Latest Results from the DEAP-3600
Dark Matter Search Experiment

— T

Damian Goeld1 BENEE 2019
Carleton Unavelss sy



U N I V E R S I T Y 0 F \l' Canadian Nuclear

Laboratories
QEEE ALBER I A ~ Laboratoires Nucléaires
Canadiens
/j NATIONAL
’ N FN I'II RESEARCH CENTER
o.= '"KURCHATOV
L/ Istituto Nazionale “” INST]TUTE"
di Fisica Nucleare

C arleton[ s B C""’“‘
UNIVERSITY

LaurentianUniversity
UniversiteLaurentienne

PRINCETON
UNIVERSITY & 7%

Rutherford Appleton Laboratory

Technical \
Uni .
e @TRl UMF

University of Susse



The dark matter wind

symmetry magazine, Artwork by Sandbox Studio, Chicago with Corinne Mucha



Catching paper planes sounds easy...




Going underground
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Dark matter Experiment using Argon
Pulse-shape discrimination 3600 (3279)
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Drain and refill Ar

S tar t o et

Neck seal failure
Poison Ar scintillation
with Rn-scrubbed N2

Blinded dataset

- Analysis currently

under development

1st paper dataset

doi.org/10.1103/PhysReviett.121.071801

2nd paper dataset (open)

doi.org/10.1103/PhysRevD.100.022004 7




WIMP detection: nuclear recoil (NR)

\ “\\\ o : i
(\) : ¥
. R\ :
we 3 E
. W 3
b R i - ;
(A — :
B R\ -
: R\ ;
2 R 3
" Pl X -,
(L) : 4
\\\\ i
N\ 3
\\\\ |
\\\\ i
N\ \
" \
A\ 1 ]
A\ '
i\ '
i) | |
A\ |
(\\ 3 ;
““““ ‘.
i\ 1
\\\\ {) '.
&3 o \
- : [
1y \
1
,,,,,,,,,
:::::
,,,,,
,,,,,,
,,,,,,,, >
n
,,,,,,,,,, -
; =
,,,,,,, v
]

I
=
alm
O e
A - [ 1
J £
()}
“ ',
2 H
A}
lllllll
\\\\\\\ ] ||IIIIIIIIlIlIlIIlIlIIlIlIIIIIIIIIIIIIIlIIlIlI> ,l
\ )
L)
\)
()}
(1)
N}
Ny

..... ~U T I

J




Ar39 background: electron recoil (ER)

Atmospheric argon
. contains ~1Bq/kg of
GAE 39

E 5L Ar produces
N 2 background rate
AN\ of ~3.3kHz



prompt light

Pulse-shape
discrimination (PSD)

Exeited Ar produced 1n
background-like singlets and triplets

(electron-recoil)
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Afterpulse removal using a Bayesian
photoelectron (PE) counting algorithm
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Improved PSD, energy and position reconstruction




Best PSD on the market

90% NR acceptance
* 50% NR acceptance”
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AmBe neutron source calibration
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Neutrons cannot be rejected using PSD
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Neutrons from (o,n)
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Neutrons from (a,n) in PMTs

Eeewe s re. Lucky,
gthey scatter
eintilitiple times.

-\\ => Reject multiple
\\\ scatters
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Neutrons from (o,n)

in PMTs

B get - captured.

.\_31:> Reject events

followed by
capture gammas
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Neutrons from (a,n) in PMTs

55 Ea Vo nen

Current analysis
employs only

N\ this rejection
N mechanism.
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g1

Position reconstruction

Based on PE distribution

R

Based on time of flight
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Position reconstruction validation
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Reconstruct contained
LAr mass using Ar39
events

Kink 1s an artifact
of time-residual
calculation

ekl be tuned 1n
future analyses
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Position reconstruction validation
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More backgrounds:

X
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Rejecting LAr bulk o backgrounds
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Rejecting AV surface a backgrounds
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Only partial energy
gepoesition 1n LAr

Can leak 1into WIMP
ROI
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100 150
X [mm]

Inner flowguide
(inner surface LAr)

Inner flowguide
(outer surface LAr)
Piston ring

Outer flowguide
(inner surface LAr)

Neck a backgrounds

o emitted from acrylic
flowguide surfaces

Scintillate in LAr film
covering surfaces

Scintillation light
collimated by neck

Majority lost because neck
has no TPB

Significant ROI leakage
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Rejecting neck o backgrounds
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Combined ER background model

arxiv.org/abs/1905.05811

PECDI’

1000 15000 20000 25000 30000

— MO Sum
— 222Rn LAr bulk *°R’n LAr bulk %ph | Arsurf = *Ra AV bulk
22Th AV bulk #2Th LG bulk — 2Th FB bulk == “K PMT all
RaPMT all —— **Th PMT all ®Co SSS bulk —— “*Ra SSS bulk
#2Th SSS bulk neutron PMT glass

counts / (keV x kg x yr)

counts / 28.9 keV / dataset

1000 1500 2000 2500 3000 3500 4000 4500
95.4% - 99.7% (systematics on energy scale and resolution not included) E [keV]

(data - MC) / data [%]




WIMP ROI:
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Leading Limit on the WIMP-nucleon spin-
independent cross section on a LAr target of

3.9E-45cm? for a 100 GeV WIMP mass at 90% C.L.
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Conclusion

- World-leading PSD performance:
2.8E-7 @ 90% NR acceptance

- Combined f1it . ofEREhaekerotRessnpbaiepssbredata - over 9 orders of
magnitude

- Two position reconstruction algorithms:
PE-based and TOF-based

- Background expectation < 1 event in 758 tonne days
- Observed no events

- Leading 1limit on the WIMP-nucleon spin-independent cross section
on a LAr target :of S8 SE=dseEsronmassbitbabeN WP mass at 90% C.L.

- Developing analysis for current blind dataset

32
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