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The principal design aspects of a pulsed source neutron spectrometer in which the scattered neutron energy is determined by a
resonance absorption filter difference method. are discussed. Calculations of the accessible dynamic range. resolution and spectrum
simulations are given for the spectrometer on a high intensity pulsed neutron source, such as the spallation neutron source (SNS) now
being constructed at the Rutherford Appleton Laboratory. Specxal emphasis is made of the advantage gained by placing coarse and
fixed energy-sensitive filters before and ‘after the scatterer; these enhance the inelastic/elastic descrimination of the method. A brief
description is given of a double difference filter method which gives a superior. difference peak shape. as well as a better energy
transfer resolution. Finally, some first results of scattering from zirconium hydride, obtained.on a test spectrometer. are presented.

1. Introduction

- The special characteristic of the new. pulsed neutron
sources -is their relatively high flux of epithermal neu-
-trons, and for inelastic scattering this offers the poten-
tial of condensed matter research.in previously inacces-

sible regions of (@, w) space. There is in particular now -

the prospect of exploiting this property to measure
energy transfers in the eV region [1]. A prerequisite for
this, however, is the need to develop spectrometers
having efficient monochromators and detectors at neu-
tron energies E ~ 1 eV. This paper describes one method
of using nuclear resonance absorption as a means of
energy selection in inelastic time-of-flight spectrometers.

One of the important criteria required of the desig-
ned spectrometer was the ability to able to measure eV
energy transfers (eg. hw > 0.5 eV) with low associated
momentum transfers (AQ <4 A~1). This is an area of
experimental materials physics which has not hitherto
been accessible, and it.is one of considerable interest as
illustrated by the following examples:

(d)  The study of high energy vibrational modes in
solids requires low values of Q to reduce multiphonon
scattering, Multiphonon contributions may “influence
both the position and the widths of observed inelastic
peaks.

(b) Measurements of high frequency molecular .

vibration in liquid or gaseous samples require low Q
values to minimise the effect of diffusional broadening.

(¢) In measuring magnetic excitations the scattering
cross-section is modulated by the square of the mag-
netic form factor F(Q). These functions are approxi-
mately Gaussian with half-heights occurring in the range
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3-5 A~!, In view of the fact that the intensity of
magnetically scattered neutrons.are reduced to a quarter
of their maximum values at these Q’s, it is evident that

‘the ‘lowest possible Q values are needed for magnetic

scattering experiments,

(d) As a corollary to the more general magnetic
scattering cases there has been a recent theoretical study
[2] of the potential use of inelastic neutron scattering as
a means of examining the.single particle excitation of
electrons dcross the band gap in semiconductors. Such
an experiment, if possible, would provide information
on non-k-conserving transitions and in particular on.
conduction-band structure; it would therefore represent
a valuable addition to existing optical methods.

There are two basic methods of using nuclear ab-
sorption resonances in eV neutron spectroscopy. The
first is the resonance detector spectrometer [3-6] where
the absorbing foil in the scattered beam captures neu-
trons within the resonance energy width and a scintilla-
tion detector registers the resulting gamma ray cascade.
This is an example of the inverse geometry class of
pulsed source inelastic instruments. The second method
is a difference technique using neutron detectors, com-
monly called the filtered beam spectrometer [7-10],
where the energy-sensitive absorber is placed either in
the incident (direct geometry) or in the scattered beam
(see fig. 1). The difference neutron time-of-flight spectra
collected with and without the resonance absorber then
give either the sample's response to the resonance en-
ergy incident neutrons, or. in the inverse geometry case,
identify those neutrons scattered to the resonance en-
ergy. In this paper we argue that the inverse geometry is
generally. the better one for nuclear resonance energy
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Fig. 1. Principle of resonance filter difference method in direct and inverse geometries.

selectors, and have designed and constructed a filter
difference spectrometer which uses resonance foil
analysers and neutron detectors. The spectrometer is
technically simpler to construct than the resonance de-
tector spectrometer. :

Since one of the main aims of this work was to
investigate the possibility of using the difference tech-
nique to measure low Q scattering processes, it was
essential to design the spectrometer with detectors at
the lowest possible scattering angles ¢. It is the ability
to measure scattering at small ¢ values which is likely to
be the major limiting factor in achieving very low Q
values (Q <2 A~'). The measurements presented in
this paper show that we have succeeded in measuring
difference spectra down to a scdttering angle ¢ = 5°.
We give the first results of low Q measurements for a
zirconium hydride scatterer using the resonance ab-
sorber difference principle (see ref. [8]): similar mea-
surements have been reported by the Los Alamos Group
[11].

2. Spectrometer resolutions

The energy widths of nuclear resonance peaks A £,
are generally of the order 0.1 eV, which is typically
10-50% of the energy transfers to be measured. This
width dominates both the energy and momentum trans-
fers. at least for Aw up to 1 eV. The energy transfer
resolutions due to this width for direct (D) and inverse
(1) geometry spectrometers are given by:

: AE Ly E,\"°
[_\fm]= R I -:(_L) ‘
{

he ho | " L\ Eq

(1)

'[Ahw] _3Ee|, L Er)"” ,
hw |p  hw Lap\ Eg ) . (2)

where Eg is the resonance energy, E, and E, are the
incident and scattered neutron energies and L, and L,
and the incident and scattered beam flight paths.

It is instructive to compare the performance of the
direct and inverse geometry spectrometers by calculat-
ing these resolution terms for instrument geometrical
parameters where the difference count rates (per unit
energy transfer) are equated. By matching the incident
and scattered beam solid angles and assuming equal
source and detector areas we obtain equivalent count
rates with:

LipLyp = LyLy, (3)

The energy resolution equations require L., < L,
and L,5> L, on pulsed neutron sources the first
condition is relatively easily satisfied, the second. how-
ever, is not. For the SNS L, must be greater than
about 6 m since the source requires extensive biological
shielding out to this distance. Fig. 2 shows these energy
resolution terms for the following hypothetical (but
practical) spectrometer geometries with count rate
equivalence: :
Lip=6m, L,p=3m,

Lyy=18m, L, =1m,

Ep=1eV, AEg=0.¢V.

These curves show conclusively that the inverse geome-
try arrangement gives the better energy resolution, and
in the remainder of this paper we restrict ourselves to a
fuller consideration of eV difference spectrometers which
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tries.

use nuclear resonance analysers placed in- the scattered
beam.

The complete formulae for the energy and momen-
tum transfer resolutions of inverse geometry instru-
ments have been derived by Richardson [12] and are
applied in the following to nuclear resonance analysers.
The resultant fwhm values associated with Aw and Q

are:-
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where A(L), A(E) etc. are fwhm values of the ap-
propriate energy and length distributions, ¢ is the’
scattering angle, 1 is the total time-of-flight, and 4 and
B are constants equal to 72.3 eV%us m™! and 21.97
A1 ev0s respectively. These equations are used in
section 6 to calculate the resolutions of typical inverse
geometry spectrometers with Sm(Egz = 0.872 eV) and
Ta( Eq = 4.28 eV) analysers.

3. Nuclear resonance analysers

The reaction cross-section in the vicinity of a well-
separated resonance peak occuring in the eV region can
be described by a single level, s-wave dispersion formula
[13.14] usually referred to as the Breit—Wigner espres-
sion:
o(E)=

Jp

1+4(E—Egn)/I?’

(6)

where o, is the cross-section at £ = E (suitably weighted
for isotopic abundance).

For the isotopes considered here the total resonance
width I is given by the sum of the gamma radiative and
neutron widths: '

()

For the narrowest nuclear resonances of interest in
this paper it is essential to include the Doppler broaden-
ing A in the cross-section width function. This effect
has been treated in detail elsewhere [13,15], however, to
first order it approximates to an effective resonance
width (I'+ 45) and a peak cross-section I'oy/(I"+ 4 )
with

= (4kyTEg/M)**, (10)

where k, is Boltzmann's constant, T is the absolute
temperature and M is the nuclear mass.

The most useful nuclear resonance analysers are
those having a high o, (for sensitivity) and a low effec-
tive width (I'+Ap) (for resolution). The resonance
should also be well separated from 'other significant
higher energy resonances. The off-resonance cross-sec-
tion should be low compared to 0. Table 1 shows some
of the nuclear resonances which could be utilised in a
filter difference spectrometer. Plutonium isotopes have
fabrication and handling problems and have not been
seriously considered for use at this stage. Antimony and
uranium have very high E; values and are not suitable
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ference counts are proportional to thé attenuation pro-

file across the resonance which is given by:
A(E)=1- exp(—oNd), ‘

where N is the nuclear density of thie absorber and d the
analyser thickness (which clearly must be very uniform).
The energy dependence of o is taken as implicit and the
functional labelling (E) will be omitted in the re-
mainder of the paper. ' '

)

4. Coarse energy filters

The major disadvantage of difference techniques is
the statistical problem arising ‘from the subtraction of
two large numbers. This difficulty can be considerably
reduced in resonance filter spectrometers designed to
look at inelastic scattering by (1) removing resonance
energy neutrons from the incident beam and (2) selec-

Table 2 . )
Optimised analyser thicknesses in single and double difference experiments
Analyser  “Thin" foil * Thick™ foil Double difference € DD
Temp. Nd d A(Eg) AEgq  Temp. Nd d DD(Eg) AEg Cp
(K) (at.em™2)  (mm) _ (meV) (K) {at.em™?)  (mm) (meV)
1499m 293 6.0x10% 0.23 0.74 100 293 374x10%° 125  0.55 81 1.14
77 57%10%® 019 0.7 88 293 274x10° 091 0.50 68 1.17
81T 293 1.2x10% 0.022 0.77 134 293 7.1x10% 013 - 0.61 116 1.04
77 0.9x10% 005 0.73 100 203 42x10%° 0075 0.53 82 1.09































