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Status



      has been measured from semi-leptonic decays Vcb
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Exclusive process:  

Inclusive process: 

Hadronic transitions need to be handled

Today’s focus

PDG average: “Vcb puzzle”



Form Factors

SM contains 6 unknown functions with respect to q2 

What we need: 

　　Evaluations / Measurements / Parameterizations & Fits



Evaluations

Lattice

LCSR
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Recent evaluations

zero-recoil:

　Lattice:　　　 　　transition (near) zero-recoil 

　LCSR:　　　　　production   



Measurements

　Decay Distribution: 

　Recent measurement:  Belle 2015,  BelleII 2025

　Angular obs:

　Recent measurements:  Belle 2017, 2018, 2023,  BelleII 2023



Measurements (combined)

Notice:  these 4 distribution data are statistically NOT independent
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Parameterizations

Exact q^2 (or w) shape is unknown → Need parameterization

i) All FFs are independent Boyd, Grinstein, Lebed (1997)

　BGL:

　— B→D and B→D* are independent subjects 

　— truncation order NF is also undetermined → Check dependence

ii) All FFs are related

　HQET:

　— described by “Heavy Quark Expansion” 

　— leading to common functions.  We parameterize them.

Jung, Straub (2018),  Bordone, Jung, Dyk (2019)

https://arxiv.org/abs/hep-ph/9705252
https://arxiv.org/abs/1801.01112
https://arxiv.org/abs/1908.09398


Our Study



|Vcb| determination (our study)

　1. Show difference in FF parameterization 

　2. Show difference in fit scenario (explain later) 

　3. Show New Physics effect (work in progress)

Available data

　|Vcb| + FF (+NP) fits to available datasets



Fit scenarios

　　→ Four fit scenarios:

(A) fits to raw distribution data with one of

FF parameterizations (reminder)

related (HQET) / independent (BGL)

related (HQET) / independent (BGL)

(B) fits to normalized distribution data with all of

　　→ Vcb is determined solely from                      and 

　　→ Statistically unfair, but adopted for PDG average



|Vcb| fit results

|Vcb| fit result (×103)

Fit scenario BSZ ( ) ( ) BGL (NF = 1) (NF = 2) HQET (2/1/0) (3/2/1)

(A)

40.2± 0.4 39.8± 0.4 40.3± 0.5 42.1± 0.6

40.4± 0.4 39.9± 0.4 42.0± 0.8 39.5± 0.7

40.5± 0.4 40.1± 0.4 42.1± 0.8 39.9± 0.7

41.3± 0.4 40.8± 0.5 42.4± 0.8 40.6± 0.8

(B)

-mode 39.4± 0.8 39.3± 0.8 38.6± 1.0 39.2± 1.0

-mode 40.6± 0.5 39.9± 0.6 41.3± 0.8 43.0± 1.0

Combined 40.2± 0.4 39.7± 0.5 40.3± 0.6 41.2± 0.7

Table 3: Fit results of in the SM for different fit scenarios and FF parametrizations. The
PDG average is reproduced in our fit for BGL ( ) with fit scenario (B) as highlighted.
See main text for description of the fit scenarios.

• HQET parameterization: fit values for , , and are consistent with
each other while those for are different. Fit values for (B) show larger differences
between and . Although some of the results
are consistent with the one determined from the inclusive process , incl.

[22], the large deviation implies that the HQET parameters do not
properly describe and simultaneously. Hence, it should be said that
the puzzle between inclusive and exclusive modes is not resolved yet.

As far as looking at the combined values for (B), the BSZ and BGL parameterizations provide
consistent values for the fit scenario (A) and (B). On the other hand, the HQET param-
eterization shows (i) non-trivial fit results depending on the fit scenario and (ii) larger values
than the BSZ and BGL parameterizations.

The consistent results between (A) and (B) imply that the present analysis is not affected
by the so-called D’Agostini bias [39]. This is expected, since the normalization factor and
the form-factor parameters are treated explicitly within a fully Bayesian framework using the
CmdStanPy package, where a joint likelihood is constructed at the level of the underlying fit
model and all nuisance parameters are properly marginalized over [40]. A similar conclusion
was reached in Ref. [41], where it was shown that a proper Bayesian (or equivalent Monte
Carlo) treatment of normalization uncertainties leads to unbiased parameter estimates in the
context of parton distribution function fits.

In Fig. 1, we present the values for the fit scenario (B), obtained from Distribution
(Combined) as well as BrRatio, which are called binned in the following part. It is
noted that the binned are obtained by taking the fitted FF parameters to evaluate
and for without multiplying , where FF fit covariances are properly
taken in Stan. In the figure, the first and second bins correspond to determined from
BrRatio with and , respectively. The gray bands indicate
the PDG averages [22] for the inclusive and exclusive determinations. This figure involves
the following informative consequences:

• All the FF parameterizations give consistent binned from of Distribution
(Combined).3 Furthermore, they are in agreement with the values from

3Due to phase-space suppression, the central value of is extremely small and even smaller than its
uncertainty. As a result, the corresponding binned exhibits a very large uncertainty, and its central value
becomes inconsistent.
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・BGL (NF=2) reproduces the PDG average in fit scenario (B) 

・BGL gives consistent results among (A, w), (A, cosθl), (A, cosθV), and (B) 

・HQET shows large difference between D and D* modes in (B) 

　→ indicates that HQET does not properly describe B→D and B→D* (?) 

　→ some of fits are close to inclusive one (~42.2) but not reliable



|Vcb| from the distribution data

・BGL gives consistent Vcb between Branching ratios and Distribution data 

　→ “Vcb puzzle” remains (exclusive ~40 vs inclusive ~42) 

・HQET shows large difference between D and D* modes also for distribution 

　→ Vcb from D* mode is in agreement with inclusive while D mode is not. 



New Physics effect

Setup

Work in progress...

HQET(3/2/1) 

・Large difference between D & D* in SM 

・NP contribution can reduce this issue! 

・NP can also resolve Vcb puzzle? (~0.042)
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Preliminary! 

・Wait for arXiv:2605.xxxxx



Summary



What we saw in |Vcb| determination

What we got

　1. Show difference in FF parameterization 

　2. Show difference in fit scenario 

　3. Show New Physics effect (work in progress)

・BGL (NF=2) reproduces the PDG average 

・BGL gives consistent results among different fit scenarios 

・HQET shows large difference between D and D* modes 

　→ indicates that HQET does not properly describe B→D and B→D* (?) 

　→ NP contribution can reduce this large difference (!) 

　→ NP can also resolve Vcb puzzle (!!), rising the exclusive Vcb value close to inclusive 



Backup



Fit details

χ2

best regarding Distribution (Combined) and BrRatio.

Fit scenario BSZ (NF = 1) (NF = 2) BGL (NF = 1) (NF = 2) HQET (2/1/0) (3/2/1)

(A,w) 14.4 20.6 14.7 19.7 33.5 40.0

(A, cos θ`) 12.5 12.0 11.3 16.6 42.3 105

(A, cos θV ) 14.9 14.4 13.2 17.4 50.5 42.6

(A,χ) 22.7 30.6 46.7 40.1 32.0 47.6

(B) 16.5 14.6 20.0 17.8 31.4 22.6

Table 4: The best values with respect to , , and the branching ratios, based
on the fit result for each fit scenario.

best for MILC15 (6) / MILC21 (12) / JLQCD23 (12) / HPQCD23 (20)

Fit scenario BSZ ( ) ( ) BGL ( ) ( ) HQET (2/1/0) (3/2/1)

Table 5: The best values with respect to the Lattice data, based on the fit result for each fit
scenario. A number of the data points for each lattice study is denoted in the brackets.

data. Moreover, MILC21 dataset is poorly described across all fit scenarios and
parameterizations, which may indicate a tension with the other datasets, while JLQCD23 and
HPQCD23 data points are well reproduced by our fits. This is indeed similar with the other
studies such as in Ref. [?]. The HQET (2/1/0) parametrization generally provides a worse fit to
the lattice data. This is likely due to the relatively small uncertainties of the Distribution data,
which dominate the fit and pull it away from the lattice inputs, indicating a tension within this
framework. In contrast, the HQET (3/2/1) parametrization achieves a good fit comparable to
those of the BGL and BSZ parametrizations. This contrast suggests that additional parameter
freedom is required to simultaneously accommodate the lattice and distribution data.

As for the LCSR datasets, we find that LCSR23 has strong correlation among data points,
which leads to a very narrow convergence. Neglecting correlation, however, gives a sufficient fit

best for the moment. The LCSR18 data points are well explained in our fit results.
We have also obtained fit results of the FF parameters for all the FF parameterizations and

fit scenarios. All the numerical results are shown in Appendix B. Here, let us mention several
interesting points about the FF fit results. Among the fitted FF parameters, we display in Fig. 2
the contour plots for the two reference parameters across different fit scenarios, where the
and confidence levels (CLs) are shown with solid and dashed lines, respectively. From the
figure, we observe that the fit results depend on which distribution variable is used in fit scenario
(A). BGL ( ) and HQET (2/1/0) exhibit clear differences in the fitted parameter ranges,
whereas BGL ( ) and HQET (3/2/1) show little sensitivity in the FF fit results. This can
be again understood as a consequence of the larger number of FF parameters, which allows for
a more flexible description of the datasets. On the other hand, the results obtained in scenario
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(A,χ) 23/28/7/5 13/27/5/5 6/18/11/4 2/30/18/6 17/41/28/19 11/18/10/4

(B) 22/28/5/5 6/38/6/6 3/24/5/4 5/30/10/4 18/42/17/14 6/23/6/4
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Setup

Parameterization

　BGL:　additional independent FFs (HQPCD23, LCSR18, dist. available) 

　HQET:　common IW functions with SM

Form Factors

　Tensor:  

　Scalar:  

SM scalar FFs

New Physics effect



　・complex integral: 

　・z variable:  

　・something(z)  =  QCD calculation + Bc poles  =  obtainable 

　・z region of interest:

(FF properties)

→ Analyticity + Dispersion relation requires

z ≡
h

(mB − mD)2 − q
2

i.h

p

(mB + mD)2 − q2 +
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4mBmD

i2
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C ∈ unit circle
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(Bc states)
<latexit sha1_base64="H6Pl272KMIaMK5+mJXEqdv64Odw="></latexit><latexit sha1_base64="H6Pl272KMIaMK5+mJXEqdv64Odw="></latexit><latexit sha1_base64="H6Pl272KMIaMK5+mJXEqdv64Odw="></latexit><latexit sha1_base64="H6Pl272KMIaMK5+mJXEqdv64Odw="></latexit>

B̄ D
<latexit sha1_base64="KQW4N1H9UrYPejSGcvi2o55EYMM="></latexit><latexit sha1_base64="KQW4N1H9UrYPejSGcvi2o55EYMM="></latexit><latexit sha1_base64="KQW4N1H9UrYPejSGcvi2o55EYMM="></latexit><latexit sha1_base64="KQW4N1H9UrYPejSGcvi2o55EYMM="></latexit>

Boyd, Grinstein, Lebed (1997)

https://arxiv.org/abs/hep-ph/9705252


(FF parameterization)

→ Analyticity + Dispersion relation + Unitarity bound

→ leads to the general form of the parameterization

　・      are free parameters to be fitted 

　・In general, infinite number sum.  In practice, needs truncation.

something(z) × FF(z) ≡

∞X

n=0

an z
n

<latexit sha1_base64="wQ0mCOwaoD0+R9FYtsVlmYZSf78="></latexit><latexit sha1_base64="wQ0mCOwaoD0+R9FYtsVlmYZSf78="></latexit><latexit sha1_base64="wQ0mCOwaoD0+R9FYtsVlmYZSf78="></latexit><latexit sha1_base64="wQ0mCOwaoD0+R9FYtsVlmYZSf78="></latexit>

an
<latexit sha1_base64="IfR02STByHHSyML6cziCe9lWIrk="></latexit><latexit sha1_base64="IfR02STByHHSyML6cziCe9lWIrk="></latexit><latexit sha1_base64="IfR02STByHHSyML6cziCe9lWIrk="></latexit><latexit sha1_base64="IfR02STByHHSyML6cziCe9lWIrk="></latexit>
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dz

z

�

�something(z) × FF(z)
�

�

2

≤ constant
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