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Evaluation of Plastic Scintillants for Us:= in Hizgh Sensitivily
Measurements of Low Enerzy Gamma or X-Rays

ceveral radionuclides decay by a process known as delayed
cojneidence, in which two gamma-rays are emitted with a :hort
time delay (on the order of nanoseconds) between them. It is
possible to establish counters with time and energy restraints
such that gamma-rays emitted in delayed coincidence can be
uniquely detected., Such a procedure is known as delayed-
coincidence counting and has the advantages of (1) a very low
backzround and (2) a high degree of uniqu:2ness for the
determination of specific radionuclides. Special problems

arise when the gamma-rays are low in energy, or are highly
converted so that only x.-rays are observed, and when large area
counters are required. This report describes an evaluation which
has been made of plastic scintillants for possible use in large-
area detectors for low enerzy gamma or X-rays in delayed
coincidence,
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INTRODUCTION

T To make in situ determinations of radionuclides present in *trace
amounts in” the ocean, special techniques for concentration,
detection, and pulse counting have been proposed, Certain radio-
nuclides of Interest have decay characteristics such that the
technique of delayed~coincidence counting can be used. The
advantages of this technique, where applicable, are that it reatly
reduces background and greatly improves the specificity of responce
so that a substantial improvement in sensitivity is potentially
realizable, For the present problem, it is proposed Lo achleve
high sensitivity by combining the technique of delayed-coincidence
counting with the use of large area detectors and with techniguer
for the concentration of elements of interest., Presented in thi-«
report are some preliminary data from the evaluation of detector
concepts appropriate to this problem,

DETECTOR DESIGN CONSIDERATIONS

Because of the requirement for large area detectors, plastic
scintillators are being considered. Compared to sodium lodide
(NaI(Tl)), plastic scintillators have poorer energy resolution,
generally poorer detection efficlency, and poorer light quantum
conversion efficiency. Their advantages are (1) low cost,
(2) availability in various sizes and shapes, (3) much shorter
flourescent decay time (compared to NaI(Tl)), and (L4) rugsedness.,

The fact of poorer resolution is not expected to be troublesome
since complex spectra are not anticipated, and in addition, the
technique of delayed=coincidence counting, combined with electronic
gating techniques, results in substantlial simplification of the
gross gamma~-ray spectral response. The fact of poorer detection
efficliency is not expected to be troublesome because the radionu-
clides of interest for which the proposed techniques would be
applicable, all have low=energy gamma rays or highly converted
gamma rays which result in the emission of low energy x-rays.

Over the energy range of interest, which extends from approximately
10 keV to 40 keV, the detection efficiency of plastic is expected
to be fairly high.

The poorer light quantum conversion efficiency results in a
reduced light output, so that more amplification 1s required. The
requirement for increased amplification could result in a serious
noise problem in the low-energy region. New high-gain phototubes
are available, however, with very low dark-current characteristics.
These excellent phototubes, combined with coincidence techniques
of very short time-resolution (made possible by the short
fluorescent decay characteristic of the plastic scintillant) are
expected to provide sufficient control of noise so that it will
not be the limiting factor in determining sensitivity.
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EXPERIMENTAL
Several pleces of Pilot B* plastic scintillant were obtained,
and some evaluation studies were made in regard to their suitability
for sensitive low-energy gamma-ray measurements. The principal
qualities of Pilot B which contribute to its usefulness ir this
application are (1) its excellent transparency to its own emission
spectrum (transmission characteristic: 0.01 cm-® at 4070 Angstroms);
(2) density = 1.02; and (3) decay time constant = 1.7 x 10~° seconds.
Studies are being made of the noise continuum, the photopeak
resolution and the photopeak counting efficiency over the energy
range of interest. For these studlies, the response to gamma-
gnd x-rays irom ®?Fe (6 keV, 14 keV), *'°*Sn (3 keV, 25 keV), and
"Br (12 keV and 37 keV) is being observed, with detectors
functioning singly and in coincidence.

The multiplier phototubes used for these studles are Type 8850?
manufactured by RCA. These are referred to by RCA as "Quantacon'
phototubes, characterized as having an extremely high-gain gallium-
phosphide first dynode and a high quantum efficiency bialkalil
photocathode. Dynodes subsequent to the first dynode are copper-
beryllium. These tubes have excellent gain vs. dark-current
characteristics and should be ideally suited to this problem of
low-energy scintillation counting.

The electronic instruments used (e.g., high-voltage supplies,
linear amplifiers, timing single channel analyzers and coincidence
units) are modular (NIM-BIN) in design. The units used were
mostly manufactured by Ortec Corporation. The pulse-height
analyzer was manufactured by Technical Measurement Corporation, and
has a total channel capacity of 16,384, For this work, spectra of
1,024 channels only are used.

RESULTS

" Btudles of the ncise and background characteristic of 2 in. dia.

by 1 in. long and 2 in. dia, by 24 in. long plastic scintillators in
conjunction with the Type 8850 multiplier phototubes, show the noise
continuum ends at an equivalent gamma-ray energy of approximately 10
keV, and that only a normal background is observed above this energy
region. Lecause of poor resolution, the gamma-ray photopeak response
in the 10-15 keV region would tall into the noise, and thus the

*Manufactured by Pilot Chemicals Division of Hew England
Nuclear Corporation.
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noise response in the ungated mode would be detrimental to
sensitivity in this ener region. The ungated integrated noise

and background spectrum (over the energy range of 0-50 keV) for

the 2" x 24" Pilot I detector was observed to be appreximately
800,000 covnts per minute; when operated in coincidence with the
NaIle) detector (over an energy range of 0-250 keV) and a
coincidence resolution time of 0.1l msec., the integrated noise and
hackground spectrum for the Pilot I detector dropped to approximately
30 counts per minute, and most of these counts were less than 10 keV
in energy equivalence., TFurther improvement in the noise and
background spectrum could be achieved by narrowing the energy ranges
of the detectors (by electronic gating), and by using a shorter
coincidence resolution time.

The resolution of these two plastic scintillators and of the
2" x 2" NaI(Tl) (with 0.005" beryllium window) detector, also
mounted on a Type 8850 phototube, was measured. For these
measurements the 25 keV photopeak of '®"Sn was used. For NaI(T1),
the observed resolution (FWHM) was 32% whereas the resoiution for
the 2" x 1" and the 2" x 23" plastic scintillators was 75% and 723,
respectively.

The relative efficiencies of these three detectors were
determined by integrating the counts per unit time in the 25 keV
photopeak of **°"Sn, Relative to NaI(Tl), the efficiencies of the
2" x 1" and the 2" x 24" plastic scintillators were 22% and 36%
respectively.

CONCLUSIONS

These preliminary studies show an excellent potential for plastic
scintillators as detectors for delayed-coincidence measurements in
the energy range of 10-40 keV. The tube noise can be satisfactorily
controlled by gating techniques which can also be used to reduce
background in the energy range of interest by several orders of
magnitude. Resoliution 1s substantially poorer than for NaI(Tl) but,
in view of the relatively simple spectra which are anticipated, the
loss of resolution is not expected to be troublesome. The detection
efficiency relative to NaI(Tl) is poorer, at least over part of the
energy range of interest, but it is expected that the improved
sensitivity that will result from the proposed gating techniques
will compensate for this lack of efficiency. If necessary, an
improved efficiency could be achieved by using thicker plastic
detectoers. In Figure 1 is shown the thickness of Pilot B plastic
scintillant which would be required for 90% absorption of photons as
a function of photon energy. From the figure, it is seen that a
thickness of approximately 11 cm. would be required for 90%
absorption of a 40 keV photon.
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PHOTON ENERGY (KEV)

THICKNESS OF PILOT B PLASTIC SCINTILLANT REQUIRED FOR 90% ABSORPTION

OF PHOTONS AS A FUNCTION OF PHOTON ENERGY

FIG. 1
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