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Introduction

Theoretical tool: relativistic quark model

Helicity formalism and physical observables
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Introduction

Extraction of CKM matrix element
compared to pure hadronic decay, clean
compared to pure leptonic decay, larger Br

Form factor is crucial, related to understanding of QCD

quark model, dispersion relation, sum rule, PQCD

Experimental side, huge data sample

Belle, LHCb, BES, STCF

𝐵 → 𝑒 𝜈𝑒 helicity suppression
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Experimental status
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Form factor: general Lorentz structure

Parity conservation
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• all the dynamic information is contained in the form
factor. Calculation of form factor is a central task of
theorists.

• No full description in QCD theory: various models,
typically a limited range of applicability, and a
combination of them give a better picture of
underline physics
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Calculated in a typically limited range, extrapolate to further
assuming an asymptotic behavior:

Heavy meson ChPT, large ꢎ2 region, due to soft pion ;
QCD light cone sum rule for small ꢎ2 region for B->π

But there exits models that enable predicting the form factor 
in the whole kinematic region: relativistic quark model (RQM)
introduced below.
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Relativistic Quark Model (RQM)

developed by Ebet, Faustov, Galkin, e.g., refers to
1705.07741, my recent collaborator

1. Based on quasipotential approach, 4 dimension reduced to 3 dimension
2. Wave function is solvable, not just assume a Gaussian type function 8



Relativistic effects: (1) negative-energy part of the propagator



Relativistic effects: (2) wave functions boosted



Expression for form factor: overlap between initial
and final state wave functions

ꢔ ,ꢔ mass of initial and final mesonꢕ ꢖ

in the rest frame of mother particle

As it should be, the form factor depends only on q2 11



Features of RQM

1. form factor are calculated in the framework of quarsipotential
approach

2. systematic account of the relativistic effects including
transformation of the meson wave function from the rest to moving
reference frame and contributions of the intermediate negative-
energy states.

3. meson wave functions are taken from previous studies of meson
spectroscopy. Parameters have been fixed.

4. calculated in the whole range of the transferred momentum q2
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A full calculation without the heavy quark approximation.
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double-pole form: 



Comparison between CLFQM and RQM: work in the same 
way for heavy to heavy transition, but differ for heavy to light 
transition, which should be due to the different treatment of 
relativistic effects.
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Helicity formalism

• To conveniently express observables, otherwise
may be cumbersome.

• Conveniently work in the partial-wave basis

• The polarization observables are clearly
identified.

• Often used in the experimental analysis (partial
wave analysis)
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Virtual W boson has 4 polarization components

Calculations of hadronic current and leptonic current are
performed in their respective frames!
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Observables
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Differential decay rates
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Confirmed by the recent measurements by BESIII, refers to PRL 
123 (2019) 231801, 1907.11370
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Polarized differential decay rate

Longitudinal polarization of lepton

Longitudinal polarization of vector meson
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Polarization observables are very sensitive to different New
Physics models.

Branching ratio is not the whole landscape, and we need
more observables both in theory and experiment
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Forward-backward asymmetry

26



Longitudinal polarization
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Consistency between theories, 
but may be lower than exp by 
1-3 𝜎
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From heavy flavor averaging group. The SM  uncertainty is
currently subject to debate that HFLAV is following without
taking a stance in this.
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