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1. Introduction
In the first paper on the given topic we have formulated the Monte-Carlo
perturbation source aethod (PSM) in inhoeoganeous linear perticle trans
port problem* on the basis of FREDHOLM integral equations for the par
ticle fields /1/. In that framework the formulae for the second moment
of the difference event point eatimator «ere derived. This «as accom
plished by an adequate extension of the adjoint integral method used
by Coveyou et al. for representing the variancea of the event point es
timator in analog and biaaed solutions of ordinary particle transport
problem /2/. In the present psper ее analyse the general structure of
the variance in the PSM, point out the variance peculiarities of this
method, discuss the dependences on certain transport games and genera
tion procedures,and draw conclusions with respect to its improvement.
Only to complete the psper we preface the discussion of chspter 3 once
more by the mathematical formulation and a brief outline of the PSH in
chapter 2.

2. Mathematical Formulation and Outline of the Perturbation Source
Method
The physical problem considered here is the following. Let us have an
arrangement consisting of a constant outer particle source, a nonmultiplying material syatem and a detector. In the original state of the sys
tem ("zero" stete) the detector givea a certain counting rate Л § . After
changing the system ("one" etste) and waiting for the new equilibrium
distribution the detector shows now the counting

rate A* . We are in

terested in the effect shown by the detector in consequence of tlie sys
tem modification, i.e.,in the difference Л

1

of the counting rati» A j

in both system itatM 1x0,1

А я A* - A. .
The PSH m m

(и

to be a powerful HC method which at least in certain caaes

allows on* to estimate the effect Л with an acceptable statistical relia
bility. In order to analyse its general variance behaviour we have for
mulated this aethod in a convenient mathematical model. We describe the
particle distributions in both system states by event densities E.(x) 2 0
which are to be the solutions of the FREDHOLM integral equations

Ш-W ф(*ЧШ# , '-« 4

(2)

and give the counting rates

b =fWE,(x)<i* ,

i-M.

}

(я

In equations (2) S (x) represents a nonnegative source distribution which
nay be assumed to be normalized. The kernels K.(x-»y)S0 describe the
transitions of a particle from an event point
near

x to the next point in dy

y. They are completely determined by the system statee. In equa

tion (3) D(x)S0 is the detector function describing the localization
and sensibility of the detector in counting the events.
For the further explanation it is useful to introduce the so-called value
functions W.(x)&0 of both system states which are to be the solutions
of

In the PSM the same effect Л

is calculated as the difference of two

other counting rates A L , which are the counting rates of the same dedector but of the events of two types (j=0,l) of new particles

Л ""• А

л

-

Ло '

2

Ч)

«her*

and E.(x)£0 are th» «vent danaitiaa of the m

ao-callad perturbation

particlaa, or shorter " perturb* ton» "

(7)
ф « Щ +(к<(*ЧЕ*Шх', /44.
Ue note that both types of perturbatons live in the same system "one"
and thus have the same value function W,(x), but are emitted by different
sources P.(x)iO. The sources P.(x) themselves are generated by the oriJ
J
ginal particles in the system state "zero" (basic particles)

where the generation kernels P.(x-»y) sre defined as the nonnegative,
nonmultiplying remainders of the difference of the transition kernels K^

K H)-K.(*+i)-H(x*i)-?,H)-

m

4

The P.(x) give

the so-called perturbation source

?(*) = ?<(*)-%(*)

(10)

from equations (2) and (5) through (8) follows the general outline of the
PSM:
1) According to JS .K ] simulate the history of a basic particle.
2) According to equations (8) generate both types of perturbatons
during the random walk of the basic particle.
3) Simulate the histories of all generated psrturbatons in the
*
1*
"one" state of the system and sum up estimators 0j of the Л«
during the lifetimes of all generated " j " perturbatona.

3

4) The eetiaetor (par baeic particle) of the affect A ia given by

The variance of the difference eetiaator (11) ie coapoeed of the veriances
V a r ( H ) of the estiaatora « £ and of their covariance Covtjjj f j )

Mfi-tufMbfou

(12)

Coaparing the PSH with other aethods which base on estiaationa of the n\
we aay generally establish that all hopes in the PSH rest on its promising
features for introducing positive correlation between its subtracting estiaators В

Г

3. Variance Analysis of the PSH Event Point Estimator
The event point estimator of the PSH is given by equation (11) with event
point estimators 1Г. (jrO.l). Denoting with
of a basic particle and with

x (1=0,1...L) the event points

x,(n=0,l...N) the event points of a genera

ted "j" perturbaton the It. may be represented as

' 44 •«»
Here w.(x....,x.;x »x,-,...,x.) i. 0 is to be the atatiatical weight of
oi

a "j" perturbaton at its event point x . which wee generated in a basic
event at x. and after that haa passed the event points x .,x,,,...,x ..
As contribution function the estimators contain the detector function D(x).
We point out that the eetimatore th are eumaed up over all perturbaton»
of the type " j " which were generated during the lifetime of a basic particle.
To etudy the variance of the PSH event point eatimator

we have to derive expressions for ita second moment Hftfl. That was accoap-

4

liahed in / 1 / with the help of the following properly defined randoa va
4

riables '!
WM

is to be a rando» variable whoa* value ia, for each poaaible baeic

0

particle of unit weight experiencing an event in dx near x, the
total contribution to the eatiamta of Л , present and future,
resulting fro» the particle during its further randoa walk in the
systaa K

Q

(including the present event) by generating perturbs-

tons which then contribute to the estimate.
Jj(x) (j=0,l) is to be a random variable whose value is the contribution
to the estimate of Д . , made by a " j " perturbaton «>hich is pos
sibly generated in result of an event of a basic particle with
unit weight in dx near x.
j|(x)

is to be a random variable whose value is, for each possible per
turbaton of unit weight experiencing an event in dx near x, the
total contribution, present and future, to the estimate (of Л
or A , ) of its perturbaton type.

Furthermore, let из define the random variable ?(x) according to

f(x) - %(*) - U*) •

(«)

The specified random variables are so defined that their expected values
(over all particle histories in question) are given by

(17)
with W(x) aa solution of

,

Ш-Ш t/к^лwл ,
furtheron dashed entities announce thst they are related to biasing
schemes.

5

(IB)

With that tha variance function (43) aay t» writtan
(и

Ум(?(4~\к*(Щ+^(Щ-2&4№'Щ > >
шпаг*

'

Сбф)Щ*фьЩ

>

-ф$ф§

(5ft)

(55)

with

(56)

Generation procedure (B)
The perturbation particles are generated in pairs using a pair gene
ration probability p(x) but after that they will be transferred to their
first event points by statistically independent selecting from the distri
bution functions рЛх-*у). For this procedure we find the balance:
Balance(V)
Value of_.
*C*)
3 Qt)

Event and probability

±

1) With probability (l-p(x)) no pair of
perturbation particles is generated.

0

0

2) With probability p(x)*p (x-*^»P (x-»y.)dy dy,
0

1

o

a pair of perturbation particles is
generated and they experience their
first events in dy and dy, near v
and y

v

respectively.

__
^'V****^)

Then we get
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_,
Wfcjg^

for the normalization function* of the transition kernels К ^ х - у ) , respec
tively

%(*)-fKi(*"x')cl*'

}

Ufa.

(26

)

The ff^x) ere the biasing survival probabilities.
The variance function Var(7(x)) is determined by the generation procedure
and by the transport gaae used for the perturbatona. It is composed of the
variance functions of the ?.(x) and of their covariance function

Ча,т{Щ-£Уат§®) - 1 Со$в,Щ

In the generation procedure (A) at an event point

. С27)

x of a basic particle

the " j " perturbatons are statistically independent generated and tranafered to their first event points according to the generation probabilities
p".(x) and the transfers functions p".(x-»y), respectively. Then,

and

'

'

In the generation procedure (B) the " j " perturbatons are generated in pairs
using a pair generation probability

p*(x) but

transfered to their firat

event point* by statistically independent selecting from the distribution
functions p".(x-»y). We get

ind

7

In the generation procedure (C) only one perturbeton ia generated which
now directly repraeents the difference of both perturbation aource tenia.
In extension of the procedure (B) hare we и м not only the м м

generation

probability p(x) but a l M a comon tranafer function p"(x-«y) for both
generation kernel». We find

and

The «KMnente H f j p > O j

a n d

MjJjjCx) JUy)J

appearing in equations (29)

through (34) are determined by the transport game of the perturbatons.
We have not yet studied correlated games for both types of perturbatona.
For the uncorrelated biasing games we have

M$il=w)(w)-w)+Ш)^*мШ<**' <»
and

With the help of equation (23) we now analyse the general atructure of the
variance (14) of the PSM event point estimator (11). For this end WB look
at three different states of the PSM which differ by the degree of know
ledge on the solution (evaluation of fl ) utilized in the Monte-Carlo cal
culation,
a) H £ j ( x ) 3

ie assumed to be known

This Maiis that with W^(x) the solution of the field equation (4) is
known and, furthermore, that the quadratures (20) and the subtraction
(19) are carried out determiniatically. Using equations (4) through
A may ba represented

8

(8)

A -/tfM&Wr
ft
«hat «take* clear that A

(37)

"ay be eatiMted directly in the baaic g a m .

In that way the PSH procedure degenerated to the solution of an ordi
nary linear particle transport problem in the ayaten f S » K ] with Mptx)]
0

0

aa the contribution function in an event point estimator n*. Using the
reeulte from /2/ for such Monte-Carlo aolutiona we get

Afifl -fmQ№HQ$t®d*

(38)

what is juat the first part of Mfirjin equation (23). In comparison with
the true PSH procedure this solution realizes the estimation of A
using the expected value

h#(x)]

S(„)

instead of the random variable

7(x),

*M[J&].

(39)

Taking into consideration (39) equation (38) may also be derived from
balance (II) in /1/.
b) И Л х ) is assumed to be known
Using equations (8),(10),(19) and (20) A from equation (37) may be re
written as functional of the perturbation source

А -[ц(*ты*.
This relation shows that, having W,(x),

(40)

Л may be estimated by only simu

lating the perturbation source. Practically the PSM procedure than termi
nates at the first event points of the perturbatons and W,(x) •nust be used
as the contribution function in the event point estimators

e . . for the

difference estimator of this variant. That is, this atate of the PSM in
clude» the generation process of the perturbatona (up to their firat
event point) but not their transport game. In comparison with a) the
occurrence of the generation process In the Monte-Carlo solution results
in an additional variance contribution

ЫО'Ъ® +1чШ*х*-

(*i)

The knowledge on the solution is reduced fro» м[?(х)3 to W.(x), i.e.,
the quadratures (20) end the subtraction (19) are now performed statis
tically in the Monte-Carlo procedure. This loss in knowledge causss the
increase in variance.
In coaparison with the true PSH procedure in this varitwit Ь) Л
mated by using the expected value м{ъ(х)Д

is esti

=W,(x) instead of the ran

dom variable j£(x), i.e.!

£fr)

• М&'$ .

(42)

With (42) equation (36) is valid and, further!..

With that the expressions for the variance functions Uar.(?(x)) for all
generation procedures may be derived from equations (27) through (34) /1/.
It should yet be pointed out that the additional variance part also de
pends on the transport game of the basic particles via the weighting
function F (x) in the quadrature of Var(?(x)).
0

c) Only the detector function D(x) is known
In this case we have to perforin the complete PSH procedure. The general
structure of the variance ia the same as in b)

however, the additions!
ional variance term is increased becausi
because of

what is in consequence of

Jltfty > V&J

(46)

if the random variable J ( x ) is used instead of its expected value as
it was in b ) . As the Jj(x) we use the event point estimator with 0(x)
as the contribution function in a history starting at

10

x

and-taking

place in the eyatam Kj. In ooaparieon with a) not only the integral*
(20) and their difference (It) but aleo W^(x) iteelf ie unknoen. The
extraction of all theee information* ia no* included in the HonteCarlo procedure. Comparing with b ) , the further loee in knowledge reeulta
in a further increeee of variance.

Next v* eho« «hich elements of the PSN in «hat way help in positive corre
lating both estimator» fl .. For this purpoee we coapere the variance of the
PSH eatiaator with that of a difference estimator (11) with atatiatically
independent eetimatora if..

The letter m a n e that we hove two statistically

independent, Modified PSM calculations each of then containing only a aingle
generation process, naaely, for the eetimation of A* ( A* ) the generation
of "zero" ("one") perturbatona. The variances Var ( if.)

are easily calculated

with the help of the formulas derived in 111 for the case of a single
generation process. Then, in accordance «ith equation (12), we find
for the covariance

(47)

+fCov(f^hfi(x))T.(x)eU -

MM,

where we used the abbreviations
(48)
rined the W - U ) i 0 as solutions of
(4?)
The integral terms on the right side of equation (47) announce two features
of the PSH which nay help in positive correlating the estimators ».. The
term containing the covariance function Cov( 7 (x), 7i(x)) is determined by
the simulation procedure of the generation process and by the following
random walk of the perturbstons. The behaviour of this function ie imme
diately discussed in more detail for different cases. The other, nonnagetive

11

integral t e n a t a M fro» that Tact that

in the fSH the generation proceeeee

or both types of parturbatona are b a n d on the sea» baaic hiatoriea. Both
conatituants

of the covariance enlighten that the coaaon generation pro-

caoa of the perturbatone and their following randoa «elk in the ass» aystea state are the promising features of the PSH for introducing positive
correlation between subtracting sstinators and, therefore, are recisive
with respect to the usefulness of this Method et all.
Now let ua diacuas the affects of the different generation procedures considered
above on the variance function Vsr( J (x)). Because in the generation procedure
(A) both perturbetons ere independently generated accoroing to pV(x) ami РДх-»у)
thess functions influence the variances Var(? (x)) only and not the covariance
Cov(j_(x), ?,№).

The dependences of the second aoeents M f J l x ) J

on the

rxl p.(x-*y)
are those
those as
ss usually
usually in
in a
a biasing
biasing of
biasi'iy functions p ( x ) and
p.(x—»y) are
of a
J
J
iriously,
transition kernel /2/.
Obviously,

i

(SO)

results in minimum variance.
From equations (27) through (30) we see that variance reduction by a positive
covariance function Cov( J (x),J,(x)) requires positive correlated transport
games of the "zero" and "one" perturbations so that

Ш*)Щ

> Щ*)Щ) , **?

(51)

Such possibilities should be theoretically and practically investigated. For
uncorrelated transport games the equality is valid (equation (36)), hence,

COM (t(*), l(*))= 0.

(я)

The generation procedure (B) comprises в positive correlation in thB generation
of both perturbatone and thus gives variance reduction. It is obvious that for

!&>-,*(*)-*
(A) and (B) became identical. However, for

IS

,

/./,/

(53)

w» gain in (B) by a poaitive covariance

function Cov(j£(x),£(x)) and tnie

•van in the caaa if the transport gaaaa of both perturbatona are ««correlated,

The ganaration procedure (C) could be quite favourable with reapect to variance
reduction provided there are sufficiently extended phase space regions where
the generation kernels are overlapping) i.e..

Then, there would be a great portion of comon generation processes for the
"zero" and "one" perturbatona which have equal, expected contributions to
their estimators

n

and » ,

, respectively. Just those contributions are

identically simulated by one resulting perturbaton of the procedure (C). Of
course, furthermore we would have a considerably reduced numerical expense
by economizing the transport game of one perturbaton. On the other hand,
nothing will be gained by (C) if ther-; are no such overlapping regions. On
the contrary, than the common biasing by the transfer function p(x-*y) would
split in a generation of either a pure "zero" or a pure "one" perturbaton.
With p(x) : 1 I B would get the variances Uar ( У.(х)) from the generation pro
cedure (A) but additionally a negative covariance function
(57)
what ie caused by the "either - or" generation.
Next we point out the dependence of Var( в ) on the distribution of the random
variable

?(x) which takes a decisive part with respect to the efficiency of

the PSM. The first variance part Var ( 0*) ia completely determined by its
mean value м£У(х)3

(see equation (38)}, but the second by its variance

Var(7(x)). The first part dacreaaes when MpFtxJJ - * 0 wherea* the second

IS

о м е to • lialt determined by (iflrtx)J 2 0. Obviously, this fact has mis
chievous cinsseusnces far tha PSH in the tendency of decreasing affect by
decreasing H £ F ( X ) 7 . Thus, in sassnssncs of .he distcibutioii of this variable
е^к) the PSH say shoe quits different afficienciea in cases with the saaa
order of the affect A ,
T«o further general properties of the PSH ere eorth to note. The firet concernes
the dependence of the variance on the transport geaee choaen for the basic
particle* end for the perturbatone. As in ordinary transport problaae with
nonaultiplying transition kernel» the EV-bieaing gaaa aaong all survival bia
sing gassa leads to the smallest variance /3/. Ite application in tie cranaport
of the perturbatona miniaizee the Mfi*J(x)7

fro* equation (35) and by that

tha variance function Var( a*(x)> in the eocond tera of equation (23). The
EV-bieaing in tha baeic gaaa ainiaizaa f* (x) froa aquation (24) and in that
0

way both parte of the second aoaont Mf»**J. Though, the basic gene influences
both' term, in practice we ere kept to handle vary carefully the application
of tha EV-bissing game beceuee the prolongation of the baaic hiatories increeeae the nuaber of generated perturbetons end by that considerably tha entire
expenee. Doubtleee ее nave to eeek for appropriate procedures for selecting
reel generation events from ell possible ones of e beeic hietory. The other
general property to be pointed out is tha asyanatry beteeen both systaa states
«ith respect to the veriance of the PSH estimator, i.e.,an interchange of the
statea for the baaic and ths perturbston transport games (see /1/), in general,
«ill result in s different veriance. It seems to be difficult but paying to
deduce recommendation» on the disposition of the system states to the basic and
perturbaton gam*. Model investigations should help to enlighten this problem.
Furthermore, it should bo noted that s cslculstion of - Д instead of Д

with

ths sons disposition of ths system ststss givss the same variance.
We want yat to hint at tha application of a gensrel veriance reduction method,
the inportsncs function method (IF-method), in the PSH*. In ordinery psrticls
+i A dstsilsd discussion will be given in snothsr psper.
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tranaport prnalaas tha IF - aathad la hnowi to b* one of tha aaat powerful
aaana in varianoa reduction. It even ellave to oanatruet too direct zero-variance
ooluUone in tha apacial caee if tha value function ia uaed aa the iapottance
function /J,*,S/. Therefore, it ia of great intereet to aek foe tha efficiency
of thie variance reduction Method in the ceae of the PS").
At firat let ua conaider tha affect of ita application on tha ganaration proceee and tranaport geaa of the perturbetona. We eaeuae to know tha value func
tion Ы (х> of the etate Kj and the noraalizaUon function» н £ Г (x)J
1

of the

•odifiad generetion kemele Р Д х - » у ) U,(y), reepectively. Keeping an the bieaing technique need in the enalyeia of the generation proceaa and denoting all
biaaing entitle» involved for thie apacial caae by tildes, *e would have to иве
tha biaaing tranafer function»

in the generation procaduree (A) or (B) for tha caaa
Hence,

(53)* .

,
(59)

Both, with the value function W^Cx) Modified perturbaton

transport g a m e

corresponding to the zero-variance solutions Mentioned previously are charac
terized by a deterministic variable

«^WSMCSJCX)]

Щ = $Ш

,

sU <x). Thus,
1

fit

«>

and therefore

ЫЩ=$-

(61)

Of course, this result is in accordance with the degenerated case a) of tha
PSH discussed above. The proper utilization of the knowledge of Wj(x) and
H['((x)J

(j=0,l) allows to zero tha variance part caused by generation pro-

+t Of course, м а л valuee remain tha same, a.g., nfjfj(x)J = "(3j(x)7

IS

о м а and perturbaten transport д а м . Hare ia tha deciding Tact that both typea
of patturbatona haw» tha ваша value function W,(x) Ьасаим thay live in tha
aaaa щ/mtm atate and «re counted by the aaaa detector. In that м у tha gene
ral ueefulneea of tha application ОГ tha IF - Mthod in this part of the PSH
ia daaonatxatad.
Now м

turn to tha application of tha importance function method in the tran

sport д а м of the baeic particles having in vie* the reduction of the first
variance portion Var( в * ) in equation (44). At firat «a consider the degenera
r

+

ted case a) and assume a nonnegative function H[i (x)J . Then, knowing not on
ly rl£i*(x)]

ae in a ) , but alao U(x) and A

we are able to construct both

modified zero-variance solutions of the ordinary particle transport
If H[fMj

problem.

is an alternating function then, in general, it is W(x) too end

a zero-variance solution for A

could only be constructed as a difference of

the two zero-variance solutions for A -

, both modified with the nonnegative

constituents U^(x) of W(x), respectively. Similarly, in the special case of
two separate PSH calculations each of then containing only a single generation
process for the estimation of the
solution of A

Aj

we could also construct a zero-variance

• For that we would have to modify both baaic transport games

with the importance functions «^(x)/A.,, but the transport games of the perturbatons with W,(x) and uaing the normalization functions Ht?.(x)J

in the ge

neration processes for j=0,l, respectively. The principle of such a modified
zero-variance solution for the Д *

is that the weight of each basic particle

is fully transfered to the perturbatons generated during its lifetime and then
fully converted by them into the estimate. In general, this zero-variance
principle cannot be realized in the true PSH procedure with one basic transport
for both generation processes. This is only possible in the case of a nonnega
tive function Mfs*(x)J

and uaing the single generation procedure (C) for the

modified generation process, i.e., if we unite both generation processes in an
analytical way. For that wa would have to use W(x)/A as the importance function

+i The cess of s nonpositivs function Mff(x)J may be reduced to that case.
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In tha baale game and Wj(x) In tha perturbaton gam*. Hata la of laportance that
the (ingle, nannagetiva generation proceea Involve* the appearenoe of only
on* value function U(x) for the beaic partlclee «hereae t«o generation

procee-

aaa raault In tao different value functiona U^(x) which deaend different modified baaic i
Tha fact that tha true PSH haa loat the ideal zero-variance aolutiona of the
IF - method ahould not be taken too aariouely. In practical application* tha
use of this variance reduction method both In the basic and In the perturbaton
gaa* «ill doubtlaaa yield a aubatantial improvement of the PSH. However, the
efficiency of tha IF - method in the PSH should be investigated in more de
tail by model calculation*.
Last we outline an approximative version (bin-version) of the PSH which should
turn out to be quite favourable in practical applications. We have not yet
taken trouble to ahow tha improvements by this version, but some "physical"
arguments seem doubtless to speak in its favour. We start from the adjoint
representations of the counting rates Д . from equations (6)

%-Ц&%№

,

i-o,i. («

Let ua suppose the phase space of the system to be devidsd in G subrsgions
(bins). In this grained phase space the integrals (62) may be represented as

,

/~V ^,
t

(.63)

i —
where we have defined

end bin mean values

*

If the bin* are sufficiently small and properly chosen so that in a bin g
the mean values W? .for j»0,l are approximately of the sane magnitude wj, i.e.,

17

than Л "*y be calculated from

A complete Honta-Carlo calculation of л on the baaia of aquation (67) would
look и follow»
At the firat event points of the generated "j" perturbatons the P? are
estimated by uuaning up the particle weights for all bine g and perturbaton types j. The following transport games of all perturbatona
starting in a bin g would give the estimate»; of the

Ы? using the

event point estimator 0(x) as the contribution function.
Likewise as in the PSM variant b) with the known value function U,(x) the
variance reducing faeture of thia approximative bin-method consists in the
circumstance that here all "zero" and "one" particles having their firat
events in the same bin g would have the same contribution wj to the estimate.
The applicability of this approximative PSM version ahould be tested in
practice.
Aa a next step, with the help of the theoretical foundation preaenteU in this
paperi we intend to inveatigate the variance behaviour of different PSM ver
sions in simple but practical modele.
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Анаяиа дисперсии результатов расчета Монте-Карло по методу "воамуценного
источника" • случае яниейных неоднородных «адвч переноса частиц. Обсуждение
Метод "аоемуценного источника" может быть вполне работоспособным в ме
тоде Монте-Карло для вычисления малых рааностмк эффектов в поле частиц.
• првдцдуай р а б о т е этот метод был сформулирован для линейных неоднород
ны* аадвч переноса частиц с испольэованием интегрального уравнения типа
Фредгольма для полей частиц, и были аывадвны формулы для второго момента
оценки, рааности по точкам событий. В данной работе анализируется общая
структура ее дисперсии, показываются особенности поведения дисперсии, обсуж
дается аависимости от рааных алгоритмов конструкции историй частиц и от про
цедур рождения "дополнительных" частиц, а также приводятся выводы по улучше
ние этого метода.
,и

Работа выполнена в Лаборатории нейтронной фиаики ОИЯИ.

Сообщение Объединенного института ядерных исследований. Дубна 1982
Hoack К.
Variance Analysis of the Monte-Carlo Perturbation Source Method
In Inhomogeneous Linear Particle Transport Problems. Discussion-

Е11-82-266

The perturbation source .method may be a powerful Monte-Carlo means to
calculate small effects In a particle field. In a preceding paper
we have
formulated this method In 1nhomogeneous linear particle transport problems
describing the particle fields by solutions of Fredholm Integral equations
and have derived formulae for the second moment of the difference event
point estimator. In the present paper we analyse the general structure of
Its variance, point out the variance peculiarities, discuss the dependence
on certain transport games and on generation procedures of the auxiliary
particles and draw conclusions to Improve this method.
/ J /

The Investigation has been performed at the Laboratory of Neutron
Physic», JINK.
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