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Blue is LSND 90% conf. region
Yellow is 99%
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±�²5¦>§

¦@°�Â<£M²w°�».µ@£ZÅ5§:·>²5¥U¦>»[§.·[Æ�°�¶UÂ{µ@²#´a§[¦J£M²�Â<£M»[°�ºMºZÀ#§×¿U´a²5·J§(µ@®<§(ÂU§.µ@§.».µ>²5¦�µ@²�µ@®<§V·>²5¥<¦J»[§]°�¶UÂ�§�¿U°�±�£M¶<§
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channel ADC
Pu

ls
er

 U
ni

t

1 muon
unit

¢Ë£N¤5¥<¦>§r'�©('�©Z¬�Ì�¥U²5¶ »[°�ºM£N¯<¦@°�µ>£M²5¶{»[²5¶wÅ5§.¦Jµ>·(°�¦J¯<£Nµ>¦@°�¦�À�´<¥<ºN·>§.¦V¥<¶U£Nµ@·`µ>²�±(¥UºNµ@£N´<ºM§.·z²�¼�ºM£M¤�®�µz´<¦>²�Ù
Â<¥U»[§[Â�¯wÀ�°an ·�µE°�¶<Â<°�¦>Â�±(¥<²5¶ÈqN©

µ@®U§V¦J§[·>´a²5¶<·J§�©T­T®<§
°�¦>§[°�²�¼m·>».£M¶wµ@£NºMºc°1µ@²5¦�µ@®i°�µI¸�²5¥<ºMÂ�¶<§.§[Â{µ>²�¯a§V».²|Å5§[¦J§[ÂWÆk°�¶<Â�µ@®<§:§[¶<¤�£M¶<§.§[¦�Ù
£M¶U¤�µ@²�ºM§[¦>°�¶<».§[·
¦J§5w�¥<£N¦>§[Â ²5¶ µ@®U§xÂ<£N·JµE°�¶<»[§�¼s¦>²5± ·>²�¥<¦>».§xµ@²�·>»[£N¶wµ@£MºNºc°�µ>²5¦`¦>§.¶<Â<§.¦
µ@®<£N·V±�§.µ>®<²�Â
£M±�´<¦>°�».µ>£M»"°�ºP©
ÍÁ¶<·Jµ>§"°�ÂkÆØÌ�ÍÏÎ�Ð:Ñ�¸C£MºMºØ§×¿�´<ºM²5£Zµñµ>®<§:¦>§"°�ÂUÀ�°|Å�°�£Nºc°�¯U£MºM£ZµÁÀx²�¼m±(¥<²5¶U·I¼s¦J²5±�»[²5·J±�£N»V¦>°"À�·.©ñ­T®U§

±(¥<²�¶�»[°�ºM£N¯<¦@°1µ@£M²�¶#£M·C°(µÁ¸�²�ÙÁ·�µ@§[´�´<¦>²�»[§.·>·.¬

� �<���;���W���"�<���j���I���2�;�����f�5�M� �
­T®<§�»[²5·J±�£N»�¦>°"À�±(¥<²5¶V§[¶<§.¦>¤�À:·>´a§[»�µ@¦J¥<±Ó°�µ�µ@®<§�·>¥<¦�¼ý°�»[§�¦>£N·>§[·�·>®<°�¦>´<ºZÀ`µ@²|¸�°�¦>Â<·}ºM²|¸ ôw¡ ÷�Ô:Õ�Öxö
§[¶U§[¦>¤�£M§[·.©^H¹µ�µ>®<§ñ¼ý°�¦�Â<§.µ>§[»�µ@²5¦.Æ�µ@®U§�ºM²|¸ §.¶<§[¦J¤�À�±(¥<²5¶<·�·Jµ>²5´#£M¶�µ@®<§�¦>²�» ��°�¯H²|Å5§Iµ@®<§�Â<§.µ>§[».µ>²5¦[Æ
·>²]µ@®U§`±�§[°�¶�§[¶<§.¦>¤�Àp²�¼R°�±(¥<²�¶�µ>®i°�µC·J¥<¦JÅ�£NÅ�§[·ñ°�·¹¼ý°�¦C°�·Tµ>®<§z¼ý°�¦TÂ<§�µ@§[»�µ@²5¦C»[°|Å�§[¦J¶{£M·T²�¼}²�¦>Â<§.¦
÷#898VÔ:Õ�Ö�©�­T®<§�¶<§[°�¦�ÂU§.µ@§.».µ>²5¦�£N·]±(¥<»E®�».ºM²5·J§[¦�µ@²,µ@®U§�·J¥<¦J¼ý°�».§�ÆT°�¶<Âó±
¥<²5¶<·�®<§[¦J§�®<°|Å�§�°�¶
°"Å5§.¦@°�¤5§V§[¶<§.¦>¤�À�²�¼�°]¼s§.¸ D §FE(©�­T®<§.·>§(µÁ¸�²#·>§�µ@·�²�¼m±(¥<²5¶U·ñµ@®U§[¦>§�¼s²5¦>§VºM²5·J§VÂU£NÇH§[¦>§.¶wµ`°�±�²5¥<¶wµ@·
²�¼�§[¶<§.¦>¤�À{£M¶,·>».£M¶wµ@£NºMºM°�µ@²5¦.Æk°�¶<Â,·>²�»"°�¶U¶<²�µ�¯a§�Â<£M¦J§[».µ>ºNÀ�»[²5±�´i°�¦J§[ÂW©(ðñ²|¸�§�Å5§.¦[Æ�»[²5·J±�£N»(±(¥<²5¶U·
£M¶u²�¶<§�´i°�¦�µ�²�¼�µ@®<§�¼ý°�¦zÂU§.µ@§.».µ>²5¦�®i°"Å5§�µ@®<§�·>°�±�§�§[¶<§.¦>¤�À,°�·`»[²5·J±�£N»(±(¥<²5¶U·`£M¶,°�¶<²�µ@®<§.¦`´i°�¦Jµ
²�¼�µ@®U§(¼ý°�¦zÂ<§�µ@§[»�µ@²5¦.ÆØ·>²p¸�§�»"°�¶,¥<·J§(µ@®<§an ¼ý°�¦zÂ<§�µ@§.».µ@²�¦`»[²5·J±�£N»(±(¥<²5¶ÈqW°�·�°#·�µE°�¶<Â<°�¦>Â,»"°�¶<Â<ºM§
µ@²]±�§"°�·J¥<¦>§`µ>®<§�ºM£M¤�®�µ�´<¦>²�Â<¥<»�µ@£N²5¶�²�¼}µ>®<§`¼ý°�¦¹Â<§�µ@§.».µ@²�¦ñ·J»[£M¶wµ>£MºMºM°�µ@²�¦�·�µ@¦>£N´<·C°�¤w°�£M¶<·�µ"©�Ñ�£N±�£Nºc°�¦JºNÀ5Æ
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H�+�} ».²5¥<¶wµ@·�£M¶�µ>®<§�¶U§"°�¦�Â<§.µ>§[».µ>²5¦¹»[°�¶#¯a§�§�¿�´<¦J§[·J·>§[Â�£M¶�µ@§.¦>±�·�²�¼Øµ>®<§Cn«¶<§[°�¦�Â<§�µ@§.».µ@²�¦¹±(¥<²5¶ÈqN©
Ñ�£N±(¥<ºc°1µ@£M²�¶<·Ë·J¥<¤5¤5§.·Jµ�µ>®i°�µ�²|Å5§.¦¹°`´a§[¦>£N²�Â]²�¼"!ñ±�²5¶wµ@®kÆUÌ�ÍÏÎzÐ�Ñ�¸C£NºMº<²�¯<·>§.¦JÅ5§ñ·>¥fu�».£M§[¶wµ�±(¥<²5¶U·
µ@²u´U¦>²�Â<¥<»[§#°�·Jµ@¦J£M´ µ>²�·Jµ>¦>£N´�»"°�ºN£M¯<¦>°�µ@£N²5¶�µ>²u°�´<¦J§[»[£N·>£N²5¶ ²�¼ñû�© ¨ Ý £M¶ µ>®<§x¼ý°�¦
Â<§.µ>§[».µ>²5¦[Æ�°�¶<Â
Ü ©«ª Ý £N¶�µ@®<§�¶<§[°�¦�Â<§.µ>§[»�µ@²5¦.©fHñ·(µ@®<§�·J»"°�µJµ@§[¦]²5¶�µ>®<§[·J§�·�µ@¦>£N´�ÙÁ¯wÀwÙÁ·�µ@¦J£M´�»"°�ºM£M¯U¦@°�µ>£M²5¶<·:¸C£MºNº�¯a§
·Jµ@°�µ@£N·Jµ>£M»"°�º}°�¶<Â�¶<²�µñ·JÀ�·�µ@§[±�°�µ>£M»�ÆH£Nµñ®i°�·ñ¯H§.§[¶u·>®U²�¸C¶u¯wÀVJØ£Nµ>»E®UÈi§[ºNÂ � ¨/GT��µ@®<£N·�±(¥U»E®�´<¦>§.»[£N·>£M²�¶
£M·T¶U²�µI¶<§[».§[·>·>°�¦JÀ�²�¶{°�·Jµ>¦>£N´�ÙÁ¯wÀwÙÁ·�µ@¦>£N´�¯i°�·>£N·[©

¢£�¤�$�f�5�$¥.�Y�I���2�j���U�f�5�M�¦�§���'��¨©�'�����
�C�W�.�/�W�
�U�
ÍÁ¶�²5¦>Â<§.¦`µ@²�»"°�¦J¦JÀ�µ>®<§]»"°�ºN£M¯<¦>°�µ@£N²5¶{¼s¦>²�±�²5¶<§]Â<§�µ@§[»�µ@²5¦`µ>²{°�¶U²�µ@®<§.¦�¥<·>£N¶<¤�±(¥<²5¶<·.Æ�²5¶<§]±(¥<·�µ
£MÂU§[¶wµ@£Z¼ À °�¶ §#w�¥<£NÅ�°�ºN§[¶wµp·>§�µ�²�¼:±(¥<²5¶U·p£M¶ §[°�»E®ÄÂ<§.µ>§[».µ>²5¦[©ú¢i²5¦xµ@®U£M·#´<¥U¦>´a²5·>§�ÆI¸�§u¸C£MºMºI¥<·J§
·Jµ>²5´<´<£N¶<¤u±(¥<²�¶<·[©�­T®<§p§[¶U§[¦>¤�À ²�¼ñ°�·Jµ>²5´<´<£N¶<¤u±(¥<²�¶�»"°�¶�¯a§p±�§[°�·>¥U¦>§[Â µ>²K- Ý ¯wÀ ºM²�²���£M¶<¤
°�µV£Nµ>·:¦>°�¶<¤5§�©�H¹µVµ>®<§]¼ý°�¦�Â<§.µ>§[».µ>²5¦[Æ^G Ü5Ü ·Jµ@²�´<´<£M¶U¤�±(¥U²5¶<·V°�¦>§�§�¿�´a§[».µ>§[Â�´a§[¦:Âi°"À{�Rµ@®<§�¶<§"°�¦
Â<§�µ@§[»�µ@²5¦m§×¿�´H§.».µ@·�°zÈi¤5¥U¦>§�µÁ¸�²V²�¦>Â<§.¦>·m²�¼a±�°�¤5¶<£Zµ@¥<Â<§�®<£M¤�®<§[¦.©Ë­T®<£N·ËÀ�£M§[ºNÂ<·m°`Â<§�µ@§[»�µ@²5¦ÏÙÁÂ<§�µ@§.».µ@²�¦
»"°�ºM£M¯U¦@°�µ>£M²5¶#´U¦>§[».£M·J£M²5¶�²�¼}¯H§�µ>µ>§[¦Tµ@®i°�¶ã! Ý ´H§.¦TÂi°"À5©

~:ßcb`ß ÞVß æxîTçæäýå�í.î^iiäMâ���ª,è�i�èkj`i�â¹í
­T®�¥<·T¼ý°�¦�¸�§`®i°"Å5§�±�°�¶i°�¤5§.Âxµ@²�».²5¶wÅ5§.¦JµÄH�+�} »[²�¥<¶wµ@·C£M¶wµ@²
±(¥<²5¶p¥<¶U£Nµ@·.ÆU¸C®<§.¦>§�°(±(¥<²�¶p¥<¶<£Nµ
£M·]µ@®U§�°�±�²5¥<¶wµ�²�¼`ºM£N¤5®wµ]´<¦>²�Â<¥<».§[Â £N¶�°�·>»[£N¶wµ@£MºNºc°�µ>²5¦�·Jµ>¦>£N´�£M¶Éµ@®U§uÌ�ÍÏÎ�Ð:Ñò¤5§[²5±�§.µ>¦JÀÉ¯wÀ�°
n«·JµE°�¶<Âi°�¦JÂ`qØ·Jµ>²5´<´<£N¶<¤�±
¥<²5¶W©]­T®<§�Èi¶i°�ºm·JµE°�¤5§�£N·zµ@²�»[²�¶�Å�§[¦�µ�°p´i°�µJµ@§[¦J¶½²�¼¹®<£Zµ@·`±�§"°�·J¥<¦>§.Â½£N¶
±(¥<²�¶
¥<¶<£Zµ@·�£M¶wµ@²CÅ�£M·J£M¯<ºN§�§.¶<§[¦J¤�À5©Ë­}²Iµ@®<£N·}§.¶<Â
¸�§�¸C£MºNºw»[²5¶U·Jµ@¦J¥<».µ}µ@®<§�}¹°�ºM£N¯<¦@°1µ@£M²�¶�+�§.µ>§[».µ>²5¦ÏÃÄ°
÷¯6¬«®­¯6¬«Y¯98£°²±;³9Ì²´©µ}¶j·f¶¹¸�º¼»¾½©¿OÀ
ÁIÂÄÃ²¶;ÅDÃQÂÇÆ©ÂÄ¶;ÈjÈ¤Æ�ÉgÊ�ËIÌÍÆ©ÎÍËÐÏ
Æ&Ñ/µ}ÌÇË/Ò¦Æ"ÈjÆ&Å�Î?Ó�ËI·²Ì&ÁgÊ²ÓÍËXÎ?ËI·²Ì"Á
Ê²¶;ËI·²ÌEÑ/·²ÔÕµÐÖfËI·²Ì×Ë/Ò3Ø'·²Ë<ÂÄ·�Æ"·²Æ&Ó�Ù/ÚÛ¶j·ÜÑÝÎÍÆ&Ì�Î¼Ï�Æ5Ñ/µ ÑXÎ�}{Þ,)ß½Rà�á�Ã²ÆBµÐÖ²ËI·fÌQÂÄ¶jÈjÈ9Ñ/ÈjÈ;Ë<Â
Ö²Ì}Î?Ë�Å5Ñ/Ó�Ó�ÚâÑ§Å&Ñ/Èj¶;Ï²Ó?ÑXÎÍ¶jËI·�ÒãÓ�ËIµäÎÍÃ²¶jÌ}Ô²Æ"ÎÍÆ&Å�Î?ËIÓ}Î?Ë§ÎÍÃ²Æ¼·²Æ5Ñ/Ó@Ñ/·²Ô7ÒwÑ/Ó}Ô²Æ"ÎÍÆ&Å"ÎÍËIÓÍÌ"åßÎÍÃ²Æ(ËXÎ?Ã²Æ"Ó
µ}Æ5Ñ/Ì�Ö²ÓÍÆ"µ@Æ"·'ÎÍÌæÂÄ¶;ÈjÈgÆ&·�Ñ/ÏfÈjÆÄÖ²Ì£Î?ËOµ@Æ&Ñ/ÌÍÖfÓÍÆ�Î?Ã²ÆçÈj¶;ÙIÃCÎLÊ²Ó�ËgÔ²ÖfÅ"Î?¶;ËI·èË/Ò¾ÁCÒãËIÓLÆ�ÉfÑ/µ}Ê²È;Æ/Á'ÑOÃ�Ñ/Ô²Ó�ËI·²¶jÅ
ÌÍÃfËTÂéÆ&ÓçÅ5ÑXÖ²ÌÍÆ"Ô|ÏCÚ¼ÑVÊ²¶jËI·¼Ñ/ÌÄÑVÒãÖ²·²Å�Î?¶;ËI·EË/ÒNÆ"·²Æ&Ó�Ù/ÚIÁ�¶;·×Î?Æ&Ó�µ@Ì�ËXÒ`ÎÍÃ²ÆOµÐÖ²ËI·¼Ö²·²¶¹Î5à

HêÅ"ËIµÐÏ²¶;·�ÑXÎ?¶;ËI·¼Ë/ÒLÎ?Ã²Æ"ÌÍÆÐµ}Æ5ÑXÌÍÖ²Ó�Æ&µ}Æ&·CÎ?Ì"Á�Ñ/·²Ô|ÌÍ¶jµtÖ²È=ÑXÎÍ¶jËI·fÌçËXÒëÎ?Ã²Æt·²Æ&ÖfÎÍÓÍ¶;·²Ë,¶;·'ÎÍÆ&ÓÍÑ/Å"ÎÍ¶jËI·²Ì
¶j·,º(»¾½9¿RÀVÂÄ¶jÈ;È²Æ&·�ÑXÏ²ÈjÆçÖ²Ì£Î?ËRÅ&ËI·CìIÆ"Ó�Î{ÑRÊ�Ñ�ÎÍÎ?Æ"ÓÍ·@Ë/Ò�Ã²¶¹Î?Ì£¶j·,º(»¾½9¿RÀèÆ�ÉgÊ²Ó�Æ&ÌÍÌ�Æ&ÔE¶j·èµÐÖfËI·,Ö²·f¶;Î?Ì
Î?Ë}ÑVì.¶jÌÍ¶;Ï²ÈjÆ9Æ&·²Æ"ÓÍÙ/ÚQÒãÓ�ËIµíÎÍÃ²ÆO·²Æ&ÖfÎÍÓÍ¶;·²Ëè¶j·CÎ?Æ"Ó?Ñ/Å�Î?¶jË/·�à
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kÝî�Ü�î ïf�Ez z Þèð/p
�§ÆßÅ&Ñ/·,·²Ë<ÂÕÓ�Æ"ì.¶jÌ�¶;Î£ñ�ÙIÖ²Ó�Æ�'.àóòOÑ/·²Ô@µ,Ñ/Ó�ØÐ¶j·}µ}ËIÓÍÆÄÔ²Æ�ÎDÑ/¶;È²Î?Ã²ÆßÅ&ËI·CìIÆ"ÓÍÌ�¶jËI·²ÌæÎ?Ã�Ñ�ÎéÂÄ¶;ÈjÈ²Ï�Æßµ@Ñ/Ô²Æ
¶j·×ÎÍÃ²ÆOÅ5Ñ/È;¶jÏ²ÓÍÑXÎ?¶;ËI·,Ê²Ó�ËgÅ"Æ&Ì�Ì&à

Raw Data

Electronics
Calibration

Pulser
Calibration

Muon
Calibration

GEANT
Cal Det /

particle types, energies

per channel

Raw ADC counts

Linear charge units

Linear light units

Global energy 

per-channel scale

loss units

ô`¶jÙIÖ²Ó�Æ�'gà\-fà¹õ�}{Ñ/Èj¶;Ï²Ó?Ñ�Î?¶jË/·QË<ìIÆ&Ó�ì.¶jÆ"ÂöÓÍÆ&ÔfÖgÉ

)ßÑ5Â�H�+�}êÅ&Ë/Ö²·CÎ?Ì3Ñ/ÓÍÆ}Å&ËI·Cì/Æ&Ó�ÎÍÆ&Ô®ÏCÚ�Î?ÃfÆ@Æ"ÈjÆ&Å�Î?Ó�ËI·²¶jÅ"Ì3Å&Ñ/Èj¶;Ï²Ó?Ñ�Î?¶jË/·Y¶j·CÎ?Ë¼Ö²·²¶¹Î?Ì�ÂÄÃ²¶;ÅDÃ®Ñ/ÓÍÆ
Èj¶;·²Æ5ÑXÓçÂÄ¶¹Î?ÃYÅDÃ�ÑXÓÍÙIÆXàRá�ÃfÆ~J¦Þv+÷ÊfÖ²ÈjÌ�Æ&Ó©Å&Ñ/Èj¶;Ï²Ó?ÑXÎÍ¶jËI·EÎ?ÃfÆ&·�Å&Ë/·'ì/Æ&Ó�Î?Ì�Î?Ã²Æ"ÌÍÆÐÎÍËQÖ²·²¶¹Î?ÌßÂÄÃf¶jÅDÃ�Ñ/ÓÍÆ
Èj¶;·²Æ5ÑXÓR¶;·ÝÈ;¶jÙIÃCÎR¶j·²Å"¶jÔ²Æ"·CÎÐËI·�Î?Ã²Æ×øæº(á�Ê²¶2ÉgÆ&ÈUÁ`Ñ/È¹Î?Ã²ËIÖfÙIÃ§ÎÍÃ²Æ,Å"ËI·²Ì�Î?Ñ/·CÎVË/Ò�ÊfÓÍËIÊ�ËIÓ�ÎÍ¶jËI·²Ñ/Èj¶¹ÎùÚY¶jÌ
Ô²¶¹ú�Æ"ÓÍÆ&·CÎßÑ/·²Ô¼Ñ/Ó�Ï²¶;ÎÍÓ?Ñ/Ó�Ú,ÒãËIÓ�Æ&Ñ/ÅDÃ¼ÅDÃ�Ñ/·²·²Æ"ÈUà

á�Ã²Æ�µÐÖ²Ë/·ÐÅ5Ñ/È;¶jÏ²ÓÍÑXÎ?¶;ËI·OÓÍÆ"µ@Ë<ìIÆ"ÌNÎ?Ãf¶jÌëÑXÓÍÏ²¶¹Î?Ó?ÑXÓÍ¶j·fÆ&ÌÍÌ"ÁIÑ/·fÔtÎ?Ã²ÆÇÈj¶jÙ/Ã'ÎGÚ.¶jÆ"ÈjÔtËXÒ�Î?Ã²Æ{Ì�Å&¶;·'ÎÍ¶jÈ;È=ÑXÎÍËIÓ
Î?Ë×ÊfÓÍË.Ô²Ö²Å&ÆVÖf·²¶;ÎÍÌ9ÂÄÃ²¶jÅDÃBÔ²Æ"Ê
Æ"·²ÔBËI·²È¹Ú|ËI·�Ê²Ñ/Ó�ÎÍ¶jÅ&È;ÆtÆ"·²Æ&Ó�Ù/Ú�Ñ/·fÔBÎùÚ.Ê�Æ/Á¦Ñ/·fÔYÎ?Ã²ÆVÓ�Æ&ÌÍÖfÈ;Î?Ì©ÒãÓ�ËIµ
Î?ÃfÆRÅ&Ñ/Èj¶;Ï²Ó?Ñ�Î?¶jË/·QÔ²Æ"ÎÍÆ&Å�Î?ËIÓ�ÒãÆ&Æ"Ô(¶;·×Î?ËVÎ?Ã²ÆOÙIÈ;ËIÏ�Ñ/È
Æ"ì/Æ&·CÎ©Ó�Æ&Å&Ë/·²Ì�ÎÍÓÍÖ²Å�Î?¶jË/·EÎÍË@ÊfÓÍË.Ô²Ö²Å&ÆOÆ"·²Æ&Ó�ÙI¶jÆ"Ì&à
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�¼ÿ�������� 
 �������Bÿ��
������� �"!$#&%'�)($*+%',.-/�"!$#&%'�0�213�546(.47,8-9� (;:.:<�;�=�;>?(2%',<@;AB�;#&%'1?>C,EDF,.-HG
:8!I-J#2,8-K!L*M%'�2,N-J!�!$�PO�(<�Q�8%R(;:8S<,.@/OT1H%'�VU��;#L@$>?,W�X!L*��"(E#����Y:Y-J1 4Z%[OT�21\:Y�
O�,.-',]!$#^#2!_(;:.:Y!L�;#&%`%'!^U6,/U��;-J#2,.@;Aa(E#L@bOT�21\:Y��:8!L�;>c@^#2!�%CU6,"4M�L%
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ÌÄÔ²Æ&Ì�Å&ÓÍ¶;Ï
Æ"Ô|¶;·(ÅDÃ�ÑXÊfÎ?Æ"Ó��²Á²ÎÍÃ²Ætº(»¾½©¿OÀ¼ÔfÆ"Î?Æ"Å"ÎÍËIÓÍÌçÊ²ÓÍË.Ô²Ö²Å"Æ3ÏfÈjÖ²ÆOÈj¶;ÙIÃCÎ�¶j·¼Ê²ÈjÑ/Ì�ÎÍ¶jÅ�ÌÍÅ"¶j·g¸
Î?¶;ÈjÈ=Ñ�Î?ËIÓ"Á²ÂÄÃ²¶jÅDÃ�¶;Ì9Å5ÑXÊfÎ?Ö²Ó�Æ&ÔB¶j·|ÙIÓÍÆ"Æ&·YÂÇÑ<ì/Æ&È;Æ&·²Ù/ÎÍÃBÌÍÃ²¶¹Ò Î?¶j·fÙ,ñ�Ï²Ó�Æ/Á Ñ/·fÔYÎ?Ó?ÑX·²ÌÍÊ�ËIÓ�ÎÍÆ&ÔYÎÍË

�9ÑXµ,Ñ/µ@ÑXÎÍÌÍÖ®µÐÖ²È¹Î?¶2¸¾Ñ/·²Ë.Ô²ÆQÊfÃ²Ë/Î?Ë/µÐÖ²È;ÎÍ¶jÊ²È;¶jÆ"ÓÍÌ&à§á`Ë�Å5ÑXÈj¶jÏfÓ?ÑXÎÍÆ,Î?Ã²ÆEÓ�Æ5Ñ/Ô²Ë/ÖfÎ}ÅDÃ�Ñ/¶j·�ÁéÂéÆ¼ÂéËIÖ²È;Ô
Î?ÃfÆ&ÓÍÆ�ÒãËIÓÍÆVÈ;¶jØXÆ3Î?Ë×¶;·���Æ&Å�Î�Èj¶;ÙIÃCÎ©¶;·'ÎÍË,Î?ÃfÆVÌ�Ú.Ì�ÎÍÆ&µ¼àÐÞNÉgÊ
Æ"ÓÍ¶jµ}Æ&·CÎÍÌ©¶j·YÎÍÃ²ÆVÊ�Ñ/Ì�Î�Ã�Ñ5ìIÆèË/Ò ÎÍÆ&·�Ô²ËI·fÆ
Î?Ãf¶jÌRÏ'Ú�Ö²Ì�¶j·²Ù|Ñ(Ï²Ó�¶jÙIÃCÎ3Èj¶;ÙIÃCÎOÌÍËIÖ²Ó�Å&Æ��ãÎùÚ.Ê²¶jÅ&Ñ/ÈjÈ¹Ú�ÌÍË/µ@Æ}ÌÍËIÓ�ÎtËXÒ�È=Ñ/Ì�Æ&Ó���ÁëÑEñ�È;ÎÍÆ&Ó�ÂÄÃ²Æ"Æ&ÈéÂÄ¶¹Î?ÃÝÑ
·'Ö²µÐÏ�Æ&ÓOË/Òé·²Æ&ÖgÎ?Ó?ÑXÈæÔfÆ&·²Ì�¶;ÎùÚYñ�È¹Î?Æ"ÓÍÌ�Î?Ë¼ÑXÎ�Î?Æ&·'Ö�Ñ�Î?ÆèÎ?Ã²ÆèÈj¶;ÙIÃCÎ�ÏCÚ�Ø'·²Ë<ÂÄ·ÝÒwÑ/Å�Î?ËIÓ�Ì&ÁGÑ/·²Ô�ÑEÌÍÆ&Ó�¶jÆ"Ì
Ë/ÒGËIÊfÎÍ¶jÅ&Ñ/È
ÒwÑ/·fËIÖfÎ?Ì{ÎÍËVÔ²¶jÌ�Î?Ó�¶jÏ²ÖfÎÍÆ9Î?ÃfÆ�Èj¶jÙ/Ã'ÎÇÑ/Ó�ËIÖ²·²Ô×Î?ÃfÆ�Æ�ÉgÊ
Æ"ÓÍ¶;µ@Æ"·'Î&àLá�Ã²ÆOÓÍÆ"Å&Æ&·CÎßÑ5ìXÑ/¶jÈjÑ/Ï²¶jÈ;¶;ÎùÚ
Ë/Ò`Ö²È;ÎÍÓ?Ñ�¸�Ï²ÓÍ¶;ÙIÃCÎ�Ï²È;Ö²ÆV�¦Þ��ßÌßÃ�ÑXÌßÆ"·�Ñ/Ï²È;Æ&ÔEÖ²ÌÄÎ?ËèÅ&ËI·fÌÍ¶jÔfÆ&ÓçÑ}Ôf¶;ú
Æ&ÓÍÆ"·CÎ9ÑXÊ²Ê²ÓÍËIÑ/ÅDÃ i ÓÍÑXÎ?ÃfÆ&Ó{Î?Ã²Ñ/·
Æ&µ}Ê²È;ËTÚ.¶;·²Ù×Ê
ËXÎ?Æ&·CÎÍ¶=Ñ/È;È;Ú(Ô²Æ&È;¶jÅ5Ñ�Î?ÆVÈ=ÑXÌÍÆ&Ó�Ì&Á`Ñ/·²Ô�µ@Æ"ÅDÃ�Ñ/·²¶;Å5Ñ/È`ñ�È;ÎÍÆ&Ó©ÂÄÃ²Æ"Æ&ÈjÌ"Á`ÂéÆ@ÖfÌÍÆ}Ï²ÈjÖ²Æ/�¦Þf�9Ì"Á
Ñ/·²ÔEìXÑ/Ó�Ú@Î?Ã²ÆOÈ;¶jÙIÃCÎ�ËIÖgÎ?Ê²ÖfÎçÏCÚQìXÑ/Ó�Úg¶;·²ÙVÎ?Ã²ÆOÅ"Ö²ÓÍÓ�Æ&·CÎßÂÄ¶¹Î?Ã×ÂÄÃ²¶;ÅDÃ¼ÂéÆ3ÊfÖ²ÈjÌ�Æ©Î?Ã²Æ"µ(à

»ù·(ÎÍÃ²¶jÌÄÅDÃ�Ñ/ÊgÎ?Æ&Ó"Á�ÂÇÆ3Å&Ë<ìIÆ"Óß¶;·(Ô²Æ�ÎDÑ/¶;È�Î?ÃfÆ3Ô²Æ"ÌÍ¶;ÙI·(ËXÒNÎ?ÃfÆ=�¦Þf� Ê²ÖfÈjÌÍÆ"ÓÄÌ�Ú.Ì�ÎÍÆ&µ ÒãËIÓßº(»¾½©¿OÀ
Á
Ñ/·²ÔÕËIÖfÓ×Ï�Ñ/ÌÍÆ"Èj¶;·²Æ�Ñ/Ê²ÊfÓÍËCÑ/ÅDÃÛÎÍË®Å5Ñ/È;¶jÏ²ÓÍÑXÎ?¶;ËI·�à��ÕÃ²Æ"ÓÍÆ"ì/Æ&Ó¼Ê
Ë/ÌÍÌÍ¶;Ï²ÈjÆXÁçÂéÆBÃ�Ñ5ìIÆBÔ²Æ"ÌÍ¶jÙ/·²Æ&ÔÛÎ?ÃfÆ
Ì�Ú.Ì�Î?Æ&µ Î?Ë�Ï�Æa��Æ�Ég¶;Ï²ÈjÆ{Æ"·²ËIÖ²Ù/ÃÐÎ?ËOÑ/Å"Å&ËIµ}µ@Ë.Ô�ÑXÎÍÆÇÔ²Æ"Ï²Ö²ÙIÙ/¶j·²Ù9ÎÍÆ&Ì�Î?ÌæÑ/·²ÔVÖ²Ì�Æ&ÌLË/Ò¤ÎÍÃ²Æ{Å5ÑXÈj¶jÏfÓ?ÑXÎÍ¶jËI·
Ì�Ú.Ì�Î?Æ&µ ÎÍÃ�ÑXÎ�ÂéÆ@Ã�Ñ5ì/Æ,·²Ë/Î�Ú/Æ"Î3Å&ËI·fÌÍ¶jÔfÆ&ÓÍÆ"ÔÝ¶;·�ÔfÆ"ÎDÑX¶jÈUàVá�Ãf¶jÌOÅDÃ�Ñ/ÊfÎÍÆ&ÓO¶jÌRÑ/Ó�Ó?Ñ/·fÙIÆ&Ô�ÒãËIÓOÅ&ÈjÑ/ÓÍ¶¹ÎùÚ
¶j·âÌÍÆ"Å"Î?¶;ËI·²Ì,ÒãË/Ó@Î?ÃfÆ|Ô²¶¹ú�Æ"ÓÍÆ&·CÎ,Ê�Ñ/Ó�ÎÍÌ,Ë/Ò�ÎÍÃ²ÆYÅ&Ñ/Èj¶;Ï²Ó?ÑXÎÍ¶jËI·rÌ�ÚgÌ�Î?Æ"µ(å©ËXÒOÅ&ËIÖ²Ó�ÌÍÆXÁç¶;· Ó�Æ5Ñ/È;¶;ÎùÚ®Î?ÃfÆ
Ô²¶¹ú�Æ"ÓÍÆ&·CÎ3Ê�Ñ/Ó�Î?Ì�ÂÇÆ"ÓÍÆ@Ô²Æ"ì/Æ&ÈjË/Ê
Æ"ÔÝ¶j·�Ê�Ñ/ÓÍÑ/ÈjÈ;Æ&ÈHà��ß·§Öf·�Ñ5ìIËI¶;Ô�Ñ/Ï²È;Æ}Å"ËI·²Ì�Æ.�'Ö²Æ&·fÅ&Æ×Ë/ÒéÎ?Ã²¶;ÌR¶;Ì�Î?Ã�ÑXÎ
ÌÍË/µ@Æ�Ë/Ò¤ÎÍÃ²Æ�Ô²Æ&Ì�¶jÙI·fÌL¶j·VÆ5ÑXÓÍÈj¶;Æ&Ó`ÌÍÆ&Å�Î?¶;ËI·²ÌLÂÄ¶jÈ;ÈgËI·fÈ;Ú3µ,Ñ/ØXÆ�Å&ËIµ}Ê²È;Æ"Î?ÆÇÌÍÆ&·fÌÍÆ�ÂÄÃ²Æ&·@Ñ�È=ÑXÎÍÆ&Ó`ÌÍÆ&Å�Î?¶;ËI·
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¶jÌ9Æ&·²Å"ËIÖ²·CÎ?Æ"ÓÍÆ&Ô�à3»çÃ�Ñ5ìIÆÐÎÍÓÍ¶jÆ"Ô|Î?ËEÑ5ì/ËI¶jÔYÎÍÃ²¶jÌ9Ñ/Ì�µÐÖ²ÅDÃBÑ/Ì9Ê
ËIÌ�ÌÍ¶;Ï²ÈjÆÐµ3Ú|µtÚ(ÅDÃ²ËI¶;Å&ÆÐËXÒ£ÌÍÆ&Å�Î?¶;ËI·
ËIÓ�Ô²Æ&Ó�¶j·²Ù²ÁfÏ²ÖfÎç¶;Î�¶;Ì�·²Ë/ÎçÊ�ËIÌÍÌ�¶jÏ²È;Æ9Î?Ë}Å&ËIµ}Ê²È;Æ"Î?Æ"È;Ú@ÓÍÆ"µ@Ë<ìIÆ�ÎÍÃ²Æ�ÒãËIÓ�ÂÇÑ/ÓÍÔ¼ÓÍÆ�ÒãÆ&Ó�Æ&·²Å"Æ&Ì&à

PMT

many fibresPIN
diode

ôN¶;ÙIÖ²ÓÍÆ � à��Ià¹õ��¦Þf��Å5Ñ/È;¶jÏ²ÓÍÑXÎ?¶;ËI·�ÌÍÅDÃ²Æ"µ@ÆXàb�íÏ²ÈjÖ²Æ5�GÞf�íÒwÑ/·fÌÐËIÖfÎV¶;·CÎ?ËYµ@Ñ/·CÚBñ�Ï²ÓÍÆ"ÌVÅ5Ñ/Ó�Ó�Ú.¶j·fÙÈ;¶jÙIÃCÎ5Á�ÂÄÃ²¶;ÅDÃ�¶jÌß¶j·���Æ"Å"Î?Æ"ÔY¶j·CÎÍË,Î?Ã²ÆRÂ{Ñ5ì/Æ&ÈjÆ"·²Ù/ÎÍÃ�Ì�Ã²¶;Ò ÎÍ¶j·²Ù}ñ�Ï²Ó�Æt¶j·(Î?Ã²ÆÐÌ�Å&¶;·'ÎÍ¶jÈ;È=ÑXÎÍËIÓµ}ËgÔfÖ²ÈjÆXàNá�Ã²Æ�ËIÖgÎ?Ê²ÖfÎ{Ë/Ò Î?Ã²ÆV�¦Þf�ö¶jÌéµ@Ë/·²¶;ÎÍËIÓÍÆ"ÔQÏCÚQÑVøL»¾½oÔ²¶;ËgÔfÆ/ÁgÂÄÃf¶jÅDÃ×ÌÍÆ"Ó�ì/Æ&ÌÑ/ÌçÑVÅ&Ë/·²Ì�Î?Ñ/·CÎßÓ�Æ"ÒãÆ"ÓÍÆ&·fÅ&Æ/à

� î��,î ��� �=� ���¡ ��
á�Ã²Æ��¦Þf�9ÌQÖ²Ì�Æ&ÔÕ¶j·âÎ?Ã²Æ(Ê²Ö²ÈjÌ�Æ&ÓQÌ�Ú.Ì�Î?Æ"µ Ñ/Ó�Æ��ßÆ�ÂÄÈjÆ�ÎÍÎEø`Ñ/ÅDØ�Ñ/ÓÍÔ¢���`º(øë¸¤£N¥¦�I§gà�»ù·f¶;Î?¶jÑ/ÈÄÔ²Æ�¸
ìIÆ"ÈjËIÊfµ@Æ"·'ÎèÂéËIÓÍØ®Ã²Ñ/ÔrÏ
Æ"Æ&· ÔfËI·²Æ×ÂÄ¶;ÎÍÃ7ÎÍÃ²Æ_�GÞf�9Ì}µ@Ñ/Ô²Æ×ÏCÚ7½ß¶;ÅDÃ²¶=Ñ�£ÇÃ²Æ"µ@¶;Å5Ñ/È�»ù·fÔ²Ö²Ì�ÎÍÓÍ¶;Æ&Ì&å
Î?ÃfÆQÅDÃ�Ñ/·²Ù/ÆQÎ?Ë|ÎÍÃ²Æ¨�9ø��¦Þ��íÂÇÑ/ÌÐÒãËIÓ�Å&Æ"ÔrÑ/ÌV½ß¶;ÅDÃ²¶=Ñ5©¾Ö²ÊfÙIÓ?Ñ/ÔfÆ&Ô&ª@Î?Ã²Æ"¶jÓ=�GÞf��Î?Ë|ËI·²Æ,ÂÄÃ²¶;ÅDÃ
ÂÄÃ²¶;ÈjÌ�ÎßÏ�Æ&¶j·fÙ¨§;«2¬�Ï²Ó�¶jÙIÃCÎÍÆ&Ó&Á
Ñ/È;ÌÍËQÃ�ÑXÔ�Ñ@Ì�ÈjË<ÂÇÆ"Ó©ÓÍÆ"ÌÍÊ�ËI·²Ì�Æ/à©á�Ã²¶;Ì9µ@Ñ/Ô²ÆRÎ?Ã²Æ3Ê²Ö²ÈjÌ�Æ&Ì©ÊfÓÍË.Ô²Ö²Å&Æ"Ô
Ö²·�ÑXÅ&Å&Æ"ÊfÎDÑXÏ²È;Ú®È;ËI·²Ù²à7À.ËIµ@Æ×µ@Ñ/·'ÖfÒwÑ/Å�Î?Ö²Ó�Æ&Ó8­$ÌèÌÍÊ�Æ&Å"¶;ñ�Å&ÑXÎ?¶;ËI·²ÌèË/ÒçÎ?Ã²Æ_�ßø��¦Þ�� Ñ/ÓÍÆ×Ì�Ã²Ë<ÂÄ· ¶;·
ÎDÑXÏ²ÈjÆ � à��Ià
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¯©¶;Æ"ÂÄ¶j·fÙ��ß·²ÙIÈ;Æ��Hô°�±�9º�� ­Y²�³
»ù·CÎÍÆ&·²Ì�¶;ÎùÚ¼ÑXÎC´;µf¶�· ­8²;¸$²f¶/¹.º

»^¼�½7¾�¿�À<¼EÁÃÂ+Ä;ÅÇÆa¼;ÅdÈ_É.ÊËÅÇÅdÀ8ÁLÌ Í;µf¶�·
» ¼�½7¾fÎ7À.¼;Ï]Â+Ä$Å}ÆN¼;ÅÇÈÃÉ.ÊËÅÇÅdÀ.Á2Ì ÐYµ$µf¶/·

ÑQ¼;Ò6ÓnÀ � ¾��$¾;õË�TÔf�ÖÕdÎZÀ.É8×�Ø�É.¼EÌ�×�Ä$ÁËÕ
ôQ×nÙ;ÊËÅdÀ � ¾\Ú_ÕdÛËÄ�ÆCÕ/¼ É8Ä$¿BÎË¼;Åd×�ÕdÄ$ÁÜÄ;ÂÝÌ�ÛËÀ]ÕdÎZÀ.É8ÌdÅ�¼�Ä;ÂCÓ�×nÙ$Û2Ì"À.¿�×�ÌÇÌ�À8È
Â+ÅdÄ$¿�ÌdÛËÀ5ÒËÓ�ÊËÀ5�lÔf�

ÆC×�ÌdÛ^Ó�×nÙ$Û2ÌNÂ+ÅÇÄ$¿Þ¼;Á_ÀY½&É8×�Ì�À8È ÎË×�À.É8À"ÄEÂf»^ß¤à¦á"â¨ÕdÉ8×nÁ2Ì�×�ÓnÓn¼EÌ�Ä$Å8¾[ÑÝÛËÀ"ÕdÎZÀ.ÉYÌ�Å�¼B¼;ÅdÀV�LÊË×�Ì�ÀVÈË×;ú7À.ÅÇÀ.Á2Ì<¾

Wavelength (nm)
350 400 450 500 550 600 650
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Blue LED
Scintillator

ôQ×�Ù$ÊËÅdÀ � ¾\Ú&¾¹õË�ãÉ8Ä$¿�Î�¼;Åd×�ÕdÄ$ÁäÄ;ÂVÌ�ÛËÀ^ÆN¼<å$À8ÓnÀ8ÁËÙ;Ì�Û6Õ_ÄEÂVÓn×nÙ;ÛLÌBÀ.¿�×�ÌÇÌ�À8È0Ò2æ)Ì�Û6À�ÒËÓnÊ6À��lÔ���¼EÁËÈÕ}Ì�×n¿=ÊËÓç¼EÌdÀ.È_»^ß¤à¦áVâÃÕÇÉ.×nÁ2Ìd×nÓnÓn¼EÌ�Ä;Å.¾
�¢ÛËÀ8ÁèÌ�ÛËÀ5Ó�×nÙ$Û2Ì"×nÕ=¼;ÒËÕÇÄ$ÅdÒZÀ.Èé¼;Á6ÈèÅdÀFêhÀ.¿�×�ÌÇÌ�À8È
Ò2æÜÌdÛËÀ]Æa¼<å$À.Ó�À.ÁËÙEÌ�ÛéÕdÛË×�Â9Ì�×�ÁËÙ_ØËÒËÅdÀEëìÛËÄ�ÆaÀYå$À.Å8ë
Ì�Û6À"ÕÇÎ7À8É8ÌdÅ�¼/Ò7À8É.Ä$¿�ÀeÂR¼;ÅÝ¿BÄ;ÅdÀeÕd×�¿B×�Óç¼;Å¦�+ØËÙ$ÊËÅdÀ � ¾?í2�F¾
ÑÝÛËÀC¿]¼�Ì�ÉWÛ/×nÕìÁËÄEÌfÀY½6¼;É8Ì.ëLÒËÊ6Ì�×�ÌìÕÇÀ.À8¿BÕfÕdÊ&îBÉ8×nÀ8ÁLÌdÓ�æ=Ù$Ä&Ä�ÈïÌ�ÛË¼EÌìÆaÀCÆC×nÓ�Ó&Á6Ä;ÌìÂR¼;ÓnÓ�Â+Ä$ÊËÓËÄEÂ�¼;Á2æ

Æa¼�å;À.Ó�À.ÁËÙ;ÌdÛ&êhÈ6À.ÎZÀ.ÁËÈËÀ8Á2Ìð¼;Ù$×�ÁËÙ¨Ä;ÂfÌ�Û6À�Î6ÛËÄ;Ì�Ä�É<¼�Ì�ÛËÄ�ÈËÀ;¾=�¦Á2æ�ÅdÀ8Õd×�ÈËÊ�¼;ÓQÆa¼<å$À8ÓnÀ.Á6Ù;Ì�Û&êñÈËÀ.ÎZÀ.Á6ÈËÀ.Á2Ì
¼;Ù$×�ÁËÙ`À�ú�À8É8Ì�ÕìÆC×�ÓnÓ�ÕdÛËÄ�ÆäÊËÎ/×nÁïÌ�Û6ÀÝ¿BÄ$Á2ÌdÛËÓ�æ"¿ïÊËÄ;Á�ÈË¼EÌW¼6ë$¼;ÁËÈïÆC×nÓ�Ó6Ó�Ä&Ä$ÏVÓ�×nÏ;ÀaÕdÉ.×�Á2Ì�×nÓ�Óç¼EÌdÄ$ÅT¼;Ù$×�ÁËÙË¾
ÑÝÛËÀ"É<¼;Ó�×nÒËÅd¼EÌ�×�Ä$ÁBÆC×�ÓnÓ7ÁËÄ;ÌòÒ7ÀVÈËÀ8Ù$Å�¼EÈËÀ.È�¾

ôQ×nÙ;ÊËÅdÀ � ¾ó�ôÕÇÛËÄ�ÆCÕaÌ�ÛË¼EÌfÌ�ÛËÀ8ÅdÀ¦×�ÕfÁËÄôÙ$¼;×nÁ�×nÁ�Ón×�Ù$Û2ÌìÂ+Ä$Å�¼;ÎËÎËÓ�×nÀ.È�É.Ê6ÅdÅdÀ8Á2ÌaÎËÊ6ÓnÕdÀ8ÕaÙ$ÅÇÀ<¼EÌdÀ.ÅìÌ�ÛË¼;Á
Ð8µ;µô¶�·=¾ä�
ÀÃÌ�ÛËÀ8ÅdÀYÂ+Ä$ÅdÀ_ÈËÀ.ÕÇ×nÙ$ÁéÌ�Û6À^ÎËÊ6ÓnÕdÀ8ÅBÒZÄ<½éÌ�ÄbÈËÀ.Ó�×�å;À.Å�¼Ü¿B¼�½&×n¿ïÊ6¿õÉ.Ê6ÅdÅdÀ8Á2Ì]ÎËÊ6ÓnÕdÀ_Ä;Â
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Wavelength (nm)
÷350 400 450 500 550 600 650
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Blue LED
Scintillator

ôQ×�Ù$ÊËÅdÀ � ¾cí6¾¹õMâ&ÎZÀ.ÉYÌ�ÅÇÊË¿øÄ;ÂlÓ�×nÙ$Û2ÌXÀ.¿�×�ÌÇÌ�À.ÈBÂ+ÅdÄ$¿	ÆN¼<å;À.ÓnÀ8ÁËÙ;ÌdÛ_ÕÇÛË×�Â9Ìd×nÁËÙ"Ø�ÒËÅÇÀ¦ÆCÛËÀ.ÁÃÀF½6É8×�ÌdÀ.È¨ÆC×�ÌdÛÌdÛËÀVÓn×nÙ;ÛLÌN×nÁ5Ø�Ù$Ê6ÅdÀ � ¾cÚ
Ð8µ;µC¶�·�ÌdÄ�ÌdÛËÀ"�lÔ��ô¾
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Pulse height (DAC units)
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Light output of LED pulser

100 mA approx.

�Q×�Ù$ÊËÅdÀ � ¾?�Ë¾����K×nÙ;ÛLÌ�Ä$Ê6ÌdÎËÊ6Ì�Â+ÅdÄ$¿ ¼;Á�À.¼;ÅdÓ�æÃÎËÅdÄEÌ�Ä;Ìhæ�ÎZÀïÎËÊËÓ�ÕdÀ.Å¦¼;Õ`¼�Â+ÊËÁËÉ8Ìd×nÄ$Á^Ä;Â�¼;ÎËÎ6Ón×nÀ8È^Î6ÊËÓnÕÇÀÛËÀ8×nÙ$Û2Ì.¾Ý�¦Á�×�ÁËÉ.ÅÇÀ<¼;ÕÇÀô×�Á ÎËÊËÓ�ÕdÀ"É.ÊËÅÇÅdÀ8ÁLÌ`¼;ÒZÄIå;À¨ÐYµ$µò¶�·�ÈËÄ�À.ÕòÁËÄ;Ì�ÒËÊ6æÃæ$Ä$Ê ¿BÄ$ÅÇÀÓ�×nÙ$Û2Ì<¾QÑÝÛËÀVÈË×��7À.ÅÇÀ.Á2ÌòÈ�¼EÌW¼ðÕÇÀ.Åd×�À.ÕCÅdÀ8ÎËÅdÀ8ÕdÀ8ÁLÌ¦ÈË×��7À.ÅÇÀ.Á2ÌCÎËÊËÓ�ÕdÀeÆC×nÈ&Ì�ÛËÕ8¾
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�ÜÀôÙ$À8ÁËÀ.Åd¼EÌ�ÀôÒËÓnÊ6À"Ó�×nÙ$Û2ÌC×�Á_ÌdÛËÀï�lÔf�¦Õ.ëZÒËÊ6Ì�¿ïÊËÕ}Ì¦É8Ä$ÁËÕÇ×nÈËÀ8ÅòÌdÛËÀôÄ;Î6Ì�×�¿ïÊË¿øÆa¼<æ_ÌdÄB×�Á��ÇÀ.ÉYÌ�ÌdÛË×nÕ
Ón×�Ù$Û2ÌÝ×nÁ2ÌdÄ/ÌdÛËÀeÆN¼<å;À.ÓnÀ8ÁËÙ;ÌdÛ ÕdÛ6×�Â9Ì�×�ÁËÙïØ�ÒËÅÇÀ.Õ8¾
!�"$#�"&%�" ')(+*-,/.103254
¥aÓ�ÊËÀ]Ó�×nÙ$Û2Ìô×nÕï¼EÒËÕdÄ$ÅÇÒ7À8È Ò2æ
Ì�Û6À]��ÊËÄ$Åô×nÁ
ÌdÛËÀ]Æa¼<å$À.Ó�À.ÁËÙEÌ�ÛéÕdÛË×�Â9Ì�×�ÁËÙ^Ø�Ò6ÅdÀ;ëf¼EÁËÈ ×nÕôÅdÀYêñÀ.¿�×�ÌÇÌ�À.È
×nÕÇÄ;Ì�ÅÇÄ$ÎË×�É<¼;Ó�Ó�æ^¼;Õ"Ù$ÅdÀ8À.Á�¾Ã»_Ä$ÕÇÌôÄ;ÂaÌdÛËÀ�Ù$ÅdÀ8À.ÁbÓn×nÙ;ÛLÌV×�ÕeÌ�Å�¼EÎËÎ7À8È
×�Á�ÌdÛËÀ/Ø�ÒËÅdÀEë[¼;Á6ÈÜÎËÅÇÄ$Î�¼;Ù$¼EÌ�À8Õ
×nÁ�ÒZÄ;Ì�Û�ÈË×�ÅdÀ8É8Ì�×�Ä$ÁËÕV¼;Ó�Ä$ÁËÙ¨×�Ì<¾ïÑTÄ_¼;ÉWÛË×nÀYå$À�¿]¼I½6×�¿ïÊË¿ ¼;ÒËÕÇÄ$ÅdÎ6Ìd×nÄ$Á�ëKÄ$ÁËÀ/ÁËÀ.À8ÈËÕVÌ�Ä_¼<å$Ä$×�ÈbÓ�×nÙ$Û2Ì
ÒZÀ.×nÁ6Ù_ÅÇÀ8��À8É8ÌdÀ.È�Â+ÅdÄ$¿ Ì�ÛËÀðØ�ÒËÅÇÀ;ëT¼;ÁËÈ�ÕÇÄ_ÆXÄ$ÊËÓ�ÈbÀF½&Î7À8É8ÌVÌ�ÛËÀ/¿B¼�½&×n¿ïÊ6¿ ¼;Ò6ÕdÄ$ÅÇÎ6Ì�×�Ä$Á�Ì�ÄÃÄ�É.É.Ê6Å
ÆCÛËÀ8Á^Ì�Û6Àô×�ÁËÉ.×�ÈËÀ.Á2ÌCÓn×�Ù$Û2ÌÝ¿B¼;ÈËÀ"¼;Á^¼;ÁËÙ$Ó�ÀeÄ;Â�6;µ ³ ÆC×�Ì�ÛÃÌ�Û6ÀVØËÒËÅdÀE¾a�Ö¿BÀ.¼;ÕdÊ6ÅdÀ.¿�À.Á2ÌCÆa¼;Õ�¿B¼;ÈËÀ
Ì�Ä/É8Ä$Á6Ø�ÅÇ¿øÌ�ÛË×�Õ87ËÌdÛËÀVÅdÀ.ÕÇÊËÓ�ÌdÕò¼;ÅdÀeÕÇÛËÄ�ÆCÁ ×nÁ¨Ø�Ù;ÊËÅdÀ � ¾c§&¾

Illumination Angle (degrees)
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�Q×�Ù$ÊËÅdÀ � ¾\§&¾��Ë��ÒËÕdÄ$ÅÇÎ6Ì�×�Ä$ÁbÄ;ÂNÒËÓ�ÊËÀ/Ón×�Ù$Û2Ì`Â+ÅdÄ$¿ Ä$Î6Ì�×�ÉðØ�ÒËÅdÀB¼EÌ"ÈË×���À8ÅdÀ.Á2Ìô¼;ÁËÙ;ÓnÀ.ÕeÌdÄ_Æa¼<å$À.Ó�À.ÁËÙEÌ�ÛÕÇÛË×�Â9Ìd×nÁËÙïØ�Ò6ÅdÀ;¾
ÑÝÛËÀÃÕdÉ8×nÁ2Ì�×�ÓnÓç¼�Ì�Ä$Å"×nÁé»_ß¤à`áVâé×�ÕïÎ�¼;ÉWÏ�¼;Ù;À.Èé×nÁ2Ì�Ä�Ó�×nÙ$Û2Ì}êñÌ�×�Ù$Û2Ì=¿�Ä�ÈËÊËÓnÀ8Õ=É8Ä$Á2ÌW¼;×�ÁË×nÁËÙ
� � ëXÚ;«6ë

ÚE�Ëë�Ä$ÅVÚ � ÕÇÉ.×nÁ2Ìd×nÓnÓn¼EÌ�Ä;Å�Õ}Ì�Åd×�ÎËÕ.¾"ÑÝÛËÀðÙ$ÅÇÀ.À8Á�ØËÒËÅdÀ8Õ"ÅÇÊËÁ�Ì�ÄÃ¼ÃÚ � êñÆC×nÈ6ÀïÉ.Ä$Á6ÁËÀ.ÉYÌ�Ä$ÅV¼EÌ¦Ì�ÛËÀðÀ8ÁËÈ�Ä;Â
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Ì�Û6À�¿�Ä&È6ÊËÓnÀEë$Â+ÅdÄ$¿�ÆCÛËÀ8ÅdÀCÌ�ÛËÀòÕd×�Ù$Á�¼;Ó�×�ÕXÉ.¼;ÅdÅÇ×nÀ8ÈBÒ2æ/É.Ó�À<¼;ÅìØ�Ò6ÅdÀ¦É.¼;ÒËÓ�À.Õ i Ì�ÛËÀCÕÇÛËÄ$ÅÇÌa¼EÌÇÌ�À.ÁLÊ�¼�Ì�×nÄ;Á
ÓnÀ8ÁËÙ;ÌdÛ^Ä;ÂQÌ�ÛËÀVÆN¼<å;À.ÓnÀ8ÁËÙ;ÌdÛ�ÕdÛË×�Â9Ì�×nÁ6Ù/ØËÒËÅdÀ"ÎËÅdÀ8É.Ó�ÊËÈËÀ.Õ�×�ÌdÕ�ÊËÕÇÀôÂ+Ä$ÅCÉ.¼;ÅdÅ}æ&×�ÁËÙ�Õd×nÙ;Á�¼;ÓnÕò¼;Ó�Ó�Ì�ÛËÀVÆa¼�æ
Ì�Ä5ÌdÛËÀðÎËÛËÄEÌ�Ä$¿ïÊ6Ó�Ì�×�ÎËÓn×�À.Å8¾�ßñÂfÆXÀB¼EÅdÀ=ÌdÄ¨×nÁ��ÇÀ8É8ÌeÓ�×nÙ$Û2Ì�×nÁ2Ì�Ä]ÌdÛËÀðÙ$ÅÇÀ.À.Á�Ø�Ò6ÅdÀ.Õ8ë�ÆaÀð¿=ÊËÕÇÌVÈËÄ¨×�Ìe¼EÌ
Ì�Û6ÀBÀ8ÁËÈËÕïÄ;ÂXÌ�ÛËÀ�¿�Ä&ÈËÊ6ÓnÀ.Õ8¾¨��À8ÅdÀ�ÆaÀ]¼;ÅdÀ�É.Ä$Á6ÕÇÌ�Åd¼;×nÁ6À.ÈÜÂ+Ä;Å"ÕÇÎ�¼;É8À i ÌdÛËÀ.ÅÇÀ]×�Õ=¼ÃÎËÓç¼EÁËÀBÄEÂNÕÇÌdÀ.À8Ó
¼;È��d¼EÉ.À.Á2ÌòÌ�ÄðÌ�Û6ÀôÕÇÉ.×nÁ2Ìd×nÓnÓn¼EÌ�Ä;Åa¿�Ä&ÈËÊ6ÓnÀ`Ä$Á_Ä$ÁËÀ"Õd×�ÈËÀ;ëM¼EÁËÈèÐ[¹.¶�¼<Æa¼�æÃÄ;Á_ÌdÛËÀôÄEÌ�ÛËÀ8Å.¾�ÑÝÛË×nÕCÈËÄ�À.Õ
ÁËÄ;Ìò¼EÓnÓnÄ�Æ±ÊËÕCÅdÄ�Ä$¿ Ì�Ä/Û�¼<å$ÀVØ�ÒËÅÇÀ.ÕòÉ<¼;ÅÇÅÇæ�×nÁËÙðÒ6ÓnÊËÀVÓn×�Ù$Û2ÌÝ¼;ÅÇÅd×�å&×�ÁËÙ/¼EÌB6;µ�³¦Ì�ÄðÌ�ÛËÀVÎËÓn¼;ÁËÀ8Õ.ë�ÕdÄðÆXÀ
×n¿B¼;Ù$×�ÁËÀ�ÊËÕd×�ÁËÙV¼e¿B×�ÅdÅdÄ;ÅQ¼EÌ3C;² ³ ×nÁ6ÕÇÌ�À.¼;È�¾T�
ÀÝÉ.¼;ÁðÌ�ÛËÀ8Á�ÅÇÊËÁðØ�ÒËÅÇÀ.ÕfÉ<¼;ÅÇÅÇæ�×nÁ6ÙeÒËÓnÊËÀaÓn×nÙ;ÛLÌQÎ�¼;Åd¼;ÓnÓ�À.Ó
Ì�ÄðÌdÛËÀVÅdÀ<¼EÈËÄ$Ê6ÌCØ�ÒËÅÇÀ.Õ8ë7¼EÕÝ×nÁ¨Ø�Ù$ÊËÅÇÀ � ¾ � ¾

from LED

to PMT

o
45

�°×nÙ$ÊËÅÇÀ � ¾ � ¾��M�l×�Ù$Û2ÌÝ×nÁI�ÇÀ.É8Ìd×nÄ$ÁÃ¿�Ä&È6ÊËÓnÀ`É8Ä$ÁËÉ8À.Î6Ì

!�"$#�"�#�" ª .D4FE�G+*
�NÌCÌ�ÛËÀVÀ8ÁËÈ Ä;ÂTÌ�Û6À"ÕÇÉ.×�ÁLÌd×nÓ�Óç¼EÌdÄ$Åa¿�Ä&È6ÊËÓnÀ8Õ.ë6ÌdÛËÀ.ÅÇÀ"×�Õò¼/¿B¼;ÁË×�Â+Ä$ÓnÈ��+Ø�Ù$Ê6ÅdÀ.Õ � ¾ ö ë � ¾ � �XÆCÛË×�ÉWÛ Ó�À<¼;ÈËÕ
Ì�Û6À"Ù;ÅdÀ.À8Á_ØËÒËÅdÀ8ÕòÂ+ÅÇÄ$¿ ÌdÛËÀVÕdÉ.×�Á2Ì�×nÓ�Óç¼EÌdÄ$ÅfÌ�Ä�¼�Ú � êñÆC×�ÈËÀeÉ.Ä;ÁËÁËÀ.ÉYÌ�Ä$ÅH7�É.Ó�À<¼;ÅNØ�Ò6ÅdÀVÉ<¼;Ò6ÓnÀ.ÕCÅÇÊËÁ_Â+ÅÇÄ$¿
Ì�Û6×nÕÝÉ.Ä;ÁËÁËÀ.ÉYÌ�Ä$ÅCÌ�ÄðÌdÛËÀJIX»_Ñ°Õ8¾
ÑÝÛËÀ=Ó�×nÙ$Û2ÌC×�Á��ÇÀ.ÉYÌ�×nÄ;Á^¿�Ä&È6ÊËÓnÀ��n©}�Kß}»Ãª}�N×�Õò¿B¼;ÈËÀeÂ+ÅÇÄ$¿Þ×nÁ��ÇÀ8É8Ìd×nÄ$ÁÃ¿�Ä$ÊËÓnÈ6À.È_ÎËÓç¼;Õ}Ì�×�É;ë�Ón×�Ï;ÀeÌ�Û6À

¿B¼;ÁË×�Â+Ä;ÓnÈ�¾¨ßñÌôÂ+Ä$Åd¿�ÕôÎË¼;ÅÇÌ=Ä;ÂNÌ�Û6À]¿B¼;ÁË×�Â+Ä;ÓnÈ�É.Ä�å$À8Å.ë�¼;ÁËÈÜØËÌ�ÕôÄIå;À.Å=ÌdÛËÀ]É8Ä$ÁËÁËÀ8É8ÌdÄ$ÅïÀ.Á6È Ä;ÂNÌ�Û6À
¿B¼;ÁË×�Â+Ä;ÓnÈ�ëLÆCÛËÀ.ÅÇÀ"ÌdÛËÀVÙ$ÅdÀ8À.ÁÃØ�ÒËÅÇÀ.ÕCÅdÊËÁ_É.Ó�Ä$ÕdÀeÌdÄ$Ù$À8ÌdÛËÀ.Å"�+ÕdÀ8À"Ø�Ù;ÊËÅdÀ � ¾ � �Y¾
ÑÝÛËÀV�Kß}»ã×nÕaÈ6×�å�×nÈËÀ8È¨×nÁ2Ì�ÄV©}¼;ÕÇÛLÌdÅ�¼<æ�Õ}ª¦Ì�Û�¼EÌNÛËÄ$ÓnÈ ��«=Ø�ÒËÅÇÀ.Õ i Ì�ÛËÀð� � ¼;ÁËÈ_Ú;«IêñÆC×nÈ6À`¿BÄ�ÈËÊËÓ�À.Õ

ÊËÕÇÀ/ÌhÆXÄ_¼;ÕdÛ2ÌdÅ�¼<æ�Õ.ëKÌ�ÛËÀïÆC×�ÈËÀ.Åe¿�Ä�ÈËÊËÓnÀ8Õ¦ÊËÕÇÀ�¼;ÓnÓlÌ�ÛËÅÇÀ.ÀE¾ðÔf¼;ÉWÛb¼;ÕdÛ2Ì�Åd¼<æ�×nÕ`ÕÇÊËÎËÎËÓ�×nÀ8È�ÆC×�Ì�Û�Ó�×nÙ$Û2Ì
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�Q×�Ù$ÊËÅdÀ � ¾ ö ¾��Ë�¢ÕdÉ8×nÁ2Ì�×�ÓnÓn¼EÌ�Ä$Å°¿BÄ�ÈËÊËÓ�ÀNÆC×�ÌdÛ�ÌdÛËÀ�É8Ä�å$À.Å�ÄK�°ë2ÆC×�Ì�Û�¿B¼;ÁË×�Â+Ä;ÓnÈ�¾lÑÝÛË×�Õ�×�Õ�¼"ÎËÅÇÄ;Ì�ÄEÌhæ&ÎZÀK7ÌdÛËÀVÅdÀ<¼EÓl»^ß¤à`áVâÃ¿]¼;Á6×�Â+Ä$Ó�ÈËÕXÆC×�ÓnÓ�ÒZÀVÒËÓç¼EÉWÏZ¾
å�×ç¼�¼�É.Ó�À<¼;ÅðÎËÓn¼;ÕÇÌd×nÉ]ØËÒËÅdÀEë�ÆCÛË×�ÉWÛäÉ8Ä$ÁËÁËÀ8É8ÌdÕ�ÌdÄ�ÌdÛËÀ_�Kß}» ÆC×�Ì�Û ¼�ÎËÊËÕÇÛ)É.Ä;ÁËÁËÀ.ÉYÌ�Ä$Å8¾è�
À¨ÆC×�ÓnÓ
ÕdÀ8À]×�ÁÜÌ�Û6ÀBÁËÀF½�ÌïÕdÀ8É8Ìd×nÄ$ÁbÌ�Û�¼EÌ"Ì�Û6À5¼;ÕÇÛLÌdÅ�¼<æbÈË×�å�×�Õd×nÄ;ÁËÕV¼;ÅdÀBÅdÀ8��Ê6×nÅdÀ8ÈÜÌdÄ ÅdÀ8ÈËÊËÉ8ÀBÌ�Û6À]ÀH�7À.ÉYÌ�ÕôÄ;Â
É.ÅÇÄ$ÕdÕ¤êñÌ�¼;ÓnÏM¾
�¢×�ÌdÛ
Ä$ÊËÅôÈËÀ.ÕÇ×nÙ$Á�ë[Ä$ÁËÀ]�TÔf� ÆC×�ÓnÓf×nÓ�ÓnÊË¿�×nÁË¼EÌ�Àô¿]¼;Á2æbÉ.Ó�À<¼;ÅVØ�ÒËÅÇÀ.Õ8ëìÀ<¼;ÉWÛèÄEÂÝÆCÛË×nÉWÛ
ÆC×�ÓnÓì×�Á

Ì�Ê6ÅdÁ�×nÓ�ÓnÊË¿�×nÁË¼EÌ�À � Ä$Å=��«�ÆN¼<å$À8ÓnÀ8ÁËÙ;Ì�Û�ÕÇÛË×�Â9Ìd×nÁËÙ�Ø�ÒËÅÇÀ.Õ.¾MLCÀ.É.¼;ÓnÓlÂ+ÅdÄ;¿ ÉWÛË¼;Î6Ì�À8ÅV§�ÌdÛ�¼EÌ¦ÆXÀïÆa¼;Á2Ì
Ì�Ä"ÎËÊËÓ�ÕdÀò¼EÌ�¼;Î6ÎËÅdÄ<½&×n¿B¼EÌ�À8Ó�æ]��«eÎËÊËÓnÕÇÀ�Û6À.×nÙ;ÛLÌdÕìÌ�ÄV¿]¼EÎ�Ä;Ê6ÌfÌ�ÛËÀòÅdÀ8ÕdÎZÄ$ÁËÕdÀòÄ;ÂZÌ�ÛËÀNI�»^Ñe¾&â&ÄVÌ�Û�¼EÌ
ÆXÀ"É.¼;Á_¿]¼;Î¨Ä;Ê6ÌCÌ�ÛËÀ`Â+ÊËÓ�Ó�Å�¼EÁËÙ$ÀeÄ;Â°Õd×�Ù$Á�¼;Ó�ÕNÓn×�Ï;À.Ó�æ]×�Á^»^ß¤à`áVâ¨×nÁÃ¼;Ó�Ó7Ì�Û6À.ÕdÀ"ÉWÛ�¼;Á6ÁËÀ.Ó�Õ.ëËÆC×�ÌdÛËÄ$Ê6Ì
Û�¼<å�×nÁËÙ¨ÌdÄ¨ÎËÊËÓnÕÇÀ/¼EÌV¿B¼;Á2æ�ÀY½�ÌdÅ�¼¨ÛËÀ.×�Ù$Û2Ì�Õ8ë�ÆaÀðÆa¼;Á2Ì"ÌdÛËÀðÓn×�Ù$Û2Ìe×nÁI�ÇÀ.É8ÌdÀ.È�×nÁ2ÌdÄ5Ì�ÛËÀïÆa¼<å$À.Ó�À.ÁËÙEÌ�Û
ÕdÛ6×�Â9Ì�×�ÁËÙ`Ø�ÒËÅÇÀ.ÕìÌ�ÄVÒZÀC¼;ÕfÊËÁË×�Â+Ä$Åd¿�¼;ÕìÎZÄ$ÕdÕÇ×nÒËÓ�À;¾ìá`ÊËÅf×�ÁË×�Ìd×ç¼;ÓLÈËÀ8Õd×nÙ;Á�ÛË¼;È�¼e��¼EÌQ©¤¿�×nÅÇÅdÄ$Å¤ªaÕÇÊËÅÇÂR¼EÉ.À;ë
¼;ÕÝ×�ÁÃØËÙ$ÊËÅdÀ � ¾ � 7&Ì�ÛË×�ÕÝÙ2¼<å$À"¼ðÓn×nÙ;ÛLÌaÄ$Ê6ÌdÎËÊ6ÌÝÌ�ÛË¼EÌÝÆN¼EÕòÕ}Ì�ÅÇÄ$ÁËÙ$Ó�æ5ÎZÀ<¼;ÏEÀ.ÈÃÌ�Ä�ÆN¼EÅdÈËÕÝÌ�Û6À"É8À.Á2Ì�ÅÇÀVÄ;Â
Ì�Û6Àe¼;ÕdÛ2ÌdÅ�¼<æ$¾f��¿�Ä&È6×�Ø�À8È¨¼;ÕdÛ2ÌdÅ�¼<æ]ÆC×�Ì�Û¨¼ïÕÇÊËÅÇÂR¼;É8À¦Ì�ÛË¼EÌÝÉ.Ê6ÅÇå$À8ÕCÄ$Ê6ÌNÌdÄIÆa¼;ÅÇÈËÕaÌ�Û6ÀeÀ.ÈËÙ$À8ÕÝÄ;ÂKÌ�Û6À
¼;ÕÇÛLÌdÅ�¼<æÜÙ$×�å;À.Õï¼^¿ïÊËÉWÛè¿�Ä$ÅdÀ�ÊËÁË×�Â+Ä$Åd¿�ÅÇÀ.ÕÇÎ7Ä$Á6ÕdÀ;¾^ÑÝÛËÀ5É8Ä$¿BÎË¼;Åd×�ÕdÄ$Áb×nÕôÕdÛËÄ�ÆCÁ ×nÁbØ�Ù$ÊËÅÇÀ � ¾ ® ë
¼;ÁËÈÃÌ�Û6À"É8ÊËÅÇå;À.È^Ò�¼;ÉWÏ5ÈËÀ8Õd×�Ù$Á �Kß}»�×nÁ¨Ø�Ù$Ê6ÅdÀ � ¾���«6¾
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�Q×�Ù$ÊËÅdÀ � ¾ � ¾��M» ¼EÁË×�Â+Ä$Ó�È=Î�¼EÅÇÌ�Õ8¾[ÑÝÛËÀÝÓ�×nÙ$Û2Ì°×nÁ��ÇÀ8É8Ì�×�Ä$Áï¿�Ä&È6ÊËÓnÀ�×nÕQÌdÄ`Ì�ÛËÀaÓnÄ�ÆaÀ8Å[ÓnÀYÂ9Ì[Ä;ÂMÌdÛËÀNÎË×�É8Ì�Ê6ÅdÀ;¾
LC×nÁËÙ;À.È
×�ÁÜÅÇÀ.È ¼EÅdÀ/Ì�ÛËÀð©}¼;ÕÇÛLÌdÅ�¼<æ�Õ}ª�Ì�ÛË¼EÌ=ÅÇÀ8��À8É8ÌïÌdÛËÀ]Ó�×nÙ$Û2ÌVÄ$ÁbÌ�Ä ÌdÛËÀ/Ø�ÒËÅdÀEëQÌ�Û6À¿B¼;ÁË×�Â+Ä$ÓnÈ^ÕdÊËÅ}ÂR¼;É.À/ÒZÀ.ÛË×�ÁËÈ�Ì�ÛËÀðØ�ÒËÅÇÀ.ÕV×nÕV¼EÓnÕdÄ¨É8Ä�å$À.ÅÇÀ.ÈbÆC×�Ì�Ûb¼¨ÅdÀY��À.ÉYÌ�×�å$À�É.Ä2¼EÌd×nÁËÙ�+Åd×nÁ6Ù$À.È±Ù$ÅdÀ8À.ÁM�F¾ÞÑÝÛË×nÕ_×nÕ_¼;Á�À<¼;ÅÇÓ�æ¡Î6ÅdÄ;ÌdÄ;Ìhæ�Î7ÀbÊËÕd×�ÁËÙ0¼EÓnÊË¿�×nÁË×�ÕdÀ8È¡¿=æ�Óç¼;ÅH7ôÌ�Û6ÀÎËÅÇÄ&È6ÊËÉ8Ìd×nÄ$Á¨å$À8ÅdÕÇ×nÄ$ÁÃÆC×nÓ�Ó�Û�¼<å$À"ÅdÀY��À.ÉYÌ�×�å$À"Î�¼;×nÁ2ÌÝ×�ÁËÕÇÌdÀ<¼;È�¾
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ÆCÛË×�ÉWÛ^ÕÇÛËÄ$ÊËÓ�È^¼EÓnÓnÄ�Æ±ÊËÕCÌ�Ä/É.Ä;ÅdÅdÀ8É8ÌCÂ+Ä$ÅÝÕÇ¿]¼;Ó�Ó�À¶��À8É8Ì�ÕòÉ<¼EÊËÕdÀ8È Ò2æ¨É.ÅÇÄ$ÕdÕ¤êñÌ�¼;ÓnÏM¾

õ Ú



�Q×�Ù$ÊËÅÇÀ�â6¾�ãöâ6¾�� õ êñÂ+Ä;ÓnÈ¨¿ïÊËÓ�Ì�×�ÎËÓnÀF½�÷hÉ.Ä�Ä$ÏL×nÀ·ø`Â+Ä$Åò»óã¬â6ë6ÆC×�ÌdÛ¨Ø�ÒËÅdÀVÎZÄ$Õd×�Ì�×�Ä$ÁËÕÝ×nÁ6ÈË×nÉ.¼EÌ�À8È�¾
ù��&úó� û�üþý ÿ ���� ����

ÑÝÛËÀ é Ô-òÖÎËÊËÓ�ÕdÀ8ÅòÄ���À8ÅdÕÝÌ�ÛËÀ"¼;Ò6×nÓn×�ÌhæBÌdÄBÉWÛË¼;ÁËÙ$ÀVÒZÄ;Ì�ÛÃÌ�ÛËÀVÛËÀ8×nÙ$Û2Ìò¼;Á6È_ÌdÛËÀeÆC×nÈ6ÌdÛ^Ä;ÂTÌ�Û6À"Î6ÊËÓnÕÇÀ
À.Ó�À.ÉYÌ�ÅdÄ;ÁË×nÉ.¼;ÓnÓ�æ$ëTÒLæbåE¼;ÅÇæ�×�ÁËÙ Ì�Û6À5ÉWÛ�¼;ÅÇÙ$À5ÎËÊËÓ�ÕdÀ�Ì�Û�¼EÌï×nÕï¼EÎËÎËÓn×�À.ÈbÌ�Ä ÌdÛËÀ é Ô3ò=¾QßñÌ=É.Ä$Á2ÌW¼E×nÁËÕïÁ6Ä
¿�ÄIå�×�ÁËÙ5Î�¼;Å}Ì�Õ8ëKÕdÄ¨ÕdÛ6Ä$ÊËÓnÈ�Î6ÅdÄ�å$ÀðÌ�Ä]Ò7ÀðÅÇÄ$ÒËÊËÕ}Ì<¾ôÔ�¼EÉWÛbÎ6ÊËÓnÕÇÀ.Å`ÒZÄ<½�É<¼EÁ�É.Ä$Á2ÌW¼E×nÁbÚKí é Ô3ò¦Õ87l×�Á
Ì�Û6À�ÁËÀ.¼;Å�ÈËÀ8ÌdÀ.É8ÌdÄ$ÅaÄ;ÁËÓ�æ�ãKã é Ô3ò¦ÕN¼;ÅÇÀCÊËÕdÀ8È�ë6ÕÇÄôÌ�Û6À I æ�� ÆC×�ÓnÓ�ÁËÄ;Ì�ÒZÀòÂ+Ê6ÓnÓ�æïÎ7Ä$Î6ÊËÓç¼EÌdÀ.È�¾°ÑÝÛËÀ.ÅÇÀ
×nÕò¼;Á_¼;È6ÈË×�Ìd×nÄ$Á�¼EÓc÷hÌdÅd×�Ù$Ù$À.Å&ø é Ô3ò=ë�ÆCÛË×�ÉWÛ ÎËÊËÓ�ÕdÀ8Õ�¼�Ì¦¼ðØ6½&À.È^×nÁ2Ì�À8ÁËÕd×�Ìhæ$ëM¼;Á6È^×�ÕòÊ6ÕdÀ.È_Ì�Ä��M¼;Ù/Ì�Û6À
Ón×�Ù$Û2ÌÝ×nÁ	�ÇÀ.É8Ìd×nÄ$Á¨ÈË¼EÌW¼ð×nÁ¨ÌdÛËÀJò�

�ï¾
!�"���"&%�" ��¦�.�, 2i£H(+*�Eð,/4
ÑÝÛËÀ_ÎËÊËÓ�ÕdÀ.Å/ÒZÄ<½ ×nÕðÉ.Ä;ÁLÌdÅdÄ$Ó�ÓnÀ8È Ò2æ ¼ Iìß æ ãöâW� õ ö;ö ¿�×nÉ8ÅdÄ$Î6ÅdÄ�É.À.ÕÇÕdÄ$Å8¾äßñÌ�É8Ä$¿B¿=ÊËÁË×nÉ.¼EÌ�À8ÕïÆC×�ÌdÛ
¼^É8Ä$Á2Ì�ÅÇÄ$Ó�I æ å�×ç¼�
eâ æ ßÇßeÉ.Ä$¿�¿B¼;ÁËÈËÕ"Ä�å$À.Åï¼^ÕdÀ8Åd×n¼;Ó-L¦â]ê õ ä_Ó�×nÁËÏM¾¨ÑTÄ�¼<å$Ä$×�Èè¼ Î6ÅdÄ$Ó�×�Â+À.Åd¼EÌ�×�Ä$Á
Ä;ÂCÈË×���À8ÅdÀ8ÁLÌ=Ìhæ&ÎZÀ.ÕðÄEÂCÈ�¼EÌW¼IêhÉ<¼EÅdÅÇæ�×�ÁËÙ�É<¼EÒËÓnÀBÅdÊËÁËÁ6×nÁËÙ�¼EÅdÄ$ÊËÁ6ÈèÌ�ÛËÀ5È6À8Ì�À8É8ÌdÄ$Å.ë[ÌdÛËÀ5Õd×�Ù$Á�¼;Ó�ÕôÆC×�ÓnÓ
ÒZÀôÉ.¼;ÅdÅÇ×nÀ.È_Ä�å$À8Å�Ì�Û6ÀôÈËÀYÌ�À8É8Ì�Ä;Å¦À8ÌdÛËÀ.ÅÇÁËÀ8Ì.ë�¼EÁËÈ É8Ä$Á2å$À.Å}Ì�À8È Â+Ä$ÅCÌ�ÛËÀ"ÎËÊËÓ�ÕdÀ.ÅòÒZÄ�½_Ò2æ_¼;Á^À8ÌdÛËÀ.ÅÇÁËÀ8Ì}ê
L�â]ê õ äÃÉ.Ä$Á2å$À8ÅÇÌdÀ.Å.¾ ßhÁ
Ì�ÛËÀBÕÇÌ�¼;ÁËÈ�¼;ÅÇÈ ¿BÄ�ÈËÀ�Ä;ÂÝÄ$ÎZÀ.Åd¼EÌ�×�Ä$Á�ëlÌ�ÛËÀ)I æ ÆC×�ÓnÓì×�ÁËÕÇÌdÅdÊËÉYÌ=Ì�Û6À]ÎËÊËÓ�ÕdÀ8Å
Ì�Ä¨Î6ÊËÓnÕÇÀðÕdÄÃ¿]¼EÁLæ^Ì�×�¿BÀ8Õ`¼EÌ"¼5Ù$×�å$À8ÁbÛ6À.×nÙ;ÛLÌe¼;ÁËÈ�ÆC×nÈ6ÌdÛ�ël¼;ÁËÈ�ÆC×�Ì�Ûb¼5Ù$×�å$À.Á�Â+ÅÇÀ��LÊËÀ.Á6É8æ$¾ðÑÝÛ6À

õ í



Charge in pulsed pixel
0 100 200 300
�

400
�

500
�

600 700 800 900 1000

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2

2.5

3
�3.5

4
�

Charge in pulsed pixel
0 100 200
�

300
�

400 500
�

600 700
�

800 900 1000

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2

2.5

3

3.5

4

Charge in pulsed pixel
0 100 200
�

300 400
�

500 600 700 800 900 1000

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2

2.5

3
�3.5

4
�

Charge in pulsed pixel
0 100 200 300 400 500 600 700 800 900 1000

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2

2.5
� 3
3.5
� 4�

Charge in pulsed pixel
0 100 200 300 400 500 600 700 800 900 1000

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2

2.5

3

3.5

4
�

Charge in pulsed pixel
0 100 200 300
�

400
�

500
�

600 700 800 900 1000

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2
�2.5

3
�3.5
� 4

Charge in pulsed pixel
0 100 200
�

300
�

400 500
�

600 700
�

800 900 1000

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2

2.5

3

3.5

4

Charge in pulsed pixel
0 100 200
�

300 400
�

500 600 700 800 900 1000

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2
�2.5

3
�3.5

4

Charge in pulsed pixel
0 100 200
�

300 400
�

500 600 700 800 900 1000

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2

2.5

3

3.5

4

Charge in pulsed pixel
0 100 200 300
�

400 500 600 700
�

800
�

900
�

1000
�

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2

2.5

3
�3.5

4
�

Charge in pulsed pixel
�0 100 200 300

�
400 500
�

600 700
�

800 900
�

1000
�

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2

2.5

3

3.5

4

Charge in pulsed pixel
0 100 200 300 400 500 600 700 800 900 1000

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2

2.5

3

3.5

4

Charge in pulsed pixel
�0 100 200 300 400 500 600 700 800 900

�
1000

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2

2.5
� 3
3.5
� 4

Charge in pulsed pixel
0 100 200
�

300 400
�

500 600 700 800 900 1000

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2

2.5

3

3.5

4

Charge in pulsed pixel
0 100 200 300
�

400 500 600 700
�

800
�

900
�

1000
�

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2
�2.5

3
�3.5
� 4

Charge in pulsed pixel
0 100 200 300
�

400 500
�

600 700
�

800 900
�

1000
�

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2

2.5

3

3.5
� 4

Charge in pulsed pixel
0 100 200 300
�

400 500
�

600 700
�

800 900 1000

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2

2.5

3

3.5

4

Charge in pulsed pixel
0 100 200
�

300 400
�

500 600 700 800 900 1000

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2
�2.5

3
�3.5

4

Charge in pulsed pixel
0 100 200 300
�

400 500
�

600 700
�

800 900 1000

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2

2.5

3

3.5
� 4

Charge in pulsed pixel
0 100 200 300 400 500 600 700 800 900 1000

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2

2.5

3

3.5

4

Charge in pulsed pixel
0 100 200 300 400 500 600 700 800 900 1000

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2

2.5
� 3
3.5

4

Charge in pulsed pixel
0 100 200 300
�

400 500
�

600 700
�

800 900 1000

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2

2.5

3

3.5

4

Charge in pulsed pixel
0 100 200
�

300 400
�

500 600 700 800 900 1000

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2
�2.5

3

3.5

4

Charge in pulsed pixel
0 100 200 300
�

400 500
�

600 700
�

800 900 1000

%
 c

h
ar

g
e 

in
 p

ix
el

0

0.5

1

1.5

2

2.5
� 3
3.5
� 4

�Q×�Ù$ÊËÅdÀMâ&¾�ã ö ¾�� æ ÅÇÄ$ÕdÕ¤êñÌ�¼;ÓnÏ�×�ÁÜÁËÀ8×nÙ$ÛLÒZÄ$ÊËÅÇ×nÁËÙ_ÎË×�½&À8ÓnÕô¼;Õ=¼ÃÂ+ÊËÁËÉYÌ�×nÄ;Á
Ä;ÂaÓn×nÙ;ÛLÌ"Ó�À8å$À8Ó�Â+Ä;Å"È6×��7À.ÅdÀ8Á2ÌÎ6ÊËÓnÕÇÀ.ÈÃÎ7Ä;Õd×�Ìd×nÄ$Á6ÕXÆC×�ÌdÛË×nÁ5¼ïÎË×�½&À.Ó'¾ ��ÊËÓnÓ7ÕdÉ.¼;ÓnÀ`Ä;ÁÃÌdÛËÀ¦æ5¼�½&×nÕÝ×nÕ�ê��	É8ÅdÄ$ÕÇÕ}êJÌW¼;Ó�ÏB×�Á¼EÓnÓ�É<¼;ÕÇÀ.Õ.¾ìÑÝÛ6Àa½/¼�½&×nÕQ×nÕ[ÉWÛ�¼EÅdÙ$ÀC×nÁ�
+ò æ ÊËÁË×�ÌdÕ87$Â+ÊËÓ�Ó6ÕÇÉ<¼;Ó�ÀN×nÕì¼EÎËÎËÅdÄ<½&×n¿B¼EÌdÀ.Ó�æ�äKíKíÎ6ÛËÄ;Ì�Ä�À.Ó�À.ÉYÌ�ÅdÄ;ÁËÕ.¾[ÑÝÛ6À`Ø�ÒËÅdÀeÕÇÎ7ÄEÌÝÛË×nÙ;ÛËÓn×�Ù$Û2Ì�À.ÈB×nÁ5ÅÇÀ.ÈÃÛ�¼;ÕaÒ7À8À.ÁÃÎËÊËÓ�ÕdÀ.È�¾�â&À8å;À.Å�¼EÓÎ6×�½&À.Ó�ÕC¼;ÅdÀeÎËÓ�Ä;ÌdÌdÀ.ÈÃÄ$Á_À<¼;ÉWÛ_Ù$Åd¼;ÎËÛ�¾

õ ê



¿�×nÉ.ÅÇÄ$ÎËÅÇÄ&É8À.ÕdÕÇÄ$ÅðÌ�ÛËÀ8ÁäÉ8Ä$Á2Ì�ÅÇÄ$ÓnÕðÌ�Û6À ¼;ÉYÌ�Ê�¼EÓÝÎËÊËÓnÕÇ×nÁËÙ6¾ ÑÝÛ6À^ÎËÊ6ÓnÕdÀ8ÅBÒZÄ<½é×nÕ/ÕÇÊËÎËÎËÓ�×nÀ.ÈéÆC×�ÌdÛ)¼EÁ
ÀY½�ÌdÀ.ÅdÁË¼;Ó7ÌdÅd×nÙ;Ù$À.Å�×nÁËÎ6Ê6Ì<ëLÆCÛË×nÉWÛ5ÆC×�ÓnÓËÂ+Ä$ÅÇÉ.À¦¼=ÎËÊËÓ�ÕdÀ¦ÄEÂl×�Ì�ÕXÉ.ÊËÅÇÅdÀ8ÁLÌNÕdÀ8ÌdÊËÎ¨×nÁBÅdÀ8ÕdÎZÄ$ÁËÕdÀ�Ì�Äð¼ïàòß}»
Õd×�Ù$Á�¼;Ó'¾ÝÑÝÛË×nÕ�É<¼;Á^Ò7ÀôÊËÕdÀ8È�×nÁ_Ì�ÛËÀôÁËÀ<¼;ÅòÈËÀYÌ�À.ÉYÌ�Ä$Å�Ì�Ä]×�Á2å$À.Õ}Ì�×�Ù2¼EÌ�ÀVÌ�Û6À=ÀH�7À.ÉYÌ�Õ`ÄEÂ[Ì�ÛËÀ"Ì�×�¿B×�ÁËÙ/Ä;Â
¼ðÎËÊËÓ�ÕdÀeÆC×�ÌdÛ_ÅÇÀ.ÕÇÎ7À8É8ÌòÌ�ÄðÌ�ÛËÀBÐ¶6� "!CÌ�×$#&%¦ÒËÊËÉWÏ'%YÌ�Õ�×)(¨Ì�Û"%*�`ß¤Ô+%8Ó)%.ÉYÌ-,/.0(Ë×nÉ8Õ�1

A

B

C

D

22 Ω

10kΩ

10kΩ

B

A

4 to 12 V

C

D

243$506"7/8:9<;>=@?<;>ACBEDGFIH"6"J$KL8�7�M"7/3$N'8:O�3)7/O�6"3>P-7RQ0;

243)5'6"7L8S9<;$=T?UKLV"W@X�K�P-V<8�BYDZF[M<7L3$N'8�7\KRP^]'5'8S_`7LW0abP-V<8cH"6"J$KL8�7�deWTfgO�3)7/O�6"3>PT;ihjV<8k]'H"H"J$3)8�M
N0W'J$P^]l508\3)KmO�W0noPL7LW0J$J)8�MUd�Qi]i=@pSd"3>PqFjrmsmtu]'n"MvOwW0noP-7/W0J)KxPLV"8�H"6"J$KL8\V<8�3)5'V�P�;:yzV"8�nvP-V<8\KL3$50n{]'J
]lP*r|5'W}8wK*V"3$50V~tYP-V"8�M"7/3$N08w7*KRP^]'5'8S3)K:PL6"7Ln"8wM�W0n���N0W0J>P^]'5'8�3$K�]'H"H"J$3)8�M�P-W�P-V"8��0����7/8�KL3$K/PLW07�t
]'n"McPLV"8:��6<7L7L8wnoP�3)K�K/V�6<n�PL8�MkP-W�507/W06"n"McN�3)]�P-V"8�J$8w_�PR��V{]'n<Mk2�D�h:;}yzV"8wnkPLV"8:KL3$50n{]'Je]lP���50W�8�K
J)W@Xqt���6<7L7L8wnoP��{W@X�KZP-V"7/W06"50V�P-V"8mBYDGF�toX�V"3)�^V&8�a�3$P-KGJ$3)50VoPT;Er�KLV"W07RP�PL3)a�8jJ�]lPL8�7wtoKL3)5'n{]'Jes�50W�8�K
V"3$50V~t�]'n"M�P-V"8���6"7/7L8wn�Px3)K
KLV�6"noP-8wMiP-W&507LW06<n"M�N�3�]�P-V<8*7/3)50VoP/��V{]'n"M�2�D�h:�eBEDGF�3$KjP-6"7/n"8�MiWl�4;
hjV"8&H"6"J)K/8�X�3$M<P-V�3)KqM"8�P-8�7/a&3$n"8�M�doQ�PLV"8�M"8�J)]@Q�d�8wP�X�8�8wn�� PL6"7Ln"3$n"5�W'�¡]'n"M�s¢P-6"7/n"3)n"5�W0n~�
P-V<3)Kq3)Kq��W'n�PL7LW0J$J)8wM�doQ�]�H"7LW05'7-]'a�aS]ld"J)8*M"8�J)]@Q�J$3)n"8ltu503$N�3$n"5�]��w6"7L7/8�noP�H<6"J)K/8�X�3$M<P-V�W'_�=	£cPLW
¤0¥�¦"§ 3)n ¤j¦"§ K/P-8wH"K�;ZhjV"8qJ)3$50VoP�H"6<J)KL8wK�M"8�J$3$N08w7L8wM�PLW�PLV"8qH"V"W'PLW'P-6<de8:H"7/W}M<6"��8qKL3$50n{]'J$K�7-]ln"503)n<5
_`7LW'a|]�_`7L]'�wPL3)W0n&W'_E]�H"V<W'P-W�8�J$8��wPL7LW0n&P-W\3$nc8�f}��8wKLK�W'_E¨0p'p�H"V"W'PLW}8wJ)8w�wP-7/W0n"KZX�3$P-V&P-V"8�n"]'7L7/W	X�8�KRP

?�£



©"ª"«$¬ %l1
­4®)¯ ª ,L%Bâ<1�ãöì ¬L° .@± ¬�²�³ .0# ©{² ,L® ¬ .0(�.'´ ²q©"ª"«)¬ %j´`,L.0#�µ ° % éY¶ ò ©"ª"«$¬ %�, ² (<· ² · ² µ ²�©"ª<«)¬ %�· ª %

µ-. ²:¸u¹�ºR»¼© ®$.0( ² µ�µ ° % æ�¶G½
¾ #&®$("®>¿�#&.�· ª"« %Z, ª (~1�À ° % ©<ª"«)¬ % ¬Z² ,L% ¬ %�%w(&µ-.qÁ�%j.'´ ³ .0# ©{² , ² Á « %
¬L°"²'© %l1cÀ ° ® ¬ ® ¬ .'´�®$(�µL%�,/% ¬ µ�± ° %w(g#�% ²'¬/ª ,L®$("¯k(".0( « ®)("% ² ,L®>µ-®)% ¬ ç ¬L©{²'³ % ³^°{² ,/¯0%&%�ÂÃ% ³ µ ¬ ·"% © %w("·
.0(kµ ° %:®$( ¬ µ ² (oµ ² (<%�. ª"¬
³�ª ,L,L%w(oµTÄ ¬ .�®$µ�® ¬ ®)# © .',/µ ² (�µ�µ °{² µjµ ° % ©"ª"«$¬ % ¬L°"²'© % ¬x² ,L% ¬ ®$#&® «�² ,w1

­4®$¯ ª ,L%Mâ}1�ãöì}1$Å æ .'# ©{² ,L® ¬ .0(U.l´ ©<ª"«)¬ %�´`,L.0# éY¶ ò î « %�´�µ·ï ² ("·v· ² µ ² îÆ,/®)¯ ° µ·ïjµ ²'Ç %�( ² µxµ ° %\#�®)(<®>¿
#�.�· ª"« %�, ª ( ² µ æ�¶G½m¾ 1ÃÀ ° % ©<ª"«)¬ % ¬q² ,/%\.'´ ³ .'# ©{² , ² Á « % « %�("¯'µ ° ®)(�µ-®)#�%'1:À ° %
¬/³T²'« %:.0(kµ ° %q. ¬/³ ® «$« . ¬/³ . © %x® ¬*ÈwÉ  "! © %w,
·<®$Ê�® ¬ ®).0( î ÈwÉ0É  "!
´ ª"«)«e¬L³�²'« %¬ï�1

­4®)¯ ª ,L%�â<1ÌËKí ¬L° .	± ¬ µ ° % ¬/° .0,/µkµL%�,L# ©"ª"«)¬ %�¿Íµ-.l¿ ©"ª"«)¬ %iÊ ² ,L® ² µ-®$.0(�.'´*µ ° % éY¶ ò ©"ª<«)¬ %w,�Ä ²l¬
#�% ²'¬/ª ,L%w·i.@Ê0%�, ² ´`%w± #�®)( ª µ-% ¬ ÁoÎ�µ ° %�Ï�Ð ¾ ·"®).�·"% ² ("· ² ·"®)¯0®>µ ²'« . ¬L³ ® «)« . ¬L³ . © %'1�ôg% ¬ %�%*µ °{² µ
È�ÑÒÈwÓ ® ¬\² ( ª"©"© %�, « ®)#�®$µq.0(gµ ° %SÊ ² ,/® ² µL®).0(�.'´ « ®$¯ ° µ*´`,/.0#Ôµ ° % éY¶ ò�1GÕ�. ¬ µ�.l´jµ ° ® ¬ ±�®)·<µ ° ® ¬
®)(�´ ²l³ µ�% « % ³ µ-,/.0("® ³w¬ (".0® ¬ %�î�µ ° % ² # ©"« ®$µ ª ·"%�± ²'¬ #�% ²'¬/ª ,L%w·�±�®$µ ° µ ° %�Ö×# ²ÙØeÚ ´ ª ( ³ µL®).0(+.0( ²
·"®$¯0®$µ ²'« . ¬/³ ® «)« . ¬L³ . © %¬ï�1�À ° ® ¬ ¯0.�.�· ©<ª"«)¬ %�µL. ©"ª<«)¬ % ¬ µ ² Á"® « ®>µ�Î ²'«$« .@± ¬:ª"¬ µ-.�#&.'("®$µL.0,xµ ° % éY¶ ò
¬ µ ² µ-® ¬ µL® ³T²l«)« Î'Ä ª"¬ ®)("¯�.0( « Î�µ ° %�#�% ² (Û.l´�ã¬íWíWí ©"ª<«)¬ % ¬ ®)(gµ ° %kÏ�Ð ¾ ·<®).�·"%&µL. ³ .0# ©{² ,L%&µ-.iµ ° %
#�% ² (k.'´Eµ ° . ¬ %�ãöíWíWí ©"ª<«)¬ % ¬ ®)(�µ ° %�ÏZÕ�À ³^°"² ("("% «)¬ Ä"±�®>µ ° . ª µ ² (oÎ « . ¬L¬ .'´ ²'³�³wª , ²'³ Î01

Ü:Ý��*ÝÒÞ:Ý ßSà�áGâ4ã�ä�á�åçæuàxèÆè)äGéwã

¶ ²'³^° éY¶ òê# ª"¬ µx® «)«)ª #&®$( ² µ-% ª"© µ-.)âKê « ®)¯ ° µ
®)(	�/% ³ µL®).0(kë{Á",/% ¬ Ä ©"«$ª"¬ µ�±�.S´`.0,�µ ° %�Ï�Ð ¾ ·"®$.}·"% ¬ 1
À ° %qÏ�Ð ¾ ·"®$.}·"% ¬ ±�® «$« Áe%w("%wë"µj´`,/.0# ²'¬ # ª"³^°�« ®)¯ ° µ ²l¬�© . ¬L¬ ®$Á « %�çz#�.0,L% « ®$¯ ° µ�®$# ©"« ®)% ¬�² Á�%wµ/µ-%w,
¬ ®$¯0( ²'« µL.U(".'® ¬ %�, ² µ-®).�®)(�µ ° %SÏ�Ð ¾ ·<®).�·"% ² # ©"« ®$ë{%w,�1�ôg% ² ¯ ² ®$(�,/%�� ª ®$,L%�µ ° % « ®$¯ ° µ*®$(�. ª ,�â�ê

õ â



LED pulse height in PIN (V)
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Nent = 1500   
Mean  = 0.03263
RMS   = 0.0003619

Nent = 1500   
Mean  = 0.03263
RMS   = 0.0003619

RMS/mean = 1.1%
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See detail cone
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hole profile

68-hole fibre plate4
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aluminisd mylar
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70-fibre cone front panel layout 3 MINOS UCL 050

By machining away the flange in those areas
away from the fixing holes, it is possible to fit
2 rows of 10 cones in a 440 x 150 panel.

The shape of the cone makes it possible to
fit 2 rows of 10 cones in a 440x150 mm panel.
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PMTs

VFB

VARC

ROP ROP ROP ROP

40 MB/s PVIC

2.5 MB/s VME

Trigger Farm

DAQ LAN

DCP

DispatcherDatastore

Pulser Calibration
Constant Maker

Other
tasks

Online monitoring

BRP

VFB: Front-end board with IDE VA chip
VARC: Readout controller for VFB
ROP: Readout Processor for VME rack
BRP: PVIC Branch readout processor

Key

Front End Crates

Mid-level VME racks
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DFE1GHE IKJMLONFPRQTSVUXWYS[Z\NFP SV]^WYS_SV]RJ `aWcb�Z�deUXWYS[Z\NfP QhgiQTSjJML `aW P
`aWcb�Z�dCU4WYSjJ SjN d>J�SkSjJMUlSV]^W P mcn

Ý þC�"��Ò,ý���Î��IÒ�ý ' �"þ Ñ Î�� ÍbÎ�ýjÎ ÏpÍbÎ]Î�Ï�ý Û Íbß Ô$Õ � ÍbÎ Ô ��þ Ñ Ó Ñ Î�ý ' Û Íbþ3Í Û Ï Ô ýxÚ�ý5o"p Û Í"ß Ô�Õ � Í®Î Ô �"þ Ø®Ù ý '^Ö�Ñ Î
Û �"þ Ñ�Ô Ò�ý��fÍ à Í Ô þ Ô Î Ñ]Ñ Û Ï,ý ' ý<� Þ ��×-ý���ÍbÎ Ô ��þ ï Ý Î Ñ Ï�� Ö ß$Ò Õ ýmþ��"Î ý9ÒtÎ�ÏpÍbÎ Ý Ò��Iþ��"ÎBÍbÎEÎ ý ' ×,Î]Î�� Ñ Ï�� Ù
Î Ï,ýMß Ô þ�ý/Í-� Ô Î�Ó ' ýWÍ ÑEÖ ��ý ' ý9þPÎ�×�����×-ý��4Î Ô ý Ñ Ï�ý��Eý-q Ù ýmÏpÍWÚ�ý Ñ Ï�� Ù þ Ô þ Û Ï�Í"×,Î ý(�[r*Î Ï�ÍbÎfÎ Ï�ý<s Ý1* Ô�Ñ Í
ß Ô þ�ýWÍt� ' ýWÍ ÑEÖ ��ýu� Þ Î Ï�ý*Í ' � Ö þXÎV� Þ ß Ô�à ÏPÎJ×��v��Ò Ö Û ý9Ò Ô þ5Î Ï,ýawjxzy ï�{�Ö �EÎ Ï,ý��J×���� à �Eý ÑEÑ Û Í"þ�þ��"Î Õ ý
' Í"Ò�ý*Î�� Ù Í-��Ò Ñ Ò�ý ' ��þ Ñ Î���ÍbÎ Ô þ à Î Ï�ý�ß Ô þ�ýWÍ-� Ô Î�Ó>� Þ Î�Ï�ý Û � ' ×�ß$ýxÎ ý Ñ Ó Ñ Î�ý '}|�~���|��\�@Ö þPÎ Ô ßj� Ý1*A�a�
ý/ß�ý Û Î����"þ Ô Û ÑQÔ$Ñ ÍWÚbÍ Ô ß$Í Õ ß$ý ï ü Ï Ô�Ñ Ò�ý ' ��þ Ñ Î���ÍbÎ Ô ��þ Ù Ô ß$ß Õ ýR��þ,ýR� Þ Î�Ï�ýcÎ Í Ñ , Ñ[Ö þ�Ò�ý��4ÎSÍ-,bý/þrÒ Ö � Ô þ à
Î Ï,ýR�jÍbß Ô$Õ � ÍbÎ Ô ��þcyMý9Î ý Û Î��"� Ñ ý9Î Ö ×`Í®Î5�Vx�� * Î Ï Ô�Ñ=Ñ ×�� Ô þ à�ï

ü Ï�ý�×�� Ô þ Û Ô ×�ß$ý Õ ý/Ï Ô þ�ÒoÎ Ï�ý Û Í"ß Ô�Õ � ÍbÎ Ô ��þ Ô$Ñ Î Ï�ÍbÎ Ø ýxÚ�ý(�EÓaÏ�� Ö � Ø�Ù ýI× Ö ß Ñ ý*Î�Ï�ý Û ÏpÍ"þ�þ�ý9ß Ñ Ù Ô Î�Ï
Ñ � ' ýtÍ ' � Ö þPÎa� Þ ß Ô�à ÏPÎ Ø Í"þ,Ò ' ��þ Ô Î��"� Ô Î Ù Ô Î�ÏrÎ Ï�ýes Ý1* Ò Ô ��Ò�ý ï ü Ï,ýe��ÍbÎ Ô �c� ÞjÛ Ï�Í"þ�þ�ý9ß���yu�
Î���s Ý1* ��yu� Ô$Ñ Î�Ï�ý Û Í"ß Ô$Õ ��ÍbÎ Ô ��þ Û ��þ Ñ ÎSÍbþXÎ Þ �"�*Î Ï�ÍbÎ�Ï�� Ö � Þ �"�[Î Ï�ÍbÎ Û Ï�Í"þ�þ�ý9ß�qh�"þ�ý0Î�Ï�ý/þ Ö�Ñ ý Ñ
Î Ï�ÍbÎ Û Íbß Ô$Õ � ÍbÎ Ô ��þ Û ��þ Ñ ÎSÍbþXÎ
Î�� Û �"þXÚ"ý��4ÎfÒpÍbÎSÍA��yu����ý/Í"Ò Ô þ à�Ñ�Ô þPÎ��[ý�$ Ö�Ô Ú"Íbß$ý/þPÎ�s Ý1* Ö þ Ô Î Ñ Ø"Ù Ï Ô Û Ï
Ñ Ï�� Ö ß$Ò Õ ý Û ��þ Ñ ÎSÍ"þPÎ ï
� þ Þ �-�EÎ Ö þpÍbÎ ý9ß�Ó Ù ý*Ò���þ
	 ÎjÏpÍWÚ"ýIÍ"þPÓ>�Eý/ß Ô Í Õ ß�ýmÒ�ÍbÎSÍ Þ �v� ' Î Ï�ýAs Ý1* Ò Ô ��Ò�ý Ø Ñ � Ù ý*Ít��ý Ö þ�Í Õ ß$ý

Î��'Ò���Î�Ï Ô$Ñ9ï Ý þ Ñ Î ý/Í"Ò Ø=Ý ÏpÍWÚ�ý Ö,Ñ ý/Ò Î�Ï�ý@Î��"ÎSÍ"ß=þ Ö�'^Õ ý��M� Þ ×�Ï��"Î���ý/ß�ý Û Î�����þ Ñ5Ô þ<Î Ï�ý%��r ñ Ø Í Ñ
' ýWÍ ÑEÖ ��ý9Ò Õ Ó�Î�Ï�ý é ÿ ÷ ' ý9Î�Ï���Ò ØÁÙ Ô Î Ï�wjxzy¤× Ö ß Ñ ý5Ï�ý Ô$à ÏPÎ�� ð2î Í Ñi' Ó Û �"þ Ñ Î Í"þPÎ ' ýWÍ ÑEÖ ��ýM� Þ
ß Ô�à ÏPÎ Ø ý�$ Ö�Ô ÚbÍ"ß�ý/þPÎRÎ��eÎ�Ï�ýYs Ý1* Ò Ô ��Ò�ý ï ü Ï�ý�×���� Û ý9Ò Ö �Eý Ô�Ñ Î Ï�ý9þ á

ð�ï<{ �"�R× Ö ß Ñ ý*Ï,ý Ô$à ÏXÎ ð2î Ø ' ý/Í Ñ�Ö ��ý ' ý/Í"þaÍ"þ�Ò Ñ�Ô�à"' Í Þ �"�=Í"ß$ß Û ÏpÍ"þ�þ�ý9ß Ñ9ï

o ï �jÍ"ß Û Ö ß$ÍbÎ ýMÎ��"Î Í"ßVþ Ö�'^Õ ý���� Þ ×�Ï��"Î���ý9ß$ý Û Î��v��þ Ñ=Ô þ���r ñ Í Ñ5� ê ���!��-� é ù ! ÿ ÷ ù! ï
� ï �jÍ"ß Û Ö ß$ÍbÎ ý Û Í"ß Ô�Õ � Í®Î Ô �"þ Û ��þ Ñ ÎSÍbþXÎ Ñ Í Ñ Í Þ Ö þ Û Î Ô ��þM� Þ Î Ô6' ý Þ �"�fÍ"ß$ß Û ÏpÍ"þ�þ�ý9ß Ñ Í Ñ�� ! ê � ÿ é ! ï
ñ�ï wk�4�",7ÍbÎm× Ö ß Ñ ý(�mß Ô$à ÏPÎ Þ �"�=ÍtÒ Ô�� ý(��ý/þPÎMß Ô�à ÏPÎRß$ýxÚ�ý/ß ï ÝJÛ Ï�� Ñ ý�Ï�ý Ô$à ÏPÎ ð��,ï�{ �"�=Í"ß$ß Û Ï�Í"þ�þ�ý9ß Ñ Ø

Ö�Ñ ý Û Í"ß Ô$Õ ��ÍbÎ Ô ��þ Û �"þ Ñ Î Í"þPÎ Ñ5� !�Î�� Û ��þPÚ�ý��4Î���yu� Ñ Î��C� Ö ���1s Ý1* � ß Ô ,"ý�¡Y��r ñ0Ö þ Ô Î ï¢v£
¤¦¥¨§�©¦ª�«�¬�«�¬®­�©t¯5©¦°¦±²§³¯vª�¤t´�µC¶¸·�©¦°¦±²§³¯�¤¦¯v¥º¹(¤(¬V§³¯»¬³¬�¥º¼¦¹�§»½¾¯v¿�¯v¼¦±º­^§\©¸´�À»¯vµÁ¥¨¼MÀ»°¦ª\ª�¯»¼�¬�´�©¦©¦±¨¥º¯�µ^¬�«a¬\¤¸¯�Â4Ã&Ä�Å
Æ °¦±²§\¯�¤¦¯»¥¨¹�¤�¬Ç§�·�È�´�¼¸µc·�ÉuÀ1«�ª�ª�¯v§\©t«(¼¸µi¬\«Y´u©-¯v´�ÊRÀ»°¦ª�ª\¯v¼(¬z«�ËÌ´�ª�«�°¦¼¸µuÍ�Î�ÎhÏVÐl¥º¼Á¬�¤¦¯5Â4Ã&Ä�½+Ñk¤¦¥²ÀÇ¤Cµ�°¦¯
¬\«�¬�¤¦¯V©t«�«�ª�«(©�¬\¥²À»´�±�¬\ªÇ´�¼¸§\ÒV¥¨§�§³¥¨«�¼i¥º¼i¬\¤¸¯ ©¦ª\«�¬\«�¬®­�©-¯[©¸´�ª\¬�§v½XÀ1«(ª\ª�¯v§\©t«(¼¸µ�¯�µu¬\«u´�¼i´�¿�¯vª�´�¹�¯z«�Ë
´�ª\«(°¦¼¸µe·�Ó
©¦¤¦«�¬\«�¯»±¨¯vÀ1¬\ª�«�¼¸§Ô©-¯»ªÌÀÇ¤¸´�¼¦¼¦¯v±�Å
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ü Ï�ýM��ý ÑEÖ ß�Î Ñ � Þ Î Ï Ô$Ñ ×���� Û ý9Ò Ö �EýsÍ-�Eý Ñ Ï�� Ù þ Ô þ Ðpà�Ö ��ý î�ï�ð"ð�ïM� ý Ñ ý/ý0Î ÏpÍbÎ Ù ý3ÏpÍWÚ"ýsÍ Û Ï Ô ý9Ú"ý/Ò
Û Íbß Ô$Õ � ÍbÎ Ô ��þ5Î��eÎ Ï�ý ð p©ß$ý9Ú"ý/ß ï
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Nent = 200    
Mean  =      1
RMS   = 0.03214
Chi2 / ndf = 32.84 / 13
Constant = 30.07 +- 3.287 
Mean     = 1.004 +- 0.002043 
Sigma    = 0.02224 +- 0.001763 

Raw ADC
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corrected
Nent = 200    
Mean  =      1
RMS   = 0.01223
Chi2 / ndf = 11.39 / 6
Constant = 71.74 +- 6.261 
Mean     = 1.001 +- 0.0005888 
Sigma    = 0.01049 +- 0.0005052 

Corrected

corrected
Nent = 200    
Mean  =      1
RMS   = 0.01223
Chi2 / ndf = 11.39 / 6
Constant = 71.74 +- 6.261 
Mean     = 1.001 +- 0.0005888 
Sigma    = 0.01049 +- 0.0005052 

{
Ô�à�Ö ��ý î�ï�ð�ð"ï�á ü Ï,ý Û Íbß Ô$Õ � ÍbÎ Ô ��þ Ñ Ó Ñ Î ý ' Ù �-��, Ñ�Ö � ×�×-ý��3×�ß6�"Î á � Í Ù ��yu�¤Ú"Íbß Ö ý Ñ Þ �"�0× Ö ß Ñ ý(�
Ï,ý Ô$à ÏXÎ ð��,ï s]ß6�"ÎEÎ ý9Ò`Í-�Eý^ÍWÚ�ý(� Í à ý Ñ Þ �"�mýWÍ Û Ï Ô þ�Ò Ô Ú Ô Ò Ö Í"ßj� ð r Ø þ��"� ' Í"ß Ô$Ñ ý9ÒaÎ�� ð�ïwk� Ù ý��t×�ß6�bÎ á ��yu� Û � Ö þPÎ Ñ Þ �v� ' Î�Ï�ýsÎ���× ×�ß��"ÎtÍ Ñ Û Í"ß Ô�Õ � Í®Î ý/Ò Õ Ó¢Î�Ï�ýM�ÇÏ,ý Ô$à ÏXÎ
ðKî ��r ñ s Ý1* ¡ ' ý9Î Ï���ÒDÒ�ý Ñ Û � Ô�Õ ý9ÒrÍ Õ �KÚ�ý ï ü Ï�ýi��ý9Ò Ñ ÏpÍbÒ�ý/ÒrÍt��ýWÍ Ñ Û �-����ý Ñ ×&��þ�Ò ï� � ' ý>� Þ Î Ï�ý ð p Û � Ö ß�Ò Õ ýi× Ô Î�Î�ý��Á��þ Î�Ï�ý wÌx�yz× Ö ß Ñ ý(� ï ü Ï,ýaÏ Ô$Ñ Î�� à ��Í '3ÑYÔ þ �Û ß Ö Ò,ýQÒpÍbÎ Í�Î�ÏpÍbÎ Û �KÚ�ý(�jÎ Ï�ý Ñ Í ' ýQ×-ý�� Ô ��ÒM� Þ Î Ù � Ù ý/ý(, ÑRÖ,Ñ ý/Ò7×���ý9Ú Ô � Ö�Ñ ß�Ó Ô þ3Î�Ï Ô$ÑÛ Ï�Í"×,Î ý(� ï
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þFwÌx�y � Õ Í Ñ ý/Ò�× Ö ß Ñ ý9Ò�ß Ô$à ÏPÎ Ô þ¸×Eý Û Î Ô ��þ Û Í"ß Ô�Õ � Í®Î Ô �"þ Ñ Ó Ñ Î ý ' ÏpÍ Ñ*Õ ý/ý9þ�Ò,ý Ñ�Ô�à þ�ý9Ò Þ �"�QÎ Ï,ý
� Ý1*A�a� ý���×8ý(� Ô�' ý9þXÎ ï Ý ÎcÏpÍ ÑYÕ ý/ý9þ'Ò�ý ' �"þ Ñ Î�� ÍbÎ�ý/Ò�Î�ÏpÍbÎ�Î Ï�ý Ñ Ó Ñ Î ý ' Í Û Ï Ô ý9Ú"ý ÑYÔ Î Ñ Ò�ý �

Ñ�Ô�à þ�� Õ ×Eý Û Î Ô Ú"ý Ñ ý þpÍ ' ý/ß�Ó�Î�� Õ ýsÍ Õ ß$ý0Î�� Û Í"ß Ô�Õ � ÍbÎ�ý>s�� ü Û ÏpÍ"þ,þ�ý/ß Ñ Î���Í"þ¢Í Û/Û Ö � Í Û Ó�� Þ o-p ï
ü Ï�ý Ñ Ó Ñ Î ý ' ÏpÍ Ñ[Õ ý/ý9þ�Ò�ý ÑEÔ$à þ�ý9Ò`Î�� Õ ýeÍ Ñ�� ý�� Ô$Õ ß�ýeÍ Ñ ×&� ÑEÑ�Ô$Õ ß$ý Ø Ñ �aÍ Ñ Î��7Í Û9Û � 'e' ��ÒpÍbÎ�ý^Í"þPÓ
Ö þ Þ �-��ý Ñ ý/ý9þ Û Í"ß Ô�Õ � Í®Î Ô �"þ5þ�ý9ý/Ò Ñ Î�ÏpÍbÎ<� Ý1*��a� Ò Ô$Ñ Û �KÚ�ý(� Ñ/ï � Ñ Ù ý9ß$ßVÍ Ñ Û Í"ß Ô$Õ ��ÍbÎ Ô þ à Î Ï�ý à Í Ô þsÍbþ�Ò
ß Ô þ�ýWÍt� Ô Î�Ó � Þ Î Ï,ýMs�� ü ��ý/Í"Ò�� Ö Î Õ Ó ' ýWÍbþ Ñ � Þ ��ý Þ ý(��ý9þ Û ýMs Ý1* Ò Ô ��Ò�ý Ñ Ø Î Ï�ý Ñ Ó Ñ Î ý ' � � ý(� Ñ Î Ï,ý
Í Õ�Ô ß Ô Î�Ó�Î���Í Û $ Ö�Ô ��ý7ß�� Ù ß Ô�à ÏPÎ � ß$ý9Ú"ý/ßB×�Ï��"Î���ý9ß$ý Û Î��v��þ Ñ ×-ý Û Î�� Í Þ �"�eÒ,ý9ÎSÍ Ô ß$ý9Ò�� � Ô þ,ý Ñ Î Ö Ò,Ó Ø Í"þ�Ò Ø
Õ Ó%,Xþ�� Ù Ô þ à Î Ï�ýeß�ý/þ à Î�Ï Ñ � Þ ��×�Î Ô Û ÐpÕ �Eý Õ ýxÎ Ù ý9ý/þ�Î Ï�ý^× Ö ß Ñ ý�� Õ �!�`Í"þ�Òrý/Í Û Ï Û ÏpÍ"þ�þ,ý/ß Ø Íbß$ß6� Ù Ñ
Î Ï,ý)��ý9ß�ÍbÎ Ô Ú�ýtÎ Ô�'3Ô þ à � Þ Î Ï,ý>��ý/Í"Ò�� Ö Î Û ÏpÍ"þ,þ�ý/ß Ñ Î�� Õ ý ' ýWÍ Ñ�Ö �Eý/Ò¢Î�� Õ ýxÎ�Î ý(�cÎ�Ï�ý/þ � å#" ï ü Ï Ô$Ñ
Î Ô�'3Ô þ à Û Í"ß Ô$Õ ��ÍbÎ Ô ��þ Ù Ô ß$ß Þ Í Û Ô ß Ô ÎSÍbÎ�ýtÎ�Ï�ý7Ò Ô ��ý Û Î Ô ��þ � Ð þ�Ò Ô þ à � Þ Î�Ï���� Ö,à Ï � à � Ô þ à�'^Ö ��þ Ñ Ø Í"þ�Ò Ñ �
ý/þ�Í Õ ß$ý ' ý/Í Ñ�Ö ��ý ' ý/þPÎ Ñ � Þ Î�Ï�ý[ÍbÎ ' � Ñ ×�Ï�ý(� Ô Û þ�ý Ö Î�� Ô þ�� �pÖ �3Î�� Õ ý ' Í"Ò�ýQÍbÎJÍ"þ à ß�ý Ñ Û ß6� Ñ ýMÎ��cÎ Ï,ý
Ï��"� Ô%$ ��þPÎSÍ"ß ï

ü Ï�ý * Ö � Ý Õ ýWÍ ' Ù Ô ß�ß�Î Ö �EþÁ��þ Ô þ^Í Ö Î Ö�' þ^otÕ"Õ � ïÌ� Ô Î�Ï Ô þIÎ Ù �MÓ�ýWÍt� Ñ � Þ Î ÏpÍbÎhÒpÍbÎ�ý Ø � Ý1*A�a�
Ù Ô ß�ßqÏpÍWÚ"ý Û ß�Í-� Ô�Ð ý9Ò Ù Ï,ý9Î Ï,ý��<�"�Rþ��"Îmþ�ý Ö Î�� Ô þ��C� Ñ Û Ô ß�ß�ÍbÎ Ô ��þ Ñ Í-�Eý[Î Ï�ý Û Í Ö�Ñ ýY� Þ Î Ï�ý�ÍbÎ ' � Ñ ×�Ï�ý(� Ô Û
þ�ý Ö Î�� Ô þ��rÍbþ�� ' Í"ß�Ó Ø Í"þ�Ò Ô Þ Î Ï�ýxÓ Í-�Eý Ø Ô Î Ù Ô ß�ß ' ý/Í Ñ�Ö �Eý5Î Ï,ý '3Ô � Ô þ à ×pÍ-� Í ' ýxÎ ý�� Ñ "�õ�å ù'&)( Í"þ,Ò*,+ ù Î�� Õ ý9ÎEÎ ý��RÎ�ÏpÍ"þ ð Õîp ï
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9 ð;:a� �"ß Þ à Í"þ à s
Í Ö ß ÔÀï w¬ý9ÎEÎ ý(� Ø ��ý/×�����Ò Ö Û ý9Ò Ô þIÎ���Í"þ Ñ ß�ÍbÎ Ô ��þ Ô þ � ý9×,Î ý '^Õ ý�� ð!<Pî-��=?>A@¦��|�B��DCFE;G)H @bï
9 o : � ï w ï �[� Ù Íbþ ØJI � ï Ø {Jï �mý Ô þ�ý Ñ Ø {JïLKQïLM Í-�v� Ô$Ñ ��þ Ø McïT�¶ïON � Ö�Ñ ý Ø Í"þ�Ò#� ï y ï � Û!P Ö�Ô �Eý ï
yQý9Î�ý Û Î Ô �"þ � Þ Î Ï,ý Þ �Eý/ý*þ�ý Ö Î�� Ô þ�� á � Û ��þ Ð � ' Í®Î Ô �"þ ïRQSB�|�T�~/B�T Ø ð o ñ�í � o ð o ò á�ð Õ � Ø ðU<Pû r ï

9 � : � ï � ï��'Ö ý9ÎmÍ"ß ïR=?>A@¦�;V'WXT�Y�V Ø ð Õ û�á�ð r î�ð Ø ð!<Pû�î�ï
9 ñ : � ï P ��ß$Ò�Ï�Í Õ ý(� Ø w ï P �v��Ò $9Ô þ Ñ Ø Í"þ�Ò � ï �¶ï � Ö þPÓ�Í-� ïJ=?>A@¦�;VZWXT�Y�V Ø ð Õ <,á�ð Õ ð2û Ø ð!<Pû-��ï
9 û�: ü Ï�ýYw � �[�"ß$ß�Í Õ �"��ÍbÎ Ô ��þ Ø KQï �RÒ�ýxÚbÍ Ø ý9ÎMÍ"ß ïR[�VZ=?>A@¦�;V Ø � û�ð�á�ðKî < Ø ð!< <,ð�ï
9 r : ü Ï�ý � s �Aw��[��ß$ß$Í Õ �-� ÍbÎ Ô ��þ Ø�P ï �Qß�ý��,Í"þ�Ò,ý�� Ø ýxÎMÍ"ß ïR[�V\=]>A@��;V Ø � ñ o á�ð2î�û Ø ð!<
<,ð"ï
9 î�: ü Ï�ýYyAxzwÌs M Ý �[��ß�ß�Í Õ �"� Í®Î Ô �"þ Ø s ï � Õ ��ý Ö Ø ý9ÎMÍ"ß ï]^A�_B�`aVZ=?>A@¦�;V Ø K � r î�ávû�ð�ð Ø ð!<
<,ð�ï
9 �b: ü Ï�ýa�AwÌxzs M �[�"ß$ß�Í Õ �"��ÍbÎ Ô ��þ Ø y ï yQý Û Í ' × Ø ý9ÎmÍbß ïJ[�V'=?>A@��;V Ø � û � á�ð Ø ð!<
< o ï
9 <b: ü Ï�ý��AwÌxzs M Ø wÌxzs Ø yAxzwÌs M ÝSØ w � Í"þ�Ò � s �Aw �[�"ß$ß�Í Õ �"��ÍbÎ Ô ��þ Ñ Ø y ï yQý Û Í ' × Ø ý9Î�Í"ß ï�=?>A@��;Vc T��\��V Ø o î r KMá o ñPî Ø ð!< <,ð�ï

9 ð Õ : ü Ï�ý����A� N Ý�Ý �[��ß$ß$Í Õ �-� ÍbÎ Ô ��þ Ø
P ï � ï � Õ � Í '0Ñ Ø ýxÎJÍbß ïZ=?>A@��;VdWXT�Y�V c T��\��V Ø r � á o ð2î � Ø ðU<"�
<,ï
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K�% ¦ Ô ¹�� ��Ó �b� � Ô;Ó � � �bã � �|�%ã#½D� � Ô ¢ á �p���p�%á
ã,á ¾ � � Ô ¢ Ó á¸× Ô ·m� Ô �À� Ó � ·�åvÕ#& �#Ô �ná�� � Ô ¨J�U�,� � �b�
ä � ¹��n��¢#¹ Ô �p·;�b�p� Ô;Ó �%ã#½d���¼� ·m·;á � ã)� Ô �s¾âá Ó ��ãs�d·;á Ó|ÓpÔ ¹Ì�b� Ô �s·;á!¤b� Ó �Ì� ã#· Ô ä¸�b� Ó �a� � � � Ô(' � Ô ���¦ �*)e� Ó �b·�å,¨ � ��¹%��� � �U¤A�%ã#½�� � Ô ·má ÓpÓ|Ô ·��t�%ã#�a�n�%� ¹_¢_� Ó � ä Ô � ÔmÓ �Rä¸�U�¸� ·m� � � ¹%¹a�Î¾âá
¹%¹�á�¨ � Ó ��� � ÔmÓ
�#�,+ ÔmÓpÔ ã��e¢_��� � �%ãº� � Ô � Ô � Ô ·m�pá Ó ¾ Ó á
ä8� � ÔiÓpÔ � ¹\ä � á ãSÕ
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øÛû � ¨ � Ô;Ó|Ô � � Ô ¨ Ô ��½ � �²ä¸�b� Ó �a�85eø94d·;á
ã)�n� �%ã#�
·má
ã)� Ó ��� � �p�%á
ã#�¼¾ Ó á
ä � � Ô ��� Ó ��¢ ¨X����� � � ã#� � ã#· Ô;Ó �n� �%ã)�p� Ô �Î� ��Ô �náçä � ¹a�n��¢#¹ Ô �|·U�b�|� ÔmÓ �%ã�½
� ã�� Ô ã Ô;Ó ½ �º¹%á �p� � �bã#�¼ö�� � ã#�¼ú7�Ë� ÓpÔ � � Ô ä Ô � � �#Ó|Ô �§¤b� ¹ �#Ô �tá ¾�� Ó � ·�åq¢ á
�|���p�%á
ãSÕ

: Õ<;¶��ã#�%ä,� $mÔ=/ 1)Õ ôt� ���e½ ��¤ Ô �Xã Ô ¨ ¤ �b¹ �#Ô �X¾âá Ó � � Ô � Ó � ·�åÀ¢_� Ó � ä Ô � Ô;Ó �mÕ
� Õ?> Ô ¢ Ô �b� � ã)�n��¹\�pá
ä Ô ·;á
ã)¤ Ô;Ó ½ Ô ã#· Ô · Ó ��� ÔmÓ ��á
ã¶���X�n�b�p�%� ¦ Ô �SÕ ôt� Ô ¢ Ó|Ô � Ô ã)��·má�� Ô � ÔmÓ ä,�%ã_��� Ô �

¨ � Ô ã � � ·;· Ô �p�|��¤ Ô ¤b� ¹ �#Ô �4á ¾Jä � á
ã ä¸á ä Ô ã�� � äª�#�,+ ÔmÓ �)� ¹ Ô �|�4� � � ã ��@A@ ; Ôjh ý � � �%�i�%�
� ã Ô ä¸¢�� Ó ��·U� ¹?ã � ä¥� Ô;Ó �#� � Ô � á ã � � Ô ¢ Ô;Ó ¾âá Ó ä¸� ã#· Ô á ¾X� � Ô ·;áA� Ô � � ã#� � �b�¥ã#á �p¢ Ô ·m�Ì� ¹
�|�%½
ã#� ¦ ·U�bã#· Ô Õ ôt� ����· � á �%· Ô �%�e� �CB ·m� Ô ã)���pá Ô ã�� �#Ó|Ô � � ����� � Ô ä,á
ä Ô ã)� � ä ä Ô � � �#ÓpÔ ä Ô ã)�
���t¹%�%ä,��� Ô �À�)�À� � Ô ¢ � �A�p�%·m� � ��Õ Ô ÕOä � ¹��n��¢#¹ Ô �p·;�b�p� Ô;Ó ��ã#½��J� ã��¶ã#áb�e�Î�|á ¾¿��¨R� ÓpÔ � Ó �p��¾Í� ·��UÕ
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ôt� Ô · ��Ó ¤b�b� ��ÓpÔ ¦ �t¢ Ô;Ó ¾âá Ó ä,�cb � � ¹����n�b�n�a¤ Ô ¹a�¸� �Já
ã Ô ¨
á � ¹�� Ô ��¢ Ô ·m� ý ¾ � ¹�¹��¸·;á
ã)���b�%ã Ô � � �%½ � ä,á %
ä Ô ã)� � ä Ô ¤ Ô ã)�n�¥� ÓpÔ ä Ô � � �#ÓpÔ �è� Ô �|� Ô;Ó � � � ã ¹%á!¨ Ô ã ÔmÓ ½ �Ïá ã Ô � � ¾âá Ó �º½
�a¤ Ô ãçä,á
ä Ô ã)� � ä � � Ô
ä Ô � � �#ÓpÔ ä Ô ã��R�%�
� Ô �p� ÔmÓ ¨ � Ô ãºä¸á ÓpÔ á ¾S� � Ô � Ó � ·�åÎ�%� � � Ô � � � ã#� Ô ¤ Ô ã)�n�J� � �b� Ô ���a�R� � Ô � Ô � Ô ·m�ná Ó� �U¤A�%ã#½d� Ó �U¤ Ô ¹%¹ Ô � � � Ó á � ½ � á
ã#¹a� �d�|äq� ¹�¹?ã � ä¥� ÔmÓ á ¾X¢#¹%� ã Ô �¥� ÓpÔ ã�á � � � Ô ¾ � ¹�¹��çä Ô � � ��ÓpÔ � �b�
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Chi2 / ndf =  83.35 / 59

Constant = 57.05 +- 2.665 

Mean     = 0.02562 +- 0.01055 

Sigma    = 0.3024 +- 0.009717 
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(oneoverp-1/pgen)*pgen {chifit<3}
Chi2 / ndf =   80.5 / 45

Constant = 124.4 +- 5.937 

Mean     = 0.03854 +- 0.008947 

Sigma    = 0.2551 +- 0.008349 
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(oneoverp-1/pgen)*pgen {chifit<3}
Chi2 / ndf =  114.9 / 37

Constant = 149.7 +- 7.462 

Mean     = 0.02363 +- 0.009622 

Sigma    = 0.2322 +- 0.008113 
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Chi2 / ndf =  144.1 / 43

Constant = 184.6 +- 11.67 

Mean     = 0.03834 +- 0.009444 

Sigma    = 0.2262 +- 0.01165 
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(oneoverp-1/pgen)*pgen {chifit<3}
Chi2 / ndf =  127.7 / 35

Constant = 303.1 +- 15.67 

Mean     = 0.02139 +- 0.007422 

Sigma    = 0.2179 +- 0.007988 
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Constant = 43.24 +- 2.179 

Mean     = 0.0194 +- 0.006941 

Sigma    = 0.1721 +- 0.005484 
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(oneoverp-1/pgen)*pgen {chifit<3&&npoints>100}
Chi2 / ndf =  82.75 / 56

Constant = 43.24 +- 2.179 

Mean     = 0.0194 +- 0.006941 

Sigma    = 0.1721 +- 0.005484 
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f ��½ �#ÓpÔ � Õ � Õ�× gh ÙÛÞjilk ß gh ÝjÞ�Ü
gh ÝjÞ�Ü ¾âá Ó : �nm�� � � Ö @ � ã#� �Toqpqr*s ä � á
ã#� � � ã�� �toupqr*s ä � á
ã#�¥¨ � �%· � ¢_� �|�ä,á Ó|Ô � � � ã Ö @A@ ¢#¹Ì� ã Ô �;Õ ôt� Ô �p·;� ¹ Ô �¼� ÓpÔ¸� ã Ó|Ô � �_�b�#¹��è�pä¸� ¹%¹6v�� � Ô >_;xwè¨X�%��� �Ó � ã#½ Ô �t¾ Ó á
äy @�z �b�a{ pur*s �ná§Ö�| z �b� �toapqr*s Õ

� ¹�¹~} ��ã,� � Ô ·U�b� Ô á ¾]Ö @ P Ôjh ä � á ã#� � � � Ô � Ó � ·�åqä � �|�X¢_�b�p�J� � Ó á � ½ � � � á � �4Ö @A@ ¢�¹Ì� ã Ô �J� Ô ¾âá Ó|Ô
� � � Ô ¾ � ¹_ä Ô � � �#ÓpÔ ä Ô ã��?áb¾ � � Ô ä¸á ä Ô ã�� � äÃ·;� ãÎ� Ô ä¸� � Ô Õ�- Ô � ¹%�|á4ã#á � Ô � � �b�O� � Ô ä � á
ã¼� Ó � ·�å
�%� � � ½ Ô ¹a�qá!¤ Ô;Ó �p� ä,¢#¹ Ô � % � Ô ¹ Ô ·��n��ã#½¥á
ã#¹a� Ô ¤ ÔmÓ � � � � ¢#¹%� ã Ô ��ãq� � Ô ¾Í� Ó � Ô � Ô ·m�pá Ó � � �J�«ä¸��ä¸��·Xá ¾
� � Ô ã Ô � Ó � Ô � Ô ·m�pá Ó ½ Ô á
ä Ô � Ó �C�4äq� å Ô �Dã#áµ�p�%½ ã#� ¦ ·;� ã)�D�#��+ Ô;Ó|Ô ã#· Ô �pá¶� � Ô ¢ Ô;Ó ¾âá Ó ä¸� ã#· Ô áb¾R� � Ô¦ � � �p�!¤ Ô � � �b���a� Óp� ã#�e¾Í� �|� Ô;Ó ¨X��� � �¸�|äq� ¹�¹ ÔmÓ äq�b� Ó �ü�À�ná¸�%ã)¤ ÔmÓ ����»j���%�e·;¹ Ô � Ó � � �b��� � Ô �bä¸á � ã��
á ¾
¹%��½ � ��¢ Ó á�� � · Ô �ç�)� �ºä � á
ã ��ãd� � Ô �p·m�%ã)�n��¹%¹%�b�ná Ó ¨X�%¹�¹ � �U¤ Ô ã�á Ô + Ô ·m�Dá
ãÏ� � Ô · �#Ó ¤b�b� �#ÓpÔ ¦ �
� ã#¹ Ô �|�J� � Ô ¹��%½ � �J� Ó á
¢#�
�ná¼� � · � �¥¹�á�¨ ¹ Ô ¤ Ô ¹/� � �b�tá � � Ô;Ó ¢ � �A�|�%·;�Xä Ô � � �#ÓpÔ ä Ô ã)�n� � �U¤ Ô � ¹ ÓpÔ � ���
� Ô ·;á ä Ô �%ä,¢Fá
�p�|�%�#¹ Ô Õ���ã Ô ·;á � ¹%� �%ä¸� ½
��ã Ô ¹�á
�p��ã#½ � � ¹a¾�� � Ô ¢ á �%ã)�n�¼á Ó ä,á ÓpÔ ���Îã#áè·má
�|�Î¾âá Ó
� Ó � ·�å���áb¾L� ÓpÔ � �pá ã_� �#¹ Ô ¹ Ô ã�½ � � Õ

f �%½ �#ÓpÔ � Õ � � � á!¨X�R� � Ô�ÓpÔ ·;á
ã#��� Ó|� ·m� Ô ���Ø ¾âá Ó ä � á
ã#�?¨X��� � ¤b� Ó �%á � �]ä,á
ä Ô ã)����Õ�- Ô � Ô;Ô � � �b�
á �#Ó : P Ôjh ä � á
ã���� ÓpÔ ä Ô � � �#Ó|Ô �ç�ná¶� � á � �����A� � �bã#�è� � �b�i� � Ô ä Ô � � �#ÓpÔ ä Ô ã���½ Ô �n�D� Ô �p� ÔmÓ
¨X��� � ��ã#· Ó|Ô � �|�%ã#½µä,á
ä Ô ã)� � äµÕ ôt� Ô � Ô �«áb¾�Ö � P Ôjh ä � á
ã��D¨X�a� � ä¸á Ó|Ô � � � ã Ö @A@ �_�b�n� ¢Fá
�%ã)�n�
� Ó|Ô å�ã#á!¨Xãº�ná �t� � � � ã#�¸� � Ô ¾ � ¹%¹��¥á Ó � ¹�ä¸á �|� % ¾ � ¹%¹a�¥·má
ã)��� ��ã Ô �dÖ � P ÔjhËÔ ¤ Ô ã)�n�t�ná¥� � á � � � & �§Õ
w � á!¨Xãè�%ã ¦ ½ ��ÓpÔ � Õn µ����� � ÔÎÓ|Ô ·;á ã#�|� Óp� ·�� Ô �èä¸á ä Ô ã�� � ä ¾âá Ó á �#Óq� �#��+ Ô;Ó|Ô ã)�Dä � á
ã Ô ã Ô;Ó ½
� Ô �
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f �%½ �#Ó|Ô � Õn �Õa× gh ÙÛÞjijk ß gh Ý�Þ%Ü
gh Ý�Þ%Ü � �X�Î¾ � ã#·m�p�%á
ã§á ¾�ã � ä¥� Ô;Ó á ¾�¢#¹Ì� ã Ô �t�%ãº� � ÔiÔ ¤ Ô ã)�UÕ

¢#¹�á �p� Ô �d�b½)� �%ã��|�e�%ã#· ÓpÔ � �p��ã#½¸ã � ä«� ÔmÓ á ¾L¢#¹Ì� ã Ô �e�%ã¶� � ÔDÔ ¤ Ô ã)�UÕa- Ô � Ô;Ô � � ����� ã)� Ô ¤ Ô ã)��¨ � ��· �
�%�tä Ô �b� �#Ó|Ô �µá�¤ Ô;Ó ¹ Ô �p�t� � �bã§� � Ô ¦ Ó ���X� � � Ó �§á ¾����n�t¹ Ô ã#½b� � �%� Ô �p� Ô ã)�n�Ì�b¹%¹�� � ã#å�ã#á!¨XãSÕ

f �%½ �#ÓpÔ � � Õ : �bã#� � Õ � � � á!¨ � � Ô �|� ÓpÔ �p· � ¾ � ã#·��n�%á ã gh ÙÛÞjilk ß gh ÝjÞ�Ü� gh
� ã��²� � Ô�/�1 ¾ Ó á
ä³� � Ô ¦ ��¾âá Ó

� � Ô �#��+ Ô;Ó|Ô ã)�tä � á
ãÀä,á
ä Ô ã)����Õ�»j¾Z� � Ô ������� Ô ä �%�]¨ Ô ¹%¹ ä¸áA� Ô ¹�¹ Ô �¸�)�,� � Ô�Ó|Ô ·má
ã#�|� Óp� ·��n��á
ãº·;áA� Ô �
¨ ÔºÔt� ¢ Ô ·m� gh ÙÛÞlijk ß gh ÝjÞ�Ü� gh

�ná²� Ô �²½
� � �p�|�Ì� ã ¨X�a� � ¨X����� � Ö§� ã��sä Ô � ã @ � � ã#� ¨ ÔºÔt� ¢ Ô ·�� / 1º�pá� �U¤ Ô ä Ô � ã²Ö ÕO- Ô � ÔmÔ � � �b�]� � Ô �|� ÓpÔ �p· � ¾ � ã#·��n��á
ãq�#á Ô �]¹%áAá
å¥¹��%å Ô � � �%� � � ¹�� � á � ½ � ��� � �b�R�D¹%á
ã#½
ã Ô ½)�b�n�a¤ Ô �n� �%¹�} � � Ô � Ô � Ó|Ô�Ô ¤ Ô ã)�n�X¨ � ��· � � ã#� ÔmÓ ½
á¼ä � ¹��n��¢#¹ Ô �|·U�b�|� Ô;Ó �%ã#½Î�bã#� ¦ �J�pá¼�¥�|� Ó � ��½ � � Ô;Ó
� Ó � ·�å¼� � �bã¸¨
á � ¹%�¸� Ô�Ôt� ¢ Ô ·m� Ô �q¾ Ó á
ä � � Ô � Ó ä,á
ä Ô ã)��� � � ã#�¸�páD� � Ô�Ô;ÓpÓ á Ó ·U� ¹�· � ¹%�b�n��á
ã � � Ô �
� � Ô
� ¨ Ó á
ã#½C��½ Ô á
ä Ô � Ó � � � ã#�À·;� ¹%· � ¹Ì�b� Ô �]�náAá«�pä¸� ¹�¹ �bã Ô;ÓpÓ á Ó Õ�»j¾'���J��� Ô ¤ ÔmÓ � Ô �|� ÓpÔ �À�ná � � Ô � � Ô�Ô;Ó|Ó á Ó
ÓpÔ ¢ á Ó � Ô �²�)�º� � Ô ¦ ���%ã§�|á
ä Ô ·;� ¹%· � ¹Ì�b�p�%á
ã � � � ���Xä � �|�e� Ô ·má ÓpÓ|Ô ·�� Ô �¶¾âá Ó Õ ôt� Ô�/�1 �#�%��� Ó ��� � �p�%á
ã
�%�X��ã#� Ô;Ô �²· Ô ã)� ÔmÓpÔ �Ïá ãd� �Fá � �DÖ � � ã#� � � ���,¹�á!¨ ��� ��¹�ÕV��ã Ô�� �bä¸��ã#�%ã#½¼� � Ô ¢�¹%á �eá ¾ /�1 � ½)� ��ã#�|�
ã � ä¥� Ô;Ó á ¾t¢#¹%� ã Ô � � �a��·;� ã � Ô � Ô;Ô ãè� � �b��� � Ô¸Ô ¤ Ô ã)�n�«� � �b��¹ Ô �!¤ Ô � � Ô � Ô � Ô ·m�ná Ó b � �%·�å�¹a� � �!¤ Ô
�Ï¹%á!¨ /�1 Õ ôt� ���¼�%�¼� ��Ô �pá � � Ô ¢ á �p���p�%á
ã � Ô �%ã#½�b � � ã)�n��� Ô � �%ã)�pá : Õ�Öµ·;ä ¨X�%� Ô �#��ã#� � �pá � � Ô
�|� Ó � ��½ � �n��� � ¢_� Ó ��áb¾�� � Ô � Ó � ·�å§���e� � Ô � Ô ½
�%ã#ã��%ã#½Î� ·�� � �b¹%¹��q·;á
ã��p�%���n�eá ¾Lä¸� ã)�º¢Fá
�%ã)�p�J¨X��� � � � Ô
�n�bä Ô ödá Ó úÀ·;áAá Ó �#��ã_�b� Ô �)Ó ��� � ÔmÓ � � � ãÎ� � Ô ½)� � �p�|�Ì� ã,�p¢ Ó|Ô � �,� � ���?�%� � Ô�� ¢ Ô ·m� Ô ���A���¼� � Ô ä¸áA� Ô ¹�Õ
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(oneoverp-1/pgen)/doneoverp {chifit<3}
Chi2 / ndf =  158.6 / 43

Constant =  85.5 +-  3.88 

Mean     = 0.1203 +- 0.03542 

Sigma    = 0.9258 +- 0.02531 
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Mean     = 0.117 +- 0.03917 
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(oneoverp-1/pgen)/doneoverp {chifit<3}
Chi2 / ndf =  140.7 / 32

Constant = 97.74 +- 4.984 

Mean     = 0.117 +- 0.03917 

Sigma    = 1.002 +- 0.03852 
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Constant = 68.28 +- 3.114 

Mean     = -0.04712 +- 0.05231 

Sigma    =  1.14 +- 0.03264 

(oneoverp-1/pgen)/doneoverp {chifit<3}
Chi2 / ndf =  129.2 / 41

Constant = 68.28 +- 3.114 

Mean     = -0.04712 +- 0.05231 

Sigma    =  1.14 +- 0.03264 
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Sigma    = 1.135 +- 0.02871 

(oneoverp-1/pgen)/doneoverp {chifit<3}
Chi2 / ndf =  99.23 / 37

Constant = 69.92 +- 3.024 

Mean     = -0.002495 +- 0.04555 

Sigma    = 1.135 +- 0.02871 
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Chi2 / ndf =  100.1 / 45

Constant = 60.79 +- 2.869 
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Sigma    = 1.259 +- 0.04012 

(oneoverp-1/pgen)/doneoverp {chifit<3}
Chi2 / ndf =  100.1 / 45

Constant = 60.79 +- 2.869 

Mean     = 0.05946 +- 0.0578 

Sigma    = 1.259 +- 0.04012 

f �%½ �#ÓpÔ � Õ : Õa× gh ÙÛÞjilk ß gh ÝjÞ�Ü� gh
¾âá Ó : �!m�� � � Ö @ � Ö � P Ôjh ä � á ã#�
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f ��½ �#ÓpÔ � Õ � Õ�× /�1 ¾ Ó á
ä · �#Ó ¤b�b� �#ÓpÔ ¦ �n���pá : �nm�� � � Ö @ � Ö � P Ôjh ä � á ã#� � �bã#� /�1 ¤��Oã � ä«� ÔmÓ á ¾F¢#¹%� ã Ô �¾âá Ó Ö � P Ôjh ä � á
ã#�mÕ
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f �%½ ��ÓpÔ � Õ m Õa×�&�� ÓpÔ ·��n��á
ã_� ¹ Ó|Ô �|á
¹ � �p�%á
ãºáb¾ ¦ �;Õ
DFE6GHE�GHE KMLON#PRQ.STLVUWLVXZY0[V\]U^Q�[_X^�=�6STL���Y���[=X

� ä Ô �b� �#Ó|Ô ä Ô ã)��áb¾#� � Ô �%ã#�a�n�%� ¹
�#� ÓpÔ ·��n��á
ã�áb¾#� � Ô ä � á
ã��%�Z¢ Ó á!¤A�%� Ô ��¾âá Ó ¾ Ó|Ô;Ô ¨X�a� � � � Ô · �#Ó ¤ ��� �#Ó|Ô¦ �;Õ ôt� �%�Dä Ô � � �#ÓpÔ ä Ô ã�� � ¦ ½ �#ÓpÔ � Õ m �4á ¾
� � Ô �p¹�á
¢ Ô �b�D� � Ô ¤ Ô;Ó � Ôt� � � ���§½)� � �|�p�Ì�bãè¨X�%��� � á ¾
� �Fá � �q���~� � Õ ôt� Ô � Ô ¢#¹�á �n�D� Ó|Ô ¾âá Ó ä � á ã#� � ã#á ���.����� Ô ¤ Ô ã)�n� � �páµ�%ãÏ� � Ô¸Ó|Ô � ¹O�#�b���À� � Ô;ÓpÔ �%�
�¸¹����|�n¹ Ô4Ô�� � Ó � � ã#· Ô;Ó �n� �%ã)���µ� �#Ô �ná,� � Ô ¢ Ó á¡  Ô ·m�p�%á
ã¶á ¾�� � Ô ä � á
ã¶� Ó � ·�å§�_� ·�å§��ã��pá,� � Ô � � á!¨ ÔmÓ
ÓpÔ ½
�%á ã � � � �X� � Ô � ã#½ � ¹%� ÓJÓ|Ô �pá ¹ � �p�%á
ã§� · � � Ô ¤b� ��¹ Ô �%�t���n��¹%¹/áb¾�á Ó � Ô;Ó �¼� Ô ½ ÓpÔmÔ Õ
DFE6GHE�¢HE £_[=Q.S¤�	LOP¥[V\xL¦S¡S�[cS
ôt� ÔmÓpÔ � ÓpÔ � Ô ¤ Ô;Ó � ¹ Ô + Ô ·m�p�e� � �b�eá
ã Ô ä,�%½ � �t� � �%ã#åq¨
á � ¹��¶��ã)� Ó áA� � · ÔiÔ;ÓpÓ á Ó �%ã)�náÎ� � �%�Xä Ô � � ��ÓpÔt%
ä Ô ã)�¤v#�|á
ä Ô á ¾\� � Ô � Ô � Ó|Ô � � á�¨Xãº�pá¼� Ô �|äq�b¹%¹ � � ã��ºá � � ÔmÓ � � ã�� Ô;Ó �|�náAáA�§� ã#�§� ·m·;á � ã)� Ô �§¾âá Ó ��ã
� � Ô ¦ �;Õ ôt� Ô �|� Ó|Ô �p· � ¾ � ã#·m�p�%á
ã gh ÙÛÞjijk ß gh ÝjÞ�Ü� gh

� � ���qä Ô � ã²áb¾?� �Fá � �<� Ô;Ó á � �bã#�Ï�¸½
� � �p�|�Ì� ã¶¨X�%��� �
á ¾/� �Fá � �XÖ � � ã#�¼� � Ô �#�%��� Ó ��� � �p�%á
ã¼á ¾ / 1����O· Ô ã�� ÓpÔ �q·;¹�á
� Ô �páÎÖ � �pái¨ Ô � Ó|Ô ·má
ã ¦ � Ô ã)�
� � �b�O� � Ô;Ó|Ô
� Ó|Ô ã�á,�|�%½
ã�� ¦ ·;� ã)�Xá � �n����� ã��#�%ã#½Î�|á �#Ó · Ô �eá ¾ Ô;ÓpÓ á Ó Õ
§8¨R©«ª¤¬j­®©!¯±°¤²A³Cª�ª�¯�´*¬jµC¶
; � ¹a�n��¢#¹ Ô �p·;�b�p� Ô;Ó ��ã#½À��ã�� Ó áA� � · Ô ��·má ÓpÓ|Ô ¹%�b� Ô � Ô;Ó|Ó á Ó �;Õ ôt� ��������� � Ô ¹Ì� Ó ½ Ô ��� Ô + Ô ·m��¾âá Ó ä � á ã#����ã
�d� Ô ã#� Ô ä Ô �#� � ä � � · � � �¼� Ó á
ãSÕ]�Rá
ã#�p��� Ô;Ó �%ã#½d� � Ô ½ Ô á
ä Ô � Ó � ��ã ¦ ½ �#Ó|Ô � Õ!|d� ã#� � �p��ã#½d� � Ô
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f �%½ �#Ó|Ô � Õ!|�Õa×�; � ¹a�n�%¢�¹ Ô �|·U�b�|� Ô;Ó �%ã#½Î��ãx;µ»�"=�uw Õ

½6¾ 1¿?À �
¿
ø3Á �

Â 1� ø ö 1 ø
� 
ÄÃçõ~Å�ù¤Æ¶ûUõüöFø�
0Ãèõ~Å�ù�Æ¶ûpû ��� Õ : �

½6¾RÇ<¾ ¿ À �
Ç
ø3Á �

Â 1� ø ö 1 ø
� 
 öFø

È õ�Ãèõ�Å�ù¤Édû	
ÄÃçõ~Å�ù¤Æ¶û|û	
0Ãèõ~Å�ù¤Édû�Ãèõ~Ånù¤Æ¶û ��� Õ � �
ÊaË Ô;Ó|Ô Ãèõ�Å�ù¤Édû_Ì�Í?Î Ë Ô�Ï Ì�ÍÐÎ$Ñ ã7Ò Ô Ñ�Ó%á ã7ÔÕÎ Ë Ô�Ö Ñ¡Î Ë á�×OÎ Ë Ô ä�Ø#á
ãÙ× Ó á
ä Ö ÓjÑ ã Ô Å_Îná Ö ÓlÑ ã Ô É Õ

Ú ÔmÓpÔ Î Ë Ô ><;·wºä�Ø7Ó,Î$Ì Ö Ó Ô ÍÐÒ¤ÑÛÎÐÎ ÔmÓ Ì%ãCÔÕÑbã7ÔAÓ Ô × Ó á
äMÎ Ë Ôq¸ Ñ Ó Î$Ì�Ò�Ó Ô &_ÑÛÎ�Ñ¹ºRáAá
åÜÌ�Í Â ��Ý Ñ ã Ï
Â � øÞ� �

� � �Ø�ß õ ��à�áA� öZû�Å�ö
Â � ��� Õ m �

Ê Ì�Î Ë ö0Î Ë Ô=Ï Ì�ÍÐÎ�Ñbã7Ò Ô ÑÛÓ%á
ã7ÔqÎ Ë Ô Î Ó ÑÛÒ�å(Îpá�Î Ë Ô ÅâÎ Ë Ö ÓjÑ ã Ô Õ��cÑ ÓpÔ ä�Ø7ÍÐÎVã Ô Î$Ñ å Ô ã»Îná Ô ã7ÍâØ Ó|Ô Î Ë Ñ¡Î
Î Ë Ô ÔAÑ Ö ã Ô Î Ê ÔmÔ ãxÎ Ë Ô ÍâØ ÖFÔ;Ó ä¸á Ï Ø7Ó Ô Í.ÌjÍ Ö�Ó á ÖFÔ;Ó Ó�ä»ÑÛÒ�Ò;á�Ø#ã�Î Ô�Ï ×âá Ó Õ

f á Ó ä�Ø#á
ã7Í?Ì%ãÙ;Ùå�"_�uw Ý Î Ë ÔDÔt�æÖFÔ ÒTÎ Ô�Ï ><;·w Ï#ÔTç ÌlÑ¡Î$Ì%á ã Ï Ø Ô Îpá¸ä�ØCÓ�Î$Ì Ö Ó Ô ÍâÒ¤Ñ¡ÎâÎ ÔmÓ Ì�ã7Ô(× Ó á
ä
Î Ë Ô�Ö ÑÛÎ Ë Î Ë Ñ¡Î<Î Ë Ô ä�Ø#á ã Ê á�Ø7Ó Ï Ë Ñ ç Ô ×âáAÓ�Ó%á Ê ÔTÏ Ì�ãÙÎ Ë Ô Ñ�ã7Í Ô ã7Ò Ô á�×ZÍâÒ�ÑÛÎâÎ Ô;Ó Ì%ã7Ôè×âá Ó Ñqã�Ø#ä�ã ÔmÓ
á�× Ô ã Ô;Ó ÔAÌ Ô ÍVÌ�Í�Í Ë á Ê ã»Ì%ã(é�ÔAØ Ó|Ô � Õ � Õ�"�á�Î Ô Î Ë ÑÛÎ¦Î Ë Ô<ç Ñ�Ó�Ø Ô Í#×âá Ó�Ö á�Ì%ã�Î$Í#Ò�Ó�áAÍ Ô ÎnáqÎ Ë ÔeÔ ã Ï á�×�Î Ë Ô
Î Ó Ñ�Ò�å0Ñ ÓpÔ Ø#ã Ï�Ô;ÓpÔ ÍÐÎâÌ%äÕÑÛÎ ÔTÏ } ã#áÙÑ�ÒTÒ;áAØ#ã�Î�ÌjÍuÎ�Ñ å Ô ã áÛ×cÎ Ë Ô(Ï#ÔTÖ Ñ Ó ÎâØ ÓpÔ × Ó á
ä ä(Ì Öê% ã Ô ÍâÍqÑÛÎ�Ó%á Ê
Ô ã Ô;Ó Ô�Ì Ô ÍmÕ � ô Ë Ô äÕÌ�ã7Ì%ä�Ø�äyÌ%á ã7Ìj�TÌ%ã7Ô Ö áAÌ%ã�ÎeáæÒTÒ�Ø Ó Í<×âá Ó ä,á
ä Ô ã�Î$Ø#ä á�×�á ÓâÏ�Ô;Ó  ¹Î$Ì�ä Ô ÍaÎ Ë Ô«Ó|Ô Í*Î
äÕÑ�ÍâÍmÕx- Ë Ô ã8Î Ë Ô ä�Ø�á
ã Ô ã Ô;Ó ÔÛä Ï#Ó á Ö Í�ã Ô Ó�á Ê Ñ�ã á�ØCÎ ��@�@ ; Ôìë Ý Ô ã ÔmÓ Ô�äÄÓ%á�ÍâÍíÑ ã Ï ä�Ø7Ó,Î$Ì Ö Ó Ô
ÍâÒ�ÑÛÎâÎ Ô;Ó Ì%ã7Ô·ã Ô Òmá
ä Ô ÓlÑ Ó Ô Ô Õ9�îå�ã]Î Ë ÔqÓpÔ Òmá
ã7Í*Î Ó ØCÒTÎ$Ì�á
ãïÒ;á Ï#Ô Ý ã#áðÑÛÎÐÎ Ô ã�ÎâÌ%á
ã]ÌjÍ Ö Ñ�Ì Ï ÎnáxÎ Ë ÔÀÔ ã Ï
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f Ì�ÔAØ ÓpÔ � Õ � Õ�×�><;·w Ï#ÔTç ÌlÑ¡Î$Ì%á ãñ× Ó á
ä Ö#Ó á¡  Ô ÒtÎ ÔTÏ Î Ó Ñ�Ò�å Ö áAÍâÌ,Î$Ì%á ãñÑÛÎ#òOÎ Ë Ö ÓlÑ ã ÔHÏ Ø Ô Îná,ä�Ø7Ó�ÎâÌ Ö Ó Ô
ÍÐÒ¤ÑÛÎÐÎ ÔmÓ Ì%ãCÔ#Õ

á�×�Î Ë Ô Î Ó Ñ�Ò�å Ý ÑÛÍ±Î Ë Ô;Ó|Ô Ì�Í Ô ÍâÍ Ô ã�Î$ÌjÑ�ÓjÓ,ä ã#áóÌ�ãC×âá Ó äèÑÛÎâÌ%á
ã Ý Ñbã ÏôÖ á�Î Ô ã�Î$ÌlÑÛÓjÓ�ä ä�Ø7Ò Ë Ò;á
ãC×õØCÍâÌ%á ã
Ò;á ã�Î$Ñ�Ì%ã Ô�Ï Ì%ã»Ì�ÎaÌ,×ÞÎ Ë Ô Ê Ô ÌjÔ Ë ÎeäÕÑÛÎ Ó Ì � ÌjÍ|ã��«Îab�Ø7Ì,Î ÔiÓ Ì�Ô Ë ÎUÕ
ö ª�´Ð¬�­�°¡¬!÷A¯
ô Ë Ô ;±å�"=�uw Ï#Ô Î Ô ÒtÎná Ó Í�Ò;á ã�Î$Ñ�Ì%ã Ö ÓlÑÛÍÐÎ$Ì�Ò¦ÍÐÒ�Ì�ã�ÎâÌjÓ�ÓlÑÛÎpá Ó ÍÐÎ Ó Ì Ö Í�á�× Ê Ì Ï Î Ë : ÕaÖVÒ;äµÕ ô Ë Ô Ø#ã7Ò Ô;Ó Î$Ñ�Ì%ã�ÎJä
Ì%ã»Î Ë Ô ä Ô Ñ�ÍâØ ÓpÔ ä Ô ã�Îeá�× Ö áAÍâÌ,Î$Ì%á ã Ï Ø Ô Îná�Î Ë ÌjÍ Ê Ì Ï Î Ë ÌjÍ Ó|Ô�Ö#Ó|Ô Í Ô ã�Î ÔTÏ Ì%ãÜÎ Ë Ô é7Îaã�äñÑíÔ�Ñ�Ø7ÍÐÍâÌlÑbã
Ê Ì�Î Ë]ø �M{A� � áAù �tÈ Ò;äµÕè�4ã Ô ä(ÌjÔ Ë Î Ê á Ó|Ó ä·Î Ë ÑÛÎuÎ Ë Ì�Í Ê ÌjÓjÓ�Î Ô ã Ï Îpá Ö ØCÓjÓOÎ Ë Ô¸Ó|Ô Òmá
ã7ÍÐÎ Ó Ø7ÒtÎ ÔTÏ
Î Ó Ñ�Ò�åñÎná Ê Ñ ÓâÏ Î Ë Ô Ò Ô ã�Î ÓpÔ á�×ZÎ Ë Ô Í*Î Ó Ì Ö Í Ý Ñ ã Ï Î Ë ØCÍHÌ%ã�Î Ó á Ï ØCÒ Ô«Ô�� Î Ó Ñ ÔmÓpÓ á Ó Ý Ñ ã ÏðÖ áAÍâÍÐÌjã7Ó Ô ÍÐäêÍ %
Î Ô äèÑ¡Î$ÌjÒ Ô + Ô ÒTÎâÍ Ý Ë á Ê Ôtç
Ô;Ó Î Ë Ì�ÍaÎâØ Ó ãCÍ�áAØæÎ�ã�á�ÎaÎná(ã Ô ÍâÌ�Ô
ã7Ì�é7Ò¤Ñ ã�ÎUÕVw Ë á Ê ã·Ì�ã»é�ÔAØ Ó|Ô � Õ!ú¹ÌjÍ.Î Ë Ô
ÓpÔ Ò;á
ãCÍÐÎ Ó Ø7ÒTÎ Ô�Ï ä,á
ä Ô ã�Î$Ø#ä�×âá Ó Ñ�Í Ô ÎRáÛ×\ä�Ø#á
ã Ï ÑÛÎ$ÑqãCÌ%ã#ã ÔTÏ Ì�ã�Îpá�ÍÐÒ�Ì�ã�ÎâÌjÓ�ÓlÑÛÎpá Ó ÍÐÎ Ó Ì Ö Í Ý Ñ ã Ï Î Ë ÑÛÎ
Í$Ñbä ÔuÏ ÑÛÎ$Ñ Ê Ì,Î Ë Ñ(ÔAÑ�Ø7ÍâÍÐÌlÑ ã Ô;Ó|Ó á Ó á�× ø �W{�� � á ù �TÈ Ò;ä á
ãñÎ Ë Ô Î Ó Ø ÔqÖ áAÍÐÌ�ÎâÌ%á
ã7ÍmÕZ- Ô Í ÔmÔ Î Ë ÑÛÎ
Î Ë Ô;ÓpÔ ÌjÍ¥ã#á²ã Ô;ÔTÏ Îpá Ê á ÓpÓ äïÑ�ãFáAØCÎ�Ñ ã�ä Ô + Ô ÒTÎ$Í Ï Ø Ô Îná·Î Ë ÔÀÓ|Ô Ñ�Ó Ô;ÓpÓ á Ó ã Ô Ì�ã7ÔðÑ Ó|Ô ÒtÎ�Ñ ã7Ô�Ø7ÓlÑ Ó
Ï Ì�ÍÐÎ Ó Ìjã7ØæÎ$Ì%á ã Ó ÑÛÎ Ë Ô;Ó Î Ë ÑbãÜÑuÔ�Ñ�Ø7ÍÐÍâÌlÑbãê}ûÎ Ë ÔXÔ + Ô ÒTÎVÌjÍ�ÑuÍpäÕÑ�ÓjÓ#á ã Ô Õ�w�á ä ÔXÔ + Ô ÒtÎVÌ�Í#Í Ô;Ô ãè×âá Ó Î Ë Ô
Í Ë á Ó Î Ý ÍÐÎ Ó Ñ�Ì�Ô Ë Î�Î Ó Ñ�Ò�å�Í�Ò¤Ñ�Ø7Í Ô�Ï ã�ä Ë Ì�Ô Ë ä,á
ä Ô ã�Î$Ø#ä ä�Ø#á
ã7Í�ã Ô Ñ Ó Î Ë ÔqÔ ã Ï á�×VÎ Ë ÔÕÏ#Ô Î Ô ÒTÎpá Ó Ý
ã7ØCÎaÎ Ë Ô Í Ô�Ôtç
Ô ã�ÎâÍ_Ñ Ó|Ô ÓjÌ%å Ô Ó,äÕÎpá(×�Ñ�Ó�Ó/áAØæÎ$ÍâÌ Ï#Ô Î Ë Ô é Ï Ø7Ò�ÌjÑ�Ó ç á�ÓjØ#ä Ô Õ
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Binned into strips
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Gaussian Blur
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Error on position due to Multiple Scattering and Vavilov distribution for  4.000000 GeV muon
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