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�������������������! "�#%$'&(�*)*+ ��, "-#%$."/$ , �102+%$3"-#($
4.�65'+879$ , "-���1# � );:-�1<�+%# � :-$
$ , ) ��=�= 5>+ � $.: , 5�:-0?+8$ � 79"-#%$
4��@+8�-�A)1$�#%#%� , "/$.:-0 � :-BC7D�15 , <-#(�179�1:E+ , $�FHGI<-"/�1#KJ
LM5>7 � $.N'5�:-0-�>OP�������������������! Q0-��+8�*)*+8$�#�)1$�: ,%�R, + , $�FS5T7D5 ,(,%� 4���UWV�XYNE+[Z\7]5>B.:-��J
+ ��^ �10 � #($.:_+8#%5�)`N � :-Ba)15 = $.# � 79�*+%�1#b5�:�0 �R, $."�+ � 7 ��^ �*0cFd$.#b7_<�$.:e:-�1<�+%# � :-$a0-�*+%�1)*+ � $.:fO
��� ��, 0 � " = $�7]5!+8�-� ,%��, "�#%� , �1:E+ , +%�-�!0-�*4�� = $�"-7D�*:E+g$�FS+8�-�h+%# � B�B.�1#b5 = B.$.# � +%�-7@Fd$.#�+%�-�
�������������! A�[iI"j�*# � 79�1:E+T5�:-0k#%� = 5>+%�10l+8� , +m79�n5 , <-#%�*7D�*:o+ , O

p �-5�"�+8�*#_+�qr$sB � 4.� , 5�: � :E+8#($I0�<-)*+ � $.:t+%$�+8�-�l79�1)`�-5�: ��, 7u$>FT:��1<�+%# � :�$v$ , ) ��= J
= 5>+ � $.: , OD�����D+�qw$yxS5n4.$�#_5�"-"�#%$ni � 7D5>+ � $.:s5�:-0z+8�-�e+8�-#(�1�9xS5n4.$.#M7D�*)`��5�: �R, 7{5�#(�
0-� , )1# �R| �*035>:-0 � :�x�<-�*:-)1� , $�Fc7D5>+(+8�1#l$�:}:��1<�+%# � :�$~$ , ) �R=�= 5'+ � $�: , 5>#%�s0 ��, )1< ,(, �*0�O
���-�_"-# � :-) � " = � , $>Fg:-�1<�+%# � :-$l$ , ) ��=R= 5>+ � $.:���iI"/�1# � 79�1:E+ , 5>#%�_0 �R, )*< ,%, �10�5�:-0�+8���_#%�[J
, < = + , $�F\GI<�"j�*#�JKLa5�7 � $�N>5>:-0-���o5a:-�*<�+8# � :-$M$ , ) ��=R= 5>+ � $.:��[i�"/�1# � 79�1:E+n��5�#(�T"�#%� , �1:E+8�*0�O
GI<-"/�1#�J�La5�7 � $.N'5�:-0-��B.5
4��D+%�-� , +8#($.:-B.� , + � :-0 � )n5>+ � $.: , Fd$.#c5'+879$ , "-���1# � )e:-�1<�+%# � :-$
$ , ) ��=�= 5>+ � $.: ,�, $eFW5�#1O

�����_+8� � #%0�)`��5>"�+8�*# � :E+8#($I0�<-)1� , +8�-���������������! �"-#%$'&(�*)*+ � :�+8���_)1$.:E+%��i�+a$�F
5>+879$ , "��-�1# � )�:-�1<I+8# � :-$z$ , ) ��=�= 5>+ � $.: , O����-�v�����Y�a�����! �0-�*+%�1)�+8$.# ��, 0-� , )1# ��| �10
5�:-0l+8�-�a7D5 � :�5>)*+ � 4.�a)1$�7D"/$.:-�*:o+1�-+8�-�aB = 5 ,%,�, "�5�#(N�)`��5�7 | �1#*� ��, "-#(� , �1:E+8�*0�O

p �-5�"�+8�*#cFd$.<-#�"-#%� , �*:o+ , +8�-�D"-#85>)*+ � )n5 = "�5�#�+c$>F�+8� �R, +8��� ,%�R, Oy��+8� , + , �*+%<-"�$�F
5�B = 5 ,%,D, "�5�#(N~)`�-5�7 | �1# �R,]| < ��= +9<-" � :-) = <-0 � :-Bt5z)1$ , 7 � ) , +8# � B.B.�*#]5�:�0�5t0�5>+85
5�)1�o< �R,%� + � $.: ,(��, +%�17kO p $ , 7 � )c#%5 � 7_<-$.: , 5�#%��< , �10vFd$.#T+8�-� � :E4.� , + � BE5>+ � $.:�$�Fg+%�-�
)`��5�7 | �1#*O���<-# � :-B�5 = $.:-BT+8�1#(7�+%� , +n�.+8��� , +85 |-��=R� + � $�F�+%�-�h�*�9) � �1:�) � 5>:-0_+8�-��:�$ ��, �
#85>+%��$�F�+%�-�a)`��5�7 | �1#m5�#(� � :E4.� , + � BE5>+%�10�Ob� , +85>+8< , #(�1"/$.#(+!$>F�+%�-�a#%� , < = + ,!��, B � 4.�1:fO
���-�a#%� , < = + , 5�#%��+`5>N��1:y5 ,!� :�"-<�+�Fd$.#h+%�-��+8# � B.B.�*#�0-�*4�� = $�"-7D�*:E+nO

��:~)`��5�"�+%�1#e�-4.�>�h+8�-�k0-��4.� = $."-79�1:E+D$�FY+%�-�k+%# � B.B.�1#95 = B.$.# � +8��7 �R, "�#%� , �1:E+8�*0�O
��:�+%�-� | �*B � :�: � :-B���+%�-� , +8#(<-)*+%<-#85 = 0-� ,(� B.:�$�FP+8�-��+%# � B.B.�1#h5 = B.$�# � +%�-7 ��, 0-� , )*# ��| �10fO
���-�l�*�9) � �1:-) � 5�:-0H+%�-�l#85'+8��$�F!+%�-��+8# � B.B.�*#_5 = B.$.# � +8��7�5�#%� � :E4.� , + � BE5>+8�*0;< ,%� :-B
+�qr$��*4.�*:E+ , $.<�#%)1� , �!5��y$.:E+8� p 5�# = $�:��1<�+%# � :�$���4.�1:E+ , 5�79" = ��5�:�065�B��1:-�*#85>+%�10
:-$ ��, � , 5�79" = �>OQ��$.#_+%�-�y5�:�5 =��I,(��, �w+8���k0-5>+`5 , $.<�#%)1� , 5�#(��"-#%$�)1� ,%, �*0 |E�;, �*4��1#%5 =
"-#%$�)1� ,%,%� :-B , +`5�B�� , q!� � )`��5�#(�94 �R, <�5 =R��^ �10 |E� )1$�#%#%� , "/$.:-0 � :-B���4.�*:o+_0 ��, " = 5 ��, O���:
+8�-�g)1$�<-# , �w$�FI+8�-�g0�5'+`5!"-#%$�)1� ,%,%� :-B-�'0-�n5>0 ^ $.:-� , $�FI+8�-�g0-��+8�1)�+8$.#�5�#(� � 7D" = �179�1:E+%�10�O
���-��$."I+ � 7 ��^ 5>+ � $.:H$�F , �*4��1#%5 = +%# � B�B.�1#�"�5>#85�79�*+%�1#9)1$.7 |�� :�5>+ � $.: , #%� , < = + ,]� :�+%�-�
, +`5>:-0�5�#(0y+8# � B.B��1#m5 = B�$.# � +8�-7kOw��� ��, 5 = B.$.# � +%�-7 �R,m� :E4.� , + � BE5>+8�*0 � :k0-��+`5 �R= 5>:-0y+%�-�
� :�x�<��1:-)*� , $�F!"/$ ,%,(��|-= �D)`�-5�:-B.� ,�� :H0-��+8�*)*+8$�#_"�5�#%5�7D��+8�*# , 5>#%�l5�:-5 =R��^ �*0�O���:H+%�-�
�1:-0��g+8���l"j�*#(Fd$.#(7]5�:�)1�l$�F!+8��� , +`5�:�0�5�#%0�+%# � B�B.�1#�5 = B.$.# � +%�-7 ��, "-#(� , �1:E+8�*0�O;���-�
5�B.#%�*�179�1:E+�q � +%�k+%�-�a#%�*��< � #%�*7D�*:E+ ,!��, )*$.:���#(7D�*0�O
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m7 � ,%^*��=�= 5>+ � $.:-�*:y4.$�:�5'+879$ , "-���5�# �R, )`�-�*:��m�1<�+%# � :-$ , :�5>)`� ^ <Eqw� ��, �1:�<-:-0s0 � �
0 � � ,(| � ^ �<-B =R� )`�-�*:9�y� ,(, <-:�B.�1:94.$.:]GI<-"/�1#KJKLa5�7 � $.N'5�:-0�� ^ <e4.�*# | � ,(, �1#(:��oq!<-#%0-�!0�5 ,
���a�Y���\���! �J��b#%$�&(�1NE+ ^ <-#����1:��1�-7 � B.<�:-Bm4�$.#%B�� , )`� = 5�B.�*:�Og�����Y�a�����! | � , +%�1�E+
5>< , � � :-�*7�V>XcNE+ , )`�oqw�1#(�1:k7]5>B.:-�*+ ��,(� �1#�+8�*:�� ��, �1:IJKGI"-<-#KJKLa5 = $�# � 79�*+%�1#b<-:�0 ��, +wF��<-#
0��1:;�Y5>)`�oqw� �R, 4.$.:�� � $.:IJ��T�1<I+8# � :-$ , $�"�+ � 7 � �1#(+1O���:�0 � � , �1#�� � " = $.7D5�# | � � +�qw�1#KJ
0��1:�0 � ���b:E+�q � )`N = <-:-B�0-� , �P# � B.B.�1# , F��<�#m0��1:s�����Y�a�����! �JK���*+%�1NE+8$�#Y<-:-0�0�5�7 � +
4��1# | <-:-0-�*:-�c�P� , +(JK�y� ,(, <-:-B��1:v"-#��5 , �*:o+ � �*#(+nO

��:~La5�" � +%� =h^ qr� � q � #(0�0 � �l���-�*$.# � �k0��1#e�T�*<�+8# � :-$'J�� ,%^*��=�= 5>+ � $.:-�*:t� � :-B.��F��<��-#(+
<�:-0 0 � � �jqr� � J��/5>7 �R=�� �*:IJK���5��-�*#%<-:-B <�:-0 0-�1# ��#%� � JK�S5�7 ��=R� �*:IJK�S5 =�= :��5��-�*#
| � , )`�-# � � | �1:�O��f< , �5>+ ^*=�� )`�6q � #%065�<�Fa0-�*:�� � :�x�< ,(, 4.$.:}��5'+8�1# � �v5><�Fa0 � ��� ,%^1�R= J
= 5>+ � $.:-�*:l� � :�B.�1BE5>:-B.�1:fO

� � ����#%<-:-0 ^ �<-B.��4.$.:9�T�*<�+8# � :-$'J�� ,%^*��=�= 5>+ � $.: , J���iI"j�*# � 79�1:E+%�1:�qr�*#%0-�*:e�1# = �5�<�+%�1#(+
<�:-0 0�5 , GI<-"/�1#KJKLa5�7 � $.N'5�:-0���J���iI"/�1# � 7D�*:E+ No<-# ^ | � , )`�-# � � | �1:�O GI<-"/�1#�J
La5�7 � $�N>5>:-0-�e��5>+c0 � � |-��, �-�1# , +��5�#%N , +%�1:; � :Eqr� ��, �l5�<�Fm� ,(^1��=R= 5>+ � $.:��1:s0-�1#_5>+879$>J
, "-���5�# ��, )`�-�1:��T�1<I+8# � :-$ , B.�*B.� | �1:�O

��5 , 0-# � +%+%��La5�" � +8� =�| � , )`�-#(� ��| +l0�5 , �������������! !J��b#($'&(�1NE+l7 � + �r� ^ <-B�5><�F
�m�1<�+%# � :-$>J�� ,(^1��=R= 5>+ � $.:��1:�Ol��� , qw� � +8�1#(�1:Hq � #%0t� � :-�!�r� , )`�-#%� ��| <�:-Bv0-� , ���*+8�*NE+8$.# ,
B��1B.� | �*:}<�:-0�0 � �� Y5�<�"�+(J��Y5�)`�Eqw� ��, JKL�$.79"j$�:-�1:E+8�>�Y0 � �"� = 5 , JK��<-:-N>�1:IJ�La5�7D79�1#*�
:��5��-�1#!�*# = �5><�+8�*#(+nO

��5 , 4 � �1#(+%��La5�" � +8� =�| � , )`�-#(� �R| +z0-�1:A"-#%5�NE+ ��, )`�-�1:��P� ��= 0-�1#s� � " = $.7D5�# | � � +nO
� � � = 0�� , �P5 | $.#("-#85>No+ � No<-7 ,v��, +s0-�1#s�Y<IF | 5�<�� � :�� , ��� , + , +`5>:-0-� , � � :-�1#s� � : ^ � = J
:��1:#� = 5 , J���<-:-N��*:IJKLa5�7979�1#c<�:-0;0 � �l��<�#%)`��F��<-�-#(<-:-Bs� � :-� , �\5�:�B ^ � � +%+%� , + , OH� � +
 ��= Fd�~4.$�: N�$ , 7 �R, )`�-�*: � � $.:-�*:Cq � #%0�0 � ���\5�:-B ^ � � +(J�Go+`5 |-�R=�� +$�5>+v4�$.:%�b� ^*� �1: ^
<�:-0�&m5�< , )`�IJ�&m5>+8�e0-�*#cLa5�7979�1#�<-:E+8�*# , <-)`�E+nOl� =R, �f< , 5>7D79�1:�FW5 ,%, <�:-Bkq � #%0z� � :
Go+`5>+%< , J'�r�1# � )`�E+k0-� , �\5�:-B ^ � � +%+8� , + , B��1B.� | �*:���0-� ,%, �*:(�b#%B�� | : �R,%, �z0 � #%�*NE+ � :�0 � �
�P# � B.B.�*#�J��b:E+�q � )`N = <-:-Be7 � +�� � :�x � �*).�*:�O

� � �+�b:E+�q � )`N = <-:�B�0-� , �P# � B.B.�1#KJ�� = B.$.# � +%�-7_< , F��<-#w0-�1:k�����Y�a�����! �JK���*+%�1NE+8$�#
q � #%0 � :}La5�" � +`5 = F��<�:�F | � , )`�-# � � | �1:�O����1# , +8#%<�No+%<-#%� =�= �z�T<�F | 5�<}0-� , � = B.$�# � +%�IJ
7c< , q � #%0Q� � :-B��*F��<-�-#�+D<�:-060 � � ^ qr� � �b#%� � B.: �R, J�,�<�� =�= �1:��w0 � � ^ <�#�
T:E+%�1# , <-)`�o<-:-B
4�$.:-��� ^1� �*: ^ <-:-0 �P# � B.B.�*#�J�&m5>+%��0-� , � = B.$.# � +8��7_< ,k| �*:�<I+ ^ +�qr�*#%0-�*:��cqw�1#%0��1:
| � , )`�-# � � | �1:�O.�f<-#��Y:�5 =R��, ��qr�*#%0-�*:60 � �y��5'+8�1:���<�� =�= �1: � :�79�1�-#(�1#%�*:6G�)`�-# � +%+8�*:
4��1#%5�# | � � +8�*+1��<-:E+%�1#�5�:-0-�*#%�17�0-<�#%)`�H0 � �/� � :�F��<-�-#(<-:-Bl4.$.:t��$�+ ^ $.:��1:t0�� , ����+8�*NEJ
+%$.# , O�� � �aGI)`��# � +(+8� � :�N = < ,%� 4.��79�1�-#(�1#(�1#0��4.�1:E+�JK� ��, " = 5 ��, qr�*#%0-�*:��1# = �5�<I+8�1#�+nO

�T7 �b:-0-��q � #(0�0 � ����"�+ � 7 � �1#(<-:-B60-� , ��# � B.B.�*#�J � = B�$.# � +8�-7_< ,y| � , )`�-# � � | �1:
<�:-0�0-�*#!0�5�#85>< , B��*qw$.:-:-�*:-��G�+85�:-0�5>#%0IJ ��# � B.B.�*#�J � = B�$.# � +8�-7_< , :��5����1#!<-:E+8�*# , <�)`�o+1O
��� , qw� � +8�1#(�1:�q � #%0�0-�*#1� � :�x-< ,%, 4�$.: ��T:-0-�1#(<-:-B.�*:s0-�1#Y���*+8�*NE+8$.#KJ���5>#85�79�*+%�1#�5><�F
0 � ���P# � B�B.�1#KJ�&m5>+8�6<�:o+%�1# , <-)`�E+nO �Y7 �g:�0-�}q � #%0 0 � � �
 | �1#%� � : , + � 7D7_<�:-B@0-�*#
�P# � B.B.�*#�J���� ^1� �1: ^ <�:-0y0��1#!��# � B.B��1#�J'&T5'+8��7 � +�0��1:32g$�#%BE5 | �1:k5�<IFdB.� ^ � � B>+nO
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� O � �m�1<�+%# � :�$ ,�� :l+8���cGo+`5�:-0-5�#%0��y$�0-� = OMO�OaOMO�OMOMO�OMO�OMOMO�OaOMO V
� O �.O � ��:E+8�1#%5�)*+ � $.: , $>F��m�1<�+%# � :�$ , O�OMO�OaOMO�OMOMO�OMO�OMOMO�OaOMO !

� O � �m�1<�+%# � :�$]� , ) ��=R= 5>+ � $.:��y�1)`�-5�: ��, 7 O�OMO�OaOMO�OMOMO�OMO�OMOMO�OaOMO "
� O � O � �hqr$D� = 5
4�$.#��Y"�"-#%$ni � 7D5>+ � $.: O�OaOMO�OMOMO�OMO�OMOMO�OaOMO #
� O � O � ���-#%�*�c� = 5n4.$.#!�m�1<�+%# � :-$D� , ) �R=�= 5'+ � $�: , OMOMO�OMO�OMOMO�OaOMO$�&%
� O � O V ��5>+(+8�1#0�('j�1)*+ , OMO�OMO�OMOMO�OMO�OaOMO�OMOMO�OMO�OMOMO�OaOMO$�)�

� O V � |-, �1#(4>5>+ � $.:�$�F��T�*<�+8# � :-$D� , ) ��=R= 5>+ � $.: , OaOMO�OMOMO�OMO�OMOMO�OaOMO$� �
� O V�O � ���*+%�1)*+ � $.:y�y��+8�-$�0 , O�OMOMO�OMO�OaOMO�OMOMO�OMO�OMOMO�OaOMO$� �
� O V�O � �T�*<�+8# � :-$ , $�<-#%)*� , OMO�OMOMO�OMO�OaOMO�OMOMO�OMO�OMOMO�OaOMO$�1X

� O X GI<�"j�*#�JKLa5�7 � $�N>5>:-0-� OMOMO�OMO�OMOMO�OMO�OaOMO�OMOMO�OMO�OMOMO�OaOMO$��*
� +-, �/.�� � �10 � +-24365�7��o	�� ���	�j� 
98

V�O � ��:E+8#($I0�<-)*+ � $.:l+8$�+%�-���������������! ��b#%$�&(�1)*+QO�OMOMO�OMO�OMOMO�OaOMO � %
V�O �.O � �a$.5 =�, O�OMOMOMOMOMO�OMO�OMOMO�OMO�OaOMO�OMOMO�OMO�OMOMO�OaOMO � �
V�O �.O � � , ) �R=�= 5>+ � $.:���5>+%+%�1#%: O�OMOMO�OMO�OaOMO�OMOMO�OMO�OMOMO�OaOMO � �
V�O �.O V �b# � :�) � " = ��$�F�:-�*<�+8# � :-$e0-��+8�1)�+ � $.:~OaOMO�OMOMO�OMO�OMOMO�OaOMO � X
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Event DISPLAY
Event Nr.: 31
✳ ✩muon hit hadron hit

neutrino energy:
lepton energy:
hadron energy:

8.61466
2.76467
5.85

GeV
GeV
GeV

interaction
code
0

contained charge: -1
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6 cmconnector gap

width 6 mm
side gap
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Event DISPLAY
Event Nr.: 31
✳ ✩muon hit hadron hit

neutrino energy:
lepton energy:
hadron energy:

8.61466
2.76467
5.85

GeV
GeV
GeV

interaction
code
0

contained charge: -1
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N58: direct signal
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N58: direct signal
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N58: fan-in-fan-out

-2

-1.5

-1

-0.5

0

-0.2 -0.1 0 0.1 0.2

x 10
-6

t [s]

U
 [V

]

N25: fan-in-fan-out
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N58: main amplifier
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N25: main amplifier
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N58: discriminator
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N58: energy spectrum
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N25: energy spectrum
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N58: calibrated energy spectrum
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N25: calibrated energy spectrum
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fluxmeter calibration, big soap bubbler
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