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Important for LAr: 3°Ar beta (1 Bq/kg) McKinsey & Coakley, Astropart. Phys. 22, 355 (2005)
Boulay and Hime, Astropart. Phys. 25, 179 (2006)

Lippincott et al., Phys.Rev.C 78: 055801 (2008)

Achieved e leakage <3x10® in 120-240 photo-electron window (Jillings, CAP '11)
Expected <1x101° for DEAP-3600 for the same PE window

Single-phase LAr detectors possible 1S
because of rejection power from timing,
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> FAP DEAP-3600 Specifications

Parameters Value

Light yield 8 pe per keVee
Nuclear quenching factor 0.25
Analysis threshold 15 keVee (60 keVr)
Total Argon mass (radius) 3600 kg (85 cm)
Fiducial mass (radius) 1000 kg (60 cm)
Position resolution at threshold (cons, design spec) 10 cm
Position resolution at threshold (ML fitter) <6.5cm

Background specifications Target
Radon in Argon < 1.4 nBqg/k§g
Surfaces o’s (tolerance using cons. pos. res.) < 0.2 uBg/m*
Surfaces a’s (tolerance using ML fitter pos. res.) < 100 pBg/m?
Neutrons (all sources, in fiducial volume) <2 pBqg/kg
By events, dominated by 3°Ar (after PSD) <& pBa/k§g

Total backgrounds < 0.6 events in 3 tonne-years

ArXiv:1203.0604 ' l
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April 2006 20 mBq First run (Queen’s) Careful design with input from
materials assays (Ge y couting)

August 2007 7 mBq Water shield Water shielding,
(Queen’s) some care in surface exposure
(< a few days in lab air)

January 2 mBq Moved to SNOLAB 6000 m.w.e. shielding
2008

August 2008 400 uBq Clean v1 chamber  Glove box preparation of inner
at SNOLAB chamber (reduce Rn
adsorption/implantation on surfaces)

March 2009 150 uBq Clean v2 chamber  Sandpaper assay/selection, PTFE
at SNOLAB instead of BC-620 reflector ,Rn
diffusion mitigation, UP water in
glove box, documented procedures;
Rn Trap.

March 2010 Clean v3 chamber  Acrylic monomer purification for
at SNOLAB coating chamber. TPB purification.

Feb 2011 Clean v4/v5 Inner chamber redesign to remove
chamber at “‘Neck Light” events
SNOLAB

acrylic sleeve slainless steel shell acrylic vacuum chamber

acrylic window L Ar target volume — acrylic light guide
—acryliclightg

f ETLS" PMT

glass window-—\ 'ﬁ'
— R

N
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P‘%O Backgrounds in DEAP1 v5

10 uBq in 120-240 pe region

21%po on TPB surface (best estimate)
214pg on TPB surface (one sigma off) mm
Window and PSD leakage maam

Expected DEAP-3600 PSD leakage
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Backgrounds in DEAP1 v5

10 uBqg in 120-240 pe region

21%po on TPB surface (best estimate)
214pg on TPB surface (one sigma off) s
Window and PSD leakage maam

Expected DEAP-3600 PSD leakage

Events/kg/SkeV/day
o

Energy [keV,,]

By-product: “Surface
roughness interpretation
of CRESST-II result”:
arXiv:1203.1576
Accepted for publication in
Astropart. Phys.

Physics & Astronomy
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Delivery and acceptarnce
ab SNOLAB (Aprll 2012) University of Sussex
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DEAP-3600 vessel eonstrueted
and delivered to

University of Alberta (June <012)
for machining of lisght suide stubs Universicrof Sise
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Light guide and PMTs

PMT assembly:
components

have been
prototyped,
purchased (PMTs,
testing is underway),
or quotes are

being received.

Lightguides:
Radiopure acrylic
bonded and shipped
to TRIUMF r\ \

Jan 2012 '

for machining

University of Sussex
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TPB deposition

Deposition source

vacuum pump F 4

quick access door deposition monitor

instrumentation 4 way cross
feedthrough (behind)

| f | ‘ f:wav o :
O]

evaporation source position w
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Calibration using tagged gamma sources
60Co (1.17 and 1.33 MeV y) ; *:Na, (e+,1.274 keV v);!57Cs (0.662 keV v)

Neutron calibration
Deployable, pulsed D-D generator

Optical calibration

LED/fibre optical injection system
LED ball calibration pre and post TPB deposition

266 nm laser injection via the neck to excite TPB

Dark Attack 2012, Simon JM Peeters

University of Sussex

Physics & Astronomy



Project overview

Detector assembly and commissioning

Resurfacing

Apply
TPB
Start of Dark Matter run

- R0z 2013
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Proposed
Being designed
Under construction/in operation

Current results

I'::'DELWEI

10 10°
Spin-independent sensitivity (x10™° cm?)

University of Sussex
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Conclusions

e Single-phase LAr has a unique potential for
direct detection of dark matter

e DEAP-3600 is well-positioned for leading
sensitivity with a very good discovery potential

e Main detector components have been
purchased, are being machined and
construction is about to start

e Expect data taking to start in end of 2013

o

University of Sussex
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Direct WIMP detection with liquid argon

Scattered nucleus (with several 10’'s of keV)
Is detected via scintillation in liquid argon.

*o—Ph .
L *PAr - Pulse-shape discrimination (PSD) is very
powerful in argon, allows for suppression
of background [/ events.

Projected pulse shape discrimination (PSD) in argon
allows threshold of approx. 20 keV,_. (60 keV/,)

1000 kg argon target allows 1045 em? sensitivity (spin-independent)
with ~20 keV,.. threshold (~65 keVr) threshold, sufficient to mitigate 3Ar

Liquid argon |

» is easily purified and has a high light yield

* IS welll-lunderztood, allows for very simple  DEAP-1 (7 kg)
scintillation detector ”

+ has an easily accessible temperature (85K) DEAP-3600 (3600 kg)

» allows a very large detector mass (~tonne) with
uniform response (few % light yield uniformity)

Mark Boulay, Queen’s

University of Sussex
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Signal production mechanisms

University of Sussex

Physics & Astronomy

26 Dark Attack 2012, Simon JM Peeters



|

Electronic Recoil

| —
T
I

~

race voltaee

Nuclear Recoil

v
-
e
- J
—
-~
-
/
p
-
e
- J
—

Time (us)

University of Sussex

Physics & Astronomy

&7 Dark Attack 2012, Simon JM Peeters



University of Sussex

Physics & Astronomy

28 Dark Attack 2012, Simon JM Peeters



30 40

— ""Ar events, before PSD

WI‘ T

—— "Ar events, after PSD

7

l]/{ IIIIIII I Illll_xl |

T

Ar events, after PSD

. "-‘
e
-

.-".-

WIMPs, CMSSM best-fit
(150 GeV, 5x10-%° cm?)

Illﬂml L

\
) \ o
lll|ll|l.'-lll.'lllllllIllllIllllllllllllllllllllllllr-

50 100 150 200 250 300 350 400 450 500
photoelectrons (pe)

University of Sussex

Physics & Astronomy

29 Dark Attack 2012, Simon JM Peeters



All events

—ae—— After PSD

60 keV vy (**'Am)
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qnternal filter design
W. Rau (Queen’s)
vand E. O'Dwyer
M.Se. thesis
M'e'oha,mca,l Design
and Thermal FEA
From Vance
Strickland
(TRIUMF/Carleton)
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Data acquisition system

'Frontend 1 MPOD

system 10 HV
modules 1V1740 v
(slow digitizers)
48 veto !_
- it .

(slow digitizers)

255 liquid / I-l

Argon PMTs.
- . (fastdigitizers)
es

pulses. ‘“ |!I'.\-||
|

1 P l T )
ulse 1 Digitizer 1 VME

Pattern & & Trigger
Generator Module I/0 module

Trigger system Y,

HElectronics conceptual design
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20” vessel + cooling tests
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Set-up at TRIUMF
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