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± $³²�´�µ¥¶�·�¸A¹ º¼»�½�¾À¿�Á�Á&µ¥·�Â)¿�¾Eµt»
Ã¼ÄUÅÆÅ^Ä�Ç;È^É¼Ê�Ë¯Ì¼Í�Î¦ÏÑÐ&Ð�Í�Î¯ÎÓÒEÏ¼Å5Ô�Ë¯ËdÔ�È^É¼Õ�ÍiÉKË>Ä�Ò)ÅÆÄUÉ¼ÊcÈ^ËÖÏÑ×KÈ^É¥Ô�Å9ØiÙ�Ú¥ÄUÅkÔ�ÛÖÈÜÎÖÔ�Ë¯È^ÄcÉÝÈÆÉ�Þ-ß�àJá�âmáGÛ¯ËÖÈkÐ[Å^Í
ãÖãÖä�È^Ë<ÈÜÎåÉÑÔ�ËÖÏrÛdÔ�Å5ËÖÄ"Ð�ÄUÉ¥Î�Èk×KÍiÛ�Ç;ÌrÍ&ËÖÌ¼ÍiÛ�ÈÆË<Ç%ÄUÏrÅk×/æ¥ÍJÚtÄçÎÖÎ�È^æ¼ÅÆÍ�ËÖÄ"Ð�ÄUÕ�ÚrÅ^Í&Õ�Í[ÉAË)ËÖÌ¼Í�Ú¥ÄcÅkÔ�Û¯ÈkÎ�Í�×
Ø Ù Ç;È^Ë¯ÌéècêUë7ì�Ø�í�Ú¥ÄcÅkÔ�Û¯ÈkÎ�Í�×ÝÚ¼Û¯ÄUË¯ÄUÉ¥Î*î�ïcð¥ê�ñmò
á�Î%Ú¥ÄUÈÆÉKË¯Í�×/ÄcÏ¼ËGÈÆÉ�áGÛ¯ËÖÈkÐ[Å^Í-ãbðrÔ�Î¦Ë¯ÄUÛÖÍ�×óÚ¥ÄcÅkÔ�Û¯ÈkÎ�Í�×�Ú¼ÛÖÄcËÖÄUÉ	æ¥Í�Ô�ÕôÐiÔ�É�ÄUÉ¼ÅÆõ�æ¥Í�ÄUæ¼Ë`Ô�È^ÉrÍ�×

æAõ�È^É�öÖÍ�Ð[ËÖÈ^ÉrÊ�Ô�É¥×�ËÖÌrÍ&É�ÔcÐ&Ð�Í&ÅÆÍ&ÛdÔ�ËÖÈÆÉ¼Ê�Ô�ÚrÛÖÍ&Ú¥ÄUÅÜÔ�Û¯ÈkÎ¦Í�×#æ¥Í�Ô�Õ�Ú¼ÛÖÄ�÷AÈk×KÍ�×�æAõ�Ô�Î�Ï¼È^Ë`Ô�æ¼ÅÆÍJÎ¦ÄcÏ¼ÛdÐ�Íçò
ÞGÄ�Ç%Íi÷7Í&Û&ðAã%Ð[ÄUÕ�Õ�ÍiÉKË>ÄcÉVÔ�É¼ÄUË¯Ì¼Í&ÛJÐ�ÄcÉ¥Ð�Í&Ú¼Ë;ÈÆÉ�ËÖÌ¼Í*áGÚ¼Ú¥Í&ÉÑ×KÈ^ø5ò
áùÕ�Ô&öÖÄcÛ%ÄUæÑÎ¦ËdÔcÐ�Å^Í*ËÖÄ�Û¯Í�ÔUÐdÌ¼È^ÉrÊ�Ì¼È^ÊcÌÝÍiÉ¼Í&ÛÖÊcõ�Ç;È^Ë¯Ì�ËÖÌ¼Í*ÚtÄcÅkÔ�ÛÖÈkÎ¯Ô�Ë¯È^ÄUÉ	È^ÉAËdÔcÐ�Ë%ÈÜÎúË¯Ì¥Ô�Ë;Ë¯Ì¼Í

Î¦ÚrÈ^É¥Î%Õ�Ï¥Î¦Ë<É¼ÍiÊUÄUË¯ÈkÔ�ËÖÍ�ÊcÛÖÄUÏrÚ¥ÎúÄ�Ò<Î�Ú¼È^ÉAû7ÄUÛ¯æ¼È^Ë;Û¯Í�Î¦ÄcÉ¥Ô�ÉÑÐ�Í�Î�Íi÷7Í&ÛÖõ�ücêUýÿþ Ø�í âmáJÛÖËÖÈÜÐ�Å^Í-ãÖä<Î�È^É¥Ð�Í
ËÖÌrÍ�Î�Ú¼È^É�Ë¯Ï¼É¼Í�ÈkÎ;Ô�Ú¼Ú¼ÛÖÄ�øAÈ^Õ�Ô�ËÖÍ&ÅÆõ�Ú¼ÛÖÄcÚ¥ÄUÛÖË¯È^ÄcÉ¥Ô�Å>Ë¯Ä/Ë¯Ì¼Í�Í&É¼Í&Û¯ÊUõ7ò
ÞGÄ�Ç%Íi÷7Í&Û&ð>Ë¯Ì¼ÈkÎ�Ú¼ÛÖÄcæ¼Å^ÍiÕ Ð&Ô�É æ¥ÍVÔ�Õ Í&Å^ÈÆÄUÛdÔ�ËÖÍ�× æKõRËÖÌrÍÝÈÆÉ¥Ð�ÅÆÏ¥Î¦ÈÆÄUÉRÄ�Ò � È^æ¥Í&ÛÖÈÜÔ�É � É¥Ô��7Í�Î

î4ýAð��Uñmò��%ÌrÍ�Î¦Í-Ô�Û¯Í�Õ�Ô�ÊcÉ¼Í&Ë<Î�õ¼Î�ËÖÍ&ÕóÎåÇ;ÌrÈkÐdÌ/Û¯ÄUËdÔ�ËÖÍ-Î¦Ú¼ÈÆÉ¥Î�æAõ�ï&ècë�×KÍ&ÊcÛÖÍ&Í�Î<Ô�ÛÖÄUÏrÉ¥×�Ô�É�Ô�øKÈÜÎåÈÆÉ
ËÖÌrÍ�Ì¼ÄcÛÖÈ	�iÄUÉAËdÔ�Å�Ú¼ÅÜÔ�É¼Í*È^É¥×KÍiÚtÍiÉ¥×KÍ&ÉAËÖÅÆõ/Ä�Ò%Ë¯Ì¼Í�Í&É¼Í&Û¯ÊUõ�Ä�ÒåËÖÌ¼Í*Ú¥Ô�Û¯ËÖÈkÐ[Å^Í7ò�
%õ ËÖÌ¼Í*È^É¥Î�ËdÔ�ÅÆÅkÔ�ËÖÈ^ÄcÉ
Ä�ÒúÎ¦Ï¼ÈÆËdÔ�æ¼Å^Í�Ð�ÄcÕ/ærÈ^É¥Ô�ËÖÈ^ÄcÉ¥ÎGÄ�ÒJÎ¦ÉÑÔ��7Í�Î[ð Ë¯Ì¼Í Î¦Ú¼ÈÆÉVËÖÏ¼É¼Í
���	������Ð&Ô�É­æ¥Í��¥øAÍ�×­Ô�Ë�ÄUÉ¼Í�Ì¥Ô�Å�Ò}Ô�É¥×
ËÖÌrÍ&É æAõ Î�Ï¼È^Ë`Ô�æ¼ÅÆÍ�ÐbÌrÄUÈkÐ[Í/Ä�ÒJÄUÛÖærÈ^ËdÔ�Å;ËÖÏ¼ÉrÍ�Î�ð>Û¯Í�Î¦ÄcÉ¥Ô�É¥Ð[Í�Î�Ð&Ô�ÉRætÍóÔ�÷7ÄcÈk×KÍ�× Ô�Ë"Ô�Å^Å�Í&É¼Í&Û¯ÊUÈÆÍ�Î�ð
ÔUÎ¯Î¦Ï¼Õ È^É¼Ê�Ë¯Ì¥Ô�ËvËÖÌ¼ÍJ×KÍiÚtÍiÉ¥×KÍ&É¥Ð[Í%Ä�Ò Î¦Ú¼ÈÆÉ�ËÖÏ¼ÉrÍ%ÄUÉ Î¦õAÉ¥ÐdÌ¼ÛÖÄcæ¥Í&ËdÔ�Ô�Õ�Ú¼ÅÆÈ^ËÖÏÑ×KÍ%ÈÜÎ Ç�Í�Ô�� âmáGÛ¯ËÖÈkÐ[Å^Í
ãÖädò

�)ÛdÔUÐ��AÈ^É¼Ê�Î�È^Õ�Ï¼ÅkÔ�ËÖÈ^ÄcÉ¥Î<Î¦Ì¼Ä�ÇùË¯Ì¥Ô�ËJÍ&÷7Í&É Ç;È^ËÖÌ	Î�É¥Ô��7Í�Î[ð¼Ú¼ÛÖÍ�Î¦Í&Û¯÷UÔ�ËÖÈÆÄUÉ�Ä�Ò<Ú¥ÄcÅkÔ�Û¯ÈkÎ¯Ô�ËÖÈÆÄUÉ	Ï¼Ú
ËÖÄ�ÌrÈ^ÊUÌ�Í&ÉrÍ&ÛÖÊcõ/ÈÜÎ�É¼ÄcÉKË¯ÛÖÈ^÷AÈkÔ�ÅmòvÃÑÄcÛ;Í&ørÔ�Õ�Ú¼ÅÆÍJÔ�ï�Õ�È^ÅÆÅ^ÈÆÛdÔU×AÈkÔ�É�ÄcÛÖæ¼ÈÆËJ×KÍ��¥Í�Ð�ËÖÈÆÄUÉ�Ô�ËJèUêUë�ì�Ø�í
Ð&Ô�Ï¥Î¦Í�Î�Ô��Uë ×KÍ&ÊUÛ¯Í&ÍVÎ�Ú¼È^ÉRÛ¯ÄUËdÔ�ËÖÈÆÄUÉ�âmáJÛÖËÖÈÜÐ�Å^Í ãdð<ß��tò;â��KäÖä`ò��%ÌAÏ¥Î#ÄcÉ¼ÍVÎ�Ì¼ÄUÏrÅk× ÐdÌ¼Í�Ð����¥ÛdÎ�Ë
Ç;Ì¼Í&Ë¯Ì¼Í&Û�ËÖÌ¼ÍJÎ�Ú¼È^É"×KÈkÎ�ËÖÛ¯È^æ¼Ï¼Ë¯È^ÄcÉ�ÚtÍiÛÖÕ�ÈÆËÖËÖÍ�×GæKõ�Ë¯Ì¼Í;ÛÖÍ �7Ï¼ÈÆÛÖÍ&Õ�ÍiÉ7Ë�Ä�Ò5Í �7Ï¼ÈÆÅ^È^ærÛÖÈ^ÏrÕùÔ�Ë<Ô�ÐdÌ¼Ä7Î�Í&É
Ì¼ÈÆÊUÌ Í&ÉrÍ&ÛÖÊcõ­Ç�ÄUÏ¼ÅÜ× æ¥Í�ÔcÐ&Ð�Í&Ú¼Ë`Ô�æ¼ÅÆÍ7ò!�%Ì¼Í&ÛÖÍ�Ç%ÄcÏ¼Åk× ætÍ É¼ÄVÚ¥ÄUÈ^ÉAË�ÈÆÉ­Ë¯ÛÖõAÈ^É¼Ê	ËÖÄ ÔUÐ&Ð�ÍiÅ^Í&Û`Ô�ËÖÍ
È�Ò ËÖÌ¼Í Ô�É¥Î�Ç%Í&Û�Ç�Í&ÛÖÍ	É¼Í&ÊçÔ�ËÖÈÆ÷7Í7ò#"éÄUÛ¯Í&Ä�÷7Í&Û&ð%Ë¯ÄRÔ�Û¯ÛÖÈÆ÷7ÍVÔ�Ë Ô�É Ô�ÉÑÎ¦Ç%ÍiÛ/Ç�ÍVÌ¥Ô&÷7ÍÝË¯Ì¼ÍVÈk×AÍ�Ô�Å
ËÖÄ7ÄcÅ�Ô�Ë�Ì¥Ô�É¥×5ðKÉ¥Ô�Õ�Í&Å^õ*ËÖÌ¼Í-È^ÉA÷UÔ�ÛÖÈÜÔ�ÉAË%Î�Ú¼È^É$�¥Í&Åk×�È^ÉAËÖÛ¯ÄA×KÏ¥Ð�Í�×/È^É áGÛÖË¯ÈkÐ�ÅÆÍJãdò%�%ÌrÍ�Õ�Í�ÔcÎ¦Ï¼Û¯ÍúÒEÄcÛ
ÔUÐiÐ�Í&Ú¼Ë`Ô�æ¼ÈÆÅ^È^Ë�õ�ÈÜÎ>ËÖÌ¼ÍJ×KÍi÷KÈÜÔ�ËÖÈÆÄUÉ�Ä�Ò'&( ÒEÛ¯ÄUÕ)&(+* Ô&÷7Í&Û`Ô�ÊUÍ�×�ÔUÐ�Û¯Ä7ÎÖÎ<Ú¼Ì¥ÔcÎ¦Í-Î¦Ú¥ÔcÐ�Í7ò>ã�Ò5ËÖÌrÍJÔ�÷7ÍiÛdÔ�ÊcÍ
×KÍ&÷AÈkÔ�ËÖÈÆÄUÉ�Ç%Í&Û¯Í7ð¼Î¯Ô&õ7ð-,Uë�×KÍ&ÊcÛÖÍ&Í�Î[ðKË¯Ì¼Í&É�Í&÷7Í&É�Ç;ÈÆËÖÌ/.10243�5&â 0687�9 ä:.�; ï�Ô�Ë;Í�ÔUÐdÌ�ÚtÄcÈ^ÉAËGÈÆÉ�Ú¼Ì¥ÔUÎ�Í
Î¦ÚÑÔUÐ�Í7ðAÔ�ÚtÄcÅkÔ�ÛÖÈ^Õ Í&ËÖÍ&Û�Ç%ÄcÏ¼Åk×�ÄUÉrÅ^õ�Õ�Í�ÔcÎ¦Ï¼Û¯Í;Ô�ætÄcÏ¼ËJüUë�<�Ú¥ÄUÅkÔ�ÛÖÈÜÎÖÔ�Ë¯È^ÄcÉ)ò=�%ÌAÏ¥Î>ËÖÌrÍGÄcÚ¼ËÖÈÜÐ;Ô�É¥×
ÛÖÈÆÉ¼ÊéÅÜÔ&õ7ÄUÏ¼Ë�Õ�Ï¥Î¦Ë�æ¥Í�ÐdÌ¼ÄçÎ¦Í&ÉRÎ�ÄéË¯Ì¥Ô�Ë�Ë¯Ì¼Í�×AÍ&÷KÈÜÔ�Ë¯È^ÄUÉ ÈkÎ�Õ�È^ÉrÈ^Õ�ÈÆÎ¦Í�×�ò$�%Ì¼Í�È^ÉA÷cÔ�Û¯ÈkÔ�ÉAË*Î¦Ú¼ÈÆÉ

>@?�¢U¤c�b�E��¤<¡����E���g�[ <�b�����m�d��A�¢��E������ &�E��¤J�b�7�E���CB@Dd���FE�G8H�IJI�¤�¡[�b �§���¤=K5�Ö�dª�L�®& c�bªJ�g§��U���[�MAi�����[¢%NPORQ9�c�d &«
�E��ªSI9�E¢U��§��E�>�b�TK��¯�dª�U¼�&®&�E�g§���V�W1X��� &�E������®YW G)�b�g�I�^�[�E �����WZ?%°\[7° I�°�WZ]&�d &�c�b�E®^B@_Z_�`�°%I��g�E�%�g aLcb-[Ydfe)��¢U�[���
_Z`hgji�_Zk W:[&��¢��E��ª;¨U����B�_�_Z`�°

ï



�¥Í&ÅÜ×�Ð&Ô�É	ætÍ"Ð&Ô�ÅÜÐ�Ï¼ÅÜÔ�ËÖÍ�×óÏÑÎ¦È^ÉrÊ/Ë¯Ì¼Í�ÉAÏ¼Õ�Í&Û¯ÈkÐ&Ô�Å¥ËÖÍ�ÐdÌ¼É¼È �ÿÏ¼Í � Î¦Ë¯ÛÖÄcætÄçÎÖÐ�ÄcÚ¼ÈkÐ�Ô&÷7Í&Û`Ô�ÊcÈ^É¼Ê��¼Ä�Ò<Ë¯Ì¼Í
Ð�ÄcÕ�Ú¼Ï¼Ë¯Í&Û;Ð�ÄA×AÍ ��� àJã��'� î4ü�ñ��¯ò
ß>ø¼Ô�Õ�Ú¼ÅÆÍ�Î�Ä�Ò*ËÖÌrÍéÈ^ÉA÷cÔ�Û¯ÈkÔ�ÉAË Î¦Ú¼ÈÆÉ �¥Í&ÅÜ× ÒEÄcÛ�Ô­Þ-ß�àJá ÚrÛÖÄUË¯ÄUÉ�ÄcÚ¼ËÖÈÜÐÝÇ;È^Ë¯Ì Ô­Î�Ï¼È^Ë`Ô�æ¼ÅÆÍ

Î¦ÉÑÔ��7Í�ÅÜÔ�õ7ÄcÏ¼Ë*Ô�Û¯Í�Î¦Ì¼Ä�Ç;ÉRÈ^É ËÖÌ¼Í��¥ÊUÏrÛÖÍ�Î[òVãmÉ ËÖÌ¼ÈÜÎ�Î�È^Õ�Ï¼ÅkÔ�ËÖÈ^ÄcÉVËÖÌ¼Í Ú¼ÛÖÄcËÖÄUÉÑÎ�ÄUÉ¼ÅÆõVÍ&øKÍ�Ð�Ï¼ËÖÍ
È^ÉAËÖÍiÊUÛdÔ�æ¼Å^Í-÷7Í&ÛÖË¯ÈkÐ&Ô�Å�æ¥Í&ËdÔ�ËÖÛ¯ÄUÉéÕ ÄUËÖÈÆÄUÉ)ò<ß<ÔcÐbÌ �¥ÊUÏ¼Û¯Í*Î¦Ì¼Ä�ÇJÎGË¯Ì¼Í�Å^ÄAÐ�Ï¥Î[ð¼ÄUÉ	ËÖÌ¼Í*Î¦ÏrÛ¦Ò�ÔUÐ[Í�Ä�Ò�Ô
Î¦ÚrÌ¼Í&ÛÖÍçðÿÄ�Ò)Ë¯Ì¼ÍGË¯È^Ú�Ä�Ò�ËÖÌ¼Í &( ÷7Í�Ð�ËÖÄcÛ � Ô�ËÖË`ÔUÐdÌ¼Í�×	�UË¯Ä�È^ËdÎ>Ú¼ÌÑÔUÎ¦Í Î¦Ú¥ÔcÐ�ÍGÍiÅ^Å^ÈÆÚ¥Î¦Í}Ô�Ë}Ô�É�È^ÉAËÖÍ&Û`ÔUÐ�Ë¯È^ÄUÉ
Ú¥ÄUÈÆÉKË�ÄUÉ�ËÖÌ¼Í�Û¯È^É¼Ê�Ç;Ì¼ÍiÛÖÍ &( * ÈÜÎ�÷7Í&Û¯ËÖÈÜÐ&Ô�Å�ò �%ÌrÍGÚ¥Ô�ÛdÔ�Õ�Í&ËÖÍiÛdÎ>Ô�ÛÖÍ�Î�Ì¼Ä�Ç;É�È^É�ËÖÌ¼Í-Ð&Ô�Ú¼ËÖÈÆÄUÉ¥Î[ò<áGÉ
Í&Õ�ÈÆËÖË`Ô�É¥Ð�Í�Ä�ÒC��
ÝÕ�Õ Õ�ÛdÔc×/Ð�ÄcÛÖÛ¯Í�Î¦Ú¥ÄUÉÑ×¼Î�Ë¯Ä � ï
�����Æò �%Ì¼Í�Í&ÉrÍ&ÛÖÊcõ�èUëUë/ì�Ø�í Å^ÈÆÍ�Î>Ç%Í&ÅÆÅ¼æ¥Í&Å^Ä�Ç

 a: HERA-p / 8 snakes / 4 pi mm mrad / 800 GeV
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 b: HERA-p / 8 snakes / 4 pi mm mrad / 802 GeV
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 a:  HERA-p / 8 snakes / 64 pi mm mrad / 800 GeV
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 b: HERA-p / 8 snakes / 64 pi mm mrad / 802 GeV
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ÔGÛ¯Í�Î¦ÄcÉ¥Ô�É¥Ð[Í�Î�ËÖÛÖÏÑÐ�ËÖÏ¼Û¯Í%Ë¯Ì¥Ô�Ë�Î¦ÏrÛÖ÷AÈ^÷7Í�Î�Í&÷7ÍiÉ�È^É�Ë¯Ì¼Í;Ú¼Û¯Í�Î¦Í&ÉÑÐ�Í%Ä�Ò)Î�É¥Ô��7Í�Î>Ô�É¥×�èUëcê�ì�Ø�í�ÈÜÎ¼öÖÏ¥Î�Ë
æ¥Í&Å^Ä�Ç�ËÖÌrÈkÎ�Î¦Ë¯ÛÖÏ¥Ð�Ë¯Ï¼ÛÖÍçò�Ã¼ÄUÛ�Ú¥Ô�ÛÖË¯ÈkÐ�ÅÆÍ�Î�Ô�Ë�ï
��� ËÖÌrÍ�Î¦Ú¼ÈÆÉ �¥ÍiÅk×éÈkÎJÇ%Í&ÅÆÅ>Ô�Å^È^ÊcÉ¼Í�× Ô�Ë�ècëUëVì�Ø�í"ò
á;Ë'�*�+� ÈÆË�ÌÑÔUÎ�ÄcÚ¥Í&É¼Í�×VÇ%Í&ÅÆÅ>æ¥Í&õ7ÄUÉÑ× �cëé×KÍ&ÊcÛÖÍ&Í�Î�Ô�Ë*Î¦ÄUÕ Í�Ú¼Ì¥ÔUÎ�Í�Î�ò áúË èUëUê­ì�Ø�í ËÖÌ¼Í	ï��+�
Å^ÄAÐ[Ï¥Î�×KÍi÷KÈÜÔ�ËÖÍ�Î æAõVÕ�ÄcÛÖÍ�ËÖÌÑÔ�ÉRýcëé×KÍ&ÊcÛÖÍ&Í�Î ÒEÛÖÄcÕ &(+* Ô�Ë�Î¦ÄcÕ�Í�ÄUÛ¯æ¼È^Ë`Ô�Å<Ú¼Ì¥ÔcÎ¦Í�Î�Ô�É¥× Ô�Ë �*�+�
ËÖÌrÍ �¥Í&Åk×�ÈkÎ�Ô�Å^Õ�ÄçÎ¦Ë�ÈÜÎ¦ÄcËÖÛÖÄcÚ¼ÈkÐ-,�ãÓÉ Ô�Å^Å9ÒEÄcÏ¼Û�Ð&ÔcÎ¦Í�Î�Ë¯Ì¼Í�Å^ÄAÐ�ÈÆÈ>Ô�ÛÖÍ�Ð�ÅÆÄ7Î�Í�×VÔUÎ�ÛÖÍj�ÿÏ¼ÈÆÛÖÍ�×�æKõ�Ë¯Ì¼Í
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