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ABSTRACT

This paper presents an experimental approach to determine the neutron and gamma ray
thresholds in fast, organic scintillating detectors. Neutron threshold energy is determined
using a time-of-flight technique, while gamma ray threshold is inferred by locating the
Compton edge for various reference gamma sources. These energy thresholds are then
related to the Constant Fraction Discriminator (CFD) levels used in these experiments.

1. INTRODUCTION

In fast correlation measurements performed with Nuclear Materials Identification
System® (NMIS, formerly NWIS), the output of the plastic scintillating detector is input
to a constant fraction discriminator (CFD) which produces a fast NIM signal when a
detector pulse exceeds the CFD discriminator level. This discriminator level can be set
from 20 mV to 1000 mV. In the MCNP-DSP? simulation of the experiment, the neutron
and gamma ray thresholds are independently selected in terms of energy deposited in a
detector rather than in terms of the detector output signal. It is therefore important to
correlate the CFD discriminator level to the theoretical gamma and neutron energy
thresholds. The CFD discriminator level selects a neutron to gamma ray threshold energy
ratio.

A problem arises because the amplitude of the output signal from a detector depends not
only on the energy deposited in the detector by a radiation but also on the mechanism of
the energy deposition. For a given amount of energy deposited, gamma rays produce
more fluorescent energy than neutrons, resulting in larger detector output amplitudes for
gamma rays than neutrons.

The reason for the difference in detector response is that gamma rays deposit energy in
the detector primarily through Compton scattering interactions with the electrons in the
detector whereas neutrons deposit energy primarily through elastic scattering with the
nuclei of hydrogen atoms in the detector. Therefore, gamma radiation deposits energy in
the detector through electrons while neutrons deposit energy through protons. For a
given energy, the stopping power of a proton is greater than that of an electron. Because
of this difference, protons deposit energy more densely than electrons. The assumption is
that the higher density of the energy deposition leads to quenching due to damaged
molecules in the detector.’

1.1 DETECTOR NEUTRON COUNTING EFFICIENCY

The neutron counting efficiency of the detector versus CFD discriminator level was used
to calibrate the detector response per neutron energy deposited.®> The detection efficiency
goes to zero at the neutron energy corresponding to the threshold voltage. This zero
crossing energy was determined by fitting the experimental data to the following
theoretical efficiency curve:
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where Ey, is the neutron threshold energy.

The detector efficiency as a function of neutron energy was measured by a time of flight
method. The covariance between an instrumented 2°2Cf source and the detector
represents the time after fission that a gamma or neutron is detected. At one meter the
gamma rays from fission arrive at the detector at 3.3 nsec. The neutron arrival times can
be represented by the Maxwellian time distribution. In terms of energy, a 2Cf fission
spectrum is approximated by the following Maxwellian distribution:

f(E.)dE, = 2 NE e_ng (1)
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where T is the nuclear temperature taken to be 1.42 MeV and E, is the neutron energy.
2
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The number of neutrons impinging on the detector in the energy bin from E, = Em "
1

2 E,
to E, = %m(ti\ is N(E,) = Sﬁg f(E,)dE, where S is the detected fission rate from

2 E
the instrumented 2°2Cf source, v is the average number of neutron emitted per fission and
g is a geometry factor.

C(E,)
N(E,)

recorded by the detector within the delay interval t; and t, from the covariance. There is
a slight ambiguity in the energy E, because a range of energies is involved. Usually this

The detector efficiency is then &(E,) = where C(E,) is the number of counts

ambiguity is resolved by letting E, :¥ which is valid when the energy bins are

small.



2. EXPERIMENTAL RESULTS

The detector used in the measurements is a commercially available plastic scintillator
sensitive to fast neutrons and gamma rays. The crystal, BC 420 (Bicron) has nominal
dimensions of 3”x 3” x 4”. The high voltage setting for the photomultiplier tube (PMT)
of the detector is selected and kept constant throughout the experiment. The signal from
the anode of the PMT base is sent to a CFD, ORTEC Maodel 935, which eliminates pulses

having amplitude lower than a given discriminator level.

2.1 NEUTRON RESPONSE

Time-of-flight measurements were performed with varying CFD discriminator levels
The instrumented 2*°Cf source was placed at a distance of 1 m from the detector.
Efficiency data was acquired for CFD discriminator levels varying from 25 to 75 mV.

Three of these efficiency curves are shown in Figure 2.1.
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Fig. 2.1. Detector efficiency for neutrons for three different CFD
discriminator levels: 25, 45 and 75 mV. Dashed lines are fits of experimental data

points to Equation (2).



The threshold energy E, was selected using the zero cross-over point of the theoretical fit
given in Equation (2). Figure 2.2 shows Ey, as a function of the CFD discriminator level.
Also shown is a linear fit to the experimental values.
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Fig. 2.2. Neutron energy threshold as a function of CFD discriminator level
(Vcrp): experimental points fitted with E,=0.017 Vcgp +0.47.



2.2 GAMMA RESPONSE

In this setup the output of the CFD was counted and accumulated over a 10 second
period. The counter records integrated counts in the Compton plateau above the gamma
threshold. In order to correlate the gamma threshold to the CFD discriminator level, the
measurement was repeated for different gamma sources’ and with varying CFD
discriminator levels. The results are shown in Figure 2.3 for various gamma sources:
137Cs, 2Na, *°Co, >*Mn, and ***Ba. The location of the Compton edge was determined by
taking the derivative of the integrated counts.
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Fig. 2.3. Detector response to gamma rays shown for various gamma sources.

Previous studies® have shown that the position of the Compton edge depends upon
detector resolution. In our application, the energy corresponding to the midpoint between
the Compton peak and half its height was chosen as the Compton edge.

The derivative of the detector response is shown in Figure 2.4 for *'Cs and ***Ba, along
with the position of the Compton edge. The gamma energies of the sources are well
known (Table 1) and can be used to find a relationship between gamma ray energy
(MeV) and CFD threshold (mV).
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Fig. 2.4. Derivative of detector gamma response: experimental data for **’Cs
and *Ba. Maximum value is shown with a circle, half height of this maximum is
shown with a square and selected Compton edge value is shown with a triangle.

Table 1. Data of gamma sources and detector response

Discriminator level
Gamma corresponding to
Energy Intensity | Compton Edge Compton edge
Isotope (MeV) % (MeV) (mV)
0.3031 18.33 0.164
Ba-133 0.356 62.05 0.207 30.5
0.384 8.94 0.230
Cs-137 0.662 85.1 0.477 70
Mn-54 0.835 99.98 0.639 89.5
Co-60 1.173 99.97 0.963 148
1.333 99.99 1.118
Na-22 1.275 99.94 1.154 134




3. COMPARISON OF NEUTRON AND GAMMA RESPONSE

The detector response for neutrons and gamma rays can be compared. Figure 3.1 shows
the scintillator response as a function of the energy of the incident particle. Linear
regressions showed the photon data to be linear with r? of 0.991, and r* of 0.996 for the
neutron data. Figure 3.2 shows the ratio of neutron-to-gamma ray energy. This ratio
varies from 3.2 to 4.6, in good agreement with results found in literature**. The neutron-
to-gamma ray energy ratio decreases with increasing CFD discriminator level.
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Fig. 3.1. Response data for gamma rays and neutrons as a function of the
incident particle energy.
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Fig. 3.2. Neutron to gamma ray energy ratio as a function of CFD
discriminator level (mV).

4. CONCLUSIONS

In this paper we have presented a method to correlate CFD discriminator level and energy
deposition by neutrons and photons in a fast plastic scintillating detector. Neutron
response data has been determined using the NMIS to acquire time-of-flight signatures at
varying CFD discriminator levels. A number of gamma sources have been used to
determine the gamma ray response of the detector. The results are in good agreement
with those found in literature, as well as those adopted in the past few years of NMIS
operation.
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