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In Search for Light Dark Matter
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In Search for Light Dark Matter
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In Search for Light Dark Matter
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Case for Superfluid 4He Target

v The recoil energy enhanced v’ Scalable
v No intrinsic long-lived isotopes [;Multiple signal channelsj
v’ Impurities frozen out at superfluid temperatures /v Great potential ER/NR separation
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v The recoil energy enhanced

v No intrinsic long-lived isotopes

v’ Impurities frozen out at superfluid temperatures

Case for Superfluid 4He Target
v’ Scalable

v Multiple signal channels

[/ Great potential for ER/NR separation]
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Detection Principles - Scintillation

v" Prompt UV and IR photons

v’ Delayed triplet decays

v" No scintillation below 19.8 eV
v' Transparent medium

v Detected by both sensor arrays

Pancake-type He cell structure
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Detection Principles — Quasiparticles

Pancake-type He cell structura
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v' The quasiparticles propagate
ballistically inside helium (150-200 m/s)

v" Non-prompt signals

v Detected by the top sensor array only

v' Cell geometry dictated by their < | n 30 em \ g
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Detection Principles — Quasiparticles (I1)
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v Quantum evaporation at the vacuum N . purkier
. . lution uni
interface, releasing a He atom. - .
v' Free He atom condensed by the sensor in _ 700 mk i barmer chamber
continues heat
vacuum exchanger {
. . ] . Condensor 200 — 300 mK
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v Sensor in vacuum must be free of He film
Melih Solmaz, TAUP Xichang 2025 9



CAD Rendering by Matthew Herbst

v' Top array: 37 LAMCALs
v Bottom array: 19 LAMCALs
v Expected resolution: ~eV

v" Noise threshold: 4 eV

Large-Area Microcalorimeters
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paramagnetic
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CAD Rendering by Matthew Herbst
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Magnetic Microcalorimeters (MMCSs)

Magnetization

absorber

Hengstler et al.

to SQUID magnetometer
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v' Temperature increase leads to decrease in
magnetization of the paramagnetic sensor

v' Change in magnetization read out via SQUID

v The Collaboration members demonstrated that
MMCs achieve at present a world-leading energy
resolution of AE.,,,=1.25 eV at 5.9 keV
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https://iopscience.iop.org/article/10.1088/0031-8949/2015/T166/014054
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Voltage (V)

DELIght Demonstrator

v" Small helium R&D cell in operation at Heidelberg
v MMC tests in liquid
v' DAQ and event construction

v" Filled with liquid helium @ ~15 mK

v’ Later equipped with an MMC and a heater
v' Muon data taken with an empty cell

v’ Setting the landscape prior to helium fill
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Simulation Framework

v Preliminary geometry implemented in Geant4
v' Signal generation

DELight  Simulation v Quasiparticle physics
E  of Helium v Full background model
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Vue-des-Alpes Underground Lab
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v Shallow underground laboratory in Switzerland I
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103 DELight Simulation
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v Radiogenics due to detector parts and lab

v’ Solar neutrinos

v' Muons at VdA

v Photonuclear events

v" VdA background mitigation (work in progress)
v" No external shielding
v" Thin shielding (102 reduction)
v" Moderate shielding (108 reduction)

DELight (preliminary) Projection
- - Phase-| with goal background
10 7
1 0—37
1 0—39
41| Preliminary background model
10 — Moderate passive shield
= Thin passive shield
43 No external shielding
10 7
1045*_

10 10’

DM Mass (GeV)
Melih Solmaz, TAUP Xichang 2025

17



Outlook and Projections

v Achieving goal threshold of 20 eV for Phase | will be one

DELight (preliminary) Projection
of the large benefits and yet challenges of the DELight Phase-I, 1 kg-d Phase-Il, 100 kg-d
10 %} —— 20 eV (goal) —— 106V (goal)
v At VdA Sy
v 1 (10) L of target for Phase I (Il) E
v' Phase |, 20 eV threshold and 1 kg-day exposure g
@
O
v First LDM search result by 2030 é
()]
v' Phase I, 10 eV threshold and 100 kg-day exposure s
v' Long range plan
v Deep underground laboratory DM Mass (GeV)

v’ ~200 L of target

v’ <10 eV threshold and 1 kg-year exposure
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BACKUP SLIDES
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Signal Partitioning in Superfluid Helium
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Phonons in Superfluid Helium
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