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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.
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the corresponding internal information of many quantum bound gtates in a
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£ — H\ H|P,A) = M?|P,\) — light-front wavefunction

light-front formalism

Hamiltonia
From LFWHE\to internal structure

GPCFs, GPDS, TMDs, PDFs, FFs
Basis and truncations, Supercomputer, Quantum computin

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

Heﬂ-_ _ Z;‘), ) mj Z(sz + 1 ZZ] ) Vconf + 1 ZZ] . VOGE’

We focus on the TMD PDF calculations;

Currently we work within leading three-quark Fock sector;

We study the proton, A and A_ system;
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TMDs in this study

e Leading twist + W ~ 1 -+ only valence quark = 6 T-even quark TMDs
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TMDs in this study

e 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

A By ({l p'}) = Nau/ Z 3\{732,)3(?{1'-PL})@DQPAZ,%({%PLH (1)
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Q| In total 16 independent helicity distributions?
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TMDs in this study

e Leading twist + W ~ 1 + only valence quark = 6 T-even quark TMDs

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

Q

{’ P Nall/ Z w,\l,x2 A {fl%I’L}Wf\\l,Az,,g({fIFI)L}) (1)

In total 16 mdependent helicity distributions?

!l Actually only 6.
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TMDs in this study

e 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

>\'17 ({z,p* au/ )\ >\ Ag {JHPL})@le,)\z,)\s(i{IaPL}> (1)
A3 hs

!l In total 6 independent helicity distributions

o 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]
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TMDs in this study

e 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
B (0D = Na [ 3 W p D (20 ) )
)‘2 >‘3

!l In total 6 independent helicity distributions

o 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]

o 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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Comparisons with PDFs obtained within the BLFQ framework

Nuax = 10, K = 16.5

/ d*k*TMD PDF
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z (longitudinal momentum fraction)

Integrating TMDs — PDFs [10.1103/PhysRevD.104.094036]
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Flavor-ratios compared with the lattice QCD calculations
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our d quark distributions
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Overview
@ Some popular simplifications
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e no z and flavour dependence of ((pL)2>f 10.1103/PhysRevD.91.034010)
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@ More sophisticated researches don’t adopt those simplifications
[10.1007/JHEP06(2017)081; 10.1007/JHEP06(2019)

028; 10 . 1007 / JHEP11(2013) 194; 10 . 1007 /
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((p)?) and Gaussian ansatz
x and flavour dependence of {((p*)?) within the BLFQ framework
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{(p")?) and Gaussian ansatz
x and flavour dependence of {((p*)?) within the BLFQ framework
e strong z and flavor dependence of {(p*)?)
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@ peak structure
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<<pL)2> and Gaussian ansatz

Compatibility between BLFQ calculations and Gaussian ansatz
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<<pL>2> and Gaussian ansatz

Compatibility between BLFQ calculations and Gaussian ansatz
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Compatibility between BLFQ calculations and Gaussian ansatz
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<<pL>2> and Gaussian ansatz

Compatibility between BLFQ calculations and Gaussian ansatz
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Conclusions
@ We start from an effective Hamiltonian to get the LEFWF and thus the leading twist T-even
TMDs of baryon.
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o 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 <(pi)2>;1c (z).
@ Our TMDs are
o consistent with Gaussian-type distributions in the small (p*)? region;

o qualitatively consistent with the perturbative calculations in the large (p*)? 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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