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A supersymmetric standard model

Find the most general Lagrangian which is

e invariant under Lorentz, SU(3)c x SU(2)r x U(1)y
and supersymmetry transformations; renormalizable

e minimal in particle content

Neither lepton number (L) nor baryon number (B) are conserved
Two options:

e constrain Lagrangian parameters

e impose a further discrete symmetry when constructing the lagrangian




Superpotential

The most general superpotential is given by

W = YELHlE + YDHlQDC -+ YUQHQUC — ,quHQ
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Dreiner et al, building on work of Ibanez & Ross, show that there are three

preferred discrete symmetries; R-parity, a Z5 allowing L and Ps, referred to as
proton-hexality.
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Neutrino Masses in /.-MSSM

The mixing between neutrinos and neutral gauginos/higgsinos produces one
tree-level, ‘see-saw’ suppressed, neutrino mass.
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Neutrino Masses in /.-MSSM

e Loop corrections lift the degeneracy between the two massless neutrinos.

e The neutrino masses, and hence mass squared differences, are dependent on
the values of lepton number violating couplings.

e Values for lepton violating couplings exist which reproduce experimental results
for mass squared differences and mixing angles.
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Neutrino masses generated via \' couplings
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Interplay between pi-decays and neutrino masses

e In certain cases lepton number violating couplings which give rise to the mass
squared differences observed in neutrino experiments will be correlated with the
branching ratios for rare lepton decays.




Interplay between pi-decays and neutrino masses

e Generate atmospheric mass difference | e Generate u — ey

e Generate solar mass difference
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Effective Operators
e LFV events can be derived in terms of effective operators, in a model

independent manner.

e Leading contributions to the effective operators arise from d = 6,
SU(2)r, x U(1)y invariant operators.

e For example, the 7 — p — v vertex, with an on-shell photon, arises from the
following terms in the effective Lagrangian.
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Effective Operators
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Bounds

Am2_ = (7.1—-8.9) x 107° eV?

= (1.9-3.2) x 1072 eV?  (hep-ph/0606060)

B(p —ey) <1.2x107"  MEGA (hep-ex/0111030)

B(T — puy) < 6.8 x107° BaBar (hep-ex/0502032)

B(t — ey) <1.1x10°" BaBar (hep-ex/0508012)
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Results

e Set all R-parity conserving parameters to SPS1a benchmark point
e Vary lepton number violating couplings

e Calculate resulting mass squared difference and branching ratio
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Atmosphric scale k1 33 — Solar scale \;xp

v Am? (dotted line) and Branching ratio (full line)
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Atmospheric scale k1 2 3 — Solar scale \;xk
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Atmospheric scale k1 2 3 — Solar scale \;xk
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Atmospheric scale k1 2 3 — Solar scale \;xk
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Atmospheric scale k1 2 3 — Solar scale \;xk
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Atmospheric scale k1 2 3 — Solar scale \;xk
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Atmospheric scale k1 2 3 — Solar scale \;xk
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Atmospheric scale k1 2 3 — Solar scale \;xk
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Atmospheric scale ;2 3 — Solar scale A}, |
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Atmospheric scale k1 23 — Solar scale B;
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Atmospheric scale X}, , ,,, 5., — Solar scale \]
9 9

gl

i

ﬁLly, \

! de; \
eri —p» - L €1
Thk gkk
) 4
\
VLJ I/Ln
de: de:

/ 2 (y\/ 2
3 kgl Xkl

I'(l; — l;v) =
(1, J'Y) (471_)2

172,272,322
Am? (dotted line) and Branching ratio (full line)
35x 1012 T ' pp 1x 10°
3.25% 10712 H 9x 107
=
© 3x107'2 1 8x 10
A
: -12
3.2.75x10 - P
) -
m
2.5x 1072 5
- 6x 10
2.25% 10712 ;
1 ! Ll 5 10"
9.9x 1073 1.05x 1072 1.11x 10‘§<
A 111
2
11 B
u

AmP g [eV?]




Atmospheric scale X}, , ,,, 5., — Solar scale A
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Summary and Conclusions

The one-loop corrections to the neutrino masses in the Z-MSSM have been
calculated, and it has been shown that the current values for mass squared
differences and leptonic mixing angles can be reproduced.

In some cases, the operators which determine neutrino masses, either at tree or
loop level, will also give rise to observable flavour violating leptonic decays.

When one neutrino mass is generated at tree level and a single A coupling sets
the solar scale, \211 122 are excluded for SPS1a. Neutrino masses set stronger
bounds on the values for the X' and bilinear soft breaking terms, however.

If trilinear couplings set both neutrino scales, rare lepton decays set bounds on
the set {Aj11.211,311}




