
R-parity = discrete symmetry defined as:

                                                    {
Introduced in the MSSM in order to avoid fast proton decay from 
supersymmetric baryon and lepton number violating interactions:

                                                        ⇒ 

Consequences of R-parity: proton stability; superpartners produced in pairs; 
stable LSP (dark matter, missing energy signals at colliders)

LFV physics at the TeV scale: R-parity violating Susy
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However, R-parity is not unavoidable: forbidding the λ’’ couplings is enough 
to ensure proton stability

→ scenario where R-parity is violated by the lepton number violating 
couplings λ and λ’ only (and possibly also μi)

→ rich phenomenology at colliders, depending on the size of λ and λ’ (LSP 
decays and displaced vertices / RPV sparticle decays, single sparticle production...)

→ possibility of generating neutrino masses

→ LFV decays of charged leptons (               at tree level)

                                                         

                                                                                  

• tree-level neutrino mass from μi-induced neutrino/higgsino mixing

• 1-loop neutrino masses induced by λ and λ’ (need                                 )λ, λ′ ∼ 10−4 − 10−3
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→ LFV decays of the LSP (from bilinear RPV):

                     Neutrino masses from R-parity violation

1) no bilinear R-parity violation (μi = 0 and no bilinear RPV soft terms
                  and               ) 

Neutrino masses at one loop, right ballpark for                              but large 
number of parameters (9 + 27). Can expand:                          

χ̃0
1 → W±l∓, Zν

χ̃0
1 → l±qq̄′, qq̄ν, l+l−ν

BiεiL̃iHu m̃2
diH

†
dL̃i

Figure 5.1: One-loop contributions to neutrino masses and mixings induced by the trilinear

!Rp couplings λijk (a) and λ′
ijk (b). The cross on the sfermion line indicates the insertion of a

left-right mixing mass term. The arrows on external legs follow the flow of the lepton number.

The massive neutrino is mainly a superposition of the electroweak neutrino eigenstates, and

its flavour composition is given, in the basis we are considering, by the superpotential !Rp mass

parameters µi [181]:

ν3 " 1√∑
i µ

2
i

(µ1νe + µ2νµ + µ3ντ ) . (5.7)

In terms of mixing angles, this gives the relations
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3

, (5.8)

while sin θ12 is undetermined.

5.1.3 One-Loop Contributions Generated by Trilinear !Rp Couplings

At the one-loop level, a variety of diagrams involving the trilinear !Rp couplings λ and λ′ and/or

insertions of bilinear !Rp masses contribute to the neutralino-neutrino mass matrix, thus correct-

ing Eq. (5.5). In this subsection, we concentrate on the diagrams involving trilinear !Rp cou-

plings only. These diagrams represent the dominant one-loop contribution to neutrino masses

and mixings when bilinear R-parity violation is strongly suppressed (i.e. when sin ξ " 0 and
sin ζ " 0 in the language of subsection 2.3.1, where the angle ζ formed by the 4-vectors
Bα ≡ (B0, Bi) and vα ≡ (v0, vi) controls the Higgs-slepton mixing ). The one-loop diagrams
involving bilinear!Rp masses will be discussed in the next subsection.

The trilinear !Rp couplings λijk and λ′
ijk contribute to each entry of the neutrino mass matrix

through the lepton-slepton and quark-squark loops of Fig. 5.1, yielding [24, 182]
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Here the couplings λijk (resp. λ′
ijk) and the left-right slepton mixing matrix m̃e 2

LR = (Ae
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√
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are expressed in the basis in which the charged lepton masses (resp. the down quark masses) as
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λ, λ′ ∼ 10−4 − 10−3
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Enough freedom in the RPV couplings to reproduce the observed neutrino masses 
and lepton mixing and simultaneously evade the strong bounds from LFV processes

Not really a consistent framework though: trilinear RPV couplings induce 
bilinear RPV at the quantum level

2) bilinear R-parity violation present 

Tree-level neutrino mass from higgsino-neutrino mixing (here vi = 0):

where                           , and more generally ξ is the angle between the 4-
vectors           and            . ξ is zero if universal soft terms, or if RPV soft 
terms satisfy “alignment” conditions

A single neutrino massive at tree-level (with flavour composition determined 
by the μi). All neutrinos massive at the loop level.
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1-loop contributions to the neutrino mass matrix from bilinear and trilinear 
RPV parameters:

Need 2 RPV vertices or mass insertions. Bilinear RPV parameters can do the 
job alone [even only bilinear RPV soft terms, see Abada, Losada]

Figure 5.2: Schematic description of the one-loop diagrams contributing to neutrino masses

and mixings, divided into three classes as described in the text. !Rp mass insertions on internal

and/or external lines are not shown. The arrows on external legs follow the flow of the lepton

number.

external legs, which renormalize the tree-level neutrino mass, one can divide the one-loop con-

tributions to the neutrino mass matrix into three classes (see Fig. 5.2), depending on which

couplings appear at the two vertices (a diagram with two couplings λ1 and λ2 at the vertices

will be denoted by (λ1, λ2)) [191]:

(i) diagrams involving trilinear !Rp couplings and/or Yukawa couplings at the vertices, with

charged fermions and scalars in the loop; in addition to the (λ, λ) and (λ′, λ′) diagrams

discussed above, there are (λ, λe) and (λ′, λd) diagrams with one !Rp mass insertion, and

(λe, λe) and (λd, λd) diagrams with two !Rp mass insertions;

(ii) diagrams involving two gauge couplings, with a neutralino and neutral scalars in the loop

[184, 38]; these diagrams have two !Rp mass insertions;

(iii) diagrams involving a trilinear !Rp coupling or a Yukawa coupling at one vertex and a gauge

coupling at the other vertex, with a chargino and charged fermions and scalars in the loop;

the (g, λ) and (g, λ′) diagrams have one !Rp mass insertion, while the (g, λe) and (g, λd)

diagrams have two !Rp mass insertions.

Each of these diagrams contains two !Rp interactions, which can be trilinear (λ and λ′ couplings),

mass insertions on lepton or higgsino lines (µi mixing parameters or slepton VEVs vi), LR

mixing mass insertions on scalar lines (slepton VEVs vi) or soft !Rp mass insertions on scalar

lines (Bi and m̃2
di parameters). Note that the mass insertion approximation is valid only in a
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(only             present in WRP, and the corresponding soft terms 
               in the scalar potential)

Parameters: 

where                           (sneutrino vevs)

⇒ neutrino masses generated at tree + 1-loop level, with in particular

                                                                                  

→ the BR’s of the LFV decays of the LSP are correlated with the measured 
oscillation parameters, e.g.

→ LFV in the charged lepton sector negligible
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[ Mukhopadhyaya, Roy Vissani – Hirsch, Porod, Romao, Valle ] 

A particulary predictive scenario: bilinear R-parity breaking

BR (µ→ eγ) < 10−17 BR (τ → µγ, eγ) < 10−16



Note: neutrino data requires small R-parity violating couplings

⇒ superpartner production and decays as in the MSSM with R-parity; only 
difference = LSP decay with a potentially measurable decay length, allowing
to identify its decay products

Scan over the MSSM parameters: [Hirsch, Porod, Romao, Valle]
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Assume MSSM spectrum known within 10% : [Hirsch, Porod, Romao, Valle]

Parameters:                               

Statistical error:                                                                  

m0 = 500GeV, M2 = 120GeV, µ = 500GeV
A0 = −500 GeV, tanβ = 5

Correlations
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Summing over all neutrinos.

Assumptions:

- spectrum, mixing angles

within 10 percent

- statistical error: 105 χ0
1

Parameters:

M2 = 120 GeV, µ = 500 GeV

tanβ = 5, m0 = 500 GeV

A = −500 GeV
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