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• Determination  of  CKM
(For example: |Vcb| in 𝐵→𝐷𝑙ν ) 

• Examination of SM
(Testing the lepton flavor universality)

(QCDSR,LCSR,LFQM,NRQCD etc.)

• Hints of new physics
(2HDM, Leptoquark mode etc.)

Motivation

B(s) meson semileptonic decay



𝑅(𝐷(∗)) Anomaly

1. The theoretical uncertainties of each branching 

ratio are large. 

2. It mainly comes from the Form Factors and Vcb.

3. The theoretical uncertainties in R(D
(*)

) are 

significantly reduced.

l=e,μ

𝑅 𝐷 = 𝐵𝑟 𝐵0 →𝐷+𝜏ν +𝐵𝑟 𝐵+ →𝐷0𝜏ν
𝐵𝑟 𝐵0 →𝐷+𝑙ν +𝐵𝑟(𝐵+ →𝐷0𝑙ν)

𝑅(𝐷∗) = 𝐵𝑟 𝐵
0
→𝐷+

∗𝜏𝜈 +𝐵𝑟(𝐵+→𝐷0
∗𝜏𝜈)

𝐵𝑟 𝐵
0
→𝐷+

∗𝑙𝜈 +𝐵𝑟 𝐵+→𝐷0
∗𝑙𝜈



𝑅(𝐷(∗)) Anomaly



𝑅(𝐷(∗)) Anomaly

Recent experiment results:

𝑅 𝐷 =
0.440±0.058±0.042
0.307±0.037±0.016
0.340±0.027±0.013

𝑅(𝐷∗) =
0.280±0.018±0.029
0.283±0.018±0.014
0.295±0.011±0.008

Babar  PRD 88, 072012 (2013) 

Belle    arXiv:1904.08794 

HFAG   EPJC 77, 895 (2017)

LHCb PRD 97, 072013 (2018)

Belle    arXiv:1904.08794 

HFAG   EPJC 77, 895 (2017)



𝑅(𝐷(∗)) Anomaly



Framework

Quark level

LO diagrams

𝐵(𝑠) → 𝐷(𝑠), 𝐷
∗
(𝑠) 𝑙ν 𝑙 = 𝑒 , μ , τ



Effective  Hamiltonian

Effective  Diagrams

Framework



Definition of Form Factors:

Form Factors

For pseudo-scalar meson 𝐷(𝑠)

For vector meson 𝐷∗
(𝑠)



For 𝐵(𝑠) → 𝐷∗
(𝑠)𝑙 ν

For  𝐵(𝑠) → 𝐷(𝑠)𝑙 ν

Branching Ratio

q = p1 − p2 is the lepton-pair momentum.



Branching Ratio
Longitude part:

Transverse part:

Total differential decay widths:



ContentsContents

Transition matrix elements: 

=> < 𝐷(𝑢,𝑑,𝑠)
(∗)

𝐽(𝐴/𝑉) 𝐵(𝑢,𝑑,𝑠) >

In PQCD factorization approach:

𝐴~න𝑑𝑥1𝑑𝑥2𝑏1𝑑𝑏1𝑏2𝑑𝑏2

× 𝑇𝑟[Φ𝐵 𝑥1, 𝑏1 Φ𝐷 𝑥2, 𝑏2 𝐻𝑖 𝑡𝑖 ]

𝐻𝑖 𝑡𝑖 = ℎ𝑖 𝑥1, 𝑥2, 𝑏1, 𝑏2 ∙ 𝛼𝑠 𝑡𝑖 ∙ exp[−𝑆𝑎𝑏(𝑡𝑖)]



Contents

Explicit expressions of relevant form factors in 

PQCD factorization approach.





Contents

1. PQCD predictions for the considered form factors 

are much more reliable at low q2 region

2. The calculations of  the form factors become  rather 

difficult at high q2 region, one has to make an 

extrapolation

3. The traditional method is calculate the form factors 

by PQCD at low q2 region, then make extrapolation 

by using the pole model:



Lattice QCD

1.The lattice QCD has its own advantage to obtain the 

relevant form factors at large q2 region.

2.At zero recoil ( q2 = q2
max ) region, the lattice QCD 

predictions are much reliable.

3.Use the lattice QCD results at the endpoint as the 

additional inputs in the fitting process.

4. Compare the difference between the two methods:

the traditional PQCD approach  and  the “PQCD+Lattice

QCD” approach.



Lattice QCD

HPQCD  PRD 97, 054502 (2018)     M. Atoui et al,  EPJC 74, 2861 (2014)

Transformation relation: 

Lattice inputs: 



Fitting

For  𝐵(𝑠) → 𝐷(𝑠)𝑙 ν

Lattice inputs at the endpoint



Fitting

For  𝐵(𝑠) → 𝐷∗
(𝑠)𝑙 ν

Lattice inputs at the endpoint



Fitting

For  𝐵(𝑠) → 𝐷∗
(𝑠)𝑙 ν

Lattice inputs at the endpoint



Results

For 𝐵 → 𝐷(∗)𝑙 𝜈 :



Results

The theoretical uncertainties can be significantly reduced in 

the predictions for the ratio of branching ratios .

𝑅 𝐷 = 𝐵𝑟 𝐵0 →𝐷+𝜏ν +𝐵𝑟 𝐵+ →𝐷0𝜏ν
𝐵𝑟 𝐵0 →𝐷+𝑙ν +𝐵𝑟(𝐵+ →𝐷0𝑙ν)

𝑅(𝐷∗) = 𝐵𝑟 𝐵
0
→𝐷+

∗𝜏𝜈 +𝐵𝑟(𝐵+→𝐷0
∗𝜏𝜈)

𝐵𝑟 𝐵
0
→𝐷+

∗𝑙𝜈 +𝐵𝑟 𝐵+→𝐷0
∗𝑙𝜈



Results

For 𝐵𝑠 → 𝐷𝑠
(∗)
𝑙 𝜈 :



Results

Our predictions are slightly larger than other theories 

but still agree with them considering the errors.

𝑅 𝐷𝑠 = 𝐵𝑟 𝐵𝑠 →𝐷𝑠𝜏ν
𝐵𝑟 𝐵𝑠 →𝐷𝑠𝑙ν

𝑅(𝐷𝑠
∗) = 𝐵𝑟 𝐵

𝑠
→𝐷𝑠

∗𝜏𝜈
𝐵𝑟 𝐵

𝑠
→𝐷𝑠

∗𝑙𝜈



Additional physical observables  

Besides the decay rates and the ratios R(D
(*)

), the 

longitudinal polarization of the τ lepton P (τ) , the fraction 

of D* longitudinal polarization FL(D*) and the forward-

backward asymmetry of the tau lepton AFB(τ) are also the 

additional physical observables which are very important 

because of their sensitivity to some kinds of new physics.

The first measurement of P (τ)  and FL(D*) have been 

reported very recently by Belle Collaboration

Phys. Rev. D 97, 012004 (2018)

arXiv:1903. 03102



Results

Our predictions for P (τ), FL(D*) and AFB(τ) via 

both the traditional PQCD approach and the  

“PQCD+Lattice” approach 

Consistent with the experiment results considering the errors.



Summary

1. The PQCD predictions for the branching ratios Brs and 

the ratios of Brs R(X) both become smaller by a degree of 

(5−15)% when the Lattice QCD results are taken into 

account in the extrapolation of the relevant form factors. 

2. The theoretical predictions for P(τ), FL(D∗) and AFB(τ) are 

consistent with each other in both traditional PQCD 

approach and the “PQCD+Lattice” approach.

3. Both the traditional PQCD approach and 

the“PQCD+Lattice” approach support the SU(3) flavor 

symmetry in the semi-leptonic 𝐵(𝑠) → 𝐷∗
(𝑠)𝑙 ν decays, while 

the breaking of SU(3) flavor symmetry is less than 10% due 

to the mass effect.



Summary

4. Our results for the branching ratios Brs and the ratios of 

Brs R(X) generally agree well with previous experiment 

results. Our predictions for the additional physical 

observables P(τ), FL(D∗) and AFB(τ) are consistent with other 

theories in SM but a little deviation from the central values 

measured in the recent experiments. However, it is still 

acceptable since the large errors both in theory and 

experiment.

5. We are look forward to that those physical observables 

could be measured in high precision at the future LHCb and 

Belle experiments and it can help us to test the theoretical 

models or approaches.



Thank  you 


