Possible explanations and dark matter candidates
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e Program

- Explanations:
* Modification of gravitational laws
* MACHOS and microlensing measurements
* Primordial black holes

— Particle candidates:
* Particle properties to be the dark matter
* Why not standard model particles?
* WIMP and its production mechanisms
* SUSY candidates
* KK particles & superheavy WIMPs
* Sterile neutrinos and axions
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e Material for lecture:
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Figure 1: Fits of the MOND model (continuous line) to rotation curves data in Ursa Major galaxies.
The dashed line represents the luminous disk and the dotted line the gaseous disk. Figure from
Sanders & Verheijen, Ap] 503 (1998) 97.
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Figure 2: Constrains to the fraction of black holes that contribute to dark matter as a function of
the black hole mass. Figure from M. Cirelli (2016).
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Figure 3: (Left) Examples of microlensing observations in the Large Magellanic Cloud. From C.
Alcock et al. [MACHO Collaboration] Astrop. Journal 542 (2000) 281. (Right) Dark matter particle
candidates. Figure from L. Roszkowski arXiv:hep-ph/0404052.

Resolution [m] Resolution [m]
1 1.0-1? . 1.0-21 . 1.0-25 . 1.0-29 . 1.0-33 1.0—1? . 1.0—21 . 1.0—25 . 1.0—29 . 1.0—33
Strengthf, i : With Super-Symmelry
1001
10+ Unification

) S-S Y S S S

0 19 10 1d 1 1d® 0 10 10 1d 10 1d

t Energy [GeV] t Energy [GeV]

Figure 4: Unification of forces in Supersymmetry. Figure from CERN (European Organization for
Nuclear Research).



