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Abstract
The use of our optimum new etching condition (Ashry et al., 2014) was involved in the current experiments. 252Cf and
241
Am sources were used for irradiating samples of CR-39 solid state nuclear track detectors (SSNTDs) with fission fragments and alpha particles in irradiation chamber at normal temperature and different air pressure. The normal alpha tracks
parameters of energies in the range of 1.0 to 5.0 MeV have been studied. The absorption of alpha particles in air has been
studied through a set of experiments in which energy-range data were used to produce energy-distance curves for alpha
particles in different air pressure. The rate of energy loss (dE/dx) has been measured experimentally and calculated using
a numerical approach. In this approach, the SRIM-2003.26 and Matlab programs were used to calibrate the residual particle energy under different pressure conditions. From fission and alpha track diameters, the value of bulk etching rate was
measured. The sensitivity was found to vary with alpha energy from 1.0 to 5.0 MeV. Both the critical angle (θc) and etching
efficiency (η) of CR-39 detectors have been determined. A comparison between the measured results and calculated values
is given and a good agreement has been found. Results can be successfully applicable in alpha autoradiography studies and
detector efficiency determination for track registration in CR-39 plastic detectors at different air pressure.

Keywords: CR-39 detectors; Numerical approach; Energy loss; Critical Angle.
Highlights:

- Samples of CR-39 detectors have been irradiated with fission fragments and alpha particles.
- A numerical approach has been presented
- Critical angle and etching efficiency were determined.
- The dependence of alpha particles energy with pressure at different distances.
- Suitable analyzing software has been used

Introduction
Solid state nuclear track detectors (SSNTDs) have been successfully
employed in different applications in science and technology [1,
2]. They have been used in alpha auto-radiography, radiation
dosimetry and particle identification [3-8]. They have many
advantages as compared with other detectors. They are relatively
cheap and provide permanent records of events (tracks), as well
as proven to operate successfully under various environmental
conditions and have almost no fading under normal storage of
temperature and pressure [9-12]. One of the most commonly
used detectorsis CR-39, because of its good sensitivity, stability
against various environmental factors, and high degree of optical
clarity [13, 14]. In addition, CR-39 detectors as a tool of alpha

particle spectroscopy have been employed in such measurements
for their advantages of having reasonable alpha resolution, low
cost, ease of handling, long exposure duration and permanent
track record [15-17].
The dominant interaction mechanisms between alpha particles
and the molecules of the medium through which they pass are
mainly the excitation and ionization processes caused along their
paths. Accordingly, energy loss rate (dE/dx) of alpha particles
depends mainly on the density of the stopping medium or the
air pressure. The air molecules were used as a stopping medium
for the incident projectiles alphas using the irradiation chamber
[4-18, 19]. Inside the chamber, alphas energy varies via either
the adjustment of the source-to-detector distance (x) at fixed
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pressure (P) or by varying the air pressure at fixed distance. The
dependency of the energy loss rate (dE/dx) on the pressure of
air has been evaluated from the experimental data and compared
with the theoretical TRIM computer program in [20]. El-Hawary
and the collaborators have been studied the absorption of alpha
particle in air through a set of experiments in which the stopping
power has been measured [21].
It is important to mention that in order a detector to be more
efficient for determination of relatively low charged particle
fluences or doses, it should have very low or nil background
counts. The background track density in the SSNTDs may be due
to radon absorption in the detector (depending on the age of the
track detectors) or from some inherent defects on the polymer
surface. However, no matter what the cause and source of the
background is, background track density is determined precisely
for each study and application to be considered in the minimum
detection limit of the detector [22]. This is in particular important
for SSNTDs processed by ECE for low track densities in
applications such as environmental sample measurements, radon
and its progeny measurements, or neutron dosimetry.
The main objective of this work is to obtain the sensitivity (V)
and the critical angle (θc) via the bulk etch rate (VB) and track
etch rate (VT) measurements for normal incidence alpha particles
in the irradiation chamber under different air pressure and at
different alpha energies (1.0 to 5.0 MeV). The etching efficiency
(η) of a detector was then determined from (θc) measurements.
In addition, studying alpha particles absorption through a set
of experiments in which the rate of energy loss (dE/dx) as a
function of pressure values inside the irradiation chamber has
been done. A numerical approach has been introduced in order to
calculate the rate of energy loss data as a function of pressure in
and compared with the measured values.

Materials and Methodology
Experimental
Sheets of CR-39 (TASTRACK) which are a C12H18O7 polymer
with a density of 1.3 g/cm3 and a thickness of 250 μm were used.
CR-39 sheets were cut into pieces with an area of 1.0 × 1.0 cm2.
A group of CR-39 detectors were exposed to thin open 252Cf disk

source as an alpha fission fragment and fast neutrons source of
activity 9.65×10-3 µCi and surface area of 19.64 mm2. Another
group was exposed to thin 241Am disk source that emit alpha
with energy of 5.5 MeV and activity 0.924 µCi. Using a variable
length of air column, energies from 1 to 5 MeV were used. All
samples were exposed to normal incidence particles in irradiation
chamber. Inside the chamber, alpha energy could be varied via
either the adjustment of the source-to-detector distance (x) at
fixed pressure (P) or by varying the air pressure at fixed distance
(see figure 1). Figure 1 shows a schematic diagram for irradiation
chamber was used.
For etching process, all samples are etched using our new etching
solution (8 ml of 10N NaOH+ 1 ml CH3OH) at 60oC for 45
min [23]. All etched samples were held at the same depth in
the etchant solution. After etching the samples were immersed
in running water for suitable time interval to remove all etchant
products from the surfaces. Finally, the samples were carefully
dried and then used for analysis. For estimation of track diameter
an optical microscope fitted with a magnification of 400 X was
used. The microscope was connected with a web digital camera to
capture the sample image from microscope and save it in P.C unit,
software program (INFINITY ANALYZE software) was used to
analyze the tracks after calibration.
The bulk etch rate VB is the rate of removing of the undamaged
surface of the detector due to the chemical reaction between
the etching solution and the detector material, and it can be
determined using the following equation [24]:

VB =

D ff
2te

----- (1)

where Dff is the track diameter of fission fragment projectile that
bombarded the detector and te is the etching duration. Another
method is used to determine the bulk etch rate VB, based on the
detector mass decrement [25].

VB =

∆M
----- (2)
2 St ρ

Where, ∆M is mass difference, S is the etched surface area, ρ is the
density of the detector, and t is the etching time.

Figure 1. A Schematic Diagram for Irradiation Chamber.
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The sensitivity (V) of an etched track detector to alpha particle is
a strong function of detector material properties, particle charge,
energy and direction of the incident ions. The sensitivity (V) of
the detector has been determined from the following equation
[26].

where T is the kinetic energy of the particle in (MeV).

VT 4VB2t 2 + D 2
----- (3)
=
VB 4VB2t 2 − D 2
where VT is the track etching rate, D is the track diameter, and
t is the etching time. The relation between VT and D takes into
account the removal of a detector layer h = VBt and bulk etching
rate.

Range = 0.32 E1.5 ------ (8)

V
=

The critical angle of etching (θc) represents the minimum angle to
the detector surface that a track canmake in order to be revealed
by etching, and it can be determined by equation [26]:

Another an empirical relation between the range (cm) of alpha
particle in air and its energy (MeV) can derive from Eqs. (6 and
7) [30]:

Further, the value of energy as a function of range can be written
as:

E = 2.1375 Range0.6667

----- (9)

Using above relation, the residual energy at distance x from the
source can be now computed as:

=
RE 2.1375( Range − x)0.6667

sin θ=
c

1 VB
---- (4)
=
V VT

The etching efficiency (η) of a detector is defined as the proportion
of tracks etched out expressed as a fraction of particles actually
incident on the detector surface. The etching efficiency (η) can be
measured using the formula[27]:

η = 1 − sin θ c

ρ air =

The range of alpha particle in any medium depends on its density.
Semi empirical formulas have been developed for giving the range
as a function of particle kinetic energy. For alpha particles, the
range in air at normal temperature and pressure is given by the
following relations [28, 29]:

(

=
Range(mm) exp 1.61 T MeV
Range(mm
=
)

The energy as well as the residual energy of alpha particles can
be obtained by using one of two alternative ways: by changing the
density of the medium between the source and the detector at a
fixed distance or by changing the source-to-detector distance at
a fixed medium density. The relationship between the density of
the air and its pressure, at a room temperature of 25°C, is given
below:

---- (5)

Methodology

( 0.05T + 2.85) T

3
2

)

1 < T ≤ 4 MeV

( MeV )

4 ≤ T ≤ 15 MeV

----(6)
----(7)

----- (10)

pressure
Rair (273.16 + 25)

----- (11)

where Rair = 287 J/kg = the gas constant for air.

Results and discussion
Bulk etch rate VB measuring
The bulk etch rate of CR-39 was determined in the present work
using our new chemical etchant solution (8 ml of 10N NaOH+ 1
ml CH3OH) at 60oC for 45 min etching time [23]. VB for CR-39
was measured by two methods; firstly from fission and alpha track
diameters, then applying in Eq. (1). Secondly, using the detector

Figure 2a. Variation of alpha particle track diameter with energy at different removed layer
((h= 2.025, 2.70, 3.375, and 4.050 mm)).
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Figure 2b. Variation of alpha particle track diameter with energy at different removed layer
(h= 5.40, 11.70, 17.10, and 21.60 mm)
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mass decrement using Eq. (2). The value of bulk etching rate is
the same in both methods and equal to 2.73 μmh-1, this result is in
agreement with our previous work [23].
Figures 2a and b depict the relationship between the energy of
alpha particle and the etch pit diameter at different removed layer
(µm). They show that under our optimum etching conditions,
when the removed layer increases up to h=2.0 µm, the track
diameter of 1.0 MeV alpha particles started to increase relative
to 2.0 MeV alpha particles. This result may be refers to exceed
the path of 1.0 MeV alpha particles after this point the value of
damage inside the material started to decrease and the rate by
which the track diameter was increasing started to decrease.
Sensitivity, critical angle, and etching efficiency of CR-39
detector determination
The sensitivity was determined using Eq. (3), it obtained by
measuring the track diameter and the removed layer. Figure 3
demonstrates the variation of the sensitivity of the detector with
alpha particle at the new etching conditions. It is shows that the
sensitivity decreases with increasing alpha energy from 1.0 to 5.0
MeV.
Critical angle of etching (θc) was determined using Eq. (4); it was
obtained by measuring the track diameter and the removed layer.
The etching efficiency of CR-39 detector (η) was determined
from critical angle measurements using Eq. (5). Figure 4 depicts
the variation of critical angle and etching efficiency as a function
of alpha particle energy. The results show that the values of the
critical angle increase with increasing the energy of incident alpha
particles, while the etching efficiency of CR-39 detector decreases
with increasing alpha particle energy from 1 to 5 MeV. This
implies that both of the critical angle and the etching efficiency
strongly depends on alpha particle energy.
Rate of energy loss dE/dX determination
In the irradiation chamber, the air molecules were used as a
stopping medium for the incident projectiles alpha particles. It

4

5

6

was taken into consideration that alphas energy can be varied via
either the adjustment of the source-to-detector distance (x) at
fixed pressure (P) or by varying the air pressure at fixed distance.
A group of curves represent the relation between the range
of alpha particles in (cm) and their energy in (MeV) at various
values of air pressure (e.g., 10, 20, 73.5, 220, 294, 400, 500 and
760 torr, respectively) is illustrated in figure 5. It is clear that the
range increases with increasing of the energy at a fixed pressure;
meanwhile the range increases with decreasing of the pressure at
fixed energy.
Figure 6 illustrates the relation between alpha particles energy in
(MeV) and the pressure in (torr) inside the irradiation chamber
at fixed distances x in (cm) (x=1 to 10 cm). The curves indicate
that the energy of alpha particle decreases with increasing the
pressure (P) at fixed distance. In addition, the slope of each
curve decreases with decreasing of the pressure. This means
that the smallest energy loss occurred with decreasing of the
pressure at constant distance. Must be reminded in this point that
the dominant interaction mechanisms between alpha particles
and the molecules of the medium through which they pass are
mainly the excitation and ionization processes caused along their
paths. Accordingly, energy loss rate of alphas depends mainly
on the density of the stopping medium or the pressure inside the
chamber as long as the incident energy is fixed.
The dependency of the energy loss rate (dE/dx) on the pressure
has been evaluated from the data of figure 6. The corresponding
theoretical values of (dE/dx) are calculated by solving Eqs. (8 and
11) using SRIM-2003.26 and Matlab computer programs [31, 32].
Comparison between the measured (dots) and calculated (solid
curve) values of energy loss (dE/dx) as a function of pressure (P)
is shown in figure 7. It is clear that a good agreement between the
measured and the calculated values is obtained. The deviations
observed between the experimental and the theoretical data may
be attributed to the stopping power given by SRIM-2003.26
program might be too high. This procedure can also be used in
alpha range evaluation in the stopping medium as a function of
pressureinside the chamber which is aimed to be done in another
article using different gases.
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Figure 3. Variation of sensitivity of the detector with alpha particle energy.
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Figure 4. Variation of critical angle and etching efficiency as a function of alpha particle energy.
95
Etching efficiency (%)
Critical angle

35

85

30

80

25

75

20

70
65

15

Critical angle

Etching efficiency (%)

90

60
10

55
50
1

2

3

4

Energy(Mev)

5

5

Figure 5. Variation of the range of alpha particle in (cm) as a function of the energy in (MeV) at different pressure in (torr).
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Figure 6. The relation between alpha particle energy in (MeV) and pressure in (torr) inside the irradiation chamber at different distances x in (cm).
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Figure 7. Comparison between the measured (point) and calculated (solid curves) values of energy loss (dE/dx) as a function of pressure (P).
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Figure 8a. The variation of the measured (dots) and calculated (solid curves) values of energy with the pressure (P) at distances (5, 8, and 11 cm).
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Figure 8b. The variation of the measured (dots) and calculated (solid curves) values of energy with the pressure (P) at
distances (7 and 10 cm).
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Figure 9. The dependence of alpha particles energy in (MeV) with the distance in (cm) at different pressure (P).
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The dependency of the energy as well as the energy loss rate
(dE/dx) on the pressure has been shown in figure 8a and 8b.
Figure 8a illustrates the dependency of alpha particles energy in
(MeV) on the pressure in (torr) at fixed distances (x= 5, 8, and
11 cm), while figure 8b shows the same relation at different fixed
distances (x=7 and 10 cm). Both mentioned figures reveal a good
agreement between the calculated values and the measured ones.
The deviations observed between the measured and calculated
values may be attributed to different causes, as follows: the effect
of the humidity upon the range of alpha particle, since the density
of air decrease with increasing the humidity; the systematic error
during experimental procedures. Anyway, the obtained results are
also in good agreement with observations made in [33].
The dependence of alpha particles energy in (MeV) with the
distance in (cm) at different pressure (P=10, 20, 73.5, 147, 220,
290, 400, 500, 600 and 760 torr, respectively) is plotted in figure
9. The results show that the energy of alpha particles decreases
with increasing of the distance of irradiation inside the chamber.
Furthermore, the curves given in figure 9 could be used as
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calibration curves for the determination of the energy of alpha
particles. It must be mentioned that, after determination of alphas
energy by using the calibration curves, one has to make precise
adjustment both on the pressure and the distance value to obtain
the desired value of energy.

Conclusion
Characteristics studies for alpha particle absorption and normal
incidence track parameters in CR-39 plastic detectors inside
irradiation chamber was investigated. A set of experiments have
been carried out in order to energy-range data used to produce
energy-distance curves for alpha particles in different air pressure.
From fission and alpha track diameters, the value of bulk etching
rate was measured. The sensitivity was found to vary with alpha
energy from 1.0 to 5.0 MeV. Both the critical angle (θ_c) and
etching efficiency (η) of CR-39 detectors have been determined.
The rate of energy loss (dE/dx) has been measured experimentally
and calculated using a numerical approach. A comparison
between the measured results and calculated values is given and a
good agreement has been found. The variation of the measured
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and calculated values of energy with the pressure (P) at different
distances inside the irradiation chamber was studied. Results can
be successfully applicable in alpha autoradiography studies and
detector efficiency determination for track registration in CR-39
plastic detectors at different air pressure.
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