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Heavy quarkonium family

Introduction
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Charmonium family Bottomonium family

PDG 2016



Bc meson family
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Heavy quarkonium and Bc meson properties

（see the talk by Prof.  Chao-His Chang）

Introduction
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1)  It is composed of two heavy flavors 

2)  The  quark relative velocity  is small

3)  Multi-scale system



Theoretical studies for Bc into charmonium

Introduction
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Color-singlet model

Perturbative QCD (PQCD)    

QCD  sum  rules

Light-cone sum rules

Relativistic quark model

Light front quark model

Nonrelativistic QCD (NRQCD)

… 



Nonrelativistic QCD (NRQCD) 

Introduction
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The first evidence for Bc decays into P-wave 

charmonium

Bc decays into P-wave charmonium
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LHCb, PRD94,

091102(2016).



Form factors of  Bc decays into P-wave 

charmonium

Bc decays into P-wave charmonium
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LO results for the form factors

Bc decays into P-wave charmonium
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Relativistic corrections  to the form factors

Bc decays into P-wave charmonium
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… 

Supposed: 



Heavy bottom quark limit

Bc decays into P-wave charmonium
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… 

Supposed: 



Phenomenological discussions

Bc decays into P-wave charmonium
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The measurements for Bc decays into  J/psi

Bc exclusive two-body and semileptonic decays into 

S-wave charmonium
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LHCb，PRD90,032009(2014)



The properties for Bc decays into  J/psi

Bc exclusive two-body and semileptonic decays into 

S-wave charmonium
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 The exclusive two-body decays

include the factorizable and 

nonfactorizable diagrams

 The  semileptonic decays depend

on the form factors.  



The properties for Bc decays into  J/psi

Bc exclusive two-body and semileptonic decays into 

S-wave charmonium
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 The exclusive two-body decays

include the factorizable and 

nonfactorizable diagrams

 The  semileptonic decays depend

on the form factors.  



NLO corrections indicated form factors diagrams 

dominate the contributions in two-body decays.

Bc exclusive two-body and semileptonic decays into 

S-wave charmonium
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 NLO QCD corrections 

 The  relativistic corrections  

… 

… 



The semileptonic decays depend on the form 

factors curves.

Bc exclusive two-body and semileptonic decays into 

S-wave charmonium
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 Pole models

based on pole models, NRQCD prediction gives 

which is consistent with the data 

 Lattice calculation  

A. Lytle, 16th ICBP, France 



The data challenging the lepton universality in 

B/Bc decays.   （see the talk by Guy Wormser)

Bc exclusive two-body and semileptonic decays into 

S-wave charmonium
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 RD 2.3  sigma /  3.4 sigma

 RJ/psi over 2 sigma 

A. K.  Alok et al., arXiv:1710.04127 

LHCb-PAPER-2017-035.

The standard model predictions from NRQCD, PQCD, RQM, LFQM,

QCD SR  lie in  the range (0.2-0.3).



The model independent investigation of  RJ/psi

Bc exclusive two-body and semileptonic decays into 

S-wave charmonium
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 Model independent determination of  form factors  (Unitary constraints)

It still can not explain the data.

Distinguishing the SM and BSM contributions precisely is important!



Summary

Some decay channels of Bc into P-wave charmonium

have large branching ratios, which can be tested in LHCb

experiment. 

The uncertainties of form factors  are reduced. The 

branching ratios except the RJ/psi can be understand.

More precise calculation and model-independent 

determination are needed to understand the  anomalies.
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