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Can solar neutrino oscillation parameters be probed at LEP?
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Supersymmetry with spontaneously broken R parity naturally leads to the explanation of the observed deficit in the solar neu-
trino flux via matter-enhanced v.-v, oscillations, while m,, is large enough to lead to related signatures associated with the t
lepton. These include single chargino production in Z decays with branching ratio BR(Z-¥t) as large as ~6X 10—, accessible
at LEPI. The v, is naturally much heavier than v, and decays to it via majoron emission, with a lifetime short enough to obey

cosmological limits.

1. Introduction

The possibility that the explanation of the solar
neutrino deficit through the MSW effect could be in-
dependently (although indirectly) checked in accel-
erator experiments has attracted some attention re-
cently [1,2]. Unfortunately, the suggested models are
no longer phenomenologically viable, since they lead
to a new invisible decay mode for the neutral gauge
boson involving the emission of light scalars,

Z-p+], (D)

now ruled out by LEP measurements of the invisible
Z width [3].

Here we point out that this idea can be naturally
implemented in a slight variant of the original model
[2], in a way completely consistent with observation
and with the added bonus of having a richer set of
high energy processes accessible to experiment. This
should enable indirect tests of the validity of the MSW
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explanation of the solar neutrino deficit and con-
strain the relevant oscillation parameters. Here we
only summarize the relevant results, postponing all
detailed discusstons to a separate publication. The
model has been suggested in ref. [4] and is based on
the idea of spontaneous R parity violation [5]. These
theories have now acquired an extra interest also in-
sofar as they are not restricted by considerations re-
lated to the erasure of the GUT-produced baryon
asymmetry of the universe due to non-perturbative
electroweak effects [6,7]. This is so as long as the rel-
evant R, breaking scale is lower than a few TeV. In
this picture the universe has always been in the R,-
symmetric phase until slightly after the electroweak
phase transition takes place. Proton stability is auto-
matic and the phenomenological implications can be
systematically derived. They provide an alternative
to the minimal SUSY standard model (MSSM) that
leads to new processes accessible to experiment. The
signatures of supersymmetry in these spontaneously
broken R parity models are different from those of
the MSSM in several ways. First, these SU(2)®U (1)
theories lead to the existence of a physical massless
Nambu-Goldstone boson - a majoron — denoted J.
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The existence of the majoron enables the heavy v, to
decay to it via majoron emission, with a lifetime short
enough to obey cosmological limits [8-10].

In addition, SUSY particles can be singly pro-
duced, for example in Z decays [11]. Here we sug-
gest the possibility of using these R parity breaking
effects to indirectly test the MSW oscillation param-
eters at LEP1. This possibility is rather remarkable,
taking into account the smallness of the neutrino mass
values needed for the MSW effect. However, spon-
taneously broken R parity models imply a natural
mass hierarchy in the values of m,,, m,, and m,, that
naturally combines an ultralight v.—v, sector with a
fairly heavy Majorana v.. If strongly mixed in the
charged current weak interaction, v, exchange would
give too large a neutrinoless double  decay rate. More
remarkably, even high energy accelerator experi-
ments, such as LEP, would be sensitive to new effects
related to the heavy v..

2. Spontaneous R parity violation

The minimal way to break R parity spontaneously
1s through a non-zero VEV for the scalar neutrino
[2,5]

v =-{V:) . (2)

In such a model there are majoron emission pro-
cesses, such as the Compton-like reaction y+e—e+J,
that lead to new mechanisms of stellar energy loss. To
avoid this one has to constrain the magnitude of the
left-handed sneutrino VEV [12]. We estimate the re-
sulting limit to be

v <O0(30keV). (3)

However this implies that the decay in eq. (1) is un-
suppressed, leading to a conflict with LEP results. A
way out of this which avoids in a simple way the LEP
constraint on I'f" was suggested in ref. [4]. In the
new model the majoron is an isosinglet, and does not
couple to the Z. The scale characterizing R parity
breaking is now large, i.e.,

vr=0(1TeV), (4)
while the analogue of eq. (3) is estimated to be [4]
v, <O(100 MeV) (5)
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and can be obtained without the need of unnatural
fine-tuning of the parameters in the Higgs potential
[4,13]. The superpotential terms are given as *!

hu UCQHU +hddCQHd +he eCQHd + (ho Hqu - Ez)q)
+h,veH, + ADVvS+H, Hy + MveS
+Mp®D . (6)

The superfields (®,v§,S;) are singlets under
SU(2)®U(1) and carry a conserved lepton number
assigned as (0, — 1, 1) respectively. All couplings 4,
hg, he, h,, h as well as the mass M are described by
arbitrary matrices in generation space which explic-
itly break flavour conservation. These additional sin-
glets, e.g. S, may arise in several extensions of the
standard model [15], and may lead to interesting
phenomenological signatures [16,17].

While the superpotential of eq. (6) conserves total
lepton number as well as R parity, the presence of the
new singlets can drive the spontaneous violation of R
parity and electroweak symmetries [4,13]. This leads
to the existence of a majoron given by the imaginary
part of

(v1/Vv?) (v Hy —v4H,)

+ 0L/ V) — (vr/ VIV + (vs/ V)5, . (7)
The isosinglet VEV's
vp=(¥3), (8)
vs=¢5:), (9)

with V=_/v& + v} set the scale of R parity or lepton
number breaking, while the isodoublet VEV's

vu=<Hu>’ (10)
va=<Hq) (11)

drive electroweak breaking and the fermion masses.
The combination v?=vZ + v} is fixed by the W mass,
while the ratio of isodoublet VEVs determines the
parameter

tan f=v,/v4 . (12)

¥ Note that we have added some new terms that were not in-

cluded in refs. {4,11,14]. These are allowed by our symme-
tries and give more flexibility in obeying all of the experimen-
tal constraints and/or justifying our approximate treatment
of the neutral fermion sector.
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A necessary ingredient for the consistency of this
model is the presence of a small seed of R parity
breaking in the SU(2) doublet sector. Using the re-
sults of ref. [12] we estimate that

V3 vemw <1077 (13)

in order to adequately suppress the resulting stellar
energy loss to acceptable levels. This may be easily
satisfied for vx=0(1 TeV) provided v, <O(100
MeV). This constraint on v is more than three or-
ders of magnitude less stringent than the one that
holds in the model of ref. [2]. Moreover, the small-
ness of the ratio v, /vg may be achieved in a natural
way, from the Higgs potential [4]. This follows be-
cause v, = (V.. > is related to the Yukawa coupling
h, and vanishes as #,—0. Last, but not least, the pres-
ent model has only the canonical neutrino counting,
since the majoron contribution is avoided.

3. Neutrino masses and decays

In spontaneously broken R parity models the L-
number is violated, so that neutrinos acquire masses
at the tree level, from mixing with the heavy neutral
R-0dd fermions [1]. The heavier neutrino is the v..
Its mass m,, may be given in the approximation where
we neglect v, as

Zi h%'irMOvﬁvazi
m,, ~ >
U2 va My — uM\ M)

(14)

where we have set My =g M, +g%M,. In our numer-
ical study, however, we have used the expression for
m,, corrected for the general case where v #0.

In order to determine the masses of the two lowest
mass neutrinos relevant for the description of the
propagation of solar neutrinos in our model — v, and
v, — we have to consider in detail the full neutralino
mass matrix. One can show that, in complete gener-
ality, there is a massless neutrino in our model. To a
good approximation, it is given by

v, ~cos @v.—sinfv, , (15)
where
tan 8=hy 13/ ho2s (16)

In this case the other light neutrino is
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vo=asinfv.+acosv,+Nyv., (17
where

ax — (v /vg+hyasvr) [(B35 Hhis) vk

+ (uvL/vg+hys3vR)?] 712 (18)
and
Nos =313+ hday vg [ (h313 +hdas) vk
+(uvr/vg+hys3vr)?] 712 (19)

and its mass can be given, in a reasonable approxi-
mation, by

my ~ (hzvu +h523)1}51}12_ [hsa(ﬂ+h0<¢>)+hoM33]2
X [Mo(h33 {P) +Ms3)°h3s503] 7", (20)

showing that it vanishes as v, —»0. For small values of
0 the massless neutrino is mostly v, so that v, corre-
sponds to v,.. In the following we will always refer to
v, asv, and to v, as v, although this assignment is not
valid for large values for the v.-v, mixing angle 6. It
follows from eq. (20) and eq. (14) that the v, mass
is extremely small on the scale of the v, mass. For our
choices of parameters, vg=1 TeV and v, =100 MeV,
this implies a v,—v, mass ratio that can be as small as

my,/m,, =0(10-%) . (21)

Thus for a v, mass in the 10 keV-1 MeV range, nat-
ural in this model, we expect a v, mass in the range
10~%-10-2 eV, just the one relevant for the MSW ef-
Sect. Similarly, the v.~v, mixing angle given by eq.
(16) may easily lie in the desired range where the
MSW effect can effectively reduce the solar neutrino
flux.

The expected size of the v, mass in this model seems
to be in conflict with the cosmological limit [18]

meleO eV (22)

on the abundance of relic neutrinos. Fortunately, our
model also has the solution to this apparent conflict.
It relies on the existence of a new v, decay mode in-
volving majoron emission *

V.-V, +J (23)

that naturally realizes the early proposal considered
in refs. [8-10]. Unlike the situation in the originally
proposed majoron model of ref. [8], the neutralino
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mass matrix is such that the majoron couplings to
neutrinos is not simultaneously diagonal as the mass
matrix [9], opening the possibility of a fast decay rate
[10]. The attainable v, lifetimes are given in fig. 1 as
a function of the v, mass. They should be compared
to the cosmological limit on the v, decay lifetime re-
quired in order to efficiently suppress the relic v, con-
tribution. This is shown as the solid line in fig. 1.
Clearly the decay lifetimes can be much shorter than
required by cosmology for a wide range of values of
the parameters. Moreover, since these decays are in-
visible, they are consistent with all astrophysical ob-
servations [1]. If, however, the universe is to have
become matter-dominated by a redshift of 1000 at
the latest (so that fluctuations have grown by at least
a factor of 1000 by today), the v, lifetime has to be
much shorter [19], as indicated by the dashed line in
fig. 1. Again, lifetimes below the dashed line are al-
lowed in the present model. However, this lifetime
limit is much less reliable than the one derived from
the critical density, since there is not yet an estab-

%2 One can also show that the decay v.—v.+] is strictly forbid-
den and that the mass of v, is zero.
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Fig. 1. The shaded area represents the attainable values of the v,
lifetime versus its mass, when the model parameters are varied
as explained in the text. The curve delimiting the lower part of
the shaded contour gives an estimate of the minimum lifetime
consistent with observational constraints. For comparison we also
show the cosmological critical density limit (solid line) and the
naive limit that one may derive from galaxy formation (dashed
line).
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lished theory for the formation of structure in the
universe. We have therefore not imposed it in what
follows.

In short, in this model m,, can be larger than eq.
(22), because of the existence of an efficient majo-
ron decay channel, eq. (23). The large m,, values ac-
ceptable in this model enable the rare Z decays to be
correspondingly enhanced. In addition, the large hi-
erarchy between m,, and m,, naturally combines
these measurable effects with the MSW oscillations,
required to explain the solar neutrino data. This sug-
gests the possibility of having an independent check
upon the solar neutrino oscillation parameters as de-
termined by solar neutrino experiments with searches
performed in high energy laboratory experiments,
such as LEP. We now turn to this question.

4. MSW effect

In ref. [20] we give a detailed study of the phe-
nomenological implications of spontaneously broken
R parity for the propagation of solar neutrinos. The
channel in which solar neutrino oscillations are ex-
pected to take place is v, to v,, since, as discussed,
their mass difference is ~vZ, much smaller than the
heavy v, mass, which scales as ~ v&. The v, is there-
fore decoupled from the solar neutrino oscillations.

For definiteness we have fixed in our analysis char-
acteristic values for the following parameters:

tan f=10,

vp=1TeV,

v, =100 MeV ,

mMe=10TeV,

Mi3;=1TeV, (24)

and assumed, for simplicity, that vg =vs.

The allowed region of oscillation parameters has
been determined as a function of the relevant SUSY
parameters u and M,. These have been randomly
varied in the range *

30<M,/GeV<250, (25)

¥3 It is always possibie, if CP is conserved, to choose M, >0, while
1 may have either sign.
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—250<u/GeV<250. (25 cont’d) 103 g

The v. and v, masses are controlled by the parame- L

ters 4,,; as can be seen from eq. (14) and eq. (20). 100

These were varied randomly in the interesting range -

given by ~ 105L a
3 3 E

10719< A3, hyps <1071 g E .
E ]

1074<hyy; <1071 . (26) 107

We have performed a careful sampling of the points . :

in our parameter space that are allowed by all obser- 10 L T

vational constraints, in order to evaluate the attain- i

able magnitudes of m,, and the corresponding mix- 108 et i il

ing angle 6. The constraints include all of the collider 10+ 103 102 10 1

constraints relevant in any SUSY extension of the
standard model as well as neutrino physics con-
straints. The allowed values of the oscillation param-
eters will determine the v.—v, conversion probabili-
ties and thus the solar neutrino predictions. We find
that the regions of neutrino mass and mixing param-
eters characterizing v.-v, oscillations presently al-
lowed in our model cover the region where the reso-
nant effects can play an important role in the
oscillations of solar neutrinos. On the other hand, the
constraints that follow from present solar neutrino
observations, both from the Homestake experiment
and from Kamiokande, are indicated by the shaded
region shown in fig. 2, adapted from the paper by
Barger, Phillips and Whisnant in ref. [21]. We also
note that the preliminary results of the SAGE Collab-
oration point towards a very drastic reduction of the
low energy pp neutrino flux, possible in the non-adi-
abatic branch of the shaded region. As fig. 2 shows,
in the spontaneously broken R parity model the solar
neutrino oscillation parameters cover the region of
interest where the MSW oscillations between v, and
v, provide a successful explanation of the reduced so-
lar neutrino flux. In addition, since we have a model
where these MSW oscillations naturally coexist with
a very massive v,, we also expect to have other exotic
effects that may be measurable in the laboratory, and
independently check the underlying physics of the
neutrino mass generation mechanism. We now turn
to these signatures.
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Fig. 2. Contour plots for the BR(Z—% +1). The solid line corre-
sponds to BR>107%, while the dashed line corresponds to
BR>107°. Also shown is the region allowed by present solar
neutrino data. The figure shows that the decay Z—jx is accessible
to the LEP experiments.

5. LEP1 signatures

In the spontaneously broken R parity model there
are observable effects in Z decays that could well be
observable at LEP1 [11]. Here we investigate
whether their observability is consistent with the un-
derstanding of present solar neutrino observations in
terms of matter-enhanced neutrino oscillations. Usu-
ally it is not easy to achieve models with these prop-
erties in view of the smallness of neutrino masses
needed in the MSW effect. In the present model,
however, the v, mass is expected to be large, thus
opening the way to this interesting complementarity
between laboratory and astrophysical effects. The
latter also involve stellar cooling mechanisms, since
these are affected by majoron emission processes
[12].

We now show that, indeed, in the spontancously
broken R parity model, v.—v, MSW oscillations may
be related with other processes that could be observ-
able in the laboratory. We consider the example of
LEP. If R parity does not hold exactly then SUSY
particles may be singly-produced. In ref. [11] we
made a study of the single chargino decay mode

Zojt (27)
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and showed that it may be observable at LEP1 #¢. We
have demonstrated that this decay is accessible to ex-
periment even when the parameters of the MSW os-
cillations lie in the region indicated by present solar
neutrino experiments. To do this we have performed
a systematic analysis of the attainable values of this
branching ratio once observational constraints are
taken into account. These include those from labo-
ratory, cosmology and astrophysics, including the re-
quirement that the solar neutrino oscillation param-
eters lie in the range allowed by present solar neutrino
observations. Our results are summarized in fig. 2.
They show that the corresponding Z— %t branching
ratio could possibly be measured at LEP1, thus ena-
bling one to have an independent handle on the neu-
trino oscillation parameters!

6. Discussion

We conclude that the MSW oscillations responsi-
ble for the explanation of the reduced solar neutrino
flux may well be accompanied by effects that can be
observable in the laboratory and therefore these can
be used as an additional tool to restrict the underly-
ing physics. For example, the non-observation of the
new effects would place independent restrictions upon
solar neutrino oscillation parameters. We showed that
the peculiar nature of the neutrino mass spectrum of
the spontaneously broken R parity model, which
combines a very small v.-v, mass difference with a
heavy Majorana v, mass, naturally allows for the in-
teresting possibility that the v.—v, oscillations that can
successfully explain present solar neutrino observa-
tions are accompanied by effects that can be probed
not only in neutrinoless double 3 decay experiments,
but also in high energy particle physics accelerator
experiments, such as LEP. We identified a relevant
process, i.e., the R parity violating Z decay mode in
eq. (27). This decay may go with a branching ratio
as large as BR(Z—%1) ~6x 10~%, and can be studied
at LEPI. In addition, since the lightest SUSY fer-
mion is unstable, the origin and the rates for zen
events may also be different than in the minimal su-

# The same situation holds in the case where R parity is broken
spontaneously and the majoron is absorbed by an additional
gauge boson. See e.g. fig. 7, ref. [22].
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persymmetric standard model. Therefore these ef-
fects might be used as an independent tool to probe
the physics underlying the explanation of the solar
neutrino deficit. We showed that this idea does not
contradict any laboratory, cosmological or astro-
physical observation.
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