
���������
	������������������������������ � !#"%$&!#')(�" *+��,.-/"%$&0�1+'2'3�54)687+'2-��9.4):�4)*�(�';�=<>-?!@-#6BAC-/9>����D���������=-#9E"F42��*G�IH�J �K LNMPORQTSVUXW@YZMB[\M^]`_aW/ORQcb@deSf[TgihTjcb/bkKml�l�d�QanZSf[Tl�d
<^JCo�-/*+p542*�"<>-?!@-/6^Aq-#9>����D��������

r s [PntU=MugvjTl�ntW#MB[
Iw+-x')(�9F:�-v(�!#!#-#7 ,E(�*�!#-v��yV,.w+-k���z���{� -@,.-/!%,.��9T(�')'2�&|}"u6P-?(�"F1+9.-#68-#*�,~��yf9F-?(�!%,.42��*7+9.� � 1�!%,E"��&��-/9f(a|�4�� -�9E(�*+:�-8��y�(�*+:�'2-?"#J8�
*���9E� -/9�,.�v� -@,.-#9.6842*+-u�+4���-#9.-#*�,F4�(�'�!@9.��".""F-/!%,.42��*�"/D�,Fw�-�(�*�:�1+'�(�9X!#�&��-#9E(�:�-���y�,Fw+-�� -@,.-/!%,.��9�4)"�� 42�54�� -/�84)*�,F�^"F6�(�')'C(�*+:�1+'�(�9�A+42*C"#JIw+-~!/(�'�!@1+'�(&,.42��*���y}(�!/!@-#7+,.(�*C!@-8y���9f,Fw+-?"�-uA�42*�"^6^1�"�,B!#��*�"F4)�+-#9f7+9.� !@-?"F"F-/"/D�"F1�!Ewk(�"6^1�'�,.427+')-a".!#(�,�,.-#9.42*+:v(�*���-/*+-#9.:��x'2��"F"/Dz,.w�(&,8!#(�*k!#(�1C"�-u7C(�9F,F4�!@')-/"f7�9F� � 1�!#-/��4)*���*+-(�*�:�1+'�(�9}A�42*c,.�~Aq-B� -#,F-?!%,F-?�c4)*�(�*+��,Fw+-/9�(�*+:�1+'�(�9�A+4)*GJ>Iw+-B6P�&��-#68-#*�,>��yX7�(�9F,F4�!@')-/"y�9.��6�(f7+9.� � 1�!%,.42��*uA+4)*�,F�P(^� -#,F-?!%,F-?��A+4)*~4�"�!/(�')'2-?�8A+4)*~6842:�9.(�,F4)��*GJtIw+-�7+1+9.7C��"�-}��y,Fw�4)"X�+�5!#1+68-#*�,X4�"t,F�V!#(�')!#1+'�(&,F-I,.w+-}(�!/!@-/7 ,.(�*�!@-I|�w+4)'2-}(�!#!#��1+*�,F4)*+:�y���9=A�42*86842:�9.(�,F4)��*GJ
� _aW/ORQcb@d�Sf[Tgihcjcb#bkK�l�l�d>QanZSf[Tl�d
� 9F�5��p5"/D5-@,>(�'�J}�2H%��D+w�(���-�7+9.-/"F-#*�,.-/��(�*��T� 4�"F!#1�"."�-?�u,.w+-f!@��*�!@-/7 ,."I��yt"F42687+')-f(�*C�uy�1+')'(�!/!@-/7 ,.(�*�!@-�J�Iw+-/��:�42��-f-@�+(�6P7�'2-?">(�"�|�-#')'Z(�">(~�+-#9.42�&(&,.42��*v��y=,.w+-^-/9F9.��9���y=,.w+-fy�1+')'(�!/!@-/7 ,.(�*�!@-�J�Iw�-#4)9u� -@��*�4�,.42��*�"#DI|�w+4�!Ew�(�9.-�"F1+686�(�9.42�/-/��w+-#9.-�D�|�-#9.-�1C"�-?��4)*�,Fw+-!#(�')!#1+'�(&,F4)��*C"���yt(�!#!#-#7 ,E(�*�!#-�J
�z�¡ �¢t£¡¤T¥~¦�¦�¤�¢Z§/¨+©Z¦�¤qª 0���9}A+4)*�«�D�,Fw+-^"F4)6P7�'2-^(�!#!#-#7 ,E(�*�!#-V4)"},Fw+-f7�9F��A�(�A+4)')4�,¬�az®,FwC(&,�,Fw�-f� -@,.-/!%,.��9}(�!#!@-/7 ,."�(P7�(�9�,.4)!#'2-�,.w+9F�&|�*�4)*�,.�8A+42*v«�D

G®V¯±° ®² ® ³ H?´|�w+-/9F- ° ®�4)"X,Fw+->*�1�6^Aq-#9���y�7�(�9F,F4�!@')-/"X�+-@,F-?!%,.-/�8|�w+-/* ² ®�7�(�9F,F4�!@')-/"�(�9.-I,Fw+9.�&|�*842*�,F�A+4)*T«�J=� 42*�!#- ° ®f42*C!@')1�� -/"�(�'2'�� -#,F-?!%,F-?��7�(�9F,F4�!@')-/"/D54�,�|�4)'2'�4)*�!@')1�� -�(P7�(�9F,F4�!@')-�,Fw+9.�&|�*4)*�,.�8A+42*v«~,FwC(&,�6842:�9.(�,F-/"�,.��(�*+��,Fw+-/9�A+42*zJIw+-V-#9.9.��9I42*a,Fw�-f"�4)687+'2-f(�!#!#-#7 ,E(�*�!#-�4�"I:�4)��-/*aA5��� �?�;�
µ ® ¯·¶ z® ³ H�¸�G®�´² ® ¸�H ³ ��´

H



��� £¡£P¥~¦�¦�¤�¢Z§/¨+©Z¦�¤qª Iw+-�y�1+')'}(�!/!@-/7 ,.(�*�!@-�� ® 4)"B,.w+-T*�1�6^Aq-#98��y�-#��-/*�,."�� ® 9.-@�!@��*�"�,F9.1�!%,.-/�T4)*�,.�uA+4)*x«T� 4)�54)� -?�cA5� ² ® DC,Fw+-f*51+6BAC-/9���y=7�(�9F,F4�!@')-/"},Fw+9.�&|�*T42*�,F�aA+4)*«�D
� ® ¯ �k®² ® ³ ��´<>1�-T,F��A+4)*�684):�9E(&,.42��*GD�"F��68-T��y>,.w+-c-#��-#*�,."P4)*�!@')1�� -?��42*��k®�|�42')'}w�(���-aAq-#-/*,Fw�9F�&|�*�4)*�,F��(�*+��,.w+-#9aA+4)*GD>(�*C�{"���68-v��yV,.w+-x-/��-/*�,E"�,.w+9F�&|�*�4)*�,F��A+42* «�!#(�*{AC-9.-/!@��*�"�,F9.1�!%,.-/�P42*���,Fw+-/9XA+4)*�"/JtIw�4)"�6P4):�9E(&,.42��*8��y�7�(�9F,F4�!@')-/"=y�9F��6 ��*+-}A+4)*8,F�^(�*+��,.w+-#9!#(�*x!#9F-?(&,F-8'�(�9.:�-P� 4���-#9.-#*C!@-/"�Aq-@,¬|�-#-/*�,.w+-�"�4)687+')-u(�*��vy�1+'2'�(�!#!#-#7 ,E(�*�!#-/"/JBIw+-Py�1+')'(�!/!@-/7 ,.(�*�!@->!/(�*�Aq-�:�9F-?(&,.-#9X��9�')-/"."=,FwC(�*�,.w+-�"F4)6P7�'2-�(�!#!#-#7 ,E(�*�!#->� -/7C-/*�� 4)*+:^��*uw+�&|6�(�*5�c7�(�9�,.4)!#'2-8(�9.-P(�!#!#-#7 ,.-/�cy�9.��6m,Fw+-P,Fw�9F�&|�* (�*+:�'2-P(�*���,Fw+-89.-#'�(&,.42��-B*51+6BAC-/9���y7�(�9�,.4)!#'2-?"I6P4):�9E(&,.42*�:B4)*c(�*��a��1 ,}��yz,.w+-VA+4)*GJIw+->7�9F��A�(�A+4)')4�,¬�P��y�7�(�9�,.4)!#'2-?"X6842:�9.(�,F4)*+:Vy�9.��6N��*+-�A+4)*�,F�^(�*+��,.w+-#9�4)"�'�(�9.:�-�|�w+-/*,Fw�-B9.-/"F��')1 ,F4)��*+��,.����A+42*+�;|�4��5,Fwc9E(&,.42� ³	� � � ´�4�">'�(�9.:�-�J���y � � � 4�"�"F6�(�')'�D�,.w+-PA+42*x684��:�9E(&,.42��*B|�4)')'CAq-}')�&|VD�(�*C�86P��"¬,���y�,Fw+-�(�!/!@-#7+,F-/�P7�(�9�,.4)!#'2-?"=,.w+9F�&|�*84)*�,F�fA+4)*~«P|�4)'2'qAC-9.-/!@��*�"�,F9.1�!%,.-/��4)*TA+42*c«�J=Iw+-/*~,.w+-V� 4���-#9.-#*C!@-�AC-#,¬|�-/-#*T"�4)687+')-�(�*���y�1�'2'z(�!#!#-#7 ,E(�*�!#-|�4)'2'GAq-f"F68(�'2';JIw+-V�&(�9.4)(�*�!@-�y���9
��®B4)"

���� ³ ��®�´� � ®���� ¯ ����� ³ ² ®�´
� ² ®������

����� ³ �k®�´
� � ®���� ¸ � ³ ��� ®@® � ¸��q® � �k® � ´

� ² ®�� � � ®��¯ H�¸�� ®² �q® �
H

� �k® ��� � �"! ² �#!$� ® ! ³ H�¸%�#!$� ® !
´Z¸����"!'&)( ² �*!+�,(�� ® !+� ® (#�
�

�² ¸ �-� ®@®
� �k® � ³ ��´|�w+-/9F-�,Fw+-IA+4)*86842:�9.(�,F4)��*f6�(&,.9F42�^-/'2-/6P-/*�, � ® !�4)"Z,.w+-I*�1�6^Aq-#9=��yq-#��-#*�,."�,Fw�9F�&|�*B42*�,F�A+4)*/.},FwC(&,B(�9F-89.-/!@��*�"�,F9.1�!%,.-/�x42*�A+4)* «�D)�#!�4�"�,Fw+-�7�9F��A�(�A+4)')4�,¬�x��y�(a7C(�9F,F4�!@')-�AC-/42*+:,Fw�9F�&|�*�42*�,.�PA�42*�.ED

�*!�¯ � ² ! �² ³�0 ´
� ® !G4�"X,.w+-}7+9.��A�(�A+4)'242,¬�^,.w�(&,�(V7�(�9F,F4�!@')-}4�"=,.w+9F�&|�*�4)*�,F�fA�42*1.t(�*C�P,Fw+-/*u9F-?!@��*�"¬,.9F1C!%,F-?�4)*�A�42*v«�D

� ® !t¯ � � ® !² ! � ³	2 ´(�*C� ² 4�"�,Fw+-�,.��,.(�'�*51+6^Aq-#9}��y�-/��-#*�,E"�,Fw+9.�&|�*a4)*�,F��(�')'GA+4)*�"/J
3 L�Sfb@l}jcb@S�n=W@MP[
��~!@��6P7C(�9.-�,Fw+-V,¬|��u68-@,.w+� �+"}��yX� -@,.-#9.6P4)*+4)*+:~(�!#!@-/7 ,.(�*�!@-�D+,.w+-B(�!#!@-/7 ,.(�*�!@-?"�|�-#9.-!#(�')!#1+'�(&,F-?�~4)*c(54c��*�,F-^��(�9F')��"�4)6^1+'�(&,.42��* ³76 �5��4�´�y���9I,Fw+-V9.-/(�!%,.42��*189�%:<;�=>�v(�,�H

�



6 -#� |�4�,.w�� -@,.-/!@,F4)��*c��yt,.w+-f7+9.��,.��*GJI0+��9>(8,¬|�����7�(�9F,F4�!@')-@�;��*�(�'��
"¬,E(&,.-�7+9.� � 1�!#-/�c(&,>("F42*+:�'2-�Aq-/(�6�-#*+-/9F:��^4)*�|�w+4)!Ew���*+-}��yq,.w+->7C(�9F,F4�!@')-/"=4�"�� -#,F-?!%,F-?��D�,Fw+-�(�!/!@-#7+,.(�*C!@-�|�4)'2'� -/7C-/*��8��*P,Fw�-��f(�*C���a(�*�:�')-/"=��yq,.w+->� -#,F-?!%,F-?�87�(�9F,F4�!@')-�JtIw+->!/(�'�!@1+'�(&,.42��*B��yG(�!#!#-#7 �,.(�*�!@-�7+9.� !@-/-/�+"IA5�a�+42�54�� 42*�:8,Fw+-V9E(�*+:�-���y��8(�*����c4)*�,F��A+4)*�"/D ,Fw+-/*v!#(�')!#1+')(�,F4)*+:P,Fw+-(�!/!@-/7 ,.(�*�!@-By���9�-/(�!Ew�A+4)*GJ8�X4):�w�,¬�T6842')'24)��* -#��-#*�,."�|�-#9.-B9E(�*C� ��68')�c:�-#*�-#9E(&,F-?�Ty�9.��6,Fw�-~!@9.��"."f"F-/!%,.42��*�7+9.-/� 4�!%,.-/��A5�x,Fw+-T� �}�¬< (�*�(�'2� "F4)"?� �?�;Jv����� � NA�(�*+p |I(�"^!#��* �"�,F9.1�!%,.-/�^y���9=-/(�!EwB-/��-/*�,?D&,Fw�-#*81�"F-/�P(�"t4)*+7+1 ,X,.� 6 �5��4�J�Iw+-���1 ,F7�1 ,X|�(�"���'�,.-#9.-/�By���9A�(��u� -@,.-/!@,F��9�-#')-#68-/*�,E"�A��8:�7+7GD (�*��u,Fw+-/*~7+9.� !@-?"F"F-/��A5��(+H?!�JtIw+-�A�(�*+p "�7+9.�5�+1�!@-?�A5�v(+H?!f|�-#9.-P(�*�(�')�5�#-/�c,F�T!@9.-/(&,.-P(����
	 *�,F1+7+')-8|�w+4�!Ew�4)*�!@')1�� -?�v,.w+-P,Fw+9.�&|�*�(�*C�9.-/!@��*�"�,F9.1�!%,.-/�T(�*+:�'2-?"Iy���9>-/(�!Ewc-/��-/*�,?J�	},F1+7�'2-?"}y�9.��6 "�-/7�(�9E(&,.-V9F1�*�"���y=��*+-f6842')')42��*-#��-#*�,."^|�-/9F-a!@��*5��-#9F,F-/�x,.�x( � �V�� ,F9.-#-�(�*��k!EwC(�4)*+-/� y���9B(�*C(�')�5"F4�"#J�Iw�-~-#��-#*�,."|�-#9.-f"���9�,.-/�T4)*�,.�uA+4)*�"���y 0�� 42*�~(�*��v� � 4)*��J��54)*�!#-V,Fw+-B7C��"F"F4)A+42')42,¬����y=6P4):�9E(&,.42��*Aq-@,¬|�-#-#*v"F-/!@,F��9.">4)">*+��,�"�4):�*+42�C!/(�*�,�(&,>,Fw+4�">-/*+-#9.:���D�,.w+-B"F-/!@,F��9."�|�-#9.-V,.9F-?(&,F-?�T42*C� -@�7q-#*�� -/*�,F')��(�*�����*+')�T,Fw�-P9.-/"F1+'2,."�y���9�"F-/!%,.��98H8(�9.-^:�4)��-/*GJ^0���9�,Fw+4�"�A+4)*+*+4)*+:�D�,.w+- �6�(&,.9F42�Bw�(�"�H�� ���uH/����-/'2-/68-#*�,."Xy���9X��*+->"F-/!%,.��9?J�Iw+-�!@��687+1+,.(&,.42��*�"X|�-#9.-�7q-#9Fy���9.6P-?���*T,.w+-B!#'21C"¬,.-#9�(�,},Fw�-��}*�42��-#9E"�42,¬�a��y � 4)!Ew�6P��*���J�� 4c��9.-f� -#,.(�4)'�">��yZ,.w+-B!/(�'�!@1+'�(&,.42��*(�9.-�7+9F-?"�-/*�,F-/�a4)*T�>7+7q-#*�� 42�c�fJ
� � d}YtjcbEntY ]�M^U n��TdeKml�l�d�QanZSf[Tl�d LNSfb#l}jcb@S�n=W@MB[TY
�
*�,.w+-�(�*�(�')� "�4�"/D�,.w+9F-/-},¬�57q-/"���yG-/��-#*�,E"�(�9F-�9F-?!@��9E� -?�Py���9�-/(�!Ew�A�42*T«�� ,Fw+-�*51+6^Aq-#9��y�,Fw�9F�&|�*�-#��-#*�,."/D�,Fw+-v*51+6BAC-/9u��yV(�!/!@-/7 ,F-?�5��,.w+9.�&|�*�-/��-#*�,E"�(�*���,Fw�-v*51+6^Aq-#9u��y9.-/!@��*�"�,F9.1�!%,.-/��-#��-#*�,."/J}Iw+-f,.��,E(�'Z*�1�6^Aq-#9>��yX(�!#!#-#7 ,.-/�5�;,Fw�9F�&|�*v(�*��T9F-?!@��*�"¬,.9F1C!%,F-?�-#��-#*�,."P4�"B,Fw+-v".(�68-�D�A+1 ,�,Fw�-T�+4)"�,F9.42A�1 ,F4)��*�42*�(�*�:�')-a|�4)'2'�Aq-c� 42�q-/9F-/*�,�Aq-/!/(�1�"F-a��yA+4)*v6842:�9.(�,F4)��*GJ}Iw�-B� 4�"¬,.9F4)A+1 ,.42��*v4)*���� �"!>��y=,.w+-^7�9F��,F��*Ty���9},.w+-f,.w+9F-/-^-/��-#*�,},¬�57q-/"4�"P"Fw+�&|�*�42*�0Z42:CJ�H�J Iw+4�"�� 4�"¬,.9F4)A+1 ,.42��*�|I(�"B��A+,.(�4)*+-?� A5�k"F1+686P4)*+:�(�')'I��y�,Fw+-��A+4)*�"�y���9V-/(�!Ew#�T42*���*+-u"�-?!%,.��9?J54v��"�,f��y�,.w+-u� 42�q-/9F-/*�!@-�Aq-@,¬|�-#-/* ,Fw+-8,.w+9F�&|�*�(�*C�(�!/!@-/7 ,F-?�5��,.w+9.�&|�* -#��-#*�,."�(�,u42*�,.-#9.6P-?� 4�(&,F-c(�*+:�')-/"84�"�� 1+-T,.��,Fw+-c')��"."8��y�7�(�9F,F4�!@')-/"*+-?(�9=,.w+-}-/�+:�-/"X��yq,Fw+-�"�-?!%,F��9/JZIw+-}*51+6BAC-/9X��yG(�!/!@-/7 ,F-?�5��,.w+9.�&|�*8(�*��P9F-?!@��*�"¬,.9F1C!%,F-?�-#��-#*�,."~4)"~,Fw�- ".(�68-x(�,a68��"�,�(�*+:�')-/"/J%$>�&|�-/��-/9~(&,�')(�9F:�-�(�*+:�'2-?"�,.w+-x*51+6BAC-/9a��y(�!/!@-/7 ,F-?�5��,.w+9.�&|�*�-/��-/*�,E"}4�"}:�9F-?(&,F-/9�,FwC(�*c,.w+-^*51+6BAC-/9>��y=9.-/!#��*�"�,F9.1�!%,.-/�T-/��-#*�,E"�y���9"F��68-c(�*+:�'2-?"#DI(�*���')-/"."8y���9���,Fw+-/9u(�*+:�'2-?"#J �54)*�!#-T,Fw+-c,.��,E(�'�*51+6^Aq-#9~��yV(�!#!#-#7 ,.-/�5�,Fw�9F�&|�*v(�*��T9F-?!@��*�"¬,.9F1C!%,F-?��-#��-/*�,.">(�9F-f,Fw+-^".(�68-�D�,.w+-B(�9F-?(�"I��y=,.w+-^w�4)"�,F��:�9E(�6�"Iy���9,Fw�-/"F-�,¬|��P,¬�57C-?"���yZ-#��-/*�,."�(�9.-�-'&�1�(�'�JIw+-a"F4)6P7�'2-~(�*�� y�1+')'�(�!#!#-#7 ,E(�*�!#-u(�"^(cy�1+*�!%,.42��*���y(��� �)!*)+ =-,	=-. 4�"f:�42��-#*�4)*k0�4):�Jt� JIw+-f(�!#!@-/7 ,.(�*�!@-V(�,}-/(�!Ew/�8|I(�"�!@��687+1 ,F-?�TA5�a!#(�')!#1+'�(&,F4)*+:P,Fw�-^(���-/9.(�:�-�(�!#!#-#7 ,E(�*�!#-y���9B(�')'0��A+4)*�"^(�,f,Fw�(�,��+JvIw�-#9.-u4)"fy¡(�4)9^(�:�9F-/-#68-#*�,fAq-@,¬|�-#-/*�,Fw+-�"�4)687+'2-a(�*�� y�1+')'(�!/!@-/7 ,.(�*�!@-~(�,B68��"�,P(�*+:�')-/"/J���,8��� � Dt,Fw�-~y�1+')'�(�!/!@-#7+,.(�*C!@-u4�"B��J21�3 24 ��J �����v(�*C�,Fw�-^"�4)687+')-^(�!/!@-#7+,.(�*C!@-f4�">��J21�3�� 4 �+J ���+H�J5	�w+4)')-f,Fw�-#9.-f4)"}y¡(�4)9>(�:�9F-/-#68-#*�,}Aq-@,¬|�-#-/*,Fw�-�"F42687+')-�(�*��Py�1+')'�(�!#!#-#7 ,E(�*�!#-}42*u,Fw+4�"�(�*+:�1�')(�9X9F-/:�4)��*GD�,Fw+-�1+*�!#-#9F,.(�4)*�,¬�B4)*�,.w+-}y�1+')'(�!/!@-/7 ,.(�*�!@-�4)"}')(�9F:�-#9IA5�~(�Aq��1 ,}(Py¡(�!%,F��9I��yZ,Fw+9.-#-�JIw+-6��� -/7C-/*�� -#*C!@-}��yq,.w+-},¬|��f(�!/!@-/7 ,.(�*�!@-?"X(&,7�B¯���� � 4)"�"�w+�&|�*�4)*u0Z42:CJ���JZIw+-

8:9�;=<:>@?:A@B2CEDFB2GIHJGLKMDFN=<�OPB2?QN=R(GIH=;J?:S2T=>FDF<:APUL>WVW<:S2S�UL>W<YXEULR(C=S2<Z?-ULS2?:T=S�U[DFB2GIH=>
ULA@<Z\IB ]"<:H�GIH�U7VW<:^
>@B DF<7U[DPD@NE<7_
H=B ]"<:A@>FB Da`�GLKbOcB2?QNER(GIH=;ed
VPVPV5f AFB2?QN=R(GIH=;�f <-;ET�gIh
\I\IB2S K Gi`'Sjg[A@<:>@<-ULA@?@N�g[>@C=B2;E<-AkVcT=S Kag[?:S2T=>kD@<:A NEGIR(<"f N"DFR(Slf

�



)° (proton
labθ

10 20 30 40 50 60 70 80 90

E
ve

n
ts

, L
ab

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

0Z42:�1+9.->H���Iw+-�7�9F��,F��*+��(�*+:�1+'�(�9F�
� 4)"�,F9.4)A+1 ,F4)��*�y���9z,.w+9F�&|�* ³ A+'�(�!Ep�D&�+(�"�w+-?��´%D�(�!#!#-#7 ,.-/�5�,Fw�9F�&|�* ³ "F��')4���Dt:�9.-#-#*q´V(�*���9.-/!#��*�"�,F9.1�!@,F-/� ³ � ��,F���+(�"�wzDZ9.-/�C´�-#��-#*�,."B!@9.-/(&,.-/� 4)*�,Fw+-9.-/(�!@,F4)��* 8��%: �*; � (&,VH 6 -#�BJ

)° (proton
labθ

10 20 30 40 50 60 70 80 90

A
cc

ep
ta

n
ce

, L
ab

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0Z42:�1+9.-x� �kIw+- ��� 4�"�,F9.42A+1+,F4)��*{��y^"�4)687+'2- ³ �+(�"�w�-/��D}A�')(�!Ep ´~(�*���y�1+'2' ³ "���'24���D}9.-/��´(�!/!@-/7 ,.(�*�!@-?"�y���9}7+9.��,.��*�"I4)*�,Fw+-^')(�AGJ�Iw+-^(�!#!#-#7 ,E(�*�!#-�(�,}-/(�!Ew�(�*+:�')-V4)">(�*c(���-/9.(�:�-�&��-/9J�Ty���9���*+-V"�-?!%,.��9?J
�



,¬|��B(�!/!@-/7 ,.(�*�!@-?"�(�9F-�42*�:��5� �~(�:�9.-#-/6P-/*�,�-#��-#*�(&,�,Fw+-�-/�+:�-/"�|�w+-/9F-�,Fw�-�(�!#!#-#7 ,E(�*�!#-4�"�!EwC(�*+:�42*+:a9.(�7+4�� '2��J^��, � ¯ � � D�,.w+-By�1+'2'X(�!#!#-#7 ,E(�*�!#-B4�"��+J 3e1 0e4 �+J ��� 0 D�|�w+42')-P,Fw+-"F42687+')-^(�!/!@-/7 ,.(�*�!@-�4�">�+J 3e1 H 4 ��J ���+H�J�Iw+-^� 4�"�7q-#9E"F42��*�4)*��u(�*C�/��y���9�,Fw+4�">(�*+:�1�')(�9A+4)*�|I(�"�� -#,F-#9.6842*�-/�vA5�c:�-#*+-/9.(�,F4)*+:~7+9.��,.��*�"�(&, ³ � � ��´�¯ ³ ��� � � � � ´>,Fw+-/*x9.-/!#��9E� 4)*+:,Fw�-u9F-?!@��*�"¬,.9F1C!%,F-?�#� � ��JcIw+-�9.-/"F1+'�,E"^(�9F-�"Fw+�&|�*�42*k0Z4):�Jz�CJ�Iw�-u9F6�"��C1�!%,.1�(&,.42��*4)* � 4�"a��J ��� � D>|�w+4)'2-�,Fw+- 9.68"~y���9�� 4�"a��J ��� � J�Iw+-/9F-#y���9.-�(k7�(�9�,.4)!#'2-�,Fw+9.�&|�*{(&,³ � � ��´�¯ ³ ��� � � � � ´�|�4)'2'�AC-�|�-/'2'5!@��*�,E(�4)*+-/��4)*^( 0�� �}A+4)*GD&A+1+,���*�'2��7�(�9F,F4�(�')')��!#��*�,.(�42*+-?�4)*a,.w+-^� � �cA+4)*GJ

)° (protonφ
-20 -10 0 10 20 30

)° (protonφ
-20 -10 0 10 20 30

A
cc

ep
ta

n
ce

, L
ab

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0Z42:�1+9.-��+��Iw+-#� � 4�"�,F9.42A+1+,F4)��*���y^"F4)6P7�'2- ³ �+(�"�w+-?��D�A+'�(�!Ep+´�(�*���y�1+')' ³ "���'24���D�9.-/��´(�!/!@-/7 ,.(�*�!@-�y���9I7+9.��,.��*�"�7+9.� � 1�!@-?�a(�,0�B¯���� � JXIw+-V(�!/!@-/7 ,.(�*�!@-�(&,�-/(�!Ew~7q��4)*�,I|I(�"!#(�')!#1+'�(&,F-?�uy���9}(PA+42*T|�4��5,FwT��y 0�� 42*/��(�*��T� � 42*���J0Z42:CJ&�>"�w��&|}"�(�*^(�7+7�9F-?!@4�(�A+')-�� 42��-#9.-#*�!#-�Aq-@,¬|�-#-/*fy�1+')' (�*��B"�4)687+'2-I(�!/!@-/7 ,.(�*�!@-?"z(&,'�(�9.:�-X(�*�:�')-/"/D?"F1+:�:�-/"�,F4)*+:�,.w�(&,ZA+42*^6P4):�9E(&,.42��*V4)"�68��9.-X4)6P7q��9F,.(�*�,�(&,�,Fw+-?"�-�(�*+:�'2-?"#Jz��,
1&� � D�,Fw�->y�1+')'�(�!/!@-#7+,.(�*C!@->4�"��+J 0�� H 4 �+J ��� 0 |�w+42')-�,Fw+-�"�4)687+')-�(�!#!@-/7 ,.(�*�!@->4)"I�+J 2�0�0 4�+J �����+JG���!#��687�(�9.-X,.w+-��+4)"F7C-/9."F4)��*Vy���9Z� 42��-#9.-#*�,t(�*+:�')-/"/D?-#��-/*�,."�|�-/9F-�:�-#*�-#9E(&,F-?���&��-/9(�9E(�*+:�-f��y7��(�*+:�'2-?">(�, ��¯��+J�Iw+-^9.-/"F1+'2,.">(�9F-B"�w+�&|�*�42*�0Z4):�J 0 y���9},Fw�-P� 4�"F7C-/9."F42��*4)* ��(�*C��0�4):�J 2 y���9f,Fw�-a� 4�"�7q-#9E"F42��*�42* ��J�Iw�- � � � y���9 �v4)*�!@9.-/(�"�-?"�y�9.��6 �+J)H 2��(&, ��¯ H/� � ,F��H�J 0�� (&, ��¯ 1&� � DI|�w+-#9.-/(�"P,Fw+- � � � y���9 � � 9F��7�"8y�9.��6 H�J)H � (&,
��¯�H/� � ,F�v�+J ��� � (&,��v¯±��� � ,.w+-#*�4)*�!@-?(�"F-/"�,.��� J � � (&, �x¯ 1&� � JcIw�1C"V,Fw�-#9.-�4)"(v:�9F-?(&,.-#9f7+9.��AC(�A+4)'242,¬�xy���9PA+42*�6842:�9.(�,F4)��*k(&,���¯ 1�� � J Iw+-/��� -#7q-#*C� -#*�!#-a��y

0



)° (
proton
labθ

37 38 39 40 41 42 43

E
ve

n
ts

0

50

100

150

200

250

300

350

400

)° (
proton

φ
-4 -2 0 2 4

E
ve

n
ts

0

50

100

150

200

250

300

0Z42:�1+9.-��C��( ³ '2-#y3,E´@D�,.w+-���� 4�"¬,.9F4)A+1 ,.42��*���y�7+9F��,F��*�"P,Fw+9.�&|�*�(&, ³ � � ��´T¯ ³ ��� � � � � ´%JA ³ 9F4):�w�,E´@D5,Fw+- ��� 4�"¬,.9F4)A+1 ,.42��*���yZ7�9F��,F��*C"�,.w+9.�&|�*�(�, ³ � � �q´�¯ ³ ��� � � � � ´@J

)° (
proton
labθ

10 20 30 40 50 60 70
)° (

proton
labθ

10 20 30 40 50 60 70

 R
es

o
lu

ti
o

n
 (

rm
s)

θ

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0Z42:�1+9.- 0 ��Iw�->� -#7q-#*C� -#*�!#-���y�,Fw�-J�V9F-?"���'21+,F4)��*P��*���y���9 ��¯{� � JtIw+-}')4)*+->!@��*+*+-?!%,.",Fw�-V7C��42*�,."/J
2



)° (
proton
labθ

10 20 30 40 50 60 70
)° (

proton
labθ

10 20 30 40 50 60 70

 R
es

o
lu

ti
o

n
 (

rm
s)

φ

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

2.2

0Z42:�1+9.- 2 ��Iw+-��~� -/7C-/*�� -#*C!@-^��y=,Fw+- �x9F-?"���'21+,F4)��*Ty���9�7+9.��,.��*�"},Fw+9.�&|�*v(&, �x¯`� � JIw+-�')42*+-f!#��*+*�-/!%,E"�,Fw+-V7q��4)*�,."/J

)° (protonφ
-20 -10 0 10 20 30

)° (protonφ
-20 -10 0 10 20 30

A
cc

ep
ta

n
ce

, L
ab

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0Z42:�1+9.-#15��Iw+-#� � 4�"�,F9.42A+1+,F4)��*���y^"F4)6P7�'2- ³ �+(�"�w+-?��D�A+'�(�!Ep+´�(�*���y�1+')' ³ "���'24���D�9.-/��´(�!/!@-/7 ,.(�*�!@-�y���9}7�9F��,F��*C"�7�9F� � 1�!#-/��(&,J�^¯ 1&� � J
1



,Fw�-^(�!/!@-#7+,.(�*C!@-/">(&,��P¯ 1�� � 4�">"Fw+�&|�*T4)*v0�4):�JW15JIIw+-Vy�1+')'t(�!#!#-#7 ,E(�*�!#-V4)">'2-?"F"�,Fw�(�*"F42687+')-^(�!/!@-/7 ,.(�*�!@-f(�*���9F-/68(�42*C"Iy¡(�4)9F')�a!#��*�"�,.(�*�,}�&��-#9}(u|�4)� -^9.(�*+:�-���y5��D�|�w�-#9.-/(�",Fw�-}"�4)687+'2-�(�!#!@-/7 ,.(�*�!@-�"F'2�&|�')�f� -?!@9.-/(�"F-/"t(�"��u68�&��-/"t(�|I(���y�9F��6 � � J=��,7�T¯�� � D�,Fw+-y�1+')'z(�!/!@-/7 ,.(�*�!@-�4�"��+J 2 3�� 4 ��J ��� 2 |�w+4)'2-�,.w+-f"�4)687+')-f(�!#!#-#7 ,E(�*�!#-�4�"}��J21
�
� 4 �+J �����+J

� � W/[�� W��^U=S�n=W@MB[
Iw+-�-#�q-?!%,."���y�A+4)*86P4):�9E(&,.42��*�!#(�*8Aq->"F-#-#*8A5�^')�5��p54)*+:f(&,=,.w+-}A+4)*�6842:�9.(�,F4)��*86�(&,F9.42��D
� JIIw+-V9F-?!@��*�"¬,.9F1C!%,F-?��A+42*C"}(�"."�� !#4)(�,F-/�a|�42,Fwc7�(�9�,.4)!#'2-?"I,Fw+9.�&|�*T42*�,.�u(�"�-/'2-?!%,F-?�TA+4)*!#(�*�AC-x4)�+-#*�,F42��-/�GD>(�"~|�-/'2'�(�"�,.w+-v,.w+9.�&|�*�7�(�9F,F4�!@')-/"a(�"."�� !@4�(&,.-/��|�42,Fw (k"F-#')-/!@,F-?�9.-/!@��*�"�,F9.1�!%,.-/�aA+42*zJI� ,¬|��u� 4)68-#*�"F4)��*�(�'z7+')��,>��y�,.w+-^6�(�,F9.4���4)"}"Fw+�&|�*T4)*�0Z42:CJ

�
y���9,Fw�-aA+4)* ³ � � �q´a¯ ³ ��� � � � � ´%J�0�4):�J

�
(vw+4�"�,F��:�9.(�6�"f,.w+-aA�42*�"Py���9^,.w+-T9F-?!@��*�"¬,.9F1C!%,F-?�7�(�9�,.4)!#'2-?"f(�"."�� !#4)(�,F-/� |�42,Fwk(c7�9F��,F��* ,.w+9F�&|�*�4)*�,F�c,.w+- ³ � � ��´B¯ ³ ��� � � � � ´�A+4)*GJv�>'2'��y�,Fw+-^-#��-/*�,."I4)*a,.w+4�"�7+')��,>!@��*�,F9.42A+1+,F-�,F�8,.w+-f"�4)687+')-f(�!#!#-#7 ,E(�*�!#-�J=Iw+-/9F-V(�9.-V(�Aq��1 ,,Fw�-T".(�68-�*51+6^Aq-#9���y�7�(�9�,.4)!#'2-?"B4)*�A+42*C"8y���9���(�*+:�'2-?"B:�9F-?(&,.-#98(�*���'2-?"F"P,.w�(�*���� � J�54)6842'�(�9.'2�PA+4)*�"�y���9�"�6�(�')')-#9�(�*���:�9F-?(&,F-/90�aw�(���->(�Aq��1 ,�,Fw+-�".(�68->*51+6BAC-/9���yZ!@��1�*�,E"#J0Z42:CJ

�
A�w+4)"�,F��:�9E(�6�"8,.w+-vA+4)*�"~y���9�,.w+-v,.w+9F�&|�*�-/��-/*�,E"u(�"."F�5!#4)(�,F-?��|�42,Fw (�7+9.��,F��*9.-/!@��*�"�,F9.1�!%,.-/��4)*�,F� ³ � � �q´�¯ ³ ��� � � � � ´@Jt�>'2'���yG,Fw�-�-/��-/*�,E"�4)*a,Fw+4�"�7+'2��,I!#��*�,F9.4)A+1 ,F-�,F�,Fw�-8y�1+'2'�(�!#!#-#7 ,E(�*�!#-�J�Iw+-u"Fw�(�7q-8��y�,Fw+-�w�4)"�,F��:�9E(�6 4�"V"�4)6842'�(�9�,.�T0Z4):�J

�
(+J�0Z42:CJP3+D(8')��:�7+')��,���yt,Fw+-B�+(&,E(842*�0Z4):�J

�
DC"Fw+�&|}"�,.w+-B".!#(�,�,F-/9}��y=9.-/!#��*�"�,F9.1�!%,.-/�T(�*C��,Fw+9.�&|�*(�*�:�')-/"I(�Aq��1 ,�,.w+-f!@-/*�,F9E(�'�A+4)*GJ

Iw+-8A+4)* 684):�9E(&,.42��*�6�(&,.9F42�vy���9 ³ � � ��´V¯ ³ 1�� � � � � ´�4)"V"Fw+�&|�*x42*�0Z42:CJ=H/��J�����6B�7�(�9F-?�f,.� ³ � � ��´�¯ ³ ��� � � � � ´Z4)*80Z4):�J
�
D � 4)"=(�"��56868-@,.9F4�!�42*��+J=�>"�"�w+�&|�*P4)*80Z4):�J H?��(+D7�(�9�,.4)!#'2-?"�,Fw�9F�&|�*v4)*�,F� ³ � � �q´�¯ ³ 1�� � � � � ´>w�(���-^(~:�9.-/(�,F-#9�7+9.��A�(�A+42')42,¬�a��yX6P4):�9E(&,.42*�:,F� ³ � � ��´P¯ ³�2�0�� � � � ´V,Fw�(�*�,F� ³ � � �q´�¯ ³ 1 0�� � � � ´@JxIw+-�(�"F��6868-@,.9F� 4�"^68��9.-u7+9.���*+��1+*�!@-?�T42*x0�4):�JZH/��AGDq|�w+-#9.-f7�(�9�,.4)!#'2-?"�,Fw�9F�&|�*v(�,��uA+4)*�"�:�9.-/(&,.-#9�,.w�(�* 1&� � w�(���-f(*+-/:�')42:�42A+')-P7+9F��A�(�A�42')4�,¬�c��y�Aq-#4)*+:T9F-?!@��*�"¬,.9F1C!%,F-?��(�, �c¯ 1&� � JPIw�-#9.-P(�9F-8(�')68��"�,�*+�7�(�9�,.4)!#'2-?"}(&, ³ � � �q´�¯ ³ 1 0�� � � � ´>!@��687�(�9F-?�a,F�a0Z4):�J�H/��(�D+|�w+4�!Ewvw�(�"}(u"F68(�'2'�*51+6^Aq-#9��y�7�(�9F,F4�!@')-/"�9.-/!@��*�"�,F9.1�!%,.-/��4)*u,.w+4)"IA�42*GJXIw�-#9.-�(�9F-�(^'�(�9.:�-�*�1�6^Aq-#9I��yZ7�(�9F,F4�!@')-/"�684��:�9E(&,.42*�:uAC-#,¬|�-/-#* ³�2�0�� � � � ´�(�*C� ³ 1�� � � � � ´%J�Iw+-PA+42*�6P4):�9E(&,.42��*c42')')1�"¬,.9.(�,F-?�c42*�,Fw+-?"�-,¬|��P7�'2��,."I')-/(���"�,F��(�� 42�q-/9F-/*�!@-�4)*a,.w+-f"F42687+')-f(�*��~y�1+')'z(�!/!@-/7 ,.(�*�!@-�J

�}*·-#�5,F9.-#68-k-@�+(�6P7�'2-k��y�A+42* 684):�9E(&,.42��* 4�"�"Fw+�&|�* 4)*·0Z42:CJ^H�Hky���9 ³ � � ��´�¯³ 1�� � � ¸>� �e� ´@Dz(�A+42* *+-?(�9�,Fw+-u!#��4)')"/JB0Z4):�J=H�H/(u4)*�� 4�!#(�,F-?"�,Fw�(�,�7�9.(�!%,F4�!#(�'2')�v(�')'=��y�,Fw+-7�(�9�,.4)!#'2-?"z,.w+9.�&|�*B(&, ³ 1&� � � ¸>� � � ´Z(�9F-�9F-?!@��*�"¬,.9F1C!%,F-?�f(&,5��(�*+:�')-/"t!#'2��"�-/9�,.�>,.w+-}!@-/*�,F-#9��y ,.w+-I"�-?!%,F��9/JZ�}*��B0Z42:CJ�H�H#A^"Fw+�&|}"G,Fw�(�,Z6�(�*5��-#��-#*�,."�9.-/!@��*�"�,F9.1�!%,.-/�f(�, ³ 1&� � � ¸>� ��� ´|�-#9.-�,.w+9.�&|�*P(�, �~(�*+:�')-/"=!#'2��"�-/9t,F��,Fw�-}!@-#*�,.-#9X��yC,.w+->"F-/!%,.��9?JZ�54)*�!#-I,Fw+-�,.��,E(�'�!#��1+*�,."4)*~0Z42:CJqH�H#Au(�9F-�6^1�!Ewu')-/"."�,Fw�(�*�,Fw+��"�-�42*�0Z42:CJCH�H/(+D�,Fw�-}y�1+')'�(�!#!#-#7 ,E(�*�!#->4�"�')-/"."�,Fw�(�*,Fw�-f"�4)687+'2-V(�!#!@-/7 ,.(�*�!@-�y���9I,Fw+4�"�A+4)*GD�(�"I|�(�"�"�w+�&|�*�4)*�0Z4):�J 1 J

�



θ25
30

35
40

45
50

55

φ

-8
-6

-4
-2

0
2

4
6

8
10

0

2000

4000

6000

8000

10000

12000

14000

16000

Reconstructed Angle for Given Thrown Angle

θ25
30

35
40

45
50

55

φ

-8
-6

-4
-2

0
2

4
6

8
10

0

2000

4000

6000

8000

10000

12000

14000

16000

Thrown Angle for Given Reconstructed Angle

0Z42:�1+9.-
�
��( ³ ')-@y3,%´%D�,Fw+- ³ � � ��´�� 4)"�,F9.4)A+1 ,F4)��* ��y^9.-/!#��*�"�,F9.1�!@,F-/� (�*+:�'2-?"uy���9a7+9.��,.��*�",Fw�9F�&|�*�(&, ³ � � ��´v¯ ³ ��� � � � � ´%J A ³ 9.4):�w�,E´@D�,.w+-�� 4�"�,F9.42A+1+,F4)��*���y�,Fw�9F�&|�*�(�*+:�'2-?"8y���97+9.��,.��*�"�,FwC(&,}:�(���-�(P9.-/!#��*�"�,F9.1�!%,.-/��(�*+:�'2-�(&, ³ � � ��´�¯ ³ ��� � � � � ´%J

θ25
30

35
40

45
50

55

φ

-8
-6

-4
-2

0
2

4
6

8
10

1

10

210

310

410

Reconstructed Angle for Given Thrown Angle

θ25
30

35
40

45
50

55

φ

-8
-6

-4
-2

0
2

4
6

8
10

1

10

210

310

410

Thrown Angle for Given Reconstructed Angle

0Z42:�1+9F- 3��XIw+-V�+(&,E(B4)*c0Z42:CJ
�
7+'2��,�,.-/��|�4�,.wc(B')��:�".!#(�'2-�y���9I,.w+-V��-/9�,.4)!/(�'�(&� 4�"#J

3



θ55
60

65
70

75
80

85
φ

-8
-6

-4
-2

0
2

4
6

8
10

0

1000

2000

3000

4000

5000

6000

7000

Reconstructed Angle for Given Thrown Angle

θ55
60

65
70

75
80

85

φ

-8
-6

-4
-2

0
2

4
6

8
10

0

1000

2000

3000

4000

5000

6000

7000

Thrown Angle for Given Reconstructed Angle

0Z42:�1+9.-xH?�+�T( ³ ')-@y3,%´%D�,Fw�- ³ � � ��´��+4)"�,F9.42A�1 ,F4)��*���y�9F-?!@��*C"¬,.9F1�!@,F-?� (�*�:�')-/"Py���987+9.��,.��*�",Fw�9F�&|�*�(&, ³ � � ��´v¯ ³ 1�� � � � � ´%J A ³ 9.4):�w�,E´@D�,.w+-�� 4�"�,F9.42A+1+,F4)��*���y�,Fw�9F�&|�*�(�*+:�'2-?"8y���97+9.��,.��*�"�,FwC(&,}:�(���-�(P9.-/!#��*�"�,F9.1�!%,.-/��(�*+:�'2-�(&, ³ � � ��´�¯ ³ 1�� � � � � ´%J

H/�



θ55
60

65
70

75
80

85
φ

-36
-34

-32
-30

-28
-26

-24
-22

-20
-18

0

50

100

150

200

250

300

350

400

Reconstructed Angle for Given Thrown Angle

θ55
60

65
70

75
80

85

φ

-36
-34

-32
-30

-28
-26

-24
-22

-20
-18

0

5

10

15

20

25

30

35

40

Thrown Angle for Given Reconstructed Angle

0Z42:�1+9.-xH�H��T( ³ ')-@y3,%´%D�,Fw�- ³ � � ��´��+4)"�,F9.42A�1 ,F4)��*���y�9F-?!@��*C"¬,.9F1�!@,F-?� (�*�:�')-/"Py���987+9.��,.��*�",Fw�9F�&|�*�(�, ³ � � ��´�¯ ³ 1&� � � ¸>� ��� ´@JfA ³ 9F4):�w�,E´@D�,Fw+-8� 4�"¬,.9F4)A+1 ,.42��*���yX,Fw+9.�&|�*x(�*+:�')-/">y���97+9.��,.��*�"�,FwC(&,}:�(���-�(P9.-/!#��*�"�,F9.1�!%,.-/��(�*+:�'2-�(&, ³ � � ��´�¯ ³ 1�� � � ¸>� �e� ´@J

H�H



� K�l�l�d>QanZSf[Tl�d�� U=U=M^U=Y
�>"I(P!Ew+-/!Ep���*u,.w+-�-#9.9F��9�!#(�')!#1+'�(&,F4)��*C"�1C"�4)*+:8�5&qJ5��D�,Fw+-�y�1+')'G(�!/!@-/7 ,.(�*�!@-�(&, ³ � � ��´�¯³ ��� � � � � ´�|�(�"�� -#,F-#9.6842*�-/��y���9�(P"F-@,���yz9.1+*�"�|�4�,.w�H�6P4)')'24)��*u-/��-/*�,E"#J=Iw+-�y�1+')'�(�!#!#-#7 �,.(�*�!@-�(�*���-/9F9.��9�y���9�,.w+4�"VA+4)* |�-#9.-8!#(�'�!@1�')(�,F-/��y���9V-?(�!Ew�"�-#,/J�Iw+-89.-/"F1+'�,f4�"V"Fw+�&|�*4)* 0Z4):�J=H?�+J�Iw+-8w+��9.42�/��*�,.(�'t'24)*+-842*C� 4)!/(&,.-/"�,Fw�-u(���-#9E(�:�-^(�!/!@-/7 ,.(�*�!@-8��y�,Fw+-?"�-�"F-@,E"#J
	�w+-/*v,Fw�-^-#9.9.��9>4�"�!@��*C"�4�� -#9.-/�GD�,.w+-B(�!#!@-/7 ,.(�*�!@-?"�y���9�(�AC��1 ,>,¬|����;,Fw+4)9E�+"}��yX,Fw+-P"�-#,."y¡(�')'�|�42,Fw�42*�,.w+->(���-#9E(�:�-�D�(�"�-@� 7C-?!%,.-/�Py���9�(V*+��9F6�(�'C� 4)"�,F9.4)A+1 ,F4)��*zJt� "�4)6842'�(�9X7�'2��,�y���9,Fw�-8"F4)6P7�'2-u(�!#!@-/7 ,.(�*�!@-P-#9.9.��9V!#(�')!#1+')(�,F-?�vy�9.��6�� &qJz�u4�"f"Fw+�&|�*�4)*�0�4):�J=H?�+J��}:�(�4)*(�Aq��1+,�,¬|����;,Fw�429E�+"I��y�,Fw+-V�&(�'21+-?"�y¡(�')'G|�42,Fw+4)*�,Fw+-f(���-#9E(�:�-�J

 0.7

 0.75

 0.8

 0.85

 0.9

 0.95

 1

 1.05

 1.1

 1.15

 1.2

 0  2  4  6  8  10  12  14

F
ul

l A
cc

ep
ta

nc
e

Data Set Number0Z42:�1+9.-cH?� �PIw+-u-/9F9.��9V4)*�,Fw+-~y�1+')'�(�!#!@-/7 ,.(�*�!@-8y���9V,Fw�-~A+4)* ³ � � ��´B¯ ³ ��� � � � � ´f!#(�'��!@1�')(�,F-/� y�9.��6 �5&qJG�vy���9B�+4���-#9.-#*�,B�+(�,.(v"F-@,E"#Jc��(�!Ew�"�-#,^4�"f,.w+-u9.-/"F1+'�,B��yVHu6842')')42��*-#��-#*�,."/J=Iw+-f�+(�"�w+-?�~')4)*+-V4)"�,.w+-f(���-/9.(�:�-�(�!#!#-#7 ,E(�*�!#->y���9�,Fw�-/"F-�"F-@,E"#J

H?�



 0.7

 0.75

 0.8

 0.85

 0.9

 0.95

 1

 1.05

 1.1

 1.15

 1.2

 0  2  4  6  8  10  12  14

S
im

pl
e 

A
cc

ep
ta

nc
e

Data Set Number0Z42:�1+9.-�H/���uIw+-�-#9.9F��9^4)*k,Fw�-�"F42687+')-T(�!#!#-#7 ,E(�*�!#-uy���9^,.w+-aA�42* ³ � � �q´u¯ ³ ��� � � � � ´%J!#(�')!#1+'�(&,F-?��y�9.��6 �5&qJZ�cy���98� 42�q-/9F-/*�,8�+(&,E(�"F-@,E"#J�Iw+-T�+(�"Fw+-/��')4)*+-a4�"^,Fw+-T(���-/9.(�:�-(�!/!@-/7 ,.(�*�!@-���yZ,Fw+-?"�-f"F-@,E"#J=��(�!EwT"�-#,I4�"�9.-/"F1+'2,I��y�H�684)'2')42��*T-#��-/*�,."/J

H/�



� L�MB[Tl}b#jTYtW@MP[TY
� 42* 6842:�9.(�,F4)��*v4�"V(�* 4)6P7q��9F,.(�*�,V!#��*�"F4�� -#9E(&,.42��*v|�w+-#*�!#(�')!#1+'�(&,F4)*+:T(�!/!@-#7+,.(�*C!@-�JB��,."4)6P7q��9F,.(�*�!@-T!#(�*�Aq-T6842*+4)6842�/-/��A5� !Ew+�5��"F4)*+:�A+4)*�"�4)�#-?"B,Fw�(�,~(�9.-a'�(�9.:�-�!@��687�(�9F-?�,F�T,.w+-a(�*+:�1�')(�9V9F-?"���'21 ,.42��*GJ � 1 ,B-#��-/* ,Fw+-/*GDZ,Fw+-u-/9F9.��9V4)*�,Fw�-~(�!/!@-#7+,.(�*C!@-u!#(�*�AC-"F42:�*+4��q!#(�*�,.'2��(&��-/!%,.-/�cA5�T"�6�(�'2'�6P4):�9E(&,.42��*�"}Aq-@,¬|�-#-/*cA+4)*�"#J�Iw+-B!/(�'�!@1+'�(&,.42��*���y=,Fw+-y�1+')'�(�!/!@-/7 ,.(�*�!@-�y���9X(�6^1�'�,.427�(�9�,.4)!#'2-���*C(�'+"�,.(&,.-I|���1+')�B9.-'&�1+4)9F-I(�')(�9F:�-�A+4)*P6P4):�9E(&,.42��*6�(&,.9F42��D � J�$}�&|�-#��-#9=68��"�,���y�,.w+->6�(&,.9F42�B-/'2-/68-#*�,."�|���1+')�8Aq->�/-#9.�V��9X��-#9.�B"F6�(�')'C"F�,Fw�-#9.->4�"�(^7C��"F"F4)A+42')42,¬����yz".(���4)*+:P"¬,.��9E(�:�-}"F7�(�!@->A5��p�-#-#7�42*+:B��*+')�8*+��*+�;�/-#9.�f-#')-#68-#*�,E"#J
� K�l��~[TM�� b@d>g �BO d�[PnZY
	�4)'2' � 9.�5��p "�7+9.�&��4�� -?��4)* y���9.6�(&,.42��* (�AC��1 ,V,Fw+-a!#(�'�!@1�')(�,F4)��* ��y�(�!#!#-#7 ,E(�*�!#-/"/D�o�-#9.9F�
6 4)'�y��&�5')-v:�(���-T,F4)6P-x��*�,.w+- � 4�!Ew+68��*C�{!@')1�"�,F-#9~y���9~,Fw+- 6 �5��4 !#(�')!#1+'�(&,F4)��*C"#D�(�*C�
� 4�!Ew�(�9E�~�>9F*C�5,>(�"."�4�"�,F-/�a|�42,Fw�,Fw+-^�+�}�¬< !/(�'�!@1+'�(&,.42��*�"/J

H#�



K���� ����� s��
K � d}YZl�UXW#QantW#MB[iMB]`LNMPORQcjantd}U LNMugvW/[ �R]�MBU n��Td�Kml
	l�d>QantSf[Tl�d LNSfb#l}jcb@S�n=W@MB[
Iw+-^"F4)6^1+'�(&,.42��*T��(&,.(P�C'2-?"#DC7+9F� � 1C!@-/�TA5� 6 �5��4 (�*��T7�9F� !@-?"F"F-/��A5�a(�H/!�D+|�-/9F-V1C"�-?�A5�~(�*T(�*C(�')�5"F4�"�!#� � -�,F��7+9.� � 1�!@-�*�,F1�7+'2-?"#JXI|��P7�(�"."�-?"I|�-/9F-�6�(�� -�A5�u,.w+-V(�*�(�'2� "F4)"!@� � -�J=Iw+-���9."�,I7�(�"."I!@9.-/(&,.-/�a(�*~*�,.1+7+')-�y���9I,Fw+��"�-�-#��-#*�,."�,.w�(&,�w�(��u:�9.��1�7a����� � A�(�*+p "#JX<�(&,E(842*�,Fw�-/"F-VA�(�*+p "�!#��*�,.(�42*+-?�u,.w+-f��9F4):�4)*�(�'�(�*+:�')-�42* y���9F6�(�,F4)��*�:�-#*�-#9E(&,F-?�y���9P4)*+7+1 ,8,F� 6 �5��4�JXIw+-?"�-��+(&,E(v|�-#9.-~1�"F-/�k,F��!@9.-/(�,F-~( "�-#,8!/(�')'2-?��,Fw�-���,Fw+9.�&|�*-#��-#*�,."�+J8� "F-/!@��*��x*�,.1+7+')-�|�(�"�!@9.-/(&,.-/�x42*�(�*���,Fw�-#9V7�(�"F"�,.w�(&,V')����p�-?�x(�,�:�9F��1+7 H
��� � �A�(�*+p "=,F�^��A ,E(�4)*�42* y���9F6�(�,F4)��*���*8,.w+->9.-/!#��*�"�,F9.1�!@,F-/�8(�*+:�')-/"�!@9.-/(&,.-/�PA5�B:�"�4)6(�*C��(+H/!�JvIw+- � � ��(�*+:�'2-?"f4)*�,Fw�-~:�9.��1�7�HaA�(�*�p5"^|�-/9F-�7�')(�!@-/�k42*�,.w+-~*�,.1+7+')-uy���9"F1+A�"F-'&�1+-#*�,u(�*C(�')�5"F4�"P,Fw�(�,~(�"."�-/6^A+')-/��(�"�-#,8��y�-/��-/*�,E"�!#(�'2')-/��,Fw�-���9.-/!@��*�"�,F9.1�!%,.-/�-#��-#*�,."�+JtIw+-V"F-/!@��*��u7C(�"."�(�')"F�^9.-/!#��9E� -/�~42*+y���9.68(�,F4)��*a42*a,Fw+-�:�9F��1+7~����� � �A�(�*+py���9�,.w+��"F-8-#��-#*�,."�,FwC(&,fw�(��x(�*�(�"F"F� !@4�(&,.-/�v:�9F��1+7 H ��� �  A�(�*�pqJ�Iw+- � � �k(�*+:�')-/"y�9.��6N,Fw+-�(�"."�� !#4)(�,F-/�8:�9F��1+7u� ��� � �A�(�*+p8|�-#9.->1�"F-/�u')(�,F-#9�,F�P7+9.�5�+1�!@->(B"�-#,�!/(�')'2-?�,Fw�-��.(�!/!@-#7+,F-/� ��,.w+9F�&|�*V-/��-/*�,E"��J�Iw+-�,¬|���*�,F1�7+'2-?"t|�-/9F-�,Fw+-/*�!@��*5��-#9F,F-/�V,F��( � �V��,F9.-#-�J� � �V�� !@� � -�D�Iw+9.�&|J�X4��+J ��D59F-?(���,.w+-V��9E"�,I*�,.1+7+')-�,F��7+9.� � 1�!@-V(�9F9E(�� "Xy���9�,Fw+-(�*�:�')-/"�,Fw�(�,}:�-/*+-#9E(&,.-/��,.w+-V-#��-#*�,."I4)* 6 �5��4�J�0Z4)9."�,/D5,¬|��P,Fw+9.-#-#���+4268-#*C"�4)��*�(�'G(�9.9.(�� "/DIw+9.�&|�����1+*�,E�z(�A�(�*C�{Iw+9.�&|�����1+*�,%�"4kDX|�-/9F-v!#9F-?(&,.-/��|�42,Fw � 4)68-#*�"F4)��*�" ³	2 D�� 2 D����´�!#��9.9F-?"�7q��*C� 42*�:f,F� 2 "F-/!%,.��9E"#D � 2 0 � ��|�4)�+- �PA+4)*�"/D�(�*������8� � �;|�4�� - �cA�42*�"/JXIw+-/*Iw+9.�&|J�X4��+J ��')�5��7q-/���&��-#9u-/��-#*�,E"u4)*�,Fw+-x*�,F1+7+')-�JN0+��9a-?(�!Ew�-#��-#*�,/D(� 4)"�� 4)��4�� -?�4)*�,.� 0�� 42*�,.-#9.��(�')"/D5(�*���(�*�42*�,F-/:�-/9�4�"�!@9.-/(�,F-?�89F-/7+9F-?"�-/*�,F4)*+:�,Fw+->A+42*~42*��+-@�8y���9�,Fw�(�, �+J�54)6842'�(�9.'2��D��^4�"z�+42�54�� -/�V4)*�,F��� � 4)*�,F-/9F�&(�'�"/D�(�*��V(�*V4)*�,F-/:�-#9�4)"Z!@9.-/(�,F-?��9F-/7+9F-?"�-/*�,F4)*+:I,Fw+-�c4)*�� -#��JXIw+-f"�-?!%,.��9�y���9I,.w+-V-#��-#*�,�|�(�"�(�'�"���".(���-/�GJ=��*�!#-�,Fw+-V4)*�,F-#:�-#9E"I4)�+-#*�,F42y��542*+:,Fw�- ³���������� � D � � ��´PA+42*�(�9.-�p�*��&|�*GDX,.w+-v(�9.9.(���-/'2-/6P-/*�,Py���9P,Fw+-v(�"F"F� !@4�(&,F-?�kA+4)*�4)"4)*�!@9.-#68-#*�,.-/��J��}y3,F-/9>-@� 42,F4)*+:P,Fw+-^'2�5��7zD ,Fw+-f(�9F9E(�� "I(�9.-�"�,F��9F-?�~4)*v($>��0kw+4�"�,F��:�9.(�6�"(�*C�c|�9F42,�,.-#*�,F�a(u��')-��.(�!#!#-#7 ,?J 9.�5��,�+J>�>9F9E(�� "�|�-/9F-P(�!/!@1+6B1+')(�,F-?�Ty���9�AC��,Fwc,.w+-P')(�A(�*C�T�"4 y�9E(�68-/"�"F�P,Fw�(�,�,Fw+-f(�!#!@-/7 ,.(�*�!@-�!@��1+'��aAq-f!#(�')!#1+'�(&,F-?�~4)*TAC��,Fw�y�9E(�68-/"/J	}-#��,�(�*+��,.w+-#9t9.�5��,=!@� � -�D��X4����>!/!@-/7 ,.(�*�!@-�J ��D�')����p�-?�^(&,t,.w+-�"�-?!@��*C�^*�,F1�7+'2-�JZIw�4)"!@� � -V"F��9F,."�,.w+-V*�,F1+7+')-f(�*C�a!/(�'�!@1+'�(&,.-/"�,Fw�-f(�!#!#-#7 ,E(�*�!#-�|�42,FwT,.w+-�y���')'2�&|�4)*+:�"�,F-#7C"#�H�JIIw�-B"F-/!@��*��T*�,F1+7�'2-B4)"�"���9�,.-/�a,F��!@9.-/(�,F-^(8,.w+9.-#-@�
� 4)68-#*�"F42��*�(�'�(�9.9.(��a|�4�,.wvA+4)*-/'2-/68-#*�,."X!#��*�,.(�42*�42*+:�,.w+-�*51+6^Aq-#9=��yq-/��-#*�,E"t42*8-/(�!Ew ³���������� � De� � �q´=A+42*zD�(�"t|I(�"�+��*+-V4)*vIw+9.�&|J�X4��+J ��J50���1+9�(�9.9.(�� "�|�-/9F-f!#9F-?(&,F-?�e� �5426B1+'�(&,F4)��*�����1+*�,.��(�A+6�!�D� 426B1+')(�,F4)��*q����1+*�,.��(�AGD�(�*��V�54)6^1�')(�,F4)��*q����1+*�,%�"4c6�!�D�(�*C��� 426B1+')(�,F4)��*q����1+*�,%�"4�J� 426B1+')(�,F4)��*q����1+*�,.��(�A+6�!=(�*C��� 426B1+')(�,F4)��*q����1+*�,%�"4c6�!t:�(���-Z,Fw+- ³���������� � D=� � ��´A�42*8,.��,.(�')"Zy���9t,Fw+-},Fw+9.�&|�*B-/��-/*�,E"#JtIw+- ³���������� � D�� � ��´=�+(�,.(�4�"t,Fw�-}"F(�6P-�(�"t,Fw+-4)* y���9F6�(&,.42��*�y���1+*C��42*^Iw�9F�&|J��4)��J ��D%A+1+,Z(�9.9E(��5"q|�4)'2'���*�'2��42*�!#'21C� -X,.w+��"F-X-#��-#*�,.",.w�(&,8"�1�9F�54)��-�,.w+-a(�H/!�7+9.� !@-?"F"F42*�:�JvIw+-/9F-#y���9.-�,Fw+-?"�-~-#��-/*�,."f|�-#9.-~!/(�')'2-?��,Fw+-(�!#!#-#7 ,.-/�5�;,Fw+9.�&|�* -/��-/*�,E"#J��54)6^1+'�(&,.42��*q����1+*�,E�z(�A�(�*����54)6^1+'�(&,.42��*q����1+*�,@�"4!#��*�,.(�42*�A�42*8,.��,.(�')"Xy���9�,Fw+-}9.-/!#��*�"�,F9.1�!@,F-/�8(�*+:�')-/"/JZ�}y3,F-/9�-#�542,F4)*+:V,.w+-}')�5��7GD�,Fw+-

H 0



(�9F9E(�� ">(�9F-P7+'�(�!@-?�v4)* ($���0�w�4)"�,F��:�9E(�6�"Y��w�"F426B1+'�(&,F4)��*��"4c6�!�D�w�"F426B1+')(�,F4)��* ���(�A+6�!�D+w�"F426B1+')(�,F4)��*q�"4 (�*C�~w�"F4)6^1+'�(&,.42��*��z(�AGJ�+J ��4)���>!/!@-#7+,.(�*C!@-�J ��,.w+-#*cAq-#:�42*C"I,Fw+-f!/(�'�!@1+'�(&,.42��*T��y=(�!#!#-#7 ,E(�*�!#-�JXIw+-��C'2- �.(�!%�!#-#7 ,?J 9.�5��,�P!#9F-?(&,.-/�aA��aIw+9F�&|J��4)��J ��4)"I��7C-/*+-/��J��JIIw�-P"F42687+')-8(�!#!#-#7 ,E(�*�!#-f4)*��"4 4�"�!#(�'�!@1�')(�,F-/��1�"F42*+:��5&qJZH�J�Iw+-P!/(�'�!@1+'�(&,.42��*1C"�-?"~w�,Fw�9F�&|��"4�D�!@9.-/(�,F-/��A5��Iw+9.�&|J�X4��+J ��D�(�*C��w�"F426B1+')(�,F4)��*q�"4v68!�J Iw+-(�!#!#-#7 ,E(�*�!#-By���9V-/(�!Ew�A+4)*�4)"V"�,F��9F-?��4)*xwC(�!#!#-#7 ,%�54)6u�"4kDz(�"�|�-#')'X(�"�,Fw�-�-#9.9F��9!/(�'�!@1+'�(&,.-/�~y�9F��6 � &CJ��+J�CJIIw�-#*�,Fw�-=y�1+')'�(�!/!@-/7 ,.(�*�!@-t4�"G!#(�')!#1+')(�,F-?��1C"�4)*+:}�5&qJ#��JzIw+-Xw�4)"�,F��:�9E(�6�"�w�,Fw+9.�&|��"4�D!#9F-?(&,.-/��A5��Iw+9.�&|J�X4��+J ��J+(�*C�Tw�"�4)6^1�')(�,F4)��*q�"4 (�9.-V1�"F-/��J�<�1+9.42*+:u,Fw+-^!/(�'�!@1 �'�(&,.42��*GD5(�*~(�9F9E(��
� � � � ��� � ��������� � �
� � !��
� �#!��C4�"�!#9F-?(&,.-/�P,FwC(&,�:�42��-/"t,.w+->7�9F��A�(�A+4)')4�,¬���y�( 7�(�9�,.4)!#'2-TAq-#4)*+: ,Fw+9.�&|�* 4)*�,F��A+4)* ³���������� � D0� ! � �#!;´P(�"��+-@��*+-?� 4)*��5&qJ 0 J�>')"F�B,Fw+-�(�9.9.(�� � � ��� � ��������� � D � ® � � ® � � ! � �#!¡�G!@��9.9.-/"F7C��*�� 4)*+:V,F�8�5&qJ 2 4�"I!@9.-/(&,.-/��JIw�-/"F-�,¬|��v(�9F9E(�� "�|�-/9F-�1�"F-/��4)*�,Fw�-~-#9.9.��9f!#(�')!#1+'�(&,F4)��*zJ�Iw+-~9F-?"�1+'2,Vy���9^,Fw+-(�!#!#-#7 ,E(�*�!#-�4�"�".(���-/�a4)*T(8($���0�w+4�"�,F��:�9.(�6 w�(�!/!@-/7 ,�y�1+')'��"4�J
0 JIIw�-�-#9.9F��9�4�"f!/(�'�!@1+'�(&,.-/�x1�"�4)*+:v� &CJ��CJuIw+-�9.-/"F1+'�,f4�"V"�,F��9.-/� (�"V,Fw+-�-/9F9.��9�4)*wC(�!#!#-#7 ,Fy�1+')'3�"4�J
2 JIIw�-�(�AC�&��-~7+9.� !@-/�+1+9F-a4)"B,.w+-#*�9F-/7C-?(&,F-?��,.�x:�-@,^,.w+-c(�!/!@-#7+,.(�*C!@-~4)*k,.w+-�')(�A,.��!@9.-/(�,F-�w�(�!#!#-#7 ,%�5426���(�Ak(�*C�xwC(�!#!#-#7 ,Fy�1+')')��(�AGJc�}')'�w�4)"�,F��:�9E(�6�"V|�-#9.-8,Fw+-/*|�9.42,�,F-/*^4)*�,F�},.w+-���'2-�(�!/!@-#7+,/J 9F�5��,?D�|�w+4)!Ew^|�42')'5*+�&|�42*C!@')1�� -�w�4)"�,F��:�9E(�6�"z!#9F-?(&,F-?�A5�uAq��,.w�Iw�9F�&|J��4)��J ��(�*�� ��4)���>!/!@-#7+,.(�*C!@-�J ��J Iw+-���')-�(�!#!#-#7 ,?J 9.�5��,I|�(�"�9.-/(��A5��( � �V�� 6 �>��,.��7+9.�5�+1�!@-�,Fw�-V9F-?"�1+'2,."I7�9F-?"�-/*�,.-/�a42*�,.w+4)">� � !@1+68-#*�,?JIw+-�!@� � -?"�Iw�9F�&|J��4)��J ��(�*C� �X4�����!#!#-#7 ,E(�*�!#-�J ��(�9.-�"�,F��9F-?��1+*�� -/9}!@� "�42*~,Fw+-V� 4)9.-/!%�,F��9F�a� � !#"%$&!@'�(�" *+��,.-/"%$&0+1�'2'3�54)6P7�'2-�J

� d}]�d>U=d>[Tl�d}Y
�2H@� 	 J � 9.����p "#D5-@,>(�'�J)Dq���������
	}��,F-�D5,.��AC-V7�1+A+')4)"Fw+-/�GJ� ���f�fJ 6 Jt0+9.� � -/"F-#*GD��BJt�5p��¬-#:�:�-/"�,.(���D=(�*�� $^JZ���y3,F-�D	��
����������������������� �!�"�#���%$&�'�)(*$
���+���#
&���)(��-,.�0/1��$��)(*$%D �>*+42��-#9E"�42,F-#,."�y���9.')(�:�-#,/D�H'3e1�3+Dt�5&x��J)H?�+J��}'�"F��"�-/-��5-?!%,.42��*
�
J ��J)H�J� �&�^�5-/-�D?y���9�-@�+(�687+')-�D � J �fJ��}9.*��5,?DE	 J oCJ � 9.4)".!@�5-�D/�%J �%J&��,.9.(�p��&� "�p5��D � J �XJE	x��9Fp56�(�*GD

�Xw5� "/J � -/��J � 2�2 � � 0�0 � H?�+D �������5J

H 2


