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SNOLAB

2 km underground near Sudbury, Ontario
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Surface Facilities
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Underground Layout

Phase TII

Deepest and cleanest large-space international facility
Ultra-low radioactivity background environment Class 200 0
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Underground Laboratory
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Underground Laboratory

Ultrapure water from the SNO
water puri cation plant

LN o supplied by transport
dewar from surface

HPGe Gamma Counter
2 additional counters soon

Rn/Ra Emanation
(electrostatic counters,
radon emanation chamber)

= counter
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Underground Laboratory
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SNO+ detector

Acrylic vessel
=12 m

Liquid scintillator
(LAB+PPO)
/80 tonnes

1700 tons H 20 inner
5700 tons H 20O outer
9500 PMTs

Double beta decay in  1°9Nd
Low energy solar neutrinos
Geo-neutrinos

Reactor neutrinos oscillation

Supernova neutrinos
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Double Beta Decay Phase

Energy spectrum simulation
E ective mass 350 meV

Nuclear matrix element: __§10— 2
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Double Beta Decay: Sensitivity

Lifetime and mass

0.3% loading
Nuclear matrix element:
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Effective neutrino mass upper limit (meV)




SNO+ detector
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SNO+ detector
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Helium And Lead Observatory

Helium:

available SHe neutron
detectors from the nal phase
of SNO

Lead:
lead blocks from a
decommissioned cosmic ray e

{ high -Pb cross-sections
{ low n-capture cross-sections

{ complementary sensitivity
to water Cerenkov and
liquid scintillator SN el
detectors WO W et

Figure 2

Cross section (1072 cm?)

Cross sections per target for relevant interactions. See http://www.phy.duke.edu/~schol/snowglobes for
references for each cross section plotted. Abbreviations: IBD, inverse f decay; NC, neutral current.
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HALO Supernova Signal

Charged Current:

[ e+ 2%8Pb 1 207Bi+n+e
{ e+ 208pp 1 <206Bj+2n +e

Neutral Current:

{ x+ 2%Pb ! 297pPp +n
{ x+ 2%pp 1 29pp + 2n

HALO Is operational

Part of SNEWS once the behaviour
of the detector Is well understood
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HALO Supernova Signal

79 tons of Pb for a SN at 10
Kpc:
(FD distribution with
T=8 MeV for 'sand 's)

68 neutrons through ¢ charged il
current channels \
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{ 30 single neutrons
{ 19 double neutrons

20 neutrons through X
neutral current channels

{ 8 single neutrons
{ 6 double neutrons

88 neutrons liberated
1.1 n/tonne of Pb
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DEAP

Dark Matter Experiment with Argon
and Pulse-shape Discrimination:

scattered nucleus detected via scintillation
pulse shape discrimination for suppression of

events
LAr advantages:

{ 1s easily puri ed and high light yield

{ 1s well understood

{ has an easily accessible temperature (85 K)

{ allows a very large detector mass with inform response
Detectors:

{ DEAP-1: prototype, 7 kg LAr, 2 PMTs
{ DEAP-3600: 3600 kg LAr, 255 8" PMTs
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DEAP-1

Demonstrate discrimination
between electromagnetic
events and nuclear recolls

suppression better than:

3 10 8, 120-240 PE, using

tagged source
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DEAP-3600

3600 kg argon
(1000 kg ducial)
In ultra-clean AV

Vessel is \resurfaced" in-situ
to remove Rn daughters

TPB wavelength shifter
deposition

255 Hamamatsu R5912
HQE 8" PMTs
(75% coverage)

50 cm light guides
PE shielding for neutron
moderation

8 m water shield
In Cube Hall
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DEAP-3600
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MiniCLEAN
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MiniCLEAN

Outer Vessel

500 kg cryogenic liquid
(150 kg ducial) with 92 PMTs

Material interchangeable Vessel™
between argon y neon

spin-independent WIMP-nucleon
Cross section sensitivity
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DAMIC
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DAMIC

charge-coupled devices as
target material (Si)

extremely low electronic
readout noise

very low threshold of approx.
40 eVee

uses ten 250 microns thick
CCDs

high resistivity silicon
fully depleted a low voltages
active mass of 10 grams

deployed underground a few
months ago, fully operational
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PICASSO

Eric Vazquez-huregui Moriond 2013 March 15, 2013



PICASSO

Suspended droplets of C 4F 10
In an inactive polymerized
gel matrix

The energy deposited
by a nuclear recoll
triggers a phase transition

The acoustic signal
can be recorded by
piezoelectric transducers

recoil energy thresholds
as low as 1.7 keV

total target mass of 0.72 kg
of 19F and an exposure of
114 kg-day
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PICASSO limits
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COUPP
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COUPP

COUPP4 currently
running at SNOLAB

COUPP60 running by the
end of the month

COUPP500: a tonne scale
detector, inexpensive and
versatile ready by 2016
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COUPP limits
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Future experiments and underground science
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Future Experiments and Underground Science

SNOLAB hosting more experiments:

SuperCDMS for dark matter
EXO-gas and COBRA for neutrinoless double beta decay

Underground Science:

PUPS: an experiment for the observation of seismic signals
at various depths in very hard rock (completed)

Geology, mining and deep sub-surface life
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Still more space at SNOLAB
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Final remarks

The physics program at SNOLAB is making important
contributions to experimental research In
Astroparticle Physics

Detectors for supernovae and double beta decay, for solar
neutrinos, geo-neutrinos and reactor neutrino oscillatio ns
are being built

Dark matter research experiments at SNOLAB
sensitive to spin dependent and/or independent
Interactions

Searches are underway with noble gases and superheated
liguids detectors; solid state detectors will be deployed
soon

SNOLAB is becoming one of the leading facilities In
experimental research in Astroparticle Physics

Eric Vazquez-huregui Moriond 2013 March 15, 2013



