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DEAP-3600

- Single phase liquid argon (LAr)
target (new concept)
- Detection of scintillation light

- Low background experiment
- Goal: <1 background event in
3000 kg x yr fiducial exposure

- Sensitivity for spin-independent
WIMP-nucleon cross-selection:
10-46 cm2 (@100 GeV)

Hardware design concepts for

background mitigation:

- Deep underground

- Active muon veto

- Onion-layer passive shielding

- Resurfacing of acrylic vessel
to remove diffused radon

- Neutrons from PMTs shielded
by long transparent acrylic
light guides
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Experimental Signatures
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Major Backgrounds In WIMP Region of Interest

~ 120 - 240 photo electrons

Potential background sources:

Alphas: Energy degraded or shadowed [rakWe® ~ 60 - 120 keVr (recoil)
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Neutron interactions component
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Alpha Background Topologies
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- Alphas result in a low energy detector response if:

- Part of energy is deposited in a dead surface (e.g. acrylic)
- Energy is deposited in medium with less scintillation (TPB)

- Scintillation light is lost due to shadowing

TPB acrylic vessel

- Mitigation in analysis:

- Fiber (“neck”) veto

-3
- Fiducial volume (FV) cut Ta“m
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detector surface
liquid argon

1) LAr Bulk

(2) LAr Surface

(3) TPB Bulk

(4) AV Surface — = .. .

(5) AV Bulk

<
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238J Decay Chain
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- DEAP DAAQ is designed for low energy
WIMP interactions. Events at alpha

energies saturate DAQ 1 Ma-3
g '\"!a N\cLaugh\m
- 222Rn, 218PQ, 214Po in LAr bulk:

- Detector response depends on radius
- 210Po on surface:
- Equal detector response

stopped at 219Pb
feeding 219Po with 22.3 yr
accumulates on surface
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Alpha Background
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Gamma and Beta Background
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Electron Recoil Band 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 (4°K) and 2614 keV (208Tl) peak

- Scaling of MC simulations to known screening / literature values (this is not a fit)

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

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

- Gamma line measurements can be used to constrain (a,n) neutron production
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Neutron Background
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- Neutrons produced by AmBe neutron T (keV,)
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- (a,n) reactions in close and far material N DEAP-1 ool : . !
- fission 0.8F 45
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- Dominant source is (a,n) in PMT glass (=70%) O'é,'m' el
_ _ 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

. By o o -6.1 MeV y-cascade from 4Ar in LAr
e Y | ',9 - - Search for n - y coincidences

=7 ¢ |- Preliminary result:
N - - No coincidence found above expected random background
- Limit on neutron interactions consistent with target value
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Conclusion

-DEAP-3600 design goal is: <1 bg event in 3000 kg x yr fiducial exposure
- Major expected background components: alphas, neutrons, 3°9Ar

- High energy alphas well understood

- Neutron background constrained with data

- Electronic recoil background well understood
- Other background sources under investigation
- Detailed background model is being constructed
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42Ar - 42K Decay Chain

- With about 100 muBq, 0.33 decays /s
are expected in DEAP-3600

O+ 32.9
42 K 2= 12.360 h
Ar 3— 22Kk A
19

B— 81.9% > gs
Qg 600
B-
Qg 3525.4

17.6% » 1525

Short history of 42Ar problem 2 1525

1979 - R. Davis (possible background
for ICARUS; “2Ar as a result o nuclear
bomb tests)
1992 - C. Arpesella et al. [1] (first
experimental limit, < 10-18 42Ar/40Ar)
1995 - first estimations using information
about nuclear tests in atmosphere,
< 1022-10-2 22Ar/4°Ar (P. Cennini et al. [2] and
A.S. Barabash et al. [3])
1997 - A.J. Peurrung et al. [4] - new source of “2Ar has been
discussed: “°Ar(a,2p)*?Ar (cosmic-ray interactions in
the upper atmosphere; ~ 10-2° 42Ar/4°Ar)
1998 - V.D. Ashitkov et al. [5] - new experimental limit from DBA
experiment, < 6-:10-2! 42Ar/4°Ar
2003 - V.D. Ashitkov et al. [6] - final experimental limit from DBA
experiment, < 4.3-10-2t 2Ar/4°Ar (90% CL)
2011 - LArGe (GERDA) [7], (2.2 £1.0)-10°2* 42Ar/4°Ar
2014 - GERDA-I [8], (7-12)-10-2 42Ar/4°Ar
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