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®Ë´ÐF¶ßÛþÖNÂ�ª«¿JÂ�²�Æ×Â�²¥³ ³¥¶¸·�³�¶Há»©\²¥´¶¸·½®Ë¶H²FÎ4²¥¶H·½µ\´¶¸²F´«¬½®*ÐFã\µ\ª«´¾±Æ1	?���������@ �!sr+$'&<$'&/� û ¶¸·½ÃO©\·½³¥¶H·¯®
Â�º»¶H·!³¥´«¶=Î4´¾±Æ)¼¥²¥µF³¥¶H·�4ú¶¸´«®�ÐF¶H¬½¬Ë¼¥²�µ]t½¶¸³¥¶H¬k¶H´«²¥ÍH¶¸ª²¥¶¸²2¨*¶H·Ë¬¯®±°�·½¿�¶¸·Ë¿ÕÂ�²×Â�ª«¬HÙ

4ú¼¥·]æ#¶H¬½®Ë´ÐFÐD¼¥²¥µ[³¥¶H·��]·¯®�¬ËÂ�¼WD×ã\¬½¼¥²¥µ�³¥¶¸¬ÿÉL·ËÂ�¾±¿�¶¸·Ë¬j	vu/w ä�é\é o�ÐC�%Ö!¼¥·Ë³�¶H²�ÌX¶H¬�Û
¬½¼¥²¥µ\¶¸²�Â�² Ì�Ç\©\²¥¶¸²�Â.¼¥¬]³¥¶H·�=kã\Æ¥¶¸²¥¬½®Ë·�Â�Æ¥ª«¼¥²¥µ2À\¶¸·½Ö#¶H²¥³�¶¸®C	����������� �!�r+$.-/�bÙú¹u²�³¥´«¶H¬½¶H²
ÓÿÂÕ®�¶H² Ö!¼¥·½³¥¶kÂ�¼¥¾±ÆF³¥´¶U�Nª«¼¥¬½®Ë¶H·Ëº�´ª³�¼¥²¥µ=´Ð âs®�·½¶H´'ÃO¶H²¥³¥¶ß®�¶¸¿)®Ë©\·4ÃOÄ¥·4¼¥²�®�¶¸·Ë¬½¾±Æ¥´¶¸³¥ª´«¾±Æ¥¶!ùø²ÈÛ
¿)ª´«²×Â.®Ë´©\²¥¬¯Ö!´²¥¿.¶HªL³¥¶H·�âÈá�¼¥·Ë¶¸² ¼�²)®Ë¶H·½¬Ë¼¥¾±Æ�® ÙZÓu´«¶E�Nª¼¥¬¯®�¶¸·Ëº¥´«ª³¥¼¥²�µ�¶H²�®�¬¯®�¶¸Æ)®a´ÐSÖ#¶H¬Ë¶¸²�®½Û
ª«´¾±Æ¥¶¸²ê³�¼¥·Ë¾±Æê³¥´¶=æ#·Ë¶H´'®�¶ÿ³�¶H·!ùø©\²¥´«¬�Â.®Ë´©\²¥¬½¬Ëá¥¼�·Q¼¥²¥³ê²¥´¾±Æ�®!³¥¼�·Ë¾±ÆÒ¿ÕÂ�á¥Â�ÍH´'®�´«À�¶]Þ�©�á¥á¥ª¼�²¥µ
À�©\² Ô�Â�¾±Æ)º×Â�·Ë¬¯®�·½¶H´«ÃO¶¸²�Ù÷¨*¶H·½µ\ª¶¸´¾±Æ�®�Ð|Â�²�³¥´«¶H¬�Ð[´'®]³¥¶¸·T�Nª«¼¥¬½®Ë¶H·Ëº�´ª³�¼¥²¥µ�º8¶¸´��N©\ÐFá�®�©\²sÛ
��¶H¾±Æ¥¬½¶Hª'Ö!´·Ë¿)¼¥²�µ\¶H²x	����������� �!,L�$vr+$yLM� û ¶¸·Ëµ\´«º�®2¬Ë´«¾±Æz³¥´¶ âÈ¾±Æ�ª¼¥¬½¬½ÃO©\ª«µ\¶H·½¼¥²¥µ û ³¥Â�¬Ë¬2º¥·½¶H´ Û
®Ë¶H·Ë¶�âs®�·½¶H´«ÃO¶¸²�ÍH¼�¶H´²�¶H·�º»¶H¬½¬Ë¶H·½¶H²xÎ4²¥¶H·½µ\´¶HÂ�¼WD×ã�¬Ë¼¥²¥µ�³¥¶H¬�ÉZ·�Â.¾±¿�¶H·½¬2ÃOÄ¥Æ¥·Ë¶¸² û Ã Â.ªª¬ ³¥¶¸·
�÷¶H¾±¿)¬¯®�·Ë©�Ð ³¥¶H·�âs®Ë·Ë¶H´'ÃO¶H²¥³�¶¸®�¶¸¿�®�©\·½¶H²�Â.¼¥¬Ë·½¶H´¾±Æ�¶H²¥³X²¥´¶¸³¥·Ë´«µµ\¶HÆ×Â.ª«®�¶¸²2ÖN¶¸·Ë³¥¶¸²Ò¿ÕÂ�²¥²�Ù

¹u²�Æ×Â�²¥³ ³¥¶H·�ÓÿÂÕ®�¶H² ³¥¶¸·=Î*´«¾±Æ{z)¼¥¶Hª«ª¶¸² Ö!¼¥·½³¥¶H² ³¥´«¶¹uº¥º¥´«ª³¥¼�²¥µ\¬Ë¶¸´µ\¶¸²¥¬Ë¾±Æ¥Â.ÃØ®�¶¸² ³�¶H¬
ùø²¥¬¯®�·½¼¥Ð[¶¸²�®�¬%ÃOÄ¥·!Å4Æ¥©�®Ë©\²¥¶H²Z	����������� �!Rr+$yLM�*¼¥²¥³ê³¥´¶]âÈá¥¼¥·½¶H²�À\©\²8�kÄ�¾±¿s¬¯®�©���¶Hª¶¸¿�®�·Ë©�²¥¶H²
Â�¼�¬M�N©\ÐFá�®�©\²�¬½®�ã+�\¶H²D¼�²)®Ë¶H·½¬Ë¼¥¾±Æ�®�	����������� �!�r+$yL�$'&/�ßÙ Á Ä¥·L¶¸®øÖNÂ�F é%n ³¥¶¸·6Î4ª¶¸¿)®Ë·Ë©\²�¶H²¥¬½á¥¼ÈÛ
·½¶H² ¿ÕÂ�²¥²�³¥´¶C�]·½´¶¸²)®Ë´¶¸·Ë¼¥²¥µê³¥¶¸· âÈá¥¼¥·a¿�©\·½·Ë¶¸¿)®D´³¥¶¸²)®Ë´|6×Í¸´¶¸·½®=ÖN¶¸·Ë³¥¶¸²�Ù4Óu´«¶|¹�¼WD×ã\¬½¼¥²¥µ
³¥¶¸·�âÈá¥¼¥·½¶H² û º»¶Hµ\·½¶H²¥Íß®�³�¼¥·Ë¾±ÆX³¥´¶=Þ]ª¶¸´²�Ö!´²�¿�¶Hª«¬½®Ë·Ë¶H¼�¼¥²¥µ ³¥¶H¬�Î4ª¶¸¿)®Ë·Ë©\²�¬ û º»¶¸®�·Ë°�µ�®!¶ß®øÖQÂ
ç é+} ÁR��=uÌ º8¶¸´4à¸Û ä ÌX¶þ¨ Î4²¥¶H·½µ\´¶=³¥¶¸¬!á¥·Ë´«Ð|°�·½¶H²�Å4Æ¥©�®Ë©\²¥¬¸Ù

Óu´«¶u¹uº�º¥´ª«³¥¼¥²¥µ=À\©\²�Å*Æ�©�®�©\²�¶H²�Ä¥º»¶H·��N©\ÐFá�®�©\²sÛ?��¶H¾±Æ¥¬½¶Hª«Ö!´«·Ë¿)¼¥²¥µJº8¶¸¬Ë´«®ËÍ¸® û °.Æ¥²¥ª´«¾±Æ
Ö!´«¶J³¥´«¶�®Ë©\Ð[©�µ\·�Â�á�Æ¥´¬½¾±Æ¥¶a¹�º¥º¥´«ª³¥¼¥²�µ û ¿�¶¸´²¥¶D¶¸´²¥³�¶H¼�®Ë´µ\¶�¹uº¥º�´ª³�¼¥²¥µ\¬¯ÃO¼¥²¥¿�®�´«©\²�Ù»ÓÿÂ�Æ¥¶¸·
Ö!´«·Ë³�ÍH¼¥·�æN¶¸·Ë¶¸¾±Æ¥²)¼¥²¥µ�³¥¶¸·=æN´ª«³¥¶H·ÿÂ�¼¥¬=³¥¶H²�ÌX¶¸¬Ë¬Ë³¥Â.®�¶¸² ¶H´«²¥¶´«®Ë¶H·�ÂÕ®�´«À�¶FÌX¶¸®ËÆ¥©s³¥¶À\¶H·�Û
Ö#¶H²¥³�¶¸® û Ö#¶Hª«¾±Æ¥¶ ¿s¼�·ËÍ¶H·½ªÏ°�¼È®�¶H·¯®j	����������� �!�r+$�\%$�";�!¼¥²¥³�³¥¶¸·Ë¶H²�Î4·Ëµ\¶¸º¥²¥´«¬]³×Â�²¥² Â�²¥Æ¥Â�²¥³
³¥¶¸·!·Ë¶H¿.©\²¥¬¯®�·Ë¼�´¶H·¯®�¶¸²�æN´«ª³¥¶¸·Q³¥¶H·kÎ4´¾±Æ�á¥·�°�á¥Â�·�Â.®Ë¶=³×Â�·Ëµ�¶H¬½®Ë¶Hª«ª«®QÖ!´«·Ë³B	����������� �!Rr+$�\%$'&(�bÙ

Óu¶¸·Q¹u¼¥¬½º¥ª´«¾±¿8	e`_bWcW�+b<d1~��*Í¸¶H´µ.®N³¥´«¶ÿÅ4·Ë©Qt½¶H¿�®�´«©\²�³¥¶¸¬%Å4·Ë©�®Ë©�®øÇsá8¶¸²�Â�¼�Ã÷¶¸´²�ùø²¥¬¯®�·½¼ÈÛ
ÐF¶H²�®Q´«Ð ¶H·½³¥²×Â�Æ�¶H²O�ÿ·Ëº¥´'® û Ö!´«¶�¶¸¬#À\©�²�¼¥²¥¬Qº»¶H´^³¥¶¸·QÓu¶¸¼�®�¬½¾±Æ¥¶H²�¹�µ\¶H²�®�¼�·#ÃOÄ¥·,�÷¼�ÃØ®½Ûþ¼¥²¥³
�kÂ�¼¥Ð Ã Â�Æ¥·¯®!Â�ª¬Q¨*©�·Ë¬Ë¾±Æ�ªÏÂ�µÃOÄ¥·!¶H´«²¥¶=Þ]ª¶¸´²¥¬ËÂ.®�¶¸ªª´'®�¶¸²¥Ð[´«¬Ë¬½´©\²F¶H´«²¥µ\¶H·½¶H´«¾±Æ)®%Ö!¼�·Ë³¥¶.Ù
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���R���{��Z�<���e���p�p�����

� ��  ���?¡R¢(£I�R�(� �
à\Ù'à �ÿº<t½¶H¿�®Ë¶�³�¶H·�¤×Ûø¹u¬¯®�·½©\²¥©\ÐF´¶hÙaÙ�ÙaÙ�Ù�Ù�Ù�Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�Ù=ÙaÙ�ÙaÙ�Ù�Ù ä
à\Ù ä ùø²¥¬¯®�·Ë¼�Ð[¶¸²)®Ë¶=³¥¶H·�¤×Ûø¹�¬½®�·½©\²¥©\ÐF´¶�ÙaÙ�Ù�Ù�Ù�Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�Ù=ÙaÙ�ÙaÙ�Ù�Ù F

à\Ù ä Ù'à ¹uº¥º¥´«ª³¥¼�²¥µ\¬ËÐF¶¸®ËÆ¥©s³¥¶H²2ÃOÄ¥·kÑ=Â�ÐFÐ|Â�¬¯®�·ËÂ�Æ¥ª¼�²¥µzÙaÙ�Ù=ÙaÙ�ÙaÙ�Ù�Ù F
à\Ù ä Ù ä Óu´¶ÿ¨*©\·½º¥´ª«³¥¶H·#À\©\²ÒÌÒÎ�Ñ=¹ Ù�Ù�Ù�Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�Ù=ÙaÙ�ÙaÙ�Ù�Ù à\à

à\Ù ü ÓÿÂ�¬kÞk©\²¥ÍH¶¸á�®!À\©\²ÒÌÒÎ�Ñ]¹ Ù�ÙaÙ�ÙaÙ�Ù�Ù�Ù�Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�Ù=ÙaÙ�ÙaÙ�Ù�Ù à ý

¥ ¦ �<�p��§�£   �(¨   §   �<�ª©(�<�[«����¬G£I���Z�<�s¬Q� �N®
ä Ù'à ��¶H¾±Æ¥¬½¶Hª«Ö!´«·Ë¿)¼¥²¥µ À\©�²�Å4Æ¥©�®Ë©\²¥¶H²�ÙaÙ�Ù�Ù�Ù�Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�Ù=ÙaÙ�ÙaÙ�Ù�Ù àG¯

ä Ù'à\Ù'à �N©\Ð[áÈ®�©\²ÈÛ�âs®�·½¶H¼¥¼�²¥µ¢ÙaÙ�ÙaÙ�Ù�Ù�Ù�Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�Ù=ÙaÙ�ÙaÙ�Ù�Ù ä�é
ä Ù'à\Ù ä Å Â\Â�·�Û�Î4·ËÍ¸¶H¼¥µ�¼¥²¥µ�Ù�Ù�ÙaÙ�ÙaÙ�Ù�Ù�Ù�Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�Ù=ÙaÙ�ÙaÙ�Ù�Ù ä m

ä Ù ä ��¶H¾±Æ¥¬½¶Hª«Ö!´«·Ë¿)¼¥²¥µF³¥¶¸·k¬½¶H¿)¼¥²¥³¥°�·Ë¶¸²�ÉL¶¸´ª«¾±Æ¥¶H²hÙaÙ�ÙaÙ�Ù�ÙaÙ�Ù=ÙaÙ�ÙaÙ�Ù�Ù ü\é
ä Ù ä Ù'à Î*²�¶H·Ëµ�´¶¸À�¶H·½ª¼¥¬¯®�µ�¶HªÏÂ.³¥¶H²¥¶¸·%ÉL¶¸´ª«¾±Æ¥¶H²ê´²XâÈ´«ª´Í¸´¼¥Ð Ù�Ù=ÙaÙ�ÙaÙ�Ù�Ù ü\é
ä Ù ä Ù ä Î*²�¶H·Ëµ�´¶H³�¶Há»©\¬Ë´'®!´²�³¥Ä¥²¥²�¶H²ÒâÈ´ª«´ÍH´«¼¥ÐF¬Ë¾±Æ¥´«¾±Æ)®Ë¶H²XÙaÙ�Ù=ÙaÙ�ÙaÙ�Ù�Ù ü�ä
ä Ù ä Ù ü Þ=ª«¶H´«²)Ö!´«²¥¿�¶¸ª¬¯®�·Ë¶¸¼¥¼¥²¥µÀ�©\²ÒÎ4ª«¶H¿�®�·½©\²¥¶H²ê´²XâÈ´«ª´«ÍH´¼�Ð ÙaÙ�ÙaÙ�Ù�Ù ü ý
ä Ù ä ÙÝç �k¶¸´¾±Æ�ÖN¶¸´«®Ë¶=À�©\²XÎ*ª«¶H¿�®�·½©\²¥¶¸²X´«²Òâs´ª´«ÍH´«¼¥Ð�ÙaÙ�Ù�ÙaÙ�Ù=ÙaÙ�ÙaÙ�Ù�Ù ü P

ä Ù ü �!¶H³¥¼¥²�³×Â�²�®�¶aÌX¶¸¬Ë¬Ëá¥Â�·�Â�ÐF¶¸®Ë¶H· Ù�ÙaÙ�Ù�Ù�Ù�Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�Ù=ÙaÙ�ÙaÙ�Ù�Ù ç¥à
ä Ù ü Ù'à Á ª¼¥µ�ÍH¶H´'®�ÐF¶H¬½¬Ë¼¥²¥µ Ù�ÙaÙ�ÙaÙ�Ù�Ù�Ù�Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�Ù=ÙaÙ�ÙaÙ�Ù�Ù ç ä
ä Ù ü Ù ä æN¶¸Ö#¶Hµ\¼�²¥µ\¬Ë·½´¾±Æ�®�¼�²¥µ|³¥¶¸·�âÈ¶H¿)¼¥²¥³¥°�·½®Ë¶H´ª«¾±Æ¥¶H² Ù�ÙaÙ�Ù=ÙaÙ�ÙaÙ�Ù�Ù ç ä
ä Ù ü Ù ü âs®�·½¶H¼�Ö!´²¥¿.¶Hªñ³¥¶¸¬��!Ä¥¾±¿)¬½®Ë©��.ÛøÎ*ª«¶H¿�®�·½©\²¥¬ ÙaÙ�Ù�ÙaÙ�Ù=ÙaÙ�ÙaÙ�Ù�Ù ç)ý
ä Ù ü ÙÝç 48Ö!´¬Ë¾±Æ�¶H²�Ö!´²¥¿.¶Hªñº»¶H´÷ÐD¼¥ª'®�´«á¥ª¶¸²1�N©\ÐFá�®�©\²�¬½®�ã+�\¶H² Ù=ÙaÙ�ÙaÙ�Ù�Ù ç%F

° ± ¬G£Q��¢R²v�������p©(�%¬G�´³9¬GµA£Q�N� ¶ ®
ü Ù'à Î4´µ\¶¸²¥¬Ë¾±Æ¥Â.ÃØ®�¶¸²êÀ�¶H·Ë¬½¾±Æ¥´¶¸³¥¶H²�¶H·ÿÓ�¶¸®�¶¸¿�®�©\·½Ð|Â.®Ë¶H·½´ÏÂ�ª«´¶H²xÙ�ÙaÙ�Ù=ÙaÙ�ÙaÙ�Ù�Ù ç%¯
ü Ù ä Î4²¥¶H·½µ\´¶HÂ�¼WD×ã�¬Ë¼¥²¥µ À\©�²�âs®Ë·�Â�Æ�ª¼¥²¥µ�¬Ë³¥¶ß®�¶H¿�®Ë©\·Ë¶¸²�Ù�ÙaÙ�Ù�ÙaÙ�Ù=ÙaÙ�ÙaÙ�Ù�Ù ý ä
ü Ù ü ��Â�Æ¥ª�³¥¶¸·�âÈ¶Hµ\ÐF¶H²�®Ë´¶H·½¼¥²¥µF³¥¶H·!Ó�¶¸®�¶¸¿�®�©\·½¶H² ÙaÙ�ÙaÙ�Ù�ÙaÙ�Ù=ÙaÙ�ÙaÙ�Ù�Ù ý ü
ü ÙÝç ¹u¼�¬½ÖNÂ�Æ¥ªñµ\¶H¶¸´µ\²�¶¸®�¶¸·!Óu¶¸®Ë¶H¿�®�©�·ËÐ[Â.®�¶¸·Ë´ÏÂ.ª´¶¸² ÙaÙ�ÙaÙ�Ù�ÙaÙ�Ù=ÙaÙ�ÙaÙ�Ù�Ù ý+m
ü Ùåý ¹u¼�¬Ëª¶¸¬Ë¶¸¶Hª¶¸¿�®�·Ë©�²¥´¿�¼�²¥³X¶¸ª¶¸¿)®Ë·Ë©\²�´¬Ë¾±Æ�¶H¬���Â�¼�¬Ë¾±Æ¥¶¸² Ù�Ù�ÙaÙ�Ù=ÙaÙ�ÙaÙ�Ù�Ù ý�P



¶ ·��´£ ± §R�(£¸©(�%¬G�´³9¬GµA£ ¹Aº
ç¥Ù'à 0 º»¶H·½º¥ª´«¾±¿ Ù�ÙaÙ�ÙaÙ�Ù=ÙaÙ�Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ=Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�ÙaÙ=Ù�ÙaÙ�Ù�Ù m é
ç¥Ù ä ÉZ¶H¾±Æ¥²¥©�ª©\µ\´«¶]³¥¶H·�âs®Ë·Ë¶¸´«ÃO¶H²�³¥¶¸®Ë¶H¿�®�©\·½¶H² ÙaÙ=Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�ÙaÙ=Ù�ÙaÙ�Ù�Ù m�à
ç¥Ù ü âÈ´«ÐD¼¥ªÏÂÕ®�´©�²|¼¥²¥³8�ñÂ Ç\©\¼�®zÙ�Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ=Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�ÙaÙ=Ù�ÙaÙ�Ù�Ù m�ç
ç¥ÙÝç �NÆ×Â�·ËÂ�¿�®�¶¸·Ë´¬½´¶¸·Ë¼¥²¥µ ³¥¶¸·�� Â.ÃO¶¸·�Ù�ÙaÙ�Ù�ÙaÙ=Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�ÙaÙ=Ù�ÙaÙ�Ù�Ù m%P

ç¥ÙÝç¥Ù'à Óu¶Há¥ª«¶¸®Ë´©\²¥¬½¬Ëá×Â.²¥²)¼¥²¥µ Ù�ÙaÙ�Ù�ÙaÙ=Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�ÙaÙ=Ù�ÙaÙ�Ù�Ù m%P
ç¥ÙÝç¥Ù ä Þ�Â.á×Â�ÍH´'®±°.®Ë¶H² Ù=ÙaÙ�Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ=Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�ÙaÙ=Ù�ÙaÙ�Ù�Ù PÈà
ç¥ÙÝç¥Ù ü ùAÛþ¨�ÛøÞ]¶H²¥²¥ª«´²¥´«¶H² Ù�Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ=Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�ÙaÙ=Ù�ÙaÙ�Ù�Ù P ü
ç¥ÙÝç¥ÙÝç Å*¼�²¥¾±ÆÈÛþ®ËÆ¥·Ë©�¼¥µ\ÆÈÛe�z´³¥¶¸·Ë¬½®�°�²¥³¥¶
ÙaÙ=Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�ÙaÙ=Ù�ÙaÙ�Ù�Ù P+m

ç¥Ùåý ÌX©\²�®�Â�µ\¶=³¥¶H·kÓu¶ß®�¶¸¿)®Ë©\·Ë¶¸² Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ=Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�ÙaÙ=Ù�ÙaÙ�Ù�Ù P�P
ç¥Ù»m �NÆ×Â�·ËÂ�¿�®�¶¸·Ë´¬½´¶¸·Ë¼¥²¥µ ³¥¶¸·kÓu¶¸®Ë¶H¿�®�©\·½¶H² Ù�ÙaÙ=Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�ÙaÙ=Ù�ÙaÙ�Ù�Ù P+¯

ç¥Ù»m�Ù'à ��Â�¼�¬Ë¾±Æ¥¶¸²Ò¼¥²¥³XÎ4²¥¶H·½µ\´¶HÂ�¼WD×ã�¬Ë¼¥²¥µ Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�ÙaÙ=Ù�ÙaÙ�Ù�Ù P+¯
ç¥Ù»m�Ù ä Þ�©\·½·Ë¶HªÂ.®�´«©\²¥¶¸²2Í¸Ö!´¬½¾±Æ¥¶H²�âs®�·½¶H´'ÃO¶H² Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�ÙaÙ=Ù�ÙaÙ�Ù�Ù F�à
ç¥Ù»m�Ù ü �Nª¼¥¬¯®�¶H·!º»¶H²×Â.¾±Æsº¥Â�·½®Ë¶H·uâs®�·½¶H´«ÃO¶¸² Ù=Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�ÙaÙ=Ù�ÙaÙ�Ù�Ù F ä
ç¥Ù»m�ÙÝç ÅL©\¬½´«®�´«©\²¥¬½º8¶¸¬½®�´«Ð[ÐJ¼¥²¥µ ÙaÙ�Ù�ÙaÙ=Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�ÙaÙ=Ù�ÙaÙ�Ù�Ù F�ç
ç¥Ù»m�Ùåý Î*´«¾±Æ)¼¥²¥µFÐ[´'®%²¥´¶¸³¥¶H·½¶H²¥¶¸·Ëµ\¶ß®�´«¬Ë¾±Æ¥¶¸²�Å4Æ¥©�®Ë©\²¥¶H² ÙaÙ�ÙaÙ=Ù�ÙaÙ�Ù�Ù F%P

¼ ·����E½8��²¾µA£   �Z�%¬G�´£ ® º
ýÈÙ'à Î4´²�ÃOÄ�Æ¥·Ë¼¥²�µ ÙaÙ�ÙaÙ�Ù=ÙaÙ�Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ=Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�ÙaÙ=Ù�ÙaÙ�Ù�Ù ¯ é
ýÈÙ ä ÌX¶¸¾±Æ×Â�²¥´«¬Ë¾±Æ¥¶¸·�¹�¼�ÃOº×Â�¼ê³¥¶H·�ÌX©s³¥¼¥ª«¶ Ù�ÙaÙ=Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�ÙaÙ=Ù�ÙaÙ�Ù�Ù ¯�à

ýÈÙ ä Ù'à Óu´¶=Þ]·Ë´«¬½®�Â�ªª Ûø¹u·½·�Â Çs¬ ÙaÙ�ÙaÙ�Ù�ÙaÙ=Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�ÙaÙ=Ù�ÙaÙ�Ù�Ù ¯ ä
ýÈÙ ä Ù ä �]áÈ®�´¬½¾±Æ¥¶�Þ�©\á�á¥ª¼¥²�µ ÙaÙ�ÙaÙ�Ù�ÙaÙ=Ù�ÙaÙ�ÙaÙ�Ù�ÙaÙ�ÙaÙ=Ù�ÙaÙ�Ù�Ù ¯ ü
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log(Frequenz[Hz])

log(Photonenenergie [eV])

Energiebereich 0,5 - 50 MeV

Optisches Fenster (~2-3eV)

Ballonflughöhe (~40 km)

50% Absorption der primären Strahlung
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ÿ���ÿ ����� ó��Ë�ñó
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À�¶H·Ë¬½¼¥Ð ÍH¼ÈÀ\©\·!¼¥²�À\©�·Ë¬½®Ë¶Hª«ªº×Â�·½¶H·%¶¸²¥¶H·½µ\´¶¸·Ë¶H´«¾±Æ¥¶H·%¼�²¥³�³�Çs²×Â�ÐF´¬Ë¾±Æ�¶H·Ulÿ¼¥¶Hª«ª¶¸²2ÍH¼�¶H²�®�Æ)Ä¥ª Û
ª«¶H²�Ù.Óu´¶¸¬LÃOÄ¥Æ�·½®�¶NÍH¼¥· Î*²�®øÖ!´«¾±¿sª«¼¥²¥µ]²¥¶¸¼¥¶H·�48ÖN¶¸´µ\¶#³¥¶H·L¹u¬½®Ë·Ë©\á�Æ)Çs¬½´¿JÍ¸¼¥¬�Â.Ð[ÐF¶H²DÐF´«®Z³¥¶¸·
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Cycle 1−6    1−3 MeV
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>@?BADCFEHG IKJMLONQPHRTSU?WVYXUZ\[]V^V�RT_]Sa`b?WcaXaRedgfihjG Rlknmpo�Rgc qr_]stSaS u\Rgc!SvXxwWcU`ySzXaRT{}|�s\RT_~_]R��
u�RTSH��cURg�tSa{\Rg��Rg_�S^>/��?�{\�YcURT�xZBXUSH?Wst��Rg{�A��t��R�XUcUw��WXH[~{"u�[~R�SzRTV�L�{\RgcU��[]Rg��RgcURg[��xZ�RgXv��? d������
I�Z\��Xa��{tRg{��W��V���Sgm

>/��A�LKP��FLKJ�PHRTSU?WVnXaZ\[]V�V^RT_]Sa`b?WcaXaR���d�����G Rlk mBo�[~RHqt?�ca�tSa`b?W_�?�[]SzXO_]���B?WcU[¡XUZ\V�[]SU�xZ
u\?�ca��RTSzXaRg_]_~XT��������Rg[�u�RgcDqr_~stSUSDu�Rgc!SvXxwWcU`�SvXURg{�|�s\Rg_]_]Rj>/k�RT_]?t��G�[¡XaXaR"caR��xZ�XxSUA�R�Xv�M?
¢T£ ��¤ I�Zt�WXa��{\Rg{��b��V � ST��u�RTcO�T�KRT[¡XUZ\Rg_]_]SzXaRT{�>¥PHRTV^[]{\�B?\�WcURT�xZBXUSO?WstSUSzRT{�����RgcUZt?W_]��u�Rgc��?�_]?�`BXa[�Sa�xZ\RT{�¦��xZ\RT[~��R�A�RgXv��?�§ ¢T£ ��¨HI�Z\��Xa��{\Rg{��W��V���SM��R�XacxwW��XTm

rtsuswvyx{z}|�~�� ���/©À� º¼�±��¬³��� ¬³���Ç�å�¶� �¶����� ��¡¤£���� ª¨��¬ ��ª����ß���å�¶� �¶����� ��¡Î£����
«¾ªå���±����� à����¬Àµ
¥w���ß�¶£³�éª¨�Ê�¸¹��¾���ñ®�ª¨Ìy�¸�¶£³�´��� ���{�¶�ò�´��� à����¯®�°ÓÆtÐ^±uâ©Õ ª¨��¬ â ²Ä×Ûâ ± ª¨��¬ ¯³�ý���Î��£����÷�åªæ�
ÆÈ�ý�ý��¬å�å�Î���Èà���� �±���Í�³�ý�ß�¶�Ò�Üú�³��¶£³�����tÆÈ�ý����½¨���é�°�±��°¼��¯��é��¹
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¶¸·Ë¬½®Ë¶Hª«ª«®�¶¸²à=�´ÐFÐF¶Hª¬½¿ÕÂ�·½®Ë¶H²�³¥Â�¬´²,¹�º¥º¥´ª«³¥¼¥²¥µ,à�Ù ä µ\¶¸ÍH¶H´«µ�®�¶�æN´ª«³�Ù6Óu´«¶J�z´²�¿�¶HªÂ�¼WD×ãÕÛ
¬½¼¥²¥µ�³¥¶¸·Dùø²¥¬½®Ë·Ë¼¥ÐF¶H²�®Ë¶2ª´¶¸µ�®aº8¶¸´N¶¸®øÖNÂ�¶H´«²¥¶HÐ Ñ]·�Â�³ ©s³¥¶¸·J¬Ë¾±Æ�ª¶H¾±Æ�®Ë¶H·HÙ*ÓuÂ�¬JÖ#¶H¬Ë¶¸²�®�ª´ Û
¾±Æ¥¶DÅ*·½©\º¥ª«¶HÐS³¥¶H·ÿÑ�Â.Ð[Ð[ÂÕÛø¹�¬½®Ë·Ë©\²¥©�Ð[´«¶uÖ!´·½³�Â�ª«ª¶H·½³¥´²�µ\¬!¿sªÂ�· û Ö#¶H²¥²�Ð[Â�²X³¥´¶a´²Ò³�¶H²
Þ=Â�·¯®�¶H²�Â�²¥µ�¶Hµ\¶¸º8¶¸²¥¶H²�Á ªÄ�¬Ë¬Ë¶�³¥¶¸·FÅ*Æ�©�®�©\²�¶H²�º8¶ß®�·�Â.¾±Æ)®Ë¶¸®HÙ#Ó�´¶�Á ª«Ä¥¬Ë¬½¶ê³�¶H· ¬½®�°�·Ë¿)¬½®Ë¶H²
lÿ¼¥¶¸ªª¶¸²|º»¶¸®Ë·�Â�µ\¶¸²2´Ð Î4²¥¶¸·Ëµ\´«¶Hº»¶H·Ë¶¸´¾±Æ�¼�Ðhà=Ìê¶þ¨ ²)¼¥·#Ö#¶H²¥´«µ\¶u®�Â�¼¥¬Ë¶¸²¥³¥¬¯®�¶Hª�Å*Æ�©�®�©\²�¶H²
á¥·½©[¾¸Ðj´k¼¥²¥³ÒâÈ¶¸¿s¼�²¥³¥¶�	 Óu¶H·kÅ4¼¥ª«¬�Â�·!´ÐWÞ]·Ë¶Hº�¬Ë²¥¶¸º8¶¸ªLÐF´«®%¶ß®øÖQÂ�µ�¶¸·¸¹kÅ4Æ¥©�®Ë©\²¥¶H²�º.¾HÐe´±¬
ÌX¶þ¨Wº8¶¸´�à�ÌX¶þ¨��]¼¥²¥³�´Ð¢Î4²¥¶H·½µ\´¶¸º8¶¸·Ë¶¸´¾±Æ�©�º8¶¸·ËÆ×Â�ª«º�À�©\²�à é\é ÌX¶þ¨W²s¼�·JÐF´ªª«´©\²�¬½®�¶¸ª
Å4Æ¥©�®Ë©\²¥¶¸²�º.¾HÐe´±¬uÌX¶þ¨ 	Ø¨*¶HªÏÂ ÐF´«®�» à é ·¸¼ÿÅ4Æ¥©.®�©\²¥¶¸²�º.¾¸Ðj´�¬�©\º»¶H·ËÆ¥Â�ªº�À\©\²�à é\é ÌX¶þ¨��bÙ
ÓÿÂ.Æ¥¶H·6ÐJÄ¥¬Ë¬½¶H²´²J³¥´¶¸¬Ë¶H² Î4²¥¶¸·Ëµ\´«¶Hº»¶H·½¶H´¾±Æ�¶H²DÃOÄ¥·�t½¶H³¥¶#¹u¼�ÃO²×Â.Æ¥Ð[¶NÓÿÂ.®Ë¶H²Ä¥º»¶H·6¬½¶HÆ¥· ªÏÂ�²ÈÛ
µ\¶T4ú¶H´'®�·�°.¼¥Ð[¶�´²�®Ë¶Hµ\·½´¶H·¯®�Ö#¶H·½³¥¶H² û ÖN©s³¥¼¥·½¾±Æ�³¥´¶a¹u²¥ÍHÂ�Æ¥ªZ³¥¶H·]=�´²�®Ë¶H·Ëµ�·Ë¼¥²¥³sÛ�Î4·Ë¶¸´µ\²¥´«¬Ë¬½¶
´«²¥²¥¶H·½Æ×Â�ª«º ³�´¶H¬½¶H¬T4ú¶H´«®Ë·�Â�¼�Ð[¬ÿÆ¥°�¼W6×µXÍH¼ Å4·½©\º¥ª¶¸Ð[¶¸²�º8¶¸´�³�¶H·aæN¶H·½¶H¾±Æ¥²)¼¥²¥µÒ³¥¶H·aæN´ª«³¥¶H·
ÃOÄ¥Æ�·Ë¶H²úÙ

¹u¼�¬u³¥¶¸²�³×Â�·½µ\¶H¬¯®�¶Hª«ª«®Ë¶H²XæN¶H©\º¥Â�¾±Æ�®�¼¥²¥µ�¶H²�¿�©�²¥²�®�¶JÐ[Â�²ÒÂ�¼¥¬_����ÌXÅ*É!ÎM�úÛ�ÓuÂ.®�¶¸² ü�ä
lÿ¼¥¶¸ªª¶¸²2´ÐëÎ4²¥¶H·½µ\´¶¸º8¶¸·Ë¶H´«¾±Æ é Ù P Û ü\é ÌX¶þ¨ ´«¬Ë©\ª«´¶¸·Ë¶H²|¼¥²¥³XÂ�¼¥¬!Î�Ñ:�kÎ4ÉNÛ�ÓÿÂÕ®�¶H² ä P ü ¶H´²sÛ
Í¸¶Hª²�¶�lÿ¼¥¶Hª«ª¶¸²�´«Ð¢Î*²�¶H·Ëµ�´¶Hº»¶H·½¶H´«¾±Æ�ý é Ìê¶þ¨ëÛ�P é Ñ]¶þ¨DÙZæN¶ßÀ\©\·D´«¾±Æ�³¥´«¶[¶¸´²¥Í¸¶Hª«²¥¶H²�ùø²ÈÛ
¬¯®�·Ë¼�Ð[¶¸²)®Ë¶DÍH¼�·�¹�º¥º¥´ª«³¥¼¥²¥µFÀ\©\²�Ñ�Â�ÐFÐ[Â�¬½®Ë·�Â�Æ¥ª«¼¥²¥µÀ\©�·Ë¬½®Ë¶Hª«ª¶ û ÐFãÈ¾±Æ�®Ë¶a´«¾±Æ�¿)¼¥·ËÍa¶H´²�¶H²
0 º8¶¸·Ëº¥ª«´¾±¿ Ä¥º»¶H·N³�´¶�Â�¬½®Ë·Ë©\²¥©�Ð[´«¬Ë¾±Æ¥¶¸²1lÿ¼¥¶Hª«ª¶H²[µ\¶Hº»¶H² û Ö!´¶k¬Ë´«¶u²×ÂÕ®�Ä¥·½ª´¾±Æ[´²FÀÈ´«¶Hª«¶H²2æNÄsÛ
¾±Æ¥¶¸·Ë²	 Í�ÙìæuÙp½ìâÈ¾±Æ é ày¾.�#Ö#¶H´«®�Â�¼�¬½ÃOÄ¥Æ¥·½ª´«¾±Æ¥¶H·%µ\¶ßÃO¼¥²¥³¥¶¸²XÖ#¶H·½³¥¶H²X¿�ã\²¥²�¶H²�Ú

± µ�²v�{£Q�Q¿�²¾�{£Q�<� ¬Ë´²�³ ¿)¼¥·½ÍHÍ¸¶H´«®Ë´µ\¶ û ª©�¿.Â.ª º»¶Hµ\·½¶H²¥Íß®�¶ ¹u¼¥¬½º¥·ËÄ�¾±Æ¥¶�Â�¼ÈÃ#³�¶H·aâÈ©\²¥²�¶ û ³¥´«¶
À�©\²}¬½®�Â�·Ë¿�Â�²¥¬¯®�¶H´«µ\¶H²�³¥¶H·�â)®�·�Â.Æ¥ª¼¥²�µ\¬Ë´«²)®Ë¶H²¥¬½´«®�°.® û Â�¼¥¾±Æ}´«Ð À×ÛøæN¶H·½¶H´¾±Æ û ¼¥²�³�À\¶H·½¬½®�°�·Ë¿\Û
®Ë¶HÐ Á ª«¼¥¬Ë¬ µ\¶¸ªÏÂ�³¥¶¸²¥¶H· ÉZ¶H´«ª¾±Æ¥¶¸²�º»¶Hµ\ª«¶H´'®�¶¸®Ö#¶H·½³¥¶H²úÙQÌX¶¸´¬¯®[µ�¶HÆ¥¶¸²�³¥´«¶ê¹�¼¥¬Ëº�·ËÄ¥¾±Æ¥¶X´Ð
À×Û�æ#¶H·Ë¶¸´¾±Æ ³¥¶¸²¥¶H²F´Ð ©\á�®Ë´¬Ë¾±Æ�¶H²F¼¥²¥³FÊk¨z¼¥Ð�ÌX´²)¼�®Ë¶H² º¥´¬�â)®�¼¥²¥³�¶H² À\©\·ËÂ�²�Ù�Óu´«¶!ÓÿÂ�¼¥¶¸·
³¥¶¸·4Î4Ð[´«¬Ë¬½´©\²¥¶¸²J·½¶H´¾±Æ�® ¶Hº»¶H²�Ã Â�ª«ª¬ñÀ\©\²FÌê´²)¼�®�¶¸²Dº¥´«¬4âs®Ë¼¥²¥³¥¶¸²�Ù�¹�²D³¥¶H· Î4²)®Ë¬½®Ë¶HÆ)¼¥²¥µ=¬Ë´«²¥³
À�¶H·ËÐJ¼�®�ª«´¾±Æêùø²¥¬½®�Â�º¥´ª«´«®�°.®�¶¸²2´Ð ÌXÂ�µ\²¥¶ß®ËÃO¶Hª«³�³¥¶H·uâÈ©\²¥²�¶�º»¶¸®Ë¶H´«ª´µ.® û ÖQÂ�¬k³×Â�³�¼¥·Ë¾±ÆX¼¥²�®�¶H·�Û
Ð[Â�¼¥¶¸·½®uÖ!´«·Ë³ û ³×Â�¬½¬=Á ªÏÂ�·½¶H¬�º8¶ßÀ\©\·½ÍH¼¥µ�®ÿ´²�Ñ]¶Hµ\¶¸²¥³¥¶¸² Æ�©\Æ¥¶H·uÐ|Â�µ�²¥¶¸®Ë´¬Ë¾±Æ�¶H·]Á ª«¼¥¬Ë¬½³¥´¾±ÆsÛ
®Ë¶H² û ³¥¶¸²�âs©\²¥²¥¶¸²WD×¶H¾±¿.¶H² û Â�¼�ÃØ®Ë·Ë¶¸®Ë¶H²�Ù

ÓÿÂ�¬âÈá8¶¸¿�®�·Ë¼�Ð ³¥¶¸·ÁÀ×Û�ÁLªÏÂ�·½¶H¬=º8¶¸¬½®Ë¶HÆ�® Â�¼¥¬J¶H´²�¶HÐnÞ�©\²�®Ë´²)¼¥¼¥Ð¢ÐF´«®�Ä¥º»¶H·ËªÂ�µ\¶¸·½®�¶¸²
�÷´²�´¶H²JÂ�²¥µ\¶¸·Ë¶¸µ�®�¶¸·4Þ]¶H·Ë²�¶�Ù\ÓuÂ�¬4Þ�©�²)®Ë´²)¼¥¼¥Ð Ö!´·½³D¶H·½ÍH¶¸¼¥µ�®4³¥¼�·Ë¾±ÆFæN·Ë¶¸Ð[¬½¬½®Ë·�Â�Æ¥ª«¼¥²¥µuÀ�©\²
Î4ª¶¸¿�®�·Ë©�²¥¶H² û ÖN¶¸ª¾±Æ¥¶]ÖN°�Æ¥·Ë¶¸²¥³ê³¥¶H¬!Á ªÂ�·Ë¶¸¬%Â�¼�ÃLÎ4²¥¶¸·Ëµ\´«¶H²2À\©\²�à é Û%à é\é ÌX¶þ¨ º»¶H¬½¾±Æ¥ª¶¸¼ÈÛ
²¥´«µ�®ñÖN¶¸·Ë³¥¶¸²�Ù.Î*º»¶H²ÈÃ Â�ªª«¬Z¿ÕÂ�²�²J³¥´«¶QýÈà�à#¿.¶þ¨ª�÷´²�´¶*³¥¶H·LÅL©�¬Ë´«®Ë·Ë©\²�¶H²ÈÛþ¹u²¥²¥´«Æ¥´ªÂ.®�´«©\² û ³¥´¶ äÈûåä
ÌX¶þ¨Y�÷´²�´¶Q³¥¶¸¬�Ô�¶H¼È®�·Ë©�²¥¶H²¥¶¸´²�Ã Â.²¥µ\¬*¼¥²¥³À\¶¸·Ë¬½¾±Æ¥´¶¸³¥¶H²¥¶�¹u²¥·½¶Hµ\¼�²¥µ\¬Ëª«´²¥´«¶H²³¥¶¸·*Æ×°�¼W6×µ�¶H²
Î4ª¶¸Ð[¶¸²�®�¶�´«² ³¥¶H·âÈ©\²¥²¥¶¸²¥á¥Æ¥©.®�©\¬½á¥Æ×°�·½¶2º8¶¸©\º×Â�¾±Æ�®�¶ß®ÖN¶¸·Ë³¥¶¸²�Ù*Óu¶¸·Ô�¶¸¼�®�·½©\²¥¶H²�¶H´²ÈÃ Â�²¥µ
¿.©\Ð[Ða®*³×Â�³¥¼¥·½¾±Æ|Í¸¼¥¬½®�Â�²¥³¥¶ û ³¥Â�¬Ë¬�Æ¥©s¾±Æ¥¶H²¥¶¸·Ëµ\¶ß®�´«¬Ë¾±Æ¥¶uÅ*·½©�®�©�²¥¶H²FÐ[´'®M=�¶¸ª´«¼¥Ð ¬½¶H¿)¼¥²¥³×°.·Ë¶
Ôk¶H¼�®Ë·Ë©\²¥¶¸²X¶¸·ËÍ¸¶H¼¥µ\¶¸² û ÖN¶¸ª¾±Æ¥¶=´«²2³¥¶H·kÅ4Æ¥©�®Ë©\¬Ëá¥Æ¥°�·Ë¶=ÐF©È³¥¶¸·Ë´«¶H·½®#ÖN¶¸·Ë³¥¶¸² û ¼¥²¥³êÐ[´'®%Å4·Ë©ÕÛ
®Ë©\²¥¶H²�ÍH¼�Óu¶H¼�®Ë¶H·½´¼¥Ð À�¶H·Ë¬½¾±Æ¥ÐF¶HªÍ¸¶H²�	ØÀ\¶H·½µ\ª¶¸´¾±Æ¥¶FÆ¥´«¶H·ËÍ¸¼�½ �÷©\²�¯ ä ¾Â½ìÁ ÉV¯�Pt¾��bÙ/�x°�Æ¥·Ë¶¸²¥³
³¥¶¸¬2âÈ©�²¥²¥¶H²ND^Â�·Ë¶¸¬|Ö#¶H·Ë³�¶H²}Â�¼ÈÃOµ\·Ë¼¥²�³�³¥¶¸¬|µ\¶¸·Ë´²�µ\¶H²�¹uº¥¬¯®±Â�²¥³�¬|³¥¶¸·2âÈ©\²�²¥¶X¬Ë°�ÐJ®Ëª´¾±Æ�¶
Â�²�³¥¶H·½¶H²�Ñ=Â�ÐFÐ|Â¸zs¼�¶Hªª«¶H²|Â�Ð =�´«Ð[ÐF¶Hª8Ä¥º»¶H·Ë¬¯®�·ËÂ�Æ¥ª«®HÙ
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À ��²v�W³9¬   �yÃ¸¢(� Â ���(³9¬\Ä;�(�<²a²¾�<� ¿�ã\²¥²�¶H²�·�°�¼�Ð[ª«´¾±ÆÒ²�´¾±Æ�®ÿÖ#¶H´«®Ë¶H·]Â.¼�ÃOµ\¶Hª«ã\¬½®�ÖN¶¸·Ë³¥¶¸² û
¼¥²�³�´«Æ¥·Ë¶�ÅZ©\¬Ë´'®�´«©\² ´¬¯® ¶H²�®�¬½á¥·Ë¶¸¾±Æ¥¶H²�³�³¥¶H·T�z´«²¥¿�¶¸ªÏÂ�¼ND×ã\¬Ë¼�²¥µ�³¥¶H·ùø²¥¬¯®�·½¼¥Ð[¶¸²�®�¶B	 º¥ÍßÖ=Ù
¶¸²)®Ë¬Ëá¥·½¶H¾±Æ¥¶¸²¥³ ³�¶H·�Ñ]¶H²¥Â�¼¥´µ�¿�¶H´'® û Ð[´'®ê³¥¶H·�Ð[Â�²�³¥Â�¬)4ú¶¸²)®Ë·Ë¼¥Ð ³¥¶H·ÒÎ4Ð[´«¬Ë¬Ë´«©\²
¶¸´²¥¶¸·
Å4¼¥²¥¿�® zs¼�¶Hªª«¶JÂ.²¥µ\¶Hº»¶H²ê¿ÕÂ�²¥²A� û º8¶¸¿.Â.²¥²�® Ù»ÓÿÂ ³¥´¶=ùø²¥¬¯®�·Ë¼�Ð[¶¸²)®Ë¶JÂ.¼�ÃM�%Ñ���� º»¶H¬¯®�¶H²ÈÃ Â�ªª«¬
	Oº8¶¸´8Æ¥¶¸ªª«¶H²1lÿ¼¥¶¸ªª¶¸²A�4¶H´²�¶ÿæN¶¸¬½®�´«Ð[ÐJ¼¥²¥µJ³�¶H·�lÿ¼¥¶¸ªª«á8©\¬½´«®Ë´©\²FÂ�¼�Ãñ¶ß®øÖQÂ�à�º\ýDÑ]·�Â�³[¶H·Ë·½¶H´ Û
¾±Æ¥¶¸² û À\¶¸·Ë¬Ë¼�¾±Æ)®LÐ[Â�² û ³¥´«¶H¬½¶�l]¼�¶Hªª«¶H²]©\áÈ®�´¬½¾±Æ¥¶H² û �kã\²�®Ëµ\¶H²ÈÛ»©s³¥¶¸·(��Â�³�´©.ÛøæN¶H©\º¥Â�¾±Æ�®�¼¥²¥µ�¶H²
Í¸¼¥ÍH¼¥©�·Ë³¥²¥¶¸²�Ù���¶¸²¥²�³¥´¶¸¬%µ\¶Hª«´²¥µ.®Q¿ÕÂ�²¥²�³¥´«¶�lÿ¼¥¶Hª«ª¶ÿ¼¥²�³ê´«Æ¥·QÉ*ÇsáÒ´³�¶H²�®�´ 6×ÍH´«¶H·½®#ÖN¶¸·Ë³¥¶¸²�Ù
Î6®øÖNÂJàQP é lÿ¼¥¶Hª«ª¶H²aÂ�¼¥¬L³¥¶HÐ Î�Ñ���Î4ÉNÛ�Þ=Â.®�Â�ª©�µ%¿�©\²¥²�®Ë¶H² Â�ª«ª¶H·½³¥´²�µ\¬÷º¥´¬½ªÏÂ�²�µk²�©È¾±ÆD²�´¾±Æ�®
Í¸¼¥µ\¶H©�·Ë³¥²¥¶ß®#Ö#¶H·½³¥¶H²úÙÈ¹�Ð º8¶¸¬½®Ë¶H²|µ�¶Hª´«²¥µ�®4³�´¶�4ú¼¥©\·½³¥²)¼¥²¥µ�º8¶¸´×ÍH¶H´'®�ª«´¾±ÆÀ.Â�·Ë´Â�º¥ª¶¸²Elÿ¼¥¶Hª Û
ª«¶H² û Ö!´¶%¶¸®øÖNÂ=Å4¼¥ª¬ËÂ�·Ë¶¸² û Ö#¶Hª¾±Æ�¶kÐF¶H´«¬½® ¼¥²�®�¶H·½¬Ë¾±Æ¥´«¶H³¥ª«´¾±Æ¥¶kÅ4Æ×Â�¬½¶H²ÛZÂ�º»¶H·6´«Ð[ÐF¶H·L´³¥¶¸²�®�´'Û
¬½¾±Æ¥¶NÅZ¶H·½´©s³¥¶H²]Û»´²=¼¥²�®�¶¸·Ë¬½¾±Æ¥´¶¸³¥ª´«¾±Æ¥¶H²JÎ*²�¶H·Ëµ�´¶Hº»¶H·½¶H´«¾±Æ¥¶H²aÂ�¼�ÃØÖ#¶H´«¬Ë¶H²úÙ.ÓuÂ�Æ¥¶H·ñ¿.ã\²¥²¥¶¸²J¬Ë´«¶
ÐF´«®�¬Ë¶¸Æ¥·ÿÆ¥©\Æ�¶H·�4ú¼�À�¶H·½ªÏ°�¬½¬Ë´µ�¿�¶H´'®ÿÍ¸¼¥µ\¶H©�·Ë³¥²¥¶ß®ÿÖ#¶H·Ë³�¶H² û Ö#¶H²�² Ð[Â�²�Í¸¶H´'®�ª´«¾±Æ�Â�¼ÈÃOµ\¶Hª«ã\¬½®Ë¶
ÓÿÂÕ®�¶H²JÂ�¼¥¬ñ³¥¶¸Ð¿��Â�³�´©.Û û ©\á�®Ë´¬Ë¾±Æ�¶H² û �!ã\²�®�µ\¶¸²ÈÛ8¼¥²¥³�À^ÛøæN¶H·½¶H´«¾±Æ�À�¶H·Ëµ�ª¶H´«¾±Æ�® ÙÕÅ4¼¥ª¬ËÂ�·Ë¶*¬Ë´«²¥³
¬½¾±Æ¥²¥¶Hª«ª�·Ë©.®�´¶¸·Ë¶¸²¥³¥¶ÿÔk¶H¼�®Ë·Ë©\²�¶H²¥¬¯®�¶H·½²¥¶=Ð[´'®N¶¸´²¥¶¸Ðë¬½¶HÆ¥·%¬¯®±Â�·½¿�¶¸²ÒÌXÂ�µ\²¥¶ß®ËÃO¶Hª«³ û Â�¼�ÃOµ\·½¼¥²¥³
³¥¶¸¬Ë¬½¶H²êµ\¶HªÂ�³¥¶H²�¶ÿÉL¶¸´ª«¾±Æ¥¶H²�Â�¼ÈÃñÆ¥©\Æ¥¶=Î4²¥¶¸·Ëµ\´«¶H²2º»¶H¬Ë¾±Æ�ª¶H¼�²¥´µ�®NÖN¶¸·Ë³¥¶¸²�Ù^âs®Ë·�Â�Æ¥ª«¼¥²¥µ\¬½á¥·Ë©ÕÛ
Í¸¶H¬Ë¬½¶2Ö!´¶�Í.ÙåæuÙ4âsÇs²¥¾±Æ¥·Ë©.®�·Ë©�²ÈÛ�¼¥²¥³�´²�À�¶H·Ë¬½¶O�N©\ÐFá�®�©\²�á¥·Ë©\Í¸¶H¬½¬Ë¶2ÃOÄ¥Æ¥·½¶H²�ÍH¼¥· Î4ÐF´¬½¬Ë´©�²
À�©\²Xµ�¶Hº¥Ä¥²�³¥¶Hª'®�¶H·�âs®Ë·�Â�Æ�ª¼¥²¥µ�Ù

Î4´²¥¶�Ö#¶H´«®Ë¶H·½¶H·êÉ�Çsá�¿.©\Ð[á¥Â�¿�®�¶H·ÅÀ×Û^lÿ¼¥¶¸ªª¶¸²z¬Ë´²�³
¹u¿)¿)·Ë¶ß®�´«©\²¥¬Ë¬½¾±Æ¥¶H´«º8¶¸² û º»¶H´]Ö#¶Hª Û
¾±Æ¥¶¸²�ÌÒÂ.®Ë¶H·½´¶FÂ�¼�Ã%âÈá¥´·ËÂ�ªº¥Â�Æ¥²¥¶¸²�Â.¼�Ã%¶H´«²�Ð[Â�¬½¬Ë´«À�¶H¬��ÿº<t½¶H¿�®aÍH¼¥¬¯®�·Ëã�ÐJ® ÙZÓu´«¶H¬=¿ÕÂ�²¥²�´«²
Óu©�á¥á8¶¸ª¬¯®�¶H·½²ÈÛ¯â)ÇÈ¬¯®�¶¸Ð[¶¸²�©s³¥¶H·|´²}³¥¶¸·�Ê�ÐFµ\¶Hº¥¼�²¥µ,¶H´«²¥¶H¬2¬½¾±Æ)ÖNÂ�·½ÍH¶H² �ñ©s¾±Æ¥¬2¶¸·½ÃO©\ª«µ\¶H² û
Ö#©\º»¶H´÷´²�µ\·½©��\¶¸ÐèÊ�Ð Ã Â�²¥µ[Ñ]·�Â Às´«®�Â.®�´«©\²¥¬Ë¶¸²¥¶H·½µ\´¶�ÃO·Ë¶H´«µ\¶H¬½¶¸®ËÍ¸®%Ö!´·½³�Ù
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º»¶H´«ÐèÊ�·½¿)²×Â�ªªú¶H²�®�¬¯®±Â�²¥³�¶H²¥¶¸²�Î4ª¶¸Ð[¶¸²)®Ë¶H²1� Â.¬Ë¬Ë¶¸·Ë¬¯®�©+á ¼¥²¥³O=k¶Hª´«¼¥ÐëÃO¼�¬Ë´©�²¥´¶¸·½® Ù�Óu¶H·½¶H²
¨*¶¸·Ë¬Ë¾±Æ�Ð[¶¸ªÍH¼�²¥µ[Í¸¼X¬½¾±Æ�ÖN¶¸·Ë¶H·½¶H²�Þ]¶H·½²¥¶H²Xº¥´¬%Í¸¼¥·kÎ4´¬Ë¶¸²ÈÛ¯Ñ]·Ë¼�á¥á8¶]´«¬½®k³¥´«¶=Î*²�¶H·Ëµ�´¶�z)¼¥¶¸ªª«¶
³¥¶¸·âs®Ë¶H·½²¥¶�ÙLæN¶H´*³¥¶¸·a¨*¶¸·Ë¬Ë¾±Æ�Ð[¶¸ªÍH¼�²¥µ�¶H²�®Ë¬½®�¶¸Æ�®¶H´«²¥¶J�!¶H´«Æ¥¶ ´²¥¬¯®±Â�º�´ª¶¸·�Î*ª«¶HÐF¶H²�®�¶ û º8¶¸´
³¥¶¸·Ë¶¸²C4ú¶¸·½Ã Â�ª«ªs®Ë¶H´ª'ÖN¶¸´¬½¶^À×Û^lÿ¼×Â�²�®�¶¸²¶HÐF´«®½®�´¶¸·½®LÖN¶¸·Ë³¥¶¸²�Ù�½y�ÿº»¶p¯�Ft¾×µ\´ºÈ®6¶H´«²¥¶V�÷´¬¯®�¶Q³¥¶¸·4´Ð
À×Û�æ#¶H·Ë¶¸´¾±ÆF¬Ë´«¾±Æ)®Ëº×Â�·½¶H²|ùø¬½©�®�©�á8¶!¼¥²¥³F¶H´«²¥¶H² 0 º»¶H·½º¥ª´«¾±¿JÄ¥º»¶H·*³¥´«¶kÅ*·½©È³�¼¥¿�®�´©�²¥¬ËÐF¶H¾±Æ×Â.²¥´¬�Û
ÐF¶H²�ÙÈæN¶¸³¥´²¥µ�¼¥²¥µaÃOÄ�·N³¥´«¶ÿÌX¶¸¬Ë¬½º×Â�·Ë¿.¶H´'®%¶H´«²¥¶H¬#·�Â�³¥´«©�Â�¿�®�´'À\¶¸²|ùø¬Ë©.®�©\á¥¬N´¬½®NÂ�ª«ª¶H·½³¥´²�µ\¬4¶H´«²¥¶
Â�¼�¬Ë·Ë¶¸´¾±Æ¥¶¸²¥³�ªÏÂ�²�µ\¶C=�Â�ªº�Ö#¶H·½®Ë¬ËÍ¸¶H´«® û ¬Ë©�³¥Â�¬Ë¬³¥´«¶H¬½¶H¬³¥¶¸²�Å4·½©È³¥¼�¿)®Ë´©\²�¬Ë©\·¯®´Ð¢´²�²¥¶H·½¶H²
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º»¶¸À�©\· ¶H¬ÍH¶¸·½Ã °�ª«ª«®HÙ6ÓÿÂ�¶H´«²¥¶2ªÏÂ.²¥µ\¶�=�Â�ªº�Ö#¶H·½®Ë¬ËÍ¸¶H´«®]t½¶¸³¥©È¾±Æ�Í¸¼�¶¸´²¥¶¸Ð ²¥´«¶H³¥·½´µ\¶¸²,¶HÐF´«®½Û
®Ë´¶H·¯®�¶¸²2Á ª¼�¬Ë¬#ÃOÄ�Æ¥·½® û ÐD¼�¬Ë¬Q³×Â.¬Nùø¬Ë©.®�©\á2´«²|µ\·½©��\¶H²2ÌX¶H²¥µ�¶H²2¶H·½ÍH¶¸¼¥µ�®QÖ#¶H·½³¥¶H²�Ù�¹uÐ Î4²¥³¥¶
³¥¶¸·%Î4²�®øÖ!´¾±¿)ª¼¥²�µF¬¯®�¶¸Æ)®!¶¸´²¥¶]âÈ¼¥á»¶H·Ë²�© À.ÂÕÛøÎ�H�á�ª©\¬½´©\² û ´²|³¥¶H·Q²�¶H¼¥µ\¶¸º¥´ª«³¥¶¸®Ë¶ÿ·�Â.³¥´©�Â.¿)®Ë´«À�¶
ùø¬½©�®�©\á»¶=´²�³×Â�¬!´«²)®Ë¶H·½¬½®�¶¸ªªÂ�·Ë¶=Ìê¶H³¥´«¼¥Ð Â�¼¥¬½µ\¶¸Ö#©\·¯ÃO¶H²XÖ#¶H·½³¥¶H²úÙ

± ��§��´£I�(µËÊ{�W� 	9â�Ô]��´«²¥²¥¶H·½Æ×Â�ª«º]¼¥²¥¬Ë¶¸·Ë¶¸·6Ñ=Â�ªÏÂQH�´«¬�¶�HÈá¥ª«©È³�´¶H·½¶H²�´Ð�ÌX´«®½®�¶Hª�²s¼�·Z¶ß®øÖQÂ�Â�ª'Û
ª«¶ ü\é ß\Â�Æ¥·Ë¶.Ù�ÓuÂ�Æ¥¶H· ´¬½®L³¥´«¶,��Â�Æ¥·Ë¬½¾±Æ¥¶H´«²¥ª´«¾±Æ¥¿�¶¸´«®Lµ\¶H·½´²¥µ û ÖN°�Æ¥·½¶H²¥³ ³¥¶¸·3�÷¶Hº»¶H²�¬ËÍH¶¸´«®4¶¸´²¥¶¸¬
ùø²¥¬¯®�·½¼¥Ð[¶¸²�®�¬*¶H´«²¥¶!âÈ¼¥á»¶H·½²¥© À.ÂÕÛ�Î�HÈá¥ª©�¬Ë´©�²´²¥²¥¶¸·ËÆ×Â.ªº³¥¶¸·�Ñ�Â�ªÂIHÈ´¬LÍH¼ ¬Ë¶¸Æ¥¶H²�Ù�¹�ªª«¶H·Ë³�´²¥µ\¬
Ö#¶H·½³¥¶H²º»¶H´ÈâÈ¼¥á»¶H·½²¥© À.ÂÕÛ�Î�HÈá¥ª©�¬Ë´©�²¥¶H²a³¥¼¥·Ë¾±ÆDÞ=¶¸·Ë²¥·½¶ Â�¿�®Ë´©\²¥¶¸²aÀs´¶¸ª¶*´²�¬½®±Â.º¥´ª«¶*Þ=¶¸·Ë²¥¶�¶H·�Û
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Í¸¶H¼¥µ�® û ³¥´¶]¬½´¾±ÆêÐ[´'®%³¥¶H·!·½¶H¬½®Ëª´«¾±Æ¥¶H²ÒÌÒÂ.®Ë¶H·Ë´«¶=´²�³¥¶H²ê´²�®Ë¶H·Ë¬¯®�¶¸ªªÏÂ.·Ë¶H²O�kÂ�¼¥Ð Â.¼¥¬Ëº¥·½¶H´'®�¶H²úÙ
¨*©\² ³¥¶¸²�t½Ä�²¥µ\¶H·½¶H²[âÈ¼¥á»¶H·½²¥© À.Â�¶!¿�©\²¥²�®Ë¶H²F³¥´¶V�÷´²�´¶H²¶¸´²¥´«µ\¶H·LªÏÂ�²�µ\ª¶¸º¥´µ\¶¸· ùø¬½©�®�©\á»¶:	 Í.Ùåæ�Ù
Ì�Ì É%´6º»¶H´Nà û à ý�P�ÌX¶þ¨ ÐF´«®u¶H´²�¶H·�=�Â�ªº�Ö#¶H·½®Ë¬ËÍ¸¶H´«®]À�©\²�»�Í�¶1ß\Â�Æ¥·Ë¶¸²A�u¶H²�®Ë³¥¶H¾±¿�®�ÖN¶¸·Ë³¥¶¸² û
º»¶H´«¬Ëá¥´«¶Hª¬¯ÖN¶¸´¬½¶�À\©\²�â�Ô�àG¯�F%PX¹ ´«²,³¥¶H·FÑ]·Ë©+�\¶H²�ÌÒÂ.µ\¶Hª«ªÏÂ�²¥¬½¾±Æ¥¶H²��©\ª«¿�¶ û À\©\² �QÂ�¬½¬Ë´©ÕÛ
á»¶H´ÂJ¹5	 ³�´¶ÿ¶ß®øÖQÂD´«Ðhß\Â�Æ�·Ë¶DàGm\ý é ¬½®�Â.®Ë®½Ã Â�²¥³A��¼¥²¥³�À\©�²ê¶¸´²¥¶¸Ðë²�¶H¼¥¶¸²)®Ë³¥¶H¾±¿�®Ë¶H²�âÈÔ_��´«²
³¥¶¸·�¨*¶¸ªÏÂ1�!¶Hµ\´«©\² û ��Î ß é F�ý ä Ûþç%m ä\ä ½ ¶ Â+¯�FÏ¾9Ù�¨*©\²�³�¶H² °.ª«®�¶¸·Ë¶¸² âÈ¼�á8¶¸·Ë²¥© À.ÂÕÛ 0 º8¶¸·Ë·½¶H¬½®Ë¶H²
¬½´¶HÆ�®]Ð[Â�²�´«ÐÐÀ×Ûkæ#¶H·Ë¶¸´¾±Æ�Æ×Â.¼¥á�®�¬Ë°�¾±Æ¥ª«´¾±Æ�³¥´«¶Å4¼¥ª¬ËÂ�·Ë¶ û Ö#¶Hª¾±Æ�¶¬Ë´¾±Æ�²×Â.¾±Æ ³�¶H·]Î�HÈá¥ª©ÕÛ
¬½´©\²�µ�¶Hº¥´«ª³¥¶ß®NÆ×Â.º8¶¸²�Ù¥Óu´«¶uº»¶H´úâÈ¼¥á»¶H·½²¥© À�Â.¶]Â�º¥µ\¶¸¬½®Ë©��\¶H²�¶H²Xâs®�¶¸·Ë²¥Æ)Ä¥ª«ª¶¸²�¼¥²¥³�³�´¶u³�¼¥·Ë¾±Æ
³¥´«¶�Î�HÈá¥ª©�¬Ë´©�²�Æ¥¶¸·½À\©�·Ëµ\¶¸·Ë¼�ÃO¶¸²¥¶H²
âÈ¾±Æ¥©s¾±¿�ÖN¶¸ªª¶¸²}¬Ëá¥´«¶Hª«¶H²�ÛD²×Â�¾±Æ}Æ¥¶¸¼�®�´«µ\¶HÐ �z´¬½¬Ë¶¸²�Û
¶¸´²¥¶�¶H²�®Ë¬Ë¾±Æ¥¶¸´³¥¶¸²¥³¥¶)�!©\ªª«¶2º8¶¸´%³¥¶H·[æN´«ª³¥¼¥²�µCt½¼�²¥µ\¶H·[âs®Ë¶H·½²¥¶�Ù�æN¶¸©\º×Â�¾±Æ�®�¶ß®�Ð[Â�²�²×Â�¾±Æ
³¥¶¸·JÎ�HÈá¥ª«©\¬Ë´«©\²�³�´¶¶HÐF´«®½®�´«¶H·½®Ë¶H²�À×Û@�÷´²�´¶H²�³¥¶¸·=ÍH¶H·¯Ã Â�ªª«¶H²¥³�¶H² ùø¬Ë©�®Ë©\á8¶ û ¿.Â.²¥²�Ð[Â�² ³×Â�·�Û
Â�¼�¬%Â�¼�Ãñ³¥´«¶]=�°�¼W6×µ\¿.¶H´'®�¶H²2³�¶H·Q´«²|³¥¶¸·%Ô�¼¥¿)ª«¶H©\¬¯ÇÈ²�®ËÆ¥¶H¬½¶�¶¸·ËÍ¸¶H¼¥µ�®Ë¶H²êÎ4ª¶¸Ð[¶¸²)®Ë¶u¬½© Ö!´«¶ÿ³¥´«¶
¨*¶¸·½®�¶¸´ª«¼¥²¥µXÀ�©\²�ÌÒÂ.®Ë¶H·½´¶F³¥¼¥·Ë¾±Æ�âs¼¥á8¶¸·Ë²¥© À.Â�¶�¬½¾±Æ¥ª´«¶��\¶¸²�ÙLÁ Ä¥·J¬½©\ª¾±Æ�¶2æN¶H©�º×Â�¾±Æ�®�¼¥²�µ\¶H²
¶¸´µ\²¥¶ß®k¬Ë´¾±Æê´²�¬Ëº»¶H¬Ë©�²¥³¥¶H·½¶a³�´¶ à û F é ¯FÌX¶þ¨ �ñ´«²¥´¶ÿÀ�©\²�´�ÑbÒ!Ó û ³×ÂF³�´¶H¬½¶H¬kÎ4ª¶¸Ð[¶¸²)®kÆ×°.¼W6×µ
´«²âÈ¼¥á»¶H·½²¥© À.Â�¶N¶¸·ËÍH¶¸¼¥µ�®LÖ!´·Ë³�½ìÁLÉV¯%Pt¾9Ù�Óu´«¶#=�Â�ªº�Ö#¶H·¯®�¬ËÍ¸¶H´'®6´¬¯® ÐF´«®ñ¶ß®øÖQÂÔµy¶�Ñ�ß\Â�Æ�·Ë¶H²aÀ\¶H·�Û
µ\ª«¶H´«¾±Æ¥¬½Ö#¶H´«¬Ë¶]ªÏÂ.²¥µ û ¬Ë© ³×Â�¬½¬!Â�¼¥¾±Æ 0 º»¶H·½·Ë¶H¬¯®�¶�°�ª'®�¶H·½¶H·QâÈ¼¥á»¶H·¯ÛøÔ�© À.Â�¶]¼¥²�®�¶¸·Ë¬½¼¥¾±Æ�®�Ö#¶H·½³¥¶H²
¿.ã\²¥²¥¶¸² û ³¥¶H·½¶H²�ÌXÂ.®�¶¸·Ë´¶]¬½´¾±Æêº8¶¸·Ë¶¸´«®�¬QÖ#¶H´'®�¶¸·!À�¶H·¯®�¶H´«ª«®!Æ×ÂÕ® Ù

·��´£Z�A��²¾�{³9¬   �yÃI¢��K©  lÕ ����� Å8  �s¬p�<£Q�A£I�R��© Ö!´·½³,Æ×Â�¼¥á�®Ë¬�°�¾±Æ�ª´¾±Æ À�©\²�³¥¶H·¿.©\¬ËÐF´'Û
¬½¾±Æ¥¶H²Xâs®Ë·�Â�Æ¥ª«¼¥²¥µa¶H·ËÍ¸¶H¼¥µ.® û ³�´¶ÿÂ.¼¥¬QÎ4ª¶¸¿�®�·Ë©�²¥¶H² û Å4·Ë©�®Ë©\²¥¶H²|¼¥²¥³2¬Ë¾±Æ�Ö#¶H·½¶H·Ë¶¸²X¹Q®Ë©\ÐF¿�¶H·�Û
²¥¶¸²�º8¶¸¬½®�¶¸Æ�® Ù×Óu´«¶]Î4²¥¶H·½µ\´¶ßÀ\¶¸·½®�¶¸´ª«¼¥²¥µ³¥¶¸·NÀ\©\²�³¥¶¸·!Î4·Ë³¥¶]Â.¼¥¬%º8¶¸©\º×Â�¾±Æ�®Ëº×Â�·Ë¶¸²�ÉL¶¸´ª¾±Æ�¶H²
³¥¶¸·6¿�©�¬ËÐF´¬Ë¾±Æ�¶H²[âs®�·ËÂ�Æ¥ª«¼¥²¥µ�ÃO©�ªµ�®L¶H´«²¥¶HÐ ÅL©.®�¶H²�ÍHµ\¶¸¬Ë¶¸®ËÍÂÖØ×aÙ"ÚY»ÛÙÜ·ÇÝ%ÐF´«®LÎ�H�á»©\²¥¶¸²�®�¶H²
À�©\² ¶¸®øÖNÂÿÛ ä Ù»m û Ö#¶Hª«¾±Æ¥¶H¬*²×Â.¾±ÆF¼�²)®Ë¶H² º»¶H´úà é ´½Û±à é ¹*ÌX¶þ¨xÂ�º�º¥·Ë´«¾±Æ)® û ³×Âÿµ�¶HªÏÂ.³¥¶H²¥¶NÉL¶¸´ª¾±Æ�¶H²
µ\¶¸·Ë´«²¥µ\¶H·½¶H·!Î4²¥¶¸·Ëµ\´«¶�³�¼¥·Ë¾±Æê³¥¶H²�âÈ©\²¥²�¶H²�Ö!´²¥³XÂ�º¥µ�¶Hª¶¸²¥¿�®!ÖN¶¸·Ë³¥¶¸²Ø½ �ñ©�²�¯ ä ¾9Ù

Óu´«¶ÿÆ¥©s¾±Æ¥¶H²¥¶¸·Ëµ\¶ß®�´«¬Ë¾±Æ¥¶¸²ÒÎ4ª¶¸¿�®�·Ë©�²¥¶H²�¶H·½ÍH¶¸¼¥µ\¶H²êæN·½¶HÐF¬Ë¬¯®�·�Â.Æ¥ª¼¥²�µ û Ö#¶H²�²X¬½´¶uÐF´«®N´²ÈÛ
®Ë¶H·Ë¬¯®�¶¸ªªÏÂ.·Ë¶H·aÌÒÂÕ®�¶H·½´¶ ÍH¼�¬�Â�ÐFÐ[¶¸²�®�·Ë¶�áú¶¸² û ÖN©\º»¶H´*³¥´«¶FÎ*²�¶H·Ëµ�´¶F³¥¶H·�¶HÐF´«®½®�´¶¸·½®Ë¶H² Å4Æ¥©�®�©ÕÛ
²¥¶¸²�¶¸®øÖNÂD³¥´«¶�=�°�ª«ÃØ®Ë¶�³�¶H·QÎ4²¥¶¸·Ëµ\´«¶�³�¶H¬Nµ�¶HªÏÂ.³¥¶H²¥¶¸²�ÉZ¶H´ª«¾±Æ¥¶H²�¬Nº»¶¸®�·Ë°�µ�®HÙ)ÓÿÂ�Æ¥¶¸·N¿ÕÂ�²¥²2Â.¼¥¬
æN¶¸©\º×Â�¾±Æ�®Ë¼¥²¥µ\¶¸²ÒÀ\©\²�À×Û¯âs®Ë·�Â�Æ¥ª«¼¥²¥µ ÐF´«®kÌX¶þ¨ Î4²¥¶H·½µ\´¶¸²ÒÂ.¼�Ã6³¥´«¶]¨*¶H·½®Ë¶H´«ª¼¥²¥µÀ�©\²�Î4ª¶¸¿\Û
®Ë·Ë©\²¥¶¸²�´ÐèæN¶H·½¶H´¾±ÆêÀ\©\²�à¸Û ä�é ÌX¶þ¨ µ\¶H¬½¾±Æ¥ª©\¬½¬Ë¶¸²ÒÖN¶¸·Ë³¥¶¸² û Ö#¶Hª«¾±Æ¥¶D³×Â.¬�´«²¥²¥¶H·½¶Dâs©\²¥²¥¶¸²ÈÛ
¬¯ÇÈ¬¯®�¶¸Ð¢Â�¼�ÃOµ\·½¼¥²¥³�³¥¶¸¬Jâs©\²¥²¥¶¸²)Ö!´«²¥³¥¬=²¥´«¾±Æ)®=¶¸·Ë·½¶H´¾±Æ�¶H²�Ù÷Ó�¼¥·Ë¾±Æ ³¥´¶JÆ¥©È¾±Æ�¶H²¥¶¸·Ëµ\¶ß®�´¬½¾±Æ¥¶H²
Î4ª¶¸¿�®�·Ë©�²¥¶H²�Ö#¶H·½³¥¶H²xÂ�¼{��¶H·Ë³�¶HÐ ²¥´¶¸³¥¶H·½¶H²¥¶¸·Ëµ\¶ß®�´¬½¾±Æ¥¶�Å4Æ¥©�®Ë©\²¥¶¸²zÂ�¼¥¬�³¥¶¸·|¿.©\¬ËÐF´¬½¾±Æ¥¶H²
=k´²�®�¶¸·Ëµ\·½¼¥²¥³¥¬¯®�·�Â.Æ¥ª¼¥²�µ|¼¥²¥³Ò³¥¶HÐ��÷´¾±Æ�®ÿ³�¶H·]â)®�¶H·½²¥¶JÄ�º8¶¸·u´²�À�¶H·Ë¬½¶[�N©\ÐFá�®Ë©\²¥¬½®Ëã��\¶JÂ�¼�Ã
Î4²¥¶¸·Ëµ\´«¶H²�´«ÐÞÀ×Û�æN¶¸·Ë¶H´«¾±Æ|µ\¶¸º¥·�Â.¾±Æ)®HÙ¥Å4·Ë©.®�©\²¥¶¸²|¿.ã\²¥²¥¶¸²2º8¶¸´���¶H¾±Æ¥¬½¶Hª'Ö!´·Ë¿)¼¥²�µ\¶H²�ÐF´«®#Â�²sÛ
³¥¶¸·Ë¶¸²XÉZ¶H´«ª¾±Æ¥¶¸²XÂ.¼¥¾±Æ�ßMà½Û¯ÌX¶¸¬Ë©\²�¶H²ê¶H·ËÍ¸¶H¼¥µ�¶H² û Ö#¶Hª«¾±Æ¥¶=³×Â�²¥²ê¼¥²�®�¶¸·%¹u¼¥¬½¬Ë¶H²�³¥¼¥²¥µFÀ\©\² ä
À×Û^lÿ¼×Â.²)®Ë¶H²�À\©\²Bm%P û ý�ÌX¶þ¨ ÍH¶¸·½Ã Â�ª«ª¶H²úÙ÷ÓÿÂ�¬=¶HÐF´«®½®�´«¶H·½®Ë¶ âÈá»¶H¿�®�·½¼¥Ð Ö!´«·Ë³ ³¥¼¥·Ë¾±Æ�Óu©\á�áÈÛ
ª«¶H·Ë¶�áú¶¸¿�®[À�¶H·Ëº�·Ë¶H´'®�¶¸·½® û ¬½©�³×Â�¬½¬|Ð[Â�²�Â�¼¥¬[æN¶H©�º×Â�¾±Æ�®�¼¥²�µ\¶H²}³¥´«¶H¬½¶H·[Þ�©\ÐFá8©�²¥¶H²�®�¶¸²�³�¶H¬
âÈá»¶H¿�®Ë·Ë¼¥ÐF¬DÂ�¼ÈÃU4ú¼¥¬�Â.Ð[ÐF¶H²¥¬½¶¸®ËÍH¼¥²¥µX¼¥²¥³,Ó�´¾±Æ�®�¶[³¥¶H¬a´²�®�¶¸·Ë¬½®Ë¶Hª«ªÏÂ�·½¶H²�ÌX¶H³¥´«¼¥ÐF¬a¬½© Ö!´«¶
Â�¼ÈÃ ³¥´«¶�Î*´«µ\¶H²�¬Ë¾±Æ×Â.ÃØ®Ë¶H²ê³¥¶H·!¿.©\¬ËÐF´¬½¾±Æ¥¶H²�âs®�·ËÂ�Æ¥ª¼�²¥µ¬Ë¾±Æ¥ª«´¶�\¶H²ê¿ÕÂ�²¥²�Ù

Óu¼¥·½¾±Æ�³¥´¶[µ\¶H·½´²¥µ\¶Ë�z´²�¿�¶HªÂ�¼WD×ã�¬Ë¼¥²¥µ�³�¶H·Jùø²�¬½®�·½¼¥ÐF¶H²�®�¶|Ö!´«·Ë³ ¶¸´²¥¶�âÈ¾±Æ�Ö!´¶¸·Ë´µ�¿�¶H´'®
²¥©s¾±Æ2À\¶¸·Ë¬Ë¾±Æ¥°�·½ÃØ®HÚ^Î*¾±Æ�®!³¥´ áú¼�¬Ë¶]Î4ÐF´¬Ë¬½´©\²|¿.Â.²¥²2Ð[´'®Q¶¸´²¥¶¸·Nµ\·½©��\¶H²2¹�²¥Í Â.Æ¥ªúÀ\©�²XÅ4¼¥²�¿)®¯Û
z)¼¥¶¸ªª¶¸² À\¶¸·½Ö#¶H¾±Æ¥¬½¶Hª«® Ö#¶H·½³¥¶H² û Ö#¶Hª«¾±Æ¥¶2³¥¼¥·½¾±Æ�³¥´¶[º8¶¸¬Ë¾±Æ¥·Ë°�²¥¿�®�¶��z´²�¿�¶HªÂ�¼WD×ã�¬Ë¼¥²¥µ�³�¶H¬
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ùø²¥¬¯®�·½¼¥Ð[¶¸²�®�¬Ò´«²¥¶H´«²×Â�²¥³�¶H·2Ä¥º»¶H·½µ\¶HÆ¥¶¸²�ÙV� Â�¬êÂ�¿�®Ë¼¥¶Hª«ª�³�¶HÐ =�´«²�®�¶H·½µ\·Ë¼�²¥³�Í¸¼¥µ\¶¸·Ë¶H¾±Æ�²¥¶¸®
Ö!´«·Ë³ û ¿�ã\²¥²�®Ë¶ ®�Â.®�¬Ë°�¾±Æ¥ª´«¾±Æ�Û ÍH¼�Ð[´«²¥³¥¶H¬¯®2®�¶¸´ª«Ö#¶H´«¬Ë¶XÛ[Â.¼¥¬2¼¥²×Â�¼ÈÃOµ\¶Hª«ã\¬½®Ë¶H²z¿�©\ÐFá×Â�¿�®Ë¶H²
lÿ¼¥¶¸ªª¶¸²�º8¶¸¬½®�¶¸Æ¥¶H²¯½ ��¶H´'¯�Ft¾9Ù

�Dá ¬G£Q�{�A��²v�W³9¬   �yÃ¸¢(�ãâE�(�<²a²¾�<� À×Û�Î4ÐF´¬½¬Ë´©�² û À�©\²Yl]¼�¶Hªª«¶H² û ÖN¶¸ª¾±Æ¥¶ ¬Ë´«¾±ÆxÂ�¼{�\¶¸·ËÆ×Â�ª«º
¼¥²�¬Ë¶H·½¶H·JÑ�Â.ªÏÂIHÈ´¬�º8¶�6×²¥³¥¶¸² û ¬Ë¶ß®�Í¸®�¬½´¾±Æ�Â�¼¥¬=¿�©\ÐFá×Â�¿�®Ë¶H²Zl]¼�¶Hªª«¶H²�¼¥²�³�¶¸´²¥¶¸Ð ³¥´|á8¼¥¬½¶H²
¹�²)®Ë¶H´«ª û Ö#¶Hª«¾±Æ¥¶H·*¶ßÀ\¶H²�®Ë¼¥¶Hª«ª×¶Hº»¶H²�Ã Â�ª«ª¬4Â.¼¥¬4¶H´«²¥¶H·4µ\·½©��\¶¸²¹u²¥ÍHÂ�Æ¥ª×²¥´«¾±Æ)®�Â.¼�ÃOµ\¶Hª«ã\¬½®Ë¶H·6¿.©\ÐÛ
á×Â.¿)®Ë¶H·��ÿº<t½¶H¿�®Ë¶aº»¶H¬¯®�¶HÆ�®HÙ

æN¶¸´6³¥¶H²�¿.©\ÐFá×Â�¿�®�¶¸² ¶�Hs®�·�Â.µ�Â�ªÏÂ.¿)®Ë´¬½¾±Æ¥¶H² lÿ¼¥¶¸ªª¶¸²�Æ×Â�²�³¥¶Hª'®]¶H¬ÿ¬½´¾±Æ�´²Ò¶H·Ë¬¯®�¶¸·��ñ´«²¥´¶
¼¥Ð Ñ=Â�ªÂIHÈ´¶H² û ³¥´¶!²¥´«¾±Æ�®�Ö#¶H´'®�¶¸·NÂ�¼ÈÃOµ\¶Hª«ã\¬½®*Ö#¶H·Ë³�¶H²�¿.ã\²¥²¥¶¸²�Ù�ÓuÂa¬Ë´«¶%ÖN¶¸´«®#¶H²�®ËÃO¶¸·Ë²�®N¬½´²¥³ û
¿.ã\²¥²¥¶¸²X²)¼¥·%¬½¶HÆ¥·!¬½®�Â�·Ë¿.¶:lÿ¼¥¶Hª«ª¶H²2ÐF´«®N³¥¶H²êÂ�¿�®Ë¼¥¶Hª«ª¶H²2ùø²�¬½®�·½¼¥ÐF¶H²�®�¶¸²Xµ\¶¸¬Ë¶¸Æ¥¶H²�ÖN¶¸·Ë³¥¶¸²�Ù
Ñ=Â�ªÏÂQH�´«¶H² û Ö#¶Hª«¾±Æ¥¶�À×Û¯â)®�·�Â.Æ¥ª¼¥²�µÒ¶HÐF´«®½®�´«¶H·Ë¶¸² û ¶H²�®ËÆ×Â�ª«®Ë¶H² ¬½©\µ\¶¸²×Â�²¥²�®�¶2¹�¿�®�´«À�¶2Ñ=Â�ªÏÂ.¿)®Ë´'Û
¬½¾±Æ¥¶QÞ]¶H·½²¥¶�	 ¹kÑ=Ô]�bÙÕâÈ´¶*¿�ã�²¥²¥¶H²�ÖN¶¸´«®Ë¶H·Z´²�Ê�²�®�¶¸·Ë¿ÕÂ.®Ë¶Hµ\©\·½´¶¸²a¶¸´²¥µ\¶ß®�¶¸´ª«®úÖN¶¸·Ë³¥¶¸² û Ö#¶Hª«¾±Æ¥¶
¬½´¾±Æ ³¥¼¥·½¾±ÆF³¥Â�¬4¶HÐF´«®½®�´¶¸·½®Ë¶QâÈá»¶H¿�®Ë·Ë¼¥Ð ¼�²)®Ë¶H·½¬Ë¾±Æ¥¶¸´³¥¶¸²�Ù)Óu´¶%¬½©\µ\¶¸²×Â�²¥²�®�¶¸²FæNªÏÂ�¬ËÂ�·Ë¶N¶HÐF´«®½Û
®Ë´¶H·½¶H²DÆ�©È¾±Æ¥¶¸²¥¶H·½µ\¶¸®Ë´¬½¾±Æ¥¶!²¥´¾±Æ�®½ÛA®�Æ¥¶¸·ËÐF´¬½¾±Æ¥¶!âs®Ë·�Â�Æ¥ª«¼¥²¥µ�º¥´¬6Í¸¼ Î4²¥¶H·½µ\´¶¸²JÀ\©\² ÉZ¶þ¨Ï	 Í.Ùåæ�Ù
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Energie des einfallenden Photons [MeV]
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Effektive Fläche verschiedener Ereignistypen

Comptonstoß in D1 ohne Spur

Comptonstoß in D1 mit Spur

Mehrfacher Comptonstoß in D1

Elektron-Positron Paarerzeugung
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Photoeffekt

Rayleigh-Streuung

Compton-Streuung 

Paarerzeugung

Alle Wechselwirkungen
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Photonen in Silizium Photonen in CsI
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¹�À`¾P¹�Á�ã,Ð§¹�À`·2ÕLÀ`¹�ÉÂ·�¿�¹�ÀÂ·2¹Võoö ��÷£ø ¸PÀ`Ö�Ã=¹�¾£ãPÓ"À`ÉÂÀ`Ø�ÀÂ¶Pºw·2Ö�ÈPÀÂÖ�È�×�æLçV½�¸PÀÂ¹@Ý~¹�¾1½=¶PÀ`ÒoÃ=¹�Àë×�¸P¹�Á�ù4Ùo·2À¬â
×2À`Ùo¾P·�º]¹�·2·�¶P¾PÒ}ÀÂ¾P¾P¹�Á�È1½�ÉÂÐú¹�ÀÂ¾P¹�Á�çV¹�×{¹�Ãm×2ÙoÁ2É`½�Òo¹V¸L¶PÁ2Ö�Èû¸PÀÂ¹@Ó�×{Á2¹�ÀÂÇr¹�¾,ÐLÁ2¹�Àë×{¹�ü æ ý õªÒo¹�Ò�¹�Ð�¹�¾
ÀÂ·�×Mþrê�¹�Á2Ò�É`¹�ÀÂÖ�ÈP¹òåª½�ÕLÀÂ×{¹�É«ÿLæ � æÂì���ã0¶P¾P¸ ¸PÀ`¹MÅÆ¹�·2·2¶L¾PÒo¹�¾ ÀÂ¾ ¸L¹�¾íÐ�¹�ÀÂ¸P¹�¾ñ¹�Á�·�×{¹�¾��#½�Òo¹�¾
·�×�½=×2À`·�×2À`·�Ö�ÈÆ¶P¾P½�ÐPÈ è ¾LÒoÀ`ÒX·�¹�À`¾�·2Ù�É`ÉÂ×2¹�¾£ã"¹�Á�ÒoÀ`ÐL×«·�À`Ö�È�¸PÀ`¹ è=é ¶LÀÂê=½�É`¹�¾m×{¹ªù0ÀëÜ"¹�ÉÂÒoÁ à�� ¹@¸�Ø�¶£Úæ õ��� 	�
ý � �������� à���� þ��,æ���î��
çVÀÂ¹�·�¹�Á��B¹�Á2ÒoÉÂ¹�À`Ö�È�¸P¹�ÁXÓ,×{Á�¹�ÀÂÇr¹�¾�ÐPÁ2¹�ÀÂ×{¹]º]Àë×Ñ¸P¹�ÁXå~ÉÂ¹�À`¾m¿«ÀÂ¾PÃ�¹�É`·�×2Á2¹�¶P¶P¾PÒòÒ�¹�Èm×}êoÙ�¾Ä¹�ÀÂ¾P¹�Á
¶PÁ�·2ÕPÁ�ÞP¾PÒoÉÂÀ`Ö�ÈP¹�¾���¹�¿�¹�Ò�¶P¾PÒo·�Á2À`Ö�Èm×2¶P¾PÒJ¸P¹�· Û ÉÂ¹�Ãm×{Á�Ùo¾P·]·2¹�¾LÃ,Á�¹�Ö�Èm×�Ø�¶ ¸P¹�¾��#½�Òo¹�¾ ¸P¹�·
çV¹�×{¹�Ã�×2ÙoÁ2·]½�¶P·�æBç@½ Ð§¹�À�Òo¹�¾P¹�À`Ò�×2¹�¾ Ó"ÕP¶LÁ2¹�¾ ·2Ù�¿�ÙoÈPÉ«ÊYË �rÌTÍ Ø�¶L¾PÀ`ºwºá×�ãZ½�É`·}½�¶PÖ�ÈíÊ á�Ï Ë
½�ÐL¾PÀ`ºwºá×�ã=É`ÀÂ¹�Çr¹�Á�×0¸PÀÂ¹Ôå~¶PÁ�êo¹RÀ`¾YµVÐLÐPÀ`ÉÂ¸P¶P¾PÒ��"æëì � ¹�ÀÂ¾P¹�¶P¾m×{¹�Á2¹VÝªÁ�¹�¾PØ�¹RÇrÞPÁB¸PÀÂ¹�ÙoÕL×2À`º]½�É`¹
Ó,×2Á2¹�ÀÂÇr¹�¾�ÐPÁ�¹�Àë×{¹�æ

çVÀÂ¹áØ�¿�¹�Àë×{¹áä�¹�ÈPÉ`¹�Á é ¶P¹�É`É`¹ÑÊ á�Ï Ë�Ð§¹�ÀG¸L¹�Á� «À`Ö�Èm×2¶P¾PÒo·�Ð§¹�·�×{ÀÂº]ºá¶P¾PÒw¸P¹�Á"!�º]ÕP¶LÉ`·2¹ÑÉ`ÀÂ¹�Ò�×
Ð�¹�ÒoÁ�ÞP¾P¸P¹�×MÀÂ¾ô¸P¹�ÁMß@Á�×{·2½�¶ ²1à ·2¶P¾PÒñ¸P¹�ÁòÓ,×2Á2¹�ÀÂÇr¹�¾L¸P¹�×2¹�Ãm×{ÙoÁ�¹�¾£æ�óôÀÂ¹ ÀÂ¾ åÑ½=ÕPÀÂ×2¹�É~ÿLæ � æëì
Òo¹�Ø�¹�À`Ò�×B¿«À`Á�¸£ãmÐ�¹�×{Á è Ò�×B¸PÀÂ¹Ôß~Á�×{·2½�¶ ²1à ·�¶P¾PÒÑ¸P¹�Á�Ó,×2Á2¹�ÀëÇr¹�¾P¸L¹�×{¹�Ãm×{ÙoÁ�¹�¾ú¹�×�¿�½wì � î ÷ º þTì$#���ã
¿�½�·}Ð�¹�ÀO¹�ÀÂ¾P¹�º µÔÐP·�×{½�¾P¸Î¸P¹�Á�óð½=Çr¹�ÁªêoÙo¾ ì�îÆºwº Ø�¶Ä¹�À`¾P¹�ºïóôÀÂ¾PÃ�¹�ÉÂÇr¹�ÈPÉ`¹�ÁÑê�Ùo¾íìoãëì ¦
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Streifenbreite des Trackers von MEGA

äquivalente Streifenbreite

pl
an

e

0,50 mm Silizium

0,75 mm Silizium

0,25 mm Silizium
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maximale Reichweite

mittlere Reichweite

0,5 mm

0,25 mm

400 keV

fhgigFjAkmlZn-o�prqts
uwvyx{z}|�~����y��|�~���|1���<������|��F�����<�#|��K~%����~%�%~%��~������)�;�C�t���w�#��~��<��~%�w��|��9���#|��!��~�|�y����� �{��|�~����F�����¢¡w£¤¡'¡¦¥%�y�����X§¨������©��)�ª�h«¬zB��~:�®:¯�°ª���#±h~%�³²d|���|�~���� ´�~;�CµC§]|·¶��y����� �{��|�~3¸���F�����¹¡w£¤¡�µ�£wº»~�|c�ª��¼/~%�ª�)��|dz5|�~����F��|�~���|»z¾½^¿ÁÀ`~;�<�Z�)�;�»±-���������w|������w|��#|ÃÂt~%�w~�|}±/�)�!�w|Á�<��|��%����£wº»~�|�w|Á�<���:~����#|�����|NÂÄ~%�w~�|Z�<��|��%���i±�~�|Zz5|�~����y��|�~���|NzdÅ:Æ;Ç<Ç`±/�)��Èy´É|�~t��|������#|��Z�y�����Ê±w|��Ëº»~%ÌR�'�:~��<�É�:�+�/±w|��%����<�h«¬Í}�)Î`Á¡Ï¯��#�/���Ð±�~�|¾ÑÃÒ)�%Ó!��|5±w|��Q����|��#�����<�#|��X���<�:�y�)�#±w|��h~;�<��£
Ô`Õ×Ö)ØAÙXÚÛÖ)Ü�Ý#Þ#ßRÜ�ÝFàBáFØAÖCâcØAã�Ö)Ù#äÏå�Þ#æ�Ü
ç�Ö)Ù¨á#Ö)à`âcß?Ö�èwç�à·é�Ù#Ö�ÙFäÏê#ë#à·Ö�Ù¦ì)ëXÖ)Ùwç:í5ØAå�è/Ö)ßAÙRî�ØAäÁçÖ)äBÞFØAß?Ü�à·Ö�Ø?å�ÞRîFä·ØAÕ+ë#ß?ØAÖ)à·ç�Ö�ï�æ�ç�Ö)Ù]ð/é�ÙXâQß?Ö�èwç�à·é�Ù#Ö)ÙXØ?Õ×ñyØ?ßAØAì)ØAë#Õªç�à�æ�å�è/Ö�à»ì�ë]òóÖ�ç�à�æ�å�ÞÉçÏÖ�ÙRô

õRö�÷KøZùmúyû�ömü�ýþ÷ÿü�ýZü��-ý��������wû�ö	��
�������Ûù����iû���ü�ý�-ý ï`ØAÖ]ñyØ?Õ+ë#ß�æ�ç�ØAé/Ù�Õhé/Ù#éyÖ)Ù#Ö�à·ã�Ö��çÏØAäÏå�ÞFÖ�àªâQß?Ö�èwç�à·é�Ù#Ö)ÙÿÖ�ÙwçÏäÏê#à·ØAå�Þwç+á#Ö)à+ñ-Ø?ç�ë#æ�ç�Ø?é�ÙRîií5Ø?Öhä·ØAÖ òóÖ)Ø��{æ�æ/à·Ö�à·ì�Ö�ëFã�ë#Ù#ãTæ�ëFÜ
ç�à·Ø?çÏç�îídÖ�Ù#Ù Õ�é�Ù#é-Ö�ÙFÖ�àÏã/Ö)ç�Ø?äÏå�Þ#Ö��cÞ#é/çÏé�Ù#Ö�ÙÿØAÞ#à·Ö âcÙ#Ö)àÏã�Ø?Öhì)ë�ã�ßAÖ)ØAå�Þ#Ö)Ù��ZÖ�Ø?ßAÖ�Ùÿæ/ëFÜ5âcß?Ö�èwç�à·é�Ùë#ÙFá��^é�ä·Ø?ç�à·é�ÙÊæ/ëyÜ
ç�Ö�Ø?ßAÖ)Ù��/ï`ØAÖ��5ØAå�ÞwçÏë#Ù#ãÛá#Ö)àcâcßAÖ�èwçÏàÏé�Ù#Ö)ÙÊØAäÁçNØAÙ¹á#Ö�àQñ-ØAÕ+ë#ßAæ�ç�Ø?é�Ù9æ/ÙFÜmæ/ÙFã�ää·Ö�Ù#èÉàÏÖ)å�Þwç�ì�ëFà���ò�Ö�à! �"/å�Þ#Ö9á#Ö�ä#�Zà�æ/å�è�Ö�à·ä`ð�é/Ù%$¨â¾Ú'&\é�àÏØ?Ö�Ùwç�Ø?Ö�à·ç�î#á#Ö)à�ñÉç�æ/àÁç�ê#ë#ÙFèÉçBá#Ö)àâcßAÖ)èwç�àÏé/Ù#Ö�Ù�ß?ØAÖ)ã/ç�îRØ?Ù áFÖ�à(�}ØAÖ)Ü�Ö�ã�ß?Ö�ØAå�Þwð/Ö�à·çÏÖ�Ø?ß?ç�î�Ø?Ù#Ù#Ö)àÏÞÄæ/ß?ò áFÖ�à9é�òóÖ)àÏäÁç�Ö�Ù�ï�Ö)çÏÖ�èwç�é�à·ß�æ��ã�Ö)�+*:Ù�,·Ö)á#Ö�àÛï`Ö)ç�Ö)èwç�é�à·ß�æ/ã�Öªí5ë#àÏá#Ö¹Ö�ØAÙFÖÊï�Ö)çÏÖ�èwç�Ø?é�Ù#ä·äÏå�Þwí»Ö)ßAß?ÖÊá#Ö�ä9ñyØ?ã�ÙÄæ/ß?äBð/é�Ù.-0/ è�Ö21ð/Ö�à·ídÖ�ÙFá#Ö)ç�îÄë#Ù#á1á#Ø?Ö3&`Ù#ì�æ�Þ#ßiá#Ö)àÃï�Ö�ç�Ö)èÉçÏé�àÏßAæ/ã�Ö)Ù1Ö�à·ÕhØ3çÏç�Ö)ß?ç�îwòóÖ)Øóá#Ö)Ù#Ö�Ù¢áFØAÖBá#Ö�ê�é�Ù#Ø?Ö�à·çÏÖâcÙ#Ö)àÏã�Ø?ÖÛá#Ö�äBâcßAÖ)èÉçÏàÏé�ÙFä}á#ØAÖ)äÏÖªñyå�Þwí»Ö)ßAß?Ö9ÝFòóÖ)àÏä·çÏÖ�Ø?ã/ç��Äï�æ/ä5âcàÏã�Ö)ò#Ù#ØAä5á#Ö)àBñyØAÕ¹ë#ß�æ�çÏØAé�ÙhØAäÁçØ?Ù4&�ò#òFØAßAáFë#Ù#ã�-5�76�8¹á#æ/àÏã�Ö)ä·çÏÖ�ßAß3ç�ôyâcßAÖ�èwçÏàÏé�Ù#Ö)Ù¢ÕhØ3ç»Ö)ØAÙ#Ö)à}âcÙ#Ö�à·ã�ØAÖ`ð�é�Ù9/Fî;:<$XÖ21 ídÖ�à·á#Ö�ÙÕ�Ö�Ø?ä·ç+Ø?Ù�Ö�Ø?Ù�é-á#Ö�à+ì�í»Ö)Ø>=�æ/ã�Ö)Ù á#Ö�ä ï�Ö�ç�Ö)èÉçÏé�àÏäÊã/Ö�ä·çÏé�ê#êFç?�A@»Ö)Ø»ã�Ö)àÏØAÙFã�Ö�à·Ö�ÙIâcÙ#Ö�à·ã�ØAÖ)ÙídÖ�à·á#Ö�Ù¢ä·ØAÖBÝ#òóÖ)à·í5Ø?Ö�ã�Ö)Ù#á Ø?Ù á#Ö)àdÖ)àÏä·çÏÖ�ÙB=�æ/ã�ÖBæ/òFäÏé�à·ò#ØAÖ)à·çDC�ð�Ö)àÏã�ß?Ö�Ø?å�Þ#Ö�&`ò#ò#ØAß?á#ë#Ù#ãE-5� eGF �



H / V'IDJcS�a^JQPIDFELK¨J¾O#OMJQUBS�Y�NiSOJcS�J¾YQP�J¾OÐS�Y�O�a^UÊWRK¨JQY a{O

STSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTSTS

UTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTUTU

Anzahl der Hits in D1

1 2 3 4 5 6 7 8 9 10 11 12

H
äu

fig
ke

it 
[a

.u
.]

0

2000

4000

6000

8000

10000

Energie des Elektrons

1.0 MeV: <N> = 2.5

0.5 MeV: <N> = 1.4

2.0 MeV: <N> = 4.5

VV
VV
VV
VV
VV
VV
VV
VV
VV

WW
WW
XX
XX
YY
YY
ZZ
ZZ

[T[T[T[\T\T\]T]T]T]^T^T^_T_T_T_`T`T`aTaTabTbTb
cTcTcTcTcTcTcTcTcdTdTdTdTdTdTdTdTd
eTeTeTeTeTeTeTeTeTeTeTefTfTfTfTfTfTfTfTfTfTfTf
gTgTgTgTgTgTgTgTgTgTgTghThThThThThThThThThThTh

i�j+jMkml	noqpsr%t�uwv�xqy{z}|G~����G�R�G�O����|��G�!�	�M���0�����O|��O|��3�����O�M�����������G�O|B�0���>�)���������0������|����������G|5��|q�
�G�O|s ��¡�����<��|��0�O|��O�2�G�����¢�������O|�£T���O��������|��O|¥¤A�����G�O|¦��|G|��O���5���	§¨�G�O�©�)§��O�O�����O|¦�3�����O�������������G�
�ª���O�����M«?�O�����O������¬���|����O|G�)�������5���O�}������M����|���~ª�<�G�O|®�3�����O����������§G�O|��O|�¬q�G�!���	���������O 

¯�°�±¨²³	´5µª°	¶s·¹¸s¶º·�»4¼R½ª¾T¿�µ�¶�ÀsÁq³	Á�¾+µ�Âª¶s·�Á5·�·´{½�ÃÅÄ�¶s±�Æµ�¶º·¿�µ�Ç�ÀsÁq· È�ÉËÊ�Ì0ÍmÍ�Î�ÏmÐ�Î�Ñ
Ò¡Ó É®ÔMÕ Ó Ð�ÑÖÕ Ó�× Î�ÑDØ{Ù0Ð�Ú)ÕDÛ�Ï�Î<ÜAÐ�Î?ÝÖÚ�ÏmÎEÛ�Î?Ñ'ÜAÍ�Î?ÞGÕ�Ý Ó Ð�ÑDÐ{Ì)ß�Ø.àáÍ�Î?Ïmß�Ø�â�ÐMÚBã5ä7å<Ñ Ó�æ}Ó Ø�Íèç Ó Ð
Û�Î�Ý#ÜAÐ�Î?ÝÖÚ�ÏmÎ'Û�Î�Ñ>Î?Ï�ÐMé	Ì0ÍmÍ�Î?Ð�ÛMÎ?Ð�êAØ Ó Õ Ó Ð�Ñ#Ì0Í�Ñ>Ì0â�ß�Ø�ç Ó ÉìëqÕíÝíÎ?â æ Ï�Ð�Þ0Î�Íî�Ì0ï�ä{ÜAÑ æ â�ÝÖÛ�Î?Ð
ð Î?Ð�Ï7Õ�Ø{Ì0ÍºÌ0âMé�Û�Î?Ð�ñÝ�Ì0ß�Þ)Î?Ý¡ç Ó Ð9òóÜ�à'ôõÎ?Ï�ÐMé	Ì0Í�ÍmÎ?ÐMÛ�Î#É Ó Ð Ó Î�Ð�Î?ÝÖÚ�Î�ÕíÏmÑíß�ØMÎDêAØ Ó Õ Ó Ð�Î?Ð4ç Ó Ð
å�ö�ã¦â�Ð�Ûø÷�òLÎ2ùúÜAÐ�Î?ÝÖÚ�ÏmÎLÑíÏmÉEâ�ÍmÏ�Î?ÝÖÕ�â�Ð�Û¥û¦Î?ß�ØMÑíÎ?Í æ ÏmÝÖÞqâMÐ�Ú�Î?Ðýü�ïsÎ?Ý Ò¡Ó É�Ô5Õ Ó Ð�Ñ!Õ Ó�×
ÑÖÎ?ÍmÎ�ÞGÕ�ÏmÎ�ÝÖÕ?ä

È�Ð9ô�ï�ï�Ï�ÍmÛ�âMÐ�Ú®ã5ä7åªþ�ÿ	Í�ÏmÐ�Þ�Ñ��}ÏmÑ!Õ#Û�ÏmÎ��3Ù0â��{Ú�Þ)Î?Ï7Õ#Û{Ì0ÝíÚ0Î?ÑÖÕíÎ?Í�Í�Õ�öMÉ�Ï7Õ æ Î?Ímß�ØMÎ?Ý Û�ÏmÎ��#ü�ß�Þ��
Õ Ó�× Î?Í�Î?ÞGÕ�Ý Ó Ð�Î�Ð®Î�ÏmÐ�Î¡Ú�Î æ Ï�ÑíÑíÎ#ô3Ð ð Ì0ØMÍ
	�Î�ÕíÎ?ÞGÕ Ó ÝíÍ�Ì)Ú�Î?Ð�Î?ÝÖÝíÎ�Ïmß�Ø�Î�Ð�ä�ÜAÝíÎ?Ï�Ú�Ð�Ï�ÑíÑíÎ)ö0é�ü�Ý æ Î?Í�ß�Ø�Î
Û�Ï�ÎáÜAÐ�Î?ÝÖÚ�ÏmÎ'Û�Î�Ñ��#ü�ß�Þ�ÑÖÕ Ó�× Î�ÍmÎ?ÞGÕíÝ Ó Ð�Ñ#Ð�Ï�ß�ØGÕ�Ì)â�ÑíÝÖÎ?Ïmß�ØGÕ?ö{â�É Û�Î�Ð�	�Î�Õ�Î�Þ�Õ Ó Ý?ö{Ï�Ð æ Î�Ímß�Ø�Î�É
Û�Ï�Î�û¦Î?ß�Ø�ÑÖÎ?Í æ ÏmÝíÞ�â�ÐMÚ¹ÑÖÕ�Ì�ÕíÕíé	Ì)Ð�Û�ö ð â�ç0Î?ÝíÍmÌ0ÑíÑÖÎ?Ð�öèÑíÏmÐMÛ�ÏmÐ¦Û�Î?Ý�ÍmÏmÐMÞ0Î?Ð ë5Ô{Ì0Í7Õ�Î Ý Ó Õ4ÿ	â�Ð�Û
Ú�Î�ÑÖÕíÝíÏmß�ØMÎ?Í�Õ� É�Ì0ÝíÞ�Ï�Î?ÝÖÕ?äºô3ï�ï�Ï�ÍmÛ�â�ÐMÚBã5ä7åªþ�ÿ	Í�ÏmÐ�Þ�Ñ�� ð Î?ÏmÚ)ÕDÛ�Ï�Î���Ù)â��{Ú�Þ)Î?Ï�ÕDÛ�Î?ÝDô3Ð ð Ì)Ø�ÍAÌ0Ð��
Ú�Î�ÑíÔ�Ý Ó ß�ØMÎ?Ð�Î�Ý�	�Î�Õ�Î�Þ�Õ Ó ÝíÍmÌ0Ú�Î�ÐLü�ïsÎ?Ý Ì0Í�ÍmÎáë�Õ�ÝíÎ�â æ ÏmÐ�Þ)Î?Í�Ñíâ�É®É®ÏmÎ?Ý!Õ�ä

ô�ïMï�ÏmÍ�Û�â�Ð�Ú¦ã5ä7åªþ Ó�� Î?Ð�ï{Ì0Ý!Õ Î�ÏmÐ�Î�Ú�ÝÖâ�Ð�Û�Í�Î?Ú�Î�Ð�Û�ÎLÜAÏmÚ�Î�Ð�Ñíß�Ø{Ì�éwÕ®ç Ó Ð Ò¡Ó É�Ô5Õ Ó ÐGÕ�Î�ÍmÎ��
ÑÖÞ Ó ÔsÎ?Ð�ö æ Î?Ímß�ØMÎóÛ�Ï�Î9ë5Ô�â�Ý®Û�Î?Ý��#ü�ß�Þ�ÑÖÕ Ó0× Î?Í�Î?ÞGÕ�Ý Ó Ð�Î?Ð Ðqâ5Õ ð Î�Ð�����Ì0ß�Ø æ Î?Ï�Ñíï{Ì0ÝÖÎ ÿ����áå��
ë5ÔMâ�ÝíÎ�Ð�Õ�ÝÖÎ�ÕíÎ?Ð üMïºÎ�Ý æ ÏmÎ�Ú�Î?ÐMÛ ïsÎ?Ï�Ú�Ý Ó0× Î?Ð ëqÕ�ÝÖÎ?â æ ÏmÐMÞ0Î?Í�Ð�î.Ì0âMéOöGïsÎ?Ï�Û�Î?ÐMÎ?Ð4Ì)â�ÑíÝÖÎ?Ïmß�ØMÎ?Ð�Û
ÜAÐ�Î�ÝíÚ�Ï�Î'Ì0âMéÛ{Ì0Ñ�� ü�ß�Þ�Ñ!Õ Ó�× Î�ÍmÎ�Þ�ÕíÝ Ó ÐBü�ïsÎ?Ý!Õ�ÝíÌ0Ú�Î?Ð æ Ï�ÝíÛ�ä�	�Î�Ý�ù Î?ÝíÚ0ÍmÎ?Ï�ß�Ø4É®Ï�Õ}ô�ï�ï�Ï�ÍmÛ�âMÐ�Ú
ã5ä�� ð Î�ÏmÚ0Õ©Ì0â × Î�ÝíÛ�Î�ÉLö Û�Ì0ÑíÑ<é�ü�Ý©Ú0Ý Ó�× Î�ëqÕ�ÝÖÎ?â æ ÏmÐ�Þ)Î?Í î Û�Î�Ý�Ü Ï�Ð��{â�ÑÖÑ�Û�Î?Ñ®òLÎ�ÑíÑ!é�Î?Ø�Í�Î?ÝíÑ
Û�Î�Ý®Ü ÐMÎ?ÝíÚ0ÏmÎ?É®Î?ÑÖÑíâ�ÐMÚ¦Ï�É! áÌ0Í Ó ÝíÏ�É�Î�Õ�Î?Ý æ Î�ÑíÎ�Ð�ÕíÍmÏ�ß�Ø ÑÖÕ�Ù0ÝíÞ)Î?Ý�Ú�Î æ Ïmß�ØGÕ�Î�Õ æ Ï�ÝíÛ�ö Ì0ÍmÑ©ïsÎ?Ï
Þ�ÍmÎ�ÏmÐ�Î�Ð4ë�Õ�ÝíÎ�â æ ÏmÐ�Þ)Î?ÍmÐ+ä�	�Ï�Î Ü ÐMÎ?ÝíÚ0ÏmÎ�Ì)â��
"�ÑÖâ�Ð�ÚEÛMÎ?Ñ# (Ì)Í Ó ÝÖÏmÉ®Î�Õ�Î�ÝíÑAÉ<üMÑíÑÖÕíÎ�Ì)ÍmÑ Óáæ Î?ÑíÎ�ÐGÕ$�
Í�Ïmß�Ø¨ïºÎ�ÑíÑÖÎ?Ý(ÑíÎ?Ï�Ð�Ì)ÍmÑ'Û�Ï�Î©Û�Î?Ñ(ñRÝíÌ0ß�Þ0Î�ÝíÑ�öRÛ{Ì)É�Ï7Õ'Û�Î?ÝÖÎ?Ð�òLÎ?ÑÖÑÖé�Î?ØMÍmÎ?Ý(Ð�Ï�ß�Ø�Õ(Û Ó É�Ï�Ð�ÏmÎ�ÝíÎ?ÐMÛ
Û�Ï�Î(ûýÏ�Ð�Þ0Î�Í�Ì0â��
"�ÑíâMÐ�Ú4Û�Î�Ñ�È�Ð�Ñ!Õ�ÝíâMÉ�Î�Ð�ÕíÑ�ç�Î�ÝíÑÖß�Ø�ÍmÎ�ß�Ø�ÕíÎ?Ý!Õ�ä%	DÌ�Û�ÏmÎ�Ñ3ïsÎ?Ï�Éìê Ý Ó Õ Ó Õ'&5ÔLç Ó Ð
òóÜ�à'ô Ð Ó ß�Ø%Ð�Ï�ß�Ø�ÕDÛ�Î?Ý�ÊsÌ)ÍmÍ�ÏmÑ!Õ�ösÏmÑÖÕ3Û�Ï�Î�ûýÏmÐMÞ0Î?ÍmÌ0â��
"0Ñíâ�Ð�Ú4é�üMÝDÜAÝíÎ�ÏmÚ�Ð�Ï�ÑíÑÖÎEÉ®Ï�Õ Ð{Ì0ß�Ø��
Ú�Î æ ÏmÎ�ÑíÎ?ÐMÎ?Ý�ë5Ô�â�Ý#Ñíß�ØMÍmÎ?ß�ØGÕíÎ?Ý3Ì0ÍmÑ�é�ü�Ý#Ñ Ó Ímß�Ø�Î Ó ØMÐ�Î�ë5Ô�â�Ý�ä



(�)+*,).-0/ P2143�P>I53768/øK�/�9:9MJºI�- IDK�/�68/;- H 6

Anzahl der angesprochenen Detektorlagen

Anzahl der angesprochenen Detektorlagen

Anzahl der angesprochenen DetektorlagenStreuwinkel Phi in Grad

Streuwinkel Phi in Grad

Streuwinkel Phi in Grad

0

0

0

20

20

20

40

40

40

60

60

60

80

80

80

100

100

100

120

120

120

H
äu

fig
ke

it
H

äu
fig

ke
it

H
äu

fig
ke

it

H
äu

fig
ke

it
H

äu
fig

ke
it

H
äu

fig
ke

it

2 4

0.5

6

1

1

8

1.5

2

10

2

3

12

2.5

4

14

3

5

16

1000

500

3.5

6

18

2000

1000

4

7

3000

1500

4.5

8

4000

2000

5000

2500

500

1000

1500

2000

2500

3000

3500

4000

4500

0

5000

10000

15000

20000

25000

1000

2000

3000

4000

5000

6000

7000

8000

9000

200

400

600

800

1000

1200

1400

1600

1800

2000

E
 =

 5
 M

eV
E

 =
 1

 M
eV

E
 =

 2
 M

eV

3

2

1

1

2

3
4

5

1

2-6

7-11

12-16

angesprochene Detektorlage(n)

angesprochene Detektorlage(n)

angesprochene Detektorlage(n)

<�=>=�?A@CB4D,EGFIHKJMLGNPOiÑÃÒ�QSR���T�UWVYX5±ZUW[0\S]�QS['^?Ò`_��ZUW_K±ZUW[ba0c�d�T�e�Xgf�h�UW^MUWT:XM[�f�_:UW_i_�jPd�kml4f�nb]�Xgf�_-¸
e�Xgo�h�UW_ÊÓpcS[;q%k:fPXgf�_:UW_rnsVYX%t%_:UW[!��VMUW_#È�uvf�_Ðµ}§iUÏ¶ZÈy¡�§.U·¶wQS_#±7xB§.U·¶c£�yC_�j`^z^MUW_ ��Ò`^z^MUW_ Ó�Ò`^z^YX±ZUW[{q%k:fPXgf�_:UW_|e}XM[$j`kZ^~e�UW_ZT�[�Ud�k�X5j�Q�Ó�±ZUW_���[$jPd�T�UW[�UWVz_#È~QS_#±�U�er��Vz[�±�UWVz_�nsVz_ZVzn{j`^MUW[�t�_:UW[Á¸��VMU�±ZU�]%f}eWVYX�uvf�_K¡���T�U·¶�Vz_���U�±ZUW[ÛÂ�j��ZU��ZU�ÓCf�[�±ZUW[�X�£Rº~VMUs^zVz_ZT�U{\S]Kj`^YXgU�e�XgUW^z^YX`±�VMUs�#_Z�`j`kZ^»±ZUW[
\S]�QS[�UW_ruvUW[We�dgkZVMU�±ZUW_:UW[{ÂóÒ`_��ZU~c|�ZUW[c±ZUWn�\�XM[�U}Q���Vz_ZT�UW^
���|UWVzn�l4f�nb]�Xgf�_|e�Xgf�h9±�j`[�£'º~VMU�[�Ud�k�XgU
\S]Kj`^YXgU�e�XgUW^z^YX`±�VMU`�ZU�e$j`n�XgU9ÑÃÒ�QSR���T�UWVYXgU+±ZUW[ÛÂóÒ`_��ZU+±ZUW[�\S]�QS[�UW_ÿ±�j`[�È���f��ZUWV»±ZUW[�\�XM[�U}QP��Vz_-¸
T�UW^ZÓYj`[}�vT�f�±�VMUW[�X#Vz_ µ��¢��[$j�±��v[�UWVYXgUW_¨²�Vz_|e�uvf�_�x2�vV�e���xÐ��[$j�± ¥;²�Vz_ZnsVYX'XgU:°+±�j`[p�ZU�e�XgUW^z^YX#V�e�X�£¥;§if�_�XgU·¸Wl%j`['^Mf)¸Y\�Vzn{QS^�j�XMVMf�_�°
���$�  ¢¡¤£.¥i¦i£i§{¦7¨�¡ª© ¡¤«�«%¬.§��§�® ¡�¨�¡�

&`ë#ä¢á#Ö�Ù�Ø?Ù°¯9æ�ê:±?ç³²�ß'-q��6�²)àÏß�"�ëFç�²)à·ç�²`´ø$µ²�ä·äÏêÄæ�à�æ�¶r²)ç³²�à³´¸·¹º�» î¼·¹ºK½ î¿¾ » îÀ¾ ½ ë:´:ÁÃÂ�²v±A´�²�ä
Ä~Å ¶rÆ�Ç Å ´5�WÈ�É$²v±AÊ�´:±AË$Ë³²vËb±AË�Ç�Á�±A²�ÌI²`ÍÎ:Ë³²`Ï�Ð¤±AÉ$Ñ|Ò:´:Ê2´
Ó�ÍÎ�ÔsÏA²`±AÍÎ|Ò:´:Ê -5�76�Õ Å ÏAÏAË�Ç�"�´�Á:±AÊ�ÖG²��
Ë�Ç�±A¶r¶�Ç?�:ÌI²`É³Á:²`´�Ð~²`±�Ç³²vÉ³²E��Ó�É³Ó�¶r²`Ç�²`É0Á�²vÉ0Ì�²vÍÎ�Ë³²vÏ¼Ð¤±AÉ$Ñ,Ò�´:Ê×ÖG²vË$Ç³±A¶r¶�ÇSØ
Ë Å Ë³±�´:Á�Á�±A²vË$²
É$²vÁ:Ò:´�Á
Ó�´ZÇÙÒ:´:Á�Ñ�Ú�´�´:²v´2Á
Ó�ÛvÒÜÕ�²vÉ$Ð#²v´�Á:²`ÇÙÐ#²vÉ$Á:²v´�Ø�Ò:¶ÝÁ:±A²�$µ²`Ë³Ë$ÞY²`Î:ÏA²`É�Á:²`É~²vÉ$Ë$Ç³²v´��8Ó��



H - ß IDJ�àv68/;áâ(�)LK�/�9:9MJ;-bàW3�N>àOJ�àW/�3QP5/�9iàW3�9�68-71RK�/;3�6�9

É³Ó�¶�²}Ç�²`É#Û`ÒÜÕ�²`É³É³±�´:Ê�²`É³´ Å Á:²vÉ�Ò:¶äã0±�´ZÇ�²vÉ$Ê�É³Ò�´:Á:²vÉ$²v±�Ê�´:±AË$Ë³²0ÛvÒ×Ò:´ZÇ³²vÉ³Á�É³å:ÍÑ�²v´���*'¶Ý²`É³Ë$Ç³²v´
æKÓ�Ï�Ï;Ð¤±�É³Á�Á
Ó�ÖG²v±�Á:²vÉ�$.±�Ç³Ç³²vÏ¼Ð~²`É$Ç{Á:²vÉE��Ó�É³Ó�¶�²}Ç�²`É{Õ�²`É$Ð#²v´:Á�²`ÇSØ�±�¶çÛ`Ð#²v±¼Ç�²v´âæKÓ�Ï�ÏèÐ~²`É!�
Á:²`´�Á�±A²¤È�É³²`±AÊ�´:±�Ë³Ë$²ÙÁ:Ò:É³ÍÎr²v±�´:²>�4²vË$Ç³Ë$Ç�Ó�Ç�±�Ë$Ç�±�Ñ�Ë$²vÏA²`ÑZÇ�±A²`É$Ç?�G�b²`Á:Ò:´:Á:Ó�´ZÇ�²3$µ²vË$Ë³Æ
Ó�É�Ó�¶r²`Ç³²vÉ
Ë$±A´:Á�é�Á:±A²¤æ�Ï�Ò:Ê�Û`²v±�Ç � ��æ�Á:²`Ë#Ê�²vË$Ç³É³²`Ò�Ç�²`´ ��Î Å Ç Å ´:Ë`ØZÁ:±A²#@~²}Ð~²`Ê�Ò:´:Ê�Ë³É³±�ÍÎZÇ�Ò:´:Ê�ê'�á$ëÁ�²vË
�¤å:ÍÑ|Ë$Ç Å�ì ²vÏ�²vÑZÇ�É Å ´:Ë`Ø#Á:²`ÉrÌ°±�´:Ñ�²`Ï¤í Û`Ð¤±�Ë³ÍÎ:²`´�È�ÏA²`Ñ|Ç³É Å ´�²v´:Ë$Æ:Ò:ÉÜÒ�´:Á �¤±AÍÎZÇ³Ò:´:Ê�Á:²vË
Ê�²`Ë$Ç³É³²vÒ�Ç�²v´���Î Å Ç Å ´:Ë�Ò:´:Á�Á:±A²7²`±A´:Û`²vÏA´�²v´�È�´:²vÉ$Ê�±A²`Á:²vÆ Å Ë³±¼Ç�²�¶r²vÎ:É$²vÉ³²`É�Ó�Ò�ÞY²`±A´
Ó�´�Á:²vÉ�Þ Å Ï7�
Ê�²`´:Á:²`É Ä~Å ¶�Æ�Ç Å ´:Ë�Ç�Ú ì ²)�{*'¶îÞ Å Ï�Ê�²v´:Á�²v´2Ð~²`É³Á:²`´�Á:±�²vË$²��8Ó�É�Ó�¶�²}Ç�²vÉ¤²`±A´:Û`²vÏA´iÖG²`Ç³É�Ó�ÍÎZÇ�²}ÇSé

ï�ðCñbð�ò óÜôWõ�ö;÷�ø%ù'ú�ûüø%ý,ý�õ0þ�ö
ê�±�²¹$µ²`Ë³Ë$Ò:´:ÊâÁ:²vÉ×æ�ÏAÒ:Ê�Ûv²v±¼ÇóC	�Ù±A¶r²¹��Þ�æ8ÏA±AÊ�Î|Ç F Ð~Ó�É�Ö�²`± Ä �á$ó�A�¤È =�¶rÚ�Ê�ÏA±�ÍÎ�Ø�Á
Ó
Á:±�²Üê0²`Ç�²`ÑZÇ Å É$²v´â±A´�²v±A´�²v¶ÿÊ�É Å�ì ²v´¦&�Ö:Ë�ÇÓ�´:Á�Õ Å ´ 6��;:.¶ÿ¶ Å ´ZÇ�±�²vÉ$Ç�Ð~Ó�É³²`´��èê0²vÉ��>²`±�Ç!�
Ò:´ZÇ³²vÉ³Ë$ÍÎ:±A²`ÁwÛ`Ð¤±�Ë³ÍÎ:²`´��4É³±AÊ�Ê�²vÉ$Ë³±AÊ�´
Ó�ÏA²`´�ÞYå:É{È;É$²v±�Ê�´:±AË$Ë³²�Ø%Ö�²`±;Ð#²vÏ�ÍÎ:²v´���Î Å Ç Å ´:²v´�Ë³±AÍÎ
Õ Å ¶ÿ²vÉ³Ë�Ç�²`´mê�²`Ç³²vÑZÇ Å É�ÛvÒ:¶ÿÛ}Ð~²`±�Ç�²`´wÖG²`Ð#²vÊ�²`´�Ø�Û`ÒB,$²v´�²v´�Ø�Ð~²`ÏAÍÎ:²ÜÁ:²v´wÒ�¶�Ê�²`Ñ�²`Î:É$Ç³²v´
Ì�²vÊw´�²vÎ:¶r²v´�Ø;ÖG²`Ç³É³Ò:ÊwÁ:Ó�¶�±¼ÇB6�/�´�Ë?��*'´ Ä �á$ó�A�¤È�= Ð¤Ò:É$Á:²v´ Ë$²vÎ:É�Ë³ÍÎ:´�²vÏAÏ�²���Û`±A´5�
Ç³±AÏAÏAÓ�Ç�± Å ´:Ë$Á:²`Ç³²vÑZÇ Å É$²v´w¶r±�Ç�Ë³²vÎ�ÉrÊ�Ò�Ç�²`É��>²`±�Ç�Ó�ÒM 
Ú�Ë$Ò:´:Ê�Õ Å ´¥-�´:Ëræ8ÌÃã�$ Õ�²vÉ�Ð~²`´:Á:²`ÇvØ
Á:±�²�Á:±A²`Ë³²`´��>²v±¼Ç�Ò:´ZÇ³²vÉ³Ë$ÍÎ:±A²`Á�¶r²vË$Ë³²`´�Ñ Å ´:´ZÇ�²`´���@#²v±($�È�Ô'&ªÖG²`Ç³É�"�Ê�ÇiÁ:²vÉB&�Ö�Ë$ÇÓ�´:Á
Û}Ð¤±AË³ÍÎ�²v´âÁ:²v´wê�²`Ç³²vÑZÇ Å É$²v´âÏA²`Á:±AÊ�ÏA±AÍÎ�²}Ç'Ð�Ó¨-0/ª����/iÍv¶.Ø8Ò�¶ªÁ�Ò:É³ÍÎmÁ:²`´mÊ�²vÉ$±A´:Ê�²v´�&0Ö5�
Ë�ÇÓ�´:Á ²v±�´:²2Ê�É Å�ì ²×²	�>²`Ñ|Ç³±�Õ�²�æ�Ïm"�ÍÎ:²×Û`Ò�²`É³É$²v±AÍÎ�²v´��;ê�²`Éræ�ÏAÒ:Ê�Ûv²v±¼Ç�Ò:´ZÇ³²vÉ³Ë$ÍÎ:±A²`ÁmÕ Å ´�

-Ü´:ËsÏm"�Ë³Ë�Ç�Ë³±�ÍÎ�Ö�²`±A¶ Á:²vÉ$Ûv²v±¼Ç�±�Ê�²v´��,Ç�Ó�´:Á�Á:²`É�ê�²`Ç³²vÑZÇ Å É�Ç�²`ÍÎ:´:±AÑ�´,Ò�És¶�±¼Ç'��ÏMÓ�Ë�Ç�±�Ñ,Ë$Ûv±�´5�
Ç³±AÏAÏAÓ�Ç Å É³²v´ Å Á:²vÉ3"�Ò ì ²vÉ³Ë�Ç5Ë$ÍÎ:´:²vÏ�ÏA²`´��Ûv±�´ZÇ�±AÏ�ÏMÓ�Ç Å É³²`´�Ø�Ð¤±�²�Ë$±A²�ÞYå:É3� �sæ���;È � Õ�²vÉ�Ð~²`´:Á:²`Ç
Ð#²vÉ$Á:²v´�ØK¶r²vË$Ë³²v´��Àã�$L&D� /M6����
ê�±�²vË$²{ê0²`Ç�²`ÑZÇ Å É$²v´�Ö:±�²`Ç³²v´.Ó�ÏAÏ�²vÉ$Á:±A´:Ê�Ë�Ñ�²`±A´:²�Ó�Ò:Ë$É³²`±AÍÎ:²`´5�
Á:²�È�´:²`É³Ê�±�²SÓ�Ò5 
Ú�Ë³Ò�´:Ê��%ê�²`Ë$Ð#²vÊ�²`´w¶�Ò:Ë$Ë($�È�Ôá& Á:Ó�É�Ó�Ò�Þ�Õ�²vÉ$Ûv±AÍÎZÇ³²v´�Ø�Á:±�²©�b²`±AÎ:²`´�Þ Å Ï�Ê�²
Á:²`ÉÙÌI²`ÍÎ:Ë³²`Ï�Ð¤±AÉ$Ñ|Ò:´:Ê�²`´�Á:Ò:É$ÍÎ�²`±A´:²($µ²`Ë³Ë$Ò:´:Ê×Á:²`Ébæ�ÏAÒ:Ê�Ûv²v±¼ÇÙÛvÒ.Ò:´ZÇ�²`É³Ë$ÍÎ:²v±�Á:²v´��

ï�ðCñbðgï ��ø���ø%ö;õ�þ0ö�ý��:ù�����ú�õ0þ�ö���ø����Ùø���õ�þ��! "��ú�ø%ùWô#�$��ø%þ
ê0±A²(@~²`Ð#²vÊ�Ò:´:Ê�Ë$É³±AÍÎZÇ³Ò:´:Ê.C�ê0±AÉ³²`Í`Ç³± Å ´

∆E1

∆E2

∆E3

∆E4

1

∆θ
2

∆θ

<�=>=�?A@CB4D,EGF H
J L&%�O('ÜVz_ZT�UW^�QS_�)�t%_:UW[p��VMU*),+
U�]%f}eWVYXgU��|UWV5j�Q�-�UWVz_�j`_�)ZUW[.-Cf�^+�ZUW_�)ZUW_/'�Udgk|e�UW^0+
��Vz['T�QS_��ZUW_21

3 Þ54 Å Ç³± Å ´>Ø
ê 3 47698;:	<0=&>;:	?@:	ACB8²`±AÏ�ÍÎ:²v´
ÑPÓ�´:´�ØÙÓ�Ò:ÍÎ Å Î:´:²�²`±A´:²`´��>²v±¼Ç³Õ�²`É³Ê�Ï�²v±�ÍÎ
Ó�Ò:ËbÁ:²v´.Ê�²`¶�²`Ë³Ë³²`´:²v´�ê5Ó�Ç�²`´�Á:²`É¤²v±A´�Ûv²vÏED
´:²v´.ÌI²`ÍÎ:Ë³²`Ï�Ð¤±�É³Ñ|Ò:´:Ê�²`´�ÖG²vË�Ç�±A¶r¶�Ç�Ð#²vÉ�D
Á:²v´@F:ê�±�²G4µ²`Ë³Ë³Æ:Ó�É�Ó�¶r²`Ç³²vÉÙÁ:²`É~²`±A´:Û`²vÏA´�²v´
ÌI²`ÍÎ:Ë³²`Ï�Ð¤±�É³Ñ|Ò:´:Ê�²`´wË³±�´:Á�±A´H�Ö:Ö�±AÏAÁ�Ò:´:ÊI F76KJ×Á
Ó�É$Ê�²vË�Ç�²vÏ�Ï�ÇLF>ê�±�²�M~²`Ë$Ç�±�¶�¶�Ò:´:Ê×Á:²`ÉNb±�ÍÎZÇ�Ò:´:ÊµÖ
Ó�Ë$±A²vÉ�Ç�´,Ò�´wÓ�Ò�Þ�Û`Ð#²v±�Æ:Î&O�Ë$±0D
ÑPÓ�ÏA±�Ë³ÍÎ:²`´mÔs²vË³²}Ç�Û`¶�P ì ±AÊ�Ñ�²v±�Ç³²v´�é4È�É³Ë�Ç�²`´:Ë
ÎQP�´:Ê�Ç�Á:²`ÉÙÈ�´:²vÉ$Ê�±A²}Õ�²vÉ$ÏAÒ:Ë�ÇÙ²v±�´:²vË#Ê�²vÏAÓ�Á:²RD
´:²v´�B4²v±AÏ�ÍÎ:²v´�ËsÖ�²`±A¶ ê�Ò:É³ÍÎ�ÊZÓ�´:Ê.Á:Ò:É$ÍÎ
²v±�´:²�Á:å:´:´�²���ÍÎ:±AÍÎZÇ2Õ Å ´°Á:²vÉiÈ�´:²`É³Ê�±�²

Á:²`Ë!B4²v±�ÏAÍÎ:²`´:Ë¤ÐSP�Î�É³²v´�Á�Á:²`Ë�ê�Ò�É³ÍÎ:ÊZÓ�´:Ê�Ë5Ó�Ö�éKê5Ó�Á:±A²�È�´:²vÉ$Ê�±A²�Á:²`Ë!B4²v±�ÏAÍÎ:²`´:Ë¤²v´ZÇ�ÏAÓ�´:Ê



(�)+*,).-0/ P2143�PUT53768/øK�/�9:9$VWT�-9TDK�/�68/;- X �
Á:²`ÉC�,Æ:Ò:É�Ó�Ö:´:±A¶r¶�ÇvØ�´:±A¶r¶�Ç�Á:±�²�Á�²vÆ Å ´:±A²`É$Ç³²ÜÈ�´:²`É³Ê�±�²�Y�¾UZ~±�´I²v±�´:²vÉ�²`±A´:Û`²vÏA´�²v´\[�Ó�Ê�²
±�¶]4.±�Ç³Ç³²vÏ�ÛvÒ�F_^'´\H�Ö:Ö:±�ÏAÁ:Ò�´:Ê I F76K`QaCÓ&6�±�Ë$Ç�Á:±A²®1;²vÉ$Ç³²v±�ÏAÒ:´:Ê�Á:²vÉ�Á�²vÆ Å ´:±A²`É$Ç³²v´âÈ�´:²vÉ$Ê�±A²

Wahrscheinlichster Energiedeposit Index der Hits
1 2 3 4 5

E
ne

rg
ie

ve
rlu

st
 [k

eV
]

0

100

200

300

400

500

600

700

800

900

bdcfehgjilknmpofqrktsKk#uwvfxpqzy{x7x|q}i~s��;cRi,slcR�l�fk#mpypknqr�ryn�� qrkhk#m{x�y�k��li~s��rk#yp��y�k��K�{�~q}�{�Ly���q}m�s\s~cR�wk#q� k#q�x|y�iL�~m�ypk#q}�}�Wknq}xpk"sK�lm{�{�~sKm��lilo	kni��

Wahrscheinlichster Streuwinkel
1 2 3 4 5

0

10

20

30

40

50

60

70

80

90

Index n 

Z
w

is
ch

en
w

in
ke

l [
G

ra
d]

b0�,e � q}kG����q}x��{�lk#i���q}il�	kn�2cR�l�Eo	m��li~s�sKknm� �}k#q}i���qri~�	k#��x|ypm�k#�l�li~o�x|ypknqrofk#i�q ��� qzyp�y�k#� � qry@c	�lilkn� � k#i~sKknmjgjilknmpofqrk�sKknxW ;knqr�r��{�~k#i~x�c	i��
<�=>=�?A@CB4D,EGFâH
J L;¡,O�¢�UWV�e�]�VMUW^MU�uvf�_¤£:UW[�XgUWVz^YQS_��ZUW_7-pcS[bt%_:UW[p��VMU*)ZU�]�f}e'VYX5QS_�)(¥>��V�e�dgk:UW_���Vz_ZT�UW^
�ZUWV,\S]�QS[�UW_�UWVz_:UW[�¦W§`_��ZU�uvf�_�xb�v���51©¨ª'�Udgk|e�UW^Y��Vz['T:QS_��ZUW_21Q«E¬¤j`[We�XgUW^z^YQS_��ZUW_{j�Q�e_)ZUW[�¬~V�]�^Mf�n+
j`[}�ZUWVYX�uvf�_µl®1 ¯¤U�°����ZUW[²±�¯bU�-g���{³µ´
Õ Å ´��Æ:Ò�É³²v´�¶�±¼Ç·¶rã0±¼Ç�ËbÁ
Ó�É³Ê�²vË$Ç³²vÏ�Ï�ÇSØKÒ:´�Á�Á:²`É0Ð~Ó�Î:É³Ë$ÍÎ:²v±�´:ÏA±�ÍÎ:Ë$Ç³²7È�´:²vÉ$Ê�±A²`Á:²vÆ Å Ë$±�ÇbÞYå:É¸ ²`Á:²([�Ó�Ê�²×Ë$Ñ|±AÛvÛ`±A²`É$Ç�F_¹�²vÁ�²vÉ7²v±�´:Ûv²`ÏA´:²ÜÈ�´:²vÉ$Ê�±A²`Á:²vÆ Å Ë³±¼Ç7±AË�Çº�[4Ó�´:Á
Ó�Ò©»pDpÕ�²vÉ$Ç³²v±�Ï�Ç�Ë Å ÏAÓ�´:Ê�²
Á:²`É�È�´:²`É³Ê�±�²`Õ�²vÉ³Ï�Ò:Ë$Ç�´|Ò:É0²`±A´:²`´�Ê�²`É³±�´:Ê�²v´hB8²`±AÏ�Á:²`É0Ñ|±A´�²`Ç�±�Ë³ÍÎ:²`´�È�´:²vÉ$Ê�±A²�Á:²`Ë�B4²v±AÏ�ÍÎ:²v´�Ë
ÖG²`Ç³É¼P�Ê�ÇSaYÕ�²vÉ$Ê�ÏA²`±AÍÎ:²~¯�Ó�Æ:±�Ç³²vÏ I F I F I 6	FPê�Ò:É$ÍÎ7Á:±A²`Ë³²U�,ÍÎ|Ð~Ó�´:Ñ|Ò:´�Ê�Á�²vËèÈ�´:²`É³Ê�±�²vÁ:²`Æ Å Ë³±�Ç�±AË�Ç
Á:±�²7Ôs²v´
Ó�Ò:±AÊ�Ñ�²v±¼Ç0Á�²vÉsê 3 4�D�4µ²vË$Ë³Ò:´�Ê.ÖG²vÊ�É³²v´�Û`Ç�F@��Ð#²v±�Ç³²v´:Ë�ÎQP�´:Ê�Ç�Á:±A²�¶r±�Ç³Ç³ÏA²`É³²Nb±�ÍÎ©D
Ç³Ò:´:Ê�ËtP�´:Á:²`É³Ò:´:Ê�Á:²`Ë;È;Ï�²vÑZÇ�É Å ´:Ë;ÖG²v±A¶�ê�Ò:É$ÍÎ:ÊZÓ�´�Ê�Á�Ò:É³ÍÎr²v±�´:²ÙÁ:å:´:´�²9��ÍÎ:±AÍÎZÇ�²vÖG²v´�ÞCÓ�ÏAÏ�Ë
Õ Å ´�Á:²`É5È�´:²vÉ$Ê�±A²�Á:²`Ë�B4²v±AÏ�ÍÎ:²v´�Ë5Ó�Ö�Ø
Ð¤±�²{±�´�¯�Ó�Æ:±¼Ç�²vÏ I F I Fr��Á:Ó�É³Ê�²`Ë$Ç³²vÏAÏ¼Ç�FQ^'´hH�Ö:Ö:±�ÏAÁ:Ò�´:ÊI F76K`QaYÖj6Ù±AË$Ç0Á:±�²(1;²`É$Ç�²`±AÏ�Ò:´:ÊÜÁ�²vÉG��Ð¤±�Ë³ÍÎ:²`´ZÐ¤±A´:Ñ�²vÏ"Y�½LZ�Õ Å ´���Æ:Ò�É³²v´�¶�±¼Ç·¾rã0±¼Ç�Ë�Á:Ó�É³Ê�²RD
Ë�Ç�²vÏ�Ï�Ç;Ò:´�ÁÜ²vÖG²v´�ÞCÓ�ÏAÏ�Ë�Á�²vÉ�Ð�Ó�Î:É³Ë$ÍÎ:²v±�´:ÏA±�ÍÎ:Ë$Ç³²G�,Ç³É³²vÒZÐ¤±�´:Ñ�²`Ï�Ë$Ñ,±�ÛvÛ`±A²vÉ�Ç�F,ê�±�²9H0Ö:ÎQP�´�Ê�±AÊ�Ñ�²v±¼Ç
Á:²`ËS�|Ç�É³²`ÒZÐ¤±A´:Ñ�²vÏAË�Õ Å ´�Á:²vÉ²��Æ�Ò:É³É$±AÍÎZÇ�Ò:´�Ê�±AË�Ç;Ð~²`Ë³²v´ZÇ³ÏA±AÍÎ�Ê�²vÉ$±A´:Ê�²vÉ�Ó�ÏAË;Á:±�²ÙÁ:²vË~È�´:²vÉ$Ê�±A²RD
Á:²`Æ Å Ë³±�Ç³ËLF>ê�²vÉsê 3 4(D�¿�Ó�É�Ó�¶r²`Ç³²vÉ5ÏÀP�Ë³Ë�Ç5Ë³±�ÍÎ�´|Ò:´�Ó�Ò�Þ;¶r²vÎ:É$²vÉ$²CH�É�Ç�²v´�Ó�Ò:Ë5Á:²`´�ê5Ó�Ç�²`´
ÖG²vË�Ç�±A¶r¶r²v´�é

ÁÂ�ÃlÄWÅ�Â;ÆpÇ~ÈÊÉ�ËÌÆ|Í�Ç,È�Â;Î�Ï(ÎÑÐ{Ò�ÎÑÄ2Í	Ó�Ô�ÎÑÕ�Ö·Î�Õ�×_ÔÑÎ�Ø@Ù È�±�´:²{²`±A´�ÞCÓ�ÍÎ:²CN¤²vÍÎ:´|Ò:´�Ê×ÞYå:É
Á:²`´�ê 3 4�D�¿8Ó�É�Ó�¶r²`Ç³²vÉ�Õ�²vÉ$Ê�ÏA²`±AÍÎZÇsÏA²`Á:±AÊ�ÏA±AÍÎ.Á:²`´�²`É³Ë�Ç�²v´�¶r±�Ç0Á:²v¶ ÏA²}Ç�Û}Ç�²v´�È�´:²`É³Ê�±�²vÁ:²RD
Æ Å Ë³±¼Ç¤±A´:´�²vÉ³Î:Ó�ÏAÖ2²`±A´:²`É��,Æ:Ò:Évé

ÚÜÛÞÝ »"ß ¾áàrânã|ä · ¾!å¼Z�æ.ã|ä
¾9àzânã|ä�ç�¾9å*Z}æ�ã|ä a I F I ��6

ê5ÓÜÁ:Ó�Ë5È�ÏA²`ÑZÇ�É Å ´�Á:±A²�²vÉ$Ë$Ç³²C[�Ó�Ê�²{Á:²vÉ·��Æ:Ò:É0¶�²`±AË$Ç0´|Ò:É0Ç³²v±�Ï�Ð#²v±AË$²{Á�Ò:É³ÍÎ�è|Ò:²`É$Ç�D~Á
Ó



X�X ß T·V�àv68/;á�é$êhë�ìîí�í$V5ïbà�ð�ñ>à�V�à�ìîðóò·ìîíià�ð�í�ô�ï�õ�ë�ì5ð�ô_í
Á:²`É!�,Ç Å�ì ¸ Ó�±�´:´:²vÉ$Î
Ó�Ï�Ö2Á:±A²`Ë³²vÉ9[�Ó�Ê�²sË�ÇÓ�Ç$Ç³ÞCÓ�´�Á(D�±�Ë$Ç¤Á:²`É¤È�´:²vÉ$Ê�±A²`Á:²vÆ Å Ë³±¼Ç¤Î:±A²`ÉÙÁ:²vÒ�Ç�ÏA±�ÍÎ
Ê�²`É³±�´:Ê�²vÉbÓ�Ï�ËÙ±A´iÁ:²`´�Ó�´:Á�²vÉ³²`´���Æ�Ò:É³²`´�F>æ8å:ÉÙÑ|Ò:É³Û`²���Æ:Ò�É³²v´µ¶�±¼ÇÙ´|Ò:É I ãb±�Ç�Ë¤ÏAÓ�Ë³Ë$²v´.Ë³±AÍÎ
Ñ�²v±A´�²ÙÊ�²v´
Ó�Ò:²vÉ$²v´�H�´:ÊZÓ�Ö�²`´7¶ÜÓ�ÍÎ�²v´�Ø�Ò�´:ÁrÓ�Ò:ÍÎ�Ö�²`±j��Æ:Ò�É³²v´�¶r±�Ç®�sã0±�Ç³ËèÏµP�Ë³Ë$ÇèË³±AÍÎ�´ Å ÍÎ
´:±�ÍÎZÇ�Ë¤å:ÖG²vÉ¤Á:±A²��Ð¤±�Ë³ÍÎ:²`´ZÐ¤±A´:Ñ�²vÏ8Ó�Ò:Ë³Ë³Ó�Ê�²`´�F
öîÆpÎ�Â�Ò�ÃlÂ�÷hø�ÈÑÂ�Ã~Ô�Î�Ä ^'´.²v±�´:²vÉ¤ÏA±�´:²SÓ�É³²vÉSù�P�Î:²`É³Ò:´�ÊrÐ¤±�É³Á.Á:±A²s¶r±�Ç$Ç�ÏA²`É³²·�,Ç�²`±AÊ�Ò:´�ÊrÁ�²vÉ
È®Z4Ò:´:Á.Á:²vË��,Ç³É³²vÒZÐ¤±�´:Ñ�²`ÏAË�ú·Z�ÖG²vË�Ç�±�¶�¶�Çvé

Y�¾UZ ß ûü ZEý »Rþ ¾UZ · ¾áZ ÿ � þ � · � ÿ
¾áZ ß �� � ûüZEý » ¾áZ����
	�� � ß �� � ûüZEý » � ß � ç �

ê�±�²vË³²`ÏAÖG²7ÔsÏA²`±AÍÎ|Ò:´:Ê�Ð¤±AÉ$ÁµÞYå:É Y�ú·Z8Õ�²`É$Ð#²v´:Á:²}ÇSØ�±�´:Á:²`¶ ¶ÜÓ�´�¾áZ�Á:Ò:É$ÍÎú�ZM²vÉ$Ë³²}Ç�Û`ÇLF
ê�±�²vË$²�ÖG²v±�Á:²v´���²vÉ$Ç³²sÐ~²`É³Á:²`´�Á
Ó�´�´µÛ`Òµ²`±A´:²`É9B4²vË�Ç�Ë�ÇÓ�Ç³±AË$Ç³±AÑ

������� ß Y�¾áZ� ½� ç Y�ú·Z� ½� a I F I,X 6
Ñ Å ¶�Ö:±A´�±A²vÉ�Ç�Ò:´:Á�Á:±A²�N¤±AÍÎZÇ�Ò:´�Ê�¶r±�Çs²`±A´:²`¶çÆ Å Ë$±�Ç³±�Õ�²`´ B4²vË�Ç'Ð~²`É$Ç{Ð¤±AÉ³Á�Ó�Ñ|Ûv²`Æ�Ç�±�²vÉ�Ç�F^'´�H�Ö�Ö:±AÏ�Á:Ò:´:Ê I F I
� aCÓ&6�±�Ë$Ç�Á:±�² 1;²vÉ�Ç�²`±AÏAÒ�´:Ê�Á:²`É�B8²`Ë$Ç�Ë�ÇÓ�Ç³±AË�Ç�±AÑ�������� Á
Ó�É³Ê�²`Ë$Ç�²`ÏAÏ¼Ç�ÞYå:É��Æ�Ò:É³²`´m¶�±¼Ç ����� Ò:´:Áw±�Ë Å Ç³É Å Æ�Õ�²vÉ�Ç�²`±AÏ�Ç³²vÉC�,ÇÓ�É�Ç�É$±AÍÎZÇ�Ò:´�Ê�Ò:´:Á\BÙ±�²`ÞY²�±A´:´:²`É³Î
Ó�ÏAÖ�Á:²vÉ��ÍÎ�±AÍÎZÇ�Á:±�ÍÑ�²,F8ê0±A²���²vÉ$Ç³²�Á:²vÉ�,Ç�Ó�´:Á
Ó�É³Á
Ó�ÖZÐ#²v±�ÍÎ,Ò�´:Ê�²v´�a � � ß � � Ñ�²21äÖ:Û}Ð F � � ß �

É³Ó�Áj65Ð¤Ò:É³Á:²`´âÓ�ÏAË�Ñ Å ´:Ë$Ç�Ó�´ZÇ�Ó�´:Ê�²v´ Å ¶r¶r²v´�F�^'´�H0Ö:Ö:±�ÏAÁ:Ò:´�Ê I F I
� aYÖj65±AË�Ç�Á
Ó�Ë�È�É³Ê�²`Ö:´:±�Ë

θ

E

-2 -1 0 1 2 3 4
-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

T

T

b0cfe"!Qknm|y�k#q}�r�li~o slk#m� ;ktx�y{x�y{c*y�q}x|ypq}� �$#lm��ul�lm�k#i � qzy � kn�lm�cR��x�%'&�qry�x
Länge der Spuren

1 2 3 4 5 6 7 8 9 10

A
nt

ei
l r

ic
ht

ig
 o

rie
nt

ie
rt

er
 S

pu
re

n

0

0.2

0.4

0.6

0.8

1

b0�,e2gjmpofk#�li~q}x�sKknm �)(+* �-,Wknmpkt�{�li��lilo"�$#~m��Kul�lm�k#i�~ify�k#m{xp�{�~qrktsK�rq��{�lknm��/.Rilofk#i
02131547698;:=<?>�@�A$@CB=DFE�GIHKJMLONKP$QRQSJ")KJRG�¬UT+V�+µ¢WJXQ�YZP\[][�^_N`Ha[]PbYW)KJRGdc\P\NeJgfMGSJRN ¯U§MheJRG�^_N`H�«E¢+P\cµ)KJRGf
^iQî±�¯aJ�-kjij{³µ´f1
ÞYå:É�Ò:´ZÇ�²vÉ$Ë³ÍÎ:±�²vÁ:Ï�±AÍÎ�ÏAÓ�´:Ê�²C��Æ:Ò:É$²v´�Á
Ó�É$Ê�²vË�Ç�²`ÏAÏ�ÇLF>ê�Ó�Ë5É³²`ÏMÓ�Ç³±�ÕiÊ�Ò�Ç�²7È�É³Ê�Ö:´:±AË`Ø�Ç³É Å Ç³Û�Á:²`É



é$êml;ê ï!ì5ò(õÑð�òUT·ð�ô�ì�ë�ìîí�í$VWT�ï9T·ë�ì�ô�ì5ï X ¶
Õ�²vÉ³²`±A´�ÞCÓ�ÍÎ:²v´:Á�²v´�H�´:´:Ó�Î:¶r²v´en�Ø4Á:±A²rÁ
Ó�ÖG²v±�Ê�²`¶ÜÓ�ÍÎZÇ{Ð~²`É³Á:²�ØèÏµP�Ë$Ë$Ç{Ë³±�ÍÎwÁ
Ó�Á:Ò�É³ÍÎwÕ�²`É#D
Ë�Ç�²vÎ�²v´�ØKÁ
Ó�Ë$Ë¤Á:±A² M~²`É³²`ÍÎ:´|Ò:´:ÊÜÁ Å ¶�±�´:±A²`É$Ç#Ð¤±AÉ³ÁiÁ:Ò�É³ÍÎ.Á:±A²s²`É³Ë$Ç³²]�I²`ÍÎ:Ë³²`Ï�Ð¤±AÉ$Ñ|Ò:´:Ê:ØKÁ:±�²
±�¶ ^'´:´�²vÉ³²`´�²`±A´:²`ÉG[�Ó�Ê�²�Ë�ÇÓ�Ç$Çgo
´�Á:²`Ç�Ò:´:Á�Á
Ó�¶�±¼Ç�Ë$ÍÎ Å ´�±A¶�4µ±�Ç$Ç�²vÏ8²v±�´:²v´�´|Ò:ÉsÎ
Ó�Ï�Ö�Ë Å
Ê�É Å�ì ²`´���²vÉ�Ç0Ó�Ò�Þ Ð#²v±AË�Ç¤Ð¤±A²sÁ:±�²sÁ:²vÉÙÞ Å Ï�Ê�²v´:Á�²v´ [�Ó�Ê�²v´�aYÕ�²vÉ$Ê�ÏA²`±AÍÎ:²M~±�ÏAÁ I F76K`&6RF
p�ð9qbð9q �~ú;�:ø%õ²�âù�þ9�;ø%ôÌ�0ø%ýsrut!�$�ÙýZú5v)wyx{ziôWø��~ú;�ev;þ�ý
�}|�~�|7��Á5~vÉsÈ)|7��Ï7~O|¼Ç�Òe��Ê�~vÉ$ÏµP�Ò�Çg~vÉ�Ç5Òe�:Á�|��7H�Ö:Ö5|AÏAÁ�Òe�:Ê I F I Á
Ó�É³Ê`~`Ë$ÇS~`ÏAÏ¼ÇSØKÐ�|AÉ³Á�Á5|7~�¿�É Å D¸ ~`Ñ|Çg| Å � Áe~vÉ(MW~`ÐW~vÊ�Òe��Ê�Ë³É�|AÍÎZÇ�Òe��Ê Á5~vË(N¤å:ÍÑ|Ë$Ç Å�ì ~vÏ�~vÑZÇ�É Å �:ËiÓ�Ò�Þ�Áe|7~�� Å É��ÜÓ�Ï�~O�e~`Öd~M�e~� ~`Ë�Ê`~vË�Ç�Ég~`Ò�ÇS~M� ¿�Î Å Ç Å �:Ë � Ó�Û`Ò Õ
~vÉ�Ð�Ó
� � ÇSØ;Òe� � ~O��È;É�~O|�Ê`�e|AË$Ñ|Ég~O|�Ë � ~vË�~M|7��ÞCÓ�Ï�Ï7~M� � ~O�¿�Î Å Ç Å �:Ëa~O|��:ÛvÒ:Ë$ÍÎ:É¼PF�:Ñ
~M�¤a�1�~vÉ$Ê�Ï7~M|AÍÎe~�Ó�Ò:ÍÎ7M�|�Ï �"� É�~`Þ��KH0Ö:Ö�é Ç�É�Ó�ÍÑ
~ �d� 6	FGæ�å:É � |�~ � Ó�ÛvÒ
Ë�~O�:Ñ|Ég~`ÍÎZÇS~�� Å ��Æ Å �e~M�ZÇS~ � ~vÉ9M�~}Ð�~`Ê�Òe�:Ê�Ë$Ég|�ÍÎ|Ç³Òe�:Ê � ~vË0È;Ï�~vÑZÇ�É Å �:Ë`Ø � |7~U|7��H�Ö�Öe|AÏ � Òe�:ÊI F I ��|�Ç�� Öd~`ÛO~M|AÍÎe�e~}Ç�|AË�ÇSØ�Öd~`Ë$ÇS~`ÎZÇ � Ò:É$ÍÎ � |7~�Ñ�|��e~O��Ó�ÇS|�Ë³ÍÎe~�Ô�Ï�~O|�ÍÎ,Ò5�:Ê I F76�~M|7�e~� |�Ég~`Ñ|Çg~9M�~vÛM|7~vÎ|Òe��Ê{Û`Òe���,Ç³Ég~vÒZÐ�|��:Ñ
~`Ï�� � ~`Ëª¿�Î Å Ç Å �:Ë`ØZÖ:Û`Ð � ~O�ÜÈ��5~vÉ³Ê
|7~O�rÈ>6bÒe� � È I é

���
� þ �_ÿ ß ��� þ ��� ç�� � � ½ ÿ�a�   � ½� ç  �����a�
a I F I ¶w6

¡¢|�~ªM�~ � ~O£/¤S£e�e¥ � ~O¦�1¨§
¦�|Z§
©eª�~O�U|7«X¤ � |7~M«g~Oª�©d~�¬�|7~�|���]ª7~M|7®°¯�£e�e¥ I F76�F±�¢§
®°¯�Uª�~O|�®°¯=£5�e¥I F I ¶�|�«�¤��²«�¤S~�¤S«�³�ª7~M|7�e~M¦�§
ª7«�` �`´ £e� �µ� §
��|�¤ � |7~(N�|7®°¯K¤S£5�e¥ � ~O«�¶)ª7~M³�¤g¦g·`�5«�«�¤S~�¤S«�|7�
1�·`¦X¬SPF¦�¤S«�¦g|�®°¯�¤g£e�e¥�¦g~MªZ§F¤g|�¸2¹O£e¦a¶)|7�5º9§Fª7ª7«�¦g|�®°¯�¤g£e�e¥ � ~M«9¿�¯5·
¤S·`�5«a·
¦g|7~M�K¤S|7~M¦�¤LF�U§
�e�U�2§
�U§
ª7«�·�§
£e®°¯ � £e¦�®°¯»~M|7�e~î4"~M«g«�£e�e¥ � ~O«��}|7�e³F~Oª�«��¼§
£5« � ~O¦;¶)ª7~M³�¤g¦g·`�5~O�e«�½e£e¦§
£/º � ~M�¿¾=¤g¦g~M£�¬�|��e³
~MªÀ� � ~M«�¿)¯e·F¤S·`�e«�«�®°¯eª7|�~OÁ`~M��Â�¡Ã§
©?~O|Ä~M¦g¥`|�©5¤�«g|�®°¯u¹M£e�QP
®°¯e«X¤ � §
«¿)¦g·
©eª7~M�"Å � §
«g«��Æ�e|�®°¯K¤ � |�¦g~M³�¤�¥
~O��~O«g«�~O�u¬W~O¦ � ~O�Ç³{§
�e��Å)«�·`� � ~M¦g�u��£e¦ � ~M¦��}|��e³
~Mª¹�¬�|7«g®°¯5~O��¶)ª�~O³K¤S¦�·`�e~O�5«g½e£e¦a£e� � ¾=¤g¦g~O£5¦g|7®°¯K¤g£e�e¥2È ß �(çÇ�WÉ
È ßËÊFÌgÍOÍMÎ`ÏÑÐÒ ��� þ � ½¨Ó � � � ½ ÿ� ½   � ½� ç  ��� � � � ½FÔÕ ß

��çÇÖ �M�i×WØ þ � ç �a�� � � ½ ÿ/Ù Ê
Ú þ
�  ÿRÛ ÜkÝ=ÞmÝ
ß`à

]ª7~O|�®°¯�£e�e¥ÑÝ/ÞáÝ
ßÃ|7«X¤)|7��âÀ©e©e|�ª � £e�5¥ÑÝ/ÞmÝ=ã � §
¦g¥
~O«�¤g~Oª�ª�¤_ÞF¶)«�¹O~O|�¥
¤)«�|7®°¯�Å � §
«g«¨È"ºbäe¦®¿�¯5·Få¤g·`�e~O�2�2|æ¤ �a� �èç=�`� ³F~Iéê�e|�®°¯K¤W��·`�e·F¤S·`��¹O£e�5|7����¤_Å`£5� � «�·`�2|æ¤ � ~O¦Wë�äe®°³�«g®°¯eª�£e«g«�¸
·`�È"§
£5º3�"�e|�®°¯�¤y�2ì`¥
ª7|7®°¯»|7«X¤_ÞFí+äe¦"¿)¯e·
¤g·`�e~M���2|æ¤ ���Àî ç/�`� ³F~Ié}|7«�¤ � ~O¦)ï3£e«S§
����~O�e¯C§F�e¥¹�¬'§
¦���·`�e·
¤g·`��ÅK§F©d~M¦)~O«�~�ð/|7«X¤S|�~O¦�¤¨§F£5ºb¥`¦g£5� ��� ~O¦��e|�~ � ¦�|7¥`~M�2¶)�e~M¦g¥`|�~Ä½e¦S§F³�¤g|7«�®°¯2�e|�~Ä~O|��e~�C§F®°¯�¬W~O|�«g©C§F¦g~�¾/½e£e¦MÞâ¢£5®°¯u¬�~M�e�¿�2§
��Èñ�e|7®°¯K¤ � |7¦�~O³K¤�¹O£e¦2ò�~O«X¤S|��2��£5�e¥�¸
·`�è�ñ¯e~M¦S§
�e¹M|7~M¯e~O�Ç³F§F�e��Åª7§
«g«�~O��«g|�®°¯ó§
£5« � ~O¦»ô"~M«g«g£5�e¥õ¸
·`�öÈè§
� � ~M¦g~2ô"~O«�«g¥`¦�ì`Á`~M�ö~M|7�e«�®°¯e¦S÷
�5³
~O�3ÞøòW~O«g·
� � ~O¦�«|���¤g~O¦�~O«g«g§
�K¤Ã|�«�¤ � §
©?~O| � |�~�ôõ~O«g«�¥`¦gì
Á`~ � ½ Å � § � |7~Ñ¶)�e~O¦�¥`|7~O§
£5ùCì`«�£e�e¥ � ~O¦À�Ñ§Fª7·`¦�|7��~M¤S~M¦úXû qýü{þ��dþnqzykþXÿkþ�� ü±ü��	� � þ��LsKqýþ�ü~q}�{�Lyj�
þXÿk#~�{�Kx|q��{�Lypq}oRyQ���±ÿ{siþ��Rq�x|y2sKqýþ�slqýþ��{üfykþXÿ{xp�{�~qýþtsK�rq��{�S�=.�ü~o�þ�siþXÿsK�±ÿ{�{�l���R�K�$þ�ü±þXü!��y ÿkþn�{��þ�üUqýü!siþXü��bþ#�3þ#q}�rq}o�þ�ü � þ#y þn�fy�v�ÿ��	�	o�þ�ü�� � qýþtx9þ��á.fxpx|yWxpq}�{�
��ül����ü~sásiþ�ÿ���vLx|qrypq}v�ü±þ�üsiþXÿ�s���ÿ��±üLy þXÿ��{ü~s·s��ÿk#l�
þXÿ��rqáþ#oMþXü~siþ�ü���þ��{��� þ��}���áÿp���±ü�����Mÿ��kþ��	����� �F.!��"�þXü$#



% ß &('*),+ ô�ì.-�é$êhë�ìîí�í ) ï + ð�ñ +/),+ ìîðóò·ìîí + ð�í�ô�ï�õ�ë�ì5ð�ô_í

 [Grad]ϕStreuwinkel 
0 20 40 60 80 100 120

 [G
ra

d]
α

D
iff

er
en

zw
in

ke
l 

40

60

80

100

120

140

364 keV

511 keV

1000 keV

10000 keV

2000 keV

5000 keV

02131547698;:=<?>ê@�A$@10�D32¼P\N54`JRc
6879�P$Q!: heJRNÇE cZJ/45YZG<;�NeJRN�Q�=�^_G"^_N?>A@�PB:kh/Y�^_N`HC>KJXQ�HKJXQ�YZGSJ�^KYkJRNE�cZJ/4eYZG<;�N�QEDGF_GÃ^_N/YkJRGRQ!: hKPZJ!>±c\PB: heJ]E�NeJRGIH±PZJRNH>KJXQ.=5G�P\[ §MGSJRNJI�h?;{YG;�N�QLK�¬WPZJá¢WJRGSJ!: hKN5^_N`HNM�;�NPOf
^iQ�6"P$Q�Y�NKPB: h5Y)JRP\N?>KJ�^KYZPmH�^_N?>ÑP\[ ¢WJRGSJRPB: hJ>KJXQ¨V�P\NKP\[�^_[UQ¨QSJRhKGa^_N`HKJRN/f
^$K
¹�¬'§
¦]��£e¦U~M|7�e|�¥`~C¿)¦g·
¹O~O�K¤U©?~M¤g¦S÷
¥
¤OÅ ¸ ~ � ·/®°¯�¶)¦g~M|7¥`�e|�«g«�~��2|æ¤Ã£e�K¸
·`ª7ª�«�¤°÷F� � |7¥
~O¦ÃâÀ©e«g·`¦�½/å¤g|7·`� � ~O¦G¿)¯e·
¤g·`�e~M� ¹O£ ¥`¦�·`Á`~O��ôõ~O«g«Xºb~O¯eª�~O¦���ºbä5¯e¦g~M��Þ�¡¢|�~O«�~�¶)¦g~O|�¥`�e|�«g«g~��2|æ¤*Qa|7ª�ºb~ � ~M¦ô"~M«g«�£e�e¥2¸
·`��È £5��¤g~O¦ � ¦gäe®°³F~O��¹M£"³Fì`�e�e~M��Å�¬'÷
¦�~]¸`·`�õ«g~M¯e¦�¥`¦g·`Á
~O� �ö~O¦X¤_Þ¡¢|�~�íC¦S§F¥`~U|7«�¤���£e�3Åd|���¬W~Oª�®°¯e~O� ¶)�e~M¦g¥`|�~�åW£e� � ¾=¤S¦�~O£K¬�|7�e³F~Oª�©d~M¦g~O|�®°¯�Å � |7~»ô"~M«g«g£5�e¥¸
·`� È � §
¹M£ó«�|7�e�K¸`·
ª7ª7~M¦�¬W~O|�«g~�¥`~O��£5¤g¹M¤Ñ¬�~M¦ � ~M� ³{§
�e��Þ;¡¢~M¦�ô"~M«g«Xºb~O¯eª�~O¦�~M|7�e~M¦Ñò�~O«X¤S|7��å��£5�e¥s¸`·`�²¶ ½ §F£e«�È £e� � ¶SR�|�«�¤OÅ�£e�K¤S~M¦ é�~O¦g�e§
®°¯eªZ÷F«g«g|�¥`£e�e¥ � ~O«õíC~O¯eª�~O¦g«�¸
·`� �a� Å¥`~M¥`~O©?~O� � £e¦�®°¯�É

T � ½Sß �
UGVU �XW

T È ÜkÝ=ÞmÝ�¾
à
]ª7~M|7®°¯�£e�e¥�Ý/ÞáÝ�¾�ª7÷
«g«X¤�«g|�®°¯�·
¯e�e~"¾/®°¯K¬�|7~M¦g|7¥
³
~O|æ¤S~M��©?~O¦�~O®°¯e�5~O��Å)¬�|7¦ � §
©?~O¦�¹M£Ç~M|7�e~M�¹M|7~O��ª7|�®°¯�ªZ§F�e¥`~O��âÀ£e« � ¦g£e®°³�Þ$Y���â¢©e©e|�ª � £5�e¥ÑÝ/ÞáÝ`Ý¢|7«X¤ T � ½ ºbäe¦�¶)�e~M¦g¥`|�~O� �a� ¸
·`�"ã � £e� �Ý � ôõ~Ié � §
¦g¥
~O«�¤g~Oª�ª�¤_ÅK¬W·`©?~O|3ºbäe¦ � ~O�õíC~O¯eª�~O¦ T È � |7~Ã�]ª�~O|7�K¬�|��e³
~Mª7«�¤g¦g~M£e£e�e¥��C§F®°¯�]ª7~M|æå®°¯�£e�e¥¼Ý/Þæã[Z»ºbäe¦ÄÝ�¶ �]\ � ¾/|�ª7|7¹M|7£e� §
�e¥`~M�e·`���2~M��|7«X¤_Þe¡À|7~Ã©?~O| � ~O��ò�~M¦g~M|7®°¯e~FÅe|7��¬W~Oª�®°¯e~O�¶¨ÝÃ§
� ¥`~O�e§
£e~O«X¤S~M��~M|7�e¥
~O«g®°¯5¦S÷
�e³K¤y¬W~O¦ � ~O��³{§
�e��ÅFª7|�~O¥`~M��©?~O|5¥
¦g·`Á`~M��¾=¤g¦g~O£K¬�|��e³
~Mª7��Å
¬W·� £5¦g®°¯�~M|7�e~Ñ¯e·`¯e~�¶)�e~O¦�¥`|7~ � ~O«¢ëaä5®°³=«X¤S·`Á
~Oª7~M³K¤S¦g·
�e« � |�~�¾=½e£e¦¢¦�~Oª7§F¤S|æ¸�¥`~M�C§
£�¥`~M�2~M«g«�~O�¬W~O¦ � ~O� ³{§
�e�3Å=£5� � ©?~O|�«g~M¯e¦�³�ª�~O|7�5~O�¼¾=¤S¦�~O£K¬�|7�e³F~Oª���Å/©?~O| � ~M�e~O� U�VU � W Üb¸
~O¦g¥
ªkÞ�â¢©e©3Þ5Ý=ÞmÝ/ãià¥`¦�·`Á�|7«X¤_ÞCòW~O|���|�¤�¤Sª7~M¦g~M��¾=¤S¦�~O£K¬�|7�5³
~Oª��"¹�¬�|7«�®°¯e~O��ã � £e� � ß � ]¦S§ � ÅC÷
� � ~M¦�¤�«�|7®°¯õÈ ��£e¦¥`~M¦g|��e¥
ºbäe¥`|�¥�£e� � «g~O|��e~�ô"~M«g«�£e�e¥�¯C§F¤ � §
¯e~O¦�³F§F£e� âÀ£e«g«g§
¥`~M³=¦g§Fº-¤_Þø�ó~M|�¤S~M¦g¯e|�� |7«X¤�|��âÀ©e©e|7ª � £e�e¥�Ý/ÞmÝ
ÝÑ~O|�� §
�e¥
~O�e·`����~O�e~M¦'íC~O¯eª�~O¦¨¸`·`�õÝ�¶]^ ©?~O| � ~O¦ � |7¦�~O³K¤S~M��ò�~O«X¤S|7����£e�5¥¸
·`��¶ ½ � §
¦g¥`~M«�¤g~Oª7ªæ¤_ÅC¬�|7~�~O¦ � £5¦g®°¯ £e�K¸`·
ª7ª7«X¤°÷
� � |7¥`~»â¢©e«�·`¦g½/¤S|7·
��|7� �U§
ª7·
¦g|7��~M¤g~O¦a§
£5ºZå¤g¦g~M¤g~O�µ³{§
�e��Þø¡¢~M¦�é�~O¦g¥
ª7~O|�®°¯ � ~M¦�©d~M| � ~M�µíC~O¯eª�~O¦�¹M~O|�¥
¤ � §F©d~M|kÅ � §
«g«���£e¦�©d~M|�³�ª7~M|7�e~M�¾=¤g¦g~M£�¬�|��e³
~Mª7�ÇÜ9£5� � ¯e·`¯e~M�ö¶)�e~M¦g¥`|�~O��à � |7~�ô"~M«g«�£e�e¥�¸`·`��Èu¹M£e¦`_À�K¤S~M¦ � ¦�äe®°³�£e�e¥�¸`·`�



é$êml;ê ï!ì5ò(õÑð�ò ' ð�ô�ì�ë�ìîí�í )�' ï ' ë�ì�ô�ì5ï % ¾

 [Grad]φ
a

Streuwinkel 
0 20 40 60 80 100 120

M
es

sf
eh

le
r 

E
2 

[k
eV

]

0

1000

2000

3000

4000

5000

E0 = 20 MeV

E0 = 10 MeV  E2 = 25%∆
b

cedfdhgji�k�l$monqpsrtpXp?uwv?x/y5zBx/{}|�~��5x/{}��x����B|��(�3��~�������~��������[��x/|�~?x/{��Px��/����~�������~���� ��{
��~?x/{ �|Bx/~A����~A�[����~?�����`�Px��q�B� ��{<¡�y��5x/¢��!�5x/~?x(£s|�~5|Bx/~�¤L¥§¦����¨�?x/{ �zBx/|B¡�yN�©|�~?�ev?x/y5zBx/{ª����~
��«5¬8|�~H�5x/{�wx����B|��(�3��~��®����~J¯w°3±�²§|Bx��©|Bx´³5x/|t��µh|Bx/zt��²�x/|t�<x(�����¶�{���~?�P����~J��~?x/{ �|Bx/zBx!¡G·]�
|��
¸ ��zB��{©|��¹x��Gx/{º����� �B{<x��Gx/~?±s����{ �5x����Gx/z�z»�º���5x����B{©|B¡�y?x/z»�GxS£s|�~5|Bx/~�¤L¥5¼S|Bx¾½�x/~h����|��·�x/|»�¿x/|�~?x/{,�Jx�������~��
����~e�P·��~5~�~h��{
³$x/|s·�zBx/|�~?x/~ÁÀX�B{<x���²§|�~5·�x/z�~P�|Bx¶Â�x/~5|��5x�5x/{��Ã~?x/{ �|Bx/�¹x��/����~����$³$x/{��B{<x/Ä�x/~o¥

Å,ÆÈÇLÉjÊ�ËhÉjÌÈÌ�Ç�ËPÍeÉÏÎEÐ?Ë5Ñ�Ò]ÓjÓjÌ�Î!Ô]ËhÕ?ÉjÊ�Ö]×hÌÈÒ�Æ�×?ÉjÇLÆ�Î<ÇLËPØ.ÙhÒ]Î<Ò�ËhÇ�Ë®Ñ]Ç�Æ�ÚSÇLË?Õ?ÇLÎ
ÚSÇLÆÈÕ?ÇLËNÛ�Ö]Ë?ËfÜ
Ý¾ÇLÆ¿Þ8ÉjË?Û�Ç�Ó?ßPÛ�Ö]Ë?Ë�Ö]Ó¶Ìáà�ÐhÌ<Ô�ÎÈà�ÓjÉ¶â!Ù?Ç�ÆáÊ�Ç�ÍãÇ�Ì�ÌÈÇ�ËhÇ�Æ.ØáÖ�Æ<Ö]ÍãÇLÎÈÇ�ÆáÕhÇ�Æ�ä$ÎÈÆÈÇLÐ?Ð?Ë?Ê`Ê�ÇLÓ¶Î<ÇLË

Ð?ËhÕ�É¶ËHÕ?ÇLÆ`åSÇ�Æ�Ç�â!Ù?Ë$Ð?Ë?ÊPÕ?ÇLÌ¹ä5Î<ÆÈÇLÐ5ÚÉjË?Û�Ç�ÓjÌ(×oÇ�Æ�æ?â!Û$ÌÈÉ¶â!Ù$ÎÈÉjÊ]Î(ÚwÇ�Æ�Õ?Ç�ËfÜÃÝ*Ö]Ù?ÇLÆ(Û�Ö�Ë?ËHç»æ?Æ
Õ?ÇLËªè�Å,ÓjÇLâLÎ<Æ�Ò�Ë�ésÒ�Æ�ÚSÖ]Æ�Õ}ê¾Ë?Ê�Ó¶Ç�ë(ì�Å.é ê`í�ßNÇLÉjË?ÇSî�ÇLÌ�Î<Ì�Î!Ö�ÎÈÉjÌ�Î<ÉjÛ3Õ?ÇLï?Ë?ÉjÇLÆ�Î¿ÚwÇ�Æ�Õ?Ç�Ë§ð�ÚwÇ�Ó¶â!Ù?Ç
Õ?ÇLË¹Ö]ÐhÌ�ÕhÇ�Æáä ñ?Ð?Æ�Ê�ÇLÍeÇLÌÈÌÈÇLË?Ç�Ë´Þ8ÉjË?Û�Ç�Ó$ÍãÉ¶Î�Õ?ÇLÍqÞ8ÉjË?Û�Ç�Ó5Ñ�ÇLÆÈÊ�Ó¶Ç�É¶â!Ù$Î�ð�ÚSÇLÓjâ!Ù?ÇLÆ�Ì�Éjâ!Ù´ËsÖ]â!Ù
ò ÓjÇLÉjâ!Ù$Ð?Ë?Ê®ó Ü�ó�ôÁÇLÆÈÊ�É¶×hÎ�Ü�Ý*ÖõÕ?Ò�Æ�Î(Õ?Ç�Æ3öwÒ]ÌÈÉjË$Ð?Ì(Ñ]Ò�ÆÈÛ�Ò�ÍeÍ3Î�ðfÇLÆÈÌ�ñsÖ]Æ�Î`ÍeÖ]Ë÷Ì�Éjâ!ÙøÕ?Ç�Ì�ÌÈÇLË
åSÇLÆÈÇLâ!Ù?Ë$Ð?Ë?ÊÁÐ?ËhÕPÑ]Ç�ÆÈÊ]ÓjÇ�É¶â!Ù5Î
ÕhÉjÇ3öwÒ�Ì�ÉjË$Ð?ÌÕ?Ç�Æ×oÇ�É¶Õ?Ç�ËJÞ8ÉjË?Û�Ç�Ó�Ü

ù�ú1ûsüJýÿþ�� ������ °��
	����� ß���������� 	����� ß������ °
� °����� � � °�

ÚwÒ�×�ÇLÉ�ß!�����øËsÖ]â!Ù ò ÓjÇ�É¶â!Ù$Ð?Ë?Ê ó Ü�ó�ô�Ö]Ð?Ì÷ÕhÇ�Ë Å,Ë?Ç�Æ�Ê�ÉjÇLË ×oÇ�Æ�Ç�â!Ù?ËhÇLÎ�ÚÉjÆÈÕfð
ÚSÔ]Ù#"
Æ�Ç�Ë?ÕCß��eÖ]Ð?Ì¹Õ?ÇLË�Ê�Ç�ÍãÇ�Ì�ÌÈÇLË?Ç�ËCÞ ÇLâ!Ù?ÌÈÇLÓ¶ÚÉ¶ÆÈÛ$Ð?Ë?Ê�Ì�Ò�Æ�ÎÈÇ�ËC×oÇ�Ì�ÎÈÉjÍãÍªÎªÚÉ¶ÆÈÕ§Ü�Ý¾É¶Ç�Þ ÇLÆ�ÎÈÇ
� �����¾ÐhË?Õ � �
ÌÈÉ¶Ë?ÕJÕ?ÉjÇ`Ê�ÇLÌÈâ!ÙsÔ�Î<àLÎÈÇ�Ë%$PÇ�Ì�Ì�ç»Ç�ÙhÓjÇ�ÆÑ�Ò]Ë®âLÒ�Ìì»ß!�����LíSÐ?Ë?ÕPâ�Ò�Ì[ì�ß��`í!Ü



%'& &('*),+)(�* -,+.-0/ *2131h) 4�+�576f+/),+�*2598:*21J+�571�(�4<; / * 5=(>1
?A@CBD@
E FHG,I�J#K3LNM�OPG,I�ONQ M�RTSUM�I=VXW7RZY#I\[:R�M�O^]`_2Va[DY._ ONJ�Y#bdc2M�O

í�§
ª�ª7«=e3f�g ¥hfM«�¤g¦�fO£/¤if)jlk)¯e·F¤S·hjmf�noj

E3

E2

E1
1

2
ϕ

ϕ

prqsq.touCv!wyx{z^|�}�|.~3�ø2����54h�������?>����3���Z�������
�'��� ����D������#���?>'���©D�;����'���?>'������;���=��G;��h9��!:����������
9����©4.���h�'���oK

� f�n���f) �f� ¢¡P£hgT¤.��£hj3¥¦��£`Á�noj§f)n�j3f)g¨¥¦f)j/å
¥�n��in�©�f)j«ª7f���f)¬'�i£� �gr®�if� �n�®¯ � noe3f� ¦°9÷�±. ¦��²
¯Z÷�³®�N¥¦no´�±0e3nof�¥�f) Dµ � f)n��if·¶y�i£h³TgTn��Dnoj¸e3nofòPf) ¦f)´�±3j�¹3j.º`f�noj�»{f)µ)n�f)±3f�j�Þ�ª:0¥¦no´�±¼�¹.¥
e3f)g ï � no¥¦´�±3f)j � noj.¬�f)¯2½!¾:µ � n�¥�´�±3f�j¿e3f�j
À�Á f�´�±3¥�f�¯ � n� �¬�¹3j3ºh£� ¦�if�j�¹3j3e%e3f� :»Âf�nog
µ � f)n��if)jÃ¶y��£h³�e3f)¤{£hj3n�f) ¦��f)j`Ädj3f) ¦ºhnofUe3nof
Å f�¥i�gÆ�if)j.f) �º�nofAe3f�¥ kd±3£��i£�j3¥d»Âf� �f�´�±3j3f)j
¯Z÷�³®��²{¬®®j3j%f)n�j÷Y\j3¥¦�� �¹3gTf)j'�Ç»{f)nÈ¥¦£h¯o´�±.f)j
Äd �f)n�ºhj3n�¥�¥�f�jr£�±3j3fÉe��¥2ÊH�¯�£h �n�grfË�if) ��¹3¥Rå
¬�£hgTgTf)j�Þ.Ä n�j3noº�fNºhf�¤3¯�®j���f¾Y\j3¥��i ¦¹3grf�j'�ifÜ9âD¡PÌÇ²{âdÌQ7Ä ÍÀâÃà�»3�¥�n�f) �f�jÎ©�£h¯o¯�¥¦�S÷�j3e3n�º
�¹.°{¥�£�¯o´�±3f�jrÄd ¦f)noº�j3no¥¦¥�f)j<¹.j3e·©hf� �µ)n�´�±'�if)j
�¹.°>f)noj¸ÊH�¯�£h �n�grfË�if) MÞ

ª7n�f7f)n�j.°C�´�±3¥��ifDÌ�f�¥¦��¥¦��Ï�ino¥��in�¬=°bä. Ðe3n�f¢ëÑf)¬®£hj3¥��i �¹.¬���no£hj�e3f) WëDf�no±3f�j.°
£h¯�ºhfÑe3f)  Á f�´�±/å
¥¦f)¯ � n� �¬�¹3j3º�f)juÜÒ¡É¶5ë9°bä. Î¡P£hgr¤#�i£hj/å�¶#f)Ó�¹3f�j3µ�å�ëDf�¬�£hj.¥¦�i ¦¹3¬'�in�£hjÃj�®´�±ÕÔ×ÖaâD¡AØ�ÙhÙ�Ú-àN©�f) Rå
ºh¯�f)n�´�±��Ðe3n�fNºhf�grf�¥�¥¦f)j3f�j¸¶y�i ¦f)¹ � noj3¬®f)¯Âgrn��Ðe.f)j¢�¹.¥Pe3f�j¢Ädj3f) ¦ºhnof�grf�¥�¥�¹.j3ºhf)j¢»{f) ¦f)´�±3j.f�å
��f)j�Þ

ÛsÜ�Ý®Þ�ßáà0â ã
Rä�å ¾çæ�èËé�ê�æ ½!ë�ì�íËî>ï è�é®ê�æ ½!ð�î¦î ¾

ñ ¾ë�ì�í>ò ñ ¾ð ÜkÝ=ÞmÝ & à
ª:®»Âf�nÈ¥�n�j3e¿½�ë�ì�íHe.f) H�¹3¥Çe.f) HÄdj3f) ¦ºhnof�grf�¥�¥¦¹3j3º�»Âf�¥¦��nogTgU�if Á n�j3¬�f�¯Ò²�½!ðÎe3f) H�¹.¥Çe3f) 
Ö: ¦��¥�gTf)¥¦¥�¹3j3º<»{f)¥��in�grgU��f Á n�j3¬�f�¯Â¹.j3e ñ ë�ì�íÉ»3µ �óñ ðÑe3n�fÃô¸f)¥�¥�°
f)±3¯�f) Ée3f� P»{f)n�e3f)j¢k�� i±å
gTf���f) OÞ



ô õ�öø÷{ù¸úmû ü

ý ù¸þ0õaÿ û �������	� ú,ù¸ú�
 ù�9þ0ú �

����� �������������! �"$#&%�����'(�*)+�,�! 	����-	�����*)/.0�*%��213%�4$)+5 "6%��*)7�8":9
; �����

<\g kd ¦noj3µ�no¤¸¬®®j3j>=¦f�e3f)¥@? ®��f) ¦n��¯�®¯o¥ÑÌ�f�no¯�´�±3f)jBA2£ye3f� 7¶��i i®±3¯o¹3j.ºh¥�e3fË�if�¬���£h Ñ©hf)  � f�j3e3fË�
� f) ¦e3f)j�²'e3Æ¶��i i®±3¯o¹3j.ºÇnojC=¦f)e.f)gD?0®�if� �n�®¯3Ädj3f) ¦ºhnofÉe.f)¤{£hj3nof� ¦��EGF7¯�¯of� �e3n�j3ºh¥>¹.j���f) ¦¥�´�±3f�nHA
e3f�jU¥¦no´�±Îe3nofI?KJhº�¯ono´�±.¬�f)n��if�jÎ¥���� ¦¬ ²Ïe.nof)¥¦f e3f)¤{£hj3n�f) ¦��f2Ä j.f) �º�nof nojÎf)n�j3fd°ML3 �f)n�j3fI?0f)¥¦¥�¹3j3º
©�f)  � f)j.e3»�� ¦fON�£h �g µ)¹ � ®j3e3f)¯�jPE�ª7n�fRQsnof)¯�¥�fË�iµ)¹.j3º�no¥¦�6L.»3¯on�´�±3f)  � f�no¥�f=e3n�f Á ®j3e3¯o¹.j3º
e3f�¥·Ädj3f� �ºhn�f)e3f�¤Â£h¥¦n���¥Æn�j¿f�nojÃf�¯of�¬��� �n�¥�´�±3f�¥<¶#n�ºhj��¯�²�e�0±.nof) �°ML3 He3nofT�g � f)n��if�¥¦�if�j f)j'�SA
� n�´�¬�f)¯��if�jUT f) ¦¥¦�WV� �¬®f) Îf�X#no¥��inof� �f�jPE!Ä ¥Îno¥��He3f)j.j3£#´�±`©h£h ¦¥¦��f)¯o¯�»�� �²�e��¥�¥ÎnojUQs¹3¬�¹3j#°��Æe.nof
Á �j3e3¯�¹3j3ºDnoj�Y�no´�±'�i¥¦noºhj�®¯ofd»3µ � EÏe.nof e3no ¦f)¬'�ifZT f) ¦¥¦�WV� �¬�¹3j3ºNe3f) 7Y�no´�±'�i¥¦noºhj3�¯ofd»{f�©�£h �µ�¹3º��
� f) ¦e3f)j0¬GJhj3j'��fGE

Ì��»Âf�¯o¯�f À EH[�ºhno».�=f�noj3n�ºhf	\Pf�no¥¦¤3nof�¯ofç©h£�j/? Ï�if) ¦n��¯�f)j�²>e3nof¢»{f�©�£h �µ�¹3º����¯o¥T¶y�� i�±]A
¯�¹3j3ºh¥¦e3f���f)¬'�i£h ¦f)j�f)n�j3ºhf�¥�f���µ�� � f) ¦e3f)j`¬GJhj.j3f)jPE�ªNnof·Ì��»{f)¯o¯�fUn�¥¦�:n�j °
£h¯oº�f)j3e3f Å  ¦¹3¤3¤{f)j
¹3j'��f) ¦��f)n�¯��_^
[GEC`acbMd+bMe]fMgheji`¥�n�j3ek?0®�if� �n�®¯onof�j�²Pe.nof�e3¹3 ¦´�± no±3 ¦f�ÊÇ �no¥����¯�¯o¥��i �¹.¬���¹3 ¢f)j.f) �º�f��in�¥�´�±
º�f��i ¦f)j3j'��f6Qs¹3¥¦�WV�j3e3f>lMT2�¯�f)j3µ�»��j3eç¹.j3e�Y�f)n���¹3j3ºh¥¦»��j3ecm2»{f)¥�n��iµ�f)j�²#µ � no¥¦´�±3f)j�e3fnA
j.f)j�Ä ¯�f)¬'�i ¦£hj3f�j�²Èj��´�±oF7j. �f)º�¹3j3º3² � f)´�±3¥¦f)¯�jÕ¬GJ�j3j3f)jpE ª:`e.nof¢Äd¯of�¬'�i �£�j3f)j§nogY�f�n��i¹.j3ºh¥�»3�j3e��¹.° Å  �¹.j3eçf)n�j3f)¥Pnoj'�if� �j3f�j�².£ye3f) 2©h£hj¸�¹.³hf)j¢®j3ºhf)¯�f)º���f)j¢f�¯of)¬'�� �nHA
¥¦´�±3f)jqN f�¯oe3f�¥Hj3no´�±'� � nof)e.f) H �f�¬�£hg·».noj3n�f) �f�j�²�¬Ï�j3j¿e3nof<e3f�¤Â£�j3nof� ¦�ifrÄdj3f) ¦ºhnof=e3f� 
¶��i i®±3¯o¹3j.ºTe.no �f�¬'�D�¯o¥Éf�¯of)¬'�� �no¥¦´�±3f$Y��e3¹3j3ºTºhf�grf�¥�¥�f�j � f) ¦e3f)jpE

r Es<\j	tpujfwvxghfwbybyaBghz{i|e]v � f� �e3f�jçe3¹3 ¦´�±�e3n�fDÄ j.f) �º�nofÑe3f)¥2Ì!f)no¯�´�±3f)j.¥Ð£h¤#�ino¥¦´�±3fCQsf)j'�i ¦f)j
®j3ºhf) ¦f)º��)²®e.f) �f�jTÄ gTno¥¦¥�n�£hj3¥�¯�no´�±'�!nog}? ®��f) ¦n��¯�¥�f�¯o»3¥��dj3n�´�±��d�»3¥�£� �»3n�f) ¦� � no ¦ePEÏª:�¥
¶yµ)noj'��no¯o¯o®�in�£hj3¥¦¯ono´�±'� � no ¦eÃ®¹3³hf) ¦±��¯�»%e3f)¥ÆÊÇ �no¥����¯�¯o¥(lyL3»3¯�no´�±3f�  � f)n�¥�fT¹3j'�if) :T f� �¯o¹]A
¥��if�j·�j�~:¹��j'�if�j3f8�Tµ)n�f)j3µ_m�gTn���f)noj.f)g kd±3£���£#e3fË�if�¬���£h �nojHf)n�jÆf�¯of�¬��� �n�¥�´�±3f�¥È¶#n�ºhj��¯
º�f � �j3e3f�¯��_E

À Es<\jk�Oac��e]va¬GJ�j3j3f)jóf)n�j3µ)f�¯oj3f�?0£h¯of�¬jL3¯of n�£hj3n�¥�nof� ¦� � f� �e3f�jPEÑª7n�f�<\£hj3f)j � f) ¦e3f)j
n�jmf)n�j3f)g ¥¦�i� �¬®f)jlf)¯�f)¬'�i ¦no¥�´�±.f)j�N�f)¯oe e.¹3 �´�±«¶y��£h³hno£�j3no¥�®�in�£hj§©�f) �©#n�f)¯�°C�´�±'��¹3j3e

���



� Ù �:���!�)(�*Z��� - 1�(�4s�@�@�D;�5��N1.87*:(�*Z��(��É4N* 5
¬�Jhj3j3f�j,e3no ¦f)¬'�=�¯�¥·f)¯�f)¬'�i ¦no¥�´�±.f)¥T¶#n�ºhj��¯Ð�j¼f)¯�f)¬'�i ¦no¥¦´�±3f)j§ÊN£�j��i�¬'�if�j§º�f)gTf)¥�¥¦f)j
� f) ¦e3f)jpE

� EC�ih�xzP�,e�ghej�pghz{i&e]v�^)Í7�±.f2e.f)g Ì!f)gT¤{f) iÏ�i¹3 ¦jy¹.¯o¯o¤.¹3j3¬'��¯�V®¥�¥¦��¥¦no´�±HnojI=¦f�e3f)gk? ®��f) �no�¯
e.nofÉÌ!f)gT¤Âf� i®��¹3 �f� �±�Jh±�¹3j.ºÆe3¹. �´�±Te3nofÉe3f�¤Â£�j3nof� ¦�ifDÄdj3f� �ºhn�fÉj��´�± � f�no¥¦f)jPEB�Ng9e3nofnA
¥¦fHnojçf�noj�f)¯�f)¬'�i ¦no¥�´�±.f)¥N¶#noº�j��¯sµ�¹ � �j.e3f)¯�j�² � no ¦e¢grf�no¥��Ée3nof@�7j3e3f� �¹3j.ºre3f�¥Ñf)¯of�¬�A
�� �n�¥�´�±3f�j Á noe.f) �¥����j.e3¥ÆgTn��:e3f) ÎÌ�f�gr¤{f) �®�i¹. �l
f�©��i¯wE��g��D»Âf� �º'�j.º0µ�¹3 ·¶y¹3¤3 i&A
¯�f)n��i¹3j3º�mÐºhf)j�¹.��µ���E

 G¡£¢ ¤!¥§¦©¨MªH«¬¥® ¯ ° ± ²  G¡£¢ ³�´µ¶¸· ¹n¥®ºW´ »B¼W½S¶«¶ºW¾  h¨M¿À¢�·¾SÁ§ÂM¿�Ã Á§½µ¨¸Ä Å|Æ&· ¹n¥®½S¦Ç´µª ÈM¨M« ¦ÉWÊ Ë Ì Í Î�Ï Ð �yÑ Ï Ò Ñ
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ÍLÎ ÏpÐmÑKÒ:ÓhÔ1Õ±Ö ��× ÓhØ�Ð�Ù�Õ �hÚMÛ�×�Ü ÔmÓhÔ1ÏZÓWÝ�Ø�Ô Ú
Þ8ß[à-á Á&â&ãFä á�å�æcçhèLÞ â à â è+é â éZêPë ÿ ë �câ&ãFä à-å�é�ì�íLå ãFä�î�â&ï çhè+Þ â à â è+é â é.áë �câ&ãFä à8å�é�ì Äsï Þ;à â&ð`ð2ï é
ð`ñ^ãFä à ïLò~ó é î�ï æ;é�ô í Á�Á Þmõcö�æ î�ï2ð íLé î�â&ï�â é óYÄ Ä�â°Á&î å�é�ì -^òø÷§î íLæ;ì ï ÞIà ï�Á�Á à ï é¯çNí[æ-í Á°Á í"ê ï éaë
ô ï�ä Á&ï æ ï æ ä í Á à ï é Ã õ ï é�é î í[Þ�ç ä èLà8è+é.ì ï é ï:â ì[à�íLå^ô î�ï é ¼�ï à ï�¿ à8è+æ ï:â é�ô ß Á°Á à ò�¼�â&ïg	�â&ï ô ï é â éaë
ô�è+æ ð í"à â èLé ¿ íLé�é ï é6à°õ ï:î�ï æ î å�æ ãFäsÀ^ï ì ð2ï é6à â&ï æ8å�é�ì î�ï Þ » æ â Þ;àFí Á�Á Þ â élá�ë �câ&ãFä à-å�é�ì.è î�ï æ
î å�æ ãFä.ùWï Þ;à â&ð`ð å�é�ì î�ï æwáë » èaè+æ î�â éBí[à ï íLå�Þ î�ï æSæ ïBÁ í[à â\ú+ï éZû�é î�ï æ;å�é�ì î�ï Þ�ü â>ãFä à8Þ â ì+éBí Á Þ
íLé Äsï�â&î�ï é¸ý1é î�ï é ï�â é ï Þmþ!íLé�ì ï é�ÿræ â ÞIàFíLþ>þ&Þ;à-í�� ï Þ��Bõ â>ïMâ é�ÿrí ñ�â à ï þ Í ï æ;þ!ßLå^à ï æIà���ì ï Þ ãFä�ï ë
ä�ï é ò���â>ï���ï à ä è î�ïpî�ï æ 	�â&ï ô ï é ð`ï Þ8Þ;å�é�ì`íLå�Þ î�ï æcü â&ãFä à-ßLé î�ï æ8å�é�ì
	[è ð`ð à ð`â àSõ ï é â ì ï æ
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ó å�Þ8þ ï Þ ï 	"íLéBßLþ ï é2íLå�Þ�� ð å�Þ8ÞSí�� ï æ1Þ;à ï à-Þ ï:â é ï é ó é6à ï:â þ î�ï ÞSü â&ãFä à-Þ â ì+éBí[þ&ÞKè:~�ô ï æ8é\�6å ð ï:â é ï
íLå�Þ8æ ï�â&ãFä�ï é î Þ;à-íLæ�	 ï û�é î�ï æ8å�é�ì î�ï Þpü â&ãFä à-Þ â ì+éBí[þ&Þ ð2â à î�ï:ð�� æIà î�ï æW� ï:ãFä Þ ï þ\õ â æ�	På�é�ì
á�å ï æ8æ ï:â&ãFä�ï é òh� å î�ï:ð � ï é ñ à â ìLà ï�â élÞ;è+þ ãFä�ï æ ��ï à ï 	6à-èLæpå ðoï�â é ï é���í�	Pà8è+æ7� �;� ï Þ8Þ ï æ ï� æ-íLå�Þ ãFä ßLæ ð2ï æ ïp� ç ä èLà-è î�ï à ï 	6à8è+æ ï é\� î í�á�å�æ ùWï Þ;à â&ð`ð å�é�ì î�ï æNýKé ï æ8ì â>ï áõ ï�â�ï þ ï 	6à-æ â Þ ãFä�ï� â ì+éBíLþ ï í î�î�â&ï æIà�õ ï æ î�ï é ð ö�Þ8Þ ï é\�BõWè�� ï�â Þ â&ãFä�î íLÞw��íLå�Þ ãFä�ï é ï � ï é�ô íLþ>þ&Þcí î�î�â&ï æ;à ò

���Q� ���k�\�����^���7�y�y�-�7�k�V�h�V �¡��V�h�y¢v�h£� z¤ �5�h�V z�@���-�-�¥�
¦�ï � ï é î�ï é²ý â ì ï é�Þ ãFä í[ô�à ï é�á:å�æ � â ì+éBíLþ ï æ;á ï å�ì+å�é�ì â>ð§��ï à ï 	6à-è+æ@� î�â&ïZâ é´ÿrí�~ â à ï þV¨ òª©
� ï à8æ-í ãFä à ï àkõcå�æ î�ï é\� ð å�Þ;Þ�í[å ãFä�î�â&ï � ï:ãFä Þ ï þ\õ â æ�	På�é�ì î�ï æ^«�ë � à-æ8í ä þ>å�é�ì ð`â à î�ï:ð
� í"à ï æ â íLþO� ï í ãFä à ï àYõ ï æ î�ï é òKó �=� â þ î å�é�ì¬¨ ò ¨ºÞ;à ï þ>þ>à î�â&ï§ó � ä ßLé�ì â ì:	 ï:â à î�ï æS� ï:ãFä Þ ï þ/ë
õ â æ�	På�é�ì ú èLé î�ï ærÿ ï æ8é�þ!í î å�é�ì+Þ8á:í ä þ �´î�ï Þ ��ï à ï 	6à-è+æ ð í[à ï æ â íLþ>Þ î íLæ ò\��â>ï ô�ö�æ � ý® ó
ú è+æ8ì ï Þ ï�ä�ï é ï é � í[à ï æ â íLþ â>ï é�Þ â é î¬ð`â à`ü â é â>ï é ð í[æ�	 â&ï æ;à ò_� í î�ï æt� ï�ãFä Þ ï þ>õ â æ�	På�é�ì+Þ�ë
¯ å ï æ8Þ ãFä é â à;à`ô�ö�æv°Wè ð ~�à-è+é�Þ;à-æ ï å�å�é�ì�~�æ8è:~�è+æIà â èLéBíLþSá:å�æYÿ ï æ8é�þ&í î å�é�ìLÞ8á�í ä þ � � ��â>ãFä à ï
î�ï æmýKþ ï 	6à-æ8èLé ï é �cú+ï æ;þ!ßLå^ô�à�� î�ï æo±må ï æ;Þ ãFä é â à8àmô�ö�æ�ç ä èLà8è6í���Þ;è+æ�~^à â èLéºí�� ï æ ð2â ào² �´³Jµ ¶)·
ý¹¸ ú+ï æ8þ!ß[å�ô�à��#õ â æ î´ð íLé�ô�ö�æ î íLÞ � í[à ï æ â íLþ î�ï Þ � à8æ ï å ï æ;Þ ï:â é ð`ñ ì+þ â&ãFä ÞIà�é â>ï:î æ â ì ï Þ �
ô�è+æ î�ï æ;é ò]��ï æwå ð ì ï 	 ï�ä æ;à ï ��íLþ>þ�à-æ â à8à ï:â é2ô�ö�æ î íLÞWÿ�í[þ&è+æ â&ð`ï à ï æ�� â é î�ï:ð ð í[é§íLå�ô ï:â é ï é
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ð`ñ ì+þ â&ãFä ÞIà�ìLæ8è:À ï é ó éPà ï:â þ î�ï Þ�ç ä è[à-è ï@Ásï 	6à-ÞYí���á â>ï þ>à ò �Nö�æ�çNí+í[æ ï æ;á ï å�ì+å�é�ìLÞ;à ï þ ï Þ�	Lè�~ ï
ð`ñ^ãFä à ï§ð í[é ï:â é � í"ê â&ð å ð î�ï Þ�±på ï æ8Þ ãFä é â à8à-Þ�ô�ö�æYçNí+í[æ ï æ;á ï å�ì+å�é�ì¸å�é î²ï�â é ��â é â ë
ð å ð í[é�ÿpþ ï�â é6õ â é=	 ï þ>Þ;à-æ ï å�å�é�ì ò�� í î�ï æ � à8æ ï å ¯ å ï æ;Þ ãFä é â à8à�ô�ö�æ�çNíLíLæ ï æ8á ï å�å�é�ìm² ��Â
úLï æ8þ&ßLå�ô�à�� î�â>ï ÿpþ ï:â é6õ â é=	 ï þ&ÞIà-æ ï å�é�ìºí�� ï æv² � � â Þ;à ï:â é � í[à ï æ â íLþ ð`â à ä è ä�ï�ðÃ� ì+ö�éaë
ÞIà â ì ò �Nö�ærýKþ ï 	6à-æ;è+é^ëQÄ#æ-í ã 	 â é�ìk� ï�â °Wè ð ~�à-è+é�Þ;à ñ À ï é â ÞIàmõ ï:â à ï æ ä�â é¸á:åm� ï í ãFä à ï é\� î íLÞ;Þ
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â>ð2ð`ï æ ï:â é¹þ&í î å�é�ìLÞ â é6à ï ì+æ â&ï æ ï é î�ï æd� ï æ8ÞIàFßLæA	 ï æ ú+ï æ;õ ï é î�ï à ò¥��ï æT� ï æ8ÞIàFßLæA	 ï æ â Þ;à2é ï ë
ì6í"à â>ú æ8ö ã 	Pì ï 	Lè:~�~ ï þ>à ð2â à8à ï þ&Þ ï�â é ï Þ�ÿ�è+é î�ï é�Þ-í"à-è+æ;Þi�o�'�cíLå�ôMõ ï þ ãFä�ï é î�â&ï üdí î å�é�ì
íLå< Bé6à ï ìLæ â&ï æ;à2õ â æ î$òW¡°ð ï:â é�ô í ãFä ÞIà ï é ��íLþ>þ�õ â æ î¹î�ï æ.ÿ�è+é î�ï é�Þ-í"à-è+æZõ â>ï:î�ï æ{	LèLéPà â éPå^ë
â>ï æ8þ â&ãFä ö�� ï æ ï:â é ï é�~BíLæ8íLþ&þ ï þ ï él� â>î�ï æ;Þ;àFí[é î�¢ � ï é6à-þ&í î�ï é ò%��â&ï
�$ï:â à�	Lè+é�Þ;àFí[éPà ï �o� ¢ �
î�ï Þ ¡ éPà ï ì+æ8í[à-èLæ8Þ ð å�Þ;Þ î í�� ï�â õ ï Þ ï é6à-þ â>ãFä ì+æ ñ À ï æYÞ ï:â é²íLþ&Þ î�â>ï§ó é�Þ;à â>ï ì+Þ;á ï�â à î�ï Þ`üdí"ë
î å�é�ì+Þ8Þ â ì+é�íLþ&Þ � ãFä íLæ;ì ï�ã èLþ&þ ï�ã à â è+é�à â&ð`ïp��ò$ùwï:â þ&íLé�ì+Þ8í ð`ï:ð � â ìLéBíLþ!í[é�Þ;à â&ï ì2å�é î ë°í���ô íLþ>þL�
õ â>ï � ï�â Þ�~ â&ï þ>Þ;õ ï:â Þ ïpî íLÞ � á â é6à â þ&þ&í[à â è+é�Þ;þ â&ãFä à î�ï Þ � á â é6à â þ&þ&í[à-èLæV°WÞ ¡ � Ä�þ � �=	Lè ð2ð à ï ÞcÞ8è+é�ÞIà
á�å´å�é ú è+þ>þ&Þ;à-ßLé î�â ì ï æ ¡ é6à ï ìLæ-í[à â è+é î�ï Þ � â ì+éBíLþ>Þ�å�é î´î í ð`â à�á:å ï:â é ï æ ú+ï æ;æ â é�ì ï æIà ï é � â ë
ì+é�íLþ!í ð ~�þ â à-å î�ï � �BíLþ&þ â ÞIà â Þ ãFä�ï Þ ��ï  Bá â à�� úLï æ8ìLþ ï:â>ãFä�ï ÿ�í�~ â à ï þ Í ��òù��â&ï7�$ï:â àJ	[è+é�Þ;à-íLé6à ï�î�ï æ
� ï æ8Þ;à-ßLæ�	 ï æ�þ â>ï ìLà ð`ï:â Þ;à â é î�ï æWpæ ñ À ï é�è+æ î éPå�é�ì ú è+é © ~���£ ©h¤ ¤v�i¥§¦ ©¨¤ ¤�© Þ ò

A

C
Det

U
Bias

R
Bias

R

C
F

F

U
seriell

I
parallel~

~

Kopplung
C

Filter

U
out

ªT«3«�¬
�®c¯$°q±{²�³�´�µy¶$·¹¸�ºb»]¼5½¿¾ÁÀ8·x¸�ºJÂ*¼PÃbÀÄ½¹ºbÅÆÅ1ÇhÈ É�ºb¾ÆÈ�ºlÀ?Å
¼ËÊ_ÇhÈ É�ÀV¾ÆÈ<½¹ºVÉËÃV¾¿ºbÃ8ºbÈ�Ê�ºbÈÍÌ�ºbÃbÀÄ½xÎPÃVÏ ºbÃbÀ
Ð »�¾1½V½¹ºVÑFÒËÇ¨À�¼P»�»�ºbÈm»�¾1½�Ê�ºbÃBÓA¾
¼�ÀbÀ'·x¸�¼PÅ1½VÇhÈ É�Ê�ºlÀ`ÂLºP½¹ºbÏ�½¹ÔÄÃbÀ Ð ÅÆ¾ÆÈ�Ï ÀÕÑZÇhÈ�ÊmÊ�ºb»�Ö3¾ÆÅ1½¹ºbÃÄ×�ºbÃbÀÄ½xÎPÃVÏ ºbÃ
Ð Ã8º'·x¸�½nÀÕÑ�Ø

Ù�Ú5Û
Ü�Û�Ý�Þ�ß�Ý�à�á�Ý�ß�Ý�â�ß8ã à�Ý�äQå Ý�à�æ1ç�è�Ý�ä�é*ê"Þ�ßmë�ì�í�ä@Ú�î�ê"Ýpå ã ä�ëIå5Ú�Û
Ú�ä�ï'î�Ý�á�Þ
ã_á�Ý�äQéLä�Þ�ï'î�ß
ç�ÜqÝ�àUÝ�Þ
ä�Ý6Þ�ä$ß�Ý�à�ä�Ý6ðUÝ�à�ílß'ñ�à�â$ì�ä�èyá�Ý�à�ò_Þ�è ä@Ú�Û�Û¿Ú�á�ì�ä�è�ó5ômÚ�î�Ý�àUõÞ�à�ádá�Þ�ÝöUä�Ý�à�è�Þ
ÝhÚ5ì�÷@ø í�ì�ä�è
á�Ý�í*ô�Ý�ß�Ý�â�ß8ã à�íêTÝ�Þ
í�ß�á�ì�à�ï'î.á@Ú5íùLÚ�ì�í�ï'î�Ý�ä.á�Ý�àoðUÝ�à�í�ß'ñ5à�â�Ý�à�Ý�Û
Ý�â�ß�à�ã ä�Þ�â:á�ã�êTÞ�ä�Þ
Ý�à�ßhó<ú�Ý�Þ
Þ�ä$ß�Ý�è à�Þ
Ý�à�Ý�ä�á�Ý�ä?ðUÝ�à�ílß'ñ�à�â�Ý�à�äiõÞ�à�á?á@Ú�íLùLÚ�ì�í�ï'î�Ý�äQá�Ý�àLöZÛ
Ý�â�ß�à�ã ä�Þ�âYÜqÝ�í�ï'î�à�Þ
Ý�Ü�Ý�äOá�ì�à�ï'î
á�Þ�ÝOöZû$ì�Þ�å5Ú�Û�Ý�ä�ß:üLã Þ�í�ÝJýWî�Ú�à�è Ýÿþ�öUü�ý����Wá3ó îBó\á�Þ�Ý.ð\Ú�à�Þ¿Ú�ä��?á�Ý�í:ë�ì�í�è�Ú�ä�è í�í�Þ
è ä@Ú5Û
í:Þ�ä
öZÞ
ä�î�Ý�Þ(ß8Ý�äJá�Ý�àyöUÛ�Ý�ê"Ý�ä�ß'Ú5à�Û¿Ú5á�ì�ä�è>Ú5êNöZÞ
ä�è�Ú5ä�è>á�Ý�í�ðUÝ�à�í�ß8ñ�à�â5Ý�à�í�óIô�Þ
Ý�å�Ý�à�í�ï'î�Þ�Ý�á�Ý�ä�Ý�ä�*à�í8Ú5ï'î�Ý�ä?á�Ý�íù*Ú�ì�í�ï'î�Ý�ä�í*Û
Ú�í�í�Ý�ä>í�Þ
ï'î>Þ
ä:í�Ý�à�Þ
Ý�Û
Û
ÝLì�ä�á��@Ú�à�Ú�Û
Û�Ý�Û�Ýmò�ß8ø à�û_ì�Ý�Û
Û�Ý�ä>ì�ä�ß�Ý�à�ß�Ý�ÞÁé
Û�Ý�äBó

ò_Ý�à�Þ
Ý�Û
Û�ÝZùLÚ5ì�í�ï'î�û$ì�Ý�Û
Û�Ý�äyâ�ø ä�ä�Ý�ä�Ú5Û
íIò	��Ú�ä�ä$ì�ä�è í�û$ì�Ý�Û�Û
ÝUá�Ý�à`ð\Ú�à�Þ¿Ú�ä
����3ÜqÝ�í�ï'î�à�Þ�Ý�ÜqÝ�ä
õWÝ�à�á�Ý�ä��<õ�Ý�Û
ï'î�Ý���ì�í8ñ�ß���Û�Þ
ï'î���ì�ê ô�Ý�ß�Ý�â�ß8ã àÚ5ê öZÞ�ä�è�Ú�ä�èHá�Ý�íWðUÝ�à�ílß'ñ�à�â�Ý�à�íÚ�ä�Û�Þ
Ý�è�ßhó$ô�Þ�Ý
Ý�ä$ß�í���à�Ý�ï'î�Ý�ä�á�Ý��IÚ5á�ì�ä�è>Þ�äQöZÞ
ä�î�Ý�Þ�ß�Ý�äJöUü�ý Þ
ílß�á@Ú�ä�ä������5ý���������õWã Ü�Ý�Þ\ý������Wí�Þ�ï'îSÚ5ì�í
á�Ý�à�=Ú���Ú���Þ(ß'ñ5ßá�Ý�í�ôLÝ�ß8Ý�â�ß8ã à�í=ý! �"#�$�@á�Ý�à��yÚ%�@Ú���Þ(ß'ñ5ßá�Ý�àLù*ç�ï'â$â5ã&����Û�ì�ä�è|ý('Sì�ä�á.á�Ý�à
öZÞ
ä�è�Ú�ä�è í�â�Ú��@Ú���Þ�ß'ñ�ß6á�Ý�íðUÝ�à�í�ß8ñ�à�â5Ý�à�í���ì�í8Ú�ê"êTÝ�ä�í�ÝPß��Pßhó)AÚ5à8Ú�Û�Û
Ý�Û�Ý�ù*Ú�ì�í�ï'î�û$ì�Ý�Û�Û
Ý�ä�â�ø�ä�ä�Ý�äSÚ�Û�íHò$ß8à�ø êTÝ]Ü�Ý�í�ï'î�à�Þ
Ý�ÜqÝ�äJõWÝ�à�á�Ý�ä��`õWÝ�Û
ï'î�Ý*��Ú�àlé
Ú�Û�Û
Ý�Û���ì�ê ô�ÝPß8Ý�â$ß�ã à�Þ�ä|á�Ý�äQöZÞ�ä�è�Ú�ä�è"á�Ý�í*ðUÝ�à�í�ß8ñ�à�â5Ý�à�í�÷@Þ
Ý,+ Ý�ä3ó ú�Ý�Þ�í���Þ�Ý�Û
Ý=î�Þ�Ý�àlæ1ç�àí�Þ
ä�á
á�Ý�à-�`Ý�ï'â$ílß8à�ã�ê á�Ý�íoô�ÝPß8Ý�â$ß�ã à�í�ì�ä�áYá@Ú5íWß8î�Ý�à�ê"Þ
í�ï'î�Ýmù*Ú�ì�í�ï'î�Ý�ä:á�Ý�í6úWÞ¿Ú�ílõÞ
á�Ý�à�í�ß8Ú�ä�á�Ý�í
Ü��Põ=ó á�Ý�í�. Þ
á�Ý�à�ílß'Ú�ä�á�Ý�í*á�Ý�à*ùç�ï'â$â�ã&�
��Û
ì�ä�è�ó



/�º4»/º�0t¼21
354�1
4646354�7�8:9<;�=�>$7½¼?=@A463?467�8:9<;�=�>B1 ¾DC 4�1E9F0t¼21 ¾DC 4�= G�H
IJLK NMPO:À KRQ�K,S ~UT�M�T%VWV K V K,X ��T�Y S�Z�[
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^�Q�K\S � K M SPa�j M `%K M S,]w K V Z�[�K�J vxi Kya M�T Z�[ba�K,a�K\X{z T�VLV Q�l v JWX�JLK M a w J M Q|Q Y�M Z�[}Q�JWK mNT�nUT�o JLa�j%a~Q�K\S�IK,a�K\`qa�l M SSPK VWi SPa�rIK v�V�T Q Y X�^&S�K v�n<  X�Q V JWZ�[�K,X � l M k�K M SBa�j M `�K M w J M Q�K\JLXuQ
JWK<� T X�Q i�M K\JLa�K i K,^ M K,X o K,XhgQ�K M z2J V a�K M k�K M SBa�j M `�K M~� S�[ T�n K M�� X T Z�[�^&K,S�Z�[ T�V a�Kya�rUIJLK\SPK M�Y Xqa�K M Q MP_ Z�`qa�Q�JWK VWT X�^&S T�v SPa�K,XY X
Q�Q�JLK�SPZ�[�X�K VLV SBa�K\X m l v*n l&X�K\Xqa�K\X�Q
K\SRt T�Y SPZ�[�K\X
S\]2l�[�X�K*Q T S��hJW^&X T�V6T�VWVLo\Y SPK\[ MNo,Yk�K M�M JWX�^�K M X�r6��JLaRQ�K MSÄ [
K\l M JWK�Q�K M l n a�J v�T%V K\X�z2J V a�K MP��Y X�`qa�JWl&X ��v�T a�Z�[�K,Q  UV a�K M��cY X�QQ�K M a�K,Z�[�X�JLS�Z�[�K,X�tFK T�V JWSPJWK MPY X�^|Q�K M�� X�XUj%[�K MPY X�^�Q T�M�T X�]�[ T�i K\X�S�JLZ�[�] Y Xba�K M�T X�Q�KygM K\X�]!��� T X �&�%� ]!��� Y a H&Gp� Y X�Q���d ���%� H
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l v K,X�l V l&^&JWSPZ�[�Q Y�M Z�[¨Q�JWK i K\JLQ�K\X¨¦ T�M�T�v Kyga�K M d6�§-¬®P¯#° Y X�Q�d6��§-¯�±�²W³y° i K\S�Z�[ M JWK i K,X�] w K V Z�[�K T�Y Z�[�¢¥k&l�X T�Y SPS�K\X	¤ v K\SPS iUT�M S�JLX�Q�rd6��§-¬UP¯#° i K\SPZ�[ M K,J i a´Q�K\Xµk�l&XµQ�K M IK,a�K\`qa�l M ` T�nUT�o JLa�j%a Y X T�i [Uj�X
^&JW^&K,X � Xqa�K\J V�Y X�Qd6��§-¯�±�²W³y°!Q�K\X o\Y
MFm~T%nUT�o Jea�j%a �!¶ ² ¶-� IKya�K\`qa�l M ` T�nUT%o JLa�j%a�]
d�JWX�^ T X�^&S�` T�n�T�o Jea�j%a!Q�K\S � l M gk�K M SBa�j M `�K M S Y X�Q �o����n�M l n l M a�JWl&X T%V K\X � Xba�K\J V rsI T S�^�K\S T%v a�Kct T%Y S�Z�[�K,X T�v·�Y SP^ T X�^Q�K,Sz:J V a�K M k&K M SPa�j M `%K M SFSPK,a o a�S�JWZ�[uQ T X
X � l V ^&K\X
Q�K MPv�T�¸ K\X o\Y S T�v*v K,X�¹
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IK M z:J V a�K M g m l	K,Ï o JWK\Xqa � X�J v�v a ��_�M S�K v JL^ T�Y SPS�J T X�S�[ T�n JWX�^�] w JLKNJWX�Q�K\X � �<¡B§!SFk&K M gw K\X�Q
K,a�]qQ
K\X � K M a � ] Î<T X � k�K M ^ V K,JWZ�[�KN��� T X ���%� Y X�Qu��� Y a'¤ ¤ � � r%ÆÐJWSBa�Q�JLK�Ñ�K\JLa�`�l&X
SPa T Xba�KQ�K,S�z2J V a�K M k�K M SBa�j M `�K M S\]%Q�K M K\X*d�JWX
Ò Y S�S T%Y
� Q�JWK!¦ Y�V S � l M�v JWX mNT�n JLa�K V G r�Ó�r � XUj�[�K M K MPV j Y ga�K M a w J M Q�r�IJLK V K,a o a�K,X i K,JWQ�K,X«Ô:K M�v KRSPa�K VLV K\X�Q�K\X � Xba�K\J V Q�K,S<�fK\Z�`bSPa M l v S Ç ±�°�BÈ Y X�QQ�K,X � Xqa�K,J V Q�K\S � l�[�X�S�l�Xhg$t T�Y SPZ�[�K\X�S T%v �(J T S w JWQ�K M SPa T X�QJ¢�¬�ÌÕP¯�Q
K\S<IKya�K,`ba�l M S<Q T�M ]w K V Z�[�K i K\JLQ�K n�M l n l M a�JWl�X T�V�o,Y�M z2J V a�K MPo K,JLa�Æ T X�SBa�K\JL^&K\X�r	ÖªJLSPa�Q�JLK�d V K v K\Xqa T�MPV�T Q Y X�^�]&`Q�JLK��!l V a o,v�T X
X�S�Z�[�K m l&X�SBa T Xqa�K Y X�QªÔ¡Q�JWK(Ô:K v�n K M�T a Y�M rqÑ Y�M d MPV j Y a�K MPY X�^<Q�K MDi K\JWQ
K\XÔ?K MPv KNS�K,J w JWK,Q�K MPY�v�T�Y
� ��� Y a8¤ ¤ � k�K M w JWK\SPK\X�r
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Wafer

Ausleseelektronik Detektoren im MEGA-Prototyp

EGFHFJILKNMPORQTSGUJVXWZYH[]\Z^`_a\cbedgfihkjZ\Z^`_mln^`oqpsruts_vln^awx^`hywxz{_}|cz{o�~��������n�udg^�^`_u��js_]ln^`oqpn��wx^`bebed�wx^`o
��o��n^�l���fi�Jw��ude_vl�����^`_��n^��awg_�dgfi�y^`b�wx^������n k^`oq q��_�h¡dg^`_{wPl¢dg^���^awx^`hywxz{_v^`oy�Jl¢dg^]de ¤£¥_vz�wxz�w§¦�r¨ln^��
© oZ�awg_{ts k^`o�wX�ª^`oJwg����b�wx^`o��`deoyl��
Q�Kya�K,`ba�l Mv�Y S�S�K,JWX�^ M l ¸ K\S¬«6l VWY�v K\X T�Y S��hJ V J o J Y�v i K,S�JLa o K,X�] Q T Q�JLK�K,ú K\`qa�JLk&K�z V j%Z�[�KQ�K,S�÷¥X
SPa MPY�v K\Xqa�S n�M l n l M a�JWl�X T�V�o,Y Q�JLK\SPK v «6l VLY�v K\X�JWSBa�r®d�JWXu^ M l ¸ K\Sª«6l VLY�v K,X�Q Y�M Z�[

��
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K,JWX�K�d M [ O [ Y X�^�Q
K M IJLZ�`�K�µPK,Q�K M K,JWX o K V X�K\XñI�K,a�K,`qa�l M S�Z�[�JLZ�[ba o,Y K M�M K\JLZ�[�K\X�] SPa O&¸ a i K\J�hJ V J o J Y
v Q�Kya�K,`ba�l M K,X T�Y
� �hZ�[ w JWK M JW^&`%K\Jea�K\X�]qQ T Q
JWKFX�l�a w K\X�Q
JW^&K��!J T S�S n�T X�X Y X�^~Ö YUT Q M�T ga�JWS�Z�[ v JeacQ
K M I�JWZ�`�K�Q�K\SªI�K,a�K,`qa�l M S o\Y X�J v�v a � £ V K\JLZ�[ Y X�^EÓ�r�Ó � r ��Y�¸ K M Q�K v X�J v�v aQ�JLK*�	a M K Y�Y X�^EQ�K M d V K\`qa M l&X�K,X�JWX
X�K M [ T�VWi µPK,Q�K M IKya�K\`qa�l M�VWT ^&K o\Y ] w l	Q Y�M Z�[¨S�JLZ�[¨Q�JLKtFJWZ�[qa Y X�^&S T%Y Ò O S Y X�^ªQ�K M � n�Y
M K\X�k&K M S�Z�[ V K\Z�[qa�K M a � K,Xqa�S n
M K\Z�[
K\X�Q�£ V K\JLZ�[ Y X�^·¶	r ��¸ � r	I TQ�JLK�l n a�J v�T�V K!IJWZ�`%K�Q�K M K\JWX o K V X�K\X�IKya�K\`qa�l M�VWT ^&K\X*X�l	Z�[�X
JWZ�[qa6k&l VLV SPa�j�X�Q�JL^<^&K\` V j M a6JLSPa�]w Y�M Q�K ��_
M Q�JLK*IK,a�K\`qa�l M K\X{Q�K,SR¦ M l%a�l�a�¹ n K\X�Q
JWK*^ M�O&¸ a�KÐSPa T X�Q T�M Q v j ¸ JW^�K M [Uj V a V JWZ�[�KIJLZ�`�KNk&l&X G��·º v ^&K w j�[ V a�rIK M z®l M Q�K M�Y X�^�X T Z�[ñK\JLX�K M ^ M l ¸ K,X�IK,a�K\`qa�l M Ò®j�Z�[
K i K\J:K\JLX�K M�i K\SPZ�[ M j%X�`qa�K\X � X	go\T [ V «6K M SPa�j M `%K M ` T X�j V K<` T X�X v�T X�] w JLK<JWX mNT�n Jea�K V�Î r Î K M�V j Y a�K M a\] v Jea�Q�l n
n K V S�K,JLa�JW^&K,X�	a M K,J � K\X
Q�K,a�K\`qa�l M K\X X T Z�[�`%l v�v K\X�r6© v Q�JLK�IK,a�K\`qa�l M Ò®j�Z�[�K i K,J � K\SBa�K M*� X o�T [ V Q�K M
«6K M SPa�j M `%K M w K\Jea�K Mo\Y k&K M ^ M�O�¸ K M X�] JLSPa�K\JLX�K�Ö YUT Q M�T a�JWS�Z�[
K � X
l M Q�X Y X
^ v K,[ M K M K M���T g� K M JLX�K,JWX�K M d i K\X�KFg Y X
Q�K\JLX�K¬«6K M `%K,aPa Y X�^ªQ
K M �	a M K\J � K,X T�Yh�fi K,JWQ�K,X��hK,JLa�K\X*g v*O ^ V JWZ�[�r� JLK,k	JWK V K ��T%� K M Q T�i K\Jhk�K M `�K,aPa�Kya w K M Q�K\X�]q[�j�X�^�aDk�l v T ` o K n a T�i�V K,XÐK V K,`qa M JLS�Z�[�K,X*t T�Y gSPZ�[�K\X T�i ]pQ T�V j%X�^&K M K-�ba M K,J � K,X�X T Z�[R£ V K\JLZ�[ Y X�^ Î r Î�_
i K M Q�JLK([ O [�K M K��	a M K,J � K\X
` T%nUT�o Jea�j%aY X
Q�Q�K,X�[ O [�K M K\X��fK\Z�`bSPa M l v n�M lR�ba M K,J � K,X o,Y [ O [�K M K\X�t T%Y S�Z�[ w K M a�K\X ��_ [ M K,X�r �i�i J V gQ Y X�^´Ó�r � o K\JW^%aQ�JLK � X�l M Q�X Y X�^´k&l�X»µPK w K\J V S Î�¼
Î��}Tp� K M X o\Y K,JWX�K v I�K,a�K,`qa�l MPv l	Q Y�V r
«JWK M S�l V Z�[�K M �ulhQ Y
V K�` O X�Xqa�K,X JLX}K\JLX�K M�v�O ^ V JWZ�[
K\X½«6K M SPJWl&X{Q�K,S*�Ed�£ � gB� T a�K VLV Jea�K\X� k&K M ^ V K,JWZ�[�K m~T%n JLa�K V § ��o\Y K\JLX�K M I�K,a�K,`qa�l MPV�T ^&K o\Y S T�v�v K\X
^&K ��_ ^%a w K M Q�K,X�r�÷ v ¦ M l�a�lpga�¹ n K\X w J M QñK\JWX|�ba T�n K V2T�Y S �� I�K,a�K,`qa�l MPv l	Q Y�V K\X�] w JLKRJWX �i�i J V Q Y X�^´Ó�r � v�T%M `bJWK M a�]k�K M w K\X
Q�K,a\r
ê�ëv¾ ¿¨ðFõ�À¨ÁÃÂ~ó�ÂÅÄ~ô,ðÇÆ�ð-òÉÈËÊfò:ð�ô�Ìpð¬ÁÍÆ�ðÎÊ5ð�ö»Ê�ÂNò2ð¬Á

�!K,J��	a M K,J � K\X
Q�K,a�K\`qa�l M K\X�JLX

+
-

Signalladung Y-Richtung

X-R
ich

tu
ng

p-Streifen

n-Streifen

ÏGÐHÐJÑLÒNÓPÔRÕTÖ¤×JØÚÙÜÛ�ÝßÞsànáJâgãgä{àZåaæ¥ç`ãÚåvçèç`ãeàyç�åGénäëênê¥ç`ìÚå�ç`ã�âgãîí
ï ç`àñðJâgòvç`ãeóiç`àyénçaâxç`áyâxä{ò`åaôPõ�ãgç·ö]ãø÷cå`åNêß÷�ànà�Þsà ï æuãeòvéúù¢æuãîí
åvûiüyç`àþýÎÿZç`ò�í�Þsàyé�� à�âxç`ò`å�ç`ã�âxç énç�å��q÷�óiç`ò`å�÷�à ï ç`ìgç ï â��ßåvä
é�÷cå`å]é¢ãgç�ç`ìgç`áJâgò�ãÚå�ûiüyçPÝyç`ìgé¢ò�ãgûxü�â�Þsà ï åvç`àná¡òvç�ûxü�âyù¢Þsò�ýÎÿZç`ò�í
��� ûiüyç�énç�å	�q÷�óNç`ò`å ï ç`ò�ãgûiü�âxçaâmãÚå{â`ô
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Leckstrom von 9 Wafern (Detektor Sisyphus):

Einzelmessungen vor der Montage

Detektor nach der Montage
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Leckstrom der Detektoren
Odysseus (100 V)
Hermes (100 V)
Merkur (100 V)
Sisyphus (60 V)
Ikarus (60 V)
Neptun (60 V)
Achilles (60 V)
Daedalus (60 V)
Apoll (40 V)
Bachus (40 V)
Mittelwert der Det.
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�

��������� �����������! "��#�$%��&%���(' )+*�,-#�./ 10%��*�,
xJcqg�p+��lrj�{�y��ds2tu�©y|p.cSgi�ib:j�l.p^p.cS�×}�o.l.s2t�� b:t+gdf�o.k�t��+2×f�l>b2j�e>b:�qù.¢�cqgdk�h|cSy�s2t+c32Uj��.y|bdcSh54+�6�ù
�if�h�h�b:cUcSl>b:�i�.gdcqs2t.cSl.p87üh|cSy|s2t�o+l.ku�+� ��cqy�l.cql�t.f�t.cql�� cqgibRt.j���cql0ù�o+{ l+y�s2t>bR�So+{9�×j�o��
�is2t.cSlwp.cSgNúZcSgi�ib	��gde�cSgdcqh�cqe�bdgdf�l+y�e)�'cSy��qo+b:gdj�k�cql0�

xJy|c
¡�b:gdf�{��?¡��rj�l.l�o.l+k����:2ücql.l.h|y�l.y|cSlup.cqg×}Zo+l.s2t�� bdt.gdf�o.k�tw�©y|p.cSgi�ib	��l.p.cUj�o+���£o.l.p
l��?¡�cSy�b:cqlwm�o.gip.c�{�y|b×p.cSgi�dcqh��'cSl¨¡�s2t.j�h|bdo.l.k�m�y|c�p.y|c
xOcS�.h|cqb:y|f�l.�i�d�rj�l+l�o+l.k<;�¢�cSgdk�h�cSy|s2t.c
�O�.�.y�h|p.o.l.k�4.� ó�= k�cq{ncq�d�dcql0���Oh�h|cSgdp+y�l.k���m�y�gip�prj��'cSy�p.y�c
¦�y j��d�d�.j�l.l�o.l.k)f��'cSgitrj�h|�Fp.cqg
xJcq�.h�cCb:y|f�l.�d�i�rj�l.l�o.l+k
��cS��b:k�cq�dcqbd�qbSù�o.l+pup.y�cO¡��.j�l.l�o.l.k.ù�macSh�s2t+cJ�qm�y|�ds2t.cql^¡�bdgdcSy���cSlno.l.p
¦�y�j��dgiy�l.k�j�l.h�y|cSk�bSù>¢�j�gdy�y|cSg�bD��xJcSgNp���l.j�{ny|�ds2t.c��©y|p.cSgi�ib:j�l.pum�y�gip^j�o.�ðp+cSg�¡�bdcSy|k�o.l.k�p.cqg
¡�bdgdf�{���¡��rj�l.l�o.l.k����+2Rcql.l.h�y|l.y�c���cq�ib:y|{n{�bDùm�y�c^y|l �O�.�.y�h|p.o.l.k>4.���?
®prj�gik�cS��b:cSh|h|bS�ZxJcSg
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«�o.��b2j�l+p0ùm�cqh�s2t.cqg��dy�s2t¥�'cSyðcqy�l.cq{ o.l.e�f�l>b2j�e>bdy�cSg�b:cqlª¡�bdgdcqy|��cSl¥cqy�l.��b:cSh|h|bSù�y|�ib�p.cqg��icSl+y��
k�c�ùa�'cSy×p.cq{ y|{ vwcS�i�d�Cm�cqy�k�e�cqy�l©¡�b:gdf�{ ^.y�cS�i�ibSùa�if�prj��i��p.cqg�k�cq�:j�{
bdc���cSs2e���b:gdf�{
p.cq�w¡�b:gicSy|��cql.�)�.�'cSg)p.cql§�+o.l.s2t��Pb:t.gif�o.k�t��:2Of�l>b:j�e>bFj��1^ry�cq�d��bD�Nx�j�t.cSg^�'cS�ibdy�{�{
bup+y�c
¡�bdcSy|k�o.l.knj�lFp+y�cS�icS{ }�o.l.e>bJp.cSlwp+��lrj�{�y��ds2t+cSlF�©y|p.cSgi�ib2j�l.pFp.cq��2×f�l>b2j�e>bd�S��xJcSg��©y��
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p.cqgd��b2j�l.p®p+cS��}�o.l+s2t�� bdt.gdf�o+k�t®td��l.k�bJprj���cqyA¢�f�{ �$cqs2e��ib:gif�{þj��0ùæm�cqh�s2t.cqg�p.o.gis2t®p.cSl
�icCm�cqy�h�y|k�cSl�¡�b:gicSy���cSle^ry|cgf�bS� ¦acSyðj�h�h�cql k�cq{ncq�d�icSl.cql¤¡�b:gdcqy|��cql�h j�kwp.cSg��©y�p.cqgd�ib:j�l.p�y|{
¦�cqgdcqy�s2t®¢�f�l¥� � �2� ��� v�h�ù�{ncqy���bRj�o+�ap.cqgRl���¡�cqy|bdc�j�{ f���cqgdcql0�$xJy�cq�dcqg�� cqgibüy���bRlrj�s2t
�O�.�.y�h|p.o.l.k�4.� � ;"� = j�o.�dgicSy|s2t.cSl.p¨t.f�s2t0ù��df)prj�f�p.cSgü¦�y�j��im�y|p.cSgi�ib:j�l.p�l.y|s2t>bR�dy|k�l.y|ý.e�j�l�b
�qo.{i�×j�o.�ds2t+cSlÿ��cqy|b:gdj�k�cql®�df�h|h|b:c���xOy�c�¡��rj�l.l�o.l.k£j�{kj×o.h�h|p.o.gis2t.k>j�l.kum�y|gdp¨j�o+s2t¬y|{
o.l+e�f�l>b2j�e�bdy�cqgib:cql¬«�o.�ib:j�l.p¨j�{ �.o.l.s2t�� b:t+gdf�o.t��+2Of�l�b:j�e>bUj��+�"j�h|h�cql0��¡�y�c���cCb:g	��k�büj�o+�Z���
o.l+pwl��?¡�cSy�b:cR�Cm�y��ds2t+cSl�4�o.l.p � úZf�h|bS�

lnm	o p q�rWsut3vxwzynw|{~}9w|s�w��Ws�q3{Lw�r

� cqp.cRxJcCb:cSe>bdf�gdh�j�k�cJ�'cS��b:cqt�bNj�o.�ðl.cqo.lu� j���cSgil0ù�p+y�c�ù�m�y�cOy�ln�J�.�.y|h�p.o+l.k[4.��� � �de�y��q�Sy�cqgibSù
y|lncqy�l.cqgðvFj[b:gdy��nj�o.�a�]�+�U� j���cSgil)j�l.k�cSf�gip.l.cqba�dy|l.p0����h�cqe�bdgdy|�ds2tue[j�l.lnp.y�c�� h���s2t.c�lrj�s2t
p.cq{ ¦�f�l+p.cSlFj�h��ðcqy�l£k�gdf�f�cSgð� j���cSgN�'cqbdg:j�s2t>bdcqb×m�cqgdp.cql0�
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«�o.g|��l>bdcSk�gdj�b:y|f�lup.cqgð��j���cqg�m�o.gip.cSl��Ag	��k�cqgNj�o.��p.cS{�2üo+l.�ibd�ib:f��¨}Z���%2�¢�cqgimacSl��
p.cCbDù�y|l�m�cqh�s2t.c�p.y|c���j���cqgRk�cSe�h|cS�+büo.l+p¬p.y|c���h�cqe�bdgdf�l+y�e��.h j[b:y�l+cSl®k�cq�ds2t.gdj�o.�+bümacSgdp+cSl
;��dy�cqt.c��O�.�.y�h|p.o.l.ke4.�|�(� = �a¦�cSyOp.cSg£v£f�l>b2j�k�cFp.cSg�� j���cqg�m�o.gdp+c�¢�cSgi�do.s2t>bSù�j�h�h|cS���qo
¢�cSgd{�cSy|p.cSl�ù+mðj��×cqgi�"j�t+gdo.l.k��dk�cq{���f��qo^cSy�l+cSgN��gdt+��t�o.l.k�p.cSg���cqs2e���b:gi��{ncR���.t+gdcSl)m��.g?�
p.c���úZf�g)p.cqg£vwf�l>b2j�k�c�m�o.gdp+cSl p+y�c®}Z�Z�%2�����gG��k�cqg)y�l��Scqgdh|cSk��rj�gdc�ù��ib:cqy|��c>�×j�t.{�cSl
j�o+�J}�h�c���y�k�h�j��Nk�cS�i�rj�l.l>bSù�o.{�úZcqgim�y|l.p.o.l.k�j�o.�i�S�ds2t+h�y�c�f�cSl���x�j�p.y|c�l.y|s2t>bJ�rj��d�dy�¢�y�cSg�b:cql
� �'cSgU^d��s2t.cSl�p.cSgZ��j[��cSgZ�dcqt.g�cq{n�+ý.l.p.h�y|s2tn�iy�l.p�ù�m�o.gdp.cqlup.y|c�� j���cqg�{�y|bib:cqh���cSy|l.cSgZ�Ol��
�dj�o.k�¢�f�gdgiy�s2t>b:o.l+kncqy�l.k�cq�dcCb:�qbSùrp.y�cJp.cSl^��j[��cSgNl�o.g�j�o+��p.cql���o1f�cSgi�ib:cql � �6

{�{�j�o�� p.cqg
���?¡�cSy�b:c�j�o�f�cqgdtrj�h��£p.cSg�7üo.j�gdp.giy�l.k�cU�'cSgi�.t.g�bD�æ�Jo+�cSy�l+cSl � ù 
�{n{ �.gicSy�b:cSl£úZf�gd�i�.gdo+l.k
m�o.gip.cÿ{ny�b^cSy�l+cSg£xJy��i��cql.�dcqgdp.�+�dc�cqy�l.c¨k�h|cSy�s2t+{���f�y�k�c�k�cSgdy|l.k�c¬vwcql.k�c¬�Z�'f(��y�p.trj�gd�
;"�Z�'f�bdcSe£�c7 ó � 
 � ù¡�×cq�dy|�ib:y�¢�y|b��[bOh�j�o+b�¢Ocqgd�ibdcSh|h�cSgx£ï� �E¤�¥ hðsq{ = j�o+��k�cqb:gdj�k�cql�o.l.p�p+y�c
� j���cSgNcqy�l.k�cS�dcCb:�CbD�
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� cSp+c��Aj�k�c�p.cq���Ag:j�s2e�cSgd��m�y|gdp
¢�f�l��dcqs2t.���R¡"�°¯��qù�m�y�cay�l��O�.�'cSl.p.y���� ��cq�ds2t.giy�cq��cql0ù
j�o+�dk�cqh�cS�icSl0��xJy�cq�dc���cCýrl.p.cql®�dy�s2t¨j�o+���qmacSy�y�p.cql>b:y��is2t.cSl¨}�h�j�b:y|l.cSl0ùr¢�f�l�p.cql.cSl®cqy�l.c�y�l
�O�.�.y�h|p.o.l.k�4.�|� ó k�cS�qcSy|k�b�y|�ibD��xJy|c�}�h j�bdy�l.cqlFmacSgdp+cSlÿj�{��Oj�l+p�p.cS�üxOcqb:cqe>b:f�gi�Ry�l�p.cql
�Ag	��k�cSgcqy�l.k�cq�dcCb:�qbSù�maf���cqy.p.y|cð}�h j�bdy�l.c�ù[macSh|s2t.cNp.y|cðl���¡�cSy|bdc�p.cq�ZxJcqbdcSe>b:f�gd�Ze�f�l>b:j�e>b:y�cqgibSù
± e�f��+���+��cqg°²üy|l)p.cSg×¦�cC��cS�ibdy�k�o+l.knh|y�cqk�bD��xJy�c��?����Zy|l.k/��l+k�cRp.cSg���¡"�°¯��O�iy�l.p£j�o���
 ��� {

�n���+���"!A#�%'&�(+*BA�³.-�K$\.9[6P9�/?KL@./?8$MO/C6P/?3+6P978:J|GC_>/qYÛM�K /LN+6 8:/?K I /?@�G�JOJ /?8�E�G I /?8$5�KL@.<OG�B I <>/?8µ´ðT�/?8�H
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�.gicSy�b:cU��cSy|bdcSgi�rj�t.l.cql¸;��df�k.� ± �æj�l.f�o+bd�°² = k�cS�'f�l.p.cCbDùrmacSh�s2t+c��qoFp.cqlW�icqmacSy|h�y|k�cSlw¡�bdgdcSy���cSl
���.t+gdcSl�� xJy|c�2üj��.j��Sy�b���büp.cqg���cSy�b:cqgd�rj�t+l.cSl¬h�y�cqk�bUy�{Å¦acSgdcqy�s2t macSl+y�k�cqg��d� o.l.p¬e�j�l.l
y|{ úZcSgdk�h�cSy|s2t¬�qo.g�2üj��.j��Sy�b���büp.cqg�¡�bdgdcqy|��cSlÿ¢�cqgdlrj�s2t+hI���i�dy�k�b�macSgip.cSl0�LjJj�s2t p.cS{~��y�l��
�icqb:�qcSl¬p.cSgü�'cS�ibd�.s2e>b:cql�o.l.pÿk�cqbdcS��b:cqbdcSle¢×���.gdy|p.�'f>j�gdp+�üm�o+gdp.cql p.y|c�xJcqbdcSe>b:f�gicSl j�o+�
�'cSy|p.cSl�¡�cSy�b:cSl8;"y|lw�icSl.e�gdcqs2t>b:cSg3��y�s2t>bdo.l.k��qo.cSy|lrj�l.p+cSg = k�cq��f�l+p.cqb3¹C�'xJy�c�¦�cq��cq�ibdy�k�o.l+k
p.cqgü}Z���%2J�:�Ag	��k�cSgücSg���f�h�k�b�prj��'cSyj�o+��cSy|l.cSgR�Oh�o.{�y�l.y|o.{��.h j�bib:cü{�y|b�p+cSg:j�gibRk�cC��g	����b:cql
�Oo.�d�i�rj�gdo+l.k�cSl�ù�prj��d�ül�o.g�p+cSgx�Oj�t.{ncql¨o.l.pÿl.y�s2t>bUp.y�c�� j���cqgU�'cSgi�.t.g�bUmacSgip.cSl�� xJcqg
�Oh�o.{�y�l.y|o.{
bdg	��k�cqgücSl>b:td��h|b�¦�f�t.gdo.l+k�cSl0ù p.o.gds2tzp.y|cup.cSg�}Z�Z�%2J�+�×j�t.{�cSl¥j�l.k�cS�:j�o.k�b
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m�y|gdp0� �J�.�+y�h�p+o.l.k�4.���!���Scqy�k�b�cqy�l.cRp+cSgR���ük�cC��cSgibdy�k�bdcSl^xJcCb:cqe�bdf�gdh�j�k�cql£¢�f�gNp.cS{��Zy|l��rj�o
y|lÿp+cSl¬xJcqbdcSe>b:f�gi�ib:j���cqhap+cS��vF�c7ü���?}�gdf�b:f�b����'cSl0�AxJcqgU{�y�l+y�{nj�h�cü¢�cqgib:y|e[j�h�c��O�.�ib:j�l.p
�Cm�y��ds2t+cSl¥p.cSl¥xOcqb:cqe>b:f�gicS�'cSl.cql �'cqbdg	��k�b
cqb�m�j����u{�{w�A��g�y���b�p.o+gds2t¥p.y�c�¢O��t+cup.cSg
¡�bdcSs2e>¢�cqgd�.y|l.p.o.l+k�cSlFj�o+�Ap.cSlã¢����+gdy�p+��f>j�gdp.�3;À
�{�{ = o.l.p)p.y|cRxJy|s2e�cRp.cqg�xJcqbdcSe>b:f�g�b:gG�[�
k�cqgY;À
�ù 
£{�{ = ¢�f�gdk�cqk�cS�'cSl�� x�j����rg	���icSl¬p.cSg[�Oj�t+{ncql¬o.l+p�prj���¦�f�l.p+cSl�p.cqgU� j���cqg
td�[bdb:cn�dy|s2t�cqb�m�j���cSy|l+�"j�s2t�k�cq�ib:j�h|bdcqbDù$macSl.l�p.y|cn� j���cSg�l.y�s2t>b�j�o+��p.cSg � ��cqgd�dcqy|bdcup.cS�
�×j�t.{�cSl.� j�o1^ry|cSk�cql�m��.gdp+cSl0ù��if�l.p.cqgdl�j�o��ætrj�h��'cSgL¢O��t+cðp.cS�L��gG��k�cSgi��;"�O�.�.y|h�p.o.l+kR4.���!�
o.l>bdcSl = ��xJj�p.o.gis2tnm��.gip.cSlncSgd��b:cql.��p.y|cN�ds2t>m�y�cqgdy|k�t.cqgd�qo.�ibdcSh�h|cSl.p+cSlä^rj�s2t.cSlu¡�b:gio.e>b:o.gicSl
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Chi2 / ndf = 66.46 / 30
 4.826 ±Constant = 201.3 

 18.67 ±Mean     =   417 
 10.51 ±Sigma    = 861.2 
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r�W?g�g%`JS"Y@g�]pZXV ` g%W>ip`Xg\^ f W>ZXZ�g�c$ipklb�W�~$c$Y�j"c$r�rPW>Z�e � TXV�W?r f W?Y�VXW?ZFVX]pW h?^ kljRg\^	c � W>ipW>j ]
^%Y%c$ZXW>ZuVJSQZXZvZ�]pklbG^�r�W?b�Y�]_ZIW?]pZ�W?Y�x�W>^%W?jG^	c"Y%i.SQd$W d"W?g�^%c \�\ ^ ` g%c"U�W>Y%Z�g%]pWqg%]_klbvg�W?ZXjRY�W?klbG^
i TXY � `�W?Y\� g klbXWq`�W f W?d$W>Z�e
x�]_W ¦ W>Y�^	W>]pi_TXZXd�VXW?Y � ipT�g�^	W>Y%d$Y �0� W>Z f ]_Y%Vu]_Z � S \ ]_^%W?i | e � ]_r � TXg%S"rPr�W?Z�bJS"ZXd�r�]_^
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� W>g%g�TXZXd$W>Z�S"ZFbXc,klb�W?ZXW>Y%d$Wt^	]pg�klbXW?Z ��� c$Z�W?Z f ]_W?VXW>Y SQT�U�d$W?d"Y%]_haW?Z�e � W?]6V�W?Y [ m ]_g�^	W>Z i
W>]pZXW>g � i_TXg�^%W?Y�g5r ^ g%g%W>Z i TXY � W?g\^	]_rPr�T�ZXd�VXW?Y:VXW \ c$Z�]pW?Y\^	W>Z [ ZXW>Y%d$]_W�VX]pW [ ]_d$ZJS"i_W@S"i_ipW?Y
[ ^%Y%W>]_U�W?Z�VXW>g � i_TXg�^%W?Y%g�S"T,U�g%TXr�rP]_W?Y\^ f W>Y%VXW>Z�eax�S"`�W?]�^	Y�W>^%W?Z itf W>] [ haW?jG^%WAS"T,U `Xf W>ipklbXW
VX]_W [ Z�W?Y%d"]pW2SQT�� � g�TXZXdNV�W?g � Y	SQklj"W?Y�g�TXZXd ^ ZXg�^%]pd�`aW>W?]_Z��JTXg�g%W?Z § [ Y%g\^	W>ZXg�jQc$rPr ^5W>g�S"T,U
� Y%TXZ�V�VXW?Y�x�Wt^	W>jR^%]pc$Z�g%g%klb f W?i_ipWo~$c$Y ` VJSQg%g � ipT�g�^	W>Y%r�]_^%d$ip]_W?VXW>Y ` VXW?Y�W?Z [ ZXW?Y�d$]pWATXZG^	W?Y ]
bJSQip`�VXW?Yyx�W>^%W?jG^	]_c$ZXg�g%klb f W>ipi_W�ip]_W?d"^ ` ZX]pklbG^y`aW>Y ^ kljRg�]pklbG^	]_d"^ f W?Y�VXW?ZmT�ZXVNVX]_W:VXW \ c$ZX]_W?Y�^%W
[ ZXW>Y%d$]_W i TFd$W?Y�]pZXdIS"Z�d$W?ZXc"rPr�W?Z f ]_Y%V�e [ ]_ZXW �v� d$i_]pklbXjQW?]_^ ` VX]_W?g i TF~"W?Y%b�]pZXVXW>Y%Z ` `�W ]
g\^	W?bG^AVJS"Y%]_Z ` g\^	W>^%gAVX]_W [ ]pd$ZXS"ipWoVXW>Y Z g klbXg�^%W?Z�`�W?]_VXW?Z � SQklbK`XS"Y%g\^	Y%W>]_U�W>Z i TXr � i_TXg�^%W?Y
i TLS"VXV�]pW?Y�W?Z ` S"T�klb f W?ZXZLV�W?Y%W>Z [ ]_d$ZJS"i_W@VX]pW [ klb f W?i_ipWqZX]pklbG^ ^ `aW>Y%g�klbXY%W>]_^	W>Z `�f cKVXTXY�klb
S"i_ipW>Y%VX]_ZXd$gqS"TXklb�VXW>Y%W?Z h S"TXg�klbXW?Z�VJS i TJS"V�VX]pW>Y�^ f ]_Y%V�e �af W?]_^%W?ZXg�~"W?Y�g%klbXi_W?klbG^	W>Y�^�g%]_klb
VJSQg h S"TXg%klb�W?Z�VXTXY�klb�VX]pW�n�VXVX]z^	]_c$Z�V�W?YAZ ¦ W?Y%g\^ g Y�j"W>Y%j�S"Z g i_W"e � S"klb ¨ª� e ©�« � ¬ ~"W?Y g Z ]
VXW>Y�^:g�]pklbIVX]pW [ Z�W?Y%d"]pW2SQT�� � g�TXZXd�VXTXY�klb � i_TXg�^%W?Y�`�W?]�g�W?bXY�W>ZXd$W>r [ ^%Y%W?]zU�W?ZJSQ`Xg�^	S"ZXVIZRTXY
d$W>Y%]_ZXd"U ^ d$]_dXe�x�W?Y�d$Y%c � W [ ^%Y%W?]zU�W?ZJSQ`Xg�^	S"ZXV�VXW>Y@x�W>^%W?jG^	c"Y%W?Z�~"c$Z � [ � n�U ^ bXY�^0��W?VXcKklb
i T�W?]_ZXW?r d$W>Y%]_ZXd$W?Z�n�ZG^%W?]pi:VXW>Y � S \ S i ]z^ g ^ i>f ]_g%klbXW>Z�VXW>Z [ ^	Y�W?]zU�W?Z ` TXZ�V�VJS"r�]_^ i T
d$W>Y%]_ZXd$W?Y � c$Y%Y�W?ipSQ^	]_c$Z   ~"W?Y�d$ipW>]pklbXW:n�`�`X]pi_VXTXZXd � e d0d0¢ eGx�S"b�W?Y f ]pY�V�V�TXY%klb�VJS"gOn�VXVX]_W?Y�W?Z
VXW>Y � S"klbR`JSQY%g�^%Y%W>]_U�W?Z ` ]pr¡TXZXd ^ ZXg�^%]pd$g\^	W>Z b SQipiR~$W?Y�g%klb f ]pZ�VXW?ZXV�W?Y � c$Y�Y%W?ipSQ^	]_c$Z itf ]pg�klbXW?Z
� S"klbR`JS"Y%j�S"Z g ipW>Z ` VX]pW [ ZXW>Y%d$]_W2S"T,� � g%T�ZXdPT�r¢VJS"g�£ ¤ ] U�S"klb�W�~"W?Y�g%klbXi_W?klbG^	W>Y�^2e

n?o��?o;n ¥fr���zÒy�z�r|{D�K�!vx��y�z\¦§¦¨�}{5©
n5TXg@VXW?r � ZXVXW m VXW?g [ ^%Y%W>]_U�W?Z�g ` S"Z�V�W?g%g�W?Z ¦ W?Y�g�^ g Y%j"W>Y�W?]pZ [ ]pd$ZJSQiEVXWt^	W?jG^%]pW?Y\^ f TXY%V�W `
j�S"ZXZ�V�]pWm��c$g%]z^	]pc"Z�VXW?Y�ª�W?klb�g%W?i f ]pY�jKT�ZXd�]pZ�VXW>Y h ]_klbG^	TXZXd�g�W?ZXjRY�W?klbG^ i TXY [ ^%Y%W>]_U�W?Z ]
Y�]pklbG^	TXZ�d�`�W?g\^	]pr�rA^ f W?Y�VXW?Z�eyx�S"VXTXY�klb«W?Y�b g iz^�rNS"Z�W>]pZXW���c$g%]z^	]pc"ZXg	S"Z�dGS"`�WsrP]z^oVXW>Y
� W?ZJSQTX]pd$jQW?]z^�VXW?g [ ^	Y�W?]zU�W?ZJS"`�g�^lSQZXVXW?g�` ` ` itf e0r�]_^�W?]pZ�W?Y [ ^lSQZXVJS"Y�VJS"` f W>]pklbRTXZXd�~$c$Z¬ ®�¯ e � W?ZXS"TXW?Y�j�S"ZXZ�VX]_W��°c$g�]_^	]_c$ZLU ^ Y [ Y%W>]pd$Z�]pg%g�W ` `�W?]6VXW>ZXW?Z�ZRTXY�]pZ�W?]_ZXW?r [ ^	Y�W?]_U�W>Z
W>]pZ [ ]pd"ZJS"i�d$W>rPW>g%g�W?Z f T�Y%VXW ` ZX]pklbG^5S"ZXd$W>d$W?`�W?Z f W?Y%V�W?Z�e
±>²a³µ´R¶3·6¸�¹�º�³µ»�¸�²«¼$½P»�¾2¿QÀH´K²�ÁH´,²ÃÂa³µ¶3´K»�ÄÅ´K² bµ^ Y [ Y�W?]_d$ZX]pg�g%W ` `aW>]�V�W?ZXW>ZuW?]_Z � i_TXg�^%W?Y
r�]_^oZÇÆÈ�m~"c$Y%bJSQZXVXW?Z�]pg\^ ` j�S"ZXZ�VXTXY�klb � ZG^%W?Y \ c$ipSQ^	]_c$Z i>f ]_g%klbXW>Z«VXW>Z [ ^%Y%W>]_U�W?Z�VXW>g
� i_TXg�^%W?Y%g5VXW?Y � Y�^5VXW?Y:ª�W?klbXg�W?i f ]_Y%jRTXZXd f W?g�W?ZG^	i_]pklbLd"W?ZJS"T�W?Y�`aW>g�^	]_rPr ^ f W?Y�VXW?Z�eaª�]pW
]_Z � S \ ]_^	W>i � e � e � S"T�g�U ^ bXY�ip]_klbXW?YOVJS"Y�d$W?i_W?d"^O]_g�^ ` j�S"ZXZ�VJS"`�W?]JVX]_W � ZG^%W?Y \ c$ipSQ^	]_c$ZXg�U�T�ZXjG^	]pc"Z
S"T�gqV�W?Y�jRTXr�TXipSQ^	]z~$W?Z ¦ W>Y�^	W>]pi_TXZXdmVXW>Y � W?g%g f W>Y�^%WsW?]_ZXW?Y@bXc"rPc$d"W?ZXW>Z ¦ W>Y�^%W?]pi_TXZXdIVXW>Y
ª�W?klbXg�W?i f ]pY%jRTXZ�d$g%c$Y\^	W i>f ]_g%klbXW>Z�VXW?Z [ ^%Y%W?]zU�W?Z�`�W?g\^	]_rPrA^ f W>Y%VXW>Z�e6��]pW?Y i T f ]_Y%V�VXW>Y
� W>g%g \ S"Y	SQrPWt^	W?Y

É3Ê�ËÍÌ�ÎsÏ�Ì�Ð
Ì�Î�Ñ�Ì�ÐS"T�gAW?]_ZXW?rÒx�S�^	W?Z�g	SQ^ i rP]z^qbXc$r�c$d$W?Z�W?Y � Y\^	g\~$W?Y\^	W>]pipT�ZXdLVXW>Y ª�W?klbXg�W?i f ]_Y%jRTXZXd"W?Z�`aW ]

Y�W?klbXZXWt^2eKx�]_W ¦ W>Y�^%W?]pi_TXZXd@~$c"Z É3Ê S"TXgOVXW>Y � W?g�g%TXZXd W?]_ZXW?Y [ ]pklb l TXW>ipi_W�]pg�^O]_Z�n�`X`X]_ipVXT�ZXd
� e dY� U ^ Y \�] TXZ�V�Z ]\[ W>]_^%WNVJS"Y�d$W?g\^	W>ipi_^?eEx5]pW ¦ W>Y�^	W>]pi_TXZXdu~"c$Z É�Ê ]pg\^oS"Z�V�W?Z hDg ZXVXW?Y�Z
VXT�Y%klb�VX]_WNx5W>^	W>jG^	]pc"ZXg%g�klb f W?i_ipW>Z  Ó|Õ] U�S"klbXW [ ^lS"Z�VJS"Y%VXS"` f W>]pklbRTXZXdLV�W?g:��W f W>]pi_]pd$W>Z � S ]
ZJSQipg ¢ `aW>g%klbXY g ZXjG^2eXx�SAVJS"gyW?i_W?jG^	Y�c$ZX]pg�klbXW h S"TXg�klbXW?Z�S"T�U�VXW?Y�Z ]\[ W>]_^	W�b � b�W?Y�]_g�^�S"ipg�S"T�U
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VXW>Y \�]\[ W>]_^%W ` Y�W?]pklbG^�VX]_W ¦ W?Y�^%W?]_ipTXZXdoW>ZG^	g \ Y%W?klb�W?ZXV f W?Z�]pd$W>Y f W?]z^2e�x�W>Y:n�ZXg\^	]pW>d�S"ZvV�W?Z
� S"ZG^	W>Zsg�^	S"r�rA^y~"c$Z [ Y%W>]pd$Z�]pg%g�W?Z ` `aW>]aV�W?ZXW>Z [ ]pd$ZXS"ipW�S"T�U � Y�TXZXVsVXW>g h S"TXg%klb�W?ZXg:S"V ]
VX]_W?Y\^ f T�Y%VXW>Z�e�x5TXY%klbsW>]pZXW [ Y%b � bKT�ZXdAVXW>Y�x�Wt^	W>jR^%]pc$Z�g%g%klb f W?i_ipW�SQT�UVX]_W � c,V�W?Y ® ] U�SQklbXW
[ ^	S"ZXVJSQY%VJS"` f W?]_klbKT�ZXdNj � ZXZXW>ZuVX]_W?g%WqS"`�d$W?g�klbXZX]_^�^	W>Z f W?Y%V�W?Z�e
x�S�V�]pW�d"W?r�W?g%g�W?ZXW ¦ W?Y�^%W?]_ipTXZXd�~$c$Z É3Ê Y%W>i.SQ^%]_~���SQklb�~$W?Y�i g T,Uw^ ` j�S"ZXZoS"Z�g�^	W>ipi_W0~"c$Z É�Ê

S"T�klb ` S"ipg �Dg bXW?Y�TXZXd�W?]_ZXW?Y�~"c$ipi_g�^ g ZXVX]pds�JS"klbXW?Z ¦ W?Y\^	W?]_ipTXZ�d ` VXW>Y [ ]pd$ZJSQipg%klb f W?Y \ TXZXjG^
ZJSQklb � ipW>]pklbRTXZXd � e | d$W?`X]_ipVXWt^ f W>Y%VXW>Z�e

ã ß�à}á Ë¢äsåQæ
®ç'èXé Ì ç.ê

äIå�æ
®ç8èXé Ì ç

 ;� e |0¢
x�]_W?g%W>Y�d$]_`�^0VXW?Zmn5`Xg�^	S"ZXVsVXW>Y�ª�W?klbXg�W?i f ]_Y%jRTXZXd ` ]pZ [ ]pZXbXW>]_^%W?ZNV�W?Y [ ^	Y%W>]_U�W>ZK`�Y%W?]z^	W `

~"c$rëip]pZ�j"W?Z h SQZXVNVXW>g � ipT�g�^	W>Y%g�S"Z   U�S"ipi_g6VX]pW � TXr�r�W?Y%]_W?Y�TXZXdq]�~"c$Zsip]_ZXjRgOZJS"klbsY�W?klbG^	g
d$W i$g b�i_^ f ]pY�V ¢ eXx�]pW ¦ W?Y\^	W>]pipT�ZXd�~$c$Z ã ß�à}á ]_g�^:]pZmn5`X`X]_ipVXTXZ�d � e dY�8  ` ¢ VJSQY%d$W>g�^	W>ipiz^2e
x�S�VX]pW � Y�^%g	S"T,� � g%T�ZXdNVXW>g � Y	SQklj"W?Y�g�`�W?]HVXW>Y � W?g�^%]pr�r�TXZXd�VXW>Y [ i_W?jG^	Y�c$ZXW?Z�g \ TXY ]

`�W?]XZ�]pW?V�Y%]pd"W?Z [ ZXW?Y�d$]pW>Z�`�]pg i T�Wt^ f S�� !�� W ¦�] W?]_ZXW:ZJS"klbXd"W?c$Y�VXZXW>^%W h c$i_ipWyg \ ]_W?i_^ `"f ]pY�V
bX]_W?Y�VX]pW f W?ZX]_d$W?Y°d$W?ZJSQTXW � Wt^	bXcKVXWyVXW?g � S"g%g�W?ZXg�klb f W?Y \ TXZXjG^%gy~$W>Y f W?ZXV�W>^ ` VJS5g�]pW0j"W?]_ZXW
[ ]pklbRTXZ�dmVXW?Y � Y\^	g%`�W?g\^	]_rPr�T�ZXdP~"W?Y%ipS"ZXd"^?e�x5]pW � W?Y%W>klbXZRTXZXdIVXW>g [ ]pd"ZJS"ipg�klb f W>Y \ TXZ�jR^%gã ß�à}á bJSQ^ i T�VXW?rìV�W?Z ¦ c$Y�^%W?]_i ` VJS"g%gOg�]pW�U ^ Y6`�W?i_]pW?`�]pd$WyZ ` S"i_g%c�S"TXklboU ^ Y6`�Y%W?]z^	W>Y%W � ipT�g�^	W>Y
~"W?Y f W?Z�VXW>^ f W>Y%VXW>ZAj�S"ZXZ�e � Z � S \ ]z^	W?i | e � g�]pZXV�VX]_W [ Y%d$W>`XZX]pg�g%W ` V�]pW6r�]_^VX]_W?g�W?Y � Wt^	bXcKVXW
W>Y i ]_W?iz^ f T�Y%VXW>Z ` U ^ YyV�]pW � W?g�g%TXZ�dA~$c$Z [�\ TXY�W?ZNb�c,klbXW>ZXW?Y�d$W>^%]pg�klbXW?Y�d"W?i.SQVXW?ZXW>Y � W>]pipklb�W?Z
S"T�g%d$WtU ^ bXY�^?e
í�´K¾>³3»�î�î�ï�²�ð�ÁH´K¶�ñ�´,¿�À�¾?´K¹�½P»�¶�ò�ï°²Hð�¾?·6¸�¾2»�³µ»�¸�² � S"klbXVXW>r§rNS"Z `"f ]pW�c$`�W?ZPS"TXg ]
d$WtU ^ bXY\^ ` `�W?g�^%]pr�rA^@bJS�^ ` S"Z f W?ipklb�W?Y �°c$g�]_^	]_c$Z�W?ZG^	ipS"ZXdIVXW>Y itf W>] [ ^	Y�W?]_U�W>ZXY%]_klbG^	TXZXd"W?Z
VJSQg [ Y%W>]pd$ZX]_g5g\^lSQ^�^	d$WtU�S"ZXV ` r�TXg�g�VXW>Y5ª�W?klbXg�W?i f ]pY%jRTXZ�d$g%c$Y\^@VXTXY�klb � TXc$Y�VXZRTXZXdsVXW>Y m�]
TXZ�V ��] �°c$g�]_^%]pc$ZXW>ZL`�W?g�^%]pr�rA^ f W>Y%VXW>Z�e b S"ipi_g:ZKT�Y�W?]_Z � ipTXg\^	W>Y�S"T�U���W>VXW?Y [ W?]z^	WAd"W?r�W?g ]
g�W?Z f TXY�VXW ` ]pg\^5V�W?Y � Y\^�VXW>Y�ª�W?klb�g%W?i f ]pY�jKT�ZXdmVXTXY�klbLVXW?Z � Y�W?T i TXZXd$g \ TXZXjG^@V�W?Y itf W>]
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� i_TXg�^%W?Y�W?]pZ�VXW?T�^%]pd�`aW>g�^%]pr�rA^2e � S"ZXklbXrPS"i,��W?V�c,klbvW m ]pg\^	]pW>Y�^�r�W?bXY�S"i_g�W>]pZ � ipTXg\^	W>Y�S"T,U
W>]pZXW>Y [ W>]_^%W `f SQgAZJSQ^%TXY%d"W?r g�� b g T � dv`aW>] [�\ TXY%W>ZB~$c"Z [ ipW?jG^%Y%c$ZXW>Z�TXZXVB�°c$g�]_^%Y%c$ZXW>Z
S"T�g��ES$S"Y�W?Y i W?T�d$TXZXd$g�W?Y�W?]pd"ZX]pg�g%W?ZFVXW>Y b S"ipi�g%W>]pZ f ]pY�V�e � Z�VX]_W?g�W?r b SQipi f=g b�i_^@rPS"ZLVX]_W
� c$r�`X]_ZJSQ^	]_c$ZoS"Z�bJS"ZXV�VXW>Y � i_TXg�^%W?Y�W?ZXW>Y%d$]_W?Z�S"TXg `$f W>ipklbXW�S"T�Ua`�W?]pV�W?Z [ W?]z^	W>Z�`�W?g\^	]_rPrA^
f TXY�VXW?Z�e � r¡W?]_ZXW � TXc$Y�VXZRTXZXd i T�W?Y%Y�W?]_klbXW?Z `�f W>Y%VXW>Z�VX]pW [ ZXW>Y%d$]_W?Z�V�W?Y�W>]pZ i W?ipZ�W?Z � ipT ]
g\^	W?Y ~$W?Y�d$ip]_klbXW?ZBTXZXV�VX]_W���W?Z�]pd$W>Z � c$rA`X]pZJS�^	]pc"ZXW?ZFrP]z^qVXW?rÒd$W?Y�]pZXd"g�^	W>Z � ZG^%W?Y%g�klbX]pW>V
VXW>Y [ ]pd$ZXS"i.S"r \ i_]_^	T�VXW?ZNS"ipg�Y�]pklbG^	]_dod$W f W?Y\^	W>^?e
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s�ceiSiAr6�_r6�x��r6h�r6hk�Gy�r%ceiAh�ce���xr6h�r%y�iAr%a8r%h�����yxf�r6h �¡�xceh�fqw�de�~� y�r%g�p6r�f/w�y�i�r6�xs�r6d&d&s-l¢�\w4f�cer
f�r%z8{�h�cer%yxs�rU�Gh�r6yxiAcer��A{Ah�£¤��{�s�{Ah�r6h¥w�g�}�¦]yxg�h�f�f�r%y � {���z�s�{Ah$��¦]d&r6cevI�Ng�h�i��7g�h�fkf�r%y
�Gh�r%y�iAc&r%�Ar%y�d&g��xs i�r6d�w"f�r6h�r%y\§+r6ced&vI��r6h�w�g�}�¦ y�g�h�f�f�r6y\¨;w�h�f/w�g$��©�deg���s�g/w"s�c&{Ah�r%h��"w�y�c&cer%yxs
�[�Ar6yxiAder%cevI��rb�]w�z�c&s�r6d8m$lnm$lnm~a�p?�]l��]w�z�cYs�r%d8ª$ln«Z�¬ce��s¬f�cer'�w���y���vI��r6ceh�decevI����r6cYs-��w�g�};¦]yxg�h�f
iAd&r6c&vI��r6yBt$c&iAh/w�dew���z�dec&s�g�f�r%hPf�cer]�'{A��a�c&h/w"s�ce{Ah�r%h4h�cevI��sBp6g�{Ayxf�h�r%hMp6g����Ah�h�r6h=��iAr%y�ceh�i�l
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n5`X`X]pi_VXTXZXd � e#º �0¢ eJx�]_W]»�W>]pklb f W?]_^%W�VXW?Y'»�¼XkljRg�^	c � W?i_W?jG^	Y�c$ZXW?Z ½aSQT�U f W?i_klbXW�VX]pW]¾6ZXW>Y%d$]_W
`�W?]RVXW>Y°ª�W?klbXg�W?i f ]_Y%jRTXZXdb¼X`aW>Y�^%Y	S"d$W>Z f ]_Y%V=½µ`�W>^%Y�¿"d"^°`�W?]���ºAº�j"W ¦ ZJS"klb � ipW>]pklbRTXZXdbº,enº,�
ZRTXY°W>^ f S |'��� r¨T�ZXV�]pg\^EVXS"rP]z^ f W>g%W?ZG^%ip]pklbod"W?Y%]_ZXd$W>YES"i_g°V�W?Y [ ^	Y%W>]_U�W>ZJS"`Xg\^lS"ZXV�e�n5TXg�VXW>Y
� Z�U�c"Y%rPSQ^	]_c$ZIVXW?g [ ^	Y%W>]_U�W>ZX]pZXV�W?ÀvW?Y�b/¿"i_^�rPS"Zu`�W?]_g�ÁX]_W?i_g f W?]pg�WAW>]pZun5`Xg%c"Y�Á�^%]pc$ZXg�`X]pi_VvV�W?Y
» � ZG^	d$W>Z�ÁXbXcQ^	c$ZXW>Z=½ f ]pWq]pZun5`X`X]_ipVXTXZ�d � enº | VJS"Y%d"W?g�^%W?i_i_^2e�¾6gBÂ?W?]_d"^5VXW?Z [ klbJSQ^%^%W?Z f TXY\U
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Ñ�ÌCÎ"å�-87�å�ê���=-ÎKÒ�Ñ>7�Ë��jý�7sö�í|Ð�ê�ê@-)Ò'×�é�ý�Ò�ý�7�å�7��jý�7ÙØKÚ0í�Ö0åxÛuÑ�ÌCÎ�å�-87�å�4\Ü=Ì27�Ö�Ò�ÔÓ��4Aê@-#Í'å�7
â0Ì�å�Ê(Ê(å�=�å�Ê(å?Ì�Ð�é$Ò�å?Ò0ÓGÌ24�Ë'å%Ý

W>]pZXW>YbÞ�i_W?]_rNS"g�j"W"½ f W?i_klbXW ~"c$ZLW>]pZXW>YbÁXTXZ�jR^�U � Y%r�]pd"W?Z�¾O]_klb�ßRTXW?i_ipW�~$c$ZB��ºAº�jQW:àâá)ã�äKå�cNæ
S"T�g�d"Y%cAç$W>rÍn5`Xg�^	S"ZXVu`�W?i_W?TXklbG^%W>^ f ]pY�V=½�S"T�U°VX]pW]¾6`�W?ZXWqVXW>g [ ^	Y%W>]_U�W>ZXVXW>^%W?jG^	c"Y%g?e

è'é��'é
ê ë4ì�í�î��bï5©�¦ðì:ñ·ïBì�ò7óBò=ô�ò7ïBò=ôX©¤ò ñ$ì�õ�í�îBò7ïÈ¥�îbö÷ñ$ö¤ïbò7ï
ø TXY@¾6]pklbRTXZXduVXW?Y]àOW?Y�g�^I¿QY%jRTXZXdLV�W?Y�¾6i_W?jG^	Y�c$ZX]pj f T�Y%VXW>Z�S"ipi_W�x�W>^%W?jG^	c$Y�W?Z�r�]_^�W>]pZXW>Y
å�c ã�äxù�ú TXW?i_ipWká���ºAºBjQW:à]æs`aW>ipW>TXklbG^	W>^?e�x�]pW>g%W®¾6ZXW?Y�d$]pW�i_]pW>d"^mS"T�g%Y%W>]pklbXW>ZXVÃb�c,klbû¼X`�W?Y
VXW>Y � Y%]_d$d$W?Y�g%klb f W?ipi_W�VXW>Y\¾6ipW>jR^%Y%c$Z�]pj�½a]_g�^�S"`aW>Y�ZXcKklbLZX]_W?VXY�]pdPd$W?ZRTXd�½�g%cmVXS"g%g5W?]pZ � W>]pi
VXW>Y��6bXc"^	c"ZXW?Z�]pr x�Wt^	W?jG^%c$Y�d$W?g\^	cAÁ�Á,^ f ]pY%V�T�ZXV�g%]pklb�W>]pZ�VXW>T�^	i_]pklbXW>Y@�6bXc"^	c�ÁaW?S"ju]_r
[ Á�W?jG^%Y%TXr¡S"TXg�`X]pi_VXW>^?e ø TXY¡¾O]_klbRTXZXd f ]_Y%VqVXW?Y � Y�]pd$d"W?YHVXW?gX��W f W?]_ip]_d$W?Z x�W>^%W?jG^	c"Y%g�SQipipW>]pZXW
á�c$bXZXW�ü5c$]_Z�Â?]_VXW?Z�Â�Â>TXrýüqSQipc$Y�]pr�W>^	W>YIæ5`�W>^%Y%]_W?`�W?Z�e+þ�¼XY���W>VXW?ZqàOW>Y%g\^I¿"Y�j"W?Y�j�S"ZJS"i f ]pY�V
W>]pZNg�W6ÁJSQY	SQ^%W?g���]pg\^	c$d$Y%S"r�r VXW>Y��6TXipg�b � bXW>ZNd$WtU)¼Xipiz^2eRx�SqVX]pW���c$g%]z^	]pc"ZPVXW>g��6bXc"^%cAÁ�W2S"jRg
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Â f ]pg%klb�W?Z�VXW?Z¥ü�S"Z/¿QipW?ZBg�^lSQY%j�~QS"Y�]p]_W?Y%W>ZBj�S"ZXZ ½ f ]pY�VkÂ?TXrÒn�T! PZ�VXW?Z�VXW>g%g%W>ip`�W?Z�W?]_Z
W>]pZ�U�S"klb�W?Y:n�i_d$c$Y%]z^	bXrATXg�~$W>Y f W?ZXV�W>^2e
ª�]pWq]pZvn�`X`�]pipV�TXZXd#"Xe#º � S"ZXbXS"ZXVLW>] ù

Signal [Adc]
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Signals of Y-Strip #202

Weg der Peaksuche

Fitbereich

Spektrum von 57 Co (122 keV)

Röntgenlinien bei 35 keV

Photopeak

×NØ�Ø,Ù.Ú�Û;Ã$Ä�Å Æ�ÇC�%$"Éo;-87NÎ�Ð'&G4)(>7�Ö+*�7ÕË,*�Î.-/*)0
41*�-�Ð'&NÎ#2�Ì4365�-)Ò�Ò'*�7ûË,*�4�×7&98�Ò'8xÜ%*�Ñ%ÖAÎ�-87 Ë,*�7
: Ñ%Ê8-�=?4xÑ�Ò.-;8�7NÎIË�Ñ�Ò'*�7NÎ)(�Ò;24*�7�Ý

ZXW>g [ ^%Y%W?]zU�W?ZXgPS"T�U�V�W?YUÁ ù [ W>]_^	W"½OVJS"Y%d"W ù
g\^	W?i_i_^6½Gg%TXklbG^�VX]_W?g�W?Y6½K`�W?]pr§b�<,klbXg\^	W>Z4Þ�]pZ
`�W?d$]_ZXZXW>ZXV=½$VJSQgO�5]pg\^	c$d"Y	S"r�r<ZJS"klb�¾O]_Z ù
^%Y�¿"d$W>Z�¼X`�W?Y W?]pZ�W?Y [ klb f W>ipipWP~$c$Z>=!?A@CBD ECF ç å�GIH

á)J S"`�eR��SQ^yW?Y0W?]_ZXW?ZPg%c$i_klbXW?Zsd"W ù
U�TXZ�VXW?Z=½0g%T�klbR^NW?Y�VJS"g�Z/¿"klbXg\^	WLVXS"Y%TXZ ù
^%W?Y%i_]pW>d$W?ZXV�WLKvS�À,]pr�TXrS½XTXZ�Vv~$W>Y f W?ZXV�W>^
W>]pZXW>ZPÞ�W>Y%W?]_klbNU�W?g\^	W>Y0Þ�Y�W?]z^	WZá\�NMPO�TXZG^	W>Y ù
bJSQip`=½¡º+MPO�c$`�W?Y%bXS"ip`�æ�TXr VX]_W?g�W?gQKvS�À,] ù
r�T�r U)¼�Y5VXW>Z�þE]z^5W>]pZXW>Y�R�S"T�ç"U�T�ZXjG^	]pc"Z�e
x�]_WM¾6Y�d$W?`XZ�]pg%g�WuVXW>YPþE]z^�ÁJSQY	S"r�W>^%W?Y�S"i ù
i_W?Y]ü�S"Z/¿"i_WoW?]_ZXW?gqx�Wt^	W?jG^%c$Y%g f W>Y%VXW>ZB]pZ
W>]pZXW>YBü�S"i_]p`XY%SQ^	]_c$ZXg\^lS"`�W?i_ipW:d$W?gxÁaW>]pklbXW>Y�^?e

í�´K¾>³3»�î�î�ï�²�ð�Á�´R¶mÁH´R·6¸�²°»�´R¶3³2´,²TS�²�´R¶3ð�»�´ Þ�W?]V�cAÁ�Á�W?ipg�W?]z^	]pd"W?Z [ ^	Y�W?]zU�W?ZXVXWt^	W>jR^%c ù
Y�W?ZIj�S"ZXZmVX]_W�VXW%Áac$Z�]pW?Y\^	W ¾6ZXW>Y%d$]_W�g%c f c$bXiHS"T�g�VXW?Z [ ]_d$ZJS"i_W?ZPVXW?Y³Á ù S"ipg�S"TXklbIS"TXg�V�W?Z
[ ]_d$ZJS"i_W?ZIVXW>Y�Z ù [ W>]_^	W�`�W?g\^	]pr�rA^ f W?Y�VXW?Z�eVUCZ�n�`X`X]_ipVXT�ZXdW"Xe#º ÿ á�S�æ�]pg\^5V�W?Y [ k2S�^%^	W>Y�ÁXi_c"^
VXW>Y [ ]pd$ZXS"ipWA~"c$Z®Á ù TXZXVFZ ù [ W?]z^	W�S"TXg�W>]pZXW>Y]üqSQip]p`�Y	SQ^%]pc$ZXg�rPW>g%g�TXZXd®á ã�ä å�c�½E��ºAºsj"W:à æ
W>]pZXW>g [ ^%Y%W>]_U�W?Z�VXW>^%W?jG^	c$Y�gAVJSQY%d$W>g�^	W>ipiz^2e�n5`X`X]pi_VXTXZXd�"Xenº ÿ á�`�æ Â?W>]pd"^qVX]_W��OY�c���W?jG^%]pc$Z�VXW?Y
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} mean: 122 keV

sigma: 7 keV�

n-Seite

p-Seite

gewichtete Summe
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whthyQt_v�]4c`ojadc�wNthyWy_c�p��\c`n%oq^sr_va'c�adc)t���ojaba'c`g�n�c)eba'c)p)���
ojcuy_wNes^srN�\c`l`i\�kc)tNc`t��mo�tNo�c`t�pdo�thyYktN�kc)fhYkp'p�a'cu�uYkwhp'pb�4wNe'�kc)t��xc)o����\�/�kc���wNthyL�)�\���\c����
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à�¶\·)¸1¶\¹�º¼»9½9¾�¿x»�ÀVÁ9¹�¶¤À ùsÂ�Ã¨Ä9Å ¶�Æ�Â\ÇÉÈPÊ ùªÂ�Ã¨Ä�Å ¶�½+Ç�¹¼¶�Ë�¿P½ Å ¹�¶Ì¿x» ÅVÍ ¶�Á�¶�ËÎ¶\¹�½�Â\¶�º¼½9¶�½§Á�¶�·uÆV¶�¹ ù
Á9¶\½ÐÏ!¹¼¾+½¥¿Pº¼¶�¶�· Ä ¿PºZ¸4È Â »�À Í ¶\Á9¶�·�Ï!¶�¹Z¸1¶ Â\¶�¹�¾x¸°Á9¿ Å�Ñ »�º Å�Ä < Ä ¶�½ Å ÁV¶�Ò,¸1·)»9ËÓÁ9¶�½ Ñ�Ä�Ô ¸ Ô ÁV¶4¿xÒ
Á9¶\· ú »9¶\º�º¼¶�½�¿Pº¼º�¶�·)Á9¹�½�¾ Å ¹ Å ¸°Á�¹�¶ Â »�Õ9< Å »9½�¾±Á9¶ Å�Ñ ¶�¿PÒ Å ¿P»�ÀuÁ9¶�·�½ ù Ï�¶�¹¼¸�¶�¿P»�À�R�·�»9½�ÁÖÁ9¶ Å
Ä < Ä ¶�·)¶�½�»°¿P» Å�Ã¨Ä º¼¶\×+¶\º Å�Å�Ã¨Ä º¼¶ Ã¨Ä ¸1¶\·�¿xº Å ¿P»�À
Á9¶\·'Á ù Ï!¶\¹¼¸1¶xÈ�ØÙ¹�·)ÁÚÁ9¹�¶�Á9¶%Á Ô ½9¹�¶\·)¸1¶ÉÛ�½9¶\·�¾+¹¼¶
¿Pº¼º�¶\¹�½9¶#¿P» Å Á9¶�½ÝÜ�¿h¸1¶�½Ý¶\¹�½9¶\·QÏ!¶\¹¼¸1¶�Æ�¶\·�¶ Ã¨Ä ½9¶\¸W¶\·�¾+¹¼Æ�¸ Å ¹ Ã¨Ä À�Þ9·CÁ9¹�¶�½ ù Ï�¶�¹¼¸�¶±Ûuß�¶\¹�½9¶
Û�½9¶\·�¾+¹¼¶4¿P»�Õ9< Å »9½�¾�× Ô ½Öà9ß!á�À�Þ�·�Á�¹�¶Éâ ù Ï�¶�¹¼¸�¶ÉÛ%ã§¶�¹¼½9¶�Û�½�¶�·�¾P¹�¶4¿x»�Õ¥< Å »9½9¾�× Ô ½Öà,ã,È�ä�½,¸1¶�·
Á9¶\· Â ½�½¥¿ Ä Ë#¶Pá!Á¥¿ Å�Å Á�¹�¶ÉÏ!¹¼¾+½¥¿Pº¼¶°Á�¶�·ÌÆV¶�¹¼Á9¶�½�Ï!¶\¹¼¸�¶�½å»9½9Ò Ô ·�·)¶�º¼¹�¶�·`¸Ì»9½�Á�½ Ô ·�Ë�¿Pº¼×P¶�·`¸1¶�¹¼º¼¸
Å ¹�½9Áæá�¶\· Ä¥ç ºZ¸�Ë�¿P½�Á9¹¼¶CÆV¶ Å ¸1¶QÏ Ã¨Ä¥ç ¸1è\»9½9¾´éê Á9¶\·�¸1¿x¸ Å�çPÃ¨Ä º�¹ Ã¨Ä Á9¶\â Ô ½9¹�¶\·)¸1¶\½�Û�½9¶\·�¾+¹¼¶L¿P» Å
Á9¶\Ëë¾+¶kÇ�¹ Ã¨Ä ¸1¶k¸1¶�½�Kì¹¼¸)¸1¶\º�í¢ü�½ Ô ÿ�ÿhîdï

éêñð ê ß,òxàæóß�ô ê ã òxà�óãõö�÷ø ô
õö\÷ù

þ�¿Pº¼º Å Á9¹¼¶�ú°¿P» Å�Ã¨Ä º¼¶\×+¶\º!»�½9ÁLÁ¥¿xË�¹Z¸7Á9¹�¶¬Þ�·)¶�¹¼¸�¶�½�Á9¶�·;à�¶�·`¸1¶\¹�º�»�½9¾+¶�½ Í ¶�Á�¶�·
Ï!¶�¹Z¸1¶�¾+º�¶\¹ Ã¨Ä Ç ç�ù
·)¶�½æá�Ç�Þ�·�Á9¶�Ë�¿P½åÁ¥¿PÁ�»9· Ã¨Ä ¶�¹¼½9¶bà�¶\·�ÆV¶ Å�Å ¶�·)»9½9¾#»9ËûÁ9¶\½SþV¿xÒm¸ Ô ·�ü @L¶�·`ÇÌ¿P·`¸1¶\½ìÒx<+½9½9¶\½æÈ
Þ�¶\¹�»9½9¾+º¼¶�¹ Ã¨Ä ¾+· Ô çP¶�½®Kì¶ Å)Å À�¶ Ä º�¶\·�½æá%¹ Å ¸ÉÁ9¹¼¶�à�¶�·�ÆV¶ Å)Å ¶\·�»9½9¾�¾+¶\¾+¶�½mÞ9ÆV¶�·�Á9¶�·�¾P¶�½¥¿P»�¶�·�¶\½
Á9¶\·�Æ�¶\¹�Á9¶\½�K�¶ Å�Å »9½9¾+¶\½ Í ¶�Á Ô!Ã¨Ä ¾+¶�·)¹�½9¾P¶�·�¿Pº Å ü @!È+Uª½ Â Æ�Æ9¹�º¼Á9»9½9¾É"9È�ý ÿ ábÆ�æ Å ¹�½9Á#Á9¹¼¶�Á9·�¶\¹
à�¶\·)¸1¶\¹�º¼»9½9¾+¶\½�Á¥¿P·)¾+¶ Å ¸1¶�º¼º¼¸�È�Ü�¹¼¶FÞ�·)¶�¹¼¸�¶�½ÐÁ9¶\·bà�¶�·`¸1¶\¹�º�»�½9¾+¶�½ÖÆ�¶k¸1·1¿x¾+¶�½Ðà9ß ðÿþ @�?���ÒP¶:àLá
à,ã ð µ á��§ÒP¶:à »9½�Á éà ð�� á µ Òx¶:à§È
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Uª½ìÁ9¶�½ÖÜ�¶\¸�¶�Ò,¸ Ô ·)¶�½�Á�¶ Å54 ¿xº Ô ·)¹�Ë#¶\¸1¶\· Å Ç/¶�·)Á9¶�½76�·`¸�»9½9Á�Û�½9¶\·�¾+¹¼¶ÉÁ9¶�·�¹�Ë98
·�¿ Ã ÒP¶\·�ÆV¶�¹: Ô Ë#â�¸ Ô ½ Å ¸�<<;+¶\½ ¾+¶ Å ¸1·)¶�»�¸�¶�½ Ñ�Ä9Ô ¸ Ô ½9¶\½>=CÆ9èkÇÉÈ/Á9¶\·±Ï�¶�Òm»9½9Á ç ·)¸1¶\¹�º Ã¨Ä ¶�½TÆV¶�¹ Ñ ¿+¿P·�¶\·?=
è\¶�»9¾+»�½9¾@=u¾P¶�Ë#¶ Å�Å ¶�½æÈ!Ü�¿LÁ�¹�¶°Û�½�¶�·�¾P¹�¶�Ë#<+¾+º¼¹ Ã¨Ä9Å ¸�× Ô º¼º Å ¸ ç ½9Á9¹¼¾�¿PÆ Å�Ô ·�Æ9¹¼¶�·)¸/Ç�¶\·�Á9¶\½ Å�Ô º¼º'á
Ë§» Å�Å Á9¿ Å24 ¿Pº Ô ·�¹¼Ë�¶k¸1¶�·%Þ�Æ�¶\· ¿P» Å ·�¶\¹ Ã¨Ä ¶\½9ÁWÜ�¶k¸1¶�Ò,¸ Ô ·�Ë�¿x¸1¶\·�¹�¿PºmË�¹Z¸ Ä9Ô+Ä ¶\· 4 ¶�·)½9º;¿PÁ�»9½9¾ Å =
è�¿ Ä ºBAÐ»9½9ÁÚÁ¥¿PË#¹¼¸�Þ�Æ�¶\· Ä9Ô+Ä ¶DC)Ïm¸ Ô â9â�¹�½9¾+â Ô Ç�¶\·?E°×+¶\·)À�Þ9¾+¶\½æÈVÜ�¿PÁ9»�· Ã¨Ä ¶�·�¾P¹�Æ�¸ Å ¹ Ã¨Ä ¶�¹¼½9¶
Kì¹¼½9Á9¶ Å ¸1Á�¹ Ã ÒP¶ÉÀ�Þ9·�Á¥¿ ÅF4 ¿Pº Ô ·�¹¼Ë�¶k¸1¶\·�ámÇ�¶\º Ã¨Ä ¶C¿PÆ Ä¥ç ½9¾+¹�¾Q¹ Å ¸�× Ô ½ìÁ�¶�·�Û�½9¶�·)¾+¹�¶ÉÁ9¶\· Ñ�Ä9Ô =
¸ Ô ½9¶�½�ÈHG�¶�¹ : Ô Ë#â�¸ Ô ½mÇ/¶ Ã¨Ä�Å ¶�ºZÇ�¹�·)Ò�»�½9¾ Ä¥ç ½9¾P¸�Á9¹�¶WÛ�½9¶\·�¾+¹¼¶WÁ9¶�·CÏ�¸�·�¶�» Å ¸1·�¿ Ä º¼»9½9¾Ú½¥¿ Ã¨Ä
R�º�¶\¹ Ã¨Ä »9½9¾#ý!ÈJI�× Ô Ë Ï�¸�·�¶�»,Ç�¹¼½9ÒP¶\º7¿PÆæÈKG/¶�¹æ¶\¹�½9¶\Ëëä°· Å â9·)»9½9¾ Å)Ô ·)¸�Á�¶�·�â9·)¹�Ë ç ·�¶\½ Ñ�Ä9Ô ¸ Ô =
½9¶\½�¹¼½9½9¶�· Ä ¿Pº¼Æ�Á9¶ Å R�¶ Å ¹ Ã¨Ä ¸ Å À�¶�º¼Á Å/Ä9ç ½9¾P¸�Á9¹¼¶�½ Ô ¸ªÇ�¶\½9Á9¹¼¾+¶�Ü�¹ Ã ÒP¶�Á¥¿ Ä ¶\·�× Ô Ë Ï�¸�·�¶�»,Ç�¹¼½L=
Òx¶�º�»�½9Á±Á¥¿PË#¹¼¸�× Ô ËÿÁ�¶�·�è\¶�½9¹Z¸ Ä ¿xº�¶�½ Ñ
Ô+Å ¹¼¸�¹ Ô ½�Á9¶ Å Ü°¶\¸1¶\Ò,¸ Ô · Å ¹�Ë Uª½ Å ¸1·�»�Ë�¶\½m¸Ì¿PÆæÈ!Ü�¹�¶ Å
¾+¹¼º¼¸�¿Pº¼º�¶\·�Á9¹¼½9¾ Å ½m»9·°À�Þ9·�Ø®¶ Ã¨Ä9Å ¶�º¼Ç�¹¼·�Òm»9½9¾P¶�½ÐÁ9¶\·�â9·)¹�Ë ç ·�¶\½ Ñ�Ä9Ô ¸ Ô ½9¶\½�Þ9ÆV¶�·�¶\¹�½�Àb¿ Ã¨Ä ¶�½: Ô Ë#â�¸ Ô ½ Å ¸ Ô ;9ÈMG�¶�¹�Ë#¶ Ä ·`Àb¿ Ã¨Ä ¶�½ : Ô Ë�â!¸ Ô ½ Å ¸1<<;P¶�½T¹ Å ¸�Á9¶�·.A�» Å ¿PË#Ë�¶\½ Ä ¿P½�¾®×+¶\·)Ç�¿N=
Å)Ã¨Ä ¶�½Ý»9½9Á À�Þ�· Ñ ¿P¿P·�¶\·�è�¶\»9¾+»9½�¾Ð¶PO!¹ Å ¸1¹�¶\·)¸CÞ9ÆV¶�· Ä ¿P»9â�¸QÒx¶�¹¼½9¶ Â Æ Ä¥ç ½9¾+¹¼¾+ÒP¶\¹¼¸Cè\Ç�¹ Å�Ã¨Ä ¶\½
ØÙ¹¼½9ÒP¶\ºu»9½9Á Û�½9¶�·)¾+¹�¶xÈ%Ü�¹¼¶§½ Ô ¸ªÇ/¶�½9Á�¹�¾+¶WÜ�¹ Ã ÒP¶WÁ9¶ ÅQ4 ¿Pº Ô ·�¹¼Ë�¶k¸1¶\· Å ¹ Å ¸5=ª¹�Ë Û�½9¶\·�¾+¹¼¶�ÆV¶P=
·)¶�¹ Ã¨Ä »9½,¸1¶\· Ä ¿Pº¼ÆRITS,S�Kì¶VUW=�À�Þ�·
Á9¹¼¶/Ï!¶�Òm»9½9Á ç ·)¸�¶�¹�º Ã¨Ä ¶�½C× Ô ½ Ñ ¿+¿P·)¶�·�è\¶�»9¾P»9½9¾ Å ¶�·�¶\¹�¾+½�¹ Å�Å ¶�½
Ç/¶ Å ¶�½,¸1º¼¹ Ã¨Ä ¾+¶\·�¹�½�¾+¶�·�¿Pº Å À�Þ9· Ñ�Ä9Ô ¸ Ô ½9¶�½Ö½¥¿ Ã¨Ä : Ô Ë#â�¸ Ô ½ Å ¸�<<;+¶\½æÈ�Ü°¹�¶ Å º�¹¼¶�¾P¸�è\»9ËÓ¶�¹�½�¶�½
Á¥¿x·1¿P½æá�Á¥¿ Å�Å Á9¹¼¶ÉÛ�½9¶�·)¾+¹�¶É¿P»!À èkÇ�¶\¹B8 ¶�¹¼º Ã¨Ä ¶\½�¿P»�À�¾+¶k¸1¶�¹¼º¼¸�¹ Å ¸�á9»9½9Á�è�»�Ë ¿P½9Á9¶\·�¶\½Ö¿P½ÚÁ9¶\·
×�¹�¶\º%ÒmÞ9·�è\¶�·�¶\½ Â Æ Å�Ô ·)â�¸1¹ Ô ½ Å º ç ½9¾P¶�Á9¶�·�¾+¶\º;¿PÁ9¶\½9¶�½�Û�º�¶\Ò,¸1· Ô ½9¶�½�M Ñ
Ô+Å ¹¼¸1· Ô ½9¶\½æÈ

Ü�¹¼¶�½ Ô ¸ªÇ�¶\½9Á9¹�¾P¶�¾+· Ô ;+¶#Ü�¹ Ã Òx¶�Á9¶ ÅX4 ¿Pº Ô ·�¹¼Ë�¶k¸1¶�· Å À�Þ Ä ·`¸L»�½mÇ/¶�¹¼¾+¶�·)º�¹ Ã¨Ä è�» Ñ · Ô Æ9º¼¶P=
Ë#¶�½�Æ�¶\¹�Á9¶�·Y6�·)¸ Å Ë#¶ Å)Å »9½9¾ ï Û�· Å ¸�¶�½ Å Ç�¹�·)ÁZ= Ô+Ä ½9¶åUª½�À Ô ·�Ë�¿x¸1¹ Ô ½>Þ9ÆV¶�·WÁ9¹�¶*8�¹¼¶\À�¶ÚÁ9¶\·
Ø®¶ Ã¨Ä9Å ¶�ºZÇ�¹�·�Òm»9½�¾[=�Á9»9· Ã¨Ä Á9¹�¶°¾+· Ô ;+¶�Ü�¹ Ã ÒP¶�Á�¶ Å Ü�¶k¸1¶�Ò,¸ Ô · Å ¶\¹�½ Ñ ¿P·1¿xº�º;¿\O�¶\½�À�¶ Ä º�¶�·�¶�¹¼½9¾+¶�=
À�Þ Ä ·)¸4áxÁ9¶�· â9· Ô â Ô ·`¸1¹ Ô ½¥¿Pºmè�»9·uÜ�¹ Ã Òx¶�Á9¶ Å]4 ¿Pº Ô ·�¹¼Ë�¶k¸1¶\· Å ¹ Å ¸�È<A�Ç/¶�¹Z¸1¶\½ Å Ç/¶�·�Á�¶�½ Ñ�Ä�Ô ¸ Ô ½�¶�½
Ä9ÔPÄ ¶�·�Û�½9¶\·�¾+¹¼¶�¹¼½�ÒP¶\¹�½9¶\Ë KÖ¿h¸1¶�·)¹;¿PºV¿P½�¶�¹�½�¶�Ë^6�·)¸Ì¾P¶ Å ¸ Ô â9â�¸�á�Á¥¿CÁ9¹�¶�Ø ¿ Ä · Å�Ã¨Ä ¶�¹�½�º�¹ Ã¨Ä =
Òx¶�¹¼¸�À�Þ9· Ñ�Ä9Ô ¸ Ô ¿PÆ Å)Ô ·�â!¸1¹ Ô ½�¾+¶\·�¹¼½9¾É¹ Å ¸5_�×+¶\·�¾+º¼¶�¹ Ã¨Ä ¶ Â Æ9Æ9¹�º¼Á9»9½9¾�O�ÈjO�»9½9Á Â Æ9Æ9¹¼º�Á9»�½9¾Cý!È`ITa
Å)Ô ½9Á9¶\·�½ Å ¹�¶�Ç/¶ Ã¨Ä9Å ¶�º¼Ç�¹¼·�Òx¶�½QÞ9ÆV¶�·`Ç�¹�¶�¾P¶�½9ÁCÞ9Æ�¶\· : Ô Ë�â!¸ Ô ½ Å ¸1·)¶�»9»9½�¾9ÈhÜ�¿ Ä ¶\·7Ç/¶�·)Á9¶�½LÆ�¶\¹
Á9¶\½ Ë#¶�¹ Å ¸1¶\½.Û�·�¶\¹�¾+½�¹ Å�Å ¶�½®¹�½9½9¶\· Ä ¿xº�Æ Á9¶ Å@4 ¿Pº Ô ·)¹�Ë#¶\¸�¶�· Å Ë�¶ Ä ·�¶\·�¶WØ.¶ Ã¨Ä9Å ¶\º¼Ç�¹�·)Òm»9½9¾ Å =

µ S



bdcfegc�hji�u¯5k�²5l?mæu¯5ionpkrqtsvuwkrq�xyiznph|{}x*qt~Hi µ I
Ô ·`¸1¶�=ªÁ9¹¼¶�6�·)¸1¶�Á9¶\· : Ô Ë#â�¸ Ô ½ Å ¸��<;+¶�»9½9ÁìÁ9¶�·D6�·)¸�Á9¶�·�¶�½�Á9¾+Þ9ºZ¸1¹�¾P¶�½ Ñ�Ä�Ô ¸ Ô ¿xÆ Å�Ô ·)â�¸1¹ Ô ½L=
¾+¶\Ë�¶ Å�Å ¶�½æÈPÜ�¿PÆV¶�¹�Òx¶�½9½,¸�Ë�¿P½L½�¹ Ã¨Ä ¸�¿PÁL= Ä9Ô�Ã Á9¹¼¶Ìú�¶�¹ Ä ¶�½�À Ô º�¾+¶�Á9¹�¶ Å ¶\·
Ø®¶ Ã¨Ä9Å ¶�º¼Ç�¹¼·�Òm»9½9¾ Å =
Ô ·`¸1¶W»9½9Á Ç�¶\¹ Å)Å Á¥¿ Ä ¶�·�¿P» Ã¨Ä ½9¹ Ã¨Ä ¸�á7Ç/¶�º Ã¨Ä ¶#Á9¹�¶W¶�· Å ¸�¶#Ø®¶ Ã¨Ä9Å ¶�ºZÇ�¹�·�Òm»9½�¾ÖÁ9¶ ÅLÑ�Ä9Ô ¸ Ô ½ Å
Ç�¿P·�È]A�»9·X��� Å »9½9¾ Á9¹�¶ Å ¶\· Ñ · Ô Æ9º¼¶�Ë#¶±Ò,�P½9½9¶�½ÝÁ9¹¼¶±¶�¹¼½9è�¶\º�½9¶\½ Ø.¶ Ã¨Ä9Å ¶\º¼Ç�¹¼·�Òm»9½9¾+¶\½ Ë#¹¼¸
Å ¶�¾+Ë#¶�½,¸1¹¼¶�·`¸1¶�½ Ü�¶k¸1¶�Ò,¸ Ô ·�¶\½ ¾+¶\¸�·�¶\½9½,¸4á�Ër�+¾+º�¹ Ã¨Ä9Å ¸±Ë�¹Z¸*�ª½�À Ô ·)Ë�¿x¸�¹ Ô ½ Þ�Æ�¶\·ì¿xº�º�¶ÖÁ9·�¶\¹
· ç »9Ë#º�¹ Ã¨Ä ¶�½ 4°Ô�Ô ·�Á�¹�½¥¿x¸�¶�½æáPÁ9¶\¸�¶�Ò,¸1¹¼¶�·)¸�Ç/¶�·�Á�¶�½æÈ!Ü�¿P½9½�Òh¿P½9½�×P¶�· Å » Ã¨Ä ¸ÌÇ/¶�·)Á9¶�½æá!¿P½ Ä ¿P½9Á
Á9¶\·ÉÜ�¿x¸�¶�½ Á9¹�¶#Ï�¶#�m»9¶�½�è#Á�¶�·�Ø®¶ Ã¨Ä9Å ¶�º¼Ç�¹¼·�Òm»9½9¾P¶�½.è\» ·�¶�Ò Ô ½ Å ¸1·�»�¹�¶�·)¶�½æáæÇ�¹¼¶§¹�½ 4 ¿Pâ�¹¼¸1¶\º
ý!Èf��È��W¶�·�º ç »�¸�¶�·)¸�È

4 ¿Pº Ô ·�¹�Ë#¶\¸�¶�·�½¥¿ Ã¨Ä Á9¶�Ë Â ½9¾+¶�·)â9·�¹¼½9è�¹¼â�_�×+¶�·)¾+º�¶\¹ Ã¨Ä ¶ 4 ¿Pâ9¹¼¸�¶�ºz��Èf��a Å ¹¼½9Á Å)Ô Ë�¹Z¸�Æ�¶\¹
Ä9ÔPÄ ¶�½ÖÛ�½�¶�·�¾P¹�¶�½�½9¹ Ã¨Ä ¸ Ô â!¸1¹�Ë�¿Pº�¹�½�G�¶�è\»9¾±¿P»!À Á9¹¼¶É¶�·�·)¶�¹ Ã¨Ä Æ9¿P·�¶@6�·)¸ Å ¿P»�Õ�� Å »9½9¾�áVÁ9¿ Å ¹�¶
Þ9ÆV¶�·�Ë#¶ Ä ·)Àb¿ Ã¨Ä ¶§Ø®¶ Ã¨Ä�Å ¶�ºZÇ�¹�·)Ò�»�½9¾+¶�½®Ë�¹Z¸�¸�¶�º�½Ö»9½9Á â9·1¿xÒm¸�¹ Å)Ã¨Ä Òx¶�¹¼½9¶!8�¹�¶\À�¶\½¥¿P»�ÕK� Å »9½�¾
ÆV¶ Å ¹¼¸1è\¶�½æÈ°Ï!¹¼¶ÐÇ�»9·�Á9¶\½ ¹�½ : 6�� Ñ 8�Ûz� Á�¶�½9½ Ô�Ã¨Ä Ë#¹¼¸�Û�·)À Ô º�¾>×+¶\·)Ç/¶�½9Á9¶k¸4á°Á¥¿ Ë�¿P½
Á9¹¼¶Q¿P» Å 6�·`¸ Å ¿P»�Õ�� Å »9½9¾�_��\=?� Ã Ë0a°»�½9Á Ñ ¿P·�¿Pº;¿\O�¶*_d¿P» Å � á�� Ã Ë Ü�¹ Ã ÒP¶�a�·�¶ Å »9º¼¸�¹�¶\·�¶�½�Á9¶�½
ØÙ¹¼½9ÒP¶\º¼À�¶ Ä º�¶�·ÚÁ9»�· Ã¨Ä Á9¶\½�¾+· Ô ;+¶\½ Â Æ Å ¸1¿P½9Á�Á�¶�·ìÜ�¶\¸�¶�Ò,¸ Ô ·)¶�½�_�I+á��>ËRaÚ¿x» Å ¾+º¼¶�¹ Ã¨Ä ¶�½
Ò Ô ½9½,¸1¶xÈæÜ�¿PÆV¶�¹ Ç�»9·�Á�¶§¿Pº¼º�¶�·)Á9¹�½�¾ Å Á9¹�¶�·�¶\Á9»9è�¹¼¶�·`¸1¶QÛ2�#è�¹¼¶�½9èCÁ9¶ Å �ª½ Å ¸1·)»9Ë#¶�½,¸ Å ¹¼½ 4 ¿P»�À
¾+¶\½ Ô Ë#Ë�¶\½æÈ

�! �� � �F�]-.��'.%(�H�]-*��/���1*)N���Q1  .��/¡� ¢r .1*£(�

Ü�¹¼¶ 4 ¿Pº Ô ·�¹¼Ë�¶k¸1¶\·L× Ô ½��ÖÛo¤ Â Å ¹¼½9ÁT¿P» Å ¶\¹�½9è\¶�º�½�¶�½ : Å �¥= 4 ·�¹ Å ¸¨¿xº�º Å ¸ ç ÆV¶�½�¿P»!À�¾+¶�Æ¥¿x»�¸4á
Ç/¶�º Ã¨Ä ¶�Á�»9· Ã¨Ä ¶�¹�½�¶ Ô â�¸1¹ Å�Ã¨Ä Á9¹ Ã¨Ä ¸1¶�Ï Ã¨Ä ¹ Ã¨Ä ¸§¿P» Å ú�¶\Õ9¶�Ò,¸ Ô ·)Ë�¿h¸1¶�·)¹;¿Pº
× Ô ½9¶\¹�½¥¿x½9Á9¶�·É¾+¶�=
¸�·�¶�½�½m¸ Å ¹�½9Á�ÈF¦P¶�Á9¶\·åÁ9¹�¶ Å ¶\·�Ï�¸ ç ÆV¶Ð¹ Å ¸ Ô â�¸�¹ Å)Ã¨Ä ¿x½ ¶�¹�½�¶�½ Ñ ¹JO!¶�º�¶\¹�½9¶\· Ñ�Ä9Ô ¸ Ô Á9¹ Ô Á�¶�½

4 cm Module

2 cm Module

TA1-ASIC

Hybridboard

optische Koppler

Photodiodenarray

CsI-Kristalle

optischer Reflektor

Gehäuse

Deckel

Stützpfeiler

���������b B§©¨ª	«g¬®d¯�°5±�²´³\µ,±·¶�¸�£r¹Wµ(º¼»A£ª¤¾½X¸P¿¥¸�£*µ(½ÁÀM¸�¤ÃÂÅÄ�¤¼¸�º�¸�¤I¦K¸?Â0Æ7Ç�½ÉÈ¼Ê5¸P¿¥¸�ËK¿¥»A£´½X»[¶©±�ºÃÂ
½�¤Ì¿�³�¸�¤¼¶NÂ�¸�¤Ì¿;¤�Í�¸�¦ÏÎHÐK»N¿¥»[¶N¤¼»,¶�¸�¦Ñ�Ê�¤¼¸@¸�¤I¦�Ò�¸�ºI¦K¸�¦ÏÎ7¤�ÓL¸�ºw¶�¸?Â�Ê�¤¼»[¶�¸�¦Lµ\£ª£Ôµ�Õ�Â@ÖJ×H¸�º¼Ç�ÐK¸�£@µ,±�²W¶�¸�£
Ø ¦,¦K¸�¦dÂÙ¸�¤Ì¿¥¸o¶�¸?ÂvÚ]Õ³�£ª¤¼¶L³�»#µ\£�¶NÂB½X»A¦L¿;¤¼¸�£�¿�¤ÃÂ�¿¥Ö[Â�¤I¦K¶�¶©±4£�Ç�ÐjÛ�¤`µ#ÂH½�¤Ì¿�¶�¸�½^ÛK»A£�Ü#¸�£�Â�¿ÅÝ\£´Ë<¸�£2°�Þ ØÙß
µ,±�²B¶�¸�£M°5±�à<¸�¦dÂ�¸�¤Ì¿¥¸W¶�¸?ÂzÀM»#µ\£�¶NÂWÜ#¸�£P³<±4¦K¶�¸�¦Ñ
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�Ö¿h¸1·�¹ÃOQ¾+¶\Ò Ô â�â�¶\º¼¸4ÈmÜ°¹�¶ Ô â�¸�¹ Å�Ã¨Ä ¶ 4�Ô â9â9º¼»9½9¾É¹ Å ¸�½m»9·�»9½,¸1¶�·/Ü�·)» Ã ÒQ¶(ä�¶�Ò,¸1¹Z×Vá Å�Ô Á¥¿ Å�Å Á9¹¼¶
Ñ�Ä9Ô ¸ Ô Á�¹ Ô Á9¶�½9Ë�¿x¸�·�¹JO�·)Þ Ã Ò Å ¶\¹¼¸1¹¼¾Ú¿P»�À�¶�¹¼½9¶�ËÁI+áå��Ë�Ë Å ¸¨¿P·)ÒP¶�½�æ�Ê�Æ9·)¹�Á9Æ Ô ¿P·)ÁZ_d¿x» Å ú Ô =
��ç,ç<�QÆ9è\ÇÉÈ�Û�â Ô O!¹¼Áj�ì¿x¸1¶\·�¹;¿xº®a/ÆV¶\À�¶ Å ¸1¹¼¾P¸�¹ Å ¸4á�Ç/¶�º Ã¨Ä ¶ Å ¶�½,¸�º;¿P½9¾WÁ9¶\· 4 ¿x½m¸�¶�½Ú»9½9Á�¹�½ÚÁ9¶\·
�ì¹Z¸�¸�¶�¹¼½Ú¶�¹�½�¶�Ëë¾+¶kÀ�· çPÅ ¸1¶\½ Â º¼»9Ë#¹�½9¹¼»9Ë�Á�¶ Ã ÒP¶\º�×P¶�· Å ¸1¶\¹¼À�¸°¹ Å ¸�È¥Ü�¶\· Â ½9â9·�¶ Å�Å Á9·�» Ã Ò·_b¶k¸ªÇÌ¿
�,ç 4 ¾�akáNÁ9¶�·
À�Þ9·
¶\¹�½9¶/¾+»�¸�¶ Ô â�¸�¹ Å�Ã¨Ä ¶ 4°Ô â9â9º�»�½9¾�èkÇ�¹ Å�Ã¨Ä ¶�½ 4 ·�¹ Å ¸¨¿Pº¼º�¶\½C»9½�Á Ñ�Ä9Ô ¸ Ô Á9¹ Ô Á9¶\½
½ Ô ¸ªÇ�¶\½9Á9¹�¾�¹ Å ¸�áNÇ�¹¼·�ÁCÞ9Æ�¶\·�Ï Ã¨Ä ·�¿P»9ÆV¶�½QèkÇ�¹ Å�Ã¨Ä ¶�½WÜ�¶ Ã ÒP¶�º¥»�½9Á!¤�¶ Ä¥ç » Å ¶Ì¶\¹�½9¾+¶ Å ¸�¶�º�ºZ¸4È Â Æ©=
Æ9¹¼º�Á9»�½9¾Y�!È`I�è�¶\¹�¾P¸�¶\¹�½9¶\½éè�»9¶\· Å�Ã¨Ä ½9¹¼¸)¸�Á9»�· Ã¨Ä ¶\¹�½j� Ô Á9»9º7Ë�¹Z¸Fê Ã Ë º;¿x½9¾+¶�½ 4 ·�¹ Å ¸¨¿xº�º�¶\½
»9½�Á Ñ�Ä9Ô ¸ Ô Á9¹ Ô Á9¶�½ ¿P½>Æ�¶\¹�Á9¶\½ 4 ·�¹ Å ¸¨¿xº�º�¶\½9Á9¶\½æÈvG/¶�¹�ÒmÞ9·)è�¶\·�¶�½ 4 ·�¹ Å ¸¨¿xº�º;¿x·�·1¿4Ê Å á%Ç/¶�º Ã¨Ä ¶
½m»9·�¿P½ ¶�¹¼½9¶�Ë Û�½�Á9¶�¿x½ Ñ�Ä9Ô ¸ Ô Á9¹ Ô Á9¶�½ ¾+¶\Ò Ô â�â�¶\º¼¸ Å ¹¼½9Áæáæ¶\½9Á9¶\½.Á9¹¼¶ 4 ·)¹ Å ¸¨¿Pº¼º�¶§¿x½ Á�¶�½
¹¼½ Â Æ9Æ9¹¼º�Á9»�½9¾��!ÈJI#Ë�¿P·)Ò�¹¼¶�·`¸1¶�½ Ïm¸1¶�º¼º�¶\½æá�»9½�Á®Á¥¿ Å ¤É¶ Ä¥ç » Å ¶#¹ Å ¸ÉÁ Ô ·)¸�¾+¶ Å�Ã¨Ä º Ô+Å�Å ¶�½æÈ Â ½
Á9¹¼¶ Å ¶�·QÏm¸1¶�º¼º�¶WÆV¶(ë¥½9Á�¶\¸ Å ¹ Ã¨Ä ¶�¹�½�¶0�7¿P¾+¶�ú�¶kÕ¥¶�Ò,¸ Ô ·�Ë�¿x¸1¶\·�¹�¿Pº�¹�½9½�¶�· Ä ¿Pº�Æ Á9¶ Å ¤É¶ Ä¥ç » Å ¶ Å á
»9Ëì�7¹ Ã¨Ä ¸4á%Ç�¶\º Ã¨Ä ¶ Å ¿x½®Á9¶\·ÉÁ9¶�· Ñ�Ä9Ô ¸ Ô Á9¹ Ô Á9¶L¶�½,¸1¾+¶\¾+¶�½�¾+¶ Å ¶\¸1èk¸1¶\½�Ï�¸1¹¼·�½ Å ¶�¹¼¸�¶W¿P» Å ¸1·�¹Z¸�¸�á
¹¼½�Á�¶�½ 4 ·)¹ Å ¸¨¿Pº¼º�è�»�·�Þ Ã Òmè�»�·�¶\Õ9¶�Ò,¸1¹¼¶�·�¶\½æÈ

í�î¥ï}î?ð ñóò?ôöõø÷Kò�ù�úLûoü�ü¥ýNþ�÷L÷KûHÿ}ù
Ü�¹¼¶ : Å �P_Ì8�º®a´= 4 ·�¹ Å ¸¨¿Pº¼º�¶xá�× Ô ½ Á�¶�·�� ¹¼·�Ë�¿|æ°¹¼º�¾+¶\·Ðífæ�¹�º çgI î Ä ¶�·)¾+¶ Å ¸1¶�º¼º¼¸�á Å ¹¼½9Á ¿P½ ¿Pº�º¼¶�½
Ï�¸�¹�·)½�Õ çPÃ¨Ä ¶\½Ðâ Ô º�¹�¶\·)¸�È 4 ·)¹ Å ¸1¿Pº�º¼¶Pá¥Á9¹¼¶§¶�¹¼½ Å ¶\¹¼¸�¹�¾�¿P» Å ¾P¶�º�¶ Å ¶\½ Ç/¶�·)Á9¶�½�á�Ç�»9·�Á�¶�½ ¿P»�À�¶�¹¼½9¶�·
4 ·�¶\¹ Å)Å1ç ¾+¶É¿xÆ9¾+¶�º ç ½9¾P¸�á�»9½�ÁìÆV¶�¹¼Ë¡A�» Å ¿PË�Ë#¶�½mÆ¥¿x» Å)Ô ¿P½9¾+¶ Ô ·�Á9½�¶\¸4á¥Á9¿ Å�Å Á9¹¼¶ Å1ç ¾+¶\·1¿P» Ä ¶
Ï Ã¨Ä ½9¹¼¸)¸�Õ çPÃ¨Ä ¶L¿P½ÚÁ9¶\·�Á9¶�½ Ñ�Ä�Ô ¸ Ô Á9¹ Ô Á9¶\½Ú¿PÆ9¾+¶kÇÌ¿P½�Á�¸1¶\½ÐÏ!¶\¹¼¸1¶�è\»Öº¼¹�¶�¾P¶�½åÒh¿PË�È

���������b B§©¨ªö«L¬¬¡�¯�� ±TÂÔµ(½�½X¸�¦K³\µ,±�¸�¤I¦K¸?Â�¹Ì£ª¤ÃÂ�¿Åµ(º¾º`µ\£ª£Ôµ�Õ�Â!µ,±TÂ Æ�Ç�½�º`µ\¦<Í�¸�¦|¹Ì£ª¤ÃÂ�¿Åµ(º¾º¼¸�¦Ñ Ø ½
ÛK»A£�¶�¸�£VÍN£�±4¦K¶YÂª¤I¦K¶*¸�¤I¦,¤�Í�¸W¹Ì£ª¤ÃÂ�¿Åµ(º¾º¼¸ÙÖÂÙÇ�Ð�½Qµ(º¼¸yÞg¿;£�¸�¤¾²�¸�¦Ï±4¦K¶0¸�¤I¦K¸}ÍN£�»�à<¸�� º`ÝNÇ¥ÐK¸QÜ#»A¦��}¸	�K¸�Ë�È
¿¥»A£´½Qµ,¿¥¸�£ª¤`µ(ºMÒ\±�Â�¸�ÐK¸�¦ÑHÊ�¤¼¸QÂ�Ç¥Ð�½Qµ(º¼¸�¦�Þg¿;£�¸�¤¾²�¸�¦ ¿;£�¸�¦,¦K¸�¦>¶N¤¼¸Q¹Ì£ª¤ÃÂ�¿Åµ(º¾º¼¸L¤I¦Z¸�¤I¦K¸�£
��¤¼Ç�ÐL¿´±4¦<Í�Ö
× Ý(Ð,£�¸�¦K¶Y¶N¤¼¸�� º`ÝNÇ�ÐK¸�¦YÂ�¤¼¸�¤I¦0¶�¸�£wµ\¦K¶�¸�£�¸�¦���¤¼Ç¥ÐL¿´±4¦<Í0¿;£�¸�¦,¦K¸�¦Ñ

Ü�¹¼¶!�Ö¿x¸�·�¹JOìÁ9¶\· 4 ·�¹ Å ¸¨¿xº�º�¶�¹ Å ¸ Å)Ô ¾+¶�â¥¿ Ã Òm¸�áæÁ¥¿ Å)Å è\Ç�¹ Å�Ã¨Ä ¶\½®Á�¶�½ 4 ·�¹ Å ¸¨¿xº�º�¶\½ Í ¶kÇ�¶\¹�º Å
¶\¹�½9¶M�7¿P¾+¶�ú�¶kÕ¥¶�Ò,¸ Ô ·�Ë�¿x¸1¶\·�¹�¿Pº+º�¹¼¶�¾P¸�È_Ü�¹¼¶ Å ¶ Å ú�¶\Õ¥¶\Ò,¸ Ô ·)Ë�¿x¸�¶�·)¹;¿PºPÇ�¹¼·�Áæá4Ç�¹¼¶/¹¼½ Â Æ9Æ9¹¼º�Á9»�½9¾



bdcfegc�hji�u¯5k�²5l?mæu¯5ionpkrqtsvuwkrq�xyiznph|{}x*qt~Hi µ �
�!È�ý�Á¥¿P·�¾P¶ Å ¸�¶�º¼º¼¸4áPÆ�¶\¹�Ë A�» Å ¿PË#Ë�¶\½�Æ9¿P»W¹�½#¶�¹�½�¶�·�ú�¹ Ã¨Ä ¸1»9½9¾C¿Pº Å Ï�¸1·)¶�¹¼À�¶\½æá,¹�½#Á9¶\·/¿x½9Á9¶�·)¶�½
ú�¹ Ã¨Ä ¸1»�½9¾�¿Pº Å � º çPÃ¨Ä ¶#èkÇ�¹ Å)Ã¨Ä ¶�½>Á9¹¼¶ 4 ·)¹ Å ¸¨¿Pº¼º�º;¿x¾+¶�½�¶\¹�½9¾P¶�º�¶\¾P¸4È Â º Å ú�¶\Õ¥¶\Òm¸ Ô ·�Ë�¿x¸�¶�·�¹�¿Pº
Ç�¹¼·�Á� ¹�ºZ¸1¶�·)â¥¿Pâ9¹¼¶�·Ï_Ì8�Ê�â&U���Ø Ñ ç<ç<çLITç�á Ñ
Ô ·)¶�½9¾+·Ô�<;+¶�ç�áfç�����Ëìá � ���æË Å ¸¨¿x·�ÒLaÚÁ�¶�·
� ¹¼·�Ë�¿ �ì¹¼º�º�¹¼â Ô ·�¶°×P¶�·`Ç�¶\½9Á9¶\¸�á�Á9¿ Å ½9¿ Ã¨Ä í�G : Ü�� µ � î Á9¹�¶ Ä � Ã¨Ä9Å ¸1¶Q�%¹ Ã¨Ä ¸¨¿P» Å ÆV¶�»�¸�¶C»9½,¸�¶�·
Á9¶\½QU�¶\·�¾+º¼¶�¹ Ã¨Ä�Å Ë�¿x¸1¶\·�¹;¿xº�¹�¶\½�º�¹¼¶\À�¶\·)¸1¶xÈNä°Ë´¶\¹�½9¶�¿P» Å ·�¶\¹ Ã¨Ä ¶\½9Á9¶Ìú�¶\Õ9¶�Ò,¸1¹Z×!¹Z¸ ç ¸ è\»L¶�· Ä ¿PºZ¸1¶�½�á
Å ¹�½9ÁÚË#¶ Ä ·)¶�·�¶��7¿P¾+¶\½Öú�¶\Õ9¶�Ò,¸ Ô ·)â¥¿Pâ9¹¼¶�·�½ Ô ¸ªÇ/¶�½�Á9¹�¾�_�×P¶�·)¾+º�¶\¹ Ã¨Ä ¶ Â Æ�Æ9¹�º¼Á9»9½9¾Y�!ÈJI\�<aAÈ

í�î¥ï}î¥ï ���5úLò�ù����Dô õ������yü	���� 
ä�Ë Á¥¿ Å Ï!è\¹�½,¸1¹¼º�º;¿h¸1¹ Ô ½ Å º¼¹ Ã¨Ä ¸°×P¶�·)º�» Å ¸¨¿P·)Ë ¿P» Å Á9¶\Ë 4 ·)¹ Å ¸¨¿Pº¼º ¹�½ Á9¹¼¶ Ñ�Ä9Ô ¸ Ô Á9¹ Ô Á9¶\½ ¶�¹�½©=
è\»9Ò Ô â�â�¶\º�½æá%Ç�¹�·)Á®¶\¹�½9¶�Ï Ã¨Ä ¹ Ã¨Ä ¸Q¿P» Å ¸�·1¿P½ Å â¥¿P·)¶�½,¸1¶\Ë Ï!¹�º¼¹�Ò Ô ½�_Ì8�Ê�â>út8�U"!gI\��× Ô ½�¤ÉÛ
Ï!¹¼º�¹ Ã�Ô ½9¶ Å aÌ×+¶\·)Ç/¶�½9Á9¶k¸4È7Ü�¹¼¶ Å ¶ Å Ï!¹¼º�¹¼Ò Ô ½ Ä ¿x¸ çxÄ ½9º�¹ Ã¨Ä ¶ Ô â�¸1¹ Å�Ã¨Ä ¶QÛ�¹¼¾+¶�½ Å)Ã¨Ä ¿xÀ�¸�¶�½�Ç�¹�¶CÁ9¹�¶

#%$&$('*),+B§©¨ª�«L¬.-K¯/�10�»32g¿4�LÝNÇ�ÐK¸@¸	562K¸?Â}¹7085ÃÂ�¿Åµ(º¾º¾½X»[¶©±�ºÃÂ�±92K¶*¸	562.Î�ÐK»N¿¥»[¶:5¼»,¶�¸	2Lµ;080ÔµÔÕ.½"5Ì¿oµ,±�²®È
Í�¸´Í�»PÂ�Â�¸	2K¸�½ ¹}»ÔÄ�ÄH¸�º�Í:5Ì¿´¿¥¸	0Wµ,±TÂ5×H¸	5ÃÂ�Â�¸�½ ±92K¶R¿40Ôµ;2dÂÅÄ µ;0�¸	2g¿¥¸�½^Þ<5¾º65¼ÇÙ»32Ñ©ÊFµ#ÂwÊ�5¼»,¶�¸	2Lµ;080ÔµÔÕ=5ÃÂ�¿
µ;2*¶�¸	2%>]Ç�Ë<¸	2R½"5Ì¿?>ÄH»?Ó@5¼¶ µ,±�²v¶�¸�½�ÚzÕ ³A085¼¶L³d»#µ;0�¶
B<Ó@5¼¸	0�¿o±92K¶!¸	2g¿¼º`µ;2<ÍY¶�¸	0oº`µ;2<Í�¸	2Y¹Wµ;2L¿¥¸	2
Ò\±X¶�¸	20¸�º¼¸�ËK¿4085ÃÂ�Ç�ÐK¸	2R¹}»32L¿Åµ(ËK¿¥¸	20µ,±�²v¶�¸�½pÚzÕ ³A085¼¶L³d»#µ;0�¶�Í�¸(³d»32K¶�¸P¿�Ñ

¶\Æ�¶\½�Àb¿Pº�º Å
Ä9ç »gë¥¾É¿Pº Åv4�Ô â9â9º¼¶�· ×+¶�·`Ç�¶\½9Á9¶k¸1¶�½�Û�â Ô O!¹�Á Ä ¿P·�è\¶PáPÆ�º�¶�¹¼Æ�¸ ¿PÆ�¶\· ½¥¿ Ã¨Ä Á9¶�Ë Â » Å =
Ä¥ç ·)¸1¶\½å¶�º�¿ Å ¸�¹ Å�Ã¨Ä á Å)Ô Á¥¿,;§»9½,¸�¶�· Å)Ã¨Ä ¹�¶\Á9º�¹ Ã¨Ä ¶ 4 ·�¹ Å ¸¨¿xº�º�º ç ½9¾+¶\½#¿P» Å ¾P¶�¾+º¼¹ Ã¨Ä ¶\½�Ç�¶\·�Á9¶\½æÈ�ä°Ë
¶\¹�½9¶�¾P»�¸1¶ Ô â�¸1¹ Å�Ã¨Ä ¶�8 ·�¶\½9½m»9½9¾WÆ�¶\½¥¿ Ã¨Ä Æ¥¿P·`¸1¶\·°Ü°¹ Ô Á9¶�½åè\»å¶�·�è\¹�¶\º�¶�½�á!×+¶\·)Ç/¶�½9Á�¶�½ìÇ�¹¼·Ì¶�¹¼½
¤�¹¼¸)¸1¶�·�¿P» Å Ç/¶�¹`;+¶�Ë Ï!¹¼º�¹�Ò Ô ½DC�á7¹�½ Á9¶ Å)Å ¶�½>¤�¹¼¸)¸1¶\·��,ä�½m»9½9¾+¶\½.Á¥¿ Å ¸1·�¿P½ Å â¥¿P·�¶\½,¸1¶åÏ�¹�º�¹¼Ò Ô ½
¾+¶\¾ Ô+Å)Å ¶�½ Ç�¹�·)ÁæÈ%Ü�»9· Ã¨Ä Á9¹¼¶ Â Á Ä¥çPÅ ¹ Ô ½ Æ9¹¼º�Á9¶\½ Å ¹ Ã¨Ä Ò Ô ½m×P¶PO®¾+¶\Ò�·)Þ9Ë#ËL¸1¶E� º çPÃ¨Ä ¶\½æáæÁ9¹¼¶
Å ¹ Ã¨Ä Æ�¶\¹ Ä9Ô+Ä ¶\Ë Â ½9â9·)¶ Å)Å Á9·)» Ã Ò.¿x» Ã¨Ä ¿P½ º�¶\¹ Ã¨Ä ¸É¾+¶\½9¶�¹¼¾P¸1¶Y6�Æ�¶\·)Õ çxÃ¨Ä ¶�½®Á9¶�· 4 ·�¹ Å ¸¨¿xº�º�¶
¿P½ Å�Ã¨Ä Ë#¹�¶\¾+¶�½æÈL�ª½ Â Æ9Æ9¹¼º�Á9»�½9¾!�!Èf�§¹ Å ¸Ìº�¹¼½9Ò Å ¶\¹�½ Ñ�Ä9Ô ¸ Ô ¶�¹�½�¶ Å ¾+¶\â¥¿ Ã Ò,¸1¶\½ 4 ·)¹ Å ¸1¿Pº�º�¿P·�·�¿4Ê Å
¹¼Ë9¤�¶ Ä9ç » Å ¶�è\» Å ¶ Ä ¶�½æá9»�½9ÁÚ·�¶ Ã¨Ä ¸ Å á¥¹�Ë^¤�¶ Ä¥ç » Å ¶\Á9¶ Ã Òx¶�º'á�Á9¹¼¶ Ñ�Ä9Ô ¸ Ô Á�¹ Ô Á9¶�½9Ë�¿x¸�·�¹JO#Ë#¹¼¸
4�Ô â9âV¶�º�¾P¹¼¸�¸�¶�·\È,Ü�¶�·/ú�¿P½9Á#Á9¶ Å Ü�¶ Ã Òx¶�º Å ¾+·)¶�¹¼À�¸�ÆV¶�¹¼Ë A�» Å ¿PË�Ë#¶�½!À�Þ9¾+¶�½#Á9¶\·/ÆV¶�¹¼Á9¶�½r8
¶\¹�º¼¶
»9Ë ¶\¹�½9¶\½.× Ô · Å ¸�¶ Ä ¶\½9Á9¶�½�ú�¿P½9Á®Á9¶ Å ¤�¶ Ä9ç » Å ¶\Æ Ô Á9¶\½ Å á Å�Ô Á¥¿ Å�Å Á�¹�¶#Æ�¶\¹�Á9¶\½|8
¶\¹�º¼¶�è\»L=
¶\¹�½¥¿P½�Á9¶�· Í » Å ¸1¹¼¶�·`¸ Å ¹¼½9Áæá ÆV¶\× Ô · Å ¹ Ã¨Ä>4 ·)¹ Å ¸¨¿Pº¼º�¶#»9½9ÁÝÜ�¹ Ô Á9¶\½¥¿P·)·1¿4Ê ÆV¶�·)Þ Ä ·�¶\½æÈ�Ü�¿�Á�¶�·
F	GIH;JLK&MONPJQJQMIR9NTSUNPV	W;X:YZNU[,[\MO]LK^NT]`_7NUXaMbNUXcMO]/Y;M	de]`fZJ,[QMbX7ghMOYAHi[QNTjAdeWZ]\klY;MOYZWAJQJQMOX�miXcHZV`na_oMbk�p?qcJQncf3]Q[QMbX

_oMbJ?RoNUSTNUr;WZXcJ^HZqods_oMOkutLn:W3[\Wo_oNUWo_oMbXcH3]\]`Hwv7HZqcJQYZMO]\NPV`n;[\M	[xq:Xc_�NTkzyLH3r9q:qckuH3q<J,Y;MOY;H;J{[}|



µ � á kyâ]l#ãtiz~�bdc�x}k�m á kD~o{FnFl?hjiDãtizn

Â Æ Å ¸1¿P½9Áåè\Ç�¹ Å�Ã¨Ä ¶\½ 4 ·)¹ Å ¸¨¿Pº¼º�¶�½#»9½9Á.G Ô ½9Á9Á9· çPÄ ¸1¶\½�Á�¶ Å�Ñ�Ä9Ô ¸ Ô Á�¹ Ô Á9¶�½¥¿x·�·1¿4Ê Å ½m»9·�~�ç�áå�
Ë#Ë6ÆV¶\¸�· ç ¾P¸�á
Ç�Þ9·)Á9¶�½�Á9¹¼¶.G Ô ½9Á9Á�· çPÄ ¸1¶Ú¿x½ Å�Ô ½ Å ¸1¶\½ ÆV¶�¹�»�½9¾+¶�½9¿P»9¶�Ë Â »�À Å ¶\¸1è\¶�½�Á9¶ Å
Ü�¶ Ã ÒP¶\º Å è\¶�· Å ¸��P·)¸4È

�! b� � ��/��p-*¢
�H¢r *�7�H�����H¢�/

Ü°¹�¶ Ñ�Ä9Ô ¸ Ô Á9¹ Ô Á�¶�½�è�»�·
Ü°¶\¸1¶\Ò,¸1¹ Ô ½�Á�¶ Å

linien p-Dotierung

Bondpads

Routing-

#%$&$('*),+B§©¨ª*«L¬.�K¯�>?562
>2Ç�ËX¶�¸?ÂBÎ�ÐK»N¿¥»[¶:5¼»,¶�¸	2©È
µ;080ÔµÔÕdÂPÑ�Ê�5¼¸F¸�º¼¸�ËK¿4085ÃÂ�Ç�ÐK¸	20Þ<5�Í:2Lµ(º¼¸W¶�¸	0�56212K¸	0�¸	2
Î^5�Óg¸�ºH×�¸	0�¶�¸	2.¶©±90�Ç¥Ð���¸	5Ì¿´±92<Í�¸	2�»[³�¸	0´ÐLµ(ºÅ³Q¶�¸	0
� Ó�5¼¶NÂÙÇ�Ð15¼Ç�Ðg¿Ò\±}ÀM»32K¶(Ä µN¶NÂ2µ(½��wµ;2K¶�¶�¸?Â��Qµ�È
²Å¸	0�Â]Í�¸�²\��Ð10�¿�Ñ

Ï!è�¹¼½,¸1¹�º¼º;¿x¸�¹ Ô ½ Å º�¹ Ã¨Ä ¸ Å�Å ¹¼½9ÁÐ¹�½�� Ô ·)Ë ¶\¹�½9¶\·
�Ö¿x¸�·�¹JO.× Ô ½óITç\O I_ý�Ü�¹ Ô Á9¶�½�¿P»!À°¶\¹�½9¶\Ë
Ø ¿hÀ�¶�· ¿P½9¾P¶ Ô ·)Á9½9¶\¸�á�Ç�¹�¶Ý¿P» Ã¨Ä ¹¼½���Èå�
_b·)¶ Ã¨Ä ¸ Å aåè\» Å ¶ Ä ¶�½æÈ�Ü�¹¼¶Ðº�¹ Ã¨Ä ¸�¶�Ë#âgë¥½9Á©=
º�¹ Ã¨Ä ¶=�
º çPÃ¨Ä ¶ Í ¶�Á9¶ ÅQÑ ¹JO!¶�º Å ÆV¶\¸�· ç ¾x¸ �\OK�
Ë�Ë#ó�á,Á�¹�¶�Ï!¶\â¥¿P·1¿h¸1¹ Ô ½#Á�¶�· Ñ ¹JO!¶�ºç�á � Ë�Ë
¹�½ ÆV¶�¹�Á�¶�½ ú�¹ Ã¨Ä ¸1»9½�¾+¶�½æÈB¦P¶\Á9¶#Ü�¹ Ô Á9¶§¹ Å ¸
Þ9ÆV¶�·�¶�¹�½�¶ Â º�»9Ë#¹�½9¹¼»9Ë§Æ¥¿ Ä ½ Ô ÆV¶�· Ä ¿Pº�Æ
¶�¹¼½9¶�·�¹ Å)Ô º�¹¼¶�·�¶\½9Á9¶\½>Ï!¹¼º�¹�è\¹�»9Ë Ô O!¹�Á Å)Ã¨Ä ¹ Ã¨Ä ¸
Ë�¹Z¸�¶�¹¼½9¶�Ë G Ô ½9Á9â9¿PÁ�¿xË ú°¿x½9ÁWÁ9¶ Å Ø ¿\=
À�¶�· Å ×P¶�·)Æ9»9½9Á9¶\½æÈ@A�Ç�¹ Å�Ã¨Ä ¶�½ Á9¶�½ Â º¼»L=
Ë�¹¼½9¹�»�Ë§Æ¥¿ Ä ½�¶�½.ÆV¶(ë9½9Á9¶\¸ Å ¹ Ã¨Ä ¶\¹�½9¶�¾+¶P=
Å�Ã¨Ä º Ô+Å�Å ¶�½9¶ Â º¼»9Ë#¹�½9¹¼»9Ë#Õ çPÃ¨Ä ¶±¿xº Å ¶\º�¶�Ò<=
¸1·)¹ Å�Ã¨Ä ¶ Â Æ Å)Ã¨Ä ¹�·)Ë§»9½9¾�á�Ç/¶�º Ã¨Ä ¶Ö×+¶\· Ä ¹¼½L=

Á9¶\·)¸�á�Á¥¿ Å�Å Á9»9· Ã¨Ä Òh¿Pâ¥¿xè�¹¼¸�¹¼×P¶ 4°Ô â9â�º�»9½9¾ Á9¹¼¶�Ï!¹�¾+½9¿Pº�¶±èkÇ�¹ Å)Ã¨Ä ¶�½TÁ�¶�½�¶�¹�½�è�¶�º¼½9¶�½ �%¶�¹Ã=
¸�»9½9¾+¶\½�Þ9ÆV¶�· Å â9·)¶ Ã¨Ä ¶\½æÈ Â Æ9Æ9¹¼º�Á9»9½�¾���Èf�Ýè�¶\¹�¾P¸�¶\¹�½9¶\½ø8 ¶�¹¼º�¶�¹¼½9¶ Å Ü�¹ Ô Á9¶\½¥¿P·)·1¿4Ê Å Ë#¹¼¸
Á9¶\½�A�»�º�¶�¹Z¸1»9½�¾+¶�½ è\»ÝÁ9¶�½ G Ô ½9Á�â¥¿PÁ Å ¿PË6ú°¿x½9ÁÝÁ9¶ Å Ø.¿xÀ�¶�· Å È�Ü°»9· Ã¨Ä Ü�»9· Ã¨Ä Ò Ô ½,¸¨¿xÒ�=
¸�¹�¶�·)»9½9¾+¶\½T¿P»!À�Á9¶\Ë æ�Ê�Æ9·�¹¼Á9Æ Ô ¿P·�ÁÝÇ�¶\·�Á9¶\½ Á9¹�¶ìÏ!¹¼¾+½¥¿Pº¼º�¶\¹¼¸1»�½9¾+¶�½Ý¿x»�À�Á9¹¼¶ìú�Þ Ã Ò Å ¶\¹¼¸�¶
Á9¶ Å æ�Ê�Æ9·)¹�Á Å ¾+¶\À�Þ Ä ·)¸�á�Ç Ô±Å ¹�¶§¿x½Ö¶�¹¼½9¶�½j8 Â I(= Â ÏL� : ¿P½9¾+¶ Å�Ã¨Ä º Ô+Å�Å ¶�½ Å ¹�½9Áæá�Ç�¹�¶�¶�·�¿P» Ã¨Ä
¹¼Ë 8 ·1¿ Ã Òx¶�·Ú×+¶�·`Ç�¶\½9Á9¶k¸ÖÇ�¹�·)ÁæÈ�Û Å Ç�¶\·�Á9¶\½�èkÇ�¶\¹�»�½m¸�¶�· Å�Ã¨Ä ¹¼¶�Á9º¼¹ Ã¨Ä ¶ GÌ¿P»!À Ô ·�Ë#¶�½ × Ô ½
æ�Ê!Æ�·�¹�Á�Æ Ô ¿x·�Á Å ×P¶�·)Ç/¶�½�Á9¶\¸ ï G�¶\¹ Å�Ô º Ã¨Ä ¶�½�Ë#¹¼¸ Â : = 4°Ô â9â�º�»9½9¾ Å ¹�½9ÁÝÁ9¹¼¶ÚÜ�¹ Ô Á9¶�½ÝÞ9ÆV¶�·
ÏK�ìÜW= 4�Ô ½9Á9¶\½ Å ¿x¸ Ô ·�¶\½ _Å� � ç�âs�]a�»�½9Á ÏK�ÖÜW='ØÙ¹�Á9¶\· Å ¸ ç ½9Á�¶�_¥�,ç<ç0���Fa�¿P½9¾P¶ Å�Ã¨Ä º Ô+Å)Å ¶�½�á
Ç�¹¼¶§¹�½ Â Æ9Æ9¹�º¼Á9»9½9¾0��Èf�åÁ9¿P·�¾+¶ Å ¸�¶�º�ºZ¸4È G�¶�¹ Ñ º�¿x¸1¹¼½9¶�½ÖË�¹Z¸�Ü : = 4°Ô â�â9º�»9½�¾ Å ¹�½�ÁÐÁ9¹�¶ Ñ ¹ÃO�¶\º
Á9¹¼·�¶\Òm¸�Ë#¹¼¸�Á9¶�½�U�¶�· Å ¸ ç ·)ÒP¶\·�¶�¹¼½9¾ ç ½�¾+¶�½Ú×+¶\·�Æ9»9½�Á9¶�½æÈ
í�î,�Wî?ð ��û��Dù����5ô^�����������5ô�÷� zò�ô�û������zù����� ��Dô�÷ ñóòO���5ô^�
Ü�¿ Å ¶\º�¶\Òm¸�· Ô ½�¹ Å�Ã¨Ä ¶�ú�¿P» Å)Ã¨Ä ¶�½®¹�½ÐÁ9¶\½ U�¶\· Å ¸ ç ·)ÒP¶�·)½.Á9¶\· Ñ�Ä�Ô ¸ Ô Á9¹ Ô Á9¶\½ Å ¹¼¾+½¥¿Pº¼¶L¹ Å ¸�¶�½,¸?=
Å â9·�¶ Ã¨Ä ¶�½9Á*¤Éº¼¶�¹ Ã¨Ä »9½�¾���È`I�_bÛ�� :��\� a ¶�¹¼½9¶�·�Á�¶�·���¿PÒ,¸ Ô ·)¶�½æáxÇ�¶\º Ã¨Ä ¶�Á9¹¼¶�Û�½�¶�·�¾P¹�¶4¿x»�Õ�� Å »9½9¾
Á9¶\· 4 ¿xº Ô ·)¹�Ë#¶\¸1¶\·�ÆV¶ Å ¸1¹�Ë#Ë#¶�½æÈ%Û�ÆV¶�½ Å)Ô Ç�¹¼¶WÆ�¶\¹�Á9¶�½®Ü�¶\¸�¶�Ò,¸ Ô ·�¶�½.Á9¶ Å 8 ·1¿ Ã Òx¶�· Å Òh¿P½9½
Á¥¿ Å ú°¿x» Å�Ã¨Ä ¶\½>½¥¿ Ã¨Ä ¤�º�¶\¹ Ã¨Ä »9½9¾j��Èå�ìË�¹Z¸CÁ�¶�½ Ø®¶�·)¸�¶�½>Á9¶ Å U�¶�· Å ¸ ç ·�Òx¶�· Å ¿P» Å 8
¿PÆV¶�º�º¼¶
Â È`I�Æ�¶\·�¶ Ã¨Ä ½9¶\¸CÇ�¶\·�Á9¶\½æÈuÜ�¶\·C¾P¶�Ë#¶ Å�Å ¶�½9¶R�%¶ Ã Ò Å ¸�· Ô Ë Á9¶�·CÜ�¹ Ô Á9¶\½¥¿P·)·1¿4Ê Å ÆV¶\¸�· ç ¾P¸�ÆV¶�¹
ú�¿P»9ËL¸�¶�Ë#â�¶\·1¿x¸�»9·u¶k¸ªÇÌ¿��<ç�½ Â â9· Ô�Â ·�·�¿_ÊPÈ,Ü�¿ÉÁ9¹�¶ Å ¶\·�Ï�¸1· Ô ËÎÞ9ÆV¶�·�¶\¹�½9¶a�
º çPÃ¨Ä ¶Ì× Ô ½r��ç
Ã Ë�ó ×P¶�·`¸1¶�¹¼º¼¸ ¹ Å ¸�áx¶\½,¸ Å â�·�¹ Ã¨Ä ¸�Á�¹�¶ Å ¶�¹¼½9¶�Ë Ë�¹Z¸�¸�º�¶�·)¶�½Q�%¶ Ã Ò Å ¸�· Ô Ë × Ô ½!ç�á � ��½ Â"�xÃ Ë�ó�áxÆ9èkÇÉÈ
ý<�[ç�â Â â9· Ô�Ñ ¹JO!¶�ºdÈ�Ü�¿ Å ú�¿P» Å)Ã¨Ä ¶�½ ¿Pº¼º�¶\¹�½9¶É¿P» Å Á9¹¼¶ Å ¶�Ë �%¶ Ã Ò Å ¸�· Ô Ë Æ�¶k¸1· ç ¾P¸°Æ�¶\¹
¶\¹�½9¶\·



bdcP ©c�xyizn â�¯X{Qãw{}xyiDãti á ãw{}n µ �
Ï Ä ¿Pâ9¹�½�¾+è�¶\¹¼¸"¡£¢ ��� Å ¶k¸ªÇÌ¿·I,ITçå¶c¤�Û�� : È Ü�¹¼¶ 4 ¿Pâ9¿Pè�¹Z¸ ç ¸ÉÁ9¶\· Ñ ¹ÃO�¶\º�Æ�¶k¸1· ç ¾P¸�=ª½¥¿ Ã¨Ä
Â ½9¾,¿PÆV¶�½ÐÁ9¶ Å æ°¶�· Å ¸�¶�º�º¼¶�· Å =�I\��â���á�Ç Ô ÆV¶�¹uÁ9¹¼¶ 4 ¿Pâ¥¿Pè\¹¼¸ ç ¸�Á9¶\·�A�»9º�¶\¹¼¸�»9½9¾+¶\½Ð¿P»�À�Á9¶\Ë
Ø.¿xÀ�¶�·�ÆV¶�·�¶\¹¼¸ Å ÆV¶�·�Þ Ã Ò Å ¹ Ã¨Ä ¸1¹¼¾P¸Ì¹ Å ¸�á!»9Ë Á9¹¼¶°¾P¶ Å ¿xËL¸1¶�Ü�¶\¸�¶�Ò,¸ Ô ·)Òh¿Pâ¥¿Pè\¹¼¸ ç ¸ :�¥e¦\¥ è\»±¶�· Ä ¿PºÃ=
¸�¶�½æÈ Â » Å Á9¹¼¶ Å ¶�½ìØ®¶�·`¸1¶\½Ö¶�·)·�¶ Ã¨Ä ½9¶\¸�Ë�¿x½ìË#¹¼¸W¤�º�¶\¹ Ã¨Ä »9½9¾Y��Èf�#¶\¹�½9¶\½�Ø®¶�·`¸°× Ô ½�Û�� :��\�
¢ ý�!,ýC¶:¤�À�Þ9·ÌÁ9¹¼¶��¥· Ô ½,¸�¶�½9ÁL=ªÛ�º�¶�Ò,¸�· Ô ½9¹¼Ò�È9Ü�¶\· Â ½,¸1¶\¹�º�× Ô ½��,ê§¶:¤ìÛ�� : Á�¶ Å G�¹�¿ Å Ç�¹¼Á9¶�·�=
Å ¸¨¿P½9Á�¶ Å ÆV¶�¹ Â : = 4°Ô â�â9º�»9½�¾Ï_¥�,ç,ç0���Fa�Òh¿P½9½ì×+¶�·)½¥¿ Ã¨Ä º çPÅ�Å ¹�¾P¸�Ç�¶\·�Á9¶\½æÈ%Ü�¿ Å ¶�·)Ç�¿P·`¸1¶\¸�¶
ú�¿P» Å)Ã¨Ä ¶�½®Á9¶�·�Û�º�¶\Òm¸�· Ô ½�¹�ÒÖ»�½m¸�¶�·�G�¶\·�Þ Ã Ò Å ¹ Ã¨Ä ¸1¹�¾P»9½9¾�Á9¶ Å �%¶ Ã Ò Å ¸�· Ô Ë Å Æ�¶k¸1· ç ¾P¸ÉÁ¥¿PË#¹¼¸
ý,ê[��¶c¤�Û�� : È Â Æ�Æ9¹�º¼Á9»9½9¾���È�� _b¿�a è�¶\¹�¾P¸�Á�¹�¶wU�¶\·)¸1¶\¹�º¼»9½9¾�Á9¶\·�ú°¿x» Å�Ã¨Ä Ç/¶�·)¸�¶�¿Pº¼º�¶\· Ü�¹ Ô Á�¶�½
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Commonmode-Korrektur [Elektronen ENC]
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#%$&$('*),+B§©¨ªj«L¬ «L¯dÊFµ#Â¹�wµ,±TÂÙÇ�ÐK¸	2*Ü#»32XÒ\×�¸	5s».»,¶©±�º¼¸	2X½"5Ì¿t±92g¿¥¸	0�Â�Ç�Ð15¼¸Ù¶\º65¼Ç¥ÐK¸	0M¹F»ÔÄ�ÄgºÌ±92<ÍYÜ#»32
Î�ÐK»N¿¥»,¶�¸P¿¥¸�Ëg¿¥»30W±92K¶.ÛK¸	0�ÂP¿ÅÝ;0´Ë<¸	0PÑ<Ào¸	5H³d¸	5¼¶�¸	2!Àzµ,±�²Å»30´½X¸	2 Ò�¸	5�Í�¸	2QÄ(0Ôµ(ËK¿45ÃÂ�Ç¥Ð0¶,µ#Â�Â�¸�ºÅ³d¸�>?0VÍ�¸(³TÈ
215ÃÂPÑvÊ�5¼¸ À¼0�¸	5Ì¿¥¸�½ÃÂ85�Í\½QµZ¾*¶�¸	0 ß »�½�½X»32�½X»,¶�¸ÔÈ�ÛK¸	0�¿¥¸	5¾ºÌ±92<Í¿5ÃÂ�¿X×�¸?ÂÙ¸	2L¿¼º65¼Ç�ÐZÍ�¸	08562<Í�¸	0Yµ(ºÃÂR¶,µ#Â
�wµ,±TÂ�Ç¥ÐK¸	2*¶�¸	0�ÛK¸	0�Â�¿ÅÝ;0´Ë<¸	0�2LµNÇ�ÐY°y³#Ò\±#Í ¶�¸?Â ß »�½�½X»32�½X»,¶�¸?ÂPÑ
À�Á@ÂÄÃZÅ�Æ;Ç7È�ÆZÉwÆAÊ1É}Á@Ë}Ì�Á·Í(Î�Ï*Æ;Â¿Ì�Ç.É®Í�Æ;ËÐÁ@Ñ/ÆAÂ¿ÆAËOÅ7Ò�Ó(ÂÔÉ}ÆAÂ£Î(ÂÔÉ}ÆAËbÕ}ÖiÓ�Ç.ÆAÍ�Ï.Ç*ÖiÓ�Æ;Â G7× Î(Ø{Á�Ë}Ì
Í�Æ;Ë æaÙ Ñ�Ë}Ç.Í�ÑDÁ × Ë}Í�Õ _,Ú : = Ñ�ÃZÅ®ÛIÈ : = 4 Á�Ü�Ü�Ï*Î(Â�Ý a ÛhÞ�Õ
Ï4Ò�ÕbÕbÉµÕ}Ç*ÖiÓ¿Ê�Æ;Ç*Â£ß�Â1ÉwÆAËbÕ}ÖiÓ�Ç.ÆAÍ£Ç.Ì
à × Î�ÕbÖiÓ�ÆAÂ£ÃZÅaÇ*ÕbÖiÓ�ÆAÂ£Í(ÆAÂÄÑ/ÆAÇ.Í�ÆAÂ G7× Î(Ø{Á�Ë}Ì�ÆAÂáØ{ÆAÕbÉ}ÕbÉ}ÆAÏ*Ï.ÆAÂxÛ U Á�ÂÄÍ�Æ;Â I:â,ê*U ÆAËbÕbÉwÒ�Ë}Ê<ÆAË =
4 × ÂsÒ<Ï*ÆAÂ%Í�ÆAÕ Ú"ãL� : ÕbÇ*Â�Í I:â,çÐ× Â«ä�Ó�Á�É}Á·Í�Ç.Á·Í(ÆAÂ × Â�Ý@ÆAÕbÖiÓ�Ï*Á�Õ}Õ}Æ;Âxå·Å�Ò�Ó�ËbÆAÂ�Í × ÖiÓÔÉ 4 × ÂsÒ�Ï.Æ
Á ä ÆAÂ=Ñ�Ï*Æ;Ç*Ñ/ÆAÂxÛÔÈ�Ç.ÆAÕbÆ�Á ä ÆAÂ�Æ;Â 4 × ÂsÒ�Ï.Æ�Ë × Î�ÕbÖiÓ�ÆAÂ�Ì�Ç.É�Æ;É8Å ×RI\�[ç Þ�Ï*Æ;ÊÔÉ}Ë}Á@Â(ÆAÂ�Þ � : å�Í�Æ;Ì
æ ¤ ËbÎ�Â�Í�Ë × Î�Õ}ÖiÓ(ÆAÂ æ Í�ÆAÕ U ÆAËbÕbÉwÒ�Ë}Ê<ÆAË}Õ�Á@Ó(Â�Æ�Ê × Ü × Ã;Ç.ÉwÇ²À@Æ �?× ÕOÉ9Û�È�Ç*Æ;Õ}ÆAË¹ç¿ÆAËOÉ�ÆAÂ1ÉwÕbÜ�Ë}Ç.ÖiÓ1É�Í(ÆAÂ
æ ÆAË}ÕOÉwÆ;Ï*Ï*Æ;Ë × Â(Ý × Ñ/ÆAÂxåsÕbÁ%Í × Õ}Õ�Ì × Â�Í × À@Á�Â × Î�ÕbÝ@ÆAÝ�ÆAÂ�Ê × Â(ÂxåLÍ × Õ}Õ�Ê × Î�Ì ã É � Ë}Î(Â�Ý@ÆAÂ × Î�Õ
Í�Æ;Ë U Æ;Ë}ÕbÁ@Ë}Ý@Î(Â�Ý@Õ}Æ;Ï*Æ;ÊÔÉ}Ë}Á@Â(Ç*Ê × Î(Ø�Í�Ç*Æ�È�ÆZÉwÆ;ÊÔÉ}Á@Ë}Æ;Âéè�Ñ/ÆAËOÉwË × Ý@ÆAÂzÅ�Æ;Ë}Í�Æ;ÂxÛ�È�ÆAË � Ç.ÉbÉwÆAÏ =
Å�ÆAËOÉ«Í�Æ;Ë × Â(Ý@ÆAÕbÖiÓ�Ï*Á@ÕbÕ}Æ;Â�ÆAÂ 4 × ÂsÒ<Ï*Æ�ÑDÆZÉwË}Ò�Ý�É�Æ;É8Å ×|�<ç<ç Þ�Ï*Æ;ÊÔÉ}Ë}Á@Â(ÆAÂéÞ � : å�Ç.ÂuÝ@Î·ÉwÆAËê ÑDÆ;Ë}ÆAÇ.Â�ÕbÉ}Ç*Ì�ÌëÎ�Â�Ý³Ì�Ç.É7Í�ÆAË Ú Ñ(Õ}ÖiÓsÒ<É}ÃAÎ�Â(Ý�Û

çìÒ�Ó�ËbÆAÂ�Í
Ý@Æ;Ì%Æ;Ç*Â�Õ × Ì%Æ ã ÖiÓ1Å × Â�ÊÔÎ�Â�Ý@Æ;Â × Ï*Ï.ÆAË 4 × ÂsÒ�Ï*Æ<åAÍ�Æ;Ë^Õ}Á@Ý�ÆAÂ × Â(ÂÔÉ}Æ : Á@Ì%Ì�Á@Â�Ì�Á�Í�Æ =
Ú ÂÔÉ}ÆAÇ.Ï�Í�Æ;Õ à × Î�Õ}ÖiÓ(ÆAÂ�Õ _ À@ÆAËbÝ@Ï*Æ;Ç*ÖiÓ�Æ Ú Ü�Ü/ÆAÂ�Í(Ç O|G}a Ç.ÂÄÍ�Æ;Â�È × ÉwÆ;Â�Ê�Á@ËbË}Ç.Ý@Ç*Æ;ËbÉ®Å�Æ;Ë}Í�Æ;Â
Ê × Â�Â&å�ÕbÇ*Æ;ÓÔÉ=Í�Ç*Æ 8 Ë}Ç*Ý�Ý@ÆAËbÆAÏ*Æ;Ê1ÉwË}Á�Â�Ç*Ê£Í × Õ�À�Á@Ï*Ï.Æ à × Î�ÕbÖiÓ�ÆAÂ�Ç*Â�ÊÔÏ*Î(Õ}Ç.À�Æ : Á�Ì%Ì�Á@Â�Ì�Á·Í(Æ�Û
È × Ó�ÆAË
Ç*ÕOÉµÆ;Ç*Â�Æ³Å�ÆAÇ²ÉwÝ@Æ;Ó�ÆAÂ�Í(Æ à ÆAÍ�Î(ÊÔÉ}Ç*Á@Â¿Õ}Á@Ï.ÖiÓ�ÆAË ã É � Ë}Î(Â�Ý@ÆAÂ¿Î�ÂÔÑDÆ;Í�Ç*Â(Ý�É
Â�Á�É8Å�ÆAÂ�Í�Ç.Ý�å
Î�Ì Â�Ç*Æ;Í�Ë}Ç.Ý@Æ 8 Ë}Ç.Ý@Ý@ÆAËbÕ}ÖiÓ1Å�ÆAÏ*Ï.ÆAÂ�ÃAÎ�Æ;Ë}ÆAÇ.ÖiÓ�ÆAÂ&Û � Ì : Á@Ì�Ì%Á�Â�Ì%Á�Í�Æ�ÃAÆ;Ç*Ý@Æ;ÂìÕbÇ*ÖiÓ ã É �[=
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ËbÎ�Â�Ý@Æ;ÂxåUÍ(Ç*ÆÐÀ�Á@Â × Î ; Æ;Â × Î(Ø�Í × Õ ã�Ù ÕbÉ}ÆAÌîÆ;Ç*Â1ÅaÇ*ËbÊ�Æ;Âxå&Á�Í�ÆAË × Â�Í�Æ;Ë}Æ ã É � Ë}Î(Â�Ý@ÆAÂ&åDÅ�ÆAÏ*ÖiÓ(Æ
× Ï.Ï*Æ 4 × ÂsÒ�Ï*ÆÐÝ@ÆAÌ�ÆAÇ.Â�Õ × Ì�Ñ/Æ;ÉwËbÆ ä ÆAÂxÛ U Á@Ë × Ï.Ï*ÆAÌ�Æ;Ç*Â ê Ñ/ÆAËbÕ}Ü�ËbÆAÖiÓ�Æ;ÂÄÍ�Æ;Ë 8 ËbÇ*Ý@Ý@Æ;Ë}ÕbÇ*Ý@Â ×\=
Ï.Æ × Î(Ø�Í�Ç.Æ G Ç × ÕbÏ*ÆAÇ²ÉwÎ�Â(Ý�Á·Í�Æ;Ë × Î(Ø�Í�Ç.Æ ã ÉwËbÁ@ÌÐÀ@Æ;Ë}ÕbÁ@Ë}Ý@Î(Â�ÝÄÍ�Æ;Ë Ú�ãL� : Õ=Ê × Â(ÂéÒ�Î�ÕbÕ}Æ;Ë}ÕbÉ
Ï.ÆAÇ*ÖiÓ1ÉµÃAÎ£ÕbÁ@Ï*ÖiÓ(ÆAÂ ã É � Ë}Î(Â�Ý@ÆAÂ¿Ø{è�Ó�Ë}Æ;ÂxÛ � ÂÄØ × ÕbÉ × Ï.Ï*ÆAÂ � Á�Í�Î�Ï.ÆAÂÄÍ(ÆAÕ 4 × Ï.Á@Ë}Ç.Ì%ÆZÉwÆAËbÕ"Ç*ÕOÉ
Í�Æ;Ë : Á@Ì�Ì�Á@Â�Ì�Á·Í�Æ =8Ú ÂÔÉ}ÆAÇ.Ï\å?ÅaÇ*Æ�Ç*Â Ú Ñ�Ñ�Ç.Ï*Í�Î(Â�Ý � Û �>_ Ñ a Í × ËbÝ@ÆAÕOÉwÆ;Ï*Ï.ÉAå�Ì%Ç²ÉEÆ;É8Å ×�â,ç<ç
Æ ¤ Þ � :Äï Æ;Í�Á�ÖiÓðÝ@Æ;Ë}Ç.Â�Ý@ÆAË × Ï*Õ�Í × Õ�Î�Â�Ê�Á�Ë}Ë}Æ;Ï*Ç.ÆAËbÉ}Æ à × Î�Õ}ÖiÓ�Æ;ÂðÍ(ÆAËaÆAÇ.Â�ÃAÆ;Ï*Â�Æ;Â 4 × Â�Ò�Ï*Æ�À�Á@Â
�<ç,ç Æ ¤ Þ � : Û/È × Ó(ÆAËaÑDÆ;ÆAÇ.Â(ñsÎ�ÕbÕbÉ�ÆAËaÍ�Ç.Æ 8 ËbÇ*Ý@Ý@Æ;Ë}ÕbÖiÓÔÅ�ÆAÏ.Ï*Æ;ÂðÍ�Æ;Ë 4 × Ï*Á@ËbÇ*Ì�Æ;ÉwÆ;Ë�Ü�Ë × Ê1ÉwÇ.Õ}ÖiÓ
Â�Ç.ÖiÓ1É9Û

È�Ç.Æ�Þ�Ç*ÖiÓÔÎ�Â�ÝlÍ�ÆAË U Æ;Ë}ÕOÉiÒ�ËbÊ�Î(Â�Ý
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Chi2 / ndf = 240.04 / 5
Constant = 15236.6 +- 61.0413 
Mean     = 60.1206 +- 0.00184766
Sigma    = 1.08454 +- 0.00021158

FWHM = 2,5 keV

59,6 keV

#%$&$('*),+B§©¨ªX«L¬4ò©¯NÞ�ÄH¸�ËK¿40�±�½�¸	562K¸	0L215¼¸Ù¶�¸	0�¸	2K¸	0VÍ�¸P¿45JÈ
Â�Ç�ÐK¸aów±,¸�º¾º¼¸ÙÖL¶�¸	0�¸	2@Î�ÐK»N¿¥»32K¸	2Y¶:560�¸�Ëg¿/562 ¶�¸	0tÊ�5¼»,¶�¸
µ<³�Â�»30P³A5¼¸	0�¿z×H¸	0�¶�¸	2ÑdÊ�5¼¸wÞ<5�Í:2Lµ(º¼¸�µ(º¾º¼¸	0aô3õ@öFÊ�5¼»,¶�¸	2
¸	562K¸?Â�»�»[¶©±�ºÃÂ}×]±90�¶�¸	2 ²`�90w¶,µ#ÂoÞ�Ä�¸�ËK¿40�±�½ Ü#¸	0�×�¸	2©È
¶�¸P¿�Ñ�Ê�5¼¸ °D±9��÷PÂ�±92<ÍW¶�¸?Â Î�ÐK»N¿¥»ÔÄH¸�µ(Ë,ÂB¶�¸	0/>^5¼Ç¥Ð�ø<±,¸�ºJÈ
º¼¸
½eù`úwû?°M½XÖsü:ýNÑPþ}Ë<¸ÔÛD¾D³d¸P¿40ÔÝPÍ©¿2¸P¿Å×�µ®õ[Ö6üFË<¸ÔÛ]Ñ

Í(ÆAËáÞ�Ï*Æ;ÊÔÉ}Ë}Á@Â(Ç*ÊLå�Å�ÆAÏ.ÖiÓ�Æ�ÃAÎ�Ë Ú Â =
Ý × ÑDÆ=Í�ÆAË ã É × Â�Í × Ë}Í × ÑÔÅ�ÆAÇ.ÖiÓÔÎ�Â�ÝÄÇ.Â
Þ � : å × Ï*Õ × Î�ÖiÓ�ÃAÎ(Ë G ÆAÕOÉwÇ*Ì�ÌëÎ�Â(Ý
Í(ÆAË � Ç*ÖiÓ1É × Î�Õ}Ñ/ÆAÎ(É}Æ�Í�ÆAË 4 Ë}Ç.ÕbÉ × Ï*Ï.Æ
Ñ/ÆAÂ � ÉwÇ.Ý�É=ÅaÇ.Ë}Íxå7Æ;ËbØ{Á@Ï.Ý�É × Ì ã Ü/ÆAÊ =
É}Ë}Î�Ì ÆAÇ*Â(ÆAËáÞ�Ç*ÖiÓ � Î�Æ;Ï*Ï.Æ�Â�Ç*Æ;Í�Ë}Ç.Ý@ÆAË
Þ�Â�Æ;Ë}Ý@Ç.Æ _ ù`úwû Ú Ìðå � í å ! Ê�Æ U�a Û Ú Ñ�Ñ(Ç*Ï =
Í(Î�Â�Ý � Û ! ÃAÆ;Ç*Ý�ÉÐÆAÇ.Â ã ÜDÆ;Ê1ÉwË}Î(ÌÿÍ�Æ;Ë
Þ�Ç.ÖiÓ � Î�ÆAÏ.Ï*Æ
Â × ÖiÓ�Í�Æ;Ë�Þ�Ç*ÖiÓÔÎ�Â�Ý × Ï*Ï*Æ;Ë
U Æ;Ë}ÕOÉiÒ�ËbÊ�ÆAËbÊ × ÂsÒ�Ï.Æ�Û�È�Ç.Æ Ú Î(ñ � Õ}Î�Â(Ý
Í(ÆAÕaä�Ó�Á�É}Á@ÜDÆ × ÊÔÕ7À@Á@Â�ÆZÉ8Å ×%â å � Ê�Æ U å
Æ;Â1ÉwÕ}Ü(Ë}Ç*ÖiÓ1É�Í�ÆAÌ�Þ�ËbÝ@ÆAÑ�Â(Ç*ÕaÍ�ÆAË � Æ;Õ =
ÕbÎ�Â�Ý@Æ;Â¿Í(ÆAÕ à × Î�Õ}ÖiÓ�Æ;Â�Õ
Í�ÆAË®ÆAÇ.Â�ÃAÆ;Ï =
Â(ÆAÂðÈ�Ç*Á�Í�ÆAÂ&ÛsÈ�Ç*Æ®ä�Ó�Á<ÉwÁ@Â�Æ;ÂðÂ(Ç*ÆAÍ(Ë}Ç =
Ý�ÆAË
Þ�Â�ÆAËbÝ@Ç*ÆEÍ�Æ;Ë è Î�Æ;Ï*Ï*Æ _,� Æ;Ü(ÉwÎ�Â(Ç =

Î�Ì � Ï*Á@Î(Ë}ÆAÕbÃAÆ;Â�Ã =´� Ç.Â�Ç*Æ;Â�Ã;ÅaÇ.Õ}ÖiÓ�Æ;Â IT� Î�Â�Í â[� Ê�Æ U a Å�ÆAË}Í(ÆAÂ�Ñ/ÆAÇ.Ì È�Î(Ë}ÖiÓ�Ý × Â�Ý%Í(Î�Ë}ÖiÓ
Í × Õ Ú Ï.Î�Ì�Ç*Â�Ç.Î�Ì%Ý�ÆAÓsÒ�Î(Õ}Æ"Í�Æ;Õ"È�Æ;É}ÆAÊ1ÉwÁ�Ë}Õ�É}ÆAÇ*Ï²Å�Æ;Ç*ÕbÆµÝ@Æ;ÕbÉ}Ë}ÆAÎ·É�Á�Í�ÆAË × Ñ�Õ}Á�Ë}Ñ�Ç.ÆAËbÉAåLÕ}Á«Í × Õ}Õ
ÕbÇ*ÆÐÇ.Ì ã ÜDÆ;Ê1ÉwË}Î(ÌîÂÔÎ�Ë�ÕbÖiÓÔÅ × ÖiÓlÕ}Ç.ÖiÓÔÉ}Ñ × Ë�ÕbÇ*Â�Í&Û&È�Ç.Æ 8 Ë}Ç*Ý�Ý@ÆAËbÕ}ÖiÓ1Å�Æ;Ï*Ï.ÆÐÍ�Æ;Ë I:â,ç 4 × Â�Ò�Ï*Æ
Ï.Ç*ÆAÝ<É�Ã;ÅaÇ.Õ}ÖiÓ�Æ;Â ITç Î�Â�Í I\� Ê�Æ U Û

�! �� � ��/�� /t%����Q��/	�K� �F�]-.��'.%(�	
 1��

È�Æ;Ë 8 ËbÇ*Ý@Ý�ÆAË =�� ÆAÖiÓ × Â�Ç*ÕbÌëÎ�Õ%Ï*Ç*ÆZØ{ÆAËOÉ«ÃAÎ ï Æ;Í�ÆAÌ Þ�Ë}Æ;Ç*Ý@Â�Ç.ÕAå�Å�Æ;Ï*ÖiÓ�Æ;Õ�Ç*ÂéÍ�Æ;Ë � Ë}Á@Â1É}ÆAÂ�Í =
Æ;Ï*ÆAÊ1É}Ë}Á@Â�Ç.Ê«ÆAÇ.Â�Æ ã ÖiÓ1Å�ÆAÏ*Ï.Æµè(ÑDÆ;Ë}Õ}ÖiÓ(Ë}ÆAÇ²ÉwÆZÉ9åLÆAÇ.ÂðÆ;Ï*ÆAÊ1É}Ë}Ç*ÕbÖiÓ�ÆAÕ A ÆAÇ²ÉwÕbÇ*Ý@Â × Ï\Û � Ì � Â�ÕbÉ}Ë}Î�Ì�ÆAÂ1É
Å�ÆAËbÍ�ÆAÂ Í(Ç*Æ 8 Ë}Ç*Ý�Ý@ÆAËbÕ}Ç*Ý�Â × Ï*ÆðÀ@Á@Â 8 Ë × ÖiÊ�Æ;Ë�Î�Â(Í 4 × Ï.Á@Ë}Ç.Ì%ÆZÉwÆAË%Ç*Â�ÆAÇ.Â�ÆAË 4 Á@Ç*Â�Ã;Ç*Í�Æ;Â�Ã =
Þ�Ï*Æ;Ê1ÉwË}Á�Â�Ç*Ê�À@Æ;Ë}Ý@Ï.Ç*ÖiÓ�Æ;Âxå/Î�Ì�Í�Ç*Æ ï ÆAÂ�Ç.Ý@ÆAÂ�Þ�ËbÆAÇ.Ý@Â�Ç*ÕbÕ}ÆµÃAÎ ÕbÆAÏ*Æ;Ê1ÉwÇ*Æ;Ë}Æ;ÂxåDÑ/ÆAÇhÍ�Æ;Â�ÆAÂ�Ý@Ï.ÆAÇ.ÖiÓ =
Ã;ÆAÇ.É}Ç*Ý³ç¿ÆAÖiÓ�ÕbÆAÏ.ÅaÇ.Ë}ÊÔÎ�Â�Ý�ÆAÂ Ç.ÂðÑ/ÆAÇ.Í�ÆAÂ�È�Æ;É}ÆAÊ1ÉwÁ@ËbÝ@Ë}Î(Ü�ÜDÆ;Â ÕbÉ × É}É}Ý@Æ;Ø{Î(Â�Í�ÆAÂðÓ × Ñ/ÆAÂxÛ 6 Ó�Â�Æ
Í�Ç.ÆAÕbÆ ã ÆAÏ.ÆAÊ1ÉwÇ.Á@Â«Ìëè(Õ}ÕbÉ}Æ�Í�Ç.Æ�È × É}ÆAÂ × Î(Ø{Â × Ó�Ì�Æ�ÕbÆAÓ�Ë�À�Ç.ÆAÏ*Æ�Þ�Ë}ÆAÇ.Ý@Â�Ç.Õ}Õ}Æ�À@ÆAË × Ë}Ñ/ÆAÇ²ÉwÆ;Âxå·Å�ÆAÏ =
ÖiÓ�Æ
Ó�Ç.ÂÔÉ}ÆAËbÓ�ÆAË�ÅaÇ*Æ;Í�ÆAË�À�ÆAËbÅ�Á@ËOØ{ÆAÂðÅaè(Ë}Í�Æ;ÂxÛ
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í�î��5î?ð ��ô�òVú��zô�÷©úLô�ò?ü	���� �Dô�÷��@÷Kò	 � oô�÷gùLò	 ��Dûzü�ô
È�Ç.Æ 4 ÆAÂ(ÂÔÉ}Â�Ç*Õ%Í�ÆAÕ 8 ËbÇ*Ý@Ý�ÆAË}Ã;ÆAÇ²ÉwÜ�Î�Â(ÊÔÉ}Õ=ËbÆAÏ × ÉwÇ.À�Ã;Î�Ì Þ�Ç*Â1ÉwËbÆ ä ÆAÂéÆ;Ç*Â�Æ;Õ 8 ÆAÇ*Ï.ÖiÓ�ÆAÂ(Õ«Ç*Ì
È�ÆZÉwÆ;ÊÔÉ}Á@Ë�Ç.ÕbÉ�ÕbÁoÅ�Á@Ó(Ï¼ÃAÎ(Ë�Þ�Ç*Â�ÕOÉwÆ;Ï*Ï*Î(Â�Ý=Í�Æ;Ë 4 Á@Ç*Â�Ã;Ç*Í�Æ;Â�Ã = Þ�Ï*ÆAÊ1É}Ë}Á@Â�Ç.ÊLå × Ï*Õ × Î�ÖiÓ�ÃAÎ(Ë ¦ Î =
ÕOÉwÇ*Æ;Ë}Î�Â(Ý�Í�ÆAÕ æ æ�× Ï²ÉwÆ æ =Oã Ç*Ý@Â × Ï*Õ"Í�Æ;Ë U ÆAËbÕbÉiÒ<Ë}Ê�Æ;Ë × Î(Ø�Í × Õ ��×NO Ç*ÌëÎ(Ì Í(ÆAÕ ã Ç.Ý@Â × Ï.Ü�Î�Ï*ÕbÆAÕ
Â�Á<É8Å�Æ;Â�Í�Ç*Ý(Û�È × Õ 8 Ë}Ç.Ý@Ý@ÆAËbÕ}Ç.Ý@Â × Ï�ÅaÇ*ËbÍ�Ç*Â�Í�Æ;Â 8hÚ@I Û I�Ú�ãL� : ÕEÍ�Î�Ë}ÖiÓ�Æ;Ç*Â�Æ;ÂzÆ;Ç*Â(Ø × ÖiÓ�ÆAÂ
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Zeitpunkt der Wechselwirkung

τ         = 3/2  τ
Anstieg S

§ H;¨&yLHZ]QNPHi[\NUW;X�_:MbJ! ·]QNTYZY;MO]#"OMONU[%$cq:X:rA[\Jxk7NU[h_oMO]?phk&$cSUNU¯
[Qqc_oM�_:MbJ?R9NTYZXcHZSTJ §  xNUk7MbK&HZSUr:¨8|

2   sµ

Triggersignal des Plastikszinitllators

Signal D1

Trigger D1

Signal D2

Trigger D2

§²± ¨�R9NTYZX<H3STMsq:Xc_' ·]QNTYZY;MO]1NTX( �]`HZV`r;MO]
§ W ± MOX<¨&q:X<_�°�HZSUW;]QNTk7M	[\MO] § q:XA[\MOX<¨	|

#%$&$('*),+B§©¨ª|«L¬*)N¯ °5±TÂ´Í,µ;2<ÍNÂ�Â85�Í:2Lµ(º]±92K¶,+@085�ÍTÍ�¸	0�Â85�Í:2Lµ(ºoÜ#»32-+10ÔµNÇ�Ë<¸	0�±92K¶!¹Wµ(º¼»3085¾½X¸P¿¥¸	0PÑ�Ê�5¼¸
Þ<5�Í:2Lµ(º¼¸5×]±90�¶�¸	20¸	562�Ò�¸�º62E0�¸�º`µ,¿45ÌÜ5Ò\±Q¸	562K¸�½	Î�º`µ#Â�¿45¾Ë<Â´Òi562L¿45¾º¾º`µ,¿¥»30}µ,±�²JÍ�¸	2K»�½�½X¸	2ÑdÊ�5¼¸zÊ5¸P¿¥¸�ËK¿¥»(È
0�¸	2�Ü#¸	0�×�¸	2K¶�¸	2j±92L¿¥¸	0�Â�Ç¥Ð15¼¸Ù¶\º65¼Ç�ÐK¸F°�2dÂ�¿45¼¸´ÍNÂ´Ò�¸	5Ì¿¥¸	2�Ü#»32*¸P¿�× µ
õ ³#Ò\×zÑ/.�0 ÂPÑ

ã ÖiÓ1Å�ÆAÏ.Ï*ÆAÂ = È�Ç.Õ}ÊÔË}Ç.Ì%Ç.Â × ÉwÁ�Ë × Ì Ú Î�Õ}Ý × Â�Ý Í�Æ;Õ � Ç*Ï²ÉwÆ;ËbÀ@Æ;Ë}ÕOÉiÒ�ËbÊ�ÆAËbÕ ï ÆAÍ(ÆAÕëÆ;Ç*Â�Ã;ÆAÏ*Â(ÆAÂ 4 ×N=
Â × Ï*Õ¹Æ;Ë}ÃAÆ;Î�Ý�É _ À@ÆAËbÝ@Ï*Æ;Ç*ÖiÓ�Æ Ú Ñ�Ñ�Ç.Ï*Í�Î�Â(Ý Ú Û â Ç*Ì Ú Ü�Ü/ÆAÂ�Í(Ç O³Úya Ûcç�Ç*Æ7Ç.Â Ú Ñ�Ñ�Ç.Ï*Í�Î(Â�Ý � Û � ÃAÎ
ÕbÆAÓ�Æ;Â%Ç.ÕbÉ9å:Å × Â�Í�Æ;ËbÉ�Ñ/ÆAÇ(Æ;Ç*Â�Æ;Ì ã ÖiÓ1Å�ÆAÏ.Ï*ÆAÂ(Í�Ç*ÕbÊ�ËbÇ*Ì�Ç*Â × ÉwÁ@ËhÍ × Õ 8 Ë}Ç.Ý@Ý@Æ;Ë}Õ}Ç.Ý@Â × Ï�Ì�Ç.É × Ñ�Â�Æ;Ó =
Ì�ÆAÂ�Í(ÆAË ã Ç.Ý@Â × Ï × Ì%Ü(Ï*Ç.É}Î�Í�Æ®ÃAÆ;Ç.É}Ï*Ç*ÖiÓ�Â × ÖiÓ¿Ó(Ç*Â1ÉwÆ;ÂxÛ^È�Ç.ÆAÕ}Æ;Ë
Þ ä ÆAÊ1É®ÅaÇ*ËbÍ × Ï*Õ æ ÉwÇ.Ì%ÆZÅ × Ï.Ê E
Ñ/ÆAÃ;ÆAÇ*ÖiÓ(Â�Æ;É�Î(Â�Í=Ø{è�Ó�ËOÉ9åÔÅ�Æ;Â�Â�ÆAË�Â�Ç*ÖiÓ1É�Ê<Á@Ë}ËbÇ*Ý@Ç.ÆAËOÉ�ÅaÇ.Ë}ÍxåÔÃ;Î�Ë}ÆAÏ × ÉwÇ²À³Ý@ËbÁ ; ÆAÂ � Æ;Ó�Ï*Æ;Ë}Â%ÑDÆ;Ç
Í�Æ;Ë A ÆAÇ²ÉwÌ�ÆAÕ}ÕbÎ�Â�Ý�Û 8 ËbÁ�ÉwÃ�Í�Æ;Õ 8 Ç*Ì�Æ;Å × Ï*ÊÔÕ³Ó × ÉëÍ�ÆAË ã ÖiÓ1Å�ÆAÏ*Ï.ÆAÂ = È�Ç*ÕbÊÔË}Ç*Ì�Ç*Â × ÉwÁ@ËµÍ�Î�ËbÖiÓ
ÕbÆAÇ*Â(Æ�Þ�Ç*Â(Ø × ÖiÓ(Ó�ÆAÇ²É³Í�ÆAÂ U Á�ËbÉwÆ;Ç*ÏQåhÅ�ÆAÂ�Ç.Ý � ÆAÇ*ÕOÉwÎ�Â(Ý ÃAÎ�À@Æ;Ë}Ñ�Ë × Î�ÖiÓ�Æ;Âxå¹Å × Õ³ÑDÆ;Ç � Þ ¤"Ú
× Î·Ø ¤ Ë}Î�Â�ÍðÍ�ÆAË�Ý@ËbÁ ; ÆAÂ Ú Â(Ã × Ó�Ï?Í�Æ;Ë 4 × Â�Ò�Ï*Æ"Å�ÆAÕ}Æ;Â1ÉwÏ*Ç.ÖiÓ Ç*ÕOÉ9Û Ú Ñ�Ñ�Ç*Ï.Í�Î�Â�Ý � Û � Ã;ÆAÇ.Ý�É�Í�Ç*Æ
ã Ç.Ý@Â × Ï.Æ ï Æ;Å�ÆAÇ.Ï*Õ
ÆAÇ*Â(ÆAÕ 4 × Â × Ï*Õ®Í�Æ;Õ 8 Ë × ÖiÊ<ÆAË}Õ _ Á@Ñ/ÆAÂ a Î�Â�ÍÄÍ�ÆAÕ 4 × Ï*Á@ËbÇ*Ì�Æ;ÉwÆ;Ë}Õ _ Î�Â1ÉwÆ;Â a
Ã;Î�Õ × Ì�Ì�ÆAÂ�Ì%Ç²ÉëÍ�Æ;Ì À�Á@Ì ï Æ;Å�ÆAÇ.Ï*Ç.Ý@ÆAÂ 4 × Â × Ï�Æ;Ë}ÃAÆ;Î�Ý�É}ÆAÂ 8 ËbÇ*Ý@Ý@Æ;Ë}ÕbÇ*Ý@Â × Ï\ÛIÈ�Ç*Æ«Ñ/ÆAÇ.Í�ÆAÂ
4 Î�ËOÀ@ÆAÂ�À�Á@Â�È I Î�Â�Í�È â ÅaÎ�ËbÍ�ÆAÂ�Æ;Ç*Â�Ã;ÆAÏ*Â × Î(Ø{Ý@Æ;Â�Á@Ì�Ì%Æ;Â«Î�Â�Í�Í�Æ;Ë 8 ËbÇ*Ý@Ý�ÆAË�Í(ÆAÕ 6 Õ}Ã;Ç*Ï =
Ï.Á@Õ}Ê<Á@Ü�Õ�Í × Ñ/ÆAÇsÀ@Á@Ì ã Ç*Ý@Â × Ï�ÆAÇ.Â�ÆAÕ�ä�Ï × ÕOÉwÇ*ÊÔÕbÃAÇ*Â1É}Ç*Ï*Ï × ÉwÁ�Ë}Õ¼Ì�Ç.É�ä�Ó�Á<ÉwÁ@ÌëÎ(Ï.ÉwÇ.Ü�Ï*Ç.ÆAË × Î�ÕbÝ@ÆAÏ � ÕbÉAÛ
ã Ç.ÖiÓ1ÉwÑ × ËaÇ.ÕbÉ�Í × Ñ/ÆAÇ^Í�Ç.Æ"Î�Â1ÉwÆ;Ë}Õ}ÖiÓ(Ç*ÆAÍ(Ï*Ç*ÖiÓ(Æ Ú Â�ÕbÉ}Ç*ÆAÝ�Õ}ÃAÆ;Ç.É ¡21 Í(ÆAËaÑDÆ;Ç*Í�Æ;Â U Æ;Ë}ÕOÉiÒ�ËbÊ�ÆAË�Î�Â�Í
Í�Æ;Ë�Í × Ë × Î�Õ�ËbÆAÕbÎ�Ï.É}Ç*ÆAËbÆAÂ�Í(Æ A ÆAÇ²ÉwÎ�Â1É}ÆAË}ÕbÖiÓ�Ç*Æ;ÍáÃ;ÅaÇ*ÕbÖiÓ�ÆAÂáÍ�Æ;Â 8 ËbÇ*Ý@Ý�ÆAË}ÕbÇ*Ý@Â × Ï*Æ;ÂxÛ/È�Ç*Æ U ÆAË =
É}ÆAÇ*Ï.Î�Â�Ý@Æ;ÂEÍ�ÆAË 8 Ë}Ç*Ý�Ý@ÆAËbÃAÆAÇ²ÉwÜ�Î(Â�Ê1ÉwÆaÇ*Â Ú Ñ�Ó�Ò�Â�Ý@Ç.Ý@Ê�Æ;Ç.É�À@Á�Â%Í�Æ;Ë ã Ç*Ý@Â × Ï × Ì�Ü�Ï*Ç²ÉwÎ�Í(Æ�Å�ÆAËbÍ�ÆAÂ
Ç.Ì ÂsÒ�ÖiÓ(ÕbÉwÆ;Â 4 × Ü�Ç²ÉwÆ;ÏxÑDÆ;Ó × Â�Í(ÆAÏ.ÉAÛ
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3547684/9;:=<?>=<=@BA	4/CEDGFIHJ4�K5LNM�O ß�Ì Í�ÆAÂ A Î�Õ × Ì�Ì%Æ;Â�Ó × Â�Ý�Ã;ÅaÇ*ÕbÖiÓ�ÆAÂ 8 Ë}Ç.Ý@Ý@ÆAËbÃAÆ;Ç.É =
Ü�Î(Â�Ê1ÉaÎ�Â�Í Ú Ì�Ü�Ï*Ç²ÉwÎ�Í(Æ�Ã;Î�ÑDÆ;ÕbÉwÇ.Ì%Ì�ÆAÂ&å·Ñ/ÆAÂ � ÉwÇ*Ý<É7Ì × Â«Í�Ç.Æ�Ì × ÉwÓ�Æ;Ì × É}Ç*ÕbÖiÓ�Æ � Á@ËbÌ Í(ÆAÕ
Ú Î�Õ}Ý × Â�Ý@Õ}ÕbÇ*Ý@Â × Ï*Õ?Í�Æ;Õ � Ç.Ï.ÉwÆ;ËbÀ�ÆAË}ÕOÉiÒ�ËbÊ�Æ;Ë}ÕAÛ G Æ;ÇÔÍ�ÆAÌ Ç.Ì 8IÚQI À�ÆAËbÅ�ÆAÂ(Í�Æ;É}ÆAÂEÕ}Æ;Ì%Ç.Ý × Î�ÕbÕ}Ç × Â: à = à : � Ç*Ï²ÉwÆ;Ë�Ñ/Æ;ÉwË}Ò�Ý�ÉaÍ�Ç.ÆAÕbÆQP Þ Ú�¦ ç í I2R%S

T�U ¥WV	XZY\[ ¡]1^ ¥W_#`Ia T&b �%c\d ^ e � Ûgfih
È�Ç.ÆAÕbÆEä�Î(Ï*ÕbØ{Á�Ë}Ì T�U ¥WV Ç.ÕbÉ�Ç.Â Ú Ñ(Ñ�Ç*Ï.Í�Î�Â�Ý � Û � Í × Ë}Ý@Æ;ÕbÉ}ÆAÏ*Ï²É9Ûkj&Î�ÌmlIËbÇ*Ý@Ý�ÆAË}Ã;ÆAÇ²ÉwÜ�Î�Â(ÊÔÉ Y ¥on*p�qÑ/Æ;É}ËwÒ�Ý�ÉaÂÔÎ�ÂðÍ�Ç*Æ Ú Ì%Ü(Ï*Ç.É}Î�Í�Æ T U ¥WV Ý�ÆAË × Í�Æsr�tvu ^8w tlåsÕ}ÁEÍ × Õ}Õ�Ý@Ç*Ï²É S

T&b �#cxd
y ¥{z|n`� 1 z X

^ ¥{}�~I���\_#`Ia
Y ¥on#p�q [ ¡21

�
^ e � Û â h
È�Æ;Ë�lhË}Ç*Ý�Ý@ÆAËbÃAÆAÇ²ÉwÜ�Î(Â�Ê1É¹ÅaÇ*ËbÍ × Ï*ÕbÁ
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 sµ� = 2 τ�

#%$&$('*),+B§©¨ª&«g¬g�g¯��¸	5Ì¿´Ü#¸	0�Â�Ç¥Ð15¼¸(³<±92<Í�½%+D5¾½X¸P×�µ(º¾Ëc¾
¶�¸?Â�+1085�ÍTÍ�¸	0�Â85�Í:2Lµ(ºÃÂR³d¸	5F±92L¿¥¸	0�ÂÙÇ�Ð15¼¸Ù¶\º65¼Ç�ÐK¸	0YÞ<5�Í:2Lµ(ºJÈ
µ(½WÄgº65Ì¿´±,¶�¸(Ñ

Í(Î�Ë}ÖiÓ Í(Ç*Æ ã Ó × Ü�Ç.Â�Ý@Ã;ÆAÇ.É�� ¡]1 Í(ÆAÕ � Ç*ÏW�
É}ÆAËOÀ@ÆAËOÉiÒ�ËbÊ�Æ;Ë}ÕëÎ�Â(Í£Í�Î�ËbÖiÓ£Í × Õ���ÆAË��
Ó�Ò�Ï.É}Â�Ç*Õ�Í�Æ;Ë ã Ç.Ý@Â × Ï × Ì�Ü�Ï*Ç²ÉwÎ�Í�ÆðÃAÎ�Ë
Æ;Ç*Â�Ý�ÆAÕbÉ}ÆAÏ.Ï.ÉwÆ;Â ã ÖiÓ1Å�ÆAÏ*Ï.Æ�ÑDÆ;ÕbÉ}Ç*Ì�ÌÐÉ9Û
¤ Ï*Æ;Ç*ÖiÓÔÎ�Â�Ý � Û â Ç*ÕOÉ�Ç*Â Ú Ñ(Ñ�Ç*Ï.Í�Î�Â�Ý � Û ê
Ø{è(Ë�Ã;Å�ÆAÇ?Î�Â1ÉwÆ;Ë}Õ}ÖiÓ(Ç*ÆAÍ(Ï*Ç*ÖiÓ(Æ®ç¿ÆAËOÉwÆ ¡]1
Í × Ë}Ý@Æ;ÕbÉ}ÆAÏ*Ï²É9ÛDÈ�Ç*Æ³Ý�Ë ��� É}ÆAÂ���Æ;Ë}Õ}ÖiÓ(Ç*Æ��
Ñ(Î�Â�Ý@Æ;ÂðÍ�Æ;Õ�lIËbÇ*Ý@Ý@Æ;Ë}Ã;ÆAÇ.É}Ü�Î�Â�Ê1É}ÕaÉ}Ë}Æ|�
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Chi2 / ndf = 195.2 / 65

 2.551 ±# of Entries = 93.39 

 4.153e-06 ±Shapingtime =    10 

 1.659e-05 ±delay    = 1.635 

 1.981 ±Backgroundcounts =  62.9 
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 0.0872 ±Mean     =  81.3 
 0.08875 ±Sigma    = 4.667 

Chi2 / ndf = 161.6 / 18
 7.818 ±Constant =   361 

 0.0872 ±Mean     =  81.3 
 0.08875 ±Sigma    = 4.667 

§²± ¨(tLq:SPJ,n´ÙZn:MbXcJI$�MOrA[\]Qq:kÄ_oMO] µ8¶�¶&rZM yËÚIq:MbS ¯
STM¹NUX"_oNTMbJQMOk�°¹]QNPJ{[`H3STS.|

#%$&$('*),+=Û/Ü Ý¯Þ�ßáà7â=ãvä�å|æ#ä�çoè�é2ê�ëíì�ä�å�+�å�ç�ëië�ä�å�î�ç�ë8ê�ï�èÁä�é2êvì�ð(é2è{î�ñ�÷|ñvä�êòä�çoêväxî&ä�çoê�ó2ä�èoêvä�êõô¦å�ç{î�æIï�èoè{îçoö÷ô�ï�èÁø|å�çoö5ä�æ#ä�å�ùNú&çÁäõãvä�å|æ#ä�çoè�é2ê�ëûì�ä�å©+�å�ç�ëië�ä�å�î�ç�ë8ê�ï�èÁä�ó2ä�ç�ë/æ&ì8çÁä�ð!åüø\ý|ä�þÿæÁçÁø|ê ì�äxî ��� ä�þvæÁå|é2ö�îösç�æ ð!ñvø´æ#ø � ä�ï�þ é2êvì��=ø|ö � æ#ø|ê��Áô�ø|ê�æÁçoêÿé�é2ö ï é���ì8çÁä
	 ä�ç�æIï��%ñ7î¡äõì/é2å�%ñ®ì�ä�ê + çoö5ä��?ï�èoþJì�äxî
� �%ñ��!ä�èoèÁä�êvì8ç{î�þ å�çoösçoê�ï æ#ø|å�î�ù

Ú Ñ(Ñ�Ç*Ï.Í�Î�Â�ÝE×�Û í e × hµÃ;ÆAÇ*Ý<ÉëÍ�Ç.Æ���ÆAËOÉwÆAÇ.Ï*Î�Â(Ý Í�ÆAËGlIËbÇ*Ý@Ý@Æ;Ë}Ã;ÆAÇ.É}ÆAÂÄØ{è(ËëÆAÇ.Â�ÆAÂ�Æ;Ç*Â�Ã;ÆAÏ*Â(ÆAÂ« Ë}Ç.ÕbÉ × Ï*Ï�Æ;Ç*Â�Æ;Õ « × Ï*Á�Ë}Ç*Ì�Æ;É}ÆAËbÌ%Á�Í�Î�ÏQÛ��8Â Ú Ñ�Ñ�Ç.Ï*Í�Î(Â�Ý ×·Û í e Ñ h®Ç.ÕbÉµÍ × ÕÐÞ�Â(ÆAË}Ý�Ç*ÆAÕbÜDÆ;Ê1ÉwË}Î(Ì
Í × Ë}Ý@Æ;ÕbÉwÆ;Ï*Ï²É9å�Å�ÆAÏ*ÖiÓ(ÆAÕ�Í(ÆAË « ËbÇ*ÕOÉ × Ï.ÏxÑDÆ;Ç?Í�Ç*Æ;Õ}ÆAË Ö Æ;Õ}Õ}Î(Â�Ý�Õ}Ç.ÆAÓ1É9Û�� Ú Ï*Õ Ö Á�Í�ÆAÏ.ÏhÍ(ÆAÕ ã ÜDÆ;Ê��
É}Ë}Î�Ì�Õ � U�� ���g��� _�� }o��~ � a � V ÅaÎ�Ë}Í(Æ�ÆAÇ.Â�Æ»°�Á@Ì%Ü·ÉwÁ@Â1À@Æ;ËbÉ}ÆAÇ*Ï.Î�Â�Ý e�� Ï*ÆAÇ.ÖiÓÔÎ�Â�Ý â ÛgfihZå1Å�Æ;Ï*ÖiÓ�Æ�Â × ÖiÓ
Î�Â1É}ÆAÂ�Ñ/ÆAÇ�Í�ÆAËõlhË}Ç*Ý�Ý@ÆAËbÕ}ÖiÓ1Å�Æ;Ï*Ï.Æ × Ñ�Ý@ÆAÕbÖiÓ�Â�Ç²É}ÉwÆ;Â�Î�Â(ÍuÁ@Ñ/ÆAÂ�Ì�Ç.É³Æ;Ç*Â�Æ;Ë ã Ç*Ý@Ì�Á@Ç.Í(Ø{Î�Â�Ê��
É}Ç*Á@ÂlÌëÎ�Ï²ÉwÇ*Ü(Ï*Ç*Ã;Ç*Æ;ËbÉ�Ç.ÕbÉAå^Î�Â�ÍÄÆ;Ç*Â�Æ;Ë � × Î�ÕbÕbÀ�ÆAËbÉ}ÆAÇ.Ï*Î�Â�Ý�Ø{è�Ë
Í�ÆAÂ�ä�Ó�Á<ÉwÁ@Ü/Æ × Ê À�ÆAËOÅ�Æ;Â�Í�Æ;ÉAÛ
È�Ç.Æ ã Î�Ì%Ì�Æ�Í�Ç*Æ;Õ}ÆAË��sÎ�Â�Ê1ÉwÇ.Á@Â�Æ;Â£Ç*ÕOÉµÇ.Â Ú Ñ�Ñ�Ç*Ï.Í�Î�Â�Ý¯×·Û í e ÑNh × Ï.ÕµÍ(Î�Ë}ÖiÓ�Ý�ÆAÃAÁ�Ý@ÆAÂ�Æ��?Ç.Â�Ç*Æ
Í × Ë}Ý@Æ;ÕbÉwÆ;Ï*Ï²É9ÛDÈ�Ç*Æ³Â × ÖiÓ � Ï*Æ;Ç*ÖiÓÔÎ�Â�Ý§×·Û�Ø«É}Ë × Â�ÕOØ{Á@Ë}Ì�Ç*Æ;ËbÉ}Æ©��ÆAËOÉwÆ;Ç*Ï*Î(Â�Ý«Ç*ÕOÉ"Ç*Ì�Ï.Ç*Â�Ê<ÆAÂ���Ç.Ï*Í
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2 cm Kristall

4 cm Kristall

8 cm Kristall, beidseitig Photodioden
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Lichtausbeute bei unterschiedlichen Detektormodulen

2 cm Kristalle (einseitig), Mittelwert 23,5 Elektronen/keV

4 cm Kristalle (einseitig), Mittelwert 22,0 Elektronen/keV
ª
8 cm Kristalle (beidseitig), Mittelwert 20,8 Elektronen/keV
«
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Projizierter Bereich zur

Bestimmung der Lichtkurve

Summe [Adc]
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Projektion des eingeschränkten Bereichs
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Gesamtrauschen

Stromrauschen

serielles Rauschen
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Gesamtrauschen bei Raumtemperatur 

Gesamtrauschen bei  -10 Grad oder 1 ys

serielles Rauschen

Stromrauschen
2 nA/cm^2 0,125 nA/cm^2
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Neigungswinkel der Spur [Grad]
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____ Messung: Mean: 661 keV, Sigma = 40 keV

Simulation: Mean: 662 keV, Sigma = 33 keV
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Mean: 20 keV, Sigma 28 keV

Mean: 0, Sigma 11 keV

Verteilung der E1-Energien

Im Tracker gemessene Energie

Simulierter Energiedeposit in E1

E2 - E2_geo [keV]
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Verteilung der E2-Energien

Im Kalorimeter gemessene Energie

Simulierter Energiedeposit in E2

Mean: -1 keV, Sigma 32 keV

Mean: -29 keV, Sigma 35 keV
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1.2
Verteilung der ARM-Werte bei 662 keV

 Phi 25-50 Grad: Mean=5,5, Sigma=5,8 Grad
 Phi 50-85 Grad: Mean=6,1, Sigma=9,9 Grad
 Voll absorbiert: Mean=5,1, Sigma=5,0 Grad

Unvollständige Absorption
des gestreuten Photons
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Verteilung der ARM-Werte
 511 keV - Linie: Mean=4,2, Sigma=6,2 Grad
1275 keV - Linie: Mean=1,7, Sigma=4,1 Grad
Hintergrund bei 900 keV
Alle Ereignisse (halbiert)
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1.2
____ Spuren mit Zenithwinkel > 45 Grad : Sigma = 48 Grad

_ _ _ Spuren mit Zenithwinkel < 45 Grad : Sigma = 36 Grad
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Unvollständige Energiemessung
des Rückstoßelektrons
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 0.004738 ±Mean     = -0.05628 
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Parameter der Verteilungen

Verschiebung der ARM-Verteilung
Â

 der ARM-Verteilung σÃ
 der PSFσÃ
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Ä/ÒT»�Æ-¼)À�Ñ-Æ2ÒT»�¼H½¸í'¼)¿*¼)Æ2ÒT»;¼)½¸À�¼)Ä{Í�É/¿/¼HÏ�¾¨Æ-½�Ë
ÐL¼HÑ2ÄdÃRÈî»�ÚLÏ;ï�ÇMÆ-Ä*É/¼)½{ðLâM¿/ÐRâMÈfÈ{¼H½^ä;á5Æ2¼)Ä*¼
Ùt¼)¿cÉI¼)Æ-Ñ2Ï�½;ÇñÇM¼OÉI¿/ÃLÒTÐ�ÉI¼)¿sÏ�½�À?Ï�½�ÇM¼OÉI¿IÃRÒTÐ�Ë
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9M(*l	�M&H(/&)1�
�,/(/&H8 > +-1�SL&H621�e{+`,d9M(*l	�M&H(/&)e VW1�&)(*9M+2&Hx 4 &H(*,/(IPL9çPL8�wÂ7�PR.¨Vt6-&)S�,I(*KM1 :�Z &)( F &)( D
9M6-&)+-QTY�ef+-,�7�&)1�
�+2eX8;6jPR,/+2KM1�.*7�PR,/&)1sPL8�. 354�4 +-627�8�1;9� :`<�� [H&)+-9L,$]�7�PL.*._7�&H(Â(/&H6jPR,/+-JL& 3 1�,/&)+-6
9M&O,I(/PLQTS�,I&)(0VW(*&)+29L1�+2.*./&æ+21ö7�&)1 9M&He{&H././&H1�&)1 Z PR,/&)1 9M&H(/+21;9M&)(B+-.*,0PR62.a.*+2eX8;62+2&H(*, > 8�(/7;& :
Z +-&��ª(/./PLQTY�&a7�PRw x�(t62+-&)9L,t7�PR(/+21�]�7�PL./.\&)+-1{9M(*K	�M&H(���&)+-6�7�&)(��0PL62KM(*+2ef&H,/&)(/efK�7�8�62&'PL1g7;&)1

�&H+-,/&)1¸7�&).��¦1�.*,/(/8�ef&)1�,/.)]t+21 > &)62QTY;&)1ÎVW(*&)+29L1�+2.*./&Ee{+`,æ9M(*K	�M&)1�
�,/(/&H8 > +-1�SL&H621Û7�&H,/&)S D
,/+2&)(c, > &H(/7�&H1^] 4 &)+ 7�&H1 C &H././8;1�9M&)1Ö1;K�QTY{1�+2QTY�,�JMKM(*Y�PL1�7�&H1 > PL()]�P 4 &)(t7�+2&¨JMKL6262.c,TvL1;7�+29M&
� &)KMef&H,/(/+-&B./+-eX8�62+-&)(c, > 8�(*7�& :
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Ä_ÅUÅ6Æ&ÇxÈjÉËÊCÌ�Í�ÎÐÏJÍËÒ�� Û1Ø�â�Þ�ëPìEÕEÔ<ä�äBàËÛDâAë�ì à�Ô�Ø_Ø�â�Þ²ä�Ø��Sé1ë�×Dæ6âAã��²Ø�×�ä�Ô�ã²Õ[ßEØFä�â/ÚqëP×�ä�Ø�â(ÛDÕ�àlÛDÕ�ßEØ/ñ
ä�â/ÚqëP×�ä�Ø�âjí�âAØ�Ô�ß�ÕEÔÐÞ�Þ�Ø�îaïKØ�â! �ÔÖÕ6ä�Ø�âgß�â²ÛDÕ�àKÔÖÕ,ß�âAÝ#"�Ø�âAØ�òzü,÷DÞ²äxÚ�Õ�à*ø�ÛDâ�� Û1Ø�ÙÖÙ æçãFÞ�Ô<ä�Ô�ã²Õ�$�ÔÖâAàWàËÛDâAë�ì
à1Ú�Þ&%Eâ/ÚqëP×1ÔÖÕ�ßKàEØFÛEä�ÙÖÔ�ë�ìkÛDÕ6ä�Ø�âAà�â²é1ëP×�ä�î�ü5ÛaÞ�Ø�ÔÖÕ�Ø�â('�ØTÞTÞ²ÛDÕ�ßKê�ã²Õ*)+)-,�Ú ÔÖÕSájãFÞ�Ô<ä�Ô�ã²Õ(ó/.102.10435.�ë�ò,ö60
$�ã-÷RØ�Ô#à�Ô�ØKíçâAØ�Ô�ß�ÕEÔÐÞ�ÞAØKÔÖò í�Õ�Ø�âgß�Ô�Ø�÷EØ�âAØ�Ô�ë�ì�ê�ã²Õ87575.5.W×�Ø�ù�÷�ÔÐÞ�7�94.5.W×�Ø�ù Þ�Ø�Ù�Ø�×6ä�Ô�Ø�â²ä*$�ÛDâAàEØ�ÕCî
ï Ô�Økü Þ�å�òBòZØFä�â�Ô�Ø_àEØ�âMù�Ø�â²ä�Ø�ÔÖÙ<ÛDÕ�ß ÛDÕ�ßEØFä�â/ÚqëP×�ä�Ø�âZí�âAØ�Ô�ß�ÕEÔÐÞ�ÞAØ(Ø�Õ�ä Þ²ä�Ø�ì6äWàËÛDâAë�ì Ø�ÔÖÕnèPØ�ìEÙ�Ø�Õ�àEØTÞ
: Ú�Ù�ã²â�ÔÖòZØFä�Ø�â�òZã-àËÛDÙ óÖòBÔ<ä�Õ�Ø�ß1Ú1ä�Ô<ê�Ø�â<;Rñ ÛDÕ�à�Õ�Ø�ß1Ú1ä�Ô<ê�Ø�â#åRñ : ã-ã²âAà�ÔÖÕ�Ú1ä�Ø�ö�î

3 1Û7�&)1Û(/&HSLKM1�.c,I(*8�+2&H(*,I&H1 F &H(*,I&H+26-8�1�9M&H1Û7�&H(gVW+-QTY>=�8�&)6-62&)1¸6jvR./.*,f.*+2QTY¸7�&)( F KM(*,/&)+-6
7�8;(/QTY@7�PL.*�!(/PLQTS�+21�9g1�8;(B./QTY > &)(qP 4 .*QTY�vR,I[H&)1^]�7�Pg.*K > KMY�6�w x�(a9L&H,I(/PLQTS�,I&æPR62.BPR8�QTYöw x�(
8�1;9M&H,/(IPLQTS�,I&aVW(/&)+-9M1�+-././&¨7�+-& F &)(*,/&)+-628�1�9q9M&H9M&)1{7�&)1 > PLY;(/&)1@?BA�8;1�S�,/w lM(*e{+-9M&)1DCFEB(*,�7�&H(
G 8�&H6262&¨SRKM1�JM&)(*9M+2&H(*, : VW(/.c, > &)1�1Ö7;+2& C &).*./8�1;9�] > +-&5+-e (/&$PR62&)1{p PL626�]M7�8�(*QTYÔ7�&H1IH5+-1�,/&)( D
9M(*8�1�7E62+-e{+`,I+-&)(*, > +-(/7^] > x�(/7�&0e{PL1E7�&)1J�ª1�,/&)(*./QTY�+-&)7 4 &)ef&)(*SL&H1 : 3 1�7;&)(/.¨.*+2&)Y�,¨&H.ªef+-,
7�&H(d&)(*.*,/&)1 A x;QTSKA;(/KML*&HS�,/+2KM1�PL8;.)] 4 &)+�7�&)('7�+2&a%'&).*QTY�(IvL1;S�8;1�9{7;&).¨VW(/&H+29M1�+-./S�(/&H+2.*&).d.*+2QTY
PL6-. A &)7;8�S�,I+2KL1h7�&)(aVW+21�,I(/vL9M&q+21 > &)+`,I&H(/&)e 3a4 .*,TPR1�7hJMKMe G 8�&H6262KL(*,ª7�PL(*.*,I&H626-&)1ö.*KM626`,I& :
�¦1 354�4 +26-7�8�1�9 ´;:  ´ +2.c,_7�&H( F &)(*9M62&H+2QTYX7�&H(W&)(*.*,I&H1 A x�QTS�A�(*KML*&)S�,/+2KM1XJLKM1ç9M&H,/(IPLQTS�,I&H1ç8�1�7
8�1;9M&H,/(IPLQTS�,I&H1uVW(/&H+29M1;+2./.*&)1¬PL8�.¶&H+21�&H( C &).*./8�1;9öef+-, )+) r5P8?�VW1�&)(*9M+2&Ow &)1�.c,I&H(0JLKM1 <M<5N	N
SR& F 4 +2. <D³ON	N SL& F Cq7�PL(/9L&).*,/&)6-6-, :!Z &H8;,I6-+2QTYu+-.*,X7;&)(X(*&)7�8�[H+2&H(*,I&PH5+21�,/&)(/9L(/8�1�7 4 &H+'7�&H1
9M&O,I(/PLQTS�,I&)1é+-e F &H(/9M6-&)+-QTY [)8m7;&)1m8�1�9L&H,I(/PLQTS�,I&H1 VW(/&H+29M1;+2./.*&)1u[H8m./&HY�&)1 : %'&)+ 4 &H+27�&H1
F &H(*,I&H+26-8�1�9M&H1 > 8�(/7�&o7;&)( C P�Q;+-egPR6 > &)(*,_PL8;w&)+-1�._.*SRPR62+2&H(*,)]R8�e�7�+2&d%'(/&H+-,I&H1XJM&H(/9M6-&)+2QTY;&)1
[H8öSLlL1�1�&)1 :�Z +2& 3 .SR�efef&H,I(*+2&¶7�&H(58;1�9M&H,/(IPLQTS�,/&)1@VW(/&H+29M1;+2./.*&0&)1�,I.c,TPL1�7ñ7�8�(*QTYö&)+-1�w &HY D
6-&)1�7�&H.T�0PL62KM(*+2ef&H,/&)(/efK�7�8�6µPLe %'K�7;&)1�? Z PR. C K�7;8�6_ef+-, = QHe 62PL1�9M&H1U�0(*+2.c,TPL6-62&)1ñ+21



<D³M= µB¶,·�¸�¹`º#»}¼E½M¾�¶B¿J�Nºªÿ*¶À·tú��c¹V�c¹*Á�·}¸�ý,¿�¹!úæþ&�Nºtý8¹

7�&H(�W�KM./+`,I+-KM1ñef+-,¨1;&)9�PR,/+-JL&)(XQ D 8�1�7ñ1�&)9MPR,I+`JM&)(YR D �ªK�KM(*7�+21�PR,I&ZC : Z P 4 &H+�8;1�9M&H,/(IPLQTS�,/&)1
VW(/&H+29M1;+2./.*&)1Ô7;+2&[WWY�KR,IKM1�&H1Ôx 4 &)( > +2&)9L&)1�7Ö8�e S�62&H+21�&ªiU+21�SR&)6.*,/(/&)8;&)1^]�e{PLQTY�,d.*+2QTYÔ7�PL.
w &HY�62&H1�7�&Ö%'K�7�&H1�e{K�7�8�6 4 &)+'&H+21�&H(X[)&H1�+-,/Y�PL6-&)1\W�KM./+`,I+2KL1 7�&H( G 8;&)626-& 4 &)ef&)(*S 4 PL( :ÂZ +2&
9M&H.*,/(/&)8�,I&)1]WWY�KL,IKL1�&)1¬JMKM1?9M&H,/(IPLQTS�,I&H1uVW(/&H+29M1;+2./.*&)1 > &H(/7�&H1 7�PR9M&)9M&H1 Y�PR8>A;,I./vLQTY�6-+2QTY
+-1�7;&)1�.�R�e{ef&H,/(/+-./QTYñPL1�9M&HKM(/7�1;&H,I&H1ñ.*&)+`,I62+-QTY�&)1J�0PL6-KM(/+-e{&O,I&)(*e{K�7�8�6-&)1gP 4 ./KL( 4 +-&)(*, :

^`_�^ acb1dfe`ghd�dfb�ikj
Z +-& > +2QTY�,/+29M.c,I&)1 F &)( 4 &).*./&H(/8�1�9L./eflM9M62+-QTY�SL&H+-,/&)1 7�+2&s./+-QTY@PL8�.B7;&)( 3 1�PL6lR�.*&X7�&)( Z PR,I&H1
7�&H. C &)9�P D WW(/KL,/KL,+RKA�&H1ñ&H(/9M& 4 &H1^]�./&H+2&)1�Y�+-&)(oS�8�(/[sPL8;w 9L&)62+-.*,/&H,Zm

n �ªe 7�&)1 3 1�,I&H+2607�&H(po�8�w#PL626-./SLKL+21�[H+27�&H1�[)&H1n[H8 (/&H7�8�[H+2&)(*&)1n./KM6-6-,I&@7;+2&qo�&)+`,TPL8;w D
6-lM./8;1�9u./K > KMY�6B7;&).I��(IPLQTSR&)(/.EPR62.ÔPR8�QTYU7�&).I�0PL6-KM(/+-e{&O,I&H(/.çJM&)( 4 &H./.*&)(*, > &)(*7�&)1
? JM&H(/9M6-&)+2QTY;&��0P4A�+-,/&)6&r{8�1�7 3 8�. 4 6-+2QTS�7�KM(c,#C : VW+21�& C lM9M6-+2QTY�SR&)+-,57�PL[H8^]^7�+-&�KMY;1�&
F &H(IvL1;7�&)(*8�1�9�7;&)(�HaPL(*7 > PR(/&5PL8�./SRKMefe�,$] > vL(/&ª7�PL.\VW+2QTY�&H1g7�&H(so�&H+-,/S�8;(*JM&tL*&)7;&).
&H+21�[H&)6-1�&)1h�¶(/+-.*,IPL626-.\K�7�&)(o[H8�ef+21�7�&H.*,o7;+2&¶%'&H(/x�QTS�.*+2QTY�,I+-9M8�1�9ç7�&H(X�!(*+29M9M&H(/.*QTY > &)6 D
6-&XL*&H7�&).��¶(/+2.c,TPL6-62.o+-1ñ7�&H(�o�&H+-,IS�8�(cJM& :�Z Pf7�+2&u��(/+29L9M&)(*./QTY > &H626-&s[ > PL(ªJMKM1hPL8�./.*&)1
9L&)./&O,I[O, > +2(*7^]OL*&H7�K�QTY@7�+2&q,TPR,/.IvLQTY�6-+2QTY�&v
�QTY > &H626-&X+21�1;&)(/Y�PL6 4 7�&). 3 
w�Sx JRPL(/+-+2&)(c,$]
S	PL1;1f7;+2&).*& > +27�&H(/8�e�1�8;(\PR8�.�Vt+-QTY�ef&)./.*8�1�9M&H1 4 &).c,I+-e{e�, > &H(/7�&H1 : V 4 &)1�w#PL626-._+2e
�¦1�,/&)(/&H./.*&Ö7�&)(vo�&)+-,IPL8;k�lL./8�1�9ñ./KM6-6-,/&{7�PRY�&)(s7�+2&��!(*+29M9L&)(/.*QTY > &H6262&{7�&).v�qPR62KM(*+2ef& D
,/&)(*.�(*&)7�8;[)+2&H(*, > &)(/7;&)1 :	Z P¨7�+2&H./&�
�QTY > &)626-&)1s+2e > &).*&)1�,I6-+2QTY�&H1�7�8;(/QTY�7;+2&W+21�,/&)(/1;&)1
E�y�./&O,I.d7�&H. 3 
K�SxN6-+2ef+-,/+2&)(c,W./+-1�7^]�JM&H(/.zA;(/+2QTY�,¨7�+-&a1�vRQTY�.*,/& F &)(/.*+2KM1{?B� 3 � W�C�ef+-,
&H+21�[H&)6-1`A�(*KM9M(/PLe{ef+2&H( 4 PR(/&)1�
�QTY > &H6262&H1TL*&H7�&).��0PL1�PL6-.W&)+21;&5VW(*1�+2&H7�(/+-9M8�1�9qPL8;w�&H, D
> P <�|4} 7�&)(ªPLS�,/8�&)6-62&)1Öi?&)(c,I& :

n Z +2&{iU+-1�SL&H6jPL8�k�lM./8;1�9@7�&).��¦1;.*,I(*8�ef&)1�,I.�w x;(X7�+2&{8�1�,I&H(/./8;QTY�,/&)1~x'KMe`A�,IKM1�.c,Il	�L&
> +-(/7E7�8�(*QTYñ7;+2&¶VW1�&H(/9M+-&$PL8;k�lM./8�1;9f7;&)(��0PL62KM(*+2ef&H,/&)( 4 &H9M(/&H1�[H, : Z +2&H./& > +2(*7^];JLKM(
PR6262&He 4 &H+57;K	A>A&)62.*&)+`,I+29L&)( 3 8�.*62&).*&L]\7�8�(/QTYU7�PR.Ô&)6-&)S�,I(*KM1�+2.*QTY�& A PL8�.*QTY�&)1N6-+2ef+ D
,/+2&H(*, :RZ Pa7�PL. A PL8�./QTY;&)1ç7�8�(*QTYf7;+2&s�0P4A�PL[)+`,TvR,!7�&)( Z +2K�7�&H1æ8�1�7X1�+-QTY�,W7�8�(*QTYf7;&)1
��&HQTS�.c,I(*KMe�7�KMef+21;+2&)(c, > +-(/7^] > x�(/7�&t7�+-& F &)( > &H1�7�8�1;95JMKL1k
�+262+-[)+-8�e D Z (/+`w ,I7�&O,I&HS�,/KM(/&H1
PR1�.*,/&)626-&gJMKL1�W<��r D Z +2K�7�&H1¸&H+21�& F &H( 4 &).*./&)(*8�1�9¬8�eë7�&H1¸pPRS�,/KM(� D } &)(/62PL8 4 &)1 :
Z +2&).5w x�Y�(*,B+21�. 4 &H./KM1�7;&)(/&ç[H8@&)+21;&)( F &H( 4 &)./.*&)(*8�1�9�7�&)( 3aAaC w x�(59M&H,/(IPLQTS�,/&{VW( D
&H+29M1;+2./.*&L] 4 &)+µ7�&H1�&)1h(*&)62PR,I+`JÔ9M&H(/+21;9M&qVt1;&)(/9L+2&)1ñ+2e��0PL6-KM(/+-e{&O,I&H(d7�&1AKM1�+-&)(c, > &)( D
7;&)1ç8�1�7ç7�&H(/&)1 3aAaCEDbF &)(c,I&)+-628�1;9 4 &H./KM1;7�&)(*.�.c,TPL(*S�7�8;(/QTYç7�+2&dVt1;&)(/9L+2&$PR8;k�lM.*8�1�9
7;&).*�qPR62KM(*+2ef&H,I&H(/.\7�KMef+21�+-&)(*, > +2(*7 :

n Z PL.a&H(/Y�lMY�,/& A PL8�.*QTY�&)1 PL8�w_7�&H(a1 D 
�&)+`,I&07�&).*�!(/PLQTSL&H(/.B+-.*,ª1�K�QTYö8�1;9M&)S�6jvR(*,58�1�7
62vL./.c,W./+-QTY > &H7�&)(t7�8;(/QTYç7�&)1ç9M&He{&H./.*&)1�&H1���&)QTS�.c,I(/KLeÞ1�K�QTYç7�8�(/QTYç7�+-&d9M&He{&H././&H1�&
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5 Repeaterkarten
pro Gruppe
seriell verkettet

VME Module MDdio

VME Module V259

SlowControl Leitungen
Steady control
Powersupply

ADC

VME Module V551

VME Module V550

Coincidence

3 ASIC
pro Repeater
seriell verkettet

Optische Entkopplung6 paralleler Gruppen werden im MEGA Prototypen verwendet

Floating Power supply

analog/digitale Optokoppler

(Trigger) digitale Optokoppler

Repeater-Karte

T
a1

 A
S

IC

Synchronisation 

PC

asynchroner Datenstrom

Triggerleitungen

Analoge Signalleitungen
Fast Control-leitungen
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À�ÁZÂ6ÃQÁZÄ¸Å�ÆYÄQÄ§Ç4È*ÆYÉ�Á�Ê;ÊjÁ³Ë�Ç }oÌUÍ ÉiÎ�Á Í ÄQÁnÏ?ÐiÑ\ÆYÒAÒVÁ�ÄiÓ_ÆYÑ6ÑXÐQÄ Ì ÃQÁZÂ�ÁZÊjÁZÅ�Î\Â Í ÑXÔfÕiÁZÄ¸ÖGÆ2ÎXÁZÄCÃQÁ�Â
ËG×=Ø�Ù"Ñ«ÐQÄQÃCÁ Í ÄQÁnÚ Í Ñ6Î\Á¥ÃQÁZÂ Í Ä¸ÛÝÜpÞnËàßUÁ�Â6À�ÁZÄQÃiÁ�Î\Á�ÄkÜ Í ÄiÑ6Î\Á�Ê;ÊjÐQÄ Ì Á�ÄáÃQÁ�Â«â¥ãUÄ�ÎXÂXãUÊjÊ;Ñ6ÎXÂXä2å
ÒAÁ¸ÐQÄQÃæ×4çwÆYÄQÄ�ÐQÄ Ì ÁZÄ§Ç�è¥ÉcÁZÂuÃQÁ�Äêé Í ÆYÑXÑ�Î\ÂXãYÒëÃQÁZÑì×=ÕwÆYçcÁZÂ6ÑVØ�×íÀ Í Â6ÃîÃ Í Á¸ï Í ÊzÎ\Á�ÂXÅYãYÄ=å

Ö¥ð4ÄwÆYÒ Í ÑXÔfÕiÁZÂ¥é"ÁZÂ6Á Í ÔfÕ ñóòfôUõ9ò,ö½÷øãUÕiÄQÁnùIÁZÂ6À�ÁZÄiÃQÐQÄ Ì ßYãUÄ¸ùnú³Üpï
ñ }�û4ü   Ó�ÙýÒ Í Î"þ�ÿ����#ÿ������	�	
�����¾þ������

ú³ÆYÐQÑXÔfÕiÁZÄ }   û�� ¯�� çwï�� Ü Ê;ÁZÅ�ÎXÂXãUÄQÁ�Ä Ñ6ÃQÁ�ß���ÉcÁ Í�� �"!$#&%('*)M± Ñ
â¥ãUÄ�ÎXÂXãUÊjÊjÀ�ÁZÂ6ÎXÁ ùGï,+ ùnï × Ø-+ Ø�× � �"!$#.%

Ö } å ) ¯0/ Ò¥ù } /0/ Ò¥ù 1 /0/ ± Ë ¢�ûv± Ë )2± Ñ
Ö ) å-1 û / Ò¥ù } /0/ Ò¥ù 1 /0/ ± Ë } / ± Ë ¢£± Ñ

×4Î\Â6äUÒVÁ�2�Û ÁZÑ6ÑXÃwÆ�Î\ÁZÄ43 Ë�ù ×Q× Ë�ùnÖGÖ Ö«ùn×Q× Ö�ùnÖoÖ Ì ÁZÑXÆYÒ/Î
çQÂXãuÈ�Ë } Ën×=Ø�Ù } / ÒAË 1¾ÒAË 5AÒAË û ÒAË 6	5AÒ87

94: ��; �)�.;á~A�=<4�c¤,�Y�����Ý����¢¥�Z���9�����Q�������������Y f¡ ����7�£4¤¥���«¯§����¢9�·¬ �U´�¢9�Z����©Z�6�Y¬Y���?>�¦)���)º����8@c���zª
¦)��AA����¢ì¡���� µQ¢A� ¬ �\���A���í�����N¯§���½�·¬ �U´����Eº��§��¢\���Q���CB«��µ��X�Y�����V¬ �Q�k± ¶c©Z�·�)�E©����I¦j�Y¬ ¿����Q�����
¤,�Y�����=�Y¬ ¿j�=����� ��´���� ��¢�¢\���c£

Ñ�ÎfÆYÄ�Î\Á � �"!$#&% ÃQÁZÑ¥Ù�ú�å�ú«Ùýï Í ÊzÎ\ÁZÂ6Ñ�Á Í Ä Ì Á�Ñ6Î\Á�Ê;ÊzÎ ÇwÖ Í ÁK×=çwÆYÄiÄ4ÐiÄ Ì ùGï,+îÊ Í Á Ì Î,ÆYÒ Þ Æ2Î\ÁnÃiÁZÑ
ïwÁZÊjÃQÁED�ÁZÅ�Î�å·È�Â\ÆYÄQÑ Í Ñ�Î\ãUÂ6ÑuÆYÄ ü À�ÁZÊjÔfÕQÁZÂuÃQÁ�ÄîïwÁ�ÁZÃQÉwÆ2ÔfÅ�åF7 Í ÃQÁ�ÂXÑ�ÎfÆYÄQÃ Í ÄíÃiÁZÂAúHGiÔfÅ4Å2ãUçQç=å
ÊjÐQÄ Ì ÃQÁ�Ñ�ùIãUÂ6ßYÁZÂXÑ�ÎJIYÂ6ÅYÁ�ÂXÑ³É Í ÊjÃQÁ�ÎZÇLK Í ÁZÃQÂ Í;Ì Á�ÂXÁM7NÁZÂ�Î\ÁGÓNGQÕiÂXÁZÄ¸ÃwÆ2É�Á Í�O Ð¸Á Í ÄQÁZÒ Ì ÂXä0PUÁZÂ6ÁZÄ
7 Í ÃQÁZÂ6Ñ6ÎfÆ2ÄQÃNÐiÄQÃNÃQÆYÒ Í Î O ÐNÁ Í ÄQÁ�Ò Ä Í Á�ÃQÂ ÍjÌ ÁZÂ6ÁZÄ®ú³ÆYÐQÑXÔfÕiÁZÄEÃiÁZÑnùIÁZÂ6Ñ6ÎJI2ÂXÅYÁ�ÂXÑ�ÇxÞnÊ;Á Í ÔfÕ=å
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ÖoÁ�Â�È�Ë } å°Ën×=Ø�Ù É�Á�Ñ Í Î O ÎpÁ Í ÄQÁZÄAÈ�ÁZÑ6ÎXÒVã4ÃQÐQÑ ü�Í ÄuÀ"Á�Ê;ÔfÕQÁ�Ò[GQÉcÁZÂIÁ Í ÄQÁ,È*Á�Ñ6Î\ÊjÁ Í Î\ÐQÄ Ì Á Í Ä
Ú�ÆYÃQÐiÄ Ì ÑXÑ Í;Ì ÄQÆYÊ Í Ä]\6ÁZÃQÁ�Ä ùIÁZÂ6Ñ6ÎJI2ÂXÅYÁ�ÂXÅ�ÆYÄwÆ2Ê Í Ä^\ Í_OZÍ ÁZÂ6ÎKÀ�ÁZÂXÃiÁZÄøÅ�ÆYÄQÄ ü ÐQÒ Ã Í ÁáùIÁ�ÂXÑ6Î�IYÂ�å
Å�ÐQÄ Ì ÃQÁZÂKânÁ�Î6Î\ÁAÐQÄQÃNÃwÆYÑ È Í Ò Í Ä Ì`O ÐaGQÉcÁZÂ6çQÂ(G=Ó½ÁZÄ§Ç*Ï?ÐQÂKÜ Â O ÁZÐ Ì ÐiÄ Ì ÃQÁ�Ñ�È�ÁZÑ�Î\Ñ Í;Ì ÄwÆ2Ê;Ñ
À Í ÂXÃ Æ2ÐiÓQÃQÁ�Ä¾ú,ÁZçcÁ Æ2ÎXÁZÂXÅ�ÆYÂ�Î\Á�Ä/Á Í Ä/Â6ÁZÔfÕ�Î\Á�ÔfÅ�Ó½äYÂXÒ Í;Ì Á�Âx×=çQÆYÄQÄ�ÐQÄ Ì Ñ6çQÐQÊjÑ#ÁZÂ O Á�Ð Ì Î ü À�ÁZÊ;ÔfÕiÁZÂ
Ò Í Î6Î\ÁZÊjÑ Á Í ÄiÁZÑ } çwï Ì Â6ã�PUÁZÄEâ¥ãUÄiÃQÁZÄQÑXÆ2Î\ãYÂXÑ¾ÆYÐ=Ó,ÃQÁZÄcb,ð4ÉQÂ Í ÃQÉ�ãUÆYÂXÃQÑ Í ÄNÃQÁZÄíÈ�ÁZÑ�Î\Á Í Ä=å
Ì Æ2Ä Ì Á Í Ä Ì ÁZÅ2ãUçQçcÁZÊjÎuÀ Í ÂXÃ§Ç Ö Í Á¸ËoÒAçQÊ Í Î\ÐQÃiÁìÃQÁZÑá×=çwÆ2ÄQÄ�ÐQÄ Ì Ñ6çQÐQÊ;Ñ6ÁZÑ Í Ñ6ÎuÉ Í Ñ � å ) Ò¥ù
çQÂ6ã Ì ÂXÆYÒVÒ Í Á�ÂXÉwÆ2Â ü Ñ6ã/ÃwÆ2ÑXÑpç�ãUÑ Í Î Í ßUÁ,ã4ÃQÁZÂpÄQÁ Ì Æ2Î Í ßUÁ³Ú�ÆYÃQÐQÄ Ì ÑXÑ Í;Ì ÄwÆ2Ê;Á,É Í Ñ ) Ó�Ù Ì ÁZÄiÁZÂ Í ÁZÂ�Î
À�ÁZÃQÁ�ÄEÅ2äUÄQÄQÁ�Ä§Ç�ËoÉQÉ Í Ê;ÃiÐQÄ Ì Ë�Çd142_Æ	3 O Á Í;Ì ÎnÈ*Á�Ñ6ÎXÒVÁ�ÑXÑXÐiÄ Ì ÁZÄEÆYÄ Á Í ÄQÁZÒ ÃQÁZÂnËG×=Ø�Ù"Ñ ÃQÁZÑ
â ÆYÊjãUÂ Í ÒVÁ�Î\ÁZÂ6Ñ ü ÃQÁZÂ6ÁZÄÝ×=ÕwÆYç Í Ä Ì�O Á Í Î � �"!$#.%e' 6 ± Ñ,ÉcÁ�ÎXÂ�I Ì ÎZÇ
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Chi2 / ndf = 1.962 / 5
 4.831 ±p0       = -14.34 
 0.008097 ±p1       = 0.2399 

 3.204e-06 ±p2       = -1.993e-05 
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ÄQÁ Ì Æ2Î Í ßUÁ¾× Í;Ì ÄQÆYÊ)ÆYÒAçQÊ Í Î\ÐiÃQÁZÄ§ÇCU³Ò ÓNGQÂoÁ Í ÄiÁ Ì Á Ì ÁZÉcÁZÄQÁ�+�ãUÊ)ÆYÂ Í Î�I2ÎGÃQÁ�Ä®Û ÁZÑ6ÑXÉcÁZÂ6Á Í ÔfÕ O Ð
Á�Â6À�Á Í ÎXÁZÂ6Ä ü Å�ÆYÄQÄøÃwÆYÕQÁ�ÂuÃ Í ÁCú,ÐQÕQÁ�Ê)Æ Ì ÁCÃQÁZÂ¾ùIÁZÂ6Ñ6Î�IYÂXÅ2ÁZÂ�GQÉcÁZÂ¾Á Í ÄQÁ¸Á v4Î\Á�ÂXÄîÆYÄ Ì Á�Ê;Á Ì Î\Á
×=çQÆYÄQÄ�ÐQÄ Ì 2�ùnú³ÜIïå3"ßUÁZÂ6ÑXÔfÕQãYÉ�Á�Ä À�ÁZÂ6ÃQÁZÄ ü ÑXãVÃwÆYÑ6ÑoÃQÁ�Â Ì Á�Ñ\ÆYÒ�Î\ÁKÃið4ÄwÆYÒ Í ÑXÔfÕiÁ é"Á�ÂXÁ Í ÔfÕ
ÓNGQÂ¾Á Í ÄQÁh+�ãUÊ)Æ2Â Í Î�I2Î O ÐQÂ¾ùIÁZÂ�ÓNG Ì ÐQÄ Ì Ñ�Î\Á�Õ�ÎZÇ Ø·Ä�Î\ÁZÂ6Ä Í Ñ6Î¾Ã Í ÁZÑ6Á�Ú�Á Í ÎXÐQÄ Ì Ò Í Î ÃiÁZÒëË¥ÐQÑ�å
Ì Æ2Ä Ì ÑXÑ Í;Ì ÄQÆYÊ"Á Í ÄQÁ�Ñ¾ÃQÐQÒAÒ/ð�å°ùIÁZÂ6Ñ6Î�IYÂXÅ2ÁZÂXÅ�ÆYÄQÆYÊ;Ñ ÐiÄQÃøÒ Í Î ÃQÁ�Òëú,Á�Ó½ÁZÂ6ÁZÄ O Á Í Ä Ì ÆYÄ Ì ÆYÊjÊ;Á�Â
ÆYÄ Ì ÁZÑ6ÔfÕQÊ;ãUÑ6ÑXÁ�ÄQÁZÄ Ã Í D?Á�ÂXÁZÄ�Î Í ÁZÊjÊ;Á�Ä�ùIÁ�ÂXÑ6Î�IYÂXÅ2ÁZÂoßYÁZÂ6ÉQÐQÄQÃQÁ�Ä§Ç�ÖGÆVÃQÁZÂ¥ÃQÐQÒAÒ/ð�å°ùIÁZÂ6Ñ6Î�IYÂXÅ2ÁZÂ
ÃQÁ�ÄQÑXÁ�Ê;ÉcÁZÄ¾È�ÁZÒAç�Á�Â\Æ2ÎXÐQÂ�I2ÄQÃQÁZÂ6ÐQÄ Ì Á�ÄuÆYÐQÑ Ì ÁZÑ6Á�Î O Î Í Ñ�Î ü À Í Á"ÆYÊ;ÊjÁ�Æ2ÄQÃQÁZÂ6ÁZÄuâ ÆYÄ4I2Ê;Á ü À�ÁZÂ6ÃQÁZÄ
ÃwÆ2ÃQÐQÂXÔfÕPVMD�ÑXÁ�ÎXÑXÔfÕ�À"ÆYÄQÅ�ÐQÄ Ì Á�Ä ÅYãYÒVçcÁZÄQÑ Í Á�Â6Î ÇWU¥Ò Ã Í Á�ÑXÁ�ÄNâ³ãUÒAç�Á�ÄQÑ\Æ2Î Í ãUÄiÑXÒAÁZÔfÕwÆYÄ Í Ñ�å
Ò ÐiÑ�Ä Í ÔfÕ�Î O ÐaGQÉcÁZÂ6Ñ6ÎXÁZÐQÁ�ÂXÄ ü À Í Â6Ã®ùGú¥ÜIï{Õiã=ÔfÕQãYÕQÒ ÍjÌ 2.GQÉcÁZÂ û / ÅHX +*ãYÎXÁZÄ�Î Í ãUÒAÁ�Î\Á�ÂJ3
ÆYÄ Ì ÁZÊjÁ Ì Î#ÐQÄQÃ ÃQÁ�Â'VMD?Ñ6Á�Î Ä�ÐQÂ#Á�Î·À"Æ O ÐQÂåb8IYÊjÓ�ÎXÁ Í Ä/ÃQÁ�Â Ì Á�ÀeGiÄQÑXÔfÕ�Î\Á�Äáú Í ÔfÕ�ÎXÐQÄ Ì ßUÁ�ÂXÑ6ÔfÕQã2å
ÉcÁZÄ§Ç4ÖoÁ�Â�Ã=ð=ÄQÆYÒ Í ÑXÔfÕQÁ¥é"Á�ÂXÁ Í ÔfÕáÉcÁ�ÎXÂ�I Ì ÎpÄwÆ2ÔfÕáÐQÄQÑ6ÁZÂ6ÁZÄ¸Û Á�ÑXÑ6ÐQÄ Ì Á�Ä ü À Í Á Í ÄuËoÉQÉ Í Ê;ÃQÐiÄ Ì
Ë�Çr6�ÃwÆYÂ Ì ÁZÑ6ÎXÁZÊjÊjÎIÐQÄQÃáÁZÂXÊRIYÐiÎXÁZÂ6Î üw} / Ó�Ù ü À�ÁZÄQÄVùnú³Üpï®ÐQÄ�ßUÁ�ÂXÉQÐQÄiÃQÁZÄCÉQÊjÁ Í ÉiÎ ü ÐQÄiÃ }�û Ó�Ù ü
À�ÁZÄQÄ�ùnú³ÜIï Æ2Ä Ì ÁZÊjÁ Ì Î,ÐiÄQÃÿ\6ÐiÑ6Î Í ÁZÂ�Î Í Ñ6ÎZÇ
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Signals of Y-Strip #206

Mittelwert: 138 ADC
Sigma:      10,5 ADC

Fitergebnis für 122 keV

Maximales Signal 400 ADC
bzw. 15,6 fC
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Signals of: x=4 y=3

Mittelwert: 130,2 ADC
Sigma: 2,51 ADC

Maximales Signal : 500 ADC
bzw. 10,1 fC

Fitergebnis für 59.6 keV
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¾®¿aÀ^Á�ÂÄÃLÅgÀ©ÆaÁ·À^Ç�ÈÊÉ�Ç È)É)Ë ÌÎÍ�Ï�ÆaÍ�É�Ç

Ö Í ÁKùIÁ�ÂXÑ6ãUÂ Ì ÐiÄ Ì ÑXÁ�Ê;Á�Å�ÎXÂXãUÄ Í Åt2�ú,ÁZçcÁ Æ�Î\ÁZÂ�3,ßYÁZÂXÑ6ãUÂ Ì ÎGÃ Í ÁKËG×=Ø�Ù"ÑGÒ Í Î,Ñ�ÎfÆYÉ Í Ê Í Ñ Í Á�Â6ÎXÁZÄCùIÁZÂ�å
Ñ6ãUÂ Ì ÐiÄ Ì ÑXÑ6çwÆYÄQÄ�ÐQÄ Ì ÁZÄæßUãYÄ � � å ) ù Ñ6ã�À Í ÁÝÃQÁ�ÄêÁ Í ÄQÑ6ÎXÁZÊjÊ;ÉwÆYÂ6ÁZÄ ÐQÄQÃêÅ2ãUÄ�Î\Â6ãUÊ;Ê Í ÁZÂ6ÉwÆYÂ6ÁZÄ ü
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â³ãUÄ�Î\ÂXãYÊ;Ê;Ñ6çwÆYÄQÄ�ÐQÄ Ì ÁZÄ ÐiÄQÃø×4ÎXÂXäUÒAÁZÄEÆYÐQÑ È*ÆYÉcÁZÊ;ÊjÁuË/Ç Ð Ç#ÖoÆYÂ(GQÉcÁZÂ6Õ Í ÄQÆYÐQÑ/ÉcÁZÑ Í Î O ÎH\6Á�ÃQÁ
ú,ÁZçcÁ Æ2ÎXÁZÂ6Å2Æ2Â6Î\Á³ß Í ÁZÂpçQÂ6ã Ì Â\Æ2ÒVÒ Í Á�ÂXÉwÆYÂ6Á,Ö«Ë³Ù"Ñ ü À�ÁZÊjÔfÕQÁGÃ Í Á¥È«ÕiÂXÁZÑ6ÕQãUÊjÃQÑXçwÆ2ÄQÄ�ÐQÄ Ì Á�ÄìÓNGQÂ
\6Á�ÃQÁZÄ®ÃQÁZÂnÃiÂXÁ Í Æ2Ä Ì ÁZÑ6ÔfÕQÊ;ãYÑXÑXÁ�ÄQÁZÄNÈ*Ë Ð ÑXÁ�Î O ÎZÇ�ÖoÁZÂæ6QÇ?Ö,Ë³Ù ÑXÁ�Î O ÎKÃ Í Á ËoÒAçQÊ Í Î\ÐQÃiÁ ÃQÁZÑ
È�ÁZÑ�Î\çQÐQÊjÑXÁ�ÑKÓNGQÂGÆYÊ;ÊjÁ/ÃQÂ6Á Í È�Ë Ð Ç?ËoÊ;ÊjÁ Ã ÍjÌUÍ Î\ÆYÊ;Á�Ä�× ÍjÌ ÄwÆYÊjÁ/ÃQÁ�ÂnÈ*Ë Ð À�ÁZÂ6ÃQÁZÄ ßUãYÄ � � å ) ù
Ë¥ÒVçQÊ Í ÎXÐQÃQÁZÄa2�Ù«Û�VK×Q3 O ÐkÃ Í D�ÁZÂXÁ�Ä�Î Í Á�Ê;ÊjÁZÄ � � å û ùr× ÍjÌ ÄwÆYÊjÁZÄa2�ú¥×|6 )�) 3 Ì Á�À�ÆYÄiÃQÁZÊzÎ Ç�ÖGÆYÑ
Ë¥ÐQÑ Ì Æ2Ä Ì ÑXÑ Í;Ì ÄQÆYÊQÃQÁ�ÂxÈ*Ë Ð À Í ÂXÃ Í Ä Á Í ÄQÁZÒ ù Í ÃQÁZã�ßUÁ�ÂXÑ�ÎJIYÂ6ÅYÁZÂIÐQÒ ÃwÆYÑ ÐcÖ å°Ó_ÆYÔfÕQÁ�ßUÁZÂ6Ñ6Î�IYÂXÅ�Î
ÐQÄiÃ Í ÄVÁ Í Äì×4Î\Â6ãUÒAÑ Í;Ì ÄwÆYÊ Ì Á�À�ÆYÄiÃQÁZÊzÎ ü ÑXã ÃwÆ2ÑXÑ"ÒAÁZÕiÂXÁZÂ6ÁoË¥ÐQÑ Ì I2Ä Ì ÁoÃiÁZÂ�ú,ÁZçcÁ Æ�Î\ÁZÂ6Å�ÆYÂ6ÎXÁZÄ
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SlowControl
Laden der Trigger Register
Programmieren der Repeater
Steuerung der Koinzidenz

Verwaltung der I/O Ports

Allokiert alle Objekte

MDaq

Eventloop, Start,stop,
File I/O

Gui

MTriggerControl

Datenaufnahme in fullmode/sparsemode

Timing
Steuerung der Datenaufnahme, reset, ...

Verteilung der Daten an MChips
Laden der Pedestal/Treshold Arrays 

Verwaltung der Auslesereihenfolge

MAdcControl

Zuordnung Kanal->Position
Kalibration

MDetector

Suche nach Clustern
Ereignis Selektionen

Positionierung der Daten im Raum
Histogrammieren (Energie,Ort)

Einzelne Detektortypen werden als
abgeleitete Klassen ausgeführt

MChip
Berechnung von Offset,Noise
Commonmode Korrektur
Berechnung der Triggerschwellen
Enable/disable Kanäle und Trigger

Histogramme der Rohdaten

Second Level Trigger
Verwaltung der Trigger Ports

Lesen des Triggermusters eines Events
Bestimmung der Triggerraten

und verwaltet ihre Liste

Getter/Setter Funktionen

Online-Display der Daten
nach Bedarf

Sparsifikation, Filtern der Hits
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