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Abstract

The possible phenomenological consequences of R-parity violating interac-
tions in the framework of low energy supersymmetry breaking are studied.
It is pointed out that even very weak R-parity violation would completely
overshadow one of the basic signatures of low energy supersymmetry break-
ing models, that is the decay of the next to lightest supersymmetric particle
into a photon (lepton) and missing energy. Thus, the observation of these
decays would put very strong limits on R-parity violating couplings. Vice-
versa, if R-parity violation is established experimentally, before a detailed
knowledge of the spectrum is obtained, it will be very difficult to distinguish
gravity mediated from low energy gauge mediated supersymmetry break-
ing scenarios. Those conclusions are very model independent. We also
comment on the possibility of mixing between charged and neutral leptons
with charginos and neutralinos, respectively, and its phenomenological con-
sequences for the photon (lepton) signatures, in scenarios where this mixing
is generated by the presence of bilinear or trilinear R-parity violating terms
in the superpotential.
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There are two basic open questions in supersymmetric models: The mechanism of
supersymmetry (SUSY) breaking and the theory of flavor. The latter includes in par-
ticular the question about R-parity conservation or the pattern of its breaking. The two
questions may or may not be correlated. In models in which supersymmetry breaking
is transmited to the observable sector via gauge interactions at energies much lower
than the grand unification scale, the flavor physics is most likely decoupled from the
mechanism of supersymmetry breaking, due to a large separation in the relevant mass
scales. The gauge mediation of SUSY breaking and R-parity violation is certainly one of
the possible scenarios. The signatures for both, low energy gauge mediated supersym-
metry breaking and R-parity violation are based on rare decays and it is hence of great
importance to determine if both ideas can be independently established experimentally.

A quite general signature for low energy gauge mediated scenario of supersymme-
try breaking is the decay of the next to lightest supersymmetric particle (NLSP) into
gravitinos (the actual lightest supersymmetric particle, in this case) [1],

χ̃0
1 → γ G̃; or l̃→ l G̃, (1)

depending on which sparticle is the NLSP.1 The decay rate, Eq(1), is given by [2]-[4],

Γ ' K
mNLSP

48π

 mNLSP√
MPmG̃

4

, (2)

where MP is the Planck mass, mNLSP is the mass of the NLSP and K is a projection
factor equal to the square of the component in the NLSP of the superpartner of the
particle the NLSP is decaying into. For instance, if the NLSP is a neutralino, which
decays into a photon and a gravitino, K is just the square of the photino component of
the lightest neutralino, which is given by

K = |N11 cos θW +N12 sin θW |
2 , (3)

where Nij is the mixing matrix connecting the neutralino mass eigenstates to the weak
eigenstates in the basis B̃, W̃ , H̃1, H̃2. The decay rate is inversely proportional to the
square of the gravitino mass, which is given by

mG̃MP ' FSUSY /
√

3, (4)

where
√
FSUSY is the supersymmetry breaking scale.

For our purpose, most interesting are the limits on FSUSY coming from the require-
ment of detectability, this means, that the NLSP decays before escaping the detector.
From Eq. (2), an upper bound on the supersymmetry breaking scale,

√
FSUSY

<
∼ 107

GeV, may be obtained from the requirement that the NLSP decays into gravitinos
within the detector [4]. Low energy SUSY breaking scenarios, with observable decays

1If the χ̃0
1 is mainly Higgsino- like, then the decay χ̃0

1 → h G̃→ bb̄G̃, where h is the lightest Higgs
boson (but can also be the heavy CP-even Higgs or the CP-odd Higgs boson if they are sufficiently
light), is also possible.
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into photon and gravitino will be characterized by events containing photons and miss-
ing energy, in contrast to supergravity scenarios, where, unless very specific conditions
are fulfilled [5], [6], photons do not represent a characteristic signature.

Renormalizable R-parity violating scenarios are well known [7]. They are derived
from the effective low-energy superpotential

W = λijkLiLjĒk + λ
′

ijkLiQjD̄k + λ′′ijkŪiD̄jD̄k + εiLiH2, (5)

where L (E) are the left- (right-) handed lepton SU(2)L doublet (singlet) superfields,
Q are the left handed quark doublet superfields, and U and D are the up and down
right-handed quark superfields. If present, R-parity violating couplings may induce
a large number of new lepton or baryon number violating processes. Hence, strong
experimental limits on many of the R-parity violating couplings, or on their products,
can be set [9]. We discuss trilinear and bilinear terms independently and begin with
the former.

One obvious, but important, observation is that, in the case of a neutralino as the
NLSP, the presence of any single trilinear R-parity violating coupling would induce the
decay

χ̃0
1 → fff. (6)

In the case of lepton violating couplings and sleptons as the NLSP,

l̃→ ff, (7)

where f are fermionic states, which may be leptonic or hadronic depending on the
particular cases. The rate for the decay of neutralino into fermions via R-parity violating
interactions reads [7],[8]

Γ(χ̃0
1 → f f f) '

λ2 αw
128π3

[
N11 tan θw

Yf
2

+N12T
3
f

]2

Nf
C

m5
χ̃0

1

m4
f̃

, (8)

where λ is the general R-parity violating coupling, mf̃ is the mass of the light sfermion

interacting via the R-parity violating coupling, Nf
C , Yf are its color number and hyper-

charge, respectively, and a relevant gaugino component of the NLSP has been assumed.
The R-parity violating two-body decay of a slepton into fermions reads

Γ(l̃→ ff) ' λ2 ml̃

16π
. (9)

It is interesting to compare these decay rates with the rates of decay for low energy
supersymmetry breaking models, Eq. (2), as a function of the coupling λ and of the
NLSP mass and the mass of the virtually exchanged sparticle. The comparison is
striking. In the case of neutralinos as the NLSP, if photon events are to be seen in the
presence of R-parity violating couplings, it follows from Eq. (8) that the coupling must
be bounded by

λ <
∼ 100

(
mf̃√
FSUSY

)2

, (10)
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which is a very stringent bound. Actually, for values of the sfermion masses, mf̃ ' 300

GeV, and values of
√
FSUSY ' 106 GeV, which are typical of low energy gauge mediated

supersymmetry breaking models, the bound on the coupling is given by

λ <
∼ 10−5. (11)

This bound is of the order of magnitude of the strongest bounds on the trilinear R-parity
violating couplings coming from flavor, lepton and baryon number violating processes
[9]. Such low values of the couplings imply that R-parity violation is unlikely to be seen
experimentally.

There is one exception to this general conclusion. This is the case in which the mainly
gaugino-like neutralino is the NLSP and the dominant R-parity violating coupling is
baryon violating, involving the third generation right handed top superfield, i.e. λ′′3ij .
In this case, assuming that the neutralino is lighter than the top quark, due to phase
space constraints the decay of the lightest neutralino into three fermions will proceed
via the small mixing between the stop and scharm eigenstates (which can be present at
the tree level or appear via the RG evolution):

χ̃0
1 → cjj. (12)

In case the mixing is induced by radiative corrections, the additional loop-factors [10]
will suppress the R-parity violating decay. Due to those extra supression factors the
bounds on λ′′ will be more than two orders of magnitude weaker than in Eq. (10). Even
in this case, the bound is stringent, and hence, the observation of photons in the final
state will still require small values of this R-parity violating coupling. Observe that
an analogous suppression factor would not appear if λ′3ij were the dominant R-parity
violating coupling, since in this case the neutralino can decay into left-handed bottoms
without any phase space suppression.

In the case of sleptons as NLSP, the bound is even more striking,

λ <
∼

(
mf̃√
FSUSY

)2

, (13)

meaning that the bound is typically two orders of magnitude smaller than in the case
of neutralino as the lightest supersymmetric particle.

In the neutralino case, since all sfermions tend to couple to the NLSP, the bounds
are quite general, on any possible λ. The strong bound on the couplings in the sfermion
NLSP case, instead, only applies to the couplings of the lightest sfermion. Larger cou-
pling of the heavier sfermions do not interfere with the possible signatures characteristic
of the gauge mediated scenario. In general, assuming that the bound on the R-parity
violating coupling of the NLSP, Eq. (13), is fulfilled, two possibilities may occur: i)
The other R-parity violating couplings are sufficiently strong, so that two body R-parity
violating decays of non-LSP sfermions can be observed; ii) Either the R-parity violating
couplings for most of the sfermions are small and/or the neutralino is light enough so
that the dominant decay mode for non-NLSP sfermions is R-parity conserving.

In case i) it would be easy to have independent experimental tests of R-parity vio-
lation and low energy supersymmetry breaking. In order to get a quantitative estimate
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of the values of the R-parity violating couplings for which this occurs, let us consider
the R-parity conserving decay of a sfermion into a fermion and a neutralino:

f̃ → fχ̃0
1; χ̃0

1 → l +NLSP → ll̄G̃. (14)

In the above, the lightest neutralino, χ̃0
1 may be real or virtual. If the neutralino is

lighter than the sfermion, the sfermions may decay into neutralinos via a two-body
decay channel, with a rate

Γ(f̃ → fχ̃0
1) '

g2

8π

(
N12T

3
f +

Yf
2

tan θWN11

)2

mf̃

(
1−

mχ̃0
1

mf̃

)2

, (15)

where we have ignored terms proportional to the fermion Yukawa coupling. Due to the
largeness of the weak gauge couplings, the R-parity violating decays are dominant only
if

λ > 0.1, (16)

unless cancellations between the different contributions to the effective sfermion-fermion-
neutralino coupling take place, or the neutralino mass is close to the sfermion mass. Such
large R-parity violating couplings are subject to strong experimental constraints, and
can only be realized in some particular cases [11].

Even if the neutralino were heavier than the sfermion, the dominance of the R-parity
violating decay modes may still require fairly large couplings λ, due to the existence of
three body R-parity conserving decay channels. For instance, let us consider the three
body decay of a sfermion f̃i into another one, f̃j , considered to be the NLSP. Assuming
m2
χ̃0

1
,m2

f̃i
� m2

f̃j
, we get [12]

Γ(f̃i → fif̄j f̃j) '
g4

48(2π)3
m3
f̃i

4∑
a,b=1

AiaA
j
b

mχ̃0
a
mχ̃0

b

, (17)

and

Γ(f̃i → fifj
¯̃
fj) '

g4

192(2π)3
m5
f̃i

4∑
a,b=1

AiaA
j
b

m2
χ̃0
a
m2
χ̃0
b

, (18)

where

Aia ≡
(
Na1

Yfi
2

tan θW +Na2T
3
fi

)
(19)

and we are ignoring factors of order one and the phase space factors. We have implicitly
assumed that fi and fj have opposite chiralities. Observe the different behaviour with
the neutralino masses of the fermion conserving and fermion violating processes, which
originates from a neutralino mass insertion in the first case. Due to the chirality flip, the
fermion number conserving process scales like Γ ' m3

f̃
/m2

χ̃0
1

while the fermion number

violating one scales like Γ ' m5
f̃
/m4

χ̃0
1

(If fi and fj had the same chirality, the opposite

situation would occur). Since mf̃ < mχ̃0
1
, the fermion number conserving decay modes
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tend to be dominant. A lower bound on the λ’s can be set in this case from the
requirement that the two body R-parity violating decays are dominant,

λ >
∼ αw

mf̃

mχ̃0

. (20)

This lower bound tends to be an order of magnitude lower than in the case of a real
neutralino emission, discussed above. If the sfermion masses are close to each other, the
lower bound on the R-parity violating coupling, Eq. (20) may be even smaller due to a
possible strong phase space suppression [12].

In case ii) the dominant decay mode for non-NLSP sfermions is R-parity conserving,
overshadowing the R-parity violating decay modes. Still, even for values of the R-
parity violating couplings λ’s below the bounds, Eqs. (16) and (20), R-parity violating
interactions may be detected via rare processes for a sizable range of values of those
couplings.[9]

Until now, we have discussed the effects of trilinear couplings in the superpotential.
What about R-parity violation by bilinears in the scalar potential and, when are they
present? In principle, new effects may appear in this case, since the sneutrinos may
acquire vacuum expectation values, inducing a mixing between the charged (neutral)
leptons and the charginos (neutralinos) of the theory. The appearence of the bilinear
terms in the scalar potential may be due to the following possibilities (we discuss here
the scenario with explicit R-parity violation):
a) Only trilinear terms appear in the superpotential: In this case, although absent at
tree level, bilinear terms in the scalar potential will be generated via the renormalization
group evolution of the scalar mass parameters. Indeed, in the presence of Higgs and
R-parity violating Yukawa terms, the bilinear soft supersymmetry breaking parameters
are renormalized in a non-trivial way [13]

dm2
H1L

dt
'
h1jkλLjk

16π2

(
m2
j +m2

k +
m2
H1

+m2
L

2

)
, (21)

where t = ln(Q2), m2
H1L

is the off-diagonal Higgs slepton mass term appearing in the
scalar potential, h1jk are the Yukawa couplings of the trilinear term H1ΦiΦ

′
j in the

superpotential, while λLjk is the R-parity violating coupling of the trilinear term LΦiΦ
′
j

in the superpotential. In the right hand side, we have only considered those terms
proportional to the diagonal masses, which are presumably dominant and we have
ignored the contributions governed by the soft supersymmetry breaking trilinear mass
terms. The above means that in any theory in which trilinear couplings are present at
the GUT scale, even in the absence of bilinear terms in the superpotential, bilinear soft
supersymmetry breaking couplings will be generated at low energies.

Since the bilinear mass terms are only induced radiatively, with effects proportional
to the small Yukawa couplings of the theory, we expect that the phenomenology will be
still dominated by the trilinear couplings, and not by the effects of the small mixing.
Neutrino masses are a possible exception to this rule, and they provide the most effi-
cient constraints on the possible value of the sneutrino vacuum expectation values (see
discussion below). One should stress, however, that if the trilinear R-parity violating
couplings are allowed and the supersymmetric Higgs mass parameter µ 6= 0, then there
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is no symmetry which can protect against tree level R-parity violating bilinear terms in
the scalar potential and in the superpotential. Therefore, it is more realistic to consider
case (b).

b) Both bilinear and trilinear terms appear in the superpotential: It is convenient to
work in the basis in which the εiLiH2 terms, Eq.(5), have been rotated away (for a basis
independent approach see Refs. [14]) and to analyze the effects of the rotation. The
new fields are then given by,

H
′

1 =
µH1 + εL
√
µ2 + ε2

L
′
=
−εH1 + µL
√
µ2 + ε2

, (22)

where we have simplified the problem to the case of a single lepton superfield.
In the presence of soft supersymmetry breaking terms, after rotation of the Higgs

and lepton superfields, these terms will generate not only additional trilinear couplings
(see below), but also bilinear terms in the scalar potential [16], [17],[15],[18],

V (Hi, L̃) ' (m2
H1
−m2

L) sin(2θL)H
′

1L̃
′
+ (BH − BL)µ sin θLH2L̃

′
, (23)

where sin θL = ε/
√
µ2 + ε2, m2

H1
and m2

L are the scalar soft supersymmetry breaking
parameters for the Higgs and slepton fields, respectively, while BH and BL are the soft
supersymmetry breaking parameters governing the proportionality of bilinear terms in
the potential and superpotential in the original basis. Eq.(23) shows the dependence of
the bilinear R-parity violating terms in the scalar potential (generated by a bilinear term
in the superpotential) at some scale M on the soft terms at the same scale M . Since
bilinear terms generically generate vacuum expectation values for sneutrinos, which in
turn are strongly constrained by the limits on the neutrino masses, eq.(23) is a strong
constraint on the combination of R-parity violating εi couplings and on the departure
from universality of the soft supersymmetry breaking masses. A detailed numerical
analysis of this constraint is beyond the scope of this paper. We observe only that
in the presence of universal soft supersymmetry breaking couplings at some scale, the
scalar potential has no bilinear R-parity breaking couplings at that scale. The kinetic
terms for the Higgs and neutrino fields are a quadratic form and hence all what happens
after the rotation is that we get a theory with new trilinear couplings λ̄ijk, with λ̄ = λ

for all couplings in which L is not directly involved, while

λ̄Ljk = λLjk + h1jk sin θLH (24)

where h1jk are the Yukawa couplings of the leptons and down quarks to the H1 field.
In this sense, in the presence of universal parameters at some large scale, there is no
difference between a theory with only trilinear couplings, or a theory with both bilinear
and trilinear couplings. Indeed, due to the non-renormalization theorem, once rotated
away, there will be no regeneration of the ε term at low energies. In both cases, bilinear
terms in the scalar potential will be generated radiatively at low energies.

The radiative generation of bilinear terms is the condition that one would like to
achieve, in order to induce small neutrino masses, which, as happens with the neu-
tralino mass matrix in the basis in which the ε parameters have been rotated away,
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are proportional to the sneutrino vacuum expectation values (the neutrino masses then
still constrain the magnitude of the effective trilinear couplings and of the soft masses).
This may happen in supergravity schemes, for exact universal boundary conditions.
This exact universality, although possible, is not guaranteed by any symmetry in the
theory. Another possibility is that the µ and ε terms are generated at scales larger than
the scale leading to the superymmetry breaking parameters. In that case, assuming
that the dynamics leading to supersymmetry breaking does not reintroduce them, the
ε terms may be rotated away without worrying about the dangerous scalar terms in the
superpotential.

A possibility, more appropriate within the context of this article is that supersymme-
try is broken at scales much below the GUT scale, through a gauge mediated mechanism,
which assures the universality of the Higgs and slepton soft supersymmetry breaking
mass parameters at the scale M , at which the messengers are decoupled. Assuming that
the dynamics leading to the appearence of the µ, ε and B terms does not modify the soft
supersymmetry breaking scalar mass parameters, one can now rotate the ε parameter
away, generating only small bilinear soft terms through the running between M and
MZ . Observe that larger values of the R-parity violating couplings will be allowed in
this case, due to the (assumed) small hierarchy of masses between M and MZ .

Finally, one can address the question of the relative magnitude of the two terms in
Eq. (24). This is a model dependent question and in particular it is concievable that
additional (e.g. U(1)) symmetries broken at high scale, distinguish between L and H1

[17], [19]. Both the bilinear and trilinear R-parity violating couplings are then realized
as non-renormalizable operators and the latter can be strongly suppressed. Therefore,
it is interesting to assume that there are regions where the effects of the non-vanishing
sneutrino vacuum expectation values are the dominant ones and to see what kind of
new phenomena they could imply. In particular, we would like to see the effects that
can be obtained given the bounds on the ν masses.

Under the above assumption, the bilinear R-parity violating term in the scalar po-
tential leads to a sneutrino vacuum expectation value and hence to new patterns in the
mass matrices for neutralinos and charginos [20]. Those states become now mixed with
neutrinos and charged leptons, respectively. In consequence, the structure of neutral
and charged currents is modified and the couplings χ̃0

1Zν and χ̃0
1lW (ν̃ll and l̃νl) are

generated at the tree level.
At the tree-level we now have

χ̃0
1 → νZ → νff̄ , (25)

with the width

Γ(χ̃0
1 → νff̄) ' 2((gfV )2 + (gfA)2)

G2
FM

5
χ̃0

1

(
O“
χ̃0

1ν

)2

48π3
f(x), (26)

where gfV , gfA are the vector and axial couplings of the fermion f to the Z gauge boson
and

O“
χ̃0

1ν
=

1
√

2

[
N13Nl3 −N14Nl4 +

7∑
i=5

N1iNli

]
' g

< ν̃L >

M2
, (27)
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where the 5th to 7th components of the neutralino mass matrix in the basis of weak
eigenstates are given by the neutrino fields, and a non-negligible gaugino component of
the neutralino has been assumed. This coupling is suppressed by the mixing between the
neutralino and the neutrino, which is controlled by the sneutrino vacuum expectation
value, < ν̃L > . The function f(x) is a phase factor given by [20]

f(x) =
12

x4

[
−
x2

6
−

1

2
+

1

x2
+

1− x2

x4
ln
(
1− x2

)]
, (28)

with x = Mχ̃0
1
/MZ.

The neutralino can also decay into W+ and l, with a similar rate to the one given
above [20],

Γ(χ̃0
1 → fuf̄dl)

Γ(χ̃0
1 → νff̄)

'
K2
χ̃0

1l

8
(
(gfV )2 + (gfA)2

) (
O′′
χ̃0

1l

)2 , (29)

with

K2
χ̃0

1l
' (Ul2N13 +

√
2Ul1N12 +

3∑
m=1

Ulm+2N1m+4)2 + (Vl2N14 −
√

2Vl1N12)2, (30)

where the 3rd to 5th components of the chargino mass matrices are given by the neutrino
fields, and we have ignored the difference between the Z and W masses. It is easy to
show that, in the presence of a non-neglibile gaugino component of the neutralino,
Kχ̃0

1l
' g < ν̃L > /M2.

Comparing Eq. (2) with Eqs. (26) and (29), we conclude that the neutralino decay
into the γG̃ will be the dominant channel if

< ν̃L >

M2

<
∼

10

GFFSUSY
. (31)

For a characteristic value
√
FSUSY ≈ 106 GeV, this bound is of order 10−6. Hence,

unless the mixing angle between the neutrinos and neutralinos is extremely small, no
photons will be observable in the presence of the R-parity violating decays induced by
a sneutrino vacuum expectation value 2. Note, that the bound, Eq.(31), would be even
more stringent if a two body decay of the neutralinos into Zν or Wl were open.

It is interesting to compare the above bounds, Eq. (31), with the experimental
bounds coming from neutrino mass constraints. A quantitative estimate of the bounds
on the couplings and mixing angles may be obtained by considering the neutrino mass
generation in cases a) and b), and assuming that universal boundary conditions hold at
some scale Λ. The minimization of the scalar potential leads to

< ν̃L >

〈H1〉
≈
m2
H1L

m2
ν̃L

, (32)

2Observe that photons may be induced by the additional R-parity violating channel, χ̃0
1 → γν,

which is precisely the same signature as in gauge mediated models, with the gravitino replaced by the
neutrino. This radiative generated decay rate is, however, subdominant compared to the three body
decay channel
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where mν̃L is the running sneutrino mass. Under the assumption of radiative generation
of the bilinear terms, Eq. (32) can be rewritten as

< ν̃L >'
λLjk〈H1〉h1jk

16π2
ln

(
Λ2

M2
Z

)
, (33)

where we are ignoring factors of order one, proportional to the mass hierarchy of different
sparticles (Higgs) at low energies [15]. From the neutralino mass matrix, it appears that
the mass of the neutrinos is of order

mν ' g2< ν̃L >
2

M2

, (34)

where M2 is a typical gaugino mass, of order of the weak scale. Hence, as a function
of the experimental bound on the neutrino masses, mexp

ν , strong constraints on the
sneutrino vaccum expectation values, (and hence on the couplings and mixings) appear,

g < ν̃L ><
∼

√
M2m

exp
ν . (35)

For the three neutrinos we have [21]: mexp
ντ

<
∼ 24MeV , mexp

νµ
<
∼ 170KeV , and mexp

νe
<
∼

15eV . For the second and third generations the bound becomes even stronger if the
cosmological constraints coming from avoiding overclosing the universe [22] and valid
for any generation, are considered,

mν
<
∼ 40eV. (36)

Therefore, the sneutrino vacuum expectation value is constrained to be below

< ν̃L >

M2

<
∼ 10−5, or, equivalently for M2 'MZ < ν̃L ><

∼ 1MeV. (37)

We see that the cosmological bounds on the sneutrino vacuum expectation value are
close to the upper bound, Eq. (31), leaving only a small window for the R-parity
violating decays to overshadow the decays into gravitinos.3 Observe that, avoiding the
above bound would require the existense of new, non-radiative decay modes of the heavy
neutrinos, what would imply going beyond the physical framework under discussion [22].
For instance, the cosmological bounds may be avoided in the presence of Majorons, as

3A bound on the R-parity violating Yukawa couplings may also be obtained from Eqs. (33) and
(37). Going to the basis in which the down quark and lepton masses are diagonal, the sneutrino vacuum
expectation value becomes proportional to the square of those masses. Hence, a bound on the R-Parity
violating coupling may be obtained from these considerations:

λ2
Ldd

<
∼
mexp
ν M2

m2
d(N

d
C)2

(
16π2

log(Λ2/M2
Z)

)2

(38)

where md is the mass of the lepton or quark and Nd
C is it number of colors. This means that the

coupling λLbb is heavily constrained by these considerations. Independently of the value of Λ, it follows
λLbb <

∼ 10−3. This bound is of the same order, but somewhat more general than the usual bound
obtained from the low energy radiative corrections to neutrino masses [9], since it does not depend on
the exact value of the left-right mixing mass parameter.
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those appearing in models of spontaneous breaking of R-parity [20], which we shall not
discuss in this paper.

Other processes which can take place, via the neutralino-neutrino mixing are

ν̃L → lil̄i l̃→ liν̄i (39)

with widths

Γ '

(
g2 < ν̃L >

M2

)2
mν̃

16π
and Γ '

(
g2 < ν̃L >

M2

)2
ml̃

16π
, (40)

respectively, where for simplicity we have ommitted factors of order one. The decay
mode of sleptons and sneutrinos is induced by gauge coupling interactions. These
processes will look similar to those induced via trilinear R-parity violating couplings.
Hence, for the gravitino decay mode to be the dominant one, the bound on the sneutrino
vacuum expectation value is defined by Eq. (13), with λ replaced by g2 < ν̃L > /M2.

A final comment is in order. As said in the introduction, if the supersymmetry
breaking scale is large, photons are not a characteristic signature of the minimal super-
symmetric standard model, unless specific conditions are fulfilled. This can happen, for
instance, when M2 ' M1 and tanβ ' 1, in which case the two lightest eigenstates are
a photino and a Higgsino [6]. For low values of µ one can get the Higgsino as the LSP,
and the photino will have a one-loop induced decay into a Higgsino and a photon

γ̃ → γ + H̃ (41)

with a rate

Γ '
GFα

2

(4π)3

[
m2
γ̃ −m

2
H̃

mγ̃

]3

G(mχ̃+), (42)

where G(mχ̃+) ' O(m2
W/m

2
χ̃+). In general, the actual rate will be given by the above

expression, but replacing G(mχ̃+) by a complicated function of all particles contribut-
ing to the loop. In the above, we have assumed that the chargino-W+ contribution
is the dominant one. The photon signatures arising from these models are easily dis-
tinguishable from the ones arising in low energy supersymmetry breaking models by
the presence of massive final states carrying missing energy. In addition, the rate, Eq.
(42), is not suppressed by any strong factor and hence, in case it becomes the relevant
one, it will overshadow the R-parity violating decays of the neutralinos for values of the
trilinear couplings λ <

∼ 10−2.
We conclude that the observation of signatures with photons and missing energy,

will put very strong limits on all the trilinear R-parity violating couplings appearing
in the superpotential (or bilinear couplings in the cases that their effects are dominant
compared to those induced by the trilinear couplings). The only exception to these
rules can occur in the heavy gravitino case, for particular conditions in which the decay
of photinos into a photon and Higgsinos is not suppressed. This decay process is easily
distinguishable from the decay into LSP gravitinos. Relatively large R-parity violating
couplings may still be present in this case. In the case of bilinear R-parity violating
terms in the superpotential, we have obtained strong bounds on the sneutrino vacuum
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expectation values, and hence on the possible neutrino–neutralino or lepton chargino
mixing coming from the constraints on the neutrino masses. If the cosmological bounds
are considered, there is only a small window of allowed neutrino-neutralino (or lepton
-chargino) mixings, which would allow the observation of mixing-induced R-parity vio-
lating decays in models of low energy supersymmetry breaking.
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