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Basis Light-front Quantization is …

a light-front framework starting to simultaneously get the mass spectrum and
the corresponding internal information of many quantum bound states in a
numerical manner and within a feasible computation time.

ℒ → 𝐻 → 𝐻 |𝑃 , Λ⟩ = 𝑀2 |𝑃 , Λ⟩ → light-front wavefunction

{
Hamiltonian light-front formalism

From LFWF to internal structure

GPCFs, GPDs, TMDs, PDFs, FFs

Basis and truncations, Supercomputer, Quantum computing

Electron, positronium, proton, light meson, heavy meson …
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In this study …

𝐻eff. = ∑3
𝑖=1

𝑚2
𝑖 +(𝑝⟂

𝑖 )2

𝑥𝑖
+ 1

2 ∑3
𝑖,𝑗=1 𝑉 conf.

𝑖,𝑗 + 1
2 ∑3

𝑖,𝑗=1 𝑉 OGE
𝑖,𝑗 ;

We focus on the TMD PDF calculations;

Currently we work within leading three-quark Fock sector;

We study the proton, Λ and Λ𝑐 system;
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TMDs in this study

Leading twist + 𝒲 ≈ 𝟙 + only valence quark ⟹ 6 T-even quark TMDs

In the current study, we find all TMDs expressed by the following helicity distributions

ΦΛ′,Λ
𝜆′

1,𝜆1
({𝑥, 𝑝⟂}) = 𝑁all ∫ ∑

𝜆2,𝜆3

𝜓Λ′ ∗
𝜆′

1,𝜆2,𝜆3
({𝑥, 𝑝⟂})𝜓Λ

𝜆1,𝜆2,𝜆3
({𝑥, 𝑝⟂}) (1)

Our calculations of the leading twist T-even TMDs don’t support the previously found
model-dependent relations. [10.1103/PhysRevD.81.074035; 10.1103/PhysRevD.84.034039]

Still, some model-dependent relations
Soffer-type bounds [10.1103/PhysRevLett.85.712] are satisfied.
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BLFQ results of six T-even leading twist TMDs when 𝒲 = 𝟙
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qualitative agreement with
other theoretical
calculations

[10.1103/PhysRevD.81.074035;
10.1103/PhysRevD.80.014021;
10.1103/PhysRevD.103.014024;
10.1103/PhysRevD.78.074010;
10.1103/PhysRevD.95.074009;
10.1103/PhysRevD.78.034025;
10.1103/PhysRevD.83.094507;
10.1103/PhysRevD.85.094510;
10.1103/PhysRevD.96.094508]
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Comparisons with PDFs obtained within the BLFQ framework

Integrating TMDs → PDFs [10.1103/PhysRevD.104.094036]
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Flavor-ratios compared with the lattice QCD calculations
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comparison with lattice
results Musch2011
[10.1103/PhysRevD.83.094507] via
favor ratio

∫ d𝑥𝑓𝑢

∫ d𝑥𝑓𝑑

ratio cancel possible overall
factors and effects from scale
evolution
our 𝑑 quark distributions
extend to higher (𝑝⟂)2 → our
flavor ratios decrease faster
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⟨(𝑝⟂)2⟩ and Gaussian ansatz
Overview

Some popular simplifications

𝑓𝑞(𝑥, (𝑝⟂)2) = 𝑓𝑞(𝑥) 𝑒
− (𝑝⟂)2

⟨(𝑝⟂)2⟩𝑓

𝜋⟨(𝑝⟂)2⟩𝑓

no 𝑥 and flavour dependence of ⟨(𝑝⟂)2⟩𝑓

More sophisticated researches don’t adopt those simplifications
? What about in BLFQ?

[10.1007/JHEP04(2014)005; 2110.10253; 10.
1103/PhysRevD.92.114023; 10.1016/j.physletb.
2020.135347; 10.1103/PhysRevD.102.054002;
10.1103/PhysRevD.91.034010]
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𝑓𝑞
Gaus.(𝑥, (𝑝⟂)2) = 𝑓𝑞

BLFQ(𝑥)
exp(− (𝑝⟂)2

⟨(𝑝⟂)2⟩
𝑞
𝑓(𝑥)

)

𝜋⟨(𝑝⟂)2⟩𝑞
𝑓(𝑥)

small (𝑝⟂)2 region:
Gaussian-type distributions with
𝑥-dependent Gaussian width
large (𝑝⟂)2 region: BLFQ results
decrease slower than
Gaussian-type distributions
perturbative results:
𝑓1 ∼ 1/(𝑝⟂)2 in the large (𝑝⟂)2

region
[10.1088/1126-6708/2008/08/023]
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Electromagnetic
structure of heavy
baryons, 5 May
2022, 16:40

Lighter quark vs
heavier quark

For proton, the
difference of
mass is small,
only some MeV.

Light partons in
Proton and Λ
are basically the
same to within
the factor of 2.

For Λ and Λ𝑐,
heavier parton
have large 𝑥.
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We start from an effective Hamiltonian to get the LFWF and thus the leading twist T-even
TMDs of baryon.

Our TMDs

satisfy the universal Soffer-type bounds;
don’t support previously found model-dependent relations.

After integrating over the transverse momentum we do get the correct PDFs from TMDs.
Favour ratio comparison with lattice simulations are consistent.
Strong 𝑥 and flavour dependence of ⟨(𝑝⟂)2⟩𝑞

𝑓 (𝑥).

Our TMDs are

consistent with Gaussian-type distributions in the small (𝑝⟂)2 region;
qualitatively consistent with the perturbative calculations in the large (𝑝⟂)2 region.

For proton, the effect from mass of quark is small, and for heavy-light system, heavier quark
possess larger 𝑥.
Future research will focus on the inclusion of a non-trivial gauge link and also the calculations
of cross section asymmetry.
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