
important news: LQCD form factors for  decays from FNAL/MILC (arXiv:2105.14019)B → D*ℓνℓ

|Vcb | ⋅ 103 = 38.40 ± 0.74

synthetic data points at 3 non-zero values of the recoil (w - 1)
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joint fit: 
BGL fit of LQCD points + 
Belle + BaBar exp. data

lattice fit:  
quadratic BGL fit of LQCD 
points only

simultaneous fit of the lattice points and experimental data 

the extracted FFs are hybrid quantities: their shape and 
uncertainties are affected by the experimental data

R(D*) = 0.2483 ± 0.0013

R(D*) = 0.265 ± 0.013

FFs treated as pure theoretical quantities 

including their uncertainties

≃ 1.9 %
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FIG. 1: The bands of the FFs g(w), f(w), F1(w) and P1(w) computed by the DM method after imposing

both the unitarity filter and the two KCs (1)-(2). The FNAL/MILC values [3] used as inputs for the DM

method are represented by the black diamonds.

related averages over the bins, namely
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where Cij is the covariance matrix and |Vcb|i
represents the value of the CKM matrix ele-
ment obtained in the i-th bin.

As already addressed in Ref. [2], we observe
anomalous underestimates of the mean values
of |Vcb| in the case of some of the variables
x. Thus, we adopt the alternative strategy de-
scribed in the Section III D of Ref. [2]. We
consider the relative di↵erential decay width
given by the ratio (d�/dx)/� (where x =
w, cos ✓l, cos ✓v,�) for each bin by using the
experimental data. In this way, any calibra-
tion error in the measurements is cancelled
out in the ratio (d�/dx)/�. Hence, we com-

pute a new correlation matrix using the boot-
strap events for (d�/dx)/� and, consequently,
a new covariance matrix of the experimental
data through the original uncertainties associ-
ated to the measurements.

We repeat the whole procedure for the ex-
traction of |Vcb| using the new experimental
covariance matrices. In Fig. 2 we show the
bin-per-bin distributions of |Vcb| for each kine-
matical variable x and for each experiment, to-
gether with their final weighted mean values.
The latter ones are collected also in Table I.

Combining the eigth mean values of Table I
through the generic formulæ
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2, (10)

blue data:  Belle 1702.01521 

red data: Belle 1809.03290

bands are (correlated) weighted averages

extraction of |Vcb| from  decaysB → D*ℓνℓ
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(dΓ/dx)exp

i

(dΓ/dx)th
i

i = 1,…, Nbins

*** we do not mix theoretical calculations with experimental data to describe the shape of the FFs ***

four different differential decay rates 
 where  :  

- 10 bins for each variable 
- total of 80 data points

dΓ/dx x = {w, cosθv, cosθℓ, χ}

[arXiv:2109.15248]
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FIG. 2: The bin-per-bin estimates of |Vcb| and their weighted means (7)-(8) for each kinematical variable

x and for each experiment. The blue squares and the red circles correspond respectively to the first [11]

and to the second [12] set of the Belle measurements. The dashed blue (red) bands are the results of

Eqs. (7)-(8) in the case of the blue squares (red circles) for each variable x (see Refs. [11, 12] for the

specific values of the four variables x in each bin).

experiment |Vcb|(x = w) |Vcb|(x = cos✓l) |Vcb|(x = cos✓v) |Vcb|(x = �)

Ref. [11] 0.0398 (9) 0.0422 (13) 0.0421 (13) 0.0426 (14)

Ref. [12] 0.0395 (7) 0.0405 (11) 0.0402 (10) 0.0430 (13)

TABLE I: Mean values and uncertainties of the CKM element |Vcb| obtained by the correlated aver-

age (7)-(8) for each of the four kinematical variables x and for each of the two experiments [11, 12].

we obtain the final estimate

|Vcb| = (41.3± 1.7) · 10�3 . (11)

Note that without the modification of the ex-
perimental covariance matrices the final esti-
mate of |Vcb| would have read

|Vcb| = (40.0± 2.6) · 10�3 ,

where the large uncertainty is due to the sec-
ond term in the r.h.s. of Eq. (10), which ac-
counts for the spread of the values of |Vcb|

corresponding to the various kinematical vari-
ables and experiments.

EVALUATION OF R(D⇤) AND
POLARIZATION OBSERVABLES

By using the unitarity bands of the FFs we
can compute the pure theoretical expectation
values of the ratio R(D⇤), the ⌧ -polarization
P⌧ and the D⇤ longitudinal polarization FL,
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Belle 1702.01521 

Belle 1809.03290

averaging procedure

|Vcb |excl. ⋅ 103 = 41.3 ± 1.7

|Vcb |incl. ⋅ 103 = 42.16 ± 0.50 (Bordone et al: arXiv:2107.00604)

|Vcb |excl. ⋅ 103 = 39.6+1.1
−1.0 Gambino et al., arXiv:1905.08209

|Vcb |excl. ⋅ 103 = 39.56+1.04
−1.06 Jaiswal et al., arXiv:2002.05726

|Vcb |excl. ⋅ 103 = 38.86 ± 0.88 FLAG '21, arXiv:2111.09849

the use of exp. data to describe the 
shape of the FFs leads to smaller errors, 
but it produces a bias on the extracted 
value of |Vcb |

exclusive/inclusive tension reduced to less than 1𝜎


