
� � � � � �
K2K � � � SciFi 	 
 � �  � � � � � � � � � � � � �� � � � � �  ! � " #

$ % & ' & ' ( )+* , ' - . , / 0 1 2 - . 3
034S122N4 5 6

2005 7 2 8 10 9



�

�
1 � �����	��
��������������� 3

1.1 ��� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.1.1 �����! �"$#&%�')(�*�+ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.2 �����! �"$#&,.- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

1.2.1 /10������! �"$#2�3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

1.2.2 4�5768�:9�;�<>=@?:�����! �"$#A�B . . . . . . . . . . . . . . . . . . . . . . 7

�
2 � K2K C:D 9

2.0.3 K2K E�F)($G�H . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

2.1 K2K E�F)($I�J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

2.1.1 �����! �"$#�68�19>K�LNM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

2.2 O.P�Q)R$S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2.2.1 1 T.UV MXW�Y[Z)\]M�^�_Q)R$S (1kt) . . . . . . . . . . . . . . . . . . . . . . 11

2.2.2 Fine-Grained Q)R$S ` FGD a . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

2.2.3 b�P�Q)R$S `dc@�8e[��f)ghifNMkj�a . . . . . . . . . . . . . . . . . . . . . . 13

2.3 K2K E�F)(�l�m.n�o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

�
3 � SciFi prq�s 20

3.1 t�MkYX\��u[vwMyx._[zkL8{[� ` SciFi a . . . . . . . . . . . . . . . . . . . . . . . . . 21

3.1.1 t�MkYX\��u[v>Myx._[zkL8{[��t1�! �|}{7M�~�� . . . . . . . . . . . . . . . . 21

3.2 �:Q)R$��P IIT-CCD YrZ��rM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

3.3 SciFi Q)R$S)(�ji�w�&��� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

3.4 SciFi Q)R$S)(��.� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

3.4.1 �i�� �Q)R$�.� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

3.4.2  �K[�8�Q)R$�.� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

3.4.3 Q)R$S)($�.B�� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

3.5 SciFi �y�w���8ji�w���� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

3.5.1 �i�� �Q)R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

3.5.2  �K[�8�Q)R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

3.5.3  �K[�8��.� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

3.5.4 2 �� �K[�8�Q)R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

�
4 � �����y�� 1��¡�¢>£@�1�����	��
��¤�¥>¦:§�¨X�©�«ªi¬ 32

4.1 [®@¯8�N°:�:�����! �"$#&±�²N(�³.H.� . . . . . . . . . . . . . . . . . . . . . . . . . 32

4.2 SciFi-MRD (! �K[�8��.���>´���L�µ¶M� ·(�¸�¹ . . . . . . . . . . . . . . . . . . . . 32

4.3 K2K-I �y�w���ºr®@¯8�N°:��L�µ¶M� ·($%�' . . . . . . . . . . . . . . . . . . . . . . . 34

4.3.1 LG »i¼�($»i¼�(�/¶½.¾1;�<�=�?:®@¯8�N°:�$¿.I�J . . . . . . . . . . . . . . . 34

4.3.2 LG L�µ¶M� ·(Ng]���yh¶M}À�Á . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

i



4.3.3 LG L�µ¶M� ·(:®@¯8�N°:� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

4.4 K2K-IIa ji�>���y�w���º[®@¯8�N°:��L�µ¶M� ·($%�' . . . . . . . . . . . . . . . . . . 40

4.4.1 SciFi-MRD  �K[�8��.�����)(������ . . . . . . . . . . . . . . . . . . . . . . 40

4.5 K2K-IIa MRD-2L L�µ¶M� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

4.5.1 ®@¯8�N°:�$¿.I�J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

4.5.2 	�
.¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

4.6 [®@¯8�N°:��L�µ¶M� ·(���� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

4.7 K2K-I ji�w������ ��i(�L�µ¶M� �¿.B�� . . . . . . . . . . . . . . . . . . . . . . . . . 57

�
5 � SciFi prq�s����������� �! 66

5.1 "�#�À�ÁN(%$�H.� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

5.2 �i�� �)´�&  �K[�8�('.À)(*)�+ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

5.2.1 ,�<-��?�L�µ¶M� (�.r|0/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

5.2.2 )�+yb)(! �K[�]�(	�
.¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

5.2.3 2 �� �K[�8�Q)R�� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

5.3 "�#�À�ÁN(*1�2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

5.3.1 ®@¯8�N°:��3�4V| Npix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

5.3.2 2 �� �K[�8��(%5.-�6 `87�9�a1¸� . . . . . . . . . . . . . . . . . . . . . . . . 74

5.3.3 :��� �K[�8� ; �  �K[�8�:��<>=[� Npix ¸� | Npix ?�@ . . . . . . . . . . 76

5.3.4 Likelihood A*B)($B�� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

5.4 "�#�À�ÁN($n�o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

5.4.1 1 �� �K[�8�:��<>=[�C"�#�À�ÁN($n�o . . . . . . . . . . . . . . . . . . . . . . . 85

5.4.2 2 �� �K[�8�:��<>=[�C"�#�À�ÁN($n�o . . . . . . . . . . . . . . . . . . . . . . . 85

5.4.3 "�#�À�ÁN(��.�D�E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91

5.5 FG����IH>(�J�< . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

5.5.1 CCQE KJL�MIH>(�J�< . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

5.5.2 [®@¯8�N°:�$±�²IH>(���� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

5.6 .r|0/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

�
6 � N>�0O��QPR 104

6.0.1 [®@¯8�N°:��L�µ�M� ·($%�' .r|0/ . . . . . . . . . . . . . . . . . . . . . . 104

6.0.2 "�#�À�ÁN($%�' .r|0/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

6.1 ST . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

6.1.1 K2K-IIb L:µ¶M� ·(���� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106

6.1.2 Npix ?�@)�>´��C"�#.À�Á.�.�N(U�V . . . . . . . . . . . . . . . . . . . . . . . 106

6.1.3 "�#�À�Á�2�($[®i¯8�N°:��L�µ¶M� ���IH>(�J�< . . . . . . . . . . . . . . . . 106

W X
A SciFi prq�s�������������	��
�$¤�¥[��Y�Z�[�\ 111

ii



�

1.1 SK �y�w���]�����! �"$#�_�K[�8�8c������.¸� . . . . . . . . . . . . . . . . . . . . . 8

2.1 K2K E�F)(:�����! �"$#�6]�:9>K�LNM . . . . . . . . . . . . . . . . . . . . . . . . . . 10

2.2 ���
	@�rM���x�¯)�� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

2.3 O.P�Q)R$S)($I�J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2.4 c@��e[��f)ghifNMkj ` SK a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

2.5 SK (Ng]���yh¶M]K�Lw�yL�µ¶M� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2.6 K2K E�F)($,.-@e)K�:�w����9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

2.7 SK �i(:®@¯8�N°:�:c��r�  �� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

2.8 K2K E�F)($n�o���������¾��[�º,.-@e)K�:�w����� . . . . . . . . . . . . . . . . . . . 19

3.1 t�MkYX\��u[vwMyx._[zkL8{[��t1�!  ��!�Q)R$S . . . . . . . . . . . . . . . . . . . . 20

3.2 t�MkYX\��u[vwMyx._[zkL8{[� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

3.3 _[zkL8{[��t1�! ·($I�" : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

3.4 _[zkL8{[��t1�! ·($I�" ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

3.5 _[zkL8{[��{7M�~���(�#%$ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

3.6 SciFi Q)R$S)(i_[zkL8{[��t1�! '& . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

3.7 IIT-CCD Y[Z��rM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

3.8 SciFi Q)R$S)(��i�� �Q)R$�.� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

3.9 SciFi Q)R$S)(! �K[�8�Q)R$�.� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

3.10 (*)�+��>´��º�.B��-,.�[�y� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

3.11 68�:9.c/.º�*0i(! �"21��i;�<>=�?w#]L�3�,.�[�y� . . . . . . . . . . . . . . . . . . . 28

3.12 CCD 4�5N(�L6:�87 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

3.13 SciFi Q)R$S��y�w���]�����! �"$#yL�µ¶M� ·(:9 . . . . . . . . . . . . . . . . . . . . . 31

4.1 LG L�µ¶M� ·(:9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

4.2 K2K-I ; MRD |�($�.�-< |2�w?.L�µ¶M� ·(Ng]���yh¶M 5.-�6�¸� . . . . . . . . . . . 35

4.3 K2K-I: �����! �"$#�®@¯8�N°:��¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

4.4 LG (>=�?�@%A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

4.5 LG »i¼�(�/¶½.¾ (ADC) (�¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

4.6 =�?�@%A | »i¼�(�/¶½.¾ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

4.7 LG �y�w���]®@¯8�N°:��3�4V| »i¼ 6)( ACB . . . . . . . . . . . . . . . . . . . . . . . 38

4.8 2 �� �K[�8� Contained L�µ¶M� ��<>=[� LG ®@¯8�N°:��¸� . . . . . . . . . . . . . 38

4.9 2 �� �K[�8� nonContained L�µ¶M� � <>=[� LG ®@¯8�N°:��¸� . . . . . . . . . . . 38

4.10 LG L�µ¶M� ºg]���yh¶M 5.-�6�¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

4.11 LG L�µ¶M� ©�����! �"$#�®@¯8�N°:��¸� . . . . . . . . . . . . . . . . . . . . . . . . 39

4.12 K2K-IIa g]�:�yh¶M 5.-�6�¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

4.13 K2K-IIa ���:�! �"$#�®@¯8�N°:��¸� . . . . . . . . . . . . . . . . . . . . . . . . . . 40

iii



4.14 2D L�µ¶M� �$¸�¹7¾>����=�?�� D L�µ¶M� . . . . . . . . . . . . . . . . . . . . . . . 41

4.15 χ �·¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

4.16 m ��= 3D L�µ¶M� (8 ≤ χ2 ≥ 20) (Ng]���yh¶M�®@¯8�N°:��¸� . . . . . . . . . . . . 43

4.17 MC �>´��º¿�I�J ¾>�w?Ng]���yh¶M�®@¯8�N°:��|��N(Ng]���yh¶M�®@¯8�N°1�.( A�� 1 . 44

4.18 MC �>´��º¿�I�J ¾>�w?Ng]���yh¶M�®@¯8�N°:��|��N(Ng]���yh¶M�®@¯8�N°1�.( A�� 2 . 44

4.19 m ��=	� D L�µ¶M� (8 ≤ χ2 ≥ 20)  �K[�8�(B�¸�� . . . . . . . . . . . . . . . . . . . 46

4.20 m ��=	� D L�µ¶M� (8 ≤ χ2 ≥ 20) ��9.¸� . . . . . . . . . . . . . . . . . . . . . . . 46

4.21 m ��=	� D L�µ¶M� (8 ≤ χ2 ≥ 20) g]���yh¶M 5�-�6�¸� . . . . . . . . . . . . . . . 47

4.22 m ��=	� D L�µ¶M� (8 ≤ χ2 ≥ 20) �����! �"$#8®@¯8�N°:��¸� . . . . . . . . . . . . 47

4.23 2L L�µ¶M� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

4.24 MRD ; L L�µ¶M� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

4.25 MRD ; L Lyµ¶M� MC �>´��¿.I.J ¾>�i?Ng8�y�]h¶M�®�¯8�r°:��|
�N(Ng��y�yh¶M
®@¯8�N°:�.( A�� 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

4.26 MRD ; L Lyµ¶M� MC �>´��¿.I.J ¾>�i?Ng8�y�]h¶M�®�¯8�r°:��|
�N(Ng��y�yh¶M
®@¯8�N°:�.( A�� ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

4.27 MRD 2L L�µ¶M� . �K[�8�(B�¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

4.28 MRD ; L L�µ¶M� ��9.¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

4.29 MRD 2L L�µ¶M� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

4.30 MRD 2L L�µ¶M� ©�����! �"$#�®@¯8�)°:� . . . . . . . . . . . . . . . . . . . . . . . . 53

4.31 ���i(�L�µ¶M� (MRD 3D,newMRD 3D,MRD 2L) ;$<>=�?! �K[�8�(B�¸� . . . . . . 55

4.32 ���i(�L�µ¶M� (MRD 3D,newMRD 3D,MRD 2L) ;$<>=�?���9.¸� . . . . . . . . . 55

4.33 ���i(�L�µ¶M� (MRD 3D,newMRD 3D,MRD 2L) ;$<>=�?Ng]���yh¶M 5.-�6�¸� . . 56

4.34 ���w(.L:µ�M  (MRD 3D,newMRD 3D,MRD 2L) ;$<>=@?1�����  8"�#�®i¯]�)°1�
¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

4.35 K2K-I m ��= MRD 3D L�µ¶M� : ®@¯8�N°:��¸� . . . . . . . . . . . . . . . . . . . . 58

4.36 K2k-I m �$= MRD 3D L:µ�M  :MC ��´:�k¿�I�J7¾��>?)g]����h�M$®i¯]�)°���|�
(Ng]���yh¶M�®@¯8�N°:�.( A�� 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

4.37 k2k-I m �k= MRD 3D Lyµ�M¶ :MC �w´y�¿�I.J�¾ �i?rg«�]�8h�Mk®�¯��r°��)|
�r(
g]���yh¶M�®@¯8�N°:�.( A�� 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

4.38 K2K-I MRD 2L L�µ¶M� : ®@¯8�N°:��¸� . . . . . . . . . . . . . . . . . . . . . . . . . 60

4.39 K2k-I MRD 2L Lyµ�M¶ :MC �>´y�¿�I.J ¾��i?rg��]�]h¶Mk®�¯��N°��)|
�r(Ng��]�
h¶M�®@¯8�N°:�.( A�� : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

4.40 k2k-I MRD ; L L�µ¶M� : ®@¯8�N°:�$¿.I�J 2 . . . . . . . . . . . . . . . . . . . . . . 61

4.41 K2K-I m ��= MRD 3D L�µ¶M�  �K[�]�(B�¸� . . . . . . . . . . . . . . . . . . . . 62

4.42 K2K-I m ��= MRD 3D L�µ¶M� 68�:9�����<>=[�V �K[�8����9 . . . . . . . . . . . . 62

4.43 k2k-1 m ��= MRD 3D L�µ¶M� g]���yh¶M 5.-�6�¸� . . . . . . . . . . . . . . . . . 63

4.44 k2k-1 m ��= MRD 3D L�µ¶M� �����! �"$#�®@¯]�N°:��¸� . . . . . . . . . . . . 63

4.45 k2k-1 MRD 2L L�µ¶M�  �K[�8�(B�¸� . . . . . . . . . . . . . . . . . . . . . . . . . 64

4.46 k2k-1 2L L�µ¶M� : 68�:9�����<>=[�V �K[�8����9 . . . . . . . . . . . . . . . . . . . . 64

4.47 k2k-1 2L L�µ¶M� g]���yh¶M 5.-�6 . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

4.48 k2k-1 2L L�µ¶M� ������! �"$#�®@¯8�N°:��¸� . . . . . . . . . . . . . . . . . . . . . 65

5.1  �K[�8����9)�>´�� QE L�µ¶M� ·(%L�M . . . . . . . . . . . . . . . . . . . . . . . . . 67

5.2 K2K-I:  �K[�8�(B�¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

iv



5.3 K2K-I: ��9.¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

5.4 K2K-I: g]���yh¶M 5.-�6�¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

5.5 K2K-I: �����! �"$#�®@¯8�N°:� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

5.6 K2K-I:2 �� }K[�8�@�i�� B�¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

5.7 K2K-I:2 �� }K[�8����9.¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

5.8 K2K-IIa  �Kr�8�(B�¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

5.9 K2K-IIa ��9�¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

5.10 K2K-IIa: g]���yh¶M 5.-�6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

5.11 K2K-IIa: �����! �"$#�®@¯8�N°:� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

5.12 K2K-IIa 2 �� �K[�8�@�i�� B�¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

5.13 K2K-IIa:  �K[�8����9.¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

5.14 Npix |®@¯8�N°:��3�4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

5.15 ; �� �K[�8� 5.-�6���7�9.¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75

5.16 Npix ¸�)( ��� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75

5.17 :��� �K[�8��( Npix ¸� ` ?�@.O�a . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

5.18 ; �� �K[�8� (Contained)Npix ¸� ` ?�@.O�a . . . . . . . . . . . . . . . . . . . . . 77

5.19 K2K-IIa 1 �� �K[�8� (Contained)Npix ¸� . . . . . . . . . . . . . . . . . . . . . . . 78

5.20 K2K-IIa ; �� �Kr�8� (Contained)Npix ¸�� . . . . . . . . . . . . . . . . . . . . . . . 78

5.21 Npix � | ?�@ �B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

5.22 Npix � | ?�@¶_[z����y� K2K-2a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

5.23 K2K-I :��� }K[�8��( Npix ¸� ` ?�@�b@a . . . . . . . . . . . . . . . . . . . . . . . 80

5.24 2 �� �K[�8��( Npix ¸� ` ?�@�b@a . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

5.25 :��� �K[�8��( Npix ¸� ` ?�@�b@a K2K-2a . . . . . . . . . . . . . . . . . . . . . . 81

5.26 2 �� �K[�8��( Npix ¸� ` ?�@�b@a K2K-2a . . . . . . . . . . . . . . . . . . . . . . . 81

5.27 2 �� �K[�8� Contained L�µ¶M� ��<>=[�V �K[�8��� .	��
 4 &N( Npix ¸� . . . . . 83

5.28 2 �� �K[�8� Contained L�µ¶M� ·( Npix ¸� . . . . . . . . . . . . . . . . . . . . . . 84

5.29 1 �� �K[�8��( Npix ¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

5.30 1 �� �K[�8��( Lp ¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

5.31 K2K-I,Contained L�µ¶M� ( Npix ¸� . . . . . . . . . . . . . . . . . . . . . . . . . . 87

5.32 K2K-I,Contained Lp ¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

5.33 K2K-I,nonContained L�µ¶M� ·( Npix ¸� . . . . . . . . . . . . . . . . . . . . . . . . 88

5.34 K2K-I,nonContained Lpi ¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

5.35 K2K-IIa Contained L�µ¶M� ·( Npix ¸� . . . . . . . . . . . . . . . . . . . . . . . . . 89

5.36 K2K-IIa Contained L�µ¶M� Lp ¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

5.37 K2K-IIa nonContained L:µ¶M� Npix ¸� . . . . . . . . . . . . . . . . . . . . . . . . 90

5.38 K2K-IIa nonContained L:µ¶M� Lp ¸� . . . . . . . . . . . . . . . . . . . . . . . . . 90

5.39 K2K-I Contained L�µ¶M� ·($Q)R$�.� |��9 . . . . . . . . . . . . . . . . . . . . . . . 92

5.40 K2K-I nonContained L�µ¶M� ·($Q)R$�.� |��9 . . . . . . . . . . . . . . . . . . . . . 93

5.41 K2K-IIa Contained L�µ¶M� ·($Q)R$�.� |��9 . . . . . . . . . . . . . . . . . . . . . . 94

5.42 K2K-IIa nonContained L:µ¶M� ·($Q)R$�.� |��9 . . . . . . . . . . . . . . . . . . . . 95

5.43 "�#�À�Á¶;�<>=�? QE KJN(%L�M K2K-1 Contained L�µ¶M� . . . . . . . . . . . . . . 97

5.44 "�#�À�Á¶;�<>=�? QE KJN(%L�M K2K-1 nonContained L�µ¶M� . . . . . . . . . . . . 97

5.45 "�#�À�Á¶;�<>=�? QE KJN(%L�M K2K-IIa Contained L�µ¶M� . . . . . . . . . . . . . 98

5.46 "�#�À�Á¶;�<>=�? QE KJN(%L�M K2K-IIa nonContained L�µ¶M� . . . . . . . . . . . 98

v



5.47 K2K-IIa MRD 1L L�µ¶M� MC ( Npix ¸� . . . . . . . . . . . . . . . . . . . . . . 100

5.48 K2K-IIa MRD 1L L�µ¶M� Npix ¸�� X � . . . . . . . . . . . . . . . . . . . . . . . 101

5.49 K2K-IIa MRD 1L L�µ¶M� Npix ¸�� Y � . . . . . . . . . . . . . . . . . . . . . . . 101

5.50 K2K-IIa MRD 1L L�µ¶M� Lp ¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101

5.51 K2K-IIa MRD 1L L�µ¶M� 5.-�6�¸� . . . . . . . . . . . . . . . . . . . . . . . . . . 102

5.52 K2K-IIa MRD 1L L�µ¶M� >"�#�À�ÁN(%����;�� ��?Ng]�:�yh¶M 5.-�6�¸� . . . . . . 102

A.1 K2K-I,K2K-IIa  �K[�8�(B�¸� : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

A.2 K2K-I,K2K-IIa  �K[�8����9.¸� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112

A.3 K2K-I,K2K-IIa 2  �K[�8� � cos ∆θ ¸� . . . . . . . . . . . . . . . . . . . . . . . . . . 112

A.4 K2K-I,K2K-IIa g]���yh¶M 5.-�6�¸� . . . . . . . . . . . . . . . . . . . . . . . . . . 113

A.5 K2K-I,K2K-IIa �����! �"$#�®@¯8�N°:��¸� . . . . . . . . . . . . . . . . . . . . . . . 113

vi



�

1.1 �����! �"$#�_)\&L8{[��|�� 6)(%V�� . . . . . . . . . . . . . . . . . . . . . . . . . . 4

1.2 /10������! �"$#��y�w��� R �)(�� � .*�i(���A�n�o . . . . . . . . . . . . . . . . . . 7

1.3 �7.S�4�5768�:9�;�<>=�?:�����! �"$#E�F)(
	�� . . . . . . . . . . . . . . . . . . . 8

4.1 K2K-IIa L�µ�M� �]L�:(��
� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

4.2 ��µ���� .r|0/ K2K-IIa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

4.3 ��µ���� .r|0/ K2K-I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

5.1 Event Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

6.1 ��µ���� .r|0/ K2K-I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

6.2 ��µ���� .r|0/ K2K-IIa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

vii



� �

�������
	�� +����� ������������������ K2K ���"!�#�$�%"&('*)��,+.-/�10�2���3�4�5 �76��
)�� �98;:�%"&�' < SciFi %"&�'�=?>(@�ACBD��1� �7���,E�F�!
G�H�I �;� �J�� 
K

�,L�M7��! K2K ����!(N�OQPSR�J�T� �7�(�U��� �WV Gev XCY�!(Z�[C\7]�^1�(_�`�� 	"a(b�c��
�C �d�eUf7g�hji(L�k�l.mon�d�!(_�`�!1J�p� ���(�/E�F�!(q�rts ��� fpu�v�w?>�xzy/k;A� �K ���� !7{Js�|/} �(~���� @*i(L�k�A�s�A ��� � ��n7��a�Z�[C\�]t^1��! ��� � ��>/G�Hzy�n"d,LSR
> �
@C���?a��t �dQe�K�sjR���a��;�CG�HQ�DZt[J\T]"^�� �D��� ��!�G�H*a
F�@Q�"�� ��C���C�"!T�1�
a��CA�kQ��!
���;w�e�w���>/�;�Q�� QdJe��Q�� 
K

M
��n �D��� � � {�a 2003 ��#C�Q!T ���¡ (K2K-IIa) >,@QA1k SciFi %�&�'�e���!�¢�£�a(¤�$J�� ¥ ���T¦���8�§�%"&(' (MRD) !�¨J! ��©�ª7«�¬��®�¯�>�°D±;�*d�e�aQ²�m³n�d,L�M7�TG�H�PSR � �
i�L�k�A;B �T� � ��> � @��1�ta7�� �d�e
>�%�´zy(B�K(N�O�n�µ�a � @*i�L�k�A� �T� � �¶! 15% §·�¸ y�A �T� ����>�x����?d�e�f�&(¹tB7K�d/LºR,!D»;a � ¥ �p�p¦ ����©Qª�«�!(8�§�f7¼�A
Z�[;\7]
^D��!�½1��¾j¿ÀfTÁÃÂÀÄ*M7L1n V GeV X�Y�!D[�\7]�^D��_�`?a�Å�Æ�kCÇDLJÈ�d�LÉR�!�½1�*¾j¿Ê!
ËÌ �

25% § · �J�� QdJe�f�ÍCPtÆ�BpK
Î a7n 1999 � 11 ÏCÐ 2001 � 7 Ï?M���!� ���¡ (K2K-I) l*²T� 2003 � V ÏCÐ 2003 �ÒÑ�Ï?M���!
 Q��¡ (K2K-IIa) >�@�A�k1n SciFi %?&
'�a1l�ÓJ ��C�;�C�"!7w;��l*²p���;!�F�@����;wS>�ÔQÕ�BTK
�;���;� � ���;G�H*a�@�AQ �ÖJ×DØ�ÙDw�Ú;Û (CCQE) E�F�!�Ü;Ý?a�Þ�ß��ºe�e1àpa
n ¥ �D��¦�¾j¿
©�ªp«D!�á�â�fCãpä"sCB�å � @Si
LCk�ACs�ATnS²"mæZt[J\T]"^��;!�½D�j¾º¿ �C� !
ç�f;P�m/a�sQ 
àp!*e�y�kTè;éÉi
LCk�A� �KD�C���C�"!T�1�êe�y�k � ¿ë©�ªp«D!
ì�y�B�[Q\T]"^���íCî"a�ï�F��t 
Npix ð�ñj>(@�AQ QdJe�e�yòn SciFi %"&�'��póJôC�� ?õ Î ¿�©�ªp« ( ¼tAÃ¿�©�ªp« ) »;!1öT��eë÷�½
¦�¾�>,ø�ù��� QdJe7>/%�´úy
BpK

N�Oêe;y(k K2K-I,K2K-IIa e�à1aDöD�*�Q �A � ÷�½�¦º¾�> 85% Ü�ûC��n�ü���!7���*!�ýQþS> 15ÿ XJYta����� Q²��(a�½D�j¾º¿ò>,Ü��"dQe/fQ&
¹?BTKjd��Dy�B	�º¾�
7] � �;�CG�HQ�Q��1�ê¿p�
�
!Dö1�Jô���C§�n π »�¨��Qô����;§*! ��� a���P?i
L� �d�e/fTèCéÉi�Lt 7K*i�R
a��������"!7F�@
e�y,k�nQöT��e��;�Si�LQB�½1��¾j¿ë>��jÆ�B CCQE ½1��¾j¿9Ü�Ý"!�� ·���� l"²7�7nS²�mÀZ�[�\p]
^D�;!�½1�j¾j¿ G�H���!
F�@;����w?a���A�k?à����úy
BTK CCQE Ü;Ý?a��;���C��!T���º> ��þQ�� 
d�e�a�²tmon�Ü"ÈTLQB CCQE ½1�*¾j¿Ê!!� · >JàJe�! 60 Ð 65% PºR 70 Ð 75% M7� ��� i!"� QdJeUf
���TB7K�#úyònSd7!?eT� CCQE ½1��¾j¿ %"&���$ � 10% § · ZJYC�� 
KtMDB�n ~�� G�H?a � @J���
k�ACs�A K2K-IIa  Q��¡1! MRD

V&% |�� ¿ë©�ªp«pf�'"MCÆ�k�A� D½D�j¾S¿�! V Î ¿�©�ªT« (MRD

a)(zy
B ¿�©�ª�« ) a�ï.y/k7�;������>+*C@C�� Jd�e�aQ²tm ¥ �T��¦*¾�¿�©�ª�«�!�� · f 35% § · P
R 52% § · a�Mp�-,�M� QdJe7>/g�húy
BpK
. ¢"!�/�0 e�y�k � n . !?eDd21 � @Q����k�ACs�A 2003 � 6 Ï�X�3J!D Q�Q¡ < K2K-IIb =?>,G�H
a!4��Q JdJeUf�M7�-576?RòL� 
K"d�!�8pè�!1 ��J¡ � SciFi %"&('�!�¢�£"a9
�©-:�+*ª�«�)�¾,+.-��
¡�>��C@ºy
B ¸ y�A�8;:�%"& < SciBar %"&('�=;f-�Cþ�i�L�k�lúm³n�d7!�%�&�'�!W¿�©�ª7« <<;Cª?¿³=
ð�ñj> � @��� QdJe�a�²�m³n=��?a!>@??> � 6C D!�Ç;s�R��
n SciFi !�8;:�%"&
w���! ��� nS²�mÀZ
[�\p]�^D��s���1�W¿7���,E�Ft½1��¾j¿Ê! �C� sBA�fD�D�"a�sJ te�è�éºi�L� 
K



1



�������
K2K

	 è�����1� ¿7���U���;���"!
#�$�%"&�'?)�¾�+.-��10�2J¾�3�4�5,½p6��(8;:�%�&�'
(SciFi %*&
' ) >
@�A�B7G;Ht} �C� ���J 7K K2K �;�?!�d�L�MT��! ��� N�O�P.R/��1� ¿T���/�C�
(νµ → ντ ��!��;� )

�
νµ !�[�\T]�^��1f 1GeV XJY�!D[�\T]�^���_;`����"a
b�c*a ~ Í;Lt QdQe�f

ÍCPtÆ�k;lúmonºd�L � K2K ���*a�@�AQ ���1�W¿p�
���T���J!�����[J\p]"^D�;! 1.3GeV a
ïzy,k
Z�[�\7]t^D��!(_�`����� �K"d���y
B
	���PSR�n ���;�t� SciFi %�&('?aTlQÓ; ~���� @�i(L�kCA�s
A�½��*¾�¿ np��a�Z�[C\7]t^���!�½��*¾�¿�>/G�Hzyën"d,LSR
> � @��1��ap�� Jd�eëK�s*R��;a�����G
HQ�DZt[J\T]"^���½D�j¾S¿�!�G�H*a
F�@Q�"�D (�C���;�"!T�1��a1��A�k���!����Cw e�w;�j>,�C���
 �d�e�>J|/}�eDy/k�AJ (K(�������*>� �pdCe � ����GDH"a � @C�� p��p��¿����T!�Ø;Ù1wDÚ�Û;EDF
!�Ü�ÝJ�1Z�[�\p]�^D��½1��¾j¿Ê!
G�H?a�lCA�kT����s�����e�sÉm��* Qà7!?e�è�éºi�L;kCAQ 
K��� � � n�M
��n�� V�� ��Q�p� ¿��(�p!�w�����J�p� ¿��(�T!(��� ~�� aT�;ADk����D�� �KC��y
k1n�� õ � � �
���C� !T{ 0��Q�J K2K ���*a1��A�k���!"|�}1n� ��º>"!�Õ�n��$# � � � K2K �
�"!
#�$�%"&�'��J�� SciFi %"&�'"!
%��"a��CA�k�!QÕt 
K

�'& � � � SciFi %t&�'�apl�Ó; ({�a 2003 ��X 3C!T ���¡D>,@JA�B(Z�[;\�]�^1��C����¿����7½T�
¾j¿¶!
G�H?a��;A�k�!QÕt �e�e1àpa
n1µ?a �;� fCs�i�L;kCAJ 2003 ��X�#�!1 J�J¡�!�Z�[�\p]t^D�
½T�*¾�¿¶a�ï��� )(�Ç;aT��ADk"àëG��Q�� �K
�+* � � � �,& � ��- � �� � ��J¡;àòÄ�å�B
n ~�� G�H
a � @����1 ).� J�J¡�>�@�ADk SciFi %�&('���!(��������aT�;A�kJ��!�w��Ql�²��/��0�}Cs�1�2�G�H
�Q!(F;@��1��w�aT��ADk"à ������ �K�3D¢"a4�êÑ � aTk�5 � !(N�O?>�M�e,å
n . ¢�!)/0;n�6�7�aT�
A�k�!QÕt 
K

2



1
� � � � � � � �

1.1 � 	
.�
����� > %�������������� 1 � �"!�#�$&%('��*)�+*,&-/.1032 ����� �14�56�1798�:;% ��< �=�>@?BADC6E�FDG >1HJIJ!/IK�ML�N;%O'�#QP9��RS!T: ! � )�+U,V-*.B0U2/W�X��MY�Z�[�\]! ?S^ PI`_ ��< �1a�b EBc X92Bdfe1$&%('�#DP E PBg�hji*k�P3R/l ? � )�+*,&-/.103��Xnm op�rq`s�tnunvwjx �1y�z ?3{ !�#Q2 ��|`} �1~�����HK�Q�3�1#@!�#J��d�e ?3� %�: ?Q� '�#DP E P3R < !�# �Q< '%�21��� ����������� ,rW`�Q� � ������W`�Q� ���6�/�r��� W`�Q�9� |`} ~����r�9� EU� ,U� ?"E �#DP��1R <@� !rI`� � )�+*,&-/.10O���`����2 � )�+*,&-B.10TXnm �6�/� v wjx y�z���� � ! � ����J�¡ ¢�S��!T#n£¥¤ � '�#QP9�/R ¦*��§�¨j2B�D� ©3¨ ? hf:��/#QP9�n)�+U,V-*.B0U�/ª�«�¬ E�c X��)Q+*,&-/.103�T������� �Q< !�# � �`���®����r¯"°9¬�~��±� < ��¤�¬ �n²3³ ? �DP"#*´`µ ?T¶9��f�BR

1.1.1 · ¸6¹ ºK»j¼f½¿¾ÁÀKÂVÃ
)j+*,Ä-/.10O~���2 � 1930 Å ? W.Pauli [5] iQÆ3Ç*È�É � #DPDIrÊ��`ËJ� β Ì�Í9¨UÎU� � '��rÏU��1Ð`Ñ9¬ E �����f� ,UÒ"Ó�Ô]- � � ¶9� �9�UI`_ ? d"$6�T��� oÕ)�+*,¥-/.10�t��rÖ`����×`Ø�!1I�¦� ?rÙ � = ���/R ¦*�/× ¶ ¨j2 � d�$@�B���J2BÚJ_`#UÛ �3E X"m;�TÜ �nI`ÒJÝQÞ 1

2
��� c ����¨jß��¦��Oi C�àK� '�I*R | 4 ? ¯�°9¬ ? )9+3,Ä-/.r0�á�âK��È�É]!BI���2 � F.Reines � C.L.Cowan [6]¨Qß��3I*R3ã&%T2BÊ���ä9:;% = Î��f� νe �T\9P`# �Uå β Ì�Í νe + p → e+ + n ��È�É�!BI�RD��P"¨ �

1962 Å ? 2 L.M.Lederman
�

M.Schwarts
�

J.Steinberger % [7]
? � �1#UÏn�9)�+*,&-/.109�æh"çQèUéE6ê +3,U)�+3,&-/.10Bi =jë6� '�I�R�¦�'ì% 2 í`ç6�U)j+*,&-�.10 ?1î N"# ��ï�ð )�+3,&-/.103�rÖ�ji M.L.Perl % ? � �1# 1975 Å ?1ñ�òK� ' � 25 Å"ó6� 2000 Å � DONUT ¯"° [8]

? � �T# < �rÖ"�i�ô�õ � '�I�R/��� � )j+3,&-/.r03�1v w 2�ö(��¨Qß����æL�N�%('D# ��÷ø� ¦/��¦Q�T2 LEP ¯`° [9]�1ù�H ? � �1#Uú ^¢ñDòK� '�#�P��rR�¦�'S% 3 í"ç6�U)�+*,&-/.10 < 'jû�'nü`â����JýTþ�-OÞ��æÿ�PY�Z`[�\6����!�#�ù � �DPU#DP��1Rr�`� | ����@���f_n#DP�� opßJ%�����¯`°`ù�HK� | ��� ^ ¶j� ��1t���	9¨Qß���
*���D���������� [1, 2, 3] ¨Q2�
D)�+3,&-/.10n��Xnm62��9#��(¨QßQ��¦Q�/��×`Ø�!#DP��/i�
UXnm9i E P�¦Q��i���	9¬ ? � � o C�à t � '�#DP������3¨Q2 E P3R��D!�)j+*,&-B.103��Xm9i 0 ¨ E PK���9�f��
J¦�'S%�2rÿ�PBY�Z`[�\9���Bq����±�"!�#Q�! "¨ ES^ 
UXnm6���rq����±�"!�#��"`� � '���¦Q� ?"E �rR6¦/�J�$#�
D)�+3,&-/.1032U�&%�')(3���j:�
�*,+-',.BÔ����j:0/3ýTþ�-�Þ�1v wjx y�z9iQß���:$19:0/ A P`)j+*,&-�.1032�2�Ø9:3/ E54 �76�8�i:9�;j���rR < '���N:
D)j+*,-B.10TX3m6�rÖ"����È�É��9��¦Q��2�
7��������=<fNDI1W`���=>�?Q����@±�"!�#$
/�`����W"�Q�j�1vA ?7B # E7C�D �FEjN���¦�� ?"E �rR")�+�,&-/.T0TXnm�>�?���GH j��I�J����f�K
)LNM�©/¨ ?�O k ^�1¯"°9i/�����TÌ`Í9: %���P���Q��6��\�P"#nX3m��:R�S�É`ØK� � ¦ E �T#�P��1R < �1�`H@��" ??
? ©��_DI�RUÏ"�9)j+n,&-/.r03��XUm�;HT���U6_Q� | �WV�X6�$��P ²3³ 2&-/.WY ð�Z � β Ì�Í [4]
? � �#)[&\ � '��1ÏU��� ���/��� ,nÒ"Ó�Ô]- � ��É"Øj�9� ²3³ ¨Qß ÷ 
3X3m9iQß*'^]nÒ"ÓfÔì-�' Z ��_ Ùi�`ba]- ���BR$c3d E ¯�° ? � �r#@¦/��e�f�i*®^�D'g
�Ï"�9)9+n,&-�.r03�*Xnm ?�O eV ��;HTf��EN"#�P��rRrÑfP"# ê +*,U)�+*,&-B.10TXnm ?3{ ��� | ���QP�h,T�2 PSI [11]

? � �D��i,jgkKÞ Ì�Í ?
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" 1.1: )�+U,Ä-�.r0�aJý�j��f,@�(XUmJ�7;HT
Flavor of Neutrino Experimental Technique Uppecr Limit

νe Tritium β-decay kinematics 3eV(95% C.L)

νµ π decay kinematics 170 KeV (90% C.L)

ντ τ decay kinematics 18.2MeV (95% C.L)

� �/# = Î��f� ê +U,�k�Þ/�7P���mDÉ�Ø ? � �/#gE9N %�'f�rRn���J�7;,T�2 170KeV � E �B#�Pj�BRïQð )9+n,Ä-�.101XnmJ�7h,T�2 LEP ¯�°6� ALEPH � \�� [12]
? � ����
 ï�ð k�ÞB��ö E P@!��æ��)i,j�kKÞ��@  �Q� ï�ð )�+*,&-/.10��j�1Ì�Í6��P��Q��:;%
	9:`'�
:;,TQ2 18.2MeV � E �1#DP��rR

1.2 � �� � ����� ���� ?���� I7P����Q¬ E XUm6�$R-S�ÈDÉ6��� ? 
Q)�+n,&-�.r0TXUm ��>�?��f�T¯`°�¬ ²3³ �`!�#g
)j+3,&-/.10�������� [14, 15] �rÈ�ÉjiQßQ�rRJ¦/� � ¨�2U)j+3,&-/.10����¥��)j+3,Ä-/.10TXUm6� {� � à _:
"����������ÈDÉj���j¦���iD)9+U,Ä-/.r01XUm ��>�?j�f�j¦������! �¨�ß��j¦���� ñ ��R 3v w �U)Q+*,&-B.10BinXnm���Üj� �:#�
�)Q+*,&-B.10321ÿ�PBY�Z`[�\9���Bq!���±�"�nÇ ? Xnm6�!�Bq
���±�"!�#�
!# � �9��¦��Oi�¨ #U�rRrÿ�PrY�Z"[�\��!�Bq����±�X3m6���rq�����2$�&%�¨QßD�"' C 2Eì^ 
�ßQ�-�/q����62!( 1.1 � ��� ? XUmJ���/q������1\9P`#�"9�K¦���i�¨&#"�BR

|να〉 =
∑

i

U∗

αi|νi〉 (1.1)

¦�¦1¨�
 |να〉(α = 1, 2, 3) 2rÿfPBYDZ`[Q\����Bq�����
 |νi > (i = e, µ, τ) 2*XnmJ���/q�����
 Uαi 2
MNS ®*) [16] �,+ ]3'���-�) ï .¢®*)f� C �9¨�ß��rR MNS ®*)f2QÔ/.B,QÔ ? � �D� CKM ®*) [17]����c@���*�U¨jß��/R±ö��j��a@ý�j0��,j��L�N9�6��#F
 U 2�1r�j�32/4 E i5'*5", ï θ12, θ23, θ13

<
!�#g
 CP 6�Y σ :S%æ�K� 3 × 3 ®7) ?`E �BR@o8( 1.2 t

U =







1 0 0

0 c23 s23

0 −s23 c23













c13 0 s13e
iσ

0 1 0

−s13e
−iσ 0 c13













c12 s12 0

−s12 c12 0

0 0 1







=







c12c13 s12c13 s13e
−iσ

−s12c23 − c12s23s13e
iσ c12c23 − s12s23s13e

iσ s23c13

s12s23 − c12c23s13e
iσ −c12s23 − s12c23s13e

iσ c23c13






(1.2)

¦�¦1¨g
 cij = cos θij, sij = sin θij ¨�ßQ�BR�XUmJ���/q����62 Scrödinger
²:9 ( ?�; P$


|νi(τi)〉 = e−imiτi |νi(0)〉 (1.3)

��P � {�� �"<>=rR6¦�¦T¨�
 mi 2 νi ��Xnm�
 τi 2 νi ? �7@�¨Q�3Ç x �BADC�EF=rR3( 1.3 ��6`Y&G�62B¯�°IH�@j¨��nÇ x τ � ? � L �1\9P`#0J6� ��� ?�K �7=BR
e−imσi = e−i(Eit−piL) (1.4)
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� % ? 
�( 1.4 ��Y�ü�	�¬ E ( ?�� #���N =�� 

t ≈ L (1.5)

Ei =
√

p2
i + m2

i ≈ pi +
m2

i

2pi

(1.6)

���
	����� i"Î"� ����� Ç
�j¨$P���� p ��Ü������ � � E�=�� 
��
������ "!�� να # ���%$���7P'&��(�*)�+ #
,'-�. =�/10 ��243%5 νi 6�7 ��8'&�� pi �*9��:$";<��8'&�� p - �>= � 3�?A@ �BDC�E ? / @ �<� =GF 1.4 �IH"JLK�M #�N�O�P�Q
e−i(m2

i/2p)L (1.7)

�SR =�T13D?�@4U BDCVE ? /D01WX� 5Y@ ��Z"[ - ��H"J�KIM U\F 1.1 �^]�� ?1U_5a` 6�b � ��c(de"f
L g1h4i:j
� - �"k� "!'l #

|να(L)〉 ≈
∑

i

U∗

αie
−i(m2

i/2E)L|νi(0)〉 (1.8)

U Z b ��? / @'@ - E ∼= p #am�n
o�prq�s �r�t��k� "!�lL��u�v1wDxryLz ot-D. ? /D{ m1|<q~}�
U ��]A�a� F 1.1 �X�'��W 5>@^� � F 1.8 Q��'�D� ?�U�5"� � F 1.9 �*� ? /

|να(L)〉 ≈
∑

β

∑

i

U∗

αie
−i(m2

i/2E)LUβi|νβ〉 (1.9)

@ � F c>d 5 να # e"f L
f �����'� -D# 9��D�����G�r� o � m�n
o�p�q�s ��� ��J'�"�4]1�"k� !'l4�1���A�%�A��� Q"� ?�U �>����  Br¡ c �1? / @ ��[�¢�£ m�n
o¤prq�sX¥ & UX¦4§ / να

e�f
Lf ����¨ - ���G�r� o β

U W*©rª'« b �1?*¬� P (να → νβ) #

P (να → νβ) = |〈νβ|να(L)〉|2

= δαβ − 4
∑

i>j

Re(U ∗

αiUβiUαjU
∗

βj) sin2
∆m2

ijL

4E

−2
∑

i>j

Im(U ∗

αiUβiUαjU
∗

βj)sin
2
∆m2

ijL

2E
(1.10)

U¯®t° - =t? / @"@ - 5 ∆m2
ij ≡ m2

i − m2
j # νi

U
νj ±r²:³�±�´�µ�¶A-D. ? /�· ��5"¸ m�n:o�p�q

s:QV¥ &�£*¹ 3�?1U%= Q"# F 1.10 ±�º"»L±�¼L±�½�¾ £ - c>dI¿ Q � 3t�DÀ�ÁIÂ / mAn:oÃp�qVsG¥ & BÄ @:?*Å�Æ # 5

1. Ç ��È U%ÉËÊÍÌ
Î ±%m�n�oÏp�q^s B ²%³ £�)LÐ 5 �%Ñ ctÒ ²r³1± k�Ó
Ôal BIÕtÖ WG© Â � Â�@'U
2. ×'�'Ø ± Ç �ÙÈ UtÉ>Ê Ò BÛÚ -4� ÂL@DU → m�n
o�prq�s:± �<�G�r� o k�Ó"Ô�l U ²
³ k�Ó"Ôl BDÜ%Ý -4� ÂL@DU

-4. ? / @"@ - 5�Þ�ß WG© =r��àtá h,c £Xâ�ãV© ∆m2
ij, L, E £
0 ��är� eV 2, km,GeV - Z � U ¥ &

± H"J�å
φij ≡

∆m2
ijL

4E
∼= 1.2669328∆m2

ij [eV
2] ·

L[km]

E[GeV ]
(1.11)
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± Á � Q"��� 5 ¥ & ¬�� B m�n
o�prq�s
±���� L
U wDx%yLz o E Q	��
�� ?�@�U B ��c ? / @�@· - å 3 � ��±
m4nroÃp�qVs�¥ &Y£�Yã � B 5 ´ �L����� o"±
mDnroÃp�q^s�¥ & να → νβ Q����G� ?U_F

1.1 ±�} � U å � ± Á � �����L� � Qa� ? /

U =

(

cos θ sin θ

− sin θ cos θ

)

(1.12)

0�W*© 5"F 1.1 � F 1.11
U Ü�� ±���� c>d 2 ���G�r� o��D±�¥ & � P (να → νβ) å

P (να → νβ) = sin2 θ sin2(1.27∆m2 L

E
) (1.13)U � ? / @�@ - 5 θ Ñ Á�� ∆m2 å'0 �Aä%� 2 ���G�r� o��D± ×��'Ø U ²
³�±�´�µ�¶A-D. ? /[ � 5�@*� d ±�!#"�$:oD| £&%�' � ?D@�U £ �GP U W ��(*) P 5�+ �AP�,-�/.10 B ��2#3 -54 h Q

��b � © Ñ6�87���±59�:�-D. ? K2K
(�)ÛÉ 0 ± Ê Ò -D. ? /

1.2.1 ;�<>= ?A@ BDCFE#GIHJ K mAn:o�p�qVs å 1
��LNM�O �P91QRQ M )

B J K 3 ±�S M UUT�V � ?�@4U Q Á ãI©5W ` � ? ! �XZY ±�[�\<Q Á ã�©5W ` � ? /10 ±�]�� å � ± Á � Q ZD��� ? /
π− → µ− + νµ (1.14)

π+ → µ+ + νµ (1.15)

µ− → e− + νe + νµ (1.16)

µ+ → e+ + νe + νµ (1.17)@ �%WX© ` 6�b ��? mDnroÃpIqVs%± w�x�y�z o å Ñ Á 0 1GeV c(d 100GeV ��^�-4. ? / @ ±�]��L±�"  ` 6Ëb �A? m�n�o pIq^s å F 1.14 � F 1.17 c�d 5 J�K m4n�oÃpIq^sr±
m�n�o pIq^s ��� ��� oa±_
N(νµ + νµ)/N(νe + νe) å 2 Qa� ? å ,'-D. ? /(W*cËWa`�b ±�c C�d - @ ± _ £Xª'« � ?�U 2

Á �É&e b Â�f Qt� ?�@DU £hgji X g Y�k [18] l IMB [19] Q Á ãI© ¬�m b ��� / @ ± [�¢Lå J K m�n:o
p�q^s�n b U ¦4À%�:5 mDnro p�qVs�¥�o B5p K -�. ?1U ¹ 3 d � © Â4? / @ ± Á � �
mDnroÃp�q^s ��G�r� o _ ±�q�r å �ts � (�) Q Á ã�©Ru  Q ª'« b � © Ñ6� 5"F 1.18 Q�v�� R

f £V] Â ©5w�x b� © Â�?�y
R ≡

(Nµ/Ne)DATA

(Nµ/Ne)MC

(1.18)

@ ± F å 7 z B ¥�o B � ÂYUU{ '�W ��U�= ±�| i n � o�|A} Y Q Á ãV©�~�� b ��? ������� o _ 5 7M B�� ± ( « f Qt� ã�© ÂD?�y���( ) ± « '�W � R
f £XZ 1.2 Q	v W ��y�@"@�� gAi X g Y�k U�� o

!�o gAi X g Y�k (SK) QrÑ�� ? Sub-GeV
U

Multi-GeV å�����w�x�y�z o ( �F��� Yh� ��� ± � ³ cda�1� � w4xryLz o )
B

1.33GeV nN��± ��� Y p U � � n b ± ��� Y p £ � �Aä%�R��� � ?�y�'  U WX© 5���� 9�© ± (�) Q:Ñ Â © R
f B

1 nN�1Qt� ãI© Ñ6� y IMB [19],Soudan2 [22],SK [23]

± �� Lå Ý�� WX© Â�?�y · �I5 SK �Vy oN� å R
f i � � �>È�m�n:oÃp�q�s � "���� � ±���� Ø 7 �

± «*' É } ãX© Â�?	y � ± �" �£�� 1.1 Q�v�� y�@t@�� �h� Ø U å m'n�o p�q^s�±	��  gY� Y p ¸*¡ cd `t¢r? �N  � �Ïp Y ± `�£ Ø ^ UU¤�¥�¦1§ ±a�
� Ø ^ �N¨4?�y ��� Ø θ = 0(cos θ = 1)
B�© Q § c�ªb §A= £�« θ = π(cos θ = −1)

B `�¬ Q § c>� � §�= £*Z4� � y �1£� ?1U νµ Qa± 0 b �*®�¯ °�±
6



Z 1.2:
J K m�n
o�p�q�s
Q:ÑF� ? R

f ± @^� · � ± ª'«"�' 
Experiment R

f
(± � ®�� ¶ ± ��� � ¶ ) ���

gji X g Y�k (Sub-GeV) 0.60+0.05
−0.06 ± 0.05 [18]

gji X g Y�k (Multi-GeV) 0.57+0.07
−0.08 ± 0.057 [18]

IMB 0.54 ± 0.05 ± 0.07 [19]

Frejus 1.00 ± 0.15 ± 0.08 [20]

NUSEX 0.99+0.35
−0.25 [21]

Soudan2 0.51+0.05
−0.07 ± 0.14 [22]� o�!1o gji X g Y�k (Sub-GeV) 0.35 ± 0.033 ± 0.053 [23]� o�!1o gji X g Y	k (Multi-GeV) 0.604+0.058
−0.065 ± 0.14 [23]

B 0 d � « � §A= Q _	� ©�b §A= ± �h� Y p å�
� ��^ WGc�ª�« b � © Â � ÂRy Ø ^�±�� Â å m4nro
prqIst±�� e�f ±�� Â Q�¯ ¡ � ?AÉ ± �F¨ � « � §1= Q��F  � � p Y £�W ` b � ? m�n
o¤p%qIs å¥ b ± J�K 3 �a` £ b �A��É ± �F¨D? Ý ¦ « b §1= ± £ ��å�`�� ±����Y± J�K �a` £ b �A� m�n
o
prqIs �F¨��LU ¹��(d ����y�� Ð�b §�� ± �*� Y p U � §�� ± �*� Y p � å�`�� ± ¥�� ��^1m�n
o
p�q^s%±	� eaf�� q�� � « � ±�¶ � � "F��� � ±�¶ U WX©�ª�« b � © Â��1U ¹ �Yd � ��y�! ± !4U å
¥�o ¬�� � m�n
o�p�q�s:±�� e"f#" ��
�� ��U*Â �%$ 1.13

U
É � � � ��É ± ��¨	��y · � «F�N3 ±(�O å ¥�o [�¢�£���'ÃW � Â | i n � o�|'& Y(" Á ã�©R~�� b ��� � � Ø)� � « ¨�O å���  " º É��� ¥�oN!A"�$
o�| £+*�'-, �/.(� ± � � �N¨	��y/! ± .(� ¥�o�!A"�$�0�1 å ∆m2 = 3.2× 103eV 2,

sin2 2θ = 1
. � ãV© Â���y�!*�32 ± �� �å4�5 076�8�9�¥�o;: ¢ ±	
 �Ë£ v�<)= �4É ± �N¨)��y�>�?� å�@;ACB 0�D £�E Â)F 4 5 0G6�8H9+I�o�J)K�L;M "ON)P�Q(R S = ��y

1.2.2 T-U V�W-XZY#[]\_^-` abW cedgf�hGi
:�j�k�l�m'n E P�Q�oep F @�Ag4	5 0q6�8�9 B 0D�n+r EC, Q 4�5 076�8�9ts�uen+K�v�=gw PyxzN{	| L�Mg}�~;���O��� P�Q�P wH� @�A | B 0Dgn E P w�� . | r���� 4�5 076�8�9 |��	� �;�g������ 0H����������0��b� |���� }�������� { w . P'� � . �)��w�� �;¡ , F P�¢�£�¤O¥)¦ §�¨ �©uyª Q �
L;M |�«	¬ n�=�w�����(®�¯b� L/E nt°�±�w��	² ³;rb�����	�	w��k;l�m´n©µ E = w�¶ · ¥G¸�¹º L�M��g� | L/E

|�»�¼ �	½ ptQ »#¾ x 2
N ��¿�À�w	�)Á})Â�Ã#w�� L/E } »#¾ P (L }�Ä 100km ÅÆ

) L�Men�Ç�È�Ég¶�· ¥q¸�¹ L�M;� ¼eÊ P (10m Ë 1km) L�M#n�Ì�È�Ég¶�· ¥q¸H¹ º L�M-ÁÍ�Î���Ì�È�É
¶�· ¥7¸�¹ º L;M/��� Ë 10GeV

|�Ï �	����� ¥ ¶�· ¥7¸�¹ º n�Ð P w CHORUS [24] � NOMAD [25]Ñ � 500MeV Ò�Ó |�Ô ���O�e� ¥ ¶ · ¥Õ¸O¹ º n�Ð P�Ö LSND [29] � KARMEN2 [28] �´�©}g�gw��
��×ÙØ | �)¡�� ¾ w ¢#£�¤;¥g¦ � CHORUS � NOMAD ��� ∆m2 ≥ 1eV 2 � LSND � KARMEN2 �
� ∆m2 ≥ 0.1eV 2 Å Æ ���	w��;Ú;Û���Ç;È�É ¶ · ¥G¸�¹ º L;M#�;��Ü�Ý |(Þß �/²��	w K2K L�M Ñ
MINOS

Ñ
OPERA �/��})�)w�� �t×CØ | L�M�� ∆m2 Ë 103eV 2 Å Æ#à �(á Æ ntâ N ��ã;j�� ∆m2 �

∆m2 Ë 103eV 2 Ò)Ó |�¼'Ê P�ä ���	w�zå�æ´ØÁ× Q�ç_è Ç;È;É�¶g· ¥G¸�¹ º L;M |Hé�ê�� } Ï à p�QP w��e�©× à � | K2K L�M |Hë�ì (2004 í 3 î à � | L;M ë�ì ) ��½ pHQ ¶�· ¥7¸�¹ º�ï � }�ðy� pQ�P wt�;ñ�� 99.99% Ò�ò �)�)w� P'� ë�ì }�ó)ô Ê × Q�P w���� | K2K L�M/� N�P�Q �Hõ;ö���÷_øxúù�ûgü w��ã�j�ý��-ø Q)P w�þ;ÿ�� ¥�� nHÐ P)Ö ¶ · ¥G¸�¹ º L;M |���� n Ò	Ó � à 	� Ö �

7



�
1.1: SK � ç À)w�¶ · ¥G¸�¹ º � £��������	��
 ¿�

�� � ����
 θ
|���� ��� � }���K������ ¸�� �	�)w���� P ��}�� ¥�¦ �	 �"! } ï � })� P $#�v

ø Ö  ¾�|&%�' ��( ä ���	w����	�(�b� ¥ n Sub-GeV( )	* �	�(�b� ¥ } 1.33GeV Ò	Ó ) �
Multi-GeV( )	* �	�(�b� ¥ } 1.33GeV Ò;ò ) ��¿/Àt� ò�+ }	,	-����.� ¸ ( ,	- ¶ · ¥G¸�¹ º �0/
Ã ), Ó�+ }.1�· ¥�2 �����.� ¸ ( 1�· ¥�2 ��¶ · ¥G¸�¹ º �0/©Ã ) n43 ü ��,	-����.� ¸ ��50687��
� ¥�¦  MC }:9�9(Ú	; ü w(}O�<1�· ¥�2 �����.� ¸ ��50687�� �8��
 ��=�>_ø Ö@? Ú	;g}AyØ ×
w��	B;É �'ø �/ø Ö ² | ��� ¥�¦ |@C ²ED � ï � ¢/£�¤�¥�¦ n « v-ø Ö  ¾�| ¿� ���	w��´� | ¾�« v ä � ∆m2 = 3.2 × 103GeV, sin2 2θ = 1 ���	w��

3 1.3: k;l�m)þ;ÿ�� ¥�� n�ÐF6 Ö ¶ · ¥G¸�¹ º BG |����
LSND

|
DAE � Decay At Rest � DIF � Decay In Flight

|�H ����w��
Experiments Eν(GeV) L(km) ��¡JI ¥LK ∆m2 sin2 2θ M�N
CHORUS 27 0.82 νµ → ντ ≤ 1.1 ≤ 0.0035 [24]

NOMAD 23 0.82 νµ → ντ ≤ 1.2 ≤ 0.0012 [25]

CHARM2 20 Ë 0.65 νµ(νµ) → νe(νe) ≤ 0.9 ≤ 0.0056 [26]

BNL E776 1.4 1.0 νµ(νµ) → νe(νe) ≤ 0.075 ≤ 0.03 [27]

KARMEN DAR 0.0177 νµ → νe ≤ 0.053 ≤ 0.013 [?]

LSND DAR 0.030 νµ → νe ≤ 0.053 ≤ 0.03 [29]

DIF 0.030 νµ → νe 0.003-0.3 0.005-0.3 [30]
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2 K2K

� | ög�����;k;l�m � ¥�� n�ÐF6 Ö K2K Ç;È�É�¶ · ¥G¸�¹ º BG#��50687 û ±�w��

2.0.3 K2K ���������
K2K B�G#�
	���:5 x��
� |�Ï �����/� ¥ k�l�m�������� � KEK � ��7 12GeV � -���� ���q¸� �Ák�l�m'n�Ð 687 ��� ø Ö νµ �

¥ � � � Æ 98.2% � n 250km ! × Ö
"$# &%(' �()�*�+ � «�, øÖ ».-(/ !�0 ���21���3�4 �$5 -8��($6 , � ��¥�¢ ¥$7 1 287 �4� � �:9�;�<>=(��~;�(? | k�l;m�Ç
È�É�¶ · ¥G¸(¹ º+ï ��B�G ���	w�� ���3Ê × Ö � ¥ � � KEK @ � «�,3Ê × Ö
A ,�B ÂHme�g½ p 7O�C | ���O�/� ¥8�(D �-¸ �;� 
 Æ ¿��	�e� £������ � � ¿ � �#�©� � ¥ � }�(�v Ê ×��C� |�ë)ì n��¥(¢�¥�7 1 2�7 �&��� |�E
F#| (�v ë)ì  N Ø�ø Dg��Gbwg���� ½ p 7)¶ · ¥Õ¸(¹ ºtï ��ã�H |B�I }KJ���×�w��

K2K BG ����¶ · ¥G¸�¹ º+ï ��ã�H'n B�I ü w��;� Öyè � KEK ��7 ���CÊ × Ö � νµ

|
ντ L | ï

�#�NM � � νµ

|&O.P � dissapearance � n �0(_ø 706gw���Û&QG�ø 7O� A ,(B ÂHm����0( Ê × ÖNR H� { ØTS ,$B Â�mg� | � ï �g}��86e$#�v_ø ÖVU D | � ��( R H � n�W�v_ø � % ( ä  B( ä  |YX
n@A7�� ï �b��½Ow R H � |VZ$[ n+�(\ ü w�;�²��H� A , �
S ,$B Â�mg� | �)����� ¥���D��y¸ �|Y] 6 { Ø � ï � | ¢/£�¤�¥�¦ n_^�v ü w��
2.1 K2K ` a b c d
2.1.1 e fhg i�j�kmlngporqtsvu

2K B8G �	� KEK
|

12GeV � -w�J� �$�_¸x� �2y�Ð 6	7 � ¥ � y �&� ø 7�6�zH�K{(|(}�~3Ø�� è
Â Ê ×�z � -���� �8�

2.2sec ��� 1.1µsec ��� ytâF5 �h��� ~CØ � è���� Æ � Ë 6×1012 � /
�h�_����8� 7�6�zY� à ÖN�2�F�n�_���

9 5 �
� � !(� � �´Ê × �
1 � � ! �
� �

50 � 60nsec
�8� zY�N� è��

Ê × Ö � - �.� ����� �$  ��¡ ��¢ �8�¤£���L �¦¥ ~�§ �w¨�� 1V©�ª
«�¬n � N(®�¯ §hz
�t° � �± �2²�³ �V´�µ�¶¸· 5�¹ ��º�»2�
π
�

K ¼&½ ¹(¾�¿&À&Á ¯ §>zN��Â º_» ÂK§ÄÃ ��� �� �Å ¡:�ÇÆ&ÈÉ���� »�Ê�Ë ¯ § »�Ì zYÍ&Î>Ï��nÐ�Ñ2Ò ¢ «$Ó 2.2 ��Ô � »KÕ Í&Ö � Á�×nØ�Ù.¿�Ú�Û ¯ § Ü Ý�Í�Ö � Á× �VÞ �:ß(àá¯ §>zVâ »2�
ã(ä�¡ ÐNå � � ¥ ~$§>æY� ã(ä�¡ ÐNå � �Yç ��èVé ¹ �N� ·n��Ô�ê�� ã(äë æN�
π+ → µ+ + νµ (2.1)

µ+ → e2 + νe + νµ (2.2)ã(äv¡ Ð
å � �Vì¤í�� ��î �&«�ï8Ð2ð ¿ Ê�Ë ¯ § »(ñóòô��õ ¹8ö ã�äóº � ~ �Kè
π+

��÷ ¿ °�° �ø�ù ÃÇ§>æV� î �.«>ï�Ð�ð �
ú.ìh� �
µ

é ¹�û © � � ¿ Ê(Ë ¯ § »$ñóò�� Ò ����ü8� � µ
é ¹ � ð$ýþ�ÿ�� � Ü ¼���� Ë��$���	��
 â� û © � � ë æ�° � ��Ô òô��î ��« ������� ����� º�»�Ì æN� µ

é¹>û © ��� �Nì¤í(�	���á¯ 100m �w����� ¿ Ê Ù Ã § »�ñpòô�
µ+ � ��� ù �(º è

ν �� �! Á�×>¿ °
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proton

To Super-Kamiokande

Ó 2.1: K2K ��� ! ©�� � ¡�����î�� «
	 � Ð
12GeV

õ ¹ Ñ>Ð��(ý ¡ ý�Ð� Ô � »���� Ã�§ è õ ¹ � � �  ¤Å ¡V�����óº��
2 · é ¹ !¤ê�� Õ Í�Ö

!���!�� Í&Î�Ï � Ð����&åwÅ ¡ ��� » Ö8Í�� �! Ð#" º�»%$ ù Ã�§ � � �! Ð ! ã�ä  Ô'& » ß Àë æ�()� �  Ð+*ÄÃ � νµ

¿�À�Á ¯ §�æ

π +

π +

π −

2ndHORN1stHORN

p

1.7m

2.8m

0.6m

2.5m

Ó 2.2: Í&Î�Ï � Ð����&åwÅ ¡
K

°+, ø�ù Ã §�æ�-�° ê º_» À&Á ¯ § è ©.� � ¡/����î�� « � � νµ

¿
98.2%

�
νe

¿
1.5%

�
νµ

¿
0.5% "0�1 � Ã § »8Ì æ/-32 è �

µ
é ¹�û ©54 � !76�8 *�Ã �áî�� « !)9�: ��; 1mrad !/< � ,�Ò � � �= (  = Ð+> !(¼�� � : Ì$»�Ì æ�°." ¿%?�@ ¯ § »�Ì æ/- î�� «
	 � ÐBA È !�CED Ó ��Ó 2.1
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2.2
� � � � �

Ó 2.3: � Ë��	��
 !�� Á
�� Ü���â#*ÄÃ��  1 � ý��_Ð������	�2Ð�� þ �	��
 �

SciFi
�	��
 �! 	" 	2Ò �	�#
 � ()� �  Ð$ � �	��
 ¿&% Ë ¯ § »�Ì æ/-t°�°%�' º è ��!�� K2K-I ��� !�( Å)� ¨ Å�ð%,+*8æ/-

° !>Ô>ê  º�»&, Ã�§ è�-�. � ! νµ

î�� « � î�� «�ï�Ð2ð !Yì.9!; 100 /�! � Ë  Ê�Ë ¯ § è �Ë0�1�2
 Ü near detector â. ç$® ë æ�- �03�!24 ò � � Ë0�	�2
 !�5�6� � À&Á ú&ì�! © � � � ���î�� « ! þ 	�Å/�
Ò ñ Ô#7 ��8 å:9<; � Ò�=��>�?9�� <�@ 2A � ë æ�° " ,B*�æ�- � Ë0�<�2
 �#C ±
�

1 � ý��_Ð������	�KÐ�� þ �	��
 Ü 1kt â " Fine-Grained
�	��
 Ü FGD â !ED � !#F�G *ÄÃIH�æ/-°:§�Ã !�� Á " 5�6  ��Ì$»�� �BJ  25" ù æ/-

2.2.1 1 KML N�O PRQ SRT)OVUXW�Y[Z]\ (1kt)

1kt �#� Ë0�	�2
 !�^ ��  � Ë ë æI�_�_�1�KÐ�� þa` �1�2
 ,B*�æ/-&b�c � Ò � � ��= (  = Ð
> "Id#e !BfIg c ! � 4�Ð)�  1000 �_Ð !�h .�i � ç+j è ��! ,+*8æ�-k� ! ���0l ��m "  � � n Ù Ã j »�ñÉò � l �om !�l:p  � 1kt l , ß À º è�qsr �It Ãvu�æ è ù !Kú!w 20

� Ðx� !&y Í ¹
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�����
(PMT)

¿
680 � �  ��  �  *ÄÃ�� è Ö�Í é ¹ �It Ãau�æ è ù !Kú�w 8

� Ðx� ! PMT
¿

68

� � Â j	� j Ê�Ë�
 j »�Ì æ/- 1kt �Yì Ë��	��
 ! SK ��Â ! 2�2��� º è ��! ,+* ò � d � A ���� ����Ë�Ê�������� 9�� ��� Ì æ	� "�,�� j Ã ! � Ì �!#" ë æ�$�%'&+H)(�* �+ �-, ë � " ¿ ,
�&æ�- 1kt ��. � � � �����'� q�r !�/10 " ��2  1GeV �sJ ! 8 å 9<; � Ò!=��>� 9��vA �43 � SK

 ñ Ù æ5�6 ��� qor 0 !�7 � �8 F H 5�6 �9 è 3;: Ì æ/-52 è �
1% � � !�<�ç�= 5�6 
 j æ νe

! þ 	'>%�KÒ&A � �@? &): Ì æ/-
2.2.2 Fine-Grained Y[Z]\ A FGD B

Fine-Grained
�	�#
 Ü FGD â � C�0 !���D�F�G *FEIH�æ = � ��� !HGJI  Ô'&):�( >)�LKM>�ð =N�O�P H &): Ì æ/- 2001 Q 7 R �o� !/��� (K2K-I) , � Ñ�Ðx�X� �1S'T Ð!� þ�ÿ �JU � $�V � ��


Ü SciFi â !Nì�W  � �a" ��=YX�Z 4 �0 " 	H[ = ý �]\	� 4 (LG)
� ()� �  Z $ � � �#
 Ü MRD â

=�^�_ 
 j�:a` è -�b 9 2003 Q 7 R �dc !/��� e K2K-II â., � � LG =Jf òhg	i j ���ji ò �A�kl `nm Z � � � 4 (SciBar
�1�2


) =o7�ç 
 j è - FGD � A�p " 3;: � . � � � ����q���r ! 8�s 9
; � [�=��>� 9YtvA �judv �#")t 2 HYw;& " 3x:�`�v -�y !�9�� � J !24{z ,B* v -.2)| � . ��} ���� 8as 91;1}�tIA�~ u'v1���  ���Y� �a���a�1��������� (CCQE

���
) t;�oA u'v �

νµ + n → µ− + p (2.3)

� �)���Y� 2 p ���j� * v1���o���1D 
 jdv µ−
��8as 91;�}n� q } ra� � u'v ����� tIA�~ � �

jj� �Y� �#�	� z)� � � .d� } �o��� 8as 9	;1}�t;�����a& �]  ��v ��� =�¡�¢£v �
Eν =

EµmN − m2
µ/2

mN − Eν + pµ cos θµ

(2.4)

��� � � mN

�-¤�¥d�)¦J§ � mµ

�
µ−
�)¦J§ � Eµ � pµ

� y j�¨ j µ−
� ��� § �ª© s «'¬ } �� v]�

FGD
� � �]�1� tat®E u � µ ¯ ¥d� © s)«'¬ }�tx°�~ ujv ����t�wª&£� 3ª:)±�D£²-³�:�`�v]� FGD

t ±�Dju'v-´¶µ Z]· } sMZ¶¸¹��ºo»M� ¼a½d�'�d¾-�]¿ � E ³'v �
1.
m Z-ÀÂÁ } SdTjZHÃ�ÄdÅ-Æ U } m } ¸ÈÇ V�É ¡�Ê e SciFi

É ¡�ÊaËÍÌ m Z-ÀÂÁ } SdTjZHÃ�ÄdÅ-ÆU } m } ¸ �¹Î�ÏdÐ �]Ñ t-Ò1Ó �Ô�Õ � Ç�Ö É ¡]Ê �a z×� FGD
��Ø1Ù�Ú#�]Û�Ü udv�� ÄjÅxÆÝ } m } ¸Í� ÑdÞ 19

Ñ � Î�Ï'Ð � ÑdÞ 20
Ñ	ßáàâ v � Î � SK �-ãnäLå�æ�Î¶t�ç «áèHéjêHë� ì ³�íoî Ü4ï í�ð4z×�Hñ ¦	��ò'ó1ß�àaô v-õ1ö�÷�ø t;ù�ú;û unü � Þ��Mý v �Jþ É ¡ ��� 24ÿ ��Æ�� } � Æ'ê��nê���ÄjÅxÆ ç À � }�� 	 IIT Ë � CCD 	 Charge CouplingDevice Ë�
��� ï

�'� ��Þ��	ó£à ³������ ��ÄdÅ-Æ Ý�� � Ý ê�� «���� ��� à ³�ínü � IIT
��� � ²�³�!�� ÿ#"$ �%�jó�&(' � éJ� ü � SciFi

É ¡�Ê �j��) í�* +�²]³ & � �H�a !�� SciFi
É ¡�Ê �	�-,/.4ïó10�2��%3

3 4 ��5 687 ! �
2.
Õ ¸ �:9�; êJé 	 VETO) � ¸ �=< �:9�; êJé Ì SciFi > Ù�Ú � ½JÚ#�1�@?�A�B1ÀDC]ë:�jê;ÀFÁ �é)Þ î Ü ²]³�í ó !�� Ù�Ú#En��� 466cm( F¶² )×20cm 	HG ²;Ë ×4cm 	JI � ó�¾LK�M >d�1> Þ 20ÿ � ½HÚY�1� 466cm×10cm×4cm >	�%> Þ 40

ÿ î Ü ²-³�í ó !]� Ù�Ú > �	ê;ÀFÁ � é 
 Õ ¸ �9-; ê�é � ½�Ú > �dê-ÀÂÁ � é 
 ¸ �N< �#9-; ê�é �O�P � Õ ¸ �#9-; ê�é >DQ Ð �:R � � ¸
� � Þ SciFi > º1Sd�����4ï1&UT�V �XW�Y ¯ ¥	Þ(Z#S'ßFà\[aìÂï1&�Æ:]£ê�¸ 
�^ _ 7 !jü�`a !%b R�c � ¸�d�e�f#g 
ih P1j �lk#m Õ ¸ �#9-; ê�é k8n Cn¸hÞaâFôpo�½�Ú > ¸�d < ��9-;ê�é >:q�k8n Cn¸hÞ� !sr ¾xâ%T@V 
it uv` ï íxwD>%y#zlk �1{@7 b �:&�½HÚ k Üjß ³ & ¸�d
< � 9-; ê�é >�n C�¸ mUw |}> MRD kHð�~�! ' � é *@+D> ¸�d < � ` ï íx� � ²�³�í ó !%b
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3. � É���� �	êÀáÁ � éªÇ�Ö É ¡]Ê (SciBar
É ¡]Ê ) Ì SciBar

É ¡]ÊDm ?#AxB�ÀlC)ë:�	êÀáÁ � é
>���
 �	ó�&�Ç�Ö É ¡]Ê�a  , o�� >
	��}m �	ê-ÀÂÁ � é 
 ïHý
 � o ÏdÐ `������ 7 ! & �������� Þ�â1ó ` ó¶¾ ü�`Na  !Ub 1

ÿ >��-m 1.3cm( �8q )×2.5cm( I )×300cm( F¶² ) ` ó¶¾��ý ²%a o �D>��
�lk�m��@F��� ÄdÅÆ Ý�� Þ"! �
# � ³�í ó !%b É%$ Ê�����a�m 14848
ÿ >��


 �	ó í 64 > Ñ 
±�& ï o��£ý ²(m 2.9m×2.9m×1.7m a  !1b 2002 'D> 12 (-k É%$ Ê}>"�S 	 Mini SciBar)
Þ î Ü ²]³ o 2003 '-> 1 (�k�m*)�� â%K�+ k âs)x& b SciBar

É,$ Ê}>.- â Q
Ð m R�c � ¸�dUe�f#g >�/�0 °�1 
32 ¾ üs`a54�!%b

4.
è c �76 ê Ç�8 É%$ Ê (MRD) Ì FGD > Ø w |lk Û�Ü�7 !:9 Ï'Ð ` ��d-Ä4¸hÀ�;jê Ý�� 
 Ò�Ók=< ÜáïU&-Ç�8 É>$ Ê8a?4@!Ub:����a*9 2m >���q Þ 4 ,po�@�A�BjÞ 2.8GeV/c

� a�> µ C�Dsa
4J³5E	ü1> MRD a.F?G 7 !�bdü³sm K2K HJID>LK ��M�N?O*P>Q�� 
3RTS�!�`VU�^ â�W�X a?4
!-` ó S�!%b MRD m � > Ç�8	ßFà1è c �76 ê 
 ã
1 7 !-` `�Yxk o>� >[Z A�C�ë ( n C Z ) \] 
 Ù�Ú > É>$ Ê `_^�� 7 !aü�` a oMè%c �"6 ê >=`�a�b ` N�O.P�Q(� 
dc 1 7 !�b �(& MRD

m �¶ýJâ ñ5e B k
f>S�í�g7h�i Þ 7.6m× 7.6m ` �¶ý#ô FGD >���a Ø Y � b�j}> T�V 
=k à
S àml !jü�`�
3n ß£ï í opoUS a"qsr ï%&�R8c � Z dUeT V >�t 1 k�r , R�c � Z d�e K �JM>"uTvxw�y Þ , o{z#A�C�ëxB�â{| 
3}�~ ï í ó !%b

2.2.3 ��������� �������������%�����%���
KEK

ß¶à��
250km _ l�&Uo*�����7�s��� > �s�. �¡ >�¢�£ 1000m kî�¤�¥ l�& w�¤J¦ $�§L¨ B �© �#9,ª«6s9>¬ '.T®p;,¯ ¬7° z ¦ $�§ ±

SK ² a54�! (2.4 b SK m 1kt ³ � > � �xB�´ �.P>µ C1?p¶&�·�¸ >�¦ $�§ as4 , o G ¥ 41.4m
o�¹7º

39.3m >?»3¼ M > ¾½ ¬x¿ k � 50000 Z ¬ >�À�Á  ¨"Â>Ã
¥ l?ÄsÅpÆ b Ç½ ¬�¿ m o*sÈ ` Z�?È k1^l~{É Æ b o*sÈ%Ê�o
Ë k m 11146 Ì ±ÎÍ�Ï m 5182 Ìs²Ê"¹Jº

20 Ð ¬ ®5Ê PMT
¨"ÑÓÒÕÔ ~{É l:opÖ�c�× Z dUe3�Ø>Ù(f#g%Ê t 1 ³:2�Ú Ä?ÅpÆ b,Û Ã o�Ü�È%Ê
Ü�Ý{Þ�ß

1885 Ì Êx¹�º 8 Ð ¬ ®LÊ PMT
¨"ÑÓÒÕÔáà É lJâ ¦ $
§ Ü�ãTä É�å Æ�æèç ¿�é�êLë¬�ì Ê�í�î�Þ
ïpÅ É l�Ä?ÅLÆ�ð SK ñ Öpò7× Z*ó�ô3õ�ö ¨"÷ùø Æ>ú q5r ¶ Ã�ûsü�ý�þp¨ ,ÿ�Ê������� Ê���� ñ�	 Æ ø ú�Þ�
 Ò ®��¯ ¬7° z�� ¨������ Æ�ð ø Ê�� ³�� �È ³ Ñ Ò���� PMT

¨�� É�� Æø ú
Þ
 Ò ÖTò�×�� ó�ô=õ�ö¾³:¦! � Æ*ð ø Ê{ú#" ����� Æ ûsüJý?þT¨ νµ

Þ%$�&
µ
ý�þ Ê('�)sâ

µý�þ ß�*,+.- ¨0/ Å Ã214365 Ê7®��T¯ ¬7°27 ó ¬xé ¨�8�9 ¥�: Æ ±<; :2.5)
ð�=,>�â �.� ¶ Ã�û�ü7ý�þ¨

νe

Þ($4& üJþ Ê%'�)áÞ�ß.?.@BA"× ¨x÷èø,Ò â,C,DáÊ û5ü�ý?þp¨ 	 Æ ø ú
Þ
 Ò â,E�D%ÊJ®F�%¯ ¬°27 ó ¬xé Ê%GIH ÒV¨�8�9 ¥�: Æ�ð ø Ê
J&:Þ>¶3Ä7â SK ñ ß ó ¬7é © ½7× ¬ Ê%K�Å ³(L Æ ø ú�Þ�
Ò âLÖTò7×4� ó�ô Ê 7 ¯ Ð æ�× ³NM�O � Æ ø ú ¨  �å Æ
ð ø &�¶:Ä M�O¾¥%: Ã e−
÷�P ú LùÉQ: Æ ÐR ¬ ��ß

νµ → νe

Í�S Ê(T,UáÞ*ïpÅ ÉV: Æ
ðFW>¶:Ä νµ

÷�P ú LèÉQ: Æ Ð R ¬ � ³ ïTÅ�Ä#X,Þ�Y�Z Ã[ ¤J¦\ § Ê�],^�ú=Ê�_ S D`\
�a0b.c�dIe�×#f�g ¿ �hdLÊ%i2j ³�k &�ð ø Ê,ú�"«â!l*ò"×�m!n
Ê�op.qBr bBc�dse�×�Ê(t�·.uáÞ�ß�vF�sw0n�x 7 ó n é ÊFy5çz�|{¾½�×\n r�} ��~��F��ïTÅ ÉV: Æ*ð0�� â!�sú=Ê�ÖLòx×�� ó�ô b.c�dIeJ×���t,��u � Æ Ã,1 Þ�ß ��� � Ã�ûsü7ý�þ � SK
Ê�ÿ ñ���� � Ã _S �

Fully Contained Event �5ñ�� Æ ø úN���B��� : Æ*ð SK
ß

K2K �,� Ê(�����  %� ú � Ä�� à ñH�� â\W�ÊB�(�JH#�0�
( � þ D )

�N��ä ��� â�  þ�¡�¢Br �2£?â�¤� �W�¥%¦�§B¨5ä�© å�ª#« ò0¬4� ó
ô � � © ��ªJ ú �®� â,C¯�V¥(°,±�² S ¥(TJ³LÞ%C.�JH�´�µ��®^\¶ �®�.· ª ð
;

2.5:SK
¥%¸�¹s¥�ÿ��lxò0¬#m�n�� 	�ª ú ø ¥J
J&®H 3º5 ¥ ó n é ¥J
J&NHFy5çz�h{z»#¬In�� 8�9� :Fª ð ø ¥\lxò0¬#m�n�� SK

¥�ÿ ñ �B� � ¶F��¥ ñB�#:�¼ νµ ½ R n¾�¿¥(À�Á%Þ2H ª
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;
2.4:

f�¬�{F¬��slNm��\n�� �
SK �

¸�¹ »Bn��0¥��
	����
PMT ñ �� �%¹JvF�sw�n0x 7�� �  %� ð K2K �,� ¥%���,�  %� ú �®� � àñ H�� â�����H�°,±�² S ¥(TJ³LÞ%´�� � © : �.· ª ð
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;
2.5: SK

¥\lxò0¬#m�n ê ½ � ½ R n¾�
SK
¥%¸�¹s¥�ÿ��lxò0¬#m�n�� 	�ª ú ø ¥J
J&NH 3º5 ¥ ó n é ¥J
J&NHFy5çz�h{z»#¬In�� 8�9 � :

ª ð ø ¥\lxò0¬#m�n�� SK
¥�ÿ ñ �B� � ¶F��¥ ñB�#:�¼ νµ ½ R n¾�¿¥(À�Á%Þ,H ª
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2.3 K2K
� � � � � � �

K2K �,���
	�� νµ → ντ ���� 
 ª νµ

¥��������H 8�9��,S � �®�.· ª���� 1 ��� Y�Z¶J
J& �
�� ¥� 	 ø ¥ 2

7 w ½"! ¬�¥ �� ¥$# ��%'& � LFª ú

P (νµ → ντ ) = sin2 2θ sin2(1.27
∆m2L

E
) (2.5)ú)(4&+* � H ª�� ø ¥áú�" θ 	 νµ

ú
ντ

¥�,�) q � ∆m2 = (mνµ
)2 − (mντ

)2 	 �0�\¥.-0/�1 � E 	
«32 ¬���4�5#¥0b.c�d\e0¬ � E 	�6,k�7�8����.ª9� K2K �2���
	97$8 L 	 250 :�;'<+= � & � ` � �b.c�d\e0¬ 	 t���u � " ª ¥ ���?>$@ ¥�{BA�C�¬B» 	 ∆m2 < ,�) q ¥D- 5 �B��ª9��E ¥.- 5 ¥�{FAC0¬B» � 5 ·�� K2K �,� ¥�G�HJI?K$L�M 	 ; 2.6

¥
& � H ª9� � {FA�C0¬�» 	97$8J� �  �� ¥9N�K
�"=�O � :Fª%�

K2K νµ↔ντ oscillation sensitivity

10
-4

10
-3

10
-2

10
-1

0 0.2 0.4 0.6 0.8 1

22.5kton
FC
1 ring
µ-like

E
rec

ν  >500MeV

90%CL
99%CL
99.9%CL

sin22θ

∆
m

2
 (

e
V

2
)

;
2.6: K2K �,� ¥ �� {BA�C�¬�»QP��

R�S � sin2 2θ, T S � ∆m2
� < � � K2K �,� �"G�H � " ª L�M¾�QU � �� � · ª

1999 V�W © 2004 V 2 X � � ¥ �,�Y� SK � ` ·2� 108 Z ¥\l 2 ¬#m�n[A ½ � ½ R n¾� � 8�9 � :��· ª9� =,> � [ �2�  �� ¥ 9 O�W ©0\ W2:JªQ]�^ 8�9 _ S D 	 150 ��� � �"]�^ � :Jª D\¥ 2/3 _` � W 8�9 � : ��· H · ��E ¥�],^ W © � �� �ba E & ��· H ·�c � 	 0.005% <QLbd ��© : ��· ª9�
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�#¶ E®: © 56 Z ¥ ½ R nz� W © t2�,u � ¶#b�c�dFe#¬#f�g ��� d 	 ; 2.7
¥���& � H ª�� ; ¥�� ·��� 8�9 �.¬B»2��� �N��· ª��	� 5�
 ¥ � U 	9�	�� � �� ��H · <��$O � ¶ < 
 � ]�^ � :ª b�c�de#¬#f�g ���hd �.� � ����� �BW�¥���¥���������N2o p (CCQE) �����	���Y	! " �!#�¶��.¬�» �!$�&%(' �� {FA$C0¬�»2�*)  � < 
 ¥,+�- �.�0/ �.�.ª�� ²�1 � � ¥ ������ " ��#�¶�2�3�4657�	89;: /7<2¬�+�- �=�>/s� $ ��\�@?J³A ª ��;B A�C2¬�» 	 ∆m2 = 2.79×10−3[eV 2] � sin2 2θ = 1.0

���.ª�� �0¶ �DE # ©�¥�CD W ©�E ��# ª ��FB A�C0¬B»#¥�L�MHG�I 2.8 � �.J(¶ � 9;: /�<0¬�+�-�.�K/7G	L ªY< � �� ¥�MD 	0«32 ¬N��4�5 9F: /�<0¬,O 500MeV P 700MeV
¥�L�M �RQ ��S�T �;U

ª9�YE ¥ E < W © ��V�W ¥�X�Y �[Z�\�� 	�Q � E ¥�L�M ��] � G_^ &�` � �ba�c�d�efgG�h(' E < Oij � d &�` 
 `Fk6l �
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Eνrec
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2.7: SK ��� 9;: /7<���+�-�� �>/

2004 V 2 X��"� � %	� 56 Z�� νµ 
��� � O  F"�� #�� ����� 9;: /7<���+�-�� �>/ � U l R�S �9;: /7<�� �$T S ��
��� � 4HG <�� � � k � O������ � X�U O MC �6U l ������� U � � J����
��	������! #"!�	"�O�W%$+]�^�� # l �� O d k < ��O J��#&% � +�-�� �>/ � U l � 9;: /7<��O

0.5GeV '�(�� +�-�� �>/ �*) #�O�L $ # l ������� U � � J���� ��	 ����� � $ � % 'R� '_d
��;B A�C�����G ��O J�� < 
 � +�-�� �>/ � U l �.E+� < 
 � ��;B A�C���� 	
∆m2 = 2.79×10−3[eV 2] � sin2 2θ = 1.0 < d l �
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K2K-I & K2K-II
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sin2(2θ)

∆
m

2
 [
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2
]
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I
2.8: K2K

XY � C�D W%$ E�� � # l ��;B A�C���� L�M
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3 SciFi

E��9�3�J	�� e�f ���6k � �	��� ����� G�h��*�
	 ��� ����� ������ 
�� �
	��N����� �� "�
SciFi �� #"��� �! k�`�"�#�l�$ I 3.1  SciFi �� "!��%'& G�IR�.J�� $ SciFi �� ")( 2 *�+�,.-
 �� #��
	 /�� �0��� ����1� 
�� �
	��N� 20 *32�4 /65 �  �  �7 # $ #���8�9 19 *�:�$ d l�
� �! #"<; U l=$

I
3.1:

	 >�? �@�.� 0�'�.� 
A� ��	��(�B�
� �! #"
	 >�? �@�.� 0�'�.� 
A� ��	��(� 19 *
C 8'9 20 *<:%$D%
&�� # l �
� �! #"<; U l=$@E�F@G
-  J  �( IIT H CCD �.I �  O ��k $ # l=$ FGD � $�J'K  �L ��� # C1M<N �PO�Q�R ��S.T �+

,
9;: /7<�� "�U ��V�W�X dZY'[ G D��,A $
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3.1 � ��� ��� � � � 	 
 �� � � � SciFi �

Core

Clad

Light

I
3.2:

	 >�? �@�.� 0�'�.� 
A� �
� 4 C � S T�� � 2 *�%��<:%$ d l������ 700µm ��� �.� 
A� � $ � 4� �(�� �"!�#�$ O&% 7 � #
` 5 � C � G(' ) J+*FA k �,�) -!�# A l=$
	 ��? �@�.� @�'�.� 
�� � �

SciFi �.(ZC".0/�1 2 O&3 4�A l 2657� A l�8
S:9'� T ��	 >�
 � � ;:; $+< � � �.� 
�� � �:=?>.;6U lZ$ � �.� 
�� � (@=?A� �B�C ��DFE��HG I J ��K k  L l(M NPORQTS�� J ` � Q '�)0U l ��V@W�2�;;U l=$ VZWPX) �( � 4 � core � 2+Y0Z:< l([F\ d�] E^ U � C����H_ � Q � S.T�� � clad �32TY`Z@< l � 4 L �ba k G�I�J � ] E ^@ced ; k�l=$ SciFi �
 "� �f �hg(iFk l SciFi (�j�k � � S1Tl� 2+Y0Z@< l 2 *�%���� � S<Tl�mQ � ! � 
78 ;0n l=$ =
��� �1� 
A� � ( �@� ^ 700µm ;�C � S1To� ��p1-
( �@� ��q 2% r�s�;7n l�$ot <� -.7/@1�2 ^ 34eU l 2 � 40;`n l@u Q 9'�3  �Hv 2 ^@w�x ��< 	 ��  � 	Ry  � ^ 5`z U lZ$ 5`z g � � (
340nm '�(  -�,�!�e{ ��� Q}| ! ^ C � 4' % 7���< i;k6l � ��! #0~��P�  L ���?��C?� �  �< l`t 2� L � i ' ) g *,U k 430nm ���  -! #%��< l=$
3.1.1 ����� �7�������������e�h������� �0�,� � �T�

SciFi �� "<; ( J��o� 	F� ��T  �1�7� ���1�¢¡��e 7Q�£ 3.3,3.4 � LF¤  2 *�+"¥ -� g¢io¦}§�&¨  L � iH©"ª�g 1 « � ���T¡��e  	   O Q(¬ & Ue $�®�g ��¯o°-± � ��/�²  ©"³ Ue}´ �¶µ�·s QT¸e¹Pi"£  -º U LF¤  H=@X"v ( ©"ª0»"¼ C µ�·  P½�¾�¿À<  LF¤  g(i n  $0Á�Â C:��/@²  ©³�g-Ã"Ä�Å��-Æ ² (
4�k 5 MoÇ-È QTÉ"ª�g C t"t :Ê¿Ë� ^�Ì ¾  t 2 Q(ÍÎ¹Pi Ä  $"£ 3.6  �º g�ÂLÎ¤  SciFi ¯l°�±<;�(�C1M<N   OAQ=R7Ï   È&Ð Q Z ÑeÒ 2 g}i�t <1 �PÓ U¶ X ÐP2 Y Ð QPÔ <Õ <0U,Ö g C Ô < Õ <. �× Ó  6 « �`ØÎÙ}¡:Úo 7Û"  O Q¢Ü1#  $ X Ð  H× Ó�ÃeØÎÙ}¡:Ú¶ 0Û"  O
2 Y Ð) -× Ó¶Ã0ØFÙ(¡�Úe  ÛP  O (�Ý�M ÞPÈ"ß  à�ËQ (Fá d ;&â ª á-<0C M �1;�=@* Q(¬ & Ue ( £
3.6) $�t <�¿ � * ( 9?ã X � * Q (`á d ;�ä,å 20 *�; SciFi ¯o°-± QTæ & g C�å 240 « �7ØeÙ(¡�Úe Û"  O C 274080 ç �`ØÎÙ}¡:Ú¶  ^ f7èéá�< i7Ä �ê SciFi Û"  O ( 24 «�ë�2�ì Æ ² Q�Ú � � k�; Á
2¢í�¿î< ( £ 3.5) ��¯�°-ï�ð1;7n  IIT-CCD ñ I:  � � � /�²oì ©"³ á�< �ê SciFi Û?  Oóò ��ô ìõ

241.7cm×16cm×6cm � 4�k 5 � �}ö�÷ ^ 15 ø Ü d�ù Ä �ê¶ú khû � �}ö�÷ õ M<N   O�Q=R,Ï  È7ì-ü Ue+ã X � Y�[ Q(ýÎÂ U&þ"ÿ ù�� Â á-< i������ ÿ?ã	� � ò Q(¬�
 g(i Ä �ê t ¤ g�Â ÿPã	�� ò ^ ä7å 19
ò n ���?M � ù 285 ø � � �}ö"÷ ^ ð�"< i,Ä  t�� ì Ã �ê
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40 cm (571 fibers / layer)

0.7 mm

£ 3.3: ØÎÙ}¡&ÚÎ 7Û? �����æ � �
ØÎÙ}¡&ÚÎ 0Q 2

ò������ ì UÎ t�� ù
	 t�Q 1 2^ 3�4 g¢i�����&Ã����éQ�� ¿î< �ê

Bundle part Detector part

80 cm 260 cm30 cm

370 cm

40 cm

Light guide part

£ 3.4: ØÎÙ}¡&ÚÎ ,Û? �����æ����
� ù º g�Â���� õ § �:¨ ù�� íR¿î< Â��� ù n �êÚ �"! kÎì�#%$ �& ä�'0=�X QFµ&· ì)(	 »  L¤ ì g¢i,Ä �ê

Half bundle

Electroluminescence 
plate(EL)

Divided into
 5 parts

Fiber block

Fiber sheet
Epoxy glue

Acrylic film separator

12 cm

Acrylic frame

E
D

C

B
A

A

B

C
D

E

£ 3.5: ØÎÙ}¡&ÚÎ �Ú �"! k �+*�,
£0� Le¤ ì�� « �0ØÎÙ}¡&ÚÎ ,Û? �����ÆéQ 5 -`ì). � �oÔ0/ ¿ Q #%$ i ú21�3 k �0Ø54¢  È0ì �+6UÎ�ê
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260cm

   fiber sheet                         honeycomb board 

£ 3.6: SciFi ¯�°�± �0ØÎÙ}¡&ÚÎ ,Û? �� ò
6 « �7ØFÙ¢¡�ÚÎ  Û?  �ËQ(Ü � Â ���7Q Ï   È�Ð�ì ��� Ã � Ó Ue 2 - � Ðlì-× Ó ì�� ð g ��t / ¿Q Ý��,Þ?È�ß   ! Q õ á d"ù â ª á » �ê t&� Le¤ ì g¢iÎØÎÙ}¡&ÚÎ ,Û? ���� ò Q¢¬ 
 UÎ�ê
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3.2
� � � � �

IIT-CCD � � � �

£ 3.7: IIT-CCD ñ
	   �

�� ¯o° ��Â í ì õ IIT-CCD1 ø ��� � °��Ë² � 11420 ç �H� SciFi ��� Ê¿ ���&Â7ØeÙ(¡�ÚÎ "�� ð���� ����� �����T¯¶°�� ��! �#"%$�� � Â'& ã �)( 6#* ,+ �.-0/�1 ù32 �ê Ô�4?Â í�ì�5 èlá
/  � ¯�°�ï ð - IIT-CCD ñ
	76�8 ù32 �ê IIT

õ
Image Intensifer Tube [31, 32] 4:9 ù,2 �ê IITõ ��; !�<�=%> 4#?A@ ì �CBD
E � � �; !oìGF�HI�)J0K ;7L ì ?7� JNM3OP�Q<%R *TS'U <VR�W /,XM3O õ'Y�Z 4 CCD [3\�]�^G_�`ba�c /Ad�4 ��e ��� �f�� ��� -0gh W / SCU + /jiG4�k e - �;!<%=3> � lmE S'nPo �V;�pTq��V; ! 4Cr#s � X �%e ��t�Gu%vw� X c%cGM#O��b<,R q5� S + � ^2 ��� + 4 + � ^ ? � �;:p ��x�y W / J%z S{#|)}0~ 6 �G47��� �Q�tWN��J��,��� � X �� Y � 4"%$P� �)�T�'�,��� S +3� q7���; ! 4 ��e ���A� i �! 4A"%$P� � X 3 �V�V� E ��e �����Q����*
S +,� -,�'� SCU3� 3.7 ^ IIT � CCD �
	:6�8 4'�%  � �b¡¢� X U IIT

o
2
Z �£�^ EA� J�w¤¥�¦ Z 4 IIT �¨§© {Vª � � 1�« V5502 � o'¬ ;: �Q® �7¯:��°�± 100mm 4'² � 23mm ^�³V´µ�¶� �� � 10 =�· � ^)<%R�Wb� S�U Y�Z IIT �¸§�© {�ª �º¹#» «C¼ V1366 � o MCP � Micro Channel Plate ��:½N¾¿� XAÀ }#Á 4�Â�4�q M#O��b<,RÃW'� S �%� Â ^7Ä7Å ;�Æ � 2.2sec Ç 4�¹TÈ 6 ��ÉCÊ3Ë 6�Ì À}�Í 8ÏÎ7^ 2 ���%J��3� S +3� q � ? �:z E�Ð�Ñ ��Ò 4GÓ%Ô �CÕ¢ÖØ×tÙ��,�)J%z S'U M3O7Ú�Û 47Ü 6� R o IIT

Y�Ý ^ 23S'Þ�ß�à 4�á ß3â%ã q 23S 100µ ä�^ 2 ��VJVz SCU�Þ�ß�à � iG4 ß
o0ß%åwæ 8ç �)è¢�bJ�é%êtW'¯:� CCD [,\] 4'ëìp�í � 8.8mm×6.6mm � ^ ² �)éPî0�ÃïV8 � �)�,�� X Y
CCD [#\]�^ ?�� J ë%ì WC¯ SCU CCD 4Cð²V� o 768×493 ñ%ò �óï »�ô�õ��,q 2 ¤¥�÷öøï »0ô�õ-Ïù Z IIT

ß ;�p�úm4 165 û 200µm ^�ümý *
SCU

3.3 SciFi þ ÿ � � � � ��� �
CCD [,\�]�� i	�TË�
� M,O o CCD ñ p�� ñòÇ�^ 24 � � Flash ADC(Analog to Digital Con-

verter) ^ ?�� J 8 Ë���� � 256 ��� ����������� ^GFHjW�¯:� CCG � Clock and Coordinate Gener-

ater �! #" Á É "�Î	$ »�%&�'» MVO('*),+(- 
/.,Àbs �10&2 È3.0õ�� ^ ?�� J4+(- ���#5768 W�¯�JÏ�
FIFO(First In First Out) \�0 É7. ^ gh W'¯ X Y �:9 .,» «; ./<>= "0^	? i ¯ SCU#@�A(B X�3C
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M3O ��� � i CCD ñ p�ú�� ���>5��>��X ï »Nô�õ�� ���� � 5�� B �mW i ^ ��� ^����
	��� 5����J @ ¯ 5�� � S ��>5VÂ�� ï »Nô7õ(��� � ��� g�h W�¯ S'U*@1A�B J������#ï »Cô:õ�5������ ï »ô�õ �Q® � q �w¤¥� 
&.#ÀQð�� ^7�%z�J o @ ������� ï »0ô�õ 5 $Az�J���� �! �" ���%� B�# z SCU

3.4 SciFi þ ÿ � � $ %
SciFi & �('
q o �*),+*- 5 $Tz # d���.�/,021�3�. 5 �,4 # z�5�6�)7+*- }28 " � � ��9;:�<0�

SciFi ú�= �?> = � 4 � . � �0ÉA@�.�BDC " À5FE $ BF#HGJI ��BDC " À ������� �� 5¢�0ÉK@�. �B�# � ��É�@/.AÀML Í ":Î 5�N 5�6 @*A�B�# �PO:¯RQ L 8 "TS ���*UWVYX : SciFi : 15 Z�[ ú\�&�S 5�� B Q L 8 "]S �2^ ��)�+�-/ " Á õ`_ BF#�a�b �'ð2� : E $ V ¯R5!6()�+M- 
�.,À <dc
: 1 �e 3fV ¯ #�g ¤ a�h :di7j ��
&.#À�_��(k�l :Rm�5 .�/��!1�3�.�n�o �J	 V ¯ #�p 5(6
3.4.1 qsr tvuxw;y{z
)7+*- 
1.#À�5 $ p�# SciFi :3$ p 5 24 | ��} IIT :�~,�D5 �&� S�&P�(��� 5��7í\� 5�6 @�@ U
�&� S�&W�!��� _ < a

�&� S�&W�(��� =
�&� S B Q(Z �!�)J+2-���è�i B Q SciF i &W� ' � Z �!� (3.1)

3��fVd� 5F� UJ� 5!6�� 3.8 : } IIT �R��� S�&W�d��� 5�� B Q�6�� # � IIT � 95% � � � &
�!���
5F�>� #�p 5 @ _ �2����5!6,��Q ,

@ � � U�� e 3RU
�/� S����
<d� # � IIT : � p2# ±2% [Y� U�1
3 B�#�p 5 @ _ �*��� � #�p 5(6

3.4.2 t���rT�Duxw;y{z
�/� S�&
�d��� _��!� :�S�� ��� &
�!��� 5�� 3.2 m A 	!� _ BF# 3�� ��5(6�S�� ��� &
�d���
<S�� ����  ¡¢��� S 5F� B Q(Z �d��£��M¤���_ BF#�¥ Vd� a   p S�� ��� ��&
�d���R�2¦�§?	J5!6()+�-�¨ ���d©�ª a 3(4) �/� S � S�� ��� � &
�d���R� g m�« 70(87)% � &
�!�*��� �7UJ�f¬ a « � [ �(  p S®� ��� :!~ B�# <�¯�° 100% � &W�d��� 5��,� @ _ �*��� � #�p 5(6J	 g ��� S 5W±?� B� � Q�	 p�²Dp S®� ��� <!³ �P_ @M´ ¨ � :�< E $ V!� #�p 	 p 6J� 3.9 : SciFi � S®� ��� &W�!�� 5�� B Q�6
S®� ��� &W�(��� �!3�� =

SciF i � )J+2- 
&.,µHL 8 "¶S ={_ > = � 4·S . a S�¸ @�.�¹�U S®� ���(��� 5 L 8 "¶S (3.2)

3.4.3 uxw]º¼»¶½�¾À¿
 �ÁY¹ :(ÂDÃ�Ä�Å ÁY¹7Æ :!Ç�ÈÀÉ�Q2Ê,Ë µ�Ì�k�l �D5*Q�ÍJ:�<(&P� '�.�/WÎ(1�3�.¶Ì h :!Ï�Ð�ÉÑ g §�Ò _FÓHÔ�Õ�U,� 5�6 1�3 É�Q�Ö*× U,� 5�Ø7Ù*Ú Ì�E7Û É ÑHÜ �(Ý Î(1�3�Þ�Ó�ß�àDµ Ë V(� Ñp 5!6�� 3.10 : � É(Q ��Î <!Ø�Ù�Ú Ì�Û p Q IIT ÎRá�â SAã ��ä�åM� (Npix)

g m�æ á�â S Ü �!���
Î�ç�è�ÞPÌF� ��� UJ��é!ê Ø�ÙMÚRÊJË µ <dc
:�ëMì e è¶Vd� a « �TX(Ì i�j Î ÊJË µ,_ík*l � é Ò _:,m ¬ a Ü �dÝ Î!Þ�î,Ó�ï�ð É Ñ p�ñ*p Ò _�Ì Ï�ÐÀÉ Ñ p é!ê ��Q a IIT Î,ò�L*ó�ô!õJö�÷
Î ��ø��ñ ó`ùíú*û,ü7Î!ý ì ñ;þ!ÿ����
ÿ���� É Ñ ï�ð � é Ò _KÓ ���	� Ñ p é(ê «�Ò�
 a SciFi

Ü �!Ý�
 ô
à� Ë��(¸ ò�� Ë�� Î�� ã å�¹�Î�������¹ ÿ �(¸���Ë Ì ��� Ñ ÊJË µ2Ì Ç é Ò��
 IIT Î�ç�è�ÞPÌ� ÿ ß�à�µ ËH� é!ê Ä*Å ÁR¹�Æ�ô� ÿ�! � Ó � 3.11 Î�"$# ñ ò&%2ó�ç�è�Þ;Ì Ï�Ð,� é"�# ÿ É Ñ p é!ê

25



� 3.8: SciFi
Ü �!Ý Î�á7â � Ü �!���

��� Î!����Ó SciFi
Ü �(Ý Î����	�WÌ�
� É���� � Ó Ü �!��� ÿ*ñ � Ñ�� é(ê þ Î�� ÿ�� �*Ñ �

95% ��ì Î(õ ��Ü �!��� Ì�� � Ñ�� é Ò�� Ó ��� é

0

0.2

0.4

0.6

0.8

1

2 4 6 8 10 12 14 16 18 20

 ● : Cosmic ray data

 ¬ : νµ MC simulation

Track Length(# of layers)

Ef
fic

ie
nc

y

� 3.9: SciFi
Ü�� Ý Î �®� â�� Ü�� ���

��� Ó �®� â���Î( �� ¡ á7â � �J£ ��� � Ó �®� â�� Ü�� ���$
 �Jé(ê�� ��� Ó Ê7Ë µ ��Ä�Ú Ó MC

Ì ¥ É Ñ�� é(ê 5 á7â �!  Ì�"$#M  � �®� â�� ÿ�% É Ñ ô ¯�° 100% Î Ü�� ��� Ì�& � Ñ�� é Ò��
Ó ��� é(ê

26



Npix,eff,noise stability
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4.2 SciFi-MRD � �Yþ ÿ ��� � � � � � � 	 �3� 
 �
( ¯ 3 ±E� ý ëEz&% é�'2� SciFi �m<>= �.-5� SciFi 1ó§á~ �2�,©¨o�81��8<n=m1ó§á~ �2� l��0�3§å�1����ÓVk©Ka&¬E©5',%87Ì� ¸&¹�S�§[»5¼n×IØ81��2y��m/I1eÂEÃCÄ8Å+S��:?T@�V��¢F2G.` a2b�À��31

SciFi 'RH��0a�ã�ä_��§·-5�TÆ&1&%&é('>w��Ó�>�:G0`Ea5b
• MRD3D  "! # $ % SciFi-MRD &('*)+& $�,.-+/1032 46587:9 ;�0+<>=@?8A

( $�,8-:/B0 MRD CEDGFGH(IKJ1LKM3A )

• MRD3Dext  N! # $E% SciFi-MRD &('")B& $O,P-Q/Q0P2 4R<S=@?TA+0:5 $O,3-
/B0 MRD CVU &XW Y"LKM3A

• MRD1L  G! # $ : SciFi $Z,8-N/>[]\>^ _B` MRD C 1 a bB&8cP- $d0@2PAe $�,8-:/*fQgEh _jiSM:k
• MRD l D  *! # $ % SciFi $O,.-+/.'m<S=T?8A MRD C 2D $O,.-B/ eon"p C
a qrYEC $�,8-:/Xk30NgEhT?8A
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• MRD2Drec  "! # $ : SciFi $ ,3-V/.' <E=@?.A MRD l D $O,P-Q/.'NcS- $�0
gEh.?8A

• LG  *! # $ :SciFi $�,8-:/B0 LG FGH(IKJ1LKM3A* G! # $
• Veto  *! # $ % SciFi $�,8-:/B0 $ �������	� #�
1FGH(IKJ1LKM3A* *! # $
¬��Ó¶�eãRä"�_§��"é��(�������>zÖ§á~.�5���"ß2¹��Cà"�"§á~E�5���T«������! "�kÜ$�0¡$#eµ+Ý&%

�RÂ0ÃKÄ,Å$��' �!(*)Tè��T¬��+�,�kÜ$�CãRä3�_§-��í.�0/1�>æeç32+4:�"�n�"�65nÀ��:�5½+¿+æeç32+4�"�n�8789&�$�*: K2K-I ;��=<5¦"�8§-� MRD3D , > L ã�ä"�_§+� LG ãRä_�_§ � K2K-IIa 2@?A�7
: MRD 3D ã�ä_��§��eíB�.«��C5
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4.3 K2K-I � � � ��� � � � � � � � 	 	�
 � 

�
4.1: LG �����������

SciFi ���&� ��������� �0��/Z ���"!$#8�&%(')�$<$2 �*�+� '-, �/. LG �103254�7�9=�C5

K2K-I ;��&<$2,#�9.7�:�. SciFi ���q¸76,����!98;:=<1�?>A@B�&�)B��DC"6,�FE+�,'-GAH*B ���I 2�. SciFi ���&� ���������J�0� K3LNM@��O MRD 2QP*�+� '-, � 7�9=�7R&�0';S*T � 73U ��5VR
��W)X � Y8(�)NZ�[1�1�1�V���]\�^"�_C 6$��EV�/`)a)b #�c dJ.AeA<QB1�R¸D6$�f�J!�8Jg*h i_jB�
��k=l ' � 4.2,4.3 2?m�����5�R��?WAX��JnAo�Z?[ ���F���V��:3CJ6$� E����?`Aa&b�� 1.34GeV/c pq . ¸D6$���"!?8"grhJi3j.�$� 1.55GeV p q �?\D^*�*s��C5t1u �".5Rv[Q2C�8�w>=@rxVy{z1a1�;|=@&��}�~32��Vy�[=�$�=� :C¸A66���?!;8�gAh�i�j,��� 0.5GeV� 0.75GeV �rsV��.��&p q ��g5h�i(j$�!2?erB"�;� q ��T I y/[��65*%QR+�J.(c(��� 9=g)h"i(j@�!�
�F����� '-���;� I �9�(�A�.� 7"�)�=�J�(#r� ���_�9�D��032A4 �=�F������� LG �F�������*�?�A�� L7Zw[*��� LG � �+�+� �w¡=X3¢?. SciFi �£�r�9�F�9¤=¥1¦3§ LG �5�1�J�Q¨J© �ªPA���]� �"«=¬® .
L1¯Ax&°7±&��²(� MRD §&¢�e=<7B�³´���D�J�?µ�Pr�+� � L=¶3R*·v�*sr³�� � 4.1 §9¸A¹DºrL LG �
���V�£��»+¼;m  �J� LG �1���V��¼;½r¾rB�³=� I §&¢". LG �10_254F�?�)� � C 6�©FE��w�7sr³7R
·"¼;¿QÀ&B�³(·A·�OJ§�. LG �J�)� �FÁ 4F�1grhJi3j=©*¼;Â  MÃYAÄ)ÅQ�3U1³7R*· � SrT+Z?[�³��

4.3.1 LG ÆÈÇÊÉ+ÆÈÇÊÉNË Ì�ÍÏÎ�ÐÒÑÏÓ´ÔÖÕ�×ÙØ´Ú�Û®ÜfÝ
LG �r��g5h"i(j�©?Þ Á ¼9T I ³�� I § LG §wnÊ�Ãß3à_y/[*� PMT árâQ��ã+U&Z (ADC)

� ¾7¶�y
[*�J� LG �9á*âQ�"ã+U&Z ¢�ä=å  �?�A�3�9æ&p5.D± -ç g5hJi(j�©)§?e&<*BD³(·£è�é�y/[�³�� I �
sr³?�D±QR9�F. LG �?êAë)ì=íî·£á*âQ�"ã�U&Z ��ï ð+¼;ñ*òQ�"� u ó · ;ç ���D�"� � MRD §wô 
�&�1�V�V�/¼;õ3dJ. SciFi ���?��· MRD �f�����J� ( P*�+� ) ö&÷�xNy LG �?ê)ë5ì&í (

�
4.4) ¼"�ø ��.�á*âQ�"ã�UAZ7·9��e=<�¼;ñ*ò7�J� � 4.5 §9m  �DO"�A¢ LG árâD��k=lD�*sr³?�Fù&ú � árâD�

ã+U=Zv."û=ú � �F�+�+�ýü_§1Lr4 ç ¶*³?� � §=¢�þ�°5�Qÿ"©r� � � y/[D³ � ."árâ b � ã+U�¶?�&�_§
�5é*³ ��� ºrL��+y x5LDÿJ©r�F¢?�A� � LG · PMT ¼��	�7B�³&�F�f� #&��
�¼vêAë  ��Rr·9§QcF³
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SciFi K2K-I MRD  Pµ /all /neut45 w0011 /common norm.

 Eν (all)�
4.2: K2K-I � MRD ·w� ��� � · [*�=�F�+��� �

C 6�©FE���`AaAb)k&l
� ¶�� ��� ©*¨�.	��
 � MC �	� ��r¢�:=<��r© 

¼��  . � � CCQE :&<).�� � CC-1π, � �
CC-coherentπ, � � CC-multiπ ¼��7B	�����_¢
1.34GeV/C

SciFi K2K-I Eν /all /neut45 w0011 /common norm.

 Eν (all)�
4.3: K2K-I: �D6�©��"!?8"grh i3j1©�k&l

ùAú�§��D6�©��"!?8"grhJi3j1©�.=ûAú�§=�������
üV¼�·J4F� � ���Am3�����3¢ � � ·"!�#D�*sr³��
�����_¢ 1.55GeV

O��F�rs5³?�5± vç R-[ y;�=�F�+��� §?e -ç LG �9ê=ëAì=í�· árâQ��ã+U&ZJ�FïJð+¼%$�&7�3�  �
O�� � � 4.6 �rs5³��_R�� � ¢9ùAú_§����Q���F�?ê&ë)ì=í). ûAú_§wá*âQ�"ã+U&Z1¼�$�&Q���  ��O��
�rs ��.�R�� � x y£.Fê&ë)ì=íî·('�)3��**§+
��(L�ïJð3�&sr³*R*· �%, xD³?�D2���. � 4.7 §9m  �
O��&¢�.-����.5%Ji/&%0A6*C21-©-043�� (MC) § ¯*à5³wä1å&�)�(� LG ��g5hJi(j�©?Þ Á ¼vùAú_§3·
��.�ûAú_§9á*âD��ã�UAZ1¼�·"4 � � �*sr³?� LG � 576�b (34cm× 5g/cm3) ¼;èDé7³(· LG �98r05B
³´���D�J���1grhJi3j1©A¢ 0.4GeV :7;r�rs ��.2< 4.7 ¼���³(·�R"�?�A�D�)grhJi3j1©?Þ Á ·£á*âD�
ã�U)ZF��*Q§�=�
Dº*L?>Dï � ��y [(³��VR"�1ï ðV¼?¾Q¶ ç LG §�¯7àr³Fgrh i3j=©�Þ Á ELG ¼ @�AB�³���B�CDº7§ LG D�EGFIH£§F¯7à5³DCKJ�©FEGF��1grh i3j1©A¢�L3���Q�K��Z?[�³��

Eµ = ESciF i + Eveto + ELG + Mµ (4.1)

R)R?��M ESciF i,Eveto,ELG ¢5±F[ONF[ SciFi MPH9QR5©�S/TUF1¨VM LG �7�=g*h i_j=©�Þ Á M Mµ ¢CKJ�©FEGF�� W2X�6�bD�*sr³��

4.3.2 LG Y[Z \ ]�É_^a`3Úcb \2dfe
LG D%EgFhH ¢&g7hFi�jA© � �_¶	M=æ5p��?i_¶aHkjml9n5¼ ofywéD³DRQ· � ��U&³ � M3±5�Up I §q J�©	rIF �)à��rL®Ms!�tD§�u=Å Z?[(³9vF�*µ�wmD�rIFAOkxrä2y(³3· è(éVy$[(³�� CCQE z�{_��|} ¼"~Ö�"p-�r§A¢��9� q J1©�rIF�H�jml9n)¼+o�ywéQ³"�rS � s®��M��9[Ïy9�"Å)k_¢ q J�©�rIF��U�
� S/N ¼��a��y�³��7< 4.8 ¯_c"d�M�< 4.9 §?m  p��"�A¢ SciFi § 2 ��H�jml9n �K�-�g� � p�D�EGF
H �+� � 2 �[����H�jml�n ��i(¶U���-��H�jOl�n )

�
SciFi ����X/�-� ç ¶7³�D�E�FIH (2 L�H�jml�n

Contained D9E/F4H �;¯m  ¡ 2 ���w�¢H£j�l�n ��¤ §�¥(à ç ¶5³9D9E¦F¦H � 2 L_H(j�l�n nonContained
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D�EIFIH ) ± ���K� §���y�³ LG �����
	=©���D���r³�������D°
�F� � ¶9� ��� ©7¨VM���
 � MC

¼�� ,V;ç ¶7³?�O��p�M��7°
�J���%
_¢�ä=å����(�����V¼�� ,V;ç ¯��VM! � � v�� � 2 LPH�jOl?n
��"�#"Å�� ), ��� � q J�©	rIF9���*³��I�J��<�$&%�M LG '�á7â($&%*)-A  p��(���+	=© � 0.1GeV

:-;,'%DKE�F�H�¼.-(/%yQ³2�r·w§� K� ç M�v0�1'+x)ä_¼32!��:=¦�/[� �r·54�67�F³�·-¶98;:�<�4�= ç>�?�@
LG D�EGFIH*Am�B'O �8.#�C ó 6 q J�D	rGF��U�
'FE�G9H�)/� ç >�?�@

36



< 4.4: LG '?êAë)ì&í
���

(SciFi) �k; � (MRD) '��2l�H����,$ % LG '
	����� H
��� ?

< 4.5: LG ����'��9� � (ADC) '����
��� 4����UM�� � 47D�EGFIH�� H ��!-y @#"7>�$
4�%(D'&)(�*�4 MC 6(� ?�@,+.- '�/0D2nB4�0&%�21 ���+'
� >43�5 '�/0D�6�AF���,4�728:9<;�8= H)	��?>A@�82BDCE9GF���H'I ?

J
4.6: 	�����K�G����'��9� �

��� FL	����� 1 � � FL����'��9� � HM�9�2@ J
6�� ?�@ON�P FL*�Q7##R�S,4�0�T�U � ?F@ MRD �
'V9W7MX�6)Y�Z�4[� � @
��\�6
� ? 9W7MX�6�'�]
H ^I�4T >�?�@
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J
4.7: LG F���� ? ���0�
	 D����?�G���	�+'2ROS

��� 4 LG F���� ? ���0�7	 D
��� 1 � � 4����,'��9��� H � > T >�?�@ LG 6��� I ? ���
'����
�7	�D�A 0.4GeV ����6�� � 1�� ' ���B�7	 D 3�5 6����B�7	�D � � �,'�� ���F4!��H�I ? � �54#!
$ ?

J
4.8: 2 � 9 7MX�6 Contained 8�BEC[9WF �'I ?

LG ���0�
	 D����
"1>�$ 4�%(D'&)(�*�4 MC 6(� ?�@�� @ 1  ��,6� >A@��B'A	��� 9W7MX�6 1�� �,4! #"�D�$DCE9
7MX�6H ��![> T >�?�@ ���0�
	 D�4�% >'& 6(A
���
')(+*�,�42�9� >

J
4.9: 2 � 9 7�XA6 nonContained 8 B CD9<FF� I?
LG ���0�
	 D����

Contained 82BDCE9*')-�ZK�/.
0 F���� 9W7MX�6
A LG 6#1,� I+2�3�4�5 D�4�67� >�8�9 F�: ?�@
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4.3.3 LG ��� � �����
	�����
LG 8 BDCE9�� 2�3�4�5 D�FOR�I ?���� H J 4.10,

J
4.11 F � I @ %(D'&�� MC ��������� > T >? ���#�AF 1 LG 8�B C 9�� ��F � > @ 1 MRD ! D �"�$#&% L 8OB C 9<F('*)�T+�+, % > 2�3�4�5�D3�5 F �-� >)T >(? � �.�#!0/ ?F@ �21 >)T 35476�@ % 2+3�4 5�D�� LG 8 B CD9 A MRD 8 B CD9

���	��F98;:0<�= F9>@?!�$6 1�A;B"CED*F H�> T*G2H�I
SciFi K2K-I LG Eν /all /neut45 w0011 /common norm.

 Eν (all)J
4.10: LG 82BDCE9  #"�D�$DCKJ;:�� ���

��� �! #"�D�$DCKJ;:�� 1 � � � 82BDCE9�� H �
!�ILI � @ MC ��M � ��NEO�HQP�D = H	:R4.!�I
�L��S�:T, 1 " SD>$U >A@��L��� CCQE O�H 1;V
MW� CC1π

1-X MW� CC-coherentπ
1�� MW�

CC-multiπ O�HWS�:@H�IZY�[0\�N 0.55GeV/c �CW] T*G2H

SciFi K2K-I LG Eν /all /neut45 w0011 /common norm.

 Eν (all)J
4.11: LG 82BDCE9_^ "�`V9La$b'2�3�4�5Z` ���

��� F	2�3�4�5Z` 1 � � F�82BDCE9��dcM� ] @ J I
M � ��N$e J �/.�f(S�:@H�IZY�[;\�N 0.65GeV �C , 1 MRD ! D 82BDCE9 (1.55GeV) F$'g) T�%
G�2�3�4�5Z` 3�5 cih"j�T*G2H�I
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4.4 K2K-IIa � � � � � � ��� 	 
 � � �  � � ��� � ������ ��� C���� S :gH K2K-IIa %2`�&M� K2K-I %2`�&M�$����G@N SciFi  �!�"$#&%+� LG �OU
,(';/�6'@ � �.S�:@H�I � �A(*)�+-,g�2%g`'& ��82BDCE9/.10�N4� 4.1 �
	 , S�:@H�I LG 82BDCE9
� C � C , 132 !5, F 2D :@H G*N 2Drec F �*4 �96+H 82B CE9 �65$7 > T0G2H$I � @ 1�8�9 <�= F
>g? > T@GWH MRD ! D 8#BEC[9 ��J0:�� 1 2�3#4 5-` F2R�I�H �;� c�0"H;: < J = 4.12 1 4.13 > 1
K2K-I ��:@? < Y;[;\ 1.55G eV) F$'2) T Y�[0\Q� 1.28GeV : C , 1 ��, %"G�2�3#4�5-` 3�5 ��8
BDC[9 � S h�j�T*GWH � :i��!*/+HEI � �1ACB;S K2K-IIa 82BEC[9Kc�<;= I"H � :i� A;B S�:@H;:
G;j2H�I

� 4.1: K2K-IIa 82BDCE9.&O8&DZ�*.10
E 4

3D 1L
+

D 2DrecF � 4149 1286 499 264

SciFi K2K-IIa Pµ /all /neut45 w0011 /common norm.

 Eν (all)J
4.12: K2K-IIa  #"�`�$DCKJ;:�� ���

Y�[;\�N 1.18GeV/c S�:@H�I "�G � $ ��%g`'& 1
M - ? �IH*JLK1M 9ON�7�P-� MC cRQTS[> T*GgH�I
M � ��NEO�HQP@` = cUA-BD> T���, 1*V S � >A@
�L��� CCQE O�H 10V � CC-1π

1-X �
CC-coherentπ

1�� � CC-multiπ S�:@H�I

SciFi K2K-IIa Eν /all /neut45 w0011 /common norm.

 Eν (all)J
4.13: K2K-IIa ^ "�`V9La$b'2�3�4�5Z` ���

Y�[;\Q� 1.28GeV : CW] T���, 1 K2K-I �IW$X
1.55GeV : 'g) T LG �1YTZ	�Q� C � CW] @ � %
2�3�4�5Z`;��82BDCE9KcR[ 4ij�T*G2H�I\Q � �4Q] N$e��$J;:���� J :/.
0QS�:@H�I

4.4.1 SciFi-MRD �3^`_badcfehgji �hkLl m
K2K-IIa n2`&o ��8#BDCE9 E 4$p � F*q ��� c�r+Hd: MRD s D t�� �L#bs Drec F �*4 ��6+H28

BDCE9 � K2K-I F$'g) T�u+G I � 6 49���bv9�Q� 1iC 82BDCE9 S�:@H /+cxwg)zyIW$X$t*{*|h:~} T
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/ C , � �$� � SciFi ��� X�� �����	��
 MRD � 3D ��� X����� 9�� H � :7�3S;/ ] y (
Jh=

4.14) I8�9 � SciFi-MRD ,g�����MX��)Y�Z�� %�� N6t
• SciFi � � D �	������� MRD  "!$#�% &('*)$+,�(-/. ) MRD �	���(�10�2/-
. ��3 ( 465 )

• SciFi � � D �7�8�$�:96; ) MRD � � D �7�8�$�:96;*�(3
� s=<g� B7> /T4�? ] y�@��BAZ`&o χ2 − x : χ2 − y c9?WG�C�DFE }GC*G2H�I

K2K Fine-Grained Detector (Top View)

100 cm

 Run  4100 Spill  64525 TRGID   1
SBEv      0  2003  1 25 15 29 26  0

 Nvtx  0

K2K Fine-Grained Detector (Side View)

100 cm

 Run  4100 Spill  64525 TRGID   1
SBEv      0  2003  1 25 15 29 26  0

 Nvtx  0

H
4.14: 2D IKJ,L$��
 �*4NM 6FC*G�y ! D IKJ,L$�O�P H7Q

X R�t e P HBQ Y R PTS S�U*H$I7V7W1
 SciFi S�X�Yb}1y�ZB[ Q MRD 
\�]�:^_�;c_</` ]
Cbadc1egfh
�r@jdc Q 8Bi PkjBlgm1nkoBp Qrq:s CbaFt7a :GuFt M s cTv
H

4.15 
gw syx P @��BA	z&oK
�{ � ch|7}$~G� }Iy�v,w P @��BA	z oK
�<ba�C@t n�z&o-: MC
n

e�`��K� }�CFa1ckv 8*9 P��7�gm�n ,χ2-x,χ2-y
Q :���
 8 �b� P���� t SciFi �]�d^_� � MRD �]�:^

� Q �	� }�y � ubt � w � 
7t:�_Cba:cTv H 4.14
P e�f�tFIKJ,L�� Q u�` r x�s y � aNfrw �knk�i P �]�d^k� o7p�j7l Q�� } �(� c1w � Q���� m Ubc ���g� x=s ckvF�dw m t(w P�j7l ~b�df�� }��� C�t��7� P e:f�t$� D I�J"L$��~���f�w � ~��7  }1y�v χ2 |�} (4.15) W x t1¡ ��¢ v £ 90% ���b¤P IKJ,L,� Q χ2

Q
20 ��� Pk¥B¦ 
�7§ � cdw � Q�¨ W��@y PKm t�w Pk¥B¦ £ χ2 8 © 20)

P IKJ,L$�PTªb« ~Rw1¬�c1w �B� }1y�v��®1tgIKJ,L$� n�¯�°:±³²�I m�´Bµ }1y�¶F· m1n tTn1z&oK
T¸L}GC n_¹
90% ��� Q7H 4.14

P e:fG
\�]�d^T� Q <bt Q ��CFa1c ��º:»7m�� c�I�J"L,� m Ub� y_v13y ¹ MC 
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4.16: ��Í�a 3D IKJ,L$È (8 ≤ χ2 ≥ 20)

P ¾r¿Kz�À,L É�Ê�Ë(Ì zT|7}
� a�� Q Ô�zdÕ ��� ë ¹����(P
	 ° ÈÃÅ ��� Q MC ~G�dÙ�v�	Æ ¹� ~����7Æ�� PBn CCQE �7Ø,~
âgã7Ù�cTv�Ô1zdÕ � MC

Q �	�dÙ�cTvN¾r¿Kz�À,L É�Ê�Ë(Ì z P�������n 1.3GeV �FÝ � t1cTv

43



MC Energy Reconstruction

0

0.5

1

1.5

2

2.5

3

0 0.5 1 1.5 2 2.5 3

ID             200
ENTRIES            4504

  0.00   1.00   0.00
  0.00  0.447E+04   2.00

  0.00   0.00   0.00

MuonEnergy

Tr
ue

Mu
on

En
erg

y

H
4.17: MC

é eKcGÎBÐFÑ M s Æ(¾r¿Kz�À,L É�Ê�Ë(Ì z ��×(P ¾r¿Kz�À,L É�Ê�Ë(Ì z P {�� 1

��� Q ÎBÐFÑ M s Æ É�Ê�Ë(Ì z ¹���� Q ×(P�É�Ê�Ë(Ì z1~�� ¨ Í��badcTv � a�� Q Ô1zdÕ ¹���� Q
MC
m UNÁ ¹� ~����7Æ��F| n CCQE �7Ø,~�âgã7Ù�c

True - Recontstuct

0

200

400

600

800

1000

1200

1400

1600

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

ID
Entries

Mean
RMS

            300
           4504

-0.2953E-02
 0.1486

True - Rec

Nu
mb

er 
of 

Ev
en

ts

H
4.18: MC

é eKcGÎBÐFÑ M s Æ(¾r¿Kz�À,L É�Ê�Ë(Ì z ��×(P ¾r¿Kz�À,L É�Ê�Ë(Ì z P {�� 2

(
×(P	É�Ê�Ë(Ì z )-( ÎBÐFÑ M s Æ É�Ê�Ë(Ì z ) ±	��^"ÈGÍTÆ�� P v � a�� Q Ô1zdÕ ¹���� Q MC

m U
Á ¹� ~����7Æ��F| n CCQE �7Ø,~�âgã7Ù�c

44



M x éT¹ w syx P IKJ"L$È P������ t_|�} ( È � ^�� � ¹�� Ý ¹ ¾�¿�zrÀ	��
��� ¹�� ¿�z�È����ÉbÊ_Ë�Ì z ) ~TÓ�Æg� P Q� 4.19 © � 4.22
m Ubc�v³Ò P |�} é �Fa ���GÔ�z1Õ � MC

n e�` p � �Fa
cTv(	Æ ¹ K2K-IIa

P�� á P � D ���	��È é ¸1Ù�cG¶F· £���� A ~��! F¤ �#"$ Í��³� ¹ w syx P
���%��È Q w s  m'&1ê%( s � � Æ����%��È*)+��± Ë/� ¼_½-, ª1« ~/.�� ��a:c:w �10 ¨32 c_v$wsyx ,�¶F· 2Nx w�,�4 m65 ¬:Æ ¹ χ2

j7l ,�Ó87NÍ é e�� � &�ê�9�:(é t1c ��Í�a$� D ���	�$È n ws  m6&1ê	( s � � Æ,� D ���%�$È � ¼T½ éT¹8;�<gm�� c����	��È � Í����=-, ç7è"é�&1ê�98: t
, mdn t7a 2 ����� c_v � 4.22

2Nx ¹ wFw m'5 ¬:Æ����%�$Èåä�æ�, � ¿Kz�È6��� É1Ê�Ë�Ì z � � �n
1.2GeV �BÝ � t����Fa1ckv'>?,"� D �@�A�,È ä:æ3, ����� £ 1.17GeV)

� ¡B��K�1ÙDC �:m3E Á ¹
K2K-I ���	�$ÈF, ��� £ 1.55GeV) G(Á_�IHKJ ¥B¦ ~�L x � �!J�Ckv�M%N m65 ¬:Æ���	�$È n w s m'&1ê Í � � Æ����%��ÈO, 10% � 	 ~�P � C_v$wDQ	Í_ÆRG(ÁSHTJ É1Ê�Ë�Ì z ¥F¦ ~�ÓKC:w � , m��
C����	�$ÈF,�U3V 06W Ù"w ��X =Y, ç7è³é�� � ��âgã�, E Cdw �[Z�E C �]��� CTv

45



Basic Dist

0

50

100

150

200

250

300

350

400

450

0 1 2 3 4 5 6 7 8 9 10

ID
Entries

Mean
RMS

             10
            531

  1.843
 0.5751

N Track
Nu

mb
er 

of 
Ev

en
ts

�
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4.20: ��Í�J�� D ���	�$È (8 ≤ χ2 ≥ 20)
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4.21: ��Í�J�� D ���	�$È (8 ≤ χ2 ≥ 20) ¾�¿���À	��
����F|7}

���D0 
���� ¹����D0 ���	�$È �$~�� ¨ Ù�� � J�� 0 Ô��dÕ ¹����D0 MC
¹ � J � � � X CCQE �

Ø,~�âgã7ÙRC��

Basic Dist

0

5

10

15

20

25

30

35

40

45

0 0.5 1 1.5 2 2.5 3

ID
Entries

Mean
RMS

             60
            531

  1.436
 0.5820

Neutrino Energy

Nu
mb

er 
of 

Ev
en

ts

�
4.22: ��Í�J�� D ���	�$È (8 ≤ χ2 ≥ 20)
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MC Energy Reconstruction
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2 _#� ����� Q���� �	�
 � � ��� � �¿uÀ � � ± :U�	������
�� ����� ��I�J�KUL�M�"�����
�� Q ª�� i 4 b7Q������ � R 4 � � � ��¾ �

� « e ��� ��
 � " Ð Z7�"! " � D
�	�
� "

15% ~9\ :%$ m R ��� ��Ô ��M � ÕHÖ ITJ"KSLuM	�
1GeV ¡ Ã (0.8GeV ¡ Ã 	 "k�'� �$# � � � f�² 25%

�
35%)

"&%"' Q i�� R)(*(,+TZ7�-( f � "����
� Q � b�. � b'b @ �H�)( f�� + � � ± � � �� MRD � D
����
�� Q�/ �*0 � � SciFi � � �� Ô �21 � ÕFÖ ����3�4 " ËDÍ��65 x�y �-7 �98*: i��7��; »'¼ � �2< (�( � +&� ¾�� �>=�?�� � �� 
�� b@( fs� +%� � ±,� � ��� MRD � D

� � 
�� ",A Ð �CB�� i�� Ô �21 � Õ ÖED6FEGIH 1 �� � ��¡ Ã � � b�. �2< � � �J( f � "�����
�� � � ;LKJ� � " SciFi ��M,N "FË9Í �PO��2Q x'y ;

� 4.2:
�	��
� � bR. K2K-IIa

S�T
MRD 3D MRD � D(8 Ø 20) MRD µ L�	��
� Ð

3900 541 181� ��
� Ð
(Eν ≤ 1GeV ) 1513 199 181�	��
� Ð

(Eν ≤ 0.8GeV ) 908 129 181

〈Pµ(GeV/C)〉 1.18 1.25 0.51

〈Eν(GeV )〉 1.28 1.44 0.6

��� oDp � �VU 4.31 Ø 4.34 + $��&< ¾��  �����
��W; « e ��X ËDÍ��"5 xuy#� � � � q 1�r b MC Y� �Z/ � �  %�&< � � Ô �@1�� ÕFÖ2D"F2G[H 1 � � � � Y�( f�� + � ± � f�� �� 3D
�	��
�� � �

� A 	!� ��� � � 0.5GeV ~6\#� � +"x'y �����$] �^� �  �E<
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4.31: � � "��	��
� (MRD 3D,newMRD 3D,MRD 2L)

; ±  ����WOI��Q Ð x'y
��� � � 1 � � �CB i�� �WOI��Q Ð x'y���
 � �&�	��
� Ð < �  �
 � q 1�r ����� � MC(( �  
� � ��Y CCQE ��� )
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4.32: � � "��	��
� (MRD 3D,newMRD 3D,MRD 2L)

; ±  ���� \Dx'y
��� � � 1 � � �CB i�� �WOI��Q�� \9��
�� �&�	��
� Ð < �  �
 � q 1�r ����� � MC( �  � �
��Y CCQE ��� )

; � i�<
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4.33: � � "��	��
� (MRD 3D,newMRD 3D,MRD 2L)

; ±  ��S�"� 1j �
 ÑDÒDÓ9xDy
��� ���"� 1j �
 ÑDÒDÓ���
�� �&�	��
� Ð < �  �
 � q 1�r ��� � MC( �  � � ��Y CCQE �
� )
; � i�<
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4.34: � � "��	��
� (MRD 3D,newMRD 3D,MRD 2L)

; ±  �� Ô � 1�� ÕkÖ2D�F�G[H 1 x'y
��� � Ô � 1�� ÕkÖ2D�F�G[H 1 ��
�� �&�	�
� Ð < �  �
 � q 1�r ��� � MC( �  � � ��Y
CCQE ��� )

; � i2< X�� " MRD 3D
�	��
�

(
�

4.13) ��Y 5��^�j� 0.5GeV ¡ Ã�" D�F�G[H 1k�� � X x'y �$] �^� �  � 3 � � ���C<
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� 4.3:
�	��
� � � . K2K-I

S�T
MRD 3D new MRD � D(chi2 8 Ø 20) MRD µ L�	��
� Ð

5631 345 276�	��
� Ð
(Eν ≤ 1GeV ) 843 80 224�	��
� Ð

(Eν ≤ 0.8GeV ) 96 21 50

〈Pµ(GeV/C)〉 1.34 1.29 0.90

〈Eν(GeV )〉 1.55 1.50 1.07

4.7 K2K-I
� � � � � 	�� 
 � � � 	�� 	 


(�(��E+ "��� Y���� ��� K2K-IIa
"���1���� ��� �&B�� � X " + $"���2<�� � +�( ��! ����" Y

K2K-IIa + "�#%$'&�5 X " + Y 5 � � K2K-I
"�� 1(�%�-��� �2B ! �)X%)+* ( � � M�, � Y.-�+ $�C<

K2K-I
"/��10��"�1 /�Y LG

"�2�3/4�"�5 � ����
�� " D"F�G[H 176�8 �
IIa
" X "��:9 X<;  

�(=/>�? ' � � � X " �A@:BDCFE �E< ��G�� K2K-I
� 10���-��� �EB ! ��)�H "�I " ;KJ�L ! �7�J; � 6.1 ��� � . ��< K2K-I � �� � Y χ2 M�N "$��� ! � ��� �%O � � MRD P D � 5�TRQ E �����
�� � ! " MRD P D

����
�� "����%S
6% T*\ � 5&�&<�� � MRD U L

����
�� Y MRD P D����
�� "����%SDV
% T*\ � 5R9 ��W / �.! � Y K2K-IIa

" �%X �K)7H + $��&<(Q C � ��Y  D"F2GH 1�6'8 �7Z\[]� � �^�(_a` 1 �%b�c D�F@G�H 1 � 1GeV(0.8GeV) d�e "�6'8 + Y O\!�fhg � ! �i�jlklmon
MRD 3D

i�jlklmqp
35%(60%)

; r .�s < K2K-IIa
i�jlklmqp ��X �])�Hut��

χ2 M�N ;v .�s ( � +�w L'x�y t 5 s i/jDkDm t/z�{�| p D�F@G[H 1�}�~'� p H'� ;�� 4.35 � � 4.37
t�� (E�C p i.jlkDmqp7�'��m O���Q]5 �-;%�

4.41 � � 4.44
t7��! ��< � � � K2K-I

��1(� p U L
i/jlk

m t B0��s D�F�G�H 17}'~'� p H'� ;%� 4.38 � � 4.40
t�� ( E�C p i.jlkDm t B��:s �'��m O���Q5 �-;��

4.45 � � 4.48
t � � . ��<.� � p���� Y K2K-IIa
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� ° � t�½�!]| ±
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�

±
35%
�
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Ã { B s7£%Ê p7Ë ��± ¶ ERC p i�j+kDm Ä Á�B � SciFi
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5 SciFi
� � �

5.1 � � � � � � 	 

_(` °Ìm b�c�±�� {����� L p���� Í � W±

É
Z0 Ä�������s0¶�Ã t(È.��| 2�3 ÃA�  ���s�£ W±

Ä � ��s��� lÄ����� "! k m �   # CC �� %$'& Z0 Ä � ��s7�  lÄ ��(  "! kDm �   # NC �  %$�Ã)�* £ K2K
��+ ��± &-,/.�0 ��1 � νµ

p.«�¬�¯®/°-2�3 � m  Ä54 ¨76 & S p�8�9 Ä;:�.�0 �<1 �
��s 2�° � °  � �  k�= t/|?> 4 Q E�@ 2/3 � m  Ã ²/A �:s(¶0Ã taÈ���| νµ → ντ B ��p 0�C
Ä;D ¹ £E,/.�0 �<1ut?FHG s νµ

2�3 � m ap 4 ¨ut ± ���-I%J (�KML # CCQE $���  # � 5.1 $ n L{DCµE s�£
νµ + n → µ− + p (5.1)

¶ p �.  ± 2 N'��  ´ p � & � ` °��+k�p/«�¬�:®/° Ã K/L � Ä54 ¨ �asaÃO&�P À � ��s;Q � p �
�MR Ä5S�T��MU�V

Eνµ
=

mNEµ − m2
µ

2

mN − Eν + pµ cos θµ

(5.2)

Ã { ¹ � t�È��<|._.` °�m bKc p%« ¬7a®%° Ä5W ÅYX U�s]£�¶/¶ � Eνµ
, Eµ, θµ,mN

±.S U�Z�U _.` °m b�c p.«�¬�¯®.° & � ` °	�lk�p.«�¬%¯®.° & � ` °	�lk�p<K/L � &-Q � p\[-R � ��s�£/]/^ � &
1GeV _/` p.«�¬%¯®.° Ä5a z�b�c ° m\d<e ÃfQ � ( g � Q )

p ��  t ±�h%i p È ¹ ´�j °lk � ��s�£

νl + N → l + N
′

+ m (CCsingle − mesonproduction) (5.3)

νl + N → l + N
′

+ nπ (CCmulti − pionproductin) (5.4)

νl + 16O → l + 16O + π (CCcoherentpionproduction) (5.5)

νl + N → νl + N (NCelasticscattering) (5.6)

νl + N → νl + N
′

+ m (NCsingle − mesonproduction) (5.7)

νl + 16O → νl + 16O + π (NCcoherentpionproduction) (5.8)

(5.9)

¶ ¶ � & l
± ���m!onqp;r ,N,N

′

,
± Q � Ä;sut��wv7£wx @ & 16O

±<y/z g � Q � �%v�£�¶oU Xo{ �
  ± CCQE �  lÄ�| *~}w{<��������� ´ v �\{.� ����&R¶oU Xo{ �� \Ã QE �  lÄ-� Ï �wv0¶0Ã;��M� � �%v7£\� 3

Ë � ÑH��@(È ¹�� & Scifi 0 ��1 ��± &E:/� { MRD Ã {~� � p ��� �~{��/� ÄaÃ�v
¶0Ã � È � � c ° � r/Ä Î�Ïq6o��� v�£w� { @ Å &l!<n�p�r { �'´M� NC �'  ±�� ÆMU�v¯Ã Â�� �È�� £?��v CC �/� � F%��� ± & � c ° � r�Ã�� �� u¡ � r�� SciFi

�
2 ¢ { p �w� � Ä5� 6 & ¶oU� � c ° � r�Ã;£?¤ { 2 p �w� �~¡-¥ r¦p¨§H©�v CCQE Ão� Ï { _"ª �"« �~¬ � �M ��® r k � ´v7£?¯/° {�±�² § ± & � c ° � ro� Î'Ï §�ª @ 2 p �u� �?¡-¥ r¦p � ½³65� & QE �/�+Ä�´ ¨q6�@�µ��{

2 Ê¶p �w� �-{<· � � ³lÄ�¸�¹ 6 &Y� { � ³\Ã � }�� > 4 6�@ 2 Ê¶p �w� �	� ³ {�º Ä�ÃE» � &
66



º �H©�v������ � ©�v ¡-¥ r¦p^Ä QE �"r?n���Ã 6�� |
	 �Y6��%� v ( � 5.1) � 6 Æ 6 &��� 6�� |���
QE �"r~n�� {������ 60% � � §H©���& 40%

�
CCQE

h���{/¡�¥ r"p¨����� 6o�%� v�� � �¦XU �%� v!�"�� 6�@ �M���M�$#E� ��� QE |�% {&�'�$#)(�*,+&- v @/. �0� & SciFi §2143 6�@ 2 5p 6 �27 �M£?¤�§H©�v28  u¡:9 r ( ;=<;£?¤ h0�Y{&> ¤%$H§H©�v28 #�? %��wv@4�;��W . X Uwv��
SciFi 2 track cos(∆ΘP) distribution

0

100

200

300

400

500

600

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

  Data

 MC

(CCQE) <25o>30o

cos(∆ΘP)

ν

µ

P
exp.

P
obs.

∆Θ
P

� 5.1: p 6 �27BA ����C v QE
¡-¥ r¦p { |0D

� �FE � C � � CCQE ��� # ´HG 6<@ �Eª { 2 5 pI6 ��7 ·
J A � �LK }w� > 4 + Uuv A ��{<º ∆θ# G0M 6 &, { R #FN ��� QE �/� # | * ��� �&O0P � cos ∆θ Q P ��¡-¥ r¦pSR # �?» @UT { §H©v��HV �2W � =4X@Y�Z�[ ª { K/\u� MC
# sut 6��MF �^]0_ Z § Ea`�b T { � CCQE �/��§H©�v��

5.2 c d egf h i ekj d lnm o p q r
¢/s0t�§ �&> ¤ ? % #vu � � © b » � > ¤ { � `�b�w � p {Hx'y �
z X�{�| (dE/dX)

�&} �@~uv
Npix � � ��� #FN � v�� > ¤ ? % #�u � b . { SciFi

�:�@� v w � pS� ?���C 	 p 6 �27 � ? �2�� s't +�� ��� v [34] �w� {&��� � [ ��� � [34]
#B�'�"+��@b � �"��§ �  { s�t ��C » �)�/�+���bUw �=��� J��gC 	 � 6 �27B� J���� G #&N ��� @��� `�b �:�'� � �2� #��4�
���0�=��� �. b �

1.
w �$�S� J � �U¡o¡ ¬ X47 6�¢ Y�£2¤ F¥
¦ �g§ £©¨0ª � ���

2. « ¡ ¨ w4¬ � #\�q«b . � Npix ®2¯ � ���
3. X °�] Y ° �4� 6 /± ¤"�^²H³/´0µ � ���
 �,¶�� �0� �F>0·�? % #vu � 2 5 � 6 ¬ 7 � � JF¸/¹
��(F* ] �
C 	 >0·�? % ��º'N ~ � w�¬ �» 7�¼ � � R (Npix)

#4C
½¿¾a`UÀIÁ�Â T)� b . �Fu�Ã��@b �:���0Ä'] 1 5 � 6 ¬ 7 ��} ~ � � J&¸¹
�
99%( �0��Å 86%) ] 3

w0¬ � �H*
�
2 5 � 6 ¬ 7 �&} ~ � � JF¸�¹
� 84%( �/�/Å 46%) � Æ�Ç �È:É +&� � � ²0Ê4Ë w4¬ �S� J&¸�¹g� [�Ì�Í � 95%( �'�0Å 96%) �&Îg� � <L�'Ï -�Ð ]�Ñ Ì!� J&¸¹"#BÒ [HÓ �Hb ],Ô �k¶�� ��� �&Õ×Ö SciFi

� 6 ¬ 7�Ø�Ù0Ú/Û � �'Ï � ['Ì�Í T Ä �&Ü Ë2Ý ��~ � Ó

67



5.2.1 ��� �����	� 
 ��������
� ����� Í�� b�� ½ ] Ù s0t ��� K2K-I ] K2K-IIa

��� X4Y #�N ÌHÍ�Ì � Ó�� �! Ë ]#"!$ ��%�NË�� � �'&
MRD � ��(')+*-,@� Í�Ì ��.�/ ¤$� �10 Ë�2 � Ó �:b ] >0·�?43
�!&65 �87 ¬9 .�/ ¤� Ë

2 : �87 ¬9;*=<�w�¬ � �'>6?A@a` Í�Ì ��.�/ ¤$� �10B?C% Ö Ó;D+E � "!$ �!& ]gÔ ��� Ë "!$�Fº�F6GF� ÍH� b
K2K-I

�
MRD 3D ] 1L ] LG

.I/ ¤"� ] K2K-IIa
�

MRD 3D
.I/ ¤"� ��J

4 K ËL4M `!bON ` Ì�´0µ�Ë �
3D
.1/ ¤"� �QP-R

2L
.I/ ¤"� ?TSVU'bXW ¤XYZ ?�º�F `�b Ó .I/ ¤"�\[

] .I/ ¤"�\^4_ ��� ]�` ?B���U�Oaa`�b Ó
b

5.1: Event Summary

Data-Type K2K-I K2K-I(MC) K2K-IIa K2K-IIa(MC)

Total 17161 34642 7029 65950

MRD-Match 7378 15242 3889 36687

1Track 4689 9299 2451 22049

2Track 2540 5587 1335 13859

¿2Track 149 358 83 959

2Track,Contained(≥3Hit) 839 1679 418 4290

2Track,nonContaine(≥3Hit) 860 1707 423 4122
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2nd Track Momentum Dist for Proton and Pion
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Layer1

Npix Distribution for Primary Track  X-Layers N45 K2K-I
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Layer1

Npix Distribution for 3Hit X-Layers N45 K2K-I
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Layer1

Npix Distribution for Primary Track  X-Layers N45 K2K-IIa
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Layer1

Npix Distribution for 3Hit X-Layers N45 K2K-IIa
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Layer1

Npix Distribution for Primary Track  X-Layers N45 K2K-I
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Layer1

Npix Distribution for Primary Track  X-Layers N45 K2K-IIa

0
50

100
150
200
250
300
350
400

0 100 200 300 400
Npix Value

Nu
m

be
r o

f E
ve

nt
s

Layer2

0
50

100
150
200
250
300
350
400
450

0 100 200 300 400
Npix Value

Nu
m

be
r o

f E
ve

nt
s

Layer3

0
50

100
150
200
250
300
350
400

0 100 200 300 400
Npix Value

Nu
m

be
r o

f E
ve

nt
s

Layer4

0
50

100
150
200
250
300
350
400

0 100 200 300 400
Npix Value

Nu
m

be
r o

f E
ve

nt
s

�
5.25: � ´ ô ¶�� ¸ ç Npix O2¹ ê   ¡ � a K2K-2a

K2K-IIa
  ¡ � ç

1 ´ ô ¶�� ¸ Npix O2¹ Y ¤�á*¥ ¢ MC d f,g ß�à

Layer1

Npix Distribution for 3Hit X-Layers N45 K2K-IIa
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5.3.4 Likelihood
���������

�
	 ~��� é ä ´ ô ¶�� ¸ d���� ç_ø�ù ¢�� À�� r ç_ø�ù � é ò�� À��Rá �� ¢ ß���� u�� á� ©�� à ¢ �"! �$# à æ ¢ é â £z³ é �%� u�� á'&)( ¢ Npix
�+* �-,�å�ß�à æ ¢ ��.0/�1 ±32

Npixç ¨%©54 ô ¶�� ¸ ç�607 ê98 � ç�:0;0< � Æ+= Ç�È�>� = � Å �@?
A  � # à ç � é"8 �
B%C  4ô ¶�� ¸ ç$D £�± � � ç 4
	 � ô (3

	 � ô%ô ¶ � ¸ ç:ø%ù 4 � � çFE 	 � ô )
ç

Npix
�:¬ = à 2 �

5.27 é � 5.28
 é 2 ´ ô ¶�� ¸ Contained À,Á�G ô é nonContained À,Á�G ô â #IH�# J,*ß4à 2 ´ô ¶�� ¸ � D £_± � � ç 4 
 ç Npix K2¹ �ML £_±N2 2 ´ ô ¶�� ¸ � ��� ç�ø%ù ¢O� ÀP�FG ç�ø%ù �4

Npix Q ç K2¹
R�S � ©�� à 2UT,± é Contained À8ÁFG ô �, £E³ 4 é ô ¶�� ¸ ç'6
7 "V /U1 ³
Npix Q �3W0X £z³ = � � � � É�Y # é � YZ W0X ç�[  � ��� ¢@� À��FG � ©+� 1 ³ = à 2 æ�\ £± ½2¾^] é"8��)B0C ��� \ _ Ï
 � à 2�`)a � � Npix b ¬ = ± 8��)B0C ç �c 4 ´ ç'dfe ����à
�

5.27
ç * \ �

MC
ç � � ê � À��5G > ô ¶ � ¸ ç ¢'T ehg � 
 ç Npix K,¹Fbji)k £z³ é æ # Yç K�¹�b �

�Nl)m0n�ß�à 2 æ6ç ¢No é l)m%n �$# ± Npix K�¹ 4 � � ê � ÀP�pG > ô ¶ � ¸ ç 	 � ô� D ß
Npix Q ç$q
r
s ¼ K2¹  � à 2 æt\ £z³ MC

ç
Npix K2¹ / Y ô ¶�� ¸ ç3u T ehg � 
 â #HN# ', £E³ � �%é � À��pG � D ß Npix Q ç$q)r
s ¼ K2¹Fbji
k ß�à 2 ´  ¤�á*¥ ç ô ¶ � ¸ � D£�±

Npix QFb É ³ é æ # bMv�Å�w q
x ¼ s ¼ K�¹ ¢ ,�å �Zy à æ ¢  * e â ç 	 � ô � � �  * à] ç ����à q
r
fp z * º � ÀP�FG ç 	 � ô ���oà q
x fπ b ý Ñ à 2 æ6ç fp z * º fπ b ô ¶�� ¸ �

x 
 z * º y 
  D £�± � � ç � (
E 	 � ô%ô ¶�� ¸ ç�ø2ù 4 3)

	 � ô � ³ ', £E³ ý Ñ à 2 æ�\ £³ k Y # ± ù0{}|�~�ç
fp é fπ b õ 5.14

ç * \ M�(Ï ù . y ³ ô ¶ � ¸ � a ¢8£z³ ç � � Y £ � Fp z* º � ÀP��G Y £ � Fπ b â #IH�# {"� ß4à 2 � �  õ 5.11
ç * \ 

Fp,Fπ b@×
� £@³ k ± Lp(Lπ)

b ¬ = ³ ô ¶�� ¸ ç ��� Y £ � é � ÀP�FG Y £ � b��0� ß�à 2

Lπ(p) ≡
Fπ(p)

Fπ + Fp

(5.11)

Fπ =
8
∏

i=1
= fπx1 × fπx2 × fπx3 × fπx4 × fπy1 × fπy2 × fπy3 × fπy4 (5.12)

Fp =
8
∏

i=1
= fpx1 × fpx2 × fpx3 × fpx4 × fpy1 × fpy2 × fpy3 × fpy4 (5.13)

82



Layer1-P

Npix Distribution for 3hit Cont X-Layers N45 K2K-IIa
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Layer1-P

Npix Distribution for 3hit nCont X-Layers N45 K2K-IIa
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Layer1

Npix Distribution for Primary Track  X-Layers N45 K2K-I
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Npix Distribution for Primary Track  X-Layers N45 K2K-I
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Layer1

Npix Distribution for 3Hit Cont X-Layers N45 K2K-I
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Npix Distribution for 3Hit Cont Y-Layers N45 K2K-I
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Layer1

Npix Distribution for 3Hit nCont X-Layers N45 K2K-I
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Npix Distribution for 3Hit Cont Y-Layers N45 K2K-I

0
10
20
30
40
50
60

0 200 400
Layer2

0
20
40
60
80

100
120

0 200 400

Layer3

0

20

40

60

80

100

0 200 400
Layer4

0
10
20
30
40
50
60
70
80
90

0 200 400

¥
5.33: K2K-I,nonContained �1³M� ò à Npix ¬Zé
ê�ë  

MC r���� ¼]½ S 
"V�W Contained ��³M� ò � ¶ ¸ � ¤�ã zc{ T Npix
à � d Ô'Õc� ç�� V

ÓM� d

Lp Distribution for N45 nonContained K2K-I

0

50

100

150

200

250

300

0 0.2 0.4 0.6 0.8 1

proton
pion(+)
others

Lp

N
um

be
r o

f E
ve

nt
s

¥
5.34: K2K-I,nonContained Lpi ¬Z

� à
Npix ¬Z à g��mT z 
 ç V Contained �1³M� ò ^ Ñ��
	 ��| d × ¥ � 5.28) �   a����

Contained �1³M� ò à   � ^ Ñ� r*¬ � ��� î d | d

88



Layer1

Npix Distribution for 3hit Cont X-Layers N45 K2K-IIa
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Npix Distribution for 3Hit Cont Y-Layers N45 K2K-IIa
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Layer1

Npix Distribution for 3hit nCont X-Layers N45 K2K-IIa
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 | 
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   ��Ë � à .'� �
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E @   �>�1�M� × Ë � Ø � 15% Ü 20%
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� �>�VU T �WT � � à .U� � 45% X$�  I 
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I Ñ à/`��Éà ÌÁ Ò'¬ )

� � ��� §\ã �c�VU T � Ë �   P�a §�î � òõô�<�ö ����à ý <Éò # Ë � �cb O î	��
 ^ M IdDe ��fNgKh ã1��i /jlk U T òæô&<*ö � � m ò T ô k ö  I 
 �2n �:o � �Hp ! �rq P�ats î � p! � �u�v $ #xwysxzc{�| �}H~�� 
 ^ M I d2e � 9 IN�����2� #��:� 
�� q �V� 9 O z ��
��"� �^ M I dDe �:o � �1� � u v $ #(� O1���2�&��� <�� # b O z ��
 ��� � jlk U Tc� k?� I k�� T � I 
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IIT Á � s(z1Â �\#�Ã M �?q  �¼ h&�
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��ÄÅ���2� "&?Æ 3lÇ h>� ocÈ qKjlk U T � Npix
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�
5.39: K2K-I Contained

kV� T � � �ÅË/Ì2Í�q����
Î�� � �  �ÅË�Ì2Í��
	 � Ç Ó��� 

Lpi
����� ® � ¶��  &¿ �

Lp

� ����� � � q s�z������ q
¼ � ��Ë�Ì�Í Á���� zD² ��Ó! �" ��#�$ � ��% s � � ��É ocÈ � ��Ë�Ì�Í ¶!& "  jlk�'�( � � Ë�ÌÍ Á��)� zD² ��Ó e Ñ � ¶ Lp=0.5

���*� � � q s�z��+��� q ¼ Á É ocÈ � �ÅË�Ì Í  85% , � � jk�'-( � �ÅË�Ì2Í 
10 . 15% , ��q �/� zH² �/Ó � h É i Á Lp¡0.5

��0�1 � �)2 � j�k�'-( � �ÅË
Ì2Í 

90 . 85%
� o:È � �ÅË�Ì2Í 

15% , � �43 (4576*� �)2 � q ²98 �>q � � ® �/Ó�: � � � É;*< �� Á7= Ç �
���>�?5 m � � s � � �V� ® �/Ó #�$ � � " �*@ Á4A ²�z � Î � � q ; ¹ � ® �/Ó
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�
5.40: K2K-I nonContained

kV�-( � � �ÅË�Ì2Í�q����

Contained
kV�-( � Á7= Ç ����� Á�� 2 �6q ¶ � q � Lp

� Ä �
Npix

� Ä
)
����	 s(z ¶ ��
�� Á�� ����czH² �/Ó � ��3 (4576 Á7= s�z 85%

� �ÅË�Ì2Í � j�k�'-( � o:È�� � ��� q o:È � j�k�'
( � � �ÅË�Ì2Í ����� � É

20% , � � ® �/Ó
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�
5.41: K2K-IIa Contained

kV�-( � � �
Ë�Ì2Í�q����

K2K-I
�

Contained
3 (4576 Á7= Ç ������q���� ;�� �  � �� gÒh � Ó Lp = 0.5

� ��� � Ç � q
85% , � � o:È � ��� � j�k�'-( ����� � 10% , � Á�� Ñ&�&�>q  Ë
	=�/Ó ³ � ¶ � � q ¼ o:È k�-( � � ��� É

80% , � � ® �/Ó

94



�
5.42: K2K-IIa nonContained

kV�-( � � �ÅË�Ì2Í�q����

K2K-I
� ;*< 3 (4576 Á7= Ç ������q���� ; ¹ �  � � % s ¶ Contained

kV�-( � Á�� 2 � q  � ��
�� Á ���czH² �/Ó
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5.5
� � � � � � � �

�2� ³ � Á ¶ SciFi
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 @ �� È�� ����� q ¿ � ���-� f z�¼ � Ó=� ���&�>É � È���� ��� � µ Á�� ��� 8 Á	� ´ ¶! �" � ¼ � � q ² 8 �>q �(�2� Ç �/Ó
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3 (�5�6 �!D Á 40% , �
QE
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�
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Purity)

� > [ � 8 Á »�y E�` Ó

QE
Ovu ( fzw Ë�Ì2Í =

? � ¶
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[ U�V�{ ��| KZr

QE
Ovu ( f}

QE
Ovu ( f (5.16)

QE
Ovu ( f ��� =

? � ¶
Lp
[ U�V�{ ��| KZr

QE
Ovu ( f? � ¶

Lp
[ U�V�{ ��| KZr } Ovu ( f (5.17)

³ ` ¶ � � � O~u ( f  � [ , � [ ��� [ L È6�!��O~u ( f { ® r � � G�H�� r `�s Á ��| K ` Ou ( fz��� [ L È�Ovu ( f [ ���-���: [ � 8 Á »�y E�` Ó
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? � ¶
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60% , �Z{Q� � ` QE
3 (�5 6 [ ���9�J� I Á Lp

[ UTV �2W Ç � 3 Á � �8C
Contained

O�u ( f4Á = E C É . 75%
¶

nonContained
O�u ( f°Á = E C É . 70% , � Á ³ {8� s r �3 � { ¼ r Ó6� ` ¶ � K�I [ O�u ( f É ��� � 90% . 95%
[ L ÈT�v�ZO�u ( f {�� r Ó Lp Á/� Ñ C ¶? � [ U�V��_W Ç � 3 {������ [ L È 3 (4576*� � n Ë E�`�3v��� Ñ r Ó

Lp
� � Î�  C �¢¡�3 � KI [ ��� É�£ 
�� Á Î � ��C �F¡ ��¤ ¿ K Á	¥>��C c�d�e �§¦�¨Q© r Ó �63 [ Lp

^�ª � G r 3NM O
'>(¬«� [2®�[ � ^ [ � 3 � � � �? �,¯ 5 $ '�(�° < o ¤ �  � O�u ( f e Ó	± ��² � ��$6�;³!´�

MC(
± ��µ �B¶ É

CCQE
� � )

�
	 © Ó
Lp≤ 0.1

[ 3 ��·~¸ ^!ª © r � 3 � I ¤
Lp≤0.1 , � [ UVZ{ �¹ ^ ¸�Ì�� � � r 32� Ñ r Óvº,¸� K � Î U�V9�2» EZ¡�E C � w Ë/ÌDÍ ��¼ : © r Ì�� [8½¾ { Ovu ( f �2¿ 8 Ì�� �vÀÂÁ ¡ w Ë�Ì2Í �~À�Ã ¸ ¦�¨Q© r Ó

96



QE,Proton Selection : K2K-I Contained

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

QE-Efficiency

QE-Purity

Proton-Purigy

Lp Cut Value

QE
 Ef

fic
ien

cy
 an

d P
uri

ty

�
5.43:

��� ��� ��� �T`
QE
� � [ ��m K2K-1 Contained

Ovu ( f
���¸

Lp
� � 3 S ¤  [ � �_U�V�¸ ����� QE

3 (4576�¸ 
 @ r ¤ QE
Ovu ( fzw����	� ¤ ��� ¤L � �~��Ovu ( f [ ���-�?5���� f E�`Z� [ Ó~±Q{ %�E�`Z� [v� QE

� � [ w
���	� ¤ & � QE
�

� [ ��� ¤  � L � f�h ��i [ ���-�
	 £�© Ó ? ��¸ � Ñ C ��� ��� [ U�V��_W © � 3 { ��| K `3 (4576 D [
CCQE

� � [ ���-� 75% , ��¸/� s r � 3 � � 	 r Ó

QE,Proton Selection : K2K-I nonContained
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QE,Proton Selection : K2K-IIa Contained
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5.5.2 ���������	��
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� {CVXWMQ
MRD 2L < u���TEY[Z � �$N/¸ ¼ � 3 4 �65\7&](^ ;�<8_ ��T {J� `6�ba$c�NdDe` �v¤ fDXg"��¸¯h@ 7�A � � � ; Tji 	�k :ml �T«\n < A � = �po�q ¡sr(t�© `$�uavc�N�D ¤pw\x ¸ � ) �,�0D�- �� � �ey�Rf+&Q{z�|�}\~ ;&�,� q�� �\�f� ` �h; � 2 � Tui 	�k �8+�-p� � © ` l �X� �"`$��avc�NDv`����\���X� � l �	�bn < A � ; ~\����� ����� +&Qf�C��� @ 7�A � �\� �����bn < A
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¢ � 9 �e`C�f� l £ ��� @ 7fA � � Npix ; ~�¼�Â$Ã���Ä6Å # -�? Z y ;�1�2 ½ ¥ µ\- Tbi$Æk ½.~��v�6¸8`e�uª «,¬ D$`�6Ç8Q ¾ 5.48, ¾ 5.49

¢&È � Y R ¢
Npix

¢fÉ +.-�Ê 7XË �
MC
�8Ì8Í

�v`�y � � O�P �e¸pQp ´ +�-���y.D,N ;�182 ½{Î ¢ 1 � TbiXÆ kS¢ �G+*- ��£ ����½�Ï # Q %�' �
¾ 5.50

�X��`h�y0DM±p� l £ ��n < A�Ð ½0~��	+hQ ; �0��Ñ�ÒfÓe� MC ; Npix
! N l £ ��� @ 7A�Ð ½�~\�K+&Q �h; � �"`{ ¾ ³ ;��\Ô � È +&Q �h; � l £ �hÕ Ô ��� @ 7�A�Ð ½*Ö ×��C$y ; %�'! NbØSÙ(~ ;Sl £ � Lµ ; �$µ : ��ÚKT*ÐCi < k Å = ]�^ ¢ ~�¼K+.-�? Z y ; Ù(~�½ ¨ � �Sy ���p¦'M§X¢ l £ ; r"t ½pÛ	ÜhyX�����6¸8`�8Ý"Þ ¢ Lµ

�
0.2 ß�à �.µ�R�á(â�½*ã	+.-f� l £ ½*¦ 'M§X¢¨ �f-(µX`Xy �p½ O�P +�Qp ¾ 5.51

? Ypä ¾ 5.52
�(£ �(� ; á�â�½*ãX�få	� »6; � @ 7fA�Ðbæ�ç�è~\¼M� �"`& ¾ ; Õ Ôe;hé ÆEê ��� @ 7CA�Ð ½*Ö ×�+ë�fì Ôe;hé ÆEê ± l £ ; r(t ½�Ö ×(�p�á�â�½ãM�Så ;S¾ ( ¾ 5.51)

�jí�îM�$`6� l £ }�~v� ! Å Zðï(ñ +.- µX`XyX���\× ! `h�y ; �f¸Eò�ó ¢ �� `v� @ 7fA�Ð�TbiMÆ k ;&ô�º ±S? Y�´ 52%
�*µ�R %('6¢ Å Z � l £ TbiMÆ k ; r"t ± 8%

¢ ÇC� ïñ �$`&C/�`
40% ; }�~6±hn < A�ÐEõ�ö £ Å��\� @ 7fA�Ð ß�÷6; �(£ ; r(t � 25% ø(ù � SciFi

� ;Tji�Æ{úXÐ�û ¢&ü\ý +*-(µ `.}�~��
15% ø�ù �*Å # -�? Z �ey.D,N*± ��£ ��� ¢ Y # - ¨ � y �0±0þ+0µp}�~X���"`&�y ; Y R ¢ ��£ ��� ; Ò�Ó�½ 9 ¥ �v`�y�� ¢ Y # -f� 1 � TjiMÆ kS¢ ?X�(`M� @ 7A�Ð ��� ;{ÿ�ù ½ 15 % ø�ù B à ¬�� `�y �E��©��6Qp6y ; Ò�Ó[± MRD 1L <f_ Ð�T ; Y R�Å YeZ �3�4�� 5\7 ;�<8_ Ð�T ½ w�x �e`�Þ ;�� � ¢ ÅM`6�(� � ¢ y{DeÇ�� )�¥ ¬ D�¸fQ <8_ Ð�T ¢�� +0-

�{l £ ; r"t
	 ��� � Å�`.� 3 4�� 587&]�^ ;&ÿ(ù B à ¢ ) ¥ �6¸8` �p; ��� `�

99



Layer1-P

Npix Distribution for Primary Track  X-Layers N45 K2K-IIa
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Layer1

Npix Distribution for Primary Track  X-Layers N45 K2K-IIa
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Primary Track Lp Distribution for N45 K2K-IIa MRD1L
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Pmu

Pmu Distribution for K2K-IIa 1L
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Npix o �p¨�p \ $ 2 i �-q ö � ��Ê
\ Npix o Tcr(s C�§Xp O ö � � ��� §3bÍ¨ ö © |3^ �-_*` � 8 � O� ; Ø �.¯®ut�v0µ ��OO| � 2
º ó J \�w-x 8D;�y1z �*O-\  z({ b ^ �D_-` �2��| GD}]~��X� ; IIT � 8K� \ §�� � pÌË � ®±µ §� 254�� � 83� O { Npix o ; ¨ ö © { ò-YcZX� ^ �D_-` � T Ë�� © �*O*\DO b��;¨ � 25^ �D_-` �T

IIT � 8 ù�ú 2 � µ T�� O9� Npix o T9� � � Ê µ � Npix
� 	-V : �%� ® 8 � Ù © 2 ³0´ p © �< � 2 = ·�?A@K��� Npix

��� � � �D� 8 \ $ 2 � �D�-� �3��: T � ® 8K�X� §�¨�p�� r�� §Xp����� Ê §3bÍ¨ ö © {3� IIT
� ^-� _*` T LED

T�� O9�5�º C�§9�X� ; C ��8� A¡�z ��O §3b

6.1.3 å£¢èç
é¥¤§¦A¨ª©¬«Uª®°¯°±I² ³ ´>µ·¶¹¸¹¦Aº¬»
( 4�6 � ��¼�½ { �c¾c¿]À�Á Â%Ã #�ÄcÅÆ@ÈÇ T9É·Ê�ËXÌ&Í p�C]ÎXp 2°Ï ÍcÐ9Ñ ��Ò5Ó #�?Æ@�Ô L �

� � �5M�N Ð 2 CCQE Õ-Ö�×*Ø �3�*: �5¿ÚÙ \ z(ÑÆÐ5¡mÍ�Û5Ü ��Ý�Î3bÈÞ ÍSÐ3{ Ò5Ócß ?Æ@ puà¹áâ ËAÊ�ã Î � � �3äcå-æXç5è ��é Ý�Î�Þ�pê� v*ë z�Ñ O Î�b ì�í é5î(ïDð�é ¼�½ { � �D��� ���Dñ Tò Ë Î%p
SciFi

�3ómôõÇ÷ö]ø ù �5ú1û {&Ì&Í \ ÄcÅÈüÈÇjô nýÐ9ÑAþ ÿ
K2K-I,K2K-IIa

p þ ô
) � Ì �

80%
�cè ����� Çuö&ø(ùc���Uü�� Â ÿ
	�� �

90%
Ô�

) ��×�� Þ�p�� é�� Î��AÞ �����%çcè � p�� Ä� ü(ô n�� Î þ � é Ý z { � î Þ ã �ÆÒ(Ó�ß � ü ÿ
1 � Çuö&øfùc��� � æ ¾ p è � ÿ Ò Ó5ß � ü p�à
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�

MRD 1L
ÄcÅÆüÈÇ�ô! Ð9Ñ#"%$°Ð!& � î('*)%+�,.-�ã*Ñ�� Î ÄcÅÆüÆÇjô � �SÑ1þ¿]À�Á Â%ÃSß�/%0 é�1

S/N � �  -�2 Î43*56� Ð9Ñ87�,�é9� Î þ#1 � ò Ë Î��
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ïSð � ¡ � � Î ô Ý & á î���� Ù 1 í�� ô ���	� ô � á�
 Ð�& ��Þ 1� � ë á Ñ ����� Ð �� 
 � ���� ô î
K2K ��� 1�	�	��é Ý-Î���� ä	� 1! 	"$# ì�%�&�' î)( À-Á3Â]Ã5ß!*$+$,$-	.$/$0 (KEK)1	13254	6 &	' ôSç î ï �	� ô37 * -�2*Ñ��
&�8��%& Þ�� ��9 Ù;:�< �
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 Ð!& ��
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KEK
é¥¤ � ��7 ��¦ � ë � �jp8&3�

 �r§ � ô3¨ � 
 é � , � n ©«ª�¬$ ��M � 
 y & ��
 &fîj®�¯�� 13°F± 4j²Z³F´ K2K µS¶�· � 1R¸�\¹�º�³ �S»�->. � ��� �a� ½¼�¾¸¿�À5Á¥Â�Ã	Ä y �ÆÅ�1$ÇZÈ Â!�5É � �!Ê ¼ E�Ë�~ÍÌ �Î 
 y&@Ï�Ð � � 1SÑ5Ò » �$Ó ��Ô�¼ �ap�& � � : y ~ Î 
\Õ ÏÖ5× ¿ §F§ ¿ »�ØÚÙFÙ�Ûr
 2jw ¼ y &$Ü�´ ->.�ÝÍÞ N��aß(7 ¿ Ý Î ~ÍÌ)?FA�� �$à>áFâ �F->.�ã1 x	H ´
KEK

1Sä>å�æ � N ¿\� ß 1 x	H ¿ » �çÅ 1 J E	^>´ J 3	è Î Â M Ù�
 y &@ÏÍ§5§ ¿ Ý �é�
y Ê � 
\Õ Ï

108



[1] S.L.Glashow,Nucl.Phys.22,579 (1691)

[2] S.Weinberg,Phys.Rev.Lett.19,1264 (1967).

[3] A.Salam,”Elementary Particle Physics”,Nobel Symp.No.8.

[4] Ch.Weinheimer et al,Phys.Lett.B460,219 (1999)
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A SciFi
� � � � � � � � �

	


 Ò ¼����� y Î ¬����������������! �Õ ¦ Ù#"!$%�'& ~�´ K2K-I,K2K-IIa (!)�*a·,+ ¿F¿ "aÕ�
SciFi -/.�0/1�243!5'687S¶ æ�9;: Â=<!<@¿?>A@4B Ï
K2K-I 1 9!: » MRD 3D,1L

Ý�Þ�C
LG D ���FE ÂHG Î  9': ¼8I�J ´ K2K-IIa 1 9!: » MRD 3DD �F��E 1�K Â?G Î  9;: ¼=ILB Ï MON

P QSR T U
SciFi K2K-I numtrakcs /all /neut45 w0011 /common norm.

 Eν (all)

SciFi K2K-IIa numtrakcs /all /neut45 w0011 /common norm.

 Eν (all)
V

A.1: K2K-I,K2K-IIa
E�W�XZY\[;]'^

:_ 1 V Ü K2K-I *=`A+a1 E�W�XZY\[;]'^=bdc 1 V Ü K2K-IIa *=`A+�1 E�W�XZY\[8]'^fe ILB bdg�hi Ü *=`=+�j\k &ml (�no1fp�q E�r'WZs Ü MC
e ILB bZt']ou�vxw�y,z `%{�j\k &ml�gA| CCQE, }|

CC-1π, ~ | CC-Coherentπ, � | CC-multiπ j#kA�
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SciFi K2K-I Θµ /all /neut45 w0011 /MRD norm.

 Θµ (all)

SciFi K2K-IIa Θµ /all /neut45 w0011 /MRD norm.

 Θµ (all)V
A.2: K2K-I,K2K-IIa

E�W�XZY����!]'^
��� |�� ` s
	 " � B EmW�XZY����8l� � | D ����E [Abdg4h i | *A`,+!jHk & l (;n�1�pxq E rW s�|

MC
e ILB b�t!]/u�vxw'y,z ` {mj\kA� bagA| CCQE, } | CC-1π, ~ | CC-Coherentπ, � |

CC-multiπ j#kA�
SciFi K2K-I cosdTheta /all /neut45 w0011 /common norm.

 Eν (all)

SciFi K2K-IIa cosdTheta /all /neut452 w0011 /common norm.

 Eν (all)

V
A.3: K2K-I,K2K-IIa 2

E�W�XZY l
cos ∆θ

]'^
��� 	

cos ∆θ
l�� � 	 D � ��E [ j����  V b�g�h i | *=`=+ l ('no1fp�q Emr�W s'| MC

e I8B bt!]/u'v�g,|
CCQE, } | CC-1π, ~ | CC-Coherentπ, � | CC-multiπ

e ILB

112



SciFi K2K-I MRD  Pµ /all /neut45 w0011 /common norm.

 Eν (all)

SciFi K2K-IIa Pµ /all /neut45 w0011 /common norm.

 Eν (all)V
A.4: K2K-I,K2K-IIa ���a`�2 �������;]'^� � | ����` 2 �	���
�8l � � | MC j#k=� b gfh i | *L`A+ l ('no1fp�q E�r'WZs'| MC

e I8B bt!]/u'v�g,|
CCQE, } | CC-1π, ~ | CC-Coherentπ, � | CC-multiπ

e ILB
SciFi K2K-I Eν /all /neut45 w0011 /common norm.

 Eν (all)

SciFi K2K-IIa Eν /all /neut45 w0011 /common norm.

 Eν (all)V
A.5: K2K-I,K2K-IIa ���a` E����������� ` ]'^��� 	��

??
	�� ���������! #"  ���d` E�#���$����� ` l� � | D ����E [�e I=B bAh i | *A`+ l ('n/1fp�q Emr'W s'| MC

e ILB bdt!]/u'v�g,|
CCQE, } | CC-1π, ~ | CC-Coherentπ, � |

CC-multiπ
e ILB
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