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Storage of multiple cold neutron pulses with perfect crystals
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Abstract

New measurements with the cold neutron storage apparatus VESTA are reported which are based on con"ning
neutrons between two perfect single-crystal plates by means of subsequent Bragg re#ections. An important issue is the
coupling of the incoming beam to the neutron storage cavity by altering the transmission probability through the perfect
crystal plates. Two methods based on magnetic "eld gating are described. The new experiments on VESTA deal mainly
with the simultaneous storage of multiple neutron pulses. Theoretical predictions related to the storage process have been
veri"ed and the possibility of neutron beam manipulation demonstrated. Simultaneous storage of up to 6 neutron pulses
is reported which leads to a new conceptual quality in neutron storage experiments. Multiple neutron pulse storage will
be of speci"c interest for measurements with longer storage periods owing to the related intensity enhancement. Several
further development steps will be discussed. ( 2000 Elsevier Science B.V. All rights reserved.

1. Introduction

Storage of ultra-cold neutrons has been used to
measure fundamental properties of the neutron for
example the average lifetime, and the electric dipole
moment [1]. Although primarily designed as a neu-
tron optics device, the cold neutron storage appar-
atus VESTA [2], now being at the pulsed neutron
spallation source ISIS, could in principle be used
for similar measurements. At present however, we
deal with questions concerning the storage appar-
atus itself emphasising the improvement of its
performance. A major issue for the development of

cold neutron storage is the question of intensity
which is correlated to the accepted phase space
density available at present neutron sources. Up to
now, only single pulses from the source have been
stored at any one time. It was recognised from the
very beginning that it should be possible to store
several neutron pulses simultaneously and to in-
crease thereby the available neutron intensity [3].
This is possible because the neutron source delivers
relatively sharp neutron pulses for a speci"c
wavelength (FWHM &140 ls at 6.27 As , [2]) The
perfect silicon single crystal used for neutron stor-
age accepts a very narrow wavelength band only
[4]. Therefore dispersion of the neutron wave
packet representing the stored neutron beam plays
no signi"cant role and the packet remains localised
in a given volume of real space for the accessible
period of storage time. Since the dimension of this
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