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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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Two-Neutrino Mixing�� ! �� ����s�����s ���h U =
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Crossing Probability
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 �

���� #�
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]

;< G>?@H> � NI?HJ>@O QSUV>WV � XYU \^__ � _\`

folar jq{trinos
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½lq¾tron jq{trino ¿qgqnqration in tÀq ½artÀ
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PÀqnoßqnology oà folar jq{trinos

áâã äáåæçè âéêéëç ãëçìèíî ïð� � ñ� òó�5 èô� ; õåë� # � ó:ö
á÷ø äá÷ø ïð�íî ïð� � ù� òó�8 èô� ; õåë� # � ó:ú
ûâã äûüåìì âéêéëç ãëçìèíî ïð� � ñ� òó�6 èô� ; õåë� # � òó�3
ýô÷ äýþåÿé-ôåcþþü ÷ÿcéììåõéoëÿíî ïð� � òó�9 èô� ; õåë� # � ò
ôãC äôãCþþü oÿcéììåõéoëÿíî ïð�

. ñ� òó�
0 èô� ; õåë� # � ò

0.001 0.01 0.1 1 10
tan2 θ

10-10

10-9

10-8

10-7

10

10

10

-

-

-

6

5

4

∆
m

  (
eV

  )
2

2

L��

V��

L��

S��

[d� Ï�uv��, F&*�d��	d, 4u&�Ë�Ê�, �'B 490 (�000) 
�5] [B�h.���, K&�/
�v, ÉÊ*&	�v, JHE� 05 (�00
) 0
5]

;< G>?@H> � NI?HJ>@O QSUV>WV � XYU \^__ � _\8



N=NA [
m�3℄

# M

10410310210110010�110�210�310�4

9080706050403020100

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

N=NA [
m�3℄
m2 [eV

2 ℄

101100

10�5

10�6
typical SMA

N=NA [
m�3℄
m2 [eV

2 ℄

104103102101100

10�210�310�410�510�610�7
typical LMA

N=NA [
m�3℄
m2 [eV

2 ℄

10210110010�110�210�310�4

10�310�410�510�610�710�810�910�1010�11
typical LOW

C. G�u��� � N�u�r��� P	
���� � 
�
 ���� � ��9

[B
��
��
��,
K�
��
��v
,�
��
��
�v
,�
RD
 !
"#
$$
!%
&$
'&
#'
]

*+/3 ;<> ? @:E� FE�H IJ> QTU>X# ? Y:@ � FE�Z
\+/3 ;<> ? F:^� FE�_ IJ> QTU>X# ? E:@`
\bf3 ;<> ? `:g� FE�j IJ> QTU>X# ? E:g@ [B

��
��
��,
K�
��
��v
,�
��
��
�v
,k
qw
�
& 
"x
&&
#%
&#
 ]

\+/3 ;<> ? z:X� FE�_ IJ> {|U> # ? E:X^
*+/3 ;<> ? @:X� FE�H IJ> {|U> # ? @:@ � FE�}
\bf3 ;<> ? `:^� FE�j IJ> {|U> # ? E:`X
~�Q{ *�>3 ;<> ? @:@ � FE��> IJ> {|U> # ? F:E
J/�3 ;<> ? F:z � FE��� IJ> {|U> # ? E:Y�

C. G�u��� � N�u�r��� P	
���� � 
�
 ���� � ���

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

��������� �  ¡¢£����¤¥¦§ ¨
¤ �
¤©

ª
«

¬­

X� �®¯°®y ± ¬­²
���  �

¤�³¥´¥�µ¥§

(
¶�´·µ§ ®¸¹º

»·¼�´·�·§ ®¸½º ª ®¸¹º¾¿�À
¾¿�À ª 0� Á Â ��� Â

Â ÃÄ�XF ��� Â
ÅÅÅ

ÅÅÅ
Å Å Å

ÅÅÅ
Â Â ��� ÃÄ�ÆF 1A ) ¾y ª ¾�Á

¯° ª

0BB�ÇXF Â ��� Â
Â ÇXX ��� Â
ÅÅÅ

ÅÅÅ
Å Å Å

ÅÅÅ
Â Â ��� ÇXÆ

1CCA ª) ¾¯° ª ¯°¾ ª) ¾¯°¾y ª ¯°

®¸½º¯°¿®¸½ºÀy ª ®¸¹º¾¯°¾y¿®¸¹ºÀy ª ®¸¹º¯°¿®¸¹ºÀy
C. G�u��� � N�u�r��� P	
���� � 
�
 ���� � ���


