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181303 (2017) 
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Why Superfluid Helium?

► light baryonic target

► ultrapure – no internal background

► multiple signals, quasiparticles, photons, excimers

► discrimination of nuclear and electronic recoil

► event location: coded aperture array

► fiducialization possible

► directionality

► helium immune to muon spallation/capture

Overall concept has been demonstrated
S. Bandler et al. PRL 78, 2429 (1992) 
C. Enss et al. Physica B 194-196, 515 (1994) 
S. Bandler et al. PRL 74, 3169 (1995) 
D.N. McKinsey et al. PRA 59, 200 (1999)
W. Guo et al. PRL 102, 235301 (2009)
F.W. Carter et al. JLTP 186, 183 (2017) 

Favourable properties of superfluid helium

10 GeV à 10 keV – 100 keV nuclear recoil energy
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𝜀 ∝ 1/𝑇⟨111⟩
E(𝑡)𝜈 = 𝜈0e−𝑉a/𝑘B𝑇𝑃0 = 𝜀0𝜒d(0)E(𝜔 = 0)𝜒d(𝜔) = 𝜒d(0)1 − i𝜔𝜏𝑆 = 7/2 𝑆 = 5/2 𝑆 = 3/2𝐸nr = 2 𝑚2𝜒𝑚n𝑣2𝜒(𝑚𝜒 + 𝑚n )2 cos2 𝜃𝑚𝜒 = 1 GeV/c2
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Basic Concept and Available Signals

Photon

Recoil Event

Excimer

He Atom

MMC Wafer 
Calorimeter

Superfluid Helium 
at 20 mK

to Filmburner

He – Vacuum
Interface

MMC Detector
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Multiple Signals and Signal Chains

He+ e-Ionization
100% Recombination
in zero E-Field

Quasiparticles
Phonons &  Rotons

He2*
Formation of 
Excimers He Quantum Evaporation

He Condensation
UV Photons IR Photons

Triplet Excimers

LDM

~ 16 eV ~ 1 eV

13 s, ~ 16 eV

meV

He

Prompt decay of 
singlet excimers

Long-lived
triplet excimers
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Discrimination of ER and NR

F. Toschi et al. to be published

work in progresswork in progress

T.M. Ito, G.M. Seidel, PRC 88, 025805 (2013)
S. Hertel et al., PRD 100, 092007 (2019) 

previous work by  HERON
HeRALD
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HERON Detector: Directionality

S. Bandler et al. PRL 74, 3169 (1995) 

80°

0°

Phonons
+ Rotons

Photons

Phonons
+ Rotons

Photons

C. Enss et al., Physica B 194-196, 515 (1994) 
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Quantum Evaporation: Gain Factor

Phonon/Roton Free He-Atom He-Atom on Solid
Quantum Evaporation Condensation
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Schematic 

Energetics 

► noise-free signal gain by a factor 10 to 40
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DELight Detector Concept
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Magnetic Micro-Calorimeters (MMCs) 

paramagnetic sensor
Au:Er, Ag:Er, … 
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to SQUID

► 150 µm x 150 µm x 3 µm absorber
► quantum efficiency at 5 keV is 98%
► energy resolution ∆EFWHM = 1.25 eV  at 6 keV
► resolving power E/∆E = 4712 

M. Krantz et al. , Appl. Phys. Lett. 124, 032601 (2024)
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MMC based Phonon and Photon Detectors 
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DELight-0:  Mini-Cell 
in liquid characterization with MMCs:

► sensitivity test for MMCs in liquid

► search for quasiparticle signals within liquid

► test for new-type  level meter (has been tested with air)

► test for purification system

► test for filling system

► test superconducting motors

► detection of uv-photon

► detection of delayed triplet signal 

► test knife-edge flow restrictions

► measure roton reflectivity 

► …
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DELight-0:  Mini-Cell 
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DELight Phases I + II

Spin-independent cross section

Phase I:
10 ℓ cell on surface or
        in shallow u-lab
O(kg∗d) exposure
20 eV threshold

Phase II:
20 ℓ cell in shallow u-lab
O(100 kg∗d) exposure
10 eV threshold

Long term plan:
100 ℓ cell in deep u-lab
O(kg∗yr) exposure
< 10 eV threshold
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Summery
Superfluid helium-based dark matter experiments have 

enormous potential for light dark matter searches

is a new project to realize such an experiment 

Thank you!

Collaboration meeting Summer 2023 in Heidelberg
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