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Searching at Low-Mass
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Searching at Low-Mass
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Detector Schematic
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Expected Response

Example Energy Spectrum

Response from Particle Interaction NFC ]
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The HVeV Program — SuperCDMS R&D

Uses gram-scale detectors aimed at
achieving eV-scale energy resolution
for:
e Background classification Si HV Detector ol "'Ve(‘: ';;*tect”
e Charge-transport studies
e Low-mass DM searches

Size Comparison to a SuperCDMS HV Detector
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HVeV Run 3 — Newest Publication

Dark Matter Search at the Northwestern ‘
Experimental Underground Site (225 m.w.e) 1
.'1

Detectors are mounted ¢l
between two PCBs :

Optical fiber allows laser
to illuminate the
sidewalls of the detector
Used for calibration
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HVeV Run 3 — Backgrounds

Phys. Rev. D 111, 012006

Observed “bursts” of events in background data
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M.F. Albakry, et al:
PhysRevD.105.112006

Background was found to be luminescence in the PCBs used to mount the detector



Reducing Backgrounds — HVeV Run 4

Back at NEXUS!
Tower of four detectors, each with an LED

Boxes with LEDs (used for calibration)

New light-tight copper housings!
e Attempt to reduce IR backgrounds
e Avoids scintillating materials




HVeV Runs 3 & 4 Comparison

Lower Rate in the 2nd and 3rd eh peaks!
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HVeV Run 4 — ERDM Limits
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Can We Do Better?

NR13 70% blinded spectrum after all cuts
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Need to understand and mitigate backgrounds
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We Need to Go Deeper...

To SNOLAB!

e \Whole lab is Class 2000 clean room or better
e 2 km underground (< 6800 m.w.e.)
e Muon flux is ~100,000 times lower than NEXUS
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HVeV Run 5 (HVeV @ CUTE)

Payload of six HVeV detectors
Use LEDs to calibrate

e Primary Goal: Study backgrounds
o Low Energy Excess (LEE)
o Leakage Rate

e Secondary Goal: DM Search
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Meet the Detectors

e Re-running the HVeV Run 4 Detectors
e Including two new detectors with lower T_and layer of SiO, to reduce

possible leakage of charge carriers from QETs
o Previous tests with this design at NEXUS showed ~1.1 eV baseline resolution!

—— Gaussian Fit
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Counts

Residuals [o]

New Best Resolution for HVeV!

SiO2 HVeV achieved 0.573 eV baseline resolution!

Detector response model fit to LED calibration data

—— Detector Response Model
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Electron-Recoil DM Search

Sample Spectrum from

e Taking DM search data at -35 V bias Unblinded DM Search Data

o ~13 days of exposure : — -35 V Data (After Cuts)
] ) ; Several Hours of Live Time
o 90% of data is blinded — [ Random Triggers (Rate Scaled)
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Conclusion

e Exciting developments in the

SuperCDMS-HVeV Program
o Newly published paper on HVeV Run 3
o Paper coming out soon for HVeV Run 4
o Analysis ongoing with HVeV Run 5

e HVeV Run 5 seeks to continue increasing

sensitivity to DM
o Achieved best resolution seen in HVeV
detectors — 0.573 eV £ 0.009 eV
o Reduced 1eh rate!

18



Bonus Slides



Charge-Trapping & Impact lonization

Events that can happen on a charge’s journey through the crystal...

Propagating charge falls
into a trap state

Gain back a portion of
recombination energy
Lose NTL energy

Propagating charge
scatters off electron and
ionizes it

Gain NTL energy

‘\)Trap-state Valence . Detector Surface
NE * » “ E
, Charge falls
Propagating into trap Propagatlng Valence e
Charge Charge gets ionized
Charge-Tra Impact-lonization Surface Trapping

e Charges recombine on
surface instead of
propagating through E-Field

e Lose ~100% of NTL energy
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