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ABSTRACT

This paper describes a series of integral pulsed neutron experiments periormed in a
0.4 x 0.4 x 0.4 m® metallic thorium assembly in such a way as to allow direct comparison of
space independent reaction rates with calculated reaction rates derived from a code which uses
the asymptotic reactor theory approximation to describe leakage. The technique relies on the
Fourier decomposition of measured space-time dependent reaction rates and the extraction from
these of the reaction rate corresponding to the fundamental three-dimensional Fourier spatial
mode. The reaction rates measured were the fission rates of 2**U, **Pu and **’Np following a

short {(~ 10 ns) burst of neutrons with a mean energy of ~ 2.7 MeV.

* University of Tasmania, Hobart

#* A A E.C. Research Establishment, Lucas Heights, N.S.W.



National Library of Australia card number and ISBN 0 642 99540 0

The following descriptors have been selected from the INIS Thesaurus to
describe the subject content of this report for information retrieval purposes. For
further details please refer to IAEA—-INIS—12 (INIS: Manuai for Indexing) and
IAEA~INIS-13 (INIS: Thesaurus) published in Vienna by the International Atomic
Energy Agency. '

BOUNDARY CONDITIONS; DECAY; ERRORS; FAST NEUTRONS; FISSION;

FOURIER ANALYSIS; MEV RANGE 01-10; NEPTUNIUM 237; NEUTRON BEAMS;
NEUTRON DETECTION; NEUTRCN LEAKAGE; NEUTRON SOURCES; NUCLEAR
REACTION KINETICS; PLUTONIUM 239; PULSED NEUTRON TECHNIQUES;

PULSES; SPATIAL DISTRIBUTION; SUBCRITICAL ASSEMBLIES; THREE-DIMENSIONAL
CALCULATIONS; THCORIUM; TIME DEPENDENCE; TIME-OF-FLIGHT METHOD;
URANIUM 235



CONTENTS

Page

1. INTRODUCTION 1

[y

2. APPARATUS AND EXPERIMENTAL METHOD

2.1 Thorium Assembly

2.2 Neutron Detectors

2.3 Pulsed Source

2.4 Timing System

2.5 Method of Measurement

LR NN =

3. DATA ANALYSIS AND RESULTS

3.1 Time Dependent Three-Dimensional Fourier Modes
3.2 Instantaneous Decay Constant

4. DISCUSSION OF ERRORS

4.1 Error Analysis in the Fourier Fitting Routine

4.2 Nonlinearity of the TAC

4.3 Systematic Error Associated with Background and
Overlap Correction

4.4 Error Analysis in the Exponential Fitting Routine

4.5 Detector Timing Uncertainty

oo Qo ~Y =Y Ch =)} s L3

5. DISCUSSION OF RESULTS

o]

6. ACKNOWLEDGEMENTS 9
7. REFERENCES 9

Table 1 List of Experimental Parameters

Table 2 Time Dependent Amplitudes of the Three-Dimensional Fourier
Modes for **’Np, ***U and ***Pu

Figure 1 Schematic diagram of the thorium assembly
Figure 2 Block diagram of the electronic system

Figure 3 Spatial distributions of (a) **"Np and (b) ***U fission rates measured
along scan hole A at various times with respect to the pulse

Figure 4 Time dependent amplitudes of the three-dimensional Fourier modes for
(&) **’Np, (b) #**U and (c) ***Pu

Figure 5 Time dependent instantaneous decay constants of the ***U fission rate
at three positions along scan hole A

Figure 6 Time dependent instantaneous decay constants of the fundamental mode for
(a) *'Np, (b) »**U and (c} **Pu



R



1. INTRODUCTION

The pulsed neutron technique has been most widely used in the investigation of thermal

neutron assemblies (see Beckurts (1965) for review article), but during the last decade it has been
extended to the study of fast neutron assemblies. In most of the thermal systems studied there
was an asymptotic mode of decay and hence it was possible to measure unambiguously a decay
constant which was related in a well defined way to the thermal diffusion parametets. In fast
non-multiplying assemblies, no such asymptotic mode of decay exists, principally because there
is no upscattering in such systems. The neutrons are continuously slowed down to lower
energies and the neutron energy spectrum changes continuously with time. Hence the simple
analysis used in the study of thermal systems by the pulsed technique is not possible in general.
However, the fact that the neutron energy spectrum changes continuously with time can be used
to advantage since any given reaction rate samples neutrons of different energies and hence
neutrons interacting with the transport medium in different ways at different times after the pulse.

Several integral pulsed experiments with fast non-multiplying assemblies have been re-
ported in the literature. Beghian et al.(1963 a and b, 1965, 1967) have measured leakage rates
of essentially monoenergetic neutrons from iron, lead, bismuth and natural uranium assemblies.
Similar measurements have been performed by Deconninck et al. (1965) with iron, copper and
graphite assemblies and by Miessner and Arai (1966, also Arai et al. 1966) with lead and nat-
ural uranium assemblies. Napolitano et al. (1969, 1970) have performed pulse propogation
experiments with an iron assembly. Time dependent fission rates of various elements have
been measured in depleted uranium assemblies by Kato et al. (1965) and more recently by
Gozani (1969). Kato et al. measured time dependent fission rates of **°U, ***U, 27Np, **Pu
and ***Pu and also measured energy spectra by a pulsed time-of-flight technique. Gozani meas-
ured the time dependent fission rates of 2**U and **"Np.

This paper describes a series of integral pulsed neutron experiments performed in a
0.4 x 0.4 x 0.4 m® metallic thorium assembly in such a way as to allow direct comparison of
space independent reaction rates with calculated reaction rates derived from a code which uses
the asymptotic reactor theory approximation to describe leakage. The technique, which was
developed previously (Rainbow and Ritchie 1971) in a study of the slowing down processes
in a thermal system, relies on the Fourier decomposition of measured space-time dependent
reaction rates and the extraction from these of the reaction rate corresponding to the funda-
mental three-dimensional Fourier spatial mode. Three sets of measurements were performed
which consisted of measuring the fission rates of *"Np, U and ***Pu respectively, follow-
ing a short (~ 10 ns) burst of neutrons with a mean energy of ~ 2.7 MeV.
2. APPARATUS AND EXPERIMENTAL METHOD

2.1 Thorium Assembly |

The thorium (Moo et al. 1972) was in the form of blocks, the majority of which were cubes
of side 50.8 mm and each of which was coated with cellulose acetate lacquer to a thickness in
the range 0.013 to 0.025 mm. These were stacked to form a rectangular parallelepiped
(401.8 x 403.0 x 401.3 mm) with a 25.4 x 25.4 mm? hole through the centre to accommodate the
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accelerator flight tube and three scan holes, each of cross section 13.1 x 13.1 mm running
parallel to the flight tube (see Figure 1). A further scan hole running half the length of the
stack was provided in the position shown for a monitor detector. The effective density of the
thorium stack was 11.04 g cm= taking account of voidage due to the flight tube hole and the
scan holes.

The thorium was supported on a three legged table with an 11 mm thick mild steel
grate top at the centre of an experimental area, the ceiling of which was ~ 10.5 m above the
floor. The floor, which was some 1.06 m below the centre of the stack, was covered in the
immediate vicinity of the assembly with borated paraffin 150 mm thick. A 150 mm thick, 2.1 m
high borated paraffin wall in the form of an approximate circle with internal diameter of ~3.8m
surrounded the assembly. Both the floor covering and the wall were intended to reduce the
intensity and energy of the neutrons scattered back into the thorium stack. Further details of
the stack and target arrangement are given elsewhere (Moo et al. 1972).

2.2 Neutron Detectors

The neutron detectors employed were Twentieth Century Electronics Limited, Type
FC4B, cylindrical pulse fission chambers of cathode diameter 4.9 mm,ancde diameter 1.6 mm
and active length 25.4 mm. The fissile loadings were in the form of thin oxide films on the
cathode of thickness 3 pg mm™? for “"Np and ***Pu and 10 ug mm ™ ? for #:U,

2.3 Pulsed Source

The basis of the pulsed neutron source was a 3 MeV Van de Graaff accelerator which
was operated at 2.8 MeV in the ‘nanosecond’ pulsing mode both with and without klystron
bunching. This allowed a range of beam pulse widths from about 4 ns to 15 ns at a repetition
rate of 1 MHz. Neutrons were produced using the *Be(d,n)'*B reaction which, at a bombarding
energy of 2.8 MeV has a rather complicated neutron spectrum (Inada et al. 1968) with an average
enetgy of about 2.7 MeV and a marked forward peak in the angular distribution.

Throughout this investigation, the air cooled beryllium target was located at the centre
of the stack. The target could also be removed from the path of the beam (see Figure 1) to
allow the beam to impinge on a second target used to monitor the beam pulse profile. The mon-
itoring was done at frequent intervals throughout each experiment by using an NE-102 plastic
scintillator to detect the gamma ray burst emitted as the beam struck this second target,

2.4 Timing System

A block diagram of the timing system is shown in Figure 2 and is described in more
detail elsewhere (Moo et al. 1972). However, several features require further comment.

The detector pulses were timed with respect to the leading edge of the beam pulse
which was detected by a capacitive pick-off unit located in the flight tube 0.4 m from the target.
The high and low level discriminator System on the output reduced both the timing jitter and
the chances of spurious triggers from the high mass component in the unénalysed beam.

The preamplifiers used in conjunction with the detectors were fast current amplifiers
built by Instrumentation and Control Division, Lucas Heights, to the specification of Rush (1964).
Amplitude-risetime compensation (ARC) was used to provide timing signals from the detectors.
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This was found to give much less timing uncertainty than crossover timing (Moo et al. 1972).
For the first and second sefs of measurements in which 2’Np and 2*°U reaction rates were
measured, the detector timing uncertainty was in the range + 3.3 to 5.0 ns. For the third set,
in which #**Pu reaction rates were measured, the ‘fraction’ used in the ARC timing was de-
creased and the jitter also decreased to give a timing uncertainty in the range * 22to
+ 3.4 ns.

A *’Np pulse fission chamber was used to monitor source neutron production for
normalisation purposes during the measurements of the #*"Np fission rate. A ***U pulse
fission chamber was used as a monitor during measurements with the broad range detectors.
A gating system limited the scaling period of the monitor to ~ 300 ns in each cycle, this period
starting some 15 ns before the rise of the reaction rate time distribution.

2.5 Method of Measurement

One of the main aims of this investigation was to extract the time dependent Fourier
spatial modes, R (1), for each reaction rate, and in particular, the fundamental mode Ry; ().
The theoretical basis of the technique has been described by Rainbow and Ritchie (1971).

The present investigation was confined to an interval of ~ 200 ns after the pulse. The
decision to restrict the time interval was taken to avoid possible contribution from room return
neutrons to measured broad range detector reaction rates. For example, the flight time of a
1 MeV neutron over a path of 2 m is 145 ns while the equivalent flight time of a 100 keV neu-
tron is 457 ns. Thus, in the time interval up to 200 ns after the pulse, the number of neutrons
scattered directly from the floor to a detector in the stack should be small and should be further
reduced by the borated paraffin shielding. The time interval is, however, long compared to the
‘decay time’ for »*"Np (~ 15 ns) and is sufficiently long to place no significant limitations on
measurements with this threshold detector.

Throughout the measurements the time to amplitude converter (TAC) was operated with
a1l us time range and the analogue to digital converter (ADC) with 1024 channels. For the
first and second sets of measurements the actual channel width was 1.245 ns and for the third
set it was 1.18 ns, but in the analysis the data in consecutive pairs of channels were summed
to give effective channel widths of 2.49 ns and 2.36 ns respectively. The timing of the start
pulse with reference to the initial neutron pulse was such that the reaction rate was measured
for some 150 ns before the start of the initial pulse. Although the main period of interest was
restricted to some 200 ns after the pulse, the time range of 1 s was used and measurement
of the reaction rate at times before the pulse was done to allow an estimate to be made of the
effect of background and overlap from earlier pulses (see Section 4.3).

The detectors were moved along aluminium tubes in the scan holes by a motorised
screw device. At each spatial position the time distribution was measured for a preset mon-
itor count. The positive logic output from the constant fraction timing discriminator was
scaled to allow dead time correction in the TAC and ADC. The entire process of data taking
and positioning of the detector along each scan hole was facilitated by a PDP-7 on-line com-
puter.
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Preliminary measurements along a transverse scan hole with a “7Np detector showed
that the transverse flux was symmetric, as was to be expected from the source conditions and
that two cosines were sufficient to describe the transverse spatial distribution. For this
reason, measurements were confined to three independent scan holes in the x direction and
the analysis was confined to the extraction of the R, » Ri13 and R;3; modes. It was assumed
from symmetry that the R ;;, and R;;, modes were identical .

For each detector, time distributions were measured at 13 positions (25 mm apart) in
each of the three scan holes. Immediately before and at some stage during each spatial scan,
the beam pulse profile was measured with the plastic scintillator. This allowed a check on
the stability of the accelerator with regard to pulse shape. Spatial distributions in each of
the scan holes were measured in rotation and then repeated at least once to average out the
effect of longer term drift. The beam pulse shape throughout the measurements was approx-
imately Gaussian. Table 1 lists the beam pulse widths, detector timing uncertainties and
other details of the experiment.

TABLE 1
LIST OF EXPERIMENTAL PARAMETERS

*"Np Experiment U Experiment ***Pu Experiment
Detector timing uncertainty* +3.3to0 5.0 +3.3to0 £5.0 +2.2t0 3.4
(ns)

Beam pulse width (ns, FWHM 12.4 9.6 4.0
Actual channe! width (ns) 1.245 1.245 1.18
Channel width (ns) used in 2.49 2.49 2.36
analysis
Extrapolation length (mm) 42.6 29.0 30.5

X — dimension of assembly 401.8 mm

y — dimension of assembly 403.0 mm

z — dimension of assembly 401.3 mm

Eifective density of assembly 11.04 g cm™?

*We define the timing uncertainty to be the standard deviation of the timing uncertainty dis-

tribution. The values presented are estimated upper and lower bounds (see Moo et al. 1972).
3. DATA ANALYSIS AND RESULTS '

3.1 Time Dependent Three-Dimensional Fourier Modes

Since the energy spectrum in the pulsed thorium assembly changes continuously with

time, there is clearly a problem in choosing the appropriate extrapolation length both to

describe the spatial distribution and to use it in the well known recipe to evaluate the buckling
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term of the asymptotic reactor theory diffusion theory calculation. It should be stressed here
that the objective in analysing the measured spatial distributions was to produce a space
independent time dependent reaction rate that could be compared directly with the correspond-
ing reaction rate calculated in a diffusion code which approximates leakage by a DB? term. It
can easily be shown that to achieve this, the same extrapolated length must be employed in both
the Fourier analysis of the experimental results and in calculating the buckling term used in the
code. Furthermore, this extrapolated length must be time and energy independent (Ritchie and
Moo 1972).

The problem then becomes one of choosing the most appropriate extrapolation length.
There appears to be no clear criterion for choosing this although one such criterion would be
that one mode (the fundamental) should decay more slowly than any other mode. Experimentally,
this means that the fundamental mode would in time describe the spatial distribution. The
extrapolation length used in the Fourier analysis of each reaction rate was one derived in the
usual way from a transport mean free path which was averaged over a calculated time dependent
energy spectrum and weighted according to the energy response of the detector. The thorium
data were obtained from the ABBN set (Bondarenko 1964) and the detector fission cross sections
were obtained from the Winfrith data file (Norton 1968). The actual values used for the extra-
polation lengths were 42.6 mm, 29.0 mm and 30.5 mm for **’Np, ***U and 2**Pu respectively. The
success of this choice can be judged from the fact that the decay rates of the higher spatial
modes derived from the experiments were in all cases markedly faster than that of the fundamental
mode (see Figure 4).

The method of Fourier mode decomposition was essentially the same as that described
by Rainbow and Ritchie (1971). For each reaction rate, the time dependent spatial distribution
along each scan hole was Fourier analysed using a weighted least square fitting routine, FORFIT.
The Fourier amplitudes from the three independent scan holes allowed the time dependent three
dimensional Fourier modes, R ;;(t), to be extracted.

Figure 3 presents the spatial distributions along scan hole A at several time channels
for 2'Np and 2*U. It was found that the spatial distributions in the beam direction were ade-
quately described by a sum of four cosines and two sines for both the threshold and broad range
detectors. The three most significant three-dimensional Fourier modes are shown as a function
of time in Figure 4a for **’Np, in Figure 4b for 2**U and in Figure 4¢ for ***Pu, while the ampli-
tude and error of the fundamental mode are listed in Table 2 for the three fission rates. In all
cases, the peak of the R;(;(t) mode has been arbitrarily assigned to channel No. 10.

3.2 Instantaneous Decay Constant

It is informative to examine the time dependence of the derivative of the reaction rate
curves. This quantity is independent of any amplitude normalisation and is, therefore, useful
in the comparison of measurements made at different positions or with different detectors. How-
ever, to obtain an estimate of the derivative with reasonable precision requires better statistical

" accuracy on the raw experimental data than is usually available. A useful approximation is to
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assume that the decay curves are exponential over short time intervals and to evaluate
‘instantaneous’ decay constants, A(t), which are reasonable estimates of the time logarith-

mic derivative. This procedure has been used by other investigators (e.g. Gozani 1969) and

is a convenient means of comparing data. However, care must be taken to ensure that the same
procedures have been applied to all the data being intercompared.

A weighted least square fitting routine was used to calculate A(t). Each time distrib-
ution was fitted to a single exponential function over an interval of 11 channels (27.39 ns for
the **"Np and ***U measurements and 25.96 ns for the **°Pu measurements), the calculated A(t)
being assigned to the middle channel. Successive A(t) were obtained by advancing the interval
of fit.

Figure 5 shows the instantaneous decay constants for the time distributions of the %5y
detector at three positions (x = —100 mm, x = 0 mm and x = +100 mm) in scan hole A. The
instantaneous decay constant of the lowest mode for the three fission rates are presented in
Figure 6.

4. DISCUSSION OF ERRORS

4.1 Error Analysis in the Fourier Fitting Routine

The following errors were considered at each position of the time dependent spatial dis-
tribution along each scan hole:

(i) dead time correction in the channel counts,

(ii) statistical errors in the monitor counts,
(iii) statistical errors in the channel counts,
(iv) positioning error of each detector,

(v) timing uncertainty associated with the reference signal and machine performance.

The maximum count rate in the measurements was about 150 counts s~ and dead time
effects in the detector and preamplifier were negligibly small. The count rate capability of the
system was limited by the ADC which was typically busy for about 200 us per event. Dead time
cotrection in the TAC and ADC was done in a straight forward manner, the correction factor at
each position being given by the ratio of the scaler count from the positive logic output of the
constant fraction timing discriminator to the integrated count in the time distribution. The dead
time correction for the threshold detector was less than 1 per cent and for the broad range
detectors, was less than 3 per cent.

For most of the measurements, the preset monitor counts were greater than 10° so that
the statistical error associated with the monitor was less than 0.3 per cent. The statistical
error in the channel counts for a preset monitor count was handled in the usnal manner.

The uncertainty in the positioning of the detectors was estimated to be about + 1 mm.
The corresponding errors in the channel counts depend on the spatial position of the measure-
ments and were less than 0.6 per cent.

Fluctuation in the machine voltage, beam cutrent and pulse shape gave rise to uncertainty
in the timing of the reference signal. The beam energy was stabilised to an accuracy of +5 keV
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at 2.8 MeV. With the beam pickoff unit at 0.4 m from the target, the corresponding timing error
was only *0.02 ns. In all the measurements, the beam current was fairly steady. Although
each set of measurements normally extended over three days, the fluctuation in the pulse shape
was small. The estimated long term time drift due to all these changes was less than 0.4 ns.

Except for the dead time correction, the other errors listed were random errors. These
errors were incorporated into the weights used in the least square Fourier analysis. The result-
ing error on the amplitude of the fundamental mode ranges from 0.5 per cent at the peak of the
time distribution to 4 per cent at 100 ns after the peak for the threshold detector. For the broad
range detectors, the error varied from 0.3 per cent at the peek to 1.2 per cent at 200 ns after the
peak.

4.2 Nonlinearity of the TAC

The differential nonlineariﬂ'r of the TAC-ADC system was measured to be within 1 per
cent from 10 per cent to 90 per cent of the 1 us time range. This gave rise to a difference of
up to 1 per cent in the width of any hannel with respect to that of any other channel. Since the
spatial distribution at a given channel was fitted independently of all other channels, the error
due to the nonlinearity of the TAC cannot be included in the Fourier analysis. However, it
must be considered when describing the time dependence of the various Fourier modes. Rather
than apply small errors to the width of each channel it was decided to treat the error as a random
etror on the channel width and add it to the errors associated with the amplitude of the Fourier
modes in the usual manner. The compounded error on the amplitude of the fundamental mode
ranges from 1.1 per cent at the peak to 4.1 per cent at 100 ns after the peak for the »*"Np detector
and from ~ 1 per cent at the peak to ~ 1.5 per cent at 200 ns after the peak for the nonthreshold
detectors.

4.3 Systematic Error Associated with Background and Overlap Correction

These measurements were performed at a repetition rate of 1 MHz and, as a consequence,
the reaction rate of the broad range detectors following the injection of a particular neutron pulse
into the thorium assembly did not decay to a negligible level before the injection of the follow-
ing neutron pulse. In the case of the ***U detector, for example, the prepulse reaction rate was
~ 0.1 per cent of the peak reaction rate and ~ 4 per cent of the reaction rate at 200 ns after the
peak. The prepulse reaction rate is that reaction rate which immediately precedes the increase
in reaction rate associated with the injection of a neutron pulse into the assembly. It is also,
because of the repetitive pulsing method used in the experiment, the reaction rate at late times
after the injection of the neutron pulse.

A correction for the overlap effect described above and for background was made in the
following manner to the data obtained at each spatial position with the ***U and ***Pu detectors.
The ‘late time’ decay of the detector reaction rate was fitted with an exponential, extrapolated
over the 200 ns time interval of interest and subtracted from the raw experimental data. Since
for each measurement, the background was low and the statistical accuracy correspondingly

poor the exponent used in all cases was that obtained by summing the ‘late time’ data from all
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thirty-nine spatial positions and fitting a single exponential to the result. No such correction
was necessaty to the data obtained with the **’Np detector.

Subtraction of a constant background which was extrapolated from ‘late times’ into the
time region of interest was also performed to indicate the magnitude of any systematic error
associated with the background correction. The difference in the instantaneous decay constant
of the fundamental mode, at times immediately after the peak in the reaction rate, was found to
be ~ 0.5 per cent and ~ 3 per cent at 200 ns after the peak. These discrepancies are less than
the errors on the instantaneous decay constant of the fundamental mode which are 2 per cent
and 5 per cent at the respective times.

4.4 Error Analysis in the Exponential Fitting Routine

In the determination of the instantaneous decay constant A(t) of a reaction rate at a given
position, the error analysis incorporated dead time correction, statistical error in the channel
couats, timing uncertainty associated with the reference signal and nonlinearity of the TAC. For
the fundamental mode the weight applied at each channel was simply the inverse of the square of
the error at that channel obtained as explained in Sections 4.1 and 4.2. Near the peak, the error
on A(t} for all the reaction rates was ~ + 2 per cent. At 100 ns after the peak, the error on A (t)
was 1 4.4 per cent for **’Np and £3.0 per cent for the broad range detectors. At 200 ns after the
peak the error in A(t}) for the broad range detectors was 5.0 per cent.

4.5 Detector Timing Uncertainty

A source of error which was not included in the error analysis was the detector timing
uncertainty (see Section 2.4). This results in a systematic broadening of the time distributions
and should be included in any theoretical calculation intended for comparison with the present
experimental results.

5. DISCUSSION OF RESULTS

The form of the time dependent amplitudes of the three-dimensional Fourier modes

presented in Figure 4 demonstrates that the fission rates were dominated by the contribution
associated with the fundamental mode from quite early times after the pulse. In addition, it is
apparent that, even though neutron production from the thick target *Be (d,n) *°B reaction was
strongly peaked in the forward direction, the neutron population in the assembly settled into an
essentially symmetric spatial distribution quite quickly. In the case of the *7Np fission rate,
for instance, the amplitude of the largest of the higher modes was only 3 per cent of that of the
fundamental mode at 35 ns after the peak of R |, (t). From Figure 5, which shows the instanta-
neous decay constant for ***U at three positions in the stack, it is again apparent that the con-
tributions for the higher modes were small in comparison to the contribution from the lowest
mode for times later than 100 ns after the peak of the fundamental mode since the time distribu-
tions at the three positions decayed in much the same way. The initial difference in the decay
at x =+100 mm was the result of the anisotropic neutron source.

The instantaneous decay constant, \(t), of the fundamental mode for *’Np (Figure 6 a)
decreased with time generally, showing that the lowest mode is non-exponential. However, from
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almost 40 ns to 65 ns after the peak of the fundamental, A (t) was fairly constant being about
5.1 x 107 s™*. Since in this time inferval the neutron spectrum in the thorium stack peaks just
above 400 keV, the pseudoexponential behaviour may be due to the dominating contribution from
this group of neutrons just above the fission threshold of **"Np.

It should be pointed out at this stage that the **’Np fission threshold is not a threshold
in the strict sense of the word. The fission cross section decreases sharply below 400 keV,
but the cross section is non-negligible in the lower energy region. Thus, as the neutron spec-
trum in the stack shifts below 400 keV due to inelastic and elastic down scatter, the contribu-
tion from neutrons below 400 keV becomes more significant. This may be the cause for the
slower decay at later times (~ 65 ns) and the consequent departure from the pseudoexponential
behaviour.

The pseudoexponential behaviour of the **’Np fission rate observed in thorium may be
similar to that observed by Gozani (1969) in a large sphere of depleted uranium. In Gozani’s
case, however, this behaviour lasted for a much longer time (~ 50 ns).

The instantaneous decay constant of the lowest mode is shown as a function of time in
Figure 6b for ***U and in Figure 6¢ for **Pu. In the case of the ***U fission rate, A(t)
decreased nearly monotonically with time. The A(t) for ***Pu, however, exhibited oscillations
at lafe times (~ 150 ns after the peak of R1;; ). These oscillations were significantly greater
than the error on the decay constant. Similar oscillations were also observed in the exponential
fitting of the time distributions at the individual positions.

The oscillations in the decay constant for **Pu (and less apparently for ***U) are
difficult to explain. The counting statistics for **’Pu were better than the counting statistics
for #’Np and since no such oscillations were apparent in the instantaneous decay constant of
the fundamental mode for **"Np, it is unlikely that the oscillations in ***Pu were caused by the
fitting procedure.
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(b) 2**u  AND (c) 2*py



