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Abstract

The design of a Compton suppression spectrometer consisting of a 10 %
p-type HPGe detector and an annular anti-Compton shield made of
NE-I02A plastic scintillator is described. The height of the guard
plastic-scintillation detector was optimized experimentally using a Nal(Tl)
ring, consisting of five Nal(Tl) detectors. The annular guard detector is
divided to four optically isolated quarters to enhance the light collection.
Each quarter of thte guard detector was tested and satisfying results are
obtained.



Introduction •

For low-level radioenvironmental measurements and neutron activation
analysis, a gamma ray spectrometer employing a single high-purity
germanium (HPGe) detector is one of the most valuable spectrometers.
Although the HPGe detectors have excellent characteristics such as their
excellent resolution, identification of low intensity peaks is limited
primarily because of the Compton continuum. This Compton background is
arisen from the incomplete deposit of original photon energy owing to the
escape of incoherent Compton scattered y-rays from the detector. The
background of Compton continuum not only obscures the identification of
minor photopeaks but also increases the uncertainty of the position and
intensity of observable photopeaks. In order to improve the sensitivity of
the measuring system, either a large volume HPGe detector should be used
or the Compton continuum should be reduced by using an active shield
technique. In our gamma ray spectrometer, a HPGe detector with relative
efficiency of 10 % is used. Therefore, the reduction of Compton continuum
is necessary to improve the statistical accuracy and sensitivity for weak
lines. Such a reduction of Compton continuum can be achieved by
surrounding the HPGe detector with a large scintillation detector shield that
is used in an anticoincidence mode. This active shield technique is called
Compton suppression spectrometer (CSS). In this spectrometer the
scattered y-rays escaping from the HPGe detector are observed by the
scintillation detector. If a -ray is detected successively in the two detectors
within the resolving time of the anticoincidence circuit the event is rejected.
Another advantage of using the active shield technique (CSS) is that, its
effective in reducing the counts from both the environmental background
and the cosmic rays because many of these photons will interact in the
annular active shield before reaching the main detector. Recently, many
Compton suppression spectrometers have been constructed and used in
different fields [1-4].

In the present work, a Compton suppression spectrometer is constructed
and described. The height of the guard detector of this spectrometer is
determined experimentally using five Nal(Tl) detectors. The performance
tests of each quarter, which is optically isolated, of the guard detector are
presented. The experimental procedure that permits a summation of the
outputs from four photomultipliers working in the guard detector is
discussed.



System design

The spectrometer consists of three fundamental parts. These are the main
detector (gamma ray spectrometer), annular anti-Compton shield and
electronics for anti-Compton operation.

The main detector

The main detector is a TENNELEC vertical dipstick coaxial p-type
HPGe detector. It hasa resolution (FWHM) of 1.95 keV, a peak-to-
Compton ratio of 37 : 1 for the 1332 keV 6 0Co peak and a relative
efficiency of 10 %.

The guard detector

The guard detector is an annular plastic scintillation detector, having a
diameter of 50 cm, a height of 18 cm, and a 10 cm diameter hole which
accommodates a HPGe detector can of 7.6 cm diameter and rather large
samples. A bulk NE-110 or NE-102A plastic scintillator, which are
alternatively used to construct such a large size guard detector, are not
available. Therefore, NE-102A plastic scintillator sheets of thickness
ranged from 5.1 mm to 6.6 mm are used to construct the guard detector.
Unfortunately, using such separated plastic scintillator sheets causes low
efficiency of light collection and consequently small Compton suppression
factor. To enhance the light collection, the guard detector is divided to four
quarters. These are optically isolated and integrally mounted in a single
304-L stainless-steel enclosure. The plastic scintillator annulus is viewed by
four SRC 75B01 photomultipliers each of 7.62 cm diameter.

The dimensions (height and thickness) of the guard detector are usually
optimized by using a Monte Carlo simulation technique. In this work the
height of the guard detector is optimized experimentally using five 2 in.
diameter 2 in. height Nal(Tl) detectors. Fig. 1 shows top view of the
arrangement of the main (HPGe) and five Nal(Tl) detectors for measuring
the optimum height. These detectors are connected with the same
coincidence circuit used thereafter in the CSS (see Fig. 2). The optimum
height of the guard detector was determined by measuring the Compton
suppression factor (SF) as a function of the position of the main (HPGe)
detector in a Nal(Tl) ring (see Fig. 4). The SF was calculated as
(P/C)suppressed / (P/C)unsuppressed where P/C is the ratio of the net
photopeak area to the area of an equal spectral width in the Compton
continuum below, but not including, the Compton edge.



Fig. 1. Top view of
Nal(Tl) detectors.

Electronics

the arrangement of the main (HPGe) and the five

In the present work the coincidence system is a fast-slow circuit
employing standard electronic modules of TENNELEC and ORTEC. The
electronic block diagram used for this spectrometer is shown in Fig. 2.
Details of the electronics and data acquisition system are summarized in
Table 1.

In order to match the output impedance of the photomultiplier (10 K )
and the input impedance of the constant fraction discriminator (50 Q.), a
voltage follower consisting of a JFET (2N4416) and an npn transistor
(2N3904) has been designed as shown in Fig. 3. This preamplifier has been
connected directly inside the base of the Photomultiplier in order to
decrease the stray capacity and consequently to increase the time response
of this circuit.
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Fig. 2. Block diagram of electronics of the Compton suppression spectrometer.
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Fig. 3. Circuit diagram of the voltage follower.

Results and discussion

Fig. 4 shows the SF as a function of the position of the main (HPGe)
detector in the Nal(Tl) ring. From Fig. 4, the optimum height of the guard
detector can be determined. It was selected to be 18 cm. Sanchez et al.
found a saturation in the reduction of the Compton effect as the thickness
of the NE-102A type plastic scintillation guard detector was increased [5].
As a consequence of Fig. 2 of reference [5], the optimum thickness of our
guard detector was also selected to be 20 cm. As the guard detector of our
CSS is made of the NE-102A separated plastic scintillator sheets, the
minimum optimum dimensions were selected to keep the size of the guard
detector as small as possible for the enhancement of the light collection.

The measured time spectrum is shown in Fig. 5. The time resolution was
50 ns at FWHM. The constant fraction (CF) mode for constant fraction
discriminator timing was selected to have high coincidence efficiency arid
consequently higher values of SF.



Table 1. Details of the electronics and data acquisition system used in the
Compton suppression spectrometer.

Symbol
PM
HV 1

HV2, 3

Ge

PS
SFA
CFD

nsD
TPHC/SCA

LG
MCA
X-YR

Printer
DDR

Description
SRC 75B01 Photomultiplier

ORTEC 459 (0 - 5 KV) HPGe detector bias supply
ORTEC 456 (0-3 KV) High voltage power supply for

plastic scintillation detector
TENNELEC vertical dipstic coaxial p-type 10% HPGe

detector
NE-102 Plastic scintillator
TENNELEC TC 248 Slow / fast amplifier
TENNELEC TC 453 Constant-fraction 100 MHz
discriminator

nanosecond delay
ORTEC 467 Time to pulse height converter and Single
channel analyzer
TENNELEC TC 307 Linear gate
ORTEC 7100 Multichanuel analyzer
Hewlett-Packard 7015B X-Y Recorder

OKIDATAML 182-1 Printer
Pegasus Digital Data Reorder
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Fig. 4. The Compton suppression factor as a function of the position of the main
(HPGe) detector in the Nal(Tl) ring. Below at right, is shown a vertical cross

section view of the main (HPGe) detector and the Nal(Tl) ring.
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Fig. 5. Typical time spectrum.

The performance of each quarter of CSS has been examined using 137Cs
and 6^Co sources. The effect of Compton suppression is shown in Fig. 6
for 60Co point source, (using only one quarter of the guard detector). In
case of the suppressed spectrum, the net counts of the 1173 and 1332 keV
peaks are reduced by a factor of Q.92 from those of the unsuppressed
spectrum. It was found that the other quarters of the guard detector show
almost the same Compton reduction.
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Fig. 6. Suppressed and unsuppressed spectra for point source.



The output of each photomultiplier tube has been connected through a
coupling capacitor to a common connection of the four outputs. This
common connection is then connected to the input of the constant fraction
discriminator through a matching resistor of 50Q Fig. 7.

It was found that a part of the output of the photomultiplier voltage
follower is very small ( ~ 5 mV), and after connecting the four
photomultiplier outputs with the dc blocking capacitor circuit, it gets
smaller. This low part of the voltage output, which is due to the low
efficiency of light collection of the used guard detector, can not be detected
by the constant fraction discriminator.

luF
PM1<

PM2
To CFD input

P M X ' • - I 5 O Q

PM4 o 1 I ' i?kr

Fig. 7. Circuit diagram of the dc blocking capacitor.

Consequently, the total SF using the four quarters coupled together does
not equal the real net value of the summation of the four quarters if the
value of each quarter is concerned separatly. Therefore, a fast and sensitive
OR circuit is now under preparation to increase the Compton reduction.
This OR circuit is designed to accept the very small signals ( < 5 mV) and
consequently to increase the suppression factor.

We are also planning to replace the separated plastic scintillator sheets
by a bulk one, so that higher value of the Compton suppression factor can
be achived.
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