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Inclusive dileptonic rare B decays with an extra generation of vectorlike quarks

Mohammad R. Ahmady,* Makiko Nagashima,† and Akio Sugamoto‡

Department of Physics, Ochanomizu University, 1-1 Otsuka 2, Bunkyo-ku, Tokyo 112, Japan
~Received 8 May 2001; published 10 August 2001!

We investigate the leading effects of extending the standard model of electroweak interactions by an extra
isosinglet up- and down-type quark pair on various distributions and total branching ratio of the inclusiveB
→Xsl

1l 2 ( l 5e,m) rareB decays. The presence of the extra vectorlike down quarkD results in the nonuni-
tarity of the extended quark mixing matrixV, which in turn leads tob→s flavor changing neutral currents at
the tree level proportional to (V†V)sb . On the other hand, the effective penguin and box vertex functions are
sensitive to the mass of the extra isosinglet up quarkmU . The experimental upper bound onBR(B
→Xsm

1m2) is used to constrain the parameters of the model. It is shown that the shapes of the differential
branching ratio and forward-backward asymmetry distribution are very sensitive to the value of the model
parameters. We also calculate theCP aymmetry distribution of the dileptonic decay in the vectorlike quark
model. It is shown that, for a typical choice of the model parameters, asymmetries up to around 10% can be
achieved for certain values of the dilepton invariant mass.
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I. INTRODUCTION

RareB decays, which proceed via loop effects, are imp
tant venues for observing the signals of new physics bey
the standard model~SM!. Heavy exotic particles, which ar
not accessible to experiments at present or near future a
erators, can occur in quantum loops as virtual particles,
therefore, be detected indirectly.B factories, CLEO III, and
other dedicatedB experiments are expected to observe n
rareB decay channels and to improve the precision of th
which have already been measured. As a result, by u
experimental data on radiative rare B decays, one shoul
able to constrain the parameters of new physics better
before.

One simple extension of the SM is obtained by adding
extra generation of isosinglet quarks@1#. There are various
motivations for this model: down-type vectorlike quarks a
predicted by certain grand unified theories such asE6 in four
dimensions, which is inspired by the superstringE83E8
model in ten dimensions. Also, it was shown that hea
quarks should be vectorlike if the vacuum is to be sta
perturbatively@2#. The presence of these isosinglet qua
leads to nonunitarity of the quark mixing matrix and, cons
quently, results in nonvanishing flavor changing neutral c
rents~FCNC’s! at tree level. On the other hand, the existen
of the extra heavy quarks necessitates the modification o
Wilson coefficients of the operators entering the effect
Hamiltonian for rare decays ofK andB mesons@3#.

In this paper, we investigate the effects of adding an ex
isosinglet pair of quarks,U andD, with charges12/3 and
21/3, respectively, to the SM on the inclusive rare dilepto
B decaysB→Xsl

1l 2. Using the experimental upper boun
of the branching ratio, one can constrain the acceptable ra
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of the model parameters. However, it is shown that
shapes of the differential branching ratio and forwa
backward asymmetry distribution is still quite sensitive
these parameters in their restricted domain. We then proc
to calculate the directCP asymmetry distribution associate
with B→Xsl

1l 2, assuming that the imaginary parts of th
cc̄ continuum and resonance contributions are the o
sources of the strong phase. Our results indicate that the
of theCP asymmetry, which is vanishingly small in the SM
and very sensitive to the model parameters in the vector
quark model~VQM!, can reach up to 10% for certain dilep
ton invariant mass values.

II. VECTORLIKE QUARK MODEL „VQM …

In this model, the gauge structure of the SM remains
tact except for an additional pair of isosinglet quarks, wh
we denote them byU andD, as mentioned before. The dif
ference between these new quarks and ordinary quarks o
three SM generations is that, unlike the latter ones, both l
and right-handed components of the former quarks
SU(2)L singlets. Therefore, the Dirac mass terms of vect
like quarks, i.e.,

mU~ŪLUR1ŪRUL!1mD~D̄LDR1D̄RDL!, ~1!

are invariant under electroweak gauge symmetry. Howe
the masses of the ordinary quarks arise from their ga
invariant Yukawa couplings to an isodoublet scalar Hig
field f as follows:

2 f d
i j c̄L

i dR
j f2 f u

i j c̄L
i uR

j f̃1H.c., ~2!

wherei , j 51,2,3 covers the three generations of the regu
quarks, and the doublet of fermionscL

i is defined as

cL
i [S ui

di D
L

. ~3!

-
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At the same time, additionalSU(2)L invariant Yukawa cou-
plings between vectorlike and ordinary quarks, in the for

2 f d
i4c̄L

i DRf2 f u
i4c̄L

i URf̃1H.c., ~4!

leads to mixing among four up- and down-type quarks of
same charge. As a result, after spontaneous electroweak
metry breaking due tôf&5vÞ0, we obtain the mass term

d̄L
aMd

abdR
b1ūL

aMu
abuR

b1H.c., ~5!

where Md and Mu are 434 mass matrices anda,b
51 . . . 4 cover ordinary and vectorlike quarks. In gener
the mass matrices are not diagonal, and unitary transfor
tions from weak to mass eigenstates are necessary to ac
diagonalization. Denoting the mass eigenstates byuL,R8 and
dL,R8 , we have

uL,R
a 5AL,R

u abuL,R8 b, dL,R
a 5AL,R

d abdL,R8 b, ~6!

where the unitary transformation matricesAL,R
u,d are chosen

such thatAL
d†MdAR

d and AL
u†MuAR

u are diagonal. The inter
esting property of the VQM is that transformations~6! lead
to intergenerational mixing among quarks not only in t
charged current sector but also in the neutral current inte
tions. This is due to the fact that the extra isosinglet qua
carry zero weak isospin and thus, are not involved inSU(2)L
interactions as weak eigenstates. For example, the ch
current interaction term

JCC
W m5(

i 51

3

I
g

A2
ūL

i gmdL
i Wm

11H.c., ~7!

transforms to

JCC
W m5 (

a,b51

4

I
g

A2
ūL8

aVabgmdL8
bWm

11H.c., ~8!

where

Vab5(
i 51

3

~AL
u†!a i~AL

d! ib, ~9!

when expressed in terms of mass eigenstates via Eq.~6!. V is
the 434 generalization of the Cabibbo-Kobayashi-Maska
~CKM! @4# quark mixing matrix. The fact that the fourt
generation is isosinglet, i.e.,i 51,2,3, leads to a nonunitarit
of the mixing matrixV as demonstrated in the following:

~V†V!ab5 (
d51

4

Vda* Vdb

5 (
d51

4

(
i , j 51

3

@~AL
uid!* AL

dia#* ~AL
u j d!* AL

d j b
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i , j 51

3

~AL
dia!* AL

d j b (
d51

4

~AL
u j d!* AL

uid

5(
i 51

3

~AL
dia!* AL

dib5dab2~AL
d4a!* AL

d4b.

~10!

In obtaining the last line in Eq.~10!, the unitarity of the
tranformation matrixAL

u has been utilized. In the same wa
one can show

~VV†!ab5dab2~AL
u4a!* AL

u4b. ~11!

Equations~10! and ~11!, together with the unitarity ofAL
u,d ,

indicate that the quark mixing matrixV cannotbe unitary.
This property of the VQM has interesting consequences
the neutral current sector where nonvanishing tree level
NC’s, proportional to the deviation of the quark mixing m
trix @Eq. ~9!# from unitarity, are generated. To demonstra
this explicitly, let us examine the neutral current which
coupled toZm boson

JNC
Z m5I

g

cosuw
S I w

q (
i 51

3

q̄L
i gmqL

i 2Qq sin2uw

3 (
d51

4

~ q̄L
dgmqL

d1q̄R
d gmqR

d !D , ~12!

whereQq is the electric charge of the quarkq. The first term
in Eq. ~12! is proportional toI w

q , the third component of the
isospin, which has a value11/2 or 21/2 for the up- or
down-type quark, respectively. Consequently, the isosin
quarks, which have zero isospin,do not contribute to this
term. As a result, under transformations~6!, the neutral cur-
rent @Eq. ~12!# can be expressed in terms of the mass eig
states as follows:

JNC
Z m5I

g

cosuw
S I w

q (
i 51

3

(
a,b51

4

q̄8L
agmqL8

b~AL
q†!a iAL

qib

2Qq sin2uw(
d51

4

(
a,b51

4

q̄L8
agmqL8

b~AL
q†!adAL

qdb

1q̄R8
agmqR8

b~AR
q†!adAR

qdbD
5I

g

cosuw
(

a,b51

4

~ I w
q Uabq̄L8

agmqL8
b

2Qq sin2uwdabq̄8agmq8b!, ~13!

where
1-2
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FIG. 1. The Feynmann dia
grams which contribute toB
→Xsl

1l 2 in the VQM. ~a! The
tree level contribution.~b! The
box diagram.~c! The penguin dia-
grams mediated by charged pa
ticles. ~d! The penguin diagrams
mediated by neutral particles.Z
and g coupling to the internal
quarks in~c! and ~d! are propor-
tional to Uba and dba, respec-
tively.
so-

-
C

Uab5(
i 51

3

~AL
qia!* AL

qib5dab2~AL
q4a!* AL

q4b

5H ~V†V!ab, q[down-type

~VV†!ab, q[up-type.
~14!

We observe that the nonunitarity of the mixing matrixV in
the VQM leads to tree level FCNC’s in theZ sector. In fact,
this property is valid for the neutral currents involving th
scalar partner ofZ and the Higgs bozon as well. On the othe
hand, the same nonunitarity parametersUab(aÞb) of Eqs.
~13! and~14! appear at the one-loop level FCNC’s as multi
plicative factors for terms which are independent of the in
ternal quark mass. These terms are absent in the SM, wh
CKM quark mixing matrix is unitary.

One can use the existing experimental data to constr
various elements ofU. In this work, we are concerned with
Usb, which appears in rare FCNCb→s transitions. In par-
ticular, we investigate the shift in the differential branchin
ratio and total branching ratio, forward-backward andCP
asymmetries of the inclusive dileptonicB decays due to the
presence of the extra vectorlike quarks. The experimen
upper bound on the branching ratio of theB→Xsm

1m2 de-
cay is used to constrainUsb and other VQM parameters, as
explained in Sec. III.

III. RARE B DECAYS B\Xsl
¿lÀ IN THE VQM

The low-energy effective Lagrangian forB→Xsl
1l 2 can

be written as
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Leff5
GF

A2
~As̄Lmb l̄ Lml 1Bs̄Lmb l̄Rml 12mbCs̄Tmb l̄gml !,

~15!

where

Lm5gm~12g5!, Rm5gm~11g5!, ~16!

Tm5 ismn~11g5!qn/q2. ~17!

mb is the mass of theb quark andq is the total momentum of
the l 1l 2 pair. A andB receive long-distance~LD! contribu-
tions from dynamical quark loops and intermediate re
nances as well as short-distance~SD! contributions at the
tree and one loop level.C is the coefficient of the SD mag
netic moment operator. In the VQM, the tree level FCN
diagram of Fig. 1~a! leads to the results

A1(a)
SD 5Usb~2112 sin2uW!, B1(a)

SD 5Usb~2 sin2uW!,
~18!

where sin2uW'0.23 (uW is the weak angle!. On the other
hand, the box diagram@Fig. 1~b!# contributes toASD only, as
it is purely (V2A) ^ (V2A):

A1(b)
SD 52

a

p sin2uW
(
b51

4

Vbs* VbbB0~xb!. ~19!
11-3
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AHMADY, NAGASHIMA, AND SUGAMOTO PHYSICAL REVIEW D 64 054011
The effective vertex function1 B0(xb) ~subscript ‘‘0’’ indi-
cates that QCD corrections are not included!, where xb

5mb
2/MW

2 with mb being the mass of the virtual quark in th
loop, has the following expression@6#:

B0~x!5
1

4 F11
x

12x
1

x ln x

~12x!2G . ~20!

In the SM with the CKM quark mixing picture, due t
unitarity, the constant term in the effective vertex functio
like B0(x), when summed over all three generations, adds
to zero, and therefore, is usually omitted. However, in
VQM at one loop order, such constant terms make contri
tions proportional to the nonunitarity parameterUsb, and
thus their significance depends on the specific process w
is under investigation. For example, in the radiativeB
→Xsg decay process, where a tree level FCNC like Fig. 1~a!
is absent, the above mentioned nonunitarity contributions
quite crucial @7#. For the dileptonicB→Xsl

1l 2 process,
however, the dominant nonunitarityUsb effect appears at the
tree level @Eq. ~18!#, compared to which the above me
tioned contributions are suppressed by a factora/p, and
thus, can be safely ignored at the leading order.

Photon- andZ-penguin diagrams@Figs. 1~c! and 1~d!# also
contribute toA andB. Figure 1~c! consists of the usual SM
diagrams due toW and its unphysical Higgs partner ex
change, that now include an extra virtual up-type quark
sertion in the loop as well. On the other hand, Fig. 1~d!
illustrates penguin diagrams via Z, its unphysical sca
Higgs partner and physical Higgs exchange, which are pe
liar to the VQM. Because of the property(d51

4 UadUdb

5Uab, these latter diagrams can all be shown to be prop
tional to Usb, and therefore, are subleading as compared
the tree level FCNC contribution. Consequently, one has

A1(c)
SD 52

a

p (
b51

4

Vbs* VbbF1

4
D0~xb!

1S 12
1

2 sin2uW
D C0~xb!G ,

B1(c)
SD 52

a

p (
b51

4

Vbs* VbbF1

4
D0~xb!1C0~xb!G ,

~21!

where the effective photon andZ vertex functions are define
as:

D0~x!52
4

9
ln x1

219x3125x2

36~x21!3
1

x2~5x222x26!

18~x21!4
ln x,

~22!

1We use the notation which is used in Ref.@5# for the effective
box and penguin vertices.
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C0~x!5
x

8 Fx26

x21
1

3x12

~x21!2
ln xG .

At this point, an explanation is in order. TheZ-penguin
diagram in the VQM has a divergent term that is absen
the SM due to the unitarity of the quark mixing matrix whic
is no longer applicable here. However, this divergence
removed by renormalizing the tree level FCNC which exi
in the VQM Lagrangian. Therefore, the effective vert
function C0 is renormalization scheme dependent and
expression given in Eq.~22! is in fact, in a modified minimal
subtraction scheme. However, due to the reason pointed
after Eq.~20!, this scheme dependence is not relevant for
dileptonic decay process at hand, where, compared to
tree level, the contribution of a one-loop-level constant te
is subleading.

Equations~18!, ~19!, and ~21! determine the SD part o
the coefficientsA andB:

ASD5A1(a)
SD 1A1(b)

SD 1A1(c)
SD ,

~23!
BSD5B1(a)

SD 1B1(c)
SD .

CoefficientC in Eq. ~15! receives SD contributions only, an
is given as

C5
a

p (
b51

4

Vbs* Vbb

1

4
D08~xb!, ~24!

where the effective magnetic moment vertex functionD08 is
evaluated to be

D08~x!52
8x315x227x

12~12x!3
1

x2~223x!

2~12x!4
ln x. ~25!

The LD contributions enterA andB coefficients through
charm-quark loop (cc̄ continuum! and the intermediate reso
nancesc andc8:

ALD5BLD5
a

2p
Vcs* Vcb@3C11C2#~t cont1t res!. ~26!

C1 andC2 are the Wilson coefficients of the current-curre
operatorsO1 andO2, respectively, which are defined as fo
lows:

O15 s̄Lmbc̄Lmc, O25 c̄Lmbs̄Lmc. ~27!

To avoid the scale dependence issue, which is associ
with the QCD corrected Wilson coefficients, we take t
combination 3C11C2 in Eq. ~26! as a phenomenologica
parameter whose magnitudeu3C11C2u50.72 can be deter-
mined from the data on the semi-inclusiveB→Xsc @8#. The
cc̄ continuum contribution is obtained from joining thec and
c̄ legs of the four Fermi operators in Eq.~27! @9#,

t cont52gS mc

mb
,zD , ~28!
1-4
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wherez5q2/mb
2 (q the total momentum of the dileptons! and

g~y,z!5

¦

4

9
ln y22

8

27
2

16y2

9z
1

2

9
A12

4y2

z
S 21

4y2

z
D S ln

U11A12
4y2

z
U

U12A12
4y2

z
U 1 i ,pD , z>4y2

4

9
ln y22

8

27
2

16y2

9z
1

4

9
A4y2

z
21S 21

4y2

z
D arctan

1

A4y2

z
21

, z<4y2.

~29!
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On the other hand, the resonance contributions fromc and
c8 can be incorporated by using a Breit-Wigner form for t
resonance propagator@10#:

t res5
16p2

9 S f c
2~q2!/mc

2

mc
22q22 imcGc

1~c→c8!D . ~30!

f c(c8) is the decay constant of the vector meson, which
defined as

^0uc̄gmcuc~c8!&5 f c(c8)em , ~31!

whereem is the polarization vector.mc(c8) andGc(c8) are the
mass and the total decay width ofc(c8), respectively. In
fact, the total branching ratio ofB→Xsl

1l 2 is dominated by
these two resonances. However, by using some approp
cuts around the resonances in the differential branching ra
one can obtain information about the contributing SD ph
ics without any significant interference from the LD sec
@11#. The fact that there are various observable distributi
associated with the dileptonic rareB decays makes these pro
cesses excellent venues for examining relevant SD opera
within the SM and beyond.

IV. RESULTS AND DISCUSSION

By inserting the coefficientsA5ASD1ALD, B5BSD

1BLD andC, which are obtained from Eqs.~23!, ~24!, and
~26!, into the effective Lagrangian@Eq. ~15!#, one can calcu-
late various observables of the decay modeB→Xsl

1l 2. The
differential decay rate for this process, approximated as
free quark decayb→sl1l 2, can be written as

1

BR~B→Xcen̄e!

dBR~B→Xsl
1l 2!

dz

5
2~12z!2

f ~mc /mb!uVcbu2
„~ uAu21uBu2!~112z!

12uCu2~112/z!16R@~A1B!* C#…, ~32!
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where

f ~x!5128x218x62x8224x4 ln x. ~33!

By normalizing to the semileptonic rate in Eq.~32!, the
strong dependence on theb-quark mass is canceled out.

The VQM parameters appearing in Eq.~32! are the fol-
lowing: The U-quark massmU , the nonunitarity paramete
Usb5uUsbueiu, whereu is a weak phase; andV4s* V4b5Usb

2(VCKM
† VCKM)sb. VCKM , which is our notation for the 3

33 submatrix of the matrixV, consists of the elements rep
resenting mixing among three ordinary generations
quarks. Therefore, (VCKM

† VCKM)sb, which is zero in the SM,
gives a measure of the deviation from unitarity of the thre
generation CKM mixing matrix in the VQM context.

Using the experimental upper boundBR(B→Xsm
1m2)

<5.831025 @12#, and assuming the dominance of the tr
level contribution@Fig. 1~a!#, one can extract the following
rough constraint on the magnitude ofUsb:

uUsbu&1023. ~34!

In this work, by taking the above upper limit as a guide, w
include all leading contributing factors to the dileptonic ra
B decay process in obtaining constraints on the VQM mo
parameters. As we pointed out above, due to the tree l
Usb contribution to the above decay channels, the terms p
portional toV4s* V4b , which appear at the one-loop order, a
significant only if V4s* V4b'2(VCKM

† VCKM)sb@Usb. There-
fore, having this condition in mind, we parametrize o
results in terms of (VCKM

† VCKM)sb/uVcbu5eeif instead of
V4s* V4b , wheree5u(VCKM

† VCKM)sbu/uVcbu and f is another
weak phase of the model.

As for the numerical values of the ordinary CKM matr
elements, we useuVcsu'0.97, uVcbu'0.04 anduVtsu/uVcbu
'1.1 @13#, which are extracted from various experimen
measurements and are not affected by the presence o
new physics. We takeVus* Vub'0 and assumeVcs* Vcb to be
real, as is the case, to a good accuracy, in the ‘‘standa
1-5
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FIG. 2. The differential
branching ration vs dilepton in-
variant mass for various values o
the VQM parameters is compare
to the SM prediction. Results with
uUsbu51024 anduUsbu51023, for
two different values of theU
quark mass,~i! mU5200 GeV and
~ii ! mU5400 GeV, are shown by
solid and dashed lines, respe
tively.
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parametrization of the CKM matrix. As a result,Vts* Vtb ,
which is not known experimentally, can be expressed
terms of the VQM parameters as

Vts* Vtb

uVcbu
'eeif2uVcsu. ~35!

In Fig. 2, the differential branching ratio@Eq. ~32!# for
some values of the VQM parameters is compared to the
prediction. To illustrate the effect of various interfering fa
tors, we usee50.3 and all constructive or destructive co
tribution possibilities of the extra beyond the SM terms.2 We
observe that away from the resonances, where SD oper
are dominant, the shift from the SM expectation, depend

2In view of Eq. ~34!, this is more or less the minimum require
ment to satisfy the condition2(VCKM

† VCKM)sb@Usb.
05401
n

M

ors
g

on the parameter values, can be quite significant. For
ample, ifu andf are both zero, Fig. 2~a! indicates a signifi-
cant sensitivity of the differential branching ratio to both t
non-unitarity parameterUsb and the vectorlike up quark
massmU . Figures 2~b!, 2~c!, and 2~d! illustrate a reduced
sensitivity to these parameters when the new terms gener
by the additional quarks enter the effective Lagrangian w
a nonvanishing phase. At the same time, the variation of
differential branching ratio with the invariant mass of th
dileptons is appreciably larger than that of the pure S
graph, and follows the above-mentioned trend with respec
the relative phase of the extra contributions.

To constrain the model parameters by using the exp
mental results onBR(B→Xsm

1m2) reported in Ref.@12#,
we calculate the total branching ratio by integrating Eq.~23!
over all the available range of the dileptonic invariant ma
but excluding the resonancesc andc8 with a d560.1 GeV
cut. Our results are depicted in Fig. 3 in the form of acce
able regions in theuUsbu versusmU plane for various choices
of the relative sign of the extra contributions. As expect
1-6
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FIG. 3. The acceptable regio
~shaded area! of the uUsbu vs mU

plane for various values of the
VQM parameters obtained by us
ing the experimental upper boun
on BR(B→Xsm

1m2).
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the most stringent constraint is obtained if the relative pha
u andf both vanish@Fig. 3~a!#. In this case, absolute uppe
boundsuUsbu<1.531023 andmU<750 GeV can be inferred
for these model parameters. These limits become strong
a larger value fore is used. Figures 3~b! and 3~c! show that,
if the extra tree and penguin contributions have positive re
tive signs, the experimental bound leads to a lower limit
mU for larger values of the nonunitarity parameterUsb. Less
strong upper bounds on these parameters result whenu and
f are both nonzero@Fig. 3~d!#.

In addition to the differential and total branching ratio
there are other physical observables associated with
dileptonic rareB decays which can provide crucial informa
tion on the contributing amplitudes and their relative phas
Among them are the forward-backward and theCP asym-
05401
es

if

-
r

,
he

s.

metry distributions, which we investigate in the presence
the extra vectorlike quarks. The forward-backward asymm
try distribution is defined as

AFB~z!5

E
0

1

dwd2BR/dwdz2E
21

0

dwd2BR/dwdz

E
0

1

dwd2BR/dwdz1E
21

0

dwd2BR/dwdz

,

~36!

wherew5cosv, with v being the angle between the mo
mentum of the ingoingB meson~or the outgoings quark!
and that ofl 1 in the center of mass frame of the dilepton
Using the effective Lagrangian@Eq. ~15!#, a simple form for
this asymmetry in thems50 limit is obtained@14#:
AFB~z!5
3

2

~ uAu22uBu2!z12R@~A1B!* C#

~ uAu21uBu2!~112z!12uCu2~112/z!16R@~A1B!* C#
. ~37!
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FIG. 4. The forward-backward
asymmetry distribution of B
→Xsm

1m2 for various values of
the VQM parameters is compare
to the SM prediction. Results with
uUsbu51024 anduUsbu51023, for
two different values of theU
quark mass,~i! mU5200 GeV and
~ii ! mU5400 GeV, are shown by
solid and dashed lines, respe
tively.
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Figure 4 illustrates our results for the forward-backwa
asymmetry distribution of the decayB→Xsm

1m2 in the
VQM as compared to the SM. From Figs. 4~a! and 4~b!, we
observe that, when the tree level FCNC’s contribute c
structively, even though the sign of the asymmetry rema
the same as in the SM, its shape, away from the resonan
can be significantly different. On the other hand, as show
Figs. 4~c! and 4~d!, for the destructive contribution of th
nonunitarity induced tree level term and large enough val
of uUsbu or mU , the sign ofAFB can be opposite to what i
predicted by the SM. One important observable in this de
channel is the point of zero asymmetry in the forwa
backward asymmetry distribution, which occurs somewh
below the resonancec. Our investigation reveals that, as f
as the VQM is concered, the position of this point is qu
stable and is not shifted very much from its SM value
various choices of the model parameters.

The CP asymmetry distribution is defined as
05401
-
s
es,
in

s

y
-
e

r

ACP~z!5

dBR

dz
~B→Xsl

1l 2!2
dBR

dz
~B̄→X̄sl

1l 2!

dBR

dz
~B→Xsl

1l 2!1
dBR

dz
~B̄→X̄sl

1l 2!

,

~38!

where the decay rate for the charge conjugate proc
B̄→X̄sl

1l 2 is obtained from the rate forB→Xsl
1l 2 by

reversing the sign of the weak phasesu andf. Since in the
VQM, the effective Lagrangian@Eq. ~15!# contains terms
with different CP-odd weak phases, as well as, L
continuum and resonance contributions which are source
perturbative and nonperturbativeCP-even strong phases
the directCP asymmetry@Eq. ~38!#, unlike the SM, is ex-
pected to be nonzero. The size of this asymmetry, which
zero for invariant dilepton masses below the 2mc threshold
due to the vanishing strong phase, depends on the inter
1-8
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FIG. 5. The CP asymmetry
distribution of B→Xsm

1m2 for
various values of the VQM pa-
rameters. Results with uUsbu
51024 and uUsbu51023, for two
different values of theU quark
mass,~i! mU5200 GeV and~ii !
mU5400 GeV, are shown by solid
and dashed lines, respectively.
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of the various contributing terms. Our results for certa
choices of the model parameters are depicted in Fig. 5. F
Figs. 5~a! and 5~b!, we observe that when the weak phasef
is large, smaller values of the nonunitarity parameter lea
significantly largerCP asymmetries sensitive to theU quark
massmU . In fact, for a negative relative sign of the tree lev
contribution (u5p) and mU5400 GeV, as shown in Fig
5~b!, asymmetries of the order of 10% can be achieved.
the other hand, for smaller values off, larger uUsbu values
can generate asymmetries of the order of a few percen
mU>400 GeV@Fig. 5~c!#. Finally, we find that for a purely
real deviation ofVCKM from unitarity, i.e.,f50 or p, the
CP asymmetries away from the resonances are smaller.
ure 5~d! shows a particular instance of this situation whe
off-resonance-peakCP asymmetries are less than 2%,
most.

In conclusion, we have investigated various observab
05401
m

to

l

n

if

ig-

t

s

of the dileptonic rareB decayB→Xsl
1l 2 in the presence of

an extra generation of vectorlike quarks. The measurem
of this decay channel in the near future should provide m
stringent constraints on the model parameters. We sho
that the shape of the differential branching ratio and forwa
backward asymmetry distribution can be quite distinct fro
the SM predictions.CP asymmetry in this decay mode
which is near zero in the SM, shows significant sensitivity
the VQM parameters. Asymmetries of up to 10% can
achieved for a typical choice of the parameters which
used in our investigation.
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