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Elements of the Science 

e-
Neutrinoless Double Beta Dec

e-
Z e

e
Z+2

Low Energy Solar Neutrino Ph

Clarence Virtue XXVIII Rencontres de Phys

Programme

cay Planck

Direct dark Matter Detection
hysics HST

sique de la Vallée d’Aoste 27th February, 2014

Supernova Neutrino Detection
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A Brief History

O t th f th- Outgrowth of the 
highly successful 
SNO project

- Proposal in 2001
- Funding in 2002

Clarence Virtue XXVIII Rencontres de Phys

 Surface facility

 Groundbreaking 2004

 Occupancy 2005

 Underground

i d excavation commenced 
Nov 2004

 Experiment installation p
2009
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2 km deep!

Cosmogenics likewise reduced.
0.27 muons/m2/day at SNOLAB.

70 /day in SNO+ vs 26,000 /day in KamLAND.
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Phys Rev D 73 053004Phys. Rev. D 73, 053004  
D.-M. Mei and A. Hime
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Vale Creighton Mine

- Surface Facility (3100 m2)
- Operational from 2005 - Providep

warehousing, data center, clean
chemical + assay lab

- 440m2 class-1000 clean rooms f440m class 1000 clean rooms f
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es offices, conference room, dry, , , y,
-room labs, detector construction labs, 

for experiment setup and testsfor experiment setup and tests
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Current programme: 
0νββ and neutrino at SNOLAB

- SNO+ :  130Te → 130Xe + e- +  e-

- Uses existing SNO detector. Hea
ith 130T M d t l tiwith 130Te. Modest resolution com

- Requires engineering for acrylic v
Technologies already developed.

- Will also measure 
- solar neutrino pep line (low E
- geo-neutrinos (study of fissio- geo-neutrinos (study of fissio
- supernovae bursts (as part o
- reactor neutrinos (integrated 

- HALO:  Dedicated Supernova watch e
- Charged/neutral current interactio
- Re-use of detectors (NCDs) andRe-use of detectors (NCDs) and 
- Operational May 2012
- Will form part of SNEWS array
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avy water replaced by scintillator loaded 
t d b hi h t ti ti lmpensated by high statistical accuracy. 

vessel hold down and purification plant. 
. 

E-threshold)
on processes in crust)on processes in crust)
of SNEWS)

flux from Canadian reactors)
experiment
ons in lead
material (Pb) from other systemsmaterial (Pb) from other systems
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SNO
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SNO 
Cavity
SNO 

Cavity



SNO+
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SNO+
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SNO+
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SNO+
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SNO+
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SNO+
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SNO+ Status

D l t f ff ldDevelopment of a scaffold 
for cleaning internal 
surface of the acrylic 
vessel AV now cleanedvessel.  AV now cleaned 
and ready for filling with 
water.
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Fi t LAB l t lFirst LAB plant vessel 
being installed into utility 
drift. All vessels now in 
place and interconnectsplace and interconnects 
started.

Cavity now being filled withCavity now being filled with 
UPW.... Presently ~4m
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HALO  - a Helium and Lea

A “SN detector of opportunity” / 
An evolution of 

LAND – the Lead AstronomicalLAND – the Lead Astronomical 
Neutrino Detector, 

C.K. Hargrove et al., Astropart. 
Phys 5 183 1996

“Helium” – because of the 
availability of the 3He neutron

Phys. 5 183, 1996.

availability of the  He neutron 
detectors from the final phase of 
SNO
“Lead” – because of high ν‐Pb cross‐Lead    because of high ν Pb cross
sections, low n‐capture cross‐
sections,  complementary sensitivity 
to water Cerenkov and liquid q
scintillator SN detectors

HALO is using lead blocks from a decoHALO is using lead blocks from a deco
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d Observatory

ommissioned cosmic ray monitoring stationommissioned cosmic ray monitoring station
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Supernova signal 

- In 79 tonnes of lead for a SN @ 10kpc†,
- Assuming FD distribution with T=8 MeVg
- 68 neutrons through νe charged current

- 30 single neutrons
- 19 double neutrons (38 total)19 double neutrons (38 total)

- 20 neutrons through νx neutral current c
- 8 single neutrons
- 6 double neutrons (12 total)6 double neutrons (12 total)

- ~ 88 neutrons liberated; ie. ~1.1 n/tonne o

†- cross-sections from Engel, McLaughlin, Volpe, Phys. Rev. D 

- For HALO neutron detection efficiencies of 
b bt i d i MC t di ti i i thbeen obtained in MC studies optimising the
geometry, the mass and location of neutron
and enveloping the detector in a neutron re
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V for νμ’s, ντ’s.

CC:

μ , τ

t channels

NC:

channels

of Pb

67, 013005 (2003)

50% have 
d t te detector 

n moderator, 
eflector.
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Current programme: 
Dark Matter at SNOLAB

- Noble Liquids:  DEAP-I, MiniCLEAN, & D
- Single Phase Liquid Argon using pulse s
- Prototype DEAP-I completed operationPrototype DEAP I completed operation. 
- Construction for DEAP-3600 and MiniCL
- Will measure Spin Independent cross-se

- Superheated Liquid / Bubble chamber: P- Superheated Liquid / Bubble chamber:  P
- Superheated droplet detectors and bubb

background at operating temperature, th
demonstrated;

- COUPP-4 (CF3I) operation completed; P
60 (CF3I) in data taking; PICO-2l (C3F8) u

- Measure Spin Dependent cross-section 
- World leading spin-dependent sensitivity

- Solid State:  DAMIC, SuperCDMS
- State of the art CCD (DAMIC) Si / Ge cry

(SuperCDMS).
- DAMIC operational since 2012, 10g CCD
- CDMS Currently operational in Soudan f

depth to reach desired sensitivitydepth to reach desired sensitivity.
- Mostly sensitive to Spin Independent cro

Clarence Virtue XXVIII Rencontres de Phys

DEAP-3600
shape discrimination
Demonstration of PSD at 108Demonstration of PSD at 10 . 

LEAN well advanced. 
ection.

PICASSO COUPP => PICOPICASSO, COUPP => PICO
ble chambers. Insensitive to MIPS radioactive 
hreshold devices; alpha discrimination 

PICASSO-III (C4F10) currently operational, COUPP-
under construction;
primarily, COUPP has SI sensitivity on iodine;

y published in 2012.

ystals with ionisation / phonon readout 

D;
facility, MN. Next phase will benefit from SNOLAB 

oss-section. 
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Cube Hall - DEAP/min

DEAP-3600
water 
shieldingshielding 
tank + outer 
vessel

DEAP-3600
AV 
machiningg
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niCLEAN

DEAP-3600
MiniCLEAN

imezzanine

MiniCLEAN 
water shielding
tank
+ outer vessel

DEAP-3600
AV liAV annealing
oven
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DEAP-3600
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DEAP acrylic vessel 
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Feb. 2014
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MiniCLEAN Detector

- Single phase LAr/LNe (solar neut
- 180kg fiducial volume; PSD discr
- Wavelength shifter on acrylic plug

PMT C tt i t t l l- PMT Cassette into steel vessel

Clarence Virtue XXVIII Rencontres de Phys

trino capability)
rimination for background rejection
gs
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MiniCLEAN Construc
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ction
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CryopitCryopit



Cryopit - Features

Staging Area

Exhaust Pipe

20 Bar 
Bulkheads

Cryopit
50’ dia

50’ (Shoulder)50  (Shoulder)
65’ (Back)

Utility Drift Plus
-Presently unallocated
-Proposals from 
• nEXO (DBD)
• Ge 1T (DBD)
• PICO 250 (DM)

LA DEAP6 (DM)• LAr – DEAP6 (DM)
• CLEAN (DM/solar)
• plus 2 letter of interest



The SNOLAB Science P
Experiment Solar ν 0νββ Dark Matter Supernova ν Ge

CEMI

COBRA √

COUPP‐4 √

COUPP‐60 √

DAMIC √

DEAP‐1 √

DEAP‐3600 √

nEXO √

HALO √

MiniCLEAN √

PICASSO‐III √

PUPSPUPS

SNO+ √ √ √

SuperCDMS √

U‐Toronto
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Programme
eo ν Other Space allocated Status

Mining Data Centre Surface Facility Proposal

Request

J’‐Drift Operational

Ladder Labs Operationalp

J’‐Drift Operational

J’‐Drift Operational

Cube Hall Construction

Request

Halo Stub Operational

Cube Hall Construction

Ladders Labs Operational

S i i it V i C l t dSeismicity Various Completed

√ SNO Cavern Construction

Ladder Labs Request

Deep Subsurface Life External Drifts Completed
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Current
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