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Light-Front Quantization
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[Dirac, 1949]

Advantages:

Frame-independent wave functions

Direct access to parton distributions

Simple vacuum structure

* No square root in Hamiltonian P~



Basis Light-front Quantization

[Vary et al, 2008]

Nonperturbative eigenvalue problem
P~|B) = Pg |B)
 P7:light-front Hamiltonian
* |B): mass eigenstate
* Pj:eigenvalue for |B)

Evaluate observables for eigenstate

0 = (p[0]B)

Fock sector expansion _ o _
. g [|meson) =alqq)+blqqg) +clqqqq) +dlqqgg)+ ..

Discretized basis
» Transverse: 2D harmonic oscillator basis: ®5 ., (B.).
* Longitudinal: plane-wave basis, labeled by k.
* Basis truncation:
2i(2n; + |my| + 1) < Ny,
Liki =K.
N,qx, K are basis truncation parameters.
Large N,,,4, and K : High UV cutoff & low IR cutoff



PDF from BLFQ and QCD Evolution for Light Mesons
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PDF for the valence quark result from the light-front wave functions obtain by
diagonalizing the effective Hamiltonian.
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[Lan, Mondal, Jia, Zhao, Vary, PRL122, 172001(2019)] Agree with experimental results 7



m) = lq@)+

Ny

l
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Interaction Part of Hamiltonian
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Mass Spectrum
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Pion Mass, DC, Radili

0 _ :
(r?) = —6-— TE F(Q@*)]g2-0 Olg(0)r*rsw(0)|P(p)) = ip* fp,
F@2) = D[ dxif(x1,0,0%) O (Q)r y (0)IV(p.4)) = e My fy.
BLFQ 139.57 775.26 138.2 129.0 0.516~1.456 0.492
[Tanagashl etal, P?D 5071 8)] 775.26+0.25 130.2+1.7 22112 0.672+0.008
BLFQ-NJL 139.57 775.2340.04 202.102 100.12/\2 0.6840.05

[Jia, Vary, PRC(2018)]

BLFQ
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Pion Electromagnetic Form Factor
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Pion initial PDF

PDF
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Pion PDF
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« Large-x behavior (1 — x)177

closer to pQCD
« The gluon distribution

signifificantly increases
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Tt

1/ production cross section
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[Chang, et al, PRD 102 (2020) 054024];
[Nason, et al, NPB 303 (1988) 607];
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Agree with experimental
data (FNAL E672, E706,
E705, CERN NA3,WAL1l).
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Pion Structure function
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Pion 3D Structure
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Pion GPD Preliminary
GPD  |m) =alqq) + blqc79>:+

Zero skewness

* Quark content enhanced at small x with |[qqg)



Pion GPD

_ o
GPD  |m) = alqq) + blqqg)t -

H2 (x,-t)

» Distribution is broader at larger x

Preliminary



Pion GPD
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Pion GPD with Scale Evolution
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* Include valence quark only
* Scale evolution performed with DGLAP (HOPPET)
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Pion TMD
TMD  |m) = alqq) + blqGg)y+ -
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Pion 3D Structure
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Pion 3D Structure
TMD ) = alqq) + blqgg)t
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Pion 3D Structure
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Kaon Form Factor
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Kaon initial PDF
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Kaon PDF
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Kaon PDF
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Kaon PDF
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Kaon 3D Structure
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Kaon 3D Structure

GPD
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Kaon 3D Structure
TMD  |K) = a|us) + b|u§g>:_|_
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Kaon 3D Structure
TMD  |K) = alu$) + b|u§g):+
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Conclusion and outlook

* Light-front Hamiltonian framework:
— Relativistic approach
— Wave functions are available
— Systematically expandable in Fock space

* Preliminary results on GPDs and TMDs of light
mesons

e Next:

- |qq) + 19499} + 19qqq)
— More observables

— Mesons of other quantum numbers
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