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Abstract. We investigate the van der Waals interaction between neutrons using the
theory of Casimir and Polder, wherein the potential for asymptotically large separations
falls off as the inverse seventh power, and compare it to the similar interaction between a
neutron and a proton, for which the asymptotic interaction falls off as the inverse fourth
power. Modifications of the formalism to extend the validity to smaller separations using
dynamic electric and magnetic dipole polarizability data are discussed.

1 Introduction

The long-range interaction between a hydrogen atom and an electron is —a /2R*, where R is the sepa-
ration distance and a is the electric dipole polarizability of the atom. We use atomic units throughout.
The potential arises from the charge-induced dipole interaction. The long-range interaction between
a neutron and a nucleus arises in the same way. It is -, Z?/2R*, where Z is the nuclear charge and
a, 1s the neutron electric dipole polarizability. A physical picture of the atomic polarizability is the
response of the electron in the presence of an applied static electric field; a similar picture for the
neutron might be the response of the pion cloud to a static electric field [1, 2].

In brief, Thaler [3] and others considered the effect of the potential on neutron scattering from
heavy nuclei. Experiments on the transmission of neutrons through lead used the potential above to
obtain a value for a;,, [4]. A number of experiments were carried out, essentially dependent in some
way on using this potential to measure «,, and these are reviewed in Refs. [5, 6].

As expected with the above physical picture, the effects of external photons can also be related to
the neutron dipole polarizabilities and much recent work is focused on using Compton scattering from
the neutron bound in the deuteron to extract a,, and the magnetic dipole polarizability S8, [2, 6]. The
Compton scattering amplitudes are related to the dynamic polarizabilities «,(w) and 8,(w), which
describe the response of the neutron to the photon of frequency w, and are identical to the static
polarizability values at zero frequency [6], viz. @,(0) = «@,, 5,(0) = B,. Theoretical methods using
chiral effective field theory (YEFT) yielded values of the dynamic polarizabilities [2, 7, 8].

We are using dynamic polarizabilities from yEFT to investigate the long-range interactions be-
tween two neutrons and between a neutron and a proton [9]. In this short report, we describe the
direction of the project.
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2 Casimir-Polder potential

The long-range interaction between two neutrons is given formally for asymptotically large separa-
tions by the Casimir-Polder potential [10], where ¢ = 137 is the speed of light,

Vi (r) = —(c/4m)[23(@nay + Bufn) — 14(@,B) IR + O(R™®), R ~ 0. (1)

For neutrons, we take @, = (11.8 £ 1.1) x 107* fm? and Bnis (3.7 £1.2) x 107 fm? [11]. [Note that
Eqg. (1) is the asymptotic limit of a more general equation involving dynamic polarizabilities (see, for
example, Ref. [12]) that describes the neutron-neutron interaction for all distances at separations
sufficiently large that the interaction is purely electromagnetic.]

An early analysis considering parts of Eq. (1) and the general equation and its effect on the neutron
scattering length was carried out in 1973 by Arnold [13]. At the time of his analysis, 3, was unknown
and the accepted value of @, was twice today’s value. In particular, the yEFT predicts a dynamic
polarizability, @, (w), which contains a reference to the excited state of the neutron, and this will have
an influence on the nn interaction. This hitherto not considered effect is also being investigated.

The long-range interaction between a proton and a neutron is notably different from Eq. (1),

Ve(R) = —(1/2)a,R™* + (1/4rncM,)(11a, + 58,)R™> + OR™"), R ~ o, (2)

pn
where M), is the proton mass [14]. [Similarly to Eq. (1), Eq. (2) is the asymptotic limit of a general
equation involving dynamic polarizabilities [12] that describes the proton-neutron interaction at all
distances sufficiently large that the interaction is purely electromagnetic.]

A detailed exploration of Egs. (1) and (2) and their more general forms using dynamic polariz-
abilities for applications to neutron-neutron and neutron-proton scattering and for neutron-wall inter-
actions, is in progress [9].
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