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Abstract: Supersymmetric models with broken R-parity generate Majorana masses for neutrinos.

Since neutrinoless double beta decay (ββ0ν) is a ∆L = 2 process, it is especially sensitive to the

Majorana nature of the neutrino and from the non-observation of this process stringent limits for

R-parity violating parameters of the first generation can be derived. Here, ββ0ν decay is studied

in models where R-parity is broken via bilinear terms. Generally it is found that, although there

are a number of diagrams which contribute at the same level of perturbation theory the usual mass

mechanism of ββ0ν decay is the dominant contribution. Non-observation of ββ0ν decay then gives

upper limits on R-parity violating parameters of the order of typically a (few) 100 keV to a (few)

MeV .

1. Introduction

The minimal supersymmetric extension of the

standard model (MSSM) [1] contains a symmetry

called R-parity, defined as RP = (−1)3B+L+2S,
where B and L are the baryon and lepton num-

ber and S the spin of the corresponding particle.

However, theoretically R-parity is not well moti-

vated and it has been realized already years ago

that the violation of R-parity can arise as residual

effects in larger theories [2] or spontaneously due

to a sneutrino vacuum expectation value (VEV)

[3].

R-parity violating (RPV) realizations of su-

persymmetry have become increasingly interest-

ing, especially from the phenomenological point

of view, due to the mounting experimental evi-

dence for non-zero neutrino masses [4, 5, 6].

RPV models allow, without any fine-tuning

of parameters, for relatively small - and in princi-

ple calculable - Majorana neutrino masses. Since

Majorana neutrino masses violate necessarily lep-

∗based on work done in collaboration with J.W.F.
Valle, hep-ph/9812463

ton number by two units, one expects that neu-

trinoless double beta decay, being a ∆L = 2 pro-

cess too, must also occur if RPV SUSY is realized

in nature. 1

Unfortunately, ββ0ν decay has yet to be ob-

served, but its absence allows to put stringent

constraints on RPV supersymmetry. This has

been shown for models with explicit trilinear R-

parity breaking in [8, 9], and for bilinear R-parity

breaking in [10, 11]. This talk is mainly based on

[11]. For a discussion of the differences between

[11] and [10], see [11].

2. Supersymmetry with bilinear R-

parity breaking

In the presence of bilinear R-parity and lepton

number violation there is no distinction between

the lepton doublet and the Higgs doublet super-

field giving mass to the down-type quarks. This

1The connection between Majorana neutrino masses

and ββ0ν decay is quite general [7] and not restricted to

RPV SUSY.
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fact can be accounted for by defining a superfield

Φ̂ as

Φ̂ = (Ĥ1, L̂1, L̂2, L̂3). (2.1)

For the MSSM field content the most general

gauge invariant form of the renormalizable su-

perpotential can then be written as

W = εab

[
λIJke Φ̂

a
I Φ̂
b
J Ê
C
k + λ

Ijk
d Φ̂

a
I Q̂
b
jD̂
C
k

+ hjku Q̂
a
j Ĥ
b
2Û
C
k + µ

IΦ̂aI Ĥ
b
2

]
. (2.2)

Here, Q̂ and D̂C , ÛC are the quark doublet and

singlets superfields, respectively, ÊC is the lep-

ton singlet superfield and Ĥ2 the Higgs super-

fields with Y (Ĥ2) = 1 responsible for the up-type

quark masses, with hjku being the corresponding

Yukawa couplings. The indices j, k = 1, 2, 3 de-

note generations, whereas I, J = 0, 1, 2, 3. The

indices a, b are SU(2) indices. In the basis (2.1)

one can separate W into an R-parity conserving

and an R-parity violating (Rp/ ) part

W =WRP +WRp/ , (2.3)

where the RP part is simply given by taking I or

J to be zero and i, j respectively. Then λ0jke =
1
2h
jk
u and λ

0jk
d = hjkd . The Rp/ part contains the

remaining components,

WRp/ = λ
ijk
e L̂iL̂jÊ

C
k + λ

ijk
d L̂iQ̂jD̂

C
k + εiL̂iĤ2

(2.4)

where µi → εi, to make contact with the notation
of [12]. If WRp/ would be the only source of RPV

one could easily rotate the field Φ̂ into a basis Φ̂′

with µI
′
= (µ′, 0, 0, 0) effectively eliminating the

bilinear terms. However, another source of RPV

is found in the soft supersymmetry breaking part

of the scalar potential. It contains the terms:

V softRp/
= ÃIJke Φ̃IΦ̃J Ẽ

C
k + Ã

Ijk
d Φ̃IQ̃jD̃

C
k +B

IΦ̃IH2

+ (m2IJ + µIµJ)Φ̃I Φ̃
†
J + · · ·+ h.c., (2.5)

where the dots represent terms not interesting for

the discussion here. Rotating the superpotential

as discussed above, it is easy to see that as long

as the BI are not exactly parallel to the µI the

effects of the bilinear terms of the superpoten-

tial in the rotated basis will reappear in the soft

SUSY breaking terms. For this reason the bilin-

ear terms are physical and have to be taken into

account in all RPV SUSY models. 2

The presence of the lepton number violat-

ing bilinear terms in the superpotential, see eq.

(2.3), leads to mixing of the neutralino and neu-

trino states. The full neutrino-neutralino mass

matrix, for 3 generations of neutrinos can be writ-

ten in the following form,

M0 =

(
0 m

mT Mχ0

)
. (2.6)

Here, the submatrix m contains entries from the

bilinear Rp/ parameters,

m =


 −

1
2g
′ωe 12gωe 0 −εe

− 12g′ωµ 1
2gωµ 0 −εµ

− 12g′ωτ 12gωτ 0 −ετ


 , (2.7)

where the ωi stand for the sneutrino vevs, ωi :=

〈ν̃i〉. Mχ0 is the MSSM neutralino mass matrix,

given by,

Mχ0 =



M1 0 − 12g′v1 1

2g
′v2

0 M2
1
2gv1 − 12gv2

− 12g′v1 1
2gv1 0 −µ

1
2g
′v2 − 12gv2 −µ 0


 .

(2.8)

Diagonalizing the mass matrix (2.6) one obtains

seven mass eigenstates, from which at tree-level

two remain exactly massless, but mixed with the

other states.

If the Rp/ parameters are small in the sense

that for

ξ = m ·M−1
χ0 (2.9)

all ξij � 1, one can find an approximate solution
for the neutrino/neutralino mass matrix [11]. Al-

though (2.9) need not to be true a priori, it is

convenient to assume and justify it a posteriori.

In this limit it is easy to see, why two neutrinos

remain massless at tree-level, while the remain-

ing neutrino mass is approximately given by

mν =
M1g

2 +M2g
′2

4det(Mχ0)
|~Λ|2. (2.10)

2The following discussion will mainly concentrate on

the influence of the bilinear terms on ββ0ν decay, for a

discussion of ββ0ν decay and trilinear RPV see [8, 9].
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Here, |~Λ| is defined as
Λi = µωi − v1εi. (2.11)

and contains all relevant information about the

bilinear R-parity violation at tree-level.

In order to calculate the contributions to ββ0ν
decay, one has to find all possible lepton number

violating interactions, involving the first genera-

tion, for the model under consideration. For the

bilinear RPV model the relevant terms are [11]

L(Bilinear)
Rp/

= − g√
2
κnW

−
µ (ēγ

µPLχ
0
n) +

√
2g
{
βuk (ν̄kPRu

C)ũL

+ βdk(ν̄kPRd)d̃
∗
R

+ βeki(ν̄kPRe
C)ẽLi (2.12)

+ βc(ūPRe
C)d̃L

}
+ h.c.

The first term in eq. (2.12) is generated from the

Standard Model W -boson-fermion-fermion and

R-parity-conserving interactions of the typeW −
χ0 − χ± present in the MSSM. The R-parity-
violating terms arise from the χ±-fermion-sfermion
and χ0-fermion-sfermion interactions.

The coefficients in eq. (2.12) are defined as

follows,

κn =

3∑
k=1

∆−1kΞ
∗
n+3,k+

√
2∆−14Ξ

∗
n+3,5+∆

−
15Ξ

∗
n+3,6

(2.13)

βdk = −
1

3
tan θWΞk,4 (2.14)

βuk = −
1

6
(tan θWΞk,4 + 3Ξk,5) (2.15)

βeki = −
1√
2
∆−14Ξi,k +

1

2
(tan θWΞk,4 + Ξk,5)δi1

(2.16)

βc = − 1√
2
∆−14. (2.17)

Indices i, k above run from 1 to 3, whereas the

index n = 1, 2, 3, 4. Here, ∆− and Ξ are the
matrices which diagonalize the charged lepton-

chargino and neutrino-neutralino mass matrices,

for details see [11].

Neutrinoless double beta decay in this model

occurs through two different sources: a) The fi-

nite neutrino mass, see (2.10) and b) through the

finite neutrino-neutralino as well as the chargino-

charged lepton mixing [10, 11]. The leading order

diagrams are summarized in figure 1.
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Figure 1: Leading double-beta-decay Feynman

graphs in the Rp/ model.

Figure 1.a (top left) shows the ordinary mass

mechanism of ββ0ν decay, accompanied by heavy

neutralino exchange, fig. 1.b (top right) shows

the gluino/neutralino exchange contribution, which

is due to the non-zero charged-lepton-chargino

mixing in this model. Figures 1.c and 1.d are

neutrino-like graphs accompanied by supersym-

metric particle exchange. Such vector-scalar graphs

gave quite interesting constraints in models with

trilinear R-parity breaking [13]. In the bilinear

model, however, they give non-zero contributions

only in combination with trilinear RPV parame-

ters, or suppressed by Yukawa couplings. Thus,

although fig 1.c and 1.d are of the same order in

perturbation theory as fig. 1.a they can be safely

neglected in the analysis.

The half life for ββ0ν decay can then be writ-

ten as

(
T ββ0ν1/2

)−1
= G01(Mν)

2|η∆L=2|2. (2.18)

Here, G01 is the leptonic phase space integral,

numerical values can be found in [14],Mν is the

nuclear matrix element governing the well-known

mass mechanism of double beta decay and
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η∆L=2 =
〈mν〉
me

+ (
mP

〈mχ〉 + ηg̃)RN (2.19)

where RN = MN/Mν, and the vector-scalar

graphs have been neglected. The effective Ma-

jorana neutrino mass, 〈mν〉, the effective neu-
tralino mass 〈mχ〉 and ηg̃ are defined by,

〈mν〉 =
′∑
j

U2ejmj '
2

3

g2M2

det(Mχ0)
Λ21, (2.20)

ηχ =

4∑
i=1

mp

mχ0
i

κ2i =:
mp

〈mχ〉 , (2.21)

ηg̃ =
(4παS
9

)( 4πα2
G2Fm

4
d̃L

)(mp
mg̃

)
(βc)2, (2.22)

where GF is the Fermi constant,mp is the proton

mass andmg̃,d̃L the gluino, dsquark mass. The fi-

nal results do not depend on the numerical values

of me and mp which appear in these definitions,

since compensating factors appear in the origi-

nal definitions for the nuclear matrix elements

[15, 16]. Note, that the second relation in (2.20)

has been derived assuming Λ1 to be smaller than

the typical SUSY scale and using the usual GUT

assumption on M1, M1 = (5/3) tan
2 θWM2.

Individual nuclear matrix elements are de-

fined by,

Mν = (MGT,m − (gV
gA
)2MF,m), (2.23)

MN = (MGT,N − (gV
gA
)2MF,N), (2.24)

numerical values can be found in the literature.

In the following analysis the matrix elements of

[15, 16] have been used. Applying different calcu-

lations of the nuclear structure matrix elements

lead to slightly different bounds. However, given

the large margin of freedom in the MSSM pa-

rameters µ,M2 and tan(β), and the rather weak

dependence of the limits on RPV parameters on

the nuclear matrix elements (∆Λe '
√
∆Mnuc)

the main conclusions do not depend on this spe-

cific choice.

3. Discussion of the results

In the following analysis we will use the currently

most stringent limit on double beta decay

T1/2(
76Ge) ≥ 1.1× 1025ys (3.1)

found by the Heidelberg-Moscow experiment [17].

The experimental constraint eq. (3.1) to-

gether with the theoretical decay rate eq. (2.18)

defines an excluded area in a complex multi di-

mensional parameter space consisting of the Rp/

parameters as well as a number of MSSM param-

eters.

Let us first compare the short-range contri-

butions with the long-range (light) neutrino ex-

change. All of them are of the same order in

RPV parameters, i.e. proportional to Λ21. By

naively comparing the corresponding diagrams

one might think that they are of equal impor-

tance. Closer inspection, however, reveals that

this is not the case, and that the short-range con-

tributions are suppressed compared to the long-

range ones. This suppression is due to nuclear

physics effects. For heavy particle exchange the

two quarks interacting have to come very close

together, where the strong repulsive part of the

nucleon-nucleon interaction is important. For

point-like nucleons this contribution would be

zero, so that the corresponding nuclear matrix

elements become non-zero only due to the fi-

nite nucleon size. A naive estimate of the size

of the short-range contributions relative to the

neutrino mass contribution can be given by com-

paring the typical momentum scale of the nu-

cleons, order pF , with the typical mass scale of

SUSY particles mSUSY and thus is expected to

be pF /mSUSY ∼ 10−3.
Fig. 2 then shows the limits on the param-

eters ε1, for ω1 = 0, assuming tanβ = 1 as a

function of the MSSM parameters (M2, µ). Lim-

its typically of the order of a few hundred keV

are found, choosing M2 and µ of the order of up

to a few hundred GeV. Note, however, that the

limit on ε1 depends rather strongly on the choice

of tanβ, and detoriates proportional to tanβ for

large values of this parameter.
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Figure 2: Upper limit on the individual param-

eter ε1 for tanβ = 1 and ωi = 0 as a function of

(M2, µ).

While figure 2 shows, that for typical ranges

ofM2 and µ the upper bound on ε1 is of the order

of a few 100 keV, the limits in figure 2 are not

completely realistic, since they make the rather

unreasonable assumption ω1 = 0. It is more re-

alistic to plot the excluded ranges of parameters

in the (ε1, ω1) plane, for different choices of M2
and µ. The results are shown in figure 3.
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Figure 3.a: Upper limits on (ε1, ω1) assuming

〈mν〉 ≤ 0.5 eV, tanβ = 1 and µ = 100 GeV, for
different values of M2, M2 = 100, 200, 500, 1000

GeV. Note that the allowed range is always in

between two lines of constant M2.
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Figure 3.b: Same as figure 3.a, but for tanβ =

10.

Figure 3 shows, that assuming either ε1 or

ω1 to be equal to zero, one gets the correct order

of magnitude of constraint on the other quan-

tity, except in the narrow region where both are

approximately aligned to give Λ1 = 0.
3

Comparing figure 3.a with fig. 3.b it is also

seen, that the limit on ε depends on the choice

of tan(β), whereas the limit on ω1 does not. As

long as M2 and µ are in a realistic range, say

below 1 TeV, typical limits on ω1 of the order of

a few MeV are obtained.

4. Conclusion

I have discussed the contributions of (bilinear) R-

parity breaking supersymmetry to neutrinoless

double beta decay. This model mimics closely

the case of spontaneous breaking of R-parity. It

is found that ββ0ν decay constrains only a sub-

set of the possible bilinear parameters, namely ε1
and the sneutrino VEV of the first generation ω1.

For the first generationRp/ parameters ββ0ν decay

provides very stringent limits, typically of the or-

der of a few hundred keV up to a few MeV. With

these limits at hand it seems rather hopeless to

search for RPV in the first generation at colliders.

3In the tree-level calculation presented here, the dou-

ble beta decay amplitude is proportional to Λ21. However,

once 1-loop corrections are taken into account, this strict

proportionality is broken.
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4 From this point of view a possible interpreta-

tion of HERA events in terms of Rp/ interactions

would be rather unlikely. However, it is impor-

tant to stress that, even though rather stringent

constraints on the magnitude of the first gener-

ation Rp/ parameters have been found, these do

not limit in any way the attainable magnitudes

of R-parity breaking signatures expected at col-

liders, since the latter involve mainly the third

generation, i.e. they involve τ ’s or ντ ’s.

In the present study it is found that the main

origin ββ0ν decay in this model is the mass mech-

anism, other contributions are practically irrele-

vant.
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