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Ways to detect dark matter particles

Although direct detection
experiments don’t probe
the fundamental
couplings directly, the
effective scattering cross

sections depend on them Dark matter
and can vary.

| direct searches

O eff.

Matter
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Basic idea of direct detection
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Assume that the dark matter is not
only gravitationally interacting.

Eg
R for “Recoil”
WIMP Target Nucleus WIMP
i e in laboratory  Flastic collision &
v~220 km/s v~0 km/s | Or

Er~30 keVr
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Dark matter - nucleon scattering

dR = d
— - j of (%) ——dv
dEp  m,my dEp

Vinin.
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Dark matter - nucleon scattering
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dR

dE,,

_Fo

m)(m N

The DM-nucleon cross section can be separated:

arises from scalar
or vector couplings
to quarks

do

dE,

B (da
| \ dE;

o (%) 2

Vinin.

).+ ()
_|_
SI dEp SD

Spin Independent

20212

[Gg 'F Szl(ER) + Ug °F SZD(ER)]

F: nuclear form-factor
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Dark matter - nucleon scattering

, = ticle theory
L J{ par

do My
AR [a&‘l;&(ER) + GSD?SZD(ER)]

- nuclear form factors:
guantum mechanics of interaction with nucleus




UNIVERSITAT
HEIDELBERG
ZUKUNFT
SEIT 1386

Towards light dark matter with superfluid helium: The DELight experiment - Belina von Krosigk ‘ 11

Dark matter - nucleon scattering

L — l particle theory
i [(;SIFZ (Ep) + 05 "F3p(Ep)|
o) SI SD
dER ZIM Y , T ~nuclear form factors:
guantum mechanics of interaction with nucleus
Spin-Independent Spin-Dependent
4u’ T 12 302G J+ 1 | 12
Ggl — 7 _Z]; + (A — Z)fn_ X A2 SD — 7 ] _ap<Sp> + an<Sn>_
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Dark matter - nucleon scattering
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do  my
dER B 2//t2V2
Spin-Independent
4 2 - _
o= |7, + A-2)f,| x A
7T L _

In most models fp ~ fn.

| !

particle theory

[Gg 'F SZI(ER) + "g °F SZD(ER)]

[ f

~ nuclear form factors:

SD _

32Geu* J+ 1

guantum mechanics of interaction with nucleus

Spin-Dependent

O. —
0 JT

; 4,(5,) + 4,(S,)

Nuclei with non-zero angular momentum required.

= scattering adds coherently with A2 enhancement.

No coherent effect!
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Dark matter - nucleon scattering

, = ticle theory
L J{ par

do My
AR [a&‘l;&(ER) + GSD?SZD(ER)]

- nuclear form factors:
guantum mechanics of interaction with nucleus

Spin-Independent

ol =1 :Z];+(A—Z)fn: x A?

In most models fp ~ fn.
= scattering adds coherently with A2 enhancement.
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Dark matter - nucleon scattering
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Dark matter - nucleon scattering
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The power of LXe TPC experiments
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What's the motivation then for helium?
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Towards light dark matter with superfluid 4He
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Towards light dark matter with superfluid 4He
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Dark matter - nucleon scattering
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Dark matter - nucleon scattering
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Advantages of helium

Very light
Cheap .
: —_— He — Ar —_— Xe
Ultra-pure (no internal background) 102 G e
Multiple signals (phonon & rotons, 8% oil \ my =500 MeV/c?
photons, excimers) e 0, = 10745 cm?
O o
== 0L
NR / ER discrimination 5= OF
e o0
Fiducialization possible 52 0
—2 i
Scalable 1077
-3 L | | | | | |
Overall concept demonstrated 1070 01 02 03 04 05 06 07

Recoil energy [keV]
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)
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HERON: HElium-ROton detection of
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The DELight Collaboration
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SciPost Phys. Proc. 12, 016 (2023)

DELight: a Direct search Experiment for Light dark matter with
superfluid helium

B. von Krosigk!*, K. Eitel!, C. Enss?3, T. Ferber?, L. Gastaldo?, E Kahlhoefer®, S. Kempf®>,
M. Klute*, S. Lindemann’, M. Schumann’, E Toschi':” and K. Valerius'

+ K. Gerbig, G.S. Heine, B. Maier, M. Mikaya and A. Reiser
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DELight: Direct search Experiment for Light dark matter
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Multiple signals in superfluid 4He
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Towards light dark matter with superfluid helium: The DELight experiment - Belina von Krosigk

Atomic excitation: singlet
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Interatomic distance [A]

Credit: G. Seidel, F. Toschi
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Atomic excitation: singlet
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Towards light dark matter with superfluid helium: The DELight experiment - Belina von Krosigk

Atomic excitation: singlet

He[11S] + He[21S]

. w He[17S] + He[2°S:
| p— |
>
D 15

1. Excimer binding energy: phonons (2.4 eV)
Do 2. First excited level excimer: IR (atomic de-exc. AE;)
O) 10 3
QL 4.
C
L 5
i He[1!S] + He[1!S]

0.5 1.0 T 2.0 2.5 3.0
Interatomic distance [A]

Credit: G. Seidel, F. Toschi
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Atomic excitation: singlet
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Atomic excitation: singlet
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Towards light dark matter with superfluid helium: The DELight experiment - Belina von Krosigk

Atomic excitation: triplet
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Towards light dark matter with superfluid helium: The DELight experiment - Belina von Krosigk

Atomic excitation: triplet
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Atomic excitation: triplet
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Atomic excitation: triplet
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Energy partitioning and pulse-shape discrimination
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~Signal partition for electron recoils
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Vibrations: phonons and rotons
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Towards light dark matter with superfluid helium: The DELight experiment - Belina von Krosigk .

Vibrations: phonons and rotons

MMC Detector to Filmburner

Superfluid Helium
: He Atom : at 20 mK

He — Vacuum
Interface

Recoll Event
MMC Detector
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Vibrations: phonons and rotons

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

Quantum evaporation Condensation

~ 10 meV

Noise-free signal gain T
by a factor 10 to 40 :.pee"u:.' Vacuum

® Detector Wafer
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The DELIght concept
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The DELIght concept
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Towards light dark matter with superfluid helium: The DELight experiment - Belina von Krosigk ‘

MMC: Magnetic MicroCalorimeter
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Current R&D activities: DELight

EU @
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https://arxiv.org/abs/2310.08698
https://arxiv.org/abs/2310.08512
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Towards light dark matter with superfluid 4He

10734 : 102
1079 10°
107 ; 107°
10740 : 107
HeRALD g2
S. A. Hertel et al.

Phys. Rev. D 100, 092007 (2019)
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Towards light dark matter with superfluid 4He

DELight Phase 1.

10 L cell in shallow lab

UNI

FREIBURG

1 kged exposure
20-30 eV threshold

Long range plan:

Up to 200 L cell in underground lab

O(kgeyr) exposure
<10 eV threshold

He projections:
1.1 kged, 40 eV

Dark Matter—-nucleon og [pb]

2: 1 kgeyr, 10 eV 10748 1074
3: 10 kgeyr, 0.1 eV 10_50\ l , l , l . l
4 100 kgery, 1 meV 0.001 0.100 10 1000

Dark Matter Mass [GeV/c?]



