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● Introduction

○         Lepton Flavour Universality

○         Belle II experiment      

● Measurement of R(Xe/𝜇 ) at Belle II

● Measurement of angular asymmetry in B0→D* l v 
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Outline



In SM, all charged leptons share the same electroweak coupling — Lepton Flavour Universality (LFU)
● Semileptonic B-meson decay involving the quark transition, e.g.

 b→c/s  l 𝜈,    b→c/s l l ,  … 
 are sensitive to probe (violation of) LFU
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within SM NP?

Tension in R(D*) could hint a possible new physics(NP)

Lepton Flavour Universality



● B-factory : electron-positron collider
running @ 𝛶(4S) 
producing with 

● Data collected so far: 
(2019-2022 summer)
∫ L dt = 362 fb-1 @          = 10.58 GeV
∫ L dt =  42 fb-1  @          = 10.52 GeV 
                              (60 MeV below 𝛶(4S))

4~ 4𝜋 Acceptance

Vertex Detector
Particle 
Identification

Central Drift Chamber
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KL and Muon Detector

e-(7GeV)

e-(4GeV)

SuperKEKB  and Belle II  Experiment



Lepton Identification     |     Belle II
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BELLE2-CONF-PH-2022-003
Leptons can be reconstructed with high efficiency and low fake-rate
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Similar performance at high momentum for e and 𝝁 

e 𝝁

https://docs.belle2.org/record/2895/files/Lepton_identification_Moriond_2022__v2.pdf


R(Xe / 𝜇 ) Measurement in B → X e/μ 𝜈
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Preparation for measuring inclusive R(X𝝉 / l)

2301.08266v2 (accepted by PRL) 

https://arxiv.org/abs/2301.08266v2
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𝑋 : generic hadronic final state of semi-leptonic decay with
● Belle II data (2019-2021): 189 fb-1  @       = 10.58GeV  

                                          + 18 fb-1 @       = 10.52GeV 
                                          (off-resonance data ~ 60 MeV below 𝛶(4S))                              

𝜰(4S) X
Hadronic Tag
𝝐 = 𝝄(0.1%)

Using Hadronic Full Event Interpretation
(FEI) to reconstruct a B-meson : Btag 

Lepton momentum in signal B rest-frame: 
pl

B > 1.3 GeV/c
● Reject most of B → X 𝜏 𝝂 events
● Reduce fakes and secondaries

Opposite charge compared with Btag
Select lepton with highest lepton-ID probability

Rest of event

Signal Side

Event Reconstruction      |      R(Xe / 𝜇 ) Measurement in B → X e/μ 𝝂

https://link.springer.com/article/10.1007/s41781-019-0021-8
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● Fit e and μ channels simultaneously in 10 pl
B  

bins with binned maximum likelihood fit

● 3 templates for each channel: 
      “Continuum” 
      (scaled to ‘off-resonance data’) 

   + “Background” 
      (fakes + secondaries +...)
      ( constraint yields from same charge
        control channel)

   + X e/μ 𝝂

● Systematics included as nuisance parameters

“same charge” control channel

Signal Yields Extraction      |       R(Xe/𝜇) Measurement in B → X e/μ 𝝂 

e μ
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Extracting signal yields Nl
means  in each channel

● Compatible with Belle measurements in 
B→D* l v  [Phys. Rev. D 100, 052007], [2301.07529v1]

● Most precise branching fraction based lepton 
universality test with semileptonic B decays

● Good agreement with SM prediction of
 [JHEP11(2022)007]

Signal Yields Extraction       |       R(Xe/𝜇) Measurement in B → X e/μ 𝝂 

e μ

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.052007
https://arxiv.org/abs/2301.07529v1
https://doi.org/10.1007/JHEP11(2022)007


Angular Asymmetries of 
B0→D* l v

Tests of light-lepton universality

preliminary results
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● 4 parameters to fully describe B0→D* l v decay:

    squared invariant mass of l v system: q2 = (pB- pD*)
2  

    + 3 helicity angles 𝜽l , 𝜽V  and 𝜒

● Properties of V-A coupling are encoded in 
angular distribution

● Tension in differences of AFB between e and 𝝁 is reported 
in  a re-interpretation of Belle data

           [Phys. Rev. D 100, 052007 (2019)] in  [Eur. Phys. J. C 81, 984 (2021)] 

Motivation      |      Angular Analysis of B0→D* l v

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.052007
https://link.springer.com/article/10.1140/epjc/s10052-021-09724-2
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Define a set of 5 asymmetries 
for observables x  

AFB: x = cos 𝜽l  

- +

Simulation Simulation

- +

S3: x = cos 2𝜒 

S5: x = cos 𝜒 cos 𝜽V 
S7: x = sin 𝜒 cos 𝜽V
S9: x = sin 2𝜒 

Test e/μ universality through the 
asymmetry difference

Asymmetry Observables      |     Angular Analysis of B0→D* l v

S3 , S9: propensity in the alignment 
of lv and D* system 
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D* recoiling parameter 

●   low < 1.275
●   high > 1.275 
●   incl. : full phase-space

For each e and μ channel, measure asymmetry for each angular observable versus 

Angular Asymmetry     |     Angular Analysis of B0→D* l v
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Belle II data (2019-2021): 189 fb-1 @        = 10.58GeV                               

𝜰(4S)

Hadronic Tag
𝝐 = 𝝄(0.1%)

Using Hadronic 
FEI to reconstruct 
a B-meson : Btag 

● Reconstruct a lepton with 
    Lab frame momentum: pl > 1 GeV/c 

● Reconstruct a D-meson with clean and 
abundant decay modes 

● Reconstruct a D* by combining a D and 
a slow 𝜋

Signal Side
Reconstruct 
exclusively 
by B0→D* l v 

B0

D+ D*-

K+

Event Reconstruction     |     Angular Analysis of B0→D* l v



Extract signal yields: 

●       Binned maximum likelihood fit to 

                        

●       Main background:  B0→D** l v
       

●       Signal is peaked at zero in  
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 Signal Yields  Extraction     |     Angular Analysis of B0→D* l v

Preliminary



                     

● Statistics dominated 
● All results agree well with SM expectation 
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 e channel                                            μ channel                                    difference of e and μ channels

2301.07529v1   (Belle)
Eur. Phys. J. C 81, 984 (2021)

Results     |      Angular Analysis of B0→D* l v

New

Preliminary

https://arxiv.org/abs/2301.07529v1
https://link.springer.com/article/10.1140/epjc/s10052-021-09724-2
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The Belle II experiment perform two light-lepton universality tests recently 

● Inclusive measurement of R(Xe/𝜇)
    
      Preparation for measuring inclusive R(X𝝉 / l )  
      
    Compatible with exclusive Belle measurements   
    
    Good agreement with SM prediction

● Preliminary result on testing of LFU in angular asymmetry in B0→D* l v     
    
    Comprehensive LFU test in angular distributions of semileptonic B decays
     
    Good consistency with SM prediction

Summary



backup
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𝜰(4S) B0

D+

B-meson pair is produced with opposite flavours

BDT-based algorithm with a hierarchical approach :

● Reconstruct tracks + clusters
● Reconstruct intermediate particles 
● Reconstruct a B-meson 

FEIFull Event Interpretation      |     Belle II

FEI

https://link.springer.com/article/10.1007/s41781-019-0021-8
https://link.springer.com/article/10.1007/s41781-019-0021-8


20

Reduction of result’s model dependence      |       R(Xe/𝜇) Measurement in B → X e/μ 𝝂 
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Main Sources sample size lepton 
identification

        B → X l 𝝂 
branching fraction

  B → Xc l 𝝂 
form factors

    total

Uncertainties(%) 0.9 1.9 0.2 0.1 2.1

Uncertainties estimation based on Asimov fits     |     R(Xe/𝜇) Measurement in B → X e/μ 𝝂 

completely correlated 
completely uncorrelated 

Validated by toy study
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Linearity Test    |     R(Xe/𝜇) Measurement in B → X e/μ 𝝂 

Fit sensitivity test

the extracted R(Xe/𝜇) values perfectly follow the expected line
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S Observables     |      Angular Analysis of B0→D* l v

Simulation

S5

Simulation

S7

Simulation

S9
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Event Reconstruction   |      Angular Analysis of B0→D* l v

Visualization of the reconstructed 𝜰(4S) decay chain, only 
reconstructed final states are shown explicitly
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Results     |     Angular Analysis of B0→D* l v


