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Abstract. The µνSSM solves theµ problem of the MSSM and explains the origin of neutrino
masses by simply using right-handed neutrino superfields. The solution implies the breaking of
R-parity. The properties and phenomenology of the model arebriefly reviewed.
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The LHC will finally start operations at the end of this year. It will be able to answer
not only the crucial question about the origin of the mass, but also to clarify whether or
not supersymmetry (SUSY) exists. SUSY not only solves several important theoretical
problems of the Standard Model, but also has spectacular experimental implications.

However, it is fair to say that SUSY has also its own theoretical problems, and, in
particular, a crucial one is the so-calledµ-problem of the MSSM. As it is well known,
the NMSSM, provides a solution via the introduction of an extra singlet superfield̂S.

On the other hand, neutrino experiments have confirmed during the last years that
neutrinos are massive. Thus all models must be modified in order to reproduce this
result. The BRpV has been proposed in this context. There, bilinear terms breaking
R-parity of the type,µi L̂iĤ2, are added to the MSSM. These induce neutrino masses
through the mixing with the neutralinos (actually one mass at tree level and the other
two at one loop) withouth including right-handed neutrinosin the model, unlike the
MSSM. However, theµ-problem is augmented with the three new bilinear terms.

The “µ from ν” Supersymmetric Standard Model (µνSSM) was proposed in [1, 2] as
an alternative to the MSSM, solving theµ-problem and explaining the origin of neutrino
masses by simply using right-handed neutrino superfields.

The superpotential of theµνSSM contains, in addition to the Yukawas for quarks and
charged leptons, Yukawas for neutrinosĤu L̂ ν̂c, terms of the typêνcĤdĤu producing
an effective µ term through right-handed sneutrino VEVs of order the electroweak
(EW) scale,µ ≡ λi〈ν̃c

i 〉, and also terms of the typêνcν̂cν̂c avoiding the existence of
a Goldstone boson and contributing to generateeffective Majorana masses(∼ κ〈ν̃c

i 〉):

W = εab
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Yui j Ĥb
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i ûc

j +Ydi j Ĥa
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)
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i Ĥa

dĤb
u +
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3

κ i jk ν̂c
i ν̂c

j ν̂
c
k . (1)

Clearly, the above terms produce theexplicit breaking of R-parity (and lepton number)
in this model. The size of the breaking can be understood better if we realize that in the
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limit where neutrino Yukawa couplingsYν are vanishing, thêνc are ordinary singlet
superfields like thêS of the NMSSM, without any connection with neutrinos, and this
modelwould coincide with the NMSSM (but with three singlets instead of one) where
R-parity is conserved . Once we switch on theYν , theν̂c become right-handed neutrinos,
and, as a consequence, R-parity is broken. This breaking hasto be small because we have
anelectroweak-scale seesaw, implying that the values ofYν are no larger than 10−6 (like
the electron Yukawa) to reproduce the neutrino masses (<∼ 10−2 eV).

Actually, the breaking of R-parity produces the mixing of neutralinos with neutrinos,
and as a consequence a generalized 10×10 matrix of the EW seesaw type,

M =

(
M m
mT 03×3

)
, (2)

that gives rise at three level to three light eigenvalues corresponding to the neutrino
masses [1, 3]. HereM is a 7×7 matrix showing the mixing of neutralinos with right-
handed neutrinos, andm a 7× 3 matrix representing the mixing of neutralinos with
left-handed neutrinos, and left- with right-handed neutrinos. The entries of the matrixM
are of the order of the EW scale and much larger than the ones ofthe matrixm which
turn out to be of the order of the Dirac masses for the neutrinos (Yν〈H0

u〉 <∼ 10−4 GeV).
The latter can easily be understood, since the entries ofm are proportional tog〈ν̃i〉,
Yν〈ν̃c

i 〉 andYν〈H0
u〉. On the one hand,〈ν̃c

i 〉 ∼ 〈H0
u〉. On the other hand, because of the

contribution ofYν <∼ 10−6 to the minimization conditions for the left-handed neutrinos,
the〈ν̃i〉 turn out to be small, and one can check that they are no larger thanYν〈H0

u〉 [1].
Let us finally remark that having a (dynamical) EW seesaw avoids the introduction of

ad-hochigh energy scales in the model, as it occurs in the case of a GUT seesaw.
Notice that the neutrino Yukawas generate, through the〈ν̃c

j 〉 three efective bilinear

terms,µi L̂iĤ2, with µi ≡ Yνi j 〈ν̃c
j 〉 <∼ 10−4 GeV. Thesecharacterize the BRpV model,

as mentioned above.The advantagesof theµνSSM (from our viewpoint) with respect
to other popular models proposed in the literature are now more clear. Concerning the
µ-problem, one solves it without having to introduce an extrasinglet superfield as in the
NMSSM. A special form of the Kahler potential as in the Giudice-Masiero mechanism,
or specific superpotential couplings to the hidden sector [4, 5], are not necessary either.

Using the eight minimization conditions for the scalar potential (which includes the
usual soft,D andF term contributions), one can eliminate e.g. the soft massesmHd, mHu,
mL̃i

, andmν̃c
i

in favour of the VEVs of the Higgses and neutrinos. We thus consider as
independentparametersof the neutral scalar sector [3]:

λ , κ, tanβ , ν1, ν3,νc
, Aλ , Aκ , Aν , (3)

whereνi ≡ 〈ν̃i〉, νc ≡ 〈ν̃c〉, and we have assumed for simplicity that there is no inter-
generational mixing and that in general they have the same values for the three families.

In the case of the neutrino parameters, following the discussion in [3, 6], it is sufficient
with two generations with different VEVs and couplings in order to reproduce the
experimental pattern. Thus we have chosenYν1 6= Yν2 = Yν3 andν1 6= ν2 = ν3. Actually,
we have checked that withYν2 = Yν3 ≈ 2 Yν1 ∼ 10−6 andν2 = ν3 ≈ 2ν1 ∼ 10−4 GeV,
the observed neutrino masses and mixing angles are reproduced (thus this result can



be obtained even with a diagonal neutrino Yukawa matrix as pointed out in [7]). As
explained in detail in [6], this is so easy to get due to the peculiar characteristics of
this seesaw, where the relevant scale is the EW one, and R-parity is broken involving
not only the right-handed neutrinos in the seesaw but also the MSSM neutralinos. In a
sense, this gives an answer to the question why the mixing angles are so different in
the quark and lepton sectors. In [6], it was also shown thatspontaneous CP violation
through complex VEVs is possible in theµνSSM at tree level.

The parameter space of the model was analyzed in detail in [3], studying the viable
regions which avoid false minima and tachyons, as well as fulfill the Landau pole
constraint. The structure of themass matricesand the associatedparticle spectrum
was also computed. The breaking ofR-parity generates complicated mass matrices and
mass eigenstates, as we already saw above for the case of the neutralinos/neutrinos.
The charginos mix with the charged leptons giving rise to a 5×5 matrix. Nevertheless,
there will always be three light eigenvalues correspondingto the electron, muon and tau.
Concerning the scalar mass matrices, the neutral Higgses are mixed with the sneutrinos,
and the charged Higgses with the charged sleptons, and we areleft with fifteen (eight CP-
even and seven CP-odd) neutral states and seven charged states. Notice nevertheless that
the three left handed sneutrinos are decoupled from the Higgs-right handed sneutrinos,
and also the six charged sleptons from the charged Higgses. The upper bound for the
lightest Higgs boson mass turns out to be similar to the one ofthe NMSSM, about 140
GeV after imposing the Landau pole constraint up to the GUT scale.

Obviously, thephenomenologyof models whereR-parity is broken differs substan-
tially from that of models whereR-parity is conserved. Needless to mention, the lightest
supersymmetry particle (LSP) is no longer stable, and therefore not all SUSY chains
must yield missing energy events at colliders. In [7], the decays of the lightest neu-
tralino to two body (W-lepton) final states were discussed. The correlations of the decay
branching ratios with the neutrino mixing angles were studied as another possible test of
theµνSSM at the LHC. The phenomenology of theµνSSM was also analyzed in [8],
particularized for one and two generations of right-handedsneutrinos, and taking into
account all possible final states when studying the decays ofthe lightest neutralino. Pos-
sible signatures that might allow to distinguish this modelfrom other R-parity breaking
models were discussed qualitatively in these two works [7, 8].

Let us finally discuss potential problems of theµνSSM and their possible solutions.
Since R-parity is broken, one could add in the superpotential the usual lepton and

baryon number violating terms,LLec +LQdc anddcdcuc, producing fastproton decay
(the new terms of theµνSSM are obviously harmless with respect to proton decay).
Nevertheless, the choice ofR-parity isad hoc. There are other discrete symmetries, like
e.g. baryon triality which only forbids the baryon violating operators. Obviously, for all
these symmetries R-parity is violated. Besides, in superstring constructions the matter
superfields can be located in different sectors of the compact space or have different extra
U(1) charges, in such a way that some operators violatingR-parity can be forbidden [9],
but others can be allowed. Let us remark here that even if the termsLQdc are set to
zero at a high-energy scale, one-loop corrections in theµνSSM will generate them.
Nevertheless, these contributions are very small, as shownin [3].

In the µνSSM the usual bilinearµ term of the MSSM, as well as Majorana masses
for neutrinos are absent from the superpotential (1), andonly dimensionless trilinear



couplings are present(the EW scale of the breaking being determined by the soft terms
in the scalar potential). For this to happen we can invoke aZ3 symmetry as it is usually
done in the NMSSM. Nevetheless, let us recall that this is actually what happens in
superstring constructions, where the low-energy limit is determined by the massless
superstring modes. Since the massive modes have huge masses, of the order of the string
scale, only the trilinear couplings for the massless modes are relevant.

Since the superpotential has aZ3 symmetry, one would expect to have also a cosmo-
logical domain wall problem like in the NMSSM. Nevertheless, the usual solutions to
this problem will also work in this case: non-renormalizable operators can break explic-
itly the dangerousZ3 symmetry, lifting the degeneracy of the three original vacua, and
this can be done without introducing hierarchy problems. Inaddition, these operators
can be chosen small enough as not to alter the low-energy phenomenology.

When lepton number is broken,flavour violating processesare possible. Although
there are strong experimental constraints, these are fulfilled in theµνSSM once neutrino
data are imposed, similar to the case of BRpV [10].

We mentioned above that when R-parity is broken the LSP is notstable. Thus the
neutralino or the sneutrino, with very short lifetimes, areno longer candidates for the
dark matter (DM) of the Universe. Nevertheless, other SUSY particles such as the
gravitino or the axino can still be used since their lifetimes are typically very long.
Concerning thegravitino , it has an interaction term in the supergravity Lagrangian with
the photon and the photino. Since the photino and the left-handed neutrinos are mixed
due to the breaking of R-parity, the gravitino will be able todecay into a photon and
a neutrino. The decay is suppressed both by the gravitational interaction and by the
small R-parity violating coupling, thus its lifetime can bemuch longer than the age of
the Universe [11]. Therefore, the gravitino can be a DM candidate. Since the gravitino
decays producing a monochromatic photon with an energy halfof the gravitino mass,
the prospects for detecting these gamma rays in satellite experiments were analyzed in
the context of bilinear R-parity violation scenarios in theliterature. In a recent work
[12], gravitino DM and its possible detection in the FERMI satellite were discussed in
the context of theµνSSM. Gravitino masses larger than 20 GeV are disfavored by the
diffuse photon background measurements, but a gravitino with a mass range between
0.1−20 GeV gives rise to a signal that might be observed by the FERMI satellite.
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