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� * &���%WBtYAB � ��%8�M�f��%�7 = �< !�f�)����&!H � p = B
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��%?BhR~B O ��TU��(�7 � ��� u ��(WB2�MB � T =W- ���8� u �K%WB<��B��k��(8��TU� u �K%WB=�MBCY���T#�)G � u ��(WB>)!B � (�7 �+� u �K%WB
? B��v� = &L� u ��%WB R~B�����TU��7L��%�� u ��%WB@�MBC
�%8��TU�X"N� u ��%?BA�MBCT#�)% �+@ � - � u �K%WB O B Y���TU� * � u �K%WB

xB � (�7 � 7L��%�� u ��%WB � B O ��T�� - ����� u ��%WB R~B Y = %8� � B � � - & =?=  )� @ �+* & = G!� = & �8�B��(WB O B Y�(�� � �)T � u ��(WB
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i:Bhi:B^i ���!� = % � ��Y B�BzB�BzB�B�BzB�BzB�BSBzB�B�BzB�BzB�B�BzB�BSBzB�BzB�B�BzB�B i�b
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i:BC�!B+0 � *!*)= %}& = � = pF�8��% = � = pF�8%�� *)� p?(}� * &K&L�����\��p�I#� � ( � � � � * B�BSBzB�BzB�B�BzB�B i:0
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i:BhJ � * � �+*)= � * &K��� �<*!= ( @ ('� =W- (�B�B�BzB�BzB�BSBzB�B�BzB�BzB�B�BzB�BSBzB�BzB�B�BzB�B i�J
i:BC� +��U� = %}� * &v� � %N )�!% �+� pX��� � � * ( @ (I� =W- BzB�BSBzB�B�BzB�BzB�B�BzB�BSBzB�BzB�B�BzB�B i��

i:BC�!B+0 +���� = %� )�)% �+� pW��� � � * ( @ ('� =W- BzB�BSBzB�B�BzB�BzB�B�BzB�BSBzB�BzB�B�BzB�B i��
i:BC�!B^i ( ��&)� * �f% =W= � � %N( @ ('� =W- BzB�BzB�BSBzB�B�BzB�BzB�B�BzB�BSBzB�BzB�B�BzB�B i�]
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�!Bhi 
�G)('���<�:� = � ��Y , � �<* pX��� � G!%8��� � � * B�BzB�BSBzB�B�BzB�BzB�B�BzB�BSBzB�BzB�B�BzB�B i�2
�!BC� Y �<-/�<*), pX��� � G)%���� � � * B�BzB�BzB�B�BzB�BzB�BSBzB�B�BzB�BzB�B�BzB�BSBzB�BzB�B�BzB�B �!0
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�!B �)B+0 � � % = p?� -/= ��('�)% =?-;=?* �kG @ �~����( = %}� * &v� " "�� pX� -/= %�� BSBzB�BzB�B�BzB�B ���
�!B �)B^i � * & � % = p?� -/= ��('�)% =?-;=?* ��G @ "$��( -/� pA%8� @�- �)� * B�B�BzB�BSBzB�BzB�B�BzB�B ���
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�)B 0 �A�����M( = � B�BzB�B�BzBSB�BzB�BzB�B�BzB�BzB�BSBzB�B�BzB�BzB�B�BzB�BSBzB�BzB�B�BzB�B �4]
�)Bhi ( = &)�)pF� � � *  !%��_p = ('(xBSB�BzB�BzB�B�BzB�BzB�BSBzB�B�BzB�BzB�B�BzB�BSBzB�BzB�B�BzB�B �4]

�)Bhi:B+0 0W('�k% = &)�)p?� � � * BzB�BzB�B�BzB�BzB�BSBzB�B�BzB�BzB�B�BzB�BSBzB�BzB�B�BzB�B �4]
�)Bhi:B^i i * &�% = &)�!p?� � � * BzB�BzB�B�BzB�BzB�BSBzB�B�BzB�BzB�B�BzB�BSBzB�BzB�B�BzB�B �4b

�)BC� � = � = p?� � � *P=�� p �<=?* p @ B�BzB�BzB�B�BzB�BzB�BSBzB�B�BzB�BzB�B�BzB�BSBzB�BzB�B�BzB�B ���
�)B � ��H =W* ��% = pW� * (I�8%'�)p?� � � * BzB�BzB�B�BzB�BzB�BSBzB�B�BzB�BzB�B�BzB�BSBzB�BzB�B�BzB�B ���

�)B �)B+0 � ��9 � � B�BzBSB�BzB�BzB�B�BzB�BzB�BSBzB�B�BzB�BzB�B�BzB�BSBzB�BzB�B�BzB�B ���
�)B �)B^i Y � "�9 � � BzBSB�BzB�BzB�B�BzB�BzB�BSBzB�B�BzB�BzB�B�BzB�BSBzB�BzB�B�BzB�B ���
�)B �)Bh� &  - �:9 � �zBzBSB�BzB�BzB�B�BzB�BzB�BSBzB�B�BzB�BzB�B�BzB�BSBzB�BzB�B�BzB�B �4�
�)B �)BC� � = � = % -/�<* ��� � � * ����H = %I� =FV � * &�& � % = p?� � � * BzB�BzB�B�BzB�BSBzB�BzB�B�BzB�B �#]
�)B �)B^J � = %I�f��% - � * p = B�BzB�BzB�B�BzB�BzB�BSBzB�B�BzB�BzB�B�BzB�BSBzB�BzB�B�BzB�B �#]
�)B �)Bh� &  - �PpW�:� BSB�BzB�BzB�B�BzB�BzB�BSBzB�B�BzB�BzB�B�BzB�BSBzB�BzB�B�BzB�B �#]
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N�t7 �+, 7:9 =W*)= % ,�@ ��p?p = � = %����8��%'( u �+* � =W* ( � H =k�a� � * & ��3� G = � - (t��% =$- � �<* � @S,�=?*)= %���� = &M�f%�� - & = pX� @ (
���� � � * (� )%��_&)�)p = &�G @ pW���+� � ( � � * ($���� )%����8� * (�" � �87K�\�8��% ,�= �XB


�p?p = � = %����8��% =FV  = % �<-/=W* �8(���% = pX�U� =W, ��% �+�W= & �<* ��� ��7 =	�3� & � (��� ) = ��%�� * p = u � * & �
	 ��% �a�
�� ) = ��%8� * p = BqY�7 =M�3� �� ) = ��%�� * p = pX� * G = (I�8�)& �<= &K� * � @�� � �87 =�*!= �!��% �<* � =?*)= % ,�@P� (k��G �3H = �87 =
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� V  = % �+-;=?* � (����)%�p = p�7L� *)*!= � �XH = %8� ,�=S=?*)= % ,�@ � � ('�8� * p = df�o��%8g � - �
? �k
 /�9 ��]�]�� ��a� d �a� g � ��
	 d ��	 g �� ) = ��%�� * p = 0�B �;D =FE 0WT -

/ O � � ��a� d �a� g � ��
	 d ��	 g �� ) = ��%�� * p = J�b � =?E ��b -
" � 
 ( � �a�
� �
	 �� ) = ��%�� * p = 0�BhJ\D =FE ��b�� -
RS
 ( ���'� ��a�
� ��
	 �� ) = ��%�� * p = i��!Bh2 � =FE 03]:B^] -

"�� � O + �a�
� �
	 & � (��� ) = ��%�� * p = 0xD =?E 2�24J -
? �k
 /�9 ��J��:0 �a�
� �a� �� ) = ��%�� * p = i�Ja9Q��b;D =?E ��J�b -

" � � ( &�O �a�
� �a� �� ) = ��%�� * p = i�]\D =FE 03J -
� �C�K
 � �a�
� �a� �� ) = ��%�� * p = i��:B^J\D =?E ��b�b -
Rzi�R �a�
� �a� & � (��� ) = ��%�� * p = 0�B �;D =FE i�J�b~T -

Y���G)� = 0�BC� 	 O � -;- ��% @ ������pWp = � = %8�U�8��% *)= �!�8% �<* � =sV  = % �<-/=W* �8(?B

�87!% = ('7)���+&K�f��% 
K )%'�:&!�)p?� � � * d 0 �:Bh�4D =?E gFB? ��
 /�9 ��]�]�� � �4� ��� * & / O � � � ������( = ��%'p�7 = &P�f��% ��	 � * & ��
	 �� ) = ��%8� * p = ( u � * & " � 
 ( � � �#J��
� * &�RS
 ( ���'� � �����k( = ��%�p�7 = & �f��% ��	 � * & ��
	 �� ) = ��%8� * p = ( u % = (' = p?� � H = � @ B@/ O � � % =  ��%I� = &
�87 =K= H � & =?* p = �f��% �
	 d ���	 g~�� ) = ��%8� * p = �f%�� -  !�)% = G = � - (\��� �3� d ��a� gz" � ��7 �~��r 0 0 =?E r|� * &( �+* r i�� 0 03b_l_rqG @ �)( �<*), � � I_� � &/(�p �+* � � �+��������%WB �$�:�$�87 � (�% = ('�)�+�q7L��( * ���qG =?=W* p?� *!� % -;= &|G @ �87 =
����7 = % =FV  = % �<-/=W* �8(?B

? ��
 /�9 ��J��!0 � �#] � u " � � ( &�O � �42�� u � �C�K
 � � �4���k( = ��%�p�7 = &��f��%~�87 =��3� �� ! = ��%8� * p = (?B#���
= H � & =W* p = "$��(��f��� * &�B

"�� � O + � J�b��$( = ��p�7 = &	�f��%S�87 =P�a� & � (8�� ) = ��%8� * p = (?B ��� = H � & =?* p = "$��(x�f��� * &�B ( = p =W* ��� @
R � R�9 � ���4i)doRzi�Rzg =sV  = % �<-/=W* ��% =  ��%'� = & �3��� �a� ��(�p � �+����� � � * "}7 � p�7 � (kpW� * ( � (I� =?* ���8�|�U� - ��9
(� !7 = % � p *)= �:�8% �+* �\��(�p � �+����� � � * ( �<*�O �) = %Q9QRS� -/� ��TU� * & = B

���
	���� ��"��%� � ��� ���  ��#"�� ���� ���� �4��� � ��� � ���* �'&(�)������� �# � �
? �+, �)% = 0�B 0N(�7!�a"}(���7 = p?� * �8���)%� )�<������� �3�
� ��	 ��('p � �<���U� � � * � * & ? �<, �)% = 0�Bhi�(�7)�3"}(���7 = pW� * �����)%
 )�+���}��� �a��� �a� ��('p � �+����� � � * B

����� 	 ��
 $0'
���%���! #) "%�����/�! #"%$0'  #" � ��� ���
	���, 
  -$�
�, "��%�
O �) = %Q9QRS� -/� ��TU� * & =�� ( �.p @ � �+* &)% � pX����J�ba9 T � �+���8� * % �+*),��+- � ,��<*), "$��� = % "$7 = % =W* T��3H & = � = pF�8��%
� * &P& = � = p?�8( "$7 = % =?* T��3HP� �+, 74�N )7!���8� * ( ,�=W*)= %8��� = &PG @ p�7L��% ,�= &P L��%'� � pW� = ($"}7 � p�7P )%��� )� , ��� =��<*
"$��� = %WB$Y�7 = ��� - ��(� )7 = % � p *!= �!��% �<* � -/= ��('�)% = & �+*vO �) = %I9 R�� -;� ��TU� * & =A, %'���) )( �+* ���/�f���<�<�3" �+*),
� @  = (MG @ �87 =;*)= �!��% �+* � �+* � = %���p?� � � *  �� �<* � u pW� * �8� �<*)= & =�8 9 = H =W* ��(~� * &��! #"$��%'&:9 , � �<*),�- �)� *
= H =W* �8(?B ? �+, �)% = 0�BC�/('7)�3"}(k��7 = (�p�7 =?- ��� � p�H �<= " ������� - ��(' )7 = % � p *!= �!��% �<* � = H =?* ��(WB
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? �+, �)% = 0�B 0 	;
��<�+�a" = &�do(�7)��& = & ��% = ��(8gM� * & =sV p?�<�)& = &�df� �<*!= (�g�% =W,�� � * (x���k L��%8� -;= � = %z(� L��p = �f��%
�a��� �
	 ��% ��a��� ��
	 ��('p � �<���U� � � * (WB�Y�7 =S=FV pW�+�)& = &�% =?,�� � * (�� �<= � * ��7 = % �+, 74��( � & = ����p?�)%'H = (?B



������� ��� 
��	� � ��� 
 ��
 � � � � � � 03b

10
-4

10
-3

10
-2

10
-1

1

10

10 2

10 3

10
-3

10
-2

10
-1

1

Super-Kamiokande FC+PC Allowed

Kamiokande Allowed FC+PC

Super-Kamiokande Up-µ Allowed
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Fréjus Excluded

CHORUS Excluded

NOMAD Excluded

CHARM Excluded

FNAL E531 Excluded

CDHSW Excluded
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? �+, �)% = 0�B^i 	�
��+�<�3" = &.� * & =FV pW�+�)& = &.% =?,�� � * (����N L��%�� -/= � = %S(� L��p = �f��% �3� � �a� ��% �a� � ���
��('p � �+����� � � * (WB�Y�7 =�=sV pW�<�!& = &�% =W,�� � * (�� �<= � * ��7 = % �<, 7#�N( � & = ����p?�)%'H = (WB
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up mu event
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? �+, �)% = 0�Bh� 	 Y�7 = (�p�7 =W- ��� � pSH �+= " ���t��� - ��(' )7 = % � p *!= �!��% �<* � = H =W* ��( u �! #"$��%'&v('���� ) �+*),/- �)� *
= H =W* � u �) 4"$��%�&v��7)%���� , 7:9 , � �<*!,~- �)� *K= H =W* � u �f�)�<� @ 9 pW� * �8� �<*)= & = H =?* �A� * &K L��%I� � ���<� @ 9 pW� * �8� �<*)= &
= H =W* � u % = (� = pF� � H = � @ B " � %'pW� =A-/= � * (N�87 = � � 7 � �WB

���	����� � �  *� � �$ ���� ����� ��� �# *���
Y�7 = = � = pF�8%�� * ��% - �)� *S= H =W* � �+* "}7 � p�7z��� - ��(' )7 = % � p *)= �!�8% �<* ��( �<* � = %8��pF� "$��� = %3d	� r g � (�pW���<� = &S��(�87 = p?� * ��� �+*)= & = H =W* �XB 
 *;= H =W* �N('�)p�7 �87)��� �87 = "}7)��� = ��%8��p�T~����p�7L��% ,�=  L��%'� � p?� = ��% = p?� * ��� �+*)= &
� (Sp?����('( �+�)= &.��(x���f�)�+� @ 9 p?� * ��� �+*)= &�d ? "�g = H =?* �XB|Y�7 =  L��%I� � p?� =~� & =W* � � � pX�U� � � *�� (S�� ) )� �<= &��f��%��
"$7 = % =W* T��3H5% �+*), ��� ? " = H =?* �8(S� * &���� ,�,�= &���( 9 9 � � T = ��% M 9 � � T = u pW��%'% = (� � * & �+*), ��� �a� � * & �
	�<* &)�)p = & = H =?* �8(WB � * pW� * ��%8��(I�S�8�|�87 = ? " = H =W* � u � *�= H =W* �x('�)p�7��87L���A��7 = H = %'� =FV ��� = H =W* � � (
" � ��7 �<* �87 =��+*)*)= %N& = � = pF�8��%}� * &|�87 = ��%8��p�T;����p�7L��% ,�= &P L��%I� � pW� = % = ��p�7 = &���7 = ���!� = %N& = � = p?�8��% � (
pW�<��(�( �+�L= &v��(��\ L��%I� � ���<� @ 9 pW� * ��� �<*)= &�d � "�g = H =W* �WB�Y�7 = � @  � pX���� L��% =W* � *)= �:�8% �+* � =W*)= % ,�@ ��� ? "
� * & � "1��% = 0 0aD =?E � * & 0 03b4D =?E u % = (� = p?� � H = � @ B
���	����� 
 ��� � �
������� �� �� � "��  ��� �# *���
&  4"$��%�&_9 , � �+*),/- �)� *K= H =W* �8(����<('�; )%'�3H � & = �87 = ��� � = % * ��� � H =A-/= ��7)�_&K���;��G!( = %IH = ��� - ��(� !7 = % � p
*)= �!�8% �<* ��(?B O � -/= ��� - ��(' )7 = % � p - �)� *;*)= �!�8% �<* ��( �+* � = %���p?� " � �87\�87 = %��_p�TM(��!%�%���� * & �+*), ��7 = & = 9
� = p?����% u ��7 =W*~- �!� * ( ��% =  )%��_&)�)p = &~G @ p�7)��% ,�= &\pW�)%'% =W* � �+* � = %���p?� � � * B�Y�7 = ( =�*)= �:�8% �+* ��9 �<* &)�!p = &
- �)� * (  )%��� )� , ��� = ���A�87 = & = � = pF�8��% �<* �87 = %'�:p�TeB O_�<* p =�= � = pF�8%'� * (���% = 7L��%�&)� @  =?*)= ��%8��� �<*),  L��%I9
� � pW� = u � * � @�- �)� * (�pW� * % = ��p�7K�87 = & = � = p?�8��%WB

���3" * "$��%'& - �!� * ( �+* &)�)p = &ZG @ ��� - ��(' )7 = % � p *)= �!��% �+* ��(MpW� *)* ���\G = & � ('� �<*), � � (�7 = &��f%'� -
pW��( -/� pF9 %8� @/- �)� * (WB��$�!�$�87 = % =�� ( * �~p?� * ��� -/�<* �U� � � * " � �87|p?��( -/� ps9 %8� @/- �)� * ( �<* �87 = �! #"$��%'&
- �)� * (\G = pX���)( =v- �!� *6�+* ��7 = %��_p�T�pX� *!* ���/�8%8�XH = �<( - ��% = ��7L� * 0Xb�T - pW��%�% = (� � * & �8���87 =
�87 � p�T *)= ('(A�f��%��87 = 7)��% �<� � * �8����& � % = p?� � � * B � = �!��% �+* ��9 �+* &)�)p = & - �!� * (�pW� * G = ��G)( = %'H = &���(��87 =
�) 4"$��%�&:9 , � �+*), & � % = p?� � � * ��� = H =W* � u ('�/��7L�����87 =?@ ��% = pX���+� = &P��(k�! #"$��%'&:9 , � �<*),\- �)� * (WB

&  4"$��%�&:9 , � �+*),x- �!� * (q��% = pW�<��(�( �+�L= & �<* ����� "q�x� @  = ( u �87)��� , 7:9 , � �<*),S- �!� * (N� * & (I�8�� ) �<*),
- �)� * (WBK
 *�= H =?* �M =?*)= ��%8��� �<*), �87 = & = � = p?����% � (zpW���<� = &.��(M����7)%���� , 7:9 , � �<*!,K- �)� * u � * &�� *
= H =W* ��('���� ) �+*),��<* ( � & = �87 = & = � = p?����% � (�pW���<� = &���(��|('�8�� ) �<*!,�- �)� * B ? �<, �)% = 0�BC��('7)�3"}(A�87 =
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NUM          7
RUN       2930
EVENT   316577
DATE  96-Oct- 8
TIME    9:31:37

TOT PE: 75737.4
MAX PE:   256.5
NMHIT :  8385
ANT-PE:   375.8
ANT-MX:    40.9
NMHITA:   189

RunMODE:NORMAL
TRG ID :00001011
T diff.:0.219E+05us
       : 21.9    ms
FSCC:       20000
TDC0:  8899.5
Q thr. :   0.0
BAD ch.:  masked
SUB EV :  0/ 0

NUM         30
RUN       3241
EVENT   323918
DATE  96-Dec- 7
TIME   14:40:31

TOT PE: 47984.5
MAX PE:   125.1
NMHIT :  7468
ANT-PE:   153.8
ANT-MX:    26.4
NMHITA:    95

RunMODE:NORMAL
TRG ID :00001011
T diff.:0.583E+05us
       : 58.3    ms
FSCC:       20000
TDC0:  8905.7
Q thr. :   0.0
BAD ch.:  masked
SUB EV :  0/ 1

? �+, �)% = 0�B � 	�Y�7 = � @  � pW��� = H =W* ��& � (� )�<� @ ��� �) 4"$��%�& - �!� * (WB�Y�7 = � = � � �L, �)% = ('7)�3"}(t�87 = �! #"$��%'&
�87!%���� , 7:9 , � �<*),\- �)� * B}Y�7 = % �<, 74��(�7)�3"}(���7 = �! #"$��%'&5('�8�� ) �<*!, - �)� * B�Y�7 = �<� ,�= %}& � (� )�<� @P� (
�<*!*)= %Q9 & = � = pF�8��%k� * &P��7 = ( - ���<� = %N& � (� !��� @|� (����!� = %I9 & = � = p?����%WB

Parent Neutrino Energy Distribution (muon track length > 7m)

0

0.1

0.2

0.3

0.4

0.5

0.6

1 10 10
2

10
3

10
4

Energy (GeV)

d
F

lu
x/

d
lo

g
E

 (
×
1

0-1
3 cm

-2 s-1 sr
-1 )

Upward Stopping Muons
Upward Through Muons
All Upward Muons

? �<, �)% = 0�B^J 	'� *)= % ,�@ & � ('��% � G)�!� � � * ���� L��% =W* � *)= �!��% �+* ��d ��0�Bh��D =FE g$�f��%��) 4"$��%�& - �)� * (?B
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= H =W* ��& � (� !��� @ ���!�) 4"N��%'& - �!� * ( �<*xO �) = %Q9QRS� -/� ��TU� * & = B�
�(�(�7!�a" *x�<* ? �<, �)% = 0�BhJ u �87 = � @  � pW���
*)= �!�8% �<* � =W*)= % ,�@ �����) 4"N��%'&v�87!%���� , 7:9 , � �<*), � * &�('���� ) �+*),;- �)� * (���% = 0 03b � * & 0 03b�b;D =FE u% = (� = pF� � H = � @ B

� * �) 4"N��%�&:9 , � �<*!,|- �)� * (�� -  )� = (��87 =M*)= �:�8% �+* ��(A��% =M� & = ���+� @ G)��p�T , %���� * &5�f% =W= B &  4"N��%�&:9
, � �+*),k- �)� * (�T =?=  M�87 =W� % & � % = pF� � � * ���) L��% =?* � *)= �!�8% �<* ��( " � ��7 , �_�:&x��pWp?�)%8��p @ ����7 �<, 7 = % =?*)= % ,�@
d 0 i��k���S03b�b;D =?E gFB
����� � $��/ ��., �� -$0" $��<�
�  #'(�
�%��'� #'
Y�7 � (x�87 = ( � (~� �<- (M�U�x�87 = � * ��� @ ( � (z�����87 = *)= �!��% �+* �5��(�p � �+����� � � *  L��%�� -/= � = %~� * &�H = % �+�L= (M�87 =
��('p � �+����� � � *x�<* �87 =k=W*)= % ,�@ % =W,�� � * �����87 =�- �!�+� � 9ID =?E p?� * ��� �+*)= & = H =W* ����% �<* �87 = 7 �+, 7 = % =?*)= % ,�@
% =?,�� � * G @��+* H = (I� �<, ��� �+*), �87 = � *), �!����%A& � ('��% � G!�!� � � *5�<* & =  =W* & =?* �8� @ �!( �<*!, ��7 = �! #"$��%'&:9 , � �<*),
= H =W* �8(?B

& ( �<*), �) 4"$��%�&P�87)%'��� , 7_9 , � �+*),M- �!� *�= H =W* �8( u *!= �!��% �<* �/��(�p � �<�<��� � � * pW� * G = H = % �+�L= & �+* �87 =
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NUM          97
RUN        6077
EVENT  10166837
DATE 1998-Jul-27
TIME    22:39:11

TOT PE:  65619.6
MAX PE:    271.0
NMHIT :   6620
ANT-PE:   1426.5
ANT-MX:     86.5
NMHITA:    362

RunMODE:NORMAL
TRG ID :00001111
T diff.:0.297E+05us
       : 29.7    ms
FSCC:       2FF90
TDC0:  8900.0
Q thr. :   0.0
BAD ch.:  masked
SUB EV :  0/ 0
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NUM          16
RUN        8107
EVENT  12504256
DATE 1999-Nov-14
TIME    21:50:48

TOT PE:1857716.9
MAX PE:    318.5
NMHIT :  10979
ANT-PE:   2405.3
ANT-MX:     68.3
NMHITA:    584

RunMODE:NORMAL
TRG ID :00001111
T diff.:0.108E+06us
       : 108.    ms
FSCC:       2FF90
TDC0:  8911.2
Q thr. :   0.0
BAD ch.:  masked
SUB EV :  0/ 0
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