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Abstract

I propose to build a cold neutron spectrometer with a doubly focusing monochromator viewing the liquid hydrogen
moderator at the NBSR reactor at NIST. First I describe a practical formalism for calculating the monochromatic neutron
flux at the sample position for various monochromating systems. Then I show that the large solid angle by which a doubly
focusing crystal monochromator could view the cold neutron source at the NBSR would allow the construction of an
instrument surpassing any current instrument for neutron spectroscopy with 0.1 <AE <0.5meV and AQ = 0.1 AT
contrast the merits of this instrument to those of other neutron spectrometers at NIST and elsewhere and discuss the scientific

opportunities that the instrument would provide.

1. Introduction

More often than not the information which may be
extracted from an inelastic neutron scattering experiment is
limited by the signal countrate. It is thus essential to
optimize the resolution of the spectrometer so that both the
flux on the sample, and the sensitivity of the detection
system, are maximized while maintaining the ability to
resolve features of interest.

Although the conventional triple axis spectrometer
offers a great deal of flexibility in tailoring the properties
of the resolution function, the ratio between energy
resolution and wave-vector transfer resolution is essentially
determined by the neutron velocity V2E/m. It is the close
match between the characteristic velocity of thermal and
cold neutrons and those of a broad class of excitations in
condensed matter that make neutrons, and in particular the
triple axis spectrometer, such important spectroscopic
tools.

Available neutron sources and the kinematics of the
scattering process however effectively limit the usable
range of neutron velocities to less than two orders of
magnitude, from approximately 600 m/s to 1.4 X 10* m/s.
This dynamic range is much less than that characterizing
velocities of excitations in condensed matter. In magnets,
for example, spin wave velocities vary from <0.1 meV A
(=15 m/s) in organic magnets, magnets with anisotropic
interactions and strongly correlated metals to >1 eVA
(=1.5% 10° m/s) in transition metal oxides. New ground
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is being broken in the high energy range with the advent of
intense spallation neutron sources. Here I shall focus on
the optimal application of neutron spectroscopy to the
study of excitations which have one or more directions in
space where the characteristic velocity is low.

As a first step it is advantageous to use a cold neutron
source when studying such excitations because of the
lower average neutron velocity. In addition, selective
coarsening of wave-vector resolution along particular
directions in reciprocal space may be achieved by aban-
doning the conventional parallel beam configuration before
the sample. The first example of such an approach to
enhancing the sensitivity of a neutron spectrometer was the
vertically focusing monochromator first proposed by Riste
[1]. This device coarsens the wave-vector resolution in one
direction (usually the vertical direction) without sacrificing
energy resolution, or wave-vector resolution, in the perpen-
dicular plane. When the plane with good wave-vector
resolution is a symmetry plane, the group velocity for
excitations propagating in the perpendicular direction
usually vanishes and sensitivity is gained without loss of
information.

By employing a double focusing crystal monochromator
it is possible to coarsen wave-vector resolution along the
second perpendicular direction to the incident wave vector
without affecting energy resolution substantially. Given the
cost and technological difficulties associated with enhanc-
ing the neutron flux at nuclear reactors, such focusing
techniques may be the most promising means of expanding
neutron spectroscopy into new areas, such as in this case
the study of excitations with low characteristic velocities.

I will show that with the application of horizontal and






