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In a fission cross-section measurement with a lead-slowing down neutron spectrometer the
neutron energy range was extended to higher energy by applying a digital signal processing (DSP)
technique. With this technique, it is possible to eliminate large noise signals which are synchronized
with the accelerator pulse and disturb the measurement in the high energy region. Furthermore, with
this technique the timing signal is obtained with a short delay from the beam burst. Consequently,
the high energy range could be extended to the MeV region (from several keV with the previous

technique).
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1. Introduction

Fission cross sections of minor actinides (MA) are very important for the design of an
accelerator driven transmutation system (ADS). However, there are significant differences
between the evaluated nuclear data libraries. The main cause of these discrepancies is the lack
of good experimental data due to the difficulty to obtain high quality MA samples and the large
background due to a particles. To improve the data basis the fission cross section of MA should
be measured with high accuracy. A lead-slowing-down spectrometer enables this kind of
measurement, due to its capability to operate at very high neutron flux as compared to a time-of-
flight spectrometer.

Kobayashi et al. have already provided high quality experimental data using Kyoto
universities lead-slowing-down spectrometer (KULS) [1, 2, 3]. In KULS, the neutron flux is
about 1000 times higher than in comparable experiments with TOF method. On the other hand
the energy resolution of KULS is inferior (about 40 % [4] compared to 3 % with TOF. Besides
that, the measurement with KULS is possible with a small amount of sample material.

However, the high energy end was restricted to about 10 keV in the past measurement.
Because large noise synchronized with the accelerator pulse was overlapping the signal and
disturbed the measurement of high energy events. Some suppression of noise was observed by
electromagnetic shielding with an aluminum foil wrapped around the preamplifiers and the
cables, but it was not sufficient to significantly extend the energy range.

The digital signal processing (DSP) technique which samples the waveform of the detector
signal directly, converts it to digital data and enables its analysis on a computer provides the
means to eliminate the noise. DSPs proved to be very useful in our experiment with the Bragg
curve counter [5] and the high count rate measurement. In this work, the DSP technique was
applied to KULS in order to extend the energy range.

2. Digital signal processing

The digital signal processing (DSP) technique enables us to analyze the signals flexibly
and readily, because the full signal waveform from a detector is acquired as digital data, and
information about the detected radiation, for example its energy and arrival time, can be derived
through the analysis of the signal waveform using computers. This method has been applied
since many years, but it has not been always useful due to slow ADCs and computers.
Recently, signal waveform acquisition became possible with reasonable counting rate in
relatively simple way owing to the increasing speed of ADCs and computers. Therefore it
becomes possible to apply the DSP technique efficiently to the practical radiation detection.

In general, the DSP technique is very powerful tool for the radiation measurement. The
most significant advantage of the DSP technique is the possibility of a flexible signal analysis
which is impossible with the analog circuits. In addition, the DSP technique has more
advantages, like reduction of the load for preparation of experiments owing to very few analog
circuits required, and the possibility of high quality data analysis by signal processors and fast
computers

3. Experiment
3.1 Experimental arrangement

The experiment was carried out with the Kyoto university lead-slowing-down
spectrometer driven by a 46 MeV electron linear accelerator. The lead-slowing-down
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spectrometer is based on the fact, that the
average energy of neutrons can be
determined by that the slowing down time
of fast neutrons in matter. The structure of
KULS is shown in Fig. 1. An air-cooled
tantalum target which is set in the center
of'a 1.5 m lead cube is irradiated by the
pulsed beam of the 46 MeV electron liniac
to generate neutrons. The neutrons lose
their energies by elastic collisions with
lead. The average energy E of the neutrons
is related to the slowing down time t by
the relationship E=K/(t+t,)* , where K is a
constant and t, 1S a correction constant.

A back-to-back type fission chamber
is placed in the experimental hole, which
is covered by a bismuth plate to reduce
high energy y rays from lead. This fission
chamber detects the fission fragments of
the fission reactions induced by the

Tantalum
Target
Linac ¢~ J

Fission Chamber _|

\

}‘
ss

‘\,\ \N //

N

| - DBF; Monitor

LCadmium Plate

180cm |

ﬁzl;:rﬂjl—ﬂ-l——- \\\\ /l“lnlre rm
Bismuth — | ;'\\}h\\:\\\
Cable —
Cad Pllle\\i\ lsni"'
NN N
Tlnl:;u'::c‘l'a:-gu ': \\'\:‘N —Bismulh
Experimental — \\\ ’\k\.\k&&}\\“\\‘ é
Hole . \\ \‘ﬁgh, a
ﬁ \ _~Platform
]
h o

Figure 1: The structure of KULS

slowed down neutrons. In this work a foil with electrodeposited 25U, whose fission cross
section is well known, was put on one side and a >*’Np layer was deposited on the other side of
the fission chamber electrodes. The signals from both chambers were connected to charge
sensitive preamplifiers via ~1.5 m long coaxial cables. The preamplifiers and the cables were
wrapped with aluminum foils for electromaganetic shielding. This shielding reduced
significantly the pick-up noise, induced by the so called “gamma-flash”, which is synchronized
with the electron beam pulse hitting the target. This “gamma-flash” significantly disturbed the
measurement in high energy region with the previously used analogue readout technique.

3.2 Data acquisition

Figure 2 shows the schematics of the data acquisition system which was used. The signals
of the fission chamber were fed into the charge sensitive preamplifiers (ORTEC/142PC) and the
tails of the output pulses were cut off by timing filter amplifiers. Then the output signal

waveform was acquired by a digital storage

oscilloscope (DSO, LeCroy Wavepro7000).

The amplitude resolution is 8 bits and the
maximum sampling rate is 10 GS/sec. By
the DSO the signal waveform was
converted into digital data and stored in the
HDD (hard disc drive) of the DSO.
Another computer was connected to the
DSO via Ethernet, and online analysis was
carried out on this computer. Using this
online analysis, the results could be
checked immediately without reducing the
acquisition speed of the scope. In this
work, the online analysis was used to
obtain a two-dimensional scatter plot of the

Fission chamber

PA | 25U MA *| PA
TFA »| DSO [+ TFA
| Trig
RF

Figure 2: Data acquisition system with DSP,
where PA: Preamplifier, TFA: Timing filter
amplifier, DSO: Digital storage oscilloscope, RF:
RF signal of accelerator
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fission fragment signals to be detected Figure 3: Signal waveform of the TFA output
properly. In this figure, there are two and RF signal.

signals from fission fragments in the same
frame. This demonstrates that the measurement of slowing down time requires multi-stop
capability of online analysis.

4. Data analysis technique
4.1 Noise reduction

The typical shape of the electromagnetic pickup signal is shown in Fig. 4. Through the
observation of many events, we found that the shape and size of the pickup signal is almost
constant. Therefore, the pickup signal could be eliminated by subtracting a representative
waveform, which was obtained from the average of ten pure pickup pulse tails which did not
contain contributions of fission fragments. An example of the result of this procedure is shown
in Fig. 5 (the polarity of signal is inverted from Fig.4). The pickup signal was almost completely
removed, and the fission fragment’s signal can now be clearly recognized. Using this method,
also the signal-starting time can now be accurately determined, thus the measurable energy
range is extended towards higher energies regions.
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Figure 4: Typical waveform of a detected Figure 5: The waveform of a detected fission
fission fragment, distorted by an fragment after elimination of electromagnetic
electromagnetic pick up signal. . pick up signal.
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4.2 Determination of slowing-down time

At high neutron energies, small uncertainties in the timing measurements introduce large
uncertainties in the energy scale, namely the region of short slowing down time. For example, 1
MeV corresponds to 0.44 psec in slowing down time. In this case very good time resolution is
required. The energy calibration is difficult because no resonance filter is available in the high
energy region. For this reason, a time
measurement technique which can
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resolution is worse than with the CFD Figure 6: Fraction of a fission fragment pulse trail.

(constant frgctlpn d1scr1m1nator) . The “start of the rise” was detected .and is marked
method. This difference in the error is with “*”

not large: for example, the error in

energy measurement at 1 MeV is

24.6 % by the baseline method and 19.5 % by the CFD method. The importance of this error is
low because the resolution of the spectrometer is anyway not better than 40%. But the time shift
by the CFD results in a difference of ~50%. Detection of start-of-the rise is more important than
error and resolution, accordingly the baseline method is effective in the high energy region.

5. Experimental results for the *'Np
fission cross section
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there is a small difference between the DSP results and JENDL in the absolute value, while the
shape is in good agreement. Besides, the shapes don’t agree above 40 keV, although they show
the same tendency that the cross section rise steeply above 100 keV. The reason for the
difference may be attributed to the fact that the energy resolution of the KULS is less than 40 %
and the relationship between the energy and the slowing down time is not properly assigned in
high energy region. Therefore, we are promoting Monte Carlo simulation to clarify the problem,
and also the revision of the data processing to take into account the cross section shape into the
data reduction.

There is a difference in a region above 40 keV between the timing by the baseline method
and by the d-CFD method which is simply constant fraction discrimination using the DSP
technique. In d-CFD method, the high energy events are shifted to the lower energy side
because the d-CFD method derived the timing at a later time than the “start of the rise” of the
pulse. With considering the principle of the timing detection, it is clear that the baseline method
will be superior.

6. Summary

The DSP technique was introduced in order to overcome the problem that the
measurement of the fission cross section above about 10 keV was impossible in the previous
experiment using KULS [1, 2, 3]. A DSO was used as a data taking system with an online
analysis. Electromagnetic pick up signals, which were responsible for the rather low energy
limit, were eliminated using the DSP technique in addition to proper electromagnetic shielding
of the electronic modules. Thus, the signals of fission fragments could be clearly recognized up
to high neutron energies. Besides, a baseline method was developed in order to detect the high
energy event with larger precision. Using these methods, the fission cross section of *"Np was
measured, although more investigation was needed. The DSP technique has potential of
applicability to various purposes.
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