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SNOLAB

SNOLAB hosts rare event searches and measurements. It’s 
located 2 km underground in the active Vale Creighton nickel 
mine near Sudbury, Ontario, Canada. 

SNOLAB is operated jointly by University of Alberta, 
Carleton University, Laurentian University, University of 
Montreal, and Queen’s University

SNOLAB operations are funded by the Province of Ontario, 
and the Canada Foundation for Innovation
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“A visit to SNOLAB” on YouTube

https://www.youtube.com/watch?v=-PgVA2_yVEU


SNOLAB is underground to shield high energy 
radiation from space, and clean to remove 
backgrounds from dirt

• Astrophysical systems emit high energy radiation 

which create muons in Earth’s atmosphere

• 2 km granite shield

• SNOLAB has the lowest muon fluxes available

• Clean room throughout the underground facility

• Dirt is high in radioactivity to us

• Growing community of users

• Rare event searches require low backgrounds

Guo et al., arXiv:2007.15925v2
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https://arxiv.org/abs/2007.15925


5000 m2 of class 2000 cleanroom underground. 
<2000 particles >0.5 μm in diameter per ft3

SNOLAB layout
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Large Cavity Status

SNO Cavern
SNO+ beyond 2030 

Cryopit
Ton-scale 0vbb beyond 2030

pending community decisions

Cube Hall
DEAP-3600, PICO500, NEWS-G

potential for large project
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Small Cavity Status

Ladder Labs
PICO40, SBC, CUTE, SuperCDMS 

J-Drift
SENSEI, DAMIC,

potential for Ar2D2

Life Sciences Lab
REPAIR

Halo Stub
HALO

potential breakthrough 
for future expansion

Low Background Lab
HPGe assay/screening, XRF, Radon Boards, FLAME

future XIA, CTBT Dual HPGe
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SNOLAB people enable science

SNOLAB has a focus on User Support
• Scientific
• Engineering
• Construction
• Operations

Sudbury hosts a strong mining/industrial base that projects can draw from

• Excavation
• Fabrication
• Integration

Laurentian University is the research anchor for the user base 8



Cleanliness is critical to SNOLAB operations and 
science

The picture can't be displayed.
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* <0.001% oxygen

*
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Science Strategy

The science at SNOLAB is currently focused on fundamental particle physics. 
Primarily looking at further investigating the nature of matter. Specifically:

• What is the nature of dark matter?

• What is the nature of the neutrino?

SNOLAB is interested in collaborating on any scientific research that requires 

deep underground facilities. For example:

• Neutrino observatories (solar, supernovae, geo, reactor, etc.)

• Effects of radiation on biological systems

• Environmental monitoring (nuclear non-proliferation, aquifers, etc.)

• Effects of radiation on quantum technologies

2 km
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Dark Matter @ SNOLAB
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Direct Detection Principles

Ø Elastic scatter of a WIMP off a nucleus
Ø Imparts a small amount of energy in a recoiling nucleus
Ø Can occur via spin-dependent or spin-independent channels
Ø Need to distinguish this event from the overwhelming number of background events
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Direct Detection Detector Response

Count individual energy quanta

• Energy is detected via heat, ionization, and/or scintillation

The experiments at SNOLAB utilize all these techniques

• Bubble chambers and cryogenic detectors measure heat

• PICO, SBC, SuperCDMS

• Semiconductors and gas detectors detect ionization

• DAMIC, SENSEI, Oscura, NEWS-G, SuperCDMS

• Liquid argon scintillates well

• DEAP-3600, SBC

The direct detection of dark matter experiments are currently the most common 
experiment type at SNOLAB!  I apologize that I will not be able to cover all of them! 17

PHONONS

Recoil
Energy

LIGHT

IONIZATION

SuperCDMS*, 
Edelweiss XENON, LUX,

DarkSide, LZ

DEAP-3600
DAMA/LIBRA, KIMS

CRESST

DAMIC, SENSEI, 

OSCURA NEWS-G*

SBC, PICO*

Located at SNOLAB
*At this conference
Located elsewhere



May 2022 - Carleton University & Queens University  - Jodi Cooley

SuperCDMS SNOLAB
- SuperCDMS SNOLAB construction is 

underway in the Ladder Lab.

- We expect world leading science results 
from commissioning runs of some of the 
detectors in the CUTE test facility.

- Initial payload 4 towers, each w/6 
detectors (1.39 kg Ge crystals, 0.61 kg 
Is crystals) each 100 mm diameter, 33.3 
mm thick:

- 2 HV (4 Ge + 2 Si)

- 2 iZIP (6 Ge & 4 Ge + 2 Si)  

 X

Technology	 Implementation	 Status	 Sensitivity	 CUTE	 8	

SNOLAB	

SuperCDMS	SNOLAB	-	W.	Rau	-	TAUP	2017	

Radon	
filter	

Cryogenics	
and	radon	
filter	plant	

Experimental	area	

Access	
drift	

CUTE	 Backup	
cooling	
(ice)	

Clean	
room	

Implementation	

CUTE cryostat

SNOBOX cryostat
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The latest photos…

20



Neutrino Program @ 
SNOLAB
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Double Beta Decay

2 neutrino double beta decay is allowed in 
some isotopes, involves transformation of 2 
neutrons into two protons

ββ Decay 0νββ Decay

APS/Alan Stonebraker

If neutrinos are Majorana particles, then neutrino-less 
double beta decay should be allowed. 22



Sensitivity of Next Generation 0𝝂𝜷𝜷 Decay 
Experiments 

Goal of next generation 
0𝜈𝛽𝛽 decay experiments 
3𝜎 sensitivity to effective 
Majorana neutrino mass 
parameter 𝑚!! = 15meV
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Implications on Background Requirements

J. Detwiler
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0νββ Decay at SNOLAB
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• Plan to add more than 1,000 kg of 130Te 
to the detector with sensitivity that 
reaches the Inverted Mass Ordering

• Tellurium plant has been installed and 
preparations are ongoing for systems 
tests.

• 5000 kg xenon TPC detector 
• Enriched with 90% 136Xe enables  

sensitivity that reaches the Inverted 
Mass Ordering

• Builds on success of EXO-200
• Currently in design phase

SNO+

nEXO

LEGEND-1000
• 1000 kg of Ge detectors enriched to 

more than 90% in 76Ge enables sensitivity 
to the inverted mass ordering

• operated in a liquid argon active shield
• Builds on success of GERDA and 

Majoranna
• Currently in design phase
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SNOLAB Experiments



Concluding Points

• SNOLAB is a clean, underground laboratory hosting a variety of experiments.

• Experimental collaborations have produced many dark matter and neutrino results at 

SNOLAB, and many more are expected over the next decade

• I am very excited about the opportunities that SNOLAB provides the scientific 

community.  I believe SNOLAB well positioned to attract world-class experiments and 

support major discoveries in the next decade.

27



Partners 

_____
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Questions?
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