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Abstract

A computer program called TRACK_TEST for calculating parameters (lengths of the major and minor axes) and plotting profiles in nuclear
track materials resulted from light-ion irradiation and subsequent chemical etching is described. The programming steps are outlined, includin
calculations of alpha-particle ranges, determination of the distance along the particle trajectory penetrated by the chemical etchammscalculati
of track coordinates, determination of the lengths of the major and minor axes and determination of the contour of the track opening. Description:
of the program are given, including the built-¥ihfunctions for the two commonly employed nuclear track materials commercially known as LR
115 (cellulose nitrate) and CR-39 (poly allyl diglycol carbonate) irradiated by alpha particles.

Program summary

Title of the program: TRACK_TEST

Catalogue identifier: ADWT

Program obtainable from: CPC Program Library, Queen’s University of Belfast, N. Ireland

Program summary URL: http://cpc.cs.qub.ac.uk/summaries/ADWT

Computer: Pentium PC

Operating systems: Windows 95+

Programming language: Fortran 90

Memory required to execute with typical data: 256 MB

No. of linesin distributed program, including test data, etc.: 2739

No. of bytesin distributed program, including test data, etc.: 204 526

Distribution format: tar.gz

External subprograms used: The entire code must be linked with the MSFLIB library

Nature of problem: Fast heavy charged particles (like alpha particles and other light ions etc.) create latent tracks in some dielectric materials.
After chemical etching in aqueous NaOH or KOH solutions, these tracks become visible under an optical microscope. The growth of a track is
based on the simultaneous actions of the etchant on undamaged regions (with the bulk éfghaatealong the particle track (with the track

etch rateV;). Growth of the track is described satisfactorily by these two paramekgrar(d V;). Several models have been presented in the

past describing the track development, one of which is the model of Nikezic and Yu (2003) [D. Nikezic, K.N. Yu, Three-dimensional analytical
determination of the track parameters. Over-etched tracks, Radiat. Meas. 37 (2003) 39-45] used in the present program. The present compu
program has been written to calculate coordinates of points on the track wall and to determine other relevant track parameters.

Solution method: Coordinates of points on the track wall assuming normal incidence were calculated by using the method as described by Fromm
et al. (1988) [M. Fromm, A. Chambaudet, F. Membrey, Data bank for alpha particle tracks in CR39 with energies ranging from 0.5 to 5 MeV
recording for various incident angles, Nucl. Tracks Radiat. Meas. 15 (1988) 115-118]. The track is then rotated through the incident angle in
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order to obtain the coordinates of the oblique track [D. Nikezic, K.N. Yu, Three-dimensional analytical determination of the track parametelr
Over-etched tracks, Radiat. Meas. 37 (2003) 39-45; D. Nikezic, Three dimensional analytical determination of the track parameters, Rac
Meas. 32 (2000) 277-282]. In this way, the track profile in two dimensions (2D) was obtained. In the next step, points in the track wall profile a
rotated around the particle trajectory. In this way, circles that outline the track in three dimensions (3D) are obtained. The intersectiohdetween
post-etching surface of the detector and the 3D track is the track opening (or the track contour). Coordinates of the track 2D and 3D profiles
the track opening are saved in separate output data files.

Restrictions: The program cannot calculate track parameters for the incident angle of exattlyr#alpha-particle energy should be smaller
than 10 MeV. Furthermore, the program cannot perform calculations for tracks in some extreme cases, such as for very low incident energie
very small incident angles.

Additional comments: This is a freeware, but publications arising from using this program should cite the present paper and the paper describi
the track growth model [D. Nikezic, K.N. Yu, Three-dimensional analytical determination of the track parameters. Over-etched tracks, Radi
Meas. 37 (2003) 39-45]. Moreover, the references for the V functions used should also be cited.

For the CR-39 detector:

Function (1): S.A. Durrani, R.K. Bull, Solid State Nuclear Track Detection. Principles, Methods and Applications, Pergamon Press, 1987.
Function (2): C. Brun, M. Fromm, M. Jouffroy, P. Meyer, J.E. Groetz, F. Abel, A. Chambaudet, B. Dorschel, D. Hermsdorf, R. Bretschneide
K. Kadner, H. Kuhne, Intercomparative study of the detection characteristics of the CR-39 SSNTD for light ions: Present status of the Besanc
Dresden approaches, Radiat. Meas. 31 (1999) 89-98.

Function (3): K.N. Yu, F.M.F. Ng, D. Nikezic, Measuring depths of sub-micron tracks in a CR-39 detector from replicas using atomic force
microscopy, Radiat. Meas. 40 (2005) 380—-383.

For the LR 115 detector:

Function (1): S.A. Durrani, P.F. Green, The effect of etching conditions on the response of LR 115, Nucl. Tracks 8 (1984) 21-24.

Function (2): C.W.Y. Yip, D. Nikezic, J.P.Y Ho, K.N. Yu, Chemical etching characteristics for cellulose nitrate, Mat. Chem. Phys. 95 (2005
307-312.

Running time: Order of several minutes, dependent on input parameters and the resolution requested by the user.

0 2005 Elsevier B.V. All rights reserved.

PACS 07.05; 23.60; 29.40
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1. Introduction V function. V depends on the detector material, the particle
species and the particle energy along the trajectory. The expres-

A heavy charged particle leads to intensive ionization wher$ion of V' in terms of the residual rang& — x) of the particle
it passes through matter. Along the path of the particle, a zon# the detector (where is particle range andR — x) is the
called thelatent track is created, which is enriched with free residual range) is independent of the incidence energy at least
chemical radicals and other chemical species. If a piece of mdor Protons and-particles. _ .
terial containing the latent track is exposed to some chemically For actual applications, the studied models require computer
aggressive solution (such as aqueous NaOH or KOH solutionprograms to S|m_ulate _the tr_ack gr(_)Wth and to calculate track
the chemical reaction would be more intensive in the latenParameters (major axis, minor axis, track depth, etc.), track
track. Such a solution is called the etchant. Through the etching©ntours and track profiles. Many authors have reported re-
the latent track becomes visible as a particle “track” which maypults on track profiles and paramet¢t®,12,20-26] but the

be seen under an optical microscope. The effect itself has bedt§€d Programs are not widely accessible, neither commercially
known for long time, which is called the “track effedt—3]. nor free of charge. We have written a computer program called

Several books have already been published on this fapid]. TRACK_TEST to perform suph tasks. The programis avgilable

Starting from the early studies on particle tracks, the geom@" the web sitenttp://www.cityu.edu.hk/ap/nru/test.htrit is
etry of track development has attracted much atterjBed 9] mainly intended (and experimentally verified) for calculations
Al models described in these references were based on two pf2" @lpha-particle tracks in CR-39 and LR 115 detectors.

rameters, namely, the bulk etch ratg and the track etch rate | N€ program is based on our model for track development
V;, which were introduced in Ref4]. [19] as well as on the models of other auth{6,13] Some

The geometry of an etched track is usually described if€Sults of this program have already been publiga@e29} In

Cartesian coordinates (¢), y(1), z(1)) with respect to the etch- the present paper, we will describe the program.

ing time¢. Formation of a track results from a superposition of

V), and V;. Usually, V;, is assumed to be a constant in a homo-2. Programming steps

geneous and isotropic material, but it depends strongly from the

etching conditions. On the other harid,varies along the parti- Since the program is experimentally verified for alpha par-
cle’s trajectory and can be expressedas (¢)) if the trajectory  ticles[30], the following discussions will be confined only to

is a straight line in the direction of (the y—z plane represent- alpha-particles. Calculations of the alpha-particle track parame-
ing the detector surface). The rafif/ V, is also known as the ters involve the following steps.


http://www.cityu.edu.hk/ap/nru/test.htm
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2.1. Calculations of alpha-particle ranges 184

The first step is the determination of the alpha-particle
range R in the detector using the program on The Stop-
ping and Range of lons in Matter (SRING1]. Energy-Range
curves obtained from the SRIM program are stored in two
files (“RANG_CR_SRIM.DAT” for the CR-39 detector and
“RANG_LR_SRIM” for the LR 115 detector) in the form of
tables. The range of an alpha particle with a particular initial, aicle frajectory
energy can be determined by linear interpolation between the
values given in the tables.

2.2. Determination of the distance along the particle
trajectory to which the etchant penetrates

T_he nex_t step is the C_ietermmat'on of the deﬂh"o”@! the Fig. 1. Construction of an alpha-particle track in the detector. The particle tra-
particle trajectory to which the etchant penetrates. This is pelgctory is along thec-axis. The entrance poir is chosen as the origin of the

formed through a numerical integration of the track etch rateoordinate system anfl is the end of trajectory, SOE = R (range). The initial

(or the V; function): and post-etching detector surfaces are representgdiyp, respectively. The
curvesw, andwy represent the loci of the particle track in the cross section
Dy (Z = 0)
_ / dx 1
X = ’
9 Vi(R —x) the following equation§l3]:
where R is particle rangey is the distance along the particle x,; = x; + Bsind(x;), (3)

trajectory,R — x is the residual range anfd, is the penetration
depth of the etchant after an etching time A loop is per-
formed in the program, where the distar@gis increased with  whereB is given by

steps of 0.1 um and the correspondipgs calculated. There are

two possible exits from the loop. The first onejs= T where  B=Vp - (T —1). )
T is total etching time; in this case the etchant does not reach
the end point of the particle range in the detector Bo= D, .
The second exit i® = R; in this case the etchant reaches point
E. It is noted that the maximal value @ is R. In the latter
case, the track is over etched and further etching progresses
all directions with the raté,. In this case, the over-etched time
toe and the over-etched thickneks = e x V), have to be de-
termined.

vii = B Cos8(xi), 4)

In this way, a set of points representing the particle track
is obtained. The methods of translation and rotation of coordi-
nate system described in Reffs8,19]were then used to obtain
track profile for an oblique incident angte The coordinate
Mes were firstly rotated for an angleand the origin was then
translated for a distance from the pointO to the pointO’.

The coordinates of the track wall recalculated in the new sys-
temx’O’y’ simulate the oblique incidence of an alpha particle
on the detector surface with the angle An example is pre-
sented irFig. 1where the curves); andw; represent the locus

of the particle track in the cross-sectional view. Rotation of
points with coordinatesx(;, y;;) around the particle trajectory
will render a three-dimensional image of the track. The cross
section of this three-dimensional image was then used for the
‘calculation of track opening contour as well as the major and
minor axes.

2.3. Splitting the distance D into intervals

In this step, the distancP is divided intoN intervals with
N + 1 points with coordinates;. The length of each inter-
val is 0.1 um. If D ~ R, the last part of the track is divided
into smaller intervals with lengths of about 0.01 um. The sub
sequent procedures are: calculationsV/gpfx;) at all pointsx;
along the particle track up t®; calculations of the time;
when the etchant reaches the poinaiccording to Eq(1), and

determination of the local developing angiesat all points ac- 3. Program description

cording to . .
raing Based on the programming steps described above, a com-
o 1 . puter program (TRACK_TEST) was written in the standard
) =a sm( Vi(xi)/ Vb> fori=1,....N+1 ) Fortran 90 language. The program integrates routines for calcu-

lations of the coordinates of the track profile and the contour of
2.4. Calculations of track coordinates the tack opening, and for graphical presentation of these. The
program is a freeware available from website given above. It

Here, the coordinates, y;;) of the points on the track wall is delivered in the compressed ZIP format. After downloading,

in two dimensions for normal incidence are calculated by usinghe files should be extracted and all files including the .DAT
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and .EXE files should be stored in the same directory. No addistalled. The first file (Track_coordinates.dat) gives the coor-
tional compilation is needed and the program can be executetinates for the vertical profile of the track. The second one
immediately after extraction. (Contour.dat) gives the coordinates for the track-opening con-
When the program is started, it asks for the method of gettour. The third one (Output_3D.dat) gives the coordinates of
ting input parameters. Keyboard input (type “K”) or input from points on the track wall in three dimensions. The coordinates of
the file INPUT.DAT (type “I") are allowed. The INPUT.DAT these points (in three dimensions) are obtained by rotating some
file can be edited using a text editor. The program enables capoints on the track profile around the particle trajectory, and the
culations for two kinds of the most frequently used detectorsnumber of points on the track profile used for this purpose is
namely, the LR 115 and CR-39 detectors. The user can choospecified by the user at the start of the program execution.
the detector by typing “C” for CR-39 or “L” for LR 115. The The user may use the data given in the output files to ana-
program is case insensitive. Besides the detector type, the ilyze information on the track shape and opening, as well as to
put includes the alpha-particle energy, incident angle, and thgresent these in some other graphically orientated software such
V; functions andvj,. as the ORIGII® (OriginLab Corporation) or SIGMAPLOY
Three forms of theV’ function for the CR-39 detector are (Systat Software Inc.). For example, the three-dimensional im-
provided and the user can choose one. The first provided funege of the track wall can be conveniently obtained by using the
tion was published in Ref5] and the second one in R¢82]. 3D graphics options in these softwares.
The functions are characterized by the fitting coefficients. The One example of the Input.dat file is
user can adopt the default coefficients, i.e. those published in
the original references, or input some values chosen by the usé. CFOR CR-39 ORL FOR LR 115 DETECTOR

In this way, different functions can be tested by the user. Whend- Energy of alpha particle in MeV
ever a user chooses some other coefficients, the program wfi Time of etching in hours

calculate the new function with these coefficients and plotit 1.2 Bulk etch rate Vb in micrometers/h
on the screen. If the function is smaller than 1 at some point&§0. Incident angle in degrees

or if it has no maximum, the program will stop and respond
“this function cannot work”. Some other possible problematic H:ig 2
functions are also d|sableq. In this way, the user can test dif- The size of the track is scaled so that it always fits inside the
ferent shapes of the function and can fit experimental data tgcreen The window araphics coordinate svstem has been used
determine thé’ function which corresponds to the etching con- : grap Y

ditions. The thirdV function was recently determined by our through the command

group[33] and only the default constants can be used for thi%TATUS: SETWINDOW (.TRUE., -2.*A,
function. ' o

For the LR 115 detector, two functions are provided,; the first -1.5%A, 2.7A, 1.5*A)
one was published in Ref34]. Again, the user can adopt the

The output obtained for these input parameters is given in

iinal Hicient ot h | h ghere A is the maximal coordinate of the track along the
<‘)/r|fg|nat_ coeticients Otrl ":jpl: somedcb osen va ges. de slecon irection (horizontal axis on the screen). The control . TRUE. as
unction was recently determined by our grq@g] and only the first parameter in the command SETWINDOW is used to

default constants can be used for this f‘%”C.“O”- determine a $"-axis which increases in the upward direction.
Regarding the input parameters, the incident angle should t@uch a choice of the screen, 4A along thaxis and 3A along

between 0 and 90, while the incident energy should be below the y-axis, gives a realistic presentation of the track appearance.

10 MeV. If an input parameter is out of range, execution of the‘I'he scale is given on the left of the track so that the user can

223?:2;12'” be stopped, and the user will be asked to Iorovldeget an idea of the real size of the track. Other track parameters

The outputs of the program are the lengths of the major angnajor axis, minor axis and track depth) are also given on the

minor axes of the track opening, as well as the track depth. Thateen:

program also plots on the computer screen the following: the .
initial detector surface, the detector surface after etching, thé Conclusion
profile of the track, the contour of the track opening and the tra-
jectory of the particle. If the calculations are performed for the The program TRACK_TEST written in Fortran 90 will be
LR 115 detector, the lower boundary of the sensitive layer igiseful for investigations where nuclear tracks are involved. It
also plotted in red color (assuming an initial thickness of 12 pnenables calculations of the track parameters, track profiles and
for the active layer). For this detector, the track is plotted in botHrack opening contours. The program has been experimentally
cases, i.e. (1) when the sensitive layer is perforated by etchingegrified for alpha particles. The program is user friendly and
as well as (2) when the sensitive layer is not perforated by etctence it is started it will lead the user through the rest of the
ing. The portion of the track below the bottom of the sensitiveexecution. The obtained images can be savedbrimp format
layer, if any, is also plotted, which will be useful for studying a by using the option SAVE when the program has completed the
sensitive layer thicker than the nominal value of 12 pm. calculations. The coordinates of the points on the track wall and
After running the program, three output files will also be the track-opening contour are saved in files and may be used for
written to the same directory where the program has been irfurther analyses.
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TRACK DEPTH= 10.068740
PRESE EMTER T¢ PLOT CONTOUR

[MAJOR AND MINGR AXES ARE 10.037010 8.c88c 12
RATIO LENGTH TO WIDTH 1.210999
TRACK DERTH 10.08A740
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THE ICALE I
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Fig. 2. The track profile and track-opening contour obtained for the CR-39 detector, for the input parameters as stated in the text.
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