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Outline

� Motivation

� Type-I seesaw

� Type-II seesaw Satoru Kaneko talk

� Production and decays in both type-I and II

� Conclusions
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Motivation

� Neutrino data

� Neutrinos mix LFV

� Neutrinos have (very small) masses

� Mechanism of neutrino mass generation?

� Most popular: Type-I Seesaw Mechanism

� In the framework of mSUGRA

� Neutrino parameters are related to LFV
processes
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Type-I SUSY Seesaw

� Particle content

MSSM 3 ν̂c
i
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Type-I SUSY Seesaw

� Superpotential

W � WMSSM Y ji
ν L̂iν̂

c
j Ĥu

1
2 Mij

Rν̂c
i ν̂c

j
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Type-I SUSY Seesaw

� Neutrino mass matrix: Basis
�

νL, νR

�

Mν

� 0 vu/ 2 YT
ν

vu/ 2 Yν MR
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Type-I SUSY Seesaw

� If mD

� vu/ 2 Yν MR

mν

� �

v2
u

2 YT
ν

� M � 1
R

� Yν

mN
� MR
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Type-I SUSY Seesaw

� In the flavour basis:

� Diagonal Ye

� Diagonal MR

� Neutrino mass eigenvalues:

m̂ν

� diag
�

m1, m2, m3

�

� UT � mν

� U
� �

v2
u

2 UT � YT
ν

� M � 1
R

� Yν

� U
m̂N

� diag

�

M1, M2, M3

�

� mN
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LFV

� Origin:
BRij ∝

� �

M2
l̃

�

ij

� 2

Basis Ye diagonal M2
l̃ NOT diagonal
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LFV

� Neglecting L-R mixing

�

M2
l̃

�

ij

�

�

M2
LL

�

ij

�
�

M2
L

�

ij

�
M2

RR

�

ij

�
�

M2
E

�

ij
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LFV

� General MSSM:

�

M2
L

�

ij

�

M2
E

�

ij
free parameters
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LFV

� mSUGRA:

� At GUT:

�

M2
L

�

ij
�

�

M2
E

�

ij

� 0

� At low energies:

�

M2
L

�
ij

�

� 1
8π2

�

3m2
0 A2

0

� �

Y†
ν

� L � Yν

�

�
M2

E

�

ij

� 0

where Lkl

� log MX
Mk

δkl
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LFV and seesaw parameters

� LFV:

BRij ∝

� �

M2
L

�

ij
� 2

Trick: Ratio of BR’s

BRij
BRi j

UiαUjβ mα mβRkαRkβMk log MX
Mk

2

Ui α Uj β mα mβ Rk α Rk β Mk log MX
Mk

2

rij
i j

2

Correlations:

LFV observables ν parameters

Lepton flavour violating stau decays versus seesaw parameters – p.6/14



LFV and seesaw parameters

� LFV:

BRij ∝

�

Y†
ν

� L � Yν

� 2

Trick: Ratio of BR’s

BRij
BRi j

UiαUjβ mα mβRkαRkβMk log MX
Mk

2

Ui α Uj β mα mβ Rk α Rk β Mk log MX
Mk

2

rij
i j

2

Correlations:

LFV observables ν parameters

Lepton flavour violating stau decays versus seesaw parameters – p.6/14



LFV and seesaw parameters

� LFV:

BRij ∝

�

Y†
ν

� L � Yν

� 2

�

ν physics:

�

m1, m2, m3
� � �

v2
u

2 UT � YT
ν

� M � 1
R

� Yν

� U

Trick: Ratio of BR’s

BRij
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LFV and seesaw parameters

� LFV:

BRij ∝

�

Y†
ν

� L � Yν

� 2

�

ν physics:

�

m1, m2, m3
� � �

v2
u

2 UT � YT
ν

� M � 1
R

� Yν

� U

� Casas & Ibarra parametrization:

Yν

� 2 i
vu

M̂R � R � m̂ν

� U†

Trick: Ratio of BR’s

BRij
BRi j

UiαUjβ mα mβRkαRkβMk log MX
Mk

2

Ui α Uj β mα mβ Rk α Rk β Mk log MX
Mk

2

rij
i j

2

Correlations:

LFV observables ν parameters
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LFV and seesaw parameters
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LFV and seesaw parameters

� Trick: Ratio of BR’s

BRij
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LFV and seesaw parameters

� Trick: Ratio of BR’s

BRij
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�

��
��
�U
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iαUjβ mα mβR �

kαRkβMk log MX
Mk

��
��
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2

��
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�U �
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� Mk � log MX
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2
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� Correlations:

LFV observables ν parameters
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Counting of parameters

� LFV BR’s: 3

BR12 BR13 BR23
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Counting of parameters

� Independent ratios of LFV BR’s: 2

r13
23

� BR13
BR23

r12
23

� BR12
BR23

Lepton flavour violating stau decays versus seesaw parameters – p.7/14



Counting of parameters

� Independent ratios of LFV BR’s: 2

r13
23

� BR13
BR23

r12
23

� BR12
BR23

� Seesaw parameters: 18

mi θij δ, α1, α2 Mi θi
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Counting of parameters

� Independent ratios of LFV BR’s: 2

r13
23

� BR13
BR23

r12
23

� BR12
BR23

� Seesaw parameters: 18

mi θij δ, α1, α2 Mi θi

� Simplifying assumptions about νR

Relations between LFV and νL parameters
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LFV observables

� At colliders

l̃i ljχ
0
1 χ0

2 li l̄jχ
0
1

� Low energy constraints

li ljγ li 3lj li lj2lk
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Neutrino Scenario-1

TBM, Mi

� M �i, R �

R

r13
23

� 4

�

m2 � m1

� 2

�

3m3 � 2m2 � m1

� 2
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Neutrino Scenario-1

TBM, Mi

� M �i, R �

R

10-4 10-3 10-2 10-1

10-4

10-3

10-2

m1 @eVD

Hr 2313
L2
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Neutrino Scenario-1

TBM, Mi

� M �i, R �

R

10-4 10-3 10-2 10-1

10-4

10-3

10-2

m1 @eVD

Hr 2313
L2
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Neutrino Scenario-1

TBM, Mi

� M �i, R �

R
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Other neutrino scenarios

� Departure from TBM

� Departure from degenerate Mi

� Dependence on R
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Questions

� Only SPS1a’ and SPS3

� mSUGRA dependence?

� Value of LFV BR’s?

� Number of events? Production of χ0
2?

χ0
2 liτ̃2 liljχ

0
1

where li, lj
�

�

µ, τ

�
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LFV stau decays

� Type-I: tan β � 10, A0

� 0 GeV, µ

� 0

BR(τ∼ → µ χ0), tanβ=10, A0=0 (GeV), Grid=101x101

BR(µ → e γ)=1.2 x 10-11 ; µ > 0
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LFV stau decays

� Type-I: tan β � 30, A0

� 0 GeV, µ

� 0

BR(τ∼ → µ χ0), tanβ=30, A0=0 (GeV), Grid=101x101

BR(µ → e γ)=1.2 x 10-11 ; µ > 0
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LFV stau decays

� Type-II: tan β � 10, A0

� 0 GeV, µ

� 0

BR(τ∼ → µ χ0), tanβ=10, A0=0 (GeV), Grid=101x101

BR(µ → e γ)=1.2 x 10-11 ; µ > 0
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LFV stau decays

� Type-II: tan β � 30, A0

� 0 GeV, µ

� 0

BR(τ∼ → µ χ0), tanβ=30, A0=0 (GeV), Grid=101x101

BR(µ → e γ)=1.2 x 10-11 ; µ > 0
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Production
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Production
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Conclusions

� Neutrino data

� Neutrinos are massive

� Neutrinos mix

� Neutrino mass generation:
Type-I SUSY seesaw

� mSUGRA: LFV processes are related to
neutrino parameters

� Correlations:

� Ratios of LFV BR’s

� Squared-ratios of off-diagonal

�

M2
l̃

�

ij
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