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NPORQSO�TVUXWZY\[^]�QSO�Q&U`_a]�b�O�cedf_�Uhg�UhiaYHjlknm�oapqY\[rm�Y^st[tohguUhg�vxw\ohg�WZUhw^W7m�Y\st[roag�y�]
z O�c{d|g�v�iasrY\g}] ~6O�b7Y^�|_n����d|g}]��<O�b.oast���
]��SO z oag�v�oag4]��PO�k c{d|��Y\s^] ��O���oa� d�Uh[^]��PO���Uhg i�]

k�O���U��rd��$U ]��7O�T�sZU`�aY^s\] z O�T���Uhg�i
�e�����h���Z�������M�¡ 1¢e����£h�����¥¤X¦.§�¨ ¤h��©��X�¥�¡�ª���«��©�©��ª¦�¢q¬�­�­n®n¯�°

± O³²�O�T���Y^g}]�²�O�Q8Y^ihWZd�UhstY^g�pho�]�´µO�T�����v�Uhpho«��] ± O�N&oa�HY\¶q]��SO�·<Uhg�[rY\g}]�QSO�·7d�ihd�g���oqWZ��Uh�
]=�<O z Y^d|Wt¶h]
�<O��¸o��¹WZ[tY^p���o«ºµ[tp�dVj�k=m�oaphY^[tm�Y\st[roag�y

»���¼8���Z�«�X�1½}¤�¾�¦G¿���À4Á��X����¿���À:�ª¦6¢X¬Â­�Ã=Ä�¯�Ä
± O z O��7stsrd�g�ihWtoag}] �ÅO�·7UqÆ�v�d�] z O ± O�·7oa�fW`]�QSO�·�O�²ÇohWtWtY\sr�hY\�|v}]�²�O�´ÈO z Y^d��HY\s^]

´µO�T<O�k=wª�����fWZYq]�ÉSO�Ê4��Y^g�i�O
¬<��£n�X���4�8¿&¤h�¥�l�X��¤h©4½{¤�¾��X�r¤h�E�X����¦:¬<��£n�X���4�ª¦�ËZ½ÌÄ�¯�°�Ã�®

�ÍO���Y^srWrWZoa¶^dl]��SO�N�U`_aoa�}]�k�O�N�d|��Uhv}]Î�6O ± O�²���wªpqY^WrW`]ÐÏPO4Ñ&d�Uhg�i�]nÉSO�Ê4��Uqg
ÒL¤X�ª�\¤nÓª¨nÔ��«�������<Ë�� ���¥���¥Ô=�E�P�¡ MÕ��ªÓª¨n�4�X©��t£h�«¦µ§�¤hÖH¾\���¥×«£n�ª¦:ÒM¬5¯X­nØaÃ�®

�<O�k U`º�UqWZ¶^p�_
Õ���Ö<Á�©��M�Ç�����h���Z�����¥��¦�Ù�¨n��©f¤�×n��© Á�¨n�¥¤X¦GÙ�¬�Ø�®�Øh­�­

± O z OÛÚÜO��7g�g�Uhg v
�e�����h���Z�������M�¡ ÅÝV©f¤X�t£n�XÀ:¦.ÝV©f¤X�t£n�XÀÍÝµØh­�Þ�ß&ßà¦�á}Óª�X�¥©f¤h��×X¦��}â

z O�N&d����$Uhg}]�É6O ± d�Uhg�i ]�´ÈO���� wª��d�g�U=] z O z Uhg [toa�HYh]
ãÈÔ=��£n���Z�1�Ç�����h���Z�����¥��¦�Ùà���«Ót¤h�l¤hÀ,¤h��¦�¿7»u¯qÞ�Þ�ä�ä

·�O�N�Uho�]�QSO�Q8� WtWZU ]��PO��&sZUh�HY\s^] ÉSOåÑ8d�Uhg4] �ÍO�T���Y\g
æ�Ô�ç��
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Q8Y\Y\m d�g Y\��Uq[rWZd|wå[rw`UqWrWZY\srd�g�i�oh����d|ia�ÌY\g Y\stiq_ÌY\�|Y\w^Wtstoag [Mo�
ÍU�m�srohWZoagC��oa��g�v

d�gíUåv Y\� WtY\stohgíd�g�w^oad�g�w^d�v�Y^g�w\YHºµd|Wt�íUå[t�|o«º���Uhwªp�ºVUqstv�iaoad|g�iåg�Y^� WZsroag�ºµd��|����Y
d�g��aY^[rWZd|i�UqWtY\vHd�gÅ·<Uq�����Ì��[rd�g�i&Wt��Yµ��UhsriaYÈUhw^w\Y\m=WªUhg�w^Y<�àd�i���dfWZYà[tm�Y\w^Wtstoa�HY^WtY\s^OG�¸Y
ºµd����=[rWt��v _PWZ� Yµ�qUhsrd�UqWtd�oag6oh��Wt��YµsZUqWtd�o&oh��WZ� Y.��oa��g vHm stohWtoag$w^stoa[r[�[tY\w�WZd|oagHWto&WZ��Y
��stY\Y�m�srohWZohgMw\stoh[t[µ[tY^w^WZd|oagxo«�aY\s.USiasrd�vMoh�eWt��Y�[tw`Uq��d�g i6�qUhstd�Uh����Y�� Uqg�vMWZ��Y�stY^w\oad|�
g�Y\� WtstoagÜ�$oh�$Y^g�Wt��� ��m WZo���� ���³ÿMd�gLWZ��YHv�Y^Y\m¸d|g�Y\��Uh[rWtd�wP[rw`UqWrWZY\srd�g�i
stY^iad�ohg}O
�È��d�[.d�[.UÅg�o«�aY\�:Uhg�v1U$[rY\g�[rd|WZdf�aY�ºVU`_xWZoH[rWt��v _xWZ� Y6´,Ú T Y�
4Y^w^W.WZ��UqW.��Uq[7��Y\Y^g
Uhv �aonw`UXWZY\vå��_
WZ� Y�WZ� Y\oas¹_1w^oa�H�S��g�dfWE_ ��oas.�ìUhg�_M_hY`Uhsr[\O.�È��d�[7Y��=m�Y^std|�$Y^g�W.ºµd��|�
m�sto«�nd�v�Y�w\st� w\d�Uq�=Y��=d|v�Y\g w\YVg�Y^Y\v�Y^vPWZo8v�d|[rWtd�g�ia� d�[t����Y�WEº�Y^Y\gÅm�oa[t[rd����|Yà�HY\wª��Uqg�d�[r�$[
stY\[rm�ohg�[td|����Y&��oasVWt��Y�´àÚåT Y�
�Y\w�W`O
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� W7��Uh[.��Y^Y\g �HoastY�WZ��Uhg1WEºào v�Y^w`Uhv�Y^[8[td|g�w\Y�WZ� Y6v�d|[tw\o«�hY\sr_1oh��WZ��Y6´àÚåT Y�
�Y\w^W\O.·7o«º�Y��aY^s\]
d|Wt[�oastd|iad�gÅ[rWtd��|��stY\�$Uhd|g�[,U��6_n[rWtY\s¹_aO��È��Y\srY8UhsrY7�$Uhg�_ÅWZ��Y^oastY�WZd|w`Uh���Ho=v Y\��[�WZ��UqWàUqWtWtY\�Hm WàWto
Y��=m���Uhd�g�WZ��YV´àÚåTíY�
4Y^w^W\OG�È��Y^_6sZUhg iaYà��sroa�Í�$onv�Y\�|[ÇWt��UqW:Y��=m���Uqd�g�Wt��YÈ´,Ú T�Y�
�Y\w�W�Y\g�Wtd�stY^�|_
d�g�WZY^st�H[Goh����Uqv�stoag d�w�v Y\iasrY\Y\[�oq����stY\Y^v�oa� oh��WZ� Y�g���w\�|Y`Uhs���oastw^YàWZo7WZ��oa[rY�WZ��UqW�UqWrWZstd|��� WtY,Wt��Y
Y�
�Y\w�WVWZo�WZ��Y<v�Y^��oasr�ìUXWZd�ohg$oh�{Wt��Y<g���w^��Y^oag�d�w.ºVU`�hY8����g�w^Wtd�oag4O�k=d�g w\Y7Wt��Y8m�� ����d|w`UqWtd�oagHoh�}Wt��Y
´,Ú T?v�UqWZU�d�g������������ �l]nWZ��Y^stY7��U`�aY8��Y\Y^gM�ìUhg�_Åm�srY\w^d�[td|oagìd|g�w\�|��[tdf�aY7�$Y\Uh[t��srY\�HY\g�WZ[àoh�}Wt��Y
´,Ú T Y�
4Y^w^WVohgH�qUhsrd�oa��[�g���w^��Y`Uqs,WZUhstiaY�WZ[�o«�aY^sVU���UhsriaYÈsZUhg iaY7oq� �xUhg v"!
#
� �n]$� ] ��]&%'��O��È��d|[
��UqstiaY8w^oa���|Y\w�WZd�ohgMoh�:v�UqWªUP��Uh[µsrY^�aY\Uh��Y^v1[rY^�hY\sZUq��d|�$m�oasrWZUhg�W��¥Uhw�WZ[.Uh��oa� WÈWt��Y�´àÚåT Y�
�Y\w�W)(

* WZ��Y �Üv�Y\m�Y\g�v Y\g�W6[r��Uhm�YPoh�,WZ��YÅ´,Ú TÍY�
�Y\w^W�d|[8stoa� ia���|_1d�g v�Y\m�Y\g�v Y\g�W�oh�àWt��YSWªUqstiaY�W
UqWZoa�Hd�w<�ìUh[r[µgn� �S��Y^s\]	+�]

* WZ��Y�d�g�w^stY`Uq[tY�d�gxWZ��Y6´àÚåT Y�
�Y\w^W<UqW<U$iadf�aY^g � ºµdfWZ�
d�g�w^stY`Uq[td�g i"+ w`Uhg1��Y�v�Y\[rw\srd���Y\v
º�Y^���eUh[.US����g�w�WZd�ohg
oq�,+ÍoasµUh[.UP��d|g�Y`Uqs�����g�w�WZd�ohg
oq�:g���w^��Y`Uqs.v Y\g�[rd|WE_a]

* WZ��Y�´,Ú T Y�
4Y^w^W.v�onY\[µg�ohW.v�Y^m�Y^g�våoag-!
#«O
. oasHULstY^�nd|Y^º oq�<WZ� Y1m�� ����d|[t��Y^v(´,Ú T Y�
4Y^w^W$v�UqWZUÜUhg v WZ� Y\oasrY^WZd|w`Uh�È�Honv�Y\�|[\]�[tY^Y/�ëÿ0�lO

·<Uq���,T>´ �=m�Y^std|�$Y^g�W6´ ���21 �3���4�65��àd|[�w^��stsrY\g�WZ�f_Lw\oa�|��Y^w^WZd|g�ixd�g�w^����[rd|�hY$v�UXWªUM��oas6Uxm�srY\w\d|[td|oag
�HY`Uh[r��stY^�$Y^g�W.oh�ÇWZ� Y�´,Ú T Y�
�Y\w^W.oag87:9<;�Uhg�v8=:9<;aO

�È��Y7�$onv�Y^��[���Uh[rY\v$oagH�hY\s¹_$v d 
�Y\stY^g�Wàm ��_n[rd�w\[àd�v�Y\Uh[�w`Uhg$�$ohstYÈoas���Y^[t[�Æ�W�WZ��Y �xUhg vHWt��Y
+ v�Y^m�Y^g�v�Y\g w\Yìoq�àWt��YH´àÚåT Y�
�Y\w�W`OÅ�È��Y^stY^��ohstYHd�[&��Uh[�g�oqW���Y^Y\g m�oa[r[td|����YSWto
v d�[rWtd�g�ih��d�[r�
��Y^WEºàY\Y\gLWZ� YH�Honv�Y\�|[7WZoMd|v�Y\g�Wtd|��_åUxm�oa[r[td�� ��YSw\Uh��[tYÅoh��Wt��YÅ´,Ú T Y�
4Y^w^W`O��C��UqW���Uq[&��Y^Y\g
�Hd�[t[rd�g�iMd|guWZ��YHU`�qUhd���Uh����Y�v�UqWZU21E[rY^WZ[�d|[�Ux�HY`Uq[t��srY\�HY\g�W�oh�àWt��YÅ�hUqstd�UXWZd�ohg oh�,WZ��YÅY�
�Y\w�W�Uh[
WZ� Y6��d|g�v�d�g i$oh�:WZ��Y�g���w\�|Y\oag d|g�w\srY`Uh[rY\[&Uqg�vådfW7��Y\w^oa�HY\[<�HoasrY6Uhg vå�HoastY�o�
>1E[t� Y\����O � g1Wt��Y
w`Uq[tYSoh��Wt��YSv�Y^� WZY^stoag4]}WZ��YSsrY\w^oad��Ç�$oh�$Y^g�Wt���9oh��WZ� YS[tm�Y\w�WªUqWtoas8g���w\�|Y\oagud|[8Uì�HY`Uq[t��srYSoh�
WZ� Y
g���w^��Y\UhsP��d�g v�d�g�iu[¹WZsrY\g�ihWt�}O��9w\oa�Hm�Uhsrd�[tohgíoh�<[rY^�hY\sZUq�7U`�qUhd|��Uh���|Y ´,Ú T Y�
4Y^w^WH�Ho=v&1
Y\�|[8��_ Ú1Y^��g�dfWZwª��oa� p�]Çk=Uhstia[rd�UhgLUqg�vÜknWZsrd�p��ìUqg?�@�2����Uh[&d|g�v�d�w\UqWZY^v WZ��UXW8WZ��YP�Honv�Y\�|[8��Uh[rY\v
oag v�d 
�Y\srY\g�W�m���_=[rd�w^[6d�v Y`Uh[��$UhphYP�qUh[rWt�|_uv d 
�Y\stY^g�W6m�srY\v�d|w^Wtd�oag�[&��oas&Wt��Yì´,Ú T Y�
�Y\w^W6Uh[�U
����g�w�WZd|oag oh�eWZ� Y8g���w\�|Y`UhsV� d�g�v�d|g�iS[¹WZstY^g�ihWt� j¥oas�Wt��Y8srY\w\ohd��4�Hoa�HY\g�WZ� �Âoq�ÇWt��Y8[rm�Y^w^WªUXWZoasVd|g
w`Uq[tY�oh�ÇWZ��Y�v�Y\�=WZY\sroag�y�O,�È� Y\stY���oastYq]�UÅm stY\w^d�[rd�oagx�HY`Uh[r��stY^�$Y^g�W7oh�ÇWZ��Y�´,Ú T Y�
4Y^w^Wµ��oasVWt��Y
��oa��g�v�m stohWtoag�d�g�U1v�Y^� WZY^stoag�Uh[SU1����g�w�WZd�ohg¸oh�ÈWt��Y stY^w\oad|�àg Y\� Wtstoag��Hoa�HY\g�WZ� �ðw\Uhg���Y
��[rY\vìWtoSv�d�[¹WZd|g�ia��d|[t�H��Y�WEº�Y^Y\gxv�d 
�Y\srY\g�WVw^��Uh[r[tY^[�oh�{�Honv�Y\�|[\OG�È��d|[à�$U`_H��Y\�|mì��[à��g�v�Y^st[rWZUhg�v
WZ� Y�ohstd�ihd�g�[Voq��Wt��Y�´àÚåT Y�
�Y\w�W`O

�VW ± Y�
4Y^st[roag
cÇUq�x·<Uh�|��� ºàY&w`UqgM�$Y\Uh[t��srY<WZ� Y8sZUqWtd�o�oh�eWZ��Y8w^stoa[r[È[tY^w^WZd|oag ��oas�U6��oh��g�v
m�srohWZoag(d�gÌU¸v Y\� WtY\stohg?WZo�WZ��UqW oh��U ��stY\Yåm�stohWtoagÌUh[ UÜ����g�w�WZd�ohg?oh�&WZ� Y stY^w\oad|�7g�Y^� WZsroag
�Hoa�$Y^g�WZ���#UXW6v�d 
4Y^stY^g�W��qUh��� Y\[�oh� �e]���mÜWto ��� ���³ÿ ]Çd�gLWZ��YìQ � kLsrY\iad|oag(j��-AB!C#�AB%
jlN&Y^~EDGF^y # Uhg�v�H #�I �HN�Y�~ # y�O��È��Y�Uhw\w^Y\[t[rd����|Y&sZUhg iaY&oh�eWZ��Y&srY\w^oad��}g Y\� Wtstoagx�Hoa�$Y^g�WZ���
ºàoa����v
��Y���sroa�5Uh[.��o«ºJUq[�%��PWZo$ÿ��$Ú1Y^~EDqwh]�ºµ��Y^stY�WZ��Y�m�stoqWZoag1d�[µY��=m�Y\w^WtY\våWto$��Y���UhstY^�|_
��oa��g�v}].WZoüUh��oa� W � ��� Ú
Y^~
DXwh]<ºµ��Y^stYuWZ� Y m stohWtoagCd�[M[td|iag�dfÆ�w`Uhg�Wt�|_ o�
J1 [t��Y^����O �ÜYLºµd|���
[tY^��Y^w^WSY �nWZstY^�$Y$��Uhwªp�º�Uhstvíp�d�g Y\�$UqWZd|w\[�Uhg�víU
��o«º WtsZUhg�[¹�aY^st[tYì�$oa�HY\g�Wt��� ��oas�WZ��Y$stY\w^oad��
g�Y^� WZsroagMv�Y^WtY\w�WZd�ohg}O��È��Y8g�Y^� WZsroagxd�[àd�g [rm�Y^w^WªUXWZoasVp�d|g�Y\�$UqWZd|w\[,d�gìWt��d�[àw`Uh[rYhO . ��srWt��Y\sr�$ohstYh]
. d|g�Uh�7knWªUXWZY � g�WZY^sZUhw�WZd|oagÍj . k � yHY�
4Y^w^WZ[M��U«�hYu��Y^Y\gÌm�srY\v�d|w^WtY\v?WZoí��Yå�Hd�g d��$Uh����oasHWZ��Y^[tY
p�d�g�Y^�ìUXWZd�w^[K�L�0��O>knd�g�w^Yud|W d|[ìWZ� Y m�ohd�g�WM1lWZo01 m�oad|g�W$�qUhsrd�UqWtd�oag oh�&WZ��YL´,Ú T5Y�
�Y\w�Wx��oas$Wt��Y
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��oa��g�v m�stoqWZoaguWZ��UqW�d�[&d�g�WtY\stY^[rWtd�g�i�]{ºàYHºµd|���:��ohst� Wt��YHsZUqWtd�oMoh�,WZ��YH��oa��g�v m�stoqWZoagLw\sroa[t[ 1
[tY^w^Wtd�oagÅUqW�v d 
�Y\stY^g�WG�qUh����Y^[�oh� �$Wto8WZ��YÈ��oa��g vHm stohWtoagPw\sroa[t[ 1E[tY^w^Wtd�oagÅ�HY`Uh[r��stY^v$UXW � � � � �=]
ºµ��Y^stY�Wt��YS´,Ú TBY�
4Y^w^W8d|[7�Hd�g d��$Uh�lO . oast�Hd�g�iPWt��d�[7w\stoh[t[<[rY\w�WZd�ohg sZUqWtd�oÅº�oh����v1v�d|�nd�v Y�oa�=W
Y��=m�Y\srd��HY\g�WªUh��[¹_n[rWZY^�ìUXWZd�w^[�[r��wª�PUh[{Wt��Yàg Y\� Wtstoag�v�Y^WtY\w�WZd�ohg6Y��Hw^d�Y\g w^_�Uh[{º�Y^����Uh[eWZ� Y\oasrY^WZd|w`Uh�
��g�w^Y\s¹WªUhd|g�Wtd�Y^[,[r��wª�MUh[�Wt��Y7v Y\m�Y\g�v�Y^g�w\Y7oagÅWZ��Y.v�Y\�=WZY\sroag$º�U`�aY.����g�w^Wtd�oag4O � g$Wt��d�[�m�sroam�oa[ZUh�
ºàYÅºµd|����v�Y\�Hoag�[¹WZsZUXWZYSWZ��UqW&º�YÅw\UhgL�$Y\Uh[t��srYPWZ��YPsrY\��Y��qUhg�W�w\stoh[t[�[tY^w^WZd|oagLsZUqWtd�o ºµdfWZ�u��d|ia�
Uhw^w\��stUhw^_Mo«�hY\s7UPÆ�g�Y�ihstd�vMoq� � Uhg�vxWZ��Y�stY^w\oad|�}g�Y^� WZsroag1�Hoa�HY\g�WZ� �1O

± Y�
4Y^st[tohguceUh�å·7Uh���e�CY��=m�Y\srd��HY\g�W8´,1 ���01 � � � �@�2��srY\w^Y\g�WZ�f_x�$Y\Uh[t��srY\v
WZ��Y�w\sroa[t[7[tY\w�WZd|oag
��oas4Wt��Y���oa��g�v�g�Y^� WZsroag�d|g8WZ��Y�v Y\� WtY\stohg���_8WZUhiaiad|g�i�WZ� Y�m�stohWtoag�o«�aY\s}Wt��Y�stY^w\oad|�h�Hoa�$Y^g�WZ���
sZUqg�iaYVoh� ��%���Ú1Y^~EDGFàWZo ������Ú1Y^~EDGF�O�·7o«ºàY^�aY^sàd|gSWZ��d|[Gw`Uq[tYVWZ� Y\stYÈd|[Gg�o&��stY^YÈg�Y\�=WZstohgHw^stoa[r[
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v�UqWZUSWZoÅY^�hY\gå[r�ìUq����Y^s��qUh��� Y\[Èoh��K 8 Uqg�vMWZoHd�g�WZY^stm�oa��UqWtY<WZ� Y��HY`Uq[t��srY\vx�hUq����Y^[VWZo K 8 � � O

���f� ��� �{ø«÷�õ�ú �a÷k��ñ ø�ù�õ�ú �"�(� ø«õíø«ñ ÷ '	��ø � ÷�ñ2'�hi�nú�ø`ñ ø�ù�õ�úÌñ�ú�� ø��"�U#%�Çò¥ò�ù ��ñ�ú?ýÇ÷�õ �� �nþ`þ
�È��Y
��sZUhia�HY\g�WZUqWZd|oag�oh�&��o«º �$oa�HY\g�Wt��� g�Y\�=WZstohg�[$��sroa�ôWZ��Y
m�srohWZoag v�Y\� std�[Hd�[H[rWtstoag ia�|_
[t� m�m�stY^[t[rY\v
d�gìWt��Y8Y��nWtstY\�HY&��Uhwªp�º�Uhstvxg�Y^� WZsroagxp�d�g�Y^�ìUqWtd�w^[��@%��=]�%hÿ2��O��È��Y&w\ohg�WZUh�Hd�g�UqWtd�oag
oh�{[rm�Y^w^WZUqWZoas�g�Y\� Wtstoag [Vv���Y<Wto�WZUhstiaY�W���stUhia�HY\g�WªUqWtd�oagHd�[àY��=m�Y\w^WtY\vMWZo���Y<g�Y\ia�|d�iad|����YV��ohs,Wt��Y
p�d�g�Y^�ìUXWZd�w^[Voh�ÇWZ��Y�m�sroam�oa[tY^våY��=m�Y\srd��HY\g�W`O

�7g�ohWZ� Y\s�m�oa[t[rd����|Y�ºVU`_�WZo&iaY�W�U8[t�|o�º ��Uhwªp�º�UhstvHiaoad|g�i<g Y\� WtstoagÅd�[�WZ��sroa��ia�SWt��Y.k=���|��d|�qUhg
m�sro=w^Y\[t[^]�ºµ��Y^stY�WZ��Y�Y\��Y^w^Wtstoag1[tw`UXWtWZY^st[7o�
ÜU���� d�gxWZ��Y�m�d�oag
w\�|oa��v1oh�GWZ� Y�m�srohWZohgåoas.o�
ÜU
� � d�gMWt��Y�m�d�oagMw^��oa� v
oq��Wt��Y�g�Y\� Wtstoag4O,�È� Y�w^stoa[r[µ[tY\w�WZd|oag
��ohs�WZ��d|[Èm�stonw\Y^[t[µºVUq[.�HY`Uq[t��srY\v
WZ� stoa��ih�í��Y`Uqv�d�g�iåg�Y\� Wtstoagív Y^WZY^w^Wtd�oagüUqWÅ·7´ z � �@%G�0��OL�È��Yxw\oag�WZUh�$d|g�UqWtd�oagÜoh�µ[tm�Y\w�WªUqWtoas
g�Y^� WZsroag�[Hv���YMWZoÜQ � k�o 
CU m d�oag�d�gíWt��Y1m d�oag�w\�|oa��víº�Uh[$w\Uh��w^����UXWZY\ví��oasPWt��Yxm�stoam�oa[rY\v
p�d�g�Y^�ìUXWZd�w^[���[rd�g�iSWt��Y&m�srY\[tw^std|m WZd|oag ��_
Ú1Y^��g�dfWZwª��oa� pìUhg v
�È� oa�ìUq[
� �G� �lO��È� d�[Vw\Uh��w^����UqWtd�oag
[t� o�ºµ[ÅWZ��UqWÅWZ��Y
w\oag�WZUh�$d|g�UqWtd�oag�d|[Å��Y\[r[PWZ��Uhg �=O % � d�g�oa� sHp�d|g�Y\�$UqWZd|w\[ (Mwª��Uhg�iad|g�iL��stoa�
Uh��oa� W
�aO % � UqW.UqW � / � � � �6WZoHm�stUhw^Wtd�w`Uq���|_H¶^Y\sto$UqW � / � ���³ÿ O

�ÜYPºµd������$Y\Uh[t� stYSWZ� YH�|Y^�hY\��oh�,w\ohg�WZUh�Hd�g�UqWtd�oagåv���YPWZoMWªUqstiaY�W&��sZUhia�HY\g�WZUqWZd|oaguUhg�vuWt��Y
k=���|��df�hUqg�m�stonw\Y^[t[Åv���srd�g�iuoh��sPY��=m�Y\std|�$Y^g�W$��_í�HY`Uq[t��srd�g�i Wt��Y-9íj ; > ; / � y�� w\stoh[t[H[tY\w�WZd|oag
ºµd|Wt�íWZ��Y
g�Y\�=WZstohg v�Y�WZY^w^WZd|oagü[r_n[rWtY\� d�gíWZ� Y1d|v�Y\g�WZd|w`Uh��w\oag Æ�ia��sZUXWZd�ohg�Wto Wt��Yxv�Y\�=WZY\srd����
st� g�[\O��È��d|[µºµd|���4Uh���|o�º ��[µw^oastsrY\w^WµWt��Y\[rY�[r�ìUh�|�4w^oag�WªUh�Hd�g�UXWZd�ohg�[�ºµd|Wt�
UH��d|ia�xUhw^w\��stUhw^_hO

�È��YMw^stoa[r[P[tY^w^WZd|oagív�UqWZUå��oas6Wt��Yxk=���|��df�hUqg¸m�sro=w^Y\[t[P��Uh[P��Y^Y\gíd|g�w\oasrm�ohsZUqWtY\víd�g�WtouUK;cK
w\oh����d|[td|oaguÚ1ohg�WtY 1¡TVUhst�|oåknd��S����UqWZd|oag m�sroaiastUh� " î û��xî û �6%0�2��OÅ�ÜYPºµd��|�G��[tYPWt��YÅstY\[r���|Wt[
��stoh�9Wt��Y 9íj ; > ; / � y�� sr��g WZo w\Uh��d|��sZUXWZY " î û��Mî û [td��6����UqWtd�oagx��oas7oa��s8p�d�g Y\�$UqWZd|w\[8Uqg�v
WZ� Y\gxºµd�������[tY�d|W�WZoHw\oasrstY\w�WµWZ��Y��HY`Uh[r��stY^v �uj ; > ; / � y��ðw\sroa[t[.[tY^w^Wtd�oag�[µ��d|gx��_x� d�g}O

��� � 	�
 ýR��÷Xù�hi�nú�ø«ñ�òe#���øk�eý
�ÜY ºµd����,��[rY1U ��Y`Uq� Y\g Y\stiq_íoh�<ÿLN�Y�~SOG�5�|o�º U`�aY^sZUhihY
��Y`Uq� w\� ststY^g�WÅoh� �=O �
�}�9Uqg�v
U WZ��d|g<1C�$w^� ��oag i"1<�|d D���d|v v�Y\�=WZY\srd���� WZUhstihY^W&ºàoa����v ��YP��[tY^vÜWZo1Uhwª��d|Y^�hY$Ux��� �$d|g�oa[tdfWE_
oh��%�� � �G7���w\���$#Z[�� ) OS�È��YÅY��=m�Y\std|�$Y^g�WªUh�G[rY^Wt��mLd�[&[t� o�ºµg d�g Wt��YÅ[twª��Y^�ìUXWZd�w6v�d�UhihsZUh� oh�
Æ�ia� stY<�=O �È��Y1[tw\UqWtWtY\stY^vÌY\�|Y\w^Wtstoag [ìºµd��|�È��Y1v�Y^WtY\w^WtY\vÌd|g WZ� Yu��d�ia��d|WtY
[rm�Y^w^Wtstoa�HY^WtY\s UXW
� %��^OP�È��Y$��Uhwªp�ºVUhsrv¸iaohd�g�iMsrY\w\ohd��Gg�Y^� WZsroag�[�ºµd��|�:��YHv Y^WZY^w^WtY\v¸� [td�g i1UMw^oa�S��d|g�UqWZd|oaguoh��U
Y\[rm�Y^w\d�Uh���f_ìv�Y^[td|iag�Y\v
��o«º Y\g�Y^stih_Mg Y\� Wtstoag
v�Y^WtY\w�WZoas7Uhg�vMWZ� Y6N�´�bJg�Y\� Wtstoag
v�Y�WZY\w�WZoas �@%&� ��O
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2"x 3"
CH scint.

3" PMT

threshold 50 keVee

N−detector

D(e,e’n )Xs

He(e,e’n )X3
s

He(e,e’n )X4
s

H(e,e’n   )Xns
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50
 c

m

neutron
spectator

DIS electron

0

J

100 msr, p > 0.25 GeV/c

100

time [ns]
50

T neutron − 15 and 1 MeV

External shield

Neutron Ball

Gen Detector

to BigBite 

electrons 
and photons

neutron
background

neutron signal

beam bunch arrival
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����� �,ù����Çù � �"� �{ø&��÷Xù]�"h ø«ñ�÷k'	��ø � �nò¥ò
� g�m�srd�g�w^d�m��|YPº�Y$w`Uhg�� [tYìWt��Yì[¹WªUhg�v�Uhstv �1w\� ��dfD���d�v v�Y\�=WZY\srd����#WZUhstiaY�WSw^Y\������oas�WZ� d�[�Y���1
m�Y\std|�$Y^g�W`Ox·7o«ºàY^�hY\sSWZ� Y$�|o�º �����Hd�g�oh[td|WE_ stY D���d|stY^v¸��oas&WZ��d|[�Y �=m�Y^std��HY\g�W6w\oa�S� d�g�Y^vÜºµd|Wt�
U �Mw\� WªUhsriaY^W�srY\[¹WZstd|w^Wt[8WZ��YÅU`�aY^sZUhihYP��Y\Uh�0w^��stsrY\g�W�WZo � O ���}�6O�� w\��srstY^g�W�Wt��UqW&�$U`_å��Y
WZono6�|o«ºÌ��oas�·7Uh����� ��Y`Uq�Â�|d�g�Y.Y D���d|m��HY\g�WVWZo�º�ohstpHm�stoam�Y\sr�|_hOG�C��d��|Y.ºàY&UhsrY<g�ohW�[tY^g�[tdfWZd|�hY
WZo ��Y`Uh�ôw^��stsrY\g�W$�$Y\Uh[t��srY\�HY\g�WZ[^]�ºàY1g�Y^Y\v(WtoLphY\Y^m?iaono=v�w^oag�WZstoh�.o«�hY\sH��Y\Uh�ôm�oa[tdfWZd�ohg
WZoMpqY\Y^mÜ��Uqwªpnihstoa��g vÜv�o«ºµg}O . ��srWt��Y\sr�$oasrYh]{UM[r��oasrWtY\s8WZUhstiaY�W&stY^v���w^Y\[�WZ��YPm�sroa��Uh� d���dfWE_xoh�
[tY^w\oag v�Uhsr_xY^��Y^w^WZsroag�[È��stoh� w\srY`UqWtd�g�iÅ�HoastY&��Uhwªp�iastoa� g�v}O

�ÜYM��Y\Y\�VWt��UqWPWt��Y\[rY1m���_n[td|w\[HstY\Uh[toag [$UqstYx[rWtstoag�iLY^g�oa��ia��WZoì�r��[¹WZdf��_¸WZ� Y
Y �nWZsZULY�
�oas¹W
WZoMv Y\[td|iagLUhg�vLw^oag�[rWtst��w�W�UMg�Y^º �Pw\� WªUhsriaY^W&w^Y\�|�G��g�dfW<��oas<Wt��YÅ·<Uq���:�>w\sr_hoMWªUhsriaY^W\O��ÜY
UhsrY�m stoam�oa[td|g�i$U-��w\�5v�d�Uh�HY^WZY^sÈ�aY\s¹WZd|w`Uh� ��o«ºJw�_=�|d�g�v std�w\Uh�}w^Y\���}ºµdfWZ� ���}� [rWªUqd�g��|Y\[t[.[rWtY\Y^�
º�Uh���|[\O7k=��wª�Lw\Y^���|[7��U`�hYS��Y^Y\gu��[rY\vum�srY^�nd�oh��[t�f_
��ohs7Y � m�Y\srd��HY\g�WZ[8UqW&Ú � ��1¡�VUqWtY\[^O8�È��YSw^Y\���
º�Uh���Èw^oag�WZstd|��� Wtd�oag�ºµd��|�È��Y1UqW$Uhm�m�sro�� d|�ìUXWZY\�f_ � � oh�7WZ��Y1[td|iag�Uh�µUhg v ºµd��|�V��Yåw\ohststY^w^WtY\v
Uhw^w\��stUqWZY^�|_M��[rd�g�iÅv�UXWªUS��stoa� Uhg
Y\�Hm WE_ WªUqstiaY�Wµst��g}O
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����� 	 ù�' 	 ù�ø&� #4ýR�g�hø`÷Xõ�hi��ø&��÷
�È��YHY\�|Y\w^Wtstoag [�ºµd|���:��YHv�Y^WtY\w^WtY\v�d|guWZ��Y$��d�ia��d|WtYS[tm�Y\w�WZstoh�$Y�WZY\s^Oì�È��Y$��UhsriaYÅUhg�ih����Uhs�Uqg�v
�Hoa�$Y^g�WZ��� Uhw\w^Y\m WZUhg�w^Y\[�oh�à��d�ia��d|WtY�m�sro«�=d|v�YÅU w\oh�S��d�g Y\vui�Uhd|gå�¥Uhw�WZoas8oq� ���21�%��ìd�guw^oa� 1
m�Uhsrd�[roag1ºµdfWZ�1Wt��YS·7Uh���e�>·7d�ih� z Y\[toh��� Wtd�oagåk=m�Y\w^Wtstoa�HY^WtY\sr[Åj�· z k�y�O��È� d�[.d�[7Wt��Y�Æ�st[rW<phY�_
Y��=m�Y\srd��HY\g�WªUh�}�¥Uqw^WZohsµWt��UqWµ�$UhphY^[.Wt��Y�m�stoam�oa[rY\v
Y��=m�Y^std|�$Y^g�W7m�oa[t[rd����|YhO,ceUhstiaY�Uhw^w\Y^m WªUhg w\Y
Uh�|��o«ºµ[G��[�WZo���[rYµWt��Yµ��o«º �����Hd�g�oh[td|WE_�srY D���d�srY\vH��oasG�aY^sr_Å[t�|o«º(g�Y^� WZsroagHv�Y^WtY\w^Wtd�oag4O . ��srWt��Y\s 1
�HoastYq]hv���YàWZo<Wt��Yàºµd|v�YV�Hoa�$Y^g�WZ��� Uhw^w\Y\m=WªUhg�w^YVoh����d|i���dfWZYh]qUh�|��Wt��YVv�UXWªU7ºµd|����w\oa�HYà��sroa� U
[td|g�ia�|Y�Æ�Y\�|v$[rY^WrWZd�g i�oq�4WZ� Y.[rm�Y^w^Wtstoa�HY^WtY\s\O � gHWt��Yµm�stoam�oa[rY\vì�Hoa�HY\g�WZ� �>sZUqg�iaYh] � O %�N�Y�~
DGF
WZo6Uh��oa� W �nO �6N�Y�~
DGF�]=Wt��Y<�Hoa�HY\g�WZ��� srY\[roa��� Wtd�oag$oh�{WZ� Y8��d|i���d|WtYµ[tm�Y\w^Wtstoa�HY^WtY\s�ºàoa���|vì��Y
��Y^WEºàY\Y\g �=O % � Uhg v �aO % � O��È��d�[àd�[,[t���Hw^d�Y\g�Wà��oas,Wt��Y<m stoam�oa[tY^v �HY`Uh[r��stY^�$Y^g�Wàºµ��d�wª�ìstY\�|d�Y^[
oagxg�oasr�ìUq��d�¶\UqWZd|oag$WtoPWZ��Y&��stY^Y�m�stohWtoag}O

Q8��YSWto WZ��YPsrY\��UqWZdf�aY\�f_å�|o«º �|���Hd�g�oa[rd|WE_h]�WZ� YPY��=m�Y^w^WtY\v sZUqWtY\[&d�g Wt��YÅ��d|i���d|WtY6v�Y�WZY^w^WZohst[
��oasVWt��d�[ÈY � m�Y\srd��HY\g�W.d�[È�S� wª�1�|o�ºàY\sÈWt��UhgMWZ��Y�stUqWZY^[µ��ohsÈohWZ��Y^s.��d�i��àd|WZY<Y��=m�Y^std|�$Y^g�Wt[\O

�È��YHoag��f_ g�Y�º Uhv v�d|Wtd�oag WtoxWt��YH��d�ia��d|WtYS[tm�Y\w�WZstoh�$Y�WZY\s�srY D���d�srY\vL��oas8WZ� d�[�Y��=m�Y\std|�$Y^g�W
d�[8U i�Uh[��T�Y\srY\g�pqo«�Lw\oa��g�WtY\s\O6�È��YSº�ohst[rW�w\Uh[tYPm�d|oag WZoxY^��Y\w�WZsroagusZUqWtd�oìºàYÅY��=m�Y\w^W���oas7WZ��d|[
Y��=m�Y\srd��HY\g�W8d|[<Uh��oa� W � �3( �aOµ�Cd|Wt�1WZ� Y6w\oh�S��d�g�UqWZd|oag1oq��Uìi�Uh[ �T�Y\srY\g�pqo«�uw\oa� g�WtY\s<Uhg�våWt��Y
��d|i���d|WtYÅ[t��o«ºàY\sÅw\oa� g�WtY\s^]Gºµ��d�wª�íd|[SUh�|stY`Uqv _ ��g�v�Y^sSw\oag [rWZsr��w^Wtd�oag4]:º�YMm ��Uhg WZouUhwª� d�Y^�hYxU
m�d|oagìsrY¡�rY\w�WZd|oag sZUXWZd�o�oh�eUq��oa�=W�� ����� O:�È��d|[Vd�[,�HoastYµWZ��UqgMUhv�Y Dn��UqWZY<WtoSstYE�rY\w�W�WZ� Y8m�d�ohg�[,��ohs
WZ� d�[ÈY��=m�Y\srd��HY\g�W`O
�����	��
 ��
������������������������

�È��Y�[t��o«ºàY\s7v�Y^WtY\w^Wtoas7��ohsµWt��Y���d�ia��d|WtY&[tm�Y\w^Wtstoa�HY^WtY\s.d�[µ��g�v Y\s<w^oag�[¹WZst� w^WZd|oag
��_xWt��YSN�´�g
w\oh����Uq��oastUqWZd|oag}O � W,w\ohg�[td|[rWZ[,oh��WZ��Y.m�srY\[t� o�ºàY\s�Uhg�vH[t��o«ºàY\sà[tY\w�WZd|oag�[��ìUqv�Yµoa� W,oh����Y`Uqv&1Eia��Uh[t[
w\oh��g�WZY\sr[\O��>WZoqWªUh��oh� ��%�� w^oa��g�WZY^st[�UhsrYS��[tY^vLd�g WZ��UqW8v�Y�WZY^w^WZohs\O�� m�d�ohg stYE�rY\w^Wtd�oag �¥Uqw^WZohs
oh�,���Pd�[ÈY � m�Y\w�WZY^v1��oasVWt��d�[µv�Y�WZY\w�WZoasÈºµdfWZ�
Uhg
Y\��Y^w^Wtstoagxv�Y�WZY\w�WZd|oag1Y �Hw\d�Y^g�w^_xoq� ��� �MO
�����	���  �!#"%$& ���'��(�)*��+,����-.(/�����

. oas4Wt��Y���d�ia���|���$d|g�oa[rd|WE_.oh� �<M � �G710ew\���$#Z[�� ) Y��=m�Y\w�WZY\v6d�g8WZ� Y�N�´�g�Y �=m�Y^std��HY\g�W{Wt��Y,��d�i��àd|WZY
v�Y�WZY\w�WZoas�m�UhwªpXUhiaY&d|g�w\�|��v�Y\[,WZ��srY\Y&v�srd|��W�wª��Uh�S��Y\sr[\O��È��Y&sroa��Y7oh�{WZ��Y&�Hd�v v���Y.wª��Uh�S��Y\s�d�[àWto
Y\g [t��srY �S���fWZd 1lWZstUhwªpåsrY\w\ohg�[rWtst��w�WZd�ohgíUqW���d�ia� sZUXWZY\[^O1�VW�WZ� Yì��� �$d|g�oa[tdfWE_ oh��WZ��Y$m�stoam�oa[rY\v
Y��=m�Y\srd��HY\g�W�ºàY w\Uhg�stY^�$o«�hY$WZ� Yì�Hd�v�v��|YÅwª��Uh�S��Y\s^O
�È� Y [tm�Uqw\Yì��Y^WEºàY\Y^gíWZ��Y$stY\�$Uhd|g�d�g�i
wª��Uh�6��Y^st[Moh��ÿ��íw\� Uh���|o«ºµ[ìd�g [tY\s¹WZd|oagÌoh��U %��21¡ÿ��¸w\� i�Uh[ �T�Y\srY\g�pqo«�Cw\oa��g�WtY\s ºµd|Wt� Uhg
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e + D → γ + X    at  Ee = 6 GeV  (1 cm target)
2004/12/03   13.31

T  (MeV)

Points and solid line:  GDINR  M.C. calculation
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e + D → γ + X    at  Ee = 6 GeV  (1 cm target)
2004/12/03   13.31

Θ (degrees)

Right scale: Detector Load (events/sec)

Assuming beam current 1 µA

and detector solid angle 1 sr
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e + D → e- + X    at  Ee = 6 GeV  (1 cm target)
2004/12/03   13.31

T  (MeV)

Points and solid line:  GDINR  M.C. calculation
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e + D → e- + X    at  Ee = 6 GeV  (1 cm target)
2004/12/03   13.31

Θ (degrees)

Right scale: Detector Load (events/sec)

Assuming beam current 1 µA

and detector solid angle 1 sr
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e + D → p + X    at  Ee = 6 GeV  (1 cm target)
2004/12/03   13.32

T  (MeV)

Points and solid line:  GDINR  M.C. calculation

Pure e/m processes suppressed by factor 100
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e + D → p + X    at  Ee = 6 GeV  (1 cm target)
2004/12/03   13.32

Θ (degrees)

Pure e/m processes suppressed by factor 100

Right scale: Detector Load (events/sec)

Assuming beam current 1 µA

and detector solid angle 1 sr
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e + D → n + X    at  Ee = 6 GeV  (1 cm target)
2004/12/03   13.32

T  (MeV)

Points and solid line:  GDINR  M.C. calculation

Pure e/m processes suppressed by factor 100
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e + D → n + X    at  Ee = 6 GeV  (1 cm target)
2004/12/03   13.32

Θ (degrees)

Pure e/m processes suppressed by factor 100

Right scale: Detector Load (events/sec)

Assuming beam current 1 µA

and detector solid angle 1 sr
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