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⇐
Jz = 1/2

I � L
cQw#	\i� #-bT\& [ O	�G���

ep
�,
� �?�X'��7� ��� �6� �*''�� ���=�� � �#' . "$���-�*/ ���,� ��� 1 �*(!',���B��� � � ',� '�
*�)�=�� �*��� ',�)�?


� � �X'���� 
��)�?��� � �K���T� ��� � �#'��*� ���)"$����� �K��� ���
γ∗ 
N�������?(!'7� ',� �6�,�)�)
N����� � �T� � � �
	,"$���-� 
���$�,�)� �)" '�� ��	

���=�� � �$' ������� ��� ! ����� 
 �#'
γ∗q → q′

� � �X'���� 
��)�?��� � �#'��' � �$' � �K� � ��� ��� � ������� �)"$(�� ����� � � �#��� �������2'�(
�6� ��'',� ���=�� � �$' 6 ��'��)� ���=�� ' ! 
 �$'  �� '�� �)"9 ~k

����(&�X��� � 
�� �#���0'�� �
Jz

��� '�� 
 � �#���,�)�)
�� 'Q� �
�����6'�� = � �#'

ẑ
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�XW���� � �5�|� �,� ���M�e� �,� � � �=�<�K�,�i� � �`�5�¯�<�`�5��� �,� � x � y �<�K�

z
�XW���� �  � �X�,� ���9� � � � �`�5� ����� � �<�=�5� � ���,�(�?��� �G� �,� �W�<���E�`��� α � β

�<�K�
γ
�<�9�5¥��K� �,� � x � y�<�K�

z
�XW����h�9���9£.��� � �O�|���O� � �<�K� �,� � � �=�<�K�,�i� � �`�5��� � �<�=�5� � ���,�(�?�����G� �,� �j���`�,£��i�5���� ���� � � ∆X � ∆Y�<�K�

∆Z
�<�`�5��� �,� � x � y

�<�K�
z
���O�9��� � �`�5�K� ��¢ � �L�K��� £.�E�9� � �`�5�A�<� �,� �L�?�<�`�5�,�O �� � ���C -���s�.��9���N�<�9����� �5� �,� �X�)'~��� � �<�u� � �=�<�K�3�@�5�, -� � �`�5� T � � �<�=�5� � ���,�(�?�����N� �,� � ¨ �E�O�|��� �<���E�`���-�<�K� ¨�E�O�|���r���`�,£��i�5���� ���� � � �e¬ �K�5 >�O�:�<�p£.�E�,� � �`�5�*�5� �,� �M�?�<�`�5�,�O �� � ��� � x � y � z � �e�O�O�����u -�<£�£���� � ��� � �
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¬ �O�O�E�� ���� � O �5�K� � �<� � �J�<�O¥K�
α ��� �  >�=�5�
β

� ��� «k >�=�5�
γ ��� �  >�=�5�
∆X � ���`��� �� 
∆Y

� ��� ��� �� 
∆Z ��� �
� �� 

¢ �<���`�k¦ �O� �j�����j254m DF5� R ���:"�69)E���0"B25�I"'�j)3+M"'��� ��Zg1M69254O)510 R ��"V��1�� ������Y
�<�O�O�E�K���L£��E�,� � �`�5� � x F � y F � z F � �G� T �5�����5�9���O��� � ���

x′ = x′(x, y, z,∆X,β, γ) � ¦ �O�&�
y′ = y′(x, y, z, α,∆Y, γ) � ¦ � V �
z′ = z′(x, y, z, α, β,∆Z) � ¦ � ¨|�� � ���9� �,� �l�#¥��K� � �`�5�K� x′(x, y, z,∆X,β, γ) � y′(x, y, z, α,∆Y, γ) � �<�K� z′(x, y, z, α, β,∆Z)

���0¤K�K��,� � � �=�<�K�3�@�5�, -� � �`�5� T � 6 ��� H ��� J �@�5� �,� �u�'¥��K� � �`�5�:�<�{�#�5�,  �<�
x
F � y FK�<�K� z

F �¢ � �g�NW � �=�5� � �`�5�[�<� �,� ���9�h§;£:�<�=�< �� � ���9� � α � β � γ � ∆X � ∆Y � ∆Z � �`�l£����3�@�5�, ������N�>¥ � �O�O�(���O����,� ����� '~���9���K������� � �d����� �,� ���9�?� �,� ���9���}���`��� � �9�5�}£��E�,� � �`�5� �5�; ��?�5�,¥��9���}¥K�,�O��� �,� ���?�<�`�5�,�O �� � ���� �,¥��K�9���,�O£ � 3 ��� = � �<�K�]� � ��£��E�,� � �`�5���5�� ��?�5�,¥��9���]¥K�,�O��� �,� � � �=�5�=®|��� � �,¥��K�9���,�O£ � 3 � � = �0� Ld�j���5�K�,�`����� ��O��� �,� �g��� '~���9���K���u�<� �,� �\�����O j¥ �,� �<���<���E�`� � ∆φ = φcl−φtr � �<�K�[£��5�i�<�7�<���E�`� � ∆θ = θcl− θtr ��<� �,� �q���`��� � �9�5�T�5�h�j�'¥��K� � �`�5�t�<� φtr
�@�5�d¤ W����X�=�<���|���c�O�

z ���,� �M§k£:�<�=�< �� � ���9�g�<�9�;��� � ���, >�O�K��� �¢ � ���9�T§r£:�<�=�< �� � ���9�X�<�9� �,� �T�<�O�O�E�� ���� � ���5�K� � �<� � � � ¬ �-�<���O�K���`�?� � �`�5�v�<� �,� �L�9�(�?�t�<� �,� ���=����5�K� � �<� � � � �C£:�<� � �`��¥��i�<�M�9� � �<�����5�K� � �<� � �u�`�u�E�O�|�����O� � �<���`�>¦ �O� �<£�£��O�`�?�<���`�k�#�5�;�C�E�O�|���r£����,�`�8��<���,¥������O��� �¢ � �]£��G�5� � � � �9���9�5�O¥ � �`�5�ª�<� �,� � O�� O �;�O� �,� � z
���O�9��� � �`�5�ª�9���,¥�� � �u�O�ª�C£.�8�5�u�9���9�5�O¥ � �`�5�ª�<��,� �>���`��� � �9�5�W£��5�i�<�q�<���E�`�]� � ���ª��� � �O -� � ����¥K�,�O��� �,� �>���`��� � �9�5� � �=�5�9® � θtr �0�j¢ � ���9�0�#�5�9���O� �,� �`��<�:�<�O���,�`� ���,� �M���`��� � �9�5�t£��5�i�<�g�<���E�`� θe

�`� � �<®|���L�'�9�5  � � �h���O¥K� � ���c�O� �,� � {¬ �h�?�<�`�5�,�O �� � ���?�
θe = θcl

2 � �5�9����� � �*�5�9�9�O�E�¯�t�9�8� � �� -� � �`�C¥��K����� � �<�O� � � �5� θe
� θcl

�`�j���5 >£:�<�9��� � � θtr
�O� ��� '~���9��� ��|���5 �� � �,�`�?�<���9���E�`�5�K�u�<� �,� �j��� � ��� � �5�u¥K�,�O���[���|��� � �\�#�9�5  �,� �j�K�5 >�O�:�<�b�<�:�<�O���,�`� �h¬ �,�8� � �� -� � �`�¥��K����� � �<�O� � �T�<� ∆θe = 3

 >�=�5�L�`�h�5�9�9�O�E�K���X�:�5�9���t�5� �,� �q�<�E�9���� ���� � ��� � �������r�K� � ���<�K�t�,�O�E�:�<�P O ���`� � �,�O��¥ � �`�5�K� �
θcl − θtr

���`� � �,�O��¥ � �`�5�K�e�#�5�e���|��� � �e�'�9�5  �,� � � �O� � y
�<�:�<�O���,�`�e�<�9�;� � �?�e�X�O�X¤K�E¥��9�;¦ �O�|� � � �#�5��,� � e−

£����,�`�8� �0\ �`� � �,�O��¥ � �`�5�K�h� � �&�e�*�<�9�\�#�5� �,� �q�K� � �>�<�K�t�,�O�E�:�<� P O � ����� � �=�<���E�<�O¥K�;�<� θe
�5������O�z�5� ±3

 >�=�5�t� � �D� � � �0�b¢ � ��P O �����9���,�O����� �,� �M�K� � �k�e� �,� �O� �,� �u�E�O�|���t¥��K����� � �<�O� � � �
¨ ©
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�>"B)C #"'�M$P254m/��]25� R �92<�!/81,�9Hu+!1,) R "'���k2<�=��)?6� @2E"V�,HL"#1,2|60S��

θtr
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�L"B)X #"'�j$P254m/K�-2<� R �,2<�0/G19�,Hj+!1,) R"'���k"#1,2|60SE�01��
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Q
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¢ � �j���K���,�E�t�<� �,� �q�9�?� �,� ���9���*���`��� � �9�5�r�?�<�*�.�j�NW8£��9���9�=���L�O� � ���, ��\�<�b� � �g���`��� � �9�5�r£.�5�i�<�u�<���E�`�
θe
�<�K� �,� �u�O�K���O¥K�9�O�|� � �5���9�5�*�<���E�`� γh � �9��� � �`�5�*¦ � �G� �

Eda =
2Ee sin γh

sin γh + sin θe − sin(γh + θe)
� ¦ � �G�

� � ���9� �,� �q�,¥��K�9���,�O£ � 3 �K� =;�����K� � ��� 3 ���5¥����`�q�<���E�`��=q�<�K�T�<�O�O¥K����� � � �,� � � �d�-�<���E�`���c¥K�=���L�O� �,� ��?�<�`��¥��i� � �`�5� � Ee
�`� �,� �g�O�K���`����� � ���`��� � �9�5�X���K���,�E�-�<� V [ � § � �B� � ���9�5  �SRN¥:� � �`�5�L¦ � � � � �`�d���G�`����� ��,� � � Eda

�`�c�O�K�9���K�,� � �O�|� � � �,� �;���`��� � �9�5�r���K���,�E�X ��?�5�,¥��9�� ���� � ¥K�,�O��� �,� � {¬ �h�?�<�`�5�,�O �� � ��� E′
e �¢ � ���?�<�O�O���=� � �`�5� �<�

E′
e

�`�-£����3�#�5�, ����v�G� ���5 >£:�<�,�O��� �,� �T�=� � �`� E′
e/Eda

�#�5�L�}�9¥��K�9� � �<����|��� � �;�#�9�5  �,� �]�K�5 >�O�:�<�d�<�:�<�O���,�`�;�O� �,� �>�9���E�`�5� �<�d�`�&� y
H ���XJV�>¢ � �>�9���i� � �O�|�-¥��K����� � �<�O� � �ª�5��,� �M���`��� � �9�5�*���K���,�E�[ ��?�5�9¥��9�� ���� � δE′

e

�`�c��� � ���, >�O�K���T�N�X���5�K�,�`�����,�O��� �,� �;�`���|���{�<�l�<�E�9���� ���� ���� � �d�����*��� � �d����� �,� � E′
e/Eda

���`� � �,�O��¥ � �`�5�K�h�@�5�h�K� � ���<�K�t�,�O�E�:�<� P O �5�g�k�'¥��K� � �`�5�r�<� �,� � z
����8�5�9���O�:� � �M�<� �,� �;���`��� � �9�5�t�O >£:�5� � £��E�,� � �`�5�t�5� �,� �;�,¥��3�B�5���;�<� �,� � {¬ �c�?�<�`�5�,�O �� � ��� zim �b¢ � �¥��K����� � �<�O� � �`���\�<�9�;�,¥� > -�<�,�(�?���t�O� � �<���`�M¦ � V>�<�K�X�=�<���|���e�.� � ������� � � ¦ � �'�9�5  �,� �u�:�5�=®G�7�<�9� � ��@�5�,�d�<�9�T�9���E�`�5�K�h�<� �,� �;�?�<�`�5�,�O �� � ��� �
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zim
�=�<���|�

δE′
eH ��  J H � J

zim 6
� � ¦ �E� ¦ �� � ¦ �E� ¦ < zim 6
V �K� � �V �K� � < zim 6 �E� V � � V

�E� V � � < zim 6
V ���E� VE¦ ¨V ���E� VE¦ < zim

¦
¢ �<���`�q¦ � V��j�����;19�04O2E"# %$5�j/G�I6!�010"B2E %�:"#( δE′

e

)5��"'���k�04O�96�"#13)E�¯�0�.�01@F5(C��692E4O�?Y
¢ �t� � ���=® �,� � �;�,� � RG¥K� � ����¥��K����� � �<�O� � �`���]�<�9�]�E�<�O�`���O� �,� �]�9���E�`�5�ª�<� �,� � � �O� � y

�<�:�<�O���,�`� ��,� �t�?�<�O�O���=� � �������`��� � �9�5�����K���,�E� E′
e

�`�-���5 >£:�<�9��� � � �,� �T���K���,�E�� ��?�5�,¥��9�� ���� � �<� �,� � � �=�5�=®�5�9�9�8���i� � ��� � � �,� �\���`��� � �9�5� Etr �b¢ � �h�=� � �`� E′
e/Etr � � �O ���� �,� �\���`��� � �9�5�L� � �<�,�|� Q � �`�d� � �&�e�[�O�¤K�E¥��9�j¦ �O�|� � � �#�5� �,� �M�K� � �-�<�K�t�9�O�E�:�<� P O � ����� � �=�<�p�5�<�O¥K�j�<� E′

e

�5�h�����O�z�5� ±1σ
� � �D� � �c�5� �,� ����`��� � �9�5�*���K���,�E�X�9�?�<�`� �0�l¢ � �q�K� � �]�`�e�����O�p�����9���,�O�.���t�N� �,� � P O �e� �,� �O� �,� �u¥��K����� � �<�O� � � �

& @�� � % = )5476	:</�� ��47:�� C +.6*C�) >+*
� �
	�������������
��� 	�� ��������

¢ � �g�<�O�|�5�,� �,�  ¡� � �`� � ���0¤K�K��� �,� � � �5���9�5���`�h¤K�:�<�I� � � � �h�`�l�9�0�@���,�9��� � �j�5���M2|HE13)?)�� H � § J �<�K��¥K�=����5�7�O��£�¥ � �.� �,�X� �=�5�=®8�h�<�K�X���O¥K� � ���9� � 6 �O�K���M�j� � �<�,�|���X£:�<� � �`���`�u£��9�G��¥K�����g� � �=�5�=®-�O� �,� � � �=�5�9®|����5�z�����O�K�5�z���O¥K� � ��� � � � �O� �,� �7�?�<�`�5�,�O �� � ��� �E� ���\£�� � ��� � �i�<��£:�<� � �`���`�7�?�<�K���`�K� � ���z�#�5� �,� �d£:�<� � �`���`�7�?�<��9���,¥�� � �;¢ � �k�O�K���O¥K�,�`�5�W�<�J��� �,� �?�<�K���`�K� � ���M�O� �,� � � �5���9�5���`�k¤K�:�<�b� � � � �j���5¥��`���`�?�5� � �C���5¥����`����5¥�� � �O��� � L��L���5 >£:�<�,�O��� �,� �q�NW�£.��� � ���*���K���,�E�L�9���9�5�O¥ � �`�5�W�5�9�9�8���i� � ��� � � �,� � � �=�5�9®L�e� �,�r�,� � ��5�9�9�8���i� � ��� � � �,� �c���O¥K� � ��� � ��� �,� ��� �,� � � �=�5�=®>£:�<� � �`���`�g�?�<�K���`�K� � �g�5�����O¥K� � ���l£:�<� � �`���`�\�?�<�K���`�K� � �g�`�� � �E�=��� ��� � ���9� �,� �q���O¥K� � ���h�`�\� � �E�9��� �,� � � �=�5�=®T���K���,�E�L�`�g�9¥�£�£��9���9�9��� � 2 � �,� �q�?�5�=� �,� � � �=�5�=®�`�M� � �E�9��� ���,� �-���O¥K� � ���q���K���,�E���`�;£:�<� � �i�<�O�O�ª�5�;�#¥��O�O�r�9¥�£�£��9���9�9��� � � � � � �9���,¥�� � �k� �;�,� �����K�ª�<��,� �u�<�O�|�5�,� �,�  ¡�`�e�j�9� � �<�p£:�<� � �`���`���d�<�p� � �`� �X�,� � � �5���9�5���`�g¤K�:�<�~� � � � � � �<�O�I£:�<� � �`���`���e�NW�����£ �d�,� ��9�?� �,� ���9���t���`��� � �9�5� � ���5 >£��,�`�9��� ����9�5  �,� � � �5���9�5���`�]¤K�:�<�J� � � � � � B\� 6 � � � �`�u¥K�9�0�'¥�� � �L���0¤K�K� �,� �URN¥:�<� � � � �`��� Σh
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 / ndf 2χ  2.631 / 11
p0        0.0006± 0.9976 
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1.04  / ndf 2χ  2.631 / 11
p0        0.0006± 0.9976 
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 / ndf 2χ  13.59 / 12
p0        0.0006± 0.9976 
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 / ndf 2χ  6.433 / 11
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 / ndf 2χ  10.84 / 9
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 / ndf 2χ   8.29 / 13
p0        0.0002± 0.9992 
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 / ndf 2χ  26.99 / 24
p0        0.0026± 0.8655 
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F _ T;{ J IPO]DGY x f^HE>A@=GF ,�� @ , T z @MYATM` z Bp@UBPH z i _ HP@ x DAB z Y J HE>A@ � TMRS@ _ Y �}B _ i �GRS@x[ IPO i HE>A@�YAO i z Y _ R _ Y _ RK`�B z BpDABP@ x HPO@UBEH z i _ HP@ x HE>A@�=GFQ�Qv HEI _ T;{X@MI @ , T z @MYATM` � � >A@MIP@�HE>A@ F _ TP{ J IPO]DGY xjz B	IP@ i O�WX@ x�� fCBP@UTMH z O]Y 7�c%'�c

=?>A@�=GF ,	� @ , T z @MYATM`
εtrhy

z B i @ _ BEDGIP@ x DAB z Y J @MWX@MYZHPBs[\IPO i HE> z BxTMRS@ _ Y�B _ i �GRS@ z Y _ R z i z HP@ x
� _ IEHCOg[}�G> _ B;@<BE� _ TU@ � >A@MIP@jHE>A@<{ z YA@ i _ H z TUB _ �G�GIPO _ TP> HE> _ HuOg[yHE>A@m> zKJ > y _ Y _ RK`�B z B c =?> z B�IP@ J/z O]Yz B?T _ RKRS@ x HE>A@ & �pv > zKJ > y

R z i z H ( _ Y xvz B?BE>AO � Y z Y�e J DGIP@0 c%'�" �l_ ��c =?>A@p�pv > zKJ > y
R z i z H?B _ i �GRS@z B x @�eAYA@ x Fh` HE>A@�[lO]RKRSO � z Y J TMDGHPB _ �G�GR z @ x HPO|HE>A@�TMRS@ _ Y�B _ i �GRS@Lq

• ye > 0.3 _ Y x yeΣ > 0.3
c =?> z BsTMDGH z B i O]H z W _ HP@ x FZ` _ BPHED x `��GIP@UBP@MYZHP@ x z Y�BP@UTMH z O]Y $�c%7

BE>AO � z Y J HE> _ H�[\O]I y > 0.3
HE>A@�{ z YA@ i _ H z TUB z B�Fr@UBPH x @MHP@MI i z YA@ x DAB z Y J O]YGRK` HE>A@�BPT _ H &HP@MIP@ x @MRS@UTMHEIPO]Y��GIPO]�}@MIEH z @UB & HE>A@Q{ z YA@ i _ H z TQIP@UTUO]YABPHEIEDATMH z O]Y�HP@UTP>GY z IZDA@�DABP@ xvz Y HE>A@Q> zKJ >

y

_ Y _ RK`aB z B c
• Q2

e < 2000
)�@ON 2 c

• θe > 60◦
c�d�zKJ DGIP@  c%'�" � F � BE>AO � BxHE>A@�=GF ,	� @ , T z @MYATM` _ B _ [\DGYATMH z O]Y�Og[mHE>A@�@MRS@UTMHEIPO]Y�rO]R _ I _ Y J RS@^DAB z Y J HE>A@0[\DGRKRhTMRS@ _ YzB _ i �GRS@Lf z Y x _ H _j_ Y x B zKJ Y _ R�M/Q c�d O]I-WX@MIE`�[lO]I � _ I x θe

HE>A@
@ , T z @MYATM` z YzF}O]HE> x _ H _�_ Y x B z i DGR _ H z O]Y x IPO]� _ Y x HE>A@?RS@MWX@MRGOg[ _ J IP@U@ i @MYZH � O]IPBP@MYAB cXWPz YATU@HE>A@|> zKJ >

y _ Y _ RK`�B z BsBP@MRS@UTMH z O]Y�@ � @UTMH z WX@MRK`�R z i z HPBsHE>A@|@MRS@UTMHEIPO]Y��rO]R _ I _ Y J RS@kHPO θe > 60◦
f

@MWX@MYhHPB � z HE> θe < 60◦ _ IP@s@�DGTMRKD x @ x [\IPO i HE>A@s�Qv > zKJ >
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S = 55/80 (68.75%)
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P = 55/65 (≈ 85%)
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A = 65/100 (65%)
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� ` h _ h<� o h+fGjdt _ zbh ] e���h z � _ h ] q ] f�l c � _ h ] �=qwz o � o h+fGjdt _ zbh ] t5h ]p_/o z3kij _ zbh ] a
A zba _/`dc q<t5t c � _ q ] t c z ]p_/o hpfGjdt c f�z ] a c t _ zbh ]�� | � edq ] fSzba1f c7_6c7o/z z ]dc fFjda�z ]i�@_/`dc a�z �9] qsl����
� ` zbt ` t5h ]�_ qwz ] a o q<f{zrq _ z3{ c8c { c7]p_ a � a c t _ zbh ] 
G|�� � | A t5h ]�_ qwz ] a qsl3lIt5h o/o6c t _ zbh ] a
� qs�=q o/_ � o h z k=q<t xp�9o h<j ] f � z ] t7l3jdf{z ]i�yc(J trz c7] t��Fq ] f o q<f{zrq _ z3{ c t5h o/o6c t _ zbh ] a;eSq<au� c l3lq<a _/`dc8c m c t _ aXfGj c�_ h z@c q<a/j o6c7z@c7]�_ hs� _/`dcD�d] qsl�a _ q _6c a�z ] t7l3jdf{z ]i�
qskda6h<l3j _6c a6t;qsl c a1q ] f o6c a6h<l3j _ zbh ] a hs� o6c t5h ] a _/o jdt _6c f��pj=q ]�_ z _ z c a;|
L zba _/`dc l3j z z ] h9a�z _ �Fhs� _/`dc fdq _ q�a c7_
δbc zba _/`dc k^z ] t c7]p_/o6c t5h o/o6c t _ zbh ] |
� `dc k^z ] t c7]�_/o6c t5h o/o6c t _ zbh ] zbaXf c4�d]dc fFk��

δbc =

(

d2σMC

dxdQ2

) ∣

∣

∣

∣

Q2=Q2
c ,x=xc

σMC
bin

� 
G| � �
� `dc7o6c

d2σMC/dxdQ2 zba _/`dcy_/`dc h o6c7_ zbt;qslXt o h9aEa	a c t _ zbh ] z z �il c7z@c7]p_6c fjz ]�_/`dc a�z �9] qsl���� e
`dc7o6cu_ q x'c7] � o h z�_/`dc�� � ��! � �#"#"#"D�d_ |

σMC
bin

zba _/`dc z ]�_6c7�9o q _6c fyt o h9a6a a c t _ zbh ] z ]�_/`dc q<a6a6h+trzrq _6c f
�7�%$



��� ����� ��� � � � � ���	�
�	��� ������1�� �	�G��� � �������	���� ��� �	�	� ���	����

k^z ] q ] f�zba � z3{ c7] k%�
σMC

bin =

∫ xmax

xmin

∫ Q2
max

Q2
min

d2σMC

dxdQ2
dxdQ2. � 
G|�� �

� `dc k^z ] t c7]�_/o6c t5h o/o6c t _ zbh ] qsl3lbh �Xa _/`dc t o h9a6a�a c t _ zbh ] q _ q � %����=(�� k^z ] t c7]p_/o6c � _ h k c�c�D+_/o q<t _6c f� o h z q ] h<kda c7o {9q _ zbh ] z ] q ��� +��0%�� � k^z ] � hs��� ` q<a c a/�=q<t c | � `dc q<t5t c � _ q ] t c A zba � z3{ c7] k��

A =
NMC

rec

NMC
gen

=
NMC

rec

σMC
bin L

� 
G| � �
� `dc7o6c

NMC
gen

zba _/`dcF] j z k c7o hs� c { c7]�_ a �'c7]dc7o q _6c f�z ] _/`dc a�z �9] qsl	��� t5h o/o6c a/��h ] f{z ]i��_ h _/`dc
l3j z z ] h9a�z _ �:hs� _/`dc fdq _ q L � NMC

rec

zba _/`dcB] j z k c7o hs� o6c t5h ] a _/o jdt _6c f c { c7]�_ a;|
� jikda _ z _ j _ z ]i� 
G| � q ] f 
G| �:z ] 
G|3� � z3{ c a

d2σ

dxdQ2
=

ND −NB

NMC
rec

·
(

d2σMC

dxdQ2

) ∣

∣

∣

∣

Q2=Q2
c ,x=xc

� 
G|�$ �
� � c�D � o6c a6a�z ]i�:_/`dc fih<jikil c f{znm c7o6c7]�_ zrqsl&t o h9aEaBa c t _ zbh ] q<a _/`dc f{z z@c7] a�zbh ] l c a6a o6c fGjdt c f�t o h9a6aa c t _ zbh ]

σ̃NC � a c t _ zbh ] �9| � �
σ̃NC ≡

xQ4

2πα2

1

Y+

d2σ

dxdQ2
� 
G|�� �

_/`dcBz@c q<a6j o6c7z@c7]�_ t;q ] k cBc�D � o6c a6a c fSz ]�_6c7o/z a hs� _/`dc�] j z k c7o hs��h<kda c7o { c f c { c7]p_ a;z ] fdq _ qGe
a�z �9] qsl�q ] f:k=q<t xp�9o h<j ] f � h ]�_6c � q o lbh9a

σ̃NC =
ND −NB

NMC
rec

· σ̃MC
NC . � 
G|	� �

\^]�_/`dc ����
 �
y
�d���d�A� � � � _/`dcBo6c fGjdt c f�t o h9a6aXa c t _ zbh ]�z@c q<a/j o6c7z@c7]p_ zba � z3{ c7] k%�

σ̃NC =
ND′

NMC′

rec

· σ̃MC
NC . � 
G| � �

� `dc7o6c
ND′ q ] f

NMC′

rec

q o6c�_/`dcB] j z k c7o hs� c { c7]�_ a©z ]F_/`dc fdq _ qyq ] f _/`dcB] j z k c7o hs� c { c7]�_ a
o6c t5h ] a _/o jdt _6c f=z ]C_/`dc a�z �9] qsl ��� o6c a/� c t _ z3{ c l �'e c q<t ` t5h o/o6c t _6c f	�0h o k=q<t x+�9o h<j ] f�jda�z ]i� _/`dc � o h ]i�
t ` q o/�'c k=q<t x+�9o h<j ] f�a/jik _/o q<t _ zbh ] � o hpt c fGj o6c e=a c t _ zbh ] �+|	�+|

\^_ zba jda c �)jil _ hC� o z _6cB_/`dc t o h9a6aXa c t _ zbh ]�z@c q<a6j o6c7z@c7]�_ a c�D � o6c a6a c f�z ]Fc ��j=q _ zbh ] a 
G|	�Cq ] f�
G| �
z ]�_/`dc �0h<l3lbh;��z ]i� ��q � �

σ̃NC = χNC · σ̃MC
NC � 
G|�
 �
�7���



� ��� � � � ��� ��� ���	 � �
� � � � � ���� �	 �?�

� `dc7o6c

χNC =























ND −NB

NMC
rec

nominal analysis

ND′

NMC′

rec

high y analysis.

� 
G|3� " �

� `dc ��j=q ]p_ z _ �
χNC

zba _/`dcBo q _ zbh@hs� _/`dcDz@c q<a/j o6c f�t o h9a6aXa c t _ zbh ]�_ hcz _ a _/`dc h o6c7_ zbt;qslI{9qsl3j c q<a
f c7_6c7o/z z ]dc fF� o h z _/`dc � � � !D� �#"#"#"	�d_ |

NGF�� ���BTiU9H�� [ USV �	� W �	H I=U.[1V6W U.V1H�T
� `dc a �Ga _6c7z q _ zbtXj ] t c7o/_ qwz ]p_ z c aXhs� _/`dc {9q o zbh<jda c7o/o h o a6h<j o t c a q ] f _/`dc z o t5h o/o6c a/��h ] f{z ]i� �

σ
c m c t _

h ]�_/`dcyz@c q<a/j o6c f�t o h9a6aCa c t _ zbh ] zbaCa/j z�z q o z	� c fjz ]w_/`dc �)h<l3lbh ��z ]i��_ �MhZa c t _ zbh ] av� � %���� ���5(��)% �

 � � ���7( * ���=(�� ��� q ] f�� � �6% � �4(��(/ �;(��)%�� 
 � �����4( * ���=(�� ��� | � `dc��do a _ a c t _ zbh ] � o6c a c7]�_ a	j ] t c7o/_ qwz ]�_ z c az ]�_/`dc t o h9a6aya c t _ zbh ] fGj cF_ h#t5h o/o6c t _ zbh ] a _/` q _ q o6c qs�i�il�z c f _ h _/`dc a�z z jilrq _ zbh ] � c(J trz c7] trz c a
q ] f o q<f{zrq _ z3{ c t5h o/o6c t _ zbh ] a;|� ] t c7o/_ qwz ]�_ z c a�fGj c	_ h _/`dc � o6c trzba�zbh ] hs� _/`dcCo6c t5h ] a _/o jdt _ zbh ] hs� _/`dc
c l c t _/o h ] q ] f ` q<f o h ] zbt �d] qslSa _ q _6c �=q o/_ zbt7l c a q o6c � o6c a c7]p_6c f:z ]@_/`dc a c t5h ] f@a c t _ zbh ] | � ` zbaMa c t _ zbh ]
qslba6h:z ] t7l3jdf c a _/`dc j ] t c7o/_ qwz ]�_ ��hs� _/`dc l3j z z ] h9a�z _ � z@c q<a/j o6c7z@c7]p_ |

NGF�� Q R�I I H��LU.VERXW�� W �	H I=US[XV6W U.V1H�T
�����������������! "�#�%$& ('

)+*%,.-�/10%2435/60%287:9;-�9

\^]�_/`dcu] h z z ] qsl.q ] qsl �Ga�zba&q��=< j ] t5h o/o6c lrq _6c fHa �Ga _6c7z q _ zbt c7o/o h o zba&q _/_/o z3kij _6c f _ h _/`dc j ] t c7o/_ qwz ]�_ �
h ]�_/`dc?>�@�ACBDB � " t5h z k^z ]dc f c(J trz c7] t��'| ��h o/o6c lrq _6c f c7o/o h o a�hs� " | � � <�q ] f " | � �E< q o6c q _,�
_/o z3kij _6c f _ h _/`dc j ] t c7o/_ qwz ]�_ ��h ]�_/`dc { c7_ h c(J trz c7] t��?FD~ � q<a�z ] f{zbt;q _6c fSz ]�_ qskil c �G| � |

G�-IH"J
y
35/10%287�9K-�9

�dh o q � z3{ c7] t o h9a6a@a c t _ zbh ] k^z ] e _/`dc�] j z k c7o hs� c { c7]�_ a o6c t5h ] a _/o jdt _6c f � o h z _/`dc a�z �9] qsl ��� e
NMC′

rec

z ]Fc �pj=q _ zbh ] 
G| � edt;q ] k cDo6c � o z _/_6c7] q<a

NMC′

rec =
∑

i

NMC′

rec (i). � 
G|3�9� �
�7� �



��� ����� ��� � � � � ���	�
�	��� ������1�� �	�G��� � �������	���� ��� �	�	� ���	����

� c7o6c
NMC′

rec (i)
zba _/`dcD] j z k c7o hs� c { c7]�_ a o6c t5h ] a _/o jdt _6c f�z ]�_/`dc

i
_/`

εlar � E′
e

e
zim � o6c � c z �9`�_ k^z ] |\ �

NMC′

(εlar)(i)
zba _/`dcB] j z k c7o hs� c { c7]�_ a o6c t5h ] a _/o jdt _6c fFjda�z ]i� qsl3l}� c z �9`�_ a � � � � � ( εlar(i)

e _/`dc7]
NMC′

rec =
∑

i

NMC′

(εlar)(i) · εlar(i) � 
G|3� � �
a�z ] t c

NMC′

rec (i) = NMC′

(εlar)(i)·εlar(i)
| � �Da/jikda _ z _ j _ z ]i� 
G|3� � z ]�_ h c ��j=q _ zbh ] 
G| � q ] f�f{znm c7o6c7]p_ zrq _ z ]i��=q o/_ zrqsl3l �B��z _/`�o6c a/� c t _L_ h c q<t `

εlar � i � ewz _ t;q ] k c a ` h � ]8_/` q _L_/`dc�o6c lrq _ z3{ c a _ q _ zba _ zbt;qslpj ] t c7o/_ qwz ]�_ �h ]F_/`dc t o h9a6a1a c t _ zbh ]
δεlar
stat

zba � z3{ c7] k%�

δεlar
stat =

⊕
∑

i

fMC(i) · δstat
εlar

(i) � 
G|3� � �
� `dc7o6c

fMC(i) = NMC′

rec (i)/NMC′

rec

zba _/`dc � o q<t _ zbh ] hs� _/`dcv_ h _ qsl ] j z k c7o hs� ��� c { c7]�_ a o6c t5h ]G�
a _/o jdt _6c f z ]�_/`dc

i
_/`#o6c � c z �9`�_ k^z ] q ] f

δstat
εlar

� i � zba _/`dcCo6c lrq _ z3{ c a _ q _ zba _ zbt;qsl j ] t c7o/_ qwz ]p_ � hs�
εlar

|
� `dc ⊕ a � z k�h<lLa�z �9] z �=c a _/` q _u_/`dc a/j z�z q _ zbh ] zba1fih ]dc z ] ��j=q<f o q _ j o6c |

� `dc a _ q _ zba _ zbt;qsl�j ] t c7o/_ qwz ]�_ �yh ]H_/`dc t o h9aEa�a c t _ zbh ]
δεlar
stat

zbaMaEhvf c7_6c7o/z z ]dc fHjda�z ]i�	_/`dc1o6c lrq _ z3{ c
a _ q _ zba _ zbt;qsl c7o/o h o a

δstat
εlar

a ` h;� ] z ]:�d� j o6c �+|3� � | � `dcBo6c a6jil _ aXq o6c a ` h;� ] z ]:�d� j o6c 
G| � � q � �)h ouc q<t `t o h9a6aya c t _ zbh ] k^z ]
� e−

� c7o zbhpf a ` h;� ] | @ ] h _/`dc7o � o h+t c fGj o6cF_ h�f c7_6c7o/z z ]dc
δεlar
stat

k c7� z ] ay��z _/`
q<a6a/j z z ]i�H_/` q _ _/`dc8_/o j c	c(J trz c7] t��

εtrue
lar (i)

�0h o q � z3{ c7]Zo6c � c z �9`p_ k^z ] t5h z@c a � o h z q��Bqsjda6a�zrq ]
f{zba _/o z3kij _ zbh ] ��z _/`�z@c q ]

εlar(i)
q ] f�a _ q ] fdq o f�f c {1zrq _ zbh ]

∆stat
εlar

(i)
| @�o q ] fih z$c(J trz c7] t��F� o h z

_/`dc ��qsjda6a�zrq ] f{zba _/o z3kij _ zbh ] zba _/`dc7]v�'c7]dc7o q _6c f � �0h oIc q<t `vo6c � c z �9`p_ k^z ] � q ] f�jda c f¯z ]	c ��j=q _ zbh ] 
G|3� �
_ h �'c7_ q o q ] fih z {9qsl3j c �0h o

NMC′

rec

e
NMC′

ran

| \ � _/` zba�� o h+t c fGj o6c zbaDz _6c7o q _6c f#a c { c7o qsl _ z z@c a;e _/`dc
o6c a/jil _ z ]i� f{zba _/o z3kij _ zbh ] hs�

NMC′

ran

o6c � o6c a c7]�_ a _/`dc {<q o zrq _ zbh ] z ]
NMC′

rec

fGj c�_ h _/`dc a _ q _ zba _ zbt;qsl
j ] t c7o/_ qwz ]�_ ��hs�

εlar
| � `dc

NMC′

ran

f{zba _/o z3kij _ zbh ]��'c7]dc7o q _6c fSz ]:_/` zba���q ��zba a ` h � ] z ]H�d� j o6c 
G| � � k ��0h o1_/`dc t o h9aEa1a c t _ zbh ] k^z ]
Q2 = 250

� c F 2 jda�z ]i�H�#"#"#" z _6c7o q _ zbh ] a;| � `dc ��zbf _/` zba z@c q<a/j o6c f _ h
k c �s�d|�� 
:jda�z ]i� q��Bqsjda6a�zrq ]Z�d_ | � z ] t c

NMC′

rec = 5839.93
e _/`dc a _ q _ zba _ zbt;qsl j ] t c7o/_ qwz ]�_ � h ] _/`dc

t o h9a6aCa c t _ zbh ]
δεlar
stat �

" |�$ 
 <H| \^_ t;q ] k c h<kda c7o { c f�� o h z �d� j o6c 
G| � � q � _/` q _ k�h _/`wz@c7_/` hpfiaChs�f c7_6c7o/z z ] z ]i�
δεlar
stat

q �9o6c5c8_ h z jdt ` k c7_/_6c7o1_/` q ] h ]dc �=q o/_ � c7o z z3l2| � `dc a _ q _ zba _ zbt;qsl�j ] t c7o/_ qwz ]�_ �
h ]�_/`dc t o h9a6a&a c t _ zbh ] z ] t o6c q<a c aM��z _/`

Q2 qs�=q o/_ � o h z�_/`dcu�do a _&_ �Mhvk^z ] a � `dc7o6c1_/`dc q ] qsl �Ga�zba&t7j _ a
o6c fGjdt cB_/`dc aPq z �il c a�z	� c |

� `dcHo6c lrq _ z3{ c a �Ga _6c7z q _ zbt�j ] t c7o/_ qwz ]p_ ��h ]�_/`dc t o h9a6aCa c t _ zbh ]
δεlar
sys

t;q ] k c f c fGjdt c fwk%� o6c4�
�ilrq<trz ]i��_/`dc a _ q _ zba _ zbt;qslM��z _/` _/`dc a �Ga _6c7z q _ zbt c7o/o h o h ]

εlar
z ]#c �pj=q _ zbh ] 
G|3� ��q ] f�q<fif{z ]i��_/`dc

t5h ]�_/o z3kij _ zbh ] a l�z ]dc q o l � � ] h _ z ] �pj=q<f o q _ j o6c � e
δεlar
sys =

∑

i

fMC(i) · δsys
εlar

(i). � 
G|3�7� �
� `dc a �+a _6c7z q _ zbt@j ] t c7o/_ qwz ]�_ ��h ] _/`dc t o h9a6ava c t _ zbh ]

δεlar
sys

zbava6h�f c7_6c7o/z z ]dc f�jda�z ]i��_/`dc�o6c lrq _ z3{ c
a �Ga _6c7z q _ zbt c7o/o h o a

δsys
εlar

a ` h;� ] z ]��d� j o6c �+| �#" | � `dc o6c a6jil _ a�q o6c a ` h;� ] z ]��d� j o6c 
G|��G| � `dc o6c lrq _ z3{ c
�7� �



� ����� �������������	���� �
� � � � � ���� �	 �?�

j ] t c7o/_ qwz ]p_ ��h ]C_/`dc t o h9aEa�a c t _ zbh ] fGj c�_ h _/`dc�_ h _ qsl+j ] t c7o/_ qwz ]p_ ��h ]
εlar

zbagt;qslbt7jilrq _6c f@q<a _/`dc a/j z
hs� _/`dc a _ q _ zba _ zbt;qsl�q ] f�a �+a _6c7z q _ zbt�t5h ]�_/o z3kij _ zbh ] a�q<fif c f¢z ] �pj=q<f o q _ j o6c e

δεlar = δεlar
stat ⊕ δεlar

sys

|
� `dc a _ q _ zba _ zbt;qsl2e�a �+a _6c7z q _ zbtyq ] f _ h _ qsl o6c lrq _ z3{ c j ] t c7o/_ qwz ]p_ �#h ] _/`dc t o h9a6a�a c t _ zbh ] fGj c@_ h _/`dc
� � "Cc(J trz c7] t��

εtt0
e1zbaut;qslbt7jilrq _6c fFa�z z z3lrq o l �yjda�z ]i�@c �pj=q _ zbh ] a 
G|3� ��q ] f 
G|3�7����z _/`

εtt0
o6c �ilrq<trz ]i�

εlar
| � `dcyo6c a/jil _ a@q o6c a ` h;� ] z ]w�d� j o6c a 
G|�� � q � q ] f � k � _ h �'c7_/`dc7o ��z _/`�_/`dc j ] t c7o/_ qwz ]p_ � fGj c

_ h _/`dc { c7_ h c(J trz c7] t��
εvet

| ��z ] qsl3l � _/`dc j ] t c7o/_ qwz ]p_ �Zh ]�_/`dc t o h9a6aDa c t _ zbh ] fGj c8_ h _/`dcv_/o z �9�'c7o
c(J trz c7] t���zba z q<f c k%�Ha/j z�z z ]i��_/`dc z ] f{z3{1zbfGj=qslIt5h ]�_/o z3kij _ zbh ] aX� o h z _/`dc�>�@�A e � � " q ] f?FD~ �
t5h ] f{z _ zbh ] a©z ] ��j=q<f o q _ j o6c |

� `dc j ] t c7o/_ qwz ]�_ ��h ]�_/`dc
e−

t o h9aEa&a c t _ zbh ] t;q ] k c a c5c7]�_ hBk c
≈
�=<H| � `dc >�@ A t5h ]�_/o z3kij _ zbh ]

zbaDl�z z z _6c fZk���a _ q _ zba _ zbt5avq ] f aEh�z ] t o6c q<a c aD��z _/`
Q2 �
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