
Ahmad Jafar Arifi

International Conference on Few-Body Problems in Physics (FB23)  
Beijing, China, Sept 22-27, 2024

Self-consistent light-front quark model analyis  
of meson structure



Hadron studies 2

Strong, weak, 
& EM probe

Accelerator based 
Experiment

Few-body  
problems



Hadron studies 2

Strong, weak, 
& EM probe

Accelerator based 
Experiment

Light-front model

Structure
Form factor & quark distribution

Dalitz plot

Decay

Branching ratio & 
decay width

Effective Lagrangian

Production
Cross section & 

polarization

Quark model

Spectrum
Mass, splitting, & resonance

Nuclei

Quark meson  
coupling

Nuclear modification

Few-body  
problems



Contents 3

Spectrum & Structure 

Light-Front Dynamics (LFD) 

Results & Discussions 

• LFWFs  

• Self-consistency 

• Observables 

Summary & Outlook



Nonrelativistic quark model 4

Quark model is one of the succesful models in describing spectrum of hadrons. 

You need to solve the Schrodinger equation: 

Gaussian expansion method (GEM), etc

BaryonMeson Multiquark N-quark

N?

r0

V(r) Confinement



Nonrelativistic quark model 4

Quark model is one of the succesful models in describing spectrum of hadrons. 

You need to solve the Schrodinger equation: 

Gaussian expansion method (GEM), etc Exotic configuration

• Coupled channel effect? 
• Compositeness? 
• Pole position?

Molecule

Interaction is less known
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Momentum distribution of quark & gluon 

Parton distribution function (PDF)

QCD evolution  (DGLAB) 

Scale evolution of parton distribution function
How to connect mass spectra & 
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Light-front wave function approach 7

LF Hamiltonian

IF Hamiltonian

Relativized QM

LFWFs

Melosh  
transform

Mass spectrum & properties

Structure & partonic observables

Ansatz

And other approaches

Large Momentum EFT (LAMET)  Lattice QCD→

Goal: compute hadron structure and properties from LFWFs.

Frame independent & Boost invariant 
Current matrix element  LFWF overlaps→

LFWFs

Radial part Spin-orbit part
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Gaussian expansion method 9

A numerical method to solve Schrödinger equation. PPNP51, 223 (2003)

Solving Schrödinger equation

Gaussian basis functions

Generalized Eigenvalue equation

Geometric progression [r1, rmax]

Normalization
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A simple approach
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More accurate method: 
Using Gaussian-expansion method (GEM)
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Orthonormality

More accurate method: 
Using Gaussian-expansion method (GEM)

Variable transformation (kz, k⊥) → (x, k⊥)
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Distribution amplitude: GEM vs SGA 11

Arifi, Happ, Ohno, Oka. PRD110, 014020 (2024)



Distribution amplitude: GEM vs SGA 11

Consistent with the perturbative QCD.

�(x) = x↵(1� x)�
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Physical mass should be replaced by the invariant mass

Invariant massPhysical mass

To obtain the self-consistency

In Light-front Bethe-Salpheter approach

External 
variable
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The explicit expression is given by

Arifi, Choi, Ji, Oh. PRD107, 053003 (2023)
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Pseudoscalar meson

Vector meson

The explicit expression is given by

Arifi, Choi, Ji, Oh. PRD107, 053003 (2023)
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Let us consider  decay:V → Pγ

EM vector current Form factorLorentz structure
l.h.s:

r.h.s:

Ridwan, Arifi, Mart. Arxiv:2409.13172



M1 Radiative decays 15

+

Feynman Diagrams

Let us consider  decay:V → Pγ

EM vector current Form factorLorentz structure
l.h.s:

r.h.s:

Ridwan, Arifi, Mart. Arxiv:2409.13172
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Heavy quarkonia &  mesonsBc 17

Mass spectra Decay constants

ΔMerr =
Mtheo − Mexp

Mexp
× 100 % ≈ 0.6 % Δferr =

ftheo − fexp

fexp
× 100 % ≈ 2.7 %
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Self-consistency (different polarizations) 18

Decay constant

M1 radiative decay

Probing the rotational symmetry breaking.

Ridwan, Arifi, Mart. Arxiv:2409.13172



Integrands 19

Allowed case (n′ = n) Hindered case (n′ ≠ n)

Overlap of wave function Orthogonality of wave function

[gPV � =

Z
dk?g̃PV �(k?)]
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Selected transition form factors
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Selected transition form factors

Coupling constant

gPVγ = FPVγ(Q2 → 0)

(Real photon)

(allowed)>>(hindered)



Summary 21

Hadron spectra & structure 

Quark model & light-front dynamics 

Discussions 

Realistic LFWF with GEM: consistent with perturbative QCD 

Self-consistency with different polarizations 

Prediction has reasonable agreement with the data 

Outlook 

Further works on the obervables and self-consistency 

Extension to baryon and beyond
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