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We calculate the photoexcitation amplitudes for the v + N — A(1232)
and ¥ + N — N*(1440) transitions in the chiral quark model including
two-body exchange currents. We show that the contributions from the
various two-body currents are important. Compared with present experi-
mental data we see a slight worsening for the N — A excitation but a small
improvement for the transition to the Roper resonance (N*(1440)) with
respect to the impulse approximation.

PACS numbers: 12.38. -t

1. Introduction

Electromagnetic (e.m.) properties are of fundamental importance for
our understanding of quark dynamics in the low-energy regime. In the past,
most calculations have been made in the so-called impulse approximation,
where the interaction between the quarks is neglected and consequently the
total photon four-momentum is transferred to a single quark. However, two-
body currents are necessary to conserve the electromagnetic current in an
interacting quark-quark system. Here, we calculate the photoexcitation of
the A and N~(1440) resonances including two-body exchange currents. For
these transitions there are still large discrepancies between theoretical values
calculated in impulse approximation and experimental data. In Section
2, we will shortly present our model including the Hamiltonian and the
electromagnetic currents. In Section 3, we will give the definition of the
helicity amplitudes and discuss the results, with special emphasis to the
effect of the two-body currents.
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2. The chiral quark model

Constituent quarks are complicated objects consisting of a bare quark
surrounded by a polarization cloud of quark-antiquark pairs which are con-
tinuously excited from the QCD-vacuum. This means that much of the
complexity of QCD in the low-energy regime is already incorporated in the
picture of constituent quarks as quasi-particles.

2.1. The Hamiltonian

The Hamiltonian of the Chiral Quark Model (yQM) is in the case of
equal quark masses m, given by

Sy + 2y - 2y s
H=S(mg+2) - —— £ S (veorl(p, 7))
=7 mg” bmg ’

+ VOPEP (4. 23 + VOSEP (3, ) 4 VOSEP (1, ). (1)

Here, p;(7;) describes the momentum (position) of the i-th quark and P
the center of mass momentum, respectively. The interaction between the
quarks consists of various terms, which model the main symmetries and
the dynamical content in the low-energy regime. Chiral symmetry break-
ing leads to the appearance of the pion as Goldstone boson and its chiral
partner, the sigma meson. The coupling of these mesons to the constituent
quarks is described in lowest order by a one-pion- (VOFEF) and a one-sigma
meson (VOSEP) exchange potential. Asymptotic freedom is simulated in
our model by a one-gluon exchange potential (VOCEF) which dominates
the quark dynamics in the short-distance range. Finally, we simulate the
quark confinement by a phenomenological two-body harmonic oscillator po-
tential (V°°™). The free parameters of the YQM, listed in Table I, are taken
from Ref. [1]

TABLE 1

Quark model parameters

b [fm] a, ac [MeVim~?] m, [MeV] g2/(47) A [fm™}]
0.613 1.093 20.20 675 0.554 4.2
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2.2. The electromagnetic currents

In order to calculate electromagnetic properties of the baryons, we have
to know the four-vector current density J, = (p(z), —J(z)) of the interact-
ing quarks in the system. This current density is a coherent sum over one-
and two-body terms, where the one-body current is given by the coupling
of a photon to an elementary fermion, i.e. we assume that the constituent
quarks have no anomalous magnetic moment. The two-body exchange cur-
rents are derived from the Feynman diagrams, shown in Fig. 1.

A AT

(a) {b) (c)

Fig. 1. One-body and two-body exchange currents between quarks: {a) — impulse,
{b) — pion pair, (¢) — pionic, (d) — gluon pair, (e) — scalar pair, ¢.e.c meson or
confinement pair.

From Fig. 1 the close interrelation between the electromagnetic current
and the quark-quark interaction is evident. Note, that we have not intro-
duced any further parameters and that the parameters are the same as for
the calculation of the baryon spectrum. Explicit expressions for the one-
and two-body operators may be found in Ref. [2].

3. Results

Photoproduction of excited nucleon states is determined by the photon-
baryon interaction Hamiltonian

Hom = / d*zJ,(z) A (z) . 2)
We define the helicity amplitudes [3] by
AY = (B*A | Hem | N, A 1), (3)

which describe the transition of the nucleon with total angular momentum
projection A — 1 to a resonance with projection A. The relations between
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the magnetic (Fir) and quadrupole (Fg) form factors defined in Ref. [1]
and the helicity amplitudes are given by

Aspa(a?) = —Vams (55) (Ri2 @) - S2R @) @)

@) = Vo (50 ) (Fi2 @) +370 2 @) )

for the A-isobar and

€ . s
A1/2 = VWWMFA]Z#N (92) (6)

for the Roper resonance. Here (w, q) is the four-momentum transfer of the
photon in the center of mass frame and M is the nucleon mass.

In Tables 11 and III we show our results for the helicity amplitudes of
the N - A and N — N*(1440) transitions. Note, that we here calculate
the amplitudes at g2 = w? in contrast to Ref. [1], where the excitation
amplitudes are calculated at g2 = 0.

TABLE {1

Helicity amplitudes for the p — A7 transitions at ¢ = w? including two-
body exchange currents; i=impulse, g=gluon, w¢¢= pion pair, yrr=pionic, ¢ = -
meson, c=confinement. The helicity amplitudes for neutron targets are the same.
All entries are in [10~3GeV~1/2].

A,’ Ag Aﬂqq A'71r1r Ao Ac Atotal €Xp. [4]

AP, <104 -4 418 -22 11 +40 83 -l4145
AP, -181 -22 424 -37 19 +70 165 25748

TABLE III
Helicity amplitudes at g? = w? for the p,n — N*(1440) transitions. Same
notation as in Table I1.

A,’ Ag A"qq A’y7r1r Aa A»c Atotal exp. [4]
AP, -38 -20 +6 -16 -18 -26 -112 729
Al 425 4T -100 416 412 +17 467 +52425

As can be seen from the tables, the two-body contributions are impor-
tant for both the N — A and N — N~ transitions. For the A-isobar,
we observe large cancellations between the various exchange contributions.
Our total result is slightly worse than the impulse approximation. For the
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excitation to the Roper resonance, however, the different exchange contribu-
tions reinforce each other and go in the right direction. However, the total
effect of the various two-body contributions is even a little bit too large, at
least for the excitation of the proton.

In this work, we have gone beyond the single-quark transition picture
and demonstrated that two-quark transitions (exchange currents) are equally
important. In the future, it will be very interesting to study the e.m. tran-
sitions to other excited nucleon and A-states, especially with respect to
planned experiments at CEBAF, MAMI and ELSA.
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