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We have used the measured yield of leptons near the end point of the momentum spectrum from semi-
leptonic 8 decay to obtain an upper limit on I (b ulv)II (b clv) and a corresponding limit on

I V.b I/I V,b I

PACS nUmbers: 13.20.Jf, 14.40.Jz, 14.80.Dq

The ratio I (b ulv)/1 (b clv) [hereafter denoted

by (b u )/(b c)] is related to the Kobayashi-
Maskawa (KM) mixing-matrix elements V„t, and V, t, . '

Its measurement is of considerable interest because

~ V„b
~

must be nonzero if CP nonconservation in the
neutral kaon system is to be explained in terms of a
phase in the KM matrix. The lepton momentum spec-
trum in semileptonic 8 decay can provide information
about (b u)/(b c). Since the u quark is much
lighter than the c quark, the decay 8 L„lv is expected
to have a higher end point than the decay 8 L,lv.
(Here X„and X, are hadronic systems containing the u

and c quarks, respectively. ) This principle has been ex-
ploited by Chen et al. (CLEO Collaboration) and Klop-
fenstein et al. (CUSB Collaboration) to obtain upper
limits on (b u)/(b c). The method was to fit the
measured lepton spectrum over a wide momentum range
to a mix of b ulv b clv and b c slv. This
method is sensitive to the theoretical model for
8 L,lv, as well as to the model for 8 L„lv. Since

8 L, lv is the dominant piece of the spectrum, a small
error in the model for 8 L, lv can lead to a large error
in the fitted amount of 8 L„lv.

In this Letter we use a diff'erent method of extracting
(b u)/(b c) from the B semileptonic decay momen-

tum spectrum. This method has little or no sensitivity to
the model for 8 L;lv, and a simple dependence on the
model for 8 L„lv, allowing easy conversion of a result
obtained with one model to one appropriate for another
model.

The data are from the CLEO detector at the Cornell
Electron Storage Ring (CESR). The detector, event-
selection criteria, and lepton-identification procedures
have been described elsewhere. We identify electrons
above 0.5 GeV/c and muons above 1.2 GeV/c. The elec-
tron yields were measured in a sample of 78 pb ' of
e+e annihilation data on the Y(45) resonance, and 36
pb ' in the continuum just below the Y(4S). Muon
yields were determined for this sample, and also for an
earlier sample comprising 41 pb

' on the Y(4S) and 17
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pb
' below the Y(45).

Since Y(45) decays to 88, leptons detected at the
Y(45) resonance can come either from 8 decay or from
the continuum under the resonance. This latter contri-
bution is measured with data taken just below the
Y(45). Our measured continuum-subtracted, e5cien-
cy-corrected electron and muon momentum spectra from
the Y(45) are shown in Fig. 1.

We obtain a measurement of (b u)/(b c) from
the lepton yield in a momentum interval near the end
point of the spectrum. This yield, cr(p), may be written
as
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F&CJ. 1. Continuum-subtracted, efficiency-corrected (a)
electron and (b) muon momentum spectra from the Y(4g).
The dotted, dashed, and solid curves are the modeled spectra
for primary leptons (8 4'Iv, Ref. 7), secondary leptons
(8 D Ylv), and their sum.

c (p) =rro&f. (p)+(1 —+)f, (p)I,

where o.o is the total primary lepton yield over all mo-
menta, X is the fraction of the total primary yield from
b ulv, and l —X is the fraction from b t.-lv. There-
fore X/(1 —W) =(b u)/(b c) is the quantity we
wish to measure. f, (p) is the fraction of the lepton spec-
trum from b clv that lies in the chosen momentum in-
terval (with allowance for detector momentum resolu-
tion), and f„(p) is the fraction of the spectrum from
b ulv that lies in this interval. Equation (1) is readily
solved to give

(b- u ) ~(p)/'~p f,(p)—
(b —c) f„(p) —cr(p)/rrp

Thus, (b u)/(b c) can be determined from o(p),

rrp, f, (p ), and f„(p).
To determine ao, we need to extrapolate the measure-

ments to zero momentum, and to separate the primary
lepton yield B Xlv from the secondary lepton yield
arising from 8 D Ylv. We do this by fitting the
spectra shown in Fig. 1. Since both the D momentum
spectrum in B DX and the lepton momentum spec-
trum in D Ylv have been measured, the secondary
lepton spectrum can be reliably modeled. For the pri-
mary lepton spectrum we have used a variety of models
for 8 X,l v and 8 L„lv, discussed belo~. The value
of cro is insensitive to the models used.

From these fits we find a primary lepton yield of
no=235+ I4 pb for the electrons, and 237+ l4 pb for
the muons. The errors are partially correlated between
electrons and muons, and include contributions for the
model dependence in the fitting procedure and for the
uncertainty in the momentum dependence of the lepton
identification efficiency.

As a check on these primary lepton yields, we use ao
to obtain a measurement of the B semileptonic branching
ratio. We find

s =gp, sine, /gp;, (3)

B(B Xlv) =0.110+ 0.003 ~ 0.005 +' 0.005

where the errors are due to statistical, systematic,
and model-dependent uncertainties, respectively. This
branching ratio agrees with the previous world average
from Y(45) of 0.117 ~ 0.006. '

The upper limit of the momentum interval for which
we determine the lepton yield a.(p) was chosen to be 2.6
GeV/c. While some leptons from 8 4'„Iv can be
above this value, the fraction is small. We have used
three diAerent lo~er momentum limits of 2.2, 2.3, and
2.4 GeV/c. Since the maximum lepton momentum pos-
sible for 8 A;lv is 2.46 GeV/c, these three limits are
difTerent compromises between good statistics and depen-
dence on the b clv model.

Table 1 shows our measured lepton yields, cr(p), for
the three different momentum intervals. The values
given are the weighted averages of the electron and
muon results, which are in good agreement. A small
correction to a.(p) has been made to eliminate the con-
tribution from B yX, y 1+1

The dominant source of error in these values of cr(p)
is the subtraction of the background due to leptons from
the continuum. Therefore, we developed methods for re-
ducing the continuum background and for determining it
more precisely.

Since the B and 8 decays are uncorrelated, the decay
products from the 8 which did not decay semileptonical-
ly will, on average, have a significant fraction of their
momentum transverse to the lepton direction. In con-
trast, for a continuum event all particles„ the lepton in-
cluded, will tend to line up with a single axis. With this
in mind, we define the variable s~ as
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TABLE I. Measured values for (b u)/(b c), and 90%-confidence-level upper limits on

~
V„b

~ /~ V,b ~, obtained for the three diff'erent lepton momentum intervals with use of the
b ulv models of Altarelli et al. (Ref. 11) and Grinstein, Wise, and Isgur (Ref. 7). Also given
are the intermediate results, o(p) [without and with continuum suppression and fitting (CSF)],
f, (p), and f„(p)

o.(p) (pb) (without CSF)
o(p) (pb) (with CSF)
10 f,
10 f„Altarelli

Grinstein
(b u)/(b c) (%) Altarelli

Grinstein

( V„t, [/( V,b (
Altarelli
Grin stein

2.2- 2.6

2.32 ~ 0.60
2.24+ 0.36

79 ~20
1870
1460

0.8 ~ 1.5
1.0 + 1.9

& 0.12
& 0.20

Lepton momentum interval
(GeV/c)

2.3-2.6

0.16 -+ 0.48
0.38 ~ 0.25

15+ 6
1170
850

0.0 ~ 1.1

0.0 ~ 1.5
& 0.09
& 0.16

2.4- 2.6

—0.57+ 0.37
0.06 ~ 0.17

2+1
580
400

0.0+ 1.3
0. 1 ~ 1.8

& 0.10
& 0.17

where p~ is the momentum of the jth charged particle
and 0~ is the angle between the lepton and the jth
charged particle. The sum in the demoninator runs over
all charged particles in the event except the lepton, while
that in the numerator includes only charged particles
with 45' & 0~ & 135'. A cut requiring s& & 0.4 elimi-
nates 86% of the continuum events, while losing only
30% of the BB events. The 70% e%ciency for detecting
BB events, used in evaluation of cr(p), depends almost
exclusively on the tracks from the 8 not decaying sem-
ileptonically, and thus this eSciency is insensitive to the
model chosen for 8 X„lv. This conclusion was
verified by Monte Carlo simulation.

To obtain a more accurate determination of the con-
tinuum lepton spectrum near the end point, we fit the
below-Y(4S) lepton spectra from 1.6 to 3.0 GeV/c for
muons, and 1.8 to 3.0 GeV/c for electrons. We have
used three diAerent fitting functions: a third-order poly-
nomial (four parameters), a constant plus exponential
(three parameters), and the spectrum predicted by a
Monte Carlo simulation of continuum cc production with
the semileptonic decay of charm (one parameter, the
overall scale). All functions give similar answers. We
include in our errors an allowance for diff'erences among
the fitting functions.

The values for o(p) obtained after these procedures
are given in Table I. The combination of continuum
suppression and continuum fitting substantially reduces
the error on o(p).

The determination of f, (p), the fraction of the lepton
spectrum from 8 L,lv in the chosen momentum inter-
val, is the most subtle aspect of this analysis. It is here
that any residual dependence on the model for 8 A;Iv
resides. Three ingredients determine f, : the shape of
the theoretical lepton spectrum for 8 A;Iv in the 8
rest frame, the Doppler smearing as the lepton is boosted
from the 8 rest frame to the laboratory frame, and the

smearing of the lepton momentum due to the resolution
of the detector. The last two are well understood, the
first only partially. Our procedure is to fit the lepton
spectra below 2.2 GeV/c with a broad range of models
for 8 L,lv and 8 X„lv. For each choice of models
and model parameters that fit the data, we obtain a pre-
diction for the value of f,

Although calculations show that L, is dominated by
D and D*, we allow for arbitrary amounts of Dz or
D *z. The reaction 8 Dl v is described by a single
form factor, and the lepton spectrum changes negligibly
as that form factor is changed from a constant to that
given by pole dominance. The reaction 8 D*lv is de-
scribed by three form factors, and there is no theoretical
consensus on their relative magnitudes. We use the lep-
ton spectra suggested by Tye and Trahern, ' Grinstein,
Wise, and Isgur, and Ali. ' These three spectra difrer
markedly, from very stiA to very soft; spectra much
stiffer than the Tye-Trahern prediction or softer than the
Ali model will not fit the measured lepton spectrum. For
modeling the reaction B (D/D*)trlv, we use the lep-
ton spectra predicted for the low-lying charmed states by
Grinstein, Wise, and Isgur.

For the 8 X„lv spectrum we use two models: the
nonrelativistic, constituent-quark model of Grinstein,
Wise, and Isgur, and the spectator-quark model with
gluon corrections due to Altarelli et al. " For the latter
model the Fermi momenta of the quarks in the 8 are dis-
tributed as a Gaussian of width 160 MeV/c.

Fitting the lepton spectra below 2.2 GeV by many
combinations of models, we obtain the values of f, shown
in Table I. The values given are the midpoints from all
the combinations that give acceptable fits, and the errors
are determined by the spread in the values. While the
values of f, for the models considered here lie in the
ranges given, we cannot rule out the possibility that use
of an as yet unknown model of b ulv which has an
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anomalously different lepton spectrum would give a
smaller value of f, T. herefore, we emphasize that the
value of f, for the lower momentum limit of 2.4 GeV/c is

negligible, independent of the b clv or b ulv model
used.

While f, is largely determined from the measured lep-
ton spectrum below the end-point region, f„must be ob-
tained strictly from theory. Values for f„obtained from
the models of Refs. 7 and 11 for 8 X„lv are shown in

Table I. Additional models are considered by Guida. '

Since the detector momentum resolution has little effect
on f„, the values for any model of B X„lv can be com-
puted by boosting the spectrum from the 8 rest frame to
the laboratory frame (Ptt =0.06), ' and determining the
fraction that lies in the chosen momentum interval.

Table I gives our measured values for (b u )/
(b c) for the three different momentum intervals and
the predictions of Refs. 7 and 11 for f„The va. lues are
the weighted sums of the electron and muon measure-
ments. To get values for (b u)/(b c) with use of
other predictions for f„, the functional dependencies are
(b u )/(b c) = (0.008 w 0.015)[0.178/(j"„—0.009)],
(0.000+' 0.011)[0.115/(f„0.002)—], and (0.000
+ 0.013)[0.058/f„l for the three different momentum
intervals.

The dominant errors in these determinations of
(b u)/(b c) are from the statistical error on tT(p)
(0.009, 0.009, and 0.012 for the model of Altarelli et al.
and the three momentum intervals) and from the mod-
el-dependent error on f, (0.011, 0.005, and 0.002). The
results for the three momentum intervals are not statisti-
cally independent.

Other errors considered, ' and found negligible, in-
clude the error on t7o, the effect on f, of the uncertainties
in the 8-meson mass, the beam energy, and the instru-
mental momentum resolution, and the effect on o(p) of
the uncertainty in the absolute momentum scale.

The quantity (b u)/(b c) is related to the Ko-
bayashi-Maskawa matrix elements V„b and V,b by

(b —u)/(b —c) =p I V.b I
'/I V,b I

'.

The parameter p accounts for differences in the phase-
space factors for the decays b ulv and b t.-lv as well
as differences in the wave functions, form factors, etc. , of

the final-state hadrons. In the model of Altarelli et al. ''
p=2. 2, while for the model of Grinstein, Wise, and
Isgur p = 1.0.

Since none of our measured values for (b u)/
(b c) are significantly different from zero, we give
in Table I the 90%-confidence-level upper limits on

I V„s I/I V,s I. The two models for B X„lv used in

Table I give limits that bracket those found with other
models. '4
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