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Introduction

� Neutrinos � Massive � get Mixed

� Beyond the Standard Model feature

The problems

How to make neutrinos massive with�

� Very light masses�

� Right mixing angles�

� Supersymmetric model with R�parity violation

� Good solution for Neutrino masses�

� Theoretically allowed

� Contain Lepton � violation �� Neutrino mass

� The Lightest Supersymmetric particle�LSP� decay

� detectable at Collider Experiments

� Interplay of Neutrino Physics and Collider Physics

�



�What we have done�

In the minimal Supergravity scenario with R�parity

violation�

� Construct the Neutrino mass matrix

� Determine the Lightest Supersymmetric Particle

� Production and decay rate of LSP

� Investigate the various branching ratios

�� Phenomenological Study on the relation between

Neutrino Physic and Collider signals

�� Constraints with each other

�� Allow or Exclude the scenarios

�



Status of Neutrino Physics

� Neutrino Oscillation
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	 Parameters

� the solar neutrino mixing angle

�SOL � ��� �large� but non�maximal��

and solar mass splitting �m�
�� � �m�

SOL�

� the atmospheric neutrino mixing angle

�ATM � ��� �nearly maximal��

and atmospheric splitting �m�
�� � �m�

ATM�� m�
SOL��

� the reactor angle ����small��

Experimental Values

� So�called Large Mixing Angle�LMA��MSW solution

at �� level�

LMA�MSW

���� � tan� �SOL � ���	
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SOL � 
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� The o�cial SK analysis with 
� range�

��
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The global �t

sin� �ATM � ��	� �m�
ATM � ��	� ����eV�

� From reactor experiments�

For �m�
�� � �� ����eV��

�� sin� ���� � ����

� Solar Neutrino � KamLAND
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The Minimal Supergravity Model

without R�Parity

� Superpotential allowed by gauge invariance

W� � �H�H� � heiLiH�E
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� First � terms � Lepton number violation

� Last term � Baryon number violation

W� leads to proton decay
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� R�parity

Rp � �����B
L
�s�

s� spin of the particle

� Standard model particle and Higgs bosons � Rp � ��

� Supersymmetric particles � Rp � ���

� Rp�W�� � ���

If Rp is imposed �� W� forbidden

� Lightest Supersymmetric Particle�LSP� stable

� Candidate for Dark Matter

If not�

� LSP unstable � decay

� Sneutrinos get VEV�s

� Particle�sparticle Mixing

�



� mSUGRA scenario

At Grand Uni�ed Scale �GUT�scale�

MX w �� ����GeV�

Universal Gaugino masses
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Universal scalar masses
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Universal A parameter
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X� � At�M

�
X� � 	 	 	 � A��

Five parameters at GUT scale�

except for Rp violating parameters�

� m�� M���� A�� tan 	 �� v�
v��� sgn��� ��

�RG running from GUT scale to Electro weak scale�
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We have assumed


 �i � �i�� and �
�

i � �
�

i�� dominate over ohters

� quark and lepton Yukawa hierarchy
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� To prevent fast proton decay
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Neutrino Masses

� Tree Mass

Sneutrinos get VEV�s

ui � he�ii � �
Bi�ihH

�
�i �

�
m�

LiH�
� ��i

�
hH�

�i
� � �

��
Li
hH�

�i
�

m�
Li
� �

�M
�
Zcos�	 � �

��
Li

The �� � neutrino�neutralino mass matrix

In the basis
�
�i� eB�fW �� eH�� eH�

�
�

MN �

�
� � M�e��

M y
�e��

M
e��e��

�
A �

where�

M�e�� �

�
BB�

�p
�
g
�

u� �
�p
�
gu� � ��

�p
�
g
�

u� �
�p
�
gu� � ��

�p
�
g
�

u� �
�p
�
gu� � ��

�
CCA

M
e��e�� �

�
BBBBB�

M� � �p
�
g
�

v� � �p
�
g
�

v�

M� �
�p
�
gv�

�p
�
gv�

� �

�

�
CCCCCA

��



�Neutrino mass matrix�Tree level
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��Loop diagrams are classi�ed


 Gauge�Gauge Type
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 Yukawa�Yukawa Type
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Numerical Results

In the basis where the bilinear term LiH� is rotated

away�
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� Tree level contribution is much larger than that of

loop� generally� � hard to get the right mass ratio�

� Suppress the tree�level contribution through the can�

celation in �i�

� Strong correlations

Between the atmospheric � mixing angle and �
�

�
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Between the solar � mixing angle and ��
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� Constraints from Neutrino data
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Figure �� The solar mixing angle and ����� ratio for solution points� Left � small tan���
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� Determination of LSP

Neutralino mass
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� LSP pair production

� In the next e
e� linear collider�

LSP can be pair�produced�

� Expected Luminosity  L  ����fb�� �yrs

� CM energy  over � TeV
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� Decay of LSP

Stau decay

Two modes� leptons and quarks
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c
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�Suppresses in most cases

����  ��R in most cases�
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Neutralino Decay

� ��body decay
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and Decay rate�
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various decay modes
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� W exchange are dominant
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� little information on Neutrino oscillation
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For su�ciently small tan	�

� l�i �� Branching ratios �� �i information�

Br��e���� � Br������� � Br�������

� j��j
� � j��j

� � j��j
� � j��j

�

Bur for large tan	�

h�L�H�E
c
�

become important

�� Interference with �i contribution
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� Results

� Stau LSP decay rate and branching ratios

� Neutralino LSP decay rate and branching ratios for

� and ��body decay

�	



setA � Stau LSP

tan� � ���� sgn��� � �� � � ������	 GeV
A� � 	
���GeV m� � ������ GeV M��� � ����� GeV

��i ����	� ���� ���	� ���� ���
�� ����

�i ���	
� ���� ������� ���� �

��i �����	� ���� �	���� ���� ������� ����

�i �
��
�� ���� �	����� ���� �	����� ����

�i ������ ���� ���	�	� ���� ����
�� ����

BR e � �

li� ���
	 � ���

 � ����� �

�t b � ��� �

m���������
 GeV � � ��
��� ���� GeV

�e�e��������� � ����� ����� �Pb�� p
s � � TeV

��m�
��
	 �m�

��
� � ������ ����	 ���	� ����� eV�

�sin� �
atm	 sin
� �
sol	 sin

� �
chooz� � ���
�	 ����	 ���	�

The decay length L � ���� ���	cm

Table �� A trilinear model realizing the LMA solution� Here the couplings ���

i
and ��i can be

considered as input parameters de�ned at the weak scale�
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setB � Stau LSP

tan� � 	��
� sgn��� � �� � � ������ GeV
A� � ���
GeV m� � �		�	 GeV M��� � ����� GeV

��i ������ ���� ������� ���� ����	�� ����

�i 	��� ���� ������ ���� �

��i �����
� ���� ������� ���� ������� ����

�i ������ ���� ������� ���� ���	��� ����

�i ������ ���� �	�	�
� ���� �����
� ����

BR e � �

li� ���� � ����� � ����� �

�t b � ���
� �

m���������� GeV � � ��
��� ����� GeV

�e�e��������� � ��
� ����� �Pb�� p
s � � TeV

��m�
��	 �m�

��� � ������ ����	 ���� ����� eV�

�sin� �
atm	 sin
� �
sol	 sin

� �
chooz� � ���

	 ����	 ������

The decay length L � ����� ����cm

Table �� Same as previous table
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setC � Neutralino LSP

tan� � ��
� sgn��� � �� � � ������ GeV
A� � 	��
	GeV m� � 			� GeV M��� � �� GeV

��i �
�	�� ���
 ������� ���� ������ ����

�i ������ ���� ���	��� ���� �

��i ����	�� ���� 	����� ���� ������ ����

�i ������� ���� ����
� ���� ���	�� ����

�i ������� ���� ����
� ���� ������� ����

BR e � �

�jj ����� �

l�i jj 	��� ����� � ���� ������ ���� ������
�l�i l

�
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���
�
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� ����� �Pb�� p

s � � TeV

��m�
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	 �m�

��
� � ������ ����	 
��� ����� eV�

�sin� �
atm	 sin
� �
sol	 sin

� �
chooz� � ���
�	 ��

	 ������

The decay length L � ���cm

Table �� Same as previous table�
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setD � Neutralino LSP

tan� � 		��� sgn��� � �� � � ������� GeV
A� � �
��
GeV m� � 	���� GeV M��� � �
��� GeV

��i ������ ���� ����	� ���� �
���
� ����

�i ���
�� ���� ������� ���� �

��i ���	��� ���� ����	� ���� �����
� ����

�i ���	��� ���� ������� ���� �����	� ����

�i ������ ���� ������� ���� ������ ����

BR e � �

�jj �����

l�i jj ��� � ����� ��	��

�l�i l
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�e�e�����
�
���
�

� ��������� �Pb�� p
s � � TeV

��m�
��
	 �m�

��
� � ������ ����	 	��� ����� eV�

�sin� �
atm	 sin
� �
sol	 sin

� �
chooz� � ���
	 ����	 �����

The decay length L � ��
�cm

Table �� Same as previous table�
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setE � Neutralino LSP

tan� � ���� sgn��� � �� � � ��	��
� GeV
A� � �����GeV m� � ��	��� GeV M��� � ������ GeV

��i �
��
� ���
 ���	
� ���� ������� ����

�i ���
� ���� ���

�� ���� �

��i ������ ��� ���
� ���� ���	�� ����

�i ������ ���� ��
�� ���� ����
� ����

�i ���	�� ���� ���	��� ���� ������ ����

BR e � �

�jj ������

l�i jj �	����� � 	��� ������ ���� ������
�l�i l
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atm	 sin
� �
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� �
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�	 ��
	 ������

The decay length L � ����� ����cm

Table �� Same as previous table�
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setF � Neutralino LSP

tan� � 	���� sgn��� � �� � � ������ GeV
A� � �	��GeV m� � 
�
��	 GeV M��� � 	�
�
� GeV

��i ������� ���
 ���	��� ���� ���	�� ����

�i ������� ���� ������� ���� �
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Conclusion

� Neutrino mass can be described in R�parity violation

scheme�

� Solution points

� some cancellation in �i

� �i cannot determine the neutrino property

� Strong correlations between

��
�� � Solar neutrino mixing angle

�
�

�
�
�

� � Atmospheric neutrino mixing angle

�� can give some constraints

� Stau Decay

�� �i information from branching fraction

� Neutralino Decay

� Br�lijj� �� j�ij

� Br�� l�i ��� �� �i

but for large tan 	 �� Impossible

�We can give some parameter region which exclude the

Model for small tan 	�
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