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We derive the upper bounds on certain products ofR-parity- and lepton-flavor-violating couplings from the
decays of the neutralB meson into two charged leptons. These modes ofB0 decays can constrain the product
combinations of the couplings with one or more heavy generation indices. We find that most of these bounds
are stronger than the previous ones.@S0556-2821~97!03711-9#

PACS number~s!: 11.30.Fs, 12.60.Jv, 13.20.He, 13.25.Hw

In the standard model~SM!, there are no couplings which
violate baryon numberB and lepton numberL. The failures
of experimental searches to findB- and/orL-violating pro-
cesses show that this feature of the SM is a good one. But
one notes that this feature of the SM is not the result of
gauge invariance. In the supersymmetric standard models,
there are gauge invariant interactions which violateB and
L generally. To prevent occurrences of theseB- and
L-violating interactions in the supersymmetric standard mod-
els, an additional global symmetry is required. This require-
ment leads to the consideration of the so-calledR parity.R
parity is given by the relationRp5(21)(3B1L12S) whereS
is the intrinsic spin of a field. According to this definition,
Rp of the ordinary SM particles is11 andRp of the super-
partners is21. Even though the requirement ofRp conser-
vation gives a theory consistent with present experimental
searches, there is no good theoretical justification for this
requirement. Therefore, the models with explicitRp violation
have been considered by many authors@1#. If we discover a
sign ofRp violations in future experiments, it may provide us
with some hints of the existence of supersymmetry.

In the model withoutRp , the supersymmetric particles
can decay into the ordinary particles alone. So the couplings
which violateRp can be detected by using usual particle
detectors. To discover theRp violation in future experiments,
we need to know what kinds of couplings are severely con-
strained by present experimental data. Therefore, it is impor-
tant to constrain theRp-violating couplings from the present
data, especially data on the processes forbidden or highly
suppressed in the SM. Usually, the bounds on the
Rp-violating couplings with heavy fields are not stronger
than those with at most one heavy field.

In this paper, we try to derive the upper bounds on certain
products ofRp- and lepton-flavor-violating couplings from
the decays of the neutralB meson into two charged leptons
in the minimal supersymmetric standard model~MSSM!
with explicit Rp violation. These modes ofB0 decays can
constrain the product combinations of the couplings with one
or more heavy generation indices. We find that most of these
bounds are stronger than the previous ones.

In the MSSM, the most generalRp-violating superpoten-
tial is given by
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c . ~1!

Here i , j ,k are generation indices and we assume that pos-
sible bilinear termsm iL iH2 can be rotated away.Li andQi
are the SU~2!-doublet lepton and quark superfields, and
Ei
c ,Ui

c ,Di
c are the singlet superfields, respectively.l i jk and

l i jk9 are antisymmetric under the interchange of the first two
and the last two generation indices, respectively;
l i jk52l j ik andl i jk9 52l ik j9 . So the number of couplings is
45 ~9 of thel type, 27 of thel8 type, and 9 of thel9 type!.
Among these 45 couplings, 36 couplings are related with the
lepton-flavor violation.

The simultaneous presence of theB- andL-violating cou-
plings leads to the squark-mediated proton decay. To avoid a
too rapid proton decay we should constrain these couplings
very strongly:

ul8•l9u<10224 ~2!

for squark masses around 1 TeV@2#. Note that this bound
does not affect certain products of couplings with heavy gen-
erations at the tree level. Therefore, one can expect the pos-
sibility of large Rp-violating couplings with heavy genera-
tion indices. But recently, the authors of Ref.@3# studied the
one-loop structure. They showed that, choosing whichever
pair of couplingsl8 and l9, there is always at least one
diagram relevant for the proton decay at one-loop level. This
means there are upper bounds onall products ofl8 andl9
from the proton decay. The less-suppressed pair of couplings
has the bound

ul8•l9u<1029. ~3!

It is known that the bounds from the proton decay are better
than those fromB-meson decays unless branching ratios of
1028 or better are obtained@4#. To constrainRp-violating
couplings from theB-meson decays, therefore, we should
avoid the simultaneous presence ofB- andL-violating cou-
plings.

In this paper we assume thatB-violating couplings of the
l9 type are vanishing. For example, one can construct a
grand unified model which has only lepton number noncon-
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serving trilinear operators in the low-energy superpotential
whenRp is broken only by bilinear terms of the formLiH2
@5#. We observe that many additional and stronger upper
bounds onll8 andl8l8 involving heavy generations can be
derived from the experimental upper bounds on the pure lep-
tonic decays of theB meson; B0→e1e2 or e6m7 or
e6t7 or m6t7 or m1m2.

The exchange of the sleptons and squarks leads to the
four-fermion interactions in the effective Lagrangian at the
scale ofB-meson mass. Among these four-fermion opera-
tors, there is a term relevant forB0 decays into two charged
leptons. This effective term has 2 down-type quarks and 2
charged leptons. From Eq.~1! we obtain

L2d22l
eff 5 (
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whereK is the Cabibbo-Kobayashi-Maskawa~CKM! matrix
and we assume the matrices of the soft mass terms are diag-
onal.

The effective termL2d22l
eff is also related with the pure

leptonic decay modes of the neutralK meson@6#. From these
decays ofK0 meson one can derive upper bounds onll8
between 1027 and 1028. But for somel8, which include at
least one heavy generation index, the product combinations
of the ll8-type are not constrained fromK-meson decays.
B-meson decays can constrain certain product combinations
of ll8-type which are not constrained fromK-meson de-
cays. But, the upper bounds fromB decays are less stringent
than those fromK decays since the experimental upper
bounds onB-meson decays are weaker than those on
K-meson decays.

There are upper bounds onsingle Rp-violating coupling
from several different sources@7–10#. Among these, upper
bounds from neutrinoless doubleb decay@8#, n mass@9#,
andK1, t-quark decays@10# are strong. Neutrinoless double
b decay givesl1118 ,431024. The bounds fromn mass are
l133,1023 and l1338 ,1023. From K1-meson decays one
obtainsl i jk8 ,0.012 for j51 and 2. Here all masses of scalar
partners which mediate the processes are assumed to be 100
GeV. Any cosmological bounds can be avoided by assuming
the smallest lepton-number-violating couplingl8 is less than
1027 @11#. Fully reviewed and updated limits on single
Rp-violating coupling can be found in@12,13#.

The measurements of the branching ratios of the
B0-meson decays to two charged leptons give the upper
bounds~at 90% C.L.! @14#

B~Bd→e1e2!,5.931026, ~5!

B~Bd→e6m7!,5.931026,

B~Bd→e6t7!,5.331024,

B~Bd→m6t7!,8.331024,

and @15#

B~Bd→m1m2!,1.631026,

B~Bs→m1m2!,8.431026. ~6!

In the SM, the processes which have different lepton spe-
cies as decay products are forbidden due to the conservation
of each lepton-flavor number. On the other hand, the pro-
cesses with the same lepton species are highly suppressed;
B(Bs→e1e2).(8.063.5)310214, B(Bs→m1m2)
.(3.561.0)31029 @16#. The pure leptonic decays ofBd
meson are more suppressed by the smaller CKM angle. So
we neglect the SM contributions to the processes under con-
siderations. But in the MSSM under considerations, all pro-
cesses are possible throughL2d22l

eff at the tree level.
Using the PCAC~partial conservation of axial-vector cur-

rent! relations
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the decay rate of the processesBq→ei
2ej

1 reads
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2ej
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where q51(Bd) or 2(Bs), k i[mei
/MBq

. We assume the

universal soft massm̃. MBq
is the mass ofBq meson and

f Bq is the usual leptonic decay constant of theBq meson. The

constantsAi j
q ,Bi jq , andCi jq which depend on the generations

of leptons and the type of decaying neutralB meson are
given by

Ai j
q52(

n51

3

lni j* lnq38 ,

Bi jq52 (
n51

3

ln jil8n3q* ,

Ci jq5
1

2 (
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1
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3

l8 inq* l jn38 . ~9!

Note thatAi j
qÞAj i

q , etc. and we assume the universal soft
mass. The values ofk i are the followings:k151024,
k25231022, and k350.34. So we neglect the effects of
lepton masses if there is not in the decay products.
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Neglecting lepton masses, the decay rate becomes simple
and has terms which depend only onAi j

q andBi jq . Numeri-
cally, we obtain

G~Bq→ei
2ej

1!'2.93310210@ uAi j
q u21uBi jq u2#

3S f Bq
0.2 GeV

D 2S MBq

5.28 GeV
D 3

3S 100 GeV
m̃

D 4 GeV. ~10!

For example, let us think about the decay ofBd into e
1e2.

In this case,i51, j51, andq51. Combining the above
equation with Eq.~5!, we obtain

uA11
1 u21uB111 u2,8.531029. ~11!

From Eq. ~9!, A11
1 52(2l121* l2138 2l131* l3138 ) and

B111 52(2l121l8231* 2l131l8331* ). Under the assumption that
only one product combination is not zero, we obtain the
same upper bound 4.631025 on the magnitudes of four cou-
pling products;l121l2138 , l121l2318 , l131l3138 , andl131l3318 .
In a similar way, other upper bounds can be obtained in the
cases ofBd decays intoe

2m11e1m2, m1m2 andBs decay
into m1m2, see Table I.

We have two decay modes ofB meson which havet in
the decay products;B0→e6t7 or m6t7. In this case,

G~Bq→t2ei
1!1G~Bq→ei

2t1!

'2.9331021030.883$0.883~ uA3i
q u21uB3iq u21uAi3

q u2

1uBi3q u2!10.103~ uC3iq u21uCi3q u2!

10.603Re~B3iq C3iq*1Ai3
q Ci3q* !%

3S f Bq
0.2 GeV

D 2S MBq

5.28 GeV
D 3S 100 GeV

m̃
D 4 GeV. ~12!

One obtains the most stringent bounds onuAi3
q u2 and uBi3q u2

or on product combinations of thell8-type. The bounds on
B3iq C3iq* and Ai3

q Ci3q* are slightly weaker than those on
uAi3

q u2 and uBi3q u2. These constrain the product combinations
of the type ofll8l8l8. We will not consider these kinds of
bounds onll8l8l8 since these bounds seem to be less im-
portant. The bounds onuCi3q u2 anduC3iq u2 are the weakest ones.
For the case ofBd decay into electron andt, i51 and
q51. Neglecting the terms of Re@(A,B)3iq C3iq* #,

0.883~ uA31
1 u21uB311 u21uA13

1 u21uB131 u2!

10.103~ uC311 u21uC131 u2!,8.531027. ~13!

Under the assumption that only one product combination is
not zero, we obtain the same upper bound 4.931024 on the
magnitudes of eight coupling products of thell8-type. We
also obtain the same upper bound 5.831023 on the magni-

tudes of six coupling products of thel8l8-type; l3118 l1138 ,
l3218 l1238 , l3318 l1338 , l1118 l3138 , l1218 l3238 , and l1318 l3338 .
Among these, only the bound onl1318 l3338 is stronger than the
previous one. In a similar way, the bounds coming fromBd

decay intom2t11m1t2 can be obtained, see Table I. In
the case ofBd decay intom and t, only two bounds on
l2318 l3338 andl2338 l3318 are stronger than previous ones.

The previous bounds are calculated from the bounds on

TABLE I. Upper bounds on the magnitudes of products of cou-
plings derived fromB0 decays into two charged leptons.

Decay mode
Combinations
constrained Upper bound Previous bound

Bd→e1e2 l121l2138 4.631025 4.831024

l121l2318 4.631025 8.831023

l131l3138 4.631025 1.231023

l131l3318 4.631025 2.631022

Bd→e1m21e2m1 l121l1138 4.631025 4.831024

l121l1318 4.631025 1.031022

l121l2318 4.631025 8.831023

l122l2138 4.631025 4.831024

l132l3138 4.631025 1.231023

l132l3318 4.631025 2.631022

l231l3138 4.631025 1.131023

l231l3318 4.631025 2.331022

Bd→e1t21e2t1 l123l2138 4.931024 4.831024

l123l2318 4.931024 8.831023

l131l1138 4.931024 1.231023

l131l1318 4.931024 2.631022

l133l3138 4.931024 1.231025

l133l3318 4.931024 2.631024

l231l2138 4.931024 1.131023

l231l2318 4.931024 2.031022

l1318 l3338 5.831023 6.831022

Bd→m1t21m2t1 l123l1138 6.031024 4.831024

l123l1318 6.031024 1.031022

l132l1138 6.031024 1.231023

l132l1318 6.031024 2.631022

l232l2138 6.031024 1.131023

l232l2318 6.031024 2.031022

l233l3138 6.031024 1.131023

l233l3318 6.031024 2.331022

l2318 l3338 7.431023 5.731022

l2338 l3318 7.431023 1.131021

Bd→m1m2 l122l1138 2.431025 4.831024

l122l1318 2.431025 1.031022

l232l3138 2.431025 1.131023

l232l3318 2.431025 2.331022

Bs→m1m2 l122l1238 5.531025 4.831024

l122l1328 5.531025 1.631022

l232l3238 5.531025 1.131023

l232l3328 5.531025 2.331022
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singleRp-violating coupling, see Table I of Ref.@13#.1 We
observe that the bounds on the product combinations of the
ll8-type, which are between 1024 and 1025, are stronger
than the previous bounds or comparable except those on
l133l3138 , l133l3318 . This is because there exists a strong up-
per bound (1023) on l133 from n mass. We find that only 3
of 12 bounds on the product combinations of thel8l8-type
are stronger than previous ones.

There are bounds on certain product combinations of the
ll8-type from theK-meson decays into pure lepton pairs:
KL→e1e2, KL→m1m2, andKL→e1m21e2m1 @6#. The
bounds fromK-meson decays are more stringent than those
fromB-meson decays. They are between 1027 and 1028. We
observe that even though the bounds onll8 from

B-meson decays are weaker than those fromK-meson de-
cays,B-meson decays can constrain the product combina-
tions of thell8-type whichK-meson decays cannot con-
strain.

To conclude, we have derived the upper bounds on certain
products ofRp- and lepton-flavor-violating couplings from
the decays of the neutralB-meson into two charged leptons.
These modes ofB0 decays can constrain the product combi-
nations of the couplings with one or more heavy generation
indices which the similar decay modes ofK meson cannot
constrain. We find that most of the bounds on products of the
ll8-type are stronger than the previous ones. For the bounds
on products of thel8l8-type, we find three stronger bounds
than previous ones.
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