575

Proceedings of the DAE Symp. on Nucl. Phys. 65 (2021)

Pion GPDs
Satvir Kaur∗ and Harleen Dahiya
Department of Physics, Dr. B.R. Ambedkar National
Institute of Technology, Jalandhar-144011, INDIA

Introduction
The factorized form of the valence meson
light-front wavefunction is expressed as [1]
Φ(ζ)
,
ϕ(x, ζ, θ) = eιLθ X(x) √
2πζ

(1)

where X(x) corresponds to the longitudinal part of the wavefunction, which is fixed
by mapping the spacelike electromagnetic or
gravitational form factor calculated in AdS5
and in physical spacetime [1].p The lightfront variable is defined as ζ = x(1 − x)b⊥
with b⊥ being the transverse separation between quark and antiquark. The holographic
Schödinger equation, which is derived in the
semiclassical approximation to the light-front
QCD, is assured by the transverse part of
the holographic wave function and is given
by [2, 3]


d2
1 − 4L2
− 2−
+ Ueff (ζ) Φ(ζ) = M 2 Φ(ζ),
dζ
4ζ 2
(2)
where Ueff is the effective confining potential
and is uniquely fixed [1, 4].
After adding the dynamical spin effects, the
pseudoscalar (P) meson wavefunction is expressed as [5, 6]
P
P
2
ψh,
h̄ (x, k⊥ ) = χh,h̄ (x, k⊥ ) ϕ(x, k⊥ ) ,

(3)

where h and h̄ are the helicities of quark and
antiquark respectively. The Lorentz invariant
spin structure (χ) for the pseudoscalar meson
is expressed by accounting the photon-quarkantiquark vertex [5, 6].

GPDs being the function of quark longitudinal momentum fraction x, momentum transfer in longitudinal direction ξ (also known as
skewness) and total momentum transfer to the
final state of hadron t = q 2 , are responsible
for unravelling the spatial tomography of partons inside the hadron. The 3D GPDs are
unification of FFs and PDFs at ξ = 0. The
x-integration of the GPDs lead to the FFs
which conceal the location of partons inside
the hadron. On the other hand, with the initial and final state hadron polarizations being
equal, GPDs produce parton densities with
ξ = 0, in the forward limit (q⊥ = 0).

GPDs
For the present calculations of valence quark
GPDs, we restrict ourself to the DGLAP region ξ < x < 1, with ξ = 0. At leading twist,
there are two independent GPDs for spin-zero
hadrons. One of them is chirally-even and the
other is chirally-odd. The chiral-even quark
GPD, H(π) (x, ξ = 0, t), which corresponds to
the unpolarized quark in the pseudoscalar meson, is defined through the correlation function of the tensor current as [7]
Z
dz − ιk·z
H(π) (x, 0, t) =
e
2(2π)
× hΨ(P 0 )|ϑ̄(0)γ + ϑ(z)|Ψ(P )i

z + =z⊥ =0

whereas the chiral-odd GPD, ET (π) (x, ξ =
0, t), corresponding to the transversely polarized quark in the pseudoscalar meson, is defined through the correlation function of the
tensor current as [8]
Z
i
ιij
dz − ιk·z
⊥ q⊥
ET (π) (x, 0, t) =
e
Mπ
2(2π)
× hΨ(P 0 )|ϑ̄(0)ισ j+ γ5 ϑ(z)|Ψ(P )i
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, (4)

z + =z⊥ =0

.

(5)
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We obtain the quark GPDs H(π) (x, 0, t) and
ET (π) (x, 0, t) in the overlap form of LFWFs
as
Z
d2 k⊥
H(π) (x, 0, t) =
2(2π)3
X
π∗
π
ψh,
h̄ (x, k⊥ + x̄q⊥ )ψh,h̄ (x, k⊥ ) , (6)
h,h̄

Z
ιq2
d2 k⊥
ET (π) (x, 0, t) =
Mπ
2(2π)3
X
π
0
ψhπ∗0 ,h̄ (x, k⊥ + x̄q⊥ )ψh,
h̄ (x, k⊥ )δh,−h ,
h,h0 ,h̄

(7)
with x̄ = (1 − x). Also, it is noticeable here
that we choose the quark polarization along
x-direction i.e. j = 1.
Substituting the spin-improved holographic
wavefunctions in Eqs. (6) and (7), we get
Z 2  2
d k⊥ k⊥ + x̄k⊥ · q⊥
H(π) (x, 0, t) =
(2π)3
x2 x̄2



m 2
+ Mπ +
ϕ∗ (x, k⊥ + x̄q⊥ )ϕ(x, k⊥ ) ,
xx̄
(8)

Z 2 
d k⊥
Mπ
m
ET (π) (x, 0, t) =
Mπ +
3
x
(2π)
xx̄
∗
× ϕ (x, k⊥ + x̄q⊥ )ϕ(x, k⊥ ) ,
(9)
 2

k⊥ +m2
with ϕ(x, k⊥ ) ∝ √1xx̄ exp − 2κ
2 xx̄
We show the 3D graphical representation of
the chiral-even GPD H(π) (x, 0, t) and the chiral odd GPD ET (π) (x, 0, t) for the case of pion
in Fig. 1. We observe that as the momentum
transferred to the pion is increased, the chiraleven distribution peak decreases in magnitude
and shifts towards higher values of the quark
longitudinal momentum fraction x. Unlike the
unpolarized GPD H, the peak of the chiralodd GPD ET in pion appears below the central value of x when the momentum transfer
is less. As expected, when the momentum
transferred to the pion is zero, the unpolarized
quark distribution in the pion with respect to
the longitudinal momentum fraction x is maximum at the central value (x = 0.5), and gives

FIG. 1: The chiral-even and chiral-odd pion GPDs
H(π) (x, 0, t) and ET (π) (x, 0, t) as a function of −t
(in GeV2 ) and x in the LF holographic model.

us the information about the quark density i.e.
H(x, 0, 0) = f (x).
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