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Abstract

In order to investigate the tomographical structure of light pseudoscalar mesons, par-
ticularly, pion and kaon, we study the valence quark distribution function (PDF) and the
generalized parton distributions (GPDs) using light-cone quark model (LCQM).
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1 Introduction

The parton distribution functions (PDFs) [1, 2] which encode the distribution with respect to
the parton’s longitudinal momentum and its polarization; and the generalized parton distribu-
tions (GPDs) [3-6] give the three-dimensional (3D) spatial distribution of the partons in the
transverse direction of the hadron motion. The PDFs being the function of parton’s longitudi-
nal momentum fraction (x) provide the one-dimensional information on the hadron structure
and the GPDs, which are three-dimensional distributions, are function of x, the longitudinal
momentum transferred ({) and the total momentum transferred from hadron’s initial state to
final state (t).

Experimentally, GPDs are accessible through the deeply virtual Compton scattering (DVCS)
[7-9] and deeply virtual meson production (DVMP) [10,11]. GPDs are also possible to ex-
tract via the p-meson photoproduction [12], time-like Compton scattering [13, 14], exclusive
pion or photon-induced lepton pair-production [15,16]. Theoretically, the pion DAs and PDFs
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have been studied using various approaches [17-21], phenomenological models [22-24],
anti-de Sitter (AdS)/QCD models [25-27] and lattice QCD [28-32]. The pion GPDs have
been computed [33, 34]. Recently, the pion GPDs for non-zero skewedness [35] and for zero
skewedness [25] have been studied with AdS/QCD approach.

In the present work, we have used the light-front spin-improved wave functions of light
pseudoscalar mesons to investigate the the PDFs for the case of pion and kaon. Also, we have
evaluated the chirally-even GPD H(x, {, t) describing the distribution of an unpolarized quark
and chirally-odd GPDs E(x, {, t) corresponding to the distribution of a transversely polarized
quark inside the pseudoscalar meson from the overlap of light-front wave functions (LFWFs).
The LFWFs in the light-cone quark model (LCQM) are obtained via adopting the Brodsky-
Huang-Lepage (BHL) prescription. Further, the spin-improved wave functions are derived
using the Melosh-Wigner transformation. The LCQM is successful in explaining the electro-
magnetic form factors of pion and kaon and it can be enhanced to study other distributions of
the quarks in the mesons.

2 Light-Cone Quark Model (LCQM)

The hadron eigenstate is connected with the multi-particle Fock eigenstates |n) containing n
. . . . . . Kkt
constituents where the it" constituent holds the longitudinal momentum fraction x; = 77, the
transverse momentum k | ; and helicity A; [36]. Itis normalized as (n; k’ f, K, Allns kf kg, Ay)
=1L, 167k 5(k’ :r—kl.’L)S (K ;=K )5y 2, The complete wave function in LCQM can be
expressed as wg (k| ,A1,A9) = go(x,kL)xg (x,k;,Aq,Ay), where ¢ and y are respectively
the momentum space and spin wave functions. The superscript F denotes the front form. The

light-cone spin wave function of pseudoscalar “P’ meson (pion or kaon) is defined as

2700k = >0 kE (kL A Axs (F) g (), )
2'1’2'2

where S, and A are the meson’s spin projection and quark helicity, respectively. The momentum
space wave functions for pion and kaon are respectively expressed as

"k, ) A [ 1 ki+m2] -
pGK ) = €XP| — <o T S b
882 x(1—x)

Ki+mi | k]+m] 2 232
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where A™ and AX define the normalization constants in case of pion and kaon.

3 Parton distribution functions (PDFs)
The valence quark distribution functions for the light pseudoscalar mesons can be computed
using the parameters: constituent quark masses (m, m;, m,) and the harmonic scale (f,;, Bx).

At fixed light-front time, the PDF gives the probablity of finding the quark in meson where the
quark carries a longitudinal momentum fraction x = k*/P*. It is defined as [37]

fPx) = %J%eik+2’/2x<P+(P);S|®(0)rw(z‘)|P+(P);S>|Z+:ZL=0. 4)
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Figure 1: (a) The unpolarized pion and kaon PDFs at model scale. (b) The unpolar-
ized pion PDF in LCQM evolved from the initial scale ,ug = 0.246 GeV? to u? = 16
GeV?. The results are compared with the FNAL-E615 experimental data [41], modi-
fied FNAL-E615 data [42] and PDF obtained from BLFQ [43].

The valence quark distribution for the case of pion and kaon are shown in Fig. 1(a). The
model scale pion PDF is then evolved to the higher scale by using the NNLO DGLAP equations
of QCD [38-40] and is shown in Fig. 1(b). We compare our results with FNAL-E615 and
FNAL-E615 modified experimental data [41, 42], also with the predictions using basis light-
front quantization approach (BLFQ) [43].

4 Generalized Parton Distributions

We have calculated one chirally-even H(x, = 0, t) and the other chirally-odd E(x,{ =0, t))
GPDs of valence quark for pion and kaon in LCQM by restricting ourself to the DGLAP region
i.e. { < x < 1. The correlation to evaluate the chirally-even GPD is defined via the bilocal
operator of light-front correlation functions of the vector current whereas the chirally-odd GPD
is related to the tensor current. We can derive the valence quark GPDs in terms of the overlap
form of LCWFs. The quark polarization is taken along y-direction.

In Fig. 2, we present the GPDs H and Ey for the case of pion (left panel) and kaon (right
panel) with respect to x and —t. The unpolarized quark distribution in the pion is maximum
at the center of longitudinal momentum fraction (x = 0.5) when the momentum transfer is
zero. However, the peak of the chiral-odd GPD E; in pion appears when x < 0.5. With increase
in the momentum transfer —t, the magnitude of distribution peak becomes lower and shifts
towards higher values of x.

5 Conclusion

We have presented various valence quark distributions suitable for low-resolution properties
in the pion and the kaon using the light-cone quark model. The results of pion PDF have
been found to be in agreement with the reanalyzed E615 experimental data [42]. We have
evaluated GPDs in DGLAP region for zero skewness ({ = 0) i.e. 0 < x < 1, which provide 3D
structure of mesons. At zero momentum transfer, the chirally-even GPD lead to unpolarized
quark distribution, H(x,0,0) = f;(x). Depending upon the total momentum transferred to
the pseudoscalar meson, we observe the change in distribution with respect to active quark
longitudinal momentum fraction.
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Figure 2: The chiral-even and chiral-odd GPDs H(x, 0, t) and E;(x, 0, t) with respect
to x and —t (in GeV?) for pion (left panel) and kaon (right panel).
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