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SuperCDMS experiment

● Super Cryogenic Dark Matter Search experiment

● Use semiconductor crystal detectors 
Si and Ge

● Operate at cryogenic temperature
● Measure energy deposition in the form 

of phonons and ionization
● Search for sub-GeV DM 
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● Recent publications:
○ Light dark matter constraints from SuperCDMS HVeV detectors operated underground with an anticoincidence event selection
○ G4CMP: Condensed matter physics simulation using the GEANT4 toolkit  
○ Investigating the sources of low-energy events in a SuperCDMS-HVeV detector 
○ Constraints on dark photons and axionlike particles from the SuperCDMS Soudan experiment 

Full publication list at: https://supercdms.slac.stanford.edu/science-results/publications
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Detection principle

● Particle interactions produce electron-hole (eh) pairs and prompt phonons
● Voltage bias across detector allows eh pairs to drift, creating 

Neganov-Trofimov-Luke (NTL) phonons
● Energy from prompt and NTL phonons ➞ phonon sensor (QETs)
● Drifting eh pairs ➞ charge sensor (HEMTs)
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Source: E. Fascione’s thesis

QET: Quasiparticle Trap Assisted Electrothermal Feedback Transition Edge Sensor
HEMT: High Electron Mobility Transistor
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SuperCDMS detectors
High Voltage (HV)

● 12 phonon channels
● Large bias voltage (~100 V)
● NTL amplification 

○ low threshold ➞  low mass DM
○ no ER/NR discrimination

● Energy resolution O(10 eV)

Interleaved Z-sensitive ionization 
phonon (iZIP)

● 12 phonon channels + 4 charge channels
● Small bias voltage  (< 10 V)
● Measuring ionization + phonon 

○ ER/NR discrimination
○ better background rejection
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ER: Electron recoil
NR: Nuclear recoil



SuperCDMS science search

Nuclear recoil iZIP, ER background free >5 GeV/c2

iZIP, limited ER/NR discrimination >1 GeV/c2

HV, no discrimination ~0.3 - 10 GeV/c2

Electron recoil HV, no discrimination ~0.5 MeV/c2 - 10 GeV/c2

Absorption (dark photons, ALPs) HV, no discrimination    ~1 eV/c2 - 500 keV/c2 (peak search)
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Refer to doi:10.1139/cjp-2024-0127 (Snowmass) for sensitivity forecast
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SNOLAB underground laboratory

● Located in Sudbury, Canada
● Has 2 km rock overburden / ~6000 mwe
● Hosts low background experiments
● Class 2000 clean room
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SuperCDMS SNOLAB
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SuperCDMS SNOLAB

● Payload: 
○  4 towers with 6 detectors each 
○ 2 iZIP and 2 HV towers
○ ~30kg in total
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Ge
Si
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SuperCDMS SNOLAB installation status

● All towers in cryostat
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SuperCDMS SNOLAB installation status

● All towers in cryostat
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SuperCDMS SNOLAB installation status

● Dilution refrigerator  (~15mK) installed via C-stem
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SuperCDMS SNOLAB installation status
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SuperCDMS SNOLAB installation status

DAQ installation Radon filter plant
14
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SuperCDMS SNOLAB projected sensitivity for NRDM
● The projected sensitivities for Nuclear Recoil

○ Optimum interval - dashed
○ Profile likelihood - solid
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● Aiming for world leading sensitivity to low mass (≲ 10 GeV/c2) DM

● Challenges: Understanding and modeling detector response, low-energy calibration

Germanium Silicon

HV Low threshold for low mass 
DM, larger exposure
Limited by tritium betas

Lowest threshold for low mass DM, 
sensitive for lowest DM masses
Limited by 32Si (and tritium) betas

iZIP ER/NR discrimination, 
understand Ge background
Limited by exposure

ER/NR discrimination, understand 
Si background
Limited by exposure

arXiv:2203.08463

Ge iZIP

Si iZIP
Si HV

Ge HV
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SuperCDMS SNOLAB projected sensitivity for ERDM
● PLR-based 90% CL projected sensitivities for Electron Recoil

● HV detectors: Si / Ge
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arXiv:2203.08463 arXiv:2203.08463
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Testing program at CUTE, SNOLAB
Cryogenic Underground TEst facility 

- SuperCDMS HV tower testing to understand detector characteristics - 
completed in Mar’24

- HVeV: 1 cm2, gram-size detectors with eV baseline resolution: data-taking 
with 6 detectors to study Low Energy Excess (LEE) - completed in Sep’24
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HVeV
HV
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Summary

➔ SuperCDMS experiment: direct DM detection, targeting sub-GeV DM masses

➔ Cryogenic Si/Ge detectors 

● iZIP: background rejection

● HV: low threshold

➔ Testing program at CUTE facility at SNOLAB 

● HV detector tower testing

● HVeV testing

➔ Primary installation complete at SNOLAB and ready for cooldown

➔ Experiment commissioning at end of 2025

Stay Tuned!
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Backup
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SuperCDMS SNOLAB: Backgrounds
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Cosmogenic
• Cosmic ray muons
• Spallation neutrons
• Activated materials
Environmental
• Airborne radon & daughters
• Radio-impurities in materials
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SuperCDMS SNOLAB: Shielding
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Slide credit: M. J. Wilson
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Energy estimation (credit: W. A. Page)
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SuperCDMS SNOLAB: ER/NR
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Tower testing at CUTE, SNOLAB
● SuperCDMS HV tower hosting 4 Ge and 2 Si detectors testing 

completed in Mar’24 ✔
● First time testing in low background environment
● Ongoing analysis efforts, possibility of early results next year.
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SuperCDMS SNOLAB projected sensitivity for ER-LDM
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arXiv:2203.08463 arXiv:2203.08463

● PLR-based 90% CL projected sensitivities for Electron Recoil
○ for heavy mediator (form factor F(q) = 1, left) 
○ a light mediator (form factor F(q) = 1/q2 , right)

● HV detectors: Si: blue; Ge: red
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