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Motivation for ˍ ŘŜŎŀȅǎ 

 
ü/[C± ˍ ŘŜŎŀȅǎ         New physics 

ü/t± ˍ decays          New physics  
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Motivation for CLFV ̱  ŘŜŎŀȅǎ όLύ 
Å Charged Lepton flavor violating (CLFV) ̱  decays are suppressed in the 

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

Å Even with neutrino oscillations taken into account 
 
 

Å The BFs are unreachable in current experiments 
Å Possible observation of CLFV ̱  ŘŜŎŀȅǎ ǿƛƭƭ ōŜ ŀƴ ŜǾƛŘŜƴŎŜ ŦƻǊ bŜǿ 

Physics (NP)! 
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Motivation for CLFV ̱  ŘŜŎŀȅǎ όLLύ 
ÅMany CLFV ̱ ŘŜŎŀȅǎ ŀǊŜ ǊŜƭŀǘŜŘ ǘƻ bt ƳƻŘŜƭǎ 

 

 

 

 

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

 

 

 

 

 

 

 

ÅMany of the BFs are large than O(ρπ ), which is in the reach of 
Belle II experiment. 
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Motivation for CLFV ̱  ŘŜŎŀȅǎ όLLLύ 
Å The ratios of the BFs of different CLFV ̱  ŘŜŎŀȅǎ ƎƛǾŜƴ ōȅ ŘƛŦŦŜǊŜƴǘ 

NP models varies 

 

 

 

 

 

 

 

 

 

 

Å The more CLFV ̱  ŘŜŎŀȅǎ ŀǊŜ ƛƴǾŜǎǘƛƎŀǘŜŘΣ ǘƘŜ better these NP 
models are examined 

Å 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 ̱  decays 
ü CP violation (CPV) has never been observed in lepton decays 

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

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

Åminimum supersymmetric standard model [IHEP12,021;RMP80,577]  

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

üˍ ƭŜǇǘƻƴ ǇǊƻǾƛŘŜǎ ŀ ǳƴƛǉǳŜ ƻǇǇƻǊǘǳƴƛǘȅ ǘƻ ǎŜŀǊŎƘ ŦƻǊ /t± ŜŦŦŜŎǘǎΣ ŀǎ ƛǘ 
is the only lepton decaying to hadrons, so that the associated strong 
phases allow us to visualize CPV in hadronic  ̱  ŘŜŎŀȅǎ 

ü Decays have been suggested to measure CPV: 

Å Ҧ̱н“’ [PRD50,4544] 

Åὑ“’[PLB398,407] 

Å 3“’[PRD52,1614] 

Å K““’, ὑὑ“’ [Z. Phys. G62,413; PRD78, 113008; PRD91, 073006] 
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Belle II at SuperKEKB 
 

ü. ŦŀŎǘƻǊƛŜǎ ŀǊŜ ŀƭǎƻ ˍ factories 

üSuperKEKB and Belle II 

üBelle II early data 
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. ŦŀŎǘƻǊƛŜǎ ŀǊŜ ŀƭǎƻ ˍ ŦŀŎǘƻǊƛŜǎΗ 
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ˍ ǇŀƛǊǎ ŀƴŘ . ǇŀƛǊǎ ŀǊŜ ǇǊƻŘǳŎŜŘ 
in the same order of magnitude! 
 
                                        at Belle  



SuperKEKB (I) 

ÅSuper B factory 

  ό{ǳǇŜǊ ˍ ŦŀŎǘƻǊȅ ǘƻƻΗύ 

 

 

 

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

 

 

 

 

 

 

 

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

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

Å Better K/́  separation and flavor tagging 

Å Higher Ks, ́ 0  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 

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

ÅTotal integrated luminosity: 500 ἸἪ  
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A tipical ̱  pair candidate 
όˍҦоˉ˄ϧϧˍҦ˃˄˄) 
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ˍ Ҧ оˉ˄ ƛƴ .ŜƭƭŜ LL ŜŀǊƭȅ Řŀǘŀ 
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Å Data agrees well with MC after event selection 
Å Performance of subsystems is good enough as expected 



ˍ Ƴŀǎǎ ƛƴ .ŜƭƭŜ LL ŜŀǊƭȅ Řŀǘŀ 
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CLFV ̱  decays at Belle II  
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Analysis strategy 
ÅKey to searching for rare decays:  

     Understand backgrounds and reduce them as much as possible 

ÅSearch for various decay modes: 

 

 

 

 

 

 

 

ÅAnalyze the modes from simple ones to hard ones 

ÅProvide feedback to next analyses of similar final states 
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Analysis procedure 
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