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We propose the determination of the CKM matrix elementuVubu by the measurement of the spectrum of
B→Ds

1Xu , dominated by the spectator quark model mechanismb̄→Ds
(* )1ū. The interest in consideringB

→Ds
1Xu versus the semileptonic decay is that more than 50% of the spectrum forB→Ds

1Xu occurs above the
kinematical limit for B→Ds

1Xc , while most of the spectrumB→ lnXu occurs below theB→ lnXc one.
Furthermore, the measure of the hadronic massMX is easier in the presence of an identifiedDs than when an
has been produced. As a consistency check, we point out that the rateb̄→Ds

(* )1c̄ ~including QCD corrections!
is consistent with the measured BR(B→Ds

6X) by CLEO. Although the hadronic complications may be more
severe in the decay mode that we propose than in the semileptonic inclusive decay, the end of the spectrum in
B→ lnXu is not well understood on theoretical grounds. We argue that, in our case, the excited mesonsDs** ,
decaying intoDK, do not contribute and, if there is tagging of theB meson, the other mechanisms to produce
a Ds of the right sign are presumably small, ofO(1022) relative to the spectator amplitude, or can be
controlled by kinematical cuts. We discuss in detail the hadronic uncertainties of the method and present an
error calculation onuVqbu (q5u,c) and on the ratiouVubu/uVcbu, for which most of the systematic errors cancel.
In the absence of tagging, other hadronic backgrounds deserve careful study. We present a feasibility study
with the BaBar detector.

PACS number~s!: 12.15.Hh, 13.25.Hw
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I. INTRODUCTION

The determination of the strength of the transition b
tween b and u quarks is a very important goal for unde
standing the sector of the theory involving flavor mixin
Indeed, the value of the elementuVubu in the Cabibbo-
Kobayashi-Maskawa~CKM! mixing matrix @1# is a key in-
gredient which is used to determine the unitarity triangle a
thus test the consistency of the standard model in the se
responsible forCP violation. It is also one of the most dif
ficult measurements inB physics, in particular due to th
large and model dependent theoretical uncertainties.
methods which have been used so far to extractuVubu involve
semileptonicB decays. The first method uses the inclus
lepton spectrum above the kinematical limit forb→c transi-
tions while the second technique requires the exclusive
construction ofB→p ln or r ln. The errors in the first cas
are due to the fact that only a tiny fraction of the lept
energy spectrum fromb→uln is observed, that parton mode
evaluation is questionable in this kinematical region and t
a large model dependent extrapolation is necessary to ex
the total rate. An improvement based on studying the h
ronic mass spectrum increases the signal but is not fre
problems related to theb→c background@2#. In the second
case, the uncertainties are mainly due to the limited statis
and the theoretical uncertainty in the form factors for theB
→p andB→r transitions.

We would like in the following to propose a new ap
proach to measureuVubu which involves inclusiveB→Ds

1

transitions where we make use as much as possible of
perimentally measured parameters in order to reduce the
0556-2821/2000/62~9!/093017~10!/$15.00 62 0930
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certainties. In these decays theDs meson is essentially pro
duced via the virtualW emitted by theb quark ~see Fig. 1!.
We shall discuss later the other possibilities to produce aDs
meson and make a preliminary survey of the backgrou
and hadronic uncertainties of our method to measureuVubu.
Theb→u transitions are identified by requiring the mome
tum of theDs meson to be in the range above the kinemati
limit for the decayB→Ds

1D̄ ~i.e., ;1.82 GeV in theB me-
son center of mass! and up to 2.27 GeV corresponding to th
transitionB→Ds

1p. It is very important to note here that i
contrast to the inclusive semileptonic case this range
cludes the majority of theb̄→Ds

1ū transitions and therefore
a smaller extrapolation is needed to obtain the total rate.
course, a drawback of this new method is that, since it c
cerns purely hadronic transitions, it is subject to other h
ronic uncertainties than the semileptonic end spectrumB
→ lnXu . After calculating the inclusive rate forB→Ds

1Xq

we discuss howuVubu is extracted and then enumerate and
to estimate the uncertainties in Sec. III. Various sources
background are studied and rejection methods are prop
in Sec. IV for tagged events and in Sec. V for untagg
events. Finally, in Sec. VI we present a feasibility study f
the BaBar detector, and in Sec. VII we conclude.

FIG. 1. Spectator diagram for the decayb̄→Ds
1q̄.
©2000 The American Physical Society17-1
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When this paper was finished, we noticed that other me
ods to measureVub have been proposed using channels t
involve also the (s̄c)(ūb) weak coupling. Namely, the to
tally inclusive Bdecays throughb→ c̄su have been propose
@3# or rare exclusive decays of the typeB1→Ds

1g @4#. How-
ever, although the weak coupling is the same, these met
do not overlap with the proposition of our paper to meas
uVubu.

II. THE B\Ds
¿Xq RATE

The inclusive decay rate of a B meson decaying into aDs
1

meson is obtained using the spectator quark model by w
ing

G~B→Ds
1Xq!.G~ b̄→Ds

1q̄!1G~ b̄→Ds*
1q̄!, ~1!

where q̄ is the outgoing quark as shown in Fig. 1~other
diagrams exists and will be discussed later!. One should note
that decays to the lowest P waveDs** states do not lead to
Ds mesons since their main decays areDs** →D (* )K.

Extending the standard vacuum insertion approximati
successful in exclusive decays, the effective matrix elem
used for the weak decayb̄→Ds

(* )1q̄ reads

^Ds
(* )1q̄uHeffub̄&5

GF

A2
a1Vqb* Vcŝ Ds

(* )1uAm~Vm!u0&

3^q̄uJmqub̄&, ~2!

where GF is the Fermi constant,Vi j are the Cabibbo-
Kobayashi-Maskawa matrix elements, and

a15c11
c2

Nc
~3!

is a combination of short distance QCD factors, and the c
rent Jmq reads

Jmq5q̄gm~12g5!b. ~4!

We have, for the emission of a pseudoscalar

^Ds
1uAmu0&52 i f PpP

m ~5!

and for the emission of a vector meson

^Ds*
1uVmu0&5mVf VeV*

m . ~6!

Heree* is the polarization quadrivector of the meson. In E
~3!, the Wilson coefficients are@5#

c15
c11c2

2
and c25

c12c2

2
, c65F as~m!

as~mW!G
d6

,

~7!

whered1526/23 andd2512/23. In writing Eq.~2!, fac-
torization has been assumed. This assumption is just
since the diagram involved here~Fig. 1! is the spectator dia
gram with external emission of theW. Indeed no internal
09301
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emission diagram nor penguin diagrams exist. Factoriza
is so far consistent with the experimental data in exclus
decays where only Fig. 1 type diagrams are involved and
parameterua1u has been extracted using a combined fit
several measured modes, and is consistent within errors
ua1u>1. We discuss this important parameter in Sec. IV. O
approach relies on the hypothesis of quark-hadron dualit
nonleptonic decays@7,8#.

The width of the inclusiveb̄→Ds
1q̄ is calculated easily

by evaluating the diagram in Fig. 1 using Eq.~2!. One finds
~an earlier calculation was performed by Palmer and St
@6#!:

G (0)~ b̄→Ds
1q̄!5

GF
2

8p
uVqb* Vcsu2f Ds

2
~mb

22mq
2!2

mb
2

3S 12
mDs

2 ~mb
21mq

2!

~mb
22mq

2!2 D pDs
a1

2 , ~8!

where pDs
5A@mb

22(mDs
1mq)2#@mb

22(mDs
2mq)2#/2mb

is the momentum of the outgoingDs meson in theb rest
frame, GF is the Fermi constant, andf Ds

is the Ds decay

constant. The notationG (0) is used for the width without
including the radiative corrections. A similar formula is o
tained forG (0)@ b̄→Ds*

1(l50)q̄# where theDs*
1 is longi-

tudinally polarized by replacing, in Eq.~8!, f Ds
by f D

s*
, mDs

by mD
s*
. For the transverse polarization (l561) we find

G (0)@ b̄→Ds*
1~l561!q̄#

5
GF

2

4p
uVqb* Vcsu2f D

s*
2

mD
s*

2

3
mb

21mq
2

mb
2 S 12

mD
s*

2

mb
21mq

2D pD
s*
a1

2 . ~9!

It is interesting to note that neglectingmD
s*

2
compared tomb

2

and formq
2!mb

2 , one obtains

GT

GL
5

G (0)~ b̄→Ds*
1~l561!q̄!

G (0)~ b̄→Ds*
1~l50!q̄!

.
2mD

s*
2

mb
224mq

2
~10!

and therefore transverse polarizations are suppressed.
As an illustration, Table I shows the expected order

magnitude of the ratioGT /GL for b̄→Ds*
1c̄ and b̄

→Ds*
1ū transitions. Experimental verifications of Table

TABLE I. Fraction of tranverse to longitudinal polarizedDs*
mesons in inclusive decays.

b̄→Ds*
1c̄ b̄→Ds*

1ū

GT /GL ;1/2 ;1/3
7-2
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MEASURING uVubu WITH B→Ds
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would be useful and would give further confidence in t
method proposed here. Adding both longitudinal and tra
verse polarizations, one has

G (0)~ b̄→Ds*
1q̄!5

GF
2

8p
uVqb* Vcsu2f D

s*
2 ~mb

22mq
2!2

mb
2

3S 11

mD
s*

2
~mb

21mq
222mD

s*
2

!

~mb
22mq

2!2 D
3pD

s*
a1

2 . ~11!

From Eqs.~3! and ~7! it can be seen that theshort dis-
tanceQCD factora1511O(as

2); i.e., the correction to the
tree rate is of second order inas . We have computed else
where@9# the radiative corrections tob̄→Ds

(* )1ū at orderas

that involve vertex, self-energy and bremsstrahlung d
grams. These radiative corrections are evaluated at the o
as in the same way as for the semileptonic decays@10#, i.e.,
on the lower quark legs in Fig. 1. This is because theDs

(* ) is
a color singlet. We have obtained, within the on-shell ren
malization scheme@9#,

G~ b̄→Ds
(* )1q̄!5G (0)~ b̄→Ds

(* )1q̄!

3F11
4

3

as

p
h (* )~jD

s
(* ),r q!G , ~12!

wherej5q2/mb
2 andr q5mq /mb , with q25mDs

2 or mD
s*

2
. As

shown in Ref.@9#, in the limit j→0, r q→0 one finds

h~0,0!5h* ~0,0!5
5

4
2

p2

3
. ~13!

The functionsh (* )(j,r ) are slowly varying withr andj. In
the Appendix we give the expressions of the radiative c
rections for arbitraryj andr 50. For anyj andr, these can
be found in Ref.@9#.

For the quark masses, we take pole masses from a fi
the semileptonic decay rateb→cl2n̄ l with QCD corrections
at one loop@10#, to be consistent with the same order that
compute here. The semileptonic decay rate reads, in this
proximation

G~b→cl2n̄ l !5
GF

2mb
5

192p3uVcbu2f PS~r !F11
4

3

as

p
f RC~r !G ,

~14!

where the phase spacef PS(r ) and radiative correction
f RC(r ) functions depend onr 5mc /mb and are given in Ref.
@10#. Setting r 50.3, we obtain, from the semileptoni
branching ratio 11%,

mb54.85 GeV, mc51.45 GeV. ~15!
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The mass differencemb2mc53.40 GeV compares well with
the valuemb2mc5(3.4360.04) GeV obtained in the 1/mQ
expansion of the heavy quark effective theory@11#. With this
order of magnitude valuesmu>0 andas(mb)50.2, the ra-
diative corrections take the following values~the mass de-
pendence is discussed in Ref.@9#! for q5c

4

3

as

p
h~jDs

,r c!520.095,

4

3

as

p
h* ~jD

s*
,r c!520.108 ~16!

and forq5u

4

3

as

p
h~jDs

,0!520.168,

4

3

as

p
h* ~jD

s*
,0!520.159. ~17!

Using tB51.6 ps anduVcbu50.04, one calculates, includin
the QCD corrections, and the decay constants~uncertainties
on these numbers will be discussed below!

f Ds
>230 MeV, f D

s*
>280 MeV, ~18!

Br~ b̄→Ds
(* )1c̄!.8.0% ~19!

where Br(b̄→Ds
1c̄).2.6% and Br(b̄→Ds*

1c̄).5.4% and
with uVubu/uVcbu50.08

Br~ b̄→Ds
(* )1ū!.6.831024, ~20!

where Br(b̄→Ds
1ū).2.331024 and Br(b̄→Ds*

1ū).4.5
31024.

At this stage, several points should be underlined.
The sensitivity of the rate to the b quark mass goes asmb

3

instead ofmb
5 in the case of the semileptonic decay.

The sensitivity of the decay rate with respect to the m
mq is negligible for the light quarks. It is not dramatic for th
c quarks, in particular ifmb2mc is known to a good accu
racy @Eq. ~8!#.

The calculated overall branching fraction for Br(b̄

→Ds
(* )1c̄).8.0% is in agreement within 1s with the value

measured by CLEO@12#:

BR~B→Ds
6X!5~10.062.5!%. ~21!

The observed agreement is encouraging as it shows tha
very simple approach at the quark level accounts rat
well for the data. Equivalently, one could extractuVcbu.
Using mb5(5.060.20) GeV/c2 and the relative error
s( f D

s
(* ))/ f D

s
(* ))50.1, we finduVcbu50.04460.008.
7-3
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III. MEASUREMENT OF zVubz USING BB̄ PAIRS
FROM Y„4S… DECAYS

In a similar way than for the measurement ofuVcbu, it
should be possible to determineuVubu by selectingDs me-
sons with momentum above the kinematical limit forB

→Ds
1D̄. TheDs momentum in the latter case is 1.82 GeVc

in the B rest frame. However, forB pair production at the
Y(4S), B mesons are generated with a momentum of ab
300 MeV/c and therefore the latter limit is of the order of 2
GeV/c as can be seen in Fig. 2. To extractuVubu, it is thus
necessary to estimate the fraction ofB→Ds

1Xu decays with
pDs

.2.0 GeV/c. We have computed the expected mome

tum spectrum ofDs
1 produced via the spectator diagram

Fig. 1, taking into account theb-quark Fermi motion inside
the B meson using the ACCMM model@13# at tree level,
neglecting for the moment the radiative corrections. T
spectrum is shown in Fig. 3. The striking feature of th
distribution is that the averageDs momentum is above 2.0
GeV/c with about 75% of theDs mesons above that limit
Obviously this fraction depends on the theoretical param
pF and therefore we have variedpF in the reasonable rang

FIG. 2. Momentum spectrum forDs
1 mesons produced from th

reactionb̄→Ds
1c̄ ~i.e., upper vertex!. Decays with aD** meson

from the lower vertex have not been included in this plot. The
decays tend to fill the slight deep at 1.25 GeV/c but do not affect
the end of the spectrum.

FIG. 3. Expected momentum spectrum forDs
1 mesons produced

from the reactionb̄→Ds
1ū ~i.e., upper vertex!. The dashed line is

for direct Ds
1 while the solid line is forDs

1 mesons coming from
direct Ds*

1 decays.
09301
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(200 MeV/c,pF,400 MeV/c) to evaluate the possible
systematic uncertainties related to that parameter. Tabl
shows the sensitivity of the fraction ofDs for various cuts on
pDs

, assuming different values forpF and the mass of the
spectator quark. Should it be possible to measure the re
ing mass to theDs

(* ) , the value of the cut onpDs
could be

reduced, thus increasing the efficiency.

IV. HADRONIC UNCERTAINTIES: DISCUSSION
OF THE FACTORIZATION HYPOTHESIS

The method that we propose, being purely hadronic, p
sents a number of difficulties related to the strong inter
tions. We will enumerate these effects in the following wa

~1! Short distance QCD corrections.These corrections
amount to the perturbative calculation of the coefficientsc1
and c2 ~7! or the combinationa1 ~3!. These corrections do
not break factorization by themselves, the factorization
pothesis appearing at the level of calculating the matrix e
ments of the operatorsO1 andO2 according to the recipe~2!.
The combinationa15c11c2 /Nc computed in this way de-
pends on the renormalization scalem and on the renormal-
isation scheme~’t Hooft-Veltman or naive dimensional regu
larization!. The Rome@14# and Munich @15# groups have
computed these coefficients beyond the leading order,
taining, forNc53

a1~mb!5c1~mb!1
c2~mb!

3
51.0160.02. ~22!

The error comes out to be rather small.
~2! Other diagrams that do not have the spectator top

ogy.These are diagrams that can lead to the same final s
like exchange diagram, annihilation diagram, etc. These
be discussed in detail in Secs. V and VI.

~3! Higher order QCD radiative corrections on the quar
legs in b→Ds

(* )q, that have the same topology as in sem
leptonic decays.At lowest order, these are the correctio
discussed in the preceding section and given in the App
dix. At higher orders, partial resummations in the semile
tonic case have been done@11#, and there is no difficulty to
extend these methods to the processes under considera

e

TABLE II. Efficiencies~in %! for a cut on theDs momentum at
2, 2.05, and 2.1 GeV/c for four sets of values for the parameters
the ACCMM model.

mu md

~MeV!
pF

~MeV!
pDs

.2
GeV/c

pDs
.2.05

GeV/c
pDs

.2.1
GeV/c

Ds Ds* all Ds Ds* all Ds Ds* all
150 300 76 36 50 65 27 39 53 19 30
10 200 89 50 63 82 39 54 71 29 43
10 300 82 44 57 74 34 48 63 25 38
10 400 74 38 51 65 30 42 55 22 33
7-4
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A number of remarks is in order here. First, from t
relation at one loop between the pole mass and the run
modified minimal subtraction scheme (MS) mass at first or-
der in as ,

m5m̄~m̄!F11
4

3

as~m̄!

p
G ~23!

and from Eq.~14! one obtains

G~b→cl n̄ l !5
G2@m̄b~m̄b!#5

192p3
uVcbu2f PS~r !

3H 11
4

3

as~m̄b!

p
@51 f RC~r !#J ~24!

and in formula~12! when@m̄b(m̄b)#3 is substituted tomb
3 , a

term 4
3 (as /p)33 has to be added. Takingas(m̄b)50.22 we

get from Eq.~23!

m̄b~m̄b!54.43 GeV. ~25!

The values of theb pole mass~15! and of the (MS) running
mass~25! are, respectively, smaller and larger than the v
ues recently quoted in the literature from the analysis
semileptonicb decay, the reason being that a partial resu
mation of higher order diagrams is made that enhances
radiative corrections by roughly a factor 2~see, for example
Ref. @11#!. The interest of considering the (MS) mass is that
the series is Borel summable, while using the pole ma
there is a renormalon ambiguity, cancelled by another ren
malon ambiguity in the pole mass. Ballet al. @11# quote, as
central values,mb55.05 GeV,mc51.62 GeV, andm̄b(m̄b)
54.23 GeV,m̄c(m̄c)51.29 GeV, leading to consistent re
sults for the semileptonic rate in both the (MS) and on-shell
schemes.

Concerning the radiative corrections at higher orders
the processesb→Ds

(* )2c, for this part of the radiative cor
rections that has the same topology than in semileptonic
cays ~simply at a given value ofq2 instead of integrating
overq2), we expect that they would be similarly enhanced
in the semileptonic decay. This is by the way what happ
at orderas : the correction that we obtain forb→Ds

(* )2c is
very close to the one obtained at the same order in the s
leptonic case@10#. This would imply, e.g., in the on-she
renormalization scheme, a larger radiative correction
roughly a factor 2@11#, but consistently also a largermb
55.05 GeV, leading grosso modo to the same results~19!
and ~20!.

~4! Soft gluon corrections that break factorization.We
must keep in mind, however, that, already at second orde
as , we could have another type of corrections, absent in
semileptonic decay, that break factorization~e.g., two or
more gluons linking theDs to the quark legs!, and the cor-
responding Bremsstrahlung diagrams. We can only hope
these corrections are small. Actually we have some hint
these corrections are presumably small from the phenom
09301
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recent analysis by Neubert and Stech@16#. They find the
effectivea1 coefficients

a1~B→Dh!51.0860.04 @0.9860.04#, ~26!

a1~B→DDs
(* )!51.1060.18 @1.0560.17#, ~27!

whereh ~light meson! andDs are emitted. Both sets of fig
ures correspond to two different models for the form facto
We must point out that these parameters are,unlike the per-
turbative a1(m), renormalization scale and renormalizatio
scheme independent. They include soft gluons and subl
ing 1/Nc corrections that change according to the conside
decay mode, i.e., in particular violations of factorization.

We see thata1 is consistent with 1 although with larg
errors inB→DDs

(* ) . An important point for our error analy
sis of Sec. VIII is that these errors come essentially from
uncertainty onf D

s
(* ) @16#.

Sticking to exclusive two-body modes, we would ne
another type of modes, namely, those of the typeB
→p(r)Ds , where theDs is emitted, since these mode
would have the same topology than the inclusiveB→XuDs
decay we are interested in. However, their branching ra
have not still been measured, and only upper limits prese
exist, of the order of few 1024 for each mode@12#.

But even if the effectivea1 for these modes is known
some day, the corrections to factorization in the inclus
decayB→XuDs could be different. Apossible testof factor-
ization could be, following the work of Neubert and Ste
for exclusive modes@16#, to measure the ratios

R(* )5
G~B̄0→X1Ds

(* )2!

dG~B̄0→X1l 2n̄ !/dq2uq25m
Ds

2

56p2uVcsu2f D
s
(* )

2
a1

2Xq
(* ). ~28!

We find, for the coefficientsXq
(* ) :

Xq5
~mb

22mq
2!22mDs

2 ~mb
21mq

2!

~mb
22mq

2!21mDs

2 ~mb
21mq

222mDs

2 !
, Xq* 51.

~29!

However,dG(B̄0→X1l 2n̄)/dq2 is not available experimen
tally at present, even forXc . Then, this test will have to wai
for future experimental progress. Notice also that althou
factorization has been proved forB→pp, . . . , in the mb
→` limit ~up to calculable corrections! @17#, this is of no
help in our case where it is not alight mesonthat isemitted,
but aDs .

V. BACKGROUNDS WITH TAGGED EVENTS

Other production sources ofDs are shown in Fig. 4. In the
following, we discuss these variousDs production mecha-
nisms, evaluate their rate and propose means to reject
ones involvingb̄→ c̄ transitions or correct for the others. W
7-5
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should distinguish between the background that conce
tagged or untagged events. Let us begin here with tag
events. Ine1e2→Y(4S)→BB̄, assume that theB̄ is identi-
fied through its semileptonic decay. Then, the right signDs

1

can be produced, besides the main mechanism of Fig. 1
mechanisms of Figs. 4~a!–4~d!.

The cc̄ continuumbackground@Fig. 4~a!# has a large
cross section,;1.1 nb. However, these events tend to hav
jetlike structure and therefore can be rejected to a large
tend by topological cuts. Furthermore, since aDs meson has
to be produced, the creation of ass̄pair is required, reducing
the rate by about an order of magnitude. In addition,
momentum spectrum of theDs meson produced in the con
tinuum has a mean value larger thanmB/2 reducing further
this background by more that a factor 3. Finally, it is possi
to substract the remaining background by taking data
below the threshold forBB̄ production.

Theannihilationdiagram in Fig. 4~b! is obtained from the
calculation of the inclusive rateB1→cs̄ using

Jmq5 s̄gm~12g5!c, ~30!

^B1uAmu0&52 i f BpB
m ~31!

that gives@18#

G (0)~B1→cs̄!5
NcGF

2

8p
uVub* Vcsu2f B

2mB~mc
21ms

2!

3S 12
~mc

22ms
2!2

mB
2~mc

21ms
2!
D

3A122
~mc

21ms
2!2

mB
2

1
~mc

22ms
2!2

mB
4

a1
2 .

~32!

Neglecting thes quark mass, one gets

FIG. 4. Diagrams leading to the production ofDs mesons.
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G (0)~B1→cs̄!.
NcGF

2

8p
uVub* Vcsu2f B

2mBmc
2S 12

mc
2

mB
2 D 2

a1
2 .

~33!

Taking into account that one needs to create ass̄ pair in
order to obtain aDs

(* ) meson, one can assume

G (0)~B1→Ds
(* )1X!<

1

3
G (0)~B1→cs̄!. ~34!

SincemB
2 f B>mD

2 f D in the heavy quark limit the suppressio
factor of this mechanism relative to the spectator qu
model ~8! will be of the order or smaller than

Nc

3 S mc

mb
D 3

;331022. ~35!

This branching fraction is small compared to the one
duced from Fig. 1 and would represent a small correcti
The contribution from the diagram in Fig. 4~c! requiring the
coupling via 2 gluons is expected to be much smaller and
be neglected.

The exchangediagram shown in Fig. 4~d! is evaluated in
the same way than the annihilation one using

Jmq5q2gm~12g5!q1 , ~36!

^B0uAmu0&52 i f BpB
m ~37!

and replacinga1 with a25c21c1 /Nc ~color-suppressed pro
cess!

G (0)~Bo→q1q2!.
NcGF

2

8p
uVq2b* Vq1du2f B

2mBmc
2S 12

mc
2

mB
2 D 2

a2
2 ,

~38!

whereq1q2 can either becū or uc̄. One should keep in mind
that in this case the factorization ansatz is on much wea
ground. Obviously, the case withq15c and q̄25ū is sup-
pressed since the Cabibbo-Kobayashi-Maskawa~CKM! fac-
tors areuVub* Vcdu. This means that this mechanism in the ca
of tagging is Cabibbo suppressed and color suppressed
tively to the main mechanism of Fig. 1. Comparing Eq.~8! to
Eq. ~38!, the reduction factor is of the order

tan2 uc

Nc

3 S mc

mb
D 3S a2

a1
D 2

&1024 ~39!

and we can safely neglect this mechanism. The conclusio
that, if there is tagging, the mechanisms that can comp
with the interesting process of Fig. 1 either can be discar
by kinematical cuts or are smaller by a factor of the ord
1022. The method seems therefore safe if there is taggin

VI. BACKGROUNDS WITH UNTAGGED EVENTS

If in e1e2→BB̄ we assume no tagging, besides the a
ditional mechanisms of Figs. 4~a!–4~d!, we can have also the
7-6
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processes in Figs. 4~e!–4~f!, that lead to a wrong signDs .
First, one must remark that thecontinuumbackground can
also lead to a wrong signDs @the lowerD in Fig. 4~a!#, but
we know that one can dispose off of these events by to
logical cuts. Also, theexchangeprocess in Fig. 4~e!, that
corresponds to replacing in Fig. 4~d! ū→ c̄ and c→u, can
lead to a wrong signDs . Unlike the case withq15u and
q25 c̄ this process is in principle enhanced because the C
factors areuVcb* Vudu. Similarly a ss̄ pair is required to get a
Ds

(* )1 meson and therefore withua2u50.2 one obtains a na
ive suppression factor smaller than

1

3 UVcb

Vub
U2

NcS mc

mb
D 3S a2

a1
D 2

>0.20. ~40!

Although this source is only present for neutral B decays
is smaller than the spectator diagram in Fig. 1, the co
sponding branching fraction could be non negligible, and
possible suppression relies on dynamical assumptions
are not very reliable. This branching fraction and Eq.~39! as
well may further be enhanced by the emission of gluon fr
the initial light quark. In this case@19,20#, the most impor-
tant changes relative to Eq.~38! are the absence of th
mc

2/mB
2 dependence due to helicity and the presence of

factor f B
2/md

2 instead of f B
2/mB

2 due to the gluon radiation
from the initial light quark. Therefore, gluonic emission m
enhance the rate of the exchange diagram by one orde
magnitude if one usesmd5300 Mev/c2 since the d quark
must be interpreted as a constituent quark in this proc
However, as pointed out in Ref.@21#, the presence of the
infrared sensitive parameter 1/md

2 makes problematic a rig
orous perturbative estimation of this contribution. Furth
more, in the full inclusive decay, according to heavy qua
theory, this type of contributions should be suppressed b
factor 1/mb

3 relative to the main spectator diagram. Inde
Aglietti has proved that the power enhancements of the fo
(mb /m)2 and mb /m cancel in the totally inclusive width
@22#. However, our case does not correspond to this tot
inclusive situation, since aDs is detected. On the other han
present limits ~for example, Br(Bo→Ds

2K1),2.431024

@23#! tend to disfavor a large enhancement. The same c
clusion can be reached usingD lifetime measurements@24#.
It is nevertheless important to find a way to either measur
or to eliminate it. One possibility could be to observe so
of these final states, for exampleDs

(* )2K (* )1 and evaluate
their contribution.

The CLEO Collaboration has measured the rateb̄
→Ds

2X @25# due to Figs. 4~e!–4~f!, although other source
exist ~see next subsection!. The total rate was found to b
(2.161.0) %. However the momentum spectrum of thoseDs
is expected to be rather soft with less than 0.5% of th
having a momentum greater than 2.0 GeV/c. This leads to an
effective branching fraction Br(B→Ds

2X@pDs
.2.0 GeV/

c#),1.531024 at 90% .
It is also possible to produceDs

(* ) mesons of the wrong
sign in multibody B decayssuch as the one shown in Fig
09301
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4~f!. The decay rate of this type of modes is potentially lar
However, one should note several important points.

The production ofD** with orbital excitation L51
would not lead toDs

(* ) as this meson needs to be accomp
nied by a kaon and the total massDs

(* )K is larger than the
D** mass.

In the case of nonresonantDs
(* )K production from the

lower vertex, the energy is shared between the final thre
more particles and therefore the momentum spectrum of
Ds

(* ) is softer and barely reaches the range whereB
→Ds

(* )1Xu is expected. As discussed in the above subs
tion, CLEO measurements indicate that this type of de
should not be a problem.

The CLEO measurement mentioned in the previous s
tion shows that this background should not be large.

VII. FEASIBILITY STUDY USING THE BABAR
DETECTOR

The feasibility of this new method for measuringuVubu
has been verified for the BaBar detector at the SLACB fac-
tory PEP-II. We have used the full detector simulation a
the reconstruction program@26# to generate 5000 events wit
the following decay of oneB mesonB→D (* )Ds

(* ) , where
Ds decays to thefp final state, andf→K1K2. This gives
a Ds spectrum peaked at 1.7 GeV/c in the center of mass
system, therefore only slightly below the expected signa
Ds coming from Vub transitions. GenericBB̄ decays were
used to measure the background level.

We have studied two crucial points for this analysis: t
reconstruction efficiency for theDs and the momentum reso
lution.

The analysis to isolate theDs signal proceeds as follows
K6 are identified using the combined information comi
from the Silicon Vertex Tracker, the Drift Chamber and t
DIRC detector and then selected if their invariant mass is
the 1020610 MeV/c2 interval. A third track, assumed to b
a pion, is then selected. A cut on cosc, ucoscu.0.4, wherec
is the angle between one Kaon and theDs momentum in the
f rest frame, is then applied. The resolution on theDs mass
is 6.460.3 MeV/c2 @Fig. 5~a!#.

The reconstruction efficiency is 3962 % and the momen-
tum resolution is 6.760.3 MeV/c @Fig. 5~b!#. The latter re-
sult insures that there will be no leaking from the lower
higher momenta. This excellent resolution is due to the f
that we implicitly reject mismeasured tracks: these will n
give aDs candidate with the right invariant mass.

Using these results, we can compute the number of rec
structed signal events that we expect. We have for untag
events

nrec52 nBB̄Br~B→Ds
(* )Xu!Br~Ds

1→fp1!

3Br~f→K1K2!e rec5143

per 30 fb21, the nominal integrated luminosity for one ye
of data taking at BaBar. We took Br(B→Ds

(* )Xu)56.8
31024 from Eq. ~20!, Br(Ds

1→fp1)53.5%, and e rec

takes into account also the cut onDs momentum at
7-7
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2.05 GeV/c. Therefore we can conclude that the number
reconstructed events will be sufficient to measureuVubu with
a good statistical precision. This number can be improved
reconstructing theDs meson in other modes.

As we have pointed out above, there are unwan
sources ofDs beyond the kinematical limit forB→Ds

1Xc ,
and it is suitable to be able to reject them experimentally.
we have emphasized, one way to do this is to tag the fla
of the recoilB meson in the event, for instance by consid
ing its semileptonic decay. The correlation between the s
of the lepton and the sign of theDs meson is opposite fo
B→Ds

1Xu and for the transitions due to the exchange d
grams of Fig. 4~e! @as well as for multibodyB decays as in
Fig. 4~f!#.

This method has already been used by other experim
like CLEO and Argus to study the lepton spectrum in theB
semileptonic decays. A cut on the angle between the lep
and theDs meson allows to reject the pairs due to aDs and
a lepton from the sameB meson. The only major problem o
this method is the further reduction of the selected samp
implies, which should be no larger than 5–10 % of the nu
ber of reconstructed events estimated above. Therefore th
a possibility which is open but it would probably require
big experimental effort to reconstruct the largest poss
fraction of Ds mesons to be really viable.

VIII. ESTIMATION OF THE ERRORS ON zVqbz „qÄu,c…
AND zVubzÕzVcbz

In the case of tagging, one can calculate the error onuVcbu
or uVubu from the following expression:

s~ uVqbu!
uVqbu

5
s@Br~B→DsXq!#

23Br@B→DsXq#

%
3

2

s~mb!

mb
%

s~ f D
s
(* )!

f D
s
(* )

%
s~a1!

a1
, ~41!

FIG. 5. Mass and momentum resolution forDs mesons using
the full BaBar detector simulation and reconstruction programs
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where

s@Br~B→DsXq!#

Br~B→DsXq!
5

1

AN
A11NS s~ f p.pmin

!

f p.pmin

D 2

,

~42!

f (p.pmin) being the fraction of theDs spectrum above the
momentum cut, given in Sec. III. The first error is statistic
and would scale as 1/2AN at low statistics and as
s( f p.pmin

)/2fp.pmin
at large statistics. In the following we

will use

mb54.8560.06, ~43!

f Ds
50.24160.037, ~44!

f D
s*

f Ds

51.17660.027, ~45!

a151.0160.02. ~46!

The errors onf DS
and f D

s*
/ f Ds

are given by lattice QCD in

the quenched approximation@27#. We have adopted the erro
on a1 given by the perturbative Wilson coefficients, Eq.~22!.
If we had adopted, e.g., the parametera1 from two-body
decays, Eq.~27!, we would have double counting becau
the large error in Eq.~27! comes essentially from the unce
tainties onf D

s
(* ) @16#. In this case we would have to use th

error on the producta1f D
s
(* ) from Ref. @16#, leading to final

similar errors. ForuVcbu one can use Br(B→DsXq)50.100
60.025 from the Particle Data Group~PDG! @23#. Therefore
one gets, adding the errors in quadrature:

uVcbu50.044960.005660.000860.006960.0009

50.044960.0090. ~47!

For uVubu, f p.2.05 GeV50.4860.06 and therefore one woul
get the systematic error

s~ uVubu!
uVubu

50.17. ~48!

The main contribution comes from the present error onf Ds
,

which should improve in the future, and from the uncertain
on f p.2.05 GeV due to the Fermi motion. From the measur
ment of the fullDs momentum spectrum, one can extract t
ratio uVubu/uVcbu, for which most of the systematic error
cancel. One would obtain

s~ uVubu/uVcbu!
~ uVubu/uVcbu!

50.063. ~49!

If tagging is not assumed, there are hadronic uncertain
discussed in Sec. VI, that deserve further investigation.
7-8
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IX. CONCLUSION

In conclusion, we have shown that the processB
→Ds

1Xu can allow the determination of the CKM matri
elementuVubu in e1e2 collisions at theY(4S), as in the
BaBar experiment. If there is tagging of oneB meson, the
prospects are very good since the backgrounds to the m
spectator model mechanism, whose spectrum would a
the determination ofuVubu, are either suppressed by a fact
of the order of 1022, or can be disposed off by kinematic
cuts. However, the number of events is drastically redu
by tagging.

If tagging is not assumed, other mechanisms can giv
large background, but the method could still work if theor
ical and experimental studies of these additional proce
leading to a wrong signDs are performed in the future. I
should be noted that these wrong sign backgrounds@Figs.
4~e! and 4~f!# are Cabibbo enhanced but suppressed by c
and other dynamical effects~Sec. V!. In contrast, in semilep-
tonic decays, even when the hadronic background is stu
@2#, misidentified directb→c decays are Cabibbo enhanc
and difficult to exclude kinematically because of the ne
trino. Admittedly, the semileptonic method has the adv
tage of statistics.

We are aware that our study is a preliminary survey of
possibility of measuringuVubu with a new method. Work
remains to be done. For the elementary processeb̄

→Ds
(* )1q̄ (q̄5ū,c̄), one would need to compute the spe

trum taking into account the radiative corrections and co
parison with the spectrumB→Ds

6X measured by CLEO
@12# needs to be done as a check. Up to now, only the in
grated corrected rate has been computed@9#. On the other
hand, theoretical or phenomenological work needs to
done to further constrain the sources of background an
hadronic uncertainties in the case of tagged and also, h
fully, although it is more difficult, for untagged events.

We insist that the method proposed here, having very
ferent systematic errors than the semileptonic one, wo
provide an irreplaceable check ofuVubu. We should empha-
size that the errors that we find onuVubu and mostly on
uVubu/uVcbu are very encouraging.
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APPENDIX

In the on-shell renormalization scheme and dimensio
regularization we find the following two-bodyb→qDs

(* )

and Bremsstrahlungb→qDs
(* )g rates. ForDs we obtain, for

r→0 (r 5mq /mb),

GDs

two-body5GDs

(0)H 11
4

3

as

p
@@D~r ,j!# r→01@FV~r ,j!# r→0#J .

~A1!
09301
in
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-
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@D(r ,j)# r→0 contains the 1/(D24) and the divergent term
asmq→0,

@D~r ,j!# r→05F222 logS 12j

r D G
3F 1

D24
22 log~2p!1g1 logS pmb

2

m2 D G
1 log~r !F2

5

2
12 log~12j!G1 log2~r !

~A2!

and @FV(r ,j)# r→0 is the surviving finite piece

@FV~r ,j!# r→05232
p2

6
23 log2~12j!

14 log~12j!1
1

j
log~12j!

1Sp~12j!1 logj log~12j!, ~A3!

whereSp(z) is the Spence function. Analogously, we obta

GDs

Brem52GDs

(0) 4

3

as

p
$@D~r ,j!# r→01@FB~r ,j!# r→0%,

~A4!

@FB~r ,j!# r→052
21

4
1

p2

3
1

13

2
log~12j!

1 log~j!log~12j!

1Sp~j!23 log2~12j!1
j

12j
log~j!.

~A5!

We observe also that the singular terms in 1/(D24), log(r)
and log2(r) contained in@D(r ,j)# r→0 cancel among the two
body and bremsstrahlung rates.

Then, it follows, formq→0, the total rate:

GDs

two-body1GDs

Brem

5GDs

(0)H 11
4

3

as

p F9

4
2

p2

3
22Sp~j!

2 log~j!log~12j!1
1

j
log~12j!

2
5

2
log~12j!2

j

12j
log~j!G J ~A6!

that gives, atq250, i.e., j50, formulas~12! and ~13!. For
the Ds* the cancellations occur in an analogous manner
we find the final finite result
7-9
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GD
s*

two-body
1GD

s*
Brem

5GD
s*

(0) H 11
4

3

as

p F22
p2

3
22Sp~j!

2 log~j!log~12j!2
514j

2~112j!
log~12j!

2
32j210j2

4~12j!~112j!
2

j~12j22j2!

~12j!2~112j!
log~j!G J .

~A7!
n
e

pi

, f
r.

,
e

tt

9

09301
For j50 we also recover Eqs.~12! and ~13!, because the
calculation of theDs* rate follows along the same lines, a
the Ds one with the replacement

f D
2 pD

mpD
n → f D*

2 mD*
2 (

l
« (l)m«* (l)n

5 f D*
2

~pD*
m pD*

n
2mD*

2 gnn!. ~A8!

The results for the radiative corrections forrÞ0 and arbi-
trary j are given analytically and numerically in Ref.@9#.
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