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Motivation for τ decays 

 
CLFV τ decays         New physics 

CPV τ decays          New physics  
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Motivation for CLFV τ decays (I) 
• Charged Lepton flavor violating (CLFV) τ decays are suppressed in the 

Standard Model (SM), and their branching fractions (BFs) are tiny 
 
 
 
 
 
 
 
 
 

• Even with neutrino oscillations taken into account 
 
 

• The BFs are unreachable in current experiments 
• Possible observation of CLFV τ decays will be an evidence for New 

Physics (NP)! 
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Motivation for CLFV τ decays (II) 
• Many CLFV τ decays are related to NP models 

 

 

 

 

• Their Branch Fractions (BFs) are predicted by many NP models 

 

 

 

 

 

 

 

• Many of the BFs are large than O(10−10), which is in the reach of 
Belle II experiment. 

 5 



Motivation for CLFV τ decays (III) 
• The ratios of the BFs of different CLFV τ decays given by different 

NP models varies 

 

 

 

 

 

 

 

 

 

 

• The more CLFV τ decays are investigated, the better these NP 
models are examined 

• Almost all decay modes were studied using Belle data, no significant 
signals are observed, and more studies with big data samples from 
Belle II are urgently expected. 6 



Motivation for CPV τ decays 
 CP violation (CPV) has never been observed in lepton decays 

 It is strongly suppressed in the SM (                        ), and possible 
observation of large CPV in lepton sector will be evidence of NP 

 Many NP models predicts large CPV in lepton sector, for example: 

• minimum supersymmetric standard model [IHEP12,021;RMP80,577]  

• multi-Higgs-doublet-models [PRL37,657;NPB426,355] 

 τ lepton provides a unique opportunity to search for CPV effects, as it 
is the only lepton decaying to hadrons, so that the associated strong 
phases allow us to visualize CPV in hadronic  τ decays 

 Decays have been suggested to measure CPV: 

• τ→2𝜋𝜈 [PRD50,4544] 

• 𝐾𝜋𝜈[PLB398,407] 

• 3𝜋𝜈[PRD52,1614] 

• K𝜋𝜋𝜈, 𝐾𝐾𝜋𝜈 [Z. Phys. G62,413; PRD78, 113008; PRD91, 073006] 
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Belle II at SuperKEKB 
 

B factories are also τ factories 

SuperKEKB and Belle II 

Belle II early data 
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B factories are also τ factories! 
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τ pairs and B pairs are produced 
in the same order of magnitude! 
 
                                        at Belle  



SuperKEKB (I) 

• Super B factory 

  (Super τ factory too!) 

 

 

 

• Integrated luminosity 
expected: 50 ab-1 (x50 of 
that of previous B factories) 
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SuperKEKB (II) 

 

 

 

 

 

 

 

 
• Higher background (Radiative Bhabha, Touschek, beamgas scattering, etc.) 

• Higher trigger rates (High performance DAQ, computing) 
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Belle II detector 
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• Improved IP and secondary vertex resolution    

• Better K/π separation and flavor tagging 

• Higher Ks, π0  and slow pion reconstruction efficiency 

All sub-detectors are 
upgraded from Belle, 
expect for  ECL crystals and 
a part of Barrel KLM 



~900 colleagues, 108 institutions, 25 countries/regions 

 Belle II Collaboration 
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Belle II Schedule 
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Phase I: commissioning of the 

main ring; installation of outer 

detectors; vacuum scrubbing 

and beam background Studies 

 

Phase II: start of the collisions, 

detector commissioning  

without vertex detector; physics 

runs on Y(4S)  [April 2018 - 

July 2018] 

 

Phase III: full detector operation 

at the beginning  of 2019  



First collisions on Phase II 

• Phase II: from 26/04/2018 to 18/07/2018 

• Total integrated luminosity: 500 𝐩𝐛−𝟏 
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A tipical τ pair candidate 
(τ→3πν&&τ→μνν) 
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τ → 3πν in Belle II early data 
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• Data agrees well with MC after event selection 
• Performance of subsystems is good enough as expected 



τ mass in Belle II early data 
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CLFV τ decays at Belle II  
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Analysis strategy 
• Key to searching for rare decays:  

     Understand backgrounds and reduce them as much as possible 

• Search for various decay modes: 

 

 

 

 

 

 

 

• Analyze the modes from simple ones to hard ones 

• Provide feedback to next analyses of similar final states 
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Analysis procedure 
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Past searches for τ→lν at B factories 
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τ→ γμ sensitivity at Belle II 
• Sensitivity using Belle II MC samples with background simulation 
• Main backgrounds                                         

 
 
 

• Backgound rejected by event shape variables, such asThurst, Fox Wolfram 
moments and so on. 

 
 
 
 
 
 
 

• Even with much higher backgrounds, the sensitivity is compared with Belle 
(Scaled by luminosity) 

• Signal region is almost background free 
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Upper limits of CLFV τ decays at Belle II 
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• Current estimation with Belle II final statistics : ~𝟏𝟎−𝟐 lower 
• Many decay modes predicted by NP models are reachable at Belle II 

• 48 different decays were studied at B factories, no significant signals are observed. 
• Belle achieves the Best results, the upper limits are between O(𝟏𝟎−𝟕) and O(𝟏𝟎−𝟖)  



 

 

CPV τ decays at Belle II 
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𝜂𝑠 is the dimensionless complex coupling constant 

    

  

With 50 ab-1 data at Belle II,  

we expect 70 times  

improvement, i.e.,  

𝐴𝐶𝑃 < 0.5 − 3.8 × 10−4, 

at 90% C.L. assuming  the  

central value 𝐴𝐶𝑃 = 0 

II: CPV in 𝝉− → 𝝅−𝑲𝒔𝝂𝝉 at Belle (PRL107, 131801(2011); 699 fb-1) 
Angular distributions were analyzed, 𝑨𝑪𝑷 𝑾 = 𝑴𝑲𝒔𝝅  was measured 
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Summary 

• CLFV τ decays are extremely good laboratory to search for NP, 
and hadronic τ decays are important to test CPV 

• Studies with τ pairs to search for NP are carried out at B 
factories. No significant result has been obtained yet 

• Belle II experiment at SuperKEKB factory starts data taking in 
2018 and will start full operation in early 2019 

• Many of LFV τ decays are reachable at Belle II,  Improve upper 
limits of their branching fractions by O(10−2) 

• Hadronic decays of τ lepton is also interesting for NP, to be 
improved in Belle II 

• For more details (including other aspects of τ physics), please 
refere to “The Belle II Physics Book” arXiv:1808.10567 

 

 28 



Need O(100x) more data Next generation B-factories 

40 times higher 
luminosity 

8 x1035 

KEKB 

SuperKEKB 

PEP-II 
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