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The decayb→de1e2 has an amplitude containing comparable contributions proportional toVtbVtd* ,
VcbVcd* , andVubVud* . These pieces involve different unitarity phases produced bycc̄ and uū loops. The
simultaneous presence of different CKM phases and different dynamical phases leads to a calculable asym-
metry in the partial widths ofb→de1e2 and b̄→d̄e1e2. Using the effective Hamiltonian of the standard
model, we calculate this asymmetry as a function of thee1e2 invariant mass. The effects ofr, v, andJ/c
resonances are taken into account in the vacuum polarization of theuū andcc̄ currents. As a typical result, an
asymmetry of25% ~22%! is predicted in the nonresonant domain 1 GeV,me1e2,mJ/c , assumingh50.34
andr50.3 ~20.3!. The branching ratio in this domain is 1.231027 ~3.331027!. Results are also obtained in
the region of theJ/c resonance, where an asymmetry of 331023 is expected, subject to certain theoretical
uncertainties in theb→dJ/c amplitude.@S0556-2821~97!04505-0#

PACS number~s!: 11.30.Er, 13.20.He

I. INTRODUCTION

The decaysB→Xs,dl
1l2 are important probes of the ef-

fective Hamiltonian governing the flavor-changing neutral
current transitionb→s(d) l1l2 @1#. The matrix element con-
tains a term describing the virtual effects of the top quark
proportional toVtbVtq* , q5s,d, and in addition terms in-
duced by cc̄ and uū loops, proportional toVcbVcq* and
VubVuq* . In the case of the decayb→sl1l2, the relevant
Cabibbo-Kobayashi-Maskawa~CKM! factors have the order
of magnitudeVtbVts*;l3, VcbVcs* ;l3, VubVus* ;l5, where
l5sinuC.0.221. This has the consequence that theuū con-
tribution is very small, and the unitarity relation for the CKM
factors reduces approximately toVtbVts*1VcbVcs* '0. Thus
the effective Hamiltonian forb→sl1l2 essentially involves
only one independent CKM factorVtbVts* , so thatCP vio-
lation in this channel is strongly suppressed, within the stan-
dard model@2,3#.

The situation is quite different for the transition
b→dl1l2. The internal top-quark contribution is propor-
tional toVtbVtd* , while the terms related tocc̄ anduū loops
are proportional toVcbVcd* andVubVud* . All of these CKM
factors are of orderl4, and,a priori, can have quite different
phases. In addition, thecc̄ and uū loop contributions are
accompanied by different unitarity phases corresponding to
real intermediate states. We thus have a situation in which
the amplitude contains pieces with different CKM phases as
well as different dynamical~unitarity! phases. These are pre-
cisely the desiderata for observingCP-violating asymme-
tries in partial rates. The purpose of this paper is to derive
quantitative predictions for theCP-violating partial width
asymmetry between the channelsb→de1e2 and
b̄→d̄e1e2.

II. THE EFFECTIVE HAMILTONIAN FOR b˜dl1l2

The effective Hamiltonian for the decayb→dl1l2 in the
standard model can be written as

Heff52
4GF

&
VtbVtd* H (

i51

10

ci~m!Oi~m!

2lu$c1~m!@O1
u~m!2O1~m!#

1c2~m!@O2
u~m!2O2~m!#%J , ~2.1!

where we have used the unitarity of the CKM matrix
VtbVtd* 1VubVud* 52VcbVcd* , and lu[VubVud* /VtbVtd* . For
the purpose of this paper it is convenient to use the Wolfen-
stein representation@4# of the CKM matrix with four real
parametersl5sinuC.0.221,A, r, andh, whereh is a mea-
sure ofCP violation. In terms of these parameters

lu5
r~12r!2h2

~12r!21h22 i
h

~12r!21h2 1••• , ~2.2!

where the ellipsis denotes higher-order terms inl. Further-
more, we will make use of

uVtbVtd* u2

uVcbu2
5l2@~12r!21h2#1O~l4!. ~2.3!

The operator basis$Oi% for Heff is given in Refs.@5,6# with
the obvious replacements→d, and the additional operators
O 1,2

u read

O1
u5~ d̄agmPLub!~ ūbgmPLba!,

O2
u5~ d̄agmPLua!~ ūbgmPLbb!, ~2.4!

with PL,R5~17g5!/2. The evolution of the Wilson coeffi-
cients ci~m! in Eq. ~2.1! from the scalem5mW down to
m5mb by means of the renormalization group equation has
been discussed in several papers, and we refer the reader to
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the review article of Buchallaet al. @7#. The resulting QCD-
corrected matrix element can be written as

M5
4GF

&
VtbVtd*

a

4p H c9eff~ d̄gmPLb! l̄gml

1c10~ d̄gmPLb! l̄gmg5l22c7
effd̄ismn

3
qn

q2
~mbPR1mdPL!bl̄gml J . ~2.5!

Neglecting terms ofO(mq
2/mW

2 ), q5u,d,c, the analytic ex-
pressions for all Wilson coefficients, exceptc9

eff , are the
same as in theb→s analog, and can be found in Refs.
@7–10#. Using the parameters given in Appendix A, we ob-
tain, in the leading logarithmic approximation,

c7
eff520.315, c10524.642, ~2.6!

and, in the next-to-leading approximation,

c9
eff5c910.124v~ ŝ!1g~m̂c ,ŝ!~3c11c213c3

1c413c51c6!1lu@g~m̂c ,ŝ!2g~m̂u ,ŝ!#~3c11c2!

2 1
2g~m̂d ,ŝ!~c313c4!2 1

2g~m̂b ,ŝ!

3~4c314c413c51c6!1 2
9 ~3c31c413c51c6!,

~2.7!

with

c1520.249, c251.108, c351.11231022,

c4522.56931022, c557.40431023,

c6523.14431022, c954.227, ~2.8!

and the notationŝ5q2/mb
2, m̂q5mq/mb . In the above for-

mulav( ŝ) represents the one-gluon correction to the matrix
element of the operatorO9 ~see Appendix B!, while the func-
tion g(m̂q ,ŝ) arises from the one-loop contributions of the
four-quark operatorsO12O6, i.e.,

g~m̂q ,ŝ!52 8
9 ln~m̂q!1 8

27 1 4
9 yq2

2
9 ~21yq!

3Au12yqu H Q~12yq!S lnS 11A12yq

12A12yq
D 2 ip D

1Q~yq21!2 arctan
1

Ayq21
J , ~2.9!

with yq[4m̂q
2/ ŝ.

III. LONG-DISTANCE EFFECTS:
r, v, AND THE J/c FAMILY

A more complete analysis of the above decay has to take
into account long-distance contributions, which have their
origin in real uū, dd̄, andcc̄ intermediate states, i.e.,r,v,
andJ/c,c8, etc., in addition to the short-distance interaction
defined by Eqs.~2.5!–~2.8!. In the case of theJ/c family this

is usually accomplished by introducing a Breit-Wigner dis-
tribution for the resonances through the replacement@11#

g~m̂c ,ŝ!→g~m̂c ,ŝ!2
3p

a2 (
V5J/c,c8•••

m̂VB~V→ l1l2!Ĝtotal
V

ŝ2m̂V
21 im̂VĜtotal

V
,

~3.1!
where the properties of the vector mesons are listed in Ref.
@12#.

We prefer to follow a different procedure, discussed in
our previous paper@13#, which uses the renormalized photon
vacuum polarizationPhad

g ( ŝ), related to the measurable
quantity Rhad( ŝ)[stot~e

1e2→hadrons!/s~e1e2→m1m2!.
This allows us to implement the long-distance contributions
using experimental data. The absorptive part of the vacuum
polarization is given by

Im Phad
g ~ ŝ!5

a

3
Rhad~ ŝ!, ~3.2!

whereas the dispersive part may be obtained via a once-
subtracted dispersion relation@14#

RePhad
g ~ ŝ!5

a ŝ

3p
PE

4m̂p
2

` Rhad~ ŝ8!

ŝ8~ ŝ82 ŝ!
dŝ8, ~3.3!

whereP denotes the principal value.
To derive an expression that relatesg(m̂q ,ŝ) andRhad( ŝ),

let us start with the electromagnetic current involvingu, d,
andc quarks, which is relevant to the production ofr, v, and
J/c resonances:

j m
em5 2

3 ūgmu2 1
3 d̄gmd1 2

3 c̄gmc1••• . ~3.4!

Using Eq.~3.4!, the vacuum polarization may then be written
as

Phad
g 5 4

9 Pc c̄1 4
9 Pu ū1 1

9 Pd d̄1••• . ~3.5!

The vacuum polarizationPq q̄ associated with aqq̄ loop is
related tog(m̂q ,ŝ) via

Pq q̄5
9

4

a

p S g~m̂q ,ŝ!1
4

9
1
8

9
ln m̂qD . ~3.6!

Next we define currents corresponding to the quantum num-
bers ofr, v, andJ/c:

j m
r 5 1

2 ~ j m
u2 j m

d !, j m
v5 1

6 ~ j m
u1 j m

d !, j m
J/c5 2

3 j m
c ,

~3.7!

with j m
q5q̄gmq, in terms of which the vacuum polarization,

Eq. ~3.5!, can be rewritten as

Phad
g 5PJ/c1Pv1Pr1••• . ~3.8!

With the assumptionmu5md it follows immediately that

Pu ū5Pd d̄, and we arrive at

Pc c̄5 9
4 PJ/c, ~3.9!

Pu ū5Pd d̄5 9
5 ~Pv1Pr!, ~3.10!
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so that

Im g~m̂c ,ŝ!5
p

3
Rhad
J/c~ ŝ!, ~3.11!

Im g~m̂u ,ŝ!5Im g~m̂d ,ŝ!5
4p

15
@Rhad

r ~ ŝ!1Rhad
v ~ ŝ!#.

~3.12!

For the real part of the one-loop functiong(m̂q ,ŝ) one finds

Reg~m̂c ,ŝ!52
8

9
ln m̂c2

4

9
1
ŝ

3
PE

4m̂D
2

` Rhad
J/c~ ŝ8!

ŝ8~ ŝ82 ŝ!
dŝ8,

~3.13!

and

Reg~m̂q ,ŝ!52
8

9
ln m̂q2

4

9

1
4ŝ

15
PE

4m̂p
2

` Rhad
r ~ ŝ8!1Rhad

v ~ ŝ8!

ŝ8~ ŝ82 ŝ!
dŝ8,

q5u,d. ~3.14!

Note that in many cases the evaluation of the dispersion in-
tegral may be carried out analytically~see, e.g., Ref.@15#!.
The cross-section ratios appearing in Eqs.~3.11!–~3.14! may
be written as

Rhad
J/c~ ŝ!5Rcont

c c̄ ~ ŝ!1Rres
J/c~ ŝ!, ~3.15!

Rhad
r ~ ŝ!1Rhad

v ~ ŝ!5Rcont
u ū1d d̄~ ŝ!1Rres

r ~ ŝ!1Rres
v ~ ŝ!, ~3.16!

where the subscripts ‘‘cont’’ and ‘‘res’’ refer to the contri-
butions from the continuum and the resonances respectively.
TheJ/c resonances andv are well described through a rela-
tivistic Breit-Wigner form; i.e.,

Rres
J/c~ ŝ!5 (

V5J/c,c8,•••

9ŝ

a2

B~V→ l1l2!Ĝtotal
V Ĝhad

V

~ ŝ2m̂V
2 !21m̂V

2 Ĝtotal
V2

, ~3.17!

and

Rres
v ~ ŝ!5

9ŝ

a2

B~v→ l1l2!Ĝtotal
v2

~ ŝ2m̂v
2 !21m̂v

2 Ĝtotal
v2 , ~3.18!

with a ŝ-independent total width, which is quite adequate for
our purposes. Ther resonance may be introduced through

Rres
r ~ ŝ!5

1

4 S 12
4m̂p

2

ŝ D 3/2uFp~ ŝ!u2, ~3.19!

Fp( ŝ) being the pion form factor, which is represented by a
modified Gounaris-Sakurai formula@16#. The continuum
contributions can be parametrized using the experimental
data from Ref.@17#, and are given in Appendix A.

IV. BRANCHING RATIO AND CP-VIOLATING
ASYMMETRY

The differential branching ratio forb→dl1l2 in the vari-
ableAŝ including next-to-leading order QCD corrections is
given by

dB

dAŝ
5

a2

2p2

uVtbVtd* u2

uVcbu2
B~B→Xcen̄e!

f ~m̂c!k~m̂c!

3l1/2~1,ŝ,m̂d
2!Aŝ24m̂l

2 S, ~4.1!

where we have neglected nonperturbative corrections of
O(1/mb

2) @18#. The various factors appearing in Eq.~4.1! are
defined by

l~a,b,c!5a21b21c222~ab1bc1ac!, ~4.2!

S5H S 12 Re~c7effc9eff!F1~ ŝ,m̂d
2!1

4

ŝ
uc7

effu2F2~ ŝ,m̂d
2! D

3S 11
2m̂l

2

ŝ D 1~ uc9
effu21uc10u2!F3~ ŝ,m̂d

2,m̂l
2!

16m̂l
2~ uc9

effu22uc10u2!F4~ ŝ,m̂d
2!J , ~4.3!

with

F1~ ŝ,m̂d
2!5~12m̂d

2!22 ŝ~11m̂d
2!,

F2~ ŝ,m̂d
2!52~11m̂d

2!~12m̂d
2!22 ŝ~1114m̂d

21m̂d
4!

2 ŝ2~11m̂d
2!,

F3~ ŝ,m̂d
2,m̂l

2!5~12m̂d
2!21 ŝ~11m̂d

2!

22ŝ21l~1,ŝ,m̂d
2!
2m̂l

2

ŝ
,

F4~ ŝ,m̂d
2!512 ŝ1m̂d

2, ~4.4!

while the ratio of CKM matrix elements in terms of the
Wolfenstein parametersr andh has already been given in
Eq. ~2.3!. In order to remove the uncertainties in Eq.~4.1!
due to an overall factor ofmb

5, we have introduced the in-
clusive semileptonic branching ratio via the relation

G~B→Xcen̄e!5
GF
2mb

5

192p3 uVcbu2f ~m̂c!k~m̂c!, ~4.5!

where f (m̂c) and k(m̂c) represent the phase space and the
one-loop QCD corrections@19# to the semileptonic decay
respectively, and are given in Appendix B. Integrating the
distribution in Eq.~4.1! for l5e, m, andt overAŝ, we obtain
the branching ratioB(B→Xdl

1l2), depending on the spe-
cific choice ofr andh. The results are shown in Table I, for
typical values of~r,h! in the experimentally allowed domain
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@1#.1 Note that the branching ratio is quite sensitive to the
Wolfenstein parameterr. For instance, the branching ratio
for B→Xde

1e2 varies from 2.7 to 7.931027, when r is
varied from10.3 to20.3.

Let us now turn to theCP-violating rate asymmetry,
which is defined as

ACP~Aŝ!5
dG/dAŝ2dḠ/dAŝ
dG/dAŝ1dḠ/dAŝ

, ~4.6!

where

dG

dAŝ
[
dG~b→dl1l2!

dAŝ
,

dḠ

dAŝ
[
dG~ b̄→d̄l1l2!

dAŝ
.

~4.7!

The physical origin of aCP-violating asymmetry in the re-
action can be understood by considering the term propor-
tional to c9

eff in the matrix element, which can be written
symbolically as

M;A1luB. ~4.8!

The corresponding matrix element forb̄→d̄l1l2 is

M̄;A1lu*B, ~4.9!

giving an asymmetry

ACP5
22 Im luIm~A*B!

uAu21uluBu212 Relu Re~A*B!
, ~4.10!

which provides a measure forCP violation. The asymmetry
results from the presence ofCP violation in the CKM matrix
~Im luÞ0! and unequal unitarity phases in the amplitudesA
andB @Im(A*B)Þ0#.

The complete result contains an additional term due to the
interference ofc7

eff with c9
eff , and the asymmetry takes the

final form

ACP~Aŝ!5
22 Im luD

S12 Im luD
'22 Im lu

D

S

5S 2h

~12r!21h2D D

S
, ~4.11!

with S defined in Eq.~4.3!, and

D5Im~j1* j2! f1~ ŝ!1Im~c7
effj2! f 1~ ŝ!,

c9
eff[j11luj2 ,

f 1~ ŝ!56F1~ ŝ,m̂d
2!S 11

2m̂l
2

ŝ D ,
f1~ ŝ!5F3~ ŝ,m̂d

2,m̂l
2!16m̂l

2F4~ ŝ,m̂d
2!, ~4.12!

where the phase-space functionsF1 andF3,4 are given in Eq.
~4.4!. Notice thatACP vanishes asmu→mc , since in that
limit j2→0 @see Eq.~2.7!#.

Our numerical results for the asymmetry together with the
differential branching ratio, Eq.~4.1!, are shown in Figs. 1–3
for different values ofr andh.2 It is interesting to note that
the r resonance is barely visible in the invariant mass spec-
trum, but has a strong influence on the asymmetry in the
region up to 1 GeV. We have evaluated the branching ratio
and average asymmetrŷACP& for different regions ofAs
using Eq. ~4.6!, and our results are displayed in Tables
II–IV. 3

V. CONCLUSIONS

The principal results of our analysis are as follows.
~1! In the region excluding theJ/c resonances, we find a

sizeable CP-violating asymmetry between the decays
b→de1e2 and b̄→d̄e1e2. This asymmetry amounts to
25.3% ~21.9%! for the invariant mass region 1 GeV
,Ase1e2,mJ/c220 MeV, assumingh50.34 andr50.3
~20.3!. The corresponding branching ratio is 1.231027

~3.331027!. The asymmetry scales approximately as
h@~12r!21h2#21, while the branching ratio scales as
~12r!21h2. For a nominal asymmetry of 5% and a branch-
ing ratio of 1027, a measurement at 3s level requires 431010

B mesons. In view of the clear dilepton signal, such a mea-
surement might be feasible at future hadron colliders. It
should be noted, however, that identification of the reaction
b→de1e2 in the presence of the much stronger reaction
b→se1e2 would require a study of the decay vertex, in
order to select final states such asp1, p1p2p1, etc.~accom-
panied by any numbers of neutrals!. In the inclusive analysis
of e1e2 pairs, only those with invariant mass in the range
(MB2MK),As,(MB2Mp) can be unambiguously as-
cribed tob→de1e2.

~2! In the neighborhood of theJ/c resonance~mJ/c220
MeV,As,mJ/c120 MeV!, the branching ratio is substan-
tial ~B53.731026!, but the asymmetry is very small
~^ACP

J/c&50.631023!. This smallness in asymmetry is the in-
evitable result of a very largecc̄ amplitude near theJ/c,

1The branching ratio for different regions ofAŝ will be discussed
below.

2We have also calculated the asymmetry in theb→s transition,
which is roughly one order of magnitude smaller than inb→d. Our
results for the asymmetry differ somewhat from those given in Ref.
@3#, which uses an incorrect sign for the absorptive part of the
one-loop functiong(m̂q ,ŝ). The correct sign is given in Refs.@8#
and @10#.
3A variation of mt in the interval 176610 GeV changes these

numbers by&10%.

TABLE I. Branching ratioB(B→Xdl
1l2), wherel5e, m or t,

for different values of~r,h! excluding the region~620 MeV!
around theJ/c andc8 resonances.

~r,h! B(B→Xde
1e2) B(B→Xdm

1m2) B(B→Xdt
1t2)

~0.3,0.34! 2.731027 1.831027 0.731028

~20.07,0.34! 5.531027 3.831027 1.631028

~20.3,0.34! 7.931027 5.431027 2.331028
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interfering with a small nonresonant background.
~3! It is pertinent to ask if some refinement of the effec-

tive Hamiltonian underlying our calculation might lead to a
higher asymmetry in theJ/c region. In this connection, the
following comments are in order.

~i! Our prescription for incorporating resonances into the
effective Hamiltonian via the vacuum polarization function
Phad

g ( ŝ) implicitly assumes that the transitionb→dJ/c is
adequately described by the leading term
(3c11c213c31c413c51c6) appearing in the Wilson co-
efficient c9

eff , Eq. ~2.7!. With the values ofci ~i51, . . . ,6!
given in Eq. ~2.8!, the theoretical branching ratio for the

FIG. 1. Branching ratioB(B→Xde
1e2) ~a! andCP-violating

asymmetryACP ~b! including next-to-leading order QCD correc-
tions as well as long-distance contributions~solid line!, i.e., r, v,
and theJ/c family, as a function ofAŝ, ŝ[q2/mb

2. The dashed line
in ~a! corresponds to the nonresonant invariant mass spectrum. The
Wolfenstein parameters are chosen to be~r,h!5~0.3, 0.34!.

FIG. 2. Branching ratioB(B→Xde
1e2) ~a! andCP-violating

asymmetryACP ~b! for ~r,h!5~20.07, 0.34!. The dashed line in~a!
represents the nonresonant spectrum.

55 2803CP VIOLATION IN THE DECAY B→Xde
1e2



related reactionb→sJ/c is known to be;5 times smaller
than measured@1,13,20#. It could be argued that for the pur-
poses of calculating theb→dJ/c amplitude the coefficient
~3c11c21•••! should accordingly be corrected to
kV(3c11c21•••), with kV;A5. While such a procedure
enhancesthe branching ratio ofb→dJ/c by a factorkV

2, it
reducesthe asymmetry by a factorkV . Outside theJ/c and
c8 regions, the branching ratio is essentially independent of

kV . The asymmetry forAs,mJ/c is likewise unaffected,
while that betweenJ/c and c8 is reduced by;kV . In the
regionAs.mc8 the asymmetry is quite sensitive tokV and
can even be enhanced by an order of magnitude. This corner
of phase space accounts, however, for only about 6% of the
decay rate.

~ii ! The asymmetry may be slightly enhanced if one takes
into account mixing of thecc̄ current with theuū and dd̄
currents. Such a mixing can give rise to an Okubo-Zweig-
Iizuka- ~OZI-! rule-violating transitionuū→J/c, mediated
by a one-photon~or three-gluon! intermediate state@21,22#.
The QED effect can be incorporated into our calculation of
the asymmetry near theJ/c resonance by the replacement

lug~m̂c ,ŝ!→lu~11 i 4
9 a!g~m̂c ,ŝ! ~5.1!

in the coefficientc9
eff . The resulting asymmetry increases

from 0.631023 to 2.931023 ~see Table IV!.
~iii ! Finally, it is possible to contemplate gluonic correc-

tions to the effective Hamiltonian, that allow the transition
b→dJ/c to take place not only through a color-singlet (cc̄)1
intermediate state@i.e., b→d(cc̄)1→dJ/c# but also through
a color-octet intermediate configuration [b→d(cc̄)8
→dJ/c]. An illustrative calculation by Soares@22# yields an
asymmetry of about 1% from such a mechanism.
Our general conclusion is that a measurement of the branch-
ing ratio and partial width asymmetry in the channel
b→de1e2 in the nonresonant continuum, would provide a
theoretically clean and fundamental test of the idea thatCP
violation originates in the CKM matrix. The predicted asym-
metry in the region 1 GeV,me1e2,mJ/c is approximately

TABLE III. Branching ratio B(B→Xde
1e2) and average

asymmetrŷ ACP& for the largeAs region, excluding theJ/c andc8
resonances~e520 MeV!.

~r,h!
(mJ/c1«),As

,(mc82«)
(mc81«)

,As,Asmax

B ~0.3,0.34! 0.331027 1.631028

~20.07,0.34! 0.531027 3.431028

~20.3,0.34! 0.831027 4.931028

^ACP& ~0.3,0.34! 25.131022 5.231023

~20.07,0.34! 22.531022 2.131023

~20.3,0.34! 21.831022 1.531023

FIG. 3. Branching ratioB(B→Xde
1e2) ~a! andCP-violating

asymmetryACP ~b! for ~r,h!5~20.3, 0.34!. The dashed line in~a!
represents the nonresonant spectrum.

TABLE II. Branching ratioB(B→Xde
1e2) and average asym-

metry ^ACP& for different regions ofAs, below theJ/c resonance
~«520 MeV!.

~r,h! 2me,As,1 GeV 1 GeV,As,(mJ/c2«)

B ~0.3,0.34! 1.131027 1.231027

~20.07,0.34! 2.431027 2.331027

~20.3,0.34! 3.431027 3.331027

^ACP& ~0.3,0.34! 28.431023 25.331022

~20.07,0.34! 24.031025 22.731022

~20.3,0.34! 22.931023 21.931022
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25.3%S h

0.34D S 1.231027

B D , ~5.2!

whereB denotes the branching ratio in the above interval.
Measurements near theJ/c resonance are predicted to show
a very small asymmetry~;331023! that depends somewhat
on the manner in which QCD modulates the effective inter-
action forb→dJ/c.
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APPENDIX A: INPUT PARAMETERS

mb54.8 GeV, mc51.4 GeV,

mu5md5mp50.139 GeV, mt5176 GeV,

me50.511 MeV,

mm50.106 GeV, mt51.777 GeV,

m5mb , B~B→Xcen̄e!510.4%, l50.2205,

LQCD5225 MeV, a51/129, sin2 uW50.23,

MW580.2 GeV. ~A1!

Rcont
u ū1d d̄~ ŝ!5 H0 for 0< ŝ<4.831022,

1.67 for 4.831022< ŝ<1. ~A2!

Rcont
c c̄ ~ ŝ!5H 0 for 0< ŝ<0.60,

26.80111.33ŝ for 0.60< ŝ<0.69,
1.02 for 0.69< ŝ<1.

~A3!

APPENDIX B: USEFUL FUNCTIONS

As noted by Misiak@10#, the functionv( ŝ) can be in-
ferred from@23# and is defined by

v~ ŝ!52
2

9
p22

4

3
Li2~ ŝ!2

2

3
ln ŝ ln~12 ŝ!

2
514ŝ

3~112ŝ!
ln~12 ŝ!2

2ŝ~11 ŝ!~122ŝ!

3~12 ŝ!2~112ŝ!
ln ŝ

1
519ŝ26ŝ2

6~12 ŝ!~112ŝ!
. ~B1!

f ~m̂c!5128m̂c
218m̂c

62m̂c
8224m̂c

4 ln m̂c . ~B2!

k~m̂c!512
2as~mb!

3p F S p22
31

4 D ~12m̂c!
21

3

2G .
~B3!
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TABLE IV. Branching ratio B(B→Xde
1e2) and average

asymmetrŷ ACP& near theJ/c andc8 resonances~e520 MeV!.

(mJ/c2«),As,(mJ/c1«) (mc82«),As,(mc81«)

B 3.731026 1.831027

^ACP& 0.631023 4.431023

^ACP&
a 2.931023 6.731023

aIncluding OZI correction, induced by one-photon exchange as
specified in Eq.~5.1!.
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