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Outline 
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- 128 authors 
- 25 institutes in 6 

countries: US, Canada, 
Germany, France, India, 
Spain, and United Arab 
Emirates 

Super Cryogenic Dark Matter Search experiment 



SNOLAB in Ontario, Canada 
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SuperCDMS SNOLAB experiment 

24 crystal detectors in 4 
towers (each detector: 10 
cm diameter and 3.3 cm 
thick)

SNOBOX: 24 detectors 
cooled to ~25 mK 

SNOBOX 
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Dark matter detection mechanism 

QET (Quasiparticle-trapping-assisted 
Electrothermal-feedback Transition-Edge Sensors)

Dark matter (DM) particles ➤ nuclear 
recoil (NR) or electron recoil (ER) ➤ 
phonons 

TES temperature increase 
➤ resistance increase ➤ 
negative current pulse 



iZIP (interleaved Z-sensitive 
Ionization and Phonon detector)
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Detector architectures 
HV (high voltage): NTL (Neganov–Trofimov–Luke) 
phonon amplification from external E-field 

Total phonon energy 

Primary recoil energy Bias voltage applied 

Number of e-h pairs 

Ionization yield 

Average energy to 
ionize 1 e-h pair 

Y(Background ER) ~ 1

Y(Nucleon-coupled DM) ~ 0.3

Phys.Rev.Lett.93:211301,2004

https://arxiv.org/pdf/astro-ph/0405033


Ge iZIP

Si iZIP

Si HV

Ge HV

Neutrino fog

Single neutrino sensitivity 
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Expected sensitivity 

HV: 4 Si (2.4 kg) + 8 Ge (11.2 kg)
iZIP: 2 Si (1.2 kg) + 10 Ge (14 kg)
Total ~ 30 kg 

Ge HV/ iZIP: more exposure at high mass 
Si HV/ iZIP: reach to lower mass 

- HV vs iZIP: reach to lower mass 

Ge

Si

arxiv: 2203.08463

Profile likelihood ratio (PLR- solid) - full signal/ background model 
Optimal interval (OI- dashed) - no background model required 

~3 yr exposure

https://arxiv.org/pdf/2203.08463
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Commissioning status - construction done

C-stem: connect dilution fridge to SNOBOX 
E-stem: connect readout cables from cryostat to E-tank

E-stem frame + OVC 
installed 

E-tank frame built 
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Commissioning status - construction done 

Four detector tower 
insertion C-stem insertion 

Full E-tank and E-stem 
built 
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Commissioning status - operation 

SuperCDMS work in progress

Phonon pulses

Superconducting 
noise

LED pulses 
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Commissioning status - calibration plan

High energy calibration from Ba 
with T3 Ge @ CUTE (cryogenic 
underground testing facility)

CUTE Tower 3 
Ge calibration

Low energy Ba calibration in Si 

~ 2 keV 
~ 8 keV 

CUTE Tower 3 
Si calibration

Low energy Cf calibration in 
71Ge activation 

CUTE Tower 3 Ge calibration
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Commission timeline - SNOLAB and more 

Ionization yield calibration in Si 
down to 100 eV (Physical Review 

Letters 131.9 (2023): 091801)

Ionization yield calibration in 
Ge @ Fermilab starting now! 

https://arxiv.org/abs/2303.02196
https://arxiv.org/abs/2303.02196
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All possible analyses 
Image credit: 
Maddy Zurowski 

arxiv: 2203.08463

Si HV 
Ge HV

Si HV 
Ge HV

https://arxiv.org/pdf/2203.08463
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Analysis pipeline 

Cosmic ray 
exposure assay 

Expected background 
model to be updated with 
latest assay results 

Science and calibration analysis pipeline under 
construction for both OI and PLR analyses! 

Ge HV background dominated by 
bulk ER due to cosmogenic tritium 
decay 
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Conclusion 

- SuperCDMS SNOLAB is a cryogenic TES-based solid-state dark matter experiment 
- The combination of iZIP/ HV and Si/ Ge detectors gives nucleon-coupled DM sensitivities from 0.5 

GeV to 10 GeV 
- The experiment is currently being commissioned at SNOLAB, Canada 

- Lots of interesting calibration data to come! 
- World-leading sensitivities are expected for nucleon-coupled DM below 3 GeV 

- Other signal models such as electron-coupled DM and dark photon absorption can be probed as well 
- The full analysis pipeline is currently being constructed to enable both PLR and OI analysis! 



Thank you! 
—

Questions? 
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Backup
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Potential SNOLAB upgrades 

Possible low energy resolution sensors: 
- KIPM (arxiv: 2402.04473) and qubit-based 

detectors (arxiv: 2405.17192, arxiv: 
2601.16261 )

Emergent background mitigation 
- Low energy excess seen at HVeV (plot 

credit: Kyle Kennard) 

arxiv: 2203.08463

https://arxiv.org/abs/2402.04473
https://arxiv.org/abs/2405.17192
https://arxiv.org/pdf/2601.16261
https://arxiv.org/pdf/2601.16261
https://indico.capa.unizar.es/event/40/contributions/931/attachments/742/1320/KKennard_IDM26.pdf
https://arxiv.org/pdf/2203.08463
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Potential SNOLAB upgrades 

Slide credit: Aditi Pradeep 

https://docs.google.com/presentation/d/1wmopq4oo78Q0puiLyVEv9mUZbDYmfqAY3K2PS-L1ZlE/edit?slide=id.g3d01ab96393_0_5#slide=id.g3d01ab96393_0_5
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History of the experiment 

Slide credit: Sukeerthi Dharani
Slide credit: Priscilla Cushman

https://indico.global/event/15553/contributions/145961/
https://indico.cern.ch/event/1542844/contributions/6830440/attachments/3211250/5720850/SuperCDMS.pdf
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Shielding layer 

Slide credit: Sukeerthi Dharani

https://indico.global/event/15553/contributions/145961/
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Detector control and readout card 



23

QET coverage 

Slide credit: Priscilla Cushman

iZIP coverage: 4% 

https://indico.cern.ch/event/1542844/contributions/6830440/attachments/3211250/5720850/SuperCDMS.pdf
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Background models 

Slide credit: Kelly Stifter 

https://docs.google.com/presentation/d/1tnLrlJX9rep57RpQT2WZR_uSEv1mOUdrCKqt0h5LdG4/edit?slide=id.g3cbcb37c7d5_0_170#slide=id.g3cbcb37c7d5_0_170
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ERDM spectrum 

Slide credit: Kelly Stifter 

https://docs.google.com/presentation/d/1tnLrlJX9rep57RpQT2WZR_uSEv1mOUdrCKqt0h5LdG4/edit?slide=id.g3cbcb37c7d5_0_170#slide=id.g3cbcb37c7d5_0_170
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Dark photon and ALP spectrum 

Slide credit: Kelly Stifter 

https://docs.google.com/presentation/d/1tnLrlJX9rep57RpQT2WZR_uSEv1mOUdrCKqt0h5LdG4/edit?slide=id.g3cbcb37c7d5_0_170#slide=id.g3cbcb37c7d5_0_170


27

CUTE T3 Ge resolution @ 0V 
- The values for detectors 1 and 3 are slightly 

above the originally predicted resolution range; 
one key factor contributing to this deviation is 
the superconducting transition temperature 
which is higher than originally planned, but we 
have also identified other sources (mainly 
noise pickup) that contribute to a worsening of 
the resolution. Additional measures have been 
taken to reduce the noise pickup at the 
SuperCDMS SNOLAB setup which is expected 
to lead to an improved performance.

- Detector 6 under-performed considerably for 
currently not fully understood reasons. 



28

SNOBOX 6 thermal stages 

Slide credit: Maddy Zurowski 


