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dwarf galaxies:

the most significant challenges to
the Cold Dark Matter (CDM) model
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dwarf galaxies: significant challenges
to the Cold Dark Matter (CDM) model

“missing satellites” problem
CDM predicts too many dark matter subhalos compared with

observed satellite galaxies

“too big to fail” problem
CDM predicts dark-matter subhalos that are too dense
compared with observed satellite galaxies
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dwarf galaxies: significant challenges
to the Cold Dark Matter (CDM) model

“missing satellites” problem
CDM predicts too many dark matter subhalos compared with

observed satellite galaxies

—> Can a CDM-based model produce a satellite stellar mass
function as observed?

“too big to fail” problem
CDM predicts dark-matter subhalos that are too dense

compared with observed satellite galaxies

—> Can a CDM-based model produce a satellite dynamical
mass (velocity dispersion) function as observed?
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dwarf galaxies: significant challenges
to the Cold Dark Matter (CDM) model

DOssIble solutions
1. dark matter is not “standard” CDM

examples: warm dark matter, self-interacting dark matter

2. standard CDM + baryonic physics
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The Latte Project: the Milky Way on FIRE

simulating a Milky Way-mass galaxy with a realistic
population of satellite dwart galaxies in LCDM

Wetzel et al 2016, ApdL submitted, arXiv:1602:05957
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The '\@\? Project: the Milky Way on FIRE
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" Feedback In Realistic Environments

> High resolution to capture dense
multi-phase inter-stellar medium

g mgas — 7070 Msun

- qgas —_ 1 pC
© hom =20 pcC
> Heating:

> Supernovae: core-collapse (I) & la
> Stellar Winds: massive (O) & AGB stars
> Photoionization (HIl regions)

> Photoelectric heating

model for stellar feedback

> Explicit Momentum Flux:
> Radiation Pressure
Praa ~ % (1+ 7ir)
o Supernovae
PsNe ~ Esne v

> Stellar Winds
PW ~ M'Uwind

M82 starburst

NASA (HST, Chandra, Spitzer)
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cosmological zoom-in simulation
to achieve high resolution




ark matter-only simulation
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dark matter with effects of baryons
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stars

300 kpc



z=0.00

host galaxy at z = 0

10 kpe

Mstar = 7X1070 Mgun




stellar mass function of satellites
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stellar mass function of satellites
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stellar velocity dispersion function of satellites
BB N N AN AL R R I
Py - - = Milky Way -
E 20 B M31 (Andromeda)|
| 5
g 15F .
q>9 i _
S r :
A 10p----n -
I S | :
O _I | | | I | 1 | | I | 1 | | I ITI-I-I-I-I-II-I-I-I-I-II-I-I-I-I-I-II-I-I-I-I.I"J

5 10 15 20 25 30 35 40 45 50

—1
Wetzel et al 2016 O-V‘BlOCity, star [km S ]

Andrew Wetzel Caltech - Carnegie



stellar velocity dispersion function of sate
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velocity dispersion - mass relation
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velocity dispersion - mass relation
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dwart galaxies: significant challenges to the
Cold Dark Matter (CDM) model

“missing satellites” problem
CDM predicts too many dark matter subhalos compared with
observed satellite galaxies

—> Can a CDM-based model produce a satellite stellar mass

function as o

bserved?

“too big to fail” problem

CDM predict
compared w

—> Cana(C

s dark-matter subhalos that are too dense

th observed satellite galaxies

DM-based model produce a satellite dynamical

mass (velocr

'y dispersion) function as observed?
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What causes the
galaxies around t

ack of (massive) satellite dwart
ne Milky Way-mass host”

1. Ste

outf

reducing inner dens

2. Stel

ar feedback drives significant gas

ows that dynam
ity of dark matter (cores)

cally heat dark matter,

ar disk of the Milky Way-mass host galaxy

des

roys satellites (via tidal shocking, etc)
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inclusion of baryons (stellar disk)
destroys dark-matter subhalos

dark matter in dark-matter-only  dark matter in baryonic simulation




dark- matter subha\o mass funcUon
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Garrison-Kimmel, Wetzel et al in prep
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A Modadest Proposal

“LCD
(dark

cls.
v 4 cold dark matter)

‘LCDMB predicts...”
(dark energy + cold dark matter + baryons)
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I'he Latte Project:
the Milky Way on FIRE
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