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Part II

Neutrino Oscillations
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Neutrino Oscillations
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Neutrinos and Antineutrinos
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Types of Experiments
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Matter E�ects

� �vo� n�u���no �� w��h mom�n�um p �� d�����b�d byj��(p)i =X
k
U��k j�k(p)iH0 j�k(p)i = �k j�k(p)i �k =

q
p2 + �2k

�n m����� H = H0 +HI HI j��(p)i = V� j��(p)i
V� = �	����v� 
o��n���l du� �o �oh���n� �n�������on� w��h �h� m�d�um
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Two-Neutrino Mixing�� ! �� ����s�����s ���h U =

 
c�s# s��#� s��# c�s#!

U �2 Uy =  
c�s2#m2

1 + s��2#m2
2 c�s# s��# �m2

2 �m2
1
�

c�s# s��# �m2
2 �m2
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�
s��2#m2

1 + c�s2#m2
2

!
=

	



�m2"
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 ��m2 c�s
# �m2 s��
#
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# �m2 c�s
#!

�m2 � m2
1 + m2

2 �m2 � m2
2 �m2
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Crossing Probability

�c =
exp

���
2 F �� exp

���
2  �

���� #�
1� exp

���
2  �

����#� [Ku�, ��	
����	�, �RD 39 (989) 930]

�d���������� p���me�e��  =
��2

M=�E
�jd#M=d� j ������ =

��2 ���2�#
�E ����# ���� ��A  �!

���
�

" / � F = 1 #L��d�$-Ze�e� �pp��x�m�����% [��&k�, �R' 57 (986) �75]

" / 1=� F =
�
1� ���2 #�2 = �1 + ���2 #� [Ku�, ��	
����	�, �RD 39 (989) 930]

" / exp #��% F = 1� ���2 # [�*zz�.h�&�, �RD 36 (987) ��93]

[T�/h�v, �'B 96 (987) 70]

[��
.�v, �'B �00 (988) 373]

R�v*�w: [Ku�, ��	
����	�, R4� 6 (989) 937]
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folar jq{trinos

|}~� ����� ' ��
� ���

�� �

��

�
��
� � �����=��� �� �

��
��:��

�
�����!�� �

�

�
�

�
�

�
� ��

�
����#�� ����#

�� �
���

���
� ��� ���

���
�   

�¡�¢ #�
�� ���

���
�   

�¡�¢#� �
£¤� �¥¦��#

�§ ����# ��¨ ©�ª««¨¬
��


� � �� ®¯¦� #
°±± � �

p
�§²³��
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['*/* �
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8<: ¦·��´¥�¯µ j¸ µ¦°±±=¸� j ¹�´ � � �:º����j¸ µ¦°±±=¸� j! �»:º
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½lq¾tron jq{trino ¿qgqnqration in tÀq ½artÀ

��Á�ÂÃÄÅÆÇ�È!�È = �
�Á��È!�È +

�
1� ��

�Á��È!�È���ÃÄÅÆÇ��!�È � ���2#�
����#

[4*kh��v, ÉÊ*&	�v, É�v¶ �hË/¶ Ì/Í¶ 30 (987) 759], [B��
z, Î�	�/�&, �RD 35 (987) 5�8]
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PÀqnoßqnology oà folar jq{trinos
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N=NA [m�3℄

# M
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solid line: �m2 = 5� 10�6 eV2
(typical SMA) tan2 # = 5� 10�4
dashed line: �m2 = 7� 10�� eV2
(typical LMA) tan2 # = 0:�
dash-dotted line: �m2 = 8� 10�� eV2
(typical LOW) tan2 # = 0:7
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