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�ÅÜ¬ÚAý�&±æ4àaý�Ü¬ÚAýÄø�÷AÙPÛ?Ù�Ú("mÞ#�:MzÙPü0Ù�ß¦ü0ÞmÛ¿ç»éAÙ�ç¿ß¦Û¿Ü¼ùûÙ�ékÜ¬ÚÒø6÷8àaë8ü0ÙPÛL� ã ç0ÙPÙP6LÜ¼ý�èAÛ¿Ù�ç0���¬î��ÏàmÚ8é?���¬î����
³ �#ov�\i)nbu � p�i�x � ���Þ �Ìßvà�áeâ ã
êo÷AÙ�� �Þ �±ß3à�áKâ�ã éAÙ�ßPà$�ÊÜ×çzç¿÷AÞ � ÚÆÜ¬Ú ü?÷AÙÏé8Ü¬àaýmÛªàmæ4çzÞ���6LÜ¼ý�èAÛ?ÙkîW���(�_êÅ÷8Ü¬çÅç?ÞkßPàmþ×þ¼Ù�é ä ýmÞ�þ¬éAÙ�Úß¿÷8àmÚ8Ú8Ù�þ¬ìÆÜ¬ç2ü?÷AÙXæÏÞ�ç0üÏü0Ù�ç0ü0Ù�éÈßª÷8àmÚ8ÚAÙ�þ/�SÛ?Þ�æ�ü?÷AÙ'�6à��6àaÛÄàmÚ8éô��Ù�þ¬þ¼Ù:�·àmß¦ü0ÞmÛ¿Ü¼Ù�ç
�ôêo÷AÙXéAÙ�ßPà���Ü¬ç
éAÞ�æ4Ü¬Ú8àaü0Ù�é ù5�ÈÜ¬ü?ç4ü0Û?ÙPÙÆþ¼Ù
�mÙ�þÅéeÜ¬àaýmÛ¿àmæ'�ÿø6Ýµ�«Ü¼Þ�þ¬àaü?Ü¼Þ�Ú�àaÛ¿Ü¬ç0Ù�çdé8èAÙ�ü0ÞÎü?÷AÙÆÜ¬Úcü0ÙPÛJ�ÑÙPÛ?Ù�Úeß¦Ù � Ü¼ü?÷
�@� T � � àmÚ8é â � T â � æ4Ü°úAÜ¬ÚAý ã ü?÷AÙPÛ¿Ù
�ÑÞmÛ?Ù�aî Å � çp è������ ÷ u Ë � � Î!�� � çp � Î!�� ÷ ç � ää�� ����� ÷ u í±îW������ò

� T � õ Ã± � õ ± Þõ ± ��õ Ã± Þ � � õ � ã õ Ã� Þõ Ã� ã õ�� Þ � � õ-����õ Ã� ãõ Ã��� õ � ã � í±îW����ðmò

MzÜ¬Û?Ù�ß¦ü~ø6Ýf�hÜ¬Þ�þ¬àaü?Ü¼Þ�ÚÆÜ¬ÚÊü?÷8Ü¬çzß¿÷8àmÚeÚAÙ�þ�Ü¬çzÚAÙPý�þ¬Ü¼ý�Ü¼ù®þ¼Ù_àmÚ8éÆ÷AÙ�Úeß¦Ù�  î � çp è������ ÷ u   ¨ � îW�@���hè8àaü?Ü¼Þ�Ú
îW���añIßPàmÚ�ü?÷8Ù�ÚXùûÙ»ç¿Ü¬æÏëeþ¬ÜS48Ù�éIü0Þ(a

ä ö æ6ít£?ò � Â + �@�Þ ít£?ò �Ìßvà�áeâ[ã - T Â + � �Þ ít£?ò �ðßvà�áeâ[ã -Â + � �Þ ít£?ò �Ìßvà�áeâ[ã -B#§Â + � �Þ ít£?ò �ðßvà�áeâ[ã - í±îW������ò
� � ® � í�� 2 £?ò ¢ ª , ±�
��� ÷ u í±îW���mï�ò

� Ü¼ü?÷
¢ ª , ±����� ÷ u � 032 í î � çp è������ ÷ u ò � 032�� Î! ä �
��� ÷ uä �
��� ÷ u! � 032 � õ ± Þõ Ã± Þ � � 032 í â ä ªÇ¨#" ò � T�� ® � í.� � òí±îW����ñcò
àmÚ8éXü?÷hè8ç�ü?÷AÙ¹àmç��«æ4æÏÙPü0ÛJ�kÜ×ç6ü?÷AÙ~àmæÏëeþ×Ü¼ü?è8éAÙ»Ü¬ç6Û?Ù�þ¬àaü0Ù�éÒü0Þ � ù��va

ä ö æ�ít£?ò � T�� ® � í�� 2 £?ò � ® � í.� � ò í±îW���8îRò
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è8ÚeÜ¼ü?àaÛ��kü0Û¿Ü¬àmÚAý�þ¬Ù��oêo÷AÙ+4eÚeàmþ.ç0ü?àaü0ÙjÜ¬çoýmÙ�Ú8ÙPÛ¿àaü0Ù�éÊù5�Xü?÷AÙ2ù � è�ü0Û?ÙPÙ2éeÜ¬àaýmÛ¿àmæ àmÚ8é�ù��Xü?÷AÙ_ç¿æ4àmþ¬þ
ùeè8ü�ÚAÞmü�ÚAÙPý�þ×Ü¼ý�Ü¼ùeþ¼ÙÅù � éÄëCÙ�Ú8ý�è8Ü¬ÚIéeÜ¬àaýmÛ¿àmæ'��êo÷AÙ»æ4Ü°úAÜ¬ÚAý~ëe÷8àmç0Ù»Ü¬Ú[���hè8àaü?Ü¼Þ�ÚÆîW���añÏÜ¬ç�ý�Ü8�mÙ�Údù5�!aî Å � çp è&% d % _ Ë � � Î! � � çp � ää � %'% í±îW���-��ò

� T � õ Ã± � õ ± Þõ ± �Lõ Ã± Þ � � õ Ãÿ Þ õqÿÔ�õ�ÿ Þ õ�ÿ��)( � í±îW���-��ò
àmÚ8é�ü?÷AÙ2ø6Ý�àmç��hæIæÏÙPü0Û��kÜ¬Úkü?÷AÙ~éAÙ�ßPà$�XÜ¬ç�ü?÷AÙ�ÚXý�ÜS�mÙ�ÚXü0Þ4ü?÷AÙ~ç¿Ü¼ý�Úkù5�:���hè8àaü?Ü¼Þ�Ú îW���añIàmç
a

ä ö æ�ít£?ò � Â + ���Þ ít£?ò � Ù>Ú\Ù\ä�- T Â + � �Þ ít£?ò � Ù>Ú\Ù\ä�-Â + � �Þ ít£?ò � Ù Ú Ù ä -y#§Â + � �Þ ít£?ò � Ù Ú Ù ä - í±îW�����vò
� ¢ ª , ± í�� 2 £?ò T ¢ Þ ª.� ¦ ­ � í�� 2 £0ò í±îW���-��ò

� ÷8ÙPÛ?Ù
¢ ª , ±%*% � � 0U2 í î %'% òîe#�  î %*%   ¨ ¢ Þ ª��%'% � ï ä,+ -/.).!+ Éï Ú0+ -/.).!+ É î %'% � Î! 'ä %'%ä %'% í±îW���-��ò

êo÷8ÙoëûÙ�ÚAý�è8Ü¬ÚjëûÞ�þ¬þ¬è8ü?Ü¼Þ�ÚjÜ¬Úcü0Û¿Þhé8èeß¦Ù�çxà~ç0ü0Û¿Þ�ÚAý~ëe÷eàmç0Ù*�·àmß¦ü0ÞmÛ�æ4àW"«Ü¬ÚAý:ü?÷8ÙÅÛ?Ù�þ¬àaü?Ü¬Þ�ÚÏü0Þ_ü?÷8ÙÅè8Ú8Ü¼ü?àaÛJ�
ü0Û¿Ü×àmÚAý�þ¼Ù¹æÏÞmÛ?Ù_é8Ü8`IßPè8þ¬ü	� ¢ ª , ± àmÚ8é ¢ Þ ª.� ßPàmÚÒùCÙ:Û¿Ù=��Ù¦úhë8Û¿Ù�ç?ç0Ù�éÒÜ×Úkü0ÙPÛ¿æ4ç�Þ��Lü?÷AÙ¹ëûÙ�ÚAý�èeÜ¬Ú ã Ý ã àmÚ8é
ü0Û?ÙPÙ_ß¦Þ�Úcü0Û¿Ü¬ùeèAü?Ü¼Þ�Ú ã ê ã ü0Þ4Û?Ù�þ¬àaü0Ù¹ü?÷8Ù�æ ü0Þ4ü?÷AÙ � àmÚAý�þ¬Ù¹àmç
a

¢ ª , ±%*% � � ® � í.� � ò?#¹� ÑÑÑÑ � ³ ÑÑÑÑ ¦ ­ � í21 æ � û òa¦ ­ � í.� � ò � ® �,� í±îW���vðmò
¢ Þ ª.�%'% � � ÑÑÑÑ � ³ ÑÑÑÑ � ® � í21 æ � û ò � ® �,� í±îW���-��ò

� ÷8ÙPÛ?Ù31 æ � û Ü×çÐü?÷8Ù2é8Ü8<CÙPÛ?Ù�Úeß¦Ù_ùûÙPü � ÙPÙ�ÚÆü?÷AÙÏç0ü0Û?Þ�Ú8ýdë®÷8àmç0Ù�çzÞ��xü?÷AÙjëûÙ�ÚAý�è8Ü¬ÚÒëûÞ�þ¬þ¬èAü?Ü¼Þ�Ú àmÚ8é ü?÷AÙü0Û?ÙPÙ_ß¦Þ�Úcü0Û¿Ü¬ùeèAü?Ü¼Þ�Ú��
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ü?÷AÙPÛ?ÙÐÜ×çxÚAÞ~Ý�Ù�ÚAý�è8Ü×ÚÏëûÞ�þ¬þ¬èAü?Ü¼Þ�Ú>�j&±Ú8ç0ü0Ù�àmé4ü?÷8Ù	� ã àmÚeé � ã ßPàmÚdéAÙ�ßPà��Ïü0Þ2ü?÷AÙÅç¿àmæÏÙ04eÚeàmþ8ç0ü?àaü0ÙL�hÜ¬àü0Û?ÙPÙÐé8Ü×àaýmÛ¿àmæ4ç � Ü¬ü?÷Ïà¹ëe÷8àmç?Ùoé8ÜÃ<ûÙPÛ?Ù�Ú8ß¦Ù�Þ�� T �b�^2$÷8Ü¬þ¼Ù�ü?÷8ÙPÞmÛ?ÙPü?Ü¬ßPàmþ¬þ8�ÏßPþ¼Ù�àmÚ4ü?÷AÙÐç0Ù�þ¬Ù�ß¦ü?Ü¼Þ�ÚÏÞ��ûü?÷8Ü¬çæÏÞhé8ÙÐÜ¬ç�Ù¦úhëûÙPÛ¿Ü¬æ4Ù�Úcü?àmþ¬þS�jç?ëCÙ�ßPÜ×àmþ¬þ8�jß¿÷8àmþ¬þ¬Ù�ÚAý�Ü¬ÚAý(� æ�ã�â Ü×ç�Ü¬ÚeéAÙPÙ�é�"«Ü¬ÚAÙ�æ4àaü?Ü×ßPàmþ¬þ8�@�mÙPÛ��Iç?Ü¬æIÜ¬þ¬àaÛ�ü0Þ
ü?÷AÙ æ�ã Ù�éAÙ�ßPà�� � ÷8Ü×ß¿÷Æ÷8àmç:àdù8Û¿àmÚ8ßª÷8Ü¬ÚAýdÛ¿àaü?Ü¼Þ��añkü?Ü¬æ4Ù�çÐù®Ü¼ýmýmÙPÛ:Û?Ù��hè8Ü¼Û¿Ü¬Ú8ýIàmÚ�àméAÙ��hè8àaü0Ù4æÏÙ�àmÚÞ��Åé8Ü¬ç?ß¦ÛªÜ¬æ4Ü¬Ú8àaü?Ü¬Þ�Ú���êo÷AÙkç0Ù�ß¦Þ�Ú8é�Ü¬ç?ç¿èAÙIÜ¬ç_ü?÷8àaü æ�ã�â Ü¬ç_Ú8Þmü2à�ø6ÝöÙ�Ü¼ýmÙ�Ú8ç?ü?àaü0ÙkàmÚeéÎü?÷8ÙPÛ?ÙdÜ×ç_à
ø6Ý ß¦Þ�Ú8ç?ÙPÛ��hÜ×ÚAý�ß¦Þ�Úcü0Û¿Ü¬ùeèAü?Ü¼Þ�Ú+�	éeèAÙkü0Þ�ü?÷AÙÒç0ü0Û¿Þ�ÚAý�Ü¬Úvü0ÙPÛ¿àmß¦ü?Ü¼Þ�Ú��Èêo÷eÜ¬çjÙ¦úhü0ÛªàÆëe÷8àmç0Ù�ßPàmÚ ùCÙ
ç0ÙPëeàaÛ¿àaü0Ù�éÊè8ç?Ü¬Ú8ý4ü?÷AÙjø�ÝZ�[ß¦Þ�ÚBA?èAý�àaü0Ù ã �@�ã å � �ã �°æ Úã â ä � ÷8Ü¬ßª÷�÷8àmçzàIç?Ü¬æIÜ¬þ¬àaÛoù8ÛªàmÚ8ß¿÷8Ü×ÚAýÏÛ¿àaü?Ü¼Þç?è8ß¿÷�ü?÷8àaü
a�  î54 _u ÷ d   �   î54 du ÷ _  hàmÚ8é>a

032 í î 4 _u ÷ d ò � � ® � í T �&#¹�61H��#+�Iò í±îW���cï�ò
032 í î54 _u ÷ d ò � � ® � í � T �61H��#
�Äò í±îW���añcò

68èAÛ?ü?÷AÙPÛªæÏÞmÛ?Ù»ü?÷AÙ��&Â�Ü×Ú[���vèeàaü?Ü¼Þ�ÚÆîW���añ4Ü¬ç�ÚAÞmü�ÚAÙPý�þ¬Ü¬ý�Ü¼ùeþ¼ÙzÜ¬Údü?÷AÙ+� ã ç��«ç0ü0Ù�æ'�xêo÷AÙ:àmç��«æ4æÏÙPü0ÛJ�Ü¬Úkü?÷AÙ~àmæÏë®þ¬Ü¼ü?è8éAÙzü0Þ4ü?÷AÙP4eÚ8àmþNç0ü?àaü0Ù¹Û¿Ù�æ4àmÜ¬Ú8ç�÷AÙ�Úeß¦Ù~ß¦Þ�æÏëeþ¬Ü×ßPàaü0Ù�é�a
ä ö æ�ít£0ò # í±î T   î 4 u ÷   ¨ òa¦ ­ � í�� 2 £0ò?#�� 032 í î 4 u ÷ ò � ® � í�� 2 £?òí±îm#�  î 4 u ÷   ¨ òa¦ ­ � ù.í��&Â�£ à ��ò[#ô��� â í î 4 u ÷ ò � ® � ù.í��&Â�£ à ��ò í±îW���«îRò

�&Â�àmÚ8éK� 2 æ_èeç0üÐùûÙ~Ü×Ú8éAÙPëûÙ�Ú8éAÙ�Úvü?þ8�kéAÙPü0ÙPÛ¿æ4Ü¬Ú8Ù�é��SÛ?Þ�æ�Þmü?÷8ÙPÛzéAÙ�ßPà$�hç�a	�61N� T ��Ü¬çÐæ4Ù�àmç?èAÛ?Ù�éù5�ôß¦Þ�æÏëeàaÛ¿Ü¬Ú8ý 0U2 í î 4 _u ÷ d ò ã Þmù8ü?àmÜ¬ÚAÙ�éº�SÛ?Þ�æ�ü?÷AÙXæÏÙ�àmç?èAÛ¿Ù�æÏÙ�ÚcüjÞ��Ðü?÷AÙXàmç��hæIæÏÙPü0Û��>ä 4 du ÷ _àmÚ8é 0U2 í î74 _u ÷ d ò ã Þmù8ü?àmÜ¬Ú8Ù�é��SÛ?Þ�æ�ü?÷8Ù_æÏÙ�àmç?è8Û?Ù�æÏÙ�ÚvüÅÞ��xü?÷AÙ2àmç��«æ4æÏÙPü0Û���ä 4 _u ÷ d �Åêo÷8Ù~àmÚAý�þ¼Ù�61N� � Ü¬þ×þ®àmþ¬ç?Þ4ùûÙ»æ4Ù�àmç?èAÛ?Ù�é'�SÛ?Þ�æ¼���ã �Ìßvà�á98 àmþ¬þ¼Þ � Ü¬ÚAýjü0Þ��·èAÛ?ü?÷AÙPÛoß¦Þ�Ú8ç?ü0Û¿àmÜ¬ÚXü?÷AÙ¹àmÚ8ý�þ¼Ù �b�
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¶þþþ·   õqÿ Þ     õ ÿ ã  µ  õ�ÿ��    õ-� Þ     õ � ã  D  õ����    õ ± Þ     õ ± ã     õ ± �  
¹
���º � ¶þþþ· ñy� ï�ðW�mïmï Þ ñy� ñmñmñW�!F ñy�����6F�� Þ ñy� ñmñ­�añ ñy� ñmñ­��ðaï ÚÁ�)G ����� ¨ ýä3�)G ����� ¨ �ñy�����6FB� Þ ñy� ñmñ­�añ ñy� ï�ðW�«î
F ÚÁ�)G ����� í 7ä3�)G ����� í�H ñy� ñW�8îmî�� ÚÁ�)G ��� ï � íä3�)G ��� ý�Iñy� ñmñ­�añcð ÚÁ�)G ����� í ýä3�)G �����@� ý ñy� ñW��ñ­�añ ÚÁ�)G ��� ï �@�ä3�)G ��� ý H ñy� ïmïmï«î=�vð ÚÁ�)G ������� ¨¾íä3�)G ������� ý H

¹
���º

í±îW������ò
2$÷AÙPÛ?Ù�  õqÿ Þ  AÜ¬çÐéAÙPü0ÙPÛ¿æ4Ü¬Ú8Ù�é��SÛ?Þ�æ�Úhè8ßPþ¼Ù�àaÛzéAÙ�ßPà��«ç ã   õ ÿ ã  8ß¦Þ�æÏÙ�çL�ÑÛ?Þ�æ�ç0Ù�æ4ÜÃ�[þ¬ÙPë8ü0Þ�Ú8Ü¬ßK"aàaÞ�ÚÊàmÚ8é
÷5�vëûÙPÛ?Þ�ÚIéAÙ�ßPà��«ç ã   õ-� Þ  aÜ¬çxæÏÙ�àmç¿èAÛ?Ù�éO�SÛ?Þ�æ é8ÙPÙPëIÜ¬ÚAÙ�þ¬àmç?ü?Ü¬ß�ÚAÙ�èAü0Û¿Ü×ÚAÞ»Ù¦ú«ßPÜ¼ü?àaü?Ü¬Þ�ÚIÞ��Nß¿÷eàaÛ¿æ ã   õ � ã  �Ü¬çÙ¦ú«ü0Û¿àmß¦ü0Ù�é:�SÛ?Þ�æ'ç0Ù�æ4ÜÃ�[þ¼ÙPëeü0Þ�Ú8Ü¬ßoéAÙ�ßPà$�hç6Þ��|ßª÷8àaÛ¿æ'æÏÙ�ç0Þ�Úeç ã   õ�ÿ��   à   õ����  cÜ¬çxÞmù8ü?àmÜ×ÚAÙ�éH�SÛ?Þ�æ ü?÷AÙzÙ�Ú8é
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[]\/^&_,`badc6^feg`6h/adikjml7iknonqpoh/^�a�rK^
`6s/tvuw^yx{z|^�a�po}~^
j�t&��_�e&l7rK��pq��rK^
poj/c�r�s�pqn�t���i6a7td\�^gz�ad^
��po��^&}~^
`'��ds/ad^
}~^
j�t�i6��lV���{p�ikno`btdp�ikj�z�`ba�`6}~^�t�^�a���poj�`B��pqh/^�a�`6j/c6^;i6�9����}~^
��ikj�h/^
��`
u{����[�\/^m_,efl7rh/^�t�^
�yt�i6a���pqnon�s���^ftd\/^9_,`ba�c6^9e�`6h/a�ikjml7iknonopoh�^�a&��_�e&l]����`~j/^�� `6���y^
n�^�a�`bt�i6ags�j�h/^�a]�yikj��dt�a�s��ytdp�ikj`bt¡l5¢�£�¤�¥y�§¦¨no`�u6iks/t�i6�ftd\�^m_,efl©`6���y^
n�^�a�`bt�i6a¡�yik}wz�n�^yxª`6j�h�potd�w^yx{z|^�a�po}~^
j�td��po�~ckpo�6^
j�poj« pocks/ad^�¬��o­b�][]\�^�_,efl���ponqn®`6non�i��¯\�p�ck\°z�ad^
��po�dp�ikjm}~^
`6�ds/ad^
}w^
j!td����^yx�t�^
j�h�poj/c~td\/^��d�yi6zK^9i6�±td\/^^yx{po�dtdpoj/c3}~^
`6�ds/ad^
}w^
j!td�7��adik}²td\/^&�7`6�5`ba�`6j�h��7^
nono^g^yx{zK^�a�po}~^
j�td���0³´\�pon�^�td\/^&�µi6a�}w^�a5`ba�^gikj�n�u`6j�`6n�u{�dpoj/c3¶&·f`6j�h°¶ ÿ h�^
��`
u°}~i{h/^
����_,efl7r¡��ponqn�}~^
`6��s/ad^9`���poh/^�a5a�`6j�c6^fi6�¸����\�`6h/a�ikj°h/^
��`
u{�poj���nos�h�poj/cf¶f¹=��}~^
��ikj��5`6j�h î � �ºr�`badu6ikj��&��r�s�h����±[]\/^g_,efl7r�^yx{zK^�a�po}~^
j�t���pqnon/t�^
��t7td\/^&»{td`6j�h�`ba�h¼ i{h/^
n��º» ¼ �7t�i�potd�Vnopo}wp�td�5`6j�h�r|^�u6ikj�h®�/z�adi6r�pqj/c3�µi6a�j�^��T��\�u���po�����[]\/^�_�e&l§��pononKi6zK^�a�`bt�^�`bt�`��y^
j�t�ad^y�ºi6�µ��}w`6�d�&^
j/^�a�c6u°i6�5­y½�[,^�¾¿`6j�h;p�t]��pqnonKz�adi{h�s��y^��yiknqnopo�dp�ikj����p�td\�`wnq`badc6^9z�`badtdpq��n�^9}�s�n�tdp�z�nopq��p�t�u6��[]\�po�5zKik��^
�]`w��\�`6non�^
j/c6^�poj���\�`badc6^
h�z�`ba�tdpo��n�^ft�a�`6��À�poj�c�`6j�hpoh/^
j�tdp�Á���`btdp�ikj°��p�td\�poj¡td\/^�h/^�t�^
�yt�i6a&^
j!�{p�adikj�}w^
j!t��5[]\/^9r���\�`6h/adikj��]��ponon|rK^9z�adi{h�s��y^
h�z�ad^
h/ik}3�poj�`6j�tdn�uÂpqjª`B��i6ad�5`ba�h�`6j�h�r�`6�dÀ��5`ba�h��yikj�^6� _,efl7r���pqnonV\/i��7^��6^�a°��tds�h/uÂikj�n�u$ikj/^;i6�ftd\/^
��^�yikj/^
��� « i6a&td\�po��ad^
`6��ikjÃtd\/^3h/^�t�^
�yt�i6a9\�`6�grK^�^
j;h�^
�dp�ckj/^
h;`6�g`¡�dpqj/ckn�^y��`ba�}Ä��zK^
�yt�adik}~^�t�^�a&��p�td\`6j�`6j/cks�no`ba��yi��6^�a�`bc6^�i6�V­�Å�}~a�`6h¡t�i¡ÆbÅ6Åm�2¬6ÇbÅ!�/}~a�`6h�poj¡td\/^9rK^
j�h�poj/c°��j/ikj{�ºrK^
j�h�poj�c��±z�nq`6j/^6�[]\�po�±��\�`bz�t�^�a�pq��`6po}~^
hw`bt�ckp��{poj/cf`fr�a�po^��|h/^
���ya�p�z�tdp�ikj�i6�Ktd\/^�}�`6pojw_,efl7r�h�^�t�^
�yt�i6a7�yik}~zKikj/^
j�td���p�td\~��ik}~^]h�^�td`6pono�0i6�|td\/^
p�a±zK^�ad��i6a�}w`6j��y^
���0[]\/^Va�^
`6h/^�a�po�±poj���pot�^
h3t�i9c6iftd\/adiks/ck\wtd\/^Vad^���^�ad^
j��y^
��µi6a�}wi6ad^�h/^�td`6ponq���
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« p�cks/a�^�¬��o­bö3÷,ø{ù�úßûbü2ý�ù9þ�ûkÿbü������������
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[]\/^�_�e&l7r h/^�t�^
�yt�i6axw Æ�y�z�po�9��\/i���j poj « p�cks/a�^
�
point 1

point 7

I.P.

LHCb detector

Shielding Wall

Computer Farm

« pocks/ad^Ä¬��Ù¬�ö {V|�01	}�%����ù%
�ü 	��~/�	ºù"� �C>�
�ø{ùú,þJ�Q��ÿ!ù�
�ù���
<�bü�	��p
�ø{ù�-=��ÿ!ù�ü�ýküC��-@�|ÿ¯û6ü�ù�û
�Y���G� $,'�T�� 
ºû���ÿH�E>%�büD'!�#
�ù�ü#ûG��
�	6����T���	��#
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¬��Ù¬V`6j�h�¬��ÙÆ��0¦Â¾±^�adt�^yx9h/^�t�^
�yt�i6a5��¾&¢�_r�9�|z�nq`6�y^
h`badiks�j�h td\/^¡poj!t�^�a�`6�ytdp�ikjÂz|ikpqj!t�}~^
`6�ds/ad^
��t�a�`6��Àz�`ba�`6}~^�t�^�a���i6�±��\�`ba�c6^
hmz�`ba�tdpo��n�^
���7¦¯�du���t�^
}Äi6�t�a�`6�dÀ{poj/cB��td`btdpoikj��~ikj�rKi6td\��dpoh�^
��i6�&`ë}w`bckj/^�t��^�z�`ba�`bt�^
�0��\�`badc6^
h�z�`badtdpo��n�^
�,�µi6a�td\/^7ad^
�yikj���t�a�s��)�tdp�ikj3i6��td\�^Vt�a�`V�#^
�yt�i6a�p�^
��i6�K��\�`ba�c6^
hwt�a�`6��À�����[�\/^z�`badtdpo��n�^±poh�^
j!tdp�Á���`btdp�ikjfpo�®zK^�ad��i6a�}~^
hgr�u�tv��ig£�poj/c
� }w`bckpqj/c�l5e�^�ad^
j/À6i��w��£ � l5ef�Kh/^�t�^
�yt�i6a����'`6j�¢�n�^
�)�t�adik}w`bckj/^�tdpo��l5¦�_,i6a�po}~^�t�^�a���¢7l5¦g_¸�7��p�td\°`z�ad^
�d\/i*��^�a�h�^�t�^
�yt�i6a
�9`�e�`6h�adikjTl5¦g_ßi6a�po}w^�t�^�a��e&l5¦g_¸��`6j�h�`ë}�s/ikj�h�^�t�^
�yt�i6a
��[]\/^°£ � l5e�­h/^�t�^
�yt�i6aVpo��noi���`bt�^
h�rK^��µi6ad^�td\/^�}�`bckj/^�t�t�i3}~^
`6�ds�ad^�n�i*��}wik}~^
j!tds�}¿z�`badtdpq��n�^
����\�pon�^Vtd\/^�i6td\/^�ah/^�t�^
�yt�i6a��¸`bad^�zKik�dp�tdpoikj/^
hfh/i���j���t�ad^
`6}Ti6��td\�^�}w`bckj/^�t�t�i���`bz�tds/ad^7\�p�ck\f}~ik}w^
j!tds�}Tt�a�`6�dÀ{���±[]\/^poj���td`6nonq`btdp�ikj�i6��`6non¸h/^�t�^
�yt�i6a��&��ponon®ad^���s�p�a�^�­���}~ikj!td\��g`6j�hmtd\/^���\/ikno^�h/^�t�^
�yt�i6a�po��^yx�zK^
�yt�^
hÃt�ir|^V�yik}~z�n�^�t�^
h3r�u�td\/^5tdpo}~^5td\/^]_�e&lÂpq�0ad^
`6h/u�t�ifi6zK^�a�`bt�^]pqj3¬bÅ6ÅG��� ¼ ik��t±i6�|td\/^V^
n�^
�yt�a�ikj�po���±`6j�hikj�nopoj/^f�yik}~z�s/t�^�a]��`ba�}w�V��pqnon�rK^9\/iks���^
h°rK^
\�poj�h�td\/^���\�p�^
noh�pqj/c��5`6non®`6�]�{po�dpor�n�^&poj « p�cks/ad^�¬��Ù¬��
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<��
�ø{ù��{û
ý�ù�$



ã@� å�æ�ç;è7éëê�ì�ígîßï�ç�ðbñ�òóç{ô|õ

VELO

T1−T3
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�ø{ù�ü�ù������2�"
�ü!-_��
�ùdÿ�
�ü�û5�"�V��û���ÿ û����!	�ý��KùdÿóøG	�
��x	���û��´ù"/6ù"�#
�-;� 	+��ý�
�ø{ù
/6ùyü"
�ù���������û�
<�6üÃû���ÿ�
�ø{ù7
�ü�û5�%�V	���ý�� 
ºû�
�	6���2�%$ ÷,øG	}�g�/ûbü 
�	6�%-=��ûbü ù%/bù%�#
��!���#
ºû�	��2� �G�@� �3�büdùmøG	�
��

�ø�û��óû�/bù�ü#û
ý�ù�$
`BaC` kedg�,vR�?fE��c�vR�,t*��� fQt�u¢¡g£#qsv*¤gtNqR¥�u¢¡

� j�_�e&l7r,����\�`badc6^
h�z�`badtdpo��n�^�t�a�`V�#^
�yt�i6a�p�^
���/�d\/i*��j�poj « pocks/ad^g¬�� ½/�/`bad^�ad^
�yikj���t�a�s��yt�^
h�r�u~td\/^�¾±^�a��t�^yx h�^�t�^
�yt�i6a�z�no`6�y^
h `bt�td\/^�poj!t�^�a�`6�ytdp�ikjózKikpoj�t�`6j�hór�uëtd\�^�[�a�`6�dÀ{poj/c ��td`btdp�ikj��
��[]\/^�}�`bckj/^�tz�a�i��{poh/^
��rK^
j�h�poj/cmz|i*��^�a3��i6a~��\�`badc6^
h$z�`badtdpo��n�^
��t�ië`6non�i*� ��i6a3z�`badtdpo��no^�}~ik}~^
j�tds�}�}~^
`6�ds�ad^y�}~^
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¦r§�¦r§K¨ ©Fª<«,¬®­<¯�°i±s²®³Q¯2´

[]\�^g�5`ba�}©h�poz|ikno^�}w`bckj/^�t�w Æ�µHz®i6��td\/^f_�e&l7r°^yx{zK^�a�po}~^
j�t7z�adi��{poh/^
�5`3rK^
j�h�pqj/c�zKi��7^�aVi6�¸½�[]}��i6a�t�a�`6�dÀ{��i6a�pockpoj�`btdpoj/c��µadik}�td\/^�z�a�po}w`badu�poj�t�^�a�`6�ytdp�ikj�z|ikpqj!t��0[]\/^gh/^
�dp�ckjwpq��i6�®t��7i�t�a�`bzK^%¶�ikpoh�`6n�yikponq�,rK^
j�t�`bt¸½!Ç�h/^�c6a�^�^
���¸[�\/^��yikponq�,`bad^5}w`6h/^�i6�,­
Ç�pqj�h�p��{poh�s�`6n'`6nos�}�poj�pos�}�·#z�`6j���`bÀ6^
��¸&��td`6�dÀ6^
ht�i6c6^�td\/^�a��Ã[]\�^�c6^
j/^�a�`bt�^
hÂÁ�^
nqhópo��td\/^
jó��\�`bzK^
hó`6j�h cks�poh/^
hór�uB`6jÂp�adikjóu6i6À6^¡ikjó��\�po��\ótd\/^�yikponq�]`bad^�}~iks�j!t�^
h®�
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RF-foil

VELO silicon

sensors




« pocks/ad^w¬��ÙÇ�ög9_	+�
	6��������ù%�2�"�bü!�Â�	û�.���-=
?��	�
�ø:
�ø{ù
Ã�Ä >%��	���û�������ýÅ
�ø{ùÂ��ùdû�� û���	+�"$

 512
strips

 512
strips

 512
strips

 512
strips

R-measuring sensor

  40µm 
inner pitch

101.6µm outer pitch

 683 inner strips

Phi-measuring sensor

  35.5µm 
inner pitch

 1365 outer strips

 78.3µm pitch

 39.3µm pitch

 96.6µm pitch

 20  stereo angle0

 -10  stereo angle0
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`6�ds/ad^
}w^
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hmt�a�`6�dÀ{��z�`6�d�dpoj/c3td\/a�iks/ck\®����s�t]`6nonKt�i6c6^�td\/^�agtd\/^�u°`6non�i��§��i6at�a�`6�dÀëpoh/^
j�tdp�Á���`btdpoikjÃpqj;td\�^3`6j�cks�no`bafa�`6j/c6^3i6�&­
Ç±}~a�`6h t�imÆ�µbÅ�}~a�`6h®��¢�`6��\ó��td`btdp�ikjB�d\�i���jëpoj« pocks/ad^�¬��Æ�;�yikj��dpq��td��i6�Vikj�^�£²`6j�h ikj/^���\�p�}w^
`6�ds/a�poj�cm��^
j���i6a�i6�]a�`6h�pos���Æ'½�}�}°�m[]\/^���t�a�p�zz�`bt�t�^�a�jªikj�td\/^m£]����^
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`6�ds�a�poj/cÃ��^
j���i6a��3`bad^¡z�nq`6�y^
hÂs�z���t�ad^
`6} i6�]td\/^¡¾&¢�_r� t�ië`6�ytw`6�3`Ãz�pon�^y��s�zó�6^�t�i/� [�\/^�u��^
n�^
�yt5rK^
`6}©�yadik�d�dpoj�ck����p�td\�ikj�n�uwikj/^&z�z/��pqj!t�^�a�`6�ytdpoikj�r�u�a�^
�yikj���t�a�s��ytdpqj/c�td\�^D¶y�ºzKik�dpotdp�ikj�i6�,td\/^poj!t�^�a�`6�ytdp�ikj���t�i¡h�^�t�^�a�}wpoj/^�td\/^�j�s�}�rK^�a�i6��z�a�po}w`badu°poj�t�^�a�`6�ytdp�ikj�����p�td\�poj°ikj/^�r�s�j���\;�ya�ik�d�dpoj/c/�« i6a]`6j¡`
�6^�a�`bc6^f^��6^
j�t��/td\/^gad^
��iknos/tdpoikj�ikj�td\/^gz�a�po}�`badu3�6^�adt�^yx�poj�td\/^D¶y��h�p�ad^
�ytdpoikj�po��½!¬rÓß}²`6j�h­�Å�Óß}²zK^�adzK^
j�h�po��s�nq`ba�t�i~td\/^frK^
`6}°��[]\�^fz�ad^
��po�dpoikj�ikj°td\�^9h/^
��`
u°n�^
j/c6td\¡a�`6j/c6^
�V��adik} ¬6¬bÅQÓß}
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« p�cks�ad^�¬��È��ö3÷,ø{ùA�50Ö��û�.!ùyüJI<�où�>"

O�û���ÿx���|ù��"
�ùyüdù�����û�.!ùyüJI�ü!	�ýbø@

OÌ	+�ª÷V÷r$ � �_	�
��9û6ü�ù�	��:�%�3$

t�imÆ5�'ÅEÓß}¨h/^�zK^
j�h�poj/c�ikj td\/^wh/^
��`�uÃ��\�`6j�j/^
n0��\�po��\ �yi6adad^
�dz|ikj�h��gt�i�`°nop���^�tdpo}~^�ad^
��iknos/tdpoikjmi6�½kÅ±���V��i6a�`3tvu�z�pq��`6nß����}~^
��ikjmh�^
��`
u6�
¦r§�¦r§+× ÉDÍ5±RÑ5Ø�ªK³E²ÚÙ®´�±s´5ª<¬(³MÛ

[]\�^�t�a�`6��À�pqj/c~��td`btdp�ikj��5z�a�i��{poh/^�}w^
`6�ds/ad^
}~^
j�td�5i6�,t�a�`6�dÀ��yi�i6a�h�pqj�`bt�^
�7�µi6a]}~ik}w^
j!tds�}²h/^�t�^�a�}wp	�j�`btdpoikj°poj�td\/^9\/i6a�p�¶�ikj�td`6nKrK^
j�h�poj�c�z�no`6j�^gi6��td\/^9}w`bckj/^�t]`6j�h°�ds2Ü���p�^
j�t5ad^
��iknos�tdp�ikj��µi6a]z�`bt�t�^�a�jad^
�yi6ckj�p�tdp�ikj$pojBtd\�^��6^�adtdpq��`6n7�yi�i6a�h�pqj�`bt�^6�Ã[�\/^��du���t�^
}��yikj���po��td��i6�]�µiks�a�z�nq`6j�`ba�t�a�`6��À�pqj/cë��td`'�tdp�ikj���c6a�iks/zK^
h;`6�&`�[,a�poc6c6^�a&[�a�`6��À6^�a���td`btdp�ikj���[][���poj;�µa�ikj!tgi6��td\/^3h�p�zKikn�^�}�`bckj/^�tf`6j�hmtd\�ad^�^[�a�`6�dÀ{poj/c���td`btdp�ikj�����[�­)��[�Æk�5z�nq`6�y^
h�h/i���j���t�ad^
`6}°�å7ðbñ+º4º�ç�ð°å�ðH¹_\H¼�ç�ð[]\�^óadikn�^ói6�~td\/^ó[�a�p�c6c6^�a [,a�`6��À6^�aëpo��t�i�h/^�t�^�a�}wpoj�^Bt�a�`6j����6^�a���^ }~ik}w^
j!tds�} z�`ba�`6}~^�t�^�a��mi6���\�`badc6^
h t�a�`6��À��f`6j�h;t�i¡ad^
�yikj���t�a�s��ytgnoikj/c�nopo�6^
h;j/^
s�t�a�`6n,z�`badtdpo��n�^�t�a�`V�#^
�yt�i6a�p�^
�fh/^
��`
u{poj/c¡h/i*��j{���t�a�^
`6}¨i6��td\/^~¾&¢�_r���®[][ }w`
u `6no��i¡ad^
�yikj���t�a�s��yt9n�i*�V��}~ik}~^
j�tds�} z�`ba�tdpo��n�^
�&rK^
j!t&iks/t&i6��td\/^`6���y^�z�td`6j��y^�i6�{td\/^�^yx{zK^�a�po}~^
j�t®rK^��µi6a�^�ad^
`6��\�poj/cVt�a�`6��À�poj�c���td`btdp�ikj��ß[9­)��[�Æ��b��s/adtd\/^�aßh/i*��j���t�a�^
`6}°�[]\�^�^
j�tdp�ad^3[][¯��ponqnßrK^3^���s�poz�zK^
h���p�td\Ã�dponqpo�yikj;}�po�yadib����t�a�pozÃh/^�t�^
�yt�i6a��Ìw ½!¬Hz±��p�td\ `¡��t�a�p�zÃz�p�td��\i6�f­�µ�yrÓß} `6j�hB��t�a�p�zën�^
j�c6td\��fi6�5s/zBt�i;Æ6Æ±��}��w¢�`6��\ ��^
j���i6a�po�~­6­ß��} n�ikj�c�`6j�h����Æy±��} ��poh/^6�[]\�^�t�i6td`6n��ds/ad��`6�y^w`bad^
`¡i6��[�[ po�By��ÙÆ±}3Ýb��[�\/^�ad^~`bad^~��iks/afh/^�t�^
�ytdp�ikjBno`�u6^�a��fi6��td\/^~t��7i�t�u�zK^
�ponqnos���t�a�`bt�^
hÂpoj « p�cks/ad^°¬��È���$[]\/^�Á�a���t3`6j�h$td\/^¡��iks/adtd\$no`
u6^�aw\�`
�6^°�6^�adtdpo��`6n5a�^
`6h/iks/tw��t�a�poz´�µx��no`�u6^�a�������\�pono��t�td\/^~��^
�yikj�hë`6j�h td\/^3td\�poa�h;\�`
�6^w��t�a�poz���a�i6td`bt�^
hër�uÃ`°��t�^�ad^�i�`6j/ckno^�i6�,ÞfÇ�Ô�`6j�h�vÇ Ô ��ad^
��zK^
�ytdp��6^
n�u���s�`6j�hw�~no`�u6^�a�����poj~i6a�h�^�a�t�i�}~^
`6�ds/ad^�td\/^]u����yi�i6a�h�poj�`bt�^g`6j�h�}wpqj�po}wpo�d^7ck\�ik��tt�a�`6��À��
��[]\/^9nq`
u6^�a���`bad^9c6adiks/zK^
h°poj¡z�`6p�a��5��p�td\¡td\�^9t��7iwc6adiks/z���ÆbÅ���} `bz�`ba�t��
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« pocks/ad^�¬��Æy�ö Ä üC���4
�/�	ºù"�ÚI<�où�>"

O�û��|ÿÂ
<�!��/V	2ù%�eI�ü!	�ýbø@

Og�C>B���|ùw÷�ü�û5�"�H	+��ýÂ� 
ºû�
�	6���4$�|�	���ù"�2� 	����_�gûbüdùý�	�/bù"�7	��S���Â$

å�ðH¹_\H¼ßñ�ô(º�ß|õV¹/õ*ñ�]�ô®¿[]\/^3td\/ad^�^~t�a�`6��À�pqj/c���td`btdp�ikj���[9­b�,[�¬¡`6j�hë[�Æ¡`bad^~^���s�poh�po��td`6j�tdn�u�zKik�dpotdp�ikj/^
h `6n�ikj/c°td\/^~rK^
`6}z�p�zK^;rK^�tv��^�^
j§td\�^Bh/i���j���t�ad^
`6}E��`6�y^Bi6��td\�^ _�e&l5r }w`bckj/^�tm`6j�h´td\�^Ã^
j�t�a�`6j��y^ó��poj�h/i*� i6�£ � l5eg¬�� ¢�`6��\�t�a�`6��À�poj�c ��td`btdp�ikj��yikj��dpq��td�wi6�f��iks/a�h�^�t�^
�ytdp�ikj´no`
u6^�a�����p�td\�td\/^;��`6}~^[·=x/s/��x=¸t�i6z|iknoi6c6u�`6��td\/^Ã[�[Ä��td`btdpoikj�����[�\/^Ã�dtd`btdp�ikj����d\/i���j�poj « p�cks/ad^ ¬��Æy���`bad^ h�p��{poh/^
h�poj!t�iÂt��7it�a�`6�dÀ6^�a��
�¼ ik��t5i6�ßtd\�^g`6���y^�z�td`6j��y^fi6�®td\/^�t�a�`6�dÀ{poj/c~��td`btdp�ikj��7po�7�yi��6^�ad^
h�r�u~td\/^��&s/t�^�aV[�a�`6�dÀ6^�a�w ½!Æ�zK��t�a�`
�h/a�p���t#�ºtds/rK^�}~i{h�s�n�^
�
��¢�`6��\�}wi�h�s�n�^�po��Æ'½���} ��poh/^�`6j�h �yikj�td`6poj���t��7iëno`
u6^�a���i6����t�a�`
�²tds/rK^
�poj��dpoh�^�`°ck`6��tdp�ck\�t9rKi
xëÁ�non�^
hÃ��potd\ë`�h/a�p���t&ck`6��}wp�x�tds/a�^3à?á��<�bÇ5âw��ã�ä(å!�#­
Ç5â���ã�æ Ý �#­�ÅGâw����¦��td`6j�h�`ba�h$}~i{h�s�no^�po��}w`6h/^¡i6�D�'½ë��t�a�`
���3zK^�a~no`
u6^�a~��\�pon�^��d}w`6non�^�a3}~i{h�s�n�^
��i6�gÆ6¬;tds/rK^
�3`bad^z�no`6�y^
h°��\�^�ad^ftd\/^ft�a�`6��À�h/^
j��dp�tvu�po���d}w`6non®`brKi��6^�`6j�h°rK^
n�i��Ttd\/^ � j�j/^�a][,a�`6�dÀ6^�a&`6���y^�z�td`6j��y^6�
� j~�yikj�t�a�`6��t���td\/^ � j�j/^�a±t�a�`6��À6^�aDw ½!¬�z��yi��6^�a���ikj�n�u�­b�ÙÆ5â i6�|td\/^���^
j���p�tdp��6^V`bad^
`fr�s�t�`bz�z�adi�x{po}�`bt�^
n�u¬bÅGâÄi6��`6non¸��\�`badc6^
h z�`badtdpo��n�^
��c6i¡td\/adiks/ck\;td\�`bt&ad^�ckp�ikj®�f¢�`6��\ � j�j/^�ag[�a�`6��À6^�a���td`btdp�ikj po�g}w`6h/^i6�7��iks/a7·=x{s/��x2¸mno`�u6^�a���^���s�p�z�z|^
hÃ��potd\B�dponopq�yikjBh/^�t�^
�yt�i6a���`6����i6a�[�[¿i6�5��\�po��\ët��7i no`
u6^�a���`bad^pononos��dt�a�`bt�^
h�poj « p�cks/ad^&¬��Æµ���[]\/^&��^
j���p�tdp��6^�^
no^
}~^
j!td�5i6�,td\/^���iks/aVno`�u6^�a��7i��6^�a�no`bz°��p�td\�^
`6��\¡i6td\/^�a`6j�h$��p�td\$`6hH�d`6�y^
j!tx�&s/t�^�a�[�a�`6�dÀ6^�a�}~i{h�s�n�^
�3pojÂrKi6td\�\/i6a�p�¶�ikj�td`6nV`6j�h$�6^�adtdpq��`6n]h�p�ad^
�ytdpoikj®��`6��d\/i���j�po�Vpoj « p�cks/a�^�¬��Æy��
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« p�cks/a�^&¬��Æµ�ö�ú,û�.5��-2
M�C>B
�ø{ù¢��01�	û�.kù�üÂI<�où�>"

O3û���ÿJ
�ø{ùB� 
�ù�ü�ù��Â��û�.!ùyü3Iºü 	�ýbø;

Og	+�$÷®ç;$�|�	+��ù"�_�!	6���2�9ûbü�ùý5	+/6ù"�7	+�F�%� û���ÿ�üdù�>
ùyü�
<��
�ø{ù��
ù"�2� 	�
�	�/bù�� -�ü�>�û5��ùg�!��/bù�ü�ù�ÿ��".J
�ø/ùB'!�_�|ùyü�÷�ü�û5�"�kùyü%$
¦r§�¦r§éè êg¯_Í5ëC¬*ÍGìí±R³EÑ=¯

egp�td�g�µa�ik}Rtd\/^�¾&¢�_N��`6j�h;td\/^�t�a�`6�dÀ{poj/c¡��td`btdp�ikj��&`bad^3�yik}�r�poj/^
h;t�i���i6a�}Xtd\/^�z�`badtdpo��n�^�t�a�`V��^
�)�t�i6a�po^
�9��i6a�`6non�z�`badtdpo��n�^
�
� � h/^
j!tdpoÁ�^
hët�a�`6��À���`bad^�a�^�z�ad^
��^
j�t�^
hBr�uë��td`bt�^��6^
�yt�i6a���i6�5td\/^x�Â`6j�h�.�yi�i6a�h�poj�`bt�^
��t�i9td\/^�ad^��µ^�a�^
j��y^Dîy�®ÿ��%ï|ÿ�î�`6j�hwh*.!ïKÿ�î�td\/^]t�a�`6��Àw�dn�i6zK^Vpoj~td\/^��yi6adad^
��zKikj�h�pqj/c&z�no`6j/^`6j�heðNï��ótd\�^�poj��6^�a���^�z�`badtdpo��no^�}~ik}~^
j�tds�}°�K��\�po��\;po��zKik�dpotdp��6^�i6afj/^�ck`btdp��6^3h/^�zK^
j�h�pqj/cwikj;td\/^��\�`badc6^6�ó»�^��6^�a�`6n7��no`6�d��^
��i6�]t�a�`6�dÀ{��`ba�^�h/^�Á�j/^
hó`6���yi6a�h�poj/cÃt�i;td\/^¡j�s�}�rK^�a�i6��h/^�t�^
�yt�i6a���td\/^�uz�`6����td\/a�iks/ck\®� � jótd\/^���`6�d^�i6�]����}~^
��ikj$h/^
��`�u���td\/^�n�ikj/cmt�a�`6�dÀ{���±p2� ^6�°t�a�`6�dÀ{��t�a�`
�6^�a��dpoj/c;td\/^��s�non®t�a�`6�dÀ{poj/c¡��^�tds/zß�|`bad^�td\�^�}~ik��tgad^
n�^��b`6j�t���[]\/^����ºÁ�^
noh�i6��td\�^�}w`bckj/^�t&\�`6��rK^�^
j�i6z�tdpo}�po��^
ht�i°`6��\�p�^��6^�`�}~ik}~^
j�tds�}Xad^
��iknqs/tdp�ikj�i6��Å{�Æ�ñâ©��i6a&n�ikj/c�t�a�`6�dÀ{�3w ½;�Vzº��[]\�^�^%Ü���p�^
j��yumpoj�Á�j�h�poj/c`��yi6a�ad^
�yt�\�pot9`6j�hB\/^
j��y^�ad^
�yikj���t�a�s��yt�`°t�a�`6��ÀBpo�fi6�5td\/^wi6a�h�^�a9i6��µ'½ñâX��i6a�no`badc6^�}�s�notdp�z�nopo��pot�uh/^
��`�u����ds���\ `6�&¶iòôó4õVöM÷Sø¹ �f[]\/^�^%Ü���p�^
j��yu;po�gi��6^�a�µ�yEâR��i6agtd\�^�z�p�ikj����µadik}Ätd\/^~¶iòúùRùh/^
��`�u6�
`Ba1û ü��,vsqR¥�tQý�f~þ2�ÂfE¡DqR¥�ÿ3t��ñqY¥�u¢¡

�0`badtdpo��no^�poh/^
j�tdp�Á���`btdp�ikj°pq�5z|^�a��µi6a�}w^
h¡r�u�td\/^9��iknon�i*��poj/c3td\/ad^�^9h�^�t�^
�yt�i6ag��u{��t�^
}w�
ö
� []\/^5£�poj�c � }w`bckpoj/c�l5\�^�ad^
j/À6i����g^�t�^
�yt�i6a�����£ � lVe&��`bad^]}w`6pqj�n�u9s���^
h�t�i9��^�z�`ba�`bt�^]��\�`ba�c6^
hz�`badtdpo��no^
���/^
��zK^
��po`6non�u�À'`bikj���`6j�h°z�p�ikj�����[]\�^9£ � l5e¯��ponon|rK^9h/^
�d�ya�por|^
h°pqj°}~i6ad^�h/^�td`6pqnßpojl5\�`bz�t�^�a�Æ��
� []\/^�l5`6n�i6a�po}~^�t�^�a��Vpoh�^
j!tdp���u�\�p�ck\¡t�a�`6j����6^�a���^f^
j/^�adc6u¡z�`badtdpq��n�^
��ö0^
n�^
�yt�adikj��
��j/^
s/t�a�`6nKz�`badtdp	���n�^
����z�\�i6t�ikj������#ù ø i6ag\�`6h/adikj����
� ¼ s�ikj���\�`6}�rK^�a��]`bad^�s���^
h¡��i6a�}�s/ikj��Vpoh/^
j�tdp�Á���`btdpoikj®�
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« pocks/ad^�¬��o­�Å{öl94�yø{ù%�wû�
�	��[� 	�ÿ�ù¾/V	2ù%� �C>¾
�ø{ù
�±û�� �6ü!	���ù%
�ùyü��!.H� 
�ù%�3$

« p�cks/ad^°¬��o­6­bö���ù%�+�È�J��û�.5��-2
��C>�
�ø{ùx9=TE|��,TM|û���ÿ�
�ø{ùB)�� & ú´ÿ!ù%
�ù���
<�bü!�"$D)]û5��øÅ����-/û6ü�ù�üdùÖ�s0üdù ��ù%�#
��������)ù"���Æ�%$
¦r§+×r§K¨ �J±R­<¬(ÍGªKìí¯2´�¯_ÍGÛ

[]\/^9��`6n�i6a�pq}~^�t�^�a���`ba�^�h/^
��t�a�s��ytdp��6^9h/^�t�^
�yt�i6a�����\�po��\�poh/^
j�tdp���u�z�`ba�tdpo��n�^
�Vr�u�`br���i6adr�poj�c�td\�^
p�a]^
j{�^�adckp�^
��`6j�hm}~ik}~^
j�td`�pqj�`6�ytdp��6^�`6j�h°z�`6�d�dpo�6^�h/^�t�^
�yt�i6a&^
n�^
}~^
j�td���5[]\/^�_�e&l7r;��`6n�i6a�po}~^�t�^�a���`bad^}w`6h/^fi6�,��iks/a]h/^�t�^
�yt�i6a���`6�]�d\�i���j°poj « p�cks/a�^f¬��o­�Å{�7[]\/^�u�z�adi��{poh/^&\�p�ck\¡t�a�`6j����6^�a���^f^
j�^�adc6u6�������z�`badtdpo��n�^�poh/^
j�tdp�Á���`btdp�ikj�`bt�td\/^�^
`ba�n�u°_,Åwt�a�p�c6c6^�a�n�^��6^
n���\/^
j�td\/^�£ � l5e poj��µi6a�}�`btdp�ikj�po�]j�i6t�u6^�t`
�b`6pono`br�n�^6�[]\/^&»/��poj!tdpqnono`bt�i6a��0`6h��g^�t�^
�yt�i6a��º»{���9��poh�^
j!tdp�Á�^
����\�`badc6^
h¡z�`badtdpo��no^
��r�u�}~^
`6j���i6��­
Ç±}�}3�ºtd\�po��À�d��poj�tdponono`bt�i6a5tdpon�^
�5��\�po��\°`6nqn�i��§t�i��d^�z�`ba�`bt�^9z�\�i6t�ikj��5�µa�ik}©^
n�^
�yt�adikj��
��[]\/^9nop�ck\�t5z�adi{h�s��y^
h�r�u�`p�ikj�po�dpqj/c9z�`badtdpq��n�^�t�a�`��6^�a��dpoj�c�td\/^&tdpono^
��po�7�yiknon�^
�yt�^
h�r�uw³B`
�6^
no^
j/c6td\Ã»{\�p��µtdpqj/cfÁ�r�ad^
�&��³´_¸»��Dw ½!ÆHzº�[]\/^�ad^y�º^
}wp�t�t�^
hÃc6ad^�^
jënopock\!t&po��cks�poh/^
h;iks/td�dpoh�^�td\/^3h/^�t�^
�yt�i6a�`6���y^�z�td`6j��y^~t�i��5`ba�h��w­�����\�`6j�j/^
n¼ s�notdpo`6j/i{h/^f��\/i6t�i ¼ s�n�tdp�z�nop�^�a5[�s/rK^
��� ¼ `6� ¼ [��7�{po`~��n�^
`ba�z�no`6��tdpq��Á�r�ad^
���[]\/^3»/���¿po���µiknqn�i��7^
hÃr�u°td\/^���ad^
��\/i��7^�afh/^�t�^
�yt�i6a������9��`6j�h;�yikj��dpo��td��i6��`m­
¬�}w}3�ºtd\�pq�dÀ�n�^
`6hz�no`6j/^�z�no`6�y^
h pojÃ��adikj!t&i6�7`Ã­
Çb}�}3�ºtd\�po��ÀÃ�d��pqj!tdponqno`bt�i6a�z�no`6j/^6��[]\�^�n�^
`6h z�no`bt�^
�f`6non�i*�¯^
no^
�yt�adikj��t�i�poj�t�^�a�`6�yt�`6j�hm\/^
j��y^�z�adi{h�s��y^9`6j;^yx�t�a�`��d\/i*��^�a�r|^���i6ad^9a�^
`6��\�poj�c�td\/^�����poj!tdpqnono`bt�i6a]z�nq`bt�^
���7¦g�`~ad^
�ds�not7td\�^�u¡\�`
�6^�`wnq`badc6^�a]^
j/^�adc6u°h/^�zKik�dpot7td\�`6j°z�p�ikj��V\�^
j��y^9po}~z�a�i��{poj/c3td\/^9��^�z�`ba�`btdp�ikj®�[]\/^�¢�n�^
�yt�adik}w`bckj/^�tdpq��l5¦g_ßi6a�pq}~^�t�^�a���¢5l5¦�_0�5td\/^
j;}~^
`6�ds/a�^
�]td\/^�^
j/^�adc6u¡i6�±td\/^9^
n�^
�yt�a�ik}w`bcb�j/^�tdpo���d\/i��7^�a�����adik} z�\/i6t�ikj���`6j�hó^
no^
�yt�adikj���� []\/^¡�d\/i*��^�a��Ó��^
j/^�a�c6uópo���d`6}~z�n�^
hór�u h/^�t�^
�yt�i6a^
n�^
}~^
j�td�&��p�td\ `¡c6^�ik}~^�t�adu �d\/i*��jëpoj « p�cks/ad^w¬��o­6­b�3[]\/^~¢7l5¦g_ªpo�&��t�a�s��ytds/ad^
hÃt�i°ad^
��zKikj�h;t�itd\/^�h�p �|^�ad^
j�t�t�a�`6��À�h/^
j���p�t�u~`bad^
`6����p�td\�td\/ad^�^��y^
nqn���^
�ytdp�ikj���i6�ßh/^
�yad^
`6��poj/c�a�^
��iknos/tdp�ikjß�¸[]\�^��y^
nono�
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« p�cks/a�^�¬��o­
¬�ö�9s�yø{ù%�~û5
�	��x��û�.5��-2
��C>�
�ø{ù��%�%	��#
�	��+��û�
<�büx
�	+�où �¡û���ÿBûG�"�"�bü���ù�ü����C>x
�ø{ùwþJ� & úpIK��ù6> 

Oû��|ÿ3)�� & ú�I�ü!	�ýbø@

O#"K{$�&%"$

�dpé¶�^3`ba�^~½*Ò±½���}¨pojÃtd\/^~�y^
j!t�a�`6n0ad^�ckp�ikj®�(�YÒE����}¨pojÃtd\/^~}wpoh�h�no^9ad^�ckp�ikjë`6j�h$­
¬YÒ]­
¬���}¨poj;td\/^iks/t�^�a�ad^�ckp�ikjó��p�td\B`�t�i6td`6n�i6��Ç�µ�y'½ �y^
nono����[]\/^��y^
nqno������\/i���jópoj « p�cks/ad^�¬��o­
¬��0`ba�^�`6n�t�^�a�j�`btdpoj/cz�nq`6j/^
�fi6�5½�}w}3�ºtd\�pq�dÀën�^
`6hB�d\�^�^�td��`6��`br���i6adr�poj�c¡}�`bt�^�a�po`6n2�¸`6j�hó¬0}w}3�ºtd\�po�dÀë�d��poj�tdpononq`bt�i6aftdpon�^
���\�po��\°�d`6}wz�n�^ftd\/^9z�`badtdpo��n�^f�d\/i*��^�a�����[]\/^9��\/i��7^�a�^
j/^�a�c6u�ad^
�diknos/tdp�ikj°po��­�ÅGâ(' �*)g^�¾,+~­.-ÙÇ5â��[]\�^9e�`6h/a�ikj;l5¦gn�i6a�po}~^�t�^�a���efl5¦g_¸�5��`6}~z�n�^
�5td\/^fa�^
}w`6poj�poj�c3\�`6h/adikj��5��potd\ë­��±}w}©p�adikj°��\/^�^�tpoj�t�^�a���z�`6�y^
hB��p�td\B½�}w} �d��pqj!tdponqno`bt�i6a9tdpon�^
��`6��pononqs���t�a�`bt�^
hëpoj « pocks/ad^�¬��o­
¬���[]\/^�­y½G��y;�y^
nono��`bad^��z�ad^
`6h�poj�`V�7`�uftd\�`bt,td\�^�e&lV¦�_��y^
nonkrKiks�j�h�`ba�p�^
�|z�adiH��^
�yt,t�i�td\/^�¢5l5¦�_��y^
non6rKiks�j�h�`ba�p�^
���ß[�\/^�ad^`bad^�ikj�n�uÃt��7i;a�^�ckp�ikj��f��potd\ª­
ÆYÒ]­
Æ���} `6j�hó¬��YÒ�¬�����} �y^
non��dp�¶�^
�f��i6a�`6jó^
j/^�adc6uëad^
�diknos/tdp�ikj i6�
ybÅGâ(' �/)g^�¾�+3­�ÅGâ��
¦r§�×r§+¦ °10Q¬®³2��ÊQ±Rì*3,¯_Í;Û

¼ s/ikj��±`bad^7z�ad^
�d^
j!t±poj�}w`6j�u3l5������^
j��dp�tdpo�6^7����}~^
��ikj~h�^
��`
u{�±`6j�h�a�`bad^Vh/^
��`
u{�±��potd\�j/^��$z�\�u{�dpo���zKi6t�^
j�tdpo`6n2�°[,a�p�c6c6^�a�poj/cmikj }�s/ikj���`6j�hBtd\/^
poa�^%Ü���p�^
j�t�pqh/^
j!tdpoÁ���`btdp�ikjBpo��\/^
j��y^�`���s�j�h�`6}~^
j�td`6nad^���s�p�a�^
}~^
j!tV��i6a�_�e&l7r,�[]\�^w}�s/ikjë�du���t�^
} w ½6½5zº�,�d\�i���jëpoj « p�cks�ad^w¬��ÙÆ��¸�yikj���po��td�&i6�7Á��6^~t�a�`6�dÀ{poj/c;��td`btdp�ikj�� ¼ ­3t�i ¼ Ç��\�po��\ ad^
noumikjëtd\/^~zK^
j/^�t�a�`btdp��6^~zKi��7^�a9i6�7}�s/ikj��
�w[]\/^3Á�a���tf��td`btdpoikj ¼ ­�po�fh/^
h�po��`bt�^
hBt�i°td\/^t�a�`6j����6^�a���^y��}~ik}w^
j!tds�} �54 � �5}~^
`6��s/ad^
}~^
j�tVi6�0td\/^�}�s/ikj¡t�a�`6�dÀ�s���^
h°��i6a]td\/^9}�s/ikj°t�a�p�c6c6^�a�poj/c/�
� t��yik}�r�poj/^
�0`9¬bÅGâ�ad^
��iknos�tdp�ikj��µi6a±td\/^64
�K}~^
`6�ds�ad^
}~^
j�t±��p�td\3`&��td`6j�h{��`6n�ikj�^5}�s/ikj3t�a�`6��À�a�^
�yikj{���t�a�s��ytdp�ikj®�3[]\/^3ad^
}w`6pqj�poj/c��µiks�a&�dtd`btdp�ikj��9`bad^wpqj!t�^�a��dz|^�a���^
hÃ��p�td\ `6jBp�adikj �d\�p�^
noh;t�i�`bt�t�^
j�s�`bt�^
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« pocks/ad^Ã¬��o­
Æ�ö�94�yø{ù%�wû�
�	�� ÿ�	2û
ý6ü�û�� �C> û Ã ù"0
�!	+� 
�	�/bùFT,�	û�
�ù���ø�û��Ì��ù�ü���ø@����	���ý�
�ø{ù�� 		ý5��û��
	+��ÿ�-2�)ùdÿÚ�".�û:9 ø �yø�û6ü�ý�ù�	+�Ð
�ø{ùSã Ý<;3Ý ä å ï
ãMå ; ¥ ÅHï>=rä@?SIBA �DC5E
C �"O�ý!ûH�%$

Cathode pads

2.5mm

2.5mm

1.5mm
Anode wires

Detector ground

Guard trace

« p�cks/ad^ ¬��o­y½/ö 94��ø{ù"�wû�
�	6� ÿ�	2û
ý6ü�û�� �C> ���|ù
��ù%�2�!	�
�	�/bùZý!û!�GFQ����ù�ÿ ��	�
�ø à?áGõ�ã�æ Ý õ�ã�ä å
I Es�HC+�;�HC � � O 	+� ûU8S-=� 
�	JIÅ	�ü�ù¾TVüC� �=�bü"
�	����|û��
��ø�û��Ì��ùyü%$ )�û5�yø[��ø�û��Ì��ù�ü�	+���wûkÿ!ù:��>�>%��-{üý!û �#�������_�|ù���
�ùdÿ�	��J�{û�	�ü��%$

r�`6�dÀ�c6adiks�j�h �yikj�t�a�p�r�s�tdp�ikj���adik} \�`6h/adikj�����^
no^
�yt�adikj��&`6j�h;z�\/i6t�ikj����f[]\�^�^
n�^
�yt�adik}�`bckj/^�tdpo�~`6j�h\�`6h/adikj�pq����`6n�i6a�po}~^�t�^�a��9`6j�h td\/ad^�^wp�adikjÃÁ�not�^�a��&ckp��6^w`¡t�i6td`6n�`br��di6adrK^�aftd\�po�dÀ{j/^
�d�&i6�V¬bÅ�j�s���n�^
`bapoj!t�^�a�`6�ytdp�ikj{��n�^
j/c6td\��V�µi6a�`~t�i6td`6n,h/^�t�^
�yt�i6a&`bad^
`~i6�0½!Æ6Ç±}ÌÝ*�
K s���t�nop�À6^�td\/^7��`6n�i6a�po}w^�t�^�a���u{��t�^
}°�btd\/^7h/^�t�^
�yt�i6a0ad^
��zKikj�h��Kt�igtd\/^�no`ba�c6^��b`ba�po`btdp�ikj�i6�/z�`badtdpo��n�^ML�s{xr�u°�ds/r®h�po��poh�poj/cf^
`6��\Ã��td`btdp�ikj;poj�t�iw�µiks�a]ad^�ckp�ikj��]��p�td\�h�p �|^�ad^
j�tVz�`6h�h�po}~^
j��dpoikj����±£]^�ckp�ikj���`6j�hz�`6h��dpé¶�^
�,`bad^7�d��`6n�^
h�r�uf`]��`6�yt�i6a0t��7i���adik}Tikj/^�ad^�ckpoikj9t�i�td\�^�j/^yx{t���td`ba�tdpoj/c�`bt±¬6ÇbÅRÒ�ÆbÅ6Å�}�}°�*��i6a£]^�ckp�ikjß­b�7[V�7iwt�u�zK^
�Vi6�0t�^
��\�j/iknoi6c6u�`bad^�s���^
hmpoj¡i6a�h/^�a�t�i��yi6zK^9��p�td\¡td\/^��'`badu{poj/c~i{����s/z�`6j��yu�ö£]^
�dpo�dtdp��6^7��no`bt�^]l5\�`6}�r|^�a��7��£��7l]�,`6j�h ¼ s�notdp	�º³�poad^���adi6zKi6adtdp�ikj�`6n{l5\�`6}�r|^�a��7� ¼ ³��5l]���6[]\/^
p�az�a�poj���poz�n�^0i6��i6zK^�a�`btdp�ikj�`bad^5�d\/i���j�poj « p�cks/ad^
�0¬��o­
Æg`6j�h�¬��o­y½/�!ad^
��zK^
�ytdp��6^
n�u6� ¼ ³´�7lV�¸`ba�^7}~ik�dtdn�us���^
h ��i6aftd\/^3iks/t�^�a9ad^�ckp�ikj��&��\�pon�^��y^
j!t�a�^wad^�ckp�ikj��fs���^~£��7lV��^yx/�y^�z�t�pqj ¼ ¬¡`6j�h ¼ Æ���\/^�ad^~`}wp	x{^
h ¼ ³´�7l `6j�h�£��5l�ad^
`6h/iks/td��po�Vs���^
hß�[]\/^�}�s/ikj���ad^
�yikj���t�a�s��ytdp�ikj�^%Ü���p�^
j��yuw\�`6��rK^�^
j�^
�dtdpo}w`bt�^
h��µi6a5`���`6}~z�n�^]i6�ß¶gø· òoó4õVöñ÷�¹5`6j�hpo�±ikj�`��6^�a�`bc6^�µ'½/�ÙÆ5â `br|i*�6^�­�Å�)&^�¾,N'����p�td\w`�z�p�ikjw}�po�#��poh/^
j�tdp�Á���`btdpoikj3a�`bt�^�i6�ß¬��Æµ5â���[]\�po�±z�p�ikj}wpo�#��poh�^
j!tdp�Á���`btdp�ikj°��`6jmrK^9a�^
h�s��y^
h°r�u°td`bÀ�pqj/c�poj�t�i�`6���yiks�j�t�td\�^�£ � l5e `6j�hmtd\/^�l5`6n�i6a�po}~^�t�^�a����u��dt�^
}w�]h�`btd`{�
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[¸`br�n�^�¬��o­bö,|�û�
ºû�ü#û�
�ù"�z�B�*T � -@�yû
ý�ù�û���ÿJ�!-#��ÿ!ù%
�ù���
<�bü!��-@��ù�ÿ?>%�bü�
�ø/ù3ÿ�	 {&ùyüdù"�#
�
�ü 		ý*ý�ùyüB�où"/6ù"�È�"$
`Ba}| c�v*¥��?�?fEvR£

[]\�^�_�e&l7r ^yx�zK^�a�pq}~^
j!t���ponon�i6z|^�a�`bt�^�`bt~`6jÂ`
�6^�a�`bc6^mnqs�}wpoj/ik��p�t�uÃi6��¬YÒ]­�ÅH~�Ýß��}��#Ý)�<� ¥ �m³´p�td\td\�pq����\/ikpo�y^¡�dpoj/ckn�^�poj�t�^�a�`6�ytdp�ikj���h/ik}wpoj�`bt�^���\�pq��\B^
`6�d^
�3td\/^�^��6^
j�t~��^
n�^
�ytdp�ikjÂ`6j�h ad^
�yikj���t�a�s��)�tdp�ikjß�,�g�0td\/^�r|^
`6}Ä�yadik�d�dpqj/c~a�`bt�^�i6�±½kÅ ¼ e¢¶6��ikj�nouÃ­�Å ¼ e¢¶�z�adi{h�s��y^f�{po�dpor�n�^fpoj�t�^�a�`6�ytdp�ikj����|p2� ^6�poj�t�^�a�`6�ytdp�ikj���z�adi�h�s���poj/c9`bt5n�^
`6��t7t��7i~��\�`badc6^
h¡z�`badtdpo��n�^
����p�td\���s2Ü���p�^
j�t7\�p�td��poj�td\/^g¾g¢�_N�T`6j�h[9­)��[�Æ3��td`btdp�ikj��Vt�iw`6nqn�i��´��i6a]ad^
�yikj���t�a�s��ytdp�ikj®��[]\�^�adikno^gi6�¸td\/^f[�a�p�c6c6^�a���u{��t�^
}©po�7t�iw��^
no^
�ytVtd\/^poj�t�^�ad^
��tdpqj/c°^��6^
j!td��`6j�h n�i��7^�a9td\/^wa�`bt�^�h/i*��jët�im}w`6j�`bc6^
`br�n�^��yik}wz�s/tdpoj/c°`6j�hó��t�i6a�`bc6^¡��`bz�`'�r�pqnop�tdp�^
���±[�i�h/iw��i�td\/^9t�a�p�c6c6^�a�po�]h/^
�dpockj/^
h°`badiks�j�h�td\/ad^�^�n�^��6^
nq�]h�po��tdpqj/cks�po�d\�poj/c�}wpqj�po}�s�} r�po`6�^��6^
j�td�&�µa�ik}R^��6^
j�td�f�yikj!td`6pqj�poj/c�����}w^
��ikj��gr�u°a�^���s�poa�poj/c~td\/^�z�ad^
�d^
j��y^�i6��z�`badtdpo��n�^
����p�td\Ãno`badc6^t�a�`6j����6^�a���^�}wik}~^
j!tds�} `6j�h°td\/^�^yx{po�dt�^
j��y^9i6�0��^
�yikj�h�`badu¡�6^�adtdpq�y^
���[]\�^wÁ�a���tfn�^��6^
n�t�a�p�c6c6^�a¡��_ß^��6^
n	��Å!�9s���^
�ftd\/^���pon�^���zó¾±^�t�i;t�i;�ds/z�z�ad^
�d�&}�s�n�tdp�z�no^3pqj!t�^�a�`6�ytdpoikj����¢��6^
j!td�f`bad^���^
n�^
�yt�^
hÃr�`6��^
h;ikjÃtd\/^�a�^
�yikj���t�a�s��ytdpoikjmi6��td\�^�\�p�ck\�^
��t�t�a�`6j����6^�a���^�^
j/^�adc6u�\�`6h�adikj®�^
n�^
�yt�a�ikj°`6j�h�z�\/i6t�ikj��7poj�td\�^g��`6n�i6a�po}~^�t�^�a���t�i6c6^�td\/^�a]��potd\wtd\/^gt��7i~\�p�ck\/^
��t@4
�¸}�s/ikj�����adik} td\/^}�s/ikjwt�a�p�c6c6^�a ¼ ­b� � }~z�n�^
}~^
j�t�^
hw`6����`6��t�ikj{��h/^�t�^
�yt�i6a5^
n�^
�yt�adikj�po����p�t�n�i��7^�a���td\�^�h�`btd`9a�`bt�^���adik}½kÅ ¼ e¢¶�t�im­ ¼ e?¶6�[]\�^���^
�yikj�h;n�^��6^
n®t�a�p�c6c6^�a3��_ß^��6^
n	��­��Vad^
�yikj���t�a�s��ytd�]t�a�`6��À��gpoj°td\�^9¾g¢�_N� `6j�h�}w`btd��\�^
��td\/^
}Rt�i_,^��6^
n	��Å�}�s/ikj��5i6ag��`6n�i6a�po}~^�t�^�a��]��nos���t�^�a���� � t]pq�5td\/^
j�`br�n�^ft�i�poh/^
j�tdp��µu�td\/^9t�a�`6��À���`6j�h�}~^
`6��s/ad^td\/^
poa�}~ik}~^
j�td`{� ¼ ik}~^
j�td`�`ba�^�`6no��i�h/^
h�s��y^
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MaPMT R7600 : Quantum Efficiency vs. Photon Wavelength [nm]
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2) differentiated trigger
frame from APVm

B) zoom of 2)

C) as D) at end of APVm frame

1) APVm data frame photon signal & X−talk

ΩD) zoom of 4)−3) via 100    = "LVDS trigger"

of LVDS driver
3) & 4) + & − output
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Pixel signal ratio with row 4 for the z-direction (run 5865-5880)
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Pixel signal ratio with row 6 for the z-direction (run 5865-5880)
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Pixel signal ratio with row 4 for the y-direction (run 5906-5921)
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Pixel signal ratio with row 6 for the y-direction (run 5906-5921)
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MaPMTBASE Light

13mm/20mm

Shield

0.9mm

ù�Î�óFË_Ö7ÒIeIä�ú¸]º¼ hjC*D 6 Ü�EcD&H'F�[xý�ClJ'D�[2RbF�P-K�þ�QXR�HNC*D � F3� � h F�QSR � FEý"DA�
×°Ô�ÒqÎ�Ï�½.Ë_ÒAÏ�à�Ò°ÐDë-Í<Ô_ÒcÕ�Ô_ÐDÍ{ÐIà&¨ÝÍ<Ô�ÐIÑ_ÒqÕ@ÐFÚ<Î�Í<Î�ÐFÏ�òèÎ�Í<Ô�ÎnÏYÍ<Ô_Ò5Ú<Ô�Î�ÒAÌ�Ñ"Ô�¨DÚkÙ�ÒLÒAÏ	Ú{Í<Ë�Ñ.Î�ÒAÑsë�ÐDÖr¨�Ö<ÒAà�ÒAÚ7Ú
ÐDë�ô�c�¨DÏ�Ñ&ú�iõásá³òèÎ�Í<ÔNÖ<ÒAÚ<Õ�ÒAà�Í5Í{Ð(Í<Ô_Ò ÒAÏ�ÑðÐDëkÍ<Ô_ÒYÚ<Ô�Î�ÒAÌnÑ,ä�×°Ô_ÒYáYÒ"¨DÚ<Ë_Ö7ÒAáYÒAÏ Í<Ú5Ío¨��DÒAÏ:òèÎ�Í<ÔA¨
Ö<ÒAà�ÒAÚ7Ú5ÐDë�ÐFÏ�Ì�Þçú�iõásá³òkÒLÖ7Ò Ñ.Î�Ö<ÒAà�Í<Ì�Þ�à�ÐFásÕ�¨ÝÖk¨ÝÙ.Ì�ÒQòèÎ�Í<Ô�Í<Ô_ÒYáYÒ"¨DÚ<Ë�Ö<ÒAáYÒAÏBÍ<Ú5Ío¨��DÒAÏ:Î�Ï9î ô�cÝï+¨DÏ�Ñ
¨ÝÖ<Ò�àLÌ�ÐFÚ{ÒLÖ�Í{Ðn¨ Õ�Ö<ÒLë�ÒLÖ<Ö<ÒAÑ	Ú{ÐFÌ�Ë_Í<Î�ÐFÏ	ë�ÐDÖM¨Ka.Ï�¨DÌ@Ú{Þ)Ú{Í{ÒAá(ä{§�Ï"Í<Ô�¨ÝÍ°Ú{ÞIÚ<Í{ÒAáêÍ<Ô_Ò�Ú<Î�Ï_óFÌ�ÒqÙ�¨DÚ{Ò5òèÎnÌ�Ì�Ù@Ò
Ö<ÒLÕ�Ì\¨Dà�ÒAÑYÙIÞ�¨5Ù.Ì�ÒLÒAÑ_ÒLÖõÙ@Ð�¨ÝÖ7ÑYÚ{ÒLÖ � Î�Ï_ó�Ú{Ò � ÒLÖk¨DÌ$}�¨DÓ~}�×°Ú�Ú{Ð�Í<Ô�¨ÝÍ�Í<Ô_Ò°ÎnÏ�Ñ�Î � Î�Ñ�Ë�¨DÌ Ú<Ô�Î�ÒAÌ�Ñ.Ú¦¨ÝÖ7ÐFË�Ï�Ñ
Í<Ô_ÒK}�¨DÓ~}�×°ÚcÔ�¨ � Ò�Í{ÐsÒAÏ�Ñé¨ÝÍ°Í<Ô�Ò�Ö<Ò"¨ÝÖèÚ<ÎnÑ_Ò�ÐDë�Í<Ô�ÒD}�¨DÓ~}�×�ä

â��7#��Sk Ù¿n 1 Ú�É n�y�
xpsr�É nAv � É t8,2
 1 r

}�Ò"¨DÚ<Ë_Ö<ÒAásÒAÏ Í<ÚYÔ�¨ � Ò�Ù�ÒLÒAÏçáG¨DÑ_Ò	ë�ÐDÖQÍ<Ô_Ò � ÐFÌ�Ñd�9Û)ØFå�ô�cDø5ôFÜ�¨DÚ#òØÒAÌ�ÌÐ¨DÚ#Í<Ô�Ò � Ï_ÒLò �®Û)Ø���ô�c åõiFÜ
ë�ÐIàLË.Ú<Î�Ï_ó Í¼ÞIÕ@ÒDä@·�¨ÝÍo¨sòØÒLÖ<Ò�Ío¨��DÒAÏ�ë�ÐDÖèÍ<Ô_Ò�áYÐFÚ{Íèà�Ö�Î�Í<Î�à&¨DÌ,à&¨DÚ{Ò#ÐDëOÌ�ÐFÏ�óFÎ�Í<Ë�Ñ�Î�Ï�¨DÌ�áG¨ÝóFÏ�ÒLÍ<Î�àÚa�ÒAÌ�Ñ.ÚLä
×°Ô�ÒNáYÒ"¨DÚ7Ë_Ö<ÒAáYÒAÏBÍ<Ú�¨ÝÖ<ÒNÚ7Ë�ásáG¨ÝÖ7ÎnÚ{ÒAÑ Î�ÏMù�Î�óFË_Ö<ÒAÚ eIä�ú�e»¨DÏ�Ñ�eIä�úAíaë�ÐDÖ�Í<Ô_Ò � ÐFÌ�Ñd�º¨DÏ�Ñ � Ï�ÒLò��
Í<Ë_Ù@ÒQÖ<ÒAÚ{Õ@ÒAà�Í<Î � ÒAÌ�Þ�Î�ÏNÍ<Ô_ÒYà&¨DÚ{Ò ÐDëÐ¨DÏ�Ë�Ï�Ú7Ô�Î�ÒAÌ�Ñ_ÒAÑ×}�¨DÓ~}�×¸¨DÚ@¨	Ö<ÒLë�ÒLÖ<ÒAÏ�à�ÒD÷-ÎnÏ�Í<Ô_ÒYà&¨DÚ{ÒYÐDë�Í<Ô_Ò
¨ÝÕ�Õ�Ì�Î�à&¨ÝÍ<Î�ÐFÏ(ÐDë{¨"Ú<Î�Ï_óFÌ�Ò�Ú<Ô.Î�ÒAÌ�Ñb¨DÏ�Ñ a.Ï�¨DÌ�Ì�Þ"ë�ÐDÖcÍ<Ô_Ò�¨DÑ�Ñ.Î�Í<Î�ÐFÏ�¨DÌ¾¨ÝÕ�Õ�Ì�Î�à&¨ÝÍ<Î�ÐFÏ(ÐDë{¨sÚ<ÒAà�ÐFÏ�Ñ�Ú7Ô�Î�ÒAÌ�Ñ,ä
×°Ô�Òá}�¨DÓW}�×KòèÎ�Í<ÔNÍ<Ô_ÒYÏ_ÒLò ë�Ð)àLË�Ú<Î�Ï_ó	Ì\¨AÞDÐFË�Í�Û)Ø���ô�c å¥iFÜ5Î�Ú5Ú<ÌnÎ�óFÔ Í<Ì�Þ]áYÐDÖ<ÒYÚ{ÒAÏ�Ú<Î�Í<Î � Ò Í<Ô�¨DÏNÍ<Ô_Ò
ÐFÌ�Ñ"Í¼ÞIÕ@Ò Û)ØFå°ô�cDøqôFÜ�÷_ÒDä ó_äT¨ÝÍõä úfc�ás× Í<Ô_ÒqÚ7Î�óFÏ�¨DÌ�ë�Ök¨Dà�Í<Î�ÐFÏ"ë�ÐDÖkÍ<Ô_ÒqÐFÌ�Ñ5¨DÏ�Ñ�Ï�ÒLòMÍûÞBÕ@Ò5Î�Ú�Ö<ÒAÑ.Ë�à�ÒAÑ
Í{Ð:9²í�clÆ�¨DÏ�Ñ*9�e�clÆ	÷�Ö<ÒAÚ{Õ@ÒAà�Í<Î � ÒAÌ�ÞDä]×°Ô_Ò"Ñ.Î
×�ÒLÖ7ÒAÏ�à�Ò�Î�ÏçÚ{ÒAÏ�Ú<Î�Í<Î � Î�ÍûÞ�¨DÌnÚ{Ð � ¨DÏ�Î�Ú<Ô�ÒAÚ�òèÔ_ÒAÏq¨DÏ
Î�Ï.Ñ�Î � Î�Ñ�Ë�¨DÌ�6@ã¼áYÒLÍo¨DÌØÚ<Ô�Î�ÒAÌ�ÑaÎ�ÚV¨ÝÕ�Õ.ÌnÎ�ÒAÑ,äc§�Ï:Ù@ÐDÍ<Ôçà&¨DÚ{ÒAÚL÷{¨�Ú<Î�óFÏ�¨DÌ�ë�Ök¨Dà�Í<Î�ÐFÏaÐDë;9�í�clÆ ÎnÚ�ë�ÐFË�Ï�Ñ
ë�ÐDÖcáG¨ÝóFÏ�ÒLÍ<Î�àÚa�ÒAÌ�Ñ.ÚéÐDëÐä�ô�c�ás×ñ¨DÏ�Ñ]Í<Ô_Ò�Í¼òØÐ�ÍûÞBÕ@ÒAÚ�Ù@ÒAÔ�¨ � Ò#Ú<ÎnásÎ�Ì\¨ÝÖ7Ì�ÞsË_Õ]Í{Ð�ä úfc�ás×�ä�ù_ÐDÖcÍ<Ô_Ò
à&¨DÚ{ÒQÐDë{¨�ú�iõá�á²Ö<ÒAà�ÒAÚ<ÚA÷.Í<Ô_Ò�ÌnÎ�ásÎ�Í�ÐDë{¨�úfclÆ Ñ_Ö<ÐDÕ�Î�Ï(Í<Ô_Ò�Ú7Î�óFÏ�¨DÌ,ë�Ök¨Dà�Í<Î�ÐFÏ�Î�Ú°Ö<Ò"¨Dà�Ô_ÒAÑ�¨ÝÍa¨ÝÙ@ÐFË_Í
ä@È�ás×�ä.ù_ÐDÖ5Í<Ô_ÒQà&¨DÚ{Ò�ÐDë+¨�ô�c�ásá Ö<ÒAà�ÒAÚ<ÚcÍ<Ô�Î�ÚcÌ�Î�ásÎ�Í�Î�ÚèÖ<Ò"¨Dà7Ô�ÒAÑ�Ù@ÒLÞDÐFÏ�ÑÀä úfcõás×�ä�øéÍAä úfc�ás×
Í<Ô_Ò#Ú<Î�óFÏ�¨DÌ@ë�Ök¨Dà�Í<Î�ÐFÏ]Ñ�Ö<ÐDÕ.ÚéÙIÞ�¨ÝÙ@ÐFË_Í�e�Æ�ä
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Normalised signal fraction against field Tube 9C20A2
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Normalised 
signal fraction against field Tube 9C20A2 - zoom in

ùOÎ�óFË_Ö<ÒKeIä�ú�eÍ¼@ç KIP�EGF�[ëJ�ý"DoR�ý�J2gIQSFI[,L0P-FlB"H$J)K�QcL&K�PnHUþ � DnÝ�à¦ß*Ñ"�@ß � J$HNC�F�QSR � JNHNC�K�þ*H,ýkClJ'D�[2R�JNQ,g�FEýGF
L-þ*QSB3H$J$K�Q�K-LVHNC*D�EGF"g�QXD&H$J)BÐÛ�D�[2R�	�L&K�PVHNC*D`L-þ*[N[7P-F�Q�g,D � H'K0YlÔpF�QSR"<"K"KIEGDkR5J�QSH'KcHNC*D ä á � E�h»P�F�Q,g�D
��� K�H)H'K�EfÔÝ�

�kÞ©¨ÝÕ�Õ�Ì�ÞIÎnÏ_ó�¨�Ú<ÒAà�ÐFÏ�Ñ Ú<Ô�Ò"¨ÝÍ<Ô&ÐDë=6@ã¼áYÒLÍo¨DÌ�ÐFÏ_Ò�ÎnÏ�à�Ö<Ò"¨DÚ{ÒAÚYÍ<Ô�Ò]áG¨ÝóFÏ_ÒLÍ<Î�àb½�Ëû�çòèÔ.Î�à7Ô&à&¨DÏ Ù�Ò
Ñ_Ök¨AòcÏq¨+ò�¨+Þaë�Ö<ÐFá Í<Ô�Ò"Õ@ÐFÚ<Î�Í<Î�ÐFÏ�ÐDë°Í<Ô_Ò }�¨DÓ~}�× ¨DÏ�ÑçÍ<ÔIË�Ú�ÐFÏ�Ò"Ò¸�)Í{ÒAÏ�Ñ�Ú#Í<Ô_Ò	Ök¨DÏ_óDÒ	ÐDëõa�ÒAÌ�Ñ�Ú
Ë�Ï�Ñ_ÒLÖcòèÔ�Î�à�Ô�Î�Íqà&¨DÏNÙ�Ò#ÐDÕ@ÒLÖk¨ÝÍ{ÒAÑ,ä5øcÚcÍ<Ô_Ò Ú{ÒAà�ÐFÏ�ÑðÚ<Ô�Î�ÒAÌnÑ�Ô�¨DÚf¨"ÌÀ¨ÝÖ<óDÒLÖqÑ.Î\¨DáYÒLÍ{ÒLÖ�Î�ÍcÚ7Ô_ÐFË�Ì�Ñ�Ù�Ò
Ì�ÒAÚ<ÚcÒLÿ�àLÎ�ÒAÏBÍcÍ<Ô�¨DÏ�Í<Ô_ÒDa�Ö7Ú{ÍqÚ<Ô�Î�ÒAÌ�Ñ�ä°×°Ô�Î�Ú°ÎnÚ � Î�Ú<Î�Ù�Ì�Ò�Î�Ï�ù�Î�óFË�Ö<ÒKeIä�ú�eIäA¹èÐ�Ú<Î�óFÏ.Îba.à&¨DÏBÍcÑ�Î
×@ÒLÖ<ÒAÏ�à�Ò
Î�Úqë�ÐFË�Ï.ÑNÎnÏðÍ<Ô_Ò Ök¨DÏ_óDÒhä úfc�á�×ýòcÔ_ÒLÖ<Ò Í<Ô_Òáa�Ö7Ú<ÍqÚ<Ô�Ò"¨ÝÍ<ÔW¨DÌ�Ö<Ò"¨DÑ_Þ�Õ�Ö<Ð � Î�Ñ�ÒAÚcÒLÿ"àLÎ�ÒAÏ Í�Ú7Ô�Î�ÒAÌ�Ñ�ÎnÏ_ó_ä
�kÒLÞDÐFÏ.Ñ]Í<Ô�¨ÝÍ�Í<Ô_Ò�Ú<ÒAà�ÐFÏ�Ñ]Ú<Ô_Ò"¨ÝÍ<Ô�Î�áYÕ�Ö<Ð � ÒAÚ�Í<Ô_Ò�Í{ÐDÍo¨DÌ�Ú7Ô�Î�ÒAÌ�Ñ�ÎnÏ_ó�Õ@Ð+òØÒLÖ°Ù.Ë�ÍéÎ�Í°Ñ_ÐBÒAÚ�Ï�ÐDÍèÑ_ÐFË_Ù.Ì�Ò
Í<Ô_Ò�Ök¨DÏ_óDÒ�ë�ÐDÖ°òèÔ.Î�à7Ôb¨sà�ÒLÖ7Ío¨DÎ�Ï�Ì�Ò � ÒAÌ�ÐDëOÚ<Î�óFÏ�¨DÌ@ë�Ö�¨Dà�Í<Î�ÐFÏ]à&¨DÏ]Ù@ÒV¨Dà�Ô�Î�Ò � ÒAÑ,ä
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Total Number of Entries against field Tube 9K20C3
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Total Number of Entries against field Tube 9K20C3 - zoom in

ù�Î�óFË_Ö7ÒKeIä�úAíÍ¼�ç K�P0EGF�[eJTý&DkRKý0J
g�QSF�[�L�P�F�B3H$J$K�QpL�KIP�HUþ � DGÝ3Þ
ß�ÑTà%Ï � JNHNCAF�QSR � J$HNC�K�þTH1ý�ClJ'D�[2R�J�Q�g�FEýnF
LÄþ*QSB"H$J)K�Q�K-LVHNC*D�EGF"gIQXD"H$J$BÐÛ�D&[
R�	�L�K�PVHNCTD+LÄþ*[�[¾P�F�Q,g�D � H'K�YlÔpFIQSR><"K"K�EcDkR5J�Q�H'KpHNC*D ä á � E�h»P�F�Q,g,D
��� KIH)H'K�EfÔD�

§�ÏðÍ<Ô_ÒYÎ�ÏBÍ{ÒLÖ<ÒAÚ{Í<Î�Ï_ó	Ö<ÒLóFÎ�ÐFÏNÐDëWa�ÒAÌ�Ñ�ÚqòèÎ�Í<Ô.Î�Ï ä úfc�ás×WÍ<Ô_Ò Õ�ÐFÚ7Î�Í<Î � ÒQÒ�×�ÒAà�Í�ÐDë�¨�Ö<ÒAà�ÒAÚ<Ú5ÐDëØô�c�ásá
Î�Ï(à�ÐFásÕ�¨ÝÖ7Î�Ú{ÐFÏ	òèÎ�Í<Ô5¨ Ö7ÒAà�ÒAÚ<Ú�ÐDëéú�iõásá�Î�Ú�áQË�à7Ô(ásÐDÖ<Ò�ëN¨ � ÐFË_Ök¨ÝÙ.Ì�Ò�Í<Ô�¨DÏ�Í<Ô_Ò@¨DÑ�Ñ�Î�Í<Î�ÐFÏ"ÐDëOÒ¸�)Í{Ök¨
Ú<Ô.Î�ÒAÌ�Ñ�Î�Ï�ó#áG¨ÝÍ{ÒLÖ7ÎÀ¨DÌ!ä � Ï�Ì�ÞsÎ�ë-Í<Ô_Ò5ÒAÏ � Î�Ö7ÐFÏ�áYÒAÏBÍØÕ.Ö<Ð � Î�Ñ_ÒAÚ�a�ÒAÌnÑ�ÚØÙ�ÒLÞDÐFÏ.Ñ äYúfc�ás×hòØÐFË�Ì�Ñ	Í<Ô�Î�à=�DÒLÖ
Ú<Ô.Î�ÒAÌ�Ñ�ÚéÔ�¨ � Ò�Í{ÐsÙ@Ò�Î�Ï�à�ÐDÖ7Õ�ÐDÖ�¨ÝÍ{ÒAÑ�Í{ÐsÍ<Ô_Ò�Ñ_ÒAÚ7Î�óFÏ�ÐDë�Í<Ô_Ò�æM§<åéâýÕ.Ô_ÐDÍ{Ð)Ñ_ÒLÍ{ÒAà�Í{ÐDÖ7ÚLä
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}�¨DÓ~}�×°Ú%¨ÝÖ<ÒéáYÐFÚ{Í�Ú{ÒAÏ�Ú7Î�Í<Î � Ò�Í{ÐqÒ¸�)Í{ÒLÖ7Ï�¨DÌ)áG¨ÝóFÏ_ÒLÍ<Î�àWa�ÒAÌ�Ñ.Ú�Õ@ÒLÖ<Õ@ÒAÏ�Ñ�Î�àLË.Ì\¨ÝÖ@Í{ÐqÍ<Ô�ÒkÒAÏBÍ{Ö<Þ�òèÎnÏ�Ñ_Ð+ò�ä
åØÐFáYÕ�¨ÝÖ<ÒAÑ	Í{Ð Í<Ô�¨ÝÍéÍ<Ô_Ò5Ú{ÒAÏ�Ú<Î�Í<Î � Î�Í¼ÞYÍ{ÐYáG¨ÝóFÏ_ÒLÍ<Î�à¶a�ÒAÌnÑ�ÚÐ¨DÌ�ÐFÏ_ó#Í<Ô�ÒqÕ@ÒLÖ<Õ@ÒAÏ�Ñ.Î�àLË�Ì\¨ÝÖ+¨��)ÒAÚ�Î�ÚØÚ<áG¨DÌ�Ì!ä
×°Ô_Ò�Ì�ÐFÚ<Ú°ÐDë�Ú7Î�óFÏ�¨DÌ,ë�Ök¨Dà�Í<Î�ÐFÏ]ÎnÚ�Ù@ÒAÌ�Ð+ò úfclÆ�ë�ÐDÖqáG¨ÝóFÏ_ÒLÍ<Î�à�a�ÒAÌ�Ñ�Ú°Ë�Õ(Í{Ð	ô�c�ás×
Û!ô�c�c5¿�ÜM¨DÏ�Ñ]à&¨DÏ
Ù�ÒqÏ_ÒLóFÌ�ÒAà�Í{ÒAÑ,äk×°Ô_Ò5Ì�ÐFÚ<ÚkÐDë-Ú<Î�óFÏ�¨DÌ�Î�Ï"Í<Ô_Ò5Ì�ÐFÏ_óFÎ�Í<Ë�Ñ.Î�Ï�¨DÌºa�ÒAÌnÑ"Î�ÚkÕ�Ö<ÒAÑ�ÐFásÎ�Ï�¨DÏBÍ<Ì�ÞYÑ�Ë_ÒcÍ{ÐQÒAÌ�ÒAà�Í{Ö<ÐFÏ�Ú
Ì�ÐFÚ{Í°Ù@ÒLÍ¼òØÒLÒAÏ]Í<Ô�Ò�Õ.Ô_ÐDÍ{Ð)à&¨ÝÍ<Ô_Ð)Ñ_Ò�¨DÏ�Ñ(Í<Ô�Ò�ÒAÏ Í{Ö7Þ	òcÎ�Ï�Ñ_Ð�ò ÐDëOÍ<Ô�Ò�Ñ_Þ)Ï_ÐIÑ�Ò5Ú<Í{Ö7Ë�à�Í<Ë_Ö<ÒDäØøKÚ<áG¨DÌ�Ì�ÒLÖ
ë�Ök¨Dà�Í<Î�ÐFÏYÎ�ÚõÌ�ÐFÚ{ÍõÑ�Ë_ÒéÍ{ÐV¨qÖ<ÒAÑ�Ë.à�Í<Î�ÐFÏYÎ�Ï Ú<Î�óFÏ�¨DÌIó�¨DÎ�Ï�÷FÎ!ä ÒDäDÒAÌ�ÒAà�Í{Ö<ÐFÏ�Ú�Ì�ÐFÚ{Í�ë�Ë�Ö<Í<Ô_ÒLÖõÑ_Ð+òcÏ Í<Ô_Ò�Ñ_ÞIÏ�ÐIÑ_Ò
à7Ô�¨DÎ�Ï�äO×°Ô�Ò°Ú<Î�óFÏ�¨DÌ_Ì�ÐFÚ7ÚõÎ�Ú�Ï_ÐDÍ�Ë�Ï.Î�ë�ÐDÖ�áýÐ � ÒLÖ�Í<Ô_ÒcÚ{ÒAÏ�Ú<Î�Í<Î � Ò�¨ÝÖ7Ò"¨�ÐDë�Í<Ô�Ò�Í<Ë_Ù@ÒDä�×èÔ_Ò�áYÐFÚ{Í`¨;×@ÒAà�Í{ÒAÑ
à7Ô�¨DÏ�Ï�ÒAÌ�Ú`¨ÝÖ<ÒcÍ<Ô_Ò°Í{ÐDÕ�¨DÏ�ÑsÍ<Ô�Ò°Ù@ÐDÍ{Í{ÐFá Ö<Ð�òèÚkÐDë�Í<Ô�ÒèÍ<Ë_Ù@Ò#Û$âf¨DáG¨DáG¨ÝÍ<Ú<Ë	à7Ô�¨DÏ�Ï_ÒAÌ.ÌÀ¨ÝÙ�ÒAÌnÌ�Î�Ï_óBÜ�ä�¹èÐ
Ú<Î�óFÏ�ÚéòØÒLÖ<Ò�ë�ÐFË�Ï�Ñ�ë�ÐDÖèÚ{Õ.ÎnÌ�Ì�ãÄÐ � ÒLÖ°ÎnÏ�Ñ�Ë�à�ÒAÑ�ÙIÞ"Í<Ô�Ò�áG¨ÝóFÏ_ÒLÍ<Î�àAa.ÒAÌ�Ñ,ä
�kÞ�Ö7ÒAþBË�Î�Ö7Î�Ï_ób¨�ác¨��)Î�áQË�á�¨ � ÒLÖk¨ÝóDÒ(Ú<Î�óFÏ�¨DÌ�Ì�ÐFÚ<Ú�ÐDë�úfcÐÆT}�¨DÓW}�×°ÚQÏ_ÒLÒAÑ®Ú<Ô�Î�ÒAÌ�Ñ.Î�Ï_ó�ë�ÐDÖQÌ�ÐFÏ_óFÎ�ã
Í<Ë�Ñ�Î�Ï�¨DÌõác¨ÝóFÏ_ÒLÍ<Î�à^a.ÒAÌ�Ñ�Ú�ÒAþIË�¨DÌõÐDÖ Ì\¨ÝÖ<óDÒLÖ#Í<Ô�¨DÏçôIä c�á�×�ä-âcÐ+òØÒ � ÒLÖA÷õÍ<Ô_Ò�à�ÒAÏBÍ{Ö<Ò	Ö<Ð+òèÚ
¨ÝÖ<Ò"þIË�Î�Í{Ò
Î�Ï�Ú{ÒAÏ�Ú7Î�Í<Î � Ò(Í{Ð&áG¨ÝóFÏ_ÒLÍ<Î�à×a�ÒAÌ�Ñ.Ú�Ë_ÕMÍ{Ð�eIä ckás× ¨DÏ�ÑEáYÐFÚ{Í	ÐDë�Í<Ô_ÒNÌ�ÐFÚ<Ú{ÒAÚ5¨ÝÖ<ÒðÎ�Ï?Í<Ô�Ò�Í{ÐDÕ?¨DÏ�Ñ
Ù�ÐDÍ{Í{ÐFá Ö<Ð+òcÚ°òèÔ�Înà7Ôé¨ÝÖ<Ò
¨DÌ�Ö<Ò"¨DÑ_Þ(Ú{ÒAÏ�Ú7Î�Í<Î � Ò�Í{Ð"ác¨ÝóFÏ_ÒLÍ<Î�àÚa�ÒAÌnÑ�Ú�ÐDë�úÝä c�ás×�ä�×°Ô_Ò�áG¨ÝóFÏ_ÒLÍ<Înà�a�ÒAÌ�Ñ
Î�Ï Í{ÒLóDÖ�¨DÌ,¨ÝÍ�Í<Ô_ÒØÕ.Ô_ÐDÍ{Ð)Ñ_ÒLÍ{ÒAà�Í{ÐDÖõÕ.Ì\¨DÏ�Ò�ÐDë.æM§<åéâQúkÎnÚ-Ò¸�)Õ@ÒAà�Í{ÒAÑ#Í{ÐqÙ@ÒØôIä8e�ás×q¨DÏ.ÑK}�¨DÓW}�×°Ú�Ô_ÒAÏ�à�Ò
Ï_ÒLÒAÑC6@ã¼áYÒLÍo¨DÌ�Ú<Ô�Î�ÒAÌ�Ñ.Î�Ï_ó�Í{Ð"Ú{Ío¨AÞ�Ù@ÒAÌ�Ð+ò Í<Ô_ÒV¨ � ÒLÖk¨ÝóDÒ�úfclÆêÖ7ÒAþBË�Î�Ö<ÒAÑ�Ì�ÐFÚ<ÚLä@
�ÿ�àLÎ�ÒAÏBÍ°Ú<Ô�Î�ÒAÌnÑ�Î�Ï_ó#ÐDë
Í<Ô_Ò¶}�¨DÓW}�×Mà&¨DÏ"Ù@ÒèÕ�Ö7Ð � Î�Ñ_ÒAÑYòèÎ�Í<ÔG¨Dc)ämØ�ásá Î�Ï.Ñ�Î � Î�Ñ�Ë�¨DÌD6@ã¼áYÒLÍo¨DÌ�Ú<Ô�Î�ÒAÌ�Ñc¨DÏ�ÑsÍ<Ô_ÒcÐDÕ@ÒLÖk¨ÝÍ<Î�ÐFÏ�¨DÌ
Ök¨DÏ_óDÒéÐDë.Í<Ô_ÒéÍ<Ë_Ù@ÒAÚ�à&¨DÏ Ù@ÒkÒ¸�)Í{ÒAÏ�Ñ_ÒAÑQÍ{Ð�Ô�Î�óFÔ_ÒLÖOác¨ÝóFÏ_ÒLÍ<Î�à~a�ÒAÌ�Ñ�ÚAä ¾ Î�Í<Ôn¨qÖ<ÒAà�ÒAÚ<Ú�ÐDë.Í<Ô�Ò¥}�¨DÓW}�×
òèÎ�Ï�Ñ_Ð�ò ÐDë�ú�i�ásá Í<Ô_Ò5¨ � ÒLÖk¨ÝóDÒ�Ú<Î�óFÏ�¨DÌ�Ì�ÐFÚ7ÚQÚ<Ío¨AÞ)Ú Ù�ÒAÌ�Ð+ò úfclÆ Ë�ÕçÍ{Ð�¨ÝÙ@ÐFË_Í^ä@È�ás×�ä ¾ Î�Í<Ô»¨
Ö<ÒAà�ÒAÚ<Ú°ÐDë�ô�c�ásá�Í<Ô_Ò�ÐDÕ@ÒLÖk¨ÝÍ<Î�ÐFÏ�¨DÌ,Ök¨DÏ_óDÒQà&¨DÏ]Ù@Ò�Ò¸�)Í{ÒAÏ�Ñ_ÒAÑ]Ò � ÒAÏNáYÐDÖ<Ò�Í{Ðp¨ÝÙ@ÐFË_Í ä úAôõá�×�÷�¨DÏ�Ñ
Í<Ô_Ò]Ú<Î�óFÏ�¨DÌ�Ì�ÐFÚ<ÚsÎ�ÚYÚ<Î�óFÏ�Îba.à&¨DÏBÍ<Ì�ÞaÖ7ÒAÑ�Ë�à�ÒAÑ&à�ÐFáYÕ�¨ÝÖ7ÒAÑ&Í{Ð:Í<Ô_Ò�à&¨DÚ<Ò]ÐDëf¨ ú�iõásá Ö<ÒAà�ÒAÚ7ÚLä©§ûëqÍ<Ô_Ò
}�¨DÓ~}�×°Ú	Ï_ÒLÒAÑ�Ú�Í{ÐaÙ@Ò]ÐDÕ@ÒLÖk¨ÝÍ{ÒAÑEÎ�Ïi¨DÏ ÒAÏ � Î�Ö<ÐFÏ�ásÒAÏ ÍsÙ@ÒLÞDÐFÏ�Ñ�ä úfc�ás× ¨DÑ�Ñ�Î�Í<Î�ÐFÏ�¨DÌE6@ã¼áYÒLÍo¨DÌ
Ú<Ô_ÐFË�Ì�Ñ]Ù�Ò#ë�ÐDÖ7ÒAÚ{ÒLÒAÏNÍ{Ð�Ñ�Ök¨Aò=¨Aò�¨AÞNáYÐDÖ<ÒQÐDë�Í<Ô_Ò#ác¨ÝóFÏ_ÒLÍ<Î�à
½.Ëû�@÷�ÒDä ó_ä�Í¼òèÎnà�Ò#Í<Ô_ÒQò�¨DÌ�Ì-Í<Ô.Î�à´�)Ï_ÒAÚ<Ú
ë�ÐDÖèác¨ÝóFÏ_ÒLÍ<Î�àÚa�ÒAÌnÑ�Ú�Ë_Õ(Í{Ðc¨ÝÙ@ÐFË_Í ä�ô�c�ás×�ä
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UWV-X YBZB[]\-^C\-X_Zo¨a`$bcX4\d`$egf5V�¨ih]ZjX_k�lm\-X4n>o2epYjZjkk¨iZjX4\dZBV-X

MaPMT

−metalµ

Lens

q `cr2[-kBX�s8t$u�¼ ��swv+syxWF3��x håEGK"R�Ü
z [2DÐEGK z Q�H�DkR � JNHNCV[\D�Q]{&D|{�F�QSR;{kC*K � J�Q�g
HNC*D}{kC,J)D&[
R�JNQ,gm{"DÕY*F�P�FIH$J)K�Q-{�J�QWF�B z HÄ�

~ X"¨aYB`$�p`$b$`cZ�^�o ~ h]kBoaZjX4��ZB`$e]rm��[pbcZB`\¨ae-o�\-X���V]oaZjo���[]b$ZB`chpb$`��
X_k�Y�U�[]��X4Y�����¨a���dUWY���[pYB`$e-r
YBV]`cX4b7\]`$e-r ~ oak}nG¨ir2e]X_ZB`$�
� X4b$\]Y>[-h�Zjo@��n�U�t�UWV-XC6��&n�X_Zo¨abWYBV]`cX4b7\���¨aYmsi��n�n
bco2e-r�¨ae]\���tmØ.n�n�ZBV]`$�B�*[]YB`7e-r�¨�u4�.n�n ¨ae]\��i��n�n
X� 8Zjk�[pYB`co2e ~ kBo2n¡��V]`$��V:ZBV-Xgu4�.n�n¡��¨aY¢YBV-o���e�Zjod��X
YB[-£��_`cX4eDZ_t¦§�Z���¨aY ~ oakBX4YjX_X4e�Zjo}n>o2[]eDZ.ZBV-XWh�V-oaZjo8\]X_ZjX4�|�
Zjoak�Y¤o2e ZBV]X¦¥ §jfE§�Yj^8YBZjX4n0`7e
¨ikBk�¨4^�Y�o ~p¨ v ¨ ��¨a�¦��U�Y
¨aY�YBV-o©�;eg`7e q `cr2[-k�X>s8t$uiª�`$e��;V]`$��VA¨(rak�`$\do ~ 6��&n�X_Zo¨ab
YBV-X_X_ZBY���`$b$bi��X�nG¨a\]X`¨ae `7e�ZjX_rakk¨ab�h�¨ikBZwo ~ ZBV]X�YjZjk�[]��ZB[]kBXat
« q `$ep`cZjX�¬�bcX4n�X4e�Z « e�¨abc^�YB`$Y�� q ¬ « ��`7YV¨iZjZjX4n>h]ZjX4\�Zjo
oah]ZB`$n�`$YBX.ZBV-X�bcX4e]raZBV�o ~ ZBV-X¦YBV]`cX4b$\@¨aep\�Zjo�X4YBZo¨i�pb$`$YBV�ZBV-X
��X4V�¨4­�`co2[-k�o ~ ZBV]X;YBV]`$X4b$\]`$e-r=��V]X4e�n>o2[]eDZjX4\(`$ec¨ikBk�¨4^�Y_t
« ~ ZjX_kG¨®�]k�`cX ~ `$e�Zjk�o8\][p��ZB`co2e�Zjo q ¬ « ª.ZBV-X
­�¨ab$`$\]`$Z&^:o ~
ZBV-X�YB`$n¢[]b\¨iZB`$o2e>`$Y.­aX_k�` � X4\¯t.UWV-X5oah]ZB`$n¢[]n°Y�`$e-r2bcXWYBVp`cX4b$\>bcX4e-raZBV�`$Y�YjZB[]\p`cX4\>��X ~ oak�XW`$e�­aX4YBZB`cr�¨iZB`$e-r
Z&�¦omYjo2b$[]ZB`co2e]Y ~ oak;ZBV-X��&¨aYjX o ~ ¨>�;`$\-X_kWYBV]`$X4b$\ ~ oakWZBV]X ¨ v ¨ ��¨a���dU ¨ikBkk¨©^at
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OPERA-3d
Pre-processor  8.013

 4/Jun/2003 15:17:45 Page 10

U

V
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OPERA-3d
Post-Processor  8.013

 4/Jun/2003 18:33:04 Page 6

UNITS
Length          : mm           
Magn Flux Den   : T             
Magnetic field  : A m-1

     
Magn Scalar Pot : A             
Magn Vector Pot : Wb m-1

    
Elec Flux Den   : C m-2

     
Electric field  : V m-1

     
Conductivity    : S mm-1

    
Current density : A mm-2

    
Power           : W             
Force           : N             
Energy          : J             

PROBLEM DATA
onal/w0/experiment.op3
TOSCA                            
Magnetostatic                  
Non-linear materials
Simulation No 1 of 1
   294912 elements
   308425 nodes
Nodal fields

LOCAL COORDS.
Xlocal = 0.0
Ylocal = 0.0
Zlocal = 0.0
Theta = 0.0
Phi = 0.0
Psi = 0.0

X-20.0
X-10.0

X10.0
X20.0

X30.0

Y-10.0

Y10.0

Y20.0

Y30.0

Z260.0
Z270.0

Z280.0

Z290.0

Z300.0

Z310.0

q `cr2[-k�X
s8t´�Í¼@µ QXDb� z F�P�H�D�P µ � ^ ÓM�¶{0J�E z [
F�H$J$K�QêK-L�HNC*D({�ClJ)D&[
RlÍ��1D$L�H'Í � F·{"D
YS[2F�QÇB z H � J$HNCqHNC*D
{ z � Ü-RIJ¹¸ZJ7{0J$K�Q]{¦L0P-KIE � ClJ$B&C�HNCTD�{kC,J)D&[
RGJ7{�D _ H$P z RlDkRGH'KrL&K�P0EóHNC*D
K�QXD
� z F�P�H�D�P@Ï � {0H$P z B"H z P-FI[¯¸3J'D �
{�C�K � QqK�Q�HNC*D
P0J2g�C,HÄ�
º�Ù=Û x¼»(�a¹
­¾½¿�»x ÝM®�´ÁÀ¾ÂÃ�qµÅxÅÄ

UWV]X q `$e]`$ZjXd¬�b$X4n>X4e�Z « e�¨abc^�YB`$Y(n>X_ZBV-o�\Æ� q ¬ « �m`$Ym��¨aYjX4\+o2e+ZBV-X®\]`c­�`$YB`co2e�o ~ ¨*n>o8\]X4b;`$eDZjo
YBnc¨ab$bcX_k=­ao2b$[]n>X4Y>� � ep`cZjX X4b$X4n>X4e�ZBY|��`$e��;V]`$��VdZBV-X"kBX4bcX_­�¨aeDZ�h�V-X4e-o2n>X4e-o2e®�&¨ae®��X"\-X4YB��k�`c��X4\g`$e
ZjX_k�n�YWo ~ YB`$n>h�bcX=X4ÇD[�¨iZB`$o2e]Y_tEfEo2e]\]`cZB`co2epYr¨iZ;e-o�\-X4Y5��V]X_kBX�X4bcX4n>X4eDZBY;n�X_X_Za¨ikBX}Y�`$n>hpb$` � X4\m[pYB`$e-r
��o2[]e]\�¨ikB^���o2e]\]`$ZB`co2e]Y ~ oak�n�`$e-rCYjoÈ�&¨ab$b$X4\¿e-o8\�¨ab¤Y�V�¨ih�X ~ []e]��ZB`$o2e]Y�[]YB[�¨ab7bc^CX� 8hpkBX4YBYjX4\¿`$e®ZjX_k�n�Y
o ~ ZBV-X�bco��&¨ab���oDoak�\p`$e�¨iZjX�Yj^�YjZjX4nMo ~ ZBV-X>X4bcX4n>X4eDZ ~ oak ~ [-kBZBV]X_k=Y�`$n>hpb$` � �&¨iZB`co2e¯t�UWV]X4YjX ~ []ep��ZB`co2e]Y
¨ikBXCZBV]X4e�[]YjX4\©¨aYn¨®��¨aY�`$Y ~ oakG¨ab$ZjX_k�e�¨iZB`c­aXCh]k�o8��X4\][]kBX4Y>YB[]��V©¨aY�bcX"¨aYjZ�YBÇ8[�¨ikBX4Y"oak�­;¨ik�`À¨iZB`co2e�¨ab
n>X_ZBV]o8\]Y���V]`$��V��&¨aed��X}[]YjX4\�ZjomYjo2bc­aX>��¨· 8�¦X4b$b�ÉÊY�X4ÇD[�¨iZB`$o2e]Y_tWUWV-X YjZjkBX4e-raZBVdo ~ ZBV-X n>X_ZBV]o8\g`$Y
`cZBYM½]X� �`$�p`$b$`cZ�^c¨aY5X4bcX4n�X4e�ZBY;�&¨ae�V�¨©­aX�­;¨ik�`co2[]YWYBV�¨ih�X4YEZjop¨a\�¨ih]ZWZjoc¨aeD^
raX_o2n>X_ZjkB^at
UWV]X�¨ae�¨abc^�YB`$Y�V�¨aY>��X_X4e���o2e]\][p��ZjX4\���`cZBV�ZBV-X���o2n�n>X_k��_`\¨ab�Yjo ~ Z&��¨ikBXdh�¨a�B��¨iraX¿Ë���¬�¥ « È�ÌÍlal·Î
��Vp`$��VC`$ep�_b$[]\-X4Y�¨>h]k�X���h]kBo���X4YBYjoak ¨ae]\�¨>h�o2YjZÏ��h]kBo���X4YBYjoakWZjomYjo2bc­aX�ZBV-X�X4Ç8[�¨iZB`co2epY_t
UWV]X�h]kBX���hpkBo8��X4Y�Yjoak `$Y []YjX4\�Zjod\-X � e]X�ZBV-Xm­ao2b$[]n>X4Y}o ~ ZBV-X�raX_o2n>X_Zjk�^atdUWV-Xm[]YjX_k � k�YjZ \]X � e-X4Y
¨d��¨aYjX(hpb\¨ae-Xaª q `cr2[-k�X(s8t´�*�ÐbcX ~ Z���ª ~ kBo2n¡��V]`7��V:ZBV]Xm­ao2b$[pn>X4Y
¨ik�X(X� �Zjk�[]\]X4\:Zjo¿��kBX"¨iZjXb¨dn�X4YBV¯ª
q `cr2[-k�X(s8t´�*�Ñk�`cr2VDZ���tgU�V-XmYBnc¨ab$bcX_k}ZBV]X�­ao2b$[]n�X4Y ZBV]X���X_ZjZjX_k"ZBV-X5¨a�_�_[]kk¨a��^:�p[-Z�¨ab$YjogZBV-Xmn�oakBX
��o2n>h�[-ZB`$e-r>ZB`$n�X}`$eDZjX4e]YB`c­aX�ZBV-X
¨ae�¨abc^�YB`$Y5`$Y_t�§�X4e]��X¢n>X4YBV]`7e-r>`$YM¨abc��¨4^�Y ¨>�¦oakB�
o ~ ��o2n>h]kBo2n�`$YjX
`$e"�;V]`$��V"ZBV]XW[]YjX_k�\-X4�_`7\-X4Y���V-X_kBX5ZBV]XM¨a�_�_[-kk¨a��^��&¨ae>��X5Zjkk¨a\-X4\wt¦�¦o2[]e]\�¨ikB^¢��o2ep\]`cZB`co2e]Y.\]X � e]`$e-r
ZBV-X5\]`$kBX4��ZB`co2e¢o ~ ZBV-X � X4b$\�¨ikBXEZBV-X4e�¨ih]h�b$`cX4\}`7e oak�\-X_k�Zjo�k�X4bcX"¨aYjXEZBV-XE��oak��}o ~ ZBV]X¦h�o2YjZÏ��hpkBo8��X4Y�Yjoak4t
UWVp`$Y�`$Y=X4YBYjX4eDZB`\¨ab�`7e¿oak�\-X_k�ZjodX"¨aYB`$bc^gb$`$e-��nc¨ir2e-X_ZB`$��nG¨iZjX_k�`\¨ab$Y��&¨ikBk�^8`$e]rÈYjo2[-k���X��_[-k�kBX4e�ZBYm�ÑZBV-X
YBVp`cX4b$\��
¨ae]\*ZBV-XCoaZBV]X_k�­ao2b$[]n�X4YÈ�$¨a`ck|��t « e-oaZBV-X_k���¨4^*Zjo�`$n�h]kBo©­aXÈYBh�X_X4\�`7Y>Zjo:��o2e]YB`$\]X_k>ZBV-X
Yj^�n�n>X_Zjk�^>o ~ ZBV-X;Yj^�YjZjX4nCª�V-X4e]��X;ZBV-X;n�o8\-X4b7Y�ZjkBX"¨iZjX4\(V-X_kBXf¨ikBX�o2e-X=Ç8[�¨ikBZjX_k�Y�`$n [pb\¨iZB`co2e]Y.�;V-X_kBX
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Mu-metal BH curve

q `$r2[-kBX}s8t´�Í¼ x�F"gIQXD"H$J7{&FIH$J)K�Q�ÔNþEÕrÔGB z P�¸ID
K�L�HNC*D 6 Ü�EGD"H'F�[ z {&DkR L&K�P�HNCTD}{�JNE z [2FIH$J)K�Q®{kC�K � J�Q,géHNC*D
B�C�F�Q�g,D J�Q5HNC*DMEnF3gIQXD"H$J$B1Û�D&[
R�F·{rHNC*DjÛ�D�[2RVEGF"g�Q�J$H z R,D}Ô´Ö z _ RlD&Q-{�J$HÐ×0Ô�JNQ-{0J$RlD HNC*D EcD&H'F�[TJNQSB"P�DkF·{&D�{
Ø Ï ÿjÙ �
ZBV-X}Yj^�n�n>X_ZjkB^
`$Yr¨ih]h�b$`cX4\�¨iZWZBV-X}b$X_­aX4b¯o ~ ZBV]X�h�o2YjZÏ��h]kBo���X4YBYjoak4t
Ë=e]��X�ZBV]X;n>o�\-X4bpV�¨aY���X_X4e�\]X � e-X4\�`$Z�`$Y�Zjk�X"¨iZjX4\
�D^"ZBV-X�h�o2YjZÏ��h]kBo���X4YBYjoak¦U;ËV>]f « ª2��Vp`$��VmYjo2bc­aX4Y
��¨· ���X4b7b�ÉÊY¤X4ÇD[�¨iZB`$o2e]Y%¨a�_��oak�\]`$e-r=Zjo=ZBV-X¦­;¨ab7[-X4Y¤o ~ ZBV-XEX� 8ZjX_k�e�¨ab � X4b$\]Y¦¨ae]\"Yj^�n�n>X_ZjkB^}��o2ep\]`cZB`co2e]Y
ZBV�¨iZ�V�¨©­aX}��X_X4eCYjX_Z_t

ºÚÙ-v �:ÚFàp·�Û¤³=Þ ·Ð®f­\ÝM°dÜ`ÝM°�³o´G³-­*±

UWV-XW­�¨ab$`$\]`$Z&^¢o ~ ZBV-X�YB`$n¢[]b\¨iZB`$o2e�V�¨aY���X_X4e�­aX_k�` � X4\ ~ oak�¨¢Ë=��¬�¥ « È=kBX_hpkBX4YjX4eDZo¨iZB`co2e�o ~ ¨ae5¨a��ZB[�¨ab
YBV]`cX4b$\(hpbÀ¨a��X4\È`$eb¨�Ç8[�¨aYB`��&§;X4b$n�V]o2bcZjÝ���o2`$bÐÞ_t

ß��¹à��&% á('��»<���	5� � 
��+�pâ�,

UWV-X�X� �h�X_k�`$n>X4eDZo¨abpYBX_ZB[-h(Y�V-o©��em`$e q `cr2[]kBX�s8t ¨ ª-��o2e]YB`7YjZBY�o ~ ZBV]X�Ç8[�¨aYB`��&§;X4b$n�V]o2bcZjÝ���o2`$b�`$e>��Vp`$��V
ZBV-XE6��&n>X_Zo¨ab]YBV]`$X4b$\ `7Y�h�b\¨a��X4\¯t.UWV-XEYBV]`cX4b7\ `$Y�ZBV]XEYk¨an>XM¨aY.[]YjX4\>`$e�fEV�¨ih]ZjX_k�lÍ¼�ZBV]XE��tmØ�n�n0ZBV]`$���
YBV-X"¨iZBV®`$Y;�i��n�nã�;`$\-X
¨aep\gsi��n�n¶bco2e]r-t « bcZBV-o2[-r2Vg�&¨ikBX"V�¨aY���X_X4edZo¨i�aX4e ~ oak=ZBV-X�¨ab$`cr2epn>X4e�Z_ª
ZBV-X¢n�`$Yo¨ab$`cr2epn>X4e�ZBY;��X_Z&�¦X_X4egZBV-X>YBb$`$\]`7e-r>�]k�`$\]raXaª�ZBV-X"��o2`$b�YB[-hph�oak�Z_ªpZBV-X"V-o2b$\]`7e-rc¨ik�n ¨ae]\gZBV-X
YBV]`cX4b$\
�&¨ae���X=X4YjZB`7nG¨iZjX4\ÈZjo���X�o ~ ZBV-X�oak�\]X_kWo ~ ��n�nó¨iZ�n>o2YBZ_t
ä�å�æ·ç.è�çÏé·ê�ë&êBì�í´î�ï�ðaçñìÑò�çÏçÏï�ì�æ·ç�ìÑò�îEóÏî�í´ôÊèwò¯ê�è�ï�î�ìwçñõ�ê�ó�ì�ôÊö;î|ï�ç�óÏî�í´ô�ë&ê|÷©í´ø�èÏù
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q `cr2[-kBX}s8t ¨ ¼ hjC*DnD _ YTD�P0JNEGD&Q�H � JNHNCéHNC*D}{�ClJ'D�[2R�YS[
FlB�DoRbF�HÐHNC*D�B0D�Q�H$PoDA�

OPERA-3d
Post-Processor  8.013

31/Mar/2003 13:53:45 Page 25

UNITS
Length          : mm        
Magn Flux Den   : T           
Magnetic field  : A m-1

     Magn Scalar Pot : A           
Magn Vector Pot : Wb m-1

  Elec Flux Den   : C m-2

     Electric field  : V m-1

     Conductivity    : S mm-1

   Current density : A mm-2

  Power           : W          
Force           : N           
Energy          : J           

PROBLEM DATA
l/w0/10Gauss_shield.op3
TOSCA                              
Magnetostatic                    
Non-linear materials
Simulation No 1 of 1
   294912 elements
   308425 nodes
Nodal fields

LOCAL COORDS.
Xlocal = 0.0
Ylocal = 0.0
Zlocal = 0.0
Theta = 0.0
Phi = 0.0
Psi = 0.0

X-150.0X-100.0X-50.0
X50.0X100.0X150.0

Y-150.0

Y-100.0

Y-50.0

Y50.0

Y100.0

Y150.0

Z50.0 Z100.0 Z150.0 Z200.0 Z250.0 Z300.0 Z350.0 Z400.0 Z450.0

q `cr2[-k�Xds8t´lÍ¼ hjCTD µ � ^ Ó �VÖ�{�JNE z [2FIH$J)K�Qú{kC*K � J�Q�g»HNC*DCÕ
D&[eE�C�KI[ëH7<�B�K�JN[aF�QSR»HNC*D�{�ClJ'D�[2RºF�H
HNC*D
B0D�Q�H$PoDA�
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ß��¹à��¹à �È/c<�â¿ãÁû�
Õ��ü�ý&þ�,a
 1 â 1�ÿ ,2'��º<���	5� � 
��+�pâ�,

UWV-X}YB`7n []bÀ¨iZB`co2eC��o2e]YB`$YBZBYWo ~ Z&�¦om��o2`7b$Y ¨ae]\�¨�6��&n>X_Zo¨ab�YBV]`cX4b7\¯tEË=epbc^�o2e-X¢ÇD[�¨ikBZjX_k�o ~ ZBV-X YBV]`cX4b$\
V�¨aY=��X_X4eg\]kk¨4��e®ZjoCZo¨i�aXG¨a\]­;¨aeDZo¨iraX�o ~ ZBV-X>Yj^8n�n>X_ZjkB^d`7edoak�\-X_k�ZjoÈn�`$e]`7n�`$YjX�ZBV]X"��o2n�hp[-ZB`$e-r
ZB`$n>XV¨iZWZBV-X}h�o2YBZÏ��h]kBo���X4YBYjoak�bcX_­aX4b�t
« Z�ZBV]X h]k�X���h]kBo���X4YBYjoak=YjZo¨iraXaª¯ZBV-X>YBV]`cX4b7\È`$Y;X� 8Zjk�[p\-X4\ ~ kBo2n ¨ ¨ s ¨ v ¨ s ¨ n�n ��¨aYBX hpbÀ¨ae-X YBV]o©��e
`$e q `cr2[-k�X¢s8t´�8t=UWV-X Y�V]`cX4b$\d`$Y�nG¨a\]X ~ kBo2n¶ZBV-kBX_X ~ ¨a��X_ZBY�¨ae]\dZBV-X¢kBX4nG¨a`$e]`7e-r�\-X � e]X4YWZBV-X¢hpb\¨ae-Xat
UWV-XEh]kBoah�X_kBZB`cX4Y¤o ~ ZBV-X5n>X_Zo¨ab�¨ikBXWYBX_Z.�D^¢ZBV-X5nG¨ir2e-X_ZB`$Yk¨iZB`co2e��_[-kB­aXaªDYBV-o©�;e>`$e q `$r2[-kBXWs8t´�8ª���Vp`$��V
\-X � e-X4Y=V-o��°n []��VA½p[� d\]X4e]YB`cZ�^aª¤�;ª�kBX4Y�[]bcZBY ~ k�o2n ¨ae¿`7e]��kBX"¨aYjX>`$e�½p[� �`7e�ZjX4e]Y�`cZ&^aªw§ twUWV-X"YB[-�-�
\]`c­�`$YB`co2e]Y���X_kBX
\-X � e]X4\q¨aY ~ o2b$bco©� � o2e@ZBV-Xm�S¨aYjXmh�b\¨ae-X�ZBV]X(e8[]n ��X_k¢o ~ YB[]�-�&\]`c­�`$YB`co2epY ~ oak"ZBV-X
6��&n>X_Zo¨ab ~ ¨a��X_ZBY�V�¨4­aX���X_X4e
YjX_ZEZjoÈu4s¢��`cZBV(ZBV-X=ZjoahÈ��oak�e]X_kW\-X � e-X4\(Zjo ¨ t�UWV-X=kBX4YBZ¦o ~ ZBV-X=hpb\¨ae-X
��¨aY�YjX_Z=Zjo ¨a¨ t q oak�ZBV-X"X� 8Zjk�[pYB`co2egZBV-X � k�YjZ�b\¨4^aX_k}��¨aY�\]`$­8`$\]X4\�`$eDZjo
�i�C\p`c­8`7YB`co2e]Y_ªpZBV-X>YjX4��o2e]\
��o2e�Zo¨a`$ep`$e-r>ZBV-X�6��&n>X_Zo¨ab�YBV]`cX4b7\(`7e�Zjo��a�c¨ae]\
ZBV-X�ZBV]`$k�\C`$eDZjo��i��t
¬`¨a��Vg��o2`$b���¨aY�nG¨a\-X��;`cZBVCZ&�¦o
\-X4n�`���¨ik��_Y4tÐ§ÏegË=��¬�¥ « ZBV]X ��o2`$b$Y ¨ikBX nG¨a\]X}o ~ o2e-X ��o2ep\][]��Zjoak
`$e]YjZjX"¨a\Co ~ YjX_­aX_kk¨ab�bco8oahpY_t�UWV-X�`7e]\][]��X4\CnG¨ir2e]X_ZB`$� � X4b$\C`7YW\-X � e-X4\
�8^(ZBV-X}�_[-kBk�X4e�ZW\-X4epYB`cZ&^�¨ih-�
hpb$`cX4\¯t1§�Z�V�¨aY.��X_X4e�\-X_ZjX_k�n�`$e-X4\�[]Y�`$e-r=ZBV-X ¨ih]hpkBo4 -`$nG¨iZjXW­�¨ab$[-X ~ oak`¨�§;X4b$n�V]o2bcZjÝ���o2`$b�ÉÊY�nG¨ir2e-X_ZB`$�
� X4b$\��ê¨ae]\
ZBV-X�\-X � e]`$ZB`co2e�o ~ ZBV-X��_[-k�kBX4e�Z5\-X4epYB`cZ&^ è ~ oakM¨>��o2`7b¯�&¨ikBkB^�`$e-r�¨>�_[-kBkBX4eDZ�§�¨ikBo2[pe]\��
�_`ck��_bcX4YEo ~ kk¨a\]`7[]YE¥ ¨ae]\
�;`cZBVé¨>��kBo2YBY;YjX4��ZB`co2e��¹ �ªÍ^aªÍÝ�� ¨aYW\-X � e-X4\C`7e
X4ÇD[�¨iZB`$o2eds8t$u

� ð È·6 Â ý�� t
�	� u4�al 
 ð

ý��
�
��� ð�� �����	� u4�al

È·6 Â � ö
��s8t$u©�

§ñemo2[-k5�&¨aYjXaª��b¨ae]\ × ¨ikBX=X4Ç8[�¨ab�t.UWV-X=YjZB[]\-^�V�¨aY���X_X4e(�&¨ikBk�`cX4\(o2[-Z ~ oak¦ZBV]kBX_X � X4b$\]Y_ª�u_�Ð¿¢ª]�i�Ð¿
¨ae]\��i�Ð¿ ��X4`$e-rÈZBV]XmnG¨· -`$n¢[]n � X4b$\q¨ab$bco���X4\��D^®ZBV-XmX� 8h�X_k�`7n>X4e�Z_t q oakn¨�kk¨a\]`$[]Y�o ~ u4l��.n�n
¨ae]\�¨C��kBo2YBY�YBX4��ZB`co2e®o ~ ��n�nMZBV-X>��oakBkBX4Yjh�o2e]\p`$e-r
�_[-kBkBX4eDZ�\-X4e]YB`cZB`$X4Yf¨aep\�Ë=��¬�¥ « È
nG¨ir2e-X_ZB`$�
� X4b$\
­�¨ab$[-X4YM¨ikBX�Y�[]n�nG¨ik�`7YjX4\C`$eCU¦¨i�pbcX}s8t$uit

��� çÏô´÷ �����! �"�#%$'&)( �+* íÊçÏô´÷,���! �"�#%$'&)(
-/.10 . ù 2436547�$�ù 898;:�< -=. ù . 5 0
>?.10 . ù &4@ >6A $�ù 898;:�< >6. ù -6-B0
3 .10 - ù 3 .6A). $�ù 898 :�< 3 . ù - @ 0

U1¨i�pb$Xms8t$u � à zDC)C=EGF�HJIKE4F {6L H ×@Ômè�ÔÈ¸NMNO z�E { z { EPI,QGRNCSHUTDEVIKE Û F L H L RNFWR/QSHUTBE µ
X
Y Ó[ZVÖ]\ R LUO { Q4R^C M
_ LÑ¸ E4Fa` M _^FbEGH Lc\�Û E O I �



dfe gih�Ë	gkj�lnm'oUprqUs!outjÌ�±wv�xyouz{oUl|hBxyoU}ft�²+lnoutjÌ{~[out%o�xnpg�JqUprz�prt1x�³�t%h�q���lnoUl
q `cr2[-k�X�s8t��¢Y�V-o©��Y¦ZBV-X�k�X4YB[]bcZB`$e]r nw�ir2e-X_ZB`7� � X4b$\
nw�ih ~ oak��"��kBo2YBY5YBX4��ZB`co2e+�abco2e-r"ZBV-X�YB`$\]X;o ~ ZBV-X
YBVp`cX4b$\{�ae]\@ZBV-kBo2[-r2V*ZBV-XCn�`7\]\]bcXS�ab$o2e-r®ZBV-XÈbco2e-r2`cZB[p\]`$e��ab.h�b��ae-X(o ~ ZBV-X
Ý����· -`$Y_ª��aY>\]X � e-X4\*`$e
q `cr2[-k�X¢s8t´l8t�UWV-X,� � X4b$\g\-X4��kBX|�aYjX4Y;�aY=`cZ�`$Y[�i�pYBoakB��X4\�`$edZBV-X Y�V]`cX4b$\dn>X_ZP�ab�[pe�ZB`$b�`cZ�hf�aYBYjX4Y;ZBV-X
n�`7\]\]bcX�o ~ ZBV-X�YBV-X|�iZBV¯t « ~ ZjX_k�ZBV��iZ�h�o2`7e�ZEZBV-X � X4b$\C`$e]��kBX|�aYBX4Y��ir��a`$eV�aY;`cZ5X4YB�G�ih�X4Y5ZBV-X}Y�V]`cX4b$\¯t

ß��Ñà���� ä 1�� 	�þ � 
�� 1 â 1wÿ ,2'����,�.	5� � 
 � �pâ�,C���
,2'��Ãû.
 � ü�ý�þ�,2
 1 â

� e�ZBV]X �G�aYjX"o ~ ZBV-X X� 8h�X_k�`$n�X4e�Z_ª�n>X|�aYB[-kBX4n�X4e�ZBY�o ~ ZBV-X��· �`��ab�nw�ir2e-X_ZB`7� � X4b7\�V��©­aX ��X_X4edZP�i�aX4e
X_­aX_kB^y�.n�n��abco2e]r@ZBV]X®��X4eDZjk?�ab��· -`$Y¿�ÑÝ����· -`$Y�� ~ oakÈnw�ir2e-X_ZB`$� � X4b$\pYmo ~ u_���¢ª��i�����aep\ú�i���
�iZ>ZBV-XC��X4eDZjkBX
o ~ ZBV-XC��o2`$b7Y_t:UWV-X(kBX4YB[]b$Z ~ oakw�®�i��� nw�ir2e-X_ZB`$� � X4b$\@`$Y"YBV-o���e*`$e q `$r2[-kBXCs8t��8t
� `cZBV-o2[-Z¦YBV]`cX4b7\>ZBV-X;Y�`$n [pb��iZB`co2ew�irakBX_X4YE­aX_k�^>��X4b$b�YBV-o���`$e-r�ZBV��iZ�ZBV-X��G�ab$�_[]b��iZB`$o2e�o ~ ZBV-X��_[-kBkBX4eDZ
\-X4epYB`cZ&^"���aY
�a�_�_[-k6�iZjX;X4e-o2[]r2V�Zjo \]X_ZjX_k�n�`$e-X5ZBV]X�nw�ir2e-X_ZB`$� � X4b$\�\p`$YjZjk�`c��[-ZB`co2e¯t�Ë=ep��X�ZBV-X�Y�V]`cX4b$\
`$Y"h�b��a��X4\¯ª�ZBV]X_kBXÈ`$Y"YjZB`$b$b��®rao8o8\��irak�X_X4n>X4e�Z(`$e]YB`7\-X�ZBV-XÈY�V]`cX4b$\¯t*Ë=e-XÈ�G�ae�YjX_XV�¿Y�b$`cr2VDZ"n�`$YBYÏ�
�ab$`$r2e]n>X4eDZ�o ~ ZBV-X"6��&n>X_ZP�ab�YBVp`cX4b$\¯t�§;o©�¦X_­aX_k4ª�ZBV]X_kBX>`$Y;�C\]`���X_kBX4e]��X"`$e]�an>hpb$`cZB[p\-X}o2[-ZBY�`$\-X¢ZBV-X
YBVp`cX4b$\*�p[-Z�ZBV-XdYBV��ih�X4Y���X_Z���X_X4e+\��iZP���ae]\�YB`7n []b��iZB`co2e��irakBX_Xat UWVp`$Y>�G�ae���X��G�a[pYjX4\��8^*ZBV-X
\]`���X_kBX4ep��XÈ��X_Z&�¦X_X4e�ZBV-X�h�X_k ~ X4��Z���o2`7b$Yw�ae]\�ZBV]X�o2e-X�`7e�ZBV-XÈX� �h�X_k�`$n>X4eDZw�ae]\�V]X4e]��X�`$Y�e]oaZS�
�G�a[]YBX�o ~ ��o2e]��X_k�e¯t¦fEo2n>h��ik?�iZB`c­aX�k�X4YB[]bcZBY ~ oak}u_�����ae]\��i��� �ikBX}YBV-o���eC`$e « h]h�X4e]\]`� ��;t

º�¡£¢ ¤¦¥?§"!©¨?ª«¤ �¬¥Pª�¨P­¯®Vª
§"!�°�� À²±¦°³¥?´µ¥P¶1·�°b¥P¸¹§

U5�¦o¿YB`$e-r2b$XmYBV]`$X4b$\]Y�o ~ \]`���X_kBX4e�Z"bcX4e-raZBVpY V��©­aXC��X_X4e�X� �h�X_kj�
MaPMT

20 mm

40mm Shield

Glass window

q `cr2[-kBX¡s8t´s � º�» EGH \ T�R/Q¼HUTDE
x½M X xW¾À¿�L HUT L F M�ÁfÂ `�` O RNFÃ_
{ T L E O I �

`$n�X4e�ZP�ab$b$^�ZjX4YjZjX4\��;`cZBV��ae��Ä�a�¦��U � � ¨ ��n�nRbco2e]r]�aep\��
�a�.n�n bco2e-rWYBVp`cX4b$\¯t « Yw`$b$b7[]YjZjk?�iZjX4\=`$e q `cr2[-k�X�s8t´s8ª·ZBV]X�bcX4e-raZBV]Y
V��©­aXW��X_X4e���V]o2YjX4e�Yjo�ZBV��iZ�ZBV-X��Ä�a�¦��U�r2b��aYBY.��`7e]\-o©��`$Y.Y�`cZÏ�
[��iZjX4\��iZ¢ZBV-X
��X4e�ZjkBX(o ~ ZBV-X(YBV]`cX4b7\ � �i��n�n ~ oak¢ZBV-X ¨ ��n�n
bco2e]ra�ae]\+u4�.n�n ~ oak ZBV]X
�a�.n�n b$o2e-rdYBVp`cX4b$\¯t�U�V-XÅ�a`$n o ~
ZBV-X ~ o2b$bco���`$e-r�YBZB[]\-^C���aY=Zjo
\]X_ZjX_k�n�`$e-X ��V��iZ�ZBV-X¢oah]ZB`$n¢[]n
YB`$Ý_X(o ~ ZBV-XCYBV]`cX4b$\����aY>`7e�oak�\]X_k¢ZjoÆ�ab$b$o©� ~ oak¬�gh]kBoaZjX4��ZB`$o2e
YB`7n�`$b��ik.Zjo ZBV-X;si��n�n bco2e-r}Y�V]`cX4b$\¯t�Ç�`$e-r2b$XEY�V]`cX4b$\]Y�o ~ si��ª ¨ �	�aep\��a�.n�n bcX4e-raZBV]Y�`$e¬�aeÅ�an �p`cX4eDZ
bco2e]r2`cZB[]\]`$e��ab��ÑÝ����· �`7Y��WnS�ir2e-X_ZB`$� � X4b$\Èo ~ �i��� V��4­aX"��X_X4e�YB`7n []b��iZjX4\¯t�UWV-X¢YB`$n¢[]b��iZB`co2epY[�ikBX��ab$b
­aX_kB^CYB`7n�`$b��ik4t
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OPERA-3d
Post-Processor  8.013

 2/Apr/2003 11:49:58 Page 19

UNITS
Length          : mm        
Magn Flux Den   : gauss   
Magnetic field  : A m-1

     Magn Scalar Pot : A           
Magn Vector Pot : Wb m-1

  Elec Flux Den   : C m-2

     Electric field  : V m-1

     Conductivity    : S mm-1

   Current density : A mm-2

  Power           : W          
Force           : N           
Energy          : J           

PROBLEM DATA
l/w0/20Gauss_shield.op3
TOSCA                              
Magnetostatic                    
Linear materials
Simulation No 1 of 1
   294912 elements
   308425 nodes
Nodal fields

LOCAL COORDS.
Xlocal = 0.0
Ylocal = 0.0
Zlocal = 0.0
Theta = 0.0
Phi = 0.0
Psi = 0.0

X

Y-60.0

Y-40.0

Y-20.0

Y20.0

Y40.0

Z220.0Z240.0Z260.0Z280.0Z300.0Z320.0Z340.0

0.0 25.0 50.0
Component: BMOD
0.0 25.0 50.0
Component: BMOD

q `$r2[-kBX�s8t�� �
Ñ L E O I¦` M6Ò R/Q[HUTBE9Ó4Ô \ RN` Ò RNFbE4F�HÕR/Q©HUTDE©` M _^F1E|H Lu\'Ö E O I�Q4RNC M,\ C/R {�{W{ E \ H L RNFÄR/Q©HUTDE�×�Ô
`wE|H MNO�{ T L E O I M^O RNFr_ÅHUTBE {6L IKE M FfISHUTKC/Raz^_^T�HUTBEJ` L I�I O E�QGRNCJHUTDE O RNFr_ L HÐzBI L F M^OKÒ1O�M FbE¦R=Q¹HUTDE¹Ó4Ô M � L7{L�
¾ TDE M ` � L E4F�H�` M _^FbEGH Lc\�Ö E O I L7{�ØrÂ[Ù�Ú
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Comparison of OPERA8 Simulation with Experimental Data at 20G (longitudinal axis)

Sim. with shield
Exp. with shield
Exp. with shield

Simulation
Experimental

CoilShield length

q `cr2[-k�X}s8t�� �¦Û RN` ÒDM C L7{ RNF{R=Q µ
X
Y�Ü Z�Ý CPE { z O H {�¿�L HUTÄHUTBE¬E � Ò E4C L `SE4FfHfQGRNC ØDÂ�Ù��
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OPERA-3d
Post-Processor  8.013

 8/Apr/2003 13:55:37 Page 4

UNITS
Length          : mm        
Magn Flux Den   : gauss   
Magnetic field  : A m-1

     Magn Scalar Pot : A           
Magn Vector Pot : Wb m-1

  Elec Flux Den   : C m-2

     Electric field  : V m-1

     Conductivity    : S mm-1

   Current density : A mm-2

  Power           : W          
Force           : N           
Energy          : J           

PROBLEM DATA
onal/w0/40mmsingle.op3
TOSCA                              
Magnetostatic                    
Non-linear materials
Simulation No 1 of 1
   877952 elements
   907137 nodes
Nodal fields

LOCAL COORDS.
Xlocal = 0.0
Ylocal = 0.0
Zlocal = 0.0
Theta = 0.0
Phi = 0.0
Psi = 0.0

X-60.0

X-40.0

X-20.0

X20.0

X40.0

X60.0

Y-80.0

Y-60.0

Y-40.0

Y-20.0

Y20.0

Y40.0

Y60.0

Z160.0

Z180.0

Z200.0

Z220.0

Z240.0

Z260.0

Z280.0

Z300.0

370.934745104658 2475.36383647844 4579.79292785222
Component: BMOD

q `cr2[-k�X�s8t�á � µ
X
Y�Ü Z	ÝÄâyã ¸yL E ¿ R/Q MSÁfÂ `�` O RNFÃ_�×�Ô£`wE|H MNO.{ T L E O I L F MÄO RNFÃ_ L HÐz�I L F MNO;Ô Ó4Ô M � L¹{�ä
` M _�F1EGH Lc\�Ö E O I+R/Q ØrÂ©Ù { TrR ¿�L FÃ_�HUTDE¦` M _�F1EGH Lc\�Ö E O I L FaHUTBE¦` M H�E4C LuMNO��

OPERA-3d
Post-Processor  8.013

 8/Apr/2003 14:13:37 Page 13

UNITS
Length          : mm        
Magn Flux Den   : gauss   
Magnetic field  : A m-1

     Magn Scalar Pot : A           
Magn Vector Pot : Wb m-1

  Elec Flux Den   : C m-2

     Electric field  : V m-1

     Conductivity    : S mm-1

   Current density : A mm-2

  Power           : W          
Force           : N           
Energy          : J           

PROBLEM DATA
onal/w0/40mmsingle.op3
TOSCA                              
Magnetostatic                    
Non-linear materials
Simulation No 1 of 1
   877952 elements
   907137 nodes
Nodal fields

LOCAL COORDS.
Xlocal = 0.0
Ylocal = 0.0
Zlocal = 0.0
Theta = 0.0
Phi = 0.0
Psi = 0.0

2

3

4

1

1=13.54    
13.54    
230.0    

2=-13.54   
13.54    
230.0    

0.0      

1.0      

2.0      

3.0      

4.0      

5.0      

4=13.54    
-13.54   
230.0    

Cartesian

0.0      

1.0      

2.0      

3.0      

4.0      

5.0      

3=-13.54   
-13.54   
230.0    

Component: BMOD
Minimum = 0.0, Maximum = 5.0
Integral = 808.8503884

q `cr2[-k�X s8t$u_� �©Ñ L E O I { T M6Ò E L F {6L IKE�HUTDE Á1Â `�` { T L E O I M H�HUTDE¬å â `�`æC=E \ E {�{ QGRNC M+M ` � L EGF�H�` M _^Ô
F1E|H Lu\�Ö E O I�R=Q ØrÂ�Ù��



È³É�çèç v ç�g²h�ß	gkjêéÅo�xymWhÆë«oUs'p½Ë�m'o�pDqUs dfÊ

UWV-X_^
[]YjX=ZBV-X}Yj^�n�n>X_Zjk�^�o ~ ZBV-X�YBV]`$X4b$\(Zjo���o2n>hp[-ZjX�o2epbc^�o2e-X�Ç8[��ikBZjX_k�o ~ ZBV]X�raX_o2n>X_ZjkB^C`$e
ZBV-X
­ao2b$[]n>Xat�UWV]X�n>o8\]X4b�`7YEZBV-X4eCX� �Zjk�[]\-X4\+�a�_��oak�\p`$e-r>Zjo�ZBV-X�b$X4e-raZBV
o ~ ZBV]X�YBV]`cX4b$\(�aX_X_hp`7e-r>ZBV-X��a`ck
­ao2b$[]n>X=��V]`7��V ~ oak�n�YEZBV-X���o2[]e]\��ik�`cX4Y¦`$\-X4eDZB`$�G�ab�t.UWV-X=ZBV-kBX_X�Y�`$n [pb��iZB`co2e]Y¦V��4­aX}��X_X4eC��o2n�h��ikBX4\
~ oak=YjX_­aX_k?�ab¤h�o2YB`cZB`co2epY��4���4^ ~ k�o2nãZBV-X ~ k�o2e�Z�o ~ ZBV-X¢YBV]`cX4b$\���V-X_kBX}ZBV-X r2b��aYBY��;`$e]\-o�� �¦o2[]b$\d��Xat
UWV-X4YjX+�ikBX:u4�.n�nCª��i��n�nì�aep\@`7e�ZBV]XÈn�`$\]\]b$X�o ~ ZBV]XÈYBV]`cX4b$\@`$e@ZBV-X Ó \]`ckBX4��ZB`co2ewt�UWV-X � X4b$\
V��aY=��X_X4edZP�i�aX4e ~ oak��CYBb7`$��X¢`7e]YB`$\-X ZBV-X>YBV]`cX4b7\ ~ oak�n�`$e]r��
YBÇ8[��ikBX>YB[-k ~ �a��X¬�a��kBo2YBY�ZBV-X¢ D���· -`$YJ�aY
`$b$b$[]YBZjk?�iZjX4\
`$e q `cr2[-kBX}s8t$u_� ~ oakWZBV]X ¨ ��n�n YBVp`cX4b$\CYBV-o���eC`$e q `cr2[-k�X}s8t�á8t

í æ·íÊçÏô´÷�ôÊçÏïyî�ì�æ - 3�898@óÏø�ì >6. 898@óÏø©ì ï�í´÷·÷©ôÊç.óÏø�ì
5 . 898�êBì >6.�0 2©ù A10 - ù @ 0 . ù 5 0
5 . 898�êBì - 7 .f0 2 . ù & 0 > 2©ù @ 0 > 74ù -D0
2 . 898�êBì >6.�0 2©ù 7 0 > ù 5)7 0
2 . 898�êBì - 7 .f0 363©ù & 0 -=A ù Ab0
3)3B898�êBì >6.�0 7_ù .10 ð ù $�ù 2�ù 3 0
3)3�898�êBì - 7 .f0 3)@4ù 5 0 ð ù $ 3 > ù 3 0

U%�i��bcX}s8t´� � xèM � L `"zr` {6L `"z O�M H�E?I�` M _^F1E|H Lu\�Ö E O I ¸NMNO z�E {�L F {)L IÃE M F L FfI L¹¸yL Iiz MNO�{6L FÃ_ O E { T L E O I �

UWV-X�nw�· -`$n¢[]n�­N�ab$[-X4Y�oa�]ZP�a`$e-X4\ ~ oak�\p`���X_k�X4e�Z���o2e � r2[-k?�iZB`co2epY
�ikBX�b7`$YjZjX4\�`$e�ZP�i�pbcX�s8t´�	�ae]\S�ab7bco©�
[]Y5Zjo�\-k6�4� ZBV-X ~ o2b$bco���`$e-r>��o2e]�_b7[]YB`co2e]Y �

ñ UWV-X��a�.n�n¼Y�V]`cX4b$\>h�X_k ~ oak�nw�aep��XW`$Y���o2n>hf�ik?�i�pbcXWZjo¢ZBV-X}u4��n�n¼�_[-Z�o2e�ZBV-X=si��n�n YBV]`cX4b$\wt
ñ UWV-X ¨ ��n�n Y�V]`cX4b$\(`$e(ZBV-X�n�`$\]\pbcX;`$Y¦�¦oak�YjX�ZBV��ae
ZBV]X�si��n�nÅbco2e-r>YBV]`cX4b7\��p[]Z¦`cZ5`$Y¦��X_ZjZjX_k
ZBV��aeCZBV]X�u4�.n�n �_[]Z5o2eÈZBV-X}�a�.n�n YBV]`cX4b7\¯t

ñ UWV-X ¨ ��n�n YBV]`$X4b$\��iZ}u4�.n�n `7Y5��o2n>h��ik?�i�pb$X�Zjo�ZBV-X�u4�.n�n �_[-ZWo2eCZBV]X si��n�n YBVp`cX4b$\¯t

ºJ¡óò ò+ô+òµõ ·5ÂWõ ö ÷k¥/°³ø¯·«ù ¥P­¬ª«¤¦ø¬¥?ª
¨P­

« Yjo2b$[]ZB`co2e+Zjo�YBV]`cX4b$\À� ¨ v ¨ �ú�a���dUû�ikBk?�©^+`7YmZjo�[pYjXÆ��YBV]`cX4b$\À�aYC��`7\-Xa�aYÈZBV-XÆ�ikBk?�4^ü�aY
`$b$b$[]YBZjk?�iZjX4\�`$e q `cr2[-kBX"s8t$uauit}UWV-X q ¬ « �ae��abc^8Y�`$Y�V��aY���X_X4e®�G�ikBk�`cX4\do2[-Z��D^�­Ï�ikB^�`$e-rmZBV-X>bcX4e-raZBV
�ae]\�ZBV]X;��`7\-ZBV�o ~ ZBV]X�YBVp`cX4b$\ ~ oak9�¦�an �p`cX4eDZ¦b$o2e-r2`cZB[]\]`7e��abw�ÑÝ����· �`7Y���nw�ir2e-X_ZB`$� � X4b$\�o ~ �i���¢t-UWV-X
nw�· �`7n []nRnS�ir2e-X_ZB`$� � X4b$\*­N�ab$[-X4Y"�¦X_kBXCZBV-X4eW�ae��abc^�YjX4\��iZ�ZBV-XÈn�`7\]\]bcX��ae]\��iZ�ZBV-X��ú�a���dU
hpb��ae-Xaªp�i��n�n `$e]YB`7\-X;ZBV]X�YBV]`cX4b$\��aY;` ~ n>o2[pe�ZjX4\C�;`cZBVCZBV-X�bcX4epYjX4Y_t
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2 . 898�ý . ù A 898 - 54ù 5 0
2 . 898�ý - ù &�898 - 54ù 7 0
@67�898�ý - ù &�898 -6- ù 3 0 -P> ù & 0
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- 7 . 898�ý - ù &�898 34ù @ 0 - 2©ù .b0
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U'�i�pbcX s8t´� � x½M � L `"zD`�` M _�F1EGH Lc\�Ö E O I ¸NMNO z�E {�L F {)L IÃE M�ÁwvÕÁÈx½M X xW¾WM C6C Mi×�¿�L IKE { T L E O I L F M F
M ` � L EGF�H O RNFr_ L HÐzBI L F M^O ` M _^FbEGH Lc\�Ö E O I�R/Q ØrÂ[Ù��

« Y5YBV-o���e
`$emU'�i�pbcX�s8t´�"\]`$YBhpb��4^�`$e-r}ZBV-X=kBX4YB[]bcZBY4ªr� ¨ ��n�nÅbco2e]r,�ae]\
��t�á.n�n ZBVp`$�B�(YBV]`cX4b$\m`$Y¦e-oaZ
­�`��i�pbcX¦�ae�^�n>oakBXat���o2[-�pb7`$e-r"ZBV-X}ZBVp`$�B��e-X4YBY;\-oDX4Y�e-oaZ�nS�i�aX,�aeD^ÈYB`cr2e]` � �G�ae�ZW\p`���X_k�X4e]��X	�ae]\�ZBV-X
bcX4e]raZBV
o ~ ZBV-X�YBV]`$X4b$\�V��aYEZjo>��X�o ~ ZBV-X=oak�\]X_k¦o ~ u4li��n�n ��X ~ oakBX=kBX|�a��V]`7e-r ­N�ab$[-X4Y5Y�`$n�`$b��ik�Zjo"ZBV-X
YBnS�ab$b¯`$e]\]`$­8`$\p[��abpYBVp`cX4b$\
Yjo2b$[-ZB`$o2e¯t

º�¡�� ò+ô+ò õ ·5ÂWõ ö ÷k¥/°bø�·¼òVô�ò ¤¦ø¬¥Pª�¨P­��°Û¯Û³·
	

UWV]X ~ X|�aYB`c��`$b$`cZ�^¢o ~ []YB`$e]r¦�ae+�ikBk?�©^�o ~ × �&n>X_ZP�ab¯`$e]YjZjX|�a\
o ~ �¢��`$\-X�YBV]`cX4b$\(��o©­aX_k�`$e-r¬�ab$b¯�Ä�a�¦��U�Y
V��aY���X_X4e"YB`$n¢[]b��iZjX4\ ~ oakÕ� ¨ ��n�nk�ae]\��=�a��n�nÆbcX4e-raZBV¢��`cZBV��=��t�á.n�n0ZBV]`$���8e]X4YBY ~ oak.ZBV-X5�G�aYjXEo ~
��b$o2e-r2`cZB[]\]`7e��ab � X4b$\¯t�UWV-XWYB`7n []b��iZB`co2e>`$Y.YBV-o���e�`$e q `$r2[-kBX�s8t$u4�8t�U'�i�pbcX�s8t ¨ YBV-o©�;Y.ZBV-X�nw�ir2e]X_ZB`$�
� X4b7\�YjZjkBX4e]raZBV]YWoa�]ZP�a`7e-X4\ ~ oak;ZBV]X}ZBV-kBX_X}h�o2Y�`cZB`co2e]YW\]X � e-X4\�`7e q `cr2[-kBX s8t$u4�8t q oakJ��bco2e-r2`$ZB[]\]`$e��ab
� X4b7\ o ~ �i���¢ªiZBV-XW��X4eDZjk?�ab�­N�ab$[-X4Y!�ikBXWYB`$n�`$b��ik�Zjo=ZBV-XW�G�aYBX5o ~ �=YB`$e-r2b$X¦`$ep\]`c­�`$\][��abaYBVp`cX4b$\��;V]`$bcX�ZBV-X
­N�ab$[-X4Y¹�iZ¢u4li��� �ik�X¢YBnS�ab$bcX_k4t « eú�an �p`cX4eDZ;Zjk6�ae]Yj­aX_k�YjX � X4b$\�o ~ �i���¼V��aY©�ab7Yjo���X_X4egYB`$n¢[]b��iZjX4\
�ae]\�­Ï�ab7[-X4Y�\-o¢e-oaZ�X� -��X_X4\C�Õ�¢t�§�X4e]��X;o2e-X;��o2ep�_b$[]\-X4Y�ZBV��iZ�ZBV-X ¨ v ¨ Y�V]`cX4b$\w�ik�k?�4^�`$Y��aY��G�ihf�i�pbcX
�aY�ZBV-X}YB`$e]r2bcX�`$e]\]`c­�`$\][��ab]YBV]`cX4b7\m�;`cZBVCZBV-X�YP�an�X}bcX4e-raZBV]Y9�aep\Ch]kBo�­8`$\]X4Y��a\-X4Ç8[��iZjX�h]kBoaZjX4��ZB`$o2e¯t

í æ�í´çñô ÷  �î|è�íÍì�íÊî|ï -  �î�è�íÊì�íÊî�ï >  �î�è�íÍì�í´î�ï�3
2 . 898�ê�ì >?.10 > ù > 7 0 > ù -6-B0 - ù A @ 0
3)3�898�ê�ì >?.10 3©ù @67 0 34ù 767 0 34ù 34@ 0
2 . 898�ê�ì - 7 .f0 - 54ù A).f0 - 74ù &47 0 - 2�ù & .10
3)3�898�ê�ì - 7 .f0 - @_ù &4@ 0 > 5©ù 5)3 0 > 74ù . & 0

U'�i�pbcX s8t ¨ � x½M � L `¢zD`ê` M _^F1E|H Lu\�Ö E O I ¸NMNO z�E {¦M H�HUTDE \ EGF�HuCPE¬R/Q M�Áwv
Á�{ T L E O I M C6C Mi×�L F M�O RNFÃ_ L Ô
HÐz�I L F MNOÃÖ E O I©Q4RNC Ò R {6L H L RNF { IÃE Ö F1E?I L F Ñ L _2zDC=E�� � å Ø
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q `$r2[-kBX>s8t$uau � µ
X�Y
Ü Z	ÝVâyãã¸yL E ¿ R/Q MwÁfÂ `�` O RNFr_ M FfIÄå ��Ý `�` HUT Lu\ » ¿�L IKE { T L E O I L F MVØrÂ�Ù
O RNFr_ L HÐzBI L F M^O�Ô ÓGÔ M � L¹{�ä ` M _^FbEGH Lc\�Ö E O I { TrR ¿�L FÃ_+HUTBE¦` M _^F1E|H Lu\�Ö E O I L F {6L IKE,HUTDE¦` M H�EGC LcMNO��

OPERA-3d
Post-Processor  8.013

16/Apr/2003 19:08:43 Page 6

UNITS
Length          : mm        
Magn Flux Den   : gauss   
Magnetic field  : A m-1

     Magn Scalar Pot : A           
Magn Vector Pot : Wb m-1

  Elec Flux Den   : C m-2

     Electric field  : V m-1

     Conductivity    : S mm-1

   Current density : A mm-2

  Power           : W          
Force           : N           
Energy          : J           

PROBLEM DATA
amonal/w0/40mm4x4.op3
TOSCA                              
Magnetostatic                    
Non-linear materials
Simulation No 1 of 1
  1520000 elements
  1560753 nodes
Nodal fields

LOCAL COORDS.
Xlocal = 0.0
Ylocal = 0.0
Zlocal = 0.0
Theta = 0.0
Phi = 0.0
Psi = 0.0

X-100.0

X-80.0

X-60.0

X-40.0

X-20.0

X20.0

X40.0

X60.0

X80.0

X100.0

Y-100.0

Y-80.0

Y-60.0

Y-40.0

Y-20.0

Y20.0

Y40.0

Y60.0

Y80.0

Z140.0

Z160.0

Z180.0

Z200.0

Z220.0

Z240.0

Z260.0

Z280.0

Z300.0

Z320.0

133.35053453377 2129.78462170298 4126.21870887219
Component: BMOD

Position 2Position 3

Position 1

q `$r2[-kBX5s8t$u4� � µ
X�Y
Ü Z	Ý�âyã¾¸yL E ¿ R/Q M©ÁfÂ `�` O RNFÃ_ { T L E O I M C)C Ma×	L F M	ØrÂ�Ù�O RNFr_ L HÐzBI L F M^O�Ô ÓGÔ M � L7{ ä
` M _^F1E|H Lu\�Ö E O I { TrR ¿�L FÃ_+HUTDE¦` M _�F1EGH Lc\�Ö E O I L F {6L IKE,HUTDE¦` M H�E4C LcMNO��
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º�¡ñº �À¸©§��Õ¨���¶1¥?¸©§�¶

UWV]X5kBX4ÇD[p`ckBX4n>X4eDZ.Zjo}h]k�oaZjX4��Z�ZBV-X;�ú�a���dUWY ~ kBo2n°nS�ir2e-X_ZB`$� � X4b7\]Y�o ~ �.n�U ���i���}��`$n>hpb7`cX4Y¤ZBV��iZ
ZBV-X � X4b$\*o2eÃZBV-Xd�ú�a���dUã�;`$e]\-o�� YBV-o2[]b$\�e]oaZ�X� -��X_X4\Ã��t´l.n�U¡��l
���>��`cZBV]`7e�ZBV]XdYBV]`$X4b$\��aY
YBV]o©��eC�8^(ZP�i�pbcX s8t´�8t
UWV]X q ¬ « Y�`$n [pb��iZB`co2e>YBV-o���X4\�ZBV��iZ
���a�.n�n¼bco2e-r�YB`$e-r2b$XEY�V]`cX4b$\¢h]kBo�­8`7\-X4Y��a\-X4Ç8[��iZjXWh]kBoaZjX4��ZB`$o2e¯t
§;o©�¦X_­aX_k4ª]ZBV-X ¨ ��n�n bco2e-r¢YBV]`cX4b7\�`$Y�hpkBX ~ X_k�kBX4\Å�aY�ZBV-X��Ä�a�¦��U+�¦o2[]b$\m��X�hpb��a��X4\ ~ []kBZBV-X_k��4���4^
~ kBo2n X4\-raX4Y>X4��X4��ZBY>­�`$YB`c�pb$X�`$e q `$r2[-kBXCs8t ¨ t�UWV-X
[]YjX
o ~ �g��`$\]X_k¢YBVp`cX4b$\ ~ oak¬� ¨ v ¨ �ikBk?�©^�o ~
�ú�a���dU �¦o2[]b$\È��X�­�`��i�pb$X���`cZBVV�mbcX4e-raZBVCo�­aX_k¢u_�a��n�nCt�U�V-X}YBV]`$X4b$\+�ikBk?�©^
`7Y5��X_ZjZjX_k;ZBV��aeÈZBV-X
��`7\-XCYBV-X|�iZBVW�aY�`cZ�`$Y>\]`ck�X4��ZBbc^���o2n>hf�ik?�i�pbcXCZjoè��YB`$e-r2bcXC`$ep\]`c­�`$\][��ab�Y�V]`cX4b$\¯t « Yw�¿kBX4YB[pbcZ"Z&�¦o
YBVp`cX4b$\��ikBk?�4^(h]kBoaZjoaZ�^Dh�X4YEo ~ �a�.n�n �ae]\ ¨a¨ n�n V��4­aX���X_X4e(�p[]`$bcZ�Zjo>��X;X� �h�X_k�`$n>X4eDZP�ab$bc^�ZjX4YBZjX4\¯t
« Z�ZBVp`$Y�ZB`$n>XaªwZBV-X�\]X4�_`$YB`co2egZjoCraoÈ��`$ZBVdZBV]X�§;��� YBo2b$[-ZB`co2e]�aY�hpV]oaZjo8\-X_ZjX4��Zjoak�Y ~ oak}ZBV-X���§�f¦�
X� �h�X_k�`$n>X4eDZ_ª-`$e]YjZjX|�a\(o ~ ZBV]X��ú�a���dU�ª-n>X|�aeDZ5ZBV-X��_bco2YB[-k�X;o ~ ZBV-X=h]kBo��jX4��Z��ae]\
e-o ~ [-kBZBV]X_k¦ZjX4YBZBY
V��©­aX}��X_X4eÈ�G�ikBk�`cX4\
o2[-Z_t



� � �"!$#�%'& (
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UWV-X=h�X_k ~ oak�nw�ae]��X4Y¦o ~ �ú�a���dUWY5�¦X_kBX�n>X|�aYB[-k�X4\C`$e�� ZjX4YBZj��X|�an ��V]`$��V(Y�V-o©�¦X4\
ZBV-X4`ck5­�`��i�p`$b7`cZ&^
�aY�hpV]oaZjo8\-X_ZjX4��Zjoak ~ oak�ZBV-X;��§�f¦�ÈX� �h�X_k�`$n>X4eDZ ÌÍ�i�iÎ�tW§;o©�¦X_­aX_kJ�iZ;ZBV-X ZB`$n>X�ZBV]X¢�ú�a���dUWY��¦X_kBX
kBX|�a\"o2[-Z.[]YB`$e]r�ZBV-X5�_[]YjZjo2nÆX4b$X4��ZjkBo2e]`$�_Y.\-X4Y���k�`c��X4\ `7e>f5V��ih]ZjX_k�l;��V]`$��V¢\p`$\ e]oaZ ~ []b � b2ZBV-X<��§�f¦�
kBX4ÇD[p`ckBX4n>X4eDZBY ~ oak¢YBZP�ae]\��ik�\]`7YP�iZB`co2e¯t � e:ZBV-Xmh]kBX_­�`co2[]Y}��V��ih]ZjX_k¢��X
YBV-o���X4\�ZBV��iZ ZBV-X
�ú�a���dU
h��aYBYjX4\
ZBV-X�nS�ir2e-X_ZB`$����o2e]YjZjk6�a`$e�ZBY4t�UWV-X�e-X� �ZEYBZjX_hÈ���aYWZjo�YjZB[]\-^mZBV-X��Ä�a�¦��Uyk�X4Yjh�o2e]YjX�[]YB`$e]r
ZBV-XV�a��ZB[��ab5X4bcX4��Zjk�o2e]`$�_Y�Yjh�X4�_`��ab7bc^:\-X_­aX4bcoah�X4\*Zjoè�a�_��o2n�n�o8\��iZjX�ZBV-X ¨ ���d§�ÝÈk�X|�a\�o2[-Z�`$e@ZBV-X
V]`cr2V
k?�a\]`��iZB`co2e
X4e�­�`ckBo2epn>X4e�Z5o ~ ZBV-X=��§=fE�ÈX� 8h�X_k�`7n>X4e�Z_t
UWV-X ~ o2b$bco���`$e-r��ae��ab$^8YB`7Y¯h]kBX4YjX4eDZBY�ZBV-X�h�X_k ~ oak�nw�ae]��X�o ~ ��� v �©�ikBk?�4^�o ~ ���&\-^�e-o�\-X�YBZP�iraXE�ú�a���dUWY
X4ÇD[]`$h]h�X4\;�;`cZBV�bcX4e]YBX4Yw`$e��5ZjX4YBZj��X|�ani�iZ�fE¬�¥[� t � e¦� � k�YBZwYjZjX_h}ZBV-X�\-X_ZjX4��ZjX4\ e8[]n ��X_kwo ~ hpV-oaZjo2e]Y
h�X_k5X_­aX4eDZ�`$Y5\]X_ZjX_k�n�`$e-X4\ ~ kBo2n �>ZjX4YBZj��X|�anãYB`$n¢[]b��iZB`co2e¯t.UWV]X=Y�`$n [pb��iZB`co2e
`$YEZBV-X4eÈ��o2n�h��ikBX4\
Zjo
ZBV-X�ZjX4YjZj��X|�an kBX4Y�[]bcZBY_t

Beam

SiT1 SiT2 SiT3

MaPMT plane

Mirror

CF4

Quartz window

RICH1 vessel prototype

Scintillator (x2)

Silicon detector

q `$r2[-kBX[�Dt$u ��ºB» E|H \ TwR/Q[HUTDE©H�E { H � E M ` O�Mi× RizBH { TrR ¿�L FÃ_¬HUTBE[HUTÃC=E6E º LUO�Lc\ RNF ¾ E O E {4\ R Ò E { Ô º LP¾ å Ú º L=¾%Ø�Ú
º L=¾'âGäÅM FfI�HUTDE Ü�> Û Õ å Ò C=R^HóR^H ×6Ò E ¿�L HUTÄHUTDE xèM X xÎ¾�M C)C Ma×�ÒfO�M F1E �
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q `cr2[-k�XJ�Dt´� � ¾ TBE â]v[âÅM C)C Ma× R/Q x½M X xW¾�{ `wRizDF�H�EPI ¿�L HUT O E4F { E {�M FfI�EGF_z L�Ò�Ò E?I ¿�L HUT Ö�¸ EIH¹R M C/I
H;E?E|H O E�C=E M I�RizBH {�� ¾ TBE x½M X xW¾�ÒfO�M F1E L¹{�¸nL¹{6L � O E�RNF�HUTDE�HóR ÒèÒfLu\ HÐzDC=E � µ F1E�R=QSHUTDE xèM X xÎ¾�{
Ô � R^HcHóRN`«C L _^TÃH äw¿
M·{ ` L¹{�{)L FÃ_ ��Z¼{6L IKE ¸nL E ¿ÎL7{�{ TrR ¿ FèRNFÆHUTDE � R^HcHóRN` ÒfLc\ HÐzDCPE �
J ¡LK öÄªÕ¶�°�»�ªÕ·�´ M ª
¶C�.Û�¥6±¦°b¥P¸¹§

NEOQPROSP �,�UT<VXWZY � VpâE[aþ¯ý=û\V][aü^T

UWV]X=�ú�a���dUWYEV��4­aX=��X_X4e(X� 8h�X_k�`7n>X4e�ZP�ab7bc^"ZjX4YjZjX4\��iZ¦ZBV]X�U[á ��Ç���X|�an ~ �a�_`$b7`cZ&^>o ~ f5¬�¥[� t�UWV-X
hp`$o2e"h��ikBZB`$�_bcX¦��X|�an�V��a\¬��n>o2n>X4eDZB[]nÆo ~ u_����X`_=a·�5��`cZBV��ae>X4b$X4��ZjkBo2e���o2eDZP�an�`$e��iZB`co2e"o ~ �i��o2[-Z
lcb(t¦UWV-X�X� �h�X_k�`$n>X4eDZP�ab¯YjX_ZB[-hd`$YWYBV-o���eÈ`$e q `$r2[-kBX¦�Dt$uitEUWV-X���X|�an Zjk?���jX4��ZjoakB^C���aY�n>o2e]`$ZjoakBX4\
[]Y�`$e-r�ZBV-kBX_X5YB`$b$`7��o2e \-X_ZjX4��Zjoak�ZjX4bcX4YB��oah�X4Y.YjX_r2n>X4eDZjX4\�`$eDZjoJ�=�a� v �a�=nw�iZjk�`� }o ~ YBÇ8[��ikBXEhp`� �X4b$Y���`cZBV
�
hp`$ZB��V®o ~ uit´��n�nCt}U�V-X"kBX|�a\®o2[-Z����aY�h]kBo�­8`$\]X4\d�8^�Z���X4b$­aX�� ~ o2[-k�h�X_k�ZjX4bcX4Y���oah�X"hpb��ae-X�� u4�^���
��V��ae]e-X4br�an>hpb$` � X_kj�&YBV��ih�X_kj�&n¢[]bcZB`$hpbcX� �X_k���Vp`chpY��d_=`c��`$e-r�_ « � « Ç � f���ÌÍl^�·Î�t�UWV-X�¥ � f5§ u�h]kBoaZjoaZ&^8h�X
ÌÍ�i�2Î���o2e]Y�`$YjZBY;o ~ �
f q ¨ r��aY=­aX4YBYjX4b¤��`$ZBVÄ�guwnMbco2e-rÅ�aep\ú��ái��n�nM��kBo2YBY=YjX4��ZB`$o2e ~ oakB���ik�\a�ik�n
~ kBo2n¡��V]`$��V:ZBV-X(h��ikBZB`$�_b$X4Y}X4eDZjX_k4tdU�V-X�k?�a\p`��iZjX4\*f5V-X_kBX4e-�ao�­:hpV-oaZjo2e]Y,�ikBXmZBV-X4e*\]`c­aX_kBZjX4\�o2[-Z
o ~ ZBV-Xw�a�_��X_h]ZP�aep��X�Zjo©���ik�\]Y}ZBV-X>hpV-oaZjo�\-X_ZjX4��Zjoak"[]YB`$e]r��ÈYBhpV-X_k�`$�G�ab�n�`$kBkBoak=ZB`$bcZjX4\¿�8^*u|�fe¢��`cZBV
kBX4YBh�X4��Z�Zjo}ZBV-X;��X|�an �· -`$Y_t.UWV-X©�ab$[]n�`$ep`$YjX4\���r2b��aY�Y¤n�`ckBkBoak�V��aY��}kBX`g]X4��ZB`c­�`cZ&^"o ~ ái�Zb �iZEsi�a��e]nCª
� \]`��an>X_ZjX_k¦o ~ uau4��n�n �ae]\S� ~ o��G�abpbcX4e]raZBV�o ~ uauaun�.n�nCt « \��B[]YjZBn�X4e�ZBY�Zjo}ZBV-X�n�`ckBkBoak�Y.h�o2YB`cZB`co2e



h ÉcÐúj�prlGx@?Õprh�z�i+prljDc�NoUv�xÏo�}1t dCk
�G�ae*��X
nw�a\-XC[]Y�`$e-r®n�`$��kBo2n>X_ZjX_k�Y���kBX_��Y_t�U�V-Xmh�V-oaZjo2e]Y¬�ikBX
Zjk?�ae]Y�n�`cZjZjX4\@ZBV-kBo2[-r2V��®Ç8[��ikBZjÝ
��`$e]\-o�� YjX|�ab$`$e]r¢ZBV]X�­aX4YBYjX4b��aep\Co2[-ZWo2eDZjo�ZBV-X �ú�a���dU h�b��ae-X�YB`cZB[��iZjX4\�uau ¨ ��n�n��©���©^at
« �_b$o2YjX�h��a���aX4\¢� v ���ikBk?�4^�o ~ ���&\-^�e-o�\-X�YjZP�iraXE�Ä�a�¦��UWY�X4Ç8[]`ch]h�X4\���`cZBV�bcX4epYjX4YwV��aY���X_X4e�ZjX4YjZjX4\¯t
UWV-X��ikBk?�4^g`$Y�YBV-o©�;eg`7e q `cr2[-k�X¬�Dt´�8t�UWV]X"�ú�a���dUWYJ�ikBX>n>o2[]eDZjX4\go2e]�m��bcX_X4\-X_k���o��ik�\���Vp`$��V
h]kBo©­�`$\-X4Y¦ZBV-X�n�X4��V��ae]`7�G�ab¯YB[-h]h�oakBZ_ª8ZBV-X�§l_i�ae]\
ZBV-X�\]^8e-o�\-X��&��V��a`$e(kBX4YB`$YBZjoakWe-X_Z&�¦oakB�(ZjoaraX_ZBV-X_k
��`cZBVS� ~ X_X4\�ZBV]kBo2[-r2V(hp`cZB��V�Zjo¢ZBV-X�kBX|�a\-o2[-Z¦X4bcX4��ZjkBo2e]`7�_Y���o��ik�\pY_t.UWV-X��ú�a���dUWY��ikBX�kBX|�a\-o2[-Z5`$e
h��a`ck�Y�[pYB`$e-r�� Yjh�X4�_`��ab$bc^"\-X4YB`cr2e]X4\nm=�¦o��ik�\���X_X_ZBb$Xjo}��Vp`$��V>hpkBo©­�`$\-X4Y��ab$b]ZBV-X;X4bcX4��ZjkBo2e]`7�_Y�kBX4Ç8[]`ckBX4\
~ oakWZBV]X�oah�X_k?�iZB`co2e
o ~ ZBV-X	�¦X_X_ZBbcX}��V]`chÄ�aY�YBV-o©�;eÈ`$e q `cr2[-kBX¦�Dt´�8t

DC offset Power supply

SEQSI and Readout MaPMT connector

Beetle 1.2 chip

q `cr2[-kBX¦�Dt´� � ¾ R ÒèM FfI � R^HcHóR^` ¸yL E ¿ R/Q	HUTBE6H©R M C/IpH¹E6EGH O E �

NEOSPRO à qrV]Vs[2ýSV PRO à"t�u�YvT

UWV-X;��X_X_ZBb$X"uit´�¢��V]`ch¿ÌÍl^á·Îw`$Y��(u4�^�"��V��ae]e-X4b�hp`ch�X4b$`$e-X4\ « h]hpb7`$�G�iZB`co2e�Ç�h�X4�_` � � � e�ZjX_rak6�iZjX4\�fE`ck��_[]`$Z
� « Ç � fW��\-X4YB`cr2e]X4\�Zjo>ZBV-Xw��§�f¦�
X� �h�X_k�`$n>X4eDZ�Yjh�X4�_` � �G�iZB`$o2e]Y � `cZ�`7Y ~ �aYjZ9�ae]\(�G�ae
��X;oah�X_k?�iZjX4\��iZ
¨ ����§;Ýaª�`cZ�`$Y�k?�a\]`��iZB`co2e�Zjo2bcX_k?�aeDZ�[-h�Zjo(u_����k?�a\��8^"ZBV-X�[]YBX�o ~ f5�®Ë�Ç>YB[]�-�&n�`$��kBo2e"ZjX4��V]e-o2bcoara^
��`cZBV®Zjk�`ch�bcX"kBX4\][]e]\��ae�Z�bcoar2`$�it(UWV-X���V]`ch:V��aY}��X_X4e¿\]X4YB`cr2e-X4\ ~ oak}YjX_­aX_k6�ab^��§�f¦��Y�[-�-�&Yj^�YjZjX4n�Y �
ZBV-Xx_.X_kBZjX� y��X_ZjX4��Zjoak4ªEZBV-X � epe-X_k�U�k6�a�B�aX_kÅ�aep\*ZBV-XÈ¥ � fE§ t « �pbco��B�@\]`��irak?�an o ~ ZBV-XÈ��V]`ch�`$Y
YBV-o©�;e(`7e q `cr2[-k�XJ�Dt ¨ t�¬��a��VC��V��ae]e-X4b�`$Y��an>hpb7` � X4\��;`cZBVÅ�"bco��5�&e-o2`$YBX���V��ikBraX�YjX4e]Y�`cZB`c­aX;�an>hpb$` � X_k
��`cZBVÄ�moah]ZB`$n¢[]n YB`cr2e��ab�o ~ �a�.�a�a�{z}|�oak�o2e-X>��`7e]`$n¢[]n � o2e]`$YB`7e-r��!�ikBZB`$�_bcXC��� � �¦��Þ ~ oak¹�mZjoaZP�ab
\-^8e��an�`$��k?�ae-raX�o ~ u_��� � ��Y_t

äó$]ï�~U míÊè�ì�æ�ç�èÐì&ê�ï·÷·êBë&÷�ë�ç�� çñë�çÏï·óñç
� î�ëwì�æ·ç.è�í î�ïiê�ôDî��-è�íÊôÊíÊóÏî|ï�÷©çñì�çÏóñì�î�ë�è
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notCompOut
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Vfs

Isha Ibuf
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1 of 160+16+10 cells
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Dummy channel

Reset

1 of 128 channels

PipeampTestOut

buffer

pipeline

pipeline 
readout−amplifier

current
buffer
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Analog

Vfp

shaperpreamplifier
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1 of 16 channels

Or LVDS @ 80 MHzMux

CompOut
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m
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n
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om
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V
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V
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uf

V
d

V
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Ipre
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Ith
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CompClk
Isf

Itp

Generator
Testpulse
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4 x (32 to 1)

Reset

Vdcl notOut[3:0]
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q `cr2[-kBX¦�Dt ¨ � Z � O R \ » I LuM _�C M `¼R=Q	HUTDE6H;E?E|H O E�å ��ØV\ T L�Ò ØQ�Z� Ù �
UWV]Xú���&\-^�e-o8\]XÈYjZP�iraXg�ú�a���dUãV��aYS�aeW�an>hpb7` � �G�iZB`co2e*o ~ li���a�a�^zf|��iZÅ�i�a�
_M��Vp`$��V � ZBY�ZBV-X
\-^�e��an�`7�=k?�ae-raX���`$ZBV-o2[-Z5ZBV-X}e]X_X4\Èo ~ �ae�^CbcX_­aX4b��a\��j[pYjZjX_k4t�U�V-X���V]`$h��G�aeÈX4`cZBV]X_kW��X}[]YjX4\V�aY©�ae
�ae��ab$oar2[-X}hp`$h�X4b7`$e-X;��V]`chdoak;`$e+���p`$e��ikB^(n>o�\-X}`$eC�;V]`$��VC�G�aYBX `cZ��G�ae�oah�X_k?�iZjX¦�iZ�[-hÈZjo��i����§;Ý
�ab$b$o©��`$e]r}Zjo¢X� 8ZjX4e]\
`cZBY¦[]YjX;Zjo"oaZBV-X_kEh�oaZjX4eDZB`��ab�X� 8h�X_k�`7n>X4e�ZBY4t�§;X_kBX=`cZ�`7Y�o2e]b$^�[]YjX4\(`$eS�ae��ab$oar2[-X
n>o�\-Xat « b$b]\]`cr2`$ZP�ab]��o2e�Zjk�o2b$Y��aep\�\��iZP� YB`cr2e��ab$Y
�ikBX;bco���­ao2bcZP�iraX=\]`���X_kBX4eDZB`��ab]YB`$r2e��ab$Y����Z_���Ç]�Õ�ae]\
ZBV-X���V]`$h�`$Y�hpkBoarak?�an�nw�i��bcX5­8`��	��YjZP�aep\��ik�\ � �2f�`7e�ZjX_k ~ �a��Xat�UWV-X;��V]`ch(`$Y�n>o2[pe�ZjX4\�o2e�ZBV-X©��o��ik�\
�¦X_X_ZBbcXat
UWV]Xè�¦X_X_ZBbcX2uit´�+��V]`ch¾�G�ae¾e-oaZg\]`ckBX4��ZBb$^ÃkBX|�a\ u4���&\-^�e-o8\]X�YjZP�iraX��Ä�a�¦��U�Y_t UWV-Xè�a\]\p`cZB`co2e��ab
\-^�e-o�\-X��&YjZP�iraX4Y(h]kBo�­8`7\-XÄ��Vp`cr2VW�an>h�b$` � �G�iZB`co2e���V]`$��V�kBX4Ç8[]`ckBX4Y�bcX_­aX4b©�a\}�j[]YBZBn>X4e�Zm��`cZBV]`7e*ZBV-X
�¦X_X_ZBbcX2uit´�
��V]`chd`$ZBYjX4b ~ tW§�X4e]��X���n�o8\]` � X4\È��Vp`chwªpZBV]X¦�¦X_X_ZBbcX2uit´�a� « ��ª ~ oak�ZBV-X¢[pYjX�o ~ u4���&\-^�e-o�\-X
YjZP�iraX"�Ä�a�¦��U�Y�V��aY5��X_X4eÈ\]X4YB`cr2e-X4\¯t

NEOQPRO � �¿þ�[aþ����s��ü^YQ��Yv[cYv��â0ûUVs[2ü
T

UWV]X�\��iZP�	�a�_Ç8[]`$Y�`cZB`co2ew�ae]\���o2e�ZjkBo2b�`$YÕ��_=�d¬����aYjX4\�YB^8YjZjX4nÈª8YBV]o©��e�`7e q `cr2[-kBX¹�Dt´l8t¦�Èo2YjZ�o ~ `cZBY
nw���joak5��o2n>h�o2e-X4eDZBY¦V��4­aX=��X_X4em\-X4Y���k�`c��X4\�`$e
fEV��ih]ZjX_k ¨ t�UWV-X�e]`$e-X��Ä�a�¦��UWY��ikBX=n>o2[]eDZjX4\(o2e
ZBV-X;�EbcX_X4\-X_k¦��o��ik�\���Vp`$��Vm\]`$YjZjk�`$�p[-ZjX4Y.ZBV-X�V]`cr2V�­ao2bcZP�iraXat�UWV-X�YB`� w�¦o��ik�\��¦X_X_ZBbcX¹�ik�X���o2e]e]X4��ZjX4\
Zjo�ZBV-X¦���a��� X4e]\wª·X|�a��V>kBX|�a\]`7e-r;o2[]Z�Z���o}�ú�a���dUWY_t.UWV-XE��o2eDZjkBo2b$Y��ae]\"\��iZP�;�ikBX5`$eDZjX_k ~ �a��X4\"��`cZBV
�mYB`$e-r2bcX���o��ik�\È��V]`$��VÈ\]`$YjZjk�`c�p[-ZjX4YEZBV-X}Zjk�`craraX_k;Y�`cr2e��ab��ae]\�ZBV-X}\��iZP� ~ k6�an>X�Zjo�ZBV]X¦�ih]h]k�oah]k�`��iZjX



h É�Þ���prh�z�iVo��fp��ÏÌ�pDt�D�p k�Ð

HV
Supply

End

FED
SEQSI CORBOCRAMS

DigitiserController
Crate

VME Bus

RIO

Trigger

(LabView)
PC Control

Control Signals
and
Trigger
Clock,
Power,

FED trigger

Data
and

MaPMT x 9

(Data x 64) x 9

(Data x 64) x 9

Interface Board

Bleeder Board

to hard disk
Data via LAN

Beam TriggerSi Telescope

Beetle Board

Clock

Experimental Area

q `cr2[-kBX¦�Dt´l � Z � O R \ » I LcM _�C M `ûR/Q¦HUTDE¬E O E \ HuC/RNF Lu\_{ C=E M I�RizBH M F1I�I M H M+M�\ F4z L7{)L H L RNF {�×·{ H�E4` {��
V��ik�\-���ikBXat¬��oaZjX�ZBV��iZ�ZBV-X�`$eDZjX_k ~ �a��X���o��ik�\®���aY�e-oaZ�kBX|�a\-^go2e¿ZB`$n�X ~ oak�ZBV]X>ZjX4YjZj��X|�anû�ae]\½�
�_[]YjZjo2n�`$YBX4\�`$eDZjX_k ~ �a��XmV��a\�Zjo���X�nw�a\-XatCUWV]X�`$eDZjX_k ~ �a��X(��o��ik�\:`$Y \-k�`c­aX4e:­8`��Ä�����i�X_�`cX_� �¦f
`$e�ZjX_k ~ �a��Xat � edZBV]X>ZjX4YjZj��X|�an ZBV-X>Zjk�`craraX_k�`7Y=h]kBo©­�`$\-X4\g�8^ú�
h��ik�ZB`$�_bcX"��X|�an¼�aY�`cZ=raoDX4Y�ZBV-kBo2[-r2V
Z&�¦o}o©­aX_k�b��4^�`$e-r}Y��_`$e�ZB`7b$b��iZjoak�Y¤hpb��iZjX4Y�n>o2[]eDZjX4\>o2e>ZBV-X;YB`$b$`$��o2e¢ZjX4bcX4Y���oah�X4Y4t « fEV]X_kBX4e-�ao©­>��o2[]eDZjX_k
hpb��a��X4\C[-hpYBZjkBX|�an o ~ ZBV-X � k�YjZ¦Y�`$b$`$��o2e(ZjX4bcX4YB��oah�X�`$Y5[]YBX4\mZjo>k�X��ÏX4��Z5X4bcX4��Zjk�o2e]Y_t � V-X4e
ZBV-X¦Ç�¬���Ç �
kBX4��X4`c­aX4Y�ZBV]X�YB`cr2e��ab.`cZ�YBX4e]\]Y��_bco��B�®��^��_bcX4\:Zjk�`$raraX_k�Y�ZjoÈZBV-Xw�¦o��ik�\��¦X_X_ZBbcXS�ae]\¿ZBV]X q ¬^�¢t�UWV-X
q ¬�� kBX_ZB[-k�e]Y�ZBV-XS�¦o��ik�\{�¦X_X_ZBbcXm\��iZP�Ä�ae]\�ZBV-X�Ç�¬���Ç � e-oaZB` � X4Y}ZBV-X(fWË=¥©�WË¢t�UWV-X
fWË=¥[�WË
ZBV-X4e�YjX4ep\]Y��ae�`7e�ZjX_kBk�[-h]ZWYB`cr2e��ab¯Zjo�ZBV-X¢¥ � Ë¢ª]��V]`7��VÈ`$YW���aYB`$�G�ab$b$^Å��X4n ��X4\]\-X4\È�Ef�ª]ZBV��iZ�kBX|�a\]Y
o2[-ZWZBV-X¢\��iZP�S�ae]\ÈX4n>h]ZB`cX4Y�ZBV-X q ¬^�Æh�`ch�X4b$`$e-Xat q `$e��ab7bc^m\��iZP� ~ k�o2n ZBV-X	�¦o��ik�\a�¦X_X_ZBbcX¦�aep\ÈZBV-X
YB`$b$`$��o2e(ZjX4bcX4Y���oah�X4Y©�ikBX}YP�©­aX4\ÈZjo�\p`$Yj��­�`��"ZBV-X"f¦k?�iZjX¢f¦o2eDZjkBo2b$b$X_k4t
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Hits in Plane Three
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Plane 1

q `cr2[-k�X��Dt´s �¹Û zD`"z O�M H�E?I¹T L H { E ¸ E4FfH {ÕL FwHUTDE {6LUO�Lc\ R^FwH�E O E {4\ R Ò E ÒfO�M F1E {9M·{ HUTDE � E M ` ÒBM·{�{ E { HUTKC/Raz^_^T �
H¹R^HcHóRN` O EuQ4H \ RNC)F1E4C L¹{ HUTDE Ö C { H ÒfO�M F1E Ô º LP¾ E O å äúM·{ IKE Ö F1EPI L F Ñ L _azDCPE�� � å Ú HóR ÒWO EcQ)H L7{ º LP¾ E O Ø
M F1I¬HóR Ò C L _NTÃH L¹{ º LP¾ E O âB� H¹R^HcHóR^` C L _NTÃH { TrR ¿�{ HUTDE \ RnRNC/I L F M H�E {�×·{ H�EG` ¿ TDEGC=E	HUTDE � E M ` L¹{ _ÃR L Fr_
MNO RNFÃ_VHUTDE Ý Ô=I L C=E \ H L RNF �
J ¡�� � ªÕ·�´ M ¥��¹ª�ÛR�[ª�§���ª

UWV]X5h��ikBZB`$�_bcXE��X|�an°\-o8X4Y�e-oaZÕ�ik�k�`c­aX5h�X_k ~ X4��ZBbc^,�ab7`cr2e-X4\"Zjo�ZBV-X��· -`$Y.o ~ ZBV-X5k?�a\p`��iZjoak4t � Z.Zjk6�4­aX_k�YjX4Y
�iZ�� Y�nw�ab$b��ae]r2bcX���`$ZBV�kBX4Yjh�X4��Z¦Zjo ZBV]X�kBX ~ X_kBX4e]��X;�· �`7Y_t.UWV-X���X|�an Zjk?���jX4��ZjoakB^�­N�ik�`cX4Y ~ kBo2n X_­aX4eDZ
Zjo"X_­aX4eDZ��aep\�ZBV]`7Y�\]`c­aX_k�raX4e]��X�V��aY�Zjo¢��X©�a�_��o2[]eDZjX4\ ~ oak©t�U�k?���jX4��Zjoak�`cX4YE�G�ae(��X�n>o2e]`$ZjoakBX4\m[pYB`$e-r
ZBV-X�\��iZP�¢kBX_r2`7YjZjX_kBX4\(�D^mZBV-X=YB`$b$`$��o2emZjX4bcX4YB��oah�XJ�ae]\(�8^ � ZjZB`$e-r��¢YjZjk?�a`cr2VDZ5b$`$e-X;Zjo¢X|�a��VÈV]`cZ¦`$emZBV-X
ZBV-k�X_X�YB`$b$`7��o2e®hpb��ae-X4Y_t�U�V-X�\]`c­aX_kBraX4ep��X ~ k�o2n ZBV-X�kBX ~ X_kBX4e]��X�h�o2`7e�Z��G�ae�ZBV-X4e¿��X>X_­Ï�ab7[��iZjX4\¯t «
��o�\-X>\-X_­aX4bcoah�X4\ ~ oak�ZBV]X�§;���¼ZjX4YjZj��X|�an ÌÍ� ¨ Î�V��aY;��X_X4e]�a\��ih]ZjX4\®ZjoCZBV]X"��o2e � r2[-k?�iZB`co2ego ~ ZBV-X
�ú�a���dUÆZjX4YjZj��X|�anCt � e]� � k�YjZ;YBZjX_hwªw�_b$[]YjZjX_k�Y�o ~�~ o2[-k=hp`c 8X4b$Y©�ikBX>`$\-X4eDZB` � X4\¯t=¬�­aX4eDZBY�`$ed��V]`7��V
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x_residue3_cut
Entries  1605
Mean   0.02029
RMS    0.3551
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Residual X x_residue1_cut
Entries  1605
Mean   0.02675
RMS     0.425

x_residue2_cut
Entries  1605
Mean   -0.07599
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Entries  1605
Mean   0.02044
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Residual Y y_residue1_cut
Entries  1605
Mean   0.0249
RMS    0.3445

y_residue2_cut
Entries  1605
Mean   -0.0396
RMS    0.5181
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q `$r2[-kBXÅ�Dt�� � Ü E {6L Iiz MNO { HóRaHUTDE Ö HcH�E?I � E M ` HuC M�� E \ HóRNC × HóR {)L�O Lc\ RNF�T L H {;Ò EGC \GO z { H�E4C {�� Ü E {6L Iiz MNO å
\ RNC)C=E {óÒ R^FfI { HóR ÒfO�M F1E;å Ô � O z�E äyÚ C=E {6L Iiz MNO Ø HóR	HUTDE { E \ R^FfI ÒfO�M F1E Ô CPEPI�I M·{ TDEPI M CPE M4ä,M FfI	C=E {6L Iiz MNO�â
HóRÅHUTBE,HUT L C=I Ô I M·{ TDE?I O L F1E äÝ�
�_b$[]YjZjX_k�Y'�ikBX¦rakBX|�iZjX_k�ZBV��ae ~ o2[]k�hp`� �X4b$Y%�ikBX�k�X��ÏX4��ZjX4\¯t.¬�­aX4e�ZBY!�ikBX¦o2e]bc^��aX_h]Z¤��V-X4e,��YB`$e-r2bcX��_b$[]YjZjX_k
`$Y ~ o2[]e]\���`cZBVÄ�mV]`cZ�`7eÈX|�a��Vgo ~ ZBV]X}ZBV-kBX_X¢YB`$b$`7��o2eChpb��ae-X4Y4t « ea�a��ZB[��ab¤V]`cZWh�o2YB`cZB`$o2e�`$Y�oa�]ZP�a`$e-X4\
~ kBo2n ZBV-X « ��f��¦X4`cr2VDZjX4\C��X4e�ZjkBX=o ~ rak?�4­�`cZ&^mo ~ ZBV-X=�_b$[]YjZjX_k©t � ZE`$Y�ZBV-X4e
��o2e�­aX_kBZjX4\�`$e�Zjo��¢n>X_Zjk�`$�
h�o2Y�`cZB`co2e®[]YB`$e]r(ZBV]X�hp`� �X4b�hp`cZB��V¿o ~ uit´��n�nCt q `cr2[-k�XÅ�Dt´sCYBV-o���Y�ZBV-X�Vp`cZ=h�o2Y�`cZB`co2e]Y=h��aY�YB`$e-r
ZBV-X
�_b$[]YjZjX_kE�_[-Z5`$emX|�a��VCYB`$b7`$��o2e�ZjX4bcX4Y���oah�X=hpb��ae-X©�a�_��oak�\p`$e-r¢Zjo¢ZBV]X�e8[]n ��X_kEb��i��X4b$b$`7e-r�o ~ q `cr2[-kBX��Dt$uit
¬
�a��V
X_­aX4eDZW`$Y � ZjZjX4\C[]Y�`$e-r¦�"bcX|�aYBZ¦YBÇ8[��ikBX�n>X_ZBV]o8\(Zjo"oa�]ZP�a`$e(ZBV-X=��X4YjZ¦��X|�an Zjk?���jX4��ZjoakB^(rao2`$e-r
ZBV-kBo2[-r2VmX|�a��V(hpb��ae]Xat�U�V]`$Y�`$Y¦\-o2e-X�`$e]\-X_h�X4e]\]X4e�ZBbc^ ~ oak9� Ó �ae]\ × Ó �a�_��oak�\p`$e-r¢Zjo ZBV-X���oDoak�\]`$e��iZjX
Yj^8YBZjX4n \]X � e-X4\+`$e q `cr2[-k�XÆ�Dt´s8t�UWV-X®n>X|�ae+kBX4YB`7\][��ab5Zjo*ZBV-X®b$`$e-Xdrao2`$e-r@ZBV-kBo2[-r2VÃZBV-XgZBV-kBX_X
hpb��ae-X4Y_ª�YBV-o©�;e¿`$e q `cr2[-kBXÅ�Dt��Dª�`$Y�oa�]ZP�a`7e-X4\®�D^¿YB[]�]Zjk?�a��ZB`$e-r
ZBV-XÅ�a��ZB[��ab�V]`cZ���o8oak�\]`7e��iZjX>ZjoÈZBV-X
� ZjZjX4\���o8oak�\]`$e��iZjXat*UWV-X
kBX4Y�`$\][��ab¦`$Y>nw�ae8[��ab$bc^�n�`$e]`$n�`$YjX4\:Zjo¿k�X����ab$`cr2e*ZBV-XCV]`cZ>Yjh�X4��Zjk�[pn ~ oak
�ab$bEhpb��ae-X4Y4t q `7e��ab$bc^:ZBV]X�\]`c­aX_kBraX4ep��XÈ`$Y>ZBV-XV�ae-r2b$XCo ~ ZBV]XÈZjk?�a�B��Y��;`cZBV*kBX4Yjh�X4��Z>Zjo:ZBV-X Ó4Ô M � L¹{
~ oak¬���ae]\ × t « � e��ab��_[-Z¢�G�ae���XS�ih]h�b$`cX4\¿�8^:��o2e]YB`$\]X_k�`$e-rCo2e]b$^gZBV]XmV]`cZBY���`cZBV]`$e:ZBV-Xm��X4eDZjk?�ab
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track_Xcomp
Entries  11303
Mean   -0.2043
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q `cr2[-k�X��Dt�� � ã	LÑ¸ E4Cc_ÃEGF \ E M FÃ_ O E {`� HUTDE�I Mi{ TDE?I CPEó_ L RNF {�\ RNC)C=E {óÒ R^FfI { HóRüHuC MK\ » { RNF O ×½ÒDMi{�{6L FÃ_
HUTKC=Riz�_NTaHUTDE \ EGF�HuC=E�R=Q ÒfO�M F1E º LP¾ E O Ø®Ô�¿�L HUT L F Ø `�` äÝ�
kBX_r2`$o2e���V]X_kBXdn>o2YBZmo ~ ZBV]XgV]`$ZBYS�ikBXat « Y(ZBV-Xd��X|�an `$Ymn>o2YjZ ~ o��_[]YjX4\+`$e�hpb��ae-XaÇ-`$U�X4b¹�8ªWYjX_X
q `cr2[-k�X;�Dt´s8ª8ZBV-X;�_[-Z¦`$Y
�ihphpb$`cX4\"o2emZBV��iZ�h�b��ae-Xaª�k�X4ÇD[]`$k�`$e-r�V]`cZBY���`cZBV]`7e��.n�n �ik�o2[]e]\>ZBV-X���X4e�Zjk6�ab
kBX_r2`$o2e¯t q `cr2[-kBX¹�Dt�� YBV-o���Y�ZBV]X;\]`c­aX_k�raX4e]��X�\p`$YjZjk�`c��[-ZB`co2e¢��`cZBVw�aep\���`cZBV]o2[-Z�ZBV-X¹�i��o�­aX��_[]Z_t�UWV-X
~ o2b$bco���`$e-rg��o2e]�_b$[]YB`$o2e]Y}�G�ae*��Xm\]k?�4��e � u©�}[pYB`$e-rÈZBV]X
��X4eDZjk?�ab¦kBX_r2`co2e@o2e]b$^aª¤ZBV]X
\p`c­aX_kBraX4e]��X
`$e
ZBV-X	�]�&\]`ck�X4��ZB`co2e
`$Y¦kBX4\][]��X4\ ~ kBo2nMuit´�^á�n>k?�a\(ZjoÈuit´�^á�n>k?�a\(��V]`$b$X;`cZ5`$Y¦kBX4\][p��X4\ ~ kBo2n ��t��is.n�k?�a\
Zjo���t��i��n>k?�a\�`7e*ZBV-X × �&\]`$kBX4��ZB`co2e��ae]\��2�"ZBV-XÈ��X|�anR\]`c­aX_kBraX4ep��X�`$Y"Z&�¦o�ZB`7n>X4Y>�p`craraX_k�`7e*ZBV-X
�]�&\]`ckBX4��ZB`$o2e¯t

J ¡£¢ öÄªÕ¶�°�»�ªÕ·�´ ¤¦¥?´:�¬¨P·�°³¥P¸©§

« �=¬ « �;U ¨ Y�`$n [pb��iZB`co2e:o ~ ZBV-X
ZjX4YjZj��X|�an ÌÍlas·ÎE���aY>`$n�hpbcX4n>X4eDZjX4\¯t:fEV-X_kBX4e-�ao�­�hpV]oaZjo2e]Y��ikBX
X4n�`$ZjZjX4\@`7e:ZBV-X(k?�a\]`��iZjoak¬�ik�n ~ oak��]�i�a��n ���ik �6¡E¢�r��aY��iZ¬��ZjX4n�h�X_k6�iZB[-kBX�o ~ �i�a�^£>t q `$r2[-kBX
�Dt�á¿Y�V-o©��YS�¿YB`$e-r2bcX
hp`$o2e�X_­aX4eDZ�Zjk6�4­aX4b$b$`7e-r¿[-hD���ik�\]Y4t@UWV]XCX4n�`cZjZjX4\ÃfEV]X_kBX4e-�ao©­@hpV-oaZjo2epY¬�ikBX
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q `$r2[-kBX��Dt�á �
¥ EcQ)H � HóR Ò
¸yL E ¿ R/Q9HUTDE ÜI> Û Õ å ¸ E {�{ E OnÒ C/R^HóR�H ×?Ò E {6L `¢z O�M H�EPI L F Ù Y Z�¦Å¾1Á Q4RNC M�{6L FÃ_ O E
ÒfL R^F½E ¸ EGF�H \ RN` L FÃ_JQ6C=RN`êHUTBE � R^HcHóRN`¼R/Q	HUTBE ÒfLu\ HÐzDC=E � Ü L _NTrH � Ó|R|RN` L F { TrR ¿�L FÃ_�HUTDE Û TDEGC=EGF » R ¸
Ò TrR^HóRNF { CPE Ö E \ H L FÃ_+R/Q¦HUTDE¦` L C)C/R^C�RNFfHóRÅHUTBE x½M X xW¾úÒ1O�M FbE �
ZBV-X4e�k�X`g]X4��ZjX4\(�D^�ZBV]X;n�`ck�kBoak�Zjo����ik�\pY�ZBV]X=�ú�a���dU+hpb��ae-Xat.UWV-X=�Ä�a�¦��U�Y��ik�X�n>o2[pe�ZjX4\m��`cZBV
YjhpV-X_k�`7�G�ab¯bcX4e]YjX4Y��aep\ÈV]`cZBY9�ikBX}kBX_r2`$YjZjX_kBX4\�o2eCZBV-X}`7e]YB`$\-X=o ~ ZBV-X}�ú�a���dU¾Ç8[��ikBZjÝ}��`$e]\-o���t�UWV-X
ÇD[��aeDZB[]n¼X_£��_`cX4e]��^�`$Y��aYBYB[]n�X4\ ~ oak�e-oak�nS�abp`$e]�_`7\-X4e]��X��ae]\�ZBV-X;YB[]k ~ �a��X;kBX`g]X4��ZB`co2em`$Y���oak�kBX4��ZjX4\¯t
UWV-X_kBX"`$Y=e-oCYB`$n¢[]b��iZB`co2edo ~ ZBV]X¢r��a`7ed­N�ik�`��iZB`$o2e ~ kBo2n hp`� �X4b¤Zjo
hp`� �X4b�t��'�ik6�an>X_ZjX_k�Y�YB[p��VÆ�aY=ZBV-X
��X|�anã\]`c­aX_kBraX4e]��X �G�aeC��X��a\��j[pYjZjX4\¯t
UWV-X¢kBX4YB[]bcZBY;oa�]ZP�a`$e]X4\ ~ oak=ZBV-X"��X|�an \p`c­aX_kBraX4e]��X"�¦X_kBX>[]YjX4\®`$edZBV]`$Y�YB`$n¢[]b��iZB`co2e¯t�UWV]X,�©­aX_k?�iraX
eD[]n ��X_k�o ~ h�V-oaZjo2e®h]kBo�\][]��X4\ ~ oak�X|�a��V�X_­aX4e�Z����aY�ZBV]X4e¿�G�ab$�_[]b��iZjX4\¯t q `cr2[-k�XÅ�Dt$u_�ÈYBV-o���Y�ZBV��iZ
ZBV-X"hpV-oaZjo2eg^8`$X4b$\¯ª�`�tÍXat�ZBV-X>eD[]n ��X_k;o ~ X� 8h�X4��ZjX4\®hpV-oaZjo8X4bcX4��ZjkBo2epY;h�X_k=X_­aX4eDZ�`$Y�s8t´�8t � e q `cr2[-kBX
�Dt$uau>��X>YBV]o©��ZBV-X"k�`$e]r ~ oak�u_���a�a�C�_[]n¢[]b��iZjX4\®X_­aX4eDZBY_t"UWV-X¢��X|�an \p`c­aX_kBraX4e]��X>`$Y;�ih]h��ik�X4e�Z�`$e
ZBV-X=ZBV]`$�B��e-X4YBYEo ~ ZBV-X=h]kBo�\][]��X4\ÈfEV]X_kBX4e-�ao©­(k�`$e]r-t « YEX� �h�X4��ZjX4\ ~ kBo2nÅZBV]X�hpkBX_­8`$o2[]Y�Ç8X4��ZB`co2eÄ�Dt´�
ZBV-X�k�`$e]r"`7YE��`$\-X_k��iZWZBV]X�YB`$\-X4Y_ª-�8^�� ~ �a��Zjoak;Z&�¦o-ª���o2n>hf�ikBX4\ÈZjo�ZBV]X�ZBV]`$e]e-X_k5Zjoahú�ae]\C��oaZjZjo2nCt
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nt
s

q `cr2[-kBX¦�Dt$u_� � X TrR�HóRNF ×NL E O I�I L¹{ HuC L � zBH L RNF¬QGRNC¦å Â
Â�Â�Â E ¸ EGF�H {��
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q `cr2[-k�X��Dt$uau �,Û TDE4CPE4F » R ¸ C L FÃ_�R � H MNL FbEPI[Q4RNC	å Â�Â�ÂKÂ E ¸ E4FfH {¹L F M �6¡E¢ _ Mi{ C M I LcM HóRNC �Å¾ TDE,I LÑ¸ EGC6Ô
_rE4F \ E�R/Q	HUTDE � E M ` L7{�¸yL7{)L � O E L FaHUTDE {)L IÃE {�¿�L HUT M IKRiz � O E \ R O zD`,FèR=QJT L H {��

8 15 63 427 1561 1489 283 65

8 21 68 196 940 1803 1596 560

7 10 16 56 194 580 1171 1163

7 11 13 6 56 127 197 563

9 9 15 13 16 23 61 112

4 8 5 4 8 8 6 17

7 11 12 5 2 2 4 3

3 85 9 1 4 4

19 31 18 20 17 16 26 23

139 131 54 52 65 92 227 269

1530 1494 776 437 766 1355 1808 1434

2185 3073 3321 3304 3089 2815 1420 724

307 535 671 701 516 382 191 110

70 117 127 127 93 84 49 25

18 25 21 21 15 18 5 4

11 12 11 9 9 5 6 3

569 1353 1368 705 141 26 10 6

1526 1857 1037 378 89 15 10 6

815 750 315 87 32 12 11 11

124 113 61 21 9 6 8 4

23 26 19 9 10 10 11 8

4 8 10 7 9 8 10 9

12 14 11 10 15 11

2 3 2 4 3 1

25 209 764 1463 1382 831 96 20

39 135 1040 1694 1310 636 46 12

64 494 1258 1766 1174 556 38 9

61 519 1261 1795 1216 564 47 14

44 376 1130 1742 1237 615 43 16

38 173 997 1663 1481 845 89 27

14 148 620 1345 1626 1099 170 30

4 35 177 741 1216 1015 270 47

7 8 9 10 14 10 3 1

10 16 18 15 19 20 12 13

10 12 17 15 6 10 8 8

6 8 10 11 14 16 9 18

5 11 12 20 23 23 10 8

11 12 13 12 17 20 14 19

10 14 15 14 11 12 9 11

3 8 7 6 8 9 8 11

34 159 1129 1699 1032 304 62 17

29 131 1071 1924 1371 575 118 19

21 91 913 1807 1409 546 78 72

20 73 902 1806 1369 469 108 24

23 70 987 1808 1171 351 74 14

36 13 1064 1675 805 227 33 12

14 329 1339 1370 518 107 14 4

11 6 178 167 32 12 4 2

7 10 17 11 7 5 4 3

12 14 11 7 11 13 29 35

13 15 10 12 26 60 41 176

13 15 19 44 121 309 620 1209

13 18 23 112 480 1375 1977 1463

14 25 124 460 1389 2019 1109 298

7 47 253 942 1951 1521 15 64

2 25 169 579 849 374 42 14

8 7 11 12 9 6 11 1

68 95 115 126 134 91 116 45

355 568 796 851 612 405 200 110

2450 2953 2652 2771 2921 2787 1629 682

1162 538 184 181 359 777 1302 998

81 48 37 29 36 70 138 120

31 23 15 14 9 13 14 18

5 11 13 14 13 10 6 6

4 7 9 6 11 22 6 13

22 15 14 10 10 14 17 7

95 79 46 16 16 11 15 15

361 369 168 72 24 15 16 13

1450 1502 795 248 60 18 13 9

1105 1699 1470 882 203 29 16 4

485 955 1573 1216 402 82 28 9

13 113 398 287 45 7 1 2

q `cr2[-k�X��Dt$u4� �½Û TDE4CPE4F » R ¸�Ò TDR^HóRNF { C L FÃ_ÆI L CPE \ H O × R � H MNL F1E?I�Q6C=RN` HUTDE�H�E { H � E M ` M H M F x½M X xW¾
¸ R O H M _ÃE+R/QÅÔ � Â�Â�§ Q)C=RN` åZ� â � Ø E ¸ E4F�H {L� ¥ M Cu_rE \ C=R {�{ Ô/H MNO » L7{�¸yL7{)L � O E Mi{�Mú¿�L IKE {óÒ CPE M I L F�HUTDE
C L Fr_�HUT Lu\ » F1E {�{L�
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UWV-X}�ú�a���dUWYW�¦X_kBX�oah�X_k?�iZjX4\ú�iZ�\]`���X_kBX4eDZ�V]`cr2V
­ao2bcZP�iraX4Y ~ kBo2nÅ�£�ili�
_ÆZjo>��u_�a�a�^_�`$eCYjZjX_hpY�o ~
li��_ ~ oak¢r��a`7e@YBZB[]\]`cX4Y_t¨�;�iZP�®��X_k�X(ZP�i�aX4e*�;`cZBV���X|�an h��ikBZB`7�_bcX4Y}��[-Z,�ab7Yjod�;`cZBV��¨��¬^�ãb7`cr2V�Z
Yjo2[-k���X�YBVp`$e]`$e-rmo2e½�ab$b�ZBV-X��ú�a���dUWY_t�U�V-X�n>X|�aYB[-k�X4\®hp[]b$YjX>V-X4`$r2V�Z�� « ��f0­Ï�ab7[-X���[]e]\-X_k�raoDX4Y
�m��o2n�n�o2egn�o8\-X¢��oakBkBX4��ZB`co2ewt « Vp`cZ;��oakBk�X4Yjh�o2e]\]Y;Zjo��(��oakBkBX4��ZjX4\®hp[pb$YjX}V-X4`$r2V�Z�X� ���X_X4\p`$e-r��(l
YB`cr2nw�(�_[-Z=o2e®ZBV-X>`$e]\]`$­8`$\p[��ab$bc^ � ZjZjX4\®h�X4\]X4YjZP�ab�\]`$YjZjk�`$�p[-ZB`co2e¯ª�YjX_XmfEV��ih]ZjX_k�l8t � e q `cr2[-kBXS�Dt$u4�
��X�YBV-o��yZBV-X}fEV-X_kBX4e]�ao©­(hpV-oaZjo2e]Y¦kBX4��oak�\]X4\ ~ kBo2nMu4s��asa�>X_­aX4e�ZBY5�;`cZBV(ZBV-X��Ä�a�¦��U �iZE� ái�a�^_ t
« fEV]X_kBX4e-�ao©­
k�`7e-r>`$YW�_bcX|�ik�b$^�­�`$YB`c�pb$X;�p[]Z5ZBV-X_kBX�`$Y9��nS���Ïoak�\]`���X_kBX4e]��X=��`cZBV
ZBV-X YB`$n¢[]b��iZB`co2e¯ª-`$e
ZBV��iZ}ZBV-XCfEV-X_kBX4e]�ao©­¿k�`$e]rÈ`$Y���b$oaZ}��`$\]X_k4ª�Yjh�X4�_`��ab$b$^do2e�ZBV-XmYB`7\-X4Y_tmU�V]`$Y�`$Y \][-X�Zjog��kBo2YBYÏ��ZP�ab$�
`$e¿ZBV-X�X4b$X4��ZjkBo2e]`$�_Y�o ~ ZBV-X��¦o��ik�\è�¦X_X_ZBbcXat
UWV-X ~ o2b$bco���`$e-r+�ae��ab$^8YB`7Y�`$Y��a`$n>X4\��iZ�kBX4n>o�­8`7e-rÈZBV-X
��kBo2YBYÏ��ZP�abc�®ZjoÈoa�pZP�a`$e½�È\]`$kBX4��Z�n>X|�aYB[-k�X4n>X4e�Z�o ~ ZBV-X�hpV-oaZjo2e¿^�`cX4b$\®`$e®oak�\]X_k�Zjod��o2n>hf�ikBX�`cZ=Zjo
ZBV-X}YB`$n¢[]b��iZB`$o2e¯t

NEOª©
OSP tpWc�E���@«¬[iþ¯ýS­8®�¯^VpâE[cY±°{��þ�[cYv��â

UWV-X���kBo2Y�YÏ��ZP�abc�¿���aY `$\]X4e�ZB` � X4\:[]YB`$e]r²��¬^� k�[]e]Y��;V]`$��V:h]kBo©­�`$\-XmYB`cr2e��ab$Y�o2eè�ab$b�hp`� �X4b$Y_tm¥;[]e]Y
ZP�i�aX4e
��`cZBVmZBV-X=�ú�a���dUü�iZ¦��u_�a�a�
_ h]k�o8\][p��X�ZBV-X=b��ikBraX4YjZE��kBo2YBYj��ZP�abc�Å�ae]\(V-X4e]��X��¦X_kBX�[pYjX4\ ~ oak
`cZBY�`$\-X4eDZB` � �G�iZB`co2ewt¢f¦kBo2YBYj��ZP�abc�g`7Y�`7\-X4e�ZB` � X4\g�D^gbcoDoa��`$e-r��iZ�V-o��°ZBV-X>h�X4\-X4YjZP�ab���oakBkBX4��ZjX4\�hp[]b$YBX
V-X4`cr2VDZBY�³�´mo ~ �(Vp`cZ�`7e�hp`c 8X4b!�½�ae]\gZBV-X"hp[pb$YjX V]X4`cr2V�ZBY6³�µ>o ~ �
V]`cZ=`$edhp`� �X4b × ­N�ikB^dZjoaraX_ZBV-X_k
~ kBo2n X_­aX4e�Z;Zjo�X_­aX4e�Z_t¦UWV]`$Y5`7Y5\-o2e-X��8^
�G�ab7�_[]b��iZB`$e-r"ZBV-X ��oakBkBX4b��iZB`co2e���oDX_£��_`$X4e�Z Û \-X � e-X4\+�aY �

�·¶¹¸»º�¼ � ��½=� �¾ ´ ¾ µ ¶
��³�´w¿ À³�´2����³�µl¿ÁÀ³�µi�

¾ ´ ¾ µ ¶ ³�´f³�µI¿ À³�´�À³�µ¾ ´ ¾ µ �ó�Dt$u©�
��V-X_kBX À³�´[�ae]\ À³�µ9�ikBX¦ZBV-X5n>X|�ae¢hp[]b7YjX�V-X4`cr2VDZBY_ª ¾ ´©�ae]\ ¾ µ��ikBX¦ZBV-X5YjZP�ae]\��ik�\ \]X_­8`��iZB`$o2e]Y_t���[]b$YjX
V-X4`cr2VDZBY[�i��o©­aX h�X4\]X4YjZP�abw`$e
hp`c 8X4b��do��_�_[-kBk�`7e-r"ZjoaraX_ZBV-X_k=��`cZBV
hp[]b7YjX�V-X4`cr2VDZBY��i��o©­aX h�X4\]X4YjZP�ab�`$e
hp`� �X4b × �ikBX��=YB`cr2e o ~ ��kBo2Y�YÏ��ZP�abc��t « Y��;��o2epYjX4ÇD[]X4e]��Xaª Û ��`7b$b2��X�h�o2YB`$ZB`c­aXat q `cr2[]kBX��Dt$u4�=YBV]o©��Y¤ZBV-X
��oakBkBX4b��iZB`co2eC��o8X_£��_`cX4eDZBY5��X_Z&�¦X_X4eV�ab$b¯s ¨ hp`c 8X4b$Y¦o ~ �aeÈ�Ä�a�¦��U�t]U�V-X�\]`��irao2e��ab¯YBV]o©��YEo ~ ��o2[-k�YjX
��u_�a�Zb���oakBk�X4b��iZB`co2e ~ oak�ZBV-XWY?�an>XWhp`� �X4b�t¤UWV-XWYB�G�abcX�o ~ ZBV]X5hp`$��ZB[-kBXWV��aY.��X_X4e>YjX_Z�Zjo¦��nS�· �`$n¢[]n
o ~ ��t´�al"`$emoak�\-X_kEZjo"X4n>hpV��aYBX=��k�o2YBYÏ��ZP�abc�mh��iZjZjX_k�e]Y_t « �_bcX|�ik5h��iZjZjX_k�e
X4n>X_k�raX4Y � ZBV-X���kBo2YBYÏ��ZP�ab$�m`$Y
n>o2YjZBbc^ÈV-oak�`cÝ_o2e�ZP�ab�ª�`$edZBV��iZ�hp`� �X4b�u ZP�abc��Y�Zjo
hp`� �X4b��8ª�hp`� �X4b���ZP�abc��Y�Zjomhp`c 8X4b�u¦�ae]\dZjo
hp`� �X4b��8ª
�ae]\�Yjo ~ oakBZBV¯tWUWV-X_k�X `$Y©�ab$YjoÅ�m��oakBkBX4b��iZB`$o2ed`$eÈZBV-X ­aX_k�ZB`$�G�ab�\p`ckBX4��ZB`co2e ~ oak�e-X4`cr2VD��o2[]k�`$e-r>hp`c 8X4b$Y4t
§�o���X_­aX_kWZBV]X;��o8X_£��_`cX4eDZE`7Y�o2e]bc^���tÊ�2l o2e��4­aX_k6�iraX��aY�oahph�o2YBX4\�Zjo"��X_Z&�¦X_X4e(��t$u4l,�ae]\(n>oakBX;ZBV��ae
��t´�al ~ oak.V-oak�`cÝ_o2eDZP�ab8��kBo2YBYÏ��ZP�abc��t � Z�`$Y'�ab$Yjo;�ih]h��ikBX4eDZ¤ZBV��iZ�ZBV]X¦V-oak�`cÝ_o2e�ZP�ab���oakBk�X4b��iZB`co2e¢`$Y��_b7[]YjZjX_kBX4\
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q `cr2[-k�X��Dt$u4� �¹Û RNC)CPE O�M H L R^F \ RyE�Â \GL E4FfH { � E|H ¿ E?EGFwHUTDE Ò z O { E�TDE L _^TÃH { R=Q ÒfL � E O´{
¿�L HUT L FÅRNF1E9HÐz � E � Ñ RNC
\|O�M C L H × HUTDE {G\?MNO EJT M·{ � E?EGFÄHuC|zrF \?M H�E?ISHóR M ` M � L `"zr`�R=Q ÂD��Ø � �w¾ TBE	I LcM _ÃRNF MNO T M·{�MS\ RNC)C=E O�M H L RNF
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Xtalk Probabilities: run266 at -1000V

q `cr2[-k�X¦�Dt$u ¨ �,Û C=R {�{ Ô£H MNO » Ò C=R � M � LUO�L H L E { QGRNC	H ¿ R x½M X xW¾�{ CPE M I+RizBH � × HUTBE {GM `SE6H¹R M C=I H;E?EGH O E �
¾ TDE�EGF�HuC L E {	\ RNC6CPE {�Ò RNFfIVHóRÅHUTBE Ò C/R � M � LUO L H L E { HUT M H M�{6L _^F MNO³L F ÒfL � E O   ¿
Mi{;L FfIiz \ EPI � ×SM T L H L F
ÒfL � E O ^ �w¾ TDE,I LuM _KRNF M^O¦Ô�L F ¿ T L H�E ä T Mi{,M�Ò C/R � M � L�O L H × R/Q X Ã å �
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`$e>rakBo2[-h�Y�o ~ ��h�`� 8X4b7Y_t q oak�X� B�an>hpbcX;hp`� �X4b���\]oDX4Y�e-oaZ�ZP�abc�"Zjo¢hp`� �X4b�á�oak¦hp`� �X4b¯u4s \-oDX4Y�e-oaZ�ZP�ab$�
Zjo>hp`� �X4b¤un�Dt¦UWV-X���oakBkBX4b��iZB`co2eC��oDX_£m�_`cX4e�Z�r2`c­aX4Y5ZBV-X�`$eDZjX_k�\-X_h�X4e]\]X4e]��X;o ~ ZBV-X�hp`c 8X4b$Y��p[-Z5`cZW\]oDX4Y
e-oaZ `$e ~ oak�n [-h�o2e:ZBV-X(\]`ckBX4��ZB`co2e�o ~ ZBV-X�k�X4b��iZB`co2e]YBVp`chwt � Z¢\-oDX4Y¢e-oaZ¢YP�4^:�;V-X_ZBV-X_k `$Z `$Y}hp`� �X4b
�
��V]`$��V�`$e]\p[]��X4Y���kBo2YBYj��ZP�abc�>Zjo h�`� 8X4b × oak¦o ~ ` ~ `cZ�`$Y�ZBV-X;oaZBV-X_k¦���©^�kBo2[]e]\wt¤UWVp`$Y�`$e ~ oak�nS�iZB`co2e��G�ae
��X¢oa�]ZP�a`$e]X4\d�8^�n>X|�aY�[-k�`$e-rmZBV-X ~ o2b7bco©��`7e-rm��kBo2Y�YÏ��ZP�abc��hpkBoa���i�p`$b7`cZ&^at q oak��
YB`$n¢[]bcZP�ae-X_o2[pY;V]`$Z�`$e
hp`� �X4b$Y��S�ae]\ × ª�ZBV-X5hp`� �X4b���`cZBV"ZBV-XWb��ikBraX4YjZ.h�X4\-X4YjZP�ab-��oakBk�X4��ZjX4\�hp[pb$YjXEV-X4`cr2VDZ
³�´}Ä µW`$e"ZBV��iZ�X_­aX4eDZ
`$Y�\]X � e-X4\��aYEZBV-X;Zjk�[-X�Vp`cZ��ae]\(ZBV-X�oaZBV-X_k5hp`c 8X4b�`$YEV-X4e]��X=��o2e]YB`$\-X_k�X4\m`$ep\][]��X4\¯t�Ë=e-X=\-X � e-X4Y�ZBV-X
��kBo2YBYÏ��ZP�abc�>hpkBoa���i�p`$b7`cZ&^¬X �aY�ZBV]X�k?�iZB`co}o ~ ZBV-XWZjoaZP�ab�eD[]n ��X_k�o ~ V]`cZBY�`$e]\][]��X4\�`$e>hp`� �X4b��(�8^¢h�`� 8X4b
× Zjo�ZBV]X�ZjoaZP�ab�e8[]n}��X_k5o ~ V]`cZBY5`7e
hp`� �X4b�� �

Å ´@Æwµw¶ §;`$ZBYW`$e( È`$e]\][p��X4\m�8^(^U�oaZP�ab�V]`cZBY5`7e(  �ó�Dt´�2�
q `$r2[-kBX��Dt$u ¨ Y�V-o©��YwZBV-X���kBo2YBYÏ��ZP�ab$��hpkBoa���i�p`$b7`cZB`cX4Y ~ oakwo2e]XÕ��o��ik�\	�¦X_X_ZBbcX�kBX|�a\p`$e-r5o2[-Z¯Z���o=�Ä�a�¦��UWY4t
UWV-XE��X4e�ZjkBX5\]`��irao2e��abDY�V-o©��Y¤ZBV-X=u_�a�Zb0��kBo2YBYj��ZP�abc�}h]k�oa���i�p`$b$`$Z&^=o ~ �;hp`� �X4br�"Zjo=ZP�abc�}Zjo=`$ZBYjX4b ~ t�UWV-X
YP�an>X�h��iZjZjX_k�eÄ�aY�`7e q `cr2[-kBX¦�Dt$u4��X4n>X_kBraX4Y;�p[-Z5ZBV]`$YWZB`$n>X�r2`c­�`$e-r�`$e ~ oak�nS�iZB`co2e
o2eÈZBV-X \]`ckBX4��ZB`co2e
o ~ ZBV-X;��kBo2Y�YÏ��ZP�abc��t � ZE`$Y�nS�a`$e]bc^��aYj^�n�n>X_Zjk�`$�©�ae]\�V]oak�`cÝ_o2eDZP�ab�t.UWV]`$Y���kBo2YBYÏ��ZP�abc�>X� �ZjX4e]\]Y��a��kBo2YBY��
~ []b7bf�¦o��ik�\V�¦X_X_ZBbcXat�UWV]`$YE��o2e � k�n�YEZBV��iZ5ZBV-X���kBo2YBYj��ZP�abc�(`7Y5�G�a[]YjX4\
�8^mZBV-X=X4bcX4��Zjk�o2e]`$�_YW`cZBYBX4b ~ �ae]\
e-oaZWZBV-X}�ú�a���dU�t
UWV-X}��kBo2Y�YÏ��ZP�abc�Èh��iZjZjX_k�e � ZBY;ZBV-X}���4^�ZBV-X¦�¦o��ik�\a�¦X_X��
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q `cr2[-kBX �Dt$u4l �¯Ñ L C { H�åZ� \ RNF�F1E \ HóRNC {
C=E M I�RizBH { EGF�H[HóRÄHUTDE � E?E|H O E \ T L Ò Q6C=RN`
x½M X xW¾+ZiM FfIwHÀR/Q9HUTDE {GM `SE � R M C=I �

ZBbcX"kBX|�a\]Y=o2[-Z�ZBV-X��ú�a���dUWY��ae]\ ~ X_X4\]Y=ZBV-X>YB`$r2e��ab�Zjo
ZBV-X	�¦X_X_ZBbcX2uit´����V]`chwt « YW�G�ae���X_X4e�YjX_X4eÈ`$e q `cr2[-k�X¦�Dt´�8ª
ZBV-XdYjhf�a��Xd��X_Z&�¦X_X4eÃZBV-XdX4b$X4��Zjk�`$�G�ab�b7`$e-X4YS�iZmZBV-X®��o2e��
e-X4��ZjoakWo ~ ZBV-X��¦X_X_ZBbcX2uit´����V]`chÈ`$Y5e��ik�kBo©�¦X4\¯t�UWV]X=Y?�an>X
oak�\-X_k�`$Y�[pYjX4\ ~ oak�ZBV-X�n¢[]bcZB`ch�bcX� 8X4\}kBX|�a\-o2[-Z�o ~ ZBV-X��¦X_X��
ZBbcX2uit´�}��V]`chwt�fEV��ik�raX;YBV��ik�`$e-r}�G�aemZBV-X4e�o��_�_[-k¦��X_Z&�¦X_X4e
e-X4`cr2VD��o2[]k�`$e-rWb$`7e-X4Y_t q `cr2[-k�X9�Dt$u4l�YB��V-X4nw�iZB`$�G�ab$b$^}YBV-o���Y
ZBV-X�b$`$e-X�oak�\-X_k�`7e-r ~ oak5Z&�¦om�ú�a���dUWY « �ae]\+�+o2e
o2e-X
��o��ik�\Ä�¦X_X_ZBbcXat5UWV-X}b7`$e-X4Y9�ikBX}`7e�ZjX_k�b��a��X4\�`$eCrak�o2[-hpY5o ~
X4`cr2V�Z�Yjo�ZBV��iZ�h�`� 8X4b7Y5uWZjo¦�=o ~ �ú�a���dU « �ikBX ~ X4\ � k�YjZ
�ae]\
ZBV-X4e+�ikBX���o2e]e]X4��ZjX4\Èhp`� �X4b$Y=u=ZjoS� ~ kBo2nã�ú�a���dU
�;t¦UWV-X4e�h�`� 8X4b7Ywá®ZjoÃu4s:o ~ « �ae]\�ZBV-X4eÎá®Zjo+u4s¿o ~
���ae]\:Yjo ~ oakBZBV¯t�U�V-X���kBo2YBYÏ��ZP�ab$�g�;`$b$b�o8�_�_[-k ��X_Z&�¦X_X4e
u « ��� « ª�� « ��� « � ¨ « X_ZB�it�UWVp`$Y `7Y ZBV]X(V-oak�`cÝ_o2e�ZP�ab5YB^8n�n�X_Zjk�`$�(��kBo2YBYÏ��ZP�abc����V-X_kBX(hp`� �X4b$Y¢`$e]\][p��X
YB`cr2e��ab-Zjo}ZBV-X4`ck�e]X4`cr2V���o2[-k�Y_t�UWV]XW`$e�ZjX_k�b��a�_`$e-r�`$Y��_bcX|�ik�bc^"­�`$YB`c�pb$X¦`$e�ZBV-X��_b$[]YBZjX_k�`$e-r�`$e"rak�o2[-hpY�o ~ �



Ðre�e g²h�ß	gkj¦lÅj�prlGx@?Õprh�z¯ß¹pA��B�}C�Ïz�h�tED�prl
hp`c 8X4b$Y�`$e q `cr2[-kBX;�Dt$u4�¦�aep\��Dt$u ¨ t¦f¦k�o2YBYÏ��ZP�abc�"��`$b7bB�ab$Yjo�o��_�_[-k�Y���X_Z&�¦X_X4emb$`7e-X4Y.��V-X_k�XWZBV-XWkBX|�a\]o2[-Z
Yj�;`cZB��V-X4Y�Zjo}ZBV]X�oaZBV-X_k5�Ä�a�¦��U�tDÇ8o o2e-X;YBV]o2[]b$\>X� �h�X4��Z���kBo2YBYj��ZP�abc� ~ oak�� « ��uG��ª��N��� á « ª�u4s « � áN�
�ae]\do2eÈZBV]X}oaZBV-X_k=V��ae]\de-om��kBo2Y�YÏ��ZP�abc� ~ oak;� « � á « oakJ�N��� áN��t¯UWV]`7YW`$YWk�X`g]X4��ZjX4\d`7e q `cr2[-kBX��Dt$u ¨
�ÑZjoah
bcX ~ Z���oak�e-X_k��ae]\���oaZjZjo2n°k�`cr2V�Z���oak�e-X_k|�¤�8^"ZBV-X;Vp`cr2V���kBo2YBYj��ZP�abc�"h]kBoa���i�p`7b$`cZ&^ ~ oak�hp`� �X4b$Y ~ kBo2n
\]`���X_kBX4eDZ>�Ä�a�¦��UWY4tgUWV]XÅ�aYj^�n�n>X_Zjk�`7�m��kBo2Y�YÏ��ZP�abc��`$Y ��X4b$`cX_­aX4\�Zjog��X(\][-X�Zjo¿Yjh�`$b$bco�­aX_k `$e�ZBV-X
hp`$h�X4b7`$e-X4Y���V-X4eCZBV-X�\��iZP�w�ikBX}YjX_k�`��ab$`$YjX4\wt

NEO�©
O à tpWc���}�@«�[aþ¯ýv­Çtp�ÈWcWcVC��[fYS��â

UWV]Xg��kBo2Y�YÏ��ZP�abc��`$Y(��oakBkBX4��ZjX4\ú�8^ � k�YjZ�X4YjZP�i��b$`$YBV]`7e-rè�@nw�ihÃo ~ ��kBo2YBYÏ��ZP�abc�Ãh��ikBZBe-X_k�Y ~ kBo2nOZBV-X
��kBo2Y�YÏ��ZP�abc�gh]kBoa���i�p`7b$`cZ&^at �'�ik�ZBe-X_k�Y��ikBX>YjX4b$X4��ZjX4\ ~ oak¦�(�lÉW��t´�8t>UWV]`$Y;���aY��ikB�p`cZjk6�ikB^�YjX4bcX4��ZjX4\�Yjo
ZBV��iZ�ZBV]X�nw�ih¿��o2e]YjX_kB­aX4\¿ZBV]X>���aYB`$� ~ X|�iZB[]kBX4Y�o ~ ZBV]X���kBo2YBYÏ��ZP�abc��t U�V-X>nw�ihpYJ�ikBX"h]kBo�\][]��X4\ ~ oak
ZBV-X>��kBo2Y�YÏ��ZP�abc�Èh]k�oa���i�p`$b$`$ZB`cX4YW��o2n>hp[]ZjX4\ ~ oak=X|�a��V¿`$ep\]`c­�`$\][��abb�¦o��ik�\Æ�¦X_X_ZBbcXat�UWV-X¢b��aYjZ���oaZjZjo2n
k�`$r2V�Z=��o��ik�\¯ª�YjX_X q `cr2[-kBXw�Dt´�8ªw���aY�n�`$YBY�`$e-r ~ oak�ZBV-X���¬��°k�[]e]�ae]\®V-X4ep��X¢ZBV]X Zjoah¿k�`$r2V�Z=��o��ik�\
nw�ih*���aY"[]YjX4\@`$e]YjZjX|�a\¯t q `cr2[-kBX+�Dt$u4sgYBV-o©�;Y,�ae@X� B�an>hpbcXmo ~ ��kBo2YBYj��ZP�abc��nw�ih@h��ikBZBe]X_k�Y [pYjX4\¯t
UWV]X�hp`� �X4b�hp[]b$YjX�V-X4`$r2V�Z�YBh�X4��Zjk6�"��X_kBX}ZBV-X4eÈ��oakBkBX4��ZjX4\g`$e
ZBV-X}��X|�anã\��iZP�>�8^(k�X��ÏX4��ZB`$e]r�V]`cZBY ~ oak
�¿��kBo2Y�YÏ��ZP�abc�@h��ikBZBe-X_k"��`cZBV��¿b��ik�raX_k¢h�[]b$YjX
V-X4`cr2VDZ_t � e@ZBV]`$Y>n>X_ZBV-o�\@ZBV-XCr��a`$e ~ oak�`$e]\]`c­�`$\][��ab
hp`c 8X4b$Y¢`$Y,�aYBYB[]n�X4\�Zjo®��X�ZBV]X
Y?�an>X ~ oak¬�ab$b�hp`� �X4b$Y_t q `cr2[-kBX+�Dt$un�gYBV-o©�;Y ZBV]X
Y�`cr2e��ab¦Yjh�X4��Zjk�[]n
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q `cr2[-k�X{�Dt$u4s ��Û C/R {�{ Ô/H MNO » ÒfL � E O9ÒDM C4HuF1E4C { ` M6Ò
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q `$r2[-kBX	�Dt$un� ��º L _^F M^OrÒ z O´{ EJTBE L _NTÃH {óÒ E \ HuC|zr` � EGÔ
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o ~ ��hp`� �X4b¯��X ~ oak�X	�ae]\V� ~ ZjX_k���k�o2YBYÏ��ZP�abc�V�ae]\�h�X4\-X4YjZP�abw��oakBk�X4��ZB`co2e@�Ð\��aYBV-X4\���tEUWV-X�h�X4\-X4YBZP�ab��ae]\
ZBV-XÊmjYBV-o2[pb$\-X_kLo
V��©­aX���X_X4e¿kBX4n>o�­aX4\¯t
UWV]`$Y=�p[pn>h¿���aY YB[]Yjh�X4��ZjX4\¿Zjo���Xw�ae�X4��X4��Z ~ k�o2n � k�YjZ
\-^8e]o8\-X ��o2e�­aX_k�Y�`co2e]Y_t=UWV]`$Y�ZB[-k�e]Y�o2[-Z�Zjom��X¦�(e-X_r2b$`$r2`c�pbcX�X4��X4��ZJ�ae]\d`7Y;�_bcX|�ik�bc^Ènw�a`$e]b$^
\p[-X�Zjo
��kBo2YBYÏ��ZP�abc��t
§�o���X_­aX_k;ZBV]`$Y¦n>X_ZBV-o�\mo�­aX_kj�&��oakBkBX4��ZBY4t¦§�`cZBYE`$e(hp`� �X4b1��`$e]\][p��X4\��8^�hp`� �X4b × �ikBX=kBX4n>o�­aX4\
��V]`$b$YBZ
ZBV-X_kBX>��o2[]b$\®V��©­aX>��X_X4e]�(raX4e8[]`$e-X>V]`cZ=`$ed��oaZBVdh�`� 8X4b�h��ikBZBe]X_k�Y_t « ��oakBkBX4��ZB`co2e¿�G�ae®��X��ih]hpb$`cX4\
�D^
\-X � e]`7e-r ZBV]X ~ k6�a��ZB`co2eCo ~ V]`cZBY5`$e
hp`c 8X4b��@�±Ë ´ �9�ae]\Chp`� �X4b × �±Ë µ ���aYWZBV-X�k?�iZB`$o>o ~ Vp`cZBY5`$e
ZBV��iZ
hp`� �X4b]o©­aX_kEZBV-X�ZjoaZP�ab�eD[pn}��X_k�o ~ X_­aX4e�ZBY_t�UWV-X ~ k?�a��ZB`co2emo ~ ��oakBkBX4��ZjX4\CVp`cZBY ~ oak�h�`� 8X4b1�aªsË}ÌvÍ�Î�Ä ´Dª8��`$b7b
ZBV-X4eC��X �

Ë}ÌvÍ�Î�Ä ´=¶4Ë�´�¿ÏË Ì±Î�Í�Ð�ÐSÑªÒLÓÕÔ �ó�Dt´�2�

��V-X_kBXpË ÌvÎ�Í�Ð�ÐvÑªÒ�ÓÕÔ `$Y}ZBV-X ~ k?�a��ZB`co2e�o ~ V]`cZBY}\p[-X�ZjogZBV-Xm��kBo2Y�YÏ��ZP�abc�:��oakBkBX4��ZB`$o2e¯t�Ë}ÌvÍ�Î�Ä ´ v Ë}ÌvÍ�Î�Ä µ���`$b7b
ZBV-X4eÈ��X�h]kBoah�oakBZB`$o2e��ab�Zjo�ZBV-X eD[]n ��X_kWo ~ YB`$n¢[]bcZP�ae-X_o2[pY5Zjk�[-X�V]`$ZBY5kBX4n>o�­aX4\¯t � ~ ªpbcX_Z�[pYWYP�4^aª�ZBV-X
eD[]n ��X_k5o ~ Zjk�[-X�V]`cZBY5`$eV�2ªXË ÑÖÎ�×@ØGÄ ´ ªp`$Y5Y�nw�ab$bb�ae]\�Ë ÑÖÎ�×@ØLÄ µ `$YE�p`cr>ZBV]X4eÈ`cZ5n>X|�ae]Y5ZBV��iZ©��V��aY ~ X_�¦X_k
V]`cZBY¹�ae]\dV]X4e]��X ZBV]X¢b$`$�aX4b$`$V-o8o8\Èo ~ kBX4n>o�­8`$e]rmYB`$n¢[]bcZP�ae]X_o2[]Y;Vp`cZBY;`7Y�YBnw�ab7b�t=Ë=edZBV-X¢oaZBV-X_k�V��ae]\
�db��ik�raXrË�ÑÖÎ�×@ØLÄ µCn>X|�ae]Y¢ZBV��iZ�Ë�ÑÖÎ�×�ØGÄ ´�`7Y n>oak�X(b$`$�aX4bc^¿Zjo®��X(`$e]\][p��X4\Ã�ÑkBX4n>X4n ��X_k"ZBV��iZ"ZBV-X_^è�ikBX
��kBo2YBYÏ��ZP�abc�"h��ik�ZBe-X_k�Y��!�aep\>ZBV-X4e>ZBV-X�h]kBo�\][]��Z.��`$b7bD��XWYBnS�ab$b�t�§�o���X_­aX_k5` ~ ��oaZBV Ë�ÑÖÎ�×@ØGÄ ´J�ae]\pË�ÑÖÎ�×�ØGÄ µ
�ikBX�b��ikBraX�ZBV-X4e(ZBV-X=h]kBo�\][]��Z��;`$b$b]��X;�p`craraX_kEkBX`g]X4��ZB`$e]r ZBV-X ~ �a��ZEZBV��iZEZBV-X�YB`$n¢[]bcZP�ae-X_o2[]Y¦V]`cZBY��ikBX
n>oakBX�b$`c�aX4bc^�Zjo>o8�_�_[-k©t�UWV-X�ZjoaZP�ab¯o©­aX_k���oak�kBX4��ZjX4\ ~ k?�a��ZB`co2e(o ~ YB`cr2e��ab�V]`cZBYE`$Y¦kBX4YjZjoak�X4\C�D^��a\]\]`$e]r
ZBV]`$Y5��o8X_£��_`cX4eDZWh]kBo�\][]��Z �

Ë ÑÖÎ�×@ØLÄ ´ ¶4Ë ÌSÍQÎ�Ä ´�Ù u� �±Ë ÌvÍ�Î�Ä µfÚ Ë ÌvÍ�Î�Ä ´ � �ó�Dt ¨ �
��V-X_kBX=ZBV-X ~ �a��ZjoakWo2e-X��&V��ab ~ �ik�`7YjX4Y ~ k�o2nÅZBV-X ~ �a��ZWZBV��ae
��X���oakBk�X4��Z�`$e(o2e]bc^mo2e-X�\]`ckBX4��ZB`$o2emo ~ ZBV-X
��kBo2YBYÏ��ZP�abc��t.UWV-X_kBX5`$Y.V]o©�¦X_­aX_k�e-o=���4^"Zjo��8e]o©��ZBV-X ~ k?�a��ZB`co2e"oak.k�X|�ab]V]`cZBY ~ kBo2nÆZBV-XWYjZP�ikBZ_t.§;X4e]��X
~ oak[� � k�YjZ5`cZjX_k?�iZB`co2eÈo2e-X�[]YjX4Y5ZBV]X���kBo2YBYÏ��ZP�abc�
��oakBkBX4��ZjX4\d­N�ab$[-X=Ë}ÌvÍ�Î�Ä ´¦�ae]\ÈZBV-X4eCkBX��&`cZjX_k6�iZjX4Y5��`cZBV
ZBV-X�kBX4YB[pbcZEZjo�oa�]ZP�a`$eV����X_ZjZjX_k�X4YjZB`$nw�iZjXat
q `$r2[-kBXú�Dt$u|��YBV-o©�;Y>ZBV-XgfEV]X_kBX4e-�ao©­*k�`7e-r:`$nw�iraX ~ oak�ZBV-XdYP�an>X�\��iZP���aY�`$e q `cr2[]kBXa�Dt$u4�8ª5�p[-Z
� ~ ZjX_k}��k�o2YBYÏ��ZP�abc�®��oakBkBX4��ZB`co2ewtÊUWV]`$Y=\-X4n>o2epYjZjk?�iZjX4Y�ZBV��iZ�ZBV]X�n>X_ZBV-o�\¿[]YjX4\®kBX4n>o�­aX4Y�n>o2YjZ�o ~ ZBV-X
��kBo2YBYÏ��ZP�abc��t�UWV-X�fEV-X_k�X4e-�ao©­�k�`$e-r¦�irak�X_X4YE��`cZBVmZBV-X�Y�`$n [pb��iZB`co2e�o ~ q `$r2[-kBX��Dt$uauit � X=oa�pYjX_kB­aX=ZBV-X
��X|�an¶\]`c­aX_kBraX4ep��X	�aY�ZBV]X¢fEV-X_kBX4e]�ao©­Ck�`$e]r�`$YWnw�a\-X o ~ Z&�¦o(��o2b$[pn�e]Y5o ~ hp`� �X4bwV]`$ZBY5o2eÈZBV-X YB`$\-X4Y
�ae]\(o2e-X;k�o©� ~ oakEZBV-X=Zjoah+�ae]\(��oaZjZjo2nCt « b$`$�aX4bc^�n�`$YÏ���ab7`cr2e]n>X4eDZ�o ~ ZBV]X=b$X4e]YjX4Y¦`$Y�­�`$YB`$�pbcXWo2e(ZBV-X
��oaZjZjo2n k�`cr2VDZ��ú�a���dU���V]X_kBX"ZBV-X_kBX�`$Y;�C\-kBoah¿`$e¿Y�`cr2e��ab¤o2e®ZBV-X>Zjoah¿kBo���t>UWV-X>YP�an>X>o��_�_[-k�Y
o2eCZBV-X	�i��o©­aX¢�Ä�a�¦��U
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5 15 149 891 1268 246 39

4 8 18 58 257 1121 1300 288

4 3 7 8 69 229 843 1018

4 3 12 12 60 136 534

6 3 8 8 10 7 32 107

3 3 4 1 5 4 6 16

4 6 6 5 1 4 3

3 85 9 1 4 3

14 15 12 8 11 4 14 23

98 80 44 23 28 30 80 249

1028 919 524 201 197 569 1122 1065

651 1538 1623 1584 1578 1525 1029 301

93 243 285 372 306 174 117 45

13 49 65 64 46 41 27 18

7 10 13 8 10 12 3 4

4 8 4 4 7 1 5 2

398 1115 720 102 21 5 5 2

1261 877 176 53 18 4 6 1

773 175 47 15 8 4 5 7

106 49 14 3 5 2 1

18 14 4 3 5 4 7 1

4 5 5 3 6 1 7 4

8 8 2 5 10 3

2 2 2 3 3

5 16 43 471 1064 217 23 6

21 11 106 840 1027 69 20 3

6 19 127 910 889 41 7 4

1 19 157 981 944 57 10 7

3 21 103 904 1006 71 15 8

17 92 661 1175 191 35 8

2 7 51 336 1124 502 47 7

1 3 15 97 581 693 68 11

2 6 4 5 5 10 2 1

1 10 9 5 5 9 9 8

3 2 10 5 6 3 3 8

4 2 5 4 4 9 5 16

1 8 2 7 10 11 5 5

11 5 8 4 2 10 9 14

1 7 7 5 5 2 5 9

5 5 1 4 2 5 9

16 65 743 1131 176 36 9 2

12 30 601 1438 334 52 18 12

8 31 511 1427 491 99 66

11 38 463 1455 419 63 23 7

10 35 623 1327 312 38 6 6

36 868 1099 152 27 6 5

14 312 1031 606 73 7 4 3

11 175 36 7 7

4 4 9 8 3 4 3 3

3 9 2 4 6 3 23 19

7 7 4 4 4 47 4 121

7 5 10 5 42 91 294 1146

7 7 4 24 97 472 1331 1171

10 3 13 78 427 1291 821 113

3 5 40 240 1141 1057 64

1 4 26 247 691 260 27 10

3 3 7 4 6 3 11 1

21 42 61 59 74 53 107 29

133 216 388 492 394 242 147 66

1041 1577 1489 1318 1500 1560 1279 313

961 257 93 89 78 201 766 787

55 31 16 12 13 23 63 111

21 13 7 7 4 4 7 17

3 4 6 5 7 5 3 6

2 7 3 5 8 15 13

18 8 5 3 6 4 14 3

85 25 9 1 11 4 8 6

301 155 36 11 5 6 8 5

1159 521 129 10 20 7 6 5

558 1158 516 80 13 9 13 1

149 659 988 187 39 4 12 3

13 110 355 127 20 3 1 2

q `$r2[-kBX¦�Dt$u|� � ¾ E { H � E M ` Û TBE4CPE4F » R ¸;Ò TrR�HóRNFÆC L FÃ_ M H�Ô � Â�ÂÛ§�M Q)H�EGC \ C=R {�{ Ô/H MNO » \ RNC)C=E \ H L RNF �
NEO�©
O � Üpu^�R[f��â·ÝÊYvVpýQ¯

UWV]XS�4­aX_k?�iraXCe8[]n ��X_k}o ~ hpV-oaZjo2e]Y�h�X_k X_­aX4e�Z ���aY¢�G�ab$�_[]b��iZjX4\ ~ k�o2n ZBV-X(�_[]n [pb��iZjX4\���oakBk�X4��ZjX4\
V]`$ZBY ~ oakmX|�a��V�hp`� �X4b ~ oak��ab$b��ú�a���dUWY_tÃU�V-XCraX4eD[p`$e-XÈV]`cZ���oak�kBX4��ZB`co2e����aY�ZBV]X4eW�ih]hpb7`cX4\��ae]\
kBX4YBZjoakBX4\(o2e��©­aX_k?�iraX ¨ b¼o ~ ZBV-X�ZjoaZP�ab¯V]`cZBY4t q `$e��ab7bc^aª����a���Drak�o2[]e]\
V]`cZBY���X_k�X;kBX4n�o©­aX4\+�aYBYB[pn�`$e-r
� []e]` ~ oak�n���o2eDZjk�`c�p[-ZB`$o2e ~ k�o2n¼YB�G�iZjZjX_kBX4\ÈfEV]X_kBX4e-�ao©­�b7`cr2V�Z_ª�X4bcX4��ZjkBo2e]`$�©�ae]\�\-X_ZjX4��Zjoak5e-o2`7YjXat.UWV-X
���a���Drak�o2[]e]\È��o2[]b7\m��XJ�aYBYB[pn>X4\C[]e]` ~ oak�n o©­aX_k;ZBV-X��ikBk?�©^(Yjo>ZBV��iZ5ZBV-X���oakBkBX_h�o2e]\]`$e]r¢V]`$ZBY5��o2[]b$\
��X��4­aX_k?�iraX4\¯ª��Ä�a�¦��UÆ�8^g�ú�a���dU�ª�o©­aX_k¦�ab$b�h�`� 8X4b7Y;e-oaZ�bc^�`$e-rmo2egZBV-X�fEV-X_kBX4e-�ao�­�k�`7e-r-t�UWV-X
e-o2e-��k�`$e-r(Ý_o2e-X>���aY�\-X_ZjX_k�n�`7e-X4\g�D^dX_^aX�bcX|�4­�`$e-r+�
�p[B��X_k=o ~ o2e]X>hp`� �X4b�t}UWV-X>YP�an�X>h]kBo���X4\][-kBX
���aY�[]YBX4\Co©­aX_k¹�ab$b¯­ao2bcZP�iraX¢YB�G�ae]YW`$e
ZBV]X�k?�ae-raX�o ~ �£�ili�
_0Zjo>��u_�a�a��_ t
q `cr2[-k�X��Dt$u|á�Y�V-o©��Y}ZBV-X�k�X4YB[]bcZB`$e]rChpV-oaZjo2e:^�`cX4b$\®­N�ik�`��iZB`$o2e:­aX_k�YB[pY�ZBV-X��ih]hpb$`cX4\:�ú�a���dU V]`cr2V
­ao2bcZP�iraX¿��X ~ oakBXú�aep\Î� ~ ZjX_kÈ��kBo2YBYÏ��ZP�ab$����oakBkBX4��ZB`co2ewt0UWV]X�k?�©�M\��iZP��YBV]o©�MZBV��iZ(ZBV-Xg��k�o2YBYÏ��ZP�abc�
`$ep��kBX|�aYjX4Y���`cZBV ZBV-XE­ao2bcZP�iraXat « ~ ZjX_k���oak�kBX4��ZB`co2e"ZBV-X5�_[-kB­aX5nw�iZB��V-X4Y.ZBV-X5YB`7n []b��iZB`co2e¯t%�;o2e-X_ZBV-X4b$X4YBY
�¢YBb$`cr2VDZ�Y�bcoah�X�kBX4nw�a`7e]Y_t « Y¦ZBV-X�V]`cr2Vm­ao2bcZP�iraX�`$e]��kBX|�aYjX4Y4ªDZBV-X�^�`cX4b$\�`7e]��kBX|�aYjX4Y ~ k�o2n l Ú �2s
Þ®� Ú �2�a�
Zjo�� Ú �a�;Þy� Ú �2���Dt�U�V]`$Y¢`$Y��iZjZjk�`c�p[-ZjX4\@Zjo®ZBV-X ~ �a��Z>ZBV��iZ¬���,�iZ"b��ikBraXCV]`cr2V�­ao2bcZP�iraXaª¦��k�o2YBYÏ��ZP�abc�
��oakBk�X4��ZB`co2e*`$Y}n¢[]��V@b��ikBraX_k��ae]\{�Èh�o2YBYB`$�pbcX�`$e-X_£m�_`cX4e]��^¿`$e:ZBV]X�h]kBo���X4\][-k�X���`$b$b�V��4­aX��db��ikBraX_k
X4��X4��Z
���"Zjk�[]X�YB`cr2e��ab;`$Y�b$o2YjZÅ�iZ(bco©�¦X_kmr��a`7e¯tß�=[-XdZjo�ZBV-Xdb��ikBraXde8[]n ��X_kmo ~ X_­aX4e�ZBY
­N�ikB^�`$e-r
~ kBo2n u_���a�a��Zjo�u4s.�a�a�m\-X_h�X4e]\]`$e]r¢o2eÈZBV-X�k�[]epY_ª-ZBV-X}YjZP�iZB`7YjZB`$�G�ab¯X_kBk�oak�Y[�ikBX}­aX_kB^CYBnw�ab$b³�ae]\Ä�ikBX
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q `$r2[-kBX[�Dt$u|á � X TrR�HóRNF ×ÏL E O I Ò E4C;E ¸ EGF�H Mi{©M Q|zDF \ H L RNF+R/Q9T L _NTrH ¸ R O H M _ÃE%QGRNC[HUTDE;zDF \ RNC6CPE \ H�EPI Ô C MN¿bä
M FfI \ R^C6CPE \ H�EPI {�Ò E \ HuC Mcà
V-X4e]��X�e-X_r2b$X4��ZjX4\¯t�U'�i�pbcX��Dt$u�Y�V-o©��Y�ZBV-X�hpV-oaZjo2e:^8`cX4b7\®o ~ X|�a��V:ZB[-��X ~ oak�ZBV-X�X� �h�X_k�`$n>X4eDZ��ae]\
ZBV-X>YB`$n¢[]b��iZB`co2e¯t UWV-X"X� 8h�X_k�`7n>X4e�ZP�ab¤­N�ab$[-X¢o ~ s8t$u|á(h�V-oaZjoDX4b$X4��ZjkBo2e]Y�h�X_k=X_­aX4e�Z¦�iZ�ZBV-X>e-o2n�`$e��ab
­ao2bcZP�iraXmo ~ � ái�a�^_Å`7Y�`$e¿rao8o8\��irakBX_X4n>X4eDZ �;`cZBV®ZBV-X(s8t´� ¨ ­Ï�ab7[-X�h]kBX4\p`$��ZjX4\¿�8^gZBV]X�YB`$n¢[]b��iZB`co2ewt
§�X4e]��X�ZBV-Xw���&\-^8e]o8\-X�YBZP�iraXm�Ä�a�¦��U�Y��ikBXw�
­�`��i�pbcX>Yjo2b$[]ZB`co2e ~ oak�ZBV]X���§�f¦�:¥ � fE§¼\]X_ZjX4��Zjoak�Y
h]kBo©­�`$\-X4\C��k�o2YBYÏ��ZP�abc�C��oakBkBX4��ZB`$o2e]Y��ikBX	�ihphpb$`cX4\¯t

í í 8¦ø�ô êBì�íÊî|ï åDçÏèÐì�ðaçjê68'áU@67 .]â å8çÏèÐì�ðaçÏê68'á�& .6.Xâ å8çÏèÐì�ðaçjê?8'áU&)7 .sâ
 pæ�î�ì�î�ï�ã�íÊçÏô´÷ . ù 7 A . ù A & . ù 7 . . ù 3)& . ù A 3 . ù 3 - . ù 262 - ù .n- . ù 362 . ù 2G@ - ù .)A . ù 347�açñë - ù . 7 . ù .). - ù .n- . ù & > . ù .6. . ù &)7 . ù &65 . ù .). . ù & A . ù A). . ù .). . ù A &ì�ø�ðaç . ù 5 > . ù A @ . ù 7 - . ù 7 - . ù &?2 . ù 2 > . ù 7?& . ù An- . ù 2 > . ù 547 . ù A 5 . ù 243å8î�ì&ê�ôcã�íÊçÏô´÷ 5©ù > 2 7_ù . 5 74ù 2G7 74ù &)3

å8çÏèÐì�ðaçjê?8äá A6.).sâ åDçÏèÐì�ðaçjê68'á A 7 .]â å8çÏèÐì�ðaçjê?8'á -=.).6.Xâ
 pæ�î�ì�î�ï�ã�íÊçÏô´÷ . ù 763 - ù - 5 . ù 3)5 . ù 76& - ù > @ . ù 36& . ù 563 - ù 2 . ù 2 .�açñë . ù A @ . ù .). - ù .4> - ù -P> . ù .6. - ù -6- - ù >6> . ù .). - ù -=Aì�ø�ðaç . ù @ . - ù .). . ù 2G7 . ù @65 - ù .)> . ù 7 > . ù &63 - ù . & . ù 7)@å8î�ì&ê�ôcã�íÊçÏô´÷ 5©ù > 2 54ù @?5 @4ù 3 >
å%�}æXçªè��Aéªê � X TDR^HóRNFsë ×NL E O I�ë Ò E4CVE»ì^E4F�H;RZíGH M^L F1E?I¬Q)C/R^` HUTBEpë L `�î O�M H L RNF M FfI]HUTDE+H�E»ë)HSí6E M ` � Q4R^C
L FfI L ì L I}î MNO H�î]í6E¬ë M F1I+R}ìNEGC	HUTDE ¿ TrR O E M C)C Mi×càS¾ TDE�RNC=IKE4C�QGR O�O R ¿ ë¦HUTBE O�Mi× R}îBH�R/Q Ñ L _fîDC=E�� à å ÝAà



Ðre�ç g²h�ß	gkj¦lÅj�prlGx@?Õprh�z¯ß¹pA��B�}C�Ïz�h�tED�prl

ïUðÖñcòsó è¦�AéÕô}õ � X TrR^HóRnE O E \ HuC=RNF \ CPE M H L RNF M H�HUTBE Ò TrR^HóR \6M HUTrR|IÃE M FfI M H�HUTDE�å�ë)H9I × FfRnIKE¬R/Q M�Ò TDR^HóRNÔ
`�î O H L�ÒfO L EGC Ø � Â Ù à
NEO�©
Oª© ûUYSö�â�þ¯ý}û\T<VX��[fW�ü � °^[}[cY&â^ö

åE÷xø]ù�ùGúsè�û�üýèjþ»ù óLò]ÿ ÷�����ü ð�� èjç���è¬�fûGû òXÿ è ð ù ð û��]÷ ÿ�ð	� �}ù�è
��æ���
\÷ ð ûGû�÷ ���Xð � � ûGùP�}ù ð û�ù ð þ`û`é�� � è
þG� � � ð û�ù ð��sñcò]ð ûGúÏù��{÷ ÿ � ð	� üXú���û ð þG�fç<ü ó ÷ þ»èjûGû�èjû ùP��� ð��sñ üXç��fþ»è ð�� û ð �sèrùGúsè�üXús÷fù�÷fù ò æýè � ê���ùGúsè
è ÿ�ð ûGû ð ÷ � ÷��ýüXús÷fù�÷�èjçÖèjþ»ù ó ÷ � û
�}ù
ùGúsèIüXús÷fù�÷ þG�}ùGús÷��]è[� � � ô��\ùGú]è�è ÿ�ð ûGû ð ÷ � ÷��Rû�èjþ»÷ � ��� ó �;èjçÖèjþ»ù ó ÷ � û
� ð ��ùGúsè���� � ÷��sè6þLú�� ð	� é
å�úsèjûGè6ü ó ÷ þ»èjûGû�èjû[� ó è ð çªç ò ûGù ó �}ù�è
� ð	�xïUðÖñcòsó è	�AéÕô}õ é
��� ùGúsè�ø ó û�ùpþG�fû�è ÿ ÷cûGù ÷��6ùGúsè ð�� þ»÷ ÿ�ð	�sñ üCús÷fù�÷ � û�� ó è�þ»÷ � � è ó ù�è
�/ù�÷ÏüXú]÷fù�÷AèjçÖèjþ»ù ó ÷ � ûS�}ùpùGúsè
üXú]÷fù�÷�þG�}ùGús÷��sè[� � �w� ó è�ùGúsè � ��÷ þ ò û�è
��ù�÷���� ó �]û^ùGú]è�� ÿ üXç ð øCþG�}ù ð ÷ � ��� � ÷��]è�þ�ú�� ð	� é ��� ùGúsèIûGèjþ»÷ � �
þG�fû�è� ���û ÿ �fçªçf� ÿ ÷ ò�� ù{÷���üCús÷fù�÷ � û�ü��fûGû{ùGú ó ÷ òsñ ú�ùGúsè�üXús÷fù�÷ þG�}ùGús÷��sè!� ð ùGús÷ ò ù^æýè ð	�sñ þ»÷ � � è ó ù�è
�Èé
å�ú]è"�=ùGúsè � ú ð ù\ùGúsè{ø ó û�ù#��� � ÷��]è^÷��XùGú]è�� ÿ üCç ð øXþG�}ù ð ÷ � þLú�� ð	� �lúsè ó è{ùGúsè"��� ó è`è{èjçÖèjþ»ù ó ÷ � û#�Iú ð þLú ð	�
ù òsó$� û�ùP� ó ùlùGúsèÛþG�fûLþG���sèfé�å�ú ð û�üXúsè � ÷ ÿ è � ÷ �²ð û ð�� �sè`üýè � �sè � ù�÷���ùGúsè=üXús÷fù�÷ þG�}ùGús÷��sèÛþ»÷ � � è ó û ð ÷ �
� � �²ùGúsè=ù�÷fùP�fçÈü ó ÷fæ��}æ ð ç ð ù���÷��\üXús÷fù�÷ þ»÷ � � è ó û ð ÷ � þG� � æýè6è � ü ó èjûGû�è
�V�fû%��÷cçªçª÷��Iû �

&(') Ä Ô�* ×�½=×#+ ��¶-,/. × ) zf|�0132 × Ô + z}|�0�45 2 � 67)�8:9 67Ô 8:9 &(') Ä Ô ¶-, * �Aé<;��
� úsè ó è & ') Ä Ô ð ûIùGúsè ��ò]ÿ æýè ó ÷��
è � è � ùGû�� ð ùGúa� û ðÖñ�� �fç=� ó ÷ ÿ 1 Ù 5 üXús÷fù�÷�èjçÖèjþ»ù ó ÷ � ûl÷ óLðÖñcð�� �}ù ð	�sñ� ó ÷ ÿ ùGúsèIüCús÷fù�÷�þG�}ùGú]÷��sè * 1 �
� � �>� ó ÷ ÿ ùGúsè�ø ó û�ù?��� � ÷��sè * 5 �$ �, ð û^ùGú]èlù�÷fùP�fç ��ò]ÿ æýè ó ÷��Èè � è � ùGû
ð	� ùGúsè�û ðªñ�� �fçÈû�üýèjþ»ù óLò]ÿ  × � � � × + � ó è�ùGú]è=ü�� ó � ÿ è`ù�è ó ûI÷���ùGúsè@
\÷ ð ûGû�÷ � � ð û�ù óLð æ ò ù ð ÷ � û
 ð é èféXùGúsè
� � è ó � ñ è�ü ó ÷fæ��}æ ð ç ð ù ð èjû
÷��\ü ó ÷�� ò þ ð	�]ñ �;üXús÷fù�÷�èjçÖèjþ»ù ó ÷ � �}ù<ùGú]è�üCús÷fù�÷�þG�}ùGú]÷��sè * × ��÷ ó �}ù<ùGú]è�ø ó û�ù��� � ÷��sè * ×#+ ��é
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ï\ðªñcòsó è¦�AéÕô ê�C%D M XED ¾ ë L _^F MNO ë Ò E \ HuC¬îD` ¿�L HUT M X R L ë�ë4RNF Ö H�R}ì^E4C O�M�F E?I ¿�L HUTÄHUTBE M ëLë¬îD`wE?I Ò TrRNÔ
HóR Ò C=R|I}î \ H L RNF M H�HUTDE Ö CLë4H�I F FfRnIKE à¹Z¹O�O�\ RNF�HuC L í`îBH L RNF]ë¦HóR�HUTDE;_ O RZí M^OKÖ H M CPE�ë?TrR ¿ F¨ë|E ÒDM C M H�E OGFcà
å�úsèwüXús÷fù�÷ � � ð û�ù óLð æ ò ù ð ÷ � ð û�ùGúsè � þ»÷ � û ð �sè ó è
���fû���þ»÷ � � ÷cç ò ù ð ÷ � ÷��
�;� ò ûGû ð � � � � �H
\÷ ð ûLû�÷ ���]ð � �
û�ùP�}ù ð û�ù ð þ`û[�fûIûGús÷�� �²ð	�HIEJAò �}ù ð ÷ � �Aé<K�LMK êON�é

P ') Ä Ô�* � �
¶
QRRRS RRRT
& ) Ä Ô3U 6V 8:9XW )�Y 4[Z�\^] Ø :�_a` 4Vcb d * �E½$e 9 Ù *gf Ù 5 � eih}½ ¾ h9 Ù *gf Ù 5 � ¾ hh � 1 ¶ ê ½ ô
& ) Ä Ô d * ��½$e 9 Ù e ) Ä Ô ½ ¾ h9 Ù ¾ h) Ä Ô � 1kjml * �Aé<K��

� úsè ó è & ð ûUùGúsè ��ò]ÿ æ�è ó ÷���è � è � ùGû" e ) ð û�ùGúsè ÿ è|� � ü ò ç�û�è<úsè ðÖñ úAù
÷��³�fçªç�nl�poyþ»÷ ò�� ùGû�÷N�Rû�è`ù
æ��
ùGúsè=üýè
�sèjû�ùP�fç e 9  eih ð û�ùGúsè�ù�÷fùP�fç ñ � ð	� ÷���� � èjçªèjþ»ù ó ÷ � è ÿ è óLñcð	�sñ � ó ÷ ÿ ùGúsè�ê ÐSÑ ��� � ÷��sè=ú ð ù�ù ð	�]ñ
ùGúsè�ô )�q  ¾ ) ð û=ùGú]èr� ð �sùGú�÷��<ùGúsè�û ðÖñ�� �fçE� ð û�ù óLð æ ò ù ð ÷ �  ¾ 9 æýè ð	�sñ ùGú]è>� ð �]ùGú�÷��<ùGúsè èjçªèjþ»ù ó ÷ �]ð þ� ÷ ð û�è * ùGúsèÛüýè
�sèjû�ùP�fçs��� � � ¾ h ùGúsè�� ð �sùGúr÷��UùGúsè�û ò æ�tSû ðÖñ�� �fçýè ÿ è óGñcð	�sñ � ó ÷ ÿ ùGúsè ê`û�ù���� � ÷��sè� `
ð û=ùGúsè �AòXÿ æýè ó ÷��<èjçªèjþ»ù ó ÷ � ûÛü ó ÷�� ò þ»è
�è�}ù;ùGúsè�ê`û�ù@��� � ÷��sè� vu + ¶ e@+aw�eih ð û�ùGú]èpû ðÖñ�� �fç ñ � ð	�
�}ù�ùGúsè ê`û�ùc��� � ÷��sè�� � �rø � �fçªçx� » ð û<ùGúsè6üCús÷fù�÷Aèjçªèjþ»ù ó ÷ � ûIþ»÷ ÿ ð	�sñ � ó ÷ ÿ ùGúsè ê`û�ùX��� � ÷��sèfé � úsè �
ùGúsè �Aò]ÿ æýè ó ÷���üXús÷fù�÷�èjçÖèjþ»ù ó ÷ � û F ð û ñfó è|�}ù�è ó ùGú�� � ù[��÷� ÈùGú]è ñ � ð�� �}ù�ùGú]è;ø ó û�ù!��� � ÷��sè ð ûwú ðÖñ ú
è � ÷ òsñ ú²ù�÷�æýè	�}ü]ü ó ÷ �sðªÿ �}ù�è
�²æ��V���J� ò ûGû ð � � � ð û�ù ó�ð æ ò ù ð ÷ � é � �UùGúsèÛüXús÷fù�÷�èjçÖèjþ»ù ó ÷ ��ÿÛò çÖù ð üXç ð þ ð ù��
ð û�ús÷���è � è ó û ÿ �fçªçªè ó  �� ð ùGúV�y��è|��� ñ � ð	� �}ùIùGúsè�ø ó û�ùc��� � ÷��sè� ��>
\÷ ð ûLû�÷ � � ð ûGù óLð æ ò ù ð ÷ �pñcð � èjû�ùGúsè
æ�èjûGù<ø]ù`é
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å�ú ð û��fç ñ ÷ óLð ùGú ÿ ú��fû�æýè`è �äðªÿ üXçÖè ÿ è � ù�è
� ð	�äï �iz\å%z%n¹� ð�� LMK ê"N[� � �{���fû�þ»÷ � � è ó ù�è
� ð	� ù�÷|o�d÷ ó ùGú ð ûi��÷ ó �Cérå�úsè þ»÷ � � è ó ù�è
�'þ»÷��sè ð û=ûLús÷�� �Ïð	� �}ü]üýè � � ðx� o�éªê}é ïUðÖñcòsó è��AéÕô ê�ûGús÷��Iû=ùGú]è�ø]ù
÷fæ]ùP� ð�� è
��÷ � �wü ðx� èjç ù�÷ ñ è`ùGúsè ó � ð ùGú�ùGúsè�û ðÖñ�� �fçsþ»÷ � ù óLð æ ò ù ð ÷ � û`éEåIúsè�û ðÖñ�� �fç ð ûU÷ � è ó �fçªç���èjçªç øXù�ù�è
�Réo{÷ � û ð �sè óLð��sñ ùGúsè{ø ó û�ù#��� � ÷��sè^è4�ýèjþ»ù��fçªçÖ÷��lûEù�÷wø]ù\ùGúsè�þ ó ÷cûGû�tvùP�fç	���{èjçªç} }è � è ��ð �sùGúsè~��� � ÷��]è^è4�ýèjþ»ù
ð û ð	�ró è|�fç ð ù[�püCú�� û ð þG�fçªç	� � è ñ ç ðÖñcð æXçÖèfé

NEO�©
Os� qrV]Vs[��vV PROs� Ü��^�Q��V��ÏVXYvö�uE[
å�ú]è��ú��
E��å ü ò çªû�è ð û ó èjþ»÷ ó �sè
��� � � ûP� ÿ üXçÖè
�Êæ��ÊùGúsè��{è`è`ùGçÖècê}éÕô¨þ�ú ð ü è � è ó � ô�; � û`é�n$ù ðªÿ è�sèjç��
�½� óLð ûGèjûp� ó ÷ ÿ ùGúsèÅ�fû�� � þLú ó ÷ � ÷ ò û=ù óLðªñfñ è ó � ð ùGú ó èjû�üýèjþ»ù�ù�÷�ùGúsèpô�; � û�þ`çÖ÷ þ���÷��<ùGúsèÅ��è`è`ùGçªè
ü ð ü�èjç ð	� èfé�åIú ð ûc�sèjç��
�H���fû ó èjþ»÷ ó �sè
��� òsóLð	�sñ ùGú]è�ù�èjû�ù�æýè|� ÿ æ��+��å ðªÿ èÛ�lèjç��
��o{÷ ò�� ù�è ó * å��poc�
�fû�ûGú]÷�� �'ð	� ïUðÖñcòsó èV�AéÕôfô�é�ÇD� ÿ üXç ð	�sñ ÷ � ùGú]èråI�io �fçªçª÷��Iû;ù�÷ ó èjþ»÷ � û�ù ó�ò þ»ù�ùGúsè+��è`è`ùGçªè�ü ò çªû�è
ûGú��}ü�èfé
åIúsèi���}ùP� ð û�ø ó û�ù<û�èjçÖèjþ»ù�è
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Run: 4843
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19.0687 19.6264 19.1786 7.54609 16.6714 18.2344 18.1163 18.6739

17.3796 14.8602 9.58118 18.6984 17.9494 22.0196 19.7607 18.678

18.0675 21.0753 20.2857 18.8286 17.7866 20.5747 20.3631 14.6485

24.3966 25.231 25.0315 26.3462 27.3434 28.8453 26.9445 22.4877

13.6961 12.1128 12.9961 12.0314 13.5008 16.3132 18.3036 17.168

13.9973 12.2146 4.85978 16.1993 16.6104 17.9006 18.4297 18.5396

18.0716 19.313 18.3565 15.4015 1.37572 17.7622 21.6696 17.8192

23.2285 25.6054 25.3002 24.8932 24.6571 24.7466 24.3559 19.0647
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Run: 4844
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18.8652 18.7676 17.2982 6.09304 14.3758 16.9523 16.7772 17.1151

16.4028 14.7462 9.1009 18.0064 17.457 20.8596 18.9181 18.6088

18.1692 21.7632 19.7729 18.6047 18.3809 20.0537 20.9939 13.8101

23.5174 24.1198 22.5691 24.2664 25.6909 27.3353 25.6421 21.58

15.198 13.2118 13.0327 13.5333 13.7002 16.8098 18.7228 17.7012

14.3229 13.4601 5.1162 16.3214 15.9551 17.9617 19.6467 20.0293

19.2438 20.5584 18.7228 15.2591 1.5548 17.4692 21.7673 19.3211

22.1987 23.0005 22.4307 21.6004 21.8772 21.9545 22.6424 17.7663
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Run: 4845
0 1 2 3 4 5 6 7 8
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19.2275 16.529 16.1667 3.49628 13.0327 13.3624 15.0637 15.7882

16.6673 13.9281 8.33978 17.5587 16.0894 20.2165 19.8868 18.8815

18.9955 21.4946 19.4432 17.5017 18.0064 19.3577 20.302 12.9594

20.5137 20.3508 19.1013 20.8515 20.7253 25.5159 24.303 20.3061

13.6269 13.1222 12.8088 13.5415 14.8358 16.7935 20.0619 17.2616

15.2021 13.4438 5.35227 16.6714 17.7459 19.3577 20.9085 19.6426

18.5478 19.3903 18.2629 15.0678 2.10021 17.8762 22.3086 19.8991

18.5518 18.6699 16.7284 15.8411 15.9632 16.1667 17.9006 15.6905
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Run: 4846
0 1 2 3 4 5 6 7 8
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17.3145 15.6417 13.7328 2.30779 10.733 10.8063 12.1576 13.7653

16.4801 14.2782 7.2856 17.0174 15.6254 18.4379 20.0334 17.3796

19.5287 23.0941 20.3508 18.7391 17.5139 20.3061 18.9751 11.9256

17.7419 16.997 16.7691 17.7215 17.6645 22.1906 22.0278 19.9113

13.4234 14.6445 13.2443 14.0299 15.6132 17.1639 19.9967 18.5274

15.4585 14.3677 5.3075 17.2087 17.4529 19.9601 20.6236 18.7431

19.199 17.5017 16.8912 14.384 1.7868 17.1069 21.6248 19.6508

15.8777 13.3135 11.3029 9.73585 10.2365 11.1604 13.8386 13.2525
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Run: 4847
0 1 2 3 4 5 6 7 8
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17.6157 13.9159 12.7925 1.22512 9.45907 9.96378 10.8592 12.0151

16.2074 14.6689 6.52448 16.1504 15.1858 18.6658 18.1489 15.6213

19.545 22.9476 21.4661 18.1 18.1489 19.1298 19.2071 9.63409

17.0255 15.5033 15.9184 16.6348 15.3812 19.8665 19.7729 18.2751

13.7979 14.213 15.3486 14.8887 15.3812 18.564 20.013 18.1448

15.5033 15.0759 6.51227 16.8179 18.4379 20.1473 20.4445 18.0471

16.708 16.7325 16.2522 13.1833 1.624 16.5534 21.9382 20.4404

12.9431 9.91493 7.77809 6.59774 6.55704 8.41304 12.0192 11.1482
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Run: 4848
0 1 2 3 4 5 6 7 8
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16.4598 12.7356 11.4697 0.773332 7.18385 8.57178 8.80785 10.2853

15.5969 13.0571 5.8529 15.3649 14.1357 17.5262 16.9767 15.0922

19.5368 21.8609 20.416 18.8205 17.0296 17.9535 17.0744 8.18511

14.9009 14.0299 14.4857 15.0963 15.1451 19.2153 17.0459 16.6958

13.2932 13.6798 15.0718 16.2766 16.9807 18.3443 19.1705 16.879

14.5712 13.6554 5.70638 16.761 18.2995 20.3386 21.3603 17.9332

14.7788 14.3473 13.5659 10.7371 1.25768 15.7638 20.8271 19.4839

11.0871 7.32224 5.52322 4.24926 4.17599 5.69417 9.65037 10.0208
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Run: 4849
0 1 2 3 4 5 6 7 8
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16.7203 12.7396 11.2092 0.565754 6.1541 7.2449 7.7496 7.81066

13.5577 12.5402 5.23831 14.0339 12.9065 16.0568 16.997 13.4682

17.168 22.8052 20.359 17.8721 15.9306 17.9047 15.8737 6.65473

12.4547 12.8658 13.167 15.6335 13.9851 17.925 16.5615 14.9904

10.9325 13.2036 14.2863 15.9062 16.1993 19.5572 19.6671 15.837

13.0083 12.8577 5.68196 15.7556 17.6442 20.5951 20.4241 16.5534

12.76 12.4832 12.5198 9.76027 1.50596 15.0556 20.8881 18.1163

8.4049 5.45403 3.87073 3.60617 3.43929 4.3388 8.20139 9.72364

1 2 3 5 5 6 7 8

1

9

17

25

33

41

49

5757

Percentage of light per MAPMT cluster

0

5

10

15

20

25

30

35

40

Run: 4850
0 1 2 3 4 5 6 7 8
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15.1125 11.8116 9.65444 0.431438 5.14876 6.28841 6.68729 6.28434

11.2459 11.6041 4.31845 12.3204 11.9215 14.27 15.1248 12.0396

14.5224 21.9871 19.6833 18.1896 14.9497 18.2954 13.5903 5.16912

10.5743 12.4222 13.1019 14.1927 12.8332 16.1464 14.6567 13.1833

8.38455 12.1942 14.905 15.5399 16.0731 19.1257 18.7065 13.6676

10.8633 10.5173 5.67789 14.4572 18.3117 19.6345 19.024 15.5603

9.97192 10.3871 10.2121 8.42525 1.71761 14.3189 19.317 16.4516

7.29781 4.12715 2.87761 2.55607 2.37698 3.87073 6.89894 8.9096
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Run: 4851
0 1 2 3 4 5 6 7 8
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14.2334 11.079 9.24336 0.215719 4.42834 4.36729 4.90455 4.63592

9.7562 9.21893 3.41894 10.6883 10.6069 13.7775 13.11 10.4888

12.2431 20.0578 18.8449 17.8151 13.6717 15.3568 12.0396 3.4515

8.63283 11.3883 11.6 12.5239 12.7437 15.2062 11.8849 11.4616

5.95059 11.95 14.5468 15.2672 16.2237 18.9996 17.2657 11.9989

8.55143 9.99634 4.84757 13.0164 15.9917 19.3496 18.621 13.1589

7.50539 7.81066 8.76308 7.39143 1.392 12.9472 17.4325 15.3771

5.4174 3.1788 2.20196 1.33502 1.65249 2.36477 6.11339 7.38329
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Run: 4852
0 1 2 3 4 5 6 7 8
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12.8007 10.4034 8.64911 0.280842 4.04982 4.30217 4.2167 3.81782

7.44434 9.40616 3.48814 10.1184 9.96378 13.1874 12.1006 9.13346

10.094 19.1013 19.72 16.7691 12.9431 13.7938 10.6761 2.70259

6.57332 10.037 12.4506 12.8536 11.7424 13.9322 11.8442 10.2446

4.97782 10.0615 13.4438 14.2782 16.7325 18.0553 16.2033 10.7941

6.71578 8.87297 4.31031 12.9472 16.8302 18.56 17.3674 12.9513

6.66694 7.00069 7.89613 6.77683 1.41235 12.4995 17.4692 14.3799

4.83129 2.88168 2.13684 1.51817 1.66877 2.07172 5.57206 6.91929

1 2 3 5 5 6 7 8

1

9

17

25

33

41

49

5757

Percentage of light per MAPMT cluster

0

5

10

15

20

25

30

35

40

Run: 4853
0 1 2 3 4 5 6 7 8
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12.1291 9.81725 8.65318 0.150596 3.43929 3.22764 3.80968 2.87761

6.19073 8.33978 3.47185 9.59339 9.50792 12.1576 11.543 7.95718

8.26244 16.6714 16.6796 15.0026 12.2675 12.4099 9.44686 1.98624

4.55452 9.30441 10.8267 10.2975 11.3314 13.3868 11.0098 9.54862

3.85445 7.84322 11.5796 14.0339 15.2306 15.5033 14.62 9.70735

5.16912 7.92462 3.81375 12.0355 16.2033 17.5384 15.9225 10.8348

5.4174 6.02385 6.93557 6.20294 1.24547 11.7628 15.3283 12.7071

3.61024 2.42989 1.77459 1.12744 1.40828 1.91705 5.31564 6.41459
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Run: 4854
0 1 2 3 4 5 6 7 8
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5.59648 5.91803 5.86104 0.0610525 2.81249 2.50315 2.21824 1.60772

1.98624 3.89108 1.35944 4.66441 5.94245 6.73613 6.65473 4.79059

3.32126 7.41992 10.0248 8.47409 7.31002 7.32631 4.79466 1.46119

1.56295 4.03761 6.03606 5.58427 6.67915 7.03325 5.59241 6.63845

1.01754 3.74456 6.45936 7.09838 8.20546 9.47128 7.69669 5.45403

1.92926 3.48814 0.72856 6.20294 9.63409 10.6272 8.87704 6.40645

2.65782 3.41894 4.82315 4.81501 0.48028 9.31662 10.5417 7.9409

1.84379 1.75424 1.14372 0.606455 0.606455 1.29024 3.18287 4.31031
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Run: 4854
0 1 2 3 4 5 6 7 8

0

1

2

3

4

5

6

7

8

5.59648 5.91803 5.86104 0.0610525 2.81249 2.50315 2.21824 1.60772

1.98624 3.89108 1.35944 4.66441 5.94245 6.73613 6.65473 4.79059

3.32126 7.41992 10.0248 8.47409 7.31002 7.32631 4.79466 1.46119

1.56295 4.03761 6.03606 5.58427 6.67915 7.03325 5.59241 6.63845

1.01754 3.74456 6.45936 7.09838 8.20546 9.47128 7.69669 5.45403

1.92926 3.48814 0.72856 6.20294 9.63409 10.6272 8.87704 6.40645

2.65782 3.41894 4.82315 4.81501 0.48028 9.31662 10.5417 7.9409

1.84379 1.75424 1.14372 0.606455 0.606455 1.29024 3.18287 4.31031
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Run: 4855
0 1 2 3 4 5 6 7 8

0
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1.79087 2.16533 1.26582 0 0.350035 1.16407 1.30245 1.49375

0.700069 0.679718 0.00814034 0.0610525 0.366315 1.0501 1.96589 2.70259

1.56702 1.44491 0.565754 0.0732631 0.109895 0.695999 2.15312 0.822174

1.44898 0.822174 0.345964 0.207579 0.390736 1.10709 2.10021 3.37417

0.48842 0.520982 0.643087 0.232 0.639017 1.74203 2.45024 2.64561

1.18442 1.5833 0 0.223859 1.37979 2.26708 3.07705 2.52351

1.53445 1.94961 2.14091 1.57109 0.0162807 3.32533 4.0254 3.7934

1.25361 1.23733 0.618666 0.183158 0.0976841 0.170947 0.984981 2.31186
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Run: 4856
0 1 2 3 4 5 6 7 8

0

1

2

3

4

5

6

7

8

0.256421 0.130245 0 0.00407017 0 0 0.0854736 0.577964

0.142456 0 0 0 0 0.00407017 0.0814034 0.915788

0.166877 0 0.00407017 0 0 0 0.0651227 0.138386

0.569824 0.134316 0.0122105 0 0.00407017 0.00407017 0.0284912 0.781473

0.0936139 0.0122105 0 0 0.00407017 0.00814034 0.048842 0.891367

0.345964 0.0122105 0 0.0122105 0 0 0.0447719 0.455859

0.785543 0.333754 0.0325614 0 0 0.0610525 0.557613 0.907648

0.71228 0.512841 0.0366315 0.0122105 0.0162807 0.0122105 0.0407017 0.805894

1 2 3 5 5 6 7 8

1

9

17

25

33

41

49

5757

Percentage of light per MAPMT cluster

0

5

10

15

20

25

30

35

40

Run: 4857
0 1 2 3 4 5 6 7 8

0
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0.00814034 0 0 0 0 0 0 0.0936139

0.00407017 0 0 0 0 0 0 0.126175

0.00407017 0.00814034 0 0 0 0 0 0.0651227

0.162807 0 0 0 0 0.00407017 0 0.0569824

0.0203508 0 0 0 0 0 0.00407017 0.024421

0.024421 0 0 0 0 0 0 0.0122105

0.122105 0.00407017 0 0.00407017 0 0.00814034 0.00407017 0.142456

0.297122 0.0407017 0 0 0 0 0 0.22793
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Run: 4858
0 1 2 3 4 5 6 7 8

0
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0 0 0.00407017 0 0.00407017 0.00814034 0.00407017 0.00814034

0 0.00407017 0 0 0 0 0 0.00407017

0 0 0.00407017 0 0 0 0 0.024421

0 0 0 0 0.0122105 0 0.00814034 0

0.00814034 0 0 0 0 0 0 0

0 0 0 0.00407017 0.00407017 0 0.00407017 0

0 0 0.00407017 0.00407017 0.00407017 0 0.00407017 0.00407017

0.0122105 0.00407017 0 0 0.0122105 0.00407017 0 0
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Run: 5865
0 1 2 3 4 5 6 7 8
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0.0610525 0.048842 0.048842 0.0203508 0.0407017 0.0447719 0.0569824 0.146526

0.0895437 0.109895 0.105824 0.101754 0.0976841 0.0732631 0.109895 5.57613

0.814034 1.44084 1.41235 2.09614 1.06638 1.08267 1.95368 0.96463

20.3997 27.8522 29.8547 30.5873 28.7517 29.6146 26.6759 20.5381

2.15719 0.639017 0.46807 0.463999 0.569824 0.451789 0.626806 0.407017

0.0651227 0.0569824 0.0325614 0.0529122 0.0732631 0.0529122 0.0773332 0.048842

0.0854736 0.0447719 0.048842 0.0366315 0.0162807 0.0325614 0.0447719 0.0447719

0.358175 0.838455 0.695999 0.736701 2.07579 1.86414 2.42582 1.64842
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Run: 5866
0 1 2 3 4 5 6 7 8
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0.0366315 0.0529122 0.0569824 0.0162807 0.024421 0.0366315 0.0407017 0.118035

0.0610525 0.105824 0.0814034 0.113965 0.126175 0.0936139 0.0895437 5.31157

0.850665 1.60772 1.48561 2.08393 0.923928 0.94835 1.82751 0.883227

19.956 27.2457 28.9511 29.5739 28.2958 28.7761 26.0979 20.1636

2.27115 0.590175 0.435508 0.431438 0.553543 0.443648 0.667508 0.386666

0.048842 0.0529122 0.0407017 0.0814034 0.0814034 0.0569824 0.0610525 0.0691929

0.0895437 0.0325614 0.024421 0.0162807 0.0162807 0.0162807 0.0366315 0.0325614

0.268631 0.879157 0.659368 0.72449 2.07172 1.76645 2.23859 1.68098
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Run: 5867
0 1 2 3 4 5 6 7 8
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0.0284912 0.048842 0.0325614 0.0122105 0.0529122 0.0651227 0.0569824 0.170947

0.105824 0.0976841 0.113965 0.0814034 0.122105 0.105824 0.146526 5.44996

0.944279 1.33502 1.20477 1.94147 0.891367 0.932069 1.70947 0.96463

20.0049 27.0137 28.7517 28.9715 27.8847 28.4912 27.1725 19.2885

1.86414 0.47214 0.407017 0.362245 0.431438 0.350035 0.549473 0.598315

0.048842 0.0407017 0.00814034 0.024421 0.0569824 0.0610525 0.0814034 0.0895437

0.101754 0.0651227 0.0610525 0.048842 0.0203508 0.0407017 0.0325614 0.0203508

0.805894 0.679718 0.606455 0.663438 1.8967 1.77866 3.42708 1.54259
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Run: 5868
0 1 2 3 4 5 6 7 8
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0.0691929 0.0569824 0.0447719 0 0.0447719 0.048842 0.048842 0.162807

0.0732631 0.109895 0.109895 0.0895437 0.113965 0.0773332 0.0936139 6.55297

0.879157 1.26989 1.07452 1.83972 0.895437 0.805894 1.53445 0.793683

19.4554 26.1061 27.8847 28.54 27.2742 29 26.0409 18.2181

1.59551 0.463999 0.317473 0.398877 0.407017 0.362245 0.561683 0.545403

0.048842 0.0732631 0.0366315 0.0366315 0.0732631 0.0691929 0.0732631 0.0691929

0.0773332 0.048842 0.0529122 0.0407017 0.00814034 0.0284912 0.0284912 0.0203508

0.626806 0.630876 0.508771 0.71635 1.75831 1.56702 3.248 1.33502
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Run: 5869
0 1 2 3 4 5 6 7 8
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0.0407017 0.0366315 0.0284912 0.00814034 0.0325614 0.048842 0.0203508 0.142456

0.048842 0.0569824 0.0854736 0.0854736 0.118035 0.0610525 0.0732631 6.03606

0.919858 1.38386 1.20477 1.61586 1.17221 1.13965 1.34316 0.691929

18.967 25.638 27.3963 27.844 26.2404 28.3447 23.4686 17.1517

1.56295 0.427368 0.337824 0.280842 0.382596 0.337824 0.553543 0.451789

0.024421 0.0407017 0.0203508 0.0529122 0.0936139 0.0854736 0.0773332 0.0610525

0.0610525 0.0122105 0.0325614 0.0325614 0.0203508 0.024421 0.024421 0.0284912

0.557613 0.582034 0.496561 0.586104 1.79902 1.60365 3.19915 1.2007
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Run: 5870
0 1 2 3 4 5 6 7 8
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0.048842 0.0529122 0.0203508 0.00407017 0.0122105 0.0325614 0.0325614 0.122105

0.0691929 0.0651227 0.0773332 0.0651227 0.0854736 0.0569824 0.0936139 5.55171

0.850665 1.11523 1.12337 1.59144 1.11116 1.08267 1.26582 0.537262

18.2588 24.7548 27.1847 27.5958 25.6502 27.7016 23.9692 15.6213

1.16814 0.374456 0.325614 0.317473 0.447719 0.386666 0.520982 0.419227

0.048842 0.048842 0.00814034 0.0569824 0.0651227 0.0732631 0.0895437 0.0895437

0.0651227 0.0284912 0.0325614 0.024421 0.0162807 0.024421 0.0366315 0.0325614

0.459929 0.451789 0.455859 0.606455 1.56702 1.60772 3.00379 0.919858
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Run: 5871
0 1 2 3 4 5 6 7 8
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0.0569824 0.048842 0.0366315 0.0122105 0.0203508 0.0162807 0.0203508 0.105824

0.0610525 0.0732631 0.0447719 0.0651227 0.0691929 0.0691929 0.0569824 5.10806

0.923928 1.28617 1.25361 1.50189 1.07859 0.854736 1.01754 0.455859

18.0186 24.2134 26.4317 27.1073 25.3042 26.798 22.5121 13.8304

1.0094 0.284912 0.232 0.268631 0.370385 0.305263 0.427368 0.337824

0.0407017 0.0691929 0.00407017 0.048842 0.0569824 0.0610525 0.0651227 0.0366315

0.0529122 0.024421 0.0407017 0.0325614 0.0203508 0.0325614 0.048842 0.0529122

0.48435 0.500631 1.09488 0.500631 1.47747 1.36351 2.72701 0.830315
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Run: 5872
0 1 2 3 4 5 6 7 8
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0.0529122 0.0325614 0.0325614 0 0.00814034 0.0284912 0.0284912 0.0691929

0.0407017 0.0366315 0.0366315 0.0691929 0.0569824 0.0325614 0.0691929 4.80687

0.72042 1.07452 1.06638 1.46933 0.919858 0.846595 0.895437 0.317473

17.3104 23.8593 26.2852 26.9323 24.3274 25.1333 19.8746 11.1523

0.565754 0.24828 0.23607 0.24421 0.423298 0.350035 0.427368 0.252351

0.0284912 0.024421 0.0162807 0.0284912 0.048842 0.0529122 0.0651227 0.0569824

0.0610525 0.0366315 0.0284912 0.0203508 0.00814034 0.0325614 0.0366315 0.0407017

0.386666 0.439578 1.03789 0.508771 1.31874 1.35944 2.52758 0.431438
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Run: 5873
0 1 2 3 4 5 6 7 8
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0.0284912 0.0203508 0.0122105 0.00407017 0.0122105 0.0284912 0.00407017 0.0610525

0.0529122 0.0407017 0.048842 0.0529122 0.0610525 0.0814034 0.0651227 3.6428

0.561683 0.989051 0.989051 1.23326 0.842525 0.700069 0.757052 0.24421

16.0283 23.3139 25.6909 26.0328 25.463 24.4943 18.4541 9.82946

0.419227 0.199438 0.24828 0.223859 0.390736 0.345964 0.358175 0.203508

0.0366315 0.0284912 0.0122105 0.0407017 0.0529122 0.0691929 0.0610525 0.0569824

0.0284912 0.00814034 0.0325614 0.0284912 0.00814034 0.0122105 0.024421 0.0203508

0.288982 0.447719 1.01347 0.423298 1.41642 1.25768 2.27929 0.305263
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Run: 5874
0 1 2 3 4 5 6 7 8
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0.0284912 0.0122105 0.00814034 0.00814034 0.00407017 0.0122105 0.0122105 0.0366315

0.0447719 0.048842 0.0407017 0.0447719 0.0569824 0.0569824 0.0529122 3.08926

0.47621 0.972771 0.96463 1.07452 0.671578 0.634946 0.915788 0.191298

14.7788 21.9667 25.8171 25.87 22.561 22.4918 16.533 7.77809

0.309333 0.219789 0.24014 0.24828 0.350035 0.313403 0.337824 0.24014

0.0284912 0.024421 0.0122105 0.0284912 0.0366315 0.0407017 0.0366315 0.048842

0.0366315 0.0122105 0.024421 0.00407017 0.00407017 0.00814034 0.0122105 0.0122105

0.158737 0.333754 0.805894 0.378526 1.21698 1.06231 1.90484 0.203508
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Run: 5875
0 1 2 3 4 5 6 7 8
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0.024421 0.0122105 0.0325614 0 0.00407017 0.0203508 0.0162807 0.0610525

0.0407017 0.0203508 0.0122105 0.0325614 0.0447719 0.0651227 0.048842 2.21824

0.427368 0.789613 0.915788 1.00533 0.687859 0.614596 0.980911 0.203508

12.6745 20.705 24.2501 24.3844 23.3506 20.4933 14.2171 6.6181

0.211649 0.232 0.211649 0.203508 0.24828 0.256421 0.301193 0.211649

0.024421 0.0407017 0.0122105 0.0203508 0.0651227 0.0529122 0.0610525 0.0407017

0.0529122 0.0162807 0.024421 0.0203508 0 0.0203508 0.024421 0.024421

0.0651227 0.268631 0.70821 0.297122 1.10709 1.02161 1.5141 0.134316

1 2 3 5 5 6 7 8

1

9

17

25

33

41

49

5757

Percentage of light per MAPMT cluster

0

5

10

15

20

25

30

35

40

Run: 5876
0 1 2 3 4 5 6 7 8
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0.0203508 0.0122105 0.0122105 0.00407017 0 0.00814034 0.00407017 0

0.00407017 0.0284912 0.0203508 0.0203508 0.0325614 0.0407017 0.0325614 0.276772

0.24421 0.362245 0.529122 0.590175 0.337824 0.305263 0.297122 0.0610525

4.54231 13.3217 15.1695 17.9983 13.5496 9.78469 5.03887 2.80028

0.0610525 0.0895437 0.170947 0.158737 0.199438 0.191298 0.154666 0.146526

0 0.0366315 0.0122105 0.0284912 0.024421 0.0203508 0.0122105 0.0203508

0.0203508 0.00814034 0.024421 0.00407017 0.00814034 0.0203508 0.0284912 0.0203508

0.00407017 0.0203508 0.0936139 0.146526 0.162807 0.142456 0.317473 0.0976841
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Run: 5876
0 1 2 3 4 5 6 7 8
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0.0203508 0.0122105 0.0122105 0.00407017 0 0.00814034 0.00407017 0

0.00407017 0.0284912 0.0203508 0.0203508 0.0325614 0.0407017 0.0325614 0.276772

0.24421 0.362245 0.529122 0.590175 0.337824 0.305263 0.297122 0.0610525

4.54231 13.3217 15.1695 17.9983 13.5496 9.78469 5.03887 2.80028

0.0610525 0.0895437 0.170947 0.158737 0.199438 0.191298 0.154666 0.146526

0 0.0366315 0.0122105 0.0284912 0.024421 0.0203508 0.0122105 0.0203508

0.0203508 0.00814034 0.024421 0.00407017 0.00814034 0.0203508 0.0284912 0.0203508

0.00407017 0.0203508 0.0936139 0.146526 0.162807 0.142456 0.317473 0.0976841
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Run: 5877
0 1 2 3 4 5 6 7 8
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0.0122105 0.0203508 0.00407017 0.00814034 0.00814034 0.00814034 0 0.00407017

0.0162807 0.00407017 0.00407017 0.00814034 0.0122105 0.0284912 0 0.0325614

0.142456 0.0936139 0.105824 0.118035 0.0895437 0.109895 0.0936139 0.0203508

1.10709 2.47059 4.08238 4.47719 3.66315 2.2101 1.68505 2.25894

0.0162807 0.0407017 0.0407017 0.0732631 0.0610525 0.0610525 0.0732631 0.150596

0.00407017 0 0.00407017 0.024421 0.0325614 0.0162807 0.0203508 0.00407017

0.0162807 0.00407017 0.00814034 0.0122105 0 0.00814034 0.0162807 0.0203508

0 0 0.00407017 0.00407017 0.00814034 0.00407017 0.0325614 0.0610525
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Run: 5878
0 1 2 3 4 5 6 7 8

0

1
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0 0 0.00407017 0 0.00814034 0 0 0

0.00407017 0.00407017 0.00407017 0.00407017 0.00407017 0.0162807 0 0.00814034

0.0407017 0.0203508 0 0.00407017 0 0.00407017 0.024421 0.0366315

0.305263 0.0122105 0 0 0.0162807 0.0732631 0.529122 1.21291

0.00814034 0.00814034 0.00407017 0.00814034 0 0.00814034 0.0447719 0.0691929

0.00407017 0 0 0.00407017 0 0.00407017 0.00407017 0.00814034

0.0122105 0 0 0.00407017 0 0.00407017 0 0.00814034

0.00407017 0 0 0.00407017 0.00407017 0 0 0.0122105
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Run: 5879
0 1 2 3 4 5 6 7 8

0
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0 0.00407017 0 0.00814034 0 0.00407017 0.00407017 0

0 0 0 0.00407017 0.00814034 0 0 0.0122105

0.00407017 0.00814034 0.0162807 0 0 0.00814034 0.00407017 0.00407017

0.0284912 0 0 0 0.0203508 0.00407017 0.0122105 0.109895

0 0 0.00814034 0.00407017 0.0203508 0.00407017 0.0203508 0

0 0.0122105 0 0.0122105 0 0 0.0203508 0.00407017

0 0.00407017 0 0.00814034 0.00814034 0 0.00407017 0

0 0.00407017 0.00407017 0.00814034 0.00407017 0.00407017 0 0.0122105
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Run: 5880
0 1 2 3 4 5 6 7 8

0
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0 0 0 0 0 0.00407017 0.00407017 0.00407017

0.00407017 0 0.00407017 0.00407017 0.00407017 0.0122105 0.00407017 0

0 0 0.00814034 0.00407017 0 0.00814034 0.00407017 0

0.00407017 0 0.0162807 0 0.00814034 0.0162807 0.0203508 0.00814034

0 0.00814034 0.00407017 0.00407017 0.00407017 0.0122105 0.0162807 0

0 0 0 0 0.00814034 0 0 0

0 0.0122105 0 0.00407017 0 0.00814034 0 0

0 0 0.00407017 0.00407017 0 0.00814034 0 0.00407017
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Run: 5906
0 1 2 3 4 5 6 7 8
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0.0529122 0.0407017 0.0325614 0.024421 0.0447719 0.0447719 0.0651227 0.301193

0.105824 0.113965 0.0569824 0.0691929 0.175017 0.223859 0.150596 4.63592

1.29431 2.09207 2.33221 2.42175 1.77866 1.65249 2.80842 0

20.3916 25.9392 27.9499 28.4708 29.1872 33.3225 29.9442 21.7428

1.77459 0.805894 0.663438 0.590175 0.687859 0.71635 0.614596 0.683789

0.0976841 0.0814034 0.024421 0.0569824 0.0895437 0.101754 0.0976841 0.0854736

0.109895 0.0529122 0.0732631 0.048842 0.0162807 0.0284912 0.048842 0.0569824

0.362245 0.972771 1.91705 1.49375 3.48814 3.47592 5.10399 2.22231
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Run: 5907
0 1 2 3 4 5 6 7 8
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0.0691929 0.0732631 0.0610525 0.0529122 0.0325614 0.0569824 0.0407017 0.264561

0.105824 0.162807 0.0814034 0.113965 0.126175 0.219789 0.126175 4.40799

1.57109 2.18975 2.32407 2.30779 1.77866 1.80309 2.89389 0

19.3414 25.4508 28.1737 28.1289 28.5848 32.8951 29.5739 21.1771

1.49782 0.822174 0.667508 0.520982 0.549473 0.651227 0.634946 0.72856

0.0732631 0.0895437 0.0162807 0.0854736 0.0895437 0.0854736 0.0773332 0.0732631

0.118035 0.0447719 0.0407017 0.0162807 0.0325614 0.0529122 0.0651227 0.048842

0.71228 0.96463 1.92519 1.40828 3.26835 3.37417 4.74175 2.97529
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Run: 5908
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0.101754 0.0691929 0.0366315 0.0325614 0.0407017 0.0447719 0.048842 0.195368

0.109895 0.175017 0.109895 0.146526 0.146526 0.187228 0.154666 4.48126

1.42049 2.09207 2.23859 2.30779 1.71761 1.72575 2.94273 0

19.8828 25.3979 27.7952 28.8046 29.0285 32.423 28.3528 20.5014

1.91705 0.932069 0.773332 0.48435 0.614596 0.667508 0.614596 0.675648

0.0691929 0.0895437 0.0610525 0.0895437 0.0976841 0.0732631 0.0936139 0.0895437

0.0814034 0.0366315 0.0366315 0.0284912 0.00814034 0.0162807 0.0407017 0.0325614

0.407017 0.875086 1.76645 1.37572 3.76898 3.53291 4.7621 2.84098
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Run: 5909
0 1 2 3 4 5 6 7 8
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0.0610525 0.0569824 0.048842 0.0366315 0.0569824 0.0610525 0.0610525 0.272701

0.101754 0.154666 0.109895 0.130245 0.199438 0.199438 0.187228 4.38357

1.41642 2.04323 2.32 2.32407 1.61993 1.856 2.92645 0

19.8909 25.6706 27.7382 27.5388 28.0516 31.9915 28.8982 20.3793

1.46933 0.846595 0.586104 0.435508 0.512841 0.634946 0.622736 0.679718

0.0569824 0.0976841 0.0366315 0.0529122 0.0976841 0.118035 0.122105 0.0895437

0.118035 0.0569824 0.0651227 0.0325614 0.024421 0.0325614 0.0569824 0.0610525

0.883227 0.944279 1.91298 1.36758 3.43929 3.31312 4.68477 2.84098
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Run: 5910
0 1 2 3 4 5 6 7 8
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0.048842 0.0936139 0.0651227 0.024421 0.0407017 0.024421 0.0366315 0.341894

0.0732631 0.101754 0.0651227 0.142456 0.154666 0.179087 0.142456 4.54231

1.61993 2.25894 2.13277 2.33221 1.64028 1.88856 3.04856 0

20.184 26.102 27.8074 28.4057 28.8616 32.3049 28.4708 20.2694

1.94147 0.899508 0.691929 0.695999 0.565754 0.606455 0.529122 0.777402

0.0284912 0.0651227 0.0407017 0.0732631 0.0976841 0.0895437 0.130245 0.0732631

0.113965 0.0447719 0.0407017 0.024421 0.0203508 0.0529122 0.0651227 0.0407017

0.818104 0.915788 1.68912 1.38386 3.39859 3.33347 4.58301 2.66596
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Run: 5911
0 1 2 3 4 5 6 7 8
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0.0284912 0.048842 0.0651227 0.0203508 0.0529122 0.048842 0.0407017 0.268631

0.0773332 0.134316 0.0895437 0.105824 0.158737 0.122105 0.113965 4.12308

1.4734 2.088 2.10835 2.33628 1.82751 1.83972 3.18287 0

20.1758 25.7194 28.0028 27.9336 28.7842 32.5654 28.772 20.6236

1.33909 0.801823 0.602385 0.647157 0.557613 0.565754 0.533192 0.659368

0.0651227 0.101754 0.0325614 0.0651227 0.048842 0.0407017 0.0895437 0.0569824

0.0854736 0.0325614 0.0569824 0.048842 0.024421 0.0529122 0.0651227 0.0325614

0.284912 0.883227 1.84786 1.26175 3.44743 3.21136 4.54231 2.76772
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Run: 5912
0 1 2 3 4 5 6 7 8
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0.0529122 0.0447719 0.0407017 0.0407017 0.0814034 0.0691929 0.0366315 0.252351

0.0691929 0.113965 0.118035 0.113965 0.179087 0.166877 0.183158 4.04168

1.45305 2.11242 2.02694 2.14498 1.64028 1.92519 3.04042 0

20.1799 26.2689 27.6568 27.9295 28.0272 32.2032 28.4383 20.3264

1.392 0.842525 0.71635 0.679718 0.533192 0.630876 0.594245 0.70821

0.0366315 0.0854736 0.048842 0.0691929 0.0895437 0.0610525 0.126175 0.0936139

0.138386 0.0325614 0.0651227 0.0569824 0.0366315 0.0529122 0.0529122 0.0529122

0.390736 0.875086 1.77866 1.2414 3.27649 3.25207 4.53417 2.67817
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Run: 5913
0 1 2 3 4 5 6 7 8
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0.0569824 0.0529122 0.048842 0.0325614 0.0284912 0.0325614 0.0366315 0.288982

0.0814034 0.134316 0.0976841 0.109895 0.146526 0.122105 0.126175 4.40799

1.4327 2.15719 2.22231 2.32814 1.76645 1.85193 3.08112 0

20.1636 25.756 27.319 27.6527 27.9946 31.7799 28.2999 18.5885

1.51817 0.903578 0.667508 0.525052 0.573894 0.667508 0.553543 0.695999

0.048842 0.0854736 0.0284912 0.0447719 0.0854736 0.0814034 0.0773332 0.0814034

0.0895437 0.0284912 0.0162807 0.0162807 0.0162807 0.0610525 0.0610525 0.0447719

0.936139 1.0501 1.87635 1.30652 3.32126 3.27242 4.5301 2.96308
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Run: 5914
0 1 2 3 4 5 6 7 8
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0.0529122 0.0366315 0.0447719 0.0162807 0.0366315 0.0569824 0.0407017 0.276772

0.0895437 0.142456 0.105824 0.138386 0.134316 0.154666 0.191298 4.2167

1.53038 2.21824 2.47873 2.38919 1.94961 2.07579 3.22357 0

19.956 25.5362 27.5062 27.091 28.0475 31.8084 28.0557 20.1636

1.41235 0.895437 0.663438 0.651227 0.565754 0.671578 0.590175 0.622736

0.0691929 0.0976841 0.0569824 0.0732631 0.0773332 0.0732631 0.126175 0.113965

0.134316 0.0447719 0.0447719 0.0407017 0.024421 0.0284912 0.0203508 0.0162807

0.818104 0.972771 1.79087 1.30652 3.06484 3.08926 4.46498 2.57235
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Run: 5915
0 1 2 3 4 5 6 7 8
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0.0569824 0.0691929 0.0610525 0.0366315 0.0691929 0.0325614 0.0447719 0.215719

0.113965 0.122105 0.0895437 0.109895 0.122105 0.162807 0.183158 4.15157

1.52224 2.088 2.28337 2.34442 1.80716 2.12056 3.19508 0

19.8054 25.0682 27.1887 27.3638 27.9621 32.1218 28.3609 20.127

1.40828 0.887297 0.818104 0.655297 0.569824 0.569824 0.569824 0.647157

0.0407017 0.0895437 0.0407017 0.0691929 0.0529122 0.0569824 0.0854736 0.0814034

0.101754 0.0447719 0.0529122 0.048842 0.0122105 0.0569824 0.048842 0.0569824

0.866946 0.944279 1.80309 1.2007 3.0567 3.26428 4.48126 2.80435
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Run: 5916
0 1 2 3 4 5 6 7 8
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0.0284912 0.024421 0.0284912 0.0529122 0.0447719 0.0569824 0.024421 0.219789

0.0691929 0.118035 0.0895437 0.0651227 0.126175 0.207579 0.175017 4.28996

1.46933 2.22638 2.26301 2.50315 1.88856 2.12463 2.45431 0

20.7294 25.8985 27.4899 27.1847 27.7179 31.8491 28.3732 20.473

1.3513 0.846595 0.626806 0.691929 0.500631 0.647157 0.529122 0.602385

0.0366315 0.0651227 0.0284912 0.0529122 0.0895437 0.0651227 0.101754 0.0569824

0.0732631 0.0284912 0.0447719 0.0366315 0.0203508 0.024421 0.0325614 0.024421

0.911718 1.00533 1.66877 1.31466 3.0567 3.10961 4.48126 2.61305
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Run: 5917
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0.0284912 0.0366315 0.0284912 0.0162807 0.0651227 0.0569824 0.048842 0.232

0.0936139 0.138386 0.105824 0.138386 0.187228 0.207579 0.187228 4.15157

1.44491 2.23452 2.47873 2.48687 2.03101 2.19382 2.51944 0

19.7851 24.7914 26.1671 26.3625 27.2498 31.7188 28.0638 20.5218

1.65656 0.805894 0.72449 0.647157 0.533192 0.577964 0.537262 0.602385

0.0691929 0.0976841 0.048842 0.0651227 0.0895437 0.0814034 0.113965 0.0447719

0.0895437 0.0529122 0.0529122 0.0569824 0.0203508 0.0284912 0.0407017 0.0732631

0.932069 0.797753 1.64435 1.05824 3.00379 3.16252 4.73361 2.7148
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Run: 5917
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0.0284912 0.0366315 0.0284912 0.0162807 0.0651227 0.0569824 0.048842 0.232

0.0936139 0.138386 0.105824 0.138386 0.187228 0.207579 0.187228 4.15157

1.44491 2.23452 2.47873 2.48687 2.03101 2.19382 2.51944 0

19.7851 24.7914 26.1671 26.3625 27.2498 31.7188 28.0638 20.5218

1.65656 0.805894 0.72449 0.647157 0.533192 0.577964 0.537262 0.602385

0.0691929 0.0976841 0.048842 0.0651227 0.0895437 0.0814034 0.113965 0.0447719

0.0895437 0.0529122 0.0529122 0.0569824 0.0203508 0.0284912 0.0407017 0.0732631

0.932069 0.797753 1.64435 1.05824 3.00379 3.16252 4.73361 2.7148
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Run: 5918
0 1 2 3 4 5 6 7 8
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0.0569824 0.0691929 0.0447719 0.0325614 0.0325614 0.0366315 0.0203508 0.211649

0.0814034 0.118035 0.0814034 0.122105 0.187228 0.195368 0.191298 4.40799

1.40421 2.13684 2.51536 3.12589 2.60084 2.80435 2.82877 0

19.4351 24.1442 24.767 25.0926 25.5078 30.339 27.2172 20.3183

1.87228 0.777402 0.626806 0.602385 0.512841 0.529122 0.520982 0.687859

0.0407017 0.0529122 0.0407017 0.048842 0.0854736 0.0854736 0.105824 0.0895437

0.0976841 0.0447719 0.0162807 0.00814034 0.00814034 0.048842 0.0569824 0.0691929

0.944279 0.923928 1.45305 1.02568 2.80028 2.88575 4.55859 2.83284
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