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Probing Light Dark Matter 7™ e

thermal production, new mediator electroweak mass scale
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New avenues for Light DM direct detection 7~
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~meV energy ~eV energy ~keV energy
resolution resolution resolution

Dark Sectors 2016 Workshop: Community Report
arXiv:1608.08632 [hep-ph], (2016)
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New avenues for Light DM direct detection @ ™
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Superfluid Helium
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~meV energy ~eV energy ~keV energy
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Dark Sectors 2016 Workshop: Community Report
arXiv:1608.08632 [hep-ph], (2016)
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Why superfluid helium» 77

{
= Very light . . f '
l . . |
— m. = 1 GeV/c?
= Cheap > 10 fors cole cn ‘
% — Xe
: Y% —Ge
= Ultra-pure (no internal background) e -
. I\/Iul_tlple sighals (phonon & rotons, photons, S 10° Ne | -
excimers) - — He
D
= NR/ ER discrimination Cct'“:‘s
+— —2_
= Fiducialization possible c 10
> ,. |
L | 1 1
" Scalable gl 1 EEE IR B
Recoil Energy [keV
= Qverall concept demonstrated gy [keV]
B S.Bandler et al. PRL 78, 2429 (1992) -
C. Enss et al. Physica B 194-196, 515 (1994) m ) )
S. Bandler et al. gRL 74, 3169 (1995) oM AF — 1 Apz < 2 MEMVHM
D.N. McKinsey et al. PRA 59, 200 (1999) o 2 m ~ m
W. Guo et al. PRL 102, 235301 (2009) N N

F.W. Carter et al. JLTP 186, 183 (2017)




DELight: a Direct search Experiment for Light dark matter with superfluid helium - Belina von Krosigk

HERON: HElium-ROton detection of Neutrinos S
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Multiple signals in superfluid 4He i

lonization Quasiparticles
100% recombination Phonons, rotons
in zero E-field @ NVWW\ meV

Quantum evaporation

Excimer formation
Prompt decay of @ @
singlet excimers

few ns

Singlet UV photons IR photons
~ 16 eV ~1eV :
Triplet excimers Condensation
Longe-lived 13s, ~ 16 eV

triplet excimers
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Quasiparticles in 4He: phonons androtons 7
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The DELIght concept 7™ o

MMC Detector to Filmburner

Superfluid Helium
: He Atom : at 20 mK

He — Vacuum
Interface

Recoll Event

MMC Detector
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The DELIght concept 7™ o

Phonon / Roton — Free He atom == He atom on solid

Quantum evaporation Condensation

~ 10 meV

= Noise-free signal gain Superfluid
by a factor 10 to 40 Helium Vacuum ‘

Detector Wafer
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The DELIght concept 7™ o

13
: heat flush
® Film burner to keep external surifier
MMC wafers He free N
Film burner super leak .
= Maintain amplification factor \ N
200 mK
heated buffles N filmflow restriction
fill line

MMC Detectors

He — Vacuum
Interface
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The DELIght concept 7™ o

14
: heat flush
® Film burner to keep external surifier
MMC wafers He free N
Film burner super leak .
= Maintain amplification factor \ N
200 mK
heated buffles N filmflow restriction
fill line

MMC Detectors

® 3-inch Si wafers of
300 pm thickness He — Vacuum

Interface
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MMC: metallic magnetic calorimeter 777
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Key features of MMCs <> e

250um x 250um gold, Sum thick

fast signal rise time
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Towards Light Dark Matter with superfluid4He v
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Towards Light Dark Matter with superfluid 4He e
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ADDITIONAL MATERIAL
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Superconducting Nanowire Single Photon Detector (SNSPD'T

Y. Hochberg, |. Charaev, S.-W. Nam, V. Verma, M Colangelo, K.K. Berggren
Phys. Rev. Lett. 123, 151802, (2019)

DM scattering
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Prototype DM detector
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Superconducting Nanowire Single Photon Detector (SNSPDTX“;T“W

Y. Hochberg, |. Charaev, S.-W. Nam, V. Verma, M Colangelo, K.K. Berggren

Phys. Rev. Lett. 123, 151802, (2019) Light Mediator
10—28- o ~12 ng-hours
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Dirac Materials: Example Yb3:PbO

Karlsruhe Institute of Technology
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® Band gap: ~17 - 19 meV

R. M. Geilhufe, F. Kahlhoefer, M. W. Winkler
Phys. Rev. D 101, 055005 (2020)

10—36 s
10.5F Dark matter scattering---
-------- 2
i am
10_38 ““““““ FDM(qZ) . ( 29)
ﬂ" q

1 0—39

— 1074

o \e*\)',/’
10_42 1{(6?’,/’

-
==
\~__——

no background, 1 kg-year
' A ! PR T T S B A
100 1000
m, [keV]




DELight: a Direct search Experiment for Light dark matter with superfluid helium - Belina von Krosigk

Polar Crystals: Example GaAs
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Gapped optical phonons

S. Knapen, T. Lin, M. Pyle, K. M. Zurek,

Phys. Lett. B 785, 386-390 (2020)
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Phonon band structure, GaAs
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Upcoming experiment: SPICE (TESSERACT Collaboration)




