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Development of energy calibration method using Compton 

edge 컴 턴 에지를 이용한 에 지 교정 기법 개발
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 서  론

Double-sided silicon strip detectors (DSSDs) 

are considered as the most suitable detectors 

for the scatter detectors in Compton cameras. 

The energy calibration of DSSDs is, however, 

very challenging for high-energy photons (> a 

few hundred keV): that is, the DSSDs are 

made of a low-Z material and the probability 

of photoelectric absorption is extremely low. 

Furthermore, the DSSDs are very thin (= 1.5 

mm) and the probability of forming a 

full-energy peak from multiple interactions is 

also very low. Consequently, it is difficult to 

see a full-energy peak in the high-energy 

region, resulting in a failure of regular energy 

calibration. In the present study, we developed 

an energy calibration method using a Compton 

edge for a thin and low-Z semiconductor 

detector, i.e., DSSD. The accuracy of the 

developed method was evaluated by the percent 

error in determining the peak locations for a 

few hundred keV gamma-rays.

 재료  방법

A number of theoretical energy spectra for 

the Compton edge of 
137
Cs spectrum were 

calculated, by Geant4 Monte Carlo detector 

simulations, changing the energy resolution 

from 0.5% to 20% with 0.5% intervals (40 

cases). 

Two more fitting parameters have to be 

determined as well as the energy resolution of 

the DSSD: the cutting channel and the 

calibration constant. For this, the cutting 

channel was changed from 900 to 1100 with 

5-channel intervals (40 cases). The calibration 

constant (keV/channel) of the measured 

spectrum should also be determined. For this, 

the measured spectrum was compressed from 

50% to 10% with 0.5% intervals (80 cases). 

Thus, a total of 40 (for energy resolutions) × 

40 (for cutting channels) × 80 (for calibration 

constants) cases were calculated with in-house 

program written in ROOT to find the best 

matching spectrum. The calculations were 

performed to find the spectrum having a 

minimum χ2-value.

Finally, the information of the best matching 

spectrum was used to determine the location 

(channel number) of the Compton edge in the 

measured spectrum, which was then 

additionally used in subsequent energy 

calibration.
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 결과  고찰

The best matching spectrum between the 

measured and the simulated spectrum, which 

have a minimum value of χ2 for each strip of 

the DSSD, is shown in Fig. 1 and it shows 

good agreement. To evaluate the accuracy of 

the developed method, the energy spectrum of 

the DSSD for 133Ba and 137Cs were separately 

measured during 12 hours for each source to 

obtain the 356 keV and 662 keV peaks and 

then the peak energies were compared with 

and without the Compton-edge-based energy 

calibration method.

After applying the developed method, the 

slope of the energy calibration line was 

properly decreased comparing to the ‘without’ 

case by additionally considering the Compton 

edge; that is, the energy determined from the 

extrapolation with two low-energy peaks have 

been seriously overestimated in the high-energy 

region. A percent error was used to evaluate 

the accuracy of the method. Fig. 2 shows the 

evaluated percent error for each strip of the 

DSSD. After applying the Compton-edge-based 

energy calibration method, the percent error in 

the energy calibration of the DSSD was 

dramatically reduced from 15.5% and 16.9% to

Fig. 1.  Measured and simulated energy spectrum 

having a minimum χ2-value for each strip of DSSD.

0.68% and 0.39% in average for the 356 keV 

and 662 keV peak of 133Ba and 137Cs gamma 

source, respectively.

Fig. 2.  Percent error in energy calibration of DSSD 

with and without applying Compton-edge-based 

energy calibration method for 356 keV and 662 keV 

peak, respectively. 

 결  론

In the present study, the energy calibration 

method using a Compton edge was developed 

for a thin and low-Z semiconductor detector. 

As a result, the percent error in the energy 

calibration of the DSSD was dramatically 

reduced. We believe that this Compton-edge- 

based energy calibration method is also very 

useful for other small and/or low-Z-material 

detectors, for which it is difficult to obtain 

full-energy peaks in the high-energy photon 

region.
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