Letters to the Editor

Comment on Approximate Escape
Probability Calculations

A series of recent papers'™ was devoted to approximate
calculations of first-flight escape probabilities from convex
simply connected homogeneous bodies. The increasing number
of these publications illustrates how long a problem can
survive its solution. To support this rather annoying statement,
I would note the following: The principles and methods of
calculation of escape probabilities are detailed in the early
work by Case et al.’ along with extensive tables of calculated
values for the most important special geometries. There
remained two possible ways of progress in the field: either
give a theoretical foundation of a reliable approximate method
for the calculation of escape probabilities for a wider class of
bodies, or present simple approximate formulas for the other-
wise tabulated special cases. In Ref. 1, a theoretically elab-
orated general method is presented, however, there is no
indication of the precision of the approximation in general.
The merits of the method are illustrated through application
to the most common special cases of sphere, cylinder, and slab
regions. Reference 2 refines to some extent the method in
Ref. 1 for cylinder and slab regions. Raghav® proposes poly-
nomial approximations for all the three common geometries
with five (or nine) fitted parameters. The accuracy of this
approximation will undoubtedly satisfy the claims of practi-
tioners. Thus, I feel, the second method of progress came to
an end and no other effort is really justifiable.

In spite of that in a recent paper Kwiat® proposes a new
approximate method for the calculation of the same quan-
tities. I say the same quantities since there is no hint of any
kind on its applicability (and still less on its accuracy) for
general geometries. Although it has the advantage over the
method by Raghav? that it assumes one parameter to be fitted
only, this advantage is rather dubious since for offhand
calculations the use of the tables in Ref. 5 (with possible linear
interpolation) is more comfortable than the proposed cal-
culation, while in computer programs it hardly makes any
difference whether one or nine parameters are to be pre-dated.
On the other hand, Kwiat assumes the calculation of an
exponential that is much more time consuming than the
evaluation of a Horner scheme.

Nevertheless, a new approach to a problem (even if it
is solved) may open unexpected prospectives for further
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investigation of more general cases. And here comes my main
objection to the method in Ref. 4. The idea behind the
method proposed there is the generalization of the formula

_ o 7
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by Rothenstein® to an explicit x-dependent c(x) function as

(X)) = o F(€g ~ Cop) €XP(=X/0X)

in such a way that c(x) preserves the limiting values for x = 0
and x — oo as follows from exact calculations. This condition,
however, seems unnecessary since

limP(x)=1,
X-0

provided c¢(x) is such that

lim xc(x)=0 ,
x~0

otherwise arbitrary, while
lim P.(x)=0
X—00

for any positive ¢(x). Furthermore, by choosing a d(x) instead
of ¢(x), being bounded at small x, for the error relative to P,
we have

(Pe = Pg)[Pe = [e(x) ~d(x)]x + O(x?) for x<<1,

and therefore P; may be a still better approximation than
P, in the white region as demonstrated below. For large values
of x,

P~ PP =1/e(x) = 1/d(X)]x2+ O(x*) for x>>1

and arbitrary nonvanishing d(x) may result in an excellent ap-
proximation for the black region.

To illustrate the above assertion, I have tried the simplest
linear function

d(x)=o+8x
for cylindrical regions and a rough guess of
a=035, B= —%

resulted in the errors given in Table I. Note that this func-
tion does not necessitate the computation of exponentials.
The trial function may of course still be refined [for in-
stance by putting

a=0.6, =007 for x>4

to yield errors <0.1% everywhere in x € (0.10)] but it does not
really matter for the reasons above.

A final remark is to be made concerning the usefulness of
some approximations. Most of the references cited above give
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TABLE 1

Relative Errors in Approximate Escape
Probabilities for Cylinder (%)

X Reference 4 Present Work
0.0 0.00 0.00
0.2 0.16 0.03
04 0.13 0.08
0.6 -0.01 0.08
0.8 -0.19 0.05
1.0 -0.32 0.00
2.0 -0.33 -0.02
3.0 -0.04 -0.02
4.0 0.13 -0.03
5.0 0.12 -0.11
6.0 0.14 -0.12
7.0 0.07 -0.18
8.0 0.09 -0.15
9.0 0.00 -0.23
10.0 0.00 -0.22

approximate escape probabilities for spheres. The determina-
tion of these approximate values is seldom simpler essentially
than the evaluation of the exact expression®:

3 P
Psphere(x) = 8%3 [2x2-1+(1+2x)e?¥} ;

where
x=2ZR
R = radius.
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Responses to “Comment on Approximate
Escape Probability Calculations”

My original motivation is not simply to play numerical
games with approximations to well-known solutions, but to
develop better schemes of homogenization. The point is that
collision probability is very useful in formulating problems
with a heterogeneous medium; however, such formulations,
although very nice physics-wise, often turn out to be difficult
to compute. The collision probability is, of course, introduced
to represent neutron transport between regions of different
compositions. A major step forward in rendering the formula-
tions practical would be to approximate the escape probabil-
ities such that simple schemes of homogenizing these regions
could result. A well-known classical example is the so-called
equivalence theorem. To this end, I would like to emphasize
very much the importance of looking beyond the numerical
accuracy of an approximation to ponder if the approximation
has a suitable functional form for homogenization as well. To
be specific and elaborate, I would like to bring the attention
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of my colleagues interested in this problem to Ref. 1. Some
preliminary remarks relevant to this work are also given in
Refs. 2 and 3.

It was of course also part of my motivation to introduce
a general framework of accurately approximating the collision
integral for a general geometry. I would like to mention that
applications of the method? to Dancoff corrections and (three-
region) cylindrical shells* have been successfully carried out.
As for the Kwiat® approximation on which Lux® commented,
it is misleading to say that there is only one parameter to fit,
because the other two parameters, although determinable
analytically through limiting behaviors, are also geometry
dependent and still need to be calculated for different cases.

Finally, I would like to remark that Lux’s concern about
the increasing number of publications on such an old problem
is perhaps a reflection on how little reactor theory is being
done nowadays. However, I believe this is not because there
is very little interesting reactor physics left, but the miscon-
ception that with large computation codes we no longer need
physical analysis.
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No doubt, the use of approximations for practitioners is
important. All well-known tables and approximations' 4 only
indicate that the subject is interesting as well as attractive.
The problem is easy to formulate and to understand; however,
as yet it has no general solution. Two major problems are
faced in these calculations: (a) finding the exact expression
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