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Over the past 30 years, Monte Carlo simulation of photons interacting with matter has gradually improved 
' 

to the extent that it now appears suitable for calibrating germanium detectors for counting efficiency in gamma-ray 

spectral analysis. The process is particularly useful because it can be applied for a variety of source shapes and 

spatial relations between source and detector by simply redefining the geometry, whereas calibration with 

radioactive standards requires a separate set of measurements for each source shape and location relative to the 

detector. Simulation accuracy was evaluated for two large (126% and 110%) and one medium-sized (20%) 
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detectors with radioactive point sources at distances of 10 m, 1.6 m, and 0.50 m and with aqueous solutions in a i 

0.5-L reentrant beaker and in jars of similar volume but various dimensions. The sensitivity in comparing measured 

and simulated results was limited by a combined uncertainty of about 3% in the radioactive standards and 
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k //'~ experimental conditions. Simulation was performed with the MCNP-4 code.' 

The point source was an NIST standard of Eu-155, Eu-154, and Sb-125, of which 13 photon energies 

between 43 and 1,596 were used to construct a curve of fiactional efficiency versus photon energy. A radium 

needle was also used for 1 1 energies between 186 and 2,447 keV. For extended sources, the same NIST mixture 

in dilute acid was used, as well as a commercial liquid source with multiple radionuclides that emit photons at 12 

energies between 59 and 1,836 keV. The liquid sources were diluted in 4N nitric acid to the same formulation as 

the NIST liquid standards. The containers with liquid sources were placed on the detectors; hence, loss corrections 

of measured count rates were necessary for some photons that were in coincidence with others. Except for a few 

less-intense photons, the samples were counted in replicate for sufficient time to accumulate 10,000 counts at each 

photon energy. The practical efficiency was taken to be the net count rate in each photon peak region relative to 

the number of photons reported in the standard certificate, adjusted for radioactive decay. 

The simulation was performed for point sources at various distances and for volume sources characterized 

by the locations of container surfaces and by their density. The detectors were cylinders with a core removed at the 

far end relative to the end facing the sources. Surfaces and densities were defined according to manufacturer 

information for each germanium detector and its aluminum can and germanium dead layer. Nondetector and 
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nonsource volumes were filled with air. Each photon emitted by the source and each photon and electron produced 

by an interaction were followed until their energies in the detector were below 1 keV. Angular biasing was used 

to follow only those photons directed toward the detector. Selected photon energies were at intervals of 10 keV for 

low energies, 100 keV for intermediate energies, and 300 keV for high energies. Generally, 100,000 histories were 

followed per initial photon energy. The number of full energy interactions was tallied at each selected photon 

energy. 

At higher energies (above 200 keV), the comparison between measurement and simulation was assisted 

by applying the linear decrease in logarithmic coordinates of counting efficiency with energy that has been reported 

by many authors for detectors of various sizes and for various source shapes and source-to-detector geometries. 

Hence, the best fit for these straight lines was compared. At lower energies (below 100 keV), absorption of photons 

outside the detector was an important factor in reducing the practical counting efficiency. At the lower energies, 

differences in can thickness and dead layer of even a fraction of a millimeter significantly affected counting 

efficiency. 

For all three detectors, the various sources, and the entire range of energies examined, simulation and 

standard measurements typically agreed within an average of 2 to 3%; at individual energies, agreement was 

between 1 and 8%, except for differences of about 10% at the lowest energy.2~~ The later resuit suggests errors in 

applied absorber thickness, either for the detector or the sample container. Notably, the information supplied by 

manufacturers on detector dimensions may not be sufficiently precise, so that the measurement itself may provide 

a better value of the combined attenuation thickness. There was no trend in differences that might suggest a 

consistent error in simulation or measurement. 

Hence, Monte Carlo simulation with the MCNP-4 code agreed with the measurements within the limits 

of observation in this study. To apply simulation for calibrating a system for which a different and complex source 

shape or geomeQ is newly used, it is recommended that the calibration be checked with a radioactive standard at 

two photon energies. At the higher energy, the measurement confirms detector dimensions and, at the lower energy, 

can and dead layer thickness. 

The agreement with measurements suggests that simulation is appropriate for calibrating germanium 

detectors for a wide range of monitoring applications: environmentally, for airborne plumes and ground 

contamination; in health physics, for whole-body counting and surface contamination; and in process control, for 



in-line flows and equipment that acts as a radiation source. Simulation already has been found useful for predicting 

detector dimensions appropriate for required applications and calibrating detectors in energy regions for which few 

standards are available. 
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