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THE HOLE OVERLAP CORRECTION AND FISSION FRAGMENT DETECTION 
EFFICIENCY IN MAKROFOL 

Stcnio DORE de MAGALHÃES and G.D. JAMES* 
Imliiuio dt FhUa, Universidade Federal do Hio de Janeiro, Rio de Janeiro, brasil 

Efficiency mcasi rements for an SSNTD fission fragment detector have been analysed using the hole overlap 
correction of James et al. It is found that the measured efficiencies can be collected, as required, to constant values 
which are independent of the fragment density. In the analysis the hole overlap probability is treated as a free 
parameter. Its dependence on fragment angle is established and examined in terms of increasing hole area with 
decreasing angle between the fragment and the foil. 

1. Introduction 

The efficiency of the spark counting of fission tracks in a thin film plastic detector (Makrofol) 
has been measured by Lopes and Rogers(l) as a function of track density, ranging up to 860 tracks 
per cm-2, at five values of the angle 6 between the tracks and the Makrofol surface. The 
efficiencies were corrected for hole overlap using a formula due to Bhagwat et al.(2]. It was found 
that the corrected efficiency fell short of the value at zero track density by an amount which 
increased with track density. We have been able to remove this deficiency by analysing the data 
using the hole overlap correction formula of James et al.[3J. The hole overlap probability, p, which 
appears in the formula has been used as a free parameter and its value determined for each of the 
five angles. The angular dependence of p is examined in terms of models which relate the hole size 
in the aluminium replica to those in the Makrofol. 

The method of analysis and the results obtained are described in sect. 2 and the conclusions to 
be drawn from this analysis are given in sect. 3. 

2. Method of analysis and results 

The paper of Lopes and Rogcrs[lj does not tabulate the measured values of track detection 
efficiency and their results have been retrieved from measurements on the graphs which illustrate 
their data In this way the data are obtained with an error which is considerably less than the 
quoted errors. At values of track density n - 94. efficiencies in excess of 100% have been 
recorded. These have not been included in the present analysis. For values of 0 equal to 90°, 75°, 
and 60°, the detection efficiency at zero track density, estimated by linear extrapolation of the data 
at each ancle, is indistinguishable from 100% within the errors quoted. At these angles the data 
have been analysed as follows. The overlap correction factor of James ct a I. [ 3 J relates the ovcrhp 
correction factor £ to the imposed (or corrected) track density n tracks per cm' and the probability 
of track overlap, p. by the equation 

£=2-(I/ / ip)[( l+p)"-I) . 
This equation is fitted to (he measured detection efficiency, at each angle, by least squares analysis 
using/? as a free parameter. The values of p obtained arc given in table 1. The measured efficiency 
is then corrected by dividing by £. deduced from n and p. for each value of n. The results obtained 
are shown in fig. 1. It will be seen that the corrected efficiencies are sensibly constant with n and 
equal to the value at n - 0. The external error in each data point has been estimated from (he 
spread of the data and is given in table I. 

For 0 equal to 45* and 30* the value of measured efficiency extrapolated to n » 0 are less than 
100% and were found, to a high degree of approximation, on the assumption (hat £ is a linear 
function of n in the range below n « 800. The extrapolated track densities at zero (rack density arc 
found to be 88% at 45* and 73.5% al 30*. Using these results (he data were normalised to 100% 
efficiency at zero (rack density and processed as described above. 

t Permanent addrcu: Harwell Laboratory, Harwell. Oxfordshire. England OXI I ORA. 
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Table 1 also gives an estimate of the error in the hole overlap parameter p. For each angle of 
incidence the error in p has been estimated by calculating values of p for one hundred data sets in 
which each datum has been changed by an amount determined by a pseudorandom Gaussian 
generator and the external error estimate given in table 1. It is found using probability paper that 
the values of p generated in this way are well represented by a Gaussian distribution. The range of 
p from the 16th to the 85th value is taken to represent two standard deviations. 

The analysis described could havs been refined in several ways by. for example, finding the 
extrapolated efficiency at zero track density by minimising a function of two variables - the hole 
overlap probability and a normalisation factor. The statistical quality of the experimental data 
available does nor warrant these additional refinements. 

The variation of hole overlap probability p with track angle 0 is shown in fig. 2. Over the range 
30* to 75* the values ofp are sensibly constant and independent of angle. At 0 = 90* the value ofp 
is significantly lower than the other values. Here the value p = (2.4 ± 0.3) x 10 ~4 corresponds to 
a hole diameter of 174 ± 21 urn. in excellent agreement with the value 160 tun quoted for the 
diameter of holes evaporated in the aluminium layer during the sparking process. 

The angular dependence of p is derived from the angular dependence of the holes in the 
aluminium replica which are in turn related to the size of the etched holes in the Mnkiofol. To 
examine this relationship, three models for the dependence of p on the size of the holes in the 
Makrofol have been considered. All three models assume that the holes in the Makrofol arc 
elliptical and of semi-major axis a and semi-minor axis b as given in the work of Ali and Durrani[4j 
by the equations 

2/icosfl / sinü-sinü 
a=r -.— and b=2h •% / . 

sin0+sin0c V sin0+sin0f 

Here h is a normalisation constant and 0e is the critical angle of etching defined by Fleischer et 
al.[5]. These equations apply when the Makrofol is thick and the etched volume is conical. In the 
present paper it is assumed that they can also be applied when the Makrofol is thin and holes arc 
formed by etching from both sides of the foi!. 

In the first model it is assumed that the holes in the aluminium arc elliptical with semi-major 
axis ca and semi-minor axis cb. where c is a constant. The loss of particles due to overlap is then 
governed by an overlap area ^(ca-a)(cb~b)=nab^c-\)1. Using this expression to define p. a 
minimum chi-squared analysis of the data gives ;f= 16.47 for 0, = 18* and a derived value of 
h:(c-\)z. In this model there are thus two free parameters. The resultant fit top is given by line 1 
in fig. 2. 

In the second model it is assumed that the holes in the aluminium are elliptical with semi-major 
axis a+c and semi-minor axis b+c. where c is an additive constant. The hole overlap area 
,T(fl+c-a)(fc+c—b) reduces to .TC:. A minimum chi-squarcd fit to the data, involving one free 
parameter gives ;f = 16.04. The resultant fit \op is given by line 2 in fig. 2. 

In the third model it is assumed that the holes in the aluminium arc circular and all of radius c 
independent of 0. The hole overlap area is then n{c-u)(c-b). It is known that c is about ten times 
as large as a an«J it can be seen that this model would give a hole overlap aica close to rur, almost 
independent of 0. but would involve three free parameters. This model could not therefore fit the 
data better than the second model and was abandoned. 

Of the models considered the best fit. measured by chi-squarcd per degree of freedom, is given 
by the second model in which p is independent of 0. However, the disparity between the value of/? 
at 9(1* and the values at other angles seems lo suggest an angular dependence which is perhaps 
being concealed by the paucity of data. 
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3. Conclusion 

Using the hole overlap correction formula of James et al. we have been able to correct the 
measured fission fragment detection efficiencies of Lopes and Rogers to values which are 
independent of fragment superficial densi:y for all five values of the angle between the fragment 
direction and the Makrofol detector surface. At normal incidence the measured value of the 
overlap probability p corresponds to a hole area in close agreement with the value given by Lopes 
and Rogers for the hole area evaporated in the aluminium layer during sparking. This analysis 
indicates that the formula of James et al. is based on considerations which provide a good model of 
the hole overlap process up to fragment densities of 863 tracks per cm2. The formula had 
previously been tested only up to track densities of about SO tracks per cm1. 

The work described in this report shows that accurate values of the hole over'ap probability can 
be determined and allows us to examine the angular dependencs of this quantity in terms of three 
models which relate the size of holes in the Makrofol to those in the aluminium. Below a fragment 
angle 0 = 75* the hole overlap probability is independent of angle. These data support the second 
model in which the size of holes in the aluminium is related to the size of holes in the Makrofol by 
an additive constant. Although the datum at 0 - 90* is significantly different from that at other 
angles, the data as whole also support the second model. The disparity between the value off at 
0 = 90" and those at other ang'es suggests an angular dependence which may be being concealed 
by the paucity of the data. 

The detailed dependence of p on fragment angle could r-adily be established from 
measurements in which the etching and sparking processes are carefully controlled. The 
measurements should include careful microscopic measurements to establish the relationship 
between the shape and size of holes in the aluminium with those in the .V akrofol. Such knowledge 
would be of direct use in enabling the hole overlap correction for high density fission fragment 
data to be properly corrected for fragment angle distribution. Also, fui ther experiments would 
enable the correction formula to be tested at track densities beyond 860 iracks per cm2 which are 
likely to be encountered in neutron dosimetry and intensity measurement;. 

One of us. GDJ. is grateful to Professor Solange dc Barros for the opportunity to work at the 
Federal University of Rio dc Janeiro. 
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Table 1 

0 p External 
error 

(•) (IO*4) (%) 

90 2.37 ± 0.29 2.7 
75 3.46 ± 0.13 1.3 
60 3.53 ± 0.24 2.4 
45 3.25 ± 0.18 1.5 
30 3.42 ± 0.15 1.1 

Figure Captions 

Fig. 1 The measured detection efficiencies of Lopes and Rogers for five fragment angles 
(open circles) and their values after correction for hole overlap using the formula of 
James et al. (crosses). 

Fig. 2 The measured dependence of the track overlap probability p on the track angle 0 
(open circles). Solid lines 1 and 2 show the dependence given by the first and second 
models described in the text. 
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