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1. Introduction 

 
If alpha and beta in the air can be measured, real-time 

monitoring is possible, which can greatly contribute to 

the radiation safety of nuclear power plant workers. To 

measure alpha and beta spectra in the air, a detection 

system was constructed using a PIPS (Passivated 

Implanted Planar Silicon) detector sensitive to alpha 

and beta. 

However, low-tailing, which occurs due to energy 

loss after alpha and beta particles interact with a 

substance, affects the spectrum between nuclides with 

adjacent peaks, causing spectrum deconvolution, and it 

is difficult to measure in the air because it causes a 

decrease in spectral resolution [1].  

In this study, when the peak shape fitting equation 

used for spectrum analysis was applied to the spectrum 

according to each nuclide, the accuracy was compared 

and analyzed. 

 

2. Methods 

 

2.1 MCNP-Modeling 

 

The MCNP6 code was used for the simulation, and 

the PIPS detector was set to 11.95 mm in diameter and 

23.9 mm in height based on Canberra's CAM450 model. 

The filter type was cellulosic asbestos paper, positioned 

at 20 mm from the detector. The PIPS detector and air 

filter are inserted inside a box-shaped shield made of 

stainless steel 304. Nuclides of 220Rn, 216Po, 212Bi and 
214Po were set to be uniformly distributed on the 

cellulose asbestos paper filter. Fig. 1 shows the 

detection system modeling using MCNP6. 

. 

 

Fig. 1. Detection system MCNP6 modeling 

 

2.2 Equations 

 

The three peak shape fitting functions modified with 

the exponential equation to fit the low-tailing of alpha 

spectrum are shown. Equations (1), (2) and (3) are 

proposed by L’Hoir (1984), Bortels and Collaers (1987), 

Koskelo (1996), respectively [2, 3]. 
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3. Results and Discussion 

 

Fig. 2 shows the results of applying the peak shape 

fitting equation 220Rn progeny spectrum. The accuracy 

of fitting was confirmed by comparing the RMSE (Root 

Mean Square Error) value with the reduced chi-square 

value as in equation (4), (5), respectively. As shown in 

table I, applying equation (3) shows 26.9 ~ 29.8 % 

better RMSE than other fitting features. Reduced chi-

square value also showed the smallest value. When 

applied to the actual spectrum, a larger difference in 

accuracy is expected depending on the degree of 

overlapping peaks, and it is expected that the real-time 

alpha measurement accuracy can be improved through 

peak correction according to the environment. 

 

 
Fig. 2. Fitting functions applied to 220Rn progeny spectrum 

 



Transactions of the Korean Nuclear Society Autumn Meeting 

Changwon, Korea, October 20-21, 2022 

 

 

    
                                    (4) 

  ( )                                        (5) 

Table I: Peak shape fitting function accuracy test result 

Fitting 

Function 
RMSE 

Reduced Chi-

Squared Test 

Equation (1) 1.02E-05 1.016E-10 

Equation (2) 9.97E-06 1.059E-10 

Equation (3) 7.86E-06 6.34E-11 

 

Fig. 3 shows the error of each fitting function and the 

simulation spectrum. The average errors of all energy 

region of equation (1) to (3) were 7.93E-06 %, 7.97E-

06 %, and 5.85E-06 %. Equation (3), which has the 

highest accuracy, showed the lowest error in the low 

tailing region of the spectrum. However, the error value 

increased in the peak and peak overlap region of each 

nuclide. The maximum error value of the peak 

increased by 5.22 times compared to the average error 

value. It judged that the steep peak curve is major cause 

of low fitting accuracy, and a method of dividing the 

channel that forms the peak and applying the fitting 

function is under considering. 

 

 
Fig. 3. Error between peak shape fitting function and 

simulation spectrum 

 

4. Conclusions 

 

In this study, MCNP6 simulation was performed 

based on the detection system built for the measurement 

of alpha and beta spectra in air. A peak shape fitting 

function for reducing the spectral contribution of each 

nuclide was applied to the simulation results, and 

accuracy was compared. It is judged that real-time 

monitoring of alpha and beta in the air will be possible 

if accurate spectral separation between nuclides is 

achieved. 

 

NOMENCLATURE 

 

H : Peak height 

 :Centroid 

T : Tailing parameter 

: Standard deviation 

: Amplitude of Gauss peak 

: Peak channel of Gauss peak 

: Amplitude of peak tailing 

: Extent of peak tailing 

: Channels in interest region 

A : Peak area 

: Distance to the peak position 

 : Tailing parameter 

 : Reduced Chi-square 

 : Chi-square 

 : Variance 

 : MCNP tally value 

 : Calculated value using fitting function 

 : Degree of freedom 
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