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The Current SI-DM Landscape and Push to Low Mass
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The DELIight Collaboration

& An upcoming light dark
matter search using
superfluid helium-4
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Superfluid Helium-4 Target
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= | ight nucleus ideal for LDM search
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= No Intrinsic long-lived backgrounds

= Contaminants freeze-out
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= Multiple signals: @

= FR/NR discrimination
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Signals in Superfluid He-4
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Signals in Superfluid He-4

Excimer
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See next talk by F. Toschi:

Signal partitioning in superfluid He: A Monte Carlo approach
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DELight Detector - Interactions in Superfluid Helium-4 . S

= Prompt signal from UV and IR photons  mmc petector to Filmburner
= [riplet excimer Superfluid Helium
at 20 mK
= Ballistic O(m/s) speed " terface |

> 1 SS ‘lerme Recoil Event

| | MMC Detector
= \/ery delayed arrival time at sensors
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DELight Detector - Interactions in Superfluid Helium-4

= Quasiparticles (phonon and rotons) MMC Detector to Filmburner
propagate ballistically within the LHe,

bouncing off of surfaces Superfluid Helium

at 20 mK
He — Vacuum

Interface

Quasiparticle —} Free He atom —} He atom on wafer
Quantum evaporation Condensation

=Noise free amplification of factor of 10-40 MMC Detector

----------------

> 0.62 meV

Superfluid
Helium

Vacuum Detector Wafer
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DELight Detector - Film Burner

= Must keep sensors free of He film MMC Detector
to maintain amplification factor

to Filmburner

Superfluid Helium

: 20 mK
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Magnetic MicroCalorimeters (MMCs)

= Energy deposition in absorber — increase In temperature o1 and decrease In
magnetization of the paramagnetic sensor oM « ol L“L_L

= Change in magnetization read out via SQUID

absorber
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http://dx.doi.org/10.1088/0031-8949/2015/T166/014054

R&D - MMC Energy Resolution
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=New MMCs achieved best resolution to date with optimum-filter analysis of 55Fe

calibration peaks
=AErwHMm = 1.25 eV at 5.9keV

= Amplitude fit to Kq data

=\/alidated by reconstructing Kg
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https://doi.org/10.1063/5.0180903
https://doi.org/10.1103/PhysRevD.109.043035
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Possible DELight MMC Design

= |_arge area MMC for full surface coverage - silicon or sapphire wafer

= Potentially sub-eV resolution SQUID

Pickup coll

Paramagnetic
Sensor

3-Inch wafer absorber

~300um thick Phonon collector DE ug ht
-y
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Simulations

(r,z) geantino view

DELight - GEANT4 = Geant4 model of preliminary DELight geometry implemented

0.0
- = Quasiparticle physics implemented
Yy . l = Ongoing background modelling
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Vue-des-Alpes Underground Lab

= Shallow underground lab in Switzerland, operated by University of Freiburg
= Hosts GeMSE gamma spectrometer for material assay

= Reduced cosmic background with 230m rock overburden (620m.w.e)
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Small Scale “DELight Demonstrator” for R&D
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level meter

~0.4 L superfluid “He

calibration sources,
heater

MMC

~b6 Ccm
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MMC testing, athermal and thermal
Sensor characterization

Direct quasiparticle measurements

Sackground modelling
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DM-nucleon SI cross section (cm?)

To Conclude: The DELight Forecast
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= Phase-l/Phase-I|
= 10L target
= Shallow lab
=| ong range plan

= | _arger cell + O(kg-yr) exposure,
<10eV threshold

= Deep lab
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Signal Formation in Superfluid Helium

= Developed a Monte Carlo-based approach to estimate signal partitioning

= Signal partitioning in superfluid 4He: a Monte Carlo approach, paper
accepted by PRD, arXiv:2410.13684
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https://arxiv.org/abs/2410.13684
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GeMSE
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