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Background
One possible explanation for the effects of dark 
matter may be described by a theoretical 
subatomic particle known as a Weakly Interacting 
Massive Particle (WIMP). However, WIMPs 
interact very weakly with baryonic matter, making 
direct detection of these particles difficult [1]. 
One method of detection for these WIMPs is to 
measure recoil energies due to elastic scattering  
between Ge nuclei and incident WIMPs [2]. 
However, the recoil energy due to a neutron 
scattering event is nearly indistinguishable from 
the recoil energy due to a WIMP; as a result, in 
order to detect scattering events due to WIMPs, 
the neutron background must be rejected. This can 
be accomplished by capturing a neutron, then 
detecting the high energy gamma emitted by the 
process of neutron capture. The detection of the 
emitted gamma is then used as an indicator of the 
capture event. The material this study will 
investigate as a potential neutron veto will be 
gadolinium (Gd) loaded polystyrene scintillators. 
The concentration of Gd will be varied, and the 
neutron capture rate and energy deposition of 
emitted gammas will be observed. 

Research Question:
What Gd concentration optimizes 
the number of incident neutrons 

which are captured and emit 
gammas that deposit a detectable 

amount of energy?

Design
This study mainly investigated the properties of 
cylindrical plastic scintillators, approximately 2.5 cm 
in diameter and 3 cm in height. The simulations were 
performed in GEANT4, and analyzed in ROOT and 
Matlab. The range of Gd concentrations investigated 
varied from 0% to 1% by mass. A particular focus of 
the computational measurements was placed on the 
low-mass Gd loading range, below 0.07%. This 
represented the highest mass concentration we were 
able to obtain in the lab. In order to “catch” the 
gammas emitted due to neutron capture, the 
cylindrical scintillator was placed on a stack of 12” 
by 24” by 1” slabs of generic plastic scintillator. This 
geometry emulated a physical geometry that could be 
used to test samples in the lab. The figure below 
illustrates neutron capture occurring in the Gd-loaded 
cylindrical scintillator, and shows the paths taken by 
emitted gammas as they travel through and deposit 
energy in the slab of plastic scintillator.

Results
In order to quantify the overall performance of the Gd-
loaded scintillator, I defined the “deposition efficiency” 
as a measure of the percentage of neutrons incident on 
the cylindrical sample which were captured and whose 
emitted gammas deposited energy above a certain 
threshold. These neutrons were taken to be incident 
directly along the axis of the sample at energy 1 MeV. 
The depth of the slab under the sample was taken to be 
4” (10.16 cm). By plotting the deposition efficiency 
against the threshold, one can characterize both the 
overall efficiency of the veto at capturing neutrons 
(given by deposition efficiency at zero threshold) and the 
energy depositions of emitted gammas (given by the 
shape of the curve for increasing threshold). The results 
for this parameter illustrate the effectiveness of the 
cylindrical scintillators at varying Gd concentrations. 
The results show that for increasing Gd concentrations, 
the deposition efficiency curve increases overall.

Discussion
The results of the GEANT simulations show that 
even for small Gd concentrations at a relatively 
large incident energy of 1 MeV, neutron capture is 
a common occurrence, with a maximum of 31% 
deposition efficiency at zero threshold and 1% Gd
concentration. Since the magnitude of the neutron 
scattering cross section of the veto determines the 
neutron capture efficiency and since the neutron 
scattering cross section of Gd increases for 
decreasing incident energy, for a veto of depth 
greater than 3 cm and incident neutron energy less 
than 1 MeV, the veto becomes even more effective 
than the 31% value presented here. Many capture 
events were also externally detectable, as 
approximately 65% of captured neutrons emitted 
gammas which deposited at least 100 keV in the 4” 
slab. Even though we were not able to achieve 1% 
Gd loading in the lab, other groups have been able 
to achieve up to 2% Gd loading [3]. Therefore, the 
performance of the Gd-loaded scintillators in this 
study may serve as a conservative estimate as to the 
efficacy of an optimal Gd-loaded scintillator.
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