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Goal of the DELight Experiment DELig Nt

e Goal: probe Light Dark Matter
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Superfluid *He as Target Material DEQg Nt

e No intrinsic long-lived backgrounds

e Contaminants freeze-out
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Superfluid “He as Target Material DEUQ Nt
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No intrinsic long-lived backgrounds

Contaminants freeze-out

Multiple signals ph(';ins |
— potential ER/NR discrimination
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DELight Design DE@ nt

calorimeters
in vacuum

superfluid ~
“He ~30 cm submerged
calorimeters

e Cellfilled partially (~1 liter) with superfluid “He @20 mK

e Calorimeters (sensor arrays) positioned in liquid and in vacuum



Signal Detection DEUQ Nt

particle interaction
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UV Photons

e Singlet - UV photons
e First excited state in *He at ~20eV — Liquid transparent to UV photons
e Detection in both sensor arrays



Signal Detection DEUQ Nt

particle interaction
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Triplets non-prompt UV Photons
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e Triplets lifetime 13s — de-excite when reaching a surface

e UV photons delayed at calorimeter
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Signal Detection DEUQ Nt

particle interaction

Phonons/Rotons
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e Quasiparticles propagate ballistically

e FEvaporate He atoms at liquid surface — quantum evaporation
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Quantum Evaporation

4
He atom binding

energy

quasiparticle

Superfluid

helium Vacuum

e Released He atoms condense on the sensor in vacuum

e Adsorption energy onto sapphire wafer ~20x binding energy
— effective signal amplification

e Sensor in vacuum must be free from He film — Film burner
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Quantum Evaporation

Film burner

quasiparticle

e Released He atoms condense on the sensor in vacuum

e Adsorption energy onto sapphire wafer ~20x binding energy
— effective signal amplification

e Sensor in vacuum must be free from He film — Film burner
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Calorimeters: LAMCALSs DE ug
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Ongoing R&D

e RA&D cell operating in Heidelberg
e Filled with helium — cell superfluid leak tight
e Operated submerged MMC-based calorimeter

Calorimeter

Heater Level
Meter
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First Measurement

DE@ht

e Measurement @15 mK for ~40 hours

e No calibration source present
e Muons deposit energy {100keV)

e Detection of energy fraction deposited
as UV photons
— Collection efficiency reduced
by copper boards

Reconstruction of background particle spectrum

DELight R&D Cell Data
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Simulations DEQQ Nt
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e Preliminary geometry implemented in Geant4
e Signal simulation (including quasiparticles) + waveform simulation
e Background model (underground lab)
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L DE|ight
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Summary and Outlook

DE@ht

e DELightis funded and in design phase

— operating R&D cell above ground

e Will go underground

e Phase-l

o 20 eV threshold
o 1kg-dexposure (1 week)
o New parameter space

e Phase-ll

o 10 eV threshold
o 100 kg-d exposure
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Film Burner DEught

Dilution unit 1 Still 700 mK

-
I ~~ heat flush
] purifier
Dilution unit 2
i
Still Mixing
700 mK chamber
continues heat Ll Film burner 10 mK
exchanger
Condensor 200 — 300 mK
1] Heated baffles "\ Filmflow restriction
step heat I Fill line
exchangers { Aa /
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Mixing
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<100 mK Super leak
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e Additional structure close to the helium cell
e Needed against superfluid helium moving up to upper calorimeters
e Already tested by HERON collaboration
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Filling ystgm DE@h’[

e 3He/*He dry dilution refrigerator

e Small capillary line for “He filling
— thermally coupled at every stage

e Indium sealings

e Burst disk and an exhaust line
— for the case of overpressure
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The Level Meter

Helium
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