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Effective R-parity violation from supersymmetry breaking
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We present a scenario in which Yukawa-likeR-parity violating~RPV! couplings are naturally suppressed. In
our model, RPV is assumed to originate from the SUSY breaking mechanism and then transmitted into the
SUSY Lagrangian only through soft SUSY breaking operators in the scalar potential. The RPV Yukawa-like
operators of the superpotential, conventionally parametrized by the couplingsl, l8 andl9, are then generated
through loops containing the SUSY scalars, the gauginos and the soft RPV interactions and are, therefore,
manifest as effective operators with a typical strength ofO(1023).
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One of the unresolved puzzles associated with supers
metric ~SUSY! theories is whether or notR parity (RP) is
conserved in the SUSY Lagrangian. On the one hand, a
eral SUSY theory allows the existence ofR-parity violating
~RPV! trilinear operators in the superpotential who
strength is naturally ofO(1). On theother hand, experimen
tal searches for RPV interactions yield null results, wh
seem to indicate that such RPV couplings, if they exist,
much smaller thanO(1) as long as the typical SUSY mas
scale is not much larger than the electroweak scale.
question then arises: why are the RPV Yukawa-like inter
tions so suppressed wherever they can emerge?

In this paper we propose a way for generating R
Yukawa-like effective operators, with a structure similar
the ones which may appear in the superpotential~i.e., the
usuall, l8 andl9 type RPV operators! @1#, however, with a
typical strength!O(1). We assume that the superpotent
conservesRP and that RPV ‘‘leaks’’ into the SUSY Lagrang
ian through the mechanism that breaks supersymmetry
particular, in this scenario the only place where RPV int
actions show up is in the scalar potential—in the form
three-scalar ‘‘soft’’ operators. Being soft, such scalar R
operators cannot renormalize the Yukawa-like RPV opera
and, so,the latter remain zero at all scales. Such a nonvan-
ishing low-energy RPV soft operator will, however, gener
an effective RPV Yukawa-like interaction through loops i
volving the soft interactions~for a related work see@2#!. In
general, one expects that these effective RPV interact
will show additional patterns~compared to the ‘‘regular’’l,
l8 and l9 ones! due to their explicit dependence on th
particles that run in the loops.

To illustrate how the new effective RPV couplings a
generated, assume thatRP is violated in the Lagrangianonly
through the pure leptonic~lepton number violating! soft
SUSY breaking operators:

DVRP ,L”
so f t 5eab

1

2
ai jk L̃ i

aL̃ j
bẼk

c1H.c., ~1!

whereL̃(Ẽc) are the scalar components of the leptonic SU~2!
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doublet ~charged singlet! supermultiplets L̂(Êc), respec-

tively, L̃5( ñL ,ẽL) and Ẽc5ẽR . Also, ai jk52ajik , due to
the SU~2! indicesa, b.

This obviously means that in our framework the superp
tential conservesRP , i.e., l, l8 andl9 as well as the bilin-

ear RPV terms (m i L̂ i Ĥu) are absent. For example,l i jk→0 in

DWRP ,L”5
1

2
eabl i jk L̂ i

aL̂ j
bÊk

c1H.c. ~2!

In order to realize this scenario, let us suppose that SU
breaking occurs spontaneously in a hidden sector at the
termediate scaleL;1010–1011 GeV, described by the
RP-conserving Fayet-O’Raifearartaigh superpotential:

W5m12F̂1F̂21gF̂3~F̂2
22M2!, ~3!

where m12;M;L and underRP the chiral superfields in

Eq. ~3! transform asF̂1 ,F̂2 ,F̂3→2F̂1 ,2F̂2 ,F̂3. SUSY
breaking can then be triggered by the vacuum expecta

values~VEV’s! of the auxiliaryF term (FF i
) of F̂1 ,F̂2 ,F̂3.

We choose the minimum of the potential in this model to

at AF1
5AF3

50, AF2
5MA12m12

2 /(2g2M2), which satis-

fies FF1
5m12AF2

, FF2
50 andFF3

5g(AF2

2 2M2).

Supergravity mediation of SUSY breaking can then
parametrized by the followingRP-conserving superpotentia

1

M Pl
E d2u@F̂1L̂L̂Êc1F̂2L̂L̂Êc#1H.c., ~4!

which will spontaneously breakRP and induce the soft op
erator in Eq.~1! with a;FF1

/M Pl;L2/M Pl;mW for m12

;M;L. The superpotential in Eq.~4! will also generate the
operators}l in Eq. ~2! with an extremely suppressed co
pling: l}AF2

/M Pl;L/M Pl;1029–1028 at the high scale,
essentially causing the soft operator in Eq.~1! to be the only
source for RPV in this model. Alternative mechanisms
the generation of RPV were suggested in@3#.

In general, other operators which couple the hidden se

superfieldsF̂1 ,F̂2 ,F̂3 to the observable sector can be co
structed, which will generate an RPVm-like term as well as
©2004 The American Physical Society04-1
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a soft bilinear termBiL̃ iHu ~for a somewhat similar exampl
see e.g.,@4#. One can always rotate away them i term at the
high scale by a field redefinition. In the absence of
Yukawa-like trilinear terms,m i will remain zero at all scales
at the one loop order~see@5#!. The Bi ’s can also be rotated
away at the high scale; however, even if they are zero at
high scale they will be radiatively~one-loop! generated by
the non-zero soft trilineara term in Eq. ~1! and evolved
down to the electroweak~EW! scale through the RGE. Sinc
for l→0 andm i→0 the RGE forBi takes a relatively simple
form @5#, Bi(MZ) can be easily estimated. In the leadin
logarithm we get

Bi~MZ!;2
1

16p2
ht~MZ!m~MZ!ai33~MZ!lnS M Pl

2

MZ
2 D ,

~5!

whereht is thet Yukawa coupling andm is the usualm term
(mĤuĤd).

Let us now define the effective RPV terms which are g
erated at one-loop through the soft operator in Eq.~1! via
diagrams of the type shown in Fig. 1 as follows:

LRP

e f f[
1

2 S ai jk

16p2D @ ñLi ēk~AL,i jkL1AR,i jkR!ej

1BL,i jk ñLi n̄kLn j1CL,i jk ẽL j ēkLn i1DL,i jk ẽRkn̄ i
cLej

2~ i→ j !#1H.c., ~6!

where i , j ,k are generation indices andL(R)[(1
2(1)g5)/2. Note that the customary RPV operators in E
~2! are obtained by setting:AR,i jk5BL,i jk50, AL,i jk
5CL,i jk5DL,i jk51 GeV21 andai jk516p2l i jk GeV.

The particles running in the loop diagrams for each of
form factors in Eq.~6! are ~i! ẽLẽRxn

0 for the ñLi ēkej term,

wherexn
0 are the four neutralinos (n5124), ~ii ! ẽLẽRxm for

the ñLi n̄kn j term, wherexm are the two charginos (m

FIG. 1. A typical one-loop diagram that generates an effec

l-like operator similar to Eq.~2!. ,̃ is either a charged slepton or
sneutrino and, is a lepton or a neutrino.a is the trilinear soft
breaking coupling defined in Eq.~1!.
07500
e
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51,2), ~iii ! ẽRñLxn
0 for the ẽL j ēkn i term and ~iv! both

ẽLñLxn
0 and ẽLñLxm for the ẽRkn̄ i

cej term.
Calculating these loop diagrams we find thatBL,i jk}mn ,

i.e., no ñ n̄n term in the limit of zero neutrino masses. Als
AR,i jk!AL,i jk since AR,i jk is proportional to the leptonic
Yukawa couplings. Thus, neglecting terms which are prop
tional to the external lepton masses and to the lepto
Yukawa couplings we find

AL,i jk5
e2

sWcW
2 (

n51

4

mx
n
0C 0

a(n,i jk )ZN
1n~ZN

1nsW1ZN
2ncW!,

CL,i jk52
e2

sWcW
2 (

n51

4

mx
n
0C 0

c(n,i jk )ZN
1n~ZN

1nsW2ZN
2ncW!,

DL,i jk5
e2

2sW
2 cW

2 H (
n51

4

mx
n
0C 0

d1(n,i jk )@~ZN
1n!2sW

2 2~ZN
2n!2cW

2 #

1 (
m51

2

2cW
2 mxm

C 0
d2(m,i jk )Z1m

1 Z1m
2 J , ~7!

whereZN
i j andZi j

1 , Zi j
2 are the matrices that diagonalize th

neutralino and chargino mass matrices, respectively, as
fined in @6#, sW(cW) is the sine~cosine! of the weak mixing
angle uW , and C 0

a(n,i jk ) , C 0
c(n,i jk ) , C 0

d1(n,i jk ) , C 0
d2(n,i jk ) are

the three-point loop integrals defined via

C0~m1
2 ,m2

2 ,m3
2 ,p1

2 ,p2
2 ,p3

2!

[E d4q

ip2

1

@q22m1
2#@~q1p1!22m2

2#@~q2p3!22m3
2#

,

~8!

and

C 0
a(n,i jk )[C0~mx

n
0

2
,mẽkR

2 ,mẽjL

2 ,mek

2 ,mñ iL

2 ,mej

2 !,

C 0
c(n,i jk )[C0~mx

n
0

2
,mẽkR

2 ,mñ iL

2 ,mek

2 ,mẽjL

2 ,mn i

2 !,

C 0
d1(n,i jk )[C0~mx

n
0

2
,mñ iL

2 ,mẽjL

2 ,mn i

2 ,mẽkR

2 ,mej

2 !,

C 0
d2(m,i jk )[C0~mxm

2 ,mẽiL

2 ,mñ jL

2 ,mn i

2 ,mẽkR

2 ,mej

2 !. ~9!

Since the soft RPV trilineara term in Eq.~1! generates the
soft RPV bilinear termBi through the RGE@see ~6!#, an

TABLE I. Values for the effective RPV form factorsAL,i jk ,
CL,i jk and DL,i jk within the Snowmass 2001 benchmark poin
SPS1, SPS2, SPS4 and SPS5 of the mSUGRA parameter spac@6#.

Effective coupling
(GeV21) SPS1 SPS2 SPS4 SPS5

uAL,i jk u3104 3.5–3.6 0.08 0.8–1.3 2.5–2.6
uCL,i jk u3104 3.4–3.5 0.08 0.7–1.1 2.5–2.6
uDL,i jk u3104 6.8 0.3 2.0–2.6 5.2–5.3

e

4-2
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FIG. 2. Contours of the RPV effective form factorsAL , CL and DL ~in GeV21) in the (m-M2) plane for tanb53 ~left panel! and
tanb535 ~right panel!. The shaded region in each figure is disallowed by the lighter chargino and the lightest neutralino mass boun
LEP2 (mx

1
6.87 GeV andmx

1
0.23 GeV) corresponding to theR-parity violating scenario@8#. See also text.
ng
e-
o be
effective l̃ l l interaction (l for lepton andl̃ for slepton! of the
type ~7! can also arise from slepton–Higgs boson mixi
(}Bi /B0, whereB0 is theRP-conserving soft bilinear term!
followed by the Higgs boson couplings to leptons (}hl

jk ,
07500
where hl
jk is the Higgs boson–l j l k Yukawa coupling!. The

contribution of this diagram to thel̃ l l coupling is therefore
}hl

jk3Bi /B0, and can be easily estimated when all tre
level low energy SUSY mass parameters are assumed t
4-3
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of the same size, i.e.,AB0(MZ);m(MZ);ai jk(MZ)
;MSUSY. Thus, from Eq.~5! it is clear thathl

jk3(Bi /B0)
;(hl

jkht/16p2)3 ln(MPl
2 /MZ

2). For j Þk and for j 5k51,2
this effect is negligible, while forj 5k53 ~couplings involv-
ing the t) we have l̃ l 3l 3;(ht

2/16p2)3 ln(MPl
2 /MZ

2), which

gives l̃ l 3l 3;1024 for tan2b;O(10) and l̃ l 3l 3;1022 if
tan2b;O(1000). This effect will be studied in further deta
in @9#.

In Table I we give a sample of our numerical results
the three effective RPV couplings in Eq.~7!, corresponding
to the ‘‘Snowmass 2001’’ benchmark points SPS1, SP
SPS4 and SPS5 of the minimal SUperGRAvity~mSUGRA!
scenario@7#. The ranges of values in Table I for each effe
tive operator are due to slight differences in the slep
masses for different generationsi , j ,k. We see that the SPS
and SPS5 scenarios give the largest effective couplings
the order of 1024–1023 if ai jk;16p2 GeV;150 GeV.

Let us also evaluate the effective RPV form facto
AL,i jk , CL,i jk and DL,i jk in a low energy SUSY framework
where the SUSY parameter space is defined at the e
troweak scale. In particular, in the most general caseAL,i jk ,
CL,i jk andDL,i jk depend on tanb, theRP conserving bilinear
Higgs boson mass termm, the three gaugino mass param
etersM1 , M2 andM35mg̃ (mg̃ is the gluino mass! and the
slepton masses. For simplicity, we assume the grand un
theory ~GUT! relationship between the SU~3!, SU~2! and
U~1! gaugino mass parameters, namely,M25(a2 /a3)mg̃
and M15(5/3)tan2uWM2, wheremg̃ is taken to be a free
parameter. We further assume that all the charged slep
and the sneutrinos get a universal contribution,m0, to their
masses at the electroweak scale. Thus, the masses o
charged sleptons and the sneutrino are given by~including
the usual D-term contributions!

mẽR

2
5m0

22sin2uWmZ
2cos 2b ~10!

mẽL

2
5m0

22~1/22sin2uW!mZ
2cos 2b ~11!

mñL

2
5m0

21
1

2
mZ

2cos 2b. ~12!

Under these conditions, our relevant low-energy SU
parameter space is reduced to four parameters: tanb, m, mg̃
andm0.

Using the above SUSY parameter space, in Fig. 2
show contour plots of our effective RPV couplingsAL , CL
andDL ~in GeV21) in the m-M2 plane (M2 is fixed bymg̃
due to the GUT relation mentioned above!, for two discrete
choices of tanb, namely, tanb53 and 35. It should be
noted that the numbers corresponding to a particular ef
tive operator are flavor blind since we have assumed a
.C

07500
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versal contribution to the soft scalar masses. We can see
Fig. 2 that for slepton masses of 100 GeV~the values ofm0

in each of the plots are chosen to give slepton masses of
GeV! and if ai jk;16p2 GeV andumu as well asM2 are of

the order of several hundred GeV, then theñee, ẽLen and

ẽRnce effective couplings in Eq.~6! range between 4

31024–231023, where theẽRnce effective coupling is the
largest of the three.

The existing upper bounds onl i jk ~see, e.g., Allanach
et al. in @1#! are larger than the expected values of our eff
tive couplings if the trilinear soft breaking RPV couplingai jk

is of the order of the electroweak mass scale. We note tha
the general case of soft lepton number violation, the sc
potential may also contain the RPV soft opera

eabai jk8 L̃ i
aQ̃j

bD̃k
c , in which case bothl-like andl8-like RPV

interactions may be effectively loop generated. Then,
more stringent limits on thell8 coupling products can be
applied to constrain our scenario. This will be investigated
a future work@9#.

Finally, in our model the soft RPVa term in Eq.~1! gives
rise to a neutrino mass only at the two-loop level~see@2#!, or
equivalently, as an effective ‘‘tree-level’’ neutrino mas
which is generated by the sneutrino VEVs (v i) and is}v i

2 .
Since v i}Bi /MSUSY @10# and since in our modelBi is a
one-loop quantity, clearly this also is essentially a two-lo
effect. Similarly, ‘‘one-loop’’ neutrino masses involving tw
vertices of our effectivel ’s are essentially a three-loop e
fect.

To summarize, we have postulated that RPV can eme
in the hidden sector through the same mechanism that br
SUSY and then transmitted to the SUSY dynamics at so
high energy scale, only in the form of soft operators. A viab
hidden sector model that gives rise to softly broken RPV w
presented.

In this scenario Yukawa-like RPV operators are genera
only through loops involving the RPV soft interactions. Su
effective Yukawa-like RPV interactions are similar~albeit
richer! in structure to the conventionall, l8 and l9 ones
which, in most RPV scenarios, are addedad hoc in the su-
perpotential.

We have shown that this framework naturally explains
smallness and, therefore, the present non-observability
RPV interactions in low and high energy processes. The
plications of our effective RPV scenario to thel8 and
l9-type couplings, as well as to bilinear RPV, will be d
tailed in @9#.
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