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ABSTRACT

A method used to determine neutron first collislon probabilities in finite media
has been given. Neutron first collision probabilities in finite cylindrical geometry water
media having different radius and Infinite height were determined. KAMAN A - 1001
model neutron generator was used as pulsed neutron source and a BF, detector was
edopted to carry out time - dependent thermal neutron density distribution measurements.
Neutron time decay in finite media has been explained on the basis of neutron first
collision probability and following this interpretation, thermal neutron decay constants
measured in the cylindrical geometry water media have been evaluated. Consequently,
using the proposed method, reutron first collision probabilities were determined.

QZET

Soniu ortamlarda nétron ik ¢arpisma oiasitiginin dlgilmesine alt yeni bir ydntem
verilmistir. Yitkseklikleri sonsuz kabul edilebilen, farkli ¢ap degerlerindeki silindir geo-
metrili su ortamlarda noétron ilk garpisma olasiliklari Glgilmistir. Deneyde, pulsiu not-
ron kaynadt olarak KAMAN A-1001 model nétron jeneratdrd kullanilmistir. Ortamdaki
termik notron yodunlugunun zamana bagh degisiminin incelenmesinde, BF, notron de-
dektor(j ile birlikte zaman analizéri kullaniimistir. Sonlu ortamlarda termik nétronlarin
zaman bozulmasi i¢in notron ilk ¢arpisma olasihgina baglh bir yorum verilmistir. Silin-
dir geometrill su ortamlarinda 6lgiilen termik nétron zaman bozulma sabitleri, s6z ko-
nusu yoruma uygun olarak degerlendirilmistir. Bu suretle sonsuz silindir geometrili su
ortamlarda nétron itk ¢carpisma olasiligi dlgdlmistir.

INTRODUCTION

Time - dependent thermal neutron studies have been widely performed
by various authors [1-7]. The usual and well -known pulsed neutron
technique has been used to measure thermal neutron decay constant in
finite media. Diffusion approximation and diffusion - cooling modified dif-
fusion approximation are applied to evaluate the neutron decay constant
values. The last approximation was adopted for small geometries, however,
for very small geometries no more success has been achieved for the
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explanation of decay constants. Application of a method about the medi-
um - independent determination of thermal neutron time decay constant
related with neutron first collision probability has been presented. There
are quite a number of theoretical methods beirg applied to obtain neutron
interaction probabilities in various media [8]. In this work, expzrimen-
tally obtained decay constants were taken into consideration in crder to
calcuiate neutron first collision prebabilities.

THEORY

Neutron mean free path in an infinite medium is given as L., =1/Z.
On the other hand, the integration of the reiationship for finite mean
free path wouid yield,

Mg . L f m
where, f., defined as ~geometric factor», is given approximately [9],
fe=P.—(ER/2) exp ( — ZR/2 (2}

where, P. is neutron first collision probeability, £ is total macroscopic
cross section and R is so called «mean chord length» [10] which is given
as R-= 4V/S for a homogeneous neutron field.

Since diffusion coefficient depends on mezn free path, comparing
with Eq. 1, different definitions can also be obtained for this coefficient
considering finite and infinite media.

Time - dependent neutron density distribution is given in an exponen-
tial form of N=N, exp (—at) and from this, the relationship between
neutron time decay constant, a, and the geometrical buckling, BS in
diffusion approximation is,

a:ao‘!“Do Bg2 (3]

Here, the diffusion cocfficient D, was evaluated without considering the
nature of medium [11]. However, it may be concluded that the term D,
in Eq. 3 is found for very large systems which are assumed as irfinite.
Therefore.

aza:“f‘ [D;) . Bg? (4]
can be written instead of Eq. 3.

The relation between diffusion coefficients for finite and infinite
media is expressed as,

Do= [Do) [ fc [5]

and inserting this into Eq. 3, the corrected thermal neutron time decay
constant is found as :

azao+ [DD) 8 . fC . Bgz(fc] [6)
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o (B?) function is derived experimentally and frem this diffusion
parameters can easily be calculated. As a result, f. and p. values are
obtained.

EXPERIMENT

a{B?) curve was obtained employing the pulsed neutron technique.
A KAMAN A-1001 modei neutron generator operated in pulsed
mode was used as pulsed neutron source and 14,7 MeV energy nmeut-
rons were produced by H*(d,n) He* reaction. The thermal neutron density
distributiocn was measured by a BF; neutron detector located in a cons-
tant-position at the back of cylindrically shaped water media. The pipes
filled with water having infinite height were close enough to target.
Detecter pulses were fed into ADC input of an Canherra 8100 multichan-
nel analyzer tiirough a Canrberra Mcdel 1406 preamplifier and a Canberra
Model 1413 amplifier. The positiva synchronized outpui of the puise ge-
nerator whicli was mainly used to suppiy different pulses with adjustable
culse repetition time and culse wid'h during pulsing operaticn was fed
into «kExternal Trigger» input of the MCA. Thus the analyzar was ecperated
in MCSR mode giving the time depsndence of thermal neutron dersity
distribution.

Pulse width and pulse repetition rate were taken as 20 msecs and 3
mscs, respectively. In the case of large pulse widih, background is incre-
ased and poor counting statistics was observed due to small pulse width.
Optimized vaiue for the pulse width was found as 20 msecs. The stopping
period per channel was taken as i0 msecs and channe! number was 256
in the MCA. Consequentiy the sweep of time decay of neutron density
following a neutron burst between two subsequent neutron pulses in less
than 3 msecs was made possible when the analyzer was operated in
'MCSR mode.

Four cylindirically shaped long pipes having different radius were
used in the experiments. The time constants a of the decay of thermalized
neutron field in water moderator were measured and correlated with the
geometrical buckling B? of each system.

DATA EVALUATION, RESULTS AND DISCUSSION

The measured o(B?) decay curves (Fig. 1) were used to calculate
time constants with a computer programme. Background corrections were
made within the programme. In diffusion - approximation, using a three -
parameter least squares fit, diffusion parameters were calculated and the
values for absorption constant, ., diffusion coefficient, D,, and diffusion
cooling coefficient C were found as follows :

w0, =4761 sec™, (D.) =32422cm? sec™, €=8226 cm* sec™
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Fig. 1. Experimental decay curves In finite eylindirical water media.
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As it was mentioned in the proposed method, first the geometric
factor, f., was calculated from Eq. 6 using an iteration programme based
on the «Regula Falsi» method and then to calculate P, values, in the case
of infinite cylindirical geometry, the following equation derived from Eq.
(2) was used :

P.=f.+R X exp (—RX) (7)

Measured o values and the calculated f., P. values were given in
Table — 1. These P. values were found quite less than those calculated
by Case et. al., [8] using the «Bath Method», due to the different physical
ccnditions. In Case's work, first collision probability for the neutrons
from a homogeneous source injected into a medium was calculated, but,
in this work, source neutrons produced in the medium were considered.

TABLE — 1. Experimental resuits an:! calculated f,, p_ values

R (cm) B*(crm?) a(exp.} £, P,
6.00 0.1454 9379 0.976562 0.976563
5.30 C.1840 15348 0.927724 0.927735
3.65 0.3655 15642 0.693555 0.893595
2.35 0.8197 25803 0.747070 0.749439
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