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Lovell et al. (2017)

Learning about DM from 
Ultra-Faint Dwarfs



A Testable Prediction of 
delayed structure formation

6 F. Governato et al.

Figure 4. Left: The cumulative SFH (i.e., the fraction of total stellar mass formed prior to a given epoch, normalized to one at the
present) within the 500 pc of the simulated galaxy in the CDM and WDM cosmologies. CDM: solid (g5), green (g3) lines, WDM (g5):
red line. Overall the SFH of the simulated galaxy reproduces the rapid rise and the subsequent linear growth of the ANGST sample (see
right panel), but SF starts one Gyr later in the WDM model. Right: The cumulative SFH as a function of aperture of our standard
implementation CDMg5. The SFH from the simulation is measured including spherical regions of different radius, but all centered on
the galaxy center (black: all, dashed: 500 pc, dotted: 100 pc). ANGST average: blue, Local group: magenta. The shaded area shows the
dispersion of the ANGST sample. The differences in the simulated SFHs illustrate how the center of the simulated galaxy is populated
by younger stars while the outer regions consists mainly of older stars, likely scattered outward during the process of core formation.
This radius vs age bias may explain the difference between the ANGST and the LG sample, the latter sample stars in the very central
regions (55-300 pc) of relatively nearby systems.

Figure 5. Mock color-magnitude diagrams (CMDs) for select galaxies from our simulations. The CMDs have been designed to mimic
deep HST observations of Local Group dwarf galaxies (Cole et al. 2007). We have highlighted features important for measuring the SFH
of a galaxy (upper main sequence, MS; red giant branch, RGB; horizontal branch, HB; sub-giant branch, SGB; oldest main sequence
turn-off, MSTO and color-coded stars that are between 11.5 and 12.5 Gyr old (blue) and older than 12.5 Gyr (red). CDMg5 (and CDMg3,
not shown) has a CMD that is qualitatively similar to those observed in real local dwarfs such as LGS3 (Hidalgo et al. 2011), which is
shown in panel (d). In contrast WDMg5 is deficient in ancient stars, as it can be seen by the lack of of a blue horizontal branch compared
to the LGS3 CMD (at a color of ∼ 0.5 and a magnitude of ∼ ∼ 24.7). CDMg1 (the run with no self-shielding and early feedback) contains
fewer, discrete bursts throughout its lifetime, neither of which are usually observed in low mass galaxy SFHs.
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to the LGS3 CMD (at a color of ∼ 0.5 and a magnitude of ∼ ∼ 24.7). CDMg1 (the run with no self-shielding and early feedback) contains
fewer, discrete bursts throughout its lifetime, neither of which are usually observed in low mass galaxy SFHs.

c⃝ 2002 RAS, MNRAS 000, 1–13

Governato et al. (2014)



SIDM: the Constraints 
Are Weakening

Elbert et al. (2015)

results for  
a 9x109 Msun halo



But… baryons win

Bastidas-Fry et al. (2015)

2 cm2/g



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

something beyond CDM is 
necessary

Learning about DM from 
Ultra-Faint Dwarfs

Pontzen & Governato (2014)



Learning about DM from 
Ultra-Faint Dwarfs

Large cores should affect 
the shapes of dwarf 

galaxies?

Xu & Randall, arXiv:1904.08949
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The Future is 
Dwarfy

Tollerud et al. (2009)Fainter Brighter



Will We Understand  
What We Find?

• Lowest mass halo that contains a galaxy?

• Stellar Mass to Halo Mass? Scatter?

• Occupation fraction?

• Sizes/surface brightness?

• How does the earliest star formation 
proceed?



z=0 DM density 

z=0 Gas density

The Goal:  
Hundreds of Simulated 

Dwarf Galaxies to Interpret 
Local Volume Studies



The Marvel-ous Volumes

Elektra

Storm

Captain 
         Marvel

Rogue

Force resolution: 60pc 
SPH resolution: 6pc 
Mstar: 400 Msun 
Mdm: 6000 Msun 
z~129 to 0

Many flavors: 
- DM only 
- With H2 + Black Holes 
- Metal cooling + self shielding 
- SIDM 



The DC Justice League 
4 volumes centered on MW-mass halos

Force resolution: 170 & 85pc 
SPH resolution: 17 & 9pc 

Mstar: 8000/1000 Msun 
Mdm: 1.3x105/1.6x104 Msun 
z~to 0 

Sonia Sandra Ruth
Elena
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Largest Galaxies 
~LMC mass



The Stellar Mass — Halo 
Mass Relation

Smallest Galaxies 
are ultra-faints
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Munshi, Brooks, et al., 2019, ApJ, 874, 40
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@ z=0 @ z=0



Size-Mass Relations

Applebaum, Brooks, et al., in prep



Unlike Dwarf Environment, no 
dependence on Star Formation

Dwarfs
i.e., need Milky 

Way sims to avoid 
these issues!



To constrain the Dark Matter model, we must understand 
dwarf galaxy formation!

Conclusions 

There is a lot we don’t yet understand about modeling the 
faintest dwarfs!  Likely, LSST will guide the modelers

Caveat emptor: simulation prescriptions lead to differing 
results based on the environment the ultra-faint resides in.  
To understand UFDs around the Milky Way, need Milky 
Way-mass simulations (challenging!)


