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What you can tell from the logo? 
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Plenty of Puns

● Belle collides electrons and their 
anti-particle positrons

● B breaks the symmetry between el - le

● Belle II investigates beauty quarks, which 
are of course “belle”

(i.e. between matter and antimatter)

7 GeV

4 GeV



4

Belle II experiment

Belle II 

The precision 

frontier

Belle II The precision 

frontier

Plenty of Puns

● Belle collides electrons and their 
anti-particle positrons

● B breaks the symmetry between el - le

● Belle II investigates beauty quarks, which 
are of course “belle”

(i.e. between matter and antimatter)

7 GeV

4 GeV
● Max instantaneous luminosity 

            𝓛=4.7×1034 cm-2s-1 (world record)

● Target instantaneous luminosity 

             𝓛=6×1035 cm-2s-1
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Semileptonic B decays 

B0 decay
B± decay

From PDG

● Sizable branching ratio

● Plenty of decay channels

Not the end!

Not the end!
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Semileptonic B decays 

B0 decay
B± decay

From PDG

● Sizable branching ratio

● Plenty of decay channels

B
D(*), π, 
ρ, …

q=c, u

Plotted by F. Bernlochner

● Relatively simple theoretical description

Not the end!

Not the end!
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Measurement of |Vqb|

One vertex:
Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

CKM matrix SM: unitary 3×3 matrix

s bd

u

c

t
VudV*ub + VcdV*cb + VtdV*tb = 1

Unitarity CC† = 1

Nobel prize 2008
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Fake publications

This is why I am here today 

rather than the ChatGPT!

Really??! 

Do we really have these ??!
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Tagged  VS  untagged
Tagged              VS            Untagged

(missing mass)

Reconstruct both 
signal and tag-side B.

Only reconstruct signal B.

Efficiency
Purity Low

High
High

Full Event Interpretation (FEI) 
Comput Softw Big Sci (2019) 3: 6

Low

https://link.springer.com/article/10.1007%2Fs41781-019-0021-8


10

Measurement of B → D*ℓν
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|Vcb| from untagged B → D*ℓν 

●

● Signal yields in bins of kinematic variables w, cosθℓ, cosθV, and Χ are determined bin by bin 

independently by 2D fits of cosθBY and ΔM.

(Y: D*ℓ system)

ℓ direction in W rest 
frame

W direction in 
B rest frame

D direction in D* rest 
frame

D* direction in B rest 
frame

χ
θV 

θℓ

kinematic variables:
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|Vcb| from untagged B → D*ℓν 

● Fitted yields are corrected with SVD unfolding method

Unfolding

Plotted by L. Cao

(Singular Value Decomposition)

Migration matrix



13

|Vcb| from untagged B → D*ℓν 

● |Vcb| value is determined from measured partial rates ΔΓ

Experimental 
observation

Experimental 
covariance

Theoretical 
prediction

Written in terms of |Vcb| 
and FF parameters

Minimizing Χ2

|Vcb|BGL = (40.9 ± 0.3stat ± 1.0syst ± 0.6theo) ×10-3

|Vcb|CLN = (40.4 ± 0.3stat ± 1.0syst ± 0.6theo) ×10-3

Caprini-Lellouch-Neubert parameterization

Boyd-Grinstein-Lebed parameterization
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|Vcb| from tagged B → D*ℓν arXiv: 2301.04716

𝓑 = (5.27 ± 0.22stat ± 0.38syst)%

ηEWF(1)|Vcb| = (34.6 ± 1.8stat ± 1.7syst) × 10-3

● Migration of Signal yields in 10 bins of w is corrected with an iterative unfolding method

● |Vcb| value is determined in Caprini-Lellouch-Neubert (CLN) parameterization from measured ΔΓ/Δw

Little 
backgrounds

ηEW: small electroweak correction

F(1): normalization factor in form factors

https://arxiv.org/pdf/2301.04716.pdf%5D
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Measurement of B → Dℓν
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|Vcb| from untagged B → Dℓν arXiv: 2210.13143

● Analyze B0,±, ℓ=e, μ with 189 fb-1 dataset

● Large background contamination is main challenge

● Signal yields are extracted in 10 bins of w by fitting cosθBY (Y:Dℓ system) distribution

B0 B±

https://arxiv.org/pdf/2210.13143.pdf
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|Vcb| from untagged B → Dℓν arXiv: 2210.13143

● Determine the ηEW|Vcb| from the measured w spectrum and LQCD predictions from FNAL/MILC 

and HPQCD collaborations

Weighted average over four modes: ηEW|Vcb| = (38.53 ± 1.15) × 10-3

https://arxiv.org/pdf/2210.13143.pdf
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Measurement of B → πℓν
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|Vub| from untagged B → πℓν arXiv: 2210.04224

● Analyze neutral B0, ℓ=e, μ with 189 fb-1 dataset

● Determine the signal yields in 6 bins of q2 by 2D fit of Mbc and ΔE distributions

● The migration of fitted yields is corrected with matrix inversion unfolding method

https://arxiv.org/pdf/2210.04224.pdf
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|Vub| from untagged B → πℓν arXiv: 2210.04224

𝓑 = (1.426 ± 0.056stat ± 0.125syst) × 10-4

|Vub|=(3.55 ± 0.12stat ± 0.13syst ± 0.17theo) × 10-3

● Δ𝓑 in 6 q2 bins are further determined 

● |Vub| is extracted in BCL parameterization by fitting measured Δ𝓑 and LQCD data (FNAL/MILC)

https://arxiv.org/pdf/2210.04224.pdf
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Exclusive  VS  inclusive determination

D*
D

π
ρ

D**

Inclusive determinations are more like an overview

η
...

X

All hadrons can be seen

Exclusive determinations observe 
specific decay channels

Significant tension between two determinations
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q2 moments of inclusive B → Xcℓν Decays arXiv: 2205.06372

● q2 measurement: with

● q2 moment of order n: event-wise signal 
probability Linear correction 

reconstructed q2→underlying true q2 

residual bias

Efficiency and 
acceptance correction

Btag is reconstructed using fully hadronic decays.

https://arxiv.org/pdf/2205.06372.pdf
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q2 moments of inclusive B → Xcℓν Decays arXiv: 2205.06372

● q2 measurement: with

● q2 moment of order n: event-wise signal 
probability

q2 threshold

Linear correction 
reconstructed q2→generated q2 

residual bias

Efficiency and 
acceptance correction

Btag is reconstructed using fully hadronic decays.

● First to fourth moments (n=1~4) measured at a progression of cuts on q2

<q2> <q8>

A follow-up determination of |Vcb| using 
Belle & Belle II <q2n> measurements 
obtains

|Vcb| = (41.69 ± 0.63) × 10-3

JHEP 10 (2022) 068

The tension persists after this 
measurement.

https://arxiv.org/pdf/2205.06372.pdf
https://inspirehep.net/files/da2bc1d559066a4f8e43624174e01094
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R(Xe/μ) measurement arXiv: 2301.08266

● R(Xe/μ) = 𝓑(B→Xeν) / 𝓑(B→Xμν)   where X is generic hadronic final state, and B can be any flavor 

● Tag-side B mesons decay fully hadronically

● Charge of signal lepton is inferred from tagged B 

● Simultaneous binned template fits to the pe
B and pμ

B (momenta in B rest frame) spectra

R(Xe/u) = 1.033 ± 0.010stat ± 0.019syst

Most precise BR-based Lepton Flavor Universality test 
with semileptonic decays.

https://arxiv.org/pdf/2301.08266.pdf
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Summary and prospects

● Measurements of Semileptonic B Decays at Belle II are progressing well

● So far the measured |Vqb| values agree well with current inclusive and exclusive world 

averages

● No significant lepton flavor universality violation has been observed

● More results are coming soon

○ |Vub| determined by a combined fit of the B → πℓν and B → ρℓν decays

○ Lepton flavor universality test with angular observables in the B → D*ℓν decay

○ R(Xℓ/τ)

○ …
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More slides
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Relative uncertainties (in %)

Systematic table for untagged B → D*ℓν 
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Systematic table for untagged B → Dℓν 
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q2 moments of inclusive B → Xcℓν Decays


