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Abstract

After decades of astronomical observation and study, the majority of mass in the
universe is known to be composed of dark matter, an unknown substance which is
strictly non-luminous unlike the more familiar baryonic matter. Efforts to detect
the elusive dark matter include low background particle detectors, which use the
natural environment and precise technologies to try and observe interactions of a
Standard Model particle with a dark matter particle. These are able to set limits on
characteristics of dark matter particles based on their specific experiment.

For these sensitive searches, materials that are not traditionally considered to have
background contributions can produce nuisance signals. Poly(methyl methacrylate)
(PMMA), or acrylic, is one such material. In other fields, acrylic is known to have
low level fluorescence emissions, produced by microscopic impurities from surface
handling or manufacturing additives.

This work aims to characterize the magnitude of fluorescence emissions from
acrylic from 300:0K to 4:0K, relative to 1,1,4,4-tetraphenyl-1,3-butadiene (TPB),
a wavelength shifter commonly used in rare event detectors. Since the fluores-
cence is expected to be produced by impurities, this work studies a specific batch
of acrylic produced by Reynold’s Polymer Technologies (RPT) for the DEAP-3600

experiment acrylic vessel. Limits on any amount of fluorescence from the acrylic can
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allow the DEAP-3600 collaboration to more accurately model the overall detector
response, which in turn maximizes sensitivity. The samples studied consist of one
blank RPT sample with sanded sides, and an identically shaped RPT sample coated
with (1:040 4 0:052) pm of TPB on one side. They were exposed to 280:0nm UV
light, which was chosen to better simulate the effect Cherenkov radiation may have
on acrylic.

Emissions from the blank sample were found to be (0.5 £ 0.1)% relative to the
emissions from the TPB coated sample, under the same conditions, integrated over
a 50:0ns window. This value was consistent with the one measured at the boiling
temperature of liquid argon (87:0K). Photons from the blank sample were emitted
in the lower visible regime, rising around 375:0 nm, consistent for all temperatures.

Each sample showed a trend of increasing emissions at decreasing temperatures.
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Chapter 1

Dark Matter

Since the inception of modern physics and astronomy, there have been permeating
large scale questions that many scientists spend their entire careers trying to answer.
Some of those answers now form the basis of what we think of as fundamental physical
principles, such as gravity and the structure of an atom. Others, like the detection
of gravitational waves by the Laser Interferometer Gravitational-Wave Observatory
(LIGO) [1], are still new and present an avenue to further explore the universe around
us in di erent ways. Many large scale questions have yet to be answered, and promise
new insights to come.

The question of existence of dark matter has lingered in science for the better part
of a century. It can be traced through our universe observationally, and is estimated
to compose about one quarter of all of the mass-energy in the Universe today [2].
Scientists from many elds continue to push further with more advanced technologies
and sophisticated theories to try and detect, explain, and characterize the nature
of dark matter. The process itself proves to be as useful to the advancement of

knowledge as the discovery.
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1.1 Evidence for Dark Matter

Dark matter is not currently something that can be made or measured directly, so
it is important to make a convincing argument through more conventional methods
that it exists at all. In this section, I'll highlight some of the most persuasive scienti ¢

arguments for dark matter.

1.1.1 Galactic Speeds and Rotation

Astronomical observations of large scale structures showed the rst indications of
something in addition to baryonic matter. The most well-known example is work
done by Swiss astronomer Fritz Zwicky in the early 1930's, studying galaxies and
galaxy clusters [3]. He was able to measure the redshift | or Doppler shift | of

multiple galaxies in the Coma cluster, roughly giving the speed of a source as,

Vg = C— (1.1)
0

in reference to a rest wavelength, . Since there is no uniqueness to the Earth's
position in the universe, the dispersion of the motion of objects in three dimensions
is a factor times the one dimensional dispersion?, = 3vZ, = 3 2, for a radial

dispersion , if the motion of objects in a cluster is isotropic. Considering a cluster

to be in static equilibrium, the Virial Theorem,

1
<K> = §<U>; (1.2)

can give an estimate for the velocity dispersion of a system. In the case of the
Coma cluster, it predicts a velocity dispersion of approximately 80 kns, but the

observed dispersion is approximately 1000 kms. Since gravity should be the main
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force in uencing an orbiting body, this suggests an underestimation of the system's
mass [3].

A similar e ect is seen when observing the rotation of bodies within a single galaxy.
Considering most of a galaxy's mass is in the centre region, at larger radii the speed of

an object orbiting the centre can be given by the gravitational and centripetal forces,

Gmim, _ myv?

RZ . R’
Gm;

V= :
R

As the luminous matter decreases and the radius increases, the average rotational
speed of matter would be expected to decrease quickly. Observations consistently
do not match this, and instead show an increasing or steady trend of velocity for
increasing radius in a given galaxy. Figure 1.1 shows the rotation curve for the M33

galaxy, and similar curves are seen in most other galaxies, including our own [4, 5, 6].
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Figure 1.1: Figure from [7]: a) Rotational velocity data for the M33 galaxy. b) Binned

rotation curve, with a line of best t. Filled circles are data from [7].

1.1.2 Gravitational Lensing

Published by Albert Einstein in the 1930's [8], the concept of gravitational lensing
refers to light from a source curving around a strong gravitational object (the “lens’)
and appearing distorted when it reaches the observer along that line of sight. The
rst gravitational lens was discovered in the 1980's [9].

Anything with a strong enough gravitational e ect to cause a detectable curve
in space-time can be a lensing object, including dense areas of dark matter, since it
interacts gravitationally. An example of this e ect is the \Bullet Cluster," or galaxy

cluster 1IES0657-558, shown in Figure 1.2. In this image, pink regions come from
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the X-ray image and white to yellow regions objects are optical images, and together
these represent all the baryonic matter. The di use purple regions map out all of the

gravitational lensing, which indicates the presence of large dark matter distributions

that are lensing the background sources. Through the e ect of the collision, the

dark and baryonic matter of the clusters seem to have separated from one another.
Baryonic matter in the cluster is slowed by other interactions, which create forces

such as drag. As the dark matter is largely una ected by these, it has travelled

further than the baryonic matter distributions. This observation arms theories

that preclude strong interactions between dark matter and baryonic matter, beyond

gravity.

Figure 1.2: Composite image of 1E0657-558 also known as the \Bullet Cluster." The
denser pink areas, closest to each other, represent the X-ray image [10], white to
yellow objects are optical, and the more di use purple areas are a mapping of the

lensing present in the image [11].
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