
� � � � � �� � � � � �

� � � � � � �

� �� �� 	
 �� � 
 � 	 �


 ��� �� �� � � ��� �� �� � ��� � � � ��

�� ! " # " $% & ' &



�� �� � � � �� �

	
 �� 
� � �� 
�� � �� � 
 � � � � � � 
� 
 �

� � � � �� � � � � � �� � ���� � �� � � � �  � � �� �!

� �� � � � � � � !  � �� �� � �

� � � � �� ! � �� �� � �

� � ��! ! � �� � � " # " �  ��� �� � �
� � �� � � �� �� � � �� � � � � � �

� � �� �� � �� � $� � � �� � � �

�� %& ! � � � ��  � �' � �

� �( �� ��� � ! � � � ) ! � � �� �� �

� �� � � �� � � � ) � � � � � � �� � �

�  � � �� � � �*+ , �� � � � � ) �� � � � � )

�� � � � � � � � � � �� � � �� � � ).- - - /� $� �0 � � � � � � �

� � � � �� �� � � � ,� � � �1 � /

�� ! " # " $% & 2 &



�� � � � 	� � � � ��� � �� � � � � � 
 	 	� 	 �� � � �


 �
� � � � 	� � � � � �� ��� � 	 �� � � � � � � 	 �� 	 � � � � � � � � 	 � � 	 �� �

" ��� " � � �� � � �� �� � � ! � � � � � � �� � � �� � �

" � � � � �� ! � �� �� � � � � ( �� � � �

� � � � � � � � �� � � � � � �� �� � � �� � � � � � �

� � � � � � $� �0 � � � � � � � � � � � �� � �

� �� � � � � � � � � �

" � $ �� !  � � ( �� � � � ��  �� � ! � � �

� �"! 	 � � � � � � # � �� � � � 	�

DetectionOscillationSource

50%

50%

CC

CC

CC

CC

Μ-

ΝΜ

Ν�e

ΝΜ

Νe

Ν�e

Ν� Μ

Μ-

e-

e+

Μ+
" �� " � � �� � � �� �� � � ! � � � � � � �� � � �� � ��� � � � � � � � $ �� !  � �  �� �� � �

� �� � � � � � �� � � � �* + � � $ � � � � �

� � � � � � $� �0 � � � � � � � � � � � �� � �

%'& ! � � � � �� � � �! ! � �� � �

� �"( � 
 � � � �� � � 	 � 	 �� � ) * � � � " � � � " � $ �� ! +� � ! , � �� � � ) -  . / /
�� ! " # " $% & 0 &



� � �� � � � � � � 	 
 � �� �� � � � � 
 	 � � � � � 
 � � �

� + � � � � �! �� � � � � �� ! � �� �� � �

� � � � �	� 
�
� ����� $ �� �� �� ��� � � � � �� � �� � � � � ��� ��  � � � � � � � � �	�� � � � � � 
� � � �� ��� � � � 


� ! � � � �� �( � � � �� � � � � � ��� 
� � � �� � � ��� 
�� � � � �  !#" �

$ % " ��� " �& ' .)( *+ � � � � 
� � �� � �� 
� ��� � , � � *+ � � � � 
 * + � � � �� � ��� � �� 
 � *+ � �

$ % " �� " �& ' � � �� � � � 
� � �� �� 
 � � �� % % .(
� � & � &

% .(
� � & �

- � � � . /0 �� �� � � �� *+ � � � 
� �� � � � 
� �� � �� 
� � � % � & � �� %
� � � & � � � % % .(
� � & � &� � % .( � � &

, *+ � . /0 �� � � � � �� *+ � � � 
� �� � � � 
� � � � �� 
 * + � % � & � � � %
� � � & � �� % % .(
� � & � &� � % .(

� � &

, �� � ��� � � �� *+ � � �� 
� � �� %
� � � &� ��

12 345 6
7 328 32 9 :; <5 =5 = :> 98 3? 9 :> <@ 3A 7 9 6 35 9B :C 325 95 6 3A :D 35 9 :E = F < ? =5

12 345 6 : C 4G 32 :D H �� ! " # " $% & I &



�� 	 �� �� � � � � � 	 � � � � �

�� � �� � � ��� � � � 

	 /� . � �( �� � � � �  � � � � � � � �� � � � � � � � 

�

� �� � � � �� � ��� � �� �� � � �� � � ) ! � � � �� �( � � � �

� �( �� � � � � � � � �� � �� � � � + � �	� 
� ) � * � � � �� �� � � �( � � � �

�� 	 � � � � � � � � 	� � � 	

�� �� . �� � � � * + � . �� � �� ! �  � �  � � �� � �� � � �� � � %
� � � &� �� � �� !  � �  � � �� � �� � � �� � �� %

� � � &

� � � � � ��� %
� � � & � /� � �� � �� � � � � � � � �� � ��� �� � � �

� � � � 
� �� � � � � � �� �� � �! � " ��� �  # . / /$ %

�� ! " # " $% & & &



� � � � � � � 	 	 � 	� 	 � � �� 	 � � � 
 � � � � 	� � � � � � �

� � �0 � � ��  � � �� � � � �  � 1 �� � � + � � � ���� � � � � � 
� � � �� �� � � 
� � � � ��� 
� � ��� � � � � /

$ % " �� " � & ' � � �� � � � 
� � �� �� 
 � ��� % � &

- � � � . /0 �� �� � � �� *+ � � � 
� �� � � � 
� �� � �� 
� � � 
 % � &

, *+ � . /0 �� � � � � �� *+ � � � 
� �� � � � 
� � � � �� 
 * + � % � & � ��� % � &

, �� � ��� � � �� *+ � � �� 
� � �� % � &

� � �  � � � � � � � � �� �  � �� ! � � �� � � � � � � �� �� �  � � � � � � � � �� � �� � � � � ��

� ! � � � � � � �� � � �� � � � � ��� � � � 
  � �� ��� � � �� � � ��� � � �� � �	�� � � � � � 
�� � � � � � ��� � � � �� , . � � ( � � 
 / ) , . � � ( �� �" % � �� 
� & / ) , �� 
( �� ( �� 
 /

� �� � % � ���� � & � � % � ��� 
� & � � �� ! � � ! � �� � � � + � � �� � �� ��� � � � 
 � �� � � � � + � � �� �

� � )
	 )� ) - - - $� � � �� � � �� � � # � � $ �� ! � � �� � � � �

� � � �� � �� � � � � �  �� ��� � � � � �� � $ � �� � � �

�� ! " # " $% & � &



� � 	 � � � 	� � � �� � � # � � � � 	 � � � � 	� � � �

�� �� � � � � � � � �

� + � � � � �! �� � � � � � � " �� ! � �� �� � �� � �� �� � � �� � � � � �� � �� � � � � �� ! � � � �� � � � �� � �  � �' � �� � � �� � � � � �� 0 � � � � � �� � � � � � �

� �� � � � � � � � � �� �� � � � � � � � � � � � , � � ' � � � � �0 � �1 �  � �� ! � � �� � /


 � �� �� � � �

�� � + � � � � �  � � �� $ � � � �  � �  � �� ! � � �� �

� � � ! $� � � � ' � � +�   �� �� � � �� � � � � ��   �� �� � � � �� � � � � � � + � � $ � ��  � �� � � �� � �

� ' � �  �� ��� � � � + � � ! � �� � �� � � # � � � � �� � �� � � �

�� � � $ �� � � � �� �� � �� �� � ! � �� � � � , �! � � � �� � � � �� � � � # $� � /�

� * � � � � � � �� � � �� �� � �� � �

�  � �� ! � � �� �� � �� � � � + � � � � �! � �� �� � � � � �� �� � � �� � �

� � � � � � �� �� � � � � � �� � � � � �� � � �  � �� ! � � �� �

�  � � � � � �� � � � � �� �  � �� ! � � �� � + � � � �� � � �

� �� � �� �� � � � + � � ! � �� � � +� � ! �� ! �� � � ,�� �� � /� � � � � �  � � �� � �

� � � �! � � � � � �  � �� ! � � �� �

� � � ��� � �  � �� ! � � �� �� � � ,� � � � � �� � � � / �� � � � � � � � � �� ��� � � �

�� ! " # " $% & � &



�� 	 �� � � � 	�

�� �

0 1 2 3 4 5
E @GeVD102

103

104

105

106

107

108

109

Fl
ux

@GeV-
1

cm
-

2
yr

-
1

D

JHF- 2° OA

ΝΜ

Νe

Ν��e

� ! �� � � � �� � � /� � . �� �

�  �� 0 � � � � � �� � �.� � � . /�� �� �	� � * % � � 
�� � �

� � /� � # �� �

� " � � " � ��� �� �� �  �� 0 /� � 

� �� * � ( �� � � �

0 1 2 3 4 5
E @GeVD102

103

104

105

106

107

108

109

Fl
ux

@GeV-
1

cm
-

2
yr

-
1

D

NuMI - 0.62° OA

ΝΜ

Νe

� ! �� � � � �� � � �� � # �� �

�  �� 0 � � � � � �� � �

�� � � . /� �� �� � * % � � 
�� � �

� � �� . # �� �

� " � � " � ��� �� �� �  �� 0 /� � 

� � �� � �

0 10 20 30 40 50
E @GeVD102

103

104

105

106

107

108

109

Fl
ux

@GeV-
1

cm
-

2
yr

-
1

D

NuFact - 0.75 MW

ΝΜ

Ν��e

� ! �� � � � �� � � � / �� �

�  �� 0 � � � � � �� � �.� � � . /�� �� �� � * % � � 
�� � �

� � � �� � � �� �

� " � � " � ��� �� �� �  �� 0 # � 


� � � �� �� � � �� � � � � � �� � � � " ��� $� �0 � � � � � � � � � �� �� � � �� � � � � � ��

� ��� � �� �� �� �� �� � � �  � � ! � � �
�� ! " # " $% & " &



� � � 	� � � 	 � � � � � � � 	 � �� 	 �� �

� 	 �� � � � � � � � � � � � � 	 � �

� � � �� �� � � � � � �� � �  � �' � �

� � + � � � �� � � � + �� � � � � � �� � �

� � � �� � � �� � � � � ! � � � � � �� � ��

�� � � �� � � � � �  � � � � � �

� � � # / /0 ! � . ���

� � � � / /0 ! � � ��

� � . � � � /0 ! � � /	�

� 
�� % . / / / /$ % & � � 
� �� �

0.0 0.2 0.4 0.6 0.8 1.0
x=r/RE

0.0

5.0

10.0

15.0

ρ 
[g

/c
m

3 ]

�� � �� �� � � ! �  . / ( . �� �� �� �� � �� �� �� �� � �  ! ! "�# $ "� � �% � � �

� �& � � � � � $ �% � "� '( �  ) * �+ % � � � � � "% � " �� $ �� � � �� � ! "�# ��  � 
 � � �  �
,-. /0 1 0 23 4 5 4



� �� �� � �� �

! �� �� �# � � �% �  & *  ! 	� � � � % �� "� � $ "�  %

� 
 � �� � � � � *  � "� �� �� � � *  � "� �� ��

) $+ � " � *� �� � 
 
� �$ � ��� � � �$ � � 
 �$ � � �$ � � � �$ � �

�% � � � ' � �% � � ��� � � � 
 �� � � � � �� � � � � � �� �

�% � � � ' � ��  *+ � "  % � 
 � � 
 
 � 


� " � % � * �� � " �% � ' �� � �� � ��� �

� � � � � � � � "  % �� � � �� � � � 	 � �� �

��� � � � � �� �

� � � ��  + % $ + % � � � � � "% � ' � 
 � 
 � 


� �# � �� #  * $ �� �� �� �  � �# � � � � % �� "� � $ "�  % � � *  � "� �� � �

* "% � � � � "� �  � �# � �� � " �% � ' � �� ! � �% � �� � �% $ 
 � �� �

� * " �+ " $ � � �  % � � !

,-. /0 1 0 23 4 " # 4



� � �� �� � �� � � � � �� �� � � �

�� 	 	 

 �+ � � �+ 	 � � � 	�

$ �� �� �  � ! �� �� � # � � �% �  & *  ! 	 � 
 � �� � � � % �� "� � $ "�  %

� � *  � "� �� �� � � *  � "� � ��

� �� � * "% � 
 �� �� �� � �� � � � � ��

� �� � �� $ �% � "� ' 
� � ��� � � � 
� � �� � � � � � � ��� � � �

� � � !#"$ % � � � �� &' ( � ) � � � �� &' ( � ) � � �� &' ( � )

� �� 	 	� 
 * + � � � "� �� �  � � *+ � "%  � "� ' �# �% � � 	 	 



� ( *+ � � % � " 	% �+ � � "%  �+ % % "% �

� �+ 	 � � � 	� � * + � 
 � "� �� �  � � *+ � "%  � "� ' �# � % �+ 	 � � � 	�

, -./ 0 -1 23 45 36 17 1 4 5 38 2.9 : 0 2 0 -1 2 3

�� 	 	 

 �+ � � � � 	 	� 
 �+ 	 � � � 	� �+ 	 � � � 	� �

� " � % � * � � �� � � � �� � � � � � �� � � � 
 
� � ;� � � 
� ;

� � � � � �  + % $ 
 � � � � � � � 
 
 �� � ; � � 
 � � �� �


 < � ; ; ; � ; � � ; �

,-. /0 1 0 23 4 " " 4



�� ��� � � � � � � � � �� �� �� �� �� 	
� � 
 � � � � �� �� � �� � � �

�� � ���� �� �� �� ��� � �� � �� ��  � !  � " � � �# �� � � � � � � �� !� �

$ $ % $ &' % (' $ $ % $ & ' % ('

10-6 10-5 10-4 10-3 10-2 10-1

sin2 2Θ13

10-3

10-2

D
m

312
@eV2

D

Dm21
2 = 0

10-6 10-5 10-4 10-3 10-2 10-1

sin2 2Θ13

10-3

10-2

D
m

312
@eV2

D

10-6 10-5 10-4 10-3 10-2 10-1

sin2 2Θ13

10-3

10-2

D
m

312
@eV2

D
Dm21

2 = 3.7 10-5 eV2

10-6 10-5 10-4 10-3 10-2 10-1

sin2 2Θ13

10-3

10-2

D
m

312
@eV2

D

NuFact NuFact JHFJHF

� )* � + �, -. /10 � ) +2 3 . /100 ) 3 - 4 -2 3 -2 5 -6 � ) -2 )* 7*8 * 7 9 , *: * 7 )

� ; 4 76 +2 6 < 3 - <6 � : + = 2 * 7 ; 3 - 3 *> - < -2 5 -

� -> - 5 7 ) 7 <6 2 = - ) 7 �6 < )? 6 < 7 � + ) -, * 2 - ) @AB CD E D FG H "I H



�6 : 4 + < + 7*8 - ) 7 ; 3 9 * 2 5, ; 3 * 2 = + , , -> - 5 7 ) � �� 07 4� � 4� �9 - 07 4� 0 �
	 �� �
�� �� �� �

10-6 10-5 10-4 10-3 10-2 10-1

sin2 2Θ13

Sensitivity to sin22Θ13

Systematic
Correlation
Degeneracy

JHF-SK

NuMI

JHF-HK

NuFact-I

NuFact-II

10-6 10-5 10-4 10-3 10-2 10-1

sin2 2Θ13

Sensitivity to sin22Θ13

�� *> - < -2 7 ) -2 )* 7*8 * 7 9 < - 3 ; 5 7*6 2 ) � 9 ) 9 ) 7 -: + 7* 5 )

� �6 < < -, + 7*6 2 ) � 3 - = -2 - < + 5 * - ) , - + 3 76 ) -8 - < - , *: * 7 + 7*6 2 )

� � : 4 <6 8 -: -2 7 ) � 9 56 : � * 2 * 2 = -� 4 - <*: -2 7 )

@AB CD E D FG H " � H



� �� � �� � � � �� � � # � �� � � �� � � # �

10-6 10-5 10-4 10-3 10-2 10-1

sin2 2Θ13

Sensitivity to sin22Θ13 for NuFact-II

3000 km

8100 km

10-6 10-5 10-4 10-3 10-2 10-1

sin2 2Θ13

Sensitivity to sin22Θ13 for NuFact-II
� � - 3 ; 5 7*6 2 6 � -8 -2 7 < + 7 - ) < + 7 - )

� � - 3 ; 5 - 3 56 < < -, + 7*6 2 ) � 3 - = -2 - < + 5 * - )

� * � - 7 7 - < ) -2 )* 7*8 * 7 9
	 @AB CD E D FG H "� H



10-6 10-5 10-4 10-3 10-2 10-1

sin2 2Θ13

Sensitivity to the sign of Dm31
2

Systematic
Correlation
Degeneracy

JHF-SK

NuMI

JHF-HK

NuFact-I

NuFact-II

JHF-SK

NuMI

JHF-HK

NuFact-I

NuFact-II

10-6 10-5 10-4 10-3 10-2 10-1

sin2 2Θ13

Sensitivity to the sign of Dm31
2

� �� ��� �. /10 � )� 8 - < 9 ? + < 3 76 3 - 7 - <: * 2 - � * 7? ) ; 4 - < � - +: )

� 3 - = -2 - < + 5 * - ) � * 7? � 	
 + < - 7? - : + * 2 4 <6 �, -:

* 56 : � * 2 - -� 4 - <*: -2 7 )	 � �� 07 4� � 4� �9 - 07 4� 0 �
	 �� �
�� � � �� �

@AB CD E D FG H " � H



� � �� � � �� �� �� �� � � � � � �� � �� � �

10

� 7 10

	 6 10


 5 10

� 4 10

� 3 10


 2 10
� 1 100

sin2 2 � 13

� m
212

eV
2

Sensitivity to CP � Violation at � CP � � � 2

4.7 � 10

� 4

3.7 � 10

� 5

1.1 � 10
� 5

JHF � HK

JHF � HK

JHF � HK

NuFact � II

NuFact � II

NuFact � I

JHF � SK

10

� 7 10

� 6 10

� 5 10

� 4 10

� 3 10

� 2 10
� 1 100

sin2 2  13

! m
212

eV
2

Sensitivity to CP " Violation at # CP $ % & 2

� � 8 *6 , + 7*6 2 � * 7? ? * = ? , ;: * 2 6 )* 7 9 ) ; 4 - < � - +: ) � - + ) + �, -

� ) -2 )* 7*8 * 7 9 * ) � 	
 3 - 4 -2 3 -2 7 � �� 07 4� � 4� �9 - 07 4� 0 �
	 �� �
�� � � �� �@AB CD E D FG H " ' H



� �� �� � � � � � �

�� �� � � �� � �� � � �� � �� �� � � � � � � � � �� �� � � � � � � � � �� � � �	 < - 
 ; * < - ) 8 - < 9 4 < - 5 * ) -� 2 6 � , - 3 = - 6� 7? - 2 - ; 7 <*6 )6 ; < 5 -	 * 2 + 3 3 * 7*6 2 76 3 - 7 - 5 76 < ) 
6 ) 5 * , , + 7*6 2 � < +: - �6 <� ���� 
: + 7 7 - < 
�� � � �

* � �� " �� � � �� ��� � � !� � �  � � - + 5 76 < ) 
 ��� � - +: ) 
  ! � �� " ���   � � ! �� � � � !� �� �� � �  

	 � 2 6 � 2 . /0 $" # 
 � $ + %'& % ( () -* * � + ) -, * 2 - ) 
 � �� � � 
 � � � �� :	 * ) 8 - < 9 4 <6 : * )* 2 = + 2 3 46 ) )* �, - * 2 ) 7 + = - ) * . / 0 � ) 
,+ 0 � 
,+ ) � 
 � 	 
	 - + < 7? : + 7 7 - < -> - 5 7 ) * 56 : 4, * 5 + 7*6 2 � 5 ? + 2 5 -

. � � /� �0 � � � � � � � �1 �� � �� �

	 4 < - 5 * ) - : + ) ) - ) + 2 3 : * � * 2 = ) � <6 ? + 3 <6 2 * 5 ;2 5 - < 7 + * 2 7* - )

	 2 34 
 	 � 2 � 
5 � � 
 �67 
�� � � � * 8 - < 9 * 2 7 - < - ) 7* 2 = , * : * 7 )

	 8 - < 9 8 + , ; + �, -8 +8 6 ; < * 2� 6 <: + 7*6 2 9 : 6 3 -, )6� : + ) ) - ) +2 3 : * � * 2 = )

	 : * < + 5 � � + ;6 < + 2 + : + ) ) - ) 9 * 2� 6 <: + 7*6 2 6 2 ) - -� ) + � ) 5 + , - )

	 �6 8 *6 , + 7*6 2 9 , - 4 76 = -2 - )* )< � + < 96 2 + ) 9: : - 7 < 9 6� 7? - ; 2 *8 - < ) -

� = � � � � � � � >� >? � � @ � @ � � � � �A � A B � @ � � >? �C 1 D� > ��
@AB CD E D FG H E F H


