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• To leading power, bottom and charm spectra are simply shifted by 
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• Extrapolation to zero-recoil point

• Plot shows “form factor x |Vcb|”, which is 
obtained by measuring  dΓ/dw, dividing by 
phase-space factor and taking the square root.
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FIG. 6: The measured w dependence of F(w)|Vcb| (data
points) compared to the theoretical function with the fitted
parameters (solid line). The experimental uncertainties are
too small to be visible.

B0 → D∗−!+ν! decays based on an unbinned maximum-
likelihood fit to the four-dimensional decay distribution
(Eq. 10). This fit is sensitive to the interference of the
three helicity amplitudes and thus results in significant
smaller uncertainties on the form-factor parameters. The
fit does not attempt an absolute normalization of the de-
cays, and thus is not sensitive to F(1)|Vcb|. It resulted in
ρ2 = 1.145±0.066±0.035, R1(1) = 1.396±0.070±0.027,
and R2(1) = 0.885 ± 0.046 ± 0.013.

We combine the two BABAR measurements of the form-
factor parameters, taking into account the correlation be-
tween them, and obtain

F(1)|Vcb| = (34.4 ± 0.3 ± 1.1)× 10−3

ρ2 = 1.191± 0.048 ± 0.028

R1(1) = 1.429± 0.061 ± 0.044

R2(1) = 0.827± 0.038 ± 0.022.

Compared to the analysis presented in this paper, the
combined result has significantly smaller statistical un-
certainties of the form-factor parameters. The event sam-
ple and the sample of Monte Carlo simulated events used
in Ref. [12] are a subset of the one used in the present
analysis, namely about 15,000 selected B0 candidates
with D0 → K+π− decays combined with electrons. Ex-
cept for the selection of the D0 decay, the event selection
and the determination of the backgrounds shapes and the
signal extraction are almost identical for the two analy-
ses. Therefore, all the detector-related systematic uncer-
tainties should be the same, as well as the uncertainties
from the background models and input parameters like
the branching fractions. Thus, we retain the systematic
measurement uncertainties established in this paper. The
combined statistical errors are still larger than the total
systematic uncertainties, but not by a large factor. An
upper limit for the correlation between the two measure-
ments has been estimated on the basis of the ratio of the
uncertainties, and is found to be less than 0.45.

The correlation coefficients for the combined measure-

ments are

ρ(ρ2, R1(1)) = +71%

ρ(ρ2, R2(1)) = −83%

ρ(ρ2,F(1)|Vcb|) = +27%

ρ(R1(1), R2(1)) = −84%

ρ(R1(1),F(1)|Vcb|) = −39%

ρ(R2(1),F(1)|Vcb|) = +22%.

Figure 7 shows the correlations between the fitted vari-
ables and their uncertainties, both for the present analy-
sis and for the combined result with Ref. [12]. The con-
tours correspond to ∆χ2 = 1, i.e. 39% CL. The cor-
relations between the form-factor parameters are quite
large, but their correlation with F(1)|Vcb| is less than
0.4, and the sign of the coefficients differ, resulting in a
much reduced overall dependence of F(1)|Vcb| on these
form factors.

Using the same lattice calculation for F(1) [15], we
obtain an improved value for |Vcb|,

|Vcb| = (37.4 ± 0.3 ± 1.2 +1.2
−1.4) × 10−3,

where the third error reflects the current uncertainty on
F(1).

The corresponding branching fraction of the decay
B0 → D∗−!+ν! is

B(B0 → D∗−!+ν!) = (4.69 ± 0.04 ± 0.34)%.

The combined results of the two BABAR analyses super-
sede all previous BABAR measurements of the form-factor
parameters, of the exclusive branching fraction for the
B0 → D∗−!+ν! decay, and of |Vcb| extracted from this
decay.

The value of the branching fraction presented here is
smaller than the average of previous measurements [13].
This measurement combined with B(B0 → D−!ν!) =
(2.08 ± 0.18)% [13] represents only (65 ± 7)% of the to-
tal branching fraction for the B0 → Xc!ν! decays. The
remaining fraction of 35% is expected to involve higher-
mass charm states. The branching fractions for decays to
these individual higher-mass states are not well known,
in particular those involving broad resonances or non-
resonant D(∗,∗∗)π states [29, 30].

The combination of the two BABAR measurements re-
sults in a further reduction of the form-factor uncertain-
ties compared to the previous BABAR analysis [12], for
which the uncertainties on R1(1) and R2(1) had already
been reduced by a factor of four or more, compared to
the CLEO measurement [11]. The uncertainty on ρ2 has
also been reduced, by a factor of five with respect to
the BABAR measurement in Ref. [10]. The correlation
between F(1)|Vcb| and ρ2, which was sizable for all pre-
vious measurements, has been reduced significantly, and
this also leads to a smaller uncertainty for |Vcb|.

The resulting value of |Vcb| is fully compatible with the
earlier BABAR measurement [10], and most earlier mea-
surements [13], but it is significantly smaller than the
CLEO measurement [31].
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Lattice result at zero recoil

• Exp. value                                                     
and 0.7% e.m. correction then gives

• 2σ  below value from inclusive decay

TABLE X: Final error budget for hA1(1) where each error is discussed in the text. Systematic

errors are added in quadrature and combined in quadrature with the statistical error to obtain the

total error.

Uncertainty hA1(1)

Statistics 1.4%

gDD∗π 0.9%

NLO vs NNLO χPT fits 0.9%

Discretization errors 1.5%

Kappa tuning 0.7%

Perturbation theory 0.3%

u0 tuning 0.4%

Total 2.6%

and heavy-quark discretization effects. Our new result, F(1) = hA1(1) = 0.921(13)(20) is

consistent with the previous quenched result, F(1) = 0.913+0.029
−0.034 [13], but our errors are both

smaller and under better theoretical control. This result allows us to extract |Vcb| from the

experimental measurement of the B → D∗!ν form factor, which determines F(1)|Vcb|. After

applying a 0.7% electromagnetic correction to our value for F(1) [81], and taking the most

recent PDG average for |Vcb|F(1) = (35.9 ± 0.8) × 10−3 [82], we find

|Vcb| = (38.7 ± 0.9exp ± 1.0theo) × 10−3. (47)

This differs by about 2σ from the inclusive determination |Vcb| = (41.6 ± 0.6) × 10−3 [82].

Our new value supersedes the previous Fermilab quenched number [13], as it should other

quenched numbers such as that in Ref. [83]3.

Our largest error in F(1) is the systematic error due to heavy-quark discretization effects,

which we have estimated using HQET power counting and inspection of the numerical data

at three lattice spacings. This error can be reduced by going to finer lattice spacings, or

by using an improved Fermilab action [70]. When using this improved action, it would be

3 Ref. [83] calculates the B → D∗"ν form factor in the quenched approximation at zero and non-zero recoil

momentum and uses a step-scaling method [84] to control the heavy-quark discretization errors.
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