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SUSY Seesaw Mechanism

• MSSM + right-handed neutrino singlet fields νR

• superpotential W ⊂ Wν = − 1
2νcT

R Mνc
R + νcT

R YνL ·H2

• EWSB → Dirac mass mD = Yν〈H2〉 � Majorana mass scale MR

• neutrino mass matrix −
(

ν̄L ν c
R

)( 0 mD

mT
D M

)(
ν c

L

νR

)

light neutrinos: Mν = mT
DM−1mD

heavy neutrinos: M ∼ MR

• diagonalization in flavor space

UT MνU = diag (m1,m2,m3)
U = diag(eiφ1 , eiφ2 , 1)V (θ12, θ13, θ23, δ)

masses and mixing parameters from experiment
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Slepton Mass Matrix
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flavor non-diagonal terms generated by RG-running from MGUT to MR
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where

Yν = 1
v sin β

diag
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M1,
√

M2,
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M3

)
R diag (

√
m1,

√
m2,

√
m3) U† and Lab = ln

(
MGUT

Ma

)
δab

in general R = RT undetermined complex matrix, for degenerate Ma and real R

Y †
ν LYν = MR

v2 sin2 β
V · diag(m1, m2, m3) · V † ln MGUT

MR
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Lepton-Flavor Violating Processes

µ → eγ, τ → µγ

li ν̃

χ̃−

lj
li l̃

χ̃0

lj

for small Yukawa couplings, i.e., sufficiently small Majorana mass scale

Γ
(
l−i → l−j γ

)
∝ α3m5

li

| (δmL)2
ij |2

m̃8
tan2 β ∝ M2

R
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Lepton-Flavor Violating Processes

e±e− → l̃±a l̃−b → l±i l−j + 2χ̃0
1

γ, Z
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σ(e+e− → l̃+a l̃−b )Br(l̃+a → l+j χ̃0
1)Br(l̃−b → l−i χ̃0

1)

• SM background:
W-production: e+e− → W+W− → l+a l−b ν̄bνa (+non-resonant contributions)

• MSSM background:
Slepton/chargino production: e+e− → l+a l−b + 2χ̃0

1 + 2(4)ν
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SUSY Parameters and Neutrino Input

Scenario m1/2/GeV m0/GeV tan β A0/GeV signµ

B’ 250 60 10 0 +
C’ 400 85 10 0 +
G’ 375 115 20 0 +
I’ 350 175 35 0 +

SPS1a 250 100 10 -100 +

mSUGRA benchmark scenarios

• B’, C’, G’, I’: M. Battaglia et al.,
arXiv:hep-ph/0306219

• SPS1a: Study of Sleptons, H.-U.
Martyn, LC-PHSM-2003-071
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SUSY Parameters and Neutrino Input

neutrino input

∆m2
12 = 6.9+0.36

−0.36 · 10−5 eV2

∆m2
13 = 2.6+1.2

−1.2 · 10−3 eV2

tan2 θ12 = 0.43+0.47
−0.22

tan2 θ23 = 1.10+1.39
−0.60

tan2 θ13 = 0.006+0.001
−0.006

• central values from M. Maltoni at al., Phys. Rev. D68 (2003) 113010

• 90% C.L. errors as anticipated for running/proposed experiments

• degenerate Majorana masses, real R-matrix
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Results

Br(µ → eγ) and Br(τ → µγ)
SUSY scenario SPS1a

PDG: Br(µ → eγ) < 1.2 · 10−11 (90% C.L.)
Br(τ → µγ) < 1.1 · 10−6 (90% C.L.)
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Results

σ(e+e− → µ+e−(τ+µ−) + 2χ̃0
1)

SUSY scenario SPS1a,
√

s = 500 GeV, unpolarized

scatter plots: impact of uncertainties in neutrino data
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Results

simulation: eµ final states
SUSY scenario SPS1a,

√
s = 500 GeV, unpolarized, 500 fb−1

• 2 fb signal cross section
(flat lepton energy spectrum)

• SM+MSSM background

• standard selection criteria
(50% efficiency)

• σ(ẽLµ̃L) = 1 fb → 5σ effect

• improvements possible
(Ee spectrum, polarization)

R. Rückl Slepton Flavor Violation LCWS04, Paris, 10



Results

correlation of high- and low-energy signals: eµ-channel
SUSY scenarios C’, G’, B’, SPS1, I’,

√
s = 800 GeV

SPS1a: σ(eµ + 2χ̃0
1) = 0.1 fb ≡ Br(µ → eγ) = 4× 10−12
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Results

simulation: τµ final states
SUSY scenario SPS1a,

√
s = 500 GeV, unpolarized, 500 fb−1

• 4 fb signal cross section
(flat lepton energy spectrum)

• SM+MSSM background
(soft Eµ spectrum)

• standard selection criteria
(τ identification via hadronic
decays, 25% efficiency)

• σ(τ̃2µ̃L) = 2 fb → 5σ effect
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Results

correlation of high- and low-energy signals: τµ-channel
SUSY scenarios C’, B’, SPS1, G’, I’,

√
s = 800 GeV

SPS1a: σ(τµ + 2χ̃0
1) = 1 fb ≡ Br(τ → µγ) = 5× 10−9
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Summary

• LFV in slepton-pair production (
√

s = 500 GeV, SPS1, MR = 1013 − 1015 GeV)

σ(e+e− → µ+e− + 2χ̃0
1) ≈ 10−2 − 1 fb

σ(e+e− → τ+µ− + 2χ̃0
1) ≈ 10−3 − 3 fb

• correlation with searches for radiative decays (
√

s = 800 GeV, SPS1)

Br(τ → µγ) = 10−8 (LHC) → σ(e+e− → τ+µ− + 2χ̃0
1) ≈ 1.5− 3 fb

Br(µ → eγ) < 10−13 (PSI) → σ(e+e− → τ+µ− + 2χ̃0
1) < 10−2 fb

• strong dependence on SUSY and neutrino parameters
eµ-channel strongly affected by uncertainties in neutrino data

• beam polarization important (background supression, probing individual
vertices)

F. Deppisch, H. Päs, A. Redelbach, R.R., Y. Shimizu
hep-ph/0206122 (Eur. Phys. J. C)
hep-ph/0310053 (Phys. Rev. D)
simulation by H.-U. Martyn
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Summary

correlation of signals in τµ and eµ-channels
SUSY scenario SPS1,

√
s = 800 GeV
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Results (e+e−, 800 GeV)

σ(e+e− → µ+e−(τ+µ−) + 2χ̃0
1)

SUSY scenario SPS1,
√

s = 800 GeV
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Results (e−e−, 800 GeV)

σ(e−e− → µ−e−(τ−µ−) + 2χ̃0
1)

SUSY scenario SPS1,
√

s = 800 GeV
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Results (e−e−, 800 GeV)
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Results (e−e−, 800 GeV)
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Radiative Decays and Non-degenerate Majorana Masses

ratios od branching ratios

Br (li → ljγ)

Br (li′ → lj′γ)
∼

m5
li
Γi′

m5
l′i
Γi

∣∣∣(Y †
ν LYν

)
ij

∣∣∣2∣∣∣∣(Y †
ν LYν

)
i′j′

∣∣∣∣2
Example:

• hierarchical light neutrinos, central best-fit values for neutrino parameters

• vanishing Dirac/Majorana phases, R = 1

• SUSY scenario C

Majorana masses
Ratios Mi = MR M1 : M2 : M3 = 1 : 10 : 100

τ → µγ/µ → eγ 4 12
τ → µγ/τ → eγ 2500 160
µ → eγ/τ → eγ 640 13
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Sensitivity at Future e+e− Colliders to SLFV

m0 = 100GeV, m1/2 = 200GeV,
A0 = 0 GeV, tan β = 3, sgnµ = +,√

s = 500 GeV

∆m̃23/GeV

sin 2θ̃23

Kalinowski et al.:
hep-ph/0103161, hep-ph/0207051

• sneutrino mass difference
∆m̃23 = mν̃3 −mν̃2

• sneutrino mixing angle θ̃23

• 3σ significance contours of

– A: e+e− → ν̃iν̃
c
j (χ̃+

2 χ̃−1 ) →
τ±µ±χ̃+

1 χ̃−1 for 500 fb−1

– B: as above for 1000 fb−1

– C: separate ν̃ν̃c contribution for
500 fb−1

– dotted lines:
Br(τ → µγ) = 10−7 . . . 10−9
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Neutrino Oscillations

(H. Murayama, http://hitoshi.berkeley.edu/)

global 3-neutrino analysis (3 σ)

• ∆m2
12 = 6.9+2.6

−1.5 × 10−5 eV2

• ∆m2
23 = 2.6+1.1

−1.2 × 10−3 eV2

• tan2 θ12 = 0.43+0.20
−0.14

• tan2 θ23 = 1.08+1.49
−0.64

• tan2 θ13 = 0.006+0.051
−0.006

(M. Maltoni, T. Schwetz, M.A. Tortola, J.W.F.
Valle, PRD68 (2003) 113010)
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