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DELight’s target material

Superfluid Helium-4




DELight’s target material

Superfluid Helium-4

Radiopure target material

Maximize energy transfer (kinematic
matching, i.e., similar mass to DM particle)
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DELight’s target material

Superfluid Helium-4

Freezing out impurities @ 20 mK Radiopure target material

Multiple signals (ErR/NR discrimination, Maximize energy transfer (kinematic
energy and position reconstruction, etc.) matching,i.e., similar mass to DM particle)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.032013

The DELight detector
To film burner ‘

Large-Areacryogenic MicroCALorimeter
(LAMCAL)

Superfluid helium-4 @ 20 mK

Vacuum

A

~30cm

— I
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Working principle
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Working principle

Photons
* De-excitation of singlet excimers (~10 ns) l
* Promptlyemitted and detected
I I I >
(I) ;—, 1|0 time (ms)

S B
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Working principle

Photons

Triplets
e De-excitationof triplet excimers (~13 s)
e Slow ballistic propagation
* Forceddecay when reaching a surface

S B
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Working principle

Photons
mw |||
Quasiparticles | | | .

* Propagatedballistically and reflected 0
* Detected ONLY via quantum evaporation

S B
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Quantum evaporation

* Quasiparticle energy is larger than He-He binding energy
* Evaporation of single He atom!

e He adsorbed onto LAMCAL surface

* Noise-free physical signal amplification as E| smcar-ne ~ 20 X Eyyyo fOr sapphire (AL, O5;)

Quasiparticle

Superfluid “He  Vacuum  Sensor

S S
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Quantum evaporation

* Quasiparticle energy is larger than He-He binding energy
* Evaporation of single He atom!

e He adsorbed onto LAMCAL surface

* Noise-free physical signal amplification as E| smcar-ne ~ 20 X Eyyyo fOr sapphire (AL, O5;)

_ . 0.62 meV
4
Vs

/ Evaporated “He

Quasiparticle

Superfluid “He  Vacuum  Sensor

S S
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Quantum evaporation

* Quasiparticle energy is larger than He-He binding energy
* Evaporation of single He atom!

* He adsorbed onto He film-free LAMCAL surface
* Noise-free physical signal amplification as E| smcar-ne ~ 20 X Eyyyo fOr sapphire (AL, O5;)

s Film burner
A

/
,/ Evaporated “He

Quasiparticle I

S S
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Pickup coill SQUID

LAMCAL

Sensor

* Large-area cryogenic microcalorimeter

* Sapphire wafer instrumented with MMCs
* O(1 eV) expected resolution > 20 eV NR threshold

Phonon
Sapphire wafer absorber collector
Magnetic MicroCalorimeter
Thermometer
) 2 M o< 1/T E 5T ~E/Cyy

) : g
Ql\‘ h g 5
|

) Temperature Time
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SQUID

Sensor

LAMCAL Pickup COil‘ L.

* Large-area cryogenic microcalorimeter
* Sapphire wafer instrumented with MMCs
* O(1 eV) expected resolution > 20 eV NR threshold
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.043035
https://pubs.aip.org/aip/apl/article/124/3/032601/3022986/Magnetic-microcalorimeter-with-paramagnetic

LAMCAL

* Large-area cryogenic microcalorimeter
* Sapphire wafer instrumented with MMCs
* O(1 eV) expected resolution > 20 eV NR threshold

Sapphire wafer absorber
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.043035
https://pubs.aip.org/aip/apl/article/124/3/032601/3022986/Magnetic-microcalorimeter-with-paramagnetic

Ongoing R&D

* R&D cellin operation in Heidelberg
* Filled with helium @ 15 mK
* Measurement of muon signals in helium using MMC

Levelmeter

Heater

MMC
(not LAMCAL)

S
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First measurements

* No calibration source
 Muon spectrum with peak expected at O(100 keV)
* Ongoing simulations to understand collection efficiencies

DELight R&D Cell Data
w0 DELight R&D cell Data
5103 S17s
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First measurements

e No calibration source

 Muon spectrum with peak expected at O(100 keV)
* Ongoing simulations to understand collection efficiencies

DELight R&D Cell

Data
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Simulations

* Geant4 model of preliminary geometry and laboratory

* Implementation of signal propagation (optical photons and quasiparticles)
* Full chain: from energy deposit to expected trace

Ultraviolet Quasiparticle
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.032013

Sensitivity projections

« Comprehensive background model

Sensitivity via PLR method
* Considering different scenarios

Leading results for just 1 kg-d exposure =

-37
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Summary

* DELight is funded and in its design phase

* Currently operating demonstrator and R&D

* Phase-l|

S

20 eV threshold
 1kg-dexposure (~1 week)
* Already probing new parameter space
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Summary and the future

* DELight is funded and in its design phase

* Currently operating demonstrator and R&D

* Phase-l|

20 eV threshold
 1kg-dexposure (~1 week)
* Already probing new parameter space

* Phase-ll

S

* 10 eV threshold
e ~100 kg-d exposure
* Closer to neutrino fog!

L

Matthew Herbst
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Dark matter

Dark energy
68.3%

No electromagnetic interaction > dark; Ordinary matter
4.9%

Evidences of gravitational nature > massive;

No particle candidate in SM > BSM physics;

* Direct searches for DM-nucleus scattering.

Dark matter
26.8%
DM NGC4183 NGC5055
. z 125 200
£
= 100 150
ot
$ 75
2 100 [~/
c 50 .
o i .
% 25 50 |- disk + gas
DM e 0 \ | | \ 0 ] ]
0 5 10 15 20 0 20 40 60
Radius [kpc] Radius [kpc]
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Signalin superfluid helium-4

Excimer

Slnglet UV photons o M 1
g et | Interaction leads to electron/ion propagation

LDIVI. - - @
'/E/ / \ o \\ Energy deposit in helium
@

excimers

lonization
* Excitations, ionizations, elastic scatterings

/’@G(x Sensor

* Response of helium
NN
e — - MW ————— ® e Quantum * Excimers, photons, quasiparticles

WY "1-.111 evaporation

Phonons + rotons

Quasiparticles
He-4
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Signal in superfluid helium-4

Excimer

LDM

o v photoms |
t~0[ns) photons

PV

Vacuum Quantum

|onization IR photons Triplet
excimers
\ Sensor
NN
e _— A VWW — ®
CAAA ALY "'1.,_‘_ll

Phonons + rotons
Quasiparticles

He-4

Interaction leads to electron/ion propagation

Energy deposit in helium

* Excitations, ionizations, elastic scatterings

* Response of helium

 Excimers, photons, quasiparticles

Phys. Rev. D 111, 032013
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. £ Quasiparticles £
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= =
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2t [\ I ///\20
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.032013

Working principle

Photons g
. ey
Triplets n
Quasiparticles
* Propagatedballistically and reflected 500 7060 7560 Z600
e Detected ONLY via quantum evaporation Tlme (USQC)

— B
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https://link.springer.com/article/10.1023/A:1022589325136

Signhal propagation — quasiparticles

Reflection probability

1.5 . . ' _. 0.0 0.2 0.4 0.6 0.8 1.0
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= .~ ¢ —
| GE> X
\ Q
l e Eroton >
> . iz
QC’ Quantum eviaporation threshold @
©
E' = FE! =
\7i =5
\ H H 0 : : : : 1 2 3 4 5
0 1 9 3 4 Momentum [keV/c]
momentum [keV/c] .
Reflection on copper
Phys. Rev. B 77,174510
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https://journals.aps.org/prb/abstract/10.1103/PhysRevB.77.174510

Recoil of electrons (ER) vs. He ions (NR)

St
=t

v

v

=== Elastic scattering == EXxcitation Ionization === Charge exchange
10-13

]{)—1-1- - -
10-15 ¢+
-5k /7
10-17 k-
10-18 L
10-19

10—2(] sl s gl MR | iaaaahl sl e asul s sl IR ETY
10! 102 103 104 10° 106 10! 102 103 104 10° 100

Recoiling e = energy [eV] Recoiling He energy [eV]

<

He

Stopping power [cm? eV]

03.06.2026 31 The DELight experiment



ER vs. NR bands

35 DELight Simulation_ 0.35 DELight Simulation
S 7 9 keVer . S ’ .
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03.06.2026 32 The DELight experiment



Goal background

3 _DELight
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Background expectation vs. WIMP spectrum

o

DELight (preliminary)

Simulation

Rate (events/keV/kg/day)

-

500 MeV DM

-

o o s s
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© |
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10°
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Magnetic MicroCalorimeter

world-leading energy resolution close-to-ideal detector response
160 8
{ data O data
140 1 — fit 71 ideal detector

ideal detector —— quadratic fit

120 - 6 1

[
o
o

] AEFWHM = 125(18) eV

counts / bin
o
(=]
measured energy E, (keV)
1N

60 - 3 -
40 2 1
20 A 1 -
O . — T T T T 0 T T T
879.6 5885.6 5891.6 5897.6 5903.6 0 2 4 6 8
energy E (eV) photon energy Epp, (keV)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.043035
https://pubs.aip.org/aip/apl/article/124/3/032601/3022986/Magnetic-microcalorimeter-with-paramagnetic

From detector to sensor

Superfluid “He target

MMC

Crystal target

S e Alcollector

LAMCAL <

TES

\ Absorber
f \. Cooper pairs -

Alcollector

Cee  ®cede Cee s “oen

Crystal

Particle interaction™ ™~
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Low Energy Excess in DELight

We DO NOT expect any LEE from the helium target
We DO expect LEE from LAMCALs

Some ways to handle it:
Multi-LAMCAL hits

Full - empty background

LEE coincidence

‘ ‘ Low energy event

The DELight experiment

Counts
Counts
A

37
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Levelmeter
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Recoil of electrons (ER) vs. He ions (NR)

St
=t

v
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=== Elastic scattering == EXxcitation Ionization === Charge exchange
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DELight 2025 (GeMSE)

'TT. = Background 2020
Background model r‘?
;.: 10°0¢
E ""k‘“- | Ongoing screening campaign
0 [‘.c ‘“‘ ‘| H with HPGE (GeMSE @ VdA)
* Baseline geometry (0.15 kg helium) Uf W i '} “ | |
NIl H*lm TN
: - G e
ncwaeda. ‘I | N
1072}
° radiogenic material contamination 0 500 1000 1500 2000 25‘00 30|00
. . Energy (keV)
* cosmics for medium-depth lab s DELight (preliminary) Simulation
e neutrinos (negligible) T ety Solar CEWNS.
.. 10° Solar Neutrino-Electron Scattering —— Photonuclear NR
° phOtOnUCleal’ NRS (negllglble) —— Radiogenic NR — Total

1 =

i

* Detector response model applied
e Signal partitioning
* Energy smearing
* Trigger efficiency

| L‘II—’_‘_\_'_‘—'_—‘—\__!

Rate (events/keV/kg/day)

Energy (keV)
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Sensitivity projections

* Sensitivity via PLR method
e Different external shields
* Different energy thresholds

* Leading results for just 1 kg-d exposure
* Approximately 1 week of data taking

* No ER/NR discrimination included

DELight (preliminary) Projection
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Resistive heater measurements

Indication of quasiparticle signal coming from heater for high energy heater pulses

DELight R&D cell Data
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First measurements

* Muon spectrum with peak expected at  Heater positioned in front of MMC
O(100 keV) inside helium
* Ongoing simulations to understand * Observed heater pulse with helium
collection efficiencies * Indication of quasiparticle signal
detection within helium
DELight R&D Cell Data —_ DELight R&D cell Data
215 = 80 -
% 250 FI|1 3?0 '
“ 200 p “L 5
107 150 J ~_1 E 60 +
'.L E 50 '
T, o ﬁ 40
el ¥ Ty P B L T T
10! 8 10 12 14 lf:mphidﬁﬂmﬁﬂ 8 30
Ezo .
c 1
10 : . '
107 i ||H|| WRUL 1 1 Pt Linear fit
0.0 1.5 2.0 2.5 0 o - Full cell
Amplitude (V) 5 35 5 =5 55
Reconstructed Amplitude (mV)
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