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Range-energy and restricted energy loss (REL) data are calculated for light and heavy ions over the energy
interval 0.0025-20 MeV /nucl. in PM-555 produced from diethyleneglycol bis (allylcarbonate) and metaphosphate
glass nuclear track detectors, which are extensively used in many applications. The method used to generate
the range and REL data in any stopping material of known composition is briefly outlined. The calculations
are based on one of the popular semiemperical formalism used for the analysis of nuclear tracks in solids.

INTRODUCTION

Solid state nuclear track detectors (SSNTDs) possess a
number of advantages over rival dosimeters. These
include: i) cheapness of the plastic detecting-foils, ii)
compact geometry which under certain circumstances gives
them an overwhelming advantage over electronic devices,
iii) ease of development, iv) permanence of record and
v)selectivity of response [1]. The knowledge of the range-
energy is essential for the investigation of the properties
of these detectors since: i) the energy loss rate (dE/dx)
plays a critical role in particle registration efficiency and
ii) the length of tracks and location of maximum energy
deposition are dependent upon the range of particles. The
knowledge of the energy loss, responsible for the etchable
nuclear tracks and of the range-energy relation of nuclear
particles, is an essential requirement in almost all fields
when any nuclear track detector is used.

To face this need, the computer program of Henke and
Benton [2] is provided to calculate the range and energy-
loss rate of a charged particle travelling through any given
medium, as a function of four parameters of the incident
ion: 1) the atomic mass number per electron (A/Z), ii) the
mean ionization energy (I) of the stopping material (which
may be the track detector), iii) the atomic number and iv)
the energy per nucleon.

In the present work, computed range and REL data are
given for some representative light and heavy ions over an
energy interval 0.0025-20 MeV /nucl., in which studies are
frequently performed when polymeric and glassy nuclear
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track detectors are used. The data are computed for the
chemical composition related to the PM-555 and
metaphosphate glass ZnP nuclear track detectors. The
urgent need of range-energy and REL data is particularly
true in the case of PM-555 track detectors of unique
sensitivity which are efficiently utilized in more and more
applications. The data computed for the REL are listed
for some representative ions: {IH, 4He, 12C, 16O, 2ONe,
Fe, 235U and #®U} for the PM-555 and {*He, 1°C, '°0,
2Ne, 5'(’Fe, 25y and 238U} for the metaphosphate glass.
This may be reasonably used in determining the response
registration function of polymeric and glassy nuclear track
detectors. The REL data are given at different values for
the upper limit of the 8-ray emergy, w, in the
composition between 0.1 and 1 keV. These may help to
find the best response curve for PM-555 and
metaphosphate glass to find high resolution with different
nuclear charge and energy.

THEORY AND METHOD

A. The Range Calculations

The range calculations are based on a semiemperical
theoretical model presented by Barkas and Berger [3],
modified and extended by Henke and Benton [4]. The

uncertainty in the range data obtained by such a
calculation formalism, according to the independent set of
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mecasurements performed in the energy interval 1-10
MeV/nucl,, is smaller than 2%. When using  this
calculation method, the range of different ions at a given
velocity v = B, can be derived from the relationship |5]:

R(B) = M [A(B) + B,(B)]/7, (6]

where A(P) is the range of an ideal proton (i.e. a proton
with no charge neutralization near the stopping end of the
trajectory), B,(P) is the generalized range extension
caused by the charge neutralization as the ion comes to
rest, M and z are the mass and charge of the ion. The
expressions for A(P) and B,(B) can be computed from
the Benton equations [5].

B. The REL Calculations

In polymeric and glassy track detectors, the restricted
energy loss (REL) has proved to be sufficiently good to
characterize the etching behavior of the damaged zones
produced along nuclear tracks. In this model, it is assumed
that only knock-on electrons with energy smaller than a
given maximum value, w_, can play dominant role in
causing etchable radiation damages. In the model, @ is
the upper limit of the &-ray energy in the composition,
and is considered as a fitting parameter.

In the present work, for the calculation of REL (w,)
values, we have used the formula of Somogyi et al. [6], as
follows:

REL = REL1 = 22 {1(B) + B,(B)

(1 - 3¥?/(931.141 B)}! ifA; <0 (2-a)

REL2 = RELI - A, ifA; 20 (2-b)

REL3 = REL1 - REL2 + A,

if A; + A < REL2,
(2-0)

where A(B) and B, (B) can be computed using Benton
equations [5], A, and A, are given by:

Ay =Knzgp? {In(o,/0,) - B2}, (3-a)
and

A, =2Kn 22 B {In(w,/1) - C(B)}, (3-b)
where

D 124

K = 2r ¢*/m,2 = 255 x 10° MeV.cm?, (4-a)
n = p N,/(A/Z) electron.cm™ | (4-b)
2= 2 {1 - exp (-125 B/} (40)
B2 =1-{1 + (E/931.141 M)}?, (4-d)
©, =2xcp2(1-pyt, (4-¢)
Inl.= (A/2)Y £(Z/A ) InT,, (4-h)
12 zli 449 if Z, <13
fieV) = , (49)

9.76 Z, + 588 Z*" ifz > 13

Bid

f = =it (4-h)
2 B
j
a/)7! = Y G(Z/A), (4-)
i
f;C; :
C(B) = (A/D)Y) —, ()
i Ai
Cp =.), | 30 (AESEEENE 1)" (4-k)
m=2 n=1
with
z, M, E the charge, mass and energy of the ion,

B, : number of the ith component in the
chemical formula of the stopping material,

Z, A atomic numbers and atomic weights in the
stopping material,

2 a parameter given by Barkas and Berger (3],

and

P 1 density of the stopping material.

RESULTS AND DISCUSSION

Equation (1) is used to calculate the range energy. The
variation of the range energy with the particle energy for
different ions is displayed in Figures (1 and 2) for the
polymer PM-555 and the metaphosphate glass,
respectively. From these figures, it is clear that the range
energy increases with the ion energy.
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Figure 1. Variation of the range with particle energy
in PM-555 for different ions.
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Figure 2. Variation of the range with particle energy

in metaphosphate glass for different ions.

The restricted energy loss REL is computed through
equations (2 - a, b and ¢) at 0 = 300 eV for certain ions.
A sample of the obtained results is shown in Figure (3),
for the “He ion in both materials. The main features of
the variation of the REL with the particle energy, shown
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in Figure (3), are exactly the same for all considered ions.
This result is in consistence with the Bragg curve [7].
Here, one must keep in mind that, we have used, in a new
trend, the effective charge z.g, equation (4-¢), instead of
the charge z. The effect of the upper limit of the &-ray
energy, w,, on the REL is also studied in the interval 0.1-
1. keN.
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Figure 3. Variation of REL with particle energy for

the He ion.

In most cases when the nuclear track detectors are
investigated, it is preferable to list the data in tables giving
the accurate values of the REL in order to choose the
most suitable data for fitting with the experimental ones.
The obtained data for the polymer PM-555 are given in
Tables I and II showing a good agreement with the
theoretical work of G. Almasi et al. [8]. On the other
hand, Tables III and IV represent the obtained data for
the metaphosphate glass which are the first data for this
material. These data seem to have the same features of
the track detectors and introduce a good basis for studying
the metaphosphate glass as a nuclear track detector.

CONCLUSION

A new track registration criteria is presented. The most
important features are:
1- The total rate of energy loss of a charged particle
cannot be used to predict track registration.
2- The restricted energy loss, REL, of charged particles
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has been found to accurately predict track registration
in PM-555 and in metaphosphate glass ZnP nuclear
track detectors. In order to produce a latent (etchable)
track, a charged particle must have an REL above a
critical value REL_,, which is a characteristic of the
recording material.
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E I T ION e - R e B s S S5 A S i e
wo=100 ¢V wo=200 eV wWo=300 ¢V wo=500 eV wo=1000 eV
= B =SSt tee— e f— = = -
Energy/ nucl. 4

2 (MeV/a.m.u.) ol He g1 4le Iy e b 4qle 1y “Hle
: — . — - . - - e D S —— ——
2 L0025 | -2.33E+03  1.10SE+03 | 5.828E+02 1.105E+03 | 5,.828E+02 1.105SE+03 | 5.8286+02 1.10SE+03 | S.82BE+02 1.10SE+03
= =009 5.970E+02 1.343E+03 | 6.5B6E+02 1.343E+03 | 4,.SBLE+02 1.343E+03 | 6.586E+02 1.343E+03 | 6.586E+02 1.343E+03
% L0075 | S. 263E+02 1.S03E+03 | 7.094E+02 1.503E+03 | 7.094E+02 1.S03E+03 | 7.094E+02 1.503E+03 | 7.094E+02 1.S03E+03

e e e e > o e e e 2 S S i S e S [ i e i e e i — >-—
e 01 S5.196E+02 1.61BE+03 | 7.450E+02 1.61BE+03 | 7.450E+02 1.61BE+03 | 7.450E+02 1.61BE+03 | 7.450E+02 1.61BE+03 8;
s .02 5.427E+02 1.B8SE+03 | 8.207E+02 1.B85SE+03 | 8.207E+02 1.B8SE+03 | 8.207E+02 1.885E+03 | 8.207E+02 1.B8B8SE+03 -
S .03 S.601E+02 2.019E+03 | 8.526E+02 2.019E+03 | 8.526E+02 2.019E+03 | B.S5246E+02 2.019E+03 | B.5246E+02 2.019E+03 >
= .04 S.691E+02 2.094E+03 | 8.670E+02 2.0946E+03 | 8.4670E+02 2.096E+03 | 8.4670E+02 2.096E+03 | 8.4670E+02 2.094E+03 -a
5 .05 S5.S09E+02 2.0S1E+03 | B.723E+02 2.144E+03 | 8.723E+02 2.144E+03 | 8.723E+02 2.144E+03 | 8.723E+02 2.144E+03 =
: .06 S.146E+02 1.916E+03 | 8.724E+02 2.173E+03 | 8.724E+02 2.173E+03 | 8.724E+02 2.173E+03 | 8.724E+02 2.173E+03 °?
= «OF 4.87SE+02 1.B14E+03 | B.691E+02 2.1B9E+03 | 8.691E+02 2.189E+03 | 8.4691E+02 2.189E+03 | B.691E+02 2.189E+03 o]
= .08 3.662E+0Z  1.732E+03 | B.637E+02 2.197E+03 | B.637E+02 2.197E+03 | 8.637E+02 2.197E+03 | B.637E+02 2.197E+03 ps
g .09 3.489E+02 1.666E+03 | B.S69E+02 2.198E+03 | B.569E+02 2.198E+03 | 8.549E+02 2.198E+03 | 8.569E+02 2. 198E+03 o

e e e s et Ve e s S My b ———— - —_—t e ————— ——— e —— e ———— E ™

@ oF 4.329E+02 1.610E+03 | B.356E+02 2.126E+03 | 8.613E+02 2.19SE+03 | 8.613E+02 2.19SE+03 | B8.613E+02 2.19SE+03 15
%) o 2.801E+02 1.312E+03 | S.235E+02 1.4665E+03 | 5.907E+02 1.871E+03 | 6.537E+02 2.064E+03 | 6.537E+02 2.064E+03 S
ﬁ -y 2.084E+02 1.164E+03 | 3.908E+02 1.434E+03 | 4.38B4E+02 1.592E+03 | 4.988BE+02 1.790E+03 | 5.313E+02 1.8B97E+03 e
o o 1.48BE+02 1,0B0E+03 | 3.176E+02 1.299E+03 | 3.546E+02 1.427E+03 | 4.012ZE+02 1.S58BE+03 | 4.525E+02 1.745E+03 g
%;’ o 1.434E+02 9.390E+02 | 2.706E+02 1.123E+03 | 3.006E+02 1.230E+03 | 3.3B8SE+02 1.365E+03 | 3.899E+02 1.549E+03 | o
5 .6 .255E+02 B.2BLE+02 | 2.373E+02 9.B867E+02 | 2.626E+02 1.079E+03 | 2.945E+02 1.196E+03 | 3.37BE+02 1.354E+03 8
é 7 1.122E+02 7.410E+02 | 2.124E+02 B.797E+02 | 2.342E+02 9.4609E+02 | 2.617E+02 1.063E+03 | 2.990E+02 1.202E+03 3
5 .8 1.01BE+02 4.704E+02 | 1.928E+02 7.939E+02 | 2. 120E+02 B.661E+02 | R.3561E+02 9.S57ZE+02 | 2.6B9E+02 1.0B81E+03 E?
£ .9 9.343E+01  5.151E+02 | 1.770E+02 7.263E+02 | 1.940E+02 7.914E+02 | 2.154E+02 8.733E+02 | 2.44BE+02 9.B46E+02 =
o F-" - merr e A
2 1 B8.764E+01 S5.468BE+02 | 1.63BE+02 6.699E+02 | 1. 792E+02 7.290E+02 | 1.986E+02 8.03SE+02 | 2.250E+02 9.047E+02 g
2 2 5.396E+01 3.S07E+02 | 1.003E+02 4,.032E+02 | 1.0B0E+02 4.339E+02 | 1.178BE+02 4.726E+02| 1.310E+02 5.251E+02 =)
55 3 3.948E+01 2.S577E+02| 7.312E+01 2.930E+02 | 7.830E+01 3.134E+02 | 8.482E+01 3.394E+02 | 9.367E+01 3.750E+02 IE

4 3.116E+01 2.03BE+02 | S.756E+01 2.304E+02 | 6.145E+01 2.459E+02 | 6.63SE+01 2.45SE+02 | 7.300E+01 2.921E+02
% S 2.570E+01 1.682E+02| 4.736E+01 1.895E+02 | 5.047E+01 2.019E+02 | S5S.440E+01 2.174E+02 | 5.973E+01 2.389E+02 -g
E 6 2.18B2E+01 1.436E+02 | 4.033E+01 1.613E+02 | 4,293E+01 1,.717E+02 | 4.621E+01 1.B49E+02 | 5.066E+01 2.026E+02 }g
3] 7 1.921E+01 1.269E+02| 3.553E+01 1.421E+02 | 3.776E+01 1.S11E+02 | 4.0S8E+01 1.623E+02 | 4.439E+01 1.776E+02 Q
Q 8 1.718E+01 1.13BE+02| 3.179E+01 1.272E+02 | 3,37SE+01 1.3S0E+02 | 3.621E+01 1.44BE+02 | 3.956E+01 1.582E+02 >
% 9 1.556E+01 1.033E+02 | 2.879E+01 1.152E+402 | 3.053E+01 1,221E+02 | 3.273E+01 1.309E+02 | 3.571E+01 1.428E+02 <
9 10 1.423E+01 9,459E+01 | 2.633E+01 1.053E+02 | 2.790E+01 1.114E+02 | 2.988E+01 1.19SE+02 | 3.257E+01 1.303E+02
< ST T i i o e e Gt s i M s s S M 5 g i o el e e e e e e e e s G S - ———— B
> 11 1.312ZE+01 8.733E+01 | 2.428E+01 9.711E+01 | 2.S71E+01 1.02BE+02 | 2.751E+01 1.100E+02 | 2.99SE+01 1.19BE+02
j 12 1.217E+01 B8.116E+01 | 2.253E+01 9.014E+01 | 2.38SE+01 9.S39E+01 | 2.5S0E+01 1.020E+02 | 2.77SE+01 1.110E+02

13 1. 136E+01 .SB6E+01] 2.104E+01  B.415E+01 | 2,225E+01 B8.901E+01 | 2.37BE+01 9.S12E+01 | 2.586E+01 1.034E+02

14 1.066E+01 7.124E+01 1.974E+01 7.89SE+01 2.087E+01 B.347E+01 | 2.229E+01 B.916E+01 | 2.422E+01 9.68BE+01

15 1.003E+01 &.71BE+01 1.B60E+01 7.440E+01 1.96SE+01 7.86ZE+01 | 2.098E+01 B8.393E+01 | 2.279E+01 9.11SE+01

16 7.499E+00  4,3S9E+OL| 1.739E+01  7.037E+01 | 1.8SBE+01 7.433E+01 | 1.983E+01 7.932E+01 | 2.153E+01 8.610E+01

17 F.O01AE+00 5, 039E+01 | 1.669E+O1 4. 67BE+01 | 1.7463E+01  7.051E+01 | 1.B81E+01 7.S22E+01 | 2.040E+01 B.161E+01

18 8.3BOE+00  3,7S2E+01| 1.S89E+01 &.3S6E+01 | 1.677E+01 4.710E+01 | 1.789E+01 7.1SSE+01 | 1.940E+01 7.739E+01

19 8. 18BE+0D  S,393E+01] 1.S17E+01 &, 066E+01 1.500E+01  6.802E+01 | 1. 704E+01 &.8249E+01 ] 1.849E+01 7.398E+01

20 7.833E+00 5, 2SBE+OL] 1.4S1E+OL  S.804E+01 1.5S31E+01 b,lZJEkle 1.531E+01  6.52SE+01 L|.7695»01 7.070E+01

—— e - R— - - i - B s @ - c—— - - — - . ————— - o - - B

Table I.  REL (MeV.em2.g) in PM-555 , for Il and *1le ions , Effect of wo.




gL a

wo=100 eV wo=200 ¢V wo=300 eV wo=500 ¢V wo=1000 eV
Energy/ nucl. i
(MeV/a.m.u.) 12~ 160 12y 0 12, 16() 12, 160 12 16()
L0025 | 2.567E+03  3.02ZE+03 | 2.567E+03  3.022E+03 | 2.067E+03  3.0XZE+03 | Z.567E+03 3. 0ZZE+03 | 2.567E+403 3. 02 F+03
. 005 3.287E+03 3.95SE+03 | 3.2B7E+03 3,95SE403 | 3.2B7E+03 3.9SSE+03 | 3.287E+03 3.95SE+03 | 3.287E+03 3.955E+03
.0075 | 3.756E+03 A4.5B4E+03 | 3.7S6E+03 4.SB4E+03 | 3.75S6E+03 4.5B84E+03 | 3.756E+03 4.S5B4E+03 | 3. 756E+03 4,.5B4E+Q3
+ 01 4.108E+03 S.063E+03 | 4.104E+03 S.063E+03 | 4.104E+03 5,063E+03 | 4.104E+03 S.043E+03 | 4. 104E+03 S,063E+03
.02 4,956E+03 b6.292E+03 | 4.956E+03 &.292E+03 | 4.956E+03 6.292E+03 | 4.956E+03  6.292E+03 | 4.956E+03  6.292E+03
.03 5.431E+03 7.025E+03 | 5.431E+03 7.025E+03 | 5.431E+03 7.025E+03 | 5.431E+03 7.02SE+03 | 5.431E+03 7.025E+03
> .04 6.070E+03 7.531E+03 | 6.070E+03 7.531E+03 | 6.070E+03 7.531E+03 | 6.070E+03 7.531E+03 | 6.070E+03 7.S531E+03
;'é .05 6.1BIE+03 7.535E+03 | 6.467E+03 7.906E+03 | 6.467E+03 7.906E+03 | 6.467E+03 7.906E+03 | 6.467E+03 7,.906E+03
) 06 5.96BE+03 7.131E+03 | 6.785E+03 B8.195E+03 | 6.785E+03 B8.195E+03 | 6.785E+03 B.195E+03 | 6. 7B5E+03 8. 195E+03
3_ .07 5.B12E+03 7.27BE+03 | 7.045E+03 B8.893E+03 | 7.045E+03 8.B93E+03 | 7.045E+03 B8.893E+03 | 7.045E+03 B.893E+03
= .08 5. 694E+03 7.167E+03 | 7.262E+03 9.230E+03 | 7.262E+03 9.230E+03 | 7.262E+03 9.230E+03 | 7.262E+03 9.230E+03
:’n .09 S5.601E+03 7.087E+03 | 7.444E+03 9.522E+03 | 7.444E+03 9.S2ZE+03 | 7.444E+03 9.522E+03 | 7.444E+03 ©9.52ZE+03
63. 3 5.527E+03 7.02BE+03 | 7.353E+03 9.45S3E+03 | 7.598E+03 9.77BE+03 | 7.59BE+03 9.778E+03 | 7.59BE+03 9.77BE+03
3 +2 s 16BE+03 6.BL64E+03 | 6.647E+03 B8.893E+03 | 7.511E+03 1.00BE+04 | 8.323E+03 1.119E+04 | 8.323E+03 1.119E+04
g sy 4,973E4+03 &.B24E+03 | 6.23BE+03 B.601E+03 | 6.97BE+03 9,.641E+03 | 7.911E+03 1.09SE+04 | B.413E+03 1.166E+04
g- e 4,.79SE+03 &b.746E+03 | S.90BE+03 8.340E+03 | 6.560E+03 Q.272E+03 | 7.3B1E+03 1.045E+04 | B.2B6E+03 1.174E+04
« = - ] 4.619E+03 6.629E+03 | S.617E+03 B.0BI1E+03 | 6.202E+03 8.930E+03 | 6.93BE+03 9.999E+03 | 7.93BE+03 1.145SE+04
F & 4.4487E+03 b.4B8BE+03 | 5.354E+03 7.B23E+03 | 5.885E+03 B8.405SE+03 | 6.554E+03 9.SBYE+03| 7.462E+03 1.093E+04
8 7 4.2B1E+03 6.332E+03 | S.113E+03 7.S71E+03 | 5. 600E+03 B8.296E+03 | 6.214E+03 9.209E+03| 7.047E+03 1.04SE+04
= .B 4.123E+03 6.169E+03 | 4.B93E+03 7.326E+03 | 5.343E+03 B8.003E+03 | S.910E+03 B.BS56E+03| 6.6BOE+03 1.001E+04
a .9 3.974E+03 6.004E+03 | 4,.690E+03 7.091E+03 | 5.10BE+03 7.726E+03 | S5.636E+03 B.S27E+03| 6.352E+03 9,4614E+03
- SRS DRSNS SR SR B ol e e e s e e S 0 e e e e s A e e o g g i Y
< 1 3.833E+03 S5.B41E+03 | 4,.502E+03 &4.B866E+03 | 4.B94E+03 7.446SE+03 | 5.3B7E+03 B8.220E+03| 6.057E+403 9.245E+03
:O_ d 2.89BE+Q3 4.61BE+03| 3.305E+03 S5.275E+03 | 3.543E+03 &5, 4660E+03 | 3.8B43E+03 6. 14SE+03| 4.251£+03  6.BO3E+03
g 3 2.300E+03 3.740E+03 | 2.592E+03 4.226E+03 | 2.763E+03 4.510E+03 | 2. 978E+03  4.B67E+03| 3.270E+03  5.353E+03
5 4 1.BBBE+03 3.11SE+03| Z.115E+03 3.499E+03 | 2.24BE+03 3.724E+03 | 2.415E+03 4.007E+03| 2.642E+03 4.39ZE+03
o d 5 1.552E+03 2.653E+03| 1.737E+03 Z2.971E+03 | 1.B45E+03 3. 156E+03 | 1.982E+03 3.390E+03| 2.167E+03  3.70BE+03
o & 1.318E+03 2Z.313E+03 | 1.474E+03 2.5B83E+03| 1.565E+03 Z.741E+03 | 1.6B0E+03 2.940E+03| 1.837E+03 3.211E+03
‘00 - 1.1SBE+O03 2.073E+03| 1.293E+03 2.30BE+03 | 1,372E+03 2.446E+03 | 1.471E+403 2.619E+03| 1.607E+03 2.854E+03
&2 B8 1.033E+03 1.B56E+03| 1.152E+03 2.064E+03| 1.222E+03 Z.1B4LE+03 | 1.309E+03 2.339E+03| 1.42BE+03 Z2,547E+03
‘E 9 9.364E+02 1.6BOE+03| 1.043E+03 1.867E+03| 1.10SE+03 1.976E+03 | 1.183E+03 2.113E+03| 1.289E+03 2. 299E+03
- 10 B8.562E+02 |, S53LE+03| 9.522E+02 | 704E+03| 1-00BE+03 1 BOJE+03 | 1.079E+03 1 _927E+03| 1-175E+03 2 094E+03
_gé 11 7.895E+02 1.414E+03| 8.770E+02 1.569E+03| 9.2B2E+02 1.659E+03 | 9.927E+402 1.772E+03| 1.0BOE+03  1.9Z7E+03
g 12 7.330E+02 1.312E+03| B. 134E+02 1.454E+03| B.60SE+02 1.537E+03|9.198E+02 1.641E+03| 1.000E+03 1.7B3E+03
13 &6£.B4SE+02 1.223E+03| 7.590E+02 1.355E+03| 8.025E+02 1.432E+03 | B.574E+02 1.529E+03| 9.319E+02 1. 660E+03
14 6.425E+02 1.147E+03| 7.11BE+02 1.269E+03| 7.523E402 1.341E+03 | 8.034E+02 1.431E+03| B.727E+0Z 1.554E+03
15 6.056E+402 1.0BIE+03| 6.705E+402 1.196E+03| 7.0B4E+02 1.263E+03|7.561E+402 1.347E+03| B.210E+02 1.862ZE+03
16 5.731E4+02 1.022E+03| 6.340E+02 1.130E+03| 6.696E+02 1.193E+03|7.145E+02 1.273E+03| 7.754E+02 1.381E+03
17 5.441E+02 9.701E+02| 6.015E+02 1.072E+03| 6.351E+02 1.131E+03 | 6.774E+02 1.206E+03| 7.349E+02 1.30BE+03
18 S5.182E+02 .234E+02| S5.725E+02 1.020E+03| &£.042E+02 1.0746E+03 | 6.443E+02 1.147E+03 6.9B6E+02 1.243E+03
19 4.947E+02 B.B14E+0Z| 5.463E+4+02 9.72BE+02| 5.764E+402 1.026E+03 | 6.144E+402 1.094E+03 6.660E+02 1.1B8SE+03
L 20 4.735E+02 B.433E+07 | 5.226E+402 9.304E+027| 5,513E+02 9.813E+02 | 5.874E+402 1.045 6. 365E+02 1.133E+03
Table II. REL (McV.em2.g)in PM-555 , for *2C and 0 ions , Effect of wo.
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wo=100 eV wo=200 eV wo=300 eV wo=500 eV wo=1000 eV
e R T — - BT
3 Energy/ nucl.
g (MeV/a.m.u.) “le 12¢ *Ile g “He e *He 2e “He g
& .0025 | B.769E+02 1.B43E+03 | 8.769E+02 1.863E+03 | B.B33E+02 1.BA3E+03 | B. 769E+02 1.B63E+03 | B. 769E+02 1.895E+03
g . 005 1.057E+03 2.384E+03 | 1.057E+03 2.3B4E+03| 1.0462E+03 2.3B4E+03| 1.0S7E+03 2.3B4E+03 | 1.057E+03 2.423E+03
- .0075 | 1.153E+03 2.709E+03 | 1.153E+03 2.709E+03 | 1.160E+03 2.709E+03 | 1,153E+03 2.709E+03 | 1.153E+03 2.754E+03
< b - - - -
- .01 1.212E+03 2.941E+03 | 1.212E+03 2.941E+03| 1.222E+03 2.941E+03| 1.212E+03 2.941E+03 | 1.212E+03 2.992E+03
) .02 1.3176+03 3.4B4E+03 | 1.317E+03 3.484E+03 | 1.339E+03 3.484E+03 | 1,317E+03 3.4B4E+03 | 1,317E+03 3.551E+03
s .03 1.3%7E+03 3.772E+03 | 1.357E+4+03 3.772E+03 | 1.384E+03 3.772E+03 | 1.357E+03 3.772E+03 | 1.357E+03 3.851E+03
§_ .04 1.376E+03 4.179E+03 | 1.376E+403 4.179E+03 | 1.411E+03 4.179E+03 | 1.3746E+03 4.179E+03 | 1.374E+03 4.271E+03
3 .05 1.301E+03 4.161E+03 | 1.386E+03 4.42SE+03 | 1.424E+03 4.425E+03 | 1.3B4E+03 4.425E+03 | 1,3B6E+03 4.526E+03
] .06 1.156E+03 3.B69E+03 | 1.392E+03 4.4621E+03 | 1.432E+03 4.4621E+03 | 1.392E+03 4.421E+03 | 1.392E+03 4. 730E+03
= .07 1.049E+03 3.449E+03 | 1.394E+03 4.78B3E+03| 1.436E+03 4.783E+03 | 1.394E+03 4.783E+03 | 1.394E+03 4.898E+03
g .08 9.673E+02 3.474E+03 | 1.39SE+03 4.919E+03 | 1.437E+03 4.919E+03 | 1.395E+03 4.919E+03 | 1.395E+03 5.038E+03
9 .09 9.037E+02 3.339E+03 | 1.394E+03 5.034E+03| 1.434E+03 S.034E+03 | 1.394E+03 5.034E+03 | 1.394E+03 5. 158E+03
- o1 8.532E+02 3.228E+03 | 1.32B8E+03 4.909E+03 | 1.434E+03 5.134E+03 | 1.392E+03 5.134E+03 | 1.392E+03 5.260E+03
= «2 6.511E+402 2.752E+03 | 9.754E+02 4.112E+03 | 1.204E+03 4.908E+03 | 1.343E+03 5.4655E+03 | 1.343E+03 S5.791E+03
B -3 6.049E402 2.63SE+03 | 8.530E+02 3.799E+03| 1.032E+03 4.4B0E+03| 1.181E+03 5.33BE+03 | 1.280E+03 S.931E+03
,E .4 5.985E+02 2.5S89E+03 | 7.995E+02 3.614E+03| 9.45BE+02 4.214E+03 | 1.0465E+03 4.9469E+03 | 1.229E+03 S.924E+03
1 -y S5.406E4+02 2.5S&E+03 | 7.09SE+02 3.47SE+03| 8.319E+02 4,013E+03 | 9,32BE+02 4.490E+03 | 1.102E+03 5, 724E+03
ﬁ .6 4.914E+02 2.S521E+03 | 6.349E+02 3.356E+03 | 7.41BE+02 3.B44E+03 | 8. 292E+02 4,440E+03 | 9.74BE+02 5.401E+03
o ety 4 4.49SE+02 2.4BOE+03 | S5.772E+02 3.244E+03 | 6.68B9E+02 3.694E+03 | 7.459E+02 4,259E+03 | B8.737E+402 S.1Z4E+03
| .8 4.13SE+02 2.433E+03 | 5.271E+02 3.141E+03 | 6.0BLE+02 3.5S6E+03 | &6.774E+02 4.077E+03 | 7.911E+02 4,.879E+03
% .9 3.B44E+02 2.3B2E+03| 4.847E+02 3.040E+03 | 5.400E+02 3.426E+03 | 6.220E+02 3.911E+03| 7.244E+02 4.4657E+03
5 1 3.S87E+02 2.326E+03| 4.517E+02 2.942E+03| S.1B84E+02 3.303E+03 | S.74BE+02 3.757E+03 | 4.467BE+02 4.45SE+03
P Z 2.248E+02 1.843E+03| 2.731E+02 2.21BE+03| 3.0B7E+02 2.437E+03| 3.369E+02 2.713E+03 | 3.B53E+02 3. 144E+03
3 1.705E+02 1.52BE+03| 2.030E+02 1.797E+03| 2.270E+02 1.954E+03 | 2,459E+02 2.152E+03| 2.7B4E+02 2.441E+03
g 4 1.370E+02 1.283E+03| 1.614E+02 1.492E+03| 1.794E+02 1.614E+03| 1.937E+02 1,76BE+03| 2.1B2E+02 2.007E+03
o 5 1.143E+02 1.064E+03| 1.339E+02 1.234E+03| 1.4B0E+02 1.334E+03 | 1.59BE+02 1.440E+03 | 1.794E+02 1.452E+03
) I3 1.004E+02 9.272E+02| 1.16BE+02 1.071E+03| 1.2B84E+02 1.15SE+03 | 1.3B4E+02 1.2461E+03| 1.54BE+02 1.423E+03
a 7 8.971E+01 B8.220E+02| 1.03BE+02 9.463E+02| 1.138E+02 1.019E+03 | 1.223E+02 1.111E+03 | 1.364E+02 1.250E+03
@ 8 B8.117E+01 7.3BBE+02| 9.348E+01 B.4B3E+02| 1.023E+02 9.123E+02| 1,098E+02 9.930E+02| 1.221E+02 1.116E+03
° 9 7.419E+01 4.742E+02| B.S51SE+01 7.720E+02| 9.2946E+01 B.292E+02 | 9.944E+01 9.013E+02| 1.106E+02 1.010E+03
< 10 6.837E+01 4,199E+02| 7.B25E+01 7.0B2E+02| B.52BE+01 7.599E+02| 9.131E+01 B.250E+02| 1.012E+02 9.235E+02
Pl (. P
é 11 b.3446E+01 5.743E+02| 7.24SE+01 6.54BE+02| 7.8B83E+4+01 7.020E+02 | 8.434E+01 7.614E+02| 9.334E+01 B.510E+02
12 5.924E4+01 5.354E+02| &6.7S0E+01 &.093E+02 | 7.335E+01 6.52BE+02 | 7.842E+01 7.074E+02| 8. 66BE+01 7.897E+02
13 5.558E+401 S5.019E+02| &.322E+01 5.704E+02| 6.B62E+01 &6.10SE+02 | 7.332E+01 6.610E+02| 8.094E+01 7.371E+02
14 5.23BE+01 4.727E+02| 5.94BE+01 S.345E+02| 6.44%9E+01 5.73BE+02 | 6.887E+01 6,.208E+02| 7.59BE+01 6.915E+02
15 4, 956E+01 4.469E+02| 5.620E+01 5.064E+02| 6.087E+01 5.415E+02 | 6.497E+401 5S.85S4E+02| 7.161E+01 6.515E+02
16 4.704E+01 4.241E+02| 5.32BE+01 4.B01E+02| 5.766E+01 5.129E+402| 6.152E+01 5,542E+02| 6.77SE+01 6. 161E402
17 4.479E+01 4.037E+402| S5.067E+01 4.565E+02| 5.479E+01 4.B74E+02 | 5.844E+01 5,263E+02| 6.431E+01 5.B47E+02
18 4.276E+01 3.BS3E+02| 4.832E+01 4.3S2E+02| 5.222E+01 4.645E+02 | 5.567E+01 S.013E+02| 6.123E401 5.546SE+02
19 4.092E+01 3.6B6E+02| 4.420E+01 4.161E+02| 4.989E+01 4.43BE+02 | 5.317E+01 4,.78BE+02| 5.845E+01 5.311E+402
20 3.925E+401 3.S53SE+02| 4.427E+01 3.987E+02| 4.77BE+01 4.251E+02 | 5.090E+01 4,583E+02| S.593E+01 5.081E+02
Table III. REL (]\1cV.c|‘l]2.g) in Znp , for 4Hle and 12C ions , Effect of wg.
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ALY and ABDEL-NABY: Range and Restricted Energy Loss Data for Light and Heavy lons

s <ol e R — e s i o 3 ) T
wo=100 eV wo=200 eV wo=300 eV wo=500 ¢V wo=1000 eV
Energy/nucl.

L (MeV/a.m.u.) 160 238U 160 238U 160 238U 160 238U 160 238U
£0025 1 2.171E+03  5.803E+03 | 2. 171E+03  5.803E+03 | 7. 171E+03 S5.B03E+03 | Z.171E+03 S.803E+03| Z.171E+403 5.803E+03
005 2.B4ZE+03  B.149E+03 | Z.B42E+03 8. 149E+03 | 2. B4ZE+03 B.149E+03 | 2.84ZE+03 B.149E+03| Z.84ZE+03 8. 149E+03
<0075 | 3.2B2E403  9.925E+03 | 3.2B20+403 9.9Z5E+03 | 3.282E+03  9.925E+03 | 3.282E+03 9.92SE+03| 3.2BZE+03 9.925E+03

R e e e ——————— e e e e e e e e e - —————
.01 3.609E+03  1.141E+04 | 3. 609E+03 1.141E+04 | 3. 609E+03 1.141E+04 | 3.4609E+03 1.141E+04| 3.409E+03 1.141E+04
.02 4.426E+03 1.590E+04 | 4.426E+03 1.590E+04 | 4.426E+03 1.590E+04 | 4.426E+03 1,590E+04| 4.426E+03 1.590E+04
- 08 4.899E+03 1.926E+04 | 4.B99E+03 1.926E+04 | 4.899E+03 1.926E+04 | 4.B99E+03 1.924E+04| 4.899E+03 1.926E+04
.04 5.221E+03 2.204E+04 | 5.221E+03 2.204E+04 | 5.221E+03 2.204E+04 | S.221E+03 2.204E+04| 5.221E+03 2.204E+04
«05 5.118E+03 2.219€E+04 | 5.459E+03 2.444E+04 | 5.459E+03 2.444E+04 | 5.459E+03 2.444E+04| S.459E+03 2.444E+04
.06 4.663E+03 1.995E+04 | 5.642E+03 2.65BE+04 | 5.642E+03 2. 65BE+04 | 5.542E+03 2.458E+04 | S5.642E+03 2. 4658E+04
.07 4.616E+03 1.823E+04 | 6. 10ZE+03 2.851E+04 | 6. 102E+03 2.B851E+04 | 4. 102E+03 2.B851E+04 6.102E+03 2.8S1E+04
.08 4.424E+03 1.689E+04 | 6.322E+03 3.029E+04 | 6£.322E+03 3.029E+04 | &6.322E+03 3.029E+04 | &.322E+03 3.029E+04
« 09 4.273E+03 1.5B2E+04 | 6.514E+03 3.194E+04 | 6.S14E+03 3.194E+04 | 6.514E+03 3.194E+04 | 6.514E+03 3. 194E+04
5 4.152E+03 1.4935E+04 | 6.3B4E+03 3.129E+04 | 6. 6B3E+03 3.34BE+04 | 4.4B83E+03 3.34BE+04 | 6.6B3E+03 3.348E+04
N2 3.689E+03 1.172E+04 | 5.555E+03 2.745E+04 | 6. 64BE+03 3. 666E+04 | 7.672E+03 4.530E+04 | 7.672E+03 4.530E+04
3 3.629E+03  1.207E+04 | 5. 264E+03 2.736E+04 | 6.220E+03 3.4630E+04 | 7.426E+03 4.756E+04 | B.07SE+03 S.3463E+04
.4 3.635E+403  1.343E+04 | 5. 10ZE+03  2.B35E+04 | 5, 960E+03 3.708E+04 | 7.041E+03 4.BO7E+04 | B.232E403 6.019E+04
D 3.644E+03 1.515E+04 | 4.979E+03 2.975E+04 | 5.760E+03 3.B29E+04 | 6.745E+03 4.904E+04 | B.0B1E+03 &.347E+04
.6 3.639E+03  1.697E+04 | 4.86BE+03 3.130E+04 | 5.5B7E+03 3.94BE+04 | 6.493E+03 5.024E+04 | 7.723E+03 &.45S8E+04
Wi 3.619E+03  1.BB1E+04 | 4.759E+03 3.289E+04 | 5.426E+03 4. 112E+04 | 6.267E+03 5.150E+04 | 7.40BE+03 &.5S8E+04
.8 3.584E403  2.061E+04 | 4.649E+03 3,.446E+04 | 5. 272E+03 4.256E+04 | 6.057E+03 S.277E+04 | 7.122E+403 b, 663E+04
.9 3.537E+03 2.235E+04 | 4.537E+03 3.599E+04 | 5. 122E+03 4.397E+04 | S5.859E+03 5.402E+04 | 6.859E+03 &.767E+04
1 3.481E+03  2.401E+04 | 4.424E+03 3.746E+04 | 4. 975E+03 4.53ZE+04 | S5.670E+03 5.523E+04 | 6.413E+03 6. B869E+04
2 2.88ZE+03 3. 690E+04 | 3.487E+03 4.8B9E+04 | 3.841E+03 S5.591E+04 | 4.287E+03 &.474E+04 | 4.893E+03 7.4674E+04
3 2.436E403  4.490E+04 | 2.883E+03 5.590E+04 | 3. 144E+03 4.234E+04 | 3.473E+03 7.045E+04 | 3.920E+03 8. 145E404
4 2.07BE+03 4.981E+04 | 2. 432E+03 6.005E+04 | 2. 639E403 &.604E+04 | 2.899E+03 7.3S9E+404 | 3.253E+03 8.3B4E+04
5 1.80JE+03  5.274E+04 | 2. 093E+03 6.237E+04 | 2. 264E+03 &.BOOE+04 | 2.479E+03 7.S510E+04 | 2.771E+03 B.473E+04
6 1.622E+03  5.474E+04 | 1.871E+03  6.3B5E+04 | 2. 016E+03 6.91BE+04 | 2.199E+03 7.590E+04 | 2.44BE+03 8.502E+04
7 1.475E+03 S.589E+04 | 1.692E+03 6.456E+04 | 1.B1BE+03 &.943E+04 | 1.977E+03 7.402E+04 | 2. 194E+03 B.449E+04
8 1.331E+03 S.644E+04 | 1.523E+03 6.472E+04 | 1.634E+03 &.956E+04 | 1.775E+03 7.567E404 | 1.967E+03 8. 395E+04
9 1.213E+03  6.091E+04 | 1.3B4E+03 6.8B4E+04 | 1.4BSE+03 7.348E+04 | 1.611E+03 7.933E+04 | 1.783E+03 8. 727E+04
10 1.114E+03 4. 156E+04 1.270E+03 6.91BE+04 | 4 360E+03 7-364E+04 | 1.47SE+Q03 7.926E+04 1.430E+03 B.&4BYE+04

P o m s e e e e e — e e e e s - — ——— - - - —— - A i il P ———
11 1.031E403  6.1B2E+04 | 1. 173E+03  &.917E+04 | 1. 256E+03  7.3446E+04 | 1.360E+03 7.BB7E+04 | 1.S0ZE+03 8.6422E+04
12 ?.597E+02  6.178E+04 | 1. 090E+03  4.8B7E+04 | 1. 167E+03 7.302E+04 | 1.263E+03  7,824E+04 | 1.394E+03 B8.533E+04
13 8.981E+02 6.151E+04 | 1.019E+03  4,B37E+04 | 1.090E+03 7.23BE+04 | 1.179E+03  7.743E+04 | 1.300E+03 B8.42BE+04
14 B.443E+02  6.107E+04 | 9.570E+02  4.771E+04 | 1. 023E+03  7.159E+04 | 1.106E+03  7_448E+04 1.219E+03 8.312E+04
15 7.985E+0Z &.0S0E+04 | 2. 041E+02 4. 4693E+04 | 9. 6S8E+0Z  7.070E+04 1.044E+03  7.544E+04 | 1.149E403 8. 18BE+04
16 7.571E402  5.982E+04 | B.563E402 6. 607E+04 | 9, 144E+402 6.973E+04 | 9.87SE+0Z 7, 434E+04 | 1.087E+03 8. 059E+04
17 7.202E+02 5.90BE+04 | B.13BE+02Z 4. 516E+04 | B. 6BSE+0Z  6.B871E+04 | 9.375E+02 7.319E404 | 1.031E+03 7.927E+04
18 6.8B70E+0Z S5.B8ZBE+04 | 7.756E+0Z 4, 4Z0E404 | g, 275E+02 &.766E+04 | B.92BE+02 7.2Z01E404 | 9.B14E+0Z 7.793E+04
19 6.571E+402 S5.745E404 | 7.412E402  6.3Z1E404 | 7.904E407 6.658E+04 | 8.524E+07 7.0B3E+04 | 9,3b66E+0Z  7.b659E+04
<0 6. 299E+0Z S.b60E+04 | 7. 100E4+0L 4. 221E404 | 7.56BE402 6.550E404 | B. 159E+07 6.964E+404 | B.9L0E+0Z  7.526E+04
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Table IV. REL (MeV.em2.g) in Znp

, for Y0 and 238y jons , Effect of w.
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