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This proceeding summarizes recent measurements of the CKM matrix elements |Vcb|, |Vub|,
and lepton-flavor universality tests in semileptonic B decays from the Belle and Belle II ex-
periments. The decay branching factions R(D∗) and R(X) are measured with the Belle II
early dataset and the results are found to be consistent with the Standard Model predictions.
From a simultaneous measurement of untagged B0 → π−ℓ+ν and B+ → ρ0ℓ+ν, the |Vub|
value is determined incorporating external theoretical constraints on the decay form factors.
The first measurement of the full angular coefficients for B → D∗ℓν decays at Belle provides
comprehensive information for determining the decay form factors and Vcb. This presentation
also includes measurements of the ratios |Vub|excl/|Vub|incl and |Vub|incl/|Vcb|incl.

5

1 Lepton-flavor universality tests6

In the Standard Model of particle physics (SM), the W boson couples equally to the leptons τ ,7

µ and e. Semileptonic B decays offer stringent tests of this lepton-flavor universality and are8

thus sensitive to new physics beyond the SM. One of the preferred observables for testing this9

universality is the ratio of decay branching fractions, R(Hτ/ℓ), which compares decays involving10

the τ lepton to those with the lighter leptons ℓ = µ, e. This ratio is advantageous because it11

cancels out normalization effects and correlated uncertainties, providing a more precise test of12

lepton-flavor universality.13

R(Hτ/ℓ) =
B(B → Hτν)

B(B → Hℓν)
, (1)

where the final state hadron H can be D(∗), π, or other hadrons from exclusive modes, or it14

can be an inclusive hadronic system X. The latest world average of experimental observations15

is shown in Fig. 1, revealing a tension with the SM prediction at a level of approximately 316

standard deviations.17

The values of R(D∗) 1 and R(X) 3 have been recently measured using a 189 fb−1 sample18

of electron-positron collision data at the Belle II experiment. This corresponds to NBB̄ =19

(198.0± 3.0)× 106BB̄ pairs, collected at the Υ(4S) resonance during the 2019-2021 run period.20

1.1 Measurement of R(D∗) using hadronic B tagging at the Belle II experiment21

In this analysis 1, one of the B mesons originating from the Υ(4S) decay is fully reconstructed22

via hadronic decay modes as Btag using the official tagging algorithm 2. The remaining particles23

in the event are used to reconstruct the other B meson in the decays B̄ → D∗τ−ν̄τ and the24

normalization mode B̄ → D∗ℓ−ν̄ℓ. Only leptonic τ decays, τ− → e−ν̄eντ and τ− → µ−ν̄µντ25

are considered. The modeling of signal efficiency, major backgrounds, and the residual energy26
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Figure 1 – The latest world average results of R(D)-R(D∗) from HFLAV (updated on the 20th of May 2024).

deposited in the electromagnetic calorimeter (ECL) EECL, are calibrated using a data-driven27

approach and validated in the sideband regions individually. After applying all selections and28

corrections, the value of R(D∗) is extracted directly from a two-dimensional fit to EECL and the29

missing mass squared M2
miss ,30

M2
miss = (E∗

beam − E∗
D∗ − E∗

ℓ )
2 −

(
−p⃗∗Btag

− p⃗∗D∗ − p⃗∗ℓ

)2
, (2)

where E∗
beam =

√
s/2 represents the center-of-mass (c.m.) beam energy whereas E∗

Btag
(p⃗∗B∗

tag
),31

ED∗(p⃗∗D∗), and Eℓ (p⃗∗ℓ ) are the energies (momentum three-vectors) of the Btag , D
∗, and ℓ,32

respectively, in the c.m. frame. The preliminary result is obtained as33

R (D∗) = 0.262+0.041
−0.039 (stat) +0.035

−0.032 (syst) , (3)

which is consistent with SM predictions 4. This value has been included in the global fit of34

HFLAV shown in Fig. 1.35

1.2 First measurement of R(X) as an inclusive test of the b → cτν anomaly36

Similar to the R(D∗) analysis 1, this measurement 3 also utilizes the hadronic tagging 2 method37

and reconstructs the tauon from its leptonic decays. To reconstruct the inclusive hadronic38

systems X in B → Xτ(ℓ)ν, all remaining tracks and neutrals not involved in the reconstruction39

of Btag or leptons are combined. In order to correct the potential mismodeling of the B →40

Xcℓν decays, a data-driven reweighting is derived from the control sample. The signal yields41

are extracted simultaneously for electrons and muons modes using a two-dimensional fit of42

the missing mass squared M2
miss and the lepton momentum in B-rest frame pBℓ . The post-fit43

projection for the µ mode is shown in Fig. 2.44

With the fitted signal yields and correlations, the value of R
(
Xτ/ℓ

)
and its uncertainty45

can be calculated via R
(
Xτ/ℓ

)
= (Nmeas

τ→ℓ /Nmeas
ℓ )

(
N sel

ℓ /N sel
τ→ℓ

) (
Ngen

τ /Ngen
ℓ

)
using Ngen

τ =46

Ngen
τ→ℓ/B(τ → ℓνν) and the appropriate uncertainty propagation. We find R

(
Xτ/ℓ

)
for electrons47
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Figure 2 – The flattened spectra in intervals of (M2
miss , p

B
ℓ ) as used in the signal extraction fit after fitting. The

intervals of M2
miss are given in GeV2/c4.

and muons of48

R
(
Xτ/e

)
= 0.232± 0.020 (stat) ± 0.037 (syst), and

R
(
Xτ/µ

)
= 0.222± 0.027 (stat) ± 0.050 (syst),

(4)

respectively. By combining light-lepton flavors in a weighted average of correlated values, we49

obtain50

R
(
Xτ/ℓ

)
= 0.228± 0.016 (stat) ± 0.036 (syst). (5)

The observed result agrees with the SM expectations, e.g. R(X)SM = 0.221 ± 0, 004 5.51

After removing the expected contributions of B(B → D∗∗
(gap)τ(ℓ)ν) and B(B → Xuτ(ℓ)ν) from52

the measured R(X), the remaining component provides a distinct cross-check of the exclusive53

R(D(∗)). As illustrated in Fig. 3, the result is consistent with the world averaged R(D(∗)) and54

also the SM predictions 4 within the current uncertainty.55
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2 CKM matrix elements |Vcb| and |Vub|56

In the SM, the Cabibbo-Kobayashi-Maskawa (CKM) matrix describes the quark mixing and57

accounts for CP−violation in the quark sector6,7. One of the crucial tests of the SM is the precise58

determination of the magnitude of the matrix elements. In b−flavor scope, the corresponding59

world averages of |Vxb| from exclusive and inclusive determinations exhibit a disagreement of60

about 3 standard deviations 4. We conducted several measurements with new strategies to61

further investigate these tensions.62

2.1 Exclusive |Vub| from simultaneous measurements of untagged B0 → π−ℓ+ν and B+ →63

ρ0ℓ+ν decays64

This measurement uses a data sample of 387 million BB̄ meson pairs recorded by the Belle II65

detector at the SuperKEKB electron-positron collider between 2019 and 2022. The signal decays66

of B0 → π−ℓ+ν and B+ → ρ0ℓ+ν are reconstructed without identifying the partner B meson.67

The reconstructed events are separated into 13 intervals for the pion mode and 10 intervals68

for the rho mode of squared momentum transfer q2. The signal yields of the two modes are69

simultaneously extracted from a two-dimensional grid of the energy difference ∆E = E∗
B−E∗

beam70

and the beam-constrained mass Mbc =
√

E∗2
beam − |p⃗ ∗

B|2 in each q2 bin. Here, E∗
beam, E

∗
B and p⃗ ∗

B71

are the beam energy, reconstructed B energy, and reconstructed B momentum, all determined72

in the c.m. frame, respectively. With this novel method, cross-feed signals can be properly73

linked between the two decay modes.74

The partial branching fractions are determined from the fitted signal yields after efficiency75

corrections as a function of q2. Furthermore, the total branching fraction is computed as the76

sum of these partial branching fractions, accounting for systematic correlations. As preliminary77

results, we obtain total branching fractions B(B0 → π−ℓ+νℓ) = (1.516 ± 0.042 (stat) ±0.05978

(syst) ) × 10−4 and B(B+ → ρ0ℓ+νℓ) = (1.625 ± 0.079 (stat) ±0.180 (syst) ) × 10−4. These79

results are consistent with the world averages, and the precision is comparable to previous80

measurements from Belle and BaBar.81

For extracting |Vub|, the decay form factors of B0 → π−ℓ+ν are parameterized using the82

Bourrely-Caprini-Lellouch (BCL) model8, and the Bharucha-Straub-Zwicky (BSZ) parametriza-83

tion 9 is employed for B+ → ρ0ℓ+ν. By fitting the measured partial branching fractions of84

B0 → π−ℓ+ν as functions of q2, and incorporating constraints on non-perturbative hadronic85

contributions from lattice QCD calculations 10, we obtain the preliminary result |Vub| = (3.93±86

0.09 ± 0.13 ± 0.19) × 10−3, where the uncertainties are statistical, systematic, and theoretical,87 14
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Figure 3: Measured partial branching fractions as a function of q2 for B0 ! ⇡�`+⌫` (a+b) and B+ ! ⇢0`+⌫` (c).
The fitted di↵erential rates are shown together with the one, two, and three standard-deviation uncertainty bands
for fits using constraints on the form factors from (a) LQCD, (b) LQCD and LCSR, and (c) LCSR predictions.

Table VI: Measured central values of |Vub| and the BCL
form-factor coe�cients with total uncertainties from the
fits to the B0 ! ⇡�`+⌫` spectrum.

B0 ! ⇡�`+⌫`
LQCD LQCD + LCSR

|Vub| (10�3) 3.93 ± 0.25 3.73 ± 0.19

f+(q2)
b+
0 0.42 ± 0.02 0.45 ± 0.02

b+
1 �0.52 ± 0.05 �0.52 ± 0.05

b+
2 �0.81 ± 0.21 �1.02 ± 0.18

f0(q
2)

b0
0 0.02 ± 0.25 0.59 ± 0.02

b0
1 �1.43 ± 0.08 �1.39 ± 0.07

�2/ndf 8.39/7 8.36/7

for A1(q
2), A2(q

2), and V (q2). The �2
LCSR term for the1

fit to the measured B+ ! ⇢0`+⌫` q2 spectrum takes the2

form:3

�2
LCSR =

6X

k,l=1

(bk � bLCSR
k )C�1

LCSR,kl(bl � bLCSR
l ), (17)4

5

where bLCSR
k are the constraints on the coe�cients and6

C�1
LCSR,kl is the corresponding inverse covariance matrix7

predicted by LCSR calculations. In the evaluation of the8

inverse Blaschke factors for the expansion of A1(q
2) and9

A2(q
2) in Equation 7, mR takes the value of 5.724 GeV,10

while it takes the value of 5.325 GeV for the expansion of11

V (q2) [6]. The |Vub| result obtained from B+ ! ⇢0`+⌫`12

using LCSR constraints is:13

|Vub|B!⇢`⌫`
= (3.19 ± 0.12 ± 0.17 ± 0.26) ⇥ 10�3.14

The measured central values of |Vub| and the BSZ form-15

factor coe�cients from the fit to the B+ ! ⇢0`+⌫`16

spectrum are provided in Table VII. The full correla-17

tion matrix corresponding to these values is provided18

in Table XIII in Appendix A. Fig. 3 shows the mea-19

sured and fitted di↵erential rates of B0 ! ⇡�`+⌫` and20

Table VII: Measured central values of |Vub| and the BSZ
form-factor coe�cients with total uncertainties from the
fit to the B+ ! ⇢0`+⌫` spectrum.

B+ ! ⇢0`+⌫`
LCSR

|Vub| (10�3) 3.19 ± 0.33

A1(q
2)

bA1
0 0.27 ± 0.03

bA1
1 0.34 ± 0.13

A2(q
2)

bA2
0 0.29 ± 0.03

bA2
1 0.66 ± 0.17

V (q2)
bV
0 0.33 ± 0.03

bV
1 �0.93 ± 0.17

�2/ndf 3.85/3

B+ ! ⇢0`+⌫`, as well as the one, two, and three21

standard-deviation uncertainty bands from the fits.22

The |Vub| results obtained from B0 ! ⇡�`+⌫` are con-23

sistent with previous exclusive measurements [3]. The re-24

sult obtained from B+ ! ⇢0`+⌫` is lower, but consistent25

with previous |Vub| determinations from B ! ⇢`⌫` de-26

cays [34]. The �2 per degree of freedom for the fits range27

from 1.19 to 1.28, and are provided in Tables VI and28

VII for B0 ! ⇡�`+⌫` and B+ ! ⇢0`+⌫`, respectively.29

The extracted central values of |Vub| and the coe�cients,30

with the corresponding full covariance matrices, for the31

fits to the B0 ! ⇡�`+⌫` and B+ ! ⇢0`+⌫` spectra will32

be provided on HEPData [46]. We confirm the stability33

of the |Vub| results by repeating the fits using di↵erent34

q2 cut-o↵ values. The results are presented in Fig. 4 in35

Appendix B.36

The fractional uncertainties on the |Vub| results from37

various sources of systematic uncertainty are shown in38

Table VIII. For both B0 ! ⇡�`+⌫` and B+ ! ⇢0`+⌫`39

the largest contribution to the systematic uncertainty40

comes from the limited o↵-resonance data sample. In41

addition, for B+ ! ⇢0`+⌫` the systematic uncertainty42

from nonresonant B ! ⇡⇡`⌫` is significant.43

Preliminary
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Figure 3: Measured partial branching fractions as a function of q2 for B0 ! ⇡�`+⌫` (a+b) and B+ ! ⇢0`+⌫` (c).
The fitted di↵erential rates are shown together with the one, two, and three standard-deviation uncertainty bands
for fits using constraints on the form factors from (a) LQCD, (b) LQCD and LCSR, and (c) LCSR predictions.
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Preliminary

Figure 4 – The preliminary results of the differential q2 spectra for B0 → π−ℓ+ν (left) and B+ → ρ0ℓ+ν (right)
shown with the one, two and three standard-deviation uncertainty bands for fits using constraints on the form
factors.



respectively. The preliminary result from the B+ → ρ0ℓ+ν decay including the constraints from88

light-cone sum rule (LCSR) 9 is |Vub| = (3.19 ± 0.12 ± 0.17 ± 0.26) × 10−3. The |Vub| values89

obtained from the B0 → π−ℓ+ν mode are consistent with previous exclusive measurements. The90

result from the B+ → ρ0ℓ+ν mode is lower but remains consistent with previous experimental91

determinations from B → ρℓν decays. In both cases, the precision is limited by theoretical92

uncertainties.93

2.2 Angular coefficients of B → D∗ℓν and exclusive |Vcb|94

Using the full Belle sample, comprising 772×106 B meson pairs collected at the Υ(4S) resonance,95

we performed the first measurement of the complete set of angular coefficients for exclusive96

B → D∗ℓν decays. The analysis strategy closely follows the methodology outlined in the previous97

Belle measurement 12, with modifications to facilitate the measurement of angular coefficients98

in four bins of the hadronic recoil parameter w = (m2
B +m2

D∗ − q2)/2mBmD∗ . We separately99

extract the results for ℓ = e, µ and B = B0, B+ modes. In each w bin, the signal yields are100

determined in bins of the decay angles θℓ, θV , and χ. θℓ is the angle between the lepton and the101

direction opposite to the B meson in the virtual W -boson rest frame, θV is the angle between102

the D meson and the direction opposite the B meson in the D∗ rest frame, and χ is the angle103

between the two decay planes spanned by the W+ − ℓ and D∗ −D systems in the B meson rest104

frame.105

The obtained angular coefficients enable us to determine the form factors describing the106

B → D∗ transition and the magnitude of Vcb. Utilizing various sets of recent lattice QCD107

calculations for the form factors, we find |Vcb| = (41.0±0.7)×103 based on the Boyd-Grinstein-108

Lebed (BGL) parameterization13. This result is in agreement with the fit of the one-dimensional109

differential spectra determined from the same dataset12 and also with the currently most precise110

determinations from inclusive B → Xcℓν decays 14,15,16. Additionally, we investigate potential111

lepton flavor universality violation as a function of w and analyze the differences in the angular112

distributions of electrons and muons. No deviation from SM expectations is observed.113

2.3 Simultaneous determination of inclusive and exclusive |Vub|114

The first simultaneous determination of |Vub| using inclusive and exclusive decays has been115

performed at Belle 17. The event reconstruction strategies are inherited from the previous Belle116

B → Xuℓν analysis 19. To distinguish exclusive B → πℓν decays from other inclusive B → Xuℓν117

events and backgrounds, we employ a two-dimensional fit of q2 and the number of charged118

pions in the hadronic Xu system. The B → πℓν form factors are parameterized with the119

BCL expansion 8 and constrained to the LQCD calculations 10 or the combined global fit 10
120

of previous experimental observations and LQCD. With the nominal setup incorporating the121

constraints based on the full theoretical and experimental knowledge of the B → πℓν form122

factor shape, we obtain
∣∣V excl.

ub

∣∣ = (3.78± 0.23± 0.16± 0.14)× 10−3 and
∣∣V incl.

ub

∣∣ = (3.88± 0.20±123

0.31±0.09)×10−3 with the uncertainties being the statistical, systematic, and theoretical errors.124

The ratio
∣∣V excl.

ub

∣∣ /
∣∣V incl.

ub

∣∣ = 0.97 ± 0.12 is found to be compatible with unity. Moreover, the125

averaged |Vub| derived from the inclusive and exclusive determinations incorporating LQCD and126

additional experimental information, is (3.84 ± 0.26) × 10−3. This result is in agreement with127

the expectation from CKM unitarity 18 of |V CKM
ub | = (3.64 ± 0.07) × 10−3 within 0.8 standard128

deviations.129

2.4 Ratio of inclusive |Vub| and |Vcb|130

The semileptonic inclusive decays B → Xuℓν and B → Xcℓν are analyzed using the full Belle131

sample, employing the Belle II hadronic tagging algorithm 2. The B → Xuℓν signal yields are132

extracted through a two-dimensional fit on q2 and the charged lepton energy in the B-meson rest133

frame pBℓ . Meanwhile, B → Xcℓν yields are obtained by subtracting contributions from other134



decays in the total B → Xℓν sample. This measurement focuses on the partial phase space135

region with pBℓ > 1GeV, known for cleaner experimental backgrounds in B → Xuℓν decays.136

The preliminary result for the partial branching faction ratio is ∆B(B → Xuℓν)/∆B(B →137

Xcℓν) = 1.96(1± 8.4%(stat)± 7.9%(syst))× 10−2. This ratio provides insight into the inclusive138

|Vub|/|Vcb| ratio, incorporating theoretical inputs of partial decay rates for both decays. The139

obtained |Vub|/|Vcb| value is consistent with the world averages 4. Furthermore, by taking the140

external normalization of ∆B(B → Xcℓν), the resulting |Vub| is found to be in good agreement141

with previous Belle measurement 19.142

3 Summary143

The Belle and Belle II experiments have recently provided many new results in semileptonic144

B decays. The measured R(D∗) and R(X) for testing the lepton-flavor universality are found145

to be consistent with the SM predictions. The long-standing ”Vxb puzzle” remains unresolved,146

although the recent determinations line towards improved agreement between exclusive and147

inclusive decays. Continued efforts in both experimental and theoretical realms are essential.148

For instance, some of the experimental uncertainties are expected to be reduced with more col-149

lected data at Belle II, and the ongoing developments in theoretical studies are anticipated to150

further refine experimental simulations. Moreover, beyond these important results, the accumu-151

lated knowledge on MC modeling and validated novel approaches will be beneficial for future152

measurements.153
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