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\ ]^_` ab cdefd`
ghijhk lm n opqrstnuvqt qpwqulxqyt zmlyv t{q |}~� �q�
q�q�tu�y �u w�mltu�y �qnx �� ghi� ���~ �tm lytquyn� vnm
tnuvqt wu��lrqm w��nul�qr g� �� �gq nm �q�� nm zyw��nul�qr
g� �� �q� �u nyr �q tnuvqtm~ �y t{lm wnwqu uqmz�tm ��ug nyr � tnuvqtm nuq rlm�zmmqr~ ghijhk t��� rntn �lt{��yvltzrlyn��� w��nul�qr {�ru�vqy �rqztqu�y� tnuvqt ly t{q
�qnum ��������} ������|���� nyr n tunym�qumq�� w��nul�qr
{�ru�vqy tnuvqt ly |��|�|���~

�{q mq�q�tqr ���k q�qytm nuq uq�zluqr t� {n�q n
rqtq�tqr w{�t�y ly nrrltl�y t� �yq �{nuvqr tun�� lrqys
tloqr nm t{q m�nttquqr �qwt�y~ �{q �lyqxntl� uq�zluqsxqytm lxw�mqr �y t{q m�nttquqr �qwt�y nuq  ¡ ¢ ��q�¡�
£¡ ¢ ¤ �q�¡ nyr ¥ ¦ |§ �q�~ �{q w��nu nyv�q ¨©ª©
�qt�qqy t{q �lutzn� nyr t{q uqn� w{�t�y lm uq�zluqr t��q �qt�qqy �xunr nyr «�xunr~ kly�q t{q uq��l�lyv wu�s
t�y �nm y�t rqtq�tqr t{q qp��zml�q q�qytm �quq mq�q�tqr
�lt{ t{q uq�zluqxqyt t{nt t{q xlmmlyv xnmm ¬­ �� t{q uqsn�tl�y ®¯ ° ®±² ��uuqmw�yrm t� t{q wu�t�y xnmm~ �zq
t� t{q �lxltqr rqtq�t�u uqm��ztl�y t{q xlmmlyvsxnmm unyvq
³�´� ¦ ¬­ ¦ �´} �q� �nm mq�q�tqr �nmqr �y n j�ytq�nu�� mlxz�ntl�y ��u t{q �wtlxzx mqwnuntl�y �� qp��zml�q
q�qytm �u�x t{q mqxlsly��zml�q �n��vu�zyr~ �{q uqmz�tlyv��ytul�ztl�y �u�x mqxlsly��zml�q µ¶ wu�rz�tl�y t� t{q qps��zml�q mnxw�q lm n��zt �·~ �{q ��ytul�ztl�y �u�x t{q
nmm��lntqr qp��zml�q uqn�tl�y� �{quq t{q yz��q�y lm qp�ltqr
t� n uqm�ynyt mtntq� nx�zytm t� nwwu�plxntq�� ��·~

¸ e¹º»¼bº
�{q nxw�ltzrqm ½¾¿À ÁÂÃÂ#Ä ÅÆ¾ ÂÇÈ nyr ½ÅÆ¾ ÁÂÃÂ#Ä ¾¿À ÂÇÈ �� t{q
��k� nm n �zy�tl�y �� ³É� ÊË nyr  ¡� nm qptun�tqr ntghijhk� nuq m{��y ly ov~ � �}�~ �{q nyn��mlm lm �nmqr �y
rntn n��zxz�ntqr ly |��|�|��« �lt{ t{q w�mltu�y �qnx
nyr n tunym�qumq�� w��nul�qr {�ru�vqy tnuvqt~ ��uuq�tl�ym

��u �n��vu�zyr nyr mxqnulyv �quq nww�lqr~ �{q xnly ��ys
tul�ztl�ym t� t{q m�mtqxntl� zy�qutnlyt� nuq t{�mq �u�x
t{q rqtquxlyntl�y �� t{q tnuvqt w��nul�ntl�y nyr t{q �n��s
vu�zyr ��uuq�tl�y~ ��m� m{��y ly ov~ � nuq t{q�uqtl�n� wuqsrl�tl�ym �nmqr �y n w{qy�xqy���vl�n� x�rq� �� �Ì�m �¤�~
�{q �zu�qm uqwuqmqyt t{q ��k� nxw�ltzrqm q�n�zntqr �lt{rlÍquqyt Îs�znu� t�tn� nyvz�nu x�xqytzx ÏÐ nm n x�rq�
wnunxqtqu� �{l�q oplyv t{q Ñs�znu� t�tn� nyvz�nu x�xqys
tzx ÏÒ Ó � ���~

�y ov~ | t{q rqwqyrqy�qm �� t{q ½¾¿À ÂÇÔ nyr ½¾¿À ¡ÂÇÔ nxsw�ltzrqm �� t{q Õ�k� �y wu�t�y nyr rqztqu�y nuq m{��y
nm n �zy�tl�y �� ³É rqul�qr �u�x mqwnuntq otm ��u q�qu�
³É �ly ���~ � ml�n��q ½¾¿À ¡ÂÇÔ nxw�ltzrq lm ��zyr �{l�{ lm
qpwq�tqr t� �q �lyqxntl�n��� mzwwuqmmqr �~u~t~ ½¾¿À ÂÇÔ ~ �t�ny �q mqymltl�q t� t{q yqptst�s�qnrlyv ��ytul�ztl�ym t�
t{q nm�xxqtu� �Ö×Ø×� t�lmts§ �Ì�m Ù�� ÚÙ�� �«�~ �� rl�s�quqy�q lm ��mqu�qr �qt�qqy t{q nm�xxqtulqm �y g nyr �
tnuvqtm ly t{q oumt É �ly� �{quq qÍq�tm �u�x ��{quqyt m�nts
tqulyv �y t{q rqztqu�y ��z�r �q qpwq�tqr~ �{q rlÍquqy�q
�qt�qqy t{q t�� tnuvqtm ly {lv{qu É �lym xlv{t �q rzq t�ly��{quqyt m�nttqulyv �y t{q yqztu�y~ �n��z�ntl�ym �nmqr
�y n �Ì� x�rq� rq�q��wqr ly uq�~ �¤� �quq �nuulqr �ztnt t{q n�qunvq �lyqxntl�m �� q�qu� É �ly ��u t{q wu�t�y~
��t{�zv{ t{q x�rq� rqm�ul�qm t{q ½¾¿À ÂÇÔ nxw�ltzrq �q���
lt r�qm y�t nvuqq �lt{ t{q rntn ��u ½¾¿À ¡ÂÇÔ ~ �{lm �ny �q
rzq t� t{q �n�t t{nt t{q t�lmts§ �Ì�m nuq x�rq�qr �y��
�� t{q Ûnyr�zunsÛl���q� tqux� {qy�q y� ly��uxntl�y �y
�znu�sv�z�y ��uuq�ntl�ym lm ly��zrqr~

Ü _ÝÞºbßaàÞb ÝÞ bá¹ bÝba¼ aÞâ»¼aß ãÝã¹Þb»ã
Ýä å»aßæº àÞ Þ»ç¼¹ÝÞ
�y �urqu t� ��ymtunly t{q t�tn� nyvz�nu x�xqytzx ��
�znu�m n wnunxqtqul�ntl�y �� �Ì�m rq�q��wqr ly uq�~ �¤�
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�¡ ����£����  ªe�  �¹���g� ­��£�¡ eª üý �g  üþ c ¿���Ê����  �ge��¡ �«� ²��¡£��  ¤�g��¨���� ¦ ¼¼�� �²���®�£ �µ 	Êò
�
� ¤	Êò�ò
�¦ ��¡ ¡����¡����� ¤¡f¡��²����¦ £g���®���g�fµ �g  Ê��� ��� �«� ­��£�¡ ����£����  �� �«� �­���¨�
±�g�²����¡ ¢f � �e � ³´!¶ ¢�¡�  eg �«� ��¥ ²e �� ³�¶c
�¡ �«�e������� ��� ����eg¡ eg Êïðç êëìëíî çèé ëËÌ ¡«e§ ²�ge�
�«�g¨�¡ ¤¡�� ©¨c ´¦ §��« ­������eg¡ �g üý �g  üþµ eg�f �«�
�eg���¢£��eg ª�e² Êçèé êëìëíî ïðç ëËÌ �e �«� �� £��  ÿú ­��£��¡ �g��£ �  �g �¸c ¤
¦c ¼«� �g��¨����  ��¡£�� £¡�  �g �¸c ¤
¦
�¡ �Êçèé êëìëíî ïðç ëËÌ � Ð Ò!�´���!�!
�¤¡����¦�!�!»»¤¡f¡��¦µ
�¬������  ª�e² �«�  !! � !!�  ��� �� �«� �­���¨� ±�g�®²����¡ �Ò�� Ð !�´ ��¾úµ ���� Ð !�!�
µ �ôú� Ð  �
��¾úc

¼«� ���� �g �«� ¤üý µ üþ¦®���g�µ �g §«��« �«� �� £�� 
ÿú ­��£� �¡ ge� ���¨�� �«�g £g��fµ �¡  �©g�  �¡ eg�®¡��g �� ® �­����eg �eg¡����g� eg üý ÅÄ� üþ c �g� e¢���g¡
üý Ó üþó �� Ð !�� � !� ´ � !�!" ¤¡�� ©¨c »¦c ¼«� ©�¡�
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HERMES 2002-04 Preliminary <1.7 GeV)X X  (Mγ + e→ ⇑ p+e

 0.033(syst)± 0.058(stat) ± = -0.149 
φ) cos Sφ-φsin (

UTA
2> = 2.5 GeV

2
,  <x> = 0.095, <Q2<-t> = 0.12 GeV

GPD Model: LO/Regge/D-term=0
[Goeke et al., Prog.Part.Nucl.Phys.47(2001),401]

Code: VGG [Vanderhaeghen et al., priv. comm.]

)2= 4GeV 2µ (val
qLattice QCDSF J 

stat. uncertainty only [PRL92(2004),042002]

])∞[1,∈ v,s

 0.06 (b
±) tot

 0.21 (exp
±

 /2.9  =  0.42 

d
+Ju

J
VGG

VGG
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eª ��¥¡ ³�¶c ¼«� �® ���g �g�� eª ��¥¡ �¡ ²e ���  £¡®�g¨ �«� *�¨¨� �g¡��� ³�¶c ¼«� �²���� eª £¡�g¨ �� e� ��¡�����g���­� +�«� ª���e����  �g¡���+ eg �«� �«�e�������
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