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How are we searching for Dark Matter?

* The scintillation of LAr produces two excimers, a

short-lived (1s< 6.2 ns) singlet state and a long-lived

(t: = 1300 £ 60 ns) triplet state.
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How are we searching for Dark Matter?
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Degraded a-Quenching Factor:
Nuclear Recoil QF:

Atomic Electron Excimer QF:
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Half-life of 3°Ar
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Search for OVECEC: T
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Status on future search for OVvECEC:
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The Physics
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Generally there are two methods for detection in Dark Matte[

searches:

— Indirect detection: looking for the byproducts of an

interaction, or involves collider physics.

— Direct detection: looking for the interaction of Dark Matter

with atoms (method that DEAP uses).

For both DM and OVECEC, you need to collect such a large
amount data and in such a clean environment that you may
observe such processes. This requires that you understand
what is happening in and around your detector to be able to
distinguish your signals from background processes and

noise.

LAr requires cryogenic temperatures, and thus requires active
cooling to condense gaseous argon.

LAr is contained within a spherical Acrylic vessel (AV), necessary
to insulate the cryogenic LAr from the currently used PMTs (may
not be necessary if moving on to SiPMs).

LAr scintillation produces photons in the ultra-violet range
(127nm) and requires a wavelength shifter (TetraPhenyl-
Butadiene) to convert to a wavelength that is detectable by the
PMTs (~420nm). Layered on inside of the AV.

In order to guarantee that light is collected by detectors, light
guides are used to ensure scintillation light arrives at PMT.

Lower assembly surrounded by p-veto water tank to detect
spallation neutrons and flag ionizations.



Comparison of PMTs and SiPMs
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Once the scintillation light is produced, shifted, and then makes
its way along the light guides, it is detected by a Photomultiplier
(PMT).

These may have issues operating at the cryogenic temperatures

of the LAr, depending on model.
Light guides are needed to reduce “°K present in the glass.

While Silicon Photomultipliers (SiPMs) can operate better at
those temperatures, current SiPMs are only sensitive down to

~175nm in cryogenics environments.




The Experiment

* Modern experiments have been tending towards noble gas scintillators; Liquid
Argon (LAr) in DEAP’s case. 1) X+Ar+Ar- Ar'+Ar=>Ar, 52 Ar+y

* LAr possesses many benefits over other scintillator types:
2) Ar'+Ar-=Ar,

— Very commonly available gas in Earth’s atmosphere. . .
Ar,+e > Ar,>2AR+y

— Easily purified and isn’t prone to mechanical imperfections/degradation.

— An effective recoil target candidate for DM interactions while also having
desirable differences in scintillation signal discrimination caused by various

processes (ie. Nuclear Recoil and Electron Recoil).

— Requires cryogenics to exist within detector, is benefits certain scintillation

detectors.

13



The Physics

Singlet Triplet
. . S; Sy f
* What do we use to detect such interactions?
* For most direct detection experiments, we rely on the principal S - .
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of ionization and scintillation. S, S
* Scintillation can be done in three major ways: e
Sla—u _ r 4+ — — — — - T‘J
— Electronic excitation: Compton scattering, charges iu—— xSl i § nt
. . T -1t — —
moving through a medium, photo-electric effects, pair- S, s:o T e,
. L o S T T T
production, electron-hole production, ionization, etc. %o;‘-““i%—__—_‘:
T‘—| ———
— Nuclear recoil: Incident Particle physically “hits” atoms 2 g
[l
and the recoil causes either ionization or an excited state § S
=
which then decays via the emission of a photon. E 3
= o
. - _ St — b — by 1Y
— Electron recoil: Rather than hitting the atom as a whole, it Seod L1 14 —. _w o dly__
Is possible for a particle to recolil off of an electron, which Soi—1 11 Y T T T 7 Yy
S‘n SﬁU

similarly will result either in ionization or excitation.
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The Physics
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Radiation types: a, [3, y, and
neutrons. These can cause any
number of interactions that can
resemble what you're looking
for.

The background of your
environment and detector needs
to be known in extreme detail.
This lets you simulate what your
signals/spectrum should look
like and compare that to what
you're actually measuring.
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The Experiment

* Both as a general practice for nuclear
physics experiments, and in order to
look for such rare processes as DM
and OVECEC, it is necessary to
minimize undesirable backgrounds as

much as possible.

* DEAP does this is by being 2km

underground to minimize background

SNOLAB — Underground Laboratory

sources (such as from cosmic rays).
This also lets them understand their
environmental backgrounds more

consistently.

Fhato by Randy Risling
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How are we searching for DM/OVEC?
Inner PMTs

Neck

Cooling Coil
Acrylic Vessel
Light Guides

* Due to the Data Acquisition System (DAQ) recording all
255 inward facing PMTs independently, the individual

signals for each PMT can be isolated.

* This allows for position reconstruction based on the

amount of PE collected by each PMT.

* Based on where we see an increased collection of PE,
we are similarly able to reject events that, for various

reasons, are considered non-physics events.

* Alternatively, time-of-flight reconstruction can be done

based on the arrival time of signals for each PMT.

Outer PMTs
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How are we searching for DM/OVEC?
Inner PMTs

Neck

Cooling Coil
Acrylic Vessel

Light Guides

* In addition to position reconstruction, we also employ
several veto systems, including the previously

mentioned p-veto.

* The p-veto, triggered by the outer PMTs detecting
Cherenkov light produced within the surrounding water

bath, allow for the exclusion of spallation events.

* Neck and near-neck area of the AV are coated in
Pyrene to delay scintillation light wavelength shift to

avoid collecting non-LAr scintillation/ionization events.

Outer PMTs
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