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-perspectives from Dyson-Schwinger equations
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• Intrinsic gluons refer to gluons that are part of the nonperturbative bound-state 
structure of a hadron, rather than gluons generated dynamically through short-time 
perturbative radiation. 

• Theoretically, they indicate gluonic Fock components are indispensable in 
nonperturbative Fock-state expansion . |proton⟩ = |qqq⟩ + |qqqg⟩ + |qqqgg⟩ + . . .

Intrinsic gluons
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• Light front wave functions in presence of intrinsic gluons. 

• Parton distribution functions in presence of intrinsic gluons. 

• Summary.

Outline
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• LFWFs can be obtained by diagonalizing light front Hamiltonian, which gets complicated  
by higher Fock-states.  

• LFWFs can also be obtained by projection Bethe-Salpter wave functions onto light front, 
without the need to impose Fock-state truncation.

Light-Front Wave Functions

-Light-Front Wave Functionqq̄

+ |qq̄g⟩ + . . .

|M⟩ = |qq̄⟩ + |qq̄g⟩ + |qq̄gg⟩ + . . .

Ĥ |ψ⟩ = E |ψ⟩

(H. Liu and D. Soper, PRD1993)

(M. Burkardt, X. Ji, F. Yuan, PLB 2002)⟨b+
α d+

β |h⟩
('thooft, NPB1978)
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• Gluonic components 
contribute significantly.

Light mesons LFWFsqq̄−

68%

32%

π

|M⟩ = |qq̄⟩+ |qq̄g⟩ + |qq̄gg⟩ + . . .

HF = ⟨qq̄g |qq̄g⟩ + ⟨qq̄gg |qq̄gg⟩ + . . . = 1 − ⟨qq̄ |qq̄⟩

16%

84%
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�qq̄
�⇤ QED+light-cone perturbation

<latexit sha1_base64="PlEhrHwfZQ8N5wjb7f+c453MSJI="></latexit>�qq̄,N Color-dipole and nucleon scattering amplitude
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�qq̄
V Vector particle LF-LFWFs


10% of DIS
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� ⇠ �qq̄
�⇤ ⌦ �qq̄,N ⌦ �qq̄

V

<latexit sha1_base64="Qm1Axm3xoPHIWPbbEMr2bgJrbKg="></latexit>

�qq̄,N ⇠ g2(x)

Sensitive to small x gluons!


Color Dipole Picture of diffractive VM production

Diffractive Vector Meson Production

EIC: color glass condensate
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• "underscores the special role of  
electroproduction in the color-
dipole picture: it strikes a balance 
between the large dipole size 
typical of light mesons and the 
smaller size associated with high-
Q2 photons, making it potentially 
well suited for probing gluon 
saturation effects."

ϕ
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CS, et al, Phys.Rev.D 112 (2025) 7, 074027
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• Light front wave functions in presence of intrinsic gluons. 

• Considerable intrinsic gluons reside in light mesons. 

• Intrinsic gluons affect the search for gluon saturation effects in 
exclusive vector particle production. 

• Parton distribution functions in presence of intrinsic gluons. 

• Summary.

Outline
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• Quark DSE. 

• Meson BSE. 

• We introduce a new DSE aimed for quark-quark 
correlation matrix, which is the generating function of 
almost all leading and subleading-twist PDFs 
concerned.

 

• PDFs can be extracted from  by 

    

Φ

PDFs with ALL Fock-states within RL-DSEs

Φ(k, P)
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• EVERY bare quark propagator (parton) in the dressed quark propagator is probed 
by the light-cone vertex concerned.

Probing every current quark within dressed quark
δ(k+ − xP+)γ+
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• , a fraction of 
momentum is carried away by intrinsic gluons. 

•Intrinsic gluons substantially changes the 
profile of pion PDF at hadronic scale.

2⟨x⟩q = 0.74 → ⟨x⟩g = 0.26

Pion unpolarized PDF

|M⟩ = ϕ2 |qq̄⟩+ϕ3 |qq̄g⟩ + ϕ4 |qq̄gg⟩ + . . .

68%

32%

CS, Liming Lu, Wenbao Jia, arXiv:2602.24187

π

https://arxiv.org/abs/2602.24187
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Rho unpolarized PDF
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CS, Liming Lu, Wenbao Jia, arXiv:2602.24187
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e(x) in experiment

Aurore Courtoy et al, PRD 106, 014027 (2022)

CLAS, PRL 126, 152501 (2021)

CLAS, PRC, 112, 055202 (2025)

•Dihadron SIDIS — beam single-spin asymmetry

A. Efremov, et al, PRD 67, 114014 (2003)

CLAS,arXiv:2602.1471

•Single-hadron SIDIS — beam single-spin asymmetry

=
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e(x) in theory

current quark mass

-correlationqgq̄

zero mode

Wandzura-Wilczek (WW)-type approximation is invalid
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• Strong indication of  is found. 
• Twist-2 contribution is suppressed. 
• Pure twist-3 contribution is dominant. 

• We argue the nonmonotonic feature in e(x) is an imprint of intrinsic  
correlation. 

• EIC: smaller x and higher statistics.

δ(x)

qgq̄

Pion e(x) 

CS, Liming Lu, Ian Cloet, Wenbao Jia, Peter Tandy, arXiv:2602.14164

GMOR : mq ∝ m2
π ,

mq

mπ
→ 0

fu
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• Light front wave functions in presence of intrinsic gluons. 

• Parton distribution functions in presence of intrinsic gluons. 

• Intrinsic gluons substantially reshape the profile of PDFs. 

• Intrinsic gluons can generate significant  correlation in twist-3 
PDFs. 

• Summary

qgq̄

Outline
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• Light front wave functions in presence of intrinsic gluons. 

• Intrinsic gluons reside in light mesons. 

• Intrinsic gluons affect the search for gluon saturation effects in exclusive 
vector particle production.  

• Parton distribution functions in presence of intrinsic gluons. 

• Intrinsic gluons substantially shape the profile of DFs. 

• Intrinsic gluons can generate significant  correlation in twist-3 PDFs.qgq̄

Summary

Thank you!


