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Abstract. The Resonant Detector Technique (RDT) is a very
promising technique for neutron spectroscopy in the epither-
mal energy region above 1€V at spallation neutron sources.
In this technique, using the (n, y) reactions, the energy of the
scattered neutrons is assigned by revealing the prompt y ray
cascade from the absorbing foil through a y detector. The
advantages of this technique, as compared to the Single Dif-
ference Technique (SDT) currently used on eVS spectrometer
at ISIS, are presented. Different choices of converter foils
and y detectors will be compared and discussed, especially in
terms of their efficiency and background insensitivity.

PACS: 61.12.-q; 61.12.Ex

In the last few years the high flux of neutrons above 1eV,
available at the ISIS spallation neutron source, has extended
the kinematic region at high momentum (g up to 200 A~1)
and energy (hw up to 10 V) transfers for spectroscopy studies
in condensed matter [1]. Deep Inelastic Neutron Scattering
(DINS) measurements with epithermal neutrons are routinely
performed with the eVS spectrometer at the ISIS facility,
using the Single Difference Technique (SDT) [2,3]. In the
latter the final energy of the scattered neutrons is fixed by
an absorbing foil (typically '’ Au or 233U), the initial en-
ergy being determined by the time-of-flight technique. During
measurements, the foil is cycled in and out of the scattered
neutron beam. The intensity of neutrons scattered with final
energy E| is calculated by performing the difference between
the spectra acquired with and without the absorber. This tech-
nique, by employing ®Li-glass scintillators as neutron detec-
tors, allows access to energy transfers, fiw, in the 1-30eV
range and wavevector transfers, g, in the 30—-200 Al range.
An upgrade of the eVS spectrometer is the recently installed
VESUVIO instrument [4], which by employing the Double
Difference Technique (DDT) [5] will improve considerably
the instrumental resolution. In this case the scattered sig-
nal is obtained by a weighted difference between the signals
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coming from two resonant foils of the same material but of
different thickness [6]. In order to perform epithermal neutron
scattering in a wider kinematic space (i.e. ¢ < 10 A~! coupled
to hw > 1eV and ¢ > 200 A~" coupled to hw > 1 V), it is
necessary to explore a different approach. In this context
a promising technique is the Resonant Detector Technique
(RDT) [7]. This involves the detection of the prompt y ra-
diation cascade emitted by the absorber foil after resonant
neutron capture. As it has recently been shown [8], the ad-
vantages are twofold. Firstly, the experimental signal can be
obtained as a direct measurement, rather than by a difference
between foil-in and foil-out spectra. Secondly, y detectors for
high-energy neutron scattering do not suffer from the poor ef-
ficiency and excessive background rates of the °Li-glass scin-
tillation detectors. Furthermore, using the y detectors coupled
with the DDT, there is no need of foil-out subtraction, and in-
strumental resolution can be improved with good statistical
data [8].

1 Resonant absorbers

In the RDT approach the choice of resonant foils to be used
for scattered neutron absorption in DINS measurements is
a crucial step. The cross-section of the resonance foil has to
have well-isolated and intense peaks in the 1-100 eV region
with narrow widths (FWHM) compared to the resonance en-
ergy. The material itself requires a high yield of low-energy y
radiation. The first requirement is very important in order to
identify and analyze the recoil peaks reliably and to lower the
AE./E; (E; being the energy resonance). This ensures a low
contribution to the energetic component of the spectrometer
resolution function. The second requirement is related to the
possibility of using y detectors with a small effective volume
and good efficiency for low-energy y radiation. In this context
an investigation of possible absorbers, meeting the charac-
teristics mentioned above, is reported in Table 1. All these
elements emit y radiation with appreciable relative intensi-
ties, I, in the 10-300keV region [9]. This is in the energy
range of interest to test different detectors referred to in the
next section.
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Table 1. List of absorbers to be tested in DINS experiments using the Res-
onant Detector Technique. E; is expressed in €V, o in barns and I" in
meV

Isotope E, o r
181049 14.6 9965 67
1397 a5, 722 5969 96
150Smg, 20.7 56207 109
10Dys6 20.5 16165 124
168 g 79.7 11203 121
118Hf, 7, 72.6 16838 112
182y, 21.1 46800 104
1900576 91.0 6777 105
238Uy, 6.67 23564 25
23804, 20.9 37966 34
238Uy, 36.7 42228 57
238Uy, 66.0 20134 48
197 Augg 49 36592 139

2 Detectors

The RDT coupled to the DDT has been successfully ap-
plied in DINS measurements [8] using a 23U absorber and
a 3" x 3” Nal(TI) scintillator. In spite of the encouraging and
important results, the signal-to-noise ratio is still not satisfac-
tory, since the large volume of the device give rise to a high
background sensitivity. Previous results have to be consid-
ered as a good guide to the final choice of suitable detectors.
Valid ones are the HpGe, the silicon detectors and the new
solid-state detectors, the so-called CZT (Cd;_,Zn,Te). All
these devices show good efficiency and resolution in the y
energy range of interest; but different tests have to be per-
formed in order to collect precise indications of their possible
use in DINS measurements. The HpGe has excellent reso-
lution (0.003 FWHM at 122 keV) allowing y discrimination,
but it suffers from radiation damage by fast neutrons. Further-
more, it needs to be cooled to a low temperature to minimize
leakage current effects. Silicon detectors have a worse en-
ergy resolution (< 0.04 FWHM at 59.5 keV). With respect

to HpGe, they have a high efficiency for y radiation up to
30keV energy, they can work at room temperature and they
are more resistant to fast neutron damage. The CZT detectors
are new devices: they are compact (commercially available
devices have sizes ranging from Smm X Smm X 1 mm to
10mm x 10 mm x 2 mm) and they have good energy reso-
lution (>~ 0.06 FWHM at 59.5keV) [10]. No information is
available regarding the degree of damage due to neutrons.
The presence of cadmium in the device could contribute sig-
nificantly to the background due to the high thermal neutron
absorption cross-section of cadmium. The routine use of y
detectors and the development of a very-low-angle array of
detectors will allow new experimental studies in condensed
matter experiments with low-g and high-energy transfers to
be performed. To this aim, tests on the whole set of detec-
tors discussed above are planned shortly at the ISIS pulsed
neutron source on the VESUVIO spectrometer.
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