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• R(D) and R(D*) measurement with BD(*)tn  

• Test of lepton universality in BK*ll 

• Search for Lepton flavor violating decay 
BK*μe 

Outline 

25th Anniversary of the Rencontres du Vietnam 
2 



Belle and KEKB 

• KEKB 
o Achieved World Highest Luminosity (as of 2009) 

• L = 2.1 * 1034  /cm2/sec ~ 20 BB pairs / sec 

o Asymmetric energy to boost B mesons 

• 8.0GeV e- × 3.5GeV e+ 

• Belle 
o Multi-purpose 4p detector  

o Vertexing, tracking, EM calorimeter, PID 

• Data taking for 1999-2010 
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http://www.kek.jp/


Belle Integrated Luminosity 
• The world largest integrated luminosity of > 1ab-1 

• 711 fb-1 on Y(4S) resonance  772×106 BB pairs 
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On resonance: 

Y(5S): 121 fb-1 

Y(4S): 711 fb-1 

Y(3S): 3 fb-1 

Y(2S): 25 fb-1 

Y(1S): 6 fb-1 

Off reson./scan: 

           ~100 fb-1 



Semi-tauonic B decay: 
B→D(*)tn 

 Sensitive to new physics  

 Ratio of t to m,e could be reduced/enhanced 

W/H t 
nt 

b c 
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Polarization of tau could probe the NP model 

[M. Tanaka and R. Watanabe PRD 87, 034028 (2013)] NP model (vector, scalar, tensor) dependence 



BD(*)tn Analysis at Belle 

 Require no particle remains after removing 
products of tagging B and the particle(s) from 
signal decays 

   Remaining energy in the calorimeter (EECL) 

Signal Side  Tag Side 

Final state has two or 
more neutrinos (4S) B- B+ 

nt 

e+ 

nt 

ne 

B+Dt+nt B-X 

Tag B pair event by reconstructing one B meson 

 in hadronic or semileptonic  B Decay 

 Provide pure single B event 

Utilize the B factory specific feature : 
only one B-meson pair is produced 

D 
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Signal  

Background 

MC 



Tagging Methods 
• Hadronic Tag 

o Fully reconstruct in BDX decays 

• ~1100 exclusive decay channels 

    [NIM A 654, 432 (2011)] 

o Tagging efficiency ~ 0.2 % 

o Less background 

 

 

 

• Semileptonic Tag 
o Reconstruct  BD(*)ln 

• EB = Ebeam 

• Undetected neutrino mass ~ 0 

o Tagging efficiency ~ 0.5% 

o More background 
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B beam    bc  p E m 

Beam energy 
constrained mass 

Btag signal 

Btag signal 
𝑞𝑞 
𝐵0𝐵0 

𝐵+𝐵− 

[PRD 82, 071101(R) (2010)] 



Results with leptonic tau decays 
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B0
D-t+n B0

D*-t+n 

B+
D0t+n B+

D*0t+n 

Hadronic Tag [PRD92,072014(2015)] Semileptonic Tag [PRD94,072007(2016)] 

Consistent with, but higher than the 

SM predictions:  

R(D)  = 0.299 +- 0.003  

R(D*) = 0.258 +- 0.005  

[SM average of HFLAV Summer 2018] 



Results of Polarization 
Measurement 

• Hadronic tag 

• Two body tau decays : tpn, rn 
o Helicity angle sensitive to the tau polarization 
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R(D*) world average 
HFLAV winter 2016 

[PRL118, 211801 (2017) PRD97, 012004 (2018)] 

SM 



Current BD(*)tn Situation 
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   3.8 s deviation from the SM prediction ! 

Additional Belle results will come soon 

Belle II has started  Significant improvement in near future 



Lepton Universality in BK*ll 

• LHCb reported 2.6 s tension in  

 

• also in angular  observable 
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[PRL 113,151601(2014), JHEP 08(2017), 055] 

[JHEP 02(2016), 104] 

SM Example NP Example 



BK*ll Angular Analysis Results 
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• BK*mm, K*ee reconstructed with Belle full data 
• Angular analysis performed in four bins to 

obtain angular obsearvables 
• P’i  

• the difference between the lepton flavors 
 

 

Largest deviation in P'5 of muon mode with 2.6σ  

Nsig=127±15 Nsig=185±17 

[PRL118, 111801 (2017)] 



Comparison with other 

measurements 
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• Measurements are compatible with the SM 

• Similar central values for the P’5 anomaly with 2.5s tension 

e, m combined 



Search for lepton flavor 
violating decay B0

K*0μe 
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Combined 

Sig+BG 

BG 

Signal PDF  
(arbitrary scale) 

[arXiv:1807.03267 submitted to PRD] 
• 2018 New Belle Result with 772M BB 

Nsig= 

Nsig= 

Nsig= 

No signal observed 
Set most stringent limit of these decays 



Summary 
• Belle measured lepton universality using the data 

sample of the world largest luminosity 

 

• Tensions from the SM exist in the measurements of 
BD(*)tn and BK*ll 

 

• New search for the LFV decay BK*μe has been 

performed and set the most stringent limits 

 

• Still need more results to be conclusive 
o Still some more analyses on going at Belle 

o Significant improvement from BelleII in near future 
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BD(*)tn Systematic Errors 
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Hadronic Tag  

Semileptonic Tag  

Hadronic Tag, hadronic tau decay 



R(D) and R(D*) Measurements 
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BK*ll Differential Decay Rate 



BK*ll Results and Syst. Errors. 
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BK*μe Upper Limits 
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