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Abstract

The inelastic production of charmonium in deep inelastic scattering (DIS) has

been studied with the ZEUS detector at HERA using an integrated luminosity

of 73.3 pb−1. J/ψ mesons were identified using the decay channel J/ψ → µ+µ−.

The measurment was performed in the kinematic range 2 < Q2 < 80 GeV2,

50 < W < 250 GeV, 0.2 < z < 0.9 and −1.6 < Ylab < 1.3, where Q2

and W are standard DIS variables, z is the fraction of the photon energy carried

by the J/ψ meson in the proton rest frame and Ylab is the rapidity of J/ψ in

the laboratory frame. The measured cross sections lie above the calculations

using colour-singlet contributions of the non-relativistic leading-order QCD pre-

dictions. Predictions including colour-octet contributions generally lie above the

data and differ in shape to the measured differential cross sections. Calculations

based on the kT -factorisation approach give a reasonable description of the data

providing an overall better description of the data than the non-relativistic QCD

predictions.
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�Â�<¤�©ä§[­®�ó§�¦¥©��)	
§[Õ[��¤7�¥¤5	��8§�«b«b�[��¤5	2Ì £ ���º�%§[¤��7©����*¹º©'§[¦Â¦�	
���º��¤�«b�b­ª	°§[�Â¤5	
�¥��©ä§[�������
�¥¤
,��%§[��­�§�	
��­®�[Ì
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«��<¤5	
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�8	����
§[��©��<¦Â��	
� ñ[§�¦¥���ó�[¯1	
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< ê+>F¼�ÌUCQÌUDò��­�³<��­º§[¤��ü¶�Ì
�[�<¤���© á ÷U�5Ä;©bÌ"¿º��ñ"Ì e N,O á ê â Ö;ê7´ ê�è<Û�ê�¸ZÌ
<ÉÖ >�Þ�Ì £ ÌUDò�;��¹º�Â¤ á ¼�ÌUDò­
§[§�	
��¤ á Þ�ÌÉ÷iÌ�C#��¬%§[³<� á ÷U�5Ä;©bÌ�¿º��ñ"Ì e ]1J á ê<ê*Ö â ´ ê�è<è â ¸ZÌ

¼Q­®­
§�	�����ôà�¥���Â� e ],] á â Û â Çü´ ê�è<è5Æ[¸ZÌ
< ÇA> CQÌïß�Ì"Þ)­��Â����ñ á ¼�Ì :øÌ C#�Zñ;�¥¤g§[¤��!:øÌåÞ�Ì,¿�Ä;©�Õ��¥¤ á ÷Q�5Ä;©bÌ"¿ ��¬HÌ J�R,R á ê�´ ê�è<Û<Ç5¸ �¼�Ì :øÌUC1��ñ;�¥¤ü§[¤��!:øÌåÞ�Ì�¿ºÄ;©�Õ��Â¤ á ÷U�5Ä;©bÌ�¿º�b¬HÌ J���� á Ö[ë5Æ�´ªê2è<è<Ý5¸ �¼�Ì :øÌUC1��ñ;�¥¤ á :øÌ Þ�Ì,¿�Ä�©®Õ��¥¤ á�� �HÌ :øÌ"����§[����¦¥©®Õ�Äg§�¤���ÀFÌåÞ�Ì"������ñ�§[�Zñ á ����ñ"Ì���ÌU?ó��«b¦:Ì�÷U�5Ä;©bÌ

],O á ë â ÆÃ´ ê�è<è�ê�¸ �¼�Ì :øÌUC1��ñ;�¥¤ á :øÌ Þ�Ì,¿�Ä�©®Õ��¥¤ á�� �HÌ :øÌ"����§[����¦¥©®Õ�Äg§�¤���ÀFÌåÞ�Ì"������ñ�§[�Zñ á ����ñ"Ì���ÌU?ó��«b¦:Ì�÷U�5Ä;©bÌ
]	� á Û<ë5ÆÃ´ ê�è<è�ê�¸ ��"Ì"ö�§�	°§[¤�� á :øÌ"öò�¥§�¯!§[¦Â�<¤���§[¤��SFòÌ%¾h§���	
��§[¤�¤ á ÷Q�5Ä;©bÌ C1��	®	2Ì�
 N���N á è5Æ�´ªê2è<è<Ý5¸ ��"Ì"ö�§�	°§[¤�� á :øÌ"öò�¥§�¯!§[¦Â�<¤���§[¤��SFòÌ%¾h§���	
��§[¤�¤ á ? ��«b¦4Ì%÷Q�5Ä�©�Ì�
 O,_,_ á ê2Ç â ´ªê�è[è�ê*¸ �
��ÌåöhÌ"öò�<¦Â¦¥�¥¤�©�§[¤��ü¿^Ì H�Ì%¼Q¦¥¦Â�¥© á ?ó��«�¦:Ì,÷Q�5Ä;©bÌ

 O,_%R á Çg´ªê�è<è�ê*¸ �Þ�ÌU:@§�­�«°����©��¥¤��i§�¤��g¿^Ì H�Ì	�X��������­ á ?ó��«b¦:Ì�÷U�5Ä;©bÌ�
 O
�,_ á Ö�ê â ´ ê�è<è5Ö[¸ZÌ

<J �>F¼�Ì ÀFÌUH)��­�§[��ñ á CQÌ ?^ÌUC1�¥¬%§�	���ñÃ§[¤���ß�Ìå��ÌUF,§[���Â¤ á ����ñ"Ì,÷Q�5Ä�©�Ì��<¼ £ ÷ ��� á  N 5Çg´ ê�è5Æ[ë5¸ �¼�Ì ÀFÌUH)��­�§[��ñ á CQÌ ?^ÌUC1�¥¬%§�	���ñÃ§[¤���ß�Ìå��ÌUF,§[���Â¤ á ����ñ"Ì,÷Q�5Ä�©�Ì��<¼ £ ÷ ��] á ê�è<èg´ ê�è5Æ<Æ<¸ �
� §�Ì � §�Ì�D�§[¦¥�
	
©®Õ;��� �H§[¤��!CQÌ ?8Ì C1�¥¬�§�	
��ñ á ����ñ"ÌG��Ì�?ó��«�¦:Ì,÷Q�5Ä�©�Ì N
� á Û5Ö[Ög´ ê�è5Æ[Û<¸ZÌ

< â >�ö�¶7FCöò�<¦Â¦:Ì á FòÌ�Àh�"�^�Z	ó§[¦:Ì á ÷Q��Ä;©�Ì�¿º��ñ"ÌUC1��	®	2Ì L	� á â Æ<Ö�´ªê2è<è5Æ<¸ �ö�¶7FCöò�<¦Â¦:Ì á FòÌ�Àh�"�^�Z	ó§[¦:Ì á ÷Q��Ä;©�Ì�¿º��ñ"ÌUC1��	®	2Ì L	� á â Æ[Ûg´ªê2è<è5Æ<¸ Ì
< ëA> :�Ì"öò�%§[¬�Õ��¥¤�� á����	����������� ��!#"
���%$���&(')�*���+� �,')-.��/0"�1���'2���3&4��5 56�07(�*����78��':9<;:=?>A@(��@(�CB��*@47Zá

Ö�Ý<Ý<Ç á §2ñ�§[�Â¦¨§[��¦Â�h�<¤ED�FGFGH�IKJGJ�L�LGL.MONQP	R�S?MONQP�JTN�U�R�VGW%Ì £ �±§[¬�¬��b§[­º�¥¤ =?�4�X&%Y�Z\[][(��'*Y
^ �����X741��4"_���A`a@4@b"
/)[c��@(5d��7('C�*&]ef&g��'C'b@(�c� ��B,hC`][ce�>�i�iTjlkXmne�'*Yo=p@('b@(��7%q%�Q�CB�msr."
�c� 5t>�i�iTj Ì

<ÉÆ >�ö�¶7FCöò�<¦Â¦:Ì á £ Ì%À ùa�<¦Â���b­��Z	ó§[¦:Ì á ÷Q�5Ä�©�Ìa¿º��ñ"ÌUC1��	®	2Ì �,] á Ö[Û<Û[ëü´4Ö[Ý<Ý<Ý<¸ZÌ
< ÛA> D'�b¦¥¦Â��öò�<¦Â¦:Ì á H�Ì�Àh�"����	ó§[¦:Ì á ÷Q�5Ä;©bÌ�¿ �Zñ�ÌUC1�Z	�	2Ì ��� á â Ö�Ý<Ý�ê�´:Ö[Ý[Ý5Ö<¸ZÌ
< èA>F¾^ê8öò�<¦¥¦4Ì á öhÌ%Àó��¦¥��ù=��	ó§[¦4Ì á ¼U��­bÌ,÷Q�5Ä�©�Ì���Ì 6 N,] á Ö â ´4Ö[Ý<Ý5Ö[¸ZÌ
< ê�ÝA>�»H¼U½h�üöò�<¦Â¦:Ì á ��Ì"öò���bÕ�§[¤���ñ���	ó§[¦4Ì á ¼U��­bÌ,÷Q�5Ä�©�Ì"��Ì 6ÙN�L á ê*Æ[Çg´:Ö[Ý[Ý<Ç5¸ZÌ
< ê<ê+>F¾^ê8öò�<¦¥¦4Ì á öhÌ%Àó��¦¥��ù=��	ó§[¦4Ì á ¼U��­bÌ,÷Q�5Ä�©�Ì���Ì 6 N,] á  �ê7´4Ö[Ý<Ý5Ö[¸ZÌ
< ê*Ö >��"ÌUF.¦¥�����Â¤�³ á £ Ì :ü�b����¤ á ÷U�5Ä;©bÌ"¿º��ñ"Ì e ]�L á ê�Û  <ëü´ ê�è<è<Û<¸ZÌ
< ê�ÇA>�»H¼U½h�üöò�<¦Â¦:Ì á :øÌ,¶|��­�­®�¥«°Õ7�Z	ó§[¦:Ì á ÷Q��Ä;©�Ì3C1�Z	�	2Ì�
 N��,O á  <ë â ´ªê�è[è5Ö<¸ZÌ
< ê  �>�»H¼U½h�üöò�<¦Â¦:Ì á ½^Ì,¾ó�<¦Â�Ü´B�b�HÌå¸ ávuf1�@xwf;zy<e,`z@('2@4&('b��� Ìä�;	°§�	���© ¿ ��¬��[­®	8´!��¤�¬�����¦Â�¥©®���b�,¸ á

¶)¼ä� � ´ ê�è<è<Ç5¸ á §2ñ�§[�¥¦¥§[��¦¥�ó�<¤EDQFGF�H�IKJ�J�LGLGL�{�|QPT}
RsMbNQP�R�S?MbNQPQJ�~���}�PT~����T��J�~���}	PT~��G���.MOD�F��
��Ì
< ê â > :�Ì,¶|�b­�­®�¥«°Õ���	ó§[¦:Ì á ?ó��«b¦:Ì�·Å¤�©®	bÌ :ü��	��HÌ SyO%R
� á Æ<Æ�´ªê�è<è�ê*¸ �À8Ì%Àh¤���­��b©®�b¤ü��	ó§[¦:Ì á ? ��«b¦4Ì%·Å¤�©®	bÌ :ü��	��HÌ SyO%R
� á ê�Ý�ê�´ªê2è<è�ê*¸ �

ë



À8Ì"ö�§[¦¥��¹'�b¦Â¦H��	ó§[¦4Ì á ?ó��«�¦:Ì%·Å¤�©ª	2Ì :ü�Z	
�HÌ S O"N1J á Ç â ëü´ ê�è<è5Ö[¸ �À8ÌUDò�b­®¤�©®	��b�¥¤g��	ó§[¦4Ì á ?ó��«�¦:Ì%·Å¤�©ª	2Ì :ü�Z	
�HÌ S O,O"_ á Ö[Çg´ ê�è<è<Ç5¸ Ì
< ê�ë�>E?^Ì,¾h§[­®¤���¹K��	ó§[¦:Ì á ? ��«b¦4Ì%·Å¤�©®	bÌ :ü��	��HÌ SyN�L	� á Ö[è<Ýg´ªê2è<Û<è5¸ �

DhÌUF%�<©ª	
��­���	ó§[¦:Ì á ?ó��«b¦:Ì�÷U�5Ä;©bÌ"÷Q­��;«[Ì"�;��¬�¬�¦4Ì�
 O,N á ê�Û�ê�´ ê�è<è<Ç5¸ �
DhÌUF%�<©ª	
��­���	ó§[¦:Ì á ?ó��«b¦:Ì�·Å¤�©®	bÌ :ü��	��HÌ SyO,O�� á Ö â  g´ªê2è<è  �¸ Ì

< ê*ÆA>�À8ÌUD�§[���"�b­®³<�b­��Z	h§�¦:Ì á ?ó��«�¦:Ì%·Å¤�©ª	2Ì :ü�Z	
�HÌ S �"R�J á ë[Çü´ ê�è<è5Æ[¸ZÌ
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