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Parametrization of zero-skewness unpolarized GPDs
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Abstract: Recent parameterizations of parton distribution functions (PDFs) have led to the determination of the

gravitional form factors of the nucleon's dependence on generalized parton distributions of nucleons in the limit

& — 0. This paper aims to obtain the flavor division of nucleon electromagnetic and gravitional form factors using
the VS24 Ansatz and two PDFs at N3L0 approximation in GPDs. The PDFs and GPDs formalism enable the calcu-
lation of various form factors of nucleons in different approximations, as well as the calculation of the electric radi-
us of nucleons. The study, despite its high approximation complexity, enhances the accuracy of calculations and

brings them closer to the experimental values.
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I. INTRODUCTON

The study of quark and gluon-compound particles can
supply details about the nature of strong interactions. The
spatial and momentum distributions of constituents in a
hadron are not fully understood due to theoretical and cal-
culational limitations, primarily relying on measurements
[1]. Deep-inelastic scattering (DIS) and hard proton-pro-
ton high-energy collisions involve scattering through the
partonic constituents of the hadron. A set of universal
parton distribution functions (PDFs) is necessary to pre-
dict the rates of various processes. The distributions can
be best determined through global fits to all available DIS
and hard-scattering data, performed at leading-order
(LO), next-to-leading order (NLO), next-to-next-to-lead-
ing order (N*LO), or next-to-next-to-next leading order
(N3LO) in the strong coupling a,. Over the past few
years, there has been a significant enhancement in the
precision and kinematic range of experimental measure-
ments for various processes, along with the emergence of
new data types. The reliability of global analyses has
been enhanced by significant theoretical developments
[2].

Several groups have previously studied the parton dis-
tribution functions (PDFs) [3—11]. The old form of de-
scribing hadron structure, parton distributions, relied on
the B-jorken longitudinal variable x, while more complex
functions, generalized parton distributions (GPDs), de-
pended on x, momentum transfer ¢, and skewness para-
meter & [12—14]. The unique characteristic of GPDs (x, &,
?) is that the integration of different momenta of GPDs
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over x gives us different hadron form factors such as elec-
tromagnetic and gravitional form factors [15-17]. The x
dependence of GPDs is primarily determined by standard
parton distribution functions (PDFs), which are derived
from deep-inelastic process analysis [18-20].

This section uses one Ansatz that illustrates how x
and ¢ rely on generalized parton distributions (GPDs)
[21]. We select two parton distribution functions at N°LO
approximation [22-24], combine them into our Ansatz,
and demonstrate a favorable agreement with experiment-
al data for the calculation of form factors and radii of
nucleons. Using GPDs, we can calculate the form factors
as well as the radius of the nucleons, so the paper's con-
tent consists of the following: In Sec.(II), we introduce
the PDFs. This chapter provides a comprehensive explan-
ation of the general method and form of obtaining these
functions. The study includes GPDs and hadron form
factors of nucleons, along with related remarks, as
presented in Sec.(IlI). This section provides an explana-
tion of the formalism of GPDS and the calculation meth-
od of form factors. The gravitational form factors of the
nucleons based on various Ansatsez and JHA21 PDFs at
N3LO approximation [23,24] are presented in Sec.(IV).
Sec.(V) presents the electric radii of nucleons using the
combination of the VS24 ansatz [21] and JHA21 PDFs
[23,24]. The results and conclusions of our study are
presented in Sec.(VI).

II. PARTON DISTRIBUTION FUNCTIONS

Parton distribution functions (PDFs) are a necessary
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ingredient in the calculation of particle cross-sections at
collider experiments with hadron beams. The explana-
tion of hard processes with one or two hadrons in the ini-
tial state requires an understanding of parton distribution
functions. Knowledge of parton distribution functions is
necessary for the description of hard processes with one
or two hadrons in the initial state. (Fig. 1).

The cross section of a hadron in its initial state, as
seen in deeply inelastic lepton scattering at HERA (Fig.
1), consists of the following form [25]:

do ~ Z/dfoa/A(xA,y)d&. (1)
a,b

There exists a relationship between matrix elements
of some local operators and the moments of the parton
distribution functions, which are present in the operator
product expansion for deeply inelastic scattering. This re-
lation could also be used as the definition [26,27]. The
technical definition of parton distribution functions is
now ready to be studied. There are, in fact, two defini-
tions in current use: the MS definition, which is the most
commonly used. There is also the DIS definition in which
deeply inelastic scattering plays a privileged role [25].
The resulting PDFs depend on the selected input data, the
order in which the perturbative QCD computation is car-
ried out, the assumptions regarding the PDFs, the hand-
ling of heavy quarks, and the treatment of the uncertain-
ties. Presently, the determination of PDFs is carried out
by several groups, namely MSTW [28], CTEQ [29],
NNPDF [30], HERAPDF [31], AB(K)M [32], and GJR
[33]. According to the mentioned methods, PDFs are ob-
tained, which is a function of the average momentum
fraction x. Usually, the form of these functions for the u
and d quarks is as follows:

Xu, = Auxm (1 - x)m(l + Euxm +7ux)7 (2)
xd, = Agx™ (1= x)B(1 + €x™ +y,x),

3)

where the coefficients are obtained by fitting with the ex-

A (@ (b)
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B
Fig. 1. (color online) a) HadronA + HadronB — 2Partons [25].

b) Deeply inelastic scattering [25].

perimental data. For example, the JHA21 parton distribu-
tion functions at N®LO approximation are as follows
[23,24]:

xu, = 0.261x"28(1 — x)*2(1 + 6.042x" + 35.492x),
)

xd, = 1.085x">(1 — x)>*2'(1 — 3.618x%3 + 16.414x).
(5)

And the KKAI10 parton distribution functions at
N3LO approximation are [22]:

X, =3.41356x°2%8(1 — x)>7%7(1 +0.13992%% — 1.12x),
(6)

xd, = 5.10129x°7°1%7(1 — x)*9237(1 4+ 0.09x*° + 1.11x).
(7N

Fig. 2 shows some examples of different PDF charts
in different approximations.

III. GPDs AND HADRON FORM FACTORS

The hadron form factors are linked to the GPDs (x, &,
t) using the sum rules [6,34]:

1
Fi)=> e, / dxH(x,1,£), (8)
P -1

1
F0=Y e [ aEe, ©)
p -1

When the momentum is transverse and located in the
space-like region, the value of £ is equal to zero. In the
range of 0 < x < 1, the integration region can be reduced.
By revising the elastic form factors, we can obtain:

1
R =Y, [ arine=o, (10)
q 0

1
Fyt)=> e, / dx&(x,1,£ = 0), (11)
q 0

In the limit t — 0, the functions HY(x,t) decrease to
usual quark densities in the proton:
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(color online) The xu, and xd, of the CJ15 at NLO approximation [36], JR09 [37] at NNLO approximation, CT18 [38] at

NNLO approximation, nCTEQ15 [39], KKA10 [22], JHA21 [23,24], and MSTH [40] PDFs at NNNLO approximation as a function of

X.

H'(x,t=0)=u,(x), H(xr=0)=d,(x), (12)
with the integrals
1 1
/ u,(x)dx =2, / d,(x)dx=1. (13)
0 0

normalized to the proton's u and d valence'quark num-
bers. These factors result in the determination of certain
parameters. For instance, the values «,=1.673 and
ks = —2.033 are obtainable. Moreover, the normalization
integral for the mathematical constant fol H,(x,0) takes
on particular values for the nucleons: Ff(0)=1 for the
proton and F7(0) = 0 for the neutron.

The functions H(x) and &(x) differ in each of the
models that have been suggested. To yield a faster reduc-
tion with ¢, the x — 0 limit of &(x) should contain addi-
tional powers of (1 -x), compared with H(x) [6,34,35].
Hence, we have:

£,(x) = %(1 — )y (),

u

£a(x) = ]’%(1 — 0)"d, (), (14)

where the normalization factors N, and N, are determ-
ined as [6]:

1
N, =/ dx(1 = x)"u,(x),
0

1
Ny =/ dx(1-x)"d,(x). (15)
0

The proton value must be F5(0) =«, =1.793, and the
neutron value must be F4(0) =«, =—-1.913 to satisfy the
limits on «,.

1

Ky = / dxe (x). (16)
0

Ky = Ky + 2K,

Kg = 2Ky + K. 17)

One of the most important techniques for examining
the structure of nucleons is the use of generalized parton
distributions, or GPDs [26,27,41].

In order to satisfy the requirements outlined in Eq.
(14), the nucleon form factor data was fitted to obtain the
values of 5, and 7,. We must adjust our models in order
to increase the agreement with the data for large —z.

The extended ER Ansatz [6], modified Gaussian
(MG) Ansatz [34], HS22 Ansatz [19], M-HS22 Ansatz
[18], and VS24 Ansatz [21] are among the Ansatzes with
a t dependency that will be presented in this paper. In this
section, first we introduce different Ansatzes. The ER
Ansatz is [6]:

HI(x,1) = q,(x)x~ ¥, (18)

—a’ (1-x)t

(19)

g,(x,1) = g,(x)x

And the modified Gaussian Ansatz (MG) is followed
as [34]:

a2

H(x,1) = g,(x)exp {a(lxmx) z} , (20)
2

g,(x,1) = g,(x)exp [a(l xmx) t} . (21)

The free parameters for the modified Gaussian (MQG)
are m=0.45 and a=1.15, and for the extended ER,



Hossein Vaziri, Reza Shojaei Mohammad

Chin. Phys. C 49, (2025)

a’ =1.09.

We introduced the HS22 Ansatz and the M-HS22 An-
satz in Refs. [19] and [18], respectively, which have more
parameters than the ER and MG Ansatzes.

We vary our previous M-HS22 Ansatz [18] for the
GPDs by adding two new parameters, m” and y, and in-
troduce the VS24 Ansatz [21], which is as follows:

H,(x,1) = g, exp[—a”’t(1 - x)” In(x) + Sx" In(1 - bt)],
(22)

g,(x,1) = g,(x) exp[—a’’t(1 — x)" In(x) +Bx" In(1 - br)],
(23)

Using the VS24 ansatz in combination with KKA10
[22] and JHA21 [22-24] PDFs, we calculate the form
factors of the u and d quarks based on the formalism de-
scribed earlier.

The Dirac and Pauli form factors of the u and d
quarks that were obtained by KKA10 [22] and JHA21
PDFs [23,24] are shown in Fig. 3 and Fig. 4, respectively,
as functions of —z. By combining five different types of
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Ansatz with two PDFs, the form factors of the u# and d
quarks are calculated.

As is evident from these figures, the form factors ob-
tained from the VS24 Ansatz [21] combined with JHA21
PDFs [23,24] show better agreement with the form
factors obtained from electron-proton inelastic scattering
experiments [43—45] than those obtained with KKA10
PDFs [22].

The proton and neutron Dirac form factors are
defined as:

FY(t) = e, Fi(t) + e Fi (1), (24)
F(t) = e Fi(t) + e Fi(1). (25)
And therefore the Pauli form factors are:

FI(t) = e, Fi(1) + eaFi(D), (26)
F3(t) = eF5(t) + e, F5(1). (27)
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Fig. 3. (color online) The F i"d and F. g’d are multiplied by ¢ as a function of —7. Comparison of the ER Ansatz [6], the MG Ansatz [34],
the HS22 Ansatz [19], the M-HS22 Ansatz [18] with the VS24 Ansatz [21]. All of them make use of the KKA10 PDF [22]. Experi-
mental data from [43] (triangle up), [44] (circle), and [45] (square) served as a basis for the extracted points.
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Fig. 4. (color online) The F Ll"d and F Lz’*d are multiplied by ¢ as a function of —7. Comparison of the ER Ansatz [6], the MG Ansatz [34],
the HS22 Ansatz [19], the M-HS22 Ansatz [18] with the VS24 Ansatz [21]. The JHA21 PDF [23,24] is used in all of them. The extrac-
ted points are based on experimental data from [43] (triangle up), [44] (circle), and [45] (square).

Table 1. Coefficients for calculations of the Egs.(22) and
(23). We have used the VS24 Ansatz [21]. The parameters of
b and m’ are fixed, and the others have been calculated by fit-
ting.

KKA10 PDFs [22] JHA21 PDFs [23,24]

o’ 1.3742+£7.16734x 1073 1.3473£7.18952x 1073
B 1.52378 +2.8392 x 1072 1.51418 +£2.5564 x 1072
Y 0.0570108 + 1.49425 x 1072 2.9823 +1.2596x 1072
Mu 0.71207 +£9.909 x 103 0.6931+9.8663 x 1073
1d 0.19248 +1.606 x 1072 0.2782+1.7735x 1072
b 2 2
m 0.65 0.65

where ¢, =2/3 and e¢; = —1/3 are the corresponding quark
electric charges. As a result, the t-dependence of the GP-
Ds (x, £ =0, 1) can be determined from the analysis of the
nucleon form factors for which experimental data exist in
a wide region of momentum transfer.

The diagrams of form factors of nucleons as a func-
tion of —¢ are drawn in Fig. 5, and their calculations are
obtained from the combination of the VS24 Ansatz [21]
and the different PDFs.

The Sachs form factors can be derived from F,(¢) and
F,(¢) in the manner that follows [6,46,48]:

G (D) = —TF,(t)+ F1(1), Gh(t) = Fo(t) + F1(b). (28)
where t = @? is the four-momentum transfer of the virtu-
al photon and 7= -1/4M3. Sach suggests that the form
factors Gg and G, may have more fundamental signific-
ance compared to the F; and F, in interpreting the spa-
tial distributions of charge and magnetization inside the
nucleon, as they are related to the four-momentum trans-
fer of the virtual photon [46].

Since the errors on F; and F, are typically more cor-
related and larger compared to the errors on G and Gy,
however, we studied the Gz and G,, for nucleons. There
are differences between the down- and up-quark distribu-
tions [47]:

2 1
Gru(Qh) = gG’iz,M(Qz) - gG‘é,M(Qz), 29)

2 1
Grwm(Q) = gG‘Z;,M(QZ) - gG%,M(Qz)- (30)
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Fig. 5.
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(color online) The F{" and F4" are multiplied by 7 as a function of —r. Comparison of the ER Ansatz [6], the MG Ansatz [34],

the HS22 Ansatz [19], the M-HS22 Ansatz [18], and the VS24 Ansatz [21]. The JHA21 PDF [23,24] is used in all of them. The extrac-
ted points are based on experimental data from [43] (triangle up), [44] (circle), and [45] (square).

The form factors in the combination of the VS24 An-
satz [21] and the JHA21 PDFs [23,24] were compared to
those obtained from scattering experiments in the Rosen-
bluth equation at ¢> = 0, as shown in Table 2.

Studying the contributions of up and down quarks to
the nucleon's form factors can provide insights into its
fundamental structure and dynamics [49]. Fig. 6 shows
the electric and magnetic form factors of the nucleons,
derived from JHA21 PDFs [23,24], and plotted as func-
tions of —z.

This graph shows that the form factors obtained from
the combination of the VS24 Ansatz [21] and the JHA21
PDFs [23,24] are more consistent with experimental data
[43—45] than other combinations of the Ansatzes with
JHA21 PDFs [23,24]. It can be seen that especially for
G%, it is even better than the form factors calculated by
the combination of the VS24 Ansatz and KKA10 PDFs in
Ref. [21].

IV. GRAVITATIONAL FORM FACTORS OF
NUCLEONS (QUARK AND GLUON
CONTRIBUTIONS)

There are four GFFs of the proton: A(¢%), B(g%),

Table 2. The values of G} ,, and G} ,, at 1=0.

G310 EXP.DATA [50] JHA21 [23,24]+VS24 [21]
GL(0) 1 1

G (0) +2.79 +2.65867

G (0) 0 32x10713

G, (0) -1.91 -1.94332

C(¢%), and C(¢*). The GFFs A(¢*) and B(q*) are related to
the mass and angular momentum distributions of the pro-
ton. Conservation of the energy-momentum tensor con-
strains the GFFs A(¢?) and B(g?), and C(q*); however,
C(g*), also known as the D-term, is not related to any
Poincare generator and is unconstrained by such conser-
vation laws. The D-term contributes to the DVCS pro-
cess when the skewness ¢ is nonzero, or when there is a
longitudinal momentum transfer from the initial state pro-
ton to the final state proton [51]. Taking the matrix ele-
ments of the energy-momentum tensor T, instead of the
electromagnetic current J*, one can obtain the gravita-
tional form factors of quarks, which are related to the
second rather than the first moments of GPDs [52]:
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1
A,(0) :/ dx x H(x,1,€), 31) Table 3. These PDFs are: . .
. The CJ15 parton distribution functions in the NLO
1 approximation [36], the JR0O9 parton distribution func-
tions in the NNLO approximation [37], the CT18 parton
— q 32
B, [ . dx x E'x.1.6). (32) distribution functions in the NNLO approximation [38],

the nCTEQ15 PDF in the NNLO approximation [39], the
KKA10 PDF in the NNNLO approximation [22], the
JHA21 PDF in the NNNLO approximation [23,24], and
the MSTH PDF in the NNNLO approximation [40].

For & =0, the valence contribution to the gravitation-
al form factor is as follows:

! Combining these PDFs with VS24 Ansatz [21], we calcu-
Aq(1) = /0 dxxH'(x,1), B3 lated the gravitational form factors for u and d quarks and
1 Table 3. Exact values of A,,4(¢) for different PDFs at r=0.
By(t) = /0 dxxE*(x,1). (34) The VS24 Ansatz [21] is used in all of them.
PDFs Aura(t)
This representation, combined with our model (we CJ15 [36] 0.455512
use here the first variant of parameters describing the ex- JR09 [37] D
perimental data obtained by the polarization method), al-
lows to calculate the gravitational form factors of valence CTI8 [38] 0439818
quarks and their contribution (being just their sum) to nCTEQIS5 [39] 0.46219
gravitational form factors of nucleons. The ¢ dependency KKA10 [22] 0.43291
of A,,4(t) is the same for our GPDs with varying PDFs. THA21 [23.24] 0.425903
These contributions add up to A,,4(f) ~0.45 at t = 0.
MSTH [40] 0.44496

These various PDFs for different PDFs are given in
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plotted them as a function of —¢. In Fig. 8, we also calcu-
lated the A“ for the group of GJLY [42] and plotted the
form factor of them. Fig. 7 shows a comparison of the
proton GFF A,., as a function of —¢ for MMNS (Lattice

0.7 K ]
\ — JHA21
0.65 [\ -—- MMNS 1
o 06F
e
=
+
<= 055
0sf el 1
045 - -
0 1 3 3 y
[GeV’]

Fig. 7. (color online) The proton GFF A,., as a function of
—t. The JHA21 PDF in the NNNLO approximation [23,24],
with combination of the VS24 Ansatz [21]. The results of
MMNS (Lattice QCD) [51] are plotted.

QCD) [51] with the JHA21 PDF in the NNNLO approx-
imation [23,24], combining the VS24 Ansatz [21]. It can
be seen that the behavior of all graphs of gravitional form
factors is similar by combining these PDFs with the de-
sired Ansatz.

V. THE ELECTRIC RADII OF THE NUCLEONS
BASED ON VS24 ANSATZ

The particle radii at zero momentum transfer are de-
termined by the slope of form factors, and the squares of
the Dirac radius < r, > and charge radius 77 , are determ-
ined using the following method [54]:

dF"(1)
<ri>=-6 ilt li=0,
dF?" (1) 3 K
<rp>= —6# o + 3 mﬁ; (35)

In addition, we used the VS24 Ansatz [21] to com-
pute the nucleon's Dirac mean squared radii.

0.45 FrrrTrr e e
0.4} - CJ15 ]
~— JRO9
0.35 - CT18
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0.02

-t[GeV]
(color online) The A*? and B*“ as a function of —z. The CJ15 parton distribution functions in the NLO approximation [36],
the JRO9 parton distribution functions in the NNLO approximation [37], the CT18 parton distribution functions in the NNLO approx-
imation [38], the nCTEQ15 PDF in the NNLO approximation [39], the KKA10 PDF in the NNNLO approximation [22], the JHA21
PDF in the NNNLO approximation [23,24], and the MSTH PDF in the NNNLO approximation [40] with combination of the VS24 An-
satz [21]. The GFF of GILY [42] is plotted.

Fig. 8.

0.16 (b)Y
\ --- CJ15
\ -- JRO9

012N\ N CT18 ]
W\ — nCTEQI15

KKA10
JHA21
MSTH

[GeV?]



Parametrization of zero-skewness unpolarized GPDs

Chin. Phys. C 49, (2025)

1
< r%)’p >= — 6a"'/ dx[e,u,(x) +eqd,(x)](1 - x)”
0

In(x) +Bx" In(1 - br) | =, (36)
1
< r;n >= —6a"" / dx[e,d,(x) + equ,(x)](1 - x)”
0
In(x) +Bx" In(1 = bt) |, . (37)

The proton charge radius is defined as the slope of the
electric form factor in the forward limit (z = 0), and there-
fore, it doesn't depend on —¢. In Table 4, we display the
calculated electric radii of nucleons using the JHA21 PD-
Fs [23,24] combined with the VS24 Ansatz [21] and
compare them with experimental data obtained from [55].

Table 4. The proton's electric radii were calculated by using
the JHA21 parton distribution functions (PDFs) [23,24] and
VS24 model [21]. Ref. [55] is the source of the data.

Ansatz+PDFs TE,p
Exprimental data [55] 0.831 fm
VS24 [21]+JHA21 [23,24] 0.853154 fm

VI. RESULTS AND CONCLUSION

The paper examines a collection of parametrizations
of the zero-skewness unpolarized quark GPDs, H and E,
with flavor separation between u and d quarks. The para-
metrizations are constructed using several PDF extrac-
tions and fitted to elastic form factor datasets. Gravita-
tional form factors are then derived. PDFs are functions
that only depend on x B-jorken (that indicate the average
longitudinal momentum fraction of the partons). These
functions are obtained using inelastic scattering data of
electrons from protons. But GPDs depend on two other
quantities, ¢ and &, in addition to x: ¢ is the momentum
transfer, and ¢ measures the longitudinal momentum
transfer in the hard scattering. The basis of our work is
the calculation of the form factors of nucleons, of which
quarks are also a part. By calculating the electric, magnet-
ic, and gravitional form factors, we can study the struc-
ture of nucleons, such as radius, density, etc. We started
with the introduction of PDFs and their formalism in
Sec.(Il) and explained the method of obtaining these
functions using dispersion relation. The general form of
these functions is in the form of Egs. (2) and (3), and
some examples of different PDF charts as a function of x
at different approximations are shown in Fig. 2. As these
figures show, the behavior and physics of these functions
are the same.As these figures show, the behavior and
physics of these functions are the same. Since GPDs
show the space inside the nucleons in three dimensions,

we discussed GPDs and form factors in Sec.(IIl). In the
following, we explained the formalism of GPDs in detail
in Egs. (8— 16), where F; and F, are the Pauli and Dirac
form factors, respectively. In fact, HY(x,t,¢6 =0) and
E%(x,t,¢£ =0) have two parts: The first part is the PDF,
and the other is a proposed function extracted by fitting
with form factors obtained from scattering experiments,
using data from Refs. [43—45]. The proposed Ansatz is a
function that is usually exponential, and the most import-
ant of them are as follows: the ER Ansatz [6], the MG
Ansatz [34], the HS22 Ansatz [19], the M-HS22 Ansatz
[18], and the VS24 Ansatz [21]. The PDFs used in GPDs
are also different; in this section we used the JHA21 PD-
Fs at N*LO approximation [23,24]. With these explana-
tions, we drew the form factors for u# and d quarks in Fig.
4, and the form factor diagrams for the JHA21 PDFs, es-
pecially for the F¢, are more consistent with the experi-
mental data than KKA10 PDFs [22]. (This result can be
obtained by comparing Figs. 3 and 4). The parameters of
these PDFs are shown in Table 1. We have obtained these
coefficients by fitting data from [43—45]. The diagrams in
Fig. 5 depict nucleon form factors of the nucleons as a
function of —¢, calculated using the JHA21 PDFs [23,24]
and various Ansatsez. The G5" and G%;' as a function of
—t are shown in Fig. 6. The analysis shows that, espe-
cially for the neutron's electric form factors, the JHA21
PDFs are more consistent with experimental data than the
KKA10 PDFs. Egs. (28) were used to arrive at this con-
clusion. In each of the paper's figures, we have analyzed
the parameters of VS24 Ansatz for the upper and lower
limits. Furthermore, using the necessary Ansatz, we com-
puted these form factors in ¢ =0 and compared them
with the form factors derived from the experimental data
of Ref. [50]. Table 2 shows the results of the computa-
tion. In general, it is difficult to find constant coefficients
to fit all the electric and magnetic form factors of quarks
as well as nucleons with the form factors obtained from
DIS experiments. But Figs. (3—6) in our studies show that
the coefficients introduced in the Table 2 are suitable val-
ues for VS24 Ansatz and JHA21 PDFs. In Sec. (IV), we
discussed gravitional form factors A,(¢*) and B,(q?),
which is another application of GPDs. By combining the
different PDFs and VS24 Ansatz, we calculated these
form factors using Egs. (32—34) and then plotted them all
in Fig. 8. Considering that there is no experimental data
for gravitional form factors, we can see that the behavior
of all graphs in this figure is the same. Also, at =0, us-
ing different PDF combinations with VS24 Ansatz to cal-
culate the form factors, the value of A,.,(7) is almost the
same, which is evident in Table 3. Also, the proton GFF
A,.q as a function of —z for the MMNS (Lattice QCD)
[51] is plotted in Fig. 7. Measuring the electric radii of
protons and neutrons is one of the significant uses of
form factors; therefore, in Sec. (V), we talk about the
radii of nucleons. The Egs. (35-37) are used to compute
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the Dirac mean squared radii of the nucleon using the
VS24 model. Table 4 displays the outcomes of these
computations for VS24 Ansatz and JHA21 PDFs. The
parameters that were selected for the VS24 ansatz match
the data used in Ref. [55]. A comprehensive comparison
was made between the results of this Ansatz and PDFs in
the N®LO approximation. Given that we are working with
a combination of PDFs and Ansatz, VS24 Ansatz was in-
troduced in order to fit the experimental data. This An-

satz was then combined with other PDFs and JHA21 PD-
Fs, and it was determined that this combination of VS24
Ansatz and JHA21 PDFs better matches the experiment-
al data. The optimal combination among the combina-
tions listed in the article was also achieved by using addi-
tional Ansatzes. Also, the results of two groups, GJLY
[42] and MMNS (Lattice QCD) [51], are plotted. Both
the proton and neutron form factors produced results that
were satisfactory with this combination.
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