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Introduction

• With exclusive decays:

• 𝐵𝐹 	𝐵	 → 𝐻!𝑙	𝜈	 ← 𝑉!"
#𝐹𝐹(𝑞#)

• or inclusive decays 

• 𝐵𝐹 	𝐵	 → 𝑋!	𝑙	𝜈	 ← 𝑉!"
#	 (	1 +	…	)
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• |Vub| and |Vcb| important to constrain CKM Unitarity
• Extracted from BF measurement of beauty hadron semi-leptonic decays

Longstanding tension among exclusive 
and inclusive determinations

THEORY INPUT: Form factors

THEORY INPUT: OPE expansion



Recent results to be shown today
• |Vcb| from angular coefficients of 𝐵	 → 	𝐷∗𝑙𝜈

Belle, arXiv:2310.20286 submitted to PRL

• |Vcb| from 𝐵	 → 	𝐷𝑙𝜈
BaBar, arXiv:2311.15071   à shown by S. Robertson

• |Vcb|from 𝐵"# 	→ 	𝐷"
∗ $𝜇%𝜈

LHCb PRD 101,072004 (2020)

• |Vub| from 𝐵# 	→ 	𝜋%𝑙𝜈 and 𝐵% 	→ 	𝜌#𝑙𝜈 simultaneous analysis
Belle II new result at Moriond 2024

• |Vub| Simultaneously from exclusive and inclusive decays
Belle, PRL 131, 211801 (2023)

• |Vub|/ |Vcb| from ratio of inclusive b à c and b à u decays
Belle, arXiv:2311.00458 submitted to PRD

• |Vub|/ |Vcb| and observation of 𝐵"# 	→ 	𝐾$𝜇%𝜈
LHCb, PRL 126, 081804 (2021)
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|Vcb| from angular coefficients of 𝐵	 → 	𝐷∗𝑙𝜈
• Full Belle dataset 711 fb-1 - Hadronic B tagging 

• reconstruction of 𝐵% 	→ 	𝐷∗#𝑙𝜈 and 𝐵# 	→ 	𝐷∗%𝑙𝜈 with 𝐷∗% 	→ 	𝐷#𝜋%, 𝐷%𝜋#

• Continuum background suppressed by BDT exploiting different BB vs qq topologies  

• 4D differential rate  
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Angular coefficients of  and |Vcb|B → D*ℓν
arXiv: 2310.20286


Preliminary• Full Belle data set of 711 fb-1 for 


• Hadronic tagging and background subtracted via fitting  


• Measured 12 angular coefficients  in four bins of             
=> 4D differential decay rate


• Advantage: captures the full differential information;         
linear combination of  provide SM tests


• Extract |Vcb| with external constraint on normalization [HFLAV 

2021] + LQCD beyond zero-recoil  

• Can also test LFU via 

B±,0, ℓ = e, μ

M2
miss

Ji w

Ji

Δ = Je
i − Jμ

i

𝑤 =
𝑚!
" +𝑚#∗

" − 𝑞"

2𝑚!𝑚#∗

12 𝐽$ = ∫%& 𝐽$ 𝑤 𝑑𝑤 are estimated in 4 bins from data

Get maximal information from full angular distributions
SM test possibile (some J = 0 in SM) and LFU test comparing e vs µ

Belle preliminary
arXiv:2310.20286
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First simultaneous determinations of incl. & excl. |Vub|
• Inherit same analysis strategy in the inclusive |Vub| measurement [Belle, PRD 104 , 012008 (2021)] 


• Extract signal in  and charged pion multiplicity  for  and  simultaneously


• Normalizations and  form factor (  shape) determined by fit

q2 Nπ± B → πℓν B → Xuℓν
B → πℓν q2

PRL 131, 211801 (2023) 2

d�(B̄ ! D
⇤
`⌫̄`)

dw dcos ✓` dcos ✓V d�
=
2G2

F⌘
2
EW|Vcb|2m4

BmD⇤

2⇡4
⇥

✓
J1s sin

2
✓V + J1c cos

2
✓V

+ (J2s sin
2
✓V + J2c cos

2
✓V) cos 2✓` + J3 sin

2
✓V sin2 ✓` cos 2�

+ J4 sin 2✓V sin 2✓` cos�+ J5 sin 2✓V sin ✓` cos�+ (J6s sin
2
✓V + J6c cos

2
✓V) cos ✓`

+ J7 sin 2✓V sin ✓` sin�+ J8 sin 2✓V sin 2✓` sin�+ J9 sin
2
✓V sin2 ✓` sin 2�

◆
. (2)

The expression depends on Fermi’s coupling constantGF,
the electroweak correction ⌘EW [4], the CKM matrix el-
ement Vcb, and the masses of B (mB) and D

⇤ (mD⇤)
mesons.

We determine the angular coe�cients in bins of w, J̄i =R
�w Ji(w)dw, from experimental data with the definition
from Ref. [5]:

J̄i =
1

Ni

8X

j=1

4X

k,l=1

⌘
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i,j⌘

✓`
i,k⌘

✓V
i,l Rjkl . (3)

The normalization factorNi stems from trigonometric in-
tegrals. The angles ✓`, ✓V , and � are divided into bins of
size ⇡/4. The weight factors ⌘↵i,n with ↵ 2 {�, ✓`, ✓V } are
given in Ref. [5] and the product of these factors define
a specific phase-space bin where signal is extracted. The
factor Rjkl represents the partial rate in the correspond-
ing phase-space bin jkl. We combine phase-space bins
with identical products of the weights ⌘↵i,n during signal
extraction, resulting in yields of total 36 merged bins to
obtain 12 Ji coe�cients using Eq. (3) in each bin of w. In
the limit of massless charged leptons, the angular coe�-
cient J6c vanishes. Furthermore, the angular coe�cients
J7, J8, and J9 are zero within the SM of particle physics,
only contributing to scenarios involving new physics.

We reconstruct two B meson candidates, a tag B and a
signal B. Signal B meson candidates are reconstructed as
follows: We consider both charged and neutral B mesons
with the decay chains B

0 ! D
⇤+

`⌫`, D
⇤+ ! D

0
⇡
+,

D
⇤+ ! D

+
⇡
0, and B

� ! D
⇤0
`⌫` with D

⇤0 ! D
0
⇡
0 [6].

To select charged tracks, we apply the following crite-
ria: dr < 2 cm and |dz| < 4 cm, where dr is the impact
parameter perpendicular to the beam-axis and with re-
spect to the interaction point and dz is the z coordinate
along the beam-axis of the impact parameter. Tracks
are also required to have transverse momenta pT >

0.1GeV/c. In addition, we utilize particle identification
subsystems to identify electrons, muons, charged pions,
kaons, and protons. Electron (muon) tracks are required
to have momenta in the lab frame p

Lab
> 0.3GeV/c

(pLab > 0.6GeV/c). The momenta of particles identified
as electrons are corrected for bremsstrahlung by includ-
ing photons within a 2� cone defined around the electron
momentum at the point of closest approach to the inter-
action point (IP).

Photon selection criteria are based on their energies:

E� > 100MeV for the forward endcap (12� < ✓ < 31�),
150MeV for the backward endcap (132� < ✓ < 157�),
and 50MeV for the barrel region (32� < ✓ < 129�) of the
calorimeter. ⇡0 candidates are formed from pairs of pho-
tons with invariant mass within the range of 104MeV/c2

to 165MeV/c2. The di↵erence between the reconstructed
⇡
0 mass and the nominal mass (m⇡0 = 135MeV/c2 [7])

must be smaller than three times the estimated mass res-
olution.

K
0
S mesons are reconstructed from oppositely charged

track pairs within a reconstructed invariant mass window
of 398MeV/c2 to 598MeV/c2 and selected with a mul-
tivate method. For details on the multivariate method
used, see Ref. [8]. The reconstructed K

0
S mass has to dif-

fer from the nominal value (mK0
S
= 498MeV/c2 [7]) by

less than 3� of the estimated mass resolution.
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+. We apply a decay-
channel-optimized mass window selection to theD meson
candidates. The ⇡

0 daughters from D meson candidates
are required to have center-of-mass momenta p

CMS
⇡0 >

0.2GeV/c, except for the decay D
0 ! K

�
⇡
+
⇡
+
⇡
�
⇡
0

where this criterion is not applied. To reduce combina-
torial background, the reconstructed D mesons within
an event are ranked based on the absolute di↵erence
between the reconstructed mass and the nominal mass
(mD+ = 1.870GeV/c2, mD0 = 1.865GeV/c2 [7]), and
up to ten candidates with the smallest mass di↵erence
are selected.

D
⇤ mesons are reconstructed in three decay channels:

D
⇤0 ! D

0
⇡
0
slow, D

⇤+ ! D
+
⇡
0
slow, and D

⇤+ ! D
0
⇡
+
slow.

Charged slow pions must have a center-of-mass momen-
tum below 0.4GeV/c, and the mass di↵erence between
the reconstructed massesMX of theD⇤ andD candidates
�M = MD⇤ �MD has to be smaller than 0.155GeV/c2

(0.160GeV/c2) for D⇤+ (D⇤0) mesons.
Signal-B meson candidates are reconstructed by com-

bining selected D
⇤ candidates and a lepton candidate.

The loose selection 1GeV/c2 < MD⇤` < 6GeV/c2 is ap-
plied to reduce combinatorial background.

We perform global-decay-chain vertex fitting using
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FIG. 1. The data points correspond to the averaged central values of the four measured normalized angular coe�cients described
in the text, with the uncertainties including statistical and systematic uncertainties. The vertical dotted lines indicate the
binning in w. The blue (orange) curves correspond to the BGL332 (CLN) fit described in the text, with the 1� uncertainty
band. The angular coe�cients J6c, J7, J8, J9 are not fitted, and expected to be zero in the SM.

form factors, respectively. The p-values for the BGL332

and CLN fits are 0.75 and 0.39, respectively. The fitted
angular coe�cients are shown in Fig. 1. The resulting
form factors, together with the lattice data used in the
fit, are shown in Fig. 2 [24]. We find consistent values
for the CKM matrix element |Vcb| for both form factor
parameterizations:

|Vcb| = (41.0± 0.3± 0.4± 0.5)⇥ 10�3 (BGL332) ,

|Vcb| = (40.9± 0.3± 0.4± 0.4)⇥ 10�3 (CLN) ,

where the first uncertainty is from the measured data,
the second uncertainty is from the external branching
fraction, and the third uncertainty is from the LQCD
inputs.

The lepton forward-backward asymmetry AFB and
the D

⇤ longitudinal polarization fraction FL(D⇤) are
straightforwardly calculated [25] from the measured an-
gular coe�cients within their corresponding w bins. The
Si observables in Ref. [26] are directly proportional to
the angular coe�cients Si / Ĵi and are discussed further
in the supplemental material. These observables can be
used to test lepton flavor universality between electrons
and muons via, e.g. �AFB = A

µ
FB � A

e
FB to search for

new physics e↵ects. We observe no significant deviation
from the SM expectation and quantify the compatibility
of each observable with the SM expectation in Table I.
The corresponding lepton flavor universality observables
are displayed in Fig. 3.

TABLE I. Compatibility of the lepton flavor universality ob-
servables with the SM expectation. The �X = Xµ � Xe

are the observables testing the lepton flavor universal by cal-
culating the di↵erence between the decays with muons and
electrons.

Observable �2 / ndf p-value
�AFB 1.7 / 4 0.79
�FL(D

⇤) 2.3 / 4 0.67

�Ĵ1s 5.3 / 4 0.26
�Ĵ1c 4.2 / 4 0.38
�Ĵ2s 4.6 / 4 0.33
�Ĵ2c 5.0 / 4 0.28
�Ĵ3 7.4 / 4 0.12
�Ĵ4 2.5 / 4 0.64
�Ĵ5 4.8 / 4 0.31
�Ĵ6s 2.1 / 4 0.72
�Ĵ6c 1.1 / 4 0.89
�Ĵ7 1.6 / 4 0.81
�Ĵ8 3.3 / 4 0.51
�Ĵ9 4.6 / 4 0.33

�Ĵi 41 / 48 0.76

In summary, we present the first complete measure-
ment of the angular coe�cients Ĵi in bins of w describ-
ing the full di↵erential decay distribution of B̄ ! D

⇤
`⌫̄`

(` = e, µ), probing both B̄
0 and B

� modes. In total, we
measure the partial rates in 4⇥ 144 distinct phase-space
regions to extract the 4⇥ 12 Ĵi coe�cients, with full sta-
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Fit results with BGL and CLN parameterizations 
𝑉'( = 41.0	 ± 0.3)*+* 	± 	0.4),)* 	± 0.5*-./ 	BGL

𝑉'( = 40.9	 ± 0.3)*+* 	± 	0.4),)* 	± 0.4*-./ 	CLN

J = 0 in SM

Belle preliminary
arXiv:2310.20286
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First simultaneous determinations of incl. & excl. |Vub|
• Inherit same analysis strategy in the inclusive |Vub| measurement [Belle, PRD 104 , 012008 (2021)] 


• Extract signal in  and charged pion multiplicity  for  and  simultaneously


• Normalizations and  form factor (  shape) determined by fit

q2 Nπ± B → πℓν B → Xuℓν
B → πℓν q2

PRL 131, 211801 (2023)

J = 0 in SM J = 0 in SM

J = 0 𝑚0 → 0
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FIG. 4. The results of the |Vcb| determination described in
the text with other previous determinations. The top section
shows the results of the analysis presented in this manuscript.
The middle section shows the results in Ref. [3], where we have
updated the fit with beyond zero-recoil lattice data. The bot-
tom section shows the HVLAV [29] world average of |Vcb|, the
|Vcb| determinations from inclusive decays [27, 28], and |Vcb|
determination from CKM unitarity. The BGL and CLN labels
indicate the form factor paramterization used to determine
|Vcb|. The lattice QCD inputs are MILC [19], HPQCD [20],
JLQCD [21]. Numbers in parentheses show goodness-of-fit
p-values for the corresponding fits.
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First simultaneous determinations of incl. & excl. |Vub|
• Inherit same analysis strategy in the inclusive |Vub| measurement [Belle, PRD 104 , 012008 (2021)] 


• Extract signal in  and charged pion multiplicity  for  and  simultaneously


• Normalizations and  form factor (  shape) determined by fit

q2 Nπ± B → πℓν B → Xuℓν
B → πℓν q2

PRL 131, 211801 (2023)



Adding BaBar result
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Belle 𝐵	 → 	𝐷∗𝑙𝜈	(2023)

+ BaBar 𝐵	 → 	𝐷𝑙𝜈	(2023)BaBar preliminary
arXiv:2311.15071 



|Vcb|from 𝐵$% 	→ 	𝐷$
∗ &𝜇'𝜈

• Run 1 data set (1 fb-1 + 2fb-1)
• High momentum muon trigger
• Reconstruction strategy 

• Signal mode: 𝐵!" 	→ 	𝐷!
∗ $𝜇%𝜈

• Normalization mode: 𝐵" 	→ 	𝐷 ∗ $𝜇%𝜈
• Minimize systematics using same final 

state [𝐾%𝐾$]&	𝜋%	

• Exp. Challenge: signal peak with 
unreconstructed neutrino

Guglielmo De Nardo - FPCP 2024 - CKM Matrix elements |Vcb| and |Vub| 9

PRD 101, 072004 (2020)
Fit results
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Signal fit using the CLN parameterisation:

Bkg-subtracted distributions:
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�2/ndf = 279/285

p-value = 58%

Delaney (MIT) - CKM 2023

Challenge @ LHCb: reconstruct  peak with 
unreconstructed neutrino

Solution: 2D fit to the plane in 

‣Corrected mass 

‣
a) Fully reconstructed observable

b) Correlated with hadron recoil, 

B0
s

mcorr ≡ m2(D−
s μ+) + p⊥(D−

s μ+) + p⊥(D−
s μ+)

p⊥(D−
s )

w
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A novel fit method
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Signal fit using the CLN parameterisation:

Bkg-subtracted distributions:
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Vcb and FF parameters  extracted from 2D fit to 𝑚'/22 and 𝑝3 𝐷)4



|Vcb|
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Recent results to be shown today
• |Vcb| from angular coefficients of 𝐵	 → 	𝐷∗𝑙𝜈

Belle, arXiv:2310.20286 submitted to PRL
• |Vcb| from 𝐵	 → 	𝐷𝑙𝜈

BaBar, arXiv:2311.15071   à details already shown by S. Robertson
• |Vcb|from 𝐵"# 	→ 	𝐷"

∗ $𝜇%𝜈
LHCb PRD 101,072004 (2020)

• |Vub| from 𝐵# 	→ 	𝜋%𝑙𝜈 and 𝐵% 	→ 	𝜌#𝑙𝜈 simultaneous analysis
Belle II new result at Moriond 2024

• |Vub| Simultaneously from exclusive and inclusive decays
Belle, PRL 131, 211801 (2023)

• |Vub|/ |Vcb| from ratio of inclusive b à c and b à u decays
Belle, arXiv:2311.00458 submitted to PRD

• |Vub|/ |Vcb| and observation of 𝐵"# 	→ 	𝐾$𝜇%𝜈
LHCb, PRL 126, 081804 (2021)
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|𝑉!"|

|𝑉!"|
|𝑉#"|

|𝑉#"|



|V!"| FROM " → $/&'( AT BELLE II

− Untagged reconstruction of &Q → (R)S+̅T and &S → ,Q)S+̅T
− New idea: simultaneously extract signal yields in 13(10) bins of true qU

− Main challenge: modes suffer from large B → /V)+ and continuum backgrounds

To be submitted to PRD

M,- (GeV)

Preliminary

∆E (GeV)

Preliminary

∆E = E, − E*1%2

M*3 = E*1%2+ − |p,|+

New for 
Moriond

7

Implicit 
unfolding

− Suppressed using BDTs

− Use discriminating 
variables:

|Vub| from 𝐵% 	→ 	𝜋'𝑙𝜈 and 𝐵' 	→ 	𝜌%𝑙𝜈
• Untagged reconstruction of 𝐵! 	→ 	𝜋"𝑙𝜈 and 𝐵" 	→ 	𝜌!𝑙𝜈
• Large backgrounds of B →	𝑋#𝑙𝜈 and continuum  

• Suppressed with BDT discriminator
• Require consistency of the rest of the event with B decay kinematics 
• Extract signal yields in bins of q2 simultaneously for 𝜋%𝑙𝜈 mode and 𝜌#𝑙𝜈 mode
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Preliminary new result
shown at Moriond 2024

Lu Cao  (DESY) 10

Simultaneous measurements of , B0 → π−ℓ+ν B+ → ρ0ℓ+ν
Preliminary

NEW!!

Preliminary
Preliminary

signal signal

• Full Run1 data of 364 fb-1 with untagged analysis strategy

• Novel method to simultaneously extract signals in 2D grid of beam-constrained mass  and energy 

difference  for each bin of  : 13 bins for  mode, 10 bins for  mode

Mbc

ΔE q2 π ρ

Lu Cao  (DESY) 10

Simultaneous measurements of , B0 → π−ℓ+ν B+ → ρ0ℓ+ν
Preliminary

NEW!!

Preliminary
Preliminary

signal signal

• Full Run1 data of 364 fb-1 with untagged analysis strategy

• Novel method to simultaneously extract signals in 2D grid of beam-constrained mass  and energy 

difference  for each bin of  : 13 bins for  mode, 10 bins for  mode

Mbc

ΔE q2 π ρ

N.B. B momentum determined by a 
neutrino reconstruction technique
optimized for best resolution

𝑝F∗ > 1	𝐺𝑒𝑉 𝜋 , 1.4	𝐺𝑒𝑉(𝜌)

4

cays. An important component of these nonresonant1

B ! Xu`⌫` decays are events in which the Xu system2

consists of a ⇡
+
⇡
� pair. The partial-branching-fraction3

spectrum of B+ ! ⇡
+
⇡
�
`
+
⌫` as a function of the di-4

pion invariant mass m⇡⇡ has been measured in Ref. [29].5

We compare this experimental spectrum to the simulated6

spectrum of nonresonant B
+ ! ⇡

+
⇡
�
`
+
⌫` events. As-7

suming that nonresonant B ! Xu`⌫` events have no8

structure below the ⇢
0 mass peak, we interpolate the9

measured spectrum to the ⇢
0 mass peak window by fit-10

ting a straight line with floating slope and intercept to the11

spectrum surrounding the peak. We then assign event12

weights to the simulated B
+ ! ⇡

+
⇡
�
`
+
⌫` events in or-13

der to recover the measured partial branching fractions14

as a function of m⇡⇡ in the simulation.15

We describe the remaining nonresonant B ! Xu`⌫`16

decays with the De Fazio and Neubert (DFN) model [30],17

which combines a prediction of the triple-di↵erential rate18

in Xu particle mass mX , the B rest-frame lepton en-19

ergy E`, and q
2, with a non-perturbative shape function20

using an exponential model. In the simulation we use21

central values for the two relevant parameters provided22

in Ref. [31]. The total B ! Xu`⌫` composition is de-23

scribed by implementing a hybrid model [32], following24

closely the method in Ref. [33]. This approach combines25

the exclusive and nonresonant decay rates in bins of mX ,26

E`, and q
2, in order to reproduce the inclusive rates.27

We describe B ! ⇡`⌫` decays using the BCL28

parametrization [8] with central values for the param-29

eters b+k and b
0

k in Equations 5 and 6, respectively, from30

Ref [4], and B ! ⇢`⌫` and B ! !`⌫` decays using31

the BSZ parametrization [6] with central values for b
i
k32

in Equation 7 from Ref. [34]. The lineshape of the ⇢33

meson is modeled following the description in Ref. [35]34

neglecting interference between the ⇢ and the ! meson,35

which is included as a systematic uncertainty and de-36

scribed in Section VII. For the form-factor description of37

B ! ⌘
(
0
)
`⌫` decays we use a LCSR calculation [36].38

IV. EVENT RECONSTRUCTION AND39

SELECTION40

A. Signal reconstruction and selection41

We begin signal reconstruction by identifying track42

candidates that pass certain quality criteria. The ex-43

trapolated trajectories must originate from a cylindrical44

region of length 3 cm along the z axis and radius 0.5 cm45

in the transverse plane, centered on the e
+
e
� interac-46

tion point. Furthermore, charged particles must have47

transverse momenta greater than 0.05 GeV and polar48

angles within the CDC acceptance. We discard events49

with fewer than five tracks satisfying the above criteria.50

In the remaining events, we select signal-lepton candi-51

dates from among the selected tracks by requiring that52

their c.m. momenta p
⇤
` are in the range [1.0, 2.85] GeV53

and [1.4, 2.85] GeV in the B
0 ! ⇡

�
`
+
⌫` and B

+ !54

⇢
0
`
+
⌫` modes, respectively. These selections significantly55

reduce the number of events in which the lepton origi-56

nates from B ! Xc`⌫` decays, where Xc is a hadronic57

final state containing a charm quark. We choose a higher58

lepton momentum threshold for B
+ ! ⇢

0
`
+
⌫` candi-59

dates, since, due to the di↵erent spin structure, the lep-60

ton momentum spectrum of B
+ ! ⇢

0
`
+
⌫` peaks at a61

higher momentum than that of B0 ! ⇡
�
`
+
⌫`. In order62

to reduce sensitivity to detector response modeling in the63

extreme forward and backward directions of the lepton64

polar angle ✓`, we exclude events with cos ✓` < �0.55 and65

cos ✓` > 0.85.66

We require that electron and muon candidates have67

PID likelihood ratios greater than 0.9. The electron like-68

lihood ratio combines information from the CDC, ECL,69

ARICH and the KLM, while the muon likelihood ra-70

tio also includes information from the TOP. The aver-71

age electron (muon) e�ciency is 92 (93)%. The hadron72

misidentification rates are 0.2% for the electron and73

3.2% for the muon selection, respectively. The four-74

momenta of the electron candidates are corrected for75

bremsstrahlung by adding the four-momenta of photons76

with a cluster energy below 1.0 GeV for B
0 ! ⇡

�
`
+
⌫`77

and 0.5 GeV for B
+ ! ⇢

0
`
+
⌫` found within a cone of78

0.05 rad around the electron-momentum vector.79

In the B
0 ! ⇡

�
`
+
⌫` mode we select pion candidates80

from the remaining tracks and require that they have a81

charge opposite to that of the lepton candidate. In the82

B
+ ! ⇢

0
`
+
⌫` mode we require that the two selected83

pion candidates that compose the ⇢ candidate have op-84

posite charges and combine with a mass m⇡⇡ in the range85

[0.554, 0.996] GeV. This selection reduces combinatorial86

background, but is loose enough to reduce sensitivity to87

modeling of the ⇢ mass distribution. We reduce sensi-88

tivity to the modeling of the detector response in the89

extreme backward region of pion polar angle ✓⇡ by se-90

lecting pions with cos ✓⇡ > �0.65. All pion candidates91

are required to have a PID likelihood ratio greater than92

0.1. The pion likelihood, in addition to data from the93

CDC, ECL, ARICH and the KLM, includes information94

from the SVD and the TOP. To improve the particle-95

identification performance, we require that the pion can-96

didates have at least 20 measurement points in the CDC.97

The resulting average pion e�ciency is 86% with kaon98

and lepton misidentification rates of 7% and 0.4%, re-99

spectively.100

The following selections are designed to reduce back-101

grounds and enhance signal purity in the selected sample.102

Next, we remove candidates with kinematic properties103

inconsistent with the signal B decay. Under the assump-104

tion that only a single massless particle is not included105

in the event reconstruction, the angle between the B and106

the combination of the signal lepton and hadron candi-107

dates, denoted Y , is determined,108

cos ✓BY =
2E⇤

BE
⇤
Y �m

2

B �m
2

Y

2|~p ⇤
B ||~p ⇤

Y |
, (8)109

where E⇤
Y , |~p ⇤

Y |, andmY are the energy, magnitude of the110

ℒ = 364	>bHI



|Vub| from 𝐵% 	→ 	𝜋'𝑙𝜈 and 𝐵' 	→ 	𝜌%𝑙𝜈
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|V!"| FROM " → $/&'( AT BELLE II
− Perform 3D fits to 

reconstructed qU, ∆E and M6Z

− Link yields of cross-feed
signal components

8

To be submitted to PRD
New for 
Moriond

PreliminarySimultaneous 3D fit in 
13 + 10 × 4 × 6 bins of
𝑞& ×𝑀'(× Δ𝐸

Take into account cross-feeds 
and correlations with 
backgrounds

• Partial branching ratios 
Δ𝐵) obtained from fitted yield 
in each q bin and 
reconstruction efficiency

• Total branching ratio is the 
sum of all the partial Δ𝐵) ℬ 𝐵5 	→ 	𝜋6𝑙𝜈 = (1.516	 ± 0.042	 ± 0.059)×1047

ℬ 𝐵6 	→ 	 𝜌5𝑙𝜈 = (1.625	 ± 0.079	 ± 0.180)×1047
Consistent with PDG 

Preliminary new result
shown at Moriond 2024



|Vub| from 𝐵% 	→ 	𝜋'𝑙𝜈 and 𝐵' 	→ 	𝜌%𝑙𝜈|V!"| FROM " → $/&'( AT BELLE II
Determine V9* by minimising a+:

9

To be submitted to PRD

!" =#
#,%

&
Δ%# − ΔΓ#( )#%'( Δ%% − ΔΓ%( + !)*+,-."

Experimental observation

Experimental covariance

Theoretical prediction

V9* :;<= = (3.93 ± 0.09!$%$ ± 0.13!7!$ ± 0.19$>1?)×106@
V9* 5:<AB = (3.73 ± 0.07!$%$ ± 0.07!7!$ ± 0.16$>1?)×106@

• In agreement with exclusive world-average
• Shifts exclusive toward inclusive average 

New for 
Moriond

: %/ → ,0-'/̅1 %' → 0/-'/̅1
Form factor 
param.

Bourrely-Caprini-Lellouch (BCL)
Phys. Rev. D 82, 099902

Bharucha-Straub-Zwicky (BSZ)
JHEP (2016) 98

Theory 
prediction

LQCD Eur. Phys. J. C 82 (2022) 869
LCSR JHEP (2016) 98

LQCD + LCSR JHEP (2021) 36

'. → N/,'*̅0:

'' → P.,'*̅0: V9* :<AB = (3.19 ± 0.12!$%$ ± 0.17!7!$ ± 0.26$>1?)×106@

Preliminary

Preliminary

Guglielmo De Nardo - FPCP 2024 - CKM Matrix elements |Vcb| and |Vub| 14

Estimate|Vub| minimising  𝜒& =	∑),+,-. (Δ𝐵) − ΔΓ)𝜏)𝐶)+$-(Δ𝐵+ − ΔΓ+𝜏) +	𝜒/012&   

 𝐵# 	→ 	𝜋$𝑙𝜈	: 𝑉%& '()* 	 = 	 (3.93	 ± 0.09+,-, 	± 0.13+.+, ± 0.19,/01)×10!2

𝑉%& $')34=	 (3.73	 ± 0.07+,-, 	± 0.07+.+, ± 0.16,/01)×10!2

𝐵$ 	→ 	 𝜌#𝑙𝜈	 ∶ 𝑉%& ')34	 =	 (3.19	 ± 0.12+,-, 	± 0.17+.+, ± 0.26,/01)×10!2

14

(a) (b) (c)

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 B

0 ! ⇡
�
`
+
⌫` spectrum.

B0 ! ⇡�`+⌫`
LQCD LQCD + LCSR

|Vub| (10�3) 3.93 ± 0.25 3.73 ± 0.19

f+(q
2)

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)

b00 0.02 ± 0.25 0.59 ± 0.02
b01 �1.43 ± 0.08 �1.39 ± 0.07

�2/ndf 8.39/7 8.36/7

for A1(q2), A2(q2), and V (q2). The �
2

LCSR
term for the1

fit to the measured B
+ ! ⇢

0
`
+
⌫` q

2 spectrum takes the2

form:3

�
2

LCSR
=

6X

k,l=1

(bk � b
LCSR

k )C�1

LCSR,kl(bl � b
LCSR

l ), (17)4

5

where b
LCSR

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(q2) and9

A2(q2) 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)
bV0 0.33 ± 0.03
bV1 �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 B
0 ! ⇡

�
`
+
⌫` 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 B
0 ! ⇡

�
`
+
⌫` 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 B
0 ! ⇡

�
`
+
⌫` 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

q
2 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 B
0 ! ⇡

�
`
+
⌫` 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

Largest contributions to syst.:  estimation of continuum background and B à p p l n non resonant uncertainty

Preliminary new result
shown at Moriond 2024

𝐵5 	→ 	𝜋6𝑙𝜈	𝑑ℬ/𝑑𝑞" with LCQD 𝐵5 	→ 	𝜋6𝑙𝜈	𝑑ℬ/𝑑𝑞" with LCQD+LCSR 𝐵6 	→ 	 𝜌5𝑙𝜈	𝑑ℬ/𝑑𝑞" with LCSR 



36 38 40 42 44
]-3| [10cb|V

2.8
3

3.2
3.4
3.6
3.8

4
4.2
4.4
4.6
4.8]

-3
| [

10
ub

|V

|cbExclusive |V

|ubExclusive |V

|cb|/|Vub|V

HFLAV Average

) = 8.9%2χP(

Inclusive
|: GGOUub |V
|: global fitcb |V

 = 1.0 contours2χΔ

HFLAV2021

HFLAV
2021

|Vub| from 𝐵$ 	→ 	𝜋%𝑙𝜈 and 𝐵% 	→ 	𝜌$𝑙𝜈
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𝐵# 	→ 	𝜋$𝑙𝜈	 : 𝑉%& '()* 	 =
(3.73	 ± 0.16)×10!2

𝐵# 	→ 	 𝜌#𝑙𝜈	 ∶ 𝑉%& ')34	 =
(3.19	 ± 0.33)×10!2

|Vub|excl. HFLAV = 
(3.67 +- 0.15) × 10-3

Reducing the tension 
with Vub inclusive

Still large (10%)
uncertainty

Preliminary new result
shown at Moriond 2024



|Vub| from exclusive and inclusive B decays

• Extends previous Belle analysis of 𝐵	 → 	𝑋R𝑙	𝜈 inclusive decays with hadronic tags
[PRD 104, 012008(2021)]
• Reconstruction flow

• Full reconstruction of the tag B (hadronic)
• require an e or µ with pl > 1 GeV 
• assign the remaining reconstruction objects to X system

• Fit Normalizations (signal and background yields) and 𝐵	 → 𝜋𝑙𝜈 form factors from q2 shape
• Data divided into bins of charged pion multiplicity (𝑁S±=0,1,2, ≥ 3) to separate 𝐵T 	→
	𝜋U𝑙𝜈, 𝐵U 	→ 	𝜋T𝑙𝜈, and other 𝐵	 → 	𝑋R	𝑙	𝜈 
• 𝑀V > 1.7	𝐺𝑒𝑉 defines b à c dominated background region
• b à u enhanced region with 𝑀V < 1.7	𝐺𝑒𝑉 is divided in 5 q2 bins
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First simultaneous determinations of incl. & excl. |Vub|

• Various fit scenarios applied: 

• Input BCL constraint: LQCD + exp. or only LQCD [FLAG: EPJC 82, 869 (2022)]


• Combined or separate ,  (isospin relation)B → π+ℓν B → π0ℓν

PRL 131, 211801 (2023)



[Belle, PRD 104 , 012008 (2021)] 
(4.15 ± 0.25) × 10−3

compatible with the world 
average within 1.2σ

Weighted average of excl. & incl.

Vub = (3.84 ± 0.26) × 10−3

This is consistent with CKM global fit (w/o |Vub|): 

 within 0.8σ(3.64 ± 0.07) × 10−3

PRL 131, 211801 (2023)
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First simultaneous determinations of incl. & excl. |Vub|
• Inherit same analysis strategy in the inclusive |Vub| measurement [Belle, PRD 104 , 012008 (2021)] 


• Extract signal in  and charged pion multiplicity  for  and  simultaneously


• Normalizations and  form factor (  shape) determined by fit

q2 Nπ± B → πℓν B → Xuℓν
B → πℓν q2

PRL 131, 211801 (2023)

|Vub| from exclusive and inclusive B decays
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PRL 131, 211801 (2023)



[Belle, PRD 104 , 012008 (2021)] 
(4.15 ± 0.25) × 10−3

compatible with the world 
average within 1.2σ

Weighted average of excl. & incl.

Vub = (3.84 ± 0.26) × 10−3

This is consistent with CKM global fit (w/o |Vub|): 

 within 0.8σ(3.64 ± 0.07) × 10−3
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First simultaneous determinations of incl. & excl. |Vub|
• Inherit same analysis strategy in the inclusive |Vub| measurement [Belle, PRD 104 , 012008 (2021)] 


• Extract signal in  and charged pion multiplicity  for  and  simultaneously


• Normalizations and  form factor (  shape) determined by fit

q2 Nπ± B → πℓν B → Xuℓν
B → πℓν q2
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𝑉8( .9'0 =	 (3.78	 ± 0.23)*+* 	± 0.16),)* ± 0.14*-./)×104:
𝑉8( $;'0 =	 (3.88	 ± 0.20)*+* 	± 0.31),)* ± 0.09*-./)×104:

ratio  0.97	 ± 0.12 compatible with w.a. within 1.2s

Weighted average 𝑉8( +<= =	 (3.84	 ± 0.26	)×104:
Consistent with CKMFitter (3.64	 ± 0.07) within 0.8s

|Vub| from exclusive and inclusive B decays
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Extracted with several theory constraints/assumptions 

TAGGED SIMULTANEOUS EXCL. AND INCL. |V!"| AT BELLE

11

V1,34-5 = 3.78 ± 0.23+&)& ± 0.16+6+& ± 0.14&738 ×10'9
V1,$%-5 = 3.88 ± 0.20+&)& ± 0.31+6+& ± 0.09&738 ×10'9

V1,34-5 / V1,$%-5
= 0.97 ± 0.12&8&

Agrees with 
expectation of 1 and 
within 1.2σ  with the 
world-average

Inclusive |Vub|:

− Use theoretical prediction of inclusive partial rate
JHEP 10 (2007) 58

Phys. Rev. Lett. 131, 211801

Eur. Phys. J. C 82 (2022) 869

Exclusive |Vub|:

− Fit BCL & → ()+ FF parameters 
with two constraining options:
− LQCD
− LQCD + experimental information

BðB̄0 → πþl−ν̄lÞ¼ ð1.45%0.19%0.14Þ×10−4; ð4Þ

ΔBðB→Xulν̄lÞ ¼ ð1.39% 0.14% 0.22Þ× 10−3; ð5Þ

with the errors denoting statistical and systematic uncer-
tainties, and we used the isospin relation between B− →
π0l−ν̄l and B̄0 → πþl−ν̄l to link both branching fractions.
The recovered branching fraction for B̄0 → πþl−ν̄l is
compatible with the world average of BðB̄0 → πþl−ν̄lÞ ¼
ð1.50% 0.06Þ × 10−4 [1]. The correlation between the
exclusive and inclusive branching fractions is ρ ¼ 0.11.
Using calculations for the inclusive partial rate and the
fitted form factor parameters, we can determine values for
jVubj. As our baseline, we use the GGOU [47] calculation
for the inclusive partial rate with EB

l > 1.0 GeV
(ΔΓ=jVubj2 ¼ 58.5% 2.7 ps−1), but other calculations
result in similar values for inclusive jVubj. We find

jVexcl
ub j ¼ ð4.05% 0.30% 0.16% 0.16Þ × 10−3; ð6Þ

jV incl
ub j ¼ ð3.87% 0.20% 0.31% 0.09Þ × 10−3; ð7Þ

for exclusive and inclusive jVubj with the uncertainties
denoting the statistical error, systematic error, and error
from theory (either from LQCD or the inclusive calcula-
tion). The correlation between the exclusive and inclusive
jVubj is ρ ¼ 0.07. The determined value for inclusive jVubj
is compatible with the determination of Ref. [9]. For the
ratio of inclusive and exclusive Vub values, we find

jVexcl
ub j=jV incl

ub j ¼ 1.05% 0.14; ð8Þ

which is compatible with the standard model (SM) expect-
ation of unity. The value is higher and compatible with the
current world average of jVexcl

ub j=jV incl
ub j ¼ 0.84% 0.04 [1]

within 1.5 standard deviations. Figure 2 (top) compares the
measured individual values with the SM expectation and
the current world average. We also test what happens if we
relax the isospin relation between B− → π0l−ν̄l (red
ellipse) and B̄0 → πþl−ν̄l (blue) branching fractions and
find compatible results for exclusive and inclusive jVubj, as
well as for the exclusive jVubj values.
In the nominal result, we utilize the full theoretical and

experimental knowledge of the B → πlν̄l form factor,
combining shape information from the measured q2 spec-
trum with LQCD predictions, as provided by Ref. [37]. The
determined (partial) branching fractions in this scenario are

BðB̄0 → πþl−ν̄lÞ ¼ ð1.53% 0.18% 0.12Þ × 10−4; ð9Þ

ΔBðB → Xulν̄lÞ ¼ ð1.39% 0.14% 0.22Þ × 10−3; ð10Þ

FIG. 1. The q2∶ Nπ% spectrum after the 2D fit is shown for the
scenario that only uses LQCD information. The uncertainties
incorporate all postfit uncertainties discussed in the text.

FIG. 2. The jVubj values obtained with the fits using (top)
LQCD or (bottom) LQCD and experimental constraints for the
B̄0 → πþl−ν̄l form factor are shown. The inclusive jVubj value is
based on the decay rate from the Gambino-Giordano-Ossola-
Uraltsev (GGOU) calculation. The values obtained from the
previous Belle measurement [9] (gray band) and the world
averages from the Heavy Flavor Averaging Group (HFLAV) [1]
(black marker) are also shown. The shown ellipses correspond to
39.3% confidence levels (Δχ2 ¼ 1).

PHYSICAL REVIEW LETTERS 131, 211801 (2023)
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First simultaneous determinations of incl. & excl. |Vub|

• Various fit scenarios applied: 

• Input BCL constraint: LQCD + exp. or only LQCD [FLAG: EPJC 82, 869 (2022)]


• Combined or separate ,  (isospin relation)B → π+ℓν B → π0ℓν

PRL 131, 211801 (2023)



[Belle, PRD 104 , 012008 (2021)] 
(4.15 ± 0.25) × 10−3

compatible with the world 
average within 1.2σ

Weighted average of excl. & incl.

Vub = (3.84 ± 0.26) × 10−3

This is consistent with CKM global fit (w/o |Vub|): 

 within 0.8σ(3.64 ± 0.07) × 10−3

PRL 131, 211801 (2023)



Recent results to be shown today
• |Vcb| from angular coefficients of 𝐵	 → 	𝐷∗𝑙𝜈

Belle, arXiv:2310.20286 submitted to PRL
• |Vcb| from 𝐵	 → 	𝐷𝑙𝜈

BaBar, arXiv:2311.15071   à details already shown by S. Robertson
• |Vcb|from 𝐵"# 	→ 	𝐷"

∗ $𝜇%𝜈
LHCb PRD 101,072004 (2020)

• |Vub| from 𝐵# 	→ 	𝜋%𝑙𝜈 and 𝐵% 	→ 	𝜌#𝑙𝜈 simultaneous analysis
Belle II new result at Moriond 2024

• |Vub| Simultaneously from exclusive and inclusive decays
Belle, PRL 131, 211801 (2023)

• |Vub|/ |Vcb| from ratio of inclusive b à c and b à u decays
Belle, arXiv:2311.00458 submitted to PRD

• |Vub|/ |Vcb| and observation of 𝐵"# 	→ 	𝐾$𝜇%𝜈
LHCb, PRL 126, 081804 (2021)
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|Vub|/|Vcb| from inclusive decays (Belle) 
• Full 711 fb-1 Belle dataset analysed with Belle II 

reconstruction hadronic tag software
• K+ or KS reconstruction to tag a bà c decay

• N(K) > 0 signal depleted sample for of Xc l n decays
• N(K) =0 signal enhanced sample to extract signal yields

• Inclusive D* reco to veto bà c
• reconstructing soft pion and high M2

miss

• 1D fit to El in u-depleted sample to get 𝑁0>1	2

• 2D fit to E1×	𝑞3	in u-enhanced sample to get 𝑁0?1	2

Guglielmo De Nardo - FPCP 2024 - CKM Matrix elements |Vcb| and |Vub| 20
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First simultaneous determinations of incl. & excl. |Vub|

• Various fit scenarios applied: 

• Input BCL constraint: LQCD + exp. or only LQCD [FLAG: EPJC 82, 869 (2022)]


• Combined or separate ,  (isospin relation)B → π+ℓν B → π0ℓν

PRL 131, 211801 (2023)



[Belle, PRD 104 , 012008 (2021)] 
(4.15 ± 0.25) × 10−3

compatible with the world 
average within 1.2σ

Weighted average of excl. & incl.

Vub = (3.84 ± 0.26) × 10−3

This is consistent with CKM global fit (w/o |Vub|): 

 within 0.8σ(3.64 ± 0.07) × 10−3

Xu l n enhanced sample

IV Measurement Procedure 10

FIG. 4. Fit to the q2 : E
Bsig

` distribution. The four components are: correctly reconstructed B ! Xu`⌫ events (green), correctly
reconstructed B ! Xc`⌫ events (purple), continuum events (blue), and events in which either a hadron has been misidentified
as a lepton or the lepton originates from a secondary decay (red).

To test the impact of this mismodeling we repeat the
whole procedure removing the final bin from all four
secondary and fake lepton normalization fits, finding
�
2
/ndf = 2.8/9(3.3/9) and 6.8/9(13.9/9) for the en-

hanced (depleted) sub-samples of the B ! Xu`⌫ and
B ! Xc`⌫ extraction samples, respectively. The cen-
tral value of �B(B ! Xu`⌫)/�B(B ! Xc`⌫) shifts by

+0.5%. The reconstructed E
Bsig

` spectrum of the com-
bined enhanced and depleted sub-samples is shown in
Fig. 6. Given the high purity of the sample (> 90%),
the B ! Xc`⌫ yield is found via a simple background
subtraction:

N
Xc`⌫ = N

Data
� ⌘

qq
� ⌘

Sec.Fakes
� a⌘

Xu`⌫ , (22)

where N
Data is the data yield in the broadened selection,

and ⌘
qq

, ⌘
Sec.Fakes

, and ⌘
Xu`⌫ are the MC expectations of

the continuum, secondary and fake lepton background,
and B ! Xu`⌫ component.

The ratio of partial branching fractions is given by

�B(B ! Xu`⌫)

�B(B ! Xc`⌫)
=

✏
Xc`⌫NXu`⌫

✏Xu`⌫NXc`⌫
, (23)

where ✏
Xu`⌫ , ✏

Xc`⌫ are the reconstruction e�ciencies of
the B ! Xu`⌫ and B ! Xc`⌫ events, respectively, and
are estimated from MC simulations. The results are pre-
sented in Section VI.

To validate the fit procedure we generate ensembles
of pseudo-experiments for di↵erent input branching frac-
tions for B ! Xu`⌫ and B ! Xc`⌫ decays. No bias in
central values is observed.

V. SYSTEMATIC UNCERTAINTIES

Several systematic uncertainties a↵ect the measured
ratio of partial branching fractions. The most important
sources of systematic uncertainties are associated with
the modeling of the B ! Xu`⌫ component and the com-
position of the secondary and fake lepton component.
Each systematic e↵ect is varied independently and the
analysis procedure repeated. All systematic uncertain-
ties are taken as uncorrelated and summed in quadrature
for the total systematic uncertainty.

A. B ! Xu`⌫ Modeling

As the simulation of B ! Xu`⌫ events is a hybrid
composition of low-mass resonant and high-mass non-
resonant states the relative contributions of the di↵erent
states will impact the reconstruction e�ciency, and shape
of the B ! Xu`⌫ template. We evaluate the uncertainty
by varying the assumed branching fractions of the reso-

= 1.96 	1	 ± 8.4%	 ± 7.9% ×	10$&

Belle preliminary
arXiv:2311.00458 

Xc l n
extraction 
sample



|Vub|/|Vcb| from inclusive decays (Belle) 
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Ratio of partial BFs and inclusive |Vub|/|Vcb|

Vub

Vcb
= Δℬ(B → Xuℓν)

Δℬ(B → Xcℓν)
ΔΓ(B → Xcℓν)
ΔΓ(B → Xuℓν)

Theo. input: 

Vub = 1
τBΔΓ(B → Xuℓν)

Δℬ(B → Xuℓν)
Δℬ(B → Xcℓν) Δℬ(B → Xcℓν)

ΔΓ(B → Xuℓν) = 58.5+2.7
−2.3 ps−1

ΔΓ(B → Xcℓν) = 29.7 ± 1.2 ps−1

WA: (8.55 ± 0.16)%

• Measured partial phase space region of 


• Phase space coverages: 


• Unfolded differential ratios on  also provided

EB
ℓ > 1 GeV

ϵu
Δ = 86 % , ϵc

Δ = 78 %
EB

ℓ , q2

Δℬ(B → Xuℓν)
Δℬ(B → Xcℓν) = 1.96(1 ± 8.4%stat ± 7.9%syst) × 10−2

Preliminary 
arXiv: 2311.00458

[JHEP 10 (2007) 058]

[EPJ C 81, 226 (2021)]

dominated by  modelling, fake 
leptons and secondary decays 

B → Xuℓν This analysis

Preliminary 

RATIO OF |V!"|/|V#"| AT BELLE

− Obtain <̂ s / <Vs using theory input for partial rates

− Additionally provides differential ratios:

− After unfolding & → /^)+ and & → /V)+ yields and 
correcting for efficiencies

13

fE/
fF/

,:GH
= 0.0972 1 ± 4.2%!$%$ ± 3.9%!7!$ ± 5.6%$>1?

fE/
fF/

IIJK
= 0.0996 1 ± 4.2%!$%$ ± 3.9%!7!$ ± 3.0%$>1?

t:>
t=>

= Δℬ ' → M:,*
Δℬ(' → M=,*)

ΔΓ ' → M=,*
ΔΓ(' → M:,*) BLNP  Phys. Rev. D 72, 073006

GGOU  JHEP 10 (2007) 58

KIN  Eur. Phys. J. C 81, 226

arxiv:2311.00458

• In agreement with world averages of inclusive results

Preliminary

Preliminary
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First simultaneous determinations of incl. & excl. |Vub|

• Various fit scenarios applied: 

• Input BCL constraint: LQCD + exp. or only LQCD [FLAG: EPJC 82, 869 (2022)]


• Combined or separate ,  (isospin relation)B → π+ℓν B → π0ℓν

PRL 131, 211801 (2023)



[Belle, PRD 104 , 012008 (2021)] 
(4.15 ± 0.25) × 10−3

compatible with the world 
average within 1.2σ

Weighted average of excl. & incl.

Vub = (3.84 ± 0.26) × 10−3

This is consistent with CKM global fit (w/o |Vub|): 

 within 0.8σ(3.64 ± 0.07) × 10−3



Challenge @ LHCb: reconstruct  peak with 
unreconstructed neutrino

Solution: 2D fit to the plane in 

‣Corrected mass 

‣
a) Fully reconstructed observable

b) Correlated with hadron recoil, 

B0
s

mcorr ≡ m2(D−
s μ+) + p⊥(D−

s μ+) + p⊥(D−
s μ+)

p⊥(D−
s )

w

12

Phys. Rev. D 101 2020, 072004

A novel fit method
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B0
s → D−

s μ+νμ

B0
s → D*−

s μ+νμ

Delaney (MIT) - CKM 2023

|Vub|/ |Vcb| and observation of 𝐵!" 	→ 	𝐾#𝜇$𝜈

• Dataset: 2012 data 2 fb-1 @ 8TeV

• Signal mode: 𝐵"# 	→ 	𝐾$𝜇%𝜈
• Normalization mode: 𝐵"# 	→ 	𝐷"$𝜇%𝜈,	𝐷"$→𝐾% 𝐾$𝜋$
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|𝑉8(|"

|𝑉'(|"
	×

𝐹𝐹(𝐵)5 	→ 	𝐾4𝜇6𝜈)
𝐹𝐹(𝐵)5 	→ 	𝐷)4𝜇6𝜈)

=
ℬ(𝐵)5 	→ 	𝐾4𝜇6𝜈)
ℬ(𝐵)5 	→ 	𝐷)4𝜇6𝜈)

=
𝑁@
𝑁#
	×

𝜀#
𝜀@
	×	ℬ(𝐷)4 → 𝐾6 𝐾4𝜋4)

Parameter
of interest

Theory input Exp data MC
PDG

LCSR for 𝐵)5 	→ 	𝐾4𝜇6𝜈 q2< 7 GeV2 JHEP 2017, 112 (2017) 
LQCD for 𝐵)5 	→ 	𝐾4𝜇6𝜈 q2< 7 GeV2 PRD 100, 034501 (2019)
LQCD for 𝐵)5 	→ 	𝐷)4𝜇6𝜈 all q2 PRD 101, 074513 (2020)

Extract |Vub|/ |Vcb| in two regions of q2 fitting   

Challenge @ LHCb: reconstruct  peak with 
unreconstructed neutrino

Solution: 2D fit to the plane in 

‣Corrected mass 

‣
a) Fully reconstructed observable

b) Correlated with hadron recoil, 

B0
s

mcorr ≡ m2(D−
s μ+) + p⊥(D−

s μ+) + p⊥(D−
s μ+)

p⊥(D−
s )

w
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the templates are accounted for in the fits [25]. The main
background Hb → Hcð→ K−XÞμþX0, whose yield is free
in the fit, is obtained with a simulated inclusive sample. The
B0
s → K$−ð→ K−π0Þμþνμ background is modeled by sim-

ulating a mixture of three resonances [K$−ð892Þ,
K$−

0 ð1430Þ, and K$−
2 ð1430Þ] with a substantial branching

fraction to the K−π0 final state. Though the overall yield is
free, the mixture is fixed to certain proportions that are
varied up to a factor of 2.5 for systematic studies, according
to available measurements of the decays B− → K$−μþμ−

and B− → K$−η=ϕ [26]. The impact of a possible B0
s →

K−π0μþνμ nonresonant decay has also been considered and
found to be absorbed by the resonant mixture. The
charmonium background is dominated by B− → J=ψð→
μþμ−ÞK−X decays, with the fraction of the B− → J=ψð→
μþμ−ÞK− channel exceeding 75%. Its shape is determined
with simulated B− → J=ψð→ μþμ−ÞK−X events, while its
yield is derived from the yield of the B− → J=ψð→
μþμ−ÞK− signal peak in data. To recover that peak from
K−μþ combinations, the missing momentum of the μ− is
calculated from the B− flight direction and the known J=ψ
mass. The background originating from the misidentifica-
tion (misID) of a pion, proton, or muon as a kaon—or a
kaon, proton, or pion as a muon—is modeled using data
samples of hμþ (K−h) candidates with an identical selec-
tion as for the main sample, but where h is a charged track

that fails the kaon (muon) identification criteria. These
control samples are thus enriched in misidentified tracks
of the different species. The different contributions to
the kaon and muon misID are unfolded using control
samples of kinematically identified hadrons and muons
[27]. These samples are used to derive the probabilities
that a particle belonging to a given species and with
particular kinematic properties would pass the kaon or
muon criteria. With this method, both the mcorr shape
and the yield of the misID are constrained. The combina-
torial background is modeled with a separate data sample,
where a kaon and a muon from different events are
combined. The obtained pseudocandidates undergo the
same selection as the signal candidates and are corrected
to reproduce the kinematic properties of the standard
candidates. The fit to the normalization channel B0

s →
D−

s μþνμ employs shapes obtained from simulation. The
B0
s → D−

s μþνμ decay is modeled with the recent form factor
predictions of Ref. [28]. The main background originates
from B0

s semimuonic decays to excitations of the D−
s

meson, with the dominant D$−
s → D−

s γ decay represented
by a specific shape, and higher excitations D$$−

s ¼
½D$−

s0 ð2317Þ; D−
s1ð2460Þ; D−

s1ð2536Þ' → D−
s X modeled by

a combined shape. Other sources of background are the
decays of the form B → D−

s DX and the semitauonic decay
B0
s → D−

s τþð→ μþνμν̄τÞντ. Because of the similarity of
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FIG. 1. Distribution ofmcorr for (top) the signal B0
s → K−μþνμ, with (left) q2 < 7 GeV2=c4 and (right) q2 > 7 GeV2=c4, and (bottom)

the normalization B0
s → D−

s μþνμ channel. The points represent data, while the resulting fit components are shown as histograms.
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FIG. 1. Distribution ofmcorr for (top) the signal B0
s → K−μþνμ, with (left) q2 < 7 GeV2=c4 and (right) q2 > 7 GeV2=c4, and (bottom)

the normalization B0
s → D−

s μþνμ channel. The points represent data, while the resulting fit components are shown as histograms.
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𝐵)5 	→ 	𝐾4𝜇6𝜈 𝐵)5 	→ 	𝐾4𝜇6𝜈low : q2 < 7 GeV2

high: q2 > 7 GeV2

their shapes, the B0
s → D!!−

s μþνμ channels are grouped
with Bs → D−

s DX decays, while B0
s → D−

s τþð→ μþνμν̄τÞντ
is combined with Bu;d → D−

s DX decays.
The corrected mass distributions of the signal and

normalization candidates are shown in Fig. 1, with the
binned maximum-likelihood fit projections overlaid.
The B0

s → K−μþνμ yields for q2 < 7 and q2 >
7 GeV2=c4 regions are found to be NK ¼ 6922& 285
and 6399& 370, respectively, while the B0

s → D−
s μþνμ

yield is NDs
¼ 201450& 5200. The uncertainties include

both the effect of the limited dataset and the finite size of
the samples used to derive the fit templates. Unfolding the
two effects in quadrature shows that they have similar sizes.
This is the first observation of the decay B0

s → K−μþνμ.
The ratio of branching fractions is inferred as

RBF≡
BðB0

s →K−μþνμÞ
BðB0

s →D−
s μþνμÞ

¼ NK

NDs

ϵDs

ϵK
×BðD−

s →KþK−π−Þ;

ð2Þ

with BðD−
s → KþK−π−Þ ¼ ð5.39& 0.15Þ% [26] and gives

RBFðlowÞ ¼ ½1.66& 0.08ðstatÞ & 0.07ðsystÞ
& 0.05ðDsÞ( × 10−3;

RBFðhighÞ ¼ ½3.25& 0.21ðstatÞþ0.16
−0.17ðsystÞ

& 0.09ðDsÞ( × 10−3;

RBFðallÞ ¼ ½4.89& 0.21ðstatÞþ0.20
−0.21ðsystÞ

& 0.14ðDsÞ( × 10−3;

where the uncertainties are statistical, systematic, and due
to the D−

s → KþK−π− branching fraction. Table I summa-
rizes the systematic uncertainties. It includes uncertainties
on the calibration and correction of the track reconstruction,
trigger, particle identification, selection variables, migra-
tion of events between q2 regions, efficiencies, and the fit

template distributions. The largest systematic uncertainty
originates from the fit templates and is evaluated by varying
the shape of the fit components according to alternative
models and also by modifying within its uncertainty the
mixture of exclusive decays representing some of the
background contributions. In particular, the signal shape
is varied using various form factor models [29–32]. A
similar procedure is applied to the normalization channel.
The tracking uncertainty comprises the limited precision on
tracking efficiency corrections obtained from control sam-
ples in data and the uncertainty on modeling the hadronic
interactions with the detector material. The uncertainty on
the q2 migration is related to the limited accuracy of the
evaluation of the cross feed between low- and high-q2

regions in simulation.
To determine the branching fraction BðB0

s → K−μþνμÞ
and the ratio jVubj=jVcbj, the predicted integrals of the
form factors FFY ¼ jVxbj−2

R
½dΓðB0

s → YμþνμÞ=dq2(dq2
(Y ¼ K−, D−

s ; x ¼ u, c) are required. The absolute
branching fraction is calculated as BðB0

s → K−μþνμÞ ¼
τBs

× jVcbj2 × FFDs
× RBF. The inputs are the exclusive

value of jVcbj ¼ ð39.5& 0.9Þ × 10−3 [26], the B0
s meson

lifetime τBs
¼ 1.515& 0.004 ps [26], and the form factor

integral FFDs
¼ 9.15& 0.37 ps−1 based on a recent LQCD

computation [28]. This leads to

BðB0
s → K−μþνμÞ ¼ ½1.06& 0.05ðstatÞ & 0.04ðsystÞ

& 0.06ðextÞ & 0.04ðFFÞ( × 10−4;

where the uncertainties are statistical, systematic, from
the external inputs (D−

s branching fraction, B0
s lifetime,

and jVcbj), and the B0
s → D−

s form factor integral, respec-
tively. Combining the systematic uncertainties, the branch-
ing fraction is BðB0

s → K−μþνμÞ ¼ ½1.06& 0.05ðstatÞ&
0.08ðsystÞ( × 10−4.
The ratio of CKM elements jVubj=jVcbj is obtained

through the relation RBF ¼ jVubj2=jVcbj2 × FFK=FFDs
. For

the FFK value, a recent LQCD prediction is used for the
high-q2 range, FFKðq2 > 7 GeV2=c4Þ ¼ 3.32& 0.46 ps−1

[31], while a LCSR calculation [32] is used for the low-q2

range, FFKðq2 < 7GeV2=c4Þ ¼ 4.14& 0.38 ps−1, due to
the lower accuracy of LQCD calculations in this region.
The obtained values are

jVubj=jVcbjðlowÞ ¼ 0.0607& 0.0015ðstatÞ & 0.0013ðsystÞ
& 0.0008 ðDsÞ & 0.0030 ðFFÞ;

jVubj=jVcbjðhighÞ ¼ 0.0946& 0.0030ðstatÞþ0.0024
−0.0025ðsystÞ

& 0.0013 ðDsÞ & 0.0068 ðFFÞ;

where the latter two uncertainties are from the D−
s branch-

ing fraction and the form factor integrals. The discrepancy
between the values of jVubj=jVcbj for the low- and high-q2

TABLE I. Relative systematic uncertainties on the ratio
BðB0

s → K−μþνμÞ=BðB0
s → D−

s μþνμÞ, in percent.

Uncertainty All q2 Low q2 High q2

Tracking 2.0 2.0 2.0
Trigger 1.4 1.2 1.6
Particle identification 1.0 1.0 1.0
σðmcorrÞ 0.5 0.5 0.5
Isolation 0.2 0.2 0.2
Charged BDT 0.6 0.6 0.6
Neutral BDT 1.1 1.1 1.1
q2 migration ) ) ) 2.0 2.0
Efficiency 1.2 1.6 1.6
Fit template þ2.3

−2.9
þ1.8
−2.4

þ3.0
−3.4

Total þ4.0
−4.3

þ4.3
−4.5

þ5.0
−5.3
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Conclusions
• BaBar, Belle and Belle II producing recently many updated and improved 

measurements of |Vcb| and |Vub|, with both inclusive and exclusive decays
• Decided to restrict in this talk to the latest and had to neglect many others slightly older

• LHCb results less recent but bringing unique observations like Bs  S.L. decays
• Keeps demonstrating competitive results in S.L. decays  

• Future: huge improvements in statistics expected from both LHCb and Belle II
• Will permit to reach ultimate sensitivities and exploit maximal information from differential 

distributions
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