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Abstract

The unbounded estimate is one of the {roublesome problems in Monte Carlo method. Particularly,
in the caleulation for the flux at a point, the estimate may approach infinite. In this paper, a collision
probability method is proposed in Monte Carlo caleulation for the flux at a point, and two kinds of
methods with the bounded estimation are presented: the quadratic collision probability method and the

importance sampling method. The former method is simple and easy to nse, whereas the latter is suitable
for calenlation of flux at many different points simultaneously. The practical caleulation indicates that

the variance of the present methods can be reduced by about 50 percent and the efficiency can be
increased by 2 to 4 time in comparison with the existing msthoda.

1. Introduction

The application of Monte Carlo method to the calculation for the flux at a point
plays an important part in the particle transport problems. It is because, first of
all, the caloulation of the point flux is offen encountered in the practical problems.
Second, because the problem of any looal flux caloulation can be solved through the
calculation for the flux at a point. Finally, there are some difficulties with numerical
calculation. Particularly, the problem is more gerions for those problems with
complicated geometry and other factors.

Lot @(r°) denote the flux at the point #°. In other words, @(r®)ds® is the average
track length by the particle through the volume element dr® near 29, Thug, in order
to caloulate the point flux ¢(#°) by the usual Monte Carlo method, it is necessary to
choose such a geometric volume V cﬂntmnmg r“ in it that the. @(r®) can be
'&pprnmmately obtained as follows:

p(r) mp () = pryar/ [V,

where |V'{ is the volume of the geometric region. In order to make the approximate
equation p(°) ~@(V) hold more exactly, the geometric region V is taken very sma,ll
Thus, the general Munte Carlo method becomes very difficult, .

There are probably two different ways to overcome the difficulty mentmned
‘above. One is to, exchange the location between the particle souree and the deteoctor
(the point flnx response. function) so:that the ﬂrlglﬂﬂl particle sourge is turmed. into
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the defector, while the original detector into the particle source. In thig way, the
problem with the point flux calculation can be changed into one with the non-point
flux caloulation as long as the original source is not a point source. In this aspect,
there are the reciprocal Monte Carlo™ ® and the adjoint Monte Carlo® %, Another i
to use the statistical estimation techniques to treat the variables analytically involved
where possible, or to use the biased sampling techniques to ireat the variables
which can ecaunse large fluctuations in the results. There are the directing probability
method™—® biased location campling method™, the maximum oross section method™
and the reselection method™*-%1 gngd go on.

The reciprocal Monte Carlo method has two important disadvantages. One is that
the particle source can not be gz point gource., Another, the application ig exiremely
limited, because the condition under which the source and the detector can be
exohanged is seldom satisfied. As for the adjoint Monte Qarlo the sitmation is
different. In this case,the reciprocity between the source and detector is done formally,
and does-not meet the condition which ig needed in the real reciprocity. Therefore, it
overcomes the second difficulty appearing in the reciprocal Monte Carlo method
suocessfully. But the adjoint Monte Oarlo does not remove the first disadvantage,
nevertherless, and it creates some new problems, such as the complicated random
walk, larger statistical error™ and so on.

The directing probability method is a very simple and easy to use. But if there s
soatlering medium near point 4, the estimation of the directing probability is
unbounded. For the homogeneons medium, Kalos proved that the estimation of the
directing probability method is not only unbounded, but also ite variance is
divergent (for the heterogeneous medium, as long as there is some scaltering medium
near the point #°, the variance of the directing probability method is divergent as
well). The boundlessness of the estimation often makes the statistical fluctuation
of the Monte QOarle estimate become large. Meanwhile the divergence of the variance
can directly affect the convergence rate.

The location biased sampling method which wag given by Kalos in 1963 is the
first method with finite variance to oOvercome the divergence of the directing proba-
bility method. But hig conclusion is based on the assumptiion of homogeneous
medium, fnonoenergetic particle and isotropic scatlering. On the other hand, not only
is the method approximate, also it is complicated o apply to the calculation for the
flux at a point, hence the method has not been widely used. The maximum cross
section method given by Mnxatizos is another one to solve the variance divergenoce
problem. It does not need any condition which must be satisfied by tho location
biased sampling mbthod. As the location biased sampling method, although they
have solved the problem about the varianoe divergence, they can not overcome the

The reselection method which was developed by Steinberg and Kalos in 1971 ig
the first one to solve the problem about the boundlessness of the estimate in Monte
Carlo caloulation for the flux at a point. Later, it was improved further by Steinberg,
Lichtenstein, Kalli and Cashwell, but it is stil] complicated. And it is not able to
caloulate the flux at many different points simultaneously, In this paper, we prosent
& collision probability method in Monie Carlo calculation for the flux at a point.
Based on this, two kinds of the bcunded estimate methods are given, namely,



