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CC QE event rate, H20
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CC QE event rate, H20

0

50

100

150

200

250

300

350

400

450

0 1 2 3 4 5 6 7 8 9 10

νµ→νµ
BNL-HS: 2540km
sin22θij = 0.8/1/0.04
∆mij

2 = 5e-5/1e-3 eV2

matter effects on

2226. / 5724. CC QE events

Neutrino energy (GeV)

E
ve

n
ts

/0
.1

G
eV

/1
25

0(
kT

o
n

-y
r-

M
W

)

y�mo��ç�z{h �l0���ý<hj���{z{ç��=|��4��h¢��hj�¢��h�� (¥ç�ivn{mKSÈhj��i�n��{m���h�k�h�uV��nxm�u¶i ��e �ôq � �&h���h����{|�zxiv�xþ��2� �`�¥� �àz{|��
gt��Å4e��Ah:��ilk�h�i�n{n�ç���h�� �&e��xq � |���è<hli�� ý<|Ýr�h�z�i�u&����Ô�hji�z{nb|���z{ç�u�u&m�u���e��æ��h:�{|�ý���iv�ªiEý<|�m�uV�{n
i�z�h�r\mo�{��|�ç&�*|�n��jm��o��iv�{m�|�u&n4i�u��ôè<|��{�{|��5i�z�h�r\mo�{�`|�n��jmo����iÂ��m�|�u�nje��æ��m�n*ý���|v��mon7�à|�z)<>=@?A ?CB � ! ��� � �j� ? e
�æ��h-hjz�z{|�zóè�ivz{n �j|�z�z{hjn�ý�|�u��D�{| �{��hÜn���iv��mon���mo�li��"hjz{z�|�zóhQJ�ý<hj�¢��hj�Gm�u,����hÜè�mou6e5Æ � � � hju�h�z{��Ô
z{h�n{|��oç&��mo|�uMm�n»i�n{n�ç���h��H+¥����mon»�j|�z�z{h�n{ý<|�u���n0��|E�{��hæhQJ�ý<hj���{hj��z{hjn�|���ç���m�|�uM��ç�ht��|xè<|����Ou¥ç�����hlivz0h1.�hj���{n
i�u��å���&h��#ç�|�uå��|���h�u¥�{ç��Zz�hj��|�u�n��{z{ç��¢��mo|�uXmouó����hx��h¢��hj�¢��|�z�e

� �



r\��h�z{h
��� � � � $ � ? � A � $ � ? � ?A n{m�u�! 3Ãþ�5

��� �Rmon:i�u3mou¥kvi�z�m�i�uV�æ�{��iv� (�ç�i�uV��m/��hjn"Ót�,k�mo|���iv�{m�|�uómou �{��h�u�hjç&�{z{mou�|`n�hj���{|�zjeæ�æ�&h[�à|�z��fç���i\�à|�z
�f3 �]_^ ` �]_a 5#monO�{��hån�i���håi�n�i�è<|Ýk�h hQJ��jh�ý&���{��iv�O���&h ��� �Ç�{hjz���nO��ilk�h |�ý�ý<|�n�mo��hón�m���uÏe1�0�ohli�n�h
n{h�h�iv�{��i��ª��hj�Xi�ý�ý<hju&��mKJ-3à��hjý%S³ý���� � � �"� � � � 57�à|�zæ�&h1��u�ms��mo|�u�nt|��_n�Ô��fè<|��onæè�ç&�:u�|��{h�����iv� < A $ m�nt���&h
iv�{��|�n�ý���h�z{m����{hjz���i�u��;< ?M$ m�nt�{��h�n{|���i�z���h�z{� e4�æ��h�kvi���ç�ç���|�n��jmo����iÂ��m�|�u�n7�à|�z�iMè�ivn{hj�om�u�hx|��»þ"�2���
�¥� i�z�h�m��o��ç�n���z{iv��h��ôm�uóy_m���e D i�næi\�àç�u&����mo|�uó|���hju&hjz{�vÔ6�à|�ztè<|��{�ó�fç�|�uåi�u&�åi�uV��mKSÈ�fç�|�u`u�hjç&�{z{mou�|�nje
�æ��h �`ivm�u �àhliv�{ç�z{hå|�������h |�n��jm��o��iv�{m�|�uAm�nO��ç�hå��|Ü���&h �{hjz{� ��m�u&hli�zMmou n�m�u ?������? e �æ��h |�n{��m��o��iv�{m�|�uý�z�|�è�i�è�mo��ms�³Ô�z�m�n�hjn��à|�z»�o|}r*hjz4h�u�hjz���m�h�n0��ç�hæ��|E���&ht��hjz���n0�om�u�hji�z»mouMn{m�u ? ��	
�? e»�æ��h\m�uV��h�z �àh�z{hju&�jhæ��h�z{��nm�uVk�|��ok�h�Ót�ûk�m�|���iv��mo|�uQi�u&�Ü�{��h�Ô3�jz�hliv�{h�ivuÜi�n�Ô�����h¢��z�Ô3è�h¢�³r�h�hjuAu�hjç&�{z{mou�|�nxi�u��-i�uV�{mKS³u&hjç&�{z{m�u&|�nje
�æ��htkvi���ç�ç�� |�n{��m�����iv��mo|�u �à|�z{�#ç���i\3×ñ�(
e � 5_i�u��Oy�mo��e D n{��|Ýr[����iÂ�»����hæÓt�Ai�n�Ô�����h��{z�Ô#i���n�|"��z�|}r\n4ivn

� �%�Wm�u�����h �&e �:S�ÿ&e �#� �j�Kz�hj��mo|�u6e0g*hj�livç�n{h�|2�6����mon�hQ.Ïh����tms��monti�z���ç�h��`����iÂ�*�{��hW����ç&z{h"|2�F��h�z{ms�7�à|�z
��hli�n�ç�z{mou��MÓt� k�m�|���iv��mo|�u�mon�mou���hjý<hju&��hjuV�æ|��F�{��h�è�ivn{hj�om�u�hve0y�|�z*k�hjz�Ô`�o|�u��#è�i�n{h���m�u&hjn��{��h"n��ªiv�{m�n��{m���n
�à|�z�i#��mok�hjuón�m��jh���h��{hj�¢��|�zæiÂ�æif��msk�hju`hju�h�z{��Ôôi�z{h�ý�|�|�z{h�z�èVÔ�|�u�h�|Ýk�h�z����&h�nM(¥ç�i�z�hE|��F���&h���m�n��ªi�u&�jh�p
è�ç&�\�{��h�Ót�(i�n�Ô�����h¢��z�Ôó��z{|Ýr\n\��mou�hlivz{�oÔ�m�uó�&m�n���i�u���h68 � T�9×e
�æ��h\k�iv�jç�ç�� |�n{�jmo����iv��mo|�u\�à|�z��fç���iÂ��m�|�uf�fç�n���è<h\��|���m/��hj�M��|�m�u�����ç��&h\�{��h\h1.�hj�¢��|��Ï�`iÂ�{��h�z 8 � �29Ãe

�æ��h ]:^�` ]_a�ý�z�|�è�i�è�mo��ms�³Ôxm�u#�{��htý�z�hjn{h�u��jh\|��<��iv�{�{hjz_m�n�n���|Ýr\uOm�uOy�mo��nje�T"i�u��d��e_�Ç��h�u���|���ý�i�z{h��
��|fy�m���e D r�h��ji�uôn�hjh�����iv����iv����hjzbr\m��o��hju���ivu��jh�3àn{ç�ý�ý&z{hjn�n 5�u�h�ç&��z�m�u�|�3×i�uV�{mKS³u&hjç&�{z{m�u&| 54��|�uVk�h�z{n{mo|�u
iv�\��mo���óhju&hjz{��m�hjn:i�u&� r\mo���6iv��n{|M�o|Ýr�h�z�3®m�u&�jz{hji�n{h 5�����hxhju&hjz{�vÔåiv�ær\��mo�ª� �{��hE|�n{��m��o��iv�{m�|�u��`i�J�mo�fç��
|��j�jç&z{nje��æ��hth1.�hj�¢�»mon�|�ý�ý<|�n�mo��hW3®h�u���i�u&�jhj��hjuV���à|�z»i�uV��mkS³u�h�ç&��z�m�u�|�n_ivu��fn{ç&ý�ý�z{h�n{n�m�|�u>�à|�z�u�hjç���z{mou�|�n 5
m/�_����h�n{mo��uX|2�m<>= ?A ? m�n:u�hj��iv��msk�h�eæ�æ�&h#��iv�{�{hjz:hju���ivu��jh���h�u¥�"h1.�hj�¢��m�uXu�hjç���z{mou�|�|�n{��m�����iv��mo|�u�næ��ivn
è<hjhjuÜý<|�n��{ç���iÂ��hj�;�à|�zEi`�o|�u��`�{m���h�r\mo�{��|�ç&�"hQJ�ý<hjz{mo��h�uV�ªi��_�j|�uZ��z{��iv��mo|�u 8 � Y29×e�d�h���h����{m�|�uQ|2�4n{ç��ª�
i�u�h1.�hj�¢�tèVÔO��hji�n{ç&z{m�u&��ix��ivz{��h:i�n�Ô�����h���z�ÔMè<h��³r*hjhju`u�hjç&�{z{mou�|#ivu��ôi�uV�{mKS³u&hjç&�{z{m�u&|�|�n{�jmo����iv��mo|�u�n�|�z
èVÔ ��hji�n{ç�z�m�u��O���&h�n�ý�h�����z�ç�� |��0h���hj�¢��z�|�u3u�h�ç&��z�m�u�|�n�mon�i��`i:��|�z\��|Vi��H�à|�z\u�h�ç&��z�m�u�|�ý��VÔ�n{m���nje\�æ��mon
��hli�n�ç�z{h���h�u¥�\r\mo���6iv��n{|MÔ�m�h����ó���&h�n�m���uå|���<>=@?A ? e
y�m���ç�z{h�n�Y&p � �Oi�u�� � � n{��|Ýrû����hxn{ý<hj�¢��z�ç���|��_hj��h����{z{|�uå�³Ô�ý�hxu�h�ç&��z�m�u�|�næ�{��iv�ær\m��o�6è<hE��h��{hj���{hj�

iv��þ��2� �ô�¥�Xe��æ��hMn{mo��u�i�� �à|�zEn{mou ? þ h $ A N � ! ���ôr\m��o��è<hOi�è�|�ç&� � ���ôh¢k�h�u¥�{njeM�æ��hOè�iv�ª����z{|�ç�u&�R�à|�z
���&m�nfn�m���u�iv�*r\m��o�*��|���h6�àz{|������&hóm�uV��z�m�u�n�m��`��|�uV�ªi���m�u�iv��mo|�uR|��W]_a#ý�i�z���mo�j��h�nfm�uI�{��hôè<hli�� i�nfr*hj���
i�n�u�hjç���z�iv�b��ç�z{z�hjuV��h�k�h�uV��nfý�z�|��&ç��jmou�� +���njeô�æ�&m�n�è�i��ª�¥��z{|�ç�u��Rr\mo���»è<h�hUJ&i���mou�hj�-m�u-��h¢�ªi�mo�»m�uAi
�àç&�{ç�z{hMç�ý<��iv�{h#��|ô�{��m�n"ý�z{|�ý<|�n{i��Ãe�y�z{|�� ý�i�n��xhQJ�ý<hjz{mohju���hMç�n{mou��ó����mon�è<hli�� p�r*hOhQJ�ý�h����E�{��iv�E���&h
��|v�ªi���è�i��ª�¥��z�|�ç�u��¶mouX�{��h#n�m���u�iv��z�hj��mo|�u3�ji�uQè<h#z�hj��ç���hj�Q�{|ói�è<|�ç&� �&e �%��|2�»����h��ª��i�z���hj�¶��ç�z{z�hjuV�
�fç�|�u u�hjç&�{z{mou�|¶h�k�hjuV��n�eR�æ��håi���k�ivu¥��i���h�nM|��\����h`k�hjz�Ô ��|�u&�Qè�i�n�hj��mou�hói�z�hôm�uR|�è&�ªivm�u�mou��QiQ��i�z{��h
hju&��i�u���hj��hjuV��iv�x��m�����hjz�h�u�hjz���m�h�nxi�u��Ü�jz�hliv�{m�u�� iôu�|���i���ý�iv�{�{hjz�u-mouQ����hOivý�ý�hji�z�ivu��jhMn�ý�h�����z�ç�� e
g�|��{�M|������&hjn{hæ�ji�uMè<htç�n{h��f��|*�àç�z�����h�z»m���ý�z�|}k�h*�{��htn{h�u�n{ms��msk�ms�³Ô#|2������hthUJ�ý�h�z{m���hjuV�je��æ��htk�hjz�Ô#��|�u&�

� �



P(νµ→νe) with 45o CP phase
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P(νµ→νe) with 0o CP phase
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CC QE event rate, H20
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CC QE event rate, LAr
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