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Meson problem

 Meson is 2-body bound-state system of strong interaction.

𝑞′ ത𝑞

 Non-perturbative methods

 Lattice QCD

 Functional Renormalization Group (FRG)

 Dyson-Schwinger Equation (DSE) Method

 Bethe-Salpeter equation (BSE) can be used for 2-body bound-state problem.
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C. D. Roberts, A. G. Williams, Prog. Part. Nucl. Phys. 33, 477 (1994) 

P. Maris, C. D. Roberts, P. C. Tandy, Phys. Lett. B. 420, 267 (1998) 
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Heavy-Light meson

9

Muyang Chen and Lei Chang, arXiv: 1903.07808.

In this work

We propose a modified kernel and study the heavy-light meson with the
Rainbow truncation and QC model.

 Lots of efforts have been devoted to this topic.

 Heavy-light meson has been explored with Rainbow-Ladder 

truncation and QC model

 Light-light parameters, underestimate

 Heavy-heavy parameters, overestimate 

M. G ƴomez-Rocha, et al., Phys. Rev. D 92, 054030 (2015)

M. A. Bedolla, et al., EPJ Web Conf. 192 00039 (2018)

D. Binosi, et al., Phys. Lett. B 790, 257 (2019)
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 Decomposing with Lorentz structures

 Renormalization condition

Gluon ModelTruncation Scheme

𝑻 = 𝟎, μ = 𝟎Dyson-Schwinger Equation
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P. Maris, P. C. Tandy, Phys. Rev. C 60,055214 (1999)
S. X. Qin, L. Chang, Y. X. Liu, C. D. Roberts and D. J. Wilson, Phys. Rev. C 84, 042202 (2011)

Gluon Model

 Infrared Part：Model  Ultra-violet Part: pert.

 Maris-Tandy Model

 Qin-Chang Model

𝜍3 ≔ 𝐷𝜔
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J. Ball, T. W. Chiu, Phys. Rev. D 22, 2542 (1980)
S. X. Qin, L.Chang, Y. X. Liu, C. D. Roberts, Phys. Rev. Lett 106, 172301 (2011)

L.Chang, Y. X. Liu, C. D. Roberts, Phys. Rev. Lett 106, 072001 (2011)

Truncation Scheme

 Bare vertex “Ranbow”

 BC vertex 

 CLR vertex
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Bethe-Salpeter Equation (BSE) 

AV-WTI  (2 flavor)

 Truncation Scheme “Ladder”

Homogenous

 Symmetry analysis
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“Beyond Ladder”

Beyond Rainbow-Ladder

 Inspired from the AV-WTI, we propose a modified kernel: 

“Rainbow”

Infrared behavior Ultraviolet behavior

Details in Appendix A
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Solve the DSE on Complex Plane

2 2P M Momentum partition

Meson rest frame
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Maximum vertex “Rainbow”

“Rainbow Ladder”

an unphysical singularity structure

Two quarks are required to avoid the singularity.

Best alpha

 Choice of the momentum partition

Corresponding vertex 

Δ1
𝑎

Δ2
1 − 𝑎

𝑦 = 𝑀max

Solve the DSE on Complex Plane

Thus
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 Procedure

Solve the DSE on Complex Plane

1. Initialize the 𝐴(𝑝2), 𝐵(𝑝2) on the parabola 

2. Cauchy integral to get 𝐴(𝑞+), 𝐵(𝑞+) within the parabola

3. Obtaining 𝐴(𝑝2), 𝐵(𝑝2) from 𝐴(𝑞+), 𝐵(𝑞+) with the DSE 

4. Repeat step 2, 3 until the relevant error is smaller than 10−6
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Bethe-Salpeter Amplitude (BSA) Expansion:

Vector Meson (𝑱𝑷 = 𝟏− )

with

Solve the homogenous BSE

Pseudo-Scalar Meson (𝑱𝑷 = 𝟎− )
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P             C
Even terms                +             +
Odd  terms                +             -

Basis(𝝉𝒊) P                  C 
pseudo-scalar      - +
vector                   - -

P, C Transformation of the BSA 

P Transformation

C Transformation

with
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1. Set the Meson Mass as 𝑀, and parametrize in the rest frame;

2. Rearrange the BSE to an eigenvalue equation;

3. Solve the eigenvalue equation.

4. If the eigenvalue equals to 1, then 𝑀 is the meson mass. Else,

change the 𝑀 and repeat step 1, 2.

Solve the homogenous BSE as an Eigenvalue Problem:

Solve the homogenous BSE
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Nakanishi Normalization:

Thus

Decay Constant
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Parameters in Detail

• Renormalization Point: 

𝜁 = 19 GeV

• IR cut :         Λ𝐼𝑅 = 0.01 GeV

• UV cut :         Λ𝑈𝑉 = 100 GeV

• 𝛼-independent

“ Ladder”“Rainbow”

Gluon Para:

Quark Para:

𝑤𝑞 = 0.5GeV

𝜍𝑞 = 0.8 𝐺𝑒𝑉

𝑚𝜋 = 0.138 GeV ⟹ 𝑚𝑢 = 0.0033 GeV

𝑚𝐾 = 0.495 GeV ⟹ 𝑚𝑠 = 0.0746 GeV

Gluon Para:

Quark Para:

𝑤𝑄 = 0.8 GeV

𝜍𝑄 = 0.6 GeV

𝑚𝜂𝑐 = 2.98 GeV ⟹ 𝑚𝑐 = 0.817 GeV

𝑚𝜂𝑏 = 9.40 GeV ⟹ 𝑚𝑏 = 3.587 GeV

Parameters for light quark Parameters for heavy quark

“Beyond Ladder”“Rainbow”

Bring in no New Parameter!
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The relevant error is smaller than 6%.

The mass of the pseudo-scalar meson

 𝜋,𝐾 and 𝜂𝑐 , 𝜂𝑏 , 𝐵𝑐

 𝐷,𝐷𝑠
±, 𝐵, 𝐵𝑠

±

Rainbow - Ladder

Rainbow – beyond Ladder
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The mass of the vector meson

 𝜌, 𝐾∗, 𝜙 and 𝐽/Ψ,Υ, 𝐵𝑐
∗

 𝐷∗, 𝐷𝑠
±∗, 𝐵∗, 𝐵𝑠

±∗

Rainbow - Ladder

Rainbow - beyond Ladder 

The relevant error is smaller than 7%.
27



Pseudo-scalar mesons

Vector meson

 For baryons with experimental data:

Exp.

 For vector mesons

Exp.

Relevant error6.8% 2.4%

Equal spacing rule（ESR）and ESR comparison

Herein

ESR Exp.

ESR Exp.

ESR Herein
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M. Gell-Mann, Phys. Rev. 125, 1067 (1962).



The ESR comparison shows much smaller error than the direct comparison..

The decay constant of the pseudo-scalar meson
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The ESR comparison for the vector meson shows smaller difference than 
the pseudo scalar meson.

The decay constant of the vector meson
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 We studied the pseudo-scalar and vector heavy-light meson with 
the bare vertex truncation and a modified kernel.

Summary

 The modified kernel is inspired from the AV-WTI

 In this kernel the heavy and light gluon propagators are involved 

 The modified kernel can come back to the RL truncation in the light-light 

or heavy-heavy system

 The computation of the meson mass shows small difference with the 

experimental data

 ESR comparison of the decay constant with experiment is reasonable, 

especially for the vector meson.

 Our modified kernel captures the features of QCD and it is a tool for 

heavy-light problem.
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Thanks for Your Attention!
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Appendix
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Appendix  A :  AV-WTI
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If 𝑫𝒇 = 𝑫𝒈, this “beyond ladder” kernel is reduced to “Ladder” kernel.
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