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Can solar neutrino oscillation parameters be probed at accelerators ?

J. C. Romao?
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If supersymmetry is realized with spontaneous breaking of R-parity, there will be many phenomenological
consequences. Here we show that the masses and mixing angles of the neutrinos lie in the correct range for the
MSW explanation of the solar neutrino problem. At the same time the rates for the processes Z® — r + chargino,
T — u + Majoron and g — e + Majoron can be close to the present bounds.

1. Introduction

Most studies of supersymmetric phenomenol-
ogy have been made in the framework of the Min-
imal Supersymmetric Standard Model (MSSM)
which assumes the conservation of a discrete sym-
metry called R-parity (R,)[1]. Under this symme-
try all the standard model particles are R-even
while their superpartners are R-odd. R, is re-
lated to the spin (S), total lepton (L), and baryon
(B) number according to R, = (—1)3B+L+25)
Therefore the requirement of baryon and lepton
number conservation implies the conservation of
R,. Under this assumption the supersymmetric
(SUSY) particles must be pair-produced, every
SUSY particle decays into another SUSY parti-
cle and the lightest of them is absolutely stable.
These three features underlie all the experimental
searches for new supersymmetric states.

However, neither gauge invariance nor SUSY
require R, conservation. The most general super-
symmetric extension of the standard model con-
tains explicit R, violating interactions that are
consistent with both gauge invariance and super-
symmetry. Detailed analysis of the constraints on
these models and their possible signals have been
made[2]. In general, there are too many indepen-
dent couplings and some of these couplings have
to be set to zero to avoid the proton to decay too
fast.

For these reasons we restrict our attention to
the possibility that R, can be an exact symmetry
of the Lagrangean, broken spontaneously through
the Higgs mechanism[3-5]. This may occur via
nonzero vacuum expectation values for scalar neu-
trinos, such as

vR = (PRs) ; v = (PLr) . (1)

If spontaneous R, violation occurs in absence of
any additional gauge symmetry, it leads to the ex-
istence of a physical massless Nambu-Goldstone
boson, called Majoron (J)[3]. In these models
there is a new decay mode for the Z° boson,
Z° — p+J, where pis a light scalar. This decay
mode would increase the invisible Z° width by
an amount equivalent to 1/2 of a light neutrino
family. The LEP measurement on the number of
such neutrinos is enough to exclude any model
where the Majoron is not mainly an isosinglet[6].
The simplest way to avoid this limit is to extend
the MSSM, so that the R, breaking is driven by
isosinglet VEVs, so that the Majoron is mainly a
singlet[4].

2. A model for spontaneous R, breaking

2.1. The model of Masiero and Valle

In order to set up our notation we recall the
basic ingredients of the model for spontaneous vi-
olation of R parity and lepton number proposed
in[4] The superpotential is given by

W = h,QH,u’+ haH,Qd® + h.fH e
+ (hoHyHq~e*)® + pHyHy+ by LH,°
+ h®Sv 4+ MvS+ M@ (2)

This superpotential conserves totallepton num-
ber and R,. The superfields (&, v, S;) are sin-
glets under SU; ® U(1) and carry a conserved
lepton number assigned as (0, —1, 1) respectively.
All couplings h,, hy, he, by, h, M are described by
arbitrary matrices in generation space which ex-
plicitly break flavor conservation.

It has been shown[4, 7] that these singlets may
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drive the spontaneous violation of R parity lead-
ing to the existence of a Majoron given by the
imaginary part of

2 vL . VR ~ Vs =~

YL
m’z'(quu - vde) + VVr - VVCT + Vsr (3)

where the isosinglet VEVs
vr=(rr) . vs=(5) (4)

with V = /v + v% characterize R, or lepton
number breaking and the isodoublet VEVS

Uy = (Hu) y Vg = <Hd> y VL = (DLT> (5)

drive electroweak breaking and the fermion mas-
ses.

2.2. Experimental constraints

All supersymmetric extensions of the standard
model, are constrained by data that follow from
several collider experiments, such as the recent
LEP data on Z° decays and by pp collider data
e.g., on W% Z° and gluino production. This cer-
tainly applies to the spontaneously broken R,
models. In addition to these constraints, there
are important restrictions, characteristic of bro-
ken R, models, related to weak interactions and
neutrino mass considerations. The most relevant
constraints[5] include neutrinoless double beta de-
cay and neutrino oscillation limits, direct searches
for anomalous peaks at meson decays, limits on
the neutrino masses, cosmological limits on neu-
trino lifetime, limits on p and r lifetimes, uni-
versality constraints, and limits on lepton flavour
violating decays.

In order to take systematically these constraints
into account, we have assumed the following val-
ues for the model parameters:

vy, = 100MeV wvgp = wvs=1TeV (6)
M§ = 10 TeV M33 = 1TeV

and for several values of tan 3 = %’L we have var-
ied randomly the SUSY parameters u, M,, and
the parameters h,;3 in the range given by

—250 < p/GeV < 250

20 < M;/GeV < 250
171 < hyighygs < 1071 (M
107% < hy a3 < 107!

2.3. Main features of the model

Several phenomenological aspects of this model
were previously[5, 8-10] studied and details can
be found there. Here we just give the main fea-
tures of the model:

e The neutral fermions are Majorana fermions.
The mass matrix is 14 x 14 and mixes neutrinos
and neutralinos.

o The charged fermion mass matrix is 5 x 5 and
mixes the usual leptons with the charginos.

e The v, has mass in the range 10 KeV to
35 MeV. It avoids the cosmological bounds by
decaying via

vy = v+ J (8)

for which lepton flavour violation is needed.

e The lepton flavour violating decays
T—ple)+J p—e+J (9)

can be close to the present experimental limits.
o The most interesting signal at LEP would be
single chargino production,

2% o xF 4+ 7% (10)

with branching ratios as high as 5 x 1075,

3. Neutrino masses and mixings

To a good aproximation we can write

vy = cosfy, —sinfy,
v = sinfr, +sinfy,
vg = v, (11)

where v, 1 = 1,2, 3 and v, v, and v, are, respec-
tively, the mass and weak interaction eigenstates.
The mixing angle 6 is given in terms of the model
parameters by tan6 = h,,,/h,,, The constraints
on h,,, and h,,, do not restrict much their ra-
tio. Therefore a large range of mixing angles is
allowed. For the masses we get

m = 0 exact
(h3,, +h,, )viv [R(i + hovr) + hoM]?
Mas[hvr + MI?hZ_ v}
Skl Movivy
p(2vyva Mo — uMy M)

(12)
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where My = 1/2(g'? M, + g2 M,). For typical val-
ues we get

107% eV <my <1072 eV (13)

Just in the right range for the MSW mechanism.

4. Spontaneously broken R, and the MSW
effect

As we have shown the mass difference and mix-
ing angles for the two lightest neutrinos are natu-
rally in the right range for the MSW explanation
of the observed defficit in the solar neutrino flux.

We can therefore ask the question if it is pos-
sible to have, at the same time, the correct pa-
rameters for the MSW effect, and observe sig-
nals at LEP and/or in 7 and p decays. After
all the experimental constraints have been taken
in account we found out that this is indeed pos-
sible. In Fig.1 are shown the branching ratios
contours for Z° — x*r¥ and 1 — p+J superim-
posed in the presently allowed region[11] for the
MSW effect. The solid line corresponds to both
BR > 107° while the dashed line corresponds to
both BR > 1075,

Similar plots for 4 and 7 decays have been
given[9]. In all the cases there is a large region in
parameter space where it is possible to have ob-
servable effects in LEP physics and/or muon and
tau decays, and at the same time to have neu-
trino oscillation parameters in the range allowed
by present solar neutrino data.
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Figure 1. Contour plots for BR(Z° — %+ 7) and
BR(t — p+J). Also shwon is the region allowed
by present solar neutrino data.
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