Darkness on the edge of town:
Exploring simulated ultra-faint dwarf galaxies

Hot gas explodes out of
young dwarf galaxies

Simulation by Andrew Pontzen, Fabhio Governato and
Alyson Brooks on the Darwin Supercomputer, Cambridge UK.

Simulation code Gasoline by James Wadsley and Tom Quinn
with metal cooling by Sijing Sheng.

Visualization by Andrew Pontzen.

Alyson Brooks
Rutgers, the State University of New Jersey

In collaboration with the University of Washington’s N-body Shop™
makers of quality galaxies



Darkness on the edge of town:
Exploring simulated ultra-faint dwarf galaxies

)
“Dancing in the Dark: Uncertainty in ultra-faint dwarf galaxy predictions from cosmological simulations”,

Munshi et al. ApdJ, 2019, 874, 40, arXiv:1810.12417

“Darkness on the edge of town: Simulated ultra-faint dwarfs in a MilkyWay context,”
Applebaum et al., in prep




THE FAINT GALAXY BOOM
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THE FUTURE IS
DWARFY
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WILL WE UNDERSTAND
WHAT WE’LL FIND?

e What is the lowest mass halo that
contains a galaxy? (talks next session)

o Stellar Mass to Halo Mass? Scatter?
® Occupation fraction?

e Today’s talk: the role of star formation
prescription

MC (high density/low temp) vs Hz (follow molecular hydrogen)



FIRST: WHY SIMULATORS GENERALLY
DON’T WORRY ABOUT THIS
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SELF-REGULATION
IN CLASSICAL DWARF GALAXIES
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The Goal:

Hundreds of Simulated
Dwarf Galaxies to Interpret
Local Volume Studies
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THE MARVEL-OUS VOLUMES

Force resolution: 60pc Many flavors:

SPH resolution: é6pc - DM only

Mstar: 400 Msun - With H2 + Black Holes

Mam: 6000 Msun - Metal cooling + self shielding
- SIDM

z~129 1o O
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THE ROLE OF STAR FORMATION
PRESCRIPTION
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THE ROLE OF STAR FORMATION
PRESCRIPTION
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THE ROLE OF STAR FORMATION

Fraction of Isolated Dwarfs with >N
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TAKE AWAY (PART 1)

e UFD properties are strongly dependent on
chosen prescriptions of simulators, unlike in
classical dwarf range

e This is because UFDs are strongly affected
by external factors (reionization) and can no
longer self-regulate.



THE DC JUSTICE LEAGUE

4 volumes centered on MW-mass halos
@ z=0
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Force resolution: 170 & 85pc  Mstar: 8000/ 1000 Msun

SPH resolution: 17 & 9pc Mam: 1.3x105/1.6x104 Msun
z~to 0



SATELLITE LUMINOSITY
FUNCTIONS
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SIZE-MASS RELATIONS
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UNLIKE DWARF ENVIRONMENT, NO
DEPENDENCE ON STAR FORMATION
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METALLICITY AS A TEST

Observational
metallicity
floor
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METALLICITY AS A TEST
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CONCLUSIONS

9 out 10 simulators agree: we can now form realistic classical dwart
galaxies (thanks to self-regulation)

Self-regulation breaks down in ultra-faints (strongly affected by
feedback / reionization)

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!)

Metallicity distributions of ultra-faints may point us to the conditions
of star formation in the early Universe



