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Outline

 Basis Light-front Quantization approach

 Application to Light Mesons

— Areview of BLFQ-NJL

— Light mesons with one dynamical gluon
(LFWF, EMFF, PDA, TFF, PDF, GPD & TMD)

« Summary & Outlook



Basis Light-front Quantization

Nonperturbative eigenvalue problem [Vary et al, 2008]
P~|B) = Pz |B)
« P~ light-front Hamiltonian
« |B): mass eigenstate
* Pg:eigenvalue for |B)

Evaluate observables for eigenstate
0 = (B|0]B)
Fock sector expansion
* EQ. |meson) =alqq) + blqqg) +clqqqq) +dlqqgg) + -

Discretized basis
» Transverse: 2D harmonic oscillator basis: ®3 ., (7).
 Longitudinal: plane-wave basis, labeled by k.
* Basis truncation:
2i(2n; + [my| + 1) < Nppgy,
Liki =K.
N,,..., K are basis truncation parameters.

Large N,,,,, and K : High UV cutoff & low IR cutoff



PDFs for Light Mesons
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Moments of Pion PDF
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Drell-Yan Cross Section
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l
meson) = |qq) H

\

l
Imeson) = al|qq) + blqqg)™+ -




Interaction Part of Hamiltonian

l
[meson) = alqq) + blqqg)'+ -

Hint 1qq) 1qq g)

(qq9) ;;Eb ‘ 0

P~ = + rtx (1 — x)7¢

4
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Light-front QCD Hamiltonian

Brodsky et al, 1998
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Mass Spectrum
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Pion Decay Constant
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With increasing basis size, the DC approaches the experimental value



Wave Function
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Pion Electromagnetic Form Factor
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Pion PDA

fabn () = T J d?k, e ky) Im) = alqq) + blqgg) + -~
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 Consistent with FNAL-E-791 experiment Prelimina ry .



m — y*y Transition Form Factor
[Brodsky et al, PRD 84, 033001 (2011)]
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m — vy y™* Transition Form Factor

[Brodsky et al, PRD 84, 033001 (2011)] o
[CM et al, Phys. Rev. D 104, 094034 (2021) Preliminary
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Symmetric

16



Pion initial PDF
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Pion PDF
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 significantly gg contribution
 various energies of pions

 different target

Agree with experimental
data (FNAL E672, E706,
E705, CERN NA3,WAL1l).
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Pion Structure function
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Pion GPD Preliminary
[M. Diehl, Phys. Rep. 388 (2003) 41-277]
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« Quark content enhanced at small x with |ggg)
 Falls slowly at larger x
* Emerge at larger x range for larger —t
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Pion GPD with Scale Evolution  Preliminary
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» Scale evolution performed using DGLAP equation (HOPPET)
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Pion Polarized GPD Preliminary

[Adhikari et al, arXiv: 2110.05048 — qlaz Y ..
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Pion TMD Preliminary
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Conclusion & Qutlook

 Light-front Hamiltonian approach: mass spectrum <4 Structure

« Compared to NJL interaction, dynamical gluon in light meson:

v Explains the properties of excited/exotic states such as 7(1300), 7, (1400)

v" Describes EMFF, F(Q?) « 1/ Q2 for large Q2

v Improves endpoint behavior in PDF/PDA

v Reasonable TFF

v' Generates more gluon at moderate x/less gluon at small x

v Improves agreement on J /1y production cross section with experimental data
Improves mr structure function at small x

AN

* Preliminary results on (polarized) gluon GPDs and TMDs of light mesons

» Systematically expandable by including higher Fock sectors

— — — |
[Meson) = alqq) + blqqg) + clqqqq) - -

Thank you !

4A: Siqi Xu “Nucleon structure with dynamic gluon”



