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Abstract

Classically spinning B = 1 Skyrmions can be regarded as approximations to nucleons with quantised
spin. Here, we investigate nucleon—nucleon scattering through numerical collisions of spinning Skyrmions.
We identify the dineutron/diproton and dibaryon short-lived resonance states, and also the stable deuteron
state. Our simulations lead to predictions for the polarisation states occurring in right angle scattering.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

1. Introduction

The Skyrme model [1] is a nonlinear theory of pion fields that has topological soliton solu-
tions. Encouragingly, Witten identified the Skyrme model as a low energy effective model of
QCD [2,3]. The conserved topological charge is interpreted as the baryon number B, and the
minimal energy static solutions for each integer B are called Skyrmions. They can be treated
as rigid bodies, free to rotate in space and also in isospace (the three-dimensional space of the
pion fields). When the rotational motion is quantised, the Skyrmions are models for nucleons and
nuclei. In particular the B =1 Skyrmions, quantised with spin and isospin half, model protons
and neutrons.
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A full quantum mechanical treatment of the interaction of two B = 1 Skyrmions is dif-
ficult. Each Skyrmion has three position coordinates and three orientational coordinates, so
two-Skyrmion dynamics involves twelve coordinates [4]. A truncation to ten coordinates has
been useful for modelling the deuteron bound state [5], but no proper discussion of two-nucleon
scattering is possible with this truncation.

An alternative is a classical approach, using the idea that a classically spinning Skyrmion is
a reasonable model of a nucleon [6,7]. The classical angular velocity of the Skyrmion is fixed
to match the quantised spin and isospin of the nucleon. Scattering of non-spinning Skyrmions
was first performed using an axially symmetric ansatz [8], the first full-field simulation was
reported in [9], and multi-charge Skyrmion scattering was considered in [10]. The scattering of
spinning Skyrmions representing nucleons was considered by Gisiger and Paranjape [6], and
they obtained analytical formulae for the scattering angle for large impact parameters. There has
also been some recent work on multi-charge, purely isospinning Skyrmions [12].

A systematic, numerical investigation of Skyrmion scattering without spin, at moderate and
small impact parameters [11], confirmed that matter is exchanged between the Skyrmions when
the Skyrmions are close, and also showed that a substantial rotation of the Skyrmion’s orientation
can occur. Here, we numerically investigate the scattering of two classically spinning B = 1
Skyrmions to model proton—proton, neutron—neutron and proton—neutron scattering at various
impact parameters, including head-on collisions. We are particularly interested in the change in
the polarisation states of the nucleons when they scatter, and also in finding evidence, using our
classical approximation, for the deuteron and for the known two-nucleon resonance states.

The format of this paper is as follows. We first introduce the Skyrme model and its calibration.
Then we discuss how to identify classically spinning Skyrmions as protons or neutrons. The next
section presents the results of our numerical scattering of Skyrmions, and our identification of
the dineutron/diproton resonances, the deuteron bound state, and the excited dibaryon state. The
concluding section summarises and discusses our results.

2. The Skyrme model

The Skyrme model is defined by the Lagrangian density
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where the Skyrme field U (¢, x) is an SU(2)-valued scalar and R, =9, UU T is its su(2)-valued
current. F, e and m, are parameters, which are fixed by comparison with experimental data.
Their values will be discussed later. It is convenient for us to work in dimensionless Skyrme units.
One Skyrme length unit corresponds to % in inverse MeV, and one Skyrme energy unit corre-

sponds to i—’e’ MeV. Conversion of inverse MeV to fm is as usual through # = 197.3 MeV fm.
The dimensionless pion mass in Skyrme units is

In Skyrme units, the energy of a static field is
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