
The Development Of A Gadolinium Isopropoxide-Loaded Plastic Scintillator As An Active Neutron Veto
For The SuperCDMS SNOLAB Experiment

David-Michael Poehlmann, Ryan Schmitz, Hannah Rogers, D’Ann Barker, Priscilla Cushman
University of Minnesota – Twin Cities, School of Physics and Astronomy, UROP Summer 2016

The Cryogenic Dark Matter Search (CDMS) is an experiment that looks for
dark matter, specifically weakly-interacting massive particles (WIMPs).
Currently, the SuperCDMS SNOLAB dark matter detector, the successor to
SuperCDMS Soudan, is being developed for placement at the SNOLAB
research facility in Canada.[1] As the sensitivity of this detector is increased,
the suppression of neutron backgrounds through the traditional methods of
using highly radiopure materials and passive shielding becomes much more
difficult.[2] Single scatter neutron events can produce nuclear recoils that are
indistinguishable from WIMP interactions. One method of measuring the
background radiation is by replacing some of the passive shielding with an
active neutron veto composed of a metal-loaded plastic scintillator.

INTRODUCTION

To make small samples of the scintillators, approximately 20 g of styrene
was added to a vial with a diameter of 2.5 cm and a height of 10 cm.[3] Then,
2,5-diphenyloxazole (PPO) and 1,4-bis(5-phenyloxazol-2-yl) benzene
(POPOP) were added to the styrene at 1% and 0.1% by weight respectively.
Benzoyl peroxide was added at 0.8% by weight to act as an initiator for the
polymerization of styrene. Gadolinium isopropoxide, the metal-loading
compound, was then added to the solution at various mass percentages.
The mixture was sonicated for 15 minutes and de-gassed via the bubbling of
nitrogen gas for 1 hour. The vial was placed in a 60°C water bath for 3 to 5
days and then cooled slowly to room temperature. Polymerized samples
were then machined and polished, as shown in Figure 1.

In the scintillation process, PPO and POPOP act respectively as primary and
secondary wavelength shifters to convert higher frequency light produced by
neutron capture events into frequencies within the visible light range where
PMT efficiencies are maximized. The POPOP emission spectrum has a peak
at 410 nm, but can be shifted depending upon the solvent.[3] To measure the
light output of the fabricated scintillators, the samples were illuminated by an
LED, as demonstrated in Figure 2. Light from the illuminated sample was
passed through a monochromator, whose output was measured using a
photodiode.

EXPERIMENTAL

DISCUSSION
Gadolinium isopropoxide was successfully loaded into plastic scintillators at
concentrations up to 0.15% by weight, contrary to maximum loading of up to
2% by weight claimed by Ovechkina, et al.[4] Although, even at the highest
loading achieved, the percent gadolinium by atom is quite small (on the order
of 10-3 %), simulations performed by Ryan Schmitz have shown that even for
these concentrations, the active neutron veto would operate at a very high
efficiency on an event-by-event basis.[5]

Issues were encountered while trying to dissolve gadolinium isopropoxide in
the styrene monomer. Due to impurities in the metal-containing dopant, a
white wispy precipitate needed to be filtered out of the styrene after
dissolution. Elemental analysis of this precipitate using energy dispersive
spectroscopy on a scanning electron microscope showed its composition
was inconsistent with that of gadolinium isopropoxide. It was likely an oxide
of gadolinium, the most common of which is gadolinium (III) oxide. When the
mass of the dried powder was taken, it was found to be smaller than the
uncertainty of the balance used to measure the mass of metal dopant added
to the styrene monomer, indicating that the loading percentages were not
affected to a value outside of the prior uncertainty.

It can be seen in Figure 3 that gadolinium loadings up to 0.15% by mass
increased the light output of a plastic scintillator sample. Ovechkina, et al.
reported that the light output of scintillator samples was quenched by up to
30% at larger gadolinium loadings.[4] The light output measured at 421 nm of
the 0.05% and 0.10% loaded samples was increased by 40.% while that of
the 0.15% loaded sample was increased by 55% as compared to the
unloaded samples.

Each sample listed in Table 1 was tested using a muon telescope to calibrate
energy deposition, read out as volts using a photomultiplier tube, to a known
value of energy which a muon deposits in plastic scintillator of a given
diameter. Once an energy calibration is determined for a given plastic
sample, the samples were irradiated with a Na-22 gamma source to
measure various properties, such as the linearity of the plastic. These results
are not shown as data is still being collected.

Currently, alongside the muon telescope, Na-22, and monochromator data
collection on the samples discussed in this poster, additional research is
being performed to further study the potential future implementation of a
gadolinium-loaded plastic scintillator for the SuperCDMS SNOLAB detector.
This includes an examination of the properties of longer scintillator samples,
fabricated up to 240 mm in length at this point in time. These long samples
will be used to analyze the effect of gadolinium loading on the attenuation
length for the light produced in scintillators. Additionally, the energy
deposition of neutrons from a Cf-252 source incident on metal-loaded plastic
scintillator samples will be examined to determine the plastic’s response.
These results, once obtained, will be published along with the data
presented in this poster.

A metal-loaded plastic scintillator has the potential to be used with other
particle detectors whose measurements are affected by background neutron
levels, most notably neutrino experiments. The ability to measure
background levels will allow SuperCDMS SNOLAB to make credible claims
of dark matter detection to a higher degree of precision.

RESULTS
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Figure 3: The relative light output of each of the samples in Table 1 was measured. A spectrum
from 400. nm to 550. nm was taken in 1 nm increments. The peak wavelength for the 0% loaded
sample spectrum was located at 421 nm. The peak for both the 0.05% and 0.10% loaded
samples was found at 422 nm and at 423 nm for the 0.15% loaded sample.

0

5E-12

1E-11

1.5E-11

2E-11

2.5E-11

3E-11

3.5E-11

400 420 440 460 480 500 520 540 560

Po
w
er
	(W

)

Wavelength	(nm)

Spectral	Comparisons	 of	Various	Gd	Loadings

0%	GdTIP

0.05%	GdTIP

0.1%	GdTIP

0.15%	GdTIP

Figure 1: An 0.15% loaded plastic scintillator
after being machined and polished. The outside
of the samples was coated with three layers of
TiO2 reflective white paint and then a layer of
black paint so as to facilitate internal reflection
and prevent external light pollution.

Figure 2: A 0.15% loaded sample illuminated by
a rear-mounted, off-centered 310 nm LED, a
wavelength in the center of the PPO absorption
spectrum. The measurements were taken at a
point on the face opposite to the LED placement,
half way between edge and center of the sample.

Table 1: The samples listed above were used to collect publishable data. Approximately ten
additional samples made while refining the fabrication procedure for GdTIP-loaded scintillators
are not shown in the table above.

Log of Fabricated Plastic Scintillator Samples
Percent GdTIP Loading (by weight) Length (mm) Diameter (mm)

0 31.92 24.89
0.050 ± 0.005 37.56 24.98
0.100 ± 0.005 27.72 24.92
0.150 ± 0.005 37.81 24.89


