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• Few words about dark matter
• An introduction to SNOLAB
• A tour of the 9 active/under construction/under design direct detection experiments

Outline
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The evidence for dark matter are unambiguous

The theory of gravity and/or the theory of matter must change to explain these data. 3

Mario De Leo/wikipedia



The search for the nature of dark 
matter is growing and expanding

How do we search for something if you don’t know what it is?
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Look as many ways as you can imagine…

T. Tait

Snowmass 2021 Cosmic Frontier Report

“Delve deep, search wide”

See… many talks from this conference!



Direct detection of dark matter looks 
for dark matter particles scattering on 
terrestrial detectors

• Direct detection compliments other dark matter searches

• Collider/Fixed target searches for exotic particle production

• Astronomical observations
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Direct detection of dark matter 
experiments often focus on removing 
backgrounds, which is all around us

• Radiation detection methods are subject to radiation backgrounds

• Direct detection experiments must reject these backgrounds to search 

for this hypothesized component in the radiation background
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• Few words about dark matter

• An introduction to SNOLAB
• A tour of the 9 active/under construction/under design direct detection experiments

Outline
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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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SNOLAB is located on the traditional territory of the Robinson-Huron Treaty of 
1850, shared by the Indigenous people of the surrounding Atikameksheng 
Anishnawbek First Nation as part of the larger Anishinabek Nation.

We acknowledge those who came before us and honour those who are the 
caretakers of the land and the waters. 

Land Acknowledgment



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

• Dark matter searches require low backgrounds
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Guo et al., arXiv:2007.15925v2

https://arxiv.org/abs/2007.15925


The main SNOLAB laboratory is 
2 km underground
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“A visit to SNOLAB” on YouTube

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


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

SNOLAB layout
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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
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Cleanliness is critical to SNOLAB 
operations and science

The picture can't be displayed.
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arXiv:2006.12746

https://arxiv.org/abs/2006.12746


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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• Few words about dark matter
• An introduction to SNOLAB

• A tour of the 9 active/under construction/under design direct detection experiments
• Organized by number of dark matter observations technology

Outline
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Direct detection of dark matter 
experiments use low background 
radiation detection techniques

• 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
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The direct detection of dark matter 
experiments are currently the most 
common experiment type at SNOLAB

• DEAP-3600, PICO-40, PICO-500, SBC, DAMIC, SENSEI, Oscura, NEWS-G, and SuperCDMS

• All omissions/errors are mine, the beautiful experimental work is done by the collaborations
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Bubble Chambers for Dark Matter Search

• Bubble chambers are vessels with a superheated liquid that is 
observed by a camera (invented by Glaser in 1952, Nobel Prize 
1960)

• The threshold of a bubble chamber can be changed over a large 
range by adjusting temperature and pressure inside the active 
liquid, in case of PICO chambers C3F8

• Bubble chamber have an excellent sensitivity to particle 
interactions. Modern PICO-style bubble chambers can be active 
for extended periods of time to maximize the dark matter 
exposure 
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The concept
• PICO is a world-leading dark matter search 

detector
• Background discrimination is one of the 

reasons 
• As the focus shifts to lower masses, this 

discrimination reduces

lower 
masses

•The same technology can be used 
with a scintillating target to 
further eliminate backgrounds

• Noble liquids show little sensitivity to 
gammas when superheated
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PICO 40L

• PICO operates bubble chambers that are filled with a fluorine rich 
target fluid that gives PICO a world leading sensitivity to interactions 
between dark matter particles with spin and the detector

• Bubble chambers can be operated so that electron recoil events are 
not causing an event

• PICO chambers offer the ability to distinguish between the remaining 
background events and dark matter interactions

• PICO 40L is a large bubble chamber with a new chamber design that 
optimizes the sensitivity to ultimately allow a 10 times increased 
sensitivity compared to the previous version of PICO chambers. 
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PICO 500

• PICO 500 is a larger bubble chamber using the same 
principle as PICO 40L that will be built in 2022 and 
2023 at SNOLAB

• This chamber pushes the limit of our current ability to 
build and operate low background bubble chambers

• We predict another factor of 10 in increased sensitivity 
to spin-dependent dark matter couplings
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The Scintillating Bubble Chamber 
detector

• Conceptually a bubble chamber inside a cryostat
• Silicon photomultipliers (SiPMs) added for 

scintillation light collection
• Argon used as the target with xenon added to 

shift the wavelength
• Cameras, piezos, recompression system very 

similar to the PICO-style detector
• The pressure vessel is currently being 

constructed, the internals are being finalized, and 
the SiPMs are being studied
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DEAP-3600 Construction
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DEAP-3600 Data
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arXiv:1905.03044

arXiv:1902.04048
Dark Matter WIMP Search Result (Event Selection)

Backgrounds modeling

Planck Scale Dark Matter Search Result 
(cross-section limits)

arXiv:2108.09405

https://arxiv.org/abs/1905.03044
https://arxiv.org/abs/1902.04048
https://arxiv.org/abs/2108.09405


DAMIC: Dark Matter in CCDs
Designed by LBNL

• Pixelated charge readout.
• <2 e- of noise per pixel.
• Seven-CCD 40-gram detector 

operating at SNOLAB.
• Low background environment: 

radiopure components + 
shielding.

• Searching for ionization signals 
from the interactions of dark 
matter (DM) particles and 
atoms.

• High spatial resolution for the identification 
and characterization of backgrounds.
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Dark Matter Search Results

• Sensitivity to eV-scale signals possible because 
of extremely low leakage current.

• Search for deviations of observed pixel-value 
distribution from instrumental noise.

• 11 kg-day of data from seven-CCD array.
• Background model from all known radioactive 

contaminants matches data >200 eVee.
• Excess of events observed above 50 eVee threshold.

WIMP Search PRL 125, 241803 (2020)DM-e- scattering Search PRL 123, 181802 (2019)
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SENSEI
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• Low background CCDs 

https://news.fnal.gov/2021/10/building-a-cross-border-dark-matter-experiment-deep-underground-during-a-pandemic/
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https://news.fnal.gov/2021/10/building-a-cross-border-dark-matter-experiment-deep-underground-during-a-pandemic/
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NEWS-G Project Goals

•The goal of the NEWS-G project is to search for WIMPS at masses as low as 0.1 GeV/c2.
•This is achieved by using light gases (Ne, He, CH4) as a target material in a Spherical 
Proportional Counter (SPC) which allows to reach very low thresholds
•The SPC is made of a high purity copper sphere (C10100 copper electroplated with 
500µm of pure copper)
•The SPC is installed in a compact shield of 3cm roman lead, 25cm low activity lead and 
40cm HDPE, installed at the Cube Hall in SNOLAB
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NEWS-G Project Status
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SuperCDMS Strategy: Complementary Targets and  Multiple Functionality 

Germanium Silicon

HV
Lowest threshold for low mass 

DM
Larger exposure, no 32Si bkgd

Lowest threshold for low mass DM
Sensitive to lowest DM masses

iZIP
Nuclear Recoil Discrimination
Understand Ge Backgrounds

Sensitive to  8B n-scatter

Nuclear Recoil Discrimination
Understand Si Backgrounds

Sensitive to  8B n-scatter

Tower 1
6 Ge iZIPs

Tower 2 
4 Ge HV
2 Si  HV

2 technologies and 
2 target materials provide 
coverage of the low mass 
WIMP region, as well as 
sensitivity to electron-
recoiling dark matter

Tower 3 
4 Ge HV
2 Si  HV

Tower 4 
4 Ge iZIPs
2 Si   iZIPs

Initial 4-tower payload

CDMSlite R3

Darkside-
50

Two Types of Detectors

33
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SuperCDMS SNOLAB infrastructure
Will provide a facility for world-leading, low-mass dark matter sensitivity down to the neutrino floor
Installation underway, expect detector commissioning in early 2024
First science results will use the CUTE test facility, located in the same lab as SuperCDMS

Small R&D detectors and prototype SuperCDMS detectors provide new science results 2021-2023
Full cryostat and cold 4-tower payload running by early 2024

The initial SuperCDMS SNOLAB 4-tower payload will provide 
An order of  magnitude improvement WIMP limits for 
0.5 < MDM < 5 GeV with a sequence of two year-long runs
First paper will be HV Optimal Interval for 1 month of data, 
Later papers will model bkgds ⇒ Profile Likelihood

The low background shielded cryostat
can hold SuperCDMS upgrades or partner collaborations to reach 
the neutrino floor for low mass WIMPs

New ER benchmark models ⇒ New parameter space can be explored
Through 2022 with 
• R&D detectors at NEXUS, CUTE, and surface test facilities
After 2023 with 
• Early science at CUTE, prior to commissioning
• SuperCDMS SNOLAB 4-tower runs, SuperCDMS SNOLAB upgrades 
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CUTE cryostat

SNOBOX cryostat

SuperCDMS SNOLAB Schedule
2018 - 2020: SNOLAB Infrastructure, Clean room, Radon mitigation, 
Shield delivered 
2020: COVID delays in tower assembly, cryostat redesign
Detector Towers delivered Fall 2022
CUTE: Co-located cryostat capable of holding a complete tower

Commissioned in 2019, Recommences Fall 2020
Early science + Test towers 2022 - 2023 

SNOBOX Commissioning 2023
Initial 4-tower payload starts 2024

2019-2022:  Off-site test facilities
TUNL neutron beam experiment
7/19: Ionization yield measurement in Si complete
2/2022: Low energy yield result in Si announced

NEXUS@FNAL  + DD generator
2022-23: Si and Ge HVeV detector runs
2023: Ionization yield in SuperCDMS HV 
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SNOLAB Future Projects Workshop, talk by W. Rau (TRIUMF), May 12, 2021

36



Summary

• SNOLAB is a clean, underground laboratory hosting many direct detection of dark matter experiments

• Experimental collaborations have produced many dark matter results at SNOLAB, and many more are 

expected over the next decade
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Questions?



Partners 

_____
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Expansion Concept

• Expansion study conceptual, phased 
design complete

• Estimated CAD $200M, 5 years

• No current path for funding, and would 
require demand from the research 
community

• Expect space to be constrained over the 2023-
2029 period, rotating experiments through 
existing floor space
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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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Models of Radiation Risk

Radiation Dose
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Epidemiology

Hormesis
Threshold

Natural 
Background 

Radiation
Sub-background

Hypothesis
Natural background radiation is essential for life and helps to
maintain the stability of our genome. Removal of background
radiation will be detrimental to living systems.
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Human cells

REPAIR Methodology 
Cell growth

DNA damage

Carcinogenesi
s
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* <0.001% oxygen
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