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¥[�F���� s�T��¾.¦	�8�F�H�F��¡k¦	�H�F�Y�N�}�}�N�.�m�j�k�N���T�m®H¬ °%���º°h�k�}�	���}��¡T�L�k�z¨}�©�k��  �u¦	¾.¦��%�j�k�>���T��±F¯H¬
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Á�Â -.Ã1ÄzÅ[ÆnÇ@È_É^ÄµÊ�ÆdÃ
Ë>Ì¢Í¤Î�ÏºÐÒÑ[Ó�Ô	Î�Õ�ÖØ×ÚÙ�ÛYÓ�Û^Ì<Ü8Ý�Þ§ßYà§á�â[ã�ä[å§ß^à^á�â[ã�æmç.Û§èwèjéJê3ë8ìhéqÓ�í¢ß�îbïsðYá�â[ãØëµèwëHçTÓ�ÙOÛ§Ì<Ü
Û§Ù	×�Û§ÜOéwÓOÙ�Û^Ì<Üµñ!ò8í<ë�ÜOçµÑ[ÓFÓ�ëzÙ�ëµê(Û^Ù�×ÚÙ�ÛbêÚó<ç.ëHêôâ[õöÑYÌ<êô÷mø Ü	í<Ñ}ù§ë�ëµÌÚëzÙ�ú^éjëµÜ�ûoÙ�Û^üýù§ëzÙ�þ
èjÛ[ìÿù}Ñ^èwó<ëµÜ¤ÓOÛ Ñ�ûoëzì��Hà^à^á�â[ã!ñ��ÚÛ§Ù¤ë��ÚÑ^ü!×<èwë�éwÌ(Ô�ËFÕ#Ñ^Ì<ê5íÚëHÑ}ù�þ��dÑ}ù§Û^Ùº×Úíbþ3ÜOéjçµÜ¤éwÓ
éJÜ%éwü¢×�Û^ÙOÓ�ÑYÌ�Ó%ÓOÛ¢ÜNÓ�ó<ê3þ�ëµèwëHçTÓ�ÙOÛ§Ì<Ü�ìhéwÓOí5Ñ)ûoëzì	�	ë�
)ñÚò8íÚëHÜFë	ëzèjëµç.ÓOÙ�Û^Ì<Ü%ÑYÙ�ë�éJê3ëµÌ§Ó�é
�dëµê
ìhéwÓOí5Ó�íÚë�ÓOÙkÑ^ç��béjÌÚú�ê3ë.Ó�ëµç.ÓOÛ^ÙkÜºÑ^Ì<ê�ÓOíÚë�çzÑYèjÛ^Ù�éjü!ëzÓOëµÙµñ�Ð ç.Ù�Û§Ü�Ü��>ÜFëHçTÓ�éwÛ§Ì Û^û_Ó�íÚë��1Î���Õ
ê3ëzÓOëHçTÓOÛ§Ù�éJÜ�ÜOíÚÛ[ìhÌ�éwÌ��<ú^óÚÙ�ë����[ñ'ò8íÚë��¤Ù�Ñ^ÌÚéwó<ü çµÑYèjÛ^Ù�éwü¢ë.Ó�ëzÙ�çzÛ^Ì�Ó�Ñ^éwÌdÜ¢ûoÛ^Ù�ì%Ñ^Ù�ê
Ý����%Ð��@æ! #"dÑYÙ�ÙOëµè%Ý�$%�%Ð&�_æ�Ñ^Ì<ê(Ù�ëµÑ^Ù!Ý�Ï'�%Ð��_æ	ëµèwëµü¢ëzÌ�Ó�Ü�ìhíÚéJçkí ÑYÙ�ë�èjÛ^ÌÚú§éqÓ�ó<ê3éjÌ<ÑYèjèjþ
ÜOëzú§ü!ëµÌ�ÓOëµêôéjÌ§Ó�Û5Û^ÌÚë!ëzèjëµç.ÓOÙ�Û^ü�ÑYú§ÌÚë.Ó�éjç!ÑYÌ<ê(ÓNì%Û í<Ñ§ê3Ù�Û^ÌÚéJç�ÜOëµç.ÓOéjÛ^Ì<Ü�Ù�ëµÑ§ê3Û^óÚÓ�ÜOëz×<Ñ(�
ÙkÑ[Ó�ëzèjþ�Ñ^Ü9ÓOÛ[ì%ëzÙkÜzñ@Í¤Ñ^êÚÙOÛ§ÌÚéjç%Ó�Û[ì�ëµÙ�ÜmídÑ}ù^ëºßYà&)�ßYà+*!,.-�Ñ^Ì<ê!ëzèjëµçTÓ�ÙOÛ§ü�ÑYú^Ì<ë.ÓOéJç%ÓOÛ[ì%ëzÙkÜ
ð�)�ß^à/*!,.-)Ý����%Ð&�0 $%�%Ð&�_æ�ÑYÌ<ê��µà1)�ß^à/*!,.-)Ý�Ï%�%Ð&�_æ�×ÚèJÑYÌ<Ñ^Ù%ÜOé32µëµÜµñ9ò8íÚéjÜ%éJÜ�ü�ó<çkí
"ÚÙ�Û§Ñ§ê3ëzÙ8Ó�í<ÑYÌ#ÓOíÚë�ÙkÑ^êÚéwó<Ü¤ÛYûmÓOí<ë�ëzèjëµç.ÓOÙ�Û^ü�ÑYú§ÌÚë.Ó�éjç�ÜOíÚÛ[ì%ëzÙ'465 Û^èjé�7ëzÙ�ë98 ß(*!, ñhò8íÚë
ü¢ëµÑ§ÜFó<ÙOëµü!ëµÌ�ÓºÛYû@ÓOíÚë)ÜOíÚÛ[ì%ëzÙkÜ8éjÜºéwü¢×ÚÙ�Û[ù^ëHê:"bþ Ñ�íÚéwú§íÚèjþ ÜOëzú^ü¢ëµÌ§Ó�ëµê�×ÚèJÑYÌ<Ñ^Ùºê3ë.Ó�ëµç��
Ó�Û^Ù�Ñ[Ó	Ñ�ê3ëµ×3ÓOí ç.èjÛ§ÜOë�ÓOÛ ÓOíÚë¢ÜOíÚÛ[ì�ëµÙ¤ü�Ñ;�3éjü)óÚü5ñ�ò8íÚéJÜ	çzÛ^ü¢×�Û^ÌÚëµÌ§Ó�çzÑ^èwèjëµê�ídÑ^ê3Ù�Û^Ì
ëµèwëHçTÓOÙ�Û^Ì�ÜOëz×<Ñ^Ù�ÑYÓOÛ§Ù�Ý�Í¤Î%ÕÚæhç.Û§Ì<ÜOéjÜFÓ�ÜhÛ^û_ÓNì%Û�ç.éjÙkç.óÚèJÑYÙh×ÚèJÑYÌ<ëµÜhÛ^û9êÚéwÛ3ê3ëHÜ< �ÏºÍ¤Î%Õ Ñ^Ì<ê
�mÍ¤Î%Õ= ÚéjÌ�ÓOíÚë�Ï'�%Ð�� Ñ^Ì<ê.���%Ð�� ìhéwÓOí#Ñ!ÙkÑ^ê3éjó<Ü%ÛYû>�^ï å(, ñ
ò8íÚë�Í�Î�Õôó<ÜOëµÜ	ÓOí<ë¢êÚé
?1ëzÙ�ëzÌ�Ó)ÜOíÚÛ[ì�ëµÙOéjÌÚú�"dëµí<Ñ}ùbéwÛ§Ù�Ó�Û#ê3éJÜNÓ�éwÌÚú§óÚéJÜFí â[õ¼Ñ^Ì<êô÷@ø Ü

ûoÙ�Û^ü+í<Ñ§ê3Ù�Û^Ì<Üµñ ò�þb×ÚéJçzÑ^èwèjþ ëzèjëµçTÓ�ÙOÛ§ü�ÑYú^Ì<ë.ÓOéJç�ÜOíÚÛ[ì%ëzÙkÜ)ê3ëµù^ëzèjÛ^× ëµÑ^ÙOèjþôéjÌ�ÓOÛ Ì<ÑYÙ�Ù�Û[ì
çzÛ^ÌÚëHÜmìhíÚéwèjëhü¢Û§ÜFÓ9í<Ñ^ê3Ù�Û^Ì<éjç%×<Ñ^ÙFÓ�éjçzèwëhÜOíÚÛ[ì�ëµÙ�Ü@ÜFÓ�ÑYÙOÓ9Û^ÌÚèjþ)ê3ëµëz×¢éjÌ<ÜFéJê3ë8Ó�íÚëºçzÑ^èwÛ§ÙOéjü¢ë��
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Forward:@  FHES

Rear: RHES

HERA e±

27.5GeV
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820/920GeV
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1m

Forward:@  FHES

Rear: RHES

EÚ s¡T¨}���%±T¬�F#�F¨µ�����}���T¨}¡T�����}�9 s�}�}�N�n�[�k�W�n�k�3���}���Y�1�@�º�}�>���N�N���T�m�k�s�T�H¡����}�9¾Y�O�k� �s s�}�m���}� ª  s�}¡���}�	���L�k�HGz s�}¡)�}�>���N�>���T�O�n���H�	�º�k¡T�}�>�¤�k�}�����}���F�k�s�T�� s�h�>���F�%���}�s  �% s�z���)�w�T� ª �k���5�3EJI=F�KÚ�L��¾}�k�����N��ML#I=F�KÚ�h�k�}� ���F�k���}�k�����ON#I=FPKÚ�>¬��n�}���_�1�� s�h���H�)�N���T����»J�[�������}�N��¾[�k�º�j���T� ���}�����T�����!���H�
¾Y�k�W���T���k�3���}���N�s�N�N�����T�º�k¡T�H�N�� s�QN#I=F�K��k�}�6EJI=FPK�¬

ÓOëµÙµñ@ò8íÚéjÜ_èjëµÑ^ê<ÜRÓOÛ¤ÓOíÚë%éJê3ëµÑhÛ^ûÚü¢ëµÑ^ÜOóÚÙ�éwÌ<úhÓOíÚë%ÌbóÚüR"�ëzÙ_ÛYûÚ×<Ñ^ÙFÓ�éjçzèwëHÜ�çzÙOÛ�ÜOÜOéwÌ<ú¤Ñh×ÚèJÑYÌÚë
éwÌ�ÓOíÚë�ëµÑYÙ�èjþ!ÜFÓ�Ñ^ú^ëºÛ^û�Ñ�ÜFí<Û[ì�ëµÙµñ@ò8íÚë¤×�Û§ÜOéqÓ�éwÛ§Ì�ÛYûRÓ�íÚë¤×<èjÑ^ÌÚëºéJÜ�çkíÚÛ�ÜFëµÌ�Ñ^Ü�S�ÓOÛ!ð;TVU/ 
ìhíÚëzÙ�ë�ÓOíÚë8ü�Ñ;�3éjü)óÚü'éjÌ�ÓOëµÌ<ÜFéwÓNþ�ÛYûdÓOíÚë8ëµèwëHçTÓOÙ�Û^ü�Ñ^ú^ÌÚëzÓOéJç�ÜOíÚÛ[ì�ëµÙ_éJÜ@ë��3×�ëµçTÓ�ëµêRñQ��Û§ü9�
×<ÑYÙ�éjÌÚú¤Ó�íÚéJÜ9×dÛ�ÜFéwÓOéjÛ^Ì!Ó�Û�Ó�íÚë¤ß^ð(TVU%Û§Ù>�XW�ÝWÌ�ódç.èjëµÑYÙ9éjÌ�ÓOëµÙ�Ñ§çTÓOéjÛ^Ì�èwëµÌÚúYÓ�ídæ@èjÛ^ÌÚú§éqÓ�ó<ê3éjÌ<ÑYè

HES-area
withY
Radius
1.9m

HES-diode
EMC-cell
HAC-cell
Z 20cm

EÚ s¡T¨}���_®H¬[F�£H s� ª �k�����}�n�j���T�z�<�J�k�N���k�§���}�PEJI=F�K	���T¡T�>���}�N� ª   ���º�m¾}�s� ª ¨}� ª �}�N���R���}�@�N�N�s�[�� ]\N�N��k�3���}���N�s�F�>�����T�º�k¡T�}�>�� s���k�}�	�[�k�H���T�} s�9�F�k�s�T�� s�h�>���N���w�=^_I@� �`F�In�1�k�}�¤���H�����R�º�k���9 s�}�H s�O�����N��¬
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5.
2m

20cm
a

Partic
lesb

Uranium and
c
scintillator platesd

Wavelength shifter

Access to the HES-gap

Iron support of calorimeter
e

HES: front end electronics

EÚ s¡T¨}���º¶H¬[F �h�µ�}¨H�s�8�k�n���}���Y�1�m���j�T� ª �k���)�F�k�s�T�� s�h�>���N� ª   �������}�¤���L�k�} s¨}�ö�k�}�¢���N s�z�� s�s�©�����T��}�©�����F�F�}���}�9�T�H�� s�O�k�3���F�k�}�T¨H�@�k�}�����}���_�1�^¬

ÜOëzú§ü!ëµÌ�Ó�Ñ[Ó�éwÛ§Ì�ÛYû3ÓOí<ë�çzÑ^èwÛ§ÙOéjü¢ë.Ó�ëzÙnÑYèjèjÛ[ìºÜnÍ¤Î%Õ	ÓOÛºéJê3ëµÌ§Ó�éqûoþ�ëµèwëHçTÓOÙ�Û^ü�Ñ^ú^ÌÚëzÓOéJç9ÜFíÚÛ[ì%ëzÙkÜ
ü¢Û^Ù�ë�ëµÑ§ÜFéjèjþ^ñ8ò8íÚë1�<ÌÚëµÙ�ÜOëzú§ü!ëµÌ�Ó�Ñ[Ó�éwÛ§Ì5ÛYûmÓOíÚë�Í¤Î�Õ5êÚéwÛ3ê3ëHÜ< ��µà+*!,f-�éjÌ#ç.Û§ü¢×<ÑYÙ�éjÜOÛ^Ì
ìhéwÓOí�ÓOíÚë�ð6)�ßYà/*�,f-hÛ§Ù��Hà�)�ß^à/*!,.-hÛ^ûnÓOíÚë6���%Ð&�ôÑ^Ì<ê�Ï'�%Ð��Q �Ñ^èwèjÛ[ìºÜ9Ó�íÚë	Í�Î�Õ!Ó�Û
ÜOëµÑ^Ù�çkí�ûoÛ^Ùhëzèjëµç.ÓOÙ�Û^ü�ÑYú§ÌÚë.Ó�éjç	ÜOíÚÛ[ì�ëµÙ�Ü%ìhéwÓOíÚéjÌ�gNë.ÓkÜzñ

hnÂ �)Æ�Ã�izÄµÅ�j<ÊWÃ1Ä�i�Æ�Ã Ä�k�l#Ç�lmiHÊon�ÃpjÚÃ@Ç�Ä�k�l#É^Æ�ÃPiµÄzÅ[È@ÉYÄHÊWÆ�ÃÒÆrqhÄXkPl�����

Í¤Û[ìÿÓOíÚë¢Í¤Î%Õ�éJÜ�ëµüR"�ëµêÚêÚëµê#éjÌ�ÓOÛ�ÓOíÚë¢çzÑ^èwÛ§ÙOéjü¢ë.ÓOëµÙ�éJÜ	Üs�§ë.Ó�çkí<ëµê�éjÌt�<ú§óÚÙ�ë9Sm�[ñ�ò8íÚë
çµÑYèjÛ^Ù�éwü¢ë.Ó�ëzÙ�çzÛ^Ì<ÜOéJÜNÓkÜ9ÛYû`�¤Ù�Ñ^ÌÚéwó<ü ×ÚèJÑ[Ó�ëµÜ�ìhéqÓ�í�Ñ�íÚëzéjú^í�Ó�Û^û#u<ï v(,ýñ9ò8íÚëHÜFë�ÑYèwÓOëzÙ�Ì<ÑYÓOë
ìhéwÓOí ÓOíÚë5ÜOçzéwÌ�Ó�éwèjèjÑYÓOÛ§Ù)×ÚèJÑ[Ó�ëµÜµñxw�Ì Ó�íÚë ÜOéJê3ëµÜ�ÛYûhÓ�íÚë ü¢Û3ê3óÚèjë�ì%Ñ}ù§ëzèjëzÌÚú^ÓOí ÜFí<éqûuÓ�ëzÙkÜ
Ñ^Ì<ê�èjéjú^í�Óºú^óÚéJê3ëHÜhÑYÙ�ë	ü¢Û§óÚÌ�ÓOëµênñ
ò8íÚë�Í¤Î%Õ�éJÜ8ç.Û§Ì<ÜNÓ�ÙOódçTÓOëHê�Ó�Û�í<Ñ}ù§ë	Ñ�èjÛ[ìØéwü¢×<Ñ§çTÓ8Û^Ì ÓOíÚë�ëµÌÚëzÙ�ú^þ¢ü¢ëµÑ§ÜFóÚÙ�ëzü¢ëµÌ§ÓHñ

ò8íÚëµÙOëzûoÛ^Ù�ë8ÓOíÚë�ð[ü*èjÛ^ÌÚú�ú�ÑY×�ÑYûuÓOëzÙ�ÓOíÚë¤ûoÛ^ÙOÓOí�Ü�ç.éjÌ�ÓOéjèwèJÑ[Ó�Û^Ù�×<èjÑYÓOëºí<Ñ§Ü�Ñ)ê3ëz×3Ó�í�ÛYûnÛ§ÌÚèjþ
�§ï ð/*!,ôñ@Ë>Ì�Ó�íÚë�ú�ÑY×�Û§ÌÚèwþ�Ñ�ÜOü�ÑYèjè�Ñ^ü¢Û^óÚÌ�Ó�Û^ûnü�Ñ[ÓOëµÙOéJÑYèdí<Ñ^ÜQ"dëµëzÌ éwÌ<ÜFÓ�Ñ^èwèjëµê# m"�ëµçµÑYó<ÜOë
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ÓOíÚéJÜ9éJÜ9×<Ñ§ÜOÜOéwù§ë%ûoÛ^Ù9Ó�íÚëhëzÌÚëµÙOú§þ�ü¢ëµÑ§ÜFóÚÙ�ëzü¢ëµÌ§Ó�Ñ^Ì<ê�ÓOíÚëh×�Û§ÜOéwÓOéjÛ^Ì�ç.èjÛ§ÜOë%ÓOÛ�ÓOí<ë¤ÜFí<Û[ì�ëµÙ
ü�Ñ;�3éwü�óÚü éJÜhü¢Û§ÜFÓºÜFëµÌ<ÜFéwÓOéjù^ë§ñ
ò8íÚë_�ºÙkÑYÌÚéjóÚü. ÚÜ�ç.éjÌ§Ó�éwèjèJÑ[ÓOÛ§ÙhÑYÌ<ê ì%Ñ}ù§ëzèjëzÌÚú^ÓOí�ÜFíÚéwûuÓOëµÙ�ÜhÜOóÚÙ�ÙOÛ§óÚÌ<ê�ÓOíÚë�ú�ÑY×�éjÌ�ÓOíÚë

íÚÛ^Ù�éM2zÛ^Ì�ÓkÑYèm×ÚèJÑYÌÚë�çzÛ^ü¢×Úèjë.ÓOëµèwþ ÑYÌ<ê çzÛ^Ì<ÜFÓOÙkÑYéjÌ(Ó�íÚë�ú§ëzÛ^ü¢ëzÓOÙ�þ^ñ�ò8íÚë�Û§ÌÚèwþ Ñ^çµç.ëµÜ�Ü	ÓOÛ
ÓOíÚë)ú§ÑY×5éJÜºÑ[Ó¤ÓOíÚë�Ó�Û^×�ÛYûmÓ�íÚë�çzÑ^èwÛ§ÙOéjü¢ë.ÓOëµÙ8ÓOíÚÙ�Û^ó<ú^í�ÑYÌ�Û§×dëµÌÚéwÌ<ú�ÛYû>��vÚï SV)x�^ïsð(*!,.-[ñ
ò8íÚÙ�Û^óÚú§í�ÓOí<éjÜ9Í�Î�Õ)ü!Û3ê3ó<èwëHÜ< YìhéwÓOí¢èjëzÌÚú^ÓOí<ÜmëXy�ó<ÑYè�ÓOÛ	Ó�íÚë%u<ï v(,*íÚëµéwú§í§ÓmÛYûdÓOíÚëºÑ§çTÓ�éwù§ë
çzÑ^èwÛ§ÙOéjü¢ë.ÓOëµÙ� mí<Ñ§Ü�ÓOÛ�"�ë�éwÌ<ÜFÓ�Ñ^èwèjëµê éwÌdç.èjó<ê3éjÌÚú(Ó�íÚë�éwÌ3ûoÙkÑ^ÜFÓOÙ�ó<ç.ÓOóÚÙ�ë�ûoÛ§ÙVvbîYß5Ù�ëµÑ§ê3Û^óÚÓ
çkí<ÑYÌ<ÌÚëzèJÜ�z�ç.ÛbÛ^èjéwÌ<ú{ 3×�Û[ì�ëµÙ8Ñ^Ì<ê5ÜFéjú^ÌdÑYè1èwéjÌÚëHÜzñ
Ð¤Ü ÓOíÚë ú§Ñ^×ØéJÜ çzèwÛ�ÜFë(ÓOÛ Ó�íÚëôÓOÙkÑ^ç��béwÌ<ú çkí<ÑYü9"dëµÙ�Ü�ÓOíÚë ü�ÑYú§ÌÚë.Ó�éjçt�<ëzèJêØÛ^û�ÓOíÚë

ÜFÛ§èwëµÌÚÛ^éJê¢Ñ[Ó9Ó�íÚë¤Í¤Î%Õm�Lú§ÑY×!éJÜ�ç.èjÛ§ÜOë8ÓOÛ�Ó�íÚëºÌÚÛ§ü¢éwÌ<Ñ^è#�^ï u/|)ñ_ò8íÚëhûoÙ�Û^Ì�Ó�ëzÌ<ê!ëzèjëµç.ÓOÙ�Û^ÌÚéJçzÜ
éjÜ8í<Û^ó<ÜOëµê�éjÌ�çµÑ("ÚéjÌÚë.ÓkÜhÛYû_ÓOíÚë�éjÙ�Û^Ì5ÜFóÚ×<×dÛ§ÙFÓ¤ÜFÓOÙ�ó<çTÓ�óÚÙ�ë	Û§Ì�Ó�Û^×5ÛYû_ÓOíÚë�çµÑYèjÛ^Ù�éwü¢ëzÓOëzÙHñ
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Û^û8Ñ�ê3éjÛ3ê3ë�ÑYÌdê(Ó�íÚëzÌ ûoÛ§èjê3ëHê Û[ù^ëzÙ�ëHÑ^çkí ÑYÌÚÛ^ÓOíÚëµÙ�Ñ^Ü�ê3ëµ×ÚéJçTÓOëHê éwÌ��<ú§óÚÙ�ë�u§çYñ�Î�Ñ^çkí
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Ó�íÚë�çzÑ^èwÛ§ÙOéjü¢ë.ÓOëµÙµñ
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