
Towards the lightest Dark Matter in direct searches 
Deutsche Physikerinnentagung, Karlsruhe, 27.11.2022

www.kit.eduKIT – Die Forschungsuniversität in der Helmholtz-Gemeinschaft

Institut für Astroteilchenphysik (IAP)
Belina von Krosigk (belina.krosigk@kit.edu)

C
re

di
t: 

S
w

in
bu

rn
e 

A
st

ro
no

m
y 

P
ro

du
ct

io
ns

 - 
J.

 J
os

ep
hi

de
s

mailto:belina.krosigk@kit.edu


Towards the lightest Dark Matter in direct searches - Belina von Krosigk

2A not so straight way to become Dark Matter spotter



Towards the lightest Dark Matter in direct searches - Belina von Krosigk

3A not so straight way to become Dark Matter spotter

Architecture Geophysics Physics Physics

“Hauptstudium”

University of Fine Arts 
Hamburg

“Grundstudium”

Particle and 
Astroparticle 

Physics



Towards the lightest Dark Matter in direct searches - Belina von Krosigk

Particle and 
Astroparticle 

Physics

4A not so straight way to become Dark Matter spotter

Architecture Geophysics Physics Physics

“Hauptstudium”

University of Fine Arts 
Hamburg

“Grundstudium”

C
re

di
t: 

C
E

R
N



Towards the lightest Dark Matter in direct searches - Belina von Krosigk

5A not so straight way to become Dark Matter spotter
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7A not so straight way to become Dark Matter spotter
DARWIN 
(xenon)

SuperCDMS 
(germanium, silicon)

DELight 
(helium)



What’s the excitement about 
Dark Matter?
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9Visible (“normal”) matter and mass

Matter in everyday life 
10-3 - 103 m

Galaxies 
1021 - 1022 m DNA / Molecule 

10-8 - 10-10 m

Crystal 
10-9 - 10-10 m

Atom 
10-10 m

Nucleus 
10-14 m

Nucleon 
10-15 m

Electron 
<10-18 m

Quark 
<10-18 m

“Normal” matter

is made from elementary particles


is visible via photon emission


is extremely well understood
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10“Normal” matter in the Universe

Telescopes, like the “James Webb” Space 
Telescope, allow the observation of visible matter 
in the Universe

Credit: NASA, ESA, CSA, STScI
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11Galactic rotation curves

Vera Rubin (*1928 - ✝2016)

Credit (left): Carnegie Institution of Washington, 1970ies
Credit (right): The Astrophysical Journal, Vol. 159, February 1970
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12Galactic rotation curves

Credit (left): Rubin et al. / ApJL 1978
Credit (right): The Astrophysical Journal, Vol. 159, February 1970

Vera Rubin (*1928 - ✝2016)
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13Galactic rotation curves hinting towards Dark Matter

Credit (right): ESO

Arrows indicate rotation velocities

expected observed

Credit (left): Rubin et al. / ApJL 1978

expected 
(sketched for Sbc NGC 3145)

Explaining the high velocities 
at large radii requires 
additional, invisible matter 
aka. Dark Matter (DM).
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14Galaxy clusters
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Galaxy clusters consist of about 1000 
galaxies and are mostly “empty”.

Galaxy

Galaxy cluster: Abell S1063 
(observed with the “Hubble” Space Telescope)

stars

hot gas

stars

hot gas
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15Bullet Cluster

…


…

Credit: NASA/STScl; Magellan/U. Arizona/D.Clowe et al.

Bullet Cluster
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16Bullet Cluster

…


…

Credit: NASA/STScl; Magellan/U. Arizona/D.Clowe et al.

Bullet Cluster
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17Bullet Cluster

…


…

Credit: X-ray: NASA/CXC/CfA/M.Markevitch et al.; Optical: NASA/STScI; Magellan/U.Arizona/D.Clowe et al.; Lensing Map: NASA/STScI; ESO WFI; Magellan/U.Arizona/D.Clowe et al.

Bullet Cluster
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18Bullet Cluster

…


…

Credit: X-ray: NASA/CXC/CfA/M.Markevitch et al.; Optical: NASA/STScI; Magellan/U.Arizona/D.Clowe et al.; Lensing Map: NASA/STScI; ESO WFI; Magellan/U.Arizona/D.Clowe et al.

Bullet Cluster

most 
mass

most “normal” matter

most 
mass
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19How much Dark Matter is there?

Credit: NASA, ESA, CSA, STScI

“normal” matter

Dark Matter
(~ 85%)

(~ 15%)
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20What constitutes Dark Matter?

Correct DM abundance today requires 
<σv> ~ 3x10-26cm3s-1


Expected for weak scale particle 
interacting weakly


Other theories like SUSY readily 
predicts such a particle 

“WIMP miracle”

WIMP: Weakly Interacting Massive Particle  
LDM: Light Dark Matter 
ALP: Axion-Like Particle



Towards the lightest Dark Matter in direct searches - Belina von Krosigk

21What constitutes Dark Matter?
WIMP: Weakly Interacting Massive Particle  
LDM: Light Dark Matter 
ALP: Axion-Like Particle

Credit: T. Ferber



Searching for Dark Matter
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23Experimental approaches to search for Dark Matter
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24Experimental approaches to search for Dark Matter
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Basic idea:

DM is made of particles which 
directly interact with the atoms 
of the detector material.


The source of DM particles is 
our galactic DM halo.

Artist’s impression of a spiral galaxy 
embedded in a Dark Matter halo 

(Credit: ESO / L. Calçada)
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25Basic concepts for direct detection

T. Marrodán Undagoitia, L Rauch, J. Phys. G43 (2016) no.1, 013001
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26Basic concepts for direct detection

T. Marrodán Undagoitia, L Rauch, J. Phys. G43 (2016) no.1, 013001
APPEC Committee Report 2021, arXiv:2104.07634 [hep-ex]

Cryogenic 
bolometers with 
charge readout

Scintillating cryogenic 
bolometers

Liquid noble gas 
dual-phase time 
projection chambers

Gas proportional 
counters

CCD 
detectors
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27Dark Matter-nucleon scattering

dR
dER

=
σn

mDM

ρDM T(ER)

vDM π

F2(ER)
μ2

n

Expected 
interaction 

rate

Particle 
theory

Nuclear 
structure

Local 
properties of 

DM halo

Credit: ESO / L. Calçada1 10 100 100010-50
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28Dark Matter-nucleon scattering
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29Dark Matter-nucleon scattering
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30Dark Matter-nucleon scattering
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32Dark Matter mass vs. nucleus mass
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33Dark Matter mass vs. nucleus mass
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34Dark Matter mass vs. nucleus mass

mDM
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35Dark Matter mass vs. nucleus mass

mDM

mN

vDM
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The DELight Experiment
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37(To be) Made in Baden-Württemberg
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38DELight: a Direct search Experiment for Light dark matter

Superfluid 4He 
(~ 10 liters in phase-I)

Ultra-sensitive heat sensors 
(Magnetic Micro-Calorimeters: 

MMCs)
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39Towards Light Dark Matter with DELight
Phase-I:


10 L cell on surface or in shallow lab

O(kg*d) exposure

20-30 eV threshold


Phase-II:

~20 L low-background cell in 
shallow lab

O(10-100 kg*d) exposure

10 eV threshold


Long range plan:

Up to 200 L cell in underground lab

O(kg*yr) exposure

<10 eV threshold
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40Towards Light Dark Matter with DELight
Phase-I:


10 L cell on surface or in shallow lab

O(kg*d) exposure

20-30 eV threshold


Phase-II:

~20 L low-background cell in 
shallow lab

O(10-100 kg*d) exposure

10 eV threshold


Long range plan:

Up to 200 L cell in underground lab

O(kg*yr) exposure

<10 eV threshold

Within the 
next few 
years!


