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OMITTED FROM SUMMARY TABLE

DETERMINATION OF |V |

Written April 2002 by M. Artuso (Syracuse University)
and E. Barberio (CERN).

I. Introduction

In the framework of the Standard Model, the quark sector
is characterized by a rich pattern of flavor-changing transi-
tions, described by the Cabibbo-Kobayashi-Maskawa (CKM)
matrix(See CKM review [1]). This report focuses on the quark
mixing parameter |V|.

Two different methods have been used to extract this
parameter from data: the exclusive measurement, where |V
is extracted by studying exclusive B — D*/v and B — D/{v
decay processes; and the inclusive measurement, which uses the
semileptonic width of b-hadron decays. Theoretical estimates
play a crucial role in extracting |V|, and an understanding of

their uncertainties is very important.

I1. Exclusive |Vg| determination

The exclusive |V| determination is obtained studying the
B — D*fv and B — D/{v decays, using Heavy Quark Effective
Theory (HQET), an exact theory in the limit of infinite quark
masses. Presently the B — D/{v transition provides a less
precise value, and is used as a check.

The decay B — D*fv in HQET: HQET predicts that
the differential partial decay width for this process, dI'/dw, is
related to |V4| through:

dr’ G| V|?
—(B — D*v) = £
dw( — Dtw) 4873
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where w is the inner product of the B and D* meson 4-velocities,
K(w) is a known phase-space factor, and the form factor
F(w) is generally expressed as the product of a normalization
constant, F(1), and a function, g(w), constrained by dispersion
relations [2].

There are several different corrections to the infinite mass
value F(1) =1 [3]:

F(1) = nquona [1+ 812 + -] 2)

where Q = ¢ or b. By virtue of Luke’s theorem [4], the
first term in the non-perturbative expansion in powers of
1/mg vanishes. QED corrections up to leading-logarithmic
order give nqep ~ 1.007 [3] and QCD radiative corrections
to two loops give ng = 0.960 £ 0.007 [5]. Different esti-
mates of the l/m% corrections, involving terms proportional
to 1/m?, 1/m?, and 1/(mpm), have been performed in a
quark model [6,7], with OPE sum rules [8], and, more re-
cently, with an HQET based lattice gauge calculation [9].
The value from this quenched lattice HQET calculation
is F(1) = 091370087 £ 0.016 70003 To0%8 6075, The errors
quoted reflect the statistical accuracy, the matching error, the
lattice finite size, the uncertainty in the quark masses, and
an estimate of the error induced by the quenched approxima-
tion, respectively. The central value obtained with OPE sum
rules is similar, with an error of 4+0.04 [10]. Consequently,
F(1) = 0.91 £ 0.04 [10] will be used here.

The analytical expression of F(w) is not known a-priori, and
this introduces an additional uncertainty in the determination of
F(1)|Vyp|. First measurements of |V| were performed assum-

ing a linear approximation for F(w). It has been shown [11]
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that this assumption is not justified, and that linear fits system-
atically underestimate the extrapolation at zero recoil (w = 1)
by about 3%. Most of this effect is related to the curvature
of the form factor, and does not depend strongly upon the de-
tails of the non-linear shape chosen [11]. All recent published
results use a non-linear shape for F(w), approximated with an
expansion near w = 1 [12]. F(w) is parameterized in terms of
the variable p?, which is the slope of the form factor at zero

recoil given in Ref. 12.

Experimental techniques to study the decay B — D*fv:
The decay B — D*{v has been studied in experiments per-
formed at center-of-mass energies equal to the 7°(45) mass and
the Z° mass. At the 7(4S), experiments have the advantage
that the w resolution is quite good. However, they have more
limited statistics near w = 1 in the decay B’ — D* v, be-
cause of the lower reconstruction efficiency of the slow pion,
from the D*t — 77D decay. The decay B~ — D*9/7 is not
affected by this problem, and CLEO [13] studies both channels.
In addition, kinematic constraints enable 1°(4S) experiments
to identify the final state, including the D*, without a large
contamination from the poorly known semileptonic decays in-
cluding a hadronic system heavier than D*, commonly identified
as ‘D**.” At LEP, B’s are produced with a large momentum
(about 30 GeV on average). This makes the determination of w
dependent upon the neutrino four-momentum reconstruction,
thus giving a relatively poor resolution and limited physics
background rejection capabilities. By contrast, LEP experi-
ments benefit from an efficiency that is only mildly dependent
upon w.

Experiments determine the product (F(1)-|Vy|)? by fitting
the measured dI'/dw distribution. Measurements have been
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performed by CLEO [13], Belle [14], DELPHI [15], ALEPH [16],
and OPAL [17]. At LEP, the dominant source of systematic
error is the uncertainty on the contribution to dI'/dw from
semileptonic B decays with final states including a hadron
system heavier than the D*. This component includes both
narrow orbitally excited charmed mesons and non-resonant
or broad species. The existence of narrow resonant states
is well established [1], and a signal of a broad resonance
has been seen by CLEO [18], but the decay characteristics
of these states in b-hadron semileptonic decays have large
uncertainties. The average of ALEPH [19], CLEO [20], and

DELPHI [21] narrow state branching fractions show that the

B(B — Di(v
(_ — Dstv) is smaller than one (< 0.6 at 95%
B(B — Dlgf)

C.L. [22]), in disagreement with HQET models where an infinite
quark mass is assumed [23], but in agreement with models which

ratio Ry, =

take into account finite quark mass corrections [24]. Hence,
LEP experiments use the treatment of narrow D** proposed
in Ref. 24, which accounts for O(1/m.) corrections. Ref. 24
provides several possible approximations of the form factors that
depend on five different expansion schemes, and on three input
parameters. To calculate the systematic errors, each proposed
scheme is tested, with the relevant input parameters varied
over a range consistent with the experimental limit on R.,..
The quoted systematic error is the maximal difference from the
central value obtained with this method. Broad resonances or
other non-resonant terms may not be modelled correctly with
this approach.

To combine the published data, the central values and the
errors of F(1)|V| and p? are re-scaled to the same set of in-

put parameters and their quoted uncertainties. The F(1)|Vy|
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values used for this average are extracted using the parametriza-
tion in Ref. 13, based on the experimental determinations of
the vector and axial form factor ratios R; and Ry [26]. The
LEP data, which originally used theoretical values for these
ratios, are re-scaled accordingly [25]. Table 1 summarizes the
corrected data. The averaging procedure [25] takes into ac-
count statistical and systematic correlations between F(1)|V|

and p?. Averaging the measurements in Table 1, we get:
F(1)|Vyg| = (38.34+1.0) x 1072

and
p?=1540.13, (3)

with a confidence level * The y? per degree of freedom is

less than 2, and we do not scale the error. of 5.1%. The

error ellipses for the corrected measurements and for the

world average are shown in Figure 1.

The main contributions to the F(1)|Vg| systematic error are
from the uncertainty on the B — D**{v shape and B(b — By),
(0.57 x 1073), fully correlated among the LEP experiments,
the branching fraction of D and D* decays, (0.4 x 1073),
fully correlated among all the experiments, and the slow pion
reconstruction from Belle and CLEO which are uncorrelated,
(0.28x1073). The main contribution to the p? systematic error
is from the uncertainties in the measured values of R; and
R3 (0.13), fully correlated among experiments. Because of the
large contribution of this uncertainty to the non-diagonal terms
of the covariance matrix, the averaged p? is higher than one
would naively expect.

Using F(1) = 0.91£0.04 [10], we get |Vep| = (42.1£1.1exp £
1.9¢heo) X 1073. The dominant error is theoretical, but there
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Figure 1: The error ellipses for the corrected
measurements and world average for F(1)|Vy|
vs p?. The ellipses are the product between
the 1 o error of F(1)|V4|, p?, and the correla-
tion between the two. Consequently the ellipses
correspond to about 37% CL.

are good prospects that lattice gauge calculations will improve

significantly the accuracy of their estimate.

The decay B — D{v: The study of the decay B — D/{v
poses new challenges both from the theoretical and experimental

point of view.
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Table 1: Experimental results (from B —
D*fv analyses) after the correction to common
inputs and world average. The LEP numbers
are corrected to use R; and Ry from CLEO
data. p? is the slope of the form factor at zero
recoil as defined in Ref. 12.

Exp. F(1)|Vep|(x103) p? Corrggat

ALEPH 33.8+21+16 0.74+£0.25+£041 94%
DELPHI 36.1+14+25 14240.144+0.37 94%
OPAL 3854+09+1.8 1.354+0.12+0.31 8%
Belle 360£1.9+£1.8 145+£0.164+0.20 90%
CLEO 43.3+1.3+1.8 1.61+0.094+0.21 86%

World
average 38.3+0.5+0.9 1.51+£0.05+0.12 86%

The differential decay rate for B — D/{v can be expressed

- dl'p GV 2

W(B — Dlv) = W’Cp(w)g(w) : (4)
where w is the inner product of the B and D meson 4-velocities,
Kp(w) is the phase space, and the form factor G(w) is generally
expressed as the product of a normalization factor, G(1), and a
function, gp(w), constrained by dispersion relations [2].

The strategy to extract G(1)|V,p| is identical to that used
for the B — D*{v decay. However, in this case there is no
suppression of 1/m¢ (i.e., no Luke theorem) and corrections
and QCD effects on G(1) are calculated with less accuracy than
F(1) [27,28]. Moreover, dI'p/dw is more heavily suppressed
near w = 1 than dl'p+/dw, due to the helicity mismatch

between initial and final states. This channel is also much
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more challenging from the experimental point of view as it
is hard to isolate from the dominant background B — D*/v,
as well as from fake D—¢ combinations. Thus, the extraction
of |V| from this channel is less precise than the one from
the B — D*{v decay. Nevertheless, the B — D/{v channel
provides a consistency check, and allows a test of heavy-quark
symmetry [28] through the measurement of the form factor
G(w), as HQET predicts the ratio G(w)/F(w) to be very close
to one.

Belle [29] and ALEPH [16] studied the B° — D+t( o
channel, while CLEO [30] studied both BT — D%*7 and
B — Dt v decays. Averaging the data in Table 2 [25], we
get G(1)|Vip| = (41.3£4.0) x 1073 and p7, = 1.19 +0.19, where

p% is the slope of the form factor at zero recoil given in Ref. 12.

Table 2: Experimental results after the correc-
tion to common inputs and world average. p%
is the slope of the form factor at zero recoil
given in Ref. 12.

Exp.  G(1)|Val(x10%) o

ALEPH 37.74+9.94+6.5 0.9040.98 +0.38
Belle 41.24+44+£5.1 1.124+£0.22+0.14
CLEO 446+58=+35 1.27+£0.25£0.14

World
average 41.3+29+2.7 1.194+0.154+0.12
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The theoretical predictions for G(1) are consistent: 1.03 4
0.07 [31], and 0.98 £ 0.07 [28]. A quenched lattice calculation
gives G(1) = 1.05870:03% [32], where the errors do not include
the uncertainties induced by the quenching approximation and
lattice spacing. Using G(1) = 1.0+ 0.07, we get |Vp| = (41.3+
4.0exp £2.9¢heo) X 1073, consistent with the value extracted from
B — D*fv decay, but with a larger uncertainty.

The experiments have also measured the differential decay
rate distribution to extract the ratio G(w)/F(w). The data are
compatible with a universal from factor as predicted by HQET.
From the measured values of G(1)|V| and F(1)|Vy|, we get
G(1)/F(1) = 1.08 £0.09, consistent with the form-factor values
we used.

II1. |V.,| determination from inclusive B semileptonic
decays

Alternatively, |Vz| can be extracted from the inclu-
sive branching fraction for semileptonic b hadron decays
B(B — X lv) [33,34]. Several studies have shown that the
spectator model decay rate is the leading term in a well-
defined expansion controlled by the parameter Aqcp/mp. Non-
perturbative corrections to this leading approximation arise only
to order 1 /mg The key issue in this approach is the ability
to separate non-perturbative corrections, that can be expressed
as a series in powers of 1/my, and perturbative corrections,
expressed in powers of ag. Quark-hadron duality is an impor-
tant ab initio assumption in these calculations. While several
authors [35] argue that this ansatz does not introduce appre-
ciable errors, as they expect that duality violations affect the
semileptonic width only in high powers in the non-perturbative

expansion, other authors recognize that a presently unknown
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correction may be associated with this assumption [36]. Ar-
guments supporting a possible sizeable source of errors re-
lated to the assumption of quark-hadron duality have been
proposed [37]. This issue needs to be resolved with further
experimental studies. At present, no explicit additional error
has been added to account for possible quark-hadron duality
violation.

The coefficients of the 1/m; power terms are expecta-
tions values of operators that include non-perturbative physics.
Relationships that are valid up to 1/mg include four such
parameters: the expectation value of the kinetic operator, cor-
responding to the average of the square of the heavy-quark
momentum inside the hadron, the expectation value of the
chromomagnetic operator, and the heavy-quark masses (my
and m.). The expectation value of the kinetic operator is in-
troduced in the literature as —\1 [38,39] or p2 [33,34], whereas
the expectation value of the chromomagnetic operator is de-
fined as Ay [38,39] or uZ [33,34]. The two notations reflect
a difference in the approach used to handle the energy scale
1 used to separate long-distance from short-distance physics.
HQET is most commonly renormalized in a mass-independent
scheme, thus making the quark masses the pole masses of the
underlying theory (QCD). The second group of authors prefer
the definition of the non-perturbative operators using a mass
scale y ~ 1 GeV.

The corresponding equations for the semileptonic width can
be found in Refs. 33,40. Ref. 40 has been used to extract |V |
from the semileptonic branching fraction measured by CLEO,
and to measure the heavy-quark expansion (HQE) parameters

A and \q, as discussed below.
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The quark masses are related to the corresponding meson

masses through [6]:

—Mp - A+ 2L 5
my =M~ K+ = )

where M p is the spin averaged B—B* mass (Mp = 5.3134
GeV/c?). A similar equation relates m. and M p. The param-
eter A represents the energy of the light quark and gluons.

HQFE and moments in semileptonic decays: Experimen-
tal determinations of the HQE parameters are important in sev-
eral respects. In particular, redundant determinations of these
parameters may uncover inconsistencies, or point to violation
of some important assumptions inherent in these calculations.
The parameter A9 can be extracted from the B*— B mass
splitting, whereas the other parameters need more elaborate
measurements.

The first stage of this experimental program has been
completed recently. The CLEO collaboration has measured the
shape of the photon spectrum in b — sv inclusive decays. Its
first moment, giving the average energy of the v emitted in this
transition, is related to the b quark mass. In the formalism of
Ref. 40, this corresponds to the measurement of the parameter

A =0.35+£0.07+0.10 GeV [41].

The parameter )\ is determined experimentally through
a measurement of the first moment of the mass Mx of the
hadronic system recoiling against the /—7 pair. The relation-
ship between the first moment of My =< M% - M3 > /M3
and the parameters A and \; is given in Ref. 42.

The measured value for < M%-M? > [42] is 0.251 &
0.066 GeV?2. This constraint, combined with the measurement
of the mean photon energy in b — sv, implies a value of
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A1 = —0.24 +0.11 GeV?, to order 1/M} and Bya? in (MS).
The quoted theoretical uncertainty of 2% accounts for the
/M %, and «y uncertainties, but not for possible violations of

quark-hadron duality.

Experimental determination of the semileptonic
branching fraction: The value of B(B — X fv) has been
measured both at the 7°(45) and LEP.

The most recent CLEO data, published in 1996 and based
on a subset of the data sample accumulated now, obtains this
branching fraction using a lepton tagged sample [43]. In this ap-
proach, a di-lepton sample is studied, and the charge correlation
between the two leptons is used to disentangle leptons coming
from the direct decay B — X /v and the dominant background
at low lepton momenta, the cascade decay B — X, — X /v.
This method was pioneered by the ARGUS collaboration [44]
to measure the electron spectrum from B — X v down to
0.6 GeV/ec. Thus, it reduces the model dependence of the
extracted semileptonic branching fraction very substantially.
They obtain B(B — X.ev) = (10.49+0.17+0.43)%. The sys-
tematic error (4%) is dominated by experimental uncertainties.
Lepton identification efficiency, fake rate determination, and
tracking efficiencies contribute to 3% of this overall error. The
remaining error is a sum of several small corrections associated
with the uncertainty in the mixing parameter, and additional
background estimates [43].

Combining 7°(4S) results [1], we obtain: B(b — X/lv) =
(10.38 £0.32)%. Using 75+, 7o [1], f+—/foo = 1.04 £0.08 [45],
and subtracting B(b — wfv) = (0.17 £ 0.05)%, we get: B(b —
Xlv) = (10.21 +0.32)% and I'(b — X lv) = (0.419 £ 0.013 +
0.003) x 10710 MeV, where 0.003 x 1071 MeV includes the
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uncertainties from B(b — wfv), and the model dependence
correlated with LEP.

At LEP, B°, B—, B,, and b baryon are produced, so the
measured inclusive semileptonic branching ratio is an average
over the different hadron species. Assuming that the semilep-

tonic widths of all b hadrons are equal, the following relation
holds:

B(b — XCZV)LEP =

(B — X.lv) (B~ — X.v)
Iy e
['(Bs — Xclv) LAy, — Xclv)
e TrEy T @y
=I'(B — X.v)7, , (6)

where 7, is the average b-hadron lifetime. Taking into account
the present precision of LEP measurements of b-baryon semilep-
tonic branching ratios and lifetimes, the estimate uncertainty
for a possible difference for the width of b baryons is 0.13%.

At LEP, B(b — X/v) is measured with dedicated analy-
ses [47-50](Table 3). The average LEP value for B(b — X/v) =
(10.59 £ 0.09 £ 0.30)% is taken from a fit [46], which combines
the semileptonic branching ratios, the B B’ mixing parame-
ter X, and Ry = ['(Z — bb)/T'(Z — had). Ref. 47 shows that
the main contribution to the modelling error is the uncertainty
in the composition of the semileptonic width, including the
narrow, wide and non-resonant D** states. Bs and b baryons
are about 20% of the total signal, and their contribution to the
uncertainty of the spectrum is small. In this average, we use
the modelling error quoted by Ref. 47, rather than the error
from the combined fit, as the ALEPH procedure is based on
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more recent information. The dominant errors in the combined
branching fraction are the modelling of semileptonic decays
(2.6%) and the detector related items (1.3%).

Table 3: B(b — /) measurement from LEP and
their average. The errors quoted reflect statis-
tical, systematic, and modelling uncertainties

respectively.
Experiment B(b — )%
ALEPH 10.70 4+ 0.10 + 0.23 + 0.26
DELPHI 10.70 4 0.08 4 0.214+1035
L3 10.85 4 0.12 & 0.38 & 0.26
L3 (double-tag) 10.16 4 0.13 4 0.20 4 0.22
OPAL 10.83 + 0.10 £ 0.204+10-2

LEP Average 10.59 £ 0.09 + 0.15 4+ 0.26

Subtracting B(b — ufv) from the LEP semileptonic branch-
ing fraction, we get: B(b — X fv) = (10.42+0.34)%, and using
7 [1]: T(b — X lv) = (0.439 £ 0.010 & 0.011) x 10710 MeV,
where the systematic error 0.011 x 1071°MeV reflects the
B(b — wfv) uncertainty and the model dependence, correlated
with the 7°(4S) result.

Combining the LEP and the 7 (45) semileptonic widths, we
get: T'(b— X lv) = (0.43£0.01) x 1071 MeV, which is used
in the formula of Ref. 42 to get:

[Veplinel = (40.4 % 0.5¢xp £ 0.5, 3 % 0.8¢he0) X 1072, (7

where the first error is experimental, and the second is from

the measured value of A\; and A, assumed to be universal up
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to higher orders. The third error is from 1/m; corrections and
from the ambiguity in the a; scale definition. The error on the
average b-hadron lifetime is assumed to be uncorrelated with

the error on the semileptonic branching ratio.

IV. Conclusions
The values of |V| obtained both from the inclusive and ex-
clusive method agree within errors. The value of |V,;| obtained

from the analysis of the B — D*{v decay is:
Viblexctusive = (42.1 % Llexp + 1.9heo) X 1072, (8)

where the first error is experimental and the second error is
from the 1/ mé corrections to F(1). The value of |V4|, obtained

from inclusive semileptonic branching fractions is:
[Vablinel = (404 % 0.5exp £ 0.5, 5 £ 0.84e0) X 1073, (9)

where the first error is experimental, the second error is from
the measured values of A\ and A, assumed to be universal up
to higher orders, and the last is from 1/mj corrections and
as. Non-quantified uncertainties are associated with a possible
quark-hadron duality violation. For this reason, we chose not
to average the two numbers.

While experimental errors have reached 2.7% and 1.2%
levels respectively, the dominant uncertainties remain of the-
oretical origin. The theoretical errors are difficult to assign
and may not correspond to a Gaussian probability distribution
function. High precision tests of HQET, checks on possible
violations of quark-hadron duality in semileptonic decays, and
experimental determination of my, mp—m., and ,u?r are needed

to complete this challenging experimental program.
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V.., MEASUREMENTS

For the discussion of V_p, measurements, which is not repeated here, see
the review on “Determination of ’Vcb|'”

The CKM matrix element |Vcb| can be determined by studying the rate of

the semileptonic decay B — D (%) g1 as a function of the recoil kinemat-
ics of D(*) mesons. Taking advantage of theoretical constraints on the
normalization and a linear w dependence of the form factors provided by
Heavy Quark Effective Theory (HQET), the |V,p|x F(w) and p? (32) can
be simultaneously extracted from data, where w is the scalar product of
the two-meson four velocities, F(1) is the form factor at zero recoil (w=1)
and p2 is the slope, sometimes denoted as a2. Using the theoretical input
of F(1), a value of |V_p| can be obtained.

“OUR EVALUATION" is an average of the data listed below performed
by the LEP Heavy Flavor Working Group. The average procedure takes
into account correlations between the measurements.
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|Ves| x F(1) (from B® — D*~¢+v)

VALUE DOCUMENT ID TECN  COMMENT

0.0382+0.0012 OUR EVALUATION with p2:1.81 4 0.16 and a correlation 0.86. The
fitted X2 is 13 for 10 degrees of freedom.
0.0351+0.0011 OUR AVERAGE

0.0354+0.0019+0.0018 1 ABE 02F BELL ete™ — T(4S)
0.0355-+0.0014 T - 5023 2 ABREU 0IHDLPH ete™ — Z
0.03714+0.0010+0.0020 3 ABBIENDI 00Q OPAL eTe™ — Z
0.03194+0.0018+0.0019 4 BUSKULIC 97 ALEP ete™ — Z
0.0351+0.0019+0.0020 5 BARISH 95 CLE2 ete™ — T(4S)

e o o We do not use the following data for averages, fits, limits, etc. @ o o
0.03284+0.0019+0.0022 ACKERSTAFF 97G OPAL Repl. by ABBIENDI 00Q
0.0350£0.0019+0.0023 6 ABREU 96P DLPH Repl. by ABREU 01H
0.0314+0.0023+0.0025 BUSKULIC 95N ALEP Repl. by BUSKULIC 97

1 Measured using exclusive B0 — D*(892) ™ eT v decays with p2=1.35 + 0.17 £ 0.19
and a correlation of 0.91.
ABREU 01H measured using about 5000 partial reconstructed D* sample with a

2_ +0.24
p?=1.34 £ 0147 555,

3 ABBIENDI 00Q: meausred using both inclusively and exclusively reconstructed D*=
samples with a p2:1.21 + 0.12 + 0.20. The statistical and systematic correlations
between ]VCb]xF(l) and p2 are 0.90 and 0.54 respectively.

4 BUSKULIC 97: measured using exclusively reconstructed D*E with a 22=0.31 £ 0.17 +

0.08. The statistical correlation is 0.92.
SBARISH 95: measured using both exclusive reconstructed BO — p*—¢tyand BT —

D*¥0 ¢ty samples. They report their experiment’s uncertainties +0.0019 + 0.0018 +
0.0008, where the first error is statistical, the second is systematic, and the third is the
uncertainty in the lifetimes. We combine the last two in quadrature.

6 ABREU 96pP: measured using both inclusively and exclusively reconstructed D*T samples.

|Ves| % F(1) (from B — D~ £*v)

VALUE DOCUMENT ID TECN  COMMENT

0.0413+0.0040 OUR EVALUATION with p2:1.19 4 0.19 and a correlation of 0.94. The
fitted X2 is 0.4 for 4 degrees of freedom.
0.039 +0.004 OUR AVERAGE

0.04110.0044 4-0.0052 7 ABE 026 BELL ete™ — 7(45)
0.0416+0.0047 4-0.0037 8BARTELT 99 CLE2 ete™ — 7(45)
0.0278-£0.0068 +0.0065 9BUSKULIC 97 ALEP ete™ — Z

e o ¢ We do not use the following data for averages, fits, limits, etc. @ o o

0.03370.0044 +J-9072 10 ATHANAS 97 CLE2 Repl. by BARTELT 99
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7Using the missing energy and momentum to extract kinematic information about the
undetected neutrino in the B0 — D~ ¢ty decay.

8 BARTELT 99: meaured using both exclusive reconstructed BO —~ p—¢tvand BT —
pOrty samples.

9 BUSKULIC 97: measured using exclusively reconstructed DT with a 22=—0.05+0.53 &

0.38. The statistical correlation is 0.99.
10 ATHANAS 97: measured using both exclusive reconstructed B0 — D~ ¢T v and BT —

DOyt samples with a p2:0.59 + 0.22 + 0.121'8'59. They report their experiment's

uncertainties +0.0044 + 0.0048‘_"8'88?%, where the first error is statistical, the second

is systematic, and the third is the uncertainty due to the form factor model variations.
We combine the last two in quadrature.

DETERMINATION OF |V,,|

Written April 2002 by M. Battaglia (CERN) and L. Gibbons
(Cornell University).

The precise determination of the magnitude of |V;| with
a robust, well-understood uncertainty remains one of the key
goals of the heavy flavor physics programs, both experimentally
and theoretically. Because |V,3|, the smallest element in the
CKM mixing matrix, provides a bound on the upper vertex
of one of the triangles representing the unitarity property of
the CKM matrix, it plays a crucial role in the examination
of the unitarity constraints and the fundamental questions on
which the constraints can bear [1-2]. Investigation of these
issues requires measurements that are precise and that have
well-understood uncertainties.

Since the initial observation of the b — wu transition by
CLEO [3] and ARGUS [4] over a decade ago, we have made great
strides both in defining and performing new measurements, and
in evaluating the related uncertainties in the extraction of |V).

The charmless semi-leptonic (S.L.) decay channel b — wlv
provides the cleanest path for the determination of |V,;|. How-
ever, the theory for the heavy-to-light b — w transition cannot
be as well-constrained as that for the heavy-to-heavy b — c

transition used in the determination of |V| [5]. The extraction
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of |V and the interplay between experimental measurements
and their theoretical interpretation are further complicated by
the large background from b — cfv decay, which has a rate
about 60 times higher than that for charmless S.L. decay.
Measurements based both on exclusive decay channels and on
inclusive techniques have been, and are being, pursued.

We will review the current determinations of |V,;| by CLEO
and the LEP experiments within this overall context, and
outline the potential for precise determinations of |V,;| at the

B factories.

Exclusive determinations: Reconstruction of exclusive b —
wlT channels provides powerful kinematic constraints for sup-
pression of the b — cfv background. For this suppression to be
effective, an estimate of the four momenta of the undetected
neutrino must be provided. The measurements to date have
made use of detector hermeticity and the well-determined beam
parameters to define a missing momentum that is defined as
the neutrino momentum. Signal-to-background ratios (S/B) of
order one have been obtained in these channels.

To extract |V,p| from an exclusive channel, the form factors
for that channel must be known. The form factor normalization
dominates the uncertainty on |V,;|. The ¢* dependence of the
form factors, which is needed to determine the experimental
efficiency, also contributes to the uncertainty, but at a much
reduced level. For example, the requirement of a stiff lepton for
background reduction in these analyses introduces a ¢ depen-
dence to the efficiency. In the limit of a massless charged lepton
(a reasonable limit for the electron and muon decay channels),
the B — mfv decay depends on one form factor fi(q?):

dl'(B — m=¢+v)
dy d cos

GLp M
3273

= Vi sin? 0| f1(¢H))?, (1)
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where y = ¢> /M%, and 6, is the angle between the charged
lepton direction in the virtual W (¢ + v) rest frame and the
direction of the virtual W. For the vector meson final states p
and w, three form factors, Ay, A2 and V, are necessary (see
e.g., Ref. 6).

Calculation of these form factors constitutes a considerable
theoretical industry, with a variety of techniques now being em-
ployed. Form factors based on lattice calculations [11-23], and
on light cone sum rules [24-32], currently have uncertainties in
the 15% to 20% range. A variety of quark model calculations
exist [33-47]. Finally, a number of other approaches [48-53],
such as dispersive bounds and experimentally-constrained mod-
els based on Heavy Quark Symmetry, seek to improve the ¢?
range over which the form factors can be estimated without
introduction of a significant model dependence. Unfortunately,
all these calculations currently have contributions to the un-
certainty that remain uncontrolled. The light cone sum rules
calculations assume quark-hadron duality, offering a “canoni-
cal” contribution to the uncertainty of 10%, but with no known
means of rigorously limiting that uncertainty. The lattice cal-
culations to date remain in the “quenched” approximation (no
light quark loops in the propagators), which limits the ultimate
precision to the 15% to 20% range. For the quark model calcu-
lations, there exists no means for systematic evaluation of the
uncertainties.

There have been two exclusive |V,;| analyses by the CLEO
Collaboration: a simultaneous measurement of the B — 7wlv
and the B — plv transitions [9], and a second measurement of
the B — plv rate [10]. Both measurements employ the missing
energy and momentum to estimate the neutrino momentum.

With that technique, the major background results from b —
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clv decays in events that cannot be properly reconstructed (for
example, because of additional neutrinos in the event). Both

measurements also employ the isospin relations
"B — 7 ¢ty) = 2I(B* — 7% Tv)

and
F(BO —p {Tv)=2I(BT — p0€+v) (2)

to combine the charged and neutral decays. In the original
method, strict event quality requirements were made that
resulted in a low efficiency, but a relatively low background to
signal ratio over a fairly broad lepton momentum range. The
branching fractions obtained were

B(B" — n ¢Tv) = (1.84£04+0.3+£0.2) x 107*
and
B(BY — p¢Tv) = (254047024 05) x 107* . (3)

The second analysis loosened the event cleanliness requirements,
resulting in a much higher efficiency. The efficiency gain comes
at the price of an increased background, and the analysis was
primarily sensitive to signal with lepton momenta above 2.3
GeV/c, which is near (and beyond) the kinematic endpoint for
b — clv decays, which are therefore highly suppressed. This
analysis obtained

B(BY — p0Tv) = (2.69 £ 0417035 4 0.50) x 107* . (4)

The results of the two analyses are largely statistically
independent, and they have been combined, accounting for
correlated uncertainties, to obtain:

V| = (3.25 + 0.147928 +0.55) x 1073, (5)
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where the errors arise from statistical, experimental systematic,
and form factor uncertainties, respectively. The last term has
been estimated by comparing a large number of available
models and, for this average, the earlier analysis was updated
to the set of models used in the later analysis. A potential
non-resonant 7wwfr contribution (assumed to be zero in the
analyses) results in the asymmetric systematic uncertainty. The
model dependence uncertainty is dominated by the overall
normalization. Evaluation of the systematic considered both
the spread among individual models and calculations, as well as
the uncertainties claimed for the calculations. The central value
spread and the estimated uncertainties were of the same order
(roughly 15%).

The B factories have recently released very preliminary
results of their first analyses of these exclusive modes. Belle has
produced a B — wfv analysis [54] that is very similar to the
original CLEO exclusive analysis [9]. They find

B(B? — 7 ¢tv) = (1.28 £ 0.20 £ 0.26 =+ 0y0de) X 1074 . (6)

BABAR has recently presented preliminary results for a B —
plv analysis [55] that is quite similar to the second CLEO
analysis [10], for which they obtained

B(B? — p=Tv) = (2.97 4+ 0.56 702 + 010q0) x 1074 . (7)

Both experiments use neutrino reconstruction, but have not yet
advanced the detailed event cleanup (see Ref. 56) to the level of
CLEOQO. The uncertainties, which are comparable to the original
CLEQO errors despite the much larger integrated luminosity,
reflect this preliminary situation. This situation will certainly

improve as the experiments mature.
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The future for exclusive determinations of |V,;| appears
promising. Unquenched lattice calculations begin to be feasible,
and this will eliminate the primary source of uncontrolled uncer-
tainty in these calculations. Simultaneously, the B factories are
performing very well, and very large samples of events in which
one B meson has been fully reconstructed will be available. This
will allow a more robust determination of the neutrino momen-
tum, and should allow a significant reduction of backgrounds
and experimental systematic uncertainties. The high statistics
should also allow detailed measurements of dI'/dq?, which will
provide a sorely-needed litmus test for the form factor calcula-
tions, and will make the form factor shape contribution to the
uncertainty on |V;| negligible. Should theory allow use of the
full range of ¢ in the extraction of |Vy|, the B factories have
already logged data sufficient for a 5% statistical determination
of |Vyp|. If the data must be restricted to low hadronic recoil
momentum (large ¢?), an order of magnitude more data would
be necessary.

For both lattice and the B factories, mfv appears to be a
golden mode for future precise determination of |V,;|. The one
caveat is management of contributions from the B* pole, but
recent work [21] suggests that this problem can be successfully
overcome. B — nfv will provide a valuable cross-check. The plv
mode will be more problematic for high precision: the broad
width introduces both experimental and theoretical difficulties.
Experiments must, for example, assess potential nonresonant
contributions, but only crude arguments based on isospin and
quark-popping have been brought to bear to date. Theoretically,
no calculation, including lattice, has dealt with the width
of the p. Even worse, when the lattice calculations become

unquenched, the p will become unstable, and the 77 final
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state must be faced by the calculations. The methodology
for accommodation of two particle final states on the lattice
remains quite primitive, very costly, and works only for low-
energy states, so it may be unsuitable for p decay. One could
put the p “in a box” to prevent its decay, but this introduces
uncertainties of order width/mass [57]. Fortunately, the wfv
mode provides an excellent alternative to the p mode, though
it has remained elusive to date. Agreement between accurate
|Vup| determinations from mfv and from wlv will provide added

confidence in both.

Inclusive determinations: In principle, the fully inclusive
rate BR(b — X, /) can be calculated quite reliably within the
OPE framework [58-61], with a ~ 6% theoretical uncertainty

in |V,| attainable. The calculations find

B(b — ufv) 1.55ps 1/2
1 £0.020 £ 0.052
0,000 o ) X (1+0.020 £ 0.052) ,

(8)

where the first error arises from uncertainties in the OPE

V] = 0.00445 % (

expansion, and the second from uncertainty in the b quark
mass, for which m}fin(l GeV) = (4.58 £ 0.09) GeV has been
assumed. With the large number of final states available over a
broad mass range, deviations from global quark-hadron duality
are expected to be small for the total charmless S.L. rate.
Unfortunately, realizing this accuracy is extremely difficult
in practice. The background from b — cfv decays forces experi-
ments to limit their sensitivity within some restricted region of
the total phase space. These regions are the lepton energy end-
point Ey > (M3 — M3)/(2Mp), the low hadronic mass region
Myx < Mp, and the large dilepton mass ¢> > (Mp — MD)2.
They select ~ 15%, 70%, and 20% of the charmless S.L. rate, re-
spectively. The typical S/B ratios achieved within these regions
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are a factor of 5-10 smaller than those for the exclusive analy-
ses. These restrictions introduce additional uncertainties in the
calculation of the total charmless branching fraction that are
difficult to quantify. In addition, they may end up moving the
quark-duality assumption away from the well-grounded global
assumption towards a local assumption. While the limitations
of the quark-hadron duality assumption are expected to be
quite small for fully integrated rates, they may become more
pronounced in partially integrated rates. The applicability of
general results for the inclusive OPE approach, and the con-
trol of the theoretical uncertainties for measurements restricted
within these limited regions, remain the subject of ongoing
debate within the community.

The original observations of the b — wu transition at the
7(4S) [3,4] were inclusive analyses that focused on leptons in
the endpoint region of the single lepton spectrum, beyond the
kinematical limit for compatibility with b — cfv transitions.
The ACCMM [7] and ISGW [35] models were used to estimate
the rate into the endpoint, from which |V,;/Vy| = (0.08 +0.02)
was obtained, where the 25% error is dominated by the the-
oretical uncertainty. That the error “guesstimated” with those
models happened to give an error that was reasonably appro-
priate was a historical accident. Had the ISGW II model [36]
been available at that time (and used), the model dependence
would have been significantly underestimated [8]. The theoreti-
cal uncertainty for an endpoint analysis has been very difficult
to quantify. Because the endpoint region extends beyond the
partonic endpoint, and the size of the endpoint is of order
Aqcp, an infinite series of terms in the OPE rate calcula-
tion become equally important. The leading twist singularities

can be resummed into a structure function [75-78]. This shape
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function encapsulates the “Fermi motion” of the b quark within
the hadron, and must be evaluated when experimental deter-
minations of |V,;| are forced near the boundary of a kinematic
distribution [73].

A number of authors observed that selection of S.L. decays
b — X/v, with hadronic mass Myx below that of the D
meson, provides a separation of the charmless X, /v signal
from the X /v background, with an efficiency that can be
reliably estimated [62,68,69,73]. These observations motivated
an intense effort into such inclusive analyses at LEP. The
significant B-hadron boost, and the containment of its decay
products into a narrow jet in Z° — bb events, make these
measurements at the Z° pole interestingly complementary to
those performed at the 7°(4S) peak. Over the past several
years, the ALEPH [63], DELPHI [64], L3 [65], and, most
recently, OPAL [66] collaborations, have published inclusive
measurements of the b — wlv rate. Three separate methods
have been employed. The ALEPH and OPAL analyses use
neural networks that take as input a large number (twenty
in the case of ALEPH, and seven in the OPAL analysis) of
kinematic variables which provide separation between b — cfv
and b — wlv decays. The signal is extracted in both cases
from a fit to the network output discriminant, restricted to
a region enriched in signal decays. L3 applies a sequential-cut
analysis, using the kinematics of the lepton and of the leading
hadron in the same jet for discrimination of the signal events.
The DELPHI analysis performs an inclusive reconstruction of
the hadronic mass of the system emitted together with the
lepton in the b-hadron decay. The S.L. B sample is split into
b — wu-enriched and -depleted samples, based on the separation

between tertiary and secondary vertices (making use of the
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finite charm lifetime), and on the presence of tagged kaons in
the final state. The mass of the hadronic system M is used to
further subdivide the sample into a b — X, fv—tavored region
(Mx < 1.6 GeV) and a b — X fv—dominated region. The signal
is extracted from a simultaneous fit to the number of decays
classified according to the four different categories and the
distributions of the lepton energy in the reconstructed B-rest
frame. While the approaches of the various LEP analyses differ,
they tend to be sensitive to b — ufv, primarily when the mass
of the hadronic system is in the region Mx < Mp: DELPHI
explicitly so, ALEPH and OPAL implicitly, in that after their
neural net requirement, the efficiency falls noticeably with
increasing hadronic mass (they gain some additional sensitivity
at higher masses when stiff leptons or hadrons are present in
the event). These analyses are sensitive to a significantly larger
portion of the phase space than the endpoint analyses, but
at the cost of larger backgrounds from b — ¢l decays (see
Table 1).

The uncertainty in the determination of the fraction of the
total charmless rate selected by a given cut in Mx has been
studied by several authors. A major source of uncertainty is
represented by the value of the b-quark mass my. A relative
error of £15-30% on the inclusive charmless branching fraction,
obtained with Myx cut values from Mp down to 1.5 GeV,
has been estimated from the uncertainty on the mass (assum-
ing + 150 MeV) and the kinetic energy of the b quark [73].
Other estimates are compatible with this range [68,69]. For
restrictions in the range M)Q( < mpAgep ~ M12)7 the cal-
culation of the inclusive charmless branching fraction is also
sensitive to the shape function uncertainties that affect the

endpoint region, particularly as the cut is lowered much below
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Table 1: Summary of |V,;;| determinations by experi-
ment. The method, the S/B ratio of the analyses, the
result with the statistical4-experimental, the b — ¢
and the published b — u uncertainties, the fractional
systematic uncertainty for the non b — wu contribu-
tions, and our evaluation for the range of the esti-
mated theoretical uncertainty (including uncertainty
in the shape functions from b — sv) are given.

Exp. Method S/B V| Oph—sc Oth
[10_3] (qubl) (’Vub’)

ALEPH Neural Net 0.07 412+ .67+ .62+0.35 15% 9%
OPAL  Neural Net 0.05 4.004+ .71+ .594+040 15% 10%
DELPHI Mx 0.10 4.07 + .65+ .47+0.39 12% 10%
L3 m— ¢ Cut 0.22 57£1.0£1.3£05 22% 10%
LEP  Average 4.09 4+ 0.37 4= 0.44 4+ 0.34 9-15%
CLEO E; endpoint 0.39 4.12+0.34 +0.44+0.33 7% 10-15%
CLEO 7(p)lv+ 2.1 (0.6) 3.30+0.4+£0.7 8%

strict v-rec
CLEO plv+ 0.7-1.5 3.23 +£0.35+ 0.58 5%

loose v-rec
CLEO = + plw 3.257 a5 £ 0.55 15-20%

Average

Mp [68,69,73](though model-dependent studies suggest that
the importance of the shape function may be reduced in the
My case). Higher-twist contributions and unknown power cor-
rections of order Aqep/Mp ~ 10% (for example, corrections
to the method of convolution of the parton-level spectra with
a shape function [70,71]) also contribute to the uncertainty on
|Vp|. This leads to an estimate of the overall b — u systematics
on |Vy| extracted with these methods of order 10-15%, which

still allows for a largely model-independent determination.
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The DELPHI analysis follows this framework with the the-
oretical uncertainties evaluated within the framework outlined,
for example, in Ref. 69. At that time, however, no detailed infor-
mation regarding the shape function existed, and the experiment
relied on models. The neural net analyses are somewhat more
difficult to interpret directly, and the experiments rely more
heavily on model estimates to gauge the uncertainty. Given
that those measurements tend to have sensitivity primarily in
the regions affected by the shape functions, a theoretical uncer-
tainty within the 10%-15% window seems likely. An average by
the LEP Heavy Flavour Group [72] results in

0.3610.42

+0.25 £0.23) x 1073 . (9)

The first error includes the statistical and detector-level sys-
tematic uncertainties, and the second the systematics from
the b — ¢ background. The third error reflects the uncertainty
in the extrapolation of the yields measured in the restricted
kinematic region to the total charmless S.L. branching fraction
determination. The above was obtained based on model studies
for each analysis, accounting for the contributions that could be
quantified. It profits from the partially uncorrelated sources of
systematics that result from the different techniques adopted by
the four experiments. The discussion above suggests the more
conservative range of £10-15%. The final error reflects the £6%
uncertainty for extraction of |V,;| from the total charmless S.L.
branching fraction.

Observation of semileptonic b — wu decays at LEP has
been an experimental tour de force. The successful realization
of those analyses is due to some advantages offered by the
kinematics at the Z° pole, and to the performance of the

detectors. While these studies have pioneered a path towards
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new approaches for extracting |V,|, they have exposed the
drawbacks of analyses with S/B ratios that require control of
the background level to better than 5% of itself. Some areas
of concern here, discussed within the community, include the
modeling uncertainties of the non-D and D* components of
the background from B decay, the modeling of the Bs and
b-baryon S.L. decays, and the estimate of the b — u modeling
uncertainties due to the uneven sampling of the decay phase
space.

CLEO has recently submitted for publication [74] a new
measurement based on the lepton endpoint fraction that makes a
significant step away from reliance on models for the theoretical
uncertainty. It has been known for some time [77,76] that, at
leading twist, the same shape function corrects the parton level
b — s7v photon spectrum and the b — wlv lepton spectrum.
While measurements of the non-perturbative 1/ m% parameters
have been made for the heavy-to-heavy b — ¢fv transition [79],
differences in the higher order corrections in the OPE spoil
their application to heavy-to-light transitions. Since both b —
sy and b — wlv are heavy-to-light transitions, however, one
can relate the parameters determined in one system to the
other, up to power corrections of order Aqcp/Mp arising
from nonlocal operators [71]. It has been suggested that the
stability of the extracted |V,;| under variation of the lepton
momentum endpoint region can limit the uncertainty due to
these corrections [71].

Because the CLEO experiment must account for the dis-
tortion of the endpoint spectrum due to the motion of the B
mesons, initial-state radiation, and experimental resolution, it

fits the observed data using a theoretical momentum spectrum
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to which the distortions are applied. Several ansatz [82,83] for
the form of the shape function were employed. CLEO finds

Vip) = (4.124£0.34 £0.44 £ 0.23£0.24) x 107° , (10

based on the lepton momentum range 2.2-2.6 GeV/c. The first
error is the combined statistical and experimental uncertainty
on the rate into the accepted momentum range. The second
error is the uncertainty on the fraction of leptons expected to
lie within this range based on the uncertainty, statistical and
systematic, in the parameters derived from the b — s+ photon
spectrum. The third uncertainty is the same HQE uncertainty
on the extraction of |V,;| from the total rate as above. The
final error is an estimate of the scale of the uncertainty that
results from the unknown power corrections in applying the
b — sv shape function to b — wlv. In the limit of integration
over the full lepton spectrum, this uncertainty would vanish: in
fact, as one moves away from the phase space boundary, the
importance of the shape function diminishes. To evaluate this
uncertainty, the parameters of the shape function were varied by
the expected order of the corrections: Agcp/Mp =~ 10%. This
sets the scale of the uncertainty, but is not a precise evaluation
of the uncertainty—we do not know if the true uncertainty is
a factor of two larger or smaller, for example. Variation of the
size of the endpoint region results in consistent determinations
of |Vup|, but the experimental uncertainties limit our ability to
make more precise statements regarding the power corrections
at this time.

Finally, a method of extracting |V,;| inclusively in a re-
stricted region of ¢2, the mass of the leptonic system, has been
proposed [84]. This region is free from uncertainty due to the

shape functions, but does receive order 1/m? corrections [85].
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Given the orthogonal uncertainties, this method will provide a
valuable crosscheck to other inclusive determinations of |V].
While this method has been found to be unsuitable for ex-
periments at higher energy, application at the 7°(4S) facilities
should be feasible, where resolutions on ¢ of approximately 1
GeV? can already be obtained, though with large tails from
mis-reconstructed events.

As the B factories bring their full data samples to bear
on inclusive measurements of |V,;|, there is a potential for
considerable progress in |V,;|. More precise evaluation of the
b — s+ photon spectrum will lead to more precisely determined
effective shape functions. With the potential for large samples
of events with one fully reconstructed B, reconstruction of the
hadronic recoil mass with much reduced contamination from
b — clT decays and of ¢* should be possible. Hence, statistical
and systematic experimental uncertainties should be reduced as
well. Aslong as the various determinations remain in agreement,
while their precision improves, we can enhance our confidence
that the uncontrolled theoretical uncertainties are not biasing
|Vp| beyond whatever level of precision has been reached in the

individual measurements.

Summary and outlook: There is considerable debate (even
between the authors) regarding the soundest use of the various
measurements. While our knowledge regarding |V,,;| is far more
robust than it was ten years ago, the uncertainty on |V
from each method still receives contributions from some un-
controlled sources. To validate a given level of precision in this
situation, measurements based on complementary techniques
that agree within that precision are needed. The present results
from inclusive and exclusive determinations display a promising

agreement (see Table 1). However, there is a fairly widespread
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consensus that the inclusive and exclusive measurements can-
not be reliably combined until we can quantify all of their
yet-uncontrolled uncertainties.

Restricting to the inclusive determinations, several results
have been already obtained, all within the same HQE frame-
work, and with comparable estimated accuracies. Their averag-
ing would improve the overall |V,;;| accuracy, since the uncorre-
lated uncertainties are sizeable. The LEP Heavy Flavour Group
has already performed the exercise of such averaging for the
four LEP measurements. The result has been obtained in the
framework of OPE, and no additional error has been added to
account for additional corrections to the 1/my expansion, and
of the quark-hadron duality assumption [72]. These issues need
to be addressed and tested by further experimental studies.

As discussed above, there remain uncertainties that cannot
be precisely quantified in the different analyses. Furthermore,
potential violation of local quark-hadron duality might affect
each kinematic region differently, though future study of the
end-point spectrum for B, and B, separately may help in con-
straining these effects. Hence, there exist sources of uncertainty
that we cannot yet quantify that may be as large as the current
statistical uncertainties, though, in the end, they could also be
found to be small. The agreement among the current results
limits the uncontrolled uncertainties to the order of 20%, the
current precision of the comparison. Without some independent
means of controlling such uncertainties, an average of the dif-
ferent methods may underestimate the uncertainty with which
we have truly determined |V;].

Currently, we have a variety of measurements that individu-
ally approach a 15% uncertainty, and that all agree within that
uncertainty. Any of the individual measurements can, therefore,

be used as representative of |Vp].
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The prospects for improved precision on |V,;| are excellent.
With the large data samples now becoming available at the
7(4S) facilities, the experimental uncertainties will continue
to shrink. With these improved uncertainties will come more
stringent comparisons of techniques to “stress test” the theory,
and either continued confidence in the increased precision on
|Vup|, or an indication of where the shortcomings lie. With the
continued advancement of lattice QCD, exclusive determina-
tions of |V| from B — wflv and B — wlv well below 10%,
appear feasible within the decade. We now have event samples
that allow model independent extractions of |V,;| from a variety
of inclusive techniques. As the event samples from the B facto-
ries increase, the precision of these techniques will continue to
improve, and agreement among them can limit the uncontrolled
uncertainties. Barring disagreements as the measurements im-
prove, sub 10% precisions also appear feasible from the inclusive

techniques.
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V,» MEASUREMENTS
For the discussion of Vub measurements, which is not repeated here, see
the review on “Determination of ’Vub’-”
The CKM matrix element ’Vub’ can be determined by studying the rate
of the charmless semileptonic decay b— ufv. Measurements based on on
exclusive decay channels and on inclusive techniques can be found in the
previous B Listings, which will not repeat here.
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