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ABSTRACT

This study compared PENELOPE with measured values from low energy peak to high energy peak to reduce
peak to compton ratio and continuum background spectrum using ®Co, "“’Cs and mixed volume source. In
addition, the change in backscattering and compton edge efficiency was compared with that of PENELOPE
through changes in the vicinity of low energy. The results from the mixed volume source are applied to the soil
samples to determine how much the minimum detection limits of the soil samples are reduced in the suppression
and unsuppressed mode. The compton suppression of the low energy region of ®°CO (1,173 keV) was
considerable, and the Compton edge RF for the '*'Cs (661 keV) peak was 2.8. In particular, the “°Co source
emits coincidence gamma rays of 1,173.2 keV and 1,332.5 keV, so compton inhibition was reduced by
approximately 21%. RF of compton edges of 1,173 keV and 1,332 keV emitted from a “’Co source was 3.2 and
3.4, and the peak to compton edge ratio was improved to 8: 1. And Compared with Penelope, the uncertainty was
well within 2%. In compton unsuppressed mode, MDA values of 661 keV, 1,173 keV and 1,332 keV were 0.535,
0.173 and 0.136 Bqg/kg, respectively, but decreased in compton suppressed mode to 0.121, 0.00826 and 0.00728
Bg/kg. Thus, Compton suppressed could reduce the background radioactivity and the radioactivity contained in the

detector itself.
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II. MATERIAL AND METHODS

1. Compton-suppression principle
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1.1 Compton-suppression Spectrometer
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Fig. 1. Schematic drawing of compton suppression
spectrometer.
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Fig. 2. Block diagram of the Compton Suppression
Spectrometer with Standard Timing.

2. PENELOPE of Simulation
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Fig. 3. Schematic view of the Compton Suppression
System used for the simulation.

3. Peak-to-Total Calibration
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Table 1. Peak to compton ratio of HPGe detector for
different modes of operation

Peak to compton ratio

Sourece Energy
(point) (keV) Normal Compton
mode suppression mode
137
Cs 353-383 176.4 342.8
Oco 1040-1096 71.8 2357
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3.2 Compton suppression factor
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3.3 Energy Calibration & Efficiency
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Table 2. Efficiency of the system for various energies
(of radionuclides) in different modes of operation
(geometry:50 ml)

Nuclide and Compton Normal
gamma line(keV)  suppression mode mode(unsuppressed)
24 Am(59.54) 13.1 142
133Ba(356.06) 14.0 14.9
34¢s(604.2) 3.19 6.36
B3cs(661) 275 5.68
0co(1173) 0.852 3.13
0co(1332) 0.682 2.81

4. MDA(Minimum Detectable Activity: MDA)
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III. RESULTS

1. Peak-to-Total Calibration
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Fig. 4. Comparision measurement of 50 ml source with
Penelope

2. Efficiency Calibration
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Fig. 6. Photon spectrum of the standard source by
using the unsuppressed and Compton suppressed spectra

for an Nal scintillator exposed to ¢s and *Co.
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Fig. 5. Comparison 50ml CRM source SF of
measurement with Penelope.

3. Comparison factor & Measurement
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Fig. 9 The suppressed and unsuppressed soil spectra
obtained with Compton Suppression Spectrometer. The
acquisition times are 80000 sec for both spectra.

IV. DISCUSSION & CONCLUSION
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