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• IceCube Collabora,on et al., „Observa,on of high-energy neutrinos from the Galac,c plane“, SCIENCE
       Vol 380, Issue 6652, pp. 1338-1343 (2023), DOI: 10.1126/science.adc9818
• PhD thesis M. Hünnefeld within CRC 1491 (2023)
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SDSS

Fritz Zwicky, Helv. Phys. 
Acta, 1934

Vera Rubin ca. 1970



Typical rotation curves of spiral galaxies often 
display dynamical dominance of DM
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Dynamics of matter, pathways of light
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NASA/ESA HST

ESA Planck



• No plausible candidates from the Standard Model of particle physics
• Massive astrophysical objects in the Galaxy constrained by microlensing
• Thermal freeze-out of weakly interacting particles with masses of order 

electroweak scale can reproduce the observed DM density
• Large-scale structure as a probe
• Not exclusive: there may be room e.g. for Axion DM, sterile neutrino DM...
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ITC @ University of Zurich

Why are we so often talking about WIMP DM?



Toolkit for WIMP – searches

Adapted from J. Silk



Indirect searches
• Basic idea: we look 

out for photons, 
neutrinos, or 
charged SM 
particles from 
annihilation or 
decay of WIMPs

• Dark truth: we 
have to do that 
without knowing 
the exact channels 
and ratios

• Input from particle 
physics towards 
precision is highly 
valuable

20.11.23 10

Fi
gu

re
: C

hr
is

to
ph

 W
en

ig
er



20.11.23 11

• Naive expectation: 
relatively „soft“ pion 
decay spectra; maxima 
at O(0.001 — 0.1 mDM)

• Heavy competition from 
non-DM astrophysical 
processes
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Figures: Christoph Weniger

• Naive expectation: 
relatively „soft“ pion 
decay spectra; maxima 
at O(0.001 — 0.1 mDM)

• Heavy competition from 
non-DM astrophysical 
processes

• Examples for 
aforementioned input: 
better understanding of 
the relevance of internal 
Bremsstrahlung and FSR



Indirect searches
• Until a detection is made, task is to extract limits to constrain parameter 

space
• Expected fluxes governed by astro- and particle physics

• Very important addition: transport and backgrounds à plasma-
(astro)physics

20.11.23 13



20.11.23 14

Ic
eC

ub
e 

Co
lla

bo
ra

tio
n



Indirect searches
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• Cosmological surveys are 
powerful tools for unravelling 
DM distribuGon on a range of 
scales

• CRC 1491 Project F5
Navarro, Frenk & White 1996



Some highlight targets

• Galactic center

• Nearby clusters of galaxies

• Large-scale structure

• Dwarf galaxies
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Galactic center: multi-messenger 
searches
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Galactic center: multi-messenger 
searches
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Centers of Sun and Earth: sca2ering cross-sec6ons with 
IceCube



Searches for gamma-ray lines from DM 
annihilation
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• In addition to the pion-
decay spectra, VHE lines 
may arise from loop-level 
annihilation directly to 
photos

• Imaging air-Cherenkov 
telescopes are powerful 
tools to search for this 
processes

• Backgrounds less critical 
(but understanding still 
needed!) à Galactic 
center an outstanding 
target

• Close connection to CRC 
1491 project A1

H. Abe et al. (MAGIC Collaboration)
Phys. Rev. Lett. 130, 061002 – Published 10 February 2023



Deep MAGIC observations of the 
Perseus field: a long-term project
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A&A 589, A33 (2016)

85h + 168h



Large-scale structure
• Idea: as dark matter is the dominant mass component in the Universe, it is 

also the component globally dominating weak lensing
• If there is a contribution to the extragalactic gamma-ray background from 

DM annihilation/decay, the EGB intensity should thus be correlated with the 
lensing signal

• Problem, again: of course also e.g. AGN trace overall mass...
• Preparatory studies done in the M. Sc. thesis of Tristan Gradetzke (2023)
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Elsaesser & Mannheim, 
Astropart.Phys.22:65-
72 (2004)
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Until “the one“ target may be found: 
combine limits!
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Fermi, HAWC, H.E.S.S., MAGIC, VERITAS et al., in preparation



Dark matter in dwarf galaxies 
@ CRC 1491: background treatment still decisive

• Talk by Athy
„Dark matter in dwarf galaxies: astrophysical 
foreground and dark-matter background “ 
today, 17:15

• Talk by Stefan 
„Asimov datasets for gamma-ray astronomy “
tomorrow, 14:00
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CTA
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Radio: The LOFAR2.0 Dark Matter eXperiment 
(LoDMaX) 
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• Idea: search for synchrotron losses 
of charged leptons from 
annihilation

• Needs precise treatment of 
magnetic fields in dwarf galaxies 
(and...of backgrounds)
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• Ideal synergy with CRC 1491 project A2
• LOFAR (2.0) ideal instrument to search 

for this signature
• TU Dortmund group will become co-

operator of Jülich LOFAR station
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The LOFAR2.0 Dark Ma[er eXperiment 
(LoDMaX) 

LoDMaX EoI (in
cl. C

RC 1491 partic
ipants)

Submitte
d in 2023!



Summary

• Indirect dark ma-er search remains one of the central pillars 
on which hopes for a discovery rest

• Very soon, observa:onal limits will improve substan:ally

• Unlike in the past, astro- and plasma-physics will be absolutely 
central for the scien:fic harvest of those datasets

• CRC 1491 bringing together key exper:se
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MOND?
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D. Nilsson / Wikipedia



20.11.23 31


