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๏ Modifications of the hadron structure and properties in a nuclear 
medium and nuclei has been explored through a variety of 
perspectives 	

๏ One of the well known examples—The modifications of the 
structure functions of the bound nucleons in nuclei—European Muon 
Collaboration (EMC) effect—highlights the influence of the nuclear 
medium on the internal quark-gluon dynamics in the nucleons	

๏ This study will provide us with the important and deepen insights 
into the complicated hadron dynamics in terms of the quark-gluons 
in the nuclear medium
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๏ Instead of the EMC effect, different hadron medium modifications 
have been observed—Mass modifications, width broadening and the 
increase of the radii in medium	

๏ Mass modifications in the nuclear medium are associated with the 
modifications in the scalar mean field—might be expected to link to 
the quark chiral condensate—Signaling partial restoration of chiral 
symmetry	

๏ In this study, we will focus on the nuclear medium modifications of 
the meson space like EMFFs—connected to ongoing JLAB 12 GeV 
program and future EIC facility

Motivations
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๏ Pseudoscalars (Goldstone Bosons)—Different quark contents	

๏ Different quark flavor content—different properties

PSEUDOSCALAR &VECTOR MESONS
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๏ Pseudoscalars (Goldstone Bosons)—Different quark contents	

๏ Different quark flavor content—different properties

PSEUDOSCALAR &VECTOR MESONS
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๏ Vector Mesons—Different quark contents	

๏ Different quark flavor content—different properties

PSEUDOSCALAR &VECTOR MESONS
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๏ Based on Dirac paper on RMP 21 (1949, he proposed the 
forms of the relativistic dynamics

Light-Front Quark Model (LFQM)
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๏ In the LFQM, the meson state  as a bound state of the constituent 
quark and antiquark with meson momentum  and the total angular momentum  is 
defined as	

	

๏ The LFWF of the ground state of the pseudo scalar meson in momentum space can be 
defined as	
 	

๏ Matrix elements of the spin-orbit wave function can be derived via the Melosh 
transformation in the covariant form

|ℳ⟩ ≡ |ℳ(P, J, Jz)⟩
P (J, Jz)

|ℳ⟩ = ∫ [d2pq][d2pq̄]2(2π)3δ3(P − pq − pq̄ ∑ ΨJJz
λqλq̄

(x, k⊥) |qλq
(pq)q̄λq̄

(pq̄⟩

Light-Front Quark Model (LFQM)

Radial wave function

Spin-orbit wave functions



๏ The explicit form of the spin-orbit wave functions for pseudo 
scalar meson is given	

๏ The spin orbit wave function satisfy the orthonormality 
conditions 

Light-Front Quark Model (LFQM)
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๏ Effective Lagrangian density for the SNM at hadronic level

Quark-Meson Coupling (QMC) Model 
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Dirac equations for the quark and antiquark  
in the presence of the mean field potential



๏ Effective nucleon mass in nuclear medium	

๏ At nucleon level, the EOM of the meson fields are given by	

๏ The effective nucleon mass appears as 

Quark-Meson Coupling (QMC) Model 
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Scalar polarizability—characterizes  
the nucleon response yo the external scalar field 
If —-Pointlike nucleon (no internal)CN(σ) = 1



๏ Vector and scalar meson fields are defined as	

๏ Nuclear baryon density and scalar density are given	

๏ Total energy per nucleon 

Quark-Meson Coupling (QMC) Model 
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๏ QMC model parameter are determined by fitting the nuclear 
matter saturation properties at saturation density 

 and ρ0 = 0.15 fm−3 Etot /A − mN = − 15.5 MeV

Quark-Meson Coupling (QMC) Model 
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๏ In the matrix elements, the EMFFs of the pseudo scalar 
meson is given	

๏ In the LFQM, the plus component is typically used to 
compute the EMFFs—kinematical factor	

๏ The EMFFs of the pseudo scalar meson can be decomposed 
into their quark sector form factors 

EMFFs
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๏ The quark sector form factor can be expressed 	

๏ The normalization of EMFFs 

EMFFs
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๏ Mean square charge radius of the meson	

๏ Charge radius in terms of the quark flavors

Charge Radii
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๏ Results for the pion in-medium EMFFs

Result and Predictions
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๏ Results for the kaon in-medium EMFFs

Result and Predictions
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๏ Results for the kaon in-medium EMFFs with quark sector —
up quark (orange) and strange quark (green)

Result and Predictions
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๏ Results for the neutral kaon in-medium EMFFs

Result and Predictions
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๏ Results for the neutral kaon in-medium EMFFs

Result and Predictions
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๏ Charge radius

Result and Predictions
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๏ Charge radius for pseudocalar mesons

Result and Predictions
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๏ Vector Mesons

Result and Predictions
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๏ Vector Mesons

Result and Predictions
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๏ Vector Mesons EMFFs

Result and Predictions
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๏ We have present our results on pseudoscalar and vector 
mesons in the LFQM and QMC models	

๏ We found the modifications of EMMFs meson in nuclear 
medium, in addition to properties of meson in nuclear medium	

๏ The big question arise is how to extract the in-medium 
EMFFs in nuclear medium in experiment—Sullivan process

Summary
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