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The legacy of the B-factories  
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B-factories are also 𝜏−factories 



Results of LFV decays of τ at B factories  
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Due to limited time, I will only give highlights on some topics which 

will be studied at Belle II. Apologize if I neglect your favorite topics. 
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Need O(100x) more data Next generation B-factories 

40 times higher 
luminosity 

8 x1035 

KEKB 

SuperKEKB 

PEP-II 
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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 



https://www.nature.com/articles/d41586-018-00162-x 

The world is waiting for us 
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Transitions to Operations 

Photo credit: M. Friedl 
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・・
・ 

2016 

JFY2016 

2017 2018 2019 

JFY2017 JFY2018 JFY2019 Japan FY 

Calendar year 

Summer shutdown 
(power saving) 

Summer shutdown 
(power saving) 

phase 1 phase 2 (MR) phase 3 

MR renovation for phase 2, including 
installation of QCS and Belle II 

w/o QCS 
w/o Belle II 

w/ QCS 
w/ Belle II (no VXD) 

w/ full Belle II 

DR commissioning DR installation & startup 

MR startup VXD installation 
HER start 
LER start 

(end Feb. – mid Jul. 2018) 

Summer shutdown 
(power saving) 

Power saving 
after mid July 2018 

Assumes phase 3 operation 
9 months/year  

Oct. 2017 SuperKEKB/Belle II schedule 

• Phase I: commissioning of the main ring; installation of outer detectors; vacuum 

scrubbing and beam bkg. studies 

• Phase 2: start of the collisions, detector commissioning  without vertex detector; 

first physics runs on Y(4S) and Y(6S) (~20±20 fb-1) [now- July 2018] 

• Phase 3: full detector operation in the end of 2018   14 



Status of Belle II Physics Book 
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• Belle II physics book (>630 pages), to be printed by PTEP very soon 

       https://confluence.desy.de/display/BI/B2TiP+ReportStatus 

• The contents include Belle II detector, simulation, reconstruction. analysis software, 

B decays, CKM angles, charm, quarkonium(-like), τ, new physics, …. 

• Some golden channels are given with Belle II MC simulations, theoretical 

discussions, sensitivity and systematic estimates   

    

  

MC signal and background estimates for 𝜏 → 𝛾𝜇 

1 ab-1 



750 colleagues, 101 institutions, 23 countries/regions 

 Belle II Collaboration 
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Prospects of τ decays at Belle II  
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Precise studies of τ at B factories  
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Lepton-flavor-violating (LFV) decays of τ   
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τ LFV in NP beyond SM   
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Past searches for τ→ 𝛾𝜇 at Belle   

− 

Belle: PLB 666,16(2008) 

• 𝐵 𝜏− → 𝜇−𝛾 < 4.4 × 10−8        

• 𝐵 𝜏− → 𝑒−𝛾 < 3.3 × 10−8   

  best limits, BaBar: PRL 104,021802(2010)   

• 𝐵 𝜏− → 𝜇−𝛾 < 4.5 × 10−8        

• 𝐵 𝜏− → 𝑒−𝛾 < 12.0 × 10−8 @ 90%CL   
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τ→ 𝛾𝜇 at Belle II   
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τ→ 𝛾𝜇 sensitivity at Belle II   
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CPV in hadronic τ decays   
• CPV has never been observed in lepton decays 

• It is strongly suppressed in the SM (𝐴𝐶𝑃 ≤ 10−12) and observation of large 

CPV in lepton sector would be clear signal of NP, for example, minimum 

supersymmetric standard model [IHEP12,021;RMP80,577], multi-Higgs-

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

• τ lepton provides unique possibility 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 

• The decays τ→2𝜋𝜈 [PRD50,4544], 𝐾𝜋𝜈[PLB398,407], 3𝜋𝜈[PRD52,1614], 

K𝜋𝜋𝜈, 𝐾𝐾𝜋𝜈 [Z. Phys.G62,413; PRD78, 113008; PRD91, 073006]have 

been suggested to do CPV measurements. 

 
 

    

  

 
Two ways to measure CPV in hadronic τ decays: 

I: CPV in 𝝉− → 𝝅−𝑲𝒔 ≥ 𝟎𝝅𝟎 𝝂𝝉 at BaBar (PRD85, 031102(2012); 476 fb-1) 

  𝑨𝒄𝒑 =
𝚪 𝝉+→𝝅+𝑲𝒔 ≥𝟎𝝅𝟎 𝝂 𝝉 −𝚪 𝝉−→𝝅−𝑲𝒔 ≥𝟎𝝅𝟎 𝝂 𝝉

𝚪 𝝉+→𝝅+𝑲𝒔 ≥𝟎𝝅𝟎 𝝂 𝝉 +𝚪 𝝉−→𝝅−𝑲𝒔 ≥𝟎𝝅𝟎 𝝂 𝝉
=(-0.36±0.23±0.11)% 

 2.8σ deviation from the SM expectation: 𝑨𝑪𝑷(𝑺𝑴)=(+0.36±0.01)% 
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CPV in hadronic τ decays   

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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Prospects of charm decays at Belle II  
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Mixing and CP violation 
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Belle II vertex detector upgrade 
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Prospects of B decays at Belle II  
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R(K), R(K*), R(Xs) at Belle II 
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Search for NP in 𝐵+ → 𝜏+𝜈𝜏  
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• For details, please see Belle II physics book:  

       https://confluence.desy.de/display/BI/B2TiP+ReportStatus  47 



Summary 
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B-factories have provided unprecedented information on the flavor 

dynamics in SM: CPV in B/D decays, evidence in 𝐷𝐷  mixing, XYZ states, 

(semi-)leptonic B decays, … 

B-factory is also a τ-factory experiment. With ~1 billion τ+τ- sample, many 

precise measurements and most stringent upper limits in τ LFV/LNV/BNV 

are obtained. 

 Belle II will start full physics run in the end of 2018,  reach 50 ab-1 by 

2023-2024, which will provide greater sensitivity and complimentary 

approach to LHC in flavor physics area: CKM angles, CPV  in B and charm 

decays, NP searches at the loop level, … 

With ~50 billion τ+τ- events expected at Belle II, most searches and 

measurements in τ decays will be greatly improved. 

 Belle II physics book (to be published in PTEP):  

       https://confluence.desy.de/display/BI/B2TiP+ReportStatus  

 
 



Michel parameters 

49 



SVD ladder mount 

• Jan 2018: Mount of the +X half shell was 
successfully completed 



Beam Background Group 

• First Measurements of Beam 
Backgrounds at SuperKEKB,  
submitted to NIMA, 101 pages 

• Final experiment/simulation 
 
 
 

 
• Phase 2 dedicated beam 

background detectors installed 
– VXD Volume: FANGS,CLAWS,PLUME 
– VXD dock space: TPCs, He-3 tubes 
– On QCS: PIN diodes, scintillators 

• Next challenge: Phase 2 integration 
of DAQ and simulation 

Photo credit: Carlos Marinas 

		

LER	beam- gas :		2.8
-2.3

+3.4 		

LER	Touschek :			1.4
-1.1

+1.8 		

HER	beam- gas :108
-64

+180 	

HER	Touschek :		4.8
-2.8

+8.2 		

S. Vahsen, H. Nakayama et al 

https://drive.google.com/open?id=1BrKmgsA9hcNL0dTkLN97vsVjZQKpymJL
https://drive.google.com/open?id=1BrKmgsA9hcNL0dTkLN97vsVjZQKpymJL
https://drive.google.com/open?id=1BrKmgsA9hcNL0dTkLN97vsVjZQKpymJL
https://drive.google.com/open?id=1BrKmgsA9hcNL0dTkLN97vsVjZQKpymJL


Milestone: Completion of +X clam-shell of the SVD on Jan 18, 2018 

Phase III: 
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