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At galactic scales... At cluster scales...

At the scale of the Universe!



From the CMB until today

Image: Millennium Simulation



ESA and the Planck Collaboration
ESA and the Planck Collaboration

Springel, Frenk, and White (2008)

ΛCDM works great at large scales



The (apparent?) small scale crisis...

Richardson et al (2011)
Sawala et al (2016)

1 - Missing satellites 



The (apparent?) small scale crisis...

Bullock, Boylan-Kolchin (2017)

2 - Core/Cusp 



The (apparent?) small scale crisis...

3 - Too big too fail



The baryon approach

Sawala et al (2016)
Sawala (2016)



The baryon approach

Fitts et al (2017)



The baryon approach



Not so Fast...

In most cases, simulations are designed to fit the observables. But baryonic 
physics might be very different!

● Some form cores, others not
● Gas density to form stars differ from 10 cm-3 to 1000 cm-3
● Reionization happening from z~10 to z~6
● SN feedback strength

Even Numerical resolution could be an issue!

Fits et al (2018)



Faint end is critically important. But the most affected
Missing 
Satellites

Too many 
Satellites

Bose et al (2018)



… And provides direct insight into these issues too!

Read et al (2018)
NADLER ET AL (2018)



We need a complete census!

● Characterization of the environment is critical!

● Hundreds  of galaxies awaiting discovery

● Baryon / DM differentiation

● Find the limits of galaxy formation

● Explore the unexplored!



We count stars instead!

Raw SDSS image Density Map of stars





Be careful with the selection effects!
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A big insectarium of satellites!

Well, yes!
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The odd MW satellite Crater 2



Surprisingly Cold! Not only for its size!

Caldwell et al (2016)

M(r<rh)~5e6



What did we expect?

Crater 2



Navarro et al (2016)

Walker et al (priv comm)

Possible conflict?



But yet again… baryons

Fattahi et al (2018)

99% of the mass loss with
Zero signs of tidal disruption



Carina 2 and 3 - An intriguing pair



Li et al, (2018)



The missing giant



The missing giant



Summary

● DM shapes our Universe, and LCDM is a great description!
● Small scales are challenging, but critically important to describe DM
● Baryon/DM interplay is messy, but key to the apparent (?) discrepancies
● A full census, and detailed description, of the faintest galaxies is needed!
● Missing giants might be lurking around

In the future

● Find the missing - expected -  satellites
● Characterize them in detail
● Find them in the field, and in other galaxies!


