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What's the excitement about
Dark Matter?



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

. SKIT
Visible (“normal”) matterandmass 7™ N
Crystal

10°-19m Electron
_— > o' o <10-18 m
. .- Matter in everyday life Quark
# 103-103m <1018 10

Atom

Galaxies L a¥es
-t R 10-10 m
1021 - 1022 m 25 3
3§ DNA / Molecule Nucleon
~ el 108 - 10-10m 015 1o

® “Normal” matter
® |s made from elementary particles
® |s visible via photon emission

® s extremely well understood
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“Normal” matter in the Universe
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® TJelescopes, like the “dames Webb” Space
Telescope, allow the observation of visible matter
In the Universe

Credit: NASA, ESA, CSA, STScl
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Galactic rotation curves -

Vera Rubin 1928 - +2016)
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Galactic rotation curves hinting towards Dark Matter R
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= Explaining the hig_h velocities Arrows indicate rotation velocities
at large radil requires
additional, invisible matter
aka. Dark Matter (DM).

Credit (left): Rubin et al. / ApJL 1978
Credit (right): ESO
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Galaxy clusters ==
Galaxy cluster: Abell S1063

(observed with the "Hubble” Space Telescope)

® Galaxy clusters consist of about 1000
galaxies and are mostly “empty”.

Credit: NASA, ESA und J. Lotz (STScl)
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How much Dark Matter is there? 77

‘normal’” matter
(~ 15%)

Dark Matter
(~ 85%)

Credit: NASA, ESA, CSA, STScl
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What constitutes Dark Matter? 7 -

WIMP: Weakly Interacting Massive Particle

STANDARD MODEL (KNOWN)

- Electroweak or o
g ° weaker force »

1/2 1/2 1/2 0 "' WIMP
up | charm I top I gluon Higgs s”
”d | | || | 4° = Correct DM abundance today requires
- | own strange bottom photon
<ov> ~ 3x10-26cmss-1

®» EXxpected for weak scale particle
interacting weakly

=0.511 M V/ =]105.67TM V/ =1.7768 Ge V/ =91.19 GeV/c?

1/2 1/2 1/2 T 1 a
electron muon tau Z boson

<2.2 eV/c? <1.7 MeV/c? <15.5 MeV/c? =80.39 GeV/c?

0 0 0 +1

1/2 Ve 1/2 V}.l 1/2 V[ 1 ”
electron muon tau W boson
neutrino neutrino ) neutrino

GAUGE BOSONS

LEPTONS

® Other theories like SUSY readily
predicts such a particle

“WIMP miracle”
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WIMP: Weakly Interacting Massive Particle
LDM: Light Dark Matter
ALP: Axion-Like Particle
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Searching for Dark Matter
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Experimental approaches to search for Dark Matter e

Divect Method

Indivect Method
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Credit: HAP / A. Chantelauze (modified)
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Experimental approaches to search for Dark Matter y

» Basic idea: Divect Method

= 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. Calgada)

Credit: HAP / A. Chantelauze (modified)
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Basic concepts for direct detection 7

'PHONONS / HEAT

T. Marrodan Undagoitia, L Rauch, J. Phys. G43 (2016) no.1, 013001
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Basic concepts for direct detection -
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Dark Matter mass vs. nucleus mass
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The DELight Experiment
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DELight: a Direct search Experiment for Light dark matter
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Towards Light Dark Matter with DELight
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