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"3�7{�+=$&�3�!)�+="T<?,?@='#�0+R4A�3�!)�%0)��3"S"3�7D=� $8� �H(����KM��A)*� O3%0"�@�(����A"3� $&�0%0O3+/'#�3O3+a$8� O3+a@P�3O3+Rb3� �*)�+><T,?@='G)*� O3�&'
(�����)*�&'94J%0O3+/'I�3O_$&+/,[1C )��3�!@�Up 46%0�X,~+="�'�� �XE6+ � �&'9O.+=O3"�@�<^,?@='i�!@N�J1+=O.%04K@N�W$8@NO.�*)�+=O^)*� �i)*@>"�@N��� �*)*@N�i+.}O�@N��EK,;@='i$8@NO�b.+/'�� OR(����]%!:.+
+6,;@>"��&'�+=$&+/:.+/'9�0@S��@J+=�g4K� O3@N�I� �*@J46��,.+/'�� $=1C +^�f<3EP+=�!Qi1�.OP(Y����@=)*'9@J+/,?@FE=@J)�1� $&O3%5$8@J,.+/'9+-� ��)�+6)*� ��%0� U

o 1+=�i+=�0� 1+B"��]�5+�Q='9+/)�%!)��3"g<Y�0+7"�� "3%0$&+/)*@='9%5+B"��G� �*)�+B)*� �9%0��421+=�k(����]+BO3+="3%0�=<Y+7oS+/'F1C +><�D=�&'9"3+="3�&'9+7+/'9) 1C b.$8�"3�H(Y����� ��)*�B)*'9+/:.+Z�*@JM3+FEN+6$8@NO3$&�0�.%0"�@-{|� �5%!q 4K� OY)*�=U
�GO_+/:.'9+/q&@J+K)*@>"�@N��EP�3O3+-"3%5��$&�3�!,.+-+K�!@N�j(Y���H%5O��*�.�*)�+=4K� OY)*�HO�@6M��B4K� O.$&%!@NO3+="�@�U
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/ U / UrxzOY)*'�@�".�3$&$&% 1@NORUHUHU�UHUHU�UBUHU�UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U /0/
/ U21�U � 1C �9%0$&+K$8@NO p ov���4351 UHU�UBUHU�UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U /0/

/ U21�U / U � 1C ��%0$&+-{��3O3"3+=4K� OY)�+=�AU�UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U / 1
/ U21�U21�U p �*)*'9@={�1C �9%0$&+K"���'9+FE=@N�G$T1@N��4J%0$8@N�j$&+/'�QN+="3@N��U�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U /�6
/ U21�U ¤ U p �*)*'9@={�1C �9%0$&+K"���'9+FE=@N�87 UHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U /�9

/ U ¤ U p om�Y�43 / U�UBUHUHU�UHUHU�UBUHU�UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U /�9
/ U ¤ U / U o_@=)�%!D/+=$&% 1@NOd,.+/'9+K�3OP,.'�@=)*@=)�%!,?@�UHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U /�:
/ U ¤ U21�U�wk@NO�b3QN��'f+=$&% 1@NOP"�� �g"��&)*� $8)*@=' p ov�Y�43 / UHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U /�;
/ U ¤ U ¤ U �I� ���3�0)�+="�@N�I$&%!� OY) 1C b.$8@N�I"3� p om�Y�43 / UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U /�;

/ U � U p om�Y�4351 U�UBUHUHU�UHUHU�UBUHU�UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U<1 /
/ U � U / U yW�g%0421+=OP����,?�&'9$8@NO3"3�.$8)*@=' UHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U<1 /
/ U � U21�U yW�g"��&)*� $8)*@=']"��H'9+=".%0+=$&% 1@NOP"���)*'9+=O.��%0$&% 1@NO�� V �GcH� UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U<101
/ U � U ¤ U �g@N�j$8@NOY)�+="�@='�� �G"��H)�%!� 46,;@K"���D>��� �!@d� V>= � �SUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U<1 ¤
/ U � U � U yW�g"��&)*� $8)*@=']"��H)*'9+/q +=�G"��H��%0�5%0$&%!@P�e� V cH� U�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U<1 ¤
/ U � U 6 U yW�g"��&)*� $8)*@=']"��B+=O3%5�0�!@N�IwiM��&'�� O3�=@FD����Ix�w@?�� UHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U<1 9
/ U � U 9 U yW�g$&+=�!@='Z1C 4K�&)*'�@K� �!� $8)*'9@N46+/QNO�1�&)�%0$8@s��ykw p ���]UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U<15A
/ U � UBAYU = )*'�@N�j�9��:.��%0��)*� 46+=� U�UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U<15A
/ U � U : U p ,.�5%0$&+=$&%!@NO�� �i)*� $&O�@N�F1@=QN%0$&+=� U�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U<1 :

C��D�� � � �5��������E� �GF �H�
��� �!IJ� �K),+.-�LNM C O#�
1�U / UrxzOY)*'�@�".�3$&$&% 1@NORUHUHU�UHUHU�UBUHU�UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U ¤P/
1�U21�U�y��g"��&)*� $8)*@='#"���)*'9+/q +=�G"��H��%0�0%5$&%!@6UHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U ¤P/

1�U21�U / U �X'9%0O.$&%!,.%!@-"���{��3O3$&%!@NO3+=4J%!� O^)*@sUBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U ¤P/
1�U21�U21�U yW�g"��&)*� $8)*@=']"��H)*'9+/q +=�G"�� p ov�Y�4351 UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U ¤06

1�U ¤ U�y��g$&+=�!@='F1C 4K�&)*'�@K� �!� $8)*'�@N4J+/QNO�1�&)�%0$8@2UHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U � 1
1�U ¤ U / U �X'9%0O.$&%!,.%!@-"���{��3O3$&%!@NO3+=4J%!� O^)*@sUBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U � 1
1�U ¤ U21�U V %!,?@N��"��H$&+=�!@='F1C 4K�&)*'�@N��� �!� $8)*'9@N46+/QNO�1�&)�%0$8@N� UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U � ¤
1�U ¤ U ¤ U yW�gyiw p ��"�� p ov�Y�43516UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U � ¤

1�U � U�y��[��)�+/'*� V '9+=$9�=�&'G� O p om�Y�4351�UKUHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U � 6
1�U 6 U�y��[�>%0��)*� 46+J�#�k�P"�� p om�Y�4351 UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U � A

O#��QR�SI � � �
TH�U� I � � �V�UT I �'&W� � TH�!�5����E+X����� � ��TH	 � � " TH	%T � TY� � � � �5�!�5����K� �ZF �H�
��� �!I [�
¤ U / UrxzOY)*'�@�".�3$&$&% 1@NORUHUHU�UHUHU�UBUHU�UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U 6P/
¤ U21�Utw�+/,.+=$&%0"3+="�� �j"�� �[� V c UBUHU�UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U 6P/

¤ U21�U / U���� �!� $&$&% 1@NO_"3�H���3$8� �*@N��UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U 6 1
¤ U21�U21�U p $8�&,3)�+=O.$&%0+KE�1+/'�� +K�&{�� $8)�%!D/+�U�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U 6 �

6
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¤ U21�U ¤ U �I� $9M.+/q&@a"���{�@NO3"�@6"3��'9+ E=@N�]$T1@N��46%0$8@N� URUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U 9 1
¤ U21�U � U �I� �*@N�0�.$&% 1@NO_+=O�QN�3�5+/'�U�UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U 90:
¤ U21�U 6 U �I� �*@N�0�.$&% 1@NOP� O��&'�Q�1�&)�%0$&+ UHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U A ¤
¤ U21�U 9 U �I� ���3�0)�+="�@N�I$8@NOd�.OP$&+=4K,?@J46+/QNOk1�&)�%0$8@a"��H4K� O�@='j%5O^)*� O3�9%0"3+="TUkUHUHU�UHUBUHU�UHUHU�U A �

¤ U ¤ Utw�+/,.+=$&%0"3+="�� �j"�� �gykw p �sUBUHU�UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U A0A
¤ U ¤ U / U���� �!� $&$&% 1@NO_"3�H���3$8� �*@N��UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U A0A
¤ U ¤ U21�U p $8�&,3)�+=O.$&%0+KE�1+/'�� +K�&{�� $8)�%!D/+�U�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U A0A
¤ U ¤ U ¤ U �I� $9M.+/q&@a"���{�@NO3"�@6"3��'9+ E=@N�]$T1@N��46%0$8@N� URUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U A0A
¤ U ¤ U � U �I� �*@N�0�.$&% 1@NO_+=O�QN�3�5+/'I"�� �gykw p � UHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U A :
¤ U ¤ U 6 U �I� �*@N�0�.$&% 1@NOP� O��&'�Q�1�&)�%0$&+R"�� �gyiw p � UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U A :

¤ U � U��W'�� �*)�+=$&%!@NO3� �I{�'�� O^)*�7+6yk�#�Gy V E_�#� p � V UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U : 3
¤ U 6 Utwi@NO3$&�0�3��%0@NO�� � UHU�UHUHU�UBUHU�UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U : 1

��� ),� �T � � I � I � � �V��T " 	 � ��� T � ���UT�� I � � 	 � �U� " 	%�H�
�H�
� " �*� �P� -�� D ���
� U / UrxzOY)*'�@�".�3$&$&% 1@NO�E�@=:>�*�&)�%!D=@N�hUHU�UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U : A
� U21�U�c]� ��$8'f%!,T$&% 1@NOP"�� �g"3%5�*,?@N��%!)�%!D=@A�8L�,?�&'9%54K� O^)�+=�dUHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U :0:

� U21�U / U yW�g+=$8� �!�&'f+="�@='G�i�a"�� �[wiy��j� UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U :0:
� U21�U21�U�wk@NO�b3QN��'f+=$&% 1@NOP"��B�!@N��"3�&)*� $8)*@='�� � U�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U :0:
� U21�U ¤ U V @N46+J"��B"3+/)*@N� UBUHU�UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U ; �

� U ¤ Ut�>@={|) �k+/'��A"��H��%04A�3�0+=$&%F1@NORE�'�� $8@NO.�*)*'9�3$&$&% 1@NO�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U ; A
� U � U��j� ���3�!)�+="3@N��UBUHUHU�UHUHU�UBUHU�UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U ; A

� U � U / U p �0%5O�� +=46%!� OY)*@ U�UBUHU�UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U ; A
� U � U21�U �I� O3"3%546%!� OY)*@-"3� �g"��&)*� $8)*@=' � $&+=�0%!:3'9+=$&%0@NO�� ��UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U ;0;
� U � U ¤ U �I� O3"3%546%!� OY)*@-"3� �g"��&)*� $8)*@=' � $&�0�3�*)*�&'9��UHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U / 3 /
� U � U � U �I� �*@N�0�.$&% 1@NOP� �*,.+=$&%5+=��U�UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U / 3 9
� U � U 6 U �I� �*@N�0�.$&% 1@NOP� O_4K@N46� O^)*@ UHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U /0/ �
� U � U 9 U��>�3$8� �*@N�G$8@NO_$8@NO^D=�&'9)�%0"�@=' UHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U /0/�:
� U � UBAYU �I� �*@N�0�.$&% 1@NOP� O��&'�Q�1�&)�%0$&+J,.+/'9+-{�@=)*@NO�� ��UHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U / 1 3
� U � U : U �I� �*@N�0�.$&% 1@NO_+=O�QN�3�5+/'�,.+/'9+-{�@=)*@NO�� � UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U / 101

� U 6 U��j� ���34K� O�U�UBUHUHU�UHUHU�UBUHU�UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U / 101
[� ) I �(	
������&K�� T���T�& & T � � T � �(T � � � 	 �V�� T �SC �

6 U / UrxzOY)*'�@�".�3$&$&% 1@NORUHUHU�UHUHU�UBUHU�UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U / 1 ;
6 U21�U = '9%!Q=� O_"��H�0@N��'9+ E=@N�jQN+=4646+6"3�B+=�!)�+-� O��&'�Q31C +_UHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U / ¤ 3
6 U ¤ U = :.�*�&'�D/+/)*@='9%!@N�I"3��'9+ E=@N�GQN+=4646+ UHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U / ¤P/

6 U ¤ U / U cG�&)*� $8)*@='9� �G� O_� �T� �*,.+=$&%!@ UHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U / ¤P/
6 U ¤ U21�U cG�&)*� $8)*@='9� �G� O_)�%!�&'�'9+ UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U / ¤ 1
6 U ¤ U ¤ U y�L>,;�&'f%04K� OY)*@N�I"��H+=�*)*'�@NO3@N4_1C +-QN+=4646+ UHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U / ¤ �

6 U � U��j� ���34K� Od"���)*� 46+=�j"3�H{�1C ��%0$&+-"�� �*)�+=$&+="�@N�JU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U / ¤0:
!#���>I �
����� � � � ��T I � I � �GF �� I � �5T �S[HO

9 U / UrxzOY)*'�@�".�3$&$&% 1@NORUHUHU�UHUHU�UBUHU�UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U /�6=¤
9 U21�U p OI1+=�0%5��%0�i"��H�0+K�*��}O.+=�g"��H�3O3+-{���� OY)*�H,.�3OY)��3+=� � � �T,�1�3�0��+/'I"���¢�� �5+ UBUHU�UHUHU�UHUBUHU�UHUHU�U /�6=¤
9 U ¤ U p OI1+=�0%5��%0�i"��H�0+K�*��}O.+=�g"��H�3OS���j� UHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U /�606
9 U � U p OI1+=�0%5��%0�i"��H�0+K�*��}O.+=�g"�� �T� �*,?� $8)*'�@R"3%!{��3�*@AQN+=� 1+=$8)�%0$8@dUBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U /�60:
9 U 6 U p OI1+=�0%5��%0�i"��H�3O3+K���Y}O3+=�g"��H46+/)*�&'f%0+K@N��$&��'f+ UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U /�9 3
9 U 9 U��j� ���34K� O�U�UBUHUHU�UHUHU�UBUHU�UHUHUHU�UBUHU�UHUHUHU�UBUHU�UHUHU�UHUBUHU�UHUHU�UHUBUHU�UHUHU�U /�9 1
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yW��+=�0$&+=O3$8��)*'f+="3%0$&%!@NO3+=�>"����0+�+=��)*'�@NO�@N4_1C +]E-�0+#+=�*)*'�@={z1C ��%0$&+><=M3+=��)�+�M3+=$8�I,?@�$&+=��"k1� $&+=".+=�&<^�*�IM3+#�0%546%!)�+="�@
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Nucleo de semiconductor
Electron de valencia

Electron libre

Hueco
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Electron adicional

Impureza de tipo n
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Impureza de tipo p

Hueco adicional
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Impureza n Impureza p Material semiconductor
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1 2 3 4 5 6 7 8 9 10
Canal (10 de 1024)

Canales i=1,10
Chip j=1
Suceso k

A)

1 2 3 4 5 6 7 8 9 10
Canal (10 de 1024)

C)

contribucion
del common noise

1 2 3 4 5 6 7 8 9 10
Canal (10 de 1024)
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Z

TOF

ECAL

TOF

RICH

TRD

1,2

3,4

STD

140 cm

90 cm
110 cm

Nivel 1

Nivel 20

(cluster S + cluster  K)
Impactos

Trazas reconstruidas

Direccion de incidencia

Z = 0
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Area efectiva (inc. normal): comparativa
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Resolucion energetica: comparativa
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Resolucion angular (inc. normal): comparativa
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Sensibilidad a fuentes puntuales: comparativa
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. Í�� Ì���� Í V� $Q.�Ì~Ï pMÐ <��Y*q$ Ð .MÌ~Ï Ð $ B Ì Ï � .�Ì%$ � t Í $ Ð�� Ì%t � J;p{c����^/ XYy g��8Ð J�C��z1 ` C��HCe5���*�Ï � _Y^5Ì B � .MÌ�Ì%J B ÌJwÌ%$&J � � Ì%J�Ï Ð t,Ì%. Í . Ð .�Ì Ï Ð O � J Í � Í V� $ ` � �8Í Ì%$ B�Ð � Í V� $-.�Ì~Ï pMÐ <��
�>$ ��ÌMt�V� . g Ï � J�.MÌr$ g Ì�ØÌ)JwÌ%$&J � � Ì%J�. Í JKO g Ì%J B � J�Ì%$ � � p � $ Í ØÌ~Ï�Ì%J�Ñ B!� Ì%Jq.MÌ?Ì~Ï�Ï � J�. � _�Ï�Ì%J�ÑÌ%$�JwÌ%t,Ì�^ Ð $(< Ð
Ð Ï Ð Ì%J B!�Lg � B�g��8Ð .�Ì $ Í ØÌ~Ï�Ì%J�.�Ì~Ï Ó bMj .�Ì :)+ Ó DF3"1�Ñ g _ Í � Ð . Ð Ì%$WJ g � Ð ^ Ð .�Ì B!�(Ð $&JKO � ��B Ì ` .�Ì%$ B!� � .�Ì~Ï
Í t\VÐ $���*:Ï1Ï Ð . � Ó Ì%$RÌ%J B Ì"� Ð J � t Í .�Ì Ï Ð � �#� � .�Ì%$ Ð . Ð%$?` Ì~Ï0t � t,Ì%$ B � .MÌ¦Ï Ð O Ð���B V` � g Ï Ð,Ð�B!�8Ð ØHVÌ%J .�Ì
Ï Ð � g�� Ø Ð B�g��8Ð .MÌXÏ ÐwB!�8Ðx` Ì�� B � �8Í�Ð ��*�$ Ð .�Ì~Ï Ð $ B ÌXÏ � .MÌ%$ � t Í $ Ð�� Ì%t � J p{c��'& / X&y g��8Ð J�C��z1�Ñ�C��zo ` C��z7"5��
U;$+Vg $ Í � � t\V� . g Ï � .�Ì"(%4XJwÌ%$&J � � Ì%J�Ñ)� � $YÌ~Ï;Ï Ð . � Ó t Í . Í Ì%$&. � Ï Ð � �)� � .MÌ%$ Ð . Ð Õ ÑeJ Í#B�gMÐ . � .MÌ%JKO g VÌ%Jf.�Ì~Ï
Í t\VÐ $��|*q$ Ð .�Ì~Ï Ð $ B ÌÇÏ � .�Ì%$ � t Í $ Ð�� Ì%t � J p{c��"* / X&y g��8Ð C��z1 ` C��z7"5�� Ó�g � _�^wÌ B�Í Ø � Ì �8Ð O � � O � � � Í � $ Ð��g $ Ð t,Ì%. Í . Ð .�Ì O � J Í � Í V� $WO � Ì�� Í J Ð O Ð��(Ð Ï Ð � Ð Ï � �8Í t�Ì B!� V` Ð �

b �8Ð JÇÌ~Ï Ó brj 4�Ñ JwÌQJ Í#B VgMÐIg $^O � � B � B�Í O � .�Ì~Ï Ë,+�ÅvÂ.- À/ ¿ È,01-�Â È�ÅvÈ�Ë�02-'Â ¿ + 354 ÀÈ,0'Ê�ËiÂ Ñ6� � $ . � J�Ï�V` $�Ì Ð J].�Ì� � B � t g Ï B�Í O�Ï Í � Ð . � � Ì%J Í $YJ B!�Lg t,Ì%$ B�Ð . Ð Jl/�� y_�7�7� Ð O Ð��LB�Í�� .�Ì Ð�p � �8Ð ÑOX&y g��8Ð C��z7"5��*:Ï Ë8+ ¿:9 Â ¿ +.354 ÀÈ,0�ÊvËNÂ � g Ì�t�Ì%. Í . � � � $ g $ Ð J � $Y. Ð .MÌ�� Ð Ï�Ï+ÑbT g ÌWt Í .�Ì*Ì~Ï�Ø � Ï B�Ð ^5Ì Í $&. g � Í . � O � �. Í � p � � Ð tAO � J � _ � Ì g $ Ð ÏWVÐ t Í $ Ð .�Ì~Ï#y Ð . Ð .�Ìwt,Ì B�Ð Ï O � � Ì~Ï{T g Ì;� Í�� � g Ï Ð�g $ Ð � � �<�8Í Ì%$ B Ì��P[ Ð J>t,Ì%. Í . Ð J)JwÌp�Í � Í Ì � � $ÒÌ%$ Í $ B Ì � Ø Ð Ï � J].�Ì*Ì%$ B!� Ì=(�3 ` o 3vtut Ì%$ B � . � Ì~ÏÎØ � Ï g t,Ì%$^.MÌ~Ï Í t�VÐ $ ` Ì%$ Ï Ð < � $ Ð O � J B Ì �8Í � �p�Ð J B�Ð Ì~Ï Ó brj 4#��[ � J�Ø Ð Ï � � Ì%J?> º Ì%$?� g $ � Í V� $?.�Ì�Ï Ð O � J Í � Í V� $?JwÌAt g Ì%J B!�8Ð $ÔÌ%$ÔÏ Ð X&y g �8Ð C���G)��[ � J>O g $ B � JO � JwÌ�Ì%$ g $YÌ �<� � � .�Ì>3@�zo�` Ì%$ Ï Ð t,Ì%. Í . Ð .�Ì~ÏA� Ð tAO � ��[ Ð�Í $ B Ì%$&J Í . Ð .�.�Ì~ÏA� Ð tAO � g&B�Í Ï Í < Ð . Ð XY$ Ð Ï�t�Ì%$ B Ì>$ �� g Ì)3@�znXbV/B� � $YX&y g �8Ð � Í V� $ .�Ì Ø g Ì~Ï � .�Ì;:>+ Ó DF3"1"5�J Í $ � 3@�HCwb O � � � g Ì%J B�Í � $�Ì%Jc.�Ì Ð ��Ì�O B�Ð $ � Í�Ð .�Ì Ï Ð J B!�8Ð < Ð J
� g � Ø Ð . Ð J��&*qJ B Ìl. Ð B � pMÐ%` T g Ì B Ì%$�Ì � Ï � t g(` O � Ì%JwÌ%$ B Ì Ð Ï ÐAp � �8Ð .�Ì�Ì[Z B!�8Ð O � Ï Ð�� � � $ ��Ï g J Í � $�Ì%J Ð :>+ Ó DF3"1�ÑO g Ì%J B � T g Ì Ð ��Ì�� B�Ð . Í�� Ì�� B�Ð t,Ì%$ B Ì Ð Ï ÐC� Ì%J � Ï g � Í V� $*Ì%$�t � t�Ì%$ B � � Ó Ì�Ï � y �8Ð g $D� Ð tAO � t g(`up � t � ybVÌ%$�Ì � Ì%$
� Ð J ÍPB � . � Ì~Ï Ó brj 1�Ñ(O Ì � � T g Ì>.MÌ�� � Ì���Ì � VÐ O Í . Ð t,Ì%$ B Ì � g Ì �(Ð Ñ�O � � Ï � T g Ì Ï � J Ð�� t Ð��8Í � J�.�Ì�Ì~Ï�Ì�� B!� V� $ Í � Ðw` Ì~Ï
� Ì%J B � .�Ì Ï � JM.�Ì B Ì�� B � � Ì%J)$ � JwÌ ØÌ%$ Ð �vÌ�� B�Ð . � J��
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U;$ ËiÂ54��JÈ#-10�ÊvÃ/Â5- .�Ì (utut .�Ì B�g $(y"J B Ì%$ � JwÌ�J Í#B VgMÐ Ì%$ÒÏ Ð < � $ Ð Ì[Z B Ì � $ Ð .MÌ~Ï Í t\VÐ $DÑDÌ%$ B!� Ì�Ì~Ï Ó brj;(` Ó brj 1 / X&y g �8Ð C��zn"5(Ñ�.�ÌZt Ð $�Ì �8Ð T g ÌQO g Ì%.MÌWJ Í#B�gMÐ�� JwÌ � $ � .�Ì%$ B!� � .�ÌTÏ Ð Ï�V` $�Ì Ð .�Ì~Ï pMÐ <��q*�ÏdÌ%JKO Ì%J � �
ÌWT gMÍ Ø Ð Ï�Ì%$ B ÌÉÌ%$ Ï � $&y Í#B�g .�Ì%JA.�Ì �(Ð . Í�Ð � Í V� $ Ì%J Ð O � � Z Í t Ð . Ð t,Ì%$ B Ì%Ì~Ïrt Í J�t � T g ÌZJ�ÌTÌ%JKO Ì �8Ð Ì%$ Ï Ð O Ð���B Ì
� Ð $ B Ì �8Í � ����Ð Ï Ó brj Ì%$Z:>+ Ó DF3"1�Ñ Í � Ì���Ñ�Ì~Ï�b;�>S J g O Ì �8Í � � Ñ!Ì~Ï0br'Mj ` � B!�8Ð J?Ì%J B!�Lg � B�g��8Ð JM.�ÌlJ � O � ��B Ì��
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� � � Vg Ï B�Í t � Ñ � Ð _ Ìl.�Ì%J�� �8Í _ Í�� Ï � J Æ¢ÊvÆ�0¢È ¿ +MÆ +JÄ�©Ê�Å�Ê�+ -�È�Æ .MÌ Ï ÐwB � t Ð .�Ìl. Ð B � JX/ X&y g��(Ð C��z8"5��

(�� j � J .�Ì B Ì�� B � � Ì%J]i p Ì � Ì%$(} � Ø-.�Ì g tX_ �8Ð ÏT.�Ìw1 ` CQt,Ì B!� � J .�ÌÇÏ � $(y Í#B�g .IO Ð��8Ð Ï Ð . Í J<� �(Í t Í $ Ð � Í V� $Z.�Ì
Ì~Ï�Ì�� B!� � $�Ì%J�� Ó Ì?� Ð��8Ð � B Ì �8Í < Ð $-O � � � � $ B Ì%$�Ì �)g $Wy Ð J / @��x5f.�Ìlt Ð $�Ì �(Ð T g Ì Ð ÏPO Ð J � .�Ì g $ Ð O Ð��LB V` � g Ï Ð
� Ì~Ï Ð B�Í Ø Í J B�Ð Ñ VÌ%J B�Ð Ì%t Í�B Ì �8Ð . Í�Ð � Í V� $^i p Ì � Ì%$&} � Ø�JwÌ�y�Vg $^J g ØÌ~Ï � � Í . Ð . ` Ì~ÏmV` $&. Í ��ÌA.�Ì � Ì�� �8Ð ��� Í V� $^.�Ì~Ït,Ì%. Í � ��[ Ð JwÌ��$ Ð ÏHT g ÌAO � � O � � � Í � $ Ð Ì%J B Ì B�Í O � .�Ìu.�Ì B Ì�� B � � Ì%J�Ñ/Ì%$ $;Vg t,Ì � � .�ÌA� � B � Ì~Ï�Ì�� B!� � $�Ì%J��������
� Ì�y Í J B!�(Ð . � J�O � � Ì~ÏP� � B � t g Ï B�Í O�Ï Í � Ð . � � Ì%J��H8����

��������� �"!$#&%
�('*)
+ � ' �

/ C��	(x5
. � $&.�Ì,� Ì%J g $ Ð � � $&J B�Ð $ B ÌÑ-! Ì%J×Ï Ð O � Ì%J Í V� $ .�Ì~Ï�y Ð J�Ñ % Ï Ð t Ð J Ð .�Ì^Ï Ð O Ð���B V` � g Ï Ðl` + Ì~Ï|t � t,Ì%$ B �.�Ì¦Ï Ð t Í JLt Ð �Yb �8Ð J g $ � � $ ^ g $ B � .�ÌXO �Lg Ì�_ Ð JMO � Ì~Ï Í t Í $ Ð�� Ì%J~Ñ�J�Ì Ð ^ g J B V� ! .�ÌXt Ð $�Ì �8Ð T g ÌXÏ Ð J�Ì.�$ Ð Ï.�Ì�O Í � $MÌ%J ` } Ð � $�Ì%JHT g Ì%. Ð��(Ð J g O �(Í t Í . Ð ÑEO Ì � � t Ð $ B Ì%$ Í Ì%$&. � g $ Ð JwÌ.�$ Ð Ï&J g X.� Í Ì%$ B ÌfO Ð��8Ð Ì~Ï�Ì�� B!� � $MÌ%J��i � $ÉÌ~Ï�Ï � JwÌ Ï � y � V� g $ Ð t g Ì%J B!�8Ð � � $ g $ Ð O g�� Ì�< Ð J g O Ì �8Í � �×Ð Ï08�8:`/� (�30���
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1#� U;$?J Í J B Ì%t Ð .�Ì B!� Ì%J Ï]VÐ t Í $ Ð J;.�Ì"��Ì%$ B Ì~Ï�Ï Ð . � � /B>�� � >�� ` >,��5rO � � O � � � Í � $ Ð $ÉÌ~Ï0J Í J B Ì%t Ð .�ÌX. Í JKO Ð�� �/ | d������ j[d"5fO Ð��8Ð Ï Ð,Ð .OT gMÍ J Í � Í V� $ .�Ìl. Ð B � J�Ñ � � tuO�Ï�Ì%t,Ì%$ B�Ð $&. � Ï Ð JwÌ��$ Ð Ï�.�Ì�Ï � Jr.�Ì B Ì�� B � � Ì%J)i p Ì � Ì%$(} � Ø/vØÌ � JwÌ���� Í V� $ZC��z1#�z4"5��
@:A�B3A	�3A 
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*q$*Ï Ð X&y g��(Ð C��	(�3]JwÌ)t g Ì%J B!�(Ð g $*Ì%JRT g Ì%t Ð J Í tAO�Ï Í X5� Ð . � .�Ì�Ï Ð JwÌ�� g Ì%$ � Í�Ð .�Ì). Í JKO Ð�� � O Ð��8Ð Ì~Ï � Ì�y Í J B!� �.MÌ g $ J g ��Ì%J � �M[ Ð � � Í $ � Í .�Ì%$ � Í�Ð .MÌ�JwÌ.�$ Ð Ï�Ì%JÉÌ%$ Ï � J B!� Ì%J ��Ì%$ B Ì~Ï�Ï Ð . � � Ì%J � � $ Ï Ð .�Ì Ð tX_ � J-.�Ì B Ì�� B � � Ì%Ji p Ì � Ì%$(} � Ø .�Ì%$ B!� � .MÌ g $ Ð ØÌ%$ B�Ð $ Ð .�Ì:(�3 $&J � � $&J B�Í#B�g&` Ì%$ Ì~Ï B!�8Í y�yÌ � O �(Í $ � Í O Ð Ï�� :�Ï)t Í J�t � B�Í Ì%tAO � Ñ
Ì~Ï;J Í J B Ì%t Ð .�Ì�_ ÌTÌ%$ � � $ B!�8Ð�� J�Ì%Ì%$ t � . � .�Ì%J � � g O Ð . � / $ � B�! U Ó�� 5(Ñ Í � Ì���Ñ�Ï � J�.�Ì B Ì�� B � � Ì%J Ó brj7Z / . � $&.�ÌZ ½ (#Ñz1�Ñz4"5(Ñ Ì~Ï0*cic:)[0j ` .�Ì%t�VÐ J;J g _YJ Í J B Ì%t Ð Jr.�Ì�_ Ì%$ pMÐ _ Ì �;B Ì � t Í $ Ð . � � � $%Ì~ÏTJ g ��Ì%J � Ð $ B Ì �8Í � � �|:;.�Ì%t�VÐ J.MÌ×Ì%J B Ì � ÌWT gMÍ J Í�B � Ñ J�Ìr.�Ì�^ Ð g $wO ÌWT g Ì��$ � B�Í Ì%tAO � t g Ì ��B � .�ÌMo���J O Ð��8Ð T g Ì×Ì~Ï&J g ��Ì%J � Ï�ÌhV` . � O � � Ï Ð J B�Ð�� ^5Ì B�Ð J.MÌ Ð .�T g�Í J Í � Í V� $�/Wc���� 5 pMÐx`NÐ J Í . � � � tuO�Ï�Ì B�Ð t,Ì%$ B Ì O � � ��Ì%J Ð . � �

eVf�gNhJj-k l m	n��)o �/r � yi� § � ¡ � } ��u����;�����Mr5qsrwt+� § �X���^��qsrv�N�~u | � �!��u×t+���¢t | �i��u�� § {��r��¢�8t��~��� �wr8�

[ Ð JwÌ.�$ Ð Ïc.�ÌW. Í JKO Ð�� � Ì%J�Ì%t Í#B�Í . Ð O � �]g $^J Í J B Ì%t Ð @MRK+ � (�((� Ð Ï � ^ Ð . � Ì%$ Ï Ð � Ð _ Í $ Ð .�Ì Ï ÐIB � t Ð .�Ì. Ð B � J��(*qJ B�Ð JwÌ��$ Ð Ï�JwÌ�Ì%$iØ=V` ÐÇÐ Ï � J B!� Ì%J�J g _YJ Í J B Ì%t Ð Jq.MÌ Ð .�T gMÍ J Í � Í V� $uO � Ì%JwÌ%$ B Ì%J���Ï � J (%o]t\V� . g Ï � Jf.�Ì)J Í Ï Í � Í � Ñ
Ì~Ï � Ð Ï � � V` t,Ì B!� � *cic:)[0j `�g $^J Í J B Ì%t Ð i�:)+I:Mi � (�((�fO Ð��8Ð Ï ÐRÍ $(� � � t Ð � Í V� $ yÌ%$�Ì �8Ð Ïf.�Ì~ÏfJ g ��Ì%J � � *q$ Ì~Ï
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A)  Sin campo magnetico -- Sin convertidor

Run     1462 Event  4441127 Energy 2.956 (GeV)

B)  Campo magnetico -- Sin convertidor

Run     1462 Event  4441127 Energy 2.956 (GeV)

B)  Campo magnetico -- Sin convertidor

Run     1021 Event  4129038 Energy 6.876 (GeV)

C)  Campo magnetico -- Convertidor

Run     1021 Event  4129038 Energy 6.876 (GeV)

C)  Campo magnetico -- Convertidor
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Residuos: media y error del ajuste Gaussiano
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Entries  1114

Mean    18.91

RMS     318.4

 / ndf 2χ  105.3 / 87

Constant  1.20± 25.65 

Mean      9.23± 19.83 

Sigma     8.6± 264.4 
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 % �R% ��/.!,Q�Q���<*����x!,/1Q�!,>�*��
9 2 F 9 I F H�: 9 F I
7 9 F 9�205
8 7 F I I F H03 9 F 2,I 9 F 9�20I
2 : F 5 I F 74H 9 F I�9 9 F 9,3�2
I T F 5 I F T�2 9 F I�T 9 F 9�20I
3 H F 7 I F 5,5 9 F 2�: 9 F 9,3�2
: I F 9 I F I�2 9 F I�: 9 F 9�T,5
5 T F 3 I F 5,T 9 F 2,I 9 F 9�205
7 2 F I I F :�7 9 F 2�8 9 F 9�2�8
H 8 F I I F :�8 9 F 8=T 9 F 9�205
T 2 F 2 I F H�7 9 F 2�8 9 F 9�20I
8�9 8�9 F 2 I F 5,5 9 F :�2 9 F 9,3�T
8,8 8=: F I 3 F 9,5 9 F I�I 9 F 9�20T
8=2 T F 3 3 F 9�7 9 F I�8 9 F 9�I,5
8�I H F 2 I F T,5 9 F 2,H 9 F 9�8�H
8�3 8,8 F T I F H,H 9 F 3
2 9 F 9�8�H
8=: T F : : F 8�9 9 F T�5 9 F 9�I,T
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 % �R% ��/.!,Q�Q���<*����x!,/1Q�!,>�*��
9 8 F T 2 F H�: 9 F 8=5 9 F 9�209
8 : F 5 2 F H�2 9 F 8=5 9 F 9�8,8
2 : F H I F 9,9 9 F 2�7 9 F 9�2,2
I I F : 2 F 5�2 9 F 2�2 9 F 9�8�3
3 : F 7 2 F 5�: 9 F H�T 9 F 9,3�H
: 7 F 7 2 F H�7 9 F 2�7 9 F 9�T03
5 I F 7 2 F 3�2 9 F 8�3 9 F 9�209
7 5 F 2 2 F 702 9 F 2�8 9 F 9�8G7
H 9 F T 2 F I�7 9 F 8=I 9 F 9�9,5
T 8 F 5 2 F 702 9 F 8G: 9 F 9�I,9
8�9 3 F 7 2 F H�2 9 F I�I 9 F 9,3�8
8,8 : F 8 2 F :05 9 F 8G: 9 F 9�8�3
8=2 3 F 9 2 F 5,I 9 F 8G: 9 F 9�2�7
8�I 5 F 8 2 F H�: 9 F 2�: 9 F 9�20I
8�3 3 F 7 2 F H�2 9 F I�: 9 F 9�2,2
8=: : F 9 2 F H,T 9 F I�: 9 F 9�2�7
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� � WiØÌ � � Í U � � �
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Objeto colapsado

"Cannonballs" 

Cascara de expansion del GRB

Emision gamma

Toro de acrecion
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Modelled gamma-ray spectrum

Total intensity
Pion decay contribution
Inverse Compton contribution
Bremsstrahlung contribution
AMS simulated point and statistical error

Latitude range: -5<b<5
Energy range: 10-25 GeV
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$	D0��(0���y�!�71I$+1 =8$v=812,7*G=K�)"8(0=K��,.=K9W=W���U�!1H"8()":$+"%12"W��<á$)1 =8Z812"89`":(0��1 ��,.=K�)� �!12D),7,7*�&=K�áf
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� h�m5opk\q����bÑ\m5mnl5ÕoRk
��<v=83 +!�7� *G68=`(0��<E"\1 ��,.=K�)�!�!12D+,7,7*�&=K�y(0�L12"zB8=K�CZK"89W9`":���M��<Y{}|I~ ���I<E":*-(0���;� *Gw+,7"8,7*�&=K�y(0��()=K�'�!12"%F�"8�CB

<E"L,.=K�)�!� *G� D),7*z&=K�W(0�CD)�W6n&�71 � *-,.�R"L$+"%1 � *-1n(0�I��<-<-"8��fK���:��<),7"8� =J(0�C<E"x$)12D0�73+"x���`d)"%F8T;�!�p,.=K�)�!�!12D0B8���W6n&�71 � *-,.���
"W$+"%1 � *G1I(0�L�!12�����!12"%F�"8�7T	$+D0���!�!=`ÌsD0�L��<á��<-��,.�!1+&=K�y=812*GZK*E�)"8<á(0��<ád)"%F�� "89J3+*�&���N�!�¢(0�7�!��,.� "}f
���	��
������


¯b=K�I,7<-D+�!�!�712�'� "8<á,.=K9:=W6}*G���0���y()�x<E"J12��()D),7,7*�&=K�y(0��(+"%�!=K�I�!��(0���0=K9`*-�)"8� »7� �s�����.�H���.���0� � � f+�/<4$)1 =},.���!=
ÌsD0��<G=K�I�!12"8�)�!>O=8129W"\��� »����s�.���.�H���!�2» �%� �.�]�H�}��� � � *-�;68=K<-D),.12":<G=K�C� *GZKD)*G���;�!���'$+"8�!=K��

¯b=K�I,7<ED)�!�!�712�'3)1HD0�!=K�'���X<G=K��<-"8()=K�C{VB�� � ���!�7$+"%12"8�áf)¯S=K��$)12*E9:�71 =K��ÞPeKÝW,7"8�)"8<G���C�!=K�X�!�s¡�)"8<-���'���X<-"
,.=;=81H(0���)"8()"V9:��()*-(+":$v=81p��<�<-"8(0=y{��	<G=K�R� *GZKD+*G���U�!���u���8�V9W*-(0���c<-"`,.=s=812(0���)"8(+"Q9:��(+*-()":���t��<�<-"8(0=� $+"%12"`<-":9W*G� "8(y(0�J<G=K���!���)�!=812�����+<G=K�t&D)<-� *-9:=K�����8�:9`*-(0���y<-":9W*E� 9W":,.=s=812(0���)"8()"\$	"%12"W<G=K�I()��9�&"8�
�!���)�!=812���¢[O68�71R,7"%$Y&^ � D)<G=W�\$+"%1H":(0�7� "8<-<G���I� =83)1 ��<-":()*E�!�!12*G3+D+,7*�&=K�Q()��,7"8�)"8<G���HaHf
{s�x�!�7$+"%12"8�M<G=K�#9�&"Pª0*-9:=K�'9 &D)<G� *-$+<G���n"8�!=},7*-"8(0=K�'"\D)� &D)�)*-,.=\,7<-D)�!�!�71#3)12D)�!=0Ts,.1 ��"8�+(0=J� "8�;�!=K��,7<-D)� �!�712�
1 ��,.=K�)�!�!1HD)*-(0=K�V,.=K9:=�9�&"Pª0*-9:=K�M(0�7�!��,.� "8(0=K��fI¯S"8�M$+*-� � "8�Q,.=K9uD)�0���y"�(0=K�M,7<-D)� �!�712�V1 ��,.=K�)�!�!12D+*-(0=K�
,.=K9:$+"%1 �!���N� DX,7"%1 ZK"`�!�7Z#&D)�y��<á� "89`"+¡�0=`1 ��<E"%� *G68=W(0��"89J34=K�p9�&"Pª0*-9:=K�7f
���Q��<	� =8>?�A@#"%1 �L(0�R<-"�$+12D0�73+"L���Vd)"%F8T}<G=K�#,7<-D)�!�!�712�/3)12D)�!=K��,.=K�M9�&"8�#(0�R� ��*-�n$+*E�!� "8�/� �C��<-*-9`*-�)"8�áfK¯S=K�
��<G��,.�!1 =K�0���\�0=t(0�73v�71z&^ "8�É(0�,+!"%1\D)�)"c�!�;¡�)"8<#� D0$v�712*G=81¢"t(0=K�J=c�!1 ���u$+*E�!� "8�7f®{0*-�¼��9J3+"%1 Z8=0T5�!�Q"	¡�+"8(0�
� *G��9:$+1 �JD)�
,7"8�)"8<®"M<-"V*GF�ÌsD)*G�712()"`BX=8�!1 =y"M<-"V(0�71 ��,2d+"V*E�),7<-D)�!=Q"8D)�)ÌsD0�u� �\d+"8<-<G���X$v=81L(0�73+""+!=M(0��<
D)9J3)12"8<I��� � "%3+<G��,7*-(0=�(0�
_%i[O$+"%1H"É"%$)12=z68��,2d+"%1X�!�;¡�)"8<G���V9�&"8�M(/&�73+*-<G����T���� ,7"8�!=�(0�c$)12=83+<G��9W"8�V(0�
12D)*-()=;aHf

¯S"W*-�)>?=8129`"8,7*�&=K�VZKD)"%12()"8()"W���y���!�!=K�C,7<ED)�!�!�712��12��,.=K�)�!�!12D)*E(0=K��*-�),7<-D)B8� �
��<b�x&D)9:�71 =:(0��,7"8�)"8<àf
��<á6%"8<G=81C()��<-":,7"%1 ZK":$v=81C,7"8�)"8</[O���c,7D0���;� "8�C()*-ZK*G� "8<G��� r ~L�CaHf
¯S"W,7"%12ZK":�!=8� "8<¸f
��<b,.���;�!1 =`()�LZ812"�68��()"8(t(0��<á,7<-D+�!�!�71�f
��<R6%"8<G=81V()��� � !#"$ ! " ! !&%(' � *G���+(0=*),+.- / <-"8�M,7"%1 ZK"8�c(0�t<-=K�Q,7"8�)"8<-���y"�<E"É(0�712��,2d)"��
*GF�Ì;D+*G�712()"
1 ���!$v��,.� *G6%"89:���;�!�¢(0��<b9�&"Pª0*-9:=0f
��<á1HD)*-(0=\"8�!=},7*-"8(0=`"8<b,7<ED)�!�!�71J[],.=K�cÄ
,7"8�+"8<G���HaHT	,7"8<E,7D)<-"8(0=W,.=K9:=10 243/ Î576 3 698 f

:<;>=�?.@ ��A&

��<s$+"8�!=L� *GZKD+*G���U�!�#���5<-"R,.=K�)�!�!12D+,7,7*�&=K�\(0��*-9:$+"8,.�!=K�59:��(+*-"8�U�!�'<-"x"8�!=},7*-"8,7*�&=K�\(0��,7<-D)� �!�712��1 ��,.=K�)�!�!12D+*-(0=K�

{t,.=K�¶,7<-D)�!�!�712�x12��,.=K�)�!�!12D)*E(0=K�B� (0��<59W*-� 9W=V9�&=K(+D)<G=0fá��<5�x&D+9:�71 =M(0�W*-9:$+"8,.�!=K�L"8� =s,7*-"8()=X"yD)�)"V$+"%1 �,+ "
{sÜ	� ���n� *G��9:$+1 ��9W"�B8=81#Ì;D0�ID+�0=0TK(0�73+*-()=R"L<-"L"89J3+*GZ.CD)��()"8(:(0��<0<-"8(0=D� [O68�71#,7"%$S&^ � D)<-=L�KaHf;���:<-"x$)1HD0�73+"R���
d+"%F8T+���!� "V"89¢3	*GZECD0��()"8(N(0��� "%$+"%1 ��,.�u"8<Y,.=K�+� *-(0�712"%1p<-"W�.ª}�!���)� *�&=K�N(0��<Sd+"%F8T+���R(0��,7*G1�T+� �J,.=K�0=},.�¢$v=81p(C&=K�)(0�
$	"8� "u��<49`*-� 9:=0f0�#=K9:=\BK"\�!�x�.ªs$+<E*-,á&=J���M()*E,2d0=\,7"%$S&^ � D)<-=0Ts<G=K�'�)*-68��<G���p�RB�F¢(0��<b{}|C~³(0� rRÛ {;Ü�ÝK�u���!� "%1	&"8�
*E�)�!�!12D)9W���U� "8(0=K��()�L� "8<S9W"8�0�71H":Ì;D0��� ��$+D0��()":(+*-� ,.12*-9`*-�)"%1/<E"\�!12"%F�"W1 ��"8<S(0��<-"\$+"%1 ��&^ ,7D)<-"}f¯S"�*-�0>O=8129W"8,7*�&=K�·(0��<C*-9W$+"8,.�!=�*E�),7<-D0B8� �#<-"´$v=K� *-,7*z&=K��B���<R,7"89:$v=�9W"%ZK�#&�7� *E,.=���� ��<p$+D)�;�!=0f r 9¢3	"8�
9`"%ZK�)*G� D)(0����� =K�y>OD+�)()"89:���;� "8<G����$+"%1H":<-":(0�7�!�7129W*E�)"8,7*�&=K�y(0�¢<-=K�'$+"%1+&"89:�7�!1 =K�p(0��<-"\�!12"%F�"}f
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��<}"8<GZ8=812*G� 9W=R���2,.=8Z8�CD)�\*-9:$+"8,.�!=L(0��<0�+*G68��<;9µ&"8�5"8<G�!=LB¢=8�!1 =�()��<s�+*G68��<}9�&"8�®3+""+!=RBJ���!� "%3+<G��,.�ID+�)"x<à&^ �0��"12��,.� "W���;�!1 ����<-<G=K��f)¯b=K�C*E9:$+"8,.�!=K�C*E�U�!�7129W��()*G=K���!=K�c��� ,.=8ZK*-(0=K�p�!�7Z#&D)�X�!��"8�N,.=K�)� *-� �!���U�!���p,.=K�X���!�!=K�p$+D)�;�!=K�

*E�)*-,7*-"8<SBXw+�)"8<¸T	BND)�+"`,7D01 6%"%� D012"M(0�7�!�71H9W*-�)"8()"`$+"%12"V<-"V�!12"�B8��,.�!=81H*-"}fb~x*-,2d)"M,.=K�)�2*-�!�!���),7*-"V�!�:,.=K9:$)1HD0�73+"
,.=K�¼D+�¼9É&�7�!=s(0=X()�uÍ Î 9W*G���;�!12"8�LÌ;D)�\<E"V*E�0>?=81H9W"8,7*�&=K�t(0�W<-"V,7D01 6%"%� D012"M�!�:�.ª}�!12"%�W9:��()*-"8�;�!�:��<®""+!D+�!�!�W"
D+�)"��!12"%F�"u(0��� ,.1H*G�!=¢���¼Øß²�ÚvB:1 ��� D)9W*E(0=¢9�&"8�#"%3+""+!=0f}�/<)$)12=s,.��()*E9W*G���;�!=¢�!�x*G�!�712"�$	"%12"�3+D+� ,7"%1#D+�)"¢�!�7ZKD+�)()"
�!1H"%F�"}f r 9J3+"8�x�!12"%F�"8�L$	D0��(0���N���!� "%1¢<G=M� D0w+,7*-���U�!��9:���;�!� +!D+�U� "8�L,.=K9:=y$	"%12"M,.=K9:$+"%1 � *G1L*-9W$+"8,.�!=K�R���¼<G=K�
$+12*-9:�71 =K�p�)*G68��<G����f+���!� "Q$v=K� *G3+*E<-*-()"8(V�!�u$4�71H9W*G�!�¢� *-��9:$)1 ��BX,7D+"8�)(0=Q<E"8�C�!12"%F�"8�x,.=K�;�!���0ZK"8�¼,7<-D)� �!�712�R{X���
<-=K�¢�!1 ���µ&D)<G� *E9:=K��$+<E"8�0=K�7fY�/�¶��<#�!=8>O��@'"%1 �y(0�Q<E"X$)12D)�73+"X����d)"%FM�!�`$v�7129W*-�!���´�!1 ���u�!12"%F�"8�u���É��</9W*E� 9:=
�2D),.���!=0f

��<v9É&�7�!=s()=W(0�R""+ D)�!�!��()�RD)�+"¢�!12"%F�":"\<G=K��*E9:$+"8,.�!=K�#� *G���0�L,.=K9:=:=83 +!�7�!=:<-"u=83)�!���),7*�&=K�M(0�L<-"u9:�,+!=81I(0�
��<E<-"8�7TU"L�!1H"�6n&����()�CD)�:$)12=s,.��()*E9W*G���;�!=¢(0�C9W*E�)*-9W*GF�"8,7*z&=K�u()��<)Í Î f0{s�I=83)� *G���)���`"8� *-9`*-� 9:=�,7*-�+,.=�$+"%1+&"89:�7�!12=K������ £ ��� � �	�
� � �������� ¦/T0���I(0��,7*G1zTs<-"u$v=K� *-,7*z&=K�QBV()*G1 ��,7,7*z&=K�V()�x<E"J�!1H"%F�"\���M��<v$)12*-9:�71'�)*G68��<àTsBQ��<v*-�U68�71H�!=W(0�
<E"\12*GZK*-(0�7F8f

¯S"V$v=K� *-,7*�&=K�������� [�� �������	����� aC���t��<��+*G68��<'�J(0��<n{}|C~ $+D0��()�u,7"8<-,7D+<-"%12�!�\"`$	"%1 � *G1L(0�\<-"`$v=K� *E,7*�&=K�cB
(+*G1 ��,7,7*�&=K�y���c��<S�)*-68��<bÝ}T + D)�;�!=`,.=K�N<E"W*-�;�!�7Z812"8<S(0�J,7"89W*-�0=`"Q<G=`<-"%12Z8=`(0�¢<-"W�!12"�B8��,.�!=812*E"V()�¢Ý`"N��(0���;�!1 =
()��<á,7"89:$v=`9W"%ZK�#&�7� *-,.= �� �

����! ��#"%$ �&
"	'(�)"%$+*, �- �)"	' Î �)" [ r f-�za
(0=K�)(0�

'/. - . $ � � 01��2. ±3��4. $ � 0 [ r f��Ka�- . - . $ � � 5 �"7698 [Á�C± 8 a;: ��4. ±<��2. $ �0=�� . ±<�� . $ � 0?> ��M[ 8 aA@ [ r f�_Ka
���y���!� "`"%$)1 =�ª0*-9W"8,7*z&=K�X�!�¢"8� D+9:���M6P"8<-=81 ���C"8<G�!=K�C(0��<b9:=K9:���;�!= , f�5ª}�!12"%$v=K<-"8�)(0=:"8<b�)*-68��<�B T+�!��=83+� *G���0� �

���C [�� " ��� " ��& "ED ��& "EF � * �G, a � �� " $ �& " 'HC " $ *, : CIJ	K �ML �- J - J $ � ' ÎJ - J $ � $ �N J - J $ � ' J - J $ � ' C J#O @ [ r fße;a
(0=K�)(0�

' C J � CIP K�J ! � ' P - P $ � [ r f�²Ka

�N J - J $ � � 5 �" 6=87Q �� J ±<�� J $ �01�� J ±<�� J $ � 0R> ��y[S�� J $ � $ 8 Ø(�� J ±3�� J $ � ÚOa)T [ r f�ÞKa
¯b=K�I$	"%1+&"89:�7�!1 =K�p(0�¢<-":�!1H"%F�"WBK"W$	D0��(0���y=83)�!���)�712�!�¢d)"8,7*-���)(0=WD)�!=Q(0�����!� "8�p$v=K� *-,7*G=K�0���U��#C $+1 ��()*-,Hd)"8�7T9`*-�)*-9W*-F�"8�)(0=¢��<bÍYÎ%�

Í Î � V $ �IC K " [�� C - PXWZY C Y 6 ±[� C [�� "\����"]��&
"ED���&"EF1� * �G, a!a Î ÎD
$ V $ �IC K " [ � C - P^W_Y C Y 6 ± ��C [�� " ��� " ��& "ED ��& "EF � * �G, a!a Î ÎF [ r f�â8a
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¯S"X9W*E�)*-9W*GF�"8,7*z&=K�N,.=K�)(+D),.�W"XD)�¼� *E�!�!��9W"X<-*E�0��"8<®Ì;D0�:$	D0��(0�:1 ���!=K<-68�712�!�:$+"%12"y<-=K�L6P"8<-=81 ����(0��<568��,.�!=81
()�R$	"%1+&"89:�7�!1 =K� �� � [�� "\����"]��&
"ED���&"EF1� * �G, aHf	~p�L9W"8�)�712"\Z8���0�712"8<¸T0()*E,2d0=:� *-� �!��9W"\�!�x$+D0��(0�R��� ,.12*G3	*G1#,.=K9W=*�

Í Î � V $ �IC - . K "
� � C - PXWZY C Y�� ± �IJSK ��� C J � J	��
 $ �C . � � . - P^W_Y C Y�� ± �IP K � � . P��P �

$ V $ �IC - . K "
� � C - P^W_Y C Y�� ± �IJ	K ��� C J � J���� $ �C . � � . - PXWZY C Y�� ± �IP K � � . P � P ��� [ r f FKa

¯S"x()*-�!$v�712�2*�&=K�u�#=KD+<G=K9¢3	*-"8�)"R(0��<-"C$	"%1 ��&^ ,7D)<-"R�!�'�!12"%� "�()�'9`"8�0�712"x(0��� "8,.=8$+<E"8()"R���\���!�!�I9É&�7�!=s()=0fU°®"%12"
��<E<G=0T4� �W"+¡�)"8(0�:<-"M*-�),.�71 � *E()D)9J3)1 �¢"8�0ZKD+<-"%1L(0�712*G6%"8()"V(0�\���!�!�:�7>?��,.�!=N"V<E"8�L9W"%�!12*-,.���L(0�:,.=�6P"%12*E"8�0F�" 
 C . B� C . � "8<b,.=K9:=`� �¢(0��� ,.12*-34�x���¶Øß²%Úàf
���������� @ ��


¯b=K�'6n&�712� *-,.���I�!�L,.=K�)�!�!1HD0B8���M"\$+"%1 � *G1'(0�L(0=K�#=:9�&"8�'�!12"%F�"8�7f)�/�Q��<v,7"8�!=W()�x<E"¢1 ��,.=K�+�!�!12D),7,7*�&=K�VZ8���0�71H"8<
()� rRÛ {;Ü�ÝK�sT	<E"8�I,.=K�)()*-,7*-=K�0���'$+"%12":<-":,.=K�+�!� *G� D),7*�&=K�c(0��D)�y6n&�71 � *-,.�¢*-9W$+<-*-,7" �

~R=K�I�!12"%F�"8�R,.=K�X<-"\68��<G=},7*-()"8( - ������� 1 ��,.=K�)�!�!12D+*-()"}f
°�=81I<G=:9:���0=K��,7*-�),.=:�)*-68��<G���',.=K�U� *G���)���y*-9:$+"8,.�!=K�'1 ��,.=K�+�!�!12D)*-()=K��$+"%1H"uD+�)"J()�x<E"8�'�!12"%F�"8�7T0BQ,7D+"%�!1 =
$+"%12":<-"\=8�!1H"}f
/p�c�R&D)9:�71 =W9µ&"Pª}*-9W=W(0�¢²%ÝW*-9:$	"8,.�!=K��$v=81C�)*G68��<n[O��<-*E9W*-�)"8�)()=u"8��&^ �)*G68��<G����9uD0BV12D)*-(0=K� =K�HaHf
/p�c,.=81 �!�J� D+"�68�����yÍ�Î��µ²%Ý:���y��<S""+!D)� �!�¢(0��<-"8���!1H"%F�"8�7f

���X��<Y,7"8�!=Q()��<b�!=8>O��@'"%1 �u()�¢<-":$)1HD0�73+"\���cd+"%F8T	�0=V�!��$+*-()���M���!�!=K�R1 ��Ì;D+*-� *G�!=K�7T)�2*-�0=WÌsD0�¢�!�¢"%$	<-*-,7"8�XB
,.=K�;�!1 =K<-"8�N":�)*G68��<b()��"8�I&"8<-*-� *E�7f

¯S"8�I9W"%ZK�+*G� D)(0����12��,.=K�)�!�!12D)*E()"8�'$+"%12":<G=K�I6n&�71 � *-,.���R�!=K� �
��<! 0�+�O�+¤u�)©� ��	�]�S�z�X���s��¨É�	¨É�s�4�z�N[O���0�71 Z)&^ "L(0��<}>O=8�)&=K�	aHTUÌsD0�����/<-"L� D)9W"x(0�I<-=K�56P"8<-=81 ���n"%3+�!=K<ED0�!=K�
(0��<G=K�I9W=K9:���U�!=K�R(0�L�!=}()"8�I<-"8�I�!12"%F�"8���

�" � VI C 0 �, C 0 [ r f �Ka
¯S"V�K�)¤P¥+�áT4=M� D)9W"W()�u<G=K�R� *GZK�)=K�C(0�\<-"8�I1H*GZK*-(0��,.���R(0�¢�!=}()"8�x<-"8�p�!12"%F�"8�7fv��� rRÛ {;Ü�ÝK�sTá<G=K�p>?=8�!=K�)���
Z8���0�712"%1+&"8�W6n&�71 � *-,.����(0�I,7"%1 ZK"LÝ}fK���:<E"p$+12D0�73+"p���:d)"%F�1 ��"8<-*-F�"8()"RBJ"8�)"8<-*-F�"8()"x���\���!� "x�!��� *-��TP��<}��&^ $+*-,.=6n&�71 � *E,.�J(0�¢_\�!1H"%F�"8�I� *G���0��,7"%12ZK":Ü2�`[](0=K�C��<G��,.�!1 =K�0���CBVD+�M$4=K�2*G�!1+&=K�	aHf
¯S"`¨É�) ��y*E�U6%"%12*-"8�;�!�8T0�76P"8<ED)"8()"W,.=K9:=*�# ÎC 3�$ �&% Î ± , ÎD ± , ÎF ± , Î' [ r f-�7ÝUa
¯S"J¦n�+ z§O�U§U¾�4�nT}(0�7w+�)*E()"x"�$+"%1 � *-1�(0��<0$+D+�U�!=¢9µ&"8�/,.�712,7"8�)=¢���;�!1 �p<-"8���!12"%F�"8�7Ts�!=K9W"8()"8�/$v=81n$+"%1 �,+ "8�7TUB
d)"8,7*G���)()=J<-"J9:��()*-"¢$4=K� �!�712*G=8129:���;�!�8f r <G�!�71H�)"%� *G6%"89:���U�!�8T}�!�x(0�7�!�7129W*E�)"L� "89J3+*H&���M��<+$	D)�U�!=u(0�p,.=812�!�
(0��<-"8���!1H"%F�"8�C���X<-=K��$+<-"8�0=K�)(+*t��,-*�f
¯S"M�®§?¤P�s�K�U§U¾�	��Tbd)"8<-<-"8(+"`,.=K�
<-"V� D)9W"Q68��,.�!=812*-"8<5(0�\<G=K�R68��,.�!=81 ����9W=K9:���U�!=y(0�\<-"8�/. �!12"%F�"8�¢,.=K9\Ü
$v=K�0���U�!����f �& � �0 �" 0 [ VI C �, C a [ r f-�8�za
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ØÙ��Ú (#12D)�bT���f0�7�C"8<¸f	����� × Ü�~x~��P��� � FPe%Ü2�M[Á����FKâ8a
Øß��Ú r Z8=K�!� *-�0��<E<-*¸T�{4fs�7�C"8<¸f × & Û r ²%ÝKÞ0[¸�%Ý8ÝK_KaÁ�8²%Ý
Øß_�Ú Û =812*G�!F8T Û f �!��� *-� (0=s,.�!=81H"8<¸T ~x�#{ ,RÜ�|��R�#{ & {;ÜA�%Ý8ÝK��Ü�Ý8Ý(� �ÊdU�!�!$ � � ��@C@I@�Ü�<-*G3+12"%1 B8f (0���!B8f ()�"�P,.ZK*ÙÜ

3+*E� �P� d0=�@�Üà$)1 �7$bfß$	<-(0���!B;Üà� d0��� *-�!Ü�ÝK��Ü�Ý8Ý(�
Ø e%Ú r <G$+"%�7T (Rf)�7�C"8<àf × & Û r �PeKÝ)[¸�%Ý8ÝK²Ka����}�
Øß²�Ú r <-,7"%12"%F8T��)f × & Û r ²8²8_0[¸�%Ý8ÝK²KaÁÞ}��_

�zâ8â
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��<#$+"8ÌsD0�7�!�X(0�y�!=8>O��@'"%1 �c(0�y� *-9uD)<-"8,7*z&=K�¶$v=81\��<�9É&�7�!=s()= Û =K�;�!��,7"%12<G=¶B¶1 ��,.=K�)� �!12D),7,7*�&=K��(0�y�!�s¡�+"8<G���
[ r $'&���)()*E,.� r aR,.=K�)�!� *-� D0B8�:D)�)"Vd0�71 12"89W*-���U� "V3C&"8� *E,7"`$+"%1H"Q���;�!���)(0�71L��<5,.=K9W$4=812� "89W*G���;�!=M()� rxÛ {;Ü�ÝK�M"8<
$	"8�!=R()�#<-"8��$+"%12��&^ ,7D)<-"8�YÌ;D0�',.=K�)�!� *-� D)*G1+&"8�u<-"R�!�;¡�)"8<s(0�#*E�U�!�71}&���®B¢<-=K�Y$v=K� *-3+<G���á>O=K�)(0=K�7fK{}*-�¢��9¢3	"%1 Z8=0TKD)�)"C68�7F
,7"%1H"8,.�!�712*GF�"8(0=���<0()�7�!��,.�!=81�T8���!�!�C�!=8>O��@'"%1 ��$+D)��(0��,.=K�)�!� *G� D)*-1®D+�u9�&�7�!=}(0=L�.ª0,.��� *G6%"89:���;�!�C<G���;�!=LB¢���0Z8=81 12=K�!=
$	"%12"X=83)�!���)�71J1 ��� $+D0���!� "8�¢1+&"%$+*-()"8�J�!=83)1 �V� D´12���)()*-9W*-���U�!=y$+"%1H"cD)�)"X6P"%12*-��()"8(¶"89:$	<-*-"X(0�V,7"8�!=K�J> &^ �2*-,.=K�7T,.=K�+,.1 �7� "89:���;�!�J���y��<S,7"89:$v=W(0��<-":"8�!�!1 =8>Á&^ � *E,7"W(0�L12"zB8=K�IZK"89W9W"}f

°�"%1H"J()"%1/1 ���!$+D)���!� "¢"J��<-<G=0TU� �Rd)"¢(0��� "%1 1 =K<E<-"8(0=¢D)�Q�!=8>O��@'"%1 �x���M� $ $ (0�R� *-9uD)<-"8,7*�&=K�:1	&"%$+*-()"}TK��<���� �
! ¬P��� � �O«\�}�Ù¬8� � � ["��� �#!$�®aLØÙ�7ÚàT)3+"8� "8(0=`���c<-*G3+1 �71z&^ "8�'(0��<á$	"8Ì;D0�7�!� � 0�0 | Øß�PÚàf rRÛ {&%n{yD0� *E<-*GF�":D)�)":� �712*G�
()�p$+"%1	&"89:�7�!1 =K�'1 �7>O�712*-(0=K�#"8<v(0�7�!��,.�!=81¢[%&"%1 ��"8���7>O��,.� *G6%"8�7T}1 ���!=K<-D+,7*G=K�0���7T;>O"8,.�!=81 ���C(0�p12��,2d)"%F7=;a/=83)�!���+*-(0=K�'(0�
<E"V�2*-9JD+<-"8,7*�&=K�t(0�7� "8<-<-"8()"¼[],7"%$+* &� D)<G=X_sTá6P"8<E*-()"8(0=K�R���
6%"%12*-"8�R$)12D0�73	"8�p���¶d)"%F�aHfb¯b=K��1+D%+Á=K�x(0�:<-"8�x>]D0���;�!���
"´���!� D)()*-"%1W� �X,.=K9¢3+*E�)"8��,.=K��<G=K�`9W"%$+"8�W(0�y�.ª}$v=K� *-,7*�&=K�bT��!���+*G���)(0=¼����,7D)���U� "¼��� �!=K�W$+"%1+&"89W�7�!1 =K�7f�¯Y"8�
(+*-�!� *-�;� "8�V1 �7ZK*G=K�0���y(0�
�.ª}$v=K� *-,7*�&=K� ��� <-"����!>O�712"�,.��<G���!�!�´� �
,7"8<E,7D)<-"8� �!�7Z'&D)� <E"i&=8123+*G� "�(0�¼<-" &!{+{�B <-"
=81H*G���U� "8,7*z&=K�¼(0� rxÛ {;Ü�ÝK�V1 ���!$v��,.�!=X"M<-"V���!� "8,7*�&=K�¼�/�!$+"8,7*-"8<�&Á�U�!�71H�)"8,7*G=K�)"8<�[Ow)ZKD01H".(Rf-�zaHfb|�"89¢3	*H&���´�!�:d)"
��<E*-9W*-�)"8()=p(0�I9W"8�)�712"x�7>?��,.� *-6P"L��<}� *-��9:$v=R���W��<0Ì;D0�I<E"t&=8123+*G� "x(0�I<-" & {){u,.12D0F�"L<-" r �0=K9W"8<à&^ "R()��< r � <�&"8�U� *E,.=
{0D01C[Ow)ZKD012"�(Rf��Ka®BK"¢Ì;D0�I<E"p�!=K9`"�(0�I()"%�!=K�/�!�I� "%� D012"L(+D012"8�;�!�����!=K��*-�+�!� "8�U�!����f�/p�:�,+!��9:$+<-=x()��<}� *G��9:$v=�(0�
�.ª}$v=K� *-,7*�&=K�M(0��<�{}|I~ÅBV<-"\�.ª}$v=K� *-,7*�&=K�V�!=8� "8<#[],.=K�)� *-(0�71H"8�)(0=\��<�&"%1 ��":�7>O��,.� *G6%"W,.=K�X<-"\ÌsD0���!��d)"\=83	�!�71 6%"8(0=
,7"8(+"\1 �7ZK*�&=K�	a#�!��9uD0���!�!1H"\���X<-"\w)ZKD01H" (Rf�_sf+�/�!�!=K�I9W"%$	"8�I�!�L=83)� *G���)���y,.=K�XD)�M$)1 =8Z81H"89W":*-�)(0�7$v���)(+*G���U�!�
Øß_%ÚàfS���É,7D)"8�U�!=t"X<-"8�¢>OD0���;�!���7Tb$	D0��(0���´*-�;�!1 =}()D),7*G1H�!�:"c9W"8�0=c>OD0���;�!����$	D)�U� D+"8<G���7Tb,.=K�É���!$v��,.�!1 =K�¢9�&"8�¢=
9W���0=K�J,.=K9W$+<G�,+!=K�7T�<-�7�71Jw+,Hd0�71 =K�'%�& |p{¶,.=K��9W"%$+"8�J3+*-()*E9:���)� *G=K�+"8<G���L(0� 1	D +Á=K�J=
"8,7,.��(0�71:"N<-"c3+"8�!�M(0�
(+"%�!=K�R()�J�#Ö �C��|�T	ÌsD0�u� �J*-�),7<ED0B8�����t<-"`()*E�!�!12*G3+D+,7*�&=K�y(0� rxÛ {&%n{XBX� �J$+D)��(0�¢*-�)� � "8<-"%1C���
D)�N�!�71 6}*-(0=81
Û B){)(x¯¶<-=s,7"8<¸f

���V<-"¢w+ZKD012" (pfße:�!�x9uD0���!�!12"\D)�Q��� ÌsD0��9W"\,.=K�M<G=K�#��<G��9:���;�!=K��(0��<+$+1 =8Z812"89W"}T0*-�),7<ED0B8���)(0=����;�!12"8()"8�'B
�2"8<-*-()"8��(0��(+"%�!=K�7T+ÌsD0�L1 ��� D)9W��<-":*-�0>O=8129W"8,7*�&=K�y()��� ,.12*G� "\���y��<b$C&"%1 12"%>O=W"8�U�!�71H*G=81�f

* Õh �vo,+:oCq
{s�`(0��� ,.1H*G3v���
���´���!� "N�!��,7,7*�&=K��<G=K��9�&�7�!=}(0=K�\D0� *-<-*GF�"8()=K�x���´��< rxÛ {&%n{
$+"%12"c,7"8<-,7D)<-"%1J��<n�x&D)9:�712=c(0�

>O=8�!=K�0���Q(0�7�!��,.� "8(0=K�Q$4=81 rRÛ {;Ü�ÝK�sf��/< rRÛ {&%n{�� *G���)�y����,7D0���;� "´�!1 ���:$v=K� *-3+<G���u=81z&^ Z8���0���Q()*G>O�71 ���;�!���W(0�
� �;¡�)"8<G�����®>]D0���U�!���:"8� �!1 =8> &^ � *-,7"8�:(0�M12"zB8=K�:ZK"89W9W"}T5>O=K�)(0=¼()*G>]D)�!=t(0�M12"�B8=K�WZK"89W9W"
B¶$+1 =8�!=K�0���:,á&=K� 9W*E,.=K�
�7121+&=K�0��"89:���;�!�\�!=K9W"8(0=K�R$v=81C12"zB8=K�xZK"89W9W"}fá¯S"8�p���!� *-9W"8,7*-=K�0���x(0�¢>O=K�)(0=V(0�J1H"�B8=K�RZK"89W9W"M�!�J3+"8� "8�t���
(+"%�!=K�I(0���#Ö �C��|�T)9W*G���;�!12"8��Ì;D)��<-"8��(0�L>O=K�)(0=:$)1 =8�)&=K�+*-,.=\���!�)&"8�X>]D)�)()"89W���U� "8()"8�'���c()"%�!=K�I(0� rxÛ {sÜ�Ý0�%f

�#=K9:=X�!�:d)"V6}*-�!�!=y"y<G=y<-"%1 Z8=y(0�\���!�!�W�!1H"%3+""+Á=0T rxÛ {;Ü�ÝK�V�!12"%3+""+ "M���¼(0=K�L9:=}(0=K�x$+"%12"M<-"M(0�7�!��,7,7*z&=K�
()�R>O=8�!=K�0�����)"\�!1H"�6n&���p(0��<S{}|I~i[],.=K�U68�71H� *�&=K�	a#BV"u�!12"�6n&���p(0��<v�'� r ¯·[](0�7�!��,7,7*�&=K�X()*-1 ��,.� "UaHf r 9J3v=K��9:=}(0=K�7T
� *-���0���`()*->?�71 ���;�!����,7"89W$4=K�/6}*-� D)"8<G����TK"8��&^ ,.=K9W=u()*->?�71 ���;�!���n12���!=K<-D),7*G=K�)���n"8�0ZKD)<-"%1/B:���0�71 Z�&�7� *-,7"}T0"8,.�7$)� "8�),7*E"
BV>]"8,.�!=81R(0�L12��,2d)"%F7=0f

�zâ �
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������� � ���+��� ��� 2;< '%7�9 * 4%<>=687�, '����	��
��� '%7 /1*�� <��.* , '0"%6���682;9 '�,.'0/1*������������)?

�����>� � ���+�! �"�;(+*#� ')7 , '%/ "%*89 ='%/ < 9 '�$��%�&�(' , '�/ *-*�7@6�( *�/ =) * , '%/ *89:/ =*87 9�< 456*� & 2������)?

������� � �+�+�-, �.'�< '%(���6 , '+'�/0�>68"5< 4%<>=68721 <43 $)& < '%23,.*65(��*82 * & 7�45*8(7�>68� < "5&�*�/!,.'.9;:=<?>@1 45682;23')"!�>6�7@,�< ')7 9 '+*�/A�B'�C�5*D
'�/0�>68";< 4)<>=6�7*��*823* ,8< 46E>6 , '%9 ' 4%9 682�1 , '%23'54�E�*65 45687�";< , '%23*87 , 6-";& =*�23'5*-'GF)'54)9:<H��*I1KJ;L�MON�'QP�5 ?



��� � � � ���@	��
	�� ����� � � ���� � ��F}�

������� � ���+���!�! #"%$)&�'%(+*-, ' / 68"�4)/ *8"%';".D+23'54%& 25")68" ' /.9 ')2;7 6�" < 7�9 ')2�� < 7�< '%7�9 ';" '%7 '%/����	���B� ?
� � ��� @ @ � �A���� �
	 A.��A�����
 = �(A @ ��� ��� ����
�� � �� ? 	 � ��� ��� = ���&�(� ? �

{s�#,.=K�+� *-(0�712"pD)�)"C>OD0���;�!����()�7w+�)*-()"I$4=81®� D)��,.=s=812(0���)"8()"8��ZK"8<�&"8,.� *E,7"8�I[ 'Z��� abB�$v=81��2D 1+D%+Á=C(+*G>?�712���),7*-"8< �

��� [ % a � 6��6 % [ % a � � " % $�� [ (Rf-�za
�.ªs$)12��� "8(0=W���X,79 $ Î�� $ � Öx��� $ � ()=K�)(0� 8 ���I��<n&^ �+()*-,.�x���!$v��,.�!12"8<áB � " ���ID)�)":,.=K�)� � "8�U�!�8f
°�"%1H"c���!� *E9W"%1¢��<#�x&D)9:�712=c(0�`>O=8�!=K�0���u1 �7ZK*-� �!12"8(0=K�J$4=81 rRÛ {;Ü�ÝK�N(0��� (0�QD)�´$+D+�U�!=t()"8(0=c���É��<#,7*G��<G=0T

� �Wd)"M(0�W,.=K�0=},.�71���<5*-�;�!�71 6P"8<-=X(0�\� *G��9:$v=M���´Ì;D)�\(+*-,2d0=M$+D+�U�!=y���x6}*-� *G3	<G�J$v=81x��<5(0�7�!��,.�!=81�f�¯b=K�L9W"%$	"8�
()�t�.ª}$v=K� *-,7*�&=K� *-�+,7<-D0B8���·���!� "�*-�0>O=8129W"8,7*�&=K�bT/$)12=8$4=81H,7*G=K�)"8�)(0=�<-"��.ªs$v=K� *E,7*�&=K��� C $+"%12"�D)� (0�7�!�7129W*E�)"8(0=
*E�U�!�71 6%"8<G= B#(0��<L&"8�0ZKD)<G=W()��*-�),7*-(0���+,7*-"�� C � [],.=K��� C �	� ,.=K��� C Î a'(0=K�)(0� � C ���I��<�&"8�0ZKD+<G=:$v=K<-"%1I(0��*-�),7*E(0���),7*-"}f
¯Y":�.ª}$4=K�2*-,7*�&=K�M�!=8� "8<b$	"%12"WD)�)":<-=s,7"8<-*-F�"8,7*�&=K�y()"8()":���X��<b,7*G��<G=W=`$+"%12":D)�)"\>]D0���;�!��$+D)�;� D)"8<!� ���C<-":�2D)9W"
()��<-"8���.ª}$4=K�2*-,7*G=K�0���'$+"%1H":<G=K�I()*-� � *-�U�!=K�y&"8�)ZKD)<G=K�I(0��*E�),7*-(0���),7*E" B �

" [#�La � I C � C [#�La � [ (Rf��Ka
��<x&"%1 ��"\�7>O��,.� *G6P":()��<4()�7�!��,.�!=81C���'>]D)�),7*�&=K�M(0�L(0=K�#$+"%1+&"89W�7�!1 =K���)<-"u���0�71 Z)&^ "JBQ��<L&"8�0ZKD)<G=\(0�L*-�),7*E(0���),7*-"}T

���R(0��,7*G1�$ � $\[ %U� ��aHfv~R�u"8,7D0�712(0=V,.=K�N<G=K�C1 ��� D)<-� "8(0=K�I(0�QØß�%ÚàT+��<¢&"%12��"W�7>O��,.� *G6P"V�!��$	D0��(0�¢(0���2,.=K9:$v=K�0�71
���X>O"8,.�!=81 ���R,.=K�y3+D)���)":"%$)1 =zª}*-9`"8,7*�&=K� �

$u[ %R� �'a � $ � [ % a�%&$ Î ['�'a [ (Rf�_Ka
r <G�!�71H�)"%� *G6%"89:���U�!�8TK� �'d+"8�:*-9:$+<G��9W���U� "8(0=R>]D)�),7*G=K�0���Y3+*-(+*-9:���)� *-=K�)"8<G���b$	"%12"R1 �7$)1 ���!���;� "%15��<'&"%1 ��"x�7>O��,�Ü

� *-6P"\���y>]D)�),7*z&=K�y(0��"89¢3v=K�C$+"%1+&"89:�7�!1 =K��f
¯S"¼>%&=8129uD)<-"tZ8���0�712"8<�$	"%12"´,7"8<-,7D)<E"%1:��<I�x&D)9:�712=´(0�y>?=8�!=K�)���`(0�7�!��,.� "8(0=K�Q$)1 =},.��(0���;�!���`(0�(� $v=81`D)�

()�7�!��,.�!=81R(0�´&"%12��":�7>?��,.� *-6P")$ �����
.+*+[#�La � I C Q � C [#�La 5-,/.0$\[ %U� ��a21 C % �3� [ % a 6 % T [ (Rfße;a

(0=K�)(0�L��<�&"%12��":�7>?��,.� *-6P":$+1 =K9:��()*G=\���c��<�&"8�0ZKD)<G=W�+&=K<-*-(0=)4 C �!�L�.ª}$)1 ��� "W,.=K9W=*�
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