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We perform a detailed analysis of nucleon electromagnatiaxial form factors in a holographic
soft-wall model. Our approach is based on an action whicbrdess hadrons with broken confor-
mal invariance and incorporates confinement through theepiee of a background dilaton field.
For N; = 3 we describe the nucleon structure in a superposition ok thalence quark state with
high Fock states including an adjustable number of partquarks, antiquarks and gluons) via
studying the dynamics of 5D fermion fields of different sngldimension in anti-de Sitter (ADS)
space. According to the gauge/gravity duality the 5D fernfields of different scaling dimen-
sion correspond to the Fock state components with a spedcifithar of partons. In the present
application we restrict to the contribution of 3, 4 and 5 partcomponents in the nucleon Fock
state. With a minimal number of free parameters (dilatoesparameter, mixing parameters of
partial contributions of Fock states, coupling constanthe effective Lagrangian) we achieve a
reasonable agreement with data for the nucleon form factors
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1. Introduction

Based on the gauge/gravity dualify [1], a class of AdS/QCD approachihwnodel QCD
by using methods of extra-dimensional field theories formulated in anti-de Gd&) space, was
recently successfully developed for describing the phenomenologgdsbhic properties. One of
the popular formalisms of this kind is the “soft-wall” modH [2], which usesfaisérared (IR) cut-
off in the fifth dimension. Here we present a detailed analysis of the nuelestromagnetic form
factors in a holographic soft-wall moddl] []}[5] considering the inclasid higher-dimensional
fermion fields. Thus high-Fock state contributions are holographicallyjpacated in the nucleon.
This novel approach is based on an action which describes hadron®naken conformal in-
variance and which incorporates confinement through the presercbamkground dilaton field.
Notice the role of higher Fock components in the pion, in the context of habige QCD, was
considered before in Ref§] [6]. In our framework fy= 3 nucleons are considered as a superpo-
sition of three valence quark states and high Fock states including an atgustanber of partons
(quarks, antiquarks and gluons) by studying the dynamics of the 5D ferfiglls of different
scaling dimension in AdS space. According to the gauge/gravity duality theBidn fields of
different scaling dimension correspond to Fock state components witltificpember of partons.

2. Approach

We consider the propagation of a fermion fiék{x,z) with spinJ = 1/2 in 5-dimensional
AdS space, which contains the contributions of different twist-dimensiorthe language of the
AdS/QCD dictionary it corresponds to the inclusion of the three-quarkhagiuer-parton states
in the nucleon. For this first time we restrict ourselves to the contributiorg08@+ g, 3q+qq
and 3)+ 2g Fock states, wherg, g andg denote quark, antiquark and gluon, respectively. The
main idea for describing the nucleon in AdS/QCD is based on the correspoadsee detailed
discussion in Refd]7]) between the spinor fields propagating in the battespnd the QCD inter-
polating operators creating the nucleons on the boundary of AdS splae@ppropriate boundary
conditions for the bulk field on the boundary of AdS space ensure tltéit Gorrespondence is
precise due to the equivalence of the functional integrals of both thedaoyiand bulk theories.
In particular, in the boundary theory (QCD) we define the left- and rigimeled chiral doublets of
nucleons/ andOr. Since the chiral symmetry of the boundary theory is equivalent to theegaug
symmetry in the bulk, we need to introduce the pair of bulk fermion figid$x, z), which are
holographic analogues of th#, operators. In particular, the bulk fielél. (x,z) contain impor-
tant information about the baryon structure. On one side, their boundargs (non-normalizable
solutions) are analogues of the sources for the QCD interpolating operatoich then via the
evaluation of the Euclidean generating functionals produce the correfatiotions of QCD oper-
ators. On the other side, these fields contain normalizable modes (thesgwaer and therefore
are vanishing on the boundary) - profiles in extra dimension, which gporel to the baryon wave
functions or expectation values of QCD operators. In our approactotifermal and chiral sym-
metries are spontaneously broken via the introduction of the backgraldddilaton)¢ (z) in the
effective action. We choose the quadratic dependence of the dilatoredrlbgraphic coordi-
natez, i.e. ¢ (z) = k%2> with k being a free scale parameter, which scaleg6gN;) in the large
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Nc-expansion. In particular, later we show that the nucleon (baryon) imassportional to the pa-
rameterk, which is consistent with larg. QCD: My ~ k+1/N; ~ N¢. The main advantage of the
dilaton with quadratic profile is the possibility to produce linear Regge-like ti@jies for hadron
masses. The relevant AdS/QCD action for the description of the nuclectinogi@gnetic and axial
form factors is constructed in terms of the fermion fielels ; (x, z) with spinJ = 1/2 and scaling
dimensiont, the vector field/y (x,z) with spinJ = 1 (holographic analogue of the electromagnetic
field) and the axial field\y (x,z) (holographic analogue of the axial isovector field) [5]

S= /d4xdz\/§e‘¢(z) {.ﬁp(x, 2) + Rr+a(X,2) + Lt (X, z)},
Lp(X,z2) = Z zchI_Ji,T(x,z)ﬁ(z)wi’r(x,z),

i=+,— T

1 1
Lra(x2) = ~ M2V (62) - ZAm (DA (x.2),

Znx2) = Y Y q_JiJ(x,z){v/}(x,z) +4zf?(x,z)}wi7r(x,z),
i=F,— T
Di(2) = %rM 9, F(L+Ur(2), AJB =A(IB)— (A)B,

Y, (%,2) = QuITMVi(x,2) + ‘I—lr)\/ ™. rNVun(x,2) + gv TsTMir2vi(x,2)

A (%,2) = %(:FFMAM(X,Z) + %r)A[I’M,I’N]AMN(x,Z) 4 galM iFZAM(x,z)). 2.1)

HereV (A)un is the stress tensor of the vector (axial) fie@@y and 73 are nucleon charge and
isospin matriced; M are the five-dimensional Dirac matricgsis the bulk fermion mass related to
the scaling dimensionasm= uR= 1 —3/2. Notice that the scaling dimension of the AdS fermion
field is holographically identified with the scaling dimension of the baryon intating operator

T = N+L, whereN is the number of partons in the baryon dneg max|L,| is the maximal value
of the zcomponent of the quark orbital angular momentum in the light-front waation [§].
Ur(2) = ¢(2)/Ris the dilaton field dependent effective potential providing the corrgehpsotics

of the nucleon electromagnetic form factors at la@gdp), []. In this paper we restrict to the three
leading contributiong = 3,4 and 5. The coefficients; are a set of parameters which take into
account the mixing of AdS fermion fields with different scaling dimengipwhich are constrained
by the correct normalization of the kinetic term of the four-dimensional sgialdl and by charge
conservation a§ ; c; = 1 [B]. The five free parameters cs, ¢4, gv andna are fixed to the values
K = 383 MeV,c3 = 1.25,¢c4 = 0.16,gy = 0.3,na = 0.5 [B].

3. Resaults

One of advantages of the soft-wall ADS/QCD model is that most of the ctitmsacan be
done analytically. E.g., the nucleon mass is given by the expressioa 2k ¥, crv/n+1— 1.
As we stressed before, the nucleon (baryon) mass is proportional fratheneteik and this is
consistent with largé. QCD: My ~ K+/T ~ N, whereT ~ N.. Next we present the numerical
analysis of nucleon propertigg [5]. All analytical expressions arergiiv [}]. In Table | we present
the results for the nucleon mass and the electroweak properties of nsickelacted results for the
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nucleon form factors in comparison to known data are shown in Figs. 2.aki¢e demonstrated
that the soft-wall holographic model reproduces the main features ofdbe@magnetic structure
of the nucleon. In particular, we achieved the following results: the analyimwer scaling of the
elastic nucleon form factors at large momentum transfers in accordaticquark-counting rules;
reproduction of experimental data for magnetic moments and electromagmitiocdae can see
that with a minimal number of free parameters (five parameters) we obtaiaa@adae description
of the nucleon electromagnetic form factors including the correct poesding at largeQ?. It
demonstrates that the soft-wall model successfully describes nuclemtusér at any resolution
scale. In a next step, one can include effects of quark masses and éxteapproach to nucleon
resonances, light baryons with higher spins, strange and heawyrsary
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Table 1: Mass and electromagnetic properties of nucleons

Quantity

Our results

Data

mp (GeV)

0.93827

0.93827

Hp (inn.m.)
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2.793

Uy (in n.m.)

-1.913
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da

1.270

1.2701
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Figure 1: RatiosGg(Q?)/Gp(Q?), HpGE(Q?)/Gl(Q%), Gt (Q%)/ (MpGp(Q?)) andGly (Q%)/ (knGp(Q?)).
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Figure 2: The charge neutron form factor, rat@f (Q?)/Gp, (Q?), proton and neutron Dirac form factor
multiplied with Q*, ratios Q°F,(Q?)/FP(Q?) (the dashed line is the approximation of data suggested in
Ref. [1}]) andGa(Q?)/GR(Q?).



