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The SuperCDMS Experiment

SNOLAB vs Soudan:

e 103 reduction in cosmic rays

e Super Cryogenic Dark Matter Search e 250 reduction in p-induced neutrons
e Using semiconductor Si and Ge

d ete Cto rS . % . SUF: Stanford Underground Facility
e Operated at cryogenic temperatures -1om ®

O(10 mK)

@%oudan:
~2000 mwe

*SNOLAB:

~2000 m
~6000 mwe

e Measures energy depositions from
phonon and ionization signals

SuperCDMS @ SNOLAB

2025 - 20xx
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Matthew Wilson

SuperCDMS SNOLAB

e Located in Sudbury, Canada

SuperCDMS SNOLAB Experiment
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SuperCDMS SNOLAB

e Located in Sudbury, Canada

e 2 km rock overburden (~6000 m.w.e)
o ~0.286 y/m?/day

e (Class 2000 cleanroom

e Host to many low-background

experiments
CUTE SuperCDMS

@ \Cryogenlcs plant

Radon filter plant
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SuperCDMS SNOLAB

e C-stem: connection for heat

conduction to the dilution fridge 1 Y \
e E-stem: carries the signals from the
d ete Cto rS Snobox (6 copper cans, Inner neutron shield ~ Gamma shield Radon purge

3/8” each, plus towers)
N,

N\,

(HDPE, 40 cm) (lead, 23 cm)
1 4
/

barrier
o Darmer

Outer neutron shield

’ -
Dilution i -~ (water tanks, 60 cm)
Refrigerator  [ESEREEEEEE S -~

e E-tank: vacuum bulkhead where the
detector boards are connected

Bottom Solid

HDPE Plates, Seismic
60.cm platform

-
B ————— ., = ™
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Detection method

A Tc
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- PHONONS =, & &
1
w
PHONONS superconducting
O} ————

Temperature (mK)

Particle interactions in the detector:

e Electron Recoils (ER) or Nuclear Recoils (NR)
e Phonons: QET phonon sensors
e Drifting e/h pairs: HEMT charge sensors

QET: Quasiparticle Trap Assisted Electrothermal Feedback Transition Edge Sensor
HEMT: High Electron Mobility Transistor
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SuperCDMS Detectors

Interleaved Z-sensitive lonization and Phonon (iZIP)

12 phonon channels & 4 charge channels
Small bias voltage (< 10 V)

ER/NR discrimination

Improved background rejection

Y(E.)E ER band
Eph == ER -+ MQAV
€

lonization Yield

Y(E) =1 —>ER

Y(Ep) <1 —>NR R band

"0 20 40 60 80 100
Recoil Energy (keV)
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SuperCDMS Detectors
High Voltage (HV)

e 12 phonon channels
e Large bias voltage (up to ~100 V)

e NTL amplification
o  Amplified signal — low threshold — low mass DM search

% % COOPER PAIR > QPS W TES i
. T Y(E,)E,c - - -
RIER l
leAV

Eph=ER+ = ‘___J

PROMPT
PHONONS

P
E - FIELD

NTL: Neganov-Trofimov-Luke
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Snobox (6 copper cans, Inner neutron shield Gamma shield Radon purge
3/8” each, plus towers| HDPE, 40 cm lead, 23 cm| , barrier
ES 1 ’ 4
2

N

Outer neutron shield

~==" (water tanks, 60 cm)

Dilution
Refrigerator  [ISEREEEEEES N -~

-
-

Detector payload

e 4 towers, 6 detectors each
o 2iZIP, 2 HV towers
e ~30 kg total payload

Bottom Solid o
HDPE Plates, Seismic

platform
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Tower 1 Tower 2 Tower 3 Tower 4

Matthew Wilson SuperCDMS SNOLAB Experiment Light Dark World 2026 July 29, 2026 10



Data Acquisition and Triggering

Input waveform
g 300 with phonon pulse

Time [ms]

Analog Waveforms
— Digitized Waveforms
...... Trigger Primitives
<+—— Readout Request
------------ Event Structures

J.S. Wilson et al 2022 JINST 17 P07010

DCRC: Detector Control and Readout Card
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Data Acquisition and Triggering
The Optimal Filter (OF) is used for triggering and pulse

reconstruction
Raw trace Raw Phonon
Amplitude Waveform
|—’ PU|Se template time samples _— Eltersd with
a) lSn _ aAn|2 PSD Optimum Filter (OF)
‘ OF Trigger
l—> Noise PSD | Threshold
Frequency sample “
| |'n| : “1 “' el m Ivu LU mHHtH m||n|ul ilhi l et i lmm Al I“lll l il luh i lllui piflm % i ""
i | 1[ H !‘ i Wm i \|r i l il l”“" "l l‘ |‘ H” !! m ’!Iu I'xm|||n||ui|:m|il 'Hlul il i "|||| ”hnlMl’h“'H lﬂn l l!I.J u H u'”“““l‘"ﬂl‘l “m Hl'l“'llll“'"'"'
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SuperCDMS SNOLAB Installation

March 2024 Nov 2024 March 2026 July 2026
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SuperCDMS SNOLAB Installation

Shield base installation (2024)

e \Cryogcs plant

Radon filter plant
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SuperCDMS SNOLAB Installation

Tower assembly (2025)

il \Cryoécs plant

Radon ﬁer plant
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SuperCDMS SNOLAB Installation

Cryostat installation (2025)

Beforetewers

mT\e Al HJ‘(

=

Readout cables
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SuperCDMS SNOLAB Installation

Shield top installation (2026)

___________________________ - -
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SuperCDMS SNOLAB Installation

Matthew Wilson

E tank, DAQ |nstallat|on(2025)

SuperCDMS SNOLAB Experiment

Light Dark World 2026

CUTE

July 29, 2026

SuperCDMS

18



SuperCDMS SNOLAB Cooldown

e Began Nov 2025

e Reached base temperature in Jan 2026
o Detector characterization began

[ms]

SQUID modulation curves
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SuperCDMS SNOLAB Commissioning

- SiHV pulses

Pulse amplitude

Pulse amplitude

- | GeiZIP pulses

0 5 10 15 20 25

L

LED pulsés

AL L] I

[ms]
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SuperCDMS SNOLAB Science Run 1a/b

e SR1a:
o Starting July-Aug 2026 during SNOLAB “quiet” time and anticipated to
continue until Sept 2026
o Science data taking + refinement of processes (detector optimization, flash
sequences, trigger setup)

e Between SR1a and SR1b:
o  Full warm-up
o Maintenance and repairs
o lce-tank chilled water backup

e SR1b:
o Cooldown and data taking: early 2027

e After SR1b;

o Installation of water tanks
o Science Run 2

Matthew Wilson SuperCDMS SNOLAB Experiment Light Dark World 2026 July 29, 2026

21



Science Reach

_ "Traditional” NR iZIP, “background free” > 5 GeV

B Low Threshold NR iZIP, limited discrimination 2 1GeV

. HV Mode HV, no discrimination ~0.3-10 GeV

. Electron recaoil HV, no discrimination ~0.5MeV - 10 GeV
. Absorption (Dark Photons, ALPs) HV, no discrimination ~1 eV -500 keV

leVv 1 keV 1 MeV 1 GeV 1TeV

Matthew Wilson | SuperCDMS SNOLAB Experiment | Light Dark World 2026 | July 29, 2026
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Science Reach
SNOLAB NRDM Sensitivity

1074V 107+ Lowest threshold for low- Low threshold for low-mass
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|5 i Sensitive to the lowest DM |background
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Science Reach

SNOLAB NRDM Sensitivity
107 N[ 10™ Lowest threshold for low- Low threshold for low-mass
5 \"Al mass DM, DM, larger exposure, no 32Si
Sensitive to the lowest DM background
— 1 0—41 11 0—5 _
[= -8_ ER/NR discrimination,
& = understand Si background
@ 10742 107 N
c
§ 2 Projections assuming full science
S © run of 4 years with 80% livetime
2 107 107 2 d °
| —
:‘d:) I : - N s % . .
5 1074 I e G {108 2 Optimum Interval (Ol): no prior
X ] = knowledge of the background
8 _45 R 9 o
107 § 10 . . . .
Profile likelihood analysis (PRL)
10746 arXiv:2203.08463

1 10
Dark Matter Mass [GeV/c?]
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Si Ge

Lowest threshold for low- Low threshold for low-mass
HV [QEEALYH DM, larger exposure, no 32Si

S Ci e n Ce ReaCh : L D M Sensitive to the lowest DM |background

Electron-recoil dark matter

Projections assuming full science
run of 4 years with 80% livetime

F(g)=1 F(q)=1/¢*
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arXiv:2203.08463 arXiv:2203.08463
i - . ~43| i i
10 100 10 1 10 100
Dark Matter Mass [MeV/c?] Dark Matter Mass [MeV/c?]
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Si Ge

Lowest threshold for low- Low threshold for low-mass
HV [QEEALYH DM, larger exposure, no 32Si

S Ci e n Ce ReaCh : L D M Sensitive to the lowest DM |background

Absorption models

Projections assuming full science

. . . i 0, H H
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R&D: HVeV

e (Gram scale versions of SuperCDMS HV with

eV resolution
o LDM limits
o NRyield
B PhysRevlLett.131.091801
o detector response modeling, background hunting
B PhysRevD.109.112018, PhysRevD.105.112006
o Low Energy Excess (LEES)

e

______ Approx.
channel
boundary

- o — -

https://doi.org/10.1103/5Inp-6mng

10

10*
103
102
10!

10°

Rate [1/(g- day - eV)]

107t

1072

—— Photon Hit Model
Excluded Regions

|

LED spectrum

. . || | .
00 01 02 03 04 05 06 07 08
Pulse Amplitude [A]

1 DM Search Data — HVeV Run4
DM Search Data — HVeV Run3
Region Outside the Analysis Range

— Fox1/¢% 35MeV, 0, =29 x 1073 cm?

500

Energy [eV]
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R&D: HVeV

. .2 ok
10°% 102 F Pl i
o\

e HVeV Run 4 (NEXUS facility)  w=
o 4 HVeV detectors i :i:
o minimizing of luminescence from "™ Gw_;,.,
the printed circuit boards in the 107 10-%
detector holder R T arl 10—t ,,.\[cigl/iz] i i

my [GeV/c?]

107 107
10-10 Dark Photons 10°°F
10" 107
1012k 1078
10-13 107
1014 10=1%F
10-15 T XENONNT 2025
~16 1 -12 L
107503 1072 107703 1072
my [keV /c?] my [keV/c?]

https://doi.org/10.1103/5Inp-6mng
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R&D: HVeV
e HVeVat CUTE

o 6 HVeV detectors operated in 2024

o ~0.59 eV resolution!

Counts/0.25 eV

/

SuperCDMS SNOLAB Experiment

Matthew Wilson

Calibration Spectrum

—— Detector Response Model
W Events Consistent with Noise (Normalized)
f LED Data from CUTE (HV Bias = -35 V)

Total Phonon Energy [eV]

CUTE

SuperCDMS

Clean room

Cryogenics plant

Radon filter plant

Limit calculated with 1 day of open data

DM - e~ Scattering ( ~ 0.4 g *days)
Heavy Mediator (F=1)

—— HVeV R4 (~6.1 g*days)

=+ No Energy Loss

~ = Constant Loss per eh

=+ Fractional Loss of E,
—— SENSEI at SNOLAB (2024, digitized)
—— DAMIC-M (2025, digitized)

o)
= ‘)( 09‘91

Light Dark World 2026

10° 10t 102
DM Mass [MeV]

CUTE: Cryogenic Underground TEst facility
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Summary

SuperCDMS SNOLAB is a direct DM detection
experiment, targeting sub-GeV DM masses
and LDM candidates

Cryogenic Si/Ge detectors:
o iZIP: background rejection
o HV:low threshold

Science Run 1a beginning July-Aug 2026
R&D programs designed to probe more

parameters space and lower DM masses

o Improvements to detector design
o Different target materials

)
L

pry
5]
&

hreshold,
esolution

Dark Matter-nucleon g [cm?]
=
&

Dark Matter-nucleon oy [pb]

10748

Dark Matter Mass [GeV/c?]
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e SuperCDMS SNOLAB is a direct DM detection
experiment, targeting sub-GeV DM masses
and LDM candidates

e Cryogenic Si/Ge detectors:

1074

¥

3
%
=
Dark Matter-nucleon oy [pb]

Dark Matter-nucleon gg [cm?

10748

o iZIP: background rejection 1ot
1 10
o HV:low threshold Dark Matter Mass [GeV/c?]
Science Run 1a beginning July-Aug 2026 L
= 9 9 y g Recent Publications:
e RA&D programs designed to probe more B
parameters space and lower DM masses  : i oo s & el di s nadine canks
. Investigating the sources of low-energy events in a SuperCDMS-HVeV detector

H onstraints on dark photons and axion like particles from the Super oudan experimen
o Improvements to detector design Constianizandarhotons andaxion e paricles fam e Sl Saud :

o Different target materials HVeV Publications:
. PhysRevLett. 121, 051301 T
Full publication list at
Phys. Rev. D 102, 091101(R
Stayed tu ned! : Phﬁ, RZX_ D 111, 012005( ) https://supercdms.slac.stanford.edu/science-results/
° Phys. Rev. D 113, 032001 publications
° Run 5 publication in progress
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Other SuperCDMS R&D

SuperCDMS Impact

e  Deployment of HV detector in low-energy neutron
beam for NR yield studies

Backing detector array

Backing detector array: set of 14 scintillator rings, to tag
14 recoiling angle corresponding to 14 diff. energy
deposits in Ge HV crystal detector

Northwestern

Experimental
Underground Site
5.5 degree @Fermilab

S~

Ge HV crystal detector inside
Cryostat MeV

DD neutrons 2.5

Matthew Wilson SuperCDMS SNOLAB Experiment

CUTE Tower Testing

° SuperCDMS HV tower testing to understand detector
characteristics
° Ge and Si Calibration

Detector 1 at 50 V K-Shell
10.37 keV
103k 27.69 * 0.02 pA

L-Shell

107 3.641':3;%\/1 pA Pre—print:
£ | https://doi.org/10.4855
s sl 0/arXiv.2606.26391
10! 0.44 + 0.01 pA

10

g g 8
8 B o

Analysis in progress
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SuperCDMS SNOLAB Shielding

» Inner neutron shield:

» Outer neutron shield:

» Reduce MeV neutrons

from cavern wall by
~108, ~20 for p-induced
neutrons (GeV)

» Gamma-ray shield:

» Reduces MeV gammas

from cavern wall by ~105

Inner layer is 1Tcm
ancient lead, 210Pb < 1
Bg/kg

Reduce Bremsstrahlung
210Bj in shield by factor
of ~20

» Radon barrier:

Matthew Wilson

» Al sheet banded around

the lead shield with
taped joints

» Reduce ~100 Bg/m3to

<0.1 Bg/m3 (mine air)

»

»

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 210Bj B-decay by ~20

| SuperCDMS SNOLAB Experiment |

41 cm inner poly shield

Copper

cryostat

Radon barrier < 1 Bg/m3

High-density poly base

Light Dark World 2026

July 29, 2026
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SuperCDMS SNOLAB Backgrounds

e Cosmogenic
o Cosmic ray muons
o Spallation neutrons
o Activated materials

“Singles” Background Rates Electron Recoil Nuclear Recoil (x10~%)
H (counts/kg/keV /year) Ge HV Si HV Ge iZIP Si iZIP Ge iZIP Si iZIP
¢ E nvironme ntal Coherent. Neutrinos 2300. 1600.
H Detector-Bulk Contamination 21. 290. 8.5 260.
O
AI rborne radon & Material Activation 1.0 2.5 1.9 15.
Non-Line-of-Sight Surfaces 0.00 0.03 0.01 0.07 — =
d au g h te rs Bulk Material Contamination 54 14. 12. 88. 440. 660.
H 1 i$1 H Cavern Environment = = = = 510. 530.
O -
Rad 10-Im pu rltles In Cosmogenic Neutrons 73. T
m ate ri a I S Total 27. 300. 22. 370. 3300. 2900.
Phys. Rev. D 95, 082002
Matthew Wilson SuperCDMS SNOLAB Experiment Light Dark World 2026 July 29, 2026
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Ge iZIP Si iZIP
Phonon energy spectra after E 0 pes g g
gy sp 2 : g |
. 1 0 : | 0
analysis cuts %, 110° 100
J\‘ Sy | A\t ~
) ~ )
€ 102 g 107
5 q)) ............
:a: 10 b K- 10
Red: bulk ERs due to Compton, ®H, 3Si 2 {] A = :
o 106 i L g LN 1 LW SN = ° 106 7% 0 M S VAC 0 54 388 1 | PO b 1,
Green: surface ERs 10! 10° 10! 10 10° 10!
Total Phonon Energy (keVt) Total Phonon Energy (keVt)
Ge HV Si HV
—_ 2
Blue: bulk NRs due to neutrons s 19 !
Cyan: bulk NRs due to solar neutrino CEVNS : 1005«
Grey: Germanium activation lines *;‘: :
T 102 Ry
[
Magenta: candidate DM signals for @_
o -4
° MX = 1.6, 5, and 16 GeV/c? for iZIP Ut %"' 10
e M =0516,and5 GeV/c? for HV for cross Jelil \i bl % josb i 1 RN (AT
sections at the exclusion sensitivity 10 10 10° 10!
Total Phonon Energy (keVt) Total Phonon Energy (keVt)
arXiv:2203.08463
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SuperCDMS Waveforms

Matthew Wilson
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SuperCDMS iZIP ER/NR discrimination

0V phonon

+2V charge \ ..

///////

-2V charge:x

P

Matthew Wilson
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