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

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

��������� ���	�'�
� �� �(�)��!*���

+ �������,��!#�-�.�'���,���� �&�'�/� �.�'�����-�

021

3547698;:9<=8;>@?BA�C@DFEHG2I

J 47IK:=8L:

MON7P7QR8L<9<SIKTU<SEB<S47IWV�?YXZN\[L< 1 E^]�<=47I

_`6S?^T7N@?^<=IaMbXc47EOEY[dEY]feg?^>7T7IZ69P78;[h<jik>\8LlmIK6=:98L< 1

8L>on7?Y69<=8p?Y[q]rN\[Ls@[L[;QRIZ>t<uEY]v<S4\IW69IZwxN78L6=IZQRIZ>t<=:

]rEm6u<=47IyT7IZzm69IZIWEY]

{&| M Jj}�~�� V#M735� }�� 3 }

8L>

} [;IKXK<S698;XZ?Y[ } >7zm8L>7IZIK6=8;>\z

� IZXKIZQ�P�IZ6K���Y�Y�t�

� ?Y:94tlO8L[;[LIY� J IZ>\>7IZ:9:=IZI

| n7n\6=E�lmIKTd�

� 69EY]rIZ:9:=Em6 ~ EmP�IK69< | C7��IK[;[;IK6

� 6=EY]rIK:=:=EY6 ~ EmP�IZ69< | C ~ IKIZT



| 3u� ��� ��A }g� _ }g{�}��kJ M

{ ?Y> 1 n�IKEmn7[;IF4@?�lmIkn7[p? 1 IZT�?W:=8;zY>78Ls@XZ?Y>t<569Em[;IF8;>RQ 1 :=N\XZXZIK:=:j?Y:2?�zY6S?YT7N7?^<SIF:9<=N7T7IZ>t<j?�<

eg?Y>7T\IZ6=P\8;[L<�ik>78hlmIZ69:=8h< 1 C��2G2EmN7[LT&[L8;�YIk<SEBs@6=:�<F<=4@?Y>7��Q 1 ?YTOlO8L:=Em6K� � 6ZC ~ EmP�IZ69<���IZ[L[;IK6Z�O]rEY6

478L:u:=N7n\n�Em6�<j?Y>7To?YTOlO8LXZI�P�EY<=4�n76=EY]rIK:=:98;Em>@?^[;[ 1 ?Y>\T�n�IK6=:=EY>@?Y[;[ 1 Gj478;[LI�XZEmQRn7[LIK<S8L>7zaQ 1 Q�?Y:��

<SIK6=:�G2Em69��C | [;:=E\��<=4@?Y>7� 1 EmN�<=E � 6ZC ~ EmP�IZ6�< ~ IZIZTq� � 6ZC ~ Em>@?^[;T(MbXc476=8LQ�n\] � � 6ZC { ?Y6=XKN7:

{ IK>7T7IZ>\4@?Y[;[¡�¢�`IKlb8;>(��?Y6=69IZ>d��?^>7T£MOXZEbEY<=IZ6 0 ?Y[L[�]rEm6k<S47IK8;6�T78L6=IKXK<`:9N7n7n�Em69<W?Y>\T£XKEm>t<S698;P7NO�

<S8LEm>7:F<SE�<=478;:�G2Em69��C J 47?Y>7� 1 EmN�<SE � 6ZC � ?Y>�Vf[;IKIK<¤G2EOEbT(?Y>7T � 6KC`A¢[;E 1 T { ?Y:9:=IK>7zm8;[L[v]rEY6

<SIKXc47>78LX�?Y[�T78;:9XZN7:9:=8;EY>7:`?Y>7T(:9N7n7n�Em69<�T7N76=8L>7z�<=478;:FG5EY6=��C J 4@?Y>7� 1 EmN�<=E�?Y[L[vQ 1 n769EY]rIZ:9:=Em69:

?^<Feg?Y>7T7IK6=P78L[L<FiF>78LlYIZ6=:98L< 1 ]rEm6j<S47IK8;6jzmN78LT@?Y>7XKI�8L>�Q 1 ?^X�?YT7IKQ�8LXyX�?Y69IZIZ6KC��uG5EYN7[;T�?Y[;:9E�[L8;�YI

<SE¥<S47?Y>7�¦Q 1 ]r698;IZ>\T7:B8;>§<S47I ~ ?^T78p?^<=8;Em> }©¨ IZXª<S:U?^>7T ~ IZ[L8p?YP\8;[;8h< 1 _y69EmN7n§]rEm6«<S47IK8;6B47IZ[Ln

?Y>7T�:=N7n\n�Em6�<a<=476=EmN\zm47EmN\<�Q 1 zm6=?YT7N@?�<SIR:=Xc47EbEm[�X�?Y69IZIK6ZC¬��G2EmN7[;T�?Y[;:9E&[L8;�^IR<=Eo<=4@?Y>7�¥Q 1

N7>7T\IZ6=zY6S?YT7N7?^<SI�?YT\lb8;:9Em6Z� � 6KC � 8LXc� 0 [p?^>7T\]rEm69T�?^<j<=47IaiF>78LlYIZ69:=8L< 1 E^] } l^?Y>7:9lb8L[;[;I^�7�¤>7T78;?Y>@?\�

]rEm6�zm8hlb8;>7z«QRI�<S47IyIK>7XZEmN\6S?YzmIKQ�IK>t<�?^>7T&T\6=8LlYI`<SER?^<=<=IZ>7Tozm6=?YT7N@?^<=Iy:=Xc47EbEm[C

Vf8;>7?Y[;[ 1 �j<S4@?Y>\� 1 EmN�<SE#Q 1 4xN7:9P@?Y>7Td�W®YEY:=4¯DFE�G5I^��]rEm6�478;:¬>7IªlmIK6�IZ>\T78;>7z§:9N7n7n�Em69<Z�

n@?^<=8;IK>7XZI^��?Y>7T(IZ>\XZEmN76=?YzmIKQ�IK>x<y<=476=EmN\zm4¥?Y[;[�EY]gQ 1 :=Xc47EbEm[;8L>7z7Cy�k?Y[;:9E�Gu?^>x<y<=EU<S4@?Y>\��Q 1

n@?Y69IZ>t<S:R�°? 1 >7I&?Y>7T±MON7I J 8;>7Xc47IK6Z� J 8LQ&�53547IZ6 1 [��A�?Y>7XKIY� | >7zm8LIY� { ?YT7IK[;8;>\IY��_`6S?^>7T7Q�?

A¢Em>7z7�@_y6=?Y>7T7n@?���? 1 >\IY��_y6=?Y>7T7Q�?B®m?YXc�x8;I^��®YI ¨ ��M\?Y>7T 1 ��®m?Y�^IY��?Y>7T � ?Y>78LIZ[q]rEY6u<S47IK8;6�[;E�lYI

?Y>7T(:9N7n7n�Em69<�8;>&Gj47?^<SIªlmIZ6y��T7E\C � Em>7IaEY]�<S478L:kG2Em6=�oG5EYN7[;T�47?�lYI«P�IKIZ>¥n�Em:=:98;P7[LIWGj8h<S47EmNO<

I�?^Xc4&Em>\IWE^]�<=47IZQoC

8L8



Jv|�0 A }²� V#3 �`�kJj}��kJ M

� ?^zmI

| 3u� ��� ��A }�� _ }g{�}��kJ M CWC�CWC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC 8;8
A¢��M J³� V Jv|�0 A } M�C�CWCWC�CyCWC�CWC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC l
A¢��M J³� V§Vf��_yi ~F} M CWCWC�CyCWC�CWC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC lb8

354@?YnO<SIZ6

�cC�� �FJj~��`� i�3 J � �`� CyCWC�CWC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ´

�=�cC�Mb� { i�A |�J � �`��JF�y� A C�CWC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC µ

{�~k}�� � | _yIZ?Y>t<S¶ | n7n\[;8;XZ?^<S8LEm> CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC µ
ik:=8L>7z«<S47I {�~F}���| n7n7[L8;X�?�<S8;EY>,C�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ·

�=�=�cC 02| 3u��_ ~�� i ��� C�CyCWC�CWC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ¸

� ?^<=N76S?Y[¢MOn@?YXKI } >tlb8;69Em>7QRIZ>t<�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ¸
� ?Y6�<S8;XK[;IK:j?Y>7T } >7IZ69zm8;IK:FE^]©�¤>t<SIK6=IZ:�<�8L>�<S478L:u��Em69�*CWCWC�CWCyC�CWC�CWCWC ´��
~ ?YT\8p?^<=8;Em> }©¨ IZXª<S:�C�CWC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ´H�
} >\IZ6=z 1¬� IZn�Em:=8h<S8LEm> CWC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ´H�

�¹e�C {��y�`} A¢� � _-M73 | A }�� 3 {�� M±CWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ´�¶
e�C�Mb� � _yA } � } e }��kJ i � M }�J¯}g~F~��`~¯~j|�Jj} 3 | Av3uikA |�J � �`� C�CWC�CWCWC ´�º

e��cC�3uD |�~ _ } _ }���}�~F|�J � �`� V ~��y{ � �`� M C�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC �m�

354@?Y6=zYIa_`IZ>\IZ6S?�<S8;EY>U]r6=EmQ.DFI�?�l 1 �¤Em>7:�»¼¦½-´�¾&C�CWCWC�CWCyC�CWC�CWCWC �Yµ
354@?Y6=zYIa_`IZ>\IZ6S?�<S8;EY>U]r6=EmQ � 69EY<SEm>\: CyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC �Y¸
�¤Em>&MOn�IKXZ8LIZ:k35EmQRn@?Y6=8L:=Em> CWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ¿\´

e��=�cC�3uD |�~ _ }±�`}��g� MO� J � �`� � ����J D }�~ M Jj~ i�3 J i ~F} M C�CWCyC�CWC�CWCWC ¿Y¶
M � �uMb<=6=N7Xª<SN769IWGj8h<S4 � lmIK6=[p? 1 IZ6=:�C�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ¿Y¶
MO8;QRn7[;I�M � � � IªlO8LXZI�CWC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ¿mµ

e��9�=�cC�3 �`� 3uAvi�MO� �`� CWC�CyCWC�CWC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ¿m¸

| n\n�IK>7T78hÀ

| C }©Á�|`{�� A }Â{�~F}g� � ��� i J Vf� A } M C�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ¶7´

8L8;8



�¤>78L<=8p?Y[L8;Ã�?�<S8;EY>�Vf8L[;Ij�g8;>78h<�CÄIZTdCÄ8;>²CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ¶7´
� 4 1 :=8LXZ:kVf8;[LIk�5Mb<=TdC � 4 1 :=8LXZ:ZCÄ8;>	CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ¶t¿
J ?Y69zmIK<FV�8;[;IF�5Mb<STdC J ?Y6=zmIª<�CÅ3 {�� M 0 CÄ8;>�C�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ¶m¶
e�8;:9N@?Y[L8;Ã�?�<S8;EY>UVf8L[;Ik�5Mb<=TdCÆe�8;:KCÇ8L>"C�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ¶tµ

0 C �fÈ�J D �`� M73 ~ � ��J MoV �`~³��|�~F~k} A�A } A {�~k}���|���� A¢��3 |�J � �y� M CWC ¶tº
:=n7[L8L<S69N7>dCÄn 1 CWC�CyCWC�CWC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ¶tº
6=N7>7IKT P@?^<=Xc4dCÇn 1 CWC�CWC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC �m�
0 ?^<SXc4\�¤>dCÇ8L>±CWC�CyCWC�CWC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC �Yµ
�¤>x<=IZ6=?YXK<=8LlmI^CÇ8L> CyCWC�CWC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC �Yº

~F} V }g~F}�� 3 } M³C�CWC�CWCWC�CyCWC�CWC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC �Y¸

8Ll



A¢��M J�� V Jv|�0 A } M

J ?YP7[;I � ?^zmI

´mC { Em>t<SI�3u?Y6=[LEBXZEbT7IZ:jN7:9IZT&]rEY6�6S?YT78;?^<S8LEm>�<=6S?Y>7:9n�EY69<�<S4\6=EmN7zY4&Q�?^<SIK6=8;?Y[;:KCFCWCWC ¿

l



A���M J³� V§Vf��_Wi ~k} M

Vf8LzmN76=I � ?^zmI

´mC�_y?Y[;?YXK<=8;X�XKEm:=QR8;XB6S? 1 n@?Y6�<S8LXZ[;I�É7NOÀ�?Y:a?�]rN7>7Xª<S8LEm>�E^]j?^<SEYQ�8LX«Q�?Y:9:`]rEm6�8LEm>7:
N\no<=E�µY�R?�<SEmQR8;X�Q�?Y:9:�N7>78L<=:�ÊÄ¿Y¶�ËCaC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ´��

�OC � ?Y69<=8;XK[;IkÉ7NOÀ¬?Y:u?a]rN7>7XK<=8;Em>�E^]��x8L>7IK<=8;X�IK>7IZ69z 1 ?�<F_ }g� ]rEm6un769EY<SEY>7:Z�@?^[;n74@?^:Z�
E�À 1 zmIZ>q��>\IZEm>d��?^>7T¬8;6=EY>�ÊÆ¿t��Ë¡C)CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ´m´

¿\C�3569Em:=:5:=IZXª<S8LEm>U6=IKn76=IK:=IK>x<S?^<S8hlmI`EY]d:=X�?^[;IZT�3 {�� M�:9<S69N7XK<=N76=IK:W»¡?t¾©Gj8L<=4�?�<=N7>7z^�
:�<SIK>Ì[p? 1 IZ6&?Y>7T-»ÍP�¾UGj8L<=47EmN\<&?¦<SN7>7zY:9<SIK>Ì[;? 1 IZ6KC.A�?^<SIK6S?Y[`T78LQ�IK>7:=8LEm>7:�]rEm6
>\Em6=Q�?Y[;[ 1 8;>7XK8;T7IK>x<FN7>\8;T78L6=IZXª<S8LEm>@?Y[�:=8;QaN7[p?^<=8;Em>\:�?Y6=IB´�¶�Î¯´�¶RÏdQRÐk?^>7T��^��Î
�^�BÏqQ Ð ]rEm6�EmQR>78LT78;69IZXK<=8;Em>7?Y[�:=8;QaN7[p?^<=8;Em>\:ZC�CyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ´H�

¶7C�DF8;zm4o6=IK:=Em[LN\<S8LEm>¬8;Q�?YzmIyEY]�3 {�� M&T7IKlb8LXZIWXZ6=EY:=:�:9IZXª<S8;EY>&Gj8L<=4�Q�N\[L<S8L[;IªlmIZ[q8;>O�
<=IZ69XZEm>7>\IZXK<=:�?^>7To<=N7>7zm:�<SIK>olb8p?^:aÊÆ¿m¸HËC�C�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ´�µ

�OC � QR>78;T\8;6=IKXK<=8;Em>@?^[�:=8;QaN7[p?^<=8;Em>\:BGj8h<S4Ñ<=47I�8LEm>ÑÉ@N7IK>7XZI(6=?Y>7T7EYQ�8LÃZIZTÑEHlYIZ6o��Ò
:�<SIK6S?YT78;?Y>7:KCkCWC�CWCWC�CyCWC�CWC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ´�¸

µ\C��¤>t<=IZzm6=?Y[�XZ6=EY:=:g:=IZXª<S8LEm>U?Y:2?`]rN7>7XK<=8;Em>REY]¢8L>7XZ8LT7IZ>t<gn@?Y6�<S8LXZ[;I�IK>7IZ69z 1 ]rEm6�E�À 1 zmIK>
8LEm>7:�8L>7XZ8LT7IZ>t<jEm>�<S4\IW:�<S69N7XK<=N76=IyGj8L<=4¬� [p? 1 IK6ZC	CWC�CWC�CWCWC�CWCyC�CWC�CWCWC ´�¸

·OC��¤>t<=IZzm6=?Y[�XZ6=EY:=:g:=IZXª<S8LEm>U?Y:2?`]rN7>7XK<=8;Em>REY]¢8L>7XZ8LT7IZ>t<gn@?Y6�<S8LXZ[;I�IK>7IZ69z 1 ]rEm6�E�À 1 zmIK>
8LEm>7:�8L>7XZ8LT7IZ>t<jEm>�<S4\IW:�<S69N7XK<=N76=IyGj8L<=47EmN\<�� [p? 1 IK6ZC�CWC�CWCWC�CWCyC�CWC�CWCWC �Y�

º\C�M } i°IK6=69Em6¢6S?^<=I©]rEm6q<=47I�:9<=6=N7Xª<SN769I�Gj8h<S4`�Ó[p? 1 IK6¢XZEmQRn7N\<=IZTyN7:=8L>7z {�~F}�� ?Y>\T
?�<=6S?YT\8L<S8LEm>@?Y[ ~F��� QRIK<S4\EOTdC J 47Ij8;>7XK[;N7:98;Em>aEY]�8;>7T78L6=IKXK<©8LEm>78LÃ�?^<=8;Em>�n76=EbXZIK:=:=IK:
8L> {�~k}�� 8L>7XZ69I�?Y:9IZ:�<S47Ig6S?�<SIgP 1 >\I�?Y69[ 1 <¤G2E�Em69T7IZ69:�E^]7Q�?Yzm>78h<SN7T7I�]rEm6�XK6=8L<=8;XZ?Y[
Xc47?Y6=zmIB½Ì�\CÅµm�«n@3�C�C�CyCWC�CWC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC �O´

¸\C�M } i*IZ6=69Em6f6=?^<SIg]rEm6�<=47I5:�<S69N7XK<=N76=IuGj8h<S47EmNO<f� [p? 1 IZ6©XKEmQ�n\N\<SIKT�N7:=8L>7z {�~F}��
?^>7To?a<S6S?^T78L<=8;Em>@?^[ ~F��� QRIK<S4\EOTdC J 4\Iy<=6S?YT\8L<S8LEm>@?Y[ ~F��� 6S?^<=I�QRIK<S4\EOT¬:=NOÔB�
XK8;IK>x<=[ 1 n76=IKT78;Xª<S:�<S47IyIÕÀ\n�IZXª<SIKT�6S?^<=Iy?Y>7ToT78;69IZXª<j8;Em>78LÃ�?^<=8;Em>�T7EmQR8;>@?^<=IZ:KCWCWCWC �m�

´��\C J EY<S?Y[�M } i�IK6=6=EY6«6S?^<=I�]rEm6«P�EY<S4¦:�<S6=N\XK<SN\6=IZ:BXZ?Y[;XKN7[p?^<=IZT¦P 1#{�~F}�� C��Â47IK>
<=47I`<SN7>\zm:9<=IZ>�[;? 1 IZ6j8;:jn769IZ:9IZ>t<���<S47IWX�?^[;XZN\[p?^<=IZT¬6S?^<=Iy8;:jEm6=T\IZ6=:FEY]�Q�?^zm>78L<=N7T7I
4\8;zm47IK6u]rEm6�XZ698L<=8;X�?^[qXc4@?Y69zmIZ:W½¯�OCÅµt��n�3�C²CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC �^¶

´m´mC�iF>78;T\8;6=IKXK<=8;Em>@?^[�:98;Q�N\[p?^<=8;Em>7:�Gj8L<=4U<S47I�8;Em>�É7N7IZ>7XKIy6S?Y>7T\EmQ�8LÃZIKTUE�lmIZ6�<=47I�<SEYn
:9N769]Í?^XZIyEY]v<S47Iy:9<=6=N7Xª<SN769IZ:KC&CWC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC �m�

´H�OC��¤>t<=IZzm6=?Y[kXK6=Em:9:U:=IKXK<=8;Em>±]rEm6o´H�O�F�Y�O�j?Y>7TÂ�^�m� { IªeyÖ^N²E�À 1 zmIZ>²8LEm>7:�EY>Ñ<S47I
:�<S69N7XK<=N76=IyGj8L<=4¬� [p? 1 IK6ZC2Dk8Lzm4¬IZ>7IK6=z 1 <=IZ:�<S8;>\z�8L:�6=IZwxN78L6=IKT&<SE«]rN7[L[ 1 X�?Yn\<=N76=I
<=47Iy6=IK:=n�Em>7:=IWEY]v<S47IyXK8;6=XKN78L<ZC«C�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC �m·

lb8



´�¿\C��¤>t<=IZzm6=?Y[qXK6=Em:9:u:=IKXK<S8LEm>U]rEm6k´H�O�@�Y�O�\?^>7To�Y�m� { IKeyÖ�N�>7IZEm>�8LEm>7:2Em>U<S47I�:9<S69N7Xª�
<=N76=I�Gj8L<S4�� [;? 1 IZ6KCyDk8;zY4�IZ>7IK6=z 1 <SIK:9<S8L>7z�8;:�6=IZwxN78L6=IKT�<SEU]rN7[L[ 1 X�?^n\<SN769I�<S47I
69IZ:9n�Em>\:=IWEY]�<=47IyXZ8L6=XZN\8L<�C�C�CWC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC �m·

´�¶7C��¤>t<=IZzm6=?Y[kXK6=Em:9:U:=IKXK<=8;Em>±]rEm6o´H�O�F�Y�O�j?Y>7TÂ�^�m� { IªeyÖ^N²E�À 1 zmIZ>²8LEm>7:�EY>Ñ<S47I
:�<S69N7XK<=N76=I�Gj8L<=47EmN\<a� [p? 1 IZ6ZC��Â47IZ>§<S47IU� [p? 1 IZ6«8;:«>\EY<Bn76=IK:=IK>x<Z�2< 1 n78LX�?Y[
zY6=EmN7>\T¬<=IZ:�<kIK>7IZ69zm8;IK:k:9N\ÔRXZ8LIZ>t<S[ 1 IZ:�<S8;Q�?^<=I�<S47IyIªÀOn�IZXª<SIZT&Em>O�¹Em6=P78h<�6=IK:=n�Em>7:9IYC �Yº

´H�OC��¤>t<=IZzm6=?Y[¢XZ69Em:=:F:=IKXK<S8LEm>�]rEm6y´H�O���Y�O�@?Y>7T��Y�m� { IªeyÖ^N&>7IZEY>&8LEm>7:�Em>o:9<=6=N7Xª<SN769I
Gj8h<S47EYN\<j� [p? 1 IK6ZCu�Â47IK>�<S47IW� [p? 1 IZ6F8;:F>7EY<kn76=IK:=IZ>t<Z��< 1 n78;XZ?Y[�zm6=EYN7>7T�<=IZ:9<
IK>7IZ69zm8;IK:j:=N\ÔRXZ8LIZ>t<S[ 1 IZ:�<S8LQ�?^<=I�<S47IyEm>b�¤Em69P78L<�69IZ:9n�Em>\:=IYC�CWCWC�CWCyC�CWC�CWCWC �Y¸

´�µ\C��¤>t<=IZzm6=?Y[dXZ69Em:=:j:9IZXK<=8;Em>�]rEm6�n\6=EY<=Em>7:j?^<y´H�b���Y�m�\�\?Y>7T&�Y�m�Y� { IKe`Ö^No]rEY6�:9<S69N7Xª�
<=N76=I`Gj8h<S4¬� [p? 1 IK6ZC J 47IZ69I�8L:F[L8L<9<S[;IklY?^6=8p?�<S8;EY>�8;>¬<S47IyXZ69Em:=:k:=IKXK<S8LEm>oP�Iª<¤G5IKIZ>
<=47IyQ�EY6=I`IZ>\IZ6=zYIK<S8LX`n@?Y6�<S8;XK[;IK:ZC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ¿m�

´H·OC��¤>t<=IZzm6=?Y[©XZ69Em:=:`:9IZXª<S8;EY>�]rEm6�n769EY<SEm>\:y?^<«´H�U?Y>\T£�Y�m� { IªeyÖ^N(]rEm6�P�EY<=4(:9<S69N7Xª�
<=N76=IK:ZC J 47IZ69I�8;:�[L8L<=<=[;IBl^?Y6=8;?^<S8LEm>�8L>°<S47I�XK6=Em:9:«:=IZXª<S8LEm>¦Gj47IZ>¦<S4\IU<SN7>7zY:9<SIK>
[;? 1 IZ6�8L:�n76=IK:=IK>x<ZC°CWC�CyCWC�CWC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ¿\´

´�º\C��¤>t<=IZzm6=?Y[©XZ69Em:=:y:9IZXK<=8;Em>�]rEY6`E�À 1 zmIK>d��>7IZEm>q��?Y>7T¥8;69Em>¥?^<W�Y�Y� { IKe`Ö^N£]rEY6�<S47I
:�<S69N7XK<=N76=I�Gj8h<S4�� [p? 1 IK6ZC J 47I«47IZ?�lO8LIZ6�8LEm>7:�47?�lYIB?U[p?Y69zmIaXK6=Em:9:`:=IKXK<S8LEm>�]rEm6
zY6=I�?�<SIZ6j?^Q�EmN\>x<=:jEY]fzYIZ>7IK6S?^<=IZToXc4@?Y6=zYIYCÌCWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ¿t�

´�¸\C��¤>t<=IZzm6=?Y[©XZ69Em:=:y:9IZXK<=8;Em>�]rEY6`E�À 1 zmIK>d��>7IZEm>q��?Y>7T¥8;69Em>¥?^<W�Y�Y� { IKe`Ö^N£]rEY6�<S47I
:�<S69N7XK<=N76=I�Gj8h<S47EYN\<2� [;? 1 IZ6KC J 47I�8L>7XZ8LT7IZ>t<u8LEm>�< 1 n�I�Q�?Y�YIK:�?Y>U8L>7:=8Lzm>78Ls7X�?Y>t<
T\8 ¨ IZ6=IK>7XZIyEm>�<=47IyXZ6=EY:=:F:=IZXª<S8LEm>dC`CWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ¿m¿

�Y�\C { EOT7IK[;IKT�M � �2T7IKlb8LXZI`Gj8L<=4&E�lmIK6=[;? 1 IZ69:ZC CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ¿t�
�O´mC��¤>t<=IZzm6=?Y[fXK6=Em:9:�:=IKXK<S8LEm>�]rEm6�´H��?Y>7T(�Y�m� { IªeyÖ^N(E�À 1 zmIZ>¥8LEm>7:�EY>¥M � �j:9<S69N7Xª�

<=N76=I�Gj8L<S4�� [;? 1 IZ6KCyDk8;zY4�IZ>7IK6=z 1 <SIK:9<S8L>7z�8;:�6=IZwxN78L6=IKT�<SEU]rN7[L[ 1 X�?^n\<SN769I�<S47I
69IZ:9n�Em>\:=IWEY]�<=47IyXZ8L6=XZN\8L<�C�C�CWC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ¿t�

�m�OC��¤>t<=IZzm6=?Y[�XK6=Em:9:5:9IZXK<=8;Em>�]rEm6u�^�m� { IªeyÖ^N�E�À 1 zmIZ>�8LEm>7:gEm>�M � �©Gj8h<S4�?Y>7T�Gj8h<S4O�
EYN\<�� [;? 1 IZ6KC J 47I�� [;? 1 IZ6Wn7[p? 1 :�?o:=Q�?Y[;[�69Em[;IR8;>�T7IK<=IZ69Q�8L>78;>7z�<=47I�XK6=Em:9:
:9IZXª<S8;EY>oP�IZ[LE�G³�\CÅ��n�3�EY]�zmIK>7IZ6=?^<SIKT�Xc4@?Y69zmIYC�C�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ¿mµ

�Y¿\C�Mb8;QRn7[;I�M � �5T7IªlO8LXZIWXZ69Em:=:j:=IKXK<=8;Em>&?Y>7To?Y>7zY[;I`EY]�8;>7XK8;T7IK>t<k69IK]rIK6=IZ>\XZIZ:KC(C�CWCWC ¿t·
�^¶7C��¤>t<=IZzm6=?Y[�XZ6=EY:=:W:=IZXª<S8LEm>�]rEm6Wµm¿ { Iªe)n769EY<SEY>7:�EY>£<=47I ~F��� <c?Y69zmIK<ZC | XZEYQB�

n7?Y6=8L:=Em>¦P�IK<¤G2IZIK>Â3ui � � � ?Y>7T§<¤G5E {�~F}g� QREOT7IK[;:K�UP78;>7?Y6 1 X�?Y:9X�?YT7Io?Y>\T
0 IZ69<=8;>78¡C C�CWC�CWCWC�CyCWC�CWC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ¿mº

�m�OC��¤>t<=IZzm6=?Y[�XK6=Em:9:�:=IKXK<=8;Em>�]rEY6`�Y�m� { IKe
n76=EY<=Em>7:kEm>�<S4\I ~F�g� <c?^6=zmIª<�C | XZEYQB�
n7?Y6=8L:=Em>¦P�IK<¤G2IZIK>Â3ui � � � ?Y>7T§<¤G5E {�~F}g� QREOT7IK[;:K�UP78;>7?Y6 1 X�?Y:9X�?YT7Io?Y>\T
0 IZ69<=8;>78¡C C�CWC�CWCWC�CyCWC�CWC�CWCWC�CWC�CWCyC�CWCWC�CWC�CWCWC�CWCyC�CWC�CWCWC ¿mº

lO8L8



3uD |���Jj}g~ �

� �kJj~��`� i�3 J � �`�

| T\l^?Y>\XZIZ:y8L>�Q�8LXZ69EOIK[;IZXª<S69Em>78;Xy<SIKXc47>7Em[LEmzm8LIZ:�?^>7T¥IZXZEY>7EmQR8;Xan\6=IZ:9:=N769I«<SEUN7:9I«XZEmQRQRIZ6��

XZ8;?Y[bIZ[;IKXK<=6=Em>78LX5n@?^69<S:�]rEm6©:=n7?YXZIuÉ@8Lzm4t<�?Yn\n7[;8LX�?^<=8;Em>7:v4@?�lmI�XK6=IZ?^<SIKT�?k>7IKG*:=8h<SN@?^<=8;Em>�8;>aGj4\8;Xc4

<S8LQ�IÕ�¹<=IZ:9<=IZT�Q�Iª<S47EbT7Em[LEmzm8;IK:�]rEm656=?YT78p?�<S8;EY>O�¤4@?^6=TBIZ[LIZXK<=6=Em>\8;X�T\IZ:=8Lzm>d�xl^?Y[;8LT@?^<S8LEm>d�x?Y>\T�lmIK6=8LsO�

X�?�<S8;EY>oXZ?Y>�>\E�[LEm>7zmIK6j?Y:=:9N76=Iy<S47IW:S?�]rIK< 1 EY]�IZ[LIZXK<=6=Em>\8;Xyn@?Y6�<S:F?Y>7To: 1 :9<=IZQR:�N7:9IZTo]rEm6j:=n@?YXKI

IªÀOn7[LEm6S?�<S8;EY>dC��¤>an@?Y6�<S8LXZN7[;?Y6Z��<=47IZ69I28L:�?F:=n�IZXK8Ls@Xg>7IZIKT�<=Ek69IKlb8;:98L<�<S47I�<SIK:9<�Q�Iª<S47EbT7:v?Y>7T�Q�EbTO�

IZ[L:©N7:9IZTB8;>�n\6=IZT\8;XK<=8;>7z�Em>O�¤EY6=P78h<©6S?^T78p?^<=8;Em>W6=IK:=n�Em>7:9IFE^]�Q�EbT7IZ69>«IZ[LIZXK<=6=Em>\8;XZ:KC ~ IZXKIZ>t<�:=8L>7zm[;I

IKlYIZ>t<jN7n7:9IK<�»¡M } i�¾26=?YT78p?�<S8;EY>�I ¨ IKXK<S:5IªÀOn�IK6=8LQ�IK>x<=:uEm>�QREOT\IZ6=>R<SIKXc47>7Em[LEmzm8;IK:5:947E�G%<=6=IZ>\T7:

8;>\XZEm>7:98;:�<SIZ>t<�Gj8h<S4BXZN7696=IK>x<�QREbT7IZ[L:j»ÍI^CÇz7Ch�x?YT\l^?Y>\XZIZT�3 {�� MoÊ×´ZË7?Y>7T�M � ��ÖmM � MB3 {�� MoÊÇ��Ëp¾ªC

�¤>&zYIZ>7IK6S?Y[¡�\<S47IyIÕÀ\8L:9<=8;>7zBEm>O�¹Em6=P\8L<FM } i³QREOT7IK[;:�4@?�lYIW<=47I`]rEm[;[LEHGj8L>7z�:947Em69<=XZEmQR8;>\zm:Z�

Ø J 47I 1 IªÀOXK[;N7T7IBXKEmQ�P78L>7IZT¥I ¨ IZXª<S:`]r6=EYQ�T78L6=IZXª<W?Y>7T¥8;>\T78;69IZXK<�8;Em>78LÃ�?^<=8;Em>&P 1 8;>7XK8;T7IK>t<

n@?^69<S8LXZ[LIZ:Z�

Ø J 47I 1 T7E&>\EY<�?^XZXZEYN7>t<�]rEm6`<=47I�?^>7zmN7[;?Y6`T7IZn�IZ>\T7IZ>7XKIUEY]2<S47IR6=IZ?YXK<=8;Em>£n76=EbT7N7Xª<S:W6=IÕ�

:9N7[L<=8;>7z�]r69EmQ)8L>x<=IZ6=?YXK<=8;Em>7:�E^<S47IK6j<=4@?Y>oIZ[LIZXK<=6=Em>\8;X`:9<=Emn7n78L>7z7�

Ø J 47I 1 IªÀOXZ[LN7T7IyXc4@?Y69zmIWXZEm[L[;IZXª<S8LEm>UP 1 T78 ¨ N7:98;Em>d�

Ø J 47I 1 4@?�lmIB[L8;QR8L<SIKT�XZ?Yn@?YP78L[;8h< 1 <=Eo?Y>@?Y[ 1 ÃKI�T7Iª<c?Y8L[;IZT(zYIZEmQRIK<=6=8;XZ?Y[fI ¨ IKXK<=:Z��8CÄIYCh�dIZT\zmI

I ¨ IKXK<S:K��8;:=EY[p?^<=8;Em>�<=6=IK>7Xc47IZ:K��?Y>7ToP7N76=8LIZT¬E�ÀO8;T7IK:Z�

Ø J 47I 1 4@?�lmI�>7E�QRIK<=47EbT¬]rEY6�Q�EbT7IZ[L8;>7z«I ¨ IKXK<=:�?Y:9:=EbXZ8;?^<SIKToGj8h<S4¬<S47IyXZEYQ�n7[LIªÀ¬:9n@?^<=8p?Y[

l^?Y698p?^<=8;Em>UE^]fXc4@?^6=zmIyzmIK>7IZ6=?^<SIKT�P 1 8;>\T78Llb8;T\N@?Y[q8LEm>¬:9<=6=8;�^IZ:KC

´



J 47I�IªÀO8;:�<S8L>7z�<SIZXc4\>78;wxN7IK:Z�YT\IKlmIK[;Emn�IZTWXZ8L6=XZ?y´�¸mºm�\��]Í?Y8L[^<=EFn\6=E�lb8;T7I�?YXKXZN76=?^<SI�:9N769lb8Ll^?YP\8;[;8h< 1

IZ:�<S8LQ�?^<=IZ:5]rEY65:=EYQ�I�QREbT7IZ69>U<SIZXc4\>7Em[;EYzm8;IK:`ÊÆ¿^ËC { ?^<SN769I�<SIKXc47>7Em[LEmzm8;IK:u4@?�lmI`P�IZIK>¬:=X�?^[;IZTU<=E

T78LQ�IK>7:=8LEm>7:qGj47IK6=I�>7IªG°n747IK>7EmQRIZ>@?jXc4@?Y[L[;IK>7zmI©:9EmQ�I�E^]b<=47I�P@?Y:98;X�:=8LQ�n\[;8L] 1 8L>7z5?^:=:=N\Q�n\<=8;Em>\:

EY]56S?YT78;?^<S8LEm>�I ¨ IKXK<S:�Q�EbT7IK[;:Z�dGj4\8;Xc4�G2IZ69I�T\IKlmIK[;Emn�IZT£]rEm6`<SIKXc47>7Em[LEmzm8;IK:`]Í?YP76=8LX�?^<=IZT¥8;>¥<S4\I

[p?�<SIW·Y�Y:u<=EBI�?Y69[ 1 ºm�^:ZC

J 47IUN7>\T7IZ69[ 1 8;>7z&Q�IKXc4@?Y>78L:=QR:�]rEm6aM } i)69IZ:=n�Em>7:9I�?Y69I�´H¾y8;Em>78LÃZ8L>7z¬6S?YT78;?^<S8LEm>O�¹8;>7T7N\XZIZT

IZ>\IZ6=z 1 T\IZn�Em:=8h<S8;EY>¥Gj8h<S478L>£<=47IRT7IKlb8;XKIY�©�m¾�8;>78h<S8p?^[fIZ[LIZXª<S6=EY>O�¤47EY[;IBn@?Y8L6`zmIZ>7IK6S?^<=8;Em>�?Y>7T�6=IÕ�

XZEYQ�P78;>7?^<S8LEm>¥?Y>7T�¿t¾�<S47IR6=IK:=n�Em>7:=I�EY]5<=47IRT7IKlb8;XKI�?^>7T�XK8;69XZN78h<W<=Eo<=47IRIZ[;IKXK<=6=Em>O�¹47Em[LI«n@?Y8;6

T78L:9<S698;P7NO<S8;EY>dC } ?^Xc4�EbXZXZN\6=:FEm>�8h<S:�E�Gj>&<=8;QRIZ:=XZ?Y[;IW?Y>\To<=47I 1 ?Y69I�E^]Ù<SIZ>&?Y:9:=N7QRIZTo<SERP�IW:=IÕ�

wxN7IZ>t<=8p?Y[¡�Y8CÄIYCh��IZ>7IK6=z 1 T7IZn�Em:98L<S8LEm>WT7IK<=IZ6=QR8;>\IZ:f8L>78L<=8p?Y[YIZ[;IKXK<=6=Em>O�¹47Em[LIgn7?Y8;6vzmIZ>\IZ6S?�<S8;EY>d��Gj4\8;Xc4

8;>o<SN769>�8;QRn@?YXª<S:FT7IKlb8LXZI�?^>7T�XZ8L6=XKN78L<F6=IK:=n�Em>7:9I¬ÊÆ¶^Ë�©ÊÇ��Ë¡C��Â478;[LI�>\EY<�?R<SEmn78LX�E^]©<S478L:F<=47IZ:98;:K�

<S4\8;:B?Y:9:=N7QRn\<S8LEm>¦Q�? 1 ]Í?Y8;[g]rEm6�QREOT\IZ6=>¦<=IZXc47>7EY[;Emzm8LIZ:oÊÆµ^Ë¡Ú5<S47IK:=I¬IKlYIZ>t<S:�?Y69I¬?Y:=:9N7Q�IKT#<=E

4@?Yn\n�IK>&:9IZwxN7IZ>t<=8p?Y[L[ 1 C

| P�IK<9<SIZ6�N7>7T7IK6=:�<c?Y>7T\8;>7z(EY]u47E�G�6=?YT78;?^<S8LEm>O�¤8L>7T7N7XKIZT¥IZ>\IZ6=z 1 T7IKn�EY:=8L<=8;Em>±»¡?Y>\T�<S47IK6=IÕ�

]rEm69I5Xc4@?Y69zmI5zYIZ>7IK6S?^<=8;Em>�¾�8;:vT78;:�<S698;P7N\<=IZT�8L>�?Y>\T«?Y6=EYN7>7Ta<=47Iu:=IK>7:=8h<S8hlmI5XKEm[;[LIZXª<S8;EY>WlYEm[;N7QRIZ:�EY]

:=XZ?Y[;IKTUQR8;XZ69EOIK[;IKXK<S69Em>78LXFT\IKlb8;XKIZ:5Gj8L[;[�[;IZ?YT�<SEa?aQREm6=I�?YXZXKN76S?^<=I�N7>\T7IZ69:9<c?^>7T78;>\z«EY]¢XZEYQ�n7[LIªÀ

zm69EmN7>7TO�¹Q�IZ?Y:=N\6=IZQRIZ>t<F6=IK:=n�Em>7:9IZ:`?Y>\T&47IK[;no<SERT7IKlYIZ[;EYn�QREm6=IW?YXKXZN76=?^<SIWQ�Iª<S47EbT7:jEY]fN7:=8L>7z

zm69EmN7>7T§<SIK:9<R6=IK:=N7[h<S:B<SE¥n76=IKT78;Xª<B<S47IoEm>O�¹Em6=P78h<«6=IK:=n�Em>7:9IYC � >7I¬QRIK<=47EOT§EY]�:9<=N7T 1 8;>7z£IZ>b�

IZ69z 1 T7IZn�Em:=8h<S8LEm>U8;:g<S47I`N\:=I`EY]�:98;Q�N7[;?^<S8LEm>R:=EY]Ù<¤G5?Y6=I�<=E«T7IK<=IZ69Q�8L>7Ik<=47I�IªÀOn�IZXª<SIZTo6S?^T78p?^<=8;Em>

<S6=?Y>7:9n�Em6�<�<S4769EmN7zm4oQ�?^<SIK6=8p?^[;:u?^>7T&T\IKlb8;XKIZ:ZC

{ Em>t<SI�3u?Y6=[LE`<SIZXc4\>78;wxN7IK:5<SEWn76=IKT78;Xª<g6S?YT78;?^<S8LEm>«<S6=?Y>7:=n�Em6�<247?�lYI�P�IZIK>�8;QRn7[LIZQRIZ>t<SIKTB]rEY6

:=IªlmIK6S?Y[2T7IZXZ?YT7IZ:U»Í:9IZI(ÊÄ·�Ë¡��ÊÆº^Ë¡�f?Y>\TÂÊÄ¸HË�]rEm6�IÕÀ\?YQ�n\[;IZ:S¾ªC { Em>t<SI�3u?^6=[;EoQRIK<S4\EOT7:�?Y69I�XKEmQB�

n7N\<S?^<S8LEm>@?Y[d?Y[;zmEY6=8L<=47QR:5P@?Y:9IZT&Em>�<S47IWN7:=IWEY]�6S?Y>\T7EmQ�>xN7Q�P�IZ69:�?^>7T&n\6=EmP@?^P7[;8h< 1 :�<c?^<=8;:9<=8;XK:

�



J ?YP\[;I«´m� { EY>x<=I�3u?^6=[;E«XKEOT\IZ:FN7:=IKTo]rEm6�6=?YT78;?^<S8LEm>U<S6=?Y>7:=n�Em6�<�<S4769EmN7zm4oQ�?�<SIZ698p?Y[L:ZC

{ EY>x<=I�3u?Y6=[LE�35EbT7I �¤>7XZ8LT7IZ>t< � ?Y6�<S8LXZ[;IK: | l^?Y8L[p?YP7[LI
0u~ ��3ÛÊ×´���Ë n769EY<SEY>7:
3ui � � � ÊÜ´�¿^Ë n769EY<SEY>7:

} _WMO¶xÖ } _WMO>769X�Ê×´�¶�Ë IK[;IZXª<S69Em>7:Z�@n\47EY<SEY>7:
{ 3 05}g�k� ÊÜ´H�HË >7IKN\<S69Em>7:Z�@zm?YQ�Q�?�6S? 1 :Z�@IK[;IKXK<S69Em>7:
{ 3 ��� ÊÜ´�µ^Ë >7IKN\<S69Em>7:K��n\47EY<SEY>7:Z�@IK[;IZXª<S69Em>7:
{��`~ M } Ê×´H·HË >7IZN\<=6=Em>\:Z��zt?YQRQ�?�6S? 1 :
M } i�MO� { ÊÜ´�º^Ë n769EY<SEY>7:

]rEm6�:=Em[LN\<S8LEm>7:B<SE�69I�?Y[k: 1 :9<=IZQR:ZC¯�¤>²zYIZ>7IK6S?Y[¡� { Em>t<SI(3u?Y6=[LE°Q�Iª<S47EbT7:�XZEm>7:98;:�<UEY]yn769EmP@?��

P78L[;8L< 1 T7IK>7:=8h< 1 ]rN7>\XK<S8LEm>7:R»rn�T\]r:S¾ª�¢6=?Y>7T7EmQÝ>xN7Q�P�IZ6`zmIK>7IZ6=?^<SEY6=:Z�¢:=?YQRn7[;8L>7zU6=N\[;IZ:K�q<c?^[;[ 1 8L>7z7�

IZ696=Em6gIZ:�<S8LQ�?^<=8;Em>q�mlY?^6=8p?^>7XZIF6=IKT7N7XK<=8;Em>�<SIZXc4\>78;wxN7IK:Z�@?Y>\T�n@?Y6=?Y[;[LIZ[L8;Ã�?�<S8;EY>«?Y>7T�lYIZXª<SEm698;Ã�?�<S8;EY>

ÊÜ´��^Ë¡C { Em>t<=I�3u?^6=[;E�QRIK<=47EbT7:y?Y6=I«N\:=IZT£8;>¥?Ul^?Y698;IK< 1 EY]�s@IZ[LT7:W?Y>7T£?Y69I«N7:=Iª]rN7[©]rEm6�:9Em[Llb8;>\z

IZwxN@?�<S8;EY>7:FGj8h<S4&[p?Y69zmIy>bN\Q�P�IK6=:kEY]©n�Em:=:98;P78L[;8h<S8;IK:yÊÜ´m´ZË¡C��¹<�8L:FE^]Ù<SIZ>&XZEmQRn@?Y69IZTo<SEU?Bzt?YQRIyEY]

Xc4@?Y>\XZIY��:9N7Xc4�?^:�zt?YQ�P7[L8;>7z\�bGj478LXc4¬6=IZ:9N7[L<=:�8;>�<S4\I`:=Em[LN\<S8LEm>�<SER?«n769EmP7[;IKQ&C 0 IZXZ?YN7:=IyEY]v<S4\I

QRIK<S4\EOTdÞÄ:`?YP\8;[;8h< 1 <SE�:9Em[LlYI«[p?Y69zmIan769EmP7[LIZQR:Z�q8h<`8;:k8;T7IZ?Y[�]rEY6�Xc4@?Y69zmI�<S6=?Y>7:=n�Em6�<RÊ×´Y´KË¡C { ?^> 1

8;>\XZ8;T\IZ>t<jn@?Y6�<S8;XK[;IK:j?Y>7To:=IZXKEm>7T@?^6 1 n@?Y6�<S8LXZ[;IK:uX�?^>&P�IW?YXZXKN76S?^<=IZ[ 1 ?YXZXKEmN7>t<SIKT&]rEm6�IZ?Y:=8L[ 1 C

� lmIZ6v<S47Ig[p?^:9<vXZEmN\n7[;I�EY]@T\IZX�?^T7IZ:K� { Em>t<SI53u?Y69[;EFQ�Iª<S47EbT7:v4@?�lmI5P�IZIK>�?Yn\n7[;8LIZTy<SEFn76=IKT78;Xª<

IZ>\IZ6=z 1 T7IZn�Em:98L<S8LEm>�]r6=EYQ�XZEYQ�n7[LIªÀ�>bN\XZ[;IZ?Y6`6=IZ?YXK<=8;Em>(IªlmIK>x<=:ZCR�¤>¥zmIZ>7IK6S?Y[¡�¢47E�G5IªlmIK6Z��<=47IZ:9I

<SEbEm[L:`4@?�lmI�P�IZIK>°[;8LQ�8h<SIKT�<SE�?o:9Q�?Y[L[©>xN7Q�P�IZ6�EY]u8L>7XZ8LT7IZ>t<Wn@?Y6�<S8;XK[;I�< 1 n�IZ:Z��< 1 n\8;X�?^[;[ 1 8;Em>\:

Gj8L<=4o¼§ß-´mC J ?^P7[;I�´yn769IZ:9IZ>t<S:F:=IªlmIZ6=?Y[¢XZEbT7IK:k?^>7T�<S47I`n@?^69<S8LXZ[LIZ:uEY]v8L>x<=IZ69IZ:9<�Gj8h<S478L>U<S47IKQ&C

MOEmQRI`EY<S4\IZ6 { Em>t<SI�3u?Y69[;E«XKEOT7IK:k47?�lYI`<S47IyX�?^n@?YP78L[;8L< 1 <SEBn769IZT78LXK<j6=?YT78p?�<S8;EY>�<S6=?Y>7:=n�Em6�<

]r6=EYQ'4\I�?�l 1 8LEm>7:`»¡¼�½³´H¾ª�OP7N\<u?Y6=Ik[;8;QR8L<=IZTB8;>�EY<S47IK62G5? 1 :KCgV�EY65IªÀ\?YQRn7[LIY� �k| M | A�?Y>7zm[LI 1

~ IZ:=IZ?Y6=Xc4°35IZ>t<SIK6ZÞÄ:�DF8;zm4�354@?Y69zmI } >7IZ69z 1(J 6S?Y>7:9n�EY69<�»¡D�¼ }�Jj~F� ¾BÊÜ´�¸^Ë�XKEOT\IR8L:`T7IZ:98;zm>\IZT

?Y:a?&P7[;?YXc�¥P�E�À£]rEm6WIZ>7zm8L>7IZIK6=:�[;EbEm�x8;>7z¬]rEm6�?&wxN78;Xc��?Y>7:�G5IK6a<SEo<S47I�IªÀOn�IZXK<=IZT§?YQREmN7>t<�EY]

6S?^T78p?^<=8;Em>�<=4@?^<�Gj8;[L[\n@?^:=:�<S4769EmN7zm4R:=n@?^XZIZXK6S?^]Ù<2:=4\8;IZ[LT78;>\z7C©V@Em6©<=47Em:=IjG5?Y>t<S8;>\z�QREm6=I�:9n�IKXZ8hs@X

¿



?Y>7:�G5IK6=:�<=E�n769EmP7[;IKQ�:W6=IKzt?Y69T78;>7z&n74 1 :=8;XK:«?Y>7T�<S47I�Q�IKXc4@?Y>78L:=QR:aEY]u<=6S?Y>\:=n�Em69<Z��<S4\8;:aXKEOT\I

[p?^Xc�b:B<S4\I�EmN\<=n7N\<�EY]`8L>\]rEm6=Q�?^<=8;Em>�ÊÜ´�¸�Ë¡C | Q�Em69I&69IZXKIZ>t<S[ 1 T\IKlmIK[;Emn�IZTÑXZEbT7IY�5<=47I�QaN7[L<=8h�

n7N769n�EY:=I � ?Y69<=8;XZ[LIu?Y>\TBDkI�?�l 1 �¤EY> J 6=?Y>7:=n�Em6�<©XZEbT7IjM 1 :�<SIKQ/» � Dk� J M\¾uÊÇ�^�^Ë�Y4@?Y:�?�69IZ:�<S6=8LXK<=IZT

IZ>\IZ6=z 1 6S?^>7zmI�]rEm6�47I�?�l 1 8LEm>7:UEY]WN7n±<=E§¿§_yIªeyÖ^>xN7XK[;IKEm>²Q�?HÀqC | <=478;69T±XZEbT7I^� { EY>x<=I

3u?Y69[;E � � � ?Y6�<S8;XK[;I�I Á <=IZ>7T7IKT » { 3 ���©Á ¾£ÊÜ´�µ^Ë¡��8;:¬P@?^:=IZT�E ¨�{ 3 ��� ?Y>7TÂGj8;[L[�:98;Q�N7[;?^<SI

¿Y¶�T\8 ¨ IZ6=IK>t<Bn@?Y69<=8;XK[;IZ:W< 1 n�IK:ZC J 47I�[;8LQ�8h<c?^<=8;Em>(EY] { 3 �k�©Á 8;:aN\:S?YP78L[;8h< 1 ?^>7T°É@IªÀ\?YP\8;[;8h< 1 C

35EmQRn7[;IÕÀ�:9<S69N7XK<=N76=IK:�X�?Y>�P�IkXZ6=IZ?^<SIKTd�7P7NO<5<S4\I�8;>7n\N\<5s@[LIZ:5?Y6=IkT78LÔRXZN\[L<g<SE�Q�?Y:9<=IZ65?Y>7TUN7:9I

I ¨ IZXª<S8hlmIZ[ 1 C

J 47I�:98;Q�N7[;?^<S8LEm>«<SEbEm[�N7:=IKT�8;>R<S478L:5:9<=N7T 1 8;:gP@?Y:9IZT�Em>U_yIZ?Y>t<S¶¬ÊÄ�O´ZË�Gj8L<=4�IªÀb<=IZ>7:98;Em>7:5P 1

eg?Y>7T\IZ6=P\8;[L<�69IZ:9I�?Y69Xc47IZ69:jÊÇ�Y��ËCf_`I�?Y>t<S¶k8;:v?j[;8;P\6S?Y6 1 EY]\X�àyàÑ6=EmNO<S8;>\IZ:�?Y:=:9IZQ�P7[LIZT�P 1 ?^>a8;>t<=IZ6��

>@?^<=8;Em>7?Y[7XZEY[;[p?^P�Em6=?^<S8LEm>a]rEm6�T7IK:=XK6=8;P\8;>7zW6S?YT\8p?^<=8;Em>«8L>x<=IZ6=?YXK<=8;Em>«Gj8L<=4�Q�?^<9<SIZ6kÊÄ�O´KË¡C©�¹<28;:�N7:9IZT

8;>§Q�?Y> 1 ?Yn7n\[;8;XZ?^<S8LEm>7:�8L>7XZ[LN7T78L>7z(478;zY4*IK>7IZ69z 1 n74 1 :=8;XK:Z�uQRIZT\8;X�?^[��>xN7XZ[LI�?Y6BIªÀOn�IZ698;QRIZ>t<S:K�

?Y>7T�:=n@?YXKI�n74 1 :=8LXZ:ZC��¹<5?Y[;[LE�Gj:2T7IªlmIK[;Emn�IZ69:5<SE�I�?Y:98;[ 1 XK6=IZ?^<SI�<=EOEY[;:�<S4@?�<uXZEY6=6=IK:=n�Em>7T�<=E�<=47IZ8L6

:=n�IZXK8Ls@Xk>7IZIKT7:j?Y>7TU?Yn7n7[L8;X�?�<S8;EY>7:ZC J 47IZ69I`?Y69Ikl^?Y6=8LEmN7:gn74 1 8;XZ:5Q�EbT7IZ[L:�<S4@?^<54@?Y>7T\[;I�8L>t<SIZ6=?YXª�

<S8LEm>7:�E^]2n7?Y69<=8;XZ[LIZ:FGj8L<S4(Q�?^<9<SIZ6�?YXZ69Em:=:y?UP769Et?YT(IK>7IZ69z 1 6S?^>7zmIY�qN7n(<SEo�Y�m� { IKeyÖ�>bN\XZ[;IKEm>

ÊÄ�Y¿^Ë¡C

354@?Yn\<=IZ62�=��T7IK:=XZ698;P�IZ:g<S47I { Em>t<SI�3u?Y6=[LEW<=EOEm[@N\:=IZTU]rEY6�<=478;:�G2Em6=�R?Y>7T�47E�G²8L<gGu?^:5N7:9IZT

Em>�?�4\8;zm4�n�IK69]rEm69Q�?Y>\XZI�XKEmQRn7N\<S8L>7zaXK[;N7:�<SIK6ZC J 478;:2:=8LQ�N7[p?�<S8;EY>R<=EOEm[�4@?Y:5?Y[;:9E�P�IZIZ>�N\:=IZT¬8L>

EY<=47IZ6j6=IKXZIK>x<FG2Em6=���@:=IKIUÊÜ´ZË¡��ÊÄ�^¶YË¡�vÊÇ�m��ËC

354@?Yn\<=IZ6B�=�9��E^]k<=478;:�<=47IZ:98;:«8;:B?^>#E�lYIZ69lb8LIKG�E^]k<=47I�>@?^<=N76S?Y[5:=n@?YXKI¬IZ>tlb8;6=EY>7Q�IK>t<�?^>7T

XZEY>x<S?Y8;>\:�P@?YXc�xzm69EmN7>7T(>\IZXZIK:=:=?Y6 1 ]rEm6�?RP�Iª<=<=IZ6�N\>7T7IZ69:9<S?Y>7T78L>7zUEY]©<=47I�QREY<S8hl^?^<S8LEm>U]rEm6j<S478L:

<S4\IZ:=8L:ZC | :9<=6=N7Xª<SN769I�69IZn769IZ:=IK>t<c?^<=8LlmIkEY]¢?WQ�EbT7IK6=>«<SIKXc47>7Em[LEmz 1 8;:�:947E�Gj>U8;>RXc4@?Yn\<=IZ6g�¹e¯?^>7T

<S4\I�T@?�<c?¬T7IZ:9XZ6=8Ln\<S8LEm>£8;:`n769IZ:=IK>t<SIZTqC��¤>�Xc4@?YnO<SIZ6ye�6=IZ:9N7[L<=:yEY]u:98;>7zm[LIª�¹IKlmIK>t<aN7n\:=IK<U»M } i�¾

IZ696=Em6�6S?^<=I�X�?Y[LXZN7[;?^<S8LEm>7:B]rEm6�<¤G2E§:9<=6=N7Xª<SN769IZ:¬?Y69I�n76=IK:=IK>x<=IZT�:=47E�Gj8L>7z°<S4@?�<U<S47I�XZ[p?^:=:=8LX�?Y[

¶



QRIK<S4\EOToEY]�M } i�6S?^<=IyX�?Y[LXZN7[;?^<S8LEm>7:�N7>7T\IZ6=IK:9<=8;Q�?^<SIK:k<S4\I�6=?^<SI`]rEm6FXZIK69<c?^8;>o:9<S69N7XK<=N76=IK:ZC � Iª�

<c?^8;[;IKT { Em>t<=IR3u?Y6=[LEU:=8LQ�N7[p?�<S8;EY>7:kE^]�IZ>7IK6=z 1 T7IZn�Em:=8h<S8LEm>7:B»rXc4@?Y6=zYI«zmIZ>7IK6S?^<=8;Em>@¾F8;>�?U:=Q�?Y[;[

lmEY[;N7QRI�?^6=I�:947E�Gj>¬8;>�Xc47?Yn\<SIK65e��cC J 47I�T\IZn�Em:=8h<S8;EY>7:5?^6=I�?�6=IZ:9N7[L<5EY]�8;>t<=IZ6S?^XK<S8LEm>7:gP�Iª<¤G5IKIZ>

<S4\I«n76=E�á9IKXK<=8;[;I«8LEm>#»Ín\6=EY<=Em>7:y?Y>7T¥47IZ?�l 1 8LEm>7:S¾�?Y>7T¥<S47I«:�<S69N7XK<=N76=I^CRMO8;Q�N\[p?^<=8;Em>7:k:=47E�Gj8L>7z

<S47?^<�8h<�8L:k>\IZXZIK:=:=?Y6 1 <SE�8L>7XZ[LN7T7IW8;Em>\8;Ã�?�<S8;EY>d�@IZ[;?Y:9<=8;XW?Y>7T�8L>7IZ[;?Y:9<=8;Xy>xN7XZ[LI�?Y6k6=IZ?YXK<=8;Em>7:K�q?^>7T

:=XK6=IKIZ>7IKT�35EmN7[;EYQ�P*:9X�?^<9<SIK6=8;>\z£Gj47IK>²?Y>@?^[ 1 ÃZ8L>7z(<S47Io8;QRn@?YXª<R<=4@?^<B<S4\I&47IZ?�l 1 8LEm>¯»¡¼�½

´H¾�:=n@?^XZIaIK>tlO8L6=Em>\Q�IK>x<�4@?Y:FEm>�QREOT\IZ6=>¬<SIKXc47>7Em[LEmzm8LIZ:F8;:F:=47E�Gj>d�q?�Q�?Há9Em6jT7IZn7?Y69<=N76=IW]r6=EmQ

<S4\I�XZ[;?Y:=:98;X�?^[�lb8;IªG�<=4@?^<�< 1 n78LX�?Y[L[ 1 Em>7[ 1 XZEm>7:98;T7IK6=:y?U:98;QRn7[;8hs@IZTolmIZ69:=8LEm>¥EY]�<S47I«8LEm>78LÃ�?^<=8;Em>

n769EOXKIZ:=:KCB�¤>£Xc47?Yn\<SIK6We��=�c�dXc47?Y6=zmIBzmIK>7IZ6=?^<S8LEm>¥8;>(69IZn769IZ:=IK>t<c?^<=8LlmI�M � �klYEm[;N\Q�IK:`8;:`:=4\EHGj>q�

?Y>7T�s@>@?Y[L[ 1 Xc4@?^n\<SIK6ae��9�=��XKEm>7XZ[LN7T7IK:a<S478L:W<=47IZ:98;:�P 1 ?&:9N7QRQ�?Y6 1 EY]u<=47I��^I 1 n�Em8L>x<=:a?^>7T

6=IK:=N7[h<S:jEY]v<S478L:uG5EY6=��C

�



3uD |���Jj}�~ �=�

MO� { ikA |�J � �`��JF�y� A

{�~F}�� � | _`I�?Y>t<=¶ | n7n7[L8;X�?�<S8;EY>

J 47I { Em>t<=I¬3u?Y6=[LE�XKEOT7I�N7:=IKT°<SE�n769EOT\N7XZI�<=47IU69IZ:=N\[L<S:an76=IK:=IZ>t<=IZT§8;>�<=478;:W<S47IK:=8L:a8;:a?

_`I�?Y>t<S¶*ÊÄ�O´KË�?Yn7n7[L8;X�?�<S8;EY>°X�?Y[L[;IKT {�~k}�� » { EY>x<=Io3u?Y6=[LE ~ ?^T78p?^<=8LlYI } >7IZ69z 1§� IZn�Em:98L<S8LEm>�¾

ÊÜ´ZË�dÊÇ��¶^Ë¡�¢ÊÄ�m��Ë¡�dÊÄ�Yµ^Ë¡Cg_yIZ?Y>t<S¶�8L:5?�[;8;P\6S?Y6 1 EY]¢X�àyà³6=EmNO<S8;>\IZ:u?^:=:=IKQ�P7[LIZTUP 1 ?Y>U8;>t<=IZ6=>7?^<S8LEm>@?Y[

XZEY[;[p?^P�Em6=?^<S8LEm>a]rEm6�T7IK:=XK6=8;P\8;>7z�6S?YT78;?^<S8LEm>«8;>t<=IZ6S?^XK<S8LEm>BGj8L<S4RQ�?^<=<=IZ6kÊÇ�b´ZËCf�¹<58L:gN\:=IZT�8;>RQ�?Y> 1

?Yn7n\[;8;XZ?^<S8LEm>7:j8;>\XZ[;N\T78;>7z�478;zY4�IZ>7IK6=z 1 n74 1 :=8LXZ:Z�¢QRIZT\8;X�?^[��>bN\XZ[;IZ?Y6�IÕÀOn�IK6=8;QRIZ>t<=:Z�¢?Y>\T(:=n@?YXKI

n74 1 :=8LXZ:ZC�e�IZ6=:98;Em>�·OCÇ�\CÇn7�\´2E^]�_`I�?Y>t<S¶FGu?^:�N7:9IZTa<=E�P7N\8;[;T`<=47IglYIZ69:=8;EY>aEY] {&~k}�� N\:=IZTa8;>y<S478L:

:9<=N7T 1 C {&~k}�� 8;:�P7N78L[L<5Em>�<S47IW_`I�?Y>t<=¶R[L8;P76=?Y6=8LIZ:�Gj8L<=4¬eg?^>7T7IZ69P78;[h<�?YT\T78L<=8;Em>7:K�\8L>7XZ[LN7T78;>\z«?

QREOT7IK[b]rEY6�:9XZ6=IKIZ>7IKTU35EYN7[;EmQaPa:=XZ?^<=<=IZ698;>7z�E^]�8;Em>7:5ÊÄ�m��Ë¡�Y<SIª<S6S?^47IZT76=?Y[\zYIZEmQRIK<=6=8;XgEmPbá9IKXK<=:jÊÇ��¶YË�

?¬P78p?Y:98;>7zU<=IZXc47>\8;wxN7I�]rEY6`XZ6=EY:=:W:=IZXª<S8LEm>�IK>74@?Y>7XKIZQRIZ>t<���?Y>7T�?�>bN\Q�P�IK6�E^]u?YT\T78L<=8;Em>@?^[f]rI�?��

<SN\6=IZ:F6=IK[;IªlY?^>x<j<=ER:9IZQR8;XKEm>7T7N7Xª<SEm6jT7Iªlb8;XZI�?Yn7n\[;8;XZ?^<S8LEm>7:KC J 47Ia_yIZ?Y>t<S¶R[;8;P\6S?Y698;IZ:2]r6=IZwxN7IK>t<S[ 1

XZEY>x<S?Y8;>°?Y[L<=IZ6=>7?^<S8hlmI�QREbT7IZ[L:�]rEm6W<S47IU:=?YQRIUn74 1 :=8;XZ?Y[5n\6=EbXZIZ:9:=IK:�?^>7T°<S47IK:=I�Q�? 1 T78 ¨ IK6a8L>

[;IªlmIK[©EY]gT7IK<S?Y8;[f?Y>7T£?YXKXZN76=?YX 1 CB_yIK>7IZ6=?Y[;[ 1 � {�~k}�� 8;:�:�<S69N7XK<=N76=IKT�:9E¬<=4@?^<y?^[;[fn\4 1 :98;XZ:y69IZ[h�

IKl^?Y>t<`]rEm6`6=?YT78;?^<S8LEm>�I ¨ IKXK<S:W?Yn\n7[;8LX�?^<=8;Em>7:k8;:`?�l^?Y8L[p?YP7[LIa?^>7T¥:=IZ[LIZXª<c?YP7[LIB?^<`69N7>(<S8;QRIYC J 478L:

8;>\XZ[;N\T7IZ:yIZ[LIZXª<S6=EYQ�?YzY>7IK<=8;XB?Y>7T£4@?YT\6=Em>78LXBn76=EbXZIK:=:=IK:a]rEm6y?Y[L[�6=IK[;IKl^?Y>t<Wn@?Y6�<S8LXZ[;IK:Z��8;>\XZ[;N\T78;>7z

IZ[LIZQRIZ>t<c?^6 1 n@?^69<S8LXZ[LIZ:5<=4@?^<F[;8hlmI`[;EY>7z«IZ>7EYN7zm4¬<SEBP�I`<=6S?YXc�^IZTdC

J 47IZ69I�?^6=IU<¤G2E�QREOT\IZ[;:�?�l^?Y8L[p?YP\[;IB]rEm6�<S47I¬T7IK:=XK6=8;nO<S8;EY>¦EY]k<=47I¬8;>t<S6=?��¤>xN7XK[;IZ?Y6�X�?^:=X�?^T7I

EY]�>xN7XK[;IKEm>7:�n769EOT\N7XZIKT°P 1 >7IKN\<S69Em>¦?Y>\T°n76=E^<SEm>�8;6=6=?YT78;?^<S8LEm>d�y<S47I 0 IZ6�<S8;>\8gQREbT7IZ[¡�f?Y>\T¦?

P78L>@?Y6 1 X�?Y:9X�?YT7I�?Y[L<=IZ69>@?^<S8hlmIoÊÄ�Y¿^Ë¡C�_`IZ>7IK6S?Y[L[ 1 ��<=47I 0 IZ6�<S8;>\8�Q�EbT7IZ[�47?Y:�P�IZIK>�N7:9IZT°8L>(<S478L:

G2Em6=�UIÕÀOXZIZnO<`?Y:�>7E^<SIZTo8;>¬Xc4@?^n\<SIK6Fe��=�cC

µ



DkIZ?�l 1 8;EY>�>bN\XZ[;IZ?Y6j6=IZ?YXK<=8;Em>7:F?Y69I`zmIZ>\IZ6S?^[;[ 1 EY]�[;IZ:9:k8L>t<SIZ69IZ:�<F<=E«<S47IyT7EmQR8;>7?Y>7XZI`E^]f<S4\I

_`I�?Y>t<S¶yT7IªlmIK[;Emn7QRIZ>t<2?Y>7T�?Yn7n\[;8;XZ?^<S8LEm>7:�XZEmQRQ�N7>78h< 1 ?Y>\TR<=47IZ69IK]rEm69IF8LEm>O�¹8;Em>�n\4 1 :98;XZ:g8;:�[LIZ:9:

XZEYQ�n7[LIK<=IB<=4@?Y>¥<S4@?�<a?�l^?Y8L[p?YP7[LIa]rEm6y>7IKN\<S69Em>7:�?^>7T�n\6=EY<=Em>7:ZC � IªlmIZ6�<S47IK[;IK:=:Z��?¬P78L>@?Y6 1 X�?Y: �

X�?^T7IUQREOT7IK[�]rEm6a[L8;zm4t<9�¹8;Em>¥69I�?YXª<S8;EY>7:a8L:�?�l^?Y8;[;?YP7[;IR?Y>\T°6=IKXZEmQRQ�IK>7T7IKT°P 1 8h<S:�?^N\<S47EY6=:�]rEY6

n769E�á9IZXª<S8;[LIZ:©N\nB<=476=EYN7zm4�â Ð 3�C ~ IZXKIZ>t<�XZEmQRn@?Y698;:9Em>7:f<=E`IªÀOn�IK6=8LQ�IK>x<S?Y[\69IZ:9N7[L<=:�P 1aJ Ct�`Em8¢ÊÄ�m·�Ë

4@?�lmIk:=47E�Gj>U<=4@?^<g<S47IFP78;>7?Y6 1 XZ?Y:=XZ?YT7I�QREbT7IZ[�?YXª<SN@?Y[L[ 1 G5Em69�x:5]Í?Y8;69[ 1 G5IK[;[@]rEm6g:=N7P7:�<c?Y>t<=8p?Y[L[ 1

47IZ?�lb8LIZ6jn76=EHá9IZXK<=8;[LIZ:Z�7?Y>7To:=EB8L<j4@?^:FP�IZIK>&N\:=IZT&47IZ69I`]rEm6�n76=EHá9IZXK<=8;[LIZ:�N7n¬<S4769EmN7zm4¬ã¤äÕV@I�Gj8L<=4

X�?^N\<S8LEm>dC | T7T78L<=8;Em>7?Y[�QREbT7IZ[L:2]rEm628;Em>O�¹8;Em>�XZEm[L[;8L:=8;EY>7:�T7IKlYIZ[;EYn�IKT&?�<Få�8;>7Iª<S8;woÊÄ�Yº^Ë�]r6=EmQ'Em698;z^�

8;>7?Y[@G5Em69�BP 1 �Â8;[L:=Em>q�bIª<�?Y[¡C©?^< �k| M | ÊÄ�Y¸�Ëq?Y69I�?Y[L:=E�?�l^?Y8L[p?YP\[;IY�tP\N\<5G2IZ69I�>7EY<5N7:=IKTU8;>R<S478L:

G2Em6=��C

J 47I�QREbT7IZ[7E^]dIZ[LIZXª<S6=EYQ�?YzY>7IK<=8;X�8;>t<=IZ6S?^XK<S8LEm>7:�N7:9IZT�]rEY6�<=478;:�G2Em6=�«8L:�<S47IF:=E^�¹X�?Y[L[;IKTR:�<c?Y>b�

T@?Y69T�QREOT\IZ[¢Gj8L<=4&<S4\I�?YT7T\8L<S8LEm>oEY]�:=XK6=IKIZ>7IKT£35EmN7[;EYQ�P�XKEm[;[L8;:=8LEm>7:KC { Em69IaT7Iª<c?Y8L[;IKT&QREOT\IZ[;:

?Y69Ij?�l^?Y8L[p?YP\[;I�ÊÇ�^¶^Ë�tP7NO<�<S47I 1 6=IKwbN\8;6=I�:9N7P7:�<c?Y>t<S8;?Y[;[ 1 zY6=I�?�<SIZ6�XKEmQRn7N\<S8L>7z�<=8;QRI�?Y>7TB4@?�lmIj>7E^<

P�IZIZ>oEmP7:9IZ6�lmIZT&<SEBXc4@?Y>7zYIW<=47IZ:9IWwxN@?^[;8L<S?^<S8hlmI�XKEm>7XK[;N7:98;Em>7:KC

ik:=8L>7zB<S47I {�~F}���| n7n7[;8LX�?^<=8;Em>

J 47I5lYIZ6=:98;Em>aEY] {�~F}�� N7:=IKT�8;>W<S478L:vG2Em69���^lmIZ69:=8LEm>«µ\�^8;:�:9<=6=N7Xª<SN769IZT«:=N\Xc4�<S4@?^<f?Y>�8;>7n7NO<

s@[LI�8L:�XK6=I�?�<SIZT¦P 1 <S4\I�N7:9IZ6�:�<c?^<=8;>7z&?Y[;[�>7IKXZIK:=:S?^6 1 XKEmQRQ�?Y>\T7:W?Y>7T°n@?^:=:=IKT¦8;>t<SE {�~F}g� C

J 478L:ks@[LIaXZEY>x<S?Y8;>\:�8;>O]rEm6=Q�?^<S8LEm>¬6=IKzt?Y6=T\8;>7zR<S47I�n74 1 :98;XK:Z�¢:9<=6=N7Xª<SN769IY�d8LEm>&< 1 n�I«?Y>7T�IZ>7IK6=z 1 �

?Y>7T�<=47I«T7IK:=8;69IZT¥EmN\<=n7N\<ZC | >(IªÀ\?YQRn7[;I�8L>7n7N\<�s@[;I�XZ?Y>(P�I�lO8LIKG2IZT¥8;> | n7n�IZ>7T78×À | C } ?YXc4

[;8L>7Ij8;:2T7EOXKN7QRIZ>t<SIKTU:=Ea<=47I�69I�?YT\IZ65Q�? 1 N7>7T7IK6=:9<S?Y>7TU<=47I�XKEmQ�Q�?Y>7T\:ZC | < 1 n78;XZ?Y[�8L>7n7N\<gs@[LI

n�Em8;>t<S:�<=E¬EY<S47IK6�s@[;IK:�]rEm6y?YT7T\8L<S8LEm>@?Y[v8;>O]rEm6=Q�?^<S8LEm>dC J 47I«s@[LIZ:`>7IKXZIZ:9:S?Y6 1 ]rEm6�<S4\8;:y?Y69IB?Y[;:9E

T7EbXZN7QRIZ>t<=IZT£8;> | n7n�IZ>\T78hÀ | C � E^<SI�<S47?^<`]rN\<SN\6=I«lmIK6=:=8LEm>7:yEY] {�~F}g� Q�? 1 >7EY<y4@?�lmIB<S4\I

:S?^Q�Iu< 1 n�IFE^]�8L>7n7N\<�s7[;IZ:�?^:�N7:=IKT�8L>�<S478L:©G5Em69��C J 47I�s@[;IK:�n76=IK:=IK>x<=IZT�47IZ69Ik?^6=Iu]rEm6©69IK]rIK6=IZ>\XZI

·



Em>7[ 1 C

MO8;QaN7[p?^<=8;Em>\:B]rEY6R<=478;:BG5EY6=�§G5IK6=I�XKEm>7T7N7Xª<SIKTÂ<=476=EYN7zm4*eg?^>7T7IZ69P78;[h<UiF>78LlYIZ69:=8L< 1 ÞÄ: | Tb�

l^?Y>7XKIZTR35EmQRn7N\<=8;>7z�35IZ>t<SIK6©]rEm6 ~ IZ:9I�?Y69Xc4R?Y>7T } T7N7XZ?^<S8LEm>¬» | 3�3 ~k} ¾ªC J 476=EYN7zm4 | 3�3 ~F} ÞÄ:

XZEYQ�n7NO<S8;>\z�XZ[LN7:9<=IZ6Z��:98;Q�N7[;?^<S8LEm>7:yN7:98;>7z�<=47I {�~F}g� ?Yn\n7[;8LX�?^<=8;Em>¥G5IK6=I¬T7Em>\IU8;>¦n@?^6S?Y[L[;IZ[¡�

<S4\IZ6=IKP 1 ?^[;[;E�Gj8L>7zU[p?^6=zmIK6`:=8;QaN7[p?^<=8;Em>\:k<SEoP�IRn�IZ6�]rEm6=QRIZT£8;>¥:947Em69<=IZ6W?YQREmN7>t<S:yEY]2<S8LQ�I^C |

n 1 <S47Em>¦:9XZ698;n\<Z�fT7IªlmIZ[LEmn�IZT¦P 1°� 6KC { ?Y6=XKN7: { IK>7T7IK>74@?Y[L[u?^< J 47I�eg?Y>\T7IZ69P78;[h<aiF>78LlYIZ69:=8L< 1

V@6=IKI } [LIZXª<S6=EY>BAv?^:=IZ6�A�?YPq�x?Y[;[LEHGj:v<S47I {&~k}�� ?Yn7n7[L8;X�?�<S8;EY>�<SE`P�I�T7N7n\[;8;XZ?^<SIKT�<SEy?�:9n�IKXZ8Ls7IZT

>xN7Q�P�IZ6�EY]�XZEYn78;IK:�?Y>7T£<S47IK>°I�?^Xc4¦8;>7T78hlb8;T7N@?^[�XZEmn 1 6=N7>\:�<SE�XZEmQRn7[;Iª<S8LEm>¥8;>7T7IKn�IK>7T7IK>x<=[ 1 C

J ER69N7>¬<S478L:�:=XZ698;n\<j:9IKlYIZ6S?^[vs@[LIZ:j?Y69I`>7IZXKIZ:9:S?Y6 1 ?^>7T&XZ?Y>¬P�I`]rEmN\>7T¬8;> | n7n�IZ>\T78hÀ 0 Gj8h<S4o?

:=4\Em69<FT7IK:=XZ698;n\<=8;Em>¬EY]vGj4@?^<j]rN7>\XK<S8LEm>¬I�?YXc4¬s@[LIWn�IZ6�]rEm6=QR:ZC

J 47I�EmNO<Sn7N\<�EY]©<S4\IalmIK6=:=8LEm>(EY] {&~k}�� N7:9IZT¥8;>o<S478L:kG2Em6=�o8;:�?¬æ(çYèré@êªëRçYèÍìí=ç�ÊÆ¿m��Ëvs@[LI

XZEY>x<S?Y8;>\8;>7zy<S47Ik:=8LQ�N7[p?�<S8;EY>«T@?^<c?W6=IKwbN\IZ:9<=IZT¬8;>B<S4\I�8;>\n7N\<gs@[;I^C©�¤>�<=478;:�G5EY6=����æ(çYèré@êªëRçYèÍìí=ç

G5?Y:kN\:=IZToIªÀb<=IZ>7:98LlmIK[ 1 ]rEm6us7[;IyXZEmQRn78L[p?^<=8;Em>�?Y>7T¬T@?^<S?�?Y>7?Y[ 1 :=8L:ZC

º



3uD |���Jj}�~ �=�=�

05| 3u��_ ~�� i �k�

� ?�<SN76=?Y[�MOn@?^XZI } >xlb8L6=Em>7QRIZ>t<

J 47Iu>@?�<SN76=?Y[x:=n@?YXKIuIZ>tlb8;69Em>7QRIZ>t<©XKEm>7:98;:9<=:fEY]7n@?Y69<=8;XK[;IZ:�<S47?^<fXZ?Y>�XKEm>t<S6=8LP7N\<=Ig<=E�N7n7:9IK<©EY6

]Í?Y8L[;N769IgE^]@IZ[LIZXK<=6=Em>\8;X5T\IKlb8;XKIZ:©Em>�:S?^<=IZ[L[;8L<=IZ:�?Y>7T�E^<S47IK6f:=n7?YXZIKXZ6S?�]Ù<�C J 4\Iu>xN7Q�P�IZ6fE^]�n@?Y69<=8;XK[;IZ:

?Y>7T«<=47IZ8L6f< 1 n78;XZ?Y[7IZ>\IZ6=zY8;IZ:©l^?Y6 1 zm69I�?^<=[ 1 Gj8L<=4B?Y[L<=8L<SN\T7I�?Y>7TB:9Em[p?Y6f?YXK<=8Llb8L< 1 C { EY:9<�:S?�<SIZ[L[;8h<SIZ:

Emn�IZ6=?^<SIu8L>B?Y[L<=8L<=N7T7IZ:f:=N7696=EmN7>\T78;>7z`zYIZEm: 1 >\Xc476=Em>\EmN7:gEm6=P78h<j»¡_ }g� ¾vGj478LXc4R8L:�?Yn7n\6=E�ÀO8;Q�?^<SIK[ 1

¿t�O�Çºm�m���xQ�?YP�E�lmIRI�?Y6�<S4²ÊÆ¿\´ªËC � ?Y6�<S8;XK[;IK:y<=6S?Yn\n�IKT�8L>£<=47I�IZ?Y69<=47:W6S?YT78;?^<S8LEm>(P�IZ[L<=:y8;>7XK[;N7T7I

n7698;Q�?Y6=8L[ 1 IK[;IKXK<S69Em>7:a?Y>7T°n769EY<SEY>7:Z��?^>7T¦:=EmQRIR47I�?�l 1 8LEm>7:�»¼Ì½/´H¾ªC�35Em:9Q�8LX�6=? 1 :K��P�EY<=4

:=EY[p?Y62?Y>7T�zt?Y[p?^XK<S8LXY�xXZEY>7:=8L:9<uE^]¢n76=E^<SEm>7:2?Y>7T�47I�?�l 1 8LEm>7:KC J 47I�zt?^[p?YXª<S8;X�XKEm:=QR8;XF6S? 1 »_W3 ~ ¾

IZ>tlb8;69Em>7QRIZ>t<5< 1 n78LX�?Y[L[ 1 XKEm>7:98;:9<=:uEY]�ºm�mî-n76=E^<SEm>7:K�q´�¶tî
?Y[;n747?�n@?Y6�<S8LXZ[;IK:�»r47IZ[L8;N7Q�¾ª�x?^>7T�´Hî

47IZ?�l 1 8LEm>7:jÊÆ¿\´ZË¡C��Â4\8;[;I5Em>7[ 1 ´Hî³EY]�<S47I�zm?Y[p?YXª<S8LX2XKEm:=QR8;Xu6=? 1 :g?Y69Iu478Lzm4«IZ>7IK6=z 1 47I�?�l 1 8LEm>7:Z�

<S4\I 1 ?Y6=IFlmIK6 1 8;QRn�Em6�<c?Y>t<�Gj47IK>UXZEm>\:=8;T\IZ6=8L>7za6=?YT78;?^<S8LEm>�I ¨ IKXK<=:u8;>RIZ[LIZXK<=6=Em>\8;XZ:2P�IKX�?YN\:=I�Em>\I

478h<2P 1 ?y47I�?�l 1 n@?Y6�<S8;XK[;I�XZ?Y>�T7E�?yzm6=IZ?^<5T\I�?Y[@EY]qT@?YQ�?YzmI�Gj8L<=478;>R?yT7IKlb8LXZI«ÊÆ¿\´ªËC�Mbn@?YXZIKXZ6=?^]Ù<

:=4\8;IZ[LT78;>\z(X�?Y>*47IZ[Ln#P\[;EbXc�°EmN\<R[;E�G2IZ6BIZ>\IZ6=z 1 n@?Y69<=8;XK[;IZ:K�2P\N\<RX�?Y>*?Y[;:9E¥XZ6=IZ?^<SI¬:9IZXZEY>7T@?Y6 1

n@?Y6�<S8LXZ[;IK:�Gj478LXc4¦4@?�lmIU<=47IUn�EY<SIK>x<=8p?Y[�<SE(P�I�IKwxN@?Y[;[ 1 ?^:aT@?YQ�?Yzm8L>7z&<=E�IZ[LIZXª<S6=EY>78;XK:¬ÊÄ¿m��Ë5EY6

X�?^N7:=I�478;zm4\IZ6FIZ>7IK6=z 1 n@?Y6�<S8LXZ[;IK:�<SE�:9[;E�G³T7E�Gj>(?^>7T�P�IZXKEmQ�IWQREm6=IW8;Em>\8;ÃZ8L>7zoÊÆ¿m¿^Ë¡CjVf8;zmN\6=IB´

:=4\EHGj:©<=47Iu8LEm>�É@NbÀB?Y:f?k]rN7>7Xª<S8;EY>�EY]�?^<=EmQ�8LX2Q�?Y:9:fN7n�<=E�>78;Xc�^IZ[\]rEY6�<S4\I�_W3 ~ IZ>tlb8;69Em>7QRIZ>t<�C

J 47IK6=I2?Y6=I�n�I�?Y�x:�?^<�4 1 T76=EmzYIZ>�»Ín769EY<SEm>\:c¾ª��47IK[;8;N\Q »¡?^[;n74@?^:c¾ª�HXZ?Y6=P�Em>d�HE�À 1 zYIZ>d�^>78L<=6=EmzmIK>�»r<S4\I

[p?^:9<�<S4\6=IZIW?Y69Iy�b>\EHGj>�?Y:u<S4\Ia3 ��� IZ>tlb8;69Em>7QRIZ>t<Õ¾Õ�@>7IZEY>d�@:=8L[;8;XKEm>d�\?Y>7To8;6=EY>dC

¸



Vf8LzmN76=I�´m�k_W?^[p?YXª<S8;XyXKEm:=QR8;X�6S? 1 n7?Y69<=8;XZ[LIWÉ7NOÀ¥?Y:�?�]rN7>7Xª<S8;EY>�EY]g?^<=EmQ�8LX�Q�?Y:9:k]rEm6�8LEm>7:kN7n
<SERµm�B?^<=EmQR8;X�Q�?Y:=:jN7>\8L<S:WÊÆ¿Y¶YË¡C

� ?Y6�<S8LXZ[;IK:j?Y>7T } >7IZ69zm8;IK:FE^]f�¤>t<SIK6=IK:9<k8;>�<S478L:u��EY6=�

�¤>o<=478;:�<=47IZ:98;:Z�@:98;Q�N\[p?^<=IZT�n@?Y6�<S8LXZ[;IK:j?Y6=IyXKEm>7:=8L:9<=IZ>t<jGj8L<S4¬<S4\Ia_W3 ~ IK>xlb8L6=Em>7QRIZ>t<jGj8L<=4

IZ>\IZ6=zY8;IZ:j6=?Y>7zm8L>7z�]r6=EmQ)�\Ch´y<=E¬´��Yã { IKe`Ö^>xN7XZ[LIZEm>d�@:9IZIys@zmN769IW�OC J 47Iyn@?Y6�<S8;XK[;IK:uXc47Em:9IZ>&]rEY6

<S4\8;:u<S4\IZ:=8L:�G5IK6=IWP@?Y:=IKT�Em>�<=47IZ8L6u]r6=IZwxN7IK>7X 1 8L>¬<=47I�_�3 ~ :=n�IZXK<=6=N7Q/?^:F:9IZIK>�8;>Us7zmN76=IB´mC

Vf8;zYN76=I¬��G5?Y:BXZ69I�?^<=IZT#N7:=8L>7z�3 ~k}g{�} ¸mµ*ÊÄ¿m��Ëj?Y>7T#?Y:9:=N7QRIZ:¬´��Y�¥QR8;[L:aEY]�?Y[LN7Q�8L>xN7Q

:=4\8;IZ[LT78;>\z7C��¹<an\[;EY<=:�n@?^69<S8LXZ[LIBÉ7NOÀ±»ÍXZQRÐ9�¹:�� { IKey¾Sï â ?Y:a?o]rN7>7Xª<S8LEm>�EY]un@?Y69<=8;XK[;IB�x8;>7Iª<S8;XRIZ>b�

IZ69z 1 » { IKe`¾`]rEm6yn769EY<SEY>7:Z�v?Y[Ln74@?Y:K�vE�À 1 zmIZ>q�f>7IKEm>d��?Y>7T£8;6=EY>£8LEm>7:KC J 4\I�n�I�?Y��8;>¥<S47I«É@NOÀ

EbXZXZN\6=:y>7I�?^6W�Y�m� { IªeyÖ^N¥]rEm6y?Y[L[f:=n�IZXK8;IK:ZC � 6=EY<=Em>7:y?Y69I�<S47IBQREm:9<`?YP7N7>7T7?Y>t<�n7?Y69<=8;XZ[LIZ:`?�<

zmIKEm: 1 >7Xc4769Em>7EmN\:�Em6=P\8L<�»_ }g� ¾ª�d]rEm[L[;E�G5IKT�P 1 ?Y[Ln74@?Y:K�vE�À 1 zmIZ>q�©>7IZEY>d�f?^>7T�8L6=Em>Ñ»r]rEm6yQREm:9<

IZ>\IZ6=zY8;IZ:S¾ªC J 47I�4\I�?�lb8;IZ6W8;EY>7:W?Y6=IB[;IK:=:�?YP7N7>\T@?Y>t<��vP7N\<�X�?Y>£:9<=8;[L[©4@?�lmI�?o[;?Y6=zmI^�¢T7EmQR8;>@?^>x<

´��



10-1 100 101 102 103 104 105 106 107

Kinetic Energy (MeV)

10-13
10-12
10-11
10-10
10-9
10-8
10-7
10-6
10-5
10-4
10-3
10-2

FL
U

X
 (c

m
2 -s

-M
eV

)-1

Proton
Alpha
Oxygen
Neon
Iron

Vf8LzmN76=I��O� � ?Y6�<S8LXZ[;I«É@NbÀ°?^:a?¬]rN7>7XK<=8;Em>�EY]u�x8L>7IK<=8;XRIZ>7IK6=z 1 ?^<a_ }2� ]rEY6Wn\6=EY<=Em>7:Z�f?Y[;n\4@?Y:Z�
E�À 1 zYIZ>d��>7IKEm>d��?Y>7To8;69Em>£ÊÆ¿t��Ë¡C

I ¨ IZXª<FEm>o<=47IyP�IK4@?�lb8;Em6�EY]�T7IªlO8LXZIK:kT7N\6=8;>\zR:9n@?YXKIWÉ@8Lzm4t<�C

~ IK:=N7[h<S:B8;>¦<=478;:�<=47IZ:98;:R?Y6=I�XKEmQRn@?Y6=IKT*E�lYIZ6B6S?Y>\zmIZ:BEY]kIZ>7IK6=zm8LIZ:«]rEmN7>\T*8L>¦:=n@?YXKI�?^>7T

XZEY>7:=8L:9<SIK>t<5Gj8L<=4Uzm69EmN7>7TR<SIZ:�<5]Í?YXK8;[L8L<S8LIZ:KC � ?Y69<=8;XZ[LIjIZ>7IK6=zm8LIZ:2]rEYN7>7TU8L>�:9n@?YXZI�?Y6=IF>7EY<5EmP\<c?^8;>O�

?YP7[LIBP 1 <=IZ:9<W]Í?YXK8;[;8h<S8LIZ:�:9E�?¬[;E�G5IK6�6=?Y>7zmIR8;:yN7:9IZT�<=E&n\6=IZT\8;XK<W<S4\I�Em>b�¤Em69P78L<y69IZ:=n�Em>7:9I�EY]u?

QR8;XZ69EOIK[;IKXK<S69Em>78LX�T7IKlb8;XKIYC } >7IZ69zm8;IK:5XKEm>7:=8L:9<=IZ>t<5Gj8h<S4Uzm69EmN7>7T�<SIZ:�<5]Í?YXK8;[L8L<S8LIZ:�XKEHlYIZ65<=47I�[LE�G5IK6

6S?^>7zmI�EY]¢s7zmN76=I`�O�O< 1 n78LX�?Y[L[ 1 ]r6=EYQÝ´��H���Y� { IKe`Ö^Nd�\Gj8h<S4�?aQ�?�À�EY]�?Y69EmN7>7T¬�^�m� { IªeyÖ^N¬EmPO�

<c?^8;>@?YP\[;I�?^<�<=47I � ?^<=8;Em>7?Y[�MON7n�IZ69XZEm>\T7N7XK<=8;>7za3 1 XZ[LEY<S69Em>�A�?YP�Em6=?^<SEm6 1 » � M73uAv¾�?^< { 8LXc478;zt?^>

Mb<S?^<SIWik>\8LlmIK6=:98L< 1 ÊÆ¿^Ë¡�7]rEm6F¼§½Û´W?Y>7T&¿����Y�Y� { IKe�]rEm6�n769EY<SEm>\:ZC

´m´



~ ?YT78p?�<S8;EY> }©¨ IKXK<S:

�¤Em>78LÃZ8;>\za6S?^T78p?^<=8;Em>«]r69EmQ n@?Y6�<S8;XK[;IK:g]rEmN\>7TU8;>R<S47Ik>@?^<=N76S?Y[�:9n@?YXZI�IZ>tlb8;6=EY>7Q�IK>t<uX�?^>UXZEm>b�

<S698;P7NO<SI�<SEy<SEY<S?Y[h�¹T7Em:9IFT7?YQ�?^zmIY�t:98;>7zm[LIª�¹IKlmIK>t<5I ¨ IKXK<S:K�7?Y>\T�T78L:=n7[;?YXZIKQ�IK>t<2T7?YQ�?^zmIYC � 69EY<SEm>\:

?Y69I�?YXKXZEmN\>x<S?YP7[LIk]rEm62?Y[;[7< 1 n�IZ:uE^]dT@?YQ�?YzmIjGj478L[;IjIZ[LIZXK<=6=Em>\:5X�?^N7:=IF<SEY<S?Y[h�¹T7Em:=Ik?Y>7T�T78;:9n7[p?^XZIª�

QRIZ>t<�T7?YQ�?^zmI�?^>7TÑ47IZ?�l 1 8;EY>7:�XZ?YN7:9I�:=8L>7zm[;IÕ�¤IªlmIZ>t<�I ¨ IZXª<S:¥»¡M }�} ¾ÕC J EY<S?Y[h�¹T7Em:=IoT@?YQ�?YzmI

EbXZXZN\6=:BE�lmIZ6«<=47I¬[;8L]rIª<S8LQ�IREY]j<S47I¬T7Iªlb8;XZIo?Y>\T#8L:«T7N7IU<=E£Xc47?Y>7zmIK:�8L>°<S47I�Q�?^<SIK6=8;?Y[;:W]r6=EmQ

6S?^T78p?^<=8;Em>�ÊÆ¿mµ^Ë¡C � 8;:=n\[p?YXKIZQRIZ>t<�T@?^Q�?YzYI�?Y[L:=EUEbXZXKN76=:�E�lYIZ6�<S4\I�[;8h]rIK<S8LQ�IyEY]�<=47I�T7Iªlb8;XZIB?^>7T

8;:�?&69IZ:9N7[L<�EY]j?^<=EmQR:�P�IZ8L>7z&�x>7EbXc�YIKT§EmN\<�EY]u<S4\IZ8;6W[p?�<=<S8LXZIB:=8h<SIK:Z�fXK6=IZ?^<S8L>7z�T7Iª]rIZXª<S:�8L>�<S4\I

Q�?^<SIK6=8p?^[;:2<=4@?^<FQ�?Y�YI`N7n¬<S4\IWT\IKlb8;XKIUÊÆ¿\´KË¡C

| >ÂM }g} 8;:�?�[LEOXZ?Y[;8LÃZIZT#8;>t<=IZ6S?^XK<S8LEm>ÑE^]y?�:=8L>7zm[LIo8LEm>78LÃZ8;>\z�n@?^69<S8LXZ[LI¬Gj4\8;Xc4²EbXZXZN\6=:U?�<

6S?^>7T7EmQ�?Y>7T�X�?Y>°47?�lYI�?Y>°8LQ�QRIZT\8p?^<=I«8;QRn@?YXK<WEm>�<S47I�T7IKlb8;XKIU6=IK:=n�Em>7:9I¥ÊÄ¿m·�ËC�M }�} :«?Y69I

<S4\I«6=IZ:9N7[L<�EY]gIZ>7IK6=z 1 T\IZn�Em:=8h<S8;EY>�Gj8L<=478;>�<=47I«Q�?�<SIZ698p?Y[L:kE^]5?UT\IKlb8;XKIBGj4\8;Xc4¥XZEm>t<=6=8;P\N\<SIa<=E

?�Xc47?Y>7zmI�8;>¬<S47I�T7IKlb8;XKIYÞÄ:�Xc4@?Y69zmIYC � >7Iy< 1 n�I�EY]gM }�} 8;:k?�:98;>7zm[LIª�¹IKlmIK>t<�N7n7:9IK<«»M } i�¾ÕC | >

M } iÛXZ?Y>�P�I�?R<S6=?Y>7:98;IZ>t<Z��n�IZ69Q�?Y>\IZ>t<���Em6j:9<S?^<S8LX�IK6=6=EY6�ÊÆ¿t·�Ë¡C J 47Ia[L8;�^IZ[;8L47EbEOT¬?Y>�M } i�Gj8L[;[

EbXZXZN\6R8L>#?¥:9n@?YXKIoIK>tlO8L6=Em>\Q�IK>x<R8L:«XZEmQRQ�EY>7[ 1 zm8LlYIZ>#8;>§?(6S?�<SI¬EY]kIZ6=69Em6=:SÖ^P78h<ÕÖ^T@? 1 C J 47I

]rEbXZN7:�EY]�<S478L:W<=47IZ:98;:�8L:�EY>§M } ik:B?Y>\T°IZ>7IK6=z 1 T7IKn�Em:98L<=8;Em>Ñ»ÍXc4@?^6=zmIUzYIZ>7IK6S?^<=8;Em>�¾�Gj8L<=478;>�?

:9<S?YXc��EY]�Q�?�<SIZ698p?Y[L:569IZ:=N\[L<S8L>7z«]r6=EmQ�47I�?�l 1 8;EY>7:j?Y>7Ton76=E^<SEm>7:KC

} >7IK6=z 1o� IKn�EY:=8L<=8;Em>

} >7IZ69z 1 T7IZn�Em:98L<S8LEm>�lb8p?«8;Em>\8;Ã�?�<S8;EY>UEOXKXZN769:kP 1 <¤G2E�Q�?Y>7>\IZ6=:K�2T\8;6=IKXK<F?Y>\T&8L>7T78;69IZXª<j8;Em>O�

8;ÃZ?^<S8LEm>dC � 8;69IZXK<g8LEm>78;ÃZ?^<S8LEm>«EbXZXZN\6=:�]r6=EmQ
69I�?YXª<S8LEm>7:gP�Iª<¤G5IKIZ>�<=47Ikn\6=8;Q�?Y6 1 n@?Y6�<S8;XK[;Ij?Y>\T�<S4\I

Q�?^<SIK6=8p?^[gP�IZ8L>7z�n�IZ>7Iª<S6=?^<SIKT¦N7>t<S8;[g<S47I�n@?Y69<=8;XK[;IRXZEmQRIZ:a<=E(6=IK:9<�C��Â4\IZ>¦<S47I�n@?Y69<=8;XK[;IR478L<=:

?¬Q�?^<=IZ698p?Y[¡�d:=EmQRIBEY]u8h<S:yIZ>\IZ6=z 1 8;:`<S6=?Y>7:9]rIK6=69IZT�T\8;6=IKXK<=[ 1 <=Eo<=47IB<c?Y69zmIK<WQ�?^<SIK6=8p?^[�<S4\IZ6=IKP 1

XZ69I�?^<=8;>7zWXc4@?Y69zmIZT�8;Em>7:KC©�¤>�QREm:�<2T\IKlb8;XKIZ:Z�b<S478L:g< 1 n�IkE^]¢8;Em>\8;Ã�?�<S8;EY>«8;:�<S47IkQ�?^8;>BQ�IKXc4@?Y>78L:=Q

´H�



6=IK:=n�Em>7:98;P7[LI�]rEm6�N7n7:9IK<S:F]r6=EmQ�8;Em>\:uGj8L<S4&¼¦½
´�ÊÄ¿�ËC

�¤>7T78L6=IZXª<F8;Em>78LÃ�?^<=8;Em>�EOXKXZN769:FP 1 :9IZXKEm>7T@?Y6 1 n@?Y6�<S8;XK[;IK:j?Y>7T¬8;>7XK[;N7T\IZ:j>xN7XZ[LI�?Y6�IK[p?Y:�<S8;Xy?^>7T

8;>\IZ[p?^:9<S8LX�69I�?YXª<S8LEm>7:«?Y>\T#:9XZ69IZIZ>\IZTÑ35EmN7[;EYQ�P78;X�:=XZ?^<=<=IZ6=8L>7z7C£MOIKXZEm>\T@?Y6 1 n@?Y69<=8;XK[;IZ:�XZ69I�?^<=IZT

<S4\6=EmN7zY4�8;>7T78L6=IKXK<28;Em>78LÃ�?^<=8;Em>RX�?^>�P�I�QaN7Xc4�47I�?�lb8;IK65<S47?Y>U<S47I�Em6=8Lzm8;>@?^[�n7?Y69<=8;XZ[LI�?^>7TU<S47IK6=IÕ�

]rEm69I`4@?�lmI`<S47IyXZ?Yn@?YP78L[;8h< 1 <=E«T7IZn�Em:98L<j[p?^6=zmIK6�?YQREmN7>t<S:�EY]vIK>7IZ69z 1 »ÍEY6�zmIZ>7IK6S?^<=I`Xc4@?Y69zmI�¾yÊÄ��ËC

�¤>�<=478;:y<S47IK:=8L:azmIK>7IZ6=?^<SIKT¦Xc4@?Y6=zYI�lb8p?o8;Em>78LÃ�?^<=8;Em>(8L:W<=6S?YXc�^IZT¦]r6=EYQ�?Y[;[�n74 1 :=8LX�?Y[2n76=EbXZIK:=:9IZ:

]r6=EYQ)P�EY<S4oT78;69IZXª<F?Y>7To8;>7T78L6=IKXK<�8LEm>78;ÃZ?^<S8LEm>dC

�¤>�<S4\IUn@?Y:�<��fT\8;6=IKXK<a8;Em>78LÃ�?^<=8;Em>(]r69EmQ�n@?Y6�<S8;XK[;IK:�4@?�lb8;>\z(?�¼%ßð´�4@?^:aP�IZIZ>°<=47I�]rEbXZN\:

EY]�:98;Q�N\[p?^<=8;Em>�<SEbEm[L:k?^>7T�QREOT7IK[;:j]rEm6FEm>O�¤EY6=P78h<k69IZ:9n�Em>\:=IYC � 6=IKlb8LEmN7:k<=EOEY[;:�»Í:9IZIa<S?YP7[;IR´�]rEY6

IªÀ\?YQRn7[LIZ:c¾gT78;TU>\EY<�4@?�lmI`<=47I�X�?^n@?YP78L[;8L< 1 <=Ea<S6=?YXc��>xN7XK[;I�?^6u6=IZ?YXK<=8;Em>7:58;>U:9Em[;8LT7:5]r6=EYQ'4\I�?�l 1

8;EY>7:j»¼(½�´H¾ª�x?Y>\TB<=47I�>xN7XZ[LI�?Y6�XKEmQRn�Em>\IZ>t<k»Í8L>7T78;69IZXª<©8;EY>78;ÃZ?^<S8LEm>�¾dGu?Y:�XKEm>7:=8LT7IZ69IZTR8;>7:98;zm>\8L]p�

8;XZ?Y>t<�C`DFE�G5IªlmIZ6K�¢]rEm6�>7IªG5IK6�<SIKXc47>7Em[LEmzm8;IK:k<=4@?^<`?^6=I�:9X�?Y[LIZT�<SE�T78;QRIZ>7:98;Em>\:�>7EY<�n76=Iªlb8;EmN7:9[ 1

XZEY>7:=8LT7IZ69IZT(?Y>\T�XZEm>t<S?Y8;>&Q�?^<=IZ698p?Y[L:j<=4@?^<FG5IK6=I�>\EY<�N\:=IZT(8L>�n@?^:9<�:9IZQR8;XKEm>7T7N7Xª<SEm6Fn769EOXKIZ:=: �

8;>\z7�@<S47I�8;>7T78L6=IKXK<F8;Em>\8;Ã�?�<S8;EY>�n7[p? 1 :�?R6=Em[LIy<=4@?^<�X�?Y>&>7EY<kP�I�8;zm>7EY6=IZTqC J 478;:jGj8;[L[¢P�I�:=47E�Gj>

8;>�<=47Iy:=N7P7:9IZwxN7IK>x<�Xc4@?Yn\<=IZ69:�EY]v<S478L:u<S47IK:=8L:ZC

´�¿



3uD |���Jj}�~ �¹e

{��`�`} A¢� � _
M73 | A }�� 3 {�� M

J G5E#:9< 1 [L8;ÃZIKT²<c?Y69zmIK<=:¬?Y6=I�N\:=IZTÂ<SE§8L>xlYIZ:�<S8;zm?^<SI�<=47I(T7IªlO8LXZI¥:9<=6=N7Xª<SN769I¥EY]�?§QREbT7IZ69>

XZEYQ�n7[LIZQRIZ>t<c?^6 1 QRIK<S?Y[`E�À\8LT7I£:=IZQR8;XKEm>7T7N\XK<SEY6�»¡3 {�� M7¾U<SIZXc4\>7Em[;EYz 1 Gj8L<=4¯?§Q�N7[L<=8;[;? 1 IZ6

QRIK<c?^[;[;8LÃ�?^<=8;Em>�: 1 :9<=IZQo�q?Y:F:=IKIZ>(8L>os@zYN76=IK:�¿@»Í?t¾�?Y>7T�¿7»ÍP�¾ÕC J 47I 1 ?Y6=IWQ�N7[h<S8L[p? 1 IK6�:9<c?^Xc�b:kEY]

´�µR?Y[L<=IZ69>@?^<S8L>7z«E�ÀO8;T7IK:k?^>7T&QRIK<S?Y[¢[p? 1 IZ6=:FEY]vl^?Y6=8LEmN7:�<S478LXc�x>7IZ:9:=IZ:FGj8L<=4&[;?^<SIK6S?Y[dT\8;QRIZ>7:98;Em>7:

]rEm6g>7Em69Q�?Y[L[ 1 8L>7XZ8LT7IZ>t<2N7>78LT78;69IZXK<=8;Em>7?Y[@:=8LQ�N7[p?�<S8;EY>7:�EY]�´�¶�Î�´�¶aÏdQ�Ð5?Y>7T¬�^��Î*�Y��ÏdQRÐ2]rEY6

EmQR>78;T\8;6=IKXK<=8;Em>@?^[�:98;Q�N7[;?^<S8LEm>7:KC J 47Iy:=IK>7:=8h<S8hlmI`lmEm[LN7QRIR»Mbe`¾u]rEY65<S47IK:=IW:9<=6=N7Xª<SN769IZ:F8;:j?R�£Î

��Î��BÏdQ�ñF:=8L[;8LXZEm>�lmEY[;N7QRIy[;EbX�?^<=IZT�P�IZ>\I�?^<=4&<S4\IaQRIK<c?^[;[;8LÃ�?^<=8;Em>�:9<S?YXc��C�MbIZ>7:98L<S8hlmIWlmEm[LN7Q�I

6=Iª]rIZ69:R<=E�<S4\I&69IZzm8LEm>§8;>§Gj478;Xc4*IZ>7IK6=z 1 T7IKn�Em:98L<=8;Em>Ì»ÍXc4@?^6=zmIozmIZ>\IZ6S?�<S8;EY>�¾�Q�N7:9<REbXZXKN76R<=E

n769EOT7N\XZIR?Y>¥N7n7:9IK<�CBiF:=IBEY]�<S4\IR:9IZ>7:98L<=8LlmIÕ�¹lYEm[;N7QRI«XZEY>7XZIKn\<�?Y[;[LEHGj:�6S?Yn78LT¥?Y>7T¥XZEY>xlYIZ>78LIZ>t<

IZ:�<S8LQ�?^<=8;Em>�EY]�<S47IWM } i¯:9IZ>7:98L<=8Llb8L< 1 EY]vXZ8;69XZN78h<S:5]Í?^P76=8LX�?^<=IZT�8;>U?«<=IZXc47>\Em[;Emz 1 Gj8h<S4�Q�N7[h<S8Ln7[;I

E�lmIK6=[p? 1 IZ6=:KÚ7QREm6=Ij?YXKXZN76=?^<SIF:=8LQ�N7[;?^<S8LEm>7:f<=4@?^<g8;>7XK[;N7T\IFT\IK<c?^8;[;IKTBT7IZ:9XZ6=8Ln\<S8LEm>7:�EY]qT7IKlb8;XKI�?^>7T

XZ8L6=XKN78L<�69IZ:9n�Em>\:=I�?Y6=Iyn�Em:=:98;P7[LIRÊÇ�^¶^ËC

J 47IUEm>\[ 1 T78 ¨ IK6=IZ>\XZIUP�IK<¤G2IZIK>§<=47I�<¤G2E�<c?^6=zmIª<S:a8L>�s@zYN76=I�¿&8;:a?�µm�Y�&>7Q�<S478LXc�¥[p? 1 IK6

[;EbX�?�<SIZT�´YCò��ÏdQÛ?YP�EHlYI�<S47Ij:=IK>7:=8h<S8hlmIulmEY[;N7QRIYC��¤>�Em>\I�:9<S69N7XK<=N76=I^�t<S478L:�[p? 1 IK6�8;:©XKEmQ�n�Em:9IZTBEY]

:=8L[;8LXZEm>�T78;E�ÀO8;T7I^�YGj478L[;I58L>a<S4\IuEY<S4\IZ6©8h<©8;:�<SN7>7zY:9<SIK>d�mGj478LXc4«8;:©XKEmQ�QREm>7[ 1 N7:=IKTB8;>�8L>x<=IZzm6=?^<SIKT

XZ8L6=XKN78L<=:�<SE�n76=E�lb8;T7I5IZ[;IKXK<=6=8;XZ?Y[bXZEm>7>\IZXK<=8;Em>\:©P�Iª<¤G5IKIZ>R[p? 1 IK6=:©E^]�Q�Iª<c?Y[L[;8;ÃZ?^<S8LEm>yEm6f8L>�XZEY>x<S?YXK<=:

<SE�<=47IBN7>7T7IK6=[ 1 8L>7z¬:=8;[L8;XKEm>dCBMOn�IZXK8Ls@X�<=N7>7zm:�<SIK>�:9<=6=N7Xª<SN769IZ:�?Y6=IBXKEmQ�QREm>7[ 1 69IK]rIK6=6=IKT£<=E¬P 1

]rN7>7Xª<S8LEm>*:9N7Xc4²?Y:Blb8p?Y:K�5n7[LN7zm:K�u:9<=N7T7:Z�5Em6�8L>t<SIZ69XZEm>\>7IZXª<S:ZC J N7>7zY:9<SIK>±8;:BN7:9IZT±P�IZXZ?YN7:9I�8L<

n�Em[;8L:=47IK:�>78LXZIK[ 1 �vT7IKn�Em:98L<=:aI�?^:=8;[ 1 8;>t<SEo478Lzm4°?Y:9n�IKXK<a6S?^<=8;Eo47Em[;IK:Z�f?Y>7T°4@?^:a[;E�G T\8 ¨ N7:=8hlO8h< 1 C

35Emn7n�IZ6B8L:B?Y[;:9E(XZEmQRQ�EY>7[ 1 N7:9IZTÑP\N\<B4@?Y:BP�IZIZ>#:=4\EHGj>#<SE¥n�Em8;:9Em>¦:=8L[;8;XKEm>°8h]�n7[;?YXZIKT¦<SEbE

´�¶



óLôKõqö¢÷Çø¡ù`ô5ø¡úHû�üKýÍø¡þ�û�ÿòô��ªþ��

ó��^õ¢ö¢÷Äøù��ªú�øvô2øúHûHüKýÍø¡þ9û�ÿÅô��Kþ��
Vf8LzmN76=Ij¿O��356=EY:=:g:=IZXª<S8LEm>�69IZn769IZ:9IZ>t<c?^<=8LlYI�EY]�:=XZ?Y[;IKT�3 {�� M«:9<S69N7XK<=N76=IK:`»Í?t¾fGj8L<S4R?`<SN7>\zm:9<=IZ>
[p? 1 IZ6U?^>7T�»ÍP@¾BGj8L<=47EmN\<�?£<=N7>7zm:�<SIK>²[p? 1 IK6ZC%Av?�<SIZ6=?Y[FT78;QRIZ>7:98;Em>\:R]rEm6R>7Em69Q�?^[;[ 1 8;>7XK8;T7IK>t<
N7>78LT78;69IZXª<S8;EY>@?Y[u:98;Q�N7[;?^<S8LEm>7:«?^6=I¥´�¶%Î/´Z¶�ÏdQ Ð ?Y>7T²�^�%Î'�Y�¥ÏdQ Ð ]rEm6BEmQR>78LT78;69IZXK<=8;Em>7?Y[
:=8LQ�N7[;?^<S8LEm>7:ZC

´H�



Vf8LzmN76=I`¶\�5DF8;zm4o6=IK:=Em[LN\<S8LEm>¬8;Q�?YzmI`EY]�3 {�� MoT7IªlO8LXZI�XZ6=EY:=:F:=IZXª<S8LEm>&Gj8h<S4oQ�N7[L<=8;[LIKlmIK[d8;>t<=IZ6��
XZEY>7>7IZXª<S:k?Y>7T¬<SN7>\zm:9<=IZ>¬lO8;?Y:�ÊÄ¿Y¸�Ë¡C

>7IZ?Y6u<S47Iy:9IZ>7:98L<S8hlmIy6=IKzm8;EY>�ÊÆ¿mºHËC J 478L:�P�IKXZEmQRIZ:F?«[p?Y69zmIZ658;:=:9N7IW?Y:�T7IªlO8LXZIK:k:9X�?Y[LI�<SEB:=Q�?Y[;[LIZ6

T78LQ�IK>7:=8LEm>7:j?Y>7To<S47IK:=IW478;zY4�¼¥Q�?�<SIZ698p?Y[L:�?Y69IWn\N7:=47IKT�XZ[LEm:=IK6�<SER:=IZ>\:=8L<=8LlYI�69IZzm8LEm>7:ZC2Vf8LzmN76=I

¶(:=4\EHGj:B?�4\8;zm4°69IZ:9Em[;N\<=8;Em>�8;Q�?YzmIREY]k?(3 {�� M°:9<=6=N7Xª<SN769I�XZEm>t<c?^8;>78L>7z�?�<=N7>7zm:�<SIZ>§n7[LN7z7C

J 47I«I ¨ IKXK<S:yEY]�<=47Ia<SN\>7zm:9<=IZ>£[p? 1 IK6�Em>(<S4\I�XZ69Em:=:y:=IKXK<=8;Em>�]rEm6klY?^6=8;EYN7:�IK>7IZ69z 1 T7IKn�Em:98L<=8;Em>7:

Gj8;[L[qP�Iy:=47E�Gj>&<=476=EYN7zm47EmNO<�<S47Iy>7IÕÀO<F]rIKGÌXc4@?Yn\<=IZ69:ZC

ik:98;>7z {�~k}�� ��?�:9IZ698;IZ:FEY]�:98;Q�N\[p?^<=8;Em>7:2G5IK6=I�n�IZ6�]rEm6=QRIZToN7:=8L>7z�EY>7I�E^]©<S47Iy<¤G2EU:9<=6=N7XÕ�

<SN\6=IZ:u]rEY6j?as\ÀOIZTo8;Em>�Gj8h<S4o?�T7Iªs@>7IZToIZ>\IZ6=z 1 �7<S6=?YXc�x8;>7z�<=47I`IZ>\IZ6=z 1 T7IZn�Em:98L<S8LEm>�lb8p?�8LEm>78LÃ�?��

<S8LEm>�8;>\:=8;T\I�<S47I`:9IZ>7:98L<S8hlmI`lmEY[;N7QRI�]r6=EmQ)?Y[;[�n74 1 :=8;XZ?Y[¢n769EOXKIZ:=:9IZ:KC J 47IK:=IWIZ>7IK6=z 1 T\IZn�Em:=8h<S8;EY>

IKlYIZ>t<S:y?^6=Ia4\8;:9<=Emzm6=?YQ�QRIZTo8;>t<=E�[;EYzt?Y6=8h<S47QR8;XZ?Y[;[ 1 :=n@?YXKIZT(P78L>7:ZC J 47I�EYN\<Sn7NO<�]r6=EYQ {&~k}��

8;:«8L>*IK>7IZ69z 1 T7IKn�Em:98L<=IZTd�gGj478;Xc4#8;:�<=47IZ>*XZEm>tlmIK69<=IZTÑ<=E�Xc4@?^6=zmI¬zmIK>7IZ6=?^<SIKTÑP 1 N7:=8L>7z��m�OCÅ�

{ Iªe�]rEm6yIZ?YXc4Ñ´mCÇ�¬n�3ÛEY]2Xc4@?Y69zmI�»Í¿\CÇµoIªe)>7IKIZT7IKT�<SEozmIK>7IZ6=?^<SIR?Y>�IZ[;IKXK<=6=Em>£47Em[LI«n@?Y8;6y8L>

:=8L[;8LXZEm>�ÊÆ¶^Ë�T\8Llb8;T7IKT�P 1 <S47IkIZ[;IKXK<=6=Em>UXc47?Y6=zmIkEY]�´mCÇµ�ÎÂ´��bï â	� 3ÑIZwxN@?Y[L:��m�OCÅ� { IKeyÖ�n�3�¾ªC J 47I

´�µ



8;>t<=IZzm6=?Y[�XZ69Em:=:W:=IKXK<S8LEm>²»�
�¾�]rEm6`zmIK>7IZ6=?^<S8L>7z�?¬Xc4@?Y69zmI�»��¾yEm6yzm69I�?^<=IZ6yX�?^>�P�IRT\IK<SIK6=QR8;>7IKT
N7:98;>7z«<S4\Iy]rEY[;[;E�Gj8L>7z�:=N\Q�Q�?^<S8LEm>d�


�»������������¾��
������� ��!���"$# �% »�´�¾

Gj47IK6=I # � 8L:©<S47I�>xN7Q�P�IZ6�E^]qIªlmIZ>t<=:28L>�<S47I'&Í�<S4«P78L>d�(&*)¬8;:�<S47IjP78L>«XZEm696=IZ:9n�EY>7T78;>\zy<=E`Xc4@?Y69zmI
å��+&	,.-0/¬8;:W<S47I�Q�?HÀ\8LQ�N7Q�P78L>d��?Y>\T % 8;:y<S47I�É7N7IZ>7XKIYC(�¹<a8;:a8LQ�n�Em6�<c?Y>t<y<SE�>\EY<SIR<S4@?^<1

T7IKn�IK>7T7:aEY>£<=47IB8;Em>Ñ»2��¾Õ��8;Em>¥IZ>\IZ6=z 1 »���q¾Õ�v<S?Y6=zmIª<yzmIZEYQ�Iª<S6 1 �f?^>7T�:�<SEm8LXc478;EYQ�Iª<S6 1 C J 47I
É@N7IK>7XZIW8;:�XKEmQRn7N\<SIKT&P 1 �

% � #435 »�Y¾

Gj47IK6=I #63 8L:W<=47I�<=EY<c?Y[�>xN7QaP�IK6aEY]58;Em>7:W:=8LQ�N7[;?^<SIKT�?Y>\T 5 8;:y<S47I�8;6=6=?YT78;?^<SIKT�?^6=I�?OC J 47I
QRIK<S4\EOT�T\IZ:=XK6=8LP�IKT�?^P�E�lmI«8L:`?Y>@?^[;EmzmEYN7:F<=EU<S47I�]rEY6=Q�N7[;?^<S8LEm>oT7IKlYIZ[;EYn�IKT¥]rEY6 { Em>t<=IR3u?Y6=[LE

IKl^?Y[LN@?^<=8;Em>�EY]�n769EY<SEm>b�¤8;>\T7N7XZIKT¬I ¨ IZXK<=:k8L>�ÊÆ¶t��Ë�?Y>7To6=Iª]rIZ6=IK>7XZIK:k<=47IZ69IZ8;>qC

| P�IK<9<SIZ6vN7>7T\IZ6=:�<c?Y>\T78;>7z�EY]7XK6=Em:9:f:=IKXK<=8;Em>�XZ?Y>aP�IgEmP\<c?^8;>7IKT�<S4\6=EmN7zY4�?k:98;QRn7[;I�IÕÀ\?YQ�n\[;IYC

MON7n\n�Em:9IF?yP\[;8;>\T�]rEm[;T7IKTBn�IK6=:=EY>R<=476=E�Gj:�T@?Y6�<S:g?^<g?`T@?Y6�<�P�Et?^6=TB4xN7>7zWEm>R?`G5?Y[L[C J 4\IFXK6=Em:9:

:=IKXK<=8;Em>(8L:�<S47IK>¥T7IK<=IZ6=QR8;>\IZT(P 1 <=47I«>xN7Q�P�IZ6�EY]g478h<S:�EY>�<S47I�P�Et?Y69T(T78Llb8LT7IZT(P 1 <=47Ia<=EY<c?Y[

>xN7Q�P�IZ6`EY]gT@?^69<S:�<=476=E�Gj>¥>7Em69Q�?^[;8;ÃKIZT�P 1 <S47IB?Y69I�?�EY]�<S4\I�Gu?Y[L[C J 47IBT@?Y6�<S:�<=4@?^<y478h<�<S4\I

T@?Y6�<�P�Et?Y69T�?Y69I�?Y>7?Y[;zmEYN7:F<=E�<=47Ia8LEm>7:FT7IZn�Em:=8h<S8L>7z�IK>7IZ69z 1 8;>t<SER<S47I�:=IZ>\:=8L<=8LlYI�lmEY[;N7QRIa?^>7T

<S4\Iu<SEY<S?Y[\>xN7Q�P�IZ6fEY]�T@?Y69<=:©<S4769E�Gj>�?^6=I�?Y>7?Y[p?YzYEmN7:�<=E�<S47Iu<=EY<c?^[\>xN7Q�P�IZ6�EY]�8LEm>7:©:98;Q�N\[p?^<=IZTdC

J 47I�?Y6=IZ?oE^]5<S4\IBG5?Y[L[©<S47IBT@?Y6�<S:�?Y6=IBP�IZ8L>7z�<S4769EHGj>£<SE�G5?Y6=T7:W8;:W?Y>7?Y[;zmEYN7:�<SE¬<S47I�?Y69I�?�EY]

<S4\Ik<SE^<c?Y[�:9<=6=N7Xª<SN769I`Em>�Gj4\8;Xc4�n@?Y6�<S8LXZ[;IK:g?Y6=Ik6S?Y>7T\EmQ�8LÃZIKT�E�lmIK6ZC J 47IZ69IK]rEm69I�XZ69Em:=:5:=IZXª<S8LEm>�8L:

<S4\Ikn769EmP@?YP\8;[;8h< 1 E^]d478h<=<S8L>7zW?W:9IZ>7:98L<=8LlmIF6=IKzm8;EY>�»rT@?Y6�<5P�Et?Y69TREY6�lYEm[;N\Q�I�Gj8L<=478;>�?y:9<S69N7XK<=N76=I�¾

G2IZ8;zY4x<=IZToP 1 <S47IW?Y69I�?\C

´H·



3uD |���Jj}�~ e

MO� � _yA } � } e }��kJ i � M }�J³}�~k~��`~¯~j|�Jj} 3 | A�3uikA |�J � �y�

021 X�?Y[LXZN7[;?^<S8L>7za?^>¬M } iÌIZ696=Em626S?^<=IY�\?an76=IKT78;Xª<S8LEm>�EY]v?�T7IKlb8;XKIYÞÄ:uEm>O�¹Em6=P\8L<26=IZ:9n�EY>7:=I`XZ?Y>

P�I�T7Iª<SIZ69Q�8L>7IZTqC©�¤>�<S4\8;:gXc4@?Yn\<=IZ6Z�\?Y>�M } i�IZ696=Em626S?^<=Ik8L:2XZ?Y[;XKN7[p?^<=IZTB<SE�T7IK<=IZ6=QR8;>\Ik47E�GÂ<S4\I

6S?�<SI�8L:5I ¨ IZXª<SIKT¬Gj4\IZ>o?a<SN7>\zm:9<=IZ>¬[p? 1 IK6u8;:2n76=IK:=IK>x<ZC | >oM } iÌIZ696=Em656S?^<=I�]rEm6u?�:=n�IZXZ8hs@X`8;EY>

?Y>7ToT7IªlO8LXZI`Gj8L<=4¬XZ6=8h<S8LX�?Y[�Xc4@?Y6=zYI1�87:9 �<; X�?Y>oP�IWXZ?Y[;XKN7[p?�<SIZT¬N7:98;>7z\�

=?>A@�BDC�EGF »2��¾H�JI 
�»�87�9 �<; ����������¾LKNMf»2��������¾LKPO�� � »¡¿m¾

Gj47IK6=I1Mf»2��������¾58L:u<S47Iy8;EY>¬É7NOÀ�»r]r69EmQ�s7zmN76=I��m¾u?^>7TQO�� � 8;:u<S4\IWIK>7IZ69z 1 P78L>¬Gj8LT\<S4qC J 47I
<SE^<c?Y[vEm>O�¹Em6=P78h<F6S?^<=Ia8;:k?�:9N7Q�Q�?^<=8;Em>oEY] =?>A@�BDCREGF E�lYIZ6`?Y[L[�8;Em>7:FEY]�8L>x<=IZ69IZ:9<ZC�V@Em6F<S47I�6S?^<=I
X�?^[;XZN\[p?^<=8;Em>d��<=47Ig8;>t<SIKzm6S?Y[tXK6=Em:9:f:9IZXK<=8;Em>�8;:�XZEYQ�n7NO<SIZT�N7:=8L>7zk?Y>aEmQR>78LT78;69IZXK<=8;Em>7?Y[Y8LEm>`É@N7IZ>\XZI

6S?^>7T7EmQR8;ÃKIZT¬E�lmIZ6���Ò£:9<=IZ6S?^T78p?Y>\:kEY]v<S4\I�IÕÀ\n�Em:9IZT�:�<S6=N\XK<SN\6=IW:=N76�]Í?YXZI�?Y:jT7IZn\8;XK<=IZT&8;>¬s@zmN769I

�OC J 478L:�< 1 n�IyEY]fÉ7N7IZ>7XKI�P�IZ:�<F6=IZn\6=IZ:9IZ>t<S:�?«6=I�?^[;8;:�<S8LX�:=n@?^XZIWIZ>tlb8;6=EY>7Q�IK>t<�C

Vf8;zYN76=IFµa?^>7T�s@zYN76=I�·W:947E�G²<S47IF8;>t<SIKzm6S?^[@XZ6=EY:=:5:9IZXª<S8;EY>U?Y:2?y]rN\>7XK<=8;Em>�EY]dIK>7IZ69z 1 EY]d<S4\I

8;>\XZ8;T\IZ>t<an7?Y69<=8;XZ[LI«]rEm6W]rEYN76aT78 ¨ IK6=IK>x<a?YQREmN7>t<S:�EY]�zmIK>7IZ6=?^<SIKT°Xc4@?Y69zmIYC J 47IK:=IU:98;Q�N7[;?^<S8LEm>7:

G2IZ6=I�T7Em>7IUN\:=8;>\z â ä � 8;Em>\:a8;>\XZ8;T\IZ>t<�Em>�<S47I�:9<S69N7XK<=N76=IUGj8h<S4¦?^>7T�Gj8L<=47EmN\<W<S4\I�<SN7>\zm:9<=IZ>

[p? 1 IZ6j6=IK:=n�IZXK<=8LlYIZ[ 1 C

J 47Ia:98;Q�N\[p?^<=8;Em>7:58;>¬s@zmN769Iaµ«]rEm[;[LE�Gy�\]rEm6�<S47IWQREm:9<Fn@?Y6�<��7<=47I�IÕÀOn�IKXK<SIKT�<S69IZ>7T�?^<js\ÀOIZT

8;>\XZ8;T\IZ>t<�n@?Y6�<S8;XK[;I©IK>7IZ69z 1 »	����¾ª�¢T7IKXZ69I�?Y:98;>7zFXZ69Em:=:�:=IKXK<=8;Em>y]rEm6¢8;>\XZ6=IZ?Y:=IKT�Xc47?Y6=zmI�zmIK>7IZ6=?^<S8LEm>dC
V@Em62?Y[;[�Xc47Em:9IZ>Ul^?Y[LN7IZ:2EY]�zmIZ>\IZ6S?�<SIZT�Xc4@?Y6=zYIB»ÍIÕÀ\XKIZn\<��\Cò�Y��n�3�¾�<=47I�T78L6=IKXK<28;Em>78LÃZ8L>7z�n\6=EbXZIZ:9:

EY]�<S4\I«n76=8LQ�?Y6 1 n@?Y69<=8;XK[;IaT\EOIK:`>7EY<yn7[;? 1 ?Y>¥8;QRn�Em69<S?Y>t<�69Em[;I^CaV@Em6F<S47IB�\CÅ�m��n�3³XZN\69lmIB<S4\I

T78L6=IZXª<�8LEm>78LÃZ8;>\z£n\6=EbXZIZ:9:�T7EYQ�8L>@?^<SIK:«]rEm6�[LE�G�IZ>\IZ6=z 1 »0S�´��m� { IKe`¾RE�À 1 zYIZ>±8LEm>7:ZC | [;:9E
´�º



Vf8LzmN76=IF�b� � QR>78;T78L6=IKXK<S8LEm>@?Y[b:=8LQ�N7[;?^<S8LEm>7:�Gj8h<S4B<S47Ij8LEm>�É@N7IK>7XZIF6S?Y>\T7EmQR8;ÃZIKTBEHlYIZ65��Òo:9<=IZ6S?H�
T78;?Y>7:ZC

101 102 103 104 105

Energy of Incident Particle (MeV)

10-17

10-16

10-15

10-14

10-13

10-12

10-11

10-10

10-9

10-8

In
te

gr
al

 C
ro

ss
 S

ec
tio

n 
(c

m
2 /S

V
)

0.22
0.67
1.33
1.78

pC Generated

Vf8LzmN76=IBµO�`�¤>x<=IZzm6=?Y[�XZ69Em:=:W:=IKXK<=8;Em>�?Y:y?�]rN7>7XK<=8;Em>¥EY]28;>\XZ8;T\IZ>t<yn@?Y6�<S8;XK[;I«IK>7IZ69z 1 ]rEm6`E�À 1 zYIZ>
8;EY>7:�8;>7XK8;T7IK>t<jEm>o<=47Iy:9<=6=N7Xª<SN769IWGj8h<S4�� [;? 1 IZ6KC

´�¸



101 102 103 104 105

Energy of Incident Particle (MeV)

10-17

10-16

10-15

10-14

10-13

10-12

10-11

10-10

10-9

10-8

In
te

gr
al

 C
ro

ss
 S

ec
tio

n 
(c

m
2 /S

V
)

0.22 pC Generated
0.67 pC Generated

Vf8LzmN76=IR·b�`�¤>x<=IZzm6=?Y[�XZ69Em:=:W:=IKXK<=8;Em>�?Y:y?�]rN7>7XK<=8;Em>¥EY]28;>\XZ8;T\IZ>t<yn@?Y6�<S8;XK[;I«IK>7IZ69z 1 ]rEm6`E�À 1 zYIZ>
8;EY>7:�8;>7XK8;T7IK>t<jEm>o<=47Iy:9<=6=N7Xª<SN769IWGj8h<S47EmNO<�� [;? 1 IZ6KC

>7EY<=Io<=47I¬<S6=IK>7TÑ8L>*[LE�GT���±XKN\<SE ¨ ]rEY6�?^[;[�Xc4@?Y69zmIozmIZ>7IK6S?^<=8;Em>Ì»ÍIÕÀOXZIZnO<¬�\CÅ�m�¥n@3�¾B8L:RT\N7I
<SE¬<S4\IU35EmN\[;EmQ�P£P@?Y696=8LIZ6y8;>t<S69EOT\N7XZIKT�P�IK<¤G2IZIK>°<S47IR8;>7XK8;T7IK>t<�E�À 1 zmIZ>�8;Em>�?Y>7T¥<S47IB<c?^6=zmIª<

Q�?^<SIK6=8p?^[;:ZC J 47IU35EYN7[;EmQaP£P7?Y6=698;IZ6`8L:`<S47IBIZ>\IZ6=z 1 P@?Y6=698;IK6`T7N7IB<SE¬IZ[LIZXK<=6=Em:�<c?^<=8;XB6=IKn7N7[L:=8;EY>

<S47?^<2<¤G2E�>xN7XK[;IZ8�Q�N7:�<5E�lYIZ6=XKEmQRI�8;>�Em6=T\IZ6�<SEazYIK<2XZ[;EY:=I�IK>7EmN7zY4�<SE�N7>7T7IK6=zmEa6=I�?^XK<S8LEm>7:�ÊÆ¶\´ZËC

J 47I¬35EYN7[;EmQaP�P@?Y696=8LIZ6aXKN\<SE ¨ 8L:�>7E^<�IKlb8LT7IZ>t<«8L>�<S47I��\CÅ�m�&n�3
XZN\69lmI^C(V@Em6�<=478;:WX�?^:=IU<S4\I

[;E�G2IZ:�<�IZ>7IK6=z 1 IKlmIK>t<S:2?Y6=IuT\N7Iu<SE`:9XZ6=IKIZ>7IKT�35EmN\[;EmQ�Pa:=X�?�<=<SIK6=8L>7zy?Y>7T�Ö�Em6©T78L6=IZXª<�8;Em>\8;Ã�?�<S8;EY>dC

MO8;QaN7[p?^<=8;Em>\:a8;>°s7zmN76=Io·(?Y[L:=E�]rEm[L[;E�G <S4\I�IªÀOn�IKXK<=IZT*<=6=IK>7TdC � EY<S8LXZIUEm>\[ 1 <¤G2E¥Xc4@?Y69zmI

zmIK>7IZ6=?^<S8LEm>7:B?Y69I�n7[;EY<9<SIKT#P�IZXZ?YN7:9I&?^[;[uEY<=47IZ69:�G5IK6=IoÃZIK6=E(]rEm6B?Y[L[58;>\XZ8;T\IZ>t<BIZ>7IK6=zm8LIZ:KC J 47I

8;>t<=IZzm6=?Y[�XZ69Em:=:R:=IKXK<S8LEm>#8;:R?Y[;:9E¥Q�N7Xc4Ñ[LE�G5IK6B]rEY6B<=478;:B:�<S6=N\XK<SN\6=I&]rEY6B?Y[;[u8L>7XZ8LT7IZ>t<Rn@?Y6�<S8LXZ[;I

IZ>\IZ6=zY8;IZ:KC

Vf8;zYN76=IK:fºF?Y>7Ta¸k:=4\EHG¦<=47IgXZEmQRn7N\<=IZTaEY>O�¤Em69P78L<fM } i§IZ696=Em6v6S?^<=I5?^:f?j]rN7>7XK<=8;Em>WEY]\XZ6=8h<S8LX�?Y[

�Y�



0 0.5 1 1.5 2
Critical Charge (pC)

10-15

10-14

10-13

10-12

10-11

10-10

10-9

10-8

10-7

10-6

10-5

R
at

e 
(e

rr
or

s/
da

y/
S

V
)

MRED/Qcrit/RPP
LET/Qcrit/RPP

Vf8LzmN76=I�º\�gM } i¯IZ696=Em6�6=?^<SIk]rEm65<S4\I`:9<S69N7XK<=N76=I`Gj8h<S4U� [p? 1 IK6uXZEmQRn7N\<=IZT¬N7:98;>7z {�~F}�� ?^>7T
?�<S6=?YT78h<S8;EY>@?Y[ ~F�g� Q�Iª<S47EbTdC J 4\I«8;>7XK[;N7:98;Em>&EY]g8;>7T78L6=IKXK<�8LEm>78LÃ�?^<=8;Em>on76=EbXZIK:=:9IZ:y8;> {&~k}��
8;>\XZ6=IZ?Y:=IK:F<=47Iy6S?^<=I`P 1 >7I�?Y69[ 1 <¤G5EREm6=T\IZ6=:jEY]�Q�?Yzm>78h<SN7T7I�]rEY6�XZ6=8h<S8LX�?Y[�Xc4@?Y6=zYIR½¯�\CÅµm�«n@3�C

Xc4@?Y69zmI�]rEm6�P�EY<=4£:�<S69N7XK<=N76=IK:WXKEmQRn@?Y6=IKT(Gj8L<S4�<=47I«6S?�<SI�XKEmQ�n\N\<SIKT£N\:=8;>\z�3 ~F}g{�} ¸mµ£ÊÄ¿m��ËC

| zm?Y8;>d��<=47I�XZ6=8h<S8LX�?Y[mXc47?Y6=zmI^�A�87:9 �<; ��8;:¢<S4\IgQR8;>\8;Q�N7Q�Xc4@?Y69zmI�zmIZ>\IZ6S?�<S8;EY>WGj8h<S478L>y<=47I�:=IK>7:=8h<S8LlYI
lmEY[;N7QRIu6=IKwxN78;69IZTB<SE`n769EOT7N\XZIF?Y>«N7n7:9IK<ZC J 47IjIZ6=69Em6�6S?�<SIZ:�?^6=I�T7Iª<SIZ69Q�8L>7IZT«P 1B} w�C�¿\�YGj4\8;Xc4

n769EHlb8LT7IZ:�<S4\IW6=?^<SIyEY]�IKlYIZ>t<S:F<S4@?�<jzmIZ>7IK6S?^<=IW?RXc4@?^6=zmIyzm69I�?^<=IZ6u<S47?Y>&EY6�IZwxN@?Y[¢<SEU�87:9 �<; C
J 47IFA }�J ÖV�67:9 �<; Ö ~k��� 6=?^<SIW»rEmn�IK>B: 1 Q�P�Em[;:K�xVf8;zm:KC©ºy?Y>7TR¸t¾f8L>7XZ[LN7T7IK:�T78;69IZXK<�8LEm>78LÃ�?^<=8;Em>

]r6=EYQ
?Y[L[\8;EY>7:�8;>«:9n@?YXZIFXZEYQ�n7NO<SIZTR?Y:9:=N7QR8;>\zy?���Î§��Î§��ÏdQ ñ 6=IZXª<c?Y>\zmN7[p?^6�n@?Y6S?^[;[;IK[;IKn78;n�IZT

» ~F��� ¾�?Y>7T°?&:=8L>7zm[LI�XK6=8L<=8;XZ?Y[�Xc4@?Y69zmIYC J 478;:�X�?Y[LXZN7[;?^<S8LEm>(Gu?^:�T7Em>7IRGj8L<=4�<S4\I�<S6=?YT78h<S8;EY>@?Y[

QRIK<S4\EOTd�^8CÄIYCh�^:98;>7zY[;I ~k��� ?Y>7T�:=8;>\zm[;IgXZ698L<S8LX�?Y[tXc47?Y6=zmI^�mN7:98;>7z�3 ~k}g{�} ¸mµ«»Ù<S47I2Xc47Em69TO�¤[LIZ>7zY<=4

QREOT7IK[xEY]�M } i#6S?^<=I2n769IZT78LXK<=8;Em>�8;QRn7[;IKQ�IK>x<=IZTWP 1a� 8LXc�YIZ[O?Y>7T 0 [p?Y>\T\]rEm6=TW8;>R´�¸t·^º�Ê ¶x�HËp¾ªC J 47I

Xc47Em69TO�¤[LIZ>7z^<S4oQ�EbT7IZ[�?^:=:=N\Q�IK:�? ~k��� ?Y>7ToX�?^[;XZN\[p?^<=IZ:�<S47IW>xN7Q�P�IZ6FEY]©8LEm>7:�<S47?^<FzmIZ>7IK6S?^<=I

�O´



0 0.5 1 1.5 2
Critical Charge (pC)

10-15

10-14

10-13

10-12

10-11

10-10

10-9

10-8

10-7

10-6

10-5

R
at

e 
(e

rr
or

s/
da

y/
S

V
)

MRED/Qcrit/RPP
LET/Qcrit/RPP

Vf8LzmN76=I�¸\�FM } i-IK6=69Em6�6=?^<SIW]rEm6F<=47I�:�<S6=N\XK<SN\6=IaGj8h<S47EmNO<�� [p? 1 IZ6�XKEmQRn7N\<SIKT�N7:98;>7z {&~k}��
?Y>7T�?F<S6=?YT78h<S8;EY>@?Y[ ~F��� QRIK<=47EbTdC J 4\I5<S6=?YT78L<=8;Em>7?Y[ ~F�g� 6=?^<SIgQ�Iª<S47EbTa:9N\ÔRXZ8LIZ>t<S[ 1 n\6=IZT\8;XK<=:
<S4\IWIÕÀOn�IKXK<SIKT�6=?^<SIW?Y>7ToT78L6=IZXª<j8;Em>\8;Ã�?�<S8;EY>UT7EmQR8;>@?�<SIZ:KC

:=NOÔ�XK8;IK>x<2Xc4@?Y69zmI�<SEyN7n7:9IK<5?`:=IZ>\:=8L<=8LlYIF69IZzm8LEm>«Gj8L<=4�?^>�?^>@?Y[ 1 <=8;X�Xc47Em69TO�¤[LIZ>7z^<S4BT78;:�<S698;P7N\<=8;Em>

?Y>7T&?Y>¬8;>t<=IZzm6=?Y[¢A }�J T78L:9<S698;P7NO<S8;EY>£ÊÄµ^Ë¡�vÊÆ¿^ËC

J 47I {�~F}�� 6S?^<=I`»r:=Em[L8;TW: 1 Q�P�Em[;:K�tVf8;zY:ZC�º�?Y>7T�¸t¾v8L:f?�:9N7Q�EY]7<S4\I58;>\T78Llb8;T\N@?Y[tl^?Y[;N7IK:v]rEY6

=?>A@�BDCREGF 8L> } w�C�¿�]rEm6fE�À 1 zmIZ>B8LEm>7:©?^>7TB?Y[;n\4@?�n@?Y6�<S8LXZ[;IK:ZC J 478;:fX�?Y[LXZN7[;?^<S8LEm>�8L>7XZ[LN7T7IK:©T78;69IZXª<
?Y>7TB8L>7T78;69IZXª<©8;EY>78;ÃZ?^<S8LEm>aXKEmQ�n\N\<SIKT«N7:=8L>7zW?Y[;[bn74 1 :=8;XZ?Y[7n769EOXKIZ:9:=IZ:gT7Iªs@>7IZTR8;> {�~k}�� ?Y>7T«8L:

[;8L�YIªGj8;:=IkXZEmQRn7N\<=IZT�?^:=:=N\Q�8L>7z�?a��ÎÑ�&ÎÑ��ÏqQ ñ ~k��� ?Y>7T�?W:=8;>\zm[;IFXZ698L<S8LX�?Y[�Xc4@?^6=zmI^C � EY<=I

<S4\I&A }�J ÖW�87:9 �<; Ö ~F��� XZEYQ�n7NO<c?^<=8;Em>7:«8L>7XZ[LN7T7I¬?Y[L[58LEm>7:«8;>¦<=47I�:=n@?^XZIoIZ>tlb8;6=EY>7Q�IK>t<RGj4\8;[;I
<S4\I {�~F}�� �¤P@?Y:9IZT�XKEmQ�n\N\<c?^<=8;Em>\:2Em>\[ 1 8;>\XZ[;N\T7I�E�À 1 zmIZ>¬?Y>\T�?Y[;n\4@?Y:�»r<S4\I�QREm:9<2]r6=IZwxN7IK>t<S[ 1

EbXZXZN\6=6=8L>7zB8;Em>\:W»¼¦½-´H¾u8;>U<=47Iy:=n@?^XZIWIZ>tlb8;6=EY>7Q�IK>t<Õ¾ªC

V@Em6W<=47I�:�<S69N7XK<=N76=I�Gj8h<S4�<=47I�<=N7>7zm:�<SIK>¦[p? 1 IK6U»ÍVf8;z7Coºt¾Õ�f>7E^<SI�<=4@?^<�IKlYIZ>¦<S47EYN7zm4�EY>7[ 1

�m�



E�À 1 zYIZ>¥8;Em>\:�?Y>7T¥?^[;n74@?�n@?Y69<=8;XK[;IZ:�?Y6=I�XZEm>\:=8;T\IZ6=IKTd�d<S4\IBM } i-IZ696=Em6�6S?^<=Ia8;:�T7EmQR8;>@?^<=IZT&P 1

8;>\T78;69IZXK<�8;Em>78LÃ�?^<=8;Em>o]rEm6�IªlmIZ>t<=:W<=4@?^<yzmIK>7IZ6=?^<SI«QREm6=I�<=4@?Y>¥�\CÇµt�Un�3�Úq<=478;:`8L:`?�[;E�G2IZ6�[L8;QR8L<

]rEm6�<S4\IF6=?^<SI^C � 8;69IZXª<28LEm>78LÃ�?^<=8;Em>�T\EmQ�8L>@?^<=IZ:©<S4\I�M } iÂIZ696=Em6�6S?�<SIjP�IK[;E�G²�OCÅµt��n�3�COMO8L>7XZIj<S4\I

A }�J ÖW�67:9 �X; Ö ~k��� Q�Iª<S47EbT°Gj478LXc4¦8;>7XK[;N7T7IK:�T78L6=IZXª<«8;EY>78;ÃZ?^<S8LEm>�EY>7[ 1 8;:�>\I�?Y69[ 1 <¤G5E(Em69T7IZ69:
EY]fQ�?YzY>78L<=N7T7I`[;E�G2IZ6�<S47?Y>o<=47I {�~k}�� ÖW�87:9 �<; Ö ~k��� 6=?^<SI`Gj478LXc4�8;>\XZ[;N\T7IZ:jP�EY<S4oT78;69IZXª<�?^>7T
8;>\T78;69IZXK<�8;EY>78;ÃZ?^<S8LEm>d�H8;>7T\8;6=IKXK<�8;Em>\8;Ã�?�<S8;EY>W8L:v<=47I5[LI�?YT\8;>7zF]Í?YXK<=Em6�8L>�<=47I5EmP\:=IZ6�l^?YP7[;I2T78 ¨ IZ69IZ>7XKI

P�IK<¤G2IZIZ>²<=47I&<¤G2E°QRIK<S4\EOT7:KC%35Em>7:=8LT7IZ698;>7z�Em>7[ 1 <S47I&T78;69IZXK<�8;Em>\8;Ã�?�<S8;EY>#XKEmQRn�Em>\IZ>t<�Gj8L[;[

6=IK:=N7[h<�8;>B?Y>«N\>7T7IZ69IZ:�<S8;Q�?^<=8;Em>«EY]�<=47IFM } i±IZ696=Em6�6=?^<SIuP 1 >\I�?Y69[ 1 <¤G5EWEm6=T\IZ6=:�E^]�Q�?Yzm>\8L<SN\T7IYC

J 478L:UT7IZQREm>7:�<S6=?^<SIK:�<S4@?�<�<S4\I�XZ[;?Y:=:98;X�?^[�M } i,6=?^<SI&X�?Y[LXZN7[;?^<S8LEm>#<=IZXc47>\8;wxN7IZ:¬Q�? 1 >\EY<�P�I

l^?Y[;8LT&]rEm6k<SIZXc4\>7Em[;EYzm8;IK:k<S47?^<`4@?�lmI�<=N7>7zm:�<SIK>£[;? 1 IZ69:Z�¢Em6kEY<S4\IZ6�478Lzm4¥¼°Q�?^<SIK6=8p?^[;:Z��>7IZ?Y6�<S4\I

:=IK>7:=8h<S8hlmI£6=IZzY8;Em>7:KC)DFIZ69I£G2I�?^6=P78h<S6S?^6=8;[ 1 T7IKs@>\I�478Lzm4%¼Û?Y:¬Q�?^<SIK6=8p?^[;:�Gj8h<S4%?Y>Ì?�<SEmQR8;X

>xN7Q�P�IZ6¬zm69I�?^<=IZ6U<S47?Y>Â:=8;[L8;XKEm>dC J 478;:o?Y:9:=N7QRn\<S8LEm>±<SE§EY<=47IZ6�4\8;zm4%¼¯Q�?�<SIZ698p?Y[L:�8L:UlY?^[;8;T

P�IZX�?^N7:=I�<=47I�8L>t<S6S?^>bN\XZ[;IZ?Y6gP78;>@?^6 1 XZEY[;[;8L:=8LEm>«Q�EbT7IK[�T\EOIK:5>7EY<5T7IZn�IZ>\T�Em>�>xN7XK[;I�?^65:9<=6=N7Xª<SN769I

ÊÄ�Y¿^Ë¡C

V@Em6a<S4\I�:9<S69N7XK<=N76=I�Gj8h<S47EmNO<�<S47IU<=N7>7zm:�<SIK>*[;? 1 IZ6K�gT\8;6=IKXK<«8LEm>78LÃ�?^<=8;Em>�8;:a<=47I�T7EmQR8;>@?^>x<

XZEYQ�n�Em>7IK>x<ZC�V@Em65<S4\8;:u< 1 n�IyEY]�:9<=6=N7Xª<SN769IY�7<=47I`XZ[;?Y:=:98;X�?^[dQ�Iª<S47EbT7:u]rEm65XZEmQRn7N\<=8;>7z�<=47IWM } i

6S?�<SIF?Y6=I�l^?Y[L8;TdC J 47IFT78 ¨ IZ69IZ>7XKIF:9IZIK>�P�IK<¤G2IZIZ>�<S47Ij<¤G5EW6S?�<SIjQ�Iª<S47EbT7:�8;>RVf8Lz7C�¸\�t]rEm6�Xc4@?Y69zmI

zmIK>7IZ6=?^<S8LEm>7:YSÝ�\CÇµt��n�3��58;:�T\N7I�<SE�<=47I�8L>7XZ[LN7:=8LEm>ÑEY]�?Y[L[j8;Em>7:�8;>Ñ<=47I(A }�J ÖW�67:9 �X; Ö ~k���
X�?^[;XZN\[p?^<=8;Em>�Gj4\8;[;I {&~k}�� 8;>7XK[;N7T7IKT&EY>7[ 1 ?Y[;n747?Y:j?Y>7T¬E�À 1 zYIZ>�8LEm>7:KC

Vf8;z\C�´��«XZEmQRn@?Y69IZ:�<S47I`<=EY<c?Y[¢M } i�6=?^<SIyXZ?Y[;XKN7[p?^<=IZT�P 1&{�~F}�� ]rEm6u<=47I`<¤G5ER:9<=6=N7Xª<SN769IZ:

T78L6=IZXª<S[ 1 C��Â47IZ>�<=47I2<=N7>7zm:�<SIZ>«[;? 1 IZ6�8;:�n76=IK:=IZ>t<Z�m<S47IuM } iÑ6S?^<=I58L:�zm69I�?^<=IZ6�P 1 ?k]Í?YXª<SEm6vEY]�´��Y�

]rEm6�XKIZ69<S?Y8;>oXZ698L<=8;X�?^[dXc4@?Y69zmIZ:KC2�¹]�<S47IWE�lmIZ69[p? 1 IK6=:k?Y6=Iy>7E^<kXKEm>7:98;T7IK6=IZToGj47IZ>&X�?Y[LXZN7[;?^<S8L>7z�<S4\I

M } iÌ6=?^<SI^�\<S47I�6=IZ:9N7[L<=8;>7za6S?^<=I�Gj8;[L[�P�I�N7>\T7IZ69IZ:9<=8;Q�?^<SIKTU]rEm6uIªlmIZ>t<=:j<=4@?^<5zmIZ>7IK6S?^<=I`P�Iª<¤G5IKIZ>

�\CÇµt�«?Y>7T£´mCÅ·m��n�3�C

�Y¿



0 0.5 1 1.5 2
Critical Charge (pC)

10-15

10-14

10-13

10-12

10-11

10-10

10-9

10-8

10-7

10-6

R
at

e 
(e

rr
or

s/
da

y/
S

V
)

With Tungsten Layer
Without Tungsten Layer

Vf8LzmN76=Ia´��\� J EY<c?^[�M } i¯IZ696=Em6u6=?^<SI�]rEY6uP�E^<S4¬:9<=6=N7Xª<SN769IZ:jX�?Y[LXZN7[;?^<SIKT�P 1¬{�~F}�� C\�Â47IZ>¬<S4\I
<SN\>7zm:9<=IZ>�[p? 1 IK628L:�n76=IK:=IZ>t<Z�O<S4\IkXZ?Y[;XKN7[p?^<=IZTB6S?�<SIF8;:�Em69T7IZ69:2EY]qQ�?^zm>78L<=N7T7I�478Lzm47IK6�]rEY6�XZ6=8h<S8LX�?Y[
Xc4@?Y69zmIZ:W½¯�OCÅµt��n�3�C

�^¶



3uD |���Jj}�~ e��

3uD |�~ _ } _ }���}�~j|�J � �y� V ~u�W{ � �`� M

�¤>±<S478L:�Xc47?Yn\<SIK6Z��<S4\I�I ¨ IZXª<S:�EY]�<S47I&:9<S69N7XK<=N76=I^�kn7?Y69<=8;XZ[LI�< 1 n�IY�F?Y>\T±n@?Y6�<S8;XK[;IoIZ>7IK6=z 1

Em>£<S47I�8;>t<SIKzm6S?Y[�XK6=Em:9:a:=IKXK<=8;Em>�]rEY6�Xc4@?^6=zmI�zmIZ>7IK6S?^<=8;Em>£]r6=EmQ�>\Em6=Q�?Y[;[ 1 8L>7XZ8LT7IZ>t<�n@?Y69<=8;XK[;IZ:

8;>�T7IZ:9XZ6=8LP�IKTdC J 476=EmN\zm47EmN\<«<=478;:aXc4@?Yn\<=IZ6Z��:98;Q�N7[;?^<S8LEm>7:yG5IK6=I�T7EY>7I�N7:=8L>7z(N7>78LT78;69IZXª<S8;EY>@?Y[

n@?Y6�<S8LXZ[;IjÉ@N7IK>7XZI�?Y>7T�<=47I�[LEOXZ?^<S8LEm>�E^]d<S47Ikn@?Y6�<S8;XK[;IK:gG5?Y:u6=?Y>7T7EmQR8;ÃKIZT�EHlYIZ65<=47Ik<=EmnU:9N769]Í?YXKI

EY]v<S47Iy:�<S6=N\XK<SN\6=I�?Y:jT7IZn78LXK<=IZTo8;>�s@zmN769IB´m´mC

Vf8LzmN76=I�´m´m�`iF>78;T78L6=IKXK<S8LEm>@?Y[v:=8LQ�N7[;?^<S8LEm>7:kGj8h<S4�<=47IB8;Em>�É@N\IZ>7XKIR6=?Y>7T7EYQ�8LÃZIZT¥E�lmIK6`<S47I�<=Emn
:=N\69]Í?YXKIWE^]f<S4\IW:�<S69N7XK<=N76=IK:ZC

�m�



354@?Y6=zYIa_`IZ>\IZ6S?�<S8;EY>¬]r69EmQ�DFI�?�l 1 �¤Em>7:�»¼¦½
´H¾

Vf8;zYN76=I¥´H�(:=47E�Gj:R<S47I&8;>t<SIKzm6S?Y[�XK6=Em:9:�:9IZXª<S8;EY>ÑXZEYQ�n7NO<SIZT*N7:=8L>7z } w�CF´oGj4\IZ>¯´H�b���m�O�

?Y>7T°�Y�m� { IKe`Ö^N°E�À 1 zmIZ>¦8LEm>7:W?Y6=IR8;>\XZ8;T\IZ>t<aEY>�<S4\I�:�<S6=N\XK<SN\6=I�Gj8h<S4¥<S47IR<SN7>7zY:9<SIK>°[p? 1 IZ6ZC

} >7IZ69zm8;IK:�EY]j´H��?Y>7T£�m� { IKeyÖ�N¥?Y6=I�69IZn769IZ:9IZ>t<c?^<=8LlYI«EY]�< 1 n78;XZ?Y[fzm69EmN7>7T�<=IZ:�<`IZ>7IK6=zm8LIZ:`?^>7T

�Y�m� { IªeyÖ^No8;:u<=47I`l^?Y[;N7I�Gj4\IZ6=Iy<S4\IWn�I�?^��É@NOÀo8L:u]rEmN7>7T¬8;>�<=47Iy:=n@?YXKI�IK>tlO8L6=Em>\Q�IK>x<ZC

J 47IUT76=?YQ�?^<S8LX«T7IZXK6=I�?^:=IU8L>�<S4\I�8L>x<=IZzm6=?Y[�XZ69Em:=:�:=IZXª<S8LEm>�]r69EmQ"´��bï[Z�<=E�´��bï â Ð�XZQRÐÕÖmMxe
>7IZ?Y6��\CÇ�t��n�3#8L:©T7N7I�<=E�<S47I�[L8;QR8L<SIKT�?YQREmN7>t<�E^]qIK>7IZ69z 1 <S47?^<�X�?^>RP�I�T7IKn�Em:98L<=IZTB]r6=EmQ�T78;69IZXª<

8;EY>78;ÃZ?^<S8LEm>&P 1 <=47I�n7698;Q�?Y6 1 n@?^69<S8LXZ[LIYCy�¤>#Ê×´KËf<S4\8;:�T76=?YQ�?^<S8LXaT7IKXZ6=IZ?Y:=IB8L:�:=47E�Gj>(<SE�P�I�<S4\I

n�Em8;>t<`Gj47IK6=I�T\8;6=IKXK<W8;EY>78;ÃZ?^<S8LEm>�]Í?Y[L[;:�<=E&ÃKIZ6=E�?Y>7T£>xN7XZ[LI�?Y6y6=IZ?YXK<=8;Em>\:y<S?Y�YIRE�lmIK6ZC { EY:9<WEY]

<S4\I�EmP7:9IZ6�lY?^P7[;Ik6=IZ:9N7[L<=:u8;>R<S478L:2n\[;EY<5?Y6=IkT7N7IF<SE�8L>7T78;69IZXª<58LEm>78;ÃZ?^<S8LEm>Bn76=EbXZIK:=:9IZ:�:=8L>7XZIkT78;69IZXª<

8;EY>78;ÃZ?^<S8LEm>UEm>7[ 1 69IZ:=N\[L<S:j8L>o:9Q�?^[;[;IK6u?YQREmN7>t<=:FE^]fXc4@?^6=zmIyzmIK>7IZ6=?^<S8LEm>o?Y:j:=IZIK>�8L>£Ê×´ZË¡C

� EY<=I(<S4@?^<�<=47I¥8;>t<SIKzm6S?^[�XZ69Em:=:o:=IKXK<=8;Em>7:�]rEm6¬?^[;[�IK>7IZ69zm8;IK:o?Y6=I(EY]W<S4\I£:=?YQRI(Em6=T7IK6�EY]

Q�?Yzm>78h<SN7T7IWN7n�<=E�?Yn7n769E�À\8LQ�?�<SIZ[ 1 �\Cò�Y�Rn�3³EY]�zmIK>7IZ6=?^<SIKT(Xc4@?Y6=zYIYC | <`478Lzm47IK6�?YQREmN7>t<S:kEY]

zmIK>7IZ6=?^<SIKT«Xc4@?Y6=zYIY�Y<=47I�´H��?^>7TB�m� { IKeyÖ�N«8;Em>7:�6=IK:=N7[h<©8;>�:=8LQ�8L[p?Y6d<=6=IZ>\T7:�8;>�XZ6=EY:=:©:9IZXK<=8;Em>B?^:

Xc4@?Y69zmI�zmIK>7IZ6=?^<S8LEm>«8;>7XK6=IZ?Y:=IK:Z�b?Yn7n769Et?YXc478L>7z`ÃZIK6=EW?Y69EmN7>7TR�\CÇº�n�3�CtDFEHG2IKlYIZ6K�O:98;Q�N7[;?^<S8LEm>7:vEY]

�Y�m� { IKeyÖ�NR8LEm>7:�:=47E�Gj:�<S4@?�<©<S47I�XK6=Em:9:�:=IKXK<S8LEm>B8;:©>\Em>7ÃZIK6=E`N7>t<=8;[\>\I�?Y69[ 1 ��n�3§E^]�zYIZ>7IK6S?^<=IZT

Xc4@?Y69zmIZTq�7?^]Ù<=IZ62Gj4\8;Xc4U<S4\I�XZ69Em:=:5:=IZXª<S8LEm>�]Í?Y[L[;:�6S?Yn\8;T7[ 1 C�DF8;zm4�IZ>7IK6=z 1 <SIK:9<S8L>7za8L:569IZwxN78;69IZT�<=E

X�?^n\<SN769I«<S47IB6=IK:=n�Em>7:9I�EY]g<S4\I«XZ8;69XZN78h<`]rN7[;[ 1 C J 478;:`XKEmN7[;T¥4@?�lYI�T76=?YQ�?^<S8LX�8;QRn7[;8LX�?^<=8;Em>\:j]rEY6

:=n7?YXZIjÉ@8;zY4x<g?^n7n7[;8LX�?^<=8;Em>\:©EY]dQREbT7IZ69>B<=IZXc47>\Em[;EmzY8;IZ:�<=IZ:9<=IZT�?^<�< 1 n\8;X�?^[@zm6=EmN\>7TR<=IZ:�<2IK>7IZ69zm8;IK:

:=8L>7XZIyQ�?Y> 1 n�EY<SIK>x<=8p?Y[�IZ696=Em69:j]r69EmQ�478Lzm4�IZ>\IZ6=z 1 n@?Y69<=8;XK[;IZ:uG2EmN7[LT¬>7EY<FP�IyXKEm>7:=8LT7IZ69IZTdC

�¤>£Vf8;zmN\6=IU´�¿�<=47I«XZEYQ�n@?^6=8;:9Em>�P�IK<¤G2IZIK>�< 1 n78;XZ?Y[fzY6=EmN7>\T¥<=IZ:�<yIZ>7IK6=zm8LIZ:y?Y>7T(<=47I�l^?Y[;N7I

>7IZ?Y6R<=47Ion�IZ?Y�§8;>§<S47I¬É@NOÀÑ?^<�_ }2� 8L:BIªÀb<SIK>7T7IZT±<=E�>\IZEm>#]rEm6R<=47Io:9<S69N7XK<=N76=IoGj8L<=4*<S4\I

<SN\>7zm:9<=IZ>¦[;? 1 IZ6KC | :aGj8h<S4�<=47IUE�À 1 zYIZ>¦8;EY>7:Z�f<=47IUXK6=Em:9:«:=IZXª<S8LEm>�]Í?Y[L[;:W6S?Yn78LT7[ 1 ]rEY6�´H��?^>7T

�m� { IKeyÖ�N�8;Em>7:2?^<u?aQ�N7Xc4U[LE�G5IK6�?YQREmN7>t<5E^]�zmIZ>7IK6S?^<=IZT�Xc4@?^6=zmIF<S4@?Y>U]rEY6g<=47Iy�Y�m� { IKe`Ö^N

�Yµ



0 0.5 1 1.5 2
Charge Generated (pC)

10-17

10-16

10-15

10-14

10-13

10-12

10-11

10-10

10-9

10-8

10-7

In
te

gr
al

 C
ro

ss
 S

ec
tio

n 
(c

m
2 /S

V
)

15 MeV/u*
25 MeV/u*
500 MeV/u

* typical ground test energy

Vf8LzmN76=I¬´H�b���¤>t<SIKzm6S?^[2XK6=Em:9:a:=IKXK<=8;Em>£]rEm6B´H�O�f�m�O��?Y>7T¦�^�m� { IKeyÖ�N°E�À 1 zmIK>°8;EY>7:yEm>
<S4\IR:�<S69N7XK<=N76=IRGj8L<S4(� [;? 1 IZ6KC�DF8;zm4¥IK>7IZ69z 1 <SIK:9<S8L>7zo8;:`6=IKwxN78;69IZT�<=Eo]rN\[;[ 1 X�?^n\<SN769I
<S4\IW69IZ:9n�Em>\:=IWEY]�<=47IyXZ8L6=XZN\8L<�C

0 0.5 1 1.5 2
Charge Generated (pC)

10-17

10-16

10-15

10-14

10-13

10-12

10-11

10-10

10-9

10-8

10-7

In
te

gr
al

 C
ro

ss
 S

ec
tio

n 
(c

m
2 /S

V
)

15 MeV/u*
25 MeV/u*
500 MeV/u

* typical ground test energy

Vf8LzmN76=IB´�¿O�2�¤>t<SIKzm6S?^[vXK6=Em:9:�:9IZXK<=8;Em>o]rEm6y´H�O���m�O��?^>7T(�Y�Y� { IªeyÖ^N&>7IZEY>�8;Em>\:FEY>&<S4\I
:9<=6=N7Xª<SN769IRGj8h<S4¥� [;? 1 IZ6KC�DF8;zm4¥IZ>\IZ6=z 1 <=IZ:�<S8;>\zo8L:y6=IZwxN78L6=IKT£<=Eo]rN7[L[ 1 X�?Yn\<=N76=IB<S4\I
6=IK:=n�Em>7:9I�EY]v<S4\IWXK8;69XZN78h<�C

�m·



0 0.5 1 1.5 2
Charge Generated (pC)

10-17

10-16

10-15

10-14

10-13

10-12

10-11

10-10

10-9

10-8

10-7

In
te

gr
al

 C
ro

ss
 S

ec
tio

n 
(c

m
2 /S

V
)

15 MeV/u*
25 MeV/u*
500 MeV/u

* typical ground test energy* typical ground test energy

Vf8LzmN76=I�´�¶7�°�¤>t<SIKzm6S?^[�XZ69Em:=:¬:=IKXK<=8;Em>²]rEm6(´H�b���m�b��?Y>\TÌ�^�m� { IKe`Ö^N�E�À 1 zmIK>%8LEm>7:�Em>²<S4\I
:9<=6=N7Xª<SN769I�Gj8L<S4\EmN\<«� [p? 1 IK6ZC°�Â47IK>#<=47IU� [;? 1 IZ6«8L:«>7EY<Bn769IZ:=IK>t<��2< 1 n78LX�?Y[5zm6=EmN\>7T¦<SIZ:�<
IZ>\IZ6=zY8;IZ:j:9N\ÔRXZ8;IK>t<S[ 1 IZ:9<=8;Q�?^<SI�<=47IyIªÀOn�IZXK<=IZT�EY>O�¤Em69P78L<56=IK:=n�Em>7:=I^C

8;EY>7:ZC � >7XKI�?^zt?Y8;>q�mXZEm>\:=8;T\IZ6=8L>7zWEm>7[ 1 zm6=EmN\>7TR<=IZ:�<5IK>7IZ69zm8;IK:gGj8L[;[769IZ:=N\[L<g8;>R?Y>�N7>7T7IK6=IZ:�<S8LQ�?��

<S8LEm>BEY]�<S47IjIªÀOn�IZXª<SIZT�XZ6=EY:=:�:=IKXK<S8LEm>R8;>R?W69I�?Y[@:9n@?YXKIFIK>tlO8L6=Em>\Q�IK>x<ZC��¤>�ÊÜ´ZË¡�m<S47IF8;QRn7[L8;X�?�<S8;EY>7:

EY]�<=478;:FI ¨ IZXª<�]rEm6�N\>7T7IZ69:9<S?Y>7T78L>7zUzm69EmN7>7TO�¹P@?Y:9IZT(QRI�?Y:9N76=IKQ�IK>x<=:�Em>(?U3 {�� M�M ~j|`{ ?Y69I

T78L:=XZN\:=:=IKTdC

�Â47IZ>«<=47I2<=N7>7zm:�<SIZ>B[;? 1 IZ6�8;:f>\EY<©n769IZ:9IZ>t<��b?Y:�:=IZIK>B8;>�s7zmN76=I�´�¶`?Y>7T�s@zmN769I�´H�O��<S47IuXK6=Em:9:

:=IKXK<=8;Em>(69IZQ�?Y8;>7:kEY]�<S4\I«:S?YQRIaEm69T7IZ6�EY]gQ�?YzY>78L<=N7T7Iy]rEm6�>7IZ?Y6=[ 1 ?^[;[�?YQ�EYN7>t<S:�EY]�zYIZ>7IK6S?^<=IZT

Xc4@?Y69zmI2]rEY6�<S4\I�´H�O�m�m�O�Y?Y>7T«�^�m� { IªeyÖ^N«E�À 1 zmIZ>B?^>7T�>7IKEm>�8;EY>7:vGj8h<S4a<=47I��^�m� { IªeyÖ^N«XZ?Y:=IK:

]Í?Y[L[;8;>\zUG5IK[;[�P�IK[;E�G
<=47I�E^<S47IK6W<¤G2E7C J 4xN7:Z�©]rEY6�?oXZ8L6=XZN\8L<y[p?^Xc�b8L>7zo478;zm4°¼#Q�?^<SIK6=8;?Y[;:R»rIYCÄz7CL�

<SN\>7zm:9<=IZ>�¾a8L>°<S47I�E�lYIZ6=[;? 1 IZ69:Z�g<S47IU< 1 n78LX�?Y[uzY6=EmN7>\T°<SIZ:�<BIZ>7IK6=zm8LIZ:�G2EmN7[LT#P�I�:=NOÔ�XK8;IK>x<«<=E

IZ:�<S8LQ�?^<=IF<=47I�XK6=Em:9:u:=IKXK<=8;Em>dC J 478;:26=IZ:9N7[L<2Gj8;[L[@P�Ik:=IZ>\:=8L<=8LlYI�<SEW<S47IkzmIZEmQRIK<=6 1 EY]d<=47Ik<S?Y6=zYIK<�C

| :�T\IZ:=XK6=8LP�IKT�8L>�ÊÄ�^¶YË¡�F<=47I�[;EbX�?�<S8;EY>ÑEY]y<S4\I(478;zm4²¼³Q�?^<=IZ6=8;?Y[j6=IK[p?^<=8LlmI&<SE°<S4\I�:=IK>7:=8h<S8LlYI

�Yº



0 0.5 1 1.5 2
Charge Generated (pC)

10-17

10-16

10-15

10-14

10-13

10-12

10-11

10-10

10-9

10-8

10-7

In
te

gr
al

 C
ro

ss
 S

ec
tio

n 
(c

m
2 /S

V
)

15 MeV/u*
25 MeV/u*
500 MeV/u

* typical ground test energy* typical ground test energy* typical ground test energy* typical ground test energy

Vf8LzmN76=I�´H�O���¤>t<SIKzm6S?^[©XZ69Em:=:y:=IKXK<=8;Em>(]rEm6«´H�b���m�O��?Y>\T��^�m� { IKe`Ö^N£>7IZEm>¥8LEm>7:`Em>¥:9<=6=N7Xª<SN769I
Gj8L<=47EmN\<�� [p? 1 IK6ZCÌ�Â4\IZ>²<S47Io� [p? 1 IK6�8;:�>7EY<�n76=IK:=IZ>t<Z�k< 1 n78;XZ?Y[Fzm6=EmN\>7TÑ<SIK:9<�IK>7IZ69zm8;IK:
:=NOÔ�XK8;IK>x<=[ 1 IK:9<=8;Q�?^<SI�<=47IyEm>O�¤EY6=P78h<�6=IK:=n�Em>7:=I^C

lmEY[;N7QRI�Gj8;[L[q4@?�lmI�?«:=8Lzm>78Ls7X�?Y>t<jI ¨ IZXª<�EY>¬<=47IW?YQREmN7>t<jEY]�Xc4@?Y6=zYI�zmIK>7IZ6=?^<SIKTdC

354@?Y6=zYIa_`IZ>\IZ6S?�<S8;EY>¬]r69EmQ � 69EY<SEm>\:

Vf8;zYN76=IU´�µU:=47E�Gj:�?UXZEmQRn@?Y698;:=EY>(P�Iª<¤G5IKIZ>£8;>7XK8;T7IK>x<yn\6=EY<=Em>7:y?^<�<=476=IKIB:=n@?YXKI«IZ>7IK6=zm8LIZ:KC

�Â47IK>�XZEYQ�n@?^6=8;>\z�<S47IK:=IFXZN76�lmIZ:gG5Ijs@>7TB<S4\IZ6=IF8;:�[L8L<9<S[;I2lY?^6=8p?�<S8;EY>�8;>BXZ69Em:=:g:=IKXK<=8;Em>RP�Iª<¤G5IKIZ>

<S4\I�Q�EY6=I�IK>7IZ69zmIK<=8;X�n7?Y69<=8;XZ[LIZ:KC | [L:=E7�b<S47I�XK6=Em:9:u:=IKXK<=8;Em>¬?Yn\n76=Et?^Xc47IZ:�ÃKIZ6=EB?�<�?�Q�N7Xc4�[LE�G5IK6

?YQREmN7>t<REY]�zYIZ>7IK6S?^<=IZT±Xc4@?^6=zmI¬<S4@?^>*8h<�T\EOIK:R]rEm6«<=47I&4\I�?�l 1 8LEm>7:KC | <U�Y�m� { IKe`Ö^Nd�u<S4\I

XZ69Em:=:5:=IZXª<S8LEm>�]r69EmQ 47I�?�l 1 8LEm>7:�]Í?Y[;[L:�6S?Yn\8;T7[ 1 ?Y6=EmN\>7T��yn�3±EY]¢zmIK>7IZ6=?^<SIKTUXc4@?Y69zmIY�bGj478;[LIj]rEY6

n769EY<SEm>\:Z�7<S4\8;:�EbXZXZN\6=:F?^<k?Yn7n769E�À\8LQ�?�<SIZ[ 1 �OCÇ¶x��n�3�C

Vf8;zYN76=I«´H·«:=4\EHGj:�?«XZEmQRn@?Y698;:=EY>oP�IK<¤G2IZIK>�<S47Iy:�<S6=N\XK<SN\6=IyGj8L<S4&?Y>7T¬Gj8L<=47EmN\<j<=47I`<SN7>7z��

:9<=IZ>¬[p? 1 IZ6�?^<�´H��?Y>7To�Y�Y� { IKe`Ö^N¬n76=E^<SEm>7:KC J 47IZ69I`8;:�?Y>�8L>7:=8Lzm>78hs@X�?Y>t<2I ¨ IZXª<jEm>U<S47I`XK6=Em:9:

�Y¸



0 0.1 0.2 0.3 0.4 0.5
Charge Generated (pC)

10-16

10-15

10-14

10-13

10-12

10-11

10-10

In
te

gr
al

 C
ro

ss
 S

ec
tio

n 
(c

m
2 /S

V
)

15 MeV
500 MeV
5 GeV

Vf8LzmN76=Ik´�µ\�v�¤>t<SIZzY6S?Y[7XK6=Em:9:�:=IKXK<S8LEm>«]rEm6©n769EY<SEY>7:�?^<j´H�b�x�Y�m�\�m?Y>7TR�Y�m�Y� { IKe`Ö^N«]rEm6©:9<=6=N7Xª<SN769I
Gj8L<=4«� [p? 1 IZ6ZC J 47IZ69Ik8L:�[;8L<9<S[LI2l^?Y6=8;?^<S8LEm>«8;>�<=47IjXZ69Em:=:g:=IKXK<S8LEm>RP�Iª<¤G5IKIZ>�<=47IjQ�Em69I�IZ>7IK6=zmIª<S8LX
n@?Y6�<S8LXZ[;IK:ZC

:=IKXK<=8;Em>§Gj47IZ>#<S47I�<=N7>7zm:�<SIZ>*[p? 1 IK6«8;:R?YT7T\IZTdC J 478L:R8L:«Q�N7Xc4*T78 ¨ IZ69IZ>t<B<S4@?Y>¦<=47I&69IZ:9N7[L<=:

EmP7:9IZ6�lmIZT&?YP�E�lmI�]rEm6g<S47I`47IZ?�l 1 8;Em>7:gGj47IZ69I�<S47I�<=N7>7zm:�<SIK>o[;? 1 IZ65Q�?YT\I`?�:=8Lzm>78Ls7X�?Y>t<uT\8 ¨ IZ6��

IZ>\XZI�8L>£<=47I�XK6=Em:9:�:9IZXª<S8;EY>dC J 47I�[;?YXc�(EY]5:9<S69Em>7z&T7IZn�IZ>7T\IZ>7XKIUEm>�<=47IRQ�?^<=IZ698p?Y[©8L:�T\N7IR<=E

<S4\IW[L8;QR8L<=IZTUIK>7IZ69z 1 ?Y>7T&Q�EmQRIZ>t<=N7Q�<=6S?Y>7:�]rIZ6Fn�EY:=:=8LP7[;I`P 1 n769EY<SEY>7:jXZEmQRn@?Y69IZT¬<SER47I�?�lb8;IK6

8;EY>7:ZC J 478L:�69IZ:=N\[L<k8;:F:9<S69N7XK<=N76=IaT7IZn�IZ>7T\IZ>t<y?Y>7T�Q�? 1 >7EY<k47Em[LT&<=6=N7IW]rEm6kE^<S47IK6k:�<S6=N\XK<SN\6=IZ:KC

MOXc4tG5?Y>7����IK<�C�?^[C�Ê ¶t¿^Ë¡�\:=?�G¯?aT\8 ¨ IZ6=IK>7XZI`8L>UXZ69Em:=:5:=IZXª<S8LEm>UGj47IZ>¬XKEmQ�n7?Y6=8L>7z«�Y�Y�\�\¿m�Y�\�7?^>7T

�Y�m� { IKeÂn769EY<SEm>\:©Em>R?�<SN7>\zm:9<=IZ>B:9<=6=N7Xª<SN769IYC | :�EYP7:=IK69lmIKT�P 1 �yEYP@? 1 ?Y:9478�tIª<�C�?Y[¡CuÊÄ�^¶YË¡�m<S4\I

[;EbX�?�<S8;EY>«EY]q<=47IF<=N7>7zm:�<SIK>�Gj8;[L[7T7IK<=IZ69Q�8L>7Ij8L]q<=47IFIKlmIK>t<S:5Gj8L[;[7zmIK>7IZ6=?^<SIFXc4@?Y69zmIj<S47IF:=IK>7:=8h<S8LlYI

lmEY[;N7QRIYC

¿m�



0 0.1 0.2 0.3 0.4 0.5
Charge Generated (pC)

10-16

10-15

10-14

10-13

10-12

10-11

10-10

In
te

gr
al

 C
ro

ss
 S

ec
tio

n 
(c

m
2 /S

V
)

15 MeV
500 MeV

15 MeV
500 MeV

With W Layer

Without W Layer

Vf8LzmN76=IF´H·O�v�¤>t<SIKzm6S?Y[OXZ69Em:=:©:9IZXª<S8;EY>�]rEm6fn769EY<SEY>7:�?^<5´H��?Y>7TR�^�m� { IªeyÖ^N�]rEm6�P�E^<S4�:�<S6=N\XK<SN\6=IZ:KC
J 47IK6=IW8;:�[;8h<=<=[;Ikl^?Y698p?^<=8;Em>�8;>�<S47IyXK6=Em:9:F:9IZXª<S8;EY>oGj47IK>&<=47I`<SN7>7zY:9<SIK>&[;? 1 IZ6j8L:�n76=IK:=IZ>t<ZC

�¤Em>�MOn�IZXK8;IZ:k35EmQRn@?Y698;:9Em>

Vf8;zYN76=I&´�º�Q�?Y�YIK:«?�XZEmQRn@?Y698;:9Em>�EY]j<=47IU8;>t<=IZzm6=?Y[2XK6=Em:9:�:=IKXK<=8;Em>°]rEm6�n76=E^<SEm>7:K��?Y[;n\4@?Y:Z�

E�À 1 zYIZ>d��>7IKEm>d��?Y>7T¬8L6=Em>¬8;EY>7:�?^<k�Y�Y� { IKeyÖ�No]rEm6u<=47Iy:9<=6=N7Xª<SN769IWGj8h<S4U<S4\Iy<=N7>7zm:�<SIK>�[p? 1 IZ6ZC

� À 1 zYIZ>§?Y>7T�>7IZEY>°4@?�lmIU69EmN7zm4\[ 1 <S4\I�:S?^Q�I�XZ6=EY:=:a:9IZXª<S8;EY>¦?^<a?Y[;[g?YQREmN7>t<S:WEY]�zYIZ>7IK6S?^<=IZT

Xc4@?Y69zmIY�uGj4\8;[;I�<=47I&8L6=Em>#8;EY>7:�47?�lYI�?£XZ6=EY:=:�:9IZXª<S8;EY>Ñ<¤G5E£<SE£<S4769IZI�EY6=T7IK6=:�E^]�Q�?Yzm>78h<SN7T7I

[p?^6=zmIK6k?�<�478Lzm47IZ6FXc4@?Y69zmIazYIZ>7IK6S?^<=8;Em>7:KC � 69EY<SEm>\:�?Y>7T�?Y[;n\4@?Y:�47?�lYI«?�XK6=Em:9:�:9IZXK<=8;Em>�:=IKlYIZ6=?Y[

Em69T7IZ69:2EY]�Q�?Yzm>78h<SN7T7I�[LE�G5IK6g<=4@?Y>B<S47IFEY<S4\IZ6�8;Em>\:2?�<�>7I�?Y69[ 1 ?^[;[7Xc4@?^6=zmIFzmIZ>\IZ6S?�<S8;EY>7:ZCf�Â4\IZ>

6=Iª]rIZ696=8;>\z�P@?YXc�R<SE�s@zmN\6=Iy�O�OG5I`:9IZI�<S47?^<5Gj478L[;I�8L6=Em>�8;Em>\:�?Y6=Ik<S47I�[LI�?Y:�<j?YP7N\>7T@?Y>t<j8;>�:=n@?YXKI

EY]�<=47I�n@?Y6�<S8LXZ[;IK:kn\6=IZ:9IZ>t<SIKT�4\IZ6=I^�d8L<�8;:kEm>7[ 1 P 1 ?�]Í?YXK<=Em6�E^]�¶U[;IK:=:�<=4@?Y>�>7IKEm>(8;EY>7:ZCyMb8;>7XKI

<S4\IZ8;6«XK6=Em:9:�:9IZXª<S8;EY>*8L:«Q�N7Xc4#[p?Y69zmIZ6B?^<BXKIZ6�<c?Y8L>#Xc47?Y6=zmIozmIK>7IZ6=?^<S8LEm>7:Z��<S4\I 1 XKEmN7[;T#n7[;? 1 ?

:=8Lzm>78hs@X�?Y>t<j69Em[;I�]rEm6�T\IKlb8;XKIZ:�Gj8L<=4&[;?Y6=zmIK6uXZ698L<=8;X�?^[qXc4@?Y69zmIZ:KC

¿\´



0 0.5 1 1.5 2 2.5
Charge Generated (pC)

10-17

10-16

10-15

10-14

10-13

10-12

10-11

10-10

10-9

10-8

10-7

In
te

gr
al

 C
ro

ss
 S

ec
tio

n 
(c

m
2 /S

V
)

Proton
Alpha
Oxygen
Neon
Iron

Vf8LzmN76=Io´�º\�«�¤>t<=IZzm6=?Y[5XK6=Em:9:�:=IKXK<S8LEm>�]rEm6�E�À 1 zmIK>d��>7IZEY>d��?Y>7T¦8L6=Em>�?^<��Y�m� { IªeyÖ^N°]rEY6�<S4\I
:9<=6=N7Xª<SN769IgGj8h<S4`��[;? 1 IZ6KC J 4\Ig4\I�?�lb8;IZ6�8LEm>7:¢4@?�lmI2?�[p?Y69zmI�XZ69Em:=:�:9IZXK<=8;Em>y]rEm6¢zm69I�?^<=IZ6�?YQREmN7>t<=:
EY]�zmIZ>\IZ6S?�<SIZToXc4@?Y69zmIYC

Vf8;zYN76=IU´�¸UQ�?Y�^IZ:W?U:=8LQ�8L[p?Y6FXZEYQ�n@?^6=8;:9Em>(?Y:�s7zmN76=I�´�º¬P\N\<yEm>�<S4\I«:9<S69N7XK<=N76=I«Gj8h<S47EmNO<

<S4\I�<SN7>7zY:9<SIK>¥[p? 1 IK6ZC��Â4\IZ>(<S47I�<=N7>7zm:�<SIK>�8L:�>7EY<`n\6=IZ:9IZ>t<��v?Y[L[�4\I�?�lb8;IZ6`8LEm>(XZ69Em:=:`:9IZXª<S8;EY>7:

?Y69IjGj8h<S478L>R?Y>�EY6=T7IK6gE^]qQ�?Yzm>78h<SN7T\IYC � 69EY<SEm>\:5?Y69IF?Yn7n769E�ÀO8LQ�?^<=IZ[ 1 Em>\IkEm69T7IZ6�EY]�Q�?Yzm>78h<SN7T7I

[;E�G2IZ6�8;>�XK6=Em:9:©:=IKXK<S8LEm>dC J 47Iu6=EY[;I�<S47I5<=N7>7zm:�<SIK>«[p? 1 IK6©n7[p? 1 :fEY>�Xc4@?Y69zmIuzmIK>7IZ6=?^<S8LEm>aP�IZXKEmQ�IK:

lmIK6 1 ?Yn\n@?Y6=IK>t<�<S4769EmN7zm4¬<S47I`XKEmQRn@?Y6=8L:=Em>�E^]�s@zYN76=I«´�ºB?Y>\T¬s7zmN76=IB´�¸OC©�Â47IZ>o>7E«<SN7>\zm:9<=IZ>

[p? 1 IZ6a8L:yn76=IK:=IZ>t<Z�©<S47I�8;Em>£< 1 n�I�Q�?Y�^IZ:�lYIZ6 1 [L8L<=<=[;I«T78 ¨ IK6=IK>7XZI�8;>¥<S47I�XZ6=EY:=:a:9IZXª<S8;EY>¦?^<a?Y[;[

Xc4@?Y69zmIyzmIZ>\IZ6S?�<S8;EY>7:ZC

¿t�



0 0.5 1 1.5 2 2.5
Charge Generated (pC)

10-17

10-16

10-15

10-14

10-13

10-12

10-11

10-10

10-9

10-8

10-7

In
te

gr
al

 C
ro

ss
 S

ec
tio

n 
(c

m
2 /S

V
)

Proton
Alpha
Oxygen
Neon
Iron

Vf8LzmN76=Io´�¸\�«�¤>t<=IZzm6=?Y[5XK6=Em:9:�:=IKXK<S8LEm>�]rEm6�E�À 1 zmIK>d��>7IZEY>d��?Y>7T¦8L6=Em>�?^<��Y�m� { IªeyÖ^N°]rEY6�<S4\I
:9<=6=N7Xª<SN769I�Gj8h<S47EmNO<W� [p? 1 IK6ZC J 47I�8;>7XK8;T7IK>x<W8LEm>£< 1 n�I�Q�?Y�YIK:a?^>�8;>\:=8;zY>78Ls@XZ?Y>t<yT78 ¨ IZ69IZ>7XKI
Em>�<S4\IWXK6=Em:9:k:9IZXª<S8;EY>dC

¿m¿



3uD |���Jj}g~ e��=�

3uD |�~ _ }²�`}��g� MO� J � �`� � ����J D }�~ M Jj~ i�3 J i ~F} M

�¤>R<=478;:�Xc47?Yn\<SIK6Z�x<S47IjQRIK<=47EOT\:�T7IZ:9XZ6=8LP�IKT�?^P�E�lmIF?Y69IjN7:=IKTR<=EW8L>tlmIZ:�<S8Lzt?^<SIjXc4@?^6=zmIjzmIK>7IZ6 �

?^<=8;Em>�8L>B?�Q�EbT7IK[;IZTRM � ��<SIKXc47>7Em[LEmz 1 P 1 8;Em>\:�?YP7N7>\T@?Y>t<�8;>«:9n@?YXZI^Cg35EmQRn@?Y6=8L:=Em>\:�?Y6=I5Q�?YT\I

E�lmIK6�8;EY>&:9n�IKXZ8;IK:�?^>7T�IK>7IZ69z 1 CjV@Em6jn769EY<SEm>\:Z��6=IK:=N7[h<S:k?Y6=IWXZEmQRn@?Y69IZTo]r6=EmQ)<=47I 0 IZ6�<S8;>\8�?^>7T

P78L>@?Y6 1 X�?^:=X�?^T7IjQ�EbT7IZ[L:f8L>R_yIZ?Y>t<S¶�Gj8L<=4«IZwxN78hlY?^[;IZ>t<�69IZ:9N7[L<=:©]r6=EmQ�<S47IF35[LIZQR:=Em>BiF>78LlYIZ69:=8L< 1

� 6=EY<=Em>o�¤>x<=IZ6=?YXK<=8;Em>7:j8L> � IKlb8;XKIZ:�»3ui � � � ¾�XZEbT7I^C

M � �uMb<S69N7XK<=N76=IyGj8L<=4 � lYIZ69[p? 1 IK6=:

MO8;QaN7[p?^<=8;Em>�EY]k?(Q�EbT7IZ[LIZT#M � �WT7IKlb8LXZI�Gu?^:«T7Em>7I¬N7:98;>7z�<=47I¬8;T7IK>x<=8;XZ?Y[5E�lmIK6=[;? 1 IZ6BT7IÕ�

:=XK6=8Ln\<S8LEm>¥N7:=IKT�]rEm6�<=47I�:9X�?Y[LIZT�3 {�� M¥:98;Q�N\[p?^<=8;Em>7:�T78;:9XZN7:9:=IZT�8;>(<S47IBn769IKlb8;EYN7:yXc4@?Yn\<=IZ6=:KÚ

47E�G2IKlmIK6Z�7<=47Ik:9IZ>7:98L<=8LlmIklmEm[LN7Q�IF:=8LÃZIjGu?^:uXc4@?Y>7zYIZT�<=E«�OCÅ��Î²´���Î#�\CÇ�m¸mºWÏdQ�ñg<SE�6=IZn\6=IZ:9IZ>t<

<S4\Ik<S4\8;>7>7IK65:9IZ>7:98L<S8hlmIFlmEm[LN7Q�Ij]rEmN7>\TU8;>UM � �©<SIZXc4\>7Em[;EYzm8;IK:Z�b:=IZIks@zmN769I`�Y�\C©Vf8;zmN\6=I��O´�XKEmQB�

n@?Y69IZ:�E�À 1 zmIZ>¬8;EY>7:�?^<`´��O�@�m�b�7?Y>7T&�Y�Y� { IKe`Ö^N�]rEm65<=47IyM � �g:9<S69N7XK<=N76=I�Gj8h<S4U<=47I�<SN7>\zm:9<=IZ>

[p? 1 IZ6ZC | :�Gj8L<=4§<=47I¬:=XZ?Y[;IKTÑ3 {�� M¦:9<=6=N7Xª<SN769IY�g<S47I¬[;E�G'IZ>\IZ6=z 1 8;Em>7:�»Í6=IKn76=IK:=IK>x<S?^<S8hlmIoEY]

zm69EmN7>7T§<SIK:9<S:S¾R4@?�lYI�?¥Q�N7Xc4*[;E�G5IK6BXZ6=EY:=:�:9IZXª<S8;EY>#<=4@?Y>§<S47IoQ�EY6=I¬IZ>7IK6=zmIª<S8LXY�5:9n@?YXKIª�¤[L8;�^I

8;EY>7:ZC�MOEo?Yzt?^8;>d��XZEm>7:98;T7IK6=8L>7zUEm>7[ 1 <=47I«zm69EmN7>7T�<=IZ:9<yIK>7IZ69zm8;IK:`8;:�>\EY<`:=NOÔ�XK8;IK>x<y<=E�n76=IKT78;Xª<

Em>O�¹Em6=P\8L<�n�IZ6�]rEm6=Q�?Y>7XKIYC

�Â47IZ>�XZEmQRn@?Y698;>7zu<=47I5M � �q:9<=6=N7Xª<SN769IgGj8h<S4�?Y>7TyGj8L<=47EmN\<¢<=47I�<SN7>7zY:9<SIK>a[;? 1 IZ6¢]rEm6�E�À 1 zYIZ>

8;EY>7:�?�<k<=47I�É@NbÀ�Q�?�ÀO8;QaN7Q.?Y:k8;>¬s@zmN769I«�m�O��<S4\Ia6=IK:=N7[h<S:k?Y6=I�XZEm>\:=8;:�<SIK>x<kGj8L<=4&<S4\I«3 {�� M

:9<=6=N7Xª<SN769I�8;>a<=4@?^<�<S47I5<=N7>7zm:�<SIK>R[;? 1 IZ6fn7[p? 1 :�?�Q�N\Xc4«:=Q�?Y[;[LIZ6v6=Em[LI58;>aT7IK<=IZ6=QR8;>\8;>7zF<S47IuXK6=Em:9:

:=IKXK<=8;Em>BP�IZ[;E�GÑ�\CÅ�`n@3�C � EY<=Iu<S4@?^<�<=47I�XZ69Em:=:�:9IZXK<=8;Em>R?YP�E�lmI�<S4\Ik�OCò��n�3§[;IªlmIZ[@47?Y:©lmIK6 1 n�EOEm6

¿Y¶



Vf8LzmN769IW�Y�\� { EbT7IZ[LIZT&M � �5T\IKlb8;XKIWGj8h<S4¬E�lmIZ69[p? 1 IK6=:KC

0 0.5 1
Charge Generated (pC)

10-17

10-16

10-15

10-14

10-13

10-12

10-11

10-10

10-9

10-8

10-7

In
te

gr
al

 C
ro

ss
 S

ec
tio

n 
(c

m
2 /S

V
)

15 MeV/u
25 MeV/u
500 MeV/u

Vf8LzmN76=I��O´m���¤>t<SIZzY6S?Y[�XZ69Em:=:u:9IZXª<S8;EY>�]rEm6F´H�a?Y>\T��Y�m� { IKe`Ö^NUE�À 1 zmIZ>�8LEm>7:gEm>¬M � ��:9<=6=N7Xª<SN769I
Gj8L<=4�� [p? 1 IZ6ZC�Dk8;zY4�IZ>\IZ6=z 1 <=IZ:9<=8;>7z�8;:a69IZwxN78L6=IZT�<SE�]rN7[L[ 1 XZ?Yn\<SN\6=I�<=47I�69IZ:=n�Em>7:9I�EY]�<S4\I
XZ8L6=XKN78L<ZC

¿t�



0 0.5 1
Charge Generated (pC)

10-17

10-16

10-15

10-14

10-13

10-12

10-11

10-10

10-9

10-8

10-7

In
te

gr
al

 C
ro

ss
 S

ec
tio

n 
(c

m
2 /S

V
)

With W Layer
Without W Layer

Vf8LzmN76=I��m�O�v�¤>x<=IZzm6=?Y[7XK6=Em:9:g:9IZXª<S8;EY>B]rEY6��Y�m� { IªeyÖ^NRE�À 1 zYIZ>R8;Em>7:fEm>�M � �vGj8h<S4B?Y>7T«Gj8h<S47EmNO<
� [p? 1 IK6ZC J 47I�� [p? 1 IZ6`n7[;? 1 :`?U:9Q�?^[;[�6=Em[LIa8L>(T7IK<=IZ6=QR8;>\8;>7zR<S47I�XK6=Em:9:`:=IKXK<S8LEm>¥P�IK[;E�G��\CÅ�
n�3ÂEY]fzYIZ>7IK6S?^<=IZT�Xc47?Y6=zmI^C

:9<S?^<S8L:9<=8;XZ:KC J 478;:W8;:`T7N\IR<=E¬<=47IR:=IZ[LIZXª<SIZT�>xN7Q�P�IZ6yEY]u8L>7XZ8LT7IZ>t<Wn@?Y6�<S8LXZ[;IK:y?Y>7T¥<S47IB69IZT7N7XKIZT

]rI�?�<SN769IW:98;ÃKIWE^]�<=47I�M � �2<SIKXc47>7Em[LEmz 1 C

Mb8;QRn7[;IyM � � � IKlb8;XKI

�¤>#<=478;:a:=IZXª<S8LEm>#?¥XKEmQRn@?Y6=8L:=Em>�P�Iª<¤G5IKIZ> {&~k}�� ?Y>7T§EmN\<=n7N\<Bn7N7P\[;8;:947IZT§8L>�ÊÇ��Ë5]r6=EmQ

<S4\I�3ui � � �.{ Em>t<SI�3u?Y69[;E¬XZEbT7IR8;:`n769IZ:=IK>t<SIZTqC J 47IB<c?Y69zmIK<WN7:9IZT�]rEY6y<=478;:yXKEmQ�n7?Y6=8L:=Em>(8L:

?¬6=IZXª<c?Y>\zmN7[p?^6Wn7?Y6S?Y[L[;IK[;IZn\8;n�IZT#» ~F��� ¾yXKEmQ�n�Em:9IZT�IK>t<S8;69IZ[ 1 EY]u:98;[L8;XZEY>¥Gj8h<S4�?o4\8;zm4�?Y:=n�IZXª<

6S?�<S8;EB:9IZ>7:98L<S8hlmIylmEm[LN7QRIR»�OCÅ�£Î³´��¥ÎÂ�\CÇ�m¸mº«ÏdQ ñ ¾u8;>�<S4\I�QR8;T7T\[;I�EY]©?R[;?Y6=zYIZ6�:=N\6=6=EYN7>7T78L>7z

lmEY[;N7QRI�»¡�m�*Î�¿m�±ÎÛ�Y�oÏdQ�ñS¾W69IZn769IZ:=IK>t<S8;>\z¥?&:=8LQ�n\[;I�M � �`T7IKlb8LXZIY�f:=IZI�s@zmN769I��Y¿\C J 478L:

:9<=6=N7Xª<SN769I�G5?Y:FN7:=IKT�<SER8;>tlmIK:9<=8;zt?^<=IyXc4@?Y6=zYI�XKEm[;[LIZXK<=8;Em>UlYEm[;N\Q�IK:F<=4@?^<F4@?�lmI�Em>7IyT78;QRIZ>\:=8;EY>

Q�N7Xc4¥:9Q�?Y[L[;IK6k<S47?Y>�<S47I«E^<S47IK6=:y?Y>7T¥8L:�8;T7IK>t<S8;XZ?Y[�<=EU<S4@?�<`N7:=IKT�8L>§ÊÄ��ËCaV@Em6k<=478;:y?Y>7?Y[ 1 :=8L:Z�

¿mµ



Vf8LzmN769Iy�Y¿\�gMO8LQ�n\[;IyM � �2T7IKlb8;XKIyXZ6=EY:=:F:=IZXª<S8LEm>o?Y>7T&?Y>7zm[LI`EY]f8L>7XZ8LT7IZ>t<j69IK]rIZ69IZ>7XKIZ:KC

µm¿¥?Y>7T*�Y�Y� { IKeÝn769EY<SEm>\:�G5IK6=Io:=8;QaN7[p?^<=IZT°EY>§<=47I¬:=8L[;8;XKEm> ~F��� <c?^6=zmIª<«]rEm6B?�6S?Y>\zmI�EY]

8;>\XZ8;T\IZ>t<F?Y>7zm[LIZ:�Em>¬<S4\IW[;?Y6=zYI�:=N7696=EmN\>7T78;>\z�:9N769]Í?YXKIYC

Vf8;zYN76=I5�^¶�:947E�Gj:f<S4\I28L>x<=IZzm6=?Y[xXZ69Em:=:©:9IZXª<S8;EY>�]rEm6v8;>7XK8;T7IK>t<fn769E�á9IZXª<S8L[;I2?Y>7zm[LIZ:vEY]���?^>7T�¸m�V\
XZEYQ�n7NO<SIZT£Gj8L<=4 {&~k}�� »rN7:=8L>7z&P\8;>@?Y6 1 ?Y>\T 0 IK69<S8L>78�8;>t<=6S?Y>xN7XK[;I�?^6`X�?Y:9X�?YT7I�Q�EbT7IK[;:c¾�?^>7T

3ui � � � ]rEY6kµY¿ { Iªe-n769EY<SEY>7:ZC J 4\IaP78L>@?Y6 1 X�?Y:9X�?YT7I�Q�EbT7IK[¢8;:F?B<=47IZEY6=IK<=8;XZ?Y[�Q�EbT7IZ[dGj4\8;[;I

0 IK69<S8L>78�8;:gP@?Y:9IZT�Em>UIKQ�n\8;6=8LX�?Y[@T7?^<c?\C�¼qIZ6=E�T7IZzY6=IZIK:uXZEY6=6=IK:=n�Em>7T7:2<SE�<=47I�n7?Y69<=8;XZ[LIZ:g8;>7XK8;T7IK>t<

>7Em69Q�?^[�<=E�<=47Iy�m�oÎ*¿m��ÏdQ	:=N76�]Í?YXZI^�7?Y>7T�6=EY<S?^<S8LEm>R<=E«¸m�W\gGu?^:5T7Em>\I�XZEm>\:=8;:�<SIK>x<5Gj8L<S4R<S4@?�<
8;>¦ÊÇ��Ë¡C J 47IZ69I«8;:kzmEOEbT(?YzY6=IZIKQ�IK>t<yP�Iª<¤G5IKIZ>�?Y[;[�QREOT7IK[;:�?^<y¸m�W\�P7N\<`n�EOEY6=IZ6�?Yzm69IZIZQRIZ>t<y?�<
�W\KC J 47I�<¤G2E {�~F}g� QREbT7IZ[L:�XKEmQ�n7?Y6=IKT°:=47E�G'zmEbEOT°?Yzm6=IKIZQRIZ>t<a]rEY6aP�EY<S4¦?^>7zm[;IK:ZC J 47I
3ui � � � XK6=Em:9:2:9IZXª<S8;EY>7:5?^6=Ij:=[L8;zm4t<S[ 1 [LEHG2IZ6�<=4@?Y>�<=47Em:9IkXZ?Y[;XKN7[p?^<=IZT«]r6=EYQ {�~F}g� ]rEm6�IZ>7IK6=z 1

T7IKn�Em:98L<=8;Em>7:`½Ì�\CÄ¶ { IKe�C

�¤>Rs7zmN76=Ik�m�`?`XZEYQ�n@?^6=8;:9Em>«8;:�Q�?YT7Iu]rEY6��Y�m� { Iªe%n\6=EY<=Em>7:�]rEm6�?Y>7zY[;IZ:fEY]d�y?Y>\T�¸m�V\ZC | :
Gj8L<=4R<=47Ikµm¿ { IKe¯n\6=EY<=Em>7:Z�x<S4\IZ6=IF8;:�P�IK<9<SIZ62?Yzm69IZIKQ�IK>x<28;>B<S4\IkQREOT\IZ[;:�?�<u¸m� \ Cg35EmQRn@?Y698;>7z
<S4\I�µm¿�?^>7TR�Y�m� { IKe²n\6=EY<=Em>7:©:947E�Gj:©<S47IK6=Iu8L:�[LIZ:=:fEY]�?�T78 ¨ IK6=IZ>\XZIu8L>aXZ69Em:=:f:=IZXª<S8LEm>«P�Iª<¤G5IKIZ>

<S4\Iyl^?Y6 1 8;>7zR?Y>7zY[;IZ:u]rEY6u<S47I��Y�m� { Iªe�n76=EY<=Em>7:KC

¿t·



Bertini
Binary Cascade
CUPID

0 2 4 6 8 10
Energy Deposited (MeV)

10-17

10-16

10-15

10-14

10-13

10-12

10-11

10-10

In
te

gr
al

 C
ro

ss
 S

ec
tio

n 
(c

m
2 /S

V
)

Bertini
Binary Cascade
CUPID

90o

0o

Vf8LzmN76=Ig��¶7�¢�¤>t<SIZzY6S?Y[tXK6=Em:9:v:9IZXª<S8;EY>W]rEm6�µY¿ { IKe#n76=E^<SEm>7:�Em>y<S4\I ~F��� <c?^6=zmIª<�C | XZEmQRn@?Y698;:=EY>
P�IK<¤G2IZIZ>(3ui � � � ?Y>\T¬<¤G2E {&~k}�� Q�EbT7IZ[L:Z��P78L>@?Y6 1 X�?^:=X�?^T7Ia?^>7T 0 IZ6�<S8;>\8C

0 2 4 6 8 10
Energy Deposited (MeV)

10-17

10-16

10-15

10-14

10-13

10-12

10-11

10-10

In
te

gr
al

 C
ro

ss
 S

ec
tio

n 
(c

m
2 /S

V
)

Bertini
Binary Cascade
CUPID

0 2 4 6 8 10
Energy Deposited (MeV)

10-17

10-16

10-15

10-14

10-13

10-12

10-11

10-10

In
te

gr
al

 C
ro

ss
 S

ec
tio

n 
(c

m
2 /S

V
)

Bertini
Binary Cascade
CUPID

90o

0o

90o

0o

90o

0o

90o

0o

90o

0o

Vf8LzmN76=Ik�m�b�©�¤>t<SIZzY6S?Y[�XZ69Em:=:2:=IZXª<S8LEm>�]rEm65�Y�m� { IKeÌn76=E^<SEm>7:2Em>�<=47I ~F��� <c?Y69zmIK<ZC | XKEmQRn@?Y6��
8;:9Em>¬P�Iª<¤G5IKIZ>¥3ui � � � ?Y>7T¬<¤G2E {�~F}�� QREbT7IZ[L:Z��P78L>@?Y6 1 X�?Y:9X�?YT\Ia?Y>\T 0 IZ69<=8;>78¡C

¿mº



3uD |���Jj}�~ e��9�=�

3 �`� 3uA�i�MO� �`�

35EmQRn7N\<c?�<S8;EY>7:�N7:=8L>7z {�~k}�� »¡?«XZEbT7IyP@?Y:9IZT�EY>�?«QREOT78hs@IZT&_`I�?Y>t<=¶B<=EOEY[;�x8L<c¾2:=47E�G2IZT

<S47?^<��g]rEm6�4\I�?�l 1 8LEm>7:B8;>\XZ8;T\IZ>t<�EY>Ñ?£:9<S69N7XK<=N76=I&8;>7XK[;N7T\8;>7z£?(<SN7>7zY:9<SIK>±[p? 1 IZ6Z�2<S47IK6=Io8;:R?

6S?^>7zmIREY]uIK>7IZ69zm8;IK:WGj47IK6=IB]Í?Y8;[LN76=I�<=E&XKEm>7:98;T7IK6a?Y[L[�n74 1 :=8;XZ?Y[�n76=EbXZIK:=:9IZ:�69IZ:=N\[L<S:W8;>�?¬:=8;zY>78L]p�

8;XZ?Y>t<UN7>\T7IZ69IZ:9<=8;Q�?^<S8LEm>ÑE^]`IKlYIZ>t<S:�<S47?^<U4@?�lYI�<S47I�n�EY<=IZ>t<S8;?Y[�<SE°n\6=EbT7N7XZI�IZ6=69Em6=:KCÌ�¹]y<S4\I

<S6=?YT78h<S8;EY>@?Y[ ~k��� Q�Iª<S47EbT7:a<=4@?^<BXZEY>7:=8LT7IZ6�EY>7[ 1 T78;69IZXª<S8;EY>¦8;Em>78LÃ�?^<=8;Em>�?Y69I�N7:=IKT§]rEY6BM } i

IZ696=Em6�6S?^<=I�n769IZT78LXK<=8;Em>�Em>°:9<=6=N7Xª<SN769IZ:«XKEm>t<c?Y8L>78;>7zo<SN7>\zm:9<=IZ>d�©<=47IUEm>O�¹Em6=P\8L<aM } i)6S?�<SI�Gj8L[;[

P�I�N7>7T7IK6=IK:9<S8LQ�?�<SIZT(P 1 Em6=T\IZ6=:�EY]gQ�?YzY>78L<=N7T7IYCF�Â47IZ>(<=47Ia<SN\>7zm:9<=IZ>([;? 1 IZ6�8L:�69IZn7[;?YXZIKT(P 1

MO8 � Ð �\<S47I`<=6S?YT78h<S8LEm>@?Y[�Q�Iª<S47EbT7:uGj8;[L[q:9N\ÔRXZ8;IK>t<S[ 1 IK:9<=8;Q�?^<SI�<=47Iy6S?^<=IYC

35EmQRn7N\<c?�<S8;EY>7:�n�IK69]rEm69Q�IKTR]rEm6g?y:=IK[;IZXª<S8LEm>�E^]d47IZ?�l 1 8;EY>7:g?YP7N7>7T7?Y>t<58L>R<=47I�_W3 ~ :=n�IZXÕ�

<S69N7Q�G2IZ69Iyzm8LlYIZ>d�7T\IZQREm>7:9<=6S?^<=8;>7z�<S4@?^<j4\I�?�l 1 8;Em>U?^<SEmQR8;X�?Y>7T¬>xN7XZ[LI�?Y65:=X�?�<=<SIK6=8L>7zBIKlmIK>t<S:

X�?^>(T7EmQR8;>@?^<=I�EY>O�¤Em69P78L<kn�IZ69]rEY6=Q�?Y>7XZI^C J 478L:�6=IK:=N7[h<�4@?Y:�:=8;zY>78Ls@XZ?Y>t<�8LQ�n7[L8;XZ?^<S8LEm>7:u]rEm6F<SIZ:�<

QRIK<S4\EOT7:k?Y>7T&6S?^<=Iyn76=IKT78;Xª<S8;EY>�?Yn\n76=Et?^Xc47IZ:KCkV@Em6jXKIZ69<S?Y8;>o:9<=6=N7Xª<SN769IZ:�8L>oGj4\8;Xc4�?B<SN7>\zm:9<=IZ>

[p? 1 IZ6u8L:5n769IZ:=IK>t<��7<S4\I�XZ69Em:=:u:9IZXª<S8;EY>�8;>7XK6=I�?^:=IZ:�P 1 :=IªlmIZ6=?Y[¢Em69T7IZ69:uEY]�Q�?Yzm>78h<SN7T7Ij]rEm62XZIZ6�<c?Y8L>

Xc4@?Y69zmIjzmIZ>\IZ6S?�<S8;EY>7:©]r6=EmQÛ47I�?�l 1 8LEm>7:ZC Jg1 n78LX�?Y[@zY6=EmN7>\TB<=IZ:�<2IK>7IZ69zm8;IK:k»�ßÂ�m� { IªeyÖ^N@¾©G2IZ69I

:=4\EHGj>B<SE`P�I�8;>\:=N\ÔRXZ8LIZ>t<�<SE`n\6=IZT\8;XK<�<=47I�:=n7?YXZI�n�IZ6�]rEm6=Q�?Y>7XKI5]rEm6©:�<S6=N\XK<SN\6=IZ:�Gj8L<=4�<SN7>\zm:9<=IZ>

[p? 1 IZ6=:KC

J 47I(8;>t<=IZzm6=?Y[�XK6=Em:9:�:=IZXª<S8LEm>±Gu?^:�:=47E�Gj>Â<SE¦T7IKn�IK>7TÂEm>²n@?Y6�<S8;XK[;Io< 1 n�IY�FIZ>\IZ6=z 1 ��?^>7T

<S4\Io:�<S69N7XK<=N76=I�Gj478LXc4*8h<«:9<=6=8;�^IZ:KC � 69EY<SEm>b�¤8;>\T7N7XZIKT§Xc4@?Y6=zYIozYIZ>7IK6S?^<=8;Em>§8;>°<=47I¬:9<=6=N7Xª<SN769IZ:

XZEY>7:=8LT7IZ69IZT�8L>(<S478L:�G5Em69�(T78;T£>7EY<yT\IZn�IZ>7T�:=8;zY>78Ls@XZ?Y>t<S[ 1 Em>¥<S47IBn769IZ:9IZ>7XKI�EY]2<SN7>7zY:9<SIK>�8L>

<S4\IUE�lmIZ69[p? 1 IK6=:KC J 4\8;:�8L:a>7EY<a>7IZXKIZ:9:S?Y698;[ 1 ?�zmIK>7IZ6=?Y[569IZ:=N\[L<�Ú�EY<=47IZ6a:9<S69N7XK<=N76=IK:«Q�? 1 :=47E�G

¿m¸



:=IK>7:=8h<S8hlO8h< 1 <=E�<SN7>\zm:9<=IZ>B8L]�8h<�8;:�n7[p?YXKIZT«XK[;Em:9IZ6©<SE�<=47Iu:9IZ>7:98L<S8hlmIulYEm[;N7QRIYC©354@?Y69zmI�zmIZ>\IZ6S?�<S8;EY>

]r6=EYQ)l^?Y6=8LEmN7:j8;Em>\:uG5IK6=IaXKEmQRn@?Y6=IKTo<=4@?^<F:=4\EHG2IZT�?Rzm69I�?^<=IZ6jl^?Y6=8;?Y>7XZI`8L>o<=47IWXZ6=EY:=:F:=IZXª<S8LEm>

]rEm6f<=47Iu:�<S6=N\XK<SN\6=IuGj8L<=4�<SN7>\zm:9<=IZ>dCf�Â4\IZ>«<S47Iu<=N7>7zm:�<SIK>BG5?Y:�>7E^<�n76=IK:=IK>x<Z�t<S47I�XK6=Em:9:�:=IZXª<S8LEm>

4@?YTo[;8h<=<=[;Ikl^?Y698p?^<=8;Em>�P�Iª<¤G5IKIZ>�<=47I`lY?^6 1 8;>7z«8LEm>7:KC

| :�<S69N7XK<=N76=I�6=IZn\6=IZ:9IZ>t<c?�<S8LlYIUEY]u?Y>¦M � ��<=IZXc47>\Em[;Emz 1 4@?YT�:=8;QR8;[;?Y6�T7IKn�IK>7T7IK>7XZIUEY>�<S4\I

n769IZ:=IK>7XZI�EY]y?£<=N7>7zm:�<SIK>±[p? 1 IK6Z��[;?Y6=zYIoXc47?Y6=zmI&zmIZ>\IZ6S?�<S8;EY>7:RG2IZ69I�>7E^<�EmP\:=IZ6�lmIKT²8;>*<=47IZ:9I

:9<=6=N7Xª<SN769IZ:KC | [;:9E7�m69IZ:=N\[L<S:©]r69EmQ�<S47I {&~k}�� ?Yn7n7[L8;X�?�<S8;EY>WG2IZ69IF:947E�Gj>«<SEy?Yzm69IZIuGj8h<S4�IZ?Y6=[L8;IZ6

{ Em>t<=IW3u?Y6=[LEa:=8LQ�N7[;?^<S8LEm>7:gEm>�:=8LQ�8L[p?Y6©<S?Y6=zmIª<S:5]rEY62<¤G2ERn\6=EY<=Em>UIZ>\IZ6=zY8;IZ:j?�<5l^?Y6=8LEmN7:5?Y>7zm[LIZ:ZC

¶t�



| n\n�IK>7T78hÀ |

}©Á�|`{�� A }Â{�~F}g� � ��� i J Vf� A } M

J 47IZ:9IkIÕÀ\?YQ�n\[;IZ:�8L>7XZ[LN7T7I�Em>7[ 1 <=47Em:9IFXKEmQRQ�?Y>\T7:�EY]�8;>t<SIK6=IZ:�<�<SE`<S47I�G2Em6=�a8;>�<S4\8;:©<S4\IZ:=8L:

?Y>7T«:947EmN7[LT«P�I5N7:=IKT�?^:�?�6=Iª]rIZ69IZ>7XKIFEY>7[ 1 C � EY<SI5<=4@?^<�Q�?Y> 1 EY<S47IK6©XZEYQ�Q�?Y>7T7:f?Y6=I5?�lY?^8;[p?^P7[;I

8;> {�~F}g� ?Y>7T�8L>7n7N\<gs@[LIZ:2]rEY6�]rNO<SN769IklmIK6=:98;Em>7:5EY]q<=47I�?Yn\n7[;8LX�?^<=8;Em>«Gj8;[L[�?Yn7n�I�?Y6gT78 ¨ IK6=IZ>t<=[ 1 C

35EmQRQ�IK>t<S:W?Y6=I«T\IZ>7EY<=IZT�P 1 ?^]�?�<`<S47IBP�IZzm8L>7>78;>\zoE^]2<=47IB[;8;>\IYCBMOEYQ�IBXZEYQ�QRIZ>t<S:`XKEmQRI
T78L6=IZXª<S[ 1 ]r6=EYQ�<S4\IWIÕÀ\?YQ�n\[;I`8;>\8L<S8;?Y[;8LÃ�?^<=8;Em>«s@[LIyn76=E�lb8;T7IKT&P 1o{&~k}�� ÞÄ:FXK6=IZ?^<SEm69:ZC

�¤>78L<=8p?Y[L8;ÃZ?^<S8LEm>�V�8;[;IF�g8;>78h<�CÄIZTdCÄ8;>

} À7?^Q�n7[LI§8;>78h<S8p?^[;8;ÃZ?^<S8LEm>²s@[;I°]rEY6 {&~k}�� Gj47IZ>Û6=N7>7>\8;>7z�8;>³<S4\I#8L>t<SIZ6=?YXK<=8LlYI#QREbT7IYC

� 4 1 :98;XK:Z��<c?Y69zmIK<�?Y>7T�lb8L:=N@?Y[L8;ÃZ?^<S8LEm>�?^6=I�T\IKs@>7IKT§8;>°EY<=47IZ6Ws@[;IK:aGj478LXc4�]rEm[;[LE�G
Gj8L<=478;>£<S478L:
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_a`cb�d�eRfRgihQjlk(j�m^nWj�gihonDprqasctc`cu
_wvchrmWxaxyp�eWhazchinDdy{Vg�mo|�hrqi}Rp�xyh^x�m�dym�hRx~�� p�kDmcq�pDg ~ |�hrqi}�pRxyh��~�� p�kDmcq�pDg ~ xydr|�hy�Ajix�mDprqi�~ qi{ik ~ |�hrqr}RpRxyh��
_��c�i�c�c�c�c�i�c�c�c�c�i�c�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�_wvrm�dyk�zcdrqDz�fc�c�WxDj � xajrxov � q�hchykRhrzov � drmim�hrqAjlkc���'�i{ � gihcpykA�lkRhDgid�xydrmAj � u��$mi�Rh�}(jlk�drqc� � dRx � dizDh_wdyk�z���pyk(�lk�hDgidRx�mWj �~�� p�kDmcq�pDg ~ hrb�h � {Dm�h�vrmDzG���i�D�WxDj � x���jlk
_��c�i�c�c�c�c�i�c�c�c�c�i�c�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�_a�i�RhRxyhQx�mDdrm�h�eAh�kDmWx�zchinWjlkRh�mr�RhamDdrqc��hrmo�Dhcp�eAhrmiqc���_a�i�Dq�hchadDg�m�hrqikRdymAj�|�hRx�drq�h�jygcg�{Ax�mcq�dym�hizG�~�� p�kDmcq�pDg ~ hrb�h � {Dm�h�vrmDzG����drqc��hym����isR�rvy����j�k
_��c�i�c�c�c�c�i�c�c�c�c�i�c�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�c�_a�i�RhanDpDgcgip��(jlkD� � p�eceAd�k�z � dyka}Rh^hrb�h � {Dm�hiz�mDpwhRx � dyfRh�m�p^d � p�eceAd�k�z^gRjlkRh_wdyk�z�eApizWj�nr�^dykD�wpinami�Rh��cq�hV��k(j�m � p�eieAdyk�zVx�dy}Rpr|�h�}RhrnDprq�h�fDqDp � hchizVjlkD���_a�c�ifRh���hrbWj�m��1m�p � pykDmWjlkc{Rh�mr�Rh�x � qAjlfDmG�~�� p�kDmcq�pDg ~ m � x��

¶7´



_��c�i�c�c�c�c�i�c�c�c�c�i�c�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�c�_��lk(j�mAj�dDgRj��Wj�kD��niqDhchi�DhRx�mi�Rh�fc�D�WxDj � x�dyk�zo��hcpleAhrmcqc��nDprqami�Rhoq�hRx�mwpinami�Rh�qi{ik~ qi{ik ~ jlk(jlmAj�dDgRj��Dh
_��c�i�c�c�c�c�i�c�c�c�c�i�c�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�c�_��lk � g�{DzDha��fRhykD�c �|Ajix�{�dDgRj��DdymAj�pyk�prqakRprm��~�� p�kDmcq�pDg ~ hrb�h � {Dm�h�vrmDzG��¡Ajix���j�k
_��c�i�c�c�c�c�i�c�c�c�c�i�c�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�c�_a�i�RhRxyh � p�kDmcq�pDg�mi�Rh�fRdrqcmAj � gih¢�£h�kRhrqc�c�^d�k�zomc�ifRhapin�j�qcq�drzWj�drmAj�pyk~ �i{ik ~ zDhincdy{Vgym~ �i{ik ~ zWj�qDh � mAj�p�ko¤^¤¦¥
~ �i{ik ~ fRdrqimAj � gihoj�pyk~ �i{ik ~ j�pyka§¦¥�¨~ �i{ik ~ hykRhyqc�c��¥l¤c¤�s�hr¡~ �i{ik ~ q�dykDzDp�eV©Rg�{Db�mcqi{Rh
_wvchrm^mi�RhonDpDgcgrpy�ami�Rp � p�eieAdyk�zVx�mDpomiqi{RhonDprqa�Rh�e[jrx�fc�RhrqWj � dDg�qi{ckAx~ �i{ik ~ q�dykDzDp�e[�ix�prmcqDp�f(j � nDdDgDxyh~ �i{ik ~ q�dykDzDp�eV��hle[jixlfi�Rhyq�h�nDdcg�xyh
_��c�i�c�c�c�c�i�c�c�c�c�i�c�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�c�_a�i�RhRxyh � pleceAdyk�zRx � pykDmiq�pDgU}(j�d�xDjlkD�aprna�Rdrziq�pyk(j � jlkDm�hyq�d � mAj�pykAx_a�i�RhazDhinDdy{Rgym�}(j�d�x�ncd � m�prq�jrx�¥Udyk�zami�Rhadrqc�r{yeAhykDm�eR{Ax�mo}Rh�fRpRxDjlmAj�|�h��_a¡�dDg�{Rh�x�gidrqc��hyqomi�Rdykª¥ojlk � q�hidRxyh�mi�Rh�q�dym�hapina��diziq�pykAj � hr|�h�kDmWx��_a¡�dDg�{Rh�x�}Rhrmi�Rhihykw¤wd�k�z«¥ax�{cfifDq�hRxcx�mi�Rh�eL�'¬rkRprmi�Rhyq � p�eceAd�k�z� � p�kDmcq�pDgDx_ami�Rh«��fDqAj0eWdrqc�apykRgy����n�gidy������py�Rhr|Dhrq ~ fc�D�VxDj � x ~ xyhrmi�(j�d�x��rqAj0eWdyqi�R��k�gy�_�x��Rpy{VgyzadDg��Rdr�Vx�}Rhamiqi{Rh�{ck�zDhyqak�prq�eAdDg � pyk�zWj�mWj�pykAx��~ fc�c�WxDj � x ~ xyhrmi�Aj�dRx�©Dd � m�p�q��c¤c¤��	¤~ fc�c�WxDj � x ~ xyhrmr®Axyhy¯�hRj��r�DmVjlkc�Umcqi{�h~ fc�c�WxDj � x ~ fDqAjlkcmi�(j�d�x�©Dd � m�pyq~ fc�c�WxDj � x ~ x�kDq ~ xyhrmisi©c�Dv � dDgrhU°c¤c¤�
_��c�i�c�c�c�c�i�c�c�c�c�i�c�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�c�_a�i�RhRxyh � p�kDmcq�pDg�mi�Rh^py{Dmifc{cmanWjygym�hyqWx~ py{cmifc{Dm ~ nWjygym�hyqc`c|Dh�kDmVx4nDdDgDxyh~ py{cmifc{Dm ~ x��Rpy�D©WjygymDhyq
_��c�i�c�c�c�c�i�c�c�c�c�i�c�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�_a�i�RhRxyhQxyhymwnVjygihapy{Dmifi{DmWx�pykQprqQpincn~ py{cmifc{Dm ~ �DqAj�m�hy�Ajix�mDpr�iq�d�eV©Wj�gih�mcqi{Rh
_��c�i�c�c�c�c�i�c�c�c�c�i�c�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�_a�i�RhRxyh � p�kDmcq�pDg�mi�Rh�kc{yeR}Rhyq^pinQhy|�hykDmWx~ py{cmifc{Dm ~ fDq�pr�cqDhRxcxc��kDmDhrqr|�dcga¥�¤c¤i¤c¤c¤
_a¬^}Rdym � �wnWjygih � d�kYhRj�mi�Rhrq^hyb�h � mi{cm�hod�x�hrqAj�hRx�prn^qi{ikAx�prqwziq�pyf«jlkDmDp^dom�hrq�e[jlkRdDg¢�_a¬wm�hyq�e[jlkRdcgwjix�dDg��Rdr�VxajlkD|�pr±Dhizadinim�hyq^mr�RhozDhinDdy{Rgym�jlk(j�mWj�dDgRj��cdrmAj�pyk�nWjygrh��~ qi{ik ~ }Rhcdle(��k�¥l¤c¤c¤c¤c¤i¤
_Q�c�yqQpyfRhykwd � p�eceAd�k�zagRjlk�h��~�� p�kDmcq�pDg ~ m � x��
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_w�c³ ~c´ d�k ~ �c¤c¤i°_��c�i�c�c�c�c�i�c�c�c�c�i�c�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�_a�i�(jix�nWjygrh � pykDm�dVj�kAx�mi�Rh � p�eieAdyk�zVx�mi�Rdrm�xyhrmo{cfwmi�Rh�fc�c�WxDj � xUncprqwd�xDj0e�{VgidrmAj�pykµ�_���m¦j�k � g�{�zchRx�}Rprmr�wmr�Rh � p�eceAd�k�zVx�mi�Rdyma��dr|�h�m�p�}Rh�jixcx�{Rhrzadrmw�iq�hV�lk(jlmomAj0eAhadyk�z_ami�RpRxyh�mi��drmwdrq�h�kRhchizchiz�m�p^hRx�m�dy}RgRjix��^dazDhincdy{Vgym � p�k�zWj�mAj�pykµ�_Q�c�c�c�c�i�c�c�c�c�i�c�c�c�c�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�c�c�i�i�i�c�r�c�c�i�i�i�c�c�r�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�
_a�i�RhanDpDgcgip��(jlkD� � p�eceAd�k�zVxoxyhrmo{cfwmi�Rh�¡�d�k�zDhrqi}Ajygym � {Wx�m�p�ewfc�c�WxDj � xUgRjix�m��_a�i�RhRxyhQx�mDdrm�h�eAh�kDmWx�x�hrmwpyfDmAj�p�kRdDgUfc�D�VxDj � x�fcq�p � hRxixyhRx��N�iq�dykAx�f�prqcm�drmWj�pyk�dyk�z_^zDh � dr�wdrqDhUeWdyk�zDdrmDprqc�adykDzok�prmYhybifRpRxyhrz�m�p�{Axyhrq�jlkDmDhrqDnDd � h � p�eceWdyk�zVx��_Q�c�c�c�c�i�c�c�c�c�i�c�c�c�c�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�c�c�i�i�i�c�r�c�c�i�i�i�c�c�r�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�
_wvchDgih � m^pykRho`csofDq�p � h�xcxUniq�p�eYmi��hancpDgcgipy�AjlkD�^gRjrx�m��1��vrm�d�k�zDdrqDzA�Ujix��Dhcdykcmc¶Yx�m�dykDzDdrqDz_a`cs^fi�D�WxDj � x��6��vrmDdyk�zDdrqczDv � q�hihykRhizW��jrx�mi��hYx�d�eAhahrb � h�fDmomi�Rdrmami��ha¡r®¦x � qDhchykRhiz_^�Dpy{VgipleR}�x � drmim�hrqAjlkc�Qjix�dizczDhrz^ncprq�j�pykAx��4�� Dpy�D`ik�hrqc�c����jix�d�xDj�eRfVgiho�Dhcd�kDmc¶_Qgipy�YhykRhrqc�i�o`csofc�D�WxDj � xaj0eRfVgrh�eAhykDmDdrmAj�pykU�(j�mr�Rpy{DmYx � q�hchykRhrzwx � drmim�hrqAjlkc���_¦��`�eW Dp��D`ikRhrqi�c�R·y`cu(�6d�k�z«��`�eV��h�kRhDgipyf�hD·y`cu���jlk � g�{�zDhwx � q�hchykRhrzwx � drmim�hrqAjlkc��nDprq«j�pykWx_wdyk�zo�Rhrq�hQjlkcm�hyk�zDhrz�m�p�}Rhamr�Rh�eWpRx�m � p�eRfcq�hy�RhykWxDj�|�h¢�¸{AxcjlkD�^�Dhcdykcmc¶wgipy�QhykRhyqc�c�_wdyk�za��hykRhDgrpyfRhUfc�c�WxDj � x�q�hRx�fRh � mAj�|�hcgy���P¬Vx�prn^mi�Ajix��DqAj�mAj�kD���£vrmDdyk�zDdrqczDv � q�hihykRhiz_wdyfcfRhcdyqWx�m�p��Rdr|�hadUeAprq�h � p�e�fRhDgcgRj�kD��mcqDhcdrm�eAh�kDmapin�j�pyk�x�m�p�fcf(jlkD�odyk�z�jix�nDdRx�m�hyq��_a�i�Rhrq�hrnDprq�h¢�8j�m�jixwx�hDgih � mDhizodRx�mi�RhazDhinDd�{VgymonDpyq�eAp�x�mYxyh�e[j � pyk�zr{ � m�prq�zDhr|Aj � h_wdyfcfVgRj � drmAj�p�kAx1fRh�k�zWjlkD�Qj0eRfDq�py|�h�eAhykcmWx�jlkwmi�Rho�DhidykDmc¶wgip���hyk�hrqc�c�^dykDza�Dhyk�zDhDgrpyfRh_ � pizDh��
_ ~ fi�D�WxDj � x ~ dizczr�i�D�Vxcj � x1vrm�d�k�zDdrqDz~ fc�c�WxDj � x ~ dizczi�r�D�Wxcj � x1vrm�dyk�zcdrqDzDv � q�hchykRhrz_ ~ fi�D�WxDj � x ~ dizczr�i�D�Vxcj � x4 Dpy�c`ikRhrqc�i�_ ~ fi�D�WxDj � x ~ dizczr�i�D�Vxcj � x6`�eW cpy�D`ikRhyqc�c�R·y`iu_ ~ fi�D�WxDj � x ~ dizczr�i�D�Vxcj � x6`�eV�DhykRhDgip�fRhD·y`cu_Q�c�c�c�c�i�c�c�c�c�i�c�c�c�c�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�c�c�i�i�i�c�r�c�c�i�i�i�c�c�r�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�
_a�i�RhRxyhadrqDhancprqwhDgih�eAh�kDm�drqc��fRdrqcmAj � gihRx��$��prq�eWdDgcgy��{Ax�homr�Rh�e�dDgcg�
~ fc�c�WxDj � x ~ dizczi�r�D�Wxcj � x6��diziq�p�kD`RgidRx�mAj �~ fc�c�WxDj � x ~ dizczi�r�D�Wxcj � x6��diziq�p�k(�lkRhDgrdRx�mAj �~ fc�c�WxDj � x ~ dizczi�r�D�Wxcj � x6�Aj�¹A�lk�hDgidRx�mWj �_Q�c�c�c�c�i�c�c�c�c�i�c�c�c�c�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�c�c�i�i�i�c�r�c�c�i�i�i�c�c�r�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�
_a�i�RhanDpDgcgip��(jlkD��drq�h^dDgym�hrqrkRdrmAj�|Dh�fc�D�VxDj � x�g�jix�mWx�nDprqokc{ � gihcpykWx��N�i�RhUeAdVj�kwpykRhRx�drq�h_¦���i{ � grhcpyk(�lk�hDgidRx�mWj � �8dyk�zami�Rh������Ud�k�zª���(��|�drqAj�d�kDmWx��6���i{ � gihipyk(�lkRhcgidRx�mAj � �£{AxyhRx_ami�Rh�}(jlkRdrqi� � dRx � drzDh�dyk�zo�(j��r�^fcq�h � jixcj�pyk�k�hy{Dmcq�p�k � pizDh����i��h«�0�º��|�drqAj�dymAj�pyk^dcg�xyp_o{AxyhRxUmi�Rh��(jl�i�afDq�h � jrxDj�pyk�k�hy{Dmcq�p�k � pizDh�}c{Dmo{Ax�hRxUmi�Rh��RhrqcmWjlk(j � dRx � dizDh��P©AjlkRdDgigy���_ami�Rh«�l�(��|�drqAj�dykDm�{Axyh�x�mi�Rh��RhrqcmAj�k(j � dRx � dizDh�dykDz�x�mDdyk�zDdrqcz�kRhy{Dmiq�pykofc�D�VxDj � x��
_ ~ fi�D�WxDj � x ~ dizczr�i�D�Vxcj � x6�i{ � gihcpyk(��kRhDgidRx�mAj �_ ~ fi�D�WxDj � x ~ dizczr�i�D�Vxcj � x6�i{ � gihcpyk(��kRhDgidRx�mAj � �_ ~ fi�D�WxDj � x ~ dizczr�i�D�Vxcj � x6�i{ � gihcpyk(��kRhDgidRx�mAj � �~ fc�c�WxDj � x ~ dizczi�r�D�Wxcj � x6�i{ � gihipyk(�lkRhcgidRx�mAj � u_ ~ fi�D�WxDj � x ~ dizczr�i�D�Vxcj � x8�(jlk�drqc�_ ~ fi�D�WxDj � x ~ dizczr�i�D�Vxcj � x8�(jlk�drqc�D i`
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_ ~ fi�D�WxDj � x ~ dizczr�i�D�Vxcj � x6�c�i�AjlkRdrqc�c i`_ ~ fi�D�WxDj � x ~ dizczr�i�D�Vxcj � x8�RhrqimAjlk(j_ ~ fi�D�WxDj � x ~ dizczr�i�D�Vxcj � x8�RhrqimAjlk(j� r`_ ~ fi�D�WxDj � x ~ dizczr�i�D�Vxcj � x6�c�i��hrqcmAjlkAj� i`_Q�c�c�c�c�i�c�c�c�c�i�c�c�c�c�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�c�c�i�i�i�c�r�c�c�i�i�i�c�c�r�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�
_a�i�RhRxyhadrqDhomr�RhYj�pykV�Rj�pykokc{ � grhcdrqoq�hcd � mAj�pyk�eApizr{VgrhRx��?��p�kD¬i}Dq�d�xDj�pykQjix�mr�Rh � pizDh_^niq�p�e«·Rjlk�hrmAj�»G�P©�prq�eApRx�mwpin^py{DqQdyfcfRgRj � drmWj�pykAx�py{DqQpDgrzDhyq���pyk(�lk�hDgidRx�mWj � jix_�j�zDhykDmWj � dDg�¼��pykD¬i}cq�dRxDj�p�kD`cscuajix�mi�Rh � pizDh�nrq�p�e«·RjlkRhymAj�»�mi�Rdym«j�k � g�{�zchRx_whDgih � miq�p�eAdr�rkRhrmAj � zWjixixyp � j�dymAj�pykµ�¸�i�(jrxU��dRx�}Dq�pr±�h�kwdRxoprnw�DhidykDmc¶���¨��	����f�¤c��dyk�z_�x��Rpy{Vgyz�kRprma}Rh�{Axyhiz�4xDj�k � hQj�m�½�x�p�kVgy�a|�dDgRj�z�xcj��ik(j�nVj � dykDm�gy��d�}Rpr|�hapy{Dqo{Axl{RdDg_whykRhrqc�i�oq�dykD��hadykc�i�Rdr���
~ fc�c�WxDj � x ~ dizczi�r�D�Wxcj � xU��pyk(�lk�hDgidRx�mWj �_ ~ fi�D�WxDj � x ~ dizczr�i�D�Vxcj � xU��pykc¬i}Dq�dRxcj�pyk_ ~ fi�D�WxDj � x ~ dizczr�i�D�Vxcj � xU��pykc¬i}Dq�dRxcj�pykD`csiu_Q�c�c�c�c�i�c�c�c�c�i�c�c�c�c�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�c�c�i�i�i�c�r�c�c�i�i�i�c�c�r�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�_^�r{DmWx1eAdr�o}RhUeApizVj�nWj�hiz�dinim�hrqaqi{ik¦j�k(j�mAj�dcgRj��DdrmWj�pykµ�¸¬w|DdDg�{Rh��Rhyq�hapr|�hrqcqWj�zDhRx�mr�Rh_o�RdrqDz����(j�q�hiz�zDhinDdy{Rgymapin¦¥�¤c¤�kyeL�
~ fc�c�WxDj � x ~ xyhrmD�y{DmWx1§��Pe[j � q�pleAhrm�hrq
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_¦¥�¨ ~c´ d�k ~ �c¤c¤i°_��c�i�c�c�c�c�i�c�c�c�c�i�c�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�_a�i�RhRxyhQx�mDdrm�h�eAh�kDmWx�zchinWjlkRh�mr�Rha�Dhcp�eAhrmiqc�apinami�Rh�m�drqi��hrmazDhRxcj��ikRdrmDhiz��isR�rvy�µ�8��m_o�RdRx�dyk^mi{ckD�Wx�m�hykQgidr�Dhrq����c�Rhyq�h��isR�ivy¬a��dRx�vVjy�i���__a�i�RhanWj�qWx�mwgrdr��hrq�jix�danr{Vgcg�zDhinVjlk(j�mAj�pykµ�'vihrmcmAjlkc�omi�Rh�kc{yeR}�hrqwpinwgidr��hrqVx�dinim�hrq_^zDhinWjlkAjlkD��mi��h^nWjlqWx�mwgidr�DhrqofDq�pyfRdy��drm�hRx1mi�Rhwgidrm�hyq�dDg�zWj�eAhykAxDj�pykAx�zDp��ckc�Rdrqcz_o�(j�mi�^mi�RhozDhrnDdy{VgymUeWdrm�hrqAj�dDg�dyk�z�xyhykWxDj�mAj�|Wj�mc��mr{DqikRhizaprncnG��`�d � �Ygidy��hrq�}RhDgrpy�_�x��Rpy{Vgyz�e[jlk(j0eWdDgcgy�ozchinWjlkRh�mr�Rhamr�(j � ±ik�hRxcx[�HeAdrm�hrqWj�dDg�dykDz�xyh�kAxDj�mAjl|Aj�mc��nDprq_ � dDgiprqWj0eAhrm�hyqagidr�DhrqWx��_ ~ xydleRfVgih ~ xyhrmcu�hy|Aj � hy�c�rfRh�qifif~ xydleRfVgih ~ xyhrmD Ddy��hrqi�DpVj�kDmchrqw¥~ xydleRfVgih ~ xyhrmD Ddy��hrqi¾Q¥�¶�e[j � q�p�eAhrmDhrq~ xydleRfVgih ~ xyhrmD Ddy��hrqi¿Q¥�¶�e[j � q�p�eAhrmDhrq~ xydleRfVgih ~ xyhrmD Ddy��hrqDÀU¤��:¶�e[j � q�p�eAhym�hrq~ xydleRfVgih ~ xyhrmD Ddy��hrqisDdrmDhrqVj�dcg�vVj�Áy�c¶~ xydleRfVgih ~ xyhrmD Ddy��hrqDvihykWxDj�mAjl|Dh�ncdDg�xyh~ xydleRfVgih ~ xyhrmc�i{�eR}Rhyq��rni Dd���hyqVx�¥l¨_ ~ xydleRfVgih ~ xyhrmD Ddy��hrqi�DpVj�kDmchrq��~ xydleRfVgih ~ xyhrmD Ddy��hrqDÀ^¥º�	¤�e[j � q�p�eAhym�hrq~ xydleRfVgih ~ xyhrmD Ddy��hrqisDdrmDhrqVj�dcg�vVjy�r�
¶m¶



_ ~ xydleRfVgih ~ xyhrmD Ddy��hrqi�DpVj�kDmchrq�Á~ xydleRfVgih ~ xyhrmD Ddy��hrqDÀU¤���¥8e[j � q�p�eAhym�hrq~ xydleRfVgih ~ xyhrmD Ddy��hrqisDdrmDhrqVj�dcg��Aj��_ ~ xydleRfVgih ~ xyhrmD Ddy��hrqi�DpVj�kDmchrq�¶~ xydleRfVgih ~ xyhrmD Ddy��hrqDÀU¤��	§y¶Ue[j � q�pleAhrm�hrq~ xydleRfVgih ~ xyhrmD Ddy��hrqisDdrmDhrqVj�dcg�dDg�{�e[jlkc{ye_ ~ xydleRfVgih ~ xyhrmD Ddy��hrqi�DpVj�kDmchrq�°~ xydleRfVgih ~ xyhrmD Ddy��hrqDÀU¤���¥8e[j � q�p�eAhym�hrq~ xydleRfVgih ~ xyhrmD Ddy��hrqisDdrmDhrqVj�dcg�mAj�mDdyk(jl{ye_ ~ xydleRfVgih ~ xyhrmD Ddy��hrqi�DpVj�kDmchrq�¨~ xydleRfVgih ~ xyhrmD Ddy��hrqDÀU¤��	¨�e[j � q�p�eAhym�hrq~ xydleRfVgih ~ xyhrmD Ddy��hrqisDdrmDhrqVj�dcg�vVjy�r�_ ~ xydleRfVgih ~ xyhrmD Ddy��hrqi�DpVj�kDmchrq�Â~ xydleRfVgih ~ xyhrmD Ddy��hrqDÀU¤���¥8e[j � q�p�eAhym�hrq~ xydleRfVgih ~ xyhrmD Ddy��hrqisDdrmDhrqVj�dcg��Aj��_ ~ xydleRfVgih ~ xyhrmD Ddy��hrqi�DpVj�kDmchrq�§~ xydleRfVgih ~ xyhrmD Ddy��hrqDÀU¤��:¶D°�e[j � q�pleAhrm�hrq~ xydleRfVgih ~ xyhrmD Ddy��hrqisDdrmDhrqVj�dcg�dDg�{�e[jlkc{ye_ ~ xydleRfVgih ~ xyhrmD Ddy��hrqi�DpVj�kDmchrq�³~ xydleRfVgih ~ xyhrmD Ddy��hrqDÀU¤���¥8e[j � q�p�eAhym�hrq~ xydleRfVgih ~ xyhrmD Ddy��hrqisDdrmDhrqVj�dcg�mAj�mDdyk(jl{ye_ ~ xydleRfVgih ~ xyhrmD Ddy��hrqi�DpVj�kDmchrqw¥�¤~ xydleRfVgih ~ xyhrmD Ddy��hrqDÀU¤��	¨�e[j � q�p�eAhym�hrq~ xydleRfVgih ~ xyhrmD Ddy��hrqisDdrmDhrqVj�dcg�mi{ckc�Wx�m�hyk_ ~ xydleRfVgih ~ xyhrmD Ddy��hrqi�DpVj�kDmchrqw¥c¥~ xydleRfVgih ~ xyhrmD Ddy��hrqDÀU¤���¥8e[j � q�p�eAhym�hrq~ xydleRfVgih ~ xyhrmD Ddy��hrqisDdrmDhrqVj�dcg��Aj��_ ~ xydleRfVgih ~ xyhrmD Ddy��hrqi�DpVj�kDmchrqw¥��~ xydleRfVgih ~ xyhrmD Ddy��hrqDÀU¤��:¶D°�e[j � q�pleAhrm�hrq~ xydleRfVgih ~ xyhrmD Ddy��hrqisDdrmDhrqVj�dcg�dDg�{�e[jlkc{ye_ ~ xydleRfVgih ~ xyhrmD Ddy��hrqi�DpVj�kDmchrqw¥�Á~ xydleRfVgih ~ xyhrmD Ddy��hrqDÀU¤���¥8e[j � q�p�eAhym�hrq~ xydleRfVgih ~ xyhrmD Ddy��hrqisDdrmDhrqVj�dcg�mAj�mDdyk(jl{ye_ ~ xydleRfVgih ~ xyhrmD Ddy��hrqi�DpVj�kDmchrqw¥�¶~ xydleRfVgih ~ xyhrmD Ddy��hrqDÀU¤��	¨�e[j � q�p�eAhym�hrq~ xydleRfVgih ~ xyhrmD Ddy��hrqisDdrmDhrqVj�dcg�vVjy�r�_ ~ xydleRfVgih ~ xyhrmD Ddy��hrqi�DpVj�kDmchrqw¥�°~ xydleRfVgih ~ xyhrmD Ddy��hrqDÀU¤��	�i°�e[j � q�pleAhrm�hrq~ xydleRfVgih ~ xyhrmD Ddy��hrqisDdrmDhrqVj�dcg�xDjyg�j � pyk_ ~ xydleRfVgih ~ xyhrmD Ddy��hrqi�DpVj�kDmchrqw¥�¨
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~ xydleRfVgih ~ xyhrmD Ddy��hrqi¾����	¤�e[j � q�p�eAhym�hrq~ xydleRfVgih ~ xyhrmD Ddy��hrqi¿����	¤�e[j � q�p�eAhym�hrq~ xydleRfVgih ~ xyhrmD Ddy��hrqDÀU���	¤�e[j � q�p�eAhym�hrq~ xydleRfVgih ~ xyhrmD Ddy��hrqisDdrmDhrqVj�dcg�xDjyg�j � pyk~ xydleRfVgih ~ xyhrmD Ddy��hrqDvihykWxDj�mAjl|Dh�miqi{Rh_ ~ xydleRfVgih ~ xyhrm�vch�kAxDjlmWj�|Dhruchyfcmr��¤Ue[j � q�p�eAhrmDhrq_ ~ xydleRfVgih ~ xyhrmi¯RdrnDhrqi¾Q¥�¶�e[j � q�p�eAhrmDhrq~ xydleRfVgih ~ xyhrmi¯RdrnDhrqi¿Q¥�¶�e[j � q�p�eAhrmDhrq~ xydleRfVgih ~ xyhrmi¯RdrnDhrqDÀU³Ue[j � q�pleAhrm�hrq~ xydleRfVgih ~ xyhrmi¯RdrnDhrqisDdrmDhrqVj�dcg�xDjyg�j � pyk~ xydleRfVgih ~ xyhrmi¯RdrnDhrq��yncnRxyh�m�¤�e[j � q�p�eAhrmDhrq_ ~ xydleRfVgih ~ xyhrmi¯RpyqRgrzrtDdizVjl{Vx�©Dd � mDprqw¥º�0¥_
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_w¨ ~c´ dyk ~ �c¤c¤c°
_��c�i�c�c�c�c�i�c�c�c�c�i�c�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�c�c�i�i�i�c�r�c�c�i�i�i�c�c�r�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�_a�i�RhRxyhQx�mDdrm�h�eAh�kDmWx�x�hrmo{cf¦x�m�dyk�zDdyqDz�|Ajix�{�dDgRj��DdymAj�pykµ�_a�i�Rhr�wdrq�h�kRpym^kRhihizDhizonDpyqa}�drm � �^qi{ckWx�p�kw¡Dd�eRf(j�qDhodyk�zYx��Rpy{Rgrz�}Rh_ � p�eceAh�kDm�hizop�{Dmo�c�Rhyk^qi{ckik(jlkD�omi��hrq�h��_a��hr|�hrqo{Ax�homr�Rh�}c{(jygym��Rjlk � p�eieAdyk�zVx�|Ajix ~ x � hykRh ~ dizcz ~ |Dpcg�{�eAh�dyk�z_a|Ajix ~ x � hykRh ~ dizcz ~ miq�diÃch � mDpyqAj�hRx[�$�r�Rh^gidrmcm�hyq�}D�ifRdRxixyhRx�mi��h � przDh_�jlkQ`rk�z��rni`i|�hykDmc¬ � mAj�pyk�dykDzo�cqAj�m�hRx�miq�dcÃch � m�prqAj�h�x�nDprqwhr|DhykDmWx�mi��drm_o�Rdr|�h�}Rhch�kwqDhcÃch � mDhizodRxwjlkD|�dcgRj�zG�
_ � q�hcdrmDhoh�eRfDmc��x � hykRh_ ~ |Wjix ~ |�hyqi}RpRxyhU¤~ |Ajrx ~ x � h�kRh ~�� qDhcdrmDh
_^�iq�hcdrmDhod�x � hykRh��Rdyk�zDgihrqanDprqwdYx�fRh � j�nWj � �iq�dyfc�(j � xox��Wx�mDh�e_ÅÄ`DzWj�mami��h�k�hrbcmQgRjlkRh�Ä�xDÆ�m�p � �RpipRxyhadykRprmr�Rhrq��cqDdyfc�(j � x��Wx�m�h�eºÆ
_au�dy�ckwnWjygrh � q�hcdrmAj�pyk_ ~ |Wjix ~ pyf�hyk�uc¬r¯D�c©A�� r`
~ |Ajrx ~ pyfRh�kw�r�c W�l¾^°c¤c¤
_ ~ |Wjix ~ |Aj�hy�Rhrq ~ n�g�{Wxl�
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_^nDprqwziq�dy�(j�kD��mi�Rhomcq�d � ±Wx_ÅÄ�j�nam�pcp�eAdykD�amcqDd � ±Wx � d�{Axyh � prqDhazy{yeRfwÇ�ÈQx�m�prq�hy�cq�dcÃch � m�prqc��¤VÆ~ mcqDd � ±Ajlkc� ~ x�m�pyq�hr�iqDdcÃih � m�pyqi��¤~ |Ajrx ~ x � h�kRh ~ hykDz��rnr`i|�h�kDmr¬ � mWj�p�k�d �c� {yeR{Vgidym�h
~ |Ajrx ~ |Aj�h��Rhrq ~ �cpcp�e�¥~ |Ajrx ~ |Aj�h��Rhrq ~ x�hrm ~ |Wj�h��cfDpVj�kcmc¡Dh � m�prq��W¥U¤w¤_ ~ |Wjix ~ |Aj�hy�Rhrq ~ xyhrm ~ x�mi�Rgyh�x�{DqDnDd � h_ ~ |Ajix ~ |Aj�hy�Rhyq ~ xyhrm ~ x�mc�Dgih1�(j�q�hrniq�d�eAh_��c�i�c�c�c�c�i�c�c�c�c�i�c�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�c�
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{ IK>7T7IZ>\4@?Y[;[¡C

_�É ~ {Ax�q ~ }Ajlk ~ hykc|UfD�imi�Rpyk�c�c��ÊR��zGË?x�fRgRj�mcqi{ikµ��fD����|Y¥º��°cÁa�c¤c¤c° ~ ¤cÂ ~ ¤A¥�¥�Â�Ë	�y¶�Ë	�cÂ�eAdyq � {Ax�`cbrf�Êx�fVg�j�mcqi{ck��Rdyk�z�grhRx zWj�|WjixDj�pykapinQÃipy}Ax�pyk^|�d�eRfAj�q�h����m^qi{ckAx^j�mVxyhDgrnadRx�dYx � qAjlfcm��(j�mi�^|�drqWj�py{Ax�ny{ck � mAj�pykAx�zDh�fRhyk�zWj�kD�apykwmi�RhonWj�qVx�mwdrqc�i{yeWhykDmÄ�xyhih � pizDhadrm^mi�Rh�}RprmcmDp�e[Æ��N�r�Rh�eWdVjlka{Axyhrqany{ck � mAj�pykAx�{Ax�hiz��c�Rhyk«j�m«jixwj0eRfRprqim�hizodrqDhx�fVg�j�mcqi{ckRÌ�}(jlkRdyqc�Ä�Æ��£xlfVgRj�mcqr{ckVÌ�}Rdym � ��Ä�Æ��£xl{yeceAdrqWj��DhDÌ��Ajix�m�p��cq�dle�x�Ä�Æ4dyk�zx�{yeieAdrqAj��chDÌ�}Rdrm � �VÌ��Ajix�m�p��cqDdleºx�Ä�Æº���c�r�
Ìr�i¡Dvr¡�hrqWx�Ç(��ÊR��z�Ë�x�fRgRj�mcqi{ikµ��fD����|Y¥º��°cÁa�c¤c¤c° ~ ¤cÂ ~ ¤A¥�¥�Â�Ë	�y¶�Ë	�cÂ�eAdyq � {Ax�`cbrf�ÊV�
j0eRf�prqcmYx��Wxj0eRf�prqcm^pRxj0eRf�prqcmomAj0eWhj0eRf�prqcm � �Aj � ±Rgihj0eRf�prqcm�}RdRx�hc¨r¶j0eRf�prqcmomc�if�hRx
zDhinYx�fRgRj�mcqi{ikVÌ�}(jlk�drqc�RÌymrq�hih�Äqr{cki|�drqRxDÆ[Ë��x�fVgRj�miqi{ckVÌ�}AjlkRdrqc�DÌymiqDhch�jix�mr�Rh��Rprqc±Aj�kD�o±�hrqik�hDg�pinYx�fVgRjlmcqi{ckVÌ�}(jlkRdrqi���Ndyk�zwpykVgy�^nDprqjlkcm�hrqikRdcg�{AxyhA�
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j�eRfRprqcm�}�dRxyhc¨r¶j�eRfRprqcm � �Aj � ±Rgrhj�eRfRprqcm^p�xk�pizDhDgRjrx�mDÇiqi{ikD|�drqWx�Íy½:k�pizchDgDjix�m¢½Î
fAj�zVx�Ç�Í�Î
_yf(j � ±^pininafDqDp � hRxcx�hRxUdRxcxcj��ikRhiz�m�paqr{ckYgip � dDgigy�^dyk�zom�pwgidy{ck � �a|Aj�d�qWx��Qniq�pleY��hrq�hmr�(jix�kRprzDhiÇrkRprzDhDgRjixlmµÍ:¤rÎ�Í�¥lÎgrp � dDgyqr{ckAx�Ç�ÍÏb�nDprqab«jlk^kRpizDhDg�jix�mYj�nabµÍ0¥�Î^ÇiÇ^mi�Ajix�kRpizchiÎncprqab¦jlk�gip � dDgyqi{ckWx�Ë'_im�dy±�h�mi�Rh�e�py{cmQprn^mi��h�eAdRjlkQgRjix�mkRpizDhcgRjix�m���q�h�eApr|Dh�Ä	bAÆ
_wdyk�z��Rh��(jygigQx�m�drqcm^nWj�qVx�m«¥�¤aniq�p�eQ�RhrqDh¢��m�pcpgrp � dDgyqr{ckAx�ÐcÇokRpizchDgRjix�m�ÍiËÑe[jlkÄ�¥l¤¢�'gih�k�Ä	kRpizchDgRjix�mWÆcÆ�ÎzchDg kRpizDhcgRjix�mµÍrËÑe[jlk�Äl¥�¤��'gihykÄ	kRpizDhcgRjix�mAÆiÆ�Î
_Rx�fVgRj�m^d�kD�aq�h�eAdVj�k(jlkD��fcq�p � hRxix�gidy{ck � �RhRx�q�h � {DqWxDjl|�hDgy��pykDm�pQxyp�eWh^pymi�RhrqofDq�p � hRxcxypyqWx��dDgrncÇ�grhyk�Ä	kRprzDhDgRjixlmAÆ ~i~ �ncprqokRpizDhRx^jlkÒÄ	kRprzDhDgRjix�mµÍiË��RdcgrniÎ�¸kRprzDhDgRjix�mµÍÏ�RdDgynGË�ÎWÆºËj�nokRpizDhRx�ËkRprzDhiÇrkRprzDhRx¢Í�¤rÎ�Í0¥lÎqi{ikD|�drqWx�Íy½�kRpizchDgRjixlm�½	ÎcÇyk�pizihRxqi{ikAx�mcqAj�kD�DÇ½w½D�	ÃcpVjlkÄ	}RdRxyhi¨r¶��	hyk � pizihRx�mcqWj�kD��Ä � �Aj � ±Rgyh���zy{�e�fAx(Äqi{ikc|DdrqWx��*�V¥yÆcÆ[�*x�fVg�jlmÄ�ÆcÆ_ � p�kD|�hrqcmodDgcg��c�(j�m�hwxlfRd � h�m�pYx�fRd � hRx� pleceAdyk�ziÇ½�fD�cmr�RpykÓ½Ð�ÌcÌynWjygihDÌiÌrÐ(��xlfVgRj�mRÌ�}(jlkRdrqi�Y�lÐrqi{ckAx�miqAjlkD�q�h�x�{VgymDÇpRx��*xlfRdy�ckVg[Ä*pRx��:��Ìy����¯i¬A���¢�l� ~ {Wx�q ~ }(j�k ~ qVx��(�(�l� ~ {Wx�q ~ }(j�k ~ qWx��(�(�:k�pizch¢� � pleceAdyk�zVÆf(j�zVx��	dyfifRhyk�z¢Ä	q�hRx�{�gymWÆ
_ykRpy�G�¼hrbDh � {Dm�hagrp � dDgodyk�zazWjlq�h � moqWxl��grdy{ck � ��hRxncprq�jlk�zDhrb��kRpizDhYjlk�gip � dcgyqi{ckAx�Ëqi{ckD|DdrqWx¢Íy½0jlk�zDhrb½ÎiÇWj�k�zDh�bqi{ckD|DdrqWx¢Íy½:kRpizDh¢½	ÎcÇykRpyzDh� p�eceWdyk�zcÇ(��ÔVx�ÕRÈoÔVxR��Ô¢Äqi{ckc|�drqWx¢Í�½�}�dRx�hr�Dp�eceAd�kDz¢½Î�Ôaqi{ckD|�dyqWx[�qi{ikD|�drqWx�Íy½�}RdRx�hD��{DminWj�gih�½	Î�Ôwqi{ikD|�drqWxcÆj�nokRpizDhoÇcÇomi�(jrx�kRpizDhËq�h�x�{VgymDÇpRx��*xlfRdy�ckVg[Ä*pRx��:��Ìy����¯i¬A���¢�U½ ~ }(jlk ~ }RdRx��G½i��½ ~ }Ajlk ~ }Rd�x��G½c��½*� � ½c� � p�eceAdykDzWÆfDqWjlkDm«��gip � dDgcgy�oqr{ckck(jlkc���(� � p�eceAd�k�zhDg�xyhË q�h�x�{VgymDÇpRx��*xlfRdy�ckVg[Ä*pRx��:��Ìy����¯i¬A���¢�l� ~ {Wx�q ~ }(j�k ~ qVx��(�(�l� ~ {Wx�q ~ }(j�k ~ qWx��(�(�:k�pizch¢� � pleieAd�k�zRÆfDqWjlkDm«��qi{ikck(jlkD�^p�k^k�pizDh��(�£kRpizDh¢� � pleceAdyk�z

f(j�zVx��	dyfcfRh�k�z¢Äq�h�x�{RgymVÆ
�i�(jygih�f(j�zVx�ËzDpykRh��6x�m�drmDÇcpRx����RdRj�mif(j�z�Ä��V¥(�N¤VÆf(j�zVx��:q�h�eApy|�h�Ä2zDp�kRhRÆ

zDhinYx�fRgRj�mcqi{ikVÌ�}(jlk�drqc�Ä	}DdRx�hr�DpleceVdyk�zrÇi�Dpyk�h��}RdRxyhD��{DmDnWjygrhiÇi��pyk�h���xrgihch�fD�Aj0eAhrÇ(¥(��hybcmcq�dDÌ�±�hr�Wx�ÇDÖc×��0ØcØl±i��dyqc�VxDÆºË
¶t¸



�i�c��qi{ckAjlk�nDpiÇRx�fVgRj�mrqi{ikRÌ�}AjlkDdrqc��Ä�Æ�x�fVgRj�mVx�daqi{ik�pr|DhrqUeR{VgymWjlfVgih�fDqDp � hRxcx�prqWx��Ô¢Ä�jrxyprmAj0eWhVÆix�jrx�q�h�fVgid � hrz��(j�mi�^�c�i�c��eceWzizG���c�yeieºxcxÔ¢Ä�j�k�zDhrbAÆ�zQjix�q�hyfVgid � hiz��(jlmi�Qd�x�{i}V��fDq�p � hRxcx�jlk�zDhrbG�Ô¢Ä	k�pizDhVÆix�jix�qDhyfVgid � hiz��(j�mr�wmr�Rha|Dd�eRf(j�qDhUkRpizDh�kRdleAhapykw�i�(j � �ami�Ajix�fDq�p � h�xcx�q�dykdykD�a±�hy�Wx^jlk�hybcmcq�dDÌ�±�hr�Wx�prqYd�kD�i�c�Rhyq�hohDg�xyhodyq�hwdcg�xypadr|�dVj�gidy}Vgih�nDprq�x�{c}Ax�m��8jlk � p�eceAd�k�zdyk�z^py{cmDnWjygihwx�mcqAjlkD�Vx��?��m^q�hrmi{cqikAx�dwgRjix�mo�(j�mr�¦j�k�nDprq�eWdrmAj�pykody}Rpy{cmomi�RhYx�{c}cfDqDp � hRxcx�hRx����c�r�
jrxyprmAj0eWhiÇimAj0eWh��*x�mcqinimWj�eAh�Ä���Ôi¿DÔleWÔizG�:Ôr�DÔysDÔcvA�yÆ
_�eAhrqc��hopcgrz���x�mi�Rgih�hrbimcq�dDÌy±Dhr�Wx�zVj � m�jlkDm�p���h�kRhrqAj � ±Dhr�i�RprqczVx±r�Rdrqc�Wx���{cf�zDdym�h�Ä*hrbrmcqDdcÌy±Dhr�RxDÆzchDgohrbcmcq�dcÌy±�hr�Wx
qr{ckD|�drqVx�Ç�gip � dDg�xºÄ�Æº� � p�fD�¢Ä�Æqr{ckD|�drqVx���{cf�zcdrm�h�Ä±y�Rdyqi�WxcÆzchDg�qi{ckD|�dyqWx¢Íy½	±r�Rdrqc�Wxº½Î�_Ddyk�zazDhDgrhrm�h�q�hizy{ck�zDdykcm�kRhRx�mDhiz � pyfD�
k�pizDhDgRjrx�mikRd�eWhiÇDpRx��:hykc|Wj�qDpyk�Íy½	�y�RvcÌy����uc`r©A�� i`½	ÎniÇDpyfRhykÄ	kRpizDhcgRjix�mikDd�eWh��c½�q�½�Æqr{ck(jlk�ncpiÇ�Í:Îk�pizDhDgRjrx�mDÇ�Í:Î
ncprq�jlk�zDhrb��kRpizDhRx^jlkYhykc{�eAhrq�drmDh�Ä2nWÆ�ËkRpizDhrÇrkRpizDh�x��*x�mcqWjlfÄ�Æqi{ck�zVj � mDÇ�Ö�½�jlk�zDhyb�½DË�jlk�zchrb��a½�jixypymAj0eAh¢½DË¼jixypymAj0eAh¢��½�kRpizDh�½�Ë�kRpizch�×qi{ck�zVj � m���{if�zDdrm�h�Ä±r�Rd�qc�WxiÆ4_yf(j � ±o{cfYdDgcg�±�hr�Vx�nrq�p�eQfRdrq�h�kDm���m�pcp� p�eceWdyk�zcÇ(��ÔVx�ÕRÈoÔVxR��Ô¢Ä	}RdRx�hi�Dp�eceWdykDzUÔ^qr{ck�zWj � m��'}RdRx�hD��{DmDnVjygih�Ôaqi{ckDzWj � mAÆqi{ck(j�k�nDp��	d�fcfRhyk�z�ÄcÄ	qi{rk�zWj � m�2¤��:}RdDxyhr�DpleieAd�k�z�Ô^qi{ik�zWj � m��}RdRxyhc��{DmDnWj�gih�Ô^qr{ck�zWj � mAÆcÆkRpizDhcgRjix�m���dyfcfRhykDz¢ÄiÄ�j�k�zDh�b��:kRprzchVÆrÆ
n�� � gipRx�h�Ä�Æqr{ckD|�drqVx¢Íy½�kRprzDhDgRjixlm�½	ÎiÇrk�pizihDgRjyx�m
xlfVgRj�mcqr{ckVÌ�}(j�kRdrqc�RÌ�mcqDhih�Ä	qi{rkD|�d�qWxcÆqDhrmi{Dqikaqr{ck(jlk�ncp

zDhinYx�fRgRj�mcqi{ikVÌ�}Rdrm � ��Äm�h�eRfRgrdrmDhiÇy��pykDh¢�¸k��Dpyf(j�hRx�ÇD°¢�'nWjlkRdcgy��dRx�±cÇi��pykRh��Ãipy}D��d�eWhiÇ(��tr®D����Ô¢Ä�jyxypymWj0eWhVÆyx���Ô�Ä�j�k�zchybAÆ�¤cÁrz(�A�$f�drq�d�eAhym�hrqcuAj � mD WjixlmDÇGÍ�Î�� gihcdykc{ifD��d�eAhrÇ(��tr®�����Ô�Ä�jix�prmVj0eAh�Æix��:`i�iu��W�£x�dyk(j�mAj��DhDÌihrbimcq�dDÌy±Dhy�Wx�ÇW¥(�eAdr±DhDÌy±AjygigihrqRÌ�x � qWjlfcmcÇ(¥W�£ØiØyhrbcmcqDdDÌy±�hr�VxDÆ�Ë�i�c�yx�fVg�j�mcqi{ckRÌ�}Rdrm � ��Ä�Æ�x�fVg�j�mWx�doqi{ckQpr|�hrq�eR{RgymAjlfVgrhUfDq�p � hRxcxyprqVxojlk«xyhyfRdrqDdrm�hU}Rdym � �Ãcpy}Axº�¼dyk�z^»r{Rhy{Rh�x�d^zDh�fRhyk�zDh�kDm�}Rdrm � �wÃcpy}ÒÄ�j�nazDhRxcj�q�hizWÆ1m�paqr{ckQdrmwmr�Rhwh�k�z��c�(j � �^��hymWx^jlk�nDpady}Rp�{Dmomi�Rh�qi{ckWx��Ô¢Ä�jrxyprmAj0eWhVÆix�jrx�qDhyfVgid � hiz��(j�mi�^�c�i�c��eceWzizG���c�yeieºxcxÔ¢Ä�j�k�zDhrbAÆ�zwjix�q�hyfVgrd � hiz��Aj�mi�Qd�x�{i}V��fDq�p � hRxcx�jlk�zDhrbG�Ô¢Äqr{ckD¡�drqVxyvrmcqAj�kD�WÆixUjix�q�hyfRgid � hizU�(j�mi�Qd�f(j � ±Rgrhiz�Õhyk � przDhiz � pyfc�^pin�eWpRx�mwpinami�Rh�qi{ck¦jlk�nDpyq�eAdrmAj�pykG�NnDprqa{Axyh�}D�wnWjlkRdDg���dRx�±��mc�if(j � dDgcgy�ad�kD�whrbcmcq�d�±�hy�Wx�drq�hadDg�xypadr|DdVjygidy}Rgih�nDprq�x�{i}Ax�mAj�mr{DmAj�pykQjlkwmi�Rh� p�eceAd�k�zadyk�z^py{DmcnWjygihwx�miqAjlkD�Wx��
¬Rg�x�p¢�4j�nofRdrq�d�eWhrm�hrqcuWj � mD Wjrx�majixUkRprmwh�eRfDmi���?hcd � �^qi{cka�(j�gcg�q�h � hVjl|�hfRdrq�d�eWhrm�hrqWx�niq�p�e � prqiq�hRx�fRp�k�zWjlkD��zWj � m��
�i�Rh�eAdRjlk^m�h�eRfVgrdrm�h � d�kYdcg�xyp � pykDmDdVjlkwdaÔ¢Ä2zWj � m�vrmcqAj�kD�AÆix1zDh � grdrq�drmAj�pyk
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�c�(j � � �(jygcg�}RhanDprq�eWdrmcm�hizU�(j�mi�Qd�}RdRxyhc¨y¶^hyk � pizchiz�f(j � ±�gihopinami�Rh � p�eRfRgihrm�h^x�hrmpin^|DdrqAj�dy}RgihRx�m�p�}Rh�fRdRxixyhiz�m�pomi�Rhoqi{ckµ�
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� eWz�g�jix�mDÇ � eWzG�*x�fRgRjlmÄ0Æ_czDdrm�donWj�gih�kRd�eAhonDpDgigipy�wpy{Dmi©Ajygih�±Dhr�zDdrm�drÇ � eWz�g�jix�mµÍ � eWzDgRjyx�m��2jlkDzDhyb¢Ä2nRjygrhyk�dleAh�¹�hr�WÆ�ÐA¥lÎj�nokRprmwpRx���f�drmi�µ�	hybAjix�mWx�Ä2zcdrmDdRÆ�Ë � pykcmAjlkc{Rhr_rfDq�p � hRxcx8}RdVjygrhiz�ÕQzVj�zrkG½	mwgrhcdr|�honWjygrhjlkcfc{cmc�cq�hchrÇi¬A��uc¬Dvy{ifcfDprqcm��:¬W��ui¬i�cqchch�Ä2zcdym�d�� � qDhcdrm�hr�Dhy��ÇD¤¢�Pq�hcdrz���kVgy�cÇ(¥(�p�fDmAj�pykWx�Ç(� � pleRfDq�hRxix�Çi�chRxR�yÆpy}RÃch � mWx�ÇWj�kcfc{Dmc�iq�hih���gRjixlmR��}RÃih � mr��dleAh�x�Ä��(���(�¤RÆnDprqwpy}RÃ�jlkQpy}RÃih � mWx�Ë�(jrx�mDÇWjlkifc{Dmc�cqDhch���nRjlkDzi�i�rfRhyz¢Ä2py}�ÃRÆj�nokRprmo�(jrx�mwprq^k�prm�jixDjlkAx�m�dyk � h�Ä	�(jix�m�P¬W��uc¬������RdRxyhr�Wjix�m�pr�rq�dleºÆ�Ë � pykDmAj�kc{Rh_DdyfifRdrq�hykcmRgy��k�prmwdykD�^q�h � pr�rk(j��Dhiz��(jix�mDpr�cq�d�ej�nokRprmo�(jrx�mDzWj � m����RdRxyÌy±�hr��Ä*p�}RÃRÆ[Ë�(jix�mDzVj � mµÍ�p�}RÃiÎcÇzDdrmDdr�cq�hch���Dhrmc�Wjix�mDpy�cqDd�e�©�d � m�pyqc�¢Ä�Æ�� � qDhcdymDhi�ipyfD�i�i�rfRhyz¢Ä*p�}�Ã��$�(jix�mAÆhDgDxyh�Ë �(jix�mDzVj � mµÍ�p�}RÃiÎG�	drziz¢Ä:�(jrx�mWÆ
_Vx � dcgih�mi�Rhadrq�hid^prn^mi��h��Ajix�m�pr�iq�d�eºx�mDpwdDgig�mr�Rh � py{ckDmVx�mi�Rdrmo�Rhykcm«j�kDm�pYj�m��_«jlk � g�{�zWj�kD�apr|�hyqDn�gipy�adyk�zo{ck�zDhrqcn�gipy��}AjlkAxj�nokRprq�eAdcgRj��Dh�ËnDpyqa�Ajix�m�jlk^�(jix�mDzVj � m��:|DdDg�{RhRx�Ä�Æ�Ëx�{yeWÇr�Ajix�m��*xl{yeV¬Rgcg��Ajlki��hRj��r�cmWx(Ä�Æj�nYx�{yeLË'�(jix�m��*x � dcgih�Ä�¥º��¤ ~ x�{�e[Æ6_czDpykG½�m�kRprq�eAdcgRj��Dh�hleRfDmc�o�(jix�mWx¢É
jlkcfc{cmc�cq�hch� � gipRx�h�Ä�Æ

zcdrm�dr�cqDhch�� � plece[j�mÄ0Æ
qDhrmi{Dqiko�Ajix�mDzWj � mo_Wjlk � dRx�h^d�kD��pykRh���dykDmWx�m�p�{AxyhYj�m�x�mAj�gcg

zDhinYx�{�eceAdrqAj��DhDÌ�}Rdym � �VÌ��Wjix�mDpr�iq�d�eºxºÄ�qi{ikD|DdyqWxiÆ�Ë�i�c��q�hincprq�eAdrm�mi�Rh�fRd � ±�hizYjlk�ncprq�eAdrmWj�pykYj�kQmi��hwhyk � pizDhiz�zWj � mAj�pykRdrqc�opyk � p�eceAd�k�z^gRjlkRhjlkcm�p�qi{ck(jlkDnDpD�cgRjl±�hox�mcqi{ � mr{Dq�h�dykDz^nchchiz�j�m^m�p�xl{yeceAdrqWj��DhDÌ��Ajix�m�pr�rq�dle�xºÄ�Æ��r�c�qr{ck(jlk�ncpiÇ�Í:Încprq�jwjlkwbcq�d�kD��h�Äqr{ckD|�drqVx¢Íy½�kc�Dp�f(j�h�x[½�ÎWÆ[Ëqi{ckD|DdrqWx¢Íy½0jlk�zDhrb½ÎiÇWjqi{ck(j�k�nDp��	d�fcfRhyk�z�ÄcÄ	qi{rkD|�d�qWxº�'¤¢�£qi{ckD|DdrqWx¢Íy½�m�h�eRfVgrdrm�h�½	ÎiÔiqi{rkD|DdyqWxº�$��pyk�hVÆcÆ
qDhrmi{Dqik�xl{yeceAdrqWj��DhDÌ��Ajix�m�pr�rq�d�e(xºÄ	qi{ikAjlkcnDprÇiqr{ik(j�k�nDp���ØcØ�qi{ckD|�dyqWxDÆ

j�nQÌcÌ�kRdleAhDÌcÌrÇiÇ½*ÌcÌleWdVj�kVÌrÌ�½DËj�eRfRprqcm � �Aj � ±Rgrhj�eRfRprqcm�}�dRxyhc¨r¶_rmi�(jixajix�d � q�hcdrmWj�|�h��Rdr�am�pazWjixlfRdrm � �adykªj�k � p�e[j�kD� � p�eieAdyk�z�m�po|�drqWj�py{Ax � pizDhYjlk_rmi�(jix4eAprzr{Vgih��c�Rh�k�j�m¦jrx�qi{ikYd�xodYx � qAj�fDm� p�eceAdykDzVx�Ç�Ö½0x�fVg�j�mRÌ�}(j�kRdrqc��½DË�xlfVgRj�mcqr{ckVÌ�}(j�kRdrqc�RÌ�miq�hrh¢�½0x�{yeieAdrqAj��chDÌ�}Rdrm � ��½�Ë'x�{�eceAdrqAj��DhDÌ�}Rdym � �VÌ��(jix�mDpy�cqcd�eºx× j�nYgih�k�Ä�x��Wx��	drqc�c|WÆ�Èa�wd�k�z�x��Wx��	drqi�c|µÍ0¥lÎ^jlk � p�eceWdyk�zVx���±�hr�WxºÄ�Æ�Ëqi{ckD|DdrqWx�Ç � �Aj � ±Rgrh��	giprdizVx(Ä	}�dRx�hi¨r¶���zch � przDhDx�mcqWj�kc�Äi½c½���ÃipRjlk�Ä�x��Vx��	dyqc�r|µÍ:�Ë�ÎVÆcÆrÆ_imi�(jixax���py{Vgrz�}Rh^dykQhyk � pizDhizozWj � mAj�pyk�drqc�oprnQhr|Dhrqc�cmi�AjlkD�� p�eceWdyk�zVx¢Íx��Wx��	dyqc�i|µÍ*¥lÎcÎ�Äqr{ckc|DdrqRxDÆhcg�xyh�Ë
�^¶



fDqAjlkcm«�lzDpykG½�mo±ikRpy�a�c�Rdym^mDp^zDp��(j�mr� � p�eceAdykDz(�(�8x��Vx��	drqc�i|
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_�É ~ {Ax�q ~ }Ajlk ~ hykc|UfD�imi�Rpyk
fDqAj�kDm¦��ÊR��zGË'qr{ckRhiz�Ì�}Rdrm � ����fD���	|w¥º��Â^�i¤c¤c° ~ ¤y¶ ~ ¤c¨Y¥�¶�Ë	�c¨�Ë�¶�°�eAdrq � {Ax�`cbif�ÊW�
zDhino��hymc©Rgidr�¢Äm�dr�DÇr��pykRh¢�PzDhrnDdy{VgymcÇi��pykRh��'zDdym�drmc�if�hiÇWjlkDmWÆ�Ë�i�c����hrmi©Rgidr�Ä�Æ�hrbcmiq�d � mWx�da±�hy�i�RprqDz ~ |�dDg�{�h�fRdRj�q^niq�p�eªx��Wx��	drqc�c|âÄ	� ~ pahi»r{�dDg�xoxDj��rk(ÆdykDzaqDhrmi{DqikWxaj�m����Rdyk�zDgRjlkD��mi�ifRh � pykD|DhrqWxDj�p�k^dyk�zazDhincdy{VgymAj�kD����ã�kuDdrm�drmif�hiÇi��pyk�hUq�hrmr{DqikAxUd�}Rpcpcgihcdyko�c�Aj � �^q�hi»r{Aj�q�hRx�k�p|�dDg�{Rh�ncprqami�Rho±�hr�i�RpyqDz�£Ãy{Wx�m�j�mWx�fDq�hRx�hyk � h��0�c�c�miqc��Ë � py{ckcmifRpRx�ÇRx��Wx��	dyqc�i|��2jlk�zihrb¢ÄmDdy�AÆ��prmAjlmDÇ(¥hyb � hyfDmGË��prmAjlmDÇD¤j�nwzDdym�drmc�if�hwjix���pykRh�Ëj�na��prmAj�mGË�zDhDgwx��Wx���drqc�c|µÍ � py{ckDmrfRp�x�Îq�hRx�{RgymDÇi��pymAj�mhcgRj�no��prmAjlm�Ëq�hRx�{RgymDÇczDdym�drmc�if�h�Ä0x��Rx��	d�qc�i|µÍ � py{rkDmrfRp�x�Ð(¥�ÎWÆ6_iq�hrmi{cqik � pykD|Dhrqcm�hiz�m�pr±�hykzDhDgwx��Wx��	drqc�c|�Í � py{ckcmifRpRx[Ë � py{ikcmifDpRx�ÐD�rÎhcg�xyh�Ë q�hRx�{RgymDÇczDhrnDdy{VgymfcqAjlkDm«�lnDgidr�¦�(�¼m�dr�����lÇ(�A�¼qDhRx�{VgymqDhrmi{DqikaqDhRx�{Vgym
j0eRf�prqcmYx��Wxj0eRf�prqcm^pRx
j0eRf�prqcmYx�fVg�j�mcqi{ck
_i|�dyqAj�dy}VgrhUkRd�e[j�kD���Rhrq�hYjixwj0eRf�prqcm�dykcm��c�c�HfRdrq�dleAhrm�hrqVx��c�(j � �wdrq�h�{AxyhizazWj�qDh � mRgy�odRx_a±�hr�i�RpyqDzadrqc�i{�eAhykDmWx1}D��x�fVgRj�miqi{ckVÌ�}�drm � ��eR{Ax�mo�Rdy|�h�mi�Rh � prqcqDh � m�kRd�eWhRx�dRxcxDj��rkRhiz��Rhyq�h¢�_VxDj�k � h�mi�Rh�xyh�|�drqAj�d�}VgihRx�drq�h�fRdRxcxyhrz�mi�Dq�py{c�i�wdRx�d�ØcØ�±i�Rdrqc�Vx�zWj � mWj�pykRdrqi��m�p_Vx�fRgRj�mcqi{ikVÌ�}Rdrm � �qi{ckc��d�eAhiÇr��hrmc©Rgrdr�Äc½�qi{ikD�cd�eWh�½c��½zDhinDd�{VgymRÌip�{Dmifc{Dm½i��x�mcqAÆqi{ckc�Aj0eAhiÇr��hrmc©Rgrdr�Äc½�qi{ikD�Vj0eWh�½c�?¥��c¤¢�1jlkDmWÆk��Dp�f(j�hRx�Çr��hrmc©Rgrdr�Äc½:k��cpyfWj�h�xº½c�N°¢��j�kDmAÆ
_imi��hRxyh�|�drqWj�dy}Vgih�xUdrq�h�fRdrqimAj � {Vgrdrq�m�p^d � mi{�dDg�qi{ckckAjlkD��fDqDpr�cq�d�eµ�¼dyk�z��Rdyk�zDgihizapyfRdr»r{RhDgy�}D��x�fRgRj�mcqi{ikVÌ�}Rdrm � �m�drqi��hrmc©Aj�gihiÇi��hymc©Rgrdy�Äc½	mcdrqi�Dhrmi©Aj�gih¢½r�U½vrmDzG�:�Ddrqc��hrmG���D¬c`c¬G�*jlk½c��x�mcqAÆfc�D�VxDj � x�©WjygihiÇi�Dhrmc©�grdr�¢ÄD½�fc�c�VxDj � xl©Ajygyh¢½i�U½2vrmDz��:�i�D�Wxcj � x���j�k�½c��x�mcqWÆjlkcfi{Dmc��h�e�fVgidrm�hrÇi��hymi©Rgrdr��ÄD½0j�kcfi{Dmr��h�eDfVgrdrmDh�½c��½��Rdym � �(�lk���jlkG½c�£x�mcqWÆ

�m�



}RhcdleAÀiÇi��hymc©Rgidr�¢ÄD½�}�hid�eWÀ¢½r�?¥(��j�kDmAÆ}RhcdleV¬DÇi��hymc©Rgidr�¢ÄD½�}�hid�eR¬�½r�?¥(��j�kDmAÆ}(j�d�x�©�d � mDprqDÇi��hymc©Rgrdy�Äc½�}Wj�d�x�©�d � mcprq�½r�'�i¤c¤¢�¼n�gipcdymAÆk(��p�kAx�Çi��hymc©Rgidr�¢ÄD½�kA��pykWx[½r�?¥�¤c¤c¤c¤���j�kDmAÆ}RhcdleV`ikRhrqi�c�DÇi��hymc©Rgrdy�Äc½�}DhcdleR`ik�hrqr�c��½r�8¥l¤c¤¢�¼n�gipcdymAÆdykD��gihiÇi��hymc©Rgidr�¢ÄD½2d�kc�Rgrh¢½r��½*��½c�4x�mcqWÆnWjyg�m�hrqc`c|DhykDmWx�Çr��hrmi©�gidy�Äi½nVj�gymDhrqr`c|�h�kDmVx[½i�U½vrmDzG�:©Wjygym�hrqG��jlkG½r�¼x�miqAÆ
pRx���hykD|Aj�qDpykäÍ0��sitc`cu�Ì�scsi¬c©V�� r`�Ìyui`�v��RÌyuV��t(�lÎiÇrqi{rkD�Dd�eWh
j�nwpRx���f�drmi�µ�	hybAjix�mWx�Äqr{cki��dleWhVÆ[Ëj�nakRpymQp�x���fRdrmr�µ��jix�zVj�qÄqi{rkD��d�eAhRÆ�Ëq�dVjix�h�ti{ckDmAj�eAhr`cqcqDprq��4���DdykckRpym � q�hcdym�h�zWj�q�h � m�prqc��nDprq^qi{ckwzDdrm�d�c�c��kRdleAh�hrbWjix�mWxdyk�z�jixodanWjygrhA�hDg�x�h�Ë p�x��ÑeV±DzVj�qÄqi{ikD��d�eAh��N¤cÂc°c¤VÆU_ � q�hcdrm�h�zVj�q�h � mDprqc���cqDpy{cfaq�hcdrzDdy}Vgih��'�RprqRgyzYjlkD|Ajixcjl}Vgih
m�h�e�fVgidrm�hrÇ(�c�c�_i�i��vw�ig�kRprzDhRx�Ç(¥_i�i��vw�ig��RdcgcgymAj0eWhiÇcÔ¢Ä	��dDgcg��Wj0eWhVÆlz_i�i��vw�ig � fi{DmDÇcÔ¢Ä��RdDgcgy�Wj0eAhRÆ�z_a¬Rgcgapy{Dmifc{cmo��pchRxUm�p�mi�RhYxyd�eWhanVjygih_i�i��vw�rÃwpch
� zQÊy�i�RvcÌc�cÌ�¯V��tc¹cuA��t� drm^Ô¢Ä�jlkcfc{Dmi��h�eRfVgrdrm�hVÆixªå�ãfD�cmr�RpykQ� � �rj0eRf�prqcmYx��WxºÚ4j0eRfRprqim � �Aj � ±Rgrh¢Ú6j0eRf�prqcm�}RdRx�hc¨r¶�ÚfDqWjlkDm�x��Wx��2x�mDzWjlk��:q�hcdiz�Ä�Æ6ÔcÔwÔ�Ä|�drqAj�dy}VgihRx�uAj � mVÆixR��å£ã� ~ eRq��	hiz ��xop�{Dmifc{DmG��Ô¢Ä�jix�prmAj0eAh�Æix���Ô¢Ä�jlkDzchrbVÆ�¤iÁizo�lkcm�hrq�d � mAj�|�h��*jlk�Õ�ÈÔ�Äqi{ckD�Dd�eAhVÆix ~ py{Dmifr{Dm���Ô¢Ä�jix�pymAj*eAhRÆix��:Ô¢Ä0jlk�zchybWÆ�¤rÁizG��mibim�c�c�
_rfRd�xcxyhiz�Ì�|�drqAj�d�}Vgih�x�jix�dazWj � mAj�pykRdrqc�opin�eWpRx�mwpin^py{DqYgip � dcg�|�drqAj�d�}VgihRx[�N�c�(j � �o�Ajygcg�}Rh_rfRd�xcxyhizadRx�dyk�pykD��eAp�{Ax�±�hr�r�RprqDzadrqi�i{yeAhykcmWx�m�pYx�fVgRjlmcqi{ckVÌ�}Rdrm � �_Wj�nomi��hrq�hadrq�h^gip � dDg�|�drqAj�d�}VgihRx��Dpy{wzDpok�prmo�RdykDmam�p�fRdRxcx�pyk��?zchDgihrm�h�mr�Rh�e�niq�p�eYmi�Ajix_^zWj � mAj�pykRdrqc�fRdRxixyhiz�Ìy|DdrqAj�dy}RgihRx�ÇDgip � dig�x�Ä�Æ�� � p�fD�Ä0Æ_cnDpyqQhyb�d�eRfVgrh¢��zDhDg�fRdRxixyhiz�Ìy|DdrqAj�dy}Rgih�x¢Í�½	nDprp¢½	Îaj�nwgip � dcg�|DdrqAj�dy}Rgih�nDpcp�jix�kRprma{Axyhrnr{Vgm�p�qi{ikck(jlkD��fcq�pr�cq�dle
x�fVg�j�mcqi{ck��*x�fVgRjlmcqi{ikRÌ�}�drm � �Äxl{yeceAdrqi�RÌ�fRdrmr��ÇUqr{ckD��d�eWhÝ�¼�Rdcgcgy�Aj0eWhiÇiqi{ckc�Aj0eAhyÐD¨c¤��ØiØ�fRdRxcx�hiz�Ìy|�dyqAj�dy}VgyhRxÆ
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_wvchrmWxaxyp�eWhazchinDdy{Vg�mo|�hrqi}Rp�xyh^x�m�dym�hRx~�� p�kDmcq�pDg ~ |�hrqi}�pRxyh��~�� p�kDmcq�pDg ~ xydr|�hy�Ajix�mDprqi�~ qi{ik ~ |�hrqr}RpRxyh��_��c�i�c�c�c�c�i�c�c�c�c�i�c�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�~�� p�kDmcq�pDg ~ hrb�h � {Dm�h ~ �Rp�eWh ~ �Rpy��h � g ~ siqc`cz ~ Ô�Ä	fr�D�VxDj � x�©VjygihRÆrx
_��c�i�c�c�c�c�i�c�c�c�c�i�c�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�
~�� p�kDmcq�pDg ~ hrb�h � {Dm�h ~ �Rp�eWh ~ �Rpy��h � g ~ siqc`cz ~ Ô�Ämcdrqi��hymi©Aj�gihVÆrx
_��c�i�c�c�c�c�i�c�c�c�c�i�c�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�c�_��lk(j�mAj�dDgRj��Wj�kD��niqDhchi�DhRx�mi�Rh�fc�D�WxDj � x�dyk�zo��hcpleAhrmcqc��nDprqami�Rhoq�hRx�mwpinami�Rh�qi{ik~ qi{ik ~ jlk(jlmAj�dDgRj��Dh
_��c�i�c�c�c�c�i�c�c�c�c�i�c�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�c�~ �i{ik ~ zDhincdy{Vgym
~ �i{ik ~ fRdrqimAj � gihoj�pyk~ �i{ik ~ j�pykoÔ¢Ä	}RhcdleAÀVÆ�z�Ô�Ä	}Rhcd�eR¬AÆ�z~ �i{ik ~ hykRhyqc�c��Ô�Ä	}Rhcd�eR`ikRhrqc�i�AÆ�næs�hr¡~ �i{ik ~ q�dykDzDp�eV©Rg�{Db�mcqi{Rh
_wvchrma}Rprmi�am�panDdDgDxyhonDprqo{ck(j�zVj�q�h � mWj�pykRdDg�qi{ckWx_wvchrma}Rprmi�am�pomcqi{�hancprqwp�eRk(j�zVj�q�h � mWj�pykRdDg�qi{ckWx��~ �i{ik ~ q�dykDzDp�e[�ix�prmcqDp�f(j � nDdDgDxyh~ �i{ik ~ q�dykDzDp�eV��hle[jixlfi�Rhyq�h�nDdcg�xyh
_��c�i�c�c�c�c�i�c�c�c�c�i�c�c�i�i�c�i�c�r�c�i�i�c�i�c�r�c�c�r�c�i�c�i�i�c�r�c�i�c�i�i�c�r�c�~ fc�c�WxDj � x ~ xyhrmi�Aj�dRx�©Dd � m�p�qUÔ¢Ä	}(j�d�x�©�d � mDprqAÆ�n~ fc�c�WxDj � x ~ xyhrmr®Axyhy¯�hRj��r�DmVjlkc�Umcqi{�h~ fc�c�WxDj � x ~ fDqAjlkcmi�(j�d�x�©Dd � m�pyq~ fc�c�WxDj � x ~ x�kDq ~ xyhrmisi©c�Dv � dDgrhU°c¤c¤�
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