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Light-front Hamiltonian Framework

Quantization on the light-front : x* = x% + x3
LF momenta: P*= P° + P3. P,

Choose transverse rest frame: P =0

LF Hamiltonian: H, ;= P*P~

Eigenvalue problem : H;p|P, A) = M?|P, A)

2 4 =2
mi + pi1
Hyp = Z—l X =+ Hine
l

i . . :
x; LF momentum fraction carried by ith parton

—

Y
Both are constructed in Minkowski space-time

Projected Performance Development

Longitudinal direction (plane wave)
Transverse direction (harmonic oscillator)

-Vary, et al, PRC 81, 035205 (2010) 3

Longitudinal direction (plane wave)
-Brodsky, Pauli, Pinsky Phys. Reports. 301, 299 (1998)



Basis Light-front Quantization

Nonperturbative eigenvalue problem [Vary et al, PRC 81, 035205 (2010)]
P~|B) = Pg |B)
* P7: light-front Hamiltonian
* |B): mass eigenstate
* Pg: eigenvalue for |S)

Evaluate observables for eigenstate

0 = (B|0|B)

Fock sector expansion

* EZ |meson) = alqq) + blqgg) + clqqqq) + dlqggg) + -

Discretized basis Truncation
Transverse: 2D harmonic oscillator basis: @5, (7,). 2.i@2n; + |m;| + 1) < Npay
Longitudinal: plane-wave basis, labeled by k. diki=K, x;=k/K
Light-front helicity state for spin d.o.f. 2i(m; + 4;) = M
%= (k_i’ i, M, A1) Fock sector truncation
la) = ®;la;)
Ajp~ Nb and Ayy~b+/ N, 4. b 1s HO energy scale

Large N, and K — High UV cutoff & low IR cutoff
4




Light-front Hamiltonian

QCD light-front Hamiltonian can be derived from QCD Lagrangian:
Loco =BG —m)p — 7 GSGE Wy Pocp = Hy + Hyng A* =0
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[Brodsky, Pauli, Pinsky, 1998]

Y: quark field operator
Ajj: gluon field operator
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PDFs for Light Mesons Imeson) = |qq) i+ -

k2 +m2 k24 m2 it
_ q 1 q 4 2 NJL
Hog = " + - + k*x(1 — x)ri — 5 0 (x(1 —x)0,) + H g
Diagonalizing Herr leamdll LF wave function [__ M Initial PDFs —) Scale evolution
06 Pion PDF _,_Valence u PDF Kaon/Pion
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[Lan, Mondal, Jia, Zhao, Vary, PRL122(2019)172001] Agree with experimental results



The Moments of Pion Valence Quark PDF

1
<xn> = / dx xnfv (337“2)7 n = 1727374°
0
0.3
ﬁé* 1 Global fit [JAM ?018]: [ 0.8 = Global fit [JAM 2018]
Pheno. Models: m v A
Eé Lattice: o % ¢ A O RLFQREL — Z:;
e %% BLFQ-NJL 1?2 (GeV?) 0.6
A
¢ — 27
0.1 __Jf — 49
{“lf s
‘ T
0
<x> <x?2> <x3> <x4>
12 GeV?
BLFQ-NJL 0.489 0.398 0.113

A ith oth 1
[Ding ez. al, BSE model 2019']  0.48(3)  0.412) 0.11(2) gree with other results

[Lan, Mondal, Jia, Zhao, Vary, PRD101(2020)034024] ¢



Drell-Yan Cross Section

—_ _|_ —_
[S. D. Drell and T--M. Yan, PRL (1970)] m~ Nucleus — p™ X\
[ T. Becher et al, JKEP07(2008)030]; [P. C. Barry et al, PRL121(2018)152001]
[C. Anastasiou et al, PRL91(2003)182002] [nCTEQ 2015]

m3d?c 8ma?m? 3 /
dmdY = 9 s z dxldxzcij(xlyxz;S, m, :uf)fi/n(xl:.uf)fj/N(xz;,Uf)

Lj
:
10t= - —  BLFQ-NJL
= | a W 4 CERN-WA-039 39.5 GeV
3 T ‘ W = FNAL-E-0326 225 GeV
S ¢ 9 o2k C e FNAL-E-0444 225 GeV
= I 0 E - 0.0<x.<1.0
= - —  BLFQ-NJL > -
e e FNAL-E-0615 252 GeV W S i
S | = CERN-NA-003200 GeVPt E 104
S | 0.0 < X7 < 1.0 S5 T
S N
& i
—2 | | ] —6 1 | \ |
LY 0.4 0.6 W0 5 10 15 20
'K m [GeV]

Agree with experimental data (FNAL E615, 326, 444, & CERN NA3, WA-039).

[Lan, Mondal, Jia, Zhao, Vary, PRD101(2020)034024] ’



Light mesons up to |qgg)

meson) = |qq) :+ .« [J.Lanetal, PRL122, 172001(2019)]
[J. Lan et al, PRD 101 (2020) 034024]

Imeson) = a|qq) + b|qqg)+ -

[J. Lan et al, PLB 825 (2022) 136890]

[Z. Zhu et al, PLB 839(2023) 137808]

[J. Lan et al, PLB 868 (2025) 139654

[J. Lan et al, PRD 111 (2025) 11, L111903]
[J. Lan et al, arXiv: 2509.22016 [hep-ph]
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Light mesons up to |qgg)

i[meson) = al|qq) + blqqg)
P~ = HKE T Htrans + Hlongi + HInteract

+m
HKE—Zpl 1

Hirans ~ KTr ---Brodsky, Teramond arXiv: 1203.4025
Hipngi ~ — z xﬁaxi (x,-x,-ax]_) ---Y Li, X Zhao , P Maris , J Vary, PLB 758(2016)
J]
gZCF 1

Hnteract = Hvertex + Hinst = 917) YT ¢ A?L + 2 j+ (ia+)2j+

<, 1

We allow an independent quark mass my in the vertex interaction.
[PRD 45 (1992) 3740-3754]

[J. Lan et al, PLB 825 (2022) 136890]
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Light meson mass spectrum
DC

2000 Normqq |Mev]
_ T 0.492 151

i 0.486 141
1500 gl
i 22(1320) ap(980) 0370 0
S o) ‘ s b, (1235) 0.30 0
2 i
=S 1000¢r m— a; (1260) 0.324 13
[T— | a0
= m(1300) 0.284 59
i a, (1320) 0320 0
500 Nmax = 14, Kpax = 15, M; = 0:

mgq = 0.39 GeV, mg = 0.60 GeV, 1 (1400) 0.002 0
K = 0.65 GeV, b = 0.29 GeV

: @ a = 0.293, m¢ = 5.69 GeV p(1450) 0312 50
O L l L L | l l

ot Dt 1I— 1= qt q-¢ ot JPC
B o Fix the parameters by fitting six blue states
imeson) = alqq) + blqqg)+ - « 1,(1400) : |qqg) dominates
[J. Lan et al, PLB 825 (2022) 136890] * m(1300): the DC is smaller than the DC of pion




The Wave Function in Leading Fock Sector

_ N
Im) = alqq) + blqqg) i+ -

(xiBrih}
{nim;}

N
W = D @D | | dnmBrnb)

Probability ggq =0.486

o L=fU dominantin [qg) 99.7%
NN ominant in |qgg)

» 1.0

Wi a(x,pL)[GeV™']

» At endpoint x, Y ~ p, : lightly narrow
» Atmiddle x, Y ~ p, : a little bit wide .



Pion Electromagnetic Form Factor
[Brodsky & de Teramond, PRD 77(2008)056007]

(P WEmOI¥P()) = (p+p)* FQ?)

_ _
|m) = alqq) + blggqg) i+ -

1 0.6
—— This work A
'- + Amendolia 86' 0.5 T
0.8 e Bebek 74' = i S ——
A Bebek 76' P>~ ~
v Bebek 78 3 0.4 EI] A
~0.6 , O |
N m Volmer 01 = 7
g__ Horn 06' ‘\60-3‘ 1 %
2 0.4+ O Tadevosyan 07' -
O Huber 08’ Q"‘L 0.2
ol O
& 0.1
N N R l ) l . e .1, Y
o =2 3 4 5 Y1 =2 3 4 5

Q? [GeV? Q? [GeV?]
* FF is in reasonable agreement with experimental data
* F(Q?) o« 1/ Q? for large Q?

[Lan, Fu, Mondal, Zhao, Vary, Phys. Lett. B 825 (2022) 136890]
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Pion PDA

[Ruiz Arriola & Broniowski, PRD 66(2002)094016]

- FNAL—E-791 |

0.8: ‘

—— BLFQ ,u()z .
.- BLFQ p?=10GeV? \
02 04 06 08 10
X

* Endpoint behavior almost agrees with pQCD

_ — 1
) = alqq) + blqqg) i+ -

[PRLS6. 4768]

* Consistent with FNAL-E-791 experiment on Drell-Yan (pion-platinum) process
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Pion PDF at Model Scale

N,Mj=0

2
R o(x — x;
(x5 140 ( i)

fi) =) [laxdiy [y
NoA;

_ _
|m) = alqq) + blggg) i+ -

1.5

" o Valence u -
= Gluon '

| _—BLFQ-NJL

10
X large x
.u(z)BLFQ—N]L = 0.240 GeV? <x>glu0n = 0, (X)valenceu = 0.5 (1- x)O'S%
Upieq = 043 GeVZ  (X)guon = 0.216; (Xvatencew = 0.392 (1 =00

[Lan, Fu, Mondal, Zhao, Vary, Phys. Lett. B 825 (2022) 136890]
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Pion PDF with QCD Evolution

This work (black) BLFQ-NJL (red)

0.5 — Valence
B T U U T T Sea
0.4 — - Gluon
o i E-0615 data
Y 5 N 2
> . 12 =16 GeV

—  This work
--= JAM 18'

— - XFitter 20’
U2 = 4 GeV?

038

06
X

[Lan, Fu, Mondal, Zhao, Vary, Phys. Lett. B 825 (2022) 136890]

_ _ A\
|m) = alqq) + blqqg) -

 Large-x behavior (1 — x)77
closer to pQCD

* The gluon distribution

significantly increases

BLFQ 0.483 0.421 0.096

BLFQ-NJL 0.489 0.398 0.113

[BSE2019°]  0483) 0.41(2) 0.11(2)
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[ /Y production cross section =i -j/y x

_ ~ 2,2 .2yt 2
GV =F Y| M= s m ik B e )
F | _
ij=q.q.9 " °™c 5\/ng + <<
- x%ndf=0.38  CERN-WA-011 [ y%ndf=5.00 FNAL-E-0672,0706 CEM
= 1 F=0.039 (S=189Gev | F=0.029 VS =31.1 GeV
S f m+Be : n+Be [Chang, et al, PRD 102 (2020) 054024];
g . - [Nason, et al, NPB 303 (1988) 607];
EInE 3 [Mangano, et al, NPB 405 (1993) 507]
3 [/ /
= —  Total — Total
Y -8 TR
\ = ".7.. ......... .--..,___....'." ..“__.-‘ ==migd . R . . . .
CEN ag* 1) ", r agi-1)  significantly gg contribution
3| ¢ \ . \ . . .

107 » | | | * various energies of pions
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c 1 F=0.034 (S=194Gev |F F=0.037 VS =23.7 GeV &
S F P : L
[s) i [
-]
< 107"
a
= : :
g2 Agree with experimental
‘\é ,,,,,,,,,, data (FNAL E672, E706,
S E705, CERN NA3,WAI1I).

|
o
(&)
o
o
(&)
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[Lan, Fu, Mondal, Zhao, Vary, Phys. Lett. B 825 (2022) 136890]



Pion TMD I7) = alqq) + blqGg)+ -

=] 2 - -
Aok = 5 [ | [ 0 - 23 (- ),

{zi i}

N.My=0 |? 2 7
ff,ﬂ'(x’ sz.) = _/\/Z;\ A/’ |\Il{z:,%i,gz}| (S(ZE - xq)dz(kl - k'J_q)a

k2 [GeV?] k% [GeV?]
02 0.3 - 03

[GeV 2]

fix (e,

1.0
1.0 « The TMD decreases with k| .

[J. Lan et al, arXiv: 2509.22016 [hep-ph]] * Vanishes after k; ~ 0.6 GeV



Pion GPD 7y = alqq) + b|qc7g>:+

. Ei+(1-z)A , for the struck parton,
Hiw0,-1)= 5, [0S vt gy, g, Bt S i
N)\z 12} 117 i)V 1y - .
ki —x A, for spectator partons.
g _ - NMJ—O* NMJ 0 _
H3(@,0,-0) = 32 [ e (o -a,)

T 1.0 i
0.5 s - laag)
0.0 , S
=0 97) + lgdg) g
| 1.0 ~ o)
S 05
;H; 0.0 St
) TSSSSSSSIIIIII T
3
S
&
j ¥
E“ —t [GeVz} 8
* Quark content enhanced at small x with |qgg)
» Falls slowly at larger x 2
[J. Lan et al, arXiv: 2509.22016 [hep-ph]] .

Emerge at larger x range for larger —t



Strange meson mass spectrum

N Strangeonia
B $(1680)
15— "7 e """ f,(1420) | f,(1430)
- 1
s [ f,(1370)
& $(1020)
S [ .....
- s,
0.5
C ot o™ i T+ av U
0
| Strange mesons
1.5 K*(1410) K (1400) K",(1430)
L K*(1460) T e, S
s [ . o
& I K* ,(800)
= K*(892)
= L
05| s — PDG 22'
- --- BLFQ
0 : P
0 o* 1 1 2" J

_ N
Imeson) = alqq) + blqgg)+ -
[J. Lan et al, Phys.Lett.B 868 (2025) 139654]

2000
- ====  BLFQ
B B= PDG 18 pss0
- @ 22(1320)
s I bi( 1235
= I
= 1000f
—_ L ao(980)
=
500+ Nmax = 14, Kipax = 15,M; = 0:
mg = 0.39 GeV, mg = 0.60 GeV,
K = 0.65 GeV, b = 0.29 GeV,
@ « = 0.293, ms = 5.69 GeV
O QO 45 4= qEk g5k ok
mg My, My b K s ms My,

0.39 5.69 0.60 0.29 0.65 1.92\0.55 7.13

» Agree with experimental data (K, K™)
* The DC of kaon: 156.9 MeV
(Exp. 155.6 + 0.4 MeV)
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The Wave Function in Leading Fock Sector

il K) = a|q5) + b|q5g) + -
W= @D [ [ uon B b )= alas +blasen

(xiPloAd |
{nym;} =1

~1=1! dominant in |gS5)

T /:

% /

9 /_‘ P .I.

E S

g > 1.0
2

o §
5

>

» At endpoint x, Y ~ p, : lightly narrow
» Atmiddle x, Y ~ p, : a little bit wide
» The peak slightly less than x=1/2 2



Kaon form factor

0.8/
S 06|
LA EESEe ==
0.4 —— _ N
] - N
0.2
- ~\~ ) \
) — —
- —  1q0) +lqdg)
Co6l ri
<06~ . ladg) °
& t = CERNSPSS86
o4 +» FermiLab 80' —
g_ .+ JLab E93-018' \\
o e JLab E98-108 I
Q0.2
) il Wi
10°° 10°2 107 ! 0

* FF is in reasonable agreement

with experimental data
[J. Lan et al, Phys.Lett.B 868 (2025) 139654] « F(Q?) x 1/ Q? for large Q2
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Kaon PDA

_ A\
|K) = alqs) + blqsg) & -

2
1.5
N 1— 4
<
/ —— BLFQ u
0.5 —- BLFQ3 \
------ Asymptotic
i | ; | , 1 : | 1 s
% 0.2 04 0.6 0.8 1

X
* Endpoint behavior almost agrees with pQCD
[J. Lan et al, Phys.Lett.B 868 (2025) 139654]
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Kaon PDF at model scale

25 s
[ - Valence u !
20k = Valence 5 ]
| ~ Gluon |
15}
p< |
\52 [
= 10l
0.5}
0. [ . N . 3 s " N 3 . " 3 " . N M ~— ~ ]
80 02 0.4 0.6 0.8 1.0

X

: pUipLrq = 0.43 GeVZ  (x)g),0n = 0.216;

(X)varx = 0.392

<x>val.u = 0.363; (x>val.s' = 0.444

[J. Lan et al, Phys.Lett.B 868 (2025) 139654]
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Kaon PDF with QCD evolution

0.8—

B> -

>
> 0.6

i _cm—

\

—— BLFQ
—— BLFQ-NJL \\
------ BSE “'\
CERN-NA-003 \
u? =20 GeV?
| ! | ! | L |
\ Thick-black: K — Valence_u
\ Thin-red: = ===Valence_ s
\ = Gluon

[J. Lan et al, Phys.Lett.B 868 (2025) 139654]

_ N
|K) = alq3) + blqSg) it -

* Large-x behavior
u: (1 — x)%24

s: (1 —x)172
Valence u 0.21
Valence s 0.26

Gluon 0.42

Sea 0.11
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[S. D. Drell and T.-M. Yan, PRL (1970)] > <

Drell-Yan Cross Section

[T. Becher et al, JKEP07(2008)030]; [P. C. Barry et al, PRL121(2018)152001]
[C. Anastasiou et al, PRL91(2003)182002]

m3d?o _8m

recoil

dmdY

2 0002
a‘m 5
9 3 z dx1dx,Cij(x1, X2, 8, m, Ur) fi/k (X1, p)fj/n (X2, Ur)

L]
1E
- -
— - BLFQ Kaon beam 100 GeV S 10 = BLFQ Kaon beam 100 GeV
£
5 0.0<x, <10 o 0.0<x, <10
% 10—15_ \\\ ) g *s:sg ~ o
- - ey KC—-uuX = | . KC—-uuX
c C . > 1 b
~ “ Sy
> B 8 ()] |- 0 X
8 1 0_2 E s o Te N
E o) Ya
= - s
O _ = + : §
c = —_ — K'C - utuX 3
ed = iy . - b
o|E103 K C2#wX SIE [
TlT E "’E o
T T TR N | 102 ' '
2 3 4 5 6 4 8 9 0.2 0.4 P 0.6 0.8
m [GeV] T
CERN-AMBER [CERN-SPSC-2019-022 /SPSC-P-360]
Physics Beam | Beam | Trigger | Beam Earliest Hardware g E
Program Goals Energy | Intensity | Rate | Type | Target | starttime, additions Experiment Target Beam Beamintensity Beamenergy DY mass DY events
(GeV] | [s™'] | [kHz) duration type type (part/sec) (GeV) (GeV/c?) ™ ete”
Drell-Yan Kaon PDFs & | ~100 le 25-50 | K~ P NH; 2026 “active absorber”, —
(RF) Nucleon TMDs cw 2-3 years vertex detector NA3 6cm Pt K 200 4.2-85 700 0
Kaon polarisa- non-exclusive 80 40-85 25.000 13.700
Primakoff | bility & pion | ~100 | 5-10° | >10 | K~ Ni 2026 - 7 : ) : 7
(RF) fife time 1 year K 2.1x10 100 40-8.5 40,000 17,700
Prompt non-exclusive . 120 4.0-8.5 54,000 20,700
Photons Mesongluon | >100 | 5-10° | 10-100 | k* | LH2, 2026 hodoscope This exp. 100cm C
(RF) PDFs T Ni 1-2 years 80 4.0-8.5 2,800 1,300
sK-indum11 i G 50-100 | 5-10° 25 e LH2 2026 1 TOE, - 2.1x10° s o e o
pectroscopy | strange-meson - . K recoi ,
(RF) spectrum 1 year forward PID 120 4.0-38.5 8’000 2’400
Spin Density
Vector mesons Matrix 50-100 | 5-10° | 10-100 | K=, 7~ | from H 2026 ) _ 7 80 40-85 65,500 29,700
(RF) Elements to Pb 1 year This exp. 100cm C T 4.8 x 10 100 40-8.5 95,500 36,000
120 40-8.5 123,600 39,800

[J. Lan et al, Phys.Lett.B 868 (2025) 139654




The pion ggg BLFQ .vs. BSE

BLFQ BSE in Minkowski space
Phys. Lett. B 825 (2022) 136890 Phys. Rev. D 103 (2021) 014002
: Phys. Rev. D 105 (2022) L071505
m) = alqq) + blqqg)+ - Phys. Lett. B 820 (2021) 136494

Phenomenological
Priors

Experiment l Lattice QCD

Global
N
LFQCD — ( 27™9° ) <«— Schwinger-Dyson

of Hadrons

[J. Phys. G: Nucl. Part. Strong |

$
Phys. 48 (2021) 075106] Coupling




The pion ggg BLFQ .vs. BSE

We explicitly show an enhancement of the low-x contribution in the quark PDF is directly

associated with the large spin-flip matrix element, necessary to provide the m — p mass splitting.

[M. Burkardt, Dynamical vertex mass generation and chiral symmetry breaking on the light front, Phys.
Rev. D 58 (1998) 096015].

It was proposed to enhance the spin flip matrix element of the effective quark-gluon coupling QCD LF-
Hamiltonian by introducing a large effective quark vertex mass (mf).

( JXCN ) Skype
= @ n Xingbo et al &
SA‘FES)\T')E'LEEF\HSW X PN 4
17T
™ @
Chandan ... & hi gbe 20:47
SBIELR 1 /0B 46 980 23 7
5K
19:02
I BEFE
L -’. ¥
0.6 »- 1) tobias, 19:13 )
Tt —_— pion ,-’ tobias@ita.br ©
I e ©
[ -,
0.4+ --»- rho -
" 7’
_ o INdICD
7’
7’
r 7’
0.2+ A _
=L 2t Light-Cone 2023:
,/' Hadrons and

The Light-Cone 2023 (LC2023) wil

[ be hosted by the Brazilian Center
0 o .............. S L 1 ,
.

https://indico.in2p3.fr

20:17

>
figmf_blfq_plb.pdf
389 KB EH5EA

O x#

T

spin-flip 7 ®

D ® & @A@A e -) 3 .9 © 'AER 2|
g Rl B5% FE

WX HERE #F BIRE B2

29




Pion ggg BLFQ .vs. BSE

We introduce a LF model:

Wff'_)(pq pg) = mf(x - xq)/, [X1Xg0).—s
|Meson) = |qq) + 19qg) Wi (pg py) = —mp(x1 = xg)/ /¥iXB1 4
W7 (Pgs py) = Amy(x1 = x5)/ /315,
‘/,(.S'q,sq,/l) _ 1 [ (54+57) ] Wi (g py) =0
qqg(iq.ig.a) M2 qq:(ig-ig) I’
qug
V': interaction connecting qq and qgg sector m; /
>
(54-53) _ gs\/E a (85¢551)
Wil = %+ x Z T2, W by, py) %
(51.55) 8s \/5
l/’qq (,ll, )( q» qL) e s 3 e _
S 8 P o o * To get the LFWF for [qqg)
X iyig ' » Pg ccl ig.01 Xg> PqL)- —
REE e based on the LFWF for |gq)
[J. Lan et al, Phys.Rev.D 111 (2025) 11, L111903] with the interaction V.
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To get LFWF for |qgg)

Pion ggg BLFQ .vs. BSE

2
151 -
x
s 1
S —— Power-law
05 —— lgg>, BSE
—a— 1gg@>, BLFQ
00 02 04 06 08
X

BLFQ: [PLB 825 (2022) 136890]
BSE:  [PRD 103 (2021) 014002]

[J. Lan et al, Phys.Rev.D 111 (2025) 11, L111903]

[Phys. Rev. D 50 (1994) 6895]

Take a power-law form for simplicity:

S

— m21

Ao,eff(xq'pql)/4 mg
B2

P3¢+mg{+ P%J."‘m%

Ppi(xg PgL) =N |1+

AO,eff (xqr qu_) =

Fitting the valence PDF of both the BLFQ
and the BSE:
s=14
p/mg; =1.16
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Au (X)

Pion ggg BLFQ .vs. BSE

2
BLFQ
— Model |
15 ---- Model Il
e Model IlI
— - BSE
1
0.5/ . /__\\ --------
N A TEINRSeLae Bl
.'.,"l / “M.-”-H-\M"-Q“'-‘:-:,
O S 1 I | 1\ ==

Model II: input from BLFQ PLB 22°
Model III: input from BSE PRD 21°

Model I .vs. II: bump is related to large value of my i

2 —— BSE, lqg>
— - BSE, Non-valence
fgl- 0202 2= Model Il, lggg>
. e Model lll, lggg>
’; , = BLFQ, lgg>
N— _:' ' // \\
:C’ 1 ; N7 S
< N7 AN
'.' " =i \\
o =
,’4,“’ --_\'\~§_\.\‘:\v\\
O 3 ] ] ] A 1\ ~:r P
0 0.2 0.4 0.6 0.8 1
X
Model my[GeV] ms[GeV] my[GeV] 1-P,y
0.390 0.390 0.600 0.508
0.390 5.69 0.600 0.508
0.255 0.255 0.638 0.300

Model II agrees with BLFQ: a large bump at low-x is reproduced

BSE result differs from Model III: BSE result contains contributions from ggng, where

n=172,..,0

qqg Fock sector is mostly important at small- x

[J. Lan et al, Phys.Rev.D 111 (2025) 11, L111903]
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1.5

Pion ggg BLFQ .vs. BSE

——— Model Il, m,=0 GeV
——————— Model Il, my= 0.6 GeV
——— Model lll, my = 0 GeV
i Model Ill, my = 0.638 GeV

beyond lqg>

Impact of m, on pion PDFs:

Model II: input from BLFQ PLB 22°
Model III: input from BSE PRD 21°

2

BLFQ

—— Model ll, my=0 GeV
Model Il, my=0.6 GeV
——— Model lll, my =0 GeV
T Model lll, my = 0.638 GeV

—]
Model m,[GeV] ms[GeV] my[GeV] 1-P,y
I 0.390 0.390 0.600  0.508
11 0.390 5.69 0.600  0.508
111 0.255 0.255 0.638  0.300

An increase of my leads to a shift of quark PDF to lower values of x

A larger m, gives a gluon PDF shifted towards larger- x

Perturbative results agree qualitatively with the BLFQ

[J. Lan et al, Phys.Rev.D 111 (2025) 11, L111903]
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Conclusion & Outlook

 BLFQ : A non-perturbative approach based on light-front QCD
Hamiltonian

 LF QCD Hamiltonian = Wave functions = Observables

* Solved for light mesons structure based on gq + qqg Fock components,
EMFF, PDF, TMD, GPD...

* 1 — p mass splitting ~ a large spin-flip matrix element
~ apeak at low-x for quark PDF

[Meson) = 1qq) + 147 9) + 147 48) + 149 99)
+lqq qq 9) +19q 999 + lgg) + -

Combine different perturbative methods = Timelike Physics, ...

= Jﬂ L toLE +
I L

a L © L S 10 3
q GeV/c) 4

with Tobias, Pacheco, Xiaorong, ..., in future



Good health!
Smooth work!

Happy New Year!

Thank you!
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