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Experimental overview:  

|Vcb| & |Vub| at Belle/Belle II
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Semileptonic decays

Exclusive |Vub | Exclusive |Vcb | 

B / |Vqb|2f2
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Form 
Factors

Inclusive |Vub | Inclusive |Vcb | 

Heavy Quark Expansion

• SL  decays ideal to extract CKM Matrix elements  & 


•  limiting the constraining power of global fits.


• Important inputs to predictions of SM rates for ultra-rare  
decays. 


• Significant tension between inclusive & exclusive  
determinations poses a longstanding puzzle.

B |Vcb | |Vub |
|Vqb |

3σ

1

A longstanding tension…
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Meet the people!

• The Belle II Collaboration comprises 1188 researchers from 125 institutes in 29 countries!

48th Belle II General Meeting 
3-7 June 2024, KEK

Collaboration map

https://www.belle2.org/info/map/
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SuperKEKB in a nutshell
Goal: Achieve instantaneous luminosity of ℒBelle II = 6 × 1035 cm−2 s−1

ℒBelle = 2.11 × 1034 cm−2 s−1

Nano-beam scheme: Squeeze vertical 
beam spot size down to  50 nm using 

superconducting focusing magnets.
≈
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4.7⇥ 1034 cm�2s�1
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with record                                    already achieved!

x30!
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Belle II at SuperKEKB

● Located at KEK, Tsukuba.

(Japanese national HEP laboratory)
● �⇥⇤⌅
● ⇧⌃⌥� ⌦↵���✏⇣⌘

The project

| Dark sector physics with photons at Belle II | S Cunliffe 25.09.2018

Linac
Damping ring 

(e+)

SuperKEKB  
(HER + LER)

Belle (II)  
Detector

Mt. Tsukuba

KEK Tsukuba  
Campus
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Belle & Belle II Detectors

(3.5 GeV)
e+
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(8 GeV)
e
�
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• Operated from 1999 to 2010.


• Asymmetric  (3.5 GeV) -  (8 GeV) 
collider. 


• Collected total of 1 ab  of data.


• Collected 711 fb  at  
resonance.

e+ e−

−1

−1 Υ(4S)

(4 GeV)

(7 GeV)

e+
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• Asymmetric  (4 GeV) -  (7 GeV) 
collider.


• Recorded 531 fb  of data: equivalent to 
BaBar and 1/2 of Belle dataset.


• Run I data at  resonance: 365 fb 

• Run II started February 2024.


• Aims to collect many-ab  of data!

e+ e−
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Υ(4S) −1

−1

Belle
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• An ideal laboratory to study rare decays or decays with missing energy 

‣ All quarks carry colour charges and only exist as bound 
states (with the exception of the top quark)

7

Positrons  

(4 GeV)

Electrons  

(7 GeV)

B-meson production at B-Factories
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• An ideal laboratory to study rare decays or decays with missing energy 

‣ All quarks carry colour charges and only exist as bound 
states (with the exception of the top quark)
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Positrons  

(4 GeV)

Electrons  

(7 GeV)

Collide electrons and positrons at a 
centre of mass energy of about 

twice the B meson mass:

B-meson production at B-Factories

p
s = 10.58 GeV
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Positrons  

(4 GeV)

Electrons  

(7 GeV)

Collide electrons and positrons at a 
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Positrons  

(4 GeV)
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• An ideal laboratory to study rare decays or decays with missing energy 

‣ All quarks carry colour charges and only exist as bound 
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Positrons  

(4 GeV)

Electrons  

(7 GeV)

Collide electrons and positrons at a 
centre of mass energy of about 

twice the B meson mass:

B meson anti-B meson

light 
(anti)quark

heavy
(anti)b-quark

Advantages: Precisely known initial state, unique 
event topology & experimentally clean environment

B-meson production at B-Factories

p
s = 10.58 GeV
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Tagging strategies at B-Factories

Image credit: K. Kojima

Efficiency, backgrounds
Purity, available observables

Untagged Tagged 

? 

? 

Only reconstruct the signal B meson ( ).Bsig

B̄0
sig
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B0
tag
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B0
tag

<latexit sha1_base64="cOlE+XfspVVzkSDnxy5Yka4bzvI=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5JUQY+lXjxWsB/QxrDZbtulm03YnUhLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPzglhwDY7zbRU2Nre2d4q7pb39g8Mj+7jc1lGiKGvRSESqGxDNBJesBRwE68aKkTAQrBNMbud+54kpzSP5ALOYeSEZST7klICRfLvceEydzE/7wKaQAhllmW9XnKqzAF4nbk4qKEfTt7/6g4gmIZNABdG65zoxeClRwKlgWamfaBYTOiEj1jNUkpBpL13cnuFzowzwMFKmJOCF+nsiJaHWszAwnSGBsV715uJ/Xi+B4Y2XchknwCRdLhomAkOE50HgAVeMgpgZQqji5lZMx0QRCiaukgnBXX15nbRrVfeyWru/qtQbeRxFdIrO0AVy0TWqozvURC1E0RQ9o1f0ZmXWi/VufSxbC1Y+c4L+wPr8AaY1lNc=</latexit>

Reconstruct  with hadronic decay modes.Btag



rayExclusive determinations
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The anatomy of an exclusive semileptonic decay

Vqb
W −

−

ν̄
b

qu

u

d� / |A|2 = G
2
F |Vqb|2 · |Hµ

Lµ|2
<latexit sha1_base64="6lcFi5he/KSyMjb3vKgmt472yRo="></latexit>

Semileptonic decays have the advantage of being 
theoretically clean, since leptonic and hadronic 

currents factorize: 
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Leptonic matrix element
Lµ = hP`P⌫ |¯̀�µ(1� �5)⌫`|0i

<latexit sha1_base64="aqlyUnGxuR4LpI+dECLSVZrCmGM="></latexit>

Vqb
W −

−

ν̄
b

qu

u

d� / |A|2 = G
2
F |Vqb|2 · |Hµ

Lµ|2
<latexit sha1_base64="6lcFi5he/KSyMjb3vKgmt472yRo="></latexit>

Semileptonic decays have the advantage of being 
theoretically clean, since leptonic and hadronic 

currents factorize: 

The anatomy of an exclusive semileptonic decay
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Leptonic matrix element
Lµ = hP`P⌫ |¯̀�µ(1� �5)⌫`|0i

<latexit sha1_base64="aqlyUnGxuR4LpI+dECLSVZrCmGM="></latexit>

H
µ = hD|c̄�µ

b|Bi
<latexit sha1_base64="K9quktCDwW8wRdqiZddInAYU4vA="></latexit>

= f+(PB + PD)µ + f�(PB � PD)µ
<latexit sha1_base64="7P1Pev8RI8Ty9BRYqQSRbh/LwcM="></latexit>

= f+(q
2)(PB + PD)µ + f�(q

2)qµ
<latexit sha1_base64="QQeuAKPdZI4ziu9vN8hcohwSscs="></latexit>

Vqb
W −

−

ν̄
b

qu

u

Hadronic matrix element

Form Factors

qµ ⌘ (PB � PD)µ
<latexit sha1_base64="LyyXk9L7ygTbTxvL/AnFDaZhY8E="></latexit>

where

d� / |A|2 = G
2
F |Vqb|2 · |Hµ

Lµ|2
<latexit sha1_base64="6lcFi5he/KSyMjb3vKgmt472yRo="></latexit>

Semileptonic decays have the advantage of being 
theoretically clean, since leptonic and hadronic 

currents factorize: 

• Hadronic matrix elements cannot be calculated 
analytically!


• Non-perturbative physics parametrized with hadron 
transition form factors as functions of 

.


• For  the contribution from  is 
negligible, thus the decay rate only depends on the 

 form factor.


• Fit to available data to determine values.


• We need input from lattice QCD for at least the 
normalization.

q2 = (pB − pX)2

ℓ = e, μ f−(q2)

f+(q2)

The anatomy of an exclusive semileptonic decay

See talks by Tobias, Takashi, 
Alejandro, Martin and many more!
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 from |Vub | B → π/ρℓν Belle

arXiv:2407.17403

�E = E⇤
B � E⇤

beam
<latexit sha1_base64="AS9letEcDHMsa5ml/hQYkdvFQEg=">AAACE3icbZDLSgMxFIYz9VbrbdSlm2ARRLDMqKAbQaoFlxWsLXRqyaSnNjRzITkjlmHewY2v4saFIm7duPNtTGsFbz8EPv5zTpLz+7EUGh3n3cpNTE5Nz+RnC3PzC4tL9vLKhY4SxaHGIxmphs80SBFCDQVKaMQKWOBLqPv942G9fg1Kiyg8x0EMrYBdhaIrOENjte0t7wQkMlqhh7RymW5l7bSc0e0v9hBuMPXNhVnWtotOyRmJ/gV3DEUyVrVtv3mdiCcBhMgl07rpOjG2UqZQcAlZwUs0xIz32RU0DYYsAN1KRztldMM4HdqNlDkh0pH7fSJlgdaDwDedAcOe/l0bmv/Vmgl2D1qpCOMEIeSfD3UTSTGiw4BoRyjgKAcGGFfC/JXyHlOMo4mxYEJwf6/8Fy52Su5uaedsr3hUHseRJ2tknWwSl+yTI3JKqqRGOLkl9+SRPFl31oP1bL18tuas8cwq+SHr9QMJ5Z0Q</latexit>

Mbc =
q

E⇤2
beam � |~p ⇤

B |2
<latexit sha1_base64="z3pqeq0EtKJ8k4gI1GN/iKzHUoA="></latexit>

• Untagged reconstruction of   and  using full Belle II Run I dataset.


• New idea: simultaneously extract signal yields via binned 3D fits using beam-constrained mass 
 and energy difference  in bins of .


• Main challenge: large backgrounds from  processes (a.k.a. continuum) and other 
semileptonic  decays.


• Take into account cross-feed signal yields and correlations between backgrounds.

B0 → π−ℓ+νℓ B+ → ρ0ℓ+νℓ

Mbc ΔE q2 = (pB − pπ)2 = (pℓ + pν)2

e+e− → qq̄
B → Xcℓν

Signal Signal 

https://arxiv.org/abs/2407.17403
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 from |Vub | B → π/ρℓν Belle

arXiv:2407.17403

�E = E⇤
B � E⇤

beam
<latexit sha1_base64="AS9letEcDHMsa5ml/hQYkdvFQEg=">AAACE3icbZDLSgMxFIYz9VbrbdSlm2ARRLDMqKAbQaoFlxWsLXRqyaSnNjRzITkjlmHewY2v4saFIm7duPNtTGsFbz8EPv5zTpLz+7EUGh3n3cpNTE5Nz+RnC3PzC4tL9vLKhY4SxaHGIxmphs80SBFCDQVKaMQKWOBLqPv942G9fg1Kiyg8x0EMrYBdhaIrOENjte0t7wQkMlqhh7RymW5l7bSc0e0v9hBuMPXNhVnWtotOyRmJ/gV3DEUyVrVtv3mdiCcBhMgl07rpOjG2UqZQcAlZwUs0xIz32RU0DYYsAN1KRztldMM4HdqNlDkh0pH7fSJlgdaDwDedAcOe/l0bmv/Vmgl2D1qpCOMEIeSfD3UTSTGiw4BoRyjgKAcGGFfC/JXyHlOMo4mxYEJwf6/8Fy52Su5uaedsr3hUHseRJ2tknWwSl+yTI3JKqqRGOLkl9+SRPFl31oP1bL18tuas8cwq+SHr9QMJ5Z0Q</latexit>

Mbc =
q

E⇤2
beam � |~p ⇤

B |2
<latexit sha1_base64="z3pqeq0EtKJ8k4gI1GN/iKzHUoA="></latexit>

• Untagged reconstruction of   and  using full Belle II Run I dataset.


• New idea: simultaneously extract signal yields via binned 3D fits using beam-constrained mass 
 and energy difference  in bins of .


• Main challenge: large backgrounds from  processes (a.k.a. continuum) and other 
semileptonic  decays.


• Take into account cross-feed signal yields and correlations between backgrounds.

B0 → π−ℓ+νℓ B+ → ρ0ℓ+νℓ

Mbc ΔE q2 = (pB − pπ)2 = (pℓ + pν)2

e+e− → qq̄
B → Xcℓν

Cross-feed 
B → ρℓν Cross-feed 

B → πℓν

https://arxiv.org/abs/2407.17403
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 from |Vub | B → π/ρℓν Belle

arXiv:2407.17403

• Determine by fitting differential decay  
widths using the relevant form factor expansions 
with constraints from LQCD/LCSR:

|Vub |

B(B0 ! ⇡�`+⌫) = (1.516± 0.042± 0.059)⇥ 10�4
<latexit sha1_base64="9QM13nbbxKrYSVzxFziZxJmboLg="></latexit>

B(B+ ! ⇢0`+⌫) = (1.625± 0.079± 0.180)⇥ 10�4
<latexit sha1_base64="bOhn4EFeaNlkz9d6UIDj1lNl0fQ="></latexit>

• Convert to partial branching fractions  using 
reconstruction efficiencies.


• Total branching ratios consistent with world 
averages:

Δℬi

|Vub|LQCD+LCSR = (3.73± 0.07± 0.07± 0.16)⇥ 10�3
<latexit sha1_base64="KjEg2qIGXNy3zzISRyVTSqEckQk="></latexit>

B0 ! ⇡�`+⌫
<latexit sha1_base64="78SJwLjmT85nwpUijGDJaJoENeE=">AAACDnicbVDLSgMxFM3UV62vUZdugqUgiGWmCrosdeOygn1AZ1oyadqGZpIhyShlmC9w46+4caGIW9fu/BvTdhbaeuDC4Zx7ufeeIGJUacf5tnIrq2vrG/nNwtb2zu6evX/QVCKWmDSwYEK2A6QIo5w0NNWMtCNJUBgw0grG11O/dU+kooLf6UlE/BANOR1QjLSRenap1k2cFHqSDkcaSSkeoBfRbnJmNMJYNzlNPR737KJTdmaAy8TNSBFkqPfsL68vcBwSrjFDSnVcJ9J+gqSmmJG04MWKRAiP0ZB0DOUoJMpPZu+ksGSUPhwIaYprOFN/TyQoVGoSBqYzRHqkFr2p+J/XifXgyk8oj2JNOJ4vGsQMagGn2cA+lQRrNjEEYUnNrRCPkERYmwQLJgR38eVl0qyU3fNy5faiWK1lceTBETgGJ8AFl6AKbkAdNAAGj+AZvII368l6sd6tj3lrzspmDsEfWJ8/3KWb/w==</latexit>

|Vub|LCSR = (3.19± 0.12± 0.17± 0.26)⇥ 10�3
<latexit sha1_base64="oXGPtXo0KEeLvVRjhMPogxmfx5Q="></latexit>

|Vub|LCSR = (3.19± 0.12± 0.17± 0.26)⇥ 10�3
<latexit sha1_base64="oXGPtXo0KEeLvVRjhMPogxmfx5Q="></latexit>

B+ ! ⇢0`+⌫
<latexit sha1_base64="2nYcGlb2NoKl/4uq4FJdjUTDvzE=">AAACD3icbZDLSgMxFIYzXmu9jbp0EyyKIJSZKuiy1I3LCvYCnWnJpJk2NJMMSUYpQ9/Aja/ixoUibt26823MtLPQ1gOBj/8/h5PzBzGjSjvOt7W0vLK6tl7YKG5ube/s2nv7TSUSiUkDCyZkO0CKMMpJQ1PNSDuWBEUBI61gdJ35rXsiFRX8To9j4kdowGlIMdJG6tkntW56NoGepIOhRlKKB8ND0U0dIxLGMtfjSc8uOWVnWnAR3BxKIK96z/7y+gInEeEaM6RUx3Vi7adIaooZmRS9RJEY4REakI5BjiKi/HR6zwQeG6UPQyHN4xpO1d8TKYqUGkeB6YyQHqp5LxP/8zqJDq/8lPI40YTj2aIwYVALmIUD+1QSrNnYAMKSmr9CPEQSYW0iLJoQ3PmTF6FZKbvn5crtRalay+MogENwBE6BCy5BFdyAOmgADB7BM3gFb9aT9WK9Wx+z1iUrnzkAf8r6/AG3GZx3</latexit>

Largest systematic: Continuum &  modellingB → ππℓν

PRD 82 (2009) 099902Bourrely-Caprini-Lellouch (BCL):  
Bharucha-Straub-Zwicky (BSZ) :  J. High Energ. Phys. 08 (2016) 96

JHEP (2021) 36

In agreement with exclusive world average

https://arxiv.org/abs/2407.17403
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.099902
https://link.springer.com/article/10.1007/JHEP08(2016)098
https://link.springer.com/article/10.1007/JHEP07(2021)036
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 from |Vub | B → π/ρℓν Belle

arXiv:2407.17403

• Determine by fitting differential decay  
widths using the relevant form factor expansions 
with constraints from LQCD/LCSR:

|Vub |

B(B0 ! ⇡�`+⌫) = (1.516± 0.042± 0.059)⇥ 10�4
<latexit sha1_base64="9QM13nbbxKrYSVzxFziZxJmboLg="></latexit>

B(B+ ! ⇢0`+⌫) = (1.625± 0.079± 0.180)⇥ 10�4
<latexit sha1_base64="bOhn4EFeaNlkz9d6UIDj1lNl0fQ="></latexit>

• Convert to partial branching fractions  using 
reconstruction efficiencies.


• Total branching ratios consistent with world 
averages:

Δℬi

|Vub|LQCD+LCSR = (3.73± 0.07± 0.07± 0.16)⇥ 10�3
<latexit sha1_base64="KjEg2qIGXNy3zzISRyVTSqEckQk="></latexit>

B0 ! ⇡�`+⌫
<latexit sha1_base64="78SJwLjmT85nwpUijGDJaJoENeE=">AAACDnicbVDLSgMxFM3UV62vUZdugqUgiGWmCrosdeOygn1AZ1oyadqGZpIhyShlmC9w46+4caGIW9fu/BvTdhbaeuDC4Zx7ufeeIGJUacf5tnIrq2vrG/nNwtb2zu6evX/QVCKWmDSwYEK2A6QIo5w0NNWMtCNJUBgw0grG11O/dU+kooLf6UlE/BANOR1QjLSRenap1k2cFHqSDkcaSSkeoBfRbnJmNMJYNzlNPR737KJTdmaAy8TNSBFkqPfsL68vcBwSrjFDSnVcJ9J+gqSmmJG04MWKRAiP0ZB0DOUoJMpPZu+ksGSUPhwIaYprOFN/TyQoVGoSBqYzRHqkFr2p+J/XifXgyk8oj2JNOJ4vGsQMagGn2cA+lQRrNjEEYUnNrRCPkERYmwQLJgR38eVl0qyU3fNy5faiWK1lceTBETgGJ8AFl6AKbkAdNAAGj+AZvII368l6sd6tj3lrzspmDsEfWJ8/3KWb/w==</latexit>

|Vub|LCSR = (3.19± 0.12± 0.17± 0.26)⇥ 10�3
<latexit sha1_base64="oXGPtXo0KEeLvVRjhMPogxmfx5Q="></latexit>

|Vub|LCSR = (3.19± 0.12± 0.17± 0.26)⇥ 10�3
<latexit sha1_base64="oXGPtXo0KEeLvVRjhMPogxmfx5Q="></latexit>

B+ ! ⇢0`+⌫
<latexit sha1_base64="2nYcGlb2NoKl/4uq4FJdjUTDvzE=">AAACD3icbZDLSgMxFIYzXmu9jbp0EyyKIJSZKuiy1I3LCvYCnWnJpJk2NJMMSUYpQ9/Aja/ixoUibt26823MtLPQ1gOBj/8/h5PzBzGjSjvOt7W0vLK6tl7YKG5ube/s2nv7TSUSiUkDCyZkO0CKMMpJQ1PNSDuWBEUBI61gdJ35rXsiFRX8To9j4kdowGlIMdJG6tkntW56NoGepIOhRlKKB8ND0U0dIxLGMtfjSc8uOWVnWnAR3BxKIK96z/7y+gInEeEaM6RUx3Vi7adIaooZmRS9RJEY4REakI5BjiKi/HR6zwQeG6UPQyHN4xpO1d8TKYqUGkeB6YyQHqp5LxP/8zqJDq/8lPI40YTj2aIwYVALmIUD+1QSrNnYAMKSmr9CPEQSYW0iLJoQ3PmTF6FZKbvn5crtRalay+MogENwBE6BCy5BFdyAOmgADB7BM3gFb9aT9WK9Wx+z1iUrnzkAf8r6/AG3GZx3</latexit>

Largest systematic: Continuum &  modellingB → ππℓν

PRD 82 (2009) 099902Bourrely-Caprini-Lellouch (BCL):  
Bharucha-Straub-Zwicky (BSZ) :  J. High Energ. Phys. 08 (2016) 96

JHEP (2021) 36

In agreement with exclusive world average

Theory

https://arxiv.org/abs/2407.17403
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.099902
https://link.springer.com/article/10.1007/JHEP08(2016)098
https://link.springer.com/article/10.1007/JHEP07(2021)036
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 from |Vub | B → π/ρℓν Belle

arXiv:2407.17403

• Determine by fitting differential decay  
widths using the relevant form factor expansions 
with constraints from LQCD/LCSR:

|Vub |

B(B0 ! ⇡�`+⌫) = (1.516± 0.042± 0.059)⇥ 10�4
<latexit sha1_base64="9QM13nbbxKrYSVzxFziZxJmboLg="></latexit>

B(B+ ! ⇢0`+⌫) = (1.625± 0.079± 0.180)⇥ 10�4
<latexit sha1_base64="bOhn4EFeaNlkz9d6UIDj1lNl0fQ="></latexit>

• Convert to partial branching fractions  using 
reconstruction efficiencies.


• Total branching ratios consistent with world 
averages:

Δℬi

In agreement with exclusive world average

Largest systematic: Continuum &  modellingB → ππℓν

PRD 82 (2009) 099902Bourrely-Caprini-Lellouch (BCL):  
Bharucha-Straub-Zwicky (BSZ) :  J. High Energ. Phys. 08 (2016) 96

JHEP (2021) 36

https://arxiv.org/abs/2407.17403
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.099902
https://link.springer.com/article/10.1007/JHEP08(2016)098
https://link.springer.com/article/10.1007/JHEP07(2021)036
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from untagged |Vcb | B0 → D*+ℓ−ν

Signal 

cos ✓BY
<latexit sha1_base64="nHtGN0Wh+0JYLjmbOf0VKLcRomI=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0mqoMdSLx4r2A9pQthsN+3SzSbsTpQS81O8eFDEq7/Em//GbZuDtj4YeLw3w8y8IOFMgW1/G6W19Y3NrfJ2ZWd3b//ArB52VZxKQjsk5rHsB1hRzgTtAANO+4mkOAo47QWT65nfe6BSsVjcwTShXoRHgoWMYNCSb1ZdEqvMhTEF7Get+zz3zZpdt+ewVolTkBoq0PbNL3cYkzSiAgjHSg0cOwEvwxIY4TSvuKmiCSYTPKIDTQWOqPKy+em5daqVoRXGUpcAa67+nshwpNQ0CnRnhGGslr2Z+J83SCG88jImkhSoIItFYcotiK1ZDtaQSUqATzXBRDJ9q0XGWGICOq2KDsFZfnmVdBt157zeuL2oNVtFHGV0jE7QGXLQJWqiG9RGHUTQI3pGr+jNeDJejHfjY9FaMoqZI/QHxucPyLWUVg==</latexit>

�M = M(D⇤+)�M(D0)
<latexit sha1_base64="CrOJZvF2WDKnJKG8zKHd4euTt+U=">AAACCHicbZDLSgMxFIYz9VbrbdSlC4NFaBXLTBV0IxTtwk2hgr1AW0smzbShmcyQZIQyzNKNr+LGhSJufQR3vo1pOwtt/SHw8Z9zODm/EzAqlWV9G6mFxaXllfRqZm19Y3PL3N6pSz8UmNSwz3zRdJAkjHJSU1Qx0gwEQZ7DSMMZXo/rjQciJPX5nRoFpOOhPqcuxUhpq2vut8uEKQQr8BJWcuX76Og4zsOTKVtxvmtmrYI1EZwHO4EsSFTtml/tno9Dj3CFGZKyZVuB6kRIKIoZiTPtUJIA4SHqk5ZGjjwiO9HkkBgeaqcHXV/oxxWcuL8nIuRJOfIc3ekhNZCztbH5X60VKveiE1EehIpwPF3khgwqH45TgT0qCFZspAFhQfVfIR4ggbDS2WV0CPbsyfNQLxbs00Lx9ixbukriSIM9cABywAbnoARuQBXUAAaP4Bm8gjfjyXgx3o2PaWvKSGZ2wR8Znz+ETZZ3</latexit>

PRD 108, 092013 (2023)

• Reconstruct  and combine 
with appropriately charged lepton (  or ). 


• Main challenge: accurate background model,  
slow pion (p < 0.4 GeV) tracking and statistical  
correlations between bins. 


• Reconstruct the angle between  and :


• Extract signal yield with 2D fit to  and  
 in bins of…

D*+ → D0( → K−π+)π+
slow
ℓ = e μ

B Y = D*ℓ

cos θBY
ΔM = M(D*+) − M(D0)

cos ✓BY =
2E⇤

BE
⇤
Y �m2

B �m2
Y

2|p⇤B ||p⇤Y |
<latexit sha1_base64="lpE1FjU9d/yjX/f7+cSUP06nixI="></latexit>

Belle

Signal  rest frameB

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092013
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Signal 

cos ✓BY
<latexit sha1_base64="nHtGN0Wh+0JYLjmbOf0VKLcRomI=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0mqoMdSLx4r2A9pQthsN+3SzSbsTpQS81O8eFDEq7/Em//GbZuDtj4YeLw3w8y8IOFMgW1/G6W19Y3NrfJ2ZWd3b//ArB52VZxKQjsk5rHsB1hRzgTtAANO+4mkOAo47QWT65nfe6BSsVjcwTShXoRHgoWMYNCSb1ZdEqvMhTEF7Get+zz3zZpdt+ewVolTkBoq0PbNL3cYkzSiAgjHSg0cOwEvwxIY4TSvuKmiCSYTPKIDTQWOqPKy+em5daqVoRXGUpcAa67+nshwpNQ0CnRnhGGslr2Z+J83SCG88jImkhSoIItFYcotiK1ZDtaQSUqATzXBRDJ9q0XGWGICOq2KDsFZfnmVdBt157zeuL2oNVtFHGV0jE7QGXLQJWqiG9RGHUTQI3pGr+jNeDJejHfjY9FaMoqZI/QHxucPyLWUVg==</latexit>

�M = M(D⇤+)�M(D0)
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Belle

Signal  rest frameB

from untagged |Vcb | B0 → D*+ℓ−ν

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092013


# 27

R(D⇤
e/µ) = 0.998± 0.009± 0.020

<latexit sha1_base64="3IT+yDOamq9s/gF3ygtTSpfcYEk=">AAACF3icbZDLSsNAFIYnXmu9RV26GSxCdVGTKtguhKIuXFaxF2hqmUyn7dCZJMxMhBLyFm58FTcuFHGrO9/GSRtBW38Y+PjPOZw5vxswKpVlfRlz8wuLS8uZlezq2vrGprm1XZd+KDCpYZ/5oukiSRj1SE1RxUgzEARxl5GGO7xI6o17IiT1vVs1Ckibo75HexQjpa2OWbjJR5d30WHciciRw8M4PoBn0CqUyyXoBFyTZZV/qGh1zFziJIKzYKeQA6mqHfPT6fo45MRTmCEpW7YVqHaEhKKYkTjrhJIECA9Rn7Q0eogT2Y7Gd8VwXztd2POFfp6CY/f3RIS4lCPu6k6O1EBO1xLzv1orVL1SO6JeECri4cmiXsig8mESEuxSQbBiIw0IC6r/CvEACYSVjjKrQ7CnT56FerFgHxeK1ye5ynkaRwbsgj2QBzY4BRVwBaqgBjB4AE/gBbwaj8az8Wa8T1rnjHRmB/yR8fEN/06bYQ==</latexit>

Ratio

w
<latexit sha1_base64="K+iivrhdeUPnWoxmB5CJQNdKl6I=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOYDjP8=</latexit>

cos ✓`
<latexit sha1_base64="y46lMD68UZ0NlZc7PHeYxtOMT3c=">AAAB/HicbVBNS8NAEN34WetXtEcvwSJ4KkkV9Fj04rGC/YAmhM120i7dfLA7EUKof8WLB0W8+kO8+W/ctjlo64OBx3szzMwLUsEV2va3sba+sbm1Xdmp7u7tHxyaR8ddlWSSQYclIpH9gCoQPIYOchTQTyXQKBDQCya3M7/3CFLxJH7APAUvoqOYh5xR1JJv1lyWqMLFMSD1CxeEmE59s2437DmsVeKUpE5KtH3zyx0mLIsgRiaoUgPHTtErqETOBEyrbqYgpWxCRzDQNKYRKK+YHz+1zrQytMJE6orRmqu/JwoaKZVHge6MKI7VsjcT//MGGYbXXsHjNEOI2WJRmAkLE2uWhDXkEhiKXBPKJNe3WmxMJWWo86rqEJzll1dJt9lwLhrN+8t666aMo0JOyCk5Jw65Ii1yR9qkQxjJyTN5JW/Gk/FivBsfi9Y1o5ypkT8wPn8AoueVaA==</latexit>

cos ✓⌫
<latexit sha1_base64="rw3i9KxubgDqNAx6Zd37vkhTDT8=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIq6LHoxWMF+wFNCJvtpl262YTdiVhC/ooXD4p49Y9489+4bXPQ1gcDj/dmmJkXpoJrcJxva219Y3Nru7JT3d3bPzi0j2pdnWSKsg5NRKL6IdFMcMk6wEGwfqoYiUPBeuHkdub3HpnSPJEPME2ZH5OR5BGnBIwU2DWPJjr3YMyABLkns6II7LrTcObAq8QtSR2VaAf2lzdMaBYzCVQQrQeuk4KfEwWcClZUvUyzlNAJGbGBoZLETPv5/PYCnxlliKNEmZKA5+rviZzEWk/j0HTGBMZ62ZuJ/3mDDKJrP+cyzYBJulgUZQJDgmdB4CFXjIKYGkKo4uZWTMdEEQomrqoJwV1+eZV0mw33otG8v6y3bso4KugEnaJz5KIr1EJ3qI06iKIn9Ixe0ZtVWC/Wu/WxaF2zyplj9AfW5w/uC5UE</latexit>

�
<latexit sha1_base64="2nJGzzoVtZOM+N/8kUwooO4SuzA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXQbde+q3nho1lq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gABCI42</latexit>

• Convert to partial branching fractions  using reconstruction efficiencies. 


• Fit differential shapes with different form factor expansions to obtain .


• Use FNAL/MILC lattice QCD data at zero recoil ( ) for normalisation. Phy. Rev. D 89 (2014) 114504  

ΔΓi

|Vcb |

w = 1

Fom factor parameterizations: 

PRD 108, 092013 (2023)

Phy. Rev. D 56 (1997) 6895 Nucl. Phy. B 530 (1998) 152

Bellefrom untagged |Vcb | B0 → D*+ℓ−ν

 mode:e

 mode:μ B(B̄0 ! D⇤+µ�⌫̄µ) = (4.93± 0.03± 0.23)%
<latexit sha1_base64="JTQ2agbHhAxdOCCnvpuys5JGD08="></latexit>

B(B̄0 ! D⇤+e�⌫̄e) = (4.92± 0.03± 0.22)%
<latexit sha1_base64="HYf91Ded15qas4HJpZDvo1kTJ9I="></latexit>

d4�

dwd cos ✓`d cos ✓⌫d�
/ |Vcb|2F 2(w, cos ✓`, cos ✓⌫ ,�)

<latexit sha1_base64="hMqU2DRgCUWrAxBkfC+Tg0MX9iI="></latexit>

|Vcb|BGL = (40.6± 0.3± 1.0± 0.6)⇥ 10�3
<latexit sha1_base64="XXOPLUv+7eu5EmqScEGsZOQsPF4="></latexit>

|Vcb|CLN = (40.1± 0.3± 1.0± 0.6)⇥ 10�3
<latexit sha1_base64="hO4ZpYKldfLiJOpLXm5Svy5iy+Q="></latexit>

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.114504
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092013
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.56.6895
https://www.sciencedirect.com/science/article/abs/pii/S0550321398003502?via=ihub


# 28

R(D⇤
e/µ) = 0.998± 0.009± 0.020

<latexit sha1_base64="3IT+yDOamq9s/gF3ygtTSpfcYEk=">AAACF3icbZDLSsNAFIYnXmu9RV26GSxCdVGTKtguhKIuXFaxF2hqmUyn7dCZJMxMhBLyFm58FTcuFHGrO9/GSRtBW38Y+PjPOZw5vxswKpVlfRlz8wuLS8uZlezq2vrGprm1XZd+KDCpYZ/5oukiSRj1SE1RxUgzEARxl5GGO7xI6o17IiT1vVs1Ckibo75HexQjpa2OWbjJR5d30WHciciRw8M4PoBn0CqUyyXoBFyTZZV/qGh1zFziJIKzYKeQA6mqHfPT6fo45MRTmCEpW7YVqHaEhKKYkTjrhJIECA9Rn7Q0eogT2Y7Gd8VwXztd2POFfp6CY/f3RIS4lCPu6k6O1EBO1xLzv1orVL1SO6JeECri4cmiXsig8mESEuxSQbBiIw0IC6r/CvEACYSVjjKrQ7CnT56FerFgHxeK1ye5ynkaRwbsgj2QBzY4BRVwBaqgBjB4AE/gBbwaj8az8Wa8T1rnjHRmB/yR8fEN/06bYQ==</latexit>

Ratio

w
<latexit sha1_base64="K+iivrhdeUPnWoxmB5CJQNdKl6I=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOYDjP8=</latexit>

cos ✓`
<latexit sha1_base64="y46lMD68UZ0NlZc7PHeYxtOMT3c=">AAAB/HicbVBNS8NAEN34WetXtEcvwSJ4KkkV9Fj04rGC/YAmhM120i7dfLA7EUKof8WLB0W8+kO8+W/ctjlo64OBx3szzMwLUsEV2va3sba+sbm1Xdmp7u7tHxyaR8ddlWSSQYclIpH9gCoQPIYOchTQTyXQKBDQCya3M7/3CFLxJH7APAUvoqOYh5xR1JJv1lyWqMLFMSD1CxeEmE59s2437DmsVeKUpE5KtH3zyx0mLIsgRiaoUgPHTtErqETOBEyrbqYgpWxCRzDQNKYRKK+YHz+1zrQytMJE6orRmqu/JwoaKZVHge6MKI7VsjcT//MGGYbXXsHjNEOI2WJRmAkLE2uWhDXkEhiKXBPKJNe3WmxMJWWo86rqEJzll1dJt9lwLhrN+8t666aMo0JOyCk5Jw65Ii1yR9qkQxjJyTN5JW/Gk/FivBsfi9Y1o5ypkT8wPn8AoueVaA==</latexit>

cos ✓⌫
<latexit sha1_base64="rw3i9KxubgDqNAx6Zd37vkhTDT8=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIq6LHoxWMF+wFNCJvtpl262YTdiVhC/ooXD4p49Y9489+4bXPQ1gcDj/dmmJkXpoJrcJxva219Y3Nru7JT3d3bPzi0j2pdnWSKsg5NRKL6IdFMcMk6wEGwfqoYiUPBeuHkdub3HpnSPJEPME2ZH5OR5BGnBIwU2DWPJjr3YMyABLkns6II7LrTcObAq8QtSR2VaAf2lzdMaBYzCVQQrQeuk4KfEwWcClZUvUyzlNAJGbGBoZLETPv5/PYCnxlliKNEmZKA5+rviZzEWk/j0HTGBMZ62ZuJ/3mDDKJrP+cyzYBJulgUZQJDgmdB4CFXjIKYGkKo4uZWTMdEEQomrqoJwV1+eZV0mw33otG8v6y3bso4KugEnaJz5KIr1EJ3qI06iKIn9Ixe0ZtVWC/Wu/WxaF2zyplj9AfW5w/uC5UE</latexit>

�
<latexit sha1_base64="2nJGzzoVtZOM+N/8kUwooO4SuzA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXQbde+q3nho1lq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gABCI42</latexit>

• Convert to partial branching fractions  using reconstruction efficiencies. 


• Fit differential shapes with different form factor expansions to obtain .


• Use FNAL/MILC lattice QCD data at zero recoil ( ) for normalisation. Phy. Rev. D 89 (2014) 114504  

ΔΓi

|Vcb |

w = 1

Fom factor parameterizations: 

PRD 108, 092013 (2023)

Phy. Rev. D 56 (1997) 6895 Nucl. Phy. B 530 (1998) 152

Bellefrom untagged |Vcb | B0 → D*+ℓ−ν

 mode:e

 mode:μ B(B̄0 ! D⇤+µ�⌫̄µ) = (4.93± 0.03± 0.23)%
<latexit sha1_base64="JTQ2agbHhAxdOCCnvpuys5JGD08="></latexit>

B(B̄0 ! D⇤+e�⌫̄e) = (4.92± 0.03± 0.22)%
<latexit sha1_base64="HYf91Ded15qas4HJpZDvo1kTJ9I="></latexit>

d4�

dwd cos ✓`d cos ✓⌫d�
/ |Vcb|2F 2(w, cos ✓`, cos ✓⌫ ,�)

<latexit sha1_base64="hMqU2DRgCUWrAxBkfC+Tg0MX9iI="></latexit>

|Vcb|BGL = (40.6± 0.3± 1.0± 0.6)⇥ 10�3
<latexit sha1_base64="XXOPLUv+7eu5EmqScEGsZOQsPF4="></latexit>

|Vcb|CLN = (40.1± 0.3± 1.0± 0.6)⇥ 10�3
<latexit sha1_base64="hO4ZpYKldfLiJOpLXm5Svy5iy+Q="></latexit>

WA values (HFLAV 21):  
 = (39.10  0.50) x  

= (42.19  0.78) x  

|Vcb |Excl. ± 10−3

|Vcb |Incl. ± 10−3

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.114504
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092013
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.56.6895
https://www.sciencedirect.com/science/article/abs/pii/S0550321398003502?via=ihub


# 29

R(D⇤
e/µ) = 0.998± 0.009± 0.020

<latexit sha1_base64="3IT+yDOamq9s/gF3ygtTSpfcYEk=">AAACF3icbZDLSsNAFIYnXmu9RV26GSxCdVGTKtguhKIuXFaxF2hqmUyn7dCZJMxMhBLyFm58FTcuFHGrO9/GSRtBW38Y+PjPOZw5vxswKpVlfRlz8wuLS8uZlezq2vrGprm1XZd+KDCpYZ/5oukiSRj1SE1RxUgzEARxl5GGO7xI6o17IiT1vVs1Ckibo75HexQjpa2OWbjJR5d30WHciciRw8M4PoBn0CqUyyXoBFyTZZV/qGh1zFziJIKzYKeQA6mqHfPT6fo45MRTmCEpW7YVqHaEhKKYkTjrhJIECA9Rn7Q0eogT2Y7Gd8VwXztd2POFfp6CY/f3RIS4lCPu6k6O1EBO1xLzv1orVL1SO6JeECri4cmiXsig8mESEuxSQbBiIw0IC6r/CvEACYSVjjKrQ7CnT56FerFgHxeK1ye5ynkaRwbsgj2QBzY4BRVwBaqgBjB4AE/gBbwaj8az8Wa8T1rnjHRmB/yR8fEN/06bYQ==</latexit>

Ratio

w
<latexit sha1_base64="K+iivrhdeUPnWoxmB5CJQNdKl6I=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOYDjP8=</latexit>

cos ✓`
<latexit sha1_base64="y46lMD68UZ0NlZc7PHeYxtOMT3c=">AAAB/HicbVBNS8NAEN34WetXtEcvwSJ4KkkV9Fj04rGC/YAmhM120i7dfLA7EUKof8WLB0W8+kO8+W/ctjlo64OBx3szzMwLUsEV2va3sba+sbm1Xdmp7u7tHxyaR8ddlWSSQYclIpH9gCoQPIYOchTQTyXQKBDQCya3M7/3CFLxJH7APAUvoqOYh5xR1JJv1lyWqMLFMSD1CxeEmE59s2437DmsVeKUpE5KtH3zyx0mLIsgRiaoUgPHTtErqETOBEyrbqYgpWxCRzDQNKYRKK+YHz+1zrQytMJE6orRmqu/JwoaKZVHge6MKI7VsjcT//MGGYbXXsHjNEOI2WJRmAkLE2uWhDXkEhiKXBPKJNe3WmxMJWWo86rqEJzll1dJt9lwLhrN+8t666aMo0JOyCk5Jw65Ii1yR9qkQxjJyTN5JW/Gk/FivBsfi9Y1o5ypkT8wPn8AoueVaA==</latexit>

cos ✓⌫
<latexit sha1_base64="rw3i9KxubgDqNAx6Zd37vkhTDT8=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIq6LHoxWMF+wFNCJvtpl262YTdiVhC/ooXD4p49Y9489+4bXPQ1gcDj/dmmJkXpoJrcJxva219Y3Nru7JT3d3bPzi0j2pdnWSKsg5NRKL6IdFMcMk6wEGwfqoYiUPBeuHkdub3HpnSPJEPME2ZH5OR5BGnBIwU2DWPJjr3YMyABLkns6II7LrTcObAq8QtSR2VaAf2lzdMaBYzCVQQrQeuk4KfEwWcClZUvUyzlNAJGbGBoZLETPv5/PYCnxlliKNEmZKA5+rviZzEWk/j0HTGBMZ62ZuJ/3mDDKJrP+cyzYBJulgUZQJDgmdB4CFXjIKYGkKo4uZWTMdEEQomrqoJwV1+eZV0mw33otG8v6y3bso4KugEnaJz5KIr1EJ3qI06iKIn9Ixe0ZtVWC/Wu/WxaF2zyplj9AfW5w/uC5UE</latexit>

�
<latexit sha1_base64="2nJGzzoVtZOM+N/8kUwooO4SuzA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXQbde+q3nho1lq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gABCI42</latexit>

• Convert to partial branching fractions  using reconstruction efficiencies. 


• Fit differential shapes with different form factor expansions to obtain .


• Use FNAL/MILC lattice QCD data at zero recoil ( ) for normalisation. Phy. Rev. D 89 (2014) 114504  

ΔΓi

|Vcb |

w = 1

Fom factor parameterizations: 

PRD 108, 092013 (2023)

Phy. Rev. D 56 (1997) 6895 Nucl. Phy. B 530 (1998) 152

Bellefrom untagged |Vcb | B0 → D*+ℓ−ν

 mode:e

 mode:μ B(B̄0 ! D⇤+µ�⌫̄µ) = (4.93± 0.03± 0.23)%
<latexit sha1_base64="JTQ2agbHhAxdOCCnvpuys5JGD08="></latexit>

B(B̄0 ! D⇤+e�⌫̄e) = (4.92± 0.03± 0.22)%
<latexit sha1_base64="HYf91Ded15qas4HJpZDvo1kTJ9I="></latexit>

d4�

dwd cos ✓`d cos ✓⌫d�
/ |Vcb|2F 2(w, cos ✓`, cos ✓⌫ ,�)

<latexit sha1_base64="hMqU2DRgCUWrAxBkfC+Tg0MX9iI="></latexit>

|Vcb|BGL = (40.6± 0.3± 1.0± 0.6)⇥ 10�3
<latexit sha1_base64="XXOPLUv+7eu5EmqScEGsZOQsPF4="></latexit>

|Vcb|CLN = (40.1± 0.3± 1.0± 0.6)⇥ 10�3
<latexit sha1_base64="hO4ZpYKldfLiJOpLXm5Svy5iy+Q="></latexit>

WA values (HFLAV 21):  
 = (39.10  0.50) x  

= (42.19  0.78) x  

|Vcb |Excl. ± 10−3

|Vcb |Incl. ± 10−3

Shifts exclusive average closer to inclusive average

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.114504
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092013
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.56.6895
https://www.sciencedirect.com/science/article/abs/pii/S0550321398003502?via=ihub
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from angular coefficients of |Vcb | B̄ → D*ℓν
arXiv:2310.20286

• Angular coefficients capture full differential 
information allowing for SM tests —some  
for SM.


• Hadronic tagged analysis using complete Belle 
dataset of  while implementing improved  
Belle II tagging algorithm.


• Reconstruct  and  with 
, .


• Determine signal yields by fitting the mass of 
undetected neutrinos in the event: 

.


• Measure 12 angular coefficients  in four bins of .

Ji = 0

711 fb−1

B+ → D*0ℓν B0 → D*+ℓν
D*+ → D0π+ D+π0

M2
miss = (pe+e− − pBtag

− pD* − pℓ)2

Ji w

M2
miss

<latexit sha1_base64="eQsrAdmug/GN2DarPyiTvV44FBs=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0mqoMeiFy9CBfsBbQyb7aZdutmE3YkYQvwrXjwo4tUf4s1/47bNQVsfDDzem2Fmnh9zpsC2v43Syura+kZ5s7K1vbO7Z+4fdFSUSELbJOKR7PlYUc4EbQMDTnuxpDj0Oe36k6up332gUrFI3EEaUzfEI8ECRjBoyTOrN/dZI/eyAdBHyEKmVJ57Zs2u2zNYy8QpSA0VaHnm12AYkSSkAgjHSvUdOwY3wxIY4TSvDBJFY0wmeET7mgocUuVms+Nz61grQyuIpC4B1kz9PZHhUKk09HVniGGsFr2p+J/XTyC4cDMm4gSoIPNFQcItiKxpEtaQSUqAp5pgIpm+1SJjLDEBnVdFh+AsvrxMOo26c1pv3J7VmpdFHGV0iI7QCXLQOWqia9RCbURQip7RK3oznowX4934mLeWjGKmiv7A+PwBqYKVbg==</latexit>

https://arxiv.org/abs/2310.20286
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from angular coefficients of |Vcb | B̄ → D*ℓν
arXiv:2310.20286

https://arxiv.org/abs/2310.20286
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from angular coefficients of |Vcb | B̄ → D*ℓν
arXiv:2310.20286

1D spectra method (traditional)

|Vcb|CLN = (40.9± 0.3± 0.4± 0.4)⇥ 10�3
<latexit sha1_base64="nr1Sa/LXGWBturY8ulm4acIsZPU="></latexit>

|Vcb|BGL = (41.0± 0.3± 0.4± 0.5)⇥ 10�3
<latexit sha1_base64="lJfmFKbkTCcOHBrTr3sEqcCy4jw="></latexit>

• Extract  with external constraint on normalisation (HFLAV 2021) & LQCD beyond zero-recoil.


• Results in agreement with fits to 1D partial rates from the same data set:


• Also agrees with latest and most precise determinations of inclusive .

|Vcb |

|Vcb |

• BGL truncation based on nested 
hypothesis test.


• Systematic uncertainty dominated by 
limited sample size for deriving migration 
& efficiency corrections, branching 
fractions of D decay…

Phy. Rev. D 108 (2023) 012002 

https://arxiv.org/abs/2310.20286
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.052008
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012002


rayInclusive determinations
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Inclusive determinations in a nutshell

}
<latexit sha1_base64="oKoJT4tYJqwX7Vjvyfl8Hgkf/wI=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNskm8Bb14jGIekCxhdjKbDJl9MDMrhCV/4MWDIl79I2/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTa8yv3tPhWRReKdmMXUDPA6ZzwhWWrodzIfFkmU27AunYSHLtB2nVnEyUqvXK1Vkm9YCJVihNSy+D0YRSQIaKsKxlH3bipWbYqEY4XReGCSSxphM8Zj2NQ1xQKWbLi6dozOtjJAfCV2hQgv1+0SKAylngac7A6wm8reXiX95/UT5DTdlYZwoGpLlIj/hSEUoexuNmKBE8ZkmmAimb0VkggUmSodT0CF8fYr+J52yaVfM8k211LxcxZGHEziFc7ChDk24hha0gYAPD/AEz8bUeDRejNdla85YzRzDDxhvnxmXjb8=</latexit>

X
<latexit sha1_base64="GFvyzIx6Xhcw3hZLL62BsRYadwU=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnqyH4NePCZgFkiG0NPpJG16Frp7hDDkC7x4UMSrn+TNv7EniaCiDwoe71VRVc+LBFca4w8rs7G5tb2T3c3t7R8cHuWPTzoqjCVlbRqKUPY8opjgAWtrrgXrRZIR3xOs682uU797z6TiYXCr5xFzfTIJ+JhToo3U6g3zBWzXnXK54iBsO5VqrVRLSbWOcRE5Nl6iAGs0h/n3wSiksc8CTQVRqu/gSLsJkZpTwRa5QaxYROiMTFjf0ID4TLnJ8tAFujDKCI1DaSrQaKl+n0iIr9Tc90ynT/RU/fZS8S+vH+tx3U14EMWaBXS1aBwLpEOUfo1GXDKqxdwQQiU3tyI6JZJQbbLJmRC+PkX/k07Rdkp2sVUuNK7WcWThDM7hEhyoQQNuoAltoMDgAZ7g2bqzHq0X63XVmrHWM6fwA9bbJxsyjSU=</latexit>

Total decay rate determined from 
Heavy Quark Expansion (HQE)
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Inclusive determinations in a nutshell

}
<latexit sha1_base64="oKoJT4tYJqwX7Vjvyfl8Hgkf/wI=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNskm8Bb14jGIekCxhdjKbDJl9MDMrhCV/4MWDIl79I2/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTa8yv3tPhWRReKdmMXUDPA6ZzwhWWrodzIfFkmU27AunYSHLtB2nVnEyUqvXK1Vkm9YCJVihNSy+D0YRSQIaKsKxlH3bipWbYqEY4XReGCSSxphM8Zj2NQ1xQKWbLi6dozOtjJAfCV2hQgv1+0SKAylngac7A6wm8reXiX95/UT5DTdlYZwoGpLlIj/hSEUoexuNmKBE8ZkmmAimb0VkggUmSodT0CF8fYr+J52yaVfM8k211LxcxZGHEziFc7ChDk24hha0gYAPD/AEz8bUeDRejNdla85YzRzDDxhvnxmXjb8=</latexit>

X
<latexit sha1_base64="GFvyzIx6Xhcw3hZLL62BsRYadwU=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnqyH4NePCZgFkiG0NPpJG16Frp7hDDkC7x4UMSrn+TNv7EniaCiDwoe71VRVc+LBFca4w8rs7G5tb2T3c3t7R8cHuWPTzoqjCVlbRqKUPY8opjgAWtrrgXrRZIR3xOs682uU797z6TiYXCr5xFzfTIJ+JhToo3U6g3zBWzXnXK54iBsO5VqrVRLSbWOcRE5Nl6iAGs0h/n3wSiksc8CTQVRqu/gSLsJkZpTwRa5QaxYROiMTFjf0ID4TLnJ8tAFujDKCI1DaSrQaKl+n0iIr9Tc90ynT/RU/fZS8S+vH+tx3U14EMWaBXS1aBwLpEOUfo1GXDKqxdwQQiU3tyI6JZJQbbLJmRC+PkX/k07Rdkp2sVUuNK7WcWThDM7hEhyoQQNuoAltoMDgAZ7g2bqzHq0X63XVmrHWM6fwA9bbJxsyjSU=</latexit>

Total decay rate determined from 
Heavy Quark Expansion (HQE)

How to determine  and the HQE matrix elements in 2 easy steps:Vcb
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Inclusive determinations in a nutshell

}
<latexit sha1_base64="oKoJT4tYJqwX7Vjvyfl8Hgkf/wI=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNskm8Bb14jGIekCxhdjKbDJl9MDMrhCV/4MWDIl79I2/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTa8yv3tPhWRReKdmMXUDPA6ZzwhWWrodzIfFkmU27AunYSHLtB2nVnEyUqvXK1Vkm9YCJVihNSy+D0YRSQIaKsKxlH3bipWbYqEY4XReGCSSxphM8Zj2NQ1xQKWbLi6dozOtjJAfCV2hQgv1+0SKAylngac7A6wm8reXiX95/UT5DTdlYZwoGpLlIj/hSEUoexuNmKBE8ZkmmAimb0VkggUmSodT0CF8fYr+J52yaVfM8k211LxcxZGHEziFc7ChDk24hha0gYAPD/AEz8bUeDRejNdla85YzRzDDxhvnxmXjb8=</latexit>

X
<latexit sha1_base64="GFvyzIx6Xhcw3hZLL62BsRYadwU=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnqyH4NePCZgFkiG0NPpJG16Frp7hDDkC7x4UMSrn+TNv7EniaCiDwoe71VRVc+LBFca4w8rs7G5tb2T3c3t7R8cHuWPTzoqjCVlbRqKUPY8opjgAWtrrgXrRZIR3xOs682uU797z6TiYXCr5xFzfTIJ+JhToo3U6g3zBWzXnXK54iBsO5VqrVRLSbWOcRE5Nl6iAGs0h/n3wSiksc8CTQVRqu/gSLsJkZpTwRa5QaxYROiMTFjf0ID4TLnJ8tAFujDKCI1DaSrQaKl+n0iIr9Tc90ynT/RU/fZS8S+vH+tx3U14EMWaBXS1aBwLpEOUfo1GXDKqxdwQQiU3tyI6JZJQbbLJmRC+PkX/k07Rdkp2sVUuNK7WcWThDM7hEhyoQQNuoAltoMDgAZ7g2bqzHq0X63XVmrHWM6fwA9bbJxsyjSU=</latexit>

Total decay rate determined from 
Heavy Quark Expansion (HQE)

Step 1: Measure spectral moments.

How to determine  and the HQE matrix elements in 2 easy steps:Vcb

Preliminary hM2
Xi

<latexit sha1_base64="ZbdHigFsMG+YVWSUP2YWfCT+u9Y=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyWpgh6LXrwIFewHNLFsttN26WYTdjdCCQEv/hUvHhTx6p/w5r9x2+agrQ8GHu/NMDMviDlT2nG+rcLS8srqWnG9tLG5tb1j7+41VZRICg0a8Ui2A6KAMwENzTSHdiyBhAGHVjC6mvitB5CKReJOj2PwQzIQrM8o0Ubq2gceJ2LAAd/cp9Wsm7Yz7MmZ0rXLTsWZAi8SNydllKPetb+8XkSTEISmnCjVcZ1Y+ymRmlEOWclLFMSEjsgAOoYKEoLy0+kPGT42Sg/3I2lKaDxVf0+kJFRqHAamMyR6qOa9ifif10l0/8JPmYgTDYLOFvUTjnWEJ4HgHpNANR8bQqhk5lZMh0QSqk1sJROCO//yImlWK+5ppXp7Vq5d5nEU0SE6QifIReeohq5RHTUQRY/oGb2iN+vJerHerY9Za8HKZ/bRH1ifPzOLlzs=</latexit>
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<latexit sha1_base64="jZryseLvDUZMko1jb9/uxzK88x8=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwYkmqUI9FLx4r2A9oY9lsN+3SzSbsTsQS4l/x4kERr/4Qb/4bt20O2vpg4PHeDDPz/FhwDY7zba2srq1vbBa2its7u3v79sFhS0eJoqxJIxGpjk80E1yyJnAQrBMrRkJfsLY/vp767QemNI/kHUxi5oVkKHnAKQEj9e1SzXVxD9gjpDjws/v0zM36dtmpODPgZeLmpIxyNPr2V28Q0SRkEqggWnddJwYvJQo4FSwr9hLNYkLHZMi6hkoSMu2ls+MzfGKUAQ4iZUoCnqm/J1ISaj0JfdMZEhjpRW8q/ud1EwguvZTLOAEm6XxRkAgMEZ4mgQdcMQpiYgihiptbMR0RRSiYvIomBHfx5WXSqlbc80r19qJcv8rjKKAjdIxOkYtqqI5uUAM1EUUT9Ixe0Zv1ZL1Y79bHvHXFymdK6A+szx84QpPb</latexit>

arXiv:2111.09405 arXiv:2009.04493

PRD 75, 032001 (2007)

https://arxiv.org/abs/2111.09405
https://arxiv.org/abs/2009.04493
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.75.032001
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<latexit sha1_base64="zBZcSi8ofd8MLNOrttJ+qqZdiqU="></latexit>
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Inclusive determinations in a nutshell

}
<latexit sha1_base64="oKoJT4tYJqwX7Vjvyfl8Hgkf/wI=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNskm8Bb14jGIekCxhdjKbDJl9MDMrhCV/4MWDIl79I2/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTa8yv3tPhWRReKdmMXUDPA6ZzwhWWrodzIfFkmU27AunYSHLtB2nVnEyUqvXK1Vkm9YCJVihNSy+D0YRSQIaKsKxlH3bipWbYqEY4XReGCSSxphM8Zj2NQ1xQKWbLi6dozOtjJAfCV2hQgv1+0SKAylngac7A6wm8reXiX95/UT5DTdlYZwoGpLlIj/hSEUoexuNmKBE8ZkmmAimb0VkggUmSodT0CF8fYr+J52yaVfM8k211LxcxZGHEziFc7ChDk24hha0gYAPD/AEz8bUeDRejNdla85YzRzDDxhvnxmXjb8=</latexit>

X
<latexit sha1_base64="GFvyzIx6Xhcw3hZLL62BsRYadwU=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnqyH4NePCZgFkiG0NPpJG16Frp7hDDkC7x4UMSrn+TNv7EniaCiDwoe71VRVc+LBFca4w8rs7G5tb2T3c3t7R8cHuWPTzoqjCVlbRqKUPY8opjgAWtrrgXrRZIR3xOs682uU797z6TiYXCr5xFzfTIJ+JhToo3U6g3zBWzXnXK54iBsO5VqrVRLSbWOcRE5Nl6iAGs0h/n3wSiksc8CTQVRqu/gSLsJkZpTwRa5QaxYROiMTFjf0ID4TLnJ8tAFujDKCI1DaSrQaKl+n0iIr9Tc90ynT/RU/fZS8S+vH+tx3U14EMWaBXS1aBwLpEOUfo1GXDKqxdwQQiU3tyI6JZJQbbLJmRC+PkX/k07Rdkp2sVUuNK7WcWThDM7hEhyoQQNuoAltoMDgAZ7g2bqzHq0X63XVmrHWM6fwA9bbJxsyjSU=</latexit>

Total decay rate determined from 
Heavy Quark Expansion (HQE)

Step 1: Measure spectral moments.

Step 2: Extract non-perturbative parameters from a global fit.

How to determine  and the HQE matrix elements in 2 easy steps:Vcb
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<latexit sha1_base64="zBZcSi8ofd8MLNOrttJ+qqZdiqU="></latexit>
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Inclusive determinations in a nutshell

}
<latexit sha1_base64="oKoJT4tYJqwX7Vjvyfl8Hgkf/wI=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNskm8Bb14jGIekCxhdjKbDJl9MDMrhCV/4MWDIl79I2/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTa8yv3tPhWRReKdmMXUDPA6ZzwhWWrodzIfFkmU27AunYSHLtB2nVnEyUqvXK1Vkm9YCJVihNSy+D0YRSQIaKsKxlH3bipWbYqEY4XReGCSSxphM8Zj2NQ1xQKWbLi6dozOtjJAfCV2hQgv1+0SKAylngac7A6wm8reXiX95/UT5DTdlYZwoGpLlIj/hSEUoexuNmKBE8ZkmmAimb0VkggUmSodT0CF8fYr+J52yaVfM8k211LxcxZGHEziFc7ChDk24hha0gYAPD/AEz8bUeDRejNdla85YzRzDDxhvnxmXjb8=</latexit>

X
<latexit sha1_base64="GFvyzIx6Xhcw3hZLL62BsRYadwU=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnqyH4NePCZgFkiG0NPpJG16Frp7hDDkC7x4UMSrn+TNv7EniaCiDwoe71VRVc+LBFca4w8rs7G5tb2T3c3t7R8cHuWPTzoqjCVlbRqKUPY8opjgAWtrrgXrRZIR3xOs682uU797z6TiYXCr5xFzfTIJ+JhToo3U6g3zBWzXnXK54iBsO5VqrVRLSbWOcRE5Nl6iAGs0h/n3wSiksc8CTQVRqu/gSLsJkZpTwRa5QaxYROiMTFjf0ID4TLnJ8tAFujDKCI1DaSrQaKl+n0iIr9Tc90ynT/RU/fZS8S+vH+tx3U14EMWaBXS1aBwLpEOUfo1GXDKqxdwQQiU3tyI6JZJQbbLJmRC+PkX/k07Rdkp2sVUuNK7WcWThDM7hEhyoQQNuoAltoMDgAZ7g2bqzHq0X63XVmrHWM6fwA9bbJxsyjSU=</latexit>

Total decay rate determined from 
Heavy Quark Expansion (HQE)

Step 1: Measure spectral moments.

Step 2: Extract non-perturbative parameters from a global fit.

How to determine  and the HQE matrix elements in 2 easy steps:Vcb

 are calculated perturbatively.dΓ
See Maria Laura’s talk for 
comprehensive overview.
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Inclusive determinations in a nutshell

}
<latexit sha1_base64="oKoJT4tYJqwX7Vjvyfl8Hgkf/wI=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgadlNskm8Bb14jGIekCxhdjKbDJl9MDMrhCV/4MWDIl79I2/+jbNJBBUtaCiquunu8mLOpLKsDyO3tr6xuZXfLuzs7u0fFA+POjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTa8yv3tPhWRReKdmMXUDPA6ZzwhWWrodzIfFkmU27AunYSHLtB2nVnEyUqvXK1Vkm9YCJVihNSy+D0YRSQIaKsKxlH3bipWbYqEY4XReGCSSxphM8Zj2NQ1xQKWbLi6dozOtjJAfCV2hQgv1+0SKAylngac7A6wm8reXiX95/UT5DTdlYZwoGpLlIj/hSEUoexuNmKBE8ZkmmAimb0VkggUmSodT0CF8fYr+J52yaVfM8k211LxcxZGHEziFc7ChDk24hha0gYAPD/AEz8bUeDRejNdla85YzRzDDxhvnxmXjb8=</latexit>

X
<latexit sha1_base64="GFvyzIx6Xhcw3hZLL62BsRYadwU=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnqyH4NePCZgFkiG0NPpJG16Frp7hDDkC7x4UMSrn+TNv7EniaCiDwoe71VRVc+LBFca4w8rs7G5tb2T3c3t7R8cHuWPTzoqjCVlbRqKUPY8opjgAWtrrgXrRZIR3xOs682uU797z6TiYXCr5xFzfTIJ+JhToo3U6g3zBWzXnXK54iBsO5VqrVRLSbWOcRE5Nl6iAGs0h/n3wSiksc8CTQVRqu/gSLsJkZpTwRa5QaxYROiMTFjf0ID4TLnJ8tAFujDKCI1DaSrQaKl+n0iIr9Tc90ynT/RU/fZS8S+vH+tx3U14EMWaBXS1aBwLpEOUfo1GXDKqxdwQQiU3tyI6JZJQbbLJmRC+PkX/k07Rdkp2sVUuNK7WcWThDM7hEhyoQQNuoAltoMDgAZ7g2bqzHq0X63XVmrHWM6fwA9bbJxsyjSU=</latexit>

Total decay rate determined from 
Heavy Quark Expansion (HQE)

Step 1: Measure spectral moments.

Step 2: Extract non-perturbative parameters from a global fit.

How to determine  and the HQE matrix elements in 2 easy steps:Vcb

HQE elements encapsulate 
non-perturbative dynamics.
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Inclusive determinations in a nutshell
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!

Parameters proliferate at higher 
orders. Can be reduced with 
reparametrization invariance.
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Key-technique: hadronic tagging
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Inclusive reconstruction
Key-technique: hadronic tagging

stage particles

1 tracks, KS , �, ⇡0

2 D
±
(s), D

0, and J/ mesons

3 D
⇤±
(s) and D

⇤0 mesons

4 B
± and B

0 mesons

Table 1: The 4 stages of the hierarchical system

to be the correct probability, we get:

op =
1

1 + ( 1
ot

� 1)Pp(B)
Pp(S)

Pt(S)
Pt(B)

. (20)

This formula is used in the full reconstruction algorithm described in the next
section to calculate the signal probability for modes with low purity so that the
signal fraction had to be increased for the network training.

3. Selection and Reconstruction

In order to reconstruct as many B meson decays as possible, it is not possible
to take care of the thousands of exclusive decay channels individually. Instead
a hierarchical approach was chosen. We divide the reconstruction into 4 stages,
as shown in table 1 and illustrated in figure 3.

Figure 3: The 4 stages of the full reconstruction

One aim of the full reconstruction is to achieve high e�ciency. This could in
theory be done by always reconstructing every possible candidate at all stages
in an event and then finally taking the best B meson candidate. In practice
however, the computing power needed to pursue this maximum e�ciency strat-
egy is not available and it is necessary to perform cuts during the selection and
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Key-technique: hadronic tagging
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Inclusive reconstruction
Key-technique: hadronic tagging

Can identify X 
constituents
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section to calculate the signal probability for modes with low purity so that the
signal fraction had to be increased for the network training.

3. Selection and Reconstruction

In order to reconstruct as many B meson decays as possible, it is not possible
to take care of the thousands of exclusive decay channels individually. Instead
a hierarchical approach was chosen. We divide the reconstruction into 4 stages,
as shown in table 1 and illustrated in figure 3.

Figure 3: The 4 stages of the full reconstruction

One aim of the full reconstruction is to achieve high e�ciency. This could in
theory be done by always reconstructing every possible candidate at all stages
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however, the computing power needed to pursue this maximum e�ciency strat-
egy is not available and it is necessary to perform cuts during the selection and
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Charged Tracks Neutral Clusters

8

and combined with a range of event shape variables to
train a neural network to distinguish reconstructed B
meson candidates from continuum processes. The out-
put classifier score of this neural network is denoted as
OCont. Both classifier scores are mapped to a range of
[0, 1) signifying the reconstruction quality of poor to ex-
cellent candidates. We retain Btag candidates that show
at least moderate agreement based on these two outputs
and require that OFR > 10�4 and OCont > 10�4. De-
spite these relatively low values, knowledge of the charge
and momentum of the decay constituents in combination
with the known beam-energy allows one to infer the flavor
and four-momentum of the Btag candidate. We require
the Btag candidates to have at least a beam-constrained
mass of

Mbc =
q

E2
beam � |ptag|

2 > 5.27 GeV , (10)

with ptag denoting the momentum of the Btag candidate

in the center-of-mass frame of the colliding e+e�-pair.
Furthermore, Ebeam =

p
s/2 denotes half the center-of-

mass energy of the colliding e+e�-pair. The energy dif-
ference

�E = Etag � Ebeam , (11)

is already used in the input layer of the neural network
trained in the final stage of the reconstruction. Here Etag

denotes the energy of the Btag candidate in the center-

of-mass frame of the colliding e+e�-pair. In each event
a single Btag candidate is then selected according to the
highest OFR score of the hierarchical full reconstruction
algorithm. All tracks and clusters not used in the re-
construction of the Btag candidate are used to define the
signal side.

B. Signal Side Reconstruction

The signal side of the event is reconstructed
by identifying a well-reconstructed lepton with
EB

` = |p
B
` | > 1 GeV in the signal B rest frame3 us-

ing the likelihood mentioned in Section II. The signal B
rest frame is calculated using the momentum of the Btag

candidate via

psig = p
e
+

e
� �

✓q
m2

B + |ptag|
2,ptag

◆
, (12)

with p
e
+
e
� denoting the four-momentum of the colliding

electron-positron pair. Leptons from J/ and photon
conversions in detector material are rejected by combin-
ing the lepton candidate with oppositely charged tracks

3
We neglect the small correction of the lepton mass term to the

energy of the lepton.

(t) on the signal side and demanding that m`t > 0.14 GeV
and met /2 [3.05, 3.15] GeV or mµt /2 [3.06, 3.12] GeV. If
multiple lepton candidates are present on the signal side,
the event is discarded as multiple leptons are likely to
originate from a double semileptonic b ! c ! s cascade.
For charged Btag candidates, we demand that the charge
assignment of the signal-side lepton be opposite that of
the Btag charge. The hadronic X system is reconstructed
from the remaining unassigned charged particles and neu-
tral energy depositions. Its four momentum is calculated
as

pX =
X

i

✓q
m2

⇡ + |pi|
2,pi

◆
+
X

j

�
Ej ,kj

�
, (13)

with Ei = |ki| the energy of the neutral energy depo-
sitions and all charged particles with momentum pi are
assumed to be pions. With the X system reconstructed,
we can also reconstruct the missing mass squared,

M2
miss =

�
psig � pX � p`

�2
, (14)

which should peak at zero, M2
miss ⇡ m2

⌫ ⇡ 0 GeV2, for
correctly reconstructed semileptonic B ! Xu `

+ ⌫` and
B ! Xc `

+ ⌫` decays. The hadronic mass of the X sys-
tem is later used to discriminate B ! Xu `

+ ⌫` signal
decays from B ! Xc `

+ ⌫` and other remaining back-
grounds. It is reconstructed using

MX =
q

(pX)µ (pX)µ . (15)

In addition, we reconstruct the four-momentum-transfer
squared, q2, as

q2 =
�
psig � pX

�2
. (16)

The resolution of both variables for B ! Xu `
+ ⌫` is

shown in Figure 3 as residuals with respect to the gener-
ated values of q2 and MX . The resolution for MX has a
root-mean-square (RMS) deviation of 0.47 GeV, but ex-
hibits a large tail towards larger values. The distinct peak
at 0 is from B0

! ⇡� `+ ⌫` and other low-multiplicity
final states comprised of only charged pions. The four-
momentum-transfer squared q2 exhibits a large resolu-
tion, which is caused by a combination of the tag-side
B and the X reconstruction. The RMS deviation for
q2 is 1.59 GeV2. The core resolution is dominated by
the tagging resolution, whereas the large negative tail is
dominated from the resolution of the reconstruction of
the X system.

C. Background Suppression BDT

At this point in the reconstruction, the B ! Xc `
+ ⌫`

process completely dominates the selected events. To
identify B ! Xu `

+ ⌫`, we combine several distinguish-
ing features into a single discriminant. This is achieved
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Incl.  from  moments|Vcb | q2

How to measure moments:

Calibrated   
dist. accounting for 
data/MC differences 

q2
Residual bias  

corr. factor

Correct for resolution  
& selection effects

Background  
subtraction weights

• Novel theoretical approach to determine incl. |Vcb|  with a reduced set of higher order 
HQE parameters at ( ) in a completely data-driven approach. JHEP 02 177 (2019) 


• Requires the reconstruction of  for  decays


- Only possible through hadronic tagging at B-factories!


• Main challenge: non-resonant  ‘gap’ modelling.
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PRD 104, 112011 (2021)
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(See Florian’s talk for new insights.)
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Dominated by modelling 
uncertainties at lower 

selections

hq8i
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Incl.  from  moments|Vcb | q2

• Novel theoretical approach to determine incl. |Vcb|  with a reduced set of higher order 
HQE parameters at ( ) in a completely data-driven approach. JHEP 02 177 (2019) 


• Requires the reconstruction of  for  decays


- Only possible through hadronic tagging at B-factories!


• Main challenge: non-resonant  ‘gap’ modelling.
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(See Florian’s talk for new insights.)
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• Combined Belle & Belle II fit: |Vcb| = (41.69± 0.63) · 10�3
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• Main challenge: non-resonant  ‘gap’ modelling.
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(See Florian’s talk for new insights.)

See Keri’s talk for details!

Belle II moments: Phy. Rev. D 107 (2023) 7, 072002

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112011
https://link.springer.com/article/10.1007/JHEP02(2019)177
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.072002
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Ratio of and  from inclusive decays 
|Vub | |Vcb |

- Measuring  is challenging due to large 
background component from .


- Clear separation only possible in corners of phase 
space.

B → Xuℓν
B → Xcℓν

• Analyse full Belle data set using the Belle II hadronic 
tagging algorithm

- Up to 50% higher efficiency than previous Belle  

Full Reconstruction

• Extract  yield from 2D fit to lepton energy 

 & 


• Extract  yield via simple background  
subtraction in total  sample

B → Xuℓν
Eℓ q2 = (pB − pX)2 = (pℓ + pν)2

B → Xcℓν
B → Xℓν
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�B(B̄ ! Xu`⌫̄)

�B(B̄ ! Xc`⌫̄)
= 1.96(1± 8.4%stat ± 7.9%syst)⇥ 10�2
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Measure partial BF for the region 1 GeV:EB
ℓ >

Leading systematics: 

 mode:  MC statistics 

 mode: lepton identification efficiency
B → Xuℓν

B → Xcℓν

arXiv:2311.00458

Preliminary

Preliminary

q2 = (psig − pXc)
2

• Analyse full Belle data set using the Belle II hadronic 
tagging algorithm.


• Split into  enhanced and depleted sub-
samples using .


• Extract  yield from 2D fit to lepton energy 
 &  with enhanced sample.


• Extract  yield via simple background  
subtraction in total  sample.

B → Xuℓν
N(K±, Ks)

B → Xuℓν
Eℓ q2 = (pB − pX)2

B → Xcℓν
B → Xℓν

https://arxiv.org/abs/2311.00458
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- Measuring  is challenging due to large 
background component from .


- Clear separation only possible in corners of phase 
space.
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Measure partial BF for the region 1 GeV:EB
ℓ >

Leading systematics: 

 mode:  MC statistics 

 mode: lepton identification efficiency
B → Xuℓν

B → Xcℓν

arXiv:2311.00458
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Preliminary

Preliminary

q2 = (psig − pXc)
2

• Analysis with full Belle data set using the Belle II 
hadronic tagging algorithm.


• Split into  enhanced and depleted sub-
samples using .


• Extract  yield from 2D fit to lepton energy 
 &  with enhanced sample.


• Extract  yield via simple background  
subtraction in total  sample.

B → Xuℓν
N(K±, Ks)

B → Xuℓν
Eℓ q2 = (pB − pX)2

B → Xcℓν
B → Xℓν

https://arxiv.org/abs/2311.00458
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- Measuring  is challenging due to large 
background component from .


- Clear separation only possible in corners of phase 
space.

B → Xuℓν
B → Xcℓν
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Estimate  with 
data-driven method!
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Measure partial BF for the region 1 GeV:EB
ℓ >

Leading systematics: 

 mode:  MC statistics 

 mode: lepton identification efficiency
B → Xuℓν

B → Xcℓν

arXiv:2311.00458

Preliminary

Preliminary

• Analysis with full Belle data set using the Belle II 
hadronic tagging algorithm.


• Split into  enhanced and depleted sub-
samples using .


• Extract  yield from 2D fit to lepton energy 
 &  with enhanced sample.


• Extract  yield via simple background  
subtraction in total  sample.

B → Xuℓν
N(K±, Ks)

B → Xuℓν
Eℓ q2 = (pB − pX)2

B → Xcℓν
B → Xℓν

https://arxiv.org/abs/2311.00458
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- Measuring  is challenging due to large 
background component from .


- Clear separation only possible in corners of phase 
space.
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Measure partial BF for the region 1 GeV:EB
ℓ >

Leading systematics: 

Modelling of  component & 

composition of fake leptons and secondary decays
B → Xuℓν

arXiv:2311.00458

Preliminary

Belle Preliminary

• Analysis with full Belle data set using the Belle II 
hadronic tagging algorithm.


• Split into  enhanced and depleted sub-
samples using .


• Extract  yield from 2D fit to lepton energy 
 &  with enhanced sample.


• Extract  yield via simple background  
subtraction in total  sample.

B → Xuℓν
N(K±, Ks)

B → Xuℓν
Eℓ q2 = (pB − pX)2

B → Xcℓν
B → Xℓν

https://arxiv.org/abs/2311.00458
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• Unfold  &  yields via singular value decomposition (SVD). arXiv:hep-ph/9509307 

• Take ratio and correct for efficiency to form differential ratios. 

B → Xuℓν B → Xcℓν

Ratio of and  from inclusive decays 
|Vub | |Vcb |
arXiv:2311.00458

PreliminaryPreliminary

https://arxiv.org/abs/hep-ph/9509307
https://arxiv.org/abs/2311.00458
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|Vub|
|Vcb|

=

s
�B(B̄ ! Xu`⌫̄)

�B(B̄ ! Xc`⌫̄)

��(B̄ ! Xc`⌫̄)

��(B̄ ! Xu`⌫̄)
<latexit sha1_base64="dFTLP96+A5IzIc4cu+CIgZbIQnc="></latexit>

Final step: Extract  with partial BF|Vub | / |Vcb |

Ratio of and  from inclusive decays 
|Vub | |Vcb |
arXiv:2311.00458

��GGOU(B ! Xu`⌫) = 58.5+2.7
�2.3 ps�1

<latexit sha1_base64="EWTrKNhhlG9HPD5nvQhNNSgVTVg="></latexit>

��BLNP(B ! Xu`⌫) = 61.5+6.4
�5.1 ps�1

<latexit sha1_base64="+y2Ck4ZxWwCictVLPbT90To6Ysw="></latexit>

��Kin(B ! Xc`⌫) = 29.7± 1.2 ps�1
<latexit sha1_base64="XGVEVtnWZNZRLQNbtbfatkPoZUQ="></latexit>

Phys. Rev. D 72, 073006

J. High Energ. Phys. 10 (2007) 058

Eur. Phys. J. C 81, 226 (2021)

• Unfold  &  yields via singular value decomposition (SVD). arXiv:hep-ph/9509307 

• Take ratio and correct for efficiency to form differential ratios. 

B → Xuℓν B → Xcℓν

PreliminaryPreliminary

https://arxiv.org/abs/2311.00458
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.073006
https://iopscience.iop.org/article/10.1088/1126-6708/2007/10/058
https://link.springer.com/article/10.1140/epjc/s10052-020-8156-7
https://arxiv.org/abs/hep-ph/9509307
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|Vub|
|Vcb|

=

s
�B(B̄ ! Xu`⌫̄)

�B(B̄ ! Xc`⌫̄)

��(B̄ ! Xc`⌫̄)

��(B̄ ! Xu`⌫̄)
<latexit sha1_base64="dFTLP96+A5IzIc4cu+CIgZbIQnc="></latexit>

Final step: Extract  with partial BF|Vub | / |Vcb |

Ratio of and  from inclusive decays 
|Vub | |Vcb |
arXiv:2311.00458

��GGOU(B ! Xu`⌫) = 58.5+2.7
�2.3 ps�1

<latexit sha1_base64="EWTrKNhhlG9HPD5nvQhNNSgVTVg="></latexit>

��BLNP(B ! Xu`⌫) = 61.5+6.4
�5.1 ps�1

<latexit sha1_base64="+y2Ck4ZxWwCictVLPbT90To6Ysw="></latexit>

��Kin(B ! Xc`⌫) = 29.7± 1.2 ps�1
<latexit sha1_base64="XGVEVtnWZNZRLQNbtbfatkPoZUQ="></latexit>

Phys. Rev. D 72, 073006

J. High Energ. Phys. 10 (2007) 058

Eur. Phys. J. C 81, 226 (2021)

• Unfold  &  yields via singular value decomposition (SVD). arXiv:hep-ph/9509307 

• Take ratio and correct for efficiency to form differential ratios. 

B → Xuℓν B → Xcℓν

PreliminaryPreliminary

https://arxiv.org/abs/2311.00458
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.073006
https://iopscience.iop.org/article/10.1088/1126-6708/2007/10/058
https://link.springer.com/article/10.1140/epjc/s10052-020-8156-7
https://arxiv.org/abs/hep-ph/9509307
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|Vub|
|Vcb|

=

s
�B(B̄ ! Xu`⌫̄)

�B(B̄ ! Xc`⌫̄)

��(B̄ ! Xc`⌫̄)

��(B̄ ! Xu`⌫̄)
<latexit sha1_base64="dFTLP96+A5IzIc4cu+CIgZbIQnc="></latexit>

Final step: Extract  with partial BF|Vub | / |Vcb |

Ratio of and  from inclusive decays 
|Vub | |Vcb |
arXiv:2311.00458

��GGOU(B ! Xu`⌫) = 58.5+2.7
�2.3 ps�1

<latexit sha1_base64="EWTrKNhhlG9HPD5nvQhNNSgVTVg="></latexit>

��BLNP(B ! Xu`⌫) = 61.5+6.4
�5.1 ps�1

<latexit sha1_base64="+y2Ck4ZxWwCictVLPbT90To6Ysw="></latexit>

��Kin(B ! Xc`⌫) = 29.7± 1.2 ps�1
<latexit sha1_base64="XGVEVtnWZNZRLQNbtbfatkPoZUQ="></latexit>

Phys. Rev. D 72, 073006

J. High Energ. Phys. 10 (2007) 058

Eur. Phys. J. C 81, 226 (2021)

• Unfold  &  yields via singular value decomposition (SVD). arXiv:hep-ph/9509307 

• Take ratio and correct for efficiency to form differential ratios. 

B → Xuℓν B → Xcℓν

PreliminaryPreliminary

https://arxiv.org/abs/2311.00458
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.073006
https://iopscience.iop.org/article/10.1088/1126-6708/2007/10/058
https://link.springer.com/article/10.1140/epjc/s10052-020-8156-7
https://arxiv.org/abs/hep-ph/9509307
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Simultaneous determinations of incl. & excl. |Vub |

• Inherits similar analysis strategy from former inclusive  Belle analysis.


• Simultaneously extract signal for  and  in  and charged pion multiplicity .


• Normalizations and  form factors (  shape) determined from fit.

|Vub |

B → πℓν B → Xuℓν q2 Nπ±

B → πℓν q2

PRL 131, 211801 (2023) 

Phy. Rev. D 104 ( 2021) 012008

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.012008


#

• Fit BCL  form factors with two 
constraints:

- LQCD only,

- LQCD + experimental information.


• Combined or separate  & 
.

B → πℓν

B → π+ℓν
B → π0ℓν

58
Simultaneous determinations of incl. & excl. |Vub |

PRL 131, 211801 (2023) 

Exclusive :|Vub | Inclusive :|Vub |

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

• Use theoretical prediction of inclusive partial  
rate. J. High Energ. Phys. 10 (2007) 058

Largest systematic: tagging efficiency ( 4%)±

|Vub|excl = (3.78± 0.23± 0.16± 0.14)⇥ 10�3
<latexit sha1_base64="ZqWwhSSyhioIzIijPkI/NBRDatE="></latexit>

|Vub|incl = (3.88± 0.20± 0.31± 0.09)⇥ 10�3
<latexit sha1_base64="m4HOvQLbkXBrdro2u1JJHwV2/rE="></latexit>

Largest systematic:  modelling ( 10.9%)B → Xuℓν ±

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801
https://link.springer.com/article/10.1140/epjc/s10052-022-10536-1
https://iopscience.iop.org/article/10.1088/1126-6708/2007/10/058


#

• Fit BCL  form factors with two 
constraints:

- LQCD only,

- LQCD + experimental information.


• Combined or separate  & 
.

B → πℓν

B → π+ℓν
B → π0ℓν

59
Simultaneous determinations of incl. & excl. |Vub |

PRL 131, 211801 (2023) 

|Vub|excl = (3.78± 0.23± 0.16± 0.14)⇥ 10�3
<latexit sha1_base64="ZqWwhSSyhioIzIijPkI/NBRDatE="></latexit>

|Vub|incl = (3.88± 0.20± 0.31± 0.09)⇥ 10�3
<latexit sha1_base64="m4HOvQLbkXBrdro2u1JJHwV2/rE="></latexit>

Exclusive :|Vub | Inclusive :|Vub |

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

• Use theoretical prediction of inclusive partial  
rate. J. High Energ. Phys. 10 (2007) 058

Largest systematic: tagging efficiency ( 4%)±

Largest systematic:  modelling ( 10.9%)B → Xuℓν ±

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801
https://link.springer.com/article/10.1140/epjc/s10052-022-10536-1
https://iopscience.iop.org/article/10.1088/1126-6708/2007/10/058
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Simultaneous determinations of incl. & excl. |Vub |

PRL 131, 211801 (2023) 

Exclusive :|Vub | Inclusive :|Vub |

• Use theoretical prediction of inclusive partial  
rate.

Compatible with 
w.a. within .1.2σ

|Vub|excl/|Vub|incl
<latexit sha1_base64="Drqh6U9SC+YKqvtWydN177zIigc=">AAACFnicbVC7SgNBFJ31GeMrammzGAQb424UtAzaWEYwD0iWZXZyNxky+2DmriRs9its/BUbC0Vsxc6/cfIoNPHAwOGce7lzjhcLrtCyvo2l5ZXVtfXcRn5za3tnt7C3X1dRIhnUWCQi2fSoAsFDqCFHAc1YAg08AQ2vfzP2Gw8gFY/CexzG4AS0G3KfM4pacguno7qbJl42ctM2wgBTGDCRZWfzMg/HslsoWiVrAnOR2DNSJDNU3cJXuxOxJIAQmaBKtWwrRielEjkTkOXbiYKYsj7tQkvTkAagnHQSKzOPtdIx/UjqF6I5UX9vpDRQahh4ejKg2FPz3lj8z2sl6F85OlKcIIRseshPhImROe7I7HAJDMVQE8ok1381WY9KylA3mdcl2PORF0m9XLLPS+W7i2LlelZHjhySI3JCbHJJKuSWVEmNMPJInskreTOejBfj3fiYji4Zs50D8gfG5w8IBqHK</latexit>

= 0.97± 0.12tot
<latexit sha1_base64="oILDM+xuKH+R3qRLaZTikATXCC4=">AAACBXicbZC7SgNBFIZn4y3GW9RSi8EgWC27UYgWQtDGMoK5QHZZZiezyZDZCzNnxbCksfFVbCwUsfUd7HwbJ8kWmvjDwMd/zuHM+f1EcAWW9W0UlpZXVteK66WNza3tnfLuXkvFqaSsSWMRy45PFBM8Yk3gIFgnkYyEvmBtf3g9qbfvmVQ8ju5glDA3JP2IB5wS0JZXPrzElnlRw04SarCrXuYAe4AMYhiPvXLFMq2p8CLYOVRQroZX/nJ6MU1DFgEVRKmubSXgZkQCp4KNS06qWELokPRZV2NEQqbcbHrFGB9rp4eDWOoXAZ66vycyEio1Cn3dGRIYqPnaxPyv1k0hOHczHiUpsIjOFgWpwBDjSSS4xyWjIEYaCJVc/xXTAZGEgg6upEOw509ehFbVtE/N6u1ZpX6Vx1FEB+gInSAb1VAd3aAGaiKKHtEzekVvxpPxYrwbH7PWgpHP7KM/Mj5/AN5NlvM=</latexit>

|Vub|avg = (3.84± 0.26)⇥ 10�3
<latexit sha1_base64="FkWCWwLb2ZLjJuRd7ATvI/dLW/0="></latexit>

Weighted average of excl. & incl:

Consistent with CKMFitter (without ) within .|Vub | 0.8σ

J. High Energ. Phys. 10 (2007) 058
• Fit BCL  form factors with two 

constraints:

- LQCD only,

- LQCD + experimental information.


• Combined or separate  & 
.

B → πℓν

B → π+ℓν
B → π0ℓν

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

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801
https://iopscience.iop.org/article/10.1088/1126-6708/2007/10/058
https://link.springer.com/article/10.1140/epjc/s10052-022-10536-1


Belle (II) offers a unique and fertile environment for 
precision measurements of semileptonic  decays.B

Conclusion & Outlook

387 M  pairs!BB̄

Run 1 LS 1

Very active field, with innovative strategies of measuring ,  
and tests of lepton flavour universality.
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Conclusion & Outlook

387 M  pairs!BB̄

Run 1 LS 1
Exciting, new 

results  
are on the way!
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Summary of today’s results
Exclusive |Vub | 

|Vub|LQCD+LCSR = (3.73± 0.07± 0.07± 0.16)⇥ 10�3
<latexit sha1_base64="KjEg2qIGXNy3zzISRyVTSqEckQk="></latexit>

B0 ! ⇡�`+⌫
<latexit sha1_base64="78SJwLjmT85nwpUijGDJaJoENeE=">AAACDnicbVDLSgMxFM3UV62vUZdugqUgiGWmCrosdeOygn1AZ1oyadqGZpIhyShlmC9w46+4caGIW9fu/BvTdhbaeuDC4Zx7ufeeIGJUacf5tnIrq2vrG/nNwtb2zu6evX/QVCKWmDSwYEK2A6QIo5w0NNWMtCNJUBgw0grG11O/dU+kooLf6UlE/BANOR1QjLSRenap1k2cFHqSDkcaSSkeoBfRbnJmNMJYNzlNPR737KJTdmaAy8TNSBFkqPfsL68vcBwSrjFDSnVcJ9J+gqSmmJG04MWKRAiP0ZB0DOUoJMpPZu+ksGSUPhwIaYprOFN/TyQoVGoSBqYzRHqkFr2p+J/XifXgyk8oj2JNOJ4vGsQMagGn2cA+lQRrNjEEYUnNrRCPkERYmwQLJgR38eVl0qyU3fNy5faiWK1lceTBETgGJ8AFl6AKbkAdNAAGj+AZvII368l6sd6tj3lrzspmDsEfWJ8/3KWb/w==</latexit>

|Vub|LCSR = (3.19± 0.12± 0.17± 0.26)⇥ 10�3
<latexit sha1_base64="oXGPtXo0KEeLvVRjhMPogxmfx5Q="></latexit>

|Vub|LCSR = (3.19± 0.12± 0.17± 0.26)⇥ 10�3
<latexit sha1_base64="oXGPtXo0KEeLvVRjhMPogxmfx5Q="></latexit>

B+ ! ⇢0`+⌫
<latexit sha1_base64="2nYcGlb2NoKl/4uq4FJdjUTDvzE=">AAACD3icbZDLSgMxFIYzXmu9jbp0EyyKIJSZKuiy1I3LCvYCnWnJpJk2NJMMSUYpQ9/Aja/ixoUibt26823MtLPQ1gOBj/8/h5PzBzGjSjvOt7W0vLK6tl7YKG5ube/s2nv7TSUSiUkDCyZkO0CKMMpJQ1PNSDuWBEUBI61gdJ35rXsiFRX8To9j4kdowGlIMdJG6tkntW56NoGepIOhRlKKB8ND0U0dIxLGMtfjSc8uOWVnWnAR3BxKIK96z/7y+gInEeEaM6RUx3Vi7adIaooZmRS9RJEY4REakI5BjiKi/HR6zwQeG6UPQyHN4xpO1d8TKYqUGkeB6YyQHqp5LxP/8zqJDq/8lPI40YTj2aIwYVALmIUD+1QSrNnYAMKSmr9CPEQSYW0iLJoQ3PmTF6FZKbvn5crtRalay+MogENwBE6BCy5BFdyAOmgADB7BM3gFb9aT9WK9Wx+z1iUrnzkAf8r6/AG3GZx3</latexit>

Belle arXiv:2407.17403
(Submitted to PRD)

Exclusive |Vcb | 

|Vcb|BGL = (40.6± 0.3± 1.0± 0.6)⇥ 10�3
<latexit sha1_base64="XXOPLUv+7eu5EmqScEGsZOQsPF4="></latexit>

PRD 108, 092013 (2023)

|Vcb|BGL = (41.0± 0.3± 0.4± 0.5)⇥ 10�3
<latexit sha1_base64="lJfmFKbkTCcOHBrTr3sEqcCy4jw="></latexit>

arXiv:2310.20286
(Accepted by PRL)

Belle B0 ! D⇤+`�⌫
<latexit sha1_base64="CqvsufTxWHRlnh4+GkPVkMxokMU=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApiGKZqYIuS3XhsoK9QDstmTTThmaSIckoZegTuPFV3LhQxK1rd76NaTsLbf0h8PGfczg5vx8xqrTjfFuZpeWV1bXsem5jc2t7x97dqysRS0xqWDAhmz5ShFFOappqRpqRJCj0GWn4w6tJvXFPpKKC3+lRRLwQ9TkNKEbaWF27UOkkzhi2Je0PNJJSPMDrTnJ8YizCWCc5NcDjrp13is5UcBHcFPIgVbVrf7V7Asch4RozpFTLdSLtJUhqihkZ59qxIhHCQ9QnLYMchUR5yfScMSwYpwcDIc3jGk7d3xMJCpUahb7pDJEeqPnaxPyv1op1cOkllEexJhzPFgUxg1rASTawRyXBmo0MICyp+SvEAyQR1ibBnAnBnT95EeqlontWLN2e58uVNI4sOACH4Ai44AKUwQ2oghrA4BE8g1fwZj1ZL9a79TFrzVjpzD74I+vzB9gkm1g=</latexit>

B̄ ! D⇤`⌫
<latexit sha1_base64="8xkVRdtb82OYBskKMCxvFoCYdfA=">AAACC3icbVA9SwNBEN3zM8avU0ubJUEQi3AXBS1DtLCMYD4gd4a9zSZZsrd37M4p4Uhv41+xsVDE1j9g579xk1yhiQ8GHu/NMDMviAXX4Djf1tLyyuraem4jv7m1vbNr7+03dJQoyuo0EpFqBUQzwSWrAwfBWrFiJAwEawbDy4nfvGdK80jewihmfkj6kvc4JWCkjl3wAqLS6hh7ivcHQJSKHvDVXXpiFCYE9mTSsYtOyZkCLxI3I0WUodaxv7xuRJOQSaCCaN12nRj8lCjgVLBx3ks0iwkdkj5rGypJyLSfTn8Z4yOjdHEvUqYk4Kn6eyIlodajMDCdIYGBnvcm4n9eO4HehZ9yGSfAJJ0t6iUCQ4QnweAuV4yCGBlCqOLmVkwHRBEKJr68CcGdf3mRNMol97RUvjkrVqpZHDl0iAroGLnoHFXQNaqhOqLoET2jV/RmPVkv1rv1MWtdsrKZA/QH1ucPSgKajw==</latexit>

|Vub|avg = (3.84± 0.26)⇥ 10�3
<latexit sha1_base64="FkWCWwLb2ZLjJuRd7ATvI/dLW/0="></latexit>

PRL 131, 211801 (2023) Incl./Excl. |Vub |

Inclusive |Vub | /|Vcb | 
arXiv:2311.00458

(Submitted to PRD)

https://arxiv.org/abs/2407.17403
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092013
https://arxiv.org/abs/2310.20286
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801
https://arxiv.org/abs/2311.00458


rayThank you for your attention!
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A leading systematic for many analyses (not just semileptonic):

 modellingB → Xcℓν

Broad states based on 
3 measurements. 

(BaBar, Belle, DELPHI)

Fairly well known.

Some hints from  
BaBar & recent Belle 

result.

…or is it even 
bigger?
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A tale of two ‘gap’ models
Model 1: 

Equidistribution of all final state particles in phase space

PRD 104, 112011 (2021)Provides better 
kinematic 

description

(Assign 100% BR uncertainty in systematics covariance matrix)

q2
<latexit sha1_base64="GipskatfPDoEFooHo0IJNhPepwI=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGCaQttLJvttl262cTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXJlIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJxqxn0Wy1i3Qmq4FIr7KFDyVqI5jULJm+HoZuo3n7g2Ilb3OE54ENGBEn3BKFrJf3zIqpNuqexW3BnIMvFyUoYc9W7pq9OLWRpxhUxSY9qem2CQUY2CST4pdlLDE8pGdMDblioacRNks2Mn5NQqPdKPtS2FZKb+nshoZMw4Cm1nRHFoFr2p+J/XTrF/FWRCJSlyxeaL+qkkGJPp56QnNGcox5ZQpoW9lbAh1ZShzadoQ/AWX14mjWrFO69U7y7Ktes8jgIcwwmcgQeXUINbqIMPDAQ8wyu8Ocp5cd6dj3nripPPHMEfOJ8/xtqOqQ==</latexit>

MX
<latexit sha1_base64="utebinLZ9dtYeHrB9SJPpEfpsXs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiFy9CBdMW2lA222m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wE18Z1v53C2vrG5lZxu7Szu7d/UD48auo4VQx9FotYtUOqUXCJvuFGYDtRSKNQYCsc38781hMqzWP5aCYJBhEdSj7gjBor+fe9rD3tlStu1Z2DrBIvJxXI0eiVv7r9mKURSsME1brjuYkJMqoMZwKnpW6qMaFsTIfYsVTSCHWQzY+dkjOr9MkgVrakIXP190RGI60nUWg7I2pGetmbif95ndQMroOMyyQ1KNli0SAVxMRk9jnpc4XMiIkllClubyVsRBVlxuZTsiF4yy+vkmat6l1Uaw+XlfpNHkcRTuAUzsGDK6jDHTTABwYcnuEV3hzpvDjvzseiteDkM8fwB87nD8r/jqw=</latexit>

E`
B

<latexit sha1_base64="hBFU7fRbEa9D+k98MOA8x0rVynQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GOpCB4r2A9oYtlsp+3SzSbsboQS8je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8IOZMacf5tgpr6xubW8Xt0s7u3v5B+fCoraJEUmzRiEeyGxCFnAlsaaY5dmOJJAw4doLJzczvPKFULBIPehqjH5KRYENGiTaSd/uYesh51k8bWb9ccarOHPYqcXNSgRzNfvnLG0Q0CVFoyolSPdeJtZ8SqRnlmJW8RGFM6ISMsGeoICEqP53fnNlnRhnYw0iaEtqeq78nUhIqNQ0D0xkSPVbL3kz8z+slenjtp0zEiUZBF4uGCbd1ZM8CsAdMItV8agihkplbbTomklBtYiqZENzll1dJu1Z1L6q1+8tKvZHHUYQTOIVzcOEK6nAHTWgBhRie4RXerMR6sd6tj0VrwcpnjuEPrM8fKKKRww==</latexit>

Model 2: 
Decay via intermediate broad          stateD⇤⇤

<latexit sha1_base64="iRDEAsAn9uGixQJzmpej08xz1Ug=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBeii7VdBjUQ8eK9gPaNeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aGqZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo+up33qiSjMp7s04pn6EB4KFjGBjpebNQ1ouT3rFkltxZ0DLxMtICTLUe8Wvbl+SJKLCEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcAR1X46u3aCTqzSR6FUtoRBM/X3RIojrcdRYDsjbIZ60ZuK/3mdxISXfspEnBgqyHxRmHBkJJq+jvpMUWL42BJMFLO3IjLEChNjAyrYELzFl5dJs1rxzirVu/NS7SqLIw9HcAyn4MEF1OAW6tAAAo/wDK/w5kjnxXl3PuatOSebOYQ/cD5/ANvPjqg=</latexit>


