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DARK MATTER IS THE
DOMINANT FORM OF MATTER
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BUT..Q
THE SMALL SCALE ‘“CRISIS” OF CDM

e The cusp/core problem
* Bulge-less disk galaxies
e The “Missing Satellites” problem

e The dense satellites problem




SO...
CDM IS WRONG?
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CDM IS WRONG?

Maybe it needs to be modified?

Maybe some small amount of WDM is still allowed that
washes out the small scales?

Maybe DM self-interacts and washes out
the small scales?
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SO...
CDM Is WRONG?

But what about the 4%?

The small scales where there are problems
are also the places dominated by baryons!

All of the predictions that lead to the small scale crises
are based on Dark Matter-only simulations.




The Formation of a Vc ~ 150 km/s Galaxy to z=0

]iOV‘

~100 kpc across
Grey = gas density
Blue/Red = age/metallicity weighted stars




Gasoline

SIMULATIONS ARE COMPARABLE
TO ERIS...
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Christensen et al. (2012, 2013)
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metal line cooling + H2 formation
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Outflows!

IVlvir & 1010 IVIsun
“dwarf galaxy”

Edge-on disk
orientation

(arrows are
velocity vectors)

Brook et al., 2011, MNRAS, 415, 1051
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Creation of a Dark Matter Core
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See also: Navarro et al. 1996; Read & Gilmore 2005; Mashchenko et al. 2006, 2008; Pasetto et al. 2010;
de Souza et al. 2011; Cloet-Osselaer et al. 2012; Maccio et al. 2012; Teyssier et al. 2012; Ogiya & Mori 2012
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How are Cores Created?
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CDM predicts denser satellites than we observe

Most Luminous & GCas—Rich Sazellites
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Core Creation varies with Mass!

because SF varies with mass
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ENERGETICS

Boylan-Kolchin et al. (2012)
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ENERGETICS

Can Feedback Solve the Too Big to Fail Problem?

Shea Garrison-Kimmel*, Miguel Rocha, Michael Boylan-Kolchinf,
James S. Bullock, Jaspreet Lally

Center for Cosmology, Department of Physics and Astronomy, University of California, Irvine, CA 92697, USA

14 January 2013
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ALSO: BARYONS MAKE A DISK
(DARK MATTER DOESN’T)

Baryons
(or any central baryonic concentration)
Chang et al. (2012)
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NOT JUST CORE CREATION:
THE TIDAL EFFECT OF THE DISK
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THE FIRST SIMULATED DWARF SPHEROIDALS
TO MATCH OBSERVED KINEMATICS

1 1 | 1 I 1 | I 1

[ | @ simulated dSphs

oo E| O MW dsphs : e satellites show no trend

across luminosity

- | © M31 dSphs } .
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e scatter fainter than M,=-12
due to stripping after infall

e brighter than M,=-12 have
cores, even more stripping

Brooks & Zolotov (2012),
arXiv:1207.2468
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THE FIRST SIMULATED DWARF SPHEROIDALS
TO MATCH OBSERVED KINEMATICS
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THE FIRST SIMULATED DWARF SPHEROIDALS
TO MATCH OBSERVED KINEMATICS
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THE FIRST SIMULATED DWARF SPHEROIDALS
TO MATCH OBSERVED KINEMATICS
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CORRECTIONS TO DM-ONLY DATA
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BUT...

WHAT ABOUT THE NUMBER OF
LUMINOUS SATELLITES?

1000’s of
satellites
predicted

! dozens seen

“NVia Lactea
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SO THE NUMBER OF MASSIVE SATELLITES IS
REDUCED...
BUT WHAT ABOUT LUMINOUS SATELLITES?
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SO THE NUMBER OF MASSIVE SATELLITES IS
REDUCED...
BUT WHAT ABOUT LUMINOUS SATELLITES?
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THE BIGGER PICTURE:
THE SMALL SCALE ‘“CRISIS” OF CDM

* Bulge-less disk galaxies
e The cusp/core problem
e The dense satellites problem

e The “Missing Satellites” problem
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CUSPS TRANSFORM INTO CORES

Repeated bursts of star
formation flatten the
central density slope
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SO THE NUMBER OF MASSIVE SATELLITES IS
REDUCED...
BUT WHAT ABOUT LUMINOUS SATELLITES?
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THE BIGGER PICTURE:
THE SMALL SCALE ‘“CRISIS” OF CDM

e Bulge-less disk galaxies v/

e The cusp/core problem v/

e The dense satellites problem v/

e The “Missing Satellites” problem maybe




Conclusions

Simulations keep improving! (motivated by higher resolutions)

A more realistic treatments of SF leads to more realistic galaxies

Rapid and repeated gas removal transforms ‘cuspy’ NFW profiles into DM cores

Core creation varies with mass (because SF varies with mass): low mass galaxies
that are inefficient at creating stars keep cuspy profiles

A better treatment of baryonic physics may alleviate the small scale crisis of CDM

We must understand the impact of baryonic physics on galaxy formation
(in any model)!
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