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Letter to the Editor

TEST MEASUREMENTS ON A RESONANCE FILTER SPECTROMETER USING

ELECTRONVOLT NEUTRONS

R.J. NEWPORT, P.A. SEEGER * and W.G. WILLIAMS
Neutron Division, Rutherford Appleton Laboratory, Chilton, Didcot, Oxon, 0X11, 0QX, England

Received 19 November 1984

Inelastic neutron scattering measurements carried out on a prototype spectrometer at the WNR pulsed neutron facility are
presented. Energy transfers are determined by differencing time-of-flight spectra taken with and without absorbing foils containing
sharp nuclear resonances which define the scattered neutron energy. The quality of the spectra are enhanced by i) applying a double

inelastic difference signal.

Ref. [1] describes a proposed method for performing
spectroscopic experiments in the electronvolt region
using epithermal neutrons. The basic premise of the
technique (see fig. 1 of that paper) is to use a foil with a
sharp nuclear resonance to analyse the scattered neu-
tron energy in a time-of-flight instrument on a pulsed
source. Difference spectra taken with and without this
foil identify those neutrons down-scattered to the reso-
nance energy Eg. There are several nuclei with suitable
well-separated resonances in the 0.8-10 eV region, thus
this allows the determination of much larger energy
transfer than are observable with conventional neutron
spectrometers at reactor sources.

A novel feature of the proposed.instmment' was the
use of fixed incident and scattered beam filters to
enhance the discrimination of the inelastic difference
signal. In parallel with this development, Seeger et al. [2]
suggested a method of improving the resolution and line
shape obtainable by the single difference procedure
which involved taking difference spectra between
“thick” and “thin” analysing foils; it is commonly
called the double difference method. Details of these
techniques are provided in the original references, how-
ever it is the purpose of this letter to report that they
have been combined and applied in a series of measure-
ments carried out on a prototype spectrometer, hence-
forth' called a resonance filter spectrometer (RFS), at
the Weapons Neutron Research facility (WNR), Los
Alamos National Laboratory. We present the first dif-
ference spectra obtained with the spectrometer using a
zirconium hydride test scatterer to illustrate the viability
of this new experimental method.

The instrument parameters were very similar to those
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~ difference technique to improve line shape and ii) using fixed incident and scattered beam filters which discriminate in favour of the

described in ref. [1]: incident flight path 10.16 m,
scattered flight path 1.02 m, beam diameter 30 mm and
incident beam divergence ~ 0.4°. Three scattering an-
gles were available at ¢ =5.5°, 10° and 20° with solid
angles 2= 0.012, 0.02 and 0.02 sr respectively. In con-
trast to the preliminary measurements the 3He gas
detectors were covered with cadmium and, as antic-
ipated, this successfully eliminated the difference signal
due to the thermal resonance in the Sm analyser. The
proton pulse width from WNR during the period of the
tests was approximately ~ 5 ps; this gave a somewhat
degraded resolution in comparison with that ultimately
achievable with more standard accelerator pulse widths
which are typically <1 ps.

The test scatterer selected for the first measurements
was zirconium hydride powder of thickness ~2 mm
held in a thin Al plate container (total wall thickness
~ 0.2 mm). The hydrogen scattering is well-approxi-
mated by an Einstein oscillator model, and, provides a
series of intrinsically narrow excitation frequencies with
progressively smaller cross-sections. This scatterer is
therefore suitable for determining the relatively broad
resolution of the RFS, and, in combination with calcu-
lations [3], can indicate the limits of the observable
cross-sections. The inelastic scattering from ZrH, was
studied using both samarium and tantalum analysing
filters, i.e. by down-scattering to Eg =0.872 ¢V and
Egr = 4.28 eV respectively.

Fig. 1 shows the derived single and double difference
spectra measured at ¢ = 5.5° using samarium analysers,
as well as computer simulations of the expected scatter-
ing. It may be recalled that the elastic scattering is
always eliminated in our RFS methods since the inci-
dent beam filter contains a thick filter of the same
absorber as the analyser [1]. The data demonstrate that
the expected features in the spectra are observed, and
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also that the anticipated improvement in resolution by
using the double difference procedure is realized. The
overtone at an energy transfer ~ 420 meV is clearly
observable, in conirast to comparable measurements
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with a 20Pu analyser reported in ref. [4], but where the
fixed coarse energy selecting filters were not used. Fur-
ther data taken at scattering angles ¢ =10° and 20°
confirmed the calculated overtone intensity variation as
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Fig. 1. Inelastic scattering from ZrH,: (a) single difference and (b) double difference spectra at ¢ = 5.5° using samarium analysers.
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Fig. 2. Inelastic scattering from ZrH,: double difference spectra at ¢ = 5.5° using tantalum analysers.

a function of the scattering vector. By comparing ob-
served and calculated intensities it was also possible to
deduce that the RFS, on a source with total proton
beam time ~ 850 pA-h, was capable of measuring
differential cross-sections of order 0.1 b st™* eV ™. The
most novel feature of this spectrometer is that this is
possible at relatively high excitation energies for con-
densed matter research (~ 500 meV) and at low values
of the scattering vector (<5 A™1). o

A similar series of measurements on ZrH, were also
performed using tantalum analysing filters. The double
difference spectrum at a scattering anglé ¢ = 5.5°, and
with ~ 125 pA - h of proton beam time, is shown in fig.
2. At the tantalum analyser energy (Eg = 4.28 eV) the

_contribution of the relatively long WNR proton pulse -

with (~ 5 ps) to the energy transfer resolution is com-
parable to the term from the analyser resonance width
itself, and individual harmonic excitations are not re-
solved. The data are however consistent with the ex-
pected larger recoil energy shift compared with the Sm
case, and also illustrates the increased effect of multi-
phonon scattering. Again the feasibility of the basic
method for analysing scattered neutron energies of order
several electronvolts has been demonstrated. Significant
improvements in both the energy and momentum trans-
fer resolutions can be achieved by using pulsed sources

with narrower intrinsic widths, such as the Rutherford
Appleton Laboratory SNS [5], and by cooling the
analyser filters in order to reduce Doppler broadening
effects. :

We conclude that by using the resonance filter spec-
trometer with energy-selective incident and scattered
beam filters, together with the double difference proce-
dure to obtain the difference spectra, it is now possible
to extend neutron spectroscopic measurements into new
regions of dynamic space, i.e. excitations are now ob-
servable at energy transfers up to ~ 500 meV and at
low associated scattering, vectors (@ €5 A
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