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We present a class of constraints on products and combinations of Yukawa couplings for R parity
violating ( 6Rp) and lepton flavor conserving as well as violating semileptonic decays of K mesons into light
pseudoscalar mesons along with two charged leptons at 1� and 2� levels. We compare the constraints
obtained by semileptonic rare decays with pure leptonic rare decays and find that most of these bounds are
now improved over the existing ones. We also study the forward-backward asymmetry in the decays of
K� ! ��l�l� (l � e and �) in the absence of tensor terms. The asymmetry is found to be up to O�10�3�
(O�10�1�) for the electron and muon modes, respectively. The asymmetry is found to be as large as
O�10�1� in the case of K� ! ������.
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The standard model (SM) gives a well-tested and estab-
lished theory. However the SM is not a complete gauge
theory and leaves some questions unanswered.
Supersymmetry (SUSY) provides a framework beyond
the SM by assuming the existence of spartners of fermions
and bosons. This results in renormalizable and gauge in-
variant interactions which violate baryon (B) and lepton
(L) numbers. Here the scalar fermions are responsible for
mediating such interactions. This leads to the dangerous
impact on the stability of matter, i.e., there will be fast
proton decay. So in order to protect such a decay one
imposes a discrete symmetry known as R parity, which is
defined as R � ��1�3B�L�2S, where B, L, and S are baryon
number, lepton number, and spin of a particle [1]. Any R
parity conserving Lagrangian which gives a phase (� 1) to
the sparticles and leaves the standard particles invariant
implies two immediate consequences: first, the sparticles
should be pair produced; second, the lightest supersym-
metric particle (LSP) must be stable which leads to the
celebrated missing ET signature of the SUSY event in high
energy detectors and renders the LSP a cold dark matter
particle candidate [2]. Although desirable for many reasons
the R parity conservation has no well-motivated theoretical
grounds. On the other hand relaxing the R parity conser-
vation in a special way gives new insight into long-
standing problems of particle physics, in particular, to the
neutrino mass problem [3]. It is remarkable that in this
framework one neutrino can acquire tree-level supersym-
metric mass via tree-level neutrino-neutralino mixing and
the other two acquire masses at loop level [4]. This mecha-
nism does not involve physics at large energy scales
O�1012 GeV� in contrast to the seesaw mechanism but
relates the neutrino mass to the weak scale physics acces-

sible for experimental search. Therefore, the models with
explicit 6Rp have been considered extensively in literature
[3]. In order to search for possible 6Rp in future experi-
ments, we want to know what kind of couplings are con-
strained by present experimental data. Therefore it is
important to determine the constraints on the R parity
violating couplings from the present data, especially the
data on processes that are forbidden or highly suppressed
in the standard model. In models without R parity conserv-
ing interaction, the SUSY particles can decay into ordinary
particles alone. Therefore, the couplings which violate R
parity can be detected by using the usual particle detectors.

In SUSY, the gauge invariant, renormalizable superpo-
tential which explicitly breaks R parity via the lepton and
baryon number violating superpotential is [1]
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where i, j, k are generation indices, Li and Qi are the
lepton and quark left-handed SU�2�L doublets, and Ec, Dc

are the charge conjugates of the right-handed leptons and
quark singlets, respectively. �ijk, �0ijk, and �00ijk are Yukawa
couplings. Note that the term proportional to �ijk is
antisymmetric in the first two indices �i; j� and �00ijk is
antisymmetric in the last two indices �j; k�, implying
9��ijk� � 27��0ijk� � 9��00ijk� � 45 independent coupling
constants among which 36 are related to the lepton flavor
violation (9 from LLEc and 27 from LQDc). The last term
can be rotated away by a unitary transformation. However
this may induce additional terms involving Yukawa cou-
plings, not relevant here [3].

It is worthwhile to mention that rare semileptonic decays
are regarded as a source to extrapolate the SM and a testing
ground for exploring physics beyond the SM. The data that
has been used in calculating results on bounds involving
semileptonic decays (K� ! ��li �lj) is given in [5]. These
processes can proceed through the simplest model known
as the spectator quark model [6]. In this model constituent
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quark decays can proceed through single quark subprocess;

 �q p ! �q0kl
�
� l
�
� ;

where qk is the constituent of any number of mesons
consistent with energy conservation and allowed by the
prescribed selection rules. In the SM, the transitions that
preserve lepton flavor (� � �) arise through loop dia-
grams and are strongly suppressed, while the transitions
that violate lepton flavor (� � �), such as K� !
����e� are unobservable due to the smallness of neu-
trino mass.

The processes with the same lepton species are highly
suppressed [5]. While the processes like K� ! ��l�l�

with l � 1, 2 are more suppressed by lepton number vio-
lation. So we neglect the SM contributions to the processes
under consideration. On the other hand, the processes
which have different lepton species as a decay product
are forbidden due to the conservation of each lepton flavor
number. Although the lepton flavor as well as number
violating decays are strictly forbidden in the SM, there is
a need to study them in current and future experiments to
explore the world beyond the SM.
6Rp interactions contribute to the subprocess qp !

qk0l�� l�� via tree-level sneutrino and up-quark exchange.
This allows us to extract significant bounds on the qua-
dratic product of 6Rp coupling from the rare leptonic meson
decays.

These rare meson decays lead to a host of bounds on the
combination of 6Rp couplings, i.e., ��0 or �0�0. In the
minimal supersymmetric standard model (MSSM) the
relevant effective Lagrangian is given by

 

Leff
6Rp
�s!d� l�� l���

4GF���
2
p �Ads���l��

�PLl���qk��PRqP�

�Bds���l�PRl���qkPLqP�

�Cds���l�PLl���qkPRqP��: (2)

This Leff
6Rp

is the same as obtained from pure leptonic

decays of the neutralK mesons [7]. For theK� meson, k �
d and p � s and �, � � e, �, where � may or may not be
equal to �. The process is shown in Fig. 1.

The first term in Eq. (2) comes from the up-squark
exchange (where qp and qk are down-type quarks). We
have used the Fierz transformation in order to get the first
term while the second and third terms come from the
sneutrino exchange. The dimensionless coupling constants
A
qkqp
�� , B

qkqp
�� , and C

qkqp
�� depend on the species of charged

leptons, charged mesons, and the K� meson. Thus
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Note that in Eqs. (4) and (5) Bds�� and Cds�� are symmetric
under the �$ �. Thus in the limit of ignorable lepton
mass and QCD correction, the decay rate of the processes
[8]
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The forward-backward asymmetry (FBA) is related to the
asymmetric angular distribution of the dilepton pair with
respect to the initial meson direction of momentum in the
dilepton rest frame. The FBA is defined as

FIG. 1. Tree-level diagrams contributing to charged meson
decays. K� ! �� � l�� � l

�
�, s! d� l�� � l

�
�
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It can be written in the form [9]
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where s (invariant mass squared of the dilepton system in
its rest frame) is bounded as

 4�ml�
2 	 s 	 �mK �m��

2:

In the SM, the FBA vanishes in (K� ! ��l�l) as the
decay amplitude involves no scalar term [9]. Therefore its
presence will give a signal of new physics. The possibility
of nonzero FBA has been reported by [10] in the case of
large tan� for the MSSM. Some authors have explored the
possibility of nonzero FBA in the 6Rp framework [8,11]. We
discuss a similar possibility of nonzero FBA in (K� !
��l�l) in the 6Rp framework. We show that the FBA arises
naturally by sneutrino and squark exchange terms. An
estimate of the FBA is made from the bounds on Yukawa
couplings. The normalized form factors, defined by taking
the ratio relative to f�, are obtained by comparing the 6Rp
effective Lagrangian with the general invariant amplitude,
reproduced in the term of the 6Rp framework [9].
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where ms is the strange quark mass.
We have arrived at Table I by using Eqs. (1)–(6). Under

the assumption that only one product combination is non-

TABLE I. Limits on the magnitudes of combination constraints (�0�0
�
) and (��0

�
). In the table we use Li � 1=�m~viL=100 GeV�2,

Qi � 1=�m~uiL=100 GeV�2. �1�; 2�� errors from the branching fraction, wherever possible, have been incorporated in predicting the
bounds.

Process Combination constrained Qi Bound Combination constrained Li Bound

K� ! ��e�e� �0111�
0�
112, �0121�

0�
122, 1:02
 10�4�1�� �211�

0�
212, �311�

0�
312 5:10
 10�5�1��

�0131�
0�
132 1:04
 10�4�2�� ��211�

0
221, ��311�

0
321 5:20
 10�5�2��

K� ! ������ �0211�
0�
212, �0221�

0�
222, 5:73
 10�5�1�� �122�

0�
112, �322�

0�
312 2:86
 10�5�1��

�0231�
0�
232 6:13
 10�5�2�� ��122�

0
121, ��322�

0
321 3:07
 10�5�2��

K� ! ����e� �0211�
0�
112, �0221�

0�
122, 9:83
 10�7 �121�

0�
112, �321�

0�
312 4:91
 10�7

�0231�
0�
132 ��212�

0
221, ��312�

0
321

K� ! ����e� �0111�
0�
212, �0121�

0�
222, 4:24
 10�6 �112�

0�
112, �312�

0�
312 2:12
 10�6

�0131�
0�
232 ��221�

0
221, ��321�

0
321

FIG. 2. (a). Forward-backward asymmetry. (b) Differential de-
cay rate for K� ! ��e�e� with functions of ŝ � s

�mK �
2 .

IMPLICATIONS OF R PARITY VIOLATING YUKAWA . . . PHYSICAL REVIEW D 76, 114005 (2007)

114005-3



FIG. 3. (a) Forward-backward asymmetry. (b) Differential de-
cay rate for K� ! ������ with functions of ŝ � s

�mK�
2 .

FIG. 5 (color online). Variation of forward-backward asymme-
try. (a) Varying FS, with constant FV , FA, and FP. (b) Varying
FV and FA with constant FS and FP for K� ! ������ with
functions of ŝ � s

�mK�
2 .

FIG. 4 (color online). Variation of forward-backward asymme-
try. (a) Varying FS, with constant FV , FA, and FP. (b) Varying
FV and FA with constant FS and FP for K� ! ��e�e� with
functions of ŝ � s

�mK�
2 .

FIG. 6 (color online). Variation of forward-backward asymme-
try. Varying FP, with constant FV , FA, and FS for (a) K� !
��e�e�, (b) K� ! ������ as functions of ŝ � s

�mK�
2 .
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zero, we obtain the common limit 1:02
 10�4 (1�) and
1:04
 10�4 (2�) on the magnitude of three coupling
products �01i1�

0�
1i2. We also obtain the common limit 5:10


10�5 (1�) and 5:20
 10�5 (2�) on the magnitude of four
coupling products �i11�0�i21 and ��i11�

0
i12, respectively, for

the decay K� ! ��e�e�. These limits are improved over
those obtained previously for pure leptonic K meson de-
cays [3,7].

A similar situation holds for K� ! ������, where
three coupling products of �0�2i1�

0
2i2 have the common limit

5:73
 10�5 (1�), 6:13
 10�5 (2�). We further obtain
common limits 2:86
 10�5 (1�), 3:07
 10�5 (2�) on
four coupling products �i22�

0�
i12, ��i22�

0
i21, respectively,

which are also an improvement over those obtained earlier
[3,7]. For K� ! ����e�, we obtain comparable limits
9:83
 10�7 on �02i1�

0�
1i2 along with the limit 4:91
 10�7

on �i21�
0�
i12 which are again improved.

The order of magnitude relation between form factors
FS, FV , FP, FA, O�10�9�, which has been used in Figs. 2–
6, has been estimated from Table I on bounds of Yukawa
coupling products. The FBA calculated is of O�10�3� for
K� ! ��e�e� and O�10�1� for K� ! ������, re-
spectively. Our results for the FBA and differential decay
rate are summarized in Figs. 2 and 3. We have used
Eqs. (8)–(10) to calculate the FBA and differential decay
rate. The vector and axial form factors FV , FA��0�0� are
induced by squark exchange while the scalar form factor

FS��
0�� is generated by the sneutrino exchange. The FBA

for K� ! ��e�e� varies rapidly with respect to ŝ while
for K� ! ������, it varies smoothly. In Figs. 4–6, we
have shown the variation of the FBAwith form factors. The
graphs show that the FBA for K� ! ������ receives a
maximum contribution from 6Rp SUSY when both squark
and sneutrino exchange couplings contribute equally. Any
dominance of either couplings will reduce the contribution.

Summarizing, we have obtained some new bounds on
the products of Yukawa couplings for the exchange of
squarks and sneutrinos in the process K� ! ��l�l in the
mass scale O�100 GeV�. These bounds are deduced at 1�
and 2� levels. All these limits are obtained under the
assumption that only one product combination is nonzero.
Additionally, using the exchange of such SUSY particles
we predict the FBA in these processes. The estimated FBA
is vanishingly small for K� ! ��e�e� due to the small-
ness of electron mass but is large as O�10�1� for K� !
������. The authors are not aware of any experiment to
measure the FBA in this process.
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