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The relativized hypercentral Constituent Quark Model is used for the calculation of the elastic electromagnetic form factors of the nucleon.
The results are compared with the recent measurements at Jlab.
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Se emplea una versión relativista del modelo hipercentral de cuarks constituyentes para estudiar los factores de forma electromagnéticos del
nucleón. Se comparan los resultados con los datos experimentales recién obtenidos en el Laboratorio Jefferson.
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1. Introduction

The interest in the electromagnetic form factors of the nu-
cleon has been again triggered by the recent results of the
Jefferson Laboratory on the ratio between the electric and
magnetic form factors of the proton [1–3]. At variance with
the expectations, the ratio deviates strongly from 1 and, for
Q2 ≥ 1 (GeV/c)2, it decreases with an almost linear be-
haviour, pointing towards the possible existence of a zero at
Q2 ≈ 8 (GeV/c)2.

This poses the question of the compatibility of the new
data obtained from polarization measurements with the tradi-
tional ones obtained from a Rosenbluth plot. In this respect
much attention has been devoted to the two-photon exchange
mechanisms [4] and the recent calculations seem to reduce
the discrepancy. Radiative corrections to polarization phe-
nomena [5] have been calculated showing that they are small
for the polarization ratio. A re-analysis of the old Rosenbluth
procedure is also being performed [6], with promising re-
sults, however the situation is still not completely defined [7].
Nevertheless the main problem is the physical picture emerg-
ing from the data, that is the origin of the decrease of the
ratio and of the eventual presence of a zero in the electric
form factor. The first seems to be the manifestation of rela-
tivistic effects [8, 9], while the possible presence or not of a
zero will help to discriminate among the different models for
the nucleon structure [8, 10–12]. For reviews on this subject
the readers are referred to [13–15].

The planned experiments at higher Q2 will clarify these
points. From the theoretical point of view a zero in the pro-
ton charge form factor is a challenge for most models of the
internal proton structure. In this contribution we report the
results of recent calculations of the elastic nucleon form fac-
tors within a semirelativistic version of the hypercentral Con-
stituent Quark Model (hCQM) [16].

2. The hypercentral constituent quark model

In the hCQM the SU(6) invariant quark potential is assumed
to be

V (x) = −τ

x
+ αx, (1)

where x =
√

~ρ 2 + ~λ 2 is the hyperradius, with ~ρ and ~λ be-
ing the Jacobi coordinates. Interactions of the type linear plus
Coulomb-like have been used since long time for the meson
sector, e.g. the Cornell potential. This form has been obtained
in recent Lattice QCD calculations [17] for SU(3) invariant
static quark sources.

The three-quark potential (1), depending on the hyper-
radius x only, is hypercentral. It can be considered as
the lattice two-body interaction within the so called hyper-
central approximation, that is averaged over the hyperangle
ξ = arctg(ρ/λ) (whit ρ and λ respectively the modulus of ~ρ
and ~λ) and the angles Ωρ, Ωλ; this approximation has been
shown to be valid, specially for the lower energy states [18].
On the other hand, the hyperradius x depends on the coordi-
nates of all the three quarks, therefore the interaction V (x)
contains in general three-body contributions.

The ’hypercoulomb’ part −τ/x of the potential (1) has
interesting properties [16]. In particular it leads to a power-
law behaviour of the proton form factor and of all the elec-
tromagnetic transition amplitudes [16].

The SU(6) violation is taken into account by adding a
standard hyperfine interaction Hhyp [19], treated as a pertur-
bation. The three quark hamiltonian for the hCQM is [16]

H =
~p 2

ρ

2m
+

~p 2
λ

2m
− τ

x
+ αx + Hhyp, (2)

where ~pρ and ~pλ are the conjugate momenta of the Jacobi
coordinates ~ρ and ~λ.
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FIGURE 1. (Color online) The ratio µpGp
E/Gp

M from polarization
transfer compared with the semirelativistic hCQM calculation with
constituent quark form factors (solid line). The experimental data
are taken from [1–3, 24–26].

The spectrum is described with τ=4.59 and
α=1.61 fm−2 and the standard strength of the hyperfine
interaction needed for the N −∆ mass difference [19].

The model has been used for the prediction of vari-
ous physical quantities of interest, namely the photocou-
plings [20], the electromagnetic transition amplitudes [21],
the elastic nucleon form factors [22]. The ratio between
the electric and magnetic proton form factors [9] has been
calculated boosting the three quark nucleon states to the
Breit frame and expanding the matrix elements of the three
quark current up to the first order in the quark momem-
tum. The non relativistic calculations predict the value
R = µp (Gp

E/Gp
M ) = 1 and introducing the hyperfine

interaction makes no difference (R = 0.99). However, the
first order relativistic corrections [9] give rise to a ratio which
significantly deviates from 1.

Relativity is a fundamental ingredient for the description
of the elastic nucleon form factors and therefore we have re-
cently reformulated the model and calculated the elastic nu-
cleon form factors. First, we have proposed a semirelativistic
constituent quark model that is based on the following Hamil-
tonian

H =
3∑

i=1

√
~p2

i + m2 − τ

x
+ αx + Hhyp (3)

that has been diagonalized in the nucleon rest frame; the ~pi

is the i-th quark 3-momentum and mi the masses of the con-
stituent quarks. Using the same form of the hypercentral po-
tential and a standard hyperfine SUsf (6) spin-flavour break-
ing term, we have obtained an equivalently good description
of the baryon spectrum with respect to the non relativistic
case. However, the semirelativistic wave functions have more
high momentum components and therefore we believe they
are more realistic. The nucleon current is written in impulse
approximation, i.e. is chosen to be the sum of one-body quark

currents [9, 22]:

J (N)
µ =

3∑

i=1

ei γµ(i) (4)

with ei being the electric charge of the i-th constituent quark.
Standard boost operators have been applied to obtain the nu-
cleon initial and final state functions in the Breit frame. With
respect to our previous papers [9, 22], both the boosts on
the spatial variables and on the Dirac indices are performed
without any approximation. Moreover, another important im-
provement is provided by the use of semirelativistic wave
functions.

Finally, considering that constituent quark have a finite
size [23], we have introduced constituent quark form factors.
The free parameters in the quark form factors have been fit-
ted to the ratio R, the proton magnetic form factor Gp

M , the
neutron electric Gn

E and magnetic Gn
M form factors [12]. The

results for the ratio R are shown in Fig. 1. The free parame-
ters provided by the quark form factors are not sufficient by
themselves to obtain a good fit, it is necessary that already
the pointlike calculations provide a realistic description.

FIGURE 2. The ratio Q2(F2p/F1p) calculated with the rel-
ativized hCQM (solid line). The experimental data are taken
from [1–3, 24–26].

FIGURE 3. The ratio Q(F2p/F1p) calculated with the rela-
tivized hCQM (solid line). The experimental data are taken
from [1–3, 24–26].
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In Fig. 2 the results of the hCQM are compared with the
data for the ratio Q2 F2p

F1p
. The perturbative QCD (pQCD) pre-

dictions are that the asymptotic behavior of the helicity con-
serving Dirac form factor F1p ∝ 1/Q4 and of the helicity-
flipping Pauli form factor is F2p ∝ 1/Q6 [27], so that
Q2(F2p/F1p) would reach a constant value at high enough
Q2. The asymptotic regime has not been reached yet (see the
experimental data). Ralston et al. showed that if one takes
into account the contributions from the non zero orbital an-
gular momentum in the proton wave function, F2p/F1p goes
as 1/Q [28] and this kind of scaling behavior is reported in
Fig.3. A more or less constant values is reached starting at
Q2 ∼ 2 GeV 2, even if before giving any kind of conclusion
an extension to higher values of Q2 of the theoretical calcu-

lations is necessary. We observe that the experimental data
for the ratios of Fig. 2 and Fig. 3 are quite well reproduced
by the theoretical calculations.

3. Conclusions

As a conclusion we can say that an extension of the measure-
ment of the form factors to higher Q2 values is important in
order to test the pQCD scaling predictions for the Dirac and
the Pauli form factors F1p and F2p and in particular to under-
stand at which scale this behavior starts, moreover a presence
or not of a zero in the ratio of the electric and magnetic form
factors of the proton, will help to discriminate among the dif-
ferent models of the nucleon.
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