ��÷�� ø®ù �zé ü ��÷�� ý	þ ÿ ö ���������  E	
W+GAF < :;GO?+D < GA8
3+FqI�:;6c@A6-F>F,FFã+I�:;=�GO3 < ã+6c:;6-F>8
3bI�354-6 :;6!H
GA8�3nY�F>GA3+4!6 I�3fI <>< 6-79= <N] I�F27�I�W+6�GA38
:;W+6!: < 8�F;798a8 < ã < ã56S8�F;4-GO@A@AI < GO8
3+F�=5:;6-F>6-3 < I <�< ã+6�ã+GOHNã+6!:�6-3+6!:;H�h2=+I�: < 8�C < ã56SW5GAF < :;GO?+D < GO8
3+F QæÎã+GAF ] I�F�W+8�3+6,?'h < ã+6,6-@O6-4 < GA8�3�8�Cv:;6!H
D+@AI�:;GOFLI < GA8
39=bI�:;I�7�6 < 6!:;F#F < GA@O@¨8
3 < ã5624-8
:>3+6-:#80C < ã+6
, X 4-D+:�K
6�?5D < C�I�K�8
D+:;GO3+H�IWã+GOHNã+6-:^:;6!H
D+@AI�:;GOFLI < GA8
3 Q | < GOF ] 8
: < ã�796-3 < GA8
3+GO3+H < ãbI <N< ã+6 ú A;ø X8
:;W+6!:,:;6!H
D+@AI�:;GOFLI < GA8
3�796 < ã58aW�=5:;8\W+D+4-6!F,3+6!H'I < GwK
6cC�6!6-W+GO3+H
FNGA3 < ã+6�6!3+6-:>H�hx:>6-H
GO8
3�I�?M8�K
6/ Q $täi6!�cYE798
:>6�=+:>6-4!GAF;6!@Oh�YEGO3 < ã+6c4SãbI03+3+6-@OFq8�CP@A8 ] 6!:NF < I < GAF < GA4!F Q æÎã+6cI�@AH�8
:;G < ã+7 < :;GO6-F < 84-8
79=E6!3+FLI < 6�C�8
: < ã+6�=+:>8
?+@O6-7B?'h =5:;8\W+D+4-GO3+H)6�_ < :;I�=M8
F;G < GwK
6gC�6!6-W+GO3+H�GO3 < ã+6�3+6!GAHNãz?M8
D+:;GO3+H:;6-H�GA8
3+F!Yg6!3+W+GA35HuD+=VGA3¡I�=+:>8
3+8
D53+4-6!Wk8
F>4-GA@O@[I < GA3+H�?M62ã+I�K\GO8
D+: Q æÎã+6�3+6-H'I < GOK�6�C�6!6-W+GO3+H
F] 6!:;6�F>6 <^< 8oe!6-:>8oGA3�8
:>W+6-: < 8�4�I�@O4-D+@AI < 6 < ã+6cF < :;6!3+H < ã Q sN6�K
6-: < ã+6!@A6!F;F-Y < ã+6�6�_ < :;I�=M8
F;G < GwK
6C�6-6-W5GA3+H ] I�F)F;D+4SãnY < ã+I <2< ã+6 < 8 < I�@d@A8
H$#Mà X K0I�@AD+6c8
? < I0GA3+6!WÚëb3bI�@O@OhiGAF2F < GA@O@¤@A8 ] 6-: < ãbI�3�C�8
:< ã+6�8 < ã+6!:o796 < ã58aW+F Q æÎã56 < 8 < I�@^@A8
H�#¨à K�I0@AD+6!F�C�8
D+35W�I�:>6xH
GwK
6-3kGA3 ædI�?+@O6¥íîß Q $Lï Q æÎã+6

rq3bI�@wh\F;GAFÒä�6 < ã58aW @O8
H$#Mànè ò+õ.-0/E1 Ø ò43 576 ò�8 9;:*< ò�>éô�ô�ø@?.A@/
TÉä à Q ê à�è � Q � � � Q $ ê æ � � û ã � Q ß ê æ � � û â � Qw�
� æ � � û �äxT à Q ê à�è � Q � � � Qw� �5æ � � û ã � Q /�$aæ � � û â � Qw� �5æ � � û �ú ALø 8�:;W+6!:^:>6-H Q à Q $���è � Q � ú � Q ú $5æ � � û ã � QO� /\æ � � û â � Qw� /aæ � � û �

æ¤I�?5@A6*ß Q $5�g��÷��`�N8J�Né�W+6!4�I�h�@O8
H$#Mà.K0I�@OD+6-F�GO3 < 6-H�:LI < 6-W�D+= < 8 ê � ú ����6�� Q æÎã+62K0I�@AD56-F ] 6-:;68
? < I0GA3+6!W�C�:>8
7 < ã+6JT.Ul:;6!F;D+@ < F�8�C < ã+6JTÉä�Y&äxT�I�35W ú A;ø 8
:;W+6!:�:;6-H�D+@[I�:>GAF;I < GO8
3 Q
F>h\F < 6-7�I < GO4oD+3+4!6-: < I�GO3 < h�GA3 < ã+6 < 8 < I�@m@A8
H$#Mà)I0F;F;8\4-GAI < 6!W ] G < ã < ã56oW+G¬ê�6!:;6-3 < I�@AH
8�:;G < ã+79FãbI�Fg?M6-6!3�4-8�3+F;GOW+6-:>6-W < 8c?M6 < ã+6qF;I�796qI�FSGA3 < ã56N@O8 ] F;=+GO3o4�I0F;6 Q æÎã56q@A8�Hb#¨àPK0I�@AD+6�4!8
7�GO3+HC�:;8
7 < ã+6 ú ALø 8
:;W+6!:v:;6-H�D+@[I�:>GAF;I < GO8
32F;8
@OD < GO8
3)FFã+8�D+@AWJ?E6S3+6!H
@A6!4 < 6!W�?M6-4-I�D+F>6g8�C < ã+6S=+:;8�?+@A6!7] G < ã < ã+6^3+6!H'I < GwK
6�C�6-6!W+GA3+H�F Q 1,3 < ã+6^8 < ã+6!:�ã+I�3+WnY < ã+6NTÉäîI�35WDäxTuK0I�@OD+6-F.I�:;6 < 8\8)4-@O8
F;6< 89=+:;8�K\GAW+6JI 4-8�3+F;6!:>K0I < GwK
6J6-F < GA7�I < 628�C < ã+6)F>h\F < 6-7�I < GO4JD53+4-6!: < I0GA3 < h Q æÎãzD+F-Y ] 6�=+:>8
=M8
F;6I�K0I�@OD+628�C ò B=CDBõ.-0/�1 Ø "%�5*ì� � / Q
¾q¿S��¿SR Ë]	.Æ��vÐ^�,Ç)Å�Æ�_`
bÄ��¥Ì�
&a�Óæd8�4!8
3+4-@OD+W+6 < ã+GAFNF;6-4 < GO8
3nY ] 6�ãbI�K
6 < 8�FLI�h < ãbI < 358�GA35C�8
:>7oI < GA8�3i8
3 < ã+6�ÔqÕ'Ö�4!8
D+@AWx?E68
? < I0GA3+6!W�C�8
: < ã56c��÷��`�N8��Né�W+6-4-I�h Q rqFÎãbI0F�?E6!6-3�7�6!3 < GA8�3+6-W�:>6-=M6�I < 6-W+@wh
Y < ã+6*èçéxC�6-6-W5GA3+HW+GAF < :;GO?+D < GA8
3�4-8�D+@AW�3+8 < ?E6^6�_ < :;I�4 < 6-W�:>6-@OG[I�?+@wh Q æÎã+GAFS4�I0F;6q4!8
3+F < G < D < 6!F#I2K
6!:>h�GA@A@OD+F < :LI < GOK�66�_5I�79=+@A6)8
3 < ã56J=M8 ] 6!:N80C < ã+62â X :;I�h < I�H�H
GA3+H < 6-4Sã+35GA�zD+6 Q TPK
6-3iGA3 < ã56J=+I�: < GA4-D5@[I�:>@Oh�D+3 XC�I�K�8
D+:;I�?+@A6NF;G < DbI < GA8
3 ] 63ãbI�K
6qC�8�D+3+WnY < ã+6NGAF>8
?bI�:>GA4^W+GAF>4-:;GO7�GO3bI < GA8
3�I�@O@A8 ] 6-WoD5F < 8c8
? < I0GA3I94!@A6�I03iTSUlF;=M6-4 < :;D+7 I03+W < ãzD+F-YMI :;6!@AG[I0?+@A6NF < :>6-3+H < ãxW5GAF < :;GO?+D < GO8
3 QædI�?+@O6­í�ß Q ê ïbF"ã+8 ] F < ã+6�GA3 < 6-H
:;I�@aK0I�@OD+6-FZ8�C < ã56^F < :>6-3+H < ã C�8
: < ã+6,��÷��`�^8��zé�W56-4�I�h�GO3 < ã+6C�8
:;7 8�C < 8 < I0@�@O8
H$#Mà^I�3+W < 8 < I�@ � }½p*æ^~ Q rq@OF;8�H�GOK
6!3�GA3 < ã+6 < I�?5@A6�I�:;6 < ã+6�W+G�êE6-:>6-3 < 4!8
3 X< :;GO?+D < GA8
3+F < 8 < ã+6 < 8 < I�@bD+3+4!6-: < I�GA3 < h ò ØÚÙ½Ø�Y ] ã+GO4Sã ] I�Fg8�? < I�GO3+6-W�?'h�G < FmF;�zDbI�:>6-W��zDbI�W5:LI < GA4



 4� � õ��+� � ö ÿ��
F;D57 Q �u6¿ã+I�K�6 < I��06-3jI�F�I :;6�C�6-:;6!3+4-6 < ã+6�:;6!F;D+@ < F�C�8
:�W56 X 6`_a4-G < I < GO8
3�F>4Sã+6-796 ú I0C < 6!:< ã56 TÉä I�3bI�@wh\F;GAF Q ��6c4!8
3+F;GOW+6-: < ã+6!7ÎI�F < ã+6c4-@A8�F;6-F <q< 8�:;6-I�@AG < h
Y¨?E6!4�I�D5F;6 W+6 X 6�_a4!G < I < GA8�3F;4Sã56-796 ú ?E6!F < GA3+4!@AD+W+6!F < ã+6J7�8�F < GA79=E8�: < I03 < =�ãzh\F>GA4�I0@vC�6-I < D5:;6-F^8�C < ã+6)�fW+6-4-I�h Q rNF ] 64�I03�8
?5F;6-:�K
60Y < ã+69@[I0:;H
6!F < 4-8�3 < :;GO?+D < GO8
3 ò B=CDBf < 8 < ã56 < 8 < I0@ZD+3+4-6!: < I�GA3 < hf4-8�7�6!F�=+:>6-4!GAF;6!@OhC�:;8�7 < ã+6�W+6-=M6-35W+6-3+4!6N8�3 < ã+6�:>6-F;=M8
3+F>6 Q æÎãzD+F!Y < ã+6��z3+8 ] @A6!W+H
6�8
3 < ã56#:;6-I�@+W+6 X 6�_a4!G < I < GA8�3=bI <>< 6!:;3�?M6-4!8
7�6!FN798
:>6�GO7�=M8
: < I�3 <�] ã+6-3 < ã+6c4!8
79=+@A6`_5G < h�8�C < ã+6�W56-4�I�hiGA3+4!:;6-I�F;6!F Q æÎã+6D+3+4!6-: < I�GO3 < h ò B=CDBd^gih I�F;F>8a4!G[I < 6-W ] G < ã < ã+6�I�3bI�@whaF>GAFqI�@AH
8�:;G < ã+79F ] I�F < I���6!3 < 8�?E6 < ã+6�F;I�796I�F�C�8
: < ã+6 ��÷��`�N8 ú�û 4�I0F;6 Q r�W+G¬ê�6!:;6-354-6�I0=+=E6-I�:;F^?M6 <�] 6-6-3 < ã+6 <�] 8�4-I�F;6!F ] ã+6!3�@A8\8
�zGA3+HI < < ã+6iD53+4-6!: < I0GA3 < h�:;6!F;D+@ < GA35H�C�:;8
7 < ã+6�F < :;6-35H < ãV4�I�@O4-D+@AI < GO8
3 ò c7d û QV³ GA354-6 < ã+6�D+354-6-: X< I0GA3 < h�GO3 < ã+6*ãbI0@OC X @OGOC�6�8�Cm��÷��`�N8J�Né�GAFgF;GAH�3+G�ëb4-I�3 < @who@O8 ] 6-: < ãbI�3�C�8
: < ã+62@A8 ] F;=5GA3�GAF>8
7�6!:-YG < F24-8
3 < :;GA?5D < GO8
3 < 8 ò c7d û GOF)3+8 ] 4-8�7�=bI0:LI�?+@O6 < 8 < ã+6�8 < ã+6!: <�] 8i4-8
79GA3+H�C�:>8
7 < ã+6�ÔqÕ'ÖW+6 < 6-:>7�GO3bI < GA8
3fI�35W�F < I < GAF < GA4!F Q æ�8�4-8
3+4!@AD+W56�Y ] 6�ãbI�W < 8�4!8
3+F;GOW+6-:)I0@AF;8 < ã+6�F>h\F < 6-7�I < GO4D+3+4!6-: < I�GO3 < h�I0F;F;8\4-GAI < 6!W < 8 < ã+6)4!8
3 < I�79GA3bI03 < F>D+? < :LI�4 < GA8�3 ò B=CDBBj�e� Q

< 8 < I0@n@A8
H$#Mà ò c7d û ò�BjC@BB=�e� ò�B=CDBf ò�BjC@Bdkglh ò ØÚÙ½Ø
à Q êzú / � Q � � ú � Q � � � � Q �zß'� � Q � � / � Q �
/Lß

< 8 < I�@ � }�p[æ^~ ò�c7d û ò Bj��� ò B=CDBf ò BjC@Bdkglh ò ØÚÙ½Ø
� Q êzú
ê � Q � ú � � Q � � ê � Q �
� ú � Q � ú / � Q ���
�

ædI�?+@A6®ß Q ê �wæd8 < I�@q@O8
H�#Mà�I�3+W � }½p*æ^~9K0I�@AD56-F�C�8�: < ã56���÷��`�N8��zé¹W+6-4-I�h�GA3 < 6-H
:;I < 6!W�D+=< 8 ê � ú �x�06!� Q æÎã56�D+3+4-6!: < I�GA3 < GO6-F I0F;F;8\4-GAI < 6!W ] G < ã < ã+6�F < :>6-3+H < ã�4�I�@O4-D+@AI < GO8
3 ò c7d û Y < ã564-8�3 < I�79GA3bI�3 < F;D5? < :;I�4 < GA8
3 ò B=CDBBj�e� Y < ã56qW+6!=E6!3+W+6-354-628
3 < ã+6NW+6 X 6�_a4-G < I < GA8
39F;4Sã+6!7�6 ò B=CDBf Y < ã56W+6!=E6!3+W+6-354-6�8
3 < ã+6�I�3bI0@Oh\F;GOF�I0@AH
8
:>G < ã+7 ò B=CDBdkgih I�3+WuG < F)F;�zDbI0:;6-Wu�\D+I�W+:LI < GA4�F>D+7 ò ØÚÙ½Ø�I�:>6H
GwK
6-3�6�_a=+@OGA4!G < @wh Q



� � �`�  H¡£¢ ¤

¥ � ¡ ¦�§¨ H¡©¢ª� ¢�¡« ]�¬ ª­¯®°§ ®²±  ª� ¡ ³ ¡©´Hµ ¶� �´

·¸n�¹ y»º }½¼¾~�}Y} º¿tÁÀ tÃÂÅÄ q+r | r�}Y~�� Ä }
Æ4Ç^È2ÉËÊ@Ì�Í"È2Î�Ï^Í¿ÇkÐÒÑ�Ê@ÓÔÈÒÕ]ÈÒÖ×ÊDÌ�Í"ÏkÊ@Ç^Í¿Õ�ØÒÊDÌ]ÖjÙ�Õ�ÚeÊ@Ó;È2Õ�Ï�Û�ÜÔÈÒÊ^Ê@Í�Ý]ÓÔÕHÏDÍ�Ú�Ê@Ó;È2Õ�Ï(Þ�ßáàâÑÒÕ�ÝHÞ�ß êäã Í
ÚåÑÒÕæÇDÍ¿ÑÒÚçÌèÑÃéEÙ&ÑÒÕ�Ê@ÓêÊçÑ�ÊDÓ;ÐÒÍ�Ù�Õ�Ý�Í�ÇDÏ^Ê@ÑÒÕ�Ý�Ó;Õ�ØÁÈÒÖ¯ÊDÌ�Í�Û�Ì�ëOÏDÓ;Ú¿ÏìÓÔÕ�Ð2È2ÜêÐ2Í�ÝâÓ;Õ¸ÊDÌ�ÍJí=î0ï7ð¾ÈòñEóèÑÒÕ�Ý
í=î0ï ð¾È¸ô2õ]Ý�Í¿ÚåÑåëOÏ�ÇDÍ�ÏDÛöÍ¿Ú�ÊDÓ;ÐÒÍ¿Ü;ëÒß�÷0Õ�ÎøÈ�Ê@Ì�ÚåÑ�ÏDÍ¿Ï�ù�ÑLÚ¿ÈÒÕ�Ú¿Í�ÕEÊDÇ@Ñ�ÊDÓÔÈ2ÕèÈÒÖ�Ê@Ì�ÍJÏkÊ@Ç^Í¿Õ�ØÒÊDÌ ã Ì�ÓÔÚçÌ
ÚåÑÒÕúÎøÍ¸ÓÔÕ�ÊDÍ¿ÇDÛ�ÇDÍ�ÊDÍ¿ÝúÑÒÏ�Ê@Ì�Íâû�üýÇ^Í¿ÏDÈÒÕ&ÑÒÕ�Ú�Í ã ÑÒÏÁÈ2Î�ÏDÍ�Ç^ÐÒÍ¿Ý
Ñ�ÊòÑÒÕPÍ7þ�Ú�Ó;Ê@Ñ�Ê@Ó;È2ÕPÍ¿Õ�Í�ÇDØÒëPÈÒÖ
ÿ Þ�ß����âÍ�� ß4ð¾È ã Í�Ð2Í�Ç¿ù&ÖjÙ�ÇkÊ@Ì�Í�ÇìéEÙ&Ñ�ÕEÊDÓ;Ê@Ñ�ÐÒÍ��EÕ�È ã ÜÔÍ¿Ý�Ø2Í�ÇDÍ¿éEÙ�Ó;ÇDÍ�Ï¾ÑJÚ�È2ÉÁÛ&ÑÒÇDÓ;ÏDÈ2Õ ã ÓêÊ@ÌLÊDÌ�Í	�È2ÇDÍeÊ@ÓÔÚ¿ÑÒÜ�ÚåÑ�ÜÔÚ¿Ù�Ü Ñ�ÊDÓÔÈ2Õ�Ï�ù ã Ì�Ó;ÚçÌ+Ñ�ÊMÊDÌ�Í�Û�ÇDÍ�ÏDÍ¿Õ�ÊìÊ@Ó;ÉòÍ�ÑÒÇ^Í�Ù�Õ�ÖjÈ2ÇkÊ@Ù�Õ&Ñ�Ê@Í¿ÜêëäÈ2Õ�ÜêëäÑåÐ�ÑÒÓÔÜÔÑÒÎ�Ü;Í�ÖjÈ2Ç
Ê@Ì�Í í=î0ï ð¾È"ñ ó Ý�Í�ÚåÑåë2ß


 Ï^Ì�Í¿Ü;Ü�ÉòÈOÝ�Í¿ÜÒÚåÑÒÜ;Ú¿Ù�ÜÔÑ�Ê@Ó;È2Õ�Î&ÑÒÏ^Í¿Ý(È2Õ�Í��øÍ¿Ú�ÊDÓ;ÐÒÍ�Ê ã È��0ÎöÈOÝ�ë�ÓÔÕ�ÊDÍ¿Ç@Ñ�Ú�Ê@Ó;È2Õ�Ï ã ÑÒÏZÚåÑÒÇ^ÇDÓ;Í¿Ý�È2Ù�Ê
ÎEë�
�ß��bÜÔÈ2ÉÁé�ÐOÓÔÏ^Ê����×,���ô�����ÓÔÕ�È2Ç^Ý�Í¿Ç�Ê@È�Ó;ÕEÐÒÍ¿ÏkÊ@ÓÔØ2Ñ�Ê@Í×ÊDÌ�Í Íeþ�Ú¿ÓêÊçÑ�ÊDÓÔÈ2Õ�Í�Õ�Í¿Ç^Ø2ÓÔÍ�Ï�È�ÖøÊDÌ�Í�� ó ù�ñ ó
ÑÒÕ�Ý�� ó ÏkÊçÑ�ÊDÍ¿Ï�Ú¿ÈÒÇDÇDÍ�ÏDÛöÈ2Õ�Ý�Ó;Õ�Ø�Ê@È�Ê@Ì�Í Ý�ÈÒÉòÓ;Õ&ÑÒÕ�Ê���Ì í0í )�� ��Ý�� )��	 Ì"! )��� Ö$# )�� Ú�È2Õ�%&ØÒÙ�Ç@Ñ�ÊDÓÔÈ2ÕÃÓ;Õ&�Ð2È2ÜêÐ2Í¿ÝÁÓÔÕ�ÊDÌ�Íìû�üWÇDÍ�ÏDÈ2Õ�ÑÒÕ�Ú¿Í ÈÒÖöÊ@Ì�Í í=î0ï ð¾È(ñ ó Ý�Í¿Ú¿Ñåë2ß�üMÌ�Í ÚåÑ�ÜÔÚ¿Ù�Ü Ñ�ÊDÓÔÈ2Õ(Ú¿È2Õ�Ï^ÓÔÏkÊ@Ï�Î&ÑÒÏ^ÓÔÚåÑ�ÜÔÜ;ë
ÓÔÕ�ÑìÝ�Ó ÑÒØ2ÈÒÕ&ÑÒÜÔÓ;Ï@Ñ�ÊDÓÔÈ2Õ ã Ì�Ó;ÚçÌ(Û�Ç^È�Ð�Ó;Ý�Í¿ÏZÊ@Ì�Í�Í7þ�Ú¿Ó;Ê@Ñ�Ê@Ó;È2Õ�Í¿Õ�Í¿ÇDØÒÓÔÍ¿ÏZÈÒÖOÊ@Ì�Í�ÏkÊçÑ�ÊDÍ¿Ï�ÓÔÕ�ÑMÇDÍ�Ï^Ê@Ç^ÓÔÚeÊ@Í¿Ý' Î�Ù�Ê�Ý�È2ÉÁÓÔÕ&Ñ�ÕEÊ)(bÚ¿È2Õ&%&Ø2Ù�ÇDÑ�Ê@Ó;È2ÕâÏ^Û&ÑÒÚ�ÍÒß üMÌ�Í Ó;ÉòÛöÈ2ÇkÊçÑÒÕ�ÊMÖjÍåÑ�Ê@Ù�Ç^Í ÓÔÏMÊDÌ&Ñ�Ê�ÑÒÜÔÜQÊDÌ�Í(Í	� Í�Ú�ÊDÓ;Ð2Í
ÓÔÕ�Ê@Í�Ç@ÑÒÚeÊ@ÓÔÈÒÕ�Ï¾Ù�ÏDÍ¿Ý+ÑÒÕ�ÝèØÒÓ;Ð2Í�ÕèÓ;Õâü¯ÑÒÎ�Ü;Í*����ß+�,��Ú¿È2Ç^ÇDÍ¿Ï^ÛøÈÒÕ�ÝèÊ@ÈÁÍeþ�ÛöÍ¿Ç^ÓÔÉÁÍ¿Õ�ÊçÑÒÜZÐ�ÑÒÜÔÙ�Í¿Ï�ù ã ÓêÊ@Ì
Ê@Ì�ÍMÍ7þ�Ú�Í¿Û�ÊDÓÔÈ2ÕÃÈÒÖ-�QÝ"� )��	 Ì"! )�� ���b,.��ô��/��ù2Ê@Ñ0�ÒÍ�Õ�ÖjÇDÈ2É �l, 
21 ô��,�3�54Qð 
 ô��6�7��8�ü:9;�=</�7�.ü 
 ÷>�2ô��
ÑÒÕ�ÝèÇ^Í�ÖjÍ�ÇDÍ¿Õ�Ú¿Í¿Ï¾Ê@Ì�Í�ÇDÍ¿Ó;ÕQßbüMÌ�Í(Ï^Óêþ?�@�BA2õGÉ"Ñ�ÊDÇDÓ þäÍ¿Ü;Í¿ÉÁÍ¿Õ�Ê@Ï ÖjÈ2Ç Ì"� í0í )�� ù4ÏC� í )�� ÑÒÕ�ÝæÝ"�� )�� ã Í¿ÇDÍÓÔÕ�Ê@Ç^È�Ý�Ù�Ú¿Í¿Ý�Ó;Õ È2Ç^Ý�Í¿Ç�Ê@È¾ÇDÍ¿Û�ÇDÍ¿Ï^Í¿Õ�Ê�ÇDÍ¿ÑÒÏDÈÒÕ&ÑÒÎ�Üêë�ÊDÌ�Í×Û�Ç^ÈÒÊ@ÈÒÕ Û&ÑÒÓ;ÇDÓ;Õ�Ø�ßZüMÌ�Í×È0�D�0Ý�Ó ÑÒØ2ÈÒÕ&ÑÒÜ�ÉòÑ6�
Ê@ÇDÓ þòÍ¿ÜÔÍ�ÉòÍ�Õ�Ê@Ï ã Í¿Ç^Í�ÊçÑ0��Í¿ÕäÛ�Ç^È2ÛøÈÒÇ^Ê@Ó;È2Õ&ÑÒÜ&ÊDÈ ' ñFE í-G �/( ' ñFE � G �/(�ÑÒÕ�Ý"ÊDÌ�Í�È�Ð2Í�Ç@ÑÒÜ;Ü Ï^ÊDÇDÍ�Õ�ØÒÊ@Ì%�þ�Í¿Ý¸Î�ëòÛ�Ù�ÊDÊDÓÔÕ�Ø ÊDÌ�Í íIH>J \�ëÁØ2Ç^È2Ù�Õ�Ý"Ï^ÊçÑ�Ê@Í�Ñ�ÊLK¿Í�ÇDÈ�ß�üMÌEÙ�Ï�ù�Ê@Ì�Í�Ø2Ç^È2Ù�Õ�ÝLÏkÊçÑ�ÊDÍ�ÈÒÖ í=î0ï ðìÈÃñ ó
ã ÑÒÏâÑÒÏ^ÏDÓÔØÒÕ�Í¿ÝM<���ß5�=N ÊDÈO��Ì � í0í )�� ��Ý"� )��	 Ö$# )�� ùP�/<�ß5AÒÞQN Ê@ÈR��Ï � í )�� ��Ý�� )��	 Ö$# )�� ÑÒÕ�ÝS<�ß+��à=N Ê@È
��Ý �� )��  Ö # )�� ß

üMÌ�Í�Í7þ�Ú�Ó;Ê@Ñ�Ê@Ó;È2Õ�Í¿Õ�Í�ÇDØ2Ó;Í¿ÏZÈÒÖOÊ@Ì�Í�ÉÁÈ2Ï^ÊQÓÔÕ�Ê@Í�Õ�ÏDÍ�ÚåÑ�ÜÔÚ¿Ù�Ü Ñ�ÊDÍ¿Ý�ÜÔÍeÐ2Í¿Ü;ÏZÑÒÇDÍ�Ó;Õ�Íeþ�Ú¿Í�ÜÔÜÔÍ�Õ�Ê½Ñ�Ø2ÇDÍ�Í	�
ÉòÍ�ÕEÊ ' ã ÓêÊ@Ì�Ó;Õ(Þ=A2�ÒÍ	�;( ã ÓêÊ@Ì(ÊDÌ�ÍbÛöÈ2Ï^Ó;Ê@Ó;È2Õ�ÏZÈÒÖ�ÊDÌ�ÍbÇ^Í¿Ï^È2Õ&ÑÒÕ�Ú�Í¿ÏYÈÒÎ�ÏDÍ�Ç^Ð2Í�ÝÃÎøÈÒÊDÌ Ó;Õ�ÊDÌ�ÓÔÏ ã È2ÇT�
ÑÒÕ�Ý¸ÓÔÕæÑÒÕäÓ;Õ�Ý�Í¿ÛöÍ¿Õ�Ý�Í¿Õ�ÊìÌ�ÓÔØÒÌäÇDÍ¿Ï^È2ÜÔÙ�Ê@ÓÔÈÒÕäÍeþ�ÛøÍ�ÇDÓ;ÉòÍ�ÕEÊ ã ÓêÊ@ÌäÊ@Ì�Í 1 ÜÔÙ�ÏkÊ@Í¿Ç 1 Ù�ÎøÍ�� 
 ûVUìô=</�*ß
üMÌ�ÓÔÏ Ú¿Í�Ç^Ê@ÑÒÓÔÕ�Üêë"Ú�È2Õ�%&Ç^ÉòÏ×ÊDÌ&Ñ�ÊMÊDÌ�Í�Õ&ÑÒÇDÇ^È ã Ç^Í¿ÏDÈÒÕ&ÑÒÕ�Ú�Í�ÖjÈ2Ù�Õ�Ý¸Íeþ�ÛøÍ�ÇDÓ;ÉòÍ�ÕEÊ@ÑÒÜÔÜêë"Ó;ÏbÊ@Ì�Í û�ü:�
ÇDÍ¿Ï^È2Õ&ÑÒÕ�Ú¿ÍÁÚ¿È2Ç^ÇDÍ¿Ï^ÛøÈÒÕ�Ý�ÓÔÕ�ØæÊDÈ¸ÊDÌ�Í�Ì í0íXW �ZY Ì ! W � Ê@Ç@Ñ�Õ�ÏDÓêÊ@ÓÔÈÒÕQß ÷0Õ È2ÇDÝ�Í¿Ç�Ê@È¸ÚåÑ�ÜÔÚ¿Ù�Ü Ñ�ÊDÍJÉòÈÒÇDÍ



[Q\D\ ]Z^�_"`7acbQd?e

Û�Ç^Í¿Ú¿Ó;ÏDÍ�Ü;ë�Ê@Ì�ÍòÏkÊ@ÇDÍ�Õ�ØÒÊDÌHÊ@ÈæÍåÑ�ÚçÌ�È2Õ�ÍÁÈÒÖbÊDÌ�ÍÁÜÔÍ�ÐÒÍ¿Ü;Ï�Ú�È2Õ�Ï^ÓÔÝ�Í�ÇDÍ¿Ý ù 
 ß¯û�ÑÒÝ�Í¿ÑæÛöÍ¿ÇkÖjÈ2ÇDÉÁÍ¿ÝHÑ
ÏDÌ�Í¿ÜÔÜ�ÉÁÈOÝ�Í¿Ü�Ú¿ÑÒÜÔÚ�Ù�Ü Ñ�ÊDÓÔÈ2Õ ã Ó;Ê@Ìf��gh� 
 8�ði�j�LUk���ÒÞ0�ZÎ�ë¸Ù�Ï^ÓÔÕ�ØÃÊ@Ì�Í�ÏDÑÒÉÁÍ�Ê ã È��SÎøÈOÝ�ë¸ÓÔÕ�ÊDÍ¿Çl�
ÑÒÚeÊ@ÓÔÈÒÕ�ÏbÖjÇDÈÒÉ`ü¯ÑÒÎ�Ü;Ím�5��ß+�,�*ß�÷0ÕäÊ@Ì�Ó;Ï ã ÑåëÒù�Ê@Ì�Í�ÖjÇDÑÒÚ�ÊDÓÔÈ2ÕLÈ�Ön� ' û�ü2($Ê@È�ÍåÑ�ÚçÌæÓ;Õ�Ý�ÓêÐ�Ó;Ý�Ù&ÑÒÜöÜÔÍeÐ2Í�Ü
ã ÑÒÏ¾ÈÒÎ�ÊçÑÒÓ;Õ�Í¿Ý ß

1 È2Õ&%&Ø2Ù�ÇDÑ�Ê@Ó;È2Õ ÷�o � ' ��Í��;( 1 È2Õ�%&Ø2Ù�Ç@Ñ�ÊDÓÔÈ2Õ ÷�o � ' ��Í���(
�QÌ � í0íXW � A õ �)�åà�A=< �QÝ �� W � A õ �[ñÒà2ô

ñ�õ �p�2à=� ñÒõ ñ0A0A
Þ2õ �q���/� ��Ý � W � ��Ï íXW � A2õ �SÞQ<0�
àÒõ �c�2ô ��õ Þ=A0A
�Òõ ñÒô�A ��Ý � W �  Ö # W � ñ ó �><�<�Þ
�cA õ �=<�< �Oó �l�Òô

��Ì í0íXW � ��Ý�� W � A õ ���/�Òô Þ ó �q�/<�<
Þ ó ñ��&� � ó �SÞEñÒô
� ó ÞEñ0� �QÝ"� W �� Ì"! W � � ó �[ñ0A�A
à ó ��<Òô Þ ó �q�cA�A
< ó �>� � ó A

��Ì í0íXW � ��Ï íXW � AÒõ ����ô à ó �p��A�A
� ó �q�åÞ"� ��Ï íXW � ��Ï íXW � A2õ à2à
à ó �2à�� ��Ï íXW �	 Ö$# W � � ó �p��ñÒà

��Ì í0íXW �� Ö$# W � ñ�õ �p�2ôÒÞ Þ ó �SÞ"���
�Òõ �[ñÒô��  ÖI�# W � A2õ �q��àÒÞEñ
Þ2õ �q��ô=< ñÒõ �p�=�0�
��õ �[ñ2ñ&� Þ�õ �[ñ2ñÒà
à õ �q�åÞ�à à õ ��àÒô
< õ �[ñ�Þ2Þ  Ö$# W �	 Ì"! W � � õ �q�c�2ô
� õ �q��à2à ñ õ �[ñÒô��
ôÒõ �SÞ=��ñ �2õ �q��à2ô

�QÌ í0íXW �  Ì ! W � �åõ �)�r�ÒÞ�ô Þ�õ �[ñ0A�A
ñ õ �p���2ô � õ �q�/<Òô
�Òõ �p�2ô2ô à2õ �[ñ��Òà
Þ2õ �SÞ"��ô <Òõ �q�/<0A
� õ �[ñÒô2ô � õ �p�ÒÞQ�
àÒõ �p�=�Òô
<�õ �[ñ�<Òô
�Òõ �p���/�
ôÒõ �[ñ�Þ�à
�cA õ �SÞ=�=�

ü¯ÑÒÎ�ÜÔÍs��ß+��t²ü ã È6�0ÎöÈ�Ý�ë�ÉòÑ�ÊDÇDÓêþ¬Í¿Ü;Í¿ÉÁÍ¿Õ�Ê@ÏWÙ�ÏDÍ�ÝýÓ;Õ ÊDÌ�ÍÅÏ^Ì�Í¿Ü;Ü¸ÉòÈOÝ�Í¿Ü"ÚåÑÒÜ;Ú¿Ù�ÜÔÑ�Ê@Ó;È2ÕUÈÒÖ

�ßD�bÜ;È2Éòé�ÐOÓÔÏkÊV�j�Lu���ô0����ß



e3v$[xw?y$zr{=|�zrzryI}�~�}��ka/^7bxd/bFzr|��Ia/z [Q\7[

üMÌ�Í�ÇDÍ�ÏDÙ�ÜêÊ@Ï�ÈÒÖ�ÊDÌ�ÓÔÏZÚ¿ÑÒÜÔÚ�Ù�Ü Ñ�ÊDÓÔÈ2Õ�Ñ�ÇDÍ�Ú¿È2ÉÁÛ&ÑÒÇ^Í¿Ý�Ê@È Ê@Ì�Í�Íeþ�ÛöÍ¿Ç^ÓÔÉÁÍ¿Õ�ÊçÑÒÜEÈ2Õ�Í¿Ï�ÓÔÕ(Æ½ÓÔØ�ß=�5��ß+�,�*ù
ã Ì�Í¿Ç^Í¾Ê@Ì�ÍìÊDÌ�Í¿È2Ç^Í�ÊDÓÔÚåÑ�Ü�� ' û�ü2(YÐ�ÑÒÜ;Ù�Í¿Ï�ÑÒÇ^Í¾Û�ÜÔÈÒÊ^Ê@Í¿ÝÁÈ2ÕòÑÒÕLÑ�ÇDÎ�ÓêÊ@Ç@Ñ�Ç^ëJÏ^ÚåÑÒÜ;ÍÒß�üMÌ�ÍìÚ¿ÈÒÕEÊDÇDÓ;Î�Ù&�
Ê@ÓÔÈÒÕ�ÏYÈÒÖ4Ê@Ì�ÍMÓÔÕ�Ý�ÓêÐOÓÔÝ�Ù&Ñ�Ü�ÏkÊçÑ�ÊDÍ¿Ï�ÈÒÖöØ2ÓêÐ2Í¿ÕÃÏ^Û�ÓÔÕÃÑÒÕ�ÝÁÛ�ÑÒÇDÓêÊ0ëJÑÒÇ^Í×Íeþ�Û�Ü;ÓÔÚ�Ó;Ê@Üêë�É"ÑÒÇT�ÒÍ�Ý�ÎEëJÚ¿ÓÔÇ^Ú¿Ü;Í¿Ï' � ó Ï^ÊçÑ�Ê@Í¿Ïq(eù4ÏDéEÙ&Ñ�ÇDÍ¿Ï ' ñ ó Ï^Ê@Ñ�Ê@Í�Ï)( ÑÒÕ�ÝæÊ@ÇDÓÔÑÒÕ�Ø2Ü;Í¿Ï ' � ó ÏkÊçÑ�ÊDÍ¿Ïq(eßk��Ù�Í�ÊDÈÁÊDÌ�Í(Í7þOÊ@ÇDÍ�ÉòÍ�Ü;ë¸Ç^Í	�
Ï^Ê@Ç^ÓÔÚeÊ@Í¿ÝâÚ¿È2Õ&%&Ø2Ù�ÇDÑ�Ê@Ó;È2Õ¸ÏDÛ&ÑÒÚ�Í(Ù�ÏDÍ¿ÝâÓÔÕäÊ@Ì�Í�Ú¿ÑÒÜÔÚ�Ù�Ü Ñ�Ê@ÓÔÈÒÕQù ã Í(Ý�ÈòÕ�È�Ê¾Í7þ�ÛøÍ�Ú�Ê�ÑÁÉÁÍåÑÒÕ�ÓÔÕ�ØÒÖjÙ�Ü
ÓÔÕ�Ê@Í�ÇDÛ�Ç^Í�ÊçÑ�Ê@ÓÔÈÒÕ+ÈÒÖ�Ê@Ì�Í�û�ÑÒÉÁÈ ã:� ü�Í¿ÜÔÜ;Í¿ÇìéEÙ�Í¿Õ�ÚçÌ�ÓÔÕ�ØäÖjÇDÈÒÉ¨ÓêÊåß�üMÌ�ÍÃÑ�ÓÔÉ ÈÒÖ�Ê@Ì�Í ÚåÑÒÜ;Ú¿Ù�ÜÔÑ�Ê@Ó;È2Õ
ÓÔÏ�Ê@È(ÓÔÜÔÜ;Ù�Ï^ÊDÇ@Ñ�ÊDÍbÊ@Ì�Ñ�Ê�Ê@Ì�ÍìÏDÌ&Ñ�ÛøÍìÈÒÖ ÊDÌ�ÍìÝ�ÓÔÏkÊ@ÇDÓ;Î�Ù�ÊDÓÔÈ2ÕQùÒÓÔÕÁÛ&ÑÒÇ^ÊDÓÔÚ�Ù�Ü ÑÒÇYÊDÌ�ÍìÕ&ÑÒÇDÇ^È ã Õ�Í¿Ï^ÏbÈÒÖøÊ@Ì�Í
ÇDÍ¿Ï^È2Õ&ÑÒÕ�Ú¿ÍÒù�Ó;Ï ÑèÚ�È2Õ�Ï^Í¿éEÙ�Í¿Õ�Ú¿Í¸ÈÒÖ×ÊDÌ�ÍòÖ=ÑÒÚeÊ ÊDÌ&Ñ�ÊJÉÁÈ2ÏkÊ ÈÒÖbÊ@Ì�ÍLÏkÊ@Ç^Í¿Õ�ØÒÊDÌ�ÈOÚ¿Ú¿Ù�ÇDÏ ÊDÈ+ÑâÖjÍ ã
ÜÔÍ�ÐÒÍ¿Ü;ÏìÎöÍ�Ê ã Í¿Í�Õ+Þ�ß5�òÑ�Õ�ÝâÞ�ß Þ��âÍ	�Jß4üMÌ�Í�ÚåÑÒÜ;Ú¿Ù�ÜÔÑ�Ê@Ó;È2ÕäÎ�ë�� û 
 ��ô0�/�ZÇ^Í�Ð2Í¿ÑÒÜÔÏ Ê@Ì�Ñ�Ê¾ñ0��ß ô=N`ÈÒÖ
Ê@Ì�ÍäÏkÊ@ÇDÍ�Õ�ØÒÊDÌªÓÔÏ Ú�È2Õ�Ú�Í¿Õ�Ê@ÇDÑ�Ê@Í�ÝWÓ;Õ�È2Õ�Í"ÈÒÖ;��ñB� ó ÏkÊçÑ�ÊDÍ¿Ï�ùbñ�Þ�ß Þ=N{Ó;Õ�È2Õ�Í"ÈÒÖ;��ô�ñ ó ÏkÊçÑ�ÊDÍ¿Ï
ÑÒÕ�Ý]Þ2ô�ß�A�N¨ÓÔÕ È2Õ�ÍÁÈÒÖ ñ0��� ó Ï^Ê@Ñ�Ê@Í�Ï¿ßLüMÌ�Í"ÇDÍ�É"Ñ�ÓÔÕ�Ó;Õ�Øæñ�ß�<�N¨ÈÒÖ$Ê@Ì�Í�� ' û�ü2(�ÓÔÏ�ÍeþOÊDÍ¿Õ�Ý�Í�Ý
Ê@È�Ì�Ó;Ø2Ì�Í¿Ç Íeþ�Ú¿ÓêÊçÑ�ÊDÓÔÈ2Õ�Í�Õ�Í¿Ç^Ø2ÓÔÍ�Ï¿ßHð¾È ã Í�Ð2Í�Ç¿ù�Ê@Ì�Ó;Ï ã Í¿Ñ0��Í	� Í�Ú�ÊÃÓÔÏ Õ�ÈÒÊ�Í�Õ�È2Ù�Ø2Ì�ÊDÈ�Íeþ�Û�ÜÔÑÒÓÔÕ
Ê@Ì�ÍæÊçÑÒÓ;Ü×ÓÔÕPÊ@Ì�ÍæÍeþ�ÛöÍ¿Ç^ÓÔÉÁÍ¿Õ�ÊçÑÒÜ Ý�Ó;Ï^ÊDÇDÓÔÎ�Ù�Ê@Ó;È2ÕPÙ�ÛúÊDÈ ÊDÌ�Í����=�Qù ã Ì�ÓÔÚçÌúÓÔÏÁÉòÈÒÏ^ÊÁÛ�ÇDÈÒÎ&ÑÒÎ�Üêë
Û�ÇDÈOÝ�Ù�Ú�Í¿ÝèÎ�ëäÚ�È2Õ�%&ØÒÙ�Ç@Ñ�ÊDÓÔÈ2Õ¸ÉÁÓêþ�ÓÔÕ�Ø�ß
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Æ½ÓÔØ2Ù�ÇDÍ���ß+��t 1 È2ÉÁÛ&ÑÒÇ^ÓÔÏDÈÒÕ�ÎöÍ�Ê ã Í¿Í�Õ Ê@Ì�Í�Í7þ�ÛøÍ�ÇDÓÔÉÁÍ¿Õ�Ê@ÑÒÜEÑÒÕ�Ý�ÚåÑ�ÜÔÚ¿Ù�Ü Ñ�ÊDÍ¿Ý ' Ó;Õ(Ñ�ÇDÎ�ÓêÊ@Ç@Ñ�Ç^ë�Ù�Õ�Ó;ÊDÏ)(
Ï^Ê@Ç^Í¿Õ�Ø�Ê@ÌèÝ�ÓÔÏ^ÊDÇDÓ;Î�Ù�Ê@Ó;È2Õ�ÏbÖjÈÒÇ×Ê@Ì�Í í=î0ï ð¾È ñ ó Ý�Í�ÚåÑåë2ß

Æ½Ó;Ø�ß��5�Oß ñ6�âÏDÌ�È ã Ï ÊDÌ�Í«Ú�È2ÉòÛ�ÑÒÇDÓ;ÏDÈ2Õ`ÎøÍeÊ ã Í�Í¿Õ Ê@Ì�Í Ï^Ê@Ç^Í¿Õ�Ø�Ê@Ì Ý�Ó;Ï^Ê@Ç^ÓÔÎ�Ù�Ê@ÓÔÈÒÕ�ÏúÈ�Ö�Ê@Ì�Í
í=î0ï ð¾È�ñ ó ' ÏDÈÒÜÔÓÔÝ-(òÑÒÕ�Ý í=î0ï ð¾ÈPô2õ ' Ý&ÑÒÏ^Ì�Í¿ÝD("Ý�Í¿ÚåÑåëOÏ¿ß üMÌ�Í�%&ÇDÏkÊLÊ@Ì�Ó;Õ�Ø ã Í�ÚåÑÒÕ
ÈÒÎ�ÏDÍ�Ç^Ð2Í



[Q\�� ]Z^�_"`7acbQd?e

ÓÔÏìÊ@Ì&Ñ�Ê¾ÊDÌ�ÍJÏ^ÊDÇDÍ�Õ�ØÒÊ@Ì�Ý�ÓÔÏ^ÊDÇDÓ;Î�Ù�Ê@Ó;È2Õ¸ÖjÈ2Ç í=î0ï ðìÈÁô2õ]Û�Ç^Í¿ÏDÍ�Õ�Ê@Ï�Ñ"ÜÔÑÒÇDØ2Í�Ç¾Ï^Û�ÇDÍ¿ÑÒÝ�Ó;Õ�ØLÓÔÕâÍ¿Õ�Í�ÇDØÒë
Ê@Ì�ÑÒÕ]Ê@Ì�Í"È2Õ�ÍÃÖjÈ2Ç í=î0ï ð¾ÈGñ ó ß¸üMÌ�ÓÔÏ(ÚåÑÒÕHÎøÍòÛ&ÑÒÇ^ÊDÓ ÑÒÜ;Ü;ëèÙ�Õ�Ý�Í�ÇDÏ^ÊDÈ�ÈOÝªÑÒÏ ÑâÚ�È2Õ�ÏDÍ�éEÙ�Í¿Õ�Ú�ÍäÈÒÖ
Ê@Ì�Í�ÜÔÑÒÇDØÒÍ¿Ç×ÕEÙ�ÉJÎöÍ¿Ç ÈÒÖ½ÑÒÚ�Ú¿Í¿Ï^ÏDÓ;Î�ÜÔÍ�Ï^Ê@Ñ�Ê@Í�Ï¾Ó;ÕäÊ@Ì�Í�Ì�Ó;Ø2ÌäÏDÛ�Ó;ÕâÝ�Í¿ÚåÑåë ' Þ2Þ����2õ½ù-�Òàm��ôÒõ Ñ�Õ�Ý
ñ0���R�rA2õ3(¾Ñ�Ï�Ú¿ÈÒÉòÛ&Ñ�ÇDÍ¿Ý+ÊDÈòÊDÌ�ÍJÜÔÈ ã Ï^Û�ÓÔÕ+Ý�Í¿ÚåÑåë ' ��ñm�R� ó ùn��ôm�Hñ ó ÑÒÕ�Ý�ñ������ ó (7ß;��Õ
Ê@Ì�Í¾ÈÒÊDÌ�Í¿Ç�Ì&ÑÒÕ�ÝQù�Ê@Ì�ÍìÕEÙ�ÉJÎöÍ¿Ç�ÈÒÖQÈÒÊDÌ�Í¿Ç�Ï^Ê@Ñ�Ê@Í�Ï$È�ÖQÊ@Ì�ÍìÏ@Ñ�ÉòÍ ÏDÛ�ÓÔÕòÑÒÕ�Ý"Û�ÑÒÇDÓêÊ0ë�ÓÔÕÃÊ@Ì�ÍìÇDÍ�Ø2ÓÔÈÒÕ
Ø2Ç^È ã Ï�Ç^È2Ù�Ø2Ì�Ü;ë]ÑÒÏ ' ñFE G �c(eù�ÑÒÕ�ÝªÊDÌOÙ�Ï¿ù�Ê@Ì�ÍäÉÁÓêþ�Ó;Õ�ØèÓ;ÏJÍeþ�ÛöÍ¿Ú�ÊDÍ¿ÝWÊ@È�ÎöÍLÜ ÑÒÇ^Ø2Í¿Ç(ÖjÈ2Ç Ê@Ì�Í
Ì�Ó;Ø2Ì�Í¿Ç�Ï^Û�ÓÔÕ�Ï¿ßÃüMÌ�ÍÁÇDÍ¿Ï^È2Õ&ÑÒÕ�Ú¿ÍÃÖjÈ2Ç�Ê@Ì�ÍÃÌ�Ó;Ø2ÌGÏDÛ�Ó;ÕGÓÔÏDÈÒÉòÍ�Ç�ÏDÍ¿Í�ÉòÏ�ÊDÈâÎöÍÃÑ�Ê�ÜÔÈ ã Í¿Ç�Íeþ�Ú¿ÓêÊçÑ6�
Ê@Ó;È2ÕªÍ¿Õ�Í¿ÇDØ�ëªÊ@Ì&ÑÒÕªÖjÈ2ÇJÊDÌ�Í¸ÜÔÈ ã ÏDÛ�Ó;ÕQßPüMÌ�Í¸Ý�È2ÉÁÓÔÕ&ÑÒÕ�Ê�ÛöÍåÑ���ÓÔÕªÊ@Ì�Í í=î0ï ðìÈ ô2õ
Ï^Ê@Ç^Í¿Õ�Ø�Ê@Ì
Ñ�Ê�ÑÒÎöÈ2Ù�Ê�Þ�ß����âÍ	� Ú¿È2Ù�Ü;Ý�ÎøÍÃÓ;ÕEÊDÍ¿Ç^Û�ÇDÍeÊ@Í¿Ý ÑÒÏ�Ó;ÕEÊDÍ¿Õ�Ï^Í�Ê@Ç@Ñ�Õ�ÏDÓêÊ@ÓÔÈÒÕ�Ï¾ÊDÈ¸ÖjÍ ã Ü;Í�Ð2Í�ÜÔÏ�Ñ�Ê�Ï^Ù�ÚçÌ
Í¿Õ�Í¿ÇDØÒÓÔÍ¿Ï�ß 
 Ú�ÊDÙ&ÑÒÜ;Ü;ë2ùEÖjÍ¿Í�Ý�ÓÔÕ�ØJÊ@ÈJÏ^Ù�ÚçÌâÜ;Í�ÐÒÍ¿ÜÔÏ ã ÑÒÏMÈÒÎ�ÏDÍ�Ç^Ð2Í�ÝâÓ;Õ¸Ñ Û�Ç^Í�ÐOÓÔÈ2Ù�ÏMÌ�ÓÔØ2Ì"ÇDÍ¿Ï^È2ÜÔÙ�Ê@ÓÔÈÒÕ
Íeþ�ÛöÍ¿Ç^ÓÔÉÁÍ¿Õ�ÊZ� û 
 ��ôÒÞ6��ÈÒÖ¯ÉJÙ�ÚçÌæÜÔÈ ã Í¿Ç ÏDÍ�Õ�ÏDÓêÊ@Ó;ÐOÓêÊ0ë2ß
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Æ½Ó;Ø2Ù�ÇDÍx��ßáñ&t 1 È2ÉòÛ�ÑÒÇDÓ;ÏDÈ2Õ ÎöÍ�Ê ã Í¿Í�Õ ÊDÌ�Í+Í7þ�ÛöÍ¿Ç^ÓÔÉÁÍ¿Õ�ÊçÑ�Ü�Ï^ÊDÇDÍ�Õ�ØÒÊ@Ì�Ý�Ó;Ï^ÊDÇDÓÔÎ�Ù�Ê@Ó;È2Õ�ÏÃÖjÈ2Ç"Ê@Ì�Í
í=î0ï ð¾È ñ ó ' Ï^È2ÜÔÓ;ÝD(bÑÒÕ�Ý í=î0ï ðìÈ(ô õ ' Ý&ÑÒÏDÌ�Í¿ÝD(×Ý�Í�ÚåÑåëOÏ¿ß

÷0ÕPÈ2ÇDÝ�Í�Ç Ê@È�Ì�Ñ�ÐÒÍ¸Ñ+Ý�Í¿Í�ÛøÍ�Ç�Ù�Õ�Ý�Í�ÇDÏkÊçÑÒÕ�Ý�ÓÔÕ�ØGÈÒÖMÊDÌ�Í¿Ï^Í¸ÖjÍ¿Ñ�Ê@Ù�ÇDÍ¿Ï�ù�ÑèÚ¿È2ÉÁÛ&ÑÒÇ^ÓÔÏ^È2Õ ã Ó;ÊDÌ
ÑòÚ�È2ÉÁÛ�ÜÔÍeÊ@Í�ÚåÑÒÜ;Ú¿Ù�ÜÔÑ�Ê@Ó;È2Õ ã ÈÒÙ�ÜÔÝâÎøÍ(Õ�Í¿Ú�Í¿ÏDÏDÑÒÇ^ëÒß¾üMÌ�ÍJÑÒÚeÊ@Ù&ÑÒÜZÊ@Í�ÚçÌ�Õ�È2Ü;È2ØÒë¸Ý�ÈOÍ¿ÏìÕ�ÈÒÊ�ÛøÍ�ÇDÉÁÓ;Ê
Ù�Ï Ê@È"ÑÒÚ¿Ú�Í¿ÏDÏìÊ@Ì�Í�Û�Ç^È2Î�ÜÔÍ�É Î�ëâÑÃÖjÙ�Ü;Ü�ÏDÌ�Í�ÜÔÜZÉÁÈ�Ý�Í�Ü�ÚåÑÒÜ;Ú¿Ù�ÜÔÑ�Ê@Ó;È2ÕäÓÔÕ¸Ê@Ì�Í íIH>� û�ÝâÇ^Í¿Ø2Ó;È2ÕQß$üMÌ�Í
ÏDÙ�Î&�0Ï^Ì�Í¿Ü;Ü�Ú�ÜÔÈ2Ï^Ù�ÇDÍ�ÖjÈ2Ç^Ú¿Í�Ï(Ù�Ï�Ê@È¸Ú�È2Õ�ÏDÓ;Ý�Í¿Ç(Ñ¸Ú¿È2Õ�%�Ø2Ù�Ç@Ñ�Ê@ÓÔÈÒÕ Ï^Û&ÑÒÚ�Í ã Ì�Ó;ÚçÌ]Ó;Ï�Ú�Í¿ÇkÊçÑÒÓ;Õ�Ü;ëâÊ@ÈOÈ
Ü Ñ�ÇDØ2Í�ßR�bÙ�ÊÃÊ@Ì�Í�ÇDÍâÑÒÇDÍ¸ÈÒÊDÌ�Í¿Ç��EÓÔÕ�ÝWÈ�Ö�ÚåÑ�ÜÔÚ¿Ù�Ü Ñ�ÊDÓÔÈ2Õ�Ü;Ó���ÍLÊ@Ì�Í���U�� 
 ã Ì�ÓÔÚçÌúÚåÑÒÕWÛ�ÇDÈ�ÐOÓÔÝ�Í



e3v$[xw?y$zr{=|�zrzryI}�~�}��ka/^7bxd/bFzr|��Ia/z [Q\��

ÏDÈ2ÉÁÍâÓ;Õ�ÖjÈ2Ç^É"Ñ�ÊDÓÔÈ2ÕªÈÒÕWÊDÌ�ÍèÏkÊ@ÇDÍ�Õ�ØÒÊDÌFÝ�Ó;Ï^Ê@Ç^ÓÔÎ�Ù�Ê@ÓÔÈÒÕQùbÑ�ÜÔÏDÈ ÓÔÕPÊ@Ì�Í íIH>� û�ÝFÇ^Í¿Ø2Ó;È2ÕS�j�;u7�����/�
�58��¾ð����0�*ß*�ìÕ�ÖjÈ2ÇkÊ@Ù�Õ&Ñ�Ê@Í¿Üêë2ù�È2Õ�ÜêëGÝ�Í¿Ú¿Ñ�ëOÏ(ÈÒÖ×ÍeÐ2Í¿ÕF�0Í�ÐÒÍ¿ÕPÕEÙ�Ú¿Ü;Í¿Ó�ÚåÑ�Õ]ÎöÍòÏkÊ@Ù�Ý�Ó;Í¿ÝHÎEëGÊDÌ�Í¿Éæù
ÏDÓÔÕ�Ú¿Í�Ê@Ì�Í�Þ2éEÛ&�SÏ^ÊçÑ�Ê@Í¿Ï�ÚåÑ�Õ(Õ�È�Ê¯ÎöÍ�Ø2Í¿Õ�Í¿Ç@Ñ�Ê@Í¿Ý ã Ó;ÊDÌ�ÓÔÕ�Ê@Ì�Í�ÖjÇDÑÒÉÁÍ ã È2ÇC��Ý�Í�%&Õ�Í�Ý Î�ë�Ê@Ì�Í:��U2� 
' Û&ÑÒÇkÊ@Ó;Ú¿ÜÔÍ��0Ì�ÈÒÜÔÍìÍeþ�Ú¿ÓêÊçÑ�ÊDÓÔÈ2Õ�Ïq(eß�üMÌ�Í�Û�ÇDÈ2Î�Ü;Í¿É�ÈÒÖZÊ@Ì�Í�Ý�Í¿Ú¿Ñ�ëòÖjÈ2ÇbÊDÌ�Í�ÈOÝ�Ý&�0ÈOÝ�ÝäÚ¿ÑÒÏDÍ�Ú�È2Ù�ÜÔÝ"ÎøÍ
Ì�È ã ÍeÐ2Í¿Ç�ÊDÇDÍåÑ�Ê@Í¿Ý ã ÓêÊ@ÌªÑ+ñ6�r�C�SÈ2ÇDÝ�Í�Ç���U2� 
 Ú¿ÑÒÜÔÚ�Ù�Ü Ñ�Ê@ÓÔÈÒÕQß�8�Ù�ÚçÌPÚåÑÒÜ;Ú¿Ù�ÜÔÑ�Ê@Ó;È2Õ�Ï�ÏDÌ�È2Ù�ÜÔÝ]ÎøÍ
ÖjÍåÑÒÏ^ÓÔÎ�Ü;Í�ÓÔÕæÛ�Ç@ÑÒÚeÊ@Ó;Ú¿ÍÒù&Î�Ù�Ê Ê@Ì�Í�Ö=ÑÒÚeÊìÊDÌ&Ñ�ÊMÊDÌ�Í�ë¸Ì&ÑåÐÒÍ(Õ�È�Ê¾ÎöÍ¿Í�ÕèÝ�ÈÒÕ�Í�É"Ñ0��Í¿Ï Ù�Ï Ê@Ì�Ó;Õ"�"ÊDÌ&Ñ�Ê
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Ím�xnøÍLK]R;ÉòÍLTEÊ�N_aMh H 8WÏenøÍL^�Ê�K]N¢RUTWÏDÍL^�Ê]RUY[T«¬Sg¦¥'N_TSP«¬Sg­¬Sg ��b�ÊòÊDÌ�ÍtNQaUV[Y[KeR;ÊDÌ�É»ÎöÍ¿ÌfRUTSPWÊ@Ì�Í
^�Y[KeKDÍ�^eÊ�RcY[TAnøÍLKDÉGR;Ê@ÏXNJÌSRUV2Ì�|ybjNQaUR;Êdp�KDÍLnSK]Y�PSbS^eÊ�RcY[T�Y I Ê@Ì�Í�Ím� ÍL^�Ê Î�p�b�Ï^Í�Y I ÊDÌ�Í�Ê�Keb�Í`nSbSa;ÏDÍ
ÏDÌjN_nöÍ�Y I Ê@Ì�Í�NÒÉ�nfaURciS^ON�Ê]RUY[T�Ï®p�ÏkÊ@Í�É�g H aca&Ê@Ì�ÍJP�Í�Ê�N_RUa;Ï~^�N_TLÎöÍ I Y[bfTSP=RUTx� 1�H ¢��[��Îf©�g0hMÌ�Í¿ÏDÍ
ijKDÏkÊMÊdW�Y�nSR;Í�^¿Í�ÏEWbÍLKDÍ`nSK^Í¿ÏDÍLT�Ê@Í�P�RUTC¯��_�[°�NÒÏMN���RcnSaUY2É�N`W�Y[Ke\�WMRêÊ@ÌSRcTLÊ@Ì�Í���Ì-�±nSKeY[V[K�N�É
N�Ê Ê@Ì�ÍV�JTfRcl2ÍLKDÏeR;Êdp�Y Iq² N_a;Í�TS^LRoNfg
hMÌ�ÍtT�Ím�OÊLÏkÊ@ÍLn³WXNÒÏòÊ�Y¢acYxY_\ I Y[KÁÊDÌ�Ít^LY[K]K^Í�^eÊäÉòÍeÊ@ÌSY�P�Ï�W ÌSRU^çÌ´nöÍ�K^É�RêÊGb�Ï"Ê�YHÏ]Y[a�l2Í

Ê@Ì�Í�RUT�l2ÍLKDÏDÍtnSK]Y2ÎfaÔÍ¿É N�Ï�nSK^Í¿Ï^Í�T�Ê@ÍLPµRcT¨�0|�g � ¥fg¶¥��mg´hMÌ�ÍtRÔÉGnSa;Í¿ÉÁÍ�T�ÊrN�Ê]RUY[T�Y I Ê@Ì�ÍæÊ@ÌSK^Í¿Í
N_aUV[Y_K]R;ÊDÌ�ÉÁÏGP�Í¿Ï]^LK]R;ÎøÍLP´RUTFÏ^Í�^eÊ�RUY_T·¥fg¦¥x�ER;Ê@ÏGbSTSP�Í�KDÏkÊrN_TfPSRUTSVf�kP�Í¿ÎSbSV_V[RUTSV¤N_TSP³bSnfV[K�N_PfRUTSV
Í�TSP�ÍLP¸bSnCRUTèÊDÌ�Í£ijTSN_a�¹���U�h�U H ¢ºnfK]Y[V[K]NÒÉÁÏkW ÌSRc^çÌ�ÌjNOl2Í�ÎöÍ¿ÍLTCb�ÏDÍLP'RcTèÊ@ÌfRÔÏJWZY[Ke\»g`�dT
Ê@Ì�Í I Y[acaUY�WMRUTSVèÏDÍ�^eÊ�RcY[T�ÏzWbÍAWMRUaca�V[Y�ÊDÌSK]Y[bfV2ÌªÊ@Ì�ÍAP�ÍeÊrN_RcaÔÏ�Y I Ê@Ì�ÍæÉ�N/�eY[KzV_Y�N_aÔÏ�N_^çÌSRÔÍml2ÍLP
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RUTæÊ@ÌSR;ÏJWZY[K]\��øÏDÍ�nSN_K�N�Ê]RUTSVòÊ@Ì�Í�PSRÔÏe^�b�Ï^Ï]RUY_T�Y I ÊDÌ�Í�RUT�Ï^Ê�Keb�ÉÁÍ�T�ÊrN_a;^LY[T�Ï]RcP�Í�K]N�Ê�RcY[T�Ï I K]Y2É Ê@Ì�Í
n�Ì�pOÏ]Rc^ON_a¼K^Í¿Ï]bfa;Ê@ÏLg

5A6�½ ¾À¿�Á Â�:�Â�ÃmÄ7Å¡FOÅ
��Y2ÏkÊ0Y I Ê@Ì�ÍX^�KeR;Ê�Rc^�R;ÏDÉ N_V�N_RcT�Ï^Ê3h H s�Æ�^ONQT�ÎøÍ×Ïeb�ÉÁÉ�N_KeRÔÏ^Í�P�RcT ÊdW�Yu|yb�Í�Ï^Ê�RcY[T�Ï�t � Y�W�PSY�W$Í
^�Y_T�Ï^Ê]K]bS^eÊ�Ê@Ì�ÍEK^Í¿Ï]n»Y[T�Ï^ÍMY I Ê@Ì�ÍMNQnSnjN_K]N�Ê�b�Ï�Ç � Y�WÈPSY�W$ÍMÍm�OÊ]K�N_^eÊ�Ê@Ì�Í I Í�Í�PSRcTSV`PSRÔÏkÊ�KeRÔÎSb�Ê]RUY[T
I K]YÒÉ Ê@Ì�Í�ÏenøÍL^�Ê�K]N¾ÉÁÍONÒÏebSKDÍLP�Ç*¥]Í§WMRUaca[TSYÒÊ�Ï]nöÍ�TfP ÉGY[KDÍYÊ]RÔÉÁÍ0PSRÔÏe^�b�Ï^Ï]RUTfVìÊDÌ�ÍX�7Y[T�Ê@Í�ÉXN_K]acY
Ï]R;É�bSaUN�Ê�RcY[T}�ÒÏeRUTS^�ÍìÊDÌ�ÍMP�Í�Ê�N_RUa;Ï0^ON_TòÎøÍ I Y[bfTSP�RcTòÏ^Í�^eÊ�RUY_T�¥fg¦�uN_TSPGRUT��¶É H ¢��[�_N_©�g¡hMÌ�Í¾É�N_RUT
n»Y[RUT�Ê�RÔÏ�Ê@ÌjN�Ê�RUT�Y[K]P�Í�K(Ê]Yt^LY[T�Ï^Ê]K]bS^eÊJÊ@Ì�Í�KDÍ�Ï]n»Y[T�Ï^ÍLÉ�N�Ê�K]RÊ�¸Ë»ÊDÌ�Í"ÎfK�N_TS^çÌfRUTSV�K]N�Ê�RcY2ÏuY I
N_acaqÌjvSÊ]K�N_T�Ï]R;Ê]RUY[T�ÏJY�^�^LbSK]KeRUTSV=RcT+Ê@Ì�Í£P�Í�^�N�p�N_KDÍ£P�Í¿É�N_TSP�ÍLP}g�hMÌ�Ízb�Ï]bSN_a½ÏeR;Ê�bSN�Ê�RcY[T�RÔÏìÊ@ÌjN�Ê
Y[TSa�p=NznjNQK^ÊEY I Ê@Ì�Í`aÔÍLlÒÍ�aQÏe^çÌ�Í¿ÉÁÍuY I Ê@Ì�ÍuPjNQbSV2Ì�Ê@ÍLKET�bf^�aÔÍLb�ÏkN�ÊEacYwWÅÍm�x^LR;ÊrN�Ê�RUY_TLÍ�T�ÍLK]V[R;Í¿ÏER;Ï
\yTSY�WMT}�;N_TSP+ÊDÌyb�Ï��QÊDÌ�ÍzKDÍ�Ï^Ê`Y I ÊDÌ�Í Ê�K]N_T�ÏeR;Ê�RcY[T�Ï¾ÌjNOl2Í�Ê�YLÎöÍ�RcTylÒÍ�T�Ê@ÍLP}g£hMÌfRÔÏ�ÏeR;Ê�bSN�Ê�RcY[TtR;Ï
^¿ÍLK^Ê�N_RUTSa�p�bfTSnSaÔÍ�NÒÏ�NQTEÊ��&ÎSb�ÊEW$Íu^ON_TAV2ÍeÊMK]RUP�Y I RêÊMÎ�pLÊdW�Y I Í�N�Ê�bSK^Í¿Ï�t�ÊDÌ�Í�ÌSRUVÒÌäÍ��G^�R;Í�TS^mp�Y I
Y[bSKMÏenøÍL^�Ê]K]Y2ÉÁÍ�ÊDÍ�KMN_TSPäÊDÌ�Í`^�Y2ÉGnjN_KeRÔÏeY[TLÎöÍ�ÊdW$Í¿Í�TæÊ@Ì�Í`K^Í¿ÏebSa;ÊDÏEY2Î�ÊrNQRUT�ÍLP I Y[K×Ê@Ì�Í`PfRc�øÍ�KDÍLT�Ê
NÒÏ^Ï]b�ÉGn�Ê�RcY[T�ÏMÉ�N_P�ÍQg0�dT¸ÊDÌ�Í`RUP�ÍON_a}h H Æ=acRÔÉGR;ÊO��ÊDÌ�Í`P�Í�nöÍ�TfP�Í�TS^mp7Y[TäÊ@Ì�Í�ÎSK]N_TS^çÌSRcTSV�K�N�Ê]RUY2Ï
PSR;Ï�N_nSnöÍONQKDÏ��kN_TfP Ê@Ìyb�Ï=W$Í�É�NOpWÍm�xnöÍ�^�ÊäÊDÌjN�Ê I Y_K=N]ÌSRcV2Ì Í	��^LRÔÍLTS^LpFÏ]nöÍ�^�Ê]K]Y2ÉÁÍ�ÊDÍ�K�acRU\ÒÍ
Ê@Ì�Í's�Æx�Gh H Æ{�×ÊDÌ�ÍCP�Í�nöÍ�TfP�Í�TS^mpµRÔÏ�K�N�Ê@Ì�ÍLK=WbÍ�N_\�gÀhMÌSRÔÏ�PSYOÍ¿Ï�TfYÒÊ¸ÉòÍ�N_T
Ê@Ì�ÍLKDÍ¸RÔÏ�TSY
P�ÍLnøÍLTSP�Í�Tf^Lp[gC�SÊJÉòÍ�N_T�Ï(ÊDÌjN�Ê�NÒÏ ÏeYxY[T¤NÒÏ�W$ÍLÉ�N_\ÒÍ�b�ÏDÍ=Y I NtKDÍ�Ï]n»Y[T�ÏDÍ I Y[K�NtV_Rcl2ÍLT¤P�Í�v
Ím�x^LR;ÊrN�Ê�RUY_T£njN�ÊDÌ£W ÌSRc^çÌz^�Y[T�ÊrNQRUT�Ï�Ê@Ì�ÍXKeRUV2Ì�Ê3nSK]Y_nøÍLK^Ê�R;Í¿Ï3aURU\�ÍbÉ�bfa;Ê�RcnSaURc^�RêÊdp�N_TfP Ê�YÒÊ�N_aOÍ�T�ÍLK]V_p_�
Ê@ÌfRÔÏXK^Í¿Ï]n»Y[T�Ï^Í�WMRcaUaöÎøÍ�lÒÍ�K®päÏ]R;É�RcaoN_K�Ê�YJÊDÌ�ÍuKDÍONQa}bSTS\yTSY�WMT7P�ÍmvSÍm�x^�RêÊrN�Ê]RUY[T}g��dTtN_T�p�^ONÒÏ^Í_�jR;Ê
RÔÏJn{YÒÏDÏ]R;ÎSaÔÍ�Ê�Y"ÍLlQN_aUbSN�Ê@Í�Ê@Ì�Í(ÏepOÏ^ÊDÍ¿É�N�Ê�Rc^�bSTS^�Í�K^Ê�N_RUT�Ê]RÔÍ¿ÏJRUTæÊ@Ì�Í�K^Í¿ÏebSa;ÊDÏ�Î�pt^LY2ÉGnjN_K]R;Ï]Y[T�Y I
ÏDÍml2ÍLK�N_a�N_TSN_acpOÏ]R;Ï½É�N_P�Í�WMRêÊ@ÌzPSR�� ÍLKDÍLTEÊ¡KDÍ¿Ïen{Y_T�ÏDÍ�Ï�g0hMÌ�ÍE^LY2É�nSN_K]R;Ï]Y[T I Y_K½Ê@Ì�Í�^ONÒÏ^Í¿Ï�Ï^Ê]bSPSRÔÍLP
RUTäÊDÌSRÔÏXWZY[K]\�^ON_TæÎøÍ�Ï^Í¿Í�T�RUT7¹�RcVSg3�Í¬Sg�¯��Q©;N_TfPt¹�RcVSg3�Í¬Sg¦�Q¬_©ªg
hMÌSRÔÏ"ÎSK]RcTSV2Ï=b�ÏòÊ�Y�Ê@Ì�Í+ÏDÍL^�Y[TSP·|yb�Í�Ï^Ê�RcY[T}�kTjNÒÉÁÍ�a�púÌfYwW ÊDÌ�Í�KDÍ�Ï]bSaêÊ@ÏAN_K^ÍtY2Î�ÊrN_RcT�Í�P}g

¥HÍJÌjNOl2ÍJÏ^Í¿ÍLT'RcTt^çÌjNQn�Ê@ÍLKu�ÁÊ@ÌSN�Ê�ÊDÌ�Í�nSKeYx^�Í�PSbSK^Í¿Ï�Ê]YLÍm�OÊ]K�N_^eÊ�Ê@Ì�Í I Í¿Í�PfRUTSV�PSRÔÏkÊ�K]R;ÎSb�Ê]RUY[T�Ï
N_K^Í I N_K I KeY2É»ÎöÍ�RcTSV+Ê�KeRcl�RoNQa�gf¥HÍ=^�Y_bSaUPªÌjNOlÒÍ�NQnSnSK]Y[N_^çÌ�Í�PªÊDÌ�Í�nSK]YÒÎSaÔÍ�É»Î�p¤acYxY_\�RcTSV�N�Ê
W ÌSRc^çÌ I Í�Í�PSRcTSVAPSRÔÏkÊ�K]R;ÎSb�Ê]RUY[T�Ï�N_KDÍ�NÒÎfaÔÍ Ê]Y7K^Í�nSKeYxPfbS^¿Í�Ê@Ì�ÍGPSN�ÊrNäÎ�p¸N�PSRUK^Í�^eÊu^�Y2ÉGnjN_KeRÔÏ]Y_T
WMR;ÊDÌ=N£��Y[T�Ê@Í�ÉXN_K]acY�^�N_aU^LbSaoN�Ê]RUY[T�g � YwW$ÍLlÒÍ�KL��Ê@ÌSR;Ï�ÊDÍ�^çÌSTfRU|yb�Í�ÌSNÒÏ$ÊdWZY�nSKeY2ÎSaÔÍ�ÉòÏLg�hMÌ�ÍJRUaca�v
^�Y_TSPSR;Ê]RUY[T�Í�PuTjN�Ê]bSKDÍ~Y I ÊDÌ�Í~nSK]Y2ÎfaÔÍ¿ÉÎN_aUacYwW Ï¼^LY2ÉGnSaÔÍeÊ@Í�a�p`bSTSn�ÌypOÏeRU^ONQa I Í�Í�PSRcTSVkPSRÔÏkÊ�K]R;ÎSb�Ê]RUY[T�Ï
Ê�YGÎöÍ�b�ÏDÍLPúÊ]Y'K^Í�nSKeYxPfbS^¿ÍäÊ@Ì�ÍæÏ]NÒÉÁÍäÏDÍ�ÊGY I PjN�Ê�Nfg H Ï�W�NÒÏÃÉÁÍ�T�Ê�RcY[T�Í�P RcTWÏ^Í�^eÊ�RUY_T«¥xgc¯[�
Ê@ÌfRÔÏ�RÔÏ(ÊDÌ�ÍòÊdp�nSRc^ON_a~KDÍ�Ï]bSaêÊ£W Ì�ÍLT N�PSRcKDÍL^�Ê�RcT�l2Í�K^Ï]RcY[T¤Y I �0|�g � ¥fg¶¥��`WMRêÊ@ÌSY_b�Ê�NQTyp�\yRUTSP�Y I
KDÍLV[bSaUN_K]R;Ï�N�Ê]RUY[T�RÔÏ�N�Ê^Ê@Í¿ÉGn�ÊDÍ�P}g H PSPSRêÊ�RcY[TjN_acacp[��Ê@Ì�Í�PfRUKDÍL^�Ê�^LY2É�nSN_K]R;Ï]Y[T�PSYOÍ¿ÏzTfYÒÊ�nøÍLKDÉGR;Ê
NªÏ�N�Ê]RÔÏ I N_^�Ê]Y[KepÈP�Í�ÊDÍ�KDÉGRUTSN�Ê�RcY[T´Y I Ê@Ì�Í¸bSTS^�Í�KkÊrN_RcTEÊ]RÔÍ�Ï�RUT
Ê@Ì�Í¸K^Í¿Ï]bfa;Ê@ÏA^LY2É�RcTSV I KeY2É Ê@Ì�Í
bSTS^�Í�KkÊrN_RcTEÊ]RÔÍ�Ï`RUT+Ê@Ì�ÍzPjN�ÊrNxg£�dT'Y[K]P�ÍLK�Ê�YäÎöÍ�NÒÎSa;Í Ê�Y¸Í¿ÏkÊ�R;É�N�ÊDÍ Ê@Ì�ÍzbSTS^¿ÍLK^Ê�N_RUT�Ê�R;Í¿ÏL�;NAK^ÍON_a
RUT�lÒÍ�KDÏeRUY[TÈY I Ê@Ì�ÍtnSK]Y2ÎfaÔÍ¿É R;Ï�P�Í�É�N_TfP�Í�P}�kN_TfPFÊ@ÌSR;Ï�R;Ï�W ÌjN�Ê=RÔÏ=NQ^çÌSRÔÍml2Í�P ÊDÌSK]Y_bSV2Ì Ê@Ì�Í
ÉÁÍ�Ê@ÌfYxP�ÏuP�Í�Ï]^LK]RÔÎöÍ�P�RUTGÏ]b�Î�ÏDÍL^�Ê�RcY[T�Ï£¥fg¦¥xgc¯[�q¥fg¶¥fg¦��N_TSP¤¥xg¦¥fg¶¥fg�hMÌ�Í I ÍON�Ê]bSKDÍ�Ï�Y I Ê@Ì�ÍÃÊDÌSKDÍ�Í
ÉÁÍ�Ê@ÌfYxP�ÏE^�N_TæÎøÍ�Ï]b�ÉòÉ�N_K]R;ÏDÍLP�N�Ï I Y[aUacYwW Ï�t
u�U¿u¼RUT�ÍON_K�UìÍLV[bSaUN_K]R;Ï�N�Ê]RUY[T@tbÉ�RcTSRÔÉGRÔÏ]N�Ê�RcY[T=Y I ÊDÌ�Í�aÔÍ�NÒÏ^Ê�Ï]|ybjN_K^Í¿Ï�Í�Ï^Ê�R;É�N�Ê�Y[KMbSTSP�Í�K�Ê@Ì�Í
^LY[TSPSRêÊ�RUY_TæÊDÌjN�ÊìÊ@Ì�Í(Ï]Y[acb�Ê�RcY[T�ÏìÌjNOl2Í(Ê]YLÎöÍ(Ï^É�Y�YÒÊ@Ì�gkhMÌ�Í£P�ÍLV[KDÍ�Í£Y I Ï^É�Y�YÒÊDÌST�Í¿Ï^Ï�R;Ï
V[R�l2ÍLTòÎ�pJÊDÌ�ÍMKDÍ�V_bSaoN_KeRÔÏ]N�Ê�RcY[T I bSTS^eÊ�RUY_TjN_ajN_TfPGRêÊ@Ï0W$Í�RUVÒÌEÊ~R;Ï0P�ÍLijT�Í�P"Î�pGN`KDÍLV[bSaUN_K]R;Ï�NÏv
Ê]RUY[T=nSN_K�NÒÉÁÍ�ÊDÍ�KLg0hMÌ�Í�Ï]Y[acb�Ê�RcY[T�Ï�N_TSP�R;ÊDÏXbSTS^�Í�KkÊrN_RcTEÊ]RÔÍ�ÏEN_KDÍ I Y[bSTSPäÎ�pLÏeY[acl�RcTSVzNJÏDÍeÊ
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Y I acRUT�Í�N_KYÍL|�bSN�Ê�RcY[T�ÏZN_TSPGP�Í�nöÍ�TSP�Y[TÃÊ@Ì�ÍkKDÍLV[bSaoNQK]RÔÏ]N�Ê�RcY[T�njNQK�NÒÉÁÍ�ÊDÍ�K�g3hMÌ�ÍìÏ]Y[acb�Ê�RcY[T�Ï
^ON_TæÎöÍ�T�Í�V�N�Ê]RclÒÍ_g

�f�Ó�tNÏ�xRÔÉ£b�É �0T�Ê�KeY[n�p�t¯É�Nw�fR;É�R;ÏDÍ�Ï¯Ê@Ì�ÍERUT I Y[K^É�N�Ê�RUY_T�ÊDÌ�Í�Y[K^Í�Ê]RU^MÍ�T�Ê]K]Y[n�p�^LY[T�ÏeRÔÏ^ÊDÍ�T�Ê�Ê�Y
Ê@Ì�Í�a;ÍONÒÏkÊ�Ï]|ybjN_K^Í¿Ï�Í¿ÏkÊ�RÔÉ�N�Ê]Y[K�g��SÊu^ON_TGÎöÍz^�Y[T�Ï]RUP�Í�KDÍLP¢N�ÏuNAK^Í�V[bfaoN_KeRÔÏ�N�Ê�RUY_TèÉÁÍ�Ê@ÌfYxP
WMR;ÊDÌAN�TSY[Txv¨aURUT�ÍON_K~KDÍLV[bSaoNQK]RÔÏ]N�Ê�RcY[T I bfTS^�Ê]RUY[TjNQa�g�hMÌ�Í�ÉGRUTfRÔÉGRÔÏ�N�Ê�RUY_Tz^ON_TSTfYÒÊ ÎøÍ�PSY[T�Í
N_TjN_a�pEÊ�RU^�N_aUa�p«N_TSP·RUT´Y[bfK I Y[KDÉ�bfaoN�Ê]RUY[TWÊ@Ì�ÍGÏ]Y_aUb�Ê]RUY[T�Ï=N_KDÍ I Y[bfTSP·RUT·N_T·R;ÊDÍ�K]N�Ê�R�l2Í
WXNOp_g`hMÌ�ÍJÏ]Y_aUb�Ê]RUY[T�ÏJN_K^Í�N_a�WXNOpOÏ�n»Y2Ï]RêÊ�RclÒÍ_g H Ï�RcTâÊDÌ�Í�^ON�ÏDÍ�Y I u7Uu�öÊDÌ�ÍLptN_TSPâÊ@Ì�ÍLRUK
NÒÏDÏeYx^LRoN�ÊDÍ�P7bSTS^�Í�K^Ê�N_RUT�Ê]RÔÍ¿ÏEP�Í�nöÍ�TSP�Y[TæÊDÌ�ÍuKDÍLV[bSaoNQK]RÔÏ]N�Ê�RcY[T=njNQK�NÒÉÁÍ�ÊDÍ�K�g

�Z� ���fnöÍ�^eÊrN�Ê]RUY[T�v®�tNÏ�xR;É�R;Ï�N�Ê]RUY[T@t'�SÊ7RÔÏ�NQTµRêÊ@ÍLK�N�Ê]Rcl2Í¸NQnSnSaURc^ON�Ê]RUY[TÈY I �XNOp2Í¿Ï I Y[K^É�bSaoNxg
hMÌ�Í ÏeY[aUb�Ê�RUY_T�Ï�NQKDÍ�N_acW�NOp�ÏJn{YÒÏ]R;Ê]RclÒÍ�NQTSPtRêÊ@ÏkbSTS^¿ÍLK^Ê�N_RUT�Ê�R;Í¿ÏkPSY�TfYÒÊ�P�Í�nöÍ�TSPCY[TtN_T�p
N_KDÎfR;Ê�K]N_Kep�njN_K]NÒÉòÍeÊ@ÍLK�g
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N_TSP³^�N_aU^LbSaoN�ÊDÍ�PúÌSRUTSPfK�N_TS^�Í I N_^eÊ�Y[K^Ï�NQKDÍ�NQaÔÏ]Y'V[R�l2Í�TúÊ�Y[V2ÍeÊ@Ì�ÍLK�WMRêÊ@ÌúÊDÌ�ÍtP�Í�^ONOpúÍ�T�ÍLK]V[R;Í¿Ï
� ���=���EN_TSPæÌjN_a I vdacRcl2Í�Ï � h � W¨î ��g

h3NÒÎSa;ÍO�åäfgc¯L©`N_a;Ï]Y¢nfKDÍ¿Ï^Í�T�Ê@ÏäÊDÌ�Í�^�YÒÉ�njNQK]RÔÏeY[T ÎöÍ�ÊdW$Í¿ÍLT�ÊDÌ�Í�Ím�xnöÍ�KeRÔÉÁÍ�T�ÊrN_aìÌSRcTSPSK�NQTS^¿Í
I N_^�Ê]Y[KDÏ�N_TSPGÊ@Ì�ÍG^�Y_K]KDÍ�Ï]n»Y[TSPSRcTSV7^ON_ac^�bSaUN�Ê@ÍLP�Y[T�Í¿Ï×�åh2�k¥µ° × ©ªg�hMÌ�ÍGPSRÔÏe^�K^Í�njN_Tf^�RÔÍ�Ï�K^ÍLlÒÍON_a
Ê@ÌjN�Ê�ÊDÌ�ÍMÏ]bSnfnSKDÍ�ÏDÏ]RcY[T�Y I NÒÎ»Y[b�Ê§¬ Ý ô Y I Ê@Ì�Í�� � s`hk��RÔÏ�Ï^Ê]RUacafTSYÒÊ�Í��xnSaoN_RcT�Í�PÃÎ�pJÊDÌ�Í�Y[K®p[��N_TSP
Ê@ÌSR;ÏEnSK]Y2ÎfaÔÍ¿É ÌjNÒÏMNQaÔÏ]Y�ÎöÍ¿ÍLT I Y_bSTSPARUTLÊDÌ�Í`KDÍ�Ï]bSaêÊ@ÏEY I ÏDÍml2ÍLK�N_a;h H s�ÆLÍm�xnöÍ�KeRÔÉÁÍ�T�Ê@ÏERcTLÊ@Ì�Í
���d� ÆxT�K^Í�V[RcY[T}g



[D[=Ô ]Z^�_"`7acbQd?ó

5A6®ø ùç?G:CDJÃ�BC@CFO:�ú >0Á`û Â£>~ü�Å
��bSK�P�Í�Ï]RUK^ÍCRÔÏLÊDÌjN�ÊäÊ@ÌfRÔÏ=WZY[K]\ÈWMRcaUaìÏDÍeÊtN�T�ÍmWËÏkÊrN_TSPSN_K]P·^�Y_TS^¿ÍLK]TSRcTSVWÊDÌ�Í¸N_TjNQacpOÏ]R;Ï=Y I
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I bSa�ijaUa;Í�PPÎ�pªÊ@Ì�Í�N_nSnSKeY�l_NQakY I N¸T�ÍLW Ï^Í�KeRÔÍ¿Ï�Y I Í��xnøÍLK]RÔÉÁÍ�T�ÊDÏ�Y[TPÊ@Ì�Í ��� î hMÉ$R;Ï]Y2ÉÁÍ�K^Ï�N�Ê
s�Æx� � �`N_KDÉÁÏ^Ê�N_P�Ê®v®ÆOÊ�g���Í�Ê@ÍLKDÏ^ÎSbSK]VÏv ² N_a;Í�TS^LRoNÏvå¥¤N_K^Ï�NOWµ^�Y[acaoNÒÎ»Y[K]N�Ê�RcY[T��§N_TSP7Y[TAaURUVÒÌEÊDÍ�KkÐÃ£
ý¦æ�¥ × TybS^LaÔÍ�R;N�ÊM�®Æ"��u���� � �tN_PfK]RUP�v®ÆOÊ]K�NÒÏ^Î{Y[bfK]VQvþÆxbSK]K^ÍLp�v ² NQaÔÍ�Tf^�RoN�^�Y[acaoNÒÎ»Y[K�N�Ê�RUY_T��mg
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�§aYÊ]K�NÒÎSN/�eY¸Ím�xnSb�Í�Ï^Ê�YâÍ�T¸aoN=nfKDÍ¿Ï^Í�T�Ê@ÍÁÉÁÍ¿ÉGY[K]RUN"Ï]bSKeV2Í�P�Í�a�RUT�Ê@ÍLK	�Í¿Ïun»Y[K�Í�a½Í¿Ï^Ê]bSPSRcY�P�ÍzaUNÒÏ
P�Í¿ÏeRUT�Ê@ÍLV[K�N_^LRUY[T�Í¿Ï��ºs�NÒÉGY�WXvdh�Í�acaÔÍ�K � s`hk�m�$Í�T·njN_KkÊ�Rc^�bSaUN_K��MÏeY2ÎSKDÍC^
�Y2ÉGY�ÉòÍLPSRUK�P�Í�bSTjN
É�N_T�Í�K�N�ijNÒÎSaÔÍ�aoN�RcT�Ê@Í�T�Ï]RUPSN_PC^�Y[TCaUN�|yb�Í�Ï]Y_T'n»Y2ÎSaUN_PSY2ÏJaUY2Ï¾Í¿ÏkÊrN_PSYÒÏ`T�bf^�aÔÍ�N_KDÍ�Ï�Ê�K]NÒÏ�bSTjN
P�Í¿ÏeRUT�Ê@ÍLV[K�N_^LR��Y[T7s`h`g"�kTjN I Y[K^É�N�ÌjNÒÎSRêÊ�bjN_a{P�Í�K^Í�nSK^Í¿ÏDÍLT�ÊrN_K Í¿ÏkÊrN�^�N_T�Ê�RUPSN_PäÍ¿Ï×ÉÁÍ�PfRoN_T�Ê@Í�aoN
� � s`hk�m�{|�b�ÍJÌjN_^�Í�KDÍ I Í�KDÍLTS^�RUNLÍm�xnSa��
 ^�RêÊrN�N�aoNGRUT�Ê@ÍLT�Ï]RcPjN_P�P�Í£aoNÒÏìÊ�K�NQT�Ï]Rc^�RUY_T�Í¿Ï¾Í�T�Ê�K^ÍzTSRclÒÍmvaÔÍ¿Ï�^�Y[TS^LKDÍeÊ�Y2ÏLgZ��Í�Ï]P�Í�ÍLa�nSbST�Ê]Y7P�Í£l�RÔÏ^Ê�NLÍm�xnöÍ�K]R;ÉòÍLT�ÊrN_aª��nSb�ÍLP�Í�ÏDÍLK`nSKDÍ I Í�KeRÔÎSa;Í£P�ÍmijTSRUK�aoN
RUT�Ê@ÍLT�Ï]RcPjN_P�suh ÉÁÍ�PSRUN_T�Ê@Í�aUN É�NQV[TSR;Ê]bSP���� ��� ¼Q�m�xP�Í�TSYÒÉ�RcTjN_PjN I bSTf^�R��Y_T�P�Í`RUT�Ê@ÍLT�Ï]RcPjN_PA�§g
��RU^çÌjN�É�N_V[TSRêÊ�bSP�Í�Ï�ÍLajnSK]YÒÉòÍLPSRUY`P�ÍkaoN�RcT�Ê@Í�T�Ï]RUPSN_Pm� � s`hk�0N�Ê]YxPfY2Ï0aUY2Ï0TfRcl2ÍLaÔÍ�Ï~P�Í�T�Ê�KeY�bST
RUT�Ê@ÍLKelQN_aUY � ^ONQTjN_aí�0P�Í�ÍLT�Í�KeV��
 N�N�bSTjNJÍ�T�Í�K]V��
 N£^LY[TäÍm�x^�RêÊrN_^LR��Y[T�^¿Í�T�Ê]K�N_a � ¼ � lÒÍ�KMÏ^Í�^�^LR��Y[TC¯_g¦¥njN_K�NÃÏ]b7P�ÍmijTSRU^LR��Y[T�päÉ��NÒÏEP�ÍeÊrN_acaÔÍ�Ïr�mg

�0aj^�Y_TSYx^LRÔÉGRÔÍLTEÊ]Y�P�ÍMaoN����uNQn{Y[KkÊrN`bSTjN`RcT I Y[KDÉ�N_^LR��Y[TJÉ£bfp�lQN_aURcY2Ï�N¾Ï]Y2ÎSK^ÍMaoNÒÏ I bSTf^�RUY_T�Í¿Ï
P�Í=Y[TSPSNtTybS^�a;ÍON_K^Í¿Ï��¡p�n»Y[K�Ê�N_T�Ê�YS�½Ï]Y2ÎSK^Í=aoN7RUT�Ê@ÍLK�N_^L^�R��Y[T¢TybS^LaÔÍONQK�KDÍ�Ï]RUPfbjN_a�g H Ï��
 ÉGRÔÏ^É�Yf�nøÍLKDÉGR;Ê@ÍæÊrNÒÉ ÎSR��ÍLTÈ^�YÒÉ�nSK^Í�TSP�Í�K�YÒÊ]K]Y2Ï I Í�T��Y2ÉÁÍ�TfY2Ï=P�ÍLTEÊ]K]Y�P�ÍLa��NÒÉ ÎSR;Ê]Y¢P�Í�aUN I �
 Ï]RU^�N�Tybxv^�aÔÍ�N_K�gZ�JTGÍ>�^Í�É�nfaUY�nSb�ÍLP�ÍÃÏDÍLK�aUN�KDÍLaoN_^LR��Y[T�Í��xRÔÏ^ÊDÍ�T�Ê@ÍÃÍLTEÊ]KDÍ�aoN I Y_KDÉ�N�P�ÍzaoN=PfRÔÏ^Ê]K]R;ÎSbS^�R��Y[T���=pCaoN�P�Í I Y[K^É�NQ^�R��Y_TCP�ÍzaUY2Ï�T��bS^�a;Í�Y2Ï�Ð £Àý��¼^�Y2ÉGYäÉÁÍ�TS^LRUY[TjNQTÜ� �kH �t� × ©¡pÜ�­Æ H�� �[°Ï©ªg
��Ê]K]YLÍp�^Í¿ÉGnSaUY�lxR;Í�T�Í�PjN_PSY�n»Y[KJaoN�T�Í�^¿Í�Ï]RcPjN_PCP�Í�^�N_aUR;ÎSK�NQKJaUN�RUT�ÊDÍ�K�NQ^�^�R��Y[T�P�Í£aUY2Ïk^��N_ac^�bSacY2Ï
� � � H K^ÍON_acR! ONQPSY2Ï0njN_K]N�Í�T�Ê@ÍLTSP�Í�KZaUY2Ï0n»Y2ÏeRÔÎSa;Í¿Ï�ÉÁÍ�^ONQTSRÔÏ^É�Y2Ï0P�ÍìÏebSnSK^Í¿Ï]R��Y[TGP�Í�a�nSKeYx^�Í¿Ï]Y�P�Í
PSY2ÎSa;ÍJP�Í�Ï]RcTEÊDÍ�V[K]N_^�R��Y[T��Ü�j�À¢�su°[°Q©ªg��0T=aoNu^�YÒÉ�nSRcaoN_^LR��Y[TzP�Í�N_KkÊ��
 ^LbSaUYÒÏ~K^ÍON_acR! �N_PjN`n{Y_K:�`aoNQnxvPSY[Kf���#" H °[¥Ï©��ZnSb�Í�P�ÍèÍ�Tf^�Y[T�Ê�K]N_KDÏ^ÍtbSTSN�V[K]N_T�lQN_KeRÔÍLPjN_P�P�Í�nfK]Y2ÎSa;Í¿É�NÒÏ�njN_K]N'acY2Ï�^�bjN_a;Í¿Ï
Í¿Ï�T�ÍL^¿Í�Ï�N_KeRUY=^LY[TSY�^¿Í�KJi�NÒÎSa;Í¿ÉÁÍ�T�Ê@Í�aoN�PSRÔÏkÊ�K]R;ÎSbS^LR��Y[T$���fg%";N�l�RUV2ÍLTS^�RUN�P�Í�aUY2Ï�N_K]V[b�ÉòÍLTEÊ]Y2Ï
Ím�xnSb�Í�Ï^Ê�YÒÏ¾ÍLT����#" H °[¥Ï©}nSb�ÍLP�Í`RUacb�Ï^Ê]K�N_K^ÏDÍ�ÉÁÍ�PfRoN_T�Ê@ÍJPSY2ÏMÍp�^Í¿ÉGnSaUY2ÏZKDÍL^�RÔÍLT�Ê@Í¿ÏLg��§a�nSK]R;ÉòÍLK]Y
lxR;Í�T�ÍZPjN_PSYJn{Y_K¯ÍLa�P�Í�Ê@ÍL^�Ê]Y[K�P�ÍZN_KeV[Y[T£a��
 |ybSRcPSYM�®É H�� ��Æ{�Q|yb�Í$Í¿ÏkÊ&�N�ÏeRÔÍ�TfPSY�^LY[T�Ï^Ê]K]bSRcPSY�nSN_K�NÍ¿Ï^Ê]bSPSRUN_K�Í�a3nSK]Y2ÎfaÔÍ¿É�N�P�Í£aUY2Ï�T�Í�b�Ê]K]RUTfY2Ï�Ï]Y_aoN_K^Í¿Ï��('@���X�_°Q©�g�É�Y[TC�®É H�� ��Æ�ÏDÍ£nSKDÍLTEÊDÍ�TSP�Í
KDÍ�V_RÔÏ^Ê]K�N_K§aUNu^�N_T�Ê�RcPjN_PGP�ÍJT�Í�b�Ê]K]RUTfY2ÏZ|yb�ÍkaUa;Í�V�NQTGP�Í�a4Ï]Y[aSpÃÏeb�Ï�n»Y2ÏeRÔÎSa;Í¿Ï0Y2Ïe^�RUaUN_^�RcY[T�Í�Ï�g¤�3N_K�N
n{Y�P�Í�KJ^ON_acRÔÎSK]N_KEPSRc^çÌSY�P�ÍeÊ@ÍL^�Ê�Y_K�� Í�Ï�nöÍ�K^Í�T�Ê�Y[KeRUY�^�Y[TSY�^¿ÍLKJaUNòÏ^Í�^�^LR��Y[TâÍLij^�N) �P�Í�aoN�KDÍ�N_^�^LR��Y[T* �rH K � ð »	é,+w� * � �zgc��ÏkÊ�YìÌjNìÏeRUPSYMn»Y2Ï]R;ÎSaÔÍ�V[K�N_^LRoNÒÏ;NQa2Í¿ÏkÊ�bSPSRcYJP�Í�a�nSKeYx^�Í¿Ï]YìÍ¿ÏenøÍL^�bSaUN_K���ÉÁÍ�PSRUN_T�Ê@ÍÉòÍLPSRUPjN=P�ÍzaoN�aUN=nSK]Y2ÎSNÒÎSRUacRUPjNQPtP�ÍzP�Í�Ï]RcTEÊDÍ�V[K]N_^�R��Y[TC�ÈP�Í�a * � hER�ÍLT¸aUY2Ï�Í�Ï^Ê�N_PSY2Ï�Í��f^LR;Ê�N_PSY2Ï
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P�ÍLa * � Æx^Qgf�0a$ÏDÍ�V_bSTSPSY+Íp�^Í¿ÉGnSaUYâÍ¿ÏkÊ&�NtK^Í�aoNQ^�RUY_TjN_PSY7^�Y[T¢aUY2Ï�KDÍ�N_^�Ê]Y[KDÍ�Ï£TybS^�a;ÍON_K^Í¿ÏLgx���xRÔÏ^ÊDÍ
bSTjN=PfR I Í�K^Í�TS^LRoN=TSY�ÊrNÒÎSa;Í ÍLTEÊ]KDÍzaUNÒÏ�ÉÁÍ�PSRcPjNÒÏ�P�Í�a�®F³)±C°)9×©-³C°0µ � Í�T�Í�K]V��
 N�acRÔÎöÍ�K�NQPjN"Í�T I Y_KDÉ�NP�Í�K]N_PSRUN_^�R��Y[T�Ì�n{Y_K�aUYÒÏ�nSKeYxPSbf^�Ê�YÒÏXP�Í�i&ÏeR��Y[TòÊ�K�N�Ï×Í�a�N_njN_V�NQPSY�P�ÍLa�KDÍ�N_^�Ê]Y[Kr�§p�acY2Ï�^
�N_aU^LbSaUY2Ï
RUT�ÊDÍ�V[K]N_aÔÍ�Ï0|�b�ÍJ^LY2ÉJÎSRcTjN_TzaUR;ÎSKDÍLK��
 NÒÏYÍm�xnöÍ�KeRÔÉÁÍ�T�ÊrN_a;Í¿Ï¡p�ÉGY�P�Í�acY2ÏYÊ@Í
�Y[K]Rc^�Y2ÏLg0Æ�ÍLV:�bST�bfTòÍ�Ï^Ê�b�vPSRcYGK^Í�^LRÔÍ�T�ÊDÍ*� ;V�uÆf�[�w©��&Ê�N_a}PSR;Ï]^�K^Í�njNQTS^�RUNÃÊ]RÔÍ�T�Í�Ïeb�Y_K]RUVÒÍ�T¸Í�TæÉòÍLPSRUPSNÒÏMn{Y�^�Yzi�NÒÎfaÔÍ¿ÏMP�ÍuaUN���znjNQK�NzN_acV[bSTSY2Ï�n{Y�^�Y2ÏER;Ï��YÒÊ]Y[n»Y2Ï�g���RcaUbS^LRUPjNQK$Í�Ï^Ê@ÍunSKeY2ÎSa;Í¿É�N Ê@Í�TfPSK��
 NJÏ]RUT�PfbSPjN�RÔÉGnjN_^�Ê]YS�ÊrNQTEÊ]YÃÍ�T7^�b�Í�Ï^Ê�RcY[T�Í�ÏJP�Í�Ï^Í�V[bSKeRUPjNQP�^LY2É�Y�P�ÍuPSR;ÏDÍ8<TfYzP�ÍuaUY2ÏEK^ÍON_^eÊ�Y[K^Í¿Ï�g";N�^�b�Í¿Ï^Ê]R��Y[T�P�Í�^��Y2ÉGYÃÉòÍLPSRUKEi�NÒÎfaÔÍ¿ÉÁÍ�T�ÊDÍ�aUN=���G^LY2ÎSK�NÃÍ¿ÏenøÍL^�RUN_a;RÔÉGn{Y[KkÊrN_Tf^�RoNJÏeR�Ê@Í�T�v
Í¿ÉGY2Ï(Í�T ^�b�ÍLT�ÊrN�|yb�Í�aUYÒÏ£^��NQaU^�bfaUY2Ï�Ê@Í��Y_K]RU^LY2Ï£TfY+Ï]Y[T�^�N_njN_^�Í¿ÏzP�Í�KDÍ�nfK]Y�PSbS^�RcK�aUYÒÏ�lQN_aUY_KDÍ¿Ï
Ím�xnöÍ�KeRÔÉÁÍ�T�ÊrN_a;Í¿ÏLg>";N�^LY2É�nSN_K�N_^LR��Y[T¸P�ÍGaoN�Ï�ÉÁÍ�PfRUPjNÒÏuP�Í=���7^�Y[T Í�a�ÉGYxP�Í�aUYAP�ÍG^ONQnjNÒÏ�P�Í
ÉGY[TSY[njNQK^Ê��
 ^�bSaUNäÍm�OÊ�K^Í¿ÉGY�KDÍml2Í�aUN�PSR;Ï]^LKDÍ�nSN_TS^�RUNÒÏ£P�Í"ÌjNÒÏkÊrN�lQN_KeRUY2Ï?�Y[KeP�Í�T�Í�Ï£P�ÍòÉ�NQV[TSR;Ê]bSP}g";NâÏeR;Ê�bSN_^�R��Y[THÉÁÍ>�eY_K�NA^�Y[THÍ�a~b�Ï]Y�P�Í�bSTSN�P�Í�Ï]^�KeRUn»^�R��Y[T]É��NÒÏuP�Í�Ê�N_aUaUN_PjNAP�Í�a§T��bS^LaÔÍLYS�3nöÍ�KeY
Ï]RcV[b�Í�Ï]R;Í�TSPSYGT�ÍL^¿Í¿Ï]N_K]RcY�K^Í�TSY[K^É�NQaUR! �N_KEaUYÒÏkYÒÎ�ÏDÍLKelQNÒÎSa;Í¿Ï�s�NÒÉGY�WXvdh�Í�acaÔÍ�KbÉòÍLPSRoN_T�ÊDÍ�bST I N_^mv
Ê�Y_K�P�Í�ÏebSnSKDÍ�Ï]R��Y[T�@BA ¯[g`h3NÒÉJÎSR��Í�T�Ïeb�Í�a;ÍJÍ¿ÉGnSaÔÍ�N_KDÏ^Í�aoNÁÉ�NQV[TSR;Ê]bSP�RcTylÒÍ�K^Ï�N=P�ÍLTSY2ÉGRUTjN_PSN
I N_^eÊ�Y[KEP�ÍuK^Í�ÊrNQK]PSY ·DC ¯_g";N=^�Y2ÉGnjN_K]N_^�R��Y[T+Í�T�Ê]KDÍzaoN�Ï�ÉÁÍ�PSRcPjNÒÏ�P�Í£P�Í¿ÏeRUT�Ê@ÍLV[K�N_^LR��Y[TC��njN_K]N=T��bS^�a;Í�Y2ÏJaURcV2Í�KeY2Ï�^LY[T
^��NQaU^�bfaUY2Ï0P�Í ÉGYxP�Í�aUY�P�ÍM^ON_njN�Ï$ÏebSV[RÔÍLKDÍMÍLajb�Ï]Y�P�Í I N_^�Ê]Y[KDÍ�Ï§P�Í Ï]bSnSK^Í¿ÏeR��Y[TE@V£ Ý ç¶°[��ó7ò Ý ç Ý ¥ ×
njN_K]N�acY2ÏJ^
�N_aU^LbSaUYÒÏ¾ÍLT�aoNG^ON_njNVèR� ¥·�F"3óQ¥Q©���@�£ Ý ç¦ó_ä�ò Ý ç Ý ¥GnjN_K�N�aoN�^ON_njN*Õ/Öá�j� � �`° × ©3p@;£ Ý çÔóQ¬_¬Dò Ý ç Ý ¯ × njNQK�NJaUNk^�N_njNÀè�§f�j�0�>¢��[ä_©ªgG"¼Y2Ï¯Ím�xnöÍ�K]R;ÉòÍLT�Ê�Y2ÏqP�Í�RcT�Ê@Í�Ke^ONÒÉ ÎSRUYkP�Í~^ON_KeV�N
� è@éqÁ¼�;�­sP�;�`° Ý ©:�­sP�;�`°���©¡�¶s H�H ° Ý ©¼p � Á.éåè»�V� ² �0hM°��Ï©:� ² �0hM°[�Q©:�¶� H �`°�ó_Nw©:�¶� H �`°�ó�Îf©
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Ï]RÔÏkÊ@Í�ÉH�N�Ê]RU^LY2Ï�nfb�Í�P�ÍLT�ÏDÍLK£V[K]N_TSP�Í�Ï � ¬ Ý ô��unSN_K�N�N_aUV[bfTSY2Ï�^ON_TjNQaÔÍ¿Ï�P�ÍòÍ�T�ÍLK]V��
 N7^LY[TS^�K^Í�Ê]Y2Ï�g���ÏkÊ�YäÏ^Í�P�Í¿ÎöÍ�N�aoNÒÏ I b�Í�KkÊ@Í�Ï�^�Y[KeKDÍLaoN_^LRUY[T�Í�Ï¾Í��xRÔÏ^ÊDÍ�T�Ê@Í�Ï�Í�T�Ê�K^Í�^ONQTjN_aÔÍ�Ï�^LY[T�Ê�RUV_bSY2Ï�g�ÆxRcTèÍ¿Ézv
ÎjN_K]V_YS�xaUN�NQa;ÊrN�Ímij^�R;Í�TS^LRoN�P�ÍJP�ÍeÊ@ÍL^�^�R��Y[TLÌjNQ^¿Í�|yb�ÍìÍ�a�lQN_aUY_K~RcT�Ê@Í�V_K�N_PSY�P�ÍkaoNuRUT�Ê@ÍLT�Ï]RcPjN_PòÏDÍON
É�bS^çÌSY+ÉÁÍ�TfY2Ï Ï^Í�T�ÏeRÔÎSa;Í_gD";NÒÏ�RcTS^¿ÍLK^Ê]RUPSb�É ÎSKDÍ�Ï(ÍLT¤aoN����tRcT�Ê@Í�V_K�N_PjN7NÒÏe^�RÔÍLTSP�ÍLT N�bST × ô
njN_K�NÃÍ�a ���d� � Y�� � pA��ô�njNQK�N�Í�a ���d� � Y�� � g

�3N_K�N�^�Y_TS^�acbSRUKL� Í¿ÏunöÍ�KkÊ�RUT�Í�T�Ê@ÍzK^Í�^ONQaU^ONQK�|yb�ÍÃÏDÍ�ÌjN�^�Y_T�ÏDÍLV[bSRUPfY7K^Í¿ÏeY[aclÒÍ�K�Í�a�nSK]Y2ÎfaÔÍ¿É�N
RUT�l2ÍLKDÏ]YzP�Í�a{N_T �aUR;Ï]R;Ï�ÍLTª�~s H h`��aUY�|yb�Í�ÌSN£nøÍLKDÉGR;Ê]RUPSYuY2Î�ÊDÍ�T�ÍLK�aUN�RcTEÊDÍ�T�ÏeRUPjNQPAsuh«pòÏeb�ÏXRcTxv
^¿Í�KkÊ�RcPSb�ÉJÎSK^Í¿ÏXP�Í�bSTjN(É�N_T�Í�K�Nu^�Y_T�Ï]R;Ï^Ê@ÍLT�Ê@Í_gZÉ�Y[T�ÏDÍ�V_bSRUPSY?�Í�Ï^Ê]YS�xaUN�njNQK^Ê@ÍìÉ��NÒÏ�P�ÍLaURc^ON_PjNuP�Í
aoN�Ê\�Í�^LTSRU^�N Í¿ÏZaoN�nfbSKDÍe ON£P�ÍJaoNÒÏ�ÉÁÍ�PSRcPjNÒÏ�g�"qN�Ï�^�Y_TEÊ�NÒÉGRUTjN_^LRUY[T�Í¿Ï~N I Í�^eÊrN_T�P�Í�É�N_T�ÍLK�N(É£bfp
Í¿Ï]nöÍ�^LRoN_a{N_a{N_T��N_acRÔÏeRÔÏ§P�Í�aUN�^LY2ÉGn{Y[T�Í�T�Ê@ÍJ�3��P�Í�aUN�P�Í�Ï]RcTEÊDÍ�V[K]N_^�R��Y[T}�yp�N�|yb�ÍJaoN�^LY[RUTf^�RUP�Í�TS^LRoN
^�Y[T7njN_KkÊ��
 ^LbSaoN�ÏE�¢TSYÃÍ¿ÏkRÔÏeYÒÊ&�Y_nSRU^�NÒÉòÍLT�Ê@Í�Ï^Í�aÔÍL^�Ê]RclQNfg� 6rÛ �ÚÁ`Å¡BCÃm<¡Â�@�?GÅ ��Â�>0Â Ã�?GÅ F�Å?�?z<¡?E�¢?GÅ ¯ ×_Ý�Þ ? ßZá Ä

¯ ×_Ý Þ ? â ã"qN�ÏzPSR;Ê]K]RÔÎfbS^�RcY[T�Í¿Ï£P�Í�RUT�Ê@ÍLT�Ï]RcPjN_P�s`h�YÒÎ�Ê@ÍLTSRUPjN�Ï�Í�TPÍ¿ÏkÊ@ÍäÊ�K]NÒÎjN/�eYCnSb�Í�P�ÍLT�lÒÍ�KDÏ^Í¸Í�T�aoN
¹�RUVSg3�¶óxg�¯�©¼nSN_K�NzaUYÒÏE^ONÒÏeY2ÏMP�Í�a ���d��� Y��y� � ^�Y[T�Ê�RcTybSYy��p�P�ÍLa ���d��� Y��[� � PSRc^�Y[T�Ê�RcTybSYy�mg
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¹�RcV[bSKDÍ�óxg�¯Z}JÉ�Y2É�nSN_K�N_^LR��Y[TâÍ�T�Ê�K^Í�aoN�Ï�PSR;Ï^Ê�KeRÔÎSbf^�RUY_T�Í¿ÏJP�Í�RUT�ÊDÍ�T�ÏeRUPjN_P's`hænjN_K]N�aoN�Ï�P�Í�Ï]RUT�v
Ê@ÍLV[K�NQ^�RUY_T�Í¿ÏMP�ÍLa ���d��� Y��y� � ^�Y_TEÊ]RUTybSYy�Zp=P�Í�a ���d��� Y£�[� � PSRÔÏe^�Y[T�Ê�RcTybSYy�mg

Æ�Í+ÌjNHÍ�TS^LY[T�Ê�K�NQPSY�|yb�Í¸NÒÉJÎjN�Ï�KDÍ�Ï]Y[TSN_TS^�RUNÒÏ�suNÒÉGY�WXvdh�Í�aUa;Í�KÃÏDÍèÍ�TS^Lb�Í�T�Ê�K]N_T·P�Í�T�Ê]K]Y
P�Í�aoN�lÒÍ�T�ÊrNQTjN³P�ÍLiSTSRUPjN«n{Y[KâÍ�a0^��j�}g�";N�KDÍ¿ÏeY[TjN_Tf^�RoN«P�Í�a ���d��� Yè�y� Í�ÏèÍm�OÊ]KDÍ¿É�N_PjNwv
ÉÁÍ�T�Ê@ÍÁÍ¿ÏkÊ�KDÍL^çÌjN � ØÖ�Ï¬ Ý \�Í ² P�Í�NQTS^çÌybSK�N�NæÉÁÍ�PSRUN�NQa;Ê�bfK�N��JpGÍ�Ï^Ê&�NæÏ]RêÊ�bjN_PSN�NA¬Sg × �âÍ ²
P�Í�Í�T�Í�K]V��
 NÎP�Í�Ím�x^LR;ÊrNQ^�R��Y_T}g "¼Y2Ï�^��NQaU^�bfaUY2Ï¤P�Í ÉGY�P�Í�acYÎP�Í·^ON_nSNÒÏ�^�Y[TçRUT�ÊDÍ�K�NQ^�^�RcY[T�Í�Ï
I Í�TfY2ÉòÍLTSY[a��Y[V[RU^�NÒÏqKDÍONQaUR! �N_PSY2Ïqn»Y[K0éfg0��aUY2ÉG|�l�RÔÏ^Ê¯ÌjN_T�ÉGY2ÏkÊ�K�NQPSY�|yb�ÍEnjN_K]N�aoNk^�Y[TxijV[bSK]N_^�R��Y[T
�Òì Ì �d��] î � î� ú �Òì P ï ] î ð I ñ ] î � î û ��aoNJRUT�Ê@ÍLT�Ï]RcPjN_P�suhWÍ¿ÏkÊ&�N`KDÍLnjN_KkÊ�RUPSN�Í�TÃÉ�bfpzn»Y�^�Y2ÏYÍ�Ï^Ê�N_PSY2ÏM¯Q�;�� � p�¥ � N�bSTjNÒÏ�Í�T�ÍLK]V��
 NÒÏ�P�Í(Ím�x^�RêÊrN_^LR��Y[TtP�Ín�`¬Sg × �âÍ ² g
";N"Í�Ï^Ê�K^Í�^çÌ�Íe �P�Í£aUN�KDÍ�Ï]Y[TSN_TS^�RUNY2Î�Ï^Í�K®l_NQPjNæÏebSV[R;Í�KDÍ�|yb�ÍGaoN=RcTEÊDÍ�KenSKDÍeÊrN_^LR��Y[T¸P�ÍLa�É�Y�P�Í�acY�P�Í�^ON_nSNÒÏ�P�ÍÁÉGY[TSY_njN_K^Ê��
 ^LbSaoN"Í��yvÊ�K^Í¿ÉGY£TSY ÏDÍ�NQaÔÍ>�]N�É�bS^çÌSY£P�Í�aUN�K^ÍON_acRUPjN_P�g¤�0a É�NOp[Y[K~T��b�ÉÁÍ�K]Y�P�Í�TfRcl2ÍLaÔÍ�ÏXN_^L^¿Í¿ÏeRÔÎSa;Í¿Ï$Í�T=aUN
P�Í�Ï]RUT�ÊDÍ�V[K]N_^�R��Y[TCP�Í�a ���d��� Y��[��ÌjN_^�Í�|yb�ÍzaoN�RUT�Ê@ÍLT�Ï]RcPjN_P�Í¿ÏkÊ\�Í�É��NÒÏ�K^Í�njNQK^Ê�RcPjN�njNQK�N"ÍLa¡^ONÒÏeY
P�Í£N_a;Ê]YòÍ�Ï]n��
 T}gJÆxRUTæÍ¿ÉJÎSN_K]V[Yf�øÏ^Í ÌjNGY2Î�ÏDÍLKelQN_PSY�bSTjN�^LY2ÉGn{Y[T�Í�T�Ê@Í�RUT�Ê@ÍLT�Ï�N=N�Øu¬fg¦¥��âÍ ² �|yb�Í£nfK]Y2ÎjN�ÎSaÔÍ�ÉòÍeÊ@Í�ÏDÍ�^�Y[KeKDÍ¿Ïen{Y_TSP�Í�^LY[TèÍLaqK^Í�PSbf^�RUPfY=V[K]bfn{YGP�Í£TfRcl2ÍLaÔÍ�ÏJP�ÍeÊ@ÍL^�ÊrNQPSYLÍ�TtbST
Ím�xnöÍ�KeRÔÉÁÍ�T�Ê�YGN_T�Ê@ÍLK]RcY[KEP�Í�N_a;Ê�N�KDÍ�Ï]Y[acbS^�R��Y[T��¶s H�[ �_¬Ï©�g

�0T«aUNx�0|»g2�­óxg�¯�©×Ï^ÍAnSb�Í�P�Í7^LY2ÉGnSK]Y2ÎSN_K�|yb�ÍAaoNtK]N) ��Y_TWÍLT�Ê�KDÍAaUNÒÏ�� � suhk� Í��fnöÍ�KeRÔÉÁÍ�Txv
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ÊrN_a;Í¿ÏzP�ÍANÒÉ Î{Y2ÏzR;Ï��Y2ÉÁÍ�KeY2ÏJÍ�ÏÁÉ£bfp�ÏeRÔÉGRUaoNQK�NCaUN�nSKDÍLPSRU^çÌjNCn»Y[K�Í�abÉ�Y�P�Í�acY�P�Í�^�N_njNÒÏ�P�Í
É�Y[TfY[njN_KkÊ��
 ^LbSaoN(Ím�OÊ�K^Í¿ÉGYSg

� Ø õ÷ö>ø&ùjò ú¸�¹6º � suhk�
� Ø õ÷ö ø&ù î û¸�¹6º �Xü�ý � £

¥
� £ ¯�ç × æº¯�çÔ�Qä � ¯wó_�¤£

Ý ç¦ó[�[ó � � Ý �
Ý ç × ó[ó � ¬�¥�� £

� Ø õ÷öpø&ù�ò ú»X¼>½ � s`hk�
� Ø õ÷ö ø&ù î û»X¼>½ � s`hk� � óxg�¯w�

��ÏkÊ@Í�Ì�ÍL^çÌSYÃÏDÍ`nSb�Í�P�Í`RcTEÊDÍ�KenSKDÍeÊrN_KZ^�Y2ÉGY�|yb�Í`aoN�Ï�^ONQb�Ï�NÒÏ�|�b�Í`Y[K]RcV[RUTjNQT�aoN�Ï]bSnfKDÍ¿ÏeR��Y[T�P�Í`aoN
� � s`hk��N_^eÊ
�bjN_T�P�ÍXbSTjN¾É�N_T�Í�K�NìÏ]R;É�RcaoN_K � Ï]bjNOl2ÍO�½Í�T�NÒÉ Î{Y2Ïq^ON�Ï]Y2ÏLg¡h�N�ÉJÎSR��ÍLTJÏDÍbÌjN�n»YxPSRcPSY
^�Y2ÉGnSK]YÒÎjN_K¡|yb�ÍEaUN�KDÍLaoN_^LR��Y[T�P�ÍERUT�Ê@ÍLT�Ï]RcPjN_P�Í�ÏYÍ�T�Ê�K^ÍMaUY2Ï¯Í¿Ï^Ê�N_PSY2Ï0P�Ík��|�bSNÒÏ]RcnjN_K^Ê��
 ^LbSaoNÒÏ � |yn��pz¬[|yn�nfKDÍ�PfRU^çÌjNun{Y_K�Í�a&ÉGYxP�ÍLaUY`P�ÍM^�N_njNÒÏ§P�Í ÉGY[TSY[njNQK^Ê��
 ^�bSaUN�Ím�OÊ]KDÍ¿ÉGY�TSY�Í¿Ï~^�Y[KeKDÍ�^eÊrNfg¤�§Tl2Í� `P�Í£¯/î_¥�P�Í�aUNZ� � suhk��Ê�YÒÊ�N_a��EÏ]Y_aoNÒÉÁÍ�T�Ê@Í¾Í�a � ¯w�Àò¢¥[�]ôºlQN�N_aöÍ¿Ï^Ê�N_PSY£p�K]NÒÏ^ÊM°_�tP�Í`�Ï|�n�g
�0Ï��YÒÊ�Y_n{Y h ��] î � Ïr� ^��j� � \ÒÍ ² � �¡»X¼>½ � s`hk� �:¸�¹6º � s`hk� · · õ �ªöÉ Åe÷ É

���d��� Y£�y� ó[� � ¬�� óQ¥�ó[� � �[ó[� Ý g × ó_ó � ¬�¥[� ¥fg ñä_¥ äfg¶¥ Ý � �[ó[� ¥fg¶°�v~¬fgÔó
���d��� Y��[� �_¥xg¦¥ � ¥�� óQ¥[� Ý � ä Ý � Ý gÔó[�_ó � � Ý � × g>ñ¬ × óxg ×_Ý � ä[°�� ¥fg¶¥�vZ¥xg¦�

õ �ªö�I N_^eÊ�Y[K^Í¿ÏMP�ÍuKDÍeÊrN_KePSY�^ON_ac^�bSaUN_PSY2ÏEn»Y[KEhqY�WMT�Í�KZ�åh2�k¥µ° × ©

h3NÒÎSa;Í�óxgc¯)}À��N_K��NÒÉòÍeÊ�KeY2ÏMKDÍ�a;ÍLlQN_T�Ê@Í�ÏMP�ÍuaoNÒÏEP�Í�Ï]RcTEÊDÍ�V[K]N_^�RcY[T�Í�ÏìÍ�Ï^Ê]bSPSRoNQPjNÒÏ�g";Nu^�Y2ÉGnjN_K]N_^�R��Y[TÃÍ�T�Ê�K^Í�aUYÒÏ I NQ^�Ê�Y_KDÍ¿Ï§P�ÍJKDÍeÊrN_KePSY(Í��xnøÍLK]RÔÉÁÍ�T�Ê�N_aÔÍ�Ï§p�acY2Ï§^ON_ac^�bSaUN_PSY2Ï§n»Y[K
h3Y�WMT�ÍLKk�Íh2��¥µ° × ©OÏDÍ�ÌjN_acaoN_T�ÍLT£aoNEh3NÒÎSaUNZ�­óxg�¯�©�g�";NÒÏqPSRÔÏe^�KDÍLnjN_TS^LRoNÒÏ�Ím�xR;Ï^Ê@ÍLT�Ê@Í¿Ï3KDÍml2Í�aUN_T£|yb�Í
Ï]RUV_b�ÍJÏ]RcTtn»YxP�Í�K�Í��xnSaURc^ON_K^ÏDÍ�aUNòÏ]bfnSKDÍ�Ï]R��Y_TCP�Í£bSTC¬ Ý ô P�Í�aoN�� � s`hk� Ê]YÒÊrNQa�g%"qN�Ï�ÉÁÍ�PSRcPjNÒÏ
KDÍONQaUR! �N_PjNÒÏMÍLT�aUN�KDÍLV[R��Y[TAP�ÍLa ���d� ÆxT7RUTSPSRc^ON_TäÍLa�É�R;ÏDÉGYznSK]YÒÎSaÔÍ�É�Nfg� 6®ø ùç?�:CDkÃOBCÅ¡FL?�:�Á�Å��':�Â£Ã�Á`Å
¢Jb�Í�Ï^Ê�KeYCP�Í¿Ï^Í�Y+Í�Ï£|yb�ÍLÍ�Ï^ÊDÍòÊ�K]NÒÎjN/�eYèÍ¿Ï^Ê�NÒÎSa;Í� �^�NtbST�T�b�ÍLl[Y�Í�Ï^Ê��N_TSPjN_K(Í�T¤acYtK^Í I Í�K^Í�T�Ê@Í=N_a
N_T��N_acRÔÏ]R;ÏMP�Í Í��fnöÍ�KeRÔÉÁÍ�T�Ê�YÒÏ�P�ÍZ�Zs H h`g�É�Y[T�Ï]RcP�Í�K]NÒÉGY2ÏJ|yb�Í(Í¿ÏkÊrNòÊ\�Í�^�TfRU^ON�nSK]Y[n»Y[Ke^�RUY_TjNGacY2Ï
KDÍ¿ÏebSa;Ê�N_PSY2ÏbÉH�NÒÏ§i�NÒÎfaÔÍ¿Ï$Ï]Y2ÎfKDÍ�aUN�PSR;Ï^Ê�KeRÔÎSbf^�R��Y_T�P�Í�RUT�Ê@ÍLT�Ï]RcPjN_PAsuNÒÉGYwWXv¨h¯ÍLaUa;Í�K�Ím�OÊ]K�N��
 PjN£P�ÍaoNÒÏ�ÉÁÍ�PSRcPjNÒÏuP�ÍGP�Í¿ÏeRUT�Ê@ÍLV[K�N_^LR��Y[T'�§g*�3N_K^ÊDÍ�P�ÍÁÍ¿ÏkÊ�Y2Ï�P�Í�ÏDÍ�YÒÏ�p�NæÏDÍÁÌjN_T'lxR;Ï^Ê]Y�^Lb�É�nfaURUPfY2Ï
n{Y[KkaoN�N_^¿ÍLn�ÊrNQ^�R��Y_TtP�Í�PSY2ÏkT�b�ÍLl[YÒÏ�Ím�xnøÍLK]R;ÉòÍLTEÊ]Y2ÏìÍ�T+ÍLa¡s�Æx�XnjNQK�NòÍ�Ï^Ê]bSPSRoNQK�aUYÒÏkR;Ï��Y2ÉÁÍ�KeY2Ï
P�Í�a ��� î hMÉ � ^�Y[aUNÒÎ{Y_K�N_^LR��Y[T [ N_K^ÉòÏkÊrN_P�Ê®v®ÆfNQT¾�¯ÍeÊ@ÍLKDÏDÎfbSK]V[YÏv ² N_a;Í�TS^LRoNÏv ² N_KDÏeYwl�RUN��m�3NÒÏ��
 ^�YÒÉ�YP�Í�YÒÊ]K]Y'njN_K�NHÍ¿Ï^Ê]bSPSRUN_K�T��bf^�aÔÍLY2ÏGaURUVÒÍ�K]YÒÏ�Ð æ$ý¨ÍLT³�®Æ"�Y" [ � � ^�Y_aoNÒÎ»Y[K�NQ^�R��Y_TÈ��N_PSK]RcPxv
��ÏkÊ�K]NÒÏDÎSbfK]V[YQvþÆxbSKeKDÍLp�v ² N_aÔÍLTS^�RUN��mg
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hMÌ�Í�NQTjN_acpOÏeRÔÏZÉòÍeÊ@ÌSY�P�Ï;nSKeYwl�RcP�Í�Ê@Ì�ÍK ~É�N_TSP�¡q��v I�¢e¢ PSRcTSVkPSRÔÏ¤£�K]RJ¥Sb¦£]RUY[T�Ï}N_TSP�RJ£@Ï;bSTf^ ¢ K¤£rN_RcTxv£�R ¢ Ï�g0hp§ ¢ p=^�N_TB¥ ¢ b�Ï ¢ PARUTSP ¢ n ¢ TSP ¢ T8£]acp�Y[KK£]Y[V ¢ £¨§ ¢ KXRUT=Y_K]P ¢ KK£�Y£YZ¥¦£rNQRUT=£©§ ¢ ¡}v0Ï¤£�K ¢ TSV)£©§}g
É�Y[T�Ï]RUP ¢ K]RcTSVª£¨§ ¢ PSRÔÏe^�K ¢ £ ¢ TjN«£]bSK ¢ Y I £¨§ ¢ PjN«£�Nf�K£©§ ¢ ¡¼vSÏ¬£]K ¢ TfV)£¨§�PSRÔÏ¤£�KeR!¥Sb¦£]RUY[T I Y[KGN

V[Rcl ¢ T ¢ T ¢ K]V_p�¥SRcT�­~^�N_T�¥ ¢ YZ¥\£rN_RcT ¢ P I K]Y)®� 0|»g H gc¯���°¯
± ¯² � ³ �°¯´ � ^��Z� á ��µ ��¶ ��] î � H g�¯w�
W�§ ¢ K ¢�² � RÔÏ#£¨§ ¢=¢ T ¢ K]V_pv¥SRUT'WMRUP¦£©§ � ¬ Ý \ ¢m² RUTv£¨§SR;Ï�WZY[K]\x��� ´ K ¢ nSK ¢ Ï ¢ Tj£DÏ�£¨§ ¢ ¹ ¢ K©®GR
RUTj£ ¢ V[K�N_aª� �pµ £¨§ ¢�¢ T ¢ K]V_ptY I £¨§�­Òv�£©§�¥SRUTCNQTSP$¶ ��] î Ï¤£rN_TSP�Ï I Y[K%£©§ ¢ §jN_a I aUR I�¢ Y I £©§ ¢ P ¢ ^ONOp[g³ �°¯ERÔÏ�YZ¥¦£�N_RUT ¢ P I KeYZ®·£¨§ ¢  ~É N_TfPR¡q� I�¢�¢ PSRUTSVtPSRÔÏ¤£�K]RJ¥Sb¦£]RUY[T�Ï �a�0¸Iµ NQTSPR¡ �µ ��WMRJ£¨§v£¨§ ¢§ ¢ acn�Y I  0|�g � H g¦�[���SW�§ ¢ K ¢0¹ N_TSP�º�N_K ¢ R»£@ÏEK ¢ Ï]n ¢ ^�£�Rcl ¢ W ¢ RcVZ§j£@Ï#}

³ �°¯
± ¹ ��¸Iµ ã º,¡ �µ¼x½ µ¿¾�À ¹ �0¸Iµ ã º,¡ �µ � H g¦�[�
hp§ ¢ b�Ï ¢ Y I £¨§ ¢ suN_b�Ï^Ï ¢ K]K]Y_KknfK]Y[njNQV�N«£�RcY[T I Y[K©®£bSaoNzRUTD 0|�g � H g¶¥��EN_aUacY�W ÏEb�ÏÁ£]Y�^�N_aU^LbSaoN«£ ¢£¨§ ¢ bSTf^ ¢ K¤£rN_RcTj£dp�RUT�£¨§ ¢ Ï¤£�K ¢ TSV)£©§zRUT�£ ¢ K©®ÁÏ�Y I £©§ ¢ bSTS^ ¢ K¤£rN_RcT8£]R ¢ Ï0RUT0£©§ ¢ lQN_K]RUN)¥Sa ¢ Ï�RcT�l[Y[a�l ¢ P
RUTD 0|»g � H g�¯w��} Â îÃ�Ä ¯ ±ÆÅMÇ ���°¯Ç ³ �°¯jÈ î Â îÉ Ä ¯ ã Å>Ç ���°¯Ç ¶ ��] î È î Â îÊTËJÌaÍ ã ÅMÇ ���°¯Ç ´ µ È î Â îÎ ¯ � H g¶¥��
W�§SRU^,§�a ¢ NQP�Ï:£�YE 0|�g � H g­¬y�ZW�§ ¢ T�£¨§ ¢ nSN_K¬£]RoN_a{P ¢ KeRclQN«£�R�l ¢ ÏJNQK ¢Y¢ lQN_acbjN«£ ¢ PÂ îÃ�Ä ¯ ± ¯

� ² � ´ µ ¶ ��] î � î Â îÉ Ä ¯ ã�Ï ³ �°¯² � ´ µ ¶ î��] î8Ð î Â îÊgËJÌaÍ ã Å ³ �°¯² � ´ îµ ¶ ��] î È î Â îÎ ¯ � H g­¬y�
hp§ ¢ bSTS^ ¢ K¬£�N_RUTj£dp Â ÊTËJÌaÍ RcT?£¨§ ¢ §jN_a I aUR I�¢ ¶ ��] î RÔÏ�NtPSRcK ¢ ^�£ ¢ �fn ¢ KeR!® ¢ Tj£rNQaZRcTSnSb¦£�g�hp§ ¢bSTS^ ¢ K¬£�N_RUTj£dpGRUT�£¨§ ¢ ¹ ¢ K©®GR I bSTf^e£�RcY[T ´ µ NT£�N�V[Rcl ¢ TP¥SRUTE­3^LYZ® ¢ Ï I K]YZ®Ñ£©§ ¢ RcTj£ ¢ Ken{Y_aoN«£]RUY[TzY I



-	Ò�Ó Ô>323V6\dqë2k�Õ|Ô
£¨§ ¢ £�N)¥SbSaUN«£ ¢ P�lQN_aUb ¢ ÏkRUTB�¶sV� ²YÖ ¯L©ªg ´ µ RÔÏM^ON_ac^�bSaUN«£ ¢ PtNT£�NGV[Rcl ¢ T ¢ l ¢ Kep ¢ T ¢ K]V_pD¥�p7aURUT ¢ N_K
RUTj£ ¢ K]n»Y[aUN«£�RcY[T=Y I £¨§ ¢ £�N)¥SbSaUN«£ ¢ PAlQN_acb ¢ ÏMN�ÏkRcTSPSRc^ON«£ ¢ P�¥�p� 0|»g � H g × �´ µ ±±¯ Ý«× ¯ õÙØ&Ú°Û �	Ü ö � ½ ¯ � H g × �
hp§ ¢ njN_K�N«® ¢ £ ¢ K^Ï�Ý µ N_TfPHº µ NQK ¢ £¨§ ¢ ^�Y ¢eÞ ^�R ¢ Tj£@ÏGY I £¨§ ¢ aURcT ¢ N_KzK ¢ V[K ¢ Ï^Ï]RUY_T³N«£�N'V_Rcl ¢ T¢ T ¢ K]VQp ��µ g0hp§�b�Ï��&£¨§ ¢ bSTS^ ¢ K¤£rN_RcT8£dp=RUTB£¨§ ¢ RcT8£ ¢ Ken{Y[aUN«£�RcY[T>¥ ¢ ^LYZ® ¢ Ï�}Â Î ¯5±µacT � ¯ Ý �¤Ý µ ´ µ Â Ø�Ú°Û � H g¦ä[�ß ¢ ^ONQT�Ï ¢�¢ £¨§jN«£Á£¨§ ¢ bSTS^ ¢ K¬£�N_RUTj£dp�RUTD£¨§ ¢ ¹ ¢ K©®GR3RcTj£ ¢ V_K�N_a;RÔÏkK ¢ aoN«£ ¢ Pc£]Y=£¨§ ¢ bSTS^ ¢ K¤£rN_RcT8£dpÂ Ø�Ú°Û RUTB£©§ ¢ ^�v�lQN_aUb ¢ �fW�§SRc^,§�§jNOl ¢ £]YE¥ ¢ P ¢ £ ¢ K¬®�RcT ¢ P ¢ �xn ¢ KeR!® ¢ Tj£rN_acacp_g
hp§ ¢ bSTS^ ¢ K¬£�N_RUTj£�R ¢ Ï`RcTª£©§ ¢zI�¢�¢ PSRUTSVÒÏ Â É�Ä ¯ N_PSY_n¦£�NB®�Y[K ¢ ^�YZ®GnSa ¢ � I Y_K©®4N�Ïul�R;Ï]R!¥fa ¢ RcT 0|�g � H g Ö �m�4Ï]RcTS^ ¢ £¨§ ¢ ^�Y[KeK ¢ aoN«£]RUY[T�Ïp¥ ¢ £dW ¢�¢ T$£¨§ ¢�I�¢�¢ PSRUTSVÒÏÁ£]Y�PSR�� ¢ K ¢ Tj£ ¢ T ¢ K]V_p�¥SRcT�Ï%§SN�l ¢£�Y�¥ ¢ ^�Y[T�ÏeRUP ¢ K ¢ P}gÂ îÉ Ä ¯ ±àÅVÇ ³ �°¯Ç ¹ È î Â îá ã ÅVÇ ³ �°¯Ç º�È î Â î½ ã �PÅMÇ ³ �°¯Ç ¹ È ÅVÇ ³ �°¯Ç º�È Â á ½ ãâZãäâ8å æ ÅçÇ ³ �°¯Ç �0¸ ã È ÅèÇ ³ �°¯Ç �0¸ å È Â Ü�é�ê�ë ã Ï Ç ³ �°¯Ç ¡ �ã Ð ÅIÇ ³ �°¯Ç ¡ �å È Â ��ìê�ë°í � H g Ö �

hp§ ¢ ^�Y�lQN_KeRoN_TS^ ¢ ®�N«£�KeRU^ ¢ Ï Â Ümé�ê�ë N_TfP Â � ìê�ë RUTª 0|�g � H g Ö �m�}W�§SRc^,§¸^�Y[KeK ¢ Ïen{Y_TSPî£]Y>£¨§ ¢  ~ÉN_TSP|¡ � I�¢�¢ PSRUTfV¢PSR;Ï¬£�KeR!¥Sb\£�RUY_T�ÏzK ¢ Ï]n ¢ ^e£]Rcl ¢ acp_�p§jNOl ¢ £]Yv¥ ¢ YZ¥¦£rNQRUT ¢ P³NÒÏ�N�K ¢ Ï]bfaJ£�Y I £¨§ ¢
N_TjNQacpOÏ]R;Ï%® ¢ £©§SYxP�g�hp§ ¢ ^ON_ac^�bSaUN«£�RcY[T�Y I £¨§ ¢ ^�Y�lQN_K]RUN_TS^ ¢ ®�NT£�K]Rc^ ¢ Ï I Y[KÁ£¨§ ¢ £¨§SK ¢�¢ PfRc� ¢ K ¢ Tj£® ¢ £¨§fYxP�Ï�WXNÒÏ ¢ �xnSaoNQRUT ¢ P�RUT�Ï ¢ ^e£]RUY[T ¥xg¦¥fgC�dT�Y_K]P ¢ K0£�Y ¢ lQN_aUbjNT£ ¢ £©§ ¢ lQN_aUb ¢ Y I Â É Ä ¯ ��£¨§ ¢¢ �xnSK ¢ Ï^Ï]RUY_T�ÏJY I £©§ ¢ njN_K¬£]RoN_a�P ¢ KeRclQN«£�R�l ¢ ÏERUT�l[Y[a�l ¢ PtN_K ¢ V[Rcl ¢ T7RUTD 0|OÏLg � H g¦°fg�g�g H gc¯[¯��ÅsÇ ³ �°¯Ç ¹ È ± º ����¸Iµ«¼ å ¡ �å á ¡ �µ ¼ å ��¸ å �ï ¼ å � ¹ �0¸ å ã º°¡ �å �ñð î � H g¦°[�Å Ç ³ �°¯Ç º È ± ¹ � ¡ �µ ¼ å ��¸ å á �0¸Iµ«¼ å ¡ �å �ï ¼ å � ¹ �0¸ å ã º°¡ �å � ð î � H g¦�[�ÅçÇ ³ �°¯Ç �0¸ ã È ± ¹8ò µ ã ¼ å � ¹ ��¸ å ã º,¡ �å � á ¹ � ¹ ��¸Iµ ã º,¡ �µ �ï ¼ å � ¹ �0¸ å ã º°¡ �å �ñð î � H gc¯ Ý �

Ï Ç ³ �°¯Ç ¡ �ã Ð ± º ò µ ã ¼ å � ¹ ��¸ å ã º,¡ �å � á º � ¹ �0¸Iµ ã º,¡ �µ �ï ¼ å � ¹ �0¸ å ã º°¡ �å � ð î � H gc¯[¯��

W�§ ¢ K ¢�ò µ ã R;Ï:£¨§ ¢ P ¢ aJ£�N�Y I�ó K]Y_T ¢ ^r\ ¢ K�gß ¢ §SN�l ¢ Ï©§SY�WMTÁÏ]Y I N_K�§SY�W|£©§ ¢ ¡}v0Ï¤£�K ¢ TSV)£©§�N_TSPGNÒÏ^Ï]Y�^�RoNT£ ¢ P£bSTS^ ¢ K¬£�N_RUTj£�R ¢ ÏV§jNOl ¢ £�YY¥ ¢
^ONQaU^�bfaoN«£ ¢ P}g � Y�W ¢ l ¢ KL�m£©§ ¢ RUTj£ ¢ V[K�NQa{lQN_aUb ¢ Y I ���zRÔÏMN_a;Ï]Y�N_TARJ®�n»Y[K¬£�N_Tj£p®�N_V[TSR»£�bSP ¢ ��ÏeRUTS^ ¢
RJ£MR;ÏMY[T ¢ Y I £©§ ¢ K ¢ ÏebSaJ£DÏkW�§SRc^,§t^�N_Tc¥ ¢ ^�YZ®GnjN_K ¢ P�WMR»£¨§æÏ]RJ®�nSa ¢ £¨§ ¢ Y[K ¢ £�Rc^ON_a¼^�N_aU^LbSaoN«£]RUY[T�Ï�g
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H l ¢ K®p�^�Y)®P®GY[T�W�NOp>£�Y ¢ �fnfK ¢ Ï^ÏÁ£©§ ¢Y¢ �xn ¢ KeR!® ¢ Tj£rN_a»lQN_aUb ¢ Y I £¨§ ¢ RcT8£ ¢ V[K]N«£ ¢ P�¡¼vSÏ¬£]K ¢ TfV)£¨§
RÔÏp£¨§SKeY[bSVZ§B£©§ ¢ £�Y)£�N_a}aUY_V ´&õ �fW�§SRU^,§7RÔÏEK ¢ aUN«£ ¢ PD£]Y=���GN�ÏMÏ©§SY�WMTtRcTD §|�g � H g�¯w�[�

aUY[V ´mõ ± acY[V ��� Å ¯¼ µ ���°¯ ² � È± acY[V ���Eö÷ ¯¼ µ ÉXÄ ¯Î ¯ ÊgËJÌaÍ¦øù � H g�¯w�[�

N_TSP ´mõ ^�N_T�¥ ¢ ^ONQaU^�bfaoN«£ ¢ P I K]YZ®� 0|»g � H g�¯�¥��´&õ ± ö÷ ¯¼ µ ÉXÄ ¯Î ¯ ÊgËJÌ�Í�øù � H g�¯�¥��

hp§ ¢ b�Ï ¢ Y I £¨§ ¢ s�N_b�ÏDÏ ¢ K]K]Y_K�nSK]Y_njN_V�N«£]RUY[T I Y[K¬®�bSaoN7RUTw 0|�g � H g�¯w�[�`W ¢ ^�N_T�YZ¥¦£�N_RUTî£¨§ ¢
bSTS^ ¢ K¬£�N_RUTj£dpARUTB£©§ ¢ aUY[V ´mõ NÒÏMRUTSPfRU^ONT£ ¢ PB¥�pD 0|�g � H gc¯O¬��Â îúüûñý Î¨þ ± ¯

� acT`¯ Ý ´mõ � î Â îÎ¨þ � H g�¯O¬y�
W�§ ¢ K ¢ Â îÎ¨þ R;ÏEP ¢ iST ¢ P�RUTD 0|»g � H gc¯ × �Â îÎ¨þ ±ÆÅ Ç ´mõÇ ¶ ��] î È î Â îÊ ËJÌ�Í ã â µ âZã Å Ç ´mõÇ ³ �°¯ È Å Ç ´&õÇ ³ � ê È Â É Ä ¯ ê

ã â µ â8ã Å Ç ´mõÇ ´ µ È Å Ç ´mõÇ ´ ã È Â Î ¯ Î ê � H g�¯ × �

�dTAY[KeP ¢ Kp£�Y ¢ l_NQaUbjN«£ ¢  0|�g � H g�¯ × ���fW ¢ T ¢e¢ P�£�Y�K ¢ WMK]R»£ ¢ Ï]Y)® ¢ Y I £¨§ ¢uI NQ^e£�Y_KDÏERUTB£ ¢ K©®ÁÏ
Y I £¨§ ¢B¢ �fn ¢ KeR!® ¢ Tj£rNQaXN_TSP NQTjN_acpOÏ ¢ P¤lQN_K]RUN)¥Sa ¢ Ï�gChp§ ¢ ^�Y�lQN_K]RUN_TS^ ¢ ®�N«£]K]Rc^ ¢ Ï�Y I £¨§ ¢ £�Y)£�N_a
I�¢�¢ PfRUTSV Â ÉXÄ ¯ ê PSR;Ï¬£]K]R!¥fb¦£�RcY[T�RcTB 0|»g � H gc¯ × �Z^ON_TB¥ ¢�¢ �fnfK ¢ Ï^Ï ¢ PtRUTP£ ¢ K¬®òÏ�Y I £¨§ ¢  ZÉ·N_TSPB¡q�Y[T ¢ ÏJNÒÏ Ï©§fYwWMT7RUTD 0|�g � H g�¯�ä��Â É Ä ¯ ê ±ÆÅ Ç ³ �°¯Ç ¹ È Å Ç ³ � êÇ ¹ È Â îá ã Å Ç ³ �°¯Ç º È Å Ç ³ � êÇ º È Â î½

ãzÿ ÅMÇ ³ �°¯Ç ¹ È Å Ç ³ � êÇ ºªÈ ã ÅMÇ ³ �°¯Ç ºcÈ Å Ç ³ � êÇ ¹ È�� Â á ½
ã âjåàâ

÷ ÿ Å�� ³ �°¯� �0¸ å È Å�� ³ �°¯� ��¸ ÷ È Â Üméjë�� ã Å�� ³ �°¯� ¡	�å È Å�� ³ �°¯� ¡	�÷ È Â ��ìë�� � 
���
�� ä��
�p§ ¢������������ ��!"��¢ ® � £ �#�$�e¢ Ï �©¢�% � £ ¢'& £ � £©§ ¢��$! £ ¢���()�*% � £ �$�*!���+ £©§ ¢ £ � ¥-, % � £ ¢'&/.�¢'� ® �-+ , !"� £ �$�*!����% , ¢ Ï ���©¢0�1��%2� , %$� £ ¢�& ¥�3B£¨§ ¢ ,�Ï ¢4��+  65 
7
8��
��:9 �Â Î ¯ Î ê ± %$! ��;�< Ý µ Ý ã ´ µ ´ ã Â <Ø�Ú°Û 
���
��:9 �



-	Ò>= Ô>323V6\d	?2k�Õ|Ô
@ § ¢��©¢ Ý µ ���©¢ £¨§ ¢0A"� Ï¬£ �*�#&�¢'�����\¢�ÞB���!¢�! £DÏ �2!  C5 
	
���
ED � 
�p§ ¢�(F��� £ �$��%G&�¢����2��� £ �2�)¢ Ï �2!  65 
H
���
��:D � ��&"�*( £�£¨§ ¢x¢JIK("�¬¢ Ï^Ï �$��!L��+  65 
H
���
���M �JN 65 
	
8��
���O � ��!-&  65 
7
8�P
RQ�; � 
 Å � ´mõ� ¶TS ] < È ± ´mõ¶TS ] < 
8�P
2��M �Å � ´mõ� ³ �°¯ È ±VU ´mõ <´ µ ¶	S ] < 
8�P
2��O �Å � ´mõ� ´ µ È ± ³ �°¯ ´mõ <´ <µ ¶	S ] < 
8�P
RQ�; �

WX3/,�Ï �2!"YZ��%$% £©§ � Ï +��*� ®�, % �)¢ @ ¢[�'��!\�'��%$� , % � £ ¢ £¨§ ¢ ¡^]0Ï¬£ �©¢�!"Y £¨§_N	£©§ ¢�%2�*Y ´mõ ��!-&`� Ï^Ï �a�'� ]� £ ¢'& , !"��¢�� £ ���$! £ �J¢ Ï�Ï¬£ ��� £ �$!"Yb+���� ® £¨§ ¢  dc ��!"& ¡ � +�¢e¢'&"�2!"Y4&"� Ï¤£ ��� ¥",¦£ �$�*! Ï ��!"&\� ÏDÏ �a�'�$� £ ¢�&�'�������#� ��!"�e¢ ® � £ ���$�e¢ Ï�N � £@Ï @ ¢��$Y §j£DÏ ¹e��!"& º�N\£¨§ ¢ § ��%2+ ] %2�2+�¢ � S ] < Nj£¨§ ¢ ^��j� ��+ £¨§ ¢f&�¢��1� 3 ��!"&£¨§ ¢0.&¢�� ® �g+ , !-� £ �2�*! ´ 
Ch � @ ¢��)¢'� Nm¥ � £©§ +�¢�¢'&-�$!"Yi&"� Ï¬£ �#� ¥",\£ �$��! Ï ���¬¢b!"� £ ��% @ � 3OÏ �1�����$%$� ¥ %J¢ 
� % ���kjH��+ Ï¬£ � £ � Ï¬£ �2� Ï �*�0�'��! £ � ® �$!F� £ �$�*!l�2!m�*!¦¢B��+ £¨§ ¢E¢JIK(m¢'�#� ® ¢'! £ ��% Ï (�¢�� £ ��� ® � 3 %!¢1��&£ �H� Ï � £�, � £ �$�*!m�$! @ § �2� § �*!"% 3 �*!¦¢`��+ ¥ � £¨§ +�¢e¢'&"�2!"YH&"� Ï¬£ �#� ¥",\£ �$��! Ï �'��! ¥ ¢ ,�Ï ¢�&n�2! £¨§ ¢�1��%$� , % � £ �$�*!���+ £¨§ ¢ ¡^]0Ï¤£ �¬¢'!"Y £©§ ��!"& £©§ ¢o%$�*Y ´mõ 
np ! £©§ � Ï �1� Ï ¢ N �*!�¢q�1��! Ï¬£ �$%2%������#�2�)¢r� ££¨§ ¢e�©¢ Ï#, % £�¥s3�£¨§ ¢ ,�Ï ¢e��+ £©§ ¢et ± �0¸bu ¡ � �¬¢'%$� £ �2�*! £ � ¥", %$� £ ¢�&v�$! �xwP��y 9K��z�
 �p§ ¢ £ � £ ��%�$! £ ¢'! Ï � £{3 ³ � �'��! ¥ ¢n¢|I-(-�©¢ Ï^Ï ¢�&}�$! £ ¢'� ®òÏ ��+ £©§ ¢  dc �2! £ ¢'! Ï � £{3 ³ �Z� ��� £¨§ ¢ ¡ � �2! £ ¢'! Ï � £{3³ � ì � Ï �2!"&"�2�1� £ ¢'& ¥�3� 65 
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EQ*Q � �©¢ Ï (m¢'� £ �2�)¢'% 3 

³ �°¯�± ~����� �X� S� ¯#� ³ Ü�é µ ± � �X� S� ¯#� Ümé ¯��� Ú°Ûë Ümé ë ­ ² � A~^��j�iU ��;�Q*Q³ Ümé µ ± Ümé ¯�b� Ú°Ûë Ümé ë ­ ² � C ^��j�iU ��;�Q*Q 
8�P
RQK� �
³ �°¯�± ~��� 
��X� t µ � ³ � ì ± 
��X� t µ � ��ì¯�[� Ú°Û*� Ë���ÍXÍë ��ìë ­ ² � A~^��Z�/U ��;*Q*Q; ­ ² � C ^��Z�/U ��;*Q*Q 
8�P
RQ*Q �

h ¢��©¢`t µ �¬¢'("�¬¢ Ï ¢�! £@Ïn£¨§ ¢B�$! £ ¢���()�*% � £ ¢'&l����% , ¢\��+ £©§ ¢`�1�)¢'����YZ¢ �0¸�u ¡ � ��� £ �$�q+��*� £¨§ ¢ ­8]�£©§¥ �2!q�'��%$� , % � £ ¢'&o�2!  C5 
7
8�P
RQ�� � t µ ± ��;g�× ¯ � ØmÚ°Û*� Ü)� � � ½ ¯ 
8�P
RQ�� �
@ § ¢��©¢l�Ý µ ��!"& � º µ ���¬¢ £©§ ¢P���\¢�Þ/�'�!¢�! £@Ï +��#� ®�£¨§ ¢�%$�2!�¢1�����©¢'Y��©¢ Ï^Ï �2�*!H� £ �BY��2�Z¢�!c¢�!�¢'�#Y 3�  
p £ � Ï @ �*� £©§ �©¢ ® ¢ ®�¥ ¢����2!"Y £©§ � £:£©§ ¢  dc +�¢�¢'&-�$!"YZ&-� Ï¬£ ��� ¥",¦£ �2�*!/�'�*! £ ���$! Ï �2!-+��*� ® � £ �$�*!i���Z¢��£¨§ ¢ @ § �*%!¢ ^��j�K] ����!-YZ¢ N @ § �$%J¢ £¨§ ¢ ¡ � +�¢�¢�&"�$!-Y�&-� Ï¬£ ��� ¥",¦£ �2�*!�&"�	¢ Ï !"� £ ¢|IK� Ï¬£ � ¥ ���Z¢ £¨§ ¢¢'!¦¢'��Y 3R^��Z�oU Q ÝG�#� < 
\� ���2!-+��*� ® � £ �$�*!H� ¥ � ,¦£#£¨§ ¢ ¡^]0Ï¬£ �©¢�!"Y £¨§ �1��! ¥ ¢B�¬¢1��� § ¢�&��$! £¨§ ¢% � Ï¬£ �1;�Q*Q j«¢ y ��+ £©§ ¢ ^��j�K] @ �$!"&"� @ �2+���!"% 3ª£¨§ ¢ ¡ � +�¢�¢'&-�$!"YH&-� Ï¬£ ��� ¥",¦£ �2�*!}� Ï �1�����$%$� ¥ %J¢ 
�p§ ¢ ¡^]0Ï¬£ �©¢�!"Y £¨§ � Ï �1��%2� , %$� £ ¢�&��2! £¨§ ¢ £ @ ���'� Ï ¢ Ï @ � £¨§�£¨§ ¢ § ¢�%$(l��+ £¨§ ¢  65 
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EQ�� �

���°¯�± � S� Ü 
¡�X� t µ � É Ä ì ¯Î ¯ ÊgËJÌ�Í ­ ² � A~^%�j�/U ��;�Q�Q; ­ ² � C ^%�j�/U ��;�Q�Q 
���
EQ*D �
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���
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