
11/04/2003 S.F.King, Sheffield 1

Neutrino Mass, Flavour and 
CP Violation

Steve King
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(Sudbury Neutrino 
Observatory) 

Charged current:

Neutral current: OD2

�&'

Elastic scattering: 
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Global 3 neutrino analysis   Fogli et al hep-ph/0212127
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Totsuka, Neutrino Houches, 2001
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Atmospheric Neutrino Oscillations
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WMAP



11/04/2003 S.F.King, Sheffield 15

, ,
,

( , ) ( , )l m l m
l m

T
a Y

T
δ θ φ θ φ=�

2

,l l mC a≡



11/04/2003 S.F.King, Sheffield 16

�� 5�
'�" 
��

�'
	����

6 ������
'�" 
��

�'
	����
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Tegmark  
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2dF Galaxy Redshift 
survey astro-ph/0204152

And WMAP implies

0.69
i

i

m eVν <�

Neutrino oscillations 
then imply  

0.23
i

m eVν <

Per neutrino species 
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Possible three neutrino mass patterns with 
LMA    and                      .                                             
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Large Mixing Angles
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The Neutrino Mixing Matrix U
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CP Violation at a Neutrino Factory
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See-saw mechanism 
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Heavy Majorana matrix

Light Majorana matrix

Diagonalise
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Leading order consistent with LMA MSW 
Barbieri,Hall,Smith,Strumia,Weiner;Altarelli,Feruglio;…

Natural cases: SFK 
hep-ph/0204360
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Natural Neutrino Hierarchy?
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Analytic estimates for neutrino masses and 
mixing angles (valid for sequential dominance)                
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SFK 2000; Frampton,Glashow,Yanagida 2002; Raidal,Strumia 2002.
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Fukugita,Yanagida;
Buchmuller,Plumacher; Di Bari,…
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Relation between CP violation at a neutrino factory 
and in leptogenesis for LSD SFK  hep-ph/0211228 

0 0
0 0

0 0
RRM X

X

Y� �
� �= � �
� �′� �

0

1
LR e

f

a a

Y b b

c

ν

′� �
� �′= � �
� �
� �

���9 � ���
��
����%, ��
���
������� ����E F�
��
��
�
���������&�����
'���
�
�
������
�
���
���� ���
���� 
�
���

† 2
12Im{[( ) ] } sin 2B LR LR COSMOY Y Y φ∝ + ∝ + * *arg( )COSMO e b f cφ = +

23 2 23 3

23 2 23 3

| | sin | | sin
tan( )

| | cos | | cosCOSMO

b s c c
b s c c

η ηφ
η η

+≈
+

23 2 23 3

23 2 23 3

| | sin | | sin
tan( )

| | cos | | cosCOSMO

b c c s
b c c s

η ηφ δ
η η

−+ ≈
− +

2 3,b e c fη φ φ η φ φ≡ − ≡ −# 
���
�����	�����'���
������
'���
�
�
��'���
���
�
�
�>
��
���
�� ������" ��
����
�����

!��" �'���
�

%
� ��>�&�����
��
'���
�
�
��'���
�
��
$���������
�
'���
�" �
	��
��
����
���
���
�� ���&�
�&
����
	�� C

0| | | |COSMO ββ νφ φ=

Assume 11 
texture zero 
(common in 

many models)

12' 10X X GY eV≈� �

LSD

Di Bari,Buchmuller,Plumacher

���,  � ��������������������������������������������(Hirsch,SFK) ��������
�
�� &������ ���&
�
�
�'
	�
�=������
��	��
���
�
�
������
'���
�
�
�!� #  ��
�>��
�	
�E F�	��'�
������
�

�
�
����������
'���
�
�
� &��������
���
���� ���
���� 
�
���=����

9' 10X X GeY V≈� �



11/04/2003 S.F.King, Sheffield 31

SUSY and Lepton Flavour Violation
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Borzumati, Masiero; Hisano, Moroi, Tobe, Yamaguchi; SFK, Oliveira; Casas, Ibarra; Lavignac, Masina, Savoy; …
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Conclusion
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