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Intrinsic gluons

* 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) + | gqqg) + | qqqggg) + . . ..
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Parton physics

. . Light Front Wave Parton
( Parton Distribution Fucntions Functions Distribution

(PDF, TMD, GPD, GTMD...) Amplitudes

\_ Production
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Outline

* Light front wave functions in presence of intrinsic gluons.
 Parton distribution functions in presence of intrinsic gluons.

* Summary.
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* Light front wave functions in presence of intrinsic gluons.
» Parton distribution functions in presence of intrinsic gluons.
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Light-Front Wave Functions
M) = |qq) +1qq98) + 1qq88) + - ..

M) = 2,2, (x, ke ) (x,kr)d , (%kr)|0). + + .
| ) ;{IZAZ / (27[)3 2\@ \/— T A1, h,A2,j |qqg>

qqg-Light-Front Wave Function

* LFWFs can be obtained by diagonalizing light front Hamiltonian, which gets complicated

by higher Fock-states. R
Hly) = Ely)

* LFWFs can also be obtained by projection Bethe-Salpter wave functions onto light front,

without the need to impose Fock-state truncation.
(‘thooft, NPB1978)

(M. Burkardt, X. Ji, F. Yuan, PLB 2002)
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Light mesons gg— LFWFs

~dk* C.S., Y. Xie, M Li, X. Chen, et al,
/{11/\3 (x, kT) = _ 1 [ dk dk S(xPt —k*) Tr [I';L,yy Sr(kp)T*(k; P){- eA(P)}Sg(k,,)] Phys.Rev.D 104 (2021) 9, L091902

24/3 27

| M) = |qq)+1qq98) + |qg88) + . ..

HF = {(qqg|qqg) + (qqgg|qqgg) + ... =1 —{qq|q93)

Phys.Rev.Lett. 122 (2019) 8, 082301
Phys.Rev.D 101 (2020) 7, 074014
Phys.Rev.D 104 (2021) 9, 094016
Phys.Rev.D 106 (2022) 1, 014026
Phys.Rev.D 107 (2023) 7, 074009

T/

* Gluonic components
contribute significantly.
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Diffractive Vector Meson Production

10% of DIS

e

@Color Dipole Picture of diffractive VM production

qq qq 99 QED-tlight-cone perturbation
0~ ¢l Q@ o4q.N ® Y 2% ght-cone p

Oor N~ 92 (CB) Oqg,N Color-dipole and nucleon scattering amplitude
19 EIC: color glass condensate

Sensitive to small x gluons! ¢(‘J/q Vector particle LF-LFWFs
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Color Dipole (gG/Q0) as Probes for Saturation

* "underscores the special role of ¢

102} oo Jue S l . o h l
et W50 Gov o e e e electroproduction in the color-
| dipole picture: it strikes a balance
g g 0 between the large dipole size
o) o) . .
typical of light mesons and the
100k, 10°F . . : .
Tl D | smaller size associated with high-
TR T Q2 photons, making it potentially
Q° [GeV? Q* [GeV? : .
e eV well suited for probing gluon
10% yp=pp | YP-Vyp . ff ¥
s — saturation effects.
| 10"}
1025— ;
< s 10%
100;— A H1,W=75 Gev 4 H1,W=82 GeV
. m ZEUS , W=90 Gev m ZEUS , W=104 GeV
107"¢
| I1E)1 | | - | | IIIII I1(E)1
Q° [GeV”] @ [GeV?]

CS, et al, Phys.Rev.D 112 (2025) 7, 074027
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Outline

* 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.
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Outline

 Parton distribution functions in presence of intrinsic gluons.
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PDF's with ALL Fock-states within RL_DSE?ﬁ

+ Quark DSE. &= +—o-

* 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.

0;(k.P) = [ d'E e EPIG; O)yi(IP) A el - ﬁ

* PDFs can be extracted from @ by

1 d*k .., N
£(x) = 2| @ -6(k; —xP*)Tr |®(k, P)I|

O (k, P)

f(x) =
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Probing every current quark within dressed quark

Skt — xPT)y™

* EVERY bare quark propagator (parton) in the dressed quark propagator is probed
by the light-cone vertex concerned.
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Pion unpolarized PDF

T
®;j(k,P) = f d*¢ e™ S (P|y;(0)¢s (&)|P).
) = 2 [ LK e n = xPon)Tr [0k, P
(x) = = .n—xP-n ,
2J) @m)t (M) = ¢, | qa)+p5 1 qag) + ¢y qage) + . ..
m 0 1 2 3 4 5 6 7
((2x —1)™), 1.00 -0.257 0.321 -0.159 0.189 -0.114 0.134 -0.0899

+2(x), = 0.74 - (x), = 0.26, a fraction of
momentum is carried away by intrinsic gluons.

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

0.0 0.2 0.4 0.6 0.8 1.0
CS, Liming Lu, Wenbao Jia, arXiv:2602.24187 14 /20


https://arxiv.org/abs/2602.24187

Rho unpolarized PDF

e (n) (P (k. P)e;, ) (P) = f d*g e*1¢ (P, AlY;(0)Yi(D)IP, Am

1 [ d%
f;)A(x) = § (27[)45(](”-11 — xP-n) Ty [(I)yv(k, P),i] €1, (A) (P)e:,(A) (P)

. P
e | 14—
_____ n=r 1.2}
3 1.0}
2 0.8
% 0.6|
0.4|
0.2
0.0 0.2 0.4 0.6 0.8 10 0.0 0.2 0.4 0.6 0.8 1.0

X
CS, Liming Lu, Wenbao Jia, arXiv:2602.24187


https://arxiv.org/abs/2602.24187

¢(x) in experiment
eDihadron SIDIS — beam single-spin asymmetry |
_ L1 F e”(x) at 90% CL
e(?) + p(P) = &) + o7 (Py) + 2~ (P,) + X,

Asinde _ Dq€qlxe? (x, Q?)H} gp(z,M,,,Qz) -2k £ (x, 006y (2, My, 0))]

LU -
Zq q (x Qz)Dq Ss+pp (Z’ th Q2)

Aurore Courtoy et al, PRD 106, 014027 (2022)
CLAS, PRL 126, 152501 (2021)
CLAS, PRC, 112, 055202 (2025)

*Single-hadron SIDIS — beam single-spin asymmetry

e(x) K l\ | | |
' \ ) |
ep—e hX SN o
4 \\ -
i \
, fdy4y\/1 —yMN/QSE eﬁxze“(x)(Hf“) 3+ N -
: a Y \\\ -
;l?/ (x)_ \/1 n P2 / k2 2 ' ‘3 I l \\\fl(x) )
<Z> < NJ_> < L) fd),(1+(1_),)2)/Q42 8%Xf?(X)<D?> 1-— bo..mi,\\\ ' \\‘_
b 0 IR C T
CLAS syst P~
A. Efremoy, et al, PRD 67, 114014 (2003) |
CLAS,arXiv:2602.1471 "‘"”‘“"""“ 'IR |
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e(x) in theory

dA
e (x) = E / ¥ (P (0) [0, An] e (An)[P)

¥(0)[0, z]¥(z) = ¥(0)¥(0)+  zero mode

u

1
1
+§O/d O/ P 250, v2]gGaw (v2)2" [Vz, uz] P (uz)— qgg-correlation

—im, / duip(0) 210, uz] (uz)—
) current quark mass

. / du(BO) P —mg) 200,uzl(uz) +$(0) A0,uz)(iP — mehi(uz)).
0

ey(x) = WL OVOW) 5y L ™0 g 4 et ()

2My, xXmp Wandzura-Wilczek (WW)-type approximation is invalid
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. L
Pion e(x) A ——
(h|q (0) Y (0) |I) m T 7
eq() = AV 5y 4+ 1 () 4 628 () o T
2M,, xmy, d e SN .
0O 00 '/ SRRREAL LR
- _ G S Gero)
0.5 A "
1 [ d%
€x (x) — 5 (27_[)4 5(k77’n — xP-n)TI‘ [@(k, P)] _1'05 ‘,‘\ ' ","‘ ------- xeSS (x;0)
-15F T e - xeLW3’” (X 1)
0.0 | Oi2 lll Oi4 - 0i6 lll Oi8 lll 1.0
X
n 0 1 2 3 D 8 7 o}
(X")f(x) 1.00 0.372 0.202 0.129 0.0910 0. P *
(X" e (x) 0.303 0.278 0.231 0 Toothimimy et thAs
----- - O g ) MSTH.
* Strong indication of 6(x) is found. O 111 ENCEEES 7 ). JAM
* Twist-2 contribution is suppressed. GMOR : m g X m%, T 50 ‘é‘ ------- 7 (i) DSE
m, a.

* Pure twist-3 contribution is dominant.

* We argue the nonmonotonic feature in e(x) is an imprint of intrinsic ggg

correlation.

* EIC: smaller x and higher statistics.

0.0

0.6 0.8 1.0

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

 Parton distribution functions in presence of intrinsic gluons.

* Intrinsic gluons substantially reshape the profile of PDFs.

e Intrinsic gluons can generate significant ggg correlation in twist-3
PDEs.

19 /20



Summary

* 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.

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

Thank you!
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