SNOLAB

Nearing First Séience Data
at SuperCDMS SNOLAB

Experiment overview +
Commissioning status

| — N | ‘

On behalf of the SuperCDMS collaborativon
6/25/2026 @ PASCOS 2026 in Shefhield



https://www.eurekalert.org/multimedia/667158

Outline

- Overview of the experiment
- The SuperCDMS SNOLAB detector
- Latest sensitivity projection

- Commissioning status

- Preparing for science analysis

- Conclusion



Super Cryogenic Dark Matter Search experiment

- 128 authors

- 25 institutes in 6
countries: US, Canada,
Germany, France, India,
Spain, and United Arab
Emirates
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SuperCDMS SNOLAB experiment

SuperCDMS Experiment

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

SNOBOX: 24 detectors
cooled to ~25 mK



Dark matter detection mechanism

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

iZIP (interleaved Z-sensitive
lonization and Phonon detector)
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https://arxiv.org/pdf/astro-ph/0405033

EXpeCted SenSitiVity Profile likelihood ratio (PLR- solid) - full signal/ background model

Optimal interval (Ol- dashed) - no background model required

SNOLAB NRDM Sensitivity
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https://arxiv.org/pdf/2203.08463

Commissioning status - construction done

. First experiment
Installation P
cool-down

Dec 2024
Nov 2025

June2025
Detector tower
Installed
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E-tank frame built A

i

Radon barrier

(Leiden) Lead shielding
Dilution HDPE shielding
Refrigerator Magnetic shielding

. Seismic Platform SNOBOX

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




Commissioning status - construction done

Installation First experiment

Dec 2024 cool-down
Nov 2025
June 2025
Detector tower

Installed
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Commissioning status - calibration plan

Installation First experiment

Dec 2024 cookdown 252Cf neutron calibration
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Commission timeline - SNOLAB and more

Installation First experiment
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https://arxiv.org/abs/2303.02196
https://arxiv.org/abs/2303.02196

All possible analyses

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

Science and calibration analysis pipeline under

Ana].ysj.s pip e]-ine construction for both Ol and PLR analyses!

I SCIENCE RUN DATA PIPELINE

Energy
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Data BLlise Processing Cuts Signal Region Analysis Cut Salting

I CALIBRATION DATA PIPELINE | I EVENT MODEL

Calibration Data Quality ® Relative Calibration Signal & Detector
Data Cuts e Energy Conversion Background Response
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e Fiducialization

® Resolution Expected background
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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 Ol analysis!
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Thank you!

Questions?



Backup



Potential SNOLAB upgrades
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Possible low energy resolution sensors: - Low energy excess seen at HVeV (plot

- KIPM (arxiv: 2402.04473) and qubit-based credit: Kyle Kennard)

detectors (arxiv: 2405.17192, arxiv:
2601.16261 ) 18



https://arxiv.org/abs/2402.04473
https://arxiv.org/abs/2405.17192
https://arxiv.org/pdf/2601.16261
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https://arxiv.org/pdf/2203.08463

Potential SNOLAB upgrades

Charge-based potential future payloads (piZIPs, SPLENDOR)

resolution)

position resolution
detection
resolution

sensing readout
resolution, @ exposure)

prompt phonons

position sensitivity

e SPLENDOR (4 low threshold, @ position

e Charge pulses are faster than phonon — better
e Novel low bandgap semiconductors for charge-only
e sub-eV detection thresholds, measured 7 electron

e Plans to further enhance resolution with quantum

e phonon-iZIPs (& low threshold, @ position

e iZIPs with power to discriminate between NTL and

e Lower threshold from NTL gain, but retains good

T A7S
S/ A Pradeep | SLAC National Accelerator Lab | IDM 2026

Slide credit: Aditi Pradeep
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https://docs.google.com/presentation/d/1wmopq4oo78Q0puiLyVEv9mUZbDYmfqAY3K2PS-L1ZlE/edit?slide=id.g3d01ab96393_0_5#slide=id.g3d01ab96393_0_5

History of the experiment

SuperCDMS experiment  SUPER The Cryogenic Dark Matter Search Strate
P P @DSIUVIES yog gy

e Super Cryogenic Dark Matter Search experiment « The CDMS approach to direct detection:
e Use semiconductor crystal detectors Si and e * Modular detectors of 2 target materials cooled to cryogenic temperatures

Ge » Detect phonons and ionization liberated by scattering
e Operate at cryogenic temperature O(10mK)
Measure energy deposition in the form of
phonons and ionization
e Search for sub-GeV DM

* The collaboration has a 25-year history of such experiments

CDMS | at the Stanford Underground Facility:
First experiment to probe for supersymmetric WIMPs
SuperCDMS @ SNOLAB

2025 - 200 CDMS I at the Soudan Underground Laboratory:
e Recent publications: World leading limits on WIMPs for nearly a decade

Search for low-i mass electron-recoil dark matter using a single-charge sensitive SuperCDMS-HVeV detector

e e e s e oo g * SuperCDMS Soudan:
o cacwe: ‘?°";’:e"§§jrg";"§; sl Jink- iy N New detector technologies (iZIP and CDMSlIite), target low-mass dark matter
o c::ns;:mts o‘n dérk I;l):!ogn:ﬂz:‘ndlailfn h:i parlt;cr\ei ::»: dthe SuperCDMS Soudan exper\:nent . SuperCDM s SN OL AB

3 Multiple targets and technologies explore new candidates and interactions

Slide credit: Sukeerthi Dharani
Slide credit: Priscilla Cushman

20


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

Shielding layer

» Inner neutron shield:

» Outer neutron shield:

» Reduce MeV neutrons
from cavern wall by
~10¢, ~20 for py-induced
neutrons (GeV)

» Gamma-ray shield:

» Reduces MeV gammas
from cavern wall by ~105

» Inner layeris 1cm
ancient lead, 210Pb < 1
Bg/kg

» Reduce Bremsstrahlung
210Bj in shield by factor
of ~20

» Radon barrier:

» Alsheet banded around
the lead shield with
taped joints

» Reduce ~100 Bg/m3 to
<0.1 Bg/m3 (mine air)

Slide credit: Sukeerthi Dharani

»

»

Stacked 2" thick poly sheets

Reduces neutron rate by
>10 p-induced neutron
from rock

Neutrons from lead

Absorbs backscatter from
SNOBOX vacuum cans

No neutron “reflection”
from lead

» Copper cans of Cryostat
System:

»

6.7 cm of copper in nested
cans (SNOBOX)

Copper is radiopure
compared to lead

Final gamma shield

Reduce residual gammas
by ~25

Reduces Bremsstrahlung
from 219Bj B-decay by ~20

30 cm inner poly shield

Copper

cryostat

Radon barrier < 1 Bq/m3

High-density poly base

Slide credit: M. J. Wilson
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https://indico.global/event/15553/contributions/145961/

Detector control and readout card
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QET coverage

TES and collection fin design follows function

izIP ;
Double-sided readout ] hy
with E-field-shaping
provides z-dependence
and surface rejection

W/Al overlap & Hv

No charge readout required.

Optimized for phonon energy resolution and
collection efficiency (35% coverage)

Improved position resolution and double outer
ring to sharpen fiducial cut.

TIPP 2026 6

Slide credit: Priscilla Cushman

iZIP coverage: 4%


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

Background models

Backgrounds for NRDM searches

Full sensitivity: arXiv:2203.08463

Phonon energy spectra after analysis cuts

Black vertical dashed line: 7o analysis
threshold

Black vertical dot-dashed line: leakage
threshold

Red: bulk ERs due to Compton, 3H, 32Si
Green: surface ERs

Mustard: surface NRs due to 206Pb
Blue: bulk NRs due to neutrons

Cyan: bulk NRs due to solar neutrino
CEVNS

Grey: Germanium activation lines

Magenta: candidate DM signals for
- My =1.6,5,and 16 GeV/c? foriZIP
- My = 0.5,1.6,and 5 GeV/c? for HV
for cross sections at the exclusion
sensitivity

SUPER
IMS SLAZ Kstifter | LLWI2026

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

ERDM spectrum

Full sensitivity: arXiv:2203.08463
Backgrounds for ERDM searches

Ge, F(q) =1 Ge, F(q) =1/¢*
10? oy

Phonon energy spectra after analysis cuts 10 ey

Black vertical dashed line: 70 analysis

s g
(] (]
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3 2
g g
threshold < 3
g ina ‘E £ ,
Black vertical dot-dashed line: leakage % A~ AAAAAAA % ; \}f\@rv»\,—x,\,-\v..f\/
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. . - i S M
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>4 [ >4 ; MR
- . - ° L5 ° L s Vo T
Green: surface ERs e ¥ e P T Tk
Mustard: surface NRs due to 206Pb Total Phonon Energy (keVt) Total Phonon Energy (keVt)

Blue: bulk NRs due to neutrons Si, F(g) =1 Si, F(q) = 1/¢?
Cyan: bulk NRs due to solar neutrino i =
CEVNS

Grey: Germanium activation lines

Magenta: candidate DM signals for My =
1, 3, 10, and 30 MeV/c? and cross section
at the exclusion sensitivity

dR/dE,, (events/kg-d-keVt)

SUPER

Total Phonon Energy (keVt) Total Phonon Energy (keVt)
IMS SLAL K.stifter | LLWI2026 v

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

Dark photon and ALP spectrum

Full sensitivity: arXiv:2203.08463

Backgrounds for absorption searches

Phonon energy spectra after analysis cuts. Black vertical dashed line: 7o analysis threshold, black vertical dot-dashed line: leakage
threshold, red: bulk ERs due to Compton, 3H, 32Si, green: surface ERs, mustard: surface NRs due to 206Pb | blue: bulk NRs due to
neutrons, cyan: bulk NRs due to solar neutrino CEvNS, Grey: Germanium activation lines, magenta: candidate DM signals for My =
6, 20, and 60 eV/c? and coupling at the exclusion sensitivity.
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Slide credit: Kelly Stifter
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https://docs.google.com/presentation/d/1tnLrlJX9rep57RpQT2WZR_uSEv1mOUdrCKqt0h5LdG4/edit?slide=id.g3cbcb37c7d5_0_170#slide=id.g3cbcb37c7d5_0_170

CUTE T3 Ge resolution @ OV

Best measured baseline resolution
(single-detector operation mode at 0 V)

Detector Baseline Resolution (eV)
1 89.2 = 0.7
3 80.2 + 1.0
6 167 £ 2

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.
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SNOBOX 6 thermal stages

SuperCDMS

Towers placed in SNOBOX - 6
cans forming giant dilution fridge:

e OVC — Room temp

eSH - <50 K

olH-<5K

eST-1K

o CP — <230 mK

e MC - <30 mK

Slide credit: Maddy Zurowski
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