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The forward-backward asymmetry in the angular distribution ofe1e2 is studied in the processes

B→ Xde1e2 and B̄→ X̄de1e2. The possibility of observingCP violation through the asymmetries in these
two processes is examined.@S0556-2821~97!03621-7#

PACS number~s!: 13.20.He

The flavor-changing neutral current transitions
B→ Xse

1e2 and B→ Xde1e2 offer a deeper proble for
the weak interaction sector of the standard model since they
go through second-order weak interactions. The basic quark
transition involved in theseb→ s andb→ d occur through
an intermediatet, c, or u quark. These processes can be
described in terms of an effective Hamiltonian which incor-
porates both the results of short distance expansion tech-
niques as well as the effect of virtual quark-antiquark pairs
@1#. For B→ Xse

1e2 the transitions involving intermediate
top, charm andu quarks enter, respectively, with factors
VtbVts* ,VcbVcs* , and VubVus* . The last of these three is ex-
tremely small compared to the other two; by the unitarity
relation between the elements of the Cabibbo-Kobayashi-
Maskawa~CKM! matrix, the first two of these become effe-
cively negative of each other. Thus the CKM factors effec-
tively act as an overall factor with the result that there is very
little chance of obtaining details of the CKM matrix, in par-
ticular itsCP-violating phase from the study of this process.
Krüger and Sehgal@2# have recently pointed out that the
situation is quite different for the processB→ Xde1e2.
There the three CKM factors, obtained from above by the
replacements→d, are comparable so that the cross section
for the process will have significant interference terms, pos-
sibly opening up prospects of meaningful estimation of the
complex CKM matrix elements. Kru¨ger and Sehgal@2# have
shown that the cross section for the processesB→Xde1e2

and B̄→ X̄de1e2 have differences depending on the value of
the CKM matrix elements that may be experimentally sig-
nificant in the near future.

For inclusiveB decays into lepton pairs, there is another
asymmetry, namely the forward-backward~FB! asymmetry,
introduced by Ali, Mannel, and Morozumi@3#, which again
is another parameter which is likely to be very useful for
comparison of theory with experimental data. For the
B→ Xse

1e2 process, this parameter is again not very
sensitive to the CKM matrix elements and furthermore the
magnitude of this parameter is the same for theB̄ decay as
for the B decay. The observations made by Kru¨ger and Se-
hgal @2# however show that we may expect that these param-
eters will be more sensitive in the inclusiveB decay into
lepton pair with nonstrange hadrons. In this work we obtain
quantitative predictions for the FB asymmetry for the pro-

cessesB→ Xd e1 e2 and B̄→ X̄d e1 e2. The results
as expected show considerably more dependence on the

value of the CKM matrix elements and also brings out the
possibility of observing theCP-violating phase of the CKM
matrix elements in a mixture of equal numbers ofB and B̄
particles.

In the lowest order of the heavy quark effective theory,
the process B→ Xd e1 e2 can be equated to the QCD
corrected matrix element for the process~with the p’s and
q’s representing the on-shell momentum of the particles!

b~pb!→d~pd!1e1~q1!1e2~q2!.

The standard kinematical variables for this process are~with
all dimensional quantities scaled to theb-quark mass!

q5q11q2 , s5~q2!, u52pb~q22q1!,

u2~s!5@s2~11md
2!#@s2~12md

2!#;z5u/u~s!.

z is the cosine of the angle betweenq1
W and pb

W in the rest
frame of the lepton pair. In terms of these variables and the
standard Wilson coefficientsCi ’s @1#, the matrix element for
the above process can be written as

M ~pb ,q1 ,q2 ;l!52A2GFVtbVtd* ~a/4p!F, ~1!

where

F5C9
eff~ d̄gmbL!~ ēgme!1C10~ d̄gmbL!~ ēgmg5e!

22C7@ d̄ ismn#~mbbR1mdbL!@ ēgme#~qn/q2!. ~2!

The constantC’s are given by@1#

C1520.249, C251.108, C351.11231022,

C4522.56931022, C557.40431023,

C6523.14431022, C7520.315,

C954.227 ,

C9
eff is given by

C9
eff5j11lj2 , ~3!

with
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j15C91gc~3C11C213C31C413C5C6!21/2gd~C3

13C4!21/2gb~4C314C413C51C6!12~3C31C4

13C51C6!/9, ~4!

j25~gc2gu!~3C11C2!,

where

gq528ln~mq!/918/2714yq/92~412yq!/31Axu~x!

3@ ln~11x!2 ln~12x!2 ip#1A2xu~2x!

3@2arctan~1/A2x!#, ~5!

with yq54mq
2/s,x512yq . The parameterl is the ratio

VubVud* /VtbVtd* and can be expressed in terms of the
Wolfenstein parameters as

l5
r~12r!2h22 ih

~12r!21h2
. ~6!

Large distance effects can also be included in this scheme by
adding to the expression forC9

eff suitable Breit-Wigner forms
corresponding to theJ/c, c8 resonances. However as we

will see, the region which we will be interested in is below
the resonance region and we will therefore neglect them. We
shall also set the mass of thed quark and the electron zero.
With the matrix elemtent given as above, the differential
cross section for the processb→d1e1e2 can be worked
out as

d2s

dz ds
5C~12s!$~ uC9

effu21C10
2 !@212s122z2~12s!#

18 C7
2@22~12s!~12z2!#/s

18Re~C9
eff!@2C72szC10#216C10C7z%, ~7!

whereC is an overall constant. With this expression the nor-
malized FB asymmetryA(s) defines as

A~s!5
@*0

12*21
0 #dzD~z,s!

@ *0
11*21

0 #dzD~z,s!

5
23@sC10reC9

eff12C10C7#

~112s!@ uC9
effu21C10

2 #14C7
2~211/s!112C7reC9

eff
,

~8!

whereD(z,s) is the left-hand side of Eq.~6!.
The above expression refers to the transion

b(pb)→ de1(q1)e2(q2). By the CPT theorem, the matrix
element for the processb̄ (pb)→ d̄ e2(q1)e1(q2) is given
by M ( pb , q2 , q1 ; l* ). Thus but for the imaginary
part of l, Eq. ~6!, the FB asymmetry of the process
B̄→ X̄d e1 e2 would be exactly the negative ofB decay.

FIG. 1. FB asymmetry forr50.30.

FIG. 2. FB asymmetry forr5-0.07.

FIG. 3. FB asymmetry forr5-0.30.

TABLE I. FB asymmetry averaged betweens50.05 and

s50.35 forB, B̄, andB1 B̄ systems.

r For B For B For

B1B

0.30 0.086 -0.103 -0.014
-0.07 0.086 -0.094 -0.006
-0.30 0.080 -0.086 -0.005
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The difference in the magnitude of theB and the B̄ FB
asymmetry would thus directly measure theCP-violating
phase of the CKM matrix.

Figures 1–3 show the calculated values of the two asym-
metry parameters for three values of the parameterr in the
experimentally allowed range forh 50.34. As can be seen,
there is some dependence on the value of the parameterr.
The study of the FB asymmetry inB decays would thus be
useful confirmatory data in pinning down the value of CKM
matrix elements.

The difference between theB and theB̄ asymmetry is
most pronounced, below theJ/c threshold, as expected. This
raises the possibility of measuring the asymmetry in a beam
containing an equal number ofB andB̄ particles; this would
then be directly proportional toh. In Figs. 1–3, we have
shown the values expected for a mixed system. In Table I,

we also show the value of this mixed asymmetry parameter
averaged over a range ofs from 0.05 to 0.35, well below the
region of the resonances.

The magnitude of the FB asymmetry is of the same of the
order as theCP asymmetry inB→ Xd e1 e2 and will be
within observational range at future colliders. Improvement
of statistics would perhaps also the make the asymmetry ob-
servable in a beam containing equal numbers ofB and B̄’s,
which experimentally would not require any ‘‘tagging’’ and
is thus an interesting possibility .
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