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Dark Matter direct detection
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DM SM
Direct
Signal Model: Standard Halo Model "’ >.<
A spherical, isotropic Dark Matter halo DM SM
—flux of WIMPs passing through the Earth Indirect detection
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Ref: D. Baxter et al., “Recommended conventions for reporting results from direct dark matter searches”, 2025
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HVeV detectors

Superconducting phonon calorimeters

See NTL effect at HV

« Amplified phonon signal from drifting charges in

E-field

Excellent for low-mass dark matter

searches
e Low thresholds

» Achieved sub-eV energy resolution
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Ref: K.Kennard et. al, “Performance of a SuperCDMS HVeV Detector with Sub-eV Energy Resolution and Single Charge-sensitivity”, 2026.
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HVeV position dependence calibration

Science Goals:

e Dark matter search background characterization as

a function of position

o Low Energy Excess (LEE) studies
e Position reconstruction & ﬁducialization\ S

e Phonon characteristics as a function of position
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o Efficiency, HV characteristics, Energy loss...
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LEE Ref: P. Adari, A. A. Aguilar-Arevalo, D. Amidei, et al., “EXCESS workshop: Descriptions of rising low-energy spectra”, 2022.
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660nm cold
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MEMS v.2 system

Micro-electro-mechanical system (MEMS)
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Ref: N. Tabassum et. al, “Broadband Optical Modulation and Control at Millikelvin Temperatures”, 2025.
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MEMS + HVeV Data

Detector mounts here

Data taken:

« Full detector: 1-2 minutes of data taken with LED pulsing
at ~500/7000 points across detector

« HVbias:0/50/90/100V

* LED wavelength: 365/ 625 nm
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(A)

MEMS + HVeV Data

Data processing:

» Data recorded continuously and triggered offline with triggers in coincidence with laser pulses
» Events fitted with an optimal filter assuming a pulse template

» Data quality cuts
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MEMS + HVeV Preliminary Analysis

Pulse Amplitude maps:

Amplitude Heatmap masked (inner + outer OFL) Amplitude Heatmap masked (outer -inner OFL)
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Credit: A. Pradeep

MEMS + HVeV Preliminary Analysis

Pulse arrival times w.r.t trigger Pulse rise/fall times
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QOuter - Inner time delay (s)
Outer - inner rise time

Pulse integral, phonon collection efficiencies, energy calibration...
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Analytical Position
Reconstruction

Machine Learning Efforts

ROC from radius cut

ML models!
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G4CMP Simulations

« Single 2.0 eV photon per event, 10"5 events per scan
* Lumped outer channel and inner channel geometry

 4x10x 10 mm Si crystal (1,0,0)
 R=1 (0.1% loss) at side walls, Pabs=1 at channels
* Phonon can reflect 1000 times before being killed

MEMS (0V, random scan)

0.02

0.01

y (mm)

0.00

<~C,01

r-Outer (eV)

Inne

y (mm)

-2

—4

MEMS (50V, random scan)

15

1.0

0.5

Inner-Outer (eV)

Credit: C. Stone-Whitehead

Stanford University

11




Summary

HVeV + MEMS measurements:
* Successfully made images scanning over the
whole detector!
Ongoing analysis:
* Incorporating G4CMP simulations
* Exploring various phonon characteristics
» Testing more methods for position
reconstruction
Future Direction:
» Detailed background / LEE studies
* Hopefully find dark matter
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e Taj Dyson (SQUATSs)
Wed. March 18, 5:30 - 5:42 pm
Convention Center,
Mile High Ballroom 4C

Thank You

e David Kealhofer (Quantum dot)
Thu. March 19, 4:30 - 4:42 pm
Convention Center,

Bluebird 2G

e C(Caitlyn Stone-Whitehead (Background Modeling)
Fri. March 20, 2:00 - 2:12 pm
Convention Center,
Mile High Ballroom 4C

Stanford University 13



HV data Luke gain decay

Fine 100V scan:

Luke gain decay over time

Current theory: charge build up at impurity sites

Used “control points” at fixed positions over time
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