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ABSTRACT

Slow coincidence circuits for the anti-coincidence measurements have been
considered for use in Compton suppression technique. The simplified version of the slow
circuit has been found to be fast enough, satisfactory and allows an easy system setup,
particularly with the advantage of the automatic threshold setting of the low level
discrimination. A well-type Nal detector as the main detector surrounded by plastic guard
detector have been arranged to investigate the performance of the Compton suppression
spectrometer using the simplified slow circuit. The system has been tested to observe the
improvement in the energy spectra for medium to high-energy gamma-ray photons from
terrestrial and environmental samples.

INTRODUCTION

In gamma-ray spectrometry measurements, some of the photons from the sample
under investigation (placed on the top of a flat-detector or inside a well-type detector) are
scattered within the radiation detector itself depositing part of their energy within the detector
and escape. This leads to the generation of Compton associated background representing
incomplete energy deposition of the incident photons, which leads to the distortion of the
obtained spectrum from the actual energy distribution. It is possible to detect such (escaping)
scattered photons by the use of a larger detector made of a less expensive material such as
Plastic or Nal surrounding the main detector. By correlating events in the main detector and
the surrounding “shield” detector with timing electronics, events counted in the shield
detector can be used to reject simultaneous events in the main detector (veto signal).

Although fast coincidence circuits are important for the ultimate in timing
measurements and also commonly used in Compton suppression techniques (Hasinoff et al.,
1974; Parus et al., 2003), the use of a slow timing circuit has been found to be satisfactory in
similar measurements for low-level studies and was recommended due to its simpler
electronic setup (Bikit et al., 1999). Furthermore, it has been reported that anti-coincidence
measurements for the Compton suppression technique do not require fast coincidence circuits
to provide good suppression. Equivalent results may be provided with "simple" instrumental
arrangements without the need for special setup procedures or adjustments ().

MATERIALS AND METHOD

Some of the energy amplifiers (i.e. Canberra 2025 and 2026) are provided with an
extra feature in which logic pulses are produced for each signal input from the detector
“incoming event” (known as: Incoming Count Rate "ICR"), thus the need for additional
electronic components (NIM units) such as T-SCA’s as used in standard Slow Circuits that
produce the logic pulses for the timing analysis is omitted in this case. This arrangement is a
simplified version of the slow coincidence circuit and results in a further reduction in the
required number of electronic components (NIM units) compared to other circuits (fast and
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standard slow) as well as an easier system setup, particularly, due to the automatic adjustment
of the low level discriminators, Figure 1.

The main detector is a well-type Nal(T1) of a size of 7.6 cm X 7.6 cm with a well size
to accommodate vials of capacity of 20 ml. The surrounding active shield is a plastic detector
of a well-type shape of size 18.4 cm diameter x 15.2 cm long with a well cavity that can
accommodate the Nal(T1) detector. The detector wall-thickness and bottom-thickness are of 5
cm thick, Figure 1. Both detectors (main well-Nal detector and surrounding guard detector)
have been supplied with standard PM-tubes.
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Figure 1 The "Simplified Slow Coincidence circuit" is based on the use of the ICR
outputs "logic pulses" available with the energy amplifiers (Canberra 2025/2026) for timing
analysis. The main detector is the well-type Nal(Tl) detector where the sample contained in a
vial is placed inside its cavity. The larger well-type detector is the plastic active shield.

RESULTS AND DISCUSSION
Pulse Gating

The threshold of the discrimination level against the system noise can be examined by
making the logic pulse from the discriminator to open the electronic gate for the same
corresponding energy signal from the detector to pass through. Figure 2 shows the lower part
of the energy spectra acquired with different amplifier gains using the Canberra amplifier
(either model 2025 or 2026) that are provided with the additional feature of producing a logic
pulse “ICR” (Incoming Count Rate) output for each preamplified input signal. As observed,
the Auto-Discrimination Level is always at a fixed position regardless the amplifier gain
setting when using the ICR logic outputs. However, increasing the amplifier gain will allow
the discrimination level to be set at lower energy threshold values, if desired.

Time Spectra for the Standard Slow and Simplified Slow coincidence circuits

Evaluation/Comparison of the two different coincidence circuits (Standard Slow using
Ortec T-SCA's and Simplified Slow using ICR outputs) requires the study of their time
resolution. So, the two detectors were arranged opposite to each other for this measurement.
Using **Na source, the time resolution FWHM is 53.7 ns and 56 ns for the Canberra ICR and
Ortec T-SCA circuits respectively, whereas the FW1/10M values are 152 ns and 128.5 ns for
the Canberra ICR and Ortec T-SCA circuits respectively. Generally, both systems of
Simplified Slow and Standard Slow circuits show a similar timing performance.
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Figure 2 The well-Nal detector: Four “’Na energy spectra (each of them was examined

with a different amplifier gain setting) are provided together to show the start of the low level
discrimination when the energy spectrum is gated by the ICR logic pulse generated using the
Canberra 2025 amplifier (automatic threshold adjustment). The 511 photopeak shifts to the
right with increase in gain while the low level discrimination remains unaffected.

Time Window of the Compton Suppression Spectrometer

Sources emitting single photons are used to evaluate the rejection of the Compton
scattered photons in Compton suppression measurements. The maximum gamma-ray energy
(observed in terrestrial/environmental samples) is 2.614 MeV from “**T1 of the ***Th series.
Therefore, the RGTh-1 TAEA reference material (**Th powder in radioactive equilibrium
with its decay products) contained in a vial and placed inside the Nal detector cavity was used
to record the time spectrum between the two detectors in their position for Compton
suppression and accordingly, to determine the time window that allows the two detected
events to be considered for the veto action. It was found that the coincidence peak was very
broad due to the coincidences between photons with multiple energies and such a peak is
completely confined within a time width of about 500 ns. However, it was observed that the
position of the coincidence peak on the time spectrum changes with different gain setting for
the main energy amplifier. Therefore, it was decided to use a wider time window of 1000 ns
(instead of 500 ns) to allow for such minor changes with different gain settings for either
energy amplifiers. This is useful to avoid further system adjustments when switching the
spectrometer between high and low energy photon measurements by changing the amplifier
gain of the main detector.

Assessment of the Compton Suppression Spectrometer

The Background energy spectrum collected for 100,000 s is shown in Figure 3. The
count rate was reduced from 5.25 CPS for normal to 3.13 CPS for the Compton suppressed
spectrum for the energy region of 140-3000 keV. An overall reduction of 40% has been
achieved as an improvement in background reduction within this energy range. More
reduction of scattered photons is seen for the high-energy region.

CONCLUSION

The timing measurement technique for Compton suppression systems has been
traditionally (and still commonly) based on the use of fast coincidence circuits in order to
have a fast response for the accurate veto action required for the desired improvement. A
move has already been initiated to show that the adoption of the slow coincidence circuit in
these systems is satisfactory (Bikit et al., 1999). Compared with the fast coincidence circuit,



the slow coincidence circuit avoids the use of the complicated instrumental arrangement and
the time consumed for the system adjustment.

As seen in the literature, time windows of typical widths of one-microsecond have
been used in Compton suppression systems utilizing fast coincidence circuits, whereas in the
present work with the adoption of the simplified slow coincidence circuit, a similar time
window width (or even shorter) has been found to be sufficient in spite of the use of standard
PM tubes. This shows that the simplified slow circuit is fast enough for the Compton
suppression measurements. The automatic threshold setting of the low level discrimination
adds further simplicity towards an easier system set-up and adjustment.
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Figure 3 Background energy spectrum (normal and Compton suppressed) collected for

100,000 s. An overall reduction “improvement” of 40% has been achieved for the energy
range of 140-3000 keV with the use of the Compton suppression method.

ACKNOWLEDGEMENT
The author thanks the Public Authority for Applied Education and Training in Kuwait,
for the support of this project work TS-04-002.

REFERENCES

1) Bikit, 1., Slivka, J., Krmar, M., Durcic, Z., Zikic, N., Conkic, Lj., Verkovic, M., and Anivin, 1., 1999.
Detection limits of the Nal(Tl) shielded HPGe spectrometer. Nuclear Instruments and Methods in
Physics Research, A421, 266-271.

2) Hasinoff, M.D., Lim, S.T., Measday, D.F. and Mulligan, T.J., 1974. A New Nal Gamma-ray
Spectrometer. Nuclear Instruments and Methods, 117, 375-379.

3) Parus, J., Kierzek, J., Raab, W. and Donohue, D., 2003. A dual purpose Compton suppression
spectrometer. Journal of Radioanalytical and Nuclear Chemistry, 258, No. 1, 123-132.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


