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DEAP-3600 Dark Matter Search
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Very uniform and stable detector response
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DEAP-3600 Detector (single -phase)

3600 kg argon
In sealed ultraclean
Acrylic Vessel (1.7 m ID)

very strict control of
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materials Vess el I S NAr e ¢

In-Situ to remove
deposited Rn daughters
after construction

255 Hamamatsu
R5912 HQE PMTs-#nch
(Light Sensors)

3.5 meters

50 cm light guides +
PE shielding provide
neutron moderation

Steel Shell immersed in 8 m
water shield at SNOLAB
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DEAP Assembly at SNOLAB (2013-2016)
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Background
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Fabrication and Assay of DEAP Acrylic

A Fabrication from pure MMA monomer at RPTAsia (Thailand), strict control of radon
exposure for all steps, to < 10-2° g/g 21°Pb (RPT was fabricator of the SNO Acrylic Vessel)

A Assay of production acrylic < 2.2x1019 g/g 21°Pb
(Corina Nantais M.Sc. Thesis 2014, <0.2 bkg events/3 years)

Monomer cast at RPT Asia, 2010 Thermoformed Panel at RPT Colorac
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Bonding light guides to the DEAP AV, underground at SNOLAB
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Acrylic Vessel Resurfacer

A Mechanical sander to clean inner surface
A Components selected for low radon emanation
A Remove 0.5mm surfacen situwith N, purge
A Cleans surface to bullevel impurities
(order 100,000 cleaner than SNO vessel)




Construction of DEAP-3600 was completed in early 2016
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Experimental Signatures
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Calibrating DEAP-3600

Before liquid argon fill:

depl| dagesbdldb fis o0 ux e
Inside AV

Relative PMT efficiency

\

20 optical fibers connected to PMTs allow
Acontinuous moniter.i CPMTtimingoffsets

After argon fill: Energy response

20 optical fibers // Event position reconstructiot
external cal. sources NewTon response
s fradNa-=Fhn,
nos AmBesaurce Cut acceptance
Internal backgrounds _ ‘ .
39Ar b decays Single nuclear recoil response frar
U/Th chaingd s &b d MC, comparéAmBe data to MC
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238U Decay Chai
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full 238U chain Fprompt vs Total PE,

First Dark Matter Dataset
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- DEAP DAQ is designed for low energy
WIMP interactions. Events at alpha
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zgg Pb Lead

nae A0

stopped at 219Pb
feeding 219Po with 22.3 yr
accumulates on surface

v

- 210P0o on surface:
- Equal detector response
- 222Rn, 218Po, 214Po in LAr bulk:
- Detector response depends on radius



Alpha Background Summary

DEAP
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Gamma and Beta Background Model

Background Model in ER Band (0.2 < fprompt < 0.4) MC components scaled to radioassay data
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- Empiric energy calibration based on 1460 keV (40K) and 2614 keV (298Tl) peak
- Scaling of MC simulations to known screening / literature values (this is not a fit)

- Low energy region (< 0.5 MeV) dominated by 3°9Ar

- Mid energy region (0.5 - 2.6 MeV) dominated by gammas from outside components (mainly PMT glass)
- High energy region (> 2.6 MeV) dominated by 42K and by close 208T| sources

- Gamma line measurements can be used to constrain (a,n) neutron production within a factor of 2
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Neutron Background

- Neutrons produced by FSSEREN Tegr (keV,)
o _ calibration 020 40 60 80 100 120 140 160 _
- (ax,n) reactions in close and far material in DEAP-1

- fission neutrons 10°
- cosmogenic neutrons (muon induced)
= 05t 10°
- Extensive neutron MC campaign using radio-purity assays = 0.4f
and (a,n) yields from SOURCES-4C 0.38 o

- Dominant source is (a@,n) in PMT glass (=70%) 0
. . 0 50 100 150 200 250 300 350 400 450 500
- Well constrained from y-background and consistent Number of photoelectrons

with target values

Data driven limit on neutron interactions:

- ldea: Eventually all neutrons capture and leave gamma signature
-2.2 MeV y form 'H in acrylic

-6.1 MeV y-cascade from 40Ar in LAr
- Search for n - y coincidences

nuclear recoil | 4
XL X ¢ |- Preliminary result:
¥ - No coincidence found above expected random background
- Limit on neutron interactions consistent with target value

See ShawhVe s t e rtatkd PM today for details;2



DEAP-3600 detector filling
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First analysis presented here from data collected in August 2016
at end of first LAr fill
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August 17 2016 Incident

Leak developed between Butyringsand
Steel Shell region
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Drained and refilled to slightly lower
LAr level by October 2016

Continued collecting data at new level
since Nov 1, 2016 3322 kg

LAr upwards flow
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Rn-scrubbed N2 gas in Steel Shell




Energy Calibration in DEAP-3600
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Saturation effects at high energies not yet accounted for
WIMP ROI: 80 — 240 PE

co + ¢1PE + ¢,PE?

Preliminary light yield:
LY = 7.3670-53(fit syst.) & 0.22(SPE syst.)PE/keV.. @80 PE
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higher energies witPPAr andg IiF\Ees
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Neutron calibration with AmBe source in DEAP-3600

140-240pe
WIMP search ROI

A AmBe neutron source deployed outside of Steel Shell
A Detect neutrons and gammas from source (+ capture gammas)

A Used data for cross-check of simulation

A Simulation used to evaluate single-recoil response
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