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Abstract. Results on electromagnetic form factors of the nucleon and photon transition form factors of non-
strange baryon resonances calculated in a relativistically covariant quark model based on the Bethe-Salpeter
equation are presented. The relevance of the instanton-induced quark interaction on these properties is

discussed.
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1 Introduction

From the very beginning electromagnetic properties of
hadrons played a key role in tests of quark models of
baryons. In particular the ratio of the magnetic moments
of proton and neutron (experimental value 1.46) is of-
ten interpreted as “proving” the correctness of the non-
relativistic quark model, which predicts the value 1.5 on
the basis of spin-isospin matrix elements only. Also the
electric and magnetic form factors of the nucleon have
been intensely studied for a long time and constitute im-
portant tests for the charge and current distributions in-
side the nucleon. For a discussion of in particular the neu-
tron form factor, see, e.g., [1]. Most calculations of electro-
magnetic form factors in the framework of the constituent
quark model essentially adopt the wave functions from a
non-relativistic treatment of the quark dynamics' supple-
mented by a relativistic prescription for calculating the
electromagnetic current matrix elements, see, e.g., [3,4].
Indeed in this manner a remarkable good description of
nucleonic form factors can be achieved [5].

In contrast to this in our relativistic quark model we
have used the Bethe-Salpeter equation with instantaneous
forces, which inherently respects relativistic covariance.
On the basis of the amplitudes, obtained by solving the
full Salpeter equation, see [6,7,3], the baryonic vertex
function (amputated Bethe-Salpeter amplitude) can be re-
constructed for any on-shell baryon momentum und thus
form factors and various couplings can be calculated in im-
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L Although often a relativistic form for the single-quark ki-
netic energy is used and/or some relativistic effects are param-
eterised in the expressions for the interaction, see, e.g., [2].

pulse approximation without any additional parameters.
The details of the calculation of electroweak form factors
of non-strange baryons have been published recently [8].
Here, we shall merely quote the approximations made and
briefly discuss also some additional results.

2 Baryonic currents

Insisting on an instantaneous treatment of the quark dy-
namics on the basis of the full Salpeter equation, even in
the presence of two-body interactions, the retardation ef-
fects of these can be accounted for only perturbatively.
In [9,7,10] it was shown that by the perturbative con-
struction of an effective interaction potential, which pa-
rameterises the effects of two-body forces, in lowest order,
nevertheless, a very satisfactory description of the bary-
onic mass spectra up to high masses and high spins can be
achieved. The current operators, which enter the computa-
tion of form factors then should be calculated consistently
with this effective treatment of retardation effects. Again
in lowest order, for details see [11,8], the current matrix
elements can then approximately be written as
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where I'p, I'y; stand for the vertex functions for baryons
with on-shell 4-momentum P and P = M = (M,0) in
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Fig. 1. Magnetic form factor of the proton; experimental data
from the analysis of [12].

the final and initial state, respectively, q := P — P’ is the
momentum transfer, é the quark charge operator and the
integration is over the relative 4-momenta of the quarks.

3 Results

Form factors and helicity amplitudes are then calculated
by standard formulas [8] . Static properties of the nucleon,
such as magnetic momenta, the axial coupling constant
and radii are obtained from inspection of the Q% = —¢?
limit of the corresponding from factors and are in gen-
eral in excellent agreement with experimental data, again
see [8]. We found that the correct relativistic treatment of
boosts of our amplitudes is imperative to achieve agree-
ment with the experimental data: If, e.g., we neglect this
boost, the value for the magnetic moment of the proton
drops by about one nuclear magneton. In this respect the
apparent success of the non-relativistic quark model in ex-
plaining ratios of magnetic moments must be considered
as accidental.

As an example for the quality of our calculations we
compare the magnetic form factors of the nucleon relative
to a dipole parameterisation in figs. 1 and 2 with exper-
imental data mainly from the compilation of [12]. Al-
though the calculated form factors drop too fast for large
momentum transfer?, the calculation of the neutron mag-
netic form factor nicely reproduces the shallow minimum
around Q? = 0.3 GeV?, recently measured at MAMI [13,
14] and Jefferson Lab [15].

As an illustration of the calculation of electro-
excitation of baryon resonances of higher mass and spin

2 This also applies to the isovector electric form factor of the
nucleon, see [8].
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Fig. 2. Magnetic form factor of the neutron; experimental data
from the analysis of [12].
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Fig. 3. D;5(1675) proton electro-excitation helicity ampli-
tudes.

we present the helicity amplitudes for electro-excitation
on the proton for the mass degenerate “parity doublet”
D15(1675)-F15(1680) in figs. 3 and 4, respectively. We
predict that the Dj5(1675) helicity amplitudes, which
however is rather small, drops significantly faster with
increasing momentum transfer than the corresponding
F15(1680) amplitudes. In the present model this is due
to the feature that the former state is (in the harmonic-
oscillator nomenclature) dominantly a L = 1, § = 3,
1hw-state, for which the instanton-induced interaction
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Fig. 4. Fi5(1680) proton electro-excitation helicity ampli-
tudes.
vanishes, whereas the latter state is mainly a L = 2,

S = %, 2hw-state, with scalar diquark correlations from
this interaction, which are sufficiently strong to lower this
state to a mass almost degenerate with the other state.
Furthermore at low @Q? the experimental data indicate
that for this resonance the A% amplitude dominates
(which is unfortunately not quite reproduced by our
calculation) and at large Q2 the A 1 amplitude is larger,
which is also found in the calculation, whereas for the
D15(1675)-resonance our calculation indicate that both
amplitudes have the same magnitude. This different
behaviour should be clearly visible in a measurement of
an asymmetry o< [Ay |2 — Az |2 in dependence on Q2.

In conclusion we think that we have demonstrated,
that a fully relativistic treatment of the quark dynamics
and their electromagnetic couplings on the basis of the
instantaneous Bethe-Salpeter equation with quark forces
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from a confinement potential and an instanton-induced
interaction indeed leads to an encouraging description of
the major features of baryonic excitations, which certainly
still can and, in view of the approximate treatment of
retardation effects from the two-body interaction, must
be improved.

References

1. T. Reichelt, this issue, p. 181.

2. S. Capstick, W. Roberts, Phys. Rev. D 49, 4570 (1994).

3. S. Capstick, B.D. Keister, Phys. Rev. D 51, 3598 (1995).

4. R.F. Wagenbrunn, S. Boffi, W. Klink, W. Plessas, M.
Radici, Phys. Lett. B 511, 33 (2001); L.Ya. Glozmann, M.
Radici, R.F. Wagenbrunn, S. Boffi, W. Klink, W. Plessas,
Phys. Lett. B 516, 183 (2001).

5. S. Boffi, M. Radici, L. Glozman, W. Plessas, R.F. Wagen-
brunn, W. Klink, in Proceedings of 9th International Con-
ference on the Structure of Baryons (BARYONS 2002),
Newport News, Virginia, 2002, edited by C.E. Carl-
son, B.A. Mecking (World Scientific, Singapore, 2003),
arXive:hep-ph/0205021.

6. B. Metsch, U. Loring, D. Merten, H. Petry, this issue,
p- 189.

7. U. Loring, B.Ch. Metsch, H.R. Petry, Eur. Phys. J. A 10,
395 (2001).

8. D. Merten, U. Loring, K. Kretzschmar, B. Metsch, H.R.
Petry, Eur. Phys. J. A 14, 477 (2002).

9. U. Loring, K. Kretzschmar, B.Ch. Metsch, H.R. Petry,
Eur. Phys. J. A 10, 309 (2001).

10. U. Loring, B.Ch. Metsch, H.R.. Petry, Eur. Phys. J. A 10,
447 (2001).

11. D. Merten, Hadron Form Factors and Decays in a Covari-
ant Quark Model, PhD Thesis (Universitdt Bonn, Bonn,
2002).

12. P. Mergell, U.-G. Meifiner, D. Drechsel, Nucl. Phys. A 596,
367 (1996).

13. G. Kubon et al., Phys. Lett. B 524, 26 (2002).

14. H. Anklin et al., Phys. Lett. B 428, 248 (1998).

15. W. Xu et al., Phys. Rev. C 67, 012201 (2003), arXiv:nucl-
ex/0208007; W. Xu. et al., Phys. Rev. Lett. 85, 2900
(2000).

16. V. Burkert, Research Program at CEBAF II, edited by V.
Burkert (1986) p. 161; Phys. Lett. B 428, 248 (1998).



