
���������
	���������������������������������	��� �!����"���
��#%$'&)("#+*-,.��(/*-,10/2.3546	87:9"9;#+*-,<��0=*->1&@?BAB3-4
��0@#%&@,:9;&

CBD � D ��#%E%FG&@9;H"(;3-FJILK D � D �
*MA�7:(;9"N�A

OQPLRTS OVUWRTX�Y[Z�\]PLRTS ^�_`^�\�aVb c<R�U bdY[RTS Z�RTe.efPgX�aVU

RTS \�h�ajilk[^�amR`cnZoR�e.epaQZq\]PGR�S X�asr`PGZqa

R`ctbdk]uTS�aV\]PGZvOBk�Uwk�iQRTefPGZmbxP-UwU�R�Uy\q_�OVa

ilz�{}|�~���PgS�O����6�G�

S��������:�������:�:|
� �����



�������q���-�����
�-�M�����q�)���@�M��� �"�'�B�s���'���-��¡�¡¢�£�����
�'���M¤��p¥�¦'�)�.�:���-��¡�¡¢�:�-�M�����q����§¨�£�5�<�1�
�V¦:©��ª���M�£�«��¦:�-¦1¥
�'¡¢���«�V���-�-���¬�)�¨�
�

�®°¯/®%±'²°³µ´M¶@·@¸¢¹"ºG´)»�¼�®¾½�®;¿'ÀLÁ-Â�¹�·"ÃGÁ

��7:>:NL&@(���,:9;H"#%H"71H"&�3-4
�710@E%&=*-(���2�A�9"#%0@9����Ä	8���
ÅGÆGÇLÇGÈLÇ��3-FG3G9;#%$:#%("9"N¨I�	�7:9;9"#+*

ÉVÊ�Ë-ÌGÍLÎ�Ï�Ì
ÐÒÑ�Ó%Ô'ÕsÑ¨Ö�Ô'×�Ø�Ù-Ú)ÓµÔ�ÕÜÛ@Ù-Ý�ÞGß.Þ}à£Ô�Ö�Ú=Ý�Þ¬ß.Ø�Ô'ÕáÙ-Ô:â%âµÓ%×¨ÞGÖ}ã�Ó%Ú=Ý.Ú=Ý�Þ«Ù-Ô:â%â%Þ-Ù-Ú@Ó%Ô'ÕVä:Õ�å:â%Þ«Ô�à�ä:æ¨Ô�Ø�Ú

ç:è Ó%Û.Û=Ø�å:å:Þ-Û)Ú@Þ-×
éqê�Ý�Þfà£Ô�ÙGØ�Û@Ó+Õ�å�Û@ë�Û@Ú@ÞGßxÓ%Û.Ú=Ý�ÞVä�ì�Ó°äíâ¾î"Û)ëJßÜßáÞ-Ú=Ö�Ó%ÙlÑ¨ä1Ö@ä:æ¨Ô1âµÓ%Ùqß.Ó+Ö@ÖïÔ'ÖBã�Ó%Ú=Ý
Ñ¨Ø�âµÛ)Þ-×qßÜä�å'Õ�Þ-Ú@Ó%Ù}ð�Þ-â%×oñóòGô<êBé1õöÓµÚMÝÜÚ=Ý�ÞB÷<ø8Ðúù«ê�Ù-Ô�×¨ÞBÚ=Ý�Þ�ë�Ó%Þ-â%×qÔ�à�Ñ�Ó%Ô'Õ�Û�å:ÞGÕ�ÞGÖ)ä�Ú@Þ-×ûæ1ë
ç�ü ÷BÞ-ýþÑ¨Ö�Ô:Ú)Ô'Õ�Û�ÓµÛ«ÙGä�â%ÙGØ�â+ä�Ú@Þ-×

0ÿ����������
	���������������������������
���� !	#"%$'&(�����)��*+�-,/.0*



D

1 2436587:9�;=<=>?5#@A9B3
��,.H"2:&#C+DECEF�G�0@3GE%E%#%>:&@(IH:("3KJï&@0@H?L�MON�H"3B3G$1H/*-#%,�H:#%3G,:9�3L,:&8H:E+*-,:&@9�H;3B7:9"&«*«Eµ3L,!PRQSM�GST}, 710@E%&=*-(�Eµ&),!PGH;2:9%U!V�W�H/*5(SPL&@H=IH:E+*-0)&@>¬#%,:9;#%>:&�*8E%3G,!P�9"3GE%&@,13G#%>:X�#%H"2�0)3G,:9;H/*-,�HZY'&@E%>«3-4[TLÇ�GST
\�� D ��2:&�9"3LEµ&),:3G#%>�#%9�&@9"H;#%?p*-H;&@>�H;3�("&^] 71#µ(;&�9"#�PG,1#_Y�0=*-,�HH�3�X�&@(�7!H}H"3/TLÇa`RbcLdT^N D ��H�0@3GE%E%&@0@H;9+H:#%3L,:9�&@? #%H"H"&)>�4�("3L?T*8E%3G,!P�H�*-(SPL&@Hª*5H�E+*-(OPG&�*5,!PGE%&@9�*-,:>}#µ,�E+*-(OPG&
? 3G? &@,�H"7:?
(/*5,!PG&B*-,1>ÜH"(�*-,:9OH'3L("H"9�H;2:&@?þH"3.*BE%3G,ePB>:&@0=*MA.0�2'*-,1,:&@EEX�#%H"2gfhGji«��?.*�PG,1&@H"#%04Y'&@E%>kX�2:&)("&«H"2:&lH:#%3G,:9�>:&@0=*MA.H;3
?B7:3L,:9 D ��,.3
H1H"#%?p*5E'H:(;3GH;3G,.$'&M*-? &@,:&@(OPGA<#%9%\hG ÆLÇ C &)K D �
*5(SPG&)H"9�?p*5>:&�354ª>:#nm¨&@("&), H�9"3LEµ#%>.*-,:>.E%#�] 71#µ>B?.*-H;H"&@(;9X�&@("&�0@3L,:9"#%>:&)("&@>.*-,:>«#%H+X�*-9�9"2:3�X�,«H"2�*-H
3L,:&�0M*-,«3G$:H�*-#%,¬*-H�H;2:&�&po�#%Hª354'9"3LE%&@,:3G#%>�qlMrH1#µ3L,:H�&@(sH:(;3GH"3L,�I->:&)0=*MA�#µ,eP
H"3B?B713G,:9�9"7:#%H�*-$:E%&�4¢3G(�#%3G,:#�t=*5H"#%3G,B0)3 3LE%#µ,eP D
��,ú*5EµH;&@(",�*-H"#%FL&�9;0/21&@?<&64�3G(�0@3LE%Eµ&)0@H"#%3G,«3-4+ueG�?<&@9;3G,:9�#µ,B*�E+*-(SPL&�9;3GE%#%>¬*-,ePGE%&GI-$'*59"&@>B3L,¬719/*�PL&�354JH;2:&�0@3LEµE%&@0)H"#%3G,

>:&@F�#%0@&�354ªH;2:&�?p*)PG,:&)H"#%0aH'*-(�*-$�3GE%#%0�?<#%("(;3G(
H�A�H�&GI:#%9�9"7eP
PG&)9"H"&)>Ü#%,<H"21#µ9aX�3G(;N D
v wyx{z | }~@!3 @!;{zR}
��2:&«E+*-(SPL&ú*)H'&)("H"71("&B9"A�9;H"&@? 4�3G(�0@3GE%E%&@0@H;#µ3L,Ü3-4aueG£? &@9"3L,:9�#%,ÜH;2:&B?<3L?<&@,�H"71? (�*-,!PL&�MMÇGÇ0��������ÆGÇGÇ�`.&@K8�-0GI
$�&@#%,!P<&@? #%H"H"&)>B4�(;3G? H"2:&�H�*-(OPG&@H�*-H�*-,ePGE%&�H"3<*�o�#%9%q�M=Ç(���pÈGÇ
�}*-,:>Ü? 3G(;&GI�#%9�$'*-9;&@>Ü3G,.H;2:&�#%>:&=*«354��L?p*)PG,:&@H;#%0H'*5(/*-$�3GE%#%0.?<#%("(;3G(O�'IEX�2:#%0�2�X�*59B0@3G,:9;#%>:&@("&)>Ä#%,=L Æ^N D ��,�9;7:0�2w9"A�9"H;&@?xH"21&kH:#%3G,:9B0)3GE%E%&@0@H"#%3L,o#%9�H�&@(�4¢3G("? &@>q$�A
H"21& *)o�#°*5EnG£9;A ? ?¬&)H"("#%0�Y'&@E%><354�>:#%("&@0)H�0@71("("&), HaX�21#µ0�2 H"(/*5,:9�4¢3G("? 9�*8�L0@E%3G7:>!�}3-4�?<&)9"3G,19=IL2'*MF�#µ,eP�E+*-(SPL&�H"(�*-,:9;FG&@(;9"&
?<3L?<&@,�H�*:I@H;3�H;2:&�$'&M*-?�X�21&@("&�H;2:&�>:#%("&@0)H"#%3G,«3-4'E%3L,!PG#%H"71>:#%,'*-EL?<3G? &@,�H/*6#%9ª3L(">:&)("&@><*5Eµ3L,!P�H;2:&�*�o�#%9ª354'9"A�? ?<&@H;("A
3-4
H;2:&�9"A�9;H"&@?sI�X�2:#%0/2.0=*5,Ü$�&�E+*5H"&@(�H"(/*5,:9SH�3G(;H"&@>fH"3BH"21&�>:&@0=*MA.0�2'*5,:,:&@EZX�#µH;2Ü*«E°*5(SPL& *5,!PG71E°*5(�*50@0@&pH1H/*-,10@& D ��9
H"21&�>1&@0=*MAB0�2'*-,1,:&@E¨3G,1&�0=*5,p0)3G,:9;#µ>1&@(�*}E%3G,!P}9"3GE%&@,13G#%>�X�#%H"2<H;2:&�E%3L,!PG#%H"71>:#%,'*-E�Y�&@E%><3-4�q=f}��IL3G(�*�9;A 9;H"&@?�X�#µH;2
H"21&�E%3G,!PL#µH;7:>:#%,'*5E'0@71("("&), H�*-,:>Ü*)o #+*5EµE%A(G�9"A�?B?B&@H"(;#%0IY'&@E%> D
�=PL&@,:&@(�*-E�F�#%&pXw354ªH;2:&�0@3LEµE%&@0)H"#%3G, 9"A�9"H;&@?�X�#%H"2<H;2:&:H�3G#%,�H�9;3G7:(;0@&�354�H:#%3G,19�3G,.H"2:&�*)o #%9�#%9�9"2:3�X�,.#%,p��#�P D M D

��2:&�3L7:H"E%&@H�9"7:( 4£*-0)&�3-4
H"21&�9"A�9"H;&@?þ#%9�0�2:3G9;&@,û#%, 9"7:0�2V*lX�*MA�I�H"2'*5H%TGÇLÇ�`.&@K/�50:H:#%3G,19�$'&@#%,!PB&)?<#%H"H;&@> 4�("3L?ÒH;2:&
4�3�0@7:9MI *5H�H"2:&�&po�#%H�3-4'H;2:&�9"A�9;H"&@?ö2'*MFL&�*5,!PGE%&�Ç(��H"3�H"2:&�*)o�#µ9 D ��,«>:#nmJ&@(;&@,:0@&�H"38�GH;2:&aH'*5(/*-$�3GE%#%0
? #µ(;("3L(S��>:&@9;0@("#%$�&@>
#%,�L Æ^N"I�H;2:&�H�X�3�G�9"&@0@H;#%3G,.9"A�9"H;&@? 2'*-9�*«0@3L,:9"#%>:&)(/*-$1EµA E+*-(SPL&@(�3
H1H"#%0�9;H"("&),!PGH;2û354+Y'&@E%> D
�þE+*-(OPG&.&��<0@#%&@,10@A�3-4�9"7:0�2�9"A�9;H"&@?x0=*5,w$�&Ü9"2:3�X�,�$�AqH;2:&Ü0@3LE%Eµ&)0@H"#%3G,�354/H:#%3G,19�X�#µH;2BY'o�&@>w?<3L?<&@,�H;7:?ÜI

?<3-F�#%,!P�#%,R�a�6�lH:E+*-,1& D ��2:&8H'*-(;H"#%0@E%&�H"(�*pJ�&@0@H;3G(;Ap#%, H"2:&8Y�&@E%>p354ª>:#%(;&@0@H�0)7:("(;&@,�H:��Q #%,�t�*)o #%9�>:#%("&@0)H"#%3G,'W)I
��Q���WpL �IN+� TGÇ�����X�2:&@(;&g�«#%9�#µ,� R¡ *-,1>l* >:#%9"H�*-,:0)&BH"3Ü*�o�#%9 ¹ #%9�#%,Ü0)?ûI¨0=*5,û$�&B>:&@H;&@("? #%,:&@>s0@3G,�FG&),:#%&@,�H"E%AÜ#%,ÜH"21&�H'*-(�*-?<&)H"("#%0

4�3L("?ûIL7:9;#µ,ePBH"2:&�*-,ePGE%&�H"3«H"2:&:t�*)o #%9�*59�H;2:&:H'*5(/*-? &@H"&)(:L ¢�NS£
¤ �{¥���¦O§�¨r© �© �sª��2:&:H�*-("H;#%0@E%&�H;(/*pJï&@0@H"3L("A.2'*59�H"2:&�4�3L("?g£

��Q ¤ Ws�{��«p¬^
®n¯S°S±S² F ¯S°S±S²�³�´ ��!Q ¤ WE�µ�K«s¶���«p·a¸ ² ³² ¦p¹�º ¤Z» ¬ (®_¯S°S±O²�¼ F ¯S°O±S²�³�´ © ¤Z» � QSM�W
X�2:&@(;& ¤ � ¤ « *-H%�8�{� « *5,:>k�:�{� « D ��*-(�*-?<&)H"&@(%·.>1&@H"&@(;?<#%,:&@9�H;2:&�3(H:H"#%0=*5E¨9"H"(;&@,!PLH"2s3-4EY'&@E%>+½1#µH�>:&pH�&@,:>19�3L,
H"21&�FG*-E%7:&�3-4ªE%3L,!PG#%H"71>:#%,'*-E�0@7:(;("&@,�H�*5,:>.#%9aPG#%FG&@, $�A<H"21&�&^oAH1("&@9;9"#%3G,+£

·�� � �¬��%«���« � � �
ÅGÇ��:�

Æ



��#�PG7:(;&kM
£ C &@,:&@(�*-E�F�#µ&^X 3-4aH'*5(/*-$�3GE%#%0�? #µ(;("3L(�4�3L(�0)3GE%E%&@0@H"#%3L,û354�0�2'*5(SPG&)>�H'*-(;H"#%0@E%&@98X�#%H"2s?<3G? &@,�H/*«354�9;&@FG&@(�*-E
2�7:,:>:(;&@>g`.&)K/�-0 D
X�2:&@(;&�H"21&:H'*-(;H"#%0@E%&�?<3L?<&@,�H"71?¾� � #%9�#%,�`.&)K/�-0LI��û#%9�#%,�`á� D
��,.H"21&/PL&@3G? &@H"(;AB$'&)#µ,ePB0@3G,:9;#%>:&@("&)>ûH;2:&�(/*->1#µ719�3-4ªH;2:&8Y'(;9"H�0@7:("(;&@,�H�9;7:(�4£*50@&�#%9%�)¿À�8T«0@? *5,:>Ü*-H4�!¿p�?M:`á�

H"21&:Y'&)Eµ>V*-H�H"2:&«9"71(�4£*50@&?X�#%E%E�$�&?��¿K�?MMÇB� D ��2:&?H�*-(/*5?<&@H;&@(�NÜ*5H/� � �/TLÇGÇ�`.&@K/�50¬#%98·!¿���Æ D Æ D ��2:&¬(�*->:#%7:9�3-4
H"21&¬9;&@0@3G,1>û0@71("("&), H}9"7:( 4£*-0@&«#%9/��Áp�lM=Ç 0@? *5,:>Ü*-H:��ÁK�8T D f�`.� H;2:&:Y�&@E%>û*-H�H"2:&�9;7:(�4�*-0@&�X�#%E%E¨$'&��%Á��8f�� *5,:>·�ÁK�lM D ÆLÆ D
��2:&f?p*-#%,BH'*-(�*-?<&)H"&@( 3-4�H"2:&s9"A�9;H"&@?sIaX�2:#%0�2w>:&�Y',1&@9.#µH;9�PL&@3G? &@H"(;#µ0f9"#�t@&GI�#%9<H"21&Ü?p*)o #%?B7:?óH"(�*-,:9;FG&@(;9"&

0@3�3G(;>:#%,'*-H;&�3-4
H"2:&8H'*5("H;#µ0)Eµ&:�^ÂÄÃÆÅ'I�X�2:&@,.H;2:&�H"(�*pJ�&@0)H"3G(;A<$�&@0@3L?<&@9aH'*5(/*5EµE%&@E¨H;3¬H;2:&�9;A 9;H"&@?þ*�o�#%9=I�H;2'*-H�#%9 ¤ ��Ç D

��#�PG7:(;&?T!£���3G9;9"#%$:E%&�0@3L,:9"H;("7:0@H;#%3G,s3-4sH:#%3G,.9"3L7:("0)&¬$'*59"&@>f3G,Ü?.*�PG,1&@H"#%0%H�*-(/*5$'3LE%#µ0�? #µ(;("3L(�4�3G(�0�2'*5(SPG&)>gH'*5("H;#µ0)Eµ&)9
0@3LEµE%&@0)H"#%3G,RX�#%H"2 9"&@FL&@(/*5Eª2�7:,1>:("&@>Ç`.&@K/�50�?<3G? &@,�H/* D
��&@H;&@("? #µ,1&/� ÂÄÃ�Å 4¢3G(�H"21&�TLÇGÇl`.&@K8�-0:H'*5("H;#µ0)Eµ&�&@,�H;&@("#%,!PBH;2:&8Y'&@E%>.3-4�H"2:&4Y'(;9"H�0@3G,:>17:0@H"3L(�*5HÄ� ¿ �8T«0@?�X�#µH;2

*-,ePGE%&�3-4 ¤ «a� ¤ ¿���ÈGÇ(�GI�H;2'*-H�#%9 ��Q ¤ WE�{�)¿À¬^�È�¯S°S±O² ª
��H�H;2:&B9"7:( 4£*-0)&B3-4�H"2:&«9"&@0)3G,:>Q0@3G,:>17:0@H"3L(¬*-H:��Áp�lM=Ç 0@? H"21&�H'*-(;H"#%0@E%&?X�#%E%E�2'*MFG&«H"21&<*-,!PLEµ&LI¨>:&@H;&@("? #µ,1&@>Ü4¢("3G?
H"21&�&p]�7'*-H;#%3G, ��Ár�µ��¿p¬^�È�¯S°O±S²�É �¢



X�2:#%0�2RPG#%FG&@9 ¦p¹�º ¤ Á �-Ê�Ë Q�� ÁKÌ � ¿ W·!¿ ��Ç ª ¢ È �
H"2�*-H�#%9 ¤ ÁaÍÄÅLÇ
� D ��,.H"21&�9"&@0)3G,:>Ü9;&@0@H;#µ3L,RX�#µH;2k·AÁI�ÎM ª ÆGÆ}H"2:&�?.*�o�#%?B7:?�0@3�3G(;>:#%,'*-H;&��^ÂaÃ�Å<*-H ¤ ��ÇlX�#%E%E'$�&�pÂaÃ�Å?�µ��Áp¬p�É�® ¿ F ¯S°O±S²�ÉS´Z��MMÈ ª T}0@? ª
�¢4�H"21&<9"A�9;H"&@? 2�*-9�3L,:E%AÜ3G,:&B9;&@0@H;#µ3L,6X�#%H"2VN!��N ¿ ��Æ D ÆÜ*5,:>6� ¿ �/Tá0@?ûI¨H;2:&<?.*�o�#%?¬71?ÏH'*5("H;#µ0)Eµ&B0)3 3L(">:#%,'*5H"&<*5H¤ �wÇlX�3L7:E%><$�& � ÂaÃ�Å �Ð� ¿ ¬  Èr��f�¢ ª T}0@? ª
��#�P D T<9;2:3�X�9�H"2:&«>:&@9;#�PG,s3-4�H;2:&B9"A�9"H;&@?�X�#%H;2ûH;2:&?H�3G9;9"#%$:E%&«FG*-("#+*5, H�3-4rH�3G9;#%H"#%3G,Ü354�H"21&BEµ#�]�7:#%>.E%&=*->sH/*5(SPG&)H

*-,1>l*5$:9"3L("$�&@(�3-4�H;2:&�H:("#%?.*-("A $'&M*-? D ��2:#%9%PL&@3G? &@H"(;ARX�*59�* $'*-9;&�4¢3G(�H;2:&«9"#%?B7:E+*-H;#µ3L,�H:(;3
PL(/*-?þ719"&@>f4�3G(�H;2:&
,�7:?<&)("#%0=*-E¨0M*-E%0@7:E+*-H;#%3G,:9�3-4�0@3GE%E%&@0@H;#µ3L,.&��<0@#%&@,:0@A 4�3L(rH1#µ3L,:9aH:(;3 >17:0@&@>û*5H�*�E%3L,!P¬E%#�]�7:#%><E%&=*5><H/*5(SPL&@H D
��2:&�9;A 9;H"&@?ó#%9�9"7!H!H1Eµ#%&@> 4�(;3G? H�X�3B9;7:(SPL&�0@7:(;("&@,�H8PG&),:&@(/*5H"3L("9�$�A 2'*-E 4ÑG�9"#%,:&8H:7:E%9;&@9�354 0)7:("(;&@,�H/X�#%H;2ÓÒ�ÔlMMÇGÇC+º�>:71(/*-H;#%3G, D �13G(�H"2:&���#�P D T:PL&@3G? &@H"(;A<*-,:> 0@7:(;("&@,�H"9�3-4aM/`.� *5,:>�T D f:`.��#%,<H;2:&4Y'("9;H�*-,:> 9"&@0@3L,:>Ü9;&@0@H"#%3L,:9=I

("&)9SH�&@0@H"#%FL&@E%A I¨*-,1>á*5H�0)A 0)Eµ&)9�4�(;&p]�7:&@,:0@A.354�M�f� 4t�H"2:&�9;A�9"H"&)?þ0@3G,:9;7:?<&)9%qÐTGÇLÇ�N�bÕH'3�X�&@( D
Ö ×Ø9BÙ8@
5#@A9B3 9�ÚÛ5/}Ç7:Ü�z�5
��,]3
H:H;#µ?.*-E
H�*-(OPG&@H�H'3L9"#%H"#%3G,�*-HB9;?p*-E%E�H/*5(SPG&)HBEµ&),!PGH;2ÝQ�Þ���UeV/I�#%,�H"&@(�*-0@H;#%3G,�E%&@,!PGH;2'WB#%9«3G,:&LIaX�2:&@,w*MFG&)(/*�PL&
0@3�3G(;>:#%,'*-H;&�3-4
H;2:&�M�G�9"H�#%,:&@E+*-9;H"#%0�#µ,�H;&@(/*50@H"#%3G,f3-4sH:("3LH"3L,�X�#%H;2pH;2:&�H�*-(SPL&@H�#%9�#µ,.H;2:&�4�3�0@7:9�3-4
0@3LEµE%&@0)H"#%3G,.9"A�9;H"&@? D
��H
E+*-(OPG&@(�E%&@,!PLH"2:96H"2:&�*MFL&@(/*)PG&�&�mJ&)0@H"#%FG&�E%&@,ePGH"2B354'9"3L7:("0)&�9"213G7:E%>«#µ,10@("&=*59"&GI�9;#%,:0@&�#%,�H"&@(�*-0@H;#µ3L,:9�3-4�H'*-(;H"#%0@E%&@9�4¢("3G?
H"21&�Y'(;9"HB#%,:&@E+*-9;H"#%0B#%,�H"&@(�*-0@H;#µ3L,�X�#%EµE60@3G,�H"(;#%$:7:H"& H"3ÜH;2:&<H;3GH�*-EIH:("3�>:7:0)H"#%3G,V354%H:#%3G,:9 D ��7:HMI
9;#µ,10@&<H;2:&�H'*5("H;#µ0)Eµ&)9H:(;3 >17:0@&@>Ü#%,BH;2:&�,�7:0@E%&=*5(�#%, H;&@(/*50@H"#%3L,<2'*MFL&�?p*-#%,:E%A�E+*-(OPG&�*5,!PGE%&@9�H"3«*�o�#%9�*5,:><H;2:&�H�*-(SPL&@H�(/*->1#µ719�#%9�9"?p*5E%E£IM?B7:0�2
9"?.*-E%E%&@(�H"2'*5,ÓUeV�I�H"2:#%9�0@3L, H;("#%$:7:H;#%3G,<9;2:3G71Eµ>.$�&�9"?.*-E%E D
�
*-$:E%&ÇM
£<��3�3G(;>:#%,'*-H;&.3-4�0@&@,�H;&@(<354�H/*5(SPL&@H¬#%,Q0@3�3G(">1#µ,�*-H"&.9;A 9;H"&@?ßX�#%H"2Q3G("#�PL#µ,V#%,QH"2:& 4�3�0@7:9«3-4�9"A�9"H;&@?x*-9B*
4�7:,10@H"#%3G,.354ªH/*5(SPL&@HKà 9�E%&@,ePGH"2 D

�¨&),!PGH;2p354
H/*-(OPG&@HMI ��3 3L(">:#%,'*5H"&
0@? ��«LI:0@?T D f G"Ç D Ç(ff D Ç G"Ç D MMÇMMÇ D Ç G"Ç D fLÇTLÇ D Ç GpM D ÈLÇ
ÆLÇ D Ç G�¢ D TLÇ

�13G(�H"2:&}>:#%9"H"(;#%$:7:H"#%3L,<3-4EH:("3LH"3L,:9�3L,<(/*5,!PG& Ê $�&�4�3G(;&�#%,�H"&@(�*-0@H;#µ3L,
©eá©(Ê �

MUeV ¬ F'â_ã�ä(å
4�3L(�H"2:&BH�*-(OPG&@H�354�E%&@,ePGH"2s&p]�7'*5E�H;3á�6I¨3G,1&B3G$:H�*-#%,:9�H"2:& 4�3GE%E%3�X�#%,!P«0@3�3G(">1#µ,�*-H"&B354�H;2:&<H�*-(OPG&@H�0)&@,�H"&@(�� « #%,VH;2:&
0@3�3G(;>:#%,'*-H;&�9"A�9;H"&@?sI�X�#µH;2<H;2:&�3G(;#�PG#%,<#%,<H;2:&�4�3�0@719�3-4ª0)3GE%E%&@0@H"#%,!PB9;A�9"H"&)?g£

� « �{U V MI�æ¬)F'ç'ã�ä å Q�Þ Ì U V ¶�MKWMI�~¬ F'ç�ãÀä å �6Þ Ì T ª Q�T(W
��*-H�*«3-4ª0M*-E%0@7:E+*-H;#%3G,:9�*-0@0)3G(">1#µ,ePBH"3kQ�T(WIX�#%H"2�U V �?M�i«0@?þ*-("&8PL#µFL&@,<#%,.�
*-$:E%&lM D`.71EµH;#�H:E%&�9;0=*-H;H"&@(;#µ,eP¬#%,«H"2:&aX�*-E%E%9�3-4�E%&@,:9
0M*-,B$�&�0@3G,:9;#%>:&@("&)>á*59�#µ,10@("&=*59"&�3-4¨H"21&�&�mJ&)0@H"#%FG&�E%&@,!PLH"2«3-4+H'*5("H;#µ0)Eµ&)9
9"3L7:("0)& D ��2:#%9�9"2:3L7:E%><>:3BH;2:&�>:&pH�&@,:>:&@,10@&B3-4�H"2:&�3(H:H"#%?.*-E:A�#%&@E%><354�H:#%3G,19�3G,.H"2:&�H�*-(SPL&@H%H�3G9;#%H"#%3G, ?<3G(;&%X�&=*-N D
è éµx{9�785ê5/}Ç7:Ü�z�5
��2:&B9;A 9;H"&@?ó$'&)#µ,ePp0)3G,:9;#µ>1&@("&@>�H�&@( 4�3G(;?<9�3(H:H"#%?.*-E¨0@3LEµE%&@0)H"#%3G,s3-4ÄTLÇGÇ�`.&@K/�50�H'*-(;H"#%0@E%&@98H:(;3 >17:0@&@>�X�#%H"2s*-,!PLEµ&)9
#%,kX�#%>:&�#%,�H"&@(;FG*-E 4�("3L?ÒH;2:&:H�3G#%,�H�9"3G71("0@&GIëH:E+*-0@&@>f#µ,fH"2:&�4¢3 0)7:9�3-4
H"2:&}9"A�9"H;&@? D 	8&=*-E%E%A�I�H"2:&:H1#µ3L,.9"3G71("0@&B#%9�,:3LH

f



H�3G#%,�H�G�Eµ#%NL&�3G,:& D ��21&�TGÇGÇ�`.&@K8�-0�H'*5("H"#%0@E%&@9}&@?<#%H"H;&@>Ü$�&�4�3L("&BH"21&B9"A�9"H;&@?þ4�3�0@719:X�#%EµE�3L$:H/*5#µ,f#µ,�Y'&@E%>sH"2:&<*5,!PGE%&
E+*-(OPG&@(�H;2'*-, 3
H:H;#µ?.*-E�IG*g4�H"&@(�H;2:&�4�3�0@7:9I�B9"?.*-E%E%&@(
H"2�*-,<3(H:H"#%?.*-E D ��H�H"2:&�9/*5?<&�H"#%?<&�*«,:3L,�TLÇGÇl`.&@K/�508H'*-(;H"#%0@E%&
3G$1H/*-#%,:9�Ç
��*-,!PLE%&�*-H�H"2:&�&po�#µHIX�2:&@,�I�#µ,�PL&@,:&@(�*-E�I�#%HsX�*-9�&@?<#%H"H;&@>�X�#%H"2B>:&ÆY',:#%H"&�*-,!PLEµ&�,:3GH 4�("3L? H;2:&�4¢3 0)7:9�354ªH;2:&
9"A�9;H"&@? D
��3.9"H;7:>:AsH"2:&«4�3�0@719"#%,!PkH:(;3
H�&@("H;#%&@9¬354�H;2:&�H'*5(/*-$�3GE%#%0«?<#%("(;3G(�H"2:&�`á3G,�H"&<��*5("E%3.0=*-E%0@7:E+*5H"#%3G,f4�3G(�H;2:&<9;2:3G(;H

E%&=*->.H�*-(SPL&@H�3-4��Z�/T D f�0@? E%&@,!PLH"2RX�*59�0M*-("(;#%&@>Ü3G71H D
��2:& C ������öÆ D Mp¢ 0@3�>:&�LdfhN�X�*-9�7:9;&@>s4�3L(�H"21#µ9�0=*5E%0@7:E+*-H;#µ3L, D ��2:&«9"A�9"H;&@?ìPG&@3L?<&@H;("ARX�#%H"2s9"#�t@&@9}3-4�$:E%3�0�N�9

7:9;&@>�#µ,VH;2:&<9;#%?B7:E+*-H"#%3L,Ü#%9�9"2:3�X�,Q#%,q��#�P D Æ D ��2:&<*�o�#+*-E%E%A(G£9;A ? ?B&@H"(;#%0�?p*)PG,:&@H;#%0:Y'&)Eµ>�qìM Ì �B#%9¬3L,:E%AÜ#%,qH;2:&

��#�PG71("&�Æ!£ C � ����µPG&)3G?<&)H"("AB719"&@>Ü#%, 0=*-E%0@7:E+*5H"#%3G, 3-4�H1("3�>:7:0@H;#%3G,Ü*-,:>.0@3LE%Eµ&)0@H"#%3G,.354�H:#%3G,19 D
#%,�H"&@(;,'*-E
*-(;&=*-9�354 H;2:&«>:&@F�#%0@& D ��H�H"21&¬9;7:(�4£*50@&�� ¿ �8T 0@?þ?p*)PG,:&@H;#%0%Y�&@E%>Ü#%9?M=Ç«��I¨*5H�H"21&�9"7:( 4£*-0)&�� Á �lMMÇ«0@? #%H
#%9Äf}� D ��E%E�H"2:&�0@71("("&), H�9;7:(�4�*-0@&@9�3-4�H;2:&�9"A�9"H;&@?ÏX�21#µ0�2.*-("&�$�&@#%,!P«0@("3L9"9"&)>Ü$�A�H'*-(;H"#%0@E%&@9�*-("&�?.*->:&�354ª*-E%7:?<#%,�7:?
*-E%E%3-A D ��2:&�H;2:#%0�N ,1&@9"9�3-4�H;2:&�3L7:H"&@(�0@A�E%#%,:>:&@(IX�#%H"2�� Á �lM=Ç 0@?ö#µ98M�0@?sI-H"21&�H"21#µ0�N�,:&@9;9�3-4�H;2:&�#%,:,:&)(�0@A�E%#%,:>:&@(�X�#µH;2� ¿ �8T«0@? #%9�Ç D f}0@?sI�H"2:&�H"21#µ0�N�,:&@9;9�354ªH"21&�&po�#%H�0@3G,:&�9;7:(�4£*50@&@9�#%9�Ç D f�0@?þ*-E%9;3 D
��2:&�0@A�E%#µ,1>:("#%0=*5E:E%&=*->BH�*-(SPL&@H�3-4ªÇ D T�0)? (�*->:#%7:9IX�*-9
7:9;&@><#%,BH;2:&�0=*5E%0@7:E+*-H;#µ3L,:9 D Q+��, ("&=*5E%#µH�A�I-H;2:&�H�*-(SPL&@H�(/*->1#µ719

0=*5,o$�&<E+*5(SPG&)(=I
7eHqH"3ÇqìM<0@?RW D ��,qH"21#µ9«9"&)0@H"#%3G,�H;2:&<E%&@,!PLH"2Q3-4�H�*-(OPG&@H«#%9�T D fá0@? 3G(«Ç D MKf(U!VlQ+H"21&pE%&@,ePGH"2Q3-4
#%,:&@E+*-9;H"#%0�,�7:0@E%&=*-(�#%,�H"&)(/*-0)H"#%3G,.3-4EH:("3LH"3L,:9�#%,<E%&=*5>.#µ9aUeVS�?M�i�0)?�W D
��,ÜH;2:&�9;#µ?B71E°*5H"#%3G, H"2:&#H:("3LH"3G,f$'&=*5?�X�*59�0@3L,:9"#%>:&)("&@>V2'*MF�#%,!PBH;2:&:t@&@(;3.(/*->1#µ719=I�,�7:?B$'&)(�3-4�#%,:#%H"#+*5E�H:("3LH"3G,19X�*-9kM=ÇLÇGÇLÇ D ��#%,:0@& 9"7:0�2�9"A�9"H;&@? 0@3GE%E%&@0@H;9BH"2:&RH'*5("H"#%0@E%&@9B354�3L,:&<0�2'*5(SPG&.9;#íPL,o*5,:>q>:&ï4�3�0@7:9"&)9<H"21&�H�*-("H;#%0@E%&@9B3-4

3GH;2:&@(�0�2'*5(SPG&�9"#�PG,�IG2:&)("&�*5,:>BE+*-H;&@(�H;2:&�0M*-E%0@7:E+*-H;#%3G,:9sX�#%H;2BH"2:&�?p*�PL,:&@H;#µ0�Y'&@E%>�I�X�21#µ0�2«4�3�0@719"&@9%u�DZG�?<&)9"3G,19=I�X�&@("&H�&@(�4�3L("? &@> D
�13G(
H;2:&/T D f�0@? H�*-(SPL&@H�H"2:&�H"3GH�*-E�u�DZG�?<&@9;3G,«A #%&@E%>�X�#%H"2.*-E%E:? 3G?<&), H;9�#µ,�¢�u 9"3GE%#%><*-,ePGE%&�#%9�Ç D ÅLÅ4H'&@(:M8#µ,1#µH;#+*-EH:(;3GH"3L,�X�#%H"2RT�¢ C &@KÄ&),:&@(SPLA D Q  �&@(;&�*-,:> E°*5H"&@(6H"2:& C ������w0)7:H�3L,<H;2:&%H:#%3L,B?<3G? &@,�H"7:?�&^] 7�*-E�H"3�fGÆ:`.&)K/�-0

#%9�#%?�H:E%#%&@> D W
��, H"2:&�>:&@0M*MAB0/2�*-,:,:&)E�3-4�qÎM=ÇLÇ�? E%&@,!PLH"2 H"2:&8H:#%3G,19rX�#%H"2 ?<3L?<&@,�H"9�7!H H"3�T
fLÇGÇ:`.&)K/�-08PL#µFL&�0@3L,�H"("#%$:71H"#%3G,

H"3s?B7:3L,gH:(;3�>:7:0@H;#µ3L,=LíMON D ��7:H¬$�&@0=*57:9"&f3-4�H"21&p,1&@0@&@9;9"#%H�Aq354�H"21&<#%3G,:#�t=*5H"#%3G,V0)3 3LE%#µ,eP'I�3G,:E%AsH"2:&.?B7:3L,:98X�#µH;2
?<3L?<&@,�H;7:? 3-4
9;&@FG&@(�*-E
2�7:,1>:("&@>�`.&@K8�-0B*-(;&¬,:&)0@&@9"9�*-(;A D ��2:&lH:#%3G,fH"3<?B713G,p*5,:>Ü,:&)7:H"(;#µ,13p>1&@0=*MA.N�#µ,1&@?p*5H"#%0@9
("&)9"H"(;#%0@H"9�H"21&�? 3G?B&@,�H;7:? 354�7:9"&�4¢7:E+H:#%3L,:9�$�ABH;2:&�*�H!H:(;3�o�#µ?.*-H;&�#%,�H"&@(;FG*-EsMMÇGÇ��!fGÇLÇ/`á&@K/�50�Q H"2:&)#µ(�A�#%&@E%><#%,�¢�uÜ9;(
#%9�Ç D ÆGÈlu�D�H�&@(4H:("3LH"3G,�W D
îRïKð ñ ò0óõô8ö:÷�øRó ùEúÇô%ûI÷+üIøRó òlýµþ:ÿ�óõô4ù�ò0ö�ù���÷-÷��8ü��lôa÷
��2:&�?<3G? &@,�H"7:?�9SH�&@0@H;("7:? 3-4�u�DëG£? &@9"3L,:9
E%&=*MF�#%,!P�H;2:&�H�*-(OPG&@H
354�T D f�0@?öE%&@,!PGH;2ú*5,:><Ç D T�0@?ö(/*5>:#%7:9�4�3L(rT�¢ C &)KH:(;3GH"3L,.#µ9�9;2:3�X�,.#%,p��#�P D ¢
��#%3L,:9�4�("3L?ÒH;2:&�H�*-(SPL&@H�0M*-,Ü$�&�0@3LEµE%&@0)H"&@>s$�A<H"21&:H'*-(�*-$�3GE%#%0�?<#%("(;3G(�*-,:>ÜH;2:&@,Ü&), H;&@(�H"2:&}>:&@0=*MA.0�2'*-,1,:&@E�I:3L(

# 4ªH;2:&@AB2'*MFL&�*}9"?p*5E%E'*-,!PLE%&�*-H�H"21&�H�*-(OPG&@HMI�&@,�H"&@(�#%HIX�#µH;2:3G71H
4�3�0@719"#%,!P«$ AB?.*�PL,:&@H"#%0�Y'&@E%> D ��9�3G,:&�0=*-,.9"&)&�4¢("3G?
Å



0

40

80

120

160

200

240

280

0
�

200
�

400
�

600
�

800
�

1000
�

ID
Entries
Mean
RMS

     100
    5550
  370.4
  221.6

Momentum, MeV/c

N
(p

i+
)/

20
 M

eV
/c

��#�PG7:(;&�¢'£?`á3G?<&), H;7:?þ9SH�&@0@H;("7:? 3-4/u�DëG£? &@9"3L,:9�E%&=*MF�#%,!P<H;2:&<E%&=*5>ûH�*-(OPG&@H�354�T D f<0)? E%&@,ePGH"2�IªÇ D T 0@? (�*->:#%7:9 D
��(;3GH"3L,.&@,:&@(OPGA.#%9%T�¢ C &@K D
��#�P D ¢'ILH"21&�4¢3 0)7:9"#%,!P«9"A�9"H;&@? 9"7!P(PG&@9;H"&@>Ü#%9�*->:&^] 7�*-H"&�H;3¬H;2:&8H:("3L$:E%&@?g£¨H;2:&�9SH�&@0@H;("7:?þ?.*�o�#%?¬7:?�E%#%&@9�*-H�9;&@FG&@(�*-E
2�7:,:>:(;&@>g`.&)K/�-0#H:#%3G,<? 3G? &@,�H"7:? D
îRï�� �
	pùZ÷Zü�	�kø�÷�	pò�ö�ùìòlýÐþ:ÿ�ó ô%ùEò�ö�ù��8÷Ïô���	�÷�ò?ý�ù���ùZ÷�ô�ó
��4¢H"&@(�H"21&¬H�*-(SPL&@H�*-,:>f0@3GE%E%&@0@H;#µ,eP<9"A�9;H"&@? H"21&:H:#%3G,Ü$�&=*5?�X�#%E%E¨$'&«H"(�*-,:9OH'3L("H"&)>VH"3<H;2:&«>:&@0=*MAÜ0�2'*5,:,:&@E63-4
E+*-(SPL&
(/*5>:#%7:9�3G(�H"3«9"&@FL&@(/*5E¨0/2�*-,:,:&)Eµ9�3-4�9;?p*5EµE%&@(6(/*->1#µ719 D bV&�0=*5Eµ0)7:E+*-H"&)><>:#nm¨&@("&@,�H�>:#%9"H;("#%$:7:H;#µ3L,:9�3-4+H'*5("H"#%0@E%&@9�*g4�H"&)(�H;2:&
4�3�0@7:9;#%,!PB9"A�9"H;&@? *-H�H;2:&�>:#%9"H�*-,:0@&}3-4ÄMMÇGÇ}0@? 4�("3L? H"2:& 4�3�0@7:9 D
��,Ü��#�P D f«H;2:&�>:#%9;H"("#%$:71H"#%3G,:9�354
0/2�*-(SPL&@>Ü? &@9"3L,:9%X�#%H"2.? 3G?<&), H;7:? 354%M=ÇGÇh��fLÇGÇl`.&@K/�50�3G,f(/*->1#µ719�#µ,RH:E+*5,:&tK�lM=ÇLÇ«0@?þ*-("&�9;2:3�X�, D
��2:&RH'*5("H;#µ0)Eµ&)9<0@(;3G9"9 H"2:#%9�H:E+*5,:&Ü*M4�H;&@(<H;2:&.0@3GE%E%&@0@H;#µ3L,�$ ABH'*-(�*-$�3GE%#%0<? #µ(;("3L(=I
3L(�PG3L#µ,ePû>:#%(;&@0@H"E%A�4�("3L?dH;2:&

H/*5(SPL&@H�QÑ�G>1#µ(;&@0@HRH'*5("H"#%0@E%&@9O�AW D ��,wH"2:&V��#�PG7:(;&guZF�G�?<&@9;3G,:9MI�9"2:3�X�,�H"3(PG&@H;2:&@(RX�#%H"2{u�DëG�?<&@9;3G,:9MI�0@3L?<&Ü#%,wH;2:&H'*5,:&�tK�lMMÇGÇf0@? >:#%("&)0@H"E%As4�(;3G? H;2:&.H/*5(SPG&)H=IEX�#%H"2:3L7:H}4�3�0@7:9"#%,!P D ��2:& >:#%9"H;("#%$:7:H;#µ3L,s4�3G(luZFÄ?<&)9"3G,19:PG#%FG&)9¬H;2:&
&@9;H"#%?p*5H"&�3-4'0@3L,�H"("#%$:71H"#%3G,�4¢("3G?=�L>:#%("&@0)HS�?u�DëG�?<&@9;3G,:9�#%,?u�DZG�?<&@9;3G,:9�>:#%9"H;("#%$:7:H;#µ3L,�I�X�2:#%E%&�H;2:&�>1#_m¨&@(;&@,:0@&�$'&@H�X�&@&@,
H�X�3Ü>:#%9"H;("#%$:7:H;#µ3L,:9�0�2'*5(/*-0)H"&@(;#ít)&@9BH"2:& &��<0@#%&@,:0)AV3-4�H"21&<0@3LEµE%&@0)H"#%3G,s>:&@F�#%0@& D ��9«3G,:&B0=*5,V9"&@& 4�(;3G? ��#�P D f:I�H;2:&
?p*)o�#µ?B71?¬9«3-4�>:#%9"H;("#%$:7:H;#%3G,:9.*-("&f9"#%H"7'*5H"&@>�*-H (/*5>:#%7:9�TLÇ��íÆLÇÜ0)? D ��$'3L7:H�i(i�� 3-4�u D G�?<&@9;3G,:9.*-,:>{\eM�� 3-4uZFZG£? &@9"3L,:9�354ªH;2:&@#%(�H"3LH/*-E�,�7:?B$'&)("9=I�0)("3G9;9"#%,!PBH;2:&:H:E+*-,1&%tK�lM=ÇLÇ«0@?ûI�E%#%&�#%, H"2:&�0)#µ(;0@E%&�3-4�ÆGÇ}0@? (/*->1#µ719 D
�13G(64�7:(;H"2:&@(�&@9;H"#%?p*5H"&@9IX�&�0@3G,19"#%>:&@(;&@>ÜH"21&�>:#%9"H;("#%$:7:H;#µ3L,:9�3-4sH'*5("H;#µ0)Eµ&)9�#µ,.H;2:&�0@#%("0)Eµ&}3-4 ÆLÇ«0@? (/*->1#µ719�#µ,�MMÇGÇ

0@? >:#%9"H�*-,:0@& 4�("3L? H"2:& 4�3�0@7:9�3-4�9"A�9"H;&@?ØQÑ��*-H�H"2:&}&po�#µH�354ª9;A 9;H"&@?��AW D
��,.�
*-$:E%&8T�H;2:&�,:3L("?p*5E%#ít)&@>BH"3kM�#%,�H"&pPL(/*5E�*-,!PL7:E+*-(�>:#%9"H"(;#%$:7:H"#%3L,:9�3-4EH:#%3G,:9aX�#%H"2 ?<3L?<&@,�H"94M=ÇGÇh��fLÇGÇ:`.&)K/�-0

*-(;&:PG#%FL&@, D ��21&�>�*-H/*«9;2:3�X�,Ü*-(;&
£
#%,.H"2:&lT�G�,:>.0@3GE%7:? ,l�<H"2:&�>�*-H/*}4¢3G(%u�DëG£? &@9"3L,:9=I1E%&=*MF�#µ,eP¬H;2:&�H/*-(OPG&@H�½�#µ,.H;2:&
Æ�G�(">f0@3GE%7:? ,��<H;2:&«>'*-H�*«4�3L(%u�DZG£? &@9"3L,:9�#%,kH:E+*-,1&:tK�lM=ÇLÇ«0@?ûI10=*-E%0@7:E+*5H"#%3G,RX�#%H"2ÜH�*-(OPG&@H4X�#µH;2:3G71H�H"21&�4�3�0@7:9;#µ,eP
>:&@F�#%0@&
½1#%,BH"2:&�E+*-9;H
H�X�3«0@3LEµ71?<,:9
H;2:&�>�*-H/*#X�&@("&�3G$:H�*-#%,:&@>�X�#µH;2BH"2:&�4�3�0@719"#%,!P«>:&@F�#%0@&�4�3L(rH�*-("H;#%0@E%&@9�0)("3G9;9"#%,!PBH;2:&H:E+*-,1&%tK�lM=ÇLÇ�0@?ö#%,B0@#%("0@E%&�3-4ªÆGÇ 0@?ö(/*->1#µ719 D ��2:&�H;3GH/*5E'A�#%&@E%>:9
354rM=ÇLÇ�GSfGÇGÇ4`.&@K8�-0%H1#µ3L,:9�*5("&%PL#%FG&@,B#%,BH"21&��
*-$:E%&
*-E%9;3 D
��3�&@9"H;#%?p*-H;&�H"2:&�&��<0@#%&@,:0)AB3-4�H"21&%H'*5(/*-$�3GE%#%0�?<#%(;("3G(�0@3L?�H'*5("&�H;2:&�,�7:?B$�&@(�3-4+H:#%3L,:9sX�#%H"2.*-,!PLEµ&)9
H"3¬*)o�#µ967!H

H"3�MMÇ � 0@("3L9"9"#%,!P.H;2:&¬0)#µ(;0@E%&¬354�ÆGÇ«0)? (/*5>:#%7:9�#%,6MMÇGÇ 0@? 4�("3L?þH"2:&«9"A�9;H"&@? 4�3�0@7:98X�#%H"2ÜH;2'*-H8X�#%H"2:3L7:H�4¢3 0)7:9"#%,!P DQ+�¢4
3L,:&�7:9"&@94]�7'*-9;#_G�H'*5(/*�o�#+*-E�3
H1H"#%0@9�*-H�H;2:&�&po�#%H�3-4
H"2:&�9;A 9;H"&@?sI�H"2:&«*-,!PLEµ&�3-4rÍ=MMÇ
��#%9�*}?p*�o�#%?«7:? 3L,:&KW D
�13G(«H"2:& H/*5(SPG&)H�X�#µH;2:3G71H�4�3�0@719"#%,!PsH"2:&RH:#%3G,19?X�#%H"2�*-,!PLE%&@9¬H;3l*)o�#µ9RM=Ç(� #µ,ÐM ? 4�(;3G? H;2:&<9;3G7:(;0@&Ü0@(;3G9;9<*

0@#%("0)Eµ&«3-4
9;?p*-E%E%&@(�(�*->:#%7:9MIJ*5$'3L7:H%TGÇ 0@? D ��2:&«A�#%&@E%>p354ru�DZG£? &@9"3L,:9�4¢3G(�H"21&¬? 3G?<&), H;7:?ö#%, H;&@("FG*5E�0@3L,:9"#%>:&)("&@>s#%9
� « ��Ç D Ç�¢
¢#H'&@(lM%H1("3GH;3G,+½�#%H
0M*-,.$'&�H�*-NG&),p*-9�*#�G7:,:#%H�3-4�?<&=*59"7:(;&@?<&@,�HO��4�3G(�H"21&�H�*-(OPG&@H�9"H;7:>:#%&@> D ��2:#%9r]�7'*5, H;#%H�A
#%9¬E%3�X�&@(�H;2'*-, � « 3L$:H/*5#%,:&@>V7:9;#µ,ePû>:#%9;H"("#%$:71H"#%3G,:9«*-H«H/*-(OPG&@H«$�&@0=*-719"&.3-4�>:&@0=*MA�9«3-4�*�H'*-(;H¬354�9"E%3�X�H:#%3G,:9�Q H"2:&
>:&@0M*MABEµ&),!PGH;2<#%9rU � L 0@?�N��8f D Å
� � Ld`.&@K/�50�N�W D �&pPGE%&@0@H;#%,!P¬H;2:&�*5,!PGE%&�3-4�9;&@FG&@(�*-E¨>:&^PG("&)&@9�3�0@0@7!H:#%&@>.$�A«H"2:&�*-$:9;3G("$�&@(
3-4�#%,:#%H"#+*-E�$�&=*-? H;2:&�4�3GE%E%3�X�#%,!P�A�#%&@E%>:9IH'&)(/M4H:("3LH"3L,<0=*5,<$�&�3G$1H/*-#%,:&)>p*-H6H"2:&�&po�#%H
3-4�H"2:&�9"A�9"H;&@? #µ,<*5,!PGE%&�354ÄM=Ç(�

i



0

20

40

60

80

100

120

0
�

10
�

20
�

30
�

40
�

50
�

Radius, cm

N
(p

i+
,p

i-)
/1

 c
m

��#�PG7:(;&?f!£���2:&�MMÇGÇhGjfLÇGÇl`.&@K/�50?u�DZG�?<&@9;3G,:9:Q 7!H!H�&@(�0@7:(;FG&KW�*-,1>ÓuZFZG�?<&@9;3G,:9�>:#%9;H"("#%$:71H"#%3G,.3G,.(�*->:#%7:9�#µ,RH:E+*5,:&tK�lM=ÇLÇ«0@? D �
*-(OPG&@H�354�T D f}0@? Eµ&),!PGH;2 D
4�(;3G? H"2:&��
*-$:E%&8T Du�D�I�9"A�9"H;&@?�X�#%H"2 4�3�0@7:9"#%,!P<Ç D fGÆ!M��
Ç D T�¢���Ç D MKT
iu�D�I�H/*5(SPG&)HaX�#µH;2:3G71H�4�3�0@7:9"#%,!P<Ç D MKfGÇ��
Ç D TGÈ(��Ç D Ç�¢
¢

	�*-H;#%3'£ T D ÈuZF�I�9"A�9"H;&@?�X�#%H"2 4�3�0@7:9;#%,!PúÇ D ¢AfGÇ��
Ç D ÇGÈ(��Ç D Ç�¢'M8Q¢Æ
T�� 3-4�u�D�W DuZF�I�H/*5(SPG&)H%X�#%H"2:3L7:H64�3�0@7:9"#%,!P<Ç D Mp¢ Ç��
Ç D TGÈ(��Ç D Ç�¢'M D
��2�7:9MIGH;2:&�9"A�9"H;&@? &��<0)#µ&),:0@AB0=*5,B$'&�&@9;H"#%?p*5H"&@>«$�A¬H;2:&�0)3 &Æ�<0@#%&@,�H
&p]�7'*-E�H"3lT D È D ��21#µ9 4�3�0@7:9"#%,!P�>:&)F #%0@&�*->:>19

H"3BH;2:&�A�#%&@E%><354�u�DZG�?<&@9;3G,:9 � «�*5$'3L7:H�ÆGÇ��ö3-4
*-E%E+u�DëG£? &@9"3L,:9�E%&=*MF�#µ,eP�H"2:&}H/*-(OPG&@HaX�#%H;2á*5,!PGE%&@9:MMÇ
��*-,1>p? 3G(;& D
� � @Az �!; 9�Ú
!Î@A9B3=ÙÕ}�Ù } ÚZ<=3=>l5:@A9B3 9�Ú�58}g7#Ü�z�5"�Az�3{ÜÇ5:x
bw2:&),ÜH"2:&}H/*-(OPG&@H�$'&)0@3G? &@9�E%3G,!PL&@(=I1H"2:&�H;3GH�*-E�H:#%3G,.A�#%&@E%>.#µ,10@("&=*59"&@9MI�$:7:H�H;2:&�&��<0)#µ&),:0@A.3-4�H"2:&�4¢3 0)7:9"#%,!PB>:&)F #%0@&
>:#%?<#%,:#%9;2:&@9=IL9"#%,:0)&�H"2:&}9"3G71("0@&�$�&@0@3L?<&@9�E%3L,!PG&@( D
��2:&«0=*5Eµ0)7:E+*-H"#%3L,p(;&@9"71EµH;9�3-4�A #%&@E%>:9�354�0�2'*-(OPG&@>ÇH:#%3G,:94H'&)(�3G,:&�T�¢ C &@K�H:(;3GH"3L,.4�3L(�H�*-(OPG&@H;9�354ÄT D f��áÆGÇ 0@?

E%&@,!PLH"2<*-(;&�0@3LE%Eµ&)0@H"&@>B#%,B�
*-$1Eµ&�Æ D ��2:&�0@&), H;&@(�3-4¨H"21&�H/*5(SPL&@HsX�*-9�*5Hr�K«a��GST�0@? *-,1>��K«a��G�¢�0@?`4�3G(sTLÇ�0@?öH/*5(SPG&)H
*-,1>qÆGÇ.0@? H�*-(SPL&@H=I�(;&@9SH�&@0@H;#%FG&@E%A{Q 9"&@&.�
*-$1Eµ&RMKW D ��&)9"#%>:&@9BH;2:&BH"3LH/*-E�A�#%&@E%>V3-4aH:#%3G,:9MI�H;2:&<A�#%&@E%>V3-4%H:#%3L,:98X�#µH;2M=ÇLÇ��!fGÇGÇ#`.&@K/�50�?<3L?<&@,�H;7:?ÜI�PG#%F�#µ,eP:�G7:9;&�4�7:E��«4�3L(�0)3 3LE%#µ,eP�?B7:3G,19�*g4�H"&@(�>1&@0=*MA<#%9IH:("&)9"&@,�H"&)> D ��2:&�, 71?B$'&@(;9�3-4u�DZG�*5,:>kuZF�G�?<&@9;3G,:9IH'&)(?M�#%,:0@#%>:&@,�HaH:(;3GH;3G,RX�#%H"2.H"2:#%9�(;&@9"H;("#%0@H"#%3L,Ü3G, H"2:&�? 3G? &@,�H"7:?ö*-H�H"21&�4�3�0@7:9;#µ,eP¬>:&)F #%0@&
&po�#%H�#%,pH;2:&�0@#%("0@E%&�354 ÆLÇ�0@? (/*5>:#%7:9�#%,RtK�lM=ÇGÇ}0@? H:E+*-,:&�#%9�9"213�X�,p#%, H"2:&:¢)G£H;2<0@3LE%7:?<,B354 H;2:&��
*-$:E%& D
�1("3L? H;2:&@9;&�0=*-E%0@71E°*5H"#%3G,19
4�3LE%Eµ3�X�96H"2'*5HÄfLÅ�#:fLÈ���354 *5EµE�H'*5("H"#%0@E%&@9�E%&=*MF�#%,!P«H"2:&�H�*-(SPL&@H�2'*MFG&�?<3L?<&@,�H;7:?-M=ÇLÇ��fGÇLÇ8`.&@K/�50GIL#µ,1>:&pH�&@,:>:&@,�H�3-4¨H"2:&�H�*-(OPG&@H�E%&@,!PLH"2 D �7:?B$'&)(�3-4�H:#%3G,19���*-H�H"21&�&po�#µH63-4'H;2:&�9"A�9"H;&@?���9;Eµ3�X�E%A�0�2'*-,ePG&@9

4�(;3G?ÏTLÇ«0@? H"3<ÆLÇ�0)?ÒH�*-(SPL&@H D ��2�7:9=I�H;2:&�E%&@,!PLH"2�TLÇ��:ÆGÇ}0@?Ò3L,:&�0=*-,.0@3L,:9"#%>:&)(�*-9�*-$�3G71H�H"2:&�3
H1H"#%?p*5E:3G,:& D �13G(
H"21&úÆLÇB0@?þH�*-(SPL&@H�0=*-E%0@71E°*5H"#%3G,19aX�#µH;2Ü>:#nm¨&@("&@,�H8H�3G9"#%H;#µ3L,:9�354�H"21&¬H�*-(SPL&@H�,1&=*-(;$ AfH"2:&«3
H:H;#%?p*-E�H�3G9"#%H;#µ3L,6Q+H;2'*-H�#%9X�2:&@,QH"2:& H/*5(SPG&)H¬#%9«9"2:# 4�H;&@>V$�A�¢Ü0@? H"3sH"2:&�H:("3LH"3L,V$'&=*5? 4�(;3G? H;2:&<9;A�9"H"&)? 4�3�0@719ÀW#X�&@(;&�H�&@(�4¢3G("? &@> D ��2:&
("&)9"7:E%H"9�*-(;&�9"2:3�X�,.#%,<�
*5$:E%&%¢ D
��9�3G,:&B0M*-,s9"&@& 4�("3L? H"21&B� *5$:E%&?¢�I�H;2:&@(;&<#%9�,:3GH¬* ?.*�o�#%?¬7:?þ*-H�H;2:&B3
H:H;#%?B7:?�H'3L9"#%H"#%3L, D ��2:&BA�#µ&)Eµ>19�3-4H:#%3G,19�*-E%?<3L9"H�*)PG("&)&:X�#%H"2:#%,<H;2:&�9;H/*-H;#%9"H"#%0=*5E�&@(;("3L("9 D ��2�7:9MI�#µ,.H;2:&�E+*-9;H�E%#%,:&GI1H"2:&�FG*-E%7:&)9�*MFG&@(�*�PG&)>p3-FL&@(�>:#nm¨&@("&@,�H

H/*5(SPL&@H%H�3G9;#µH;#%3G,:9�*-(;&:PG#%FG&), D
��2:&�? 3G? &@,�H"7:?�9SH�&@0@H;(/*}3-4+u�DZGª*-,:>�uZFëG£? &@9"3L,:9�#µ,lH:E+*-,1&atK�lM=ÇGÇ�0@?ö#%,:9;#µ>1&�H"2:&�0@#%(;0@E%&�3-4�ÆGÇ�0@?ö(/*5>:#%7:9�*-(;&

9"213�X�,Ü#%,á��#�P D Å D �71?B$'&@(�354ru�DZG£? &@9"3L,:9�2:&@(;&�#%9�*5$'3L7:H%iBH;#µ? &@9�E°*5(SPL&@(=I�H"2�*-,.,�7:?B$'&)(�3-4ruZF+G�?<&)9"3G,19=I�X�2:#%0�2
?p*5#%,:E%A¬2:#%H�H"2:#%9aH:E+*5,:&8H'*-9;9"#%,!PBH"21&�?.*�PL,:&@H"#%0�Y'&@E%>Ü*-,:> &@E%&@?<&@,�H;9�3-4ªH;2:&�4�3�0@719"#%,!P«>:&@F�#%0@& D
��,���#�P D ifH"2:&.(�*->:#+*-E�>:#%9"H;("#%$:7:H;#%3G,V3-4:u�DëG}*5,:>�uZFZG�?<&@9;3G,:9:X�#%H;2q?<3L?<&@,�H;7:?ØM=ÇLÇ���fLÇGÇk`á&@K/�50p#%,�H:E+*5,:&tK�lM=ÇLÇ«0@? #µ9�9;2:3�X�, D ��2:&:u�DZG�?<&)9"3G,19�>:#%9;H"("#%$:71H"#%3G, 4£*5EµE%9s]�7:#%0�N�E%A<*-H�(/*5>:#%7:9�?<3L("&�H"2'*5,ÓTLÇ�G"ÆGÇ�0)? D

\



0

5

10

15

20

25

30

35

40

0
$

200
$

400
$

600
$

800
$

1000
$

Momentum, MeV/c

N
(p

i+
,p

i-)
/2

0 
M

eV
/c

��#�PG7:(;& Åe£�`á3G?<&), H;7:?ö9SH�&@0@H;(/*«3-4su�DZG�?<&@9;3G,:9%Q 7!H!H�&@(�0)7:("FL&KW�*-,:>RuZF�G�?<&@9;3G,:9
#%,�H:E+*-,:&4tK�lM=ÇGÇ}0@? #%, 0@#%("0@E%&�3-4
ÆGÇ«0)?Ò(�*->:#%7:9 D �¨&@,!PLH"2.3-4�H/*5(SPG&)H�#%9�ÆLÇ«0@? D�%�& �/T)¢ C &@K D

0

4

8

12

16

20

24

28

32

0
$

10
$

20
$

30
$

40
$

50
$

Radius, cm

N
(p

i+
,p

i-)
/1

 c
m

��#�PG7:(;&ri!£�	�*->:#+*5E->:#%9"H"(;#%$:7:H"#%3L,�354'u�DZG£? &@9"3L,:9sQ+7eH!H'&)(ª0)7:("FL&KW�*5,:>?uZF�G�?<&@9;3G,:9�X�#%H;2�?<3L?<&@,�H"71?{M=ÇLÇ�GSfGÇLÇr`.&)K/�-0
#%,RH:E+*-,:&8tK�lM=ÇLÇ�0)?Ò#%,.0@#%("0@E%&�3-4
ÆGÇ«0@? (/*5>:#%7:9 D � &@,!PLH"2.3-4�H/*-(OPG&@H�#%9�ÆLÇ«0@? D�% & �8T�¢ C &@K D

È



�
*-$:E%&8T!£���,�H"&pPL(/*5Eª*-,ePG7:E+*-(�>:#%9"H;("#%$:7:H;#%3G,:9�3-4EH:#%3G,:9aX�#%H"2 ?<3L?<&@,�H"71?ÏM=ÇLÇ�GSfGÇLÇ:`.&@K8�-0 D ��2:&�H/*-(OPG&@H�2�*-9%T D f}0@?
E%&@,!PLH"2Ü*-,:>ÜÇ D T}0@? (/*5>:#%7:9 D ��2:&8H:(;3GH;3G,.&@,:&@(OPGA.#%9�� & �/T)¢ C &@K D

��,!PGE%&�H"3B*�o�#%9 u�D�I u�D�I�t��?MMÇGÇ«0@?sI u�Dq*5H�&po�#%H=I uZFq*-H�&po�#%H=I
*-H�H/*5(SPL&@H X�#%H;2:3G7:H�4¢3 0)7:9"#%,!P X�#%H"2B4¢3 0)7:9"#%,!P X�#%H"2 4�3�0@7:9;#µ,ePf « Ç D Ç�¢ Æ Ç D Ç(f�¢ Ç D T
TGÇ Ç D Mp¢'MMMÇ « Ç D MKTGÆ Ç D M�fGÇ Ç D fGÆ!M Ç D ¢AfGÇM�f « Ç D TGÆGÆ Ç D T(\
\ Ç D \GÈ
T Ç D \
\GÅTLÇ « Ç D Æ
T
T Ç D ÆLÈ�¢ Ç D ÈGÅGÈ Ç D ÈGÈGÈT(f « Ç D ÆGÅGÆ Ç D ¢(¢A\ Ç D È
\GÆ M

ÆLÇ « Ç D ¢ ÆGÇ Ç D f(TGÈ Ç D ÈGÈ
f M¢�Ç « Ç D fGÆGÈ Ç D ÅLÅ
T Ç D ÈGÈGÈ MfLÇ « Ç D Å
T
\ Ç D iLÅGÈ M MiLÇ « Ç D i
\!M Ç D ÈLÆ
f M M
ÈLÇ « Ç D \
i�¢ M M MM�TGÇ « Ç D ÈGÅ
f M M M� u('*) Ì+ Ç D ÆGÈ Ç D TGÈ Ç D T�¢ Ç D ÇGÈ

�
*-$:E%&�Æ!£��7:?B$'&)(�3-4ru�DZG�*5,:>guZF�G�?<&@9;3G,:9aH�&@(�3G,1&:H:("3LH"3L,û*-9�*ú4�7:,:0@H;#%3G,.3-4
H"21&¬E%&=*5>pH�*-(OPG&@H�Eµ&),!PGH;2 D 	�*5>:#%7:9
3-4
H;2:&�H/*-(OPG&@H�#%9�Ç D T}0@? D ��(;3GH;3G,.&@,:&@(OPGA.&p]�7'*5Eµ9%T)¢ C &@K D

, ÕQÑ�â+ä:Õ�Þ�-�..òGô1ô.ÙGß0/
1 ÞGÕ�å:ÚMÝVÔ�à�Ú=ä:Ö�å1Þ-Ú Ð�Ú�Þ-ì'Ó%Ú«Ô�à�ÚMä:Ö�å:Þ-Ú�/ Ð�Ú�Þ-ì�Ó%Ú¬Ô�à�Ú=ä:Öïå:Þ-Ú�/ 2�3541ô.ÙGß ä:Õ�×
6 ÙGß 7-é98�ä:Ö�Ú@Ó%Ù-â%Þ :<;0=5>?4A@�Þ-ýCBíÙ :<;D..òGô1ôLîE>:ô:ôA@�Þ-ýCBíÙ :�;(..òGô:ô îE>:ô:ôA@�Þ-ýCB�Ù
ç éF> 3 è�G = ô¨éIH?H ô¨éI4?J ô¨é çíüLK ô¨é¾ô¨ò

3 èNM = ô¨éIH?4 ô¨éI4?O ô¨é¾ô�J K ô¨é¾ô¨ò
>¨é ô 3 è G = ò:éI4 ç ô¨éIP ü ô¨é ü > K ô¨é¾ô¨ò

3 è M = ò:éI4:ô ô¨éIP?P ô¨é+ò�H K ô¨é¾ô¨ò
òLô¨é¾ô 3 è G = ç é+ò�4 ò:é ç ô ô¨éIH�P K ô¨é¾ô¨ò

3 è M = ç é+ò:ò ò:é ç H ô¨é çíüLK ô¨é¾ô¨ò
ç ô¨é¾ô 3 è G = 4¨éIP:ô ç é+ò�J ò:é+ò üLK ô¨é¾ô?O

3 è M = 4¨éI4?4 ò:éIJ ç ô¨é ç ô K ô¨é¾ô?4
41ô¨é¾ô 3 è G = ü éIJ?> ç éIO ç ò:éI4�J K ô¨é¾ô?O

3 è M = ü éI4?4 ç éI>?J ô¨é+ò�J K ô¨é¾ô?4

��,.�
*-$:E%&8f�H;2:&�#%,�H"&pPL(/*-E�*5,!PG71E°*5(�>1#µ9;H"(;#µ$17:H"#%3G,19�3-4�H1#µ3L,:9�4�3L(�ÆLÇ«0@? H/*5(SPL&@H�*5("&8PG#%FG&), D
��9ª#%HZX�*59ª>13G,:&64�3G(�H"2:&aT D f80@? H�*-(SPL&@H=I5H"3�&)9"H"#%?.*-H"&�H"21&�&��<0)#µ&),:0@A�354'H'*-(�*-$�3GE%#%0
?<#%(;("3G(�0@3G?�H'*-(;&
H"21&�,�7:?B$�&@(

3-4EH:#%3G,:9�X�#µH;2p*5,!PGE%&@9�("&@9;H"(;#µ0)H"&@>Ü$�ARM=Ç(��#%,:9;#%>:&�H;2:&�0@#%(;0@E%&�354ªÆGÇ�0)? (/*5>:#%7:9�#%,ÇM�?ö4�(;3G?öH"2:&�9"A�9"H;&@? 4�3�0@7:9IX�#µH;2
H"21&�,�7:?B$�&@(�H"2'*5H�0@3G71Eµ> $'&�#%,<#%HIX�#%H"2:3L7:H�H;2:&�4�3�0@7:9;#µ,eP D �:3L(�H;2:#%9�H/*-(OPG&@HaX�&�2�*MFG& � « ��Ç D M=È D �1("3L? H"21&��
*5$:E%&%fX�&�3G$:H�*-#%,<H;2:&�4�3GE%E%3�X�#%,!P�A�#µ&)Eµ>19�3-4�H1#µ3L,:9aX�#%H"2Ü*-,ePGE%&�7!H.H;3kM=Ç
�4H�&@(%H1("3GH;3G,Ü*-H�H"21&�&po�#%H�3-4ªH;2:&�9;A 9;H"&@?Ç£u�D�I:9;A�9"H"&)?�X�#µH;2B4�3�0@719"#%,!P'£
Ç D fGÇ
\��aM D ÆGÈ(��Ç D i!Mu�D�I:H�*-(OPG&@HaX�#%H"213G7:H�4�3�0@719"#%,!P'£�Ç D Ç(\GÇ(�sT D ¢�Æ
��Ç D MMÈ

	�*-H;#%3'£ Æ D iuZF�I�9"A�9"H;&@?�X�#%H"2 4�3�0@7:9;#%,!P'£�Ç D ¢AT(i(�
Ç D MMÈ
��Ç D Ç
\eM8QSM
MQ�SR�Tku�DEW DuZF�I�H�*-(OPG&@H4X�#µH;2:3G71H
4�3�0@719"#%,!P'£
Ç D Ç
\GÆ��sT D Ç
��Ç D M�i
�1("3L? H"2:&.>'*5H/*V*5$'3-FL&�X�&p2�*MFG&.H"2'*5HBH"2:&.&��<0)#µ&),:0@A�3-4�H"2:&Ü0)3GE%E%&@0@H"#%3L,V4�3L(BH"2:&ÜÆGÇf0@? H/*5(SPG&)H<9"A�9;H"&@? #%9

Æ D i D ��2:&�4�3�0@719"#%,!P«>:&@F�#%0@&�*5>:>:9�*-$�3G71HÄTLÇ��`3-4+H'*5("H;#µ0)Eµ&)9aX�#µH;2gMMÇGÇ�GSfGÇLÇ8`.&@K/�50�?<3G? &@,�H"7:?�E%&=*MF�#%,!P�H;2:&�H/*5(SPG&)HX�#%H"2V*-,!PLE%&�M=Ç(�B*-,:>Ü? 3G(;& D ��2:&B$'*50/N�PL("3G71,:>Ü0@3L, H;("#%$:7:H;#%3G,f4�("3L?�uZFq4�3L(�H"2:&«9"A�9"H;&@?ìX�#%H"2.4�3�0@719"#%,!P.#%9�E%3�X�&@(
0@3L,:9"#%>:&@(�*-$:E%ABH;2'*-,�PG#%FG&@9�H"21&�0M*-E%0@7:E+*-H;#%3G,lX�#µH;2:3G71H
4�3�0@719"#%,!P«>:7:&�H;3¬H;2:&�*5$:9"3L(SH:H;#%3G,<354�uZF+G�?<&)9"3G,19
#%,B&@E%&@?<&@,�H;9
3-4
H;2:&�4�3�0@7:9"#%,!PB>1&@F�#µ0)& D
��3.&@9"H;#%?p*-H;&BH"2:& #%,VU'7:&@,10@&<354ÄX�*-E%E%9�3-4�H"21&<?<#%(;("3G(�H;3ÜH"2:& 9"#�t@& 3-4�H"2:&�H:#%3G,V$�&=*-?ìX�#%H"2ÐMMÇGÇ�GSfGÇLÇ�`.&)K/�-0

?<3L?<&@,�H;7:? *-H�H"21&�&^o #%H�354 H;2:&�9;A 9;H"&@?sI�X�&8H�&@(�4¢3G("? &@>Ü*«0=*-E%0@71E°*5H"#%3G,�X�#%H"2:3L7:H�*-E%7:? #µ,�7:?ÎX�*5E%Eµ9MIG$17:H%X�#%H"2.H;2:&Y'&@E%> #µ,19"#%>:&�H;2:&�>1&@F�#µ0)& D ��2:#%9
0M*-E%0@7:E+*-H;#%3G,B9"213�X�&@> H"2'*5H�H;2:&�A�#%&@E%>B3-4su�DV*-H�H"2:&�&po�#%H�354�H"2:&�9"A�9"H;&@? *)PG(;&@&@9IX�#µH;2
M=Ç



�
*-$:E%&:¢�£6!�#%&@E%>Ü3-4ru�DZG�*-,1>guZF�G�?<&@9;3G,:9lQXW DZY W F W4H'&)(�M#H:("3LH"3L,k� *5H�H"2:&«&po�#%H�3-4�H"2:&«9"A�9"H;&@?��kQ tK�lM=ÇLÇ<0)?ûI(p��ÆLÇ.0@?�W�*-9�* 4�7:,:0)H"#%3G,s3-4�H;2:&<ÆGÇ 0@?óH/*5(SPG&)H/H�3G9;#%H"#%3G, D ��2:&�H:#%3G,f?<3G? &@,�H"7:? #%9�M=ÇGÇhGjfLÇGÇ�`.&)K/�-0 D�% & �8T)¢
C &@K D

��2:&�0@&), H;&@(�354
H/*-(OPG&@HMI �Ðu�D0) �ÐuZF[)�K«LI:0)?
Ç D Ç M D ¢�\�\�Ç D M�T Ç D Æ)¢]\�Ç D ÇLÆGÆM D Ç M D Æ)¢]\�Ç D M�T Ç D TLÇ�\�Ç D ÇLÆGjT D Ç M D M�i�\�Ç D M�T Ç D TeM�\�Ç D ÇLÆG Æ D Ç M D M^¢]\�Ç D Ç(\ Ç D TLÇ�\�Ç D ÇLÆG ¢ D Ç M D ÆLÈ�\�Ç D Ç(\ Ç D MMÈ�\�Ç D ÇLÆGjf D Ç M D TeM�\�Ç D M�T Ç D M�i�\�Ç D ÇLÆ

��FL&@(/*)PG& M D Æ�\�Ç D M Ç D MMÅ�\�Ç D ÇLÆ

�
*-$:E%&8f!£���,�H"&pPL(/*5E�*-,!PL7:E+*-(
>:#%9;H"("#%$:71H"#%3G, 3-4ÄMMÇGÇh��fGÇLÇ8`.&@K/�508H:#%3G,:9 D ��,:&@(OPGA<354�H:(;3GH;3G,<#%9 % & �8T�¢ C &@K D �
*5(SPG&)H
#%9�3-4
ÆGÇ«0@? E%&@,!PGH;2Ü*-,:>.Ç D T�0)?Ò(�*->:#%7:9 D

��,!PGE%&�H"3B*�o�#%9 u�D u�D�I�t��?MMÇGÇ«0@?sI u�Dq*5H�&po�#%H=I uZFq*-H�&po�#%H=I
*-H�H/*5(SPL&@H X�#%H;2:3G7:H�4¢3 0)7:9"#%,!P X�#%H"2B4¢3 0)7:9"#%,!P X�#%H"2 4�3�0@7:9;#µ,ePf(� Ç D Ç!M=Ç Ç D ÇeM=Æ Ç D TGÇ
\ Ç D MKTGÇM=Ç�^ Ç D ÇGÅGÅ Ç D Ç(\GÇ Ç D fGÇ
\ Ç D ¢AT
iMKf�^ Ç D MK\
\ Ç D T(TGÈ Ç D i
iGÈ Ç D \
\GÇTGÇ�^ Ç D TGÈ
i Ç D ÆLÅ
f Ç D ÈGÆ�¢ MT
f�^ Ç D Æ
fGÈ Ç D ¢(¢ Æ Ç D ÈGÅGÈ M

ÆGÇ�^ Ç D ¢ Æ
i Ç D fLÆ
i Ç D ÈGÈ
f M¢ Ç�^ Ç D f
f
\ Ç D Å(i
\ Ç D ÈGÈGÅ MfGÇ�^ Ç D Å�¢Af Ç D i(\
T Ç D ÈGÈ
\ MiGÇ�^ Ç D i
\
f Ç D È)¢'M M M
ÈGÇ�^ Ç D \
i
T M M MMKTGÇ�^ Ç D ÈGÅ
\ M M M��u )H�&@(aH:("3LH"3L, Æ D T
T T D ¢ Æ M D ÆGÈ Ç D M=È

H"21&p0M*-E%0@7:E+*-H;#%3G,ÇX�#µH;2VH"2:&RX�*-E%E%98X�#µH;2:#%,V9"H�*-H"#%9;H"#%0=*-E�&@(;("3G(;9 D ��2�7:9MI�H"2:&.*-E%7:? #µ,�7:?�X�*-E%E%9�3-4�Ç D fhGÆM«0@? >:3Ü,:3LH
#%,VU'7:&),:0@&:H:(�*-0@H;#%0=*-E%E%A<3L,<H"21&�("&@9;7:E%H"9�3-4ª0M*-E%0@7:E+*-H;#%3G, D
��,B>:#nm¨&@("&), Ha`.3L, H;&���*-(;Eµ3�9;#µ?B71E°*5H"#%3G,8H:(;3
PL(/*-? 9�>:#nmJ&@(;&@,�H�,�7:0)Eµ&M*-(
0=*59"0=*5>:&@9�? 3 >1&@E%9 *5("&�7:9;&@> D �ª3�&@9;H"#%?p*5H"&

H"21&�9"A�9"H;&@?p*5H"#%0�&)("("3L(�354ªH"21& C �������9"#%?B7:E+*-H;#µ3L,?X�&�0=*-E%0@71E°*5H"&@>.H;2:&:u�DVA�#%&@E%>p#%, 4�3G(OX�*5("><>1#µ(;&@0@H;#µ3L, 4�("3L?ÒH;2:&
0@3(H!H'&)(�H/*5(SPG&)H�354ÄT�¢.0@?þE%&@,ePGH"2V*-,1>6M«0@? (�*->:#%7:984�3G(:T�¢ C &@KÎH:("3LH"3G,s$�&=*-? G8*59�#%,û	8&�4 D LdT^N D 	�&@9;7:E%H�354�3G71(
0=*5Eµ0)7:E+*-H"#%3L,�X�#%H;2ÜH"2:& C ������ Æ D Mp¢�£�Æ D T�\�Ç D T?u�D�G£? &@9"3L,:9aH'&)(/H1("3GH;3G, D ��2:&���	��.0@3�>:&:P�*MFG&�H;2:&�A�#%&@E%>.&p]�7'*-E
H"3�TRQ 9"&@&«��#�P D T�#%,�LdT^N W D
_ `c9B3=>A�!<=Ù8@A9B3=Ù
��2:&ÇH:("#%,:0)#íH�*-E%H�3G9;9"#%$:#%E%#%H�AV3-4�7:9/*)PG&Ü354�H"2:&ÇH'*-(�*-$�3GE%#%0.?p*�PL,:&@H;#µ0 ?<#%("(;3G(«4�3L(B0@3GE%E%&@0@H;#%3G,�3-4?H1#µ3L,:9«4�(;3G? Eµ3L,!P
0@3L, FL&@("H;&@(�#%,�X�#%>:&«*-,!PL7:E+*-(�(/*5,!PG&�*5,:>kX�#%H"2.E+*-(OPG&�?<3L?<&@,�H"71? 9OH:("&M*->kX�*-9�9"2:3�X�,.#%,.H"2:#%9%X�3G(;N D ��2:&�9;A�9"H"&)?
9"7eP
PG&)9"H"&)>Ü#%,:0@("&M*-9"&)9�Æ�G�¢¬H;#µ? &@9
H;2:&�A�#%&@E%><354+H:#%3G,:9�3-4�3L,:&�0/2�*-(SPL&�*5H�,:3LH�E+*5(SPG&�*-,!PLE%&@9�H;3¬H;2:&�*)o�#µ9�*-9�0@3L?�H'*5("&@>
H"3BH;2:&�A�#%&@E%>�X�#%H"213G7:H�H"2:& 4�3�0@7:9"#%,!PB9;A�9"H"&)? D
�17:H"71("&%X�3G(;N¬H;3¬#%,:0)("&=*59"&�H"2:&�&��<0@#%&@,:0)A<3-4�H;2:&�>1&@F�#µ0)&�9;2:3G71Eµ>B#%,:0)Eµ71>:&
£
*
W 3
H:H;#µ? #�t=*-H;#µ3L,�3-4¨4¢3G("? 9
*-,:> 9"#�t@&@9

3-4�9;7:(�4�*-0@&@9�3-4¨H"21&�0@3GE%E%&@0@H;#µ,eP�9"A�9"H;&@?öH/*5N #%,!P�#%,�H"3�*-0)0@3G7:,�H
(;&=*-E�9SH�*-0@&�*-,:>B? 3G?<&), H;7:?lG�0@3�3G(">1#µ,�*MH"&
>:#%9;H"("#%$:71H"#%3G,
3-4IH:#%3G,:9�E%&=*MF�#%,!PBH"21&�H/*5(SPG&)H=I�0@7:(;("&@,�H"9}#µ,.0@71("("&), H�9;7:(�4£*50@&@9�½¨$'W�9;H"7:>1AÜ3-4sH�3G9"9;#%$:#%Eµ#%H�ABH;3<7:9;&�4�3G(�H"2:&}H/*-(OPG&@H�H;2:&
?p*5H"&@(;#+*-E%9EX�#µH;2¬H;2:&�9"?.*-E%E%&@(�,�7:0@E%&=*-(6Eµ&),!PGH;2�I-4¢3G(�&po:*-?�H:E%&GIMH"7:,!PL9"H;&@,�I�9"#%,:0)&�4�3L(ªH;2:&�4¢3 0)7:9"#%,!P�9"A�9;H"&@? 0)3G,:9;#µ>1&@("&@>
*f?<3G(;&B9"2:3L("HB9;3G7:(;0@&.#µ9«>:&@9;#%(/*-$1Eµ&(½�0�W¬*5H¬9;7��<0@#%&@,�H¬0)3G?�H17:H"&@(lH�3�X�&@(#�q*kPLEµ3L$'*-E63
H:H;#µ? #�t=*-H;#µ3L,�I¨H�*-N�#%,!PÜ#%,�H"3
*-0)0@3G7:,�H4PG&@,:&)(/*-H;#%3G,.3-4�?B7:3G,:9IX�#%H"2:#%, H"2:&�,:&@0)&@9"9�*-("Af?<3G? &@,�H"7:?`(/*5,!PG&�#%,.H"2:&�>:&@0M*MA<0�2'*-,1,:&@E DM
M



a zRÚ�zR7:z�3=>�z�Ù
L�M�N:C�¶~CE�Ä0@3LE%Eµ#%>:&)( D ��4�&=*59"#%$:#%E%#%H�A¬9;H"7:>:A D �����b�GSf
T(fGÇLÆ D IG�1&@("? #���*-$�ÆG��3G,í4 D G ÈLÅ
�GÇLÈ
T1Ig� �����G"Æ
\LÈ�¢ Å D
LdT�N¬	 D ��*-E%?<&)(ª&)H�*-E D I�`.7:3G,.0@3LE%Eµ#%>:&)("9 D �����b�G"Å
T(i�¢�Ç D
L Æ�N CBD � D ��#%EµFL&@9"H;("3-F¨ILK D � D �
*MA�7:("9;N A D ��X�#%>:&ÆG *5,!PGE%&�?p*)PG,:&@H;#%0�E%&@,:984�3G(�0@3GE%E%&@0@H;#µ,ePBEµ3�XIG�&@,:&)(SPGA�H:#nG£? &@9"3L,:9�#%,Ü*
9"3LEµ#%>.*-,!PLEµ&�3-4aM=Ç«9"( D �7:0@E D ��,:9"H;( D *-,:>R`.&@H;2 D M�f
T!QOM=È(i
\
W;Æ
ieM D

L ¢�N�� D � D K�9;&@FG3LEµ3(t@2:9;NG*MA *:I CBD � D ��#%EµFL&@9"H;("3-F¨IE� �4H:H;#%0=*-E8H:(;3
H�&@("H;#µ&)9p354�H"2:&ÜE+*5(SPG&s*�H�&@("H;7:("&ÇH'*-(�*-$�3GE%#%0.Eµ&),:9"&@9O�'I
c�2:����2R¢ ÆeQSMMÈ
iGÆ(W"ÅeM�GSiGÇ D

Ldf�N¬	 D ��("7:, &@H�*5E D I C �������Æ D ���6	� ��(;&pH:("#%,�H����8�G�
�s�(\�¢)GÆMLI C &),:&@FG&LI+M=È(\
i D

MKT



�®°¯/®%±'²°³µ´M¶@·@¸¢¹"ºG´)»�¼�®¾½�®;¿'ÀLÁ-Â�¹�·"ÃGÁ

�������q���-�����
�-�M�����q�)���@�M��� �"�'�B�s���'���-��¡�¡¢�£�����
�'���M¤ª�.¥�¦'�)�.�:���5�'¡¢¡��:�5�=�¢�'�q����§¨���-�.�:���:���V¦1©'�����=���«��¦:�-¦:¥
��¡¢�£�«�V�¢�-�-�'�«�@�¨�
�

��7:>:NL&@(������È
\�G�¢

dfehgji�elk�ehgVi�m(m(nporqtsug?nwvlxLk�y zpé|{Té(}~xV���l�lg?�?i�g
� sV���LehsAv?�?k�e�xDv(�l�hsr>¨é¾ô ç é�ò�J�J?OA�'é
����s?m?�rgum(sV�?�?�rH¨é¾ô ç é ò�J?J?O��'é

� ����v(�lk�s?m?�0guv�i��(s?eh��H¨é ô ç é+ò�J�J?Of��é
� �?�(�9s?er�Vx(�9sV�]�*H:ô���J:ôVò�B¨ò�H�d~�?��i��öò:é¾ô�v�i���é��
é�/�ô¨éFJ�xD��é îE�lq���é��
é

� �(�(sV� ò ç ôA��y�q é���itk�vl�hs?e(m���é���s?ylsVq¬ù~  ü
d~�?�(sV���Lehs?m��um(s ,¢¡ @£8�¤¥�r�Le�v?i��(s?e�s?m��[m(s

�l�Le�s?v(�(�(m(eli�¦p§ � �(��é�¨�éI¦<é(��xV��yVi��(sr�pd � zf©�/
ªC«�¬?«?�®l¯?®�°��±�²´³Vµ?¶?¶l·V¶V²p¸V°�¹~º�±Lº?»�¼�½�®l±Lº¿¾´º?¬Q°�¼�ÀLÁ�Â�¼�¬?ºV²´Ã?Ã�¹


