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�������� ����!�"$#%	&� ½ 
���'(��������")!�!�* ½,+ �&-���� ���.")�/!�0 ½,1 ��'2��� "�3�4&��	�*�
 + ������� "�����56�%�7�
8 �9� :.:.4�;�
=<6���>�?-94�@�4�!�* ½ ����AB� -DC4�EB")
 + ��AB�9-GF4��H��I�� J2�9-94�� ½ I���KL�M-94�"$4��B	�* ½,+ �ONP�M-94�")"�!��/!�5)
=<6�
Q ��-94�"7#)R$EB3S!��=����TU��-94�"�5)!����%�7��VW��-94&#)#=�/!�"�
%<���X>�YKL�6-?!�R$3.
%I6������-?!�RZ3���[6��XW�]\^AB��-?!�E_")!������%�7���W��-?!��/	�0`#%	�* ½,+ �
�aEb��-?!�"�c�!�"6�$��d>��-?!�"���4�"7���/
=<6�ed>��-?!�"�5)"74����e\��a	�"�!�fG4���#%[�� Q ��-?!�:S!�"��=�=�&KL��-?�g�B��0B�
hBE ½ 
���Ki��-?��#=hBE�4�f ½ 
6�
AB�j���O-?�/;�	&5 ½ I6�(k(��-?	&")"$4&#%I��>l?��-?	&5)5�!�")mn!�RZ3 ½=o �W'(��-?	&0���"): ½,1 �p�`��-?	�0_")	�* ½ �6�W�W�O-?"$4�!�fq!�"6�,���
TU�i-?"$4�0B��#)R$E.m?!��
c��$�i'(�b-?"���#)#=	�� ½ I��LTU�i-?"&C0�RZ3.�B!�"6��[��rKi�i-?")0B!�� ½,1 �tsW�i-?")0B�`RZ3S	.�uI6�a���L-?"�0B�B!�� + �
Q �a-?0�RZE_EB	��
;��=�)��vi�?->C0B�Bc�!��B!�"���
��9AB�n->C0_")c�!�"��=�6�?ln�wTU�a->C0`#)#%!�"���
��9�W�a-?0B�_��4�5���4��B[�� ���a-?0B"�3S!�� 1 �
���YAB��-?0B"�5)	�� ½ 
��idW�x-?0�#)R$EBEB	&")� ½=o �isW�i�n4��/*S!�5 ½ [6�L�>�YAB�b�n4�fqhB@�!��
�u�=���by��L�n4�")�/� ½=o �b���L�aE`4�")�
!�5��=�7�
sW�a�a��4�"�3S!����a-��r�a�
!�")@�4�0Bz.[��?���{�a	.R$3B# ½ <��aAB�jd>�a�a	��.5)")!�"$4�#=I��?���{�a	&")fG4&RZ3 ½ <��aAB�|�W�r�a	�0Bc&EB��4������
�W�?�a	&0B"$4�0 ½ I��9���}\)���9�a	�0`#%�/�_	�0 ½ [&�9-��YN9�?�a	�z ½ 
��~d>�9�a	�;�;��/3&4 1 �9s>�jd>�P�a0`#)#)4���#)����AB�P�a*&4&RZEB
$�7�
����s�4�c&	�")!�5)
=<���AB�|-���s�4��/�.5)	&� ½ <���TU�YsW��s�4�0H� o �&k(��s�4�0Bfq[=<�������s�4�*.��� 1 �����jvi��s�4�*.��#$� 1$� [$�����>��s ! Q 	S!�R$3��=�7�
N9�Y�W�as�!�T�	&�j��[���-��as !���R�	&0B")5 ½ I������?s �
")3.fG4��_�BI6� Ki�?s��/z.	��H� 1 �9TU�ns �/0_c�	S#=; o �����?s�	��/����0�#%
=I��
k(�Yy��ns 	��_	�*&4�� ½ �6� AB�|sW�ns 	�m?!��
�/
6��XW�Y-��ts ")!��g# ½ �9�>�?s "�	�0B57#%3S	&� ½ ����AB�nN�@�!�"�5)
�����y�� Q �nNr@�!�")5 ½ <��
d>��N{R$3S!�"��/�/���%�^� '(�9NL��"�!�fq!��B3S	 ½ �)�����MN�c&�/�

%I�� Q ��N��gRZE_�/!�"�
 o ��l?�9Nr�g#%!��
!�������N9�9Nr�g#%!��BE`4������
!�" ½ �7�
N9�.N��g#%!����%�7�.���SNr"$��fG4��B�H�����.�W�|-���l�4�EB"���
��Bvi�.l�4�*&4�"�5 ½ I��.�W��l`!���	�5�	�* ½ ��� Q ��lB!��g#%56�%���.AB�.lB!��/5�!�#)#=! 1 �
AB�DlB!�")!���R�!����uI7��ln��lB!�")"74�"�	�5)5�	�
=
���k(��lL�g4�fqf��=�=�2���DlL�/!��g#)R$EB!�"�I$������lL�
�/!�#=!�" ½=o ��d>�Wli��C0_c�c�! ½ �
�W��l`	&fq!��B3S	 ½,+ ��AB��lB	&")f�F4��B!�3.
 ½ ��AB�|����lB	S#=5)!�" ½ 
��ed>��l`"74��B3S!&�%�7��N9��d�4�@�4�5�E�0_�/!�" ½ <���k(��d�4�@�4�5�E�0_�/!�"�
%[��
l?��d�4�!���! ½=o ��AB��dO4�"�*S!�: 
 ��AB��dO4�:��
!�" �=� ������d�!�@�4�0_!�" 
 + � Q ��d�!�")E`4�"$�_# �=� ���>��d���4�;�	�* 
 + ��vi��d�	S!�"��/�gRZE + �
� �rd�	�c&�/5)�g��;�! ½,+ �a����d�	&����@�!�"�c 
=< �asW�rd�	����.�B!�" I �ak(�rd�	��
!�RZ\^-?�/!�"���4�5 + �r-��rd�	��_;�4��
!�;�\^K��
�B!��
")	 
=< �
8 ��d�	�"�!��/	�* ½ � ������d�"$4�@ 
 o ��XW��d�"�C4�#�#%�
!�" ½ ��y���d�")!�!���#%E`4�m ½ < � Q �Yk(��d�"��j��5)E�# ½ � ��d>��d "��/���.E�4�fqf�!�" ½=o �
�W�bd�")0B@�!�" ½%o �b���bd "�0B@�!�" � o �by���X�4&���/c � �HsW�xX�4��g��5 �=� �bvi�bX�4��$��0B3 + ��y��bX�4��
�/!�" ��[ ������X�4�fqh�!�� � �
TU�YAB��X�4�:.�B!�# � �H-���X !��
�B!�fG4��B� �=� �Ld>��X !��
�B;�!��
fq4��B� ��
 � Q �j����TU��X !�����!�"$#%	&� � 1 �bX>�HX !���#)R$EB!�� 
 + �
8 ��X !�"):.�B!�3 
Z� �����|l?��X !�#)# ½=o ��kp��X�!�m9�/5�5 
 ��k(�|XW�6X �/�
�/!�" 
 + �e���|sW��X �
�/5�	�� ½ 
 ��AB��X���4��.3�F: 
$� �&����X2C	�hBhB�_!�" I �
sW�SX�	���fG4��_�H�=�$�.y��SX 	&�/5)	&f ½ <6� Q ��X 	�"���#%@�!�"�c�!�"�
=[���'(��vi�SX 0��.cS#%	&�B
&�S���SX�C0B5)5�!�I��S��� 8 @B@�	�57#%	&� ½ 
��
�}�.�a�8 �#)#=!�*S!�"�I$�HX>� 8 5)5�!�")@�!�R$3��)���W��AS4&RZEB	&�/3S	�m�#%3&4 ½ I��b����AS4�R�	&@�#)#=	�� ½[½ �����HAS4&R��e0_!�5 ½ I�������AS4���"�! ½ I��
AB�nAS4��B	&5)EH� + ��sW�Y���aAS4���#%!��H��[�� vi�?A�C	&��#)#=	�� ½[½ ��sW�YKi�aA�	�EB��#=	��B[��9XW�aA�0B�Bc ½[½ � Ki� 8 �YKi�rkD4��
f�0`# ½ ���
���ikD4�����!�"��=�$�tsW�ik�4���5 ½ �$�rV>�bkD4�5)E`4�c�!&� o �tAB�ik�4�5);�:������tXW�YXW��kD4�0���f�4��B�B
 + �{�>�bkD4�0���f�4��B�H���6�
���9kD4�0`#)R$EH�=�$���`�9kD4�;�4�")��4��H�=�6� 8 � Q �nk~!���:S	&�B
��D���9k�!�")f���R$EB! ½ [$�D���9k�!�0B3S!�"6�$�D���9k��/!�#=�/�/�_c ½=o �
����k��
!��/�B
 + �S����k��/!��
��mn	�"�5��=���ed>��k��B�
!�#Z�=�7��y���k�C	&EB�/!�"��6��AB�YX>��k�C	�EB�_! ½=o �&XW��k�	��g4��B	�#%3.�/
 1 �S���|sW��k�	��
:.4 ½ 
��
'(��k~	&")@�!����%�7��Ki��k�	S#=5)3&4�
 + �����Yk(��k~	&5)!��
�B�/3S	�* ½,+ ��y���k�"�C4�fq!�"�3bC4�fqh�!�")I7�����wTU��k�"74�#%�.: +Z� 
=<���XW��k�")!�E�@B�
!��u�=���
sW��k�"&C0�R$3S!�" ½=o ���>��kqC0Bh_h�!�")
�����X>��kqC0�#=5)!�" ½[½ ������k~0_EB�/!�� ½%o �&y���k�0B"��R�4�
 + ��AB��k�0B");�EiC	���!�"�I��&-���v�4���	�")c&! 1 �
���YKi�YAB��v�4��`��	�� ½ ����TU��v�4��Bc&!�
 + ��V>��v�4��_c�!��B!�c�c�!�")
 o ���>��v�!�@�!���!�* ½,+ �&l?��v�!�EB�B!�"6�=�$��'(��v�!�f�4��/5�")!��=�=�
����v�!�*S	��B�g4�� ½,1 ������v��/���B#=5)"�	S!�f ½[½ �&l?��v��
��#%!��u�=�$��AB��v��
hB�/��#=3����=�)�&-���v��g#%56�%�7�ed>��v�	&@�	 ½ I���AB��TU��v�	�f�4�# ½ 
��
d>�j���Dv�	�h�!�;�� ½ ��'(�Dv�0B@B�
fq	�* ½ �$�(sW�Wv�C0B3S!�I � �=�$��vi�Wv�:.5)3.�/�H��[�� � ����4�c��.0�#)#=!��B
����(XW�O��4�EB�
3S!�\
k�"&C0Bc�!�"6�=�6��N9����4��/�
�B	�*B#=3�� ½^+ � Q ����4�"74`�R�!�3���I���Ki����4�"$4�c�!�[��&AB����4�")3_#Z����� Q ����4�"7#%E�4��/� ½ 
���AB����4�"�5)!���#=
����
d>�B��4�")5)�
�H��
�� Q �B��4�"�5)�
� ½ <��.XW�]\^VW�.��4�"�5=:��H�7�BAB�.��4�"�5=:��B�g4�3 + �_y�����4�*.")	&�����g# ½ �$�����YAB�.��4�zS��!��g� ½ <6�
���|AB����R���4�EB	�� ½ <����W����!�E.5$4��6��k(����!��/!�"6� + ��Ki����!�")3S!��u�=�=�&l?����!�5��/�gR�4e��[6���W����!�:S!�"��=�����W����!�:S!�"���
6�
XW����!�:S!�")
��$��AB����!�:S!�"6�=�=��Ki�]\��>����!�:S!�" ½ ���W�����/c&�/�/	&")� ½^1 ���������
3S	.RZ3.� + ��sW�����/�g#%5)!�4�� ½ <���AB����	S!�RZ3 ½=o �
l?����	&")!�4�0 ½,1 ��AB��'(����	&")")�g# � �&N9����")	.R�;�3S	 + ��s>����C0B�
�/!�" 
%I ��y���T�4��/5�!�" 
=I ��k(����C0_�/�/!�" �=� �&KL����0B"�F� � ��I �
'(� � 4�c�	�*.�/;��
� ½ �Z� Q � � 4�EB�_E�4�0B!�")
 + ��-�� � 4�"�	S#=3�4S��
��&y?Eb� � 4�0BfG4��_�B
 + � 8 � � F!�c�"�� ½ [6��Ki� Q � � !�m9fG4��B
6�
sW� � !�m95)	���� 1 ��XW�Yk(� � c�0B:S!��B
=<��&y��j��� � ��R$EB	&�/��#=
6��l?� � �/!�@�!�")cS4��/���u
6����� � �
!�@B0BE_"��=�$���aEb� � �/!���;�@�4��
��4e���
XW� � �/c&c��/�

 o �Sd>� � 	�mM4�3 + ��y�� � 0B�B�B!�fG4��B���u[6����� � :�@�!�"�c�\�T�!�")5)E_!�" ½[½ �&XW��� @�!�"���4&RZ3 ½=o �&AB�YN9��� �g#)#=	��H�=�6�
sW����;�!�"�	�* ½ �$��Ki��Kr4��/fq!�� ½ ��NP��Kt4���4�")	��=�6�&�W��Kt4��B�
5$R$EB[�������Kr4&#)R�4�0�� ½ I�������Kr4&#)#�4�c�c&�/	&
 o �SdW�|sW��Kt4�5)!�� ½ <��
XW�SKt4�m9�
!�5)574 ½ �SN9��Ki!�hBh�!�� 
 + �.N9�SKL!�"�!�; 1 �.AB�YKL��K�E_�/�/�
�/h�# ½ < ���W�SKr�/!�0`RZEB	&5 ½ [ �.sW�SKr�/5�;�� 
 o � Q �SK�C	�#)R$EB� I �
d>��Ki	�h�! o �&-���KL	�*�E ��[ �e���&Kr")!��
� �=� ��k(� Q 4�@B@�!�"�5); � �&KL� Q !��/fq!�" 
$� �&XW� Q �gRZ3 I �e�`� Q �/!�#�# ��
 �&N9� Q �
;�*.� ½ � �

�



KL� Q 	&@BfG4��_�B
=I�� Q � Q 	S	�#%!��B[&��k(� Q 	�#%!��.@�4�0B!�"��6���W� Q 	�#%5)	�*.5$#=!�*�
=<���l?� Q 	&0�#%! o ����� Q 	�:S	�� 1 �
k(� Q C0B5�!�" ½=o �S��� Q 0�#�4�3S	�* ½,+ ��k(� Q :.@B��R$3�� + ��sW�YKi�j�����e4��B3S!�:_���&KL���.R$E�4�R$E�5 ½=o �������.R$EB�
!�3���
6�������.RZE_�/!����=� + �
KL���eRZEB�
!�h�!�"����$��TU��*S	��(�.R$EB�/�
hBh�! ½ �)�&sW���.R$EBfq�g��5)
��)��d>���.R$EBfq�g��5���
6��vi���.R$EB	S!���!�� 1 ���W���.R$EiC	��B�
�Bc��=�7�
'(���eRZEB"�C	S��!�"��=�$�.N9�B�.RZE.0BEBf�4��B� ½=o �B-��.�.RZE.m94�@H�����.l?����!���3S	�m9
%I��.�W�B�S!�fq!��_	�* ½ �)�S'(���SE_!�3S!��/:.4��H�=���
8 ���SE_!�*��g4�3S	�* ½^+ ��vi� � ���SE�574�"�3S	�* ½,+ ��dW���S�/!�c�fq	&�H� o �BV>���S�
!�m?!�"�5�� o ��J(���S�/"�	��g# ½,1 � 8 ���>���S3.�/�
�/��R6	�")���u<7�
y����S�
	S4���� 1 ��Ki���Sf��/")�_	�* ½,+ �������Sfq�/5�E ½ <$��'(���S	&�/	.R$EB!��B3S	 ½ ����J(���S	��
	�*.�/!�* ½,+ ���>���Sh�!�R$3&4 ½,1 �&AB���Sh_�/!�3S!�"�fG4��_�BI$�
���?�Sh_�/!��
fG4�� ½,1 �nXW�a�ShB�/5�;�!�"6�u
6�nl?�{�e�e0B�
��4�@�	&� ½ I��?Ki�{�S5�!���!��H�=�6� Q �?�S5)!��
��@�!�"�c ½ �aAB�?�S5)!��
�BE�4�")5���
��
-�����5)!��
��4�
=
����W���S5�!��/�
@�!�")c&!�"�� + ��AB���S5)�
!�"��=�7��AB���S5)�
!�m?!�� + ��VW���S5�C	����/!��/�B
 + �&k(���S5�	��
;�!�
 + ��VW���S5)"74�0Bf�4��B�H���6�
TU����5)")0`R�;��/�`#%3.� ½ ��AB�|KL���S0B5)5�	��B
&������yi4�hBh_")	�c&c�!�� + ������yi4e�#%!�*_#%3�F:�
 ½ ��'(��y9R$EB!�"���:_#%E_	�* ½ �$�e����y9RZE_!�5$R$EB!��
�B�/57#%3.� ½ �)�
AB�&y?EB!���#�#%!�� ½ �ed>�Sy?EB	&fqh�#=	�� ½ �$��KL�Ys>��y?EB	&fqh�#=	��B
�� � �&y 	&@B�/!����%�7� Q ��yb	.��!��BE`4�c�!��H��[��SKi��yb")0 C	��/
=I��
d>��y9#%�
h�	&�/�
5)��#=
 o ��AB��yb0B")��4�0 + �&NP��y?;�4�f�4�")�
0��B4�3����%���&KL��V !��/3S!�# ½ ���>��VO#%�/3 ½,+ ������'n4��/3MF4�")
 ½ ���W��'n4��
39F4�")	�*MF4�
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(a) Low Q2
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a)  <Q>=5.5 GeV
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E+(m×0.5)(GeV)

1/
N

 E
dn

± /d
3 p 

(G
eV

-2
)

m=0, 12 <Q2<15 GeV2
m=1, 15 <Q2<20 GeV2
m=2, 20 <Q2<40 GeV2
m=3, 40 <Q2<60 GeV2
m=4, 60 <Q2<80 GeV2
m=5, 80 <Q2<100 GeV2c)
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<n> = 1.25 ± 0.05
σ = 1.15 ± 0.05
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<n> = 1.52 ± 0.07
σ = 1.33 ± 0.06
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σ = 1.54 ± 0.07
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<n> = 2.17 ± 0.09
σ = 1.62 ± 0.07
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<n> = 3.62 ± 0.35
σ = 2.10 ± 0.21

P
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<n> = 4.39 ± 0.42
σ = 2.29 ± 0.22
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