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The distinctive characteristic of the photon is that its partonic content can be calculated using leading-order

perturbative QED[1,2]. While our understanding of the photon’s parton distributions (PDFs) is now well-established

both theoretically and experimentally[3], we have less knowledge about its Generalized Parton Distributions (GPDs)

and Transverse Momentum Dependent distributions (TMDs). We derive the photon’s light-front wave functions

(LFWFs) from the eigenvectors of the light-front QED Hamiltonian, aiming to identify its bare photon and electron-

positron Fock components. Using these LFWFs, we calculate the photon’s TMDs and GPDs[4]. At a fixed light-

front time, the photon state can be depicted through photon, electron- positron, and other Fock components

|Ψγ⟩=ψ(γ) | γ⟩+ψ(eē) | eē⟩+. . . . In this study, we focus on the photon and electron-positron Fock sectors, using the

light-front QED P̂−
QED which includes interactions pertinent to the photon’s primary two Fock components.
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where Ψ(x) and Aµ(x) are the fermion and the gauge boson fields, respectively, and γ+ = γ0+γ3, where γµ are the

Dirac matrices. The first and second terms in Eq. (1) correspond to the kinetic energies of the electron and the

photon with bare mass me and mγ0, respectively and the third term represents their interaction with coupling e.

In our Basis Light-Front Quantization (BLFQ) computation, we use three parameters set to the electron mass

(me): electron/positron mass, the γ → e+e− vertex coupling constant (e), and the 2D HO scale (b). We set me

to 0.51 MeV and e to 0.3, aligning with the QED fine structure constant α, and the real photon’s mass (Mγ) to

zero. These parameters allow us to present photon observables. Our TMD result align excellently with the lowest-

order perturbative results, as do the GPD, validating the BLFQ approach(Fig. 1). The main goal is to establish a

foundation for studying the nonperturbative structure of QCD systems like vector mesons.

Fig. 1 (color online) Left: 3D plots of the BLFQ results for f1
γ (x,k

⊥2) TMD of the photon. The results are obtained by

averaging over the BLFQ computations at Nmax = {100, 102, 104} and K = 104. Right: 3D plots of the BLFQ results for

F (x,t) GPDs of the photon. The results are obtained at Nmax =K =100.
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