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Lepton Flavor Universality

• Leptons of different generations have same couplings in the SM

3Simone Bifani et al 2019 J. Phys. G: Nucl. Part. Phys. 46 023001



R(D(*)) and R(K(*))

• B → D(*)lν (b → clν):

Difference between third generation and the first two generations

Deviation from the SM:  3 ~ 4σ

• B → K(*)l+l
_

(b → sl+l
_
): 

Difference between first and second generation

Deviation from the SM:            R(K)     2.6σ

R(K*)    2.1 ~ 2.5σ
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关于轻子普适性

HFLAV



R(D(*))  Experimental Status

• The combined results of R(D(*)) indicate about 3σ deviation from the 
SM predictions

R(D)=0.340±0.027±0.013

R(D*)=0.295±0.011±0.008

• LHCb reported                                     = 0.71±0.17±0.18, which

deviate 2σ away from the SM prediction
https://hflav-eos.web.cern.ch/hflav-eos/semi/spring19/main.shtml
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Motivation

• R(D(*))  anomaly may imply New physics Effect.

• Study of form factors allow us to give more reliable predictions for 
R(D(*)) .

• In light of recent data of R(D(*)) and the updated form factors, the 
analyses of New physics can be performed.
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Form Factors

Hadronic matrix element:

In SM:

Where k =

C.G. Boyd, B. Grinstein and R.F. Lebed, Precision corrections to dispersive bounds on form-factors, Phys. Rev. D 56 (1997) 6895
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Calculation of Form Factors

• Small recoil(Near Max point of q2): 

Lattice QCD

• Large recoil(Near q2 =0):

Light Cone Sum Rule, Perturbative QCD…

• Extrapolation of Form factors: 

Pole model  z expansion

Specific Parameterization:

Boyd-Grinstein-Lebed (BGL)

Bourrelly-Caprini-Lellouch (BCL)

Heavy quark effective theory

Specific Parameterization:

Caprini-Lellouch-Neubert (CLN)
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where ,

Corrections

Form Factors in Heavy Quark Effective Theory

I. Caprini, L. Lellouch and M. Neubert, Dispersive bounds on the shape of B → D(*) lepton anti-neutrino form-factors, Nucl. Phys. B 530 (1998) 153
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• Lattice QCD results

• Light-cone sum rule results

• Masses of Bc given by experiment, Lattice QCD and model calculation

Fit of  the Heavy Quark Effective Theory Parameters
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• Results :

R(D)=0.289±0.005                             R(D*)=0.237±0.008

Fit of  the Heavy Quark Effective Theory Parameters



Analysis of New Physics

• Model independent

• Detailed models:
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Data and χ2 Fit

Experimental data used in the fits
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Effective Hamiltonian with New Physics

• Weak effective Hamiltonian:

• The four-fermion operator allowed in b→cτν transition:
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2σ Constraints on the NP Wilson Coefficients
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2σ Constraints on the NP Wilson Coefficients
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2σ Constraints on the NP Wilson Coefficients
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• S1 , S2 and (S1 , S2) are excluded

• Those models which only generate scalar operators are excluded

Exclusion
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Predictions for the Observables
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Predictions for the Observables
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Leptoquark

• Lagrangian:

21



2σ Constraints on the Leptoquark Couplings
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Predictions for the Observables with LQ Model
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Disfavoured



Summary and Conclusions

• Fit the parameters in the HQET parametrization including the

corrections and part of           correlations

• Our calculations of R(D(*)) in SM are smaller than the predictions of 
HFLAV and have ~4σ deviation from the experiments

• The NP models that generate only scalar operators are ruled out, such 
as the charged Higgs models

• The R2 Leptoquark model is disfavored to explain the R(D(*)) 
anomalies

• Our calculations of R(D(*)) in new physics scenario can well explain 
the experiments
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Thank you!


