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I = INTRODUCTION

The study of thermal neutron diffusion by the pulsed

| neutron source method, permits to obiain directly two paramehers

iy

'(absmrptian crasg-section b and diffusion length L) whereas a

"',q. 0 W Bosn b % i P &
. single one (L) is obtained in stationary processes., Besides, the

- pulsed neutron source method, generally permits the use of reduced

* dimengions of systems, a very interesting aspect from a practical

- point of wview.

For the development and utilizetion of the non=-gtationary

techniques on the study of moderators and nultipliers medi: , the

Beactor Physies Division of the I.B.A. has an electrostatic accele-

. retor model PH-400 of the High Voltage Bngineering Corporation.

. Jince the beginning, the Van de Graaff

has been used to messure the
paraseters of thermal neutrons diffusion in the water,

For its intrinsic importance and because there are more
than ten works slready published by groups of all the world, this
experiment wes considered bagic for the study and development of

the method,

| Considering the resulis of the experiments done in other
centers,the precision of the resulis here presented is beneath

expectation.

However, it was pessible fto accomplish a survey of the

. problems connected to technique, not only from the experimental
q # 0

view=point, but alsc in relation to the data analys s.
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IT - THEORY

If a fast neutrons burst is injected into & moderator,
the neutron balance, after thermalization, will be described by
the time dependent diffusion equation, on absence of sources, which

solution is (A1)

\.,_..4.

n (¢,t) ool e klmn olmn e lmn

where the X 3. are the thermal spatial distridbution for t = 0,
Amn  lmn

The form of the slmn depends exclusively of the moderator geonetry,
1

when the boundary conditions are given'w

t

*

\ For any instant after the establishment of the equilibriums
between the neutron gas and the medium
- - e

2
P2 = + DB™.
1mn ¥ zap lun

where = is the mean velocity of the maxwellian distribution of
thermal neutrons, D is the thermal diffusion coefficient on the
equilibrium, and E:a is the thermal macroscopic absorption cross
section. lemn the buckling of the medium, is an increasing funce
tion of the indexes. It implies that, from a certain value of t(l)
the only important contribution to the thermal neutron population
will be the one of the fundamental hormonic (L = 0, m = é, n = 0).
Then the temporal behaviour of the neutron population will be des-
cribed b; =xp i - ?t(BQ}E 11.3

with $% 5 EETRE II.4
where we nade: . Agoo = A
So, 4 is a linear function of B° and the stralght line

parameters are v Z: and D, They can be obtazned from the decay

curves which correspond to two values of B , at least.

< g i on the extrapolated boundary of the system.

(1) This instant may be calculated if the coefficients of IIl.1 are

explicitly known.




However, the linear dependence is true only for small

valueg of Bg (1&&%@ dimensions of the moderator), When BQ increases,
?x(ﬁé} tokes a parabolic form. What happeuns iLs that the escape of
nore energetic neutrons causes a decrease of the effective mean
temperature of the neutron population. One can obtain e better deg-
eription of the process considering a two groups theory of neutrons.

"
4 u A e o 58 4 &
With such a theory, A (B°) will be given by:

ey i.’z;

P 24 - i = .
A(B") = ¥ 3. + 1B -~ cB" TT.5

, 4 . - ; :
The term -cBY, presented on IL.5 Lakes this behaviour into

®

scecount. The coefficient ¢ is called diffusion cooling coefficient.

IIT - EXPERTMENTAL PROCEDURES

Jescription of the Avparatus

Fig.l is e schematic drawing of the experinental set up.
The target is isolated from ground. The incidence of an ion burst
produces an electric pulse. From the bear preamplifier the pulse
goes to the nonitor oscilloscope and to unity A-l, whieh is a Qdig-
¢riminater anplifier and furnishes formed pulses to the Lrigger of
the analyser. The burst repetition rate is fixed, and chosen so as
to allow the neutron population te decrease conpletely before the
next pulse. Of course this interwval should be sufficient for the
serts channels. The signal from the

total sweeping of all the
BF¢ counter goes tTo a scaler which servey s monitor and alao
furmlshes ferwed puises for the analyser, The nicro amperimeter

£
allows reading of the mean lon cwrent.

| On Pig.Z is given the detail of the saﬂr@@mmmﬁﬁwatnru

detector arrangement. On the bottom of the cylinder was pi&c@& &
cadmium mask, cut according to the funetion 3m 24405 1, (05 2)
. , mwwwm i -

With this mesk it is expected that all radial harmmn;c -y with
exception of the fundamental one, be elininated. The detector is

& Bﬂﬁ'@uuntem positioned on the cylinder's base and its dimensions

are 5 em diameter and 45 om length. The water container is an alue
minum cylinder placed inside & bo ¥ whose walls are o bordic acid
and paraffin mixfure, covered with Cd internally and externally.

The several bucklings were obtained by varying the water level.
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Teutron Source

The accelerated particles were deuterons, striking a
Tritiun target.
The character stice gf the pulses wera:
period 1100 psec
duration 20 usec
amplitude 65 LA

rise~tine .6 psec

Time Analvser

. TMC 256 channels time analyser was used, with a 211 tim
et flight [7Eok i MR
3

The storage time of this unit is 16 pisec, so that it is

possible to couni more than one neutron per pulse,

The unit 220-4 (Data Output Unit) of the analyser (fig.l)

is used to preset the number of "bursts",

et

IV - RESULTS AND ANALYSIS METHODS

Analysis of the Decay Curves

The decay curves were analysed by a least squares method

(Ml) The minimized expression iss

52 =t (v
LS

s

i (ti)}

where:

n = number of experimental points

e
1]

number of parameters

Yi= points on the calculated curve
Y {ti¥ experimental values
nez
V.= 1/{

B
% ¥

¥, = standard deviation in Y(t;) a*@YQt )

The points on the time axis were considered free of errors
and the counts at each channel was computed as it cccurred in the
1n1t1a1 1nstant All decay curves were obtained with channels of 4

& sec width. The snalyses were carried out considering only the




channels with a delay greater than 80 psec.

The fact of some channels being closed (due to the storage

time) after receiving am event leads to a correction of counting

losses which in some cases {good statistics) is significant. This
correction ig made normalizing the obitained countings in each chan-
nel, referring them to the number of bursts. A correction was also

made for the time resclution of the EﬂngramAmplifier_Scaler set.
The channels were grouped two by twe or three by three
for the least squares fittings.

The decay curves were adjusted for one or two exponentials

plus a congtant term.

o™ ")‘l e Bl ey 4 2
Straight line adjusiment of A(B“) = ¥ l;a’ + DB

In this case,the minimized expression was:

w oy z
= e (WU W, Ty 7))

o
£
5
!
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where WE and wﬁ are respectively the welgnts on the coordinates B

and A and are egual to the ioverse of the square of the errors. Vé,
V% are the deviation of the experinmerntal values in relation to the

caloulated curve.

The errors on the ¢ylinder radius and on the water volumes
were evaluated for the B2 error calculation. Afterwards a more care-~
ful analysis showed that, probably, the velume errors were ovelr
estimated on 30%, but the correction would not imply necessarily a

better adjustment of the data.

\ _
For both adjustments, programs were made in Fortran lan~

guage for the IBN 1620 Computer of the "Centro de Calculo .umerico

da Escola Politecnica da Universidade de Sao Paulo.!
The decay curves analyses program was a modification of
Moscatti's program (M 1). The introduced modifications aimed at

adapting the program to our experimental conditions.

Results

e

On Pig.3 we have AGO (decay of the fundamental harmonic)

versus the buckling. It was tried %o adjust the experimental values

Y EYEr]



‘ 2 : . e |
to a curve a + bx + ¢cx , but the datas were insufficient to charac-

terize the parabola. Table 1 is a summary of the experimental values

that were cltained.

Due to the use of the mask cut according to the function
= 2.4051 i K
g (~—§i~¢~) we could o.ly expect in our setup the presence of
axial harmonics (m = ¢, n = 1, 2, %...) besides the fundamental com-

ponent. Fig.4 shows the secondary couponents of the decay curves in

5

; 2 i . - o :
function of .B o1° The straight line was traced with v g and D given

in fig.3 and may be considered as a theoretical prevision for the')bl

values.

The complete disagreement of the experimental points with

this curve indicates that, probably, the experimenial points of fig.4

represent the decay due to the scattering on the laboratory walls,

floor and ceiling.
&

V - CONCLUSIONS

Compering our results with the ones found in the literatur

(see table 1 in {IB 1) and alsc (RSW 1)), we can see that the errors

in ¥ 5 and D of our experiments are very high. We may point out

mtree]

. some of the causes that contributed for this. The deviation of the

experimental points in relation to the calculated curve reach 4%.

In the experiment of (LB 1) for example, there is & maximum deviation

3
of 1%. Besides this, we considered only B” values between .08 cm .

-2 ; . . .
and .201 c¢m while in the experiments already published, larger

intervals were explored. Of course it would be interesting to main-

: = - ; g N . 2
tain the density of experimental points, if we increase the B

values interval. For a gquality evaluation of our resuits, a compa-

\
rison with (LB 1) experiments was made, as followss

3 = ’ ‘~ . 2
We selected Trom that work r&QG values between the B 0C

values region enclosed by our experiment.

An analysis of these values by the least squares method

gave errors in the straight line paeraneters comparahle to the ones

obtained by us.

In relation to the %OO values, we believe that the devia-

tions could be decreased, if we improved the statistics oi countings,




which was never better than.105 countings on the first channel,
Health FPhysics reasons were an important faetor on this 1imitatio£l).

t would also be desirable that each computed value of
Ay be the result of some measurements instead of Just one,
because we may have statistical fluctuation on thig parameter.

There are works in which the experiments are made with
more than one channel width so as to take inito account possible
errors which can be introduced by the equipment., Cur work also does
not have this refinement. We limit ourselves to calibrate the time

scale and the width of our analyser's channels.

If we are really detecting the labéraﬁony’& decay,; as we
were lead to believe by the data of fig.4, it is reasonable to expect
alzg that this variable background would be present at least as cone
taminations on the curves which were adjusted for only one exponen
tlal; but we cannot evaluate how much this background influsnced our

results.
On the cother hand, we are not sure 1o have isolated the

decay of the laboratory on the curves where two exponentials nre

£ % o »
- present {the harmonic >Kﬂl may be present as contamination). In

conclusion, we may point out thaet the elimination of this backe

ground is an impoertant factor to improve the guality of our re-

\
salts(l’@

% i3 3 K3 03 » B - Wy
(1) We hope that this situation will be completely changed, with
the removal of the V.G. to the shed, which has very t in walls.

(l} Actually, with the removal of the Van de Graaff to an outside
shed, these restrictions of Health Physics will be eliminated. The
daily operation time and the acceleration potential improvement of

the counting statistics.
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