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Abstract. The current theoretical approaches for investigating the -yN + rN
and /V(e, e’x) reactions are reviewed. It is shown that the dynamical approach
can be used to test the predictions from hadron structure calculations. Some
N- form factors calculated from using various chiral constituent quark models
are presented.

1 Introduction

The opportunities for using the electromagnetic probes to explore the nonper-
turbative QCD aspects of hadron and nuclear dynamics will be unprecedented
in the next few years, mainly owing to the developments of several new electron
beam facilities. All of the existing theoretical studies of m~ and -yIVreactions
can be classified into two different formulations. The first one is the d~persion-
relations approach. In thk approach, the dynamics is defined by imposing the
crossing symmetry, analyticit y, high-energy behavior, and appropriate subtrac-
tion terms on the reaction amplitudes. This approach was developed by Chew,
Goldberger, Low and Nambu[l] in 1950’s and has been revived recently by
the Mainz group[2]. The second formulation is based on effective lagrangians.
Within thk. framework, there are three &lfferent approaches. The first one is
the K-matrix approach[3] which uses only the TJ’Vscattering phase shifts to
account for the TN final state interactions. The second one is the Chhal Per-
turbation Theory [4] which is applicable mainly at energies near thresholds and
for the low momentum-transfer processes. The thkd approach is the dynamical
approach[5] which is aimed at testing the QCD-based hadron structure mod-
els. In thk talk I will focus on the development of the dynamical approach and
present our recent results[6].
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2 Dynamical Approach

The starting point of a dynamical approach is a hadron structure calculation
which predicts the masses of the excited states of the nucleon. In practice, this
calculation can be done accurately only in the absence of the couplings with the
decay channels. These masses are therefore called the bore masses which do not
correspond to the resonance positions determined in the empirical amplitude
analyses.

The next step is to introduce the couplings of these lmre states with the
meson and photon fields. In Ref.[5], we focus on the N + A transition. By in-
cluding the interactions with m,p, u and ~ fields and applying a unitary trans-
formation method, we obtain an effective Hamiltonain for describing XN and
~N reactions up to the A excitation energy region. It takes the following form

where the two-body interactions V=p are defined by the meson-exchange mech-
anisms. It is straightforward to derive horn Eq.(1) the scattering amplitudes
for ZN + 7rN and TN + TN reactions. The resulting scattering amplitudes
can be cast into the following form

(2)

The fkst term is the nonresonant amplitude which is generated from a rela-
tivistic Lippman-Schwinger equation with the two-body meson-exchange inter-
actions Va,p. The second term of Eq. (2) is the resonant amplitude determined
by the dressed A mass and the dressed vertex fhnctions. They are defined by

F.N+A(E) = r.jV+A i- &N,. N(J!?)G.N (@r.N+A, (3)

r’jv+4(E) = r’jv+~ + V7N,.N(~)G.N(E)~.N+A (~)> (4)

where GXN(E) is the free TN propagator and

,24(E) = r.N+AG.N(E)~&.N (E). (5)

In Ref.[5], we did not rely on a hadron structure cahdation. Therefore
the bare mass of the A and the form factors of the effective Hamiltonian are
treated phenomenologically. Our first task was to determine the parameters of
the hadronic part of the effective Hamiltonian, Eq.(1), by fitting the TN phase
shifts. Our results were presented and discussed in Ref.[5]. For this talk, it is
only necessary to emphasize that the resulting bare mass of the A is -1300
MeV which is considerably higher than the resonance position 1236 MeV of the
TN cross section data.

We now turn to discussing our results of pion photoproduction. Here we also
need to include the w-exchange which does not play a role in TN scattering.
Since the coupling constant gWNNis not well determined in the literature, it
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is treated as a free parameter in our study. Thus, our investigation of pion
photoproduction has three adjustable parameters: GM(0) and GE(0) of the
bare A 4+ ‘y~ vertex, and the coupling constant gwNN of w exchange. With
GM (0) = 1.85, GE(O) = +0.025 and gWNN = 10.5, we ikd that all of the
available TN + ~N data can be described very well, as illustrated in Flg.1 for
the LEGS data[9]. We also find that the data can be fitted equally well with
GM(0) = 1.95, GE(0) = -0.025 and gu~~ = 7.0.
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Fig.1 The calculated differential cross sections du/dL? and ~ = alrll/da4 of
-yp+ mopare compared with the LEGS data.

We now focus on the theoretical interpretations of the A w -yN vertex.
Eq.(2) indicates that it could be misleading to compare the branching ratios
predicted by the constituent quark models [7, 8] with the values extracted
from the amplitude analyses. This can be seen by comparing in Table 2.1
the predicted helicity amplitudes with the values listed by the Particle Data
Group(PDG)[lO]. We notice that our bare values are close to the constituent
quark model predictions[7, 8], and the dressed values are close to the values
of PDG[1O]. This suggests that the large differences between the constituent
quark model predictions and the PDG values are due to the nonresonant meson-
exchsnge production mechanisms(the second term of Eq. (2)). Similar consider-
ations must be taken into account in comparing the PDG values with the pre-
dictions of other hadron structure calculations and in investigating the higher



4

4

‘Ihble 2.1. Helicity amplitudes of the A -+ TN trasition at W = 1236 MeV are
compared with the values from Particle Data Group (PDG) [10] and the predictions of
constituent quark models of Ret%.[7,8].The amplitudes are in unit of 10-3 (GeV)- 1’2.

A PDG Dressed Bare Ref. [8] Ref. [7]

A~12 -257 + 8 -228 -153 -157 -188

441/2 -141 * 5 -118 -84 -91 -108

mass N“ resonance parameters.
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Fig. 2 The predicted differential cross sections of p(e, e’~”) reactions are
compared with the data.

The dynamical model of Ref.[5] has been extended to make predictions for
N(e, e’r) reactions. As a tist step to help the experimental efforts in the past
few years, we had made predictions based on the simplest assumption that the
electromagnetic form factors for the TN + A is proportional to the the well
measured proton form factor. The charge component Gc(q2) of the TN + A
form factor is calculated from GM (q2) and GE(q2) using the long wavelength
approximation. In Flg.2, we see that our predictions are in good agreement
with the available data. The comparison of our predictions of Att = [o!u(4 =
O)– &(@ = 180°)]/[da(@ = O)+ 02Y(@= 1800)] with the most recent data from
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MIT-Bates are shown in Fig. 3. Here we see some significant deviations with
the data at W = 1236 MeV. This could be mainly due to our use of the ve~
naive form factors for the ~N + A transition.
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Fig.3 The predicted At{ are compared with the recent data from MIT-Bates.

3 Chid Constituent Quark Model Calculations

Encouraged by the results of Ref.[5], as briefly described above, we[6] have
started to apply our dynamical approach to test various constituent quark
models in conduction with the new experiments being conducted at MIT-Bates
and Jefferson Laboratory. We start with the now well accepted assumption that
the chid constituent quark model can emerge from QCD due to the breaking
of chiral symmetry. This is supported by a recent Lattice QCD calculation[l 1].
It is therefore reasonable to assume that a Harniltonian for relating the TN and
TN reactions to the quark-substructure of N and A is of the following form

[
)()]H = HB + ~ (hzB,B~ + hTB,B# + h.c. ,

B,Bt
(6)
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where B and B’ aretheeigenstates ofanone-baryon Hamiltonian lYB. In the
simplest nonrelativistic model, it is defined by

“=?(mq+%)+v+~”nf
(7)

where h~~j = ~i>j ~crij is the usual linear confinement potential. The quark-
quark residual interaction V is due to the exchange of Goldatone bosona and
gluons. The vertex interactions in Eq.(6) are calculated fkom the baryon wave-
fimctions and quark operators

fB,7BI = (131 ~f7q,q(i)lB’) .

(8)

(9)
i

In the simplest nonrelativistic model, the above quark-meson and quark-photon
operators are well known and are used in our calculations. WMin the dynamical
approach of Ref.[5], the vertices defined by Eqs. (8)-(9) for B = A and B’ = N
are identified with the bare vertices r&jV and &N k Eq.(1). Accordh@y
the A mass generated from the model Eq. (7) must be identified with the mass
1300 MeV of the bare A. To make contact with the previous works, we assume
that the interactions between constituent quarks can be represented by the
following form

v = fG Voge + fM Vome Y (lo)

where V&. is the usual one-gluon-exchange(oge) potential and V&, is the one-
meson-exchange(ome) potential due to the exchange of pion and eta mesons.
Both the oge and ome potentials are regularized by a form factor of the form

With the above formulation, we can investigate whether the fiN and
TN reactions carI distinguish three possible constituent quark models. For
fG=l ZIldfM= O, the above equations deiine the traditional constituent
quark model(oge). For ~G = O and fM = 1 we have an on~meson-exchange
model(ome) that is similar, but not identical, to the form proposed by Gloz-
man and Riska[12]. The model with fG = f ~ = 1 contains both the boson-
exchange and gluon-exchange interactions between constituent quarks. This
model(ogme) was briefly investigated in Ref.[14].

To be consistent with the dynamical model of Ref.[5], the parameters of
each considered model must be chosen to reproduce (1) mA – mjV = (1300
-938.5 )MeV, (2) GM(0) N 2.0, GE(0) - +0.025, (3) the magnetic moment
pP of the proton, (4) the proton charge radius < r >P- 0.8 fm, (5) the form
factors ffiN,A(k) and ~=N,N(k) with a cutoff of about 650 MeV/c in dipole
form. By using the variational method developed in Ref.[15], we solve the three-
body bound state problem by diagonalizing the model Hamiltonian, dehed by
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Eq.(7), in the space spanned by the harmonic oscillator wavefunctions. The
convergent solutions are obtained when up to about N=9 orbitals are included.
As a check of our calculation, we are able to reproduce the results of Glozman,
Rapp and Plessas[13] if their short-range form of Goldstone boson exchange
potential is used in our calculation.

We fmt adjust the parameters to fit the data (l)-(3) listed above. It turns
out that all of the possible consitutent quark models fitted to these data yield
a proton radiw of only about 0.4 fm. Consequently, the predicted uNN and
mNA form factors are too hard in comparison with that of Ref.[5]. It is not
clear how to remove this difhculty. One obvious possibility is to carry out a
relativistic calculation and to consider interaction currents, Nevertheless, our
results so far at least demonstrate that the TN and qN reactions can be use&d
in distinguishing the three considered constituent quark models, since their
predicted form factors have significant diEerences. This is illustrated in Fig.4
for the predicetd N* (Sll) + TN, qN, nA form factors.
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Fig.4 The N* + zN, qN, TA form factors. The solid, dotted and dashed
curves are respectively from the oge, ome, and ogme models.

Clearly, much has to be done before we can use the N(e, e’r) data, like the
data of Att shown in Fig.3, to distinguish different constituent quark models.
This is the focus of our current effort in order to confront the forthcoming
data with high precision. This theory-experiment joint effort is needed to give
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a crucial test of the chiral constituent quark model and its dynamical content.

4 summary

We have reviewed the development of a dynamical approach to study the pho-
toproduction and electroproduction of pions on the nucleon. Our current eHort
is to test the chid constituent quark model which can be related to QCD.
Some preliminary results for the iV”(S1l ) have been presented to indicate that
the predicted pion and photon form factars can be tested in the studies of UN
and TN reactions. Our complete results will be published elsewhere[6].
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