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● Overwhelming gravitational evidence

● Particle outside of standard model

● Many ideas and possibilities
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Linear Structure Formation – Fermi-Dirac (WDM)
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Linear Structure Formation – Ultra-light Axion DM



Linear Structure Formation – Mixed DM



Linear Structure Formation – Interacting DM



Linear Structure Formation  –  Non-DM effects

Changing / Extending Cosmological parameters
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Lovell et al (2014)

Known: 11 classical satellites,  > 35 ultra-faint satellites
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…  assuming simple halo-mass stellar mass relation.

Lovell et al (2014)
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…  assuming galaxy formation with the right stellar and radiation feedback.

Lovell et al (2014)
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Warm DM:

(Polisensky2011, Kennedy2014, ...)
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HI rotation of field dwarfs:

Dwarfs are less abundant than they

should be!

Easily solvable with mixed DM

Schneider et al  (2017, 2018), Trujillo-Gomez
et al  (2018)
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Schneider et al  (2017, 2018), Trujillo-Gomez
et al  (2018)

HI rotation of field dwarfs:

Dwarfs are less abundant than they

should be!

Bot not only DM can do it … 

Constraining DM  –  Dwarf Galaxies



Schneider and
Trujillo-Gomez (2018)

HI rotation of field dwarfs:

Dwarfs are less abundant than they

should be!

Also solvable with a cosmology

preferred by weak lensing data.
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Constraining DM  –  Dwarf Galaxies

APERTIF

Wallaby

100 dwarfs with high-res
rotation curves

HI rotation of field dwarfs:

Dwarfs are less abundant than they

should be!
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Constraining DM  –  Lyman-alpha forest

astro.ucla.edu
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Flux ratios

  Vegetti et al (2012)

Imaging 

Warm DM:

(Birrer2017)

m > 2 keV

Forecasts: 

m > 5 keV (Gilman2018) 
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Constraining DM  –  Global 21-cm signal

Fuzzy DM:

Schneider 2016Schneider 2016

Warm DM:
m > 2-3 keV (MW sat.)

m > 3-5 keV (Lyman-al.)

Sterile Neutrino DM (res. prod.)

m > 1-3 x 10-21 eV (MW sat.)

m > 3-15 x 10-21 eV (Lyman-al.)

m > 8 x 10-21 eV (21-cm)
m > 6.1 keV (21-cm)



Conclusions:Conclusions:

Non-cold / interacting DM suppresses

small-scale structure formation

Several promising probes to measure this effect

Upcoming survey data will allow enter

currently un-probed territory

Aurel Schneider – ETH Zurich
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