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The fate of R-parity in supersymmetric theories is discussed in detail. We make a strong case for
R-parity violation showing that the simplest theories based on the local B-L symmetry predict the
spontaneous breaking of R-parity at the SUSY scale. The possible implications for the searches at
the Large Hadron Collider are discussed.

I. INTRODUCTION

The experimental collaborations at the Large Hadron
Collider could discover Supersymmetry (SUSY) in the
next years if this idea is realized at the TeV scale. Un-
fortunately, the simplest supersymmetric extension of the
Standard Model (MSSM) cannot predict the masses of
the supersymmetric particles and very often the so-called
R-parity discrete symmetry is assumed to be conserved.
As is well-known the collider signatures of the MSSM de-
pends of the violation or conservation of R-parity. There-
fore, one can say that the fate of R-parity plays a major
role in the discovery of SUSY at the LHC.

In the context of the MSSM there are interactions vi-
olating the baryon or lepton numbers at the renormaliz-
able level

W ⊃ ǫL̂Ĥu + λL̂L̂êc + λ
′

Q̂L̂d̂c + λ
′′

ûcd̂cd̂c. (1)

Here the first three interactions violate the total lepton
number while the last term breaks the baryon number.
When we combine the last two terms one gets the di-
mension four contributions to proton decay [1]. If these
couplings, λ

′

and λ
′′

, are of order one and we assume
low scale SUSY, where the mass of the squarks are at
the TeV scale, we get a very small lifetime for the pro-
ton, τp ∼ 10−20 years. It is important to mention that the
current experimental bounds on the proton decay lifetime
are very strong, i.e. τexpp > 1032−34 years. This critical
issue has motivated different solutions: a) One can im-
pose a discrete symmetry defined as M = (−1)3(B−L),
which forbid all the interactions above. M is called
matter-parity and is related to R-parity by the relation
M = (−1)2SR. In our notation, B and L are the baryon
and lepton numbers, while S is the spin of the parti-
cle. This solution is maybe too conservative because to
avoid fast proton decay one does not need to forbid all
the above couplings. b) One can assume that these cou-
plings are very small, λ

′

λ
′′

< 10−26, or c) Assume very
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large squark masses as in the case of split SUSY. Here we
will discuss the possibility to understand dynamically the
origin of these interactions and the possible predictions
for the LHC searches.
The simplest way to understand the origin of the B

and L violating interactions in the MSSM is to consider
a theory where B −L is inside the algebra. The relation
between M parity and B − L has been investigated
by many groups [2–9]. It is important to say that
most of the people in the SUSY community assume
the conservation of matter parity because the lightest
neutralino can describe the cold dark matter of the
Universe. However, this is just one possibility and as I
mentioned above, once you impose matter parity you
just overkill the MSSM.

The main aim of this talk is to prove that

The simplest theories based on local B − L predict that

R-parity MUST be spontaneously broken !

The main results presented here were found first in the
context of a left-right symmetric theory [10] and later
investigated in the context of the minimal B−L extension
of the MSSM [11].

II. THE THEORY OF R-PARITY

The simplest theory where one can understand the ori-
gin of the baryon and lepton number violating interac-
tions in the MSSM at the renormalizable level is based
on the gauge group [11]

GB−L = SU(3)C ⊗ SU(2)L ⊗ U(1)Y ⊗ U(1)B−L.

The matter sector is composed of the MSSM chiral su-
perfields

Q̂ ∼ (3, 2, 1/6, 1/3), ûc ∼ (3̄, 1,−2/3,−1/3),

d̂c ∼ (3̄, 1,−1/3,−1/3), L̂ ∼ (1, 2,−1/2,−1),

êc ∼ (1, 1,−1, 1), and ν̂c ∼ (1, 1, 0, 1).

Here, the right-handed neutrino superfields are needed to
define an anomaly free theory. They cancel the anomalies
U(1)B−L and U(1)3B−L.
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The Higgs superfields are the same as in the MSSM,

Ĥu ∼ (1, 2, 1/2, 0), and Ĥd ∼ (1, 2,−1/2, 0).

Therefore, one should worry about how to break the
gauge symmetry GB−L to the SM symmetry.
The only way to generate mass for the B − L gauge

boson in the minimal model is to generate a vacuum
expectation value for the right-handed sneutrinos, i.e.
〈ν̃c〉 6= 0. Then, one can say that the minimal B − L
model predicts the spontaneous breaking of R-parity and
one should expect lepton number violation at the Large
Hadron Collider if low energy supersymmetry is realized
in nature.
The superpotential of this theory is quite simple

WB−L = YuQ̂Ĥuû
c + YdQ̂Ĥdd̂

c + YeL̂Ĥdê
c

+ YνL̂Ĥuν̂
c + µĤuĤd. (2)

Making use of the new B − L contribution to the D-
terms and the soft terms, one can prove that the vacuum
expectation value (VEV) for the right-handed sneutrino
is given by [11]

〈ν̃c〉 =

√

−4M2
ν̃c

g2BL

. (3)

Here gBL is the B − L gauge coupling and Mν̃c is the
soft mass for the ν̃c field. Notice that in order to have
a consistent symmetry breaking mechanism we need a
negative M2

ν̃c . The same is assumed for the Higgs in the
Standard Model. As one expects the R-parity and B−L
breaking scales are determined by the SUSY breaking
scale.
After symmetry breaking one predicts the existence of

lepton number violating couplings at the renormalizable
level, while the baryon number violating terms are gener-
ated at the non-renormalizable level [12]. Therefore, as-
suming a large cutoff or the great desert, one can satisfy
the bounds on the proton decay lifetime. The same has
to be assumed for the allowed dimension five operators
Q̂Q̂Q̂L̂/Λ. See Ref. [1] for the study of these operators.
There are two simple ways to explain dynamically the

negative mass squared of the right-handed sneutrinos.
Assuming that the soft masses for the right-handed
sneutrinos of each generation are different at the grand
unified scale, it is possible to generate a negative mass
squared for one of them at the low scale. For details see
Refs. [13–15]. The second possibility is to go beyond the
minimal model and assume that the right-handed neutri-
nos couple to a new Higgs with a large coupling [16, 17].

How do we test the predictions coming from this

theory?

As in any gauge extension of the SM one has new gauge
bosons. In this case the mass of the new B − L gauge
boson is predicted by the SUSY scale. At the same time

since R-parity and lepton number is broken after sym-
metry breaking one should expect some exotic signals at
the LHC. We have investigated this issue in Ref. [12] and
proposed the channels with multileptons as possible sig-
nals coming from this theory. In the case when the light-
est neutralino is the lightest supersymmetric particle one
can think about the pair slepton production through the
photon, the Z and the B − L gauge boson ZB−L,

p p → γ, Z, ZB−L → ẽ∗i ẽi → e+i e
−
i χ̃

0
1χ̃

0
1

→ e+i e
−
i e

±
j e

±
k W

∓W∓ → e+i e
−
i e

±
j e

±
k 4j.

Therefore, one can have channels with four leptons, three
of them with the same electric charge, and in order to
look for lepton number violation one should use the jets
from the W decays. The numerical predictions for the
cross section and branching ratios have been investigated
in Ref. [12]. Since the background for these exotic signa-
tures is suppressed one can hope to discover or set strong
bounds on the masses of these particles. It is important
to mention that in this context the gravitino can be the
dark matter candidate or one can use the idea proposed
in Ref. [18], where the dark matter sector is supersym-
metric.
We have mentioned that the main idea discussed here

was pointed out for the first time in the context of left-
right symmetric theories [19–22]. In Ref. [10] we have
shown that in the minimal supersymmetric left-right
symmetric theory based on

SU(2)L ⊗ SU(2)R ⊗ U(1)B−L,

one must have the spontaneous breaking of R-parity. In
this context the leptonic superfields are given by

L̂ =

(

ν̂
ê

)

∼ (2, 1,−1), and L̂c =

(

ν̂c

êc

)

∼ (1, 2, 1). (4)

Since the Higgs present in the minimal model is the
bidoublet, Φ̂ ∼ (2, 2, 0), the only way to break the
SU(2)R ⊗ U(1)B−L symmetry is to give a vacuum ex-
pectation value to the right-handed leptonic double L̂c.
Here the VEV of the right-handed sneutrino is given by

vR =

√

−8M2
L̃c

g2BL + g2R
. (5)

The coupling gR is the gauge coupling associated to
SU(2)R and ML̃c is the soft mass for the leptonic

doublet L̃c. We should mention that in order to achieve
the symmetry breaking in this context, we need to
assume that the soft terms in the leptonic sector break
the left-right discrete symmetry. As one can appreciate
here, we can get a similar result as in the minimal
B−L model discussed above. If we stick to the minimal
supersymmetric left-right model R-parity must be
spontaneously broken.
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What about R-parity conservation?

If the minimal B − L theory predicts R-parity viola-
tion, we need to go beyond the simple model to explain
dynamically the conservation of R-parity. Therefore, we
need to add extra Higgses with even number of B−L [7]
or use the Stueckelberg mechanism [23] to generate mass
for the new gauge boson. In both cases one needs to do
more model building.

This issue has been discussed in the context of left-right
models. In order to achieve the conservation of R-parity
you need to add many Higgses, see Refs. [24, 25]. In
the context of SU(5) we cannot explain the conservation
of R-parity, while in SO(10) you need to assume a very
involved Higgs sector [9]. Since these theories are not
very appealing, I do not understand why the people in the
SUSY community always assume R-parity conservation.
This scenario can be simple but not very well-motivated
from the theoretical point of view.

Finally, I would like to mention a more radical scenario
where there is no need to assume the existence of a great
desert to suppress the dimension five operators mediating
nucleon decay. One can define a simple theory where B
and L are local symmetries that are spontaneously broken
at the low scale. We have shown in Refs. [26, 27] the
different possibilities. The details of this discussion are
beyond the scope of this talk.

III. SUMMARY

In this talk I have discussed that the minimal theories
based on the B − L gauge group predict that R-parity
must be spontaneously broken and one expects lepton
number violating signatures at the LHC. It is important
to emphasize that there are no simple grand unified
theories defined in four dimensions which predict the
conservation of R-parity in Supersymmetry. Therefore,
one can say that there is a lack of theoretical motivations
for R-parity conservation. In summary, I would like
to repeat that the spontaneous breaking of R-parity is
well motivated and could be crucial for the discovery of
Supersymmetry at the LHC. I hope that these results
will motivate more experimental studies for R-parity
violating signatures at the Large Hadron Collider.

Acknowledgments : I thank the organizers of SUSY2012
for the invitation, the warm hospitality and an excellent
conference. I am grateful to my collaborators Vernon
Barger, Pran Nath, Sogee Spinner, and Mark B. Wise
for many discussions and great collaborations.
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persymmetric Dark Matter Sectors,” Phys. Lett. B 718

(2012) 75 [arXiv:1207.2529 [hep-ph]].
[19] J. C. Pati and A. Salam, “Lepton Number As The Fourth

Color,” Phys. Rev. D 10 (1974) 275 [Erratum-ibid. D 11

(1975) 703].
[20] R. N. Mohapatra and J. C. Pati, “A Natural Left-Right

Symmetry,” Phys. Rev. D 11 (1975) 2558.



4
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