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ABSTRACT

Germanium crystals have a dead layer that causes efficiency deterioration because the layer is not useful for
detection but strongly weakens the photons. Thus, when the data provided by the manufacturer is used in the
detector simulation model, there is a slight difference between the calculated efficiency and the measured
efficiency.The shape and dimensions of the high purity germanium (HPGe) detector were determined by CT scans
to accurately characterize the shape for the Monte Carlo roll simulation. It is found that the adjustment of the
dead layer is a good match with the relative deviation of + 3% between the measurement efficiency and the
simulation efficiency at the energy range of 50 - 1500 keV. Simulation data were compared by varying the
thickness of the dead layer. The new Monte Carlo simulations were compared with the experimental results to
obtain new blank layer thicknesses. The difference in dead layer results for the 1.5 mm thick end cap simulation
model in 1.4 and 1.6 mm thick End Cap simulation models was a systematic error due to the accuracy of the
end cap dimensions. After considering all errors including statistical errors and systematic errors, the thickness of
the detector was calculated as 1.02 + 0.14 mm. Therefore, it was confirmed that the increase in the thickness of
the dead layer causes the effect to be effected on the efficiency reduction.
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I. MATERIAL AND METHODS
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1. Detector geometry
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Fig. 1. Characteristics of HPGe detector as provided
by the manufacturer.
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3. The Systematic errors
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Table 2. Gamma ray intensities of a 3Ba ,?Eu

source
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Table 1. Detector dimensions as specified by the Encrgy/keV Intensity/ %
manufacturer and as optimised by Monte Carlo 53.16 2.14
simulations. 79.61 2.65
Miscellaneous Detector Assembly Dimensions 81.0 3295
Detector parameter Dimension Optimized 160.61 0.64
276.40 7.16
Mount Cup, Length A 94 mm 108 mm
302.85 18.34
End capG;% Crystal 5 3 mm 3 mm 356.01 62.05
383.85 8.94
Mount Cup Base C 3.2 mm 3.2 mm
867.38 4.25
End Cap Window D 1.3 mm 1.3 mm 1112.08 13.44
Insulator/shield E 0.03/ 0.03 mm  0.03/ 0.03 mm 1408.1 2086
Outsige Contact F 1.3 mm 2 mm
ayer
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Fig. 2. CT radiogram of the detector system.

4. experimental process
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. RESULT

1. Data analysis
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2. Simulation data analysis
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Fig. 3. The simulation spectrum of the '**Ba source.
The distance between the source and end-cap is 10
mm, and the dead layer thickness is assumed to be

1.0 mm.
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Fig. 4. Peak efficiency curves for several values of
the thickness of the dead layer.
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3. Systematic errors data analysis
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Fig. 5. Determination of the thickness of the dead
layery the source point of 5 mm. The black points
are from the simulation providing the ratio of the
number of events on the 81 keV photoelectron peak
to that in the 356 keV photoelectron peak. The
horizontal band is from the experimental data. The
vertical band determines the dead layer thickness by
comparing the experimental ratio and simulation fitting
line. The error bars for the simulation points are
smaller than the data point size and invisible in the
plot.
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Fig. 6. An experimental spectrum of the =
source. The distance between the source and end-cap
is 5 mm, and the dead layer thickness is assumed to
be 1.0 mm

4. Experimental data analysis
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Fig. 7. Mapping of fraction of gamma ray absorbed
at different layers in the detector.

Iv. DISCUSSION & CONCLUSION
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