
PHYSICAL REVIEW D 1 FEBRUARY 1998VOLUME 57, NUMBER 3
Determination of the CKM unitarity triangle by B˜Xdl 1l 2 decay

L. T. Handoko*
Department of Physics, Hiroshima University, 1-3-1 Kagamiyama, Higashi Hiroshima - 739, Japan

~Received 20 June 1997; published 7 January 1998!

I examine the possibility to extract the angleg of the Cabibbo-Kobayashi-Maskawa unitarity triangle by the
inclusiveB→Xdl 1l 2 decay. Independent information for the angle is expected from the nontrivial contribution
induced inu ū andc c̄ loops. The contributions induceCP asymmetry which has a high sensitivity to the angle
g in the whole dilepton invariant mass region. Particularly, in the low dilepton invariant mass region, the
sensitivity is also recognized in the branching ratio with any dilepton final states and the lepton polarization
asymmetry with a dimuon final state. In the high dilepton invariant mass region, the sensitivity is tiny in all
measurements with the exception of theCP asymmetry, which makes them good probes to confirm the
measurement ofVtd* Vtb in addition to the present data fromBd

0-B̄d
0 mixing. The decay rate and asymmetries

are examined in the standard model taking into account the long-distance contributions due to vector mesons
as well as its momentum dependences which would reduce the long-distance backgrounds in the channel.
@S0556-2821~98!02403-5#

PACS number~s!: 13.20.He, 12.15.Hh
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I. INTRODUCTION

The hope thatB→Xsl
1l 2 decay will be within experi-

mental reach in the near future@1# encourages me to conside
the B→Xdl 1l 2 decay. Both decays are important probes
the effective Hamiltonian governing the flavor-changi
neutral current~FCNC! transitionb→ql1l 2 (q5s,d) in the
standard model~SM! as written below@2#:

Heff5
GFa

A2p
Vtq* VtbH C9

eff@ q̄gmLb#@ l̄ gml #1C10@ q̄gmLb#

3@ l̄ gmg5l #22C7
effF q̄ ismn

q̂n

ŝ
~R1m̂qL !bG

3@ l̄ gml #J , ~1!

whereL/R[(17g5)/2, qm denotes the four-momentum o
the dilepton,s5q2. A caret means normalization withmb .

Theoretically, the most important interest in th
b→dl1l 2 decay is, that the matrix element contains u
negligible terms induced by the continuum part ofu ū and
c c̄ loops proportional toVud* Vub and Vcd* Vcb @3#. These
terms should give nontrivial contributions in the Wilson c
efficient C9

eff which induceCP violation in the channel. I
call this contribution theCP violation factor (C9

CP)
throughout this paper. I will show that it can be utilized
determine the lengthx and the angleg of the Cabibbo-
Kobayashi-Maskawa~CKM! unitarity triangle in Fig. 1 at
once. In this meaning, for example, the radiativeB→Xdg
decay is not so useful since it gives only information for t
length x that have already been measured well inBd

0-B̄d
0

*On leave from P3FT-LIPI, Indonesia. Email addres
handoko@theo.phys.sci.hiroshima-u.ac.jp
570556-2821/98/57~3!/1776~7!/$15.00
f

-

mixing. On the other hand, in theb→sl1l 2 decay,C9
CP is

strongly suppressed due to the Glashow-Iliopoulos-Mai
~GIM! mechanism. Generally, rareB decays are clean pro
cesses to extract the CKM matrix elements, because non
turbative effects in the decays are possibly tiny, less tha
few percent as shown in@4# by using the heavy-quark effec
tive theory approach.1 In the analysis, I also utilize the ex
periment result ofxd in Bd

0-B̄d
0 mixing.

The purpose of this paper is to show a possibility to g
an independent measurement for the angleg of the CKM
unitarity triangle in the SM by observing the channel. T
calculation is done taking into account theq dependence in
the long-distance~LD! contributions due to the vector me
sons@5#. It is well known that including theq dependence,
which has not been considered in the previous papers,
reduce the background due to LD contributions@6#.

This paper is organized as follows. First I briefly descri
the nontrivial contributions due to the resonance and c
tinuum parts ofu ū andc c̄ loops which induceC9

CP. Next
I consider the phenomenology of the contributions and
relation with the CKM unitarity triangle. Before summariz
ing, I analyze the decay rate and asymmetries, i.e., forwa
backward ~FB! asymmetry (ĀFB), CP asymmetry (ĀCP)
and lepton-polarization~LP! asymmetry (ĀLP) in the chan-
nel.

II. CP VIOLATION FACTOR

The effective Hamiltonian in Eq.~1! describes both inclu-
sive b→ql1l 2 decays by replacingq with s or d quarks
respectively. In the SM, the QCD corrected Wilson coe
cients which enter the physical decay amplitude above h

:

1I remind the reader that the approach is reliable only in the l
dilepton mass region, but it is sufficient to justify the stateme
since in the high dilepton mass region the perturbative calculatio
good.
1776 © 1998 The American Physical Society
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57 1777DETERMINATION OF THE CKM UNITARITY TRIANGLE . . .
been calculated up to next-to leading order~NLO! for C9
eff

and leading order~LO! for C7
eff @7#, while C10 does not

receive any correction at all. Some corrections due to
continuum parts ofu ū and c c̄ continuums and the reso
nances of the vector mesons will enter only in the coeffici
C9

eff. Remember that the contribution of theu ū loop in C7
eff

is suppressed because of the GIM mechanism@8#.
Before givingC9

eff, related to theu ū and c c̄ loops, let
me mention the operators which govern theb→qui ū i pro-
cesses,

O15~ q̄agmLba! (
i 51,2

~ ūb
i gmLub

i !, ~2!

O25~ q̄agmLbb! (
i 51,2

~ ūb
i gmLua

i !, ~3!

after doing the Fierz transformation. Here,u15u, u25c, and
the lower suffixes denote the color. Forq5s, the u ū loop
contribution can be ignored@2,7#, while for q5d the situa-
tion is quite different. The reason is, that both operat
above are proportional to the CKM matrix eleme
Vuiq

* Vuib /Vtq* Vtb if we normalize the amplitude withVtq* Vtb

as usual, then

UVuis
* Vuib

Vts* Vtb
U;H O~l2!, ui5u,

O~1!, ui5c,
~4!

for the former channel, and

UVuid
* Vuib

Vtd* Vtb
U;H O~1!, ui5u,

O~1!, ui5c,
~5!

for the latter one.l is a parameter in the Wolfenstein param
etrization of the CKM matrix@9# and the world average i
l;0.22 @10#.

Involving the continuum as well as the resonance part
u ū and c c̄ loops and the NLO QCD correction into th
calculation gives

C9
eff5C9

NLOF11
as~m!

p
v~ ŝ!G1C9

con~ ŝ!1C9
res~ ŝ!,

~6!

where

FIG. 1. The CKM unitarity triangle on ther-h plane.
e

t

s

f

C9
con~ ŝ!5F S 11

Vuq* Vub

Vtq* Vtb
D g~m̂c ,ŝ!2

Vuq* Vub

Vtq* Vtb

g~m̂u ,ŝ!G
3~3C11C213C31C413C51C6!2

1

2
g~1,ŝ!

3~4C314C413C51C6!2
1

2
g~0,ŝ!~C313C4!

1
2

9
~3C31C413C51C6!, ~7!

C9
res~ ŝ!52

16p2

9
~3C11C213C31C4

13C51C6!F S 11
Vuq* Vub

Vtq* Vtb
D (

V5c, . . . ,
FV~ ŝ!

2
Vuq* Vub

Vtq* Vtb
(

V5r,v
FV~ ŝ!G . ~8!

The readers should refer to@7# for C9
NLO and

v~ ŝ!52
2

9
p22

4

3
Li2~ ŝ!2

2

3
lnŝln~12 ŝ!

2
514ŝ

3~112ŝ!
ln~12 ŝ!2

2ŝ~11 ŝ!~122ŝ!

3~12 ŝ!2~112ŝ!
lnŝ

1
519ŝ26ŝ2

6~12 ŝ!~112ŝ!
~9!

represents theO(as) correction from one gluon exchange
the matrix element ofO9. The functiong(m̂ui,ŝ) which de-
scribes the continuum part of theui ū i pair contribution is

g~m̂ui,ŝ!52
8

9
lnS mb

m D2
8

9
ln~m̂ui !1

8

27
1

16

9

m̂ui
2

ŝ

2
2

9S 21
4m̂ui

2

ŝ
DAU12

4m̂ui
2

ŝ
UFQS 12

4m̂ui
2

ŝ
D

3S ln
11A124m̂ui

2 / ŝ

12A124m̂ui
2 / ŝ

2 ip D
1QS 4m̂ui

2

ŝ
21D 2arctan

1

A4m̂ui
2 / ŝ21

G , ~10!

g~0,ŝ!5
8

27
2

8

9
lnS mb

m D2
4

9
lnŝ1

4

9
ip. ~11!

In the resonance partC9
res, I put the relative phase to b

zero because of unitarity constraints in the Argand plot of
transition amplitude@5#. FV( ŝ) is the Breit-Wigner reso-
nance form
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TABLE I. The experimental~central! values for each vector meson under consideration~upper! and the
determined constants under these values~lower!.

Parameter Vector meson
r v c c8 c9 c-

MV ~MeV! 768.5 781.94 3096.88 3686.00 3769.9 4040
Ge1e2 ~keV! 6.77 0.6 5.26 2.14 0.26 0.75
GV ~MeV! 150.7 8.43 0.087 0.277 23.6 52

PV9 (m̂V
2) -0.00243 20.00243 20.02734 20.01463 20.01374 20.01153

P̂V
0.01339 0.01387 0.01577 0.01830 0.01885 0.02080

f̂ V(0) 0.00662 0.00202 0.01795 0.01487 0.00536 0.01010
f̂ 2 ŝ / ŝ

lin

ta

gi-

io

ar

a

27m̂3

e,

ty
ry
ee

of
s

FV~ ŝ!5
V~ !

ŝ2m̂V
21 im̂VĜV

. ~12!

f̂ V( ŝ) describes the momentum dependence of the coup
strength of the vector interaction in theg-V transition, i.e.,

^0u ū igmui uV~q!&[ f V~q2!em , ~13!

and has been derived as follows@6#:

f̂ V~ ŝ!

f̂ V~0!
511

ŝ

P̂V

@PV82PV9 ~ ŝ!#, ~14!

under the assumption that the vector mesons are bound s
of the pairui ū i . Here,

PV9 ~ ŝ!5
m̂ui

2

4p2ŝ
F242

5ŝ

3m̂ui
2 14S 11

ŝ

2m̂ui
2 D

3A4m̂ui
2

ŝ
21arctan

1

A4m̂ui
2 / ŝ21

G ~15!

is obtained from a dispersion relation involving the ima
nary part of the quark-loop diagram, whilePV andPV8 are the
subtraction constants. Kinematically the above interpolat
equation off̂ V is valid only for the 0< ŝ<m̂V

2 region. For the

ŝ.m̂V
2 region I use the same assumption found in@6#; that is,

f̂ V( ŝ.m̂V
2)5 f̂ V(m̂V

2). In principle, the ratio in Eq.~14!
should be obtained from the known data of theV production
cross section by off-shell and on-shell photons.

The subtraction constants in Eq.~14! are written in the
lower part of Table I for each vector meson. The results
determined by using the data in the upper table, puttingmV

;(2mui) andPV850.043 for allV’s. Unfortunately, there are
no data of photoproduction for higher excited states ofc, so
let me use the same average valueu f̂ V(0)/ f̂ V(m̂V

2)u;0.35 for

V5c,c8,c9,c- and u f̂ V(0)/ f̂ V(m̂V
2)u;0.92 for V5r,v

which fit the data onr,v, and c @6#. This fact is also the
reason why other resonances higher thanc- are not consid-
ered here. Otherwise,f̂ V(m̂V

2) can be obtained from the dat
on the leptonic width@10#, that is,
g

tes

n

e

f̂ V
2~m̂V

2 !5
V

16pa2
Ĝ~V→ l 1l 2!, ~16!

then f̂ V(0) would follow as written in Table I.
From Eqs.~7! and ~8!, it is obvious thatVuq* Vub /Vtq* Vtb

would induceCP violation in the channel. For convenienc
these terms can be collected as (Vuq* Vub /Vtq* Vtb)C9

CP( ŝ),
with

C9
CP~ ŝ!5~3C11C213C31C413C51C6!

3Fg~m̂c ,ŝ!2g~m̂u ,ŝ!2
16p2

9 S (
V5c, . . . ,

FV~ ŝ!

2 (
V5r,v

FV~ ŝ! D G . ~17!

Now let me derive some relations in the CKM unitari
triangle and give the numerical calculation for the auxilia
functions defined above. Especially it is worthwhile to s
how large the contribution ofC9

CP is. Using the Wolfenstein
parametrization@9#, one can rewrite the CKM factor as

Vuq* Vub

Vtq* Vtb

;H r ~e2 ig2r !

11r 222rcosg
, q5d,

l2re2 ig, q5s.

~18!

As mentioned before, from Eqs.~4! and ~18! it is obvious
that in b→sl1l 2 decay, theu ū loop andC9

CP is less im-
portant and negligible. In general one must treatr andg as
free parameters, whilex must be determined by the data
Bd

0-B̄d
0 mixing. However, in the SM the unitarity triangle i

satisfied in a good aproximation, so one can relater andx to
each other as

r 5Aux22sin2gu1cosg. ~19!

Herex is determined by the experimental value ofxd in Bd
0-

B̄d
0 mixing, that is,

x5F xd

GF
2/~6p2!mBd

MW
2tBd

hQCDf Bd

2BBd
uFDB52u2G 1/2

,

~20!
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57 1779DETERMINATION OF THE CKM UNITARITY TRIANGLE . . .
with @11#

FDB525
4215xt112xt

22xt
326xt

2lnxt

4~12xt!
3

, ~21!

andxt5(mt /mW)2. For mBd
andtBd

, I usemB0 andtB0.

The magnitude of (Vud* Vub /Vtd* Vtb)C9
CP as a function of

ŝ is depicted in Fig. 2. Here I use the following values for t
Wilson coefficients:

C1520.2404, C251.1032, C350.0107,

C4520.0249, C550.0072,

C6520.03024, C7
eff520.3109, C8520.1478,

C9
NLO54.1990, C10524.5399,

that are obtained by using the central values in Table II. T
solid curves show the magnitude for (g,x)5(48.6°,0.778)
which is the best fit in the SM up to now and equivalent
(r,h)5(0.3,0.34). The upper, middle and lower dash
curves show the magnitude without LD effects withg50°,
290°,90°. It is obvious that the contribution is significan
about;20% ofC9

NLO in the low ŝ region (ŝ,0.4). Now, I
am ready to analyze the decay rate and asymmetries in
channel.

III. DECAY RATE AND ASYMMETRIES

The double differential decay rate for semilepton
B→Xql 1l 2 decay, involving the lepton and light quar
masses, is expressed as

d2B~ ŝ,z!

dŝdz
5B0A12

4m̂l
2

ŝ
û~ ŝ!H 4@ uC9

effu2

2uC10u2#m̂l
2@12 ŝ1m̂q

2#1@ uC9
effu21uC10u2#

3F ~12m̂q
2!22 ŝ22û~ ŝ!2S 12

6m̂l
2

ŝ
D z2G

FIG. 2. The magnitude ofC9
CP with ~solid thick curve! and

without ~solid thin curve! resonances for (g,x)5(48.6°,0.778). The
upper, middle and lower dashed curves show the magnitude wit
resonances for samex andg50°,290°,90°.
e

d

he

14uC7
effu2

112m̂l
2/ ŝ

ŝ
@12m̂q

22m̂q
41m̂q

6

2 ŝ~8m̂q
21 ŝ1m̂q

2ŝ!1û~ ŝ!2~11m̂q
2!z2#

28Re~C9
eff!* C7

effF11
2m̂l

2

ŝ
G @ ŝ~11m̂q

2!

2~12m̂q
2!2#14C10@Re~C9

eff!* ŝ

12C7
eff~11m̂q

2!#û~ ŝ!zJ , ~22!

where û( ŝ)5A@ ŝ2(11m̂q)2#@ ŝ2(12m̂q)2#, z5cosu is
the angle ofl 1 measured with respect to theb-quark direc-
tion in the dilepton c.m. system, and the normalization fac

B05B~B→Xcl n̄ !
3 a2

16p2

uVtq* Vtbu2

uVcbu2

1

f ~m̂c!k~m̂c!
~23!

is to reduce the uncertainty due to theb-quark mass. In the
preceding notation, the CKM factor would rea
uVtd* Vtbu2/uVcbu2;l2x2. f (m̂c) is the phase space functio

for G(B→Xcln) in the parton model, whilek(m̂c) accounts
for the O(as) QCD correction to the decay. I write bot
functions explicitly as

f ~m̂c!5128m̂c
218m̂c

62m̂c
8224m̂c

4lnm̂c , ~24!

k~m̂c!512
2as~mb!

3p F3

2
1S p22

31

4 D ~12m̂c!
2G , ~25!

TABLE II. The values of parameters used throughout the pap

Parameter Value

mW 80.2660.16 ~GeV!

mZ 91.1960.002~GeV!

mu 0.005~GeV!

md 0.139~GeV!

mc 1.4 ~GeV!

mb 4.8 ~GeV!

mt 17569 ~GeV!

me 0.511~MeV!

mm 105.66~MeV!

mt 177720.27
10.30 ~MeV!

m 522.5
15.0 ~GeV!

LQCD
(5) 0.21420.054

10.066 ~GeV!

aQED
21 129

as(mZ) 0.11760.005
sin2uw 0.2325
mB0 5279.261.8 ~MeV!

tB0 1.2860.06 ~ps!
hQCD 0.55

Af Bd

2BBd
173640 ~MeV!

B(B→Xcl n̄ ) (10.460.4)%

xd 0.7360.05

ut
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1780 57L. T. HANDOKO
and use the values in Table II,f (m̂c)50.542 andk(m̂c)
50.885.

A. Decay rate

Now, let me consider the dilepton invariant mass dis
bution of the differential branching ratio~BR!. It can be ob-
tained by integrating Eq.~22! over the whole region of vari-
ablez,

dB~ ŝ!

dŝ
5E

21

1

dz
d2B~ ŝ,z!

dŝdz
. ~26!

This gives

dB~ ŝ!

dŝ
5

4

3
B0A12

4m̂l
2

ŝ
û~ ŝ!H 6@ uC9

effu22uC10u2#m̂l
2@12 ŝ

1m̂q
2#1@ uC9

effu21uC10u2#F ~12m̂q
2!21 ŝ~11m̂q

2!

22ŝ21û~ ŝ!2
2m̂l

2

ŝ
G14uC7

effu2
112m̂l

2/ ŝ

ŝ

3@2~11m̂q
2!~12m̂q

2!22~1114m̂q
21m̂q

4!ŝ

2~11m̂q
2!ŝ2#112Re~C9

eff!* C7
effF11

2m̂l
2

ŝ
G

3@~12m̂q
2!22~11m̂q

2!ŝ#J . ~27!

The distribution of differential BR’s on the dilepton in
variant mass forB→Xde1e2 is given in Fig. 3 for various
values ofg andx. The high sensitivity onx is mostly coming
from the CKM factor in Eq.~23!, while the sensitivity ong
seems significant only in the lowŝ region. Then, in the high
ŝ region the differential BR may be a good test forx and
makes the loss ofBd

0-B̄d
0 mixing because of the theoretica

uncertainties in the treatment of hadron matrix elem
^BuO†OuB& good. I have made certain that the momentu

FIG. 3. Left: differential BR fore1e2 with ~thick curve! and
without ~thin curve! resonances for (g,x)5(48.6°,0.778). The up-
per, middle and lower dashed curves show the SD contribution
same x and g50°,90°,290°. Right: same as the left forg
548.6° andx51.368~solid curve! and 0.631~dashed curve!.
-

t

dependence of resonances in the channel is not as larg
the result in@6#. There is only a;4% reductioon compared
with using f̂ V(m̂V

2) for all of the region. This is because o

the 1/ŝ suppression in Eq.~12! @12#.
Next, I am going to examine some measurements that

sensitive tog and less sensitive tox. This may be achieved
by considering the asymmetries and normalizing them w
the differential BR to eliminate the CKM factor.

B. Forward-backward asymmetry

First, I provide the FB asymmetry. The normalized F
asymmetry is defined as follows@13#:

ĀFB~ ŝ!5

E
0

1

dz@d2B~ ŝ,z!/dŝdz#2E
21

0

dz@d2B~ ŝ,z!/dŝdz#

E
0

1

dz@d2B~ ŝ,z!/dŝdz#1E
21

0

dz@d2B~ ŝ,z!/dŝdz#

5
dAFB~ ŝ!/dŝ

dB~ ŝ!/dŝ
. ~28!

Then, after integrating Eq.~27! properly, the nominator read

dAFB~ ŝ!

dŝ
524B0A12

4m̂l
2

ŝ
û~ ŝ!2C10@Re~C9

eff!* ŝ

12C7
eff~11m̂q

2!#. ~29!

In Fig. 4, I plot the FB asymmetry forB→Xde1e2 with
and without the resonances on the left, while on the ri
with varying g and keepingx constant.

C. CP asymmetry

Using the same treatment as in@3# in the amplitude level,
the normalizedCP asymmetry can be written simply as

ĀCP~ ŝ!5
dB~ ŝ!/dŝ2dB̄~ ŝ!/dŝ

dB~ ŝ!/dŝ1dB̄~ ŝ!/dŝ

5
22dACP~ ŝ!/dŝ

dB~ ŝ!/dŝ12dACP~ ŝ!/dŝ
, ~30!

r

FIG. 4. Left: FB asymmetry fore1e2 with ~thick curve! and
without ~thin curve! resonances for (g,x)5(48.6°,0.778). Right:
same with the left for samex and g590° ~solid line! and 0°
~dashed line!.
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57 1781DETERMINATION OF THE CKM UNITARITY TRIANGLE . . .
whereB andB̄ denote the BR ofb̄→ql1l 2 and its complex
conjugateb→ q̄ l 1l 2, respectively. For convenience,C9

eff is
divided into two terms according to the facto
Vuq* Vub /Vtq* Vtb :

C9
eff5C̄91

Vuq* Vub

Vtq* Vtb

C9
CP. ~31!

Then, the result for the differentialCP asymmetry is

dACP~ ŝ!

dŝ
5

4

3
B0A12

4m̂l
2

ŝ
û~ ŝ!ImFVuq* Vub

Vtq* Vtb
G

3H Im@C̄9* C9
CP#F ~12m̂q

2!21 ŝ~11m̂q
2!

22ŝ21û~ ŝ!2
2m̂l

2

ŝ
16m̂l

2~12 ŝ1m̂q
2!G

16Im@C7
effC9

CP#F11
2m̂l

2

ŝ
G @~12m̂q

2!2

2~11m̂q
2!ŝ#J . ~32!

In Fig. 5, I give the distribution ofĀCP ~left figure! with
~solid thick line! and without~solid thin line! resonances. It
is easily understood that in the present case the depend
on g is large, because of the appearance of the factorrsing
from the CKM factor in Eq.~32!. Moreover, it is clear that
ĀCP will be nonzero if the imaginary part of Eq.~18! is
nonzero. Anyway, a condition thatĀCP50 for q5d in the
SM is satisfied by the following equation:

x25sin2gF11
1

4
~12Au314cotgu!2G , ~33!

by using Eq.~19!. The right part of Fig. 5 is plotted based o
this equation. As depicted in the figure, there are still
lowed regions ofg whereĀCP50. Notice again that from

FIG. 5. Left: CP asymmetry fore1e2 with ~solid thick curve!
and without ~solid thin curve! resonances for (g,x)
5(48.6°,0.778). The upper and lower dashed curves show the
contribution for samex andg590°,290°. Right:x as a function of

g where ĀCP50. The dashed lines denote the upper and low
bounds ofx in the SM.
nce

l-

Eq. ~18!, ĀCP(B→Xsl
1l 2) would be ;5% of

ĀCP(B→Xdl 1l 2) because of the suppression ofl2.

D. Lepton-polarization asymmetry

Up to now, all of the measurements have been less se
tive to the lepton mass. Next, I provide the LP asymme
which must be considered for the heavy dilepton final st
and is proposed first in@14# for B→Xst

1t2. Generally, the
normalized LP asymmetry is given as

ĀLP~ ŝ!5
dB~ ŝ,n!/dŝ2dB~ ŝ,2n!/dŝ

dB~ ŝ,n!/dŝ1dB~ ŝ,2n!/dŝ
5

dALP~ ŝ!/dŝ

dB~ ŝ!/dŝ
,

~34!

with n is a unit vector of any given spin direction ofl 2 in its
rest frame. Then, for the longitudinal polarization, wheren
has the same direction with the momentum ofl 2 (pl 2),

dALP~ ŝ!

dŝ
5

8

3
B0S 12

4m̂l
2

ŝ
D û~ ŝ!C10$6C7

eff@~12m̂q
2!2

2 ŝ~11m̂q
2!#1Re~C9

eff!* @~12m̂q
2!2

1 ŝ~11mq2!22ŝ2#%. ~35!

The distribution is depicted in Fig. 6. As shown in th
figure, for thet1t2 final state the sensitivity ong is tiny.
The reason is that for thet1t2 final state the distribution
starts appearing in a region higher thanŝ5(4m̂t

2). On the
other hand, generally the high sensitivity ong is expected in
the low ŝ region. So it may be interesting to consider t
transversal polarization which has a different structure@14#.
Unfortunately, I have checked, and the transversal lepton
larization asymmetry is too small for a light dilepton such
m1m2, so one must considert1t2 again, the distribution
which is limited for higherŝ regions.

IV. SUMMARY

I have shown how to extract the angleg of the CKM
unitarity triangle by inclusiveB→Xdl 1l 2 decay and the data

D

r

FIG. 6. Left: LP asymmetry fort1t2 with ~solid thick curve!
and without ~solid thin curve! resonances for (g,x)
5(48.6°,0.778). Right: same as the left but form1m2. The dashed
curves show the SD contribution for the samex and g50°,90°,
290°.
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of xd in the SM. As a result, I can finally make the followin
points.

~1! For the low ŝ region, i.e., 0.1, ŝ,0.3, 5–10 % dis-
crepancies inB(B→Xde1e2) andĀLP(B→Xdm1m2) may
be good signals for theCP violation factor defined here.

~2! According to the fact that the sensitivity ong in the
high ŝ region, i.e.,ŝ.0.6, is tiny, a measurement ofx may
be done by exploring one of the measurements discusse
the present paper in addition to the present data ofxd in Bd

0

2 B̄d
0 mixing.

~3! CP violation asymmetry in the channel should me
sure the dependence ong. It will, at least, be a good probe t
determine the sign of the angleg.

To conclude, the measurements of the decay rate
asymmetries inB→Xdl 1l 2 decay will provide independen
-

d

se

,

in

-

nd

information forg. This information is a crucial test of CKM
unitarity as well as leading to the discovery of unitarity vi
lation.
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