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ifM2i�NBOoT�M2i�T�M)T KM2ifM®»wj2P^_`Ya_`P^OQb�i;�¨OQl�R�_`M-bq_fM2R;T´UµY\����R KM-W�M2b�T�M2R;]½U KM-pol�Ya_`P^OQb¶TVU KM-_`Ya_ T�M¤]«Y/NªYa_fP§cM-RfM
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if��P^b�OwT�Y\]SM;O�cl�P^]�aY/i5M¦T KM2j-OQNB�¨OQi5M2RM2b�±°R`Y\g\NBM-bq_fi�M-_��ZY\R�_`P^j2l�]^M2i �
� UXPSNBY\gQMT�M�]§UXPSb�i�_kY\[�PS]SP¸_ KM{i5��PSb�OwTZYa]SMM2i�_{TVU¹Y\l�_`Y\bn_{��]^l�i�ifYa_`P^i5±³Y\P^i`Y\bn_fM��¨OQl�R�]§UXM2i5��RfP¸_�pqlVUXM2]^]SM

�M-RfN/M-_T�M¦]SP^M2R{T�PSRfM-j-_fM2N/M2bn_ KM2pqlZYa_fPSOQb�TVU KM-_`Ya_�M-_�T�mobZY\N/PSpql�M �

| Yab�i¾j2M?j0Y\T�RfM?TVU KM-_`l�T�M\¢¦]«Y~N/PSi5MÃM2b KM-�oPST�M2b�j-M&M®»�� KM2RfP^NBM-bn_kY\]^MÃT�M?]«Y~Nsl�]¸_`P¸±°R`Y\gQN/M2bo�
_kYa_fPSOQb i5M2Ns[�]^MÃTVU¹Y\l�_kYabq_d��]^l�i¾�M-R5_fPSb�M-bq_fM?pol�Mº]½U KM-b�M2R5gQPSMÃT�PSif�¨OQb�P^[�]SMÀ]SOQR5i*T�M?]«Y~j2O\]S]SP^ifP^OQb
M2i5_BPSN/�¨OQR5_`Y\bn_`M��¨OQl�Rel�b�M KM2b�M-RfgQP^M:P^b�j2P^T�M2bn_fMÉT�OQb�b KM-M\¢�j\UXM2i5_B�¨OQl�Rfpql�O\P�b�OQl�iBY��\OQb�i KM-_`l�T�P KM
M¡»w� KM2R5PSN/M2bn_kYa]SM2N/M2bn_¦]^M2i¦j0Y\RfY\j-_ KM2R5PSi5_fPSpql�M-i@T�M2i@j2OQ]^]SPSi5PSOQb�i�j2M-bn_`R`Ya]SM2iª¯³pql�P$j-OQRfR5M2i5�OQb�T�M2bn_)Y\lw»
�M¡_`P^_fih�ZYaR`Y\N:cM-_fRfM2ihTVU¹P^NB��Y\j-_k²��¨OQl�RhT�M2i�i5moi�_0cM2N/M2i�i�moN KM¡_`RfP^pql�M2i-¢�M-_�b�OQl�i�b�OQl�i{PSbn_ KM-RfM-ififM-RfOQb�i
M2ifi5M2bn_`P^M2]^]SM2N/M2bn_¦Yal*i5moi5_0cM2N/Mer�PDC r�P1T�OQbn_ ]^M2i KM-b�M2R5gQPSM-i PSb�j-PST�M-bn_`M2i�i2U KM-_`M-b�T�M-bq_¤T�M �Q� cY�Á � ã
J M t)��| M2i�j-OQNB��Y\R`Y\P^ifOQb�iVifM-RfOQbn_ KM2gnYa]SM2N/M2bn_�T�PSifj-l�_ KM-M2iÌY0�QM-j�T´UµY\lw_`RfM-i�i5moi5_0cM2N/M2iÌ��R KM2Y\]«Y\[�]SM2N/M2bn_
Y\bZY\]¸mwi KM2i�_`M-]�pql�M Û;M�C � b:�ZY\R�M®»�M-NB��]SM �
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� bsY\lw_`RfMhY\if�¨M2j¡_�T�M�]§U KM-_fl�T�M�T�Mh]SY�NBYa_fP§cM2R5M�bol�j2] KM2Y\PSR5M�M2i5_1T�MhR5M2jkW�M-RfjkW�M-R�]SM-iE��Y\R`Y\NÉcM-_fRfM-iET�M

]§UXPSbn_`M-R`Y\j¡_`PSO\b:bql�j-] KM0YaPSRfM¤pql�P1�¨M2l��\M2bn_ ¥M-_fRfM©Y\����R KM-W�M2b�T KM2i �ZY\R�]§UXPSbn_`M-RfN KM2T�PSY\PSR5M¦T�M2i;��RfOQ[�]§cM2N/M2i
T�M¬_`RfY\b�if��Y\RfM-b�j2MÀ¯³OQlÃ�oPSi5j2OQi5P^_ KM�²)bql�j2] KM0Y\P^RfM �$� U KM¡_`l�T�MÉM¡»w� KM-RfP^NBM-bq_`Y\]SMªT�M�]«Y¶±°l�i5PSOQbV¢1T�PSR5M2j-_fM¡�
NBM-bq_eR5M2]^P KM2M¬Y\l?�OQlw�QOQP^RsTVU¹Y\RfR ¥M-_eT�M�]SY�NªYa_fP§cM-RfM¬bql�j-] KM0YaPSRfMªT�OQb�jÀcY*i`Y��oPSi5j2OQi5P^_ KM��M-l�_eb�OQl�i
�M-RfN/M-_f_fRfM�TVUXOQ[�_fM2b�P^R$T�M2i�P^b�±°OQRfNBYa_fPSOQb�iÌifl�R�]^M2i$�ZYaR`Y\N:cM-_fRfM2i$T�M�]§UXPSbn_`M-R`Y\j¡_`PSO\bsbql�j2] KM0Y\P^RfM � r�OQl�i
T�M-�\OQb�i©Y\]^OQRfi¦M-i5_`P^NBM-R¤]SYÉi5M2j¡_`PSO\b�MRQ/j0Yaj2M¬T�Me±°l�i5PSOQbV¢�j-Mªpql�M¬b�O\l�i¤±°M-RfOQb�i¤�O\l�R¤]^Mei5moi5_0cM2N/M
r�PDC r�P�cYeT�P^à KM2R5M2bn_`M-i KM-b�M2R5gQPSM-iPSb�j-PST�M-bq_fM2i-¢ZM-_j2O\NB�ZYaRfM2R�]^M2iR KM-ifl�]¸_kYa_fi)cY©T�M2i�ifP^Nsl�]«Y£_`PSO\b�ihT�mn�
bZY\N/PSpql�M2i-¢Epql�P�T KM2j-RfP¸�QM2bn_e]SYÉ�QO\PSMªT´U¹M-bq_fR KM-M\¢1_fM2]S]^M2i@pql�M�]SM-i)ifP^Nsl�]SYa_`P^OQb�i¦ifM-NBP �xj2]SY\ifi5PSpql�M-i¤T�M
_xmw�¨M } OQ]¸_`Ï2NBY\b�bo��r�O\RfT�W�M-PSN©� t ]«Y\i5O �¶¯ } r t ²hM-_ � Y\b�TZY\lo� t ]SY\ifO�� �

| Yab�i�j-M;j0YaT�RfM�TVU KM¡_`l�T�M\¢�j-OQN/NBM�¨OQl�R�]SM���R KM-j KM2T�M2bn_0¢�P^]Êj2OQbn�oPSM-bq_hT�M��¨OQl��\OQPSR�PST�M2bn_`P¸¼ZM2R�]«Y
j2]«YaififM@TVU KM-� KM2b�M2N/M2bn_`i;j-OQRfR5M2i5�OQb�TZY\bn_ Y\lo» KM¡� KM2b�M-NBM-bq_fi;Y0mnYabq_��M-RfT�l:]«YeN KM-NBO\PSRfM T�M¤]SYe�\OQPSM
TVU¹M-bn_`R KM-M �

y M{_xmo�¨MTVUµYabZY\]^moi5M�b KM2j-M2ifi5P^_fM�l�beT KM-_fM2j-_fM2l�R�T�M�g\R`Y\b�T�M��M-R5±°OQR5NªY\b�j2M{�¨M2R5NBM¡_f_kYabq_�T�M2i�N/M¡�
ifl�R5M2iÌM¡»wj2]^l�ifP¸�QM2iÌ�¨OQl�R��¨M2RfN/M-_5_`R5M$l�b�M�i KM-]SM2j¡_`P^OQb¦MRQ/j0Y\j-M�M¡_Ì��R KM-j2PSi5M�T�M�]«Y{j2]SY\ifi5M�TVU KM¡� KM2b�M-NBM-bq_fi
j2OQb�i5PST KM-R KM-M\¢£Y0�QM2j�l�b)[�P«Y\P^iVNBP^b�PSN)l�NáT�l)T KM¡_`M2j¡_`M-l�R1�¨OQl�R�OQ[�_fM2b�P^R�T�M2iER KM-ifl�]¸_kYa_fiÌ]^M2i���]^l�i���R KM-j2PSi
�OQi5ifP^[�]SM-iYa¼ZbÉT�M¦j2OQbn_`RfY\PSb�T�RfM ]^M2iNBOoTVcM-]SM2i�i5M2N/P¸�uj2]«YaififP^pql�M2i�l�_fPS]^PSi KM-i �

�"��Û � �ÄÜ/� (*�
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� M¬N)l�]^_fPST KM¡_`M2j¡_`M-l�R � r | v�
 j2OQN/��_`Mª�ZY\RfN/P�]«Y � cM2N/M g KM-b KM2RfYa_`P^OQb�T�MªNªYa_fRfP^j2M2i¤j2OQb�çj2l�M-i
�OQl�R�T KM-_fM2j-_fM2RÌ]SM$gQRfY\b�T¦b�OQN)[�RfM$T�M��ZYaR5_`P^j2l�]^M2i�jkWZYaRfg KM-M2iÌM-_�±°R`Y\g\NBM-bq_fi KM2N/PSiV]^OQRfi�T�M2i�j2OQ]^]SP^ifPSO\b�i
TVU¹P^OQb�i�]^OQl�RfT�i w � OQlZÁ � ¢ � _`M2Á � ¢ � OQlZÁQÎ y½�Ê� M-i���RfPSb�j2PS��Y\]SM-i{j0Y\RfY\j-_ KM2R5PSi5_fPSpql�M-i�i5OQbn_�]SM2ii5l�P^�aY\bn_`M-i¦�
è Ä R`Yabol�]«Y\R5P^_ KM:M-_�j-OQl��QM-R5_fl�RfMdif�ZY£_`P«Ya]SM¶P^NB�¨OQR�_kY\bn_`M-i2¢��M-RfN/M-_f_`Y\bn_ÉY\PSb�ifP�T�M*]SPSN/P^_fM2R/]«Y

��RfO\[ZY\[�P^]SP^_ KMT�M;j2O\NB��_`Y\gQM-i{Nsl�]¸_`PS��]SM2i;cY �d{ ��� Y¤j2OQl��\M2R�_`l�R5M if�ZYa_fP«Y\]^M�M-i5_�T�M�]§UXOQRfT�R5M�T�M
Á ��{ T�M¦]§U¹Y\b�gQ]^M;ifOQ]^PST�M�Å\Æ �

è � Y@gnY\N/NBM�M-bB_kYaPS]S]^M�T�M2i���RfOoT�l�P¸_`i�T�M�]«Y¦R KM2Y\j-_fPSOQbBM2i5_ KM-_fM2b�T�l�Me¯��UËêéäËLÁ � ²$Y0�QM-j;T�M2i
KM2b�M-RfgQP^M2i��aY\RfPSY\bn_�T�Me� J M t cY©Å¬Ä M t)�

è � b�M¦[O\b�b�M¦PST�M-bn_`P^¼�j0Ya_fPSOQb�P^ifO\_fOQ��PSpql�M T�M2i��ZY\R5_fPSj-l�]SM-i�jkWZY\Rfg KM2M2i��5l�i5pol´UµY\lÉ[ KM-R5mo]S]^PSl�N �
� r | v�
 M2i�_sj-OQb�i5_fP^_fl KMBT�M �Q� ÎÉNBOoT�l�]^M2i¦T�MBT KM-_fM2j-_fPSOQb�PSb�T KM2�¨M2b�TZYabq_fi2¢ÌRfM-gQRfOQl�� KM2isM-b¿��A

j2OQl�R5OQb�b�M-iÌY\l�_`O\l�R�T�M$]§U¹Y£»wM�T�M�±³Y\PSi5j2M2Y\l¤pql�PQ±°O\RfN/M�ifOQb¤Y£»wM�T�M�i5moN KM-_`R5PSM ��� Y�¼�gQl�RfM � � � NBO\bq_fRfM
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Î¼ÏDÐëÑ � � � Ò v M-��R KM-ifM2bn_`Ya_`P^OQb:M-b:j-OQl�R5OQb�b�M-i�TVU � r | v
)�
t l�M¦g KM2b KM-R`Y\]^M M-_�M2bÉj2O\l��M¦i5M2]SO\b:]½UµY£»wM T�l�±³Y\P^ifj2M2Y\l�T�lÉNsl�]^_fPST KM¡_`M-j-_`M-l�R � r | v
)�
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l�b�M;R5M2��R KM2ifM-bn_kYa_fPSOQb�M2b�j-OQl�RfO\b�b�M2i�T´U � r | v�
¤�Z� M-]SOQb¬]^M�_xmo�M T�M;T KM-_fM2j¡_`M2l�Rfipql�P´±°OQR5NBM-bq_hifM-i
NBOoT�l�]^M2i2¢ � r | v
 �M-l�_ ¥M-_`R5M¦T�P^�oPSi KM M2b�_`R5OQPSi�Ï-OQb�M2i¦�
è EÁ*7,<�%*7�!�!� . ¯ �%ì ´ �-ì ²1N/OQbn_ KM-MY��\M2j@� � ifj-PSbn_`P^]S]SYa_`M-l�Rfi���]«Y\i�_`PSpql�M-i � W�OQi5ÐP^jkW�¯³r � � �n�

M-_�r � �\� � ² �
è EÁ*7,<�%*7�!�!�	� : #� O ¯ � ì ´ Å � ì ²�j-OQN/��RfM-bZY\bn_ � 9 � _ KM2]^M2i5j2OQ�¨M2i¤cY � KM-_kYagQM2i{T�M T KM-_fM2j-_fPSOQb

¯³l�bLM®»�M-NB��]SM�M-i5_ÉT�OQb�b KM*ifl�R�]SYÀ¼ZgQl�R5M � � Å ² ��� M*��R5M2N/PSM-R KM-_`Y\gQM�M-i5_�±°OQRfN KM¶��Y\R�T�M2i
jkWZY\Ns[�RfM2i�TVUXPSO\b�PSifYa_`P^OQb ¯ y W � Oq²¡¢h]SM*ifM-j2OQb�Tá�ZYaR¬T�M2i�T KM¡_`M-j-_`M-l�RfiÉifP^]SP^j2PSl�N ¯ � P«²¡¢hM¡_�]SM
_`R5OQPSi5P§cM2N/M���Y\RT�M2iifj-PSbn_`P^]S]SYa_`M-l�Rfi¤cYePSOoT�l�R5M;T�M¦j KM-ifP^l�N ¯ y i � ² �

è EÁ*7,<�%*7�!�!�	�>.�nµ#� .�í ¯°Å ��ì ´ ��A\Î ì ²�j-OQNB�¨OQR�_`M2bn_ � Å�¢���ÎªOQl 9 NBOoT�l�]^M2i�jkWZY\j2l�b�M©M-_
ifOQbn_�j-OQb�i�_`P^_fl KM2M-i�T�M�_ KM2]SM-ifj-OQ�M-i)cYsifM-l�]SM-NBM-bq_{T�M2lw» KM-_`Y\gQM2i-¢�j2O\NB��R5M2bZYabq_{l�b�M;jkWZYaNs[�RfM
TVUXPSOQb�P^i`Ya_fPSOQbªM-_�l�bÉifj2P^bn_`PS]^]«Ya_fM2l�R¦cY©PSOoT�l�RfM T�M@j KM2i5PSl�N �

| Yab�i � r | v
 ¢�]^M2i�Ï2O\b�M2i��M-RfT�l�M2i�OQbn_�_fRfOQP^i{OQR5PSgQP^b�M2i �
è � M-iÉ_fRfOQl�iÉ�¨OQl�RÉpol�M�]^M¾±³YaPSifj-M0Y\láM2bn_`R5M�M¡_¶i5OQR5_fM�T�M�]SYºjkWZYaNs[�RfM	cYÃ�wP^T�M¿¯ � ì ´ � ì ¢

��A\Î ì ´ � 9 � ì ² �
è � UXM2N/��]«Yaj2M2N/M2bn_T�M¦]SYej-PS[�]^Me¯ 9-9 ì ´ Á � ì ² �
è � Y©Ï2O\b�M¦NBOQR�_`M M-bq_fRfM@T�M2lo»ÉT KM-_fM2j-_fM2l�R5i �

Î¼ÏDÐëÑ � � ÅLÒ � »wM-NB��]^M¦TVU¹l�b:N/OwT�l�]SM;T�M@T KM-_`M-j-_fPSOQbÃcYs_`RfO\PSi KM-_`Y\gQM-i�T´U � r | v�
¤�
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y P^b�psj2Y\NB��Y\gQb�M-i$T�MNBM-ifl�R5M2i�OQbn_ KM-_ KMR KM0Y\]^PSi KM-M2i$T�M-��l�P^i��0ÁQÁ � ¢\Y��\M2j�]SM-ifpql�M2]^]SM-i�b�OQl�i�Y0�QOQb�i

j2OQb�i�_`P¸_`l KM¤l�b�M)[�Y\ifMsT�M)T�OQb�b KM2M-i;l�b�P^pol�MsY\l�N/OQb�T�M¤�¨OQl�R�T�P^à KM2R5M2bn_`i�i5moi5_0cM2N/M2iBcYªT�P^à KM2RfM-bn_`M2i
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KM2b�M-RfgQP^M2id¯³��RfPSb�j2PS��Y\]SM-NBM-bq_ªT�M �Q� cY~� �\� ã J M t ² ��� Y�T�P^�\M2Rfi5P^_ KM*T�M2i�T�OQb�b KM2M-iÉM-b�RfM-gQPSi�_`R KM2M2i
M2i5_el�b&Y£_`OQl�_sNªY �5M-l�Rs�¨OQl�RsT�PSifj-l�_`M-R©]«Y�j-OQW KM2R5M2b�j-M�T�M2i©R KM2ifl�]^_kY£_`i©OQ[�_fM2bql�ieM2bÃ±°OQb�j-_`P^OQb�T�M
]§U KM2b�M-RfgQP^M©T�MB[¨OQNs[�Y\RfT�M-NBM-bn_¤�¨OQl�R¦l�b�N ¥M-NBMei�mwi�_0cM-NBM/OQld�OQl�R¤T�M-i¤i�moi5_0cM-NBM-i)T�P¸à KM-RfM-bq_fi�cY
l�b�MsN ¥M2N/M KM-b�M2R5gQPSM¤PSb�j-PST�M-bq_fM �| M)Nsl�]^_`P^��]SM-i�Y\bZY\]¸mwi5M2i�Ç�j2RfO\PSi KM-M2i5È�OQbn_ KM-_ KM)M2bn_fRfM2��RfPSi5M2i �¨OQl�R
_`M2bn_fM2RT�M N/PSb�P^NBP^ifM2R�]SM-i�M-àM-_fi�T�l�iY\lw»�P^b�ifl6QBifY\b�j-M2iT�lÉT KM-_fM2j-_fM2l�R¤¯³Y\[�ifM-b�j2M@T�M NBY\ifi5M¦Y\lw�
T�M2]�cYBT�l�[ KM2R5mo]^]SPSl�N:¢ZYa[�ifM-b�j2M©T�M¤T KM-_fM2j¡_`PSO\b�T�M)b�M2l�_fRfOQb�i �^�¸� ²�M-_�T�OQb�j¤RfM2bw±°OQRfj-M2R;]SY/j-R KM2T�PS[�P^]SP^_ KM
T�M2iPSbn_fM2Rf��R KM-_`Ya_`P^OQb�i���R5OQ�¨OQi KM-M2i �
� M-iT�P^à KM2R5M2bn_`ii5moi�_0cM2N/M2i�M-_ KM2b�M2Rfg\PSM2ii5OQbn_�P^bn�QM2bn_fOQRfP KM2iTZY\b�i]SYe]^PSi�_`M;M®»�W�Y\l�i5_fP^�\M¤pql�P�ifl�P^_ �

.��` � �
G � p7�<�só
è ô h 
 RÊC kjõ r�P �n� ¢�Å � ¢ �Q� ¢ÊÎ � ¢PAaÅ�¢ 9 Å�¢ZÁ � ã J M ts�
è ô h 
 RÊC�T y ] �Q� ¢�Å � ¢ �Q� ¢ZÎ � ¢7AaÅ ã J M ts�
è ö ij÷ Û�M�CÔø)ù©ú � b �Q� ¢ �Q� ¢ � Á�¢�Å � ¢ �\� ã J M t)�
è ö kjk Ä TPC i ô õ � � Î ã J M ts�
: �` � �
G � p7�<�só

è kjõ r�PDC kjõ r�P �n� ¢�Å � ¢ �Q� ¢ZÎ � ¢PAaÅ�¢ 9 � ¢ZÁ � ã J M t)�
è kjõ r�PDC ö ÷©û 
 l �n� ¢ �Q� ¢ZÎ � ¢PAaÅ�¢ 9 � ¢ZÁ � ã J M t)�
è ö õ ö � Y�C ö ÷©û 
 l �n� �ü9 ¢ � Á � Î ã J M t)�
è ö õ ö � Y�C i ô õ � ¯ ö i y ² �n� �ü9 ¢ � Á � Î ã J M ts�
è i ô õ � C i ô õ � ¯ ö i y ² � Å ã J M t)�
@��` � �
G � p7�<�só

è ö i y C i3ý J g �\� � � ¢�Á � ã J M ts�
è ö i y C ö i3ý � b:Á � ã J M t)�
è ö i y C öjö i � b:Á � ã J M t)�
è ö ì û 
 g�C kjõ r�P �\� ã J M t)�
è kjõ r�PDC ö ì û 
 g �\� ã J M t)�
è ÷ ô r�[PC i©û 
 ] �\� ã J M t)�
è ÷ ô r�[PC i3ý J g �Q� ã J M ts�
è ÷ ô r�[PC öjö h � b �Q� ã J M ts�
è öjö h � bPC ÷ ô r�[ �Q� ¢ �Q� ã J M t)�
^ �` � �
G � p7�<�·þ�ÿ��1'��[ó

è ö i y C öjö i � b �Q�Q� ¢ZÎ �Q� ¢´� �Q�Q� ã J M t)�
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è ö i y C ö i3ý � b �Q�Q� ¢ZÎ �Q� ã J M t)�
è ö i y C ö ÷©û 
 l¶Á � ¢ �Q�Q� ¢�Î �Q� ¢¸� �Q�Q� ¢´� 9 �\� ã J M ts�
è ö ij÷ Û�M�CÔø)ù©ú � b �\� ã J M ts�
è ö ij÷ Û�M�C ö i3ý � b 9 � ¢V� �Q� ¢V� �a� ¢ �Q�\� ã J M t)�
è ö ij÷ Û�M�C öjö i � bd� �Q� ã J M ts�
è ö ÷©û 
 lPC ö ÷©û 
 lÉÅ � ¢ZÎ � ¢ 9 � ¢�� �Q� ¢´� �\� ã J M ts�
è ö ÷©û 
 lPC kjõ r�P$� �\� ã J M ts�
è ö i y C i ô õ � � �Q�\� ã J M ts�
8��` � �
G � p7�<�só

è ö ij÷ Û�M�C i©û 
 ]$� 9 ã J M ts�
è ö ij÷ Û�M�C kjõ r�P 9 ã J M t)�
è ö i3ý Û�M�C öjö i � b �n� ¢�Å � ã J M t)�
è ö i3ý Û�M�C ö i3ý � b �n� ã J M ts�
è ö ij÷ Û�M�CÔø)ù©ú � b 9 ¢�� � ¢´� � ¢V� 9 ¢ �\� ¢ �\� ¢ � Aw¢ � Á�¢ �n� ã J M t)�
è ö ô h Û�M�C öjö i � b �n� ¢�Å � ã J M t)�
è ö ô h Û�M�C ö i3ý � b �n� ¢�Å � ã J M t)�
è ö ô h Û�M�C ö ÷©û 
 l �n� ã J M ts�
è ö ij÷ Û�M�C ö ÷©û 
 ld� � ¢´� 9 ¢ � Aw¢ �n� ã J M ts�
è i ì õ � [PC kjõ r�P � 9��ü9 ã J M ts�
è i ì õ � [PC ö i3ý � b � 9��ü9 ã J M ts�
è i ì õ � [PC ö ÷©û 
 l �n� ¢ � 9��ü9 ã J M ts�
� M�Nsl�]¸_`PST KM-_`M-j-_fM2l�R � r | v
 Y KM-_ KM�j-OQbbçj2l)�OQl�REpql�M�]SM�_kY\lw»@T�MhT�OQl�[�]SM�j2OQN/��_`Y\gQM�bVUXM¡»wj\cM-T�M

�ZY\i �d{ j2M�pql�PoY\l�_fOQRfP^ifM�l�b�M�T KM-_fM2j¡_`PSO\b¤T�M�Å � �ZY\R�_`PSj-l�]SM-i�] KM-gZcM2R5M2iÌjkWZY\Rfg KM2M2iEM-_ÌT�M�� � ±°R`Y\gQN/M2bn_fi �
y U¹M-i5_�]SM�_xmo�M�T�Mifj KM2bZY\R5PSO@pql�M�b�OQl�i�Y\]S]^OQb�i$RfM-b�j2O\bq_fRfM-R�TZYab�i�]^M�j0Y\T�RfM�T�M]«Y Nsl�]¸_`P^±°RfY\gQN/M2bn_kY �
_`PSO\bV¢QTZY\b�ih]SM-i�j2OQ]^]SPSi5PSOQb�i�j2M-bq_fR`Y\]^M2i-¢o�¨OQl�R�T�M-i�i�mwi�_0cM-NBM-i{]SOQl�RfT�i�T�M�]«Y _kY\P^]S]^M\¢a_xmo��P^pql�M2N/M2bn_0¢qT�M
Û;M�C � b~¯³M-bq�oP^RfOQb �\�Q� bql�j2] KM2OQb�i`² �1y M2�¨M2b�T�Y\bn_0¢Ìj2M/Nsl�]^_fPST KM¡_`M-j-_`M-l�R¦�M-RfN/M-_@TVU¹Y\]S]^M2R [�P^M2b�Y\lw�
T�M2]�cYªT�Msj-M)_xmo�MsT´U KM¡_`l�T�M©��l�PSi5pol�Msb�OQl�i;Y\]S]^OQb�i��OQlw�QOQP^R�T KM¡_`M2j¡_`M-R KM2gnY\]^M2N/M2bn_;T�M2i;�ZYaR5_`P^j2l�]^M2i
jkWZY\Rfg KM2M2i¦M¡_;±°R`Y\g\NBM-bq_fi;PSi5ifl�i¦T�M)j2OQ]^]SPSi5PSOQb�i���]^l�i � KM-RfPS��W KM2R5PSpql�M2i �V� r | v
 M-i5_¦T�OQb�j©l�b¾OQl�_`P^]
��l�PSi5i`Y\bn_¤�O\l�R¤T�MªNsl�]¸_`P^��]SM-i KM-_`l�T�M2i¤T�MBj-OQ]S]^PSi5PSOQb�i T´U¹P^OQb�i¦]SOQl�RfT�i@M2bn_`R5MB_xmo��P^pol�M2N/M2bn_ �\� M-_
� �Q� ã J M ts�

r�OQl�i�Y\]^]SOQb�i1b�OQl�i�PSbn_ KM2RfM-ifi5M2R�TZY\b�i�]«Y i5l�P^_fM�T�Mj2M�N KM-NBOQP^RfMa¢\Y\lo»ej2OQ]^]SP^ifPSO\b�i1pql�PÊOQbn_��¨M2RfT�l
]«Y¬N KM2N/OQPSR5MsT�Me]«Y¬�QO\PSM©TVUXM2bn_`R KM2MB�OQl�R ]SM©i5moi�_0cM2N/MBr�PDC r�P§¢´M¡_@M2bd��RfM-NBP^M2R ]SP^M2l*b�O\l�i@Y\]S]^OQb�i
T�PSi5j2l�_fM2R]SM-i���RfOQ[�]§cM2N/M2i�T�lÉ_fRfP�T�M-i KM¡� KM-b�M2N/M2bn_fi �



� � þ�� ���À��� �

� uH�Ã� � � � � � �� � � �~�Ã��r3�

r�OQl�isb�OQl�i©��R5OQ�O\ifOQb�i)T�M¬b�OQl�i©PSbn_ KM-RfM2i5ifM-ReY\lw» KM-� KM2b�M-NBM-bn_`i/Y0mnY\bn_e�¨M2RfT�lÃ]«Y¶N KM2N/OQPSR5M
T�Ms]«Ye�QOQP^M)TVUXM2bn_fR KM2Ma¢�pql�Msj2M)ifOQP^M2bn_ T�M-i KM-� KM2b�M2N/M2bn_`i¦T�M)_xmo�¨M)±°l�i5PSOQb�O\l*��]Sl�i�g KM2b KM2R`Ya]SM2N/M2bn_
T�M2i KM-� KM-b�M2N/M2bn_`iÉT�P¸_`iºÇ5N/OQb�OQi5OQl�R5j2M2È�¢{TZY\b�i�_fOQl�i�]SM-i�j0Y\i�T�M-i KM¡� KM2b�M-NBM-bq_fi:T�OQbn_�]SM2i���RfOa�
T�l�P^_fihT�M�T KM2i5M¡»wj2P¸_kYa_fPSOQb¬i5M2Ns[�]SM2bn_���RfO��QM-b�PSR{T´U¹l�b KM-NBM¡_f_`M-l�Rhl�b�PSpql�Ma¢�pql�M;j-M-_f_fM T KM2i5M¡»wj2P¸_kYa_fPSOQb
i5_kY£_`PSi�_`P^pol�M©ifOQP¸_¤T�Me_xmo�¨MBi KM2pql�M-bq_fPSM-]S]SMeOQldifP^Nsl�]¸_kY\b KM-MÉ¯³Nsl�]^_`P¸±°R`Y\g\NBM-bq_`Ya_`P^OQb¶i5PSNsl�]^_kYab KM2MsT�l
i5mq_0cM-NBM�M-b�T�M�Nsl�]^_fPS��]^M2i�±°R`YagQNBM-bn_`ik² ��� Y¿T�P Q/j2l�]¸_ KMdT�M�j-M�_xmo�MÀTVU KM¡_`l�T�M�R KM-ifPST�M�TZY\b�i:]SM
±³Y\P^_ pql�M/]SM-i KM¡� KM2b�M-NBM-bq_fi)Y0mQY\bn_)�¨M2R5T�lÀ]SY�N KM2N/OQP^RfMsT�Me]SY��\OQPSMeTVUXM2bn_fR KM2MBpql�MBb�OQl�i¦�QOQl�]^OQb�i
i KM2]^M2j¡_`PSO\b�b�M2R�ifOQbn_¦N/PSb�O\RfP^_`Y\PSR5M2i��ZYaR�R`Ya���O\R5_ Yalw» KM¡� KM-b�M2N/M2bn_fi¦Y�mQY\bn_¦gnY\R5T KM)]SYªN KM-NBO\PSRfM¦T�M
]«Y;�QOQP^M�TVUXM2bn_`R KM2M\¢wY\lw» KM-b�M2R5gQPSM-i�j2OQb�i5PST KM-R KM-M2i �o� M_`RfP�T�M2i�j2M-i�T�P¸à KM-RfM-bq_fM2i�j2]SY\ifi5M2i�TVU KM¡� KM2b�M-NBM-bq_fi
i2U¹Y��¨cM-RfM;T�O\b�j�T KM2]SP^j0Ya_�M¡_hP^]¨M-i5_hb KM2j-M2ififY\PSR5M�T�M�_`R5OQl��QM-Rhl�bBj2R5P^_0cM-RfM�T�M�_fRfPÊpql�P¨�M-RfN/M-_f_fM�T´U¹P^ifOQ]^M2R
Y\l�NBP^M2lw»¬j2M2i KM-� KM-b�M2N/M2bn_`i�NBP^b�OQR5P^_kYaPSRfM-i�R5M2jkW�M-RfjkW KM-i Y0�aY\bn_�T�M@�¨OQl��\OQPSR�]^M2i�j2Y\R`Y\j¡_ KM-RfPSi5M2R �

Û ��� � �/> �*+ ����$7*��� ��� � ���A �� (��;> � (¬�$�

� M±³Y\P^_�T�M�R5M2jkW�M-RfjkW�M-R{T�M-i KM¡� KM-b�M2N/M2bn_fi{T�P^_fi$NBO\b�OQifO\l�Rfj-M\¢qj\UXM2i�_5�2cY �xT�P^RfMPSi5ifl�i�T�Mj2OQ]^]SP^ifPSO\b�i
j2M2bn_fR`Y\]^M2i¶¯³T�OQb�j:T�M�±³Y\P^[�]SM��ZYaR`Y\N:cM-_fRfMÉTVU¹P^NB��Y\j-_k²)pol�P�OQbn_e�ol~]SM-ieT�M2lw»&�ZYaR5_`M-bZY\P^RfM2i/T�MÉ]«Y
j2OQ]^]SPSi5PSOQb�P^bn_`M2RfY\gQP^R�±°OQR�_`M-NBM-bq_2¢Êj2OQb�T�l�P^_�bZYa_`l�RfM2]^]SM-NBM-bq_©cYªb�M)j2O\b�ifM-R5�QM-R pql�Ms]SM-i KM¡� KM-b�M2N/M2bn_fi
�OQl�R ]SM2i5pql�M2]^i¤l�b�M/T KM-_`M-j-_fPSOQbdpqlZY\ifP �xj-OQNB��]§cM-_fM©T�M2i@��R5OwT�l�P^_`i/¯°jkWZY\R5g KM2i`²¦T�MeR KM0Y\j¡_`PSO\b�M-i5_@OQ[w�
_`M2bql�M¤j\UXM2i�_5�2cY �xT�P^RfM@l�b�M)jkW�Y\RfgQM¤M-_�l�b�M)P^NB��l�]Si5PSOQb¬_fO\_kY\]^M2i���RfOojkW�M-i;T�M2i�jkWZY\R5gQM)M¡_�P^NB��l�]SifP^OQb
_`O\_`Y\]SM-i�PSb�P^_`PSY\]SM-i �Z� ]Eifl§Qe_@Y\]^OQRfi�T�Ms_`RfY\j2M-R;]«Yªj2Y\R5_fM= ú	�®ú ¸�
�¯®é ú	� ú ²¡¢´j-OQN/NBM¤j\UXM2i5_¦]^Msj0Yai;ifl�R]«YB¼Zg\l�RfM � � � �¨OQl�R�]SM)i�moi5_0cM-NBM/r�PDC r�P�cY �n� ã J M t O�cl¶b�OQl�i �¨OQl��\OQb�i¦Y\P^b�ifPÌi5mobn_`W KM¡_`P^ifM2R¦i5P¸�
Nsl�]^_`Y\b KM-NBM-bq_h]SM-i{PSb�±°O\RfNBYa_`P^OQb�i�i5_`Ya_`P^pol�M2i@¯ é ú	� ú ²�M¡_�j2P^b KM2NBYa_fPSpql�M2i ¯® ú	�®ú ²�T�M;b�O\i�T�OQb�b KM-M2i�T�M[ZY\ifM ��� U¹P^b�±°OQRfNBYa_fPSOQbÉi5_`Ya_`P^i5_`P^pql�M©]«Y¬��]^l�i;P^NB�¨OQR5_`Y\bn_`Msj-OQRfR5M2i5�OQb�TLcY¬]SY¬Ï2OQb�M�ÀT�Me]«YB¼�gQl�RfM
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Î¼ÏDÐëÑ � � �ÔÒ � NB��l�]SifP^OQb¬_`Oa_kY\]^M;M2b�±°OQb�j¡_`PSO\bÉT�M@]SYsjkWZY\R5gQM _`O\_`Y\]SM �¨OQl�Rr�PDC r�P�cY �n� ã J M t)�� OQb�M����1NBY\l��aY\P^ifMªT KM-_`M-j-_fPSOQb ��� OQb�M����ET KM-_fM2j¡_`PSO\b�T�lÃpqlZY\i5P¸�x��RfO£�5M-j-_`P^]SM ��� OQb�M��á�E[¨OQb�b�M
T KM-_fM2j-_fPSOQb �
� � � ¢wj-M;pql�P´R5M-�oPSM-bn_)cY¤b�M�j2OQb�i5M2R��QM2R�pql�M�]SM2i KM-� KM2b�M2N/M2bn_`i�pql�PRfM2��R KM2i5M2bn_`M-bn_�Yal¬NBO\PSb�i 9 ��{ T�M
]«YsjkWZY\R5gQM¦M-_�T�M¦]§UXPSN/��l�]^ifP^OQbB_fO\_kY\]^M2i �

| Yab�iEj-M-_5_`M{��R5M2N/P§cM-RfM�i KM-]SM2j¡_`P^OQbV¢ l�b�M�[OQb�b�Mh�ZYaR5_`P^M�T�M2i KM¡� KM2b�M-NBM-bq_fi�PSi5ifl�iET�Mhj-OQ]S]^PSi5PSOQb�i�]^M2i
��]Sl�ih� KM2R5PS��W KM-RfP^pol�M2i�ifO\bq_ KM-]SPSN/PSb KM2i�NªY\P^ihP^]R5M2i5_fM¦b KM0Y\b�NBOQP^b�ihl�b�±°O\R5_�N KM2]SY\b�gQM�TVU KM¡� KM2b�M-NBM-bq_fi
j2OQb�i5M2R��\Yabq_;]«YeN KM-NBOQP^RfM¦T�M¤]«Y/�\OQPSM@TVUXM2bn_`R KM2MÉ¯°NªY �5O\RfP^_`Y\PSR5M�²�M¡_;TVU KM-� KM-b�M2N/M2bn_`i ]½UµY0mQY\bn_;�¨M2RfT�l
¯³N/PSb�OQR5P^_`Y\PSR5M�² �Q� OQl�R�P^ifOQ]^M2R�l�b�M j2]SY\ifi5M ��R KM-j2P^ifM;TVU KM-� KM-b�M2N/M2bn_`i-¢ÊPS]´j-OQbn�oPSM2bn_T�O\b�j;T�M;±°OQR5Nsl�]^M2R
M-_¬T´UµY\����]SP^pol�M2RªT´UµY\lw_`RfM-i¬j2R5P^_0cM2RfM-i¬T�M:i KM2]^M2j¡_`PSO\b~pql�M�]«YdifM-l�]SM�j-OQN/��] KM¡_`l�T�M �h� b�M¶T�M2lw»wP§cM-NBM
i KM2]^M2j¡_`PSO\b j2OQb�i5PSi�_`MÜcY~l�_fPS]SP^ifM-R:T�M-i��aY\RfPSY\[�]SM-i¶T�P¸_`M-i*gQ]SOQ[�Y\]SM-i2¢��M-RfN/M-_f_`Y\bn_*T�MÃj2Y\R`Y\j¡_ KM-RfPSi5M2R
jkWZY\pql�M KM-� KM-b�M2N/M2bn_��ZYaRhl�b�M��\Ya]SM2l�Rhl�b�P^pql�M�M¡_�j2OQb�T�M2b�ifY\bn_Y\P^b�ifP¨]§UXPSb�±°O\RfNBYa_`P^OQbV¢\]^M���]^l�ihi5OQlw�
�QM2bn_R KM2T�l�P¸_`MBcY@_`M2]VY\if�¨M2j¡_���RfP¸�oPS] KM-gQP KM¤¯°T�M;±°OQRfN/M�T´U¹l�b KM¡� KM2b�M-NBM-bq_�TZYab�i{]§UXM2i5�ZY\j-M;T�M2i{�oP¸_`M2i5ifM-i
OQl�T�M �wP^OQ]SM-b�j2M¦TVUXl�b�M¦j-OQ]S]^PSifP^OQb¬�ZYaR�M¡»wM2N/��]SM0²{T�M¦]«YsR KM2Y\j-_fPSOQb�j-OQb�ifP^T KM2R KM2M �
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J Y\PSbn_`M-bZY\bn_¬pql�M¶b�OQl�iBb�OQl�iBifOQN/NBM-iªYaififl�R KM2iªT�M¶]SY�[¨OQb�b�M:pol�Y\]SP¸_ KM�T�M2iªT�OQb�b KM-M2i¬pql�M
b�OQl�i©Ya]S]SO\b�i)l�_fPS]^PSifM-R2¢�b�OQl�ieY\]S]^OQb�i@��R KM-ifM2bn_fM2Re]SM-isN KM¡_`W�OoT�M-i©T�M¬i KM-]SM-j-_`P^OQbÃ]SM-is��]^l�isj2O\l�R`Y\N©�
NBM-bq_�l�_fPS]SP^i KM-M2i�O\l�R�_`M2bn_fM2R�T�M@_fRfPSM-R�]^M2i KM-� KM2b�M2N/M2bn_`i ��y M2i�N KM¡_`W�OoT�M-i�R5M2�¨OQifM-bq_�ifl�R�]SM@jkW�OQP »
T�M/�aY\R5P«Y\[�]SM2i¦gQ]^OQ[ZY\]^M2i j-OQbn_`M2b�Y\bn_sl�b�NªY£»wP^Nsl�N TVUXPSbw±°OQRfNBYa_`P^OQb*ifl�R¤]^M2i@j2OQ]^]SPSi5PSOQb�i ��y M-i¤�aY£�
RfP«Ya[�]SM-iBi5OQbn_�l�_`P^]SP^i KM2M-iª�¨OQl�RBPSifO\]SM2RBT�M2iªj2]«YaififM-i�TVU KM-� KM2b�M-NBM-bn_`i�O�cl¿]^M2i¬b�O�mQY\lw»	jkW�Y\l�T�i�OQbn_
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pol�Y\T�Rfl���]SM¡_`i�¯ K ³ ¯#´�² K � ¯#´�² K µ ¯#´�² K ¶ ¯#´�²5²´M-_�]§UXM2b�ifM2N)[�]SM�T�M�i5M2i�N/OQNBM-bn_`i�º¾� p x \ � » ¯¿v »�¹7»�Àj» 5É²Á¨º � » XÂX¿X » · äwì÷å.ÃÅÄfÆ ½1½ ¢2b�O\l�i��OQlw�QOQb�i�R5M2j-OQb�i5_fRfl�P^RfM$_`O\l�i�]SM-iVpqlZY\T�R5l���]SM¡_`i�PSb�P^_`PSY\lw»�Y0�QM-j;¯Ç· äoì÷å.ÃÅÄfÆ CL� ² ý
NBOQN/M2bn_fi ��y M-j2P�gQY\R`Y\bn_fP^_;]SYªj2O\b�ifM-R5�aYa_`P^OQb*M-_;]«Yªj-OQb�T�M-b�i`Ya_fPSOQb´¢VTZY\b�i�]SM2i��\YaRfP«Ya[�]SM-i�gQ]^OQ[ZY\]^M2i� p x \ �¢ÊT�M _`OQlw_`M@]§UXPSb�±°OQR5NªY£_`PSO\bª]SP KM2M¦Y\lo»���RfOoT�l�P¸_`iTVUXl�b�M@j2OQ]^]SP^ifPSO\b ��y M-�M-b�TZY\bn_2¢P^]VbVUXM2i5_��ZY\iM2bn�oPSi`YagQM0Y\[�]SM¦TVUXl�_`P^]SPSi5M2R�l�b¶Y\l�i5ifP�gQR`Yab�T:b�OQNs[�R5M@T�M@�aY\R5P«Y\[�]^M2i�M¡_�]^M ��RfOQ[�]§cM2N/M¦M2i�_�T�M@i`Y0�\OQPSR
i2UXPS]hM-i5_/�¨OQifi5PS[�]^M¬T�M�R KM-T�l�PSR5M�ifl§Q/ifY\NBN/M2bn_e]^M�b�OQNs[�R5M�T�M¬�aY\RfPSY\[�]^M2isifY\b�i/Y0�QOQP^Rsl�bºT KM-¼Zj-P^_
ifPSg\b�P^¼Zj2Ya_`P¸±´T´U¹P^b�±°OQRfNBYa_fPSOQbei5_`Ya_`P^i5_fPSpql�M �wy M¡_f_`M�� KM-RfP¸¼Zj0Ya_fPSOQbªY KM¡_ KM�±³YaP^_`M�M2bªl�_`P^]SPSifY\bn_�l�b�M 
 bZY£�
]^moifM@M2b y OQNB�¨OQifY\bn_`M2i � RfP^b�j2P^�ZY\]SM-i¤¯ 
�y{� ²�pql�P�j2O\b�ifP^i5_`M¤�O\l�Rl�b¶M-if�ZY\j-M¤�\M2j-_fOQRfP^M2]wÈ � TZY\b�i
]SM2pql�M-]ifM¶�¨OQi5P^_`P^OQb�b�M-bn_ ñ PSb�T�P¸�oPST�l�i-¢�cYd_fRfOQl��\M2RB]SM�ifOQl�i��xM-if�ZYaj2MjÈzÉ2¢*ÊÌË r ¢�pol�P�T KM-j2R5P^_/]SM
NBP^M2lw»�]«Yª_`Oa_kY\]^P^_ KM¤T�MZÈ � ��y M-_f_fMªYabZY\]^moi5M©�M-RfN/M-_ KM2gnYa]SM2N/M2bn_ T�M/j-OQb�bZY ¥ Â _`R5M\¢�M¡_¦j\UXM2i5_¤j2Mepql�P
b�OQl�i�PSbn_ KM-RfM2i5ifMa¢´]«Ye�ZY\R�_;TVUXPSbw±°OQRfNBYa_`P^OQb¬_`Oa_kY\]^M¬¯°RfM2]SYa_`P¸�QM¤Y\lw» ñ �¨OQPSbn_fi�TZYab�iBÈ � ²�¨OQR�_ KM2M¤�ZY\R
jkWZY\j2l�b¶T�M-i�i5OQl�i��xM2i5�ZY\j-M2iBÈzÉ �
y O\NB��_fM�_`M2bqlºT�M2ie]^PSN/P^_`M-i)P^b�±°OQRfNBYa_fPSpql�M2i)b�OQl�i/Y\]^]SOQb�i)R KM0Ya]SPSi5M2R©l�b�M 
�y{� Y0�\M2jÉl�b?M2i��

�ZY\j2M@PSb�P^_`PSY\]¨g KM2b KM-R KM@�ZY\R�Î ý ¸ � � Á\ÎeN/OQN/M2bn_`i¤¯Âv »�¹�»�Àj» 5Í¨Îº � » X¿XÂX » � ½ ² ��� M-i��¨OQl�R5j2M-bq_`Y\gQM-i�T�M]§UXPSb�±°OQR5NªY£_`PSO\bBi�_kYa_fPSi5_fPSpql�M;�¨OQR�_ KM2i���Y\R�]SM-i{M2i5�ZY\j2M-i�j-OQb�i�_`Rfl�P^_`i�i5l�RÎ �Q� N/OQN/M2bn_`i ¯¿v »�¹�»�À©» 5Ï¨º � » XÂX¿X » Å ½ ²®¢ �Q� Î¬NBOQN/M2bn_fie¯¿v »�¹7»�Àj» 5Ð¨@º � » XÂX¿X » � ½ ²®¢ 9 �©N/OQN/M2bn_`i©¯¿v »�¹�»�À©» 5Ð¨@º � » XÂX¿X » � ½ ²®¢E��ÎNBOQN/M2bn_fi¬¯Âv »�¹�»�Àj» 5 ¨Ñº � » � ½ ²®¢��¬NBO\NBM-bq_¬¯¿v�¸ ¹ ¸ À ¸Ò5 ¸ � ²¦ifOQbn_sR5M2gQR5OQl�� KM-isifl�Rs]«Y
¼ZgQl�R5M � � � �

r�OQl�i�OQ[�ifM-R5�\OQb�i;l�b�M)i`Y£_`l�RfYa_`P^OQb:T�M)]§UXPSbw±°OQRfNBYa_`P^OQb�i5_`Ya_`P^i5_fPSpql�M¤Y��\M2j¤]§U¹Y\l�gQN/M2bn_kY£_`PSO\bÉT�l
b�OQNs[�R5M¬T�M�N/OQN/M2bn_`isj-OQb�i5PST KM-R KM2i-¢�j2MÀcY�pql�O\P{b�OQl�i©�¨OQl��oP^OQb�isb�O\l�ieYa_f_fM2b�T�RfM���l�P^ifpql�Ma¢��ZY\R
Y\bZY\]^OQgQPSMªY0�QM2jÉ]SM-ieNBOQN/M2bn_fi©T KM-¼Zb�PSieM2bº��RfO\[ZY\[�P^]SP^_ KM\¢E]SM2i©N/OQN/M2bn_`i©T´U¹OQR5T�RfM�±³Y\P^[�]SMB�OQR�_`M-bq_
TZY0�\Yabq_`Y\gQM¦TVUXPSb�±°O\RfNBYa_`P^OQbªpql�M@]SM-i�NBOQN/M2bn_fi�T´U¹OQR5T�RfM KM-]SM-� KM �

r�OQl�i�Y\]S]^OQb�i��ZY\R]SY/i5l�P^_fM@_fR`Y0�aY\PS]^]SM2R{Y��\M2j©Î �Q� N/OQN/M2bn_`iª� p x \ ��¢Ê]½U¹OQR5T�RfM¦i5l�����] KM2N/M2bn_kY\P^RfMbVUµYa���O\R5_kYabq_:�ZY\iÉTVU¹Y\N KM2]SP^OQR`Y£_`PSO\b~ifP^gQb�P^¼�j0Ya_fP^�QM¾T�Md]§UXPSbw±°OQRfNBYa_`P^OQb~i�_kYa_fPSi5_fPSpql�M*_kYab�T�PSiÉpqlVUXPS]
Y\l�gQN/M2bn_`M j-OQb�i5PST KM-R`Y\[�]^M2N/M2bn_�]SM;_fM2N/��iT�M¦j0Y\]^j2l�] �
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Î«ÏDÐ�Ñ � � � Ò � OQl�Rfj-M2bn_kYagQM©T�Ms]½U¹P^b�±°OQRfNBYa_fPSOQb���WnmoifP^pql�MeM2b�±°OQb�j¡_`P^OQb�T�l*b�O\Ns[�RfM¤T�MsN/OQN/M2bn_`i
j2OQb�i5M2R�� KM-i2¢ÌY0�QM-jB]½U¹Wnmo�Oa_`WVcM-ifMepql�M�� �Q��{ T�Me]§UXPSb�±°O\RfNBYa_`P^OQb�i5_kY£_`PSi�_`P^pol�M©M2i5_@�¨OQR5_ KM2M©�ZYaR©� � ÁQÎ
¯½Î ý ²hN/OQN/M2bn_`i �Ê� PSg\l�RfM;R KM0Y\]^PSi KM2M¦Y0�QM-j¤T�M-i KM¡� KM2b�M-NBM-bq_fi�M®»�� KM2RfP^NBM-bn_kY\lw»�r�PDC r�P�cY �n� 
�J M ts�
Û �>Ó IÔ�j�*+0%0.'¤��%2�/( ')7:9 ���A ��;(�� > � (¬�$�?��%0> 7*+ ��;�Ì�À�/7*#áD"%¾ÕHDH%�' �4Û I � � �
r�OQl�iY0�QO\b�iRfM2jkW�M2RfjkW KM¤]SY)j2OQN)[�PSbZYaPSifO\b¬]SP^b KM0Y\P^RfM�� p x \ �&pql�PVNBY£»wPSN/PSifM�]SM��OQlw�QOQP^R{T�PSi5j2R5P¸�NBP^bZY\bn_±� �¨y M-_f_fM¦j2OQNs[�PSbZY\P^ifOQb�]^PSb KM2Y\PSR5M;T�M-i�Î �Q� ��RfM-NBP^M2Rfi�N/OQN/M2bn_`i�M-i5_�b�O\_ KM2Me�

Ö hjijk¬¸ ý;� p n x n \ n � �¿< ì �
p x \ �R� p x \ � X

� M;R KM2i5l�]^_`Ya_�OQ[�_fM2bql�M2i�_{_`R2cM2i�i`Y£_`P^±³YaPSi`Yabq_h��l�P^ifpql�M;]SY¤�aY\]SM-l�R{T�l��¨OQl��\OQPSR�T�PSi5j2RfP^NBP^bZY\bn_�M2i5_� $&×ØG.Ù ¸ � � A 9 Y\]SOQR5i;pqlVUXM2]S]^M)bVU KM-_`Y\P^_;pol�M©T�MZ� $EÚ S Û_Ü ¸ � � � 9 �¨OQl�R;]SYªj2OQN)[�PSbZYaPSifO\b�]SP^b KM0Y\P^RfM@T�M2i�\YaRfP«Ya[�]SM-i gQ]SOQ[�Y\]SM-i@l�ifl�M-]S]SM-i �Ì� Y:i�mwbn_fW�cM2i5M�T�M2i¤R KM2i5l�]^_`Ya_`i@�¨OQl�R¦]SM-i)Î �\� ��R5M2N/PSM2R5i¦NBOQN/M2bn_fi2¢
]SM2l�Re�aY\R5P«Y\[�]SM�T�P^ifj2R5PSN/PSbZYabq_fM\¢EM-_B]«Y��aY\RfPSY\[�]SM�j-OQbn_`R5l�P^_fM?cY¾�ZY\R�_`PSR©T�M �\� �aY\RfPSY\[�]^M2i©gQ]^OQ[ZY\]^M2i
l�ifl�M-]S]^M2i2¢Zi5OQbn_�T�OQb�b KM-i�i5l�R]«Y)¼Zg\l�RfM � � � �


 �aY\bn_�TVU¹M®»w��]SOQP¸_`M-RV]SM-i��M-R5±°OQR5NªY\b�j2M2i�T�M$]«Yh�aY\RfPSY\[�]^M Ö hjijk�ifl�R�]^M2i KM-� KM-b�M2N/M2bn_`iÌM¡»w� KM-RfP^NBM-bq_`Y\lw»
b�OQl�i¦b�OQl�i¤i5OQNBN/M2i¦Y£_f_kYajkW KM2i�cY¬_`M2i�_`M-R¤TVUXl�b�M/�ZY\R�_¦]«Y�RfM-��R KM-ifM-bq_`Ya_`P¸�oP^_ KMeT�M-i KM¡� KM-b�M2N/M2bn_fi¤T�M
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Î¼ÏDÐëÑ � � � Ò v M2j-OQl��oRfM-NBM-bn_�M-bÉ±°OQb�j-_`P^OQb�T�lÉ�O\l��QOQP^R�T�PSi5j2P^NBP^bZY\bn_0¢Ý��¢
�OQl�R�]SM-i;Î �\� ��R5M2N/PSM2R5i�N/OQN/M2bn_`is¯³�¨OQPSbn_`i`²¡¢¨]SM-l�R��aY\R5P«Y\[�]SM@T�PSi5j2RfP^NBP^bZY\bn_`MB¯ Ö hjijk�¢Ê�QO\PSR�_fM¡»o_`M0²¡¢
M-_�]«Ys�aY\RfPSY\[�]^M;T�PSi5j2R5PSN/PSbZY\bn_fM j2OQb�i�_`R5l�P^_fM�cYe�ZY\R�_`P^R�T�M �a� �aY\R5P«Y\[�]SM2i�g\]SOQ[ZYa]SM2i�l�ifl�M-]S]SM-i¤¯ ÖßÞ \à� !x² �� M-i KM-� KM2b�M-NBM-bn_`i;r�PDC r�P�cY �Q� 
�J M t ifO\bq_�i5PSNsl�] KM2i��ZYaR�]SM j2OoT�M � P^NBOQb �
ifOQl�R5j2M�l�b�PSpql�M{i KM2]SM-j-_fPSOQb�b KM2i$M-_�TVUµYal�_`R5M{�ZY\R�_$]«Y��M-R5_`P^b�M2b�j2M�T�M{j-M-_5_`M{�aY\RfPSY\[�]^M�M-b©]§U¹Y\����]^PSpqlZY\bn_
cYeT�P^à KM2RfM-bn_`iNBOoTVcM-]SM2i �

Õ¬�Çá¬��� å £ � �U¢£<¥§£!Ø�¤§¦b¤ ¡E�Ó¡ ¤ ¢£ Ö�£<¥ ¢£ �
¢£!Ø £�Ùò£!Ø�¤�¥
� M�[�l�_�PSj2PÊM-i5_{T�M�i2U¹Y\i5ifl�R5M2R{pql�M;]^M2i KM-� KM2b�M2N/M2bn_`i�i KM2]SM-j-_fPSOQb�b KM2ihg\R ¥Y\j-MecY)]SY¦�aY\R5P«Y\[�]SM Ö hjijk�M-_

]SM©]SOa_ _`O\_`Y\]�T�M-i¤N/OQb�OQi5OQl�R5j2M2i¦�¨OQifi2cM2T�M-bn_sT�M-i¤j2Y\R`Y\j¡_ KM-RfPSi�_`P^pol�M2i¦ifP^NBP^]«Y\P^RfM2i �´� OQl�R KM-_fl�T�P^M2R¦]«Y
RfM2��R KM2i5M2bn_kY£_`P^�oP¸_ KM©T�M-i KM¡� KM2b�M-NBM-bq_fi¦NBOQb�OQifOQl�Rfj2M©i KM2]^M2j-_fPSOQb�b KM2i �ZYaR ]§U 
;��| ¢¨b�OQl�i¦Y0�\OQb�i¦j2OQN©�
�ZY\R KMe]^M/]^O\_¦TVU KM-� KM2b�M2N/M2bn_`isT�MBi5OQl�Rfj-Mªl�b�PSpql�M/g KM2b KM-R KM/�ZY\R¦]SMei5PSNsl�]SYa_`M-l�R � P^NBOQbdY0�QM-jª]^M/]^O\_
TVU KM¡� KM2b�M-NBM-bq_fi*PSi5ifl�T�MÀ]«Y&b�OQl��QM-]S]^Md�aY\R5P«Y\[�]^M¾M2b bVU¹Y\l�_fOQRfP^i`Y\bn_�pql�M �d{ T�M��¨OQ]S]^l�_`P^OQbLT�M2i
KM-� KM2b�M-NBM-bn_`ieNBO\b�OQifO\l�Rfj-M¬�ZY\RsT�M2i KM-� KM2b�M2N/M2bn_`ie[�P^ifOQl�R5j2M ��� M�R KM-ifl�]¸_kYa_)M2i5_e��R KM2i5M2bn_ KM�i5l�R©]«Y
¼ZgQl�R5M � � Å M-_�]½U¹OQb�OQ[�ifM2R��QM@pql�M¤]^M2i KM-� KM-b�M2N/M2bn_`i�i KM-]SM-j-_`P^OQb�b KM-i���Y\R�]«Ys�aY\RfPSY\[�]^M Ö hjijk�i5OQbn_�_fOQl�_
cY ±³YaP^_�RfM-��R KM-ifM-bq_`Ya_`P¸±°i�T�M2i KM-� KM2b�M2N/M2bn_`i�NBOQb�OQifOQl�Rfj2Mg KM-b KM2R KM2i��ZY\R�]SM�i5PSNsl�]«Ya_fM2l�R � PSN/OQb �qy M¡_f_`M
j2OQb�j-]Sl�i5PSOQb*i-UµY0�¨cM2R5Mej2OQN/��]§cM¡_`M-NBM-bq_;T�P^à KM2R5M2bn_`M©i5P�]§UXOQb�l�_fPS]^PSifM¤]SMsRfY\���¨OQR5_;TVU¹P^ifO\_fRfOQ��PSM)pql�P1M2i5_
[M2Y\l�j2O\l��¶N/OQPSb�i�RfM2��R KM2i5M2bn_kY£_`P^±�T�M2i KM-� KM2b�M2N/M2bn_`i;N/OQb�O\ifOQl�R5j2M¦g KM-b KM2R KM¤�ZYaR�]^M¦ifPSN)l�]«Ya_fM2l�R � P¸�
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Î«ÏDÐ�Ñ � � ÅÄÒ v M-��R KM-ifM2bn_`Ya_`P¸�wP¸_ KM�T�M;]«Y¦i KM-]SM-j-_`P^OQb¬R KM0Y\]^PSi KM-M�Y0�\M2j ]«Y¦�aY\RfPSY\[�]SM Ö hjijk{�¨OQl�R�]SM�i5moi5_0cM2N/M
r�PDC r�PcY �n� 
 J M t)��� M2i �¨OQPSbn_fi;j2OQR5RfM-if�¨OQb�T�M-bq_�cY¬]½U¹P^bq_ KM2gQRfY\]SP¸_ KM¦T�M-i KM¡� KM2b�M-NBM-bq_fi¦T�M©ifOQl�Rfj2M
l�b�PSpql�M�g KM-b KM2R KM2iÌ�ZY\R � PSN/OQb¦M-_Ì]SM-i�]SPSg\b�M2i�M2b@_`RfY\P^_ KM-�ZY\PSiÌY\l@ifO\l�i��uM2b�i5M2Ns[�]^MhOQ[w_`M2bql)Y��\M2j�]«Y Ö hjijk
M2b*Y\lw_`OQR5PSi`Yabq_�l�b�M¤j2OQbn_kYaNBP^bZYa_`P^OQbÉTVU KM¡� KM2b�M-NBM-bq_fi [�PSi5OQl�R5j2MsT�M �d{ ¯³]^M2i�]^PSgQb�M2i�ifOQbn_;b�OQRfNBY£�
]SPSi KM2M-i�cY ]§UXM2b�i5M2Ns[�]^M�j2OQN/��]^M-_®² � ¯³Yn² | PSi�_`R5PS[�l�_fPSOQb¤T�MjkWZY\R5gQM2i-¢¨¯³[Ê² � b�M-RfgQP^M�j2PSb KM-_`P^pql�M�NBO�m\M2b�b�M
j0Y\]^j2l�] KM2M¦TZY\b�i]^M@j-M2bn_`R5M)T�M@NBY\ifi5M@T�M¤]SYeR KM0Y\j¡_`P^OQb:M-bÉ±°O\b�j-_fPSOQbÉT�M@]«Y©jkWZY\R5gQM¤T�M2i±°R`Y\gQN/M2bn_fi2¢
¯³j�² J l�]^_fPS��]^PSj-P^_ KMeT�MB±°R`Y\gQN/M2bn_fi2¢�¯°TÊ² 
 b�gQ]SMªT�M[�ZO\_�¯³]«Y:]SPSg\b�MBM-b�_`RfY\P^_¤¼ZbÃj2OQR5RfM-if�¨OQb�T�cY�]«Y
i KM2]^M2j¡_`PSO\bÉO\[�_`M-bol�M¤M-b:l�_fPS]^PSi`Yabq_h]SM RfY\���¨OQR5_TVUXPSi5O\_`R5OQ��P^M�² �

NBOQb�¯³M-b*Y\l�_fOQRfP^i`Y\bn_ KM2gnY\]^M2N/M2bn_ �d{ T�M)�¨OQ]^]Sl�_fPSOQb��ZY\R�]SM-i KM¡� KM-b�M2N/M2bn_fi [�PSbZYaPSRfM-i�T�Y\b�i�]^M¤]^O\_
TVU KM¡� KM2b�M-NBM-bq_fiT�M;ifO\l�Rfj-M l�b�PSpql�M0²�j2O\NBN/M�OQbª�M-l�_�]SM��QOQP^R{ifl�R{]«Y¦¼ZgQl�R5M � � Å TÊ² ��� Y\R�YaPS]S]^M2l�R5i
]SM�b�OQNs[�R5M{TVU KM-� KM2b�M2N/M2bn_`i$i KM2]SM-j-_fPSOQb�b KM2i��ZYaR1]«Y�aY\RfPSY\[�]SM Ö hjijk$M2i�_$ifl�� KM2RfP^M2l�RcY�j2M-]Sl�Pwi KM-]SM2j¡_`P^OQb�b KM
�ZY\R]SM RfY\���¨OQR5_�TVUXPSi5O\_`R5OQ��PSM T�Y\b�i�]SM2iN ¥M2N/M2ij2O\b�T�P^_fPSOQb�i �Z� b¶M¡à´M¡_0¢Ê��l�P^ifpql�M@]«Ys�aY\RfPSY\[�]^M Ö hjijk
�M-RfN/M-_;l�b�M©NBM-PS]^]SM2l�RfM@i KM2��Y\R`Ya_fPSOQb¶T�M2i T�P^i5_fRfPS[�l�_`P^OQb�i�NBOQb�OQifOQl�Rfj2M)M-_¦[�P^ifOQl�R5j2Msi5PSNsl�] KM2M-i2¢¨]SM
b�OQNs[�R5M�TVU KM-� KM-b�M2N/M2bn_`i�j-OQb�i5M2R5� KM-i2¢�i5P´b�OQl�i{Y\l�_fOQRfP^ifOQb�i��¨OQl�R�]SM2i�NBO\b�OQifO\l�Rfj-M2ihl�b�M;�¨OQ]S]^l�_`P^OQb
T�M �d{ �ZYaR�]^M2i�[�P^ifOQl�Rfj2M-i2¢ÊM2i�_�ifl�� KM-RfP^M2l�RTZY\b�i�]^M j0Y\i�T�M¦]«Ysi KM2]^M2j-_fPSOQb��ZYaR Ö hjijk �
Õ¬�Çá¬�3Õ (�¢£ �P¡ �UßH¦b¤ ¡©� Ø ¥ ª � Öl��¦ ª ¤ � £<¥JÙ � ÖZâ£ Þ £<¥
� M@[�l�_�PSj-P�M2i�_;T�M:Ç5g KM-b KM2RfY\]SP^ifM-RfÈ/]§U¹Y£»wM Ö hjijk�j\UXM2i5_��2cY£�uT�PSR5M¦T�M@� KM-RfP^¼�M2R�pol�M¤T�M-i�g KM-b KM2RfYa_`M-l�Rfi

_`R2cM-i:T�P^à KM2RfM-bn_`i�T�M � PSN/OQb	TZY\b�i:]^M2l�R�j2O\b�j2M-��_`P^OQbÜYaT�NBM¡_f_fM2bn_ KM-gnY\]^M2N/M2bn_�]«Y��aY\RfPSY\[�]^M Ö hjijk
¯³R KM-ifl�]¸_kY\bn_�T�M*j-M*T�M2R5b�PSM-Rk²ªj-OQNBN/M¶�aY\R5P«Y\[�]^M¶T�P^ifj-RfPSN/PSb�Y\bn_`M � r�O\l�i�Y0�QOQb�iÉY\P^b�ifP�j2R KM KM*_`RfO\PSi
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Î«ÏDÐ�Ñ � � � Ò | PSi�_`RfP^[�l�_fPSOQb�i$T�M�]«Y¦�aY\RfPSY\[�]SM Ö hjijk{OQ[w_`M2bql�M;Y��\M2j;]^M�j-OwT�M � P^NBOQb/�¨OQl�R�]SM�i5moi5_0cM2N/M
r�PDC r�P�cY �Q� 
LJ M ts�Q� Mh_fR`Y\P¸_�j-OQbn_`PSbql©M-b©j0Y\RfY\j-_0cM2RfMhgQR`Y\i1RfM2��R KM2i5M2bn_`M]^M2i KM¡� KM-b�M2N/M2bn_fi � PSN/OQb�¯
]«Y�i5OQl�Rfj-Ml�b�PSpql�M�T�l/j ¥O\_ KM�gQY\l�jkW�MM-_�]SY�[�P^ifOQl�R5j2M�T�lej ¥O\_ KM�T�R5OQP^_k² �Qy M�R KM2i5l�]^_`Ya_$M-i5_ cY;j2OQN/�ZY\R5M2R
Y��\M2j¤l�b�M@ifPSN)l�]«Ya_fPSOQb | }{� C¦Ä¦M-NBP^b�P´M-b¶_`RfY\P^_j-OQbn_`PSbql�¼ZbÃ¯°j ¥O\_ KM¤gQY\l�jkW�M0²�M-_�l�b�M)ifP^Nsl�]SYa_`P^OQb
| }�� C ��J�J M-bs_`RfY\P^_�_`P^RfM¡_ KM¡�u�O\PSbn_`P^]S] KM�¯³j0Yai�O�cl¤]SY��\OQPSM�TVU¹M-bn_`R KM-M�T�M | }{� j2OQb�T�l�P^_cY�l�b�M{ifOQl�Rfj2M
l�b�PSpql�M0² �1� M-i KM-� KM2b�M-NBM-bn_`ie[�PSi5OQl�R5j2M\¢Eg KM2b KM2R KM-ieM-_©T KM-ifM®»�j-P^_ KM2ie�ZY\R | }{� ¢1i5OQbn_eRfM2��R KifM-bn_ KM2ieM-b
_`R`YaP^_�j-OQbn_`PSbql�¼ZbÀ¯³j ¥Oa_ KM¦T�RfO\P^_®² �

KM2jkWZY\bn_fPS]S]^OQb�iVT�PSi5_fPSb�j¡_`i�TVU KM-� KM-b�M2N/M2bn_`iÌOQ[�_fM2bql�iEY0�QM2j�]SM1j2OoT�M | }��+w � ]^M0Á � y½�£y M�T�M2Rfb�PSM2R��¨OQl��aY\bn_
g KM2b KM-RfM-R�T�M2i KM-� KM2b�M-NBM-bn_`ihN/OQb�O\ifOQl�R5j2M�OQl/[�P^ifOQl�R5j2Ma¢nifl�P¸�\Yabq_�]^M��ZY\R`YaN:cM¡_`RfM�T´U¹P^NB�ZYaj-_0¢a]SM�j-OwT�M
ifM2RfY l�_`P^]SPSi KMhj-OQNBN/Mh�\OQPSM�TVUXM2bn_fR KM2M��¨OQl�R�Ä M2N/PSb�P w y WZY 9d9 y M-_ ��J�J
w } O\bZÁ � y T�Y\b�i�]SM{j2Y\i�O�cl©T�M2i
KM-� KM2b�M-NBM-bn_`i$N/OQb�OQi5OQl�Rfj-Mhi5OQbn_$��RfOoT�l�P¸_`i �a| Yab�i1]^Mhj0Yai1O�cl)T�M2i KM-� KM-b�M2N/M2bn_`i$[�PSifO\l�Rfj-MhR KM-ifl�]¸_`M-bq_
T�M¶]SYd�QO\PSM�TVUXM2bn_fR KM2M¶T�M | }�� ¢�]SM:j2OoT�M¶i5M2RfY KM2gnY\]^M2N/M2bn_Bl�_`P^]SPSi KM:T�Y\b�i¬ifYÀj2OQbw¼ZgQl�RfYa_`P^OQb¿T�M
�QOQP^M)T�M¤ifOQR�_`PSMa¢[�Y\i KM-Msifl�R�l�b�M)T KM2ifM®»wj2P^_`Ya_`P^OQb�i KM2pql�M2bn_fPSM2]^]SMsT�M2i;T�M-lw»¶�ZY\R5_fM2bZYaPSRfM-i �� M2i;T�M-lw»
��RfM-NBP^M2RfiBNBOoTVcM-]SM2iBg KM2bVcM2RfM-bn_�T�M2i KM¡� KM2b�M-NBM-bq_fi�cYÀl�b�M�i5M2l�]^M�ifO\l�Rfj-M�_kY\b�T�PSiªpql�M*]^M¶T�M-Rfb�P^M2R
�M-l�_�ifP^Nsl�]^M2RhT�M2i�j2O\]S]SP^ifP^OQb�i�[�PSb�Y\PSR5M2i ¯³Y0�QM2j¦l�b¬_fR`Y\P¸_`M-NBM-bq_hT�l���R KM KM2pql�P^]SP^[�RfM��ZY\R{]SY)N KM¡_`W�OoT�M
T�M } ]«Y\b�b w } ]«Y 9 � y ² ��| Y\b�iÉÄ¦M-NBP^b�P§¢�]«Y�T KM-ifM®»�j-P^_`Ya_`P^OQbLT�láb�O mQY\lzRfM2�¨OQi5Mdi5l�R�l�bz��RfOoj2M-ififl�i
[�PSbZYaPSRfM�i KM-pql�M2bn_`P^M2]VM¡_{TZYab�i ��J�J ¢�M2]^]SM�M2i5_{T KM2j-RfP^_fM��ZYaR{l�b�M;N)l�]^_fP^±°R`YagQNBM-bn_kYa_fPSOQb©i�_kYa_fPSi5_fPSpql�M
PSb�i�_kY\bn_kYab KM2M ��� Y@¼Zg\l�RfM � � � ¢�O�clªb�OQl�i{Y0�\OQb�i���R5O£�5M-_ KM;]SM-i KM-� KM-b�M2N/M2bn_`i�Ä M2N/PSb�P§¢ ��J�J M¡_ | }��
ifl�R�]§U¹Y£»wM Ö hjijk�T�OQb�b KM;�ZY\R � PSN/OQbV¢q�¨M2RfN/M-_hT�M�j-OQb�i�_kYa_fM2R{pql�M;]^M2i KM¡� KM2b�M-NBM-bq_fi�NBO\b�OQifO\l�Rfj-M�ifM
R`Y\b�g\M2bn_�T�l�N ¥M-NBM j ¥O\_ KMB¯³gQY\l�jkW�M0²�T�M@]½UµY »�M Ö hjijk�M-_]^M2i KM-� KM2b�M2N/M2bn_`i�[�PSi5OQl�R5j2M¦T�lÉN ¥M-NBM;j ¥O\_ KM
¯³T�R5OQP^_k² � r�O\_fOQb�i©�ZY\ReYaPS]S]^M2l�R5i)pql�M�]½U¹OQbÃO\[�_`P^M2bn_el�bºY\j2j-OQRfT?ifYa_`P^i5±³Y\P^i`Y\bn_©M-bq_fRfM�]^M2i©gnY\N/N/M2i
M2b Ö hjijk�T�M-i KM-� KM2b�M-NBM-bn_`i�NBOQb�OQifOQl�Rfj2M T�M � PSN/OQbV¢�Ä¦M-NBP^b�PM¡_ ��J�J TVUXl�b�M¦�ZY\R�_0¢�M¡_M2bn_`R5M@]^M2i
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gnY\N/NBM-i{M2b Ö hjijk�T�M-i KM¡� KM2b�M-NBM-bq_fi�[�P^ifOQl�Rfj2M � P^NBO\b�M-_ | }�� TVU¹Y\l�_`R5M¦�ZY\R5_ �
Õ¬�Çá¬�#� î
� Ø ß Þ$ª ¥ ¡�� Ø

r�OQl�i/�QM2b�OQb�i¬TVU KM-_`Y\[�]^PSR©TVUXl�b�M:�ZY\R5_Bpql�M¶]^M:�¨OQl��\OQPSReT�P^ifj-RfPSN/PSb�Y\bn_eT�M¶]SY¾�aY\R5P«Y\[�]^M Ö hjijk
KM-_kYaP^_;_fR2cM2i¦i5l�� KM2R5PSM-l�R¬cY�b´U¹P^NB�¨OQR5_fMspql�M2]^]SMs�aY\R5P«Y\[�]^M)gQ]^OQ[ZY\]^Msl�i5l�M2]^]SMÉ¯³��Y\RfN/P1]^M2i �\� �aY\RfPSY\[�]^M2i
l�_`P^]SPSi KM2M-ik²hM-_ecYB]SY©j2OQNs[�PSbZY\P^ifOQb�]^PSb KM2Y\PSR5M T�M¤j-M2i��\YaRfP«Ya[�]SM-i �Z| U¹Y\l�_fRfM@�ZY\R5_2¢Z]SM¦]SOa_�N/OQb�O\ifOQl�R5j2M
i KM2]^M2j¡_`PSO\b�b KM�g\R ¥Y\j-M/cY)]SY¦�aY\R5P«Y\[�]^M Ö hjijk{M¡_�]SM�]SOa_�_fO\_kY\]ÊT�M-i{N/OQb�OQi5OQl�Rfj-M2i¦¯°g KM2b KM2R KM-M2i{��Y\Rh]^M�j-OwT�M
� PSN/OQbÊ²��O\ifi2cM-T�M2bn_¦T�M-i j0Y\RfY\j-_ KM2R5PSi5_fPSpql�M-i;ifP^NBP^]«Y\P^RfM2i �Ê� b�¼ZbV¢T�M2i g KM-b KM2RfYa_`M-l�Rfi;_fR2cM-i;T�P^à KM2R5M2bn_`i
T�M � P^NBO\b�TZYab�is]SM-l�R@j2OQb�j-M2��_fPSOQb�Y\T�N/M-_f_fM2bn_ KM-gnY\]SM-NBM-bn_)]SY��aY\R5P«Y\[�]^M Ö hjijkÉ¯°R KM-ifl�]¸_kY\bn_sT�Mªj2M
T�M2R5b�PSM-Rk²hj2O\NBN/M;�aY\RfPSY\[�]SM�T�PSi5j2RfP^NBP^bZY\bn_`M �
� M¤ifl�j-j\cM-i@T�M)_`OQlw_`M2i�j2M2i�� KM-RfP¸¼Zj0Ya_fPSOQb�i�b�OQl�i;�M-RfN/M-_�T�OQb�jsT´UµY\����]SP^pol�M2R;Y0�\M2j©j2O\b�¼ÊY\b�j-Msl�b�M
i KM2]^M2j¡_`PSO\bÉ[�Y\i KM-M¤i5l�R]«Y Ö hjijk�¢ZY\lw» KM¡� KM2b�M-NBM-bq_fi�M®»w� KM2R5PSN/M2bn_kY\lo»:r�PDC r�P�cY �n� 
�J M ts�
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r�OQl�i��¨OQl��\OQb�i�NªYaPSbn_`M-bZY\bn_���R5O£�5M-_fM2R�T�PSR5M2j¡_`M2N/M2bn_�]^M2i�T�O\b�b KM2M-i�T�M�]§UXM¡»w� KM2R5PSM-b�j2M�¯ KM-� KM2b�M-NBM-bn_`i
j2OQN/��]SM¡_`i`²�ifl�R�]SYsj2OQN)[�PSbZYaPSifO\b¬]SP^b KM0Y\P^RfM±°OQl�R5b�PSM;��Y\R�]§U 
;��| cYs��Y\R5_fPSR{T�M � PSN/OQb � r KM0Y\b�NBOQP^b�i
N ¥M-NBM�i5PQ]SM1g KM2b KM-R`Ya_fM2l�R � P^NBO\b;RfM-��RfOoT�l�P¸_�T�M$NBY\b�P§cM-RfM�ifYa_`P^i5±³Y\P^i`Y\bn_fM�]SM-i KM-� KM2b�M-NBM-bn_`i�M¡»w� KM-RfPSN/M2bn_`Y\lw»¢
PS]hM-i5_e[�P^M2b KM-�oP^T�M2bn_epqlVUXPS]{b�M��¨M2lw_e]SM2i©R5M2��R5OwT�l�PSR5M¬M¡»�Y\j¡_`M2N/M2bn_ ��� M-i KM-� KM2b�M-NBM-bn_`i/PSb�P¸_`P«Yalw»¢
M¡»w� KM2R5PSN/M2bn_kYalw» M¡_�ifPSN)l�] KM-i2¢2b´U¹Ooj2j-l��M-bn_ET�OQb�j��ZY\i�M®»�Yaj-_`M-NBM-bn_E]^M2iVN ¥M2N/M2i�]^PSM-lw»;g KM2OQN KM-_fRfPSpql�M-i
TZY\b�i©]½U¹M-if�ZY\j-M�Nsl�]^_fPST�P^NBM-b�ifP^OQb�b�M-]�T�M�[ZY\ifM ��� Y\Rej-OQb�i KM-pql�M2bn_0¢�[�P^M2b?pql�M�]«Y�T�P^ifj-RfPSN/PSb�Ya_`P^OQb
OQ[�_`M-bql�M�ifOQP¸_s��]^l�i©MRQ/j0Yaj2M�pqlVUµY0�\M2j�]SM-is�\YaRfP«Ya[�]SM-i)gQ]^OQ[ZY\]^M2i)l�ifl�M-]S]SM-i2¢�]SY¶i KM-�ZY\RfYa_`P^OQbÃNBO\b�Oa�
ifOQl�R5j2M)�a[�PSi5OQl�R5j2M¶�¨M2lw_ ¥M¡_`RfM:Y\N KM2]^PSOQR KM2M�M2b&NBOoT�P¸¼ÊY\bn_e] KM-gZcM2R5M2N/M2bn_ª]SY��\YaRfP«Ya[�]SM Ö hjijk¬T�O\b�b KM2M
�ZY\R � PSN/OQb�M-_�M2b¶_fM2i�_kY\bn_;i�moi5_ KM-NªY£_`PSpql�M-NBM-bn_;]«YeR KM-�O\b�ifM¤T�M¤]SY/T�PSi5_fRfP^[�l�_`P^OQb�M¡»w� KM-RfPSN/M2bn_`Y\]SM
PSb�T�l�P^_`M �Qy M¡_f_fM���RfOoj KM-T�l�RfMTVUXOQ��_fPSN/PSifYa_`P^OQb¤lw_`PS]^PSi KM2Mhj-OQb�i5PSi5_fM{T�OQb�j)cY;NªY£»wP^NBP^ifM2RÌ]«Y�i KM2��Y\R`Ya_fPSOQb
NBOQb�OQifOQl�Rfj2M)�a�¨OQ]^moifO\l�Rfj-M M¡»w� KM2R5PSN/M2bn_kYa]SM M2b�±³Y\P^i`Y\bn_{�aY\R5PSM-Rh±³Y\PS[�]SM2N/M2bn_�]^M2i{j-OwMxQ/j2PSM-bn_`iT�M¦]«Y
j2OQNs[�PSbZY\P^ifOQb�]SP^b KM0Y\P^RfM Ö hjijk¶cY¶jkWZY\pql�M���Y\i��5l�i5pol´U°cY�OQ[w_`M2b�PSR)]SY:i KM2�ZY\RfYa_`P^OQb�OQ�w_`PSN)l�N �Ey M¡_f_`M
OQ� KM2RfYa_`P^OQbªM-i5_�R KM0Y\]^PSi KM2M�g\R ¥Y\j-MBcY)l�b¬��RfOQgQRfY\N/NBM�T�M�_xmo�¨M J:� r ���x�Äw � R5M 9 Á y½��| P^à KM2R5M2bn_`i��O\PSbn_`i
T�M?T KM2�ZYaR5_¾OQbn_ KM-_ KM?_fM2i�_ KM2i-¢¦T�M?ifOQR�_`MÜcY	gnY\RfY\bn_`PSR¶]SMÃj0YaR`Y\j¡_0cM2R5MºY\[�ifO\]Sl T�M?]§UXOQ��_fPSN/PSi`Y£_`PSO\b
_`RfO\l�� KM2M �w� M2i�j2OoMRQ/j2P^M2bn_`i�T�M�]SY@j-OQNs[�P^bZY\PSi5OQbe]SP^b KM0Y\P^RfM�T�M-i�� p x \ �?ifOQbn_�Ya]SOQR5i�P^T KM0Yalw»/�O\l�R�]^M2iKM-� KM2b�M-NBM-bn_`i)M®»w� KM2R5PSN/M2bn_kY\lo»dM-_¤T KM2�¨M2b�T�M2bn_sb�M¡_f_fM2N/M2bn_)N/OQP^b�i T�ldNBOoTVcM2]^M ��� Y\R@Y\PS]^]SM2l�Rfi2¢]SM
b�OQl��\M2]�Y£»wMBT�MBT�P^ifj-RfPSN/PSb�Ya_`P^OQb¶bVUXM2i�_s�ZYai¦_fR2cM-i KM-]SOQP^gQb KM©T�M/j2M-]Sl�P$T�O\b�b KM/�ZY\R � PSN/OQb&¯³]^M©j2OoM¡�
¼Zj2P^M2bn_¦T�Mej2OQR5R KM-]«Ya_fPSOQb�]^PSb KM2Y\PSR5M¤M-bn_`RfMe]^M2i T�M-lw»dY£»wM2i �aY\l�_¦M-b�M¡à´M¡_¹é`¸ � � ÁQÁ�AQ²�j-Mepol�P�b�OQl�i
�M-RfN/M-_T�M¦j2O\b�i5_`Ya_`M-R�l�b�M¤b�OQl��QM-]S]^M;±°OQPSi�]½UµY\T KM2pqlZYa_fPSOQb�T�M¦j-M@g KM2b KM-R`Ya_fM2l�R �
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} ifM)ifl��¨M2R5�OQi5M2bn_ j-OQRfR5M2j-_fM2N/M2bn_ ]^M2i�l�b�i;i5l�R�]^M2i�Y\l�_`R5M2i��OQl�R�]SM-i � ¸s�¤M-_ � ¸ � ¢ÊR5M2if�¨M2j¡_`P¸�QM¡�
NBM-bq_2¢\j-OQbn_`R`YaPSRfM-NBM-bn_�cY;j2M-lw»©T�M�]SY��ZY\R�_`P^M 
)�\� M-i$�M-bn_`M2i�R5M2]«Y£_`P^�\M2N/M2bn_�i5PSN/PS]SY\PSR5M2i�T�M2i$pqlZY£_`RfM
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ifl�R�±³Y\j2M0² �Ê| OQb�b KM2M2i�r�P]C r�P�cY �n� 
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Î«ÏDÐ�Ñ � �Í9 Ò | P^i5_fRfPS[�l�_`P^OQb�i©TVU KM2b�M-RfgQP^M:T�Y\b�iª]^M�j2M2bn_fRfM¶T�M¶NBY\ifi5M:�¨OQl�R/]SM-i � ¸ ��¯°j2OQ]^OQb�b�M
T�MegnY\l�jkW�M0²¦M¡_@]SM2i � ¸ � ¯³j-OQ]SOQb�b�MeT�MeT�RfOQP¸_`M0²��OQl�R T�P^à KM2R5M2bn_`i@T�OQNBY\PSb�M2i¦Y\b�g\l�]«Y\P^RfM-ie¯°�\OQPSR
_`M¡»o_fM�²©�Ì]SY���RfM-NBP§cM2RfMe]^PSgQb�M©j-OQRfR5M2i5�OQb�T�Y\lw»dT�OQNªYaPSb�M-i¦Y\b�gQl�]SY\PSR5M2i M®»w_fR2cM-NBM-i�¯ ? � Á ��A-¢ ? �\� ��A-¢
M-_ ? � � Á ��A-¢ ? � � �%��A-¢h�ZYaR5_`P^M 
 ²��h]SYÀT�M2lo»�P§cM2N/M�]SP^gQb�MÉj2OQR5RfM-if�¨OQb�TzY\lw»¿T�OQNBY\PSb�M2i¬Yab�gQl�]SY\PSR5M2i
PSbn_`M-RfN KM2T�PSY\PSR5M2i©¯ ? Î 9 ��A-¢ ?®9 � ��A¡¢VM-_ ? ÁdA¾��A-¢ ? �Q� � ��A-¢V��Y\R5_fPSM } ² ��� R KM-j2PSi5OQb�i¦pql�Me]SM-i PSRfR KM2gQl�]«Y\R5P^_ KM-i
PSb�T�l�P^_`M-i��ZY\RÌ]SM$T KM¡_`M-j-_`M-l�R2¢£OQ[�i5M2R�� KM-M2i��¨OQl�R�]^M2i � ¸ � Y\lo»¤Y\b�gQ]^M2iÌY\RfR5P§cM-RfM2i�i5OQbn_1ifY\b�iÌPSb�j-PST�M-b�j2M
ifl�R¤]«Y�T�P^à KM2R5M2b�j-M¾¯ 
 � } ² T�Mª]SYÉT�M2Rfb�P§cM2R5Mª]^PSgQb�M ��� Y:_`R5OQPSi5P§cM2N/Me]SP^gQb�MeRfM-��R KM-ifM2bn_fM�]SM2i@ifO\NBN/M2i
T�M2i{pqlZY£_`RfM�T�OQNBY\PSb�M2i�Y\b�gQl�]SY\PSR5M2i�T�M-i{�ZY\R�_`PSM-i 
 M-_ } ¢oR5M2i5�M-j-_`P¸�QM-NBM-bq_ �Z� b�¼ZbV¢w]«Y¦pqlZYa_`R5P§cM-NBM
]SPSg\b�M�R5M2��R KM2ifM-bn_`M)]SYsT�P^à KM2R5M2b�j-MB¯ 
 � } ²hj2O\RfRfM-if�¨OQb�TZYabq_©cY©]§U KM2N/PSi5ifP^OQb¬T�M¦��R KM2M2pql�P^]SP^[�RfM;�¨OQl�R�]^M2i� ¸ �¤M¡_ � ¸ � �Z| OQb�b KM-M2i�r�P]C¦r�P�cY �n� 
�J M t M¡»w� KM2R5PSN/M2bn_kYa]SM2i �
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T�PSi�_`RfP^[�l�_fPSOQb�ihTVU KM-b�M2R5gQPSM@j2P^b KM-_fPSpql�MB¯³��Y\R5_fPSM } ¢Z¼ZgQl�RfM � � A ²{RfMR��cM-_`M-bn_�l�b�M¤N ¥M2N/M _`M2N/� KM-R`Ya_fl�RfM
NBO�mQM-b�b�M:Y\���ZYaRfM2bn_fM�¯Þ�QOQP^R©]«Y�_kY\[�]SM � � � ²)T�MÉ]§UXOQRfT�RfM�T�M º � � � �k�\� J M t �O\l�Re]SM2i©��Y\R5_fP¸�
j2l�]^M2i jkWZY\R5g KM2M-i¦] KM2g�cM2RfM-ie¯³pql�Me]^M2i;j2Y\]Sj-l�]Si;i5OQPSM-bn_¦M-àM2j-_fl KM2i@Y0�QM-je]§UXWqmo�¨O\_`WVcM2ifMeTVUXl�b�M KM-NBP^ifi5PSOQb
T�M;ifl�R5±³Y\j-M;OQl¬T�M��QOQ]^l�NBM0² �wv M-NªYaRfpql�OQb�ihpol�M;j2M-i{�\Ya]SM2l�RfihT�l��ZY\R`YaN:cM¡_`RfM�T�M�Ç�_fM2N/� KM2RfYa_`l�RfM2È
¯ � ²�Y\���ZYaR`Y\P^ififM-bn_�R5M2]«Y£_`P^�\M2N/M2bn_ KM2]^M-� KM2M-i�TZYab�i�]^M¦j0Y\T�R5M¦TVU¹l�b¶��l�R�ifj KM2bZYaRfPSO/T�M@T KM2i5M¡»wj2P¸_kYa_fPSOQb
i KM2pql�M-bn_`PSM-]S]^M\¢�]SM-i;±°R`Y\g\NBM-bq_fi ] KM-gQM2R5i@j-OQb�T�l�PSi`Yabq_�cY�l�b�M©�aY\]^M2l�R T�ld�ZY\RfY\N:cM-_`R5M � ��]Sl�i KM2]^M-� KM2M
¯ º � � 9�J M t ²Ìj-OQNBN/M�OQb)�¨M2lw_1]^M��\OQPSRÌTZY\b�i1]«Y{_`Y\[�]SM � � � �£� M2i KM2b�M-RfgQP^M2i1j-PSb KM¡_`P^pol�M2iÌNBO�mQM-b�b�M-i
T�M2i�T�P^à KM2R5M2bn_`M-i;�ZY\R�_`PSj-l�]SM-i�] KM2g�cM-RfM-i�R KM-�M-R5_fOQRfP KM2M2i�TZY\b�i�]«Ye_kY\[�]^M � � � ifOQbn_;b KM0Y\b�N/OQP^b�i�j-OQN/�ZY£�
_`PS[�]SM2isY��\M2j�]SM-is�aY\]SM-l�Rfi©P^ififl�M2ieT�l?j0Y\]^j2l�]hTVU¹M-NBP^ifi5PSOQb�i�_kYa_fPSi�_`PSpql�M¬±°O\l�Rfb�P^M2i©�ZYaRs]SM�j-OwT�M � P¸�
NBOQb/TZY\b�ihl�b�M�j2OQbw¼ZgQl�RfYa_`P^OQbBi�_kY\b�TZY\RfTªTVU¹l�b�M;Y\����RfOojkW�M�T�M�T KM-ifM®»�j-P^_`Ya_`P^OQb¬i KM-pql�M2bn_`P^M2]^]SM �o� M2i
�M-bq_fM2i{T�M;jkWZY\pql�M�_xmo�¨M;T�M;��RfOoT�l�P^_fi�jkW�Y\Rfg KM-i{��R KM2ifM-bn_`M2bn_�l�b�M�W�P KM-R`Y\R5jkW�PSM�TZY\b�i�]§U KM2N/PSi5ifPSO\bBT�M
j2M2i���RfOoT�l�P¸_`i)�]SM-i�±°R`YagQNBM-bn_`i�] KM2gQM-Rfi;i5M2Ns[�]SM2bn_ KM-NBP^i���Y\R;l�b�i�moi5_0cM-NBM©��]Sl�i;M®»wj2P^_ KMspql�Ms�¨OQl�R
]SM2i¤Y\]^��WZY\i@M-_¤]SM-i¤��R5O\_`O\b�i)j-OQNBN/Mej\UXM2i�_©]SMej0Yai)TZY\b�i)]SM/j0YaT�RfMBTVU¹l�b�M KM-NBP^ififP^OQbdi5_kY£_`PSi�_`P^pol�M\¢
i KM2pql�M-bn_`PSM-]S]^M�OQl¬i5PSNsl�]^_kYab KM2M �w| Yab�ihl�b�M;ifM-j2OQb�T�M KM-_kYa�Ma¢�b�OQl�i{Y\]^]SOQb�i�j0YaR`Y\j¡_ KM2R5PSi5M2Rh]½U KM-NBM¡_f_fM2l�R
M2b¦_`PSRfY\bn_�T�M2iÌPSbw±°OQRfNBYa_`P^OQb�ipol�Y\bn_`P^_`Ya_`P¸�QM-iEi5l�R�]§U KM2N/PSifi5PSOQb T�M���R KM KM-pql�PS]^PS[�R5M\¢�PSi5ifl�M�T�M-iE��RfM2N/PSM-Rfi
PSb�i�_kY\bn_`i�T�M�]«Y j2O\]S]SP^ifP^OQb �Q| Yab�i�j2M�[�l�_hb�OQl�i�Y��\OQb�i�i KM2��Y\R KMa¢q¼�gQl�RfM � �ü9 ¢q]SM-i � ¸s��T�M2i � ¸ � ��RfOa�
�QM2b�Y\bn_�T�M2i$�ZY\R�_`P^M2i 
 M¡_ }��Q� Y �ZY\R�_`PSM 
 ¢QO�cl©]^M2i�i5�M-j-_fRfM2i�b�M�i5M�ifl��¨M2R5�O\ifM2bn_��ZY\i$]^M2i�l�b�i�Y\lw»
Y\l�_`R5M2i-¢´ifM-Ns[�]^M)PSb�j2]Sl�RfM@l�b�Msj-OQbn_`RfP^[�l�_fPSOQb�T�M)��R KM KM2pql�P^]SP^[�RfM)Y\l�j2O\bq_fR`Y\P^RfM¤T�M2i;i5�M-j-_fRfM2i T�Ms]«Y
�ZY\R5_fPSM } ¢Zpql�P�b�M@ifM-Ns[�]^M2bn_���R KM-ifM2bn_fM2R�pqlVUXl�b�M¤j2OQN/�¨OQi`Y\bn_fM¦_fW�M2R5NBP^pql�M �Ê� Y\R�j-OQb�i KM2pql�M2bn_2¢M-b
ifOQl�i�_`RfY�mQY\bn_hj-M-_5_`Mj2OQN/�¨OQi`Y\bn_fM{_`W�M-RfN/PSpql�M¤¯³i5�M-j-_`R5M2i�T�M�]«Y;��Y\R5_fPSM } ¢Qi5OQN/N KM-ik²�Y\lw»©if�¨M2j-_fRfM-i
T�Ms]«Y/�ZY\R�_`PSM 
 ¯°ifOQN/N KM-i KM-gnY\]SM-NBM-bn_®²¡¢¨b�OQl�i�OQ[�_fM2b�O\b�i l�b�Ms[¨OQb�b�M)M2i�_`P^NªYa_fPSOQb:T�M2i�if�¨M2j-_fRfM-i
TVU KM-b�M2R5gQPSM@T�M¤��R KM KM2pql�PS]^PS[�R5M¦�OQl�R�]^M2i � ¸©�¤M-_ � ¸ � �¨� Y/T�PSi�_`R5PS[�l�_fPSOQb�TVU KM2b�M2Rfg\PSM)�¨OQl�R]^M2i � ¸s�
��R KM-ifM2bn_fM�l�b�M�j-OQN/�OQifY\bn_`MT�P^ifi5moN KM-_fRfPSpql�MT�M���Y\R5_fPSj2l�]SM2i KM-b�M2R5g KM-_fPSpql�M2i�Y\lw_`OQl�R$T�M K �!� � � � � 9
J M t NBY\P^i{Y0�QM-j l�b�M;�aY\]SM-l�RhN/O�mQM-b�b�M T�M ?fK �!� � � A � �n� J M ts��� Y\R5NBP]SM2ihjkWZY\Rfg\M2i�l�b�P¸_ KM-i2¢�]^M2i
��RfO\_fOQb�i KM2N/PSi-¢´NBY �5OQR5P^_kYaPSRfM-i©¯ �Q�d{ T�M2i � ¸©��²¡¢´��R KM2i5M2bn_`M-bn_sl�b�M©�oP^_fM2i5ifM/NBO�mQM-b�b�M/Y\l�_fOQl�R T�M
A � � j-N��£b�i�ifOQP¸_�M2bn�oPSR5OQb�]SM;T�OQl�[�]^M;T�M ]«Y)�oP¸_`M2i5ifM¦T�l�j2M-bn_`RfM¦T�M NBY\i5ifM/¯#& �!� � � ¸ � � Á\Å©j2N[�ab�i`² �
� U KM2b�M2Rfg\PSM_`O\_`Y\]SM�TZY\b�i�]SM�j2M-bq_fRfM;T�M�NBY\ifi5M��¨OQl�R�]SM2i�T�M-l�_`OQb�i{M-_h]SM2i�_`R5P^_fOQb�i�M2i5_hifM-b�ifP^[�]SM-NBM-bq_
]«Y�N ¥M-NBMepql�Mªj-M2]^]SM/T�M2i¤��RfO\_fOQb�i-¢EYal�_`OQl�R¤T�M �Q� J M ts�E� YÉN ¥M2N/M/��RfOoj KM-T�l�RfMªY\����]^PSpql KM-MªY\l� ¸ � ¯³�¨OQl�R�]SM�R KM-ifl�]¸_kYa_ 
 � } ²$j2OQb�T�l�P^_¦cY)l�b�M�T�PSi�_`R5PS[�l�_fPSOQb�cY@]«Y ±°OQPSi���]Sl�i�]SY\RfgQM�M-_�i5moN KM-_fRfPSpql�M
pol�M@�¨OQl�Rh]SM2i � ¸s�Q¢�j2M2bn_fR KM2M@Y\lw_`OQl�R�T�M ?fK �!� � � A � Å � J M t j-M¦pol�PVj2OQR5RfM-if�¨OQb�TÃcYel�b�M �wP¸_`M-ififM
NBO�mQM-b�b�M©T�M©Å � � j-N��ab�i �OQl�R;]SM-i Y\]S��WZY\i2¢�ZY\R�_`PSj-l�]SM-i;NBY �5OQRfP¸_kY\P^RfM-i��¨OQl�R;]^M2i � ¸ � ¢¨ifOQP¸_ l�b�M
�wP¸_`M-ififM] KM2g�cM-RfM2N/M2bn_$i5l�� KM-RfPSM-l�RfMscY;j-M2]S]^M{T�lej2M-bn_`RfMT�MNBY\ifi5M@¯�� � �'& � � � � ² �qy M2i�T�P¸à KM-RfM-b�j2M-i�M-bn_`RfM
��RfO\_fOQb�iM-_�Ya]S��WZYai�ifOQbn_�]SP KM-M2i)cY©]SM-l�R�T�mobZY\N/PSpql�M T´U KM-NBP^ififP^OQb�¯ w � Y\l �n� y ² �
| Yab�i)]^Mª[�l�_)TVUXM¡»o_`RfY\PSR5Mª]«YÉjkWZY\R5gQM¬gQ]^OQ[ZY\]^M/T�M¬�ZY\R�_`PSj-l�]SM-i)T�MB��R KM KM2pql�P^]SPS[�RfM\¢Ìb�OQl�i©Y0�QOQb�i

j2OQN/�ZY\R KMÉT�P^à KM2RfM-bn_`M2iBN KM¡_`W�OoT�M-i ��� Yd��R5M2N/P§cM-RfM�j2OQb�ifPSi�_`MÃcYdj2Y\]Sj-l�]SM-Re]«Y*��RfO\�OQR�_`P^OQb?RfM2]SYa_`P¸�QM
¯ 
 � } ² ��¯ 
 C } ²®¢��O\l�R¤]^M2i � ¸©�/M-_ � ¸ � ¢�ifOQP¸_)l�bÀ�¨M2l�N/OQPSb�i@T�M �\��{ �¨OQl�R@]SM-i¤��RfM2N/PSM-Rfi@M-_
M2bn�oPSRfO\b �Q��{ �O\l�R¬]SM-i¬ifM-j2OQb�T�i ��� b�M¾Y\l�_fRfM�N KM-_fW�OoT�M¶j-OQb�ifP^i5_fM¿cYÀl�_`P^]SP^ifM2R/]§UXPSbn_ KM2gQRfY\]SMÉT�M2i
J Y£»oÐhM-]S]^PSM2b�b�M2i���R KM2Y\]«Ya[�]SM-NBM-bq_�Y �5l�i5_ KM-M2i w J Yai`ÁQÁ y½�w� b�M_`RfO\PSifP§cM2N/M�M2i�_{[ZY\i KM2M�ifl�R�]«Y ±°OQRfN/MT�M2i
T�PSi�_`RfP^[�l�_fPSOQb�i;Y\b�gQl�]SY\PSR5M2i �V� ]$M2i�_)P^NB�¨OQR5_`Y\bn_ T�Mej2O\b�i5_`Ya_`M-R¤pql�M/pql�M2]^]SM©pql�M/ifOQP¸_¦]«Y�N KM¡_`W�OoT�M



½b¾ W(¿´×§Ù½Õ¡Ó3ê�Â ½ WaÕSWqÖ Ùë�ÓkÕ5×SÚÊWwÙ½×�}�Ø*Óíì-¿Z�ÓkÕ5×SÔ�ÓkØ¨Ù3W�Y°Ó�Z�ÓkÚÎ�ÓïîR�Ó`ØÓkÔ�ÓkØ¨Ù½Úªð�×#ñzð�× �\�

�ZY\R�_`P^j2l�]^M � T _ ô � M � � ËêéäË 9 é�� ù � é Ì �?#K � � � A@¯ J M t ² � 9 �\� � � � � �\� � � � � � A ��Á �Q�?#K N V � � ø A¦¯ J M t ² ��Á �\� �Q� � � �Q� � Å ( ( (
º ù �&�� � � ¯ J M t ² � l�R5±5¯ t O\]Þ² ÁZ¯��Q��² � � ¯��Q� ² � � � � ¯�� � ² �Q� � � ¯�� � ² � � ¯�� � ² � 9�� � ¯�� 9 ² �Q�n¯�� � � În² ��ÁZ¯�� 9 ²�®°¯ Ñ � � � Ò � N/PSi5ifPSO\bÉcY;]§U KM2pql�P^]SP^[�RfM�¯³��Y\R5_fPSM } ²E�O\l�R�]SM�i5moi5_0cM2N/Mr�P]C¦r�P� � b�M2R5gQPSM-i�j2P^b KM-_fPSpql�M2i
NBO�mQM-b�b�M-i¤M®»�� KM2RfP^NBM-bn_kY\]^M2i¦T�M2i¦�ZYaR5_`P^j2l�]^M2i M¡_@±°RfY\gQN/M2bn_`i j-OQN/�ZY\R KM-M2i@Y\lw»��\Ya]SM2l�Rfi OQ[�_fM2bql�M-i
Y��\M2jÉl�bºj2OoT�M�TVU KM-NBP^ifi5PSOQbÃi�_kYa_fPSi5_fPSpql�M�j2]SY\ifi5PSpql�M�¯ � PSN/OQbÊ²¡¢EM-_©_fM2N/� KM2RfYa_`l�R5M2iÀÇfY\����Y\RfM-bq_fM2i5È
��RfO��QM-bZY\bn_�TVU¹l�b¶Y �5l�i5_`M-NBM-bn_�NBY£»oÐhM-]S]^PSM2bd¯-Ç � l�R�±fÈe�¨OQl�R�i5l�R5±³Y\j-M\¢�Ç t OQ]^È©�O\l�R{�QOQ]^l�N/M�² �

M2N/��]SO�m KM2Ma¢E]½U¹M-i5_`P^NªY£_`PSO\bdT�M¬]«YÉjkWZY\Rfg\MB_`Oa_kY\]^MBT�Mª]«Y:j-OQN/�OQifY\bn_`MBT�M¬��R KM KM2pql�P^]SP^[�RfM/j2OQbn�\M2Rfg\M
�QM2R5i é � L �#� É � Aw¢ÊY0�QM-j¤l�b�M¦Nsl�]^_fPS��]^PSj-P^_ KMR KM2�ZY\R�_`P^M;_`M2]^]SM pql�Me�

�*) < ö ¸ � �,+ �*) < i�¸ � X
y M2i$�aY\]SM-l�Rfi$OQbn_ KM-_ KMj2OQR5RfPSg KM2M2i$T�M2i�[�P«YaPSi�T�l/T KM¡_`M2j¡_`M-l�R �wy M-_5_`MM2i�_`P^NªYa_fPSOQb¤�\Y b�O\l�i��M-RfN/M-_f_fRfM
T�M¤T KM-_`M-RfN/PSb�M-R]«Ys_kY\P^]S]^M;M-_�]§U KM2b�M2Rfg\PSM¦TVUXM¡»wj2P¸_kYa_fPSOQbÉT�M¦]«YeifOQl�Rfj2Ma¢Êj2OQN/NBM¦b�O\l�i�Ya]S]SO\b�i{]SM �\OQPSR
TZY\b�i]«Ys��Y\R5_fPSM ifl�P^�aY\bn_`M �

�¼�#�¼�3Õ - ¦ ¡$Þ�Þ £�£+¤ ¢£�Ø £ � ï ¡ £ñÖl��£ © ß ¡ ¤�¦b¤ ¡©� Ø Ö�£ Þ ¦ò¥ ��ª � ßH£ ª Ø ¡�¨«ª £
r�OQl�i�T�M¡�QOQb�i;cY ��R KM2ifM-bn_hP^b�j2]^l�RfM{]SY�j2O\bq_fRfP^[�l�_`P^OQb©T�M-i�b�M2l�_fRfOQb�i;cY ]«Y;jkW�Y\RfgQM{_fO\_kYa]SM{T�M���Y\R��

_`PSj-l�]SM-i¦jkWZY\Rfg KM2M2i¤T�M/��R KM KM2pql�PS]^PS[�R5M©�O\l�R¤M®»o_`R`YaPSRfMe]SY�NBY\i5ifMe_`O\_`Y\]SM©T�M/]«Y�NBYa_`P§cM2R5M KM-pql�PS]^PS[�R KM2M
KM2N/PSifMM¡_{T�OQb�j KM-�aY\]^l�M2R�]SY¦_`Y\PS]^]SM�T�M�]«Y¦ifOQl�Rfj2M ��� M�b�OQNs[�R5M�T�M�b�M-l�_`R5OQb�i�T�M���R KM KM-pol�PS]SP^[�RfM�¨M2l�_
¥M-_`R5M KM¡�aY\]Sl KM/M2b�ifl�P¸�aY\bn_¤T�M2lw»���R5M2ifj-RfP^��_`P^OQb�i@T�P^à KM2R5M2bn_`M-i �E| U¹l�b�MB�ZYaR5_@PS]$M-i5_sRfY\PSi5OQb�bZYa[�]SM©T�M
ifl����¨OQi5M2Rs]½U KMx�5M2j-_fPSOQb�T�M2i)pol�Ya_`R5M¬b�M2lw_`RfO\b�isM¡»wj KM2T�M-bq_`Y\PSR5M2ieY\j-j2OQN/�ZY\g\b KM2is��Y\R)T�M-i KM2N/PSi5ifP^OQb�i
T�M©j2]^l�i5_fM2Rfi jkW�Y\Rfg KM-i ] KM-gQM2R5ie¯³TV¢_0¢ � M�²�TZYab�i ]SM-i;��RfM-NBP^M2R5i;PSb�i�_kY\bn_fi T�M©]«Yªj-OQ]S]^PSi5PSOQb �Ê| U¹Y\l�_fRfM
�ZY\R5_�]SM@R`Y\���OQR�_ rÔ� � �¨M2l�_ KM-gnY\]^M2N/M2bn_ ¥M¡_`RfM¤j2OQb�ifM2R�� KM©TZY\b�i;]SYBj-OQNB�¨OQifY\bn_`M)T�Ms��R KM KM2pql�P^]SPS[�RfM
TZY\b�is]SY:N ¥M2N/Mª��R5OQ�¨OQR5_fPSOQb�pol�M¬TZY\b�i)]«YÉ�\OQPSMªTVU¹M-bn_`R KM-M ��y M-isT�M-lw»ÃWnmo�Oa_`WVcM-ifM2iej-OQb�T�l�P^ifM-bq_
cYBT�M-i��aY\]SM-l�Rfi�j2OQN/�ZYa_fPS[�]^M2i-¢¨M-i5_fPSN KM2M2iecYªÁ ø � b�M2l�_fRfOQb�i �V� b�j-OQb�i KM-pql�M2b�j-M\¢�]SYBNBY\ifi5M)N/PSb�P �
Nsl�N T�Mª��R KM KM-pql�PS]^PS[�R5MBM-i5_eY\]^OQRfi¦M-i5_`P^N KM-MdcY�0 � L �#� É � ��Î:l�b�P^_ KM2i)T�M¬NªYaififMa¢Ej-Mªpql�P�j2OQb�T�l�P^_
T�OQb�j�cY:l�b�M¬_kYaPS]S]^MeT�M¬ifO\l�Rfj-M¬T�M�0 N_�#">L � � � � �Q� ¢ÌifO\P^_;é Nf�f"HL � � ¸!ÅnÁÃ¯°��l�PSi5pql�M�0 ú	�®ú ¸s�Q�0Î¶M-_é ú	� ú ¸ � ÎQ² �o� Y¤_kY\[�]SM � � Î ��R KM-ifM2bn_fM@]^M�R KM2i5l�]^_`Ya_{T�M�j2M-_5_`M;M-i5_fPSNBYa_`P^OQbBM®»w� KM2R5PSN/M2bn_kY\]^M\¢VcY)]SY\pql�M2]^]SMifOQbn_/Y �5OQlw_ KM2ie]^M2i©R KM-ifl�]¸_kYa_fi©T�M2iej2Y\]Sj-l�]Si©T�M-ieNBOoTVcM2]^M2isT�M } ]«Y\b�bV¢ � P^NBOQbÀM-_ } r t �¨OQl�R©]^M2i
��RfO\_fOQb�i�M-_�]SM-i�b�M2l�_fRfOQb�i�¯³T�Y\b�ihj-M2i�NBOoTVcM-]SM2i�]^M2i�j0Y\]^j2l�]^i$T�M���R KM KM-pql�PS]^PS[�R5M�j-OQb�j-M2Rfb�M2bn_�l�b�P^pql�M¡�
NBM-bq_¦]^M2i¦bql�j2] KM2OQb�i2¢�]«Y�j-OQNB��Y\R`Y\P^ifOQb*b´UµY�T�OQb�j/T�M/i5M2b�i@pql�M/�OQl�R ]«Y�jkWZY\R5gQM©_`O\_`Y\]SM KM-NBP^ifM0² �
� M2l�]^i]SM2ij-OwT�M-iT�M } ]«Y\b�b�M¡_ � PSN/OQb�T�OQb�b�M-bn_�T�M-i�R KM2i5l�]^_`Ya_`ij2O\NB�ZY£_`PS[�]SM2i{Y��\M2j@]SM-i�T�OQb�b KM-M2i �
� Mªj2OoT�M } r t Y0mQY\bn_©_`M2b�TZY\b�j-MÃcY�i5OQl�i©M-i5_`P^NBM-Rs]«Y:j2OQN/�O\i`Y\bn_`M�T�M¬��R KM KM2pql�P^]SPS[�RfM\¢ER KM-ifl�]¸_kYa_



½b¾ W(¿´×§Ù½Õ¡Ó3ê�Â ½ WaÕSWqÖ Ùë�ÓkÕ5×SÚÊWwÙ½×�}�Ø*Óíì-¿Z�ÓkÕ5×SÔ�ÓkØ¨Ù3W�Y°Ó�Z�ÓkÚÎ�ÓïîR�Ó`ØÓkÔ�ÓkØ¨Ù½Úªð�×#ñzð�× � �

éñ¸ � b�M-l�_`R5OQb�i
y OoT�M � PSN/OQb Î ø � Î øÝ�
y OwT�M } ]«Y\b�b Î ø � � �ZøÝ�
y OoT�M } r t Å øÝ� Å øÝ�
M¡»w� KM2R5PSM-b�j2M A ø � Á øÝ�

�®°¯ Ñ � � Î Ò � NBP^ifi5PSOQb/T�M���R KM KM-pql�PS]^PS[�R5Ms¯°�ZY\R5_fPSM 
 ²��OQl�R�]^M�i5moi�_0cM2N/M r�PDC r�P��qb�OQNs[�RfM�N/O�mQM-b
T�M ð/.�î\ó0oæké M¡_�T�M ñ´æ¡äoå³ókê£ñ�é KM2N/PSi �Ê� PSN)l�]«Ya_fPSOQb�i�M¡_�M®»w� KM2R5PSM2b�j2M �

j2OQW KM-RfM-bq_�Y0�QM-j¤T�M-i�_`R`Y0�aY\lw»�Y\bn_ KM2R5PSM-l�Rfi �

� U KM2b�M-RfgQP^M:T´U¹M®»�j-P^_`Ya_`P^OQb&T�M:]SY¾i5OQl�R5j2M¶l�b�PSpql�M:Y KM¡_ KM KM-�aY\]Sl KM2MÉ�ZY\Rel�b�M:N KM¡_`W�OoT�M�T�MÉj0Y£�
]SOQR5PSN KM-_`R5PSM w y l�ifÁ � y ¢1Y\��R2cM2isi5OQl�i5_fR`Y\j¡_`P^OQb�T�M¬]SY:j-OQNB�¨OQifY\bn_`M¬T�Mª��R KM KM2pql�PS]^PS[�R5Mªpql�M¬]½U¹O\b��oPSM-bq_
TVU KM¡�aY\]Sl�M-R �\y M-_5_`MhN KM-_fW�OoT�Mh��R5M2b�T©M-bsj2O\NB��_fMh]SY�T�P¸à KM-RfM-b�j2M{M-bn_`RfMh]SM2iÌM¡»wj\cM2i$T�M�NªY\i5ifM{T�M2i1��Y\R��
_`PSj-l�]SM-i�P^b�P^_fP«Y\]^M2i$M¡_h¼ZbZYa]SM2i�¯³]^M B T�M�]«Y¦R KM2Y\j-_fPSOQbÊ²®¢q]§U KM2b�M-RfgQP^M�j-PSb KM¡_`PSpql�M�T�M���RfOoT�l�P^_fi�T KM-_`M-j-_ KM2i ¢
]§U KM2b�M-RfgQP^M�M2i�_`PSN KM2M1T�M2i�b�M-l�_`R5OQb�i2¢�M¡_�l�b�M KM-b�M2R5gQPSM$TVUXM¡»wj-P^_kY£_`PSO\b R KM2i5PST�l�M2]S]^M�T�l¦b�O�mnYal¤jkWZYal�T w J Y\i`Á\Á y§�
� U KM2b�M2Rfg\PSM¦TVUXM¡»wj2P¸_kYa_fPSOQb�N/O m\M2b�b�M¤OQ[w_`M2bql�M@�¨OQl�R�l�b�M@N/OQb�OQi5OQl�Rfj-M T�M@NªY\i5ifM¹0 � � �Q� M-_�T�M
jkWZY\Rfg\M é � �\� �\Yal�_eM2bn�oPSR5OQb �a�Q� J M t ¢�i5OQP^_ ?#K21 A � � 
,J M t ø � �ü9\
8J M ts��� Y\jkWZYabq_
pol�M;]§U KM2b�M-RfgQP^M�_fO\_kY\]^M�T�PSif�¨OQb�P^[�]SM�TZY\b�i{]SM�j2M2bn_fRfM T�M;NBY\i5ifM;M-i5_�T�M 9 �n� J M t ¢�i5OQP^_¬A � � 
 J M t ¢
]§U KM2b�M-RfgQP^M T�M¤��R KM KM-pql�PS]^PS[�R5M �M-l�_�T�OQb�j ¥M-_`R5M¦M2i5_fPSN KM2M¬cY �Q�n� J M t M2bn�oPSR5OQb �¨y M@RfM2i5l�]^_`Ya_�M2i�_�M-b
Y\j2j-OQRfTºY0�QM-jÉ]SY:�aY\]SM-l�R©T KM-T�l�P^_fM�T�M�]«Y:��RfOQ�¨OQR�_`PSO\b�T�M��ZY\R�_`PSj-l�]SM-isT�M���R KM KM-pol�PS]SP^[�RfM*¯ � ¸s��M-_� ¸ � ²�j2OQN/��_`Ms_fM2bqldT�l�b�OQNs[�R5Me_fO\_kYa]�T�Mej2M-i¤N ¥M2N/M2i jkWZYaRfgQM-i2¢�RfM-if�¨M2j-_fP^�\M2N/M2bn_0¢�M-_@T�Me]^M2l�R
KM2b�M-RfgQP^M�N/O m\M2b�b�M Y\ifi5Owj-P KM-Me¯°¼Zg\l�RfM � �Í9 ² ��y M-_f_fM;�aY\]SM-l�R�T�M;]§U KM2b�M-RfgQP^M�T´U¹M®»�j-P^_`Ya_`P^OQb¬TVUXl�b�b�O�mnYal
T�M ±°l�ifP^OQb�M2i5_�R5M2]«Y£_`P^�\M2N/M2bn_ KM2]^M-� KM2M¦M¡_0¢�T�M¦��]^l�i2¢Zj-OQN/�ZYa_`P^[�]SM�Y0�QM2j@]SM i5M2l�P^]VT�M¦Nsl�]¸_`P¸±°R`Y\gQN/M2bo�
_kYa_fPSOQbV¢�T KM-¼Zb�P�j2OQN/N/M KM¡_kY\bn_s]^MB��Y\ififY\gQMªT´U¹l�b�M KM2N/PSi5ifPSO\bzcY:T�M2lw»Àj2OQR5��i¤�\M2R5i©l�b�M KM-NBP^ifi5PSOQb
Nsl�]^_fPSj-OQRf��i�T�l*b�O�mQY\l*jkWZY\l�T¾M¡_;]SO\l�RfT w | l�RfÁ 9 y½�� b�ifPSi�_`OQb�i ifl�R;]^M¤±³Y\P¸_�pql�M)b�OQi;T�O\b�b KM2M-i �M-R��
NBM¡_f_`M-bn_�T´U KM¡_`M2b�T�RfM@l�b�M _`M-]S]^M;T�M2i5j2R5PS��_fPSOQb�cYel�b:i�moi5_0cM-NBM@i5moN KM-_fRfPSpql�M¦T�M _`Y\PS]^]SM�N/O�mQM-b�b�M �

� b�R KM2ifl�N KMa¢�PS]Y\���ZYaR`Y ¥ Â _hpqlVUXl�b�M;_fR2cM2i�]SY\Rfg\M�±°RfY\j-_fPSOQb¬T�M;]«Y)NBY\i5ifM;P^b�P^_fP«Y\]^M@¯ ��9 Î { ²�NªYaPSi
ifM2l�]SM2N/M2bn_hl�bª�¨M2l¬��]Sl�i�T�M�]SY¤N/OQP^_fP KM{T�M�]§U KM2b�M2Rfg\PSM�PSb�P¸_`P«Ya]SM{T�P^if�¨OQb�P^[�]SM¤¯ � �Q�Á{ ²�T�lBi5moi5_0cM2N/M
M2i5_�R5M2if�¨OQb�ifY\[�]^M@T�M@]SYs±°OQRfNBYa_`P^OQb¬TVUXl�b�M@ifO\l�Rfj-M@jkW�Y\l�T�M@M-_ KM2pql�P^]SP^[�R KM-M �Z� U KM2N/PSifi5PSOQb�T�M@��Y\R5_fP¸�
j2l�]^M2i�] KM-gZcM2R5M2i KM2b�M-Rfg KM¡_`PSpql�M-iET�Y\b�iÌ]SM2i���RfM2N/PSM-Rfi�PSb�i5_kYabq_fi�T�M�]SY�j2OQ]^]SPSi5PSOQb��M-RfN/M-_�T�OQb�j�]SY�±°O\RfNBY£�
_`PSO\b©TVU¹l�bBi�mwi�_0cM-NBMj2O\NB�¨OQifP¸_`M{M®»wj2P^_ KM �q� »�Y\N/PSb�OQb�i�NªYaPSbn_`M-bZY\bn_�ifM-i�N/OoT�M2i$T�MT KM-ifM®»�j-P^_`Ya_`P^OQb �



½b¾ W(¿´×§Ù½Õ¡Ó3ê�Â ½ WaÕSWqÖ Ùë�ÓkÕ5×SÚÊWwÙ½×�}�Ø*Óíì-¿Z�ÓkÕ5×SÔ�ÓkØ¨Ù3W�Y°Ó�Z�ÓkÚÎ�ÓïîR�Ó`ØÓkÔ�ÓkØ¨Ù½Úªð�×#ñzð�× �Q�

�¼�#�¼�#� î ¦ � ¦ðß1¤ ¢£ �P¡ ¥	¤ ¡©¨Óª £<¥¯Ö�£<¥_ßH¦ÚØ ¦ ªª© Ö�£ Ö ¢£<¥§£ © ß ¡ ¤§¦b¤ ¡�� Ø
� b�OQ[o�5M-j-_fP^±�±°OQb�T�Y\NBM-bn_kY\]�R KM-ifl�]¸_kY\bn_©T�Mªj2M¡_f_fM¬��RfOoT�l�j¡_`P^OQbÀT�M/±°R`Y\g\NBM-bq_fi)Nsl�]^_`P^��]SM-i¦M2i5_

T�M¶T KM¡_`M-RfN/PSb�M-Rª]SMÉj0YaR`Y\j¡_0cM2R5M�i KM-pql�M2bn_`P^M2];T�M¶]§U KM-�aY\�¨OQRfYa_`P^OQb&O\l~ifP^Nsl�]^_`Y\b KMÉT�M¶]SY�Nsl�]^_`P¸±°R`Y\g£�
NBM-bq_`Ya_`P^OQb ��y MÉT�M-Rfb�P^M2Re��RfOoj2M-ifi5l�iª�¨OQl��aY\bn_B�M-RfN/M-_f_fRfM�TVU KM-_`Y\[�]SP^R©l�bº]SPSM-bºY��\M2j:]§U KM2pqlZYa_fPSOQb
TVU KM¡_kYa_�T�M]SY;NªYa_fP§cM-RfM�bql�j2] KM0Y\P^RfM@¯°j2OQN/NBM�b�OQl�i�]§U¹Y0�QOQb�i$�ol/jkWZY\��P¸_`RfM � ²�Ya]SOQR5i$pol�M�]^M���RfOoj2M-ififl�i
i KM2pql�M-bn_`PSM-]�RfM-��R KM-ifM2bn_fM¤l�bÉ��R5OQ]SOQb�gQM2N/M2bn_{T�l:��W KM2b�OQNÉcM2b�M KM-�aY\�¨OQR`Ya_fP^±�i�_kY\b�T�Y\RfTV¢ZT�OQNBP^bZY\bn_¤cY
��]Sl�i$[�Y\ifi5M KM-b�M2R5gQPSM�P^b�j2P^T�M2bn_`Ma¢Qj2O\NBN/M�j2M-]«Y¦Y KM-_ KMOQ[�ifM2R�� KM�TZYab�i$T�Mb�OQNs[�RfM2lo»©_`RfY��aY\lo»:¯³�¨OQl�R
l�b�M KM2b�M-RfgQP^M;PSb�j2PST�M2bn_`M P^b�± KM2R5PSM2l�RfM;OQl KM-gnY\]SM/cY �a� 
 J M t M-bn�wP^RfOQb´¢�]SM;R KM2i5PST�l�M2i�_�Y\j2j-OQNB��Y\gQb KM
�ZY\R�T�M-i��ZYaR5_`P^j2l�]^M2i�] KM2g�cM-RfM2i`² �

J��s���)�)��*��±�<?�	e+,<�	������� ��� �

a) b)

Z

Vpar (cm/ns)
-5 0 5

0

10

20

30

40

-5 0 5

Î«ÏDÐ�Ñ � � Á[Ò | P^i5_`R5PS[�lw_`PSO\b�i�T�MejkWZYaRfgQMeM2b¾±°OQb�j¡_`P^OQb*T�Me]SM-l�R;�oP^_`M-ifi5MB�ZYaR`Y\]^]§cM2]^M)TZYab�i¦]SMsj-M2bn_`R5M
T�M:NBY\i5ifM\¢�Y0�QM-jÃ¯½YQ²eM¡_ªifY\b�i*¯°[Ê²©]SMÉ��]Sl�i/gQR5OQi/±°RfY\gQN/M2bn_/T�MÉ]§U KM-� KM2b�M-NBM-bn_H�h�¨OQl�R/]SM-iBT�M-lw»
T�P«Y\g\R`Y\N/NBM-i2¢$]½UµY£»wM:Ï¶j2O\RfRfM-if�¨OQb�T�cYÀl�b�M KM2jkW�M2]S]^M¶]^OQgnY\R5P^_`W�NBP^pol�M �$| OQb�b KM2M-i�r�P]C¦r�PscY �n� 

J M t M¡»w� KM-RfP^NBM-bq_`Y\]SM-i �
� b�M�PSb�T�PSj2Ya_`P^OQb�±°OQR�_`MBTVU¹l�bº��RfOoj2M2i5ifl�iei KM2pql�M2bn_fPSM2]��¨M2lw_ ¥M-_`R5Mª�ol�M�ifl�R©]«Y:¼Zg\l�RfM � � Á pql�P

RfM2��R KM2i5M2bn_`M�]SY:jkWZY\R5gQM�T�M¬jkW�Y\pql�M¬±°R`Y\g\NBM-bq_)M2bÃ±°OQb�j¡_`P^OQbÀT�M�]^M2l�R@�oP^_`M-ifi5M��ZY\R`Ya]S]§cM-]SMeTZY\b�is]SM
j2M2bn_fRfMhT�MhNBY\ifi5M�T�M�]«YR KM2Y\j-_fPSOQb´¢ Y��\M2j¦¯Þ¼Zg � � � Á YQ²f²�M-_Ei`Y\b�i{¯°¼Zg � � � Á [Ê²f²�]SM���]^l�i�gQRfOQi�±°R`YagQNBM-bn_ �
| Y\b�i)j-M¬T�M-Rfb�P^M2Rsj2Y\i2¢EifM2l�]SM2i)ifl�[�i5PSi�_`M2bn_eT�M-isjkWZY\R5gQM2i"é Ë,� � Y0�QM-j¬T�M-is�wP¸_`M-ififM-i©i2U KM-_`Y\]«Y\bn_



½b¾ W(¿´×§Ù½Õ¡Ó3ê�Â ½ WaÕSWqÖ Ùë�ÓkÕ5×SÚÊWwÙ½×�}�Ø*Óíì-¿Z�ÓkÕ5×SÔ�ÓkØ¨Ù3W�Y°Ó�Z�ÓkÚÎ�ÓïîR�Ó`ØÓkÔ�ÓkØ¨Ù½Úªð�×#ñzð�× �\�

M2bn_`R5M ø Å¶j-N��ab�iª¯°ifOQP¸_ ø ³ � LE� p ² ��| Me��]^l�i¦]§U KM-_`l�T�MeT�MBj-M2i KM-� KM2b�M-NBM-bn_`i)i KM2]^M2j-_fPSOQb�b KM2i@�M-RfN/M-_T�MeNBOQbn_fRfM2R¦pqlVUXl�bÀ±°RfY\gQN/M2bn_¦RfM-]«Ya_fP^�QM-NBM-bn_¦]SOQl�R5T�iB¯ é Ì6� � ²®¢�Y��\M2j/l�b�Me�oP^_`M-ifi5MB��R5OwjkW�MBT�M
j2M2]^]SM�T�l¬j-M2bn_`R5M;T�M�NBY\i5ifM\¢wM2i�_{i5moi�_ KM2NBYa_fPSpql�M2N/M2bn_YaififOoj2P KM/cY@T�M2ih±°RfY\gQN/M2bn_`i�] KM-gQM2R5i ¯ é Ë�� � ²
M-_��£OQleT�M2i$�ZYaR5_`P^j2l�]^M2i$jkWZYaRfg KM-M2i �q� Y;jkWZYaRfgQMN/O m\M2b�b�M�T�le±°RfY\gQN/M2bn_$]^M{��]Sl�i$]SOQl�R5T©ifMifP¸_`l�M{Y\lw»
Y\]SM-bq_fOQl�R5i¤T�M ? é�� ù&� AÄ¸ �Q� Y0�QM-jªl�bÀPSbn_`M-R5�aY\]S]^MeY\]S]SY\bn_¦T�M¶� � cY �n� M-bn�wP^RfOQb �E
 �5OQl�_`O\b�i�cYÉ]«YjkWZY\Rfg\MhRfM-]«Ya_fP^�\M2N/M2bn_ KM-]SM-� KM-M{T�ls��]^l�i1g\RfOQiÌ±°R`Y\gQN/M2bn_2¢£l�b�M KM2b�M2Rfg\PSMhj-PSb KM¡_`P^pol�MhN/O m\M2b�b�M{TZY\b�iE]SM
j2M2bn_fRfM T�M NBY\ifi5M;RfM-]«Ya_fP^�\M2N/M2bn_h±³Y\P^[�]SM�M-_�T´UµY\lw_kY\bn_���]^l�i{pql�M ]SY¤_kY\P^]S]^M�T�lÉ��]Sl�i{g\RfOQi�±°R`Y\gQN/M2bn_
M2i5_g\R`Y\b�T�M �¨y M2i KM¡� KM-b�M2N/M2bn_fi�i5OQbn_T�OQb�j î¦è¨ó®ô§ê£ó®ô Y\ifi5Owj-P KM2iscYsl�bÉifj KM2bZYaRfPSO KM¡�\Ya�OQRfYa_`P¸±�¢wT�OQNBP �
bZY\bn_ÉcYÉ��]Sl�i¤[ZYaififM KM2b�M-RfgQP^MBP^b�j2P^T�M2bn_fM\¢�O�cl�l�bÀR KM-ifP^T�lÀ]^OQl�RfTdM2i�_©Y\j-j2OQN/�ZY\g\b KMBT�MB�ZYaR5_`P^j2l�]^M2i
jkWZY\Rfg KM2M2i©M¡_��aO\lÃT�M¬±°R`Y\g\NBM-bq_fi)T�M�NBY\i5ifM¬P^bq_fM2R5N KM-T�P«Y\P^RfM¶¯ ��J¶� ²¤RfM-]«Ya_fP^�QM-NBM-bn_©] KM-gQM2R5i�¯ é Ë
� � ² �Ìy M-�M-b�TZY\bn_©]SYÉjkW�Y\RfgQM/T�l���]Sl�i¦gQR5OQi@±°RfY\gQN/M2bn_¤RfM2i�_`MBRfM2]SYa_`P¸�QM-NBM-bq_¦±³Y\P^[�]SM©j-OQN/�ZY\R KM-M¾cY
]«Y©jkWZY\R5gQM¦T�M¤]SY©ifOQl�R5j2Mª¯ é Nf�#">L � � � �\� ²hM-_ecYe]SY©jkWZY\Rfg\M@_fO\_kY\]^M T�M2i±°R`YagQNBM-bn_`i KM2N/PSi@¯ ? é ú	�®ú A �
� 9 ² �´y M2j-P�M2i�_¦TVU¹Y\l�_kYabq_;��]Sl�i��wRfY\P1pql�M©]^Ms��]^l�i;gQR5OQi�±°RfY\gQN/M2bn_ �¨M2l�_¦Y0�\OQPSR;l�b�MsjkWZY\R5gQMeY\l�i5ifP
�M-l KM-]SM-� KM-M@pql�M/� � �

Î«ÏDÐ�Ñ � � � � Ò | PSi�_`RfP^[�l�_fPSOQb�T�M@]§U¹Y\i�mwN KM-_fRfP^M T�M¤jkW�Y\RfgQM-i�T�M2i�_fRfOQP^i���]Sl�i�g\RfOQi���RfOoT�l�P¸_`ijkWZY\R5g KM2i
�OQl�R©]SM�i5moi�_0cM2N/M:r�PDC r�P ��� M-i/�¨OQP^bq_fi©b�OQP^Rfi©j2O\RfRfM-if�¨OQb�T�M-bn_�Y\lw»�T�OQb�b KM2M2iBM¡»w� KM-RfPSN/M2bn_`Y\]SM-i2¢
]«YÀ]^PSgQb�M:j2OQbn_fPSbql�M¾Y\l	N/OwTVcM2]SM ��J�J ¢{]SYÀ]SP^gQb�M:�OQP^bn_`PS]^] KM-M¶Y\l	N/OoT�cM2]^M*Ä M2N/PSb�P�M-_�]SYÀ]SP^gQb�M
�OQP^bn_`PS]^] KM-M¡�u_fPSR5M-_ KM-MecY©l�b�_`P^R`Y\g\M¦Y\] KM2Ya_`OQP^RfM�T�M¦�ZY\R5_fP^_fPSOQb�i �
� Y\R©Y\P^]S]^M2l�R5i2¢�]«YÉT�PSi�_`RfP^[�l�_fPSOQb�T�M¬]§U¹Y\i�mwN KM-_fRfP^MªT�M¬jkW�Y\RfgQMa¢�0B2�465 ö i ô ¯°¼�gQl�RfM � � � � ²¡¢Ìb�OQl�i�M-RfN/M-_©T�M�j-OQN/�ZY\RfM-Rs]SM-isT�OQb�b KM2M-iBY0�\M2j�T�P^à KM2R5M2bn_`i©N/OoT�cM2]^M2i �1v M-NªYaRfpql�OQb�i©pql�M�]^M¬��P^j�Y\lw�



½b¾ W(¿´×§Ù½Õ¡Ó3ê�Â ½ WaÕSWqÖ Ùë�ÓkÕ5×SÚÊWwÙ½×�}�Ø*Óíì-¿Z�ÓkÕ5×SÔ�ÓkØ¨Ù3W�Y°Ó�Z�ÓkÚÎ�ÓïîR�Ó`ØÓkÔ�ÓkØ¨Ù½Úªð�×#ñzð�× � Å

_`OQl�R/T�M � �Í9 Y KM¡_ KM¶P^T�M2bn_fP^¼ KMÉj2OQN/N/MÉj2Y\R`Yaj-_ KM-RfP^i5_`P^pql�M:T´U¹l�b¿ifj KM-bZY\R5PSO KM¡�\Ya�OQRfYa_`P¸±���l�RªO�clº]SM
R KM2i5PST�lÉM2i�_;Yaj2j2O\NB�ZYagQb KM T�M@�ZY\R�_`PSj-l�]SM-i�] KM-gZcM2R5M2ijkWZY\R5g KM2M-i©¯³j-M-_5_`M¦¼ZgQl�R5M¤YeT KMx�fY KM¡_ KM¦��R KM-ifM-bq_ KM2Ma¢
Y��\M2j�l�bÃb�OQNs[�R5MªT�M��ZYaisT�P^à KM2R5M2bn_`i-¢E¼Zg � � � � ° ô ²f² ��y M¡_f_`M�i�_`R5l�j-_fl�RfM�j-OQRfR5M2if�¨OQb�TÃM-bn�wP^RfOQbÜcY� ��{ T�l&b�O\Ns[�RfM�_fO\_kY\]hTVU KM¡� KM2b�M-NBM-bq_fi¬N/OQb�OQi5OQl�Rfj-M ��y M-�M-b�TZY\bn_ª]«Y��ZY\R�_`P^M�NªY �5O\RfP^_`Y\PSR5MªT�M
]«Y�T�PSi�_`RfP^[�l�_fPSOQb¾��R KM2ifM-bn_kY\bn_el�b�MB]«Y\R5gQMe[O\ififMªY\l�_fOQl�R@T�M � � Î�¢�M2i�_sj-OQb�i5_fP^_fl KM2MBTVU KM¡� KM2b�M-NBM-bq_fi
PSb�j-]SlZY\bn_�l�b é�� ù&� RfM-]«Ya_fP^�\M2N/M2bn_h] KM2gQM-R{Y0�QM-j T�M2i�±°R`Y\gQN/M2bn_fihT�M�jkWZY\Rfg\M2i�j2O\NB��R5PSi5M2ihM-bn_`RfM�ÅsM-_9 ¢NBY �5OQR5P^_`Y\PSR5M2N/M2bn_0¢ZM¡_;T�M-i;�ZY\R�_`PSj-l�]SM-i�] KM2g�cM-RfM2i�jkWZY\Rfg KM2M2i ��v M2NBY\Rfpql�OQb�i�M2bw¼Zb¾pol´U¹P^]EbVUXM¡»wP^i5_`M
�ZY\i�TVU KM¡� KM2b�M-NBM-bq_fi{T�OQbn_�]§U¹Y\i5moN KM-_fRfPSMT�M�jkWZY\R5gQM�i5M2RfY\P^_�PSbw± KM2RfP^M2l�R5MscY � � � M-bn�wP^RfOQb´¢oT�OQb�j�Y\l�j2l�b
KM-� KM2b�M-NBM-bn_`i@T�OQbn_ ]SM-i;_`R5OQPSi���]Sl�i g\RfOQi�±°RfY\gQN/M2bn_`i�OQbn_¦T�M2i¦jkWZY\R5gQM2i R5M2]SYa_`P¸�QM2N/M2bn_ i5PSN/PS]SY\PSR5M2i2¢
pol�PEYal�R`Y\P^M2bn_ KM-_ KM¤T�M@[¨OQb�i�j0Y\b�T�PSTZYa_fiscYBl�bÉifj KM2bZY\R5PSOBT�M¤N)l�]^_fP^±°R`YagQNBM-bn_kYa_fPSOQbBifPSN)l�]^_`Y\b KM2M¦O�cl
]SM�i5moi�_0cM2N/M¶� KM2bVcM¡_`RfMÉTZY\b�iBl�b?_`M-NB��i/i5l§Q/i`Y\N/N/M2bn_ª]^OQb�g¾TZY\b�i/l�b�M:Ï-OQb�MÉN KM-j0Y\b�PSpql�M2N/M2bn_
PSb�i�_kY\[�]^M;O�cl�]SM-ië�Zl�j-_flZYa_fPSOQb�ii5OQbn_�YaNB��]^P^¼ KM-M2i-¢�]«YsÏ-OQb�M¦if��P^b�OoTZY\]SM/¯Þ�QOQP^R�jkWZY\��P¸_`R5M � ² �
� Mej2OoT�MªÄ¦M-NBP^b�P$YÉY\]SO\Rfi KM-_ KMel�_`P^]SPSi KM\¢V�¨OQl�R _fM2bn_`M-R¤T�MeN/M-_5_`RfMeM-b KM-�oP^T�M2b�j-MB]^Mej0Y\RfY\j-_0cM2RfM

i KM2pql�M-bn_`PSM-]wT�M�]SYT�PSi5_fRfP^[�l�_`P^OQb TVU¹Y\i5moN KM-_fRfPSM�T�M�jkWZY\R5gQM2i-¢\Y0�\M2jhT�M2iÌ�ZY\R`YaN:cM¡_`RfM-i�TVU¹M-bn_`R KM-Mhj-OQRfR5M2i��
�OQb�TZY\bn_�Y\lw»©�aY\]^M2l�R5i$M¡»w� KM-RfPSN/M2bn_`Y\]SM-i$T KM2T�l�P^_`M-i���R KM-j KM2T�M2N/NBM-bq_��¨OQl�R$]SY;ifOQl�R5j2Ml�b�P^pql�M¤¯³ifO\P^_� ¸ �\� ¢ 
 ¸Ü� �Q� ¢ M-_ K 1 ¸ � 
¿J M t ² �\� Y�ifP^Nsl�]SYa_`P^OQb b�MhR5M2��R5OwT�l�P^_1Y\]SO\RfiÌpol�Mh]SM-i KM¡� KM-b�M2N/M2bn_fi
M¡»w� KM2R5PSN/M2bn_kYalw»¬j-OQRfR5M2i5�OQb�TZY\bn_)cY)l�b�M;Y\i�mwN KM-_fRfP^M�T�M;jkW�Y\RfgQM-i�Y\l�_fOQl�R�T�M � �ü9 ¢oj\UXM2i�_5�2cY �xT�P^RfM�]^M2i
KM-� KM2b�M-NBM-bn_`i{Y0mQY\bn_ KM¡_ KMPST�M-bn_`P^¼ KM2i�T�MNªYab�P§cM-RfM�b�OQb/Y\N)[�PSgQl }M�j2OQN/NBM���RfO��QM-bZY\bn_hT´U¹l�b/��R5Owj-M2i��
ifl�i KM-�aY\�¨OQRfYa_`P¸±E��l�R �Ê� M KM-� KM-b�M2N/M2bn_`i-¢NBY �5OQR5P^_`Y\PSR5M2i2¢oj2O\RfRfM-if�¨OQb�TZYabq_©cY©]«Y©]SY\RfgQM�[OQi5ifM@Y\l�_fOQl�R
T�M � � Î�b�M�i5OQbn_Ej-]«Y\P^RfM-NBM-bq_V�ZY\i�RfM-��RfOoT�l�P¸_`i �£y M�T KM2i`Yaj2j2O\RfT)M-bn_`RfM�T�O\b�b KM2M-iEM¡_ÌifPSN)l�]«Ya_fPSOQb�iVY��ZY\R
Y\PS]^]SM2l�Rfi KM¡_ KM¦j2OQb�i5_kY£_ KM@�ZY\R�l�b�M@��R5Owj KM2T�l�R5M¤T�M¶Ç�[ZY\jkÑn_`RfY\j2P^b�gQÈ w J Y\ifÁQÁ y l�_fPS]SP^i`Y\bn_ KM-gnY\]^M2N/M2bn_]SM
j2OoT�M�Ä M2N/PSb�P ��} P^M2bsM-bq_fM2b�T�lV¢\]SY�j2O\NB�ZYaR`Y\P^ifOQb@T�OQb�b KM2M2i��xN/OwTVcM2]SMhY KM¡_ KMhR KM0Y\]^PSi KM2M�ifl�R�T�P^à KM2RfM-bn_`M2i
�\YaRfP«Ya[�]SM-i2¢oi5_kY£_`PSpql�M-i{OQl�j-PSb KM-NªYa_fPSpql�M-i2¢�M¡_�]SM�R KM2i5l�]^_`Ya_{j-OQb�T�l�P^_�i�mwi�_ KM-NªYa_fPSpql�M-NBM-bq_scYsj-OQb�i�_kY£�
_`M2R ]½U¹P^bZY\T KM-pqlZYa_`P^OQb�T�ldN/OwTVcM-]SM)Y��\M2j/]«Y¬gQRfY\b�T�M©NBY �5OQR5P^_ KM)T�M-i KM¡� KM-b�M2N/M2bn_fi¤M®»�� KM2RfP^NBM-bn_kY\lw» �
v M-NªY\R5pql�OQb�i$�ZYaR�YaPS]S]^M2l�R5i1pql�M�]SM{�¨M-_fP^_�T KM-j0Y\]SY\gQM�M-bq_fRfM]SM�R KM2i5l�]^_`Ya_�T�l/NBOoTVcM2]^M{M-_�]^M2i$T�OQb�b KM2M-i
�OQl�R�032%475 ö i ô � � �ü9 �M-l�_�i2UXM¡»w��]SP^pql�M2R�ZY\R�l�b�M¤i5l�Rf��RfOoT�l�j-_fPSOQb�T�M¦�ZYaR5_`P^j2l�]^M2i�] KM2g�cM-RfM2i-¢ZT KM��fY
OQ[�ifM-R5� KM2M�cYe��]Sl�i�W�Y\l�_`M KM-b�M2R5gQPSM¦TVUXM¡»wj2P¸_kYa_fPSOQb w J Yai`ÁQÁ y§�

 �aY\bn_�TVUXM2bn�oPSifY\gQM2REl�b�M�j2OQbn_`R5PS[�lw_`PSO\bV¢ NªY �5O\RfP^_`Y\PSR5M\¢-T�l�M¤cY�l�bs��R5Owj-M2ifi5l�i�T�M�T KM2i5M¡»wj2P¸_kYa_fPSOQb

ifPSN)l�]^_`Y\b KM\¢b�OQl�i@Y0�QO\b�i@� KM-RfP^¼ KM©pol�MB]SY¬T�PSi�_`RfP^[�l�_fPSOQb*TVU¹Y\i�mwN KM-_fRfP^M©j2OQR5RfM2i5�O\b�TZY\bn_�cYÉ]SY¬]«Y\R5gQM
[OQi5ifM�Y\lw_`OQl�R)T�M � � Î�b�M¬�¨OQl��aY\P^_)�ZY\i©i-U¹M®»���]SPSpql�M-R©�ZY\RsT�M2i©�ZY\R�_`P¸_`PSO\b�i)T�M�jkW�Y\RfgQM�P^b�j2]^lZY\bn_
l�b�PSpql�M-NBM-bn_s]«Y�j2O\b�ifM-R5�aYa_`P^OQbÀT�MB]½U KM-b�M2R5gQPSM/M-_¤T�Mª]½U¹P^NB��l�]Si5PSOQbV¢ KM-� KM2b�M2N/M2bn_©�ZY\R KM-� KM-b�M2N/M2bn_ �
� bÃN/OwTVcM-]SM/[ZY\i KM¬ifl�R©j-M2isWnmo�¨O\_`WVcM-ifM-i/N/PSb�PSNsl�N Y KM-_ KMªR KM0Ya]SPSi KMªM-bÃ��RfM-bZY\bn_©M2bÃj-OQN/��_`M¬]^M2i
jkWZY\Rfg\MhM-_ KM2b�M-RfgQP^M�TVUXM¡»wj-P^_kY£_`PSO\b)T�M{]SY�i5OQl�Rfj-M\¢aT KM2T�l�P^_`M-i1M®»�� KM2RfP^NBM-bn_kY\]^M2N/M2bn_ �a� M2i KM¡� KM-b�M2N/M2bn_fi
ifPSN)l�] KM-i2¢$¼Z]^_fR KM-i¬�O\l�Rª��R5M2b�T�RfM�M-b	j2OQN/��_`M¶]SM2iB[�P«YaPSi/T�l	T KM-_fM2j¡_`M2l�R2¢{i5OQbn_�T�OQb�b KM2i¬M-b~_`R`YaP^_
�OQP^bn_`PS]^] KM®�u_`P^RfM¡_ KMs¼ZgQl�RfM � � � � �1� Y�T�PSi�_`RfP^[�l�_fPSOQb�T�M2i©j2M-i KM-� KM2b�M2N/M2bn_`i/ifP^Nsl�] KM-i)M-i5_ej2]SY\PSR5M2N/M2bn_
M2b�P^bZY\T KM-pol�Ya_`P^OQb�Y0�QM-j¬]SM-i)T�O\b�b KM2M-i©pql�P�b�M¬�M-l��QM-bn_©T�OQb�jª�ZY\i)i-U¹M®»w��]SP^pol�M2Rs�ZYaR¤j-M¬NBOoTVcM-]SM
TVU¹P^b�±°OQR5NªYa_fPSOQb¾N/PSb�P^Nsl�N ��� Y¶pql�M2i�_`PSO\bÃR KM2j-l�RfR5M2bn_`M�M-i5_©T�O\b�j¬T�M¬pqlZYa]SP^¼�M2R)j-M2i KM¡� KM-b�M2N/M2bn_fi
NªY �5O\RfP^_`Y\PSR5M2i�RfM2i�_kY\bn_fi2¢ÊM2bÉ]SM-i�j2OQN/�ZY\RfY\bn_ecY©l�bÉN/OwTVcM-]SM;T�M@T KM2ifM®»wj2P^_`Ya_`P^OQbÉifPSN)l�]^_`Y\b KM2M �



½b¾ W(¿´×§Ù½Õ¡Ó3ê�Â ½ WaÕSWqÖ Ùë�ÓkÕ5×SÚÊWwÙ½×�}�Ø*Óíì-¿Z�ÓkÕ5×SÔ�ÓkØ¨Ù3W�Y°Ó�Z�ÓkÚÎ�ÓïîR�Ó`ØÓkÔ�ÓkØ¨Ù½Úªð�×#ñzð�× �Q�

+ñ, � ����2 � � p�� �6�7� � ����*7�±���4d*+��&<���R���	��d� �!� Gba � �(�43
� b~N/OwTVcM-]SM�T�M:Nsl�]^_fP^±°RfY\gQN/M2bn_kYa_fPSOQbÃi5PSNsl�]^_kYab KM2Ma¢ ��J�J ¢hY KM-_ KM¶l�_fPS]^PSi KM�M-b~��RfM-bZY\bn_¬]^M2i

N ¥M-NBM-i��ZY\R`YaN:cM¡_`RfM-i�TVUXM2bn_`R KM2M@pol�M¤�¨OQl�R�Ä M2N/PSb�P½¢w]^M2i�N ¥M2N/M2ij2R5P^_0cM2RfM-i�pql�M¤T�Y\b�i]§UXM¡»w� KM-RfPSM-b�j2M
Y�mQY\bn_ KM2gnYa]SM2N/M2bn_ KM¡_ KM¦Y\����]SP^pol KM2i ��� M R KM2i5l�]^_`Ya_�OQ[w_`M2bqlV¢Z�¨OQl�Rh]«Y)T�P^i5_fRfPS[�l�_`P^OQb¬TVU¹Y\i5moN KM-_fRfPSM�M2i5_
NBOQbn_fR KM�¼�gQl�RfM � � � � ¯°_fR`Y\P¸_1j-OQbn_`P^bolZ² �Q� Y���Y\R5_fPSM�T�OQN/PSbZY\bn_fMhT�M{]SY�T�P^i5_fRfPS[�l�_`P^OQbV¢ Y\l�_fOQl�RET�M � � Î�¢
M2i5_;Y\]SO\Rfi�j2OQR5RfM2j¡_`M-NBM-bq_�RfM-��RfOoT�l�P¸_`M)j-OQbn_`RfY\PSR5M2N/M2bn_/cY/]«Y/i5_`R5l�j-_fl�RfM)��]Sl�i¼Zb�MsY\l�_`O\l�R�T�M � �ü9 ¢
j2M-_5_`M�T�M2R5b�P§cM-RfM KM¡_kY\bn_hRfM2��RfOoT�l�P^_fM�T�M�NBY\b�P§cM-RfMi`Y£_`PSi�±³Y\PSifY\bn_`M��ZY\R�l�b¬N/OwTVcM2]SMT�M�T KM2i5M¡»wj2P¸_kYa_fPSOQb
i KM2pql�M-bn_`PSM-]S]^M¶¯½Ä¦M-NBP^b�PÞ² � r�OQl�i¤Y��\OQb�i¤Y\]SO\Rfi M2i5i`Y0m KM¬T�M/RfM-��RfOoT�l�P^RfM©T�M/NªYab�P§cM-RfM©i`Y£_`PSi�±³Y\PSifY\bn_`M
]«Y¦T�PSi�_`RfP^[�l�_fPSOQb/TVU¹Y\i5moN KM-_`R5PSM�M2b�l�_fPS]SP^i`Y\bn_ cY¤b�OQl��QM2Y\l�l�b�M�_`M2jkW�b�PSpql�M;T�M�Ç5[ZY\jkÑn_fR`Y\j-PSb�gQÈ¤TZY\b�i
]«Y\pql�M-]S]SMBÄ M2N/PSb�P$M¡_ ��J�J ifOQbn_)T�M2i¤�ZY\R`YaN:cM¡_`RfM-i)]^PS[�R5M2i ��� M-isT�OQb�b KM2M2i)ifOQbn_©Ya]SOQR5i@j-OQRfR5M2j¡_`M¡�
NBM-bq_R5M2��R5OwT�l�P^_fM2i{M¡_]SM;[ZYajkÑq_fR`Y\j-PSb�gej-OQbn�QM2R5gQM¤Y��\M2j¦l�b�M ��RfOQ�¨OQR5_fPSOQb�T�M¦Á ��{ TVU KM¡� KM2b�M-NBM-bq_fi
��J�J M-_{� ��{ TVU KM-� KM2b�M-NBM-bn_`i�Ä¦M-NBP^b�P � v M2NBY\R5pol�OQb�i�pqlVUXl�b�M�j-OQl���l�R5M{��]^l�i�RfM-i5_fRfPSj¡_`P¸�QMhM-b Ö hjijk
bVUµY£à´M-j-_`Me�ZYai ]SMsN/PSb�P^Nsl�N6T�Me]«YBT�PSi�_`RfP^[�l�_fPSOQb�T´UµY\i�moN KM¡_`RfP^M©NªYaPSi;i5M2l�]^M2N/M2bn_¦]«Y¬��R5OQ�¨OQR5_fPSOQb
RfM2]SYa_`P¸�QM T�M@jkWZY\pql�M@j2]SY\ifi5M¤T´U KM¡� KM-b�M2N/M2bn_fi2¢´j-OQRfR5M2i5�OQb�TZY\bn_/cYel�b�M¦T KM-ifM®»�j-P^_`Ya_`P^OQb¶i KM2pql�M2bn_fPSM2]^]SM
OQl¿i5PSNsl�]¸_kY\b KM2M ��� b~j-M¶i5M2b�iB]SM2i/��R5OQ�O\R5_`P^OQb�ieOQ[�_fM2bql�M-i¬�ZY\R/[ZY\jkÑn_`RfY\j2P^b�g�R5M2��R KM2ifM-bn_`M2bn_�l�b
NªY£»wP^Nsl�N3¯³RfM-if� � N/PSb�P^Nsl�Nª²��¨OQl�R ��J�J ¯°RfM2i5� � Ä M2N/PSb�P«² �

a)

b)

Z
E

ex
c (

M
eV

)

Asym123

0.2 0.4 0.6 0.8

10

20

30

40

300

400

500

600

700

Î«ÏDÐ�Ñ � � �\� Ò | PSi5_fRfP^[�l�_`P^OQb�i©T�MÉjkWZY\R5gQM2i�¯½Yn²©M-_BT�MÉ]§U KM2b�M-RfgQP^M�TVU KM®»wj2P^_`Ya_`P^OQbÜ¯³[Ê²©M2b¿±°O\b�j-_fPSOQb
T�MB]½UµYai5moN KM¡_`R5PSM©T�M-i@_fRfOQP^i@��]Sl�i¦gQR5OQi¦��RfOoT�l�P¸_`i¦jkWZY\R5g KM2i �E� U¹Y£»wMBÏ/j2O\RfRfM-if�¨OQb�T�i�cYÉl�b�M KM-jkW�M2]^]SM
]SOQgnYaRfP^_fW�N/PSpql�M �o| OQb�b KM2M-i�r�PDC r�P�cY �n� 
�J M t M¡»w� KM-RfP^NBM-bq_`Y\]SM-i �
y M¡_f_fM/T�lZY\]SP¸_ KMsM-i5_¦M-bÀY\j-j2OQR5TdY��\M2j/T�M2i@Y\b�Y\]^moifM-i¦Y\bn_ KM-RfPSM-l�RfM-i w | l�R`Á 9 y �O\l�R;]SM-ifpql�M-]S]SM-i ]SM

ifM2l�PS]nT�M�Nsl�]¸_`P¸±°R`Y\gQN/M2bn_`Ya_`P^OQb�i5M�i5P^_`l�M�Y\l�_`O\l�R�TVU¹l�b�M KM-b�M2R5gQPSM�P^b�j2P^T�M2bn_`M$T�M �Q� 
ºJ M t)�a| U¹Y\l�_fRfM



½b¾ W(¿´×§Ù½Õ¡Ó3ê�Â ½ WaÕSWqÖ Ùë�ÓkÕ5×SÚÊWwÙ½×�}�Ø*Óíì-¿Z�ÓkÕ5×SÔ�ÓkØ¨Ù3W�Y°Ó�Z�ÓkÚÎ�ÓïîR�Ó`ØÓkÔ�ÓkØ¨Ù½Úªð�×#ñzð�× � Î

�ZY\R5_�l�b�M��RfOQ�¨OQR�_`PSO\b©b�OQb/b KM2gQ]^PSgQM2Y\[�]^MhTVU KM2b�M-RfgQP^Mj2OQ]^]SM2j¡_`P¸�QM�Y KM-_ KM�NBP^ifM�M2b KM-�oP^T�M2b�j-M�T�Y\b�i�T�M2i
i5moi5_0cM2N/M2i���]Sl�i]^OQl�RfT�i2¢ZM2bÉj2O\]S]SP^ifP^OQb�i{j-M2bn_`RfY\]SM-i2¢Z�¨OQl�RT�M2i KM2b�M2Rfg\PSM2iP^b�j2P^T�M2bn_`M-i�i5l�� KM-RfPSM-l�RfM-iecY
�Q� 
	J M t cY;T�M-i KM2b�M-RfgQP^M2i�TVUXM¡»wj-P^_kY£_`PSO\bsifl�� KM2RfP^M2l�R5M2i;cY � 
~J M t)�n� UµY\b�Y\]^moifMhT�M�]«Y�T�PSi5_fRfP^[�l�_`P^OQb
TVU KM-b�M2R5gQPSM�j2PSb KM-_`P^pql�M;N/O m\M2b�b�M M2b�±°OQb�j¡_`PSO\b¬T�M;]SY)jkWZY\R5gQM T�M2i{±°RfY\gQN/M2bn_`ihj2OQb�i�_`P¸_`l�M Ya]SOQR5ihl�b�M
ifPSg\bZYa_`l�RfM M¡»w� KM-RfP^NBM-bq_`Y\]SM¦T�M¦]½U¹M®»�P^i5_fM2b�j-M@T´U¹l�b�M@�oP^_fM2i5ifM@j2OQ]^]SM2j¡_`P¸�QM R`YaT�P«Y\]^M;Y\lw_`OQi5PSN/PS]«YaPSRfM �o� Y
¼ZgQl�R5M � � Î °�õk²�b�O\l�iE�¨M2R5NBM¡_EY\]SOQR5i�T�M�j2OQb�i�_kYa_fM2RÌpql�Mh]½U KM-b�M2R5gQPSM�T�M-iÌ±°RfY\gQN/M2bn_`i�] KM-gQM2R5i1Yal�gQN/M2bn_`M
Y��\M2j�]SM2l�R�jkWZYaRfgQM ��y M¡_f_`M�M-àM-_2¢wT�P Q/j2PS]^M)cY¤M®»���]SPSpql�M-RhTZYab�i�]^M�j2Y\T�R5M�TVUXl�b¬i5j KM-bZY\RfP^O KM-�aY\�¨OQRfYa_`P¸±�¢
R`Y\���¨M2]^]SM¬j-]«Y\P^RfM-NBM-bq_s]SM�j2O\NB�¨OQR5_fM2N/M2bn_eT�M-i/±°RfY\gQN/M2bn_`i©]^M2i©��]^l�ie] KM2g\M2Rfi-¢�M2bºj2O\]S]SP^ifP^OQb�i)j-M2bw�
_`R`Ya]SM2i-¢QTZY\b�i�T�M2i�i5moi5_0cM2N/M2i�i5moN KM-_`R5PSpql�M-i���]^l�i$]SO\l�RfT�i�_fM2]^i$pol�MÛ�M�C � b w � Y\]SÁ�A ¢ r�gQlZÁ 9 ¢ J Y\RfÁ�A y
M-_sÄ¦TPC �Lw � R`Y\Á 9 ¢ � R`Y � � y �¨OQl�R@T�M2i KM2b�M-RfgQP^M2i¦PSb�j2PST�M2bn_`M-i)j2O\NB��R5PSi5M2i¦M2bn_`R5M �n� M-_ �\� 
 J M ts�
� U KM2b�M2Rfg\PSM$R`YaT�P«Y\]^M�N/PSifM1M2b KM¡�oPST�M-b�j2M��¨OQl�R�j2M-iET�M2lw»¦i�moi5_0cM-NBM-i KM¡_kY\P¸_�T�M�]§UXOQRfT�RfM$T�M � � � �k� 
?J M t
�OQl�R�l�b�M KM2b�M2Rfg\PSM PSb�j2PST�M2bn_`M TVUXM2bn�oPSR5OQb �Q� 
 J M t M-_�Y\l�_fOQl�R�T�M � 
�J M t �¨OQl�R�l�b�M KM-b�M2R5gQPSM
PSb�j-PST�M-bq_fM�T�M �\� 
zJ M ts�q| Y\b�i$b�O\_`R5Mj0Y\i-¢Q]SM�R KM2ifl�]^_kY£_�OQ[�_`M-bqlªY0�QM-j�]^M�NBOoTVcM-]SM ��J¶J M-i5_�j2OQN©�
�ZYa_`P^[�]SM�Y0�QM-j�l�b�M KM2b�M2Rfg\PSM�TVU¹M®»w�ZY\b�i5PSOQb¬bql�]^]SM��O\l�R�R5M2��R5OwT�l�PSR5M�j-OQRfR5M2j¡_`M2N/M2bn_�]SY@T�PSi5_fRfP^[�l�_`P^OQb
TVU KM-b�M2R5gQPSMBj2P^b KM-_fPSpql�M/NBO�mQM-b�b�M¬M-bÀ±°OQb�j¡_`P^OQbÀT�MB]«Y�jkWZY\R5gQMªT�M-i)±°R`YagQNBM-bn_`i � r KM0Y\b�N/OQP^b�i2¢�l�b�M
±³Y\PS[�]^M;�aY\]SM-l�RTVU¹M®»w�ZY\b�i5PSOQb:M2i5_�T�P Q/j-PS]SM-NBM-bn_NBM-ifl�RfY\[�]SMa¢Zj2OQN/N/M@j-M2]SYBY KM-_ KM@T�P^ifj2lw_ KM@TZY\b�i�]SM
j0Y\iT�M-i�i�moi5_0cM-NBM-i���]^l�i�]SO\l�RfT�i w � RfYQÁ 9 ¢ � RfY � � ¢ � Y\]«ÁdA y½�
� UXM¡»wPSi�_`M-b�j2M�T�M�j-M-_f_fM�T�lZY\]SP¸_ KMa¢nT KM2i5PSbn_ KM-gQR`Ya_fPSOQb/i KM-pql�M2bn_`P^M2]^]SM�M-_�Nsl�]^_fPSgQRfY\gQN/M2bn_kY£_`PSO\b)_`W�M-R��

NBP^pol�M;ifP^Nsl�]^_`Y\b KM-M\¢�OQ[�ifM2R�� KM2M@�OQl�R�]«Ys��R5M2N/P§cM2R5M;±°OQPSihTZY\b�il�b�i5moi�_0cM2N/M@i5moN KM¡_`R5PSpql�M¦T�M;_kYaPS]S]^M
NBO�mQM-b�b�Ma¢$Y��ZY\R)Y\PS]^]SM2l�Rfi KM2gnY\]^M2N/M2bn_ KM¡_ KM¬N/PSi5MªM2b KM¡�wP^T�M2b�j2M��¨OQl�R)l�bÃi5moi5_0cM2N/MÉ��]Sl�is]^OQl�R5TV¢
r�PDC 
 l*cY¦l�b�M KM2b�M2Rfg\PSM�PSb�j2PST�M2bn_`MT�M �n� 
áJ M t;w } M2] �n� y½�oy M-_5_`M�T�lZY\]^P^_ KMhM2i5_ KM2gQY\]SM-NBM-bq_�R5MR� KM¡_ KM-M
¼ZgQl�R5M � � �\� YQ²E�ZY\R$]SY�±°OQRfN/M{T�MBÇ5�ZYa��PS]^]SOQb�È�T�M�]«Y;T�PSi5_fRfP^[�l�_`P^OQb©O�cl©jkWZY\pql�MjkWZYaRfgQMM2i�_�j2OQR5R KM2] KM2M
cY�i`Y��aY\]^M2l�RETVUµYai5moN KM¡_`R5PSM �a� M2i$��]^l�i1g\R`Y\b�T�M2i1�aY\]^M2l�R5i�TVU¹Y\i5moN KM-_`R5PSM�j2OQR5RfM2i5�O\b�T�M2bn_�Y\lw»)jkWZY\R5gQM2i
]SM2i@��]^l�i KM-]SM¡� KM-M2i¤T�lÀR KM2ifP^T�l�Yaj2j2O\NB�ZYagQb KM2M-i¤��Y\R¤T�M2i)��Y\R5_fPSj2l�]SM2i¦] KM2g�cM-RfM2i¤Y\]^OQRfi¦pql�Mª]SYÉ��Y\R5_fPSM
��RfP^b�j2P^�ZY\]SM�RfM2i�_kY\bn_fM¤M-i5_�_`R2cM-i�]SY\Rfg\M2N/M2bn_ KM-_`M-b�T�l�M@M-_�j-OQbn�QM2R5gQM¤�\M2R5i�T�M-i�jkWZYaRfgQM-i�T�M¦_kYaPS]S]^M�T�M
��]Sl�i$M-bB��]Sl�i$��R5OwjkW�M�]^M2i$l�b�M2i�T�M2i�Y\lw_`RfM-i�pol�Y\b�T/]«Y��aY\]SM-l�R$T�M�]½UµY\i�moN KM¡_`RfP^M�T KM2j-RfO ¥ Â _0¢aNªY\P^i$Y0�QM-j
l�b�M{T KM-��] KM¡_`P^OQb�¯³O\[�ifM-R5� KM2M���R KM2j KM2T�M-NBN/M2bn_®²�Yal�_`OQl�R1T�M � ¸�� � pol�P�i2U¹Ya_5_ KM2bql�M���RfOQgQR5M2i5ifP^�\M2N/M2bn_ �
y M¡_f_fM¬T�lZY\]^P^_ KMB�¨OQl�RfY\P^_ ¥M-_fRfM¬T�l�MdcY¶l�b�M-àM-_©T�MªifM-l�PS]½¢�]«Y:N)l�]^_fP^±°R`YagQNBM-bn_kYa_fPSOQb*��R5OQN/��_`M

RfM2N/��]SY\j0Y\bn_¦��R5OQgQR5M2ifi5P^�\M2N/M2bn_s]SY�T KM2ifM®»wj2P^_`Ya_`P^OQbÀi KM2pql�M-bq_fPSM-]S]SM � r KM0Yab�NBO\PSb�i¦TZY\b�i¤j-M/_xmo�¨MBT�M
ifj KM-bZY\R5PSO�¢ZOQb:i2U¹Ya_f_fM2b�T?cYBOQ[�ifM2R��QM-R�l�b�M@T KM-�M-b�TZY\b�j-M)M-b:±°OQb�j¡_`P^OQb:T�M¤]½U KM-b�M2R5gQPSM¦TVUXM¡»wj2P¸_kYa_fPSOQbd�
]«Y�N)l�]^_fP^±°R`YagQNBM-bn_kYa_fPSOQb?��R5OQNB�w_`M¶T�M-�oR`Y\P¸_�j2O\RfRfM-if�¨OQb�T�R5M&cY�l�b�M KM-b�M2R5gQPSM:TVUXM¡»wj2P¸_kYa_fPSOQb~��]Sl�i
gQR`Y\b�T�M*pqlVU¹l�bÜ��R5Owj-M2ifi5l�iÉi KM2pql�M-bn_`PSM-]¦M-_�j2M¡_f_fMdT KM2�¨M2b�TZYab�j2MdT�M-�oRfY\P^_ ¥M-_fRfM��oPSi5PS[�]^M�TZY\b�iÉ]^M2i
T�OQb�b KM-M2i ��� O\l�RhjkW�M-RfjkW�M-R�j2M¡_{M-àM-_2¢wb�OQl�i{Y0�\OQb�ih_fR`Y\j KM©¯°¼�gQl�RfM � � �Q� [Ê²5²�]½U KM-b�M2R5gQPSM�TVUXM¡»wj2P¸_kYa_fPSOQb
T�M:]SY*ifOQl�R5j2M:l�b�PSpql�MÉM2bº±°OQb�j¡_`PSO\bºT�M:i5OQb~Y\i�moN KM¡_`RfP^M � r�O\l�iBO\[�ifM-R5�QO\b�iªpql�M:T�M2lw»ºR KM2gQP^OQb�i
j2OQR5RfM2i5�O\b�TZY\bn_¦Y\lo»¶T�M2lw»�T�OQNBY\PSb�M-i�T´UµY\i�moN KM¡_`RfP^M)T�P^ifj-l�_ KM-i;��R KM-j KM-T�M2N/NBM-bn_0¢VYa���ZY\RfY\PSi5ifM2bn_ªcY
l�b�M KM-b�M2R5gQPSM�TVUXM¡»wj2P¸_kYa_fPSOQb/��R`Y£_`PSpql�M-NBM-bn_{j2O\b�i5_`Y\bn_`M\¢�Y\l�_fOQl�R�T�M �\�\� J M t ¯³N ¥M2N/M�ifP¨OQbª�¨M2l�_
RfM2NBY\R5pol�M2R�l�b�M±³Y\PS[�]SM�Y\l�gQNBM-bn_kYa_fPSOQbeT�M]§U KM2b�M2Rfg\PSMTVU KM¡»wj2P¸_kYa_fPSOQbepqlZY\b�TB]§U¹Y\i5moN KM-_fRfPSM�T�M2i�_`RfO\PSi
��]Sl�i@gQR5OQi¤��RfOoT�l�P^_fi¤jkW�Y\Rfg KM-i)T KM-j2R5O ¥ Â _k² �Ì� bÀj2O\b�i KM-pol�M2b�j-MÉ]SYÉ��Y\R5_fP^_`P^OQb¾T�M/jkWZY\Rfg\Mªb�MBifM2N)[�]SM
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�ZY\i;gQO\l��QM-Rfb KM-M\¢VTZYab�i;]SM¤]SO\_�TVU KM-� KM2b�M2N/M2bn_`i¦i KM-]SM-j-_`P^OQb�b KM-i2¢�ZY\R;]SYBpqlZY\bn_`P¸_ KMsT´U KM-b�M2R5gQPSMsT´U¹M®»�j-P¸�
_kYa_fPSOQb�l�_fPS]^PSi`Ya[�]SM�M-_T�P¸à KM-RfM2bn_fi�j2Y\bZY\lw»�T�M¦T KM2i5M¡»wj2P¸_kYa_fPSOQb�ifO\bq_�OQlw�QM2R�_`i �´y UXM2i�_��¨OQl�R5pql�OQP�l�b�M
KM2b�M-RfgQP^MªTVUXM¡»wj2P¸_kYa_fPSOQb KM2]^M-� KM2MBbVU¹M-i5_©��Y\i)b KM-j2M-ifi`YaPSRfM-NBM-bn_©]«YÉifPSg\bZYa_`l�RfM/TVU¹l�b�M¬Nsl�]¸_`P¸±°R`Y\gQN/M2bo�
_kYa_fPSOQb*��R5OQN/��_`M©i5M2l�]^M\¢VNBY\PSi��M-l�_ ¥M-_`R5Mej2OQN/�ZYa_fPS[�]^MsY0�QM-jB]SY¬j2OoM¡»wPSi�_`M2b�j2M/T�M2i¦T�M-lw»¾��R5Owj-M2i��
ifl�i¦T�M©T KM-ifM®»�j-P^_`Ya_`P^OQbV¢VgQO\l��QM-Rfb KM-i¤�ZYaR T�M2i �Zl�j-_`l�Ya_`P^OQb�i;_`W�M2RfN/PSpql�M-i �ÌJ OoT�l�]^OQb�i;j-M2�¨M2b�T�Y\bn_
j2M-_5_`M¤Y�Q/RfNBYa_`P^OQb��ZY\R]^M;±³Y\P^_pql�M@TZY\b�i]½U¹Wnmo�Oa_`WVcM-ifM@T�M¤��Y\R5_fP^_`P^OQb�i{NBY\b�pqlZYabq_fM2i�TZY\b�i�b�O\_fRfM
i KM2]^M2j¡_`PSO\bÉ¯³b�O\_`Y\N/NBM-bq_�T�lBj ¥O\_ KM�T�M2i$±³Y\PS[�]SM2i�Y\i5moN KM-_`R5PSM-i$T�M�jkWZY\R5gQM2i`²¡¢nj2M-R5_`Y\PSb�i�Yal�_`R5M2i�j0Y\b�Y\lw»
T�M�T KM-ifM®»�j-P^_`Ya_`P^OQb¬j2O\RfRfM-if�¨OQb�TZYabq_@cY)T�M-i��aY\]SM-l�Rfi�TVU KM2b�M-RfgQP^M2ihT´U¹M®»�j-P^_`Ya_`P^OQb�ih��]Sl�i KM2]SM¡� KM2M2i��O\l�R��
R`Y\P^M2bn_ KM2gnYa]SM2N/M2bn_ ¥M¡_`RfM¦OQlw�QM2R�_`i �

� Y;pql�M-i5_`P^OQb©RfM-i5_`Y\bn_`M�M2i�_�T�M{ifY��\OQPSR1ifP�j-M-_5_`M�T�lZYa]SP^_ KMhOQ[�ifM2R�� KM2M�TZY\b�i$]SM2i1T�OQb�b KM-M2i$M-i5_�RfM-]SP KM2M
cYsl�b�ifPSg\bZY\]´T�M;_`R`Yab�ifP¸_`PSO\b¬T�M ��WZYaifM/¯³]^M2iY\b�Y\]^moifM-i�RfM-]«Ya_fP^�QM-i¤cYsj2M-iifPSg\bZY\lw»¬ifM2R5OQbn_T KM-_`Y\PS]^] KM-M2i
TZY\b�i{]^M�jkWZYa��P^_fRfM�i5l�P^�aY\bn_k² ��� b�M¡à´M¡_�l�b�M;[�PSN/OwTZYa]SP^_ KM�T�M;]SY¤T�P^i5_`R5PS[�lw_`PSO\bBTVU KM-� KM-b�M2N/M2bn_`i�¨M2l�_
_`R`YaT�l�PSR5M�l�b�M¾j-OwM®»�P^i5_fM2b�j-MdT�M*��WZY\i5M\¢�jkWZY\pql�Mdj2O\NB�¨OQi`Yabq_fM*T�M*]«Y�T�PSi5_fRfP^[�l�_`P^OQb KM¡_kY\bn_�l�b�M
��WZY\i5M �Ê� b�T KM¡¼Zb�P^_�Y\PSb�i5Pl�b��ZY\R`YaN:cM¡_`RfM�TVU¹O\RfT�R5M\¢�pql�P´M2i5_]SY¤N/M2P^]S]SM-l�RfM�aY\RfPSY\[�]^M��¨OQl�R{i KM2�ZYaRfM2R
]SM2i¦T�M-lw»�NªY »�P^NªY¬T�MB]SYÉT�P^i5_fRfPS[�l�_`P^OQb � B lZYab�TÀl�b�i5moi5_0cM2N/Mªbql�j-] KM0YaPSRfMeM-i5_¤TZY\b�i@l�b�MBR KM2g\PSOQb
T�Mj2OoM¡»wPSi�_`M2b�j2M\¢o]«Y T�P^i5_fRfPS[�l�_`P^OQb©T�M���RfOQ[�Y\[�PS]^P^_ KM{TVUXl�bB��Y\R`Y\NÉcM-_fRfMTVUXOQRfT�RfMM2i�_h[�P^NBOoTZY\]^M{M-_�T�M
]«Y\R5gQM2i �Zl�j-_`l�Ya_`P^OQb�i�TZY\b�i�]^M2i��ZY\R�_`P^_fPSOQb�i�T�lªi�moi5_0cM-NBM��¨M2l��\M2bn_ ¥M¡_`RfMOQ[�ifM2R�� KM2M2i w y W�O � � ¢ } OQR �n� ¢
} O\_ � � y½�V� »w� KM2R5PSN/M2bn_kY\]^M2N/M2bn_0¢¨]«Y/]«Y\R5gQM2l�R�T�Ms]SYBT�P^i5_fRfPS[�l�_`P^OQb:M-b¾Y\i5moN KM-_fRfPSM¬¯°¼Zg\l�RfM � � �Q� [Ê²f²
RfM2��R KM2i5M2bn_`MeM-bq�oP^RfOQb�]^M2i � � � T�Ms]SYBgnYaNBN/M@_fO\_kYa]SM@T�Ms]«Y/�\YaRfP«Ya[�]SMa¢Z�OQl�R;T�P^à KM2R5M2bn_`M-i KM2b�M-RfgQP^M2i
TVU¹M®»wj2P^_`Ya_`P^OQbdT�OQb�b KM-M2i ��| M/��]Sl�i¦]SYÉT�P^i5_fRfPS[�l�_`P^OQb¾T�Mª]SY�¼Zg\l�RfM � � � � ��R KM2i5M2bn_`M¬j-]«Y\P^RfM-NBM-bq_¦l�b
j2OQN/�O\R5_`M-NBM-bn_B[�PSN/OwTZYa]§¢ÌM2bn_`R5M¶]SM-i KM¡� KM2b�M-NBM-bq_fiªj-OQRfR5M2j-_fM2N/M2bn_BRfM2��RfOoT�l�P^_fiB��Y\Re]SM�NBOoTVcM-]SM
��J�J M-_�j-M2lw»Lj-OQRfR5M2j¡_`M2N/M2bn_ÉRfM-��RfOoT�l�P¸_`i¬��Y\RÉÄ¦M-NBP^b�P ��� YÀ�aY\RfPSY\[�]^M�032%465 ö i ô �M-l�_�T�OQb�jifPSN)l�]SM-R�l�bª�ZY\RfY\N:cM-_`R5M�T´U¹OQR5T�RfM�i KM-�ZY\RfY\bn_{��R5Owj-M2ifi5l�i{i KM2pql�M2bn_fPSM2]M-_hifPSN)l�]^_`Y\b KM � r KM0Y\b�NBOQP^b�i�]«Y
pol�M2i5_fPSOQb�bVUXM2i�_���Y\i{_`RfY\b�jkW KM-M\¢ÊTVU¹Y\l�_`R5M2i��aY\RfPSY\[�]^M2i{T�O\P^�QM-bn_ ¥M¡_`R5M;_`M2i�_ KM-M2i�M-_T�M-i KM¡_`l�T�M-iscYe��]Sl�i
WZY\l�_fM2i KM2b�M-RfgQP^M2i$P^b�j2P^T�M2bn_`M-i$T�OQP¸�QM2bn_ ¥M-_fRfM�M-bq_fRfM-��RfP^ifM2i��¨OQl�R�T KM2j2R5PSR5M�]§U KM-�QO\]Sl�_fPSOQbsT�M2i�T�P^à KM2R5M2bn_`i
N KM-j0Y\b�P^ifN/M2i�M-b©�5M-l �

� Y\R¤Y\PS]^]SM2l�Rfi j2O\b�j2M-RfbZY\bn_)]SMeNªYab�pql�MBT´U KM¡� KM-b�M2N/M2bn_fisj2OQb�i5_kY£_ KM/b�O\_kYaNBN/M2bn_@TZY\b�i@]«Y�T�P^i��
_`RfP^[�l�_fPSOQbÉT�M)jkW�Y\RfgQM-i2¢¨l�b�M KM¡_`l�T�MsY\bZYa]SOQgQl�M�cY/]«Yeb ¥O\_`R5M\¢¨R KM2Y\]SP^i KM2M@ifl�R�]SM@N ¥M2N/M¤i�mwi�_0cM-NBM:cY/]«Y
N ¥M-NBM KM2b�M-RfgQP^MBcYs]§U¹Y\PST�M�TVUXl�b�M 
�y{�«w Ä¦l�P �n� y ¢�bVU¹Ys�ZY\i��¨M2R5NBP^ihTVUXOQ[�i5M2R��QM2Rl�b�M;_`M2]^]SM�T KM2��] KM-_fPSOQb
TZY\b�i¤]«Y�T�PSi�_`RfP^[�l�_fPSOQbdT�MªjkW�Y\RfgQM-i �E� b�j2OQb�i KM2pql�M-b�j2Ma¢$PS]�i2U¹Y0�cM2RfMª�OQi5ifP^[�]SM/pql�Mªb�O\l�i)bVU¹Y0mQOQb�i
�ZY\i�R KM2j-l�� KM2R KM)_`O\l�_`M-i�]SM-i���Y\R5_fP^_`P^OQb�iT�M¤]«YeifOQl�R5j2Msl�b�PSpql�M¤M¡»o_`R ¥M2N/M2N/M2bn_;��l�RfM\¢¨i KM-]SM-j-_`P^OQb�b KM-M �
r¤UXOQl�[�]^PSOQb�i��ZYai��ZYaRhY\P^]S]^M2l�R5i2¢Qpql�M�]SM2i KM-� KM2b�M2N/M2bn_`i{N/OQb�O\ifOQl�R5j2M���RfOoT�l�P¸_`i��ZY\R�]SM�j2OoT�M � PSN/OQb
�OQl�REi5M2R5�oP^R1T�M��OQP^bn_1T�M�T KM2��Y\R5_�cY�]§U 
;�1| R KM-ifl�]¸_`M-bq_1T�MhT KM2ifM®»wj2P^_`Ya_`P^OQb�iE[�PSbZYaPSRfM-iEi KM2pql�M-bq_fPSM-]S]SM-i �
� R1]SM2i KM¡� KM2b�M-NBM-bq_fi�pql�P��M-l��QM-bq_�i2U¹Y0� KM2RfM-R�NªY\b�pol�Y\bn_`i2¢nT�M�jkWZY\Rfg\M2i�RfM-]«Ya_fP^�QM-NBM-bn_$ifM-Ns[�]«Ya[�]SM-i2¢
ifOQbn_��5l�i5_fM2N/M2bn_hT�M2i�j0Y\b�T�PSTZYa_fi��O\_fM2bn_`P^M2]^i�T�M�N)l�]^_fP^±°R`YagQNBM-bn_kYa_fPSOQb¤]SP KM-MOQlBb�OQb¾cY¦l�b�M_`RfY\b�i5P¸�
_`PSO\bBT�M���WZYaifM �w
 P^b�ifP½¢nTZY\b�i�]«Y¦ifl�P¸_`M�T�M�b�O\_`R5M KM¡_`l�T�M�b�OQl�ihY\]S]^OQb�i�_fM2bn_`M-RhTVUXPSb�j-]Sl�R5M�]SY¦_fO\_kYa]SP^_ KM
OQl©T�leNBO\PSb�i�l�b�M{_`R2cM2i�]«Y\R5gQMhNBY �5OQR5P^_ KMhT�M�ZY\R�_`P¸_`PSO\b�i1T�M�]½U¹M-b�ifM-Ns[�]^M{j2OQb�ifPST KM2R KMM¡_�b�O\_kYaNBN/M2bn_
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]SM2i KM¡� KM-b�M2N/M2bn_fi�pql�P�i5M2Ns[�]^M2bn_�b�OQl�i�±³Y\P^RfM T KM¡±³Y\l�_�Y\j¡_`l�M-]S]SM-NBM-bn_ �

r�O\_`R5M�OQ[o�5M2j¡_`P¸±�i5l�P^�aY\bn_�ifM-R`YT�OQl�[�]SM�2_`O\l�_ÌTVUµYa[OQR5T _`RfO\l��QM-RÌl�b�M�N KM-_fW�OoT�M$�O\l�R�R KM-j2l�� KM-RfM-R
]SM2i KM-� KM2b�M2N/M2bn_`i$T�MhifOQl�R5j2M�l�b�PSpql�MhNBY\b�pqlZYabq_fi2¢aj\UXM2i5_��2cY£�uT�PSR5M�_fRfOQl��\M2R�l�b©M2b�i5M2Ns[�]^M{T�OQbn_1]SMh]^O\_
Y\j-_fl�M2]�i5M2RfY\P^_ ]^MsifO\l�i��uM2b�i5M2Ns[�]^M\¢�M¡_¦M2b�i5l�P^_fMBYa����RfOa±°OQb�T�P^R�b�OQi KM¡_`l�T�M2i¦TZY\b�i¦]SYªRfM-jkW�M2R5jkW�MBT�l
�ZY\R`YaN:cM¡_`RfM�T´U¹OQR5T�RfM�M2bBgnY\R5TZY\bn_�M2b/N KM-NBOQP^RfM�i5OQbB]^PSM-b KM¡�QM-bq_fl�M2]´Y0�QM2j�]«Y;�aY\R5P«Y\[�]^M�TVU¹Y\i5moN KM-_`R5PSM
M-_BT�OQb�jÉ]SM-i/_fRfOQP^i/��]Sl�i/gQRfO\i/��RfOoT�l�P^_fiBjkW�Y\Rfg KM-iªT�O\bq_B]SM���]^l�i/gQRfOQi©±°RfY\gQN/M2bn_¦�5O\l�M�l�b~R ¥O\]SM
PSN/�OQR�_kY\bn_hTZY\b�i�]SM-iY\bZY\]¸mwi5M2ipql�M@b�OQl�i��QM-b�OQb�i�TVUXM-àM2j¡_`l�M-R �

�¼�#�¼�Øþ î
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r�OQl�isb�OQl�i)i5OQN/NBM-isYa_5_kY\jkW KM-isTZY\b�isj2M¡_f_`Mª��RfM-NBP§cM2RfM KM-_`Y\�M¾cY¶T KM-NBOQbn_fRfM2R¤]§UXMRQ/j0Yaj2P^_ KMªT�M
]§U¹Y\bZY\]¸mwi5M¶±³Y\j¡_`OQR5PSM2]^]SMÉT�PSi5j2R5PSN/PSbZY\bn_fM�Y\����]SPSpql KM-M¾Y\lw»~NBOQN/M2bn_fi�pol�Y\T�RfP^T�PSN/M2b�ifPSO\b�b�M2]^iª�¨OQl�R
PSifO\]SM2Re]^M:��]^l�i/��R KM-j2PSi KM2N/M2bn_¬�¨OQi5ifPS[�]SMÉ]SM2i KM-� KM2b�M2N/M2bn_`i¬N/OQb�O\ifOQl�R5j2M:T�M2i KM¡� KM2b�M-NBM-bq_fi¬�¨OQ]^mn�
ifOQl�R5j2MdNªY��5OQRfP¸_kY\P^RfM2N/M2bn_�T�OQNBP^bZY\bn_`i ��� Y?�aY\R5P«Y\[�]SM Ö hjijk¶l�_fPS]^PSi KM-M*��R KM-ifM-bq_fMÀl�b�M�j-OQbn_`PSbql�P¸_ KM
TZY\b�i�]«YBT�PSi5_fRfP^[�l�_`P^OQb�TVU KM-� KM2b�M-NBM-bn_`i2¢�T�M2i�N/OQb�O\ifOQl�R5j2M-i�]SM-i���]^l�i���l�RfM-i;Y\lw»:�¨OQ]^moi5OQl�Rfj-M2i;]^M2i
��]Sl�i@��l�R5M2i �E� OQl�i¤]SM2i KM-� KM-b�M2N/M2bn_`i)i KM2]^M2j¡_`PSO\b�b KM2i¬¯ KM¡� KM-b�M2N/M2bn_fisj2OQN/��]^M-_`i`²;ifOQbn_sj2Y\R`Yaj-_ KM-RfP^i KM2i
�ZY\R�l�b�M�T�PSi5ifP^�ZYa_`P^OQbeM2b KM2b�M-RfgQP^M�R5M2]«Y£_`P^�\M2N/M2bn_�PSN/�¨OQR5_`Y\bn_`M �Q� Y@ifOQl�Rfj2M�l�b�P^pql�M�R KM2i5l�]^_`Y\bn_`M�M2i5_
j2OQN/�ZYa_fPS[�]^MBY0�\M2j¬l�bÀi5moi5_0cM2N/M KM2pql�PS]^PS[�R KM KM-NBM¡_f_`Y\bn_)i�_kYa_fPSi5_fPSpql�M-NBM-bq_)T�M2i)�ZY\R5_fPSj-l�]SM-i¤] KM2g�cM-RfM2i
M-_��£OQlÀT�M-i¤±°RfY\gQN/M2bn_`i¦T�MBNªY\i5ifM/PSbn_`M-RfN KM2T�PSY\PSR5M ��� U KM2N/PSi5ifPSO\b�T�M/��R KM KM2pql�P^]SP^[�RfMBY KM¡_ KM/M2i5_fPSN KM2M
cY�M-bn�wP^RfOQbº��Î�l�b�P¸_ KM-i T�MeNªY\i5ifM KM��5M-j-_ KM2M2i@TZY\b�i@]^M2i¦��R5M2N/PSM2R5i PSb�i�_kY\bn_fi T�Me]«Y�j2OQ]^]SP^ifPSO\b¶j2Mepql�P
RfM2��R KM2i5M2bn_`MM-bq�oP^RfOQb��0Å { T�M�]SY�NBY\ifi5Mh_`O\_`Y\]SM�T�lei5moi5_0cM2N/M �n� b�M�]«YaRfgQM�±°R`Y\j¡_`PSO\bsT�M{j-M-_f_fM�NªYaififM
_`O\_`Y\]SM�M2i5_�T�OQb�j�j2O\b�ifM-R5� KM2M�TZY\b�i$]^M{ifO\l�i��ui5moi5_0cM2N/M�j-OQb�i5PST KM-R KM@¯_0 Nf�#">L � � � � �Q� M¡_�é N_�#">L � � � �\� ² �
� Y\R�Y\P^]S]SM-l�Rfi�]§U KM2N/PSi5ifPSO\b¬T�M¦��R KM KM2pql�P^]SPS[�RfM M2N/�¨OQR5_fM ��R`Ya_fPSpql�M-NBM-bq_�]SYsNBOQP¸_`P KM�T�M¦]§U KM2b�M2Rfg\PSM T�P^i��
�OQb�PS[�]^M¤T�l*i�moi5_0cM-NBM � r KM0Y\b�N/OQP^b�i�]½U KM-b�M2R5gQPSM¤TVU KM®»wj2P^_`Ya_`P^OQb¶j-OQRfR5M2i5�OQb�T	cYBM2bn�oPSRfO\bº¯ �ßø � �ü9 ² 

J M t ��R5M2ifpql�M/PSb�T KM2�¨M2b�T�Y\NBN/M2bn_¦T�M-i¦�ZY\R5_fP^_fPSOQb�i�j2OQb�ifPST KM2R KM-M2i@j2Mepql�P���]SY\j2M©]^M©i5moi5_0cM2N/M/Y\lw»
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�5M2j¡_`PSO\b©T�M2i KM-� KM-b�M2N/M2bn_`i�M®»�� KM2RfP^NBM-bn_kY\lw»sifl�R�]½UµY£»wM¬g=hjijk��¨M2RfN/M-_�T�M�NBM¡_f_`R5M{j2]SY\PSR5M2N/M2bn_
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Y\lw» KM2b�M-RfgQP^M2i$PSb�j2PST�M2bn_`M-i�T�M �n� M¡_$Å � 
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	J M ts�Q� OQl�R
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~J M t �¨OQl�RÌ]SM�i5moi5_0cM2N/M�r�P]C r�P¨¯³]^M��¨OQP^T�i�T�Mhj-M-_$YaRfgQl�N/M2bn_
M2i5_{[�PSM-b¬M2bn_`M-b�T�l�M¡»o_fR ¥M2N/M2N/M2bn_{±³YaPS[�]^M�M¡_�M2i�_���]^l�i@cY)j-OQb�i5PST KM-RfM2R@cY¤_`P¸_`RfM�Y\b�M-j2T�Oa_`PSpql�M0² � r�OQl�i
KM-_`l�T�PSM-RfOQb�i¤��]Sl�i¤��R5O\±°OQb�T KM2N/M2bn_sj-MÃÇ5jkWZYab�gQM2N/M2bn_sY\l�_`O\l�R¤T�M �Q� 
 J M t È�TZYab�i)]SYÉi5l�P^_fMBT�M
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]SM2iÌT�OQb�b KM2M-i$M¡»w� KM2R5PSN/M2bn_kYa]SM2i`²Ì�¨OQl�R�� KM2RfP¸¼ZM2REpql�M{]«Y�aY\RfPSY\[�]SM g=hjijk$�¨M2RfN/M-_ET�M�T�PSi5j2RfP^NBP^b�M2R�j-OQR��
RfM2j¡_`M-NBM-bq_�]^M2i KM-� KM2b�M2N/M2bn_`i�T�MifOQl�Rfj2M�l�b�P^pql�MT�M2i�[�P^bZY\PSR5M2i � r�OQl�i�Y0�\OQb�i�Y\le��R KM2Y\]«Y\[�]SMh� KM2R5P^¼ KM
pol�M)]SM@]SOa_TVU KM¡� KM2b�M-NBM-bq_fi g KM2b KM2R KM-i;�ZY\R�]SM¦j-OwT�M � PSN/OQbV¢ÊY0�\M2j)]^M¤i5M2l�]Ìj2R5P^_0cM2RfM@T�M¤j2OQN/��] KM¡_`l�T�M\¢
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�J M t ¯Þ�QOQP^R�]«Y©i KM-]SM-j-_`P^OQb�T�M¦jkWZY\pql�M@j2]SY\ifi5M@T´U KM¡� KM-b�M2N/M2bn_fi�TZY\b�i�]^M2i�_kYa[�]SM-i Å � � M¡_ Å � � ² �

g;hjijk¬Ç5M¡»w� KM-RfP^NBM-bq_`Y\]SM-ÈeM2i5_�N/OQbn_`R KM-M ¼ZgQl�R5M Å � � �Ê� Yej2OQR5R KM2]SYa_`P^OQb�]SP^b KM0YaPSRfM�OQ[�_`M-bql�M¤M-i5_�_`OQlw_ecY
±³Y\P^_1b�M-_5_`M\¢n]^M2i$T�M-lw»/]SOa_`i�N/OQb�OQi5OQl�R5j2M�M-_��¨OQ]¸mwi5OQl�R5j2MOwj-j2l��¨M2bn_�T�OQb�j�T�M2i�]SP^M2lw»)g KM2O\N KM¡_`RfP^pql�M2i
��RfOojkW�M2i�TZY\b�i�]§UXM2i5�ZY\j2M¤Nsl�]¸_`PST�PSN/M2b�i5PSOQb�b�M2]VT�M@[ZY\i5M)�¨OQl�R�jkWZY\j-l�b�MsT�M-i;T�M-lw»:T�PSi�_`RfP^[�l�_fPSOQb�i �
� Y pql�M-i5_`P^OQb/pol�M�]½U¹O\b©�M-l�_�Y\]SOQR5i�ifM�¨OQifM-R�M2i5_�T�MifY��\OQPSR-¢Q��l�P^ifpql�M�]«Y;T�P^ifj-RfPSN/PSb�Ya_`P^OQb)OQ[w_`M2bql�M
ifM2N)[�]SM�Y\l�i5ifP¦MRQ/j0Yaj2M�pql�Md]«Y?��R KM-j KM-T�M2bn_`MÀM-_:pol�MÀ]§U¹Y£»wM*_`R5OQl�� KMÀM-i5_:�M-lÜT�P¸à KM-RfM2bn_2¢�i5P@]^M2i
KM-� KM2b�M-NBM-bn_`i�i KM2]^M2j-_fPSOQb�b KM2ib�M¦ifO\bq_��ZYai���R`Ya_fPSpql�M2N/M2bn_�]SM-i�N ¥M-NBM-i�pql�M¤]^M2i���R KM2j KM2T�M-bq_fi �

þÔ�����#� î ¦ � ¦ðß1¤ ¢£ �P¡ ¥	¤ ¡©¨Óª £<¥È¥�¤�¦b¤ ¡�¨«ª £<¥�£+¤Èß ¡ Ø ¢£!Ù ¦b¤ ¡©¨Óª £<¥�Ö�£<¥ ¢£ � ¢£!Ø £!Ù £!Ø�¤§¥
£!ØÍõ � Ø ß1¤ ¡©� Ø Ö�£ Þ ¦@?BA�CED

� Y¶i KM2]^M2j-_fPSOQbÀT�M2i©pqlZYa_fRfMª_fR`Y\b�jkW�M2i©j-OQbn_`PSg\l�}M2i¤�OQl�Rs]SM-i KM-� KM-b�M2N/M2bn_`ieM®»�� KM2RfP^NBM-bn_kY\lw»ÀifM
±³Y\P^_@Y\]^OQRfi¦T�MB]«Y�N ¥M-NBMeNBY\b�P§cM2RfMepql�MB]«Y���R KM-j KM2T�M2bn_`Md¯Þ�QOQP^R@jkW�Y\��P^_fRfM � ² M2b�T�P¸�oPSi`Yabq_@jkWZYapol�M
gnY\l�i5ifPSM-b�b�M¦M2bÉT�M-lw»É�ZY\R�_`PSM-i KM2gnY\]^M2i �Ê� bÉO\[�_`P^M2bn_�Y\]SOQR5i;�
è ]SY?_fR`Y\b�jkW�MÀ]SYº��]^l�iÉ��l�RfM��O\l�R:]^M2i KM-� KM2b�M-NBM-bn_`i�N/OQb�OQi5OQl�R5j2M¿¯®g=hjijkáË � � � �Q� ²¡¢�pql�P
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Données

Ajustement des événements ‘‘monosource‘‘

Ajustement des événements binaire

Ajustement total

No
mb

re
 de

 co
up

s (
u. 

ar
b.)

Î«ÏDÐ�Ñ Å � � Ò � R5O£�5M2j¡_`P^OQbÃT�M2i KM¡� KM-b�M2N/M2bn_fiBM®»�� KM2RfP^NBM-bn_kY\lw»Ãifl�R©]½UµY£»wMÈg=hjijk/�O\l�Rs]SMªi5moi5_0cM2N/M
r�PDC r�P�cY �n� 
�J M ts�

RfM-��R KM-ifM2bn_fM)M2bn�oPSR5OQb¾� 9 { T�M@]SYsT�PSi�_`R5PS[�l�_fPSOQb¬_fO\_kYa]SM;TVU KM-� KM-b�M2N/M2bn_`i�j2OQN/��]^M-_`i �
è ]SY¬_`R`Yab�jkW�MeO�cl¾]SM2i KM¡� KM-b�M2N/M2bn_fi)N/OQb�OQi5OQl�Rfj-MeT�M-�oPSM-b�b�M-bq_¤TZY0�aY\bn_kY\g\M/j-OQbn_kY\N/PSb KM2i¦�ZY\R

]SM-i KM-� KM2b�M-NBM-bn_`i��¨OQ]¸mwi5OQl�R5j2M/¯Þ� � � �n� ËJg=hjijkÔËÜ� � � � � ²¡¢wpol�P�RfM2��R KM2i5M2bn_`M¤M2bn�oPSR5OQb �\�d{ T�M
]«YsT�P^i5_fRfPS[�l�_`P^OQb¬_`O\_`Y\]SM�TVU KM¡� KM2b�M-NBM-bq_fi�j-OQNB��]SM-_fi �

è ]SY;_`R`Yab�jkW�M�O�cl/]^M2i KM-� KM-b�M2N/M2bn_`i��O\]^moifOQl�Rfj2MT�M¡�oPSM2b�b�M2bn_{T�Y��aY\bn_`Y\gQMj2OQbn_`Y\NBP^b KM2i��ZYaR�]^M2i
KM-� KM2b�M2N/M2bn_`i;N/OQb�O\ifOQl�R5j2MB¯Þ� � � � ��Ëêg=hjijk Ë � � �Q� ²®¢¨pql�P�R5M2��R KM2ifM-bn_`MsM-bq�oP^RfOQb �Q��{ T�M@]«Y
T�PSi�_`R5PS[�l�_fPSOQbB_`O\_`Y\]SM TVU KM-� KM-b�M2N/M2bn_`i�j2OQN/��]^M-_`i �

è ]SYh_`RfY\b�jkW�M$]SY{��]Sl�i´��l�RfM��¨OQl�RV]^M2i KM¡� KM-b�M2N/M2bn_fiE�¨OQ]^moi5OQl�Rfj-M�¯®g=hjijk � � � �Q� ²®¢2pql�PnRfM-��R KM-ifM-bq_fMM2bn�oPSR5OQb �Q��{ T�M¦]SYsT�PSi�_`RfP^[�l�_fPSOQb¬_fO\_kY\]^M;TVU KM-� KM2b�M2N/M2bn_`i�j2OQN/��]SM¡_`i �
v M2NBY\R5pol�OQb�i{pql�M;]^M2i KM¡� KM2b�M-NBM-bq_fi�TZY\b�ih]SM2i�T�M2lo»���R5M2N/P§cM2R5M2i�_`R`Yab�jkW�M2i@¯ KM-� KM2b�M2N/M2bn_`i�N/Oa�

b�OQifO\l�Rfj-M2ik²ÉOQbn_���R5M2ifpql�MÃT�OQl�[�] KM��ZYaR¶R`Ya���O\R5_?cY¿]«YºifM2]^M2j¡_`PSO\bÜ��R KM2j KM-T�M2bn_fM\¢ Y\lÜT KM-_fRfPSN/M2bn_
[�PSM-b~i ¥l�RBT�M2i KM¡� KM2b�M-NBM-bq_fi�j2OQb�i5PST KM-R KM-i¬j2OQN/N/M¶PSi5ifl�iªTVU¹l�b�M��¨OQ]^moifO\l�Rfj-M �h� ]�j2O\bq�oP^M2bn_ÉY\]SO\Rfi
T�M:� KM2R5P^¼ZM-Rªpql�M:]SM2iBj0Y\RfY\j-_ KM2R5PSi5_fPSpql�M-iªT�M-i KM-� KM2b�M2N/M2bn_`i¬i KM2]^M2j-_fPSOQb�b KM2iBTZY\b�i¬jkW�Y\pql�M¶_`RfY\b�jkW�M
j2OQR5RfM2i5�O\b�T�M2bn_)[�PSM-bÀY\lo»¾NBO\b�OQifO\l�Rfj-M2i@TVU¹l�b�MB��Y\R5_ª¯³]^M2i¦T�M-lw»d��RfM-NBP§cM2R5M2i _`RfY\b�jkW�M-ik²@M¡_¤Y\lw»
�OQ]¸moifOQl�R5j2M-i/T´UµY\lw_`RfM��ZYaR5_ ��� M-ie�aY\R5P«Y\[�]SM2i)i5_kY£_`PSpql�M-i2¢$j-PSb KM-NªYa_fPSpql�M-i/M¡_eT�M�±°OQRfN/M�OQ[�_fM2bql�M-i
�OQl�R@jkW�Y\j2l�b�MªT�M-i)pqlZYa_fRfMe_`R`Yab�jkW�M2i¤j2OQbn_fPSgQl }M-i¤i5OQbn_sN/OQbn_`R KM2M2i¦¼ZgQl�RfM2i Å � Î ¢ Å � A M¡_ Å �ü9 �Ì� M2i
j2OQb�j-]Sl�i5PSOQb�iªifO\bq_¬j2OQN/�ZY\RfY\[�]SM-idcYÀj-M2]^]SM2iªT�OQb�b KM-M2i�TZYab�i¬]SM:j0Y\iªT�M�]§U¹Y\bZYa]^moifM�±³Y\P^_fM�Y0�QM-j*]«Y
��R KM-j KM2T�M2bn_`M©j-OQNs[�P^bZY\PSi5OQb¶]^PSb KM2Y\PSR5M OQ[�_fM2bql�M �V� U KM-�\OQ]Slw_`PSO\b¶T�M@�\YaRfP«Ya[�]SM-i�gQ]^OQ[ZY\]^M2iM2b�±°O\b�j-_fPSOQb
T�M2i�pol�Ya_`R5M¤_`RfY\b�jkW�M-i�M-i5_;N/OQbn_`R KM2M Å �ü9 �¨� M-i�T�P^i5_fRfPS[�l�_`P^OQb�iifOQbn_�j2OQb�±°O\RfN/M2i©cYBj2M-]S]^M2i�pol�M)]§UXOQb
Ya_f_fM2b�T?TZY\b�i/]^M�j0Y\ieTVU KM-� KM-b�M2N/M2bn_`i/RfM-if�¨M2j¡_`P^�\M2N/M2bn_BNBOQb�OQifOQl�Rfj2M�OQl?�¨OQ]^moi5OQl�Rfj-M�Y0�QM2jÉl�b�M
KM-�QO\]Sl�_fPSOQb©j-OQbn_`PSbql�MTVUXl�b�M�T�P^i5_`R5PS[�lw_`PSO\b:cY ]§U¹Y\l�_`R5M �Q� ]ZM-i5_ KM2gQY\]SM-NBM-bq_�P^bn_ KM2R5M2i5i`Y\bn_�T�Mj2OQb�i5_kY£_`M2R
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Î«ÏDÐ�Ñ Å � ÅÄÒ � R5O£�5M2j¡_`PSO\b¬T�M2i KM-� KM2b�M-NBM-bn_`i�ifP^Nsl�] KM2ihi5l�R{]½UµY£»wMÔg;hjijk�T KM-¼Zb�P�cY)�ZY\R�_`P^R�T�M-i{T�OQb�b KM2M-i
M¡»w� KM2R5PSN/M2bn_kYa]SM2i-¢Z�O\l�R�]SM i�mwi�_0cM-NBM¤r�P]C¦r�P�cY �n� 
�J M ts�
pol�Mª]SM-i¤T�PSi5_fRfP^[�l�_`P^OQb�i¦T�M-i)R`Ya���O\R5_¤TVU¹P^ifO\_fRfOQ��PSMeM-_)NBOQN/M2bn_@T�M � O0»�M-_Äz�OQ]^±°RfY\N TVUXOQRfT�RfM �
�OQl�R¤]^M2i KM¡� KM2b�M-NBM-bq_fi©NBO\b�OQifO\l�Rfj-MªOQl��¨OQ]¸mwi5OQl�R5j2Mª]^M2i¤��]Sl�i¤��l�R5M2isb�MBifM¬]^PSN/P^_fM2bn_¦�ZY\i)Y\lw»
j2OQl���l�RfM-i�R KM0Ya]SPSi KM2M-i{ifl�R�]^M2i KM¡� KM2b�M-NBM-bq_fiM¡»w� KM2R5PSN/M2bn_kYalw»�pql�PVO\bq_{ifM2R��oPVT�M ifl����O\R5_Ys]½U 
���| ¢
j2M¦pql�P�M2i�_�M-b�j2OQR5M¦l�b:�¨OQP^bq_�¨OQi5P^_`P¸±�M2b�±³Y0�QM2l�R�T�M¦j-M-_f_fM¤N KM-_fW�OoT�M T�M _`R5P �

� b¾j2M©pql�P1j2OQb�j-M2R5b�Me]SM2i KM¡� KM2b�M-NBM-bq_fi¦j2OQR5RfM2i5�O\b�TZY\bn_¤Y\lw»�NBOQb�OQifOQl�Rfj2M-i ]SM-i;��]Sl�i ��l�RfM-i2¢
OQbLj2OQb�i�_kYa_fM¾TVU¹l�b�M���Y\R5_�pql�Md]«Y�T�P^i5_fRfPS[�l�_`P^OQb	T�M¾jkWZY\R5gQM¾b�M¾��R KM-ifM2bn_fM���]^l�i�]SM*j-RfM2lo»LOQ[w�
ifM2R�� KM*��R KM-j KM2T�M2N/NBM-bq_ÉYal�_`OQl�RªT�M � ¸H� � M¡_�TVU¹Y\l�_fRfM��ZYaR5_�pql�M�]½U¹O\b	Y���l	R KM-j2l�� KM2RfM-R�T�M2i
KM-� KM2b�M-NBM-bn_`i{T�M±³Y\P^[�]SM�Yai5moN KM¡_`R5PSM�T�OQb�j�T�M2i�±°R`YagQNBM-bn_`i�T�M�jkW�Y\RfgQM-i�R5M2]SYa_`P¸�QM2N/M2bn_���R5OwjkW�M-ihpql�P
j2OQR5RfM2i5�O\b�T�M2bn_ KM2gnY\]^M2N/M2bn_�Y\lw» KM-� KM2b�M-NBM-bn_`i�jkW�M2RfjkW KM2i �´� YejkW�Y\RfgQM@M2b�±°OQb�j¡_`P^OQb�T�M¤]SYs�wP¸_`M-ififM
�ZY\R`Ya]S]§cM-]SMa¢\TZY\b�ih]SMj-M2bn_`R5M�T�M�NªYaififM�T�M�]«Y¦R KM2Y\j-_fPSOQbV¢nT�M2ihT�P^à KM2RfM-bn_`i���RfOoT�l�P¸_`i�jkWZY\R5g KM2i�j2OQb�T�l�P^_
cY�]«Y�N ¥M-NBM�j2O\b�i5_`Ya_kYa_fPSOQb¤��l�P^ifpql�M{]½U¹OQb¤OQ[�i5M2R5�\M�NªYaPSbn_`M-bZY\bn_1l�b�Mhj-OQbn_`PSbql�P¸_ KM�M2bn_`R5M{]SM-i1jkWZY\R5gQM2i� Ë8� � M-_)]SM2i)jkWZY\Rfg\M2i � � � � ¢�_xmo��PSpql�M-NBM-bn_ �$� M2i)j0Y\RfY\j-_ KM2RfP^i5_fPSpql�M2i)T�M¬]«YÉifOQl�Rfj2Mªl�b�PSpql�M
KM-_kYabq_��Y\RY\PS]^]SM-l�Rfi��ZY\R5±³YaP^_`M-NBM-bn_�j2OQb�ifM2R�� KM2M2i��O\l�R�]SM-i{�\YaRfP«Ya[�]SM-i{i5_`Ya_`P^pol�M2iM-_j-PSb KM-NªYa_fPSpql�M-i2¢
]«Y©RfM-jkW�M2R5jkW�M)TVUXl�b:ifPSg\bZY\]�T�M _`RfY\b�i5P^_`P^OQb�T�M¦��WZY\i5M)M¡_��aOQlÉT�M¦��W KM-b�OQN:cM2b�M-i�j-RfP^_fPSpql�M-i�aY/Y\]SO\Rfi
��RfM-b�T�RfM _fOQl�_`M¦ifYe�¨M2R�_`P^b�M2b�j-M¤T�Y\b�i]SM-i KM-_`l�T�M2i�pql�PV�QOQbn_�ifl�P^�oRfM �Êv M-NªY\R5pql�OQb�ipql�M¦]«Y)�aY\]^M2l�R
NBO�mQM-b�b�M�T�lºb�OQNs[�RfM�T�M�±°R`Y\g\NBM-bq_fi©T�M�NªYaififM�P^bq_fM2R5N KM-T�P«Y\P^RfMa¢E�¨OQl�Rej2M¡_f_fMÉN ¥M2N/M¬_`RfY\b�jkW�M
j2OQR5RfM2i5�O\b�TZY\bn_¶Y\lw»zN/OQb�OQi5OQl�Rfj-M2iÉ]SM-iÉ��]Sl�iÉ��l�R5M2i2¢T�M¡�oPSM2bn_�Y\]SOQR5i���RfOojkW�MdT�M¾_`RfO\PSi�¯³T�M-lw»
��R KM-j KM2T�M2N/NBM-bq_k²{Y0�QM2j KM2gQY\]SM-NBM-bq_{l�b�NªY£»wP^Nsl�N cY)_`R5OQPSi¦¯°T�M2lo»���R KM-j KM-T�M2N/NBM-bn_®² �¨y M¡_f_fM¤Yal�ga�
NBM-bq_`Ya_`P^OQbV¢o] KM-gZcM2R5M NªY\P^ihi5M2b�i5PS[�]^M �OQl�R{l�b�i5moi5_0cM2N/M¦T�M;_kY\P^]S]^M�N/O�mQM2b�b�M\¢�b�OQl�ij2OQbw±°OQR5_fM;TZY\b�i
]SM;_xmo�M¦TVU KM-_fl�T�M@pql�M¤b�OQl�i�Y\]S]^OQb�i{M-bn_`RfM-��RfM-b�T�R5M �
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exp

Î«ÏDÐ�Ñ Å � � Ò t Y\RfPSY\[�]SM Ö hjijk¬Ç�ifPSN)l�] KM-ÈsM2b�±°OQb�j¡_`P^OQb¬T�M ]SY)�\YaRfP«Ya[�]SMÔg;hjijkBÇ5M®»w� KM2R5PSN/M2bn_kY\]^M2È©�¨OQl�R
]SM i5moi�_0cM2N/M¤r�PDC r�P�cY �n� 
�J M ts�

 �aY\bn_;TVU¹Y\[¨OQRfT�M-R�j-M-_f_fM©Y\bZYa]^moifMa¢P^]Ìb�OQl�i;R5M2i5_fM)l�b�MsT�M2R5b�P§cM-RfM¤j2OQN/�ZY\RfY\PSi5OQbºcYe±³Y\PSR5M¤�¨OQl�R

T KM-_`Y\PS]^]SM2R�TZY0�aY\bn_kY\gQM©R5M2i5ifM2N)[�]«Y\b�j2M2i@M-_¦T�P^à KM2RfM-b�j2M-i¦M2bn_`R5M/]^Ms]SOa_ TVU KM-� KM2b�M-NBM-bn_`i)N/OQb�O\ifOQl�R5j2M
OQ[�_`M-bql:��R KM2j KM2T�M-NBN/M2bn_�M-_�j2M-]Sl�PVpql�M@b�OQl�i�Ya]S]SO\b�i{l�_fPS]SP^ifM-R¤cY©��R KM-ifM2bn_ �

þÔ�����Øþ î
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� M-isi KM-]SM2j¡_`P^OQb�i)P^b�P^_fP«Y\]^M2i¦T�OQb�b KM2M-isTZY\b�i)]SMª��Y\R`Y\g\R`Y\��W�MªÅ � � � �¬OQbn_s�¨M2R5NBP^i¤TVUXM¡»o_fR`Y\P^RfMªl�b
]SO\_BTVU KM-� KM2b�M-NBM-bn_`i�N/OQb�OQi5OQl�Rfj-M¶�ZYaR KM2b�M2Rfg\PSM¶P^b�j2P^T�M2bn_fM\¢�T�M�Å � cY�Á � 
3J M t ¢hgQR ¥Y\j2M?cYÀl�b�M
Y\bZY\]¸mwi5M)±³Y\j¡_`OQR5PSM2]^]SM@T�PSi5j2R5PSN/PSbZY\bn_fMsY\����]SPSpql KM-M©Y\lw»�NBO\NBM-bq_fi;pqlZY\T�R5PST�P^NBM-b�ifP^OQb�b�M-]Si-¢j-OQNBN/M
cY �n� 
�J M ts�¨� M2i�T�P^i5_`R5PS[�lw_`PSO\b�i�T�MÁg;hjijk�OQ[�_fM2bql�M2i���R KM-ifM-bq_fM2bn_ M-b¶M-àM-_�l�b�M¤T�P^ifi�mwN KM-_fRfP^M\¢ÊM-_
�M-l��QM-bq_ ¥M-_fRfM/j2OQR5RfM2j¡_`M-NBM-bq_)RfM-��RfOoT�l�P¸_`M2i¦�ZYaR@]SYÉi5OQN/NBM©T�M/T�M-lw»�gnY\l�i5ifPSM-b�b�M-iB��]§UXl�b�Mej-OQR��
RfM2i5�O\b�TZY\bn_ªcY/]«YB��Y\R5_fPSM@gnY\l�jkW�Ma¢´N/PSb�O\RfP^_`Y\PSR5M\¢wNBOQb�OQifOQl�Rfj2Ma¢´T�M¤]«Y/T�PSi�_`RfP^[�l�_fPSOQbÉM-_�]§U¹Y\l�_`R5M�cY
]«Y��ZY\R�_`PSMeT�R5OQP^_fM\¢�NBY �5OQR5P^_kYaPSRfMa¢´�¨OQ]^moi5OQl�Rfj-M �Ey WZY\pql�MBgnY\l�i5ifP^M2b�b�MBM2i�_sY\]^OQRfi¦T�P¸�oPSi KM-MeM2b�T�M-lw»
�ZY\R5_fPSM KM2gnY\]^M2i¬j-OQN/NBM:j\U KM-_kYaP^_¬]^M¶j2Y\iÀcY �n� 
 J M t)��� U KM¡�QOQ]^l�_`P^OQb~T�M-i¬�\YaRfP«Ya[�]SM-i2¢�i5_kY£_`PSpql�M-i2¢
j2PSb KM2NBYa_`P^pol�M2i2¢¨M-_;T�M)±°OQR5NBMa¢¨M-b�±°OQb�j¡_`PSO\b�T�M2i�pol�Ya_`R5M)_`RfY\b�jkW�M-i j2OQbn_`P^gQl }M-i;TZY\b�i�]«YBT�PSi5_fRfP^[�lw�
_`PSO\b*T�M"g;hjijk¤�M-RfN/M-_¦T�M©_fPSRfM-R;T�M-i¤j-OQb�j2]^l�ifP^OQb�i¦Y\b�Y\]SOQg\l�M2iªcY�j2M-]S]^M2i OQ[�_fM2bql�M-iÉcY �n� 
 J M ts�
� bB�ZY\i5ifM;YaPSb�i5P¨j-OQbn_`P^b�}l�NBM-bn_�T´U¹l�b�M�_`RfY\b�jkW�M©¯��0M-RfM�NBOQP¸_`P KM�T�M�]SY@gQY\l�ifi5PSM-b�b�M\¢w�ZY\R�_`PSMgnYal�jkW�M�²
O�cl/]^M2i KM-� KM2b�M2N/M2bn_`i{�¨M2lw�QM2bn_ ¥M¡_`R5M�Y\i5ifOoj2P KM2i@cY¦l�b�M�NBO\b�OQifO\l�Rfj-M�]SY@��]Sl�i)Ç5��l�R5M2È�cY@l�b�M�_`RfY\b�jkW�M
¯ � cM-NBM�NBOQP¸_`P KM�T�M�]«Y¤gQY\l�ifi5PSM-b�b�M\¢��ZY\R5_fPSM�T�RfOQP¸_`M0²�O�cl¬]^M2i KM¡� KM-b�M2N/M2bn_fi��¨M2lw�QM2bn_ ¥M-_fRfM YaififOoj2P KM2i¤cY
l�b�M@�OQ]¸moifOQl�R5j2M@]«Ye��]Sl�iªÇ���l�RfM-È �¨� M2i�T�PSi�_`RfP^[�l�_fPSOQb�ij-OQRfR5M2if�¨OQb�T�Y\bn_`M2i�ifOQbn_�T�OQb�b KM-M2i�TZY\b�i�]«Y
R KM-± KM-RfM-b�j2M w J OQl � Å y �O\l�R$]SM-i KM2b�M-RfgQP^M2i$PSb�j2PST�M2bn_`M-i�T�M�Å � ¢ �Q� ¢QÎ � ¢�AaÅ�¢ 9 � M¡_�Á � 
LJ M ts�q| Yab�i$]«Y
ifl�P¸_`MT�M�]§U KM-_`l�T�M\¢qj2O\NBN/M��R KM-j KM2T�M2N/NBM-bq_2¢qb�OQl�i�Y\bZY\]¸moifM2R5OQb�i�M¡»wj2]^l�ifP¸�QM-NBM-bq_h]SM-i KM¡� KM-b�M2N/M2bn_fi
j2OQR5RfM2i5�O\b�TZY\bn_�Y\lw»�N/OQb�O\ifOQl�R5j2M-i�]^M2i��]^l�i���l�R5M2i �

� Y)��RfM2N/P§cM-RfM�aY\RfPSY\[�]SMT�O\bq_hb�OQl�ih�OQlw�QOQb�ihOQ[�ifM-R5�\M2R{]½U KM¡�QOQ]^l�_`P^OQbBM-i5_�]SY¤Nsl�]^_`P^��]SP^j2P¸_ KM �a| M2i
KM-_`l�T�M2i�Y\bn_ KM-RfPSM-l�RfM-iifl�R]SM-i�j2OQ]^]SP^ifPSO\b�ihT�P^ifi5PS�ZYa_fP^�\M2i�OQbn_N/OQbn_`R KM pql�M@ifP´]«Y©Nsl�]¸_`PS��]SPSj-P^_ KM_fO\_kYa]SM
KM-�QO\]Sl�M:pol�Y\b�T~]½U KM-b�M2R5gQPSMÉPSb�j-PST�M-bn_`M:Y\l�gQN/M2bn_`Ma¢�]SYdN)l�]^_fPS��]^PSj2P¸_ KMBT�M:±°RfY\gQN/M2bn_`i/M2b~R5M-�aY\b�jkW�M
RfM2i�_`M@��R`Y£_`PSpql�M-NBM-bn_�j-OQb�i�_kY\bn_`Ma¢ÊM-_�]SM2l�R{_kY\P^]S]SM�T�PSN/PSbql�M �Z� M2i�T�PSi�_`RfP^[�l�_fPSOQb�ihT�M¤]SYs¼ZgQl�R5M Å � � �
�M-RfN/M-_f_fM2bn_@T�Ms_`P^RfM-R ]SM2i N ¥M2N/M2i j-OQb�j-]Sl�i5PSOQb�i ��� Y�T�PSi5_fRfP^[�l�_`P^OQb�T�MeNsl�]^_`P^��]SP^j2P¸_ KM _`O\_`Y\]SMeYal�ga�
NBM-bq_fM¾Y0�QM2jd]§U KM2b�M2Rfg\PSM¿cYÃj0Y\l�ifM¾T�M¾]§U¹Y\l�gQN/M2bn_`Ya_`P^OQb~T�lzb�OQNs[�RfM*T�M¾�ZY\R�_`P^j2l�]^M2i�] KM-g�cM2R5M2i-¢{]SM
b�OQNs[�R5MsN/O m\M2b¾T�Ms±°RfY\gQN/M2bn_`i;R5M2i�_kY\bn_@��R`Y£_`PSpql�M-NBM-bn_ j2OQb�i5_kYabq_2¢�Y0�QM2jel�b�Ms�\Ya]SM2l�R;NBO�m\M2b�b�M
Y\l�_`O\l�R{T�M � Ya]SOQR5i{pqlVU¹M-]S]^M�bVU KM-_`Y\P^_�pql�M T�M � M2bn�oPSRfO\b�Y��\M2j¦]«Y¤i KM2]^M2j¡_`PSO\b���R KM-j KM2T�M2bn_`M � r�OQl�i�R5M¡�
NªY\R5pql�OQb�ij2M-�M-b�TZY\bn_�pql�M¦]«Y©Nsl�]¸_`PS��]SPSj-P^_ KM�_fO\_kY\]^M;bVU KM-�\OQ]Sl�M@��]^l�i�OQlÉ�M-l:T�M 9 � cY/Á � 
�J M ts�
� b/M-àM-_�]½UµYal�gQN/M2bn_kYa_fPSOQb©T�M�]«Y Nsl�]¸_`PS��]SPSj-P^_ KM�T�M � ¸ � i5M2Ns[�]^M�i`Ya_fl�RfM-R�Y\lw�xT�M2]�cY;T´U¹l�b�M KM-b�M2R5gQPSM
PSb�j-PST�M-bq_fM�T�M;Î\Å 
ÜJ M t M-_hj2M2]^]SMT�M � ¸Í�;Y\l�_fOQl�R�T�M 9 � 
�J M ts��� bªifM-Ns[�]^M;Ya_5_`M2P^b�T�R5M��¨OQl�R
]SM2i©��]Sl�i©gQRfY\b�T�M-i KM-b�M2R5gQPSM-i©PSb�j-PST�M-bn_`M2iel�b�M��aY\�¨OQR5PSi`Y£_`PSO\bÃT�l?i5moi5_0cM2N/M¶r�PDC r�P½¢1��W KM-b�OQN:cM2b�M
T KM��fYÉOQ[�ifM-R5� KMª�¨OQl�R¦l�b�i5moi5_0cM2N/M¬Y\i�moN KM¡_`RfP^pql�MB��]Sl�i@] KM-gQM2R-¢ 
 RÊC r�P w v P^�wÁQÎ y½�E� b�Y�T�OQb�j/OQ[w�
ifM2R�� KM:�¨OQl�Re]SM-ie��]Sl�i©[�Y\ifi5M2i KM-b�M2R5gQPSM-iePSb�j-PST�M-bq_fM2i/l�b�M�N/PSb�OQR5P^_ KM¬TVU KM-� KM2b�M-NBM-bn_`i KM¡�aY\�O\R`Ya_fP^±°i
pol�PV�M-Rfi5PSi5_`Y\PSM-bn_M2b�j-OQRfMh�5l�i5pol´U°cYeM2bn�oPSR5OQb �\� 
 J M t M-_OQb�ifM-Ns[�]^M;_`M2b�T�RfM¦�¨OQl�R{]^M2i KM2b�M-RfgQP^M2i
PSb�j-PST�M-bq_fM2is]^M2i¤��]Sl�i KM2]SM¡� KM2M2is�\M2R5i©]«YÉ�aY\�¨OQR5PSi`Y£_`PSO\bÀT�l�i�moi5_0cM-NBM �$� bn_`RfM�j-M2i©T�M-lw»ÃM®»o_`R ¥M-NBM-i2¢
b�OQl�i)Y\]S]^OQb�i¦_`R`Yapol�M2Rs]SYÉNsl�]^_`P¸±°R`Y\g\NBM-bq_`Ya_`P^OQb¾T�l�i�mwi�_0cM-NBM¬M¡_©ifM-is]SP^M2b�i KM-�\M2bn_`l�M-]Si©Y0�\M2j�l�b�M
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Î«ÏDÐ�Ñ Å � � � Ò � �QOQ]^l�_`P^OQb�T�M-i¦Nsl�]^_fPS��]^PSj-P^_ KM-iT�M©�ZY\R�_`PSj-l�]SM-i�jkWZYaRfg KM-M2i¦M2b*±°OQb�j¡_`P^OQb*T�M©]§U KM2b�M2Rfg\PSM
PSb�j-PST�M-bq_fM �

_`R`Yab�ifP¸_`PSO\b�T�M¦��WZY\i5M@M¡_��aO\l:T�M-i��W KM2b�OQN:cM-b�M2i�j2R5P^_fPSpql�M2i �


 �aY\bn_sTVU¹Y\[¨OQRfT�M-R)]½U KM¡_`l�T�MBT�M¬]SYÉN/OQb�OQi5OQl�R5j2MªM®»w� KM2R5PSN/M2bn_kY\]^M\¢Ìb�OQl�i¤�O\l��QOQb�isj2OQb�i5_kY£_`M2R
�ZY\R]SM-i�j-OQRfR KM2]«Y£_`PSO\b�i�M2bn_`R5M)]SYejkW�Y\RfgQM¤M-_�]«Ys�oP^_fM2ifi5M)�ZYaR`Y\]^]§cM2]^M;TZY\b�i�]^M¤j-M2bn_`R5M)T�M@NªYaififM@T�M@]«Y
R KM0Yaj-_`P^OQbV¢�¼Zg\l�RfM Å � �Q� ¢Êpql�M@T�M2i�±°R`Y\gQN/M2bn_fi�T�OQbn_�]^M2i�j0Y\RfY\j-_ KM2RfP^i5_fPSpql�M2i�ifO\bq_�ifP^NBP^]«Y\P^RfM-i£cY)j-M2]S]^M2i
T�lÀR KM2ifP^T�l�]^OQl�RfT´¢���R KM-ifM2bn_©�¨OQl�R@l�b�M KM2b�M-RfgQP^MBT�MB[¨OQNs[ZYaRfT�M-NBM-bq_¤T�M �n� 
 J M t ¢E�¨M2R5ifPSi�_`M-bq_
�5l�ifpqlVUÞcY �Q� 
�J M t ��l�PSih_fM2b�T�M2bn_scY)T�P^if�ZY\RfY ¥ Â _fRfM�QM-RfiÎ\Å 
�J M t)��� OQl�R{l�b�M KM2b�M-RfgQP^M�PSb�j2PST�M2bn_`M
T�MeÁ � 
 J M t ifM-l�]Si T�M2i �ZY\R�_`P^j2l�]^M2i;] KM2g�cM-RfM2i M¡_ ±°R`Y\g\NBM-bq_fi;] KM-gQM2R5i;M¡»wP^i5_`M-bn_)Y0�\M2jeT�M2i;�oP¸_`M2i5ifM-i
�OQlw�\Yabq_ ¥M-_`R5M{j2O\NB�ZYaR`Y\[�]^M2icY�j2M-]S]SM-i1T�M�]SY�j-PS[�]^MhOQlsT�l©��RfO£�5M-j-_fPS]SM �Q| M-i1M-àM-_fi$T�Mh_fR`Y\b�i5�ZY\R5M2b�j-M
OQbn_1��l ¥M-_fRfM�NBP^iÌM-b KM¡�wP^T�M2b�j2M w � Y\l �n� [ y ¢ ��W KM2b�OQNÉcM2b�MhT KMx�fY KM-�\Owpql KM�TZY\b�iE]SM�jkWZY\��P^_`R5M���R KM2j KM2T�M-bn_
Y\l�ifl£�5M¡_�T�M-iifM2j¡_`P^OQb�iMRQ/j0Yaj2M2i�T�M ±°l�ifP^OQb �
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Ni+Ni à 32A MeV Ni+Ni à 52A MeV

Ni+Ni à 64A MeV Ni+Ni à 90A MeV
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Î«ÏDÐ�Ñ Å � �Q�¼Ò y OQR5R KM2]SYa_`P^OQbªM-bn_`RfM�]«Y@jkWZY\Rfg\M;M-_h]«Y@�oP¸_`M2i5ifM;��Y\R`Y\]^]§cM-]SM@¯³M-b	�H5 C ¡�2 ²�TZYab�ih]^M�j-M2bn_`R5M
T�M¦NªY\i5ifM¦T�M¦]«YsR KM0Y\j¡_`P^OQb �
þÔ������ î
� Ø ß Þ$ª ¥ ¡�� Ø

r�OQl�i�Y0�\OQb�i¬j-OQb�i5_`Ya_ KM¶pol�M�b�OQb~i5M2l�]^M2N/M2bn_¬]SY�i KM2]SM-j-_fPSOQb~pql�M¶b�OQl�i/�QM2b�OQb�i�TVUXM-àM2j¡_`l�M-R
�M-RfN/M-_;T�MsR KM-j2l�� KM-RfM-R T�M2i;��Y\R5_fP^_`P^OQb�i�NªYab�pqlZY\bn_`M-i �OQl�R�]SM-i KM¡� KM-b�M2N/M2bn_fi@T�MsifOQl�Rfj2M)l�b�PSpql�M
NªY\P^i{b�OQl�i�Y0�\OQb�i KM2gnY\]^M2N/M2bn_���l:Y\j-j2RfO ¥ Â _`R5M ]«Y©i5_`Ya_`P^i5_fPSpql�M TZY\b�i�]SYsNBM-ifl�R5M¦O�clÉ]^M;��R5M2N/PSM2R�]^O\_
i KM2]^M2j¡_`PSO\b�b KMsM-i5_¦l�b¾ifO\l�i��uM2b�i5M2Ns[�]^M©T�M©j2M-]Sl�P1pol�M©b�OQl�i¦Y0�QO\b�i OQ[�_fM2bqlLcY¬��Y\R5_fPSR�T�M2i T�OQb�b KM2M-i
M¡»w� KM2R5PSN/M2bn_kYa]SM2i ��� Y�pqlZY\]^P^_ KMBT�M�]§U KM2jkW�Y\bn_`PS]^]SOQb�b�M�ifM-Ns[�]^M¬�ZY\ieY\]¸_ KM-R KM2MªT�l?�OQP^bn_sT�M¬�ol�M�T�M
ifM2i)j0Y\RfY\j-_ KM2RfP^i5_fPSpql�M2i)T�Mªi5OQl�Rfj-M�l�b�P^pol�M �E� Y\R©YaPS]S]^M2l�R5i¦]§U¹Y£»wMªT�P^ifj2R5PSN/PSbZYabq_@M-i5_sR5M2]SYa_`P¸�QM2N/M2bn_
��RfOojkW�MeT�ld��R KM-j KM2T�M2bn_)j-Mepol�P$M2i5_�cY�]«Yª±°OQP^i;R`Yaififl�R`Y\bn_¤TZY\b�i¦]«Y¬N/M2i5l�RfMeO�cl*OQb¾j-OQb�ifM-R5�\Mªl�b�M
j2M2R�_kY\P^b�M@j2OQW KM-RfM-b�j2MsM-b�j2O\NB�ZYaR`Y\bn_�]SM2i�T�M2lo»¶N KM-_fW�OoT�M2i-¢NBY\PSipql�PÌM2i�_¦Y\l�i5ifPÌ��RfOQ[�] KM2NBYa_fPSpql�M
TZY\b�i�]SYsNBM-ifl�R5M@O�cl�l�b�M;�aY\RfPSYa_`P^OQb¬N ¥M2N/M;M¡»o_`R ¥M2N/M2N/M2bn_±³Y\PS[�]SM�P^b§�Zl�M i5l�R�]SM ]^O\_�i KM2]SM-j-_fPSOQb�b KM �
y M-_f_fMBR5M2NBY\Rfpql�MBY:T KM�� cY KM¡_ KM©±³Y\P¸_`Me]SOQR5i¦T�MB]½U¹O\��_`P^NBP^i`Ya_fPSOQb:T�MB]SY��aY\R5P«Y\[�]SM©TZY\b�i¤]SY�i KM2]^M2j-_fPSOQb
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_kY\[�]^M Å � � � r�OQl�i{OQ[�i5M2R5�\OQb�i�Y\]^OQRfi�l�b�M�_`Y\PS]^]SMT�M;i5OQl�Rfj-M;±³Y\PS[�]SM2N/M2bn_�T KM2j-RfOQP^ififY\bn_`M M2b¬±°O\b�j-_fPSOQb
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T�M©_`OQl�_fM2i¦]SM-i¦�ZY\R5_fP^_fPSOQb�i��OQi5ifP^[�]SM-i M-_@]«Y¬T KM-ifM®»�j-P^_`Ya_`P^OQb�T�M2i¦��R KM¡±°R`Y\g\NBM-bq_fi¦M2i5_¤ifl����O\i KM2M/ifM
��RfOoT�l�P^RfM/cY¤]§UXPSb�¼Zb�P �wy OQN/��_`M�_fM2bql�T�M2i KM¡_`l�T�M2iY\bn_ KM-RfP^M2l�R5M2i{i5l�R�T�M2ihifOQl�R5j2M-i�T KM-±°OQR5N KM-M2i2¢wb�OQl�i
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½b¾ W(¿´×§Ù½Õ¡Ó;:�Â V�ÕÊWaØ�Úf×uÙ³×�} Ø Z�Ó¬¿ ¾ WaÚ¡Ó¦Ó Ù<¿ ¾ �ÓkØ�} Ô±\ÓkØ¨ÓkÚ ÖkÕf×§Ù½×$<�~qÓkÚ A\Á

10
-5

10
-4

10
-3

10
-2

10
-1

1

10

0 10 20 30

10
-4

10
-3

10
-2

10
-1

1

10

0 5 10
0

0.05

0.1

0.15

0.2

0 0.25 0.5 0.75 1

10
-5

10
-4

10
-3

10
-2

10
-1

1

10 20
0

20

40

60

80

100

120

5 10 15
0

20

40

60

80

10 20 30

Z MF Asym123

Zmax-1 ZF Zmax

(a) (b) (c)

(d) (e) (f)
ΘCM∈ [ 00,600 [ ∪ ] 1200,1800 ]

ΘCM∈ [ 600,1200 ]

Ni+Ni à 32A MeV
SMM (Z=50, ∈=1.7, E*=6A MeV, Eflot=0.75A MeV)
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T�M�jkWZY\R5gQMT�M2i�_`R5OQPSi���]Sl�i$gQR5OQi$��R5OwT�l�P^_`i$jkW�Y\Rfg KM-i�¯³j�²®¢nT�leT�M2lo»�P§cM2N/M��]Sl�i$g\RfOQi$��R5OwT�l�P^_$jkW�Y\Rfg KM
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j2M2bn_fRfMªT�MªNBY\ifi5M�²@M-bÀ±°OQb�j¡_`P^OQb�T�Mªi`Y:jkWZY\Rfg\M �E� M-i)�¨OQPSbn_fi¤j-OQRfR5M2if�¨OQb�T�M2bn_eY\lw» KM¡� KM-b�M2N/M2bn_fi
M¡»w� KM2R5PSN/M2bn_kYalw»�M-_�]^M2i{_`RfY\P^_fiY\lw» KM¡� KM2b�M-NBM-bq_fi ��J¶J��
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Zmax-1 Z Zmax

(a) (b) (c)

(d) (e) (f)
ΘCM∈ [ 00,600 [ ∪ ] 1200,1800 ]

ΘCM∈ [ 600,1200 ]

Ni+Ni à 40A MeV
SMM (Z=50, ∈=1.7, E*=8A MeV, Eflot=1.7A MeV)
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TVUµYai5moN KM¡_`R5PSM�T�M{jkWZY\R5gQMhT�M2iE_fRfOQP^iE��]Sl�iEgQRfOQiÌ��R5OwT�l�P^_`iEjkWZY\R5g KM2i{¯³j�²®¢aT�l � M2N/Mh��]Sl�iÌgQRfO\i1��R5OwT�l�P^_
jkWZY\Rfg KMe¯³TÊ²®¢�TVU KM2b�M2Rfg\PSM;j-PSb KM¡_`PSpql�M�T�M2i���R5OwT�l�P^_fi{jkWZY\R5g KM2i�T�M�]«Y)R KM0Y\j¡_`PSO\b¾¯³M®»�j-M2��_ KM¦]SM���]Sl�i{g\RfOQi
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M¡»w� KM2R5PSN/M2bn_kYalw»�M-_�]^M2i{_`RfY\P^_fiY\lw» KM¡� KM2b�M-NBM-bq_fi ��J¶J��
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l�b�M¦T�M2b�ifP^_ KM¦T�OQb�b KM-M �

� M;N/M2P^]S]^M2l�R�Y\j2j-OQRfT¬_fRfOQlw� KM �¨OQl�Rh]SM�i�moi5_0cM-NBM@r�PDC r�P$cY �n� ¢oÅ � M-_ �Q� 
 J M t M2i�_��R KM-ifM2bn_ KM
ifl�R�]SM-i¼�gQl�RfM-i Å � � � ¢ Å � � � M¡_ Å � �0Å �´y O\b�±°OQRfN KM2N/M2bn_�Y\lw» KM¡_`l�T�M2i���R KM2j KM2T�M-bn_`M2i�M-_�b�O\_kYaNBN/M2bn_
�OQl�R�r�P]C¦r�P�cY �n� 
 J M t�w Ä l�P �n� y ¢�b�OQl�iY0�\OQb�il�_`P^]SP^i KM�l�b�M;�aY\]SM-l�R{T�M T�M2b�i5P^_ KM¦Yal¬±°RfM2M-Ï2M®�xOQl�_
T�M é ì � � ��� Y\R/Y\P^]S]^M2l�R5i2¢�]^M2ieN ¥M-NBM-i©�\Ya]SM2l�Rfi/T�MÉ_`Y\PS]^]SM¬T�M:i5OQl�Rfj-M:M¡_ªT´U KM-b�M2R5gQPSMÉTVUXM¡»wj2P¸_kYa_fPSOQbj2OQb�T�l�PSi5M2bn_*cYdT�M-ieT�PSi�_`RfP^[�l�_fPSOQb�i)gQ]SOQ[�Y\]SM-NBM-bq_sj2OQN/�ZYa_fPS[�]^M2i2¢E�O\l�R©]SM-ie�aY\R5P«Y\[�]SM2i)i5_kY£_`PSpql�M-i2¢
Y\lw»:T�PSi�_`R5PS[�l�_fPSOQb�i�M®»�� KM2RfP^NBM-bn_kY\]^M2i �´� b�OQ[�i5M2R��QM©j2M-�M-b�TZY\bn_ l�b�T KM2ifY\j2j-OQRfT¾b�O\b�b KM2g\]SPSg\M0Y\[�]^M
ifl�R�]«Y©T�P^i5_`R5PS[�lw_`PSO\b�T�M � M2N/M¦��]Sl�igQR5OQi±°R`Y\gQN/M2bn_T�M@]§U KM-� KM-b�M2N/M2bn_0¢Êpql�P�M2i�_�T�OQb�j KM2gnY\]^M2N/M2bn_
�wP^ifP^[�]SM�i5l�Re]«Y*T�PSi�_`R5PS[�l�_fPSOQbÃT´UµY\i�moN KM¡_`RfP^MÉY\PSb�i5P�pql�M:i5l�R/]«Y*T�PSi�_`R5PS[�l�_fPSOQbÃT�M:jkWZYaRfgQM-i ��| Y\b�i
j2M¶j2Y\i ��J�J g KM-b�cM2R5M�TZY0�aY\bn_kY\gQM:TVU KM-� KM2b�M-NBM-bn_`i�T�MÉ¼Zifi5PSOQb~pql�M:TZY\b�iB]SMÉ]SO\_/M®»�� KM2RfP^NBM-bn_kY\]
i KM2]^M2j¡_`PSO\b�b KM �¨y M@T KM-i`Y\j-j2OQR5T¶�¨OQl�RfRfY\P^_ ¥M¡_`R5M@]^P KM¦Y\l�±³Y\P¸_pql�M¤]^M j0Y\]^j2l�]�T�M2i��ZY\R5_fP^_fPSOQb�ihb�M¤��RfM2b�T
�ZY\ihM-b�j2OQN/��_fM�]«Y¦±°OQRfN/M�T�M;]«Y@T�M2b�ifP^_ KM;T�lª�\OQ]Sl�NBM�T�M�±°RfM-M2Ï-M¡�xO\l�_ �wv M-NªYaRfpql�OQb�ih�ZY\R{YaPS]S]^M2l�R5i
pol�M�j2M¬T KM-i`Y\j-j2OQR5TV¢�i5M2b�i5PS[�]^M¬�O\l�RsT�M-i KM2b�M-RfgQP^M2isP^b�j2P^T�M2bn_`M-isT�M �n� M-_©Å � 
!J M t ¢�i-UµYa_5_ KM-bol�M
±°OQR5_fM2N/M2bn_dcY �Q� 
3J M ts�hy OQb�j2M-RfbZYabq_ª]SM-iBi5�M-j-_`R5M2iBTVU KM-b�M2R5gQPSM:j2P^b KM-_fPSpql�MÉNBO�mQM-b�b�M:TZY\b�i/]SM
j2M2bn_fRfM¬T�MªNªY\i5ifM¬T�M¬]«YÉR KM0Yaj-_`P^OQbÀM-b�±°OQb�j¡_`PSO\b�T�Mª]SY¶jkWZY\R5gQMªT�M2i©T�P¸à KM-RfM2bn_fis��RfOoT�l�P¸_`i-¢ET�M-lw»
M2b�i5M2PSg\b�M2N/M2bn_`i�NBY �5M-l�Rfi�i5OQbn_)cY)_`P^RfM2R ��� M;��R5M2N/PSM-R{M2i�_�pqlVU¹P^]VM2i�_�b KM-j2M2i5i`Y\P^RfM¦TVUXPSbn_`R5OwT�l�PSR5M�l�b�M
KM2b�M-RfgQP^M�RfY\T�PSY\]SM�Yal�_`OQi5PSN/PS]SY\PSR5M�TVU¹Y\l�_`Y\bn_h��]Sl�i�PSN/�¨OQR5_`Y\bn_`M�pql�M�]§U KM2b�M-RfgQP^M�PSb�j-PST�M-bq_fM�Yal�gQN/M2bn_`M
�OQl�R;RfM-��RfOoT�l�P^RfMsj-OQRfR5M2j-_fM2N/M2bn_@]SMsi5�M-j-_fRfMeM¡»w� KM-RfPSN/M2bn_`Y\] �� M©T�M2lw»wP§cM2N/M©M2i5_¦pql�Me]½U KM-NBP^ififP^OQb
T�M2iÌ��RfOoT�l�P¸_`i�jkWZY\R5g KM2iÌbVUXM2i�_��ZY\i�P^ifO\_fRfOQ�¨M\¢�l�b�M�j-OQl���l�R5MhYab�gQl�]SY\PSR5M�i KM-�ZY\R`Yabq_1]SM-iÌ��RfOoT�l�P^_fi KM2N/PSi
cY¬]§U¹Y��aY\bn_ O\l	cY�]½UµY\R5RfP§cM2RfM¤TZY\b�i ]^Msj2M-bn_`RfM/T�M©NBY\ifi5M©T�M©]«Y¬R KM0Y\j¡_`P^OQb*T�M2i¦��R5OwT�l�P^_fi KM2N/PSi;M-bn_`RfM
Î � � M-_/� �\� � T�M2gQR KM2i¤PSN/�OQi5MsT�Me_`M-b�PSR¦j2O\NB��_fM©TVUXl�b�MªT KM-±°OQR5NªYa_fPSOQb*T�M/]SY�ifOQl�R5j2Ma¢w÷-¢Ìi5l�P^�aY\bn_
]§U¹Y£»wM�T�l/±³Y\PSi5j2M2Y\lª�¨OQl�R�RfM-��RfOoT�l�P^RfM�j2OQbn�QM-bZY\[�]^M2N/M2bn_{]^M2i�T�OQb�b KM2M2i �Zy M¡_f_`M�T KM-±°O\RfNBYa_`P^OQb KM¡_kY\bn_
j2OQb�i�_kY\bn_fM/M-bd±°O\b�j-_fPSOQb¾T�M©]½UµY\l�gQNBM-bn_kYa_fPSOQb*T�M©]½U KM-b�M2R5gQPSM©P^b�j2P^T�M2bn_fM ��� M2i@T�P¸à KM-RfM2bn_fM2i �aY\]SM-l�Rfi
ifOQbn_�T�OQb�b KM2M2i�ifl�R�]^M2i�¼ZgQl�RfM2i Å � � � ¢ Å � � � M¡_ Å � �2Å �

� M-i�aY\]^M2l�R5ih_`R5OQl�� KM2M-i�i5OQbn_�ZY\R�±³Y\P^_fM2N/M2bn_�j2O\NB�ZYaR`Y\[�]^M2i¤cYsj-M2]^]SM2i{_fRfOQlw� KM-M2i�¨OQl�Rr�P]C r�P�cY
�n� 
 J M t M2b�lw_`PS]^PSifY\bn_l�b�M¤Y\l�_`R5M)N KM-_fW�OwT�M@i�_kYa_fPSi�_`PSpql�Ma¢Ê]§U¹Y\bZY\]¸mwi5M¦M2b�j-OQNB�¨OQifY\bn_`M2i���R5PSb�j-P¸�
�ZY\]SM-i w Ä l�P �Q� y½�E� Y\R¤Y\PS]^]SM2l�Rfi j2M-i¤�aY\]^M2l�R5i@i5OQbn_ KM-gnY\]SM-NBM-bn_¤��RfOojkW�M2i¤T�MBj-M2]^]SM2i¦_`R5OQl�� KM2M-i)�¨OQl�R
Û;M�C � b�cY �n� ¢ � ÁsM¡_ �\� 
 J M t ¢�pql�M j-M ifOQP¸_�T�l��¨OQPSbn_{T�M;�wl�M KM-b�M2R5gQPSM�_`W�M-RfN/PSpql�M;OQl KM-b�M2R5gQPSM
TVU¹M®»w�ZY\b�i5PSOQb ��v M2NBY\R5pol�OQb�i �ZY\R¦YaPS]S]^M2l�R5i�pqlVUXPS]1ifM2N)[�]SM©�¨M2ldR`Y\P^ifOQb�bZY\[�]^M)TVU¹Y\����]^PSpql�M-R ��J�J ¢
TZY\b�i�]SM@j0Y\T�RfM@T�M)b�Oa_`RfM KM-_fl�T�Ma¢�¨OQl�R�T�M2i KM2b�M-RfgQP^M2i�PSb�j-PST�M-bn_`M2i�ifl�� KM2RfP^M2l�R5M2iecY �\� 
 J M ts�� b
M-àM-_0¢�T�Y\b�i�]SM*N/OwTVcM2]SMa¢h]^M*j0Y\]^j2l�];T�M2iÉ�ZY\R5_fP^_fPSOQb�iªM2i5_ÉgQO\l��QM-Rfb KMd�ZY\R�]½U KM-b�M2R5gQPSM�_fW�M2R5NBP^pol�M\¢
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Z MF Asym123

Zmax-1 Z Zmax

(a) (b) (c)

(d) (e) (f)
ΘCM∈ [ 00,600 [ ∪ ] 1200,1800 ]

ΘCM∈ [ 600,1200 ]

Ni+Ni à 52A MeV
SMM (Z=48, ∈=1.7, E*=10.5A MeV, Eflot=2.4A MeV)
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Î«ÏDÐ�Ñ Å � �0Å Ò | PSi�_`R5PS[�l�_fPSOQb�iÉ��T�M�jkW�Y\RfgQM�¯½Yn²/Y0�QM2jÃ¯³]SP^gQb�M�M-_¬�OQP^bn_`i/b�OQPSR5iB��]SM2P^b�ik²eM-_ªi`Y\b�i
¯°_`P^RfM¡_`isM¡_e�OQP^bn_`i©b�OQP^Rfi)�oP^T�M2i`²)]SM���]^l�isgQR5OQis±°R`Y\g\NBM-bq_2¢1T�M�Nsl�]^_`P^��]SP^j2P¸_ KMeT�M¬±°R`YagQNBM-bn_`iÉ¯³[Z²¡¢
TVUµYai5moN KM¡_`R5PSM�T�M{jkWZY\R5gQMhT�M2iE_fRfOQP^iE��]Sl�iEgQRfOQiÌ��R5OwT�l�P^_`iEjkWZY\R5g KM2i{¯³j�²®¢aT�l � M2N/Mh��]Sl�iÌgQRfO\i1��R5OwT�l�P^_
jkWZY\Rfg KMe¯³TÊ²®¢�TVU KM2b�M2Rfg\PSM;j-PSb KM¡_`PSpql�M�T�M2i���R5OwT�l�P^_fi{jkWZY\R5g KM2i�T�M�]«Y)R KM0Y\j¡_`PSO\b¾¯³M®»�j-M2��_ KM¦]SM���]Sl�i{g\RfOQi
±°R`Y\gQN/M2bn_k²�M2b*±°OQb�j-_`P^OQb�T�M©]^M2l�R�jkWZY\Rfg\M\¢VTVU KM2b�M2Rfg\PSMsj-PSb KM¡_`PSpql�M©T�l*��]Sl�i�gQRfOQi;±°RfY\gQN/M2bn_e¯°TZY\b�i
]SM�j-M2bn_`R5M T�M NBY\ifi5M�²�M-b¬±°OQb�j-_fPSOQbªT�M i`YsjkWZYaRfgQM ��� M2i��¨OQPSbn_fi{j2OQR5RfM-if�¨OQb�T�M-bq_�Yalw» KM¡� KM-b�M2N/M2bn_fi
M¡»w� KM2R5PSN/M2bn_kYalw»�M-_�]^M2i{_`RfY\P^_fiY\lw» KM¡� KM2b�M-NBM-bq_fi ��J¶J��
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PSb�T KM-�M-b�TZY\N/N/M2bn_�T�MÃ]½U KM-b�M2R5gQPSM�j2OQ]^]SM-j-_`P¸�QM�pol�PsbVUXPSbn_`M-R5�oPSM-bq_�pol�MÃTZY\b�i�]SY¿��WZYaifMÃT�M���RfOa�
�ZY\gnYa_fPSOQb	T�M2i:±°RfY\gQN/M2bn_`i �� bÜj2O\b�i KM-pol�M2b�j-M�]SM¾T�OQNBY\P^b�M�T�M¾�aY\]SP^T�P^_ KM�T�lÜN/OoT�cM2]^M*M2i5_:RfM-i��
_`RfM-PSbn_�Yalw»�j2Y\i{O�cl¬]½U KM-b�M2R5gQPSM;j-OQ]S]^M2j¡_`P^�\M�R5M2i5_fM;±³Y\PS[�]SM�T�M-�aY\bn_]§U KM2b�M2Rfg\PSM�_fW�M2R5NBP^pql�M � B l�Y\bn_)cYs]«Y
T KM-±°OQR5NªY£_`PSO\b©NBP^ifMM2b KM-�oPST�M-b�j2Ma¢wM-]S]^MY¤T KMx�fY KM-_ KMOQ[�ifM-R5� KM2M��OQl�R�Û�M�C � b¾cY �n� 
áJ M t w } OQl � � y
M-_ 
 lPC 
 l w � Y�� � � y§�q� b/RfM-�aY\b�jkW�M\¢o]SM-i�Y\bZY\]¸mwi5M2i�TZY\b�i�]^M2ifpql�M-]S]^M2i�]SM-i$j2OQ]^]SPSi5PSOQb�i�j2M-bq_fR`Y\]^M2i�ifO\bq_
i KM2]^M2j¡_`PSO\b�b KM2M-i{�ZY\Rhl�b�M;j-OQl���l�R5M M2b�Y\b�gQ]SM�T�MÔ�ZO\_¦¯ s�� \à�®ú ÌLÎ � �`²¡¢o��RfP¸�oPS] KM-gQPSM-bn_h]^M2i KM¡� KM-b�M2N/M2bn_fiO�cl�]SM2i�±°RfY\gQN/M2bn_`i�i5OQbn_ KM-NBP^i{T�M¦NªYab�P§cM-RfM PSi5O\_`R5OQ�¨M\¢�T�OQb�j¦l�b�M¶Ç5ifO\l�Rfj-M2È/��]Sl�_ ¥O\_if��W KM2R5PSpql�M �

r�OQi�R KM-ifl�]¸_kYa_fi¬ifO\bq_�T�OQb�j*j2O\NB�ZY£_`PS[�]SM2iªY0�QM2j¾]^M2i¬R KM2ifl�]^_kY£_`i�Y\bn_ KM-RfP^M2l�R5i�j2M*pql�P Y\���OQR�_`M
l�b�M¦j2R KM2T�P^[�PS]^P^_ KM�ifl�����] KM-NBM-bq_`Y\PSR5MªcY/]SYsN KM¡_`W�OoT�M l�_fPS]^PSi KM-M ��� Y\R�Y\P^]S]SM-l�Rfi-¢�]^M;±³Y\P^_�T´UµY0�QO\PSR�N/PSi{M-b
KM-�oPST�M-b�j2M�l�b�M�T KM-±°O\RfNBYa_`P^OQbV¢ TZY\b�i$]½U¹M-if�ZYaj2M{T�M-i��OQi5P^_fPSOQb�iÌM-_Ê�aOQl©T�M-i$PSN/��l�]^ifPSO\b�i2¢ T�M�]SY�ifOQl�Rfj2M
i KM2]^M2j¡_`PSO\b�b KM2M¦i5PSgQb�M l�b�M¤R5M2]SY£»�Ya_`P^OQb¬PSb�j2OQN/��]§cM¡_`M T�lÉT�M-gQR KM¦T�M¦]SP^[M-R5_ KM;T�M ±°OQRfN/M �
� b�j2OQb�j2]Sl�ifPSO\bV¢Vb�OQi@T�OQb�b KM2M-i)M¡»w� KM-RfP^NBM-bq_`Y\]SM-i¦ifOQbn_¤T�OQb�j/j2OQN/�ZYa_fPS[�]^M2i¦Y0�QM-jªl�bdN/OwTVcM-]SM©T�M
Nsl�]^_fP^±°RfY\gQN/M2bn_kYa_fPSOQb�i5_`Ya_`P^i5_`P^pql�M�¯ ��J�J ²eP^b�j2]^lZY\bn_el�b�MÉT KM-±°O\RfNBYa_`P^OQb?T�M�]«Y*ifOQl�Rfj2M:M-_/l�b�M
KM2b�M-RfgQP^M j2OQ]^]SM2j¡_`P¸�QM¦Y\l�_fOQifP^NBP^]«Y\P^RfMTVUXM¡»w�ZY\b�ifPSO\b �
r�OQl�i;Y\]S]^OQb�i�NBY\P^bq_fM2bZYabq_��O\l�Rfi5l�P^�oRfM)b�O\_`R5M KM-_fl�T�M©�ZYaR;]«YªR5M2jkW�M-RfjkW�MeT�M©i5PSgQb�Y\lw»:T�Ms_`RfY\b�i5P¸�
_`PSO\b�i�T�M¦��WZY\i5M¦M-_��£OQl:T�M@��W KM2b�O\N:cM-b�M2i�j2R5P^_`P^pql�M2i �

¬>��� G,� .���� #�.h��� ��� ��%2</(�'s7:9 ��� ��#�')(*��%-��%2�/( ��� �*��')�1�
� U KM-_`Ya_©TVUXl�b?i5moi5_0cM2N/M�NªYaj2RfO\ifj2O\��PSpql�M¬M-i5_eT KM¡_`M-RfN/PSb KM¬T´U¹l�b�M��ZY\R5_2¢1�ZYaR)]SM-isPSbn_fM2R`Yaj-_`P^OQb�i

M¡»wPSi�_kY\bn_;M-bn_`RfM¤]SM-i�M2bn_fP^_ KM-i KM-] KM2N/M2bn_`Y\PSR5M2i�pol�PE]^M¤j-OQb�i5_fP^_fl�M2bn_e¯³Ya_`O\NBM-i2¢¨NBOQ] KM2j-l�]SM-i2¢ KM2]^M2j-_fRfOQb�i2¢
pol�Y\RfÑqik²�M-_ETVU¹Y\l�_fRfM��ZY\R�_E��Y\R�]SM2i�j-OQb�T�P¸_`PSO\b�i�M¡»o_ KM-RfPSM-l�RfM-iEpql�Pq]^l�PnifOQbn_EPSN/�O\i KM2M-i�¯°_`M-NB� KM2R`Y£_`l�R5M\¢
��RfM-ififP^OQb �¸�^� ² ��� M�i5moi5_0cM2N/M M2i5_T�Y\b�i{l�b�M ��WZY\i5M T�OQb�b KM-M ]SOQR5ifpql�M;i5M2i���R5OQ��R5P KM-_ KM2i{��Wqmoi5PSpql�M2i��aY£�
RfPSM-bn_ET�M�NBY\b�P§cM2RfM�j-OQbn_`PSbql�M�M2b¤�ZY\i5i`Y\bn_�T´U¹l�b¤M2b�T�RfOQP¸_cY]§U¹Y\l�_fRfM � � M-iE��WZY\ifM-i1i5OQbn_�j0YaR`Y\j¡_ KM2R5PSi KM2M2i
�ZY\R�T�M2i j2O\NB�¨OQR5_fM2N/M2bn_`i�j2OQ]^]SM2j¡_`P¸±°i�T�M)]«YªNBYa_`P§cM2R5M\¢¨pol�P1b�M©�¨M2l��\M2bn_¦�ZY\i ¥M¡_`R5MsT KM2j-RfP¸_`i;�ZYaR;]«Y
ifOQN/NBM@T�M-i���R5OQ��RfP KM-_ KM2i�P^b�T�P¸�wP^T�l�M-]S]SM-i w | P^l 9 Á y§�´� PÌ]§UXOQb¶i5l����¨OQifMsl�b�i5moi5_0cM2N/Msl�b�P¸±°OQRfN/M¦TZY\b�i
l�b�M)��WZY\ifM¤T KM-_fM2R5NBP^b KM2M¬¯³l�b�M¤��WZY\i5M)]^PSpql�PST�M@��Y\R�M®»�M-NB��]SM�²Y\]^OQRfi�M2b¶±³YaPSi`Yabq_�aY\R5PSM2R�T�M@±³Y�çj2OQb
j2OQbn_`P^bql�M¬l�b�T�M2is�ZYaR`Y\N:cM-_fRfM2i¤M¡»o_ KM-RfP^M2l�R5iÉ¯³]«Y�_`M-NB� KM-R`Ya_fl�RfMB�ZY\R¤M¡»wM2N/��]SM0²@]^Mªi5moi�_0cM2N/M¬�¨M2l�_
�ZY\ifi5M2R�T´U¹l�b�M{��WZY\i5M¤cY�l�b�M�Y\l�_fRfM �Qy M{��Y\ififY\gQM{M-i5_$Ya���M-] KM�_`R`Yab�ifP¸_`PSO\b¤T�M���WZY\i5M{M-_�]SM���RfOoj2M-ififl�i
¯³j2O\bq_fR ¥OQ] KM���Y\R1]SY_fM2N/� KM2RfYa_`l�R5MhTZYab�i�b�O\_fRfM�M¡»wM2N/��]SM0²�pql�Pwj2OQb�T�l�P^_cY�l�b)jkWZY\b�gQM-NBM-bn_$T�Mh��WZY\ifM
M2i5_l�b�M;j2O\NB� KM¡_`P¸_`PSO\b¬M2bn_`R5M ]§UXOQRfT�RfM�pql�P´NBP^b�PSN/PSi5M�]½U KM-b�M2R5gQPSM�T�l�i5moi5_0cM2N/M M2b�PSbn_fM2R`Yaj-_`P^OQb¬M¡_�]SM
T KM2i5OQRfT�R5M;pql�P´NBY£»wPSN/PSi5M�]§UXM2bn_`R5OQ��P^M\¢o]§U KM-_kY£_hi�_kY\[�]^M KM¡_kY\bn_{T�OQb�b KM��ZY\Rh]^M�N/PSb�PSNsl�N�T�M;]§U KM2b�M2Rfg\PSM
]SPS[�RfM;T�lÉi5moi�_0cM2N/M �

� M��R5M2N/PSM2R$i5PSgQb�Y\]Zpql�M�b�OQl�i�Y\]S]^OQb�i1_fM2bn_`M-R�T´U¹OQ[w_`M2b�PSR2¢n]½U¹l�b/T�M2i���]Sl�i�T�P^RfM-j-_`i-¢qM2i5_�]SY¦[�PSN/Oa�
TZY\]SP¸_ KM�T�O\bq_�]SM��R5PSb�j-PS�¨MM2i5_�]SMi5l�P^�aY\bn_��n�ZY\R�]§UXOQ[�ifM-R5�aYa_fPSOQbeTVUXl�b�M�gQR`Y\b�T�M2l�RV�5OQlZYabq_�]^M�R ¥OQ]SMT�M
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�ZY\R`YaN:cM¡_`RfMhTVU¹O\RfT�R5M\¢QP^]wi5M2R`YaP^_$�¨OQifi5PS[�]^M{T�M�N/M-_5_`RfMhM2b KM-�oPST�M-b�j2M�T�M2lw»©±³YaNBP^]S]SM-i�TVU KM¡� KM2b�M-NBM-bq_fi¦cY
l�b�M�_`M2N/� KM-R`Ya_fl�RfM�T�OQb�b KM2M ¯°j0Y\T�RfM�j0Y\b�O\b�PSpql�M0²¡¢£M-_ETVUµY0�\OQPSRÌY\P^b�ifPq]«Y��¨OQifi5PS[�P^]SP¸_ KM$T�M�i KM-�ZY\RfM-R1T�M-lw»
��WZY\i5M2i KM-�QM-bn_`l�M-]S]SM-i w Ä¦l�] �Q� y§��| Yab�i¦]SM©j0Yai¤T�Me]SY�_fR`Y\b�ifP^_fPSOQb*]^PSpql�P^T�M¡�ugnY\Ï\¢j\UXM2i�_)]SY�T�P^à KM2RfM-b�j2M
T�M2i�T�M2b�ifP^_ KM2i�RfM2i5�M-j-_fP^�QM-ihT�lB]SP^pol�PST�M�M¡_hT�lBgnY\Ïpql�P\�5OQl�M�]SMR ¥O\]SM�T�M��ZY\RfY\N:cM¡_`R5M�T´U¹OQR5T�RfM �o� OQl�R
T�M2i;i�moi5_0cM-NBM-i ¼Zb�PSi-¢l�b�M)_`RfY\b�i5P^_`P^OQb¶T�Ms��WZY\i5M©T�l*��R5M2N/PSM2R�OQR5T�RfMsi5M)_`RfY\T�l�P¸_;�ZYaR�]§UXM¡»wP^i5_`M-b�j2M
TVU¹l�b�Msj2O\l�Rf[�l�RfMsYab�OQRfNBY\]^M@T�M)]«Y/T�M2b�ifP^_ KM)TVU KM-_`Ya_;pql�PEifM¤NªY\b�P^±°M2i�_`M@�ZY\R�l�b�M)j-OQbn�QM®»�P¸_ KM©T�M¤]«Y
j2OQl�R5[M�T�M{]½U¹M-bq_fRfOQ��PSM\¢£RfM-��R KM-ifM-bq_ KM2MM2b¤±°OQb�j-_fPSOQb)T�ls�ZY\RfY\N:cM-_`R5MhTVUXOQR5T�RfMa¢aTZYab�i�]«Y�R KM-gQPSOQb)if��P^b�Oa�
TZY\]SM w y W�O �\� y M-_�g KM2bVcM2RfM�T�M-lw»/NªY »�P^NªY;i KM2�ZYaR KM2i��ZY\R�l�b/NBP^b�PSN)l�N ¯³Y\���¨M2] KM�[�PSN/OwTZYa]SP^_ KM�²�TZY\b�i
]«Y�T�PSi�_`R5PS[�l�_fPSOQb*T�MB��R5OQ[ZY\[�PS]SP¸_ KMsT�l��ZYaR`Y\N:cM-_fRfMeTVUXOQRfT�R5M �Ì| Y\b�i¦j-MBj2Y\T�RfMeTVU KM-_fl�T�Ma¢E]SY�jkW�Y\RfgQM
T�l:��]Sl�igQR5OQi�±°R`Y\gQN/M2bn_i5PSgQb�M¦l�b�M¦_fR`Y\b�ifP^_fPSOQb�T�M ±°RfY\gQN/M2bn_kYa_fOQb w Ä l�] �n� y½� r�OQl�i�jkW�M2RfjkW�M2RfO\b�i
T�OQb�ja¢´TZY\b�i ]SM)��Y\R`Y\g\R`Y\��W�Mspql�P�ifl�P^_;l�bdi5PSgQb�Y\]ET�Ms_`R`Yab�ifP¸_`PSO\b¶T�M©��W�Y\ifMsT ¥l¿cYB]«Yª[�P^NBOoTZY\]^P^_ KM
TVU¹l�b�M¦T�PSi�_`RfP^[�l�_fPSOQb�T�MÁé�� ù&� �
| Yab�iªl�b�M¶R KM-gQPSO\b¿O�cl¿l�b~i5moi5_0cM2N/M*M2i�_¬N KM2j0Yab�PSpql�M-NBM-bq_ªPSb�i�_kY\[�]SM\¢�T�M-i[�Zl�j¡_`lZY£_`PSO\b�iªT�M

T�M2b�i5P^_ KM2iB¯³j2Y\R`Y\j¡_ KM-RfPSi KM2M-i@��Y\R l�b�M©��l�]Si`Y£_`PSO\b*M-_¦l�bdb�OQNs[�RfM©TVUXOQb�T�M0²¡¢VP^b�P^_fP«Y\]^M2N/M2bn_�T�Ms±³Y\PS[�]SM
Y\NB��]SP^_fl�T�Ma¢Ei5OQbn_ªYaNB��]^P^¼ KM-M2isM®»w�OQb�M2bn_`P^M2]S]^M2N/M2bn_ ��| M2ieifP^Nsl�]«Y£_`PSO\b�i)T�M�jkWZYaNB�?N/O m\M2bº�M-R��
NBM¡_f_`M-bn_¬T�M:T KM-¼Zb�PSRªl�b~b�OQNs[�RfMÉTVU¹O\b�T�M�T�M:j2OQl���l�RfM¶M2b~T�M-ifi5OQl�i�T�l�pql�M-]�]^M2i4��l�j-_flZYa_`P^OQb�i
�QOQbn_ j-RfO ¥ Â _`RfM¤M¡»w�¨OQb�M2bn_fPSM2]^]SM-NBM-bq_$�5l�i5pol´U°cY�j2M¤NªY »�P^Nsl�N!O�cl�M-]S]^M2i�ifOQbn_¦Y\N/��]^P^¼ KM-M2i���]Sl�i�R`Y\��P¸�
T�M2N/M2bn_ pql�M)_fOQl�_fM2i;]^M2i;Yal�_`R5M2i w Ë Y\j0Á\Î y§�´� M2i�±°RfY\gQN/M2bn_`i�R KM2i5l�]^_`Y\bn_`i;T�OQP^�\M2bn_ T�OQb�j©Y0�QOQP^R�l�b�M
_kY\P^]S]SM�PST�M-bn_`PSpql�M¦¼�» KM2M¤�ZY\R]«Ys�aY\]^M2l�RT�M@]«Y©]SO\b�gQl�M-l�RTVU¹O\b�T�M@T�l:N/OoT�M¦]SM¦��]Sl�i�P^b�i5_`Y\[�]^M\¢ZifO\P^_
M2bn�oPSRfO\bº� � ±°N w Ä¦l�YQÁQÎ y½��� Y¬T�P^i5_`R5PS[�lw_`PSO\b�T�MejkWZY\R5gQM©R KM-ifl�]¸_kY\bn_`MeM-i5_@T�OQb�j KM¡_`R5OQP^_fMsM-_¦j-OQRfR5M2i��
�OQb�T&cY¬T�M2i�jkWZY\Rfg\M2i � ¸!� � �k� � w y W�OnÁ � y½�V� OQl�R;]^M2i�i5moi5_0cM2N/M2i ¼Zb�P^i2¢¨l�b*M-àM-_ P^NB�¨OQR�_kY\bn_�M2i5_
]«Y)��R5PSi5M;M2b�j2O\NB��_fM;T�M ]SY)Nsl�]¸_`PS�¨OQ]SY\RfP¸_ KM@¯�L�²�M¡_b�O\_`Y\NBN/M2bn_hj2M2]^]SM;T�l�NBOoT�M;]^M���]^l�i�PSb�i�_kY\[�]SM
pol�P§¢oRfM2]^P KM-MecY@ifOQb�b�O\Ns[�RfM�TVUXOQifj-PS]S]SYa_`P^OQbV¢Q�¨M2R5NBM¡_{T�M�j2OQN/��R5M2b�T�R5M;pql�M;]SY¤j0Yaififl�RfM;T�lªi5moi5_0cM2N/M
�ZY\R)l�b�NBOoT�M/T�M¬Nsl�]^_`P^�O\]«Y\R5P^_ KMML¢Ìj2O\b�T�l�P¸_:cY:]SYÉ±°OQR5NªY£_`PSO\b�T�MKL ±°RfY\gQN/M2bn_`i �1� M/_kY\lw»�T�M
j2RfO\PSififY\b�j-M)T�M-i;PSb�i�_kY\[�PS]SP¸_ KM-i�M2b¶±°OQb�j-_`P^OQb¶T�M)]«Y/Nsl�]¸_`PS�¨OQ]SY\RfP¸_ KM KM¡_kY\bn_���R`Ya_fPSpql�M-NBM-bq_�j2OQb�i5_kYabq_
T�M4L·¸ � �5l�ifpqlVUÞcY)l�b�M��\Ya]SM2l�R�T�M�j2OQl���l�RfM�L � ¢w]SY@T KM-j2OQN/�¨OQifP¸_`PSO\b/i5��PSb�OwTZYa]SMTVUXl�b�M;i5OQl�Rfj-M�T�M
NªY\i5ifM¹0 T�M¡�wRfY\P^_j-OQb�T�l�PSRfM¬cY©]«Ys±°OQR5NªY£_`PSO\b¬T�M ±°R`Y\g\NBM-bq_fi�T�M¦NªYaififM¦j-OQNB��RfPSi5M M2bn_`R5M¹0�� � M-_0��NL � �n� Y�_kYaPS]S]^M�¼Zb�PSMh±³Y0�QO\RfPSi5M�Y\]SOQR5i�]§U KM2]SY\Rfg\PSifi5M2N/M2bn_�T�M�]SY�T�P^i5_`R5PS[�lw_`PSO\bsT�MjkWZY\R5gQMM-_�Ya_5_ KM2bql�M
]«Y�ifPSg\bZYa_`l�RfMeT�Mª]SYÉT KM2j2O\NB�¨OQifP¸_`P^OQb¾if��P^b�OwT�Y\]SMeT�M/N ¥M-NBM/pql�Mª]^M2i@[ZYa_5_`M2N/M2bn_fi)T�M/T�P^à KM2R5M2bn_`i
NBOoT�M2i-¢�]«Y¾��R KM-ifM2b�j2M*T�M:NBOoT�M2i/PSb�i5_kYa[�]SM-iBT�M:gQR`Yab�T�M2iB]SOQb�gQl�M2l�Rfi/TVU¹O\b�T�M2i-¢h]SYdj-OnY\]SM-ifj-M2b�j-M
KM-�QM-bn_`l�M-]S]SM¶T�M2i¬±°RfY\gQN/M2bn_`iBM-_�]^M2l�R KM-�aY\�¨OQR`Ya_fPSOQb&ifM-j2OQb�T�Y\PSR5M �{� M-i KM-� KM2b�M-NBM-bn_`i�RfM-jkW�M2R5jkW KM2i-¢
T�OQbn_ OQb*j-OQNB��RfM2b�T�R`Y¬YaPSi KM-NBM-bn_ pql�Ms]§UXOQb���l�PSi5ifM©]SM-i;pqlZY\]^P^¼ZM-R�T�MdÇ�±°OQifi5PS]SM-ifÈ�¢¨ifM-RfOQbn_ KM¡_`l�T�P KM2i
gQR ¥Y\j-M¾cYÉ]«Y�N KM-_`W�OwT�M/T�M-i)j2O\RfR KM-]«Ya_fPSOQb�i M2b�jkWZYaRfgQM/�M-RfN/M-_5_kY\bn_¤T�MªN/M-_5_`RfMeM-b KM-�oPST�M2b�j-Mªl�b�M
_`M2]^]SM;i5l�Rf��RfOoT�l�j-_fPSOQbÉT�M ±°R`YagQNBM-bn_`i �

� OQl�R$l�b/i5moi�_0cM2N/MNªYaj2RfO\ifj2O\��PSpql�Ma¢QNBM-ifl�R5M2R$]SY;j2OQl�R5[M�j2Y\]SO\RfPSpql�MhT�M�]«Y;NBYa_`P§cM2R5Mhbql�j2] KM0Y\P^RfM
ifM2N)[�]«Y\P¸_l�b¶N/O�mQM-b¶MRQ/j2Y\j2M¤T�M¤R5M2jkW�M-RfjkW�M-R;l�b:ifPSg\bZY\]VT�M¦_`RfY\b�i5P^_`P^OQb�T�M@��WZY\i5M �´J Y\]SW�M2l�R5M2lw�
ifM2N/M2bn_2¢VifP�]SY¬j2OQl�Rf[¨M©j0Y\]^OQRfP^pol�MsT�M©]«YBNªYa_fP§cM-RfM)��R KM2i5M2bn_`M/[�P^M2b*l�b¾��]SYa_`M2Y\lº¯³]SYª_`M2N/� KM-R`Ya_fl�RfM
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RfM2i�_kY\bn_@j2O\b�i5_`Y\bn_`M/TZY\b�i¦l�b�MegnYaNBN/MsTVU KM2b�M-RfgQP^MeT�OQb�b KM-M�²;�¨OQl�R¦T�M2i¦N/M2i5l�RfM-i@±³Y\P¸_`M-i w � Owj2Á � y
ifl�Rs]^Mªi�mwi�_0cM-NBM 
 lPC 
 l�cY�Î �Q� 
!J M t ¢�j-M¬��]«Y£_`M0Yal�b�M��¨M2l�_ ¥M¡_`R5M¬PSbn_`M-Rf��R KM-_ KM¬M2bÃ_`M-RfN/MªT�M
_`R`Yab�ifP¸_`PSO\b©T�M���WZY\ifM �o� bBM-àM-_2¢o�¨OQl�R�l�b/i5moi�_0cM2N/M�¼�b�P1cY@��RfM2i5ifP^OQbªj-OQb�i5_`Y\bn_`Ma¢wTZYab�i�]«Y Ï2OQb�M�T�M
j2OoM¡»wPSi�_`M2b�j2M\¢´]«YB_fM2N/� KM2RfYa_`l�R5MsT KM-j2RfO ¥ Â _¦Y0�QM-j©]§U KM2b�M-RfgQP^M w y W�O �Q� y ¢V]½U KM-b�M2R5gQPSM¤T�Msi5l�R5±³Y\j-M©bVU KM-_kYabq_
��]Sl�i b KM2gQ]^PSgQM2Y\[�]SM)�OQl�R l�b�i�moi5_0cM-NBMe¼Zb�P ��� Y�NBM-ifl�R5M/T�M/]SY¬j2OQl�Rf[¨M/j2Y\]SO\RfPSpql�M©T KM2�¨M2b�TdT�OQb�j
T�l:jkW�M2N/PSb�_`W�M-NBOoT�mobZY\N/PSpql�M i5l�P^�oP§¢�OQRb�OQl�ibVU¹Y0�QOQb�i��ZY\i]«Y©NBY ¥ Â _fRfP^ifM;T�M¦j-M¤jkW�M-NBP^b �Êy UXM2i�_
�OQl�Rfpql�OQPl�b�M Y\lw_`RfM�N KM¡_`W�OoT�M\¢oj2O\b�ifP^i5_kYabq_¤cY)l�_`P^]SP^ifM2R�]SM-i��Zl�j¡_`lZY£_`PSO\b�ihTVU KM2b�M2Rfg\PSM;�¨OQl�R{j2Y\]Sj-lw�
]SM2R¦]SYÉj2Y\�ZY\j-P^_ KMej2Y\]SOQR5P^¼Zpql�MeT�MB]«Y�ifOQl�Rfj2Ma¢1Y KM-_ KMª��R5OQ�¨OQi KM-M w y W�OnÁQÁ y§�Ì� O\l�R)l�b�i5moi5_0cM2N/MB¼Zb�P§¢
]«Ysj0Ya�ZY\j2P¸_ KM;j2Y\]SO\RfP^¼�pol�Me¯ � ¸ Ö K C Ö º ²�M2i�_�b KM2gnYa_fP^�\M TZY\b�i]«Y¤Ï2OQb�M¦T�M j-OwM®»wPSi5_fM2b�j-M\¢Êpql�M2]�pql�MifOQP¸_E]^M�jkW�M2N/PSb¤_fW�M2R5NBOoT�mobZY\N/PSpql�M�i5l�P^�oP �ay M¡_f_`M�N KM¡_`W�OoT�M�pql�P�Ya���ZY\RfY ¥ Â _ÌT�OQb�jh��]^l�iE�¨M2R�_`P^b�M2bn_`M
�OQl�R�R5M2jkW�M-RfjkW�M-R{l�b�M_`RfY\b�i5P^_`P^OQbeT�M���WZY\i5M�TZY\b�i�]SY¦NBYa_fP§cM2R5Mbol�j2] KM2Y\PSR5MifM2RfY¤T�P^ifj-l�_ KM-M�TZYab�i�l�b
�ZY\R`YagQR`Y\��W�M ifl�P¸�aY\bn_ �

þÔ�#�¼��� � ¡ Ù � Ö�¦ Þ�¡ ¤ ¢£
| Yab�i�]SM;j2Y\iO�cl¬]«YsN)l�]^_fP^±°R`YagQNBM-bn_kYa_fPSOQb/M2i�_RfM2]^P KM-MBcY©l�b�M _`RfY\b�ifP¸_`P^OQb¬T�l�_xmo�M¦]^PSpql�PST�M¡�xgQY\Ïw } M-R 9 � y ¢�]«YÉT�M2b�ifP^_ KMªT�MBNªY£_`P§cM-RfMepql�PV�5OQl�Mª]^MBR ¥OQ]SMeT�MB�ZY\RfY\N:cM¡_`R5MBTVUXOQR5T�RfMB�OQl�R)l�b�i5moi5_0cM2N/M

NªY\j-RfOQi5j2OQ��PSpql�Mª�¨OQl�R5R`Y\P¸_ ¥M¡_`R5Mªj2O\RfR KM-] KM-MdcY¶]SY�_`Y\PS]^]SMeT�l���]^l�i)g\RfOQi@±°R`Y\gQN/M2bn_ w � P^j � Å y ¯³N ¥M2N/M
ifP�]^M©]SPSM-b�_`W KM-OQRfP^pql�M©RfM-i5_`M�cY KM-_`Y\[�]^PSRk²®¢]^M2pql�M-]�5OQl�M©l�b¾R ¥O\]SM©�ZY\R�_`P^j2l�]^PSM2R�TZY\b�i ]^M2i KM-_fl�T�M-i@pql�M
b�OQl�i�Y��\OQb�i;M-bn_`RfM-��RfP^ifM-i;�O\l�R�]^M¤i�moi5_0cM-NBMsr�PDC r�P �Ê� YaR;Y\P^]S]SM-l�Rfij-M)��]^l�i�g\RfOQi�±°R`Y\gQN/M2bn_$�5OQl�M
Y\l�ifi5P�l�b?R ¥OQ]^M�PSN/�O\R5_kYabq_)TZY\b�i©]SY¶�aY\RfPSY\[�]SM�032%475 ö i ô pql�P��¨M2l�_/��R KM-_fM2b�T�R5M�RfM2��R KM2i5M2bn_`M-RBl�b�ZY\R`YaN:cM¡_`RfM�TVUXOQRfT�R5M;TZY\b�i�]SM2i{Y\bZY\]¸mwi5M2ih±³YaP^_`M-i{Y0�QM-j¦]§U 
;��| O\[�_`M-bol�MªcYs�ZY\R5_fPSR�T�M2i KM¡� KM-b�M2N/M2bn_fi
� PSN/OQb � r KM0Yab�NBO\PSb�i�]§UXPSbn_fM2Rf��R KM-_`Ya_`P^OQbs_`W KM2OQR5PSpql�MRfM-i5_`M�Y\Ns[�PSgQl }M�pqlZYabq_¦cY ]§UXOQRfT�RfMT�M]«Y;_`RfY\b�i5P¸�
_`PSO\b w Ä l�] �Q� y½� r�OQl�i�Y\]S]^OQb�i2¢a�O\l�R�_`M-bq_fM2R�T�Mj2]SY\RfP¸¼ZM2R1j2M���R5OQ[�]§cM-NBMa¢ KM-_fl�T�P^M2R$]«Y;T�PSi5_fRfP^[�l�_`P^OQbsT�M
é�� ù � Y\lw»)T�P^à KM2R5M2bn_`M-i KM2b�M-RfgQP^M2i�P^b�j2P^T�M2bn_fM2i�Y0�\M2j�]SM�b�OQlw�QM0Yal/]^O\_ENBOQb�OQifOQl�Rfj2M�i KM-]SM2j¡_`P^OQb�b KM �\v M¡�NªY\R5pql�OQb�i�M2b¬��R KM0Y\N)[�l�]SM�pql�M;j2M�ifP^gQbZY\]¨T�M�[�PSN/OwTZYa]SP^_ KM{�¨M2l�_ ¥M¡_`R5M�N/PSi�M2b KM-�oP^T�M2b�j-M�T�M�±³Y�çj2OQb
RfM2]SYa_`P¸�QM-NBM-bq_ET�P^RfM2j¡_`M�M-_�M®»o_`R ¥M-NBM-NBM-bn_$ifP^NB��]^M2N/M2bn_ � � Y\R$Y\P^]S]^M2l�R5iÌ]^M�±³YaP^_Ìpql�M{]SM�T KM-_fM2j¡_`M2l�R � r�
| v�
 �¨M2R5NBM¡_T�M¦NBM-ifl�R5M2R�MxQBj2Y\j2M-NBM-bn_�]^M;��]Sl�i�gQRfOQi�±°RfY\gQN/M2bn_�T�M¦]§U KM-� KM-b�M2N/M2bn_�i KM-]SM2j¡_`P^OQb�b KM
Y �5OQl�_fMªcYs]«Y¤¼ÊYa[�PS]^P^_ KM�T�M ]«Y¤N KM¡_`W�OoT�M M-_¤cYe]SY)RfO\[�l�i5_fM2i5ifM@T�M ]«Y)N/PSi5M;M2b KM-�oP^T�M2b�j-M TVUXl�b�ifPSg\bZY\]
KM-�QM-bn_`l�M-] �

� YB¼�gQl�RfM Å � � � R5M2��R KM2ifM-bn_`M©]SM-i�T�P^i5_fRfPS[�l�_`P^OQb�i¦�T�MsjkWZY\R5gQM\¢¨T�M;é�� ù&� ¢¨T�M=é�� ù �%' ö ¢1é�� ù&�%' i�OQl�R{]SM-i KM2b�M-RfgQP^M2i{P^b�j2P^T�M2bn_`M-i�T�M �n� cY©Á � 
 J M t)�Êy M2ipqlZYa_fRfM;¼ZgQl�RfM2ij-OQNB�¨OQR�_`M2bn_�T�M2i�ifP^NBP �
]SP^_fl�T�M-i{M¡»o_`R ¥M2N/M2N/M2bn_PSbn_ KM2RfM-ififY\bn_`M2i �¨� YsT�PSi5_fRfP^[�l�_`P^OQb¬T�M jkW�Y\RfgQM KM¡�QOQ]^l�M ifM-b�ifP^[�]SM-NBM-bq_M-bn_`RfM
]SM2iB±³Y\PS[�]^M2i KM-b�M2R5gQPSM-i¬PSb�j2PST�M2bn_`M-id¯ �n� M¡_�Å � 
 J M t ²ªO�cl~]SYÀT�P^i5_`R5PS[�lw_`PSO\b~M2i�_�_`R2cM-i�]«Y\R5gQM\¢�M-_
]SM2i KM-b�M2R5gQPSM-i PSb�j-PST�M-bn_`M2i¦��]^l�i KM2]^M-� KM2M-iB¯½Y\lw�uT�M2]�cY¬T�M �Q� 
 J M t ²�O�cl*l�b�Me±°O\RfN/MsM¡»w�¨OQb�M2bn_fPSM2]^]SM
ifM�T�M-ifi5PSb�M �� Y�N ¥M-NBM:i KM2��Y\R`Ya_fPSOQb	M-bn_`RfM �n� M-_�Å � 
 J M t TVUXl�bLj ¥O\_ KM�M-_�Yalw�xT�M-]�cYÀT�M �Q� 

J M t T�M�]§U¹Y\l�_fRfM�M2i�_B�aY\]SY\[�]SMª�OQl�R/]^M2i©_`R5OQPSieYal�_`R5M2i/T�PSi�_`RfP^[�l�_fPSOQb�i �$� O\l�Re]SM2ieT�P^i5_fRfPS[�l�_`P^OQb�i
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Î«ÏDÐ�Ñ Å � � � Ò K� �QOQ]^l�_`P^OQb¶T�Ms]«Y/T�PSi�_`RfP^[�l�_fPSOQb�T�MsjkW�Y\RfgQMcé¤¢¨]«YBjkW�Y\RfgQM)T�l���]^l�i�gQR5OQi±°R`Y\gQN/M2bn_
¯ é�� ù&� ²¡¢�T�ldT�M-lw»wPSM2N/M/��]Sl�i¦gQR5OQi ±°R`Y\g\NBM-bq_ª¯®é�� ù �%' ö ² M¡_)T�l�_`R5OQPSi5PSM-NBMs��]Sl�i¦gQR5OQi ±°R`Y\gQN/M2bn_¯ é�� ù&�%' i®²{T�M¦]§U KM-� KM2b�M2N/M2bn_�M2b:±°O\b�j-_fPSOQb�T�M¦]½U KM-b�M2R5gQPSM P^b�j2P^T�M2bn_`M �
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T�M=é�� ù&�%' ö ¢�é�� ù&�%' i OQb�j2O\b�i5_`Ya_`M KM2gnY\]^M2N/M2bn_�pol�Ms]SM-i�]SY\RfgQM-l�Rfi�T�M2i�T�PSi�_`R5PS[�l�_fPSOQb�i�T�P^NBP^bql�M2bn_pol�Y\b�Tz]§U KM2b�M-RfgQP^M*PSb�j-PST�M-bq_fMdY\l�gQN/M2bn_`MdY\]^OQRfi�pql�Md]SM-i��\Ya]SM2l�Rfi�N/O m\M2b�b�M2i¶j-OQRfR5M2i5�OQb�TZY\bn_`M-i
KM-�QO\]Sl�M-bq_¤�¨M2l �Ì} P^M2bÀM-bn_`M2b�T�l�]«Y�T�P^i5_fRfPS[�l�_`P^OQb¾]«Y���]Sl�i¤M®»�j-P^_`Y\bn_`M/M2i5_)j2M-]S]SM©T�M�é�� ù&� O�cl¾l�b�MKM-�QO\]Sl�_fPSOQb¤[�PSN/OwT�Y\]SM$i5M{T�M2i5ifP^b�M¤cY �\� 
	J M ts�a
 ]SO\RfiÌpol�M{]SM-i1T�P^i5_`R5PS[�lw_`PSO\b�i�ifOQbn_$gQR5OQifi5P§cM-RfM2N/M2bn_
gnY\l�i5ifPSM-b�b�M-iÀcY �n� M-_¬Å � 
 J M t Y0�QM-j*l�b	ifP^NB��]^M:T KM2j0Ya]«Y\gQM:�QM2R5i�]SM-iª��]^l�i¬�¨M-_`P¸_`M-iª�aY\]SM-l�Rfi
NBO�mQM-b�b�M-i�j-OQN/NBM;O\b��OQlw�\YaP^_{i-UXm�Ya_f_fM2b�T�R5M ]SOQR5ifpql�M ]½U KM-b�M2R5gQPSM;P^b�j2P^T�M2bn_fM Y\l�gQN/M2bn_fM\¢�]^M2i�T�P^i��
_`RfP^[�l�_fPSOQb�i�Y\lw�uT�M2]�cYBT�MsÎ\Å 
ÝJ M t i5OQbn_ KM-_`R5OQP^_fM2i-¢��P^pql KM2M-i��QM-Rfi ]SM-i;�¨M-_`P¸_`M-i��aY\]SM-l�Rfi�T�M;é�� ù&� ¢Y��\M2j{l�b)NBY£»wPSNsl�N�Y\l�_`O\l�RET�M � � B lZY\bn_�cY�]«YT�PSi�_`R5PS[�l�_fPSOQb�cY �\� 
~J M t ¢£M2]^]SM���R KM2ifM-bn_`M¤cY�]«Y�±°O\PSi
l�b�M�ZY\R�_`PSM�T�M2i�j0Y\RfY\j-_ KM2RfP^i5_fPSpql�M2i�T�M-i�T�PSi5_fRfP^[�l�_`P^OQb�i�cY �n� M-_�Å � 
ÜJ M t M-_�]SM-i$j0Y\RfY\j-_ KM2RfP^i5_fPSpql�M2i
T�M2i�T�PSi�_`R5PS[�l�_fPSOQb�i)cY/�ZYaR5_`P^RT�M@Î\Å 
 J M t)�´� M¦R KM-ifl�]¸_kYa_�M2i�_�l�b�M¤T�PSi5_fRfP^[�l�_`P^OQb�[�P^NBOoTZY\]^M;TZY\b�i
]«Y\pql�M-]S]SMª]SM�é�� ù&� R5M2��R KM2i5M2bn_`MÉ]SM��ZYaR`Y\N:cM-_fRfM�TVUXOQRfT�RfM�j2M�pql�PifP^gQb�M�l�b�M�_fR`Y\b�i5P^_fPSOQbÃT�M�±°RfY\ga�NBM-bq_`Ya_`P^OQb ¯°T�l	��RfM-NBP^M2RBOQRfT�R5M�²ªT�M¶]«YÀNBYa_`P§cM2R5M¶bql�j2] KM0Y\P^RfM w Ä l�] �n� y½��y M*ifP^gQbZY\]½¢�P^ifi5l	T�M*]«Y
T�PSi�_`RfP^[�l�_fPSOQb�T�l?��]Sl�i©g\RfOQi)±°RfY\gQN/M2bn_©T�M�]½U KM¡� KM2b�M-NBM-bq_2¢$M2i�_eOQ[�ifM-R5� KM��O\l�Rs]«Y���RfM2N/P§cM-RfMª±°O\PSi
TZY\b�i b�O\i@T�OQb�b KM-M2i ��� ]$M-i5_ KM-�oP^T�M2N/NBM-bn_ M¡»o_`R ¥M2N/M2N/M2bn_¦_`M-bq_`Y\bn_@T�M©RfM-]SPSM-R;j2M¡_f_fM/T�PSi5_fRfP^[�l�_`P^OQb
cY/]SYe[�PSN/OwTZYa]SP^_ KM��¨OQl�R]^M2ii5moi5_0cM2N/M2i�PSb�¼Zb�PSi�O�cl�]«Y©T�M-b�ifP¸_ KM@RfM2��R KM2i5M2bn_`M¤]SM¦�ZY\RfY\N:cM-_`R5M TVUXOQRfT�R5M �
y M2�¨M2b�TZYabq_2¢V]SM¤]SP^M2b:_fW KM2O\RfPSpql�M¤RfM-i5_`M¶cY KM-_kYa[�]SP^R�M-bq_fRfM)_fR`Y\b�ifP^_fPSOQb:T�M)±°RfY\gQN/M2bn_kYa_fPSOQbÉ�¨OQl�R�l�b
i5moi5_0cM2N/M�bql�j-] KM2Y\PSR5M�M-_�_`RfY\b�ifP¸_`P^OQbsT�M��WZYaifM]SP^pol�PST�M®�xgnY\Ï�TZY\b�i�]SY;NªYa_fP§cM-RfM{P^b�¼Zb�P^M �Q� Y\R�Y\PS]^]SM-l�Rfi-¢
b�OQl�i/T�M-�\OQb�iBY\l�i5ifP�j2OQb�i5PST KM-RfM-R/]^M�±³Y\P^_epql�MÉ]SM�N/PSb�P^Nsl�N i KM-�ZY\R`Yabq_B]SM-i�Ç�T�M2lw»º��WZY\ifM-ifÈ�M2i5_
_`R2cM-ih�¨M2l¬��RfOQb�O\b�j KM�M-_{T�OQb�j�pql�M�]SM�ifP^gQbZY\]ÊRfM-i5_fM�Ç�±°RfY\gQPS]^M2È � r�O\_fOQb�ihj-M2�¨M2b�T�Y\bn_�pql�M�j-M�ifP^gQbZY\]½¢
pol�P´ifO\R5_�T�P^RfM-j-_`M-NBM-bn_�T�M ]«Y@i KM-]SM2j¡_`P^OQb�T�M;]SY)ifOQl�Rfj2M l�b�PSpql�Ma¢�M2i�_l�b�j0Yab�T�PST�Ya_{�¨O\_`M-bn_`PSM-]´�¨OQl�R
ifPSg\b�M2R�l�b�M¦_fR`Y\b�ifP^_fPSOQb�T�M@��WZY\ifM@T�M _xmo�M¦]^PSpql�PST�M¡�xgQY\Ï �

� b ifPSg\bZY\])[�PSN/OwTZYa])Y KM-_ KMÃOQ[�i5M2R5� KMºM2b j2O\]S]SP^ifP^OQb�iÉj2M2bn_fR`Y\]^M2i¾TZY\b�i*l�b Yal�_`R5MÃi5moi5_0cM2N/M
i5moN KM¡_`R5PSpql�M\¢0Û�M�C � b w } O\R �n� y Y��\M2j�l�b@�ZY\R`YaN:cM¡_`RfM�TVUXOQR5T�RfM�T KM¡¼Zb�Pqj2OQN/N/M KM-_kYabq_Ìl�b�M�T�P^à KM2RfM-b�j2M
M2bn_`R5M©]SM2i�±°R`Y\gQN/M2bn_fi;]SOQl�RfT�ie¯³Ya_f_fRfP^[�l KM2i/cY¬]«Yª��W�Y\ifM©T�M-b�ifM0²;M-_ ]^M2i�±°RfY\gQN/M2bn_`i ��]^l�i;] KM2gQM-Rfi2¢]«Y
jkWZY\Rfg\M�]SPSN/P^_fM KM¡_kY\bn_$¼�» KM-M©cYs� � �\
 �n� 
LJ M t ¢n]«Y�_fR2cM-i$gQR`Y\b�T�M�NªY��5OQRfP¸_ KMhT�M2i KM-� KM2b�M2N/M2bn_`i�i2U¹Y\�w�
�ZY\RfM-bn_`M2bn_©cYsl�b�M ��WZY\ifM ]^PSpql�P^T�M�j-OQb�i5_fP^_fl KM2M T�M g\RfOQih±°RfY\gQN/M2bn_`i�_kY\b�T�PSi{pqlVUÞcY©Å � M-_ �\� 
 J M t
]SM2i KM¡� KM-b�M2N/M2bn_fi)T�OQN/PSb�Y\bn_`i¦ifOQbn_¤j2OQb�i5_`P¸_`l KM-i¤T�MB�¨M-_fP^_`i ±°RfY\gQN/M2bn_`i¦M-_@�¨M2l��\M2bn_©j2Y\R`Y\j¡_ KM-RfPSi5M2R
l�b�M@��WZY\i5M)gnY\Ï-M2l�i5M �´y M2i�T�M2lw»:T�P^i5_fRfPS[�l�_`P^OQb�i�ifO\bq_�j2OQN/�ZY\RfY\[�]^M2iscY � Á 
ÍJ M t M-_���R KM-ifM2bn_fM2bn_
T�M2lw»�NªY£»wP^NªY ��� Y\R�Y\P^]S]^M2l�R5ihl�bÉifP^gQbZY\]V[�PSN/OwTZYa]´Y KM2gnYa]SM2N/M2bn_ KM¡_ KM OQ[�i5M2R�� KMa¢¨_fOQl£�5OQl�Rfi�M2bÉj2O\]¸�
]SPSi5PSOQb�i�j-M2bn_`RfY\]SM-i2¢�NBY\PSihY0�QM2j¦l�b�i�mwi�_0cM-NBM@Y\i�mwN KM-_fRfP^pol�M\¢�r�PDC 
 l w } M-] �n� y Y0�QM2j¦l�b���Y\R`Y\NÉcM-_fRfM
TVU¹O\RfT�R5M¶T KM¡¼Zb�P�j-OQN/NBM KM-_`Y\bn_¬l�b�M¶T�P^à KM2R5M2b�j-M�M2bn_`R5M�]SMÉgQR5OQiB±°RfY\gQN/M2bn_ªM¡_¬]^M2iªT�M2lw»~Y\l�_fRfM2i
��]Sl�i/gQR5OQie��RfOoT�l�P¸_`i/jkWZY\Rfg KM2i*¯°T KM-¼�b�P^_fPSOQb&Y\ifi5M2Ï:��RfOojkW�MÉT�M¶j-M2]S]^M�T�M:]½Uà0B2%475 ö i ô ² ��� M-iªT�M-lw»KM2b�M-RfgQP^M2i/T�M �Q� M¡_¬Á � 
 J M t i5M2Ns[�]SM2bn_BRfM-��R KM-ifM2bn_fM2R¬jkWZYaj2l�b�M¶l�b�M�±³Y\NBP^]S]^MªTVU KM-� KM2b�M2N/M2bn_`i-¢
j2M2]^]SM¬j-OQRfR5M2i5�OQb�TZY\bn_�cY*]§U KM2b�M-RfgQP^Mª]«Y���]Sl�is[�Y\ifi5M KM¡_kY\bn_ej-OQb�i5_fP^_fl KM2M�TVUXl�bÃ±°R`YagQNBM-bn_©T�M¬_kYaPS]S]^M
ifl�� KM-RfP^M2l�R5M)Y\lo»ÉT�M2lw»¶Y\lw_`RfM-i���RfOoT�l�P^_fijkWZY\Rfg KM2i�_`Y\b�T�P^ipol�M¤j-M2]S]^M¦j2OQR5RfM2i5�O\b�TZY\bn_ecYB]§U KM2b�M2Rfg\PSM
]«Ys��]^l�i KM2]^M-� KM2M �¨M2R5NBM¡_TVU¹O\[�ifM-R5�QM-R�T�M2i KM-� KM2b�M-NBM-bn_`i�T�OQbn_]SM-i�T�M2lw»���]Sl�i�g\RfOQi{±°RfY\gQN/M2bn_`i�OQbn_
T�M2i�_kY\P^]S]SM-i$ifM-Ns[�]«Ya[�]SM-i �q� Y@_fR`Y\b�i5P^_fPSOQbeifM-Ns[�]^M�i5M���R5OwT�l�PSRfM©cY �Q� 
ÜJ M t O�clB]^M2i�T�M2lw»/±³Y\N/PS]^]SM-i
j2OoM¡»wPSi�_`M2bn_ �Êy M2iR KM-ifl�]¸_kYa_fi{ifO\bq_T�OQb�j;j-OQW KM2R5M2bn_`i�Y0�QM-j j2M2lo»�OQ[�_fM2bql�i�Y0�QM2j ]^M;i5moi�_0cM2N/M¦r�P]C r�P
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M-_;i5M2Ns[�]SM2bn_ KM¡_kY0mQM-R;]§UXWnmo�O\_fWVcM2i5MsTVUXl�b�MsT�PSifj-OQbn_`P^bol�P^_ KM¤i2U KM-_`Y\]«Y\bn_�T�M �Q� cY �\� 
ÍJ M t M2bn�oPSRfO\b
TZY\b�i]SM-i�i5moi5_0cM2N/M2i�bol�j2] KM2Y\PSR5M2i�M-b:j-OQ]S]^PSifP^OQb�i�j2M2bn_fR`Y\]^M2i �

� M2R5NBP^b�OQb�i�M2b�Y �5OQl�_`Y\bn_�pql�M¤T�M2i KM¡_`l�T�M2i�R KM2j-M2bn_`M-i;R KM2Y\]SP^i KM2M-i�M-b¶j2O\]S]SP^ifP^OQb�i�� KM-RfPS��W KM2R5PSpql�M2i
�OQl�R�]^M2i$i�mwi�_0cM-NBM-i�Û;M)C � bªM¡_ 
 lPC 
 l w � P^j � Å y O\bq_��¨M2R5NBP^i$T�M�N/M-_5_`R5M�M2b KM¡�oPST�M-b�j2M�l�b/ifPSg\bZY\]
[�PSN/OwT�Y\]ÌY��\M2j©l�b*��Y\R`Y\NÉcM-_fRfMsT´U¹OQR5T�RfM)[ZY\i KM)ifl�R ]½UµY\i�moN KM¡_`RfP^M)T�M-i;T�M-lw»*��]^l�i;gQR5OQi�±°RfY\gQN/M2bn_`i
jkWZY\Rfg KM2iÌYa_f_fRfP^[�l KM2iVY\l¦pol�Y\ifP �x��R5O£�5M2j¡_`PS]^M �0y M$ifPSg\bZY\]QY KM¡_ KM$OQ[�i5M2R�� KM��¨OQl�R�]^M2i�T�M-lw» i�mwi�_0cM-NBM-iE�¨OQl�R
]«Y�N ¥M2N/M KM2b�M2Rfg\PSMh_fR`Y\b�i��QM-RfifMb�O\RfNBY\]SP^i KM2M¦cY;]«Y�NBY\i5ifM�T�l©i�mwi�_0cM-NBM �q� U¹Y0�aY\bn_kY\gQM�T�M�j2M-_5_`M KM¡_`l�T�M
M2i5_¤pql�M/]SM©ifP^gQbZY\]$T�M/[�PSN/OwTZYa]SP^_ KM)M-i5_¤OQ[�_`M-bqlÀ��]^l�i¦T�PSR5M2j-_fM2N/M2bn_@pqlVU¹M-bÀj-OQ]S]^PSifP^OQb�i;j-M2bn_`RfY\]SM-i2¢
b KM0Y\b�NBOQP^b�i�]§UXPSbn_`M-Rf��R KM-_`Ya_`P^OQbeT�lªi5PSgQbZYa]ZT�M�[�PSN/OwTZYa]SP^_ KMhM-i5_�T�P^à KM2R5M2bn_`M�TZY\b�i�]SM-i�T�M2lw»/_xmo�M-ihT�M
j2OQ]^]SPSi5PSOQb�i;��l�P^ifpql�M¬]SYÉj-OQNB��RfM2i5ifP^OQbÀT�lÀi5moi5_0cM2N/MªbVUXM2i�_sM-àM2j¡_`P¸�QM¬pqlVUXM2b�j-OQ]S]^PSi5PSOQb�i j-M2bn_`RfY\]SM-i �
y M2�¨M2b�TZYabq_2¢Zj2M-i�R KM2i5l�]^_`Ya_`i{b�M ifOQbn_�ZY\i{±°O\Rfj KM-NBM-bn_j2OQbn_`RfY\T�P^j-_`O\PSRfM-i{��l�P^ifpql�M¦]§UXPSbn_fM2Rf��R KM-_`Ya_`P^OQb
T�Me]«Y�Nsl�]¸_`P^±°RfY\gQN/M2bn_kY£_`PSO\b¶M2b¾_`M-RfN/MeT�Me�ZY\ififY\gQM/TZY\b�i@]«Y¬Ï-OQb�M/if��P^b�OoTZY\]SM©b´U¹M-i5_¤pol´U¹l�b�T�M2i
ifj KM-bZY\R5PSPÊ�O\ififP^[�]SM-i �w| M�b�OQl��QM-]S]^M2i KM¡_`l�T�M2i��\OQbn_ ¥M-_fRfM�R KM2Y\]SP^i KM2M-i;¯°M-_hl�b�M�_fWVcM2i5M�M-b¬j2OQ]^]«Y\[¨OQRfYa_`P^OQb
M2bn_`R5M©]SM)]SY\[¨OQR`Ya_fOQPSR5M¦T�M y Y\M-bdM¡_ ]§U ��� r T�M � m\OQb��oPSM2bn_ T�M©T KM2NBY\RfR5M2R`²��¨OQl�R�_fM2bn_`M-R T�M)±³Y\P^RfM
]SM�]SP^M2bºM-_¬T�M¶j2O\NB��R5M2b�T�RfMÉ]§UXOQRfP^gQPSb�M�T�M2iªi5PSgQb�Y\lw»ºOQ[�_fM2bql�i¬M-b~j2O\]S]SP^ifP^OQb�is� KM-RfP^��W KM2R5PSpql�M-i¬M-_
j2M2bn_fR`Y\]^M2i �E| Y\b�i¤j2M¡_f_`MªOQ��_`P^pql�M\¢Ì]SM/T�M2g\R KM¬T�MB]SP^[M-R5_ KMeTVUXPSi5OQif��PSbL¯°R`Y\���¨OQR�_srÔ� � ²¦i5M2RfY�l�_`P^]SPSi KM
�OQl�R�_`M-i5_`M-R ]§UXOQRfP^gQPSb�M¤T�M©]SYª[�P^NBOoTZY\]^P^_ KM¦M¡_¦]SM2i�i5moi5_0cM2N/M2i:Ç5j2R5OQPSi KM2i5ÈÉM-b*PSi5OQif��P^b ö ij÷ Û;M)C öjö i � b
M-_ ö i3ý Û;M)C ö i3ý � bLcY�� �Q� 
 J M t i5M2R5OQbn_@Y\bZY\]¸mwi KM2i¦M-_¦]^M2i R KM2ifl�]^_kY£_`i j2O\NB�ZYaR KM2iªcY�j-M2lw»¾O\[�_`M-bol�i
�OQl�R�]SM i5moi�_0cM2N/M¤r�PDC r�P �ZJ Y\PSi�j-M2j2P�M-i5_�l�b�M@Y\l�_fRfM¦W�P^i5_`O\PSRfM �^�¸�

þÔ�#�¼�3Õ î
� �m�Ä¢£ Þ ¦b¤ ¡�� Ø ¥¯£!Ø ßPO ¦ � ï £

r�OQl�i@Y\]^]SOQb�i�NBM-b�M2R¦]SM-i KM-_`l�T�MeT�MBj-OQRfR KM2]SYa_`P^OQb�i;i5l�R¦]SM2i¦�ZYaR5_`P¸_`P^OQb�i;T�MejkWZYaRfgQMeM-_@b�O\b�T�M
NªY\i5ifMa¢¨��l�PSi5pol�M¤]^M@T KM-_`M-j-_fM2l�R � r | v�
 b�M@�¨M2RfN/M-_��ZY\i�T�M@NBM-ifl�R5M2R�]«Y©NBY\ifi5M¤T�M-i�±°RfY\gQN/M2bn_`i
¯³i`Yal�±��¨OQl�R � ¸ � ¢XÅq² �1� OQl�R/j-M2i KM-_fl�T�M2i-¢�b�OQl�i/Y\]^]SOQb�i¤l�_`P^]SP^ifM2R)]SM2is±°O\b�j-_fPSOQb�i©T�MÉj-OQRfR KM2]SYa_`P^OQb�i
pol�PV�QOQbn_�b�OQl�i�¨M2RfN/M-_5_`R5M@T�M@j-OQN/�ZY\RfM-R]SM2i KM¡� KM-b�M2N/M2bn_fi�M¡»w� KM-RfP^NBM-bq_`Y\lw»�cYeT�M-i KM¡� KM-b�M2N/M2bn_fi
O�cl	]«Y�j2O\RfR KM-]«Ya_fPSOQb¿RfM2jkW�M2RfjkW KM2MÀb´U¹M®»�P^i5_fMd��Y\i � r�OQl�iÉY\]^]SOQb�iBT�OQb�j¾j-OQNB��Y\RfM-R¬T�M2i��ZYaR5_`P¸_`P^OQb�i
M¡»w� KM2R5PSN/M2bn_kYa]SM2icY;T�M2i1�ZY\R5_fP^_fPSOQb�iÌ��l�R5M2N/M2bn_$i�_kYa_fPSi5_fPSpql�M-i2¢\l�b KM2j0YaR5_�M-bn_`RfM�]^M2iET�M2lw»sM2b�i5M2Ns[�]SM2i
ifPSg\bZY\bn_�Y\]SO\Rfi�l�b�M¦��R5OwT�l�j-_fPSOQb�±³Y0�QOQR5PSi KM2M¦T�M¦j2M-R5_kYaPSb�M-i���Y\R5_fP^_`P^OQb�i �

� U KM-_fl�T�M¬T�M-isj2O\RfR KM-]«Ya_fPSOQb�i@M-b�jkWZY\R5gQM�cYÉ]§U¹Y\PST�M/T�M-isNBO\NBM-bq_fi¤T´U¹OQR5T�RfM-isifl�� KM2R5PSM2l�Rfi©Y KM-_ KM
PSb�P¸_`P«Ya]SM2N/M2bn_���RfO\�OQi KM2M@�ZY\R w J OQRfÁQÎ y �¨OQl�R�N/M-_f_fRfM¦M2b KM-�oP^T�M2b�j-M¤l�b�M¦ifl�R5��RfOoT�l�j¡_`PSO\b:T�M ±°RfY\ga�
NBM-bq_fisT�Mª_`Y\PS]^]SM KM2gQY\]SMa¢EP^b�T�PSj-MªT�lÃ��Y\ififY\gQM¬T�lÃi�moi5_0cM-NBM�bql�j-] KM2Y\PSR5MªTZY\b�is]«Y¶Ï-OQb�M¬i5��PSb�OwTZYa]SM
O�cl�]SM2ië��l�j-_flZYa_`P^OQb�i�i5OQbn_�YaNB��]^P^¼ KM-M2i ��� _kY\bn_�T�OQb�b KM ]«Y)±³Y\P^[�]SM���RfOQ�¨OQR�_`PSO\b�T�M j2M-i KM¡� KM-b�M2N/M2bn_fi
Ç�±°OQifi5PS]^M2ifÈ�¢¨]^M¤b�OQNs[�R5M¤TVU KM-� KM-b�M2N/M2bn_`i¦i KM2]SM-j-_fPSOQb�b KM2i��5O\l�M)l�b¶R ¥OQ]^M¦±°O\b�TZY\N/M2bn_kYa]E�¨OQl�R�]«Y/NBP^ifM
M2b KM¡�wP^T�M2b�j2M�T�lªifP^gQbZY\] �o� bªb�O\_fM2RfY¤l�b�M±°OQP^i�M-b�j2OQR5M�]½U¹P^bq_ KM2R ¥M-_�T�M�]§U¹Y\bZY\]¸mwi5M�T�PSifj-RfP^NBP^bZY\bn_`M�pql�P
�M-RfN/M-_{T�M R KM2j-l�� KM-RfM2R�T�Y��aY\bn_`Y\gQM;TVU KM-� KM-b�M2N/M2bn_`i�M-_{T�M;�ZY\R�_`P¸_`PSO\b�i�pql�M ]^M2ih�aY\R5P«Y\[�]SM2i�gQ]^OQ[ZY\]^M2i
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P in
t

P in
t

P in
t

P in
t

Nevt=37016 Nevt=19050

Nevt=5327 Nevt=1034

χ2=1.25 χ2=0.94

χ2=0.69 χ2=0.73

Î«ÏDÐ�Ñ Å � ��Î Ò	r�PDC r�PecY �n� 
 J M ts�| PSi�_`R5PS[�l�_fPSOQb�i¬M¡»w� KM-RfPSN/M2bn_`Y\]SM-id¯³i5moNs[¨OQ]^M2ik²ªT�MdjkW�Y\RfgQM
¯³j2M-Rfj-]SM2i���]SM2P^b�ik²®¢�]SYÀjkWZY\R5gQM�T�lL��]^l�i¬gQR5OQiª±°RfY\gQN/M2bn_¾¯°j2M2R5j2]^M2ik²®¢{T�M-lw»wP§cM2N/M���]^l�i¬gQR5OQiª±°RfY\ga�
NBM-bq_�¯ KM-_fOQPS]^M2i`²@M-_)_`RfO\PSifP§cM2N/Mª��]^l�isgQR5OQi)±°RfY\gQN/M2bn_©T�M¬]½U KM¡� KM2b�M-NBM-bq_:¯Þ_`R5P«Y\b�g\]SM2i`²@M-b?±°O\b�j-_fPSOQb
T�M;]«Y@Nsl�]¸_`PS��]SPSj-P^_ KM{T�M2i�±°R`Y\gQN/M2bn_fi �w� M-i{]SP^gQb�M-ihj2O\RfRfM-if�¨OQb�T�M-bn_Y\lw»ªR KM-ifl�]¸_kYa_fi{OQ[�_fM2bql�i�Y0�QM-j ]«Y
JzKM-_fW�OwT�M T�M2i � RfO\[ZY\[�P^]SP^_ KM2i � bn_`RfP^b�i2cM-pql�M2i¤¯ J:��� ² �Z| Y\b�ih]SM2ih�M¡_`P^_fM2ih±°M-b ¥M-_fRfM-i�ifOQbn_��R KM2ifM-bn_ KM2M-i
]SM2i�T�PSi5_fRfP^[�l�_`P^OQb�i{T�M2i���RfOQ[�Y\[�PS]^P^_ KM2i{P^bq_fRfP^b�i2cM-pol�M2i �

l�ifl�M-]S]^M2i �£| ls�¨OQP^bq_ÌT�M��ol�Mhb�O\Ns[�RfM�TVU KM-� KM2b�M-NBM-bn_`i2¢\]«Yj2PSb�pol�P§cM2N/M�j0Y\N/�ZY\gQb�M � r | v�
 T�M-�oRfY\P^_
b�OQl�i��M-RfN/M-_5_`RfM�TVUXOQ[�_fM2b�P^R�l�b�M�i5M2b�i5PS[�P^]SP^_ KMifl§Q/i`Yabq_fM��¨OQl�R�]SM¡�QM2R�_`O\l�_`M�Y\Ns[�P^gQl1} Â _ KM�ifl�Rh]«Y;�aY£�
]SM2l�R{i5_`Ya_`P^i5_`P^pql�M T�M2ii5PSgQbZYalw»�OQ[�ifM2R�� KM2i �¨� M T�M-lw»wP§cM2N/M¦�O\PSbn_�j2] KM;T�M¦]«YsN KM-_fW�OoT�M;j2O\b�j2M-Rfb�M@]«Y
j2OQb�i�_`R5l�j-_fPSOQb�T�l�T KM2b�OQNBP^bZYa_fM2l�R �� b*M¡à´M¡_0¢¨]SM@T KM2b�O\NBP^bZYa_`M-l�R�T�Ms]«Y©±°OQb�j¡_`P^OQb¶T�M)j2OQR5R KM2]SYa_`P^OQb
RfM2��R KM2i5M2bn_`M]^M�b�O\Ns[�RfMhTVU KM¡� KM2b�M-NBM-bq_fi�T�M{]§U KM2jkW�Y\bn_`PS]^]SOQb KM-_fl�T�P KM�j2OQN/��R5M2bZY\bn_{�RQª±°R`Y\g\NBM-bq_fi1T�M
jkWZY\Rfg\M NBO�mQM-b�b�M ? é�AhM-_TVU KM2j2Y\R5_��u_xmo�M § )�¢�j-M T KM2b�O\NBP^bZYa_`M-l�R KM¡_kY\bn_�Y\]^OQRfi�j2OQb�i�_`R5l�P^_�¨OQl�R{]^M2i
KM-� KM2b�M-NBM-bn_`i�T KM2j2O\RfR KM-] KM-i �Ê� O\l�_`M¦]«Y©T�P Q/j2l�]¸_ KM T�lÉ��RfO\[�]§cM-NBM M-i5_�T�OQb�j¦T�M¦_`R5OQl��QM-R]«Y©N KM¡_`W�OoT�M
T�M¬T KM-j2OQR5R KM2]SYa_`P^OQb�pql�P�PSbn_`R5OwT�l�P^_¤]SM¬N/OQPSb�i¤T�Mª[�P«Y\P^i)�¨OQifi5PS[�]^M2i-¢1T�OQb�j¬T�M[�Zl�j-_`l�Ya_`P^OQb�i2¢ETZY\b�i
]«Y�±°OQb�j-_`P^OQb~T�M*j-OQRfR KM2]SYa_`P^OQb�i � r�O\l�i�Y\]S]^OQb�iBT�OQb�b�M-R¬PSj-P�]^M2i¬T�P¸à KM-RfM-bq_fM2i KM-�\OQ]Slw_`PSO\b�i¬pql�P;OQbn_
�M-RfN/PSi�TVUµYaN KM-]SPSO\RfM2R�]SY¤j2O\b�i5_fRfl�j¡_`PSO\b¬T�l�T KM-b�OQN/PSbZYa_fM2l�R��o]«Y¤��RfM2N/P§cM-RfM�N KM¡_`W�OoT�M�Y)j2OQb�ifPSi�_ KMBcY
j2OQb�i�_`R5l�PSR5M�T�M2i KM-� KM-b�M2N/M2bn_`i�T KM-j2OQR5R KM2] KM2i�¯³��ifM2l�T�Oa� KM¡� KM2b�M-NBM-bq_fik²�M2bejkW�OQP^ifPSi5i`Y\bn_�Y\leWZY\ifY\RfT��SQ
±°R`Y\gQN/M2bn_fi$TZY\b�i�T�M2i KM-� KM-b�M2N/M2bn_`i�T�P¸à KM-RfM2bn_fi �wy M-_5_`MN KM¡_`W�OoT�Ma¢nl�_`P^]SPSi KM2M�YalBi5M2PSb/T�M]«Y j-OQ]S]SY\[O£�
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P in
t

P in
t

P in
t

P in
t

Nevt=11610 Nevt=7588

Nevt=2686 Nevt=668

χ2=0.98 χ2=0.76

χ2=0.84 χ2=0.97

Î¼ÏDÐëÑ Å � ��AÄÒ�r�PDC r�P�cYeÅ � 
�J M t)�Ê� T�M2N ¼�gQl�RfM Å � ��Î �

R`Ya_fPSOQb � r | v
 YªT�OQb�b KMsT�M2i;��R5M2N/PSM-Rfi�R KM2i5l�]^_`Ya_`i��O\ifP^_fP^±°i��O\l�R�]^M¤i�mwi�_0cM-NBMsÛ�M�C � b w } OQR � � y
j2OQbn_`RfY\PSR5M2N/M2bn_¬cY�l�b�M/T�M2lw»wP§cM2N/M KM¡_`l�T�MB��R5OwjkW�M/T�MB]SY���RfM2N/P§cM-RfMa¢VNªYaPSi¦Y0�QM-jBl�b�MBj-OQbn_`R`YaPSbn_`M
ifl�����] KM2N/M2bn_`Y\PSR5M�R KM2i5l�]^_`Y\bn_�T�M]«Y;j-OQb�ifM-R5�aYa_fPSOQb/T�M]«Y�Ç5jkW�Y\RfgQM]^P KM2M-È/¯³T KM¡¼Zb�P^M�PSj2P��ZY\R$]«Y i5OQNBN/M
T�M;_`OQl�i{]SM-ih±°R`Y\g\NBM-bq_fi�T�MUéäÌ � ²�T�M ]§U KM-� KM2b�M-NBM-bn_0¢�O�cl¬]^M2iY\lw_`M2l�Rfi�j2O\b�j2]^l�M2bn_�ZY\Rh]§U¹Y\[�ifM-b�j2M
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�J M t)�Ê� T�M2N ¼�gQl�RfM Å � ��Î �

bVUµY£à´M-j-_`M-bn_�pql�M¦]SM bql�N KM2RfYa_`M-l�RT�M¦]«Ys±°OQb�j¡_`P^OQb�T�M¦j2OQR5R KM-]«Ya_fPSOQb �

 j-_fl�M2]^]SM-NBM-bq_2¢\]SY�T�M2R5b�P§cM-RfM KM¡�QOQ]^l�_`P^OQbsT�M{]SY;N KM¡_`W�OoT�M{j-OQb�i5PSi5_fM¤cY;j2O\b�i5_fRfl�P^RfM�]SMhT KM2b�O\NBP^bZYa_`M-l�R
M2bºl�_`P^]SPSifY\bn_©]SM-i©��RfO\��RfP KM-_ KM-ieM¡»w� KM2R5PSN/M2bn_kYa]SM2ieT�M-iB��Y\R5_fP^_`P^OQb�i-¢1T�P^RfM2j¡_`M-NBM-bq_BYaàM2j¡_ KM-M2i/�ZY\Re]«Y
j2OQb�i5M2R��\Y£_`PSO\b�T�M/]«Y�jkWZY\R5gQMe_`O\_`Y\]SM ��� UXWnmo�O\_fWVcM2i5MªT�MBT KM2��Y\R5_¤M2i�_)T�O\b�jBT�MBi5l����¨OQifM-R)pql�Mª]^M2i
j2OQR5R KM2]SYa_`P^OQb�i@M2bn_`R5M¬]SM-i)jkWZYaRfgQM-i©ifOQbn_s_fR2cM2i@±³Y\PS[�]SM2i¤]SOQR5i¤T�M¬]«YÉj0Y\i5ifl�R5M�T�M¬]«YÉifOQl�Rfj2Ma¢1jkWZYapol�M
jkWZY\Rfg\M KM¡_kY\bn_M-bq_fP§cM-RfM2N/M2bn_�T KM-j2RfP¸_`M �ZYaR�l�b�M¦��RfO\[ZY\[�P^]SP^_ KM�TVU KM2N/PSi5ifP^OQb�Y\���¨M2] KM2M ��R5OQ[ZY\[�P^]SP¸_ KM�P^bw�
_`RfP^b�i2cM-pql�M �£y M$N/OwTVcM2]SM1M2i5_�T�P^_hcY{jkWZYaRfgQM-iÌP^b�T KM-�M-b�TZY\bn_`M-i�j0Y\R�P^]\b�M$j-OQbn_`PSM-bn_ÌY\l�j2l�b�M�j2OQR5R KM2]SYa_`P^OQb
Y\l�_`R5M pql�M¤j-M2]^]SM2i�P^b�T�l�P¸_`M-i��ZY\R]«Ysj-OQb�ifM-R5�aYa_fPSOQbÉT�M¦]«YsjkWZYaRfgQM _`Oa_kY\]^M w | M-i �n� y½�
� Y/��RfM-NBP§cM2R5M KM¡_kY\�¨M)T�M¤]«Y/N KM¡_`W�OoT�M@T�M2i;��RfOQ[ZYa[�PS]^P^_ KM-i�PSbn_`R5PSb�i2cM2pql�M-i;pql�M)b�O\l�i Y\]^]SOQb�il�_fPS]^PSifM-R
�OQl�RE]^M�i�mwi�_0cM-NBMhr�PDC r�PoT�M �n� cY �Q� 
&J M t ¢aj2OQb�i5PSi�_`M@cY�j0Y\]^j2l�]^M2R�]SM-iE��RfOQ[ZYa[�PS]^P^_ KM-i�PSbn_`R5PSb�i2cM2pql�M2i
T�M2i$�ZYaR5_`P^j2l�]^M2i�M¡_$±°R`Y\g\NBM-bq_fi��¨OQl�R$jkWZY\pql�MNsl�]^_`P^��]SP^j2P¸_ KM$T�M{±°RfY\gQN/M2bn_`i �qy M2i���R5OQ[ZY\[�P^]SP¸_ KM2iÌifO\bq_
OQ[�_`M-bql�M2i¦M2b¾N/PSN/PSN/PSifY\bn_�]^MM" i M2bn_`R5M©]SM2i ��RfOQ[ZYa[�PS]^P^_ KM-i�M®»�� KM2RfP^NBM-bn_kY\]^M2i;M¡_¦]SM2i ��RfOQ[ZYa[�PS]^P^_ KM-i
T�M¾�ZY\R5_fP^_fPSOQb�iBj0Y\]^j2l�] KM2M-iÉ��Y\R�]SM*N/OwTVcM2]SMºcY?jkW�Y\RfgQM-i�PSb�T KM-�M-b�TZY\bn_fM2i ��� M2i�T�P^i5_fRfPS[�l�_`P^OQb�i¬T�M
jkWZY\Rfg\M¶M-_ª]SM-iB��R5OQ[ZY\[�PS]SP¸_ KM-i/P^bn_`RfP^b�i2cM-pql�M2i¬j-OQRfR5M2i5�OQb�TZY\bn_`M-i¬ifOQbn_�R5M2��R KM2i5M2bn_ KM-M2i�M2b¿±°O\b�j-_fPSOQb
T�M¶]SY�Nsl�]¸_`P^��]SP^j2P^_ KMªT�M:±°R`Y\gQN/M2bn_fiBM¡_¬T�M�]½U KM-b�M2R5gQPSMÉPSb�j2PST�M2bn_`MÉifl�Rª]SM2ie¼ZgQl�RfM2i Å � �0Î ¢ Å � ��A M-_
Å � � 9 �Z� M;b�O\Ns[�RfM T´U KM¡� KM-b�M2N/M2bn_fi�M¡_�]SM-iT" i O\[�_`M-bol�i�i5OQbn_T�OQb�b KM2iifl�R�]^M2i{T�P^à KM2RfM-bn_`i�if�¨M2j¡_`R5M2i �
� Y���RfOoj KM2T�l�RfM*T�M*N/PSb�PSN/PSi`Y£_`PSO\bÃj2OQbn�QM-RfgQM¾�QM-Rfi�T�M-i��M¡_`P^_fM2iª�aY\]^M2l�R5i¬T�MU" i ¢h]^M2i¬T�PSi5_fRfP^[�lw�
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_`PSO\b�i�M¡»w� KM-RfPSN/M2bn_`Y\]SM-i�ifOQbn_�T�OQb�j¦[�P^M2b�RfM-��RfOoT�l�P¸_`M-i���Y\R�]SM N/OwTVcM2]SM ��� Y©��RfM-NBP§cM2R5M j2OQb�j-]Sl�i5PSOQb
T�M¶j-M-_f_fM KM¡_`l�T�M:M2i�_¬T�M:j2OQb�i�_kYa_fM2RBpol�M¶]SM-iBT�OQb�b KM-M2i¬i5OQbn_¬j2O\NB�ZY£_`PS[�]SM2ieY0�\M2j�l�b¿��RfOoj2M-ififl�i
TVU KM-NBP^ifi5PSOQb�i�PSb�T KM2�¨M2b�TZYabq_fM2i{M¡_�T�OQb�j;pql�M;]SM-ihj-OQRfR KM2]«Y£_`PSO\b�i���Wqmoi5PSpql�M2iYal�_`R5M2i{pql�M j-M2]S]^M2i�T�l�M2i
cYe]SYsj2OQb�ifM2R��aYa_`P^OQb:T�M@]SYsjkWZY\R5gQM¤i5OQbn_±³Y\PS[�]^M2i �

� OQR5ifpqlVUXl�b KM-� KM2b�M-NBM-bn_�M-i5_j-OQNB�¨OQi KM;T�M;±°R`YagQNBM-bn_`i{T�M;_`Y\PS]^]SM�ifP^NBP^]«Y\P^RfM\¢nT�M2i���P^j2i�ifO\bq_�Y£_5�
_`M2b�T�l�i��OQl�R�]SM2i�¨M-_fP^_`M-i{�aY\]SM-l�RfiT�M § )¶TZYab�i�]^M2i{±°OQb�j-_`P^OQb�i�T�M¦j-OQRfR KM2]«Y£_`PSO\b�i �Z� Y©]«YaRfgQM-l�R�T�M2i
j0Y\bZYalw»/M2b ? éBA�M-_ § )�Y KM¡_ KM���RfP^ifM KM2gnYa]SM)cY¦l�b�M�l�b�P^_ KM �q� M���RfM-NBP^M2R$j0YabZY\]ZM2b § )�j2OQbn_`P^M2bn_�T�OQb�j
]SM2i KM-� KM2b�M2N/M2bn_`i;�¨OQl�R�]SM-ifpql�M2]^i § ) Ë �\¢¨pql�PÌj2O\RfRfM-if�¨OQb�T�M-bn_¬cYBl�b KM-j0Y\R�_;NBY£»wPSNsl�N T�MsT�M-lw»
l�b�P^_ KM2iM2bn_fRfM¦]SM ��]^l�igQRfO\i�M-_�]SM-i���]Sl�i�¨M-_fP^_`i{±°RfY\gQN/M2bn_`i w � Y\[ �Q� ¢ � Y\[ �\� y§�

� l�R ]«Yª¼Zg\l�RfM Å � ��Á M2i�_@NBOQbn_fR KM2M©]½U KM¡�QOQ]^l�_`P^OQb*T�M-i¦±°O\b�j-_fPSOQb�i T�M©j2OQR5R KM2]SYa_`P^OQb�i;M-bd±°O\b�j-_fPSOQb
T�M ? é�A��¨OQl�R�]SM2i KM-� KM-b�M2N/M2bn_`i�T�lªj0YabZY\] § ) Ë � �w� bªj2OQb�i�_kYa_fM�pqlVUXPS]ÊbVU mBY)�ZY\i�T�M�i5l�Rf��RfOoT�l�j¡�
_`PSO\b¶TVU KM-� KM2b�M2N/M2bn_`i T�O\bq_;]SM2i�jkWZY\R5gQM2i;i5OQbn_ pqlZY\i5P¸�xP^T�M2bn_fPSpql�M2i-¢�cY �n� 
ÝJ M ts�´� b*RfM-�aY\b�jkW�Msj2M
ifPSg\bZY\]ÌifM2N)[�]SM©Ya���ZY\RfY ¥ Â _fRfM�cY¬Å � 
ÝJ M t M-_;M2i5_;��]Sl�i�j2]«YaPSRfM-NBM-bn_���R KM2i5M2bn_¬cY �Q� 
ÍJ M t)��| Y\b�i
j2M¶T�M2Rfb�PSM2RBj0Y\i-¢h]SYdjkWZYaRfgQM�N/O�mQM-b�b�M�T�M-iª±°R`YagQNBM-bn_`iªT�OQbn_¬]«Y¾±°OQb�j¡_`PSO\b¿T�M:j2OQR5R KM2]SYa_`P^OQbºM2i5_
j2]«YaPSRfM-NBM-bn_�i5l�� KM-RfPSM-l�RfM/cY¤]§UXl�b�P¸_ KM�T KM2j-RfO ¥ Â _hpqlZYab�T�]SM-l�R�N)l�]^_fPS��]^PSj2P¸_ KM�Yal�gQN/M2bn_`Ma¢w]^M���R5OwT�l�P^_�T�M2i
T�M2lw»/R5M2i�_kY\bn_���R`Y£_`PSpql�M-NBM-bn_�j-OQb�i�_kY\bn_��O\l�R�]SM2i$pqlZY£_`RfMP^bq_fM2R��\Ya]S]SM-i$T�MNsl�]¸_`PS��]SPSj-P^_ KM���R KM2i5M2bn_ KM-i
ifl�R¦]«Y¬¼Zg\l�RfM Å � ��Á ��� bd_fM2]$ifP^gQbZY\]½¢V��R KM2ifM-bn_kY\bn_sj-M-_5_`M/N ¥M-NBM©j2Y\R`Y\j¡_ KM-RfPSi�_`P^pol�M\¢�Y KM-_ KMeOQ[�ifM2R�� KM
��R KM-j KM2T�M2N/NBM-bq_��ZY\R w � Y\[ �Q� ¢ } OQR � � ¢ � Y\[ �Q� y Y0�\M2j�]^Mi5moi5_0cM2N/M�Û;M)C � bªM¡_h�ZYaR w Ä l�P �n� y Y0�QM2j�]SM
i5moi5_0cM2N/M©r�P]C 
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ÝJ M ts�V� Y\R;YaPS]S]^M2l�R5i�Yal�j2l�b�Msj2OQb�j2]Sl�ifPSO\b¶bVU¹Y0�\YaP^_;��l ¥M-_`R5M¤_fPSR KM-M)�¨OQl�R
]SM¶i�moi5_0cM-NBM¾r�PDC r�P©cY �n� 
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i KM2]^M2j¡_`PSO\b�b KM2i �Z� bª�\OQP^_�T�OQb�j�l�b�M;b�O\l��QM-]S]SM�±°OQPSi�]§UXPSbn_ KM2R ¥M¡_hT�M;]§UXl�_`P^]SP^i`Ya_fPSOQb©T�M�]§U 
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]SM�±³Y\P^_eT�MÉ�¨OQl��\OQPSRei KM2]SM-j-_fPSOQb�b�M2R/l�bº_fR2cM-iB]SY\RfgQM�M-b�ifM-Ns[�]SMÉT�MÉ�ZY\R�_`P^_fPSOQb�isTVU KM-� KM2b�M-NBM-bn_`i¬T�M
ifOQl�R5j2M:l�b�PSpql�Ma¢��¨M2R5NBM¡_ KM-gnY\]SM-NBM-bn_BT´U¹OQ[w_`M2b�PSR/l�b~b�OQN)[�RfMÉ��]Sl�iªPSN/�¨OQR5_`Y\bn_eTVU KM¡� KM2b�M-NBM-bq_fi
pol�M@��Y\Rl�b�M¦i KM-]SM2j¡_`P^OQb�±³Y\P^_fMªcYe]½UµYaPST�M;T�M¦�aY\R5P«Y\[�]SM2ihgQ]SOQ[�Y\]SM-i{l�ifl�M2]S]^M2i �
| UµY\lw_`RfM@�ZY\R�_0¢¨]§UXl�_`P^]SP^i`Ya_fPSOQb¬T�l*j2OoT�M }�� } ¯ } R5O Ðb�P«Y\b � b�M®� } OoT�mÉT�mobZY\N/PSj-ik²®¢¨T�OQbn_;]§UXOQR5PSgQP �
bZY\]SP¸_ KM{M-i5_�T�M��OQlw�QOQP^R�P^bn_`RfOoT�l�P^RfM�]^M2ið�Zl�j¡_`lZYa_fPSOQb�i�b�OQbªi5M2l�]^M2N/M2bn_�TZY\b�i�]«Y j2O\b�T�P^_fPSOQbeP^b�P^_fP«Y\]^M
T�lei5moi5_0cM2N/M�NBY\PSi�Y\l�ifi5PZTZY\b�i�]SY¦Twmwb�Y\NBP^pql�M�M-_�b�O\_`Y\N/NBM-bq_�pol�Y\b�T/]SM�i5moi�_0cM2N/M�M2bn_`R5M�T�Y\b�i�]«Y
R KM2g\PSOQbePSb�i5_kYa[�]SM w Ä¦lZY\Á�A y ¢oY@�¨M2R5NBP^i$T�M�±³YaPSRfM]^M�]^PSM-b/M-bn_`RfM�]«Y¦ifl�Rf��R5OwT�l�j-_`P^OQb/T�M�±°RfY\gQN/M2bn_`i�T�M
_kY\P^]S]SM KM2gnYa]SM M-_�]SYeT KM2j2O\NB�¨OQifP¸_`P^OQb�if��P^b�OoTZY\]SM T´U¹l�b:i5moi5_0cM2N/M@¼�b�P w � Y\[ �\� ¢ } OQR � � ¢ � Y\[ �Q� y§�Ê� b
[ KM2N/OQ]�j-OQb�j-M2Rfb�Y\bn_�]½U¹P^bn_`M2R5��R KM¡_kYa_fPSOQb)T�l©ifP^gQbZY\]w�OQl�RfR`YaP^_ ¥M¡_`RfMhRfM2]SYa_`P¸±�cY;]«Y�_`Y\PS]^]SM�T�M2i$±°RfY\gQN/M2bn_`i
T�Mªj-M-_f_fM¬ifl�Rf��R5OwT�l�j-_`P^OQb �E� b�M-àM-_)PS]Si@ifO\bq_)��]Slw_ ¥O\_)Ya_f_fM2b�T�l�i©Y\lw»ÀY\]^M2bn_`O\l�Rfi¤T�M � ¸3� � �k� �w y W�OQÁ � y �OQl�R1T�M-i$i5moi5_0cM2N/M2i$PSbw¼Zb�PSiENªYaPSiÌi`Y\jkWZYabq_�pol�M�]SM2iEi5moi5_0cM2N/M2i�¼Zb�PSi1O\bq_��OQl�R1�ZY\R�_`P^j2l�]SY£�
RfP^_ KM;TVU KM2]SY\RfgQP^Rhj-M-_f_fM¦T�PSi�_`RfP^[�l�_fPSOQbV¢ob�OQi�R KM2i5l�]^_`Ya_`i�b�O\l�i�ifM-Ns[�]SM-bn_�j-OQW KM-RfM2bn_fi�Y0�\M2j@]§UXWqmo�¨O\_`WVcM2ifM
TVU¹l�b�M;�¨OQifi5PS[�]^M�_`RfY\b�i5P^_`P^OQbªT�M;��WZY\i5M;T�M�_xmo�¨M;]SP^pql�PST�M�gnY\Ï��OQl�Rh]SM-i KM¡� KM-b�M2N/M2bn_fi�N/OQb�O\ifOQl�R5j2M
T�l:i�moi5_0cM-NBM¤r�P]C r�P�cYel�b�M KM-b�M2R5gQPSM¦PSb�j2PST�M2bn_`M TVUXM2bn�oPSR5OQb �\� 
�J M ts�

 bZY\]¸moifOQb�i©NBY\P^bq_fM2bZYabq_)b�OQi KM¡� KM-b�M2N/M2bn_fiBT�M�i5OQl�R5j2M�l�b�P^pql�M�M2bÃ_`M-RfN/M¬T�M��Zl�j-_`l�Ya_`P^OQb�isM-b
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Ni+Ni à 52A MeV
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Î«ÏDÐ�Ñ Å � ��ÁÄÒ K� �QOQ]^l�_`P^OQb�T�M-i{±°OQb�j-_fPSOQb�i�T�M j2OQR5R KM-]«Ya_fPSOQbªY��\M2jlËáé � �¨OQl�R § ) Ë�� M-_�¨OQl�R{]^M2i
pol�Ya_`R5M@P^bn_`M2R��aY\]S]^M2i{T�M¦]SYeN)l�]^_fPS��]^PSj2P¸_ KMT�M-i�±°RfY\gQN/M2bn_`i�j-OQb�ifP^T KM2R KM2i �
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KM2b�M-RfgQP^M gQR ¥Y\j-M¬cYe]SY©N KM¡_`W�OoT�M T�M¦j0Ya�ZY\j2P¸_ KM¦j0Ya]SOQR5P^¼Zpql�M;b KM2gnYa_fP^�\M �

þÔ�#�¼�#� î ¦ � ¦ðß ¡ ¤ ¢£ñßH¦ Þ�� �P¡ � ¨Óª £
y O\bq_fR`Y\P^RfM-NBM-bq_�Yalw» KM¡_`l�T�M-i��R KM-j KM2T�M2bn_`M-i�[ZY\i KM2M-i�i5l�R]«Y¤_`Y\PS]^]SM�T�l���]Sl�i�gQRfOQi{±°RfY\gQN/M2bn_�OQl

ifl�R©]^M2i KM¡� KM-b�M2N/M2bn_fi/T�OQbn_e]SM2i¤±°R`Y\gQN/M2bn_fisOQbn_©l�b�M¬_`Y\PS]^]SM/ifM-Ns[�]«Ya[�]SMa¢E]^M¬ifP^gQbZY\]�T�M�j0Ya�ZY\j2P¸_ KM
j0Y\]^OQRfP¸¼Zpql�M�M-i5_[ZY\i KM;ifl�R�]§UXOQ[�ifM-R5�aYa_fPSOQbBT�M2ië�Zl�j-_`l�Ya_`P^OQb�i{T�M ]½U KM-b�M2R5gQPSM�j2P^b KM-_fPSpql�M;�¨OQl�R�l�b�M2bw�
ifM2N)[�]SM�TVU KM-� KM-b�M2N/M2bn_`i�_`RfP KM2i$M-b KM2b�M2Rfg\PSM{_`Oa_kY\]^M �qy M-iÚ��l�j-_flZYa_`P^OQb�i��¨M2l��\M2bn_ ¥M¡_`RfM�Y\i5ifOoj2P KM2M2i cY ]«Y
j0Y\�ZYaj2P^_ KM j0Y\]^OQRfP¸¼Zpql�M N/PSj2R5Owj2Y\b�OQb�PSpql�M;T�lÉi5moi�_0cM2N/M¦ifP�]½U KM-pol�PS��R5OQ[ZY\[�P^]SP¸_ KM�T�M2i KM-_kY£_`i�N/PSj2R5OQifj-Oa�
��PSpql�M-i)M2i�_sR5M2if�¨M2j¡_ KM-Md¯ KM2pql�P^]SP^[�RfMei5_`Ya_`P^i5_fPSpql�M�² �Ì| M2iÁ��l�j-_flZYa_`P^OQb�i)Y\b�OQR5NªY\]^M2i¦j2O\RfRfM-if�¨OQb�T�M-bn_
Y\]SOQR5icY;l�b�M{j0Ya�ZY\j2P¸_ KM�j0Y\]^OQRfP¸¼Zpql�Mhb KM-gnYa_fP^�QM w y W�OnÁQÁ y pol�P�M2i�_���R KM¡�ol�M��ZY\RE]«Y�_fW KM2O\RfPSM��O\l�R1_`O\l�_`M
_`R`Yab�ifP¸_`PSO\bsT�M{��W�Y\ifMT�le��R5M2N/PSM2REOQRfT�RfM�TZY\b�i$]SM2i1i5moi5_0cM2N/M2i$¼Zb�P^i �nv M2NBY\Rfpql�O\b�i2¢\Y��aY\bn_�T�M���Y\i��
ifM2R�TZY\b�i�]SM¤�oP¸±�T�l�ifl �5M-_0¢pql�Msj2M)ifPSg\bZY\]EY KM-_ KM)OQ[�i5M2R�� KM©��R`Ya_fPSpql�M2N/M2bn_�ifPSN)l�]^_`Y\b KM2N/M2bn_�TZY\b�i
]SM2i�i5moi5_0cM2N/M2i;¼Zb�PSi��¨OQl�R�]«Y/Nsl�]^_fP^±°RfY\gQN/M2bn_kYa_fPSOQb�bql�j-] KM2Y\PSR5M w | Y\g �n� y M¡_ �¨OQl�R�]SYB]^PSpql KM-±³Yaj-_`P^OQb
TVUµYagQR KM-gnYa_`i�N KM-_`Y\]S]^PSpql�M-i w � jkWZÁ�A ¢ � jkW�Á 9 ¢ � jkW � � y§�

� Mj0Ya]Sj2l�]§¢\pql�PZ_fR`Y\T�l�P^_$]SY;RfM2]SYa_`P^OQb©M2bn_fRfM¼�Zl�j-_flZYa_fPSOQb�i$M¡_�j0Y\�ZYaj2P^_ KM�j0Y\]^OQRfP¸¼Zpql�M�TZY\b�i�]^M�j0Y\i
TVU¹l�b�i5moi5_0cM2N/M�PSi5OQ] KMeM-_ KM2pql�PS]^PS[�R KM\¢�Y¶�¨OQl�R@Wnmo�O\_fWVcM2i5M�T�MªT KM2�ZY\R�_©pql�M¬]½U KM-b�M2R5gQPSMe_`O\_`Y\]SMe�¨M2l�_
¥M-_`R5MsT KM-j2OQN/�O\i KM2M)M2b*T�M-lw»���Y\R5_fPSM2i�PSb�T KM2�¨M2b�TZYabq_fM2i-¢Vj2Mspql�PE�M-RfN/M-_�TVU KM-j2R5PSRfM)]«YBT�PSi5_fRfP^[�l�_`P^OQb
T�M¦��RfOQ[�Y\[�PS]^P^_ KM�T�M¦]§U KM2b�M2Rfg\PSM TVUXl�bÉT�M2i�T�M2lo»�ifOQl�i��xi�moi5_0cM-NBM-i�i5OQl�i�]«Y)±°OQR5NBM©�

WV Tö ¯ K ö ²Ú¸YX
ö ¯ K ö ² X X i£¯ K ú ´ K ö ²
X ¯ K ú ² ¸ � » r ¯ � ö ¯ K ö ²HC � i ¯ K ú ´�K ö ² ´ � ú ¯ K ú ²f² »

X
V KM¡_kY\bn_�]«Y T�M-b�ifP¸_ KM�T´U KM¡_kYa_�T�lªi5OQl�i��xi5moi�_0cM2N/M;P½¢ � V

]½U¹M-bq_fRfOQ��PSM�M-_ X ]SM���RfOoT�l�P¸_�T�M�j-OQbn�QOa�
]Sl�_fPSOQb�T�M2i©T�M-lw»ÃT�M2b�i5P^_ KM-i©TVU KM-_kY£_`i©PSb�T�P^�oPST�l�M2]^]SM2i �Ì� bºY\����RfO0»wPSNBY\bn_sj-M-_f_fM�T�PSi�_`R5PS[�l�_fPSOQb��ZY\R
l�b�M¦gnY\l�i5ifP^M2b�b�Ma¢ÊOQb�OQ[�_`P^M2bn_]«Ys�aY\R5P«Y\b�j-M §1ö i5l�P^�aY\bn_fM/�

§ iö ¸ ?#K iö A ´ ?#K ö A i � º i X � � X � �� ö C � i X
| Y\b�i�j2M¡_f_`M KM2pqlZYa_fPSOQb´¢ � V

R5M2��R KM2i5M2bn_`M;]SY@j2Y\�ZY\j-P^_ KM�j2Y\]SO\RfP^¼�pol�M�T�lªifO\l�i��ui5moi5_0cM2N/M�P �n� bBOQ[�_fPSM2bn_
Y\]SOQR5i{]§UXM¡»w��R5M2i5ifPSO\b:T�M¦]SYej2Y\�ZY\j-P^_ KM j0Y\]^OQRfP¸¼Zpql�M;_`O\_`Y\]SM � ifl�P¸�\Yabq_fMe�

� � � ö C � ië¸ � iö� ö ´[Z GF\ G X
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| Yab�i{]«Y¤Ï2OQb�M T�M;j2OoM¡»wPSi�_`M-b�j2Ma¢Z]SM�_fM2R5NBM Z GF\ G T�M¡�oPSM2bn_i5l�� KM2R5PSM-l�R)cY � ö cY)j0Yal�ifM¦T�M;]½U¹P^NB�¨OQR��_kY\b�j-M�T�M2i<�Zl�j¡_`lZYa_fPSOQb�iÌT�Y\b�i�]«Y{Ï-OQb�M�if��P^b�OwT�Y\]SM�M¡_Ìl�b�M�ifPSg\bZYa_`l�RfM$T�M�]«Y{_fR`Y\b�i5P^_fPSOQb ]^PSpql�PST�M¡�xgQY\Ï
ifM _`RfY\T�l�P¸_T�OQb�j¦�ZY\R�l�b:jkWZYab�gQM2N/M2bn_�T�M¦ifP^gQb�M T�M � ö º i ´ § iö ¢�TVUXO�cl � Ë � �
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Î«ÏDÐ�Ñ Å � �\� Òdr�PDC r�P�cY �n� ¢�Å � M-_ �Q� 
 J M t)�1� b�WZY\l�_B� KM¡�QOQ]^l�_`P^OQbdT�M2iÄ�Zl�j-_flZYa_fPSOQb�i¥0 ì Z F G\ GM-_s]SYÉjkW�Y\]SM-l�R)NBY\ifi5PSpql�M � ö M2b�±°OQb�j-_`P^OQbÀT�Mª]§U KM2b�M2Rfg\PSM/TVU¹M®»wj2P^_`Ya_`P^OQbÀ��Y\R)bql�j-] KM2O\b �1� b�[�Y\i¬�KM-�QO\]Sl�_fPSOQbºT�M¶]SYdjkW�Y\]SM-l�RBNBY\i5ifPSpql�M�_`Oa_kY\]^M � \ M2b¿±°OQb�j-_`P^OQbºT�M¶]½U KM-b�M2R5gQPSM�TVUXM¡»wj2P¸_kYa_fPSOQb&�ZY\R
bol�j2] KM-OQb �Ê� Y©j2OQl�Rf[¨M RfM2��R KM2i5M2bn_`M¤]«YsT�P^i5_fRfPS[�l�_`P^OQb�T�M¦]§U KM2b�M-RfgQP^M;TVUXM¡»wj2P¸_kYa_fPSOQb �Z� M2ij2OQbn_fOQl�RfiM-b
gQRfP^i�PSb�T�P^pql�M2bn_]SM-iÏ2OQb�M-iT�M¦j2OQb�¼ZY\b�j2M@�¨OQl�R � \ �
� »w� KM-RfPSN/M2bn_`Y\]SM-NBM-bq_2¢V]SM©j2Y\]Sj-l�]�T�Me]SY¬j0Y\�ZYaj2P^_ KM©j0Y\]^OQRfP¸¼Zpql�M©b�Me�¨M2l�_@ifM©±³Y\P^RfMspqlVU¹Y\ld��RfP »

Ç5TVUXWqmo�¨O\_`WVcM2ifM-i�R`Y\P^ifOQb�bZY\[�]^M2ifÈ�T�OQbn_¬]^M2iBM-àM-_`iBOQbn_ KM-_ KM KM¡_`l�T�P KM2iBM2b~T KM¡_kY\P^]���Y\RB]^M2iªY\l�_`M-l�Rfi
T�M*]«YÀR KM-± KM-RfM2b�j2M w | Yag �Q� y½�{� M*[�lw_�M2i5_�T�M*RfM2j-OQb�i�_`Rfl�PSRfM*]^M2i¬j2Y\R`Yaj-_ KM-RfP^i5_`P^pql�M2i�T�M*]SY�ifOQl�Rfj2M
Y\l�N/OQNBM-bn_sT�M¬]SYÉ±°RfY\gQN/M2bn_kYa_fPSOQbd��R5OQNB�w_`M\¢1Y\lÀ±°R5M2M2Ï-M¡�uOQl�_ �1� OQl�Rs]SP^NBP¸_`M2R ]^M2iL��l�j-_flZYa_`P^OQb�i
ifl�R@]«Y¬_kYaPS]S]^MsT�M/]«Y�ifOQl�Rfj2Ma¢�ifM2l�]Si)]^M2i KM-� KM-b�M2N/M2bn_`i)T�OQbn_)]SY¬_kY\P^]S]SM)T�MB]SYÉi5OQl�R5j2M/RfM2j-OQb�i�_`Rfl�P^_`M
M2i5_/j-OQNB��RfPSi5M¬TZY\b�i/l�bºP^bn_`M2R��aY\]S]^MªT�M ø � ��{ Yal�_`OQl�R©T�M�i`Y��aY\]SM-l�RsN/O m\M2b�b�M\¢�ifOQbn_/��R5PSisM-b
j2OQN/��_`M �Z� ]�RfM-i5_`M¤Y\]^OQRfi)cY KM-�aY\]^l�M2R�]SYej2Y\�ZY\j-P^_ KM@j2Y\]SO\RfP^¼�pol�M\¢�j-M¤pql�M@b�OQl�i�Y\]^]SOQb�ih±³Y\PSR5MªcY/��Y\R5_fPSR
T�M2i �Zl�j-_`l�Ya_`P^OQb�i$T�M�]½U KM-b�M2R5gQPSM{j-PSb KM¡_`P^pol�M�Y\leNBO\NBM-bq_1O�cl©]SM-i���R KM¡±°R`Y\g\NBM-bq_fi$ifOQbn_$±°OQR5N KM-i �\� OQl�R
M2i5_fPSN/M2R@j2M¡_f_`M KM2b�M-RfgQP^MBj-PSb KM¡_`P^pol�M¬Y\ld±°RfM2M-Ï2M®�xOQl�_2¢Eb�OQl�isYa]S]SO\b�i¦T KM2T�l�PSRfMB]§U KM2b�M-RfgQP^Me�O\_fM2bn_`P^M2]^]SM
¯³pql�Meb�OQl�i@�¨OQl��QO\b�i¤M-i5_fPSN/M2R �ZY\R ]^Me[�PS]SY\b*T�MeNªYaififM/Y �5O\l�_ KM�cY�]§U KM2b�M-RfgQP^M©j2OQl�]SOQNs[�PSM2b�b�M�²�T�M
]§U KM2b�M-RfgQP^MsTVUXM¡»wj2P¸_kYa_fPSOQb¾��R KM0Y\]SY\[�]SM-NBM-bn_ j0Y\]^j2l�] KM2M©�ZYaR j0Y\]^OQRfP^N KM¡_`RfP^M �¨| M2i¦Wnmo�Oa_`WVcM-ifM2i@T�OQP¸�QM-bq_
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[�PSM-b¬M2bn_`M-b�T�l ¥M-_fRfM�±³Y\P¸_`M-ih��l�P^ifpql�M b�O\l�i{b�M;T KM-_`M-j-_fOQb�i�ZY\i{]^M2i�b�M2l�_fRfOQb�i�M-_�pql�M TVU¹Y\l�_fRfM;��Y\R5_
b�OQl�isb´U¹P^T�M2bn_`P¸¼ZOQb�i)�ZY\i©]«Y:NªY\i5ifM¬T�M2is±°R`YagQNBM-bn_`i�¯³Y\l�_`R5M2i©pql�M � ¸ � M¡_ � ¸;Åq² �E� Y\ReYaPS]S]^M2l�R5i
b�OQl�i�b�M ifY0�QOQb�i�ZYai�b�OQb���]^l�i�j2OQN/N/M2bn_�ifM T KM2ifM®»wj2P^_fM2bn_�]SM-i{±°R`Y\gQN/M2bn_fi�Y\l¬±°RfM-M2Ï-M¡�xO\l�_ �Z� UXWnmq�
�O\_fWVcM2i5M ��RfP^ifM;T�Y\b�i{j-M;_`R`Y0�aY\P^]M-i5_T�M;i5l����¨OQifM-R�pql�M ifM-l�]Si�T�M-i�b�M2lw_`RfO\b�i�ifM-RfOQbn_ KM2N/PSi��ZY\R{]^M2i
±°R`Y\gQN/M2bn_fi Y\��R2cM2i¦]SM)±°R5M2M-Ï2M¡�uOQl�_¦M¡_¦T�OQb�j©pql�Me]«YBjkWZY\Rfg\M©T�M2i ±°R`YagQNBM-bn_`i ��R5PSNBY\PSR5M2i�ifM2RfYÉj-M2]^]SM
T�M2i�±°R`YagQNBM-bn_`i�±°RfOQP^T�i2¢�]SM2l�R�NªY\i5ifM KM-_`Y\bn_�TZY\b�i]SM RfY\���¨OQR5_z0 N µ N �dé N µ N T�l:i�moi5_0cM-NBM@PSb�P^_`PSY\] �} M0Y\l�j2OQl��BTVU KM-_`l�T�M2i�OQbn_ KM¡_ KM�R KM0Ya]SPSi KM2M-i�M-bB_fM2i5_`Y\bn_hT�P^�QM-Rfi5M2ihWnmo�¨O\_`WVcM-ifM-ihb�O\_`Y\N/NBM-bq_�T�MªÇ5R5WZY£�
[�PS]^]«Y\gQM-È�T�M2iÌ±°R`Y\g\NBM-bq_fiÌY\l¤±°R5M2M2Ï-M¡�uOQl�_ w r�M2P«Á\Á y M-_1j2M�pol´U¹P^]oM-i5_EPSN/�O\R5_kYabq_�T�Mhj2O\b�i5_`Ya_`M-REM-i5_�pql�M
j2M2i�T�P^�QM-Rfi5M2i�PSb�j2M2R�_`P¸_`l�T�M-i{bVUXOQbn_��¨OQl�Rhj-OQb�i KM2pql�M2b�j2M@pol�M;T�M�Ç5[�RfOQl�P^]S]^M2RfÈ@]SM�ifP^gQbZY\]¨M-_�T�OQb�j;T�M
T�PSN/PSbql�M-R�]^M2i��Zl�j-_`l�Ya_`P^OQb�i���WnmoifP^pol�M2i �Ê� b�M;±°OQP^ih]SM�b�OQNs[�RfM;T�M b�M2l�_fRfOQb�i���R KM2i5M2bn_`i�Y\l¬±°R5M2M-Ï2M¡�
OQl�_�M2i5_fPSN KM¬¯��ZY\R�]«Y/T�P^à KM2R5M2b�j-M)M2bn_fRfM)]^M¤b�OQNs[�R5M¤_`Oa_kY\]�T�M¤b�M2l�_fRfOQb�i KM2N/PSiM-_�j2M-lw» KM¡�aY\�O\R KM2i
�ZY\Rh]^M2i���R KM¡±°R`Y\gQN/M2bn_fihjkWZY\l�T�i w r�M2PSÁQÁ y ²¡¢wOQb¬�¨M2l�_{Y\]SOQR5ihj2Y\]Sj-l�]SM-R K ö ¢ ?fK ö A�M-_�]^M2i���l�j-_flZYa_`P^OQb�i§ iö �a� Y�_`M2N/� KM-R`Ya_fl�RfM�M2i5_�M2b�i5l�P^_fM{j0Y\]^j2l�] KM2M�M2b©P^bq�\M2R5i`Y\bn_$]½U KM-pol�Ya_`P^OQb)TVU KM-_`Ya_$j-PSb KM¡_`PSpql�M�NBO�m\M2b�b�MM-_�]«Ysj2Y\�ZY\j-P^_ KM j2Y\]SO\RfP^¼�pol�M � ö ¯Ø0 ì KM-_kYabq_�]SYsNªY\i5ifM¦T�M¦]«Y©i5OQl�Rfj-M�²{M2i�_�OQ[�_`M-bql�M¤��Y\R¦�� ö ¸ Ö ? V F³^] AÖ º »
TVU¹O�cl�]SY)�\Ya]SM2l�R�T�M y��

� M-i©R KM2i5l�]^_`Ya_`i)M¡»w� KM2R5PSN/M2bn_kYalw»Ãi5OQbn_e��R KM-ifM2bn_ KM2ie¼ZgQl�R5M Å � �\� �O\l�Rs]SMBi5moi5_0cM2N/MÉr�PDC r�P�T�M
�n� cY �Q� 
ÝJ M ts�� M)i5PSgQbZYa]ÌT�Msj0Y\��Y\j2P¸_ KM@j0Y\]^OQRfP¸¼Zpql�M¤b KM2gnYa_fP^�\M)M2i�_ ��R KM2ifM-bn_ªcY �n� 
ÝJ M t Y0�QM-j
l�b�Me[�R`Yab�jkW�M/b KM2gnY£_`P^�\Me�OQl�R l�b�Me_`R`Yab�ifP¸_`PSO\b*Y\lw»�Y\]^M2bn_`O\l�Rfi TVUXl�b�M KM2b�M2Rfg\PSM©TVU KM¡»wj2P¸_kYa_fPSOQb¾T�M
Î 
 J M t ¢{pql�P�j2OQR5RfM-if�¨OQb�T�RfY\P^_�Yal~�ZY\i5i`Y\gQM*j-OwM®»wPSi5_fM2b�j-M¡�ugnY\Ï��¨OQl�R¬l�b	i5moi5_0cM2N/M*PSb�¼Zb�P ��� b
RfM-�aY\b�jkW�M\¢�T�M/N ¥M-NBM©pql�Me�¨OQl�R¦]SM©i�moi5_0cM-NBMeÛ;M)C � b w r�M-P«ÁQÁ y ¢�]SY�[�R`Y\b�jkW�MBj-OQRfR5M2if�¨OQb�T�Y\bn_sY\l
�ZY\ififY\gQM�]^PSpql�PST�M¡�xj-OwM®»wPSi5_fM2b�j-M{bVUXM2i�_��ZY\i$OQ[�i5M2R�� KM-M\¢q]§U KM2b�M2Rfg\PSMhT´U¹M®»�j-P^_`Ya_`P^OQb©T�M�]«Y�ifOQl�R5j2MT�M¡�\Yabq_
¥M-_`R5M _`RfO\�ÉP^NB�¨OQR�_kY\bn_`M �
� OQl�R¦]^M2i KM2b�M2Rfg\PSM2i P^b�j2P^T�M2bn_fM2i¦T�MeÅ � M-_ �Q� 
 J M t ¢�]«Y¬jkWZY\]^M2l�R NBY\i5ifPSpql�M©_fO\_kY\]^MsRfM-i5_fM/�¨OQi5P¸�
_`P^�\M �Qy M2i�R KM-ifl�]¸_kYa_fi$OQbn_ KM-_ KMhOQ[�_`M-bql�i�i`Y\b�i$_fM2b�P^R�j2OQN/��_fM{T�l©±³Y\P^_1pql�M�]«Y;i5OQl�Rfj-M�M¡»w� KM-RfPSN/M2bn_`Y\]SM
��R KM-ifM2bn_fM�l�b�M KM-b�M2R5gQPSM{T´U¹M®»���Y\b�ifP^OQb©b�OQb)b KM2gQ]^PSgQM2Y\[�]^M � r�OQl�i�Y0�QOQb�i�Y\]SOQR5iÌ� KM-RfP^¼ KM{pql�M{]SM�NBOoTVcM-]SM
��J�J b�M@��R KM2ifM-bn_`Ms�ZYai�T�M¤[�R`Yab�jkW�M)b KM2gnYa_fP^�\M¤�¨OQl�R�l�b�M¤ifOQl�R5j2M¬¯ é ¸ �\� ²{i5M)T KM-ifM¡»wj-P^_kYabq_��ZY\R
KM-�aY\�¨OQR`Ya_fPSOQb¾i KM2pql�M2bn_fPSM2]^]SMBY\]SO\Rfi¦pql�Mª]½U¹OQbdOQ[�i5M2R��QM¬[�P^M2bd]SM-i¤T�M-lw»�[�R`Yab�jkW�M2i)b KM2gnY£_`P^�\M2i@TZY\b�i
]SMªj2Y\isTVUXl�b�M�N)l�]^_fP^±°R`YagQNBM-bn_kYa_fPSOQb � r�OQl�isY��\OQb�i©M-b�ifl�P¸_`M¬lw_`PS]^PSi KMBj-M¬NBOoTVcM-]SMªM-bÃ��RfM-bZY\bn_©M-b
j2OQN/��_`M�]SY�T KM-±°OQR5NªY£_`PSO\bºM¡_/]§U KM2b�M-RfgQP^M�TVU¹M®»w�ZY\b�i5PSOQb cY �n� 
8J M t)��� M�R KM-ifl�]¸_kYa_/T�MÉ]«Y¶¼�gQl�RfM
Å � � � M-i5_¤ifl�R5��RfM-bZY\bn_B��ifP�]§UXOQb¾OQ[�i5M2R5�\MB[�PSM2bdl�b�M/[�RfY\b�jkW�M/b KM2gQYa_`P¸�QMepqlZY\b�T�]SM2i KM¡� KM-b�M2N/M2bn_fi
ifPSN)l�] KM-i�ifOQbn_�_`RfY\P^_ KM2i�T�M�NBY\b�P§cM2R5M{PST�M-bn_`PSpql�MYalw»eT�OQb�b KM2M-i�M®»w� KM2R5PSN/M2bn_kY\]^M2i�¯Þ¼ZgQl�R5M�T�M�T�RfOQP¸_`M0²¡¢
M2b©RfM¡�aY\b�jkW�M�pqlZY\b�T/]½U KM-b�M2R5gQPSM�TVUXM¡»wj2P¸_kYa_fPSOQbsj-OQRfR5M2i5�OQb�T¶cY;j2M2]^]SM�±°OQl�Rfb�PSM{Yalsj2OoT�M{�¨OQl�R�g KM2b KM-RfM2R
]SM2ih�ZY\R5_fP^_fPSOQb�i-¢q]«Y)[�RfY\b�jkW�M b KM2gnYa_fP^�\M T�PSi5�ZY\R`Y ¥ Â _;¯°¼ZgQl�RfM T�M;gQY\l�jkW�Ma¢�]§U KM2jkW�M-]S]^M;M2b KM-b�M2R5gQPSM;T´U¹M®»o�
j2P^_`Ya_`P^OQb KM¡_kY\bn_ �ZYaR Y\PS]^]SM-l�Rfi�T KM2j2Y\] KM-M�² �´� Y�j2Y\]SO\RfPSN KM-_fRfP^M¤Yal�gQN/M2bn_`MsT�OQb�jeY\R�_`P^¼�j2PSM-]S]^M2N/M2bn_�]^M2i
�Zl�j-_flZYa_fPSOQb�i-¢Qj2O\NBN/M�j2M-]«Y¦Y0�\YaP^_$T KMx�fY KM¡_ KMN/OQbn_`R KM��¨OQl�R$l�bBi�mwi�_0cM-NBM���]Sl�i�]^OQl�R5T w | Y\g �n� y _`Y\bw�
T�PSi�pql�M_`OQl�_fM2i�]SM-i�Yal�_`R5M2i�ifOQl�Rfj2M-ihTVUXPSb�j2M2R�_`P¸_`l�T�M-i�]SM2i�T�P^NBP^bql�M2bn_ �oy M�R KM-ifl�]¸_kYa_�b�M�i5PSgQb�P¸¼ZM��ZY\i
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Initiale 2*N(ΘCM∈ [ 600,1200 ])
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SMM (Z=50, ∈=1.7, Eflot=0.75A MeV)

Î«ÏDÐ�Ñ Å � � �ÓÒ v�KM-ifl�]¸_kYa_fi{T�M-i�i5PSNsl�]«Ya_fPSOQb�i�¯³�¨OQl�R�]^M;i5moi�_0cM2N/M@r�P]C¦r�P�cY �n� 
�J M t ²¡¢��ZYaR ��J�J ¢
�OQl�R�l�b�M�i5OQl�R5j2M\¢oT KM¡±°OQRfN KM2MM-_hY0�QM-j�l�b�M KM2b�M2Rfg\PSM�j2OQ]^]SM2j¡_`P¸�QM\¢\pol�P¨i5M�T KM-ifM®»�j-P^_fM��ZY\R�Nsl�]^_`P¸±°R`Y\g£�
NBM-bq_`Ya_`P^OQb �
pol�M�]^M�ifPSg\bZY\]�bVUXM2i�_h��Y\i�]SP KM@cY¦l�b�M�_fR`Y\b�ifP^_fPSOQb©T�M���WZY\ifM�NBY\PSi1±°RfY\gQP^]SPSi5Mhl�b�M�N KM-_fW�OwT�M�ifOQl�àR`Yabq_
T�M _`OQl�_fM2i]SM-i�PSN/��R KM-j2P^ifPSO\b�i{M¡»w� KM-RfP^NBM-bq_`Y\]SM-i �
� b�M�ifO\]Sl�_fPSOQbÃ�¨OQl�R©�ZYa]S]SP^M2R¤j2M�T KM-±³Yal�_/ifM2RfY\P^_eT�MÉj2Y\]Sj-l�]SM-R � ö M2b?_`M2b�Y\bn_Bj-OQN/��_`M�T�M-i"��l�j¡�_`lZYa_fPSOQb�i M¡»wPSi�_kY\bn_`M-i)M¡_¤b�OQb���]Sl�i¦M2b�NBO�m\M2b�b�M/j2O\NBN/Mej\UXM2i5_¤]SMej2Y\i@Y\j-_fl�M2]^]SM2N/M2bn_ w y W�O �n� y½�
� b KM2]^PSN/PSb�M-R`Y\P¸_;Y\P^b�ifP$]SYÉi5OQl�R5j2M/TVU¹M-RfR5M2l�R¤pol�P��¨M2lw_)��R5OwT�l�PSR5MBYaR5_`P¸¼Zj2P^M2]^]SM2N/M2bn_ l�b�Mª[�RfY\b�jkW�M
b KM2gnY£_`P^�\M\¢ZNBY\PSi{Y\l���RfP »�TVUXl�b�M¦j2OQN/��]^M¡»wP^_ KM ifl�����] KM2N/M2bn_`Y\PSR5M TZY\b�i]SM j2Y\]Sj-l�] �


 PSb�i5P§¢�N ¥M2N/M©ifP�]§UXPSbn_fM2Rf��R KM-_`Ya_`P^OQb¾T�ldifPSg\bZY\]$M2bd_`M-RfN/M/T�M/_fR`Y\b�i5P^_fPSOQb¾T�M/��WZY\i5MBT�l�_xmo�M
]SPSpql�P^T�M¡�ugnY\Ï�b�M;�¨M2l�_ ¥M¡_`R5M�±³Y\P^_fM�T�M NBY\b�P§cM2R5M�PSb�T�l�[�P¸_kY\[�]^M�T�Y\b�i�b�O\_fRfM KM¡_`l�T�M\¢�P^]bVUXM2b�T�M-NBM-l�RfM
�ZY\i{N/OQPSb�i�pql�M j-M;ifP^gQbZY\]i2U¹Y �5OQl�_fMBcYsj2M-lw»�T KMx� cY)OQ[�i5M2R�� KM-i�OQl�RhÛ;M)C � bÀcY �n� 
 J M t w r�M-P«ÁQÁ y ¢
r�PDC r�PÌcY �n� 
LJ M t M-_ 
 lmC¦r�PEcY �Q� 
LJ M t w Ä l�P �n� y M-bej2OQ]^]SPSi5PSOQb�i1j2M-bn_`R`Ya]SM2i$M¡_��OQl�R 
 lPC 
 l
cY 9 � 
 J M t w � P^j � Å y M2bLj2O\]S]SP^ifP^OQb�i/� KM2R5PS��W KM-RfP^pol�M2i ��y M2i�ifP^gQbZY\lw»¢hY��\M2j¾T�M-i�Y\N KM-]SP^OQR`Ya_fPSOQb�i
N KM¡_`W�OoT�OQ]^OQgQPSpql�M-i)�¨OQifi5PS[�]^M2i-¢1ifM-RfOQbn_*cY�j2O\NB�ZYaRfM2RÉcY¾j-M2lw»ÃOQ[�_`M-bql�ie�ZY\RsTVU¹Y\l�_fRfM-i/N KM-_fW�OoT�M2i
�OQl�R;ifP^gQb�M2R�T�MsNBY\b�P§cM-RfM¤j2OQW KM-RfM-bq_fMeM-_ ¼ÊY\[�]SM)l�b�Ms_`RfY\b�ifP¸_`P^OQb�T�l�_xmo�¨M©]SPSpql�P^T�M¡�ugnY\Ï@TZY\b�i ]^M2i
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i5moi5_0cM2N/M2i�bol�j2] KM2Y\PSR5M2i �

 �aY\bn_¦TVU¹Y\[O\RfT�M-R j2M-_5_`M©i�mwbn_fW�cM2i5MªM2b¾j-OQb�j2]^l�ifP^OQbV¢b�OQl�i¦Y\]^]SOQb�i;b�OQl�i �¨M2b�jkW�M2R¦ifl�R l�b¾ifPSg\bZY\]
�M-RfN/M-_f_`Y\bn_ î@è¨ó®ô§ê£ó¡ô ]«YsN/PSi5M M2b KM-�oPST�M2b�j-M¤T�M¦��W KM2b�OQNÉcM2b�M2i�j2RfP¸_`P^pol�M2i2¢Z]^MUl)�xifj2Y\]SP^b�g �

¬>� ¬ G,� .���� #�.h��� ��� �*� �� (��/> �� (�� �!.�#�%-�$%���7��;� _�`aF¨�1.�')+0%0(�<

� UXPST KM-M�T�M�j2M;b�OQl��QM2Y\l�ifP^gQbZY\]½¢nT KM2R5P^� KM;T�M�]«Y¦_`W KM-OQRfP^M�T�M-i��Zl�j¡_`lZY£_`PSO\b�ihl�b�P^�QM-Rfi5M2]S]^M2i-¢�M2i�_{T�M
i2UXPSbn_ KM-RfM2i5ifM-R/cY©]«Ys±°OQR5NBM T�M-i�T�PSi5_fRfP^[�l�_`P^OQb�i{T�M¤��R5OQ[ZY\[�PS]SP¸_ KM�TVU¹l�b:�ZYaR`Y\N:cM-_fRfM¦TVUXOQRfT�R5M w } Oa_ �Q� y½�
� M-i�]^OQPSi�TVU KM2jkW�M-]S]SM¬¯³T�P¸_`M-i l)�xi5j0Y\]^PSb�gq²{i5l�P^�oPSM-i��ZYaR�j2M-i;T�P^i5_`R5PS[�lw_`PSO\b�i��¨M2R5NBM¡_f_fM2bn_;TVUXPST�M2bn_`P¸¼ZM2R
]«Y;��R KM2ifM-b�j2M�T�M���WZY\i5M���l�RfM-isÇ5O\RfT�OQb�b KM2M-È¤M¡_sÇ�T KM2i5OQRfT�O\b�b KM2M-È)M¡_�T´U KM¡�QM2bn_fl�M2]^ih�¨OQPSbn_`i�j-RfP^_fPSpql�M-i2¢
TZY\b�i{]½U¹Wnmo�¨O\_`WVcM-ifM¦TVUXl�b�M;_fR`Y\b�i5P^_fPSOQbBj2OQbn_`P^bql�M �Z| M�N ¥M-NBM;pql�M �¨OQl�Rh]SM�i5PSgQb�Y\]´T�M�[�PSN/OwT�Y\]SP¸_ KM\¢
]«YBj-OQb�T�P¸_`P^OQb�T�Ms]½U KM-pql�PS]^PS[�R5M@_fW�M2R5NBOoT�mobZY\N/PSpql�M¤T�l*i5moi5_0cM2N/M©bVUXM2i5_¦��Y\i RfM-pol�PSifM)TZY\b�i j-Msj0Y\i
T�M)¼ZgQl�RfM �V� b*i5M©[ZY\ifY\bn_¦ifl�R T�M-i ifP^Nsl�]«Y£_`PSO\b�i�Y��\M2jel�b*N/OwTVcM2]SM¤T�MsgnYaÏsifl�R R KM2i5M0Y\lV¢´PS]EY KM-_ KM
NBOQbn_fR KM@pol�Ms]«Y/jkWZY\Rfg\M)T�l���]Sl�i�gQRfOQi�±°R`Y\g\NBM-bq_�M2i�_ l�b�[¨OQb:j0Y\b�T�PSTZYa_��O\l�R$�5O\l�M2R�]SM@R ¥OQ]^M¤T�M
�ZY\R`YaN:cM¡_`RfM T´U¹OQR5T�RfM �

� b:j2OQb�i KM2pql�M-b�j2Ma¢´ifP�]SY©Nsl�]^_fP^±°RfY\gQN/M2bn_kYa_fPSOQbBM2i�_�P^bq_fM2R5��R KM¡_kY\[�]^M¦M2b�_`M2R5NBM¦T�M@��W KM-b�OQN:cM2b�M
j2RfP¸_`P^pol�M\¢�]SYsT�PSi�_`RfP^[�l�_fPSOQb  w 5 y T�l:��]Sl�igQR5OQi{±°R`Y\g\NBM-bq_T�OQP^_�� KM2R5P^¼ZM-R�]«Y©]SO\P´TVU KM2jkW�M-]S]^M/�

? 5 Acb  w 5 y ¸ed ¯ ¼ b ²ð¸fd ¯ 5 ´@? 5 A? 5 A b ² »
Y0�\M2j©N ¸�é�� ù&� M-_ ? 5 A�i`Yª�aY\]^M2l�R�NBO�m\M2b�b�Ma¢Hl KM-_kYabq_�l�b*�ZY\RfY\N:cM-_`R5MsTVU¹Y �5l�i�_`M2N/M2bn_;_fM2]

pol�M�� C � Ëñl Ë � ��� Yª�aY\]SM-l�R�T�M;l,�¨M2l�_ ¥M¡_`RfM)T KM-_fM2RfN/PSb KM2M©M2b¾R5M2]SPSY\bn_;]SYB�aY\RfPSY\b�j2M § T�M©]«YT�PSi�_`RfP^[�l�_fPSOQbÈ w 5 y cYe]SY©NBO�mQM-b�b�M¦T�M¦N �

§ i ��? 5 A i b X
� P{]§UXOQb�j-OQb�ifP^TVcM2R5M�l�b?i5moi5_0cM2N/M�¼Zb�P{pql�P{��R KM2i5M2bn_`M�l�b�M¬_`R`Yab�ifP¸_`PSO\b�T�M���WZYaifM�cY�]«Y¶]^PSN/P^_fM

_`W�M-RfN/OwT�mobZYaNBP^pol�M:M¡_¬ifPª5 M2i�_�l�b~�ZYaR`Y\N:cM-_fRfM¶T´U¹OQR5T�RfMa¢hYa]SOQR5iBj-M�i5moi5_0cM2N/M��¨OQifi2cM2T�M*T�M-lw»
��WZY\i5M2i2¢�l�b�M;��W�Y\ifM;��l�RfM�Ç�OQRfT�O\b�b KM2M-È©��R KM-ifM-bq_`Y\bn_T�M2i�T�PSi5_fRfP^[�l�_`P^OQb�i�PST�M-bn_`PSpql�M-igd�¢�T�M�±°OQRfN/M
gnY\l�i5ifPSM-b�b�Ma¢Y��5l�i5_ KM2M2i�Y0�QM2j¤]«Y©�aY\]SM-l�R¼l ¸ ��� � M-_�l�b�M@��WZYaifM@��l�RfM¶Ç5T KM-ifOQR5T�OQb�b KM2M2ÈªT�OQbn_�]^M2i
T�PSi�_`RfP^[�l�_fPSOQb�i¦Yai5moN KM¡_`R5PSpql�M2i-¢�T�M/_xmo�¨M�Ä l�Ns[¨M2]½¢VifOQbn_)Y �5l�i�_ KM2M-isY0�QM-j�l ¸3� ��� M-i@±°OQb�j-_`P^OQb�i
T�M _xmw�¨M¤Ä¦l�Ns[M-]�ifOQbn_�T�M¦]«Y)±°O\RfN/M©�
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Ni+Ni à 32A MeV

Ni+Ni à 40A MeV

Ni+Ni à 52A MeV

Ni+Ni à 64A MeV

Ni+Ni à 74A MeV

Ni+Ni à 82A MeV

Ni+Ni à 90A MeV

∆ = 1

∆ = 0.5

Î«ÏDÐ�Ñ Å � �Q� Ò � OQgQY\RfP¸_`W�N/MhT�M]SY��\YaRfP«Yab�j2M�T�M�]SY T�PSi�_`RfP^[�l�_fPSOQbsT�M�]SY�_kY\P^]S]^M�T�l[é�� ù&� M-b/±°O\b�j-_fPSOQbT�l:]^OQgnY\R5P^_fW�NBM�T�M¦i`Y©�aY\]SM-l�R�N/O m\M2b�b�M �

d ¯ ¼ ² � � ' ¶ û �ih�j X
� Ms�¨OQP^bq_�T�MsjkW�Y\b�gQM-NBM-bq_¦T�MsR KM-gQPSN/M¤M-i5_ l�b*�OQP^bn_�j-RfP^_fPSpql�M¤i2UXPS]Ìifl�P¸_;]«Y/]SOQP�l�¸6��� � M-b

��R KM-ifM2bn_`Y\bn_$l�b�M{T KM-�oP«Ya_fPSOQb¬¯³TZYab�i1]^M2i Ç�pol�M2l�M-i�T�MhT�PSi5_fRfP^[�l�_`P^OQb�Èq²V�ZYaR1R`Ya���O\R5_cY�]«Y�gnY\l�i5ifP^M2b�b�Mw } Oa_ �Q� y§�

� b?Y\����]SP^pol�M¬Y\]^OQRfi@]SM-isT�M2lo»Ã��R5M2N/P§cM2R5M2i KM-pqlZYa_`P^OQb�i)Y\lw»ÀT�OQb�b KM-M2i©M®»�� KM2RfP^NBM-bn_kY\]^M2is�¨OQl�R
_`OQl�_fM2i@]SM-i KM-b�M2R5gQPSM-i¤P^b�j2P^T�M2bn_fM2i �Ì� bÀ��R5M2N/PSM2R R KM2i5l�]^_`Ya_@M2i5_)T�OQb�b KMBi5l�R¤]SY¬¼ZgQl�R5M Å � �Q� O�cl¾M2i5_
RfM2��R KM2i5M2bn_ KM�]^MB]^OQgnY\R5P^_`W�NBMeT�M¬]SYÉ�aY\R5P«Y\b�j-MªT�Mª]«Y¶T�P^i5_fRfPS[�l�_`P^OQb�T�M é�� ù&� M2b�±°OQb�j¡_`P^OQb�T�l�]^Oa�gnY\RfP¸_`W�N/M¶T�M*i`Y��aY\]SM-l�R¬N/O m\M2b�b�M ��� b	PST�M-bn_`P^¼�M*j2]«YaPSRfM-NBM-bn_¬ifl�R�]«YÀ¼ZgQl�RfM\¢hT�M2lw»	R KM2g\PSN/M2i
T�P^à KM2R5M2bn_`i¦Y0�QM-jel�b*jkWZY\b�g\M2N/M2bn_@T�Ms�¨M2bn_`Mej2O\NB�ZY£_`PS[�]SM¤Y��\M2jel�b�Ms_fR`Y\b�ifP^_fPSOQb¶T�M;l ¸!��� � cY
l ¸ � �

� Y\R{YaPS]S]^M2l�R5i�]SM2i�±°OQb�j¡_`PSO\b�ihTVU KM2jkW�M2]S]^M�T�M-i{T�P^i5_`R5PS[�lw_`PSO\b�i�T�M�é�� ù&� M2bª±°O\b�j-_fPSOQbBT�M;]§U KM2b�M2Rfg\PSM
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Ni+Ni à 32A MeV

Ni+Ni à 40A MeV

Ni+Ni à 52A MeV

Ni+Ni à 64A MeV

Ni+Ni à 74A MeV

Ni+Ni à 82A MeV

Ni+Ni à 90A MeV

∆ = 0.5 ∆ = 1a) b)
Φ

(z
∆
)

Î«ÏDÐ�Ñ Å � �\� Ò � OQb�j-_`P^OQb�i¦TVU KM2jkW�M-]S]^MªT�M-i)T�P^i5_`R5PS[�lw_`PSO\b�i T�MÈé�� ù � ¢�gQR5OQl�� KM-M2i)M-bÀT�M-lw»�±³Y\NBP^]S]^M2i �� Y¤��RfM-NBP§cM2RfMs¯½Yn²�j2OQR5RfM-if�¨OQb�T�Y\lw» KM2b�M2Rfg\PSM2ihPSb�j-PST�M-bq_fM2i{T�M �n� cY �\� 
 J M t ¢w]«Y¤]^PSgQb�M�j-OQbn_`PSbql�M
RfM2��R KM2i5M2bn_`Me]½UµY �5l�i5_`M-NBM-bn_ T�M2i T�OQb�b KM-M2i �ZY\R�l�b�MsgnYal�ifi5PSM2b�b�M ��� Y¬T�M-lw»wP§cM-NBMsj-OQRfR5M2i5�OQb�T¾Y\lw»
KM2b�M-RfgQP^M2i PSb�j2PST�M2bn_`M-i;T�M �Q� cY�Á � 
 J M t ¢V]«YB]SPSg\b�M)j-OQbn_`PSbql�M©j-OQRfR5M2i5�OQb�T	cY¬]½UµY��5l�i5_fM2N/M2bn_¦T�M2i
T�OQb�b KM-M2i��ZY\R�l�b�M¤gQl�Ns[M-]SP^M2b�b�M �

PSb�j-PST�M-bq_fM;ifO\bq_{T�OQb�b KM-M2i�¼ZgQl�RfM Å � �\� ��� b�l�_`P^]SPSifY\bn_h]^M2ih�aY\]^M2l�R5i{T�M�l M¡»o_`RfY\P^_fM2i¤cYs��Y\R5_fPSR�T�M ]«Y
¼ZgQl�R5M Å � �Q� ¢¨OQb�O\[�_`P^M2bn_;l�b�M)]SO\PÌT´U KM-jkW�M2]^]SM)M-b*l�_`P^]SP^i`Y\bn_]«Y/RfM-]«Ya_fPSOQb § � ? é�� ù&� A ö�k i Y\lo»¶��]Sl�i±³Y\PS[�]^M2i KM2b�M2Rfg\PSM2is¯°¼Zg\l�RfM Å � �a� Yn²®¢´Y\]^OQRfi�pql�M)�¨OQl�R�]SM-i KM2b�M2Rfg\PSM2i���]^l�i KM-]SM-� KM-M2i;]^M2iÓ��l�j-_flZYa_`P^OQb�i
ifl�R]«Y)_`Y\PS]^]SM�T�l`é�� ù � �aY\RfP^M2bn_j2OQN/N/M § ��? é�� ù � A¦¯Þ¼ZgQl�R5M Å � �\� [Ê² �
y M;_fR`Y0�aY\PS]M2i�_M2b��ZY\R�±³Y\P^_{Y\j2j-OQRfTÉY0�QM-j@]^M2i{R KM2i5l�]^_`Ya_`i�OQ[w_`M2bql�i�ZYaR w � RfY � Å y �O\l�R�]SM;N ¥M2N/M

i5moi5_0cM2N/M�Y\lw»¤N ¥M2N/M2i KM-b�M2R5gQPSM-i1P^b�j2P^T�M2bn_`M-i�NBY\PSiÌY0�QM-j{l�b�M{i KM2]^M2j-_fPSOQb¤[ZY\i KM2M{i5l�R�]§U KM2b�M2Rfg\PSM�_`R`Yab�i��
�QM2R5ifM�T�M2i¶��Y\R5_fPSj2l�]SM2i�] KM2g�cM-RfM2i:�O\l�R:M®»o_`R`YaPSRfMd]SM-i:j-OQ]S]^PSi5PSOQb�iªj2M2bn_fR`Y\]^M2i ��| M2i¶Y\bZY\]¸moifM2i:Y0�QM-j
TVUµYal�_`R5M2i©i5moi�_0cM2N/M2ieOQbn_ KM-gnY\]^M2N/M2bn_ KM¡_ KM�R KM2Y\]SP^i KM-M2isM¡_©OQbn_©�¨M2RfN/PSi¤T�M�N/OQbn_`RfM-Rspql�M�]§U KM2b�M2Rfg\PSM
T�M@_fR`Y\b�ifP^_fPSOQb�M-i5_�PSbn�QM-Rfi5M2N/M2bn_;��R5OQ�¨OQR5_fPSOQb�b�M2]S]^MBcYe]«Y©NªYaififM¦T�l:i5moi5_0cM2N/M¤�¨OQl�R]^M2ij2OQ]^]SP^ifPSO\b�i
j2M2bn_fR`Y\]^M2i�¯½Y\lo»zY\]SM-bn_`OQl�R5i�T�M �Q� ��A£Å 
 J M t �¨OQl�R 
 RÊC�T y ]½¢{T�M �Q� 
 J M t �¨OQl�R�r�PDC r�P½¢
T�M � Á 
!J M t �O\l�R@Û�M�C � bÊ² w � RfY � Å y½�1� Y\RsYaPS]S]^M2l�R5i¦PS]�bVU¹Y KM-_ KM¬OQ[�i5M2R5� KM�Yal�j2l�b·l)�uifj0Ya]SPSb�g:M-b
j2OQ]^]SPSi5PSOQb*��]Sl�i@� KM2R5PS��W KM2RfP^pql�MBT�OQb�jBY\l�j2l�b�MB_fR`Y\b�i5P^_fPSOQbdOQRfT�RfM¡�uT KM2i5OQRfT�RfM/bVUµYÉ��l ¥M¡_`RfM/N/PSifMeM-b
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KM-�oPST�M-b�j2M�TZY\b�iEj2M-i�N ¥M-NBM-i KM¡_`l�T�M2i �\| M���]Sl�i-¢£]SY�N)l�]^_fPS��]^PSj2P¸_ KM1_fO\_kYa]SM�T�Mh��Y\R5_fPSj2l�]SM2ih¯³Nñ¸@� ú	� ú ²¡¢�OQl�R�j2M-i KM-� KM2b�M2N/M2bn_`i T�M)j2OQ]^]SPSi5PSOQb�i�j-M2bn_`RfY\]SM-i2¢bVUµYB�M-RfN/PSi�T�MsNBM¡_f_fRfM)M-b KM-�oPST�M2b�j-Mspql�M©T�M2i
j2OQl�R5[M-i'd ¯ ¼ b < ö�k i ²�P^T�M2bn_`P^pql�M2i{pql�M-]S]^M�pql�M;i5OQP^_�]§U KM2b�M2Rfg\PSMPSb�j-PST�M-bn_`M\¢oj2M�pol�PN/OQbn_`R5M�pql�M3� ú	� úbVU¹M-i5_�j2]SY\PSR5M2N/M2bn_��ZY\i�l�bB�ZY\R`YaN:cM¡_`RfM�T´U¹OQR5T�RfM�j2O\bq_fR`Y\P^RfM-NBM-bq_�Y\l[é�� ù&� �q| U¹Y\l�_`R5M2i�_`RfY��aY\lo»eifl�R]«Y)R5M2jkW�M-RfjkW�M¤TVU¹l�bIl)�uifj0Ya]SPSb�gsM2bÉj2OQ]^]SP^ifPSO\b�i�� KM2RfP^��W KM-RfPSpql�M-i�OQbn_R KM-j2M2N/N/M2bn_ KM-_ KM R KM0Y\]^PSi KM2i{�¨OQl�R
T�M2lw»©i5moi5_0cM2N/M2i�T�M�NªYaififM-i�T�P^à KM2R5M2bn_`M-i�¯ÞÛ;M)C � bBM¡_ 
 lPC 
 lZ²�cY l�b�M KM-b�M2R5gQPSMhPSb�j-PST�M-bq_fMT�M 9 � 

J M t w � PSj � Å y½�1� b�ifP^gQbZY\]�T�M[l)�xifj2Y\]SP^b�g�Y KM-_ KMBNBP^i¦M2b KM-�oP^T�M2b�j-M¬gQR ¥Y\j2M¾cY:l�b�_fRfP�M2b KM-b�M2R5gQPSM
_`R`Yab�i5�\M2Rfi5MªM¡_)M-bÀl�_fPS]SP^i`Y\bn_¦l�b�M/�aY\R5P«Y\[�]^M©TVU¹Y\i5moN KM-_`R5PSM¶¯ é�� ù&� ´ é�� ù&�%' ö ² C ¯ é�� ù&� C é�� ù �%' ö ²Y\l�]SPSM-l�T�MÁé�� ù � �� M-i;R KM-ifl�]¸_kYa_fi�pql�M©b�O\l�i Y0�QOQb�i;OQ[�_fM2bql�i j2O\b�¼ZRfN/M2bn_ T�OQb�jsj-M2lw»�T�M w � RfY � Å y M¡_;ifP¸_`l�M-bn_ T�OQb�j
]«Y)_`RfY\b�i5P^_`P^OQb�OQR5T�RfM®�xT KM-ifOQR5T�RfM¤Y\l�_fOQl�R�T�M �Q� 
�J M ts�
y M2�¨M2b�TZYabq_2¢\]SY_fW KM2OQR5PSM�T�M2i!�Zl�j-_flZYa_fPSOQb�iEl�b�P¸�QM2R5ifM-]S]SM-i1M-i5_�[�Y\i KM-M{ifl�REl�b�M��\YaRfP«Y£_`PSO\b@T�Mh]«Y�_kYaPS]S]^M
T�M�i�moi5_0cM-NBM�j2OQb�ifPST KM2R KM�M-_Eb�OQb¤ifl�RÌ]§U KM-�\OQ]Slw_`PSO\b@T´U¹l�b¤i5moi5_0cM2N/MhT�M�_kY\P^]S]^M�RfM-]«Ya_fP^�QM-NBM-bn_Ej-OQb�i�_kY\bn_`M
pol�Y\b�T�]§U KM2b�M-RfgQP^M PSb�j-PST�M-bn_`M��aY\R5PSM j2O\NBN/M�b�O\l�i]§UXl�_`P^]SPSi5OQb�i�TZY\b�ib�O\i KM-_`l�T�M2i�M¡»w� KM-RfPSN/M2bn_`Y\]SM-i �
| Y\b�iej2M:j0Y\T�R5M:T´U KM¡_`l�T�Ma¢�i5Pl�b�MÉT�lZY\]^P^_ KM�OQR5T�RfM®�xT KM-ifOQR5T�RfMÉM2i�_ªj-]«Y\P^RfM-NBM-bq_e�oPSi5PS[�]^M�TZY\b�i/b�OQi
Y\bZY\]¸mwi5M2i-¢n]§UXPSbn_`M-Rf��R KM-_kY£_`PSO\bsM2b/RfM¡�\Yab�jkW�M�M2be_`M2R5NBM�T�M���W KM2b�O\N:cM-b�M2i�ifM��R5OwT�l�PSi`Yabq_;cY l�b/�¨OQPSbn_
j2RfP¸_`P^pol�MBOQl���]Sl�i¤M®»�Yaj-_`M-NBM-bn_¶cY:l�b�M¬]SP^gQb�Mej2R5P^_`P^pql�MeTZY\b�isb�OQi¤i�moi5_0cM-NBM-i©T�MB_`Y\PS]^]SM)¼�b�PSMBT�M¡�
�wP^M2bn_;j2Y\T�l�pql�M �V� UXOQRfT�R5M)T�M)]«Y©_`R`Yab�ifP¸_`PSO\b:pql�Msb�OQl�i�O\[�ifM-R5�QO\b�i TZY\b�i�b�OQi KM¡� KM2b�M-NBM-bq_fi RfM-i5_`M
T�OQb�j/l�bd��RfOQ[�]§cM2N/MeOQl��\M2R5_¤pql�P�bVU¹M-i5_¤�ZY\i¦_`RfY\b�jkW KM*cY:j-M �5OQl�R@NBY\P^i pol�P�b´U¹M-i5_¤�ZY\i@b�OQbÀ��]Sl�i
PSb�j-OQNB��Ya_`P^[�]SM î¦è¨ó®ô§ê£ó¡ô Y0�QM-j)l�b�M _fR`Y\b�i5P^_fPSOQb�T�M¦��W�Y\ifM¦T�lÉ��RfM-NBP^M2R�OQR5T�RfM �

� Y\R@Y\PS]^]SM-l�Rfi-¢T�M-i¦ifPSg\bZY\lw»�T�M©_`R`Yab�ifP¸_`PSO\b�i;T�ldifM-j2OQb�TdOQR5T�RfMa¢VM2b�Y\j2j-OQRfT�Y0�QM-j/]^M©NBOoTVcM-]SM
T�M � P^ifjkW�M-R2¢¨OQbn_ KM-_ KM©Y\b�b�O\b�j KM-i;M-_ T�M2i;M®»��¨OQifY\bn_`i j2R5P^_fPSpql�M2i�OQbn_ KM-_ KM)M®»w_fR`Y\P¸_`i w | Y\gnÁ\Á ¢ � ]^] �n� ¢
T¦]^M �n� y§��y M2�¨M2b�T�Y\bn_0¢$TVU¹Y\l�_fRfM2i KM¡_`l�T�M2ieOQbn_ KM-_`Y\[�]SP�pql�M�j2M�i5PSgQb�Y\]hR KM-�cM2]^M2R`YaP^_ KM-gnY\]SM-NBM-bn_sl�b�M
_`R`Yab�ifP¸_`PSO\b©T�M��WZY\i5M�T�l/��R5M2N/PSM2R$O\RfT�R5M�T�l/±³Y\P¸_$T�M]«Y;_`Y\PS]^]SM�¼�b�PSMT�l/i5moi5_0cM2N/M w Ä l�]«ÁQÁ ¢ | Y\g � � ¢
v Y\T �n� y½�$| M2iei5PSgQbZYalw»ÃT�M-ie��RfM-NBP^M2RsM¡_Bi5M2j-OQb�TºOQRfT�R5M2ieOQbn_eM2bºM-àM-_ KM¡_ KM�OQ[�i5M2R�� KM-iB�¨OQl�R©]^M2i
N ¥M-NBM-i�i�mwi�_0cM-NBM-i ��� b�M�P^bn_`M2R5��R KM¡_kYa_fPSOQbBT�M�j-M�Ç5�¨OQP^bq_�j-RfP^_fPSpql�M-ÈsY)Ya]SOQR5i KM¡_ KM�±³YaP^_`MM-bª_`M-RfN/M�T�M
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pol�P��M-RfN/M-_f_fM2bn_ î¦è¨ó®ô§ê£ó®ô ]SYsNBP^ifM;M-b KM¡�oPST�M-b�j2M¦T�M¦��W KM-b�OQN:cM2b�M-ij2RfP¸_`P^pol�M2i�b�M¦��R KM2ifM-bn_`M2bn_�Y\lw�
j2l�b�MÉj2O\bq_fR`Y\T�PSj-_fPSOQb?Y0�\M2j¶l�b�M�_`R`Yab�ifP¸_`PSO\bÃT�M:��WZY\ifMÉT�lº��RfM-NBP^M2R©OQR5T�RfM�TZYab�ie]SM2iei�mwi�_0cM-NBM-i
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j2M2lo»ÉOQ[�_`M-bql�i���R KM0Ya]«Y\[�]^M2N/M2bn_ �
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�5OQlZY\bn_e]^M¬R ¥OQ]^M¬T�M��ZY\RfY\N:cM-_`R5M¬TVUXOQRfT�RfM�²©Y*�¨M2RfN/PSi)T�M�NBM¡_f_fRfM�M2b KM-�oP^T�M2b�j-M�l�b?ifPSg\bZY\]
cY �n� 
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è � U KM-_fl�T�M/T�M2i@j2OQR5R KM-]«Ya_fPSOQb�i�M2bdjkWZY\Rfg\M�¯°RfM2jkW�M2RfjkW�MªT�M/ifP^gQbZY\lw»¶±°OQifi5PS]^M2i¦R KM-ifl�]¸_kY\bn_@T�Me]«Y
±°R`Y\g\NBM-bq_`Ya_`P^OQb)T�l/i�moi5_0cM-NBM{±°O\RfN KM\¢\]^OQRfiET�M�ifO\b/��Y\ififY\gQM�TZY\b�i$]«Y�Ï-OQb�M�if��PSb�OoTZY\]^M�²¡¢aY0�QM-j
l�b�M N KM-_fW�OwT�M;]«Y)��]Sl�i{�¨M2R�±°OQRfNBY\bn_`M/cYsj2M��5OQl�Rh[ZY\i KM-M¦ifl�R{]SYsT KM-_fM2R5NBP^bZYa_`P^OQbªT�M2i���R5OQ[ZY£�
[�PS]^P^_ KM2iÌPSbn_`R5PSb�i2cM2pql�M2i$T�M2i$�ZY\R�_`P^j2l�]^M2i1M¡_�±°R`YagQNBM-bn_`i�cY;]SY�j0Yaififl�RfMT�l©i5moi�_0cM2N/M\¢nO\bq_��M-RfN/PSi
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T�M-�oRfY\P^_ ¥M-_`R5MhM-b�j2OQR5M���]Sl�i1b�M¡_f_`Ma¢\gQR ¥Y\j2M¦cY�]§U¹Y\bZYa]^moifM�T�Mh]SY�j2P^b�pql�P§cM-NBM�j0Y\N/�ZY\g\b�M � r | v�
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pql�P{T�M¡�wRfY\P^_eT KM2[�l�_fM2Re��R5OwjkWZYaPSb�M-NBM-bq_/Y0�\M2jÉ]«Y:¼ZbºT�M-i/��WZY\ifM-ieTVU¹P^T�M2bn_fP^¼Zj2Ya_`P^OQbÃM-_eT�M
j0Y\]^PS[�RfYa_`P^OQb � r KM0Yab�NBO\PSb�i-¢¨]�cY/M-b�j2O\RfM)]^M¤i5PSgQb�Y\]�RfM2i�_`M@±°R`Y\gQP^]SM T�l:±³Y\P^_�pqlVUXPS]ÌY KM¡_ KM)N/PSiM-b
KM-�oPST�M2b�j-Mh�¨OQl�RÌT�M2iEjkWZY\Rfg\M2i$Y\lw_`OQl�RÌT�M�éJ¸~Î£� 9 Y\]^OQRfi�pql�M�]«Y�_`W KM-OQRfP^M���R KM-�\OQP^_E��]Slw_ ¥O\_ET�M2i
j0Y\i5ifl�R5M2iÌ��RfOoT�l�P^i`Y\bn_ÌT�M-iEjkWZYaRfgQM-iET�M�é±¸z� � �k� � M-_Ìj-M���R`Ya_fPSpql�M2N/M2bn_ÌPSb�T KM2�¨M2b�T�Y\NBN/M2bn_
T�l@i5moi5_0cM2N/M �\y M-_f_fM�j-OQb�i�_kYa_`Ya_`P^OQb¤T�OQP^_�j-M2�¨M2b�TZYabq_ ¥M-_fRfM�NBOoT�l�] KM2M��ZY\R�]^M�±³Y\P^_�pql�M�]«Y{_kYaPS]S]^M
¼Zb�P^MªT�M-isi5moi5_0cM2N/M2ieY¶�¨OQl�R¤j2OQb�i KM2pql�M-b�j2M�TVU KM2]SY\Rfg\PSR@j2M-_5_`M¬T�PSi5_fRfP^[�l�_`P^OQb �Ìy M-i©ifPSg\bZY\lw»¢
j2OQN/N/M)]SM-i ��R KM-j KM-T�M2bn_`i-¢�RfM2i�_`M-bq_@T�O\b�j©T�M2i¦j2Y\b�T�P^TZYa_`i �¨O\_fM2bn_`P^M2]Si/cY¬l�b�Ms_`RfY\b�i5P^_`P^OQb�T�M
��WZY\i5M¦T�M _xmw�¨M@]SPSpql�P^T�M¡�ugnY\Ï�TZY\b�i]SM-ii5moi5_0cM2N/M2i�bol�j2] KM2Y\PSR5M2i �

è � U KM-_fl�T�MT�M�]«Y;j2Y\�ZY\j-P^_ KM�j0Y\]^OQRfP¸¼Zpql�M¦¯³T�Y\b�i$l�b/j0Y\T�RfM�N/PSj2R5Owj2Y\b�OQb�PSpql�M\¢a]SM{i�moi5_0cM-NBM�¨M2l�_
��R KM-ifM-bq_fM2RsT�M2iU�Zl�j-_flZYa_fPSOQb�i¤Y\b�O\RfNBY\]SM-i@M-b KM2b�M2Rfg\PSMepql�P�i5MB_fR`Y\T�l�PSifM-bn_)�ZYaR¤l�b�MBj2Y\�ZY£�
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j2P¸_ KM/j0Y\]^OQRfP¸¼Zpql�MBb KM2gnYa_fP^�\M�²)YÉ�M-RfN/PSi@]«Y:N/PSi5MBM-b KM-�oPST�M2b�j-M¬TVUXl�b�ifP^gQbZY\]½¢{cY �n� 
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��]Sl�i�PSb�T�PSRfM-j-_�T�M-i�_`R5OQPSi-¢Qifl�[�P^_$T�M-ið�Zl�j-_flZYa_fPSOQb�i$T�l�M2i�Y\lw»©PSb�j-M2R5_fP^_fl�T�M2i$M®»w� KM2R5PSN/M2bn_kY\]^M2i
¯³pql�P¨M2b¬T�PSN/PSbql�M2bn_�]§U¹Y\N/��]SP¸_`l�T�M�²1M-_hY\lª¼�]^_`R5MT�l¬T KM¡_`M2j¡_`M-l�R¦¯³pql�P¨M2b¬Y\l�gQN/M2bn_`M-bn_{]§U¹Y\N©�
��]SP¸_`l�T�M�²�pol�P1RfM-b�T�M-bq_¦i5OQb*PSbn_fM2Rf��R KM-_`Ya_`P^OQb¶� KM2RfP^]S]^M2l�i5M �� b*�M-l�_ b KM2Y\b�N/OQPSb�i�b�O\_fM2R;pql�M
j2M/ifP^gQbZY\]$i5M2R`YaP^_¤j2OQW KM-RfM-bq_sY0�QM2jB]SM-i¤T�M-lw»���R KM-j KM-T�M2bn_`i)�OQl�R¤i5PSgQb�M-R¤l�b�M/_fR`Y\b�ifP^_fPSOQb¾T�M
��WZY\i5M¦T�M _xmw�¨M@]SPSpql�P^T�M¡�ugnY\Ï�TZY\b�i]SM-ii5moi5_0cM2N/M2i�bol�j2] KM2Y\PSR5M2i �

y O\b�j2M-RfbZY\bn_ ]^M2i���W KM-b�OQN:cM2b�M-i;j2R5P^_`P^pql�M2i-¢¨]½U KM¡_`l�T�M¤T�l`ls�uifj2Y\]SP^b�g�¯°T KM2R5P^� KM@T�M2iÔ��l�j-_flZYa_`P^OQb�i
l�b�P^�\M2R5ifM2]^]SM-i2¢hj-M2i�]SO\PSi/TVU KM-jkW�M2]^]SM-i�RfM2��R KM2i5M2bn_ KM-M2iÉ�ZY\R¬]^M2i¬T�PSi5_fRfP^[�l�_`P^OQb�iBT�M���R5OQ[ZY\[�P^]SP¸_ KMÉTVU¹l�b
�ZY\R`YaN:cM¡_`RfM�T´U¹OQR5T�RfMa¢��M-RfN/M-_f_fM2bn_/TVUXPST�M-bq_fP^¼ZM-Re]«Y*��R KM-ifM-b�j2M:T�M���WZY\i5M:��l�RfM2iÀÇ5OQR5T�OQb�b KM2M2È�M-_
Ç5T KM2i5OQRfT�OQb�b KM-M2È¬M¡_�TVU KM-�\M2bn_`l�M2]Si��OQP^bn_`i�j2RfP¸_`P^pol�M2i2¢ÊTZYab�i�]½U¹Wnmo�¨O\_`WVcM-ifM¤TVU¹l�b�M¤_fR`Y\b�i5P^_fPSOQbÉj2OQbn_fP¸�
bol�M�²)YÉ�M-RfN/PSi)T�MªN/M-_f_fRfMBM2b KM-�oP^T�M2b�j-M¬l�b�MB_`R`Yab�ifP¸_`PSO\b�Ç5O\RfT�R5M2Èa�uÈQT KM2i5OQRfT�RfM2È�Y\l�_`O\l�R)TVUXl�b�M
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y{z}|�~ Á^�,� ��� z}|�~/������|����E���N� ����� �>��� ��� ��� ���N�>���i��ÁQÁ^�����N�N���
y{z}|�� Á¡ ¢� z � z�|��,����£M���}�N� ����¤}¥ ~�� ��� �>��� � z  N¦¡���§��ÁQÁ> ¡�§¨>©�� ~ �
y{z��^| ¦¡¦ª� «P� z}��|�¬I�ª��¯® �¨Ä;°�±��²¡£¡| ° � ��� �³��� �%´ ���c� ��µT�^���	�i��ÁN¦¡¦>���ª©QÁ��
y{z��^| Á¡�ª� «P� z}��|�¬I�ª��¯® �¨Ä;°�±��²¡£¡| ° � ��¤}¥ ~�� �¶� �>��� � z  ^���·�§��ÁQÁ¡�¡�E�¸¦>¹��
y µ �,� Á¡©ª� ´º��µ �,� ¥ ��|�� ¥ �E���ª� ����� �>�^� �%� ��» �¶´ ���c� ��¹¡¹	�§��ÁQÁ¡©>�§¨>©>�^�
y µ ��� �¡�¢� ¤¼��µ �,���½�N|�¾,� � �¿�ÁÀ�,���¼��W�£�~���£ ° �ª� ��Â ��|�»¡� ° �c|�� ±�W��l®T�N��� ���N�¡�N���
y µ ��� �>��� ¤¼��µ �,���½�N|�¾,�4�E�}�N� ����¤�¥ ~,� ��� �>��� � z ¹N�QÁ����N�¡�>�¡�i�¡©>¹^�
y µ � °¿¦¡�¢� Än��ÃÄ��µ � ° �¿�c~/�¯�����ª� ���·� �>��� �P´ ����� �¶µ����N©��§��Á¡¦¡�>��Á��
y µ � °¿¦N¨ª� Än��ÃÄ��µ � ° �¿�c~/�¯�����ª� ���·� �>��� �P� �E» � ® �\Á��§��Á¡¦N¨>�c©>¹N�^�
y µ �E� �¡�¢� Å¼� z �¶µ ������� � z}��� �¶� �>�^� �Á 	�§��Á¡�¡�>�i�>�¡ ^�
y µ |�� Á¡©¢� Æ'�¶µ |���Ç ¥ � °�� �¿�ÁÀ�����¼��W�£�~��¿£ ° �ª� ��Â ��|�»¡� ° ��|�� ±�l®È�½� ¥ �� µ � ° ��� °  ´ �N£¡�^É �Ê�Á��Á\Á¡©��
y µ |�¾ ¦¡©¢� Än��µ |�¾�� ° ��E���N� ����¤�¥ ~,� ��Ë ���c� °,� �N��·Ì·�E�¿� � |�� � �>��� ��� �,�gz �ª¨N¨��§��Á¡¦¡©¡�i¨>¦¡�^�
y µ ��� ¦��,� Ì �¶µ �½�N��� ��� �>�^� �%� ��» � ® ���K�i�0Á¡¦����c�N�> ^�
y µ £¡� ¦¡©ª� ÍM�ÎÅl��µ £>�N�Ï�N�� ��� ® ��« ��|�����~�£^~/¬ ��� �>��� �P� ��» � ® �¡�·�i��Á¡¦N©>�� ª¨QÁ��
y µ £�~ �N�ª� ÃÈ��µ £^~,�N²¡�;�E���ª� ����¤}¥ ~�� ��� �>��� � z ©¡¹N©���N�¡�N�>�c�QÁ^�¡�
y µ £ ¤�ÁN¨N� z �Á��µ £¡���N�c� ° �����}�N� ����� �>��� ��� �,� ���ª¨>���§��ÁQÁN¨³�Ð�¡�
y µ £N� ¦>  � �Ñ�Ò��µ £¡��~/��� � ±Æ ~,£¡��� � £N��|�£ª�cÉi® ¥�° |��}��W���>����|�Ç ¥ �¼� ¥ ~,� ±���N| ° � �Á��Á¡¦> ��
y µ £N� ¦> ªÓ��2�����Ò�¶µ £¡���£ °cÔ ���}�N� ����¤�¥ ~,� ��� �>�^� � z ¨¡¨>���i�0Á¡¦> ¡�i�>�^�¡�
y µ £N� ¦>  ~ �U�����Ò�¶µ £¡���£ °cÔ ���}�N� ����¤�¥ ~,� ��� �>�^� � z ¨¡¨¡¨·�i�0Á¡¦> ¡�§¨>©¡���
y µ £N� Á> ¢� �����Ò�¶µ £¡���£ °cÔ ���}�N� ����� �>��� ��� �,� ���¡ ¡¹	�i�0ÁQÁ> ¡�Ð�¸�¡���
y µ £ °¿���,� µ���µ £ ° �� ° |��;���}�N� ����� �>��� ��� ��» ��´ �E��� ��¦¡©����N�¡�����i�>�¡ ¡���
y µ £ °¿�>�¢� µ���µ £ ° �� ° |�� ������� �>��� �´Ä@Õ�¤�¥ ~,� �¶� � ° � �¶� �>�^� �Ö�ª¦¯��ª�¡�>�¡�c�^��¹��#���Ð�
y µ £ª� Á>¹¢� �W��µ £N�����������ª� ����� �³��� �P� ��» ��´ ���c� �¶¹N¦��§��ÁQÁ>¹¡�§¨³ \Á¡�^�
y µ £ª� ÁQÁª� �W��µ £N�����������ª� ���¶��� £ Ô7« £¡��É Ä ��� « ~�|�����~,�¼�N���×Ò�,~/����£N��£¡²N� �� 	�i��ÁQÁ\Á>�E�¸©¡¹^�
y µ £ª� �¡�ª� �W��µ £N�����������ª� ����� �³��� �P� ��» ��ÆØ©>�	��N�N�¡�>�E��¦>�¡ ^�



ÙÈÚ ÛªÜ�Ú#Ý¸Þ¡ß/à,á%â�Ú#ã �¡�¸�
y µ £ª� ���,� �W��µ £N�����������ª� ����¤}¥ ~�� ��� �>��� �P�º° £�~ ��«^¥ ����� �Á�����Ñ��N�¡�^���5Á>���
y µ £ ¥����,� µ���µ £ ¥�° |�Ç ¥ ��� � �¿�ÁÀ�����¼��W�£�~��¿£ ° �ª� ��Â ��|�»¡� ° ��|�� ±�W��l®T�N��� ���N�¡���N�
y µÈ° £ ¦N¨N� µÈ° £¡äÊ����� � × ° �,�ª�¿|����;£¡��������»³�	|�£N�I��~,|��,��~�� ��Ã�¥ ��|�£¡�	�N���Ç ¥ �N�c|�É Ô$¥ ��|�£N�I�����,��£¡äÑ����� ����|����, Ó �	z ��µÈ° £¡äÊ����� ��� ����� ¥ ä ��¤ ��åeæç£ ° ¬ �Äè £¡� �Ö�^�%��Á¡¦N¨��
yÎ®T�N� Á¡�ª� Än� ®T�N�c|���|Á�E�}�N� ����� �>�^� ��� �E» �¶´ �E��� ��¹^�K�i��Á\Á¡�>���N N©>¹^�
yÎ®T��» Á¡�ª� ® � ®T��»ª�ª�/�n�E���ª� ����� �³��� �P� ��» � ® ¨³���i�0ÁQÁ¡�>�Ð��¹N©¡���
yÎ®È��� ¦¡¦ª� �W�¶��� ®È��� ° |�� �K���}�N� ����¤�¥ ~,� ��� �³��� � z ¨>¦¡���i��ÁN¦¡¦>�c�¡¹^�¡�
yÎ®È��� Á¡�ª� �W�¶��� ®È��� ° |�� �K���}�N� ����¤�¥ ~,� ��� �³��� � z  ^�¡�Ñ�i��Á\Á¡�>�� aÁ��
yÎ®È��z �N¨N�[����´º� ®È��� ° »¡�E���E�}�N� ����¤�¥ ~,� �¶� �>��� � z ¹N�¡����N�N�N¨³�i¨¡���¡�
yÎ®È��� �>�¢� z � ®È��� ° ��£¡äÊ£ ° �E�¿¾W���}�N� ����� �>��� ��� ��» � ® ©> ���N�N�>�¡�c�¡ ª¨>©��¸�^�
yÎ®È��£ Á��,� �Ò� ®È��£¡äÑ�N¾W���}�N� ����� �>��� �P´ ���c� ��µ'�N ª¨·�i��ÁQÁ^���c�N¨¡���
yÎ®È��£ ÁN¨N� �Ò� ®È��£¡äÑ�N¾W���}�N� ����� �>��� �P� ��» �¶´ ����� ¹N���i��Á\ÁN¨³�c�¡ ^���^�
yÎ®È��£ Á> ¢� �Ò� ®È��£¡äÑ�N¾W���}�N� ����¤}¥ ~�� �¶� �>�^� � z  N¦¡���§��ÁQÁ> ¡�i�¡�> ^�
yÎ®È��£ ÁQÁª� �Ò� ®È��£¡äÑ�N¾W���}�N� ����¤}¥ ~�� �¶� �>�^� � z ©N¨³¹	�§��ÁQÁQÁ>�Ð�� N���
yÎ®È��£ �¡�ª� �Ò� ®È��£¡äÑ�N¾W���}�N� ����� �>��� �P� ��» �¶´ ����� ��¦¡ ����N�¡�¡�¡�c�> N¦¡¹^�
yÎ®È��£ ���,� �Ò� ®È��£¡äÑ�N¾W���}�N� ����¤}¥ ~�� �¶� �>�^� ��Æç©ª¨����N�¡���¸�c�N¨>©^�¡��¨��
yÎ®È��£ �> ¢� �Ò� ®È��£¡äÑ�N¾ � ®È£¡äÊä ¥ ��|�~��ª��|�£¡�I� ° |�» ±��� �
yÎ®È£¡� Á¡¦ª� Æ'� ®È£¡��|�� � �¿�ÁÀ�����¼��W�£^~E�¿£ ° �ª� ��Â ��|�»¡� ° ��|�� ±�l®È�½� ¥ �� µ � ° ��� °  ´ �¡£¡��É � ��� Â ��|�»¡� ° �c|�� ±�Áé ±�E�/�ª�g�� ¤ ��åTÉ�æç£ ° ¬¡É « �¿£¡�>� µÈ° £^£N¬ �Ï�0ÁQÁ¡¦��
yÎ®È£¡� �¡�ª� ��� ®È£N��|��I�E�}�N� ����� �>�^� ��� �E» � ® ©¡¹·���N�¡�¡�>�i�¡©N¨>©N�¡���
yÎ® ¥ ² ¦¡�ª� ��� ® ¥ ²¡��£¡����� ÍM��´ é Å £N��� �¶¤}¥ ~,� �¶� �>��� � z �\Á>¹	�i��Á¡¦N�>�� ^�0Á��
yÎ® ¥ � ¦QÁª� ÍM� ® ¥ ����£N� � �¿�ÁÀ�,���¼��W�£�~���£ ° �ª� ��Â ��|�»¡� ° �c|�� ±�W��l®T�N��� �Ï��Á¡¦\Á��
yÎ® ¥ � Á¡�ª� ÍM� ® ¥ ����£N�Ò�E���N� ����¤�¥ ~,� ��� �³��� � z  N©��Ñ�i��Á\Á¡�>���aÁ¡¦��
y Í �N² ÁQÁª� Ì �¶Í éêz�²N£¡�c��|���£n�E���ª� ����¤}¥ ~,� �¶� �>��� � z ©¡ N���i��ÁQÁ\Á>�c�>�aÁ��
y Í �N² �¡�ª� Ì �¶Í éêz�²N£¡�c��|���£n�E���ª� ����� �>�^� �%´ �E��� ��µÈ¨³¹N����ª�¡�¡�>�c�^��Á��
y Í �N² ���,� Ì �NÍ éÎz}²¡£¡�i�¿|���£4���Ø�ª� ���N�º° £�~ � £ Ô�Ë �>�¿� ° ���ª��|�£¡���ª��ëS£ ° ¬³�c��£¡��£¡�ÊÌ ¥ ���¿| Ô$° �N²¡äÊ�,�>�¿�ª�¿|�£¡�

�N�� � �,���ª�¿��	×x£¡��|�~,� ���N�¡�����Ð�¡���^�
y Í �N² �>�¢� Ì �¶Í éêz�²N£¡�c��|���£n�E���ª� ����¤}¥ ~,� �¶� �>��� � z ©\ÁQÁ���N�¡�¡�¡��¹\Á¡ ^�y Í ��� Á> ¢� �Ò��Í�±�,�c�,��Ç ¥ �������,� � z}��� �¶� �>�^� �%Ã�°��Ö�N�	�§��ÁQÁ> N�E� É ¨³ ^�
y Í ��� �¡�ª� �Ò��Í�±�,�c�,��Ç ¥ �������,�����}�N� ����� �>��� ��� �E» � ® ©>�·���N�¡�¡�¡�c�>�ª¨¡©���¨��
y Í ��� �>�¢� �Ò��Í�±�,�c�,��Ç ¥ �������,� ��� �>��� �P� �E» � ® ©¡ ����N�¡�>�N�c�¡�N¨¡©¡�N¨��
y Í � «�Á¡�ª� �W� × �¶Í � « £ ¥ ¾������}�N� ����¤�¥ ~,� ��Ë ���c� °,� �N��¯Ì·�E�¿� � |�� � �>��� �P� �,�gz �\Á¡ ��§��ÁQÁ¡�¡�E�¸�QÁ^�
y Í | ¥�¦QÁª� µ���Í | ¥ �����N� � ±Æ � ±�,äÊ�,�>������ì���³���c|�Ç ¥ �f�i�/�ª��|��i�¿|�Ç ¥ � ��Å � ° äÑ�N��� � ±Æ �|��¿� ¥�° ����,�

« ~�|�����~,�����E����,��z ° �¿� �Ï�0Á¡¦QÁ��
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y Í4° � ¦QÁª� ÍM��Í4° �N|��I�E���N� ����¤�¥ ~,� ��Ë ���c� °,� �N��·Ì·�E�¿� � |�� � �>��� ��� �,�gz �N¦^�K�§��Á¡¦QÁ¡�� ¡�N¦^�
y Í4¥�°fÁ>�¢� ÍM��Í4¥�° �N�� ��¤}¥ ~�� ��� �>��� � z  ª¨��K�§��ÁQÁ>�N���N©¡©^�
y Í4¥�°fÁ> ¢� ÍM��Í4¥�° �N��	�E� µ}� ×í�ªäK�N|�� � ±Æ ~,£N��� � £¡��|�£N�iÉi® ¥�° |�����¼���³���c|�Ç ¥ �¼� ¥ ~,� ±�,�N| ° � �Á�0ÁQÁ> ^�
y Í4¥�°fÁ¡¦ª� ÍM��Í4¥�° �N�� ��¤}¥ ~�� ��� �>��� � z ©¡�N�·�§��ÁQÁ¡¦¡�� ¡� ~ �
y Æ ��� �>�¢� ����µ}�¶Æ ����|�£N���È���}�N� ����� �>��� �P� �E» �¶´ �E��� ��¦¡¦����N�¡�>�¡�i�N¨³�¡¹ª���¡�
y Æ ��ä Á��,� z �PÆ ��äK�¡�ª��| � ���ÁÀ�,�c�M��l�£^~E�¿£ ° �ª� ��Â ��|�»N� ° �c|�� ±�2Áé ±���¿�ª�4�� ¤ �Eåîæç£ ° ¬¡É « �¿£¡�>� µÈ° £�£¡¬ �

��Á\Á��¡�
y Æº° � Á��,� µ���ÆØ° �N¾,ä ¥ �g���}�N� ����� �>��� ��� �E» � ® ¨N¨��§��ÁQÁ��¸���N©¡©N���
y Æº° � ÁN¨N� µ���ÆØ° �N¾,ä ¥ �g���}�N� ����� �>��� ��� �E» � ® ¨QÁ·�§��ÁQÁN¨>�c�N¨nÁ^�
y Æº° � Á¡©ª� µ���Æº° �N¾,ä ¥ �l�E�M�N� ���Á�Ø° £^~��,���|���²N�l£ Ô �¿����ï�ï}ï Ë!è |��>�¿� ° ���¢�¿|�£N���N�íåg|��³��� ° äÑ������|���²

£¡�	� ¥ ~������ ° ���³���c|�~,� ��µ £ ° äÊ|�£ �^Ë �¿�N��� � ���N²N� �\Á¡���Á�0ÁQÁ¡©��
y Æ �¿� Á>�¢� × ��Æ ���³»�|�²¡��£N� � �¿�ÁÀ�����W��;�£�~���£ ° �¢� ��Â ��|�»N� ° �c|�� ±�Äðc£¡������� Ã £ ¥�° |�� ° É ÄW° �,��£ Ó ��� �¡�Á��ÁQÁ¡�^�
y Æ �¿� Á¡�ª� × �¶Æ �¿�>»�|�²N��£N�g���}�N� ����� �>��� ��� ��» � ® ¨>¦·�i��Á\Á¡�>�c©^�¸¦��
y Ã �,� Á¡�ª� Å¼��Ã �,���äÑ��|�� ° ���}�N� ����¤�¥ ~,� �¶� �³��� � z ¨³�N¦��i�0ÁQÁ¡�>�Ð��¨³¹^�
y Ã |�� ¦>�¢� ����Æ'�¶Ã |����	���}�N� ����� �>��� �P� ��» �¶´ ����� ��¨nÁ��i��ÁN¦>�¡�E���>�^�¡�
y Ã £ ¥�©¡¹¢� ® �¶Ã £ ¥�° ²¡��� ¥ 	����z ��Ã�¥ ~/��� �P« �/�¢�¿|��i�¿|�Ç ¥ � ��Í4¥ ��£^ �%��Á¡©>¹^�
y Ã £�ñ ¹N¦ª� Än� ® �¶Ã £�ñI��� «P� ëS£¡� Ô$° �Nä ��� �>��� �P� �E» ´ ���c� ��¨��Ñ�i�0Á>¹N¦>�Ð�� N¦��¡�
y Ã�° � Á¡¦ª� ����Ã�° �N��¬³�½�N�� � �¿�ÁÀ�,���¼��W�£�~���£ ° �ª� ��Â ��|�»¡� ° �c|�� ±� � � ° |��Tï Ë Éiò ° �¿��� �Ï��ÁQÁN¦��
y Ã�° � ���,� �I�¶Ã�° �N��¬³���N��I���}�N� ����¤}¥ ~�� ��� �>��� � z ©¡¦QÁ����N�¡������Á¡�> Èó�©¡¦QÁ����N�¡������ÁN¨>���
y Ã�° � �N¨N� �I�¶Ã�° �N��¬³���N��I���}�N� ���Î� �>�^� ��� �E» � ® ¹��ô���N�¡�> ¡�i�¡�N¨>©N�>¹^�
y Ã�° | Á¡�ª� ë � z �¶Ã�° |����äÑ�N�I���}�N� ����� �>��� �P� ��» � ® ¨³���i��ÁQÁN�>�c©¡©¡¹^�
y Ä �,� ÁN¨N� ® �\Ä ������ ° ��£^£¡� � �¿�ÁÀ�����'��Ä�£^~E�¿£ ° �ª� �ªÂ ��|�»¡� ° �c|�� ±�ÈÁé ±�E�/�ª�í�� ¤ ��åuæç£ ° ¬¡É « �¿£¡�>� µÈ° £�£¡¬ �

��Á\ÁN¨��
y Ä |�� ÁN¦ª� ´º�ÊÄ |���² ° �N� � ä ±��äÑ£N| ° �}��lÌ���õ Â � ° |���� ��Â ��|�»¡� ° ��|�� ±� ´ ��»N�ª� �%�0ÁQÁ¡¦��
y Ä |�� �¡� � �ö´º�ÊÄ |���² ° �N� � �¿�ÁÀ�����W��W�£�~���£ ° �ª� ��Â ��|�»¡� ° �c|�� ±� ´ ��»ª�N� �¶�ª�¡�>�^�
y Ä |�� �¡�ªÓ���´º�ÊÄ |���² ° �N�T�E�}�N� ����� �>�^� ��� �E» � ® ©¡ ·���N�¡�>�¡�i�}�N©��¸©¡�N¨��
y Ä �½� ©N� � �9�W�Ö���ZÄ ��� ¥�Ó � °,��� �>��� ��� ��» �Ï�¸�¡���§��Á¡©¡�>�c�¡ ¡�\Á^�
y Ä �½� ©N�NÓ��ö�W�Ö���ZÄ ��� ¥�Ó � °,��� �>��� ��� ��» �Ï�¸���Ñ�§��Á¡©¡�>�c�¡¹N©¡©^�
y Ä �½� Áª¨N� × �¨Ä �½�N�cäK�ª~/��� ° �E�}�N� ����� �>�^� ��� �E» � ®  ª���§��ÁQÁN¨³��Á> ¡�^�
y Ä £¡�  aÁª� Ì �¨Ä £¡������ Ó � ° �E�}�N� ����� �>��� �P� �E» �¶´ �E��� �¶���§��Á> \Á>�Ð�¸¦��¡�
y Ä £¡� ©N�ª� Ì �¨Ä £¡������ Ó � ° �E�}�N� ����� �>��� �P� �E» � ® �ª�·�§��Á¡©¡�¡�c�¡�¡�^�
y Ä;° � ¦>¹¢� ® �¨Ä;°�±��²¡£¡| ° �4���}�N� ����¤}¥ ~�� �¶� �>��� � z ¨>©¡ ��§��Á¡¦>¹N�c����¹��
y Ä;° £ ÁN�ª� ÍM�ÎÅl�ÎÆ'�ÊÄW° £¡���g�E���ª� ����� �,� �¶�º° £N² �¶� �³���  N���i��Á\Á¡�>�c©N�> ^�



ÙÈÚ ÛªÜ�Ú#Ý¸Þ¡ß/à,á%â�Ú#ã �¡���
y Ä;¥ � Á¡©¢� z �ÊÄW¥ � ° ��� ° � � ���ÁÀ�,�c�W��W�£^~E�¿£ ° �ª� �¶Â ��|�»N� ° ��|�� ±�;��l®T�N�,� �Ò�0ÁQÁ¡©��
y Ä;¥ � Á>¹�� z �ÊÄW¥ � ° ��� ° �������N� ����� �>��� ��´ ���c� �¶µÈ¨¡�¡���i��ÁQÁ¡¹¡�E��Á^�¡�
y Ä;¥ | �¡�¢� µ��ZÄW¥ |�£N� � �¿�ÁÀ�����¼��W�£�~��¿£ ° �ª� ��Â ��|�»¡� ° ��|�� ±�W��l®T�N��� �P�N�¡�>�^�
y Ä;¥ � Á\Áª� ÃÈ�ZÄW¥ ��äÑ|����,����|��E���ª� ����� �³��� �P� ��» �¶´ ���c� �Î¦>���i��ÁQÁ\Á>�E��¨¡�>�^�
y Ä;¥ � �N�ª� ÃÈ��Ä;¥ ��äÊ|���������| � ��� Ó |���|��/�¢�¿|�£N�UÀ�M�| ° |�²¡� ° ����� ° ��~/��� ° ~/���,� �PÂ ��|�»N� ° ��|�� ±�;��¼®T�N��� �¶�N�¡�N���
y Ä;¥ � �¡ ¢� ÃÈ�ZÄW¥ ��äÑ|����,����|��E���ª� ����� �³��� �P� ��» � ® ¹^�K��ª�¡�> ¡�i�> ª¨>©¡�¡¹^�
y Å �N�  ª¨N� �W��Å �ª� Ó�¥�° � µÈ° £¸åg���N�� �W�Ö÷M� ×Tåg|���� �P� ��|�� � Ì��N² ��¨> ·�§��Á> ª¨³�i©¡©¡���
y Å �N�  N©ª� �W��Å �ª� Ó�¥�° � µÈ° £¸åg���N�� �W�Ö÷M� ×Tåg|���� �P¤ �ª� ¥�° � ��¹N¦��§��Á> N©>�Ð�¸�N¨>©^�
y Å�¥�ÓZÁ��,�ø����Å�¥�Ó �,���W�E���ª� ����ùí��� �>��� � z �N¨>���§��ÁQÁ����i�N¨>���
y Ë £ °fÁ¡�ª� Ë/��Ë £ ° | ��¤}¥ ~�� ��Ë ���i� °�� �ª��·Ì·����� � |�� � �³��� �P� �,�gz �>�¡ 	�i��Á\Á¡�>�i¨> N¦��
y � �N~ Á¡©ª� µ���� �N~,Ç ¥ £N� � �¿�ÁÀ�����¼��W�£�~��¿£ ° �ª� ��Â ��|�»¡� ° ��|�� ±�W��l®T�N��� ����ÁQÁ¡©��
y � ��� ¦¡©ª� µ��Îún�¶� �,����|���²N���E�}�N� ����� �>��� �P� �E» � ® �N���§��Á¡¦¡©>�Ð�¸�¡�¡�^�
y ú ��� �>�¢� Ì �¶ú ���,|����4���}�N� ����� �>��� �P� ��» �¶´ ����� ��¦N¦·���N�¡�>�N�c�>�¡�N¹N���¡�
y ú £¡� Áª¨N� æ ��ÍM��ú |�äY�����ª� ����� �³��� �P� ��» � ® ¨³ 	�i�0ÁQÁ>�¡�i�¡¦>¹^�
y ú |�ä Á>�¢�û������ú £¡��£¡��¬ª�n�E���ª� ����� �³��� �P� ��» � ®  N���i�0ÁQÁN¨³�c�N�¡¦> ^�
y ú £�£ ¹¡¹¢� «P�ÎÆ'�¶ú £^£¡��|�� ��� �>��� ��´ ���c� �¶µ'¹ª�·�§��Á>¹¡¹N�E��¨>�^�
y ú £¡� ¹ª�ª� Än�ÎË/��ú £N�³����£�»I�N��·Ì �êË/�P� £^�²¡£ ° �E�¿�c¬³� � æÄ�N ��Ã |�¾ �Á�¸¦��i��Á¡¹N�>�c©¡ N©��
y ú £¡� ¹¢¨N� Än�ÎË/��ú £N�³����£�» �¶� �>��� ��´ ����� �¶µ' N���i�0Á>¹ª¨³�c ¡¹¡�^�
y ú £N� Á> ¢� �W��ú £N���g�E�}�N� ����� �>��� �P� �E» � ®  ��ô�§��ÁQÁ> ¡�c�N©¡¦¡©^�
y ú £�ñ ¦N¨N� «P��ú £�ñ	�E�}�N� ����¤}¥ ~,� ��� �>��� � z ¨³�N���i��ÁN¦N¨³�E��©>�^�
y ú;° � Á¡�ª� �Ò��ú;° � ¥ �¿¾¼�����N� ����¤�¥ ~,� ��� �>�^� � z  ¡ N©��i�0ÁQÁ¡�>�i©>¹¡�^�
y ú åg| Áª¨N� ún��ú åg|½�¢�¿£¸åg��¬³|Ï���}�N� ����¤}¥ ~�� ��Ë ���i� °�� �N���Ì·����� � |�� � �>�^� �%� �,�gz �> N���i��Á\ÁN¨³�������^�
y ´ � °fÁN¨N� æ ��´ � ° £�~/���,�����;�E���N� ����¤}¥ ~,� ��Ë ���c� °,� �N��·Ì·�E�¿� � z �ª¨>¦��i��ÁQÁª¨³�E�¸©¡¹^�
y ´ � °fÁ> ¢� æ ��´ � ° £�~/���,�����;�E���N� ����� �>�^� �%´ �E��� ��µT�> ¡�	�i�0ÁQÁ> ¡�i¦��
y ´ � °fÁ>¹¢� æ ��´ � ° £�~/���,�����;�E���N� ����� �>�^� �%� ��» � ®  ¡ 	�§��ÁQÁ>¹¡�Ð�¸¦¡©QÁ^�
y ´ � ¥��N�ª� �ü�Á´ � ¥ ���,�c�������W�ª� �����º° £�~,���,�|���²I£ Ô ����� Ë �>�¿� ° ���ª��|�£¡���ª�xëS£ ° ¬³����£¡�Sò;�RÌ ¥ ����| Ô$° �ª²ªÉäÊ�,�>�/�¢�¿|�£N�Iz��� ° ���½�ª���,	×x£N��|�~�� �¨Ä z ¤}Ë§´�� ®T�N��� �E��Ã�° �ª��~,� �¶  É ¹ ��£¸»N�,ä Ó�° � �ª�¡�¡���
y ´ � ¥��¡ ¢� �Ò��´ � ¥ �¿�����c�l�E���ª� ����� �>��� ��� �E»�® ¹^�Ñ��ª�¡�> ¡�i�¡�N¨>©¡�¡�^�
y ´ � ¥��¡ ªÓ��	�Ò��´ � ¥ �¿�����c�l�E���ª� ����Æº¥�°,�¶� �>��� �P��� zü�,��� °�±����� ° �¢�¿|�£N� �
y ´ ��» ���,� ÃÈ��´ ��»ª� ¥  � �¿�ÁÀ�����¼��W�£^~E�¿£ ° �ª� ��Â ��|�»¡� ° ��|�� ±� ´ £ ¥ |�� � �N�i�¿� ¥�°4« � ° �N� Ó £ ¥�° ² Ë/���N�¡���N�
y ´ � Ó�¦>�¢� ´º�l´ � Ó � ° �u���ö�ª� ��� × ° �N|��¿��äÑ���³�*��,�*�£¡��� ±���,�ö�c�¿�ª�¿|��c��|�Ç ¥ �,� � Ì ±���¿��£^����u���u� ° £ªÉ² ° �NäÊäÑ��� ��Í4¥ ��£^ �Á��Á¡¦>���
y ´ �,~ ÁN¨N� ����ÃÄ�¶´ ��~,£¡�����E�ô�����ª� ����� �³��� �P´ �E��� �¶µÈ�>�¡ 	�i��Á\ÁN¨³�c�^��¹^�



ÙÈÚ ÛªÜ�Ú#Ý¸Þ¡ß/à,á%â�Ú#ã �¡�¸�
y ´ ��� Á> ¢� z ��´ ��� ° �,�g���}�N� ��� ®È£¡äÊä ¥ ��|�~��ª��|�£¡�I� ° |�» ±�,� ��Ëi«�¤�ÄW° �,��£ Ó ���
y ´ £¡� ¦\Áª� ��� z �¶´ £¡�P��¾W���}�N� ����¤�¥ ~,� �¶� �³��� � z  N�¡���i�0Á¡¦QÁ>�Ð�
y ´ £N� Á>�¢� µ���´ £ª���g���}�N� ����� �>��� ��� ��» �¶´ ���c� �¶©¡¦��i�0ÁQÁ>�¡�i����¨��¡�
y ´Ï¥ ¬ Á>¹¢� ����´Ï¥ ¬¢�N�c|�¬ô�E�}�N� ����� �>��� �P� �E» � ®  N ��§��ÁQÁ>¹N�E��Á¡�N©��
y ´ ��� ÁN¨N� Â¼��´ �^���,���E�}�N� ���ZÄ¼«^ËT� �,��£ ° � �Á��Á\ÁN¨��
y{äÑ�N² Á¡©¢� Ì � × � Ì·�N²¡��n���}�N� ����� �³��� �%� ��» � ®  N�·�i��Á\Á¡©>�c�W��¨³¹ª���
yÎÌ�� °`Á> ¢� ¤¼� Ì�� ° |�� � �¿�ÁÀ�����¼��W�£^~E�¿£ ° �ª� ��Â ��|�»¡� ° ��|�� ±�W��l®T�N�,� �Ò�0ÁQÁ> ^�
yÎÌ�� °`Á>¹¢� ¤¼� Ì�� ° |��;���}�N� ��� �>��� ��´ ���c� ��µT�\Á��Ñ�i��ÁQÁ¡¹¡�E�� ��
yÎÌ��ª� ÁQÁª� z � É§Ì � Ì·�N��¬¢���>É!ë*�N�����,¾ � �¿�ÁÀ�,���'��È�£�~���£ ° �ª� �NÂ ��|�»N� ° ��|�� ±�T��g®È��� ¥ �� µ � ° ��� °  ´ �N£¡�^É

�¡�%��ÁQÁQÁ��
yÎÌ·�� Á>¹¢�s¤¼� Ì·���|�åÈ�¸�N�,�¯�E�}�N� ����¤�¥ ~,� �¶� �>��� � z ©>�¡¹	�i��Á\Á>¹¡�E���>¹^�
yÎÌ·�E� Á> �� è2� Ì ±����|�»�|�� °,� ���ÏÀ�,�c�¼��¼�£^~E�¿£ ° �ª� ��Â ��|�»N� ° ��|�� ±�W��l®T�N�,� �Á��ÁQÁ> ��
yÎÌnð�� ¦>¹¢� Ì � ÌMð��N���, � �¿�ÁÀ�����¼��W�£^~E�¿£ ° �ª� ��Â ��|�»¡� ° ��|�� ±�W��l®È��� ° äÊ£¡��^É Ã � °�° �N�� �Ï��Á¡¦¡¹^�
yÎÌ·£ °`Á¡©ª� ´º�µÄ�� Ì�£ ° �E���¿£��E���ª� ����� �³��� �P� ��» �¶´ ���c� ��¹¡¹	�§��ÁQÁ¡©>�c�N©¡�N¨��
yÎÌ·£ ¥��N¨N���W� Ì·£ ¥ �i�/� Ó ~/��| °,� �¿�ÁÀ�����S��S�£^~E�¿£ ° �ª� ��Â ��|�»¡� ° �c|�� ±� Â ��|�»¡� ° �c|�� ±�*®È�½� ¥ �� µ � ° ��� ° 

´ �¡£N�^É �����N�¡�ª¨��
y ¤ �N� Á>¹�� ´º��¤ �N�����ª� � ���ÏÀ�,�c�l��W�£�~���£ ° �¢� ��Â ��|�»N� ° �c|�� ±� � � ° |��Tï Ë É§ò ° �¿��� ����Á\Á>¹^�
y ¤ �,| Á\Áª� ¤¼��´ � ¤ �,|��� ° � � �¿�ÁÀ�����¼��W�£�~��¿£ ° �ª� ��Â ��|�»¡� ° ��|�� ±�W��l®T�N��� �Ï��ÁQÁQÁ^�
y ¤ �,| �¡�¢� ¤¼�>´ � ¤ �,|��� ° �'���Ä�N� ���Î�Ø° £^~ � £ Ô �¿���Tï ´·Ë �>� � Ì·�,�E�¿|���²¼£N� ¤�¥ ~,����� °Ø� �>����|�~,� ��µ £ ° äÊ|�£

���N�¡�¡�>�Ð�
y ¤ ² ¥ZÁ¡¦ª� z ��ÍM��¤ ² ¥ �¡��� � �¿�ÁÀ�����¼��W�£^~E�¿£ ° �ª� ��Â ��|�»¡� ° ��|�� ±�W��l®T�N�,� �Ò�0ÁQÁ¡¦��
y ¤ £ °¿����� ����¤ £ ° äÑ�N�� � �¿�ÁÀ�����¼��W�£�~��¿£ ° �ª� ��Â ��|�»¡� ° ��|�� ±�W��l®T�N��� ���N�¡���N�
yÎò4��£ ÁN�ª� z � ò4��£Ñ�E���N� ����� �>��� ��� �E» � ® ¨¡¦·�§��ÁQÁ¡�¡���\ÁN¨¡©��
y � �N� Á> �� «P��� �N� ��¤}¥ ~�� �¶� �>��� � z  \Áª¨��§��ÁQÁ> N�E�� N©^�
y � �,² Á¡�¢� z ��� ��²¡���N| ° �W���}�N� ����¤}¥ ~�� ��Ë ���i� °,� �ª��¯Ì����¿� � |�� � �³��� �P� �,��z �aÁ> 	�i��ÁQÁN�>�c�¡©¡ ^�
y � �,| Á¡ ¢� Än��� ��|���� ° �g�E���N� ���¶���¶� �>��� �Äl�ª�·�§��ÁQÁ> N�c´º�¸�> ^�
y � � °`ÁN¦ª� æ ���M±� ° |�� ° ���}�N� ����¤}¥ ~�� ��Ë ���i� °�� �N���Ì·����� � |�� � �>�^� ��� ���}z ¨��¸�	�i�0ÁQÁ¡¦>�i�����^�
y � ��� Á¡ ¢� �����2±�E�¿� ° ���}�N� ����¤}¥ ~�� �¶� �>��� � z Á> 	�§��ÁQÁ> ¡�c \Á¡���
y � |�~ �N¨N� Ì �¶� |�~/��£¡� � ���ÁÀ�,�c�l��¼�£^~E�¿£ ° �ª� ��Â ��|�»N� ° ��|�� ±�W��l®T�N�,� �P�N�N�N¨��
y � �½� ÁQÁª� Æ'�¶� �½�N²N��£¡�%�E�}�N� ����¤}¥ ~,� ��� �>��� � z ©> ª¨·�i��Á\ÁQÁ>�c¦^��  ~ �
y � £^~ Á> ¢� ����� £^~/��£^�¾,�N�����n�����N� ����� �>��� ��� ��» ��´ �E��� �¶¹N���i��Á\Á> ¡�E���N¨>���
y � £ ¥ZÁ> ¢� ����� £ ¥ �����N�����}�N� ����¤�¥ ~,� ��Ë ���c� °,� �N��¯Ì·�E�¿� � z �> ¡¹	�i�0ÁQÁ> ¡�§¨��¸¦��
y � £ ¥ZÁ¡©ª� ����� £ ¥ �����N�����}�N� ����¤�¥ ~,� ��Ë ���c� °,� �N��¯Ì·�E�¿� � z �¡©QÁ��i�0ÁQÁ¡©>�c�¡�¡�^�



ÙÈÚ ÛªÜ�Ú#Ý¸Þ¡ß/à,á%â�Ú#ã �¡��¨
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