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Analysis and correction of track overlapping on nuclear track detectors (SSNTD)
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The problem of nuclear track overlapping is addressed assuming the stochastic character of charged particle registry and the fact that even
monoenergetic beam perpendicularly impacting on detector surface will show a distribution for track radius values. Asymmetric distributions
of overlapping tracks were obtained for very low or very high simulated track quantities, while for intermediate values the distributions were
well described by Gaussians. A model for the track overlapping process was developed, considering the dependence of the quantity of non
overlapping tracks on the number of simulated tracks by a second order homogeneous differential lineal equation. Its solution contains only
one free parameter that is related to track geometry and field view area. By successive approximations, the number of total induced tracks
(which is proportional to particle fluence) is determined from the knowledge of the amount of non overlapping tracks, dimensions of the field
view and average track radius.
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El problema del solapamiento de trazas nucleares se analiza teniendo en cuenta el carácter estoćastico del registro de partı́culas cargadas y el
hecho de que incluso un haz monoenergético, incidiendo perpendicularmente sobre la superficie del detector, mostrará una distribucíon en los
valores del radio de las trazas. Para muy bajas o muy altas cantidades de trazas simuladas se obtuvieron distribuciones asimétricas de trazas
no solapadas, mientras que para valores intermedios las distribuciones fueron bien descritas por Gaussianas. Se desarrolló un modelo para
describir el proceso de solapamiento de trazas, considerando que la dependencia de trazas no solapadas con el número de trazas simuladas
se describe por una ecuación diferencial lineal y homoǵenea de segundo orden. Su solución contiene śolo un paŕametro libre que esté
relacionado con la geometrı́a de pista y campóarea de visualización. El ńumero total de trazas inducidas (que es proporcional a la fluencia
de part́ıculas) se determina por aproximaciones sucesivas a partir del conocimiento de la cantidad de trazas no solapadas, dimensiones del
campo de visíon y radio medio de las trazas.
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1. Introduction

Track detectors (SSNTD) are useful devices to qualify and
quantify the fluence of charged particles [1]. For low inci-
dent particle beam, the registered etched track density is pro-
portional to the fluence, indicating that yield estimates are
obtainable in a practical and inexpensive way [2]. In this
case, the greatest effect on the total error of yield estimates
has a Poisson distribution (random error). There is an upper
limit on yield for this method where track overlap starts to
be significant [3]. For high fluencies the greatest contribu-
tion to the total error is the effect of track overlapping (sys-
tematic error). Furthermore, mean track diameters and its
dispersion increase at longer etching times so that the quan-
tity of overlapped tracks increases, leading to saturation. For
high track density, the probability of underestimating the ac-
tual value of track density increases with the use of a semi-
automatic system compared with a naked eye, nevertheless in
both cases the quantity of non overlapped tracks can be de-
termined with sufficient accuracy. Despite the fact that track
overlapping can be a problem in linking track density with
particle fluence, few studies on this subject have been car-
ried out, among them we can mention the developed by Ya-
mauchi (2003) [4].

For track count and analysis commercial and homemade
programs have been developed. When two or more tracks
overlap some software programs count the entire cluster as
a unique track while others include specific algorithms to
count them properly [5]. Improvements in processing digi-
talized image of etched tracks and correction for track over-
lap may significantly extend the upper limit to apply SSNTD
for higher yields, overcoming partially at least the limitation
inherent to this method. Automated readouts for track den-
sity measurements have been developed so to provide bet-
ter resolution and accuracy even when overlapping tracks ex-
ist [6,7]. The track overlap limitation can be extended to con-
siderably higher track densities using also statistical analysis
techniques.

When the particle characteristics that hit the detector sur-
face (charge, mass, energy), and its fluence, are unknown, it
is very difficult a priori to estimate the exposure times and
etching conditions without the risk of obtaining significant
track overlap that could affect yield estimates. Due to the
varied and complex shapes of overlapped tracks, it is very
difficult to determine their quantity. Nevertheless, since most
of the digital image analyzers allow to classify tracks by their
size and shape [8], more easily if they have simple shapes as
quasicirculars, it would be advantageous to develop a method
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FIGURE 1. Overlapped track distributions (Ns) for different quantities of simulated tracks (N). In all cases the field view was 500×500 pixels2.

to determine the total amount of tracks induced on a detector
from the knowledge of the quantity of non-overlapped tracks.
So, the particle fluence or activity could be estimated regard-
less the degree of track overlapping. This is precisely the
aim of this study, but considering quasicircular tracks and
the most common real case where tracks are uniformly dis-
tributed on detector surface and track radius histograms can
be well fitted by Gaussian distributions with certain standard
deviation.

2. Simulation of track images

To study the track overlapping process a program in C++ was
developed. By means of the program, quasicircular track
images can be simulated so that track radii can be fixed or
distributed according to a Gaussian distribution with certain
standard deviation. For the second case, a normal random
variable generator was incorporated in the program. In both
cases uniformity in track distributions on detector surface
was achieved by means of a Monte Carlo code. Taking into
account the stochastic nature of the overlapping process, for
each input set (track number to simulate,N , track average
radius and its standard deviation, and dimensions of the field
view) we collected thousands of simulated track images and
in each one the surface distribution and track overlapping was
analyzed. The program determined the number of overlap-
ping tracks,Ns, and the amount of non overlapping tracks,
Nns (Nns = N – Ns). Non overlapping track distributions
were obtained by means of the STATISTICA software and
were fitted to different distribution functions.

In principle, imaging methods can be used for the over-

lapping track analysis so that individual tracks of a conglom-
erate could be discriminated. However, this methodology
fails for exact spatial coincidence of two or more tracks or
if the cluster is composed of more than three or four over-
lapping tracks. Our simulation method using Monte Carlo
techniques has not such limitations since each time a track
is simulated, developed program compares the distances be-
tween its center and the centers of all the others (dij) with
the sum of their radios (ri + rj). Two or more tracks are
considered to be overlapping ifdij ≤ (ri + rj).

3. Overlapped track distributions

Figure 1 shows the distributions ofNs for different quanti-
ties of simulated tracks with identical radii, which could have
been generated by monoenergetic particles impacting per-
pendicularly onto the detector surface. Solid lines represent
the theoretical distributions that best describe the histograms.
The deviation from normality of all distributions was charac-
terized by the Kolmogorov-Smirnov Test [9] at a significance
level of 0.05. Analyzing several generated track images for
varying parameters we may observe that the histogram de-
parts from the expected normal distribution and it has a strong
asymmetrical dependence on the total number of tracksN .
For very lowN values (N ≤ 10), when the probability of
track overlapping is very small, geometric distribution bet-
ter describe theNs histograms (Fig. 1A). IncreasingN , so
that track overlap becomes significant, theNs histograms are
better described by extreme distributions (Fig. 1B). The dis-
tribution of Ns tends to Gaussian for intermediateN values
(Fig. 1C). The departure from the normal
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FIGURE 2. Dependence of overlapped (Ns) and non overlapped
(Nns) tracks with the total number of simulated tracks (N) for 5
pixels fixed track radii in a 500×500 pixeles2 field view. Error bars
are at 10%.

distribution to the right side (Fig. 1D) is more evident when
a large set of tracks are involved (N >900).

3.1. Implications of track overlapping distributions

Since track images are generated following a stochastic
law, the number of non overlapping tracks corresponding
to Fig. 1C is 335±10. It means that if the number of
counted tracks (individual) in a the field view is in the range
[325,345], then with a 95% probability we can assume that
the real number of tracks produced in the detector was 400.
This is the track quantity proportional to the particle flu-
ence, which can be determined if the registration efficiency

is known. Of course, we have considered that only non over-
lapping tracks are counted.

4. Etched track overlapping model

Previous study on mathematical etched track modeling sug-
gested that further refinement and improvement were advis-
able [10]. As further development we introduce the concepts
dNs/dN anddNns/dN. It is evident that these derivatives shall
be directly proportional to the track area (AT =πr2) and in-
versely proportional to the field view area (S).

Typical Nns and Ns dependence withN are shown
in Fig. 2. In particular, these results were obtained by
simulation of track images of 5 pixels fixed radii in a
500×500 pixeles2 field view. As shown, few tracks over-
lap for relatively smallN . In this case,Nns is proportional
to particle fluence up to approximately 500 tracks, assuming
a 10% error, which would represent the critical fluence for
that uncertainty level. Track overlapping becomes significant
above this critical fluence.

As can be seen in Fig. 2,Ns increases asN gets
larger. For relatively smallN values the variation ofNs with
N significantly increases, but from a certain value (where
Ns=Nns) that variation is much smaller. This behavior al-
lows us to assume the concurrence of two processes: in-
crease proportional toN and reduction proportional toNs.
Therefore, the net variation ofNs with respect toN can
be assumed proportional to the track number not yet over-
lapped (N −Ns):

FIGURE 3. Relationship betweenNns andN for different track radii and field views.
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FIGURE 4. Dependence of the quotient between track and field
view areas with thea parameters. Error bars are at 5%.

dNs

dN
= F

AT

S
(N −NS) (1)

As expected,Nns increases asN becomes larger up to
a maximum from which gently starts to decrease (Fig. 2).
Thus, the slope of the curve is declining to reach zero at the
maximum value ofNns, and from there starts to increase but
negatively. It can be assumed that the evolution of the number
of non overlapping tracks will be set by a dynamic balance,
which considers the decrease rate ofNns with respect toN
to be proportional to (N + Nns):

dNns

dN
= −F

AT

S
(N + NnS) (2)

Proportionality factorF should be the same for both rates
due to the interdependence ofNs andNns. Deriving equa-
tion (2) and consideringN = Ns + Nns, the following ex-
pression can be obtained:

d2Nns

dN2
+ 2F

AT

S

dNns

dN
+

(
F

AT

S

)2

Nns = 0 (3)

Its general solution is:

Nns(N) = (c1 + c2N)e−aN (4)

wherea = F (AT /S) = F (πr2/l.w), with l andw the length
and width of the field view, respectively.

The initial conditions areNns(0)=0 and

(
dNns(0)

dN

)
= 1,

so that the following relationship applies:

Nns = Ne−aN (5)

From Eq. (5) theN value for whichNns is maximum
is 1/a, so thatNmax

ns = 0, 368a−1. Thea parameter can be
calculated from non-linear fitting of the data to Eq. (5), us-
ing theNns average values obtained by simulation of track
images with different track radii and sizes of field views.

5. Validation of the developed method

Figure 3 shows the dependencies ofNns with the total num-
ber of simulated tracks using different fixed track radii (r)
and field view sizes (fv). The solid lines represent the best
data fit to Eq. (5).

The results presented in Fig. 3 show that all theNns vs.
N dependencies are well described by the equation obtained
according to the developed model. The mentioned character-
istic dependence ofNns onN is maintained for different field
views and track radii, so that the graph points, defined by the
relationship (πr2/l.w) vs. a, should be well described by a
straight line. Figure 4 shows the dependence of (πr2/l.w)
with the obtaineda values. As can be seen, the data are well
fitted to a straight line for different track radii and field view
areas. TheF factor (F=3.7622) was obtained from the slope
of the line.

Once the average radius of etched tracks is experimen-
tally determined then the parametera can be calculated
(=F (πr2/l.w)) so that the functional dependence between

FIGURE 5. Comparison ofNns vs. N dependences for results obtained with simulated track images and the predicted by Ec. (5) (solid lines)
using the calculatedF factor. Error bars represent 5% uncertainty.
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FIGURE 6. Method of successive approximations to calculate the

N value that minimizes the squared deviations
(
Ne−aN − 140

)2
.

FIGURE 7. Dependence ofNs with the degree of track radius scat-
tering expressed as percentage relative error (%) of average radius.
Error bars are at 1σ.

FIGURE 8. Dependences ofNns vs. N for track images with fixed
radius (3 and 5 pixels) and with radii that randomly can take the
value of 3 or 5 pixels. Solid line represents the results obtained
from Eq. (5) using the calculatedF factor and the average radius
(r = 4 pixels).

Nns and N can be known using Eq. (5). As an illustra-
tion, Fig. 5 shows the comparisons between the results ob-
tained from the simulated track images and the obtained by
Eq. (5) employing only the unique free parametera deter-
mined from the calculatedF factor for different track pit ar-
eas and 500×500 pixels2 field view size.

5.1. Example of practical application

Suppose that tracks observed in a 500×500 pixels2 field view
have an average radius of 7 pixels. Using the calculatedF
factor we obtaina=0,00227, which differs only in 1,28%
from the value obtained by the fit of simulation results. If
Nns can be determined ocularly or by means of a program,
theN value in Eq. (5) (proportional to the particle fluence)
can be calculated by a procedure of successive approxima-
tions. Suppose also that 140 non overlapped tracks were
counted in the field view. By successive approximations two
local minima atN=250 andN=680 are found (Fig. 6). These
two N values condition the same quantity of non overlapped
tracks, with the difference that the first one is before the maxi-
mumNns value (obtained atN = a−1= 432) and the second
one is after this maximum. By inspection or estimation is
easy to recognize the value with physical sense. IfNs is less
or the order ofNns then the first value is the correct, but if
Ns À Nns the right value is the second one (see Fig. 2).

6. Overlapping for dispersed track radii

So far we have deal only with fixed track radii but experimen-
tally track radius distributions with some standard deviation
about the mean are commonly observed [11,12]. To evalu-
ate the effect of track radius distribution on the overlapping
process, track images with Gaussian radius distribution were
simulated. Different track quantities in a 500×500 pixels2

field view, with 5 pixels mean track radius and standard de-
viation ranging from 0 to 80% about the mean were sim-
ulated. Figure 7 shows thatNs does not significantly de-
pend on the degree of track radius dispersion for any quantity
of simulated tracks. This result is very important since re-
sults obtained for fixed radii are also applicable if track radii
have some distribution with relative error not exceeding 60%.
Thus, the developed model can be applied with strength for
the case of particle beams even if they have relatively large
scattering either in energy or mass.

For a given number of simulated tracks, at least up to 60%
the increase of track radius dispersion produces no significant
variation both in the average number of overlapping tracks
and its scattering

7. Overlapping for aleatorly mixed track dis-
tributions with different average radii

Commonly, distributions of two or more groups of tracks dif-
ferentiated by their average radius may appear (for example,
when particles with different average energy impact the de-
tector surface). As an illustration, Fig. 8 shows the depen-
dences ofNns with N for the case of tracks with the same ra-
dius and when both types of tracks are randomly (uniformly)
distributed in the field view.

As can be seen, Eq. (5) also properly describes the rela-
tionship betweenNns andN , with an error of less than 5%,
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when the average radius is used to characterize track images
with two sets of tracks with well defined radii. However,
when the difference between track radii is relatively large
(e.g., 3 and 15 pixels), the previous procedure fails for large
N values,i.e. after reached theNns maximum value. There-
fore, for broad energy spectrum particle beams impacting on
a detector the interaction of tracks with different radii should
be considered. In that case the use of a multi-exponential
model can generate satisfactory results.

8. Conclusions

The distribution of non overlapping tracks depart from nor-
mality and an interval of values exists forN values where
the normal distribution is satisfied being this a limitation for
some applications.

A method to determine particle beam intensity from
etched track density simulation is given. A simple model,
with a single free parameter, that relates the number of non

overlapping tracks with the total was developed for quasi-
circular tracks. The model adequately describes the depen-
dences for a wide range of track radii and dimensions of the
field view.

One of the most interesting results is that the total num-
ber of tracks produced in a detector, which is proportional to
the particle fluence, can be predicted if the quantity of non
overlapping tracks is experimentally determined, offering an
improvement for track density interpretation in complex cal-
ibration studies.

The developed model is also applicable for Gaussian
track radius distribution, which is the case of particle beams
with scattering either in energy or mass. The average number
of overlapping tracks and its dispersion do not significantly
change even for relatively large dispersions of track radius.

The main advantage of the developed method is related
with the possibility to determine the impinging particle flu-
ence independently of the overlapping degree since only qua-
sicircular tracks are analyzed. The track overlap limitation
can be extended to considerably higher track densities.
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