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§�¶�� �J;(�1�5�Q¤7�1¬­°Q�D°+��ª�.��5�j¹g±*"��j¤7�1�5�+�#"�� °K��¥
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«Q�3�1¬O�3¦�¬1� ¬ �U¹ ¶-¶-¶c¶-¶c¶L¶-¶c¶-¶c¶-¶c¶-¶L¶c¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ u §����¶ §�¶ u H��&"'� ¬ �1¥
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	 ��&��  7
���6&����;��, �6�

9!#
%�67��R��� � 	 �

< �'��	��6&�� �6&  	�� ��
  ����& � 7

%� � 	��
Hh¶ u µ�¬ �1�1¬ ��´/± �5�3�1¬­±1�1¬­¤j± ¶-¶c¶-¶c¶L¶-¶c¶-¶c¶-¶c¶-¶L¶c¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ u ©p¢Hh¶ § H�«��7�5�3´p¬ ��´/°+� � � �-±*"��j¤7�1�5�+�N"a�3�5�+�I�7� �7� ±�°+� � � �-± °Q¥�� ¤j�j± ¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ u �Q¨Hh¶�� r �<;�¬1�L¥'� �P¬1_���� ¬ � °(°(��� �j¤ � ��¬�[K¥
� ¶c¶-¶c¶-¶L¶c¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ u � uHh¶ � r �¡�Q±1¥��1¬ ��´i�3�
��¤j°��&"a�3�1¬ ��´^�d�5�Q¤7�1¬­°Q�
±Z°+�T�3¦
±5°Q�1¦\�j��°Q¦C$1�j¤7� ±�¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ u �Q§

� �K
L��
  �6&���� 
��  &�
��  P ,N7��  �6&R�'�.��, <=Q ���U�6��7
!  
�� ��� �

� �O	0!#&�	0/C&�� &R� P 	��I	��RP �6&�����, �NO R
� � 	 P ��O�� � ���'7I!  
%� ��� �
·@¶ u ·X°Q�1� �j¤7�1¬­°Q�D°+� ¤j°Q¥��K���5�3� �j± � °Q�Z¤¡�+� ¬ ¦��5�3�1¬­°Q�v���1¬5�d� ±�¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ u �Q¢·@¶ § �K¬1�h¥'�O�3�1¬­°Q�
±_°+� «p�3�1¬O�3¦�¬1� ¬ ��¹g¬ � �NO�R�� � 	 P ��O�� � ±5°Q¥�� ¤j�j± ¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ u � u

� �'��	  � & �I$S��,+Q � !#	LP ��(�
  ��!#	 � �	�
8n¶ u �K�5�Q¤	_K¬ ��´[°+� ±�"\�j¤7�1�5�n°+� � � �-±5�+�I�c°Q¦C$1�j¤7� ¶L¶c¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ u ���8n¶ § ·X°��&"�¥��1¬ ��´i� � �-¤j°Q���1�1¬ ¦�¥��1¬­°Q�D� °n� � �c¦a�Q¤	_K´p� °Q¥��
�v°+�T�n± �7�Z°+�T± °Q¥�� ¤j�j±�¶c¶-¶c¶L¶c¶ u ���

��
�,-
�!"
:�  
�� � � �
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u ¶ u r �¡�Q±1¥�� ���I�7�K� ±�°+� � � �eªtX_®|¬ �K� �7�
±1¬ ��¹��3� u _��a`�¶
Ωi

¬­±¯� � �-± °�� ¬­���3��´Q�­�L¤j°¡«��7� �j�P 
Ii

� � �j�I�¡�Q±1¥�� �j�n¬ ��� �7�
± ¬ ��¹I�3�
�
σi

� � �$¤j°Q�1� �j±�"\°Q�
��¬ ��´ u σ ±1�5�3�1¬­±1�1¬­¤¡�+��¥��
¤j�7�1�5�3¬ �K��¹
?H�5�+_��7�:�H� °�� � u §�� @&¶@¶-¶c¶-¶c¶L¶-¶c¶-¶c¶-¶c¶-¶L¶c¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ �

u ¶ § ·X°��&"a�3�1¬­±5°Q�^°+� ����� ��� ���! #"$� "�� °�"\�7�1�1¬­�j± �$¬ � � � � °p± ��°+� 	���
�������
(  ���!%��	�
�3�
� � % 	���¶ ¶-¶c¶-¶-¶c¶-¶c¶L¶-¶c¶-¶c¶-¶c¶-¶L¶c¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ §p¢

§�¶ u 8e�j± ¤7�1¬1"��1¬­°Q�I°+�\� � � �I°p±1� � ���­�7«Q�3�K�T¬ �C�d°Q�*�/�3�1¬­°Q�i°+�\�¡�Q¤ � ���7� �j¤7� �j�/�7«��7���T¬ �
¤�� ¥
���j�
¬ � �3� �������������! #"$� �7«��7���c4��­� � � �7�^� � �D�-2 �1· ¤¡�+�I�7�5�Q±g�3� �D°�"\�7�5�3�1¬ ��´�¬ �
¬1�/�3´p¬ ��´��I°K���p¶ ¶-¶-¶c¶-¶c¶L¶-¶c¶-¶c¶-¶c¶-¶L¶c¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ ���

§�¶ § 8e�D4
��¬ �1¬­°Q�D°+��� � �c±*"��j¤7�1�5�+�N�I°(�����­±$¥
± �j�g¬ �g� � ¬­±���°Q�*_�¶i¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ � �
§�¶�� 8e�D4
��¬ �1¬­°Q�/°+�\� � �$���w¬­± ±1¬­°Q�/�I°(�����
¤j°��&"\°Q�
�7�K� ± a ¥
± �j� °Q��� � �$±�"\�j¤7�1�5�+�l4
� ±T¬ �n� � ¬­±

�X°Q�*_\¶�¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶-¶c¶-¶c¶-¶c¶-¶L¶c¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ � �
§�¶ � £_¦
±5�7�1«Q�3�1¬­°Q�a�+�����7�5�3¬1�­±Z°+� � �����������! #"$��± ���­�j¤7� �j�>4a���­��±�¶(¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ � u
��¶ u ®X� �¡�+_���° �$��°+��± °Q¥�� ¤j�j± �$¬ � � °�"��1¬­¤¡�+��±*"��j¤7�1� °p± ¤j°�"�¬­¤T¬­���7�K�1¬54a¤¡�3�1¬­°Q�
± ?H�U¹e"��D. u HG90F �¦�� °��Q�:� ¬ �
��HG90F,k���¹l"\�D.U§&HG9�F ���a�3�1� ° �����w¬ �1�1¬ ��´g� ¬ �
�e´��+�O�<;�¹�@&¶�¶c¶-¶-¶c¶-¶c¶L¶c¶ ©p§
��¶ § �K¥'�&�/�3�1¹h°+�
� � ��� �j±1¥'� � ±�°+�a���7� �j¤7�1¬­°Q�n°+�
ªG.��5�¡¹h�3¦
± °Q�*"��1¬­°Q�f?������
�	��
-�3�
���
���
�	�

� �$¬ � � � �j±*"��j¤7�Z� °��
���
�	���
�3�
��µi.�� �j± ��±1¬ ´p��¬54a¤¡�3�
¤j�
≥

¢����&@j�d°Q����¬ �P�7� �7���@±5�+�/.
"'�­�j±�°+�YH_ª �1�[± °Q¥�� ¤j�j±¡¶¯¶-¶c¶L¶-¶c¶-¶c¶-¶c¶-¶L¶c¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ �Q¨

��¶�� �e"��j¤7�1�5�+�'"a�3�5�+�I�7� �7� ±�°+�F±5°Q¥�� ¤j�j± �$¬ � � ±5°+�H� �D;�¤j�j±5±����7� �j¤7� �j�n¬ �n� � �7¬ � ª�.��5�j¹h±�"\�j¤7�1�5��¶ � �
��¶ � ·X°��&"a�3�1¬­±5°Q�[°+��� � ���X�7¬ ´ � � �j���I�¡�3�i±*"��j¤7�1�5�+��" � °Q� °Q�/¬ �
���D;/°Q¦��5�3¬ �
�j�^�d°Q����¬ ���7��.

�7�K���U¹e"��j±�°+�"± °Q¥�� ¤j�j± �$¬ � � � � �$«p�+� ¥
�j±J�d� °�� � � � r �<;�¬1�L¥'� �"¬1_���� ¬ � °K°(�i�3�a�+� ¹�±1¬­±¡¶
®¯�j±1� 4
�$±*"��j¤7�1�5�+�\±*�­°�"��j± �d°Q�¯�¡�Q¤ � °Q¦C$1�j¤7� ���7� �e¥
± �j�i¬ �
� � �_¤¡�+�­¤7¥'�O�3�1¬­°Q�
±¡¶��T�1� °Q� ±
¤j°Q�1� �j±�"\°Q�
�g� °I� � � u σ ¤j°Q�C4a���7�
¤j�-¬ ��� �7�1«p�+��¶ ¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶-¶-¶c¶-¶c¶-¶c¶ �p¨

�
¶ u �K¥'�&�/�3�1¹g°+�
����� ��� ���! #"$��°Q¦
±5�7�1«Q�3�1¬­°Q�
±�¬ �g� � � �NO R
� � 	 P ��O�� � ¶ ¶-¶-¶c¶-¶c¶L¶c¶ ¢ u�
¶ § X_�j±1¥'� � ± �d� °�� � � �cª�.��5�j¹g±*"��j¤7�1�5�+���3�a�+� ¹(±1¬­±�¶$¶c¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ ¢��
�
¶�� X_�j±1¥'� � ±Z°+�T���7� �j¤7�1¬­°Q�v°+��ªG.��5�¡¹g�3¦
±5°Q�*"��1¬­°Q�"¶c¶c¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ ¢p¢
�
¶ � ·X°��&"a�3�1¬­±5°Q�[°+��� � ���X�7¬ ´ � � �j���I�¡�3�i±*"��j¤7�1�5�+��" � °Q� °Q�/¬ �
���D;/°Q¦��5�3¬ �
�j�^�d°Q����¬ ���7��.

�7�K���U¹e"��j±�°+�"± °Q¥�� ¤j�j± �$¬ � � � � �$«p�+� ¥
�j±J�d� °�� � � � r �<;�¬1�L¥'� �"¬1_���� ¬ � °K°(�i�3�a�+� ¹�±1¬­±¡¶
®¯�j±1� 4
�$±*"��j¤7�1�5�+�\±*�­°�"��j± �d°Q�¯�¡�Q¤ � °Q¦C$1�j¤7� ���7� �e¥
± �j�i¬ �
� � �_¤¡�+�­¤7¥'�O�3�1¬­°Q�
±¡¶��T�1� °Q� ±
¤j°Q�1� �j±�"\°Q�
�g� °I� � � u σ ¤j°Q�C4a���7�
¤j�-¬ ��� �7�1«p�+��¶�¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶-¶-¶c¶-¶c¶-¶c¶ u ¨���
¶�� 2�� °�"\�7�1�1¬­�j±_°+��� � �c± °+�d�$�D;�¤j�j±5±Z���w¬­± ±1¬­°Q�g¬ �g�U¹e"��D. u HG90F �3�
�g��¹l"\�D.U§/HG9�F � � �3�
�¯�Q±��I°(�����1�­�j� �$¬ � � ��¦'�O�Q¤	_[¦�°(��¹�¶ ¶-¶c¶-¶L¶c¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ u ¨��
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�
¶ © 2 �3�5�+�I�7� �7� ±�°+��� � �o9c�3¥
± ±1¬O�3�=� ¬ �
��¬ �h� � ��±1¬5;-¬­���7�K�1¬54a�j��±5°Q¥�� ¤j�j± � � �7� �X±1¬ ´p�a�3�1¥�� �j±
°+�Y� ¬ �
�-���w¬­± ± ¬­°Q� � � �7� �-���7� �j¤7� �j� �$¬ � � �3�vµi.�� �j± �Z±1¬ ´p��¬54a¤¡�3�
¤j�

≥ 95%
¶ ¶c¶-¶c¶-¶ u ¨���
¶ � ª�.��5�j¹�"�� °�"\�7�1�1¬­�j±¯°+��� � �_��¹l"��D.U§=HG9�F �d°Q� � � ¬­¤ � ���e��¬­�i�
°Q�j4
�
�[�3¦
± °Q�*"��1¬­°Q�
¬ �

� � �7¬ ��ªG.��5�¡¹
±�"\�j¤7�1�1¥'��¶ ¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶-¶-¶c¶-¶c¶-¶c¶L¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶ uQu ©�
¶�� ª�.��5�j¹g���w¬­± ± ¬­°Q�:"�� °�"\�7�1�1¬­�j±_°+� �iO R�� � 	 P �BO�� � ± °Q¥�� ¤j�j±¡¶$¶-¶c¶L¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶ u §p§�
¶�� ·X°Q�K�1¬ ��¥
�j�P¶F¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶-¶-¶c¶-¶c¶-¶c¶L¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶ u §���
¶�� ·X°Q�K�1¬ ��¥
�j�P¶F¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶-¶-¶c¶-¶c¶-¶c¶L¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶ u §���
¶�� ·X°Q�K�1¬ ��¥
�j�P¶F¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶-¶-¶c¶-¶c¶-¶c¶L¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶ u §���
¶�� ·X°Q�K�1¬ ��¥
�j�P¶F¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶-¶-¶c¶-¶c¶-¶c¶L¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶ u §p©
��¶ u µ
�5�Q¤7�1¬­°Q�
±_°+�T± °Q¥�� ¤j�j± �$¬ � � ���7� �j¤7� �j�D¨�¶ §<. u §/_���` y
¥C;��3�
��±*"��j¤7�1�5�+�P«Q�3�1¬O�3¦�¬1� ¬ �U¹�¶ ¶ u �p¨��¶ § r �¡�Q±1¥�� �j�v«Q�+� ¥
�j±_°+��¨�¶ §<. u §^_��a` y
¥C;
«p�3�1¬O�3¦�¬1� ¬ ��¹D�+�&"'� ¬ �1¥
���j±_¬ � �NO R
� � 	 P ��O�� �

±5°Q¥�� ¤j�j±¡¶ ¶L¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶-¶-¶c¶-¶c¶-¶c¶L¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶ u �����¶�� H��&"'� ¬ �1¥
���j±e°+�T«Q�3�1¬O�3¦�¬1� ¬ �U¹�°Q¦��5�3¬ �
�j�f�d� °�� � � �B�I�¡�3�L"�� °Q¦a�3¦�¬1� ¬ ��¹D��¬­±1�1�1¬ ¦�¥��1¬­°Q�
±
°+�

σintr
�d°Q�Z�U¹e"��D. u HG90F �3����¬ �P�7� �7���G� ¥'�w¬ �
°p± ¬ �1¬­�j±_�3�
�g� �j��± � ¬5�d� ±¡¶n¶c¶-¶-¶c¶L¶c¶-¶ u ��¢��¶ � �K¥'�&�/�3�1¹�°+�T���7� �j¤7�1¬­°Q��°+� ªG.��5�¡¹
«Q�3�1¬O�3¦�¬1� ¬ �U¹[¬ � �NO R�� � 	 P �BO�� � ± °Q¥�� ¤j�j± ¶c¶L¶c¶-¶ u �p©��¶ � ·X°Q�K�1¬ ��¥
�j� ¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶-¶-¶c¶-¶c¶-¶c¶L¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶ u �����¶ � ·X°Q�K�1¬ ��¥
�j� ¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶-¶-¶c¶-¶c¶-¶c¶L¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶ u �����¶ � ·X°Q�K�1¬ ��¥
�j� ¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶-¶-¶c¶-¶c¶-¶c¶L¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶ u �p¢��¶ � ·X°Q�K�1¬ ��¥
�j� ¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶-¶-¶c¶-¶c¶-¶c¶L¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶ u ©p¨
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u ¶ u µ
�5�Q¤7�1¬­°Q�=°+�X± °+�d�g? ¨�¶��<.U§c_���`/k �­�D�d�A@e�3�
� � �3� �7? §<. u ¨c_���`/k��1¬ ´ � �A@@ª0X�® ���w¬­± ±1¬­°Q�
� �j±5°�� «��j�g¬ ��� °i��¬­± ¤7� �7� �-± °Q¥�� ¤j�j±B?H�5�+_��7�:�H� °�� � u ©�� � @&¶ ¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ ©

u ¶ § �e"��j¤7�1�1¥'� °+��� � �h�D;��1�5�3´��+�O�Q¤7�1¬­¤�ªG.��5�¡¹g¦a�Q¤�_(´p� °Q¥��
�K�H� °�� ¨�¶ §I� ° ��¨p¨g_���` �I�¡�<.
± ¥�� �j� �$¬ � � ��¬ ���7� �7�K�f�w¬­± ±1¬­°Q�
±q?H�5�+_��7�x�d� °�� ������� @�� ���!%��	��¨�¶ §��6_��a` � §���§��ak
���!%��	� � ��� �ak���� ��� ��� ���tZ_�-8 � H �0���-8�� ¢�� � � ¢p©��ak	�
� ��� ��� ��� r �38�� uQu ���ak%�� � � §������ak � % 	�� � �1� � � u �ak�� % 	�� 9 � � � u §����ak ����� ��� ���! #"$� � u �����ak
· � �3�
���5�8e�j��"�µ�¬­���­�v�(°Q¥�� � � §p§�����¶ ¶L¶-¶c¶-¶c¶-¶c¶-¶L¶c¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ �

u ¶�� ®X� °��Q�=¦a�3�
� �I�¡�3��±*"\�j¤7�1�1¥'� °+�$� � �g[K¥a�Q±5�3� ��· §�� �v?H�5�+_��7� �d� °�� � §��p¨�� @c¬ �
ν?H� °�" @��3�
�

Fν
?H¦\°Q�1� °���@$� ��"�� �j± �7���5�3�1¬­°Q�
±�¶Z¸ � �-± °�� ¬­�L� ¬ �
�L¤j�7���1� �j���3�

∼ 1015Hz¬­±�� � �h�¡«��7�5�3´�� �%h@�|±*"��j¤7�1�1¥'��¶$¸ � �L�
�Q± � �j�L� ¬ �
�-¬­±�� � �L¤j°Q���1�1¬ ¦�¥��1¬­°Q�K�d� °�� � � �
$1�7��?d± �j�L�(�j¤p¶ u ¶ �
¶ ©!@&¶�¸ � �c��°Q�1� �j�>� ¬ �
�e¬­±¯� � �c¤j°Q�K�1�1¬ ¦�¥��1¬­°Q�:�d� °�� � � � � °p±1�¯´��+�O�<;(¹�¶ u §
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�������
I°Q¦
± �7�1«p�3� °Q�1¹'@&¶ ¶c¶L¶c¶-¶-¶c¶-¶c¶-¶c¶L¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶ �p§

§�¶ u µm�­° � ¤ � �3�1�$± � ° �$¬ ��´n� � �e±1�5�3�
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§�¶ ¢ Ze�3� �:? §<. u ¨0_��a`�@�ª�.��5�j¹,� ¥'�w¬ �
°p±1¬ �U¹f?d¤j°Q�1� �j¤7� �j�^�d°Q���3¦
±5°Q�*"��1¬­°Q� @T�Q±����d¥��
¤7�1¬­°Q�/°+�
� �j��± � ¬5�H�o� °Q�$��¹l"��D. u �3�
�
��¹l"\�D.U§^HG90F ¬ �(H�ª � �[�3�
���3�
� �NO R�� � 	 P �BO�� � ±1¥��1«��7¹�±¡¶}©p¨

��¶ u h_�C� °��­���j�/�-2 �1·�ª�.��5�j¹I±�"\�j¤7�1�5�c°+� Q � � �����	� � ��� �IH � ��� � 
���� �I�3�[�3¦
±5°Q�1¦\�j�
�U¹e"��D. u HG90F ?H� °�"��­�D�d�A@DkWQ � � ��� ��������
	�8H 
�� � ��� �����_�3�-¥��a�3¦
±5°Q�1¦\�j�L��¹l"\�D.U§
HG9�F �$¬ � �

L2−10 keV ∼ 6 × 1042 erg s−1 ?H� °�"-�1¬ ´ � �A@Dk Q � � ��� ��
 
�� ��	8H
��������� 
	��	
�c��¹l"\�D. u HG90F��$¬ � � ���7� �j¤7� �j�/±5°+�H���D;�¤j�j± ±����w¬­± ±1¬­°Q�(?H¦�°Q�1� °�� �­�D�d� kK±5�j�_�(�j¤p¶ ��¶���¶��
� °Q�-���7�5�3¬1�­±A@Dk
Q � � ��� � � � � � � H 
 � ���	� � 
 ����yF�3�-±*"��j¤7�1�1¥'� ?

Γ = 0.94+0.23
−0.25

@
¥��a�3¦
±5°Q�1¦\�j��°Q¦C$1�j¤7�¡ 
±1�1¬1�1�P�
°Q��¬­���7���1¬54a�j�v?H¦�°Q�1� °����1¬ ´ � �A@&¶�¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ ©��

��¶ § ·X°��&"a�3�1¬­±5°Q��°+��� � ���K¥'�1� � ¹e"�°Q� � �j±1¬­± "�� °Q¦a�3¦�¬1� ¬ ��¹L��¬­± �1�1¬ ¦�¥��1¬­°Q�
±¡ 
P (χ2)

 Q°Q¦��5�3¬ �
�j�
�d� °�� ��� � �	����?d±1¬1�&"'�­�K"�° �X�7�f�O� �- @± °�� ¬­� � ¬ �
�j±A@/�3�
���
��� � ��
V�3�
�������
�	� �
?d°Q¦
±5�7�1«��7���d�5�+�I���3¦
± °Q�1¦\�j� "�° ���7�>�O� � �3�
�V� �j±1���H�5�+�I���3¦
± °Q�1¦��j�w"�° �X�7�>�O� �
�I°(�����­±¡ ��
�Q± � �j�:� ¬ �
�j±A@&¶Tµ�� °���� °�"�� °n¦�°Q�1� °�� � � � °��­�-±A�+�&"'�­�c°+� ± °Q¥�� ¤j�j±� ���¹l"\�D.
u HG9�F �3�
�
�U¹e"��D.U§&HG90F�¶a¶L¶-¶c¶-¶c¶-¶c¶-¶L¶c¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ ©��

��¶�� 
��7¬ ´ � � �j�7" � °Q� °Q� ¬ �
���D;�«��7� ±1¥
±
S0.5−2 keV

? �­�D�H�A@n�3�
�
S2−10 keV

?H�1¬ ´ � �A@,�H� °��
�
���
�	���>?d± ¬1�&"'�­�o"\° ���7� �O� ��@ ¬ �i±�[�¥a�3� �j±�¶�¸ � ��� �j±1¥'� � ±�°Q¦��5�3¬ �
�j�&� °Q��� � �Z°Q¦C$1�j¤7� ±
�$¬ � � ª�.��5�j¹/±�"\�j¤7�1�5� �$¬ � � �I°Q� �_� � �3� u �p¨�¤j°Q¥���� ±�?H¦a�Q¤	_K´p� °Q¥��
�g±1¥�¦��1�5�Q¤7� �j� @X�3� �
¬ �
¤�� ¥
���j� � °Q�h¤j°��&"a�3�1¬­± °Q� ?d¤7¬ � ¤��­�j±A@&¶����1� °Q� ±h¤j°Q�1� �j±*"�°Q�
�}� °�� � � u σ ¤j°Q�C4a���7�
¤j�
¬ �K� �7�1«Q�+��¶�¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶-¶c¶-¶c¶-¶c¶-¶L¶c¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ ©��

��¶ � 
��7¬ ´ � � �j�S" � °Q� °Q��¬ �
���D;�«��7� ±1¥
±
S0.5−2 keV

�d� °�� �
��� � ����?d± ¬1�&"'�­�="�° �X�7�0�O� ��@
� °Q�h±5°Q¥�� ¤j�j± �$¬ � � ���7� �j¤7�1¬­°Q�v� ¬1_���� ¬ � °(°(�

≥ u ¨�¬ �=� � �i¨�¶��<.U§L_���` ¦a�3�
� ?d±�[K¥a�3� �j±A@
�3�
�&�d°Q��±5°Q¥�� ¤j�j± �$¬ � � ���7� �j¤7�1¬­°Q��� ¬1_���� ¬ � °K°(�

≥ u ¨e¬ �/� � ��§<. u ¨�_��a`^¦a�3�
�(?d¤7¬ � ¤��­�j±A@&¶
���1� °Q� ±�¤j°Q�1� �j±*"�°Q�
�g� °w� � � u σ ¤j°Q�C4a���7�
¤j�L¬ ��� �7�1«p�+��¶-¶c¶-¶-¶c¶-¶c¶L¶c¶-¶-¶c¶-¶c¶-¶c¶ ©��



;l� ¬ ¬ � �1�(¸ £@µ�µ ��90htX��X�

��¶�� ·X°��&"a�3�1¬­±5°Q��°+�Z� � � ���7¬ ´ � � �j� " � °Q� °Q��¬ �
���D;�«��7� ±1¥
±
S0.5−2 keV

�d� °�� �����
�	���
?d± ¬1�&"'�­�/"\° ���7���O� ��@��$¬ � � � � �n«p�+� ¥
�j±c°Q¦��5�3¬ �
�j���<�d� �7�e¤j°Q�1� �j¤7�1¬ ��´:�d°Q�e¦�¬O�Q± �j±-�Q±�.
±5°K¤7¬O�3� �j� �$¬ � � � � �n±*"��j¤7�1�5�+� ± � �+"\�n°+��� � �n°Q¦C$1�j¤7� ±¡¶��"�D�d�t�d°Q�e� � � � � °��­�w±5�+�&"'�­�
°+��°Q¦C$1�j¤7� ±_�3�
�g�1¬ ´ � ��� °Q�Z� � �-±1¥�¦C.�±A�+�&"'�­�L°+�T± °Q¥�� ¤j�j±��$¬ � � ���7� �j¤7�1¬­°Q�L� ¬1_���� ¬ � °(°K�
≥ u ¨w¬ �g� � �L¨�¶��<.U§/_���` ¦a�3�
�P¶����1� °Q� ±�¤j°Q�1� �j±*"�°Q�
�g� °n� � � u σ ¤j°Q�C4a���7�
¤j�-¬ ��� �7�1«p�+��¶ ©p¢

��¶ © 8@¬­±1�1�1¬ ¦�¥��1¬­°Q�
±�°+�a¬ ���1�1¬ �
± ¬­¤B?H� �j±1��.��d�5�+�I��@ �3¦
± °Q�*"��1¬­°Q�/�d°Q���3¦
± °Q�1¦��j�:?dµ .�� �j±1�
≥

¢����&@
�U¹e"��D. u HG90F ?d± °�� ¬­� � ¬­± � °Q´p�5�+��@$�3�
�g��¹l"��D.U§&HG90F ?d�
�Q± � �j� � ¬­±1� °Q´p�5�+��@&¶ ¶L¶c¶-¶ � u

��¶ � 2 � °Q� °Q�i¬ �
���D;I«��7� ±1¥
±X°Q¦
± �7�1«��j�i�D;�¤j�j± ±X�3¦
± °Q�*"��1¬­°Q��?
Nobs

H

k!�­�D�d�A@��3�
�I«��7� ± ¥
±�� �j±1��.
�d�5�+�I���D;�¤j�j± ±e�3¦
± °Q�*"��1¬­°Q�]?

Nintr
H

ka�1¬ ´ � �A@ � °Q���U¹e"��D. u ?H�1�1¬O�3��´Q�­�j±A@@�3�
����¹l"��D.U§(?d��¬5.
�+�I°Q�
��±D@ HG90F �$¬ � � ���7� �j¤7� �j�gª�.��5�j¹��3¦
± °Q�*"��1¬­°Q�v?dµ .�� �j±1�Z±1¬ ´p��¬54a¤¡�3�
¤j�

≥ 95%
@&¶

���1� °Q� ±�¤j°Q�1� �j±*"�°Q�
�g� °w� � �L¢p¨�� ¤j°Q�C4a���7�
¤j�c¬ ��� �7�1«p�+��¶/¶c¶-¶c¶L¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶ �Q§
��¶��

〈Γ〉
«��7� ±1¥
±

S0.5−2 keV
°Q¦��5�3¬ �
�j���d� °�� � � ��¦��j±1�#4
�i�I°K�����(°+���¡�Q¤ � °Q¦C$1�j¤7�¡¶��l[K¥a�3� �j±

���7�
°Q� ��� � � � � °��­��±5�+�&"'�­�QkQ±1�5�3� ±��3¦
± °Q�1¦\�j�L± °Q¥�� ¤j�j±3?dµ .�� �j±1�
≥ 95%

@P�3�
�-�1�1¬O�3��´Q�­�j±
¥��a�3¦
±5°Q�1¦\�j��±5°Q¥�� ¤j�j±B?dµ .�� �j±1�

< 95%
@&¶��T�1� °Q� ±_¤j°Q�1� �j±*"\°Q�
��� °n� � � u σ ¤j°Q�C4a���7�
¤j�

¬ �K� �7�1«Q�+��¶�¶L¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶-¶-¶c¶-¶c¶-¶c¶L¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶ � �
��¶ ¢

Γ
«��7� ±1¥
±

S0.5−2 keV
�d°Q�Z°Q¦C$1�j¤7� ± �$¬ � � yF�3�Z±*"��j¤7�1�1¥'� ?d± ���­�j¤7� �j�v�Q±¯� � °p± �-± °Q¥�� ¤j�j±

� �¡«K¬ ��´
Γ
"�°p±1¬ �1¬ «��[�7�1� °Q��¦a�3�

< u ¶��!@&¶=£_¦C$1�j¤7� ± ���7� �
´p� °Q¥'"��j�=¬ ��� �7�*�I±n°+��� � �
�K¥'�L¦��7�_°+� ¦�¬ �
±Z¬ �g� � �7¬ ��"��v±*"\�j¤7�1�1¥'��¶w¶c¶L¶c¶-¶-¶c¶-¶c¶-¶c¶L¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶ �Q©

��¶ u ¨ 〈Γ〉
�d� °�� � � �e¦��j±1�j4
�j�I°(�����"°+���¡�Q¤ � °Q¦C$1�j¤7�$«��7� ±1¥
±

S0.5−2 keV
�d°Q�¯��¹l"��D. u HG90F?H�1�1¬O�3��´Q�­�j±D@��3�
�L��¹l"\�D.U§GHG90F ?d¤7¬ � ¤��­�j±A@&¶ H � �3� ���7��¬ ��´e°+��� � �-�I�¡�3�h±�"\�j¤7�1�5�+�(±*�­°�"\�

�3�e� � �B� �3¬ �K� �j±1�ty
¥C;��j±e¤j°�«��7� �j�v¦K¹v°Q¥��e±1¥��1«��7¹�¬­±e�7«(¬­���7���e¬ �v¦�°Q� � ±1¥�¦C.�±5�+�&"'�­�j±
°+�T± °Q¥�� ¤j�j±¡¶��T�1� °Q� ±�¤j°Q�1� �j±*"�°Q�
�g� °n� � � u σ ¤j°Q�C4a���7�
¤j�L¬ ��� �7�1«p�+��¶ ¶-¶c¶-¶-¶c¶-¶c¶L¶ �*�

��¶ uQu 8@¬­±1�1�1¬ ¦�¥��1¬­°Q�D°+��¦��j±1� 4
�Z±*"��j¤7�1�5�+��±*�­°�"��j± � °Q�$� � � � � °��­�L±5�+�&"'�­�c°+�T± °Q¥�� ¤j�j±¡¶|¶c¶-¶ �Q¢
��¶ u §78@¬­±1�1�1¬ ¦�¥��1¬­°Q�w°+�a�U¹e"��D. u ? �­�D�H�A@��3�
�L�U¹e"��D.U§,?H�1¬ ´ � �A@mHG90F�±*"��j¤7�1�5�+��±*�­°�"\�j±�°Q¦��5�3¬ �
�j�

�d� °���� � �c¦��j±1�j4
���I°(������°+� � � �eªG.��5�¡¹
±�"\�j¤7�1�1¥'� °+�T�¡�Q¤ � ± °Q¥�� ¤j�p¶ ¶c¶-¶-¶c¶L¶c¶-¶ �p¨
��¶ u �V·X°Q�K� °Q¥��c��¬O�3´p�5�+�I±G� °Q��� � �n�j«��7�5�3´��n±*"��j¤7�1�5�+��±��­°�"\���3�
��¬ ���1�1¬ �
± ¬­¤���¬­±�"\�7� ±1¬­°Q�D°+�

°Q¥��T°Q¦C$1�j¤7� ±T°Q¦��5�3¬ �
�j�,�H� °�� � � � r �<;(¬1�h¥'� �"¬1_���� ¬ � °K°(�I�3�a�+� ¹(± ¬­± ?d±5�j�$�(�j¤p¶���¶���¶��!@&¶
¸ � �w±�"\�j¤7�1�5�+�T±*�­°�"��j±e°Q¦��5�3¬ �
�j�K�H� °�� � � ��¦\�j±1�t4
�0�I°(����� �X�7� ��¥
± �j�D¬ �D� � �n¤¡�+�5.
¤7¥'�O�3�1¬­°Q�
±�¶@�(°�� ¬­�(� ¬ �
��� °Q����¹l"��D. u HG90F �3�
�D�
�Q± � �j�:� ¬ �
�B� °Q����¹l"��D.U§^HG90F�¶a¸ � �
¤j°Q�K� °Q¥�� ±-�3� �h���D4
�
�j���Q±

∆χ2 �

§�¶��� P©�¶ u �i�3�
� uQu ¶��i¤j°Q�1� �j±*"�°Q�
��¬ ��´[� °[±1�5�3�
�
�3� �
u   §/�3�
� �

σ
¤j°Q�C4a���7�
¤j�-� �7´p¬­°Q�
±o� °Q�$� �X°^"a�3�5�+�I�7� �7� ±¡¶@¶c¶-¶c¶-¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶ � u

��¶ u � ���D�H�	��¦��j±1�J4
�
Γ

«Q�+� ¥
�j±�«��7� ±1¥
±
L2−10 keV

�d°Q����¹l"\�D. u HG90F ?H�1�1¬O�3��´Q�­�j±A@��3�
�I��¹l"\�D.
§cHG90FW?d¤7¬ � ¤��­�j±D@&¶c�T�1� °Q� ±c¤j°Q�1� �j±*"�°Q�
�v� °i� � �w¢p¨���¤j°Q�C4a���7�
¤j�n¬ �K� �7�1«Q�+��¶�X�¬ ´ � �	�
�X�7¬ ´ � � �j�

〈Γ〉
«��7� ±1¥
±

L2−10 keV
� °Q�_�U¹e"��D. u HG90F ?H�1�1¬O�3��´Q�­�j±A@e�3�
�D�U¹e"��D.U§cHG90F

?d¤7¬ � ¤��­�j±D@&¶��T�1� °Q� ±_¤j°Q�1� �j±*"\°Q�
��� °n� � � u σ ¤j°Q�C4a���7�
¤j�-¬ ��� �7�1«p�+��¶ ¶c¶-¶c¶-¶-¶c¶-¶c¶L¶ �p§
��¶ u �7���D�H�	�

Γ
«Q�+� ¥
�j±e«��7� ±1¥
±@� �j��± � ¬5�d�t�d°Q�@��¹l"��D. u HG90F ?H�1�1¬O�3��´Q�­�j±A@e�3�
�D��¹l"��D.U§�HG9�F

?d¤7¬ � ¤��­�j±D@&¶T�T�1� °Q� ±�¤j°Q�1� �j±*"�°Q�
�n� °e� � ��¢p¨�� ¤j°Q�C4a���7�
¤j��¬ ��� �7�1«p�+��¶JXZ¬ ´ � �	� ���7¬ ´ � � �j�
〈Γ〉

¬ ��¦�¬ �
±L°+��� �j��± � ¬5�d�0�d°Q�e�U¹e"��D. u HG90F�¶P�T�1� °Q� ±-¤j°Q�1� �j±*"�°Q�
��� °
� � � u σ ¤j°Q�C4'.
���7�
¤j�D¬ �K� �7�1«Q�+��¶ ¸�°6�/�+_��D� � �j± �("'�­°Q� ± ��� � �j«��D¥
± �j�V� � �v«p�+� ¥
�j±[°+�

Γ
�d� °��

� � �i¦��j±1��4
�=�I°K����� �d°Q���¡�Q¤ � °Q¦C$ �j¤7�f?H¬�¶ �p¶ �$¬ � � �3¦
± °Q�*"��1¬­°Q���3�
�}±5°+�H�L�D;�¤j�j± ±h¬5�
� �\[K¥�¬ � �j� @&¶ ¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶-¶-¶c¶-¶c¶-¶c¶L¶-¶c¶-¶c¶-¶-¶c¶L¶c¶-¶ �p§



� �1�(¸ £@µ�µ��*90htX���� ;l� ¬ ¬ ¬

��¶ u ©w���D�H�	��¬ ���1�1¬ �
±1¬­¤�?H� �j±1��.��d�5�+�I��@��3¦
± °Q�*"��1¬­°Q�n�Q±T�o�H¥��
¤7�1¬­°Q�w°+�
L2−10 keV

� °Q� �3¦
±5°Q�1¦\�j�
?dµ .�� �j±1��±1¬ ´p��¬54a¤¡�3�
¤j�

≥
¢����&@\�U¹e"��D. u HG90F ?H�1�1¬O�3��´Q�­�j±A@��3�
�c��¹l"��D.U§oHG90Fx?d¤7¬ � ¤��­�j±A@&¶

X�¬ ´ � �	��¬ ���1�1¬ �
±1¬­¤0?H� �j±1��.��d�5�+�I��@��3¦
± °Q�*"��1¬­°Q�I�Q±�� �d¥��
¤7�1¬­°Q��°+�
� �j��± � ¬5�d�N� °Q���3¦
±5°Q�1¦\�j�
?dµ .�� �j±1��±1¬ ´p��¬54a¤¡�3�
¤j�

≥
¢����&@\�U¹e"��D. u HG90F ?H�1�1¬O�3��´Q�­�j±A@��3�
�c��¹l"��D.U§oHG90Fx?d¤7¬ � ¤��­�j±A@&¶

���1� °Q� ±�¤j°Q�1� �j±*"�°Q�
�g� °w� � �-¢p¨���¤j°Q�C4a���7�
¤j�L¬ ��� �7�1«p�+��¶I¶-¶-¶c¶L¶c¶-¶c¶-¶-¶c¶-¶c¶L¶c¶ ���
��¶ u �7���D�H�	�cZ�¬­± � °Q´p�5�+�I±w°+�_¤j°�� ¥'�w� ���7�
±1¬ ��¹���¬­±1�1�1¬ ¦�¥��1¬­°Q�
±w¬ � �3¦
± °Q�1¦��j��°Q¦C$ �j¤7� ±w°Q¦C.

�5�3¬ �
�j�(�d� °�� �/±1¬1�h¥'�O�3� �j��¬ �'"�¥��c��¬­±1�1�1¬ ¦�¥��1¬­°Q��°+�
Nintr

H

�Q¤j¤j°Q� ��¬ ��´g� °i� � �,�I°K�����
°+�m9e¬1�1� ¬\�7�$�+��¶�? §p¨p¨ u @���������¶ ¸ � �_�
�Q± � �j� � ¬­±1� °Q´p�5�+��� ��"�� �j± �7�K� ±¯� � �_°Q¦
± �7�1«��j�[��¬­±�.
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°Q¦C$1�j¤7�¡  �­�D�H�A@$�3�
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¤7¹=�H¥��
¤7�1¬­°Q�I°+�
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¶��!@& ��d�5�Q¤7�1¬­°Q�I°+�\± ¬1�L¥'�O�<.
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¤D.
�1¬­°Q�v°+�

Si
?H¬ ���1�1¬ �
± ¬­¤h�+�&"'� ¬ �1¥
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�+�­± °
«��7�1¹S"\�7�
�7�1�5�3�1¬ ��´ �L¬ �L¤¡�3�q"a�Q± ±-� � � °Q¥�´ � [�¥a�3�K�1¬ �1¬­�j±h°+�Z�3¦
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±1¬ ��¹�� �j±1¬­���j±¡¶ �U��� � � �<. �p¨>_��a` �7�
�7�1´p¹D¦a�3�
�P ��[´�°K°(�K4
�-� °
� � �
�
�3�5� �X�Q±h°Q¦��5�3¬ �
�j� �$¬ � � �[� � �7�*�/�+��¦�� ���I± ± �1�5� � � ¥���´L�I°(�����Y.U�3�=°�"��1¬­¤¡�+�1� ¹�� � ¬ �"  � °Q��"'�O�Q±*�/�<.
°+�T� ���&"\�7�5�3�1¥�� �,_�¸

∼
��¨/_���` � u �p¨ ��¶$¸ � �����Q¤7��� � �3�@� � ���I�¡�Q±1¥�� �j�D±*"��j¤7�1�5�+��± � �+"��L°+�T� � �hªtX_®

¤j°Q¥'�­��¦�� �����1�o4
�1� �j� �$¬ � � �D� � �7�*�/�+�G�I°(������ 3"�� °��&"�� �j��� � � � ¹l"\°Q� � �j±1¬­±i°+�e����¬ ��¥
± �g°Q�1¬ ´p¬ �
�d°Q�e�I±1¬ ´p��¬54a¤¡�3�K�t�H�5�Q¤7�1¬­°Q��°+�T� � �Lª0X�® ���w¬­± ± ¬­°Q�"¶�¸ � ¬­± � ¹l"\°Q� � �j±1¬­± � ° �X�7«��7� � �Q��� °/¦\��4
�a�+�1� ¹
�1¥'�­�j� °Q¥�� � � �7�V� � � 	 "����������!
��#+���� " '*��� ���! "��"$� � �K?�·$£@®¯� @I±5�3� ���1� ¬ � ��± � ° ���j�V� � �v·X°p±*�w¬­¤
r ¬­¤7� ° �X�¡«��c®¯�Q¤	_K´p� °Q¥��
�q?�· r ®�@����w¬­±5±1¬­°Q�g±*"\�j¤7�1�1¥'� � ° � �j«��c�B"\�7��� �j¤7��¦'�O�Q¤	_/¦�°K��¹I±�"\�j¤7�1�1¥'�� 
�$¬ � � °Q¥��e�3�K¹�±1¬ ´p��¬54a¤¡�3�K�e��¬­± � °Q�1�1¬­°Q�D��¥
�h� °
·X°��&"�� °Q�D¥'"C.�± ¤¡�3�1� �7�1¬ ��´g°+�X· r ® " � °Q� °Q�
±@¦�¹ � °Q�
?
∼ 108 z @����­�j¤7�1� °Q�
± � u ������¶T¸ � �j± �@� �j±1¥'� � ± �­�D�d��� � �@� � �j°Q�1¹[°+������¬­± ¤7� �7� �e°Q�1¬ ´p¬ �>.�� � �_ª0X�®|¦\�7¬ ��´
� � �-¬ �K� �7´p�5�3� �j�D���w¬­±5±1¬­°Q�v°+����¬­± ¤7� �7� ���D;��1�5�3´��+�O�Q¤7�1¬­¤h± °Q¥�� ¤j�j±*.$�Q±�� � �h°Q�'� ¹f"�°p± ±1¬ ¦'�­�-�D;C"'�O�3�a�3�1¬­°Q�
�d°Q�$� � �e�a�3�1¥�� �h°+��� � �eª0X�®e¶

¸ � � �#� �$�$ #��� � °Q¦
± �7�1«Q�3� °Q�1¹ ? ��� ��� � �!@& =�O�3¥��
¤ � �j� ¬ � u ¢��*�� �¤¡�3�1�1¬­�j� °Q¥���� � � 4
� ±1�L�O�3�1´��
¬1�/�3´p¬ ��´�ªG.��5�¡¹}� ���­�j±5¤j°�"\�[¬ ��� °�°Q�1¦�¬ �¡¶ 
^¬ � � �3���3��´p¥'�O�3�/� �j± °�� ¥��1¬­°Q� °+�@± �7«��7�5�+�Z�3� ¤j± �j¤��3�
� �
4a���­��°+��«(¬­��� ?dµ�£ `&%<@_°+�¯� �7�
±c°+�$�3� ¤��w¬ �" ��'� �$�$ #��� ��¬ �
¤7� �¡�Q± �j��� � �n�K¥'�L¦��7�L°+�$���7� �j¤7� �j��ªG.��5�¡¹
± °Q¥�� ¤j�j±$� °

∼
�Q¨p¨p¨�¶ �U���Q����¬ �1¬­°Q�"  �'� �$�� #��� �L"��7���d°Q�*�I�j�P C� °Q�$� � �t4
� ±1�$�1¬1�I�p 
���j��"�¬1�/�3´p¬ ��´/°Q¦
± �7��.

«Q�3�1¬­°Q�
±�� � �3�_�+�1�­° �X�j��� °I� �j± °�� «��
∼

§�����°+� � � � u . �/_��a` ªtX_®V¬ �K� °/��¬­± ¤7� �7� �L± °Q¥�� ¤j�j±���° �$��� °/�
y
¥C;/°+�

∼ 3 × 10−14 erg cm−2 s−1 � �*����� ¢�� � � u ¨���� � u ¢�����¶JHx�O�3�1´��G�d�5�Q¤7�1¬­°Q�[°+�"� � �j± �_± °Q¥�� ¤j�j± ���7� �
°�"��1¬­¤¡�+�1� ¹I¬­���7���1¬54a�j���Q± HG90F � �*� � � ¢�� ��¶T¸ � �3�'_�±X� °L¬ � ±�¬1�/�3´p¬ ��´w¤¡�+"a�3¦�¬1� ¬ �1¬­�j±¡ $�'� �$�$ #��� � �X�Q±$�3¦'�­�
� °f�/�+"�� � �/��¬­±1�1�1¬ ¦�¥��1¬­°Q��°+� � °Q�L´��Q±h¬ �=¤�� ¥
±1� �7� ±�°+�Z´��+�O�<;(¬­�j±��3�
� "�� °(��¥
¤j�j��ª�.��5�j¹�¬1�/�3´��j±�°+�
�/�3��¹g±1¥'"��7�1�
°¡«p�n� ���w�a�3��� ±�¶

¸ � �B9e�7�*�/�3� �+hc�lH �+h z ª�.��5�j¹
±5�3� ���1� ¬ � �����!%��	� � §p§p¢��N�O�3¥��
¤ � �j��¬ ��²p¥��
� u ¢p¢p¨n¤j°Q�
��¥
¤7� �j�
� � �c4
� ±1�I�+�1�5.�±*_(¹}±1¥��1«��7¹��$¬ � � �3��¬1�/�3´p¬ ��´�� ���­�j± ¤j°�"��
¬ ��� � �g�7�
�7�1´p¹=�5�3��´���¨�¶ u .U§�¶ ��_��a`�¶T¸ � �
���!%��	� �+�1�Z±*_K¹�±1¥��1«��7¹�¹K¬­���­���j� ��¤¡�3�5�+�­°Q´p¥
� �$¬ � � �I°Q� ��� � �3�|©p¨�  ¨p¨p¨�ªG.��5�¡¹�±5°Q¥�� ¤j�j±¡  � � ¬1�­�
�3�
°Q� � �7��± ¬1�w¬1�O�3���K¥'�L¦��7�T°+�a°Q¦C$ �j¤7� ± ���7� �¯�Q�����j�=�H� °�� "�°Q¬ ��� �j��°Q¦
± �7�1«Q�3�1¬­°Q�
±T��¥��1¬ ��´@� � � � ¬5�d�7�1¬1�I�
(*)��+�'+C� �����t���-,m� ��!L� ~ �	�+�J}����*}j�$� �	�+�Y~/. �
0 ��~��21<���
� ���D�w}������ ��~���� �Q�A��� � � � ���i� ~ �	�+�m}����*} ��� �	�+�Y~/. � �	�+}�� �	�+�����������������~i� �\�3.t}�� �



� ���K�1� °K��¥
¤7�1¬­°Q�

°+��� � �,�w¬­± ±1¬­°Q�"¶h¸ � �n���j��"\�j±1�c°Q¦
± �7�1«p�3�1¬­°Q�
±-¤¡�3�1�1¬­�j��°Q¥�� �$¬ � � ���!%��	�V°Q��� � � �iO R�� � 	 P ��O�� �
� �7´p¬­°Q�i� �¡�Q¤ � �j��¨�¶��<.U§�_��a` y
¥C;��j±�°+�

∼ 10−15 erg cm−2 s−1 �3�
�/� �j±5°�� «��j�
∼
�Q¨<. �p¨�� °+�"� � �_ªtX_®

¬ �g� � ¬­±$�7�
�7�1´p¹i¦a�3�
��¬ ��� °w��¬­± ¤7� �7� �-±5°Q¥�� ¤j�j± � u ¨���� � u ¨�� ��¶�£�"��1¬­¤¡�+�"±*"��j¤7�1� °p± ¤j°�"�¹
°+� � � �e¦��1¬ ´ � � �j±1�
± °Q¥�� ¤j�j±B? �$¬ � � ª�.��5�j¹cy
¥C;��j±

≥ 5 × 10−15 erg cm−2 s−1 @�� �7«��¡�+�­�j��� � �c¦�¥'�1_
°+��� � �j± �L°Q¦C$ �j¤7� ±$� °
¦\����¹l"\�D. u�� HG90F � u �p¨�� � u ©p¨ � � § u ©�� � §���� ��¶�¸ � �j± ��� �j±1¥'� � ± "�� °¡«(¬­���j�n�o4
�*��°Q¦
± �7�1«p�3�1¬­°Q�a�+���7«K¬­���7�
¤j�
� � �3��� � �_¦�¥'�1_I°+��� � ��ªtX_® �H� °�� ¨�¶��<.U§B_���` ¬­± �/�Q����¥'"
°+���Q¤j¤7� �7�1¬­°Q�g°Q��� °w�K¥'"\�7�*�/�Q±5±1¬ «��e® �O�Q¤	_
Z_°��­�j±t?�� r ® Z�@�?H� � �G"��1¬1�/�3�1¹I�7�
�7�1´p¹I± °Q¥�� ¤j��°+�Pª�.��5�j¹�±�¬ �cHG90F0@ ¬ ��� �7´p�5�3� �j�
°¡«��7�X¤j°p±*�w¬­¤Z�1¬1�I�p¶
�U��� � � � �3� �nª�.��5�j¹�¦a�3�
�:?

≥ 2 keV
@ � � �7� �j�d°(¤7¥
±1¬ ��´-°+�\ªG.��5�¡¹=" � °Q� °Q�
±T¬­±Y�I°Q� �$��¬ �/¤7¥'� �t?d± �j�

�(�j¤p¶ u ¶ �(¶ u @& �� �X�¡�+� � � °+�P�
���V�
�3�5� ���7� �_°Q¦��5�3¬ �
�j�[�<�d� �7��� � �G�O�3¥��
¤ � °+�P� � ��²��+"a�3�
�j± � �+hc�lH �w¬­±�.
±1¬­°Q� � % 	�� ?IH$��«p�3�
¤j�j�D���3� ���1� ¬ � �0� °Q�_·X°p±*�I°��­°Q´p¹��3�
�:H@±1�1� °�" � ¹�±1¬­¤j±A@�¬ � u ¢p¢���¶ ��� �¯�Q±$� � �04
� ±1�
±5�3� ���1� ¬ � �T¥
±1¬ ��´e· � �3�1´���·X°Q¥'"'�­�j�B8e�7«(¬­¤j�G?�·$·j8�@����7� �j¤7� °Q� ± ?d± �j�X�(�j¤p¶ u ¶ �(¶ §!@ � °Q�"ªG.��5�¡¹e�Q± �1� °Q�
°��L¹�¶
� % 	��w"\�7��� °Q�*�I�j�I�_��¥'�h¦\�7��°+�p�I�j��¬ ¥'�/.�� °+.����j��"i±*_(¹L±1¥��1«��7¹�±�¬ �w� � �¯�7�
�7�1´p¹h¦a�3�
�,�d� °�� §�� ° u ¨_���` � �¡�Q¤ � ¬ ��´f� ¬1�w¬ �1¬ ��´>y
¥C;��j±@°+�

∼ 10−13 − 5 × 10−14 erg cm−2 s−1 ��� u ��� � ����� uQu §�� � §��p© � � � �3�� �j± °�� «��j�
∼
����� °+��� � �nª0X�®�¬ ��� � ¬­±-�7�
�7�1´p¹D¦a�3�
� � ©���� � �Q¨�� � §��p©���¶h¸ � �j±5��± ¥��1«��7¹(±c��¬­± ¤j°�«��7� �j�

�S"�°�"�¥'�O�3�1¬­°Q�^°+�-��¬­± ¤7� �7� ��ªG.��5�¡¹ ± °Q¥�� ¤j�j± �$¬ � � ±1¬ ´p��¬54a¤¡�3���*� ¹ � �3� ���7�[±*"��j¤7�1�5��� � �3�|� � �LHG90F
���7� �j¤7� �j�=¬ ��±1¥��1«��7¹�±h�3�h±5°+�H� �7�hªG.��5�¡¹��7�
�7�1´p¬­�j±¡¶v£�"��1¬­¤¡�+�¯±*"\�j¤7�1� °p±5¤j°�"�¬­¤I¬­���7���1¬54a¤¡�3�1¬­°Q�
±w°+�Z� � �
¦��1¬ ´ � � �j±1�¯°Q¦C$1�j¤7� ±����7� �j¤7� �j� �$¬ � � � % 	�� ± � ° �X�j�i± °��I�_°+�P� � ��� � °-¦��$ª�.��5�j¹/�3¦
± °Q�1¦��j�gHG9�F �3�
�­° � � �j��± � ¬5�d� ±&?

≤
¨�¶��!@ � §���¶-¸ � �3�'_(±@� °[� � ��¬1�&"�� °¡«��j��±�"\�j¤7�1�5�+� � �j± °�� ¥��1¬­°Q��°+��� � ��� % 	�� ���7� �j¤D.

� °Q� ±¡ 
¬ ���X�Q±�"\°p±5±1¬ ¦'�­�c� °/���7� �j¤7��� °Q�Z� � ��4
� ±1�_�1¬1�I�-¦�� °��Q�Dµ
� z α
y
¥
°Q� �j± ¤j�7�
¤j�=� ¬ �
�L���w¬­±5±1¬­°Q��¬ �

HG90F� K� � �c± � �+"\�e°+��� � �t� ¬ �
�c���w¬­± ± ¬­°Q��±1¥�´p´��j±1�1¬ ��´/�3�g°Q�1¬ ´p¬ �g¬ �f�/�3�1� �7�o�I°¡«(¬ ��´w� ���O�3�1¬ «K¬­± �1¬­¤¡�+�1� ¹
¥��
���7�_�n±1�1� °Q��´I´p�5�¡«K¬ �5�3�1¬­°Q�a�+� 4a���­�q?d± �j�h�(�j¤p¶ u ¶ �
¶ §!@&¶¸ � � �U�5�+� ¬O�3���e"a�Q¤j��H�´��7�
¤7¹w?IHc� ��@_¬ ��¤j°��1�O�3¦\°Q�5�3�1¬­°Q���$¬ � � �lXZ£tF ?IFt� @t�O�3¥��
¤ � �j�}¬ � u ¢p¢p©� �� - "�%�� �b?����3� ���1� ¬ � �,"\�7�0H@±1�1� °Q�
°��w¬O�iª�  � ®X��"'"�° � ¬ � � °Q�
°Q�c°+�j9@¬ ¥
±5��"'"\�w£@¤j¤ � ¬O�+� ¬ ��¬ @&¶-¸ � �
°Q¦
± �7�1«p�3�1¬­°Q�
± �$¬ � � � �� - "�%�� � � �j± °�� «��j�[§p¨<. �p¨�� °+��� � ���<. u ¨0_��a` ªtX_® � ������¶T£_�
�_°+�\� � �G�/�<$ °Q�
�Q¤ � ¬­�7«����I�7�K� ±Z°+� � �� - "�%�� � �X�Q±X� � �_���7� �j¤7�1¬­°Q�
°+��ªG.��5�¡¹/�<�H� �7�1´Q�­° �Z±j�H� °�� ´��+�&�/�-�5�¡¹I¦�¥�� ±1� ±¡ 
� � ¬­¤ � �3� �e� � ���I°p±1�o� ¥'�w¬ �
°Q¥
±@± °Q¥�� ¤j�j±$¬ ��� � ��h_��¬ «��7� ± �p¶

¸ � �K�I°p±1�>"\° ���7���d¥'�cªG.��5�¡¹V°Q¦
± �7�1«p�3� °Q�1¬­�j±
� °��
�3� �p GFtHe�lH � ± 	���
�������
 � §���� �L�3�
�^�X�lH � ±
����� ��� ���! #"$� � uQu ����  ���7� �S�O�3¥��
¤ � �j� ¦�°Q� � ¬ � u ¢p¢p¢�¶ 	���
�������
�¬­±>�I°p±1�*� ¹^�3� ¬1�/�3´p¬ ��´|°Q¦C.
± �7�1«p�3� °Q�1¹� �¬�¶ �p¶  �¬ � � �Q± � ¬ ´ � �3��´p¥'�O�3�/� �j± °�� ¥��1¬­°Q�|�3�
��� �¡�Q¤ � �j±/�K"�°p±1¬ �1¬­°Q�a�+���Q¤j¤7¥��5�Q¤7¹�°+�

∼
¨�¶��

�3� ¤j± �j¤&?H� �7�
�1¬1�I�j±�� � �3�$°+� ���!%��	�J@&  � � ¬1�­��� �&� ��� ���! #"$�"  �$¬ � � �B�I°K���j±1�Z�3��´p¥'�O�3�¯� �j± °�� ¥��1¬­°Q�
¦�¥����O�3�1´��7�@� � � °Q¥�´ � "�¥��e� � �3� 	���
�������
(  �¯�Q±e���j±1¬ ´p�
�j�:� °Q��ª�.��5�j¹v±*"\�j¤7�1� °p±5¤j°�"�¹�¶ 	���
�������
i�3�
�
����� ��� ���! #"$�^���j��"w"�°Q¬ ��� �j�^°Q¦
± �7�1«Q�3�1¬­°Q�
± � �j«��v� �¡�Q¤ � �j�Vª�.��5�j¹ y
¥C;��j±

∼ u ¨p¨��1¬1�I�j±g���3¬ ��� �7�
� � �3�L"�� �7«(¬­°Q¥
±Zª�.��5�j¹f�w¬­± ± ¬­°Q�
±¡¶�¸ � � 	���
�������
n¥'� �1�5�<.����j��"K"\°Q¬ �K� �j�v°Q¦
±5�7�1«Q�3�1¬­°Q�
±�¬ ��� � �-��¬ � �j¤D.
�1¬­°Q�
±L°+�¯� � �i· � �3�
���5�:8e�j��"=µ�¬­���­�qF@°Q�1� � ?�·j8eµ .aF=k�§ r ±5�j¤/�­°Q��´e@-�3�
�}· � �3�
���5�L8@�j��"}µ�¬­���­�
�(°Q¥�� � ?�·j8eµ . �pk u r ±5�j¤0�­°Q��´e@X� �¡�Q¤ � �j�L� ¬1�w¬ �1¬ ��´&y
¥C;��j±�°+�

∼ 2 × 10−16 erg cm−2 s−1 � �j± °�� «K¬ ��´
�p¨<.U¢p¨�� °+�_� � � � �3� � ?

∼
§<. �L_���`�@hªtX_® � §��������p§������ u ��� uQu ¨���� u ©p§���� u �Q¨���� § u ¨���� §p§�����¶}£_��� � �

°Q� � �7� � �3�
�P  � � �[°Q��´�°Q¬ ��´�8e�j��" � �&� �������! #"$� �p·X°p±*�I°p±n±1¥��1«��7¹ �$¬1�1�¯¤j°¡«��7�
2 deg2 °+�_��¤j°Q�C.

�1¬ ´p¥
°Q¥
±w�3� �¡��°+�Z� � �g·X°p±*�I°p±B4a���­�P  � �¡�Q¤ � ¬ ��´�¬ �}� � �
¨�¶��<.U§L_���` �7�
�7�1´p¹�¦a�3�
����±5�7�
±1¬ �1¬ «K¬ �U¹�°+�
∼ 5 × 10−16 erg cm−2 s−1 � u §p¢���¶�U�w�_� �j¤j�7�K� ��°Q�*_h¥
±1¬ ��´c� � � u .U§ r ± �j¤ 	���
�������
@���j��"/4a���­��±¡ p®$�3¥
�7���7���+��¶�? §p¨p¨��e@ � u ���a±1�1¥
��¬­�j�� � �L¤j°Q�K�1�1¬ ¦�¥��1¬­°Q��� °I� � �L±5°+�H�=? ¨�¶��<.U§g_���`�@Z�3�
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§<.U©���°+� � � �c� �j± °�� «��j��± °+�H���3�
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± �7�1«Q�3�1¬­°Q�
±h¤j°¡«��7�1¬ ��´��
� °Q�5�+��±*_(¹��3� �¡�g°+�

∼
©p¨p¨

deg2

�3�
� �$¬1�1�"¬ �
¤�� ¥
���
∼

§��p¨�  ¨p¨p¨wªG.��5�¡¹[���7� �j¤7�1¬­°Q�
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± ¬ ��¹� 
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± � ¬ �
°D�7�w�+��¶�? §p¨p¨p§!@ � u §�����  ¥
±1¬ ��´�¢ u � % 	��G.%9 � �"\°Q¬ �K�1¬ ��´�±w¤j°¡«��7�1¬ ��´��v± °�� ¬­���3��´Q�­�
°+���p¨v���7´ 2  m�d°Q¥��
�}� � �iªtX_® "\° ���7�&�O� � �
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¦\�

9.66 ± 0.07 photons keV−1 cm−2 s−1 sr−1   � � ¬1�­�B�P¥'�L¦D�7�_�+��¶�? §p¨p¨p§!@ � u ������¥
± ¬ ��´ � ����� �
� ���! #"$� "\°Q¬ �K�1¬ ��´�±��I�¡�Q±1¥�� �j���
«p�+� ¥
�w°+�

11.1 ± 0.32 photons keV−1 cm−2 s−1 sr−1 ¶,X_�j¤j�7���
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Mission Field Ωi Ii σi Reference
(1) (2) (3) (4) (5) (6)

ROSAT PSPC QSF3 0.223 11.4 0.34 Chen et al.(1997) [ U:V ]
ASCASIS QSF3 0.134 10.0 0.37 Chen et al.(1997) [ U:V ]
ROSAT PSPC GSGP4 0.283 11.8 0.44 Georgantopoulos et al.(1996) [ VXW ]
ROSAT PSPC SGP2 0.283 12.0 0.61 Georgantopoulos et al.(1996) [ VXW ]
ROSAT PSPC SGP3 0.283 12.0 0.68 Georgantopoulos et al.(1996) [ VXW ]
ROSAT PSPC QSF1 0.283 9.9 0.65 Georgantopoulos et al.(1996) [ VXW ]
ASCAGIS Lockman 0.165 10.9 0.61 Miyaji et al.(1998) [ Y[ZB\ ]
ASCAGIS Lynx 0.144 9.3 0.61 Miyaji et al.(1998) [ Y[ZB\ ]
ROSAT PSPC Lockman 0.165 10.0 0.30 Miyaji et al.(1998) [ Y[ZB\ ]
ROSAT PSPC Lynx 0.144 11.5 0.43 Miyaji et al.(1998) [ Y[ZB\ ]
ASCASIS Various 0.538 8.9 0.50 Gendreau et al.(1995) [ V$Y ]
ROSAT PSPC Various 5.9 13.4 0.18 Hasinger et al.(1992) [ Y[] W ]
SAS LECS + MECS Various 0.726 11.0 0.30 Vecchi et al.(1999) [ ^BU � ]
ASCAGIS Various 50 9.66 0.07 Kushino et al.(2002) [ Y[^BU ]
XMM − Newton Various 11.1 0.32 Lumb et al.(2002) [ Y[UB\ ]
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[d `4�� Ah�	� ± �WA��	�	� ± ¦ Ah� ± ¦ A��	� ± ¦ fx�¬� d ��
 _ A��hd z�c	�����6�������¨`H�H��fxc2r*d[y:foz�fxf�� 
6f��	fx
��	fx

�H�F��r�f2�
	P��d[{Fc��Nfx
�����do� g?z6���HwBr�� ¤�¥�¦ iº�H��r|��r�fe
���c��Nf��	c	�Hy:f2c���fx
����	��aof��	f��	c<����zN�:d �	

������������� � YjVBV �vd ��
������! �"$#&%('*) � � ^B]�Y ��� ¤ `ªd ��w:f/g7��d�
��������³� g¶��r6��ced z�c	�����6������� ��c
z�f�`H��f�y:fx
��	�9z�fb
���f/�	�

105 − 107 K
�6`ªd�c�a'd9���6�	c���
6f'���6� ¥ d `ªdX«${ ± �H� ��r�fbc	� 	�
[d `H`�fx


+/��#&%@S-,2,B) B (*)���#7G:�BAÑ� I )73 I ����D�3+!�% mJ�.�h��� � UBZ � n � �<�¨�	��� � gº��r*d �/d z����6� \B]�! � g
> f�{�g7f���� Y w�d `ªdX«���fxcF� ^B] W �tm7c	fxf > fx
B� Y � W � \:n c�r��ji �
	P��d[{�d z�c������6��������z�{¨w�d�c/r6�HwBr6`H{
�����6��c	fx
 z�{R��r�fb�H���	f���c�fo����
�`�f[d �@»
A ?X��	P��dx{¯��d�
��ªd ��������� V�Z ��� ^B] W ��� ¤ �2`��[i c��Nfx
�����d `
�	fxc	��`H�6������� ± ��r�f<��{$�6��
[d `Nc	�HwB�*d ���6�	fxcq� g���r6��cvw�d�c ± �	f���aofx
0/ �B#"%®�'7"�x,�#N7	�&# ± d �	f21 	�c�r�f�`H`
6fxf��Rd z�c	�����6�������Lfx
�w:fxc�d �k`��[iµf���f���wB��fxc@m

< 1
�:f�A n&± ��r�feao�Bc��ºg7�	f � ��f�����`H{F��z�c	f���y:fx


����fxchz�f��H�6w
OVII

d ��

OVIII

� V�Z �k� ^B] W ����´¶r�fxc	fbd z�c	�����6��������fx
�w:fxc2d �6��f[d ����c��*d `H`H{
c��HwB�6�Ñs*
[d ����`H{Lz6`H��f=	�c	r6�Ñg+�	fx
 ± ��r�fta'dX¸.�����H�¬{Lc�r��jiº�H�6w�y:f�`���
��H����fxc�� g ��r�f/���	
6f���� gqdog7f�i
r��6��
��	fx
6c

km s−1 � YBY�W ��� YBY[\ �qc��6wBw:fxc	���H�6w|��r*d �2��r�fMd z�c	����z6�H�6w|a'd �	f����ªd `q��c2ao�jy��H�6w
d[iqdx{9g7�	��a ��r�f2
xf�������d ` c	���6�	
xfed �º��r�fxc�f�y:f�`���
��H����fxcj�

3	½_bXÉPÌÕÊ�Ã"¿jÔjË�bXÉPÎ'd
τ
d&ÌÕÈ*Ã ÄºË�Ã�ÈEÇXÅPË�Ó�Ð�ÉPÎ ËQÉEÅ�Ã"¾ ÈLb Ã�ÅPË.¾XÊÏÀ Ó"Ð:Ã ÄkÃ�ÉPËÏÅPÌÍÃ"¿jÃ�¾�ÔvÌÕÈ6ÉPÎ ËQÐÖÅ�Ã"Ê¬ÉPÌÍÓ"¾¶Ó"Ð�ÌÍ¾XÊ.ÌÍÔXË.¾xÉ6Å�Ã"ÔXÌÍÃ�ÉPÌÕÓ&¾ÉPÎ Ã�É�ÌÕÈ�ÈEÊ�Ã�ÉEÉPËÏÅPË.ÔhÓ"Å Ã"ÆXÈEÓ"ÅPÆBË�Ô<ÆBËÏÐÑÓ�ÅPË ÌÁÉ�ÅPË�Ã�Ê¬ÎXË.ÈuÉPÎ Ë·Ó"Æ ÈEËÏÅ54�Ë¬Å�×



Y[^ �������	��
���
��������

���������
	���
���� � #.,[��D�7���(QD@%'���B(9�PO6� I )7#"!$%®,.-<)+0����x!�� �x��#��YC T�������)P� =���(�-"#�,�%���T������ �
35(

ν
�¬)P,"O �t��(ND

Fν
� 7�,B)E)P,B%��t#���ON#��"�[�&(*)P�B)73E,�(6� > 5 0��k��,�AÖ37DtAÖ35(�� I �&(*)7#	��Do�B)

∼ 1015Hz
3ª�

)+0��b��J ��#.�[G�� B � � �PO6� I )7#"!$% > 5 0��bD�� ��0��	D9AC3+(N�@35�t)+0�� I ,�(*)7#&3L7&!�)73E,�(o-&#.,�% )+0��"!x��)��P�x�	�
� � I > ; >$#Q>�% � > 5 06�eD:,:)E)���D�AC3+(N�e3ª��)+0�� I ,�(Q)7#"3�7&!�)737,�(/-&#.,B% )+0���0$, ��)?G:�BAÑ�
&B8 >

m+z n � ,�-&)��'& I �"�"� m > � n l ¤ �2`��ji4f���f���wB��fxc ± zNf�`��ji ∼ ^ �:f�A ± ��r�fbf�ab��c	c������ � gºd9c��HwB�6�Ñs*
[d ���
g7��d�
��������@� g ¤�¥�¦ m

∼ UB]�!bn � ^BU W �6c�r��jikc?d<c����	���6w�c	� g+� 
x��ab�N����f����·c	�6�Nf����Hab���Bc	fx
@�[y:f��
��r�f@r*d �	
¯�
	P��d[{|
x�������H���6�6a iº�H��r do��f[d �|� gvf�ab��c�c������R�H�L��r�f � «����	f�aof/»�`H����d[y�����`�f��
m � »�A n&± w:f���f���d `H`H{��	f���aofx
Rd�c ��,�-&)º�'& I �&��� � ^ W�Z ��� > � g7�<f&«6
xfxc	c�f�ab��c	c	�����Fiqd�c�s��	c����	f=	
�������	fx
@z�{ ¤ ���*d ��
bf�� d `P���H� Y[© � \ �Õ� ���?´¶r�f¶�����HwB�H�o� g*��r6��c£c���fx
�����d `�
x��ab������f����£��c·�����

�`�f[d �[�·�¬��r*d�c?zNfxf��@����d�
��H�������*d `H`H{e�H���	f����6�	f��	fx
/�H�t��r�fv�*d�c��£d�c 
��H�	fx
��·��r�f���a'd `6f�ab��c	c������
g7�	��a ��r�f¶r���� ± �H�6��f���ao�Bc�� �	f�wB�����'� gQ��r�fkd�
x
��	f��������M
���c	
��Õ� ��� W�V ��� Y[^B\ ��� Y[©BZ ��� ^�YBY � ± d ��
��r�f��	f&gE���	f'd�c���r�fbr6�HwBr f���f���wB{¯��d �H` f&«��	f���c������ �	��c�� g+����	P��dx{�f���f���wB��fxce� g¶��r�fb�¶�¶�h�
�h�[iqf�y:f��?��r�fv��{$�6��
[d `$aof[d�c��6�	fx
e�	f�ab��f���d ���6�	fxc·� g���r�fvc�� g+��f&«6
xfxc	c?f�ab��c	c������9m

> \B]B] f�A



Y � W ¤ 
����Hy:f ¥ d `ªd�
�����
 ¦ ��
�`�f�� Y[U

�H�9c	��aof�
[d�c�fxc n d �	f<�	�$�2r6�HwBrM�	�tf&«��6`ªd �H���H�ºd�cv��r�f���a'd `�f�ab��c�c������'g7�	��a4��r�f�d�
x
��	f��������

���c	
2m7
���c�
¶�	f�ab�Nf���d ���6�	f

≤ ^B] f�A�� n �B�¬�'d�
6
��H������� ± gE��� ¤�¥�¦ c�r��[iº�H�6wec	�HwB�*d ���6�	fxc � gQ�H��	
�����H��c���
��6r����	��f�`�fx
�������
��
	P��d[{'d z�c	�����6�������¯m7
�`ªd�c�c��Ñs*fx
�d�c ��{$�Nf=	 ^ ¤�¥�¦ ± c�fxf > fx
B� Y � W � \:n&±�H�h��chr*d �	
L�	�9f&«��6`ªd �H�R��r�ftc	� g7��f&«�
xfxc	c�
x��ab������f����ed�c�f�ab��c	c������Lg7�	��a ��r�f/d�
x
��	f��������

���c	
tz�fx
[d ��c	f ± d�c�iqftiº�H`H`£c	fxfe�H� > fx
B� Y � \�± �H�¯��{$�Nf=	 ^ ¤�¥�¦ ��r�ft����
�`�f[d �2f�ab��c	c	�����L��c
f&«��Nfx
��	fx
F�	�/zNf���z�c	
��6�	fx
Fz�{9`ªd ��w:fed ao���6���	c<� g?w�d�cj�
´¶r�f��	f9d �	f'c	f�y:f���d `ºd `H�	f����*d ���Hy:f�ao��
6f�`�ceg7���t��r�f'�����HwB�H��� gk��r�f'c	� g7�tf&«6
xfxc	c[� �<��f�� g
��r�f�a��H��
�`H��
6fxc£�	f=<*fx
��������o� g*��r�fqr*d �	
@��	P��dx{�c·z�{t
x��`�
�m

≤ 106 1 n 
6f���c	fqw�d�c ± f��H��r�f��£�H���r�fh�H�6��f���ao�Bc��º�	f�wB������ck� g?��r�f�d�
x
��	f��������|
���c	
/� Y[]�Y � ± ���¶�H�M��r�fhgE����a � g a'd ��{�
�`�����
6c
� g w�d�c�c��6���	���6��
��H�6w���r�f@
xf�������d `£r*d �	
Rc	���6�	
xfB��´¶r�f/
x��`�
Lw�d�ch�	f��6�	��
xfxc	c�fxc���r�fer*d �	

��	P��dx{�f�ab��c	c������|z�{ _ ��ab�6�	���|�6��	�c	
[d ���	f����H�6wM� g � »
A d�
x
��	f��������L
���c�
��6r����	����ce� Y[© W �d ��
³�6r����	��f�`�fx
�������
9d z�c	�����6��������� ©B© �<� Y[UB^ ���M��f=<*fx
��������¨ao��
6f�`�ct
[d � ���6`H{R�6�	�[y$��
6fMd
w:�$��
o�	f��6�	fxc	f�����d ��������� g���r�f�
�d ��de�H�'c	���6�	
xfxcviº�H��rMivf[d �of&«6
xfxc	c ± �6�6`�fxc�c ��r�f��6���Ha'd ��{

x�������H���6�6a ��cºr6��
6
6f��³� U � ���¤ �*d �����ªd ` 
x�jy:f����H�6wF� g ��r�f@�
	P��d[{Lc	���6�	
xf@z�{L
x��`�
R
6f���c	f@a'd �	f����ªd `·�H���	f��	
xf��6���H�6wF��r�f
`H�H��f2� g c��HwBr�� ± � g7�	f��F�6�	�[y$��
6fxc�d/w:���$
��	f��6�	fxc	f�����d �������¯� g£c	� g7��f&«6
xfxc	ckc���fx
�����d `�c��HwB�*d 	
���6�	fxc[�����³��r6��c�ao��
6f�` ± dMg7��d�
�������� � g¶��r�fb��	P��dx{R�6r����	����cMm+��r*d �t
[d �³z�fod�c2r6�HwBr d�c
© � !bn&± d �	fvd z�c�����zNfx
ez�{���r6��
	��a'd �	f����ªd `$iºr6�H`�f ��r�f �	fxc�� d �	f �6�*d 3ufx
��	fx
tz�{ed z�c	�����6���������
¥ ��f���`H�H��c	���£f��ed `P��m ^B]B] W�n �Õ� ^ �£r*dxy:f/�	fx
xf�����`H{R�6�	���N�Bc	fx
�d �³d `H�	f����*d ���Hy:fbao�$
6f�`£�	�9f&« 	
�6`ªd �H����r�f�c	� g7�@f&«6
xfxc	c/f�ab��c	c��������H� ¤�¥�¦ �·���¨��r�f��H�/ao��
6f�` ± ��r�fM��z�c�f���y:fx
�c��Nfx
�����d `
c��HwB�*d ���6�	fxcº� g?c	� g+�¶f&«6
xfxc	c¶f�ab��c	c�������
[d �9zNf�f&«��6`ªd �H��fx
9d�cºd �Fd �����ÑgPd�
��¶
���fh�	�@�����6��c	fx

d z�c	�����6������� � gv��r�f/�6���Ha'd ��{R
x�������H���6�6a z�{�d��	f�`ªd ���Hy���c�����
oiº�H��
 ± ao�[y$�H�6w|d �edMz6�6`H�
y:f�`��$
��H��{�� g£c	f�y:f���d `���r�����c�d ��


km s−1 �
m7
 n � AÖ!�,�#	�"� I �&(*)�� ��� α

�&%/35���"3E,�( l � ab��c	c�������`H�H��fxcqd � �	fxc���	Eg+��d aof<f���f���wB��fxc
∼ Z � W 	 Z � V �:f�A

d �	f/
x��abao���R�H�R��r�fe��	P��dx{¯c��Nfx
�����d�� g ¤�¥�¦ �N�qfx
[d ��c�ft�H�	���R��ch��r�ftao�Bc��2d z6�6��
�d ���
r�f[d[y�{°f�`�f�aof���� ± r*dxy$�H�6w�`ªd ��w:f d z�c	�����6�������²
��	�Bc	c�	�c�fx
�������� d �Mr6�HwBr²f���f���wB��fxcFd ��
²d
`ªd ��w:f <������	fxc	
xf�����{$��f�`�
 ± ��r�f@��z�c	f���y:fx
F`H�H��ftf�ab��c	c������¯�H�|��	P��dx{�ckr*d�c<zNfxf��Lw:f���f���d `H`H{
d �������Hz6�6�	fx
³�	� <������	fxc	
xf���
xfo
���fb�	�F�H�	�����o´¶r�fo
xf������	f�� gq��r�fo`H�H��fbwB�Hy:fxced � �H��
���
[d 	
�������R� g£��r�fe�����6��c�d �������Rc���d �	ft� g ��r�ftf�ab�H�����H�6wMa'd �	f����ªd `P�
�¯�Bc�� ¤�¥�¦ iº�H��r¯
6f��	fx
��	fx

�H�	���|f�ab��c�c������|c�r��ji²��r�f�`H�H��f���f[d ���H�6w'd �

∼ Z � W �:f�A ± c��6wBw:fxc����H�6wo��r*d ����r�f��	f=<*fx
����H�6w
aofx
��H�6a at��c���z�fb
x��`�
§m+�$´�� Y �:f�A�� YjV�U � n&± d ��
R��r�f��	f&g7���	fo��r�fbf�ab��c	c������ �����HwB�H�*d �	fxc
�H�R��f[d ����f��6����d `£a'd �	f����ªd `P� ��f�1

α
f�ab��c	c	�����¯r*d�c�z�fxf���
6f��	fx
��	fx
�z�����r¯�H� d z�c	����z�fx


d ���6�*d z�c	����zNfx
 ¤�¥�¦ � Y[ZB© �t� YjVXW �/� Y[©B\ ��� ´¶r�fFa'd �	f����ªd `h�	fxc��N����c	�Hz6`�f�gE���o��r�fF`H�H��f
f�ab��c	c	�����§�H�§��{$��f=	 ^ ��z�¸.fx
��	c'��cb`H�H�:f�`H{��	��z�f9��r�f�ao��`�fx
��6`ªd �'�	������c'�	fxc��N����c	�Hz6`�f9g7���
��r�fe�
	P��d[{�d z�c������6���������º���F�6�*d z�c�����zNfx
 ¤�¥�¦ ��r�f2f�ab��c	c������Lr*d�ckz�fxf��Lf&«��6`ªd �H��fx
Ld�c
�����HwB�H�*d ���H�6w/�H�����6����
[d `H`H{'��r6��
	�oa'd �	f����ªd `����6�q� gu��r�f<`H�H��f�� g�c��HwBr��[�£´¶r6��cqa'd �	f����ªd `Qr*d�c
z�fxf�� d�c	c	�$
��ªd �	fx
Riº�H��r ��r�f'd�
x
��	f��������¨
���c	
�� ZB] � ± iº�H��r ��r�fbao��`�fx
��6`ªd �e�	������c2`���
[d �	fx

gPd ����r�f��tdxi¶dx{�g7�	��a ��r�fo
xf�������d `qc����6�	
xfF� \ ��� ^BU:V � ± d ��
�iº�H��r ��r�f'z6�	�:d�
�`H�H��fo�	f�wB�����
m7c	fxf > fx
B� Y � W � Z:n � ^B]BZ ���

�
	�Î ËvÉPËÏÄ bBËÏÅ�Ã�ÉPÇjÅPË.È?Ó�ÐNÉPÎ Ë ÌÕ¾ ¾XËÏÅPÄºÓ&È7É_b�Ã�ÅEÉ·Ó"ÐNÉPÎXËqÔjÌÕÈEÊ¶ÌÕ¾tÃ�� È7É�Ã"¾�ÔXÃ�Å�ÔeÃ"Ê.Ê¬ÅPËÏÉPÌÕÓ&¾tÔXÌÕÈEÊ¶ÄºÓ[ÔXËÏ¿
��OHÈ7É�Ã�ÉPÌÕÓ&¾ Ã�ÅEÀ�dÂ"Ë.Ó&ÄºËÏÉEÅPÌÕÊ�Ã�¿Õ¿ÕÀkÉPÎXÌÍ¾<Ã"¾ Ô�ÓgbXÉPÌÕÊ�Ã�¿Í¿ÁÀ�ÉPÎ ÌÕÊ�akÔXÌÕÈEÊ=dibXÅPÓgbBÓ&ÈEË�Ô�Æ[À�U[Î�Ã ajÇjÅ�Ã��2UjÇ ¾xÀ[Ã�Ë 4qÌÕ¾��
������� ������� R�Ã�ÅPË
∼ ���

Ë! |ÐÖÓ"ÅÃqÆX¿ÍÃ"Ê�a�ÎXÓ&¿ÕË£Ó"Ð�ÄkÃ�ÈEÈ
106 M�

Ã�¾�Ô
∼
�
�
Ë" |ÐÑÓ�Å

109 M�
×
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Compton hump

soft excess

Warm absorber
Iron line
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�� � � I 0��&%o�B)73 I D�3E�[G�#���% D�35�PONAÑ��8�3+(�G�)+0��o)P,B)P��A?�PO�� I )7#&!�% ��7&AH� I =M��,�AÖ37D�AC3+(N� �
��(QD'%b�B35(|�PO6� I )7#.��A I ,�%<O�,�(��&(*)+�23+(¯� � �&8.-x��#&)¶;e12S�#���8b�PO�� I )7#&!�% ��)P� =B�&(t-&#�,�% �¬T���� � � :
� 0$,B)P,j��AH� I )7#"3 I �'7"��,B#PON)73E,�( �ÑOQ3+(6= �XK���,.-�)e�'& I �&��� � I 8B�B(	�jK6C£,�%<ON)P,B(§#����º� I )737,�( �+G�#����&(	�
��(QD��v!6,�#	�"� I ��(*) ����� α

�&%/3ª�"�"3E,�( ��#��	D � >
¦ d ���	�[i��H�	���¯`H�H��fxc@m+iº�H��r¯�	fxc���	Eg7��d aoftf���f���wB{|
xf������	����
6c

∼ Z � W �:f�A n d �	ftf&«���fx
��	fx
|�	�
�����HwB�H�*d �	fº�H�b��f��6����d `*a'd �	f����ªd `��H�oc�`��[i�ao��������� ± d ��
/��r�f��	f&g7���	fkae��c��£z�fvgEd ����r�f�� d[iqdx{
g7�	��a ��r�ft
xf�������d `£c	���6�	
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��·z�f��H�6whao���	fq�Hab��������d ���·gE��� r6�HwBr�f��·`H�6ab�H���Bc��H�¬{@��z�¸�fx
��	c¶� Y�W�V �u� YjV�U ��� �¬�bd�
6
��H�������b�H� r*d�c
zNfxf���iqf�`H` fxc���d z6`H��c�r�fx
���r*d ����	P��dx{¯yBd ���ªd z6�H`H�H��{ d ab�6`H�H����
6fo��� c�r������o� Y[Z ��� Y[^ �X��� YjV�U �k� ^BUBU �vd ��
`����6wo���Haofec�
[d `�fxc2� Y�W�V ��iºr�f��Faof[d�c	�6�	fx
|�[y:f��hd@s6«�fx
F�	f�ab�N����d `�g+�	f � ��f���
�{M
x�����	f�`ªd �	fxc<�H��y:f��	c�f�`H{
iº�H��r��
	P��d[{³`H�6ab�H���Bc��H�¬{ ± �P�ÁfB�R`��[iqf��by�d ���ªd z6�H`H�H�¬{¨d ab�6`H�H����
6fxc'd �	fM
6f��	fx
��	fx
¨gE���tao���	fM`H�6ab�H������c
c	���6�	
xfxc[� �h�[iqf�y:f��@��r�f��	fMd �	f'f�y$��
6f���
xfxc@��r*d �e��r�f'c	���	f��6wB��r¨� gk��r�fMd �����4	�
x�����	f�`ªd �������§
6fx
��	f[d�c	fxc
�	�[i¶d �	
6c�`����6w:f��k���Haofec	
[d `�fxc2� Y�W � ���¤ `H`N��r�fxc�fhs���
��H�6w:c�d �	f�
x����c���c��	f�����iº�H��r�d/c�
xf��*d �����/iºr�f��	f�ao���	f�`H�6ab�H������ckc	���6�	
xfxc ± r��Bc����H�6wao���	fha'd�c	c��Hy:f<z6`ªd�
	�'r���`�fxc ± r*d[y:fh`ªd ��w:f��q��	P��dx{Mf�ab�H�����H�6w/�	f�wB������c ± d ��
'��r�f��	f&gE���	fh��r�fhy�d ���ªd z6�H`H�H�¬{
��fxfx
6ckao���	f����Haof��	�o�6�	���*d w�d �	f2��r6�	���6wBrF��r�f���	P��dx{�f�ab�H�����H�6wo�	f�wB�������

��	P��dx{³c���fx
�����d ` yBd ���ªd z6�H`H�H��{¨c�����
���fxctr*dxy:fMc�r��[iº����r*d �eao�Bc	� ¤�¥�¦ �	f���
 �	�Fz�fx
x��aofMc	� g+�	f��
iº�H��r��H��
��	f[d�c��H�6wFc	���6�	
xf/z6���HwBr�����fxc	c'm7c	fxf/fB� w��£� Y�W�© �k� YjV�U � n c��Hab�H`ªd ���	�M��r�f/
��43�f��	f����ec���d �	fxc�c	fxf��
�H�9z6`ªd�
	�Mr���`�f��
	P��d[{'z6�H�*d ����fxcem7� �h�k��� n � Y[\B© ���£�¬�9d�
6
��H������� ± ��f[d ��`H{9d `H` ¤�¥�¦ f&«$r6�Hz6�H�ºc����	���6w:f��
y�d ���ªd z6�H`H�H�¬{Fd �k��r�f2c	� g7�	fxc��¶�
	P��d[{$c<���|d `H`����Haof2c	
[d `�fxce� ^BUBU ���´�iq���6r�f�����aof�����`���wB��
[d `eao�$
6f�`��*d ��d aof��	f�����c�d ��������cFr*d[y:fRzNfxf�� �6�	�����Bc	fx
 �	��f&«$�6`ªd �H����r�f
y�d ���ªd z6�H`H�H�¬{9�*d ���	f�����c<��z�c	f���y:fx
F�H� ¤�¥�¦ l

Y �k´¶r�f ) / ,�S I ,B%�O6,�(N�&(*)<��O6� I )7#���Aq%b,jD��&A le�¬�2iqd�ct�6�	���N�Bc�fx
��H��
6f��Nf���
6f�����`H{ z�{
Mc ��d �	
�{Rf��

d `P��m Y[©B© � n � Y[ZB] �Nd ��
 > r6�Hr�f��vd `P��m ^B]B]B^:n � ^B^B^ ���·�¬�o��r6��c ao�$
6f�`Qd�c�� g+�	f�� 
x�������H���6�6a f�ab��c	c������

x��ab������f���� � gu
x����c���d ��� c�`����Nfqz6�6�£yBd ���ªd z6`�f <���«�m+�6�	��z*d z6`H{bd�c	c	�$
��ªd �	fx
/iº�H��rb��r�fºf�ab��c	c������
g7�	��a¢��r�fhr����¶
x���	���*d n ��cvc��6��f����Hab���Bc	fx
9���9der*d �	
6f��ºc��Nfx
�����d `�
x��ab������f����¶iº�H��r�
x����c���d ���
<���«~m+`H�H�:f�`H{}d�c	c���
��ªd �	fx
}iº�H��r���r�f _ ��ab�6�	�����	f=<*fx
�������� r��6ab� n � ´¶r6��c'ao�$
6f�`<
6�$fxc'�����
�	f � �6�H�	f���r�fRgE����a � g/��r�f�c��Nfx
�����d `t
x��ab�N����f����	c|�	��yBd ��{ ± iºr*d �FyBd ����fxc���c���r�f��	f�`ªd ���Hy:f

x���������Hz6�6�������§� gk��r�fo��iq�Rc��Nfx
�����d `¶
x��ab������f����	c@iº�H��rH<���«u� �°r�f�� ��r�f�c	���6�	
xf�zNfx
x��aofxc
z6���HwBr��	f��k��r�f�c	� g+�º
x��ab������f�����
6��ab�H�*d �	fxck��r�fhc	�Nfx
������6a d ��
M��r�f�c	���6�	
xf�z�fx
x��aofxcºc	� g+�	f��[�
�¬�9��r6��cvao�$
6f�`u�H�q��cºf&«$��fx
��	fx
M��r*d �ºd�c¶��r�f�c	���6�	
xfxc¶z�fx
x��aofhz6���HwBr��	f��º��r�f��H�º��	P��dx{Mc��Nfx
�����d `
c�`�����f�iº�H`H`�c�d ���6��d �	f2�	�b��r�f�c�`�����f�� g?��r�f2c�� g+�k
x��ab������f����[�

^ ��� O�� I )7#���AuOQ3+JX,B)73+(�GF%b,jD��&A lh´¶r6��ctd `H�	f����*d ���Hy:fb�*d ��d aof��	f�����c�d �������³i¶d�c��6�	�����Bc	fx
R�	��f&«$�6`ªd �H�
��r�f���z�c	f���y:fx
³yBd ���ªd ��������ct�H�³��r�fo�6��
6f���`H{$�H�6wR
x�������H���6�6a c	�Nfx
������6a � gºc���aof'c	���6�	
xfxceg7���
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iºr6��
�rF��r�f ) / ,�S I ,�%<O�,�(N�&(Q) ��O6� I )7#���A�%o,[D���A i¶d�cº�����kd z6`�f��	�bf&«$�6`ªd �H����r�f��H�k��z�c�f���y:fx
�y�d ���4	
d z6�H`H�H�¬{o�6�	���Nf�������fxc�m7fB� w�� ¦�¥ _ W�Y[\�Y c�fxfe� Y � Z � � ^B\�Y �?� ^B\B^ � n �£�¬�o��r6��c ao�$
6f�` <���«8	�
x�����	f�`ªd �	fx


�r*d �6w:fxc��H�L��r�f/
x�������H���6�6a c�r*d ��fMm7
x���	���*d `·���[ivf���`ªd[i n d �	f/
���ft�	��
�r*d �6w:fxc��H�Rd�c��H�6wB`�f
yBd ���ªd z6`�f2
x��ab������f�������r*d ��zNfx
x��aofxckc�� g+�	f��<d�ck��r�f�c	���6�	
xf�z6���HwBr��	f���cj�

´¶r�f@aofx
	r*d �6��c�a��6�	�$
���
��H�6w��
	P��d[{FyBd ���ªd z6�H`H�H��{¯�H� ¤�¥�¦ ��c<�����<g7�6`H`H{|
6f&s���fx
u� �°r6�H`�fe`����6w�	
�	f���a®yBd ���ªd z6�H`H�H��{��H� ¤�¥�¦ ��cº�6�	��z*d z6`H{F
[d ��c	fx
Fz�{�
	r*d �6w:fxc<�H�F��r�f�wB`���z*d `·d�
x
��	f��������|��d �	f ± ��d �6��
y�d ���ªd z6�H`H�H�¬{t
[d �6����� d ����c	fv�H�/��r6��c·a'd �6��f�� d�c ��r�fqy$��c	
x����c?���Haofxc	
[d `�f¶�H�/��r�fqd�
x
��	f��������o
���c�
v��c?at��
	r
�	���/`����6wRm

∼
{:f[d �	c n � > f�y:f���d `�y�d ���ªd z6�H`H�H�¬{�ao��
6f�`�c�r*dxy:f2z�fxf��F�6�	�����Bc	fx
 ± �H��y:��`Hy��H�6w���r�fed�
x
��	f��������


���c	
 ± 
x���	���*d ± d ��
 �	f�`ªd ���Hy$��c�����
2¸�f��[�������@f&«6d ab�6`�f ± c	��aof'ao��
6f�`�c/d�c	c��6aof'��r*d �e��r�f�y�d ���ªd z6�H`H�H�¬{
��c'
[d ��c	fx
§z�{�yBd ���ªd ��������c'�H�§��r�f¯d�
x
��	f�����������d �	fF�6�	���*d w�d ���H�6w¨�H��iqd �	
6cR� Y[U:V ��� ����c	��aofF
[d�c	fxc
y�d ���ªd z6�H`H�H�¬{Rr*d�c2z�fxf��³d �������Hz6�6�	fx
 �	��yBd ���ªd ��������c2�H����r�fo��z�c�
��6��d ������� � g¶��r�fb����
�`�f[d �@f��6wB�H��fB�o���
��c�
�`�f[d �h��r*d ����	P��dx{�yBd ���ªd z6�H`H�H��{¯c�����
���fxc<� g ¤�¥�¦ 
[d �LwB�Hy:fe��c�y�d `H�*d z6`�ft�H��gE����a'd �������Rd z����6����r�f
c	
[d `�f2d ��
Fc�������
����6�	fe� g?��r�f��H�6��f���ao�Bc	�k�	f�wB������ck�H� ¤�¥�¦ �
��������� � ��(�� ����� $�(�� ���� !��� - / 1
���|�6�	f�y�������c<c	fx
���������c���r�fe
��43�f��	f����h��z�c	f���yBd �������*d `��6�	����f�������fxch� g ¤�¥�¦ r*d[y:f2z�fxf��L
6fxc	
����Hz�fx
F�H�

6f���d �H`P�·´¶r6��c£z6�	�:d�
/��d �6w:fº� gN��z�c	f���yBd �������*d `��6�	����f�������fxc£��c£
x��abao���6`H{/��c	fx
@�	��
�`ªd�c	c��Ñg7{ ¤�¥�¦ �H���	�

��43�f��	f����twB�	���6��cj�,� fMf&«$�6`ªd �H�¨r�f��	f'��r�f�
�`ªd�c	c��Ñs*
[d ��������� g ¤�¥�¦ d�
x
x���	
��H�6w¯�	�|��r�f��H�/��z�c	f���y:fx

f�ab��c	c������@�6�	���Nf�������fxc£d �?��d�
����hd ��
@���6����
[d `@? »�A}iqd[y:f�`�f��6wB��r�c�m7c	fxf �?�Hw�� Y � \:n&± iºr6��
	r/��c?��r�fqc	
	r�f�aof
d�
6���6�	fx
9gE���º��r�f�iv�����9�6�	fxc	f����	fx
F�H����r6��ck��r�fxc	��c[�¤�¥�¦ d �	f�
�`ªd�c	c	�Ñs*fx
��H���	�/��iq�/z6�	�:d�
M
[d �	f�w:������fxc<d�
x
x���	
��H�6wb�	�e��r�f��H� #��:D�3E,�S�AH,�!6D�(N�"�"� ± 
6f&s���fx
d�c

RL = log

(

f5 GHz

fB

) m Y � ^:n
iºr�f��	f

f5 GHz
��c���r�f2��d�
���� <���«Ld � \ ¥ � �td ��


fB
��ck��r�ft���6����
[d `�<���«��H�L��r�fe��z*d ��
 ± 
xf������	fx
d �

λ = 4400 � � �<z�¸�fx
��	c¶iº�H��r
RL ≥ 10

d �	f<�	f���aofx
 #��:D�3E,'AÑ,�!6D ¤�¥�¦ d ��
���r��Bc�f<iº�H��r
RL < 10#.��D�37, ��!�3P��) ¤�¥�¦ ��´¶r�fh���6����
[d `4	�»
A f�ab��c�c�������`H�H��fhc���fx
�����dtd ��
���r�f<�H��g+��d �	fx
8	�c	� g7� ��	P��dx{�
x�������H��	

�6�6a®� g?z�����rF
�`ªd�c	c	fxc�� g?��z�¸�fx
��	c�d �	f�y:f���{9c��Hab�H`ªd �2� ^�Y�W ��� �h�[ivf�y:f�� ± #.��D�37,�AH,�!6D ¤�¥�¦ d �6�Nf[d �k�	�
r*dxy:f<c�{$c	�	f�a'd ����
[d `H`H{ <Qd ���	f��v�
	P��d[{bc��Nfx
�����d `Nc�`�����fxc£��r*d � #��:D�3E, ��!�3P��) ��z�¸.fx
��	c<� ^B^B] � � ^ W�Z ��� � �:DB37,AÑ,B!�D ¤�¥�¦ 
x����c����H���6�	fFd|c	a'd `H`vg7��d�
��������²m \ 	 Y[]�!bn � g���r�fM�
	P��d[{¨d ��
����6����
[d `H`H{�c	f�`�fx
��	fx
 ¤�¥�¦
�N���6�6`ªd ���������

´¶r�f��	f ��c¯d�c	fx
x����
~
�`ªd�c	c��Ñs*
[d ��������� g ¤�¥�¦ ���~��r�f�z*d�c���cL� g/��r�f��H�¯���6����
[d `@? »
A­c��Nfx
�����d `
�6�	���Nf�������fxc¶iºr6��
�rF��c¶c����H`H`uyBd `H��
'gE���¶zN����r #��:D�3E,oAH,�!6D d ��
 #.��D�37, ��!$3E��) ¤�¥�¦ ��»<��
6f��º��r6��cºc	
	r�f�aof¤�¥�¦ d �	f�
�`ªd�c	c��Ñs*fx
��H���	�b��r�f�gE��`H`��[iº�H�6w'�¬iv�'z6�	�:d�
F
[d �	f�w:������fxc[l
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�
����������������� � !"�
�
���$#jl:´¶r�f����6����
[d `Qc���fx
�����d�� g���{$�Nf=	 Y ¤�¥�¦ c�r��ji}c����	���6w
r6�HwBr6`H{@�����6��c	fx
bz6�	�:d�
/��f���ab�H���	fx
b`H�H��fxc ± a'd �H�6`H{@g7�	��a r�{�
��	��w:f�� ± d `H��r����6wBro`H�H��fxc£g+�	��a �hfx� ±�hfx�	�£d ��
 ��fx�	� d �	f�d `�c	�2g7�	f � ��f�����`H{'
6f��	fx
��	fx
�m7c	fxf �?�Hw�� Y � Z �	��� n �£´¶r�f<��{$�6��
[d `N`H�H��f<iº��
���r�c

x�����	fxc�������
L�	�'y:f�`��$
��H����fxc<g+�	��a ^B]B]B] 	 Y[]�±Õ]B]B] km s−1 ���¶fx
[d ��c	f@� g ��r�fxc	fe�6�	���Nf�������fxc���r�fxc	f
��z�¸�fx
��	c d �	fv� g+�	f��t�	f&g7f����	fx
e�	��d�c�z6�	�:d�
8	P`H�H��f ¤�¥�¦ m7�&% ¤�¥�¦ n �j´ {$��f=	 Y ¤�¥�¦ 
x�[y:f��£d¶z6�	�:d�

��d �6w:f�� g��	fx
6c�r6�Ñg7�	c�m��

∼ ] 	 Z 
 
 n d ��
9d �	fh��r�fh
6��ab�H�*d ���º��	P��dx{Mc	���6�	
xfh�N���6�6`ªd �������Fd �qz6���HwBr��
<���«6fxcb� ^B^:V ���
�¯�Bc�� ¤�¥�¦ �H�R��r6��c�wB�	���6� c�r��jiµ���9c��HwB��c�� gq��z�c	
��6��d ������� d ��f��H��r�f����
	P��d[{
�������6����
[d `@? »�A�iqd[y:f�`�f��6wB��r�c[�	�h�[iqf�y:f�� ± ��r�f��	f2��cº�	fx
xf����h��z�c	f���y�d �������*d `?f�y���
6f���
xf ± a'd �H�6`H{
g7�	��a��
	P��d[{Mc��6��y:f�{�c ± ��r*d �kc��6wBw:fxc��º��r*d �

∼ Y[]�! � g?��r�f�c	���6�	
xfxcº�H�9��r6��cºwB�	���6��r*dxy:f2�
	P��d[{
d z�c	�����6������� ± d `H��r����6wBr�ao�Bc��M� g2��r�f�a­iº�H��r�`��[i m+�	fxc���	Eg7��d aof¯d z�c	�����6�������

< 1022 cm−2 nd z�c	����z6�H�6w�
x��`H�6ab�L
6f���c��H����fxc[�£´¶r6��c���ck����f2� g?��r�f��	fxc��6`H�	ck� g·��r�f��6�	fxc	f�����iv�������
´¶r�f #��:D�3E, ��!$3P��) ��z�¸�fx
��	c��H� ��r6��cF
�`ªd�c	c|d �	fR��c��*d `H`H{ c��6z�	�
��Hy$��
6fx
 �H���	��`��ji `H�6ab�H���Bc��H�¬{
> f�{�g7f���� Y w�d `ªdX«���fxcqm ≤ 1044 erg s−1 d ��
2��r�f��	f&gE���	fvc�fxf��t���6`H{���f[d ��z�{tf&«�
xf��6� �H�e��r�fq
6fxf��Nfxc��
c��6��y:f�{�c n d ��
M��r�fhr6�HwBr�f��º`H�6ab�H���Bc��H��{9c	���6�	
xfxcº����' > � m

≥ 1044 erg s−1 n iºr6��
�r|d �6�Nf[d �kd�c
z6���HwBr��v�����H���v`H�H�:f�c	���6�	
xfxc �H�����6����
[d `Nd ��
'�
	P��d[{b�Ha'd w:fxc[��' > �hc r*d[y:f<d2z6`H��fk������	P��r�f���a'd `
���6����
[d `N
x�������H���6�6a m+��r�f��H� r��Bc	� w�d `ªdX«${/��c£����� y���c��Hz6`�f n iº�H��r'��r�fºao�Bc�� �6�	��ab�H��f����¶c��Nfx
�����d `
gEf[d ���6�	f�zNf��H�6w'd@z6�	�:d�
����6����
[d `4	 � »
A�z6�6ab� ± g7�	f � ��f�����`H{9d �������Hz6�6�	fx
|�	�/��r�f���a'd `�f�ab��c	c������
�H����r�f�d�
x
��	f��������M
���c�
e� Y�W�\ �?� ^B^�Y �?m7c	fxf�d `�c	� > fx
B� Y � W � ^:n � ¤ `H��r����6wBr > f�{�g7f���� Y w�d `ªdX«���fxcqd `�c	�c�r��ji¨dºc	���	���6w�������	�c��	f�`H`ªd �·���6����
[d `�
x�������H���6�6a ± ��r�f r��Bc���w�d `ªdX«�{���c�c����H`H`:y$��c��Hz6`�f£�H�t��r�fxc	f ��z�	
¸�fx
��	c[�·´¶r�f��	f���cºd ���Hab��������d ���ºwB�	���6�F� g > f�{�gEf���� Y w�d `ªdX«���fxcqc	r��[iº�H�6wof&«����	f�aof<�6�	����f�������fxc ±�	f���aofx
 ¦ d ���	�[iW	(%u�H��f > f�{�g7f���� Y w�d `ªdX«���fxcºm ¦ % > { Yjn � ¦ % > { Y ivf��	fvs��	c��·
�`ªd�c	c��Ñs*fx
tz�{ �hc��	f���	
z6�	�$
	��) E ��wBw:f��H� Y[© � \ � YjV�© ��d�cºdtc	f��*d ��d �	f�
�`ªd�c	c¶� g > f�{�gEf���� YB± z*d�c	fx
����9��r�f��H�º��z�c	f���y:fx

�	f�`ªd ���Hy:f�`H{��*d ���	�[i �Nf���ab�H���	fx
§f�ab��c�c�������`H�H��fxc|m

FWHM ≤ 2000 km s−1 n&± c����	���6w³���6����
[d `
��fM�	��f�ab��c	c	����� �	f�`ªd ���Hy:fM�	�!�

β ± d ��
¨ivf[d ��� �h�	�	���
λ \B]B]:V � ¦ % > { Y c�r��[i f&«����	f�aofM�
	P��d[{

�6�	����f�������fxc[l c��	fxf��Fc	���	���6w'c	� g7�¶f&«6
xfxc	ckf�ab��c�c������ � ^BZ � � ^B]B] � ± ��d �6��
|d ��
�`ªd ��w:f=	¬d ab�6`H�H����
6ft� g
yBd ���ªd z6�H`H�H��{¯� Y[U�Y �ud ��
Mc��	fxf���m

Γ ≥ ^ � \:n �N�jivf���	P`ªdxi²
x�������H���*d9� ^ W�V ��� ¦ % > { Y d �	f<zNf�`H��f�y:fx
M�	�
r*d[y:fo`�fxc	c�a'd�c�c��Hy:f/z6`ªd�
	��r���`�fxce��r*d � > f�{�gEf���� YB± d�
x
��	f����H�6w¯d ��r6�HwBr�f�� � 
6
��H�6wB�	���³��d �����Bc ±c��6wBw:fxc	���H�6wo��r*d �k��r�f�{Mab�HwBr���z�f��H����r�f2f[d ��`H{�c���d w:f�� g ¤�¥�¦ f�y:��`H�6������� � ^BU ���´¶r�f #��:D�3E, AÑ,B!�D ��{$�Nf=	 Y ¤�¥�¦ d �	f|
�`ªd�c	c��Ñs*fx
§�H���	�³�q�	�:d�
*%u�H��fL�<d�
���� ¥ d `ªdX«$��fxcMd �o`��[i
`H�6ab�H���Bc��H����fxc ± d ��
M�hd�
����+%�����
,'<�*d�c�d �	c2m7��%-' n d �¶r6�HwBr9`H�6ab�H���Bc��H����fxc[� ��%-'µd �	fh��c��*d `H`H{
c	f��*d ��d �	fx
R�H���	� > �	fxf�� > �Nfx
������6a �hd�
����,'<�*d�c�d �	c'm > > �.' n �Ñgv��r�f��H����d�
�����c���fx
�����d `£�H��
6f&«
αr(3GHz) > 0.5

d ��
 �?`ªd � > �Nfx
������6a��<d�
����/'<�*d�c�d �	cºm � > �.' n �Ñg���r�f��H� ��d�
����hc���fx
�����d `��H��
6f&«
αr(3GHz) < 0.5

�
^ ���������	�102�
��� �3!"���4�4�65 � � !-�7�
���8#jlq´¶r�fxc�f�c	���6�	
xfxc9r*dxy:f����6����
[d `2
x�������H���*d�iº�H��r

c��6��f����Hab���Bc	fx
R�Nf���ab�H���	fx
 d ��
Rg7����z6��
6
6f��³`H�H��fxc[���<�jivf�y:f�� ± d `H` ��z�c	f���y:fx
�`H�H��fxc2�H����{$�Nf=	 ^¤�¥�¦ d �	f/�*d ���	�[i m
≤ 1500 km s−1 n d `H��r����6wBr iº�H��r�iº��
���r�cec	�Hab�H`ªd ���	�9��r�f/�*d ���	�[i `H�H��fxc

gE���6��
 �H����{$�Nf=	 Y ¤�¥�¦ m7c	fxf �?�Hw�� Y � Z ab��
6
�`�f n � ´¶r�f��H�F���6����
[d `ec���fx
�����d�
x�������H���6�6a ��c

6��ab�H�*d �	fx
�z�{¯c	��d ��`H�HwBr��td ��
���r�f��	f&gE���	f/��r�f�{¯r*dxy:fby:f���{¯ivf[d �¯��������r�f���a'd ` ���6����
[d `4	�»�A

x�������H���*d ± iº�H��rM`H�H����`�f�f�y���
6f���
xf<gE��� ��r�f����6����
[d `4	 � »�A z6�6ab�9��{$�6��
[d `u� g���{$�Nf=	 Y ¤�¥�¦ ��´¶r�f
��	P��dx{Rc���fx
�����d9� gv��{$��f=	 ^ ¤�¥�¦ ��c	�*d `H`H{¯c�r��jikc2c��HwB�*d ���6�	fxct� gv��	P��dx{�d z�c	�����6������� ± iº�H��r d
iº��
6f���d �6w:f�� g�d z�c	����z6�H�6w¯
x��`H�6ab��
6f���c��H����fxcj�F��	P��dx{ d z�c	�����6���������H� ��{$�Nf=	 ^ ¤�¥�¦ �	f���
6c
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Y � W ¤ 
����Hy:f ¥ d `ªd�
�����
 ¦ ��
�`�f�� ^�Y

�	�'zNftc�{$c	�	f�a'd ����
[d `H`H{Fr6�HwBr�f��<��r*d �¯�H�|�¬{���f=	 Y ¤�¥�¦ ± d ��
F��r�f��	f&gE���	fe��r�f�{¯d �	f�gPd �H���	f���c	� g+�
��	P��dx{�c	���6�	
xfxc ± 
6f��	fx
��	fx
|�6�	f&g7f��	f������ªd `H`H{|d � �

≤ Y � \ �H�F
��6���	f����<�
	P��d[{�c��6��y:f�{$ce� Y[U ���´ {���f=	 ^ #��:D�3E, �x!�3P��) ¤�¥�¦ d �	fº�	f&gEf����	fx
'd�c > f�{�g7f���� ^ w�d `ªdX«$��fxcqd � `��[i§`H�6ab�H���Bc	�H����fxc<m
≤ 1044

erg s−1 n&± d ��
³d�c��¬{���f=	 ^ ' > � d ��r6�HwBr `H�6ab�H���Bc��H����fxc�m
≥ 1044 erg s−1 n � ¤ w:f���f���d ` �*d aof

��c	fx
hgE����d `H`:w�d `ªdX«���fxc�iºr6��
�re���6`H{hc	r��[i �*d ���	�ji f�ab��c	c������e`H�H��fxcu�H�2��r�f��H�����6����
[d `@? »�A�c��Nfx
�����d
��c ¦ d ���	�ji � ab��c	c	����� %u�H��f ¥ d `ªdX«$��fxcMm ¦ � % ¥ n � Y[ZB© ���M´¶r6��ce
[d �	f�w:����{��H��
�`H��
6fxc > f�{�g7f���� ^w�d `ªdX«���fxc ± %�� ¦ � ��c ± c���d ��z6�6�	c	�ºw�d `ªdX«$��fxc�d ��
F��{$�Nf=	 ^ ' > �hc[� ´¶r�f��	f�`ªd ���Hy:f��H���	f���c��H�¬{F� g ��r�f
���6����
[d `@? »�A f�ab��c	c������F`H�H��fxc�d `H`��jikc<db
6f���d �H`�fx
|
�`ªd�c	c��Ñs*
[d ������� � YjV �X���
� ��D�37,¯AH,�!6D ��{$�Nf=	 ^ ¤�¥�¦ d �	f���c��*d `H`H{��	f���aofx
 ¦ d ���	�ji %u�H��fM�<d�
���� ¥ d `ªdX«���fxcMm ¦ %�� ¥ n �¦ %�� ¥ d �	f¯c	�6zN
��Hy$��
6fx
°�H���	����iq��
[d �	f�w:������fxc|d�
x
x���	
��H�6w��	� ��r�f��H��ao�����6r���`���wB��
[d `2��{$�NfBl
`��ji `H�6ab�H���Bc	�H��{ ����(Q�B#.,��ºS � 35A��&8�)78"O6�&S.;�#.��D�37,|G:��AH�
&�3P�"� m �·��� n d ��
 ��r�fMr6�HwBr�`H�6ab�H���Bc��H�¬{
����(Q��#�,��ºS � 3+AH��8R)78"O6��S�T #��:D�3E,FG:��AH�
&�3P�"� m �·�<�	� n � ZBU ���L�hd�
����Lf�ab��c�c������ �H� �·����c	���6�	
xfxc@��c
gE���6��
|�	�Mz�ft
x���	f@
6��ab�H�*d �	fx
 ± �P�ÁfB���H�h�Nf[d ��c<��f[d �h��r�f@����
�`�f���c[� �·���ºc�r��jiµiqf[d �L���6����
[d `
f�ab��c	c	������� �<�§��r�fF����r�f���r*d ��
 ± �?�<�	�ec	r��[i c����	���6w¨���6����
[d `�f�ab��c	c������°d ��
§��r�f��H�o��d�
����
f�ab��c	c	�����F��c¶`���zNfe
6��ab�H�*d �	fx
u�

´¶r�fe���6����
[d `@? »�A4c���fx
�����do� g d'c�a'd `H`����6aez�f���� g ¤�¥�¦ ��c<
	r*d ��d�
��	f�����c	fx
¯z�{���r�f@d z�c	f���
xft� g
f�ab��c	c�������`H�H��fxc@m7c	fxf �?�Hw�� Y � Z zN�����	��a n �´¶r�f #.�:DB37,9AH,�!6D c	���6�	
xfxch�H�L��r6��chwB�	���6�R�H��
�`H��
6f/� % %�d�
xf�����d�f�m7�&% %�d�
 n ��z�¸.fx
��	c ± � ON)73 I ��A+AÖ8
u3E,�A��&(*)7AÖ8!
6��#&3E�'7&A����¶!�������#"� m �WA A n&± ,�3ÑG 0�AC8 � ,�AH��#&3ª�[��D��¶!6� ���B#�� m�� E ' n d ��
 C£,�#	���t,�%/3+(Q�B)���D
�¶!�� �x��#"� m _ � ' n � ¤ `H`���r�fxc	f�c	�6zN
�`ªd�c	c�fxckd �	f�
	r*d ��d�
��	f�����c	fx
|z�{'��d �6��
Fy�d ���ªd z6�H`H�H�¬{M�H�D<���«�����y:f���{
c�r������2���Haof�c	
[d `�fxc�m�� ] � Y a'd wL�H� d�
�d[{ n �9´¶r�fo��z�¸�fx
��	c2�H� ��r6��c2wB�	���6�¨d �	fbg+�	f � ��f�����`H{��	f���aofx

7&AH���[��#"� � � ab��c	c��������H� 7�AÑ���j��#"� ��cº��r����6wBr����	�/z�f�zNf[d aofx
u�
�<��fe� g ��r�ftao�Bc��hc��6���6����c��H�6w�s���
��H�6w:ch� g£aofx
��H�6a 	�
6fxf�� ������������� d ��
0� ���� �" #&%('*) � c��6��	

y:f�{$c iqd�cv��r�fk
���c	
x�[y:f���{o� gu��	P��dx{/`H�6ab�H������cqc	���6�	
xfxc<m
≥ 1042 erg s−1 n �H�'��r�fk����
�`�f��N� g����6����
[d `H`H{

������a'd `uw�d `ªdX«$��fxce� Y[\ �£� W�^ �£� ZBZ �£�Õ� ] � � YBYBY � � YjV�] ��� ´¶r�fxc	f�c	���6�	
xfxcºiºr6��
	rF
���c	�6`ªdx{�d �F���6����
[d `�c��Nfx
=	
�����6a���{$�6��
[d `�� g?d �|d z�c	�����6��������`H�H��fhw�d `ªdX«�{¯m ¤ % ¥ n&± r*dxy:f�z�fxf��9wB�Hy:f��|dty�d ����f��¬{M� g?�*d aofxcºc���
	r
d�c ,"ON)73 I ��A+AC8|D�!$A+AuG���AÑ��&�3E�&� � \BZ � ± O������"3+J �tG:��AH�
&�3P�"� � ©B^ � ± 12S�#���8 7&#&3HG 0�)�,"O�)73 I �BA5AÖ8�(Q,�#&%o��A�G:��AH�
&�3P�"�
m+�h� � ¦�¥ ± � W�^ � n d ��
 ��AC!��"3+J �t� I )73+J ��G���AÑ� I )73 I (�! I A��&3 � Y�W�Y ���£�¬�M��r6��c¶��r�fxc���cqivf�r*dxy:f2d�
6���6�	fx
M��r�f
�*d aofk��� � ¦�¥ ��´¶r�f���z�¸�fx
��	c �H�M��r6��c wB�	���6�Mr*dxy:f<��	P��dx{oc���fx
�����dtd ��
'�
	P��d[{ ? ���6����
[d `;<���«b��d �����Bc
��r*d �2c��6wBw:fxc�� ¤�¥�¦ d�
����Hy��H�¬{�� W�^ ��� �h�[iqf�y:f��e��� � ¦�¥ d �	f@gE���6��
R�	�9r*dxy:fb��r�fb���6����
[d `vc��Nfx
�����d
� g£d �6�*d �	f�����`H{�������a'd `�w�d `ªdX«���fxc ± �P�ÁfB� ± iº�H��r����6�h
�`�f[d ��f�y���
6f���
xf2g7��� ¤�¥�¦ f�ab��c	c	�����F`H�H��fxc����º������	
c��	f�`H`ªd ��
x�������H���*d�� ¤ �h��r�f2gPd �H���	fxc	� ] � \ 	 ^ �:f�A <���«F`�f�y:f�`�c�� g ��r�f ������������� 
6fxf��L��	P��dx{|c	�6��y:f�{$c ±dbc��HwB�6�Ñs*
[d ���<g7��d�
��������L� g£��r�fe�
	P��d[{Fc	���6�	
xf2�����6�6`ªd ��������m

≥ W�]�!bn r*d�c�z�fxf��|���6����
[d `H`H{F��
6f������Ñs*fx

d�c ¤ % ¥ d � �

∼ ] � Y 	 Y � \ � Y �X�q� Y[]B© ���º´¶r�f <���«|
���c������Hz6�6�������¯� g£��r�ftc	���6�	
xfxchd�c<ivf�`H`£d�ckao�$
6f�`�c�g7���
��r�f@�N���6�6`ªd ������� � g ��	P��dx{Lz6�H�*d ����fxc��H�Rw�d `ªdX«$��fxcb� ©BU �k� ^ W�\ � c��6wBw:fxc	�h��r*d � ¤ % ¥ iº�H`H`·zNfx
x��aof@��r�f
a'dX¸.���k
x���������Hz6�6�	���<�	�/��r�f ] � \ 	 ^ �:f�A������°f�ab��c	c������Ld �W<���«6fxc�� g

∼ 10−18 erg cm−2 s−1 ��¬�'��c9c����H`H`h��d ��r�f��M�6��
xf�����d �H� iºr�{}ivf¯
6� �����9c�fxf ¤�¥�¦ c	�HwB�*d ���6�	fxc9�H����r�f¯���6����
[d `�c��Nfx
=	
����d9� gq��r�fxc�fbc	���6�	
xfxc[� > ��aofb��� � ¦�¥ c	r��[i4d z�c	����z�fx
���	P��dx{Rc��Nfx
�����d�iº�H��r 
x��`H�6ab�³
6f���c��H����fxc
≥ 1024 cm−2 � Y�W�Y � iºr6��
�r³��c�r6�HwBr6`H{�c��6wBw:fxc����Hy:f/��r*d �2��r�fxc�fbc	���6�	
xfxc�r��Bc���`H�6ab�H������c ¤�¥�¦ d ��

��r*d �b��r�f��H�o��fx
��6`H�ªd �o�
	P��d[{�d ��
}���6����
[d `k�6�	���Nf�������fxcMd �	f9�	f�`ªd �	fx
��	��r�f[d[y�{���z�c	
��6��d ���������§´¶r�f
����
�`�f[d �kf�ab��c	c	�����M�H����r�fxc�fh��z�¸�fx
��	c¶ae��c	�ºzNfh
x��ab�6`�f��	f�`H{M��z�c�
��6�	fx
9�H��d `H`�
��H�	fx
���������ck�6�	f�y:f������H�6w
��r�fFgE����a'd ��������� ge��r�fL�*d ���	�[i f�ab��c	c������ `H�H��fL�	f�wB������� �h�[iqf�y:f��������Fd `H`<��� � ¦�¥ c�r��[i c��Hw�	
�*d ���6�	fxct� g<d z�c������6������� �H� ��r�f��H�e��	P��dx{³c���fx
������6aF���¬�er*d�ctzNfxf��¨
�`ªd �Haofx
³��r*d �@c	��aofo��� � ¦�¥
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a'dx{¯zNf � ������a'd `4� ¤�¥�¦ iº�H��r���r�f��H�2���6����
[d `vc��HwB�*d ���6�	fxc2
��H`H�6�	fx
Rz�{Rc���d ��`H�HwBr���g+�	��a ��r�f��H��r��Bc���	
w�d `ªdX«${¨� Y[ZBZ �k� ^�Y � � ± d `H��r����6wBr���r6��c�ao��
6f�`£
[d �6�������6�	�[y$��
6fod'w:���$
Rf&«$�6`ªd �*d �������RgE����d `H`·��f[d ��z�{
�h� � ¦�¥ g7���·iºr6��
	rbw:�$�$
 � �*d `H�H��{@���6����
[d `�c���fx
�����dhd �	fºd[y�d �H`ªd z6`�fkd ��
/��r�f��	f&gE���	fq��r�fº
x���������Hz6�6�������
g+�	��a ��r�f ¤�¥�¦ d ��
F�H�	cºr��Bc��ºw�d `ªdX«�{9
[d ��z�f�c	f��*d ��d �	fx
u�

��� � ¦�¥ d �	fF�6�	f&gEf��	f������ªd `H`H{§gE���6��
�d ��`��[i �	fx
6c�r6�Ñg7�	c ± � ∼ ] � ]B\ 	 Y d ��
�r*dxy:fL��{$�6��
[d `h�
	P��d[{
`H�6ab�H���Bc��H����fxch� g

∼ 1041 − 1043 erg s−1 ± �	f�`ªd ���Hy:f�`H{�`��[iqf��<��r*d �L��r��Bc	f2� g c���d ��
�d �	
 ¤�¥�¦ �*���Ld�
8	

��H�������F��� � ¦�¥ d �6��f[d �k�	�/r*dxy:feivf[d �:f��<�H�������H��c���
2���6����
[d `·d ��
F»�A~
x�������H���6�6a mEd ��
F��r�f��	f&g7���	f
��r�f�{od �	f�f&«��Nfx
��	fx
b�	�2r*dxy:fkiqf[d �:f��qf�ab��c�c������o`H�H��fk`H�6ab�H���Bc	�H����fxc n � ^�Y � ���·�ºd�c	fx
o���'��r�fxc	f¶s���
��H�6w:c
� �*d �of�� d `P��m ^B]B] W�n � ^B\BU �6�6�	�����Bc	fx
odhao��
6f�`6�H�biºr6��
�ro��� � ¦�¥ d �	f ¤�¥�¦ ��r*d �£`ªd�
	�bd �o���6����
[d `H`H{
��r6��
	� d�
x
��	f���������
���c	
9d �tc�a'd `H`v��d�
��H� ± r*dxy$�H�6wL�H��c	�	f[d�
¨dF��d�
��ªd ���Hy:f�`H{ �H��f��'
���f����'d�
x
��	f��������c<*�[i
���hd�
�y:fx
��������¯
6��ab�H�*d �	fx
¯d�
x
��	f�������� <*�[i m ¤ � ¤ � n � ^B\BU ���¶�¶fx
[d ��c	f2� g£��r�fe`ªd�
	�F� g d �¯d�
x
��	f��������

���c	
/d �hc�a'd `H`?��d�
��H� ± ��r�fxc	f@c	���6�	
xfxc�d �	ftf&«��Nfx
��	fx
L�	��r*dxy:ftgEd �H���	f������6����
[d `@? »
A4
x�������H���6�6a d ��

���6����
[d `@? »
A f�ab��c	c	�����F`H�H��f�c���fx
�����d/��r*d �|c���d ��
�d �	
 ¤�¥�¦ �

�?�H�*d `H`H{ ± ��r�f¶
6f��	fx
��������bd �?��d�
����hiqd[y:f�`�f��6wB��r�c � gQc	��aofv�h� � ¦�¥ c	�6wBw:fxc��	c?��r*d �?c	��aofq� g*��r�fxc	f
��z�¸.fx
��	ch
x���6`�
Fz�f2�&% %�d�
=	P`H�H�:f ¤�¥�¦ ± �H�Liºr6��
	r¯ao�Bc��<� g£��r�fe�
	P��d[{|d ��
F��d�
����'f�ab��c�c������L
x��aofxc
g+�	��a dMr6�HwBr6`H{��	f�`ªd ���Hy���c�����
�d ��
�zNf[d aofx
 <*�[i4�	�jiqd �	
6c@���6�2`H�H��f'� gºc��HwBr��'� ^B© ��� ¤ `H��r����6wBr³�H����c
c����H`H`£�����2
�`�f[d ��iºr�f���r�f��2��� � ¦�¥ 
x����c����H���6�	f�dMr���ao��w:f���fx����c2�����6�6`ªd ������� ± d `H`£��r�fbao�$
6f�`�c�ivf
r*dxy:fb
6fxc	
����Hz�fx
¯r*dxy:f/z�fxf�� d z6`�ft�	�9f&«��6`ªd �H����r�f@�
	P��d[{¯d ��
R���6����
[d `£�6�	���Nf�������fxc�� g¶c��6z�c�d ab�6`�fxc
� g ��� � ¦�¥ ���¬�¶��c¶�6�6`H�H�:f�`H{ ± r��[iqf�y:f�� ± ��r*d ��d ��{9� g ��r�fhao�$
6f�`�ck
[d ��z�f�d �6�6`H��fx
9�	�/��r�f���� � ¦�¥
�N���6�6`ªd �������¯d�c�d/iºr���`�fB�
��������� �D&�" -0/21 �#����" �
¤ c?iqf¶r*dxy:fkc	fxf��/�H�/�6�	f�y$������c c	fx
���������c ± ��r�f¶`ªd ��w:fº
��Hy:f��	c��H�¬{@� g���z�c	f���yBd �������*d `6�6�	���Nf�������fxc � g ¤�¥�¦
a'd �:fxc�d'
6f���d �H`�fx
¯�6��
6f��	c���d ��
��H�6w�� g ��r�f��H���6r�{�c���
xchy:f���{F
x��ab�6`�f&«�� �h�[iqf�y:f��h��r�f/d �6�6�	�x«��Ha'd �	f
c�������
����6�	f2� g ¤�¥�¦ ��ckzNf�`H��f�y:fx
��	�/z�f2d�cº�H`H`H��c�����d �	fx
F�H��� �Hw�� Y � V � ���º��c¶iº��
6f�`H{Fd�
x
xf��6�	fx
���r*d �<d `H`
d�
����Hy:f�w�d `ªdX«���fxckr*dxy:f2��r�f2c�d aofhg7�6��
�d aof�����d `?�H�6wB�	fx
���f����	c[l

Y � ¤ c��6��f���a'd�c	c��Hy:f�z6`ªd�
��Mr���`�fom
106 − 1010 M� n d�
x
��	f����H�6woa'd ���	f�����ckd �k��r�fe
xf������	fB�

^ �k´¶r�f�d�
x
��	f����H�6wta'd �	f����ªd `N��cqf&«$��fx
��	fx
o�	�er*dxy:fhc��HwB�6�Ñs*
[d ���kd �6wB�6`ªd �qao��aof������6a®d ��
o��r�f��	f=	
gE���	fh��r�fhd�
x
��	f��������F
[d �6�����ºz�f���d�
��ªd ` ± z6�6�qgE����aoc¶dt�6`ªd �*d �º
���c	
�d�
x
��	f���������w:fx��aof�����{L� ^�Y[© �� g2���6����
[d `H`H{���r6��
	���6`ªd�c	a'dR��r*d ��c��6���	���6��
6c'��r�fFz6`ªd�
��¨r���`�fB� ´¶r�f|d�
x
��	f����H�6w a'd ���	f��'��c
�6�	��z*d z6`H{�r�f[d �	fx
|z�{9a'd wB��f�����
td ��
%? ���<y���c	
x����ck�6�	��
xfxc	c�fxck�	�b�	f�ab��f���d ���6�	fxc<� g·��r�f2���	
6f��
� g

105 − 106 K
d ��
�f�ab�H�	c ��r�f���a'd `H`H{b�H����r�fk���6����
[d `@? »
A d ��
o�6�	��z*d z6`H{oc	� g+� �
	P��d[{$c[�·´¶r�f


�r*d ��d�
��	f�����c�����
¶��d�
��H��c � gQd �bd�
����Hy:fv����
�`�f���c?��c�w:f���f���d `H`H{e�*d ��d aof��	f�����c	fx
@�H�t�	f���aoc?� g���r�f ��d 	

��H��c¶� g de������	P�	����d ���H�6w > 
�r�i¶d � �[c	
	r6�H`�
|z6`ªd�
	�or���`�f<r��������[��� ± RSchw = 2GM/c2 ∼ 3 × 105

�
/M�


�aF� �����qd�z6`ªd�
	�br���`�f�� gua'd�c	c
108 M� ± RSchw = 1014 cm

m+ab��
�i¶dx{oz�f���iqfxf�����r�f
����z6�H�	c<� g��B�6�6�H�	f���d ��
 > d ���6��� n ��� Y `H�HwBr���	Pr����6�[�

U � ¤ � �*d�c��4	�c	�6r�f�����
[d `·
�`�����
�� gvr����bm7f�`�fx
����	����ctd ��
L������c n ���6����
[d `H`H{¯��r6�H�R�6`ªd�c�a'd9c��6���	���6��
6c
���h�Nf���r*d ��ch�H�<��c�ab�Ñ«6fx
|iº�H��r¯��r�ft�H�6��f��<�*d ���	c�� g ��r�f/d�
x
��	f��������R
���c�
B�k´¶r�fer�����f�`�fx
����	����c_ ��ab�6�	�����6��	�c	
[d ���	f��/��r�fM
x����`�f��@�6r����	����c@��r�f���a'd `H`H{ f�ab�H���	fx
¨�H�³��r�f9d�
x
��	f���������
���c	
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aofx
��H�6a d ��
�r*d �	
§f���f���wB{¨�
	P��d[{$c ± �	fxc��6`H���H�6w �H�}��r�f������§��r�f���a'd `k���[iqf��'`ªdxi c��Nfx
�����d
��z�c	f���y:fx
Ld �k�
	P��d[{$ck�H� ¤�¥�¦ �
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W � �6�6����r�f��º���6� ± d �q
���c	��d ��
xfxcv� g d z����6� Y[]B] `H�HwBr��º
�dx{�c g+�	��a¢��r�f<
xf�������d `�c����6�	
xf ± d �	f<`���
[d �	fx


�`�����
6cv� gQr6�HwBr'
6f���c��H�¬{Fm

107 − 1010 cm−3 n w�d�c·ao�jy��H�6w/d �£r6�HwBrby:f�`���
��H�¬{�mEd<gEf�i���r�����c�d ��

km s−1 n&± iºr6��
	r d �	f@�	fxc�������c��Hz6`�f2gE���h��r�ftc����	���6w9r6�HwBr6`H{F�����6��c�fx
 �����6�6`�f���	Pz6�	�:d�
6f���fx
 ����	
����
[d ` d ��
�»�A�f�ab��c	c�������`H�H��fxck��z�c	f���y:fx
F�H����r�f����6����
[d `@? »
A c���fx
�����d/� g a'd ��{ ¤�¥�¦ �6´¶r6��c
�	f�wB��������ch�$���[iº�³d�c���r�f@z6�	�:d�
¯`H�H��f/�	f�wB������m7�&%�� n 
��B��´¶r�f@
xf������	����
6ctd ��
¯iº��
���r�c�� gv��r�f
f�ab��c	c	�����M`H�H��fxc¶�Hab�6`H{���r*d �º��r�f�f�ab�H�����H�6wo
�`�����
6c¶ae��c��ºz�f�r6�HwBr6`H{M�����6��c	fx
�m+z�{���r�f�����
�`�f[d �
��d�
��ªd ������� n d ��
�ao�[y$�H�6w�d �kr6�HwBrFy:f�`��$
��H����fxc[�

\ � > ���H`H`Bg7�6����r�f������6� ± d �u�*d �	c	fx
�m+`H�HwBr���{:f[d �	c n 
���c���d ��
xfxc�g+�	��a���r�f 
xf�������d `�c����6�	
xfº� Y[^B^ �*� Y[©�Y �*� Y[©B^ �d ��
�d �t
���c���d ��
xfxct�H���	f���aofx
��ªd �	f9z�f���iqfxf�����r�foz6�	�:d�
�d ��
 �*d ���	�[i�`H�H��f'�	f�wB������c ± ��r�f��	fo��c
dM�	f�wB�����³� gq��r6��
	��
x��`�
Ra'd �	f����ªd ` � g¶w�d�ced ��
�
���c���iº�H��r³dM�	���	����
�d ` w:fx��aof�����{R�H�³d9c��Hab�4	
`ªd ���6`ªd ��f'd�c���r�fod�
x
��	f��������¨
���c	
B�@´¶r�fb�	������c'm7���2����r�f���w:fx��aof�������
[d ` gE����a n d z�c	����z�ced ��

c	
[d ���	f��	c@��r�f'����
�`�f[d �/��d�
��ªd ��������d ��
 �*d �����ªd `H`H{³
x�jy:f��	ct��r�fM
xf�������d `¶c	���6�	
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|d�
x
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���c�
�g+�	��a 
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�`�f[d �<iºr�f���r�f�����r�f��	������c
w:fx��aof�����{�
6f��Nf���
6cb����`H�6ab�H���Bc��H�¬{ ± z6�6�b��r�f�d �6�*d �	f����b`ªd�
��¨� gh
��	�Bc	c�	�
x�����	f�`ªd �������§� g<��r�f
d ao���6���@� g�d z�c	�����6������� iº�H��r³��r�for��Bc	�2w�d `ªdX«${R�H��
�`H�H�*d ��������d �6wB`�f ± f�y:f��³g7��� ¤�¥�¦ � g¶��r�f
c�d aof����6����
[d `u�¬{���f/� Y�WBW � ± c��6wBw:fxc��	c¶��r*d �¶�H�	ck������f�����d �������|c�r����6`�
9z�fh��d ��
6��a iº�H��r��	fxc��Nfx
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�	�b��r�f�r��Bc	�kw�d `ªdX«${:�

Z � �6�6����r�f��t���6�ed ��
���c	��d ��
xfxc�g+�	��a d'gEf�i��	f���c2� gv�*d �	c	fx
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��H�¬{
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��H�	fx
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|��r*d ����r�f��	f&gE���	ftfxc	
[d ��fxck��r�f@d z�c	����z6�H�6wMa'd �	f����ªd `P�º´¶r6��c��	f�wB������m+�����jiº�¯d�c
��r�fe�*d ���	�[i `H�H��fe�	f�wB����� ± ¦ %�� n ��c��	fxc�������c��Hz6`�f�gE���k��r�f2�*d ���	�ji~���6����
[d `?d ��
|»
A f�ab��c	c������
`H�H��fxc[� ¤ c���r�f ¦ %��4`H��fxce���6�	c���
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 z�{¯��r�fbr6�HwBr w�d�c2
x��`H�6ab�¨
6f���c��H��{ ±���6����
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6cv�H`H`H�6ab�H�*d �	fx
Mz�{b��r�f<����
�`�f[d �ºf�ab��c	c������'g+�	��a¢��r�f ¤�¥�¦ r*d�c
z�fxf��F��z�c	f���y:fx
9�H�Fd@���6atzNf���� g?��{$�Nf=	 ^ ¤�¥�¦ ± c��6�6���������H�6wb��r�fh�	������cºao��
6f�` ± d�c¶��r�f ¦ %��
c�r����6`�
Lz�f � c	fxf��H�6w��e
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[d ` 
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��H��d ������� ± d ��
L��r�f��	f&g7���	f@�H����fxfx
6ch�	�MzNft`��[i ± � g ��r�f���	
6f���� g

104 cm−3 ���k`�fxc�c[�
V � E �[iqf��.g+�6`·�	f�`ªd ���Hy$��c�����
e��d�
����2¸.f��	chd ��
F�����6��c�d �������R
x����fxc
<*�[i²g7�	��a ��r�ft
xf�������d `?z6`ªd�
	�Fr���`�f
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�
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¨�	�L�	f���c/� g����H`�� 	P�*d �	c�fx
xc[��´¶r�f�{¨d �	fMc�{$abaof�������
9d z����6�/��r�fMz6`ªd�
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x
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ROSAT 3.5 − 7 0.1 − 2.4 400
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ColumnName Description

TIME Arrival time (seconds)

RAWX/RAWY Raw CCDpixel coordinates

DETX/DETY Position in the focal plane in detector coordinatesa

X/Y Position in the tangential plane in the sky relative to the
nominal pointing positionb

PHA Pulse height analyser or uncorrected event energy channel

PI Energyc

FLAG Quality flag of the eventd

PATTERN Type of evente

a { KqDPKPILMQWvTAi��cjX�EÐn:A@QXHW]6HXEj
b { KlDPKPILMQWnTAi��cjX�EÐ7:A@QXHWQ6HXEj�Z=<?>�:A@Q6(XHTV@C@Q6HXRMQ6HG�i�TV@YgnT�<>6Rgn6RKmMQWkTAiyMC8F6qW]:AMQ6R`L`LILMQ6?GcDP@CILKPB7MC8F6TVsFWQ6R@C<E:AMCIUTVK�j
c 5 { Wh:A@Q6nX]8;:A@CB>6nMC@]:AKFWtip6R@h68E9XRIU6RKFXR^bÁ É)- È�ÄeXHTV@C@Q6HXRMQ6HGJ:AKFG�@Q6HXHTVghsPILKF6HG j?ÂvKF6M5 { X]8;:AKPKF6R`�IUW:ANPNP@QT?3cILg9:AMQ6R`L^?6?*mDPIL<E:A`U6RKmM+MQT�"e6+*[j
d ��<E:A`LDF6	TAi#@=6R@QT9IUW�DFWQ6HG(i�TV@�MC8F6[6R<>6RKmMQWyw%ILMC8rs�6HWQM�*oD;:A`LILM¾^>jeÈ¡<>6RKoMQWyw%ILMC8�1�:AB>WvBE@Q6=:AMQ6R@yMC8;:AK
@=6R@QT	:A@Q6�6R<>6RKoMQW�GP6RMQ6HXRMQ6HG�:AM�MC8F6v6HGcB>6+TAi�: É%É Ã�TV@�:AMfMC8F6+6HGcB>6vTAi�:es;:VGnNPI93P6R`
<AXHTV`LDPgYK�j - 8F6HWQ66R<>6RKmMQW�g9:H^[`UToTEW]6�N;:A@CM�TAi MC8F6RIL@�XQ8;:A@CB>6+ILKmMQTeMC8F6HWQ6�DPKFGP6�xFKF6HGn@Q6RBEIUTVKFW�:AKFGn8F6RKFXH6%MC8F6RIL@�XHTV`L`U6HXRMQ6HGXQ8;:A@CB>6h:AKFG(6RKF6R@CBE^Og9:=^ks�6yw%@QTVKPBFj
e - 8PIUW�XHTV`LDPgYK	GP6HWQXR@CILs_6HW�8FT�w MC8F6fX]8;:A@CB>6�NP@QTSGcDFXH6HG�so^h:�NP8FTVMQTVKhIUWuGcIUWCMC@CILsPDPMQ6HG�T=<>6R@uXHTVKoMCILBEDFTVDFWNPI93c6R`UW�j { i�MC8F6YNP8FTVMQTVKJ6RKF6R@CBE^rIUWh@Q6R`U6=:VWQ6HG�ILKdTVKF6 É%É Ã NPI93c6R`�TVKP`L^�
�MC8F696R<>6RKoMQW	:A@Q6nGP6HW]XR@CILs�6HG:VW[WCILKPBE`U6O:AKFGJ8;:=<>6 5 � -%- ÈfÊ�� <E:A`LDF6kTAiA@=6R@QTPj { i+gnTV@Q6OMC8;:AKlTVKF6�NPI93c6R`�IUW�ILKm<>TV`L<>6HG.
�6R<>6RKmMQWX=:AKks�6yGPTVDPsP`U6YÁÑM¾w�TnXHTVKmMCILBEDFTVDFW%NPI93P6R`UWËÄ8
cMC@CILNP`U6YÁÑMC8P@Q6H6eXHTVKmMCILBEDFTVDFW+NPI93c6R`UW�Ä�:AKFGqWQT�TVK?:AKFGk8;:H<>6
5�� -%- È�Ê��2<V:A`LDF6HW�:As�T�<>6B@=6R@QTPj

TAi¡s;:VXQ�SBE@QTVDPKFGF1�:A@Q6HWvIUW�gnTV@Q6�WQ6R@CIUTVDFWvILK?i�@QTVKmMvIL`L`LDPgYILK;:AMQ6HG É%É ÃyWv`LIL�>6�MC8FTEWQ6hDFWQ6HG?ILK�MC8F6�M w�T
C Â K X=:Agn6R@]:VW=jlÃ�DP@CILKPB�N_6R@CIUToGPW9TAiv8PILBE8ls;:VXQ�SBE@QTVDPKFGbMC8F6OxF`LMQ6R@Yw%8F6H6R`+IUW[NPDPMYILK-:(½ XR`UTEWQ6HGS¿N�TEWQILMCIUTVK7MQTqNP@QTVMQ6HXRM�MC8F6nÈ<5 {CÉ GP6RMQ6HXRMQTV@QW=j - ILgn69ILKmMQ6R@C<E:A`UW�:�7 6HXRMQ6HG�sm^�8PILBE8ds;:VXQ�SBE@QTVDPKFGJ:A@Q66=:VWC^JMQT�IUGP6RKmMCI~i�^b:VWnMC8F6R^b:A@Q6?XQ8;:A@]:VXRMQ6R@CIUW]6HG-so^�:1`a:A@CB>6r:AKFGl<E:A@CIa:AsP`U6qs;:VXQ�SBE@QTVDPKFG-@]:AMQ6Ej { KTV@QGP6R@eMQTkIUGP6RKmMCI~i�^1MC8F6Rg 
�`LILBE8mM	XRDP@C<>6HW9ÁÑ8PIUWCMQTVBE@]:AgnWhTAi%XHTVDPKmMQW�:VW�:�iÑDPKFXRMCIUTVK TAi�MCILgn6�Ä�KF6H6HG�MQTs�6[XR@Q6=:AMQ6HGripTV@e6=:VXQ87TVsFWQ6R@C<E:AMCIUTVKd:AKFG1È<5 {CÉ X=:Agn6R@]:cj { MyIUWy@Q6HXHTVgYgn6RKFGP6HG�MQTODFWQ6[TVKP`L^�WCILKPBE`U66R<>6RKmMQW+w%ILMC8(6RKF6R@CBEIU6HW�:As_T=<>6l"%�[�>6+* MQT[gYILKPILgYIUWQ6hMC8F6�XHTVKmMC@CILsPDPMCIUTVK�iÑ@QTVg sP@CILBE8mM	Áp:AKFG(N�6R@C8;:ANFW<V:A@CIa:AsP`U6�Ä9WQTVDP@QXH6HW�
�MQTdBED;:A@]:AKmMQ6H61MC8;:AMOTVKP`L^bMC8F6?MCILgn6�s�6R8;:=<oIUTVDP@kTAi�MC8F6�s;:VXQ�SBE@QTVDPKFG TAieMC8F6TVsFWQ6R@C<E:AMCIUTVKlIUW�WQMCDFGcIU6HG j - 8F6O`LILBE8mM�XRDP@C<>6HWn:A@Q6kMC8F6RKJILKFWQN�6HXRMQ6HG�MQT1WQ6=:A@QX]8�i�TV@[MCILgn6kILKmMQ6R@C<E:A`UWw%ILMC8k8PILBE8 1�:A@CILKPB[s;:VX]�oBE@QTVDPKFG j�ÂvKP`L^9N_6R@CIUToGPW�w%ILMC8qXHTVKFWCM]:AKmM%`UT�w}XHTVDPKmM%@]:AMQ6HW�WC8FTVDP`UGOs�6�DFWQ6HG j



ÒEÏ ���	�zWQDP@C<>6R^SW%w%ILMC8(MC8F6����������h�
	��\�E��TVsFWQ6R@C<E:AMQTV@C^

- 8F6(@Q6HXHTVgYgn6RKFGP6HG <E:A`LDF6HWkTAihXHTVDPKmMk@]:AMQ6(MC8P@Q6HWQ8FTV`UGPWk:As_T=<>6�w%8PIUXQ8}6R<>6RKoMQWk:A@Q6rWCILBEKPI~x;X=:AKoMC`L^XHTVKmM]:AgYILK;:AMQ6HG :A@Q6��cjÎÒEÐ�XRMQW
sec−1 ipTV@�MC8F6 C "?:AKFG C �1GF:AM]:�:AKFG "qXRMQW

sec−1 i�TV@[NPKbGF:AM]:cj
- 8F6HWQ6e8;:=<>6es�6H6RKqMC8FTV@QTVDPBE8P`L^(:VGF:ANPMQ6HG(ILKqMC8F6�GF:AM]:[DFWQ6HGkILKqMC8PIUW+w�TV@C�_j
����� �lµ	� ©lª5ª¬«H­7®�¯(°�±�² ºP¤�³�§	 �³%¼_ Çº�¦�¢h¼_£��  ���¤��¡£�¤�¥Q¦�§�³�¸���¦�¼�¥t¤�µ	�
ÂvKFXH6vX=:A`LILsP@]:AMQ6HGq6R<>6RKoM�xF`U6HW�:A@Q6vNP@QTVN_6R@C`L^9XR`U6=:AKF6HG.
SMC8F6R^9X=:AK�s_6vDFWQ6HG9MQT	sPDPIL`UGk:�`LIUWCM�TAi�WQTVDP@QXH6HWGP6RMQ6HXRMQ6HG(ILKrMC8F6hTVsFW]6R@C<V:AMCIUTVK�j - 8F6 K � K XHTVKoM]:AILKFWy:9WCM]:AKFGF:A@QGrWQTVDP@QXH6	GP6RMQ6HXRMCIUTVK7:A`LB>TV@CILMC8Pg0i�TV@GP6RMQ6HXRMCIUTVK-TAieTVs4=t6HXRMQWnTVKbÈ65 {tÉ GF:AM]:VW]6RMQW=j - 8PIUWn:A`LB>TV@CILMC8PgÇ8;:VWYs_6H6RKb:VGPTVNPMQ6HGbMQT�WQ6=:A@QX]8�i�TV@WQTVDP@QXH6HW�ILK-MC8F6 �	���r���  #"%$'&��|GF:AM]:dDFWQ6HGbILK|MC8PIUW9w�TV@C��j �76rGP6HWQXR@CILs_6?KFT�w0MC8F6(NP@QToXH6HWQW�TAiWQTVDP@QXH6�GP6RMQ6HXRMCIUTVK?ILK(gnTV@Q6�GP6RM]:AIL`\jZ�
\@]:H^�W]TVDP@QXH6vN_TVNPDP`a:AMCIUTVKFW�8;:H<>6yGcI97 6R@Q6RKmM�TVsFWQ6R@C<>6HGOZ�
\@]:H^OWCN�6HXRMC@]:A`_NP@QTVN_6R@CMCIU6HW�
cWCN_6HXRIa:A`L`L^9I~iMC8F6RIL@h6RgYIUWQWCIUTVK XHTVgn6HWyiÑ@QTVg GcI97_6R@Q6RKoM�NP8m^cWCIUX=:A`fNP@QTSXH6HWQWQ6HW=j K M]:A@QW�:AKFG�XR`LDFWCMQ6R@QWhTAi�Bm:A`a:�3cIU6HWyi�TV@683P:AgYNP`U6;
_8;:=<>6[M¾^SNPIUX=:A`L`L^�WQTAi�M�Z�
\@]:=^�WCN_6HXRMC@]:�:AKFGr8F6RKFXH6�s_TVMC8rN_TVNPDP`a:AMCIUTVKFW�:A@Q6�s�6HWQM�GP6RMQ6HXRMQ6HG:AM�W]TAiÑM�Z�
\@]:=^SW=j�È¡<>6RKOw%ILMC8PILKkMC8F6vWË:Agn6+XR`a:VWQW�TAi�TVs4=C6HXRMQW�:h`a:A@CB>6+<E:A@CIU6RM¾^�TAi�WCN�6HXRMC@]:A`_WC8;:AN_6HW�X=:AKs�6�TVsFWQ6R@C<>6HG�:VW�ILM¡IUW�MC8F6%X=:VWQ6�i�TV@
���	�	�ADPK;:AsFWQTV@Cs_6HG����	�|:AKFGYW]TVDP@QXH6HW¡w%ILMC8nWCMC@QTVKPB�WQTAi�M¡683cXH6HWQW6RgYIUWQWCIUTVKOw%IL`L`�s_6vs�6HWCM�GP6RMQ6HXRMQ6HGq:AM�WQTAi�M�Z�
\@]:H^�6RKF6R@CBEIU6HW�
Sw%8PIL`U6�:AsFWQTV@Cs_6HG����	�,
mipTV@�w%8PIUXQ8kMC8F6RIL@WQTAi�M�Z�
\@]:=^?WCN_6HXRMC@]:YIUW+WQILBEKPI~x;X=:AKmMC`L^?@Q6HGcDFXH6HG�sm^qNP8FTVMQTS6R`U6HXRMC@CIUX�:AsFW]TV@CNPMCIUTVKC
;w%IL`L`�8;:H<>6hM¾^SNPIUX=:A`L`L^8;:A@QG9Z�
\@]:H^�WCN�6HXRMC@]:	:AKFG9w%IL`L`�s_6�s_6HWCM�GP6RMQ6HXRMQ6HGk:AM�8PILBE8F6R@�Z�
\@]:H^96RKF6R@CBEIU6HW�
oI~i�MC8F6R^n8;:=<>6v6RKFTVDPBE8WCILBEK;:A`\j - 8F6	TVsFWQ6R@C<>6HG1WCN_6HXRMC@CDPg�:A`UWQT9GP6RN_6RKFGPWyTVK�MC8F6	@Q6HGPWC8PI~i�M�TAifMC8F6�WQTVDP@QXH6HW=j��FTV@y683P:AgYNP`U6;
WCILBEK;:AMCDP@Q6HWeTAi�WQTAi�Mv683PXH6HWQWy6RgYIUWQWCIUTVK1TV@�:AsFWQTV@CNPMCIUTVK7:A@Q6�gnTV@Q6�GcI9E9XRDP`LMyMQTkGP6RMQ6HXRMyI~ifMC8F6[TVs4=t6HXRMQW:A@Q6n:AMe8PILBE87@Q6HGPWC8PI~i�M�
 s_6HX=:ADFWQ6[gnTEWCMhTAi�MC8F6YWCN�6HXRMC@]:A`�WCILBEK;:AMCDP@Q6HWyi�@QTVg�MC8F6HWQ6YXHTVgYN�TVKF6RKoMQWhw%IL`L`s�6eWQ8PI~iÑMQ6HGqTVDPMQWCIUGP6�MC8F6�WCN_6HXRMC@]:A` w%ILKFGPT=w w%8F6R@Q6	È<5 {CÉ IUW%WQ6RKFWCILMCIL<>6Ej

- 8F6eWCM]:AKFGF:A@QG��	���r���  #"%$'&��qWQTVDP@QXH6eGP6RMQ6HXRMCIUTVKr:A`LB>TV@CILMC8Pg4ILgYNP`U6Rgn6RKoMQ6HG?ILKqMC8F6y@Q6HGcDFXRMCIUTVKNPILN�6R`LILKF67N�6R@tipTV@CgnWqWQTVDP@QXH67GP6RMQ6HXRMCIUTVK WQILghDP`LM]:AKF6HTVDFWC`L^}TVK�MC8F6�È<5 {tÉ GF:AM]:�WQNP`LILMCMQ6HG}ILKmMQT�xF<>66RKF6R@CBE^�s;:AKFGPW#
��cjX��
R�cjÎÐ[�>6+*2
I�cjÎÐ�
R�[�>6�*�
I��
+�FjÎÐ[�>6�*�
K�FjÎÐ�
��SjÎÐY�>6+*�:AKFG �SjÎÐ�
�"%�cjX�[�>6+*[j É TVKFGcDFXRMCILKPBWQTVDP@QXH6OGP6RMQ6HXRMCIUTVKJTVKJK;:A@C@QT=w 6RKF6R@CBE^7s;:AKFGPW	ILgYNP@QT=<>6HWYWCILBEKPI~x;X=:AKoMC`L^dMC8F6�WQ6RKFWCILMCIL<SILM¾^dTAi+WQTVDP@QXH6GP6RMQ6HXRMCIUTVKC
�WCN_6HXRIa:A`L`L^7ipTV@	ip:AILKoMnTVs4=t6HXRMQW�MC8;:AM9:A@Q6kGP6RMQ6HXRMQ6HGlTVKP`L^7ILKlTVKF6kTAi+MC8F6q6RKF6R@CBE^ds;:AKFGPW�
s�6HX=:ADFW]6�ipTV@�MC8F6HWQ6%WQTVDP@QXH6HW�MC8F6�s;:VX]�oBE@QTVDPKFGY`U6R<>6R`PILK[MC8F6�sP@QT>:VG[s;:AKFG?ÁÑI\j 6Ej��cjX��
�"%���>6+*�ÄuILKFXR@Q6=:VWQ6HWgnTV@Q6e@]:ANPIUGc`L^kMC8;:AK?MC8F6�WCILBEK;:A` 
FMC8mDFW�@Q6HGcDFXRILKPB�MC8F6�XHTVKmMC@]:VWQMvTAi�MC8F6�WQTVDP@QXH6yw%ILMC8(@Q6HWQN�6HXRM%MQTYMC8F6s;:VXQ�SBE@QTVDPKFG j { K(:VGPGcILMCIUTVKC
;GPTVILKPB�WQTVDP@QXH6�GP6RMQ6HXRMCIUTVK�WQILghDP`LM]:AKF6HTVDFWC`L^qILK(:A`L`�s;:AKFGPW+ILKFXR@Q6=:VWQ6HW�MC8F6WQ6RKFWCILMCIL<SILM¾^?TAi�GP6RMQ6HXRMCIUTVK�TVK�6=:VX]8�s;:AKFG1:AKFG(WQN�6HXRIa:A`L`L^qILKrMC8F6�8;:A@QG�s;:AKFGPW�
�w%8F6R@Q6hMC8F6	687_6HXRMCIL<>6:A@Q6=:�TAi;MC8F6�Z�
\@]:=^hMQ6R`U6HWQXHTVN_6HW�IUW�ghDFXQ8Y`UT�w�6R@�
Es_6HX=:ADFWQ6�w�6�B>6RM�ILKcipTV@Cg9:AMCIUTVK[i�TV@�WQTVDP@QXH6HW�ILKY6RKF6R@CBE^s;:AKFGPW�w%8F6R@Q6eMC8F6R^q:A@Q6eKFTVM%ipTV@Cg9:A`L`L^kGP6RMQ6HXRMQ6HG j
(�T=w�6R<>6R@�
u:A`LMC8FTVDPBE8�MC8F6,�	���r���  #"%$'&��rGP6RMQ6HXRMQTV@QW	:A@Q6�W]6RKFWCILMCIL<>6hMQTONP8FTVMQTVKFWeT�<>6R@h:nsP@QT>:VG6RKF6R@CBE^k@]:AKPB>6;
PMC8F6e687_6HXRMCIL<>6	:A@Q6=:YTAi�MC8F6yZ�
\@]:H^kMQ6R`U6HWQXHTVN_6HW%IUW+:[WQMC@QTVKPBYiÑDPKFXRMCIUTVK�TAi�6RKF6R@CBE^�
�:AKFGGP6HXR@Q6=:VWQ6HW�WCILBEKPI~x;X=:AKmMC`L^k:As�T�<>6

∼
�FjÎÐ��>6�*�j - 8PIUW�gn6=:AKFW�MC8;:AM�w�6�w%IL`L`_GP6RMQ6HXRM�s�6RMCMQ6R@�TVs4=t6HXRMQW�w%ILMC8Z�
\@]:=^hWCN_6HXRMC@]:�N_6=:A�SILKPB�w%ILMC8PILK[MC8PIUW�ILKmMQ6R@C<E:A`PTAi�6RKF6R@CBE^�
>:AKFG�MC8F6R@Q6�i�TV@Q6�w�6�683cN_6HXRM�TVDP@�W]:AgYNP`U6HW�TAiWQTVDP@QXH6HW¡MQTys_6�sPIa:VWQ6HGYILK�ip:=<>TVDP@fMQT����	�|w%ILMC8Y`UT=wbZ�
\@]:H^�NP8FTVMQTS6R`U6HXRMC@CIUX+:AsFWQTV@CNPMCIUTVK�j - 8PIUW¡KF6H6HGPWMQT(s_6nM]:A�>6RKJILKmMQT1:VXHXHTVDPKmM[w%8F6RKJILKmMQ6R@CNP@Q6RMCILKPB�MC8F6�@Q6HWCDP`LMQW�TAi�N�TVNPDP`a:AMCIUTVKFWYWCMCDFGcIU6HW�TAi+WQTVDP@QXH6HWGP6RMQ6HXRMQ6HG?w%ILMC8��	� �1���  #"%$'&���j

��M�MC8F6ygnTVgn6RKmM�
PMC8F6��	� �1���  #"%$'&��ONPILN_6R`LILKF6eX=:A@C@CIU6HW%TVDPM%WQTVDP@QXH6eGP6RMQ6HXRMCIUTVK?TVKq6=:VXQ8?È<5 {tÉX=:Agn6R@]:�WQ6RN;:A@]:AMQ6R`L^�
F:A`LMC8FTVDPBE8qMC8F6�NP@QToXH6HWQW�IUW�683F:VXRMC`L^nMC8F6yW]:Agn6vi�TV@�6=:VXQ8?X=:Agn6R@]:cj�� 1;T�w�XQ8;:A@CM



�cjÎÒ - 8F6@�	� �1���! #"%$'&���WCM]:AKFGF:A@QG?WQTVDP@QXH6eGP6RMQ6HXRMCIUTVK1:A`LB>TV@CILMC8Pg Ò;/

��������� 	 ��
����
	��~�!	}�� S� �
�#�  c�!	 � � 8¢�! P� �
�\�V� )m�'��)���
��������r���  #"%$'&�� �R�'+ �t�Ë� )m�&�¾�Q�&�
�����V�r�V� 8m�'���J�! m� �V� 25456'7 )>���\��;����'+ �t�]� )m�&�¾�Q�?�����E�.� �t�&) +c�]���	�Y� � �&�f���������=�C�?�!� )m�&�¾�C�%�¾�()�V���Q�>�� ������=����$Å�����p�V�7�V���Q�>�� ��Q�V�9���C��� �=�Q�
�_�C�?;�� ;�� �H�'�e�n�'�C� )o�&�\�'�Ñ� ��� ;



��� ���	�zWQDP@C<>6R^SW%w%ILMC8(MC8F6����������h�
	��\�E��TVsFWQ6R@C<E:AMQTV@C^

WC8FT=w%ILKPB9MC8F6eNPILN�6R`LILKF6hÈ<5 {CÉ WQTVDP@QXH6�GP6RMQ6HXRMCIUTVK�IUW�WC8FT=w%K(ILK?�uILBFj3�cj'" �
"Ej�� +S����� �C�E� )���� �t��� �Ñ�n�&8m��� �[Z�
\@]:=^�ILg9:AB>6HW�TVKJMC8F6YxF<>6 �	� �1���! #"%$'&��JWCM]:AKFGF:A@QG�6RKF6R@CBE^s;:AKFGPWn:A@Q6kXR@Q6=:AMQ6HGJw%ILMC8�MC8F6 K � K M]:VWC�����	����
���
���j { M	IUW[XRDFWCMQTVg9:A@C^ MQT�XR@Q6=:AMQ6kILg9:AB>6HWw%ILMC8�:�NPI93P6R`�WCI @=6eTAi¤��:A@QXHWQ6HX

×
�9:A@QXHW]6HXEj

�cj�� +S����� �C�E� )������c�"��+ �Q�Y�n����� �%È+3cN�TEWCDP@Q6	g9:ANFWe:A@Q6hILg9:AB>6HWyILKrw%8PIUXQ8�6=:VX]8rNPI93P6R`�8FTV`UGPWvMC8F6687 6HXRMCIL<>6e683SN_TEWCDP@Q6yMCILgn6�:AM�MC8;:AM�GP6RMQ6HXRMQTV@�N_TVILKmM��FXHTV@C@Q6HXRMQ6HGkso^�@Q6R`a:AMCIL<>6h68E9XRIU6RKFXR^��Pw%8PIUXQ8ILKFXR`LDFGP6HW�<SILBEKF6RMCMCILKPB��cs;:VGONPI93c6R`UW%:AKFGkXHTV`LDPgYKFW��SILKmMQ6R@ 
 É%É ÃÆ:A@Q6=:VW��c6RMQXEj - 8F6R^�:A@Q6yXR@Q6=:AMQ6HGw%ILMC8JMC8F6 K � K M]:VWC����������������DFWQILKPB(MC8F6�`a:AMQ6HWCM	X=:A`LILsP@]:AMCIUTVK�ILKcipTV@Cg9:AMCIUTVKJTVK MC8F6�WCN;:AMCIa:A`
*oD;:AKmMCDPgÇ68E9XRIU6RKFXR^��fxF`LMQ6R@YMC@]:AKFWCgYIUWQWCIUTVK���gYIL@C@QTV@[<oILBEKF6RMCMCILKPB|Á�GP6HXR@Q6=:VW]6OTAi�MC8F6k687_6HXRMCIL<>6:A@Q6=:�TAi�MC8F6������1���! #"%$'&��kZ�
\@]:H^nMQ6R`U6HWQXHTVN_6HW��cWQ6H6 K 6HXEj3"Ej �Sj'"�Ä�:AKFGk�uÂY*�j ��W�W]TVgn6vTAi�MC8F6687 6HXRMQW�:A@Q6y6RKF6R@CBE^�GP6RN_6RKFGP6RKmM	Á�6Ej BFj�MC8F6�gYIL@C@QTV@%<SILBEKF6RMCMCILKPBoÄ�TVKF6�683cN_TEWCDP@Q6�g9:ANOKF6H6HGPW�MQTs_6eXR@Q6=:AMQ6HGqipTV@�6=:VXQ8?ILg9:AB>6Ej

Òcj ���&�¾�C�?���p�V�|�Y�'�]�&� � K TVgn6RMCILgn6HW[w�6OGPT(KFTVM�w�:AKoMYMQT(N_6R@ti�TV@Cg WQTVDP@QXH6OGP6RMQ6HXRMCIUTVK�ILKJWQTVgn6:A@Q6=:VW�TAi�MC8F6vGP6RMQ6HXRMQTV@�Á�6Ej BFjf:A@Q6=:VW�:AM�MC8F6�6HGcB>6vTAi_MC8F6v�uÂ�*��>w%8F6R@Q6+MC8F6�687 6HXRMCIL<>6+683cN�TEWCDP@Q6IUWh<>6R@C^�`UT�w�� É%É Ã5Bm:ANFW��us;:VG�NPI93P6R`UWËÄ�j { M�IUWeN_TEWQWCILsP`U6[MQT?GP6�xFKF69MC8F69:A@Q6=:qTAi%MC8F6YILg9:AB>6HWw%8F6R@Q6[WQTVDP@QXH6HWe:A@Q6[WQ6=:A@QXQ8F6HG�ipTV@vDFWQILKPB�MC8F6 K � K M]:VWC��� ������!�j#"��	�$� !?XR@Q6=:AMQ6HW�:9GP6RMQ6HXRMQTV@g9:AN��PILKFGcIUX=:AMCILKPB�w%8PIUXQ8�NPI93c6R`UW�WQ8FTVDP`UGqs�6yDFW]6HGksm^qWQTVDP@QXH6eGP6RMQ6HXRMCIUTVK�j
�Fj��;� � )'� � 8 �C��� �R� +9�C�]�:)m�&�¾�C�?���p�V��ÁÑ`UToX=:A`�gnTSGP6�Ä � - 8F6YWQTVDP@QXH6[GP6RMQ6HXRMCIUTVK7NP@QTSXH6HWQWeWCM]:A@CMQWyw%ILMC8MC8F6 K � K M]:VWC�%��&�'���(������)
*��j+"�&�'��$($������
���N_6R@tipTV@CgnWhWC`LIUGcILKPB�s�T�3dXH6R`L`�GP6RMQ6HXRMCIUTVK}ÁÑI\j 6Ej�ILMWQ6=:A@QX]8F6HW¡ipTV@f@Q6RBEIUTVKFWfILK9MC8F6�ILg9:AB>6HWfw%ILMC898PILBE8�WCILBEK;:A` 
\MQT 
\KFTVIUWQ6%@]:AMCIUTmÄ¡ILKYMC8F6+:A@Q6=:VW�GP6�xFKF6HGso^JMC8F6(GP6RMQ6HXRMQTV@9g9:ANFW=j,"�&�'���(������)
*� 8;:VWnM¾w�TdGcI97 6R@Q6RKmMOTVN�6R@]:AMCIUTVK|gnToGP6HW �?`UToX=:A`v:AKFGg9:AN-GP6RMQ6HXRMCIUTVK�j - 8F6qxF@QWCMYMCILgn6-��&)'���(����)��
*� IUW[@]:AKlILKb`UTSX=:A`%gnToGP6Ej - 8F6kNPDP@CN_TEWQ6qTAiMC8F6h`UToX=:A`�GP6RMQ6HXRMCIUTVK�IUW+MQTnNP@QT=<SIUGP6	:n`LIUWCM+TAi�WQTVDP@QXH6HW+MQTnMC8F6hKF683SM K � K M]:VWQ�OILK�MC8F6hWQTVDP@QXH6GP6RMQ6HXRMCIUTVK XQ8;:AILK����$� ��
).*/�� ������j0"�&�'���($�����)
*�dBEIL<>6HW9MC8F6?WCILBEKPI~x;X=:AKFXH6�TAiyGP6RMQ6HXRMCIUTVK TAie:WQTVDP@QXH6+ILKnMQ6R@CgnW�TAi�:eGP6RMQ6HXRMCIUTVK�`LIL�>6R`LIL8FToTSG�Á�TVKF6%N_6R@�6RKF6R@CBE^[s;:AKFG�:AKFGnMQTVM]:A` Ä1�

L = − ln p
�w%8F6R@Q6 �qIUWvMC8F6	NP@QTVs;:AsPIL`LILM¾^rTAi�: 5�TVIUWQWQTVKPIa:AK1@]:AKFGPTVg 1FDFXRMCD;:AMCIUTVK�TAifMC8F6hs;:VX]�oBE@QTVDPKFG1MQT8;:=<>6OX=:ADFW]6HGdMC8F6OTVsFWQ6R@C<>6HG KmDPghs_6R@YTAi+XHTVDPKmMQW[ILK MC8F6�GP6RMQ6HXRMCIUTVKlXH6R`L`\j { KdMC8F6OWCM]:AKFGF:A@QGNP@QTSXH6HWQWCILKPB�NPILN_6R`LILKF61:A`L`yWQTVDP@QXH6HWkw%ILMC8 MQTVM]:A`nÁ��cjX��
�"%� �>6+*Às;:AKFG;Ä�GP6RMQ6HXRMCIUTVK}`LIL�>6R`LIL8FTSToG)2:As_T=<>6�Ïn:A@Q6h:VXHXH6RNPMQ6HG1:VW%N�TEWQILMCIL<>6�GP6RMQ6HXRMCIUTVKFW=j �zGP6RMQ6HXRMCIUTVKr`LIL�>6R`LIL8FTSToG?TAi�ÏYXHTV@C@Q6HWQN�TVKFGPWMQT9:�NP@QTVs;:AsPIL`LILM ^?TAi�s_6RILKPB�:�@]:AKFGPTVg4s;:VX]�oBE@QTVDPKFGF1FDFXRMCD;:AMCIUTVK�TAi

3.3 × 10−4 j
Ðcj�� +S����� �C�E� ) �C�>����8 �t�'+S� )k�n��� � � C DP`LMCILs;:AKFG?s;:VXQ�SBE@QTVDPKFG?g9:ANFW�:A@Q6eXR@Q6=:AMQ6HGkipTV@�6=:VXQ8?X=:Ag 
6R@]:1DFWQILKPB�MC8F6 K � K M]:VWC�3�$� ��
�.�/�� ������j4")���)
�.�/����	��� @Q6RgnT=<>6HWYi�@QTVg MC8F6kILKPNPDPMnILg9:AB>6HWÁÑDFWCILKPB�:�WQTVDP@QXH6�sP@CILBE8mMCKF6HW]W¡GP6RN�6RKFGP6RKoM�XRDPM 
¾TVDPM�@]:VGcILDFWËÄuWQTVDP@QXH6HW¡GP6RMQ6HXRMQ6HG[sm^5��&�'���(������)
*�ILKr`UToX=:A`�gnTSGP6Ej - 8F6RK1ILMvN_6R@tipTV@CgnW�:�WCNP`LILKF6hxFM�T�<>6R@vMC8F6�WQTVDP@QXH6 
pi�@Q6H6	@Q6RBEIUTVKFW�MQTOXR@Q6=:AMQ6�:s;:VX]�oBE@QTVDPKFG g9:AN�j6"�����
).*/)��������DFW]6HWeMC8F6n683cN�TEWCDP@Q6ng9:ANFW�MQTq@Q6RgnT�<>6nBE@]:VGcIU6RKmMQW[GcDF6YMQTWCN;:AMCIa:A`�<V:A@CIa:AMCIUTVKFW+ILKqMC8F6�683SN_TEWCDP@Q6yMC8;:AM+XHTVDP`UG(X=:ADFWQ6eNP@QTVsP`U6RgnW�MQT[MC8F6hWCNP`LILKF6yxFMQW=j
7 yL^1T�b�g3_<`�T+`@m�T+VX^1S]gXV98&`@gXVXoh^?^%_<c�b�d+`�^1t\T�b1VXS\`n_�t?i C;:�<16>=?C1/?C%E�/ p\c�VZS\[fT+o\`�`@?<~<d+`@c�c�VX^
S

L = P (n,
P

Li)
����oh`�d+`

P
VXc�T+oh`¤VXShm�^
WY~hgX`�T+`BA¤b�WYW�b�r�phS\m�T+VX^
Sx�

Li

b�d+`¤T+o\`�gXVC8
`@gXVZo\^?^%_\c�r�^�d�`nb�mRoe`@Sh`�d+[�ift!b1Sh_eb�S!_
n
VXc�T+o\`�S%phW�t�`Rdz^1r

`@S\`�d+[1ifthb1S!_<c@w



�cjÎÒ - 8F6@�	� �1���! #"%$'&���WCM]:AKFGF:A@QG?WQTVDP@QXH6eGP6RMQ6HXRMCIUTVK1:A`LB>TV@CILMC8Pg �I"

Ícj��;� � )'� � 8 �C��� �R�'+ �C�]� )m�&�¾�C�?���p�V��ÁÑg9:AN�gnToGP6�Ä �#"�&)'���(����)��
*�(IUWy@]:AK�:kW]6HXHTVKFG�MCILgn6[ILK1g9:ANgnTSGP6Ej - 8PIUWfMCILgn6�MC8F6�M]:VWC�YWQ6=:A@QXQ8F6HW�i�TV@�WQTVDP@QXH6HWfDFWCILKPBhMC8F6%s;:VXQ�SBE@QTVDPKFG9g9:ANFW�XR@Q6=:AMQ6HG9so^
������
).*/)��������j - 8PIUW�ILgYNP@QT=<>6HWfWQILBEKPI~x;X=:AKmMC`L^�MC8F6�W]TVDP@QXH6�GP6RMQ6HXRMCIUTVKnW]6RKFWCILMCIL<oILM ^�:VW�XHTVgYN;:A@Q6HGMQTOMC8F6�`UToX=:A`¡GP6RMQ6HXRMCIUTVKdWQMQ6RN�j �+`L`¡WQTVDP@QXH6HWyw%ILMC81MQTVM]:A`+Á��cjX��
�"%���>6+*�Ä�GP6RMQ6HXRMCIUTVK�`LIL�>6R`LIL8FTSToG:As_T=<>6hÏY:A@Q6�ILKFXR`LDFGP6HG?ILKqMC8F6e`LIUWCM�TAi¡WQTVDP@QXH6HW%NP@QTSGcDFXH6HG?so^ ��&�'���($�����)
*��j

�Sj��r�*�'� � +S���,� �V��� �
 S�=�&)�/������Ñ�98 � - 8F6�xFK;:A`f`LIUWQM�TAi�WQTVDP@QXH6HWeIUWhTVsPM]:AILKF6HG�w%ILMC87MC8F6 K � K M]:VWC�
� ��
�(����)��
*��j "��	
�($�����)
*�qN_6R@ti�TV@CgnWyWCILg	DP`LM]:AKF6HTVDFWeg9:�3SILg	DPg�`LIL�>6R`LIL8FToTSGL5 K �-xFMQWyMQT9MC8F6GcIUWCMC@CILsPDPMCIUTVK7TAi�XHTVDPKmMQW�TAi�MC8F6[WQTVDP@QXH6HWeGP6RMQ6HXRMQ6HGrso^ ��&)'��$($���)��
��?TVK16=:VX]876RKF6R@CBE^(s;:AKFG j�P@Q6H61N;:A@]:Agn6RMQ6R@QW(TAi	MC8F6�xFMQW?:A@Q6rMC8F6�WQTVDP@QXH6rN�TEWCILMCIUTVK�:AKFG}683cMQ6RKmM�����XHTVDPKmMq@]:AMQ6HW?:AKFGGP6RMQ6HXRMCIUTVK	`LIL�>6R`LIL8FToTSGPW�Á�TVKF6¡N_6R@�6RKF6R@CBE^ys;:AKFGh:AKFGeMQTVM]:A` Ä�j { iPWQTVDP@QXH6fGP6RMQ6HXRMCIUTVK	IUW N_6R@ti�TV@Cgn6HGILK1gnTV@Q6�MC8;:AK�TVKF6Y6RKF6R@CBE^(s;:AKFG1WCILghDP`LM]:AKF6HTVDFWQ`L^���Z�
\@]:H^�XHTV`UTVDP@QWnÁÑKFTV@Cg9:A`LIUW]6HG�GcI97_6R@Q6RKFXH6TAiyXHTVDPKmMQWYi�@QTVg M¾w�T76RKF6R@CBE^Js;:AKFGPWËÄ[:A@Q6qX=:A`UXRDP`a:AMQ6HG�ipTV@n6=:VXQ8-TVs4=C6HXRM=j - 8F6k`UToX=:AMCIUTVKlIUWXHTVKFWCMC@]:AILKF6HGdMQTks�6nMC8F6nW]:Agn6[ILK :A`L`�6RKF6R@CBE^1s;:AKFGPW���w%8PIL`U6YMC8F6nXHTVDPKoMh@]:AMQ6HWh:A@Q6YMC8F6ns�6HWCMxFMO<V:A`LDF6HWkTVK 6=:VXQ8}6RKF6R@CBE^bs;:AKFG j K TVDP@QXH6r`LIUWCMQW9NP@QTSGcDFXH6HG sm^ � ��
�($���)��
��bXHTVKmM]:AILK i�TV@6=:VX]8�W]TVDP@QXH6k:AK�IUGP6RKoMCI~x;X=:AMCIUTVKbKmDPg	s�6R@9:AKFG�WC�S^�N�TEWQILMCIUTVK}Á�Ê+ILBE8mM ��WQXH6RKFWCIUTVKlÊhj ��ju:AKFGÃy6HXR`LILK;:AMCIUTVK|Ãy6HX�ÄY:AKFG|6R@C@QTV@9TVK-WC�S^JN�TEWCILMCIUTVK���:AKFGlipTV@n6=:VXQ8 6RKF6R@CBE^�s;:AKFGzÁp:AKFGlMQTVM]:A`s;:AKFG �L�cjX��
�"%�e�>6+*�Ä�XHTVDPKoMQW��mXHTVDPKoM�@]:AMQ6HW�:AKFGB1FD43c6HW��Aj - 8F6�GP6RMQ6HXRMCIUTVK�`LIL�>6R`LIL8FToTSGPW¡BEIL<>6RK9so^
� ��
�(����)��
*�n:A@Q6+ILK�MC8F6�i�TV@Cg5TAi_½ 6?*mDPIL<E:A`U6RKmMt¿�GP6RMQ6HXRMCIUTVK�`LIL�>6R`LIL8FTSToGPW*�

L2
�mILKOTV@QGP6R@�MQT[:A`L`UT=wXHTVgYN;:A@CIUWQTVK�s�6RM w�6H6RKOWQTVDP@QXH6�GP6RMQ6HXRMCIUTVK9@CDPKFW�w%ILMC8�GcI97 6R@Q6RKmMfKoDPghs_6R@QW�TAi_i�@Q6H6�N;:A@]:Agn6RMQ6R@QW=j

"���
�(����)��
*�9½ 6?*oDPIL<V:A`U6RKoMt¿	GP6RMQ6HXRMCIUTVK�`LIL�>6R`LIL8FTSTSGPW�:A@Q6	GP6�xFKF6HGr:VW
L2 = − ln(1 − P ( ν

2 , L′))w%8F6R@Q6
P
IUW%MC8F6�ILKFXHTVgYNP`U6RMQ6��e:AgYg9:[i�DPKFXRMCIUTVK��

n
IUW%MC8F6�KoDPghs_6R@vTAif6RKF6R@CBE^ks;:AKFGPW�Á

n �
":VW�TVKP`L^9TVKF6�6RKF6R@CBE^ns;:AKFG9IUW�ILKm<>TV`L<>6HG;Ä1�

ν
IUW�MC8F6�KmDPg	s�6R@�TAi�GP6RBE@Q6H6HW�TAi i�@Q6H6HGPTVg TAiuMC8F6�xFMÁ

ν = 2+n
I~i�w�6vGPT	KFTVM�WQ6=:A@QXQ8�i�TV@�683SMQ6RKFWQIUTVK�Ä�:AKFG

L′ =
∑n

i=1 Li
w%8F6R@Q6

Li = Ci/2
:AKFG

C
:VWfBEIL<>6RK9sm^ É :VWC8 �ÎÒEÐ��¾j��;TV@�:eGP6HWQXR@CILNPMCIUTVKOTAi�MC8F6+:ANPNP`LIUX=:AMCIUTVKkTAi C :�3cILghDPg�� IL�>6R`LIL8FToTSG:AK;:A`L^cWCIUW�MQT GP6RMQ6HXRMCIUTVK�TAihWQTVDP@QXH6HWkWQ6H6 � �mÍ��¾j �+`L`yWQTVDP@QXH6HWOw%ILMC8 � ��
�($���)��
�� �cjX��
�"%�7�>6�*GP6RMQ6HXRMCIUTVK�`LIL�>6R`LIL8FToTSGPW

≥ 10
:A@Q6eILKFXR`LDFGP6HGqILK(MC8F6yxFK;:A`�WQTVDP@QXH6y`LIUWCM�	Ej

"��	
�(������)
*�yGPTo6HW�KFTVM�N_6R@ti�TV@Cg W]TVDP@QXH6fGP6RMQ6HXRMCIUTVK��VILM�TVKP`L^eTVsPM]:AILKFW�N;:A@]:Agn6RMQ6R@QW�ipTV@�6=:VXQ8�TVs4=t6HXRMGP6RMQ6HXRMQ6HGJsm^���&�'��$($������
���DFWCILKPB7:?g9:�3cILghDPg `LIL�>6R`LIL8FTSToG xFM=jL(�T=w�6R<>6R@YMC8F6kWQTVDP@QXH6OGP6RMQ6HXRMCIUTVK`LIL�>6R`LIL8FToTSGPWvBEIL<>6RK�so^�����
�($������
���½ XR`U6=:AKc¿hMC8F6�`LIUWCMQW�TAifWQTVDP@QXH6HW�NP@QToGcDFXH6HG�sm^���&�'���($�����)
*�OiÑ@QTVgWCNPDP@CIUTVDFWYGP6RMQ6HXRMCIUTVKFW=j - 8F6R@Q6�ipTV@Q6���:VW+��&�'���($�����)
*�7IUW[MC8F6kM]:VWC� MC8;:AMYNP@QT=<SIUGP6HWYMC8F6qWQTVDP@QXH6k`LIUWCMTAi%MC8F69TVsFWQ6R@C<E:AMCIUTVK���ILM	IUW�@Q6HXHTVgYgn6RKFGP6HGJMQT?WQ6R`U6HXRM[:k`UT=w�6R@�GP6RMQ6HXRMCIUTVKJ`LIL�>6R`LIL8FTSToGdMC8P@Q6HWC8FTV`UGdILK
��&)'���(����)��
*�dMQT1B>6RM9:1WQTVDP@QXH6k`LIUWCM9:VWnXHTVgYNP`U6RMQ6(:VW[N_TEWQWCILsP`U6���:AKFGlMQT1s_6OWQDP@Q6kMC8;:AMYILMYIUWnTVKP`L^
���	
�($�����)
*�9MC8F6yM]:VWQ��MC8;:AM%xF`LMQ6R@QW+MC8F6eWQTVDP@QXH6e`LIUWCM=j


n��T�T+o\`�T+VXWY`¤^1rLT+ohVXcsb1S!b�gji\c�VXc�T+oh`��<�
��~\d+^?m@`@c�c�VXS\[Y~hVX~�`@gXVXSh`¤��b�c�Sh^1Tsc�`nb)d+mRo\VXSh[�r�^1d�`@?%T+`@S!_<`n_fc�^1p\d+m@`�c@w
� }9^
phS?TKd�b)T+`@c�b�d+`zm�^
S%v&`�d�T+`n_�T+^��hp�?<`@cLb1c�c�phWYVXS\[�T+o!b)TIb1gXg<c�^
p<d+m@`@cBo!bnv&`3T+oh`9c+b�WY`9c�~�`@mRT�d�b1g<c�o!b1~�`9VZS�T+oh`9�<w �)u+�n�

8&`��¢`�Sh`�d+[�i�thb1Sh_��
b1S�b�thc�^�d+t�`n_�~�^n�z`�dIgZb@�l��VXT+o�m@^
S?T+VXS%php\W¦c�gX^
~�`
Γ �

�
w �¤b1Sh_�b�thc�^1d+~<T+VX^
S
NH = 3 × 1020 cm−2

w
yzo\`�m@^
S%v&`�d+c�VX^1S�r'b1mRT+^1d+czb)d+`s_\Vj��`�d+`@S?TIr�^�d9`nb�mRo�{�|IQ�}Umnb1WY`�d�b�b1S!_�_\`@~�`@Sh_�^
S�T+oh`�`@S\`�d+[1i�t!b1Sh_��1T+oh`�^
t\c�`�d+v1b�T+VX^
S
WY^%_<`�b1Sh_fT+oh`�thgX^?m 8%VXSh[��!gjT+`�dsphc�`n_a_\p<d+VZS\[�T+o\`�^
thc�`Rd+v
b)T+VZ^1Sxw

��� 7!= =?C1/?C%E�/�� `n¡?phVXv1b1gX`@S?T���_\`�T+`�m�T+VX^
S gXV98&`@gXVXoh^?^%_<c�VXS�T+oh`��%w �)u+�)�#8&`���`@Sh`�d+[�i�t!b1Sh_�b)d+`�^
t<T�b1VXSh`n_�r�d+^1W
L2 =

−ln(1 − P (ν/2,
P

i Li))
�B��oh`�d+`

ν
VXc�T+o\`�S<p\W�t�`�d�^�r�_\`@[�d+`@`@c�^�r�r�d+`@`n_<^
W �'S%phW�t�`Rd�^1rs`@Sh`Rd+[1i thb1Sh_\c����%�IV'w `
w

 ���¤r�^1dzT+o\`��%w �)u+�)� 8&`!��thb1S!_h��b�S!_
P
VXc�T+oh`sVZS\m@^
WY~\gX`�T+` A¤b�WYW�b�r�p\Shm�T+VX^
S�w�yzoh`�_\`�T+`�m�T+VX^
S�gXVC8
`@gXVZo\^?^%_\c@�

Li
�<b)d+`

^1t\T�b1VXS\`n_eb�c�`@?<~\g b�VXSh`n_fVZS"�<`@m
wh�?w #%w



��� �����zWQDP@C<>6R^SW%w%ILMC8(MC8F6����������h�
	��\�E��TVsFWQ6R@C<E:AMQTV@C^

����� �-¢�¥Q¸Q �¥Q§	�����>¼�³�¹ º�¦�¢	¼�£��5¸Q¥QºP¤�º
	 8F6�
 ��
kNP@QTSXH6HWQWCILKPBONPILN_6R`LILKF6hN_6R@ti�TV@CgnW�WQTVDP@QXH6�GP6RMQ6HXRMCIUTVK�WQ6RN;:A@]:AMQ6R`L^(TVK�6=:VX]8�È�
 {CÉ X=:Agn6R@]:��w%8PIUXQ8�gn6=:AKFW?MC8;:AMqw�61DFWCD;:A`L`L^|8;:H<>6�MC8P@Q6H6bÁ�TVKF61N_6R@qÈ�
 {CÉ X=:Agn6R@]:>ÄkGcI��_6R@Q6RKoM(WQTVDP@QXH61`LIUWCMQWi�TV@e6=:VX]8������1��������������TVsFWQ6R@C<E:AMCIUTVK�j 	 8F6[B>6HTVgn6RMC@CIUX=:A`�WC8;:VGPT=w%ILKPB?TAi�8;:A`~i�TAi�MC8F6YWC�S^?Z�
\@]:=^6RgYIUWQWCIUTVK @Q6HXH6RIL<>6HG sm^ C "1:AKFG C � GP6RMQ6HXRMQTV@QW7Á�GP6R<oIa:AMQ6HG MQTJMC8F61Ê ��
lBE@]:AMCILKPB>W�Äng9:A�>6HWkMC8F6TVsFWQ6R@C<E:AMCIUTVKFW[w%ILMC8lMC8F6�NPKlX=:Agn6R@]:�:(i\:VXRMQTV@[TAi�M¾w�T1gnTV@Q6OW]6RKFWCILMCIL<>6kMC8;:AK�MC8F6OTVKF6HW[w%ILMC8lMC8F6
C Â�
rX=:Agn6R@]:VW	T=<>6R@]:A`L`\j 	 8F6R@Q6�ipTV@Q6���MQTqTVNPMCILgYIUW]6YMC8F6YWQ6RKFWCILMCIL<SILM¾^1TAi�TVDP@�WQDP@C<>6R^SW���w�6YDFWQ6HG1MC8F6NPILN�6R`LILKF6eÈ 
 {tÉ 
\NPK?W]TVDP@QXH6v`LIUWQMQW=j¡�FTV@%MC8F6��+Z { 
nWCDP@C<>6R^1Á�WQ6H6�
S6HXEjI�cj �EÄ�w�6�8;:VGqWQTVgn6RMCILgn6HW�gnTV@Q6MC8;:AKdTVKF6nTVsFWQ6R@C<E:AMCIUTVK�ipTV@�MC8F6nW]:Agn6�x;6R`UG j { K�MC8F6HW]6nX=:VWQ6HW�w�6YDFWQ6HG1MC8F6nÈ 
 {tÉ 
\NPKJWQTVDP@QXH6Y`LIUWCMiÑ@QTVg MC8F6eTVsFW]6R@C<V:AMCIUTVK?w%ILMC8(MC8F6y`UTVKPB>6HWCM+6"!cN�TEWCDP@Q6yMCILgn6Ej { KkMC8F6�X=:VWQ6eTAi�MC8F6$#��������n�V�&%��V�U�>�F:VWw�6[w%IL`L`fWQ6H6�ILK1gnTV@Q6YGP6RM]:AIL`¡ILK'
S6HXEj��cjÎÏ�� w�6n:VGPGP6HG1MC8F6YGF:AM]:�i�@QTVg�6=:VXQ87TVsFWQ6R@C<E:AMCIUTVK-ÁÑILg9:AB>6HW��s;:VXQ�SBE@QTVDPKFG?g9:ANFW+:AKFGq6"!cN_TEWCDP@Q6yg9:ANFWËÄ%:AKFGkMC8F6RK?w�6y@]:AK(WQTVDP@QXH6eGP6RMQ6HXRMCIUTVKrTVKqMC8F6eXHTVghsPILKF6HGGF:AM]:cjÂvKFXH6	w�6�8;:H<>6	MC8F6	W]TVDP@QXH6h`LIUWCMvipTV@v6=:VXQ81ILKFGcIL<SIUGcD;:A`¡TVsFWQ6R@C<V:AMCIUTVK���w�6h8;:=<>6	MQT�ILKFWCN_6HXRM+ILKFGcI 
<oIUGcD;:A`L`L^[:A`L`FTAi;MC8F6Rg�ILKYTV@QGP6R@¡MQT�@Q6RgnT=<>6�WCNPDP@CIUTVDFW¡GP6RMQ6HXRMCIUTVKFW�WCMCIL`L`cNP@Q6HWQ6RKmM¡ILK[MC8F6%GF:AM]:��EILKn:A@Q6=:VWTAi%MC8F69�uÂY*4XHTVKmM]:AgYILK;:AMQ6HG�sm^1MC8F6�6RgYIUWQWCIUTVK TAi%sP@CILBE8oM�TV@�6"!SMQ6RKFGP6HGJWQTVDP@QXH6HW�Áp:Åi�MQ6R@�:(X=:A@Q6�iÑDP`XQ8F6HX]�(w�6hipTVDPKFG(gnTEWCMyGP6RMQ6HXRMCIUTVKFWyILK�WQDFXQ87:A@Q6=:VW+MQT�s_6	WCNPDP@CIUTVDFW�Ä�j���W+w�6	w%IL`L`�WQ6H6hILK�MC8F6	KF6"!SMXQ8;:ANPMQ6R@QW���w�69:A@Q6[g9:AILKP`L^rILKmMQ6R@Q6HWQMQ6HG�ILK7WCMCDFGc^SILKPBqMC8F6[NP@QTVN�6R@CMCIU6HW	TAi�WQ6R@Q6RKFGcILNPILMQTVDFWC`L^�GP6RMQ6HXRMQ6HGZ�
\@]:=^9WQTVDP@QXH6HW��o8F6RKFXH6vw�6e:A`UWQT�KF6H6HG�MQT�6"!cXR`LDFGP6+iÑ@QTVg MC8F6�WQTVDP@QXH6+`LIUWQMQW�MC8F6vM]:A@CB>6RMQW�TAi�MC8F6vTVsFWQ6R@ 
<V:AMCIUTVKFW�j { KkTV@QGP6R@%MQT�@Q6RgnT=<>6yMC8F6HWQ6yTVs)(C6HXRMQW�w�6yGP6�xFKF6HGqXRIL@QXRDP`a:A@%@Q6RBEIUTVKFW�ÁÑw%ILMC8k@]:VGcILDFW�s�6RM w�6H6RK
"=ÍYMQT¦"=Í��9:A@QXHWQ6HX�GP6RN_6RKFGcILKPBOTVKrMC8F6�sP@CILBE8oMCKF6HWQW�:AKFG(6"!cMQ6RKFWCIUTVK1TAifMC8F6�M]:A@CB>6RMËÄvXH6RKmMC@Q6HGrTVK�MC8F6N�TEWQILMCIUTVKFWfTAi�MC8F6�M]:A@CB>6RMQW*�o:AKFG[@Q6RgnT=<>6HGniÑ@QTVg�MC8F6+WQTVDP@QXH6�`LIUWCMQW�:A`L`FWQTVDP@QXH6HW�GP6RMQ6HXRMQ6HGYw%ILMC8PILKnMC8F6HWQ6@Q6RBEIUTVKFW=j{ i�WQTVDP@QXH6HW�:A@Q6�GP6RMQ6HXRMQ6HG�KF6=:A@ É%É Ã�Bm:ANFW��PMC8F6�DPKFXH6R@CM]:AILKmMCIU6HW�ILK?MC8F6RIL@vXHTSTV@QGcILK;:AMQ6HWy:AKFG+*FD)!g9:H^ns_6%`a:A@CB>6R@�MC8;:AK�MC8F6�WCM]:AMCIUWCMCIUX=:A`�DPKFXH6R@CM]:AILKmMCIU6HW+:VW�BEIL<>6RK�so^nMC8F6�NPILN_6R`LILKF6vNP@QToGcDFXRMQW=j { K9TV@QGP6R@MQTYB>6RM+@CIUG(TAi�MC8F6HW]6�WQTVDP@QXH6HW�w%ILMC8rWQTVgn6Rw%8;:AM+DPKFXH6R@CM]:AILKrWQTVDP@QXH6�N;:A@]:Agn6RMQ6R@QW*�Fw�6h8;:H<>6	6"!cXR`LDFGP6HG:A`L`FWQTVDP@QXH6HW�GP6RMQ6HXRMQ6HGnILK @=TVKF6HW¡KF6=:A@ É%É Ã Bm:ANFW��>sm^[w%IUGP6RKPILKPB�MC8F6%Bm:ANFW��mGP6�xFKF6HGnsm^�MC8F6�GP6RMQ6HXRMQTV@g9:VWC�cW�Á�
S6HXEj��cjÎÒ>Ä1��ILKrWQI @=6hDPNrMQT9MC8F6	@]:VGcILDFWyMC8;:AMyXHTVKmM]:AILKFW

80%
TAifMC8F6$
,
S� TVK16=:VXQ8�GP6RMQ6HXRMQTV@N�TVILKoM=jÈ�
 {CÉ 
\NPK(6R<>6RKoMQW�@Q6RBEIUWCMQ6R@Q6HG?GcDP@CILKPB9MC8F6y@Q6=:VGPTVDPM+TAi�MC8F6 É%É ÃyW+:A@Q6y�SKFT=w%Kr:VW+ÂvDPM+TAi 	 ILgn6Á\Â�T 	 Äk6R<>6RKmMQW�j0Â�T 	 W(8;:H<>6�w%@QTVKPB-Ê��.- >�ÁÑ@]:=w É%É Ã NPI�!P6R`�XHToTV@QGcILK;:AMQ6HW��eW]6H6 	 :AsP`U6 �cj'"�Ä<V:A`LDF6HWn:AKFGl:A`UWQTrw%@QTVKPB76RKF6R@CBE^�XHTV@C@Q6HXRMCIUTVKFW(ÁÑMC8F6qXHTV@C@Q6HXRMCIUTVK�ipTV@[X]8;:A@CB>6qMC@]:AKFWtip6R@[ILKF6"/9XRIU6RKFXR^É0	%{ GP6RN�6RKFGPW�TVK�MC8F6vGcIUWCM]:AKFXH6+i�@QTVg¬MC8F6v@Q6=:VGPTVDPM�KFTSGP6�Ä�j 	 8F6v6"� 6HXRM�TAi�Â�T 	 TVKONPK9ILg9:AB>6HW�IUW�:sP@CILBE8mM�XHTV`LDPgYKO:A`UTVKPB�MC8F6�Ê��1- >|GcIL@Q6HXRMCIUTVK�j���MfMC8F6�MCILgn6�TAi�MC8PIUW�:AK;:A`L^SWQIUW¡MC8F6%WQTVDP@QXH6�GP6RMQ6HXRMCIUTVKNP@QToXH6HW]W�w�:VW%KFTVM�:VXHXHTVDPKmMCILKPBYipTV@+Â�T 	 W�ILKkMC8F6�s;:VXQ�SBE@QTVDPKFGqg9:ANFW��S@Q6HWCDP`LMCILKPBYILK?:	`a:A@CB>6yKmDPg	s�6R@TAiuWCNPDP@CIUTVDFW%GP6RMQ6HXRMCIUTVKFW%ILK(Â�T 	 XHTV`LDPgYKFW=j2-76�g9:VWC�>6HGkTVDPM�MC8F6�:A@Q6=:�TAi�MC8F6�ILg9:AB>6HW�:3�_6HXRMQ6HGkso^Â�T 	 W��Fw%8F6RK?NP@Q6HWQ6RKmM=j�FTV@�6=:VXQ8ex;6R`UG�:AKFG�TVsFWQ6R@C<E:AMCIUTVK��Åw�6f6"!F:AgYILKF6HG�MC8F6¡ILg9:AB>6HW�WQ6=:A@QXQ8PILKPB+i�TV@ @Q6Rg9:AILKPILKPByWCNPDP@CIUTVDFWWQTVDP@QXH6HW��_WCDFX]8�:VWyGP6RMQ6HXRMCIUTVKFWyILK18FTVM�NPI�!c6R`UWyTV@ysP@CILBE8mMeWQ6RBEgn6RKoMQW=j�4vTVMeTV@�s;:VGrNPI�!c6R`UWe:A@Q6	NPI�!c6R`UWw%ILMC8?:AsPKFTV@Cg9:A` s�6R8;:=<oIUTVDP@��cMC8F6R^�MQ6RKFG�MQT�gYILgYIUXe:�WCILBEK;:A` TV@�^oIU6R`UGOKFT�WCILBEK;:A`\j 	 8F6R^nKF6H6HGkMQT	s�6g9:VWC�>6HGkTVDPM�:VW�MC8F6R^�gYILBE8mM�:3�_6HXRM�MC8F6�WQXRIU6RKFXH6�5mD;:A`LILM ^>j 	 8F6v<oIUWCD;:A`_WQXR@Q6H6RKPILKPBYNP@QTSXH6HWQW�@Q6RgnT=<>6HG

∼
"%�76 TAi¡MC8F6hTVs)(C6HXRMQW+iÑ@QTVg0MC8F6hTV@CILBEILK;:A`�WQTVDP@QXH6�`LIUWCMQWvILK(DPKPg9:VWQ�>6HG�:A@Q6=:VW=j �vK�6"!F:AgYNP`U6hTAifMC8F6@Q6HWCDP`LMQWeTAif½ XR`U6=:AKPILKPBV¿YTAi�MC8F6YW]TVDP@QXH6[`LIUWCMQW�IUWeWC8FT=w%K�ILK7��ILBFj��cjX��ÁÑMQTVN�Ävw%8F6R@Q6n:OXHTV`UTVDP@�XHToGPGcILKPB



�cjÎÐ[È !cMC@]:VXRMCIUTVK�TAi�Z�
\@]:=^kWQN�6HXRMC@]:A` NP@QTSGcDFXRMQW �mÒ

8;:VW�s_6H6RK7DFWQ6HG�MQT�WC8FT=w�MC8F6nWQXR@Q6H6RKPILKPB�@Q6HWCDP`LMQW=jk��ILBFjs�cjX�dÁÑs_TVMCMQTVg�ÄeWC8FT�w�W	:AKJ6"!P:AgYNP`U6�TAi�:AKÈ�
 {CÉ 
\NPK(GP6RMQ6HXRMQTV@+g9:VWQ��MC8;:AM�w�6eDFWQ6HGOipTV@+:ADPMC8FTVg9:AMCIUXhWQXR@Q6H6RKPILKPBOTAi�W]TVDP@QXH6HW=j
����� ���y¤;¼�³+£�¤�¥]¦�§�¦�¨&���>¼_³f¹ º��O�¡£�¤;¼_³�¸���¼_¦e 	¢�£�¤�º

oN�6HXRMC@]:A`cNP@QTSGcDFXRMQW�KF6H6HG[MQT�s�6�6"!SMC@]:VXRMQ6HG�ipTV@�6=:VXQ8nTVs)(C6HXRM��>È�
 {CÉ X=:Agn6R@]:YÁ C "�� C �y:AKFG	NPK�Ä�:AKFGTVsFWQ6R@C<E:AMCIUTVK�j1-76�GcIUG�MC8F6�6"!SMC@]:VXRMCIUTVKYTAi;Z�
\@]:H^�WCN�6HXRMC@]:A`SNP@QTSGcDFXRMQWf:ADPMQTVg9:AMCIUX=:A`L`L^	DFWCILKPByGcI�� 6R@Q6RKmM

 ��
1M]:VWC�SW�j 	 8F6+
 ��
�M]:VWC�����
	�.�'�/�NP@QT�<oIUGP6HW[TVNPMCILgYIUWQ6HG WQTVDP@QXH6�:AKFGds;:VXQ�SBE@QTVDPKFG�6"!SMC@]:VXRMCIUTVK@Q6RBEIUTVKFW=j 	 8F6eWQTVDP@QXH6�@Q6RBEIUTVKFW%w�6R@Q6�GP6�xFKF6HG�:VW�XRIL@QXR`U6HW+XH6RKoMC@Q6HG?TVKqMC8F6�WQTVDP@QXH6eXHTSTV@QGcILK;:AMQ6HW�w%ILMC8M¾^SNPIUX=:A`�@]:VGcILDFW

∼
"&� 
 Ò��9:A@QXHW]6HXhGP6RN_6RKFGcILKPBOTVK�MC8F6hWQTVDP@QXH6hN�TEWCILMCIUTVK�w%ILMC8PILK�MC8F6	GP6RMQ6HXRMQTV@��;w%8PIUX]8XHTV@C@Q6HWCN_TVKFGPW+MQT �!��
 Ï��76 
0
S�b6RKFXRIL@QXR`U6HG16RKF6R@CBE^q@]:VGcILDFW=j 	 8F6hILKmMQ6R@CK;:A`�s;:VXQ�SBE@QTVDPKFGr<V:A@CIU6HW�T=<>6R@MC8F6fÈ�
 {CÉ GP6RMQ6HXRMQTV@QW��AMC8F6R@Q6�ipTV@Q6fILKhTV@QGP6R@�MQT%B>6RMu:�B>TSToGy@Q6RNP@Q6HW]6RKmM]:AMCIUTVK[TAicMC8F6fs;:VXQ�SBE@QTVDPKFGhTVK�MC8F6:A@Q6=:�w%8F6R@Q6h:[WQTVDP@QXH6yIUW�GP6RMQ6HXRMQ6HG �FMC8F6es;:VXQ�SBE@QTVDPKFG?WCN_6HXRMC@]:[WC8FTVDP`UGqs_6e6"!SMC@]:VXRMQ6HGkILKr:�N�TEWCILMCIUTVKXR`UTEWQ6�MQThMC8F6+WQTVDP@QXH6Ej¡�;TV@ C "+:AKFG C �hGF:AM]:eILM�IUW�@Q6HXHTVgYgn6RKFGP6HGOMQTh6"!cMC@]:VXRM�s;:VX]�oBE@QTVDPKFGO@Q6RBEIUTVKFW:AM	MC8F6OW]:Agn6kT � 
 :3!SIUW[:AKPBE`U6q:VW	MC8F6OWQTVDP@QXH6ON_TEWCILMCIUTVKFW��f:AKFGdi�TV@�NPKlGF:AM]:�:AM�MC8F6kW]:Agn6�Ê��.- >N�TEWQILMCIUTVKFWnTVKbMC8F6?X]8PILN�j 	 8F6R@Q6�ipTV@Q6?s;:VX]�oBE@QTVDPKFG|@Q6RBEIUTVKFWnw�6R@Q6(GP6�xFKF6HG|:VW�:AKPKmDP`LIvXH6RKoMC@Q6HG :AMMC8F6(WQTVDP@QXH6�N_TEWCILMCIUTVK-w%ILMC8 ILKPKF6R@�@]:VGcILDFWO6 5oD;:A`vMQTdMC8F6�WQTVDP@QXH6�6"!SMC@]:VXRMCIUTVK @]:VGcILDFW��r:AKFG|TVDPMQ6R@@]:VGcILDFW�MC8P@Q6H6hMCILgn6HWvMC8F6hILKPKF6R@�@]:VGcILDFW=j { K�MC8F6	X=:VW]6HW+w%8F6R@Q6	MC8F6R@Q6�IUWvT�<>6R@C`a:ANPNPILKPBkTAi�MC8F6hWQTVDP@QXH66"!SMC@]:VXRMCIUTVKO@Q6RBEIUTVKFW�w%ILMC8�KF6=:A@Cso^9WQTVDP@QXH6HW��oMC8F6RK
����		.�'�/�@Q6HGcDFXH6HW�MC8F6�WCI @=6�TAi�MC8F6�@Q6RBEIUTVKkILK�TV@QGP6R@MQT?6R`LILgYILK;:AMQ6�MC8F69T=<>6R@C`a:ANPNPILKPBFj 	 8F69W]:Agn6nNP@QToXH6HWQWhIUW	GPTVKF69I~i%MC8F696"!cMC@]:VXRMCIUTVKd@Q6RBEIUTVKFW�6"!SMQ6RKFGTVDPMQWCIUGP6yMC8F6e�uÂY*�j { K(:VGPGcILMCIUTVK��PI~i�KF6=:A@Csm^qWQTVDP@QXH6HW�i\:A`L`_ILKFWCIUGP6eMC8F6ys;:VX]�oBE@QTVDPKFG(@Q6RBEIUTVKqMC8F6R^k:A@Q6g9:VWC�>6HG?TVDPM=j

	 8F6�
 ��
�M]:VWC�6��������
��)
*��IUWfDFWQ6HG9MQT�6"!SMC@]:VXRM�MC8F6+6R<>6RKoMQW�w%ILMC8PILKOMC8F6�GP6�xFKF6HG�@Q6RBEIUTVKFW=j �+N;:A@CMiÑ@QTVg0MC8F6	WQN;:AMCIa:A`uxF`LMQ6R@CILKPB��_TVKP`L^(WQILKPBE`U6�:AKFGrGPTVDPsP`U6�NPK�6R<>6RKmMQW�:AKFGrWCILKPBE`U6	MQT 5oD;:VGc@CDPNP`U6 C Â�

����c�VXSh[�thb1m 8<[�d+^
p\S!_�`@?%T�d�b1mRT+VZ^1S�d+`@[
VX^1Shc9��VjT+oYVXShS\`�d3d�b1_\VXphc�`n¡?p!b�ghT+^¤T+oh`�c�V��@`s^1r�T+oh`�c�^1p\d+m@`s`@?%T�d�b1m�T+VX^1S�d+`@[
VX^
S

�9`f` ?\~�`�m�T�c�^
WY`Y^1r�T+o\`Y`@WYVXc�c�VZ^1SU^1r�T+oh`Yc�^1p\d+m@`�c�T+^�r�b1gXg9��VjT+ohVXS T+oh`Ythb1m 8%[1d+^
p\S!_]d+`�[
VX^
S�w�Q5S�T+o\`@c�`Ymnb1c�`�c�T+oh`
thb1m 8<[�d+^
p\S!_ �hp�?���VXgXgLt�`�^)v&`�d+`@cJT+VXW�b)T+`n_eb�S!_aT+o\`�d+`�r�^�d+`¤T+oh`�m@^�d�d+`@c�~�^
Sh_\VXSh[Yc�^1p\d+m@`�m�^
phS?T�d�b�T+`�cs[1VXv&`@S�t?i�� >n0<C?E
��VXgXgBt�`�p\S!_<`�d+`@cJT+VXW�b�T+`n_�w�� `�o!bnv&`�¡?p!b1S?T+V �!`@_aT+oh`�W�b1[1ShVjT+p!_<`�^�rIT+oh`�`���`@m�T¤b1c�r�^
gXgX^n��c��¤gX`�T�� c�b1c�c�p\WY`�T+o!b�T

ATb�S!_
AB

b�d+`�T+o\`�b�d+`nb�c3^�r�T+oh`�c�^
p<d+m@`sb1Sh_�t!b�m 8%[1d+^1phSh_�`@?%T�d�b1mRT+VZ^1S�d+`@[
VX^1Shc3b1S!_�T+o!b�T
fT

b1Sh_
fB

b�d+`�T+oh`9r d�b1m�T+VX^1Shc
^�r9c�^1p\d+m@`�m@^
p\S%T+c�T+o!b�T�r'b�gZgB��VjT+ohVXS�`nb1m�o�^1r�T+oh`�` ?<T�d�b�m�T+VX^
S�d+`@[
VX^1Shc@w�Q.r

N
VXc¤T+o\`�d+`nb�gBm@^
p\S?T¤d�b�T+`�^1r�T+oh`�c�^
p\d+m�`

b�S!_
b
T+o\`�t!b1m 8%[1d+^1phS!_�m�^
phS?T�d�b�T+`�~�`�d�~hV ?<`@g'��b�c�c�phWYVXSh[�T+ohb�TsT+oh`�c�^1p\d+m@`�b1Sh_et!b�m 8%[1d+^1phSh_e`@?<~�^
c�p<d+`�T+VXWY`@csb)d+`

T+o\`¤c+b1WY`
�<T+oh`�^
thc�`Rd+v&`n_am�^
phS?T�d�b)T+`@cs��VjT+o\VZS
AT

b�S!_
AB

�
T
b1Sh_

B
b)d+`

T = b × AT + N × fT

�N�?wZ�n�
b�S!_

B = b × AB + N × (fB − fT )
�N�?w �1�

yzo\`�m@^
p\S%T�d�b)T+`�[
VXv&`@Sat?i�� >n0<C%E ��VjT+ohVXSeT+o\`�b�d+`nb�^1rBT+oh`�c�^
p\d+m�`�VZc

S = T − B ×
AT

AB
= N × fT + N ×

AT

AB
(fT − fB)

�N�?w #
�
b1Sh_aT+oh`�c�^
p\d+m�`�m@^
p\S%T�d�b)T+`�`@cJT+VXW�b�T+`n_at%i�� >n0<C%E ��VXgXgLt�`

CR = N ×

»

1 −
AT

AB
×

„

fB

fT
− 1

«– �N�?w £ �
�h^�dYb�c�^
p<d+m@`f`@?%T�d�b1m�T+VX^
SUd+`@[1VX^
S

r1 �
� £ b)d+m@c�`@m
�IT+oh`�^1S\u.b ?<VXc�| �\��`@Shm�VXd+m�gZ`@_k`�Sh`�d+[�i�r�d�b�m�T+VX^
S\cYb�d+`

fT ���  
�

b�S!_
fB �

� �
� r�^1dab1S¢`@Sh`Rd+[1il^1r��1w  8&`!��wIQ5SkT+ohVXcYmnb�c�`�T+oh`�c�^1p\d+m@`�m@^1phS?T�d�b)T+`�`@cJT+VXW�b�T+`n_kt?i�� >n0<C%E ��VXgXg�t�`
CR = 0.98N

wz�h^�d�b�v
b�gXph`¤^�r
r1 �

#1��b�d+m�c�`@m
�
fT �

�  w £ ��b1Sh_
fB �

�1�<w #&��b1Sh_
CR = 0.995N

w



��� �����zWQDP@C<>6R^SW%w%ILMC8(MC8F6����������h�
	��\�E��TVsFWQ6R@C<E:AMQTV@C^

���������
	���
���������������������� ���"!#�$��%'&�()�+*���,.-/!0&�,1�2%3,4� -5*267�98��:&;��64&=<�� �>%.*2�?�@&�()�'A)�BA
*��;�C*2�
6���,7,.<D�/E+�C<F�G�:!H<��C�
I'�J6K�?!0� -5*+6K�
8�8 <D�5E9()�L,'M7�K�.�N-�,
��8O&P�$,�(5� QR&�()�'*K��,�-5!S&�,+�2%�&�()�
,:6:*K�K�.�T<��/E��UE *K�K�.�V%4� *WEX�
�Y8Z,:� -5*26���,7[\�'�
E��.��&P�U%4� *],:�?-/*�67��,^%4� !�!H<��/E_<D�9M��X83� *K���L,�8��=`a�C��8
<D�b&�()�38/�:&;��64&P� *��'�L,�c
,7[]*K��8$,4� -/*�67��,3d
<D,�-G� !�!Hef,:6:*K�K�.�g��8�Iih��?&�&P�?�'�B���j����� ���"!#�'�2%3�?�
kalam npo#�C�O8��:&;�K64&P� *q�'�L,�ci-/,4�K8�%4� *_� -)&P� �'�?&=<�6V,46:*��7�.�T<��/E>�2%r,:� -5*�67��,qQs<=&�(fQs<�8��.*+ntn�u
6.(�<v�bEX�.��,��?�"8w&�(G�+� *K���L,+�2x��K64&;��8bM.ew&�(G�f�.�3<D,7,.<=� �+%�*�� �y&�()�+&P� *�E��:&iz{67�.�"&=*2� !|6:<D*�6:!}�{~
� �"8w�t�"���.dL�:��&�,iMK�.<��/E1�'�L,7c?��8�I



�cjÎÍ 
oN�6HXRMC@]:A`�:AK;:A`L^SWCIUW �mÐ

6R<>6RKmMQWO8;:H<>6�s_6H6RK-s_6?DFWQ6HG jzÂvKP`L^|6R<>6RKmMQWOw%ILMC8-MC8F6�8PILBE8F6HWCMkWCN�6HXRMC@]:A`�5mD;:A`LILM ^zÁ������������oÄ[i�TV@È�
 {CÉ 
\NPK(GF:AM]:��;:AKFGkw%ILMC8(6RKF6R@CBEIU6HW�iÑ@QTVg �cjX��MQT�"%�Y�>6+*28;:H<>6es_6H6RKqDFWQ6HG �;:VW�MC8PIUW%IUW�MC8F6e6RKF6R@CBE^@]:AKPB>6yw%8F6R@Q6eMC8F6eGF:AM]:�IUW%s_6HWCM%X=:A`LILsP@]:AMQ6HG j 	 8F6 
 ��
�M]:VWC�6&)��
�!���
���
���IUW%DFWQ6HGOMQTYX=:A`UXRDP`a:AMQ6eMC8F6WC�S^O:A@Q6=:VW�TAi�MC8F6eWQTVDP@QXH6h:AKFGks;:VX]�oBE@QTVDPKFG�6"!SMC@]:VXRMCIUTVK?@Q6RBEIUTVKFW*�Ps�6HX=:ADFW]6yMC8F6es;:VXQ�SBE@QTVDPKFG?KF6H6HGPWMQT�s_6+@Q6HW]X=:A`U6HG9MQThMC8F6vW]:Agn6y:A@Q6=:�:VW�MC8F6�WQTVDP@QXH6vw%8F6RKOGPTVILKPB�MC8F6vWQN�6HXRMC@]:A` :AK;:A`L^SWQIUW=j { KOTV@QGP6R@�MQTX=:A`UXRDP`a:AMQ6yMC8F6�:A@Q6=:VW���&��)
*!	��
���
��[XHTV@C@Q6HXRMQW%i�TV@�T�<>6R@C`a:ANPNPILKPB9TAiuMC8F6y@Q6RBEIUTVKFW%w%ILMC8 É%É Ã2Bm:ANFW�:AKFGs;:VG�NPI�!P6R`UW=j��FTV@�6=:VX]8�W]TVDP@QXH6�:+@Q6HGcIUWCMC@CILsPDPMCIUTVK[g9:AMC@CI�!exF`U6�Á�Ê C �fÄ�:AKFG�:AK[:AKFXRIL`L`a:A@C^�@Q6HWCN_TVKFWQ6¡xF`U6Á �vÊv�fÄ%8;:=<>6[s�6H6RK�XHTVgYNPDPMQ6HG j 	 8F6HW]6hxF`U6HWyNP@QT�<oIUGP6n:OX]8;:A@]:VXRMQ6R@CIUW]:AMCIUTVKdTAi�MC8F6[È�
 {tÉ GP6RMQ6HXRMQTV@@Q6HWCN_TVKFWQ6kKF6HXH6HWQW]:A@C^ i�TV@YMC8F6(WCN�6HXRMC@]:A`�xFMCMCILKPBdw%ILMC8
	�� ����
SjlÊ C ��xF`U6HWO:A@Q6qXR@Q6=:AMQ6HGbw%ILMC8lMC8F6

 ��
kM]:VWC������� 	$��/ ��:AKFG(XHTVKmM]:AILKrMC8F6hXHTV@C@Q6HWQN�TVKFGP6RKFXH6	s�6RM w�6H6RK�GP6RMQ6HXRMQTV@yXQ8;:AKPKF6R`UWe:AKFG?NP8FTVMQTVK6RKF6R@CBEIU6HW=j 	 8F6R^d:A@Q69GcIUWQXR@Q6RMQ6niÑDPKFXRMCIUTVKFW	BEIL<SILKPB(MC8F6nNP@QTVs;:AsPIL`LILM ^7MC8;:AM�:AK ILKFXHTVgYILKPB�NP8FTVMQTVKJTAi6RKF6R@CBE^ 2}IUW�GP6RMQ6HXRMQ6HG ILKJ:?GP6RMQ6HXRMQTV@[XQ8;:AKPKF6R` 6�j �vÊv� xF`U6HW	XHTVKoM]:AILK MC8F6O6"�_6HXRMCIL<>6O:A@Q6=:(TAi%MC8F6MQ6R`U6HWQXHTVN_6HWn:AKFGJGP6RMQ6HXRMQTV@QW*��XHTV@C@Q6HXRMCILKPB1ipTV@[XHTVDPKoMQWY`UTEWCM[TVDPMQWCIUGP6kMC8F6k6"!SMC@]:VXRMCIUTVKl@Q6RBEIUTVK�j 	 8F6R^:A@Q6kXR@Q6=:AMQ6HGlw%ILMC8lMC8F6&
 ��
dM]:VWC�3� �
� 	$��/7MC8;:AMYM]:A�>6HWYILKoMQT7:VXHXHTVDPKmMnMC8F6q6"� 6HXRMCIL<>6?:A@Q6=:1TAivMC8F6MQ6R`U6HWQXHTVN_6HW�ÁÑILMkGP6RN�6RKFGPWOTVK-MC8F6(N�TEWCILMCIUTVK TAieMC8F6(WQTVDP@QXH6(ILK-MC8F6(GP6RMQ6HXRMQTV@?:AKFG|6RKF6R@CBE^PÄ1��xF`LMQ6R@MC@]:AKFWCgYIUWQWCIUTVK�� É%É Ã 5oD;:AKmMCDPg�6"/9XRIU6RKFXR^��;@Q6RBEIUTVK�:AKFG?N;:AMCMQ6R@CK1WQ6R`U6HXRMCIUTVKFW��FiÑ@]:VXRMCIUTVK1TAi¡MC8F6 
,
S�6RKFXRIL@QXR`U6HGkILKkMC8F6�6"!cMC@]:VXRMCIUTVKk@Q6RBEIUTVKdÁÑILKFXR`LDFGcILKPBnXQ8PILNqBm:ANFW��Ss;:VGkNPI�!P6R`UW%:AKFGOT�<>6R@C`a:ANPNPILKPB9TVDPMQWCIUGP6MC8F6�x;6R`UG?TAi�<oIU6RwvÄ%:AKFGrÂ�T 	 6R<>6RKmMQW+i�TV@%NPK?GF:AM]:cj
����� ¶ �O�¡£�¤;¼_³�¸?³+§	³�¸Q¹yº�¥Qº
	 8F6�WQN�6HXRMC@]:A`�:AK;:A`L^cWCIUW[TAi+MC8F69Z�
\@]:H^JWQTVDP@QXH6HW�NP@Q6HWQ6RKmMQ6HG�ILKJMC8PIUW�MC8F6HWCIUW�w�:VWYXHTVKFGcDFXRMQ6HG�DFWCILKPBMC8F6�	�� ���)
	WQTAi�M¾w�:A@Q6eN;:VXQ�E:AB>6�ÁÑ<>6R@QWCIUTVK "�"EjX�>Ä � ���¾j�		�����)
hKF6H6HGPW%MC8P@Q6H6	GcI��_6R@Q6RKoM%xF`U6HW+TV@vWCN�6HXRMC@]:A`NP@QToGcDFXRMQW ��:�WQTVDP@QXH6+WCN_6HXRMC@CDPg �c:es;:VXQ�SBE@QTVDPKFGkWCN_6HXRMC@CDPg �S:AKFG9MC8F6+XHTV@C@Q6HWCN_TVKFGcILKPB	ILKFWQMC@CDPgn6RKmM]:A`X=:A`LILsP@]:AMCIUTVKkxF`U6HW=j 	 8F6vxFMCMCILKPB�MQ6HX]8PKPI 5mDF6yMC8;:AM�		�����)
h:ANPNP`LIU6HW�MQThMC8F6yGF:AM]:	@Q6 5oDPIL@Q6HW�ILKcipTV@Cg9:AMCIUTVKTVKdMC8F6�È�
 {CÉ GP6RMQ6HXRMQTV@[@Q6HWCN_TVKFWQ6HW�s_6HX=:ADFWQ6�	����)��
qXHTVgYNPDPMQ6HW[TVDPMCNPDPM�WQN�6HXRMC@]:r:VW�ILM�w�TVDP`UG s�6WQ6H6RKnso^[È 
 {tÉ �>BEIL<>6RKO:AKnILKPNPDPM�WQN�6HXRMC@CDPg�gnToGP6R` �S:AKFGnXHTVgYN;:A@Q6�MC8F6Rg�MQTeMC8F6�TVsFWQ6R@C<>6HG�WCN�6HXRMC@]:cj

	 8F6�Z�
\@]:=^9WCN_6HXRMC@]:�� 7 �!6 �	ÁÑs;:VXQ�SBE@QTVDPKFGqWCDPsPMC@]:VXRMQ6HGkWCN_6HXRMC@]:>Ä1�F:A@Q6vGP6�xFKF6HG?:VW�XHTVDPKoMQW��57 �oTVKGP6RMQ6HXRMQTV@+XQ8;:AKPKF6R`UW*� 6�j{ KkTV@QGP6R@�MQTYGPT�MC8F6vxFMCMCILKPBYw%ILMC8�	�� ����
�:hgnTSGP6R` WCN_6HXRMC@CDPg KF6H6HGPW�MQT	s_6yGP6�xFKF6HG � � �!2 ���mMC8;:AMw%IL`L`�s_6�GP6HWQXR@CILs_6HG?w%ILMC8�:9WQ6RM+TAi�N;:A@]:Agn6RMQ6R@QW#� �!2�� ����� � ��� ;!;
; �Aj�		���)��
�MC@CIU6HW+MQTYg9:AMQX]8(MC8PIUW+gnToGP6R`WCN_6HXRMC@CDPg�MQT%MC8F6�TVsFW]6R@C<>6HGhGF:AM]:���7 �!6 � �HXHTVgYNPDPMCILKPB�NP@Q6HGcIUXRMQ6HG�XHTVDPKmMuWQN�6HXRMC@]:��
Cp(I)

��<E:A@C^SILKPB�MC8F6gnToGP6R`�N;:A@]:Agn6RMQ6R@QW=j¡È�:VX]8qNP@Q6HGcIUXRMQ6HGkWCN�6HXRMC@CDPg
Cp(I)

IUW�XHTVgYN;:A@Q6HGOMQT	MC8F6vTVsFWQ6R@C<>6HGOWCN_6HXRMC@CDPg �
7 �!6 ���oMC8F6eXHTVgYN;:A@CIUW]TVK(s_6RILKPB 5mD;:AKoMCI~x;6HG?w%ILMC8�:	xFM+WQM]:AMCIUWCMCIUXEj¡Ã�I��_6R@Q6RKoM+WQ6RMQW�TAi�N;:A@]:Agn6RMQ6R@QWv:A@Q6MC@CIU6HGnDPKoMCIL`�MC8F6vs�6HWQMf<V:A`LDF6�xFM�WQM]:AMCIUWCMCIUX�IUW�TVsPM]:AILKF6HG j 	 8F6�gnTSGP6R`�N;:A@]:Agn6RMQ6R@QW�MC8;:AM�BEIL<>6+MC8F6+s�6HWCMWQTV`LDPMCIUTVK :A@Q6Y@Q6�ip6R@C@Q6HG :VW �Q���
�J�,/��5�c�'�C�V�9�&�¾�����	:AKFG�MC8F6nXHTV@C@Q6HWCN_TVKFGcILKPB(gnTSGP6R`�WCN_6HXRMC@CDPg IUWeMC8F6
�Q���&�J� /����n�&)m���~j 	 8F6yxFM+WQM]:AMCIUWCMCIUXyMC8;:AM�w�6�8;:H<>6�DFW]6HGkw%ILMC8PILK�	�� ����
	IUW

χ2 �

χ2 =
∑

I

(C(I) − Cp(I))2/(σ(I))2
Á��cjÎÐ>Ä

w%8F6R@Q6
σ(I)

IUWkMC8F6�6R@C@QTV@qILK MC8F6�XHTVDPKmMQW?GP6RMQ6HXRMQ6HG}ILK�X]8;:AKPKF6R` { Áp:VWQWQDPgYILKPBlKFT�s;:VXQ�SBE@QTVDPKFG
σ(I) =

√

C(I)
�;8FT�w�6R<>6R@eILKrB>6RKF6R@]:A`�ILMvIUWvKF6HXH6HWQW]:A@C^?MQTk:VXHXHTVDPKmMyipTV@+MC8F6	s;:VXQ�SBE@QTVDPKFG7:AKFG�MC8F6:A@Q6=:VW%DFWQ6HGkMQTY6"!cMC@]:VXRM�MC8F6eWQTVDP@QXH6h:AKFGks;:VX]�oBE@QTVDPKFG�WCN_6HXRMC@]:>Ä�j { K?TV@QGP6R@�MQT[DFW]6yMC8F6

χ2 WCM]:AMCIUWCMCIUX



�mÍ �����zWQDP@C<>6R^SW%w%ILMC8(MC8F6����������h�
	��\�E��TVsFWQ6R@C<E:AMQTV@C^

ÁÑMC8;:AM�:VW]WCDPgn6HW ��:ADFWQWCIa:AK�WQM]:AMCIUWCMCIUXHWËÄ�w�6+8;:=<>6�MQT�BE@QTVDPN�xF@QWCM�MC8F6vZ�
\@]:=^9WCN_6HXRMC@]:eMQThs�6vWCDP@Q6+MC8;:AM6=:VXQ8?N_TVILKmM+ILK?MC8F6�GF:AM]:YXHTVKoM]:AILKFW+6RKFTVDPBE8?KoDPghs_6R@vTAi¡XHTVDPKmMQWvMQTY6RKFWCDP@Q6eBm:ADFWQWCIa:AKPILM ^>j
	 8F6nDFW]69TAi%MC8F6

χ2 WCM]:AMCIUWCMCIUX[ipTV@hMC8F6�WCN_6HXRMC@]:A`¡xFMCMCILKPB1:A`L`UT�w�WhMQT 5mD;:AKoMCI~iÑ^�MC8F6 8>�=�&)E����� �q���
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χ2
ν ∼

"�Á
χ2

ν ≡ χ2/ν
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IUW	MC8F6�KmDPghs_6R@TAivGP6RBE@Q6H6HWYTAi�i�@Q6H6HGPTVg TAivMC8F69xFMËÄ�j�-76q:A`UWQT�w�:AKoMYMQT�TVsPM]:AILK�ipTV@�6=:VX]8JxFMCMQ6HG N;:A@]:Agn6RMQ6R@YMC8F6ILKmMQ6R@C<E:A`�w%8F6R@Q6	w�6h�oKFT�w w%ILMC8�:nBEIL<>6RK�XHTVKcx;GP6RKFXH6	MC8;:AM+MC8F6eMC@CDF6h<V:A`LDF6	TAi�MC8F6�N;:A@]:Agn6RMQ6R@v`LIU6HW=jÉ TVKcx;GP6RKFXH6�ILKoMQ6R@C<V:A`UW�:A@Q6eX=:A`UXRDP`a:AMQ6HGqipTV@�6=:VXQ8?N;:A@]:Agn6RMQ6R@�<E:A@C^SILKPBnMC8F6y<V:A`LDF6eTAi�MC8F6eN;:A@]:Agn6RMQ6R@DPKmMCIL`�:�GP6HWCIL@Q6HG

∆χ2 IUW�TVsPM]:AILKF6HG(Á�GP6RN�6RKFGcILKPB�TVKYMC8F6%KmDPg	s�6R@�TAi�N;:A@]:Agn6RMQ6R@QW�TVKnw%8PIUXQ89w�6%w�:AKmMMQT1TVsPM]:AILK-:�XHTVKcx;GP6RKFXH6?@Q6RBEIUTVK�TVK���:�<V:A`LDF6
∆χ2 XHTV@C@Q6HWCN_TVKFGPW[MQT�:�w�6R`L`�GP6�xFKF6HGlXHTVKcx;GP6RKFXH6`U6R<>6R` Ä�j

	 8F6�WQTVDP@QXH6HW�MC8;:AMfw�6�8;:H<>6�WCMCDFGcIU6HG�:A@Q6�ip:AILKoMvÁÑw%ILMC89M ^oNPIUX=:A`�WCN�6HXRMC@]:ew%ILMC8
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	 8F67WCN_6HXRMC@]:A`h:AK;:A`L^cWCIUWq8;:VW?s_6H6RK�X=:A@C@CIU6HG�TVDPM?so^ xFMCMCILKPB-WCILghDP`LM]:AKF6HTVDFWQ`L^ C Â�
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P(χ2)

�FI\j 6Ej �FMC8F6hNP@QTVs;:AsPIL`LILM¾^MC8;:AM¡MC8F6�TVsFWQ6R@C<>6HGYWCN_6HXRMC@CDPgÆIUW¡GP6R@CIL<>6HG[i�@QTVg�MC8F6�gnTSGP6R`FDPKFGP6R@fWQXR@CDPMCILKm^>j -76%XHTVKFWQIUGP6R@�:�gnToGP6R`:�s;:VGkxFM�I~i
P(χ2)
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VÄ�8;:VW�s�6H6RK?ILKFXR`LDFGP6HG?ILKqMC8PIUW�gnTSGP6R` �c8F6R@Q6=:ÅiÑMQ6R@
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H
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 ���3���!/f���5���p�V�������! c�B� �P�C�%���t�V���n�&)m���,�=+9�H�() �Ñ� �! ��
��	��'�Ë�';
Model Xspecdefinition

model A phabs× (powerlaw)

model B phabs× phabs(powerlaw)

model C phabs× zphabs(powerlaw)

model D phabs× (zbbody+ powerlaw)

model E phabs× (zbbody+ zphabs(powerlaw))

model F phabs× (zpcfabs(powerlaw))

��'#")� � 
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H@Q6HWCM 
pi�@]:Agn6 Ì � &�&)'�(�� �_sP`a:VXQ�es_TSGc^�6RgYIUWQWQIUTVK	:AM�MC8F6fWQTVDP@QXH6HW<
H@Q6HWCM 
pi�@]:Agn6 Ì � �	
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F@Q6HWCM 
piÑ@]:Agn6Ej
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Nobs
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\MQT 
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∼ Nobs
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Γ
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Nintr
H

j 	 8F6	:AsFW]TV@CsPILKPBOXHTV`LDPgYKGP6RKFWCILMCIU6HW��
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Nintr
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Model Definition Normalisation

Power lawb A(E) = K (E/1 keV)−Γ K[photons cm−2 s−1 keV−1]

Phot. abs.c M(E) = e−NHσ(E) N/A

Partial coveringd M(E) = f e−NH σ(E(1+z)) + (1 − f) N/A

Blackbodye A(E) ∝ K (E(1+z))2 dE

(kT )4 e(E(1+z)/kT )−1)
K = L39

D2
10

[erg s−1 cm−2]

Gaussianf A(E) = K√
2 π σ2

e
( E (1+z)−Ec√

2σ
)2

K[photons cm−2 s−1 in the line]

a 	����)��
(:VGPGcILMCIL<>6kgnTSGP6R`UW���I\j 6EjrgnToGP6R`UW�@Q6RNP@Q6HWQ6RKoMCILKPB7WQTVDP@QXH6HW[TAiv6RgYIUWQWCIUTVKl:A@Q6O@Q6RNP@Q6HWQ6RKmMQ6HGl:VW
A(E)

w%8PIL`U6eghDP`LMCILNP`LIUX=:AMCIL<>6	gnToGP6R`UW�:A@Q6y@Q6RNP@Q6HWQ6RKmMQ6HG1:VW
M(E)

j
b -76yDFWQ6yMC8F6eN_T=w�6R@v`a:Hw�NP8FTVMQTVK(KmDPghs_6R@+ILKFGP6"! � Γ Á�GcILgn6RKFWQIUTVKP`U6HWQWËÄ�MQT 5oD;:AKmMCI~i�^kMC8F6eWC8;:AN_6eTAiMC8F6esP@QT>:VGqs;:AKFG?XHTVKoMCILKmDPDPg?j { MQW�@Q6R`a:AMCIUTVK�w%ILMC8?MC8F6�6RKF6R@CBE^OILKFGP6"!qIUW

α � Γ

�"Ej

c σ(E)
IUW�MC8F6	6RKF6R@CBE^?GP6RN�6RKFGP6RKoMvNP8FTVMQTS6R`U6HXRMC@CIUX[XR@QTEWQW 
¾WQ6HXRMCIUTVK(i�TV@�NP8FTVMQTS6R`U6HXRMC@CIUXY:AsFWQTV@CNPMCIUTVK�TAiWQTAi�MeZ�
\@]:=^SWeBEIL<>6RK sm^ C TV@C@CIUW]TVK & C X É :AgYgnTVK �'"=ÍEÏ���:VWQWQDPgYILKPB(WQTV`a:A@h:AsPDPKFGF:AKFXH69TAi%gn6RM]:A`UW Ì

NH
IUW%MC8F6eKF6RDPMC@]:A`�8o^SGc@QTVB>6RKrXHTV`LDPgYK�:A`UTVKPBnMC8F6e`LILKF6hTAi�WCILBE8oM=j

d σ(E)
IUWyMC8F6Y6RKF6R@CBE^rGP6RN_6RKFGP6RKmM	NP8FTVMQT 
¾6R`U6HXRMC@CIUX9XR@QTEWQW 
¾W]6HXRMCIUTVK��

f
IUW�MC8F6YXHT=<>6R@CILKPBqi�@]:VXRMCIUTVK �n�Á

0 < f ≤ 1
Ä	:AKFG

NH
IUW�MC8F6OILKmMC@CILKFWQIUX?:AsFWQTV@CNPMCIUTVKlXHTV`LDPgYKbGP6RKFWCILM¾^>j e ���-IUW�MC8F6O@Q6HWCM 
piÑ@]:Agn6MQ6RgYN�6R@]:AMCDP@Q6[TAifMC8F6�6RgYILMCMCILKPBkNP`a:VWCg9:nILKrDPKPILMQWyTAif�>6+* Ì MC8F6hKFTV@Cg9:A`LIUW]:AMCIUTVKFW

K = L39/(D10)2
�w%8F6R@Q6 ��Ò��nIUW�MC8F6	WQTVDP@QXH6e`LDPgYILKFTEWCILM ^?ILK?DPKPILMQW�TAi

1039 erg s−1 :AKFG D10
IUW�MC8F6hGcIUWCM]:AKFXH6hMQTnMC8F6WQTVDP@QXH6eILKqDPKPILMQWvTAi�"%���SN�XEj

f Ec
:AKFG

σ
:A@Q6hMC8F6hXH6RKoMC@QTVIUG1:AKFG(w%IUGcMC8�TAi¡MC8F6�`LILKF6hILK(@Q6HWCM 
pi�@]:Agn6�DPKPILMQW�TAi¡�>6+*¬:AKFG

K
IUW�MC8F6ILKmMQ6RKFWCILM ^?TAi�MC8F6y`LILKF6�ILK?DPKPILMQW�TAi

photons cm−2 s−1 j
E
@Q6�i�6R@QW�MQT[TVsFWQ6R@C<>6HGONP8FTVMQTVK?6RKF6R@CBEIU6HW�w%8PIL`U6

E(1 + z)
I~i�DFWQ6HGOMQT�@Q6�i�6R@�MQT�@Q6HWCM 
piÑ@]:Agn6y6RKF6R@CBEIU6HW=j

gnTEWCMfTAi�MC8F6%WQN�6HXRMC@]:e:AK;:A`L^cWQ6HG[IUW¡KFTVM¡8PILBE8oM�6RKFTVDPBE8�:VW�MQTeGP6RMQ6HXRMQ6HGY`LILKF6%6RgYIUWQWQIUTVKnWCILBEK;:AMCDP@Q6HW=j { KMC8F6eip6Rw TVs)(C6HXRMQW�w�6R@Q6	MC8PIUW+WQN�6HXRMC@]:A`�XHTVgYN�TVKF6RKoMvw�:VWvGP6RMQ6HXRMQ6HG �_:A`L`uWQTVDP@QXH6HW�iÑ@QTVg0MC8F6$#��������n�V�
%��V�U�%WQDP@C<>6R^�Á�W]6H6$
S6HXEjI�FjÎÐcj �oÄ1�;MC8F6 �e:ADFWQWCIa:AK(gnToGP6R`uw�:VWv:VGPGP6HG(MQTYMC8F6hWQN�6HXRMC@]:A`�gnTSGP6HW���
¾��TAi
	 :AsP`U6��cjX�cj

	 8F67� 
\MQ6HWCM � �18;:VWqs_6H6RK :ANPNP`LIU6HG}MQT�MQ6HWCM(MC8F6�WCILBEKPI~x;X=:AKFXH6dTAiY:VGPGcILMCIUTVK;:A`hgnTSGP6R`hXHTVgYN�T 

,.D ��oh`@S�b
_h_<VjT+VZ^1S!b�gKc�~�`@m�T�d�b�gKm@^
WY~�^1Sh`@S?T+csb�d+`�b
_\_\`n_fT+^�b�WY^%_<`@g�T+oh`�¡?p!b1gXVjT5ia^1rIT+o\`
�hT�VZWY~<d+^)v&`@c@w���^n�z`@v&`Rd

�9`�^
S\gji�b1m@m�`@~\TzT+o\`s_\`�T+`@mRT+VZ^1Sa^�rKb1_h_<VXT+VX^1S!b1g�c�~�`�m�T�d�b1g�m@^1WY~�^
Sh`�S%T+c�VjrxT+o\`�VXWY~<d+^�v
`@WY`@S?T�VZSYT+o\`�¡?p!b�gXVXT.iY^1r�T+oh` �hT
VXcsc�VZ[1ShV �!m@b1S?Tnw�yL^Yc�`nb)d+mRo�r�^1d�T+oh`@c�`�mnb�c�`@c��9`�phc�`n_eT+o\`��LuNT+`�cJTn�hT+o!b)Tsphc�`@c�T+oh`�cJT�b)T+VZcJT+VXm

Fχ = [χ2(m) − χ2(m +
1)]/[χ2(m)/N − m − 1]

��T+^am�^
WY~!b)d+`�T+o\`
χ2

^�r9T+oh` �hT+c¤m�^1d�d+`@m�T+`@_�r�^1d�T+oh`�S%phW�t�`Rd�^�r�_\`�[1d+`@`@c�^�r9r d+`@`n_\^1W ^1r
`nb�mRo �hT�b1Sh_][1VZv
`@c�T+oh`Y~\d+^1t!b�thVXgXVXT.i�^1rs_\`RT+`@m�T+VX^
S]^1r�T+oh`�`@?%T�d�beWY^%_\`@gIm@^1WY~�^
S\`@S?Tnw

N
VXc�T+o\`�S%phW�t�`Rd�^1r�_\b�T�b

~�^1VZS?T+c@�
m
b�S!_

m + 1
b)d+`�T+o\`�r d+`@`�~hb�d�b�WY`�T+`�d+c�^�rIT+oh` �hT+c�b1S!_

χ2(m)
b1Sh_

χ2(m + 1)
b)d+`�T+o\`�m�^1d�d+`@c�~�^1S!_\VXS\[

v1b1gXph`�cs^�rKT+oh`
χ2

cJT�b�T+VXcJT+VXm�^1rBT+o\` �hT+c@w



�cj � 	 8F6 �vZ { 
1Á �+K �����r��� ��������� { KoMQ6R@CK;:AMCIUTVK;:A`2
oDP@C<>6R^FÄ �%�

KF6RKmMQW��+w%ILMC8�:AK :VGPTVNPMQ6HG WCILBEKPI~x;X=:AKFXH61MC8P@Q6HWC8FTV`UG TAi �EÐ76Oj ��W9ILMkIUWOWC8FT=w%K ILK 
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∼
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	 8;:AKP�cW¡MQT�ILMQW¡`a:A@CB>6%XHTV`L`U6HXRMCILKPB	:A@Q6=:e:AKFG[`a:A@CB>6��uÂY* 6R<>6R@C^�KF6Rw ��� �1�������������nTVsFW]6R@C<V:AMCIUTVKGP6RMQ6HXRMQW
∼
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�"=Ð��hWQ6R@Q6RKFGcILNPILMQTVDFW�WQTVDP@QXH6HW��ognTEWCM�TAi MC8F6Rg�s�6RILKPB�GP6RMQ6HXRMQ6HGnipTV@�MC8F6�xF@QWCMfMCILgn6Ej 	 8F6
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 É IUWqMC8F61ipTV`L`UT=w 
\DPN :AKFG IUGP6RKmMCI~x;X=:AMCIUTVK ÁÑZ { Ã�Ä�NP@QTVBE@]:AgYgn6 �X�h�mÒ �eipTV@qMC8F6 ��� �1�������������WQ6R@Q6RKFGcILNPILMQTVDFW+WQ�o^OWCDP@C<>6R^>j 	 8F6eZ { Ã2NP@QTVBE@]:AgYgn6h8;:VW%M¾w�Tng9:AILK(XHTVgYN_TVKF6RKmMQW �
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≥ 10−13 erg cm−2 s−1 ÁÑsP@CILBE8oM�W]:Ag 
NP`U6�Ä1�

≥ 10−14 erg cm−2 s−1 ÁÑgn6HGcILDPg�W]:AgYNP`U6�Ä�:AKFG ≥ 10−15 erg cm−2 s−1 Á i\:AILKmM¡W]:AgYNP`U6�ÄT�<>6R@v:[@]:AKPB>6�TAiB�e:A`a:VXRMCIUXe`a:AMCILMCDFGP6HW=j
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Ð�� �����zWQDP@C<>6R^SW%w%ILMC8(MC8F6����������h�
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	 8F6 �vZ { 
�WQDP@C<>6R^	IUWf:v`a:A@CB>6�ÁÑMQTVM]:A`FWQTV`LIUGn:AKPBE`U6%TAi
∼ 3.5 deg2 Ä�:AKFG[gn6HGcILDPgÆMQTyGP6H6RN(Á��cjÎÐ�
�"%��>6+* *FD)!qILK?MC8F6e@]:AKPB>6

∼ 10−15 − 10−12 erg cm−2 s−1 Ä�WQDP@C<>6R^��;XHT=<>6R@CILKPB�MC8F6�*FD)!P6HW�w%8F6R@Q6�MC8F6GPTVgYILK;:AKmMvN�TVNPDP`a:AMCIUTVKrTAi�MC8F6eXHTEWCgYIUX�Z�
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������������TVsFWQ6R@C<E:AMCIUTVKFW�i�@QTVg MC8F6 �+Z { 
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\@]:=^ *FD)!_j��ILBFj3�cjÎÏ�WC8FT=w�We:�XHTVgYN;:A@CIUWQTVK1TAifMC8F6h@Q6HGPWC8PI~i�MyGcIUWCMC@CILsPDPMCIUTVKFWyTAifMC8F6 ����� ILKrMC8F6	M¾w�TkW]:Ag 
NP`U6HW=j 	 8F6&#��=�����n�V� %��E�L�nWCDP@C<>6R^ IUWngnTV@Q6(6"/9XRIU6RKmM9i�TV@nGP6RMQ6HXRMCIUTVK TAi�8PILBE8-@Q6HGPWC8PI~iÑM�TVs)(t6HXRMQW=j
4vT�w�6R<>6R@�:VWvMC8F6	WQTV`LIUG1:AKPBE`U6�XHT=<>6R@Q6HGrsm^?MC8F6�#��=�R���n�V� %h�V�L�vWCDP@C<>6R^qIUWv<>6R@C^(WCg9:A`L`uMC8PIUWyWCDP@C<>6R^IUW�ghDFX]8(`U6HWQW%6"/9XRIU6RKoM�ipTV@�GP6RMQ6HXRMCIUTVK(TAiu`UT�w�@Q6HGPWC8PI~i�M �����	j 	 8F6yN_6=:A�kTAi�MC8F6eTVsFWQ6R@C<>6HG?@Q6HGPWC8PI~iÑMGcIUWCMC@CILsPDPMCIUTVKFW9TAiyM¾^SN_6 
�" �����0IUWY`UToX=:AMQ6HG|:AM @

∼
"EjÎÐ1ILKls_TVMC8-WCDP@C<>6R^cWYw%8PIL`U6qw�6(WQ6H6kMC8;:AMnMC8F6N�6=:A�kTAi�MC8F6eGcIUWCMC@CILsPDPMCIUTVK?ipTV@%M¾^SN�6 
R������� IUW�`UToX=:AMQ6HG(:AM+:�@Q6HGPWQ8PI~iÑM

∼
�cjÎÒ	ipTV@ �vZ { 
k:AKFG @

∼
�cj �i�TV@�#��=���Å�Y�E��%h�V�U��WQTVDP@QXH6HW�j 4�T=w�6R<>6R@	ILM�IUW	GcI�/9XRDP`LM	MQT?g9:A�>6�:qXHTVgYN;:A@CIUWQTVK�TAi�MC8F69TVsFWQ6R@C<>6HG

yzo\`�i��z`�d+`�^1t\T�b1VXS\`n_et?ifm@^
W�thVXShVXSh[�b1gXg ��� �ab1Sh_e~hSac�~�`@m�T�d�b�bnv1b1VXgZb1t\gZ`�r�^1ds`nb1m�o�c�^1p\d+m@`
w



Í�� �����zWQDP@C<>6R^SW%w%ILMC8(MC8F6����������h�
	��\�E��TVsFWQ6R@C<E:AMQTV@C^

��������� 	 ��
��0� %��'�() � ��� � �k�E�����l��� �t���?�,+S� � ���"���J� � � �Q�'���Q�C�?�¾�() �H�'�n�����H�'� �9�����E� �(�"�Y�
��+S���?���p�V�d�����C� )"�  �� �&���R�'��� ���P�
� �(�V� ) � ���P�
��� 
 	�� �Ñ� 
��36 � �V� )?�E� ) #��=�R���n�V� %h�V�L�
��+ ��$A�>� �&;

@Q6HGPWC8PI~i�M�GcIUWCMC@CILsPDPMCIUTVKFW%s_6HX=:ADFWQ6yMC8F6yKmDPg	s�6R@+TAi�TVs)(t6HXRMQW�ILKOMC8F6 #��=�����n�V�&%h�V�L�%WCDP@C<>6R^9IUW�@]:AMC8F6R@WCg9:A`L`\j
	 8F6R@Q6egYILBE8oMvWCMCIL`L`�s_6eWCILBEKPI~x;X=:AKoM+sPIa:VWQ6HW+ILK?MC8F6y@Q6HGPWC8PI~i�M+GcIUWCMC@CILsPDPMCIUTVK�TAi�IUGP6RKmMCI~x;6HGrWQTVDP@QXH6HW��:VW�TVNPMCIUX=:A`L`L^ni\:AILKmMQ6R@�TVKF6HW%:A@Q6yWCMCIL`L`_s�6RILKPB�M]:A@CB>6RMQ6HGOi�TV@�TVNPMCIUX=:A`�WCN_6HXRMC@QTEWQXHTVNm^>j 	 8PIUW�gYILBE8oM+:3�_6HXRMgnTV@Q6�WCMC@QTVKPBE`L^kM¾^SN_6 
R� ����� w%8PIUX]8��Fs_6RILKPB9TVsFWQXRDP@Q6HG �;:A@Q6eip:AILKoMQ6R@=j
	 8F6%@Q6HGPWC8PI~i�M 
\`LDPgYILKFTEWCILM ^nGcIa:ABE@]:Ag�i�TV@�MC8F6%XHTVghsPILKF6HGOW]:AgYNP`U6%TAi �vZ { 
 
�#��=�����n�V� %h�V�L�������IUW�WC8FT�w%K	ILK	�uILBFjh�cj �cj�Z�
\@]:H^e`LDPgYILKFTEWQILMCIU6HW�w�6R@Q6�XHTV@C@Q6HXRMQ6HGhi�TV@ �e:A`a:VXRMCIUX�:AKFGhILKmMC@CILKFWCIUX�:AsFWQTV@CNPMCIUTVK�j

	 8F6¡NP`UTVMuXR`U6=:A@C`L^yIL`L`LDFWCMC@]:AMQ6HWu8FT=w s�TVMC8	WCDP@C<>6R^SWu:A@Q6fXHTVgYNP`U6Rgn6RKmM]:A@C^��EILKhMC8F6�WQ6RKFWQ6�MC8;:AM��E:A`LMC8FTVDPBE8MC8F6R^	XHT�<>6R@fWCILgYIL`a:A@�@Q6HGPWC8PI~iÑM�ILKoMQ6R@C<V:A`UW��VMC8F6 #��=�����n�V� %��E�L��WCDP@C<>6R^hIUW�gnTV@Q6�6"/9XRIU6RKoM�i�TV@¡GP6RMQ6HXRMCILKPBTAiP`UT=w�6R@�`LDPgYILKFTEWCILM ^�WQTVDP@QXH6HWu:AMu:A`L`o@Q6HGPWC8PI~i�MQW���w%8PIL`U6 �+Z { 
y8;:VW�8PILBE8F6R@uT�<>6R@]:A`L`mKoDPghs_6R@�TAiFWQTVDP@QXH6HW=j
	 8P@QTVDPBE8FTVDPM�MC8PIUWfMC8F6HWCIUW¡w�6�8;:H<>6+:VGPTVNPMQ6HG9MC8F6���� ���dXHTVKFWQ6RKFWCDFWfXHTEWCgnTV`UTVBE^ �

H0 = 70 km
s−1 Mpc−1 � ΩM = 0.3

:AKFG
ΩΛ = 0.7

�X���EÒ �¾j
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 � � 3 � ��� ���|�d� . ��� . �À� .�� � � ��� �������! #"$�

%'&)(+*-,/.102*4365-(87:91;<7>=-7?.80:9+,A@B7C(+*D7C987?.8E-FA(8.1G6HI3J.+(236(+,/.8(+,/0K36F4.+(+ED=ML	G6HN(+*D7COQPR923?L).+5B7?0:(+9236F-5-98GS5N7:9+(+,/7?.G6HT3UFV369+WX7Y.236Z[5-F/7JG6HT.8GSE-980?7?.\36(],A&^(87:9+Z_7?=M,V36(87`OQPR923?L_aDEMbM7?.C=-7:(87?0:(87?=c.87:987:&D=M,A5-,A(8GSED.+FALd;\,A(+*d(+*D7eJfgf�hjiUkml\npoKq�GS@D.87:9+rs36(8GS9+LXt�uC*D7v36,AZwG6H>(+*-,/.	.8(+ED=MLx,/.y(8G�F/7K369+&z36@BGSE-({(+*D7dO>PR923KL!7:Z[,/.8.+,/GS&5-98GS5B7:9+(+,/7?.<G6H}|>~Y��;\,A(+*-,A&�(+*D7�Z_7?=M,AE-Z�aDEMb[9236&-WX7�;\*D7:987�,A(�,/.1��&DGK;\&�(+*436(
∼ �s�X� G6HI(+*D7 � t � P���X7R��36&D=

∼ �^�X� G6H�(+*D7U��P��)�X7R���A�K����3S0?0:987:(+,/GS&�5BGm;<7:9>,A&v(+*D7y�>&-,ArX7:98.87U,/.\5-98G�=MED0?7?=It|J.	;]7c7�b�5-FV36,A&D7?=�,A&��<*4365-(87:9��M��(+*436&-�M.)(8G�36&�GS&-WXGS,A&-WxGS5-(+,/0K36FCH�GSFAF/GK;CPRE-5�,/=-7:&�(+,¡ 40K36(+,/GS&5-98GSWs9236Z[Z_7�G6H\(+*D7_.8GSE-980?7?.	=-7:(87?0:(87?=x,A&x(+*D7�.87:F/7?0:(87?=� 47:F/=-.K��36(U(+*D7_(+,AZ_7�G6HC(+*-,/.	36&436FAL�.+,/.y;<7*43S=¢987:5-987?.87:&^(236(+,ArX7£.¤36Z[5-F/7?.{G6HY=M,¡¥N7:987:&�([0:FV3S.8.87?.[G6H>,/=-7:&�(+,¡ 47?=�GS@M¦§7?0:(8.K�1Z_Gs.+([G6H>(+*D7:Z¨@B7:,A&-W,/=-7:&^(+,¡ 47?=z3S.)(�L�5N7�P2�v36&D=!(�L�5N7�P��g|>~Y�{t - 7c0K369+9+,/7?=�GSE-(_3g=-7:(236,AF/7?=�.+5N7?0:(+9236FC.8(+ED=ML©G6HQ(+*D7?.87.8GSE-980?7?.],A&vGS98=-7:9](8G	 D&D=ª(+*D7J=-7:5B7:&D=-7:&D0?7`G6H«(+*D7JOQPR923?Lª7:Z[,/.8.+,/GS&c5-98GS5B7:9+(+,/7?.\G6H�|>~Y�#GS&cO>PR923KLaDEMb[36&D=_FAE-Z[,A&DGs.+,A('LXt1uC*D7�E-&D=-7:98.+(236&D=M,A&-W	G6HI(+*D7\OQPR923?L)7:Z[,/.8.+,/GS&_5-98GS5N7:9+(+,/7?.�G6H}|>~Y�¬36&D=[(+*D7:,A9=-7:5B7:&D=-7:&D0?7]GS&)=M,¡¥N7:987:&�(TOQPR923?Ly.85B7?0:(+9236F�54369236Z_7:(87:98.�,/.�36&{7?.8.87:&^(+,V36F�,A&-Ws987?=M,/7:&^(�G6HD(+*D7].+L�&^(+*D7?.+,/.Z_G�=-7:F/.`G6HC(+*D7)OY­>®�36,AZ[,A&-W�36(U7�b�5-FV36,A&-,A&-W£(+*D7[GS9+,AWs,A&!G6H<(+*-,/.U7:Z[,/.8.8,/GS&©3S.`(+*D7[.+E-5N7:9+5BGs.+,A(+,/GS&G6HTHR36,A&^(Q|>~Y�	t - 7Y D&436FAFAL£36&436FAL�.87U(+*D7U=-7:5B7:&D=-7:&D0?7yG6H�(+*D7y7:Z[,/.8.+,/GS&£5-98GS5N7:9+(+,/7?.>GS&£987?=-.8*-,¡H¯(�,A&GS98=-7:9�(8G)@N7:(+(87:9�E-&D=-7:98.+(236&D=v(+*D7`*-,/.8(8GS9+LcG6H13S0?0:987:(+,/GS&£,A&£(+*D7`�Q&-,ArX7:98.87st
°U±2² ³�´	µ·¶$¸�¹4ºw¸¼»X½B¾�¿wÀ�¾CÁÂ¾>Ã8Ä�Å�Æ{µ
%'&cGS98=-7:9](8G{0K369+9+LdGSE-(](+*-,/.C.+(+ED=ML�;<7Y.87:F/7?0:(87?=v� � (2369+WX7:(] 47:F/=-.]Hj98GSZ�(+*D7J5-E-@-FA,/0JeYf�f�hjiUkml\npoKq=D36(23c369808*-,ArX7st{uC*D7[GS@D.87:9+rS36(+,/GS&D.`0?GmrX7:9y3d(8GS(236F1.8GSFA,/=�36&-WsF/7[G6H

∼ Ç t � =-7:W 2 tUu«GvGS@-(236,A&©3ª0:F/7K36&7�b�(+9236W^36FV3S0:(+,/0�.236Z[5-F/7vG6HJGS@M¦+7?0:(8.�36&D=�(8G�Z�3�bM,AZ[,/.87c(+*D7v7 / 0:,/7:&D0:L�G6HQ(+*D7v.+E-9+rX7:LX��(+*D7vO>PR923KLGS@D.87:9+rs36(+,/GS&D.\;<7:987	.87:F/7?0:(87?=�3S0?0?GS98=M,A&-W�(8G)(+*D7`HjGSFAF/Gm;\,A&-Wd0:9+,A(87:9+,V3MÈ
�stQÉ���L[5BGs.8,A(+,/GS&D.]36(]*-,AWs*dW^36FV3S0:(+,/0JFV36(+,A(+ED=-7?.`Ê

|b| > 20 deg Ë (8GU987?=MED0?7J(+*D7Q0?GS&�(236Z[,A&436(+,/GS&£G6H(+*D7`OQPR923?Lª,AZ�36WX7?.�@�L�~`36FV3S0:(+,/0U.+(23698.Kt
�MtQÌQ@D.87:9+rs36(+,/GS&D.yHjGS9U;\*-,/02*©(+*D7:987�,/.y=D36(23�3KrS36,AFV36@-F/7_H¯98GSZÍ(+*D7�Î1Ï1%+��PR5-&!=-7:(87?0:(8GS9vÊ¯(+*436(y,A&WX7:&D7:9236FN5-98GKr�,/=-7?.](+*D7Q=-7?7:5N7?.+(CGS@D.87:9+rs36(+,/GS&ªG6H}(+*D7> 47:F/= Ë 36&D=�,A&ªÐ��JÑ}ÑNP'Ð�­Q|QÒgÎ�Ò�ÌJÓYÎ��(8GJWsE4369236&^(87?7C(+*436(�(+*D7CGS@D.87:9+rs36(+,/GS&[*43S.�0?GKrX7:987?=)(+*D7<H¯E-FAF-ÐTÌ\�ÔG6H4(+*D7CÎ1Ï�%§��PR5-&_=-7:(87?0:(8GS9:Õ�t
Ö�×mØ§Ø�ÙRÚ�Ø�Û�Ü`ÜYÝ/Þ�ß+àIáãâ2äJå�æ�ØpçRæ§èSÚ6é¤ê6ë�ìsí?í�î>é8Ù}ï?ð:ð¤ñÂòjó�ó¤ô8õ:õNöV÷mø�ù?ú+ñKû-ö¯üKú¤ûMö¯üKú�ómý

þ �



þ � O>PR923KLv.+5B7?0:(+98Gs.20?GS5^LvG6H�|QOY%§Éd.8GSE-980?7?.

���������
	���
���� ��������������� �(�"!#�%$9��&'�(!�� �*),+-����)��.&���/0! �1��&2)��3��!4&���� �.& �*���#��)�� 56&��%)��.���1!879)*: �;�=<3>
?A@CBEDGF ���2��� / ����� ?A@CBIH )*:��1�#<KJ ?A@CBED �L� �������M�#N��*).)��,�0OP/ �,���QO���/R�TS�:=U%V

Object class N a Nb
good

type − 1AGN 149 141
type − 2AGN 32 29
stars 40 32
BLLac 1 1
Total 222 203

a �>E-Z	@B7:9QG6H�.8GSE-980?7?.>,/=-7:&^(+,¡ 47?=
b �QE-Zy@N7:9�G6HÂ.2GSE-980?7?.«,/=-7:&�(+,¡ 47?=)(+*436(«HjE-F¡ DF�(+*D7XW�E436FA,A('LU(+*-987?.8*DGSF/=-.�365-5-FA,/7?={(8GQ(+*D7�OQPR923?L	.+5B7?0:(+923Êj.87?7yÉ�7?0st Ç tA� Ë
Ç t�Ð�,/7:F/=-.>0?GS&�(236,A&-,A&-W�@-9+,AWs*�(>5NGS,A&^(>GS9>7�bM(87:&D=-7?=v(2369+WX7:(8.>;<7:987y3KrXGS,/=-7?=£@N7?0K36ED.87`(2369+WX7:(8.>0K36&9236,/.87�.+,AWs&-,¡ 40K36&^(+FAL�(+*D7[@43S02��Ws98GSE-&D=!GKrX7:9	3c.+E-@D.8(236&^(+,V36F�Hj923S0:(+,/GS&©G6HC(+*D7_ÐTÌC�)�I987?=MED0:,A&-W.+E-@D.8(236&^(+,V36FAFAL�(+*D7�.8��L�36987K3c;\*D7:987�=-7:(87?0:(+,/GS&�G6H\.87:987:&D=M,A5-,A(8GSED.).8GSE-980?7?.U&DGS(	3�¥I7?0:(87?=x@�L(2369+WX7:(>7:Z[,/.2.+,/GS&£,/.\5NGs.8.+,A@-F/7st
| =-7:(236,AF/7?=�=-7?.80:9+,A5-(+,/GS&�G6H�(+*D7`|>OY%§Éd.+E-9+rX7:Lª;]3S.�Ws,ArX7:&v,A&v5-987:r�,/GSED.�02*4365-(87:9{Êj.87?7UÉ�7?0st4�MtZY Ë;\*-,AF/7g(+*D7�FA,/.8(cG6H	eJfgfghjiykml\npoKq .87:F/7?0:(87?= GS@D.87:9+rs36(+,/GS&D.ªHjGS9ª(+*-,/.v.+E-9+rX7:LÔ(8GSWX7:(+*D7:9ª;\,A(+* (+*D7=-7:(236,AF/.>G6H�7K3S08*�GS@D.27:9+rS36(+,/GS&£,/.>.+*DGK;\&£,A&�uT36@-F/7y�Mt �uC*D7>.2GSE-980?7�FA,/.+(8.<G6H«7K3S08*dGS@D.27:9+rS36(+,/GS&ª;<7:987J.80:987?7:&D7?=d3S.<7�b�5-FV36,A&D7?=d,A&cÉ�7?0st��Mt � t�uC*D7Q.80:987?7:&MP,A&-W	5-98G�0?7?.8.<987:Z_GKrX7?=

∼
� �X� G6H«GS@M¦§7?0:(8.<987?.+E-FA(+,A&-W),A&ª3yFA,/.+(�;\,A(+*v�M� �^� .8GSE-980?7?.Kt�ÐDGS9C7K3S08*v.8GSE-980?7O>PR923KL�.+5N7?0:(+9236F�5-98G�=MED0:(8.U;<7:987[7�bM(+923S0:(87?=gHjGSFAF/Gm;\,A&-Wv(+*D7)5-98G�0?7?=ME-987[7�bM5-FV36,A&D7?=�,A&©É�7?0st}�Mt � tU%'&GS98=-7:9\H�GS9\(+*D7

χ2 Z[,A&-,AZ[,/.236(+,/GS&�(87?08*-&-,[W�ED7U,A&v(+*D7Y D(+(+,A&-W_5-98G�0?7?.8.\(8G_@B7Yrs36FA,/=I�M(+*D7`923?;¼.+5B7?0:(+923;<7:987J@-,A&-&D7?=v.+ED02*d(+*436(\7K3S08*v@-,A&c0?GS&^(236,A&D7?=
≥ 10

0?GSE-&^(8.	Êj.8GSE-980?7>5-FAED.C@43S02��Ws98GSE-&D= Ë t - 7Q*43KrX708*D7?02�X7?=£(+*436(>3{Ws98GSE-5-,A&-W�G6H�36(\F/7K3S.+(`� � 0?GSE-&^(8.�5N7:9C@-,A&v,/.�7:&DGSE-Ws*cH�GS9\(+*D7 χ2 (87?08*-&-,[W�ED7U(8G{@B70?GS9+987?0:(Kt1uC*D7U=-7:(236,AF/.QG6H�(+*-,/.\(87?.8(Q36987Y5-987?.87:&^(87?=�,A&�|Q5-5B7:&D=M,¡bv|	tA�st|J.<.8GSZ_7JG6H«(+*D7J.8GSE-980?7?.],A&ªGSE-9]FA,/.+(\36987>rX7:9+L_H�36,A&�(K��(+*D7J.+,AWs&436F¡PR(8G6PR&DGS,/.87J9236(+,/G)G6H}(+*D7:,A9CO>PR923KL.+5N7?0:(+923gZ[,AWs*^(_@N7c&DGS([*-,AWs*�7:&DGSE-Ws*Ô3S.[(8Gx3KrXGS,/=]\�GKrX7:9§ D(+(+,A&-W�^£;\*D7:&�ED.+,A&-Wx.+5N7?0:(+9236F\Z_G�=-7:F/..+ED08*x3S.Q_;`�acb0dfe£GS9Q_;`�acb0dhg�ÊãH�GS9YZ_G�=-7:F�=-7� D&-,A(+,/GS&D.U.87?7[É�7?0stI�Mt þ tA� Ë t`|>&i\�GmrX7:9§ D(+(+,A&-W�^{ED.+,A&-W(+*D7?.87dZ_G�=-7:F/.	;\,AFAFC987?.+E-FA(	,A&�3�.85-E-9+,/GSED.{0?GS9+987:FV36(+,/GS&�@N7:(';]7?7:&
Γ
36&D=

NH
t�%�&�GS98=-7:9	(8G�3?rXGS,/=(+*-,/.�7�¥I7?0:(�;]7�,AZ[5NGs.87?=[(';]G-W�E436FA,A('L)(+*-987?.+*DGSF/=-.]GS&�(+*D7�Ws98GSE-5B7?=d.+5B7?0:(+923MÈ�(8GS(236FD&�E-Zy@N7:9]G6HI@-,A&D.ÊjÒ�Ì`É1jQ5-& Ë ≥ � �-36&D=d(8GS(236FB&�E-Zy@N7:9�G6H«@43S08��Ws98GSE-&D=v.+E-@-(+923S0:(87?=c0?GSE-&^(8.UÊjÒ�Ì`É1jQ5-& Ë ≥ �s� t�uC*-,/..+5N7?0:(+9236F�W�E436FA,A('L� DFA(87:9+,A&-W[987?.+E-FA(87?=c,A&£3y D&436FN.¤36Z[5-F/7`G6H<�s� Ç Y{.8GSE-980?7?.C*43?r�,A&-W)O>PR923KLª.85B7?0:(+923	G6H.+E / 0:,/7:&^(�W�E436FA,A('L)H�GS9�(+*D7Y36&436FAL�.8,/.Kt�%'&ªÐT,AWDt Ç tA�>;]7Q.8*DGK;U�M3S.]36&c7�b-36Z[5-F/7s��(+*D7QO>PR923KL_.+5B7?0:(+923yG6H.8GSZ_7JG6H}(+*D7QGS@M¦+7?0:(8.](+*436(<;]7>*43KrX7Y36&436FALM.87?=It�u�36@-F/7 Ç tA�QFA,/.+(8.<(+*D7>&�E-Zy@N7:9\G6H},/=-7:&^(+,¡ 47?=v.8GSE-980?7?.G6H�7K3S02*�0:FV3S.8.>36F/GS&-W�;\,A(+*£(+*DGs.87`;\*-,/02*£*43?rX7yWXG�G�=kW^E436FA,A(�LcO>PR923KLª.+5N7?0:(+923Mt

lGmKnom9n pGqsr"t�uwvyxCv1z%v�ucz�{|qs}�~�v�}C~�{.z�{|��{|z2�
%'&�GS98=-7:9Q(8G�,A&^(87:9+5-987:(J(+*D7U987?.+E-FA(8.JG6H1GSE-9J36&436FALM.+,/.K�-H�GS9Q7�bD36Z[5-F/7U(+*D7	=-7:5B7:&D=-7:&D0?7{G6H�(+*D7U@-98GX3S=@436&D=�0?GS&�(+,A&^E-E-Z .+*4365N7`;\,A(+*�=M,¡¥I7:987:&^(Y.8GSE-980?7U54369236Z_7:(87:98.m�4,A(�,/.>,AZ[5BGS9+(236&�(Q(8G���&DGm; ;\*D7:(+*D7:9



Ç tA�`uC*D7U|QOJ%+ÉdO>PR923KLª0K36(236F/GSWsED7 þ Ç

��������� � 	L�3
;�
	s�&�4��/ ��������
������ < ����: ! �1��&2)��3� ����������� ����� �"!$#%!�&('%)*�,+.-/',!0'
��� � F !#�'� F ��� )*:��1�#<3> ?A@CB 7K)|��� /[�!�=) U H ������� ��1/2,!��.-/� &3- 45+.1�! +,#0+ ��� $c�;<
� F !#� � F ��� )*:��1�=<9J ?A@CB � �*),+

L2−10 keV ∼ 6 × 1042 erg s−1 7K)|��� ��� O�+0) U H �6�����
�7�.-�-��81�9�&:�04;�,!��8-0�,9M� )*:��1�=<�> ?A@CB � �*),+ ���#)K��&4)K��� !#���#) ��S�&'�(!(!i�=N � !(!��.��� 7 F �%).)|�%N
/ �!�#) H !2���=<���&TV?>0V:>0V:> �#�'� ���#)|�'�,/ !KU H �6����� � 10�$�.'�1�2�&(-.)@1,!/! +%- � �6AX�%)-! �1��&4)��=$0N
7
Γ = 0.94+0.23

−0.25

U $0�L� F !#�'� F ��� � F�B ��&4)�C"!#)���/,/o�L�%) �*���#��)�� 5X��� 7 F �%).)|��N ��� O�+0) U�V

(+*D7ª987?.+E-FA(8._36987v3�¥N7?0:(87?=�@�L!=-7:(87?0:(+,/GS&�@-,V3S.87?.),A&�(+*D7c.236Z[5-F/7st©uC*D7ªrs369+,/7:('L�G6HQ=D36(23g(+*436();<7*43?rX7{ED.87?=g,A&�GSE-9J.8(+ED=MLX�I7st WDt`GS@D.87:9+rS36(+,/GS&D.Y;\,A(+*x3drX7:9+L�@-98GX3S=g9236&-WX7)G6H<7�bM5BGs.8E-987	(+,AZ_7?.`36&D=;\,/=-7y9236&-WX7{,A&g(+*D7	.85B7?0:(+9236FGW^E436FA,A(�L�G6H�(+*D7{.8GSE-980?7?.K�BZ�36�X7	,A(J=M, / 0:E-FA(Y(8Gª0K36F/0:E-FV36(87	(+*D7{.8GSE-980?7=-7:(87?0:(+,/GS&v.87:&D.+,A(+,Ar�,A('Ld3S.C3`HjE-&D0:(+,/GS&vG6H}(+*D7>OQPR923?L_aDEMbN��@N7?0K36ED.87�,A&ª5-9+,A&D0:,A5-F/7Y,A(<=-7:5N7:&D=-.CGS&d(+*D77�b�5NGs.+E-987Y(+,AZ_7?.�G6H�(+*D7Y 47:F/=-.J36&D=c(+*D7:,A9J~`36FV3S0:(+,/0	36@D.2GS9+@-,A&-W�0?GSFAE-Z[&D.K�
NGal

H

� � �6� �'tuC*D7JeJfgf�hjiUkml\npoKqvÎ1Ï1%+��PR5-&£=-7:(87?0:(8GS9�,/.C.87:&D.+,A(+,ArX7J(8G)OQPR923?Ld5-*DGS(8GS&D.\G6H�7:&D7:9+Ws,/7?.\9236&-Ws,A&-WH¯98GSZ
∼ � t �g(8G ∼

�K���X7'�{t�uC*D7v.87:&D.+,A(+,Ar�,A('L¢,/.[Z�3�b�,AZ	E-Z @N7:(';<7?7:& � t � 36&D= � t � �X7R�)��;\*D7:987v,A(=-7:5B7:&D=-.dGS&-FAL!Z[,AF/=MFALzGS&Ô7:&D7:9+WsLX�<,Rt 7stA�CGS@M¦+7?0:(8._;\,A(+*�=M,¡¥I7:987:&^(ª.+5N7?0:(+9236F>.+*4365N7?.�36987�=-7:(87?0:(87?=;\,A(+*z.+,AZ[,AFV369�7 / 0:,/7:&D0:LXtEDJGK;]7:rX7:9K�\GSE-(8.+,/=-7v(+*-,/._7:&D7:9+WsL¢,A&^(87:9+rs36FR�](+*D7£.87:&D.+,A(+,Ar�,A('L¢,/.�3gZ	ED08*.+(+98GS&-WX7:9\HjE-&D0:(+,/GS&�G6H�7:&D7:9+WsLXt®C7?0K36ED.87`(+*D7	7:&D7:9+WsLª@436&D=�;\*D7:987U;]7y0K369+9+,/7?=�GSE-(>(+*D7y=-7:(87?0:(+,/GS&�G6H1.8GSE-980?7?.>,/.�;\,/=-7s�4;<7y=-G&DGS(>7�bM5B7?0:(\(+*D7`ED.27`G6H� 47:F/=-.�;\,A(+*�=M,¡¥I7:987:&^(
NGal

H

Ê¯9236&-Ws,A&-W_Hj98GSZ
∼ 1020 (8G 9 × 1020 cm−2 Ë (8G,A&^(+98G�=MED0?7d36&�Lx.+,AWs&-,¡ 40K36&^({@-,V3S.dÊj7st WDtª=-7:(87?0:(+,/GS&D.y,A&© 47:F/=-.U;\,A(+*!(+*D7[*-,AWs*D7:9yrs36FAED7?.yG6HQ~`36FV3�bML36@D.8GS9+5-(+,/GS&c@-,V3S.87?=ª(8GK;C3698=-.\*43698=-.+5N7?0:(+9+E-Z .8GSE-980?7?. Ë ,A&ª(+*D7Q@-98GX3S=c@436&D=c.+5N7?0:(+9236FÂ5-98GS5N7:9+(+,/7?.\G6H



þ � O>PR923KLv.+5B7?0:(+98Gs.20?GS5^LvG6H�|QOY%§Éd.8GSE-980?7?.

GSE-9>GS@M¦+7?0:(8.Kt
DJGK;<7:rX7:9K�]3S.y;]7c.87?7_,A&�uT36@-F/7£�Mt � ��(+*D7ª7�b�5NGs.+E-987d(+,AZ_7?.)G6H�(+*D7dGS@D.87:9+rs36(+,/GS&D.)rs369+Lx.+,AWs&-,¡HãP,/0K36&^(+FALXt�|C( � t � P2� � �X7'� aDEMb-7?.d@N7:F/GK;

∼ 10−14 erg cm−1 s−1 �\;\*D7:987�GS&-FALÔ3!.+Z�36FAFJ&^E-Z	@B7:9G6HC 47:F/=-.y0?GS&^(+9+,A@-E-(87ª(8Gv(+*D7�.8GSE-980?7_FA,/.+(K�T;<7d7�b�5N7?0:(yGSE-9y.8E-9+rX7:Lg(8G�@B7_@-,V3S.87?=©36W^36,A&D.+({GS@M¦§7?0:(8.;\,A(+*£.+5N7?0:(+923y5N7K36��,A&-W)GSE-(8.8,/=-7Q(+*D7 � t � P � t � �X7'�¼7:&D7:9+WsLª9236&-WX7_Ê¯;\*D7:987YZ_Gs.+(CO>PR923KL�5-*DGS(8GS&D.>369870?GSFAF/7?0:(87?= Ë �-H�GS9�7�b-36Z[5-F/7U*-,AWs*-FALcGS@D.20:E-987?=£|>~Y�{tu«G©@-E-,AF/=zGSE-9d.2GSE-980?7vFA,/.+(8.K�<(+*D7£eYf�f�hjiykml\npoKq�.8GSE-980?7£=-7:(87?0:(+,/GS&¬36FAWXGS9+,A(+*-Z ;C3S._9236&�.+,¡PZyE-FA(236&D7?GSED.+FALª,A&ª DrX7Q7:&D7:9+WsLd@436&D=-.�3S.C7�b�5-FV36,A&D7?=ª,A&�É�7?0st-�Mt Ç t�uC*-,/.CZ�36�X7?.<(+*D7Y.+,A(+E436(+,/GS&cZ_GS9870?GSZ[5-FA,/0K36(87?=I��3S.�;]7C*43?rX7>36&436FALM.87?=).8GSE-980?7?.�(+*436(�Z[,AWs*�(�*43?rX7\@N7?7:&[=-7:(87?0:(87?=[,A&[=M,¡¥N7:987:&�(�7:&D7:9+WsL@436&D=-.Kt�%'(�,/.1,AZ[5BGS9+(236&�(�(8G`(236�X7\(+*-,/.�,A&^(8Gy3S0?0?GSE-&�(�;\*D7:&d,A&^(87:9+5-987:(+,A&-Wy(+*D7>GS@D.87:9+rX7?=_987?.+E-FA(8.m�s@B7�P0K36ED.87�=M,¡¥I7:987:&^(�.2GSE-980?7\5BGS5-E-FV36(+,/GS&D.�Z�3?L[0?GS&^(+9+,A@-E-(87J36(�=M,¡¥I7:987:&^(1aDEMb)F/7:rX7:F/.1,A&_=M,¡¥I7:987:&^(]7:&D7:9+WsL@436&D=-.Kt%�&£GS98=-7:9�(8G[0K36F/0:E-FV36(87U(+*D7`.8GSE-980?7y=-7:(87?0:(+,/GS&�7 / 0:,/7:&D0:LªH¯E-&D0:(+,/GS&£HjGS9�=M,¡¥I7:987:&^(>.85B7?0:(+9236F«0?GS&MP(+,A&^E43Y36&D=[3S.�3\HjE-&D0:(+,/GS&[G6H4(+*D7]O>PR923KL`aDEMbN�S;]7C0K369+9+,/7?=[GSE-(�.+,AZ	E-FV36(+,/GS&D.Kt�|�=-7:(236,AF/7?=[=-7?.80:9+,A5-(+,/GS&GS&�*DGm; ;<7	GS@-(236,A&D7?=�(+*-,/.Q.87:F/7?0:(+,/GS&�H¯E-&D0:(+,/GS&�,/.�Ws,ArX7:&�,A&g|>5-5N7:&D=M,¡b£®Yt\ÌQE-9Q;<GS9+�£.+*DGm;�.>(+*436((+*D7:987C,/.�,A&D=-7?7?=�3QZ[,AF/=_=-7:5N7:&D=-7:&D0?7�G6HÂ(+*D7>.87:F/7?0:(+,/GS&)H¯E-&D0:(+,/GS&dGS&[(+*D7\0?GS&^(+,A&^E-E-Z .+5N7?0:(+9236FD.+F/GS5B736(Y36&�L�Ws,ArX7:&�aDEMb¢Êj.87?7{Ð�,AWDtB®YtA� Ë 36&D=�(+*D7:987�H�GS987{;<7{&D7?7?=g(8Gd0?GS9+987?0:(`GSE-9YGS@D.87:9+rX7?=g987?.+E-FA(8.QHjGS9(+*-,/.�7�¥I7?0:(Kt
°U±�� ����µ�½N¾�Ã8Ã�½Bµ��ÂÆ	Ã+Á��#Ä	�
���ªµ�À}ÁÂ½B¾�Ã�
	Á��
ÐDGS9�(+*D7\.87:F/7?0:(87?=[3S0?0?7:5-(236&D0?7CF/7:rX7:F«Ê�36&[.+5B7?0:(+9236FMZ_G�=-7:FM,/.�987p¦§7?0:(87?={,¡H4(+*D7]&^E-FAF-*�L�5NGS(+*D7?.+,/.�5-98GS@43�P@-,AFA,A('L

P(χ2)
,/.�F/7?.8.1(+*436& �X��� .27?7QÉ�7?0st��Mt þ Ë �B� Ç�� Ê§�K� �[Ë GS@M¦§7?0:(8.<*43S=�.8(236(+,/.+(+,/0K36FAFAL[E-&43S0?0?7:5-(236@-F/7 D(8.];\,A(+* _;`%awb�d���Ê¯5NGK;<7:9\FV3K; � .87?7UÉ�7?0st-�Mt þ tA� Ë �M(+*D7J7�bM5N7?0:(87?=�&�E-Zy@N7:9>G6HT.+5-E-9+,/GSED.C@43S=d D(8.<HjGS9(+*D7y.87:F/7?0:(87?=g0?GS&M 4=-7:&D0?7	F/7:rX7:FT@N7:,A&-W � Y�t��;`%acb0d��c0?GSE-F/=�&DGS(Q@N7y3S0?0?7:5-(87?=�HjGS9{� � Ê|Y �[Ë ('L�5B7�P2�|>~Y��36&D= � Ê Ç � �[Ë ('L�5N7�P��[|>~Y�{tuC*D7£(8GS5Ô5436&D7:F>,A&�Ð�,AWDt Ç t ��0?GSZ[5436987?.ª(+*D7 P(χ2)

=M,/.+(+9+,A@-E-(+,/GS&D.cGS@-(236,A&D7?=�;\,A(+* _�`%awb�d��;\,A(+*_(+*D7\987?.+E-FA(8.�H¯98GSZ�_�`%acb0d eªÊjGS@D.87:9+rX7:9�� .1H¯9236Z_7>36@D.2GS9+@B7?=[5NGK;]7:91FV3?; � .87?7QÉ�7?0stX�Mt þ tA� Ë HjGS9�(+*D7;\*DGSF/7	.¤36Z[5-F/7{G6H�.2GSE-980?7?.Kt - 7{.87?7y(+*436(J(+*D7	&^E-Z	@B7:9`G6H1E-&43S0?0?7:5-(236@-F/7{ D(8.[Ê
P (χ2) ≤ 5% Ë *43S.@B7?7:&c987?=MED0?7?=c@�Lª3yH�3S0:(8GS9�G6H

∼
�ªÊãHj98GSZ

∼
� �^� (8G ∼ Y �XË ��,AZ[5-FAL�,A&-W[(+*D7J5-987?.87:&D0?7`G6H�,A&^(+9+,A&D.+,/0K36FAFAL36@D.8GS9+@N7?=£GS@M¦§7?0:(8.Q36Z_GS&-W_(+*D7U.8GSE-980?7?.\,A&�GSE-9>.236Z[5-F/7stÐ�,AWDt Ç t ��0?GSZ[5436987?._(+*D7kW�E436FA,A('L�G6HJ(+*D7ª D(8.[GS@-(236,A&D7?=z;\,A(+* _;`�acb�d��!36&D= _�`%awb�d g�Ê¯987?.+(§PH¯9236Z_7[36@D.8GS9+@N7?=�5BGm;<7:9`FV3?; � .87?7)É�7?0stI�Mt þ tA� Ë �BH�GS9Q(�L�5N7�P2�vÊ¯Z[,/=-=MF/7)5436&D7:F Ë 36&D=�(�L�5N7�P��gÊ¯@BGS(+(8GSZ5436&D7:F Ë |>~Y�{tI%'&�(+*D7[0K3S.27_G6H](+*D7)(�L�5N7�P2�_|>~Y�{�N;<7�=M,/=�&DGS(` D&D=x3v.+E-@D.+(236&�(+,V36F1,AZ[5-98GKrX7:Z_7:&�(,A& (+*D7xGKrX7:9236FAF-W^E436FA,A(�L¬G6H{(+*D7� D(8.K�J.+E-WsWX7?.+(+,A&-Wz(+*436(v(+*D7xZ�3�¦§GS9+,A(�L¬G6H{('L�5B7�P2�©|>~Y�Í=-G�&DGS(9874W^E-,A987U,A&^(+9+,A&D.+,/0y36@D.2GS9+5-(+,/GS&�,A&£7�b-0?7?.8.�G6HT(+*D7{~`36FV3S0:(+,/0`rs36FAED7st1uC*D7:987�HjGS987s�-HjGS9\(+*D7U.8(236(+,/.+(+,/0K36FAFALE-&43S0?0?7:5-(236@-F/7ª D(8.K��Z_GS987c0?GSZ[5-FA,/0K36(87?=�Z_G�=-7:F/.)Z[,AWs*^()@B7ª&D7?7?=-7?=¢(8Gg987:5-98G�=MED0?7ª(+*D7c7:Z[,/.8.+,/GS&5-98GS5B7:9+(+,/7?.JG6H1(+*D7?.87	.8GSE-980?7?.Kt�ÌQ&�(+*D7	0?GS&^(+92369+LX�B(+*D7yGS@D.87:9+rX7?=g.+,AWs&-,¡ 40K36&�(Q,AZ[5-98GmrX7:Z_7:&^(`,A&�(+*D7

W^E436FA,A(�LxG6H\(+*D7�.+5N7?0:(+9236F1 D(8.	GS@-(236,A&D7?=©;\,A(+* _;`�acb�dhg�HjGS9y('L�5B7�P���|>~Y�·.+E-WsWX7?.+(8.	(+*436({3cFV369+WX7H¯923S0:(+,/GS&�G6H�(�L�5N7�P��[|>~Y��36987Y,A&^(+9+,A&D.+,/0K36FAFAL�36@D.2GS9+@B7?=ItuC*D7>.2G6H¯(]7�bM0?7?.8.�*43S.�@N7?7:&d.8*DGK;\&�(8Gy@B7J3U0?GSZ[Z_GS&dHj7K36(+E-987QG6HI(+*D7>OQPR923?L_.+5N7?0:(+923UG6HTÉ�7:L�Hj7:9+(�\W^36FV3�bM,/7?.�� � Ç6� �'t�uC*D7\5-*^LM.+,/0K36F4GS9+,AWs,A&ªG6HB(+*-,/.�7:Z[,/.8.+,/GS&_,/.1.8(+,AFAFDE-&D0:F/7K369K��.8,A&D0?7\,A(8.1=-7:(87:9+Z[,A&436(+,/GS&=-7:5B7:&D=-.\GS&£3	��&DGK;\F/7?=MWX7`G6H«(+*D7Y.+*4365N7YG6H«(+*D7J5BGm;<7:9\FV3?; 36&D=ª(+*D7 W�E436&^(+,A('LcG6H�36@D.2GS9+5-(+,/GS&}t1|Q.



Ç t �_ÌQrX7:9236FAF«987?.+E-FA(8.>G6H�.+5N7?0:(+9236FI D(8. þ �

��������� � 	����o� ����N��w����� !4��� �	�E),+w�-�;$c/,/o+�:
�w�%),+w�=!
��!����3� F � F �,/
�*)*: ����!=)���� F $w)��.���1! C
P (χ2)

C
� F )|���,���������3��N _;`�acb�d�� 7.!���N��L/[���w��� ���
/R��� C8!#��/��.� /������(!KUi����� _�`%acb0d e ���L� _;`%awb�d
g 79� F !4�����������
����N
� � F !#��� F �����w��� ��� /R��� �%�L�����(!=)��
����N
� � F !#��� F �����w��� ��� /R��� N �T���=/ ! C
����!'+1��� /������(!KU�V�������N )|�
� )|� F �%).)|��N D �G+c�%/ � !#��N��L/[�k�	� !#��$���&'�(! CA)*:��;�=<3> ?A@CB ���L�
)*:��;�=<KJ ?A@CB V



þsþ O>PR923KLv.+5B7?0:(+98Gs.20?GS5^LvG6H�|QOY%§Éd.8GSE-980?7?.

;<7J*43?rX7`.27?7:&ª,A&£É�7?0stN�st � t �M�-.8G6Hj(]7�b-0?7?.8.C7:Z[,/.8.+,/GS&c*43S.]@B7?7:&ªHj9874W^ED7:&�(+FAL�,A&�(87:9+5-987:(87?=�3S.]5-9+,AZ�369+L7:Z[,/.8.+,/GS&�H¯98GSZ (+*D7{3S0?0:987:(+,/GS&g=M,/.20s�DWs923?r�,A(236(+,/GS&436F�7:&D7:9+WsLv987:F/7K3S.87?=£@�Lvr�,/.20?Gs.+,A('Lc,A&�(+*D7	=M,/.80s�4GS93S.	.27?0?GS&D=D369+L�923S=M,V36(+,/GS&!Hj98GSZÍ(+*D7�987:5-98G�0?7?.2.+,A&-WgG6H�*43698=©O>PR923KL�.	,A&¢(+*D7�.+E-9§HR3S0?7_FV3KLX7:98.{G6H�(+*D7=M,/.80st
- 7]*43?rX7C.87K369802*D7?=yH�GS9�.8G6H¯(�7�b-0?7?.8.T7:Z[,/.2.+,/GS&_36Z_GS&-WYGSE-9�.236Z[5-F/7?.�G6H4(�L�5N7�P2�]|>~Y��36&D={('L�5B7�P��|>~Y�{t - 7y D98.+(Q D(+(87?=�(+*D7{OQPR923?L�.85B7?0:(+923dG6H<GSE-9Y|>~Y��;\,A(+*i_;`�acb�d��©Ê¯5NGK;<7:9`FV3K;�;\,A(+*�@-FV3S02�@BG�=MLv0?GSZ[5BGS&D7:&�()Ê�36(Q(+*D7y.8GSE-980?7?. �D987?.+(§P�Hj9236Z_7 Ë �D@NGS(+*�7:Z[,/.8.8,/GS&�0?GSZ[5NGS&D7:&^(8.`36@D.8GS9+@N7?=£@^Lv(+*D7~`36FV3�bML � .87?7CÉ�7?0st6�Mt þ tA� Ë t�uC*D7].8G6Hj(T7�b-0?7?.8.K�654369236Z_7:(87:9+,/.87?=[3S.�3\@-FV3S08�	@BG�=MLX�S3S=-=-.T(8GQ(+*D7].+5B7?0:(+9236FZ_G�=-7:F«(';<G_54369236Z_7:(87:98.K�D(+*D7`(87:Z[5N7:9236(+E-987yG6H�(+*D7`@-FV3S08�c@NG�=MLv36&D=v,A(8.\&DGS9+Z�36FA,/.¤36(+,/GS&}t
- 7�(+*D7:&�*43?rX7�0?GSZ[5436987?=Ô(+*D7

χ2 G6HU(+*D7� D(8.�;\,A(+*Ô(+*D7�rs36FAED7?.dGS@-(236,A&D7?=�;\,A(+*f_;`%awb�d��Â�.87K369808*-,A&-WdH�GS9>0K3S.87?.�;\*D7:987	(+*D7U.+,AWs&-,¡ 40K36&D0?7{G6H�3
χ2 ,AZ[5-98GKrX7:Z_7:&^(`;C3S.J36@NGKrX7 �s�X� tCÐ-98GSZ�(+*D7�TY � .8GSE-980?7?.�36&436FALM.87?= Ê§� � �£('L�5B7�P2�v|>~Y��36&D=�� � (�L�5N7�P���|>~Y� Ë ;<7vHjGSE-&D=z7:r�,/=-7:&D0?7£G6H`.8G6Hj(7�bM0?7?.2.�7:Z[,/.8.+,/GS&ª;\,A(+*ª3y.+,AWs&-,¡ 40K36&D0?7YG6HIZ_GS987>(+*436& �s�X� ,A&��K�UGS@M¦+7?0:(8.JÊ

∼
Y �[Ë �B� � @N7:,A&-W{('L�5B7�P2�|>~Y� 36&D=z��('L�5B7�P���|>~`�	t�|>FAF\G6H>(+*D7:Zw,AZ[5-98GmrX7?=�;\,A(+* _;`%awb�d e��2_�`%awb�d g�;\,A(+*�987?.+5N7?0:({(8G

_;`�acb�d��Bt|J.J7�bM5-FV36,A&D7?=�@N7�HjGS987s�N,¡HC.8G6H¯(Y7�b-0?7?.8.Y,/.J5-987?.87:&^(`,A&�(+*D7[.+5N7?0:(+923ªG6H�(+*D7[GS@M¦§7?0:(8.m�N,A(JZ	ED.+(Y@B7Z_G�=-7:FAF/7?=�5-98GS5B7:9+FALc(8G[5-987:rX7:&�(>(+*D7U0?GS&�(+,A&^E-E-Z .+F/GS5N7
Γ
36&D=��6GS9Q(+*D7`,A&^(+9+,A&D.+,/0{36@D.8GS9+5-(+,/GS&

Nintr
H@B7:,A&-W�,A&D0?GS9+987?0:(+FALx=-7:(87:9+Z[,A&D7?=ItduC*D7:987�H�GS987[;<7�*43?rX7�36&436FALM.87?=�(+*D7_O>PR923KL�.85B7?0:(+923vG6HC(+*D7?.87£�K�.8GSE-980?7?.Y,A&�Z_GS987)=-7:(236,AFRty|QFAFT(+*D7).+5N7?0:(+923d*43?rX7)FV369+WX7)7:&DGSE-Ws*�&^E-Z	@B7:9UG6H]@-,A&D.K� Çs� < @-,A&D. < Ç �TY��(8G)ED.87Q_;`�acb�d���Ê¯5BGm;<7:9�FV3K;¼36&D=cF/GK;#7:&D7:9+WsLª@-FV3S08�c@NG�=MLª0?GSZ[5BGS&D7:&�(8.K�-@NGS(+*�36@D.8GS9+@B7?=c@�Ld(+*D7~`36FV3�bML¢Ê

NGal
H �  -bM7?= Ë 36&D=i_�`%awb�d��©Ê¯(+*D7)5NGK;<7:9yFV3?;�0?GSZ[5NGS&D7:&^(	36@D.2GS9+@B7?=�@�Lg36@D.8GS9+5-(+,/GS&!36((+*D7Y987?=-.+*-,¡Hj(�G6HT(+*D7`.8GSE-980?7?.K�

Nintr
H � Hj987?7 Ë t�­>7?.+E-FA(8.]Hj98GSZ�(+*-,/.\.+5N7?0:,¡ 40`7�bM7:980:,/.27U36987Y5-987?.87:&^(87?=v,A&É�7?0st Ç t Ç t Ç t

°U±'° ¶	�{¾�Ã+¿ ��
 � Ä	��ÁÂ´{µ ¸¼»s½N¾1¿ � �dµ�À«Á4½B¾
lGm�lGm9n ��
"vyuwqs} z�{K}GrCr�� ~�
�����v
|>FA(+*DGSE-Ws*�;]7	*43KrX7)7:r�,/=-7:&D0?7{(+*436(U3�.8,AWs&-,¡ 40K36&^(YHj923S0:(+,/GS&�G6H].8GSE-980?7?.J,A&gGSE-9YFA,/.+(`36987[36@D.8GS9+@B7?=I�;<7d*43?rX7c.+(+ED=M,/7?=!(+*D7_987?.+E-FA(8.)GS@-(236,A&D7?=!;\*D7:&!ED.8,A&-W _�`%acb0d��Ât«uC*-,/.[36FAF/Gm;�.{0?GSZ[54369+,/.2GS&¢;\,A(+*7�b�,/.8(+,A&-W�.85B7?0:(+9236FU36&436FALM.87?.vG6H	=D36(23¢;\,A(+* .+,AZ[,AFV369v.+,AWs&436F¡PR(8G6PR&DGS,/.87�9236(+,/G!H�GS9c;\*-,/08* 3!5-98GS5B7:9Z_G�=-7:FAFA,A&-WdG6H�7�b-0?7?.8.>36@D.8GS9+5-(+,/GS&�GS9>.8G6Hj(�7�bM0?7?.8.\7:Z[,/.2.+,/GS&£;]3S.>&DGS(>0?GS&D=MED0:(87?=Itu«G[0K36F/0:E-FV36(87U(+*D7YZ_7K36&v5-*DGS(8GS&£,A&D=-7�bcG6H�(+*D7`GS@M¦§7?0:(8.�3S.CZ_7K3S.8E-987?=v;\,A(+* _;`�acb�d��B�

〈Γ〉
�M;]7*43?rX7`ED.27?=v(+*D7U.+(236&D=D3698=cH�GS9+ZyE-FV3)HjGS9\(+*D7`;]7:,AWs*^(87?=�Z_7K36&!Êj.87?7`|Q5-5B7:&D=M,¡bv|{t � Ë �

〈Γ〉 =
∑

Pi × Γi
Ê Ç tA� Ë;\*D7:987)(+*D7);<7:,AWs*�(K�

Pi
�IG6H]7K3S08*©,A&D=M,Ar�,/=ME436F1@N7?.+(J D(`rs36FAED7s�

Γi
�N,/.U3dH¯E-&D0:(+,/GS&xG6HC(+*D7[.+(236(+,/.+(+,/0K36F7:9+98GS9>GS@-(236,A&D7?=vHj98GSZ�(+*D7Y D(K�

σi
�

Pi =
1 /σ2

i
∑

(1 /σ2
i )

Ê Ç t � Ë
u«G)0K36F/0:E-FV36(87J(+*D7Y0?GS9+987?.+5BGS&D=M,A&-W)E-&D0?7:9+(236,A&�('Lc,A&

〈Γ〉
;<7J*43KrX7QED.27?=d(+*D7J7:9+98GS9\GS&d(+*D7JZ_7K36&�� �s���

σ2 =
1

(N − 1)

∑

Pi × (Γi − 〈Γ〉)2
Ê Ç t ÇXË



Ç t Ç |>&436FALM.+,/.�G6H�(+*D7`OQPR923?Lc.+5N7?0:(+923 þ Y

��������� �i	��K	���� ��� O�+0)K������+c��)|��� �,�L����S �����(!($0!
S0.5−2 keV

7|/[� �#) U ���L�
S2−10 keV

7 �
� O�+0) U
�
����N _;`%awb�d�� 7|!
�,N��L/ � �w��� ��� / ����U �,�k!��#$1�����(!4V��s+1� ���=!($c/ ),! � F )|���,����� �#��� ),+w�E� F�B ��&4),!
� �,),+�� < �3�%: ! �;��&4)���� � �*),+ NP�����6),+c���
>��	� &���$c��),!87 F ��&=�=O�����$c�L� !=$ F )��3��&2)K���=U ���������L&4/ $1�����
�#���E&'��N��w����� !4���y79&�� �3&4/ �(!9U%V � �������'!-&'���
���(! �w���L�k)|� ),+w� >

σ
&'���25 ���#�L&'� �,��)K����� ��/[V

(+*436(_,A&D0:FAED=-7?._@NGS(+*�(+*D7vZ_7K3S.+E-987:Z_7:&�(ª7:9+98GS98.m�
σi
�C36&D=�(+*D7£=M,/.+5N7:98.+,/GS&zG6H`7K3S08*

Γi
H¯98GSZ¨(+*D77?.+(+,AZ�36(87?=vZ_7K36&£rs36FAED7

〈Γ〉
tÐDGSFAF/Gm;\,A&-W�(+*D7?.87_=-7� D&-,A(+,/GS&D.m�«;]7)HjGSE-&D=©GSE-9y.8GSE-980?7?.U(8Gc*43KrX7d3c0?GS&�(+,A&^E-E-Zw7:Z[,/.8.+,/GS&x;\,A(+*36&x3?rX7:9236WX7[.+F/GS5N7y,A&�(+*D7[GS@D.87:9+rX7?=�7:&D7:9+WsL�,A&^(87:9+rs36F�H¯98GSZ � t �d(8G��K���X7'��G6H

〈Γ〉 = 1.86 ± 0.02Ê¯(+*D7U369+,A(+*-Z_7:(+,/0`Z_7K36&v@N7:,A&-W
1.70 ± 0.02 Ë t<u«G[.+(+ED=MLd(+*D7`=-7:5B7:&D=-7:&D0?7yG6HT(+*D7`GS@M¦+7?0:(8.��-3?rX7:9236WX7.+5N7?0:(+9+E-Z·GS&v(+*D7JOQPR923?LdaDEMbN�M;]7`0K36F/0:E-FV36(87?=

〈Γ〉
,A&c@-,A&D.�G6H � t � P��[36&D=v��P2� � �X7R�¼aDEMb�Êj7K3S02*v@-,A&0?GS&^(236,A&-,A&-W�(+*D7_.236Z_7[&�E-Zy@N7:9	G6H\GS@M¦§7?0:(8.{36&D=�(+*D7:987�HjGS987�(+*D7:L�Z�3KL�&DGS(U*43?rX7�(+*D7_.236Z_7_.+,�
K7 Ë tÐ�,AWDt Ç t Ç .+*DGK;�._(+*D7v987?.+E-FA(8.[(+*436(_;]7£GS@-(236,A&D7?=It - 7v.27?7c(+*436(_(+*D7�3?rX7:9236WX7�.+5N7?0:(+9+E-Z G6HYGSE-9.8GSE-980?7?.	@B7?0?GSZ_7?.	*43698=-7:9	;\,A(+*¢=-7?0:987K3S.+,A&-W � t � P��£�X7'�·aDEMbN��;\,A(+*

〈Γ〉
WXGS,A&-W�Hj98GSZ

2.01 ± 0.0336(yaDEMb-7?.
∼ 4.4 × 10−14 erg cm−2s−1 (8G 0.95 ± 0.12

36(yaDEMb-7?.
∼ 10−15 erg cm−2 s−1 t�uC*D7.236Z_7J=-7:5B7:&D=-7:&D0?7s�M,Rt 7stA��*43698=-7:&-,A&-W_G6H

〈Γ〉
36(<H�36,A&�(87:9 � t � P��y�X7'� aDEMb-7?.K��;]3S.\GS@D.87:9+rX7?=ªED.+,A&-W{(+*D7369+,A(+*-Z_7:(+,/0ªZ_7K36&¢(8Gg0K36F/0:E-FV36(87

〈Γ〉
��(+*D7:987�HjGS987ª(+*D7d987?.+E-FA({,/.	&DGS([36&�369+(+,¡H�3S0:([G6H�(+*D7d;<7:,AWs*^(87?=Z_7K36&}t�uC*-,/.�(+987:&D=£Ê¯*43698=-7:91.8GSE-980?7?.136(�H�36,A&�(87:9 � t � P��J�X7R��aDEMbM7?. Ë *43S.�@N7?7:&{HjGSE-&D={,A&[5-987:r�,/GSED.�O>P923?Lv.+5N7?0:(+9236FT36&436FALM.87?.yÊj.87?7U7st WDt«�A� �^� ���A� þ �:�<� �s�s���<� � � �?� Ë t1%'(8.>GS9+,AWs,A&�,/.�.+(+,AFAF«&DGS(>0:F/7K369K�436FA(+*DGSE-Ws*,A({0?GSE-F/=¢@N7d7�bM5-FV36,A&D7?=�3S.[3£92365-,/=¢,A&D0:987K3S.87ª,A&¢(+*D7d,A&�(+9+,A&D.+,/0v36@D.8GS9+5-(+,/GS&zG6H�(+*D7cGS@M¦§7?0:(8.{;\,A(+*=-7?0:987K3S.+,A&-W[aDEMbI�43S.\,A(\,/.\5-987?=M,/0:(87?=�@^Lc.8GSZ_7U|>~Y�$.+L�&^(+*D7?.+,/.�Z_G�=-7:F/.U� � � �'tÉ�ED08*!7�¥N7?0:(Y,/.`&DGS(U.87?7:&�ED.+,A&-W���P2� � �X7'��aDEMb-7?.`,A&D.+(87K3S=zÊj.27?7[ÐT,AWDt Ç t Ç 9+,AWs*�(`5-F/GS( Ë t)%'&D=-7?7?=,A&�(+*-,/.`0K3S.87)(+*D7)Z_7K36&©.+5N7?0:(+9236F1.+F/GS5N7)G6H](+*D7[.8GSE-980?7?.U@B7?0?GSZ_7?.U.2G6H¯(87:9U36(YHR36,A&^(87:9`aDEMb-7?.Kt)%'(Y,/.,AZ[5BGS9+(236&�(\(8G{&DGS(87Y(+*436(\(+*-,/.\.8G6H¯(87:&-,A&-W[G6H

〈Γ〉
,/.C&DGS(�3	987K36FI5-98GS5N7:9+('LcG6HTGSE-9�GS@M¦§7?0:(8.mt�%'(C,/.C=MED7(8G£(+*D7_H�3S0:(	(+*436(y;<7c36987_ED.8,A&-W�=M,¡¥I7:987:&^([7:&D7:9+WsL�@436&D=-.	.8,AZyE-FA(236&D7?GSED.+FAL�H�GS9	.2GSE-980?7�=-7:(87?0:(+,/GS&Êj.87?7dÉ�7?0st��Mt ÇXË tv|Q.y;<7�WXG£(8GvHR36,A&^(87:9)��P2� � �X7'�·aDEMbM7?.m�«,A(	,/.UZ_GS987�=M, / 0:E-FA({(8G�=-7:(87?0:().8GSE-980?7?.;\,A(+*)aÂ36(1.+5N7?0:(+9236FD.+F/GS5B7?.�Ê¯*43698=[GS@M¦+7?0:(8. Ë �s@N7?0K36ED.87C(+*D7:,A91.+5N7?0:(+923Y=-GY&DGS(�*43?rX7\7:&DGSE-Ws*d0?GSE-&^(8.<36(7:&D7:9+Ws,/7?.C@B7:F/Gm;

∼
�M�^�X7'� ;\*D7:987Y;]7Q��&DGK; (+*D7Y.87:&D.8,A(+,Ar�,A(�LdG6H«(+*D7YÎ1Ï1%+�Ô=-7:(87?0:(8GS98.\,/.]Z�3�b�,AZ	E-Z£t

DQ7:&D0?7s�B(+*D7	&^E-Z	@B7:9UG6H<GS@M¦+7?0:(8.YGS&-FAL�=-7:(87?0:(87?=g,A&�(+*D7).8G6Hj(>@436&D=g@N7?0?GSZ_7?.JZ_GS987	,AZ[5NGS9+(236&^(y36(H�36,A&�(87:9���P2� � �X7R�#aDEMb-7?.K�M.+5N7?0:,V36FAFAL_@N7:F/GK; ∼ 2× 10−14 erg cm−2 s−1 ��;\*D7:987Y(+*D7JZ_7K36&£.+5B7?0:(+9236F.+F/GS5N7y.+(2369+(8.Q(8G�@N7?0?GSZ_7{.8G6H¯(87:9KtJ�JGS(87U(+*436(Y(+*D7UFV3S.+(J@-,A&�36(Q(+*D7yH�36,A&�(87?.+(QaDEMbM7?.J,/.QF/G�0K36(87?=�36(Y3



þ � O>PR923KLv.+5B7?0:(+98Gs.20?GS5^LvG6H�|QOY%§Éd.8GSE-980?7?.

��������� � 	L��� � � ��� O�+0)K��� ��+c�%)|��� �,�L����S �����(!($0!
S0.5−2 keV

���3�%N _;`�acb0d�� 7|!
�,N��L/ �
�w��� ���f/ ����U �#� � !#��$��3&(�(!f� �,),+ ���#)K��&4)��*�%� /������=/�� +c�T�2�

≥
> � �,� ),+1� ��V ��<9J ����� F ���L�

7.!��4$w�����(!9Uy����� �#� � !4��$ ��&'�(! � �*),+ ���#)K��&4)��*�%� /�� ���#/
��+c�2�2�
≥
> � �,� ),+w� J�<3> � ����� F ���L�

79&�� �3&4/ �(!9U%V � �������'!-&'���
���(! �w���L�k)|� ),+w� >
σ
&����25 �0�=�L&'���,��)K����� ��/[V

rS36FAED7[G6H
〈Γ〉

G6HCZ_GS987[(+*436&©�Mt � t - 7[*43?rX7�08*D7?08�X7?=©(+*436(U(+*D7[GS@M¦+7?0:(8.`(+*436(y0?GS&^(+9+,A@-E-(87�(8Gc(+*-,/.@-,A&�*43?rX7_.85B7?0:(+923ª;\,A(+*�rX7:9+L�Hj7:; 0?GSE-&�(8.y36&D=�(+*D7:987�H�GS987)Z_Gs.+(`rs36FAED7?.UG6H
Γ
(+*436(U0?GS&�(+9+,A@-E-(87_(8G(+*-,/.\@-,A&�36987`5NG�GS9+FALd0?GS&D.+(+9236,A&D7?=It

- 7Q*43?rX7Y.+(+ED=M,/7?=ª,A&dZ_GS987J=-7:(236,AFN;\*D7:(+*D7:9C(+*D7JGS@D.27:9+rX7?=�*43698=-7:&-,A&-W_G6H
〈Γ〉

;\,A(+*v=-7?0:987K3S.+,A&-W.8G6Hj(YaDEMb�0?GSE-F/=x@B7_3�¥I7?0:(87?=x@�L�36&�L�@-,V3S.`,A&^(+98G�=MED0?7?=!=ME-9+,A&-W�GSE-9	36&436FAL�.8,/.KtdÌQ&D7�7�¥I7?0:(`,/.U(+*D75BG�GS9 W^E436FA,A(�LgG6H�(+*D7).+5N7?0:(+923ªG6H<.8GSZ_7).8GSE-980?7?.K�}3d5-98GS@-F/7:Z�(+*436(`;\,AFAF�@B7?0?GSZ_7{Z_GS987),AZ[5NGS9+(236&^(36(yHR36,A&^(87:9{aDEMb-7?.Kt�%'&�GS98=-7:9)(8G�02*D7?08�!(+*-,/.K��;<7cGS@-(236,A&D7?=�(+*D7ª=M,/.+(+9+,A@-E-(+,/GS&zG6H
〈Γ〉

ED.+,A&-WgGS&-FAL.8GSE-980?7?.{;\,A(+*�Z_GS987d(+*436& � �s� @43S08��Ws98GSE-&D=�.+E-@-(+923S0:(87?=�0?GSE-&^(8.£Êj0:,A980:F/7?.),A&�Ð�,AWDt Ç t ÇXË t - 7d.87?7(+*436(U(+*D7_.236Z_7�=-7:5B7:&D=-7:&D0?7�,/.y.+(+,AFAF�GS@D.27:9+rX7?=I��36&D=�(+*D7:987�H�GS987_;]7_0?GS&D0:FAED=-7_(+*436({.8GSE-980?7?.U;\,A(+*5BG�GS9�.+5N7?0:(+9236F�W^E436FA,A(�L£36987`&DGS(�,A&^(+98G�=MED0:,A&-Wª36&�Lc@-,V3S.\,A&£GSE-9>GS@D.87:9+rX7?=v987?.8E-FA(8.Kt
- 7�7�bM5N7?0:(}(+*D7�Z�3�¦+GS9+,A('LUG6H-(+*D7�GS@D.87:9+rs36(+,/GS&D.T(+*436(};<7�*43?rX7<ED.87?=`(8G\@N7�(8G�G�.+*436FAF/GK;¢(8G�=-7:(87?0:(.8GSE-980?7?.\;\,A(+*�3 � t � P��)�X7R�$aDEMbvG6H ∼ 10−15 erg cm−2 s−1 ,A&�(+*D7`.8G6H¯(\@436&D=It DQ7:&D0?7s�D,A(�0?GSE-F/=v@B75BGs.2.+,A@-F/7[(+*436(

〈Γ〉
@B7?0?GSZ_7?.	*43698=-7:9{;\,A(+*!=-7?0:987K3S.+,A&-W�aDEMb�54369+(+FALx=MED7_(8G£(+*D7d0?GS&^(+9+,A@-E-(+,/GS&�(8G7K3S08*�@-,A&£Hj98GSZ @-9+,AWs*^(Y*43698=�.2GSE-980?7?.>&DGS(Y=-7:(87?0:(87?=g,A&�(+*D7{.8G6H¯(Q@436&D=ItQuC*-,/.J0K36&g@B7	08*D7?08�X7?=�@�L987:5B7K36(+,A&-W�(+*D7_5-F/GS({G6H\Ð�,AWDt Ç t Ç ED.+,A&-W�GS&-FAL�(+*DGs.87�.8GSE-980?7?.	=-7:(87?0:(87?=!GS&!7K3S02*©@436&D=It - 7_ED.87?=3v=-7:(87?0:(+,/GS&¢FA,A�X7:FA,A*DG�G�=x(+*-987?.+*DGSF/=!G6HU� � (8G�.27:F/7?0:(y.8GSE-980?7?.KtcuC*D7_987?.8E-FA(8.K�«5-F/GS(+(87?=©,A&!Ð�,AWDt Ç t � �



Ç t Ç |>&436FALM.+,/.�G6H�(+*D7`OQPR923?Lc.+5N7?0:(+923 þ �

��������� � 	������ ����N��w� �
��!#���M�	� ),+w� � ��� O�+0)K��� ��+w�%)|��� ���L�0��S �����(!($0!
S0.5−2 keV

������N
_;`%awb�d�� 7.!
�,N��L/[� �w�%� ���P/ ����Uk� �,),+ ),+w� � ��/ $1�(! � F )|���,����� �	�#)K���
&���������&4)����cO �#� � F �*��!2�(!
��!'!4�2&��.�%)K��� � �,),+y),+w� ! �;��&4)�����/ !(+c�
�1� �	� ),+w�i� F�B ��&4),!2V��s� �#) �#���k),+w� �G+c�%/ � !#�%N ��/ �i�	�
� F�B ��&4),! ����� ��� O�+0) �#���P),+1�
!($ F <|!4��N��L/ � � � !#��$���&'�(! � �*),+ ���#)K��&4)��.���y/�� �%�=/
��+c�2�T�

≥
> � ���

),+w� ��V ��<9J ����� F ������V � ���3���(!-&��������(! �w�%�L�k)|� ),+w� >
σ
&����T5 ���=�L&(� ���L)K���
����/ V

.+*DGK;#3yrX7:9+Ld.+,AZ[,AFV369C=-7:5N7:&D=-7:&D0?7`G6H
〈Γ〉

;\,A(+*daDEMb�HjGS9CGS@M¦§7?0:(8.\=-7:(87?0:(87?=c,A&ª@NGS(+*ª(+*D7 � t � P��	�X7R�36&D=!��P2� � �X7R� 7:&D7:9+WsL©@436&D=-.KtgÌQ&-FALx(+*D7�rS36FAED7ªG6H
〈Γ〉

,A&©(+*D7d@-,A&�36(	(+*D7_HR36,A&^(87?.+().8G6Hj(UaDEMb-7?.,A&!Ð�,AWDt Ç t Ç ��0?GSE-F/=!@N7d3�¥I7?0:(87?=!GS9{7:rX7:&¢=-GSZ[,A&436(87?=¢@^L©@-9+,AWs*^({*43698=!.8GSE-980?7?.	&DGS()=-7:(87?0:(87?=!,A&(+*D7�.8G6Hj(y@436&D=It�%'(	,/.U,A&^(87:987?.8(+,A&-Wg(8G�&DGS(87�(+*436({(+*D7_*43698=-7:&-,A&-W�G6H
〈Γ〉

,/.yZ_GS987�,AZ[5BGS9+(236&�(	H�GS9GS@M¦§7?0:(8.]=-7:(87?0:(87?=d,A&d(+*D7J��P2� � �X7'�#@436&D=�Êj.87?7JÐ�,AWDt Ç t ��� 0:,A980:F/7?. Ë t�%'H«36@D.8GS9+5-(+,/GS&d,/.<5-98G�=MED0:,A&-W	(+*D7*43698=-7:&-,A&-W£G6H
Γ
�B(+*-,/.Y987?.+E-FA(`.+E-WsWX7?.8(8.Y(+*436(J;]7_36987).87?7:,A&-Wv(+*D7).236Z_7{5BGS5-E-FV36(+,/GS&xG6HCGS@M¦§7?0:(8.Y,A&@BGS(+*�(+*D7[.2G6H¯(y36&D=�*43698=�@436&D=-.m�I(+*D7_GS&-FAL�=M,¡¥N7:987:&D0?7[@N7:,A&-Wv(+*436(U(+*D7[GS@M¦+7?0:(8.U=-7:(87?0:(87?=�,A&�(+*D7��P2� � �X7R�$@436&D=�36987`Z_GS987	36@D.8GS9+@B7?=�GS&�3?rX7:9236WX7stÐ�,A&436FAFALX�X;]7�*43?rX7>0K36F/0:E-FV36(87?=�(+*D7�.2GSE-980?7�=-7:(87?0:(+,/GS&d7 / 0:,/7:&D0:L{HjE-&D0:(+,/GS&}� - Ê

Γ,S Ë �s(+*436(<Ws,ArX7?.ED.>(+*D7{=-7:5N7:&D=-7:&D0?7{G6H1(+*D7{7 / 0:,/7:&D0:L�G6H�=-7:(87?0:(+,/GS&�G6H�.8GSE-980?7?.YGS&g(+*D7y.8GSE-980?7?.��ÂOQPR923?LvaDEMb�36&D=GS&v(+*D7`.+F/GS5N7`G6HT(+*D7:,A9�@-98GX3S=v@436&D=v0?GS&�(+,A&^E-E-Z£�
Γ
t - 7`*43KrX7`ED.87?=c(+*-,/.CHjE-&D0:(+,/GS&v(8G[0?GS9+987?0:(>GSE-9987?.+E-FA(8.�H�GS9�@-,V3S.87?.13S.8.8G�0:,V36(87?=)(8GY(+*D7\.+5N7?0:(+9236FM.8*4365B7\G6HB(+*D7\GS@M¦§7?0:(8.Kt�ÐDGS9�3Y=-7:(236,AF/7?=[7�bM5-FV36&436(+,/GS&GS&d*DGm;Ô;]7YGS@-(236,A&D7?= - Ê

Γ,S Ë .87?7J|>5-5N7:&D=M,¡bd®Yt�uC*D7Q=-7�PR@-,V3S.87?=v3KrX7:9236WX7Qrs36FAED7?.CG6H 〈Γ〉 36(]7K3S02*@-,A&£G6HTaDEMbv;]7:987UGS@-(236,A&D7?=£;]7:,AWs*^(+,A&-Wd7K3S02*�,A&D=M,Ar�,/=ME436F}rs36FAED7s�
Γi
�M;\,A(+*£(+*D7YHjE-&D0:(+,/GS&

Pi =
1 /(σ2

i × W (Γi,Si ))
∑

i 1 /(σ2
i × W (Γi,Si ))

Ê Ç t ��Ë
;\*D7:987y(+*D7{.+E-Z ,/.Q0K36F/0:E-FV36(87?=�GmrX7:9`36FAF�.8GSE-980?7?.QHR36FAFA,A&-Wd,A&g(+*D7	.85B7?0:,¡ 47?=�@-,A&�,A&g(+*D7

Γ
� < 5-FV36&D7stuC*D7)987?.+E-FA(8.	36987[.8*DGK;\&x,A&©Ð�,AWDt Ç t � Êj0:,A980:F/7?. Ë �}(+*D7[F/7�Hj(`5-F/GS(`H�GS9`(+*D7[;\*DGSF/7_.236Z[5-F/7_G6H\.8GSE-980?7?.K�36&D=¢(+*D7d9+,AWs*�()5-F/GS()HjGS9{(+*D7c.8GSE-980?7?.[=-7:(87?0:(87?=¢,A&¢(+*D7c.8G6Hj({@436&D=!;\,A(+*�3�=-7:(87?0:(+,/GS&�FA,A�X7:FA,A*DG�G�=

≥
� � t`ÐDGS9`0?GSZ[54369+,/.8GS&�;<7{*43KrX7{0K36F/0:E-FV36(87?= 〈Γ〉

rs36FAED7?.Y;<7:,AWs*�(87?=xGS&-FAL£;\,A(+*�(+*D7	 D(+(+,A&-Wv7:9+98GS98.,A&!(+*D7ª.236Z_7�aDEMbx@-,A&D.vÊj.+(23698. Ë t - 7d.+(+,AFAF].87?7d(+*D7�*43698=-7:&-,A&-W�G6H 〈Γ〉 ;\,A(+*!(+*D7 � t � P����X7R��aDEMb3�H¯(87:9C0?GS9+987?0:(+,/GS&cH�GS9].87:F/7?0:(+,/GS&v7�¥I7?0:(8.Kt�uC*D7:987�HjGS987J;]7J0?GS&D0:FAED=-7Y(+*436(C(+*-,/.C=-7:5N7:&D=-7:&D0?7Q,/.],A&D=-7?7?=3{987K36F}5-98GS5N7:9+('LvG6H�(+*D7U5BGS5-E-FV36(+,/GS&�G6H�.8GSE-980?7?.>36&436FALM.87?=It



Y � O>PR923KLv.+5B7?0:(+98Gs.20?GS5^LvG6H�|QOY%§Éd.8GSE-980?7?.

���������h	����o�=<�$cN NP���(: �	�
),+w� ���(!=$0/R),! �	� ���#)K��&4)��.���h� � � < �3��: � F !4��� ��)��*�%� 7 _;`�acb0dye
���L� _�`%acb0d g � �*),+ ���=! �1��&2) )|� _�`%awb�d�� ����� �C<9)K�(!#)G!
� O���� 5 &�����&'�

≥ � ��� U �#� � ��� �8�����=��)!#��N��L/[�(!E�	� ? � � < !4��$��3&'�=!4V

Sample Ntot Nabs f +
− F

(1) (2) (3) (4) (5)

All 1137 245 0.17 +0.02
−0.02 0.1335

type − 1AGN 141 16 0.06 +0.05
−0.04 0.0089

type − 2AGN 29 13 0.40 +0.15
−0.14 0.1740

�]GSFAE-Z[&D.�36987#3S.¢H�GSFAF/GK;�.KÈ Ê§� Ë 0:FV3S.8.+,¡ 40K36(+,/GS&�G6Hg.8GSE-980?7?.�Hj98GSZ GS5-(+,/0K36F�.+5N7?0:(+98Gs.80?GS5^L � Ê�� Ë(8GS(236F>&�E-Zy@N7:9ªG6HUGS@M¦+7?0:(8._,A&�Ws98GSE-5 � Ê ÇXË &�E-Zy@N7:9ªG6HUGS@M¦+7?0:(8.�,A&zWs98GSE-5Ô;\,A(+*Ô=-7:(87?0:(87?=ÔO>PR923KL36@D.8GS9+5-(+,/GS& ÊjÐTPR(87?.+(v.+,AWs&-,¡ 40K36&D0?7
≥ 95% Ë � Ê ��Ë H¯923S0:(+,/GS& G6H	.2GSE-980?7?.d,A&¬Ws98GSE-5¬;\,A(+* =-7:(87?0:(87?=O>PR923KLc36@D.2GS9+5-(+,/GS&}t�uC*D7JHj923S0:(+,/GS&D.K� � �M36987y=-7� D&D7?=�3S.C(+*D7YZ_G�=-7yG6HT(+*D7YHjE-&D0:(+,/GS& 
 7 �TU ;\*-,AF/7`(+*D77:9+98GS98.y0?GS9+987?.+5NGS&D=�(8Gc(+*D7£�

σ
0?GS&M 4=-7:&D0?7�,A&^(87:9+rs36FQÊj.87?7_|Q5-5N7:&D=M,¡b�|{t � HjGS9U=-7:(236,AF/. Ë � Ê �XË rS36FAED7G6H�(+*D7`H¯923S0:(+,/GS&vH�GS9\;\*-,/08* 
 Ê �
≥
Ð Ë��Y� t ��� Y Ç Ê Ç σ Ë

lGm�lGm�� �
	"uwv�~�~ ��� ~�q�t �"z�{|qs}
- 7�.23K;�,A& É�7?0st Ç t �x(+*436(d(+*D7£ D(�(8G!(+*D7£OQPR923?L�.85B7?0:(+923x;\,A(+*�3x.8,A&-WsF/7�5NGK;]7:9dFV3K;�F/7K3KrX7?.c3FV369+WX7)&^E-Z	@B7:9{G6H].8GSE-980?7?.�Ê§�K� �[Ë ;\,A(+*x.+(236(+,/.+(+,/0K36FAFAL�E-&43S0?0?7:5-(236@-F/7[ D(8.Kt DJGK;]7:rX7:9K�};\*D7:&xED.+,A&-W_;`�acb�d ec36&D= _;`%awb�d gD�M(+*D7U&^E-Zy@N7:9QG6H�E-&43S0?0?7:5-(236@-F/7` D(8.>;]3S.\987?=MED0?7?=£.8,AWs&-,¡ 40K36&^(+FAL©Êj.87?7U36F/.8GÐ�,AWDt Ç t � Ë �^.+E-WsWX7?.+(+,A&-W`(+*436(�3J.+E-@D.+(236&�(+,V36F-H¯923S0:(+,/GS&[G6HNGSE-91.8GSE-980?7?.�*43?rX7\7�b-0?7?.8.136@D.8GS9+5-(+,/GS&�36@NGKrX7(+*D7	~`36FV3S0:(+,/0`rs36FAED7stu«G	.87K369808*�HjGS9]36@D.8GS9+5-(+,/GS&d,A&dGSE-9<GS@M¦+7?0:(8.1;<7>ED.87?=[(+*D7QÐ«PR(87?.8(K�XZ_7K3S.+E-9+,A&-W	(+*D7�,AZ[5-98GKrX7:Z_7:&�(,A&¬(+*D7

χ2 G6H	(+*D7� D(8.£3�H¯(87:9£3S=-=M,A&-W�36@D.8GS9+5-(+,/GS& (8G!(+*D7gZ_G�=-7:FRt - 7�3S=-GS5-(87?=#3¢0?GS&M 4=-7:&D0?7(+*-987?.+*DGSF/=£G6H �s�X� (8G�3S0?0?7:5-(>(+*D7U=-7:(87?0:(+,/GS&�G6H13S=-=M,A(+,/GS&436FT.+5N7?0:(+9236F«0?GSZ[5NGS&D7:&^(8.Kt]%�&£uT36@-F/7 Ç t �M�;<7\.+*DGm;z(+*D7C(8GS(236F-&^E-Z	@B7:9<G6HBGS@M¦+7?0:(8.1G6HB=M,¡¥I7:987:&^(1(�L�5N7?.K�s(+*D7C&�E-Zy@N7:9�G6HBGS@M¦+7?0:(8.�;\,A(+*_=-7:(87?0:(87?=36@D.8GS9+5-(+,/GS& G6Hy(+*436(c('L�5B7�H�GS9d(+*D7g.87:F/7?0:(87?=¬0?GS&M 4=-7:&D0?7�F/7:rX7:FR�Q36&D=�(+*D7�Hj923S0:(+,/GS&¬G6H)36@D.8GS9+@B7?=GS@M¦§7?0:(8.YG6HC7K3S08*�('L�5B7{0?GS9+987?0:(87?=gH�GS9Y.85-E-9+,/GSED.J=-7:(87?0:(+,/GS&D.m�
f
�DH�GSFAF/GK;\,A&-Wv(+*D7{Z_7:(+*DG�=g=-7?.20:9+,A@B7?=,A&£|>5-5N7:&D=M,¡b£|	t � tuC*D7ªFV3S.+()0?GSFAE-Z[&�Ws,ArX7?.	(+*D7ªrs36FAED7dG6HQ(+*D7�Hj923S0:(+,/GS&D.K�

F
��H�GS9);\*-,/08*

P (f ≥ F ) = 0.9973
�;\*D7:987

P (f)
,/.[(+*D7v5-98GS@436@-,AFA,A(�Lz=M,/.+(+9+,A@-E-(+,/GS&�HjE-&D0:(+,/GS&�G6H

f
��,Rt 7stA�<(+*D7ªHj923S0:(+,/GS&D.�G6HU36@D.8GS9+@N7?=GS@M¦§7?0:(8.<(+*436(];<7Q*43?rX7Y=-7:(87?0:(87?=�;\,A(+*-,A&c7K3S08*v0:FV3S.8.]G6H«.8GSE-980?7?.<;\,A(+*c3y.+,AWs&-,¡ 40K36&D0?7YG6H}Z_GS987�(+*436&

Ç σ t�ÐDGS9>7�bD36Z[5-F/7s�M;<7`��&DGK; ;\,A(+*�3)0?GS&M 4=-7:&D0?7UG6H�Z_GS987Y(+*436& Ç σ (+*436(>36(\F/7K3S.+( ∼ � � G6H�(�L�5N7�P2�|>~Y��36&D=
∼
�TY � G6H�(�L�5N7�P��[|>~Y��36987y36@D.8GS9+@N7?=It%�({365-5N7K3698.	(+*436()(+*D7�H¯923S0:(+,/GS&�G6HJ36@D.8GS9+@N7?=¢GS@M¦§7?0:(8.{rs369+,/7?.	.+E-@D.8(236&^(+,V36FAFAL¢36Z_GS&-W�=M,¡¥I7:987:&^(0:FV3S.8.87?._G6H`GS@M¦+7?0:(8.K��(�L�5N7�P���|>~Y��*43?r�,A&-W©(+*D7c*-,AWs*D7?.+(_H¯923S0:(+,/GS&}t - 7£*43?rX7vED.87?=z(+*D7vZ_7:(+*DG�==-7?.80:9+,A@N7?=_,A&�� �s� � �N36&D=_,A&ª|>5-5N7:&D=M,¡b�|{t � (8Gy.8(+ED=ML{;\*D7:(+*D7:9CGSE-9C.236Z[5-F/7?.<G6HI(�L�5N7�P2�Q36&D=d('L�5B7�P��|>~Y�#*43KrX7U=M,¡¥I7:987:&^(\Hj923S0:(+,/GS&D.\G6H�36@D.2GS9+@B7?=vGS@M¦+7?0:(8.Kt - 7JH�GSE-&D=d(+*436(\(+*D7JHj923S0:(+,/GS&�G6H�36@D.8GS9+@B7?=('L�5B7�P��)|>~`�#,/.C*-,AWs*D7:9�(+*436&v(+*436(�G6H�36@D.8GS9+@B7?=c(�L�5N7�P2�`|>~Y� ;\,A(+*�3	.8,AWs&-,¡ 40K36&D0?7UG6HTZ_GS987Y(+*436&

Ç σ t



Ç t Ç |>&436FALM.+,/.�G6H�(+*D7`OQPR923?Lc.+5N7?0:(+923 Y��

��������� �y	L���1������!=)���� F $c)��.���1!P�	� ���L)��
�,�1!
�.&k7 ���(!#)*< ���3�%NP��U � F !#��� ��)��.��� �4���P� F !4��� F ��� 7 �C<
)K�(!=)

≥ � ��� UP)*:
�1�=<�> ?A@CB 7|!#��/��.� + ��!=)|�'O��3�%N8U �%�L�
)*:
�1�#<KJ ?A@CB 79����!(+w��� + ��!=)|�'O��3�%N8U�V

Ð�,AWDt Ç t þ .+*DGm;�.Y(+*D7)=M,/.+(+9+,A@-E-(+,/GS&D.`G6H�987?.+(§P�Hj9236Z_7)7�bM0?7?.8.`36@D.8GS9+5-(+,/GS&}� Nintr
H

�BZ_7K3S.+E-987?=g;\,A(+*
_;`�acb�d g{H�GS9�36@D.8GS9+@N7?=d(�L�5N7�P2�U36&D=c('L�5N7�P��)|>~Y�	tMu�L�5N7�P2�`|>~Y� .8*DGK;#0?GSFAE-Z[&£=-7:&D.+,A(+,/7?.\,A&c(+*D79236&-WX7

4.5× 1020 < Nintr
H < 2.3× 1022 cm−2 ;\*-,AF/7J('L�5B7�P��{|>~Y�#0?GmrX7:9�3yZ	ED08*v;\,/=-7:9C9236&-WX7YG6H36@D.8GS9+5-(+,/GS&ªrS36FAED7?.K��;\,A(+*

1.1× 1021 < Nintr
H < 1.7× 1023 cm−2 t�uC*D7Q.8Z�36FAFÂ&�E-Zy@N7:9CG6H�GS@M¦§7?0:(8.;\,A(+*ª=-7:(87?0:(87?=£36@D.2GS9+5-(+,/GS&c=-G�7?.]&DGS(C36FAF/Gm; ED.](8GU D&D=v3	.+,AWs&-,¡ 40K36&^(+FALª=M,¡¥N7:987:&�(yÊ¯,A&d(87:9+Z_.\G6H}(+*D7

�>GSFAZ_GSWXGS98Gmr^PpÉ�Z[,A9+&DGmr�(87?.+( Ë =M,/.+(+9+,A@-E-(+,/GS&dG6HI36@D.8GS9+@-,A&-W	0?GSFAE-Z[&D.1@N7:(';<7?7:&ª36@D.8GS9+@B7?=_('L�5B7�P2��36&D=('L�5B7�P��)|>~`�	tu«Gª@N7	0?GS&M 4=-7:&�(`(+*436(Y(+*D7	=-7:(87?0:(87?=�,A&�(+9+,A&D.+,/0[36@D.8GS9+5-(+,/GS&D.Y,A&�GSE-9J|>~Y� ;<7:987{&DGS(U3�¥N7?0:(87?=@^L£(+*D7 W�E436FA,A('LgG6H�(+*D7).+5B7?0:(+923M�B;]7	*43KrX7)5-F/GS(+(87?=
Γ
rX7:98.8ED.

Nobs
H

ÊjÐ�,AWDt Ç tZY � F/7�Hj( Ë 36&D= Γ
rX7:98.+ED.

Nintr
H

ÊjÐ�,AWDt Ç tZY � 9+,AWs*^( Ë (8G{.27K369808*cH�GS9>36&^Ld0?GS9+987:FV36(+,/GS&�@B7:(�;<7?7:&£(+*D7?.87J(�;<G_.+5N7?0:(+9236FN54369236Z_7:(87:98.KtÉ�ED08*d3U0?GS9+987:FV36(+,/GS&d;]GSE-F/=_@N7\7�b�5N7?0:(87?=[,¡HN(+*D7�=-7:(87?0:(+,/GS&D.<G6H«36@D.8GS9+5-(+,/GS&�;<7:987>.85-E-9+,/GSED.<36&D=_=MED7(8G_=D36(23�;\,A(+*�F/GK;$.+,AWs&436F¡PR(8G6PR&DGS,/.87	9236(+,/G-t\uC*D7U5-F/GS(J.+*DGK;�.Q&DGd365-5436987:&�(Y0?GS9+987:FV36(+,/GS&g@N7:(';<7?7:&
Γ36&D=v7�bM0?7?.2.>36@D.8GS9+5-(+,/GS&}t|��>GSFAZ_GSWXGS98GKr�PpÉ�Z[,A9+&DGKr�0?GSZ[54369+,/.8GS&!@B7:(�;<7?7:&¢(+*D7[987?=-.+*-,¡Hj(y=M,/.+(+9+,A@-E-(+,/GS&D.{G6HCE-&436@D.2GS9+@B7?=36&D=£36@D.8GS9+@N7?=c('L�5B7�P2�`|>~Y�$=-G�7?.C&DGS(\,A&D=M,/0K36(87y3).+,AWs&-,¡ 40K36&^(Q=M,¡¥N7:987:&D0?7`@N7:(';]7?7:&£(+*D7Y(';]G�.236Z)P5-F/7?.KtguC*D7ª.¤36Z_7�987?.+E-FA({,/.)GS@-(236,A&D7?=¢;\*D7:&�0?GSZ[54369+,A&-Wx��P2� � �X7R� FAE-Z[,A&DGs.+,A('L¢=M,/.+(+9+,A@-E-(+,/GS&D.[G6H36@D.8GS9+@N7?=�36&D=�E-&436@D.8GS9+@N7?=z(�L�5N7�P2�£|>~Y��36&D=�('L�5N7�P��x|>~Y�wÊ¯;<7�ED.87?=�(+*D7���P2� � �X7'� 7:&D7:9+WsL@436&D=�@B7?0K36ED.27	,A(Y,/.YF/7?.8.U3�¥I7?0:(87?=�@^L�36@D.8GS9+5-(+,/GS& Ë t - 7[0?GS&D0:FAED=-7)(+*436(`O>PR923KL�36@D.2GS9+5-(+,/GS&x=-G�7?.
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 +c��)|��� ���L�0��S �����(!($0! � F !2���
�����h��S�&'�(!'! � F !4��� ��)��*��� 7
Nobs

H

H / � �#) U ���L�
�����(!($0! ���=!=)*< ������N
� ��S�&'�(!(!A� F !4��� ��)��*�%� 7

Nintr
H

H �
� O�+0) U �4���E)*:
�1�=<�> 79)��
�.���0O%/ �(!9U ���L� )*:
�1�=<
J 79� �*��NP������!KU ?A@CB � �,),+ ���#)K��&4)K��� � < ����: � F !#��� ��)��.���h7��"<�)K�(!=)6!��RO%��� 56&����L&'�

≥ 95%
U�V

� �
�����(!-&��������=! �w����� )|� ),+1� � � � &����T5 ���=�L&(������)K���
� �%/ V

&DGS(\G�0?0:E-9C5-987�H�7:987:&^(+,V36FAFALv36(\36&�L�54369+(+,/0:E-FV369�987?=-.8*-,¡H¯(\GS9]O>PR923KL�FAE-Z[,A&DGs.+,A(�L�H�GS9C@BGS(+*c('L�5N7�P2�Y36&D=('L�5B7�P��_|>~Y� 5NGS5-E-FV36(+,/GS&D.KtÐ�,A&436FAFALX�-;<7U*43?rX7`ED.87?=cGSE-9>=D36(23{(8G)(87?.8(\;\*D7:(+*D7:9�(+*D7YFV3S08�vG6H�GS5-(+,/0K36F«@-98GX3S=£7:Z[,/.8.+,/GS&vFA,A&D7?.,A&©E-&436@D.8GS9+@N7?=x(�L�5N7�P��£|>~`��0K36&©@N7_7�b�5-FV36,A&D7?=¢3S.y@N7:,A&-W�=MED7�(8G�36&!|>~`� ��*DGs.+(	W^36FV3�b�Lx0?GS&MP(+923S.+(Y7�¥N7?0:(K�N,Rt 7stA�B(+*D7)|>~Y��,A&g(+*D7?.87{GS@M¦§7?0:(8.U36987yH�36,A&�(U36&D=�(+*D7:987�H�GS987{(+*D7	7:Z[,/.2.+,/GS&x36(JGS5-(+,/0K36F;]3KrX7:F/7:&-Ws(+*D.),/.	=-GSZ[,A&436(87?=¢@^L�(+*D7ª7:Z[,/.8.+,/GS&©H¯98GSZ (+*D7:,A9	*DGs.8(yW^36FV3�bMLz�A� Ç þ �J�A� þsþ �Y�A�K� � �J� �M�K�6�'tu«Gª(+*-,/.Y7:&D=I�N;<7{*43?rX7)0?GSZ[5436987?=�(+*D7[��P2� � �X7R� FAE-Z[,A&DGs.8,A('L�=M,/.+(+9+,A@-E-(+,/GS&D.`G6H�(';]Gv.+E-@MP'.236Z[5-F/7?.G6H\E-&436@D.8GS9+@B7?=x('L�5B7�P2�ª36&D=�('L�5B7�P���|>~Y� =-7:(87?0:(87?=x;\,A(+*©987?=-.8*-,¡H¯(8.y9236&-Ws,A&-W£Hj98GSZ � tA�TYc(8G � tZY��;\*D7:987v(+*D7c987?=-.+*-,¡Hj(�=M,/.+(+9+,A@-E-(+,/GS&D.dG6HJ(�L�5N7�P2�£36&D=�('L�5N7�P���|>~Y��GmrX7:9+FV365$Êj.87?7vÐ�,AWDt1�Mt � Ë tzuC*D7
�>GSFAZ_GSWXGS98Gmr^PpÉ�Z[,A9+&DGmr�.8,AWs&-,¡ 40K36&D0?7ªG6HQ(+*D7_(';]G�=M,/.+(+9+,A@-E-(+,/GS&D.)@B7:,A&-W�=M,¡¥I7:987:&^(),/.

∼ ���X� t�Ð-E-9§P(+*D7:9+Z_GS987s�X(+*D7\3?rX7:9236WX7�FAE-Z[,A&DGs.+,A(+,/7?.1G6HÂ(+*D7\.27:F/7?0:(87?=	(�L�5N7�P2��36&D=)('L�5N7�P��>E-&436@D.2GS9+@B7?=[|>~Y��;<7:987HjGSE-&D=)(8GY@N7 �^Ç tZY ± � tA� þ 36&D= �^Ç t � ± � tA�s�	Ê¯,A&[F/GSWU0:WX.Kt�E-&-,A(8. Ë t�uC*D7:987�HjGS987s��GSE-9�E-&436@D.8GS9+@B7?=_('L�5B7�P��|>~Y��36987]GS&)3KrX7:9236WX7\.+,AWs&-,¡ 40K36&^(+FAL{F/7?.8.TFAE-Z[,A&DGSED.�(+*436&[GSE-9TE-&436@D.8GS9+@N7?={('L�5B7�P2�C|>~Y�z36(�.+,AZ[,AFV369987?=-.+*-,¡Hj(8.K�I36&D=�*D7:&D0?7s�N(+*D7{&DGS&�=-7:(87?0:(+,/GS&xG6H�@-98GX3S=�GS5-(+,/0K36F�FA,A&D7?.Y,A&gE-&436@D.8GS9+@B7?=g(�L�5N7�P��ª|>~Y�,/.�0?GS&D.+,/.+(87:&�(�;\,A(+*£@N7:,A&-W�=MED7`(8G_36&�|>~`� ��*DGs.+(§PRW^36FV3�bMLc0?GS&^(+923S.+(J7�¥N7?0:(Kt
lGm�lGm,l pGq���ziv�	"uwv�~�~
- 7_*43KrX7d.+*DGm;\&©,A&�É�7?0st Ç t �£(+*436( ∼ Y � G6H\(+*D7d.8GSE-980?7?.y,/=-7:&�(+,¡ 47?=�3S.U('L�5N7�P2��GS9y(�L�5N7�P��£|>~`�7�b�*-,A@-,A(C.+,AWs&-,¡ 40K36&�(C.2G6H¯(�7�b-0?7?.8.]7:Z[,/.8.+,/GS&}t�uTGyZ_7K3S.+E-987Q(+*D7�@-98GX3S=ª@436&D=d.+5B7?0:(+9236FB54369236Z_7:(87:98.CG6H(+*D7?.87U.8GSE-980?7?.m�436&D=v,A&£54369+(+,/0:E-FV369Q(+*D7`E-&D=-7:9+FAL�,A&-Wd5BGm;<7:9QFV3?;¼.85B7?0:(+9236F},A&D=-7�bI�

Γ
�D;<7`*43KrX7UED.87?=

_;`�acb�d��Â�Â;\*-,/02*� D(8.Y(+*D7[.+,AWs&436(+E-987?.UG6HC.8G6Hj(Y7�b-0?7?.8.`7:Z[,/.8.8,/GS&�;\,A(+*©3�@-FV3S02��@BG�=ML�0?GSZ[5NGS&D7:&^(K�36&D=�36FAF/GK;�.�HjGS9�7�b-0?7?.8.>36@D.2GS9+5-(+,/GS&�36@BGmrX7`(+*D7	~`36FV3S0:(+,/0UrS36FAED7�Êj.27?7yÉ�7?0st4�Mt þ Ë t



Ç tÇ |>&436FALM.+,/.�G6H�(+*D7`OQPR923?Lc.+5N7?0:(+923
YÇ

��� ���� �	� ��
 �
�� � ��� � � � �� �� �� �� � �� �� � �� � � � � �� � � �� � �� � � �� �� � �� � ��� � �� � � �! �� "� �� � ��� #

Name Class redshift Γ+
− Nintr

H kT+
− LBB LPO Sfracc Lfracc model C model E

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

XMMUJ133106.2 + 241326 type − 1 0.174 1.83+0.45
−0.26 < 1020 85+116

−64 41.52 42.11 14.7 25.2 Nabs Nabs

XMMUJ061728.6 + 710600 type − 1 0.219 1.68+0.56
−0.37 < 1020 214+253

−111 42.38 42.75 39.5 44.6 Nabs Nabs

XMMUJ074311.9 + 742935 type − 1 0.332 2.05+0.03
−0.05 < 1020 119+130

−106 43.96 44.54 12.2 22.1 Nabs Nabs

XMMUJ212904.5 − 154448 type − 1 0.431 1.29+0.27
−0.36 14.21+32.59

−5.81 205+251
−142 43.53 43.64 54.6 72.7 Nabs abs

XMMUJ001831.7 + 162924 type − 1 0.551 2.35+0.17
−0.18 4.15+11.25

−2.37 186+259
−126 43.67 44.02 22.5 35.4 Nabs abs

XMMUJ021808.2 − 045844 type − 1 0.712 2.08+0.04
−0.05 < 1020 142+164

−111 44.09 44.71 6.6 19.5 Nabs Nabs

XMMUJ222823.6 − 051306 type − 1 0.758 1.52+0.14
−0.15 15.61+12.39

−7.20 262+379
−171 43.87 44.18 35.8 54.6 Nabs abs

XMMUJ221523.6 − 174321 type − 1 0.956 2.15+0.17
−0.23 < 1020 112+234

−21 43.43 44.02 1.9 19.2 Nabs Nabs

XMMUJ221515.1 − 173224 type − 1 1.165 2.06+0.37
−0.35 < 1020 212+233

−192 44.66 44.70 24.8 49.7 Nabs Nabs

XMMUJ021830.5 − 045622 type − 1 1.430 2.28+0.10
−0.18 < 1020 129+223

−82 44.48 44.73 1.9 30.1 Nabs Nabs

XMMUJ061730.9 + 705955 type − 2 0.200 2.02+1.13
−1.00 < 1020 207+272

−142 42.14 42.21 44.1 49.3 abs Nabs

XMMUJ122206.1 + 752616 type − 2 0.238 1.82+0.14
−0.10 11.17+2.43

−2.30 146+208
−112 43.12 43.84 6.1 9.1 abs abs

$&% �&' () *+ ,� + * -% � � % . *
 /0 1 23 3 4 567 89: *% ' , ;� ) + (�< / � 1 ;�+ * * - ,% ( %= > ? ;+ � *= � ; > ,% * ;% = @< /A 1 *= � ; > ,% * ;%= ? ; ,� B * C ? - >< / 	 1D ,% + B

D + ) B ;% ) > ?) ' ' ( *� %= �< /E 1 ?) > , ?) * ? ; FHG ,+ @+ D *% ,= > ?% ) ?) ' ) ? > * % -
1020 cm−2< /I 1 >� (= � ,+ >' ,� % - > C� *% - > � J ;� * * � ( ? * * ?% ) ?) ' ) ? > * % -� K</L 1 � %M + , ? > C ( % - > C� N� E G � O� K �&' ( ?) % * ? > @ % - > C� D �+ ; OD % B @QP % D >+ ?) � B *� > > ?) M + D *% ,= > ?% ) + ) B= % .� ,�+ . ;% (= % ) � ) > * >% R� ,%< /S 1 � %M + , ? > C (

% - > C� � G 0 N O� K �&' ( ?) % * ? > @ % - > C� = % .� ,�+ . ;% (= % ) � ) > % D >+ ?) � B *� > > ?) M + D *% ,= > ?% ) + ) BD �+ ; OD % B @ ;% (= % ) � ) > * >% R� ,%< /T 1 ;% ) > , ?D ' > ?% )

>% > C� *% - > / N� E G � O� K 1U ' J - ,% ( > C� *% - > � J ;� * * ;% (= % ) � ) > P (� + *' ,� B+ * > C� ,+ > ?% % - > C� *% - > � J ;� * * >% = % .� , �+ . N� E G � O� KU ' J� *< /0 N 1

;% ) > , ?D ' > ?% ) >% > C� *% - > / N� E G � O� K 1 �' ( ?) % * ? > @ - ,% ( > C� *% - > � J ;� * * ;% (= % ) � ) > P (� + *' ,� B+ * > C� ,+ > ?% % - > C� *% - > � J ;� * * >% = % .� , �+ .

N� E G � O� K �&' ( ?) % * ? > ?� *< /0 0 1 B� >� ; > ?% ) % - ?) > , ?) * ? ;+ D *% ,= > ?% ) . ? > C�V W XY Z [ /\ G >� * > ;% (= + , ? *% ) % - > C� χ2

- ,% (V W XY Z ]+ ) B�V W XY Z [ 1< /0 � 1

B� >� ; > ?% ) % - ?) > , ?) * ? ;+ D *% ,= > ?% ) . ? > C V W XY Z^ /\ G >� * > ;% (= + , ? *% ) % - > C� χ2

- ,% ( V W XY Z ]+ ) B V W XY Z ^ 1 � _ , ,% , * ;% , ,� *= % ) B >% > C� T N `

;% ) a B� ) ;� ?) >� ,b + � �



Y � O>PR923KLv.+5B7?0:(+98Gs.20?GS5^LvG6H�|QOY%§Éd.8GSE-980?7?.

uC*D7Q987?.+E-FA(8.CG6H}(+*D7� D(8.]G6H«(+*D7 � |>~Y�¬;\,A(+*v=-7:(87?0:(87?=ª.8G6H¯(C7�b-0?7?.8.�7:Z[,/.8.8,/GS&c36987J.+E-Z[Z�369+,/.87?=,A&vuT36@-F/7 Ç t Ç t�ÐDGS9�7K3S02*�.8GSE-980?7J;<7UFA,/.+(C,A(8.\%�|\�>P'.+('L�F/7JeJfgf�hjiUkml\npoKqv.8GSE-980?7Y&436Z_7s�M(+*D7`GS5-(+,/0K36F0:FV3S.8.+,¡ 40K36(+,/GS&}�-987?=-.8*-,¡H¯(K�-36&D=c(+*D7`.+5N7?0:(+9236FN54369236Z_7:(87:98.�Z_7K3S.+E-987?=c;\,A(+* _�`%acb0d��4t - 7Y*43?rX7U36F/.8G,A&D0:FAED=-7?=y(+*D7 � t � P��>�X7R��FAE-Z[,A&DGs.+,A(�L	G6HD(+*D71@-FV3S02�U@NG�=MLU0?GSZ[5NGS&D7:&^(�36&D=y(+*D7C��P2� � �X7'�zFAE-Z[,A&DGs.+,A(�LG6HB(+*D7�5BGm;<7:9�FV3K;�0?GSZ[5NGS&D7:&^(\36&D=[(+*D7�0?GS&^(+9+,A@-E-(+,/GS&cG6HN(+*D7�.8G6Hj(17�bM0?7?.8.�0?GSZ[5BGS&D7:&�(�(8G`(+*D7 � t � P���X7R��aDEMb�36&D= � t � P��Y�X7'��FAE-Z[,A&DGs.8,A('LXt1Ð�,A&436FAFAL)(+*D7�ÐTPR(87?.+(�987?.+E-FA(8.<GS@-(236,A&D7?=[Hj98GSZ (+*D7�0?GSZ[54369+,/.8GS&G6H�(+*D7
χ2 rS36FAED7?.>GS@-(236,A&D7?=vHj98GSZ _;`%awb�d���(8G χ2 H¯98GSZ _;`%awb�d g�36&D= _;`%awb�d��d36987U.8*DGK;\&}t�J.+,A&-W�3{(+*D7:9+Z�36FT0?GSZ[5NGS&D7:&^(�(8G_Z_G�=-7:FI(+*D7U.2G6H¯(�7�b-0?7?.8.\7:Z[,/.8.+,/GS&�,A&£GSE-9>|>~Y�#L�,/7:F/=-.\(87:Z)P5B7:9236(+E-987?.1;\,A(+*d3J&4369+98GK;z9236&-WX7	Ê � tA��P � t Ç �X7R� Ë 36&D=),A&D=-7:5B7:&D=-7:&�(<G6HB(+*D7\FAE-Z[,A&DGs.+,A('L[G6HB(+*D7\|>~Y�,A&�36Ws987?7:Z_7:&^(Y;\,A(+*�5-987:r�,/GSED.Y36&436FAL�.27?.Kt<%�&£Z_Gs.+(Q|>~Y��(+*D7`FAE-Z[,A&DGs.+,A(+,/7?.YG6H�(+*-,/.>.+5N7?0:(+9236F«0?GSZ)P5BGS&D7:&�(y36987)(8G�GcFV369+WX7)(8Gc0?GS9+987?.+5NGS&D=�(8Gc.+(2369+@-E-98.+(U7:Z[,/.2.+,/GS&}t	�JGvGS@^r�,/GSED.U=-7:5N7:&D=-7:&D0?7_G6H<(+*D70?GS&^(+9+,A@-E-(+,/GS&gG6H�(+*D7`.8G6Hj(�7�b-0?7?.8.C(8G)(+*D7 � t � P��{�X7R�$aDEMb���FAE-Z[,A&DGs.+,A('Lc;\,A(+*£(+*D7YFAE-Z[,A&DGs.8,A('LvG6H�(+*D7GS@M¦§7?0:(8.�,/.�.87?7:&}t

- 7`&DGm; =M,/.80:ED.8.�.2GSZ_7Y54369+(+,/0:E-FV369Q.8GSE-980?7?.>,A&£=-7:(236,AFRt
������� ��1�1 �.2�-���&�+�4��.9/��'/�%!���������� ���/����2/�,-�&(9.)@1/# �8-/1�9�� �6����� ��� �.�,'/1,!�&(#.)

�.#,!�!�!02 t - 7_GS@-(236,A&D7?=©36&©,AZ[5-98GKrX7:Z_7:&^({,A&�(+*D7_.+5N7?0:(+9236F� D(8.`;\,A(+* _�`%awb�d gD�N@-E-(`(+*D7_ÐTPR(87?.+(.+,AWs&-,¡ 40K36&D0?7];]3S.�,A&{36FAFM0K3S.87?.�@N7:F/GK;�GSE-9T(+*-987?.+*DGSF/={G6H �s�X� �S(+*D7:987�H�GS987<(+*D7<.8GSE-980?7?.�;<7:987C0:FV3S.8.+,¡ 47?=3S.�E-&436@D.2GS9+@B7?=It1|¬5-98GS5N7:9]Z_G�=-7:FAFA,A&-W)G6H«(+*D7J.8G6H¯(]7�bM0?7?.2.<7:Z[,/.8.8,/GS&d;\,A(+*
_;`�acb�d��[36FAF/GK;]7?=cED.�(8G=-7:(87?0:(>.+,AWs&-,¡ 40K36&�(J36@D.8GS9+5-(+,/GS&�36@BGmrX7`(+*D7y~`36FV3S0:(+,/0Urs36FAED7Y,A&�36FAFI(+*D7?.87y.8GSE-980?7?.Kt
������� ���/�$�.# �.# &�� )*�,+%-/���,! t - 7�GS@-(236,A&D7?=Ô36&zE-&�ED.+E436FAFALz.+(87?7:5Ô.85B7?0:(+9236F>.8F/GS5B7v;\,A(+*

_;`�acb�d��B�
Γ = 2.67+0.05

−0.06

.+E-WsWX7?.+(+,A&-W�(+*D7ª5-987?.87:&D0?7vG6HY.8G6H¯()7�b-0?7?.8.)7:Z[,/.8.+,/GS&}t©uC*D7kW�E436FA,A('L¢G6H(+*D7	 D(J=M,/=g&DGS(Y,AZ[5-98GKrX7[.+,AWs&-,¡ 40K36&�(+FAL�;\,A(+*i_�`%acb0d gDt0DQGm;<7:rX7:9`;\,A(+*i_;`�acb�d��c;]7{GS@-(236,A&D7?=x3.+,AWs&-,¡ 40K36&^(\,AZ[5-98GmrX7:Z_7:&^(Q,A&ª(+*D7Q D(UÊ
> 99.99% Ë 36FA(+*DGSE-Ws*v(+*-,/.CZ_G�=-7:FI=M,/=ª&DGS(C9874W^E-,A987`36@D.8GS9+5MP(+,/GS&d,A&ª7�bM0?7?.2.<G6H}(+*D7`~`36FV3S0:(+,/0QrS36FAED7st�uC*D7QZ_7K3S.+E-987?=d(87:Z[5B7:9236(+E-987YG6H}(+*D7>.2G6H¯(]7�bM0?7?.8.]7:Z[,/.8.+,/GS&,/.`�Mu � 0.05+0.03

−0.01

�X7R�)�N@B7:F/Gm; (+*D7)('L�5-,/0K36F1rs36FAED7?.YH�GSE-&D=gHjGS9`(+*D7)987?.+(UG6H\GSE-9U.8GSE-980?7?.Kt)uC*D7) D(§P(87?=x0?GS&^(+,A&�E-E-Z ,/.y.+(+,AFAF1.+,AWs&-,¡ 40K36&^(+FALx.8(87?7:5}�
Γ = 2.60+0.04

−0.11

t - 7[(+9+,/7?=x(8Gc D&D=©3ªZ_GS987[(�L�5-,/0K36FrS36FAED7QG6H
Γ
 D(+(+,A&-W{(+*D7>0?GS&�(+,A&^E-E-Z .+F/GS5N7>36(]*-,AWs*d7:&D7:9+Ws,/7?.`Ê

>
�U�X7R� Ë ;\,A(+*P_;`%awb�d��Ât�uC*-,/.�L�,/7:F/=-.

Γ � 2.06+0.37
−0.35

,A&�FA,A&D7{;\,A(+*g(+*D7[3KrX7:9236WX7[.+5B7?0:(+9236F�.+F/GS5N7	G6H<E-&436@D.8GS9+@B7?=�|>~`�	t - ,A(+*
Γ
 -bM7?=g(8G(+*D7�36@NGKrX7_rs36FAED7[(+*D7_ D(y=M,/=�&DGS(y,AZ[5-98GmrX7_;\,A(+* _;`%awb�d gD�}@-E-(U;\,A(+* _�`%acb0d��£;<7d.+(+,AFAF�GS@-(236,A&36&�Ð«PR(87?.8().8,AWs&-,¡ 40K36&D0?7

> ��� t ���X� t©uC*D7cZ_G�=-7:F\=M,/=�&DGS({9874W�E-,A987£36@D.8GS9+5-(+,/GS&�,A&z7�b-0?7?.8.)G6HQ(+*D7~`36FV3S0:(+,/0Yrs36FAED7s��(+*D7:987�H�GS987Y;<7J@N7:FA,/7:rX7J(+*D7Y,AZ[5-98GKrX7:Z_7:&^(>,A&ª(+*D7Q D(C;\*D7:&vED.+,A&-W-_;`�acb0d��),/.\=MED77:&^(+,A987:FAL_(8G	(+*D7J.8G6H¯(]7�bM0?7?.2.�0?GSZ[5NGS&D7:&^(Kt - 7Y3S=-GS5-(87?=ª(+*-,/.�Z_G�=-7:FN3S.<(+*D7�@N7?.+(� D(<Z_G�=-7:F4H�GS9�(+*D7.8GSE-980?7[36FA(+*DGSE-Ws*�(+*D7
χ2 G6H�(+*D7	 D(J;C3S.`.+FA,AWs*^(+FAL�;<GS98.87)(+*436&�(+*D7{rs36FAED7{GS@-(236,A&D7?=�;\,A(+* Γ

HjE-FAFALrS369+,V36@-F/7st
�������
��1�9��,+.-/1 &('$4�+.1/#�'/#/# t - 7YH�GSE-&D=�3[.8,AWs&-,¡ 40K36&^(Y0?GSFAE-Z[&�=-7:&D.+,A('Lv;\,A(+*k_;`%awb�d gD�*D7:&D0?7_(+*D7d.8GSE-980?7_;C3S.	0:FV3S.8.8,¡ 47?=!3S.)36@D.8GS9+@B7?=It;DJGK;]7:rX7:9{;]7�GS@-(236,A&D7?=�3crX7:9+Lx.+(87?7:5¢.+5B7?0:(+9236F.+F/GS5N7s�

Γ = 2.87+0.35
−0.31

t - ,A(+* _�`%acb0d��d;<7	GS@-(236,A&D7?=�3)@N7:(+(87:9\ D(>G6H�(+*D7U=D36(23�36&D=£Z_GS987`(�L�5-,/0K36FrS36FAED7?.\HjGS9\(+*D7U.85B7?0:(+9236F}54369236Z_7:(87:98.m�436FA(+*DGSE-Ws*k_�`%acb0d���=M,/=v&DGS(\9874W�E-,A987`,A&^(+9+,A&D.8,/0	36@D.8GS9+5-(+,/GS&}t
- 7`*43?rX7y08*DGs.87:& _�`%awb�d��_,A&£5-987�H�7:987:&D0?7`(8GA_�`%awb�d g)H�GS9\(+*-,/.�.8GSE-980?7st%�(},/.I,A&^(87:987?.8(+,A&-WQ(8G\&DGS(871(+*436(}H�GS9}.8GSZ_71G6H-(+*D71.8GSE-980?7?.«(+*436(«;<71*43?rX7<36&436FALM.87?=y,A&U(+*-,/.}.87?0:(+,/GS&}�;<7	H�GSE-&D=£aÂ36(Y.+5N7?0:(+9236F�.+F/GS5N7?.Q;\,A(+* _�`%awb�d��Â�Â@-E-(Q(+*D7:L�36FAF�9874W�E-,A987?=�.8,AWs&-,¡ 40K36&^( W�E436&^(+,A(+,/7?.YG6H.8G6Hj(y7�bM0?7?.2.y7:Z[,/.8.+,/GS&}tvuC*-,/.	,/.U(+*D7d0K3S.87[H�GS9 ������� �7�%���/�,1�9�& �,45+,#��,9��89 ;\,A(+*©Z_7K3S.+E-987?=



Ç t Ç |>&436FALM.+,/.�G6H�(+*D7`OQPR923?Lc.+5N7?0:(+923 Y �

��������� � 	������
〈Γ〉

�����(!($0!
S0.5−2 keV

� F )|� ���������
����N ),+w� F �=!=)w5C) NP�2���=/��	� ����&=+ � F�B ��&4)KV
< �#$1�����=! ���#�L�%)K� ),+w� �G+c��/[�-!#��N��L/[� H !=)|���(!A� F !#��� F ��� !#��$���&'�(! 7 �C<9)K�=!=)

≥ 95%
U ����� )��
�,<

���0O�/[�(! $c�L� F !4��� F ���-!#��$���&'�(!A7��C<9)K�(!#)
< 95%

U%V � �
�����(!8&��������=! �w����� )|�-),+1�8>
σ
&����256���=�L&'�

����)K���
� �%/ V

_;`�acb�d��).+5N7?0:(+9236FÂ.+F/GS5N7�G6H
Γ = 1.52+0.04

−0.04

t�%'(1,/.<7:r�,/=-7:&�(�Hj98GSZ�(+*D7>987?.+E-FA(8.]G6HN(+*-,/.C36&436FALM.+,/.1(+*436(K�,¡H«.8G6Hj(<7�b-0?7?.8.�7:Z[,/.8.8,/GS&d,/.<&DGS(<5-98GS5N7:9+FAL_Z_G�=-7:FAF/7?=I��,A(<0K36&v3�¥N7?0:(C.+,AWs&-,¡ 40K36&^(+FALd(+*D7>987?.8E-FA(8.<G6H}(+*D7.+5N7?0:(+9236FT D(8.m�N,A&D0:FAED=M,A&-W£(+*D7)Z_7K3S.+E-987?=�rs36FAED7?.`G6H<(+*D7[0?GS&^(+,A&�E-E-Z .+*4365N7[36&D=�(+*D7)=-7:(87?0:(+,/GS&©G6HGS(+*D7:9\H�7K36(+E-987?.Kt
lGm�lGm�� � v�~�r��|z�~ ��t�q � ��v�~ z�� z � q�x"v	�
u«G�(87?.+(y;\*D7:(+*D7:9	(+*D7�.+5N7?0:(+9236F�*43698=-7:&-,A&-W�GS@D.87:9+rX7?=!ED.+,A&-W _;`�acb0d���,/.	=MED7_(8G�36&©,A&D0:987K3S.87�,A&,A&^(+9+,A&D.+,/0{36@D.8GS9+5-(+,/GS&�36(>(+*D7YHR36,A&^(87?.+(QaDEMb-7?.K�-;<7y*43?rX7{.+(+ED=M,/7?=£(+*D7	=-7:5B7:&D=-7:&D0?7{G6H

Γ
ÊãHj98GSZ (+*D7@B7?.8(Y D(UZ_G�=-7:F<G6HC7K3S02*!.8GSE-980?7[,A&�(87:9+Z_.	G6H\(+*D7_ÐTPR(87?.+(`987?.+E-FA(8. Ë GS&©(+*D7_.8G6Hj(`O>PR923KL�aDEMbIt_uC*D7@B7?.8(� D(�Z_G�=-7:F40K36&_@N76_;`�acb�d��)GS9G_;`�acb0dfe	H�GS91E-&-,/=-7:&^(+,¡ 47?=ª.8GSE-980?7?.K�%_;`%awb�d��)GS9G_;`�acb�d gUHjGS9,/=-7:&^(+,¡ 47?=g.8GSE-980?7?.Y36&D= _;`�acb0d��vGS9X_�`%awb�d��dHjGS9>GS@M¦+7?0:(8.Q;\,A(+*�=-7:(87?0:(87?=g.8G6H¯(Q7�bM0?7?.8.Q7:Z[,/.8.+,/GS&}t�Q.8,A&-W{(+*D7Y@N7?.+(] D(CZ_G�=-7:FNH�GS9�7K3S08*£GS@M¦+7?0:(\;<7`GS@-(236,A&D7?=�3yZ_7K36&�rS36FAED7YG6HT(+*D7`.85B7?0:(+9236F}.+F/GS5N7YG6H

〈Γ〉 = 1.96 ± 0.01
Ê¯(+*D7{E-&^;<7:,AWs*�(87?=�rs36FAED7y@N7:,A&-W

2.08 ± 0.04 Ë t`uC*D7	=-7:5N7:&D=-7:&D0?7)G6H 〈Γ〉 ;\,A(+*(+*D7C.8G6H¯(�aDEMb),/.�5-F/GS(+(87?=),A&[ÐT,AWDt Ç t �QH�GS9136FAFD.8GSE-980?7?.�Êj.�W�E436987?. Ë �XGS@M¦+7?0:(8.�;\,A(+*_=-7:(87?0:(87?=�36@D.8GS9+5-(+,/GS&Êj.+(23698. Ë 36&D=£GS@M¦+7?0:(8.\;\,A(+*DGSE-(J=-7:(87?0:(87?=�36@D.8GS9+5-(+,/GS&¢Ê¯(+9+,V36&-WsF/7?. Ë t - 7U.87?7Y(+*436(KÈ�st�uC*D7`3?rX7:9236WX7`0?GS&�(+,A&^E-E-Z G6H�36@D.8GS9+@N7?=ª.2GSE-980?7?.C,/.].8,AWs&-,¡ 40K36&^(+FALv.8G6Hj(87:9<(+*436&c(+*436(�G6H«E-&436@MP



Y þ O>PR923KLv.+5B7?0:(+98Gs.20?GS5^LvG6H�|QOY%§Éd.8GSE-980?7?.

��������� � 	������
Γ
�����'!=$�!

S0.5−2 keV
�#� �E� F�B ��&4),!E� �*),+?AX�%)C! �;��&4)��=$0N 7.!2�=/[��&4)K��� ��!E),+c��!4�

!#��$��3&(�(! +c��� �,�0O
Γ
�1��!
�*)�� ���P�����3��� F � �

<
>�V �#U%V�� F�B ��&4),! � ����� O�����$ �1��� ��� )K���=NA! �	� ),+w�

�;$0N F ���-�	� F �,�1!��,�i),+w��� ���L�i! �;��&4)��=$0N
V

.8GS9+@N7?={.8GSE-980?7?.K�s.+5N7?0:,V36FAFAL	36(�(+*D71HR36,A&^(87?.+(�aDEMb-7?.K�6;\,A(+*
〈Γ〉 = 2.15±0.04

Ê¯(+*D7]E-&�;<7:,AWs*^(87?=rs36FAED7_@N7:,A&-W
3.12 ± 0.12 �6Ë HjGS9y(+*D7d36@D.8GS9+@N7?=©.8GSE-980?7?.)36&D= 〈Γ〉 = 1.94 ± 0.01

Ê¯(+*D7_E-&MP;]7:,AWs*^(87?=�rS36FAED7Y@N7:,A&-W
1.79 ± 0.02 Ë H�GS9\(+*D7`E-&436@D.8GS9+@N7?=£.8GSE-980?7?.Kt�Mt - 7�=-G!&DGS(c.27?7�*43698=-7:&-,A&-W�G6Hy(+*D7�3?rX7:9236WX7�.85B7?0:(+9236FY.+F/GS5N7£H�GS9ª.2GSE-980?7?.d;\,A(+* =-7:(87?0:(87?=36@D.8GS9+5-(+,/GS&}t<uC*D7:987�HjGS987U(+*D7`*43698=-7:&-,A&-WdG6H

〈Γ〉
.87?7:&v,A&v(+*D7?.87yGS@M¦§7?0:(8.\;\*D7:&�ED.+,A&-W

Γ
Hj98GSZ

_�`%acb0d���,/.\FA,A�X7:FALc(8G)@N7U36&�7�¥N7?0:(�G6H136@D.8GS9+5-(+,/GS&gGS&-FALXt
Ç t�ÐDGS9{(+*D7�.2GSE-980?7?.y;\*D7:987c36@D.8GS9+5-(+,/GS&�;]3S.	&DGS(	=-7:(87?0:(87?=¢,A&©(87:9+Z_.{G6H�(+*D7�ÐTPR(87?.+(K��;]7d.+(+,AFAFGS@D.87:9+rX7	3[.+,AWs&-,¡ 40K36&^(>*43698=-7:&-,A&-WdG6H�(+*D7y3?rX7:9236WX7	.+5B7?0:(+9236F}.8F/GS5B7Y;\,A(+*£(+*D7UO>PR923KLdaDEMbIt
uC*D7>.2GSE-980?7?.1;\*D7:987Q36@D.2GS9+5-(+,/GS&�,/.1=-7:(87?0:(87?=ª=-G`&DGS(�7�bM*-,A@-,A(]36&�L).8,AWs&-,¡ 40K36&^(]rS369+,V36(+,/GS&ªG6HN(+*D7E-&D=-7:9+FAL�,A&-W{.+5N7?0:(+9236F-,A&D=-7�b);\,A(+*_aDEMbN��=-G�7?.�(+*-,/.1*DGSF/=[(+9+ED7CH�GS91(+*D7\987:Z�36,A&-,A&-W	.2GSE-980?7?.�� - 7C D98.+(*43?rX7Y08*D7?02�X7?=v;\*D7:(+*D7:9�36&^Lª7�¥N7?0:(\0?GSE-F/=ªF/7K3S=�(8G[36&v365-5436987:&^(CaÂ36(+(87:&-,A&-W_G6H«(+*D7Y.+5N7?0:(+9236FN.+*4365B7(8GK;C3698=-.JH�36,A&�(87:9QaDEMb-7?.K�Â;\*D7:&x36@D.8GS9+5-(+,/GS&�,/.>,A&D0:FAED=-7?=g,A&g(+*D7U D(+(+,A&-WcZ_G�=-7:FRtQuTGd(+*-,/.QWXGX36FR�B;<7
�	� Ú6Ø�å�ê�
NØ
����Ú?ÙRØ+ë��\Ø+é2ê�� ê�ÙRÚ�� æ��+é2æ�Ø�� æNæ�����ê������+é¤ê?Ù�����Ú����¤Ú6ØpçNÙRÚ6é¤ê�ÙRÚ6Ø«Ù�� �����+é!�#"�é!� å6Ø%$ í�å�êSë&$¡í¤çIÙ'� �sØ�(�)+*-,+.0/é2êSë{ë ��1XØpçRØ§ê?Ù2$ çRí��#ÙRÚ�Ø3"¤é�� å6Ø\í¤ì�Ù'é�� ê�Ø+ë	å�æ�� ê��JÙRÚ6Ø4
NØ
����Ú?ÙRØ+ë5�\Ø+é¤ê^ý � Ú�� æ6� æ<ë�å�Ø]ÙRíJÙRÚ�Ø7$Aé!�pÙ1ÙRÚSé2Ù6
BØ\ÚSé8":Ø\éêKå��<ìsØpç4í�$Mé¤ì6æ�í2çRìsØ+ë�í�ì:9jØ
�pÙRæ+;<)>=�?6
@� ÙRÚQìsØ§æjÙ�(A��ÙB�§í¤ê?Ù�� êKå�å��©æ�� í��sØ§æ

≥ 2.5 C 
}Ú����'Ú>ìsØpæjÙ��6Ù Γ
"¤é�� å6ØpæBÚ����¤Ú6ØpçNÙRÚ6é¤ê

D ý E]ì�å�Ù�
@� ÙRÚF� é8ç���Ø1Øpç�çRí¤çRæ«ìSé8çRæ§ý



Ç t Ç |>&436FALM.+,/.�G6H�(+*D7`OQPR923?Lc.+5N7?0:(+923 Y%Y

*43?rX7)WX7:&D7:9236(87?=x3d&^E-Z	@B7:9UG6H<H�36�X7).+5N7?0:(+923d;\,A(+*x36&gE-&D=-7:9+FAL�,A&-Wv5NGK;<7:9yFV3?;
Γ = 2

36(Yrs369+,/GSED.aDEMbM7?.>.+5436&-&-,A&-W_(+*DGs.87UG6H�GSE-9�.236Z[5-F/7s�436&D=�=M,¡¥N7:987:&�(J36Z_GSE-&^(8.QG6H�36@D.2GS9+5-(+,/GS&g36(
z = 0

t
�x7	*43?rX7)(+*D7:&g D98.+(Q D(+(87?=�(+*D7?.27	.+5N7?0:(+923d;\,A(+*i_;`%awb�d���36&D= _;`%awb�d eÂ�N36&D=g(+*D7:&�;<7{*43?rX70?GSZ[5436987?=c(+*D7

χ2 G6H«(+*D7Q D(8.C;\,A(+*ª(+*D7YÐTPR(87?.+(Kt��x7QH�GSE-&D=c3	9236&-WX7`G6H«F/Gm; rS36FAED7?.CG6H Nobs
H

;\*D7:98736@D.8GS9+5-(+,/GS&g;]3S.Q&DGS(Q.+,AWs&-,¡ 40K36&�(+FAL�=-7:(87?0:(87?=g;\*D7:&k_;`�acb0d��c;C3S.>987:5-FV3S0?7?=�@^L _�`%acb0d e�ÊjÐTPR(87?.+(.+,AWs&-,¡ 40K36&D0?7
< �s�X�[Ë ty%�&�(+*D7?.87[0K3S.87?.K�N(+*D7{@N7?.+(J D(YrS36FAED7[G6H Γ

Ê�,Rt 7stA�}(+*D7	rs36FAED7[GS@-(236,A&D7?=�;\,A(+*
_;`�acb�d�� Ë ;C3S.Y,A&D=-7?7?=�F/GK;]7:9U(+*436&�(+*D7{,A&-5-E-(UGS&D7s�«36&D=�,A(`0K36&�,A&D=-7?7?=�987K3S08*xZ_7K3S.8E-987?=�rS36FAED7?.,A&v(+*D7`9236&-WX7

Γ ∼
��P��Mt|�.87?0?GS&D=U987?.8E-FA(TG6H-(+*-,/.«7�b-7:980:,/.871,/.«(+*436(K�6,¡HM;]71*DGSF/=y(+*D7<36@D.8GS9+5-(+,/GS&	,A&y(+*D7�.8,AZyE-FV36(87?={.+5B7?0:(+923@-E-(�rs369+L[(+*D7\aDEMbI��36(�H�36,A&�(87:9�aDEMb-7?.<(+*D7�('L�5-,/0K36FBrS36FAED7?.]G6H

Γ
 D(+(87?=c36987�Z�369+Ws,A&436FAFAL_*43698=-7:9](+*436&36(�*-,AWs*D7:9�aDEMbM7?.QÊ�36&D=)(+*D7:&) D(+(87?=[rS36FAED7?.�G6H}36@D.8GS9+5-(+,/GS&_(87:&D=)(8GY@N7]F/GK;]7:9�(+*436&[(+*D7C,A&-5-E-(1GS&D7?. Ë t

�x7[@N7:FA,/7:rX7[(+*-,/.y7�¥I7?0:(U(8Gv@N7_=MED7[(8G�3£=-7:Ws923S=D36(+,/GS&¢G6HC(+*D7�.+5N7?0:(+9236F1987?.8GSFAE-(+,/GS&¢G6H](+*D7�O>PR923KL.+5N7?0:(+9+E-Z£�Â5-98G�=MED0?7?=g@^L�(+*D7y&D7?0?7?.8.¤369+L£Ws98GSE-5-,A&-Wv,A&�rX7:9+L�;\,/=-7	@436&D=-.Y(8Gc3S08*-,/7:rX7)(+*D7{=-7?.+,A987?=.+(236(+,/.+(+,/0?.cÊ§� � 0?GSE-&�(8. ��@-,A& Ë t�uC*-,/.{F/7K3S=-.K��,A&!54369+(+,/0:E-FV369K��(8G�3�.+Z_G�GS(+*-,A&-W�G6H�(+*D7dZ_G�=-7:FC0?GSE-&^(9236(87dH¯E-&D0:(+,/GS& Ê¯;\*-,/02*�,/.)(+*D7ª7�¥I7?0:(+,ArX7£36987K3�(+,AZ_7?.)(+*D7c,A&-5-E-([.+5B7?0:(+9+E-Z£�<0?GS&^rXGSFArX7?=�;\,A(+*�(+*D7987?=M,/.+(+9+,A@-E-(+,/GS&�Z�36(+9+,¡b Ë ,A&�(+*D7{;\*DGSF/7).+5N7?0:(+9236F�9236&-WX7s�N@-E-(Y,A&�54369+(+,/0:E-FV369`,A&�(+*D7{r�,/0:,A&-,A(�L�G6H�,A(8.5B7K36��36(Y.8G6Hj(Q7:&D7:9+Ws,/7?.Y;\*D7:987	Z_Gs.+(YG6H�(+*D7	0?GSE-&�(8.U36987	=-7:(87?0:(87?=ItYuC*-,/.J5-98G�=MED0?7?.Y36&gE-&D=-7?.+,A987?=.+FA,AWs*^(>*43698=-7:&-,A&-WdG6H�(+*D7`.+5B7?0:(+9+E-Z£t
DJGK;<7:rX7:9K�<(+*-,/.[7�¥I7?0:([,/.)E-&-FA,A�X7:FAL!(8Gg5-98G�=MED0?7c(+*D7c*43698=-7:&-,A&-W©G6HQ(+*D7cE-&436@D.8GS9+@N7?=�.8GSE-980?7?.(+*436(�;<7{.87?7st]uC*D7`987K3S.8GS&�,/.�(+*436(>,A&�(+*-,/.Q0K3S.87U;<7y.8*DGSE-F/=�.87?7`(+*D7UF/GK;<7?.8(IW�E436FA,A('L£.+5N7?0:(+923£Ê¯,Rt 7stA�(+*DGs.87`;\,A(+*�(+*D7U.+Z�36FAF/7:9>&�E-Zy@N7:9QG6H�@-,A&D. Ë @N7:,A&-W�Z_GS987U5-98GS&D7U(8G_(+*-,/.Q7�¥N7?0:(K�D@-E-(J3S.\;]7y.+*DGm;<7?=,A&©É�7?0st Ç t Ç tA�)(+*-,/.J,/.Y&DGS(Y(+*D7)0K3S.87stUÐ�,AWDt Ç t � .+*DGK;�.Y(+*D7).8GSE-980?7?.Y(+*436(Y;]7[=-7:(87?0:(87?=�,A&g(+*D7{987K36F.236Z[5-F/7U;\,A(+*�aÂ36(Y.+5B7?0:(+923�Ê¯@B7?.8(� D(

Γ
7:9+98GS9J@4369>E-5-5N7:9QFA,AZ[,A(J@N7:F/GK;·�st �XË �4Ws98GSE-5N7?=�,A&g(87:9+Z_.JG6H(+*D7�&�E-Zy@N7:9[G6H>@-,A&D.y,A&¢(+*D7:,A9[Î1Ï1%+��PR5-&�.+5B7?0:(+923Mt��x7c0:F/7K369+FAL©.87?7_(+*436()(+*D7d*43698=-7:&-,A&-W�,/.y&DGS(0?GS9+987:FV36(87?={;\,A(+*	(+*D7XW�E436FA,A('LyG6HD(+*D7].+5N7?0:(+923M�X36&D=y(+*D7:987�H�GS987](+*D7]36@NGKrX7C7�¥I7?0:(�=-G�7?.«&DGS(�=-GSZ[,A&436(87st

�x7�0?GS&D0:FAED=-7Q(+*436(�(+*D7>*43698=-7:&-,A&-Wy(8GK;C3698=-.<H�36,A&�(87:9�aDEMb-7?.1,/.�987K36FRt7DJGK;]7:rX7:9K��(+*-,/.<.+(+,AFAF4F/7K3?rX7?.(';]GxGS5-(+,/GS&D.[H�GS9[,A(8._GS9+,AWs,A&}Èc,A&^(+9+,A&D.8,/0vaÂ36(+(87:&-,A&-W©G6HY(+*D7v5NGK;<7:9�FV3?; GS9[E-&D=-7:(87?0:(87?=�F/GK; F/7:rX7:F36@D.8GS9+5-(+,/GS&}t1|QFA(+*DGSE-Ws*c(+*D7J0:E-9+987:&�(\=D36(23	=-G{&DGS(�36FAF/GK;¬ED.](8G)=M,/.+(+,A&-WsE-,/.+*c@N7:(';<7?7:&v(+*D7:Z£��(+*D7:987,/.)&DGS(+*-,A&-W�,A&D0?GS&D.+,/.+(87:&�(_;\,A(+*�(+*D7v.+,AZ[5-F/7?.+([*�L�5NGS(+*D7?.+,/.[(+*436([(+*D7?.87c.8GSE-980?7?.d36987£36@D.8GS9+@B7?=z36(3vF/7:rX7:F];\*-,/08*�,/.	E-&D=-7:(87?0:(236@-F/7c,A&©(+*D7ª0:E-9+987:&^([=D36(23Mt�uC*-,/.{,/.)36F/.8G�.8E-5-5BGS9+(87?=!@^Lx(+*D7d987?.+E-FA(8.G6H]Ð�,AWDt Ç t Ç Ê¯9+,AWs*^( Ë ;\*D7:987[;<7[=-Gc&DGS(U.27?7)*43698=-7:&-,A&-W�G6H 〈Γ〉 ;\,A(+*©(+*D7_��P2� � �X7R� aDEMb�=-Gm;\&x(8G
∼ 2×10−14erg cm−2 s−1 t�%'HI36@D.2GS9+5-(+,/GS&�,/.�5-98G�=MED0:,A&-Wy(+*D7\*43698=-7:&-,A&-W)7�¥I7?0:(1(+*436(1;<7Q.87?7C,A&�GSE-9GS@M¦§7?0:(8.m�I;<7_=-G£&DGS(U7�b�5N7?0:(`(8G£.87?7)(+*D7[.236Z_7[7�¥I7?0:(UED.+,A&-W���P2� � �X7R� aDEMbM7?.m�I@B7?0K36ED.27)(+*D7:L�36987F/7?.8.<3�¥I7?0:(87?=d@^L�36@D.8GS9+5-(+,/GS&}t�ÓY7?7:5N7:9<GS@D.87:9+rs36(+,/GS&D.\36987�&D7?7?=-7?=d(8G	3S.8.87?.2.1(+*-,/.15NGS,A&^(<H�GS9<.8GSE-980?7?.36(JaDEMbM7?.`.+,AZ[,AFV369Y(8Gc(+*DGs.87)G6H�(+*D7[.2GSE-980?7?.Y,A&�GSE-9U.¤36Z[5-F/7st��x7{;\,AFAF10?GSZ_7{@43S08�g(8Gd(+*-,/.Y,A&�(+*D7HjGSFAF/Gm;\,A&-W�02*4365-(87:9K�«;\,A(+*x(+*D7d36&436FAL�.+,/.yG6H](+*D7 �s�2&=�TNP�����E��/ � .+5N7?0:(+923M�«G6HC@B7:(+(87:9EW�E436FA,A('L�(+*436&(+*DGs.87)5-987?.87:&�(87?=�,A&�(+*-,/.U08*4365-(87:9Kt[uC*DGs.27)987?.+E-FA(8.U0?GS&M D9+Z (+*436(y36@D.8GS9+5-(+,/GS&©,/.y36(Y(+*D7[*D7K369+(UG6H(+*D7`.+5N7?0:(+9236F}*43698=-7:&-,A&-W�(8Gm;]3698=-.>H�36,A&�(>.8G6Hj(<aDEMb-7?.KtuC*D7	3KrX7:9236WX7).+5B7?0:(+9236FT,A&D=M,/0?7?.�H�GS9>(+*D7	@N7?.+(\ D(>Z_G�=-7:F�,A&�(+*D7y.¤36Z[5-F/7?.QG6H1(�L�5N7�P2�	36&D=�('L�5B7�P�©|>~`� 36987

1.99 ± 0.02
36&D=

2.35 ± 0.09
987?.85B7?0:(+,ArX7:FALXt�uC*D7grS36FAED7�H�GS9�('L�5N7�P2�g|>~`��,/.d,A&36Ws987?7:Z_7:&^();\,A(+*©(+*D7d0K36&DGS&-,/0K36F<rs36FAED7_Z_7K3S.8E-987?=xH�GS9y&D7K369+@�LxE-&436@D.8GS9+@N7?=x('L�5N7�P2��|>~Y� �A�TY � �'�;\*-,AF/7_(+*D7[rs36FAED7[H�GSE-&D=�H�GS9U('L�5N7�P��£|>~Y� .87?7:Z_.U(8G�@B7�.+FA,AWs*^(+FAL�*-,AWs*D7:9Kt��x7_;\,AFAFC3S=-=M987?.8.U(+*-,/.5BGS,A&�(T,A&{Z_GS987]=-7:(236,AF�,A&_É�7?0st Ç t Ç t � tT®CGS(+*).+E-@MP'.236Z[5-F/7?.�G6HÂ.8GSE-980?7?.�7�b�*-,A@-,A(�(+*D7].236Z_7�=-7:5N7:&D=-7:&D0?7G6H

〈Γ〉
;\,A(+*x(+*D7[.8G6Hj(`O>PR923KL�aDEMb©3S.U.8*DGK;\&x,A&©Ð�,AWDt Ç tA� � t��x7_.+(+,AFAF1=-7:(87?0:(	3v0:F/7K369	0?GS9+987:FV36(+,/GS&



YS� O>PR923KLv.+5B7?0:(+98Gs.20?GS5^LvG6H�|QOY%§Éd.8GSE-980?7?.

��������� �k	L�3
����
〈Γ〉

������N ),+w� F �(!#)�5C)sNP�2���=/��	�8����&=+
� F�B ��&4) �����(!($0!
S0.5−2 keV

�4����)*:
�1�=<
> ?A@CB 79)��
�.���0O%/ �(!9Uk�%�L�k)*:
�1�=<9J ?A@CB 79&�� �3&4/ �(!9U%V ? +c�������=���,�0Oi�	� ),+w� N
����� ! �1��&4)��3�%/
!(/ �
�1� �%) ),+w� �4���,��)K�(!=)�A $%S��(! &�� ��������� F :i�%$ � !=$ �����=: � !
��� �.���=��) ��� F �%),+ !($ F <K!#��N��L/[�(!
�	� !#��$���&'�(!4V�� �
�����(!-&��������=! �w�����k)|�
),+1�A>

σ
&����256���=�L&'� ����)K���
� �%/ V

@B7:(�;<7?7:&�(+*D7`Z_7K36&�.+5N7?0:(+9236F}.+F/GS5N7U36&D=v(+*D7U.8G6Hj(\O>PR923KL�aDEMbªH�GS9�@BGS(+*£.¤36Z[5-F/7?.�G6H�|>~`�	t
lGm�lGm�� ��
"qoz%qs} {K} x"v�	 {K} z%t�{K} ~�{Ku xC{9~ ��v�t�~�{|qs}
%'&�36FAF�(+*D7c36@BGmrX7ª36&436FALM.+,/.K�T;<7d*43?rX7c.87?7:&!(+*436()3�0:F/7K369{=M,/.85B7:98.+,/GS&!,A&©(+*D7dZ_7K3S.+E-987?=¢.+5B7?0:(+9236F.+F/GS5N7?.TG6HÂGSE-9�GS@M¦+7?0:(8.�7�b�,/.+(K�S7:rX7:&);\,A(+*-,A&)(+*D7<.8E-@MP'.236Z[5-F/7?.�G6H4('L�5N7�P2�]36&D={('L�5N7�P��>|>~Y�{��;\,A(+*{(+*D7FV369+WX7?.+(�.80K36(+(87:9�,A&

Γ
@N7:,A&-WyGS@D.87:9+rX7?=)H�GS91('L�5N7�P��`|>~Y�{tsu«GU(87?.8(�;\*D7:(+*D7:9�(+*D7�GS@D.87:9+rX7?=�.80K36(+(87:91,/.,A&^(+9+,A&D.+,/0C(8GJ(+*D7C.8GSE-980?7?.�;<7C*43KrX7<HjGSFAF/Gm;<7?=)(+*D7]Z�3�b�,AZ	E-Z�FA,A�X7:FA,A*DG�G�=)(87?08*-&-,[W�ED7UÊjÒgÑ Ë =-7?.80:9+,A@B7?=,A&v|>5-5N7:&D=M,¡bd|{t Ç Ê§�A� Ç �S���A�TY � � Ë ��;\*D7:987Y(+*D7Y=M,/.+(+9+,A@-E-(+,/GS&£G6HT.2GSE-980?7J.85B7?0:(+9236FN,A&D=M,/0?7?.\,/.\3S.8.+E-Z_7?=(8Gv@N7_;<7:FAF<987:5-98G�=MED0?7?=©@^L©3�~U36ED.8.+,V36&!=M,/.8(+9+,A@-E-(+,/GS&!G6H\Z_7K36&

〈Γ〉
36&D=©=M,/.+5N7:98.+,/GS&

σ〈Γ〉
tªuC*D7=M,/.+(+9+,A@-E-(+,/GS&ÔG6H`@N7?.+() D(

Γ
rS36FAED7?._HjGS9d36FAFQ.8GSE-980?7?._,/._.8*DGK;\&�,A&ÔÐT,AWDt Ç tA�s�st �x7£.27?7v(+*436(�(+*D73S.8.+E-Z[5-(+,/GS&g(+*436(Y(+*-,/.Q=M,/.+(+9+,A@-E-(+,/GS&�0K36&�@N7U;<7:FAF�987:5-98G�=MED0?7?=g;\,A(+*�3c~`36ED.8.+,V36&�H¯E-&D0:(+,/GS&�*DGSF/=-.HjGS9QGSE-9>.236Z[5-F/7yG6H1.8GSE-980?7?.Q7�bM0?7:5-(�HjGS9�(+*D7yF/GS&-W_(236,AF«(8Gm;]3698=-.Y.+(87?7:5N7:9>.+F/GS5N7?.Kt�uC*D7	.236Z_7`987?.+E-FA(365-5-FA,/7?.\(8G)(+*D7`=M,/.+(+9+,A@-E-(+,/GS&�G6H�@B7?.8(C D(

Γ
rS36FAED7?.]H�GS9\('L�5B7�P2�`|>~`�#;\*-,/08*�,/.\.+*DGK;\&£,A&£Ð�,AWDt Ç tA�K�Ê¯F/7�H¯( Ë t�ÌQ&y(+*D7<GS(+*D7:9«*436&D=I��H�GS9}('L�5B7�P��>|>~Y��(+*D7�=M,/.8(+9+,A@-E-(+,/GS&{G6H Γ *43S.�3CZ	ED08*)FV369+WX7:9T=M,/.+5N7:98.+,/GS&G6H]rs36FAED7?.U;\,A(+*¢3ªF/7?.8.`;<7:FAF]=-7� D&D7?=x5N7K36�Bt[�JGS(87[(+*436(U(+*D7:987�,/.y3ª&^E-Z	@B7:9{G6H�GSE-(+FA,/7:98.dÊj.8GSE-980?7?.;\,A(+*�.+5N7?0:(+9236F}.+F/GS5N7?.\.+,AWs&-,¡ 40K36&^(+FALv*-,AWs*D7:9�(+*436&�� Ë ,A&g36FAFI(+*D7`=M,/.+(+9+,A@-E-(+,/GS&D.>G6H�@B7?.8(C D(�.+5B7?0:(+9236F



Ç t Ç |>&436FALM.+,/.�G6H�(+*D7`OQPR923?Lc.+5N7?0:(+923 Y �

��������� � 	L�3
L
�� ��� !#)��
� F $w)��*�%���	� F �(!#) 5C)A! �1��&4)�����/ !=/R�
�;�(!��#��� ),+w� �G+c��/[� !4��N��L/ � �	�
!#��$��3&(�(!4V

.+F/GS5N7?.Kt£uC*D7ª.+5B7?0:(+923�G6H�(+*D7?.87ªGS@M¦§7?0:(8.	*43?rX7ª5NG�GS9AW^E436FA,A(�L©36&D=©(+*D7:987�H�GS987ª(+*D7?.87
Γ
rS36FAED7?.)369875BG�GS9+FAL£0?GS&D.+(+9236,A&D7?=�36&D=�*43KrX7{FV369+WX7	7:9+98GS9J@43698.Kt>uC*-,/.Y0K36&g@B7	.87?7:&g,A&�Ð�,AWDt Ç tZY�Ê¯9+,AWs*^( Ë H�GS9>(+*D7GSE-(+FA,/7:98.�,A&)(+*D7\=M,/.+(+9+,A@-E-(+,/GS&D.1G6H

Γ
H�GS9�|>~Y�	t6uC*D7C@N7?.+(�7?.8(+,AZ�36(87?.1G6H

〈Γ〉
36&D=

σ〈Γ〉
GS@-(236,A&D7?=);\,A(+*(+*D7>ÒgÑ�(87?02*-&-,[W^ED7Y36987>.8*DGK;\&ª,A&duT36@-F/7 Ç t � t�%�&d36FAFÂ0K3S.87?.<;<7QZ_7K3S.+E-987?=ª3U.+,AWs&-,¡ 40K36&�(C=M,/.85B7:98.+,/GS&,A&ª.85B7?0:(+9236FN.+F/GS5N7?.Kt�uC*D7>FV369+WX7Y7:9+98GS9C,A&

Γ
GS@-(236,A&D7?=ªH�GS9]('L�5B7�P��{|>~Y�#=M,/=d&DGS(�36FAF/GK;¬ED.](8G)08*D7?08�;\*D7:(+*D7:9K�MGS&D0?7�;<7Y3S0?0?GSE-&^(<H�GS9�,A&^(+9+,A&D.8,/0Q=M,/.+5N7:98.+,/GS&d,A&

Γ
��(+*D7Q3KrX7:9236WX7J.85B7?0:(+9236FÂ,A&D=-7�b�G6HN(�L�5N7�P��|>~Y�¼,/.\.+(+,AFAF«.+,AWs&-,¡ 40K36&�(+FALc=M,¡¥I7:987:&^(>H¯98GSZ�(+*436(QG6H�(�L�5N7�P2�U|>~Y�{t �x7`.87?7`(+*436(\(+*D7`Z_7K36&�rS36FAED7?.G6H

Γ
0?GSZ[5-E-(87?=¢;\,A(+*¢(+*D7�ÒgÑ�Z_7:(+*DG�=�36&D=©(+*D7�;<7:,AWs*�(87?=�Z_7K36&�36987ª.+E-@D.+(236&�(+,V36FAFAL©=M,¡¥N7:987:&�(K�,A&�54369+(+,/0:E-FV369`HjGS9`(+*D7)(�L�5N7�P��c|>~Y�{tNuC*D7)987K3S.8GS&�,/.Y(+*436(`;\,A(+*x(+*D7[ÒgÑ�Z_7:(+*DG�=I�TGS@M¦§7?0:(8.Y;\,A(+*E-&^(�L�5-,/0K36F�rs36FAED7?.JG6H

Γ
Ê¯,Rt 7stJGSE-(+FA,/7:98. Ë 36&D=�&DGS(JrX7:9+L£FV369+WX7)7:9+98GS98.K�B;\,AFAF�,A&D0:987K3S.87{(+*D7	=M,/.+5N7:98.+,/GS&G6H1(+*D7U D(+(87?=�~`36ED.8.8,V36&g=M,/.+(+9+,A@-E-(+,/GS&�9236(+*D7:9J(+*436&g.8,AWs&-,¡ 40K36&^(+FALg3�¥I7?0:(+,A&-Wc(+*D7yZ_7K36&�3S.Q;<7{.23?;,A&�É�7?0st Ç t Ç t � �-;\*D7:987`(+*D7U;<7:,AWs*^(87?=�Z_7K36&£;C3S.\ED.87?=ItÐ�,AWDt Ç tA� Ç .+*DGm;�.{(+*D7�� σ �1� σ 36&D= Ç σ 0?GS&^(8GSE-9_=M,V36Ws9236Z_.[G6H

〈Γ〉
rX7:98.+ED.

σ〈Γ〉
H�GS9y(+*D7c.+E-@MP.236Z[5-F/7?.`G6H<(�L�5N7�P2�)|>~Y��Êj.2GSFA,/=�FA,A&D7?. Ë 36&D=�('L�5B7�P��ª|>~Y� Êj=D3S.+*D7?=�FA,A&D7?. Ë �I0:F/7K369+FAL�.+*DGK;\,A&-Wv(+*D77�b�,/.8(87:&D0?7`G6H�36&v,A&�(+9+,A&D.+,/0y=M,/.+5N7:98.+,/GS&v,A&

Γ
;\,A(+*g3)0?GS&M 4=-7:&D0?7yG6H�Z_GS987`(+*436& Ç σ ,A&v@NGS(+*£0:FV3S.8.87?.G6H�GS@M¦+7?0:(8.KtÌQE-9Y987?.+E-FA(8.Y=-Gª&DGS(Y.8*DGK; 36&^L�(+987:&D=�,A&�(+*D7	E-&D=-7:9+FAL�,A&-Wv5NGK;]7:9`FV3?;�G6H�(�L�5N7�P��ª|>~Y��(8Gª@B7*43698=-7:9[(+*436&�(+*436(_G6HQ(�L�5N7�P2�v|>~Y� 7:rX7:&�36([(+*D7ªHR36,A&^(87?.8()aDEMbM7?.Kt!Ï�987:r�,/GSED.[987?.+E-FA(8.[@43S.87?=�GS&

����������=D36(23�Êj.87?7£7st WDtJ� � �{� � ��� � Ë H�GSE-&D=Ô3�aÂ36(+(87:9c3KrX7:9236WX7�.85B7?0:(+9236FJ.+F/GS5B7vHjGS9d('L�5B7�P��©|>~Y�
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��������� � 	L�3
 �o� ����!=)���� F $w)��.��� �	�Q)*:
�1�=<�> 7|/[� �=) U-�%�L�A)*:��;�=<KJ 7 �
� O�+0) U ?A@CB ! �;��&4)�����/�!=/R���1�(!
� F )|���,���������3��N ),+w� F �(!=)�5C)CNP�2���=/ � � ),+w� � < ����:
! �1��&2)��($cN � �-����&=+k!4��$ ��&'�2V

Ê
∼
�st �XË (+*436&dH�GS9�('L�5N7�P2�Q|>~Y��Ê

∼
� Ë t1ÌQE-9]=D36(23{.+*DGm;�.�(+*436(\.+5N7?0:(+9236FÂ=M,¡¥I7:987:&D0?7?.C@B7:(�;<7?7:&c(+*D7?.87(';]G�0:FV3S.8.87?.yG6HC.8GSE-980?7?.{36987_=MED7[Z_Gs.+(+FALzÊ¯,¡HC&DGS(U(8GS(236FAFAL Ë (8G£=M,¡¥I7:987:&^({36Z_GSE-&�(8.	G6H�36@D.8GS9+5-(+,/GS&}�9236(+*D7:9v(+*436&¬(8G¢=M,¡¥I7:987:&D0?7?.c,A&¬(+*D7�.+*4365B7gG6H	(+*D7gE-&D=-7:9+FAL�,A&-W�5BGm;<7:9vFV3?;Ut�uC*D7:987�HjGS987gZ�36&�LGS@M¦§7?0:(8.	0:FV3S.8.+,¡ 47?=¢3S.U('L�5N7�P��v|>~Y� *43?rX7�O>PR923KLx.+5B7?0:(+9236F�5-98GS5B7:9+(+,/7?.{0?GS&D.+,/.+(87:&�(y;\,A(+*©(+*DGs.27_G6H('L�5B7�P2�y|>~Y�	�M@-E-(QG6H¯(87:&v;\,A(+*£*-,AWs*D7:9J36@D.8GS9+5-(+,/GS&}t

lGm�lGm�� p ��v�ucz%t � �Iuwq ~ �M{9u v1�sq �9r�z�{|q }
�QGv0?GS9+987:FV36(+,/GS&!;]3S.YH�GSE-&D=�@N7:(';<7?7:&

Γ
36&D=�(+*D7[987?.+(§P�Hj9236Z_7_��P2� � �X7'� FAE-Z[,A&DGs.8,A(+,/7?.dÊj0?GS9+987?0:(87?=HjGS9J36@D.8GS9+5-(+,/GS& Ë �B3S.Q.+*DGK;\&g,A&�Ð�,AWDt Ç tA� � tCÐDGS9Q(+*D7y.+E-@MP'.¤36Z[5-F/7yG6H1('L�5N7�P2�U|>~Y��;<7	.+(+ED=M,/7?=£(+*D7Z_7K3S.+E-987?=

Γ
(+*436(C;<7`GS@-(236,A&D7?=ªHj98GSZ�7K3S08*£@N7?.+(< D(]Z_G�=-7:F«3S.\3	H¯E-&D0:(+,/GS&vG6H�987?=-.+*-,¡H¯(Kt�|QFA(+*DGSE-Ws*(+*D7:987Y*43?rX7Y@N7?7:&£0:FV36,AZ_.�G6H�3yaÂ36(+(87:&-,A&-W�G6H�(+*D7U3?rX7:9236WX7U.85B7?0:(+9236FI.+F/GS5N7J;\,A(+*v987?=-.+*-,¡H¯(U� � � �1� � �^� �

��������� 	L��� ������N��w������!#���i� � ),+1� � ��� O�+0)K���
N
���%� ! �;��&4)�����/ ��+w�%)|��� �,�L����S
� F )|� ������� �4���
��� �8�����=�L)E)*:
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Sample 〈Γ〉 σ 〈Γ〉

Whole sample 1.86 +0.02
−0.03 0.36 +0.01

−0.04 1.96 ± 0.01
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−0.04 0.21 +0.05

−0.04 1.99 ± 0.02

type − 2AGN 1.85 +0.16
−0.17 0.36 +0.14

−0.10 2.35 ± 0.09
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Nintr
H

=M,/.+(+9+,A@-E-(+,/GS&g,/.>&DGm;¼GS@D.87:9+rs36(+,/GS&436FAFAL£��&DGK;\&HjGS9YF/G�0K36F<É�7:L^H�7:9+(YW^36FV3�b�,/7?.�� � � Ym�'�«36&D=�,A&�WX7:&D7:9236F1(+*D7?.87{Z_G�=-7:F/.	3S.8.+E-Z_7{,A(`(8Gª@B7{,A&D=-7:5N7:&D=-7:&^(G6H�987?=-.8*-,¡H¯(>36&D=vFAE-Z[,A&DGs.8,A('L©Ê¯;\,A(+*£(+*D7`7�b-0?7:5-(+,/GS&�G6H�(+*D7`�Q7?=D3_7:(>36FRt/Ê�� �s�sÇXË Z_G�=-7:F�� � Çs� � Ë tuC*D7�36&436FALM.+,/.)(+*436(_;]7c*43?rX7£0?GS&D=MED0:(87?=�*43S.�36FAF/GK;]7?=zED.)(8G�Z_7K3S.+E-987v(+*D7v=M,/.8(+9+,A@-E-(+,/GS&�G6H36@D.8GS9+5-(+,/GS&�,A&�GS&D7cG6H>(+*D7ªFV369+WX7?.+([.236Z[5-F/7?.[G6H>('L�5N7�P2�c36&D=�(�L�5N7�P��g|>~Y� .+(+ED=M,/7?=¢E-5�(8Gg&DGK;U�36&D=c,A(8.�0?Gs.+Z[,/0U7:rXGSFAE-(+,/GS&�GKrX7:9Q3{;\,/=-7`9236&-WX7yG6HT987?=-.+*-,¡Hj(8.Kt1%�&�É�7?0st Ç t Ç t � ;<7Y987:5NGS9+(87?=v(+*436(�(+*D7Z_7K3S.+E-987?=�36@D.2GS9+5-(+,/GS&�,/.�.8FA,AWs*^(+FALvF/GK;]7:9Q(+*436&�(+*D7U987K36F�GS&D7s�4=-7:5N7:&D=M,A&-WdGS&�(+*D7UFAE-Z[,A&DGs.+,A('L�36&D=987?=-.+*-,¡Hj(JG6H1(+*D7{.8GSE-980?7st DQ7:&D0?7s�B,A&�GS98=-7:9Q(8Gª0?GSZ[5436987{(+*D7y5-987?=M,/0:(+,/GS&D.`G6H1OY­>® Z_G�=-7:F/.J(8GdGSE-9=D36(23M��;<7U3S.8.+E-Z_7?=c36&c,A&-5-E-(\=M,/.+(+9+,A@-E-(+,/GS&cHjGS9
Nintr

H

Ê¯,A&D=-7:5N7:&D=-7:&^(�G6HTFAE-Z[,A&DGs.+,A('Lv36&D=ª987?=-.+*-,¡H¯( Ë �36&D=v(+*D7:&vH�GSF/=c,A(\(+*-98GSE-Ws*�(+*D7U.¤36Z_7`=-7:(87?0:(+,/GS&�7�¥I7?0:(8.>3S.\,A&�GSE-9�=D36(23Mt
�x7ª*43?rX7cED.87?=¢(+*D7

Nintr
H

=M,/.+(+9+,A@-E-(+,/GS&D.�3S=-GS5-(87?=�@�L��]GSZ�3S.+(+9+,�7:(_36FRt/Ê§� ���s�XË � �s� �'�<~Y,AFAFA,C7:(36FRt/Ê�� �s� � Ë � � � ��36&D=�Ï�GSZ[5-,AFA,/G-�NÑ«3_Ð-9236&D0K3�� Ò�36(+(	Ê�� �s�s�XË �A� �sÇ �'�Â3S.Q,A&-5-E-(>54369236Z_7:(87:98.J(8G[(+*D7:,A936&436FAL�(+,/0K36FÂZ_G�=-7:F/.]G6HI(+*D7�OY­>®Yt �x7�*43KrX7Q.8,AZyE-FV36(87?=ª.+5B7?0:(+923YHjGS9�7K3S02*d(�L�5N7�P2�Q36&D=�('L�5B7�P��U|>~Y�,A&D0:FAED=-7?=�,A&¢GSE-9)FA,/.+(K��@�L� -bM,A&-Wg(+*D7:,A9)987?=-.+*-,¡Hj(8.K��7�bM5BGs.8E-987�(+,AZ_7?.K�15BGs.+,A(+,/GS&�36&D=¢FAE-Z[,A&DGs.+,A(+,/7?.KtuC*D7).+F/GS5B7)G6H�(+*D7[0?GS&�(+,A&^E-E-Z ;C3S.U3S.8.+E-Z_7?=�(8Gª@N7
Γ � ��H�GS9U36FAF�.2GSE-980?7?.U3S.Y,A&g(+*D7).+,AZ	E-FV36(+,/GS&D.;<GS9+�_G6HN5-987:r�,/GSED.].87?0:(+,/GS&}t�ÐDGS9]7K3S08*d.2GSE-980?7\;<7Q7�b�(+923S0:(87?=

Nintr
H

rS36FAED7?.1H¯98GSZ (+*D7Q.+5N7?0:,¡ 40\Z_G�=-7:F=M,/.+(+9+,A@-E-(+,/GS&}�ÂE-&^(+,AF�(+*D7y.+,AZ	E-FV36(87?=�.+5N7?0:(+9+E-Z HjE-F¡ DFAF/7?=�(+*D7EW�E436FA,A('Lc DFA(87:98.Q(+*436(>;<7	ED.87?=cH�GS9>(+*D7987K36F}.+5N7?0:(+923ªÊ¯@-,A&-&D7?=v.85B7?0:(+923{;\,A(+*�36(CF/7K3S.+( � @-,A&D.�36&D=v.8GSE-980?7J&D7:(�0?GSE-&^(8.Q36@BGmrX7 �s�XË t1%'&D=-7?7?=I�*D7K3?r�,AFALgGS@D.20:E-987?=�.8GSE-980?7?.`=-Gª&DGS(`543S.8.`GSE-9 W^E436FA,A(�L� DFA(87:98.K��¦§ED.+(U3S.Y*4365-5N7:&D.JHjGS9Y987K36F1.8GSE-980?7?.Kt
�x7c D(+(87?=z(+*D7�.+,AZyE-FV36(87?=Ô.+5B7?0:(+923�;\,A(+*y_;`�acb0d���36&D= _�`%acb0d g©ED.+,A&-Wx(+*D7�.236Z_7£0K36FA,A@-9236(+,/GS&Z�36(+9+,/0?7?.K�436&D=£0?GSZ[5-E-(87?=�ÐTPR(87?.+(�.+,AWs&-,¡ 40K36&D0?7?.>HjGS9�=-7:(87?0:(+,/GS&�G6H136@D.8GS9+5-(+,/GS&}tÐ�,AW Ç tA�TY�Ê¯F/7�Hj( Ë 0?GSZ[5436987?.U(+*D7�=M,/.+(+9+,A@-E-(+,/GS&!G6HCrS36FAED7?.	G6H Nintr

H

Z_7K3S.+E-987?=©,A&x(+*D7)987K36F<=D36(2336&D=[,A&_(+*D7�.8,AZyE-FV36(+,/GS&D.�H�GS91(+*D7\OY­>®!Z_G�=-7:F4G6HT~J,AFAFA,D7:(<36FRt/Ê�� �s� � Ë � � � �'t1ÌQ@�r�,/GSED.+FALX��(+*D7>3S=-GS5-(87?==M,/.+(+9+,A@-E-(+,/GS&�,/.)&DGS(_36@-F/7c(8Gg987:5-98G�=MED0?7vGSE-9_GS@D.87:9+rs36(+,/GS&436F\987?.+E-FA(8.Kt©�17:9+L!.+,AZ[,AFV369)Ws92365-*D.�36987GS@-(236,A&D7?=�HjGS9c(+*D7gZ_G�=-7:F/.vG6H)�]GSZ�3S.+(+9+,U7:(£36FRt/Ê§� ���s�XË � �s� �y36&D=¬ÏTGSZ[5-,AFA,/Gz7:(£36FRt/Ê�� �s�s�XË �A� �sÇ �'tÐDGS9`36FAFT(+*-987?7{Z_G�=-7:F/.Q;]7UH�GSE-&D=�3�0:F/7K369`7�b-0?7?.8.QG6H�.2GSE-980?7?.Q;\,A(+*g,A&^(+9+,A&D.8,/0)36@D.2GS9+5-(+,/GS&D.
Nintr

H ≥
1022 cm−2 �1;\*-,/02*Ô36987c&DGS([5-987?.87:&�(_,A&�GSE-9[987K36F�=D36(23Mt¢Ð4GS9�36&zÐ«PR(87?.8(_0?GS&M 4=-7:&D0?7vF/7:rX7:F�G6H ≥
95%

;<7d=-7:(87?0:(K��,A&©GSE-9y987K36F�.¤36Z[5-F/7s��36@D.2GS9+5-(+,/GS&©,A&¢� � .8GSE-980?7?.yGSE-({G6H`�TY � tcuC*D7�&^E-Zy@N7:9	G6H36@D.8GS9+@N7?=£.8GSE-980?7?.>=-7:(87?0:(87?=£,A&£(+*D7U.+,AZ	E-FV36(87?=�=D36(23[.87:(8.>;<7:987-Y � � þ Y[36&D=iY��YH�GS9\(+*D7	�]GSZ�3S.+(+9+,7:(Q36FRt/Ê§� ���s�XË � �s� �'�4~Y,AFAFA,«7:(Q36FRt/Ê�� �s� � Ë � � � ��36&D=vÏTGSZ[5-,AFA,/Gª7:(Q36FRt/Ê�� �s�s�XË �A� �sÇ ��=M,/.+(+9+,A@-E-(+,/GS&D.K�-,A&�36FAF0K3S.87?.U3dHR3S0:(8GS9UG6H<Z_GS987)(+*436&©�Mt � GKrX7:9y(+*D7[GS@D.87:9+rX7?=�rS36FAED7st)uC*-,/.`987?.8E-FA(`,/.U36F/.8Gc7:r�,/=-7:&�(`H¯98GSZÐ�,AW Ç tA�TY�Ê¯9+,AWs*^( Ë ��;\*D7:987[(+*D7[5-987?=M,/0:(87?=©=M,/.+(+9+,A@-E-(+,/GS&!G6H�36@D.8GS9+@-,A&-W�0?GSFAE-Z[&D.y;\,A(+*x(+*D7�~J,AFAFA,�7:(36FRt/Ê�� �s� � Ë � � � �«Z_G�=-7:F�,/.�5-F/GS(+(87?=�36W^36,A&D.+(Q987?=-.+*-,¡H¯(Kt �x7` D&D=�36&g7�bM0?7?.2.>G6H<36@D.8GS9+@N7?=�GS@M¦+7?0:(8.J36FAF



Ç t � u«7?.+(+,A&-Wd5BGS5-E-FV36(+,/GS&�.+L�&�(+*D7?.+,/.\Z_G�=-7:F/. � �

��������� �y	L�3
 �1� � � �#) D � ��!=)|�'O��3�%N-!
�	�P&��%/ $cN �y�0�=�1!
�*)*: ����!=)���� F $c)��.���1! ���]� F !#� � F ��� � F <
B ��&2),!6� F )|���,����� ������N��Q!
�,N $0/ �%)K��� �,���L$w)���� !#)��
� F $w)��*�%� � �

Nintr
H

��&�&��������,�0O )|�I),+w� NP�2���=/w�	�
@ ��/,/
���#)"��/[V|7KJ � ��>=U��������2V �s+w�E����!(+w��� + � !#)|��O�����N ��� �����=!4�=��),! ),+w�E� F !2���
����� � � !#)��
� F $w)��*���
�#��� ��$��Q!4��$��3&'�=!4V � � O�+0) D

Nintr
H

��! ���=$0��&4)��*�%�i�	�8!#��$��3&(�(!	� ������!'+ � �#),! ������N !
�,NA$c/ �%)��*�%�1!4V
� �
�����(!-&��������=! �w����� )|�
),+w� � � � &����256���=�L&'� ����)K���
� �%/ V

GKrX7:9<(+*D7�987?=-.+*-,¡Hj(�,A&�(87:9+rS36FN0?GKrX7:987?=d@^L_GSE-9]=D36(23`E-5�(8Gy987?=-.+*-,¡Hj(8.�G6H
∼
�Mt�ÓJ,/.80:987:5436&D0:,/7?.�@N7:(';]7?7:&(+*D7\5-987?=M,/0:(+,/GS&D.<H¯98GSZ�.+L�&�(+*D7?.+,/.<Z_G�=-7:F/.]36&D=_;\*436(�,A(�,/.�GS@-(236,A&D7?=�H¯98GSZ�GS@D.27:9+rS36(+,/GS&D.<*43?rX7Q@B7?7:&GS@D.87:9+rX7?=v5-987:r�,/GSED.+FAL�� Çs� ���ZYS�6���A�K��Y����A� �s� �'t%�&!(+*D7ª987?0?7:&^(A\'Z_G�=M,¡ 47?=¢E-&-,¡ 47?=�.808*D7:Z_7=^cG6HQ�J7?=D3�7:([36FRt/Ê�� �s�sÇXË � � Çs� �C(+*D7c|>~Y� 36@D.8GS9+@MP,A&-Wy0?GSFAE-Z[&d=-7:&D.8,A('L[=M,/.+(+9+,A@-E-(+,/GS&c=-7:5B7:&D=-.<GS&_FAE-Z[,A&DGs.+,A('L�Ê¯&DGS(�987?=-.+*-,¡H¯(]=-7:5B7:&D=-7:&D0?7 Ë ��;\,A(+*_(+*D7H¯923S0:(+,/GS&dG6HN36@D.8GS9+@N7?=_|>~Y��Ê

NH > 1022 cm−2 Ë =-7?0:987K3S.8,A&-Wy.+,AWs&-,¡ 40K36&^(+FAL[;\,A(+*[FAE-Z[,A&DGs.8,A('LXt1uC*-,/.Z_G�=-7:F�;\,AFAF�987?=MED0?7_(+*D7_GS@D.87:9+rX7?=©=M,/.80:987:5436&D0:,/7?.U;\,A(+*©GSE-9	=D36(23ªH¯E-&D=D36Z_7:&�(236FAFAL©36(U*-,AWs*xFAE-Z[,¡P&DGs.+,A(+,/7?.K��36&D=x(+*D7:987�H�GS987ª36(	*-,AWs*©987?=-.+*-,¡Hj(8.Kt;DJGK;<7:rX7:9K�1(+*D7_OY­>®$Z_G�=-7:F]G6H>�Q7?=D3�7:(	36FRt/Ê�� �s�sÇXË5-987?=M,/0:(8.y3ª.+,AWs&-,¡ 40K36&^(UH¯923S0:(+,/GS&xG6H\GS@M¦§7?0:(8.Y;\,A(+*
NH > 1022 cm−2 36(`(+*D7{('L�5-,/0K36F1FAE-Z[,A&DGs.+,A(+,/7?.G6H}GSE-9<.236Z[5-F/7s�^(+*436(�;<7J=-G`&DGS(]=-7:(87?0:(Kt�uC*D7>�J7?=D3U7:(<36FRt/Ê�� �s�sÇXË � � Çs� �4Z_G�=-7:FR��36FA(+*DGSE-Ws*ªZ_GS987�,A&FA,A&D7U;\,A(+*�GSE-9Q987?.8E-FA(8.K�Â.8(+,AFAFTGKrX7:9+5-987?=M,/0:(8.Y(+*D7	&^E-Z	@B7:9`G6H<36@D.8GS9+@N7?=gGS@M¦§7?0:(8.)Ê

NH > 1022 cm−2 Ë7?.+5N7?0:,V36FAFALc36(\F/Gm; 987?=-.+*-,¡Hj(8.Kt
ÌQ&D7£5NGs.8.+,A@-F/7�0K3?rX7K36(ª,/.�(+*436(c.8GSZ_7�G6HY(+*D7?.27g36@D.8GS9+@N7?=�.2GSE-980?7?.K�C(+*436(d;]7�=-G!&DGS(d=-7:(87?0:(,A&¬(+*D7�987K36FY.85B7?0:(+923M�QZ[,AWs*^(£@N7g*-,/=M,A&-W�;\,A(+*-,A& (+*D7�E-&-,/=-7:&^(+,¡ 47?=#.2GSE-980?7?.Kt·ÌQE-9v.+,AZ	E-FV36(+,/GS&D.,A&D=M,/0K36(87U(+*436(

∼ �^�X� .+*DGSE-F/=v*43KrX7	=-7:(87?0:(236@-F/7{36@D.8GS9+5-(+,/GS&}t DQGm;<7:rX7:9K�B7:rX7:&£H�GS9�(+*D7YHjE-FAF«.236Z[5-F/7G6HC�s� Ç Y_GS@M¦§7?0:(8.>;<7	GS&-FALc=-7:(87?0:(Y36@D.8GS9+5-(+,/GS&g,A&©� � P�� �X� G6H�(+*D7:Z£t]|Q.8.8E-Z[,A&-W_(+*436(>(+*D7y987?=-.+*-,¡H¯(=M,/.+(+9+,A@-E-(+,/GS&¬G6HU(+*D7£,/=-7:&^(+,¡ 47?=¬.8GSE-980?7?.ª=-G�7?._&DGS(d.8(+98GS&-WsFAL�=-7:r�,V36(87£H¯98GSZ (+*D7£(+9+ED7gGS&D7!Ê�36&D=(+*D7:987�,/.<7:r�,/=-7:&D0?7>(+*436(1(+*-,/.�,/.�(+*D7�0K3S.87>@^L[0?GSZ[54369+,A&-W{GSE-9]=M,/.+(+9+,A@-E-(+,/GS&�;\,A(+*ªGS(+*D7:98.1Hj98GSZ Z_GS9870?GSZ[5-F/7:(87U.+E-9+rX7:LM.U� � �:� Ë �M(+*D7:& �^�X� G6H�36@D.8GS9+@N7?=£.8GSE-980?7?.\5-987?=M,/0:(87?=�@^Lª(+*D7U.+,AZ	E-FV36(+,/GS&D.>.+*DGSE-F/=36F/.8Gv@N7{HjGSE-&D=x,A&x(+*D7[;\*DGSF/7�.¤36Z[5-F/7s�«;\*-,AF/7_GS&-FAL
∼
� �X� 36987d.87?7:&}t�uC*-,/.	0?GS&M D9+Z_.U(+*436(	OJ­Q®.+L�&^(+*D7?.+,/.�Z_G�=-7:F/.�5-987?=M,/0:(�(';\,/0?7�3S.�Z�36&�L)36@D.8GS9+@N7?=).8GSE-980?7?.136(1GSE-9�aDEMb	F/7:rX7:F/.�(+*436&);]7�3S0:(+E436FAFALGS@D.87:9+rX7st



� þ O>PR923KLv.+5B7?0:(+98Gs.20?GS5^LvG6H�|QOY%§Éd.8GSE-980?7?.

°U±�� ºYÆ � ��¾\½B¿
�x7ª*43?rX7v0?GS&D=MED0:(87?=z3�=-7:(236,AF/7?=z36&436FAL�.+,/.[G6HQ(+*D7d@-98GX3S=¢@436&D=�.+5N7?0:(+9236F]5-98GS5B7:9+(+,/7?._G6HY3£FV369+WX7.236Z[5-F/7�G6H>.2GSE-980?7?.	=-7:(87?0:(87?=¢.87:987:&D=M,A5-,A(8GSED.+FALx;\,A(+*!(+*D7�eYfgfghjiykml\npoKq!GS@D.87:9+rs36(8GS9+LXtv��369+,/GSED..+5N7?0:(+9236F« D(+(+,A&-WcZ_G�=-7:F/.Q*43KrX7{@B7?7:&g(87?.+(87?=�,A&gGS98=-7:9J(8G�987:5-98G�=MED0?7{(+*D7 � t ��P2�K�d�X7'��7:Z[,/.8.+,/GS&�G6HGSE-9>.8GSE-980?7?.KtÐ�,A(+(+,A&-W!(+*D7�.+5N7?0:(+923xG6H	36FAFY.8GSE-980?7?.�;\,A(+*¬3x.+,A&-WsF/7�5NGK;<7:9ªFV3?;U�X_;`%awb�d��Â��;<7gGS@-(236,A&D7?=�3;<7:,AWs*�(87?=xZ_7K36&xG6H

〈Γ〉 = 1.86 ± 0.02
�},A&�WXG�G�=�36Ws987?7:Z_7:&�(U;\,A(+*�5-987:r�,/GSED.U.+E-9+rX7:LM.Kt DJGK;]7:rX7:9;<7	H�GSE-&D=�(+*436(QHjGS9`3_.8,AWs&-,¡ 40K36&^(`&^E-Z	@B7:9`G6H<.2GSE-980?7?.K�4(+*D7AW�E436FA,A('L�G6H1(+*D7:,A9J D(8.Q;]3S.YrX7:9+Lv5NG�GS9K�;\,A(+* YmP2�K� � G6HÂ(+*D7\.8GSE-980?7?.�*43Kr�,A&-WU.8(236(+,/.+(+,/0K36FAFAL	E-&43S0?0?7:5-(236@-F/7\ D(8.�Ê¯&^E-FAFD*�L�5NGS(+*D7?.+,/.�5-98GS@436@-,AFA,A('L
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∼ �^�X� G6H}(+*D7:Z Ë ;]3S.\3`H�3S0:(8GS9CG6H ∼ �Mt � 36@BGmrX7>(+*D7Z_7K3S.+E-987?=xrs36FAED7?.yHjGS9	36FAF<Z_G�=-7:F/.mt�� ��?&��� � 3���	
	$��#���15�"�!�5���&F ��3����
�9�5��	
	$��#7��15�"� � �9�����CB )
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∼
��1��	�*&uC*D7Y=M,/.+(+9+,A@-E-(+,/GS&D.\G6H�36@D.8GS9+@-,A&-W[0?GSFAE-Z[&£=-7:&D.+,A(+,/7?.]5-987?=M,/0:(87?=c@�Ld.+L�&^(+*D7?.+,/.]Z_G�=-7:F/.\36&D=d(+*D7GS&D7?.]Z_7K3S.+E-987?=c(+*-98GSE-Ws*vGSE-9C.8,AZyE-FV36(+,/GS&D.>36987Y.+,AWs&-,¡ 40K36&�(+FALª.+�X7:;]7?=ª(8GK;]3698=-.�*-,AWs*c0?GSFAE-Z[&£=-7:&MP.+,A(+,/7?.

Nintr
H ∼ 1022 − 1024 cm−2 t�uC*D7?.87Y*-,AWs*-FALv36@D.8GS9+@B7?=v.2GSE-980?7?.K�M5-987?=M,/0:(87?=v@^LªOY­>®ÔZ_G�=-7:F/.36(�GSE-9\aDEMbcF/7:rX7:F/.K�-;<7:987y&DGS(�=-7:(87?0:(87?=£,A&£GSE-9>.¤36Z[5-F/7st
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%'&dGS98=-7:9<(8GyE-&D=-7:98.+(236&D=�@N7:(+(87:9�(+*D7>O>PR923KL_7:Z[,/.8.+,/GS&d5-98GS5B7:9+(+,/7?.\36&D=�0?Gs.8Z[,/0>7:rXGSFAE-(+,/GS&cG6H«|>~Y�	�O>PR923KL©.+5N7?0:(+9236FC36&436FALM.87?.{G6H>FV369+WX7ª.236Z[5-F/7?.)G6HQGS@M¦§7?0:(8.)=-7:(87?0:(87?=¢,A&¢Z_7?=M,AE-Z¨36&D=¢=-7?7:5�O>PR923KL.+E-9+rX7:LM.cÊ¯,A&�GS98=-7:9)(8Gg987K3S08*�(+*D7daDEMbM7?.{(+*436()Z�36(808*�(+*D7ª=-GSZ[,A&436&^([5NGS5-E-FV36(+,/GS&zG6H>(+*D7ªOJ­Q® Ë36987_@N7:,A&-Wg0K369+9+,/7?=¢GSE-(vÊj.87?7�7st WDt]� Çs� �Y� � � �Y�ZYS�6�J�A� �^� �J�A� � �6�Y�A�K��Y��J�A� �s� �`�A�K� � � Ë t�DJGK;]7:rX7:9K�1GS&-FAL3£.+Z�36FAF<&^E-Z	@B7:9[G6H\(+*D7?.87ª.+(+ED=M,/7?.y*43KrX7d0?GS&D=MED0:(87?=�3£5-98GS5B7:9{.+5B7?0:(+9236F\36&436FALM.+,/.yG6H>7K3S02*!,A&D=M,¡Pr�,/=ME436F�.8GSE-980?7s�}36&D=g,A&�Z_Gs.+(Y0K3S.87?.`.8GSZ_7[3S.8.+E-Z[5-(+,/GS&D.Y*43S=g(8Gª@N7yZ�3S=-7{5-9+,/GS9`(8Gª(+*D7).+5B7?0:(+9236F36&436FAL�.8,/.yÊãH¯9874W�ED7:&^(+FALvGS&£(+*D7y.+5B7?0:(+9236FT.+F/GS5B7 Ë t�uC*D7:987�HjGS987`Z_Gs.8(>G6H�(+*D7y7�b�,/.+(+,A&-Wd.+(+ED=M,/7?.�5-98Gmr�,/=-7GS@D.87:9+rs36(+,/GS&436F},A&MHjGS9+Z�36(+,/GS&�;\,A(+*£FV369+WX7`E-&D0?7:9+(236,A&�(+,/7?.Ktu«G{W^36,A&v,A&D.+,AWs*�(\,A&^(8G{(+*D7`GKrX7:9236FAF}7:Z[,/.2.+,/GS&c5-98GS5B7:9+(+,/7?.�36&D=c(+*D7:,A9\=-7:5N7:&D=-7:&D0?7Y;\,A(+*v987?=-.+*-,¡H¯(36&D=¢FAE-Z[,A&DGs.+,A('L!HjGS9[|>~Y�{��36()(+*D7ªaDEMbM7?.{;\*D7:987c(+*D7c@-E-FA�!G6HQ(+*D7cOJ­Q® ,/.)7:Z[,A(+(87?=I��;]7c*43?rX70?GS&D=MED0:(87?=z3�=-7:(236,AF/7?=�O>PR923KL!.+5N7?0:(+9236F>36&436FALM.+,/.[G6HY3g.236Z[5-F/7cG6H{�K� Ç OQPR923?L¢.8GSE-980?7?._=-7:(87?0:(87?=;\,A(+*!eYfgfghjiykml\npoKq©,A&¢(+*D7�=-7?7:5N7?.+()GS@D.87:9+rS36(+,/GS&�0K369+9+,/7?=¢GSE-(	;\,A(+*¢eJfgf�hjiUkml\npoKq¢.8GvHR369	,A&(+*D7_=M,A987?0:(+,/GS&!G6H\(+*D7 �s�2&=�TNP�����E��/ �  47:F/=ItªuC*D7_.8GSE-980?7?.	36&436FALM.87?=�*43KrX7�.+,AZ[,AFV369	O>PR923KLgaDEMbM7?.ÊãaDEMbªFA,AZ[,A(
∼ 4 × 10−15 erg cm−2 sec−1 Ë (8G[(+*D7y.8GSE-980?7?.\('L�5-,/0K36FAFAL£=-7:(87?0:(87?=v,A&£Z_7?=M,AE-Z�O>PR923KL.+E-9+rX7:LM.�.8ED08*�3S.�(+*D7\|>OY%+ÉU.+E-9+rX7:LªÊj.87?7�É�7?0stX�Mt �XË t7DJGK;]7:rX7:9K�X@N7?0K36ED.87](+*D7 ���2&=� N �%� �E��/ � .+E-9+rX7:L,/.Q3[=-7?7:5gGS@D.87:9+rs36(+,/GS&}�D(+*D7y.8,AWs&436F¡PR(8G6PR&DGS,/.87y9236(+,/GdG6H�(+*D7U=D36(23[,/.>ZyED08*g*-,AWs*D7:9{Ê¯Z_GS987y(+*436& �s�s�Ò�Ì`É1jQ5-&ª@43S08��Ws98GSE-&D=c.+E-@-(+923S0:(87?=ª0?GSE-&^(8.],A&�(+*D7 � t ��P2�K�`�X7'�#@436&D=d.85B7?0:(+923yG6HT36FAFÂGS@M¦+7?0:(8. Ë 36&D=3{Z_GS987U=-7:(236,AF/7?=�.8(+ED=MLªG6H�(+*D7:,A9�OQPR923?Lc.+5B7?0:(+923[,/.C5BGs.8.8,A@-F/7st

�"m+*�m9n ,.-#t �1��x ��z��
�x7�987:5NGS9+(�(+*D7<.+E-Z[Z�369+L{G6HD(+*D7<GS@D.27:9+rS36(+,/GS&D.�ED.87?=	,A&{(+*-,/.�36&436FALM.+,/.T,A&{u�36@-F/7 � tA�st�uC*D7 ���T&=�TNP���
� ��/[� ;]3S.	36F/.2G�GS@D.87:9+rX7?=!=ME-9+,A&-W�987:rXGSFAE-(+,/GS&D. � Y���Ê ∼ þ ����.87?0 Ë 36&D= Ç6�s� Ê ∼ � � ��.27?0_=ME-9236(+,/GS& Ë tDQGm;<7:rX7:9Y36(�(+*D7U(+,AZ_7UG6H�(+*-,/.>36&436FALM.+,/.>(+*D7:987U;]3S.>&DGdÌQ@D.87:9+rs36(+,/GS&�Ó`36(23[Ð�,AF/7�ÊRÌJÓYÐ Ë 3?rs36,AFV36@-F/7HjGS9J(+*D7[GS@D.87:9+rs36(+,/GS&�,A&�987:rXGSFAE-(+,/GS& � Y��s�«36&D=g*D7:&D0?7s�I;<7[0?GSE-F/=g&DGS(`987:5-98G�0?7?.8.Y(+*D7)=D36(23M�N;\*-,/08*;]3S.{&D7?0?7?.8.2369+L!,A&¢GS98=-7:9[(8G�ED.87d(+*D7c7�b�,/.+(+,A&-Wx36&436FALM.+,/.{(8G�GSF/.mt�ÌQ&�(+*D7cGS(+*D7:9)*436&D=I��;<7c0?GSE-F/=&DGS(<ED.27�(+*D7J=D36(23`Hj98GSZ�987:rXGSFAE-(+,/GS& Ç6�s� @N7?0K36ED.87�Z_Gs.+(CG6H}(+*D7JGS@D.87:9+rS36(+,/GS&c;C3S.C3�¥I7?0:(87?=d@^L_*-,AWs*36&D=�aÂ369+,A&-W£@43S08��Ws98GSE-&D=It)uC*D7y D98.8(U0?GSFAE-Z[&�,A&�u�36@-F/7 � tA�).+*DGK;�.U(+*D7)987:rXGSFAE-(+,/GS&�&^E-Zy@N7:9	36&D=GS@D.87:9+rs36(+,/GS&�,/=-7:&^(+,¡ 47:9Kt�uC*D7v.27?0?GS&D=z0?GSFAE-Z[&�.+*DGm;�.[(+*D7c&436Z_7£G6HY(+*D7c5-*43S.87vG6HYGS@D.27:9+rS36(+,/GS&

� �



�s� OQPR923?Lc.+5N7?0:(+98Gs.80?GS5^LvG6H ���2&=� N �%� �E��/[� .8GSE-980?7?.

Ê¯,Rt 7st£Ï��·H�GS9yGS@D.87:9+rs36(+,/GS&D.)=ME-9+,A&-W�(+*D7dÏ�3KL�F/GX3S=¢�17:9+,¡ 40K36(+,/GS&�Ï�*43S.87s�136&D=©|>Ì{�ª36&D=!|>ÌY�vHjGS9GS@D.87:9+rs36(+,/GS&D.U=ME-9+,A&-Wv(+*D7{ D98.+(y36&D=�.87?0?GS&D=�|Q&-&DGSE-&D0?7:Z_7:&^(	G6H�ÌQ5-5BGS9+(+E-&-,A(�L Ë t[uC*D7)(+*-,A98=x36&D=HjGSE-9+(+* 0?GSFAE-Z[&D.ªFA,/.+(c(+*D7�5BGS,A&�(+,A&-Wz0?G�GS98=M,A&436(87?.vG6HU(+*D7�GS@D.87:9+rs36(+,/GS&}t��]GSFAE-Z[&� DrX7�FA,/.8(8.d(+*D7GS@D.87:9+rs36(+,/GS&ª=D36(87?.K��;\*-,AF/7�(+*D7QFV3S.+(<(+*-987?7>0?GSFAE-Z[&D.C.+*DGK;�(+*D7\ DFA(87:98.<(+*436(];<7:987QED.87?=�=ME-9+,A&-W)7K3S08*GS@D.87:9+rs36(+,/GS&cHjGS9C7K3S08*£Î1Ï�%§�ÔOQPR923?Lª=-7:(87?0:(8GS9K�-(8GSWX7:(+*D7:9\;\,A(+*v(+*D7Y7�b�5NGs.+E-987J(+,AZ_7?.�3�H¯(87:9C987:Z_GmrS36FG6H�5N7:9+,/G�=-.JG6H�*-,AWs*g@43S08��Ws98GSE-&D=It`uC*D7d�TY_eJfgf�hjiUkml\npoKq�GS@D.87:9+rs36(+,/GS&D.YW^3?rX7[3_(8GS(236F�7�bM5BGs.+E-987(+,AZ_7_Ê�3�H¯(87:9\987:Z_GmrS36F}G6H�5B7:9+,/G�=-.\G6HT*-,AWs*v@43S02��Ws98GSE-&D= Ë G6H ∼ � �s� �M.87?0QHjGS9\Ò¢�Y36&D=vÒ��{=-7:(87?0:(8GS98.36&D=
∼
þ �s� �M.87?0JHjGS9\5-&}t

�y±2² ¸ »X½N¾1¿ �4Ä>Æy½NÀTµ·Ã 
 �-Á
uC*D7	 D&436F>Ê�3�H¯(87:9Yr�,/.+E436F�.20:987?7:&-,A&-W Ë &^E-Zy@N7:9yG6H<GS@M¦+7?0:(8.Y(+*436(Y;<7[=-7:(87?0:(87?=�,A&�(+*D7{(8GS(236F�eJfgf�hiUkml\npoKq�GS@D.87:9+rs36(+,/GS&�G6H1(+*D7 �s�2&=�TNP��� �E��/[� H�GSFAF/GK;\,A&-Wc(+*D7	5-98G�0?7?=ME-987)=-7?.80:9+,A@N7?=�,A&�É�7?0stI�Mt Ç ,/.� þ �MtcÐ-98GSZÍ(+*-,/.	.236Z[5-F/7�G6H\GS@M¦§7?0:(8.	;<7d.87:F/7?0:(87?=x(+*D7��K� Ç @-9+,AWs*^(87?.8(	.8GSE-980?7?.K�T,Rt 7stA�T(+*D7�.8GSE-980?7?.;\,A(+*£@N7?.+( W^E436FA,A(�L£.+5N7?0:(+923Mt1%'&�3S=-=M,A(+,/GS&}�Â@N7?0K36ED.87Y;<7y;<7:987UZ�36,A&-FALc,A&�(87:987?.+(87?=£,A&�.8(+ED=ML�,A&-W_(+*D7O>PR923KL�.+5N7?0:(+9236F�5-98GS5N7:9+(+,/7?.UG6H]|>~Y�{�B;<7[=M,/=g&DGS(`,A&D0:FAED=-7),A&�(+*D7).236Z[5-F/7[GS@M¦+7?0:(8.Y,/=-7:&^(+,¡ 47?=©3S.0:FAED.+(87:98.`G6H�W^36FV3�bM,/7?.`GS9`.+(23698.KtU%�&�(+*D7	H�GSFAF/GK;\,A&-Wv;]7);\,AFAF�987�H�7:9Y(8Gª(+*D7{.¤36Z[5-F/7{G6HY�K� Ç @-9+,AWs*^(87?.+(.8GSE-980?7?.C3S.1(+*D7QFA,/.+(�G6H ���T&=�TNP�����E��/ � GS@M¦+7?0:(8.Kt�|�H¯E-FAF40K36(236F/GSWsED7YG6HIOQPR923?L_.8GSE-980?7?.�HjGSE-&D=�,A&�(+*-,/.GS@D.87:9+rs36(+,/GS&©(236��,A&-WvH¯E-FAF]3S=MrS36&�(236WX7dG6H\(+*D7[eYf�f�hjiykml\npoKq©.87:&D.+,A(+,Ar�,A('L�,/.`,A&!5-987:54369236(+,/GS&�� �s���'tuC*D7�=M,¡¥I7:987:&D0?7?.c@N7:(';<7?7:& (+*436(ª;<GS9+�¬36&D=ÔGSE-98.c=-G!&DGS(c3�¥I7?0:(K��*DGm;<7:rX7:9K�Q(8G©(+*D7¢�K� Ç @-9+,AWs*^(.8GSE-980?7?.\ED.87?=£*D7:987st%�&gGS98=-7:9`(8Gc36FAF/GK; 0?GSZ[54369+,/.8GS&�;\,A(+*�5-987:r�,/GSED.`.+E-9+rX7:LM.J0?GS&D=MED0:(87?=�,A&�(+*D7).8G6Hj()Ê � t � P��ª�X7'� Ë36&D=£*43698=¢Ê���P2� � �X7R� Ë OQPR923?Lv@436&D=-.m�D;<7	08*D7?02�X7?=�;\*D7:(+*D7:9YGSE-9>GS@M¦+7?0:(8.>;]7:987	=-7:(87?0:(87?=�,A&�(+*D7?.87@436&D=-.Kt �x7Y*43KrX7`FA,A�X7:FA,A*DG�G�=-.>G6H�=-7:(87?0:(+,/GS&£H�GS9\(+*D7`.8G6Hj(\@436&D=I�-@B7?0K36ED.27Y(+*-,/.\@436&D=v;]3S.�ED.87?=ªHjGS9.8GSE-980?7>=-7:(87?0:(+,/GS&}t �x7>0K36F/0:E-FV36(87?=d(+*D7�FA,A�X7:FA,A*DG�G�=-.�,A&�(+*D7�*43698=gÊ���P2� � �X7'� Ë @436&D=�0?GSZ	@-,A&-,A&-W{(+*D7FA,A�X7:FA,A*DG�G�=-.]G6HN@436&D=-.C��P � t � �X7'�{� � t � P�Y�t � �X7'� 36&D= Y�t � P2�K�y�X7R�¬H�GSFAF/GK;\,A&-W{(+*D7�987?0:,A5N7>=-7?.80:9+,A@N7?=_,A&É�7?0stB�Mt Ç tJuC*-,/.J;\,AFAFTWs,ArX7{ED.Q(+*D7	=-7:(87?0:(+,/GS&�FA,A�X7:FA,A*DG�G�=�H�GS9>(+*D7{GS@M¦§7?0:(8.J,A&g(+*D7{��P2�K���X7R� 7:&D7:9+WsL@436&D=It DQGm;<7:rX7:9K��@B7?0K36ED.87C(+*D7\7�¥I7?0:(+,ArX7�36987K3`G6HB(+*D7CO>PR923KL	(87:F/7?.80?GS5N7?.1=-7?0:987K3S.87?.192365-,/=MFAL[36(�*43698=7:&D7:9+Ws,/7?.K�X;]7\=-G`&DGS(17�bM5B7?0:(�(+*D7\=-7:(87?0:(+,/GS&_FA,A�X7:FA,A*DG�G�=-.�,A&[@436&D=���P2�K�J�X7R�¬(8G`=M,¡¥I7:91.+E-@D.+(236&�(+,V36FAFALH¯98GSZ·(+*DGs.87Jrs36FAED7?.],A&ª(+*D7`��P2� � �X7R�¼@436&D=It1�JGS(87Q*DGm;<7:rX7:9�(+*436(C(+*D7?.87Y=-7:(87?0:(+,/GS&vFA,A�X7:FA,A*DG�G�=-.�36987&DGS(T7�bD3S0:(+FAL`(+*D7<.¤36Z_7<3S.T(+*D7�GS&D7?.T;<7<;<GSE-F/={GS@-(236,A&	@�L`9+E-&-&-,A&-WQ(+*D7].8GSE-980?7�=-7:(87?0:(+,/GS&_36FAWXGS9+,A(+*-Z,A&x(+*D7���P2� � �X7R�·@436&D=Itd®]L�.87:F/7?0:(+,A&-W�3v(+*-987?.+*DGSF/=x,A&xFA,A�X7:FA,A*DG�G�=©G6H`� � ;<7dGS@-(236,A&D7?=x(+*436(y(+*D7&^E-Z	@B7:9_G6HQGS@M¦+7?0:(8.)(+*436();<7:987v=-7:(87?0:(87?=¢,A&�@BGS(+*�(+*D7c.8G6Hj()36&D=¢*43698=¢@436&D=-.{;]3S.v�s�TY¢ÊjGSE-([G6H�K� ÇXË tQuC*-987?7)GS@M¦+7?0:(8.J;<7:987)GS&-FAL£=-7:(87?0:(87?=�,A&�(+*D7{*43698=�@436&D=I�Â;\*-,AF/7{(+*-987?7	;<7:987)GS&-FAL�=-7:(87?0:(87?=,A&c(+*D7J.2G6H¯(]@436&D=It�uC*D7?.87J&^E-Z	@B7:98.\,A&D=M,/0K36(87Y(+*436(C(+*D7Y.8GSE-980?7J5NGS5-E-FV36(+,/GS&v(+*436(];]7U36987Y.+(+ED=ML�,A&-W,/.U=-7:(87?0:(87?=x,A&©(+*D7_(';]G£@436&D=-.K��36&D=x(+*D7:987�H�GS987_GSE-9UFA,/.+(	G6H\.2GSE-980?7?.`,/.	36F/.8G£987:5-987?.87:&^(236(+,ArX7ªG6H\3*43698=£GS9�.8G6Hj(\@436&D=£.+E-9+rX7:Lv36(>.+,AZ[,AFV369\aDEMb-7?.Kt
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 �� � �� � " � � �� ��� ���	 
�� � 
� � �� � � � � � � �� � �� � � � � �� � � � �� #

���� �� ��� � � � � � � �� � � �"! # ! $ �% � ��� ! �  & �

Filter/GTI'( ) '* ) '+ ) ', ) '- ) '. )

�/ 0� 1( 0 � 1*

2 3 2 � 2( * + 3 2 2( 2( 45 ( 2 - * , + ! 2 6- 3 *7 ,7 * 2 2 298 2, 8 * 3 : � �+ , : � �+ , :% ; �+ +

2 3+ � 2( * + 3 2 2, 2( 45 ( 2 - * , + ! 2 6- 3 *7 ,7 * 2 2 298 2- 8 2* : � �( , : � �( , :% ; �( ,

2 3, � 2( * + 3 2 2< 2( 45 ( 2 - * , ( !7 6- 3 *7 - < * 2 2 298 2- 8 2- : � � - : � �7 :% ; �-
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-%.N$��A�����!$!-%.#/1$�&�.�&H$��L$!�<;($RQj�LC#&�.�&H$������d;(.8fhC#�AE��A.�C#�A.�I��d&('

〈Γ〉
QR-%$!��$!���d]\[F}>V	_4�ba�g� GivC#&rQR.

$�&
∼ 3 × 10−15 erg cm−2 s−1 Xh���#-z�	;("z��&SI�&H.G*��!KM��$!�<;($+$!������&('k$��A.#-%.#/D&('R$!���MKM�>;(.��!E@��IA$!�F;("

�!"z&HE��`'W&H�d'b;(-%.N$���e�������&H #��I����>��QR���A.�I>;("zIA #"�;($���C�;H��;v'k #.�IA$!-z&H.�&('�$!�����<;(��C�e�[b�F;�f�g� Gi���Qy;H�
-%.�C#����C�;��F�A"z��IA$!-z&H.B������IA$L&('j��e,�!��&H?G�!��IA$��>XL�����	=~;("% ����,&('

〈Γ〉
;(.�CBI�&H�!�����!E�&H.�CG-%.#/�}

σ
�A�!��&H���

Qj�A���M&H?#$F;(-%.���C� ��!-%.#/�$!���`��iGE#�������!-z&H.��d&('R��E#E��A.�CG-�i���XZ]GX��,�!-%.#/:$!�������`��iGE#�������!-z&H.��LQy��'k&H #.�C
$!����Qj�A-%/~�8$���C�KM�>;(.:'W&H��&H #��&H?G����IA$���$�&�?@�

〈Γ〉 � 1.79 ± 0.03
QR���A.�$!���A-%���!E���IA$!�F;	-z��*�$!$���C:QR-%$!�

0�24365N7�9BUT$!���L=H;("% ���-z�+}~XZ�~V
±
VGXZV~Y`-�' Qy�d �����$!���� #.8Qj�A-%/~�8$���CDKM�>;(.�c�X

�^.M&H��C#�A�)$�&� #.�C#�A���!$F;(.�C`?��A$!$��A�)$!���R&H�!-%/~-%.1&('�$!���R�<;(��C#�A.#-%.#/+&('
〈Γ〉

QR-%$!�M$!����VGXZY\[^],_4�¡a�g� Gi��
;(.�CS$!�������>;H��&H.BQR�NfSQj��C#&1.�&H$������+$!���	�¢;(KM��������IA$� ���-%.#/v]\[F}>V1_4�ba�g� Gi#���>�@Qj���<;�=4�	E#"z&H$!$���C
-%.:{ -%/�X8|�X%},$!���,KM�>;(.vI�&H.8$!-%.N # #K£��"z&HE@��;H��;L'k #.�IA$!-z&H.:&('¤$!����g� GiBUTE#"z&H$��LUW;4cy;(.�C�UT?�c!cj;(.�C:;("z��&
$!����=~;("% �����&('

Γ
$!�<;($jQy�,&H?#$F;(-%.���C�'W&H�y�>;HIF��-%.�CG-%=6-zCG <;("�&H?G����IA$dUTE#"z&H$��LUkIrcj;(.�C�UkC<c!c�XP���<;(.#_6�y$�&

$!���	/4&8&6CB¥N <;("%-%$^f�&('j&H #�dC�;($F;�-%$L-z�,E�&~���!-%?#"z�	$�&v�����	$!�<;($
〈Γ〉

?���I�&HKM�����<;(��C#�A�LQR-%$!��$!���`VGXZY\[^]
_4�ba�g� Gi�?���I>;( ����L;($y'W;(-%.8$�g� GiG����;�E�&HE# #"�;($!-z&H.�&('¤'b;(-%.N$���&H #��I�����QR-%$!�:=4�A�!f��<;(��C�U

≤
}rc¦��E@��IA$!�F;("

�!"z&HE�����;(�!-z�����>Xj����;("z�F&M�����L$!�<;($�$!���d.N #K�?@�A��&('P'W;(-%.8$��<;(��CD&H?G����IA$���?@��I�&HKM����KM&H���d-%K`E�&H�!$F;(.N$
;H�JQj��/4&�$�&,'W;(-%.8$��A�¦��&('k$Pg� GiG���>X)§�.`$!���R&H$!���A�)�<;(.�C��NQj��C#&�.�&H$j�������<;(��C#�A.#-%.#/�&('

〈Γ〉
QR-%$!��]\[F}>V

_4�ba�g� GiD?@��I>;( �����$!���������<;(��CB&H?G����IA$��L;(���	C#�A$���IA$���CB;($L;("%"J]\[F}>V1_4�¡a�g� Gi#����;(.�CD$!���A-%��.N #K�?@�A�
C#&8����.�&H$������AK¨$�&`=~;(�!f1QR-%$!�:g� Gi��<;(E<;(�!$R'k��&HK£;`IA #$�&(��;($

∼ 10−14 erg cm−2 s−1 Uk�����L?��A"z&>Q�c�X
�����<;�=4�R��$! �CG-z��C�QR���A$!���A�¦&H #�)IA�!-%$��A�!-�;�'k&H�J���A"z��IA$!-z&H.�&('@&H?G�!��IA$���UT-bX©�~X�ª�§L�#«�E#.`?<;HI�_6/~��&H #.�C

�! #?#$!�F;HIA$���C�I�&H #.N$���;(?@&r=4��Y~V~V4cLI�&H #"zC�?@�M-%.N$!��&6CG �IA-%.#/B;(.8f�?#-�;H�+-%.�&H #�������! #"%$��>� -%.�E<;(�!$!-zIA #"�;(�
QR���A$!���A�>��'W&H��;1/~-%=4�A.Bg� Gi��@Qy��;(����'b;�=4&H #�!-%.#/�&H?G�!��IA$���QR-%$!��;M/~-%=4�A.��!E���IA$!�F;("P�!"z&HE@�~XL� &v�!$! �CGf
$!�#-z�>�GQj���<;>=4�dI>;(�!�!-z��C�&H #$��!-%K� #"�;($!-z&H.��>XJ���,*����!$R�<;>=4�LC#��*�.���CS;	/~�!-zC:&(' E�&H-%.N$���-%.

Γ
;(.�Chg� Gi��

¬ U­*����!$j ��!-%.#/	VGXZY\[^]+_4�ba®g� Gi�;(.�C1"�;($��A�y]\[F}>V+_4�ba®g� Gi<c��NI�&r=4�A�!-%.#/	$!�����F;(KM���F;(.#/4�,&('
Γ
[ ¬ =~;("% ����

;H��&H #�,��&H #��I����>X�����-%.#/1&H.G[^;\i6-z�������!E�&H.����LK1;($!�!-zI����>�@�,¯�{�;(.�CS¯�ªD{��<;(.�CS$¡f6E#-zI>;("¤?<;HI�_6/~��&H #.�C
�!E���IA$!�F;��F�A"z��IA$���C�'T��&HK°&H.���&('j&H #�d&H?G�!��IA$��>��Qj���!-%K� #"�;($���C�;h�!E@��IA$!�! #K°&H.��>;HI���/~�!-zCBI��A"%"b�¤;(.�C
$!���A.�Qj�1I>;("zIA #"�;($���C�$!����K`-%.#-%K+ #K±��i6E�&~�! #���`$!-%KM��$!�<;($+-z�L.�����C#��C�$�&:���>;HIF��$!���`$!�#�����!��&H"zC�-%.
.N #K�?@�A��&('¤I�&H #.8$���$!�<;($yQy���<;>=4�, �����C1$�&	���A"z��IA$R&H #����&H #��I����>XP�²-%$!��$!�������,�!-%K� #"�;($!-z&H.���Qj�,Qj�A���
.�&H$�-%.8$��A�����!$���CD-%.�¥8 <;(.N$!-�'kf8-%.#/�$!����C#�A$���IA$!-z&H.B"%-%K`-%$���;H�,;`'T #.�IA$!-z&H.B&(')e�[b�F;�fvg� GiD;(.�C��!E@��IA$!�F;("
�!"z&HE��~�~?# #$J$�&L�!$! �CGf+$!����?#-�;H�F���J-%.`&H #�)�F;(K`E#"z�~�8;(.�C�QR���A$!���A�)$!���Af`;\����IA$P&H #�¦�����! #"%$��>X������A����'k&H���
Qj�M&H.#"%f�.�����C�$�&�C#&:&H.��1�!-%K+ #"�;($!-z&H.�&H.��>;HI���/~�!-zC�I��A"%"y;(.�C�$!���A.�Qj�L�³ ��!$��<;>=4�M$�&:���>;(��IF��'k&H�
$!���LE�&H-%.N$��R-%.�$!���

Γ
[
S
/~�!-zCvQR-%$!�SI�&H.��!$F;(.8$���iGE@&~�� #����$!-%KM�~X

{�&H�M;�I�&H.��!$F;(.N$M��iGE�&~�! #���1$!-%KM�v&(',]~´~VD_G����I�$!���hC#&H$�[¡C�;H����"%-%.�����-%.�E#"z&H$��:UkIrc	;(.�CµUkC<c+&H.
{�-%/�XJ|�X%}:���AE#�������A.8$1$!����=~;("% ����M&('

Γ
;(.�C ¬ $!�<;($�;(���:����¥8 #-%����C�$�&�&H?#$F;(-%.®Y~V~V�I�&H #.N$���-%.�$!���

�!-%K+ #"�;($���C	�!E���IA$!�F;GX¤���j�����)$!�<;($ -%.+$!���j��&('T$ ?<;(.�C��\'k&H�P;�/~-%=4�A.+g� Gi��(Qj�¦�<;�=4�j$!���¦�F;(KM�j��¶1IA-z�A.�IAf
&('�C#�A$���IA$!-z&H.�'W&H��CG-����A���A.N$	=~;("% �����&('

Γ
C#&>QR.�$�&�}~XZYGX:��$�g� GiG���	;(?@&r=4�

∼ 10−15 erg cm−2 s−1

Qj�LCG-zCh.�&H$y*�.�C:;(.Nf�C#�A$���IA$!-z&H.S?#-�;H�j$!�<;($�I�&H #"zCvI�&H.8$!�!-%?# #$��L$�&	$!���,&H?��F�A�!=4��Cv�<;(��C#�A.#-%.#/M&('
〈Γ〉

X



|�X |��Pi#I�������;(?���&H�!E#$!-z&H. �~Y

�����	��

�����������	x��#xAt��Nx�t�o¢x�m��
〈Γ〉 � ��!�"�#%$'&)(�* sHt+� *,(�-%# pHx/.1032546�Am)71s98;:Am)7
8�x<�>=�? (

! x;: ! ≥ 95% @ sHt��A26t�s,8;:�m)7
8�x<�B=C? (D! x;: ! < 95% @ :�m)2E7�oFxF: $ ?nm)7	x�s4o " :�m)297!oFx � xG29:�x<� ΓsHt�� ¬ �;7!mHq �C! :H8�xF: !JIK! qMm
�Nx�wL=%0�2~3G5N7�9�m)7j0�2~3G5N7NM @%$PO 7;7!m)7;:+o�m)7F7!x;:��GmHt�� ! m !�" x - σo�mHt I �8x�t�oFx � t ! xF7FQ\sHw $
§�.#"%f�$!����?#-%.�;($�$!���1'W;(-%.8$����!$�VGXZY\[^]D_4�¡a¨g� GiG���:UTE<;(.��A"�;4c+I�&H #"zC ?��v;\����IA$���C ?Nf ;DC#�A$���IA$!-z&H.
?#-�;H�>XR�����A����'W&H����&H #�,�!-%K+ #"�;($!-z&H.����!��&rQj��CD$!�<;($�$!���+�<;(��C#�A.#-%.#/�-%.

〈Γ〉
-z��;(.S-%.N$!�!-%.���-zI+E#��&HE��A�!$¡f

&('¤&H #�y&H?G�!��IA$��>XJ������&H?G�!��IA$��¦�����!E�&H.��!-%?#"z��'W&H�¦$!���,�<;(��C#�A.#-%.#/`&('
〈Γ〉

I>;(.h?�����&H #��I����jQR-%$!�v"�;(�!/4�A�
;(?���&H�!E#$!-z&H.S&H��QR-%$!�S-%.N$!�!-%.��!-zI>;("%"%fv�<;(��C#�A����E@��IA$!�F;GX

�^.	$!����]\[F}>V,_4�ba®?<;(.�C`Qj�R&H?#$F;(-%.���C�CG-����A���A.8$)�����! #"%$��P'k��&HK�$!�����!-%K� #"�;($!-z&H.��>XJ��$J$!���y'b;(-%.N$����!$
g� GiG���y&H?G�!��IA$��¦QR-%$!�v��&('k$¦�!E���IA$!�F;�;(����?@�A$!$��A��C#�A$���IA$���C�X)���#-z�j-z�y;(.h��i6E���IA$���C1������ #"%$¦?���I>;( �����$!���
������IA$!-%=4�d;(���>;�C#��IA���>;H�F���R�F;(E#-zCG"%fv;($��<;(��C:�A.��A�!/~-z���,;(.�Cv$!���A����'k&H����-%$�-z��KM&H���dCG-�¶1IA #"%$R$�&`C#�A$���IA$
'W;(-%.8$,&H?G�!��IA$���QR-%$!�Dg�;($���E@��IA$!�F;("P�!"z&HE����>X��,&>Qy�A=4�A�>�nC#&>QR.B$�&�$!����g� GiS"z�A=4�A"PQR���A����Qy����$F;(�!$,$�&
"z&8&~�F�d'b;(-%.N$L�<;(��C�&H?G�!��IA$��>�

∼ 6 × 10−15 erg cm−2 s−1 ��Qy�`�����	$!�<;($,$!���A����-z��.�&vC#�AE��A.�C#�A.�I��`&('
Γ
QR-%$!���<;(��Chg� Gi:?���I>;( ����~��;H�RQj�+�F;(-zC:?���'k&H���~�G�<;(��C�&H?G�!��IA$���;(���dC#�A$���IA$���C�;($�;("%"�g� Gi#���>X
���`I�&H.�IA"% �C#��$!�<;($L.�&H.��`&('�$!���	C#�A$���IA$���C�C#�AE@�A.�C#�A.�I����d&('

〈Γ〉
&H.�$!���`��&('k$�&H���<;(��C�e�[b�F;�f

g� Gi:;(����;H����&6IA-�;($���CvQR-%$!�S���A"z��IA$!-z&H.S������IA$��R-%.S&H #���¢;(K`E#"z�L&('P&H?G�!��IA$��>X

RGSTR UWV 
 � X�X �R�YX<�R�+Z�
�[��]\
�¡.�&H��C#�A��$�&D�!$! �CGf�$!���h.<;($! #���h&('�$!����E@&HE# #"�;($!-z&H.�&('�'b;(-%.N$	�<;(��C���&H #��I����	�����!E@&H.���-%?#"z�M'W&H�+$!���
�<;(��C#�A.#-%.#/h&('

〈Γ〉
QR-%$!��$!����VGXZY\[^]1_4�ba�g� Gi�Qy�+�<;>=4�d*�$!$���CD$!������E@��IA$!�F;1&('j;("%" &H?G�!��IA$���QR-%$!��;(.

;(?���&H�!?���C:E@&rQj�A��"�;�Q KM&6C#�A"b�60�2436587>M@X��,�!-%.#/`$!�#-z���!E���IA$!�F;("nKM&6C#�A"nQR���A.S.�����C#��C:Qy�d&H?#$F;(-%.���C
;�=~;("% ��1'k&H�	$!���1Qy�A-%/~�N$���C�KM�>;(.�&('

〈Γ〉 = 1.87 ± 0.04
UT$!���h=H;("% ���?��A-%.#/

〈Γ〉 = 1.95 ± 0.08QR���A.� ��!-%.#/�$!����;(�!-%$!�#KM�A$!-zIMKM�>;(.�c�'W&H�d$!���M&H?G�!��IA$��LQR���A����;(?��F&H�!E#$!-z&H.�Qy;H��C#�A$���IA$���C�UWYG}M&H #$
&('�}>]5^M&H?G����IA$��¢c�QR-%$!�D;(.S{ [b$����!$��!-%/~.#-�*<I>;(.�I��

≥
�~Y%_h��;(.�C

〈Γ〉 = 1.95 ± 0.03
UT$!���d=~;("% ��L?��A-%.#/

〈Γ〉 = 1.82±0.04
QR���A.1 ���-%.#/+$!����;(�!-%$!�#KM�A$!-zI�KM�>;(.�c�'W&H�¦$!����&H?G����IA$��jQR���A����Qy��CG-zCM.�&H$yC#�A$���IA$

;(?���&H�!E#$!-z&H. UT`H]`&H #$�&('�}>]5^�&H?G�!��IA$��
a�{ [b$����!$
<
�~Y%_`c�X

�����SC#�AE��A.�C#�A.�I���&('
〈Γ〉

&H.�VGXZY\[^]�_4�ba ;(.�C�]\[F}>V�_4�ba g� Gi#���1$!�<;($�Qj�:'W&H #.�C�*�$!$!-%.#/ $!���
�!E���IA$!�F;�&('�&H #��&H?G�!��IA$��+QR-%$!��0�2436587>M�-z�	�!��&>QR.�-%. {�-%/�Xn|�XZ]GX:{<&H�	&H?G�!��IA$��+QR���A���v;(?���&H�!E#$!-z&H.



�~� e�[b�F;�fv�!E���IA$!��&~��I�&HENf:&('¦lnm>o�p\q`s~t�u+mHwzxR��&H #��I����

�����	��

�A�����+� � � : ! 7 � 8F2 !C� mHtSm�� Nobs
H

��m)7Ls,8;:Am57 8�x � =C? ( ! x;: ! ≥ 95% ��� 2#s)7�x;: @ sHt��626t�s,8 (:Am)7
8�x<��=�? ( ! x;: ! < �,&���� ! 7 � sHt
	Hw%xF: @ m,8��>x!o ! : $ O 7F7!m)7 :�o�m)7F7�x;:T�Gm~t�� ! m !�" x �9#
� o�m~t I �Nx�t@oFx
� t ! x 7;Q\s~w $

Qy;H�RC#�A$���IA$���C�Uk�F¥N <;(�����¢c)Qj�� ��F��C�$!�����!E���IA$!�F;("�E<;(�F;(KM�A$��A���+U
Γ
;(.�C:&H?����A�!=4��C ¬ c¦&H?#$F;(-%.���C:QR-%$!�

0�24365N7NM@�\QR�#-%"z�j'W&H�P #.<;(?���&H�!?@��C���&H #��I�����UT$!�!-�;(.#/~"z����c Qj�� �����C	$!���yE<;(�F;(KM�A$��A���P'k��&HK 0<2~3G5N7�9�X(�¡$
-z�j�A=6-zC#�A.N$y'k��&HK�$!����E#"z&H$��y$!�<;($R;(?���&H�!E#$!-z&H.:I>;(.:;HI�I�&H #.8$y'k&H�y=8-%�!$! <;("%"%fh;("%"�$!���,�<;(��C#�A.#-%.#/`&('

〈Γ〉QR-%$!�D��&('k$�e�[b�F;�fvg� Gi�X�����;("z��&1�����d-%.�{ -%/�X�|�XZ]`$!�<;($,$!���+�F;(KM�dC#�AE��A.�C#�A.�I��	&('
〈Γ〉

QR-%$!�Se�[b�F;�f
g� Gi:-z�R'W&H #.�Cv'k&H��?@&H$!�D;(?��F&H�!?@��C�;(.�C: #.<;(?���&H�!?���CS&H?G�!��IA$��>X¦���+CG-zC��! #"z�d&H #$�$!���d��i6-z��$��A.�I��d&('
;h�!-%/~.#-�*<I>;(.N$dE�&HE# #"�;($!-z&H.�&('j'W;(-%.8$d��&H #��I����LQR-%$!��-%.N$!�!-%.���-zI>;("%"%f��<;(��C#�A�d��E@��IA$!�F;(")�!"z&HE�����C#&>QR.�$�&
g� GiG���

∼ 3 × 10−15 erg cm−2 s−1 X
�����,�����! #"%$��� ��!-%.#/��<;(��C�g� GiG���RCG-zCh.�&H$�=~;(�!f1�!-%/~.#-�*<I>;(.N$!"%f4Xj���#-z��-z����i#;HIA$!"%f�QR�<;($yQy��Qj&H #"zC

��i6E���IA$y-�'�;(?���&H�!E#$!-z&H.:E#��&6CG �I����j$!���,�<;(��C#�A.#-%.#/M&('
Γ
�8?���I>;( �����]\[F}>V�_4�ba g� Gi#���R;(���,"z�����y;\����IA$���C

?Nf�;(?���&H�!E#$!-z&H.nX


���
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���! #K`K1;(�!f�&(')$!���+�����! #"%$���&('¦&H #�,�!E���IA$!�F;("�;(.<;("%fG�!-z��-z��E#�������A.8$���CS-%.�� ;(?#"z��|�XZ]MQR�#-%"z��?@����$
*�$,��E@��IA$!�F;("�E<;(�F;(KM�A$��A���,'k&H���>;HI�����&H #��I���;(���	�!��&>QR.B-%.B� ;(?#"z�	|�XZ´GX,���+�<;>=4�	&H.#"%fS-%.�IA"% �C#��CD-%.



|�XZYM§�=4�A�F;("%" �!E���IA$!�F;("�E#��&HE��A�!$!-z����&('¦lnm>o�p\q`s~t�u+mHwzxR��&H #��I���� �5�

$!����$F;(?#"z��-%.G'W&H�!K1;($!-z&H.1&H.M$!����&H?��F�A�!=4��C`e�[b�F;>f`�!E@��IA$!�F;("#E#��&HE��A�!$!-z���¦&('�$!����&H?G�!��IA$��>�4QR�#-zIF�M-z�J$!���
;(-%K &('n&H #�y;(.<;("%fG�!-z�>�8��&LQy���<;�=4��.�&H$¦-%.�IA"% �C#��C�-%.1$!����$F;(?#"z�,;(.8f`-%.G'k&H�!K1;($!-z&H.v&H.M$!����E#��&HE��A�!$!-z���
&(')$!�������	&H?G����IA$��L;($�&H$!���A��Q�;�=4�A"z�A.#/~$!���>XL�^.S$!����E#�������A.N$�Qy&H�!_�Qj�	-zC#�A.N$!-�*<��CB&H #��&H?G����IA$��,QR-%$!�
$!�����F;(KM��.8 #K+?��A���¦$!�<;($)QR-%"%"<?@�R ��F��C�-%.�;,'W&H�!$!��I�&HK`-%.#/�I>;($F;("z&H/~ ���E<;(E��A�¦&('�$!���8+�-.-0/21436587:9�;
C#���AE��! #�!=4�Af`-%.�$!���,l¤m>o�prqMsHt:udmHwzxP*<�A"zC��Z]~´��¡XP�����!$)*�$jE<;(�F;(KM�A$��A���jQy�A����&H?#$F;(-%.���CM*�$!$!-%.#/�ªB§L�
;(.�CSE#.B�!E���IA$!�F;1��-%K+ #"%$F;(.���&H ��!"%f4X���.#"z������&H$!���A�!QR-z�F������¥8 #-%����CD?Nf�$!���	C�;($F;G�@Qj�	 �����CD$!�����F;(KM�
ªB§L��;(.�C�E#.�KM&6C#�A"R.�&H�!K1;("%-z�F;($!-z&H.��>X�{�&H�`$!���v��&H #��I�����'W&H��QR�#-zI���$!���:�!E���IA$!�F;("�*�$�����¥N #-%����C
CG-����A���A.8$+.�&H�!K1;("%-z�F;($!-z&H.��+'W&H�L$!���MªB§L��;(.�C�E#.��!E���IA$!�F;G�nQy�`"%-z�!$d$!���`g� GiG���	;(.�C�"% #K`-%.�&~�!-%$!-z���
&H?#$F;(-%.���C:QR-%$!��$!���d��E@��IA$!�! #K QR-%$!�S?@���!$R¥8 <;("%-%$¡f4X

{�&H���~Y�&H?G����IA$��hU
∼
Y5^%_`c,$!���`?����!$�*�$dKM&6C#�A")Qy;H�	;v�!-%.#/~"z�`E�&>Qj�A��"�;�QOU�0�2~3G5N7�9Gc�X���KM&H.#/

$!��������&H?G����IA$���$!���A����Qy�A���H^~Y�$¡f6E@��[F}���� 	 ;(.�CvY�$^f8E���[^]���� 		X8����C#�A$���IA$���C�;(?���&H�!E#$!-z&H.:-%.SY5^
&H?G����IA$���&H #$�&('y}>]5^�UT|,^%_`c��G-%.�IA"% �CG-%.#/ `�$¡f6E@��[F}L��� 	 ;(.�CS]5^	$¡f6E���[^]���� 	�X#��;(?#"z�L|�X ^	"%-z�!$���$!���
'T�F;HIA$!-z&H.M&('�&H?G����IA$��PQR-%$!��C#�A$���IA$���CM;(?���&H�!E#$!-z&H.M-%.M&H #�J�F;(K`E#"z��;(.�C�-%.`$!���R�F;(K`E#"z���J&('@$¡f6E@��[F}�;(.�C
$¡f6E@��[^]S��� 		X¤����������=H;("% �����Qj�A���hI�&H�!����IA$���C 'k&H�	�!E# #�!-z&H ��	C#�A$���IA$!-z&H.����M'W&H"%"z&>QR-%.#/B$!���1KM�A$!��&8C
C#����IA�!-%?���CS-%.B��E#E��A.�CG-�iD�	X |�X,���+ �����CD$!���	KM�A$!��&8CBC#����IA�!-%?���CD-%.�ªB;($���&~���A$L;("bXzUW]~V~V~Y~;4c��%}>Y~]��
;(.�CS�8$��A=4�A.����A$�;("bXzUW]~V~V~Y4c��Z]~](|	� ;(.�C:-%.���E#E@�A.�CG-�i:��X |���$�&`I�&HK`E<;(���L$!����'k�F;HIA$!-z&H.���&('P;(?��F&H�!?@��C
&H?G����IA$��	-%.�$¡f6E���[F}v;(.�C�$^f8E���[^]���� 	�X�����'W&H #.�C $!����'k�F;HIA$!-z&H.���$�&�?@�hCG-����A���A.8$SUT$!����'T�F;HIA$!-z&H.
&('j;(?���&H�!?���CD&H?G�!��IA$��,-%.D$^f8E���[^]1��� 	�?@�A-%.#/h"�;(�!/4�A��$!�<;(.D-%.�$¡f6E���[F}���� 	Lc�QR-%$!��;1�!-%/~.#-�*<I>;(.�I��
&('LKM&H����$!�<;(. �5�GX �5�%_hX 	�&H$��S$!�<;($1$!���:'k�F;HIA$!-z&H.��h&('L&H?G�!��IA$���QR-%$!��C#�A$���IA$���C®;(?���&H�!E#$!-z&H.²;(���
�!-%/~.#-�*<I>;(.N$!"%f+"�;(�!/4�A� $!�<;(.�$!��&~���)'W&H #.�CL'W&H� ��e������F&H #��I����>�\�� #E#E@&H�!$!-%.#/,$!���)�����! #"%$�$!�<;($ ��-%/~.#-�*<I>;(.N$
'T�F;HIA$!-z&H.�&('���e������F&H #��I����)�<;�=4�� #.�C#�A$���IA$���Ch;(?��F&H�!E#$!-z&H.�CG ���$�&d$!����K+ �IF��"z&rQj�A�y�!-%/~.<;("�[b$�&([b.�&H-z���
�F;($!-z&M&('P$!���A-%���!E���IA$!�F;GX

� ����� � � ��������xF:;26w ! :	m<�G�Nx ! x!o !C� mHt�m���	 ( 7!s��hs,8F:Am)7�� !C� mHt $�G;(K`E#"z�
Ntot Nabs f +

− 1 − FU�}rc UW]4c U�^4c UT|8c UWY4c
��"%"¤��&H #��I���� }>]5^ Y5^

0.38+0.07
−0.07 ≥

VGXZ]%`
$^f8E���[F}d��� 	 |N� ` VGX%}>V

≤
VGXZ]5�

$^f8E���[^]`��� 	 ]~´ ]5^ VGX `5`
≥
VGXZYG}

� &H"% #K`.���;(���+;H��'W&H"%"z&>Q��6��U�}rc��F;(K`E#"z�d&('J&H?G�!��IA$��
anUW]4cy.N #K�?@�A�,&('P&H?G�!��IA$���&H.S�>;HIF�S�F;(K`E#"z�5a¤U�^4c
.8 #K+?��A��&('J&H?G����IA$��RQR-%$!�DC#�A$���IA$���CS;(?���&H�!E#$!-z&H.D&H.��>;HIF�D�F;(K`E#"z�5a UT|8c¦'T�F;HIA$!-z&H.S&(');(?���&H�!?���C
&H?G�!��IA$���I�&H�!����IA$���C�'k&H�R$!���d��iGE���IA$���Ch'T�F;HIA$!-z&H.S&('J�!E# #�!-z&H ���C#�A$���IA$!-z&H.���Uk�����L��E#E@�A.�CG-�i��	X |8c�X
�J�!��&H����I�&H�!������E@&H.�C:$�&M$!���M}

σ
I�&H.G*<C#�A.�I��d-%.N$��A�!=~;("bX¦{<&H��$¡f6E@��[F}d;(.�C�$¡f6E@��[^]`��� 	 Qy�dC#&`.�&H$

/~-%=4���A�!��&H�R?<;(���R?@��I>;( ��F��-%.v$!���,'W&H�!KM�A��$!����"z&>Qj�A���A�!��&H�R?<;(�y���>;HIF������$!���,�>�A��&�=~;("% ���;(.�Cv-%.v$!���
"�;($��A��-%$R���>;HI������	}5anUWY4cy=~;("% ��d&('P$!���,'T�F;HIA$!-z&H.S&(');(?���&H�!?���C�&H?G�!��IA$���'k&H�RQR�#-zIF�.��U­'

≥
{)c � VGX �5�%`)^'W&H��;("%"n��&H #��I����,;(.�C:$¡f6E@��[^]���� 	 ;(.�C ��U­'

≤
{)c � VGX �5�%`)^�'W&H�R$¡f6E���[F}d��� 		X



}>V~V e�[b�F;�fv�!E���IA$!��&~��I�&HENf:&('¦lnm>o�p\q`s~t�u+mHwzxR��&H #��I����

�����	��

�B� ���J� �	x��#x�t+�Nx�t�oFx�m�� � x � 	 "9! x<� 〈Γ〉 � ��!�"�#%$'&)(�* pHx/.1032)4 $ ?¤m)7hx!sNo " :Am)2E7�o¢x
� x 2,:>x<� !�" xG:T��x!o ! 7!sHw��Gs)7!sHq1x ! xF7;:�m,8 ! s � t@x � �;7!mHq ��! :68�xF: !+I ! q`m �Nx�w =�:�xFx ¬ x!o $ ��$ & ��m)7�Nx ! s � w : @5$ O 7F7�m57 :�o�m57;7�x;:T�#mHt�� ! m !�" x - σ o�m~t I �Nx�t@oFx � t ! xF7FQ\sHw $


���� ��� � +/�1%(� ')% ��� ���1� -/.�� =�=��
����-%.#/	$!����?����!$�*�$��!E���IA$!�F;("��!"z&HE�����Qj�d&H?#$F;(-%.���CS;	Qy�A-%/~�N$���C

〈Γ〉
&('

1.87 ± 0.02
U
1.86 ± 0.02

-�'
$!���`;(�!-%$!�#KM�A$!-zI`KM�>;(.�-z�� �����C<c�X+�^.�{�-%/�X�|�XZY�Qy�`�!��&>Q�$!���`C#�AE��A.�C#�A.�I��`&('

〈Γ〉
QR-%$!��VGXZY\[^]h_4�ba

g� GiM ��!-%.#/+$!����?@����$J*�$¦E<;(�F;(KM�A$��A���LU
Γ
;(.�C ¬ c�'W&H�¦�>;HIF�h&H?G�!��IA$>XP����������$!�<;($¦QR���A.:;("%"�C#�A$���IA$���C

�!E���IA$!�F;("�I�&HK`E@&H.��A.8$���;(���:$F;(_4�A.�-%.N$�& ;HI�I�&H #.8$�CG #�!-%.#/�$!���:*�$!$!-%.#/��j$!���S��I>;($!$��A�M-%.�KM�>;H�! #����C
〈Γ〉

Uk������{�-%/�X�|�XZ]4c�-z������CG �I���C��!-%/~.#-�*<I>;(.N$!"%f4��;(.�CBKM&~�!$L&('j$!����E�&H-%.N$��+;(����I�&H.��!-z�!$��A.8$dQR-%$!��$!���
&H?#$F;(-%.���C�KM�>;(.�=~;("% ��,'W&H�R$!���LQR��&H"z�d�F;(K`E#"z�d&('J&H?G�!��IA$��>X

�����vKM�>;(.�?����!$	*�$���E@��IA$!�F;("��!"z&HE��hQy;H��'W&H #.�C�$�&B?@�
1.89 ± 0.03

U
1.88 ± 0.03

QR-%$!��$!���
;(�!-%$!�#KM�A$!-zIdKM�>;(.�cj'W&H��$¡f6E@��[F}+��� 	 ;(.�C

1.71 ± 0.03
U
1.82 ± 0.06

QR-%$!�:$!���+;(�!-%$!�#KM�A$!-zILKM�>;(.�c
'k&H�¦$¡f6E@��[^]L��� 	�X~�^.1{�-%/�X~|�XZ��Qy��I�&HK`E<;(���

〈Γ〉
'W&H�)$^f8E���[F}���� 	®;(.�CM$^f8E���[^]L��� 	®;H�j;�'k #.�IA$!-z&H.

&('�VGXZY\[^]L;(.�C�]\[F}>V,_4�ba²g� GiG���rX {�&H�¦$¡f6E@��[F}���� 	��\'W&H�JQR�#-zI�� `,&H #$)&('�|N�L;(����e�[b�F;�fM;(?���&H�!?���C��~Qj�
&H?#$F;(-%.���C�$!���L�F;(KM�d�����! #"%$��R ��!-%.#/�VGXZY\[^]1;(.�CS]\[F}>V�_4�ba�g� Gi#���>�#-bX©�~X%�#.�&`C#�AE��A.�C#�A.�I��+&('

〈Γ〉
QR-%$!�

$!���+e�[b�F;�fSg� Gi�X,�,&>Qj�A=4�A�>�ne�[b�F;>fD;(?���&H�!E#$!-z&H.B-z�,-%K`E@&H�!$F;(.8$,-%.�$¡f6E���[^]���� 	£U
∼
`5`5_ &('j$¡f6E@��[^]

��� 	�?@�A-%.#/Le�[b�F;�fM;(?���&H�!?���C1;(.�C�QR-%$!�M"�;(�!/4�A�j;(?��F&H�!?#-%.#/�I�&H"% #K`.1C#�A.��!-%$!-z���¦$!�<;(.`$¡f6E@��[F}���� 	�c�X
���d'W&H #.�C�$!�<;($,$!�����F;($!-z&�&(')$^f8E���[^]M��� 	��\$¡f6E���[F}���� 	 -%.�IA���>;H�F����;($�'W;(-%.8$��A�dVGXZY\[^]M_4�¡a g� GiG���

	�

��������������������������������������� ��!#"%$&�'��()�����*���,+���!#$&"-�����'�.!0/1��������!#"�$&!023���'$&����4�/1���5��������!#4%$�/6��4�78������9;:<�����=�?>@�'�
≥ A%B%CEDGF ��$&��� B�C 4�/G�)����������!#4%$��?�'���*��H)�����������E��4I+��J����(���!#4%(�� D



|�XZYM§�=4�A�F;("%" �!E���IA$!�F;("�E#��&HE��A�!$!-z����&('¦lnm>o�p\q`s~t�u+mHwzxR��&H #��I���� }>VG}

�����	��

� � ���/�]�	x��#xAt��Nx�t�o¢xdm��
〈Γ〉 � ��!�" #%$'&)(�* sHt�� *%(<-%# pHx/.6032)4K��m)7 ! �;�#x (�- s~t�� ! �;�#x (

*������ $ ?nm)7vx!s4o " :�m)297!oFx � x�29:�x � Γ
s~t�� ¬ �F7!mHq �C! :A8�x;: !�I ! qMm
�Nx�w =�: � t 	~w%x �Gm � x 7w�s � m57`s98;:Am)7
8�x<���Gm � xF7`w�s � � :�x�x ¬ x!o $ �+$ &,$�- ��m)7��Nx ! s � w : @5$YO 7F7!m)7 :1o�m57;7�x;:T�#mHt�� ! m !�" x

- σ o�mHt I �Nx�t�o¢x � t ! xF7;Q(sHw $
UT.�&H$jI�&H�!����IA$���C�'W&H�y;(?���&H�!E#$!-z&H.�c��6QR�#-%"z��-%$¦���AK1;(-%.���I�&H.��!$F;(.N$yQR-%$!�:]\[F}>VL_4�ba g� Gi�X����,��i6E#"�;(-%.���C
$!�#-z�R������IA$R-%.S�6��I~XG|�X ^`;H��?��A-%.#/MCG ���$�&�$!������i6-z�!$!-%.#/1;(.8$!-�[¡I�&H�!���A"�;($!-z&H.D?��A$¡Qy���A.D;(?���&H�!E#$!-z&H.S;(.�C
��&('k$y;(?���&H�!?���C�g� Gi��6-bX©�~X%�6$!���,KM&~�!$�;(?���&H�!?@��Ch&H?G�!��IA$����<;�=4�,$!����'W;(-%.8$����!$yg� GiG���y-%.v$!���,VGXZY\[^]�_4�¡a
?<;(.�C�XJ���d;("z��&M�F����-%.�{ -%/�X�|�XZ��$!�<;($

}~X��¦f8E���[^]`��� 	�$��A.�C:$�&��<;�=4�
〈Γ〉

�!"%-%/~�N$!"%fv"z&rQj�A��$!�<;(.S$¡f6E@��[F}d��� 	 ;($�;("%"�g� Gi#���
]GX�� IA"z�>;(��CG-z�!E��A���!-z&H.:-%.

Γ
-z���!$!-%"%"�E#�������A.N$�-%.�?@&H$!���¢;(K`E#"z����&('P$¡f6E@��[F}d;(.�C:$^f8E���[^]`��� 	

�����<;�=4�`'k&H"%"z&rQj��C�$!����E#��&6I���CG #���MC#����IA�!-%?���CB-%. 	,;(.�CG�F;	� ��&H #.�C#� �%} `\| �j;(.�C�ª�;HI�I>;HI>;(��&
�A$�;("bXzU�}
�~´~´4c��%}
^~´�� $�&�¥N <;(.8$!-�'Tf:$!���+-%.N$!�!-%.��!-zI	CG-z�!E��A���!-z&H.�-%.S$!����CG-z�!$!�!-%?# #$!-z&H.B&(')E#��&H$�&H.S-%.�CG-zI����
'k&H�y$¡f6E���[F}�;(.�Ch$^f8E���[^]	��� 	 ;H��Qj��CG-zC�'W&H�y��e,�!�1��&H #��I����>�#;(.�Ch$�&	�F����QR���A$!���A�>��;\'k$��A��;("%"z&>QR-%.#/
'k&H�R-%.8$!�!-%.��!-zIdCG-z�!E��A���!-z&H.:-%.

Γ
�GQy�d�!$!-%"%"�*�.�C:$^f8E���[^]���� 	�$�&�?@�,g�;($!$��A��&H.S;�=4�A�F;(/4�d$!�<;(.:$^f8E���[F}

��� 		X#����;H���� #KM��C:$!�<;($�$!����CG-z�!E@�A����-z&H.�-%.
Γ
=H;("% �����I>;(.S?��LQj�A"%"PC#����IA�!-%?���C:QR-%$!��; �L;( ����!-�;(.

'T #.�IA$!-z&H.v&('nKM�>;(.
〈Γ〉

;(.�ChCG-z�!E@�A����-z&H.
σ〈Γ〉

XP�^.�{�-%/�X8|�X `�Qj�,�!��&rQ�$!���,CG-z�!$!�!-%?# #$!-z&H.���&('
Γ
=~;("% ����

'k&H��;("%"n�F&H #��I����>�#$¡f6E���[F}d��� 	 ;(.�Cv$¡f6E@��[^]`��� 	�X
�����������! #"%$���&(')$!�#-z�L;(.<;("%fG�!-z��;(���+"%-z�!$���CD-%.B� ;(?#"z��|�X |���QR���A����Qj�	�<;>=4�+-%.�IA"% �C#��C�$!����=H;("% ����

&H?#$F;(-%.���C1 ���-%.#/�$!����Qj�A-%/~�8$���C�KM�>;(.�'W&H�yI�&HK`E<;(�!-z��&H.nXJ���#-z��¥8 <;(.N$!-%$F;($!-%=4�L;(.<;("%fG�!-z�jI�&H.G*��!KM�y$!���
¥N <;("%-%$F;($!-%=4�v-%.G'W&H�!K1;($!-z&H.�&H?#$F;(-%.���C�'k��&HK {�-%/�XP|�XZ� ��$!���A���h-z�M;D��-%/~.#-�*<I>;(.N$1CG-z�!E��A���!-z&H.�-%.�?@&H$!�
$¡f6E@��[F}d;(.�C�$¡f6E@��[^]`��� 	 ;(.�C:$!�<;($�$¡f6E@��[^]���� 	 ;(���d�!"%-%/~�8$!"%fv�<;(��C#�A��$!�<;(.�$¡f6E���[F}d��� 		X

�^.�{�-%/�X@|�XZ´MQy�`�!��&>Q $!����I�&H.N$�&H #����-%.
〈Γ〉

[
σ〈Γ〉

��E<;HI��+'W&H�
∆χ2 &('�]GX ^G���GX%} `h;(.�C�}~}~XZ´�$!�<;($

I�&H�!�����!E�&H.�CD$�&B}~�n]v;(.�C ^
σ
'W&H��$¡Qy&vE<;(�F;(KM�A$��A���>X��������!-%/~.#-�*<I>;(.�I��`&('y$¡f6E@��[^]h��� 	 ?@�A-%.#/�&H.

;�=4�A�F;(/4��g�;($!$��A��$!�<;(.�$¡f6E@��[F}L��� 	 -z��&H.#"%fv&('
1.62σ

UT ��!-%.#/1$!����=H;("% �����&('
Γ
&H?#$F;(-%.���CSQR-%$!�:$!���

ª.��KM�A$!��&8C�
rc��¤;(.�C�$!���A����'k&H���`QR-%$!��$!���1IA #�!���A.N$+C�;($F;vQy�MI>;(.#.�&H$+I�&H.�IA"% �C#�`$!�<;($+$!���M;�=4�A�F;(/4�
I�&H.N$!-%.8 # #K &('P$¡f6E@��[^]���� 	 -z����-%/~.#-�*<I>;(.N$!"%fvg�;($!$��A��$!�<;(.�$!�<;($�&('�$^f8E���[F}d��� 		X
��
 4���� ���3� �J���&����!#"%$�!#2&����$���� 4'/

Γ
+���!#$&" ��!�� ������$ �,/ 4'�*���)����:�������
 �'$3�����)����:�������
 ! �

∼ � σ !0/ �����������#(����
4�+�����!#$����E> !0��� ����� > ��!#"�� ����� 7-����$ �'���*(���������$&� $�4I!#$ ����!#$���! � �)!#����������!#4%$�!#$

Γ
! � ��4�$&��! ���5����� D
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�����	��

�������/� � � : ! 7 � 8 2 !C� mHt/:1m�� Γ
Q\sHw 2�x;:hm,8 ! s � t@x �G�F7!mHq !�" x 8�xF: !�I ! qMm
�8x�wjm��hx�s4o "m,8��>x!o !�$�� m;���,sHwTwP:Am)2E7!oFx;: � q � �%�#w%x�� ! �;�#x (<- ����� s~t���8�m !�! mHq�� ! �;�#x (�* ����� $
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� ����� � � �'� � � mHq �Gs)7 � :AmHtDm<� !�" x � x � 	 "9! x �Mq1x!sHt :T��x!o ! 7!sHw � " m ! mHt � t��Nx 41m,8 ! s � t@x �]��m)7� � ��x 7!x�t !G! �;�#x;:�m��A:Am)2E7�o¢x;: � ��!�" !�" x Q(sHw 2�x;: �F7�mHq !�" x���s
4 � qY26q l � p~x�w �'" m>m � sHt@sHw
� (: � : $�� x;: !�I ! :T�#x�o ! 7�s~w :¢w%m;�#x;: �Am57`x!sNo " m,8 ��x!o !]� xF7�xY29:�x<� � t !�" xMo�s~w�o 26w%s !C� m~t/: $6O 7F7�m)7;:o�m)7F7!x;:��GmHt�� ! m !�" x - σ o�mHt I �8x�t�oFx � t ! xF7FQ\sHw $
Maximum Weighted
Likelihood Mean

Sample 〈Γ〉 σ 〈Γ〉

Whole sample 1.92 +0.03
−0.18 0.28 +0.04

−0.13 1.87 ± 0.02

type − 1AGN 1.89 +0.06
−0.05 0.20 +0.04

−0.04 1.89 ± 0.03

type − 2AGN 1.72 +0.10
−0.08 0.20 +0.10

−0.07 1.71 ± 0.03


���� ��� 698:+/%";3%(' # �1+/��-/.0� �
���,�<;�=4�dC#�A$���IA$���C:��i#I�������e�[b�F;�fh;(?��F&H�!E#$!-z&H.�-%.

∼
^%`5_ &(' $!������&H #��I����R-%.:&H #���F;(K`E#"z�~X)��?���&H�!EG[

$!-z&H.:Qy;H��'W&H #.�Cv-%.
∼
}>V%_ &(' $^f8E���[F}L��� 	 ;(.�C

∼
`5`5_ &(' $^f8E���[^]���� 		XG��I�&H�!���A"�;($!-z&H.�?��A$¡Qy���A.

Γ
;(.�C

NH
-z�y��iGE@��IA$���C�-�'nQj���<;�=4���^&>=4�A��*�$!$!-%.#/	�F�G-bX©�~X%�8-�'n$!������-%/~.<;("�[b$�&([b.�&H-z�����F;($!-z&	&('n$!���,�!E@��IA$!�F;

-z�R.�&H$��#-%/~�S�A.�&H #/~�S$�&` ����L��&HKM�d&('J&H #���!E���IA$!�F;("�KM&6C#�A"z�>X)�����L�����! #"%$��,;(���LE#"z&H$!$���C:-%.S{�-%/�XG|�X �
'k&H�j��&H #��I����¦QR-%$!��_8.�&rQR.�����C#���#-�'T$��>X�����C#&d.�&H$j�F����;(.NfM�A=6-zC#�A.N$�I�&H�!���A"�;($!-z&H.h?@�A$^Qj���A.h$!��������$^Qj&
�!E���IA$!�F;("JE<;(�F;(KM�A$��A���>X`{�&H�d��&H #��I����LQR-%$!��"�;(�!/4�

Γ
��$!����=H;("% ����d-%.�IA"% �CG-%.#/�$!���`�A�!��&H�d?<;(���+;(����-%.

;("%"nI>;H������I�&H.��!-z��$��A.N$�QR-%$!��;
Γ ∼

]GX
���M�����1-%.�{�-%/�X�|�X �G��$!�<;($+$!���

Nintr
H

CG-z��$!�!-%?# #$!-z&H.��	&('R$^f8E���[F}1;(.�C�$^f8E���[^]���� 	�;(���1CG-����A��[
�A.N$>X�������KM�>;H�! #����C�I�&H"% #K`. C#�A.��!-%$!-z���L-%.�;(?���&H�!?���C�$¡f6E@��[F}`��� 	 Qj�A���`'k&H #.�CB$�&v?��	?@�A$^Qj���A.
1021 − 1022 cm−2 �@QR�#-%"z�	$¡f6E���[^]���� 	��<;�=4�`;�K+ �IF��QR-zC#�A��CG-z��$!�!-%?# #$!-z&H.�&('¦=H;("% ����r��K1;(.8fD&H?G[
����IA$����<;�=6-%.#/

Nintr
H ≥ 1023 cm−2 X����h�!��&rQ $!���hCG-z�!$!�!-%?# #$!-z&H.��	'W&H�

Nintr
H

-%.�$¡f6E@��[F}h��� 	 ;(.�C
$¡f6E@��[^]D��� 	£-%.�{�-%/�X�|�X%}>VGX��¡.�$!���h"z��'T$	E#"z&H$�Qj�h-%.�IA"% �C#��C�;("%"���&H #��I����	'k&H�	QR�#-zI���Qy�vCG-zC�.�&H$
C#�A$���IA$j;(?���&H�!E#$!-z&H.n�NKM&~�!$¦&('�$!���AK ?@�A-%.#/L$^f8E���[F}���� 		XH����;H����-%/~.���CM;("%"�$!��������&H?G�!��IA$��J$!�����F;(KM�
=H;("% ���&('¦$!����I�&H"% #K`.�C#�A.��!-%$^f4�

Nintr
H = 1020 cm−2 Xd������CG-z�!$!�!-%?# #$!-z&H.���;(E#E@�>;(��$�&h?@�	CG-����A���A.N$>�

QR-%$!� $^f8E���[^]���� 	�?@�A-%.#/�-%.�/4�A.��A�F;("�KM&H���v;(?���&H�!?@��C $!�<;(.�$^f8E���[F}h��� 	�X ����-%.#/S$!��� (+��$����!$
$�&:I�&HK`E<;(���`$!����$¡Qy&SCG-z�!$!�!-%?# #$!-z&H.��+Qj�`&H?#$F;(-%.���C�;hE#��&H?<;(?#-%"%-%$^f�&('y$!���AK &('�?��A-%.#/�CG-����A���A.8$+&('
> 92%

X
�^.`$��A�!KM�)&('@$!���� #.#-�*<��C`KM&8C#�A"�&('���� 		�He�[b�F;�f`;(?���&H�!E#$!-z&H.h;(.�C`&HE#$!-zI>;("@&H?���IA #�F;($!-z&H.1�!��&H #"zC

?@�:I�&H�!���A"�;($���C��y-bX©�~X%�y$¡f6E���[F}���� 	O;(������i6E���IA$���C�$�&B?��v #.<;(?���&H�!?���C�-%.�e�[b�F;�fG�>�¦QR�#-%"z��$¡f6E@��[^]
��� 	�;(���+��i6E���IA$���Cv$�&�?@��e�[b�F;�f:;(?���&H�!?���C�Uk�����+�6��I~X�}~XZY4c�X)�����A���+;(���L&H?��F�A�!=H;($!-z&H.<;("¤�A=6-zC#�A.�I����
$!�<;($�$!�#-z��;H�F�! #K`E#$!-z&H.�C#&8���,.�&H$���&H"zCD'k&H�d;("%"J��� 		�@;("%$!��&H #/~��$!���A���M;(����&H.#"%fD;1'W�AQ ��i�;(K`E#"z���
QR���A���+$!���	�����! #"%$��L;(����?<;H����C�&H.�;ME#��&HE@�A�L�!E���IA$!�F;("J;(.<;("%f6�!-z���! �IF�B;H��&H #���!E���IA$!�F;("P;(.<;("%fG�!-z��&('
��e��!����&H #��I�����Uk�������6��I~X ^GX ^GXZ]4cPQR���A����Qj�R'W&H #.�C�$!�<;($¦$!��������CG-z��IA���AE<;(.�IA-z������i6-z�!$¦-%.h;d��-%/~.#-�*<I>;(.N$
'T�F;HIA$!-z&H.�&('P��� 		X6���#-z�������! #"%$R-z�RI�&H.G*��!KM��C:.�&>Q QR-%$!��&H #��;(.<;("%f6�!-z�R&(')lnm>oAprqMsHtSudmHwzx���&H #��I����>X
���R�F;�Q�-%.`$!���RE#���A=8-z&H ��jI��<;(E#$��A�y��&HKM��-%.�CG-zI>;($!-z&H.��¦$!�<;($¦;(.���� 	��\��&~��$J/N;("�;\i6f`I�&H.N$!�F;H��$¦������IA$�
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!@�����=!-�/'8!A;B��!C'�:�.8�8'8!A���D�%)E�"�9�E'+#�&F:?2C.G'(�5)E��H8:�.8IKJMLENPORQA'S��2T!��62T!@�U.8'�V #����7��HG:�.8I�W7LENPO
QX�Y#1'8,/.%�Z23!-�U.G'XV[�9\=��#"!@�U.5��)=�%��&]�-,/._^`#
a�!-&B�9&cb�!@d".82T!@,��
�
�E#��?#�2TH1'8!@'FQA'e.K.Pfg.5;ihkj�hml+VYhZn�,/.
;K�����������8'o#��G.p�9.@qr�U.5�s#1'

∆χ2 t Wuhmv�w*xYh@Juyp#��?�zJkJYh|{z;K���=�K.G'�:u���?�"!@�9$`��� '+��#��?�Y#"�%�zJiw<W#��?�6v
σ
;K�"�
qP�9.8��;8.}�K.A$�!��"�/'~)S���Z���~�[:/#��%#"&p.+�X.8�G'eh

�o�|�"�k�p�=�u�/�C�1�|�����9���/�K�Y�������/�5�m�
�1���|�|���S�p�1�K�4�����M�����K�+�5�Y�S���|���/���1���G���5���S���X�9�U�=�X���F�*�(�¡ ��¢ �|���k£��|¤"¤F�P�*�5���
�¥�5���F�K�S�/�5�/�>¦-�_�u�m�5�5�5�|�/�/�5�m���4�1¦��5���F�F�[�§�|� ���/�<�G�1�o�/�m�"��¨<�S�
�1���K�*���/�_�G�1�o�/�m�
�1¦~�1���K���5���S�z�F�*�©�m�ª�E���K�«�5�p�1�|�m�+���5���1�z�5���Z��¬[ K­ �G�1�o�/�m�"®��5���}�k�/�E���+�[�1¦~�1���K���5���S�s�������=�G¤
�1���������U�=�X���F�*�R���|�5�/�|���5���¯�K�S�/�K�/�>¦-�M�|�9�K�+�5���1�������+�K�¯�U���5�°�G�1�o�/�m�S�p�e�Y�+�5�C�1�©±-���S�S�S�K�8�1�5�²�|�
���K�/�+�~�K�Z�S���o���1�K�F�5���+�|�~�|�/�o�|���"�K�|�5�m�S�=³��m�~�����r�/�|�"�6�+�����/�"�7���r�K�Z�U�+�%¦A���5�´�[�K�S�5�~�K�|�o�|�C�1�~�K�Z�5���1�
�
�1�5�5�m�S�¯���/��¦A�����5���µ�/���1���K���5�U�S�4�����U�=�X�o�F�*�c�|�¯��¬[ 5­?�

¶r·-¸�·�¹ º¡»�¼¾½z¿/ÀrÁu¿�Â�Â
Ã �z�/�+�K�S�+�K�S�§�K�1¦��7�=�u�S�S�K� �+�o�m�K�5�m���Ä± ≥ Å"ÆkÇ �S���uÈ��/�+���S�`�|�|�o�|�6¦��K���É�1� ¢ ���K�S�5�=³o�|�©¤
Ê¥±%¤ ÆkÇ ³���uË%�S�+�K�e�sÌ<���6�k�/�}�U�+�o�1¦FÍÏÎµ­/Ð��/�²�S���/�9�K�E�|�²�5��� �K�1¦-�(�=�u�S�S�G�E�S���o�U�����+�k�B�"�1�5�m�S�Ï¦��K���Ñ¤
Ò"Ò
�K��¤
Ò"Ò"Ò²�=�/�S�+�/�p¦A���7�����z�K���/�K�S�z¦A���6���/�m�G�§�5���z�K�1¦��7�=�u�S�S�K� �S���o�U�����+�k�4����� ∼ Ó Ò"Ò"ÒD�S���/�9�K�
�Ã �|�5�/�|�z�F�*�Ô�_�[¦A���/���4�K�1¦-�ª�=�/�S�S�K���|� Æ ±%¤"¤ Ç ³P�������=�G¤}�F�*�©�1���zÕ4±A� ÆkÇ ³P�������=�X�B�F�[�E��Ì<����5�|�"�/�>È��
�1���S�`�1¦Z�5���4¦��G���+�5�m����� �1¦µ�X�9�U�=�G¤z�F�[�Ö�1���������U�=�X�D�F�*�R���|�5�§�/�+�K�S�+�K�S���G�1¦-� �=�u�S�S�K�
�+�o�m�K�5�m�����U�+�|�/�«�u�>×g�+�K�+�k�o�m� Å Õ Ç ±AÊkÕ Ç ���5�|�/�����/�|�����uË5�S�+�K�(�|���5���6�K�S�/�K�/�>¦-�B�G�1�/�Y�7�����+�K� �P�
Ø�Ù1ÚGØgØ�Ù1Û�ÜiÝ�ÚGÞ1ßAà8á�Þ"Û%â�Ø-ãeä"Û¾å-æ~çéè�ê¯ëUÛXá�Û~ìíÛ%ßAß�ìíÜ1î�ïíÝià=Ü1ßUØ�Ù1Ú8Ý�Ø�Ù1Û¡Ø-ãeä"Û¾å�ð�çñè�êPò
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Γ
Q : $ Nintr

H

=�7!x;: !C( �F7�s~qMx @ �Am)7 ! �;�#x (<- s~t�� ! �;�#x (D* ����� � " xF7�x s,8 (:Am)7�� !C� mHt � s : �Nx ! x!o ! x � $ � m ! x !�" s ! s~w­w ! �;�#x (�- ����� " s)Q(xMoFmHw 26q�t �NxAt/: �C!C� xF:�8�x !C� x�x�t
1021 − 1022 cm−2 � "9� wzx ! �;�#x (D* ����� " s)Q(x�s`qY2#o " � � �Nx 7 � � : ! 7 � 8F2 !C� mHtBm�� Nintr

H $3O 7 (7�m)7;:+o�m)7F7!xF:T�GmHt+� ! m !�" x �E#
� o�mHt I �Nx�t�o¢x � t ! xF7;Q(sHw $
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ID Class redshift kT+
− LBB LPO Sfracc Lfracc

(1) (2) (3) (4) (5) (6) (7) (8)

90 type − 1 0.467 105+17
−20 42.64 43.08 9.6 33.2

342 type − 1 0.586 67+3
−7 42.79 43.78 12.0 13.9

148 type − 1 1.113 78+6
−8 44.44 44.74 3.0 43.8

270 type − 1 1.568 109+10
−15 43.80 44.12 0.8 76.0

290 type − 2 0.204 188+17
−15 41.32 42.83 4.0 5.0

511 type − 2 0.704 83+87
−38 42.12 43.58 1.8 1.9

424 type − 2 0.707 474+26
−153 42.25 43.74 7.6 6.9
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ID Class redshift L2−10 Line σ Equivalent F − test
erg s−1 energy (keV) (keV) width (eV) prob. (%)

(1) (2) (3) (4) (5) (6) (7) (8)

270 type − 1AGN 1.568 44.12 6.24+0.48
−0.08 0.00+0.82

−0.00 176 99

21 type − 2AGN 0.498 43.28 5.90+0.92
−1.64 0.56+2.19

−0.45 976 95

172 type − 2AGN 1.170 44.00 6.40+1.87
−0.41 0.09+2.93

−0.00 166 99

290 type − 2AGN 0.204 42.83 6.32+0.07
−0.61 0.00+0.14

−0.00 235 96

326 type − 2AGN 0.780 44.08 6.59+0.06
−0.09 0.02+2.12

−0.00 126 99

407 type − 2AGN 0.990 44.20 6.40+0.10
−0.43 0.40+0.10

−0.18 328 > 99.99
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`�nh`lv�_�ra^�tmo6_a^�}~`{j�kwtw�7b�_�klj bstw�7b
`lrM_�b�c�v
_�b
`/`��?�~`hnl_a`hofg7c�kwq
`!z�^�r�v
`lqs_�r c�k twra^�v ]�� vF_�bstmjWj ^�qsranh`�_�b
`/kwtwv
`�x tw�7b8_!c�r�tmja`�c�jWra`���`hnl_�tm^�v twv c�v
tm^�vstmja`hofc�nhnlra`l_�tm^�vFo?tmjan ]

� v�_-de^!^�}���`hnl_aj de`�z�^�qsv
o�j�tw�7vst���nAc�v�_Dtwv�_�r�twv
j�tmnRdMtmo?_�b
j z�^�r _�b
`Rkwtwv
`hj ]�� vyc�v
^�_�b
`lr _3d�^!ja^�qsranh`hj
_�b
`ynh`lv�_�ra^�tmosj/^�z�_�b
`�kwtwv
`hj�de`lra`�z�^�qsv
o c�_�`lv
`lr��7tm`hj�km^Ade`lr�_�b�c�v �?] � � `�� ]�� v�c�kwk�_�b
`hja` ja^�qsranh`hj
_�b
`{`lx tmjaj�tm^�v6kwtwv
`hjRx tw�7b8_0b�chgi`{ra`lk c�_�twg�tmj�_�tmnTkwtwv
`T�sra^,�
km`hj4�
c�v
o _�b
`lra`<z�^�ra`{_�b
`bjQx tw�7b�_Mb�cAgi`{}�`h`lv
`lx tw_�_a`ho6twv|_�b
`{twvsv
`lr�ra`l�7tm^�v
j�^�z _�b
`!}sk c�n � b
^�km`�c�nhnlra`l_�tm^�v o?tmj n ]

� v
nh`{c�kwk~c�oso?tw_�tm^�v�c�k j��~`hnl_�r c�k~nh^�x ��^�v
`lv8_ajRb�chgi`�}�`h`lvQxy^�os`lkwkm`hoQ^�qs_4��d�`0z�^�qsv
ou_�b
`�}~`hj�_��
_
j��~`hnl_�r c�k
j�km^���`�_a^T}~`

1.89±0.03
twv _�j���` �Tw ~"!{Z c�v
o

1.71±0.03
twv _�j8�~` �-� ~"!TZ ],
 b
`hj `Rg�c�kwq
`hj

c�ra`yj�qs�7�i`hj�_�twvs�f_�b�c�_�_�j��~` �-� ~"!TZ b�chgi`yb�c�raos`lr/j���`hnl_�r c�kej�km^���`hj!_�b�c�v�_�j��~` �Tw ~"!TZ ]� ^Kde`lgi`lr
c�jaj�qsx twvs� _�b�c�_T_�b
`�g7c�kwq
`hjT^�z

Γ
_�b�c�_Tde`�b�chgi` ^�}s_ c�twv
`ho z�^�kwkm^Ad ci!{c�q
jaj�t c�v o?tmj�_�r�tw}sqs_�tm^�v � c�v
o

(��8�s1_�@5I2'- 46%B&RF�57< 4A+,57`�8Y4657132 1.?i<A>�&�/c4A+,(��D<��71.>]&*<q4A1 %B(*) & 5I234A+ 5I2B<657/ F:57<A>]&*+,<6571 2 ��46%'&
<657- 2:5 .:/�(H2'/�&[1.?�4gvY>�&cO P � �! `�&_5I2B- %'(�+,F'&�+^46%'(H2 4gvY>�&cOAf � �! 57<^1 ?if.L & P σ 1 2��Nv.Lm &i?�1 8:2BF�(H2r5I234A+ 572'<657/@F�57<A>�&�+C<657132q5I2

Γ
1.?

∼
J9L P J 5I2�`�1.46%Z4gvY>�&cOAf � �" (H2'F�4TvY>�&�O P

� �! �L
5 � r c j5c�}
ja^�r�}~`ho ^�}�� `hnl_aj de`lra`�z�^�qsv
o c�xy^�vs� _�j8�~` �Tw ~"!TZ � ∼ w ��#��Fc�v
o _�j8�~` �-� ~"!{Z

� ∼ Y7Yc#�� ] � ` z�^�qsv
o _�b
` z�r c�nl_�tm^�v ^�z�c�}
ja^�r�}�`ho ^�}���`hnl_ajQtwv _�j8�~` �Tw ~"!TZ c�v
o _�j��~` �-� ~"!{Z
_a^ }~`|o?t��~`lra`lv8_udMtw_�b c j�tw�7vst���nAc�v
nh`f^�z

> 99.99% ]R
 b
`|o?tmja_�r�tw}sqs_�tm^�v ^�z�c�}
ja^�r�}stwvs��nh^�kwqsx v
os`lv
j�tw_�tm`hjTc�kmja^uj�qs�7�i`hja_�_�b�c�_ (�`'<A1 +C`]&*F 4TvY>�&�OAf � �! (�+,&��7&*<A<z< 4A+,1 2'-��svG(�`:<A1.+,`�&*F 46%'(H2
(�`'<61.+,`�&*FE4TvY>�&�O P � �" �L ~ nh^�x ��c�r�tmja^�v dMtw_�b c � 7 _a`hj�_D��cAgi`�c�j�tw�7vst���nAc�v
nh`T^�z�_�j���` �-� ~"!TZ
}�`ltwvs�Qc�}
ja^�r�}�`ho }�j k c�r��i`lr�nh^�kwqsx v
j0_�b�c�v|_�j8�~` �Tw ~"!TZ4^�z 97� # ]


 b
`lra`Tb�chgi`!}�`h`lv6nlk c�twxyj0^�z c!�(c�_�_a`lvstwvs�u^�z _�b
`!cAgi`lr c��i`!j��~`hnl_�r c�k~jakm^���`�dMtw_�b6ra`hosj�bst z�_Rz�ra^�x
"!�$#��&% V � ��X � � ]lw ≤ ) ≤ [ ]\� ��c�v
oQ�'#�( � V � ����X � ) > 2

� j��~`hnl_�r c�k(ja_�q
o?tm`hje^�zB~"!TZ ]) ^Ad�`lgi`lr�ra`hnh`lv8_
5 � r cAj�j��~`hnl_�r c�k0c�v�c�klj�ja`hj�^�z�bstw�7b�ra`hosj�bst z�_ � ) > ����~"!TZ os`l_a`hnl_a`ho�dMtw_�b*(,+.-�P0/)12-Fc�v
o�C�EFEFG
H!IKJMLONAP b�cAgi`Wra`Ac�n b
`ho6o?t��~`lra`lv8_Mnh^�v
nlkwq
j�tm^�v
jM^�v&_�b
`Tnh^7j�x tmn�`lgi^�kwqs_�tm^�v|^�z�_�b
`�}sra^ic�oQ}�c�v
oQnh^�v �_�twv�qsqsx jab�c���`�^�z ~"!TZ�k03R`hnab�_a^�kmo�`l_{c�k ]
��� �7�7[�� V � ��X ra`l�~^�r�_a`ho c&b�c�raos`lvstwvs�|^�ze_�b
`�nh^�v�_�twv8qsqsx
^�z�bstw�7b&ra`hosjabst z�_ � [ ] Y�� ≤ ) ≤ �?]\� ���]~"!TZ � Γ 4�w7]}� ± � ]}� �DdMbstwkm` !�r�qs��`�`l_�c�k ]
��� �7� � �WV 9 YKX~ra`l��^�r�_a`ho c
j�_a`h`l�~`lvstwvs� � Γ 4T�?]\��w ± � ]}�7� � ] ��tw�7v�c�kwt `l_�c�k ]
��� �7� � �TV � [ 9 X z�ra^�x�c ��^�twv�_ 5 � r c j j��~`hnl_�r c�k �
_�_�twvs�y^�z
c{j c�x �skm`0^�z �5� )

>
�y~"!{Z ^�}
j `lr�gi`ho dMtw_�b6(,+.-�P0/)12-{twvy_�b
`Mra`hosj�bst z�_�r c�vs�i`�[ ] 9�9��7�?]\� � �?nh^�v
nlkwq
os`ho_�b�c�_�_�b
` 5 � r cAj|j���`hnl_�r c�k �sra^���`lr�_�tm`hj�^�z�~"!TZ os^yv
^�_�j�b
^Ad c�v*j|j�tw�7vst���nAc�v8_T`lgi^�kwqs_�tm^�v ^�r0kwqsx t �v
^7j�tw_�j&os`l��`lv
os`lv
nh` ] � `Wb�chgi`Wv
^�_Rja`h`lv c/os`l�~`lv
os`lv
nh`�^�z�_�b
`�nh^�v�_�twv8qsqsx j�b�c��~`�^�r�_�b
`Wnh^�kwqsx v

os`lv
j�tw_�j6^�z _�b
`y~"!TZ5twv|^�qsr8���9���9�:
��;�<�����Mj�c�x �skm`{dMtw_�b|_�b
` 5 � r c j kwqsx twv
^7j�tw_�j6^�r0ra`hosjabst z�_ ]� `yj�_�q
o?tm`ho twv�xy^�ra` os`l_ c�twk�_�b
` 5 � r c j `lx tmjaj�tm^�v�^�z�_�b
` � _�j���` �-� ~"!TZ dMtw_�b qsv�c�}
j ^�r�}�`ho
= � 7 c�v
o��sv 5 � r c j�ja��`hnl_�r c ] ~�kwk�_�b
`hja`Qja^�qsranh`hj�b�chgi` j��~`hnl_�r c|dMtw_�b�`lv
^�qs�7b j�tw�7v�c�k � _a^ � v
^�tmja`r c�_�tm^ ��b
`lv
nh`�de`Wj�b
^�qskmoyb�cAgi`0}~`h`lv&c�}skm`0_a^/os`l_a`hnl_ej�tw�7v�c�_�qsra`hj�^�z 5 � r cAj c�}
j ^�r��s_�tm^�v&t z _�b
`bj�de`lra`
�sra`hja`lv�_ ] � `0b�chgi`�nAc�kmnlqsk c�_a`ho 9 ��#4qs�s�~`lr�kwtwx tw_ajD^�z~_�b
`0nh^�kwqsx vuos`lv
j�tw_�j�z�^�r�_�b
`hj `0^�}�� `hnl_aj ]:
 b
`
g�c�kwq
`hj!de`lra` z�^�qsv
o _a^ }~` km^Ad�`lr�_�b�c�v _�b
^7j `�z�^�qsv
o twv ^�qsr�j c�x �skm`y^�z0c�}
ja^�r�}~`ho _�j���` �-� ~"!TZ ]7 q
nab&km^Adpg7c�kwq
`hj�^�z�_�b
`Wnh^�kwqsx v&os`lv
j�tw_�jynh^�qskmoy}~`0`����sk c�twv
`hoQc�jec�r�tmj�twvs�/twvy_�b
`0b
^7ja_���c�k c	�_j ] � `
c�r��7q
`�_�b�c�_Rja��`hnl_�r c�k~g7c�r�t c�}stwkwtw_�jutmj�qsvskwt � `lklj&_a^/}~`Tc�_�_�b
`�b
`Ac�r�_M^�z _�bstmjMc��s��c�ra`lv�_65 � r c j?>�^��s_�tmnAc�k



� ] 9 7 qsx xuc�r j wA��w

x tmj�xuc�_anab � ja`h` �eb�c��s_a`lr � � ]
, twv�c�kwklj!de`Ros^�v
^�_'�
v
o�nh^�x �~`lkwkwtwvs�{`lg8tmos`lv
nh`�_�b�c�_ _�b
`hja`Rja^�qsranh`hj c�ra`���^�x �s_a^�v � _�bstmn � ��}�c�ja`ho

^�v _�b
`�k c�n � ^�ze^�}8g8tm^�q
j , `�kwtwv
`hj4� c�kw_�b
^�qs�7b _�b
`QV �8� � � X �
q �fv
`h`hosjT_a^&}~`�xy`Ac�j�qsra`ho _a^&ra`Ac�nab�c
�
r�x�nh^�v
nlkwq
j�tm^�v ]


 ^ nAc�kmnlqsk c�_a`T_�b
`{nh^�v8_�r�tw}sqs_�tm^�v|_a^�_�b
` 5���3 z�ra^�x ^�qsr0ja^�qsranh`hj4� = � 7 c�v
oQ�sv|j��~`hnl_�r c/b�chgi`
}�`h`lv j�_ c�n � `ho ] m & ?�138'2'F 46%'(�4^46%'& P O�� Q &gS ����� +C&�<A1��s)3&*Fp` v 138B+E<A1 8'+,/�&*< b�c�juc
j��~`hnl_�r c�kej�b�c��~`y}~`hj�_y�
_�_a`ho�dMtw_�b c6�~^Ad�`lr�k cAd ^�z�jakm^���`

Γ = 1.59 ± 0.03
c�v
o�v
^�r�xuc�kwtmj c�_�tm^�v

Z 4 4.78 ± 0.15 keV2 keV−1 cm−2 s−1 sr−1 � c�_ wQ� `3� ��z�^�r:= � 7 o
c�_ c c�v
o
Γ = 1.54 ± 0.04c�v
o Z 4 4.38 ± 0.14 keV2 keV−1 cm−2 s−1 sr−1 � c�_ w�� `3� �0z�^�rW�sv o
c�_ c ] 
 b
`�nh^�v�_�r�tw}sqs_�tm^�v tmj

twv
os`h`ho %'(�+CF:&*+�46%B(H2Z46%'&@<A>�&�/c4A+ 8(� 1 ?�46%'&@`:+,57-3%34A&*< 4 � �" �3`�8B4y< 4658� �:<A1 ? 4A&�+y46%'(H2^46%'&
�����zL 7 twv
nh`y^�qsr{ja^�qsranh`hj!b�chgi`�}~`h`lv ja`lkm`hnl_a`ho twv _�b
`y� ]\���TwA�Q� `�� }�c�v
o � de` �sra^�}�c�}skljFx tmjaja`ho
z�c�twv8_ b
`Achg�twkljyc�}
ja^�r�}�`ho j ^�qsranh`hj twvy^�qsrDj c�x �skm` ]�
 bstmj tmj dMb�j/d�`0^�vsklj��i`l_

∼ w > � ^�z�_�b
`Rtwv8_a`lv
j�tw_�j
_�b�c�_ � ^�raj�km`bj `l_�c�k ]
��� �7� ��� V � �5��X � ^�}s_ c�twv
`ho }*j j�_ c�n � twvs�|b�c�rao 5 � r cAj j `lkm`hnl_a`ho ja^�qsranh`hj!^�v _�b
`
j c�xy`�o
c�_ c ] � ?�8'+646%'&*+	/�1��Z>�1 2'&�234{2'1H4iF'&*4A&*/c4A(�`��7&E` v CTE E G�H�IKJMLONAP (�+ 57<65I2B-r(�`]1�)3&
M Q &gS �Z57- %34�(��7<A1E`�&	>:+C&�<A&�234��W(�<D(�+,- 8'&*F[` v m 1 +C<��7&*v &�4@(���L 1 P J J
	 3�� P 	 ��
 L



wA�7�
5� rcjj��~`hnl_�ra^7janh^��*j6^�z��������	��

��

�������Mja^�qsranh`hj

�� ���� ��� 	
 �
� � � � � � �� � �� �� �� � � � � �� � � �� �� ��� ��  � !�" � � # � $� � �

%& & ' () *+ ,� - � .� $ / � � � � �� 0�� 1 � � � 2 � 0� �

Γ NH S0.5−2 S2−10 L0.5−2 L2−1034 5 36 5 37 5 3 � 5 38 5 39 5 3: 5 3 	 5 3; 5 34< 5 34 4 5 34 6 5 34 7 5

9< : � 4< 8 7 < 4 � 	9 = 8 : 4 8 < < � 9 ; > � ?@ A

1.210.13
0.13

< � : 7 6 � 	4

8 ; ; 8 � - 4< 8 7 < : � �9 = 8 : 4 8 < 8 � 	 � � �� � � 4 6 � �4 9 ?@ A

1.460.11
0.11

4 �< 6 6 � 9 	 � � � 7 9 � ��� 	<

�< < 4 7 - 4< 8 6 4 7 � 6 ; = 8 : 7 6 6 8 � 8 	 � �� � � 4 4 � 	: 7 ?@ A

1.900.06
0.06

< � 9 7 < � 	 � � � � 4 � � ��� 6 :9 7 � 4< 8 6 7 9 � �; = 8 : 4 9 < � �< : > � -@ A

2.130.32
0.23 20.880.24

0.38

< � 8 � < � 9 98 8 6 - 4< 8 6 �7 � 7< = 8 : 4 8 �8 � ; 8 � �� � � 4 6 � 4 � � ?@ A

1.900.06
0.06

4 � 9< 6 � 4 9 � � � 9 	 � ��� 9 	

9 8< � 38 4 . 5 4< 8 4 4 � � 7< = 8 : 4 9 4 9 � 	 	 � �� � � 6 < � 8 6 	 ?@ A

1.940.20
0.19

< � 	: 4 � 4 4 �6 � ; : �7 �< :

4 9 � 4< 8 4 �9 � 9 � = 8 : 4 : 4 9 �< 6 > � -@ A

2.272.08
0.98 21.590.40

0.24
< � 6 6 < � � �

6 4 � 	 B 4< 8< �8 � 9 : = 8 : 4 : 7 6 � 9< � �� � � 6 < � �; 	 ?@ A

1.770.14
0.14

4 � 7 � 6 � 4 	 �7 �< : �7 � 6 	

6 9 � 4< 8 6 7 6 � ; ; = 8 : 4 : 8< � ; 9 > � ?@ A

1.090.20
0.20

< � 6 4 < � ; 87 4 � 4< 8 6 < < � 7 � = 8 : 4 	< 	 � 6 � > � / -@ A

2.340.30
0.63 22.290.12

0.16

< � 4 8 < � ; ;�4 �9 - 4< 8 4 4 ; � 4 � = 8 : 4 	 7 � �< ; � �� � � 4 4 � 9 �< -@ A

2.060.38
0.27 21.820.25

0.38

< � 8 7 < � 9 	 � � �< ; � ��� 4 47 ; �8 C 4< 8 7 4 ; �< ; = 8 : 4 	 8 7 � 8 	 � �� � � 6 < � : 4 4 ?@ A

1.790.08
0.08

< � 	9 4 � 7 : �7 � 6 � �7 � � �

8 7 �7 - 4< 8 4 < � � 7 ; = 8 : 4 ; 6 7 � ;< � �� � � 4 4 � : 8< -@ A

1.830.22
0.18 21.680.24

0.44

< � 	 � 4 � �7 � � � 6 6 � ��� �<

9 8 � 4< 8 6 8 8 � �9 = 8 : 4 ; 8 6 � 	< > � -@ A

1.570.27
0.22 21.240.15

0.26

< � 6 8 < � 	9

: � ;< 8 - 4< 8 6 8 4 � 4 7 = 8 : 6< 4 8 � :< > � ?@ A
1.670.21

0.20

< � 4 ; < � 7 8: 6 	 � C 4< 8 6 4 9 � ; � = 8 : 6< 4 ; � : 4 � �� � � 6 6 � : 4< D -@ A
1.690.08

0.10 23.280.06
0.05

< � 	8 � � 9 : �8 �< � �8 � 7 4	8 7 	 - 4< 8 7 6 ; � 8< = 8 : 6 4 < 9 � 6 6 � �� � � 4 4 � 4 �8 ?@ A
2.130.09

0.08

< � : 6 < � 9 ; �7 � : : �7 � : �

	9 � 4< 8 7 < ; � 9 	 = 8 : 6< 8 ; � 8 	 � �� � � 4 7 � �6< ?@ A

1.660.17
0.16

< � 6 7 < � �8 � � � 4 9 � ��� �8

	 	 7 ; B 4< 8 6 < ; � 7 : = 8 : 6 4 < 8 � �7 � �� � � 4 7 � 6 : ; ?@ A

1.730.12
0.12

< � �< < � :< � � � �4 � ��� 9 8;< 7 : - 4< 8 6 � 	 �< ; = 8 : 6 4 4 : � �7 � �� � � 4 < � �9 : ?@ A = ?E

2.100.13
0.10

4 � 8 9 4 � �< �7 � 6 4 �7 �< 	

; 9 	4 � 3 7 : F 5 4< 8 6 � � � 	: = 8 : 6 4 6 � � 	 � � �� � � 4 6 � 	7 6 ?@ A

2.080.09
0.08

< � 8 	 < � 9< � � � 9 � � ��� 9 84< : � 4< 8 6 4 ; � �; = 8 : 6 6 4 8 � 6 9 � �� � � 6 < �< : 8 -@ A

2.020.23
0.28 21.340.09

0.21

< � 6 9 < � � 	 �< � : 	 �< � 	7

4 6< � 4< 8 6 6 8 � 4 : = 8 : 6 7 < : �< 6 > � ?@ A

1.910.07
0.07

< � 9 6 < � 	7

4< 	 � 4< 8< 8< � ; 4 = 8 : 6 6 4 8 � 9 8 > � 6 ?@ A

1.560.18
0.18

< � : 	 	 � � 	

;< < � 4< 8 � 8 ; � �7 = 8 : 6 6 4 	 � 	 � > � -@ A

1.720.15
0.16 21.030.14

0.27

6 � �9 8 � 	7

4 6 4 �7 � B 4< 8 6 8 	 �< 	 = 8 : 6 6 8 4 � ; 8 � �� � � 6 < � : : 6 -@ A

1.950.25
0.20 21.550.16

0.24

< � 7 4 < � 8 6 �7 �< 8 �7 � 4 8



�]9 7qsxxuc�rj
wA� [

�� �� � ��� 	
 / � � � � � #� 0 �

%& & ' () *+ ,� - � .� $ / � � � � �� 0�� 1 � � � 2 � 0� �

Γ NH S0.5−2 S2−10 L0.5−2 L2−1034 5 36 5 37 5 3 � 5 38 5 39 5 3: 5 3 	 5 3; 5 34< 5 34 4 5 34 6 5 34 7 5

4 7 8 8 4 7 3 7 � � 5 4< 8 6 8 � � 7 ; = 8 : 6 7 �7 � 	; � �� � � 4 < � : 9 4 ?@ A

1.780.04
0.04

4 � 8 9 6 � 8< �7 � 8 9 �7 � : :4 6 � 9 7 � - 4< 8 7 4 4 � : 6 = 8 : 6 7 < ; �< : � �� � � 4 4 � 8 � � ?@ A

1.690.11
0.10

< � 7 8 < � 9 � �7 � 9< �7 � 	9

4 6 8 9< : 37 9 C 5 4< 8 6 4 ; � ;< = 8 : 6 7 < : � ; 6 > � ?@ A

1.660.16
0.16

< � 6 4 < � �4

4 �6 � 4< 8 6 < 7 � : � = 8 : 6 7 7 ; � 9 6 > � ?@ A

1.810.22
0.21

< � 4 9 < � 6 �

4 7 7 7 8 - 4< 8< 7 	 � : : = 8 : 6 7 7 ; � 9 : � �� � � 4 4 � �7 ; ?@ A

2.040.10
0.10

6 � �; 6 � : 8 � � � 8 6 � ��� 8 94 � 	 7 6 - 4< 8 6 7 ; � 9 9 = 8 : 6 � 7 6 � 	7 � �� � � 4 4 � 4 4 7 ?@ A = ?E

2.120.03
0.03

: � : 6 : � �8 � � � ; 7 � ��� : �

4 9 9 � 4< 8 6 7 4 � ; 	 = 8 : 6 � 7< � 	6 > � -@ A

1.440.19
0.24 22.190.14

0.16

< �< ; 4 � � 	

4 8 9 � 4< 8 4 8 � � 8 ; = 8 : 6 �< ; � 6 	 � �� � � 6 D D 6 � 7 9 8 -@ A

2.400.57
0.45 22.650.20

0.25
< � 6 6 < � 6 : � � � �; � ��� 6 ;4 9 7 7 7 - 4< 8 4 8 ; � 	 	 = 8 : 6 � 6 9 � 7 4 � �� � � 4 < � ; : � -@ A

1.520.32
0.22 21.570.25

0.49

< � 6 6 < � 9 7 �6 � ; : �7 � 7 84 9 	 7 4 - 4< 8 7 7 4 � : 6 = 8 : 6 � 8 9 � 4 ; � �� � � 4 4 � ; 8 9 ?@ A

1.930.03
0.03

7 � 7< � � 6 6 � � � ; 6 �8 �< 7

4 : 6 � 4< 8 7 4 8 � : 4 = 8 : 6 � 8< � 	 � � �� � � 6 4 � 4 : -@ A

2.260.63
0.40 23.220.17

0.18

< �< 	 < � 	7 � � � 4 4 � ���< <4 	7 	6 - 4< 8 7 4 6 � 6 : = 8 : 6 8 < 	 � 6 	 � �� � � 4 < � ; 9 ?@ A

1.880.07
0.07

< � 8 : < � : 	 �7 � 7 ; �7 � 8 74 : 9 7< - 4< 8 6 8 : � 6 8 = 8 : 6 8 < 	 � : : � �� � � 4 4 � 8 6 : ?@ A

2.210.05
0.05

4 �< 	 < � ; 6 � � � 6 ; � ��� 6 64 : ; � 4< 8 6 7 4 � 9 � = 8 : 6 8 < 7 � ; 7 > � / -@ A

2.070.26
0.52 22.420.14

0.22

< �< 9 < � 8 94 : � � 4< 8 4 6< � 9 7 = 8 : 6 � 8 	 � 6 � > � ?@ A
1.370.14

0.14

< � 7< < � ;<4 	9 � 4< 8 4 �; � ; 7 = 8 : 6 8 6 8 � 4 7 � �� � � 6 < � 9 : 9 -@ A
1.700.11

0.12 22.210.08
0.07

< � 8 � 6 � � � �7 � 7 	 �7 � 9 �

4 : 4 6 	 B 4< 8 � 6 4 � 6 6 = 8 : 6 8 �8 � �< � �� � � 6 < � 6< 8 -@ A
1.730.02

0.03 21.330.02
0.02

7 7 � 8< 	 � � 	; �7 � : 8 � ���< <6< < � 4< 8 7 �9 � 	4 = 8 : 6 9 < : � : : > � -@ A

2.370.36
0.26 20.930.24

0.32

< � 7 6 < � 6 	

4 	: � 4< 8< �: � ; 9 = 8 : 6 8 6 6 � : 4 > � ?@ A

1.980.08
0.08

4 � 4 8 4 � 7 	

4 ; 4 6 ; - 4< 8 7 7 8 �< 7 = 8 : 6 8 � � � 4 7 � �� � � 4 < � : 	 � ?@ A

1.820.02
0.02

��� 6< 9 � 7 8 � � �< � � ��� 6 64 ; ; � 4< 8 6 6 8 � 6 	 = 8 : 6 8 8 4 � 6 : > � -@ A

1.800.28
0.21 21.990.14

0.14

< � 4 9 4 � 4 �

6 4 : � 4< 8 4 4 4 � 9< = 8 : 6 9 7 9 � 9 : > � -@ A

1.870.11
0.12 20.800.17

0.31

< � 9 8 4 � 4<6 4 � � 4< 8 7 4 8 �< ; = 8 : 6 9 7< � 9 8 > � -@ A

1.880.18
0.19 21.410.09

0.13

< � 6 � < � 9 76 6 6 � 4< 8 7 8 4 � 9 : = 8 : 6 : < 7 � 9 � � �� � � 6 < � ; 4 : -@ A

1.880.09
0.10 21.450.09

0.12

4 �< � 4 � : 9 �7 � 9 ; �7 � 	 �

6< 6< 6 : - 4< 8 7 8< � 4 ; = 8 : 6 : 4 4 � 9 4 � �� � � 4 4 � : 6< ?@ A

2.230.07
0.07

< � ; : < � 	< � � � 7 ; � ��� 7<6 6 9 � 4< 8 4 6< � �; = 8 : 6 : < 7 � �: > � ?@ A

1.880.10
0.10

< � 8< < � :<6 �7 � 4< 8 4 6 	 � 4 � = 8 : 6 : �4 � 8 8 > � / -@ A

1.820.19
0.17 22.020.08

0.08

< � 8 4 7 � �;



wA� �
5� rcjj��~`hnl_�ra^7janh^��*j6^�z��������	��

��

�������Mja^�qsranh`hj

�� �� � ��� 	
 / � � � � � #� 0 �

%& & ' () *+ ,� - � .� $ / � � � � �� 0�� 1 � � � 2 � 0� �

Γ NH S0.5−2 S2−10 L0.5−2 L2−1034 5 36 5 37 5 3 � 5 38 5 39 5 3: 5 3 	 5 3; 5 34< 5 34 4 5 34 6 5 34 7 5

6 8 � � 	9 - 4< 8 6 �7 � 7 : = 8 : 6 	< 4 � �; � �� � � 6 4 � 6 4< -@ A

1.760.13
0.13 22.180.08

0.10

< � 7 6 < � ; 4 �7 � 8 ; �7 � 	4

6 9 4 	< - 4< 8 4 � � � 9 7 = 8 : 6 	< 	 � 	; � �� � � 4 7 � �< ; ?@ A

1.630.08
0.08

< � �8 < � ; 6 � � � � � � ��� : �

6 8 ; � 4< 8 7 < 8 � 9< = 8 : 6 	 4 6 � 8< � �� � � 6 < � : ; 6 -@ A = ?E

1.220.14
0.18 23.240.12

0.13

< �< : 7 � 7 ; �7 � 7 6 �7 � ;<6 :< 4 6< - 4< 8 7 < ; � 6 	 = 8 : 6 	 6 6 � 9 8 � �� � � 4 4 � 8 9 	 ?@ A = ?E

2.170.06
0.09

< � 	< < � : 6 � � � 7 6 � ��� 4 66 9 : �6 	E 4< 8 7 6 � � 8 � = 8 : 6 	 6< � 9 8 � �� � � 4 4 � 8 4 	 -@ A

1.740.10
0.10 21.270.12

0.40

< � 8 7 < � ; : �7 � 	4 � ���< 8

6 	: 	6 4 - 4< 8 7 6 6 �< � = 8 : 6 	 8 6 � : 9 � �� � � 4 6 � 7< < ?@ A

1.670.14
0.13

< � 6< < � 7 ; �7 � : � � ���< 6

6 9 	 � 4< 8 7 � 	 �< ; = 8 : 6 	 4 : � : 8 > � -@ A

1.830.19
0.20 21.810.13

0.11

< � 6 � 4 � 6 46 : : 6 8 - 4< 8 7 � � � 	8 = 8 : 6 	 �6 � 6 � � �� � � 4 4 � 	4 9 ?@ A

1.740.04
0.04

4 � 4 	 6 �< 7 � � � 7 4 � ��� 8 86 : 6 6 9 - 4< 8< 4 ; � �< = 8 : 6 	 4 7 � ; ; � �� � � 6 < � 9 4 9 -@ A

2.390.17
0.17 21.580.10

0.13

4 � 7 ; 4 � 7 	 �7 � 9 6 �7 � �7

6 ;< ;< 4 - 4< 8 6 8 6 � : � = 8 : 6 ; < < � 	4 � �� � � 6 < � 6< � -@ A = ?E

1.860.39
0.22 23.600.07

0.14

< � 4 � 4 � : ; �6 � 9 ; �6 � 	7

7 9 ; � 4< 8 4 < 9 � 8< = 8 : 4 8 7 4 � ; 6 > � ?@ A

1.960.11
0.11

4 � ; ; 6 � �9

7< < �6 9 - 4< 8 7 < 7 � 9 � = 8 : 6 ; 6 8 � 8 9 � �� � � 4 < � : 	 	 / -@ A

1.980.18
0.15 22.090.16

0.22

< � 8< < � 	: �7 � 7 6 �7 � �<

7< 9 � 4< 8 6 < 9 � 	 � = 8 : 6 ; 6 8 � �7 � �� � � 6 < � :< 	 -@ A

1.380.24
0.20 22.200.17

0.17

< � 4 9 4 �< 7 �6 � : 9 �7 � 6 77 6 4 6 7 - 4< 8 6 6 � � : � = 8 : 7< 4 4 � �< � �� � � 4 4 �< < ; ?@ A

1.700.08
0.08

< � 7 ; < � : 4 �7 � 6 6 �7 � � 	

7 6 9 4 4 : � 4< 8 7 � 	 � 	< = 8 : 7< 7 9 �< ; � �� � � 6 < � : 	 -@ A
1.530.06

0.05 21.960.06
0.06

4 � 7 	 8 � �; �7 � : 4 � ���< 	

7 8< � 4< 8 6 �4 � 9 8 = 8 : 7< 7 ; � ; : > � ?@ A
1.280.14

0.14

< � 4 � < � 8<7 7 6 : : - 4< 8 6 8 ; � 4 9 = 8 : 7< 7 4 � 	4 � �� � � 4 4 � 9 : 9 ?@ A
1.620.04

0.04

4 �< 	 6 � 6 6 � � � 4 � � ��� �8

�4 4 8 7 - 4< 8 6 < 9 �< 6 = 8 : 4 8 6 9 � �4 � �� � � 6 < � 6 �8 / -@ A

1.630.22
0.19 22.180.13

0.16

< � 	8 � � 	 � �6 � 9 7 �6 � ; �

6< 6 � � 4< 8 � 4< � 9 	 = 8 : 7< 8 9 � : 7 > � ?@ A

2.020.07
0.07

< � 	6 < � ; 77 �7 � 4< 8< �4 � 6 6 = 8 : 7< 6 7 � 7 4 > � ?@ A

1.540.19
0.18

< � � � 4 �< 4

7 �6 4 9 - 4< 8 7 7 ; � 9 6 = 8 : 7 4 < � � 	; � �� � � 4 < � 8 	9 ?@ A = ?E

2.260.04
0.05

��� 	 � 7 � 	4 �7 � ; 6 �7 � : 	

7 8 4 � 4< 8 4 �9 � 7 ; = 8 : 7< 7 	 � 4 � > � ?@ A

1.870.15
0.14

< � 6 4 < � 7<7 8 7 4 ; B 4< 8 4 7 : � 6 : = 8 : 7< � � � �7 � �� � � 4 < � 	; � ?@ A

1.720.10
0.10

< � �< < � : 4 �7 � 4 6 �7 � 7 :7 8 � : 8 - 4< 8 4 6 8 � 6 8 = 8 : 7< 8 6 � 7 7 � �� � � 4 7 � �< ; ?@ A

1.750.08
0.07

< � : 4 4 � 6< � � � : 4 � ��� ; �

7 8 	 4 : - 4< 8 4 < 7 � 	9 = 8 : 7< 8 9 � 9 8 � �� � � 4 6 � : �6 ?@ A

1.780.08
0.07

4 � 4 7 4 � 	7 � � � : 6 � ��� ; 77 8 8 � 4< 8 6 7 : � 7 7 = 8 : 7 4 < 9 � 9 : � �� � � 6 < � :< 	 -@ A

1.600.12
0.12 21.170.17

0.28

< � 7 9 < � 	9 �6 � 	: �7 � 4 ;7 	8 4 � C 4< 8 6 �6 � 7 : = 8 : 7 6 < < � 9 � � �� � � 6 4 � 7 	< -@ A

1.830.08
0.08 22.330.04

0.04

< � : 9 6 � 4< � � � 4 9 � ��� 7 7



�]9 7qsxxuc�rj
wA�c�

�� �� � ��� 	
 / � � � � � #� 0 �

%& & ' () *+ ,� - � .� $ / � � � � �� 0�� 1 � � � 2 � 0� �

Γ NH S0.5−2 S2−10 L0.5−2 L2−1034 5 36 5 37 5 3 � 5 38 5 39 5 3: 5 3 	 5 3; 5 34< 5 34 4 5 34 6 5 34 7 5

7 9 � 4 	 C 4< 8 6 6 	 � 7 9 = 8 : 7 4 < 9 � 8 : � �� � � 4 < � ; 7 4 ?@ A

1.790.13
0.13

< � 6 7 < � 7 : �6 � ; � �7 � 4 �

;< 4 � 4< 8< < 8 � 8 8 = 8 : 7 4 < ; �< 4 > � ?@ A

1.640.14
0.12

< � : ; 4 � 8 	

;< 6 : 7 / 4< 8< < ; � 4 6 = 8 : 7 4 �9 � 6 ; � �� � � 4 4 � 8 9 4 ?@ A

1.500.14
0.14

< � : 	 4 � ; � �7 � 	 	 � ��� 6 	

7 : : � 4< 8 6 8 6 � 4 4 = 8 : 7 4 7 	 �< 6 > � -@ A

1.810.21
0.21 21.870.11

0.12

< � 4 : < � ; 67 	 � � 4< 8 7 6 4 � 9 7 = 8 : 7 4 �; � � � > � -@ A

2.220.19
0.26 21.330.11

0.17

< � 6 9 < � �<

7 	: 4 8 - 4< 8 6 8 ; � : 	 = 8 : 7 4 8 9 � 9 ; � �� � � 4 4 � � �: ?@ A

2.270.11
0.11

< � 7 : < � 6 	 �7 � : 	 �7 � 9 :7 ; � � 4< 8 6 8 4 � �< = 8 : 7 6 < 6 �< 7 � �� � � 6 < � 9 9 � -@ A

1.850.22
0.22 21.240.24

0.45

< � 4 : < � 6 ; �6 � 8 8 �6 � : 4�< 9 	6 	 - 4< 8 7 8 : � 4 9 = 8 : 7 6 � � �< < � �� � � 4 4 � 6 	6 ?@ A

2.120.10
0.10

< � 9 6 < � 9< �7 � 	6 �7 � 	<

�4 ; � 4< 8 �< < � �9 = 8 : 7 7 6 6 � 4 ; > � -@ A

1.810.23
0.17 21.620.12

0.11

< � �4 4 � 8 �

�< : 4 6 - 4< 8 4 � 	 � 9 ; = 8 : 7 6 8< �< : � �� � � 6 < � ; ;< / -@ A

1.250.10
0.10 22.690.12

0.11

< � 8 : � � 	; �7 � 9 � � ��� 6<�6 � � 4< 8 6 7 : � ; 7 = 8 : 7 7 6 6 � 9 8 � �� � � 6 < � :< : -@ A = ?E

1.700.32
0.18 22.950.12

0.12

< � 6 6 6 � 7 9 �7 � 8< �7 � : �

�6 : � 4< 8 6 6 : � 	 	 = 8 : 7 7 7< � 9 8 � �� � � 6 < � 9 ; 9 ?@ A

1.400.20
0.20

< � 4 � < � 7 ; �6 � 7 7 �6 � : ;�7< 4 4 - 4< 8 4 < 	 � 4 ; = 8 : 7 7 �: �< 9 � �� � � 4 4 � 8 �< -@ A

1.420.08
0.08 21.580.13

0.19

4 � 6 � 7 � 	7 � � �< ; � ��� 8 7�8 	 � 4< 8 4 < 9 � 6 6 = 8 : 7 � 7 9 � 9 : > � / -@ A

1.340.39
0.16 22.310.16

0.20

< � 6 	 � � �7

� �6 	< 8 - 4< 8 7 �: � 6 	 = 8 : 7 7 8< � �4 � �� � � 4 6 � 8 	9 ?@ A
1.760.15

0.14

< � 7 7 < � 8 8 � � � 4 6 � ��� 7 �

� �7 � 4< 8 6 7 9 � 	; = 8 : 7 7 8 ; � 	< � �� � � 6 4 � 	: : -@ A
2.050.42

0.34 23.220.16
0.18

< � 4 : < � ; : � � � �6 � ��� �9

�: � � 4< 8 4 6 	 � 4 7 = 8 : 7 8 < � � 6< > > ?@ A
1.980.11

0.11

< � �: < � 8 9�8 4 � 4< 8 6 < : � 	: = 8 : 7 � 4 : � � 	 > � -@ A

1.940.18
0.21 21.310.11

0.15

< � 6 ; < � 9 6�8< �: : - 4< 8 7 < 8 � ; 	 = 8 : 7 � 6 9 � :< � �� � � 4 6 � ; �; ?@ A

2.030.10
0.10

< � � � < � �; � � � 8 7 � ��� 8 :�8 7 	< � - 4< 8 7 4 6 � 6 � = 8 : 7 � 6 : � 7 ; � �� � � 4 4 � 6 4 7 ?@ A

2.050.14
0.14

< � 7 4 < � 7 � �7 � � � �7 � �:

�8 9 ; - 4< 8 4 8 � � 7< = 8 : 7 � 7 	 � 9 9 � �� � � 4 < � 	: : ?@ A

2.010.05
0.05

4 � 6 8 4 � � � �7 � 9 	 �7 � : �

�; 4 � 4< 8 4 �4 � ; 4 = 8 : 7 8 8 9 �< < > � -@ A

2.180.23
0.25 21.240.15

0.25

< � 7 7 < � � 	

�9 ; � 4< 8 �< : � 6 4 = 8 : 7 8 6 � � 	; > � ?@ A

2.140.04
0.04

7 � 	9 7 � 9 6�: 8 9 - 4< 8 7 4 9 � 8 4 = 8 : 7 8 8 6 � 6 7 � �� � � 4 4 � 6< � ?@ A

1.780.02
0.02

4< � 6 4 4 9 � 9 4 � � � 	8 �8 �< 9

�: 9 	6 : - 4< 8 7 < 7 � �7 = 8 : 7 8 7< � 	< � �� � � 6 < � 9< : ?@ A

2.070.17
0.17

< � 6 : < � 6 ; �6 � 9 � �6 � 9 98< 8 4< � - 4< 8 6 �4 � 8 � = 8 : 7 9 8 6 � 	8 � �� � � 6 < � 4 7 : / -@ A

1.720.09
0.08 21.690.11

0.08

4 � 7 9 7 � ; 9 �6 �< � �6 � 6 ;8< � � 4< 8 � 6 9 � 6 6 = 8 : 7 9 �; �< 8 > � -@ A = ?E

1.980.19
0.10 22.660.06

0.06

4 �< 4 �6 � 8 6



wA�
�
5� rcjj��~`hnl_�ra^7janh^��*j6^�z��������	��

��

�������Mja^�qsranh`hj

�� �� � ��� 	
 / � � � � � #� 0 �

%& & ' () *+ ,� - � .� $ / � � � � �� 0�� 1 � � � 2 � 0� �

Γ NH S0.5−2 S2−10 L0.5−2 L2−1034 5 36 5 37 5 3 � 5 38 5 39 5 3: 5 3 	 5 3; 5 34< 5 34 4 5 34 6 5 34 7 5

8 4 4 � 4< 8 7 7 	 � 8< = 8 : 7 9 8 8 � �: � �� � � 6 < � :< � -@ A = ?E

2.620.73
0.29 22.810.15

0.14

< � 4 ; < � ; 9 �7 � ; : �7 � 8 	

8 4 	 � 4< 8 7 7 9 � 7 7 = 8 : 7 : 7 6 � 4 � > > -@ A

2.380.52
0.19 21.090.14

0.20

< � � 	 < � �:

8 6 7 � 4< 8 4 6 ; � ; 	 = 8 : 7 : �< � : 4 > � ?@ A

1.940.09
0.09

< � ; 6 4 � 4 :8 6 ; � 4< 8 4 7 : � 7< = 8 : 7 : 8 ; � 4 4 > � / -@ A

1.980.20
0.21 21.930.23

0.20

4 � 8 4 6 � 	 	

8 7 6 	< 4 - 4< 8 6 �8 � 7 9 = 8 : 7 : � 	 � 9 ; � �� � � 4 4 � 9 : : ?@ A

2.320.21
0.20

< � 6 6 < � 4 9 �7 � : � �7 � 9<8 6 : 8 - 4< 8 7 < 6 � 7 � = 8 : 7 : 8 	 � 9 6 � �� � � 4 4 � 	 	4 ?@ A

1.910.06
0.05

4 � 4 7 4 � 8< � � � �< � ��� 8 78 7 : � 4< 8< 8< �< � = 8 : 7 	 6 4 � : ; > � ?@ A

2.400.08
0.08

7 �< � 4 � ; 88 � 	 	7 6 - 4< 8 6 < : � 8 7 = 8 : 7 	 �4 � �< � �� � � 4 6 � : 7< ?@ A

1.790.15
0.14

< � 7< < � � 	 � � � 4 8 � ��� 4 78 8 : � 4< 8 6 < : � : 8 = 8 : 7 ; < : � �; > � -@ A

2.010.36
0.17 20.940.22

0.45

< � 7 7 < � �;

8 8 7 6 - 4< 8 6 7< �< 9 = 8 : 7 ; 4 9 � 	4 � �� � � 4 4 � �7 : -@ A

2.080.04
0.04 21.200.12

0.14

6 � 	: 7 � 4 � � � � 9 6 � ��� 9 �

8 8 8 � 4< 8 4 8 6 �< : = 8 : 7 ; < ; � �4 > � ?@ A

1.840.12
0.12

< � �; < � : 68 ; � � 4< 8 6 � 	 � �< = 8 : �4 6 ; � 4 � > � ?@ A

1.590.24
0.24

< � 7 	 < � 	6

6< �8 � 4< 8 6 < � � �: = 8 : �4 4 8 � 9 8 > � ?@ A

1.890.09
0.09

< � ; � 4 � 6 	

8 	 � � 4< 8 6 < 9 � 6 	 = 8 : �4 6 8 � 8 7 > � ?@ A

2.170.07
0.08

4 � 9 4 4 � �8

8 ; 4 � 4< 8 6 6 7 � 4 : = 8 : �4 6 � � 9 6 > > ?@ A
2.080.14

0.14

< � 8 ; < � 9 49< 4 � 4< 8 4 4 8 � ; 4 = 8 : �6 < 	 � 8 ; > � ?@ A
1.840.20

0.19

4 � 7< 4 � ; 6

/ � � # � �� � �� � � �� � � � �� 
 34 5 � 2 2 � �� � � � � � 0� � � � � $ � � � � � � # � �� �� 36 5 ' () *+ � 0� � � � � $ � � �� � � # � �� �� 37 5 � �� 1 � � � $� �� �� � 3� 6< < < 5 � 3 � 5

0� $� � � � � �� � 3� 6< < < 5 38 5 � � � � $ � � $� � � � � � � � � � � � $ � � � � � $ � �� � $ � � � � 39 5 ? � # � $� �� 0�� 1 � � � 3: 5 �� � � � � � � 0� � � � � 1� �� � � � � � � $ � � # � � �� � $ 1 � �� � $ � 
? @ A�
 � � �� ��� � � �� � � � ���

-@ A�
 � � � � � �� 0 � � �� � � � ���

? E 
 ? � � � � � 	 $� � � � � �� � � � �
� / -@ A�
 � � � � �� � �� � � � � 1 � � � � � � � $� �� � � �� � � � � � �� �� 6 ?@ A�


� �� � � �� � � � �� � 3 	 5 � � � � � � � � 1� � � � � 0 � � � 0 $� � � � � # # � � � �� � �� � � 3; 5 A � � � � � � 1 � � � � 1� 1 � 0 �� � � � $� � # � � 0� �� � � � � � � 1� �� � � � � � � � � �� �3 � � � � � �� 0

NH

� � � 1� � � # � $� � � � � � � � 0� � � � �� 0 � � �� � � � � � � �� � � � � �� � �� � � � � 1� � � # � $� � � � � 0� � � � �� 0 � 34< 5 34 4 5< � 8 � 6 � � 0 6 � 4< �� 
 � # 	 � �

# � � � � � �

10−14 erg cm−2 s−1 � � � � � �� 0 � � � � � 1� �� � � � � � � 0� � � 34 6 5 34 7 5 � � � � � � � 1 � � � � 1� < � 8 � 6 � � 0 6 � 4< �� 
 � # � � � � � � � �� � 3 $ � � �� $ �� 0 �� �

� � � � �� � � � � 5 �� � � 1� � 0� � � � �� 0 � � # � $� � � � � � � �� 0 � � � � � 1� �� � � � � � � 0� � � E � � � �� $� � �� � � � � 0 � � � 1� ;< � $ � � � 0� � $� � � �� � � � � �

∗

? � # � $� � 1 � � � �� � � � $ �� 0 � 1 � � � �

∗∗

B - A � ? �



� �������	��
 �


 ������������������� �������  !�"���# %$ �'& ( )*���!�
$"�'+,��-. %$ ��/ ��0, 132547698 :<; = 2?>A@

~Mnl_�twgi`y!{c�k c�nl_�tmnTZ�q
nlkm`lt � ~"!TZ ��c�ra`�ja_�ra^�vs�7kljyg�c�r�t c�}skm`{j ^�qsranh`hjetwv|c�kwk~d�cAgi`T}�c�v
osjTV � �7X V w Y � X ^�v
o?t��~`lra`lv8_D_�twxy`0j nAc�km`hj4��j�b
^KdMtwvs�!_�b
`ltwrDk c�r��i`hja_ec�x �skwtw_�q
os`Wc�v
oyz�c�j�_a`hja_ g�c�r�t c�}stwkwtw_�j twv 5 � r cAj�j ]�
 b
`
k c�_a`lr0tmjMq
j�q�c�kwkljQ_ c � `lv c�jW`lg8tmos`lv
nh`Tz�^�r65 � r c j6`lx tmjaj�tm^�v6twv	~"!{Z5^�r�tw�7twv�c�_�twvs�&twv c�j�xuc�kwk�ra`l�7tm^�v
nlkm^7ja`y_a^f_�b
`unh`lv8_�r c�k�ja^�qsranh`�� dMbstmn b�tmj�_�b
^�qs�7b�_�_a^|}~`ucfj�qs��`lr�xuc�j j�twgi` � 106 − 109M�

�T}sk c�n �b
^�km` ] �eqsr�ra`lv�_�twv
j�_�r�qsxy`lv�_ c�_�tm^�v|nAc�vsv
^�_Rj���c�_�t c�kwkljyra`hj ^�kwgi`0_�b
`Wtwvsv
`lr�xy^7j�_era`l�7tm^�v
jR^�zY~"!TZ c�v
o �
c�kw_�b
^�qs�7b�_�b
`&^�r�tw�7twv�^�z65 � r c j g7c�r�t c�}stwkwtw_�j twvE~"!{Z tmj���^�^�r�klj qsv
os`lraj�_a^�^8o � tw_�tmj/nh^�v
j�tmos`lra`ho�c
��^Kde`lr z�qsk�xy`l_�b
^�o _a^6^�}s_ c�twv twv?z�^�r�xuc�_�tm^�v�^�v _�b
` janAc�km`yc�v
o _�b
` ja_�r�q
nl_�qsra`y^�z 5 � r c j `lx tw_�_�twvs�
ra`l�7tm^�v
j0twv{~"!TZ ]

� v�_�bstmj�nab�c��s_a`lr d�`Q�sra`hja`lv�_�_�b
`Qra`hj�qskw_aj�^�z�cFj�_�q
o�j�^�z�_�b
`��
q ��c�v
o�j��~`hnl_�r c�kRg�c�r�t c�}stwkwtw_�j
�sra^���`lr�_�tm`hj�^�z�_�b
` wA� [ }sr�tw�7b�_a`hja_T^�}���`hnl_aj�os`l_a`hnl_a`ho dMtw_�b C�EFE G�H!IKJMLONAPFtwvf_�b
` �������	��

� �<�����
��`lkmo �Az�^�r�dMbstmn b�_�b
`ltwr _�twxy` � cAgi`lr c��i`ho 5 � r c j{j��~`hnl_�r c�ki�sra^��~`lr�_�tm`hj c�ra` � v
^KdMv ��c�v
o!de`lra`��sra`hj `lv�_a`ho
twv _�b
`T�sra`lg8tm^�q
j0n b�c��s_a`lr ]]
 b
`!c�twx ^�z _�bstmjMj�_�q
o�j&tmjR_a^��sra^Kg8tmos`Tz�qsr�_�b
`lrMtwv
j�tw�7b8_0twv�_a^�_�b
`{^�r�tw�7twv
^�z(_�b
` 5 � r c j�`lx tmjaj�tm^�v twv�~"!TZ���}�j�c�v�c�klj?j�twvs�{_�b
`�_�twxy`Mos`l�~`lv
os`lv
nh`0^�z(_�b
`M`lx tmjajatm^�v��sra^��~`lr�_�tm`hj
^�z _�b
`{os`l_a`hnl_a`ho nh^�x ��^�v
`lv8_aj�twv6_�b
`�nh^ � c�osos`ho"5 � r cAj6j���`hnl_�r c�^�z _�b
`!^�}���`hnl_aj ]
B �DC EGF �IHKJMLNHPOAH

 b
`!CTE E G�H�IKJMLONAP os`h`l� j�qsr�gi`bj twvf_�b
`��������	��

� �<������tmj�nh^�x �~^7ja`ho ^�z w Yy^�}
ja`lr�g�c�_�tm^�v
j � ja`h`

 c�}skm` � ]lw z�^�r twv?z�^�r�xuc�_�tm^�vy^�v/_�b
`R^�}
ja`lr�g7c�_�tm^�v�c�k
os`l_ c�twkmjg� nAc�r�r�tm`ho ^�qs_ z�ra^�x � �7�7�W_a^ � �7� � ��dMbstmnab
c�kwkm^Ad5q
jM_a^yj�_�q
o�j _�b
` 5 � r c j g7c�r�t c�}stwkwtw_�j6�sra^��~`lr�_�tm`hj�^�z ^�qsr�ja^�qsranh`hj�^�vfkm^�vs�u_�twxy`!janAc�km`hj��?z�ra^�x
xy^�v�_�b
j/_a^iji`Ac�raj ]�� qsr!g7c�r�t c�}stwkwtw_�j�c�v�c�klj?j�tmj!os^�`hj!v
^�_�c�kwkm^Ad q
j!_a^fja_�q
o�j;�
q
nl_�q�c�_�tm^�v
j�twv _�b
`
c�nhnlra`l_�tm^�v�o?tmj n�� c�j/_�b
`Qo�j8v�c�x tmnAc�k�_�twxy`&j nAc�km`hj � kwtw�7b8_ � nlra^7jaj�twvs� _�twxy`6��c�ra`ux�q
n b�jab
^�r�_a`lr/_�b�c�v
_�b
`&^�v
`hj�j c�x �skm`ho�twv�^�qsr c�v�c�klj?j�tmj ];� v�_�r c � ^�r�}stw_ g7c�r�t c�}stwkwtw_�j�j�_�q
o?tm`hj � t ] ` ] ^�v�_�twxy`Qj nAc�km`hj

< �o
c j?jg�enAc�vsv
^�_M}�`��~`lr z�^�r�xy`ho6^�v6_�b
`�� �����9�:
����<�
� �Rj ^�qsranh`hj4�sc�jR_�b
`hja`!c�ra`�_a^8^�z�c�twv�_ ]W
 b
`T_�twxy`
janAc�km`hj{j c�x �skm`ho b
`lra`�dMtwkwkDc�kwkm^Kd q
j{_a^ os`l_a`hnl_!nab�c�vs�i`hj!twv _�b
`��7km^�}�c�kec�nhnlra`l_�tm^�v r c�_a` ^�r{twv _�b
`
`lv�g�twra^�vsxy`lv�_R^�z _�b
`"~"!TZ��i` ] � ] �
q
nl_�q�c�_�tm^�v
jDtwv&_�b
`�c�nhnlra`l_�tm^�v ��^Ad ^�qs_ajatmos`0_�b
`65 � r c jy`lx tw_�_�twvs�
ra`l�7tm^�v c�v
o >�^�r�n b�c�vs�i`hj�twv6_�b
`�c�}
j ^�r�}stwvs�yxuc�_a`lr�t c�k ]~�j `����sk c�twv
`houtwv 7 `hn ]��?] � �itwvy^�raos`lr�_a^�`���_�r c�nl_ _�b
`0ja��`hnl_�r c�k
�sra^�o?q
nl_aj�^�z ^�qsrD^�}���`hnl_aj4�ija^�qsranh`

wA� Y



wA� � �Dc�r�t c�}stwkwtw_�j6�sra^��~`lr�_�tm`hj�^�z�5 � r cAj j ^�qsranh`hjMtwv|_�b
`����9���9�:
�� �<�
� �

os`l_a`hnl_�tm^�v d�c�j�nAc�r�r�tm`ho ^�qs_T^�vf_�b
`�o
c�_ c�z�ra^�x `Ac�n b twv
o?twg�tmo?q�c�k ^�}
ja`lr�g�c�_�tm^�v � c�v
of_�b
`lra`<z�^�ra`/de`
b�chgi`!c�kwk _�b
`�ra`lkm`lg7c�v�_0��c�r c�xy`l_a`lrajRz�^�rR_�b
`{ja^�qsranh`hjRtwv6^�qsr0j c�x �skm`�z�ra^�x c�kwk�^�}
j `lr�g�c�_�tm^�v
jRdMb
`lra`
_�b
`bj&d�`lra`�os`l_a`hnl_a`ho ] � `!b�chgi`{q
ja`ho|xy`Ac�j�qsra`hof� ]\���TwA��� `3� nh^�qsv8_0r c�_a`hj��Mz�ra^�x�`Ac�nabftwv
o?twg8tmo?q�c�k
^�}
ja`lr�g7c�_�tm^�vudMb
`lra`�ja^�qsranh`hjDd�`lra`�os`l_a`hnl_a`ho ��_a^!}sqstwkmoukwtw�7b�_Rnlqsr�gi`hjD_�b�c�_ede`Wq
ja`hoy_a^�j�_�q
o�j 5 � r cAj�
q �6c�v
ofj���`hnl_�r c�k g�c�r�t c�}stwkwtw_�j ]7 ^�qsranh`!��c�r c�xy`l_a`lrajW}~`hnh^�xy`!gi`lr j qsv
nh`lr�_ c�twv|z�^�r�^�}���`hnl_aj�os`l_a`hnl_a`hofnlkm^7j `{_a^z����� ��c��
j ] 
 ^
chgi^�tmof_�bstmj��sra^�}skm`lx c �~`hnl_�twvs�Q^�qsr0ra`hj�qskw_aj4��de`�o?tmo|v
^�_�q
ja`!o
c�_ c z�ra^�x ^�}
ja`lr�g�c�_�tm^�v
jWdMb
`lra`!_�b
`
^�}�� `hnl_ajRd�`lra`!os`l_a`hnl_a`ho6v
`Ac�r �����4��c��
j4��}�c�o6nh^�kwqsx v
j4�
^�rRv
`Ac�rM_�b
`{`ho?�i`{^�z _�b
` , tm`lkmo6^�z �Wtm`ld
�8,,� �y��twv|_�b
`!_a`lr�xyj0`����sk c�twv
`hoftwv 7 `hn ]��?] � ]


 b
`y_�bsra`h`yC�EFEFG�H�IKJMLONAP��]� � � nAc�xy`lr c�j � = w �,= � c�v
o �sv �Tb�chgi`uo?t�� `lra`lv�_��i`h^�xy`l_�r�tm`hj4�
_�b
`lra`<z�^�ra`Dz�^�r c0�7twgi`lv�^�}
j `lr�g�c�_�tm^�v ��tw_ tmj nh^�x xy^�v�_a^"�
v
o�_�b�c�_ c�jatw�7vst���nAc�v�_ v�qsx/}�`lr ^�z�ja`lra`lv
o?tw� �tw_a^�q
j�klj6os`l_a`hnl_a`hof^�}���`hnl_ajMz�c�kwk�v
`Ac�r�^�r0twv
jatmos`������ ��c��
j0twvFc�_0km`Ac�j�_�^�v
`!^�z _�b
`!nAc�xy`lr c�j ] 
 bstmj
xy`Ac�v
j _�b�c�_4��z�^�r _�b
`�j�c�xy`M^�}�� `hnl_4�7d�`RdMtwkwksb�chgi`Rkwtw�7b8_�nlqsr�gi`hj z�ra^�x o?t�� `lra`lv�_Do
c�_ cTj `l_aj � t ] ` ] o
c�_ c
z�ra^�x o?t�� `lra`lv�_Mra`lgi^�kwqs_�tm^�v
jg�Dz�^�rR`Ac�nab|nAc�xy`lr c c�v
oQ_�b
`lra`<z�^�ra`�_�b
`Tj c�x �skwtwvs�y^�z o
c�_ c/tmjMo?t�� `lra`lv�_ ]
� vQc�oso?tw_�tm^�v ��}~`hnAc�q
ja`0^�z _�b
`ltwreo?t�� `lra`lv�_etwv
j�_�r�qsxy`lv�_ c�k�ra`hj��~^�v
ja`hj�d�`�nAc�vsv
^�_�nh^�x�}stwv
`0_�b
`Wnh^�qsv�_
r c�_a`hj�z�ra^�x _�b
`�_�bsra`h`���� � � nAc�xy`lr c�j ]W
 b
`Mz�c�nl_�_�b�c�_Dkwtw�7b8_�nlqsr�gi`hj�z�ra^�x `Ac�nab��]� � � nAc�xy`lr c/c�ra`
j c�x �skm`hoyo?t�� `lra`lv�_�klj�twv xy^7j�_�ja^�qsranh`hj��ixuc � `hj�nh^�x ��c�r�twvs�/_�b
`Rra`hj�qskw_aj�^�z ^�qsr g�c�r�t c�}stwkwtw_�j c�v�c�klj?j�tmj
}�`l_-de`h`lv�os`l_a`hnl_a^�raj�gi`lr j o?t	�unlqskw_ ] ��q
`�_a^ _�b
`��i`h^�xy`l_�r j ^�ze_�b
`��sv os`l_a`hnl_a^�r4��_�b
`�v8qsx�}~`lr�^�z
ja^�qsranh`hj�z�c�kwkwtwvs��twv _�b
`��sv	�����4��c��
jRdMtwkwk�}~`Wk c�r��i`lrM_�b�c�v6twv = � 7 os`l_a`hnl_a^�raj�
?b
^Ad�`lgi`lr0_�b
`Wz�^�r �xy`lre�sra^Kg8tmos`hjR_�b
`�os`h`l�~`hj�_M^�}
ja`lr�g�c�_�tm^�v ^�z _�b
`"��`lkmo&z�^�rR`Ac�nab6`��?��^7j�qsra`��8dMbstmnab|c�kwkm^Kd0jR_a^/os`l_a`hnl_
km^Ad�`lr�g7c�r�t c�}stwkwtw_�jFc�x �skwtw_�q
os`hj4� c�v
o|_a^yxy`Ac�jaqsra`�}~`l_�_a`lr�_�b
`�c�x �skwtw_�q
os`/^�zDos`l_a`hnl_a`ho g7c�r�t c�}stwkwtw_�j ]

 b
`lra`<z�^�ra`��
de`{b�cAgi`!q
ja`ho6^�vsklj �sv|o
c�_ c�twv|_�b
`!c�v�c�klj?j�tmjM�sra`hj `lv�_a`ho|twvf_�bstmj0nab�c��s_a`lr ]
B �
� ��������� H���� H���� � � O J
� v�^�raos`lr!_a^|ja`Ac�ran b z�^�r �
q � g�c�r�t c�}stwkwtw_�j � d�`unlra`Ac�_a`ho�c kwtw�7b�_�nlqsr�gi`�z�^�r/`Ac�nab�j ^�qsranh`yq
j�twvs�|_�b
`
nh^�qsv�_ r c�_a`hj twv _�b
` ^�}
ja`lr�gi`ho � ]\���TwA��� `���`lv
`lr��cj }�c�v
o twv `Ac�n b ra`lgi^�kwqs_�tm^�v ] � `fq
j `hop_�bstmj
`lv
`lr��cj }�c�v
o6}�`hnAc�q
j `{tw_Md�c�j�q
ja`ho6_a^ j�_�q
o�j _�b
` 5 � r c j �sra^���`lr�_�tm`hjW^�z _�b
`�nh^ � c�osos`hofj��~`hnl_�r c�^�z
_�b
`�ja^�qsranh`hj���c�v
ou_�b
`lra`<z�^�ra`Wde`WnAc�v&nh^�x ��c�ra`To?twra`hnl_�klj _�b
`�os`l_a`hnl_a`ho&g�c�r�t c�}stwkwtw_�jy�sra^��~`lr�_�tm`hjedMtw_�b
_�b
`WcAgi`lr c��i`Wj��~`hnl_�r c�k
�sra^��~`lr�_�tm`hje^�z _�b
`0j ^�qsranh`hj ] � vQc�oso?tw_�tm^�v ��q
j�twvs��� ]\���TwA�{� `3� nh^�qsv8_er c�_a`hjDde`
b�chgi`�xy^�ra`!_�b�c�v w � nh^�qsv8_aj � }�c�n � �7ra^�qsv
oFj�qs}s_�r c�nl_a`ho.�0^�vf`Ac�nab ��^�twv8_W^�z _�b
`{kwtw�7b�_�nlqsr�gi`hj4�(c�v
o
_�b
`lra`<z�^�ra`Qd�`&nAc�v c�jaj�qsxy`i!{c�q
jaj�t c�v�j�_ c�_�tmj�_�tmnhj�o?qsr�twvs� _�b
` c�v�c�klj�j�tmj ] | j�twvs���]� � � � �sv � ]\���TwA�
� `�� nh^�qsv8_Tr c�_a`hjWd�`/^�}s_ c�twv
`hoFkwtw�7b8_�nlqsr�gi`hj�dMtw_�b c�_�km`Ac�j�_�_3d�^ o
c�_ cy�~^�twv�_ajWz�^�r wA� �&^�qs_�^�z�_�b
`
wA� [ ja^�qsranh`hjMtwv ^�qsr0j c�x �skm`��stwv
nlkwq
o?twvs�2� � _�j���` �Tw ~"!TZ c�v
o � Y�_�j8�~` �-� ~"!TZ ]Z�^�_{c�kwk��]� � � � �sv�^�}
ja`lr�g�c�_�tm^�v
j!de`lra` nAc�r�r�tm`ho ^�qs_TdMtw_�b _�b
` j c�xy`�}skm^�n � twvs�K�
kw_a`lr � ja`h` 
 c �}skm`2� ]lw � ] �Wqsr�twvs�F_�b
`z� � �sb�c�ja`�� _�b
` 
 bstwvE�
kw_a`lr�d�c�j/q
ja`ho � }sqs_�z�^�r�c�kwk ~ ��w c�v
oq~ �T� ^�} �ja`lr�g7c�_�tm^�v
j�_�b
` = `ho?twqsx �
kw_a`lrTd�c�jWq
ja`ho twv
j�_a`Ac�o ] � `�nAc�vsv
^�_{o?twra`hnl_�kljfnh^�x ��c�ra`�_�b
`�^�}
ja`lr�gi`ho
nh^�qsv�_�r c�_a`hj4�(}�`hnAc�q
ja`�}skm^8n � twvs�x�
kw_a`lrajTc �~`hnl_WtwvFcyo?t�� `lra`lv�_�d�cAj|_�b
`/km^Ad `lv
`lr��cj6�sb
^�_a^�v
jW_�b�c�_
c�r�r�twgi`�twvF_�b
`�os`l_a`hnl_a^�raj4��c�v
oFb
`lv
nh`�xy`Ac�j�qsra`ho � ]\���TwA�Q� `3� nh^�qsv�_{r c�_a`hj�dMtwkwk }~`�o?t�� `lra`lv�_!`lgi`lv
z�^�r{cuv
^�vFg7c�r j�twvs�Qja^�qsranh` ] =F^�ra`h^Agi`lr4� n b�c�vs�i`hj{twv }�c�n � �7ra^�qsv
o xy^�os`lkwkwtwvs� >�nAc�kwtw}sr c�_�tm^�v�o?qsr�twvs�
_�b
` kwt z�`l_�twxy`u^�zR_�b
` x tmjaj�tm^�v�nAc�v�twv�_�ra^�o?q
nh`uj j?j�_a`lxuc�_�tmnyo?t�� `lra`lv
nh`hj�}~`l_3d�`h`lv�xy`Ac�j�qsra`ho�nh^�qsv�_

���� "!$#&%'#�(�)+*-,/.0!21&!
3/!
.
3/45)+67398:(�;=<?>A@:BC<+DC<�E�DGFH(�!0!2#�!0.+IKJ�I L�MON&,/)�P�4Q1&!0(R.0)S*"6C3R,98:3/!0(T.0)S,�,/!
.
3/!?17U	):,'P�45V+6&!
3�3/456"V
8:6A17WX)S456�3'#�N&,/!?8S17Y"*&6".
3/45)+6GFZW[#-Y\M[]5)+(�(�!0(^)+67!08S.9 =!06"!_,/VS`baA8S6"1cI



�?]\� , kwq �Qg7c�r�t c�}stwkwtw_�j wA��9

r c�_a`hj ]r
 b
`|^�}
ja`lr�g7c�_�tm^�v
j d�`fc�ra`6q
j�twvs� d�`lra`fnAc�r�r�tm`ho ^�qs_ytwvpcF_�twxy`|twv�_a`lr�g7c�k�j���c�vsvstwvs� _-de^
ji`Ac�raj4�ec�v
o _�b
`lra`<z�^�ra` d�`6v
`h`ho�_a^ j�_�q
o�j�dMb
`l_�b
`lr&c�v*j�twv
j�_�r�qsxy`lv�_ c�k�o?r�t z�_ tmj��sra`hj `lv�_ytwv ^�qsr
o
c�_ c �ec�v
o�dMb
`l_�b
`lr tw_ tmjyc � `hnl_�twvs� _�b
` xy`Ac�j�qsra`ho�g7c�r�t c�}stwkwtw_�j��sra^���`lr�_�tm`hju^�z�^�qsr ja^�qsranh`hj ] � v^�raos`lrM_a^�os^�_�b�c�_4�?de`Tb�chgi`�nAc�kmnlqsk c�_a`ho6_�b
`Txy`Ac�v � chgi`lr c��i`ho|^Kgi`lrWc�kwk ja^�qsranh`hjg��os`lg�t c�_�tm^�v|^�z _�b
`
nh^�qsv�_Tr c�_a`hjTxy`Ac�j�qsra`ho ^�v `Ac�nab ^�}
ja`lr�g7c�_�tm^�vFz�ra^�x _�b
`�xy`Ac�v nh^�qsv�_Tr c�_a`hj{^�zD_�b
`�kwtw�7b�_{nlqsr�gi`hj ]� `�_�b
`lv|nh^�r�ra`hnl_a`ho6_�b
`Tnh^�qsv�_0r c�_a`hj�z�ra^�x _�b
`hja`Txy`Ac�v|os`lg8t c�_�tm^�v
j ]W
 bstmjMtmjR`����sk c�twv
`ho6twv6os`l_ c�twk
twv	~W�s��`lv
o?t � � �sdMb
`lra`!tw_0tmj�j�b
^AdMv _�b�c�_Wc�v*j twv
j�_�r�qsxy`lv8_ c�k o?r�t z�_ajWc�ra`{twvFc�kwk nAc�ja`hj0gi`lr j j�xuc�kwk ]~�kwk�nh^�qsv�_�r c�_a`hj�q
j `ho z�^�r�_�b
`Qj�_�q
o�j �sra`hja`lv�_a`ho�twv�_�bstmj/n b�c��s_a`lr c�ra`&nh^�r�ra`hnl_a`ho�z�^�r!_�bstmj�j�xuc�kwk
` �~`hnl_ ]


 ^ j `Ac�ranab z�^�r os`lg8t c�_�tm^�v
j�z�ra^�x _�b
` v�qskwkMb�j8�~^�_�b
`hj�tmj4�enh^�v
j�tmj�_�twvs� twv _�b�c�_ _�b
`|� ]\���TwA�F� `3�xy`Ac�v nh^�qsv�_Tr c�_a`hjT^�zD_�b
`�^�}�� `hnl_aj�b�chgi`�ra`lxuc�twv
`ho nh^�v
j�_ c�v8_!o?qsr�twvs�6c�kwk ^�}
ja`lr�g7c�_�tm^�v
j4�~de`�q
ja`ho
_�b
`

χ2

χ2 =
N

∑

i=1

(xi − 〈x〉)2

σ2
i

� �?]lw �
dMb
`lra`

xi
c�ra` � ]\���TwA��� `�� nh^�qsv8_Qr c�_a`hj ^�v `Ac�nab ^�}
ja`lr�g7c�_�tm^�v c�v
o

σi
_�b
`Fnh^�r�ra`hj���^�v
o?twvs� w σj�_ c�_�tmj�_�tmnAc�k `lr�ra^�raj���� tmjM_�b
`!v�qsx�}~`lrW^�z �~^�twv�_aj�^�v `Ac�nabfkwtw�7b8_�nlqsr�gi`/c�v
o
〈x〉

tmjM_�b
`{qsv8de`ltw�7b�_a`ho
xy`Ac�v6nh^�qsv�_Mr c�_a`�z�^�re_�b�c�_0ja^�qsranh` ] � `{c�nhnh`l�s_a`ho|c�ja^�qsranh`{c�jRg7c�r�t c�}skm`Wt z _�b
`Tj�tw�7vst���nAc�v
nh`{^�z

χ2^�z�}�`ltwvs�/bstw�7b
`lre_�b�c�vQ_�b
`�^�}s_ c�twv
`ho&g7c�kwq
`W� q
j�_e}*j r c�v
os^�x ` �~`hnl_ajetmjekm^Ade`lrR_�b�c�v
2.7× 10−3 t ] ` ][

σ ]

 b
`�ra`hj�qskw_aj{^�z�os`l_a`hnl_�tm^�v ^�z��
q � g7c�r�t c�}stwkwtw_�j c�ra`�j�qsx xuc�r�tmja`ho twv nh^�kwqsx v
j�[ c�v
o'� ^�z 
 c �}skm` �?]lw7] � `�b�chgi`enh^�r�ra`hnl_a`ho�_�b
` z�r c�nl_�tm^�v
j ^�z
ja^�qsranh`hj�dMtw_�b�os`l_a`hnl_a`ho<�
q �{g7c�r�t c�}stwkwtw_�jTz�^�r j��sqsr�tm^�q
j

os`l_a`hnl_�tm^�v
j z�^�r�_�b
`M�7twgi`lvunh^�v���os`lv
nh`�km`lgi`lk � [ σ � q
j�twvs�{_�b
`0xy`l_�b
^8oyos`hj nlr�tw}�`ho twvx~��s�~`lv
o?t �D~ ] � ]� `Tb�chgi`!os`l_a`hnl_a`ho��
q �Qg7c�r�t c�}stwkwtw_�j twv
∼ � ��# ^�z _�b
`!ja^�qsranh`hj0dMtw_�b c�j�tw�7vst���nAc�v
nh`!^�z xy^�ra`{_�b�c�v

[
σ ]", kwq � g7c�r�t c�}stwkwtw_�j�d�c�j�os`l_a`hnl_a`ho�twv�[ w ^�qs_�^�z � �Z� � � ± wcw #��!_�j��~` �Tw ~"!TZ c�v
o w [|^�qs_�^�z

� Y � �5� ± wA� #��/_�j���` �-� ~"!{Z ]W
 b
`Qz�r c�nl_�tm^�v ^�z ~"!TZ dMtw_�b os`l_a`hnl_a`ho �
q ��g�c�r�t c�}stwkwtw_�j�dRc�j v
^�_
z�^�qsv
oy_a^!g7c�r j�dMtw_�b&ra`hosj�bst z�_4�it ] ` ] �8_�b
`�o?t�� `lra`lv�_Rj c�x �skwtwvs�/^�z ra`hj�_ � z�r c�xy`�`lv
`lr��7tm`hjDz�^�reja^�qsranh`hj�c�_
o?t��~`lra`lv8_{ra`hosj�bst z�_aj{os^8`hjTv
^�_!ja`h`lx _a^6c � `hnl_{_�b
`�os`l_a`hnl_�tm^�v�^�z��
q � g7c�r�t c�}stwkwtw_�j ] � `�nh^�x ��c�ra`ho
_�b
`W^�}s_ c�twv
`hoQz�r c�nl_�tm^�v
jM^�z g7c�r j8twvs��ja^�qsranh`hjez�^�rRo?t�� `lra`lv�_Mj c�x �skm`hjM^�z ^�}�� `hnl_aj�q
j�twvs��_�b
`Wxy`l_�b
^8o
os`hjanlr�tw}~`ho twv[~W�s��`lv
o?t � ~ ] � ] � ` z�^�qsv
op_�b�c�_u_�b
`f�sra^�}�c�}stwkwtw_�jp^�z!^�}s_ c�twvstwvs��xy^�ra`|_�b�c�v w [_�j���` �Tw ~"!{Z dMtw_�b os`l_a`hnl_a`ho6�
q �Fg�c�r�t c�}stwkwtw_�jFtwv�cQj c�x �skm`u^�z � � ^�}���`hnl_ajTtmj

∼
Y � # ]�
 b
`lra`<z�^�ra`

_�b
`lra`{tmjMv
^y`lg�tmos`lv
nh`!_�b�c�_�_�b
`Tz�r c�nl_�tm^�v ^�z j ^�qsranh`hj�j�b
^KdMtwvs���
q �6g�c�r�t c�}stwkwtw_�j6twv|_�b
`�� ]\���TwA��� `3�}�c�v
o ^�v�km^�vs�{_�twxy`MjanAc�km`hj tmj o?t�� `lra`lv�_ z�^�r _�j���` �Tw c�v
o�_�j��~` �-� ~"!TZ ] � `Mja`h`�_�b�c�_ _�b
`�z�r c�nl_�tm^�vy^�z
g�c�r�t c�}skm`Tja^�qsranh`hjMc�xy^�vs��qsvstmos`lv�_�t���`hof^�}�� `hnl_aj�tmj�km^Ad�`lrM_�b�c�vQ_�b
`�z�r c�nl_�tm^�v
jM^�}s_ c�twv
`houz�^�r�_�j���` �Twc�v
o|_�j8�~` �-� ~"!TZ c�v
o|z�^�rW_�b
`!dMb
^�km`/j c�x �skm`/^�z�^�}���`hnl_aj ]�
 bstmj�nh^�qskmof}~`!o?q
`!_a^u_�b
`{z�c�nl_�_�b�c�_
xy^7j�_�qsvstmos`lv�_�t���`ho6^�}���`hnl_ajRc�ra`Tc�xy^�vs��_�b
`Wz�c�twv8_a`hj�_�j ^�qsranh`hjetwvQ_�b
`�j c�x �skm`��
c�v
ou_�b
`lra`<z�^�ra`�_�b
`bj
dMtwkwk _a`lv
o _a^&b�chgi`�kwtw�7b8_{nlqsr�gi`hjTdMtw_�bFkm^Kde`lr!j�tw�7v�c�k � _a^ � v
^�tmj `�r c�_�tm^ ] � v c�oso?tw_�tm^�v ��ja^�xy`�^�zD_�b
`hja`
qsvstmos`lv�_�t���`ho ja^�qsranh`hjyx tw�7b8_uv
^�_y}~` g7c�r�t c�}skm` ] , ^�r&`��sc�x �skm`���qsvstmos`lv�_�t���`ho b
`AcAg8twklj ^�}
janlqsra`ho
~"!TZ � t ] ` ] x�q
nab xy^�ra`Q^�}
janlqsra`ho�_�b�c�v�_�b
`utmos`lv8_�t���`ho�_�j���` �-� ~"!TZ �Txuc j�j�b
^Ad ^�vsklj ra`l�sra^ �nh`hjaja`ho�`lx tmjaj�tm^�v�dMbstmnab�dMtwkwk0c�kmja^|b�cAgi`&km^Kde`lr g7c�r�t c�}stwkwtw_�j�c�x �skwtw_�q
os`��Dc�j�x�qskw_�tw�skm` janAc�_�_a`lr�twvs�ij
j�xy`Ac�r0^�qs_0_�b
`{g7c�r�t c�}stwkwtw_�j ]

� qsr j ^�qsranh`hj `��?bstw}stw_ o?t�� `lra`lv�_,�
q �Tg7c�r�t c�}stwkwtw_�j{��c�_�_a`lr�v
j ] 7 ^�xy`e^�}�� `hnl_aj }�`hnAc�xy`�z�c�twv8_a`lr dMtw_�b
_�twxy`���dMbstwkm`/^�_�b
`lraj�}~`hnAc�xy`�}sr�tw�7b8_a`lr ]8 ^Ad�`lgi`lrTz�^�rTcujatw�7vst���nAc�v�_�z�r c�nl_�tm^�v ^�zeja^�qsranh`hj���d�`y�
v
o
twr�ra`l�7qsk c�r �
q �/g7c�r�t c�_�tm^�v
j�dMtw_�b ra`hja��`hnl_ _a^T_�b
`ltwr xy`Ac�v��
q ��km`lgi`lk ] 7 ^�xy`M`��sc�x �skm`hjD^�z�_�b
`R_�j8�stmnAc�k



w [7� �Dc�r�t c�}stwkwtw_�j6�sra^��~`lr�_�tm`hj�^�z�5 � r cAj j ^�qsranh`hjMtwv|_�b
`����9���9�:
�� �<�
� �

���������
	���
������ 
)����� ����� ����� ��� � � ��� �!���#"%$5��� � ��� �&$('*),+*-�./+*���10324�/5 
��6$7�98 � ��� � 

�
: 
 � � 
�;<� �=�#��>�)

!Tra^�qs�
Ntot nflux fraccflux(%) nsp fraccsp(%)

��w � ��� � � [�� � ��� � � � � � �~�kwk wA� � �7� ��w ± ? � � � � ± �_�j8�~` �Tw ~"!A@ � � [ w � � ± wcw � w � ± �_�j8�~` �-� ~"!A@ �*? w [ �5�
± wA� 9 [ �

± w �
| vstmos`lv�_�t���`ho �5� w � [ ? ± wcw 9 w49 ± 9��^�kwqsx v
j c�ra` c�jyz�^�kwkm^Kd0jAk ��w ���7ra^�qs� ^�z!ja^�qsranh`hj�
 ��� ��_a^�_ c�k�v8qsx�}~`lrQ^�z!^�}���`hnl_ajytwvp_�b
`

�7ra^�qs�R
 � [��{v8qsx�}~`lr�^�z�ja^�qsranh`hj�dMtw_�b�os`l_a`hnl_a`ho �
q � g7c�r�t c�}stwkwtw_�j � nh^�v���os`lv
nh`
≥ 3σ

�+
 � ���z�r c�nl_�tm^�v � nh^�r�ra`hnl_a`ho�z�^�r�j��sqsr�tm^�q
j os`l_a`hnl_�tm^�v
j�
Rja`h`K~W�s��`lv
o?t ��~ ] ����^�z�j ^�qsranh`hj/twv��7ra^�qs�
dMtw_�b os`l_a`hnl_a`ho!�
q �!g�c�r�t c�}stwkwtw_�j[
 � � � v8qsx�}~`lr ^�z(ja^�qsranh`hj dMtw_�b�os`l_a`hnl_a`ho�j��~`hnl_�r c�k�g�c�r�t c�}stwkwtw_�j
� nh^�v���os`lv
nh`

≥ 3σ
�+
 � � � z�r c�nl_�tm^�v � nh^�r�ra`hnl_a`ho z�^�r�j��sqsr�tm^�q
j�os`l_a`hnl_�tm^�v
jg��^�z~j ^�qsranh`hj twv �7ra^�qs�

dMtw_�bfos`l_a`hnl_a`ho j��~`hnl_�r c�k g�c�r�t c�}stwkwtw_�j ] � r�ra^�rajWnh^�r�ra`hj���^�v
o|_a^ _�b
` w σ nh^�v���os`lv
nh`!twv8_a`lr�g�c�k ]

kwtw�7b�_�nlqsr�gi`hj�q
ja`ho twv ^�qsr/c�v�c�klj?j�tmj�c�ra`uj�b
^AdMv twv , tw� ]Y�?]B?�]�� _{tmj{twx �~^�r�_ c�v�_/_a^6v
^�_a` _�b�c�_�^�qsr
g�c�r�t c�}stwkwtw_�j|c�v�c�klj�j�tmj�os^8`hjRv
^�_�c�kwkm^Kd q
jM_a^�xy`Ac�j�qsra`Tg7c�r�t c�}stwkwtw_�j _�twxy`!janAc�km`hjRtwv6_�b
`!kwtw�7b�_�nlqsr�gi`hj
^�z�^�qsryja^�qsranh`hj���}~`hnAc�q
ja`Q_�b
`6os`l_a`hnl_a`ho g�c�r�t c�}stwkwtw_�j�x tw�7b�_ b�chgi`f^8nhnlqsruc�_ ja^�xy` �~^�twv�_yo?qsr�twvs�
_�b
`u_�twxy`&twv�_a`lr�g7c�kmj�v
^�_�nh^Agi`lra`ho�}*j�^�qsr�o
c�_ c ] � v�_�b
`Q^�_�b
`lr�b�c�v
o ��`Ac�nab��~^�twv�_�twv�_�b
`&kwtw�7b�_
nlqsr�gi`hj ra`l�sra`hja`lv8_aj�_�b
`Mxy`Ac�j�qsra`hounh^�qsv�_�r c�_a`0^�z�_�b
`0^�}���`hnl_aj�o?qsr�twvs�!_�b
`RdMb
^�km`0^�}
ja`lr�g7c�_�tm^�v �8c�v
o
_�b
`lra`<z�^�ra`�de`/os^ v
^�_0b�chgi`�twv?z�^�r�xuc�_�tm^�vFtwvf^�qsr0kwtw�7b8_Wnlqsr�gi`hj�^�v|dMb
`lvf_�b
`!g�c�r�t c�}stwkwtw_�j|^8nhnlqsr�ra`ho
`lgi`lv6z�^�rM_�b
`!nAc�ja`hjMdMb
`lra`{_�b
`!g�c�r�t c�}stwkwtw_�j ^�nhnlqsr�ra`ho|o?qsr�twvs�y_�b
`�^�}
ja`lr�g�c�_�tm^�v
j ]

CED�FEDHG IKJMLONHPRQ*SUTUVXW�Y[Z]\�^�P_\]`4P_NHPRQba


dc1e x e<f&c1g oih eAc�j�k*e q1l e o fmgonbjqp,n q prjqfmesf&c1esj x � p t f q
o etg z,�
q � k�j r�t j }st p t f j � v g t,l e<� l�qs} f r j/n<fme o.�twv g qsr p tw� c�fsn qsr k*e l�t,l�z�q pup j o e l n r�tw} e o twv ~ p x j twvst e<fAjqp9v
��� �7�7���[wyx{z v�
dc t,lWx e<f&c1g}| t,l f&c1e x g l f
j �s�sr g �sr�t jqfme twv f&c1e r e �7twx e[g z ! jq~ lmlat j v�l f�jqf t,l f t n l4� j v j lml ~ x � f t g v f&c�jqf � j l�h e l j h } e z g r e �st,ll jqf t,l�� e�| }*j g/~ r |1jqf�j�v � v j/|�| t f t g v � f&c t,l!x e<f&c1g}|�nbj v } e�~ l e�| z g r p tw� c�f�n<~ r k*e l�hMt f&c � g twv f l
c�j�k twvs��l�tw�7vst�� nbj v f&p j | t�� e r e v f x ebj l ~ r e x e v f�e r�r g rml v


dc1e x e<f&c1g}| j lml ~ x e l f&c�jqf�f&c1e x ebj l ~ r e�|�| t,la� e rml�t g v twv p tw� c�f�n<~ r k*e l c�j l f h gX| t�� e r e v f
n�g v f r�tw} ~�f t g v1lAk

σ2
total = σ2

noise + σ2
Q � ��v\� �

f&c1e �
rml f�n�g v f r�tw} ~�f t g v � σnoise
�
} e twvs� f&c1e twv f r�twv1l�t n � ~1n<f&~�jqf t g v g z f&c1e � g twv f l |�~1e[fmg�f&c1e v g t,l etwv f&c1e�|1jqf�j�j v |Xf&c1e l e�n�g v | � σQ

� f&c1e twv f r�twv1l�t n � ~1n<f&~�jqf t g v |�~1e�fmg�k�j r�t jqf t g v1l�twv f&c1e l g/~ r n�e� ~ � v � esj r e twv fme r e l fme�| twv f&c1e l e�n�g v |���~�j v f t f j � σQ
� j lRt f x ebj l ~��me l f&c1e�k�jq� t j }st p t f j twv � ~ � g z

f&c1e�g }�� e�n<f l v!� v g/�m|�e<�sfmg�nbjqp,n<~�prjqfme σQ
� j x j �?twx ~ x p t �*e<p t c1g}g�| x e<f&c1g}| t,l ~ l e�| }�j |�e �
vstwvs�

f&c1e z ~ v n<f t g v L(σQ|xi, σi) f&c�jqf4�me � �me l e v f l4�iz g/�4j l e<fUg z�� g twv f l � xi
�
σi
� � f&c1e�p t �*e<p t c1g}g�| z ~ v n<f t g v



��v\� , pu~ � k�jq� t j }st p t f j w x w

�������	��

��������������������� �"!�#%$&�'$(���)��*��,+��.-/*�!0�1$(23*���#54�-6#�76*�839:9&;<�090-�->=?�5!0�@�54"�090A
σintr

AB7C#5!
-/#52D!��090-FEG��*�8D#523*H+'9/*I9��C*I9&+6=?�5!0�@�'$(���J��*��>KI�L9�7(*JMN�54"+O+'9/*I9��C*I9&+P=Q��!0�@�'$(���)��*��RKI!0�LS?8%*JM<T

U?V σQ W
L(σQ|xi, σi) =

N
∏

i=1

exp[−1
2(xi − 〈x〉)2/(σ2

i + σ2
Q)]

(2π)1/2(σ2
i + σ2

Q)1/2
= P (σQ) X@Y3Z\[<]

^ UF_CU5`badcde�fge&h�fi`jU�k&emlLnLo<f/lLprq�s?t&n.s?udnLlLnLeIpjs?`badlLnLe&c�vdf X e&h�fg`jU%vdfgU?V P (σQ) ]xw fgh�s�q<fye�Uzk�U5lLq<fe&h�f{fC|'c�s?e&n}U5~
N

∑

i=1

[(xi − 〈x〉)2 − (σ2
i + σ2

Q)]

(σ2
i + σ2

Q)
= 0 X@Y3Z �%]

� ~N�<f/~�f/t�s?l WD� | Z3Y3Z � _�s?~PU5~dlLpbu�fgk�U5lLq<fCv�~'cd`jf/t&n}_�s?lLlLp Z ^ h�f�`NsQ�DnL`�cd`�U?V�e&h�f�V�cd~�_/e&n}U5~���nLq<fCk
e&h�fO`jU�k&eradt�U5u�s?udl}fPq5s?lLc�fPU?V σQ

V@U5t�e&h�fP��nLq<f/~�k�f/erU?V�v�s?e�s:a�U5nL~%e�k Z ^ h�fPf/t&t�U5t�krnL~ σQ w f/t�f_�s?l}_/cdl.s?e�fCv�u'p�nL~'e�f/��t�s?e&nL~d��e&h�fNV�cd~�_/e&n}U5~�V�t�U5`�e&h�fP`NsQ�DnL`�cd`�q5s?lLc�fPe�U�u�U5e&h�k&n}vdfCkrcd~'e&nLlye&h�f
vdfCk&nLt�fCv,adt�U5u�s?udnLlLnLeIp�n}krf/~�_CU5`ba�s5k�k�fCv Z�� fOh�sCq<f6_�s?l}_/cdl.s?e�fCv�� σ f/t&t�U5t�kbe&h�s?eb_CU5t&t�fCk&a�U5~�v�e�U�s
adt�U5u�s?udnLlLnLeIp6U?V����<� Z � ~Pe&h�f{_�s5k�fCk w h�f/t�f�e&h�f�l}U w f/t�f/t&t�U5tyu�U5cd~�v6U?Vxe&h�f�nL~'e�f/��t�s?l}kgt�f�s5_�h�fCv6��f/t�U
w fz_�s?l}_/cdl.s?e�fCv�� σ cdada�f/tglLnL`bnLe�kyV�U5t σQ Z^ U�s?lLl}U w _CU5`ba�s?t&n}k�U5~�U?V�q�s?t&n.s?udnLlLnLeIp�s?`badlLnLe&c�vdfCk�V�U5tbk�U5cdt�_CfCk w nLe&h�v3n���f/t�f/~%eb`jf�s?~�_CU5cd~'e
t�s?e�fCk w f�h�sCq<f�_�s?l}_/cdl.s?e�fCvPe&h�f�q�s?lLc�f�U?V�e&h�f�~�U5t&`Ns?lLn}k�fCvOf(�3_CfCk�kBq�s?t&n.s?~�_Cf W σintr W V�U5tif�s5_�hPk�U5cdt�_Cf W

σintr =
σQ

〈CR〉
X@Y3Z\Y<]

w h�f/t�f 〈CR〉 n}kFe&h�f�`jf�s?~�� Z\�Q  � � o<fI¡¢_CU5cd~'ert�s?e�fPU?Vge&h�s?erk�U5cdt�_Cf Z ^ hdn}k�a�s?t�s?`jf/e�f/tb��nLq<fCk�e&h�fV�t�s5_/e&n}U5~�U?V�e&h�f�e�U5e�s?li£�c3�,e&h�s?ern}krq5s?t&n.s?udl}f W s?~�v�e&h�f/t�f(V@U5t�f6_�s?~�u�fNc�k�fCv,e�U�_CU5`ba�s?t�f¤s?`badlLn  e&c�vdfCkiU?V¥£�c3�Nq5s?t&n.s?udnLlLnLe¦pjV@U5t§k�U5cdt�_CfCk w nLe&h6v3n��¥f/t�f/~'e§£�c3�dfCk Z�¨ nL� ZdY3Z ��k&h�U w k§e¦p%adn}_�s?l�adt�U5u�s?udnLlLnLeIpv3n}k&e&t&nLudcde&n}U5~�k�U?V σintr
U?V�k�U5cdt�_CfCk w nLe&h�U5cde�vdf/e�fC_/e�fCv X l}f(V�e ] s?~�v¤vdf/e�fC_/e�fCv X t&nL��h%e ] q�s?t&n.s?udnLlLnLeIp Z^ h�f{v3n}k&e&t&nLudcde&n}U5~�k�U?V σintr

q�s?lLc�fCky`jf�s5k&cdt�fCv6nL~6e&h�f{lLnL��h%e�_/cdt&q<fCk�U?V�U5cdt�k�U5cdt�_CfCk�s?t�fFk&h�U w ~nL~ ¨ nL� Z'Y3Z\� V@U5tme&h�f w h�U5l}f�k�s?`badl}fgU?V	U5u3©�fC_/e�k X k�U5lLn}vjlLnL~�f ] s?~�vbV�U5tBU5u3©&fC_/e�k w h�f/t�fg£�c3�bq5s?t&n.s?udnLlLnLe¦p
w s5kgvdf/e�fC_/e�fCv>nL~¤e�f/t&`jkgU?V�e&h�f χ2 e�fCk&e X«ª lLl}fCv6hdn}k&e�U5��t�s?` ](Z

� f¬k�fCf¬e&h�s?e:U5cdtRq�s?t&n.s?udl}f�k�U5cdt�_CfCk>h�s�q<f�s�udt�U<s5v­t�s?~d�<f,U?Vjq�s?lLc�fCkRU?VNf(�d_CfCk�kRq5s?t&n.s?~�_Cf
V�t�U5` ∼ ���<�®e�U ∼ � Y � W w nLe&h�e&h�f�`NsQ�3nL`Fcd`�U?V�e&h�fPv3n}k&e&t&nLudcde&n}U5~ X V@U5trU5u3©�fC_/e�k w nLe&h�vdf/e�fC_/e�fCv



w x�� � jq���rj����up��uf j6� �mg � e<�&f��,e l g�� 5
	 ��j j l g/~��mn�e l ��� f&c1e ���9���9�:
�� �<�
� �

�

������ � 	1������� ��� � � �R; ����� ��� ��� ��� 
q��� � �&$ 
���8.� ������$5� ��� : 
 � � 
�; � � ����>�� � � 
�� � ��;���� ���#�� � �
� �R$��=� � ����
��6$[� � � �#" �o� �/� � � ��� �E" � � ��2O��5 : 
 � � 
�; � �=�#��> ��
/��$ �<� � ��� �&$K�!�#�#" 
 � ����� -$5���.� �!��� : � � ≥ 3σ
� � � � �&$�"���� � ��� � 
�� �*)

k/jq���rj����up��uf j"!�# ��e$����%�jqftj k/jqpu~1e�g�� ∼ x�&(' v*)Ujqpu~1e l g��4f&c1e�e � n�e lml k�jq���rj��1n�e�j���gbk*e ∼ + &,	 � &(' |�g
�1g/f l e�e$- fmg.��eAk*e<� j n�g/-.-�g/��v� e�e �10 e�n<fUf&c1e�e � n$�,e$�1n j g���|�e<fme�n<f��,g/� g���k/jq���rj����up��uf j fmg2��e�j l f&�mg/��%3��~��1n<f��,g/� g���f&c1e l ��%���jqp 	
fmg 	 �1g/� l e���jqf��,g�g��]f&c1e�|1jqf�j � ��~�fOjqp l g[g��]f&c1e�j�- 0 p��uf&~1|�e g���k/jq���rj����up��uf j v54dc1e<�me6��g/�me f&c1e7����j/n<f��,g/��g��l g/~��mn�e l4h �uf&ci|�e<fme�n<fme�|ik�jq���rj����up��uf j ���mg/- f&c1e χ2 fme l f l c1g/~�p,| |�e�n<�mebj l e8�Rg/�Op,g h e<�dk�jq���rj����up��uf j j�- 	0 p��uf&~1|�e l v54dc�� l e � e�n<f7� l e<k9�,|�e$��f7�#�mg/- ,:��%1v + v � �}h c1e<�me h e l e�e�f&c�jqf � �Rg/�4k�jq���rj����up��uf j j�- 0 p��uf&~1|�e l
p,g h e<��f&c�j�� ��&('���h e�|�g.�1g/f |�e<fme�n<f � ~ � k�jq���rj����up��uf j ��� joprjq��%*e;����j/n<f��,g/��g�� l g/~��mn�e l v<4dc1e<�me6��g/�me
g/~���|1� l f&������~�f��,g/� g��Ug/� l e<�&k*e�| � ~ � k/jq���rj����up��uf j j�- 0 p��uf&~1|�e l ��g/��k/jq���rj���p,e�g/�1=�e�n<f l�l c1g/~�p,|>�1g/f?�]e
����fme<� 0 �me<fme�|�j l j�f&�&~1e�|1� l f&������~�f��,g/��g��]k/jq���rj����up��uf j j�- 0 p��uf&~1|�e l ��g/�Ef&c1edgbk*e<��jqpup l j�- 0 p,edg�� l g/~��mn�e l v
�@�1|�e�e�| h eA-.��%�c�f;��e2-.� lml ����% l g/~��mn�e l�h �uf&c p,g h k/jq���rj����up��uf j j�- 0 p��uf&~1|�e l g/�?�Rj�����f l g/~��mn�e l�h �uf&cl f&�mg/��% k/jq���rj����up��uf j |�~1eifmg f&c1eiprjq��%*e l f�jqf�� l f��,nbjqp�e<�&�mg/� l ����g/~���|1jqf�j�v � e h �upup��me<f&~���� fmg f&c�� l0 g/����f8��� 7 e�n�v + v + vlw�v
CED�FED#F B V�\DC(Z]\�^�P_\]`4P_NHPRQba \ J L4N_P9Q�SOT V
= ebj�� k�jqpu~1e l g�� σintr ��g/� f&c1e h c1g/p,e l j�- 0 p,eKg�� l g/~��mn�e l j��1|E�Rg/� f j"0 e 	 wKj��1| f j90 e 	��q~
FA@
j��1|�~����,|�e$��f��HG�e�| l g/~��mn�e l jq�me[p�� l fme�|I���J4 j���p,e + v � v � e l c1g h k�jqpu~1e l g/��f�j����1e�|�~ l ����% f&c1eA�]g/f&c
K@L')S3/!$3/ A8:3'3/ "!�PS8S]5*&!0( )+*-3/(�4Q1&!�3/ &!<MA]5]5!?1G8:,/!?8�.0)S,�,/!0(�NK)S6A1 3/)7(�)+*-,/.0!0(ONR4 3/ *&6A1-!
3/!0.
3/!?1 PS8:,/4Q8Sa&45]Q4 3 `�F

<
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σ
M
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+ v � , pu~ � k�jq���rj����up��uf j w x�x

�

������ ��	1���6� � ��� ��� 1 � 
�� 8 � ��; 
�; � �=����> $/��� � � �R; ����� ���6�&�A�#" �!�&55� ����� : 
 � � 
�� � ��� P (σintr)
�

� � ��� � � 

� 8 � �;������;���� ���#��� . " � $/��� � � �9; �}��� ��� ��
q� ��;<� 
/� � �&$�� � ��� �#" ���:� 
�� ��� �#" �
� �6$�� : �R$/� 
��U8 � ��; 
�; � � ����> $/��� � � �R;<�}��� ����� �&� σintr

�	� ���q"�����
 � �o� � 
*��� : ��$/��� � � �R; ����� ���*���
P (σintr)

�#" 
�� ��� : � ����� � � � 
5� " σintr
� �#" �!8 � ��; 
�; � � ����> �&�&��;<� 
/� �1� �9�!
 : 
��=�?���&���#" �'�&5)� �����

: 
 � � 
�� � � ��
<� 
�� � � � � � 
 � �5� � �#" 
�� σintr
�

f&c1e�jq���uf&c�-�e<f��,nij��1| h e$��%�c�fme�| -�ebj�� �Rg/�[n�g/- 0 jq��� l g/��v � e l e�e�f&c�jqf�j�k*e<��j�%*e�k/jqpu~1e l �#�mg/- f&c1eh e$��%�c�fme�|>-�ebj���jq�me l ��%����HG�nbj���f&p j p,g h e<� f&c�jqf�f&c1etg/�1e l g/��f�j����1e�| h �uf&c f&c1etjq���uf&c�-�e<f��,n2-�ebj��>���
jqpup nbj l e l v 4dc�� l � l ��e�nbjq~ l e h e[c�jbk*e�j ��~�-*��e<�Ag�� l g/~��mn�e l�h �uf&c -�ebj l ~��me�| σintr k�jqpu~1e l g�� ) e<�mg
��~�f h �uf&c�e<�&�mg/� l g��Ef&c1e l j�-�e[g/�m|�e<��j l f&c1etg/�1e l �Rg/� σintr>

& v54dc1e l eAk�jqpu~1e l l c��H��f�f&c1e h e$��%�c�fme�|
-�ebj���fmgip,g h e<�sk�jqpu~1e l v?4dc1eog/��f�j����1e�| -�ebj�� k/jqpu~1e l �Rg/��f&c1eoj�- 0 p��uf&~1|�e�g�� � ~ � k�jq���rj����up��uf j ��g/�
f j"0 e 	 wtj��1| f j"0 e 	���~
Fs@ |�g.�1g/f l e�e$-�fmg�|1� � e<� l ��%����HG�nbj���f&p j v� etc�jbk*e�nbjqp,n<~�prjqfme�|�f&c1eA-�ebj�� 0 �mg/��j����up��uf j |1� l f&������~�f��,g/� g�� f&c1e[e � n�e lml k�jq���rj��1n�e � P (σintr)

�
��g/�Ag/~�� l j�- 0 p,eog�� l g/~��mn�e l j l f&c1e�j�k*e<��j�%*e�g��Uf&c1e 0 �mg/��j����up��uf j |1� l f&������~�f��,g/� l g�� σintr g/��f�j����1e�|
�#�mg/- ebj/nmctp���%�c�f n<~��&k*e�v ~�l h e h j���f fmg |�e l n<�����]e f&c1e!k/jq���rj����up��uf j30 �mg 0 e<�&f��,e l ��g/� f&c1e h c1g/p,e l j�- 0 p,e
g�� l g/~��mn�e l4��h esc�jbk*e2���1n<pu~1|�e�| ����f&c1etnbjqp,n<~�prjqf��,g/��|1jqf�j �Rg/��k�jq���rj���p,e[j��1| �1g/� k�jq���rj���p,e l g/~��mn�e l v
4dc1e�g/��f�j����1e�|�|1� l f&������~�f��,g/� l jq�me l c1g h � ��� ,:��%1v + v x �Rg/�sf&c1e h c1g/p,e l j�- 0 p,e�g�� l g/~��mn�e l j��1| ���
,:��%1v + v � ��g/�!f j90 e 	 w j��1|�f j90 e 	�� ~
FA@ v � e l c1g h �]g/f&c�f&c1e -�ebj�� 0 �mg/��j����up��uf j |1� l f&������~�f��,g/� l4� j��1|
f&c1e�n�g/�&�me l�0 g/�1|1����%[n<~�-[~�prjqf��uk*e�|1� l f&������~�f��,g/� l f&c�jqf5%��uk*e�f&c1e 0 �mg/��j����up��uf j g���|�e<fme�n<f��,g/� g���jAk/jqpu~1e
g�� f&c1e e � n�e l�l k�jq���rj��1n�e e���~�jqpdfmg g/�oprjq��%*e<��f&c�j�� σintr v 4dc1e -�g l f 0 �mg/��j���p,e k�jqpu~1e l�� -�g�|�e l #
j��1| e<�&�mg/� l�� � �(' ����fme$%���jqp l # g/��f�j����1e�| ���mg/- f&c1eA|1� l f&������~�f��,g/� l g�� P (σintr) jq�me�p�� l fme�| ��� n�g/pu~�-.�
��g�� 4 j���p,e + v � vJ4dc1e -�g}|�e ��g/� f&c1e h c1g/p,e l j�- 0 p,e g�� l g/~��mn�e l�h j l ��g/~��1|�fmg �]e σintr ∼

& vlw +� � �(' ~ 0�0 e<� p���-.�uf84 & v x � # � n�g/� l � l fme$��f h �uf&c f&c1e[k/jqpu~1etg/��f�j����1e�|>�#�mg/- f&c1e�jq���uf&c�-�e<f��,n2-�ebj�� g��
f&c1e�k�jqpu~1e l �Rg/� ebj/n�c l g/~��mn�e � j l e �"0 e�n<fme�| �]e�nbjq~ l e h ei|1�,| �1g/f ~ l e h e$��%�c�f l�h c1e$� j�k*e<��j�%�����%
���1|1�uk9�,|�~�jqp 0 �mg/��j����up��uf j |1� l f&������~�f��,g/� l v� e l e�eof&c�jqfsf&c1e�jbk*e<��j�%*e 0 �mg/��j����up��uf j |1� l f&������~�f��,g/� l g�� σintr ��g/�Af j90 e 	 w�j��1| f j"0 e 	��K~
FA@
|�g2�1g/fd|1� � e<� l ��%����HG�nbj���f&p j � jqpuf&c1g/~�%�c f&c1e?-�g l f 0 �mg/��j���p,e�k�jqpu~1e g�� σintr � l -�jq��%�����jqpup j p,g h e<� ��g/�
f j"0 e 	���~
Fs@ f&c�j�� �Rg/��f j90 e 	 w ~
FA@ v

4dc1e � ~ � k/jq���rj����up��uf j30 �mg 0 e<�&f��,e l ��g/� jqpup�g/~�� l g/~��mn�e l���0 �mg/��j����up��uf j g���|�e<fme�n<f��,g/�oj��1|[j�- 0 p��uf&~1|�e
g�� k�jq���rj����up��uf j # jq�mesp�� l fme�| ���>4 j���p,e + v � v



w x � )Ujq���rj����up��uf j 0 �mg 0 e<�&f��,e l g�� 5
	 ��j j l g/~��mn�e l ��� f&c1e ���9���9�:
�� �<�
� �

�

������ ��	1��� � � �#�<��� 1 � 
���8 � ��; 
�; � � ����>�$/�r�<� � �9; ����� �
���&�����#" �'�&5)� � ��� : 
 � � 
��.� � � P (σintr)
�

� � � ��>�8?� -�. � � ���=�R$ � � � ��� 
��]$ ��>�8?� -_+ � $)
q��" �&$ �=� � � ����� ���M. " �o$��r�<� � �9; ����� ���1�t��� � �:��; -
� 
/� �0�&$ � � ��� �#" � ��� 
�� �&� �#" � � �6$/� : �R$/� 

� 8 � ��; 
�;<� �=�#��>X$/��� � � �9; �}��� ����� �&� σintr

� � ���q"����

 � �o� � 
���� : ��$��r�<� � �9; ����� ���1� ��� P (σintr)

�t�#" 
��8��� : � ��� � � � 
)� " σintr
�#" ��8 � ��; 
�; � � ����> ���

��;<� 
/� �1� �9� 
 : 

� �?� ���t�#" � �&5)� � ��� : 
 � � 
��.�2� � 
<� 

� � � � � � 
 � � � � �#" 

� σintr
�

��������� 	1����� 1 � 
q��� � �&$ : 
��=� �����&��' �u+*-&.q+<�
��0�2O��5 : 
 � � 
�; � �=�#��>�
���8.�=������$5� �d� � � �����9�:
��
�<�����t� �/� � �2�����

7 j�- 0 p,e 〈σintr〉all 〈σintr〉
w
all 〈σintr〉var 〈σintr〉

w
var σintr� w # � �(# �Rx(# � �9# � + # � � #~ pup & v ��� ± & v & w 0.15 ± 0.01

& v x � ± & v & w & v �
� ± & v & w ≤
& v x �

f j90 e 	 w ~
FA@ & v � ? ± & v &�� 0.18 ± 0.02
& v x � ± & v &�� & v � ? ± & v &�� 0.27+0.47

−0.08f j90 e 	���~
FA@ & v � w ± & v &�x 0.15 ± 0.02
& v x � ± & v & � & v �
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g��Of&c1e l e ����j/n<f��,g/� l ��e$����%�|1� � e<�me$��f2� l 9�9 ' v:��~��s�me l ~�puf l c�����ftf&c�jqf l�0 e�n<f&��jqpEk�jq���rj����up��uf�
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�]e -�g/�me�n�g/-.-�g/� ����f�
 0 e 	�� � Fs@�� jqpuf&c1g/~�%�c�f&c1e l j�- 0 p,e l g�� l g/~��mn�e l j���jqp�
 l e�|�jq�me l f��upup fmg�gl -�jqpup�fmg��mebj/n�c j l f&�mg/��%�n�g/�1n<pu~ l �,g/��v  �g h e<k*e<� � �H� f&�&~1e � f&c�� l � l �1g/f�j l ~�� 0 ��� l ����% �me l ~�puf � j l f&c1e
n�g/��f&������~�f��,g/� fmgAf&c1e 5
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 e$-.� lml �,g/� �#�mg/- l nbjqf&fme<�me�| ��~1n<p,ebjq� ��j/|1�rjqf��,g/� ��0 �mg/��j���p�
 ����f&c1edfmg/�&~ l #
� l e �"0 e�n<fme�|�fmgA��e c���%�c1e<�7��� f�
 0 e 	�� � FA@ v94dc�� ldl nbjqf&fme<�me�| n�g/- 0 g/�1e$��f h �upupD�1g/f �]e�k/jq���rj���p,e � j l
�uf h �upup �]eo�me<prjqfme�|Xfmg -[~1nmc l p,g h e<�tf���-�e�k�jq���rj����up��uf�
Kg��Of&c1eok*e<� 
 |1� l f�j���f[�me � e�n<fmg/�bv.4dc1e<�me6��g/�me
nmc�j���%*e l ���if&c1e ����fme$� l �uf�
ig�� f&c1e c�jq�m| 5?	 ��j1
 n�g/- 0 g/�1e$��f�jqp,g/�1e h g/~�p,| �me l ~�puf7��� prjq��%*e<��nmc�j���%*e l
����f&c1etg/� l e<�&k*e�| � � v� lAh eoc�j�k*e l j��,|J�]e6�Rg/�me � -�g l ftg��df&c1e�g/�1=�e�n<f l ���Xg/~�� l j�- 0 p,e�jq�meofmg�g �9j�����fsfmg l ebjq�mn�cJ��g/�l�0 e�n<f&��jqp4k�jq���rj����up��uf�
 n�g/- 0 jq������%Xf&c1e�e$-.� lml �,g/� 0 �mg 0 e<�&f��,e l -�ebj l ~��me�|�g/� f&c1e 5?	 ��j1
 l�0 e�n<f&�&~�-
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��e<�me$��f 0 e<���,g}| l g���f���-�e�n�g/�&�me l�0 g/�1|1����% fmgtf&c1e��������
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������ 0 c�j l e l�� ) � � � � j��1| � � � j�j��1|� � � � ��l e�e l e�n�g/�1|Kn�g/pu~�-.� ��� 4 j���p,e��1v � # v � l ��%����HG�nbj���f3�#��j/n<f��,g/��g��4f&c1e�e �10 g l ~��meof���-�e h j l
j/nmc��,e<k*e�| |�~�������%of&c1e � � �*0 c�j l e ��l g h e l e 0 jq��jqfme�|�f&c1e � � � |1jqf�j*����fmg f h gon�g/��f���%�~1g/~ l %��mg/~ 01l
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 l�0 e�n<f&��jqp�k/jq���rj����up��uf�
 |1�u�me�n<f&p�
 g/��f&c1e 5?	 ��j1
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 g/~�f�f&c�� lAl f&~1|�
 ��� � & 9 g/~�fAg�� � ��x
g/�1=�e�n<f l ��g/� h c��,nmc h e�c�j/| -�g/�me�f&c�j��ig/�1e l�0 e�n<f&�&~�- j�k�j��uprj���p,e�v ����g/�m|�e<�Ufmg l ebjq�mnmc ��g/� l�0 e�n<f&��jqp
k/jq���rj����up��uf�
 ��h e G1f&fme�|�f&c1e l�0 e�n<f&��jsg���ebj/nmc g/� l e<�&k/jqf��,g/� 0 c�j l e h �uf&c�f&c1e ��e l f G1f -�g�|�e<p6j��1| �]e l f
G1f 0 jq��j�-�e<fme<� l g/��f�j����1e�| ���mg/- f&c1e�fmg/f�jqp l�0 e�n<f&�&~�- g��Oebj/nmc l g/~��mn�e � � c�j 0 fme<��� # v � e�p,e6�#f
�#�me�e
f&c1e
�1g/��-�jqp�� l jqf��,g/� g���f&c1e�n�g/��f�����~�~�- e$-.� lml �,g/� l ���1n�e h eAjq�me�g/��p�
 ����fme<�me l fme�|ic1e<�me ��� l ebjq�mnmc�����%
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��g/� l�0 e�n<f&��jqp�k/jq���rj����up��uf�
 � j��1| h e�c�jbk*e l e�e$� f&c�jqf � ~ � k/jq���rj����up��uf�
 � l n�g/-.-�g/��v ,�g/� l g/~��mn�e lh �uf&c |�e<fme�n<fme�| l g���f�e � n�e lml e$-.� lml �,g/� �Eh e �*e 0 f G � e�|�f&c1e ��jqf��,g g�� f&c1e l g��#f e � n�e lml�>,0 g h e<�oprj h
�1g/��-�jqp�� l jqf��,g/� l f&c�jqf h e ��g/~��1| ���Xf&c1e ��e l f3G1f g��4f&c1e n�g 	 j/|�|�e�| l�0 e�n<f&��j�v � e�f&c1e$���me 0 ebjqfme�|
f&c1e.G1f l ~ l ����%�f&c1e l j�-�e l�0 e�n<f&��jqp -�g}|�e<p l4� ��~�f jqpup,g h ����%Kjqpup5G1f&f�����% 0 jq��j�-�e<fme<� l fmg�k/jq� 
*v � e
n�g/- 0 jq�me�|if&c1e χ2 g���f&c1e f h g*G1f l j��1| l ebjq�mn�c1e�| �Rg/�4jqpup�nbj l e lOh c1e<�me ∆χ2 4 9;�Rg/�Og/�1e 0 jq��j�-�e<fme<�
j��1| � � v � ��g/�Af h g 0 jq��j�-�e<fme<� l4� �9v e�v h c1e<�me h e �Rg/~��1|Xj l ��%����HG�nbj���f*��- 0 �mgbk*e$-�e$��fA���Kf&c1e���~�jqp 	
�uf�
 g��Of&c1e G1f l k�jq� 
9����% f&c1e �]e l f?G1f l�0 e�n<f&��jqp:�Rg/��- v ,��mg/- f&c�� l j���jqp�
 l � lAh e�|�e<fme�n<fme�| l�0 e�n<f&��jqp
k/jq���rj����up��uf�
.��� � � ? '.# l g/~��mn�e l4� ���1n<pu~1|1����%��Af�
 0 e 	 � j��1| � f�
 0 e 	�� � FA@ v 4dc1e7�#��j/n<f��,g/�ig���g/�1=�e�n<f lh �uf&c�|�e<fme�n<fme�| l�0 e�n<f&��jqp�k/jq���rj����up��uf�
>���1n<�mebj l e�|�fmg ∼ � ? ' �H� h et~ l e�| ��� l fmebj/| j�n�g/�1G�|�e$�1n�e�p,e<k*e<p
g�� � σ v � e l c1g h f&c1e�g/� l e<�&k*e�| l�0 e�n<f&��jqp!k�jq���rj����up��uf�
 0 �mg 0 e<�&f��,e l g��df&c1e l g/~��mn�e lAh �uf&c�|�e<fme�n<fme�|l�0 e�n<f&��jqp k/jq���rj����up��uf�
 ���mg/- f&c�� l j���jqp�
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 0 e 	 � � Fs@ j��1|�g/�1el g/~��mn�e l f��upup��1g/f
�,|�e$��f��HG�e�| # ��e l f G1f&fme�| h �uf&c j 0 g h e<��prj h � �������	��

� l e�e 7 e�n�v � v ��v � # v6,:��%1v + v �l c1g h�l f&c1e � σ � � σ j��1| x σ n�g/��fmg/~��O|1�rj�%���j�- l ��g/�Ef&c1edk�jq���rj���p,e l g/~��mn�e lEh c1e<�me�j�� l g/� 0 f��,g/��g/� l g���f
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 0 e 	 � � Fs@ j��1| � f�
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|�e<fme�n<fme�| l�0 e�n<f&��jqp]k�jq���rj����up��uf�
 � ���1n<pu~1|1����%�jqpup � FA@3# � f&c�� lOh j l j lml g}n$�rjqfme�| -�j�����p�
 h �uf&c�nmc�j���%*e l
����f&c1e l c�j 0 e�g�� f&c1eA���mg*j/| ��j��1|�n�g/��f�����~�~�- �

∆Γ ∼
& v �,	�& v x ��g/�sjqpupEg/�1=�e�n<f l e � n�e 0 f l g/~��mn�e 9 & �h c1e<�me f&c1e�g/� l e<�&k*e�| -�j � ��-�~�- nmc�j���%*e ��� Γ ∼

� jqpuf&c1g/~�%�c h �uf&c k*e<� 
�prjq��%*e ~��1n�e<�&f�j�����f��,e l # v � e
|1�,| �1g/f l e�e;��- 0 g/�&f�j���f�nmc�j���%*e l ����f&c1e 0 �mg 0 e<�&f��,e l g��Eg/f&c1e<� l�0 e�n<f&��jqp�n�g/- 0 g/�1e$��f l�l ~1nmc�j l l g��#f
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 n�g/~�p,|I��e�|�~1e�fmgif&c1e2�9j/n<f�f&c�jqf�f�
 0 �,nbjqp!nmc�j���%*e l ��� f&c1e n�g/��f�����~�~�- l c�j 0 e
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∼ ����� � ~��1|�e<fme�n<f�j���p,e ��� -�g l f
g�� f&c1e l g/~��mn�e l ��� g/~�� l j�- 0 p,e�v

4dc1e �me l ~�puf lol c1g h � ����f&c�� lol e�n<f��,g/� l ~ 0�0 g/�&f�f&c1e �,|�ebj�f&c�jqf�f&c1e -�j���� |����uk*e<�A�Rg/� l�0 e�n<f&��jqp
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 l f&~1|�
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g/�1e[|1jqf�j 0 g/����f h j l jbk/j��uprj���p,e�v'�?�1e[g�� f&c1etc 
 0 g/f&c1e l e l f&c�jqf�n�g/~�p,| e �"0 prj�����f&c1e�|1� l j�%��me�e$-�e$��f
�]e<f h e�e$� g/� l e<�&k*e�| g 0 f��,nbjqp 	 5?	 ��j1
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f&c1eOg/� l e<�&k/jqf��,g/� l vO4 j���p,e + v ��p�� l f l f&c1e � ~ � j��1| l�0 e�n<f&��jqp}k�jq���rj����up��uf�
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 ��� x g�� f&c1e l g/~��mn�e l �Rx 9 � � � ?oj��1| ��?�� #+
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�� �<�
� �

k/jq���rj����up��uf�
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h �uf&cKf&c1e �me�| l c��H�#f � j��1|�c1e$�1n�e h e�g/��p�
 l c1g h f&c1e�nbjqp,n<~�prjqf��,g/� l �Rg/��f&c1e -�ebj��K�me�| l c��H�#f � ) 4 & v ��v� eAc�j�k*e j lml ~�-�e�| jon�g/��f�����~�~�- l c�j 0 eAg�� Γ 4 � j��1|�f&c1e$� h etc�j�k*etnbjqp,n<~�prjqfme�| �	� �Rg/��|1� � e<�me$��f
k/jqpu~1e l g�� NH v ��~�� l f&~1|�
 l c1g h�l f&c�jqf l -�jqpup6nmc�j���%*e l ����f&c1e�n�g/pu~�-.�i|�e$� l �uf�
 � NH ∼ 1021 cm−2 �
j � e�n<f f&c1e[g/� l e<�&k*e�| � ~ � � 
 ≥

��&(' v� �g h e<k*e<��f&c1etn�g/�&�me l�0 g/�1|1����% nmc�j���%*e*��� f&c1e 5?	 ��j1
�n�g/p,g/~��
� l g/��p�
 ∆

�	�
∼
& v & + � j��1| f&c1e<�me6�Rg/�me � l ��- 0 g lml ����p,e fmgK|�e<fme�n<f ��� g/~���|1jqf�j�v �@��f&c1e n�c�j���%*e l ���

j�� l g/� 0 f��,g/� h e<�meifmg ��e g�� f&c1e l j�-�e -�j�%����uf&~1|�e j l f&c1e f�
 0 �,nbjqp j�� l g/� 0 f��,g/��|�e<fme�n<fme�| ��� g/~��
j�� l g/����e�| f�
 0 e 	�� � FA@ �

∼ 1022 cm−2 
�l e�e ,:��%1v �1v � & ��� � c�j 0 fme<� � # � f&c1e$� n�c�j���%*e l ��� � ~ � j��1|
��� f&c1e 5?	 ��j1
�n�g/p,g/~�� h �upupD�]e l ��%����HG�nbj���f � ∆ �

�
≥ 30% j��1| ∆

�	�
≥ 0.3
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k/jq���rj����up��uf�
 ��� g/~���g/�1=&e�n<f l ���1|1�,nbjqfme l f&c�jqf � ��g/��g/~���~���j�� l g/���]e�| f�
 0 e 	�� � Fs@ � k�jq���rjqf��,g/� l ���
j�� l g/� 0 f��,g/� g�� NH ≥ 1022 cm−2 nbj����1g/fde �"0 prj���� f&c1e8�1g/� |�e<fme�n<f��,g/�ig�� 5?	 ��j1
�j�� l g/� 0 f��,g/� ����f&c1e
n�g 	 j/|�|�e�| l�0 e�n<f&��j g��4f&c1e l e l g/~��mn�e l v = g/�me�g k*e<� � f&c1e�prj/n&� g���|�e<fme�n<f��,g/��g�� l ��%����HG�nbj���f l�0 e�n<f&��jqp
k/jq���rj����up��uf�
 ��� -�g l fOg�� f&c1e l g/~��mn�e l -�j��*e l ~���p����*e<p�
�f&c�jqf l�0 e�n<f&��jqp6k/jq���rj����up��uf�
 jqp,g/�1e nbj�� e �"0 prj����
f&c1etg/� l e<�&k*e�| -.� l -�jqfmnmc�g��Ef&c1e$�u� g 0 f��,nbjqp 	 5?	 ��j1
 l�0 e�n<f&��jqp 0 �mg 0 e<�&f��,e l v

,:����jqpup�
 � f&c1e �1g/� |�e<fme�n<f��,g/� g�� 5
	 ��j�
 j�� l g/� 0 f��,g/� ��� f&c1e l e�g/�1=�e�n<f l nbj����1g/f.��e e �"0 prj����1e�|
�	
 f&c1e l e l g/~��mn�e l �]e$����% � g/- 0 fmg/� 	 f&c��,n&� � ��e�nbjq~ l e ����f&c�� l nbj l e � f&c1e 5?	 ��j1
 e$-.� lml �,g/� l c1g/~�p,|
�]e�|�g/-.����jqfme�|J�	
 l nbjqf&fme<�me�|���j/|1�rjqf��,g/� � f&c1e k/jq� 
"����% ��~1n<p,ebjq�tn�g/- 0 g/�1e$��f;� l ~��1|�e<fme�n<fme�| # � j��1|
f&c1e<�me6��g/�me h e h g/~�p,| �1g/fOe �"0 e�n<f fmgt|�e<fme�n<f � ~ � g/� l�0 e�n<f&��jqp6k/jq���rj����up��uf�
.����f&c1e l g/~��mn�e l g/�ijAf���-�el nbjqp,esg�� ≤ � 
*ebjq� l v



+ v x 7 0 e�n<f&��jqp k/jq���rj����up��uf�
 � x 9

�

������ � 	1��	1��� ;�� � � : �&$��_8 � ��� � 
�� : 
 � � 
�;<� �=�#��>;�&�o�#" ���#" � � �i��>�8 ���&. ��� ��� � �/� � � 
����8.� �o� � � �E"�� � " �#" � � � � ��� 
*$�$5�&$ �98 � �b� � 
 ��� � ��; ���<� �U�R� �&$��!�#�#" 
�� � ��8.����8 �/��� � � 
/���
� �#�<���X0 
 � � 
���� �
� �����#" � � ������� �1�}� � ��" 
�8?� �

Γ
�i�!���#" ��� ��� � � ��� � � ��� � � � ���_8 ���6$ � ���#" �

� '
	 � �����4$5���.� ��� ��� � � : 
�� ��� �<� � �
������� 

�,�=� �0����� �6$/� � 
�� ���#" ��; � � ���O� � ������� �1�}� � ��" 
�8 �� $)
q��" �&$ �=� �0���@� 
��]$ �#" �!� � ��� ���_8 ���6$/� �9� � '
	 � �����O$5� �.� � � ��� � � : 
�� � � � ��� �R$ � � � �����:��� 
����� � �&$i� �K�#" � � ��� 
*$*$5�&$��98 � ��� � 
�� � ���q"���� 
 ��� 
*$*$5�m$ �98 � �b� � 
 � �X$/� ��� � � ���$��;�� � � : 
*��� ��� 
��8�" 
q����� 
��6$ �#" � � � � � � �98 ���]$/� �"��; �<�O�O�#� � � ��� �R$ �=� � � �@�����2� 
�� �O�#" � � � � 
/� ��� ����� ��� �6$
�#" �o$5�<� � �b� �&$��98 � �b� � 
�� : 
 � � 
�; � � ����> � ��; ��
q��� ����� 
�� �m$��!���#" � " 
��9� ��� � �K�#" ����" 
�8 ���&���#" �; � �9
*$ ; 
��6$ � �
����� ����� ���



� � & )Ujq���rj����up��uf�
 0 �mg 0 e<�&f��,e l g�� 5
	 ��j�
 l g/~��mn�e l ��� f&c1e ���9���9�:
�� �<�
� �

�

������ �M	����1� 
 ����� �/� � $/� 
�� � 
�� ����" ���!� �9���#" � ��; � � � : �&$ �_8 � ��� � 
�� : 
 � � 
�; � �=����>�� � �#" ��#" � � �K��>�8 ���&. ��� � � ��; � � �b�#� � '�� .���� 
��6$	�
��+�� 
��6$ �#" � �
� � ��>�8 ���_+ ��� � � ��;���� ���
.��{. �[�!���#" $5�<� � ��� �&$�� ���<� �m5)� �����<���o����� � ����� � 
�;�� � � 8���� ��� � �98?� ��� � 
�� : 
 � � 
�;<� �=�#��> ��
q�&� ���$5�<� � ��� �m$ � � 

�1>;�����#" ��� �/� � �2����� � �/� � � 
���8.���o�!���#"K; ���#" � �&� ���m5)� ����� ���o�r����� ��� 
��6$

�;�� � � 8]��� ���i�������.
*��� � ����$5��� � ��� �&$6�o� �i�#" �<� � � ��� 
�$*$5�&$ �_8 � ��� � 
 � ����� ���#" 
�� � � 
�� �.��� �#" ���
����� ��� �6$K�98 � ��� � 

� : 
 � � 
�;<� �=�#��>K� ��; �;
q��� ����� 
�� �m$ �:
/� �?� > �!���#" � " 
��"�5����� � �#" ��; � ��
*$; 
��6$�� �
����� ����� � ��" 
�8?�s; �}� � ����� � �o� � "�� ���#" � ���#" � � $5��� � ��� �&$��98 � ��� � 

��� ����8 ��� ���6�#� �

 ����� �/� � ��� � ��� ���98 ���6$ � ��.

σ
� +

σ

��6$
�

σ
� ��� �O$5���.�2�



+v x 70e�n<f&��jqpk/jq���rj����up��uf�

�� �

� ��� �� � �	� 
�� 
 ��� �� �� � � � � � ��� � �� �� � � � �� �� � � � � � � � � � � � �� �"! � � � � �# � ��� � �� � �� �  � � � � � ��  � �� � � $ � % �� �� ��& ' () *

� � � �� � + � � � ! � � �� � � � � �� ! � �", ! � � � � �� + � � � �� � ! % �! � � � ��  � & � % %�� %� �� � � �.- /� �� ��  � � � �� �� ! % �� � � � 0

σ  � ! $ %�� !  �

�"! � � � � � �- 1� � �"2 � ! � � � � �! �� �"! % � � � � � � � # � � ! 34 � � � � � � � � � � � � � � �� ! � 5 % �� � � % � �"! �� 6 � ! % � � �  � � � �� �� ! % �"! , 0

σ � ! $ %�� !  �

�"! � � � � � � 5� � � � % � �! �� 6 -



�� �
)Ujq���rj����up��uf�
 0�mg 0e<�&f��,e lg���� 	��j�
 lg/~��mn�e l���f&c1e�

�����	��
�
��
�

��
�����

� ��� �� � �	� � � � �� � � � � � �� � � � � � ��� � �� �� � � � �� �� � � � � � � � � �� �! � � � � � # � ��� � �� � �� �  � � � � � ��  � �� � � $ � % �� �� �� & ' () *

� � � �� � + � � � ! � � �� � � � � �� ! � � , ! � � � � �� + � � � �� � ! % �"! � � � ��  � & � % %�� % �& � �� � �� � � �.- /� �� � �  � � � �� �� ! % �� � � � 0

σ

 � ! $ %�� !  � �"! � � � � � �- 1� � �"2 � ! � � � � �! �� �"! % � � � � � � � # � � ! �4 � � � � � � � � � � � � � � �� ! � 5 % �� � � % � �! �� 6 � ! % � � �  � � � �� �� ! % �"! ,

0

σ  � ! $ %�� !  � �"! � � � � � � 5� � � � % � �"! �� 6 -



+ v ��� pu~��ik�jq���rj����up��uf�
�k l�l�0 e�n<f&��jqp�k/jq���rj����up��uf�
 � � x

B���� ��� ����� H��
	 H���	���	 O�
 ������� ��� O � H�� � H��
	 H���	���	 O�

4dc1eA�me l ~�puf l g�� g/~�� j���jqp�
 l � l�l ~�%�%*e l fdf&c�jqf��1~���j��1| l�0 e�n<f&��jqp�k/jq���rj����up��uf�
 jq�me;�1g/f�n�g/�&�me<prjqfme�| ��g/�
j l ��%����HG�nbj���f �#��j/n<f��,g/�Kg�� f&c1eog/�1=&e�n<f l ��� g/~�� l j�- 0 p,e�v��@�1|�e�e�| x���l g/~��mn�e l ��� g/~�� l j�- 0 p,e l c1g h
�1~�� k/jq���rj����up��uf�
>��~�f �1g/f l�0 e�n<f&��jqp k�jq���rj����up��uf�
 � h c��up,e�� l c1g h%l�0 e�n<f&��jqp ��~�f?�1g/f��1~�� k�jq���rj����up��uf�
*v
�:��%1v + v�� l c1g h�l f&c1e |1� l f&������~�f��,g/�3g�� �	� k/jqpu~1e l j l j �#~��1n<f��,g/�7g�� �

� �Rg/� f&c1e l e l g/~��mn�e l v��@�
j/|�|1�uf��,g/� � �1g�n�g/�&�me<prjqf��,g/� �]e<f h e�e$� �1~�� 	_l�0 e�n<f&��jqp k�jq���rj����up��uf�
 h j l ��g/~��1| ��g/�sf&c1e � + g/�1=&e�n<f l ���
g/~�� l j�- 0 p,e?��g/� h c��,nmc ��g/f&c!�1~�� j��1| l�0 e�n<f&��jqp]k�jq���rj����up��uf�
 h e<�mes|�e<fme�n<fme�| v 4dc1e � �(	

�
� 0 p,g/f l ��g/�

f&c1e l esg/�1=&e�n<f l jq�me l c1g h �>���"�:��%1v + v � & v
�1g/�sj l�0 e�n<f&�&~�- ��e l f�|�e l n<�����]e�|I�	
�j 0 g h e<��prj h g�� l p,g 0 e Γ # � � j�� l g/���]e�| �	
�f&c1e n�g/pu~�-.�

|�e$� l �uf�
 g��Of&c1e F jqprj$� 
 # f&c1e�j�- 0 p��uf&~1|�e�g��%�1~�� k/jq���rj����up��uf�
Xj lml g}n$�rjqfme�| h �uf&cXn�c�j���%*e l ��� � � g��
~ 0 fmg ∼ & v � |�~1esfmg�k/jq���rjqf��,g/� l ����f&c1e[n�g/��f�����~�~�- l c�j 0 etjqp,g/�1e*� l p,e lml f&c�j�� ��&(' v 4dc1e<�me6�Rg/�me2���
g/�m|�e<��fmg e&� 0 prj�����f&c1e�f�
 0 �,nbjqp!|�e<fme�n<fme�|Xj�- 0 p��uf&~1|�e l g��'�1~�� k�jq���rj����up��uf�
Kj�n�c�j���%*eA��� f&c1e � 	 ��j�

n�g/p,g/~���g��<-�j�%����uf&~1|�e ∆HR ≥ 0.3 � l �me���~��u�me�| �#h c��,nmcKn�g/�&�me l�0 g/�1| l fmg ∆Γ∼

& v�( 	 � v �(# v*)�g h e<k*e<�
f&c1e l e*�1~�� 	_l�0 e�n<f&��jqp nmc�j���%*e l jq�me;�1g/f g/� l e<�&k*e�| ����g/~�� l g/~��mn�e l v')�e$�1n�e h e[n�g/�1n<pu~1|�etf&c�jqf
� v�f&c1e4prj/n�� g��]n�g/�&�me<prjqf��,g/�.��e<f h e�e$��f&c1edg/� l e<�&k*e�|+�1~��oj��1| l�0 e�n<f&��jqp�k/jq���rj����up��uf�
 0 �mg 0 e<�&f��,e l g��
g/~��Eg/�1=�e�n<f l ���1|1�,nbjqfme l f&c�jqfEf&c1e4g/� l e<�&k*e�| l�0 e�n<f&��jqp�k�jq���rj����up��uf�
A� l �1g/fEf&����%�%*e<�me�| �	
 nmc�j���%*e l
����f&c1e � 	 ��j1
 pu~�-.���1g l �uf�
�g�� f&c1e l g/~��mn�e l v

� v�f&c1esj�- 0 p��uf&~1|�esg�� f&c1eAg/� l e<�&k*e�|,�1~�� k/jq���rj����up��uf�
inbj����1g/f ��eAe&� 0 prj����1e�| |�~1eAfmgonmc�j���%*e l ���
f&c1e � 	 ��j1
 n�g/��f�����~�~�- l c�j 0 etjqp,g/�1e�v
@ g/fme!f&c�jqf e<k*e$�2����f&c1e g/�1=&e�n<f l�h �uf&c*��g/f&c l�0 e�n<f&��jqp}j��1|��1~��tk/jq���rj����up��uf�
t|�e<fme�n<fme�| � l ��%����HG�nbj���f

nmc�j���%*e l ��� �	� jq�me l e�e$� �Rg/� jqp�-�g l f n�g/� l f�j���f�k/jqpu~1e l g�� f&c1e �
� v- e�nbjq~ l e g��Uf&c1e�j 0�0 jq�me$��fsprj/n���g��On�g/�&�me<prjqf��,g/� �]e<f h e�e$�.�1~�� j��1| l�0 e�n<f&��jqp k�jq���rj����up��uf�
 � �uf?� l

k*e<� 
A~���p����*e<p�
sf&c�jqf k�jq���rjqf��,g/� l ��� � 	 ��j�
sj�� l g/� 0 f��,g/�ojqp,g/�1eOnbj���e&� 0 prj����[f&c1e k�jq���rj����up��uf�
 0 �mg 0 e<�&f��,e l
g�� g/~�� l g/~��mn�e l v � c�j���%*e l ��� j�� l g/� 0 f��,g/� nbj��I��e 0 �mg}|�~1n�e�| � �Rg/� e&�1j�- 0 p,e � |�~1e[fmg�k�jq���rjqf��,g/� l ���
f&c1e8�,g/��� l jqf��,g/� l f�jqfme�g���f&c1e�j�� l g/����e<�<��g/pup,g h ����% n�c�j���%*e l ����f&c1e8�,g/��� l ����%���j/|1�rjqf��,g/� � -�j��"����%[f&c1e
j�� l g/����e<�*-�g/�me f&��j�� l�0 jq�me$��fbv.����f&c�� l nbj l e�k�jq���rjqf��,g/� l ����f&c1eij�� l g/����e<� l c1g/~�p,| ��e�n�g/�&�me<prjqfme�|h �uf&c ����f&����� l �,n��1~���k�jq���rjqf��,g/� l � �9v e � l�0 e�n<f&��jqp�j��1|/�1~���k�jq���rj����up��uf�
 l c1g/~�p,| �]e n�g/�&�me<prjqfme�| v10?��f&c1e
g/f&c1e<�Ac�j��1| � �H�Uf&c1e�j�� l g/����e<� � l �1g/fsc1g/-�g/%*e$�1e�g/~ l ��~�fsn<pu~�- 0 
 � �Rg/�se&��j�- 0 p,e �H� �uf;� l -�j/|�eog��
n<p,g/~1| l g��8%�j l -�g k9����%Kjq�mg/~��1|�f&c1ein�e$��f&��jqp l g/~��mn�e # � f&c1e$� k�jq���rjqf��,g/� l g/��f&c1e n�g/pu~�-.� |�e$� l �uf�

jqp,g/��%�f&c1eAp����1etg�� l ��%�c�f h �upup��]ese&� 0 e�n<fme�| |�~1eAfmg�n<p,g/~1| l80 j l�l ����%�f&c��mg/~�%�c�f&c1eAp����1etg�� l ��%�c�fbv'�@�
f&c�� l nbj l e �]g/f&c l�0 e�n<f&��jqp j��1|2�1~���k�jq���rj����up��uf�
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�j l jA��~��1n<f��,g/� g��Ef&c1ese<�&�mg/� ����f&c1e;-�ebj�� & v �,	 � � �*e�) c�jq�m|1�1e lml ��jqf��,g.����f&c1e
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-�j�� 
 l g/~��mn�e l �1~��
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Xp,g h e<�[f&c�j���f&c1e ����f&����� l �,n
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−0.23
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& v x��
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g/��f�j����1e�| ���mg/- f&c1e -�g}|�eOg��6f&c1e<-�ebj�� 0 �mg/��j����up��uf�
 |1� l f&������~�f��,g/� l � P (σintr)

� g��6ebj/nmc %��mg/~ 0
g�� l g/~��mn�e l v � �&�mg/� l n�g/�&�me l�0 g/�1|�fmg f&c1e � σ n�g/�1G�|�e$�1n�e ����fme<�&k/jqp9v ��� f&c1e�nbj l e l�h c1e<�me f&c1e
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�:��%1v + v � x � fmg 0 p,e6�#f #dl c1g h�l f&c1e3-�ebj l ~��me�| k�jq���rj����up��uf�
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g��4f&c1e�n�g/�&�me<prjqf��,g/��|�e�n<�mebj l e l fmg h jq�m| l p,g/��%*e<�tk�jq���rj����up��uf�
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tf&c1e<-�jqfme<���rjqp��me l�0 g/� l ����p,e ��g/� f&c1e � 	 ��j1
[j�� l g/� 0 f��,g/� ����f&c1e l e4g/�1=�e�n<f l� -�g/p,e�n<~�prjq� fmg/�&~ l6# v 4dc�� l n�g/- 0 g/�1e$��f � l e&� 0 e�n<fme�| fmg �]e -�~1nmcMp,e lml k�jq���rj���p,e�j��1| f&c1e<�me6��g/�me
nmc�j���%*e l ��� f&c1e ����fme$� l �uf�
ig�� f&c1e�c�jq�m| � 	 ��j1
in�g/- 0 g/�1e$��f jqp,g/�1e h g/~�p,| �me l ~�puf7���iprjq��%*e<��nmc�j���%*e l
����f&c1e g/� l e<�&k*e�| � � v 4dc1e<�me6�Rg/�me h e h �upup4|�e<fme�n<f l�0 e�n<f&��jqpOk/jq���rj����up��uf�
 ����f&c1e nbj l e lth c1e<�meig/��p�

nmc�j���%*e l ����f&c1es�me<prjqf��uk*e3�1g/��-�jqp�� l jqf��,g/� l g�� f&c1et|1� 
 e<�me$��f l�0 e�n<f&��jqp�n�g/- 0 g/�1e$��f l c�j�k*e[g�n�n<~��&�me�| v
0�~�� l j�- 0 p,e l g��!f�
 0 e 	 � j��1|�f�
 0 e 	�� � F�� n�gbk*e<��j.���mg*j/| ��j���%*e3�����me�| l c��H�#f l � l�0 e�n$�rjqpup�
 f&c1e

��g/��-�e<�bv�4dc1e<�me6�Rg/�me h e�c�jbk*e l f&~1|1�,e�| k�jq���rj����up��uf�
 0 �mg 0 e<�&f��,e l g/� l ��%����HG�nbj���f&p�
 |1� 
�e<�me$��f �me l f 	
�#��j�-�e�e$�1e<��%�
 ��j��1| l v!)�g h e<k*e<� h e�|1�,| �1g/f3G �1|�j�|�e 0 e$�1|�e$�1n�eig/�X�me�| l c��H��f�g��df&c1e�g/� l e<�&k*e�|
k/jq���rj����up��uf�
 0 �mg 0 e<�&f��,e l g�� g/~�� l g/~��mn�e l � f&c1e8�#��j/n<f��,g/�ig�� l g/~��mn�e lUh �uf&ci|�e<fme�n<fme�| l�0 e�n<f&��jqp]j��1|��1~��
k/jq���rj����up��uf�
 � g/�sf&c1eo|�e<fme�n<fme�|�j�- 0 p��uf&~1|�e l g��%�1~�� k/jq���rj����up��uf�
 � j��1| f&c1e<�me6�Rg/�me h e�n�g/�1n<pu~1|�e�f&c�jqf



� + � )Ujq���rj����up��uf�
 0 �mg 0 e<�&f��,e l g���� 	 ��j�
 l g/~��mn�e l ��� f&c1e������	��
���
��������

� ���m��A�� + 	E)S)w12"�3Q	E+�5R�!%'� $	�A+ 	E) �a� + 	
�QAC	 +�� 	C6 � ) �
� �&% + �H%'� + ��� �
����� ��" + 9<;>= 	 + � A#� + �
� ���
� )*	 + ��A�� + � ��� + �
� � � + 	 � �B��+�� + �H�X6(	E+�5f� + � � ∼ YZP o ����� � � ∼ \ � �H� � v� e�jqp l g.%��mg/~ 0 e�|�f&c1e l�0 e�n<f&��j�g�� g/~�� g/�1=&e�n<f l ��� ��g/~���|1� 
�e<�me$��f�g/� l e<�&k�jqf��,g/��jqp 0 c�j l e l � j��1|
n�g/- 0 jq�me�|Kf&c1e l�0 e�n<f&��jqp G1f l fmg f&c1e %��mg/~ 0 e�| l�0 e�n<f&��j�v � �uf&cKf&c�� lsl f&~1|�
 h e |�e<fme�n<fme�| l�0 e�n<f&��jqp
k/jq���rj����up��uf�
 ��� � g/�1=&e�n<f l � ���1n<pu~1|1����% ([f�
 0 e 	 � � F�� j��1| � f�
 0 e 	�� � F � v � |�e<f�j��up,e�| j���jqp�
 l � l g��
f&c1e$�u� e$-.� lml �,g/� 0 �mg 0 e<�&f��,e l l c1g h e�|�f&c�jqf�f&c1etg/����%�����g��Ef&c1es|�e<fme�n<fme�| l�0 e�n<f&��jqp k�jq���rj����up��uf�
 � l |�~1e
fmg j�n�c�j���%*e*����f&c1e l c�j 0 e[g��!f&c1e$�u�
���mg*j/|I��j��1|�n�g/��f�����~�~�- jqp,g/�1e�v �@�I�1g/�1e[g��!f&c1e l g/~��mn�e l h e
|�e<fme�n<fme�| l f&�mg/��% g/� l ��%����HG�nbj���fdn�c�j���%*e l ��� f&c1e 0 �mg 0 e<�&f��,e l g�� g/f&c1e<� l�0 e�n<f&��jqp�n�g/- 0 g/�1e$��f l � l ~1nmc
j l�l g���f�e&��n�e l�l e$-.� lml �,g/��j��1| � g/� � 	 ��j1
 j�� l g/� 0 f��,g/��v

4dc�� l �me l ~�puf � l n�g/�1G1��-�e�|.� 
[f&c1e l�0 e�n<f&��jqp�k/jq���rj����up��uf�
�j���jqp�
 l � l g��]f&c1e��Ag/~�f g��]f&c1e + l�0 e�n<f&�mg 	l n�g 0 �,nbjqpup�
 �,|�e$��f��HG�e�|�f�
 0 e 	�� � F�� �Rg/� h c��,nmc h et|1�,| �1g/f�|�e<fme�n<f j�� l g/� 0 f��,g/�>����f&c1e$�u��n�g 	 j/|�|�e�|l�0 e�n<f&��j ��� � c�j 0 fme<� �1v � pu~�� k/jq���rj����up��uf�
 h j l |�e<fme�n<fme�| ��� x g��sf&c1e�g/�1=&e�n<f l�h c��up,e g/��p�
 ��g/�
g/�1eog�� f&c1e$- h eo|�e<fme�n<fme�| l�0 e�n<f&��jqp k�jq���rj����up��uf�
*v24dc1e prj/n�� g��O|�e<fme�n<f��,g/�Kg�� l ��%����HG�nbj���f l�0 e�n<f&��jqp
k/jq���rj����up��uf�
J��� x g/~�f[g�� ��g��4f&c1e l g/~��mn�e l -�j��*e l ~���p����*e<p�
 f&c�jqf l�0 e�n<f&��jqp!k�jq���rj����up��uf�
�jqp,g/�1e�nbj��
e&� 0 prj���� f&c1e[g/� l e<�&k*e�| -.� l -�jqfmnmc g�� f&c1e$�u��g 0 f��,nbjqp 	 � 	 ��j1
 l�0 e�n<f&��jqp 0 �mg 0 e<�&f��,e l v ��� j/|�|1�uf��,g/� � h e
c�j�k*e l c1g h ��f&c�jqf � �H� f&c1e nmc�j���%*e ��� j�� l g/� 0 f��,g/� � l g��Uf&c1e l j�-�e2-�j�%����uf&~1|�e�j l f&c1e�f�
 0 �,nbjqp!j�� 	l g/� 0 f��,g/��|�e<fme�n<fme�|I����j�� l g/����e�|�f�
 0 e 	�� � F�� � NH ∼ 1022 cm−2 � f&c1e$� � nmc�j���%*e l ��� �1~���j��1| ���
f&c1e � 	 ��j�
Kn�g/p,g/~�� h �upup �]e l ��%����HG�nbj���f � ∆ �

�
≥ 30% j��1| ∆

� �
≥ 0.3

# j��1|Xf&c1e<�me6��g/�me h e l c1g/~�p,|
c�j�k*e�|�e<fme�n<fme�|�f&c1e$- ����f&c1e�p���%�c�fUn<~��&k*e l g�� g/~�� l g/~��mn�e l v:4dc1e<�me6�Rg/�me � f&c1e�prj/n���g���n�g/�&�me<prjqf��,g/� �]e 	
f h e�e$�!�1~�� j��1| l�0 e�n<f&��jqp6k�jq���rj����up��uf�
 ���ig/~��Og/�1=&e�n<f l ���1|1�,nbjqfme l f&c�jqf � �Rg/�Ug/~��O~���j�� l g/���]e�| f�
 0 e 	��� F�� � k/jq���rjqf��,g/� l ��� j�� l g/� 0 f��,g/� nbj����1g/fOe&� 0 prj�����f&c1e
�1g/� |�e<fme�n<f��,g/�ig�� � 	 ��j1
�j�� l g/� 0 f��,g/� ����f&c1e
f���-�e 	 j�k*e<��j�%*e�| l�0 e�n<f&��j g�� f&c1e l e l g/~��mn�e l v*�:����jqpup�
 � j � g/- 0 fmg/� 	 f&c��,n&� g/����%���� �Rg/��f&c1e l e l g/~��mn�e l
� l jqp l gok*e<� 
 ~���p����*e<p�
 � j l f&c1e 
 jq�me l e�e$� �Rx g/~�f g�� � # fmg�k/jq� 
*v� � $ 	E+(+�� � �
3 $ )S"�5(� � + � � � ��� + �F��"() � � ���Z��" + � � "�5�� � ��	 � �a� + 	
�V�!%L� $	�A+ 	E)EAC	 +W� 	C6 � ) �
� �� +Q9<;q= ��+Q)*��+�� ����� �>� $ 	E)*�F� � ��)*�
�!� $ � �
� ��+ � ��	E+Q12"�3
AC	 +W� 	C6 � ) � � �EP�� ���>�!	 � � + ���
��"() � �!�
� � � � �O���#)d5��l� + 6'� � ���!	 � %()*�
�@�H� � �4%L�K�![Q	E+�5 � �4%'�K�poR9<;q=Xv 4dc�� l n�g/~�p,| �]e
e&� 0 prj����1e�| �H� j l ����%�p,e e$-.� l�l �,g/��n�g/- 0 g/�1e$��fd|�g/-.����jqfme l f&c1e e$-.� lml �,g/� ����f&c1e e$�1e<��%�
 ��j��1| h c1e<�meh eonbjq�&���,e�| g/~�fAg/~���k�jq���rj����up��uf�
 j���jqp�
 l � l v 4dc1e<�me6�Rg/�me � �1~�� j��1| l�0 e�n<f&��jqp k/jq���rj����up��uf�
I-.��%�c�f �1g/f
�]e�n�g/�&�me<prjqfme�| ����j l ��%����HG�nbj���f7�#��j/n<f��,g/��g�� g/~�� l g/~��mn�e l v �@�1|�e�e�| ��� x�� g/�1=&e�n<f ldh eA|�e<fme�n<fme�|!�1~��
k/jq���rj����up��uf�
 ��~�f �1g/f l�0 e�n<f&��jqp4k�jq���rj����up��uf�
 � h c��up,e l�0 e�n<f&��jqpdk�jq���rj����up��uf�
 ��~�f �1g/f �1~���k/jq���rj����up��uf�
h j l |�e<fme�n<fme�|>���"��g/�1=&e�n<f l v � n�g/�&�me<prjqf��,g/��j���jqp�
 l � l g�� f&c1e*�1~�� 	_l�0 e�n<f&��jqp k/jq���rj����up��uf�
 0 �mg 0 e<�&f��,e l
g/��f&c1e � + g/�1=&e�n<f l h e<�me ��g/f&c l�0 e�n<f&��jqp6j��1|��1~���k/jq���rj����up��uf�
 h e<�me�|�e<fme�n<fme�|�g/��p�
 l c1g h e�| �1gtn�g/� 	
�me<prjqf��,g/��v � esc�jbk*e l e�e$��f&c�jqf ��� g/�m|�e<��fmg�e&� 0 prj�����f&c1es|�e<fme�n<fme�|�j�- 0 p��uf&~1|�e l g��5�1~�� k/jq���rj����up��uf�

j ∆HR ≥ 0.3 � l �me���~��u�me�| �#h c��,nmc�n�g/�&�me l�0 g/�1| l fmg ∆Γ ∼ 0.6 − 1.2

# v1)�g h e<k*e<��f&c1e 
�jq�me �1g/f�g/� 	l e<�&k*e�| ����g/~�� l g/~��mn�e l v54dc1e<�me6��g/�me � � ���@)d	 $ �X�H� $ � +,+ ��)d	 ��� �#+�6'� � - �
�F+ � ��� �H6(�!� + A#�
5&1D"�3
	E+�5:�!%L� $	�A+ 	E) AC	 +�� 	C6 � ) �
� �M% + �H%L� + ��� �F� ��� �#" + �H6���� $	� � � +�5 �d$ 	 � �
� � ��	 � � ���X�H6(�!� + A#�
5
�!%'� $	�A+ 	E) AC	 +�� 	C6 � ) �
� � � �<+�� ���A+�� �H��� + �
5O68� $ ��	E+����
� � + � ���0�a� + 	
�R)S" �I� +���� �
� ����� � ���
�!��" +�$ �
�*v ��~��&f&c1e<��-�g/�me � � ���I	 � %2) �
� "�5��
�H� � ���
��6��!� + A#�
5M12"�3jA�	 +W� 	C6 � ) �
� � $ 	E+(+�� � 6'�
��34%2)*	 � +��
5�5("�� � � $ ��	E+��H�
� � + � ���B��� + 	�� $ �#+ ��� +Z"(" � ����	C%'�>	E)*��+��EP 4dc�� l � l n�g/�1G1��-�e�|
�	
�f&c1e8�Rj/n<f f&c�jqf4e<k*e$� ��� f&c1e g/�1=&e�n<f l h �uf&c ��g/f&c l�0 e�n<f&��jqp�j��1|��1~���k/jq���rj����up��uf�
�|�e<fme�n<fme�| � l ��%����H� 	
�,nbj���f�n�c�j���%*e l ��� �	� jq�me l e�e$� �Rg/� jqp�-�g l f�n�g/� l f�j���f�k/jqpu~1e l g�� f&c1e �

� v - e�nbjq~ l esg�� f&c1esj 0�0 jq�me$��f
prj/n�� g�� n�g/�&�me<prjqf��,g/� �]e<f h e�e$���1~�� j��1| l�0 e�n<f&��jqp k�jq���rj����up��uf�
 � �uf8� l k*e<� 
�~���p����*e<p�
�f&c�jqf�k/jq���rjqf��,g/� l
��� � 	 ��j�
Xj�� l g/� 0 f��,g/��jqp,g/�1e�nbj���e&� 0 prj����Kf&c1e�k�jq���rj����up��uf�
 0 �mg 0 e<�&f��,e l g���g/~�� l g/~��mn�e l v � c�j���%*e l
��� j�� l g/� 0 f��,g/��nbj�� �]e 0 �mg�|�~1n�e�| � �Rg/��e&�1j�- 0 p,e � |�~1e�fmg�k�jq���rjqf��,g/� l ����f&c1e �,g/��� l jqf��,g/� l f�jqfme g��
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�!� � � ���	
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��57#���$& �	�5�
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ü
�&hi,/O'� � | ��� �<0 � 
 ��� � ����� � �W� �

6 ��= � �G��¥@�W �7#�( §¢ 69} « � �
� � � = ���
	u: �VOd�b,/O�'XS^	=�R����89��@0�J'X:7	v\^	�g L�	Hnz`%j=O ��`%��>#��,�O/'�� 	um�	7�H�b�b,�O/'-�3	 �3	a�H�I�b,/O�'

�K	][��b,/Qq6V�(')��	�[a`�jVQd6V,W8k'��
	�LM���I@V,��b�('Bcd	�� 	�� Q/�-�<Od.=�l'�Y�	�c#	]oH`f�0>9`�@i']\0	��K	
S(89,+��,P@=>W'F�3	7:;,/O��<>9Od��@%89�('X� 	7:;`fOq@V�b
f`�>9
��?'��
	�g �3	v+X�bOq�bQd6i'�Y�	�[�	 � ���$8 ����@M'



� � � C���&	� � ���MªB� � 6&6

� 	 � ���&>�89,�
f,�O/'%��@=.D� 	%n7	��3	 � Od�bZ�6%8+� � = ;W 9¡d¢¦¤0¥	� 7 �������( �]¡#�W ��  �
��*�¨�u¥���¤¦ §¢��k¡!��� ¥�
�¤
¥	� ��� �W� � � |z{]| 0 � 6 � � �

« } � 6 = 6 ��t/¡	
��f¡d¢$; 69}k}k}$�
� � � 6����
	y\0	&L�	�:;jVOd@V,/O�'p�K	��u�0�M,/�l' � 	���Oq@=��jV.i'p� 	&[a���b�<> �I@V�?' �
	&[a�<O#�i,/Od�('

Y�	w[a,��b>9`%��,f'���	 \^	w[a,�@0@V�b,f' \^	<��	 [v,�Od@V�<Od.i' e*	 m�	 [��bZ�@V�����?' � 	 [a`U,/O�'
+3	V[aOq�b,��?'0cd	0[aj=8 �b,/O�'Mn7	;nz�<O#�(';n7	;n�6=�<�0��j=.;'Vo*	Mnz`%�b,�'l�X	;nz`��I�Ij=Od�('V�
	;nz`�@%89,�'
�K	3nzO#`�>k'&� 	 �-,P@(�(�l' ��	 �X6V,/�<' eD	 �X��nz`UQW`�'y\^	 �-`PN7>9`�@i' ��	KmU,�O#Od��@V.V`='
S^	7eF60�b�W�W�<Od.0�?'um�	�eF�b��@V`�8�8 �?'-n7	;A*	�eH`U`U.0���I�J'uL�	ueFO#,/8�89`�@i'uo*	7e*	ueHOq��r�8 6V>k'
4F	;�-���I@=��j=8k'i\^	im�	;�X`UQd6V,/.0,/�<']�X	0�3	;�-`��I�b��@V.i'iY�	M\U`�jVOd.V���I@i'MYz	i1-,P@=.0�/�b`fOdOd�('
�K	*LM�<Z�`f>�8 �I@V�(' o*	KLM���I@V,�'�x3	*LM� ������`%�D�V�<Od�('��
	DLM`�O 8 6V`��b�<O#��' �3	*L;jV�D�;'
��	U� �<O 8 �l'^S0	(� `��b,�@V.0�?'0n7	��z�bZf`�8k'�Y�	��R`%�b@V.0O#`%@M'U13	��X	���`�j0@=.0>k'(\^	(x3	(oH,/,+�%,/>k'
n7	-o�,�hVh^�I@M'yo*	-o�`f8 6=,P@ �lj=Z=' ��	3SU��� �%,W89�"8k'&\^	XL�	3SU��j��"�<Z�,/`f8k' �3	DS(Qq6V�w��8�8k'
S^	iSU,��D�0�W��'l�X	 �3	l:�	;SU6V`fO#8k'0\0	;SUhVOd�<ZfZ='=\^	iS(89,/h^6V,�@i'^L�	;S(89O �=.0,/O�'0�K	M:z�b,�@VZf`='
�
	(:;Od�b�?`fZ��I�b`�'%\^	%:;O �0�&hi,/O�'=S^	GA5,/OdQW,P�b�b`%@=,f'=L�	 AF�bZfOd`�j�:l'Ve*	GA-�I�I���('��
	%\0	 � �<Od.;'
S^	 � 60��89,�6V,/�<.;'0��@V.�Yz	48^`%@=QW�J� �]�� �" �<¢¦¥�4( 9¡	
X�l��¥��¦¥�
-��7u¡ �2��
����]¡#77 §¢�¡a¥�
 � � �� 
�� ����¦¥�
 � �]�� ��'&5� ­9¡#77 §¢�¡q¤ � �]��  � &5� ­9¡#77 §¢�¡q¤ � |z{]| � � ~ > � C �W� ��C �&> ��t/¡	

�f¡d¢$;� =&= 6*�

� � � �#�v:�	�\^	v:_j=Oq@=,�O/'7cd	v� 	�eH,�`fOdZf,�'u1y	ax-��@V.0O#�('7��@V. o*	vm�	���jV> 6=`f89�W
(�4� �5��� �
&���¤¦ §¢��k¡!��� ¥�
�¤a¥	� � ;�4%  � �P �;/�© §¢����5¡!�$¡	$��  �¤ � �¦� � �]�� H��7 4(¥q¢���¡	
�­� �¥	� �� � ¡
;w�P­9¡!���¦ §¢���
��
¡	
�� �  �+f �­���� ¥�
 � | �%E � �/«k« �

6 ~ � �"! �A&�­��¦¥��( §¢ 69}k}W�'�
� � �!� �v:�	f\0	%:;jVOd@V,/O�'�cd	f�
	UeF,/`fOdZf,f'%13	(x-��@V.VOd�('���@V. �3	�:_j=OdQW��@0� &�
 �� � ¡ ; �i¡d¢��$¡	����������;

��
*�P �;/�I §¢�� �2¡!�$¡	$��  �¤ � | �%E ��> � � �
~k~ � � ~ � � �A&�­��¦¥��( §¢ 69}k}k}$�

� � � � �v:�	<\^	�:_j=Oq@=,�OT��@=.y13	f�K	��R`%jV@V.0>+� �]��  "���&5� � ��¤$4( �­��¨¢�¡!�P¤2�<¢��W �;2¥	�)� �B� ��( ¬ � | 0 �� ��=
�
« �!� � «k«&= �A&�­��¦¥��( §¢ 69} « }$�

� � �&> �z)D	�+-,/.0�('R�
	B�u
����������('�13	T476%89�('B��@V.�:�	����$�%� 	��9� �_¥k¤977¥�� ¥��2� ­9¡!� " �W¥�������� ¥�
 ¥	�
�¨�� �ª�¡d¢2���� � ¡
;���­������W +�5¡!�$¡q­���� ­B�?��­��  ���¤]CJ�578��
�¥k¤�����;H����
�­���� ¥�
K¡	
�� �¨�� 6&R¢����2��
-¥	���¨�� 
ªT¡d¢2� �� � ¡
; � ¡q­ � �k¢¦¥���
�� � | �%E ��> } « �

«k« ~ � } =k« ���T �­� �7*�% §¢ � =&= � �
� � � ~ �z)D	F+-,�.V�('&:7	F:;�<
"��6=�<> 60�?'��3	-c�@=`%j=,f'3:7	F:;> jVOdji'D�
	DS(�<
"��@V`�'3)D	Fc§> 60�b>9�<
��?'

)D	�4�Zf�<> �<
P�('a13	5���<
��b> 60�I�&�('�:7	T)T�����<.V�('a13	v4�6%89�('v��@=.
� 	2��
��������&�J� �
4(¥�4����$¡!��� ¥�
�¥	� �©¡	��
�� �/¡!�$¡	$��  �¤4�¨�f¡!�;­�¥�
��¨¢��������¦ )�¦¥
�¨�� �­�¥k¤$78� ­)�� ¢�¡
;.�f¡q­ � �k¢¦¥���
�� � ¬ 
 	65 � � �
� } 6 �

« ~k~ �"! �f�f ��<¢��f¡d¢$; 69}k} « �
� � � � �7n7	;�
	;+-OdO#�p��@V.���	 �R�<.0`'�"��@0�9� ��
�� �f #�&�P­¦�� �77 �¤��©¥q¢ � ¡���� ¥	 JC�¥�������­������W  �5¡!�$¡q­���� ­
�?��­��  �� � � | 0 � � 6 = � �

«&= � �"! �(�P �4��¦ �7#�( §¢ 69}k} > �
� � � « �v�K	&A5,/QWQq6V�?'vS^	B��`%�b,�@V.0�?'R�
	2e-j=���I@V�<�W�/�?'�m�	�m���`�O#,f'���@V.A�K	Rx3	)���<Od���<O�� �]�� �  �454%¥/� � � 6  « �  �� ­�¥k¤$78� ­ �f¡q­ � �k¢¦¥���
���¤94% �­��¨¢��57 � |z{]| �*� � } � C � � ��C � ~ �_�P �4��¦ �7#�( §¢69}k}k}$�
� � � }#�7n7	 AF�bZ�@V���I�?' � 	2x3	T[aO#��@V.=8k'3�3	?��	vSUQd60@V,��b.V,�O/'2��@V. S0	51-�<>9h^�9� �� � ¡
;�C ���k�
�  

��¥���¤¦ �¤;¥	� �¨�� �ª����k�� �  #�<¤¦���(�,� ��
����W §¢¦¤¦  � �¦� � ���<¢��¨�� §¢��/
f¡#4�¤¨��¥��)&���¤� §¢��q¡!��� ¥�
�¤;¥	���¨��  �*¥k¤��
CJ�578��
�¥���¤ � ∼ � s?�f¡q¤�¡d¢¦¤������¨�
�;�f¡	
��"¢�¡ � | E � 6
�k} �

� > 69} � � >!� = �ft*��
�  � =&= > �



� 6
� � � � C���&	� � �R�MªB�

� � ��= �7n7	
A-�bZ�@V���b�?'��X	7nz`��&�<>989Od�?'a� 	�nz�<h0h^�J'HeD	ae*	an7	
�����bj0�D�M`�'a�
	z���"89>#j=`�
P�('
��@V. �3	_1Kj=�M`1� �l¢¦¥�����
��"�¨�� �ªT¡d¢2� �� � ¡
;K�M¢¦¥�4% §¢����  �¤5¥	�;ª����k�� �  #�<¤¦���(�,� � ¡���� ¥	 s?���  ��
s?�f¡q¤�¡d¢¦¤)�����¨� �T��� � � | �(E ��> 6 ~ � > « � ��> } = �"�D¡ ; 69}k}k}$�

� � � 6��v�K	�AF�b
�60�I�b@0�I@M' � 	HmU`fOq�&��@i'Dn7	�\(`%@=,�>k'-��@=. S^	7��j=OdO#�/�4� � &5� � � " $'�¦ �
��< #��D #�����57. ��� � �4F�P �
�¤��������/��� ;����<¢��W �; � ���W §¢�¡ �W B�P¥��<¢¦­� R� 4( �­��¨¢�¡ � | �%E � � > 6 � > ~ � �"! ��&�­��¦¥��% §¢69}k} > �
� � � �#��o*	iS^	 � �<O#Nu�bQ#
���@V.p:7	 �B	lo�`��M,/O#89>+� �]�� 5 �$$�¨¢�¡ �/¡!�$¡q­���� ­ �� ¢�¡
; �f¡q­ � �k¢¦¥���
��*¡!� = ��� >�  �� � | � 	�� ��� ��� � ���FE��T¬�
 �FE ��� ��E 	 ��� � � 69} � > } �"! � 69}k} « �
� � � � ���
	VeD	 � �"89>9`�@i'U\^	�g L�	%�HjVZ�j��/Od,/>k'U\^	�[a���I�b,W8k'��*	%[a�<OdQW`�@V>k'J�3	�[a�<OdO#,/8k'U� 	U[a`U,/O�'

:�	�[v`%�I��,�O/'�e*	2Y�	z[aOd`��&�<Z�,�'��3	z[aOqjV@0@=,�O/'am�	2\^	anz�<O#Od,/Od�('a� 	�S^	�nzOd`fh0hM,/O�'
�
	 �-,P@(�(�l'0�
	lY�60�b,�'^� 	lYT�7�=��>W'^�K	_n7	^mU�<�^�b��@M'l�
	^\0	lmUOd,W���M,�O#Z=' �B	_eFj0�b�I�b`�j=8k'
\^	�g�� 	��-����,�jVO �l'UeD	��-�<> �I@=Z�,/O�'G�3	<�X	f�X�I@V> 6V�WN-'�:7	"� �<QWQW�<Q/�<O#`='(13	(4F	<���<> `�@i'
o*	�e*	P��Q/����6V`�@i'�L�	P� �bQq6=,P�?'�L�	P� �bOq��`%@V�?'"\^	��B	P����8�89�<�<'Un7	�� `�89Qq6i'�\^	 g m�	�4��I�7��,f'
\^	��B	�4�>9�M`fOq@V,�'�n7	=e*	G���<Zf,f'U� 	 �R�<
�j0�I�J'([H	��3	 �R,�O#O#�l'%�
	�����,�O#Od,�' � 	 �z�b,W89>9Qq6i'
\^	J��	J�5��,f'=�X	U�
	Uo�,��<.i'=:7	��B	Uo�`��M,/O#89>k'0S0	(o*	%oH`f>9,P@M'U\^	�g L�	VSU��j��<�<Zf,�`�8k'V�K	J�3	
SUQd6%Nv`fhM,f'T13	zS(,�
��bZ�jVQd60�?'zeD	5n7	5S(89,WN��<O#8k'5cd	2S(89,WN��<O#8k'5cd	&A5���$89Qq6V��@=`'�l'2�
	B\^	
� �<O#.;'MoK	_S^	 � �<O#Nu��Qd
^'Mo*	;eD	 � ,�>�8k';x3	lY�	 � 6V��89,f'M��@=. �3	l� 	 � `fOdO#���I�9� �]�� � � �; ��R ����¦¥�
 �P §¢¦ �
����84����¦¥���¤X���<¢��W �; � � � �]�� -¢¦¥��  *¥	� � � �� ��� ����¦¥�
 ���<¢��W �;p�P­��  �
�­� 
�_ �

�¨¢¦  � |z{]| �)� ~ > � C > 6 ��C > } �ft�¡	

�f¡d¢$; � =&= 6*�

� � � � ���
	�n7	 � ,��b>9>9
�`fh0�¦'7�3	 �3	z:;��@=��@(�0��j0��'7L�	 �B	
A5��@ SUhM,W���0O#`U,�Q#
^'a��@V. S0	zL�	
4>H �-,P�I��� �;�f¡	
��"¢�¡ �� ¢�¡
; &���¤¦ §¢��k¡!�¦¥q¢$; ��� ��&	� � ¥@�W §¢����  �� � � 
 � � ��� ��0 � � � 	 ��� � ���W� � "� � ����� � "=� � � 
q� � � 	�� ��� " � �5� 	��F5 � ��� 	 � " 

� � ( � � � � ��� � � � � "0E ��
 �FE � � ��� � �F5 ��� � � � � � � � � �| ���FE���� � 
 �FE � � � �9� �54f¡ �W �¤ � � 6 ~ ��t*���8; � =&=&= �

� � � > �vx3	0Yz	 � 6V��89,�� �]��  �� ¢�¡ ;� ��W¥�������� ¥�
X¥	� �/¡!�$¡	$��  �¤ � �87 4���� ­9¡!��� ¥�
�¤)�©¥q¢ �6�����<¢¦  �� ¢�¡ ;�¥���¤¦ §¢  
�k¡!�¦¥q¢��  �¤ � | �&� 
�� ����� � �30 � 
 ��� � �%��� 
 � �FE � � � �

� ~ � � � � ~ � ~ � � =&= � �
� � � ~ ��[H	�\^	 � �I�b
f,�>���@V.�� 	VY��7�=�b>+� s?�f¡q¤�¡d¢] �
� §¢ �&; ��� ¤��¨¢���������� ¥�
�¤ � �  M�P¥	�6� �� ¢�¡
;H¤$4% �­��¨¢�¡z¥	�

$��f¡q¤�¡d¢¦¤ � | �(E � � � � �
� � � � � ~ � ���� �­� �7*�% §¢ 69} « �'�

� � � � ��o*	�\^	 � �I�I�b�b����>k'2S^	����"8 6UjVO�'���@V.�oK	 � 	)��`fZfZ�,G� �;�f¡	
��"¢�¡'&���¤¦ §¢��q¡!��� ¥�
�¤v¥	�)�� � ¡ ;  �_ 9¡ � ��¡d¢¨¢¦¥ �) JC>��
� a�P �;/�© §¢�� 6 �5¡!�$¡	$��  �¤ � | �%E � ~ 6 = �
� � � � � � � � �?���*��¤�� � =&= � �

� � �/« ���
	B�X	 � `fOd> �b,W�l'R�K	Tn7	�mU�<�0�b��@i'B�*	�[v�<OdQW`%@=>k'TS^	����"89,�`f>k'ze*	��-�<> �I@VZf,�O/'���@V.
�3	i[aOqjV@0@V,/O'� �]��  �,��
)�?¢¦ �¤¦¥����W #� �� ¢�¡
; �f¡q­ � �k¢¦¥���
�����
 �¨�� �C�¥P­ � 7u¡	
3ª�¥��   �B( ¬ � | 0 �
�&> � � C � « ��C �!� � �?���*��¤�� � =&= � �

� � � }#���
	(�K	 � `fOd> �b,W�l'��K	=n7	UmU�<�^�b��@M'=m�	(Yz	([a��j=,�O/'��3	(� 	U���b,
:���@=.0,/O�'0e*	%�X�<> �I@=Z�,/O�'
S^	�� �"89,/`f>W'V�3	([vOqj0@V@V,/O�' � 	(x3	%[aO#��@V.=8k'U��@V. �3	��B	=SUQq6V@V,��b.0,/O'� �]�� ���
<¢¦ �¤¦¥����W #�
�f¡d¢2� �� ¢�¡
;9�f¡q­ � �k¢¦¥���
�� � �¨�� �78� ¤¦¤@��
��7¤¦¥��<¢¦­�  4(¥�4����$¡!��� ¥�
��87 4����  #� ��; �¨�� &�;�f¡	
��"¢�¡u¡	
��� � �; ��R ����¦¥�
 �< � �4 �f ��.�<¤ � ( ¬ � | 0)�$�&> � �

6
� « 6 � 6
� « � � �3¡d¢¦­¦� � =&= > �
� � > = �v:�	T)5���U`U`f�;'zcd	R�
	veH,�`fOdZf,�'2��@V. :�	�\0	5:_j=Oq@=,�O�� �?¢¦¥�
� J��C>��
�  ���$¡ �2
�¥k¤���� ­�¤?�b¢¦¥�7

�;�f¡	
��"¢�¡ ��¢�¡!����
��1&���¤¦ §¢��k¡!��� ¥�
�¤H¥	�	� � � � � 
 � ) ��� � 
 � � ����0�� � ��� ��� ) ��	 E �1E�
�� ��� 
 "



� � � C���&	� � ���MªB� � 6 �

| �%� 	�� 
 � 	 �f� � ��� 	 E�� 0f��� � �#� �,5 ��E���� � � ��� 
#� E � � !&	 ��� "�� � " � � � 0 � � 	 ��� ��� �%" �P�W�W� " � ��� 	�� � !

��%� 	�� 
 � 	 � �%�P �4��¦ �7#�( §¢ � =&= 6*�

� � > 6��v:�	T)5���U`U`f����@V.
o*	zS^	 � �<O#Nu�bQ#
 � �]��  �� ¢�¡ ;w¤$4( �­��¨¢�¡!���q¡d¢��$¡	��������� ; ¥	�B���+� � 6 > 6*�( ¬ � | 0)� � �/« �
�k� � � � « ~ ���� ��<¢��f¡d¢$; 69}k} 6*�

� � > �#�v:�	�)5���U`U`f�;'2oK	zS0	 � �<O#Nu�bQ#
^'zm�	T� �<
��b@V`�'an7	z4v89��@0�?'5\^	�L�	�SU`f
f`%�b`f>9
��?'5cd	��K	
[a`�@V.i'���@=. � 	�)5������j=Qq6V�9� ���<¢��¨�� §¢ 4<¢¦¥�����
��3¥	�&�¨�� ��� ¢�¡
;w¤¦¥��<¢¦­�  ��
<���+� � 6 > 6  
�� �� ­�¥�
�¤��¨¢�¡	��

�¦¤�¥�
"�¨�� 6

��­��  9¡d¢ �W �¥�77 ��¨¢$; ��( ¬ � | 0)� � ~ � �

� �&> � � �/« � �3¡
; 69}k} � �
� � >!� �vm�	5)2j=��@���@V.
o*	2x-�<Od�W����@0� &�
/�¨�� "��¡!���<¢¦ K¥	� �� � ¡
;/ � ¢����k�
�
�-&'4���� ­9¡!���8; �R¥q¢$7u¡!�

�5¡!�$¡	$��  �¤ � | �(E � ~ 6
� �
��� � � ��� « �(�P �4��¦ �7#�( §¢ � =&= � �

� � > � �7e*	48^����`fOd��@V�?'Vcd	=�
	Me-�b`��b�('0:7	V� �<QWQW�<QW�<Od`�'^��@=.p�X	 � `%�$89,�O�� " �U �­��¦¤�¥	���5¡!�$¡q­���� ­
¡	��¤¦¥q¢$4���� ¥�
K¥�
*¤¦¥	�,�)�� ¢�¡
;F¤��<¢��W �;"¤ � |z{]| � 69} ~ � � } � � � � �3¡
; 69} «k« �

� � >&> �7e*	�8l���&`fOd��@0�J'�� 	"� �bZ%@=`%�b�?'UeD	"�X�<> �I@=Z�,/O�'�oK	"[�j=OdZ�'�o*	fe-�b�<QWQW`�@0�?'�� 	%SUQd60���b.V8k'
\^	�:;O �0�&hi,/O�'
��	�n��b�I�b,/Z%�?'an7	zeFOdjVhVh^�b`�@0�?'���@V. [H	T���<Od��@=`1� �]��  � &5� � � �< � �4
¤��<¢��W �; � � � �� ¢�¡ ; ¤¦¥��<¢¦­� �¤D¡	
���¥�4���� ­9¡!�*�.�< �
���� �f­9¡!��� ¥�
�¤'��
 �¨�� %�D¡d¢�¡	
�¥ �f ��.� � |z{]| �
� � ~ �

� � 6 � � > � �ft+��
�  69}k}k}$�


