
INSTITUT FÜR THEORETISCHE TEILCHENPHYSIK | KIT CAMPUS SÜD
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Motivation

Neutrinos seem to have mass

Oscillations:
∆m2

21 = 7.58× 10−5 eV2

∆m2
31 = 2.35× 10−3 eV2

large mixing angles

Unknown: Absolute neutrino mass scale → Katrin

possible upper limit: 0.2 eV, discovery: 0.35 eV

Compare CKM and PMNS mixing matrix:

VCKM =




y q pq y pp p y

 UPMNS =




w t qt u uq u w


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Neutrino masses and seesaw

Standard Model + righthanded Neutrinos = Seesaw Type I

−Lν,mass = ν̄LmDνR︸ ︷︷ ︸
Dirac mass

+
1

2
νc

LmRνR︸ ︷︷ ︸
Majorana mass

+ h. c.
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Neutrino mass matrix:

Mν =

(
0 mD

mT
D mR

)
.

What about mR?

righthanded neutrinos are SM singlets → no constraint for mass

seesaw : mν = −mDm
−1
R mD ≈ O(0.1 eV)

assumption: Dirac mass of order EW scale (O(10 . . . 100 GeV)):
mR ∼ O(1013...14 GeV)
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The MSSM with righthanded
neutrinos

Superpotential of the νMSSM

W` = µHd · Hu − Y IJ
` Hd · LI

LE
J
R + Y IJ

ν Hu · LI
LN

J
R +

1

2
mIJ

R N I
RN

J
R ,

with LL = (`L, ˜̀
L) ∈ SU(2)L and ER = (ec

L , ẽ
∗
R), NR = (νc

L , ν̃
∗
R).

Soft-breaking terms

Vsoft =(M2
˜̀)IJ L̃I∗

L L̃J
L + (M2

ẽ)IJ ẽ I
R ẽ

J∗
R + (M2

ν̃)IJ ν̃I
R ν̃

J∗
R

−
[
(Bν)IJ ν̃I∗

R ν̃
J∗
R + AIJ

e H1 · L̃I
Lẽ

J∗
R − AIJ

ν H2 · L̃I
Lν̃

J∗
R + h.c.

]
,
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radiative flavour violation in the lepton
sector

WµWµ Wµ

Σ
(e)
ji Σ

(ν)
fj

eiνf

ei

ej

νf

νf

νj

ei

U
(0)†
fi = δfi

∑
j 6=i U

(0)†
fj ∆U e

ji
∑

j 6=f ∆U ν
fjU

(0)†
ji

+ +

PMNS matrix renormalization

i
g√
2
γµPLU

†
PMNS → i

g√
2
γµPL (1 + ∆Ue + ∆Uν) ,

flavour changing self energies and sensitivity to neutrino mass

∆Uν
fi ∼

mνf
Σfi

∆m2
ν
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Numerical results
Flavour violation only in the neutrino A-Terms! M2

soft = m01.
M1 = 1

2M2 = m0.
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Conclusion

supersymmetric seesaw incorporates additional flavour structures

seesaw-like structure in sneutrino squared mass matrix

sensitive to the degree of degeneracy of neutrino mass spectrum

sensitive to scale of righthanded neutrinos

possibly radiative generation of neutrino mixing

no severe enhancement of LFV obervables
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effects on sneutrino mass matrix

charged slepton mass matrix as in the MSSM

sneutrino mass matrix in the MSSM: simple

M2
ν̃ =

( M2
˜̀ + M2

ZT
ν̃
3L cos 2β1 1

1 0

)

Majorana mass term νT
R mRνR inflates sneutrino mass matrix:

additional terms ∼ ν̃R ν̃R , ν̃
∗
R ν̃
∗
R

M2
ν̃ =




M2
L∗L M2

L∗L∗ M2
L∗R∗ M2

L∗R

M2
LL M2

LL∗ M2
LR∗ M2

LR

M2
RL M2

RL∗ M2
RR∗ M2

RR

M2
R∗L M2

R∗L∗ M2
R∗R∗ M2

R∗R




12× 12-Matrix
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full sneutrino squared mass matrix in
the νMSSM

M2
ν̃ =

1

2

(
M2

LL M2
LR(

M2
LR

)† M2
RR

)

M2
LL =

(
M2

˜̀ + 1
2M

2
Z cos 2β1 + mνm†ν 0

0 (↘)∗

)
,

M2
RL =

(
1
2mνmR −µ cotβmν − v2A∗ν

−µ∗ cotβm∗ν − v2Aν
1
2m∗νm∗R

)
,

M2
RR =

(
(M2

ν̃)T + mT
ν m∗ν + 1

2m∗RmR −2B∗

−2B M2
ν̃ + m†νmν + 1

2mRm∗R

)
.
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effective sneutrino mass matrix

M2
ν̃` =

(
m2

∆L=0 (m2
∆L=2)∗

m2
∆L=2 (m2

∆L=0)∗

)
+O

(
M2

SUSYm
−2
R

)
,

m2
∆L=0 = MSSM + mD

ν mD
ν
† −mD

ν mR

(
m2

R +M2
ν̃

)−1
mRmD

ν ,

m2
∆L=2 = XνmD

ν

(
m2

R +M2
ν̃

)−1
mRmDT

ν + (�)T

− 2mD∗
ν mR

[
m2

R + (M2
ν̃)T
]−1

B
(
m2

R +M2
ν̃

)−1
mRmD

ν
†
.

XνmD
ν = −µ∗ cotβmD∗

ν − v2Aν

Wolfgang Gregor Hollik – nuMSSM August 2012 10/6


