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Updated Results

Previously: Reported result from
4.4 live time day dataset
collected in August 2016.

Phys. Rev. Lett. 121, 071801

Today: Report updated result from 231 live time day dataset
collected in the period Nov 2016 — October 2017
Submitted to arXiv today [Feb 11", 2019]

(to be submitted to Phys. Rev. D.)



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.071801

Reaching Low Backgrounds

Dark matter searches require very low background rates.
Design: Careful material selection and assay of all detector components
« Construction: Resurfacing of components in contact with LAr
Analysis: Discrimination of WIMP NRs from interactions of other particles (e.g. B, o, n).

Atmospheric argon contains Ar39, a 3-decaying isotope ~ 1 Bq/kg
Corresponds to 3.1 kHz in DEAP-3600
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Fprompt

Particle Discrimination
Arrival time of photons at
_ PMTs dependent on particle
10 type generating LAr
scintillation (e.g. B, a, n).
0 Integrating PE over time allows
for pulse shape
discrimination (PSD). Define

— : : _ ‘Fprompt’ parameter.
Discrimination of electronic recoils from Ar39 with nuclear
recoils from neutrons.

Result from DEAP-1: [Astro. Part., Vol 85, Dec 2016 p1-23]
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Pulse Shape Discrimination (PSD)

Minimizing ER Leakage Energy PSD leakage
Energy region of interest (ROI) for WIMPs: 95-200 PE [keVee] probability
equiv. 15.6 — 32.8 keVee. Have achieved best ever PSD
between ERs and NRs in this analysis. Strongly suppress 15.6 2.8713x10~7
dominant source of detector events from the WIMP search. (WIMP ROI (9002) NR acc.)
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Position Reconstruction

Use both PMT-hit patterns and time to reconstruct and verify position of scintillation events in the
detector. Developed two position reconstruction algorithms (1) PE-based, (2) PE+timing-based.

»  First-ever demonstration of position reconstruction in a single-phase liquid argon detector
. Position resolution of ~20 mm for events near detector surface in WIMP energy ROI. Provides
excellent background rejection of surface events.

m = Fiducial radius to mitigate
9_'. E external neutron, Cherenkov
§ _5 and surface background
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Left: Position
resolution using
PE-based algorithm
on Ar39 ERs.
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Backgrounds - Overview

Long-lived
Rn222 progeny (e.g. Pb210) result
in Po210 a-decays through LAr
close to surface of acrylic
flowguides.

PMTs: Primary source of
radiogenic neutrons amongst
other detector components. p’s &
v's produced in PMT glass and light
guide acrylic produce Cherenkov
in acrylic.

Cosmogenic induced neutrons
produced inside water & rock.

AV surface: Po210 generates
a-decays with degraded energy.
LAr: Ar39 ERs & a-decays from
Rn222/Rn220 & their progeny
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Backgrounds - Neutrons & Cherenkov

Deployed calibration sources used to validate model for nuclear recoils induced by neutrons and
the detector response to Cherenkov light.

Cosmogenic Neutrons: SNOLAB depth of 2km shields against cosmogenic muons.
Background expectation: < 0.11 (90% C.L.) events in ROI
Radiogenic Neutrons: Based on Geant4/RAT simulations normalized to material assay values.
Validated via in-situ neutron tagging analysis on physics data and with an AmBe calibration source.

Background expectation: 0.10730 events in ROI

AmBe neutron calibration data

T 4l Cherenkov
5 107 ¢ e E Data collected with U232 calibration
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ER Fprompt model (green).




Backgrounds

— Alphas (AV Surface,

AV surface: Residual long-lived Pb210
nuclei on the AV surface result in degraded
Po210 a-decays.
Background expectation: < 0.08
(90% C.L.) events in ROI

LAr Target: a-decays generated by
Rn222/Rn220 progeny in the LAr target
trigger high energy events. These do not
impact the WIMP search.

Lowest reported Rn backgrounds for a
dark matter experiment

Component Activity

“22Rn LAr (0.153 &+ 0.005) pBq/kg
218pg LAr (0.159 £+ 0.005) pBq/kg
21po LAr (0.153 £+ 0.005) pBq/kg

21po TPB surface
220Rn LAr (4.3 £ 1.0) nBq/kg
216pg LAr (4.5 £ 0.4) nBq/kg
*12Bi LAr < 5.6nBq/kg

*12Po LAr (3.4 + 1.1) nBq/kg
210Po TPB & AV surface (0.26 £ 0.02) mBq/m?
210pg AV (bulk) (2.82 £ 0.05) mBq

< 5.0 pBg/m?
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Backgrounds - Alphas (Neck)
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! UV Scintil ahon;

Po210 o-decays from the surface of
acrylic flowguides located in the
neck contribute to the background

rate at low PE. Requires LAr located
in close proximity to flowguide
surfaces (e.g. a thin LAr film).

Acrylic absorbs most of the UV
scintillation, resulting in shadowing,
generating low PE events that
reconstruct inside the fiducial volume

Three distinct flowguide surfaces:
Inner flowguide, inner Surface

Inner flowguide, outer Surface
Outer flowguide, inner Surface




Backgrounds - Alphas (Neck)
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Backgrounds - Alphas (Neck)

A set of cuts are applied to mitigate neck alpha backgrounds. These cuts are based on charge
and early time information in PMTs close to the neck. These PMTs are sensitive to reflected
UV photons at the GAr/LAr interface.

Due to the origin of UV light from these events being from high up in the neck, a cut based on
comparing the PE-based and PE+timing based position fitters is used

to test for mis-reconstruction and mitigate this background.

Background expectation: 0.497)27 events in ROI
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Expectations & Cuts

Energy [keV ]
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WIMP ROI

After applying all cuts, zero events remain in the ROI.
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WIMP Sensitivity

This analysis excludes spin-independent WIMP nucleon cross sections
above 3.9x107*°> cm? @ 100 GeV WIMP mass (90% C.L.). This is a leading result for
argon detectors and complementary to the results obtained from Xe-based

experiments.
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Conclusion & Future Prospects

+  DEAP-3600 updated results to excludes spin-independent WIMP nucleon cross
sections above 3.9x10~*> cm? @ 100 GeV WIMP mass (90% C.L.).

* Most powerful demonstration of pulse shape discrimination (PSD) between electronic
recoils (ERs) and nuclear recoils (NRs).

« Demonstrated PE-based and PE+timing based position reconstruction in single phase
LAr detector for mitigation of external backgrounds.

* Lowest reported Rn222 (Rn220) backgrounds in LAr: 0.15 uBq/kg (4 nBg/kg).

»  Experiment collecting blind data since January 2018 onwards with 20% unblinded
for study.

»  Backgrounds from the AV neck are currently the limiting factor. Working on ways to
improve WIMP sensitivity through multivariate analyses.

*  Will collect data until at least end of 2020, updating sensitivity calculations for as-
measured detector response.

+ Developing new calibration sources to reduce uncertainty on detector response
enabling the more sensitive multivariate analysis.

* Participating in the DarkSide-20k experiment and developing plans for future 300-
tonne detector at SNOLAB to increase sensitivity a further factor of ~500, to the END
neutrino floor.




Backup: WIMP ROI and Surrounding Events

Region A
. +0.13
Predict: (_)'46‘0-18 * Predicted neck alpha events more dependent on uncertainty in
Observe: 1 o modelling the light yield for events originating in the AV neck.
P(X=1): 36% « Large variations in the neck alpha light yield and position
reconstruction response required to predict event rates
Predict: 1-25J—r8'42;g consistent with the observation in this region.
Observe: 4 * Does n:)tdsir]gnificantly affect the WIMP exclusion analysis
P(X> 4): 3.8% presented here.
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