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Abstract 

This work presents the development of alpha spectroscopy method with Solid-state 

nuclear track detectors using aluminum thin films.  The resolution of this method is high, 

and it is able to discriminate between alpha particles at different incident energy. It 

can measure the exact number of alpha particles at specific energy without needing a 

calibration of alpha track diameter versus alpha energy. This method was tested by using 

Cf-252 alpha standard source at energies 5.11 Mev, 3.86 MeV and 2.7 MeV, which 

produced by the variation of detector -standard source distance.  On front side, two 

detectors were covered with two Aluminum thin films and the third detector was kept 

uncovered. The thickness of Aluminum thin films was selected carefully (using SRIM 

2013) such that one of the films will block the lower two alpha particles (3.86 MeV and 

2.7 MeV) and the alpha particles at higher energy (5.11 Mev) can penetrate the film and 

reach the detector’s surface. The second thin film will block alpha particles at lower 

energy of 2.7 MeV and allow alpha particles at higher two energies (5.11 Mev and   3.86 

MeV) to penetrate and produce tracks. For uncovered detector, alpha particles at three 

different energies can produce tracks on it. For quality assurance and accuracy, the 

detectors were mounted on thick enough copper substrates to block exposure from the 

backside. The tracks on the first detector are due to alpha particles at energy of 5.11 MeV.  

The difference between the tracks number on the first detector and the tracks number on 

the second detector is due to alpha particles at energy of 3.8 MeV. Finally, by subtracting 

the tracks number on the second detector from the tracks number on the third detector 

(uncovered), we can find the tracks number due to alpha particles at energy 2.7 MeV. 

After knowing the efficiency calibration factor, we can exactly calculate the activity of 

standard source. 
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1.- INTRODUCTION 

 

Several works were published on using  Solid State Nuclear Track Detectors (SSNTD)  in 

radiation measurement (Young 1958, D. Nikezic and K.N. Yu, December 2004,, E. C. H. Silk 

and R. S. Barnes 1959, R L Fleischer, P B Price, and R M Walker December 1965, R.L. 

Fleischer, P.B. Price, R.M. Walker, 1975, S.A. Durrani and R.K. Bull 1987, Saeed A Durrani 

and Radomir Ilic 1997, R. L 1998). SSNTDs are widely used in various experiments in space 

science, nuclear science, cold fusion research and radiation detection and identification of 

the nature of nuclear particles  (Saffarini, G.; Dwaikat, Nidal; El-Hasan, Mousa; Sato, 

Fuminobu; Kato, Yushi; Iida, Toshiyuki 2012, Sadowski, M; Szydlowski, A; Scholz, M; Kelly, 

H; Marquez, A; Lepone, A 1999, S. KODAIRA 2008). One of the most commonly used 

nuclear track detectors is the CR-39 detector, which was discovered by Cartwright et al. 

(B.G. Cartwright, E.K. Shirk, P.B. Price 1978), is based on polyallyldiglycol carbonate. 

Another most commonly used nuclear track material is cellulose nitrate. The most well-

known detector in this group is being sold under the commercial name LR 115. Other 

kinds of detectors are also in use, such as the Makrofol detector which is based on 

polycarbonate (D. Nikezic and K.N. Yu, December 2004,). Active detectors provide more 

precise and accurate measurements of alpha particle energy compared to solid state 

nuclear track detectors, SSNTDs. Nevertheless, these active detectors are often not easy 

to use for studying alpha particle in the environment, especially when the source activity 

is low and the counters need to be exposed for a long time.  SSNTDs have many 

advantages over the electronic detectors such as low cost, ease of handling, long exposure 

duration and permanent record. This makes them suitable for monitoring low count and 

high count rate samples as well ( E. M. Awad , A. A. Soliman, Y.S. Rammah 2007, A. 

Alessandrello et. al. 2000). However, the main drawback of using SSNTDs in radiation 

measurement is limited in counting the number of alpha particles. It is difficult to 

distinguish between the tracks of alpha particles of different energies produced in 

SSNTDs. For example, the response of the CR-39 detector is independent of energy (Le 

Thanh, P., Chambaudet, A. and Vuillemier, C. 1988).  
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The possibility of using SSNTDs to separate alpha particles according to their energies has 

been studied by ( E. M. Awad , A. A. Soliman, Y.S. Rammah 2007, Le Thanh, P., 

Chambaudet, A. and Vuillemier, C. 1988, O.A. Bondarenko, P.L. Salmon, D.L. Henshaw, and 

A.P. Fews 1996, O.A. Bondarenko, P.L. Salmon, D.L. Henshaw,and A.P. Fews 1996, A.Peter 

Fews, and Denis L. Henshaw 1982). Their studies were based on measurement of elliptical 

track parameters. Awad et al. ( E. M. Awad , A. A. Soliman, Y.S. Rammah 2007) used a 

matrix of energy equations for alpha spectroscopy with CR-39 detector. They used the 

method developed by Bondarenko et al. (O.A. Bondarenko, P.L. Salmon, D.L. Henshaw, 

and A.P. Fews 1996, O.A. Bondarenko, P.L. Salmon, D.L. Henshaw,and A.P. Fews 1996). 

This method was based on the measurement of the minor axis (m), the major axis (M), 

and the diameter of the etched out track end (d) of the elliptical tracks. Fews and 

Henshaw (A.Peter Fews, and Denis L. Henshaw 1982) were reported a method based on 

the determination of the track length in plastic after measuring the track depth(Z), the 

minor axis(m), the major axis (M), the overall track length (X) and the diameter of the 

etched out track end (d). These methods are ignoring circular tracks from normal 

incidence; therefore, the obtained results are inaccurate. On the other hand, Thanh et al. 

(Le Thanh, P., Chambaudet, A. and Vuillemier, C. 1988) were used two passive detectors 

to determine the average energy of alpha particles emitted from  radon and radon 

daughters . They were used   CR-39 for flux and LiF detectors to find average energy. This 

method is no longer valid in the atmosphere of several alpha emitters with comparable 

energies and needs calibration of two detectors.  Seguin et al. (Séguin FH, Frenje JA, Li CK, 

Hicks DG, Kurebayashi S, Rygg JR, Schwartz B-E, 2003) used a wedge step filter (Al) in 

protons measurement with CR-39 detectors. The filter (thickness changes gradually) was 

located at the top of the CR-39 detector. The energy of the incident protons can be 

determined by the diameter of the tracks and the thickness of the filter at the track 

position. The disadvantages of this method are:  1) it consumes time for calibration of 

alpha energy versus track diameter ; 2) it is not effective for measuring alpha particles at 

comparable energies because  the diameters will also be comparable; 3) circular tracks as 

well as elliptical tracks are produced which makes thing more difficult to have a standard 
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for considering track diameter. This work will introduce a development of alpha 

spectroscopy with SSNTDs using aluminium (Al) films (filters) of various thickness. The 

thickness of Al films was selected carefully using computer code SRIM-2013, such that it 

blocks out alpha particles at lower energy and allows alpha particles at higher energy to 

reach the detector and produce tracks. The resolution of this method is high and it allows 

us to measure the exact number of alpha particles without calibration of track diameter 

versus alpha energy. It may provide researchers and radiation protection officers with              

a cheap and powerful measurement tool for measuring environmental radiation.   Also, 

this study is a continuation of our previous studies on  improving the properties of CR-39 

detectors  (Saffarini, G.; Dwaikat, Nidal; El-Hasan, Mousa; Sato, Fuminobu; Kato, Yushi; 

Iida, Toshiyuki 2012, Nidal Dwaikat , Mousa El-hasan, Masto Sueyasu, Wataru Kada , 

Fuminobu Sato ,Yushi Kato , G. Saffarini, and Toshiyuki Iida 2010, Nidal Dwaikat, Fuminobu 

Sato, Yushi Kato, and Toshiyuki Iida 2008, Nidal Dwaikat, Fuminobu Sato, Yushi Kato, and 

Toshiyuki Iida 2008, Nidal Dwaikat, Toshiyuki Iida, Fuminobu Sato, Yushi Kato, Ippei 

Ishikawa, Wataru Kada, Atsuya Kishi, Makoto Sakai, and Yohei Ihara 2007).  

 

 

2.- MATERIALS AND METHODS 

 

Three CR-39 detectors (1 cm x 1 cm) of thickness (1 mm) (Fukuvi chemical industry C., Ltd., 

Japan) were used in this study. The detectors were mounted on thick copper substrates to 

block the exposure from backside. On front side, two samples were covered with 

aluminum films of various thickness (15 m and 10 m) and the third one was kept 

uncovered. The thickness of aluminum films was selected carefully using computer code 

SRIM-2013. Each sample was irradiated with alpha particles using Cf-252 standard source 

at energies of 5.11 MeV, 3.86 MeV and 2.70 MeV, which were produced by changing the 

distance between the detector and standard source. Table 1 shows alpha particles range 

in aluminum films at the above - mentioned energies. The first film (15 m) will block out 
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the lower two particles (3.86 MeV and 2.7 MeV) and alpha particles at energy of 5.11 MeV 

are able to penetrate the film and produce tracks on CR-39 detector. The second film (10 

m) will range out alpha particles at 2.7 MeV the other alpha particles at energies 5.11 

MeV and 3.86 MeV will produce tracks. For uncovered detector all alpha particles at 

different energies can produce tracks on the detector. The detectors were etched in 6.25 

N  NaOH chemical solution at 70 for 6 hours. After etching, CR-39 detectors thoroughly 

washed with distilled water and dried in the open air.  

Table 1- Range of alpha particles in aluminum film calculated using computer code SRIM-

2013 

Alpha particle energy 

(MeV) 

Rang of alpha particles in 

aluminum (m) 

5.11 22 

3.86 14.91  

2.7 9.34 

 

 

The tracks number was counted using optical microscope fitted with digital camera and 

connected to PC.  The tracks on the first detector are due to alpha particles at energy of 

5.11 MeV. The difference between the tracks number on the first detector and the tracks 

on the second detector is due to alpha particles at energy of 3.86 MeV. By subtracting the 

tracks number on the second detector from the tracks number on the third detector 

(uncovered), we can find the tracks number due to alpha particles at energy of 2.7 MeV. 

After knowing the efficiency calibration factor, one can calculate the activity of radioactive 

material.   
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3.- RESULTS 

 

Figures 1 through 3 show the results of alpha measurement with SSNTD using aluminum 

film of various thickness.  

 

 

Fig. 1: Tracks produced by alpha particles at energy of 5.11 MeV. The detector covered 

with 15 m aluminum film.  

 

Fig. 2 : Tracks produced by alpha particles at energies of 5.11 MeV and 3.86 MeV. The 

detector covered with 10 m aluminum film.  

 

 

1.3 x 0.098 mm 

1.3 x 0.098 mm 
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Fig. 3: Tracks produced by alpha particles at energies of 5.11 MeV, 3.86 MeV and 2.70 eV. 

The detector was uncovered. 

 

Table 2 shows the number tracks produced according to aluminum film’s thickness. Tables 

3 shows the tracks number according to alpha’s energy. 

Table 2.- Tracks number produced according to thickness of Aluminum thin film  

Detector Number Thickness of 

aluminum film   (m) 

               

1 15 7 

2 10 14 

3 - 21 

 

Table 3.- Tracks number produced according to alpha particle’s energy   

Alpha energy (MeV)                 

            

5.11 5494.5 ±74 

5.11 & 3.86 10989 ± 104.8 

5.11, 3.86 and 2.70  16483.5 ±128.4 

 

 

 

 

1.3 x 0.098 mm 



ISSSD 2015 
September 26-30, 2015 

Leon, Gto. Mexico 

 

654 
 

4.- DISCUSSION 

 

According to irradiation mechanism, it is expected that the number of tracks on third 

detector is triple of tracks number on the first detector and the number of tracks on the 

second one is double of that one on the first. Fig. 1 shows the results of  alpha particles 

measurement with detector covered with  15 m aluminum film.  Only alpha particles at 

energy of 5.11 MeV able to penetrate and produce tracks on detector and the other two 

ranged out thin film. It can be seen that the number of tracks is seven. For the second 

detector covered with 10 m aluminum film, alpha particles at energies of 5.11 and 3.86 

will reach the detector and produce tacks. As it is expected, the number of tracks is double 

of that one on the first (see fig.2). For third one (uncovered) all particles are able to 

produce tracks on the detector. Therefore, fig.3 shows that the number of tracks on it is 

triple of the number of tracks on the first. This method defectively save the measurement 

time because it does not need calibration of track diameter versus alpha energy. The 

counting process, described in section two, can be done with automated counting system. 

By using filters and developing the counting process, the present method could 

discriminate between alpha particles at different energies. The resolution of this is high 

and it can be used for measurement of complex assay.  The activity of the source can be 

find by  

  ( )  

∑ 
      

   
 

Where   ( ) is the activity of alpha radioactive source (Bq), 
∑ 

 
 is the tracks density 

(tracks/ cm-2), A is the detector surface area (cm-2), t is the exposure time (s), and f is the 

detector calibration factor. 
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To this end, it is necessary to point out that the described method can be used to 

discriminate between alpha particles at different energies. It will find application in 

different fields of research and education as well. It can be used in  identification of 

particles of  nuclear reactions and fusion science, cosmic rays, surface contamination 

measurement, naturally occurring radioactive materials (NORM) measurements (under 

investigation), radon and daughters measurement, and undergraduate nuclear 

experiments.  

 

 

5.- CONCLUSIONS 

 

The aluminum filter was used as energy window for alpha particles measurement with 

SSNTD. The counting and calculation process of tracks was developed and effectively used 

to discriminate between alpha particles at different energies. The resolution of this 

method is high and does not need calibration of track diameter versus alpha energy. It 

may provide researcher and radiation protection officer with a cheap and powerful tool 

for measurement of alpha radiation. 
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