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(Semi-)leptonic B Studies
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B → Dℓν, B → πℓν, . . . (ℓ = e, μ)

B → Dτν, B → πτν, . . . B → τν, B → μν, . . .
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Part 1 Reanalysis of Belle data 
Bobeth et al., EPJC 81, 984 (2021)

B → D*ℓν
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Measurement of  Decays at Belle IIB0 → D*ℓν
PRD 108, 092013 (2023)

• Decay chain: B0 → D*+ ℓ𝜈, D*+ → D0π+slow, D0 → K- π+


• Untagged strategy (higher efficiency than tagged) 


• Select energetic signal lepton pCM > 1.2 GeV


• Measured total  and differential spectra:  recoil 
parameter w, and angles cosθℓ, cosθv, 𝜒 

• Extract |Vcb|, lepton angular asymmetry, D* 
longitudinal polarization fractions

ℬ

w

cosθℓ

cosθv χ

stat. syst. LQCD

https://link.aps.org/abstract/PRD/v108/e092013
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Measurement of  Decays at Belle IIB0 → D*ℓν

• Lepton-flavor-universality tested with separate results on e- & mu-mode  

• All in good agreement with SM expectations

Test on forward-backward asymmetry Test on D*  longitudinal polarization fraction

PRD 108, 092013 (2023)

stat. syst.

https://link.aps.org/abstract/PRD/v108/e092013
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Semitauonic

Lepton-flavor universality

Part 2
R(Hτ/ℓ) =

ℬ(B → Hτν)
ℬ(B → Hℓν)

H = D, D*, π, inclusive X, . . .
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First Measurement of R(X)τ/ℓ
arXiv:2311.07248


Preliminary

R(X)τ/ℓ =
ℬ(B → Xτν)
ℬ(B → Xℓν)

τ
ℓ(e or μ)

ν
ν

• Use 189 fb-1 dataset with hadronic tagging strategy 


• Extract signal events simultaneously for two modes on 


• Calculate branching fraction ratio

(M2
miss, pB

ℓ )
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First Measurement of R(X)τ/ℓ

arXiv:2311.07248

Preliminary

•World first inclusive measurement

•Consistent with SM expectations


•  published on PRL 131, 051804 (2023)R(Xe/μ)

R(X)τ/ℓ =
ℬ(B → Xτν)
ℬ(B → Xℓν)

dominated by gap modes branching fraction, 
 form factors, background shapeB → D*

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.051804
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Expected Sensitivity for R Measurements

• New results targeting 2024 spring 


• R(D(*)) with semileptonic tag


• R(D*) with hadronic tag


• R(D(*)) with hadronic tag [Belle]
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First Simultaneous Determination of | | & | |V incl.
ub Vexcl.

ub

Can fully assign each final state particle to either the tag side or signal side

=>  Allows to reconstruct Xu

tracks neutrals

Over 1104 
decay cascades

• Using full Belle dataset of 711 fb-1


• Hadronic tagging with Neutral Networks 


• Use BDT to suppress backgrounds with 11 training features, e.g.
, #K±, #Ks, etc.


• Reconstruction strategy inherited from recent Belle’s  
measurements (phase space region  GeV)


• @ PRD 104 , 012008 (2021)


• Differential spectra @ PRL 127, 261801 (2021)

M2
miss

B → Xuℓν
EB

ℓ > 1
Δℬ, Vub

PRL 131, 211801 (2023)

M2
miss = (pΥ(4S) − ptag − pX − pℓ)2 q2 = (pB − pX)2 = (pℓ − pν)2

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.012008
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.261801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801
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Signal Extraction of Incl. & Excl. B → Xuℓν

−2 log ℒ = − 2 log∏
i

Poisson (ηobs, ηpred ⋅ (1 + ϵ ⋅ θ)) + θρ−1
θ θT + χ2

FF

B → π0ℓν
B → π+ℓν

other B → Xuℓν

all backgroundPostfit

Normalisations 
can be linked with 
isospin relation, or 
floating separately

(nominal: linked)

Nπ±

q2

Constraints on BCL parameters , input taken from 
LQCD / LQCD+exp fits in FLAG Review 2021

Differential decay rates

Acceptance & reco. efficiency

Forward-folding q2

• Additional selections on thrust T of  system in c.m.s to increase significance of 


• Extract signal in  for  and other  events


• Simultaneous determination of signal yields and  form factor (FF) parameters 

• Systematic uncertainties included via bin-wise Nuisance para.  of each template

X B → πℓν
q2 : Nπ± B → πℓν B → Xuℓν

B → πℓν
θ

PRL 131, 211801 (2023)

https://epjc.epj.org/articles/epjc/abs/2022/10/10052_2022_Article_10536/10052_2022_Article_10536.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801
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• Extract signal in  for  and other  events


• Simultaneous determination of signal yields and  form factor (FF) parameters 

• Systematic uncertainties included via bin-wise Nuisance para.  of each template

X B → πℓν
q2 : Nπ± B → πℓν B → Xuℓν

B → πℓν
θ

ℬ(B → π0ℓν) + ℬ(B → π+ℓν) + ℬ(B → Xother
u ℓν)

V incl.
ub =

Δℬ(B → Xuℓν)
τB ⋅ ΔΓGGOU

= ℬ(B → Xuℓν)

Vexcl.
ub =

ℬ(B → πℓν)
τB ⋅ ΓFF

Δℬ(B → Xuℓν) = ℬ(B → Xuℓν) ⋅ ϵΔPS:EB
ℓ>1GeV

PRL 131, 211801 (2023)

https://epjc.epj.org/articles/epjc/abs/2022/10/10052_2022_Article_10536/10052_2022_Article_10536.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801
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Results of Incl. & Excl. |Vub|
• Various fit scenarios applied: 


• Combined or separate ,  (isospin relation)


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

B → π+ℓν B → π0ℓν

|Vub| in combined scenario with LQCD+exp const.:

Weighted average of 
excl. & incl.Excl.

Incl.

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

 within 0.8σ(3.64 ± 0.07) × 10−3

(3.78 ± 0.23stat ± 0.16syst ± 0.14theo) × 10−3

(3.88 ± 0.20stat ± 0.31syst ± 0.09theo) × 10−3

0.97 ± 0.12 ( )ρ = 0.11

(3.84 ± 0.26) × 10−3



[Belle, PRD 104 , 012008 (2021)] 

(4.15 ± 0.25) × 10−3

compatible with the world 
average within 1.2σ

PRL 131, 211801 (2023)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801
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Global Fits

SIMBA (ANALYSIS OF B MESON INCLUSIVE SPECTRA)
 Global fit:


PRL 127, 102001 (2021)
B → Xsγ

• Large model dependence ⟺ sensitivity to constrain B meson shape function (SF)


• Most information in differential spectra

• Can use different decay modes (same leading SF) and cary out global analysis that propagates uncertainties
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Global Fits Prospects on  + B → Xsγ B → Xuℓν

B → Xuℓν : EB
ℓ

B → Xuℓν : MX

B → Xsγ : EB
γ

Credit: F. Bernlochner
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Global Analysis

Credit: F. Bernlochner
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Search for  at Belle IIB → τν

1-prong modes 
(~71% BR)

• Sensitivity based on a data set of 362 fb-1 studied with MC simulations

• Full analysis chain validated in pseudo-data

• With optimized signal selection: statistical uncertainty 37% (2.8σ from null 

hypothesis), systematic uncertainty ∼13 %


• Results expected to be released in 2024 spring!!

Eextra
ECL M2

miss
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Expected Sensitivity on Belle II

• Expected event yields and precisions on the branching fraction and determined |Vub| 


• Ultimate precision on |Vub| at ~2.5% level from 


•  is extremely suppressed in SM

B → τν, B → μν

B → eν
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Perspectives of  on CEPC Bc → τν

• Tera-Z at CEPC can deliver ~3 1012 Z decays providing many 
opportunities from 


• Dedicated sensitivity study of  trigged in 2019, published in 2021 

×
Z → bb̄, Z → cc̄

Bc → τν

Sebastien’s talk Continued discussions with Abi, Sebastien, Manqi, 
Taifan, Dan, etc.

https://indico.ihep.ac.cn/event/9832/contributions/112251/attachments/60192/69388/slides_PKU.pdf
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Future Perspectives of  on CEPC Bc → τν

• Within ~109 Z decays, the signal strength accuracies can reach ~1% level


• Result implies a high precision of obtained |Vcb| => 


• Also possible to measure |Vub|/|Vcb| ratio (partial reduction of uncertainties, no leptonic result yet)

𝒪(1%)

Belle: inclusive 

LHCb: Λb, Bs
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Future Perspectives on CEPC

• Other flavour potentials at Tera-Z on CEPC

Signal search in (extremely) rare decays:

High precision measurements:

• Orthogonal complementary for Belle II & LHCb


• , , inclusive, multiple neutrals, …


• Not only branching fractions, but also shapes, polarizations, etc.

Bc Λb

• Benefit from high statistics


• Shrink current upper limit


• Sensitive to NP
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Summary

Thank you !

• Several new results on Semileptonic & 
leptonic B decays measured recently at Belle 
and Belle II


• More results are on the way!! 


• Tera-Z @ CEPC can provide great 
complementary of existing experiments on B 
flavours physics
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Backup Slides
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Belle II Experiment
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First Measurement of R(X)τ/μ

arXiv:2311.07248

Preliminary


