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Coulomb effect in Nucleon-Deuteron Elastic Scattering
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Abstract We have applied the quark-model nucleon-nucleon interaction fss2 to the
nucleon-deuteron scattering. The screened cutoff Coulomb force in the momentum
space has been incorporated to the proton-deuteron scattering by extending the match-
ing condition, which is proposed by Vincent and Phatak for the sharply cutoff Coulomb
problem. The model fss2 can reproduce the overall characteristics of the experimental
data. It is found that fss2 partially incorporates the attractive feature, which accords
with the good reproduction of the triton binding energy and neutron-deuteron doublet
scattering length. This attractive feature is due to the off-shell effect related to the
quark-model description of the short-range repulsion of the two-nucleon force.

Keywords Quark-model nucleon-nucleon interaction - Nucleon-deuteron scattering

1 Introduction

The three-nucleon (3N) system is appropriate to study the nucleon-nucleon (NN)
interaction since many techniques for rigorous calculations have been developed. The
quark-model (QM) baryon-baryon interaction is constructed in the framework of the
resonating-group method for two three-quark clusters. The short-range repulsion of
the NN interaction is mainly described by the nonlocal quark-exchange kernel, which
gives quite different off-shell properties from standard meson-exchange potentials. The
deficiency of the triton binding energy by our QM NN interaction fss2 [1] is about
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Fig. 1 Nd elastic scattering observables at Ey = 9 (upper panels) and 65 MeV (lower panels),
compared with the experimental data; (a) the elastic differential cross section do/df2, (b) the
nucleon vector analyzing power A, (), and (c) the deuteron tensor analyzing power Tz (0).
The solid curves show the results of the pd calculations using the Coulomb cutoff radius p = 8
fm, and the dashed curves show nd predictions. The experimental data. are taken from Refs. [2]
for Sa94, [3] for Sc83, [4] for Se72, [5] for Sh95, [6] for Sh82 and [7] for Wi93.
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350 keV [8], which is far smaller than 0.5 — 1 MeV, predicted by standard meson-
exchange potentials. It is therefore interesting to examine the nonlocal effect of QM
NN interaction on the 3N scattering observables.

The Coulomb force should be taken into account for the comparison with ample
and precise experimental proton-deuteron (pd) scattering data. The incorporation of
the Coulomb force to the three-body scattering problem is a challenging task. In recent
years, some development have been made based on the Kohn variational approach [9]
and on the coodinate space Faddeev integral equations [10,11]. The standard treatment
in the momentum space is the screening and renormalization approach [12-14]. In this
contribution, a newly-developed method in Ref. [15] based on the Vincent-Phatak

method [16] is successfully applied to the pd elastic scattering and we examine the
off-shell effect of the QM NN interaction.

2 Results

In applying fss2 to the nucleon-deuteron (Nd) elastic scattering in the Faddeev for-
malism for composite particles, the Alt-Grassberger-Sandhas equations [17] are solved
in the momentum space. The channel-spin formalism is used. We introduce the NN
interaction up to the total angular momentum Imax = 4. The charge independence
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al. [9] and the results using the PEST1 We have examined the Nd elastic scatter-

potential (open circles) are from Alt et

al [12] ing observables up to Ex = 65 MeV. Some ex-

amples are shown in Fig. 1. The overall char-
acteristic of the experimental data is reproduced, while discrepancies at the maximum
points of the vector analyzing power (so-called “A, puzzle”) still exist. The Coulomb
effect is important at all angles in the low-energy region, but confined to forward angles
in the higher energy region.

The energy dependence of the minimum points of the elastic differential cross sec-
tions (diffraction minima) is often discussed as Sagara discrepancy [2] and is very
important to discuss the 3N force effect. In order to examine the energy dependence of
the diffraction minima quantitatively, we show in Fig. 2 the relative differences, which
are defined by RDyjn, = [(c(i%)cal. (Omin) — (j—?))cxp_ (Omin)]/ (g—?))cxp. (Omin) in the
energy region Ep < 70 MeV. On the low-energy side £, < 18 MeV, the minimum
values of the pd differential cross sections calculated by fss2 reproduce the experimental
data at accuracy less than 2%. In Ref. [9], the Urbana IX (URIX) 3N potential lessens
the cross sections at the diffraction minima, resulting in a good agreement with the
experimental data. In our result, fss2 takes into account this attractive effect at the
NN level. This result accords with the good reproduction of the triton binding energy
and nd doublet scattering length [19].

3 Summary

We have incorporated the screened Coulomb potential for the pd scattering and ex-
amined elastic scattering observables up to Exy = 65 MeV. The QM NN interaction
fss2 can reproduce the overall characteristics of the experimental data. We have found,
from the analysis of the diffraction minima, that fss2 partially incorporates the attrac-
tive effect in the doublet S-channel, which is usually attributed to the 3N force in the
standard description by meson-exchange potentials. These results reflect the off-shell
effect related to the non-locality of the QM NN interaction.
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