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Å Ã²�­�¥§¢Z �°6ªA¨Â¦x°�¢<¥�¢<½ ²�´º¦B¨©´8µ)­�¢< W5�½®¢<Á5¦8¥8ÊD q´§¦B¥§¢Z¯�¯q �¡ ��¹�²�¥�°�¨©¢$�g¯�´8°q¢Z­� 5¯� �¡C¯� �°��9¢Z¥§¦8¢Z¨©½®¯� �¡!°�¢<¥·g¯qÁF½©¢ZÊD q¢Z  Ò_¢<´§¦B¨©ªAªX¦-¹&¢Z¥8°q¢Z  Á¸²� q �� ¨®´º¦y¢Z´yª\¨©¦:°q¨®¢Z´§¢Z¥��§¢<°�Ê~µ)­  �¨©µ)­5¦yª�ÃÊD¡D½©¨®µ)­W�� ~£¤ÊD¥8ªA²³¦B¨©ÊD �¢< Ã¯�Ò{¢Z¥\°�¨®¢=¨© � �¢Z¥§¢Z �É�¨® �°q¯� �¡D´=�_Ê�¦8¢Z c¦B¨®²�½®¢=¯� q°�°»²�ª\¨©¦!°q¨®¢=¨® � q¢Z¥8¢< ��g �¥8¢<¡D¯� �¡D¢< N°�¢<¥A¢<¨® l�<¢Z½® q¢Z Á:¯»²�¥§ÁF´
�<¯6¡D¢�¹w¨® � q¢Z  ÍÀÎ:¨©¢Z´8¢¬¨© � �¢<¥8¢$ÏF¦8¥8¯�Ác¦B¯q¥w¹w¨©¥8°=°�¯�¥§µ)­6°q¨®¢$ÏF¦8¥8¯�Ác¦B¯q¥§£¤¯� �Ác¦8¨®ÊD �¢< �¹w¨©¢Z°�¢<¥8¡D¢�¶¡D¢<Ò_¢< ��5°�¨®¢wª\¨©¦�¨© �¢Z½®²�´§¦8¨®´8µ)­q¢Z¥&ÏF¦B¥§¢Z¯�¯q �¡XÈ�¢Z¥8ª\¢Z´§´8¢< �¹�¢<¥8°�¢< ��~Ò{¢Z¨»°q¢Z¥9ÈD¢Z¥§´8µ)­�¨©¢Z°�¢< �¢ Ä ¢Z´§ÊD »²� l�<¢Z ²� �¡�¢Z¥8¢<¡�¦�¯� �°�°�¢Z¥§¢Z EÁ:¯»²� c¦B¢< l�S²�­q½®¢Z 6Ò_¢<´§¦8¨®ª\ªH¦�¹&¢Z¥8°q¢Z  ÍÎ:¨®¢ Ð ¢Z � c¦B q¨®´8´§¢�Ã¯�Ò{¢Z¥x¾»ÊD¥§ª\£î²³Á5¦8ÊD¥8¢< �¯� �°�Ï5¦B¥8¯qÁ5¦8¯�¥§£¤¯q �Ác¦B¨®Ê� �¢Z �£)Ã¯�¥�Ì9¥§Ê�¦BÊ� �¢Z .´§¨® �°.­�¢<¯q¦B¢CÃ¯�Ò_¢<¥¢Z¨© �¢Z �´§¢Z­�¥=¡D¥§Ê��D¢Z  É�¢<¥8¢<¨®µ)­�°�¢Z´��-¨®¢Z¥§¢Z¥§¨®ª ��¯�½®´³Ã¯�Ò{¢Z¥§¦8¥B²�¡"�F¯�²�°�¥B²¸¦B¢Z´I W¡�¯q �°ç°q¢Z¥.¨® cÈ³²�¥§¨ ²� c¦B¢< ±�²�´§´8¢,+ ¡D¯q¦�Ò{¢ZÁ¸²� � c¦ZÍc¾-Ã¯�¥@°�²�´�·g¢<¯q¦B¥§ÊD ��D°q¢Z -��´8ÊD´=��¨® F¶�Ì�²³¥§¦B q¢Z¥�°�¢<´9Ì9¥§Ê�¦BÊ� �´r�D´§¨® �°�°q¨®¢ Ð ¢Z q 5¦º¶ �¨©´8´8¢&­�¢Z¯~¦B¢/�§¢<°�Ê~µ)­�¨© H°�¢<¥ Ä ¢Z¡D¢<½~°q¢Z¯q¦8½®¨®µ)­X´8µ)­�½©¢Zµ)­c¦B¢<¥ZÍcÎ:¢<¥�«¬¥8¯� q° ­�¨®¢<¥§£)Ã¯�¥E½®¨©¢Z¡�¦E¨© H°�¢<¥ Ó ²³¦B´8²�µ)­�¢Ò{¢Z¡D¥³Ã¯� �°�¢�¦¾�I°�²"��Ò{¢Z¨E°�¢Z 3ª\¢Z¨©´§¦B¢< �ÏF¦8¥8¢Z¯q¢NP4�_¢<¥8¨©ªA¢< 5¦8¢Z 3Á³¢Z¨® q¢H£¤¥8¢<¨®¢Z ¿·g¢Z¯~¦B¥8Ê� �¢Z �²�½©´:Ï5¦B¥8¢<¯l�Z¢< ~¶¦B¥§¯�ª­�<¯�¥j�9¢Z¥§£ Ã¯q¡D¯� �¡=´§¦8¢Z­�¢< ��
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²�°�¯� q¡D´8 �¢<¯q¦B¥8²�½®¨Â¦ Ã²³¦$ 5¯�¥ Ã¯�Ò{¢Z¥HÏ~¢ZÁ5¯� �° Ã²�¥���¥§Ê��Z¢<´8´§¢. »²�µ)­c¹�¢<¨®´§Ò»²�¥H´§¨® �°IÍÎ:¨®¢H·-²�µ)­c¹&¢Z¨©´§¹�²�­�¥8´§µ)­�¢Z¨© �½®¨©µ)­�Á�¢<¨©¦y£�Ã¯�¥¬·�¢Z¯q¦8¥8ÊD q¢Z 3ª\¨©¦:¢<¨® �¢<ª ��ª ��¯�½©´gÈ�ÊD 3¢<¦�¹�²3ÙýØDØ&-ç¢N�i¨®ªÏ4�<¨® c¦B¨©½®½ ²¸¦B¨®Ê� �´8ªA²³¦B¢<¥8¨®²�½�Á¸²� � �ª\¨©¦¿Ù/. ²10 ª Ê�­� �¢�É�¢<¥�Ã¯�µ)Á5´8¨©µ)­c¦B¨®¡�¯� �¡ ¢NP4�_¢<¥8¨©ªA¢< 5¦8¢Z½©½®¢Z¥.Ï~µ)­c¹�¢<½Â¶½®¢< �²³Ò�¡D¢Z´§µ)­
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¬/£?½1¬/Ä�¬/¥ Ñ ¦#´ ¬/Â�¬ 	·­[Ç�´ð¢9¬/¯ Þ Ü º ø ´�¬ü¦?¢9­[£#³�¬ , ¥,¢#¬/£?¨�£�È§�Å�³,§�¥:½ó¨:¬/¦¡¯ ¤1¥�½1´ð¢9§�¨:´�¥Z­[¯ ¬/¥ ÷ ¥I¢9¬/´ ¯�¦P´�¦�¢=³,´!¿
¥�¬�¶¡­�¢#´�¦?Å�ÂUÄ�¬/½1£�È§�¥�¨�¬�¢4µ ¨Z­�¥Z­[Â:¬Á¨:¬/£q±7¥�¨�Ç�§�¥:³,¢#¦#¬�¥�¬/£?½1´�¬Ã¨�¬/£qÀ7Â�¤[¢#¤1¥�¬/¥U³,´�¥�¬�¶¡­�¢#´�¦?Å�Â ³�¬/´ ¥�¬
±7¥�¬/£?½1´�¬ù¶P¬/Â�£�°�È§�£·¨�´ ¬ ÷ §�¦?Ä�´�¯ ¨�§�¥�½q¬/´ ¥�¬/£·¯ ¤1¥�½1´ð¢9§�¨�´ ¥Z­[¯ ¬/¥�À`¤1¯
­[£?´�¦#­�¢9´ ¤1¥�Í/§�£�Æ�¬�£?°>È§�½1§:¥�½ê¦�¢9¬�Â,¢ º
ø ´�¬Ê¾B´ £?¢#§�¬/¯ ¯�¬/¥qÀ7Â�¤[¢#¤1¥�¬�¥ê¦?´�¥�¨q´�¶ » ¬/£?¬/´ Å�Â}¨�¬�£Ê±7¥�¨:Ç�§�¥�³I¢9¦?¬/¥�¬�£#½1´ ¬ Ä�¬/£?¬/´ð¢9¦ °~­[¦?¢|£?¬/¬/¯ ¯ º

É4Ê@� ���|��� �^�!�z =�|�¢¡P£
ú È­[Â�£?¬/¥�¨xË ¬�Ç:¢9¤1¥:¬/¥�¥Z­[Å�Â�Â:¬/§:¢#´�½1¬�£&	�¬/¥:¥,¢#¥�´�¦)Ç�§�¥�³I¢#°?È¤[£#¶P´�½1¬�Â¼¬�´�¯ Å�Â�¬/¥ç¤[Â�¥�¬®´ ¥�¥�¬/£?¬Ñ*�¢#£#§�³I¢#§�£
¦#´ ¥�¨�µ�¦#´ ¥�¨�­[¯ ¯�¬ » ­[£?Ì[¤1¥�¬�¥�§�¥�¨�Áê¬�¦#¤1¥:¬/¥Á­[§�¦?½1¬/¨�¬�Â�¥I¢ º » ¬/´�¨:¬/£ » ¬/£#¬�Å�Â�¥,§�¥�½é¾1¤[¥çú²¬�Å�Â�¦#¬�¯ à ´�£�¿
³,§�¥�½1¬�¥U¶P´ ¢é­[§�¦#½[¬/¨�¬�Â�¥I¢9¬/¥ Â¼¬�´�¯ Å�Â�¬/¥�µ à ´ £#¨ã´ ¥ ¨:¬/£ » ¬/£?¬/Å�Â�¥,§�¥:½å¨�¬�£#¬/¥ ÷ §:¦#¨�¬�Â�¥,§�¥�½å¨:§�£#Å�Â
ì ¤1£#¶ù°~­[³I¢9¤[£#¬/¥�Ä�¬�£�È§�Å�³,¦?´�Å�ÂI¢9´ ½[¢ º Á º áe¤1¦#¬�¥,Ä�¯�§:¢#ÂãÇ�§�Ä�¯ ´�Í�´�¬/£�¢9¬  íIû[¹ ¬/£#¦�¢9¬}°+¬�¯�¨:¢#Â�¬/¤[£#¬�¢#´�¦?Å�Â�¬ » ¬>¿
£#¬�Å�Â�¥,§�¥�½1¬�¥âÍ/§:£¡±7¯�¬�³I¢9£#¤[¥B¿�ò|§�³,¯�¬/¤[¥B¿c*�¢#£#¬�§�§�¥�½Á´�¥�¨�¬�£=±7´ ¥B¿�À7Â�¤[¢#¤1¥B¿ ÷ §�¦�¢�­[§�¦?Å�ÂB¿�ò�È­[Â�¬�£#§�¥�½:µ&´ ¥
¨�¬�¥�¬/¥�¨�¬�£Ç*BÇ�´ ¥ç§�¥�¨}¨�´�¬
*�¢9£?§�³I¢9§�£�¨:¬/¦�Ä�¬�¢#¬/´�¯ ´�½[¢#¬/¥}òÊ§�³,¯�¬�¤1¥�¦ÊÄ�¬�£[È§�Å�³,¦#´ Å�ÂI¢9´�½�¢ à §�£#¨:¬ � áe¤1¦ û�¹ � º
ø ´�¬ ì ¤[£#¶ù°~­[³I¢9¤1£?¬/¥ü¦#´ ¥�¨ü¨Z­[Ä�¬/´ ì §�¥�³I¢9´ ¤1¥�¬�¥ê¨�¬�¦ Æ�´�¬�£#¬�£#´�¶PÇ�§�¯ ¦ È§�Ä�¬/£�¢9£#­[½1¦#É,§Z­�¨�£9­�¢#¬/¦e© « º
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Ï Ü � «­ ª ÑïÏ�º  û Ü

è'¥ ÑÓÏBº  Þ Ü ´ ¦?¢c¨�¬/£�á|¤[¦#¬/¥,Ä�¯ §:¢9Â�¿Aúë´�£?³,§�¥�½1¦?É�§:¬/£#¦?Å�Â�¥�´ð¢#¢e¶P´ ¢&¨�¬/¥¡¦#¤1½1¬�¥Z­[¥�¥I¢#¬/¥ ø ´�£#­[Å�¿¼§�¥:¨éÀ�­[§:¯�´ð¿
ì ¤1£#¶ù°~­[³I¢9¤[£#¬/¥ ¦ ä §�¥:¨ ¦ « ½1¬�Í/¬/´ ½[¢4µ à ¤1Ä�¬�´ þ ¥�¦ ¨�¬/£�úë´ £#³,§�¥�½[¦#É,§�¬/£?¦#Å�Â�¥:´ ¢#¢�°�È§:£�Ç�§�¥:³,¢?°?È¤1£#¶P´�½[¬Â`¬/´�¯ Å�Â�¬/¥�µ ¨ ¨Z­[¦�­[¥�¤[¶¡­[¯ ¬c¶=­[½1¥:¬�¢9´ ¦#Å�Â�¬�Áê¤1¶P¬/¥I¢7¨�¬�¦�òÊ§�³,¯�¬�¤1¥�¦7§�¥:¨ § ¸ © «

Þ Ù « ¦#´ ¥�¨ º ø ´ ¬�Ç�ÂIÌ�¦#´!¿
³S­[¯�´ ¦#Å�Â�¬cè'¥I¢9¬/£?Ç�£#¬�¢�­�¢#´�¤1¥�¨:¬/£ ø ´�£#­[Å�¿�§�¥:¨=À¼­[§�¯ ´ð¿ ì ¤1£?¶P°~­�³,¢#¤1£#¬�¥ ´ ¦?¢�¥�´�Å�ÂI¢7¦?¤·­[¥�¦#Å�Â�­[§�¯�´ Å�Â�µ à ´ ¬í¨�´ ¬
¨�¬�£7¦#¤1½1¬�¥Z­[¥�¥I¢#¬/¥È*:­[Å�Â�¦�¿ ì ¤1£?¶P°~­[³I¢#¤1£#¬�¥ � Û §�¥�¨ � ­ º ø ´�¬�*B­[Å�Â�¦�¿ ì ¤1£#¶ù°~­[³I¢9¤1£?¬/¥ � *:­[Å(� Ï ��³�È¤1¥:¥�¬/¥
´�¶ » £#¬/´ð¢?¿®*�Ì�¦?¢9¬�¶¯®�­�¯�¦gÆ�¬/£?¢#¬/´ ¯�§�¥�½Ê¨�¬/£�¬/¯�¬�³I¢9£#´ ¦#Å�Â�¬�¥ùËg­[¨�§�¥�½)§�¥�¨�¨�¬�£³Á}­[½[¥�¬�¢#´�¦#´ ¬/£?§�¥�½�´ ¥,¢#¬/£?Ç�£#¬>¿
¢9´ ¬/£�¢ à ¬/£#¨:¬/¥ º Ã�¯�¬�´�Å�Â,§�¥�½ ÑÓÏBº  û Ü Í�¬/´ ½[¢�¨�¬�¥Ãáe¤1¦?¬/¥,Ä�¯�§B¢9ÂB¿ïúë´�£#³,§�¥:½1¦#É,§�¬�£#¦#Å�Â:¥�´ ¢?¢�°>È§�£�¨�´ ¬ *:­[Å�Â�¦�¿
ì ¤1£#¶ù°~­[³I¢9¤[£#¬/¥ º ø ´�¬�*B­[Å�Â�¦�¿ ì ¤1£#¶ù°~­[³I¢9¤1£?¬/¥ü³�È¤1¥�¥�¬�¥ê¨:§�£#Å�Âê¨�´�¬ ø ´ £9­[Å>¿7§�¥�¨êÀ�­�§�¯�´!¿ ì ¤1£#¶ù°~­[³I¢9¤[£#¬/¥
­[§�¦?½1¬/¨:£[È§�Å�³I¢ à ¬�£#¨�¬�¥ º � Û ¸°¦ ä Î §&¨ ¦ «� ­ ¸±¦ ä ��¨ ¦ «*B´ ¥�¨�¨:´�¬ ì ¤1£#¶ù°~­[³I¢9¤1£?¬/¥�° È§�£PÀ7£#¤[¢#¤1¥�¬/¥åÂ�¬/§:¢#¬ È§:Ä�¬�£=¬�´�¥�¬�¥å½1£?¤1î1¬/¥ » ¬�£#¬/´ Å�Ââ¨�¬�¦=è'¶PÇ�§�¯ ¦ È§�Ä�¬/£�¿
¢9£#­[½1¬�¦ © « ½1§:¢hÄ�¬/³S­[¥�¥I¢/µ`½[´�Ä:¢·¬�¦hÄ�¬/´7¨:¬/¥�¬�¥Ú¨�¬/£hò|¬/§:¢#£#¤1¥�¬�¥²¥�¤�Å�ÂÁ½1£#¤1î[¬ , ¥�¦?´�Å�Â�¬�£#Â�¬�´ ¢9¬�¥�µ`¨Z­
¦#´ Å�Â�¨�´�¬�¦#¬ü± £BÇ�¬�£#´�¶P¬/¥I¢#¬ñ¥�´�Å�ÂI¢P­[¥Ú°+£?¬/´ ¬/¥óòÊ¬�§:¢9£?¤1¥�¬/¥�¨�§:£#Å�Â:°�È§�Â:£#¬/¥ó¯
­�¦#¦#¬�¥ º ø ´ ¬ñÀ7£#¤[¢#¤1¥:°+¤1£?¶ù¿
°~­[³I¢9¤[£#¬/¥¡³�È¤[¥�¥�¬/¥ÚÈ§:Ä�¬�£í¬/´ ¥�¬/¥ñ½[£#¤1î1¬�¥ñè'¶PÇ�§�¯�¦�È§�Ä�¬/£?¢#£9­[½[¦#Ä�¬/£#¬�´�Å�Âñ½[§:¢í¨�§:£#Å�Âé¨�´ ¬ ø ´�Ç�¤1¯ð°+¤1£#¶P¬/¯ �N²
Ä�¬/¦#Å�Â:£#´�¬�Ä�¬�¥ à ¬/£?¨�¬/¥ º

�´³ Û ô �N² ¸ é  � © «
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· ³ ´ ¦?¢í¨�­[Ä�¬�´�¨Z­�¦í¶¡­�½1¥�¬�¢#´�¦?Å�Â�¬ÇÁê¤1¶P¬/¥I¢�¨�¬/¦eÀ7£#¤�¢9¤1¥�¦�¶=´ð¢�¬�´�¥�¬�¶^úÃ¬/£�¢í¾1¤1¥ · ³ ¸ÐÏkjG¦�í1Ï�ë[ÞS¦ � í Ø·B½ � À ø Ã í �X� º è'¥é¨�¬�£eËg´ð¢9¬�£9­�¢#§�£ à ¬/£?¨�¬/¥q¨�´�¬ ì ¤[£#¶ù°~­[³I¢9¤1£?¬/¥ñ¶P¬/´ ¦?¢ ­�§:°`¨�´�¬�´ ¥�Ã·¯ ¬/´ Å�Â�§:¥�½ ÑïÏ�º  � Ü
§�¥�¨ ÑïÏ�º  ¦ Ü ½1¬/½1¬�Ä�¬�¥�¬/¥qú²¬�£?¢#¬h¨:¬/£ ø ´�Ç�¤1¯ °+¤[£#¶P¬/¯ ¥�¤1£?¶=´ ¬/£?¢ º

§�¨2¾ã¨j© ¿ ¬®«ÁÀ&½Ûµ ¸)ÂF±³´ »U½Äµb«ÄÃ ¾À«f¯©Å «ÄÆã»Uµb½ÇÃ�¯
ø ´�¬ ì ¤1£#¶ù°~­[³I¢9¤1£?¬/¥ç°�È§�£�òÊ¬/§B¢9£#¤[¥�¬/¥Á¦#´ ¥�¨�¶=¬�´�¦�¢·­[¥�¯�¬�´�Å�ÂI¢9¬�¥x	·¬�£#¥�¬�¥ à ´�¬ ø ¬�§:¢9¬�£#´�§:¶êµ@Â¼£?´ ¢9´ §�¶
¤�¨�¬/£ � ¬�¯�´ §�¶ ½1¬�¶=¬�¦#¦#¬�¥ º ø ´�¬ù±7£#½1¬�Ä�¥�´ ¦#¦#¬=¨�´�¬�¦#¬�£
Áê¬�¦#¦?§�¥�½1¬�¥�¦#´�¥:¨Ã¨Z­�Â�¬/£h´�¥Á¨�¬/£3Ã�¬/¥Z­�§�´�½1³�¬/´ð¢
¨�§�£?Å�ÂP¾[¬/£?¦#Å�Â�´ ¬/¨�¬�¥�¬ÊÉ,§Z­�¥,¢#¬/¥�¶P¬/Å�Â�­[¥�´�¦?Å�Â�¬ÊÀ�£?¤1Í/¬�¦#¦?¬ÊÄ�¬/¦?Å�Â�£lÈ­[¥:³,¢/µ à ´�¬íÍ�§�¶ » ¬�´�¦?Ç�´�¬�¯�¨�´�¬ ì ¬�£#¶P´ð¿
» ¬ à ¬�½1§�¥�½Ã¨�¬/£à	�¬/£?¥,¢#¬/´ ¯�Å�Â�¬�¥�µ�¨�´�¬ü±7¥�¨�Í�§�¦?¢9­[¥�¨�¦ à ¬�Å�Â�¦#¬�¯ à ´ £#³,§�¥�½1¬�¥�µí¶P¬/¦?¤1¥�´�¦?Å�Â�¬ ÷ §�¦�¢�­[§�¦?Å�ÂB¿
¦?¢#£ È¤1¶P¬ º ±7´�¥�¬ à ¬�´ ¢9¬�£#¬ ì ¬�Â�¯�¬�£#É,§�¬/¯ ¯�¬|´�¥ñ¨:¬/¥ ø ­�¢#¬/¥é´�¦�¢�¨:¬/£íÉ,§Z­[¥I¢#´ ¢�­S¢9´ ¾[¬�ò)­�Å�Â à ¬/´ ¦ ¨�¬/£íòÊ¬/§B¢9£#¤S¿
¥�¬�¥ ºI÷ §:°+½[£#§�¥�¨P´�Â:£#¬/£�Ëg­[¨:§�¥�½1¦?¥�¬/§:¢#£9­[¯ ´ ¢ È­�¢7´�¦�¢�¨�´�¬íò)­[Å�Â à ¬/´�¦ à ­�Â�£#¦?Å�Â�¬/´ ¥�¯�´ Å�Â�³[¬�´ ¢�° È§:£�òÊ¬/§B¢9£#¤[¥�¬/¥
¶P¬/´�¦�¢�½[¬/£#´ ¥�½h§�¥�¨ñ¶P´ ¢&¬/´ ¥�¬/¶ Â�¤[Â�¬/¥ ì ¬�Â�¯�¬�£cÄ�¬/¯�­[¦?¢#¬�¢4µ à ­[¦�Í�§ñ¦#¬�Â�£í½1£?¤1î1¬/¥ß	�¤1£#£?¬/³I¢9§�£?¬/¥¡°�È§:Â�£?¢ ºc�§�£¿Áê¬�¦#¦?§�¥�½¡¨:¬/£ ì ¤1£#¶ù°~­[³I¢9¤[£#¬/¥é¨:¬/£|òÊ¬�§:¢9£?¤1¥�¬/¥q¦#´ ¥�¨ü¨�£#¬�´�¾1¬�£#¦#Å�Â:´�¬/¨:¬/¥�¬ ¬
£BÇ�¬�£#´ ¶=¬�¥,¢#¬/¯ ¯�¬ÇÁê¬>¿
¢9Â:¤B¨�¬�¥ê¬�¥I¢ à ´�Å�³[¬�¯ ¢ à ¤[£#¨�¬�¥ � *B´ � ë1¹ �ÉÈ º Áê´ð¢�¨:¬/£�*�¢#£#¬�§�§�¥�½�¢#Â�¬/£?¶=´ ¦#Å�Â�¬�£KòÊ¬�§:¢9£?¤1¥�¬�¥=­�¥®¨�¬/¥ � È§�¯�¯ ¬/¥�¬�¯�¬�³,¢#£#¤1¥:¬/¥ ¾[¤1¥ ÷ ¢9¤[¶=¬�¥®³S­[¥�¥

¨�´ ¬Ä*�¢9¬�´�½1§:¥�½ ý �!ÊË � ý © « ¨�¬�¦¼¬�¯�¬�³,¢#£#´ ¦#Å�Â�¬�¥ ì ¤1£#¶ù°~­[³I¢9¤[£#¦�¨�¬�£`òÊ¬/§B¢9£#¤[¥�¬/¥ Ä�¬�´I¬/´�¥:¬/¶YÆ)´�¬/£?¬/£�¿
´ ¶=Ç�§:¯�¦�È§:Ä�¬�£?¢9£#­[½�¾[¤1¥q© «í¸Y¹ � ¬�Æ « ¦#¬/Â:£|½[¬/¥Z­[§ü½1¬�¶=¬�¦#¦?¬/¥ à ¬�£#¨�¬�¥ º ø ´�¬�¦#¬�± £BÇ�¬�£#´ ¶=¬�¥,¢#¬
¦?´�¥�¨À5?¬/¨�¤�Å�Âñ­[§B°�¦#¬�Â�£�³,¯ ¬/´�¥:¬eÆ)´�¬�£#¬/£?´�¶PÇ�§�¯ ¦[È§�Ä�¬/£�¢9£lÈ­�½1¬ Ä�¬�½1£#¬�¥�Í�¢ ºB÷ ¯�¦�¬
£BÇ�¬/£?´�¶P¬/¥I¢9¬�¯�¯�¬�¦�±7£�¿
½1¬�Ä�¥�´ ¦ ¬/£#½[´�Ä:¢e¦?´�Å�Â ý �!ÊË � ý © « ¸ ÑÓ¹�jß¹  íIû+Ìâ¹xj�¹1¹[¹Iû Ü °+¶ « � 	·¤[Ç � í¹¦ � º

ÏBº|» ¬�´e¨�¬/£P¬/¯�­[¦?¢#´�¦#Å�Â:¬/¥â±7¯ ¬/³I¢9£?¤1¥B¿ ø ¬�§:¢9¬�£#¤1¥�¿c*�¢#£#¬/§:§�¥�½²¯�­[¦#¦?¬/¥�¦#´�Å�Â�¨�´�¬ ì ¤1£#¶ù°~­[³I¢9¤[£#¬/¥�¨�¬�£
ò|¬/§:¢#£#¤1¥�¬�¥�­[§�¦h¬/´ ¥�¬/£háe¤1¦#¬�¥,Ä�¯�§:¢#ÂB¿c*�¬/ÇZ­[£#­�¢9´ ¤1¥ ÑïÏBº  û Ü ½1¬ à ´�¥�¥�¬�¥ º ø ´�¬ ÷ ÄB¢9£#¬�¥�¥,§�¥�½�¨�¬�¦
±7¯�¬�³I¢9£#¤[¥B¿�À7£#¤�¢9¤1¥B¿®*�¢9£?¬/§�É,§�¬�£#¦?Å�Â�¥�´ ¢?¢9¬�¦=¬�£?°+¤1¯ ½[¢ È§�Ä�¬/£ÈÁê¤�¨�¬/¯ ¯�£#¬�Å�Â�¥,§�¥�½1¬�¥�§:¥,¢#¬/£�Æ�¬/£ à ¬�¥B¿
¨�§:¥�½=¬�´�¥�¬�¦ ø ¬/§:¢#¬/£#¤[¥�Ç�¤�¢9¬/¥I¢#´
­[¯ ¦í§�¥�¨ü¾1¤1¥ Áê¬/î à ¬�£?¢9¬�¥ê° È§�£e¨�´ ¬·À7£#¤[¢#¤1¥:°+¤1£?¶P°~­[³I¢#¤1£#¬�¥ º

� º ø ´ ¬�Áê¬�¢9Â�¤�¨�¬e¨�¬/£7É,§Z­�¦#´�¬�¯
­[¦�¢9´ ¦#Å�Â�¬�¥=±7¯ ¬/³I¢9£?¤1¥B¿ ø ¬�§:¢9¬�£#¤1¥�¿c*�¢#£#¬/§:§�¥�½·¶=´ ¥�´�¶P´�¬�£?¢`¨�§�£?Å�Â=¨:¬/¥
Í�§¡¨�¬�¥ñ±7¯�¬�³,¢#£#¤1¥:¬/¥P³[¤1´ ¥�Í/´ ¨�¬/¥I¢9¬�¥ñòÊ­[Å�Â à ¬�´�¦c¾[¤1¥ñÀ7£?¤[¢9¤1¥:¬/¥¡Ä�¬/Í�´�¬�Â�§:¥�½1¦ à ¬/´ ¦#¬)òÊ¬/§B¢9£#¤[¥�¬/¥
¨�¬�¥²±7´ ¥�ÍZ§�îü¨�¬�£ Áq¤B¨�¬�¯�¯ð°+¬/Â�¯ ¬/£�­[§:¦h¨:¬/£ ø ¬/§:¢#¬/£?¤1¥ à ¬�¯�¯�¬�¥:°+§�¥�³I¢#´�¤1¥ º ÷ ¯�¦�Áê¬�î1½1£4È¤1î1¬�¨�´ ¬/¥I¢
¨Z­�¦eÆ�¬�£#ÂgÈ­�¯ ¢9¥:´�¦+Î�¾1¤1¥ê±7¯�¬/³I¢#£#¤1¥B¿'òÊ¬�§:¢9£?¤1¥B¿&Í/§}±7¯�¬/³I¢#£#¤1¥B¿'À7£#¤[¢#¤1¥B¿Aúë´ £#³,§�¥�½[¦#É,§�¬/£?¦#Å�Â�¥:´ ¢#¢ º

§�¨2¾ã¨¡§ ¿ «fµ ¸u±¢Ï Ã�«o»h¬c¯ ² ¼�«ÁÀ�½Äµ ¸(ÂF±³´ »h½Äµ ¾À«f¯�Å «?Æã»Uµb½\Ã�¯
òÊ¬�§�¬/¦�¢9¬�Áq¬/¦#¦?§�¥�½1¬�¥ë¨�¬/¦ñ¶=­[½1¥:¬�¢9´ ¦#Å�Â�¬�¥ ì ¤1£?¶P°~­[³I¢#¤1£#¦P¨�¬/¦¡òÊ¬�§:¢9£?¤1¥�¦ñÄ�¬/´|³,¯�¬/´ ¥�¬/¥óÆ�´ ¬/£#¬�£#´ ¶ù¿
Ç�§�¯ ¦�È§�Ä�¬/£�¢9£4È­[½1¬/¥ÁÄ�´ ¦ Î © « ¸  Ñ � ¬�Æ �^µ Ü « à §:£#¨�¬�¥Ú­[¥Ã±�Ë * ÷ � » £ � í1û �ïµgò|è®	 � ± ì&ä o � ÷ ¥ � í[Þ �ÓµÁ ÷ Áêè ä'ä � ÷ ¥ � í�ë �Óµ:§�¥�¨ » ­S¢9¬/¦ ä~« � Á}­ � í �X��¨:§�£#Å�Â�½[¬�°>È§�Â�£�¢e§�¥�¨ü¦#´ ¥�¨é´�¥ ÷ Ä�Ä�´ ¯�¨�§:¥�½ ÏBº�û ½1¬�Í/¬/´ ½[¢ º
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�
ä T v!üg��v!~ ���u�i:���[v ÷ i4�ÿz¤��iÿ��v9x�n�s����*�wv9i4�����{v9�;u�y{���;u���i4z|������iÔ��v1~��s����}v�~�v!x4��v�u � h y{vjZ�{v!�[v�x4�=u�v�u|~�v!x4��v�uøy{z ���wu�����x4�=v4x4�qu¿����x4�wv9i:�����{v!��u�y��=v ��u��ö����wv9xIz�v!��x4v!x4vý���wu�����x4�Hv�x4�=uupÛ �u�*��v�u|y¡u|jHl6��m y}uOQ:y Û y{v!xyv � �gu|jHl6��m v!x4�ts-�}v�v�u ��y{vqjZ�{v!�[v�x4�=u�v�u|��y{vÎ��v!~ ���u�i:���[v�výj�u���v�u�v!x�p��y�v ��u��ôi�v�v9��v�u���v9z jìsut�v!x4y�z�v�u\vÔ~��s-��x4v�u�����v9x¢u*��uô ����{��v�u���v�uX�-�qu[v�y}u���y{v9x:�{y�����v�uôjìs*p
v4x£s��[v�y��qu�i:t��ts�i:v Û ��xküHv!x: �������;u�� � �rzÜn�s����*�wv9i4�����{v9�;u�y{���;u���i4z|������ik~qy�x4��v9y¡u Û v!y}v���y{���|i4v!��xi�v_s���y��{v!iez|y{�*x:��i4�-��t�y{i:����v9iMõ|s-iyv4��v9x:� �s��}vxu�y{iq���=u m äqr � l < r v9x:x4v!y{���[v ÷ ~�����v!y6�ts-iMz¤s��*x4�-pi:����t�y�i4����v�õds�iyv:��v9x:� �s���v£u�y�iq���quû��v9xqm�u Û s����K��v!xq��v�u*�;v Û v�v�uÿ���wu�����x4�=v4x4�qu Û ������v�u&s-��� �s=u��Hv��u�����s�z�y�v�v9y}u�v�u�����z|t�x4��z�y}i Û ~qy�i4����v�uöv�s�v4x£s���y{v9x�v�v!z �wv4x£s�����iyv4x4��z ��u���z�s-��x:��i4�-��t�yÕpi:����v�uñõ|s�i�v4��v9x4�K�s��}vxu�y{iq�ts�x:iyv4v9�{��v �

Y ?�¥�Zw�¦EOGFZ\IO� Ja`FbFc�ez jìs�twv9x:y{z|v�u[v�vHz|y}vA�*��u�����x4�=v4x4�qu��{y{���[vds=u�jHl6��mX����x4��� Û ��  �����x:v�u ÷ ~qy{x:��jIlA�umôy�z �utwv9yÕp����v!x4z|�u����iý�wv�v�x:y{v!��v�u �XR y{v9x:��v!yA~qy�x4�ÿjHlA�um �����v!xýz�v!��x4v!x4v����wu�����x4�Hv�x4�=u Û ���*�{v�u_��y�i Û ��x�¦�sOvxv�y�����u���i4��x:v�u Û vk��v1 �����{��vJ��u���i4������y{v�i��{y{���§s��u ���y�vI��v!~ ���u�i:���[v�vqj�u���v�u�v9x:��y{vI��v!i4������v9��u�y{�=v �h v!xý�wv4x£s����A�Os=u;u u*��uû ����xqv~vr~Ws¿v!y¡u�v¤�wv4��u���v�y¡uû��v9x h s�i4����y¡u�v���v9i:t�v!y{����v!xyvo~kv9x:��v�u ÷ ��y�ii:y{���¼��y{v��wv4x£s����{y¡u[v4v�u�i:y}v
�sOvÎv�vr~¨s��ts-�{��y�v9xyv �tsHv �
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h s�iÎõds�x4��v�v ÷ ��s�iqy¡u¡mo����y{�{����u�� � � �|��s�x4��v!iyv4v9�{��vÎy{i�vq��u��¼y¡u¡��v!z ��y{v�v!y¡u��¡s��� �v�u���v�uñjZ�{v!�\v4x4�qu�v�u��v!iyv�x:v9�;vM~�v!x4��v�u ÷ �Os=u;uñ~¨s�����~kv9y�i4v�z�y�vqùZ���i4i:y{��v!z ú s-i4i4v!x4i�v���ó_��v!y6v~vr~Wsj® < � ����v!xeù����i4i4y���v9zh v9��v�v9x:y{��z ��v!yÎv�vr~¨s ® � � ��v! �����{�}v¤~�v!x4��v�u � h y{v õds�x4��v�v Û v9���{v ÷ ��y{vøy}uÉv9y¡u�v9z¯s��u +° <\±w² n ��s�xv!�Hs��*��y�v9x�v�v�u�õds�x4��v�vxv4��t� %s��� ���v9�J�s=u��=v�y{i�v ÷ �tsHv�v!y¡u�v�z¤s0suy{z¤s���v¤lI�s=u���v¤���qu S �
< äj³ z �;u���v9y¡u�v�uh ��x:����z�v!i4i:v9xH���qu�� ³ z � h s�iZ�ri4���{y{v!x:�Hs��*����z\i4��������v�u ú �s�x:z�v~v�x£sHu�i4tw��xyv Û ��xHõ|s-x4��v~v Û v!�{��vÎz�y}u�y�pz|y{v9x:v�u � h v9x�õds�x:��v�vyv���t� �y{i�vZ����x:����v!y¡u�v�°K® ä k z ��y{���-vq�§s-t;v��quu ����{y�vk��v!x4i:y{v9��v9�}v � h y{vkõ|s-x4��v~v Û v!�{��vy{i�v Û ��z �u���*�;v Û ����x�üHv9x:v9y�i4��u��¼y¡u�v!y¡u�v!z ��v9����v9x´s���i´® ä k z^��y{����v!x¤�µs�t�v��qu� ����{y{v�z�y�v�v9y}u�v9zh ��x:����z�v!i4i:v9x=���qu¶° < ³ z ��u��_v!y¡u�v!z �*�{v9y}u�v�u_lK�u����y{z^������v�u_��v9i���v9����v9x4i Û ��z h x4�����Os���ißp����v9y{���¶s=u���v9��xxs����[v ��u�����v!iyv4v9�[v	s���i|v9y}u�v9xo°K® ä k z ��y�����v�u �µs�t;v��=u� ����{y�v � h y{v¼�ø������{�;u��ö��v!iú s�i4i:v9x4i�v���ó�v9iû��v9i:����y{v!�\v�����wv9x¼v9y¡u�v�u ú �s-x4z|v�v_s-��i4����v!xñ����x4����s-��y·s���sHv�y�i4����v_jìs�t�s=u�i4y��qu ���qu����z�t�x:y{z|y{v!xyv�v!z R v9�{y���z � h v9xZù����i:i4y���v ú s�i4i:v9x:iyv��-ó¼~qy�x4��y¡u|v9y¡u�v9z^����wv9xI��v9xIõds�x4��v~v Û v9�{��v2s=u���v�p��xxs����[v�v�u�üH��x4x£sOv�i4�wv9�K�s��}v4v9xJ��v9ixs�z|z�v!�}vA��u����HsHu�u�z|y}v R y��� �vHv9y}u�v9iAüHv�u[v�y��{v!i6y}u�~kv�u�y���v�u h y¡u*�;v4v�u��y�v¤õds�x4��v~v Û v9�{��v� �������{v�u � jHy}u��u������y{v�i�v�u¯��v!iýüHv�u[v�y��{v!io�wv!~qy{x:�[v���y{v¤j�u\v4�{v!v9x4�;u��ø��v9x�¸«v9�{��v�����x4�����v�u h s-z�t� ���x4�����=��v!i�ùZ���i4i:y{��v�u ú s�i:i4v!x4iyv4��ó�v9i ÷ ~k���wv9yu��v9x ú s�i4i:v9x:iyv��-óøy¡u���v�u�üH��x:x£sHv4i4�wv9�J�s���v�v!xv�xxs=u�i:t���x�v�y�v9xyv�~qy{x:����u��ö����xyv¤��v9x´uJ�s�����i�v�v�u h v9i4i:��u���z|y}v���v! �����{�}v4v9z õds�x4��v�v Û ��x�üHv!x: ��������u��iyv4v9�[v � jZy¡u�v h v9i:i4��u��øz|y}ve��v9v9x:v9xMõ|s�x:��v�v Û v!�{�{v�v9x:�·s����;vo��y{v��kv9iyv4y{z|z���u��|��v!xý�¹u[v4v9x4��x4��u�� Û �s����Õpx£sOv�v ÷ ��v9xµu�y{���[v�����x:���ö��v�u ú s�i4i:v9x:iyv��-óX��v9x:��x4ixs����[v¤~qy{x:� � h y{v!i4v!x=�¹u[v�v!x4��x:��u��ö�Os=u;u_�tsHu�u_y}u��v!xemM��i:~kv9x�v���u������=uû��v�uûjZx4v!y{�qu�y{i4i:v�u¼z�y�vÎ��v1 �����{��v�v9x{¸«v9�{��vý��v1~qy{���[v�v~vMi:���;v4x£s���y�v9x�ve~kv9x:��v�u �
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Verflüssigungsanlage

Targetzelle

Zellenflansch

Halterung10cm

Kaptonfolie
des

Vakuumtopfes
15cm

höhe
Strahl-
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h v9x�üýy{v!x4v!x4y{z|t�����i«��v!xKy{z õ|s�x:��v�v¦��v9i�v�x4v!�;v�v�u�jZ�{v!�[v�x4�=u�v�u�~qy{x:��z�y�v¦��v!zþz¤s��qu�v~v�y{i:����v�u�jZ�{v!�[v�x4�0p
u�v�u�i4twv9�[v�x:��z|v�v�v!xk��v9z|v9i4i:v�u ÷ �ts�iHy}u|mM����y��{����u���� �Á� y{zÃÂý��v9x:i4����u�y�vxvk��v Û v9y��=vIy{iyv � h s�i h s��=u�v�v�pi:��i�v�v9z �wv9iyv4v9�[v)s���i Û ~kv9yWÂý�ts���x:��t����{z¤s��qu�v~v�v�u ÷ i4�<~qy{v|��v9z y{z|t�����i4i:v9�{v!�[v�y���v�u h y{tw���{z¤s��qu�v1p
v�v�u � h v9xÔv!x4i�v�v7Âý�ts���x:��t����{z¤s��qu�v~voÄ ?�Å¬Æ ÷ y{z  ����{��v�u���v�ues��{i ��t��{y�vxv�tw���k��v Û v9y�����u�v~v ÷   �����x�v Û �v9y}u�v9x¿����x4y Û �qu[v£s��{v�u�� ������i4i4y�v9x:��u��ô��u�� �ts-z�y�v ����v9y{��� Û v9y�v�y�� Û � v!y¡u�v!x ��v9x�v�y��Hs-�{v�u h v! ����*��i:i4y{v�px4�;u�����v9i¿�wv�xxs�����i � h v!x Û ~kv9y�v�v7Âý�ts���x:��t����{z¤s��qu�v~voÄgÇ Å+Æ  ����*��i:i4y{v!xyv y}uô��v9x�v�y{�Os���v9x¢fqy{���[v4��u����u��ô��v!x¢uts����� ����{��v�u���v h y{tw����z�s��=u�v�v�Ä ?X^ÈÆ ��v1~qy{x:�\v v!y¡u�v¿�rz�t����{i£s-�� �i4tts-�}v��;u��¯��v!xÔõ6v!y{�{����v�uy¡u_��v9x�v�y��Hs-�{v9x¬fey����\v4��u�� � h s�i�z¤s��qu�v~v�y�i4����v¡�*�ui�v�v!z �{y�v! �v9x�vÊÉ4�Z��u��\v�p Û �upß�Z��u��[v�prmo����y{������u���v�u�Ë��v!x¿jZx4v!y{�qu�y{i4i:v � h s�i�n�s����}~kv9y�i4i:��i�v�v9z ��v!iyv�v!�[v9s���i|��v�u@i4v!����i¡� Û y¡u[v�y��{�·sOv�y{�=u�i Û �s����{v!xxuÌ¸|°1p�¸ S ÷i4�<~qy�ve ����uu K�Zx4��tw��x�v�y{�=uts��{��x£s��[v��Os�z|z|v9xxu�� < pß� � ��u��¿v!y¡u�v!z Í��v9x:v�u��-�<�*p�¸Z�s�����v9x � jZx4v!y{�qu�y{i4i:v ÷ ��y�v����y¡u Û y{��v�u\v¤y¡u_��v�u�v!y¡u�i:v9y�v�y{�¼z|y}v¤�uv9�*��u��J�s�x4v!�{v!�\v4x4�qu�v�u}��v!x:��y{v!�� �s�����v!xxu¶s���i:��v9��v9i4v�u�v�uX� Û y¡u[v4y{�{�¡s0pv�y��qu�i Û �s�����v9xyu+¸|°1p�¸ � uts�������v!~qy�v9i4v�u�~kv9x:��v�u ÷ ��y��{��v�u���v�u�õ6x:y{����v!x ÷ ��v9xJ��y{vZmM��i4��v9i:vk��v!itQ:v1~�v!y{��y{��v�ujZx4v!y{�qu�y�i4i:v9i¤i�v_s�x�v�v~v � h v9x�õ6x:y{����v!x Û v9y}v4t���u��[v�~qy{x:�ö����x:���É�ts�i���v9x Û �����v9xyv4v	¸|°!pß�uy{�qu�s�����v~Îtu�y{v!xyv ��rzÐÏµs�i�pß�u���}~�v!�{�{v�uup Í��v!x4v�u����<�}p�¸Z�s����{v9xI~qy{x:���ts-i�lKy{���[v�����wv9xXQ:v!~kv9y��{iIv9y¡u�v�u R ������i4t�y�v9��v!�Ms���  Û ~�v!y�uv!���;u��J�s�x:v9�{v!�*x4�qu�v�u}��v9x���y{v9�� �s�����v!x  �������i4i4y�v9x�vÔ��u�����y{v�u[v Û ��x ��v9tts�xxsHv�y��quö��v9x�jZ��v9�[v�x:�qu�v�u����qui4���}~kv9x:v9x4v�uÿõ6v!y{������v�u ÷ ~qy�v Û ��z �kv9y{i:t�y{v!�¦��v�uû�Zy{�=u�v�u �
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Detektor
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Z5/6
C
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Sollbahnposition Z5/6

R
=2800

Target-
abstand

Alle Maße in mm
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s=u���s=u��¿��v9xI����x4���¿��y{ve�Zx4��tw��x�v�y{�=uts��{��x£s��[v��Os�z|z|v9xxu¤��v9z|v9i:i4v�u�v�uøõAv9y{������v�u*�ts-��u � h y}vI��v�u¿��y{v!x�Zx4��tw��x�v�y{�=uts��{��x£s��[v��Os�z|z|v9xxu¿�¢°!pß� � ÷ ��y{v���y¡u[v�v!x ��v9z h y{tw���{z¤s��qu�v~vIz��qu[v4y{v9x�vÎi4y}u�� ÷ y�iyvÎv!iq��v�px4v!y}v4i�zû������{y�����s��{��vý�wv£s�xyv4��x<��=i�v�u Û � v!x4x4v!����u�v�u �PÜ v9��vM��y{v!i4v!x h x£s��[v4�Hs-z�z|v9xyu��wv9i:y}v Û v ����x4y Û �qu[v_s����u�� ��v9x�v�y{�Os�����v9i:tts=u�u[v4v�mM��i4��v9i:v9��x��s��[v�v�y{z mM��iyv£s=u��ø���qu7® n z � h y�v��wv£s�xyv4��x<��=i�v�u �¡s�i4i:v�uøi:y{���s���iZ��v9xÝ�ì�{�����ts���uÔ����x4���|��y{vÎv!y¡u Û v9�}u�v�u h x£s-�\v4�Os�z�z|v9xyu¯����wv9xZv9y}u�s���  h sHv4x4y Û v�u�z¤���}v4y{t���y{�OsHv�y��qu�ts�i:y{v!xyv�v!i üHv9x� �s���x4v�uø��v!x4v!����u�v�ußÞ�fqy}v m �Kà&� h ��x4���¡��v�uñjZy}u�i£sHv Û ��v!x   ���u� áv�v�u¡�Zx4��tw��xyv4y{�qu�s��{��xxs��[v:p�Os�z|z�v!x�� < ����x=��v9z h y�t����{z¤s��qu�v~v�v�u ÷ ��y�vÔ��x4v!yZmo��i:�{v!i4v9v!��v�u�v�uö��v!i4y}v Û v ÷ y{iyv=v!i=z ������{y{��� ÷ ��y�vmo�uù ���i4�;u��¡y{z ����x4y Û �qu[v£s��{v�u��wv_s�x�v���x�v�v�vr~¨sø��z^v!y¡u�v�uâ�Ps-�\v4��x ä Û ��v!x4� �����v�u¶Þ h s�i l=S à&� � v!xxu�v!x~qy{x:�ÿv9y}u¯mo��ùJ���i4��u���i4��v1~qy¡u�u�y{zg��v9xyv4y{�Os���v�u��wv£s�xyvr~qy}u���v!�|Öt×Ø v9x:x4v9y����[v � �gu�õds���v!�{��v¤� � °Ôi4y}u��ÿ��y�vmo� Û v9t;v£s=u Û v�uñ�;u��ø��y{vMmo��ùJ���i4��u���v�u¡��v!iqjH��v9�[v�x:�qu�v�u�i4twv9�[v�x:��z|v�v�v!x4iq��v Û v9y��=v � h s�i�jH��v9�[v�x:�qu�v�uupi4twv9�[v4x4��z|v�v4v9xo�Os=u;u¯����x:���¯üHv9xyv£s���i:����v�uÿ��v!xý�A���{v���v9xonMv�v Û ��v!x<�sHv4v� ����xM��y{v h s��=u�v�v4v¬s������¯ ����xtw��i4y�v�y��ö��v9�¡s���v�u�vñõAv9y��{����v�u��wv�u*�;v Û v¿~kv9x:��v�u � h s��wv9y ~kv9x:��v�u���y{v¡üýy�v9x4v!x4y�z�t����{i4vø��v9x|t���i:y}v4y����v!�·s���v�u�v�u��Zy{�=u�v�uâs���i=��v!xµfev�s��[v�y��qu&ãjä åâæ çaè9ä z y�z h s��qu�v~v�i4twv9�[v4x4��z|v�v4v9x=��v9z|v9i:i4v�u ÷��z z�y�vý��v!xý���{v!y{��� Û v9y�v�y{��v�uûüHv!x4z|v9i4i:��u��¡��v!x=nMv9��v�x4�=u�v�u�y{zé�ì����� Û v!y}v4i4twv9�[v�x:��z�v~v�v!xý�gu� ���x:z�s0pv�y��qu�v�uû����wv9x���y{vImo��i�~qy{x4�*��u���v�uÔ�wv9i�v�y{z|z+v4v9xAm�u�uts-��z�v�u��wv9y�v!y¡u�v!x6���{v9y����ts�x�v�y{��v�u�jHy�����z|v9i4i:��u��
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h s�i��ì�{��� Û v9y�v�i:t�v!�\v4x4��z|v�v4v9x$��y{v�u\v%��v9x¿üHv!x4z|v9i:i4��u��&��v!x ��v!iyv�x:v9�;v4v�u nM���*��v9�qu�v�u ��u'�@~q��x(��vi4twv Û y{v!�{�o ����x)��s�i¼jIlKmonqp h v�i�t�x:����xxs�z�z Û ��xñ�2u[v�v9x:i4�����*��u��*��v9x7Âý�ts���x4��tw���·s-z�t���y}v4�'��v�u�y{zn æ +¤p ��M�wv9x:�[s=u��¤y¡u¿mM���J�s=u���y{���-v9y�v,��v!i�üýy�v9x4v!x4y�z�t����{i-�����v!xyv�xxs���v!ikv�u\vr~qy�����v!�}vq��u'�js��� ���v!�ts��;v��h v9xqmM�� ��ts��-��v9i��ì�{��� Û v!y}v�i:t�v!�[v�x4��z�v~v�v9x:iÎy{i�vMy}u.��v9xqmo����y{�/����u����0� ä y}uñv!y¡u�v!x ��e��v!x4i:y{���[v�i Û v9y����upu*��u��&�ts�x:��v9i�v�v!�{�}v�� h s-i¡�utwv9�[v�x:��z�v~v�v!xø��v!iyv�v!�[vos���i ��y{v!x v9y}u Û v!�¡u�v�u � Û y¡u[v4y{�{�¡sHv���x:~��s=u'��v�u ÷ ��y�vQ:v!~kv9y��{i¨s���i@° ä ����t�twv9��i4v9y�v�y��¤z|y}v �uv9�*��u'�K�s�x4v!�{v9�[v4x4�qu�v�u}��v9x���y{v9�� �s�����v!x4x<�����x4v�u�s���i:��v9��v9i:v�u�v�uû� Û y¡u�pv�y��{�¡sHv�y��qu�i4�¡sHvxv4v�uÊs��u ���v9�ts-�;v�i:y¡u'��� Ü v���v¡� Û y}u[v�y{���·sHv4y{�qu�i4�·sOvxv�v¤��v!iyv�v!�[v)s���iÔnMjìp_°q° < ��u'�É�tsOv1��y�vh s=i�vÔ�¿z 2 ® < ³ z 2 äj³ z.�wm�uÿ�wv9y3��v�uÿj�u'��v�u�v9y}u�v9x�lDsHvyv�v�~qy{x��4��s�i�lKy{���[v¿�����v!x�lKy{���[v���v9y�p
v�v!x=y¡uÊ�ìy�i4����i:���*~¨s=u Û ��v9��z�v~v�x4y�v Û ����v�uÉ��v9�*��u'�J�s-x4v9��v9�[v�x:�qu�v�u*��v9x��uy�v9�� �s�����v9xyu v�xxs=u�i:t���x�v�y�v9xyv��¦�guv9y}u�v9x��wv4�'��y�v������v!x5��y�vÔv9x:x4v9y����*�ts�x4vj¸«v9y�v_s���ùJ���i4��u�� ÷ ��y�v6��v�uöv�sut�v!x4y{z|v�u[v4v9�{��v�u�m�uu ���x���v!x4��u���v�u��v�u�����=v ÷ v!x4�[s���i4y����¿ ����x7��y{v!i4v�u¿mo�� ��ts-� v9y}u)8ýt;v�y�z���z Þ ����u l � à ���o���x7��y{vei4�+s��� ���v!�ts��;v4v�u¡� Û y¡u�pv�y��{�¡sHv���x�~��s=u'��vÎv!x4��y��;vki4y{���9�ts�z|y}vHv9y}u�voi:v�u�i:y}v4y���v��ì�r�s-����ve���qu§Q:vo�:2 ��z6;���v!y�v!y¡u�v!xkzû�������y{����v�u�¹u[v4v9xyv4v9y��{��u��ñ  ���x�����y¡u Û y/��v�u\v ��v9z|v9i4i:v�u�v¡�Zx:�=v��qu�v�uôy¡u ° ä 2 ° ä �uv!��z|v�u[v�v ÷ ��y{v¿i4y{���<����x4����*x4v!� Û ~kv9y�i4v9i mM�� �iyv4v9�{��v�u���v9x�v9y¡u Û v9�}u�v�u ú �s=u'��v v!x4��y��;v=� h y�v �uy��quts���v#��v9x Û ~kv9yÎ��v9�*��u'� �s-x4v9��v9��pv�x:�qu�v�u*��v9x��uy�v9�� �s�����v9x|Q:v>��v9xelDsHvxv4vo~kv9x���v�u)Q:v1~�v!y{��i?��x4v!y� �s����ø��v~v�v!y{�}v ÷ ~k���wv9ywQ:v�v!y¡u�i?��v!xÎ��v�v4v9y��}v�v�u�uy��quts���v�uts����¤t�s�i4i:y���v!xAüHv!x Û �����v9x:��u�����y{x:v9�[v|s��� uv9y¡u��·s@����u���i:i4v�u�i4y�v�y���v9id�Ms�iyv4����i�p h �������*��v9��v9�wv�u~qy{x(� ÷ �ts-iA��y{vZm h �CB:pr�gu� ���x:z�sOv�y{�=uÝQ:v���v!xFf¤�����x4vZv9x Û v!���=v=� h y�vBQ:v!~kv9y��{i¦��v!x4����v9y���v�u'��v�u Û ~kv9yu�uy��quts0p�{v�~�v!x���v�u_y}uÿv9y¡u�v9xo ����xD��s�i�jHlKmýnqprjìs�twv9x:y{z|v�u[v=v�u[vr~qy�����v9��v�v�u�jZ�{v!�\v4x4�qu�y{�ô�����v!xý��v!x4i4����y{v���v�u�v�u���}~kv9�{��v�u�i:tts=u�u*��u���v�u ÷ y{z  �������v�u'��v�u¿z|y}vI���wv9x:v9x �u���}~�v!�{�{vM��u'� �;u\v4v9x:v9xq�u���}~kv9���{vo�wv Û v9y�����u�v�v ÷��y�i4�*x4y�z�y}u�y{v!xyv��;u'��i:�����{y�v�i���y{���É��u[v4v9x#��v�Î�u�y{v!xyv�v�u�mM��i:~¨s������*x4y}v4v9x:y{v�u¶s��� Mv9y}ue�Ps-iyv�����i�p(õ h �FE4p
h ����������v9��v!��v�u ÷ i:�6��s=i�t�x:y¡u Û y{t�y�v9�{�B¸«v!y}v�y}u� ���x:z�sHv4y{�qu�v�u6��v9x �wv9y3��v�u¼�����*~kv9���{v�u¼ ����xDQ:v���v�f������x:v ����xG��y{v�mo��i�~�v!xyv��;u��ø����x:�ts=u'��v�uÿi4y}u'����jHy}u�v¤��v�uts���vÔ��v9i:����x4v!y{���;u��)��v9xýjH��v9�[v�x:�qu�y��-��v9x@�6�{���-pÛ v!y}vr~��s=u0��v��wv�Î�u'��v�vei:y{���¼y¡u Þ Ü sqä l m à ��u'�¼y¡u Þ Ü s�� lqS à �h y{v Û ~�v!y{i:v9y}v4y{��vÔmM��i4��v9i:v$��v!x���y{�quts-�{v2Q:v>��v9x�lDsHvxv4v v9x4�¡s����;v=v!i ÷ u�v!��v�u���v!x´�6�{��� Û v9y�v:p2s���������y�v8ýxyv4i4y¡uu ���x4z¤sHv�y��qu)��v!iG��v~v�v!�\v4y{v!xyv�v�u¯õAv9y{������v�u�i Û �ñ��v!x4z|v9i:i4v�uH� h y{v§�ì����� Û v9y}vq�Os=u;u.�ts-��v!yA����x4���
I ãKJMLONQP>RFSTP?U�VWROVQSXLON;�7POJNíOY(Z[SXY�Z�\](^_VW`FYaSTP?U�VWROVQSXLON;�7POJNíOY(Z[SXY�Z�\
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Ç!¸!º�·¨Ã{½ Ð º�¶9Ã¨ÑrÀ�Ò�º�ÃDº�Ñ�½ Ú
��y�v¤��y��/���;u��$��v9x=�u��z�z|v5��v9xoõ h �Ipß�uy{�=uts��{vDf>gihWj=kmlÎ��u'�.f>n�oTpeqsrclÎ��v1~��=u�u�v�u¯~kv9x(��v�uÿ�;u'�ÿy{i�vM~qy�v
s������t�ts�i��Zx4�������[v���v!x�m h �Ip��uy��quts���v¤v!y¡u h s=iu��v!x�j�u�v!x4��y�v#��v9iµuts�������v!~qy�v9i4v�u�v�uöõ6v!y{�{����v�u�i>�h v9x78ýx�v_��v9iHõAx4v1ó«v!x4iH�Os=u�u�s���i_��v!xI��y{�3����u�����v9xÝ¸«v9y�v���y�ó«v!x4v�u Û ����v9x_��v!iHm h �Ip�Âý���Hv�y{�=u\v4v�uv��v!xv9y}u Û v!�¡u�v�u f������x:v�u�i:y{�qu�s��{vv�ts-��v!yÝu��u������v�u�s���v9x��wv9iyv4y{z|z+v�~kv9x���v�ußs-�{i=v9i�����x:������y�v¤s-�{�{v!y¡u�y���v�uv!��z�v�u[v�y{v!x4y�v9x4�;u��u��v9i h v�v4v9�[v���x4i�v9x4x:v9y����\v=~qy�x����K�ez!��v�u u�y�v���v!x4v�u�v9x:��v�v4y{i4����v�uÉ�2u\v4v9x:��x4��u0�up�wv9y}v4x£s��¿y¡uw��v�u ú �s=u'��v�u Û �ÿ��u[v�v9x(��x-�������v�u ÷ ~q��x(��v�����xD��v9xýv!x4i�v�v�u �ì����� Û v!y}vr~¨s=u'�ÿv!y¡u�v � n z��y�����v¿mM�{��z|y¡u�y{��zÔpß�Z�·sOvxv�v+s=u���v!��x£s-���\v�� h v!x¤jZy}u�i£sHv Û v!y¡u�v!x¤� ³ zx��y�����v�uÉjZy{i4v�u�t��¡sHvxv4v|����xy��v!x��y{v!xyv�v�u ú s=u'�¼v9x:z¯������{y{���[vqv!y¡u�v�jZx4�J������;u��9��v!xon¹s����}~�v!y{i:v>z Û y�v�u Û ��v9i¹�ì�{��� Û v9y�v�i:t�v!�\v4x4��z|v�v4v9x:ii4�<~k�����K ����xq�Z���=v4�qu�v�u�s���iVs������¡ ����xqnMv!�;v�x:�qu�v�ußÞÂ�kx4� < ° à �



®±°cb � ¥�ë�{ª�£�ï�¥{­�ë�¬ �Ôë-ê1ë=��ê~��ï9ë�¬ Ñ}|
�	�s~ ��
�� �'&�&�Ý
�(��@� �«���|�����#�������
h v9xÎüHv!xyv�v�s���v�v4v9�[v���xM��v!iyv4v9�[v�s���i Û ~�v!yìlDs���v�uñz|y}vFQ:v!~kv9y{��i´° ä v!y¡u�i:v9y}v4y{�Ôz|y}vM�uv!�*��u'�J�s�x:v9��v9�[v�x:�-pu�v�u*��v9x��uy�v9�� �s�����v9xyu s-��i4��v!�{v!i4v�u�v�u¡v9y}u h y{���{y�z�v~v�v9x_��y{����v�uñ� Û y}u\v4y{���·sHv4y{�qu�i:iyv4x4v9y� �v�u z|y}vkv9y¡u�v9x�v!z�t�pÎtu'���{y{����v�uß�6�r�s�����vÔ���qu�� < 2�� < ³ z#;�� h v9x h v~v�v9�[v4��x�~qy�x��Êv_s�x:��v�vxuts���i4�ñt���i:y}v4y{�qu�y�v9x�v ÷ ��s=iñv!x��v�u�����v9y�����v�u ú y¡u���v9����v!x4v!y{���Ô~qy{vK�ts�i4�6�{��� Û v9y�v�i4twv9�[v4x4��z|v�v4v9x4s��}��v9���[v��}�rz jHlJmonqprj�sutwv9x:y{z|v�u[v~qy{x(����v9xÔüHv9x�v�v1s���v~v�v!�\v4��x¿����x:~qy�v9��v�u'���wv9y h v!i4i:��u���v�u�s=u h v!�;v�v!x4y���z v9y}u���v!i4v�v Û v��kjZx#��y�v�u[v��y�v9xVs���i üHv�v�����v~v�v9�[v4��xÎ ����xK��y{v=nev9�;v4x4�qu�v�uts=uts-����i4v�Þ õAx£s l}ä à ÞÂ�¨s=u lqS à �h y{v¤nM�ß� R j4� ² pß� Û y}u[v�y{���·sHv4��xyv4v9��v9i4�-��twv ÷ ��y�v¤x£s@��y·s��A��z��ts�i�õds�x4��v�vµs=u���v9��x(��u�v~v�i4y}u'� ÷ �wv9i�v�v!��v�us���iu����t�t�v!�{i:v9y}v4y{�Ìs���i4��v!�{v9i:v�u�v�u lDsHvxv4v�u ��u'� � ��qu�u�v�u�����x:��� �ì����� Û v9y}v ��u'��+|j7��jìp h v9i:i4��u���Z���=v4�qu�v�u ÷ �Zy��qu�v�u ��u0�js���ia��v!x h v9�;v4v9x4y���z|i4tts���v���u���x:v9i:���}v4y{v9x:v�u'��vM�Zx:�=v��qu�v�u|��u'��nMv9��v�x4�=u�v�u��u[v�v!x4i:����v9y3��v�u�� h y�v�õ6v!�{v!i4����t�vH~�v!x���v�u Û ��x¦üHv9x:z�v!i4i4�;u��G��v9xKv9��v9�[v�x:��y¡u0��� Û y�v9x�v�v�u h v!�;v�v!x4�qu�i:tts��Õpv��;u��Ôy{z ��v9x:v9y����)��v9xK+¤p�fqv9i:�quts=u Û y¡uø�������·s��w��x£sOv�y{�=u|z|y}vF��v9x �¹u�y���v9x:i4y�v
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�umý�uõq� �o� � Ø p h ��������v�u���y{��y}v_s-�{y{i:y{v!xyv=�B�M���x§s����{v)s=u0��v9x:v�u h v~v�v!�\v4��x4v�u_~kv9x(��v�ußu*��x´�umý�uõq� �o�*ph ��������vMv!y¡u���v!i4v~v Û v�� h y�v h �������·s���i4�{v!i4vM��v9i:����y{v!�\v�y{z �Ms�������v9xW��m h m2�Ip h �������{vG��y{x:v9�[vF����x4���
�y�DLmSXVQP>JMLOLON4��JM�[STVQST����S´íOP=POZD��Y�ZXJ�ô����TVW�(L$Y(J4 �POROYÔÞ�J�Y�ZXROVWYv¡����[V���LM¢£Y�VWJ�Y#¤¥PONWNWL~ù@P>ZXLsSTVWPOJ7íOPOJ7ôX¦��J�ô?J�VWYßá§ Y(ZTN¨¦LsJ § VW�X�ª©�Y�J�«�P>ZX�X�ª©=��J�R��[Y(VQJ�ZXV��ª©>SX��J�R>Y�J�¢ § VQY § VQY4ð�Y�NWY(�T¬OP�ø@Y¥Y�J�Se­HPOZ¦ô�Y�JG��J § Ls��ô�R>Y�ùMLO��S£©MLªù�Y�J�\® U�Y(��SX�X�ª©�Y��JÞANWY�¬�SXZTP>J�Y�J�â	¯GJM�ª©�ZXPsSTZXPOJ�\°(±¥ZTVWPOZXVQSe�eÞAJ@�²P § VWJ�R?³KY(L § PO��SAâ����eSXY�`XÞ´�²P>J�PO`,V���LON�­£VQST©�µGNQSTZªLC©MVQR>©=â\ø�Y�Y § \¶ �7PO`Wø���SXY�ZAã���STP>`,LsSTY §G· Y�LO�T��ZXY�`,Y�J�SJãKJ § �7POJ�SXZTP>N3\Ýáì(¸�PO`º¹|î9á¨LO`,Y�ZXVQ¬mLsJMVW�X�ª©�Y�J�»F÷e¼½��J § Y���ZXP~ø ¦LsV��T�ª©�Y(JµïBîM¾´»dï±á¿¤¥PO`,VQSTY�Y7Y�J�Se­£VW�ª¬>Y�NQSTY(Zdî�SXLOJ § LOZ § ô ¦�MZ¥À´LmSXY�J<áY�Z¦ôcLO�X�T��J�R>�X�T�=�[STY(`,YO¢ § Y�Z § ��Zª�ª©K¬OP>`WøMLs¬�STY(ZTY�ÁHLO�=­ÂY(VW�TYAR>Y�ROY(J ¦�Kù�Y�Z ¦LsNQSTY(ZTY(J¹î�SXLOJ § LOZ § �ÂY�VWJ�Y´Y�ZX©�Y�ùMNQV��ª©�Y¥¤¥P>�[STY�J
á�TY�J�¬=��J�RWø�ZXP?Ls�M�TROY(NQY��[Y(J�Y�`&¤_LOJMLsN	Y(ZT`D¦P>RONWVW�ª©�S(\



Ñ'Ã ç|è*é ¥�ê1ë�§ì®±´Éí�î é ë�ï9¥¨ðñë�¬�ê!ë�§¨§{ë-ï�¢¤ª�òD£ è ª

CAMACTDC-Start
ADC-Gate

FASTBUS

A

B
E

TDC-Start
ADC-Gate

e-

live

3µ s

TU

Meßraum

VME Workstation

Bandlaufwerk

Runstop
Alarm
VME-Busy

Experimentierhalle

Veto

Master

h/plo fit
exec verteilung

Elektronenspek-
trometersignale

trometersignale
Flugzeitspek-

¢¤£�£¦¥¨§�©¦ª«¬w­û®±°�Ä±´B� Å ½Îµ�Å9½�ÃDº�Òþ¸�Ù�Ñ¨� Å ÃDº Æ º�Ñ}¼ Å ½:½:Ù Æ ÇÔ»0º�½ ÈAÊwË�ÌqÍ³ÈAÏ4Ð º�Ñ:·{Ò�º Æ Ã{½ Ú
v9y}u�v�uö�����v!x4��v!��x���v~v�v�u ü h j��r�ßp�fqv9����u�v9x�� h y{v��um���õq� �ý�*p h �������{ve~�v!x���v�uñt�s�x£s����{v!���ts Û �)����x4�����v�uÊs�z�� jÝfen=�[;=v�u\vr~qy�����v!�}v�v�u�mýjH�e��Õµs���i:��v9��v9i:v�u��Kn¹s����4��y�v9i4v!xomM��i4��v9i4v�~�v!x���v�ut��y{vy��y{��y�v_s0p�{y�i4y�v9xyv4v�u h v�v4v9�[v���x:y¡u� ���x4z¤sHv�y��qu�v�u �����v!x¤v9y}u�v�u�ü=��� �eB pß����i�v9�wv�uu �s��{��i´sHu���v�u ����wv9x4��v9��x(��u�v�v4v�uü h j�pgfev!����u�v!x ����wv9xyv4x£s���v�u ÷ ��v9x��ts=u;u s��{��v h v�v4v9�[v���x:y¡u� ���x4z¤sHv�y��qu�v�u�ixs�z�z|v9��v���u'� Û ��v9y}u�v9zjZx4v!y{�qu�y�i¤��v!x4v!y¡u[v=� h y�v9i:v9i jZx4v!y{�qu�y�i¤~qy{x(�<�ts=u�u&��v!x ú ��x4�*iyv£sHv�y��qu Û ��x68�u��{y¡u�v1p h sOv�v�u�prm�u�s�����i4v��u'� Û ��xo��t�v!y{����v!x4��u��¤s���  h s��qu�v�v���s=u'�X�����v!x4z|y}vyv�v9��v=��rz lDs��� �va��v!iAjIlKmonqp h v�i�t�x:����xxs�z�z|v9iKi�v�v!�{�}v4vZi4y�������v!x£s���i ÷ �ts=iK�ts�iJ�wv9i�v�v9��v�u'��v h sHv�v�u�uts���z�v�pi:��i�v�v9z ÷ �ts�i?��y�v=jZx4v9y��qu�y�i4i4v����qu.��v9zP����wv9x:��v9��x���u�v~v�v�uñü h j�pgfev!����u�v!x@s=u¡v9y}uøüìm�ÆMp��*�ui�v�v!z¡�[Ez|y}vqv9y}u�v9z �ts�x��u~Ws�x:v1p uts��ût�x4����xxs�z|z�y�v9xyv4v�uømM�{����x:y}v4��z���iWv4x£s=u�i� �v9x:y{v9x�v�v ÷ ��v�u¯������v�uñm�u� ���x���v�px4�;u���v�u���v9i¤jHlJmonqprj�sutwv9x:y{z|v�u[v�v!i+u�y����\v�z|v9��x�v�u[v4i4t�xxs������6jHy}u�v��Mz|iyv�v!�{����u��u��v9x R s-x���~¨s�x4v�p��u'�|���� ávr~Ws-x4v1pr���qu Û v!t;v�y��qu¤y�zÈf¹s���z�v�uy��y�v9i4v!x�mox:��v!y}v6��u'�+v4v9y���~kv9y{i:v ��e��v!xyv�xxs�����u��o���qu¤mo�� ��[s
p�wv�uos=u)��v�uou�s����� �������v�u'��v�u¡i4����u�v9�{��v9x:v�u¡mýlJ� R m=� ² pgfev!����u�v!xÎz�y�v,��v!z �one�ªÆMpr��v�v4x4y{v!��i4i���iyv�v!zh jÝ�Ip�8=�;�ÿ��xxs����[v�v�u¿v9y¡u�ve�wv�v!y{��v!x4��u�����v!xkjZx:v9y{�=u�y{i:x£sHv4vÎ��z v9y}u�v�u¤�Ms��[v���x Û ~�v!yX�\�±v9xyu�v9xH���=u�u[v�v��y�v���v~v�x:y{v9��i4i4y�����v9x:��v9y�v´����x4���v��y�vZüHv9x:~kv�u0����u��D��v!iìõ2� �7�-�ß� � � pß�Zx4�=v4�������{�{v!i Û ��x h sHv�v�u ����wv9x�v�x£s
p����u�� Û ~qy{i4����v�u�ü h jìp�fqv9����u�v9x��;u'��molJ� R mep ú ��x:�*iyv_sOv�y{�=u6��v9�;v4�{y{���|v9x:� ����[vH~�v!x���v�u�� h y{vWu�v!��vÝ.Ý²ÀAVWYA�MZX�¦ø�Zs¦��J�RONWV��ª©�YDóDù�¬�¦��Z ò��MJ�RaÇ�Y(ZX�XL · P § ��NWYAÞ���ZXP~ø�Y(LsJ,V��eS § ��Zª�ª© § VQY § VWYFóÈZª�ª©�VQSTY�¬�SX��ZPù�Y(�X�[Y(ZPù�Y(�X�ª©�ZXY�V#áù�Y�J § Y4óFù�¬�¦��Z ò���J�R,ÇGVQZTST�MLON · Y(`FP>ZT�qÞ�JNí=VQZXPOJ�`,Y(J>S�Y�Zª�TY²S¦ò�SÈ­ÂP>Z § Y�J�\Ý��£�7POJM�TY�VWN*ÞA�MZTP�ø@Y(Y�J�ø@P>��ZÈN�LF³�Y(�ª©�Y(ZX�ª©MY|���M��NQY�LsVWZTY>\ÝeÉ:ãKNWY�ø�©=ÞdíOY(J�S�ÊC��VWN § Y(Z(\Ý I ÇG¼µï¼â�Y�ZXV�LsN�ÊC�M��\Ýe](Ë£Y(�ª©MJ�Y�Zª�[���[STY(` § Y�ZÈ«0VWZT`?L,À�VQR>ViSªLsN/¢ § LO��`,VQS § Y�`ÌÁHY²STZXVWY�ùM�X�[���[STY(`&¸�¼§î¹ù�Y²SXZTVWY�ù�Y�J�­£��Z § YO\Ýe�(ÍÎZXP~ò(Y(�X�[P>ZXLOZX�ª©�VQSTY(¬�ST��Z § Y�ZÈÀ�VQR>ViSªLsN\ïÂÏ>�MVÁø�`,Y(J>S´ÐÂP>Z¦ø�POZªLmSXVQP>J�\Ý ® ^_ZªLsJM�T`,VW�X�[VWPOJµ�7POJ�STZXPON	±¥ZXPsSXP=��PON�Ñ%��J�STY(ZTJMY²SA±¥ZXPsSTP���PON/\



®±°�Ä«� è �µ� è ê1ë�¬�ë-ï9ò è �~�1ª�¬�­w�~�mÒM��ê1ë�ð Ñ}Ó
�u�� ávr~¨s�x:v1pß���qu Û v9t�v�y{�=u�~q��x(��vG��s���v!y i4�¤��v9iyv£s��}v4v�v ÷ �ts=i���y{v2s���i7��v!x,8�Ô|y¡u�v�prm¹uts�����i:ve�wv9�Os=u;u\v4v�uõAv9����u�y���v�uX�;u'�ô�Zx4����xxs�z|z�v�s������Éy}u���v!xv8@u���y¡u�v�prm�u�s�����i4v|m�u}~kv�u'����u��&Îtu'��v�uÉ��u'�<�ts-i¤��v�pi£s-z+v�ve����i�v�v9z Û ��x h sHv4v�u�u�s���z|v,����x:����v!y¡u�v ��x£s�t���y{i4����v�8��wv9x�ùA�s�����vqi:v9��xZv!y¡u� �s���� Û �|�wv���y{v�u�v�uy{i�v=�K�gu�mo����y{�/����u��¼�0� m y�iyv���y�v|��x£s�t���y{i4����v%8ý�wv9x:ùJ�s�����v6��v9i h sHv�v�u�v9x� �s�i4i:��u���i:i:��iyv4v9z|i���v Û v9y��=v=�jZy¡u�v=��v�uts���v���v!i4����x:v9y�����u��$��v9x R s-x��upI��u0�¯�u�- ávr~Ws�x:v1pr�=�=u Û v!t;v�y��qu9Îtu'��v~voi:y{���¼y¡u ÞÂlDs=u <q<Oà �

¢¤£�£¦¥¨§{©«ª«¬w­¯®±°/Õ�´B�q·�º�Ç<Ñ Å:Ð Ø0·�½�×�Ø�º1Ö Ö º�Ñ¡¼�ÄÅ ×�Ø�ºý»0º�½¨� Å ÃDº Æ º�Ñ}¼ Å ½�½4Ù Æ Ç�½:½(Å9½4ÃDº�ÒM½ Ú



Ñ æ ç|è*é ¥�ê1ë�§ì®±´Éí�î é ë�ï9¥¨ðñë�¬�ê!ë�§¨§{ë-ï�¢¤ª�òD£ è ª



× Ø Ù W6T Ú WZ[ T\Y f ]ÉW´Û Ü TVU
Ý W�Þ^[ S U�ÞßÜ b Û ]ÉW�Þ^[

à à à à à à àà à à à à à àà à à à à à àà à à à à à àà à à à à à àà à à à à à àà à à à à à àà à à à à à àà à à à à à àà à à à à à à

á á á á á á áá á á á á á áá á á á á á áá á á á á á áá á á á á á áá á á á á á áá á á á á á áá á á á á á áá á á á á á áá á á á á á á

â â â â â â â â â â â â ââ â â â â â â â â â â â ââ â â â â â â â â â â â ââ â â â â â â â â â â â ââ â â â â â â â â â â â ââ â â â â â â â â â â â ââ â â â â â â â â â â â ââ â â â â â â â â â â â ââ â â â â â â â â â â â ââ â â â â â â â â â â â ââ â â â â â â â â â â â ââ â â â â â â â â â â â ââ â â â â â â â â â â â â

ã ã ã ã ã ã ã ã ã ã ã ã ãã ã ã ã ã ã ã ã ã ã ã ã ãã ã ã ã ã ã ã ã ã ã ã ã ãã ã ã ã ã ã ã ã ã ã ã ã ãã ã ã ã ã ã ã ã ã ã ã ã ãã ã ã ã ã ã ã ã ã ã ã ã ãã ã ã ã ã ã ã ã ã ã ã ã ãã ã ã ã ã ã ã ã ã ã ã ã ãã ã ã ã ã ã ã ã ã ã ã ã ãã ã ã ã ã ã ã ã ã ã ã ã ãã ã ã ã ã ã ã ã ã ã ã ã ãã ã ã ã ã ã ã ã ã ã ã ã ãã ã ã ã ã ã ã ã ã ã ã ã ã

ϕπ

k γ

k π

k n

πϑ
nϑθeπ

Bezugsebene

Reaktionsebene

äyåÂå�æ¨ç/èHéHê}ëíìÎî¿ï�ð�ñGò/ó0ô�õ�ö�÷¨ò3ø�ùmú
ô,û�ö=ü�ø�÷[ô�ý/ýQþ
ó@ÿ��Mômü��¥ò��=ó���ü��	�=þ�¶=÷¨ò
�=ó���þ�ü�ù�ú��´ú
��÷��=ó0ômó��}û�ò¿ô��´ú���÷��=ó0ô�ó
� ô�ü��Mômó��=þ
ü�ù�ú���ò¿ô5ô�ò/ó�ý�ö�þ��sô�ó��Mô�ó��_ý ô�¶�÷¨ü��=ó0ômóíö=õ��_ö���ò¨ö�÷���üyô�ü��Oômþ�ÿM÷´þ�ó�� ��ô � ôeÿ�ô�ó)ø�ò¨ùmú9ö=þ!�ªÿ�ü(þ
ó��"�Mô�ü
#%$'&)( æ¨êÂë+*(ä-,.,0/21�3}æ54 &+6 æ510ê ò/ó7�@ô�ü8�7ò¨ùmú@÷¨þ
ó@ÿ��@ô�ü$ô�ò/ó�ý ö=þ!�mômó��Mômó9�¥ý�ô4¶=÷¨ü:��ó0ô�ó��aû�òeô��aô�ö9¶�÷¨ò��=ó	øsô;�(ô�ó0ô
< ��ó=�_ò
��ó9þ
ó��?>�ô�þ	÷¨ü:��ó)òcø�÷Âÿ@ô[ÿ@ômó@��ò¿ôBA,ôC�mþ�ÿ�ømôD��ô�ó'ôKþ
õ ô�ò/ó0ô�óFEvò/ó}¶�ômýHGJI9ÿ@ô�ó'ô�ò ÿ�÷��
K?L2M NPO5QSR'L2TVUXWSQSYPZ[QSL2M]\
O5L2^�R)_2LD`�ab^�Q�_2cJL2M�LDO5dbegf	hWSM�YSOiL�jlkJU�mnL2o]o�WSQS\qp"Oia YSL2p p�^�\�QSLDa�O5o�dbe�L2Q
r `JL2R+a!M]s
p"LDa!LDM"tuW�M�YSLno�s7\�LDt8h^�eSTVa�vwYx^�yzYSOiLn\
TiL2OidbeSL{RHOiQSL2p ^'a�O5o�dbe�L�|%LDYSO5Q�\
WSQS\
LDQ}tuOiLnOiQ}YSLDM
mnLDo�o�W�QS\-~
s�Q����)��LDO5R�L8����LDO
�
���x~
s
M]T
^�\�L2Qn��o]O5L2e�L�m�L2o�o]WSQS\��uOiQ"��^�cJL2TiT5L��S�V���;�
K�^�p OVa�Oio]awo�OidbeSL2M�U
\
LDo]a!LDT5TVa�vxYx^�y"YSOiL8Z[M]\
L2cSQ�O5o�o]L-YSLDM?m�L2o�o]WSQS\�Y�O5L2o]L2M���M]c0LDOia�^�W�f�YSO5L8K�^'a!LDQnY�L2M��X�� U�mnL2o]o�WSQ�\
L2Q~
s�Q��8���uL2OiR�L{���uL2O
������W�QSY�Z���|%M]WSO5QSoX��|%M]Wx�+����^�Q+t�L2QSYScS^�M�o�O5Q�Y��¡ �^�`SOVa!LDT�¢����S�£¢
�;�0K?O5L-¤[eSs�a!s�U
QSLDQ�_2WSM�¤[M�sHYSWSR+a!Ois
Q"L2O5Q�L2o�¤wOis
QSo¥o]a!^�p p"L2Q ^�WSo�|%M]L2p"o�o]a�M!^�e�T5WSQS\�o�`SM]s
_2LDo�o�LDQ@YSL2M�L2OiQST
^�W�f�L2QSYSLDQ
Z[T5LDR)a�M�s
Q�L2Qq^�Q�YSL2Q¦N7^�o�o]L2M]o]a!s'§.R'L2M�Q�L2Q¨Y�L2o=��^'M�\
L;a!o2��K�^�o-N7^�o�o]L2M�oCa!s�§Jab^'M�\
L;a=YSO5LDQ)a"^'T5o�s�c0LDO
YSOiL2o�LDM"mnL2o]o�WSQ�\7o�s©t�s
eST�^�TioX��^'YSO
^'a�s
MX^�TioX^�WSdbe}^�TioX��L2^�R+a!Ois
QSo�`S^�M]a�QSL2M=_2W�M=¤wM]s�Y�WSR+a!O5s�Q�~�s
Q
¤[O5s
Q�L2Q��[��WSdbeª¤[O5s�QSL2Q�vwYSOiL{^�WSo"YSL2M"K?s
`�`0LDT5`SOis
QS`SM]s�YSW�R)a�O5s
Q¦M]L2o]WSTia�O5L2M]L2Q�v[TiO5LD\
L2Q�O5p«��R)_2LD`�U
ab^'QS_2cJL2M]L2O5dbe�YSL2o r `0LDR+a!M�s�p L;a!L2M]o2�J¬�eSM�¬�p `SW�T5o�R'^'QSQ=­]LDYSs�dbe9^�WSo�RHOiQSL2p ^'a�O5o�dbe�L2Q¯®�M'hW�QSYSL2Q�p�^�U

¢
°



±³² ´ & ,�æ 6D$ ç�ìÎð¦µ#æ $ ´ æ¨ê $ 4 &)6 æ ( è $ / # æ510êJ,./D1�è�é (S6 æ51�ê
¶ O5p ^�T¸· IDI8¹ �
º»�
�
¼=��LD½¾cJLDa!M�^�\
LDQ��³Z[M�L2Oi\
QSOio�o�L�p"Oia�· I=¿ ��º£�+��¢=��LD½À��p�^ ¶ Oip�^�TiL2M¥¬�p `�WST5o�· I2I
WSQ+a!LDMB|%LDM'hWSdbR)o]O5dbe+a!Oi\
WSQS\XYSLDM���W�ÁÂhs
o]WSQS\XYSLDo%p ^�\
QSL;a!Oio�dbeSLDQ r `JL2R+a!M]s
p"LDa!LDM�o�p OVa�ÃxÄ ¹ °-ÅÆL;½��
t�L2M�Y�L2Q�_2WSQ¸h^�dbeSo]a�~
L2MCt%s�M]f�L2Q.v�o�s�YS^�y�L;a�tB^{°
��ÇÈY�L2M�OipÉm�^�\
Q�LDa!o]`0LDR+a!M�s�p L;a!L2M�O5YSLDQ)a�OiÊx_DO5LDM]a!LDQ
¤[O5s
Q�L2Q�O5QnmnL2o]o�WSQ�\9��YSWSM�dbenYSO5LDo�LDQ r dbeSQ�Oia�au~�L2M]t�s
MCf�L2Q�t�L2M]YSL2Q��JË�pÌYSO5L r a!^'a!Oio]a�O5R tuOiL2YSLDMu_2W
L2M]elhs
eSLDQ�vwR0hs
QSQSLDQªYSO5LDo�Ln¤[O5s
QSLDQ}OiQ�YSL2M"��WSoCt%LDM]a�WSQS\FcJL2M'hWSdbR)o�O5dbe+a�O5\�a t%LDM�YSLDQ�v¸­]LDYSsHdbe}t8h^�M]L2Q
Yx^�Q�Q�YSO5Lu��WSo�o�^�\
L2Q@_DWSMBZ[OiQS`SO5s�QS`SM�sHYSWSR+a�O5s
Q=_2W�Qlh^�dbeSoCa�Q)WSMB^�Tio�s�c0LDM�L r dbeSM!^'QSR�L?_DW�o�LDeSL2Q.�xmnOVa
��OiTif�L�LDO5QSLDM r O5p-WST
^'a�O5s
Q�o�M�LDdbeSQ)WSQS\{R�s�QSQ+a!L?­]L2YSsHdbeÍo]O5dbeSLDM�\
LDo]a�L2T5TVa�t%LDM�YSLDQ�vlYx^�ynZ[M�L2Oi\
QSOio�o�LXp"Oia
_Dt�L2O0¤[O5s
Q�L2Q�OipÎZ[QSYS_DWSo]a!^�QSY{^�W�f�\�M�WSQSY"~
s
Q�¤[ex^�o�LDQSM!^'WSpÏWSQSY@ �O5Q�L2p ^'a!OiR-cJL2O³YSL2Q L2OiQS\
L2oCa!LDT5TVU
a!LDQ@L ¶ `JL2M�Oip LDQ+a!L2TiT5LDQ{��^�Q�YSc0LDYSO5Q�\
WSQS\
LDQ@\
L2\�L2Q hWScJL2MBZwM]L2Oi\
QSO5o]o�LDQ{^�WSo�YSLDM�Z[O5QS`SOis
QS`SM]s�Y�WSR+a!O5s�Q
WSpÐp LDeSM�^�Tio�f	hWSQ�fB®�M©hs
y
LDQSs
M]YSQ)WSQS\
LDQzW�Q)a�L2M]YSM'hWSdbR+a�o�OiQSY��¸K�^'p OVa�Oio]a�YS^©~�s
QÍ^�WSo�_DWS\
LDeSL2Q�v¸YS^�y
o�Oidbe�O5Q¦YSLDMX\
L2o�^�p-a!LDQ¨^'W�f�\
L2_DL2OidbeSQSLDa�L2Q r ab^�a!O5oCa!OiRz~�s
Qq¤wOis
QSLDQqOiQSR)T5WSo]Oi~�L�p9hs�\
T5OidbeSL2M-K?s
`S`JL2TVU
`SOis
QSL2M]L2Oi\
QSO5o]o�LDQqa!^'a!o�h^�dbeST5Oidbe¨R'L2O5Q�L9K?s
`S`JL2Ti`SO5s�QSL2M]L2O5\�QSO5o]o�L�ÊxQSY�L2Q���Z[O5QSL�\
L2QS^�WSLn|%L2M]L2dbeSQ)WSQS\

0

50

100

150

200

250

300

350

1250 1300 1350 1400 1450 1500
Impuls des πÑ + in MeV

A
n

za
h

l

äyåÂå�æ¨ç/èHéHê}ëíìÎîVÒ�ð�Ó7ô�õ�ô�ø�ømômó0ô�Ô(õ���þ
ýQø < ô�ü�÷[ô�ò/ýQþ
ó@ÿ��Mô�üu�¥ò��=ó0ômóuõ�ò/÷lÕ'Ö�×ÙØ�Ú�Û©Ü
Ø-Ý5ô)Þ.�}û�ô�ü�õDö;ß�ò/õDö�ý ô
Ô(õ���þ
ýiø��Mô�ø�à k ø�÷¨ò3õ�õD÷}ÿ�þ
÷Hõ�ò¨÷��@ô�üwAFômü�ô�ù�úMó�þ�ó�ÿDó�ö�ùmú?á³��ü(õ�ô�ý+âH�5ã�äþH��ômü�ômò3ó{å/ÿ@ô�ø�÷¨ü�ò¨ùmú
ô�ý�÷[ô¥æ£ò3ó�òeôèç©��û�òeô
æ�ò/ó�òeô?��ô�òJÕ'Ö�×ªØ�Ú�Û©Û©ÜXÝ�ôHÞ7å3ÿ@ôè��þ
ó}¶�÷[ôs÷£ç��Oô�ò ÿ�÷��Mô�ó{��ômü�ô�ù�úMó'ôm÷[ô�ó µ'ù�ú � ômý3ý�ô�ó � ômü�÷¸��þ
ü��_ü��>ô�þ�ÿ�þ
ó@ÿvô�ò/ó0ô�ø
��þ�ø�äö�÷V��ýWò¨ùmú
ô�ó �_ò
��ó	ø!�

YSLDM[K?s
`S`JL2Ti`SO5s
Q�`SM�sHYSWSR+a!Ois
Q�c0L;ÊxQSYSL;a[o�OidbeXO5pé��Q�ex^�QS\��8�ê¢���¬�QXYSLDM�Z[O5dbeSp"L2o]o�WSQ�\�~�s
Q=�8�'�uL2O5R'L
O5oCa-Y�O5L2o]L r dbe+t�L2TiT5L@^�W�o-YSLDM�Z[QSL2M]\
O5L"YSLDoX¤[eSs�a!s�QSo-_DWSM�¤[M�sHYSWSR+a�O5s
QFLDO5QSLDo ¤[O5s�QSo-^'cS\
L2o]dbelh^'a�_Da
t�s
M�YSLDQ�v�YSOiL-Qx^'dbeÍZ��.|%M�WSOiQSo?cJL2O�· Ö ¹ �
º»�
������LD½ÏcJL2M]L2dbeSQ�LDa�tuWSM]YSL��¸K?OiL�Z[QSLDM�\
OiL�YSL2o�¤[eSs�U
a!s�QSo=c0LDO�YSL2M"¤[M�sHYSWSR+a!Ois
Q�L2OiQSL2o"¤[O5s
Q�o=ë��íì¸î!ï¸��jlkðO5oCa"^�cSelh^�Q�\
O5\¯~
s�Q}YSLDpñ½?OiL2M�LDM�Oip `SW�T5o-Y�L2o



±Jò

Qx^�dbe�\
LDtuOiL2o�LDQSL2Q9¤wOis
QSo���ó I î
ô· I �BWSQ�YnYSLDQ9mn^�o�o]L2Q�Y�L2Muc0L;a!LDO5T5Oi\�a!LDQ@��LDO5TidbeSL2Q��

ó�õ ¹ ó I Å�öB÷ùøú �èÅ
úû8ü Å úö ü Å úI �Å�ö ü ó I ÷¨· I d2s
o��¡ý?þ I �

���S�i�©�

��W�oX�����i���BR�^�QSQ�YSL2M�p�^ ¶ Oip�^'T5L�¤[O5s�QSO5p"`SWSTio�_2W�· I�¹ ��º»�)�'ÿ�ÅÆL;½ÎcJL2M�LDdbeSQSL;a?t%LDM�YSLDQ�v.Y�L2M�c0LDO
YSLDM8Z[OiQS`SO5s�QS`SM�sHYSWSR+a�O5s
Q¯^'W�f�a!M]LDa!LDQÍR�^�Q�Q��lK?O5LDo�L"®�M�L2Q�_2L=o]a�O5p"p-a�\
W�a�p"Oia�YSL2p mnL2o]o�L2M]\
L2c�QSO5o
hWScJL2M]L2O5Q7��o]O5LDeSL���cSc�O5T5Y�WSQS\=�S�£¢
�;����L2cJL2QnYSL2M�mnLDo�o�W�QS\�p"Oia�· Ö ¹ �
º»�
¼�����LD½¾tuWSM�Y�L�Q�s�dbenL2O5Q�L
mnLDo�o�W�QS\ Y�WSM�dbeS\�LDf	hWSeSMCa�vScJL2O0YSL2M�Y�L2M�Z[QSYS`�WSQSR+a�YSL2M�¤[Ois
QSL2Q@p"Oia�YSLDM�s
c0LDM�LDQ@��R)_2LD`�ab^�Q�_2R�^�Q+a!L
YSLDo�m�^�\
QSL;a!o]`0LDR)a�M�s
p"LDa�L2M]o�_2WSo�^�p p"L2Q�f]h^�T5TVa��³K?O5LDo�L�_;t%LDOia�L=mnL2o]o�WSQ�\np"Oia?· Ö ¹ �
º»��������L;½ÎO5oCa
L2cJL2Q�f�^�T5Tio-cJL2OBLDO5QSLDp ¤[O5s�Q)tuOiQSR�LDT%~
s�Q�� Iz¹ �©¼�º»�+����YSW�M�dbeS\
L;f	hWSeSMCa"t�s
M]YSL2Q�v�o�s¯Yx^�y�^'WSdbe�eSO5LDM
YSOiL�ZwM]\
L2c�QSO5o]o�L�YSO5LDo�LDM���M�cJL2OVa{^�W�f8YSO5Lzm�L2o�o]WSQS\q~
s
Q ���uL2O5�
����^�Q+t%LDQSYScx^�M�o�OiQSY���|�L2O�YSOiL2o�LDM
 �O5QSLDp�^�a!O5R@tuWSM]YSL2Qzo�s©t�s
eSTwZ[M�LDO5\
Q�O5o�o]LXp OVa�YSLDpÐN7^�o�o]L2M�oCa!s�§Jab^'M�\
L;a-^'T5o�^�TiT5LDO5QSOi\
L2p ��^�YSO5^'a!s
M
^�Tio�^�WSdbe7OiQ�L2O5Q�L2M�_Dt�L2OVa!L2QFmnL2o]o�WSQ�\9p OVa�L2OiQSL2p _DWSo©h^�a!_2TiO5dbeSLDQF��^�YSO5^'a!s
M?^�WSo���TiWSp OiQSO5W�pÉ~�s
M
YSLDpÀNF^'o�o�LDM�oCa!s�§Jab^�M]\
LDa�^�W�f�\�L2_2LDO5dbeSQ�LDa��
K?O5L{��^�cJL2T5TiLn���i�n\
O5c�a"YSOiLnL ¶ `0LDM�O5p"L2Q+a�L2T5TiL2Q¨|%L2YSOiQS\
WSQ�\
L2Q¨fbhW�M YSOiLnLDO5QS_DL2TiQSL2QPm�L2o�o]WSQS\
LDQP_2W
YSOiL2o�LDM���M�cJL2Oia�tuO5LDYSL2MD�.K?LDM�YSOV§.LDM�L2Q+a�O5L2TiT5L�NPO5M]R)WSQS\
o
	HW�L2M�o]dbeSQSOVa�a�f	hWSM�YSO5L-��L2^�R+a!O5s�Qnë)ì�� j¸k.ï

mnL2o]o�WSQ�\��
v³· Ö ¹ �
º»�
¼�����L;½ mnLDo�o]WSQS\{¢�vx· Ö ¹ �
º»�����=��LD½
· I �
º£¢�������LD½ �V�¸�
ºê���)°X��L;½ ��ºi����� ��LD½ �V���
º��)��ÿ=��LD½� I �©¼�º»�+¢����V�¸�©��º£��¼�� �©¼�º»�+¢����V���©��º£��¼��
ó�õ �
º»���
�X��LD½ �V�¸�
º£ÿ����=��L;½ ��ºê¢
¢'�"��LD½ �V���
º»ÿ����=��LD½
ó R)O5Q.î!ï ¼+��º�� ÅÆLD½ �i�¸��ÿ
��º£°XÅÆLD½ °
��º�� ÅÆLD½ �V�¸��¢'�Sº»ÿ"ÅÆLD½� û ü ÿ
��º»���
���V� ü ÿ+°Hºê°'��� ü ÿ+�Hºê°������V� ü ÿ
¼�º£¢����~
L2MCt%LDQSYSL;a!L���^�YSO5^'a!s�M�L2Q ��� ú U���^�M�\�LDa8�¡ÿ��	p�� ��� ú U:��^�M]\
LDa8��ÿ��	p��WSQ�YÍ� n p�����p OVa���� ú U���^�M�\�LDa� & å $ ç¨ç $ ìÎî¿ï�ð.ñGò3ó0ômõ�ö�÷¨òcømù�ú
ô¨�_ö=ó�����ôC�=ò3ó�ÿ�þ
ó@ÿ@ômóÌ�@ô�üg��ômò
�Mômó��.ô�ø�ø�þ
ó@ÿ@ômó��9û�òeô��-ô�ø�ø�þ�ó�ÿ�� õ�ò¨÷
Õ�Ö × Ø�Ú�Û��
��Ý�ô)Þ�ò3ø�÷7ø!� � ��úMý¥õ�ò/÷B�Mô�õ E6ö�ø(ømô�ü(ø�÷��! 7÷eö=ü¿ÿ@ôm÷Gö=ý3ý�ô�ò/ó�ö=ýQø?�_ö��=ò¿ö�÷��=ü#ö=ýQøyö=þ�ùmú%õ�ò¨÷Kô�ò/ó0ô�õ
��þ�ø äö�÷V��ýWò¨ùmú
ô�ó�",ýQþ
õ�ò3ó�ò3þ
õ�üªö��=ò¨ö�÷��=ü?��þ�ü�ù�ú=ÿ@ô
� äþ�úMü�÷ � ��ü:�Mômó��
Qx^�dbe L2OiQSL2M¥¤�^'M!^�p"LDa�M�O5o]O5LDM�WSQS\?~�s
Q¯����LDO
¼
¼��JO5o]awOiQ=��cScSOiT5YSW�QS\��S�£��\
LD_2L2Oi\�a��)K?LDM[O5Q"YSO5LDo�LDM¥��M�cJL2OVa
cJL2Q)W�a!_;a!L���R)_2LD`�ab^'QS_2cJL2M]L2O5dbe�O5o]auY�WSM�dbenYSO5L�WSQ+a�L2M�c�M�sHdbeSL2QSLDQ$#¸O5QSOiL2Q@cJL2\
M]L2QS_;a��



%�& ´ & ,�æ 6D$ ç�ìÎð¦µ#æ $ ´ æ¨ê $ 4 &)6 æ ( è $ / # æ510êJ,./D1�è�é (S6 æ51�ê

10
-2

10
-1

1

10

Eγ' lab in GeV

θ πla
b  

in
 G

ra
d

0

20

40

60

80

100

120

140

160

180

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

äyåÂå�æ¨ç/èHéHê}ëíìÎî)(Îð9û�ò  Fômü�ômó�÷¨òeô�ý/ý ômü¾Evò3ü:¶>þ
ó@ÿ�ø+*sþ�ômü�ømù�úMó�ò/÷¿÷8��ö�üb��¶��	�=òeô�ü�÷íò3ó-,��²ö�ü(ó ó�ö�ùmú/.10�ô�ò123254<ò/ó"u��ú�äö=ó@ÿ�ò�ÿ<¶�ô�ò¨÷ < �=ó��Mômü��´ú���÷��=ó0ô�ó'ô�ü¿ÿ�òeôGþ�ó����MômõÙ�¥ò��=ó	ø�÷¨ü�ômþ � ò/ó}¶�ô�ýÎò/õÆæÎö��C�=ü(ø
6�ø�÷[ômõ��Hû�ö�øKômò3ó�ÿ@ôC�>ô�ò¿ù�ú87ó0ôs÷[ô%�7ô²ù�ú�÷[ô²ù�¶��Oô�ò ÿ�÷��=òeô�ô�ß���ô�ü�ò3õ�ô�ó�÷[ô�ý/ý ômó�"k¶b�>ô¡�0÷eö=ó
�?�=ò¿ô�ømômü9�-ô�ø�ø(þ
ó@ÿ'�



:<; = > ?�@ ACBEDF> G H
IKJ
L MONPNRQTSVUWQYX�N�S[Z]\$^$_ `�abSTcdNRefSYgbahQiQYNRgjSY\$Q
Ë�pÎY�O5L���Q�_�^�eSTx~�s
Q�Z[M�LDO5\
Q�O5o�o]L2Q ^�cS_DWS_2OiL2eSLDQ�v�Y�O5L�QSOidbe)a%^�WSowLDO5QSLDM%�uL�^�R+a�O5s
Q"^�Q"YSL2pùf�T hWSo�o]O5\
LDQ
N7^�o�o]L2M�oCa!s�§7M�LDo�WSTVa!O5LDM�LDQ�vJtuW�M�YSLDQ¯_2W"­]LDYSL2M� �OiQSL2p ^'a!OiR@K�^'a�L2Q�p"Oia�T5LDL2M]L2M���^�M]\
LDa�_2LDT5T5L8\
L2Q�s
p=U
p"L2Q���K?OiL[\
L2p"L2o]o�L2Q�L2Q�Z[M]L2O5\�QSO5o]o�Lwp OValT5LDL2M�LDM¸��^'M�\
L;a!_2LDT5TiLlknmpo�orqxt�L2M]YSL2Q8WSQ+a!LDM�|%LDM'hWSdbR)o]O5dbe+a!Oi\
WSQS\
~
s�Q@mnLDy
_2LDOia�v)p"Oia]a!T5LDM�LDp r a�M�s
p WSQSY��Âs�a�_2L2OVa¥QSs
M�p"O5LDM]awWSQ�Y�O5Q=YSLDQ�^�W�o�_2W+t�L2MCa!L2Q�YSL2Q r `JL2R+a!M]L2Q
~
s�QÆYSLDQÆp"Oia�\
LDfbhW�T5Tia�L2M���^�M]\
LDa�_2L2TiT5L9\�L2p"L2o�o]L2QSLDQ Z[M�LDO5\
Q�O5o�o]L2Qsknt5u!mpm�o�W�c�a!M�^�eSO5LDM]a2��K?WSM�dbegYSOiL
�Âs�a!_DL2Oia-c0LDYSO5Q�\�a�R0hs
QSQ�L2Q�QSO5dbe+a=^'T5T5L ^�QS\�L2cJs�a!LDQSL2Q�Z[M�LDO5\
Q�O5o�o]L�ïwvxqyo�z�~�L2M�^�M�cJL2OVa!LDa-t%LDM�YSLDQ�v[o�s
QHU
YSLDM�Q9Q)WSM�ï|{!o�}~o��y��or� ¿ ïwvxqyo�z5�JN h^�e�M�L2Q�Y9YSL2M�K�^'a�L2QSQx^'eSp L�tuWSM]YSL-YSOiL8¬�Q+a�L2QSo]Oia�h^�a�YSLDo?^�W�o?Zi# r �
L ¶ a�M!^�eSOiL2MCa!L2Q r a�M!^�eSTio�o�s"L2OiQS\
L2M]L2\
LDTia2vSYx^�y=YSOiL�M�L2T5^'a!OV~
L��[h^�e�T5M!^�a!L2QS^�c+t%LDO5dbe)WSQS\

ïwqyo�m�� ¹ ïwvxqyo�z ü ï|{!o�}~o��y��o��ï�v�q�orz
L2OiQSL2Q9NÍL2MCa�~
s
Q¦���+Ç Q�O5dbe+a@hWScJL2M�oCa!OiL2\S�.K?O5L-OiQ+a!L2M]L2o]o�O5LDM�LDQSYSL2QzZ[M�LDO5\
Q�O5o�o]L�k����Dv.Y�O5LX^�W�o���L2^�R
U
a!Ois
QSLDQn^'QnYSLDpÀf�T]hW�o�o�Oi\
L2Q@N7^�o�o]L2M]o]a!s'§Íe�L2M]~�s
M�\�L2\+^�Q�\
L2Q�o�OiQSY�vxcJL2M�LDdbeSQSLDQ9o�Oidbe�QS^�dbe

k�� � ¹ knt5u!mpm���·�t5u!mpm ü�� t5u!mpm� mpo�orq
��� t5u!mpm� mpo�o�q �3k�mpo�o�q~��·�mpo�orq �¡���i�©�

p"Oia�Y�L2QÆ �s�M�M�LDR+a!WSMCf�^�R+a!s
M]L2QPYSL2M{�Âs�a!_DL2OVan·�t5u!mpm ¹ ï�v�q�o�z�� t5u!mpm
ï|{!o�}~o��y��or�f� t5u!mpm vBï|{!o�}~o��y��o���� t5u!mpm ¹ knt5u!mpm�o]s�tuOiL

·�mpo�orq ¹ ï�v�q�orz�� mpo�o�q
ïw{!o�}~or���yo���� mpo�o�q vJï|{!o�}~o��y��o���� mpo�orq ¹ knmpo�orq¥WSQ�Y¯YSL2Q�m�L2y
_DL2Oia�L2Q � t5u!mpm
v � mpo�o�q%o]s©tuO5L-Y�L2Q9p"Oia]a!T5LDM�LDQr a�M!^�eSTio]a�M©hs
p"L2Q � t5u!mpm
v � mpo�o�q��

IKJ�� �]QP�U���UWQYU�STe�ah^ �ha�^ �]e�ah^�NR^ e��� U�Xh^�N�ST�T��NRgjSTQiah� N�SVNRQ
K?O5LuK?Oio�R)M�Oip OiQSO5LDM�WSQ�\�YSLDM�¤[M]s�a!s
Q�L2Q"WSQSY ¤wOis
QSLDQ Oio]a¥^�W�f�\�M�WSQSY=YSLDMwWSQ+a!L2M]o�dbeSOiL2YSTiO5dbeSLDQ¡ �TiWS\
_DL2OVU
a!LDQ�cSOio�_DW@YSL2Q r _2O5Q+a�O5T5T5^'a!s�M�L2Q��¸��WSQSY¢��ÿ���o�OiL2eSL���cSc�O5T5Y�WSQS\����»�)�[o�s©tuOiL�YSLDM%WSQ+a!LDM�o]dbeSO5LDYST5OidbeSL2Q
YSLD`0s
Q�O5L2MCa!LDQ�#lOidbe+a!p"L2QS\
LDQ�p9hs
\�T5O5dbe.�Â¬�Q¦��cScSOiT5YSWSQ�\����V�@O5o]a�YSO5L¢�.LDOia�O5Q�f�s
M]p�^�a!O5s�Q¨���uKn£��8\
L	U
\
LDQ}YSOiL¤#lOidbe+a!p"L2QS\
LÍ���?Kn£��-f	hWSM=YSO5L@e�O5Q+a!LDM�L2Q r _2OiQ+a!O5TiT
^'a�O5s
Q�o�_+h^'eST5LDMW�¸�¯WSQSY¥��ÿ¯Yx^�M�\�L2o]a�L2TiTia��
|%LDOÂR)TiL2O5Q�L2Q��.L2Oia�L2Q7��R)T5LDO5QSLDQn�uKn£¥UèN7LDM]a�L2Q³��WSQSYnRHTiL2OiQSL2Qn¤[WST5o]elhs
eSLDQ¦��R)TiL2O5Q�L2Q��?Kn£¥U:NÍL2MCa!LDQ³�
ÊxQSY�L2Q�o]O5dbenYSO5L�¤[O5s
Q�L2Q�vxt�s
eSO5Q�\
L2\
LDQnY�O5L�T
^�Q�\
o!^�p"L2M]L2Qn¤[M�s�a�s
QSL2Qnc0LDO¸\
M©hs�y
L2M]L2Q��uKn£¥UèN7LDM]a�L2Q
T5OiL2\
LDQ��'K?WSM�dbe=L2OiQSL2Q=_;t%LDO5YSOip LDQSo�Ois
Qx^�TiL2Q r dbe�QSOia]a�tuO5M]YXL2O5Q�L���M]L2QSQ)WSQS\�~
s�Q ¤[M]s�a!s
Q�L2Q=WSQSY"¤[O5s'U
QSLDQF~
s
M]\
L2QSs�p p"L2Q�vÂYSOiL�^�W�f�\�M�WSQSY7YSL2M�OiQSL2OiQx^�QSY�L2M�T5^�W�f�LDQSYSL2Qz½wL2MCa!L2OiT5WSQ�\
L2QFo]L2TicSo]aXW�Q)a�L2M�Y�L2Q
\
L;t8h^�eSTia�L2Q r dbeSQ�Oia�a�L2Q�QSsHdbe}p"Oia-YSL2Q�­]L;t%LDO5T5o=^'QSYSL2M]L2Qq��LDO5TidbeSL2Q�R�s�Q)a!^�p"O5QSOiL2M]a-o�OiQSY��[Ë�p YSOiL�.L2OVab^�W�f:T�hs�o�WSQS\�WSQSY¦YS^�p OVa�YSO5L ��M]L2QSQ)WSQS\¯Y�L2MX¤[M�s'a!s
QSLDQF~
s
Q7YSL2Q�¤[O5s�QSL2Q7t�L2OVa!LDM�_2W7~�L2M]c0LDoCU
o�LDM�Q�vxOio]a�LDo�Qlhs�a�O5\SvHYSO5L���cSelh^�Q�\
O5\
R'L2OVaBYSLDM¦ �T5WS\
_DL2OVa%~
s�Q�Y�L2pÀ�ÂL2OiT5dbeSLDQSO5p"`SWSTioB^�W�f�LDO5QSLDQ�f�L2o]a�L2Q

���



%³± ´ & ,Hæ 6;$ çV§�ð ä1éw¨ª© $ / 6 éHêÂë

TDC Z5/6

A
D

C
 Z

5
/6

200

300

400

500

600

700

800

900

1000

-150 -100 -50 0 50 100 150

Pionen

Protonen

äyåÂå�æ¨ç/èHéHê}ë$§'î¿ï�ð��¥ü(ø�÷[ômüøµ0ù�ú@ü(ò¨÷¿÷?�mþ
üj"u�m÷¨ü²ô�ó�ó�þ
ó@ÿF�Mô�ü��_ò
��ó0ô�ó < ��õ �¥ü���÷��=ó'ô�ó�þ
ó�÷[ômü¨ÿ�ü(þ
ó�����þ�ü�ù�ú
� � ômò
��ò3õ�ô�ó�ø(ò��=ó�ö=ý�ô�"Fû�«¬7ª­�û�«¬7.µ0ù�ú@ó�ò/÷¿÷[ô5ò/óz�Mômó¯µ�ò�ÿ�ó�ö=ý�ô�óz�MômüX�(ô�ò��Mô�ówú@ò3ó�÷[ômü�ômóÿµ
�mò3ó�÷¨ò/ý/ý�ö�÷¨ò��=ó	ø��xäö�ú@ý ômü®|¯ þ
ó�� ®¬° �
¬�p"`SWST5o�� r s�T5T5Oip `�WST5o!�%_2W¯R�s�M�M�Oi\
O5LDM�LDQ��JK?O5L2o]L���c�elh^�QS\
Oi\
R�LDOia�tuO5M]R)a?o�O5dbe�O5Q9LDM�o]a�L2Mn#¸O5Q�O5L8^�W�fwYSOiL
¤[M�s�a�s
QSLDQ9^�WSoDv³Yx^ YSOiL2o]L-^�W�f�\
M�WSQ�Y�YSLDM�e hs�eSL2M]L2Q¯�uWSeSLDp�^�o]o�L8O5Q�YSL2Mu~
s
M]\
L2\�L2cJL2QSLDQ9¬�p `�WST5o�^�R
U
_2LD`�ab^'QS_nY�L2o m�^�\
Q�LDa!o]`0LDR+a!M�s�p L;a!L2M]o LDO5QSLDQ}\�M hs
y
LDM�LDQ± �T5WS\
_DL2OVa!WSQ+a!LDM�o]dbeSO5LDY¨^�W�f�t%LDO5o�LDQ¨^'T5oXYSOiL
¤[O5s
Q�L2Q��
K?O5L��.LDOia!o]O5\
QS^�T5L�YSLDM�LDO5QS_DL2T5Q�L2Q r _DO5Q+a!OiT5T5^'a!Ois
QSo�_
h^�eSTiL2M%t�L2M]YSL2Q9fbhWSM�­]L2Y�L-�ÂL2O5TidbeSL2QS^�M]a�L2O5Q�_2L2TiQ�Oip=U
`SWSTio�elhs�eSL2QSR's
M�M]O5\
OiL2MCa���a!O5p"LBt%^�T5R��;��K?L2M r a!^�M]a�_2L2OVa!`SW�QSR+aBYSLDM%^�W�o%YSLDp ��^�M]\
LDa�L2p"Oia]a!O5LDM]a�L2Q"��LDO5TVU
dbeSLDQ9tuO5M�Y�^�W�f[Y�O5L���s�dbe�f�M�L�	)WSLDQS_�YSLDM?|%LDo�dbeSTiL2WSQ�O5\
LDM�o]a�M�WSR+a�WSM�LDQzs�`�a!Oip OiL2M]a8��o�OiL2eSL8��cScSOiT5YSW�QS\
���»�+�;�SZwOiQSL�^�WSoCf	hWSeSM�TiO5dbeSL�|�L2o�dbe�M�L2OicSWSQS\ YSO5LDo�LDM� �s
M]M�LDR)a�WSM�ÊxQSYSL;a�o]O5dbe{O5QÍ����LDO
�
���è�³K?OiL?_2LDOia�T5O5dbe�L#l^�\
LwYSLDM���s�dbe�f�M]L�	)WSLDQS_2o]O5\
Qx^'T5LwtuO5M�Y�fbhWSM�¤[O5s
Q�L2Q�WSQSY8¤wM]s�a!s�QSL2Q8\
LDa�M�L2Q�Q)a�cJL2o]a�O5p"p-alWSQSY8cSO5L;a!L;a
YSWSM]dbe�YSLDQ _DL2OVa!T5OidbeSL2QX½wLDM�o!^�a!_uYSL2MwcJL2OiYSL2Q"��LDO5TidbeSL2Qx^'M]a!LDQ _DWSo©h^�a!_2TiO5dbe=YSOiL�mFhs
\
TiO5dbeSR'L2OiawL;~
LDQ)a�WSL2TiT
f�^�Tio�dbe�L2M]R'^'QSQ+a!L=��LDO5TidbeSL2Qz_2W�O5Y�L2Q+a!OVÊx_2OiL2M�LDQ�WSQSYzo�s{_2W�~
LDM]t�L2M]f�LDQ���mnOia�Y�O5L2o]L2M��ÂM�LDQSQ)WSQS\n~�s
Q
¤[O5s
Q�L2Q{WSQSYn¤[M�s�a�s
QSL2Q{T:h^�y�a�o]O5dbe{p OVaBYSLDpÌO5pÌm�^�\
Q�LDa!o]`0LDR+a!M�s�p L;a!L2Mu\
LDp LDo�o]L2QSLDQ�¬�p"`SWST5o%WSQSY
L2OiQSL2M�R�^�TiO5cSM]O5LDM]a!LDQ¢ �T5W�\
_2LDOia���²��%YS^�o¦³�WS^�YSM!^�auYSL2M��uWSeSL2p ^�o]o�L�YSL2Mu�ÂL2O5TidbeSL2Q{p"Oia

ì ¹ ë¡� nK´ �
µ �¡���ê¢��
¹ ë¡�
²¤� nK´ �3� �¡���£�
�

_2W ¶
n ú´ ¹ ì ú

ë ú �
² ú �3� ú ¹ ì ú ü ² ú �!ì ú² ú �3� ú �¡���»�+�



§'îVÒ # /�·& , & / &+6 æ510ê¹¸�1�ê # æ51�ê $ ê�æ
4<º & ë0ê $'6 ¨	, $'(S6 /21�4 $'6;$ / %w%

10

10 2

-0.4 -0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4

Pionen Protonen

m0
» 2 in GeV2/c

¼ 4

A
n

za
h

l

äyåÂå�æ¨ç/èHéHê}ë$§'îVÒ�ð�>�öMù�ú�Ó¥ý ômò¨ùmúMþ
ó@ÿ9å ¯ ��â�ç{��ômü�ô�ù�úMó0ôs÷[ô�øP�-ö�ø�øsô�ó½*sþ�ö��=ü�ö�÷u�Mô�üvô�ò/ó��OômýQó'ô�ó�­�ômò3ý ù�ú	ô�óX�xäþ�ü
�=òeôR�-ô�ø�ø(þ
ó@ÿ�ã$õ�ò/÷�Õ�Ö=× Ø�Ú�Û©Ü
ØW¾ ô)Þ�ó�ö�ùmú��Mô�üK­	ü²ô�ó�ó�þ�ó�ÿ < �=ó��¥ò��=ó0ômóíþ
ó��X�_ü:��÷���ó0ô�ó��=þ
ü�ù�ún�Mômó"Fû�«¬7�­�û�«¬7r¿'ù�úMó�ò¨÷¿÷¥å/ÿ@ô�ø�÷¨ü�ò¨ùmú
ô�ý�÷£ç�þ
ó��X�=òeôDô�ó��OÿÂäþ
ýW÷¨ò ÿ@ôÀ"��m÷¨ü²ô�ó�ó�þ
ó@ÿX��þ�ü�ù�ú��=ò¿ô��(ô�ømù�úMü�ò¿ôD��ômó0ô�ó��.ôm÷/ú���7
�Mômó9åè�=þ
üªùmú�ÿ@ô]�	�²ÿ�ô�ó©ç©�
cJL2M]L2dbeSQSLDQ��¸K?OiL�LDM]t%^�M]a�LDa�L2Q¹³?Wx^�Y�M!^'a�L-YSLDM��uWSeSLDp�^�o]o�LDQ¯YSL2M�¤[O5s
QSLDQ9WSQSYnYSL2M�¤[M�s�a�s
QSL2Q�c0L	U
a!M�^�\
LDQ n úI�ÁÃÂ ÄrÅÇÆÈÆ ¹ ��º��+¢���LD½ úÊÉ ��Ë�WSQSY n úö Â ÄÌÅÇÆÈÆ ¹ ��º»¼
¼���L;½ úÊÉ �ªË%W�QSY oCa!Oip p"L2QXo]L2eSMw\
W�a¥p"Oia[Y�L2Q
\
LDp LDo�o�LDQSL2Q�NÍL2M]a�L2Q9~�s
Q n I Á ¹ �Ì��ºx�
�PÍÎ��ºx�+¢
����L;½ ú�É � Ë WSQSY n úö ¹ �Ì��º»���¦ÍÏ��ºx�+¢
����L;½ ú�É � Ë
hWScJL2M]L2O5Q}��o�O5LDeSLX��c�cSO5TiYSWSQS\{�H�ê¢
�	v�YSOiLX|%M�LDOia�L�YSL2M?½wLDM]a�L2O5TiWSQS\
LDQ�c0L;a!M©h^'\�a?f	hWSM�¤[Ois
Q¯WSQSYÍ¤[M�s�a�s
Q
LDa�t%^�Ã ¹ ��º£¢���LD½ ú É �ªË©�wK?WSM�dbe�LDO5QSLDQ r dbe�QSOia]a OipÐ³?Wx^'YSM!^'a=Y�L2M"��W�eSL2p ^�o�o]L{YSL2M=�ÂL2O5TidbeSL2Q.v
O5oCa"L2o"QHW�Q¨p hs
\
T5Oidbe¦YSO5L{�ÂM�LDQSQ)WSQS\FYSLDM"¤wOis
QSLDQ}~
s�Qª¤[M�s�a�s
QSLDQ¨_2W�~
LDM�cJL2o]o�L2M]Q��BK?OiL� �s�M�M�LDR
U
a!W�M�L2Q¨c0LDO�|�L2o]a�O5p"p�WSQS\zYSLDM¡ �TiWS\
_2LDOiaXt�L2M]YSL2QðYx^'c0LDO�o]s©t%s
e�T�WSQ+a!LDM�YSLDM���ÑH`0s�a�eSL2o]L�v�Yx^�y7LDo
o�OidbeÆW�p L2O5QÆ¤[M�s�a�s
Qgex^�QSYSLDTia2v�^�T5o�^�W�dbeÙWSQ+a!LDMnY�L2M��dÑH`Js�a!eSLDo�L'v�Yx^'y}LDo�o]O5dbeÆWSp L2OiQÙ¤[Ois
Q
ex^�Q�YSL2TVa�v
YSW�M�dbeS\
L;f	hWSeSMCa��HZ[O5Q"Z[M�L2Oi\
QSOio�tuO5M]Y"e�O5L2M]Qx^�dbe"^�Tiow¤wOis
Q=L2M]R'^'QSQ+a�v
t�L2QSQ"Yx^�o�m�^�o]o�LDQÃ	)Wx^�U
YSM�^'a¥WSQ+a!L2M�|%LDQHW�a!_2W�QS\�YSLDM%¤[O5s�Q�U���Ñ�`Js�a�eSL2o]L�OipÎ|%LDM�L2Oidbe ~�s
Q ü ��º»�
¼8��LD½ úÊÉ � Ë ºiº���º��)¢���L;½ ú�É � ËT5OiL2\�an��\
L2`�WSQSR+a!L;a!L�#¸OiQSO5LDQ}OiQ}��cScSO5TiYSWSQS\7���£¢
��WSQSYª_DWSo©h^�a!_2TiO5dbeqYSL2M _Dt�L2OiYSO5p"L2QSo]O5s
QS^�T5L@��Kn£¥U
�uKn£¥U r dbeSQSOia]a@f	hWSM{¤[O5s
Q�L2QPL2MCf	hWST5TVa@O5oCa���Z[M�LDO5\
Q�O5o�o]L�vBY�L2M�LDQ mn^�o�o]L2QÃ	)Wx^�Y�M!^'a�L7O5p |%LDM�L2Oidbeg~�s
Q��º��+¼���L;½ úÊÉ � Ë ºiº+�
º£¢�¼���L;½ úÊÉ � Ë T5O5LD\
L2Q�WSQSY8YSL2pé_;t%LDO5YSOip LDQSo�Ois
Qx^�TiL2Q�¤[M�s�a�s
QSLDQSo�dbeSQ�Oia�a�\
L2Q�hWS\
L2Q.v
t�L2M�Y�L2Q9^'T5ou¤[M�s�a�s
QSLDQnLDM�R�^�QSQ+a��
¬�Q���cScSOiT5YSWSQ�\-�H�ê¢�O5oCa�YS^�owc0LDM�L2dbe�QSLDa�L�m�^�o]o�L2Q�	HWS^�YSM!^�a%f	hWSMwYSOiL�LDO5QS_DL2TiQSL2Q"��LDO5TidbeSL2Q \
L2_DL2O5\'a�v+YSOiL
^�WSo¥YSLDM��ÂM�LDQSQ)WSQS\8~�s
Q�¤[Ois
QSL2Q WSQSY�¤wM]s�a!s�QSL2Q"o�LDT5L2R+a�O5L2MCa�tuW�M�YSLDQ��HK?O5Luc0LDM�LDdbeSQSLDa�L2Q¢³?Wx^'YSM!^'a�L
YSLDM r s
T5Tip�^�o]o�LDQ@o�O5Q�Yn\
LDo]a�M�O5dbe�L2TiauW�QSYnY�O5L r dbeSQ�Oia�a�L�YSL2M�m�^�o]o�LDQ9\
L2`�WSQSR+a!L;a�LDO5QS\
LD_2LDO5dbeSQSL;a��



%ÃÒ ´ & ,Hæ 6;$ çV§�ð ä1éw¨ª© $ / 6 éHêÂë

0

10

20

30

40

50

60

70

80

90

100

-150 -100 -50 0 50 100 150

Pionen
Protonen

TDC-Kanäle

re
la

tiv
e

 A
n

za
h

l

äyåÂå�æ¨ç/èHéHê}ë$§'î)(Îð ® ô�ò¨÷¨ýWò¨ùmú
ô�ü�Þ�ô�ü(ø�ö�÷V�w�Mômü~0��sù�ú]�(ü²ô5*sþ�ômó���ø�ò�ÿ�ó�ö=ý�ô%�Mô�ø[¿
��ò/ó�÷¨ò/ý3ý ö�÷¨ò��=ó	ø��³äö�úMý�ô�ü(ø ® â[�xäþ
ü��¥ü���7÷��=ó0ômóvþ
ó����¥ò��=ó0ômó���û�þ
üªùmúyô�ò/ó0ô_ÿ�ô � ò¿ù�ú@÷[ôs÷[ôi�%ò¨÷¿÷[ô�ýWþ
ó@ÿ��Mô�ün­�û�«¬7�Ó9ô�ü�÷[ô³�xäþ
ü%�=òeô < ô�ü(ø�ù�ú@ò¿ôC�Mô�ó0ômób¿
�mò3óÔ7÷¨ò/ý3ý ö�÷¨ò��=ó	ø��³äö�úMý�ô�ü ® ãX��ò3ø ®¬° ¶.ä�=ó�ó'ô�ó"�¥ò��=ó0ômó � ômò/÷[ômü < ��ó@�@ô�ó"�¥ü���÷��=ó0ômó6ÿ@ôs÷¨ü�ômó�ó�÷ � ô�ü��Mô�ó��
IKJªÕ ÖÏ×Ø��NPQÙe�� NR^¡STNRÚ�ÚfN ÛÜNR�ÝSYe�� � \$^�X _�NR�Þ�¤e�QYST\�NRÚ�Ú�NP^

�]ß�abSVa�^�NP^$�T��NRgjSTQÙ\$� �Þà�á
Z ¶ `0LDM�O5p"L2Q+a�L2T5T¸T h^�y�auo]O5dbe�YS^�o�~HOiM]a!W�L2T5TiL�¤[eSs�a!s�QSL2QSo]`0LDR+a!M�W�pâk�þ�YS^�YSWSM]dbe�cJL2o]a�O5p"p LDQ�vxYx^�y"L2OiQ
YSL;ÊxQSO5LDM]a�L2Mw¤[M�s
_DL2y�c0LDO�~
LDM�o]dbeSO5LDYSL2QSLDQ�_2W�o h^'a�_2T5OidbeSL2Q ��^�YSO
^�a!s
M]T h^�QS\�L2Q-W�Q)a�L2Mw\
TiL2O5dbe�L2Q=R)O5QSLDp�^'a�OVU
o�dbe�L2Q�|�L2YSOiQS\
WSQS\�L2Q�~
L2M]p LDo�o]L2Q-tuOiM�Y���¬�pã ³^�TiT�YSLDMlO5Q�YSOiL2o�LDMl��M�cJL2OValc0LDQ)W�a!_;a!L2Q�¤wOis
QS`SM]s�Y�WSR+a!O5s�Q
tuO5M]YXYSO5L%\
L2p"L2o]o�L2Q�L���QS_2^�eST�~�s
Q"¤wOis
QSLDQX\
L2\
LDQ=YSO5L�c0LDQHW�a!_Da�L���^�Y�O
^'a�s
M�T:h^�QS\
L�^�W�f�\
L;a!M�^�\
L2Q.�
K?O5L
mnLDy�t%LDM]a�L-T5OiL2\
LDQ{Yx^�QSQ{f	hWSMuR)T5L2OiQSL���^'YSO
^'a�s
M�T:h^�QS\
LDQ@WSQ+a!LDM�Y�L2M���QSQx^'eSp L'vxYx^�y"YSL2MuNPO5M]R)WSQS\
o�U	)WSL2M]o�dbeSQ�Oia�a[fbhW�M�YSOiL�~HO5MCa!WSLDT5T5LDQ�¤[eSs�a�s
QSLDQ=~�s
QXYSLDM�a!M�^�QSo]~�L2M]o!^�TiL2Q= �s
p"`0s
Q�L2Q+a!LBY�s
p OiQSO5LDM]altuO5M]Y
WSQSY�o�s-Y�L2M%Tis
QS\
OVa!WSY�O5Qx^�TiL�|%LDOia!M�^�\�_2W�~�L2M�QS^�dbeST�h^'o�o�Oi\
L2Q�O5o]a2vH^�W�f¸LDO5QSLDMB®�L2M�^�YSL2Q.v�YSLDM�LDQ r dbeSQSOVa�aCU
`SWSQ�R)a=p"Oia8YSLDM���cSo]_2Oio�o�L{YSOiL�L;§.LDR)a�Oi~�L r a!M�^�eST5W�QS\
o�T:h^�QS\
Ljk8þ ø L2M�\�O5c�a@��o�OiL2eSL���cScSOiT5YSW�QS\������)�;�
K?O5L{ �OiQSL2p ^'a!OiRÍY�L2M=O5QqYSO5LDo�LDM"��M�cJL2OVa=WSQ+a!L2M]o�WSdbe+a�L2Q r a�M�L2W�`SM�s
_DL2o]o�L�tuWSM]YSL�o�sz\
LDt8h^�e�Tia�v[YS^�y
YSOiLX^�WSo]\
LDa!^�WSo�dbe+a�L2QF¤[eSs'a!s
QSLDQ�L2QSLDM�\
L;a!O5o]dbeÍQS^�eSL=^�p m�^ ¶ O5p-WSpÐTiO5LD\
L2Q�vJo�s{Yx^'y@YSL2M�Tis
QS\
OVa!W�U
YSOiQx^�T5L�|%LDOia�M!^�\¯~
LDM�Qx^'dbeST�h^�o]o�Oi\�a�t�L2M]YSL2QªR�^�Q�Q��¥K?O5L{¬�p `�WST5o�^�R)_2L2`�ab^�QS_nYSL2M ¤[O5s
Q�L2Q}tuW�M�YSLn_2W
R)T5LDO5QSLDQ�¬�p"`SWST5o]L2Qno�s�cJL2o]dbeSQSOVa�a!LDQ�v.YS^�y"fbhW�M�YSOiL8cJL2OiYSL2Q9mnL2o]o�WSQ�\
L2Q¯cJL2O�· Ö ¹ ��º£����� ��LD½ WSQSY
ä5åçæ�èêéTë~æ�éíìnì3æxèlæxî�ì
èêéTïÔæxðÌè
éíñ�ðÌò3é[óÊôÊî�õ å[ñ�öKæ�÷Êø+ùÃú�è
î�ò
ðÌûêðÌèÀü
ýÇþ3éíèêæ�ú�ë¬èêæ�ÿÌè����ò3éYì
æ�èÙè���è���ðíæxófèÙó�æxéÌðÌò8è��	�xè ü�ðÌéÇñ�þ�


��ò3î
�fÿ�� �ñ�î
�fè��������¬ú�èêî�ò
ðíû5ð��



§'î)(���3³, $ /=æ
4 $ ê 6;$ ç/ç $���$ ¨ 6 æ
4�4)éÂêÂëuè $ ¨n¸}æi/ 6 é $ ç¨ç $ ê #�� 1 6 1�ê $ ê|¨	, $�(S6 /=é04Ø¨�� þ %! 

Relative Strahlungslänge in %
"

Pi
on

ra
te 

in 
be

lie
big

en
 E

inh
eit

en
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