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�¡ -¢���£¥¤§¦¨£L©;ª!«�¬�­��®£�¯¡°3£�±' T�L£?¢�¤C²´³µ²¶°h°�²´±'²¶¤§·K�|�¨¸¡£7�¹¢¨¸´¤¹²´³-³�¸»º¼¤§¸p�L£�².�'·¨±'£¥¤§¦¨£¥¤§¸´¤§²´³½ ²´¸�¢¿¾�·¡¯ÁÀn¤§¦¨£?�?¸��L°¨·¨¤§£7�ÃÂnÄ�ºj �³-³tÅ3£Æ¢¨¸�±��L²´³- �Ç�£7�¿¤'¸È²É±'£�Ê_£�±'£?¢K��£?�C¦�²´¢h¢¨£�³ËÀÌºj¦h ��C¦Í ��·K��·�²´³-³�Î=�C¦h¸���£�¢Ï �¢���·K�C¦¿²ÐºÑ²vÎÒ¤'¦�²¶¤Ó²¶¤¹³-£�².��¤Ô°�²´±S¤Ó¸´ÊQ��Î���¤'£��L²¶¤§ T�®·h¢���£�±S¤C²´ �¢�¤§ -£7����²´¢K�?£�³ -¢Õ¤'¦h£[±§²¶¤' -¸ ��Ö ¸�±j×Ø£8�¶Ù�¤§¦h£w��¸���¤���¤'±§²´ �Ú�¦�¤'Ê_¸�±Sºn²¶±��p�C¦h¸� T��£¹ ��n¤§¦¨£��h£7�v²vÎp�C¦�²´¢¨¢h£�³#Û�Ü�ÝÞ Ü�ß�àAá � ×[£�� � �ãâ ¦h£[ä]·�²´¢�¤' �¤=ÎJ¤'¸LÅ3£|�L£�².�'·¨±'£��Æ ��t¤'¦h£�¢Aåæ �èçtéëê+ì5í �Cî � é ê+ì�í ��ïñð � Û Þ �¶Ù � çné¥òÃçté ê+ì5í �Cî � é¥ò î � é ê+ì5í �ð � Û Þ � � �������»ó �
â ¦h£�×[£��[².�L°¨³- �¤'·K�h£n �¢K��³�·K�h£7��±'².�h -²¶¤§ �ô�£!��¸´Ê+¤�°h¦h¸´¤'¸�¢K��À�ºj¦h¸.�'£;°h±'£7�'£�¢���£´À¨².�«�h ��N��·K�N�'£7� -¢7õÑ¦�²¶°¨¤ �Ìö Àh¦h².�jÅÁ£?£�¢7².���?¸�·h¢�¤§£7�7Ê_¸�±t �¢Ð¤'¦h£¹²´¢�²´³�Î��' �� �÷ ¢Ò¤'¦h£LÊ_¸�³�³-¸»ºj -¢¨Ú}�C¦�²´°¨¤'£�±��Ô �¤[ºj -³�³µÅÁ£��h T����·����'£7�È¦h¸»ºy£�¯¡°3£�±� ���£�¢�¤C²´³ãä]·�²´¢�¤' �¤§ �£�� � ²J��ø��£?°¨¤C²¶¢K��£7��À�¤§±� -Ú�Ú�£?±t£?ù��� �£�¢K�? -£7��À�Å�².� ½ Ú�±�¸�·h¢K� � �¥·���¤;ÅÁ£|�?¸�¢K�� ��h£?±'£��Æºj¦h -³�£s��¸.�L°h·¡¤§ -¢¨ÚLÄ �ú�ûèü�û=ý þ¼ÿ������Øÿ��	�	
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Ö ¸�±n¤§¦h£w�h£7�v²vÎÆ²´¢�²¶³�Î�Ç�£7�Aå Û Ü ÝWà á ����� � Þ Ü ��� � � ß � ����� � Ù � � � ������� ¬ �â ¦h£��®²¶¤'±' z¯J£?³-£���£�¢�¤j¦�²J�j¤'¦h£ØÊ_¸�±��"!1�¶¬$#Ëå
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>@? �� � � � 57 ���8� � Ù � �S�91 Ù : � � A � 1B� �C 14�C � Ù . < ��� � � # ï - . �/� � +ED . �������GF �ºj¦h£�±�£IH &  ��µ¤§¦¨£ Ö £�±N�L ���¸´¢K��¤§²´¢�¤vÀ Þ ¤§¦h£�£�³-£7�?¤'±'¸�¢��C¦�²´±'Ú´£´ÀKJ ì � ¤'¦h£;°h±'¸�°3£�±nõn×ML �L²ëø¤§±� �¯[£?³-£7�L£?¢]¤�À - . ¤'¦h£�°h¦h¸´¤'¸�¢Ó°3¸�³ ²¶±' -Ç�²¶¤§ �¸�¢!ô´£��?¤'¸�±�À 57 ²´¢K� < ¤§¦h£�¤§¦h£�¢h£?·¨¤§±� -¢h¸�²´¢K�Ô£�³-£7�?¤'±'¸�¢

�'°¨ -¢h¸�±N��À¨Ù � ¤§¦¨£'N  �±§².�4�®²¶¤'±' T��£��n²´¢K� Ö�� ¤§¦h£¹×Ø£8���L²¶¤§±� �¯®£�³�£���£�¢�¤vÀ¨ºj¦¨¸��'£¹°h±'£7�'£?¢K��£[ºj -³�³Å3£|�h ��N��·K�N�'£��� -¢Æ²¥ºj¦h -³�£ �
�»ö
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egfihkjKlnmporqts;u Ö £�Î¡¢��®²´¢?�h  ²¶Ú�±§².������¸�±�±'£7�'°3¸�¢K�h �¢hÚL¤'¸½�h iv £?±'£�¢�¤ ½  �¢K�K��¸´Êµ°h¦h¸¶¤§¸�¢7£��� ����� -¸�¢ �¢J¤§¦h£¹×Ø£8�ëÙ=�h£���²vÎ �
â ¦h£½�®²¶¤'±' z¯É£�³�£���£�¢�¤Ó T���L².�h£L¸´Ên¤=ºÌ¸ °�²´±S¤G�?Àl¤§¦h£xw�±��S¤ ±'£?°h±'£7�'£?¢]¤' -¢hÚ7¤§¦h£®× °¨¦h¸´¤§¸´¢£7�L T���� -¸�¢ ²´¢K� ²´³-³n¤'¦h£� �¢�¤§£�±N�L£7�h  ²ë¤§£Ð¦�².�h±�¸�¢h T���S¤C²¶¤'£��L¸´Ê!¤'¦h£±�h£7�v²vÎ�Ànºj¦¨ -³-£Õ¤'¦h£±��£���¸´¢K�±�£�°h±�£���£�¢�¤G� ¤§¦h£Õ°¨¦h¸´¤§¸´¢Ï£��� ����� -¸�¢ Å]Î ¤§¦h£}�C¦�²¶±'Ú�£7� ³�£�°¨¤'¸�¢ � ªn� ½ £?¤��C¦ ¸´Êj¤§¦¨£ Ö £�Î�¢K�®²¶¢�¨  ²´Ú�±'².���Ñ �����¦h¸»ºj¢7 �¢ywhÚ �j��� « �â ¦h£zw�±N��¤¹¤§£�±N�  ��[£�¯¡°h±�£��N�'£��È¤'¦h±'¸´·hÚ�¦É¤§¦h£�¦�².�h±�¸�¢h T� ¤'£�¢K��¸�±�� ) . � ²´¢K� 3 . � À��h£{w�¢¨£��²J��å
| . � ï~} � � �n� Þ �����,� à á ����� � �p� ! ) . �/� � � �=| � ��� � �/� � # � Û�� ��� � ò | ï ) � 3 �S��� � � �ºj¦h£?±'£¶å
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) �X�. ï � � 57 Ù . 7 1 5� Ù . � 1 5� Ù . � � C � �S��� ��� �â ¦h£Ø¤'£�¢K��¸�±�� ) . � £ 3 . � �'²¶¤§ T��Ê+Î�� ²´±N�Æ T�h£�¢�¤' �¤§ �£��?å

� . ) . � ï ? � � . 3 . � ï � �S��� �.� �ºj¦h T�C¦ÆÊ_¸´³-³-¸»º Ê_±'¸.��Ú�²´·¨Ú�£[ -¢�ô¶²´±' -²´¢K��£!¸´Ê#¤'¦h£Ø¤§¸´¤§²´³�².��°h³� �¤§·��h£´å
� . D . ï � �S��� �¶« �÷ ¢�¤§¦h£��'£��?¸�¢K� ¤'£�±N� ¸¶Ên£�ä]·�²ë¤§ -¸´¢ �S�´����F � ¤'¦h£��L²¶¤'±' �¯�£�³-£7�L£?¢�¤Ó¸´ÊÌ¤§¦h£��h£���²vÎ Û�Ü ÝÞ ÜAß�à�á � ×Ø£8� � ²´°¨°Á£�²´±��?å

? � ï � à á ��� � � � ) � ��� � �X� � � Û � ��� � ò �S��� � ö �â ¦h£��h£7�v²vÎ�².��°h³- �¤§·K�h£;�v²´¢�ÅÁ£ ±�£?ºj±' �¤'¤'£�¢� ��'¸´³ ²¶¤' -¢hÚ®¤'¦h£� -¢h¢h£?±ØÅh±'£7���N��¤'±§²´¦h³�·h¢hÚ � ÷ Â �²¶¢K� ¤§¦¨£±�h �±'£���¤J£7�L T���' �¸�¢ � N�� � ��¸´¢]¤'±' �Åh·¨¤§ �¸�¢K� �1â ¦h£ ÷ Â�¤§£�±N���?Ànºj¦h ��C¦ ±'£�°¨±'£���£�¢�¤Õ¤§¦¨£
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¤'¦h£��h£?Ú�±'£?£��µ¸´Ê3Ê_±'£?£��h¸�� ²´±'£Ñ¢h¸[³-¸�¢hÚ´£�±lä]·�²¶± ½ ��²´¢K� Ú�³-·¨¸�¢K��À´Åh·¨¤ã¦�².�¨±'¸�¢K�?À]².�)¤§¦¨£t±'£���·h³�¤)¸´Ê
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²¶°�²´±�¤ Ê_±'¸��ÓÒB­ � � � ®  �¢]ô¶²´±�  ²´¢���£´Àv¤'¦h ���³-²´Ú�±'²´¢hÚ� -²´¢!¦�²J�q²nÚ�³-¸�Åh²´³´ �¢]ô¶²´±�  ²´¢���£)·h¢��h£�±�ÒB­ �XÔMÕÖ� �¹× ¯ÒB­ �XÔMÕÖ� ��Ø ¯¤­ �S� �=Ù ¯½­ ��� �=Ú À3ºj¦¨£�±'£ Ô'ÕÛ� ï �® ��j¤§¦h£Ô¢]·K�¥Å3£�±;¸´Êj�L².����³-£��N�!ä]·�²´± ½ � �!â ¦¨£­ ��� ��Ù ô�£7�?¤§¸´±��SÎ�����£?¤'±�ÎJ T�n£�¯¨².��¤§³�Îc��¸´¢K�'£?±�ô�£7��£�ô�£�¢Ðºj �¤'¦Ð¢h¸�¢¡øËô´²¶¢h ���¦h -¢hÚÓä�·h²´± ½ �®².�N�'£7�²¶¢K�  ���°h³- �£��lÅh²´±�Î´¸�¢h ��t¢]·K�ÓÅÁ£?±j��¸�¢K��£�±Sô´²ë¤§ -¸´¢ �)â ¦h£à­ �S� �¹Ú ²ë¯¡  ²¶³K��Î����L£�¤§±�Î´À�¸�¢ ¤§¦h£j¸´¤'¦h£�±¦h²´¢K�AÀ# ��¹£�¯¡°h³- T�� �¤§³�Î�Åh±'¸ ½ £�¢È²¶¤Óä]·�²¶¢]¤'·K�H³-£�ô�£�³�Å�ÎÉ¤§¦h£®²´ÅÁ£?³- -²´¢�²´¢h¸��L²´³�Î0!9� � #n²¶¢K�Ò¤'¦�·���¨¸¡£7�;¢¨¸´¤���¸�±�±'£7�'°3¸�¢K�Ð¤§¸L²´¢�Î}��¸�¢��'£�±Sô�£7� ä]·�²´¢�¤§ �¤=Î �â ¦h£�Ú�±�¸�·h° % ï Ò9­ � � �=× ¯¤ÒB­ � � �=Ø � �C¦h -±'²´³ç�SÎ,����£?¤§±SÎ � ±�£?Ê_£?±��[¤§¸Õ¤§¦h£ ¤§±'²´¢K�SÊ_¸�±��L²ëø¤' -¸�¢���å
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Drift chamber 1

Anti counter 6
Drift chamber 2

Magnet

Drift chamber 3

Helium tank

Anti counter 7
Drift chamber 4

Hodoscope

Liquid krypton calorimeter
Hadron calorimeter

Muon veto sytem
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V = 1 kV in 1 cm∆

mµ

 Micromegas Time Projection Chambers

 
 

 
 

micromegas-type amplification stage
1t 2t+ = cst

Micromegas

Strips (PA)

cm4 cm3 cm4

6
cm

.835 mm pitch

-HT

  50 µm

Mesh

Strip

5$5$5$5$5$5$5$5$5$5$5$5$5$55$5$5$5$5$5$5$5$5$5$5$5$5$55$5$5$5$5$5$5$5$5$5$5$5$5$55$5$5$5$5$5$5$5$5$5$5$5$5$55$5$5$5$5$5$5$5$5$5$5$5$5$55$5$5$5$5$5$5$5$5$5$5$5$5$55$5$5$5$5$5$5$5$5$5$5$5$5$55$5$5$5$5$5$5$5$5$5$5$5$5$55$5$5$5$5$5$5$5$5$5$5$5$5$55$5$5$5$5$5$5$5$5$5$5$5$5$55$5$5$5$5$5$5$5$5$5$5$5$5$55$5$5$5$5$5$5$5$5$5$5$5$5$55$5$5$5$5$5$5$5$5$5$5$5$5$55$5$5$5$5$5$5$5$5$5$5$5$5$5
6$6$6$6$6$6$6$6$6$6$6$6$6$66$6$6$6$6$6$6$6$6$6$6$6$6$66$6$6$6$6$6$6$6$6$6$6$6$6$66$6$6$6$6$6$6$6$6$6$6$6$6$66$6$6$6$6$6$6$6$6$6$6$6$6$66$6$6$6$6$6$6$6$6$6$6$6$6$66$6$6$6$6$6$6$6$6$6$6$6$6$66$6$6$6$6$6$6$6$6$6$6$6$6$66$6$6$6$6$6$6$6$6$6$6$6$6$66$6$6$6$6$6$6$6$6$6$6$6$6$66$6$6$6$6$6$6$6$6$6$6$6$6$66$6$6$6$6$6$6$6$6$6$6$6$6$66$6$6$6$6$6$6$6$6$6$6$6$6$66$6$6$6$6$6$6$6$6$6$6$6$6$6

m  50

beam

mesh

)(60 to 70 kV/cm

e-

2

78

t

4 cm9$9$9$9$9$9$9$9$9$9$99$9$9$9$9$9$9$9$9$9$9:$:$:$:$:$:$:$:$:$:$::$:$:$:$:$:$:$:$:$:$:;$;$;$;$;$;$;$;$;$;$;;$;$;$;$;$;$;$;$;$;$;<$<$<$<$<$<$<$<$<$<$<<$<$<$<$<$<$<$<$<$<$<=$=$=$=$=$=$=$=$=$=$==$=$=$=$=$=$=$=$=$=$=>$>$>$>$>$>$>$>$>$>$>>$>$>$>$>$>$>$>$>$>$>?$?$?$?$?$?$?$?$?$?$??$?$?$?$?$?$?$?$?$?$?@$@$@$@$@$@$@$@$@$@$@@$@$@$@$@$@$@$@$@$@$@
A$A$A$A$A$A$A$A$A$A$A$A$A$AA$A$A$A$A$A$A$A$A$A$A$A$A$AA$A$A$A$A$A$A$A$A$A$A$A$A$AA$A$A$A$A$A$A$A$A$A$A$A$A$AA$A$A$A$A$A$A$A$A$A$A$A$A$AA$A$A$A$A$A$A$A$A$A$A$A$A$AA$A$A$A$A$A$A$A$A$A$A$A$A$AA$A$A$A$A$A$A$A$A$A$A$A$A$AA$A$A$A$A$A$A$A$A$A$A$A$A$AA$A$A$A$A$A$A$A$A$A$A$A$A$AA$A$A$A$A$A$A$A$A$A$A$A$A$AA$A$A$A$A$A$A$A$A$A$A$A$A$AA$A$A$A$A$A$A$A$A$A$A$A$A$AA$A$A$A$A$A$A$A$A$A$A$A$A$A
B$B$B$B$B$B$B$B$B$B$B$B$B$BB$B$B$B$B$B$B$B$B$B$B$B$B$BB$B$B$B$B$B$B$B$B$B$B$B$B$BB$B$B$B$B$B$B$B$B$B$B$B$B$BB$B$B$B$B$B$B$B$B$B$B$B$B$BB$B$B$B$B$B$B$B$B$B$B$B$B$BB$B$B$B$B$B$B$B$B$B$B$B$B$BB$B$B$B$B$B$B$B$B$B$B$B$B$BB$B$B$B$B$B$B$B$B$B$B$B$B$BB$B$B$B$B$B$B$B$B$B$B$B$B$BB$B$B$B$B$B$B$B$B$B$B$B$B$BB$B$B$B$B$B$B$B$B$B$B$B$B$BB$B$B$B$B$B$B$B$B$B$B$B$B$BB$B$B$B$B$B$B$B$B$B$B$B$B$BC$C$C$C$C$C$C$C$C$C$CD$D$D$D$D$D$D$D$D$D$DE$E$E$E$E$E$E$E$E$E$EF$F$F$F$F$F$F$F$F$F$FG$G$G$G$G$G$G$G$G$G$GH$H$H$H$H$H$H$H$H$H$HI$I$I$I$I$I$I$I$I$I$IJ$J$J$J$J$J$J$J$J$J$JK$K$K$K$K$K$K$K$K$K$KL$L$L$L$L$L$L$L$L$L$L

t1

M&M&M&MM&M&M&MN&N&NN&N&N E

mesh O$O$O$O$OO$O$O$O$OO$O$O$O$OO$O$O$O$OO$O$O$O$OO$O$O$O$OO$O$O$O$OO$O$O$O$OO$O$O$O$OO$O$O$O$OO$O$O$O$OO$O$O$O$OO$O$O$O$OO$O$O$O$O
P$P$P$P$PP$P$P$P$PP$P$P$P$PP$P$P$P$PP$P$P$P$PP$P$P$P$PP$P$P$P$PP$P$P$P$PP$P$P$P$PP$P$P$P$PP$P$P$P$PP$P$P$P$PP$P$P$P$PP$P$P$P$P

-HT

Q$Q$Q$Q$QQ$Q$Q$Q$QQ$Q$Q$Q$QQ$Q$Q$Q$QQ$Q$Q$Q$QQ$Q$Q$Q$QQ$Q$Q$Q$Q
R$R$R$RR$R$R$RR$R$R$RR$R$R$RR$R$R$RR$R$R$RR$R$R$R

S$S$S$S$SS$S$S$S$SS$S$S$S$SS$S$S$S$SS$S$S$S$SS$S$S$S$SS$S$S$S$SS$S$S$S$S
T$T$T$T$TT$T$T$T$TT$T$T$T$TT$T$T$T$TT$T$T$T$TT$T$T$T$TT$T$T$T$TT$T$T$T$T

HT = -6 kV

HT = -6 kV

E

E
e- e-

e- e-

Ne/C2H6/CF4 (79%/11%/10%)

e-

e-
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102 m 90 m 22 m24 m

^V^^V^^V^^V^^V^^V^^V^^V^^V^^V^^V^^V^^V^^V^^V^^V^

_V__V__V__V__V__V__V__V__V__V__V__V__V__V__V__V_
Beam line Decay volume
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Alu.
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NA48  MAGNET

MNP33 modified  

MNP33
old magnet
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BEAMS
120 cm

VIEW X
VIEW Y

VIEW U
VIEW V

1 NA48
CHAMBER
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'£´À#Ê_¸�±Ó£5¯h²��L°h³�£´À#¸´Ê°È � ²´¢��4ÈG,7
' -Ú´¢�²´³#
?Àl²¶³-±'£�²��¨Î;��£�¢�¤§ �¸�¢h£��Ò -¢Ò°�²´± � , � , � « �ªÉ ¤§¦¨£�±�h£�¤§£���¤§¸�±�
n·�
�£��JÊ_¸�±]£ � 
' �Ú�¢�²´³ 
Ñ²´±�£�¤'¦h£!ª!×M£ �  -¢Lô´£?¤'¸��L¸��h£ � ²´¢��L¤§¦h£)�C¦h²��¥Å3£�±�
 � ª!³�³R£ �
' �Ú�¢�²´³ 
n²´±�£a��¸��ÓÅh -¢h£��Jºj �¤'¦J¤§¦h£Ø �¢¨Ê_¸�±��L²¶¤' -¸�¢ Ê_±'¸��y¤§¦¨£I£ ×Ø±j²¶¤Ñ¤§¦h£I£ �Øâ �J³-£�ô�£�³ � ÂÑ£?Ê_¸´±'£Å3£� -¢¨ÚÆ°¨±'¸���£�
�
'£��ÈÅ�Î�¤§¦h£ ³-£�ô�£?³e, � £X, � À ²%* � ø=Åh �¤ ¤§  �L£5øD
S¤C²���°� #
[²¶¤�¤C²��C¦¨£��Ò¤'¸Æ¤'¦h£ £?ô´£�¢�¤GÇ��¸�±'£?¸pô´£�±ã²�*ëøPÅh �¤���¸��h£ � ���/l���©�m»�  #
��h£{w�¢¨£��L¤'¸[²��?¤�²�
ã²´¢  -¢h°h·¡¤µ¤§¸ ¤§¦¨£°£I,Ø²´³�Ú�¸�±' �¤§¦�� ��â ¦h£¤=Î�°h #��²´³A±'²¶¤§£�
;¸¶Êg£ � 
' -Ú´¢�²´³#
n²´±'£�
'¦¨¸pºj¢7 -¢J¤§²´Åh³-£G, � « �
â ±� -Ú�Ú´£�± Ä;²¶¤'£»­�
�°h -³�³

È � ��� ¬ \-�����ÈG, , �ÖFP\-��� :
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§p¨-©�ª m)Øåqts;u¶~�ö��åó�ìEô�õ8ï�ôGíÎè�é
ê�î�°Àè�v�è�õÒÑ§é¹ó�ù*ë�ô�õ�é�ú

2�³ `��6UucLcÀ��� ²�¡ Y�SGSV¡g^ Ô�´
â ¦h£$
'£���¸�¢��®³-£�ô�£?³L�C¦h²´±'Ú�£���¤'±' �Ú�Ú�£�±?À-�v²´³�³-£��xL�²�
�
�ÅÁ¸v¯ � L7ÂÍ` � À� #
ã²�
'¸´Ê+¤=ºÑ²´±'£j¤§±� -Ú�Ú´£�±)Å�²�
'£��¸�¢yN[õ¸� ��²ë¤C²Ó¤§¸ °3£�±SÊ_¸�±�� ²ÓÊè²�
S¤j¸�¢h³- �¢h£!±�£��?¸�¢�
�¤'±'·���¤§ �¸�¢Ð¸´ÊI
'°�²��?£Ø°Á¸´ -¢�¤<
t²¶¢��Õ¤§±§²�� ½ 
'£?Ú¶ø��£�¢�¤<
 �Ñâ ¸��h¸ ¤§¦¨ #
�À9² °h±�¸8�?£�
�
�¸�±jÊè²´±��   
j·�
'£��AÀ�ºj¦h #�C¦Æ¤C² ½ £�
 ²:�h£��� #
� -¸�¢Æ²�
SÎ�¢��C¦h±'¸´¢h¸�·�
�³�Îºj �¤'¦�²7�L²ë¯¡ #�¥·�� ³ ²ë¤§£�¢��?Î�¸´Ê ���Z� Rµ
 �®â ¦h£�°h±'¸´°Á£?±¹±�£��h·��?¤§ �¸�¢ÉÊè²��?¤'¸�±��v²´¢�ÅÁ£ ¸�Å¡¤C²´ �¢h£��Å3£��v²¶·�
'£� �¤[  
¹°3¸�
�
' -Å¨³-£¥¤§¸7²´°h°¨³�Î�¸�¢¨³- -¢¨£ ±'£�³-²¶¤§ �ô�£?³�Î=�?¸���°h³-£5¯É²´³�Ú�¸�±' �¤§¦���
 ³�  ½ £¥ô´£�±S¤§£�¯Ò±�£�ø��¸´¢�
�¤'±'·���¤§ -¸´¢�
 ¸�±  -¢�ô¶²´±�  ²´¢�¤K�L²�
�
��v²´³ ��·h³-²¶¤§ �¸�¢�
VÇµ¤'¦h£Ð¸�¢h³- �¢h£®±�£�
�¸�³-·¨¤' -¸�¢Ï¸´¢ ½  �¢h£��L²¶¤§  �v²´³ä]·�²´¢�¤§ �¤§ �£�
�À#£?ô´£�¢¿ �ÊÌºÑ¸�±�
'£®ºj �¤§¦È±�£�
�°Á£��?¤¥¤'¸7¤§¦¨£®¸cb� -¢¨£®±'£���¸�¢�
�¤§±�·��?¤' -¸�¢ Àµ²�
�
�·h±'£�
 ²�¦h �Ú�¦£?ù��? -£�¢��?ÎÕÊ_¸�±j²´³�³Á¤'¦h£��h£{w�¢¨£��7¤'±' �Ú�Ú�£�±�
 �â ¦h£ L�ÂÍ` 
�Î�
�¤'£��H #
a
�·hÅL�h �ô� #�¨£��� -¢É«�
'·hÅ�
SÎ�
�¤§£���
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�
'¦¨¸pºj¢Ò -¢�w�Ú � , � , �¨� â ¦¨£�
'£²´±�£´å
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µ²´±'£tÅ¨·h -³�¤µ²´¢�²¶³�Î�Ç� �¢hÚ ¤§¦h£t �¢¨Ê_¸�±�ø�L²¶¤§ �¸�¢P��¸��L �¢hÚ Ê_±'¸���¤'¦h£Ø¤=ºÑ¸L°h³ ²¶¢h£�
j -¢Æ£v²��C¦7ô� -£�º¼¸´Ê ¤§¦h£'N[õ¸�9
 �Ñâ ¦h£¹±'£�Ê_£�±'£?¢���£¤' #��£  #
tÚ� �ô�£?¢7Å�ÎJ¤'¦h£'È � 
� -Ú�¢�²¶³ � « ó
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f Ò a;�åcR`��Æ dU/[XýT���zY�cdý 0 U/SV��Y�`*W6P���� ²�Ò�0 � ´ å]¤§¦h£I�
NØÂ�Ú�²¶¤'¦h£�±�
j¤'¦h£Ø -¢¡Ê_¸�±��L²¶¤§ �¸�¢°h±'¸»ô� #�¨£��JÅ�Î ¤§¦h£ õnÂÃ²´¢���
'£?¢���
Ñ¤'¦h£��b¤§¸Ó²´¢J²vô¶²´ �³ ²´Åh³�£2�)ô�£?¢]¤à� ¸�± ½ £?±ÌÊ_¸�±�°h±'¸���£�
�
�ø -¢hÚ �
f Ò a;�åcR`·ÓÊ^À�nÔÀ��� ²�Ò Ó ´ åh �¤;·�
�£�
�¤'¦h£ � ,:�?¸¡¸�±��h -¢h²¶¤§£�
 � «LÊ_¸�±j£�²��C¦ ¸´Ê#¤§¦h£>* N[õ¸�(
 -¢��?³-·��¨£�� � ¤'¸a��¸���°h·¨¤'£Ñ¤§¦¨£¸
'°�²���£t°3¸� -¢�¤<
)²�
�
�¸8�?  ²¶¤'£��¥ºj �¤'¦Ó¤§¦¨£n¤§±§²�� ½ À�¤'¸�Ú�£�¤§¦h£?±lºj �¤'¦¸´¤§¦¨£�±j°h¦�Î�
' #��²´³�ä]·�²´¢�¤§ �¤§ �£�
 � ªý
�°�²��?£¹°3¸� �¢]¤n #
t±'£���¸�¢�
�¤§±�·��?¤'£��7 �Ê ²¶¤j³�£v²�
S¤j¸�¢h£Ø¸´Êq¤§¦¨£Ê_¸�³-³�¸»ºj -¢hÚK�?¸�¢��h �¤§ �¸�¢�
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�
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� -Ú�¢�²¶³A±§²¶¤'£�
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�¸7¤'¸°¨±'¸»ô� #�h£ ¤'¦h£ ¤§¸´¤§²´³ £?¢h£�±�Ú´ÎB�¨£�°3¸�
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'£[¸�°¡ø£?±§²¶¤' -¸�¢�
Ì²¶±'£j°Á£?±�Ê_¸�±��L£���¤'¦h±'¸´·hÚ�¦L¤'¦h£(�v²´³ ��·h³-²¶¤§ �¸�¢ ¸´Êµ
�¸���£ ½  �¢h£��L²¶¤§  �v²´³¨ä�·h²´¢�¤§ �¤' -£�
��L²��h£Å�ÎP�?·�
�¤'¸�� J�£ � ÷ £�³�£��?¤'±'¸�¢¨ #��
 �â ¦h£z£q×Ø±)�?£�³-³ 
 ²´±�£¥Ú�±�¸�·h°3£��� -¢�¤'¸ ��j®��m�l��Em�ª�ª¯� À��®²��h£¥¸´Ê �»�É� , s ¬ � 
' �¢hÚ�³�£>��£?³-³ 
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Ó¸´Êt¤§¦h£�
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Ó²¶±'£B
�·�����£��È²´¢��È¤§¦¨£� -±�
' �Ú�¢�²´³ã #
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�h �Ú� �¤' -Ç�£��JÅ�ÎÐ² ��� Åh �¤t« � L&��Ç Ö ª�N[õ �hâ ¦h£��h �Ú� �¤§²´³L
' -Ú´¢�²´³#
Ñ²´±'£�w�¢h²´³-³�Î�
�·����L£��Æ �¢�¤§¸ � «
�¤'±' �°�
n¸�¢ÕÅ3¸´¤§¦Ù` ²¶¢��BÖ °h±'¸OE�£��?¤' -¸�¢�
tÅ]ÎL¤§¦h£�J! -£?¢h¢�² Ö  �³�¤§£?±ºLÆ¸8�h·¨³-£)
SÎ8
S¤§£��7À�£�²��C¦�
�¤§±� -°Å3£� -¢¨Ú�,���£?³-³ 
 � «P��� � ºj #�h£ �Øâ ¦h£�� Å Ö 
SÎ8
S¤§£�� Êè²´¢�
 ¸´·¨¤!¤'¦h£�
' �Ú�¢�²´³q¤§¦]·�
Ø¸�Å¡¤C²´ �¢h£��  �¢�¤§¸¤§¦¨£ Å  -°3£�³- �¢h£ L7£���¸�±SÎÈÂÑ¸�²´±�� � Å L�Â � ²´¢�� ¤§¦h£ Å £v² ½ �¡·�� ��Î�
�¤'£�� � Å �h� � �lâ ¦h£ Å L�Â -¢¡Ê_¸�±��L²¶¤§ �¸�¢Ã²¶±'£�·�
�£�� Ê_¸�±Õ¸�¢h³� -¢h£=��¸�¢h �¤§¸�±� -¢hÚ ²´¢�� ¸cb� -¢¨£j�C¦h£�� ½ 
�¸¶ÊÔ¤'¦h£j�v²´³�¸�±'  �L£�¤§£?±±'£�²��h¸�·¡¤GÇj¤§¦h£ Å �¨�Ã²´³-³�¸pº$
 ¤'¦h£&��²´³#�?·h³ ²¶¤' -¸�¢¿¸´Ê!¤§¦h£7£�¢h£?±'Ú´Îz�h #
S¤§±� -Åh·¨¤' -¸�¢!��¸���£�¢�¤C² � ·h°¤§¸Ð¤§¦¨£C,ë¢�� � Àq¤§¦¨£L¢]·��¥Å3£�±¹¸´ÊÑ°Á£�² ½ 
Ó²´¢���¤'¦h£� �±[¤' #�� -¢hÚ�
  -¢É¤§¦h£�¦h¸�±� -Ç?¸�¢�¤C²´³µ²¶¢��Òô´£�±�¤' #��²´³°h±�¸FE�£���¤§ -¸´¢�
 �µâ ¦h£G��¸��L£?¢�¤C² ²´±�£G�?¸���°h·¨¤§£���²�����¸´±��h �¢hÚ ¤§¸ ¤§¦h£ØÊ_¸�±��¥·h³-²´£´å
ÚÛ»Ü A á Ï � ïÞÝ � ���Í ¨ ç �� A á Ï á ïßÝ � ���Í ¨ ç á�

A ¨
Ï �
ï Ý � ���Í ¨ ç �� � } 1 *-, � A ¨

Ï
á ï Ý � ���Í ¨ ç á� � } 1 *-, �

A � Ï � ï Ý � ���Í ¨ ç �� � } 1 *-, � � A � Ï
á ï Ý � ���Í ¨ ç á� � } 1 *-, � �

� , � « �
â ¦h£�
�£Ñä]·�²´¢�¤' �¤§ �£�
#²´±'£ã¤§¦¨£�¢Ó·�
'£��Ô¤§¸(�v²´³ ��·h³-²¶¤§£ã°h¦�Î�
'  �v²´³]ä]·�²´¢�¤§ �¤§ �£�
qÊ_¸�±�¤§¦h£�£?ô´£�¢�¤ � ¤'¸´¤C²¶³£�¢¨£�±'Ú¶Î�À�õ É H¼±§²��¨ -·�
?À¡±�£���¸´¢�
�¤'±'·���¤§£��Jô´£�±S¤§£�¯ � Å�Î�¤§¦h£�£q¸�¸ ½ ø¥¶;° â ²´Åh³�£ � £I¶ â � À�ºj¦h #�C¦Õ²¶±'£¤§¦¨£�¢f·�
'£��f -¢�¤§±� -Ú�Ú�£?±���·¨¤�
 � ª�¢h¸´¤§¦¨£�±Æä�·h²´¢�¤§ �¤=Î ·�
'£��f -¢�¤§¦h£É¤§±� -Ú�Ú´£�±�
{¥Y�h£{wh¢h �¤' -¸�¢AÀ! -¢°�²´±S¤§  ��·h³-²´±!¤§¸��h£�w�¢h£ ¤§¦h£L© â Å £v² ½ �?¸�¢��h �¤§ �¸�¢AÀ� #
Ø¤'¦h£ ¢�·��¥ÅÁ£?±[¸´ÊÑ°3£v² ½ 
¹ -¢ÉÅ3¸´¤§¦-` ²´¢��Ö%ô� �£?º$
 � ª °Á£�² ½   
d�h£�w�¢h£��Ò²�
Ø²´¢ £?¢h£�±�Ú´Î=�L²ë¯¡ #�¥·�� ¸�¢�¤§¦¨£K
�¤'±' -°�
�ÀA²�����¸´±��h �¢hÚ®¤§¸J¤'¦h£��¸´¢��h �¤' -¸�¢�
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e
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çj� W ¨ � çt� À çt�#òÃçj� � ¨

â ¦h£�°3£v² ½ 
¥²¶±'£:��¸�·¨¢]¤'£��È �¢�¤§ #��£¥ºj -¢��h¸»º$
Ô¸´Ê¸* ��� , ö ¢�
¹¤'¸7±�£��h·���£ ¤§¦h£�£{vÁ£���¤Ó¸´Ên²���ø�? #�h£?¢�¤C²´³(
'¦h¸»ºÌ£�±�
 �¼â ¦h£�© â Å £�² ½ �?¸�¢��h �¤§ -¸´¢Í  
LÊ_·h³iw�³-³�£��  �Êa��¸�±'£Ð¤§¦h²´¢ ¤=ºÌ¸Ï°Á£�² ½ 
Õ²´±'£�¨£?¤§£��?¤'£���£? �¤'¦h£�±t �¢¨` ¸�±eÖ ô� -£�º �ª��h -²´Ú�±§²�� ¸´Ê ¤§¦¨£¹¢¨£�·¨¤'±§²´³A¤'±' -Ú´Ú�£�±¸
SÎ�
�¤§£��  #
Y
'¦¨¸pºj¢7 -¢·w�Ú � , � , �´�
ýnû��jû�� .¤½ ÿÓ��¾À�ÌXÍX�ÿT¾¿0����ÓÿT¾�Ç°�¦0KÁ]¾

â ¦h£t �¢¨Ê_¸�±��®²¶¤' -¸�¢[Ê_±'¸�� ¤'¦h£Ñô¶²´±' �¸�·�
l¤'±' �Ú�Ú�£�±�
l  
�w�¢�²´³�³�ÎG
'£?¢�¤µ¤§¸ ¤§¦¨£Ñ¤§±� -Ú�Ú�£?±�
�·h°Á£?±�ô� #
�¸�±�Àºj¦¨ #�C¦ ¤§² ½ £�
Ó¤§¦h£xw�¢�²´³��h£��� #
� -¸�¢Ò¸�¢ ¤'¦h£®£�ô�£�¢�¤ � ÷ ¤ ²´³ 
'¸7²�����
¥² w�¢�²¶³�¤'±' -Ú´Ú�£�±ØºÌ¸�±��¿²´¢��¤' #��£�øN
�¤C²��L° ¤'¸�¤§¦h£Ð£?ô´£�¢�¤Õ²¶¢��!
'£�¢���
L¤'¸É¤'¦h£ÆÄ;£�²��¡øP¸�·¨¤LõÑ¸�¢�¤§±�¸�³-³�£�±�
¥¤§¦h£���¸����L²´¢��È¤'¸±�£��?¸�±���¤§¦h£�£?ô´£�¢�¤ � ÂÑ£�
� #�h£�
Ô¤'¦h£ £I,Õ¤§±' �Ú�Ú�£?±�
�À  -¢�¸�±��h£�±[¤§¸%�L£�²�
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Charged vertex position
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E/P of selected tracks
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Track momentum distribution
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Track position on DCH4
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Photon CM energy

GeV
0

1000

2000

3000

4000

5000

6000

0 0.025 0.05 0.075 0.1 0.125 0.15 0.175 0.2 0.225

�����������~� �"!9·.# ¹KÏ ��L$*7/�*,+�')+$'B10�7HðEF+ð-�'�OIR')(�/�')4�ÍT'��	�@'B´7')+Y/0-BWbÀ=L$'>I�EF+$'=(�*71013')-��U*,+.4.-/�*�/0L$'21�% (B2./BW

CM angle between photon and electron

Radiants

10 2

10 3

10 4

0 0.5 1 1.5 2 2.5 3

�K�����^����� �"!N� #&¹KÏ 67+$�,IF'TSl'B/gJ 'B')+Ê')IR')(�/�10*,+67+.4���L$*7/�*,+�EF+�-�')IR')(�/�')4@ÍT'��	�Ê'B´7')+Y/0-BWbÀ�L.'IFEF+$'T(�*71010')-0�l*,+�4.-P/�*�/0L$'21�%�(B2./BW

¤­4DXN4�C�;:LNBFK�CDGw;?9
RSGH;}JT@H@5XNLM4DO £[BFE�LMK�JTXqaTJ�XNG54

RS2�JT8:�T4DOwüýK54DGH;:8?JTXyaT4D8>;?4YvAOHLN9<;?JTK5C�4 � âbàTà�C�E
4YüË]�CDXMG59<;:4D8=O5LN9>;eJTKHCD4\BFKÁ	ÀZ\8 i Ö ã C�E�¯«Z_4`VÎ]�BFK5X±h5²

§P¤���¤ ® {T{�m_4�Ò
§ �� iÏVFà�ªz4YÒ ¯«Z_4`V�]�BFK5XMhH²
� �y � iÏ×�à � ¯ØZ_4`V�]�BFK5XMhH²

¯&°$±N²��T� �º� #�¹P2$/0-�6�����IFER')4C/�*�-�')IF')(�/=ÍT'��	�¿67+.4�ÍT'��o'B´7')+Y/0-BW

{ X



3 ôqíQöoìtÃ _ ë [Øôdõ`ø d ÷b[ _ öðøØôqí

4 5 ' /76i"98 :

; (<6i" 4 '=8á0 ; +)>�- ? 0Û'@6A> ; (

£ m\§ £ £}1=VÎüýP�JT9<4DO�ªzBFKb;?4¬R|JT8:XMBz¯Ëª�R3²|9:LMEcG5XNJ�;?LMBFKµ2�JT9=Pq4D4�KzG59<4DOzLNKs;?25LM9[JTK�JTX±hw9<LN9
;:B�@58:B­O5G5C�4s4�aT4DKb;?9���BF8cPqBT;?2f;:254s9:LM�FK�JTXSJTK5O^;?2H4sK5BF8:E�JTXML�ï`JÎ;?LNBTKiCe2�J�K5K54DX«x�LMK^BF8<O54D8c;:B
C�BFE�@5GH;?4=;?2H47Z_4`V�]AJ�K5OsZ_4`VnJTCDC�4D@H;?JTK5CD4�9=JTK5O�CDBFE�@�JT8<4};?2H4}O5LM9<;:8:LNPHGH;?LMBFK59WBFPH;?JTLNK54�O���BF8
O5J�;eJ_JTKHOµª�Rf4�aT4DKb;?9�UW13254}OH4DC`J`h�Ce25JTK5K54�XN9W8:4�@58:4�9:4DKb;:LNK5�nJ\k3mÑ��BF8Û;:254[JTK�JTX±h�ïD4DO�O54�C`J`h­9
g�4D8<4��F4�K54D8:J�;?4�OsJT9lgS4�XNXËÝ�;?2H4}9>;?G5OHh�BT�y;:254DLM8�®�LMK54DE�J�;?LMC`JTXH@58:BF@q4D8>;?LM4D9|J�XNXNBog�4DO�;?BnLNE�@58:BoaF4
;:254j8:4Èú<4�C�;:LNBFKz@QBog�4D8[BT�Ú;?2H4nC�GH;?9�JT@5@5XMLN4DO�LMKz;?2H4¬JTK5JTXMh­9:LM9[JTK5Oz;:B�4�9<;:LNE�J�;?4\;?254j8:4�9:LMO5G�JTX
k|m�LNKs;?2H4j9<4DXM4DC�;:4DOA9?JTE�@5XM4D9j¯Ø9<4D4¬RS2�JT@H;DUl{b²YU

Bs�o� CED C
13254zª�R�9:LNE¬G5XÍJ�;:LNBFKiG59:4�OòLM9c;?254�BGF�CDLNJTX|BFKH4AB��};:254Á£ £ â ä �F×�4Yvw@q4D8:LME�4�Kb;`xlC`JTXMXN4DO

R3ª�R 
 ã ×,�«U¬rý;\LMK5CDXMG5O54D9\Jµ��G5XMXÚm\§ £ £[1SütP�JT9<4DO,9:LMEcG5XÍJÎ;?LNBTK�BT�l;?254�J�@5@�JT8:J�;?G59�xy��8:BFEÉ;?2H4
®ÎJTBTK �F4DKH4D8?JÎ;?LNBTKòBFK ;:254�Pq4D8>hwXMXNLMG5E�;eJT8<�F4�;³G5@ ;?Bi;?254�OH4�;?4�C�;:BF8µ9:LM�FK�JTXM9�B��_;?254zO54DCDJoh
@H8:B­O5G5C�;:9DUW13254\9:LMEcG5XNJ�;?LMBFKµLNKHCDXNGHO54D9�ù

� J�OH4�;eJ�LNXN4�OsO54D9<CD8<LN@H;:LNBFK�BT��;?254\O54Y;?4DCY;?BF8��Ù9=�F4�BFE�4�;?8>hqÝ
� 4��Q4DCY;?9[BT�P	ÀZ_8=O54`J�OzC�4DXNXM9=JTK5O�BT�ÛÊ\R|¶~g=LN8:4_LMK54	F�C�LN4DKHCDLN4�9DÝ
� LNKb;?4�8?JTCY;?LMBFK�BT�q8?JTOHLÍJ�;:LNBFK¬g=L±;?2�E�J�;:;:4D8�xF4TUÌ�5UÚ@�J�LN8Û@H8:B­O5G5C�;:LNBFK�J�K5O�P58:4�E�9<9<;?8:JT25XMG5K5�5Ý
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@qBF9<LM;?L±aF4 K54��bJ�;?L±aF4
Z_4DV ¨T× VT{
Z_4�â ×Îâ Öo×
Z\@HLÍVTK ×Îâ Öo×
Z_@5LÍ× ×Îâ Öo×
Z_@5L°×Î� ×Îâ Öo×
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Electron CM energy
ID
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Mean
RMS
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Electron CM energy - Data/MC
ID
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Mean
RMS
UDFLW
OVFLW
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π0 CM energy
ID
Entries
Mean
RMS
UDFLW
OVFLW
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π0 CM energy - Data/MC
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RMS
UDFLW
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Photon CM energy
ID
Entries
Mean
RMS
UDFLW
OVFLW
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Photon CM energy - Data/MC
ID
Entries
Mean
RMS
UDFLW
OVFLW
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Neutrino mass
ID
Entries
Mean
RMS
UDFLW
OVFLW
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Neutrino mass - Data/MC
ID
Entries
Mean
RMS
UDFLW
OVFLW

            150
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Charged vertex position
ID
Entries
Mean
RMS
UDFLW
OVFLW
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Charged vertex position - Data/MC
ID
Entries
Mean
RMS
UDFLW
OVFLW

            154
          51407
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Electron CM energy
ID
Entries
Mean
RMS
UDFLW
OVFLW
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Electron CM energy - Data/MC
ID
Entries
Mean
RMS
UDFLW
OVFLW
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Neutrino mass
ID
Entries
Mean
RMS
UDFLW
OVFLW

            102
        3812856
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Neutrino mass - Data/MC
ID
Entries
Mean
RMS
UDFLW
OVFLW
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Charged vertex position
ID
Entries
Mean
RMS
UDFLW
OVFLW
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Charged vertex position - Data/MC
ID
Entries
Mean
RMS
UDFLW
OVFLW
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π+π0 invariant mass in Kpi2 decay
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π+π0 missing mass squared in Kpi3n decay
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E/p of charged pions from Kpi3n decay
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Momentum dependence of E/p rejection factor
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MM2(e-π0) vs MM2(π+-π0) in data (before cuts)
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π+-π0 invariant mass in data (before cuts)
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Rconv in Ke3 BG
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Rconv vs ∆Y in Ke3 BG
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Rbrem in Ke3 BG
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π+-π0 invariant mass in data (before cuts)
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Missing squared mass
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Ke3g total energy distribution
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E_LKr 10 GEV EFFICIENCY WITH KE3 EVENTS
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