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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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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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Canal (10 de 1024)
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B)

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

E)

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

F)

Ksec σ

Kprim σ
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(cluster S + cluster  K)
Impactos

Trazas reconstruidas

Direccion de incidencia
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Funcion de dispersion angular (32 GeV)
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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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 -2=kEφ, 1 yr, σ5

Sensibilidad a fuentes puntuales: comparativa

576�829;:%< ��?W= �2B �EYbK7q2L�U.L�SW_m[fL^NiJ`F�J�\2FZ_a��_mOl_aNiL�N^J�\ �ZI
\"V�_poY�\�N�J�OQLnJ�\"J�U�{ro| L�crdeY�FP\�oI
KMJ�U.YfF�q2L�UXLMD � �uD � � � d�	 
��
F�Jy~pLb\�S]Y�KML�N�Y�N�J %�� �is�� #bs�� ��)�c



¨6V �������� ��
��W� �2� � �%$�
��	� � ����$(���n

� � $�����
�� � ��� ���� '����;�	��� � � �W� � � � � � � �����	������� ���� ���� !�"�	���#�%$

� <���� < �"?���B �CL���OQL}VZY�Kuq2L�UXLbS�_m[�L}N�J7LbO {�I
\"YfF�N�J OQY�F Y���F�J�UT[�L�S]Y�UT_aY�F�NiJ�UXL���Y�F#{�L�K�K(L}NiJTF�N�JuJ�O
JTFWq2L�V�_aY��Qq"UXYb��J.V�S]L�N�Y�F!�bc

0,�qF#9<H�D^\l9@IS;=3 0g�64�02� �s�`MsP8� MsOwPiRUT4V MsOQPSRUT4V��0���M��Z� ��Pq�f���[MfH�9@Ll9<��9@K_;BD^�dLlFxD^K_3��K<\ 5 � o>.aT6T o<T6T6T6T .aT6T6T ¦aT6T
�§IS;=9<HB�aL61E3l9@I89<HBb�[9<;BD^K_3���!9<¿'� Tqp T+.�R .aT Tqp T+.�R .aT6T V�R�o<T6T6T o R .aT6T
4f9@?=341^A�K<D|[34I{L6I8b4A�1^LaH�:o<T��!9<¿'� T"- ¦ � T"-^o@V � V�- ¦ � T"-^o �
4f9@?=341^A�K<D@[34I}9@I89<HBb`[9<;BD^K<L�:o<Tm�!9<¿tc � ��0g� -d0�� o@V � 2 � V � . ���L6\)Fe3l�qD^?BACL61 Tqp/�l?=H Vip�*m?=H Tqp�*m?=H oap/�l?=HPi9@IC?BDE5CD^1JD^>�L6>)D^IS;=9<b6H�L6>�L��K<\ � 5 ?�� . c � o<Tm�!9<¿tc`o�YiH@cC¦ � � o5- V,6�o<T � 	 o5- ¦ 6�o<T � . � o5- V�6 o<T � 	 ��6�o<T � �

3vD^ICK<1^A�?=3QL61Eb63v?BA8F#9<H�DE36H|c`L61�9_�qFe9<HrD^\l9@IS;=3Q>�9@>�D^K<L6>83v>89zF�HC[3a�8D^\)L�b69@I89<H�L6K<D|[34I¶�s�XM�Pq��c,>89<5CDJ>83�FCH�D^I�K<D�RFxL61^\l9@IS;=9)L{1^L{>�D^?=F#9<H�?�D@[34I�\¼[A�1E;BDEFC1^9k\)L|Y636HW9_�8D^?=;=9@IS;=9)9@Iv9@?=;=9¼[A�1^;BD^\l38c#F#36H'1^L6?�FC1^L6ICK���L6?�>89)K_34IS�69<H�?BD|[34IA�;BD^1^DEu@L6>�L6?@pe0N1,\l9@I836H'D^IS;=9<HB9@?=FCL6K<DJL6>83z9@I~;=HB9)1JL6?sFCD^?=;BL6?�>89)?�D^1^D^K<DE3mY�1^L�F�H�9@?=9@I�K<D^Lz>89@1,K<L6\lF#3{\)Lab4Ig[9<;BD^K_3;BL6\k5CD [9@ImK_34I~;=H�D^5CA8Y69@I+9@I)\l9@I�36H2\l9@>�D^>CLqpa��9<HB3kL618I83'?=9<H2A�I+365x?=9<HB�aLa;=36H�DE3W>89GHrL@Y634?.b4L6\]\)Lqc~1^Ls9<ÀCK<D^9@I�K<D^L>�9]>89<;=9@K<K<D@[34I�?=9)�69m\tA8Yv\l9<H�\]L6>�L{9@I�MsOwPiRUT4VdY4L��iA89]I83y9_�qD^?B;=9]A�I�K_34IS�69<HB;BD^>836Hk9_�SR�FCHB36��9@?B3yFCLaH�Ly1E34?��36;=34I89@?<p#021�0g�GM���36��H�9@K_9+ACI�L)5CA�9@I�LlHB9@?=341JA�K<D@[34I}9@I�9<HBb`[9<;BD^K<LzY{5CA89@I�L�[LaHB9@Lm9<��9@K_;BDE�aLmFCLaH�L�1^L]>89<;=9@K<K<D|[34I%pP8D^IW9@\k5CLaHBb638c4?B9gFxDE9<H�>89@IWF�HB9@?=;BL6K<DE34I�9@?Z9@I+;S[9<Hr\)D^I834?Z>89G?=9@I�?�DE5CD^1^DJ>�L6>�L!��A89@IS;=9@?<c6LsK<L6A�?BL�>89@1qK<L6\lF#3!�iDJ?BA�L61\)9@I836HjYzA�I�L+F#9<36HjHB9@?=341JA�K<D@[34I{L6I8b4A�1JLaH@c��SA�9�365C1^DEb4L+L)L6K_9<F�;BLaHs\ª[L6?j?�A�K_9@?=34?f>�9���34I�>�38pPqD45CD^9@IW1^L6?`9@?=;=H�A�K_;BA�H�L6?Z>89N1E34?`9_�qFe9<HrD^\l9@IS;=34?Z�s�`MsP8� YWMsOQP'?=34It?BD^\]D^1^LaHB9@?<c�A�IW>89<;=9@K_;=36H.>�9g\ª[34>CA�1E34?>�9.?BD^1^D^K<D^3g?=9<b4ACD^>83j>89.A�I�K<L61^36H|[n \l9<;=HB38c�1^L�ÀC1E34?=36�:[n Lg9@?�L61Eb63�>�D^?=;BD^IS;BLqp@�XLGDJ>89@L�9@Ik�s�`MsPq�'c@K_34\l3j9@IW0��64f0N��c9@?t1^L}>�9m\l9@>�D^HW1^Ly>CDEHB9@K<K<D@[34I�K_34I 9@1N>89<;=9@K_;=36Hl>89];=H�Lau@L6?tY�1^L}9@I89<HBb�[n L�K_34I 9@1gK<L61E36H|[n \)9<;=HB3@����� � ��
�� 	

  ����
 	Xpf02I¼K<L6\k5CDE3ªMsOwP�36F#9<H�L�>89v\)L6I89<HrL�9<��9@K_;BDE�aLªK_34\l3ª>834?{>�9<;=9@K_;=36HB9@?y>89QH�L|Y634?{b4L6\)\)L¶K<L6?BDDJI�>89<F#9@I�>�DE9@IS;=9@?<cqK_34I}K<LaH�L6K_;=9<H|[n ?=;BD^K<L6?�F�HB36FCD^L6?�9@IyK<A�L6I~;=3�LlK<L6\lF#3]>89��qD^?BD@[34I�ci9<ÀxK<DE9@I�K<D^L+Y�HB9@?=341^ACK<DE34I89@?<p
�'����� �¼$��+*.��(+¢#-B$!�+�.¢

�XH�L6?!9@1ZL6Ij[L61^DJ?BD^?!>89<;BL61^1^L6>83z>89+1^L�?BD^\tA�1^L6K<D@[34Iy36ÀCK<D^L61Z>89+M!OQPec#�dL61JD^>�L6>�L]9@Iw?�A��69<Hr?BD@[34IQL6I~;=9<HrDE36H�K_34I1^34?j>�La;=34?f>�9'M!OQPSRUT8o�Y{IiA�\l9<HB34?BL6?jF�H�A89<5CL6?�9@Iy��Lau6cC?=9'F#34I89@I{>�9�HB9@1^DE9<�69'1^L6?f?BDEb4A�DE9@IS;=9@?jK_34I�K<1JA�?BDE34I89@? M
; � �'(X�`LmL6K_9<F�;BL6ICK<D^L]9@?s>89tT"- T5*�\ 5 ?=H�LmFCLaHB;BDEH!>89k1^34?ko<T{�!9<¿tcx5CL�7BL6I�>83m5�H�A�?�K<L6\l9@I~;=9tLm\)9@I836H9@I89<HBb�[n Lqp�0N?=;=3)?=9s;=H�L6>�ACK_96c89@Iz;S[9<Hr\)D^I834?j>�9Q[LaH�9@L+9<��9@K_;BDE�aLqc�9@I{A�ICLt?�A8F#9<HBÀCK<DE9!>89 ¾ ¦aT6T&Q��aT6T)K<\ 5 p�XLlH�9@?=341^A�K<D@[34IyL6I8b4A�1^LaHf?B9WD^I�K_HB9@\)9@I~;BLlK_34I�1^Ll9@I89<HBb�[n L)>89@?B>89 ¾ T"- 2 � L}ok�s9<¿kc ¾ T"- T4¨ � Lyo<T��!9<¿��L6?=;BL ¾ T"- T8o � LWo<T6T'�!9<¿tp~PqA'HB9@?B341^A�K<D@[34IW9@Ik\l34\)9@I~;=3s9@?Z>89gV Q . �£L�5CL�7=L6?�9@I89<H�b�[n L6?X9@\)Fe9<36HrL6I�>831^DEb69<H�L6\)9@I~;=9WL)FCLaHB;BDEHj>89)o<T��!9<¿ ��L6?=;BL 26Q�¨ ��L}o<T6T��s9<¿kp
� � � � (%�XL]L6K_9<F�;BL6I�K<D^LmL6A�\l9@IS;BL)FCL6A�1JLa;BD^I�L6\l9@IS;=9'K_34Iy1^L)9@I89<HBb�[n LlL]FCLaHB;BDEHj>89k1E34? .]�!9<¿tcxL61JK<L6IqRu@L6I�>83+T"- T5*)\ 5 ?=H�Lmo<T)�!9<¿£Y)9@1x\¶[Ld�qD^\)3t>89!T"- T�K+\ 5 ?=H�Lt\¶[L6?g>�9ko<T6T)�!9<¿tpq0N1�[LaH�9@Lk9<��9@K_;BDE�aLtFCD^K_39@?�>89@1`36H�>89@IQ>89�.aT6T6T{K<\ 5 FxLaH�LmDJI�K<D^>89@I�K<DJL]K_9@I�DE;BL61�pe�`Lm\)L|Y636H'F�HB365xLa5CD^1^D^>CL6>{>89l>89<;=9@K<K<D@[34Iv>89+1^L?=9ihI�L618H�9@?=F#9@K_;=3kL61xPq�f�¼9@?2K_34IS;=H�LaHBHB9@?=;BL6>CL'F#36H.9@1C\)9@I836H2K<L6\lF#3'�qD^?BA�L61�p402I)K<A�L6IS;=3kLW1^L�HB9@?=341JA�K<D@[34IL6I8b4A�1^LaH|cC9@?!F#9<36Hs�iA89t1^Lm>�9<;=9<H�\)D^I�L6>CL)FCLaH�Lm9@1,Pq�j� F#36Hs1^Lm\]L@Y636H'D^\lFCHB9@K<D^?BD@[34IyL61`>89<;=9<Hr\)D^I�LaH!9@19§7:9)>�9)A�I�LzK<L6?BK<L6>�LqcX>�9<5CD^>83{L61,K_34\lF#36HB;BL6\)D^9@I~;=3{9@?=;=3qK%[L6?=;BD^K_3w>89l1^L6?'\)DJ?B\)L6?<p#0,�qF#9<H�D^\l9@IS;BLzA�I�L



�2���2� � ���r� �	
p$������;�%$ ¨).

\l9§7=36H�L{>89@?B>89)ACI834?!Fe3qK_34?�b6H�L6>�34?'��L6?=;BL P¾ o � L{\ª[L6?�>�9]¦aTy�!9<¿kp`�XLzHB9@?=341JA�K<D@[34Iw9@I89<HBb69<;BD^K<L}9@?9_�qK_9@1^9@I~;=96ce\l9§7:36HrL6I�>83]>89W¦ � L]V���9@I{9@1X\)D^?B\l3lD^IS;=9<HB�aL61E38p
021 �#	!� ��	 � ���
F� � � 	�
������ ��� �/
8	�$ � �"�/���/����
�	 ��	��/��
 & �"��������
�	!� ��
�� � � ! 	 
B�  /������� �"� � � �
� � ��
8
 � � � 
���� �#� ����	 
8��
&�/�wo<T � &ªo<T � 
���
 � ������� $N� � ��� ���W9@I)9@1xP8�j�tp402?=;=3'9@?N?BA8ÀCK<D^9@I~;=9GFCLaHrL'1^L\)L@Y636HgFCLaHB;=9�>89f1E34?29@?=;BA�>�DE34?@p4��LaHrL'9@1�0���M���9@18HB9@Kr��Lau<3+>89jF�HB36;=34I�9@?2L61^K<L6I8u@Lmo<T � ?BDE9@IC>83�;BL6\W5xDr[9@Io<T � FCLaH�L+9@1^9@K_;=HB34I89@?<p
M F#9@?BLaHj>89��iA89s9@1%>�D^?=9ihI�3tI83+9@?=;�[L+9@?BFe9@K6[n ÀCK<L6\l9@IS;=9�36F�;BD^\)DEu@L6>�3tFxLaH�Lt9@1^1E38c � 0 ; �!���,� 	 �/
 �� 	 ���
��
8��
 ��	�� 	  �� �/����������	�
 ���I���=
��=&�	�
,��� � � �=��	�����
���� 
8��
 	!�  �D���	!� ;BL6I~;=3zL6I8b4A�1^LaHjK_34\)39@I89<HBb�[9<;BD^K<Lqc#?BDE9@I�>�3+K_34\)Fe9<;BD^;BDE�63]K_34I��s�`MsP8� 9@I{9@?=;=9k;=9<HBHB9@I838p
02I K<A�L6IS;=3 L 9<ÀCK<DE9@I�K<D^Lqc ���2���
8��� � �#������� $N� �/�"� ; �B� ��� � 0 ; ��
  �� � ������	�
 �"� ��
8��� &
� � ��	�
��  � ��� � � � �"� ���S� � ����
 $1��� 	 � � � � � � � & 
  /� ��
8��	 
 �"� ��� ��	 ��� ��� � �)� � � �
� � � ���J� � �D�������/�D��� �/	 
:� ��� p�M 1E34?s��36;=34I89@?k>89<;=9@K_;BL6>834?'9@I�9@?=;=9 [A�1E;BD^\)3�;=HrL6\l38cX?=9)LxhI�L6>CDEH|[n L6I1E34?G365C?B9<HB�dL6>�34?GF#36Hj9@1�0g�GM��2p
021�>CD^?=9ihI83lL61E;=9<H�ICLa;BDE�63)FC1^L6IS;=9@L6>83]AC?BL6I�>83l9@1�DJ\ª[L6I{>89WMsOwPiRUT8o�F#9<H�\)DE;BDEH�[n Lk1JL+9_�i;=9@I�?�D@[34I}��L6?=;BL]Tqp ¦�!9<¿�Lz5CL�7=L6?'9@I89<HBb�[n L6?�D^ICK_HB9@\l9@IS;BL6I�>83z9@IvL6K_9<F�;BL6I�K<D^L}9@I~;=HB9)ACIQ��L6K_;=36H]o<TzY�o<T6Tz9@Iv9@1,D^IS;=9<HB�aL61E3Tqp ¦�R�o��!9<¿tp`0NIv9@?=;=9]K<L6?B38c`?=9)DEb4ACL61^L{1^Lz9<ÀCK<DE9@ICK<D^L{>89)0g�&4f02��9@Iªo R�o<Tw�!9<¿�Yv?=9)?BA�Fe9<HrL�LyL61E;BL9@I89<HBb�[n LqcdK_34I�?=9<HB�aL6I�>83!1^L6?�K<A�L61^D^>�L6>�9@?�>892H�9@?=341^A�K<D@[34IWL6I8b4A�1^LaH@paPqD^I�9@\k5CLaHBb638c6?=9NFCDE9<H�>89,9@IkHB9@?=341JA�K<D@[34I9@I89<HBb�[9<;BD^K<Lm9@I}A�Iz��L6K_;=36H:*8p



¨ * �������� ��
��W� �2� � �%$�
��	� � ����$(���n

� � $�����
�� � ��� ���� '����;�	��� � � �W� � � � � � � �����	������� ���� ���� !�"�	���#�%$



� ��� �G� 
����	� ��	
 �

��o � Pi9<�qD^1^1^Lqc � p6�.HB3qKap�O�DE9@I�L61N4!P80 �gc~OyL6>�H�D^>X�©VaT6T+.4� .)��K (qM�1JK<LaH�Lau6c��8p �£Pi9<�iDJ1^1^Lqc � pdMsOwP�<f36;=9�VaT6T5*aRT+.�RUTD2
�¬V�� �ZLa341E3mO�La9@?=;=HB38cC;=9@?�D^?f>83qK_;=36H�L61%FCHB9@?=9@IS;BL6>�Ll9@I{9@1 � < ��< 0!I�DE�69<H�?�D^>�L6>z>89kPqDE9@ICL}�©VaT6T+.4�rp
��.�� ��34D^Kz�sDEH�LaHr>%c�;=9@?BD^?t>83qK_;=36H�L61NF�HB9@?=9@IS;BL6>�L�9@I�1^LI0�ICDE�69<H�?BD^>CL6>�>89zP8La5e3�Y4Ly�`M��N�,RU��R VaT6T5*aR�o@V�©VaT6T5*S�
� *a� OgH�A�I%c34Wp89<;fL61`��0 4 <fRU�!� -d0N0 -a¨ *aR�oz�:o K6¨�26�
�¬¦�� O�LaH�I89<;<c 4Wp O�px9<;fL61©pEc��2�SYq?<p�4j9<�epC��¦ *C�:o K�K)�4� o
����� �XL6\)L6ICI�Lqce�tpCMsOQP7<f36;=9+VaT6T+.�RUT+.�RUT+.
�32|� Mfb4ACD^1^LaH@c O p89<;fL61©pEcC�N�~Yq?<p34f9<F�p�.)�)�8�©VaT6T4V4� .).qo
�¬¨�� Pi;=HB34I8b8c Mkp�� p (eOy34?=�dL61^9@I8�638c �rp¬¿tp (�4f9@D^\l9<H@c «+p�MfF � �qo>.8�©VaT6T5*S� K)�6V
�LK�� O}34?B�dL61E9@I��638c �rp¬¿tp (%Pq;=HB34I8b8c MkpCMfF � *DK).8�:o K�K6¨4� ��K *
��o<Td� �sA8¿,9<H�I834D^?@c O�p Mkp�9<;fL61©pxMfF �]¦6¦�K8�©VaT6T8o|�:V�K)�
��o6o � ��ACI~;=9<H@c P#p �kpC9<;fL61©pCM�F � *~¨qo4�:o K�K�26�:VaT4¦
��o@V�� PiHB9<9<�qA�\)LaH@c ��p�9<;�L61©p�MfF ��*DK *C�:o K�K6¨4�:¦6V).
��o>.�� �f9@1^9@I896ce«tp%c�< �=O V6V6¨8�:o K6¨ *S� o@VaT
��o
*a� �j�834\lFx?=34I%c8�tp��8p�9<;fL61�pEcCMfF �SPec�¨)�8�:o K�K).4�rc �6V�K
��o@¦�� ��LaHB;=9<H@c���p <WpC9<;fL61©pEcxO8< 4�MsPvo K6¨8�:o K6¨6V4� .).
��o>��� �j�834\lFx?=34I%c �tp��8p < �:O M V6¦qo4�:o K6¨)�4� .�KaT
��o�2|� �~;=;=F M -�-dK_34?B?BKap¬b4?=��Kap I�L6?BLqp¬b63�� -d>83qK<?.-dK_b4H�3�-�9@b6HB9<;�-
��o@¨�� �~;=;=F M -�-�b41^L6?=;<p¬b4?=��Kap I�L6?BLqp¬b63�� -
��o K�� �~;=;=F M -�- � � �GR�b41^L6?B;<p ?B1^L6Kap ?=;BL6I8��36H�>%p¬9@>CA -d?=36��;���LaHB9	- �=P"-�b41^L6?=; 1^La; F#9<HB��36H�\)L6I�K_96p �S;B\

¨6¦



¨)� ����������� �	� &�
 � &



� ��������
	���
 �

� � �� ��������� 
 � � � � � � � � � � � � � �	� 
�� � �
�
� � � �
������� � � � � � � ��� �

������� ��� �"!$#&%('*)+)-,+.# �0/1#�2&3546�",87�#�9
:<;�=?>A@B;�CEDGF*H8CAI�;�>A=?JGCLKMON�PQMONSR DT:�=UF�> MWV DX; N�V D R DLJ RYM FZF8DL@B;�CEDGF8D[; N =\J MON^] F�I(=?JGCLKMON D`_ba"DGF�CAIcD NdR =?><D N; N =?HeJ MON�V CAJGC MON DLHfIgK=?H M IcD N^M HhJ MONSR F M >A= V =?Hha5=UF�=iH8;(jU=?>AC V =?JGCkKMON$lOmeN DL>5JG=?H M*V D >A= V D R DLJGJGCLKMON[V D�n M?RYMON DLHJ MON DL> V D R DLJ RYM F V D R F�=UoL=?H&pbqsr�t M?ubv D R CAj MwV DxDLH R = R DLH�CAHGty; N = V DiDLH R =?H a�F�;^D u =?H R ;^j M >z;^{O=UF V ;�F�= NSR D�; Na"DGF�C MBV^M&V D�|U} V K~ =?H-D N H8DGa R CEDLI u F8D V D��U}?}U�iD N ; N(� =Uo V Dsay=UF R K~ JG;�>A=?H lS� >A{O; N^M He=?H8a�DLJ RYM H V D�>z=&F8DLHYay;^DLH R =V DL>�JG=?> M FkK~ IcD R F MWm : � � =�DL>EDLJ R F MON DLHc��>A=\F8DLJ MON H R F�;�JGJGCLKMONgV D�JG=?H8JG= V =?HZDL>EDLJ R F M I(=U{ N KD R CAJG=?H��O=�n�;�DGF MONa5F M?u = V^M H�J MON = NdR DGF�C M F�C V = V ��DLH R ; V CA= V�M H�D N���� t��T��t$=?HLK~ J M I M >A=?H�J MON H8DLJG;^D N JGCA=?H�a5=UF�=w>z= V D R DLJGJGCkKMONWV Dn M?RYMON DLH J MON DL>�JG=?> M FkK~ IcD R F M^lym > V D R DLJ RYM F V DiH8CA>ACAJGC M(� =(H8C V�M a�F M?u = V�M = NSR DGF�C M F�IcD NdR D[� M J R ; u F�D V Di�U}?}O|O�D N j�=UF�C M H R DLH R HGt-DLHYa"DLJGCA=?>zIcD NSR D[a5=UF�=\DL><DLH R ; V C MWV D[>z=�JG=UF8{O=WJ MONg� =?J`DLH V DXC MON DLH � |��s��>A=\F8DLH M >z;�JGCLKMONDLH8a5=?JGCA=?>�J MONX� =?J`DLH V D&a5F M?RYMON DLH��wDL>EDLJ R F MON DLH�D N�v ; N C M � M J R ; u F8D V Dx�U}?}O| � �?� l��M H M?ubv D R CEj M H V D&DLH R =ca5F�;^D u =*HYD&ay;^D V D N F8DLH8;5I(CEF<D N > M HsH�CE{O;�CED NdR DLH�a5; NdRYM HG�
��pbqsr&� m H R ; V C McV D&>z=?H�F8DLH M >A;5JGC MON DLH<DLHYa5=?JGCz=?>$��D N I M IcD NdRYM a5=UF�=*DL>ADLJ R F MON DLH l
��pbqsr&� m H R ; V C McV D&>z=?H�F8DLH M >A;5JGC MON DLH�= N {O;�>z=UFs��D N DGF8{�KD R CAJG=Zay=UF�=*n M?RYMON DLH l
��pbqsr&�"�-=?>zC V =?JGCLKMONiV DL>S=?>E{ M F�C R I M�V DeJG=?>AC u F�=?JGCLKMON ��F8D V ;5JGJGCLKMONxV D V = RYM H���>z=�JG= V D N = V Df= V @d;�CzH8CAJGCLKMON$l
��pbqsr&�*�eF�;^D u = V D�DLH R = u CA>AC V = V�V DL><n�; N JGC MON =?I(CED NdRYM�V DX> M H(IgKMOV ;�> M H*��>A=\DL>EDLJ R F5KMON CzJG=�=?H M JGCz= V =��C NdR DG{?F�=?JGCLKMONXV D�; N =*qs�<pQ�L �¡Y¢O£`¤O¥`¡ ¦�§U¨f¥`¡�©�ªT«O«�¬®­^�f��; N =*q<¯°J`F�= R DZ�L ^¡Y¢O£`¤O¥`¡Z±�¡Y¢?²°¥U�hJ M Ica5>ED R =?H³� l
� m : � � � m H R ; V C McV D&>A=cIcD V C V = V D&>A=*D N DGF8{�K~ =Q��J MON ; N =´K; N CAJG= � CA>ADGF�= V D�n M?RYM I�;�> R CAa5>ACAJG= V^M F�DLH�� l
� m : � � � m H R ; V C M H M?u F�D�DL>"F8D N5V CAI(CED NdRYMiV DL> meµ·¶ ��¸&±�¹ º¼»�½y²°¥`¡³¾(¥�¿UÀÁ¢?²°¥�Â §L¢U¡Y¿�� R = NdRYM D N >A=xay=UF R DV DL> R F�CA{?{?DGFsa5=UF�=*{O=?I(IZ=?H�J M I MwV DL> u ;�H V D V = RYM H l

��M H M?u^v D R CEj M Hh@B;^DsJ MON JGCEDGF N D N =&>A=?HfIcD R =?H V DsDLH R = R DLH�CAHeH MON a�F�C N JGCEa5=?>AIcD NdR D<> M H V^M H-a�F�CAIcDGF M H+�cH MON> M H+@d;^D�HYD R F�= R =UF5K= N JG=?H8CbD N D`_^JG>A;�H�CEj�=�D N DL>bF8DLH RYMiV DL>bJG=UaÃK~ R ;�> M^l?m H RYM H+F8DLH8;5> R = V^M H6HYD�F8DLH8;5IcD N*R =?I u C�KD N D N�ÅÄ tBÆ�� lB� a5=UF R CEF V D�> M HeF8DLH�;�> R = V^M HfDLHea M H8C u >EDsjU=?>AC V =UFf>A=xH8CzIi;�>z=?JGCLKMON DLIcay>EDL= V =&D N DL>�JG=UaÃK~ R ;�> M | lBÇ N =xj?DGo� DLJ �^M DLH RYM tdDLH R =?I M H<JG=Ua5=?JGC R = V^M Hfa5=UF�=xDGnÈDLJ R ;�=UFha�F8D V CAJGJGC MON DLH-H M?u F8D�JG=?H M H V D�n·K~ H8CAJG=�J MON J`F8D RYM H���JG=UaÃK~ R ;�> MÆO� l meN JG;�= NdRYM =*> M H M?ubv D R CEj M H V DL> m : ��� tB> M HhF8DLH�;�> R = V^M Hha5;^D V D N J MON H�;�> R =UF�HYD D N >A=iF8DGnÈDGF�D N JGCA= �ÊÉ ��JG;^�O=J MON JG>A;�H8CLKMON[]yN =?>"DLHs>A=*jU=?>AC V =?JGCkKMON�V D ]5N C R CAj�= V DL> meµ·¶ � V DL> R F�CE{?{?DGF V DL> m : ��� a5=UF�=*F�=k� M H�{O=?I(IZ= l
Ë É



Ë?Ë ��������	��

����������� �� ��������������

� ���! 
"�$# � �%�'& �)( �*�+#  ��

� �! ���	���,� � �-���%�/.1032

���54�� 6 4-9�)+!�,87w)-,+.# � %c4:9X%(,�9;7w#�9", �$,Y7 #	43<�7�4e!�,8= 4f� �;>?9
@:A�B3A	CDA E-F�G!H+IJFKI & GDL ( &NM�O LPIQFSRTE�UWV

� =?H-a5F�;^D u =?H-H M?u F8D � =Uo HYD�>A>EDGjU=UF MON =xJG= u�M D N DL> K� F8DL= m _Ba"DGF�CzIcD NSR =?> m H R D�D N >A=�o MON =iq É�V DL>�=?J`DL>ADGFY¯= V�M F��-F M?R KMON ¯·pbC N J`F M?R F5KMON ���hp�� V DL>�: mYX�Z t V ;^F�= NdR D�DL>�a"DGF�C MBV^M*V DL> ÉcV DxHYDGa R CADLI u F�D&= ÉcV D M J R ; u F�D V D�U}?}U� l q�F�=?H6; N =�a5F�CAIcDGF�=sD R =Ua5= V DfJG=?>AC u F�=?JGCLKMONiV Df> M H V D R DLJ RYM F8DLH+=?;^_bCA>zCA=UF8DLH���a5F�;^D u =?H�J MON >z=sDL>EDLJ R F5KMON CAJG=bt= V @d;�CzH8CAJGCLKMON �wF8D V ;�JGJGCLKMON�V D V = RYM HGtyH8D&C N CAJGCLKM >A= RYM IZ= V D V = RYM H V D�n·K~ H8CAJG=*DL> � � V D&HYDGa R CEDLI u F8D lm > � =Uo H8D M?u�R CAD N D =ia5=UF R CAF V D�>A=iJ M >ACAH8CLKMONwV D M?R F Mc� =Uo�a5F�CAI(=UF�C MxV D a�F M?RYMON DLH<=*���\[�DG��]�J�J MONdR F�=c; Nu >A= N J M�V D�=?>A;�I(C N C M tkHYDG{O;�C V^M�V Dh; N J MON j?DGF R C V�M F V D R ; N {OH R D N^M^l?Ç N^M�V D�> M H � =?J`DLH-HYDLJG; N�V =UF�C M H M?u�R D N C V^M H��JG=UF�{O= � �sDLH V DLHYjbCA= V^M =?>�q É(V^MON�V DxH8D � =?>z>A=(>A=Zo MON =ZD`_ba"DGF�CAIcD NdR =?> l5� =ZJ M Ica M H8CzJGCLKMON a5=UF�=ZDLH R D � =UoiDLHH�CAI(CA>A=UF(= >A=W@B;^D�HYD�Ii;^DLH R F�=WD N >A= ] {O;^F�=�� lA�Ulhm >sIgK=�_^CAI M I M IcD NSRYM @B;^DXa5;^D V DX> M {?F�=UF�HYD�DLH V D � }
[�DG��]�JUt^J MON ; N =iC N J`DGF R C V ;�I u F8D V D_^�}+` ÄPawl^meN JG;�= NSRYM =�>A= KM a R CzJG=bt V^M H<CAIZ= N DLH V D V D�b�D`_^CLKMON a�DGF�I(C R D N>z=cJ MON�V ;�JGJGCLKMON �[a M H8CAJGC MON =?I(CED NdRYMcV DL> � =Uo l5� H8CAI(CzH8I M t^JG;�= R F M JG;�= V F�;^a M > M H<a"DGF�I(C R D N DL>$D N n M @d;�D�D N >A=o MON =�D`_ba"DGF�CAIcD NdR =?>d� V^M H6J M >ACAI(= V�M F8DLH V D ]5N D N >A= = N J � ;^F�= l?� = = N J � ;^F�= V DL> � =Uo<DLH V D<=Ua�F M _bCzI(= V =?IcD NdR DÄ I(I =?>�a�F�C N JGCEa5C M�V D�>A=&o MON =iD`_ba�DGF�CAIcD NdR =?>ÁtSJ MON ; N =&=Ua"DGF R ;^F�= V D � I(CA>ACAF�= V CLK= N =Ua�F M _bCzI(= V =?IcD NdR D lB� =C NSR D N H�C V = V a�F M a M F�JGC MON = V =�DLH V D�; N =?H � }
c<a5=UF R K~ JG;�>A=?H�a M Fed�«yÀ�¬È¬6� V Ds; N^M H6�O}?}xI(H V Ds= N J � ;^F�= R DLIca M F�=?>È� l

fPg�hjiJk%l'm!n	o"pDq�rts5uwvxr�y8zj{�r}|~�� v�������uwr����\���Y��v ~ u ~�� ��s5�Q�+r ~�� �xs��?� ~ sxr�uwv ~�� �xs�� � �8���j�*���1�S�����Q�/�'�����3�Q�D�P���������!� �
���S{ ~��% J¡ z
v��¢{8r}|~��T� � ¡ ��u�r����¤£wz$s8���¢�S� � ��sxu���s¥��vxzj�%y���s�¦%�1���§{ ~�¨ � ~�� � � u,���¢��� � uwr ��v ~ u ~�� ��s��xsxu+|� ¨ z
�_sxz%��vxr ¨ r��¢�¢�

@:A�B3A�B3A R (ª©P«Y¬ª­0& GDH�®°¯(ª© L:I±F (ª² L:I�³
IQH�³ ( & I ²
Ç�N DLH8@d;�DLI(= V D >A= V CAHYa M H8CzJGCLKMON�V D�> M H V D R DLJ RYM F8DLH[HYDQay;^D V D�j?DGFwD N >A= ] {O;^F�=�� l � lh� @B;�K~ =Ua5=UF�DLJ`DR =?I u C³KD N >A= V D ]yN CAJGCLKMON�V D�> M H�D v DLHcJ MBM F V D N = V^M H l-m >hD v D'´ HYD V D ]yN DwJ M I M a5=UF�=?>EDL> M =\>A= V CEF8DLJGJGCkKMON �H8D NSR C V�M¼V DL> � =Uo?teDL>�D v D¶µ � =?JGCA=¼>A=�a5=UF R D H8;�a�DGF�C M F V DQ>z=Wo MON =¼��DL>�D v D'· J M I(a5>ED R = N�V^M DL> R F�CAD V F MV DZI(= N DGF�=Q@d;^D¹¸ºQ»¤¼ ¸º;½-¾ ¸ºQ¿ lÃmeN >A= ] {O;�F�=[� l |QH8DZIi;�DLH R F�=X; N =XCAI(=U{?D N D N a"DGF�HYa"DLJ R CEjU= V DZ>A=Xo MON =D`_ba"DGF�CAIcD NdR =?> lm >�H8CAH R DLI(=ia�F�C N JGCEa5=?> V D V D R DLJGJGCLKMON J MON H R = V D�jU=UF�C M HeÀÂÁÃJÄ¥Å¥ÆwÃQÇÈÄ/ÉÊÇ�ËwÆ�ËwÌjËwÃ � V DLH�J`F�C RYM HhD N DL>yJG=UaÃK~ R ;�> M�O� V CAHYa5;�DLH RYM H<D N�R F8DLH�o MON =?HGt5>A=cH8DG{O; N�V =*D N DL>ÃHYD N^MZV D&; N JG=?Ica M I(=U{ N KD R CAJ M �
:<;�= R F M IgKMOV ;�> M H V D MON J`D�HYD N H M F8DLHiJ MON DL>f>z= V^M p�IZC V CED N�V�M >z=QJ MBM F V D N = V =�Íyt�HYDGa5=UF�= V^M HiD NdR F8DHLK~ a M F Ä JGI =(> M >A=UF�{ MZV DL>$D v DÈÎ�t5; u CAJG= V^M H�D N ; N =cJG= v = V D R F�= N HYa M F R D�a�F8DGjbCA=c=?>�CzIgK= N t�HYDG{<K; N >A=



�����+�N2 �%���  � � �8� ��)� �+�%�¥����� � �)���K�,���¢�È��� � �  �	�T�%�;� � � Ë�


fPg�hjiJk%l'm!n
�°pe�!v ~�� z
rts��¢�_���\��rtsw� ~ sxr�{�r}|~�� ���_� ~ s:��� � ��~ s�����u,�5{�u ~ v���s �È� ~ s_��r����8v5s ~ s��8� � ¨ � � u ~ s�� � ��� � ~�� �-�����}�8vxr��
¨ � � u,���1£��%rts5u,�S���xs8������vxvxr�y5�5¦¢�°� ~ �xsxu+|�S��s8{���� �¢�

V CEF8DLJGJGCkKMON�V DL> � =Uo l5meN = V DL>A= NSR D&> M(V D N^M I(C N =UF8DLI M H ©� ����¼� ] {O;^F�=?H�� l ���w� l �d� lym > M?u^v D RYMZV D�DLH R DHYD N H M F�DLH�>A=cIcD V C V = V D&>A=*a M H8CAJGCkKMON � M F�CAD NSR =?JGCLKMONQV DL> � =Uo l
� N J`D�I´KMOV ;�> M H V D N ;^DGj?D HYD N H M F�DLH V CAHYay;^DLH RYM H+D NcM J ��MiN CEj?DL>ADLHGt R F8DLH V DsDL>A> M H V�M?u >EDLHGt?D N HYDLIcD v = N oL==*>A=xDLH R F�;�J R ;^F�= V D N CEj?DL>ADLH V DL>�pbq�r V D � P pd¯°}O�Bt^; u CzJG= V =xD N H8;[JG= v = V D R F�= N HYa M F R D � V D NdR F M*V DL>CAIgK= N$lym >�>A= V�M p[D N DLH R DiJG=?H M I(C V D&>A=(J MBM F V D N = V =�� ��DL>ÃI M IcD NdRYM�V Di>A=cay=UF R K~ JG;�>A=c= R F�=Lj-KDLH V D>A=cJG;^F8jU= R ;^F�= V Dx>A= R F�=k�?DLJ RYM F�CA= lymfN = V DL>A= NdR Dx> M(V D N^M I(C N =UF�DLI M H�©� ����g� ] {O;^F�=?H�� l �Bty� l Ä �[� l ÆO� l
Ç�N K; N CAJ M IgKMOV ;�> MxV D � |iHYD N H M F8DLHGtdJ MON DL>�>A= V^M p(I(C V CAD N�V^M >A=iJ MdM F V D N = V = Í�tdH�C R ;�= V^MxV DLHYa5;hKDLH V DL>CAIgK= N$l�meN = V DL>A= NdR D�> MwV D N^M I(C N =UF8DLI M Hx©� ����´� ] {O;^F�=Z� l �(��� l ÆO� l pb; M?ubv D R CEj M DGF�=(a�F M a M F�JGC MON =UF; N =cIcD V C V = V D�a M H8CAJGCLKMON a5F8DLJGCAH8=*a5=UF�=c>A=cJG=?> M F�CAI(D R FkK~ = l

qÃF�=?H�DL>spbqsr�|Bt6HYD�H8C R K;�=�; N a�F M?RYM?R CEa M\V DL> Ì �QÆwÃ"! Á# À É $%!�Ã É�ÆwÉ�Ì�$&!)Ã À �('*) ÁÉ $)Ë�ÌjÃ t6J MON�V^M H*>�K~ N DL=?H V Dn M?RYM I�;�> R CEa5>zCAJG= V^M F8DLH�C N H R F�;�IcD NdR = V =?H&��¸x±�¹�º+� =ca5=UF R CEF V D&= �^M F�=bt ] {O;^F�=*� l ÆO� lm > Ì,� À.- Ã À �"'*) ÁÉ $�ËwÌ}Ã n�;^D�I(D V C V^M J MON ; N =QH MON5V = V D0/ =?>A>Át�@B;^D[I(C V DZDL>fj M > R = v D[C N�V ;5JGC V^M a M FV CAJ �^M JG=?Ica M H M?u F8D*; N =w>LK=?I(C N = V DL>E{O= V = V D*IcD R =?>6a M F DL>�@B;^D*JGCEF�JG;�>z=Z; N =wJ M F8F�CAD NSR D l$� =?H�IcD V C V =?H HYD� CAJGCEDGF MON D N C NSR DGF8jU=?> M H V DZD NdR F8D � }�� Ä }\I(I D N¼RYMbV^M DL>hj M >A;5IcD N¼V DL>fCAI´K= N �WD N >A=Qo MON = a M H R DGF�C M F� =?H R =wDL>+p^qsr�| l"�ÃM H j�=?> M F�DLH21 » D N n�; N JGCLKMON V D*>A=�a M H�CAJGCLKMON HYDcIi;^DLH R F�= N D N >z= ] {O;�F�=Z� l®Édl��ÃM H�a5; NdRYM Ha M HYDGD N ; N DGF8F M F V D�} l ÄYa D N >A=�IcD V C V = V DL>"JG=?Ica M^lb� =*C NdR D N H8C V = V�V DL>"JG=?Ica M ; R CA>ACEoL= V = ]5N =?>AI(D NSR D N^Mn�;^D } l Ë q ��J MON^] {O;�F�=?JGCLKMONwV D�jb;^DL> M�V D ��P pd¯°}O�O�fH8C N^M } l �*q�a M FfJG;^DLH R C MON DLH V D�=?J`DGa R = N JGCA= V D�>z=?H R F�=UoL=?HJG;�F8j�= V =?H l�m H R D V = RYMZ� =L��@B;^D R D N DGF�> M Ii;^��a�F8DLHYD NdR Dx=c>A= ��M F�= V D�D`_ R F�=Ua M >A=UF�J MON JG>A;5H8C MON DLH�= ��P pB¯°}O�Btay;^DLH RYM @B;^D =UnÈDLJ R = V CEF�DLJ R =?IcD NSR D�=i>A=&F8DLH M >A;�JGCLKMON D N I M I(D NSRYM^l pBD > M {?F�=x; N JG=?Ica M Ii;^� ��M I M {�KD N D M D NJG=?H�C RYMBV�M DL>Ãpbqsr��Bt^a"DGF M @d;�D V DLJ`F8DLJ`D&F5K=Ua5C V =?IcD NdR D�n�;^DGF�=btBa M Fs> M @B;^D&> M H�=UF�I(=UF�C M H V D�DL>ADLJ R F5KMON CAJG=*�wDL>F�DLH RYMZV D&> M H V D R DLJ RYM F8DLH N^M HYD&j?D N =Un�DLJ R = V^M H l




 } ��������	��

����������� �� ��������������

� ���! 
"�$# � �%�'& �)( �*�+#  ��

� �! ���	���,� � �-���%�/.1032

fPg�hjiJk%l�m;n��+p�� ~�� ��� ���j��vxr ¨ � � u,���!�ª� �¢�8�$�/�\�¢�8�Q�Q�D�:��������s8���� ��� � � � ~ s ����u,�5{�u ~ v��xs�r � � ~ � zj{�v���� ~ s � � ��s5u,����vxzj�%y����
�8�°r ¨ |� � � � ���J{5� � uwv ~ �S�8�°uwzjy ~ �°�j��v�� ���¢~ �S��vxvxr�y5�§� � ��r � � z
r���v��¢������s"|� { ~�¨�~ � ~ s���v ¨ ��vxr ~ s �¢�_������{8uwv1|~�� r�{5���



�����+�N2 �%���  � � �8� ��)� �+�%�¥����� � �)���K�,���¢�È��� � �  �	�T�%�;� � � 
 �

fPg�hjiQk�lTm!n�m!p;q �8u��5{8u ~ ve�D��q��¢�°�/sxu,�S{5���8�È{ ~�� uwr�� � ��{�zj��u�v ~�¨ |~ ��z
� ~ s ��rtsw��zj��sxu ~ s � ~ vxr � ~�� u,��� ¨ � � u��

fPg�hjiJk%l'm!n��+p��Qrtsxu,��� � �j��v5sw�j�5{�uwr����-�����1��rts������~ �����ª����u,�5{�u ~ v��D��q����P�¢� � uwv ~ �¢�_� �-{5���8�\�¢����� z ¨ r � r ~ £�r � � z
r��8v��¢�x¦¢�
�3� ¨_~ �¢�8� ~  1� ���ª� ¨ ��������v"|� � ¨ |~ ��z
� ~ sS� ~ y8� �xsS� � �8���}� � |z
� uwr ¨�~ s ~ � ~ vxu,�x�Y���1r ¡ zj��� � zj�S� � ����|z
� u�r ¨�~ £K�¢�8v��5{5�}�5¦¢�ª� �
��sxu���{���s ~ �1� ~ s ¨ |~ ��z
� ~ s s8����rts�� ~�� � � ���8vxuwr�{���� ¨ � � u�� { ~�� � ~ � zj���8��� ��� ~ �T���?� ~ s ¨ rts ¨�~ sev�� ¡ rtsxuwv��_� � { ~%~ v���� � �¢��� �
£K���°v��8�ª|��s � zj��� � �����1��q	�x¦��




 � ��������	��

����������� �� ��������������

� ���! 
"�$# � �%�'& �)( �*�+#  ��

� �! ���	���,� � �-���%�/.1032

fPg�hjiQk�l�m!n��jp;q �8u��5{8u ~ v���sY�1�"q����ª�D��q��S� � �����Qq � �Jrts5u,������u,��v���� �

fPg�hjiJk%l¶m;n��jp?�1� ¨ � ~\¨ � ¡�� |��uwr�{ ~ � � � �S� ~�� �¤�����D�1��q �$�!�3�1����� ~ v ¨ |����r ¨�~ z
uwr�� r �%�¢� ~ �j��v��\� �-u ~�¨ �\�¢�È�¢��u ~ s s8�
sxr�uwz?|~ � �
	 � �W� � � � z ¡ ��v��¢� 	 �t�Ê�;�Q�¥� ~ vxr ¡ � � �¢��{ ~%~ v��¢� � �¢����s���s����;{�� � uwv ~ �����Qr ¨ |� � �



�����+�N2 �%���  � � �8� ��)� �+�%�¥����� � �)���K�,���¢�È��� � �  �	�T�%�;� � � 
 |

Ç�N ÌjÃ*)��JÉ !%$�ËwÄ/Ã*! V D � I(I V D R ; N {OH R D N^M HYDZH�C R K;�=[D N >z=[o MON =XD`_ R DGF N = V DL>-CAIgK= N t$D NdR F8D(DL>hpbqsr ��gpbqsr���� ] {O;�F�=\� l Ë ��t V DXIZ= N DGF�=W@B;^D�a5;^D V D[H�C R ;�=UF�HYD M N�MWV D NSR F M V DX>A=�>�K~ N DL= V DL> � =Uo lem ><DLHYa"DLH M FDL@B;�CEjU=?>ED NdR D�D N > MON {OC R ; V DLH V D�F�= V CA=?JGCLKMON DLH�=Ua�F M _^CAI(= V =?IcD NSR DQDL>sI(CAH8I M @d;^DXH8DXDLHYa"DGF�=\D N >A=\ay=UF R D
� = NdR DGF�C M F��(=?>�pbqsr D NX��P pd¯°}O�BtyC l D l t5DL>�q ����H8;^a"DGF�C M FLtdDL>Ãq X r � M?R F�=?HsDLH R F�;�J R ;^F�=?H V D&H M a M F R D l

fPg�hjiJk%l-m!n���p3� ~�� ����vxuwr�� ~ ve��� u�z �$¡ sxu,� �+~ �°sxr�uwzj�¢� ~ � � uwv��e�8�j�1�"q����?�D��q����Js5r�uwzj�¢� ~ �?����� � u�v����¢�_�¢� ������sxu�vxzj{8uwz
v��
�����Qr ¨ |� � �

fPg�hjiJk%l m;n
	"p;q�rts�� ~ sxr�{8r}|~�� �¢� � ~ s?����u,�5{�u ~ v��xs���z&��r�� r���v���s��/�*rtsxu,��� ��u��8v��������ªr ¡ z
v��È�S��s8{5��� ���
� M F�K;�> R CAI M t�JG= u D V DLH�J`F�C u CEF�> M H Ç¢ËwÇ $¢É À �°Ç �JÅ�
ªË�Æ�Ë
�(!�É�Ç V D&>A= RYM I(= V D V = RYM Hi� ] {O;^F�=c� l 
 ���

�Ul r M H V D R DLJ RYM F8DLH�: � DGF8D N��?M j V Dc;�I u F�=?> V D*���X��IcD R F M H V D�> MON {OC R ; V a5=UF�=[>A= V CAH8J`F�CAI(C N =?JGCkKMONXV DDL>EDLJ R F MON DLH l pBD�JG=UF�=?J R DGF�CEoL= N a M FsJ MONSR D N DGF ; N {O=?Hx� Z�� � V D&I(= N DGF�=c@d;^D�=?>$ay=?H M(V D&; N =�a5=UF R K~ JG;�>A=F8DL>A= R CEjbCAH R =bt�KDLH R =QDLI(C R D(F�= V CA=?JGCkKMON : � DGF8D N��?M jWHYDG{<K; N H8;�j?DL> M JGC V = V �\DL>�K~ N�V CAJ`D V D(F8DGn�F�=?JGJGCLKMON¼V DL>IcD V C M^l�� =�HYD��N =?>-@B;^Dca�F M a M F�JGC MON =wDLH R D R CEa M�V D V D R DLJ RYM F�DLHGt�D N N K;�IcDGF M�V Dcn M?RYM DL>EDLJ R F MON DLH��������F8DG{OCAH R F�= V^M H�a M FsDL>$n M?RYM Ii;5> R CEa5>ACzJG= V^M F<DLH � 
 ���
���������! #"%$'&

�)(+*

, � ( �
��� lA� �

V^MON�V D� DLH�; N =xJ MON H R = NdR D?t�" DLH�>A=&a5F8DLH8CLKMONwV DL>y{O=?HGt & >A=�I(=?H8= V D�>A=ia5=UF R K~ JG;�>z=&� , DL>�I M IcD NdRYMV Di>z=ZI(CAH�I(= l q�F�=?H�; N J MON�v ; NdRYM�V Dia�F�;^D u =?H�a�F8DL>ACzI(C N =UF8DLHLtbH8Di= v ;�H R KM " V DiI(= N DGF�=w@d;�Dx>A=ZH8D-�N =?>V D�a5C MON DLH6� � = MON DLH-@B;^D V =UF�=&H8;^a�F�CAI(C V =btTa"DGF M I(= NSR D N CED N�V^M ; N =�HYD-�N =?>�H8; ] JGCED NdR Dhay=UF�=�DL>EDLJ R F MON DLH l: MON DL>A> M HYD&> M {?F5KM ; N =cIi;�DLH R F�=cJ MON ; N =*a5;^F8DGoL=cH�;^a"DGF�C M F�=?> 
�
 a���� }?� l




 � ��������	��

����������� �� ��������������

� ���! 
"�$# � �%�'& �)( �*�+#  ��

� �! ���	���,� � �-���%�/.1032

� l Ç�N H�CAH R DLI(= V D R F8DLH�>LK=?IZC N =?H V D�J`D NSR DL>A>ADL= V^M Fi� 1���� 1��h� 1 � �ea�F M a M F�JGC MON = N DL>$H8CAH R DLI(= V D V CzHYa5=UF M� ²�¡�À����B¥`¡O�ha5=UF�=*>A=c= V @d;�CzH8CAJGCLKMONwV D V = RYM HGt�J M I(a5>EDLIcD NdR = N�V^M >A=*HYD��N =?> V D�> M H V D R DLJ RYM F�DLH : � DGF�D N��?M j��j?DGF�HYDLJGJGCkKMON � l � l |O� l
@:A�B3A
	3A � (
� G LPI±L:GJ³ (ª²
� ËwÇ $¢É À �WÄ¥É'Ä3ËwÇ - �(!�Ã

meN >z= ] {O;^F�=&� lA� }�HYD I�;^DLH R F�=x; N DLH8@d;�DLI(=xH8CzIca5>AC ] JG= V^M&V D�>A=iHYDLJG;^D N JGCz= V D V CAHYa5=UF M a5=UF�=xDL>5F8DG{OCzH R F MV D ; N H8;�J`DLH M^l�� =¼J M C N JGC V D N JGCA= V D H8D-�N =?>EDLH�D N > M H R F8DLH[J`D NdR DL>A>EDL= V^M F�DLH�J MON >z= V D\=?I u"M H V D R DLJ RYM F8DLH: � DGF8D N��?M j V D NdR F M�V D�; N =¼j?D NdR = N = V D � } N HwJ MON H R C R ;��?D N DL> R F�CE{?{?DGF[a�F�C N JGCEa5=?> l6� > I(CAH8I M¼R CEDLIca M tDL>�H8CAH R DLIZ= V D u DXD N J MONdR F�=UF�H8DQD N I MBV�M V DLH M JG;^a5= V^M � N^M?R8¶<Ç p��&��t<C l D l tf> M H V D R DLJ RYM F8DLHQp^qsr�_ � V�MON�V D_ ¾ � t �Bt |O��t"DL> m : � � r � V DLI´K=?H�H8; u H8CAH R DLIZ=?H V D u D NQ� = u DGF R DGF�I(C N = V�M J MON DL>�H8;�J`DLH M = NdR DGF�C M F l���V DLI´K=?HV D�DLH R DsF8DL@B;�CAH8C RYM tUH8D V D v =x; N a"DL@d;^D��N�M R CADLIca M I�;^DGF RYMiV D Ä�� H+a5=UF�=�@B;^D�DL>�H�;�J`DLH M >EDOK~ V^M a M Fe>z=?H R =UF v D R =?HV D&= V @d;5CAH8CAJGCLKMON �L ������ � =k�O=ZH8C V�M J M I(a5>ED R =?IcD NdR Dxa�F M J`DLH8= V�M^l

fPg�h}iJk%l m!n	o��+p!�/s � zj� ¨ � ¡ � � ��v����;�����°s5rtsxu,� ¨ �S���_��rtsw�}��v ~ � �"��v u,���¢u ~ �j��v�� ¨ |��s��¢�8u������ �xs8�

� = HYD-�N =?> V D V CAHYa5=UF M DLH*DLI(C R C V =Xa M F�; N H8CzH R DLI(= Z�µYP ���?� ��=?> M�v = V^M D N >z=QJG= u C N = V D[>A= RYM I(= V DV = RYM H l^m H R =�HYD��N =?>"HYD D N j"K~ =�=*> M H R F�DLH�H8; u H8CzH R DLI(=?H V D = V @B;�CAH�CAJGCLKMON a5F8DLHYD NdR DLHG�B> M H �LÄ IgKMOV ;�> M H V D H�CA>ACAJGC M tDL>hJG=?> M FkK~ IcD R F M�m : � � r �W; N H8CzH R DLI(= : � P�� : ���?� �hay=UF�=Q>A=�C N n M F�I(=?JGCLKMON {?D N DGF�=?> V DL>hH8;�J`DLH M^l6meN DL>JG=?H M�V D&> M H�IgKMOV ;�> M H V DxH8CA>ACzJGC M >z=cHYD-�N =?> V D V CAHYa5=UF M DLH�F8DLJGC u C V =xa M F�>z= R =UF v D R =�C NdR DGF�IcD V CA=UF�CA=bt M(R =UF v D R =
� µ�Z �htUD NSR F8Ds>z= = V @d;�CzH8CAJGCLKMON �i>A=�>EDLJ R ;�F�= l?m H R = R =UF v D R = V =UF5K=�>A= M F V D NcV D V DLH8JG=UF8{O= V D V = RYM He=�>A=?H R =UF v D R =?Hq�r X =?J M ay>A= V =?H*=?>
�³¡Y§U½5²��8¥`½y¿ l+mfN >z=?Hiqsr X R CED N D�>A;^{O=UF*>A= V CE{OC R =?>zCEoL=?JGCLKMON V Dw>A=�HYD��N =?> V D[JG= V =�JG= N =?>V D(JG= V =�IgKMOV ;�> M � >A=[F8D V ;5JGJGCLKMON�V D V = RYM H���j?DGFiJG=UaÃK~ R ;�> M �O� lÃ� =�C N n M F�I(=?JGCLKMON =?HLK~ F�D V ;�JGC V =wDLH�D N jBCz= V =V D N ;^DGj M =�>A=[= V @B;�CAH�CAJGCLKMONQV D V = RYM H�a�F�C N JGCEa5=?>Ã= R F�=Lj-KDLH V Dc>A= R =UF v D R = � µ5Z �ht$;�H8= N5V^M ; N a�F M?RYM J M > MXV DJ M I�; N CzJG=?JGC MON DLH�DLHYa"DLJ?K~ ] J M � � P p���CEF�DT�h@d;^D&H8Dx; R CA>ACAoL=UF5K=�D N >A=cI(CAH�CLKMONw]5N =?> l

� R F McV D�> M H�H8CAH R DLI(=?H�@d;�D F�DLJGC u D N >A=*HYD��N =?> V D V CAHYa5=UF M DLHs; N J MONdR = V^M F : ��P�� :
@d;�D R CED N D�>z= R =UF�DL=V D V CAH R F�C u ;�CEF-DL> N K;5IcDGF McV D�H8;�J`DLH M = RYMbV^M Hs> M H V D R DLJ RYM F8DLH l : MON DLH RYM a MbV DLI M H�=?H M JGCA=UFsC N n M F�I(=?JGCLKMON[V D; N H8;5J`DLH M J MON J`F8D RYM D N DL>-pbqsr�_�J MON DL>6I(CAH8I M H8;�J`DLH M D N DL> m : � � r �Q>A=wC N n M F�I(=?JGCkKMON F8DG{OCAH R F�= V =wD NDL>�: � P�� : l�m H R =(; N C V = V = V DLIgK=?H�F8DG{OCzH R F�=c>A=?HsJG;�D NSR =?H � r&:
IcD V C V =?H<D N > M H V D R DLJ RYM F8DLH�: � DGF8D N��?M jw�



�����+�N2 �%���  � � �8� ��)� �+�%�¥����� � �)���K�,���¢�È��� � �  �	�T�%�;� � � 
 Ä
DGn�DLJ R K;�=�>A= V D R DLJGJGCkKMON(V D�H8;�J`DLH M H � V^M?u >EDLH �btUDLH V DLJGCAFLt?=?@d;^DL>z> M H�D N > M H+@d;�D � = N ay=?H8= V^M IgK=?H V D�; N DL>EDLJ R FyKMONV ;^F�= NdR D&>A= RYM I(= V D V = RYM H l �6=UF�=cDL>A> M H8D&= u F8D&; N = � j?D NdR = N = � V D&= V @B;�CAH8CAJGCkKMON D N DL>ÃJ`D NSR DL>A>ADL= V^M F 1�� V D�È¯��^t�� É � � H�a5=UF�=cI(=UF�JG=UF�>z=c=Ua5=UF�CAJGCLKMON�V D M?R F�=(a5=UF R K~ JG;�>A= l
� ÃDÄ¥ÃQÇTÄ/É Ã - É ! �°ÌjË ÁÃ*)�� É"Ç $&�°Ä Á# Ç $)Ë�Ì � !)É"Ì}Ã*'JËwÄ �

meN {?D N DGF�=?>�t�> M H V = RYM HsHYD�= V @B;�CEF�CEDGF MON D N ; N =*J MON^] {O;�F�=?JGCLKMON D N >A=*@B;^D�DL>$JG=?Ica M I(=U{ N KD R CAJ M DLH R = u ==?J R CAj�= V^M �(DL>�J MON j?DGF R C V^M F<H8C R ;�= V^M D N >A=x>�K~ N DL= V DL> � =Uo lbm H R =iDLHf>z=xJ MON^] {O;�F�=?JGCLKMONwV D IZ=L� M F�C NdR DGFBKDLH<a5=UF�=DLH R D(DLH R ; V C M ay;^DLH RYM @B;^DcDLH&D N >z=w@B;^Dca MbV DLI M H M?u�R D N DGF�H8;�J`DLH M H V DcDLI(CAH8CkKMON V Dcn M?RYMON DLHw���\a M H R DGF�C M FJ MON j?DGF�H8CkKMON D N ; N ay=UF&DL>EDLJ R F5KMON ¯�a M H8C R F5KMON � lÃÇ N =[n�F�=?JGJGCLKMONWV D�> M H V = RYM HiH8C N DLI u =UF8{ M HYD RYM IgKM D NWM?R F M HI MBV^M HLt�J M I u C N = N�V^M >A=cC N JG>A;�H8CkKMONZMZN�M(V D V CAJ �^M H�DL>EDLIcD NdRYM H l � M F�D v DLIcay> M t�>A=cJ M I u C N =?JGCLKMON H8C N JG=?Ica MIZ=U{ N KD R CAJ M�N C$J MON j?DGF R C V�M F�a5=UF�=*DL>Ã=?>AC N DL=?I(CAD NSRYM(V D&> M H V D R DLJ RYM F8DLH V DxH8Cz>ACAJGC M^l� M F M?R F M >A= V^M t<HYD DLIca5>EDL=UF MON´R F8DLHwJ MON^] {O;�F�=?JGC MON DLHwD N DGF8{�KD R CAJG=?HW��I M IcD NSRYM�V DL> � =Uo V D |Bt Ä � É
[�DG��]�Jk� l"� =*DLH R = V K~ H R CAJG= RYM?R =?> V D RYMbV =?Hs>A=?HsJ M I u C N =?JGC MON DLHsHYDiIi;^DLH R F�=cD N >A= ] {O;^F�=*� lA�?�Ul

fPg�hjiJk%lNm!n	o+o"p/�¥s5u,�¢�;|� sxu�r�{5�\��{�z ¨ z
� �¢���¤����� ��s:� ~ sxr�y8� �xsS{ ~��% J¡ z
v��¢{8r ~�� �xsY�j��v���uwv���s_� � �8v ¡ |� ��s8� �Q��s���rts5uwr � u,��sY� ~ sxr��
y8r�� r����¢�¢��s_s8�_r��¢� � uwr   {5� � �¢� ��{�zj�8v�� ~ �§s5r��8�ª{�� ¨ � ~È¨ � ¡¢� |�8u�r�{ ~ ��sxu�|�-��{�uwr������ ~ £����D�
	�� � �°¦§�§s5r��8�D{ ~�� ����vxuwr�� ~ v
� ~ ��s5u+|�-£
���1��	�� � �°¦¢�

meN�RYM?R =?>fHYDcF8DLJ M {OCEDGF MON IgK=?H V DZ��` Ä ¼ � }��(H8;�J`DLH M H&J MON R F�CE{?{?DGF&j<K=?>AC V�M t�=U{?F�;^a5= V^M H&D N a"DGF�C MbV^M H V DRYM IZ= V D V = RYM H��·¡�ªb½�¥�dk� V D�D NdR F8DxIcD V Cz= �^M F�=*��; N = �^M F�= lmeN >A= ] {O;�F�= � lA� ��HYD\I�;^DLH R F�= N R F8DLH�D v DLI(a5> M H V D�>z= n M F�I(= V D >z=?H R F�=UoL=?H[ay=UF�=¼H�;�J`DLH M HwD N´R F�DLHJ MON�] {O;^F�=?JGC MON DLH V CAH R C NSR =?HGtbD N DL>�pbqsr�� l
� !�É $&! � $&� À ËwÉ ) $¢ÃWÄ¥É¶Æ�ÃJÇ¤Ä � $¢ÃJÇ

Ç�N^M(V Dx> M H M?ubv D R CEj M H V D�DLH R =?H�a5F�;^D u =?H<DLHs>z=c=Ua5>ACAJG=?JGCLKMON F�DL=?>ACAH R = V Di; N =?>E{ M F�C R I M(V D�F8D V ;�JGJGCkKMONXV DV = RYM Hh@B;^D�H8CEF8jbCEDGF�= V D�a5F M?RYM?R CEa M a5=UF�=&DL>�a�F M {?F�=?IZ= ]5N =?>5@B;^D H8D ; R Cz>ACEoL=UF5K=�D N[��P pB¯°}O� lb� =xF�D V ;�JGJGCLKMONwV DV = RYM HfCAI(a5>ACAJG=�>A=iH8;�H R F�=?JGJGCLKMONZV D >A=?HhJ MONSR F�C u ;�JGC MON DLH V D�> M Hfa"D V DLH R =?>EDLHe�cDL>�£�§U¾*¾c§?½�½y§?À�dL¥ V DL>5J � CEa�� � tR =?>+J M I M HYDcD`_Bay>ACAJ$KM D N DL>+JG=UaÃK~ R ;�> M � l$m H RYM H&=?>E{ M F�C R I M H�H MON D v DLJG; R = V^M H�a M F&> M H�r&pb� ���xÀ �OÀ�²�¢?¬+©�À �O½y¢U¬¦�¡ §k£�¥%d*d`§U¡O� V D�>A=?H R =UF v D R =?H�qsr X&l^� =�{?F�= N I(=k� M FkK~ = V D V = RYM HsF8DG{OCAH R F�= V�M H<D N DLH R =*a�F�;^D u = V D � =Uo�DLH R K= NR F�= R = V^M H V D�DLH R =ZI(= N DGF�=*�?t�a M F R = NSRYM tyD N ¾(§L¿O§[¡8¥8¿?ª^£LÀ�¿S§ l




 Æ ��������	��

����������� �� ��������������

� ���! 
"�$# � �%�'& �)( �*�+#  ��

� �! ���	���,� � �-���%�/.1032

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

A)  Sin campo magnetico -- Sin convertidor

Run      870 Event 16544626 

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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fPg�h}iJk%l m!n���o"p;�:�8� ��{�r}|~�� � � uwv�� � �Sv���s ~ � zj{8r}|~�� � �T¨_~�¨ � � u ~ �S�8� ¨�~�¨ � � u ~ �¢�8���}�%�*�

pBD�ay;^D V D N J M Ica5=UF�=UF�DLH R =?H V CAH R F�C u ;�JGC MON DLH-a5=UF�=*>A=?H<H8CAI�;�>A=?JGC MON DLH V D�>A=ia�F�;^D u =iH M?u F8D � =Uo �w>A=�J MON ¯] {O;^F�=?JGCLKMONc]yN =?> V DL> V D R DLJ RYM F ��P pB¯°}O� l �6=UF�=&DL>z> M tOHYD � =x; R CA>ACEoL= V�M ; N JG=?Ica M I(=U{ N KD R CAJ M*V D V�M?u >EDsC NdR D N ¯H�C V = V ��HYD � =*F�D V ;�JGC V^M >A= V D N H8C V = V�V D&> M H<I(= R DGF�CA=?>EDLH V D�H M a M F R D�a5=UF�=*=Ua�F M _bCAIZ=UF�HYD�=c>A=?H�J MON�V CzJGC MON DLHV DL> V D R DLJ RYM F V D�jB;�DL> M^ldm >ACAI(C N = N�V^M > M HfH8;�J`DLH M H<J MON n M?RYMON DLHfD N DGF8{�KD R CAJ M H<DLI(C R C V�M H-a M F u F8DLI(H8H R F�= � >A; N {^t> M H�{?F5K= ] J M H V D , � � ½ 	 , Y � � @B;^D V = N J M I M Ii;^DLH R F�=(>A= ] {O;�F�=*� l |?| l
� ËwÇ�Ì"ÅªÇ¢Ë ÁÃ )

� =[F8DLH M >z;�JGCLKMON � , 	 , V D R DGF�I(C N = V =wD N DLH R =�a5F�;^D u =wDLH R K=�D NWu ;^D N =?JG;^DGF V�M J MON > M�M?u�R D N C V^M a M F&>A=H�CAIi;5>A=?JGCLKMON tbD N�RYM F N�M =?> �
|�` ÄPa a5=UF�=*DL>$F�= N { MZV D�D N DGF8{�K~ =(J MON H8C V DGF�= V^M^lm >�DGF�F M FfDLH R = V K~ H R CAJ M DLH V�M I(C N = NdR DsD N DLH R =?H<IcD V C V =?H V = V^M @B;^D�DL> N K;5IcDGF MxV D�F�; N DLHfH8C N J MON j?DGF R C V�M Fa"DGF M J MON JG=?Ica M I(=U{ N KD R CzJ M n�;^Ds>ACzI(C R = V^M t?�c>A= M a"DGF�=?JGCkKMON D N J M C N JGC V D N JGCz=�J MON DL> m : � � r V ;^F�= NSR DsDLH R =RYM IZ= V D V = RYM H N^M n�;^D V DL> � }?} awl� =wD`_ R F�=Ua M >z=?JGCLKMON � C V DL=?> � V D*DLH R DcF�DLH8;�> R = V^M =[>A=[J MON^] {O;�F�=?JGCLKMON�V D*jb;^DL> M[V =[J M I M F8DLH8;5> R = V^M ; N =F�DLH M >A;�JGCLKMON D NxRYM F N�M =?> � � ` Æ a tTD N F�=Uo MON = u >EDf=?JG;^DGF V^M J MON > M @B;^DfH8Dea�F8D V CAJ`D-IcD V CA= NdR Df>z=sH8CAI�;�>A=?JGCLKMONxV D`¯R =?>z>A= V = V D � P pd¯°}O� lbm >�I M?R CAj M a�F�C N JGCEa5=?>Ba5=UF�=&DLH R = V CEnÈDGF�D N JGCA=�DLHe>z=�a�F8DLHYD N JGCA= V D�; N JG=?Ica M I(=U{ N KD R CAJ MI´K=?HsC NdR D N H M D N DL> V D R DLJ RYM F ]5N =?>Át^a5;^DLH RYM @B;^D&>A=*F�DLH M >A;�JGCLKMON�V DGa�D N5V D V D�DLH R =ZC NSR D N H�C V = V HYDG{<K; N �
�X� � 	 , � ¾ � ,

, � ¾
���}+` |�� � 1

� � 	 1 ��� lA� �O�
V^MON�V D�� DLH�>A=cJG;^F8jU= R ;^F�= V D&>A= R F�=UoL=bt5��>A=?H�; N C V = V DLH�H MON [ DG��t5qÃDLH�>A=?H���IcD R F M H lm H RYM HxF8DLH8;�> R = V�M H�� DL>e=?JG;^DGF V^M D NdR F8DZ>A=?HxH8CAI�;�>A=?JGC MON DLH N�M H V = N ; N =[{O=UF�= NSR K~ =XH M?u F8D(>z=[j�=?>AC V DGo V D>z=?HsI(CAH8IZ=?H l
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fPg�hjiQk�l�m!n�� �°pP� ~ vxu���s¥�}��v���� �Sv���s ~ � zj{8r}|~�� � �T¨_~�¨ � � u ~ �

@:A�@PA��3A O3­ H+I ² (ª² H (ª© H (ª©�� I & ³}®	L ( &
m >${?F�;�DLH M�V Di>A=?H�IcD V C V =?H V DxDLH R =(a�F�;^D u =c>A=(J MON n M F�IZ= N F�; N DLH�D N > M H�@B;^D&DL>ÃJG=?I(a M I(=U{ N KD R CAJ M HYD� =?>A>A= u =�=?J R CEjU= V^M � DL>eJ MON j?DGF R C V^M F�H8D � = u K~ =QH8C R ;�= V^M D N >A=X>�K~ N DL= V DL> � =Uo l�meN a5F�CAIcDGF&>A;�{O=UFLtÃHYD(j?DGFyK= N=?>A{O; N =?H V Di>A=?H�JG=UF�=?J R DGFkK~ H R CzJG=?H�{?D N DGF�=?>EDLH V DxDLH RYM H�H8;5J`DLH M H���>A=�Ii;�DLH R F�= V DiC NdR DGFBKDLH�ay=UF�=(DL>�DLH R ; V C MZV D>z=?H�F8DLH M >A;5JGC MON DLH<D N H8;5J`DLH M H�J MON n M?RYMON DLH l

� À ËwÇ¢Ë ÁÃ*) Ä¥É��	Ã($�Ã*)/É"Ç � Ç�ÅªÌ}É�Ç�ÃJÇTÄ¥É�� $&! �	�,�°Ç
m >�DLH8a�DLH M F V DL>�J MON j?DGF R C V^M F V D R ; N {OH R D N^M � � I(Iw�<H8;^a MON Dx; N =?H�} l |�> MON {OC R ; V DLH V DiF�= V CA=?JGCkKMON$l5Ç N =j?DGo�DLI(C R C V^M DL>�n M?R KMON tsKDLH R D R D N5V F5K=Z; N =(JGCEDGF R =Za�F M?u = u CA>AC V = V[V D�J MON j?DGF R CEF�HYD V DGa"D N�V CED N�V�M*V DL>�F8DLJ M F8F�C V^M@B;^D&>ED�F�DLH R D?t5H8CE{O;5CED N�V^M >A=c>EDG� ��� Ë ���

"Z�
�$� ¾ � $WD`_BaÃ� $ É
 � 	 · �k� ��� lA� |O�
H8CED N�V^M · � >A=c> MON {OC R ; V[V D�F�= V CA=?JGCkKMON�V DL> R ; N {OH R D N�M t^�0�XDL>�DLHYa"DLH M Fs=c= R F�=Lj?DLH�=UF lym H R =*a�F M?u = u CA>AC V = VDLH V D � } l �*ay=UF�=c>A=c> MON {OC R ; V�V DL>�J MON j?DGF R C V^M F lm >�a5=UF<DL>EDLJ R F5KMON ¯�a M H8C R F5KMON F8DLH8;�> R = NdR D V D�>A=*J MON j?DGF�H�CLKMON t v ; NSRYM J MON DL>�DL>EDLJ R F5KMON[M F�CA{OC N =?> V DL> � =Uo?t^H8C"H8;I M IcD NSRYMcR F�= N HYj?DGF�H M DLH u = vYM � N^M H8;^n�F8D N[N C N {hK; N =xC NSR DGF�=?JGJGCkKMON C NSR DGF�IcD V CA=iCAIca M F R = NdR D?tBn M F�I(=UFyK= N�R F�DLHR F�=UoL=?HeD N DL>�pbq�r��Z� ] {O;^F�=�� lA� �BtbD v DLIca5> M ± � l r�D�DLH R D R CAa MiV D�H8;�J`DLH M HfHYD�F8DLJ MON H R F�;��?D N >A=?HfJG=UF�=?J R DGFkK~ H R C�¯JG=?H V DL>+n M?R KMON DLIZC R C V^M � V DL>eDL>EDLJ R F5KMONWM F�CE{OC N =?>Át$��HYD�J M Ica5=UF�= N J MON >A= V CEF8DLJGJGCLKMON �\D N DGF�{�K~ = M F�CE{OC N =?>EDLHa5F M a M F�JGC MON = V =?H<a M F�DL> � =Uo&��DL>�pbqsr �Ul��=UF�=(I(C N CzI(CEoL=UF<DL>$DGn�DLJ RYMwV D&>z=ca�F MbV ;�JGJGCLKMON[V DiI K;�> R CEay>EDLHen M?RYMON DLHGt�HYD RYM I(=UF MON F�; N DLH�=Z|*D N DGF8{�K~ =?HG�|Bt Ä � É [ DG� a5=UF�=cJG; u F�CEF�> M H�F�= N { M H V D � |Bty| $ Ä � � Ä [ DG� F8DLHYa"DLJ R CEjU=?IcD NdR D l
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�� � � � � 
 � �j��v���� 
P� � � � ����s�s5r ¨ z
� ��{�r ~�� ��s§�¢��������vxzj�%y5�\�¢�_�}�%�S�-� � � �
sxr ¨ z
� �¢{8r}|~�� { ~�¨ ��� �8u,�§�����J����u,�5{�u ~ v8�

r�D NdR F MZV D&JG= V =(H8;�J`DLH M(V D R F8DLH R F�=UoL=?HLt5>A=cC V D NdR C ] JG=?JGCkKMONwV DL>"DL>EDLJ R F5KMONXV DL> � =UoxHYD � =?J`D�a M FsJ`F�C R DGF�C M HD N DGF8{�KD R CAJ M HGt R = NdRYM D N >A=�H8CAI�;�>A=?JGCkKMON J M I M D N > M H V = RYM HGt�a5=UF�= R D N DGF�F�DLH8;�> R = V^M H[J M Icay=UF�= u >EDLH l�� =?HH�CAIi;5>A=?JGC MON DLH PQMONSR DLJG=UF�> M C N�V CzJG= N @B;^DcD N DL> � Ë } a V Dc> M H�JG=?H M HLt�DL>6n M?R KMON � = V = V^M >A;^{O=UF&=�>z= R F�=UoL=a M H8C R CEj�=��[=(>A= N DG{O= R CAj�=(I(D N^M H�D N DGF8{�KD R CAJG= l
� É+Æ�É�Ì}ÌjË ÁÃ )��

� J MONdR C N ;�=?JGCLKMON H8D V D R =?>A>A=c>A=cH8DL>EDLJGJGCLKMON F�DL=?>ACEoL= V =b�
Á� )/ËwÌ,� $&! �	�,� É ) É+Æ ��� �
	 ��ay=UF�=c>A=*F8DLH M >z;�JGCLKMON = N {O;�>z=UF³� l
qÃF�DLH R F�=UoL=?H<D N DL>$pbqsr��&J MON Ì,�(! '"� $¢Ã($%�QÆ � 	 l pBD V D ]5N D�DL>yH8CE{ N^MiRYM?R =?> V DL>5j-KDGF R CAJ`D?t^J M I M >A=xH�;�I(=V D�> M H<H8CE{ N^M H V D�>A=?HfF�CE{OC V DLJ`DLH � V D�H8;�H R F�=UoL=?H�J M Ica MON D NdR DLH l r D�DLH R D�I MBV�M tb; N H8;5J`DLH M C V DL=?>�a5=UF�=DLH R D�DLH R ; V C M HYDGF5K=Z=?@B;hKDL>�@d;^D R D N {O=wH8CE{ N^M ¯ � t"=?>ÃCzIca5>ACAJG=UFs>z=(D`_^CAH R D N JGCA= V Di; N = R F�=UoL=�a M H�C R CEjU=Q��DL>a M H8C R F5KMON¼V DL>-a5=UF`��� V^M H N DG{O= R CEjU=?H[��DL>fDL>EDLJ R F5KMON�V DL>ea5=UFi��DL>eDL>EDLJ R F5KMON¼M F�CE{OC N =?> V DL> � =UoT� l � R F�=?HJ M I u C N =?JGC MON DLH<J MON DLH R =*JG=UF8{O=*H MON[V DLI(=?H�CA= V^M CAIca�F M?u = u >EDLH+a5=UF�= R D N DGF�>A=?HhD N J MON H�C V DGF�=?JGCLKMON � ÄiMIgK=?H R F�=UoL=?H�� lymeN >A= ] {O;^F�=x� l |��ZH8D&Ii;^DLH R F�=*>A=*J M Ica M H8CAJGCLKMON F8DL>A= R CAj�= V D�H8;�J`DLH M H<D N n�; N JGCLKMONwV D�H8;JG=UF8{O= RYM?R =?> l pBD � = N HYDL>ADLJGJGC MON = V^M H�KM > M =?@d;^DL>z> M H�H8;�J`DLH M H&D N > M H�@B;^D(HYD � =[F8DLJ MON H R F�;�C V�M I´K=?H V D; N = R F�=UoL= l �-F8D V�M I(C N = N =?@d;^DL>z> M HfJ MON�V�M H R F�=UoL=?H&��JG=UF�{O=?H�a5=UF8DLH��eH M?u F�D > M HhH8;�J`DLH M H V D R F8DLH R F�=UoL=?H��JG=UF8{O=?H�CAIca5=UF8DLH³��a M F�DGn�DLJ RYM�V D(>A=X=?J`DGa R = N JGCz= lÃ� =?H V CEn�DGF8D N JGCA=?H�@B;^D(HYD M?u H8DGF8j�= N D NSR F8D V = RYM H&�H8CAI�;�>A=?JGCLKMON H MON*V D u C V =?H�= >A=?H6C N D ] JGCAD N JGCA=?H�D N DL>B>A= V^M � tU@d;^Dh�O=�HYD � CAJGCEDGF MON a5= R D NdR DLH+D N >A=�HYDLJGJGCkKMON� l � l | lÃm >6IcD N�M F N K;�IcDGF M[V DcCAIca5=?J RYM H�J MON >A>EDGjU=�; N IcD N�M F N K;�IcDGF M[V D R F�=UoL=?H�a M F�H8;�J`DLH M �?t"a M FR = NSRYM t"; N =ZIcD N^M F�JG= NdR C V = V�V DxH8;�J`DLH M H V DiJG=UF8{O=c¯ �Ul�m H RYMw� =(H8C V�M H8; u H8= N = V^M a5=UF�JGCA=?>zIcD NSR DiJ MON>A=cC N JG>z;�H8CLKMONwV Dx> M H�CAIca5=?J RYM H�jbCEF R ;5=?>EDLH l
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 l pBD�F8DL=?>ACEoL=
; N J M F R D�F�=Uo MON = u >EDLIcD NdR DgHYDG{O;^F M D N IZ=?H8=a5=UF�=�{O=UF�= NSR CEoL=UFc@B;^DZ> M HiH8;�J`DLH M H V D R F�DLH R F�=UoL=?H�a�F M jBCAD N D NWV DL>-IZCAH8I M H�;�J`DLH MQu F8DLI(H8H R F�= � >A; N {U¯J MON j?DGF�H8CLKMON td� N^MxR D N {O=?I M Hfa5C MON DLH V D NSR F MiV Ds>A=?H R F�DLH R F�=UoL=?H l r DsDLH R D�I MBV^MxR =?I u C³KD N HYDsDL>ACzI(C N = N=?@d;�DL>A> M HxH�;�J`DLH M H*JG;^�O=?H R F�=UoL=?H � = N D`_Ba"DGF�CAI(D NSR = V^M =?>E{O; N =�C NSR DGF�=?JGJGCLKMON D N H8;¼JG=?I(C N^M V DLH V D�DL>J MON j?DGF R C V^M F l
� = J M Ica5=UF�=?JGCkKMON�V D�>A=�I(=?H8= C N jU=UF�CA= NdR D V D�> M Hij-KDGF R CzJ`DLH V Dw| R F�=UoL=?H*D NdR F8DwH�CAIi;5>A=?JGCLKMON � V = RYM HHYDcIi;�DLH R F�=[D N >A= ] {O;^F�=w� l | ÄBlÃmfN DL>A>A=wHYDca5;^D V D*=Ua�F8DLJGCz=UF&; N =?JG;^DGF V^M F�=Uo MON = u >ED l$� =?H�a"DL@d;�D-�N =?HV CAH8J`F�DGa5= N JGCA=?HsH8D V D u D N =�C N J`DGF R C V ;�I u F8DLH<D N >z=cD`_ R F�=Ua M >z=?JGCLKMONQV DL>�JG=?Ica M I(=U{ N KD R CzJ M jU=UF�C M H�JGID N[V CEF8DLJGJGCLKMON ¯�Î�� � =?JGCA=iDL>�a�F�C N JGCAa5C M&V DL> � =UoT� V D u C V�M =�>A=iC N D`_bCzH R D N JGCA= V D C N n M F�I(=?JGCLKMONZV DL>yI(CzH8I MD N DLH R =Zo MON = l
Á� ) ';Å/ÆwÃ¶Ä/É+Æ
�+�	� � Ä À ! �°Ä a5=UF�=iDGjbC R =UFhJ M {?DGF<a5=UF R K~ JG;�>A=?HeD N DL> � =?> MiV DL> � =Uo?t Miu CED NcR F�=UoL=?H�@B;^D� =L�O= N H8C V^M J MON H R F�;�C V =?H V D ] JGCED NdR DLIcD NdR D l
� É+ÆwÉ"ÌjÌjË ÁÃ*) Ä/É Ç¢ÅªÌjÉ"Ç�ÃJÇ��
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r�D u C V^M =¼@d;�D N^M HYD V CzHYa MON D V D�C N n M F�I(=?JGCLKMONgV CAF8DLJ R = V DL>�n M?R KMON DLI(C R C V^M D N DL>�J MON j?DGF R C V^M Fwa M FDL>�DL>EDLJ R F5KMON V DL> � =Uo?thHYD�; R CA>ACEoL=�>A= H8CAI�;�>A=?JGCLKMON´PQMONdR DLJG=UF�> M a5=UF�=WJ M Icay=UF�=UFwJ MON >A=?HZa�F8DGjbCAH8C MON DLH(a5=UF�=��P pd¯°}O� l�m H R DZ;�H M DLH R K=X=?Ica5=UF�= V^M a M F&DL> u ;�D N =?JG;^DGF V^M D NSR F8DwH8CAI�;�>A=?JGCLKMON � V = RYM HxD N >A=?H&H�CE{O;�CED NdR DLHa5F�;^D u =?HG�
X DLH M >z;�JGCLKMON DLHYa5=?JGCz=?>+��JG= NdR C V = VWV D(I(= R DGF�CA=?>+H8CzIi;�>z= V^M H�;�H8= N�V�M >z=wC N n M F�I(=?JGCLKMON\M?u�R D N C V =wD N >A=HYDLJGJGCLKMON � l � l � l
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fPg�hjiQk�l�m!n�� �+p � ��s8� r � ����vxr�� � u,�_���J{8zj�¢��v��¢� ~ �¢��� ~ sesxzj{5�xs ~ s������Su�v��%�%��s �S{5��v ¡ � u ~ u,���"� �¢�

X DLH M >z;�JGCLKMON D N I M IcD NSRYM D NSR F8D V = RYM Hs�[H8CAI�;�>A=?JGCLKMONXPQMONdR DLJG=UF�> M ��H8DLJGJGCLKMON � l � l Ä � l
X =Uo�KMON � �+D NSR F8D�DL>5I M IcD NdRYM&V DL> � =Uo , ������� ���*>A= D N DGF8{�K~ = RYM?R =?> V DL>Bj-KDGF R CzJ`Di��H8;�I(= N5V^M DL>^I M IcD NdRYM=?H M JGCA= V^M =(JG= V =(; N = V Dx>z=?H R F8DLH R F�=UoL=?H³� l �6CE{O;^F�=*� l |?Æ l

� � ¾ , ������� �
, � �	�Ã� � , � � � � � , � � �� � ½ � ��� lA� �d�

X =Uo�KMON � � D NdR F8D�>A=\H8;�IZ= V D�> M HcI M IcD NSRYM H V DL>fay=UFcDL>EDLJ R F5KMON ¯�a M H8C R FyKMON �¼DL><I M IcD NdRYMWV DL> � =UoIcD N^M H�DL> V DL> M?R F M DL>ADLJ R F5KMON ��DL>EDLJ R FyKMON � M F�CE{OC N =?> � V DL> � =UoT� l ��CA{O;^F�=*� l | Édl
� � ¾ , � � � � � , � � � �

, ������� ��$ , � � �� � ½ � ��� lA�LÄ �
Ç�R CA>zCEoL= N�V^M DLH R =�H8CAI�;�>A=?JGCLKMON jU=?>AC V = V =bt�a MBV DLI M H�DLH R CAI(=UF V CAF8DLJ R =?IcD NdR D[>z=�D N DGF8{�K~ = V D[> M H*n M?RYMON DLHF�DLJ MON H R F�;�C V^M H l^m >"F8DLH�;�> R = V^M HYD&I�;^DLH R F�=*D N >A= ] {O;^F�=*� l | Ë v ; NSRYM J MON >A=?H�a�F8DGjbCAH8C MON DLHha5=UF�= ��P pd¯°}O� V DL>p^qsr ��DL> m : � � t V^MON�V D�DL>$D v DSÍ�DLHG�

�-� ��� 	 � ¾ , � � � � � , � � � ��$ , � 
 �
, � 
 � ��� lA� ÆO�

H8CED N�V^M , � 
 ��DL>^I M IcD NdRYMxV DL>bn M?R KMONcM F�CE{OC N =?>B� , � � � � � , � � � �5> M H+I M IcD NSRYM H V Ds>A=?H R F�=UoL=?HfJ M Ica MON D NdR DLH l� M F<DL>"I(CAH8I M I M?R CEj M D`_ba5;^DLH RYM =UF8F�C u =&a5=UF�=i>A=xF8DLH M >A;5JGCLKMON D N I M I(D NSRYM ��J M Ica5=UF�=UFsJ MON >z=?Hea�F�DGjBCAH�C MON DLHV D � P pd¯°}O�O�sHYD � = V CEjBC V C V^M a M F�; N n�=?J RYM F V^M H�DL>�jU=?> M F V D �-� ��� 	 � V Dx>z=cH8CAI�;�>A=?JGCLKMON�V Di>A=ca�F�;�D u =*D N� =Uo lym >ÃDGF8F M F V^M I(C N = NSR D&D N DLH R D*JG=?H M jBCED N D V = V^M a M F�DL>ÃDGF�F M F�DLH R = V K~ H R CAJ M D N >A= V D R DGF�I(C N =?JGCLKMONQV D�>A=F�DLH M >A;�JGCLKMON D N I M IcD NdRYM a M F R F�=UoL=�� ] {O;^F�=*� l | � � l
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fPg�hjiQk�l�m!n����jpQq�rtsxu�vxr�y8zj{�r ~�� ��s �¢��� � £K�5{8zj�¢{8r}|~�� ��� � ��¦ �}��v���z � �}�*�_�\� 
P� � � � sxr ¨ z
� ��{�r}|~�� �S����u ~ s8�

@:A�@PA��3A U¶I ² ( F ­ H�®°¯(ª© G ©P¬ª­ FKG & � G & G�� ( ³ (ª© I ²
pBD V D ]5N D F8DLH M >A;�JGCkKMON = N {O;5>A=UF�=�; N = V D R DGF�I(C N = V =xD N DGF�{�K~ = V DL>yF�=L� M {O=?I(I(=*=?>�K= N {O;�> M @B;^D�J MONSR CAD N DDL>+Æ Ë a V D*>A=?H V CEF�DLJGJGC MON DLH�F8DLJ MON H R F�;5C V =?H =?>EF8D V D V^M F V D*>A= V CEF8DLJGJGCkKMON�V D*C N JGC V D N JGCA=Q��J M I M HYD*jBC M D N DL>JG=Ua�K~ R ;�> M |O� l���M H&F8DLH8;�> R = V�M H V Dc>A=[H8CAI�;�>A=?JGCLKMON �\> M H V = RYM H&HYD(I�;^DLH R F�= N D N >A= ] {O;^F�=w� l | 
 ay=UF�=[j�=UF�CA=?HD N DGF8{�K~ =?H lSmfN DL>5IZCAH8I M {?F5K= ] J M tBHYD�C N JG>A;^�?D N >A=?H-a�F8DGjbCAH8C MON DLH V Ds>A=&H8CAI�;�>A=?JGCkKMON(PXMONdR DLJG=UF�> M a5=UF�= ��P pB¯°}O�V DL>Ãpbqsr V DL>�JG=UaÃK~ R ;�> M | l
/�=k� @B;^DcHYD��N =?>A=UF&@B;^D*D N DLH R D(JG=?H M H8D R F�= u = v =�D N >z= � CEa�KM?R DLH8CAH V DcJ M >AC N DL=?>AC V = V D NdR F8D*DL>6n M?R KMON ��DL>DL>ADLJ R F5KMON C N JGC V D NdR D l r D�DLH R D I MbV^M tSa MbV DLI M H-;�H�=UFf>A= R F�=UoL= V DL>"pbqsr � J M I MiV CEF�DLJGJGCLKMON(V D C N JGC V D N JGCA= V DL>n M?R KMON t5=cJ M I(a5=UF�=UF�J MON >A= V CEF8DLJGJGCLKMON F�DLJ MON H R F�;�C V =*=*a5=UF R CEF V D&> M H<j?DLJ RYM F8DLH�I M IcD NSRYM�V DL>"a5=UFsDL>EDLJ R FyKMON ¯a M H8C R F5KMON$l�m >[K= N {O;�> M n M F�I(= V^M a M Fc>A= R F�=UoL= V DL>�pbqsr � �WDL>hj?DLJ RYM F�I M IcD NSRYM�V DL>ha5=UFX��C N JG>A;^�?D N�V^M >A=V D ]5N CAJGCLKMON[V D �����k�<HYD&I�;^DLH R F�=(D N >A= ] {O;^F�=*� l �O} l��M H�DGF8F M F�DLH�H8CAH R DLIgK= R CzJ M H � = N H8C V^M > M H V^M IZC N = NdR DLH�D N DL>+= N K=?>ACAH8CzH V Dc>A=wF8DLH M >A;�JGCLKMON = N {O;�>z=UFLt�J M I May;^D V D&J M Ica�F M?u =UF�HYD&D N DL>�F8DLH�;�IcD NXV Di>A= R = u >A=(� lA� � l�� =?H�J MONdR F�C u ;5JGC MON DLHsIgK=?H�CAIca M F R = NdR DLH�a�F M jBCAD N D NV DL>�DGF8F M F�J M IcD R C V�M =?>6J MON H8C V DGF�=UF�>z= V CEF�DLJGJGCLKMONQV DL>�n M?R KMON J M I M a5=UF�=?>EDL>A=Z=w>A= V DL> � =Uo���DL>�DGnÈDLJ RYMXV D�>A=V CAHYa"DGF�H8CLKMON : M ;�> M I u Cz= N = l�m H RYM H�H8CAH R DLI´K= R CAJ M H�HYD � = NXV D R DGF�IZC N = V^M ;�H�= N�V^M >A=(H�CAIi;5>A=?JGCLKMONXPQMONSR DLJG=UF�> M^l�6=UF�=[DL>�a�F�CAIcDGF M HYD � =wDLH R ; V CA= V�M DL>6F8DLH�C V ; M = N {O;�>A=UF V Dc>A= V CEF8DLJGJGCkKMON V DL> � =Uo�F�DLHYa"DLJ RYM =[>A= V CAF8DLJGJGCLKMONF�DLJ MON H R F�;�C V =[D N DL><pbqsr �Ul �6=UF�=�DL>eH8DG{O; N�V^M H8D�= N =?>ACAoL=XDL>-F�DLH8C V ; M = N {O;�>A=UF V DZ>A= V CEF8DLJGJGCLKMONWV DL>-n M?R KMONF�DLHYa"DLJ RYM =�>A= V CEF8DLJGJGCLKMON\V DL> � =Uo l � R F�=?H�J MONdR F�C u ;�JGC MON DLH�H MON�V DcIcD N^M FiCAIca M F R = N JGCA=�F8DL>A= R CAj�=w��H8D � = N� =?>A>A= V^M C N JG>A;��?D N�V^M DGF8F M F8DLH6D N >A=�H8CzIi;�>z=?JGCLKMON�u =?H8= V^M H6D N > M H V = RYM H+F8DL=?>EDLHs��F8DLH�;�> R = V^M H V DL>^=?>zC N DL=?I(CED NdRYM tI MBV C ] JG= N�V^M >A=?H � CAa�KM?R DLH8CAH�H M?u F8D�DL>�JG=?Ica M I(=U{ N KD R CzJ M t5D R J l � l

���	��� c 4-9"'-= 4f�
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P� �-� � sxr ¨ z
� ��{�r}|~�� � ����u ~ s8�)�3� ¨�~�¨ � � u ~����� � ~ u+|~�� s8���}� r � ���8vxr�� ~ �P�j��vxuwr�v ��� � �_��r ���8v�� � {�r���� � uwv��e�8� ¨�~�¨ � � u ~ ��~�¨ r � �����¢�8�
�j�*� ����� ¨_~�¨ � � u ~ �¢�8�+�8� �5{�uwv1|~��
¨ |��s�� � �8v ¡ |��uwr�{ ~ �

�X|U} � I D N DL>�>z= V^M
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Resolucion energetica

fPg�hjiJk%l\m!n�� ��pQ�:��s ~ � zj{8r}|~�� � � �8v ¡ |��uwr�{5�:�}��v�� � ~ u ~�� �xs8�Q�+� ¨ zj�xsxuwv�� � � ��v��xs ~ � zj{�r ~�� ��s ~ y8u,� � r��¢��s?� � �8�°�xsxuwzj��r ~ �¤~�� �
u,�5{5��vx� ~ �¢�8�;{5�5�P|� uwz
� ~ �S�����Jv���s5z
� u���� ~ �¢� � �Ssxr ¨ z
���¢{8r}|~�� �¢��� �?�+vxzj�*y5��� � �}�%���3y5��s8�¢� ~ � � � ~ s?v��xsxz
� u,�¢� ~ s�������r�{5�}�
�+vxzj�*y5�\£w���8v u�����u ~ ¦����¥� ����{�u ~ v�� 	 ����v ~ �%r�� � � ���?� �§� ��uwv���� ~ ���¢{8r}|~�� ���J����u,�5{�u ~ v  ª� ���Q� ~�� �¢�_���Q{5� ¨ � ~ ¨ � ¡¢� |�8uwr�{ ~ ���
��s8��v���� � ~ y8� � r � u,� � s5r����¢���
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Simulacion
Datos
AMS-02 (sim) STD

Resolucion angular

fPg�hjiJk%l m!n���	"p?�Y�xs ~ � zj{�r}|~�� � �)¡ z
� ��v@&���� ¨ ����r��¢�T�j��v�� � � ¨ zj��sxu�v��Nu ~ u,��� �¢������u ~ s5�S� � �5z � {�r}|~�� ����� ¨�~�¨ � � u ~
v���{ ~�� sxu�vxz
r�� ~ �¢�_� ~ s � ~ u ~�� ��s��1�+� ¨ zj��sxu�v�� � u,� ¨ y8r)|� � � ~ s�v���sxz
� u���� ~ s_�¢��� �§sxr ¨ z
� ��{�r}|~�� �¢�_������vxzj�%y��-� � �}�%�_�-�¢�8�
����u,�5{�u ~ v u ~ u,���ª£wz
uwr�� r �%� � � ~ u�v��*�%��s¥�j��vw�j� � ��r�{8z
� ��v��xs�¦
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Cascara de expansion del GRB

Emision gamma

Toro de acrecion
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 j 
 j-:&�)e�g f ; f j-:CHC_����`; 
n= : 
 jUj-:IHIjQHC;�� = :�;�:Ij 
 j<HIj-�NHC_ 	 ` �_B: 
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n= c§enj@� fC= �Lenj-:IH = j 	 �����5��_��NH&e@_��`;dc �_ 	 
@= :Ij
_�kle �z �`_B:��<_ 	 HC; 
 _ 
 j-:'>D_����`_ 
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m =�
 j�� = � D � 
 �X � ø�ô J � �-{�� J � �5ù}� J r {�ûl� J { �-ô�û J t
� ��� ² r J �-t r J �-t r J �-t r J ��� r J �)rX � �$r ���-{ �Qû${ �)r�r�r �$r�rX ¥ � ² t�{$r ��û${ ��{$r �-�$r�r ù}{$r
HC_ 	 � �)r t$r ��{ ��{ {$r
:C;dv 	 ¦��Â© ° ° ° p °� " ¦ X � © �-t�{ �-t�ù �-t�� ���-ô �-t�t

m X��^pqj-:IH �_ 	 
 _ f r J t�t r J �5ù r J ø�ù r J ��{ t J ù}ô
m X�� p _��Nj 	 H&e@_ 
n= ø J t � J r ù�r J ô �-{ J t �)r}û J ô

m =!=Bf j t�� J ù �Qû J � ���Qû J � ù}� J û �$r�ø J ø


n= 	 
 j X � j-:��`_�`Q_B:C_ 
 j��2�<_ 	 
 ; 
 _OH = _�`U_OHIj f ;`_ = :&�)e f _�� � -0/%� j-:5�E_ HC_B:C_ 
 j�_ 	 ;bkqe@; �`_��<; = 	 j-:
� fC= `lj 
 ; = 
 j��l�<_ 	 _���kqenj�� fC= 
 e4�Nj��`_ f _ 
 ;`_��<; �= 	 v�_�`�`U_�� � $ j�� 	@�e�`lj fC= H = HC_�� 
 j?c = H = 	 j-: � =Bf _ 	 ;�kqeD;��`_��<; �= 	 ���� ¦ f © j-:'�`_ 
 ;E:IH f ;dg�e��<; �= 	 v�_��E_��NH = � �j 	 H f ;��<_ 
 jh`U_OHIj f ;E_ J_ �ÂÅ�e�¾ = + $ : = g f j��`_ f j)v�; �= 	 _ 	 v�e#�`_ f�� � 
 _ 
 _&� =Bf �E_ f j-: = �be4�<; �= 	 
 j�� 
 j<HIj-�NH =Bf |�:Ij~� = `'gD; 	 _¡� = 	 �`_
j5� � = :C;��<; �= 	 
 j �j-:IHIj�_��V�Nj 	 H fC= v�_�� �_��NHC;�� = ���E_ _��Nj$�@HC_ 	 �<;`_�_ f _-� = :~v�_�`�`Q_ j 	 c§e 	 �<; �= 	 
 j5�`_Tj 	 j f v �z _�|a_
H f _-i �j-: 
 j���: = c0H��%_ f j 
 j � mWn XÑn JX_ � f j-:Ce��^HC_ 
n= j-:�e 	 	@�e4`lj fC=�
 jKc = H = 	 j-:R_���_!�	 = |�klenjK:Cj~� = `��F_ f _¶� = 	
j���c = 	 
n= j-:���j f _ 
n=�
 j��`_�`Q;`:&`U_Qc!enj 	 HIj J�_
	 �`_�HC_$g#�`_¶� J {T:Ij+`'enj-:CH f _�j�� 	@�e4`lj fC=�
 jKc = H = 	 j-:�j-:6�kj f _ 
n= :
�F_ f _+i{_ f ; = :0` = 
 j�� = :0`wn � µR� � 
 j f j<cej f j 	 �<;`_ ¦ :Ij)v �e 	 ��t$r�� © ��� = :�H f j-:;��j f �#�^j-: 
 j 
 j 	 :C; 
 _ 
 e@:�_ 
n= : J

Wa_ö��v�e f _�� J �)r f j$� f j-:Ij 	 HC_ � = :�ÅLe�¾ = :�; 	 HIj)v f _ 
n= : 
 j�e 	 _·v f _ 	 `'enj-:CH f _ 
 jW` = 
 j�� = :Q_?�D_ f HC; f�
 j
�E_ j 	 j f v �z _�e4`hg f _�� 
 j � mon J W�_B:¡v f �_$�L�<_B:�� =BfCf j-:�� = 	 
 j 	 _ � = :&��j f �#�`j-: m X�� p#j-:CH �_ 	 
 _ f � m X�� p
_��Nj 	 H&e@_ 
n= |�j 	 c!e 	 �<; �= 	 
 j5�E_�`U_B:C_ 
 j��V�<_ 	 
 ; 
 _OH = _�`U_OHIj f ;`_ = :&�)e f _ X � J nMjQ:&e��kj f � = 	 jKj���� �z `Q;^HIj 
 j
j5���$��e@:�; �= 	 �D_ f _Ie 	 _l:Ij �	 _�� 
 jh� - J
2��"2�� 6 H�DEN��KH <

nMj#>@_Q_ 	 _��`;dc-_ 
n= �`_ = gD:Cj f i{_$gF;��`; 
 _ 
�
 j'i{_ f ; = :2�<_B: = : 
 j#; 	 HIj f �j-:�j 	 _B:IH fC= 	 = ` �z _ 
 j f _-� = :�v�_�`�`U_ 
 j
_��`HC_B:Aj 	 j f v �z _B:0� = 	 � mWnqpsr�tl|X� = 	 � = :�:C;dv�e@;^j 	 HIj-: f j-:&e#�^HC_ 
n= :)�

i'j��bj-:IH&e 
 ; =�
 j&�`_ ��� %'0 % ��#"��&3(�'02 1�( �(��� ���' +:Ij = g@HC;^j 	 j�klenj � monqpsr�t :Ij f �_��<_)�D_$c 
 j 
 ;E:IHC; 	 p
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v�e@; f j 	 H f j�� = ::` = 
 j�� = : 
 jKj-`U;`:C; �= 	 
 j � �e��E:C_ f j-:�� = 	 = �<; 
n= :�� = ` = ���$�d�$�������¼�±�$���s�5�7�}�¿�L|y� = 	 �`_
j-:IHC_ 
 �z :CHC;��<_ 
 j7e 	 _!�	 =5
 jRj-`U;`:�; �= 	 |�� = `��#�^j<HC_ 	 
n= j��/j-:���j-�NH fC= >D_B:IHC_&� = :2�$r ­ ù�r�µ'j �KJ
_ �&��0 �C���	) -4�8�(�� 1��)  ��"(��-	� �8  ����3(" :�<�Y ���!�#-+ #" %K" ) ��"(0 %'�� � ¦ � = ` = µR��GZø��)r�{$r�� © � = p

nf �_�:Ij f j-:IH&e 
 ;`_ 
@= � = 	 
 j<HC_����`j�|-:C;BHC;^j 	 j �be�v�_ f _ �_ 	 v�e�� = :y�Nj 	 ;^HC_��^j-: 13 �-{Bo J � 	 _��`;dc-_ 	 
n= �`_�j-:IHC_ 
 �z :CHC;��<_���`_B:ZÅ�enj 	 �<;`_B: 
 j � = :�µ���G�: 
 j<HIj-�NHC_ 
n= :'� =Bf G � Á�n _ |D:Ij%� f j)iBj<j �`_ 
 j<HIj-�)�<; �= 	 
 jht ­ �¡µ���G%:�_��
_#�	 = � = 	 � mon J
nMj j5�gHIj 	 
 j f �_ j��I��0 � ���	)+-+� �&%:9 3(02� �1 #��� �!)+%'�!� �( 0U)  ��"$��-	� �8  0 0 3��C��-.%'�1-4��0  3 t$r :�� �o|
� = `��#�^j<HC_ 	 
n= �`_B:�`lj 
 ; 
 _B: 
 j _ µR� _ Á7|�� � = 	 � f `U_ 	 
n= = 	 = �E_B:&� f j 
 ;��)�<; = 	 j-: 
 jA� = : �e��`HC;�` = :` = 
 j�� = ::klenj�� f j<HIj 	 
 j 	 : = ��e4�<; = 	 _ f j���j5���Nj-: = µ�j � j 	 j-:IHC_Tj-`U;`:C; �= 	 f j<c =Bf c-_ 	 
n= j���� = `�� = 	 j 	 HIj

 j'Ä = `��DH = 	 ; 	 iBj f : = J
nMjlHIj 	 
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>  1-4% ��#"�%'�! 0 J�_
	 j��:�<_B: = 
 j·e 	 ��j f �#� 
 j 
 j 	 :�; 
 _ 
 j-:wv�_�� �_��NHC;�� =-
 j HC; � = m X��^p _��Nj 	 H&e@_ 
n= |':Ij
� =�
nf �_ 	 
 j-:C�<_ f HC_ f �`_�v f _ 	 `U_-� =Bf �z _ 
 j�� = :�` =�
 j�� = :�� = 	 HC_ 	 ¦ �f© _��^H = |E��_���v�e 	 = : 
 j�� = :�` =�
 j�� = :

 j f j<c0j f j 	 �<;`_ ¦:? � W © 
 jx��t$r$� J W = `U;`:&` =Q= �)e fCf j~� = 	 � = :��<_ 	 
 ; 
 _OH = : 
 j � mongG?��@P_���e�c-_�p�@ �^j-; 	
>@_B:IHC_���Á�j �#J�� 	 ��j f �#��v�_�� �_��NHC;b� = 
 j�HC; � = m X�� pqj-:IH �_ 	 
 _ f ` �_B:V� = 	 :Ij f i{_ 
n=Bf ��j f `U;^HIj ���^j)v�_ f >D_B:IHC_
� = :+` = 
 j�� = :~`�n � µ�� � j 	 � = :~klenj�j�� WÀn � j-:K:Ce�g 
n= `U; 	 _ 	 HIj ¦ � � "
A � �7B
C  DA © �+>@_B:IHC_�ù�r�r
µ'j � j 	 ` = 
 j�� = : � mongG �E@d_���e�c-_�p�@%�^j-; 	/J
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���¿� i�_�e�v�>nj f H«��|�� J @ J���� _ f 
 ; 	 v�| � J @ J � ���+ù}{�ô ¦ �-ø�ø�� © t�û$ô
��t�� � = `U_ 	 ;î|}� J � J���� _ 
 ;dv�_ f�= v ��e�| ? J � J � ����ù}��ô ¦ �-ø�ø�{ © ���5ù
����� 
 j���_$vBj f |Ûú J Ä J G�e���� J � :IH f J n = � J ? 	 
 ;E_~�$r ¦ t$r�r�t © ô�{
� ù$� n���> 	 j-; 
 | _�J � J j<H�_�� J � � � t�{�{ ¦ �-ø�ø�t © WV�-�
��{�� i�; 	 v�e@:)|}G J W J j<H�_�� J � ? � Ä = 	 c Jº� fC= � J �$r}û ¦ �-ø�ø�ù © t�t
����� � e f �^j)��| @ J � :IH fC= �D>q�M:�;��<:A_ 	 
 n �D_��Nj'n��<;^j 	 �Njht���� ¦ �-ø�ø�{ © ù�r��
�ºûQ� � v�eD;��`_ f |Æm J j<H�_�� J�� >}�g: J �Aj$� J ����� ¦ t$r�r�t © �����
��ô�� n f j<j � e4`U_ f | ��J j<H�_�� J � ����ù}ø�ù ¦ �-ø�ø�ô © {�t��
��ø�� mhj<j)v�_ 	 |ÛÄ J j<H�_�� J � ? � Ä = 	 c Jº� fC= � J ù4�)r ¦ �-ø�ø�û © ù�r}û
���)r�� � f j<j-�Nj�|}� J i J j<H�_�� J � ���lno�-t�� ¦ t$r�r�r © �-ø
�����¿� � ; f�= 	 | X J �{i�_B;dv 	 j�| X J�� ng_�¾!¾I_ 
 |Ûn J � mon � =Bf � :C> = � = 	 n = e f �Nj-:�_ 	 
 µ���G%:-|�m = 	 H��kj�� �`;^j f¦ t$r�r�t © >!HIH��y�L_�_ � � � J � �@HC_ J e 	 ;�i}ps` = 	 H��Lt J c f _{_�`U: _
���-t�� � _��<;^j-:C_B:)| � J n J j<H�_�� J � ���qnW�-t�t ¦ �-ø�ø�ø © ù}��{
���-��� G�_ 	 
 |}i J j<H�_�� J � ����ù4�-� ¦ �-ø�ø�� © t�ô��
���5ù$� m = � � �_�|Æm J �:nMj)ig;����`_�| ? J j<H�_�� J! #" �\[��). J AL�C�$��� P ,/.[� " � B .�,'H$�5�SP)� � f�= � J � = ; 	 H _ e fC= p

��j-_ 	 _ 	 
 m _OHC; = 	 _�� � :CH fC= 	 = `'�'mhj<j<HC; 	 v�|}µ f _ 	 _ 
 _ J�_ 
 J n�� f ; 	 vBj f ¦ t$r�r$ù © |L_ f%$ ;diL�}_B:CH fC= p
�D>._�r$ù4���-��ø��

���-{�� nMH fC= 	 v�| � J � J�� m = : � _��`j 	 � = | ? J��KJ � ����{$r�ø ¦ �-ø�ø�ô © t��-t
���-��� nMH fC= 	 v�| � J � J |Lm = : � _��^j 	 � = | ? J��KJ�� ��j-;�`lj f |Ûú J � �������-� ¦ t$r�r$ù © ø���t
���QûQ� � e 	 HIj f |Ln J i J j<H�_�� J � ���Iù}ô�� ¦ �-ø�ø�û © t$r�{
���-ô�� ��_���> = � � = ��: � _�| � J � nMj)iM; ���`_�| ? J j<H _�� J � >}�g: J �Aj)i J i û�ù ¦ t$r�r�� © r�t���{��-ôl| _ f%$ ;diL�}_B:CH fC= p

�D>._�r�{$r�ô���ù}ø
���-ø�� G�_ f gD;^j f ;�|}� J � Xnj fCf _ f _�|Ûn J�� ng_Qi = ��|ÛÄ J � JE� >q�M: J Waj<HIH J G �-t�û ¦ �-ø�ô�t © ��ù}�
��t$r�� G�_OHIHC_$v �`;`_�|Æm J j<H�_�� J4_ e f Jº� >}�g: J � J Ä0��� ¦ t$r�r$ù © t�û$�
��t��¿� ��_ 	 
 _����î| W J&� n�e 	 
nf e4`.|}� Jgm e4�$� Jº� >q�M: J G�{�{�û ¦ �-ø�ø�ø © û$ø
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��t���� m =Bf�= ;î|ºÁ J �@��_ 	 
 _����î| W Jgm e4�$� Jº� >}�g: J G {�û�r ¦ t$r�r�r © ù}{�{
��t�ù$� m _ � _ 	 ;`:�>@;î| �#J � n = c!e@j�| �KJ·� e4g#� J � :IH fC= 	 = `Q;��<_�� n = �<;`j<Hs� = c ��_)�D_ 	 {�{ ¦ t$r�r$ù © �-ø�� �

m = � � �_�|Æm J j<H�_�� J _ f%$ ;diX�}_B:IH fC= p8�D>._�r$ù4���-��ø��
��t�{�� � _ f 
 ; 	 v�| � J @ J _ f%$ ;diL�}_B:CH fC= p8�D>._�r�r��-t�t���ô
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	 j-:IHIjwH f _$gD_�¾ = :Ij >D_?� f j-:Ij 	 HC_ 
@= j��'c§enH&e fC= j5� �kj f ;�`lj 	 H = � mWnqpsr�t ¦ _B> =Bf _ j 	 �E_
c _B:Ijo� 	 _�� 
 j� = 	 :IH f e4�)�<; �= 	 © klenjd:IjK:C;^H&e@_ f �_Qj 	 �`_ _ :IHC_��<; �= 	�_ :��D_��<;`_�� ? 	 HIj f 	 _��<; = 	 _��î|D_B: �z � = ` = j-:CHC;�`U_��<; = 	 j-: � f j-�<;E:C_B:
_��Nj f �<_ 
 j':&e@:��<_)�F_��<; 
 _ 
 j-:��D_ f _'`lj 
 ; fbf _ 
 ;`_��<; �= 	 v�_�`¡`U_h� �= :&`Q;��<_ Jl_ :IH = :Cj f �_%� = :C;dg!�^j�v f _��<;`_B:%_���e@: = 
 j

@= : 
 j<HIj-�NH =Bf j-:"� =Bf :Ij$�D_ f _ 
n= |gj�� 
 j<HIj-�NH =Bf'
 j�H f _$c-_B: 
 jR:C;��`;��<; = n�ÁAi ¦ � = 	 iBj f :C; �= 	 
 j��Xv�_�`�`Q_ j 	 e 	 �D_ f
j��`j-�NH f �= 	 p8� = :C;^H f �= 	 © � j��Ñ�<_�� =Bf �z `lj<H fC= j��^j-�NH fC= `Q_$v 	��j<HC;�� = _ Ä � W ¦ 
 j<HIj-�)�<; �= 	 
 ; f j-�NHC_ 
 j���c = H �= 	 © Jy_
	 j-:CHC_
HIj-:�;`:A:IjP>@_Q>nj-��> = �j 	 ce_B:C;E:�j 	 �`_B:;� f j-:IHC_��<; = 	 j-: 
 j��an�ÁAi Jng;EgD;^j 	 � mWnTj-:IH �_ 
 ;`:Cj �	 _ 
n= c!e 	 
 _�`lj 	 HC_���`lj 	 HIj �D_ f _��`_ = gD:Cj f i{_��<; �= 	 
 j f _Q� = :�� �= :&`Q;�� = :0�<_ f v�_ 
n= :-|
:CjT>D_ 
 j-` = :IH f _ 
n= klenj�� f j-:Ij 	 HC_oe 	 g�enj 	 f j 	 
 ;b`U;^j 	 H = �D_ f _��`_ 
 j<HIj-�)�<; �= 	 
 j f _-� = :Iv�_�`�`Q_ 
 jw` �_B:

 jw��µ'j �KJ Ä = 	 � f j<HC_�`Uj 	 HIj�|/j-:IH = :Ij H f _ 
 e4�Nj#j 	 �_ f j-_B:�j<c0j-�NHC;diO_B:@�D;�� =�
 jI{$r�rx�)` ² ���$r�r�r.�)` ² �D_ f _�j��n�ÁAi � j�� _ Ä � WV|Âe 	 _ f j-: = ��e��<; �= 	 j 	 j f v �j<HC;��<_ ¦ -�¦§¢+©� �¢~© 
 jUj 	 H f jxt ­ {
	P�öe 	 _ f j-: = �be4�<; �= 	 _ 	 v�e#�`_ f
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