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Constraints on R-parity violating couplings from B6
˜ l 6n decays
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~Received 2 December 1998; published 3 September 1999!

We derive the upper bounds on certain products ofR-parity- and lepton-flavor-violating couplings from
B6→ l 6n decays. These modes ofB-meson decays can constrain the product combinations of the couplings
with one or more heavy generation indices which are comparable to or stronger than the present bounds. And
we investigate the possible effects ofR-parity violating interactions onBc→ ln decays. These decay modes can
be largely affected byR-parity violation.@S0556-2821~99!06617-5#

PACS number~s!: 12.60.Jv, 11.30.Fs, 13.20.2v, 13.20.He
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In supersymmetric extensions of the standard model, th
are gauge invariant interactions which violate the bary
number~B! and the lepton number~L! in general. To preven
occurrences of theseB- andL-violating interactions in super
symmetric extensions of the standard model, an additio
global symmetry is required. This requirement leads to c
sideration of the so-calledR parity (Rp). Even though the
requirement ofRp conservation makes a theory consiste
with present experimental searches, there is no good the
ical justification for this requirement. Therefore the mod
with explicit Rp violation have been considered by ma
authors@1#.

In the minimal supersymmetric standard model~MSSM!,
the most generalRp-violating superpotential is given by

WR” p
5l i jkLiL jEk

c1l i jk8 LiQjDk
c1l i jk9 Ui

cD j
cDk

c . ~1!

Herei,j,k are generation indices and we assume that poss
bilinear termsm iL iH2 can be rotated away.Li andQi are the
SU(2)-doublet lepton and quark superfields andEi

c ,Ui
c ,Di

c

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

There are upper bounds on asingle Rp-violating coupling
from several different sources@2–5#. Among these, uppe
bounds from neutrinoless double beta decay@3#, n mass@4#
and K1, t-quark decays@5# are strong. Neutrinoless doub
beta decay givesl1118 ,3.531024. The bounds fromn mass
arel133,331023 andl1338 ,731024. FromK1-meson de-
cays one obtainsl i jk8 ,0.012 for j 51 and 2. These bound
from K1-meson decays are basis dependent@5,6#. Here all
masses of scalar partners which mediate the processe
assumed to be 100 GeV. Extensive reviews of the upda
limits on a singleRp-violating coupling can be found in@6#.

There are more stringent bounds on some products of
Rp-violating couplings from the mixings of the neutralK and
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B mesons and rare leptonic decays of theKL meson, the
muon and the tau@8#, B0 decays into two charged lepton
@9#, bb̄ production at LEP@10# and muon~ium! conversion,
andt andp0 decays@11#, semileptonic decays ofB mesons
@12#, B→Xsl i

1l j
2 decays@13#.

In this Brief Report, we derive the upper bounds on c
tain products ofRp and lepton flavor violating couplings
from B6→ l 6n decays in the MSSM with explicitRp viola-
tion. These modes ofB-meson decays can constrain th
product combinations of the couplings with one or mo
heavy generation indices. Here, we assume that the ba
number violating couplingsl9’s vanish in order to avoid too
fast proton decays. Especially in the models with a very lig
gravitino ~G! or axino (ã), l9 have to be very small inde
pendently ofl8 from the proton decayp→K1G ~or K1ã!;
l1129 ,10215 @14#. One can construct a grand unified mod
which has only lepton number non-conserving trilinear o
erators in the low energy superpotential whenRp is broken
only by bilinear terms of the formLiH2 @15#. And usually it
may be very difficult to discern signals ofB-violating inter-
actions above QCD backgrounds@4#.

In the MSSM with Rp , the terms in the effective La
grangian relevant for the leptonicB-meson decays are

Leff~bq̄→el n̄ l !52Vqb

4GF

&
@~ q̄gmPLb!~ ēlgmPLn l !

2Rl~ q̄PRb!~ ēl PLn l !#, ~2!

where PR,L5 1
2 (16g5), Rl5r 2mel

mb
Y , r 5tanb/mH6. An

upper indexY denotes the running quark mass, tanb is the
ratio of the vacuum expectation values of the neutral Hig
fields andmH6 is the mass of the charged Higgs fields. T
first term in Eq.~2! gives the standard model~SM! contribu-
tion and the second one gives that of the charged Hi
scalars. Neglecting the masses of the electron (l 51) and the
muon (l 52), the contribution of the charged Higgs scala
is zero. The contribution of the charged Higgs scalars is
vanishing only whenl 53; bq̄→tn̄t . We neglect a term
proportional tomc

Y for q5c since the term is suppressed b
the mass ratiomc

Y/mb
Y and does not have the possibly larg

tan2 b factor.
In the MSSM withoutRp , the exchange of the slepton

and the squarks leads to the additional four-fermion inter
©1999 The American Physical Society01-1
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BRIEF REPORTS PHYSICAL REVIEW D 60 077701
tions which are relevant for the leptonic decays ofB mesons.
Considering the fact that the Cabibbo-Kobayashi-Maska
~CKM! matrix V is not an identity matrix, thel8 terms of the
Eq. ~1! are reexpressed in terms of the fermion mass eig
states as follows:

Wl85l i jk8 S NiD j2(
p

Vjp
† EiUpDDk

c , ~3!

whereNi , Ei , Ui , andDi are the superfields with neutrino
charged leptons, up- and down-type-quarks andl8 have been
redefined to absorb some field rotation effects. From Eq.~1!
and Eq.~3! we obtain the effective interactions which a
relevant for the leptonic decays ofB mesons as follows:

LR” p

eff~bq̄→el n̄n!52Vqb

4GF

&
@Aln

q ~ q̄gmPLb!~ ēlgmPLnn!

2Bln
q ~ q̄PRb!~ ēl PLnn!#, ~4!

where we assume the matrices of the soft mass terms
diagonal in the fermion mass basis. Note that the operato
Eq. ~4! take the same form as those of the MSSM withRp .
Comparing with the SM, the above effective Lagrangian
cludes the interactions even whenl andn are different from
each other. The dimensionless coupling constantsA and B
depend on the species of quark, charged lepton and neu
and are given by

Aln
q 5

&

4GFVqb
(

i , j 51

3
1

2m
d̃

i
c

2 Vq jln3i8 l l j i8* ,

Bln
q 5

&

4GFVqb
(

i , j 51

3
2

m
l̃ i

2 Vq jl inll i j 38* , ~5!

wherel andn are the generation indices running from 1 to
From the numerical values of@16#, we find

Aln
u 5(

i 51

3

ln3i8 H 422l l1i8* S Vud/0.9751

Vub/0.0035D
196l l2i8* S Vus/0.2215

Vub/0.0035D11.52l l3i8* J S 100 GeV

md̃
i
c D 2

,

Bln
u 5(

i 51

3

l inl H 1689l i138* S Vud/0.9751

Vub/0.0035D
1384l i238* S Vus/0.2215

Vub/0.0035D16.1l i338* J S 100 GeV

ml̃ i
D 2

,

Aln
c 5(

i 51

3

ln3i8 H 8.2l l1i8* S Vcd/0.221

Vcb/0.041D
136l l2i8* S Vcs/0.9743

Vcb/0.041D11.52l l3i8* J S 100 GeV

md̃
i
c D 2

,

07770
a

n-

re
in

-

ino

.

Bln
c 5(

i 51

3

l inl H 32.7l i138* S Vcd/0.221

Vcb/0.041D
1144l i238* S Vcs/0.9743

Vcb/0.041D16.1l i338* J S 100 GeV

ml̃ i
D 2

.

~6!

Note the large numerical factors coming from the big diffe
ences between the values of the CKM matrix elements.

First, we consider theq5u case. At present, the measur
ments of the branching ratios of theB6→ l 6n processes give
the upper bounds~at 90% C.L.! @16#

B~B2→e2n̄e!,1.531025,

B~B2→m2n̄m!,2.131025,

B~B2→t2n̄t!,5.731024. ~7!

These experimental bounds are much larger than the s
dard model expectations;B(B2→e2n̄e)SM;9.2310212,
B(B2→m2n̄m)SM;3.931027 and B(B2→t2n̄t)SM;8.8
31025.

If we assume that theRp-violating interactions are domi
nant, the decay rate of the processesB2→el n̄n reads

G~B2→el n̄n!5
1

8p
uVubu2GF

2 f B
2MB

3 UAln
u ml

MB
2Bln

uU2

3S 12
ml

2

MB
2 D 2

, ~8!

using the PCAC~partial conservation of axial-vector curren!
relations

^0ub̄gmg5quBq~p!&5 i f Bq
pBq

m ,

^0ub̄g5quBq~p!&52 i f Bq

MBq

2

mb1mq
>2 i f Bq

MBq
. ~9!

Since the species of the neutrinos cannot be distinguis
by experiments and theRp-violating interactions allow dif-
ferent kinds of the charged lepton and the neutrino as de
products, we should sum the above decay rates over neu
species to compare with experimental data as follows:

G~B2→el
2n̄ ![ (

n51

3

G ~B2→el
2n̄n!. ~10!

From Eqs.~8!, ~10! and the upper limit on the branchin
ratio, Eq.~7!, we obtain
1-2



se

io
io
f
g

th

n

-
for

e
ve
f
al

per

s

ry

u f
ra-

BRIEF REPORTS PHYSICAL REVIEW D 60 077701
(
n51

3

uB1n
u u2,1.531022,

(
n51

3

uB2n
u u2,2.131022,

(
n51

3

uB3n
u 20.337A3n

u u2,7.431021. ~11!

For numerical calculations, we usedtB51.6 ps, f B
5200 MeV, mt51.78 GeV, and neglected the lepton mas
for l 5e,m cases.

Under the assumption that only one product combinat
is not zero, we get the upper bounds on some combinat
of the ll8 and l8l8 type. For the product combinations o
ll8 type, we observe that the several bounds are stron
than the previous bounds and list them in the Table I. In
case of the product combinations ofl8l8 type, there is no
stronger bound than the previous ones. The previous bou
are calculated from the bounds on singleRp-violating cou-
pling: see Table 1 of Ref.@7#

TABLE I. Upper bounds on the magnitudes of products of co
plings derived fromB→ ln

Decay
mode

Combinations
constrained

Upper
bound

Previous
bound

B2→e2n̄ l131l1138 7.331025 4.931024 a

l131l1238 3.231024 6.031024

l131l3238 3.231024 6.031024

l231l2138 7.331025 4.931024 a

l231l2238 3.231024 5.531024

l231l2338 2.031022 2.031022

l231l3238 3.231024 5.531024

B2→m2n̄ l132l1138 8.731025 6.031024 a

l132l1238 3.831024 6.031024

l132l3238 3.831024 6.031024

l232l2138 8.731025 6.031024 a

l232l2238 3.831024 5.531024

B2→t2n̄ l123l1138 5.131024 6.031024 a

l233l2138 5.131024 5.531024

l233l3138 5.131024 6.031024 a

aBounds fromB→ l i
1l j

2 @9#.
.
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Next, we consider theq5c case. Recently charmedB
mesons (Bc) were observed@17#. It is expected that in the
near future a large data sample ofBc mesons would be avail
able. The standard model predictions of branching ratios
Bc→ ln decay modes areB(Bc→en)SM;2.531029, B(Bc
→mn)SM;1.031024, B(Bc→tn)SM;2.631022. These
branching ratios can be largely affected byR-parity viola-
tion. If we assume that theRp-violating interactions are
dominated, the decay rate of the processesBc

2→el n̄n reads

G~Bc
2→ei n̄n!5

1

8p
uVcbu2GF

2 f Bc

2 MBc

3 UAln
c ml

MBc

2Bln
c U2

3S 12
ml

2

MBc

2 D 2

. ~12!

In Table II, we list the combinations of couplings whos
present upper limits allows the branching ratios to ha
the values of order of 1022, assuming only one product o
Rp-violating couplings is nonzero. For numeric
calculations, we usedtBc

50.55 ps, f Bc
5450 MeV, MBc

56.275 GeV@18#.
To conclude, we have derived the more stringent up

bounds on certain products ofRp and lepton-flavor-violating
couplings from the upper limits ofB6→ l 6n branching ra-
tios. And we investigate the possible effects ofR-parity vio-
lating interactions onBc→ ln decays. These decay mode
can be largely affected byR-parity violation.

This work was supported in part by KOSEF~S.B! and the
KAIST Center for Theoretical Physics and Chemist
~Y.G.K!.

- TABLE II. Maximally allowed braching ratios and the list o
combinations whose present upper bounds allow the branching
tios to have the value of order of 1022.

Decay mode Combinations Branching ratio

Bc
2→e2n̄ l131l1238 1.131022

l131l3238 1.131022

l231l2238 2.231022

Bc
2→m2n̄ l132l1238 1.031022

l232l2238 2.131022

Bc
2→t2n̄ l233l2238 0.531022
v.
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