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CP violating B decays withR-parity violation
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We studyCP violating B decays in the minimal supersymmetric standard model withR-parity violation. We
estimate how muchR-parity violation modifies the SM predictions forCP asymmetries inB decays within the
present bounds. The effects ofR-parity- and lepton-number-violating couplings on the ratio of the decay
amplitude due toR-parity violation to that of the SM can differ by one or two orders of magnitudes depending
on the models of the left-handed quark mixing. It is possible to disentangle theR-parity-violating effects from
those of the SM andR-parity-conserving supersymmetric models within the present bounds comparing differ-
ent CP violating decay amplitudes. We also study the effects ofR-parity- and baryon-number-violating
couplings and find that the effects could be large.@S0556-2821~99!00215-5#

PACS number~s!: 13.25.Hw, 11.30.Er, 11.30.Fs
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I. INTRODUCTION

In the upcoming experiments atB factories, large data
samples will be acquired@1#. One of the most importan
objectives of these experiments is a search forCP violation
in B decays. The large data onB meson will enable us to
probe physics beyond the standard model~SM! via CP vio-
lating B decays. In a supersymmetric extension of the S
there are many potential sources forCP violation in addition
to the SM Cabibbo-Kobayashi-Maskawa~CKM! phase. So
the SM predictions onCP asymmetries inB decays can be
modified. The nondiagonality of the sfermion mass matri
in a basis where all the couplings of neutral gauginos
fermions and sfermions are flavor diagonal can change
SM predictions onCP violation @2#. The SM predictions can
also be modified by the so-calledR-parity-violating terms.

In supersymmetric models, there are gauge-invariant
teractions which violate baryon numberB and lepton number
L generically. To prevent the presence of theseB- and
L-violating interactions in supersymmetric models, an ad
tional global symmetry is required. This requirement leads
the consideration of the so-calledR parity. R parity is given
by the relationRp5(21)(3B1L12S) whereS is the intrinsic
spin of a field. Even though the requirement ofRp conserva-
tion gives a theory consistent with present experimen
searches, there is no good theoretical justification for
requirement. Therefore models with explicitRp violation
(R” p) have been considered by many authors@3#.

In this paper, we wish to studyCP violating B decays in
the minimal supersymmetric standard model~MSSM! with
R” p . We investigate how muchR” p modifies the SM predic-
tions for CP asymmetries inB decays within the presen
bounds. We emphasize that the effects ofRp andL violation
on the ratio of the decay amplitude due toR” p to that of the
SM can differ by one or two orders of magnitudes depend
on the models of the left-handed quark mixing. We a
study the effects ofRp andB violation.

*Email address: jhjang@chep6.kaist.ac.kr
†Email address: jslee@chep6.kaist.ac.kr
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In the 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!

Here i , j ,k are generation indices and we assume that p
sible bilinear termsm iL iH2 can be rotated away.Li andQi
are the SU~2!-doublet lepton and the quark superfields a
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 t
and the last two generation indices, respectively;l i jk

52l j ik andl i jk9 52l ik j9 . So the number of couplings is 4
~9 of the l type, 27 of thel8 type, and 9 of thel9 type!.
Among these 45 couplings, 36 couplings are related with
lepton flavor violation.

There are upper bounds on asingle L- and Rp-violating
couplings from several different sources@4–7,9#. Among
these, upper bounds from atomic parity violation andeD
asymmetry@4#, nm deep-inelastic scattering@4#, neutrinoless
double-beta decay@5#, n mass@6#, K1,t-quark decays@7,8#,
and Z decay width@9# are strong. Neutrinoless double-be
decay givesl1118 ,3.531024. The bounds fromn mass are
l133,331023 andl1338 ,731024.

There are strong bounds onl i jk8 ,0.012 for j 51 and 2
from K1-meson decays. But these single bounds depend
the models of the left-handed quark mixing. The CKM m
trix consists of the product of the mixing matrices of th
left-handed up- and down-type quarks and we do not kn
the mixings of the up- and down-type quarks separate
Therefore, in this case, we need some assumptions abou
mixings of the left-handed quarks to derive a single bou
on l8 coupling from the physical process. The bounds
l i (1,2)k8 ,0.012 are valid only when the mixing of the down
type quarks dominates the CKM matrix. On the contrary
the mixing of the up-type quarks dominates the CKM matr
the bounds onl i (1,2)k8 are totally invalid. In the general cas
where the CKM matrix has contributions from the up-qua
sector as well as down-quark sector, the bounds fr
K1-meson decays become invalid and the typical bounds
l i jk8 with j 52,3 andl123,1328 areO(0.1). We consider the
general case as well as the case in which the single bou
©1999 The American Physical Society03-1
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from K1-meson decays are valid. We find that the effects
Rp violation can differ by one or two orders of magnitud
depending on the models of the left-handed quark mixin

The upper bounds onB- and Rp-violating couplings are
O(1) exceptl1129 ,1026 and l1139 ,1024 from the double-

nucleon decay andn-n̄ oscillation, respectively.
In this paper we assume that all masses of scalar part

which mediate the processes are 100 GeV. Extensive rev
of the limits on a singleRp-violating coupling can be found
in @10#.1

There are more stringent bounds on some products of
Rp-violating couplings from the mixings of the neutralK and
B mesons and the rare leptonic decays of theKL meson, the
muon, and the tau@8#, bb̄ productions at the CERNe1e2

collider LEP@11#, the rare leptonic and semileptonicB0 de-
cays@12–14#, muon~ium! conversion, andt andp0 decays
@15#.

The CP violating decays ofB mesons can be induced b
the baryon-number-violating couplings as well as by
lepton-number-violating ones. But the baryon-number a
the lepton-number-violating couplings cannot coexist in
der to avoid too fast proton decays. So we will consider
baryon-number-violating case and the lepton-numb
violating one separately.

About the baryon-number-violating coupling, there is
very strong upper bound onl1129 ,10215 from the proton
decay in gauge-mediated supersymmetry-breaking mo
independently of the lepton-number-violating couplings@16#.
Recently, a study of the one-loop structure of the pro
decay into a very light gravitino or axino shows that
baryon-number-violating couplings are constrained aslany9
,1026 even though these bounds depend on the pre
value of the gravitino mass or the scale of spontane
U(1)PQ breaking@17#.

This paper is organized as follows. In Sec. II, we intr
duce the general formalism for theCP asymmetry in the
case where the decay amplitude contains contributions f
two terms. In Sec. III, we consider the effects ofRp- and
lepton-number-violating couplings on theCP asymmetries
of neutral B mesons. And the effects ofRp- and baryon-
number-violating couplings on theCP asymmetries are con
sidered in Sec. IV. We conclude in Sec. V.

II. GENERAL FORMALISM

The time-dependentCP asymmetry is defined as

af CP
~ t ![

G@B0~ t !˜ f CP#2G@B̄0~ t !˜ f CP#

G@B0~ t !˜ f CP#1G@B̄0~ t !˜ f CP#
, ~2!

wheref CP denotes theCP eigenstates into which the neutr
B mesons decay, andB0(t) andB̄0(t) are the states that wer
tagged as pureBd andB̄d at the production. ThisCP asym-
metry can be rewritten by

1The single bounds onl1328 , l2328 , andl2338 should be replaced by
0.16 which are stronger bounds coming from Ref.@13#.
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af CP
~ t !5af CP

cos cos~DMt !1af CP

sin sin~DMt !, ~3!

whereDM is the mass difference between the two physi
states, and

af CP

cos 5
12ulu2

11ulu2
, af CP

sin 52
2Iml

11ulu2
. ~4!

Herel is given by

l5A^B̄0uHeffuB0&

^B0uHeffuB̄0&

^ f CPuHeffuB̄0&

^ f CPuHeffuB0&

[e22ifM
Ā

A
,

^B0uHeffuB̄0&[M122
i

2
G125UM122

i

2
G12Ue2ifM,

~5!

usingM12@G12.
New physics~NP! modifies the SM predictions on bot

fM andA. NP affects theB-B̄ mixing phase as follows:

fM5fM
SM1dfM ,

dfM5
1

2
arctanS r Msin2~fM

NP2fM
SM!

11r Mcos2~fM
NP2fM

SM!
D , ~6!

wherefM
NP andfM

SM are defined by

^B0uHeff
fulluB̄0&5uM12

SMue2ifM
SM

~11r Me2i (fM
NP

2fM
SM)!, ~7!

where r M[uM12
NPu/uM12

SMu and M12
NP@G12

NP is assumed. For
r M!1,dfM<r M/2. However, forr M>1, dfM can take any
value. In the SM, the mixing phasefM

SM is b and 0 forBd-B̄d

andBs-B̄s , respectively.
If NP contributions toA are dominated by one term an

the size of the contribution is larger than that of the suble
ing SM corrections,A can be written as follows:

A5ASMeif1eid11ANPe
if2eid2,

Ā5ASMe2 if1eid11ANPe
2 if2eid2, ~8!

where ASM,NP are real magnitudes,f1,2 are CP violating
phases, andd1,2 areCP conserving phases. For the sizes
the subleading SM corrections and the contributions of
Rp-conserving supersymmetric model, see Ref.@18#.

With f125f12f2 , d125d12d2, andr D[ANP/ASM,

af CP

cos 52
2r Dsinf12sind12

112r Dsinf12sind12
'22r Dsinf12sind12,
3-2
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af CP

sin 5
sin~2fM1f1!22r Dsinf12cos~2fM12f11d12!

112r Dsinf12sind12

'sin 2~fM1f1!22r Dsinf12cos 2~fM1f1!cosd12,

~9!

to the first order inr D .
For the rest of this paper, we concentrate onaf CP

sin . To this

end we write

af CP

sin [sin 2~fM1f11dfD![sin 2f. ~10!

For r D!1,dfD<r D . However, for r D>1, dfD can take
any value. In the following two sections, we will calculater D
for severalCP violating decay modes.

Note that the NP contribution to the mixing phasefM is
universal for all kinds of decay modes. So one can iden
NP contributions toCP violating B decays independently o
the NP contribution to the mixing by considering two diffe
ent decay modes simultaneously.

III. Rp AND L VIOLATION

In this section, we consider the effects ofRp- and lepton-
number-violating couplings (l8) assuming that the baryon
number-violating couplingsl9’s vanish.

First, we assume thatVCKM is given by only down-type
quark sector mixing. In this case,r M and r D(Bd
˜cKS ,fKS) are estimated in Ref.@19# as follows:

r M~Bd!.108uln138 ln318 uS 100 GeV

M ñ
D 2

,

r D~Bd˜cKS!,0.02,

r D~Bd˜fKS!,0.8, ~11!

anduf(Bd˜cKS)2f(Bd˜fKS)u,O(1). r M(Bs) is given
by replacinguln138 ln318 u with uln238 ln328 u in r M(Bd). In this
section, we wish to investigate other decay modes and
cuss how much the effects ofR” p differ depending on the
models of the left-handed quark mixings.

From Eq.~1!, we obtain the following four-fermion effec
tive Lagrangian due to the exchange of the sleptons:

LR” p

eff,2u-2d5
4GF

A2
C i jkl

L” ~ d̄i PLuj !~ ūkPRdl !,

LR” p

eff,4d5
4GF

A2
N i jkl

L” ~ d̄i PLdj !~ d̄kPRdl !,

~12!

where PL,R5(17g5)/2 and the dimensionless coupling
C i jkl

L” andN i jkl
L” are given by

C i jkl
L” 5

A2

4GF
(

n,p,q51

3
1

M l̃ n

2 VkqVjp* lnpi8 lnql8* ,
05400
y

is-

N i jkl
L” 5

A2

4GF
(
n51

3
1

M l̃ n

2 ln ji8 lnkl8* . ~13!

From the above effective Lagrangian, we calculate the a
plitudesA for the several decay modes under the factori
tion assumption and the results are shown in the Append

In Table I, we show theR-parity- and lepton-number
violating product combinations which significantly contrib
ute to each process assumingVCKM is given by only down-
type quark sector mixing. For the decay modeBd˜cKS ,
there are four kinds of competitive contributions and t
most significant one comes froml3328 l3338 within present
bounds.2 Typically, the constraints are of the order of 1024

or 1023. The decay modes with 1023 constraint areBd
˜fKS , Bd˜p0KS , Bs˜fKS , Bd˜fp0, and Bd
˜p0p0. So these five decay modes are important ones
the presence ofRP violation. See Table II for the estimate
values ofr D .

The supersymmetric contributions to the decay mo
Bd˜fKS and Bd˜p0KS are not dominated by onlyR” p
since there are comparable contributions from nondiago
sfermion mass matrices to these decay modes; see the se
paper of Ref.@18#. And the upcomingB experiments will
initially take data atY(4s) where only theBd can be studied
and the modeBd˜p0p0 suffers from the large SM uncer
tainties. For the decay modeBd˜fp0, the SM prediction
for the branching ratio of this decay mode is quite sma
BSM(Bd˜fp0)51.931028 @20#. Consequently, it would
be hard to measureCP violation considering only one deca
mode unlessR” p enhances the branching ratio of this mo
significantly. But theRp- andL-violating effects can be dis
entangled from those of the SM orRp-conserving supersym
metric models if we compare two or more decay modes.
example, let us think about the decay modes ofBd˜cKS
andBd˜fKS . The difference betweenCP violating phases
of these two decay modes vanishes in the SM
Rp-conserving supersymmetric models. But it does not v
ish in theRp-violating model.

Now, let us think the general case in which the down-ty
quark mixing does not dominateVCKM . In this case, the
strong boundsul i jk8 u,0.012 with j 51,2 fromK1-meson de-
cays becomes invalid. In this case, the typical bounds onl i jk8
with i 52,3 areO(0.1). This means that the constraints giv
in Table I can become weaker by one or two orders of m
nitudes. For example, let us consider the contribution
l2228 l2238 to theCP asymmetry in the modeBd˜cKS . Ne-
glecting the constraint fromK1 decays, the constraint on thi
combination is 3.231022 from D decay @10#. Using this
constraint, one can obtainr D(Bd˜cKS)57.5. Similarly, we
find that the typical size ofr D of all decay modes isO(1) if
we neglect the constraint fromK1 decays. It means that it is
possible to disentangle theR-parity-violating effects from
those of the SM andR-parity-conserving supersymmetri
models. In this case, one can also identify the NP effe

2In Ref. @19#, only the contributions fromln228 ln238 are considered.
3-3
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TABLE I. R-parity- and lepton-number-violating product combinations which significantly contrib
within present bounds@10,13,14# assumingVCKM is given by only down-type quark sector mixing. Con
straints on the magnitudes of the product combinations are also shown.

Decay modes Dominating Constraint
combination

B̄d˜cKS
ln228 ln238 V22V22 1.431024

l3228 l3338 V23V22 2.331024

l3328 l3238 V22V23 2.331024

l3328 l3338 V23V23 3.931024

B̄d˜fKS
l1328 l1228 1.131023

l2328 l2228 1.131023

l3328 l3228 5.831023

B̄d˜p0KS
l2318 l2218 , l2328 l2118 1.931023

l3318 l3218 , l3328 l3118 5.831023

B̄d˜D1D2 ln218 ln238 V22V22 1.431024

l3218 l3338 V23V22 2.331024

l3318 l3238 V22V23 2.331024

l3318 l3338 V23V23 3.931024

B̄d˜DCPp0(r0) l3118 l3338 V23V11 2.331024

l3118 l3238 V22V11 1.431024

l2118 l2238 V22V11 1.431024

ln218 ln138 V11V22 1.431024

l3318 l3138 V11V23 2.331024

B̄s˜fKS
l1328 l1218 , l1328 l1128 , l2328 l2218 , l2328 l2128 , l2318 l2228 1.931023

l3328 l3218 , l3318 l3228 , l3328 l3128 5.831023

B̄d˜fp0 l1328 l1128 , l2328 l2128 1.931023

l3328 l3128 5.831023

B̄d˜p1p2 l2118 l2138 V11V11 1.431024

l3118 l3138 V11V11 1.431024

B̄d˜p0p0 l2318 l2118 1.931023

l3318 l3118 5.831023
k

-

s

independently of the NP contributions to the mixing by ta
ing account of the differences between the anglesf ’s of the
first five modes in Table II.

TABLE II. The maximum values ofr D for CP violating B
decays withL- andRp-violating couplings assumingVCKM is given
by only down-type quark sector mixing.

Decay mode Subquark process fSM r D

B̄d˜cKS b˜cc̄s b 0.09

B̄d˜fKS b˜ss̄s b 2.0

B̄d˜p0KS b˜uūs, b˜dd̄s b 2.8

B̄d˜D1D2 b˜cc̄d b 0.09

B̄d˜DCPp0(r0) b˜cūd, b˜uc̄d b 0.06

B̄s˜fKS b˜ss̄d b 8.0

B̄d˜fp0 b˜ss̄d 2b 66

B̄d˜p1p2 b˜uūd a 0.04

B̄d˜p0p0 b˜uūd, b˜dd̄d 2b 3.0
05400
- IV. Rp AND B VIOLATION

In this section, we consider the effects ofRp and the
baryon-number-violating couplings (l9) assuming the lepton
number violating couplingsl8’s vanish.

From Eq.~1!, we obtain the following four-fermion effec
tive Lagrangian due to the exchange of the squarks:

L
R” p

eff,2u-2d
5

4GF

A2
C i jkl

B” @~ ūig
mPRuj !~ d̄kgmPRdl !

2~ d̄kg
mPRuj !~ ūigmPRdl !#,

LR” p

eff,4d5
4GF

A2
N i jkl

B” ~ d̄ig
mPRdj !~ d̄kgmPRdl !,

~14!

where PL,R5(17g5)/2 and the dimensionless coupling
C i jkl

B” andN i jkl
B” are given by
3-4
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C i jkl
B” 5

A2

4GF
(
n51

3
2

Md̃n

2 l ikn9 l j ln9* ,

N i jkl
B” 5

A2

4GF
(
n51

3
1

Mũn

2 lnik9 ln jl9* . ~15!

From the above effective Lagrangian, we calculate the a
plitudes for several decay modes using the factorization
sumption and the results are shown in the Appendix.

By inspection ofN i jkl
B” , one can easily see thatRp- and

B-violating couplings does not contributeB-B̄ mixing and
Bd˜fKS sincel i jk9 is antisymmetric under the exchange
the last two indices.

The present bounds onl9 are so poor thatr D’s are gen-
erally quite large exceptBd˜pp mode: see Table III. Large
r D means two things. One thing is that it is possible to ha

TABLE III. The product combinations which contribute to eac
decay mode and the maximum values ofr D for CP violating B
decays withB- and Rp-violating couplings. Present constraints o
the magnitudes of the product combinations are also shown@10,22#.

Decay mode Combination Constraint r D

B̄d˜cKS
l2129 l2139 6.431023 12

B̄d˜p0KS
l2129 l2139 6.431023 7.2

B̄d˜D1D2 l2129 l2239 7.831023 3.2

B̄d˜DCPp0(r0) l2129 l1329 1.6 3000

B̄s˜fKS
l2129 l2239 7.831023 25

B̄d˜fp0 l2129 l2239 7.831023 680

B̄d˜p1p2 l1129 l1239 1.331026 1.431023

B̄d˜p0p0 l1129 l1239 1.331026 0.01
05400
-
s-

e

largeCP violation completely different from the SM predic
tions. The other thing is that one can obtain more string
bounds on the product combinations if the measured bran
ing ratios of the decay modes are consistent with the
predictions.

Note that one product combination contributes to two a
more decay modes; see Table III. In this case, the differen
of CP phasesf ’s of the decay modes are exactly the sam
as that of the SM.

In gauge-mediated supersymmetry-breaking models,l9
are severely constrained from the proton decay@16,17#. So
the contributions ofRp- and B-violating couplings toCP
violating B decays can be safely ignored.

V. CONCLUSION

To conclude, we studyCP-violatingB decays in the mini-
mal supersymmetric standard model withR” p . We estimate
how muchR” p modifies the SM predictions forCP asymme-
tries inB decays within the present bounds. The effects ofRp
andL violation on the ratio of the decay amplitude due toR” p
to that of the SM can differ by one or two orders of magn
tudes depending on the models of the left-handed quark m
ing. It is possible to disentangle theR-parity-violating effects
from those of the SM andR-parity-conserving supersymme
ric models within the present bounds. We also study
effects ofRp andB violation and find that the effects coul
be large or the contributing product combinations can
strongly constrained by the near future experiments onB
mesons. The effects ofRp andB violation can be ignored in
gauge-mediated supersymmetric models.
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APPENDIX

In this appendix, we present all decay amplitudes relevant to our analysis. We do not need to know the exact valu
form factor since they are irrelevant in the calculation ofr D for most of the cases. For the numerical calculation, we use
following values for the quark masses:mu54.2 MeV, md57.6 MeV, ms5122 MeV,mc51.3 GeV,mb54.88 GeV, and we
takeN53.

1. SM

The amplitudes in the SM are calculated using the effective Hamiltonian formalism. The short and long distanc
effects in the nonleptonic decays are separated by means of the operator product expansion. For the numerical val
Wilson coefficients~short distance effects!, we use the values in Ref.@20#. The long distance contributions of the hadron
matrix elements are calculated under the factorization approximation:

A~B̄0
˜cKS!5

GF

A2
@VcbVcs* a22VtbVts* ~a31a51a71a9!#^KSus̄b2uB̄0&^cuc̄c2u0&, ~A1!

A~B̄0
˜fKS!52

GF

A2
VtbVts* Fa31a41a52

1

2
~a71a91a10!G^KSus̄b2uB̄0&^fus̄s2u0&, ~A2!
3-5
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A~B̄0
˜p0KS!5

GF

A2
F H VubVus* a21

3

2
VtbVts* ~a72a9!J ^p0uūu2u0&^KSus̄b2uB̄0&

2VtbVts* H a42
1

2
a101

mK
2 ~2a62a8!

~md1ms!~mb2md!J ^KSus̄d2u0&^p0ud̄b2uB̄0&G , ~A3!

A~B̄0
˜D1D2!5

GF

A2
FVcbVcd* a12VtbVtd* H a41a101

2mD
2 ~a61a8!

~mc1md!~mb2mc!
J G^D1uc̄b2uB̄0&^D2ud̄c2u0&, ~A4!

A~B̄0
˜DCPp0!5

GF

A2
~VcbVud* 6VubVcd* !a2^p

0ud̄b2uB̄0&^DCPuc̄u2u0&, ~A5!

A~B̄0
˜DCPr0!5

GF

A2
~VcbVud* 6VubVcd* !a2^r

0ud̄b2uB̄0&^DCPuc̄u2u0&, ~A6!

A~B̄s˜fKS!52
GF

A2
VtbVtd* Fa31a41a52

1

2
$a71a91a10%1

mf
2 ~2a62a8!

2ms~mb2ms!
G^KSud̄b2uB̄s&^fus̄s2u0&, ~A7!

A~B̄0
˜fp0!52

GF

A2
VtbVtd* H a31a52

1

2
~a71a9!J ^p0ud̄b2uB̄0&^fus̄s2u0&, ~A8!

A~B̄0
˜p1p2!5

GF

A2
FVubVud* a12VtbVtd* H a41a101

2mp
2 ~a61a8!

~mu1md!~mb2mu!J G^p1uūb2uB̄0&^p2ud̄u2u0&, ~A9!

A~B̄0
˜p0p0!52

2GF

A2
FVubVud* a21VtbVtd* H a41

3

2
~a72a9!2

1

2
a101

mp
2 ~2a62a8!

2md~mb2mu!J G^p0ud̄b2uB̄0&^p0uūu2u0&.

~A10!

The 6 sign in theB̄0
˜DCPp0(r0) decay modes corresponds to theCP-even andCP-odd eigenstates ofDCP and the same

convention is applied to theRp violation case. In the numerical estimation ofB̄0
˜p0KS decay modes, we assume th

u^p0uūu2u0&^KSus̄b2uB̄0&u'u^KSus̄d2u0&^p0ud̄b2uB̄0&u.

2. Rp and L violation

In this case, the running effects of theRp-violating couplings are neglected. The hadronic matrix elements are
calculated under the factorization assumption:

A~B̄0
˜cKS!5 (

n,i , j

1

M l̃ n

2

1

8N
lni28 ln j38* V2 jV2i* ^KSus̄b2uB̄0&^cuc̄c2u0&, ~A11!

A~B̄0
˜fKS!5(

n

1

M l̃ n

2

1

8N
@ln228 ln238* 1ln328 ln228* #^KSus̄b2uB̄0&^fus̄s2u0&, ~A12!

A~B̄0
˜p0KS!5(

n

1

M l̃ n

2 F H 1

8N S (
i , j

lni28 ln j38* V1 jV1i* 2ln128 ln138* 1ln318 ln218* D
1

mp
2

8md~mb2ms!
~ln118 ln238* 2ln328 ln118* !J ^p0uūu2u0&^KSus̄b2uB̄0&

1H 1

8N
~ln118 ln238* 2ln328 ln118* !2

mKS

2

4~mb2md!~md1ms!
~ln128 ln138* 2ln318 ln218* !J
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3^KSus̄d2u0&^p0ud̄b2uB̄0&G , ~A13!

A~B̄0
˜D1D2!5 (

n,i , j

1

M l̃ n

2

mD2
2

4~md1mc!~mb2mc!
lni18 ln j38* V2 jV2i* ^D1uc̄b2uB̄0&^D2ud̄c2u0&, ~A14!

A~B̄0
˜DCPp0!5 (

n,i , j

1

M l̃ n

2 lni18 ln j38*
1

8N
@V2 jV1i* 6V1 jV2i* #^p0ud̄b2uB̄0&^DCPuc̄u2u0&, ~A15!

A~B̄0
˜DCPr0!52 (

n,i , j

1

M l̃ n

2 lni18 ln j38*
1

8N
@V2 jV1i* 6V1 jV2i* #^r0ud̄b2uB̄0&^DCPuc̄u2u0&, ~A16!

A~B̄s˜fKS!52(
n

1

M l̃ n

2 F H 1

8N
~ln128 ln238* 1ln328 ln218* 1ln228 ln138* 1ln318 ln228* !

1
mKS

2

4~ms1md!~ms1mb!
~ln128 ln238* 1ln328 ln218* 1ln218 ln238* 1ln328 ln128* !J

3^fus̄b2uB̄s&^KSud̄s2u0&2
1

8N
~ln218 ln238* 1ln328 ln128* !^KSud̄b2uB̄s&^fus̄s2u0&G , ~A17!

A~B̄0
˜fp0!5(

n

1

M l̃ n

2

1

8N
~ln218 ln238* 1ln328 ln128* !^p0ud̄b2uB̄0&^fus̄s2u0&, ~A18!

A~B̄0
˜p1p2!52 (

n,i , j

1

M l̃ n

2

mp2
2

4~md1mu!~mb2mu!
lni18 ln j38* V1 jV1i* ^p1uūb2uB̄0&^p2ud̄u2u0&, ~A19!

A~B̄0
˜p0p0!5(

n

1

M l̃ n

2 F(
i , j

1

4N
lni18 ln j38* V1 jV1i* 2H 1

4N
2

mp0
2

4md~mb2md!
J ~ln118 ln138* 2ln318 ln118* !G

3^p0ud̄b2uB̄0&^p0uūu2u0&. ~A20!

In B̄0
˜p0KS and B̄0

˜fKS modes, we assume that the magnitudes of two form factors are approximately same.

3. Rp and B violation

The decay amplitudes forRp andB violation are calculated in the similar way as the case ofRp andL violation:

A~B̄0
˜cKS!52(

n

1

2Md̃n

2 S 12
1

NDl22n9 l23n9* ^KSus̄b2uB̄0&^cuc̄c2u0&, ~A21!

A~B̄0
˜fKS!50, ~A22!

A~B̄0
˜p0KS!5(

n F H 1

2Md̃n

2 l12n9 l13n9* 2
1

2Mũn

2 ln129 ln139* J S 12
1

ND ^p0uūu2u0&^KSus̄b2uB̄0&

2
1

2Mũn

2 S 12
1

NDln129 ln139* ^KSus̄d2u0&^p0ud̄b2uB̄0&G , ~A23!
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A~B̄0
˜D1D2!52(

n

1

2Md̃n

2 S 12
1

NDl21n9 l23n9* ^D1uc̄b2uB̄0&^D2ud̄c2u0&, ~A24!

A~B̄0
˜DCPp0!5(

n

1

2Md̃n

2 S 12
1

ND @l21n9 l13n9* 6l11n9 l23n9* #^p0ud̄b2uB̄0&^DCPuc̄u2u0&, ~A25!

A~B̄0
˜DCPr0!52(

n

1

2Md̃n

2 S 12
1

ND @l21n9 l13n9* 6l11n9 l23n9* #^r0ud̄b2uB̄0&^DCPuc̄u2u0&, ~A26!

A~B̄s˜fKS!52(
n

1

2Mũn

2 S 12
1

NDln129 ln239* @^fus̄b2uB̄s&^KSud̄s2u0&2^KSud̄b2uB̄s&^fus̄s2u0&#, ~A27!

A~B̄0
˜fp0!5(

n

1

2Mũn

2 S 12
1

NDln129 ln239* ^p0ud̄b2uB̄0&^fus̄s2u0&, ~A28!

A~B̄0
˜p1p2!52(

n

1

2Md̃n

2 S 12
1

NDl11n9 l13n9* ^p1uūb2uB̄0&^p2ud̄u2u0&, ~A29!

A~B̄0
˜p0p0!5(

n

1

Md̃n

2 S 12
1

NDl11n9 l13n9* ^p0ud̄b2uB̄0&^p0uūu2u0&. ~A30!

In the B̄s˜fKS decay mode, we assume@21#

^KSud̄b2uB̄s&^fus̄s2u0&2^fus̄b2uB̄s&^KSud̄s2u0&

^KSud̄b2uB̄s&^fus̄s2u0&
'O~1!.
E
7,
s

n,
,

l-

v.

A
.
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