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Semi-tauonic B decay: B→D(*)τν
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• Universality of the lepton coupling to the W gauge boson (Symmetry) 
• Lepton Flavor Universality (LFU) is fundamental axiom of Standard Model (SM) 

•  B→D(*)τν sensitive to New physics (NP) because the massive 3rd generation b quark 
and τ lepton are involved  
• Flavor-dependent coupling to fermions could violates LFU

Sizable uncertainties on 

|Vcb| and the form factors

μ- e-

νµ νe 
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R(D) and R(D*) anomaly 
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• Ratio of branch fractions 
cancel out most of the 
uncertainties on |Vcb|, form 
factors and the experimental 
systematics

• Charged lepton mass changes 
kinematics and modifies form factors 
in the hadronization   

• QED corrections depend on lepton 
velocity (τ vs. l (e, μ)) 

<latexit sha1_base64="wDXY+ohT/gl6OAEevHgHchh+dro="></latexit>

R(D(⇤)) =
Br(B̄0 ! D(⇤)+⌧�⌫̄⌧ )

Br(B̄0 ! D(⇤)+`�⌫̄`)

3.8σ —>  3.1σ —> 3.3σ —> 3.2σ —> 3.2σ 
LHCb18    Belle19     2021    LHCb22  LHCb23



New physics scenarios
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In general, there are three typical candidate scenarios to 
explain the anomaly observed in R(D(*))   
• Heavy vector bosons 

• Constrained from W’→τν and Z’→ττ search 
• Charged Higgs  

• Constrained from Bc→τν and H±→τν ,still allowed 
• Previously, it was rejected by Bc→τν measurement, 

however, recovered by recalculating the Bc lifetime. 
arXiv:2201.06565 

• Leptoquark 
• gg→LQ LQ*, still broad parameter regions are allowed 

H-

W’

https://arxiv.org/abs/2201.06565
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LFU test by R(Xτ/l) measurement
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<latexit sha1_base64="082RPaMC5CqeIwsD+Ue3khh3EuY="></latexit>

R(X⌧/`) =
Br(B̄ ! X⌧�⌫̄⌧ )

Br(B̄ ! X`�⌫̄`)

• R(X) is critical cross-check of R(D(*)), a partially 
complementary test of LFU

• R(X) has never been measured 

• Breakdown of B→Xlν branching fractions 
• ~ 2/3 overlap with D and D* 

• ~ 3/4 D decay to ν, KL0, nπ …  
• ~ 1/3 contribution from D** and nonresonant Xc 

• Multiple LEP experiments measured Br(B→Xτν) 
• Br(B→Xτν) are completely saturated by D/D* BFs 
➡An update measurement is needed 



Status of B anomaly measurements at Belle II
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• 424 fb-1 until Long Shutdown (LS) 1,  
~363 fb-1 on Υ(4S) 
• Belle: 1 ab-1  

• First R(Xe/μ) result at Belle II using 
189 fb-1 data-set 

• First R(D*) measurement at Belle II 
using 189 fb-1 data-set targeting the 
end of spring 2023 

• Other three R(D(*)) and a R(Xτ/l)  

analyses with different tagging 
methods are on-going 20222019 2020 20202019 20222020 2020

424  

189 fb-1  

used in this analysis



Tagging methods
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• Hadronic tag 
• Exclusive tag 

- Fully reconstruct B→D(*)(/J/ψ/Λ)X 

- Tagging efficiency 0.2~0.4% 
- less background 

• Inclusive tag 
- Reconstruct tag B with all particles 

except signal B

• Semileptonic tag 
- Reconstruct B→D(*)lν 
- Tagging efficiency ~0.5% 
- More background

• B tagging is necessary to measure B→X / D*τν, B→X / D*lν (ν≥2) simultaneously

      : reconstruct 
other particles 
than a lepton as 
X on signal side

X



Exclusive hadronic tagging method
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• Hadronic tag 
• Exclusive tag 

- Fully reconstruct B→D(*)(/J/ψ/Λ)X 

- Tagging efficiency 0.2~0.4% 
- less background

• Fully reconstruct one of the B mesons (B tag), possible 
to measure momentum of other B meson (B signal)  

• Indirectly measure missing momentum of neutrinos in 
signal B decays   

• M2miss = (pbeam - pBtag - pD(*) - pl)2  
• EECL unassigned neutral energy in the calorimeter

Fitting variables for 
yields determination}
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Hadronic tag reconstruction at Belle II
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• Hadronic tagging reconstruction   : Full Event Interpretation (FEI) trained 
200 Boost Decision Tree (BDT) to reconstruct ~100 decay channels, 
~10,000 B decay chains 
•ε=0.30% for B± 

•ε=0.23% for B0

arXiv:2008.06096

Comp. and Soft. For Big Sci. 3, 6 (2019)

5.25 5.285.275.26

•ε=0.28% for B± @Belle 

•ε=0.18% for B0 @Belle
10-30% increased

https://arxiv.org/pdf/2008.06096.pdf
https://link.springer.com/content/pdf/10.1007/s41781-019-0021-8.pdf?pdf=button


Signal side reconstruction
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• Reconstruct B→D*τν and B→D*lν with 
same selections  

• τ lepton reconstruct with l (e, μ)νν 
• D meson reconstruct with K±, π±,Ks, π0 

• 8 D0 modes (Br ~36%) 
• 4 D+ modes (Br ~12.3%) 

• D* meson reconstruct with D+/D0 and low 
momentum π+/π0   
• D*+ → D0π+/D+π0　(Br ~98%) 
• D*0 → D0π0                  (Br ~65%) 

• Both neutral and charged B±/B0 mesons 
reconstruct with D*+/D*0 and τ/l = (e, μ)  
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Belle II R(D*) sensitivity at 189 fb-1
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• Extracting B→D*τν, B→D*lν yields by a two-dimensional simultaneously fit   
• M2miss = (pbeam - pBtag - pD(*) - pl)2 
• EECL unassigned neutral energy in the calorimeter 

• The fit returns R(D*) = 0.254, statistical uncertainty is +17/-16% at 189 fb-1 

• Belle ’15 statistical uncertainty is 13% (15%@ R(D*) = 0.254)  

SimulatiSimulatiSimulati

Simulation Simulation Simulation

Preliminary



Preliminary systematic uncertainties
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• Each source of the uncertainty changes the PDF shape, consequently modify the 
fitted R(D*) value 

Source Uncertainty

Statistical uncertainty +0.043 +17%
-0.040 -16%

EECL PDF shape +0.028 +10.8%
-0.015 -8.0%

MC statistics +0.010 +4.1%
-0.007 -2.7%

B→D**lν branching ratios +0.012 +2.7%
-0.010 -1.9%

…
Statistical uncertainty dominated

• Currently, finalize the systematics uncertainty 
• Especially, checking the B→D**lν modeling 
• Result coming soon, stay tuned

Preliminary



Light-lepton universality test R(Xe/μ)
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<latexit sha1_base64="D8wiBVDzjumQjuI2YS2oN3whHp0="></latexit>

R(Xe/µ) =
Br(B̄ ! Xe�⌫̄e)

Br(B̄ ! Xµ�⌫̄µ)

arXiv:2301.08266

Control channel (𝐵0𝐵0/𝐵+𝐵+)• R(X) has never been measured 
• Approach employed at Belle II:  MX reweighting 

• Events weights from data/MC ratio in MX 

distribution, applied to all events  
• q2, M2miss can be expressed by reliable parts 

and MX part 
• Signal yields are extracted by a binned 

maximum-likelihood simultaneous fit to lepton 
momentum 

• Test light-lepton universality by measuring

http://www.apple.com
https://arxiv.org/abs/2301.08266
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arXiv:2301.08266

Light-lepton universality test R(Xe/μ)
Signal channel (𝐵0𝐵0/𝐵+𝐵-)• First R(Xe/μ) measurement  

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

• Most precise BF based LFU test of e-μ 

universality with semileptonic B decays to 
date 

• Consistent with SM value by 1.2σ  
R(Xe/μ)SM = 1.006 ± 0.001  

• Compatible with exclusive Belle 
measurements 
   R(D*e/μ) = 1.01 ± 0.01 (stat) ± 0.03 (syst) 
   R(D*e/μ) = 0.990 ± 0.021 (stat) ± 0.023 (syst)

JHEP 11 (2022) 007 

arXiv:2301.07529

PRD 100, 052007 (2019)

• NOTE: R(Xe/μ) result will have a update soon, but will not change the conclusion

http://www.apple.com
https://arxiv.org/abs/2301.08266
http://www.apple.com
https://link.springer.com/article/10.1007/JHEP11(2022)007
http://www.apple.com
https://arxiv.org/abs/2301.07529
http://www.apple.com
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.052007


Expected sensitivity anomaly measurement at Belle II
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arXiv:2207.06307
5 ab-1

50 ab-1

The Belle II Physics Book, PTEP 2019, 123C01 

R(D*)
R(D)

R(π)

R(X)

https://arxiv.org/pdf/2207.06307.pdf
https://doi.org/10.1093/ptep/ptz106
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Summary and prospects
•R(D*) shows 3.2σ deviation between experimental average value and standard 

model prediction  
•Hint of Lepton Flavor Universality Violation   

•Belle II performed R(D*) and R(Xe/μ) with hadronic tagging based on 189 fb-1 data  

•Expected statistical uncertainty of R(D*) is +17/-16% at 189 fb-1  

•Evaluated most of the systematic uncertainty for R(D*), <- statistical 
uncertainty dominated, result coming soon 

•First measurement of R(Xe/μ) = 1.033 ± 0.010 (stat) ± 0.019 (syst) 
•Consistent with SM by 1.2σ 

• SuperKEKB/Belle II will resume operation  
 in winter of 2023

Long 
Shutdown 1

Long 
Shutdown 2



Thank you
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