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Basis Light-front Quantization
• Nonperturbative eigenvalue problem

𝑃!| ⟩𝛽 = 𝑃"!| ⟩𝛽
• 𝑃!: light-front Hamiltonian
• | ⟩𝛽 : mass eigenstate
• 𝑃"!: eigenvalue for | ⟩𝛽

• Evaluate observables for eigenstate
𝑂 ≡ 𝛽 (𝑂 𝛽

• Fock sector expansion

• Discretized basis
• Transverse: 2D harmonic oscillator basis:Φ#,%

& 𝑝⃗' . 
• Longitudinal: plane-wave basis, labeled by 𝑘. 
• Basis truncation: 

∑( 2𝑛( + 𝑚( + 1 ≤ 𝑁%)*, 
∑( 𝑘( = 𝐾. 

𝑁%)* , 𝐾 are basis truncation parameters.

⟩|meson = 𝑎 ⟩|𝑞>𝑞 + 𝑏 ⟩|𝑞>𝑞𝑔 + 𝑐 ⟩|𝑞>𝑞𝑞>𝑞 + 𝑑 ⟩|𝑞>𝑞𝑔𝑔 +⋯

Large 𝑁%)* and 𝐾 : High UV cutoff & low IR cutoff

[Vary et al, PRC 2010]
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Light-front Hamiltonian

QCD light-front Hamiltonian can be derived from QCD Lagrangian:
𝑷𝑸𝑪𝑫! = 𝑯𝑲 +𝑯𝑰ℒ!"# = #𝜓 𝑖𝐷 −𝑚 𝜓 −

1
4
𝐺$%& 𝐺&

$%/ 𝐴0 = 0

𝑯𝑲 =
1
2∫𝑑

3𝑥 >𝜓𝛾0 (4! "0%"

(4#
𝜓 + 1

2∫𝑑
3𝑥 𝐴)( 𝑖𝜕' 2𝐴)(

𝑯𝑰 = 𝑔∫𝑑3𝑥 >𝜓𝛾5𝐴5 𝜓

+ 1
2
𝑔2 ∫𝑑3𝑥 >𝜓𝛾5𝐴5

6#

(4#
𝛾7𝐴7𝜓

−𝑖𝑔2 ∫𝑑3𝑥 𝑓)&8 >𝜓𝛾0𝑇8𝜓 1
(4# " 𝑖𝜕0𝐴)

5𝐴5&

+ 1
2
𝑔2 ∫𝑑3𝑥 >𝜓𝛾0𝑇)𝜓 1

(4# "
>𝜓𝛾0𝑇)𝜓

+𝑖𝑔 ∫𝑑3𝑥 𝑓)&8𝑖𝜕5𝐴7)𝐴5&𝐴78

− 1
2
𝑔2 ∫𝑑3𝑥 𝑓)&8 𝑓)9: 𝑖𝜕0𝐴&

5𝐴58
1

(4# " 𝑖𝜕0𝐴90𝐴7:

+ 1
;
𝑔2 ∫𝑑3𝑥 𝑓)&8 𝑓)9: 𝐴&

5𝐴87𝐴59𝐴7: .

𝜓: quark field operator
𝐴5): gluon field operator
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𝐻!"" =
𝑘#$ +𝑚%

$

𝑥
+
𝑘#$ +𝑚 &%

$

1 − 𝑥
+ 𝜅'𝑥 1 − 𝑥 𝑟#$ −

𝜅'

𝑚% +𝑚 &%
$ 𝜕( 𝑥 1 − 𝑥 𝜕( + 𝐻!""

)*+

PDFs for light mesons

[J. Lan et al, PRL122, 172001(2019), PRD 101 (2020) 034024]

Pion PDF Valence u PDF Kaon/Pion

Agree with experimental results

Diagonalizing 𝐻'(( LF wave function Initial PDFs Scale evolution

Take a review ⟩|meson = ⟩|𝑞5𝑞 + ⋯
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⟩|meson = 𝑎 ⟩|𝑞+𝑞 + 𝑏 ⟩|𝑞+𝑞𝑔 +⋯

⟩|meson = ⟩|𝑞+𝑞 +⋯

Light mesons up to ⟩|𝑞$𝑞𝑔

[J. Lan et al, PRL122, 172001(2019)]
[J. Lan et al, PRD 101 (2020) 034024]

[J. Lan et al, PLB 825 (2022) 136890]
[Z. Zhu et al, PLB 839(2023) 137808]
[S. Kaur et al, PLB 851 (2024) 138563]
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Light mesons up to ⟩|𝑞$𝑞𝑔
⟩|meson = 𝑎 ⟩|𝑞"𝑞 + 𝑏 ⟩|𝑞"𝑞𝑔

𝑷7 = 𝑯𝑲.𝑬. +𝑯𝒕𝒓𝒂𝒏𝒔 +𝑯𝒍𝒐𝒏𝒈𝒊 +𝑯𝑰𝒏𝒕𝒆𝒓𝒂𝒄𝒕

𝑯𝑲.𝑬. =H
𝒊

𝒑𝒊𝟐 +𝒎𝒒
𝟐

𝒑𝒊2

𝑯𝑰𝒏𝒕𝒆𝒓𝒂𝒄𝒕 = 𝑯𝑽𝒆𝒓𝒕𝒆𝒙 +𝑯𝒊𝒏𝒔𝒕 = 𝒈K𝝍 𝜸𝝁𝑻𝒂 𝝍 𝑨𝝁𝒂 +
𝒈𝟐𝑪𝑭
𝟐 𝒋2

𝟏
𝒊𝝏2 𝟐 𝒋

2

𝒎𝒇

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

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

𝑯𝒕𝒓𝒂𝒏𝒔 ~ 𝜿𝑻𝟒𝒓𝟐

𝑯𝒍𝒐𝒏𝒈𝒊 ~ −H
𝒊𝒋

𝜿𝑳𝟒𝝏𝒙𝒊 𝒙𝒊𝒙𝒋𝝏𝒙𝒋 ---Y Li, X Zhao , P Maris , J Vary, PLB 758(2016)

---Brodsky, Teramond arXiv: 1203.4025
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spin-flip

Mass splitting between 𝜋 − 𝜌?

[M. Burkardt, PRD 58 (1998) 096015]

“…how one can obtain a massless π 
meson in such a picture without 
having at the same time a massless ρ: 
…
The key observation to resolve this 
problem is that one needs to find a 
mechanism which dynamically 
generates a large helicity flip 
amplitude.” 

𝑚X

𝑢 𝑝, 𝜆 =

1
0
𝑖𝑚+
𝑝,

(𝑖𝑝- − 𝑝.)
𝑝,

, if 𝜆 = +1/2;

0
1

(−𝑖𝑝- − 𝑝.)
𝑝,
𝑖𝑚+
𝑝,

, if 𝜆 = −1/2.

[J. Lan et al, arXiv: 2406. 18878 ]
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pion

rho
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𝑁=>? = 14, 𝐾=>? = 15,𝑀@ = 0:
𝑚/ = 0.39 GeV, 𝑚0 = 0.60 GeV, 
κ = 0.65 GeV, 𝑏 = 0.29 GeV,
α = 0.293 , 𝑚( = 5.69 GeV

𝜋 − 𝜌 mass splitting .VS. 𝑚!

𝒎𝒇
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Light meson mass spectrum

𝜋 0.492 151

𝜌 0.486 141

𝑎1(980) 0.370 0

𝑏- (1235) 0.30 0

𝑎- (1260) 0.324 13

𝜋(1300) 0.284 59

𝑎. (1320) 0.320 0

𝜋- (1400) 0.002 0

𝜌(1450) 0.312 50

DC
[MeV]Norm𝒒"𝒒

Fix the parameters by fitting six blue states
• 𝜋1(1400) : ⟩|𝑞 >𝑞𝑔 dominates 
• 𝜋(1300): the DC is smaller than the DC of pion  

𝑁=>? = 14, 𝐾=>? = 15,𝑀@ = 0:
𝑚/ = 0.39 GeV, 𝑚0 = 0.60 GeV, 
κ = 0.65 GeV, 𝑏 = 0.29 GeV,
α = 0.293 , 𝑚( = 5.69 GeV

⟩|meson = 𝑎 ⟩|𝑞>𝑞 + 𝑏 ⟩|𝑞>𝑞𝑔 +⋯
[J. Lan et al, PLB 825 (2022) 136890]
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The LFWF in 𝑞$𝑞 Fock sector
⟩|𝜋 = 𝑎 ⟩|𝑞>𝑞 + 𝑏 ⟩|𝑞>𝑞𝑔 +⋯

• At endpoint x, 𝜓 ~ 𝑝': lightly narrow 

• At middle x, 𝜓 ~ 𝑝': a little bit wide

↓↑−↑↓ dominant in ⟩|𝑞+𝑞
99.7%

Ψ
{3!,6⃗"!

# ,7!}
𝒩,:$ = I

{;!<!}

𝜓𝒩({ #𝛼=})M
=>-

𝒩

𝜙;!<!(𝑝⃗?=, 𝑏)

Probability 𝑞>𝑞 =0.486 
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Pion form factor 

• FF is in reasonable agreement with experimental data

• F(Q2) ∝ 1/ Q2 for large Q2

⟩|𝜋 = 𝑎 ⟩|𝑞>𝑞 + 𝑏 ⟩|𝑞>𝑞𝑔 +⋯[Brodsky & de Teramond, PRD 77(2008)056007]

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

Ψ 𝑝A 𝐽BC0 0 Ψ 𝑝 = p + pA 0 F(Q2)
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Pion PDA

• Endpoint behavior almost agrees with pQCD

• Consistent with FNAL-E-791 experiment on Drell-Yan (pion-platinum) process

⟩|𝜋 = 𝑎 ⟩|𝑞>𝑞 + 𝑏 ⟩|𝑞>𝑞𝑔 +⋯

Preliminary

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

���� μ��
���� μ�=������

����-�-�������

��� ��� ��� ��� ��� ������

���

���

���

�

ϕ π
(�
)

[PRL86. 4768]
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𝜇DEFGH2 = 0.34 GeV2

Pion PDF at model scale

(1 − 𝑥)1.;

large 𝑥

𝒙 𝐠𝐥𝐮𝐨𝐧 = 𝟎. 𝟐𝟏𝟔; 𝒙 𝐯𝐚𝐥𝐞𝐧𝐜𝐞 𝒖 = 𝟎. 𝟑𝟗𝟐

[J. Lan et al, PLB 825 (2022) 136890]
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⟩|𝜋 = 𝑎 ⟩|𝑞>𝑞 + 𝑏 ⟩|𝑞>𝑞𝑔 +⋯

• Large-x behavior (1 − 𝑥)1.TT
closer to pQCD

• The gluon distribution 
significantly increases 

Pion PDF with QCD evolution

𝒙 @ 4 𝐆𝐞𝐕% Valence Gluon Sea

BLFQ 0.483 0.421 0.096

BLFQ-NJL 0.489 0.398 0.113

[BSE 2019’] 0.48(3) 0.41(2) 0.11(2)

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

|𝐽/𝜓 = 𝐹 o
(,VWX, YX,Z

p
2%$

2%%
𝑑𝑀8 ̅8

2𝑀8 ̅8

𝑆 𝑥U2 +
4𝑀8 ̅8

2

𝑆

r𝜎(V (𝑠,𝑚8
2, 𝜇\2 , 𝜇U2)𝑓(]

±(𝑥1, 𝜇U2)𝑓V^(𝑥2, 𝜇U2)

Agree with experimental data 
(FNAL E672, E706, E705, 
CERN NA3,WA11).

[nCTEQ 2015]

⁄𝐽 𝜓 production cross section 𝜋± 𝑁 → ⁄𝐽 𝜓 𝑋

• Significant gg contribution

• Various energies of pions

• Various targets  (Be, p, Li)

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

Mass splitting between 𝜋 − 𝜌?

[M. Burkardt, PRD 58 (1998) 096015]

“…how one can obtain a massless π 
meson in such a picture without 
having at the same time a massless ρ: 
…
The key observation to resolve this 
problem is that one needs to find a 
mechanism which dynamically 
generates a large helicity flip 
amplitude.” 

𝑚X

𝑢 𝑝, 𝜆 =

1
0
𝑖𝑚+
𝑝,

(𝑖𝑝- − 𝑝.)
𝑝,

, if 𝜆 = +1/2;

0
1

(−𝑖𝑝- − 𝑝.)
𝑝,
𝑖𝑚+
𝑝,

, if 𝜆 = −1/2.

[J. Lan et al, arXiv: 2406. 18878 ]
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a low-𝑥 peak ?

Observable effect with 𝑚!?

[J. Lan et al, arXiv: 2406. 18878 ]
2024年7月2日 强子物理在线论坛100期特别活动 18



We introduce a LF model:
⟩|Meson = ⟩|𝑞>𝑞 + ⟩|𝑞>𝑞𝑔

𝑉: interaction connecting 𝑞5𝑞 and 𝑞5𝑞𝑔 sector

• To get the LFWF for ⟩|𝑞+𝑞𝑔
based on the LFWF for ⟩|𝑞+𝑞
with the interaction 𝑉.

Pion 𝑞$𝑞𝑔 BLFQ .vs. BSE 

𝒎𝒇

[J. Lan et al, arXiv: 2406. 18878 ]
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Pion 𝑞$𝑞𝑔 BLFQ .vs. BSE 

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

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

𝜓6@ 𝑥A, 𝒑A? = 𝑁 1 +
𝐴1,B++ 𝑥A, 𝒑A? /4 − 𝑚A

.

𝛽.

CD

Take a power-law form for simplicity: 

Fitting the valence PDF of both the BLFQ 
and the BSE:

𝑠 = 1.4
𝛽/𝑚X = 1.16

𝐴1,B++(𝑥A, 𝒑A?) =
𝒑&"# ,<&

#

3&
+ 
𝒑'&"
# ,<'&

#

3'&

To get LFWF for ⟩|𝑞+𝑞𝑔

[J. Lan et al, arXiv: 2406. 18878 ]
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Pion 𝑞$𝑞𝑔 BLFQ .vs. BSE 

• 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 𝑚`

• Model II agrees with BLFQ: a large bump at low-𝑥 is reproduced
• BSE result differs from Model III: BSE result contains contributions from 𝑞>𝑞𝑛𝑔, where 
𝑛 = 1,2, … ,∞

• 𝑞>𝑞𝑔 Fock sector is mostly important at small- 𝑥 [J. Lan et al, arXiv: 2406. 18878 ]
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Pion 𝑞$𝑞𝑔 BLFQ .vs. BSE 

Impact of  𝑚Z on pion PDFs:
• Model II: input from BLFQ PLB 22’
• Model III: input from BSE PRD 21’
• An increase of  𝑚Z leads to a shift of  quark PDF to lower values of 𝑥
• A larger 𝑚Z gives a gluon PDF shifted towards larger- 𝑥
• Perturbative results agree qualitatively with the BLFQ [J. Lan et al, arXiv: 2406. 18878 ]
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Pion GPD

Preliminary

⟩|𝜋 = 𝑎 ⟩|𝑞>𝑞 + 𝑏 ⟩|𝑞>𝑞𝑔 +⋯

• Falls slowly at larger 𝑥
• Emerge at larger 𝑥 range for larger −𝑡
• Increase in low-𝑥 region (because of 𝑚`)

[M. Diehl, Phys. Rep. 388 (2003) 41-277]

Quark Gluon

𝐻F
A 𝑥, 𝜉 = 0, 𝑡 =

1
2
W
𝑑𝑧C

2𝜋
𝑒=3G(H) 𝜋, 𝑃 + Δ2 #𝑞 − 𝑧2 𝛾,𝑞 𝑧

2 𝜋, 𝑃 − Δ2 H(>1
H">1

𝐻F
I 𝑥, 𝜉 = 0, 𝑡 =

1
𝑃,

W
𝑑𝑧C

2𝜋
𝑒=3G(H) 𝜋, 𝑃 + Δ2 𝐺,$ − 𝑧2 𝐺$,

𝑧
2 𝜋, 𝑃 − Δ2 H(>1

H">1

[K. Fu, et al, in preparation ]

𝐴0 = 0
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Pion TMD

Preliminary

[Boer & Mulders PRD 57 (1998) 5780]
[Pasquini et al, PRD 90 (2014) 014050]

• The TMD decreases with 𝑘'
• Vanishes after 𝑘' ~ 0.6 GeV
• Increase in low-𝑥 region (because of 𝑚`)

Quark Gluon

⟩|𝜋 = 𝑎 ⟩|𝑞>𝑞 + 𝑏 ⟩|𝑞>𝑞𝑔 +⋯

𝑓-
A 𝑥, 𝑘? =

1
2
W
𝑑𝑧C𝑑.𝑧?
2𝜋 J 𝑒=(H)L(CH"L") 𝜋, 𝑃 #𝑞 − 𝑧2 𝛾,𝑞 𝑧

2 𝜋, 𝑃
H(>1

𝑓-
I 𝑥, 𝑘? =

1
𝑥𝑃,W

𝑑𝑧C𝑑.𝑧?
2𝜋 J 𝑒=(H)L(CH"L") 𝜋, 𝑃 𝐺,$ − 𝑧2 𝐺$,

𝑧
2 𝜋, 𝑃

H(>1

[K. Fu, et al, in preparation ]
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⟩|meson = 𝑎 ⟩|𝑞+𝑞 + 𝑏 ⟩|𝑞+𝑞𝑔 + 𝑐 ⟩|𝑞+𝑞𝑞+𝑞 +⋯

⟩|meson = 𝑎 ⟩|𝑞+𝑞 + 𝑏 ⟩|𝑞+𝑞𝑔 +⋯

Light mesons up to ⟩|𝑞$𝑞𝑞$𝑞

[J. Lan et al, PLB 825 (2022) 136890]
[Z. Zhu et al, PLB 839(2023) 137808]
[S. Kaur et al, PLB 851 (2024) 138563]

[J. Chen et al, in preparation ]

2024年7月2日 强子物理在线论坛100期特别活动 25



Light mesons up to ⟩|𝑞$𝑞𝑞$𝑞

⟩|meson = 𝑎 ⟩|𝑞"𝑞 + 𝑏 ⟩|𝑞"𝑞𝑔 + 𝑐 ⟩|𝑞"𝑞𝑞"𝑞

𝑷7 = 𝑯𝑲.𝑬. +𝑯𝒕𝒓𝒂𝒏𝒔 +𝑯𝒍𝒐𝒏𝒈𝒊 +𝑯𝑰𝒏𝒕𝒆𝒓𝒂𝒄𝒕

𝑯𝑲.𝑬. =H
𝒊

𝒑𝒊𝟐 +𝒎𝒒
𝟐

𝒑𝒊2

𝑯𝑰𝒏𝒕𝒆𝒓𝒂𝒄𝒕 = 𝒈K𝝍 𝜸𝝁𝑻𝒂 𝝍 𝑨𝝁𝒂 +
𝒈𝟐𝑪𝑭
𝟐

𝒋2
𝟏

𝒊𝝏2 𝟐 𝒋
2 +

𝒈𝟐𝑪𝑭
𝟐

K𝝍𝜸𝝁𝑨𝝁
𝜸2

𝒊𝝏2
𝑨𝝂𝜸𝝂𝝍

𝒎𝒇

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

[J. Chen et al, in preparation ]

𝒎𝒇
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𝑁<N3 𝐾 𝑏(GeV) 𝑚A(GeV) 𝑚+(GeV) 𝑔

8 7 0.271 1.23 5.58 5.785

𝑫𝑪𝑩𝑳𝑭𝑸𝟎)( 𝑫𝑪𝑬𝑿𝑷𝟎)(

130.25 MeV 130.2MeV

𝒎𝒇

Fix parameters by fitting states (𝜋, 𝜌, 𝑎G(1260) ) and DC of pion

Light meson mass spectrum

[J. Chen et al, in preparation ]
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𝒎𝒇

• A larger 𝑚H provides 𝜋 − 𝜌 mass splitting

𝜋 − 𝜌 mass splitting .VS. 𝑚!

𝑁<N3 𝐾 𝑏(GeV) 𝑚A(GeV) 𝑚+(GeV) 𝑔

8 7 0.271 1. 23 5.58 5.785

[J. Chen et al, in preparation ]
2024年7月2日 强子物理在线论坛100期特别活动 28



𝑵𝒎𝒂𝒙 𝑲 𝒃(GeV) 𝒎𝒒(GeV) 𝒎𝒔(GeV) 𝒎𝒇(GeV) 𝒈

𝑞2𝑞 8 7 0.271 1. 2306 - 5.58 5.785

s𝑠̅ 8 7 0.271 - 1.2659 5.58 5.785

𝑞𝑠̅ 8 7 0.271 1.2306 1.2659 5.58 5.785

• Agree with experimental data: 
𝐾, 𝐾∗(892) , 𝐾(1460)

Strange meson mass spectrum
⟩|meson = 𝑎 ⟩|𝑞"𝑞 + 𝑏 ⟩|𝑞"𝑞𝑔 + 𝑐 ⟩|𝑞"𝑞𝑞"𝑞
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LFWF in 𝑞$𝑞 Fock sector

• At endpoint x, 𝜓 ~ 𝑝': lightly narrow 
• At middle x, 𝜓 ~ 𝑝': a little bit wide
• Oscillations: HO basis artifact in transverse direction

↓↑−↑↓ dominant in ⟩|𝑞+𝑞
99.89%

↓↑+↑↓ dominant in ⟩|𝑞+𝑞
99.98%

Probability 𝑞>𝑞 =0.786 Probability 𝑞>𝑞 =0.813 

[J. Chen et al, in preparation ]
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Pion and rho PDAs

[J. Chen et al, in preparation ]• Narrower compare to  pQCD
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Pion form factor

[J. Chen et al, in preparation ]

Ψ 𝑝A 𝐽BC0 0 Ψ 𝑝 = p + pA 0 F(Q2)

• FF is in good agreement with experimental data at lower 𝑄2

𝑟2 = 0.973 fm
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• a low-𝑥 bump (because of 𝑚H)
• Larhe-𝑥 behavior 1 − 𝑥 J.J closer to pQCD

Pion PDFs

[J. Chen et al, in preparation ]
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Pion GPD

[J. Chen et al, in preparation ]

[M. Diehl, Phys. Rep. 388 (2003) 41-277]

𝐻F
A 𝑥, 𝜉 = 0, 𝑡 =

1
2
W
𝑑𝑧C

2𝜋
𝑒=3G(H) 𝜋, 𝑃 + Δ2 #𝑞 − 𝑧2 𝛾,𝑞 𝑧

2 𝜋, 𝑃 − Δ2 H(>1
H">1

𝐻F
I 𝑥, 𝜉 = 0, 𝑡 =

1
𝑃,W

𝑑𝑧C

2𝜋 𝑒=3G(H) 𝜋, 𝑃 + Δ2 𝐺,$ − 𝑧2 𝐺$,
𝑧
2 𝜋, 𝑃 − Δ2 H(>1

H">1

𝐴0 = 0

Quark

Gluon

Quark in 𝑞>𝑞 Quark in 𝑞>𝑞𝑔 Quark in 𝑞>𝑞𝑞>𝑞

• Increase in low-𝑥 region (because of 𝑚`)
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Pion TMD

[J. Chen et al, in preparation ]

[Boer & Mulders PRD 57 (1998) 5780]
[Pasquini et al, PRD 90 (2014) 014050]

𝑓-
A 𝑥, 𝑘? =

1
2
W
𝑑𝑧C𝑑.𝑧?
2𝜋 J 𝑒=(H)L(CH"L") 𝜋, 𝑃 #𝑞 − 𝑧2 𝛾,𝑞 𝑧

2 𝜋, 𝑃
H(>1

Quark
Gluon

𝑓-
I 𝑥, 𝑘? =

1
𝑥𝑃,

W
𝑑𝑧C𝑑.𝑧?
2𝜋 J 𝑒=(H)L(CH"L") 𝜋, 𝑃 𝐺,$ − 𝑧2 𝐺$,

𝑧
2 𝜋, 𝑃

H(>1

Quark in 𝑞>𝑞 Quark in 𝑞>𝑞𝑔 Quark in 𝑞>𝑞𝑞>𝑞

• Increase in low-𝑥 region (because of 𝑚`)
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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 𝑞+𝑞 + 𝑞+𝑞g + 𝑞+𝑞𝑞+𝑞 Fock

components
• An independent quark mass in vertex interaction (𝑚�)  provide a 

large 𝜋−𝜌 mass splitting 
• A larger 𝑚� reflects a bump at low-𝑥 quark PDF and  gluon PDF 

shifted towards larger-𝑥
• BLFQ results qualitatively agree with BSE results
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Meson = 𝑞+𝑞 + 𝑞+𝑞 𝑔 + 𝑞+𝑞 𝑞+𝑞 + 𝑞+𝑞 𝑔𝑔
+ 𝑞+𝑞 𝑞+𝑞 𝑔 + 𝑞+𝑞 𝑔𝑔𝑔 + 𝑔𝑔 +⋯



Thank you !


