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A B S T R A C T   

In this work, we introduce a new software application developed to reproduce α-particle spectra measured with 
silicon detectors. It takes into consideration the main physical processes involved in the interaction of alpha 
particles with the source and the detector. This application is considerably more user-friendly than multipurpose 
codes, being also the runtimes to obtain a spectrum much lower. It makes use of the TRIM simulation code for 
tracking alpha particles in the source and the detector entrance window. Concerning to the response function of a 
silicon detector, the contribution of electronic excitation and ionization produced by the alpha particles is also 
obtained by simulation, while the electron-hole pair statistics and the broadening produced by the amplifier 
system (electronic chain) are included as convolutions of theoretical functions. The code α-SpecTrim is written in 
Python 3 language using Flask framework, so it can be run in every PC or laptop. It is free and can be provided if 
requested to the authors.   

1. Introduction 

As known, alpha-particle spectrometry requires thin sources, usually 
prepared by deposition, electrodeposition or sublimation in vacuum. 
The measurements are often made using silicon semiconductor (PIPS) 
detectors, due to their high energy resolution. In spite of this, the 
collected spectra involve the asymmetric broadening of alpha lines and 
consequently an overlapping of the peaks, making often the analysis of 
alpha-particle spectra difficult. 

Steinbauer et al. (1994) provided a survey of the physical processes 
that contribute to the shape of an alpha-particle spectrum. In summary, 
they proposed that the final pulse-height distribution could be obtained 
as a convolution of the energy distribution of the alpha particles emitted 
from the source, and the other distribution due to the detector response 
function. This last response is complex and is also divided in a set of 
individual distributions. In addition, the distribution due to the alpha 
particles leaving the source can be obtained by theoretical approxima
tions only in the case of very thin sources measured at large distances 
from the detector. For this reason, the analysis and deconvolution of an 
alpha-particle spectrum usually requires auxiliary tools, which involve 
the theoretical fitting to complex mathematical functions, or the use of 
Monte Carlo simulation. 

Monte Carlo methods have become useful tools to be applied in a 
wide range of issues in nuclear physics, so that many software codes 
have been written for general or particular purposes. In particular, 
programs as AlfaMC (Peralta and Louro, 2014), SRIM (Ziegler et al., 
2010) or GEANT4 (Agostinelli et al., 2003) have been applied to 
different tasks related to the detection of alpha particles, and even some 
works have been carried out to simulate alpha-particle spectra under 
particular conditions (Díaz-Francés et al., 2017; Krupa and Kurzak, 
1991; Siiskonen and Pöllänen, 2004). In spite of this, there is a lack of 
available tools specifically designed to reproduce alpha-particle spectra 
under general conditions. 

The main goal of this work is the development of a computer 
application specifically designed to reproduce alpha-particle spectra 
obtained with silicon semiconductor detectors. The code α-SpecTrim is 
an user-friendly tool which can be used in many tasks related to alpha- 
particle spectrometry: study of line shapes for alpha emissions, effi
ciency calibrations, deconvolution of complex alpha-particle spectra, 
etc. An intuitive interface helps the user, who only has to introduce the 
required input data before the program works. Its implementation 
combines simulation processes with the convolution of theoretical dis
tributions, taking into consideration the physical processes associated to 
the interaction of alpha particles with matter. All the simulations are 
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performed with the TRIM code, an application which is included in 
SRIM package (Ziegler et al., 2010). 

2. Method 

The model proposed by Steinbauer et al. (1994) to describe the 
response function of silicon detectors to alpha particles shows that the 
final spectrum can be obtained as a convolution of the energy distri
bution of the alpha particles emitted from the source with the distri
bution due to the detector response function. Following this model, the 
procedure to reproduce the shape of an alpha-particle emission could be 
divided into two main stages: the first phase related to the simulation of 
alpha particles in the source and through the detector entrance window, 
and a second stage, involving the convolution of three theoretical dis
tributions that represent the remaining detector response effects. These 
distributions are related to the ionization–excitation processes into the 
detector, the generation of hole–electron pairs, and the electronic noise 
produced in the electronic chain associated to the spectrometer. This 
was essentially the procedure followed by us in an earlier work 
(Fernández Timón et al., 2010). 

The distributions corresponding to the production of hole-electron 
pairs and to the contribution of electronic noise can be expressed by 
means of simple mathematical functions. However, the distribution due 
to the ionization/excitation produced by alpha particles in the detector 
is very complex, and it cannot be derived by means of an analytical 
expression deduced from theoretical models. This contribution has a 
marked dependence on the energy of alpha particles, as evidenced in a 
recent study (Jurado Vargas et al., 2020), and it plays an essential role in 
the alpha line shape. Therefore, it is required to include the ion
ization/excitation processes occurred in the detector into the proper MC 
simulation, instead of considering this distribution as a unique function 
to be convoluted, as carried out as an approximation in a previous work 
(Fernández Timón et al., 2010). 

The software used by us to perform the simulations is the TRIM code 
(Ziegler et al., 2010). This Monte Carlo code uses text files for the input 
and output data and will be responsible for performing all the calcula
tions related to the simulation. However, because its usage is complex, 
the authors of the TRIM code developed some years later the SRIM 
interface, which supplies a simple way to input data, execute and 
visualize the simulation results. The code TRIM (via SRIM) has already 
been used by us in several applications involving alpha-particle in
teractions with matter (Jurado Vargas and Fernández Timón, 2004, 
2005). In this work, the last version of code SRIM-2013 was used. 

Our methodology for reproducing alpha-particle spectra starts with 
the simulation of the tracks of alpha particles in the source material. 
Alpha particles are initially located in the source substrate, having their 
initial positions and output directions randomly distributed. For radio
nuclides with multiple emission energies, the alpha particles are split 
into several sets proportionally to the corresponding emission proba
bilities. Emerging particles are filtered, selecting only those ones that 
would reach the detector according to their positions and directions 
when they come out of the source. We assume that they follow straight 
paths from the source to the detector, so no energy losses in the vacuum 
chamber are considered. 

These remaining particles constitute the input for the second simu
lation, which follows the track of the alpha particles across the entrance 
window of the detector, which is constituted by a dead layer with a 
given thickness. Following the previously mentioned procedure, the 
positions and output directions of alpha particles after crossing the de
tector window are used as input data for the third (and last) simulation. 
In this case, a Si layer is chosen with a proper thickness for the residual 
alpha particles to lose all their remaining energy in the sensitive volume 
of the detector. An output file of the simulation provides the individual 
quantity of energy spent by each alpha particle in ionization/excitation 
processes. These particles are then binned by energy to form a histo
gram, which must be convolved in the following steps with the 

theoretical distributions representing the remaining detector response 
effects. 

The energy E spent by each particle in the ionization/excitation 
processes is available for the production of electron-hole pairs and lat
tice vibrations, This distribution is well described by a Gaussian with a 
standard deviation depending on energy E, which is given by σ =

̅̅̅̅̅̅̅̅̅
wEF

√
,

where w is the average energy required to produce an electron-hole pair, 
and F is the Fano factor (Knoll, 1999). Therefore, the histogram obtained 
after simulating the ionization/excitation processes is convoluted with 
the distribution due to the production of electron-hole pairs. 

Finally, a last convolution must be performed, which takes into ac
count the noise introduced by the electronic equipment. This last dis
tribution is described by a Gaussian, with a standard deviation that can 
be easily determined experimentally using a pulse generator connected 
to the preamplifier of the detection system. 

Fig. 1 shows, as an introductory example, the application of this 
methodology to the monoenergetic emission of 5.304 MeV for 210Po. 
The main detection conditions and input data considered to reproduce 
this alpha line are shown in Table 1. We can observe the sequence of the 
stages followed in the methodology aforementioned described, and the 
effect produced in the alpha-line shape by each step. In particular, it can 
be noticed the role of the ionization/excitation distribution on the 
asymmetry of the alpha line and the corresponding displacement to
wards the low-energy zone of the spectrum. A smoothing of the alpha 
line is also observed, which is a result of the convolution with the dis
tribution due to the production of electron-hole pairs. 

3. Structure of α-SpecTrim 

Each stage of the aforementioned process requires some input data. A 
few of them must be provided by the user, while the remainder infor
mation is obtained from the output file of the last step. The data con
tained in these output files must be processed in order to be included in 
the input file corresponding to the next stage. These tasks could be 
manually performed by the user, although they are quite tedious and 
complex, which may eventually result in errors during simulation. For 
these reasons, we have developed α-SpecTrim, a simple and intuitive 
interface to introduce the input data needed for the whole process. One 
of the main advantages is the fact that it automatizes the running process 
that corresponds to the simulations and convolutions, including all these 
tasks in just one execution without requiring additional user attention. 

The basic role of α-SpecTrim in the process depends on each 
particular stage (simulations or convolutions). Fig. 2 shows a flow chart 
with the different stages of the work performed by the code. As 
mentioned in the last section, the whole procedure includes three sim
ulations and two convolutions. The application α-SpecTrim is respon
sible for filling the input files of each simulation or convolution. 
Moreover, it runs the TRIM execution file for the simulation or the 
adequate subroutine for the convolution, analyses the output files and 
prepares them to be part of the input data for the next stage. 

The data for the whole process are submitted in different graphical 
forms, each one associated to a particular task in the procedure: source 
and backing, detector’s dead layer, energy histogram and convolution’s 
features. Fig. 3 shows several screenshots corresponding to different 
stages of the α-SpecTrim interface. The application offers a database to 
the user corresponding to a wide set of radionuclides. In the same way, a 
batch with usual compounds with single and multi-atomic compositions 
for the backing, the source and the detector window is available. Both 
databases can be easily extended by the user into the code α-SpecTrim 
including new radionuclides or compounds. 

The progress of the simulations and the convolutions are continu
ously monitored, showing a progress bar to the user while executing, 
which favours the user experience. Notice that these processes may 
eventually last, so the inclusion of these progress bars helps the user to 
know that it is still executing and not blocked. Even more, the user will 
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know which percentage of the experiment has already finished. The 
execution time required to generate an alpha-particle spectrum is highly 
variable, depending on several input data, such as the number of alpha 
particles, the thickness considered for the backing and for the source 
substrate, or the energy interval chosen in the convolution processes. 
For example, the execution time corresponding to the spectrum shown 
in Fig. 1, using a conventional laptop (Intel Core i5 processor with 8 GB 
of RAM), was approximately 1 h. This running time was spent mainly in 
the steps corresponding to the first and third simulation (each one 
around half an hour), being of the order of 1 min for the other processes. 

When the process is ended, an output file is generated, which in
cludes a summary for the input data for the simulations and the con
volutions, the calculated detection efficiency and the final histogram 
giving the number of alpha particles detected versus energy. 

The code α-SpecTrim has been implemented in Python 3 program
ming language, using the framework Flask (Flask framework,). This 
framework is designed for developing multiplatform web applications 
under the MVC (Model, View and Controller) pattern. Furthermore, 
Flask has many available extensions, which ease the development of 
more complex systems, such as Flask-WTF for forms or Flask login. It 
also includes a development web server that allows the user to test the 
project locally before deploying it and supports unitary tests. The only 
prerequisites to execute α-SpecTrim is to install a Python interpreter 
(version 3.8.10) and the MongoDB 4.4.5 database (Bradshaw et al., 
2019). In order to facilitate the installation to users which are not 
familiar with these technologies, we provide an installer which checks 
and installs these prerequisites if necessary. The code α-SpecTrim must 
be run in a local server, which has to be initialized at the beginning of 
each session. Once the server is launched, it is only required to navigate 
to the local direction of the application to initiate α-SpecTrim. The code 
will be distributed under Creative Commons license upon request to the 
authors. 

4. Application 

In order to show the applicability of the code α-SpecTrim, we have 
measured a source of 233U with a PIPS detector, which involves several 
alpha emissions overlapped in the spectrum. The source is made by 
electrodeposition onto a stainless steel backing, with an active radius of 
0,75 cm, and was located into a vacuum chamber (Canberra, 7400A) in 
front of the detector at a distance of 11 mm. The detector is a CAN
BERRA passivated implanted planar silicon (PIPS) detector with 50 mm2 

active area and 11 keV nominal resolution, connected to a stabilized 
power supply (CMTE, 3122-D). The signals are passed through a low- 
noise preamplifier (Canberra, 2004DM), a conventional amplifier 
(Canberra, 2015A), an analogue-to-digital converter (Canberra, 8713), 
and finally stored in a multichannel analyzer (Canberra, Accuspec-B). In 
order to obtain the effect of the electronic equipment on the signal, a 

Fig. 1. Evolution of the line shape for the monoenergetic radionuclide 210Po, 
following the method used by α-SpecTrim. Figure a) shows the output spectrum 
for the simulation of the source and the detector window. Dotted line marks the 
emission energy for 210Po. Figure b) shows the output spectrum after the 
simulation of the I/E processes. Figure c) shows the spectrum as result of the 
convolution with the hole-electron pair generation distribution. At the end, 
Figure d) depictures final spectrum after the convolution with the electronic 
noise distribution. 

Table 1 
Input data considered to obtain the alpha line of 210Po shown in Fig. 1. The 
energy considered for the nuclide 210Po was taken from Nucléide-Lara database 
(Nucléide-Lara).  

Source composition Po (9.25 g/cm3) 
Source thickness 100 Å 
Source radius 0.75 cm 
Radionuclide 210Po 

5304.3 keV (100%) 
Backing composition Stainless Steel (8 g/cm3) 
Detector’s window composition Si (2.32 g/cm3) 
Detector’s window thickness 500 Å 
Detector’s window radius 1.25 cm 
Source to Detector Distance 2 cm 
Histogram gain 0.5 keV/Channel 
Fano’s Factor 0.13 eV 
Electron-Hole creation energy 3.67 eV 
Electronic Noise Sigma 1 keV  
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pulse generator (EG&G Ortec, 448) was connected to the input of the 
preamplifier. The peak of the ‘‘pulser’’ in the spectrum was fitted with a 
Gaussian, giving a standard deviation of 3.53 keV. 

To reproduce this alpha-particle spectrum with the code α-SpecTrim, 
several input data were included in the application, taking into 
consideration all the physical features corresponding to the source and 
detector. Table 2 shows a summary of these input data, including also 
the energies and emission probabilities considered for the nuclide 233U. 
We generated 200.000 alpha particles, which were randomly positioned 
in the source substrate and with output directions also randomly 
distributed. The detector window was included as a Si layer of 500 Å of 
thickness, as indicated by the detector’s manufacturer. The values of the 
Fano factor for silicon and the average energy needed for the production 
of one electron-hole pair were taken from the work of Steinbauer et al. 
(1994). The source was considered to mostly consist of UO2. Because the 

source thickness is unknown, we generated several spectra assuming 
different values for this thickness. A value of 500 Å was finally adopted 
because gave the best agreement between the theoretical and experi
mental spectrum. The detection efficiency calculated by α-SpecTrim was 
of 2.33%. 

Fig. 4 shows the experimental spectrum and the theoretical one ob
tained by α-SpecTrim. In general, there is a good agreement over the 
entire energy interval of alpha-particle emissions. In order to compare 
both spectra, the differences between the experimental and theoretical 
values (residuals) must be given in terms of the Poisson standard devi
ation σ for each channel. The mean value obtained for these weighted 
residuals was 2.72σ. It represents a good agreement between the theo
retical and the experimental spectrum, taking into consideration that all 
the data included in α-SpecTrim were fixed, so that no fitting or opti
mization process was performed. The only exception was the source 

Fig. 2. Flow-chart of α-SpecTrim.  
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Fig. 3. Screenshots of several steps in α-SpecTrim: source data submission (a), radionuclides library (b), progress bars (c) and final page (d).  

Table 2 
Input data to reproduce the experimental spectrum of 233U. They include all the 
physical features corresponding to the source and detector used. The energies 
and emission probabilities considered for the nuclide 233U were taken from 
Nucléide-Lara database (Nucléide-Lara).  

Source composition UO2 (10.97 g/cm3) 
Source thickness 500 Å 
Source radius 0.75 cm 
Radionuclide 233U 

4729.0 keV (1.62%) 
4754.0 keV (0.19%) 
4783.5 keV (13.26%) 
4796.0 keV (0.28%) 
4824.2 keV (84.65%) 

Backing composition Stainless Steel (8 g/cm3) 
Detector’s window composition Si (2.32 g/cm3) 
Detector’s window thickness 500 Å 
Detector’s window radius 0.4 cm 
Source to Detector Distance 1.1 cm 
Histogram gain 2.1848 keV/Channel 
Fano’s Factor 0.13 eV 
Electron-Hole creation energy 3.67 eV 
Electronic Noise Sigma 3.53 keV  

Fig. 4. Experimental spectrum of 233U and the theoretical one obtained 
by α-SpecTrim. 
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thickness, which had to be optimized because this value was unknown. 

5. Conclusions 

We have developed the application α-SpecTrim, implemented in 
Python language to specifically reproduce alpha-particle spectra 
measured with silicon detectors. The software includes a part involving 
the Monte Carlo simulation with the TRIM code, and subsequently a set 
of theoretical convolutions that represent the remaining detector 
response. This application takes in account the main processes influ
encing the shape of an alpha-particle spectrum. This methodology does 
not use any optimization procedure to fit the theoretical spectrum to the 
experimental one, i.e., all the parameters are fixed a priori, so they are 
not free. The application α-SpecTrim can play an important role as an 
auxiliary tool in alpha-particle spectrometry. 
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