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Role of B physics 

In Belle and BaBar era 

• Confirmation of CKM model in the SM 

Consistency confirmed at 5% level 

 

• Still room for New Physics (NP) 
– Need additional CP violation phase to 

explain matter-dominated universe 

– LHC may find new particles beyond SM at 
TeV scale 

 

• Next target: Search for NP and 
determine the NP model 

 



• BB pair produced by 4 GeV e+ + 7GeV e- 

• No additional particles to the BB pair 

• Higher sensitivity for B decays with neutrals and 
missing energy  
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LHC 

Recorded 2.1 fb-1(2012) + 1.1 fb-1 (2011) 
                       26 x 1010 bb 

LHCb Detector 

Complementary B physics Experiments: 
Belle II and LHCb 

 

• b physics experiment at LHC 
• Huge bb production rate, many kinds of B 

hadrons 
• Higher sensitivity for B decays with 

charged particles 

 

LHC 

LHCb Detector 

SuperKEKB 

Belle II detector 
Target: L = 8x1035/cm2/s 



Goal of the Project 
• Maximize the B physics sensitivities to NP 

• Key method: Global Fit including NP effects 

– Search for a hint of New Physics combining experimental 
and theoretical inputs 

– NP model determination if it is found 

• Need detailed study of  
– Theoretical uncertainties: not only SM but also NP model calculation 

– Experimental uncertainties in the analyses at different experiments 
(Belle and LHCb) 

– Observables that sensitive to NP in terms of both theory and 
experiment 

 

 

 

Establish a collaboration between experiments and theorists  
Establish the bench mark models 
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 Establish collaboration of Belle II and 
LHCb experiments, and theorists  



Current Activities of Project Members 

• 1st Meeting have been held on May 21 
– Exchanged information of on-going projects at Japan and 

France 

 
On-going Japan group projects 
• NP(New Physics)-Japan and JLQCD 
 
On-going France group projects 
• Experimental and theoretical analysis of BK*m+m-

/K*e+e-/K1g 
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NP(New Physics)-Japan  
Member 

• 13 Experimentalists (Belle)  

     R. Itoh, K. Hara, T. Higuchi et al. 

• 9 Theorists 

     S. Hashimoto,  T. Goto, et al. 

 

Original Target: Develop strategy to search for New Physics 
using Belle II 

• Search for a hint of new physics by the Global Fit  

• Search for the physical observables which is sensitive to 
the new physics 

• NP model determination 

• Combine theoretical and experimental studies 

 

 



• Developing global Fitter including NP effects (R. Itoh et al.) 

– Example: simultaneous fit of Btn and BD(*)tn for the 
charged Higgs effect of 2HDM TypeII 
• Using Br. Measurements of Belle and BaBar 

Global Fitter including NP 

Btn (WA) 

BD(*)tn 

BD(*)tn 

2HDM Type II is rejected 

at more than 99.99% CL in 

the shown range  

by Btn + BD(*)tn  



BD(*)tn MC Event Generator 
including New Physics Effects 

• For the NP sensitivity study with the full detector simulation 
– Ratio of Br. to BD(*)ln 

– Experimental sensitivity of other observables: q2, polarization of t, D* 
– NP model dependence (not only 2HDM Type II) 
– Any other physical observables sensitive to NP? 

 

• K. Hara collaborating with theorists (M. Tanaka (Osaka) et al.)  
 

• BD(*)tn MC Event Generator including New Physics effect is 
under development 
– Model independent approach based on [M. Tanaka and R. Watanabe 

PRD87, 034028 (2013)] 
 
 



Parameterization using Wilson Coefficients:  

Example: expansion of MSSM to Effective Theory 

(T.Goto, KEK) 

Discussing a way to determine  

Wilson coefficients by Global Fit 

Wilson Coefficient 

Effective operators (Dimension > 4) 



Lattice QCD studies for B physics 

• Lattice QCD calculation 
– provides ab-initio calculation of Quantum Chromodynamics (QCD) 

– an integral part of the B physics : form factors, etc. 

• JLQCD collaboration (spokesperson: S. Hashimoto) 
– O(10-20) members Japanese universities 

– machine: Hitachi SR16000,  IBM Blue Gene/Q (KEK) 

– new series of simulations with fine lattices, new formulation for heavy 
quark 

– Now generating data, expecting another year for generation; physics 
calculations will follow. 

– Need close communication with phenomenologists and experimenters. 

 

 ⊗ QCD correction = Exp 
Standard Model 
or New Physics 
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Global Picture of the Project 
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Key point: Global fit to search for the new physics  
Close communication between Japan and France groups is important: 
between experiments Belle II and LHCb, theorists, theory and experiment 



Conclusion 
• Global Fit is one of the key methods of new physics search 

– Search hint of new physics combining inputs 
– Determination of the NP if it is found 

 
• Detailed both experimental and theoretical studies are 

important  
– NP model calculation 
– Theoretical and experimental uncertainties 
– Selection of observables that are sensitive to NP 

 
By this TYL project, we would like to establish a collaboration 

of Belle II and LHCb experimentalists and theorists for these 
studies. 

 Establish the benchmark models 
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cpmplementary measurements at 
LHCb and Belle II 
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