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Abstract Using ideas from light front holography, we discuss the calculation of the nucleon helicity-indepen-
dent generalized parton distributions of quarks in the zero skewness case.

1 Introduction

Due to their nonperturbative nature the GPDs cannot be directly calculated from quantum chromodynamics
(QCD). There are essentially three ways to access the GPDs (for reviews see e.g. [1,2]): extraction from the
experimental measurement of hard processes, a direct calculation in the context of lattice QCD, and differ-
ent phenomenological models and methods. The last procedure is based on a parametrization of the quark
wave functions/GPDs using constraints imposed by sum rules [3,4], which relate the parton distributions to
nucleon electromagnetic form factors (some examples of this procedure can be found e.g. in [5–7]). On the
other hand, such sum rules can also be used in the other direction—GPDs are extracted by calculating nucleon
electromagnetic form factors in some alternative approach.

Following the last idea, here we show how to extract the quark GPDs of the nucleon in the framework of
a holographical soft-wall model [8]. In particular, we use the results of Abidin and Carlson [9] for nucleon
form factors, in order to extract the GPDs using the light-front mapping—the key ingredient of light-front
holography (LFH). This is an approach based on the correspondence of string theory in Anti-de Sitter (AdS)
space and conformal field theory (CFT) in physical space time [10–12]. LFH is further based on a mapping of
the string modes in the AdS fifth dimension to the hadron light-front wave functions in physical space-time,
as suggested and developed by Brodsky and de Téramond [13–16] and extended in [17–19]. We discuss how
LFH can be used to get the nucleon GPDs in the context of the soft-wall model [8]. Notice that our approach
is different from the one discussed in [20].

In this talk we perform a matching of the nucleon electromagnetic form factors considering two approaches:
we use sum rules derived in QCD [3,4], which contain GPDs for valence quarks, and we consider an expression
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obtained in the AdS/QCD soft-wall model [9]. As result of the matching we obtain expressions for the nonfor-
ward parton densities Hq

v (x, t) = Hq(x, 0, t)+Hq(−x, 0, t) and Eq
v (x, t) = Eq(x, 0, t)+Eq(−x, 0, t)—fla-

vor combinations of the GPDs (or valence GPDs), using information coming from the AdS side. The procedure
discussed here is similar to the one used in LFH, which allows to obtain a light front mesonic wave function
related to the AdS modes associated with mesons [13–16].

2 GPDs in AdS/QCD

The nucleon electromagnetic form factors F N
1 and F N

2 (N = p, n correspond to proton and neutron) are
conventionally defined by the matrix element of the electromagnetic current as

〈p′|Jμ(0)|p〉 = ū(p′)
[
γ μF N

1 (t)+ iσμν

2m N
qνF N

2 (t)

]
u(p), (1)

where t = (p′ − p)2 is the square of the momentum transfer; m N is the nucleon mass; F N
1 and F N

2 are the
Dirac and Pauli form factors, which are normalized to electric charge eN and anomalous magnetic moment
kN of the corresponding nucleon: F N

1 (0) = eN and F N
2 (0) = kN .

The sum rules relating the electromagnetic form factors and the GPDs read as [3,4]

F p
1 (t) =

1∫
0

dx

(
2

3
Hu
v (x, t)− 1

3
Hd
v (x, t)

)
,

Fn
1 (t) =

1∫
0

dx

(
2

3
Hd
v (x, t)− 1

3
Hu
v (x, t)

)
,

F p
2 (t) =

1∫
0

dx

(
2

3
Eu
v (x, t)− 1

3
Ed
v (x, t)

)
,

Fn
2 (t) =

1∫
0

dx

(
2

3
Ed
v (x, t)− 1

3
Eu
v (x, t)

)
.

Here we restrict our analysis to the contribution of the u and d quarks and antiquarks, while the presence of
the heavier strange and charm quark constituents is not considered.

Abidin and Carlson [9] have calculated the nucleon form factors using an AdS/QCD model, which is based
on soft-wall breaking of conformal invariance by introducing the quadratic dilaton field Φ(z) = κ2z2 in the
action (in the overall exponential and in the mass term) [9]. Such a procedure leads to Regge-like mass spectra
in the baryonic sector, and it is similar to the idea of using a z dependent mass as in [21]. One should stress that
in both approaches the introduction of the dilaton field is based on the idea of getting the simplest analytical
solution of the equations of motion of the string mode. The AdS metric is specified as

ds2 = gM N dx M dx N = 1

z2 (ημνdxμdxν − dz2), (2)

whereμ, ν = 0, 1, 2, 3; ημν = diag(1,−1,−1,−1) is the Minkowski metric tensor and z is the holographical
coordinate running from zero to ∞.

The relevant terms in the AdS/QCD action which generate the nucleon form factors are [9]:

S =
∫

d4x dz
√

g e−Φ(z)
(
Ψ̄ eM

A Γ
A VM Ψ + i

2
ηS,V Ψ̄ eM

A eN
B

[
Γ A, Γ B

]
F (S,V )M N Ψ

)
, (3)

where the basic ingredients of the AdS/QCD model are defined as [9]: g = |det gM N |;Ψ and VM are the
5D Dirac and vector fields dual to the nucleon and electromagnetic fields, respectively; FM N = ∂M VN −
∂N VM ;Γ A = (γ μ,−iγ 5); eM

A = zδM
A is the inverse vielbein; and ηS,V are the couplings constrained by the
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anomalous magnetic moment of the nucleon: ηp = (ηS + ηV )/2 = κ kp/(2m N
√

2) and ηn = (ηS − ηV )/2 =
κ kn/(2m N

√
2). Here the indices S, V denote isoscalar and isovector contributions to the electromagnetic form

factors.
Finally, the results for the nucleon form factors in AdS/QCD are given by [9]:

F p
1 (Q

2) = C1(Q
2)+ ηpC2(Q

2),

F p
2 (Q

2) = ηpC3(Q
2),

Fn
1 (Q

2) = ηnC2(Q
2),

Fn
2 (Q

2) = ηnC3(Q
2),

where Q2 = −t and Ci (Q2) are the structure integrals:

C1(Q
2) =

∫
dze−Φ V (Q, z)

2z3 (ψ2
L(z)+ ψ2

R(z)),

C2(Q
2) =

∫
dze−Φ ∂z V (Q, z)

2z2 (ψ2
L(z)− ψ2

R(z)), (4)

C3(Q
2) =

∫
dze−Φ 2m N V (Q, z)

2z2 ψL(z)ψR(z).

ψL(z) and ψR(z) are the Kaluza-Klein modes (normalizable wave functions), which are dual to left- and
right-handed nucleon fields:

ψL(z) = κ3z4 , ψR(z) = κ2z3
√

2 (5)

and

V (Q, z) = Γ

(
1 + Q2

4κ2

)
U

(
Q2

4κ2 , 0, κ2z2
)

(6)

is the bulk-to-boundary propagator of the vector field in the axial gauge.
Expressions for the GPDs in terms of the AdS modes can be obtained using the procedure of light-front

mapping suggested by Brodsky and Téramond [13–16] and extended in [17–19]. In the present case this pro-
cedure is based on the use of the integral representation for the bulk-to-boundary propagator introduced by
Grigoryan and Radyushkin [22]:

V (Q, z) = κ2z2

1∫
0

dx

(1 − x)2
x

Q2

4κ2 e− x
1−x κ

2z2
, (7)

where the variable x is equivalent to the light-cone momentum fraction. Matching the respective expressions
for the nucleon form factors results (after performing integration over the holographic coordinate z) in the
nonforward parton densities of the nucleon as:

Hq
v (x, Q2) = q(x) xa , (8)

Eq
v (x, Q2) = eq(x) xa , (9)

where a = Q2/(4κ2), and q(x) and eq(x) are distribution functions given by:

q(x) = αqγ1(x)+ βqγ2(x) , eq(x) = βqγ3(x) , (10)

where the flavor couplings αq , βq and functions γi (x) are written as

αu = 2 , αd = 1 , βu = 2ηp + ηn , β
d = ηp + 2ηn (11)
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and

γ1(x) = 1

2
(5 − 8x + 3x2) ,

γ2(x) = 1 − 10x + 21x2 − 12x3 , (12)

γ3(x) = 6m N
√

2

κ
(1 − x)2.

Equations (8)–(12), which display the nonforward parton densities of the nucleon, are the main result of
this matching procedure. Notice that these functions have an exponential form, which is typical when choosing
an ansatz for these functions, and we can also see that they are consistent with a linear Regge behavior at small
x [1,6]. In Figs. 1 and 2 we show the nonforward parton distributions Hq

v and Eq
v for nucleons, obtained from

the expressions deduced on the AdS side according to the holographical model considered in [9].
The parameters involved are the same as those used by Abidin and Carlson [9], i.e. κ = 350 MeV,

ηp = 0.224, ηn = −0.239, which were fixed in order to reproduce the mass m N = 2κ
√

2 and the anomalous
magnetic moments of the nucleon.

2.1 Nucleon GPDs in impact space

Another interesting aspect to consider is the nucleon GPDs in impact space. As shown by Burkardt [23,24],
the GPDs in momentum space are related to impact parameter dependent parton distributions via Fourier
transform. GPDs in impact space provide access to the distribution of partons in the transverse plane, which
is important for understanding the nucleon structure. Here we consider just a couple of quantities in impact
space.

Following Refs. [23,24] and [5,25] we define the following set of nucleon quantities in impact space. The
nucleon GPDs in impact space

q(x, b) =
∫

d2k

(2π)2
Hq(x, k2)e−ibk ,

eq(x, b) =
∫

d2k

(2π)2
Eq(x, k2)e−ibk . (13)

Fig. 1 The helicity-independent generalized parton distributions (GPDs) of quarks for the nucleon in the zero skewness calculated
in the holographical model here described
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Fig. 2 Parton charge (ρE (b)) and magnetization (ρM (b)) densities in the transverse impact space

The parton charge (ρE (b)) and magnetization (ρM (b)) densities in transverse impact space are

ρE (b) =
∑

q

eq

1∫
0

dxq(x, b) ,

ρM (b) =
∑

q

eq

1∫
0

dxeq(x, b) , (14)

3 Conclusions

We discussed an alternative way to calculate the nucleon GPDs in both momentum and impact space using
ideas of AdS/QCD. LFH and sum rules relating electromagnetic form factors to the GPDs functions Hq

v (x, Q2)
and Eq

v (x, Q2) have been derived. The procedure used is similar to the one considered in some applications
of LFH, where by comparing form factors it is possible to obtain mesonic light front wave functions. In the
present case it is not necessary to reinterpretate the holographical coordinate z as in standard LFH, where z is
the distance between constituent partons.

The nucleon GPDs obtained have an exponential form as in several phenomenological approaches, and
their detailed form is typically used in limit x → 0.
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