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SuperCDMS at SNOLAB

Matthew Stukel – EIEIOO 2024

•Cryogenic

•Dark

•Matter

•Search
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Talk Overview

Matthew Stukel – EIEIOO 2024

1. Fascination with the cold and how it is possible 

to achieve mK temperatures 

2. Rare-event search landscape for cryogenic 

experiments

3. Status of the SuperCDMS at SNOLAB

4. Prospects for the SuperCDMS experiment at 

SNOLAB



Fascination with the cold
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Out in the Cold

Matthew Stukel – EIEIOO 2024

Detectors 

operated at 

mK 

temperatures
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Brief (very incomplete) History of 
Cryogenic Detectors

Matthew Stukel – EIEIOO 2024

Today

1983 E. Fiorini and 

T.O. Niinikoski

explored the idea of 

cryogenic 

calorimeters for 

searching for 

neutrinoless double-

beta decay 

1780’s Black, Lavoisier and 

Laplace develop the first Ice 

calorimeters 

1878 S.P Langley invented 

the Bolometer (Sun)

1903-1930 Microcalorimeters where used 

to measure radioactivity for the first time 

(β-decay of Bi-210)

210Bi -> 𝛽−+ 210Po+ ഥν𝑒

1935 F. Simon suggested the 

idea of cryogenic calorimeters 

for the first time

1951 Heinz London proposes 

the dilution refrigerator

https://doi.org/10.1016/S0168-9002(00)00812-3



7

Understanding Refrigeration

Matthew Stukel – EIEIOO 2024

• Cryostats (fridge): Are devices used 

to maintain a very low temperature 

• Cooling Principles

•Wet Dilution Refrigerator

•Pre-cools (< 4K) using the cooling 

power of continuously flowing liquid 

helium. Low vibrations

•Dry Dilution Refrigerator

•Pre-cooling is done using direct 

mechanical cooler (pulse-tube)
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Refrigeration Terminology (Dry Fridge)

Matthew Stukel – EIEIOO 2024

Pulse Tube First Stage (60 K) 

Pulse Tube Second Stage (4 K) 
• Dilution

Refrigerators are 

able to change the 

temperature over 4 

orders of magnitude

•The sound!!!!!

Still Plate (1 K) 

Cold Plate (100 mK) 

Mixing Chamber Plate (10 mK) 
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How to reach mK: Dilution Technique? 

Matthew Stukel – EIEIOO 2024

A

B

C

• Dilution refrigeration utilizes the properties of 3He-4He

mixtures to achieve mK cooling

• 4He obeys Bose statistics while 3He obeys Fermi statistics.

• Mixing the two isotopes together is what allows mK 

temperature to be achieved

• A mix of He3/He4 starts at temperature A

• If the temperature is lowered below point B that mix is now a 

superfluid

• When lower then point C 3He-4He separate into dilute and 

concentrated phases.

• This happens in the mixing chamber

• Concentrated phase will “float” on-top of the dilute phase

• It takes energy to move 3He from the dilute to concentrated 

phase which is taken from well isolated environment providing 

the cooling
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How to reach mK? 

Matthew Stukel – EIEIOO 2024

1. He-3 enters the dilution unit pre-cooled by the pulse

tube at around 3K

2. It proceeds to the mixing chamber and is cooled by the

heat exchangers

3. In the mixing chamber the phase separation occurs

4. He3 is pumped out to the still causing He3 to move 

from the concentrated phase to the dilute phase. 

Which takes energy from the system, thus providing 

the cooling

5. The He3 that was pumped out provides the cooling for 

the incoming He3

6. In the still He3 is evaporated and the cycle begins 

again 
Phase Separation
Dilute phase (Bottom)

Concentrate phase (top)

Mixing Chamber

He-3 poor phase

Heat Exchangers

Still

He3 rich gas phase

He-3 Rich 

Phase



Rare Event Landscape for 

Cryogenic Detection

11



12

World of Cryogenic Experiments: Basic Requirements

Matthew Stukel – EIEIOO 2024

1) Absorber 3)Refrigerator2)Measuring Device

4) People
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World of Cryogenic Experiments: Questions?

Matthew Stukel – EIEIOO 2024

Dark Matter Searches Neutrinoless Double Beta Decay CEνNS

Quantum Computing

CUORE

CUPID

CUTESupernova Detection

SPICE/HERALD

+ many more I have missed
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World of Cryogenic Experiments: Questions?

Matthew Stukel – EIEIOO 2024

Dark Matter Searches Neutrinoless Double Beta Decay CEνNS

Quantum Computing

CUORE

CUPID

CUTESupernova Detection

SPICE/HERALD

+ many more I have missed
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Dark Matter

Matthew Stukel – EIEIOO 2024

• Evidence includes: Rotation curves of galaxies, weak gravitational lensing, 

cosmological modelling

•Many experiments that employ many techniques!

•Direct Detection: Nuclear or electric recoils

Dark Energy, 68 %

Dark Matter, 
27%

Ordinary 
Matter

5%
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Dark Matter: The Current Search

Matthew Stukel – EIEIOO 2024



17 Adapted From: https://indico.cern.ch/event/1188759/contributions/5044015/

“Wave-like DM”

1 TeV1 GeV1 MeV1 keV1 eV1 meV

“WIMPs”“DM Scattering”“DM Absorption”

Mediator

Sub-GeV Dark Matter Detection Channels

Matthew Stukel – EIEIOO 2024

https://indico.cern.ch/event/1188759/contributions/5044015/
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Dual-channel readout

Transition Edge Sensors Particle Discrimination
Underground 
Laboratory

Dilution Refrigeration

SuperCDMS

Matthew Stukel – EIEIOO 2024



SuperCDMS at SNOLAB
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•SNOLAB is located at the Vale-

Creighton mine just outside Sudbury 

•On the traditional territory of the 

Robinson-Huron Treaty of 1850

• It is 2 km deep and operates as a class-

2000 clean room

•Host to numerous particle physics 

experiments

Where is SNOLAB?

Matthew Stukel – EIEIOO 2024
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https://arxiv.org/pd

f/2007.15925.pdf

•One of the lowest muon flux in the 

world

• Class-2000 clean-room

• <2000 particle >0.5μm in diameter per 

cubic feet

Advantage at 
SNOLAB

Matthew Stukel – EIEIOO 2024
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SuperCDMS Collaboration
+1 (I just joined in January)

Matthew Stukel – EIEIOO 2024
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• Upgrade from CDMS and SuperCDMS Soudan (bigger and

higher purity)

• Si(0.6 kg)/Ge (1.4 kg) cryogenic detectors

• Measure of heat (phonon) and ionization

• Heat is measured through Quasi-particle trap assisted 

electrothermal Feedback Transition Edge sensors

• Charge is measured through interleaved electrodes

SuperCDMS Detectors

Matthew Stukel – EIEIOO 2024
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• Deposition of energy → Lattice vibrations (Phonons) →  Change of temperature  → 
Change in resistance  →  Signal

• Critical temperature reduced from 90 mk (Soudan) to 40 mk.

• Resolution will scale Tc
3

• TES are widely used in the field of rare event searches

Transition Edge Sensors (TES)

Matthew Stukel – EIEIOO 2024
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• iZIP (interleaved Z-sensitive 

Ionization and Phonon detector)

• 12 phonon, 4 charge channels

• Phonon and ionization channel allow 

for particle discrimination ER vs. NR

• HV (High Voltage detector)

• 12 phonon channels

• 100 V across the detector to exploit the 

Neganov-Trofimov-Luke (NTL) Effect

iZIP and HV SuperCDMS Detectors

Matthew Stukel – EIEIOO 2024
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iZIP and HV SuperCDMS Detectors

Matthew Stukel – EIEIOO 2024
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• Four towers (6 detectors each) will be used in the initial physics run, 30 kg total

• Towers will consist of Si and Ge targets iZIP (x12) and HV (x12) detectors

SuperCDMS Experimental Setup

Matthew Stukel – EIEIOO 2024
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• 90% C.L exclusion sensitivity for the Yellin-Optimal method (dashed) and profile likelihood 

ratio (solid) 

Ge Hv

Ge iZIP

Si iZIP

Si Hv

Neutrino Fog

Current 

Limits

Dark Matter Sensitivity (4 year exposure)

Matthew Stukel – EIEIOO 2024
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• SuperCDMS can probe even further by looking for dark photon (O(eV)) 

absorption or electron scattering light DM (O(MeV)) 

Non-WIMP Dark Matter Sensitivities

Matthew Stukel – EIEIOO 2024
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Current Construction

Science data 

taking to begin 

next year!!!
Matthew Stukel – EIEIOO 2024
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•Cryogenic Underground TEsting Facility

•One full HV tower was placed into CUTE

and operated for 6 months

•Allowed for detector characterization 

(SQUIDs, Tc etc.),Noise modelling, 

calibration, Pulse shape 

characterization, data pipeline testing, 

HV operation and more

•Currently HVeV detector is inside to test

low energy excess

Testing at the CUTE Facility

Matthew Stukel – EIEIOO 2024



Challenges and Conclusions
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• Low energy Compton 
scattering

• Laser and LED photon 
absorption

• CRAB (Calibrated nuclear 
Recoils for Accurate 
Bolometry)

• Thermal neutron capture -> 
Recoil induced from the de-
excitation

• CaWO4 112.4 eV peak 

Calibration Challenges

Matthew Stukel – EIEIOO 2024
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• Low-energy excess observed in a variety of experiments over a variety 
of conditions

• Common origin? Understanding the low energy frontier

Low Energy Excess

Matthew Stukel – EIEIOO 2024
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• Cryogenic detectors are powerful tools, that can be designed to try 
and answer the most challenging problems in particle physics

• Basic Design: 1) Absorber 2) Thermometer 3) Refrigerator

• Six month tower testing completed at SNOLAB

• SuperCDMS will push the boundaries of Sub-GeV dark matter 
searches at SNOLAB

• 30 kg of Si and Ge detectors. 4 towers with 6 detectors in each

• 12 iZIP and 12 HV detectors

• Currently experiment is under construction with data taking
expected to begin next year

Conclusion

Matthew Stukel – EIEIOO 2024



Extra Slides
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Matthew Stukel – EIEIOO 2024

https://nanoscience.oxinst.com/assets

/uploads/NanoScience/Brochures/Prin

ciples%20of%20dilution%20refrigerati

on_Sept15.pdf
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Matthew Stukel – EIEIOO 2024

https://nanoscience.oxinst.com/assets

/uploads/NanoScience/Brochures/Prin

ciples%20of%20dilution%20refrigerati

on_Sept15.pdf
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