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Understanding Dwarf Galaxies 

in order to understand Dark Matter



CDM+Baryons

Bulge-less disk 
galaxies

The Cusp/Core 
Problem

Too Big to Fail

Missing Satellites

Missing Dwarfs

Diversity ?
Planes of Satellites

Starting Assumption: 
There is No Small Scale “Crisis”
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Key Problems 

Can we continue to understand the 
formation and evolution of dwarf galaxies 

in a Vanilla CDM Model? 

We need baryons in alternative DM 
models. Is there a smoking gun that points 

to a given DM model? 
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Bastidas-Fry et al. (2015)

2 cm2/g

SIDM: the Constraints 
Are Weakening



SIDM: the Constraints 
Are Weakening

Elbert et al. (2015)

results for  
a 9x109 Msun halo



Diversity of Rotation Curves

Oman et al. (2015)



Santos-Santos et al. (2018)

Diversity of Rotation Curves



Munshi et al., in prep. 
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Future: Re-Run in SIDM

allows for large cross 
section at low masses

~3 cm2/g across 
range of galaxies in 
diversity problem

< 1 cm2/g to match 
cluster constraints



Munshi et al., in prep. 

Diversity of Rotation Curves

~20 new 
dwarfs each



If galaxies in this mass 
range are observed to 
have large cores, then 

something beyond CDM is 
necessary

Astrophysical Constraints on Dark Matter: 
The Importance of Ultra-Faint Dwarfs

see Brooks (2014) 
arXiv:1407.7544 for a review Pontzen & Governato (2014)



Galaxy Shapes as a Tracer?

from review in arXiv:1407.7544



Large cores should affect 
the shapes of dwarf 

galaxies?

Xu & Randall, arXiv:1904.08949

Galaxy Shapes as a Tracer?



Galaxy Shapes as a Tracer?

in prep.

FIRE



To constrain the Dark Matter model, we must understand 
the impact of baryonic physics on galaxy formation!

Conclusions 

Baryonic physics alleviates the current problems with CDM, but that doesn’t 
mean CDM is the correct model.  Very little work has been done to discover 
whether galaxy formation can be reproduced in models outside of CDM


Future observations of dwarf galaxies (Mstar < 107 Msun) are the excellent probes 
to constrain dark matter properties/model (and also star formation/feedback)




