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Why do we need dark matter?
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Rotation Curve of Galaxies
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Begeman et al. 1991



Orbital Velocities of Galaxy Clusters
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lensed galaxy images
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Gravity doesn’t

follow the
visible matter!
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Dark Matter

Dark Energy

Image credit: ESA and the Planck Collaboration Maneenate Wechakama 10



The evidence for dark matter is overwhelming!

Dark matter is essential for the Universe
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Image credit: ESA and the Planck Collaboration

What is Dark Matter?
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Dark Matter Properties

Massive

No charge

Collisionless

Stable

Cold ®

Abundant
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How can we detect dark matter?

Image credit: ESA and the Planck Collaboration Maneenate Wechakama

14



Collider Searches
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Production
at LHC

CERN|LHC
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Direct Detection

Image credit: http://cdms.berkeley.edu/Education/DMpages/science/difectDetection.shtml
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Indirect Detection

Image credit: Sky & Telescope / Gregg Dinderman

Low-energy photons Positrons

Quarks \/\/\/\/\» P

Medium-energy Electrons

gamma rays

eptons

— DeepCore

‘p[{ iffel tower

Supersymmetric
neutralinos

Decay process )

Maneenate Wechakama




Dark Matter Annihilation
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Indirect Detection

Image credit: Sky & Telescope / Gregg Dinderman
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Multi-Messenger of Dark Matter Annihilation

Messenger

y-rays

Cosmic rays (e?, p)

Neutrinos

Radio/X-rays

Observable

Continuum, lines

Energy spectra

Upgoing muons

Synchrotron, IC
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Main Experiments

Fermi-LAT, H.E.S.S., MAGIC, CTA

AMS-02, DAMPE, CALET

lceCube, ANTARES, KM3NeT

Planck, SKA, Chandra
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Galactic Centre Excess

Data, 1.1 - 6.5 GeV Fermi-LAT all Sky Map
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Ackermann etal. 2017
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Data, 1.1 - 6.5 GeV Model, 1.1 - 6.5 GeV

Residual / Data, 1.1 - 6.5 GeV
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Ackermann etal. 2017
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Explain the Galactic Centre Excess
by Dark Matter Annihilation
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Production of Gamma Rays from Dark matter
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Define flux of gamma-ray

Flux of Astrophysics Majorana or Not Particle Physics
gamma rays i (1/2 or 1/4)
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Define the shape profile
of gamma-ray
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Electron and Positron Excess
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Electron and Positron Excess

EZ *J(E)[GeV’m~2571]

Rocamora et al. 2024
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Electron and Positron Propagation

Diffusion-Loss Equation
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Rocamora et al. 2024
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Rocamora et al. 2024
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Conclusions

Indirect detection searches for secondary particles (y-rays,
e*/e”, antiprotons, neutrinos) produced by dark matter
annihilation or decay in astrophysical environments.
Main Observational Hints:
Galactic Center GeV excess: possible DM signature, but
pulsars remain a strong alternative.
Positron excess: shows an unexpected rise above 10
GeV; can be explain by pulsars and dark matter
Future instruments (e.g., CTA, LHAASO, SWGO, SKA,
lceCube-Gen2) will improve sensitivity by 1-2 orders of
magnitude.
Combining multi-wavelength and multi-messenger data
remains the best path forward.
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