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The Dark Matter Landscape
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Dark Matter Physics from Structure Formation

Many dark matter models 10 e
suppress the abundance of
low-mass halos

Axion droplets
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Dark Matter Physics from Milky Way Satellites
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Milky Way satellite
galaxies inhabit the
smallest luminous
dark matter halos
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Dark Energy Survey Y3 MW Satellite Analyses

Paper | (A. Drlica-Wagner & K. Bechtol et al.) Paper Il (E. Nadler & R. Wechsler et al.)
e Rigorous satellite search in DES Y3 & e Forward model of the MW satellite
Pan-STARRS data over ~75% of the sky population, including the LMC
e Satellite detection sensitivity e Galaxy—halo connection interpretation:
characterized vs. luminosity, size, the faintest observed satellites occupy

distance, local stellar density halos below ~108 M.
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Dark Matter Constraints from Milky Way Satellites
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Summary of Main Results

We use the MW satellite census and observational

selection function from DES & Pan-STARRS (Paper )

and a model of the galaxy—halo connection (Paper |l) to

constrain warm, interacting, and fuzzy DM CDM WDM

These are the first dark matter constraints that utilize
ultra-faint galaxy population statistics over the full sky

We place a 95% confidence lower limit on the mass of
thermal relic WDM at 6.5 keV; similar in sensitivity and
complementary to other small-scale structure probes

Preliminary
Dark Matter Paradigm  Parameter Constraint Derived Property Constraint
Warm Dark Matter Thermal Relic Mass mwbwm > 6.5keV  Free-streaming Length A < 10k kpe
Interacting Dark Matter Velocity-independent o0 < 88 x 107* ¢cm? DM-Proton Coupling gn (0.3 GeV)_2

DM-Proton Cross Section
Fuzzy Dark Matter Particle Mass mg > 2.9 x 10721 eV de Broglie Wavelength ~ \ap < 0.5kpc
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Analysis Overview

A. Non-CDM physics imprints as a cutoff in the linear matter power spectrum
B. Structure formation processes this cutoff into a suppression of the subhalo mass function
C. This manifests as a suppression in the abundance of observable satellites

DES + Pan-STARRS satellite observations are sensitive to ~25% suppression in subhalo abundance
relative to CDM
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Sterile Neutrino Warm Dark Matter Constraints

Sterile Neutrino WDM

Our analysis excludes nearly all remaining . MW Satellites
: 1071 & X-ray Bounds = SDSS + Classical
parameter space for resonantly-produced sterile g — DS - PS1
neutrino dark matter 2
10794 2
: L : £y m
The sterile neutrino interpretation of the 3.5 keV X 5
X-ray line is ruled out at >> 99% confidence 5 1071 3
. . E
Implies that the dark matter free-streaming scale 10-3 4 &
must be (roughly) smaller than the sizes of halos T,
that host the faintest dwarf galaxies 10-15 ¥ Bovarsky et ol 2010) , ,
0.5 1 5 10 50 100
ms [keV]
Dark Matter Paradigm  Parameter Constraint Derived Property Constraint
Warm Dark Matter Thermal Relic Mass mwbpwm > 6.5keV  Free-streaming Length A\g < 10h71 kpcl
Interacting Dark Matter Velocity-independent o0 < 88 x 107* ¢cm? DM-Proton Coupling gn (0.3 GeV)_2
DM-Proton Cross Section
Fuzzy Dark Matter Particle Mass mg > 2.9 x 10721 eV de Broglie Wavelength ~ \ap < 0.5kpc
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WIMP-like Interacting Dark Matter Constraints

DM-Proton Scattering IDM

. . . . —24 | o .
DM—proton scattering before recombination in 107748 Mw Satellites
. . === SDSS + Classical
generalized WIMP models yields a power spectrum o

cutoff similar to thermal relic WDM

We derive cross section limits based on a mapping
to our thermal relic WDM constraint; these limits S 10281
improve by a factor of ~4 relative to the constraints
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Implies that the DM—proton coupling is weaker than . y . .
. . 107 1073 101 101
~1/500 of the weak scale interaction strength
my [GeV]
Dark Matter Paradigm  Parameter Constraint Derived Property Constraint

Warm Dark Matter

Thermal Relic Mass

mwpM > 6.5keV  Free-streaming Length s < 10h™ ! kpc

Interacting Dark Matter

Velocity-independent
DM-Proton Cross Section

00 < 8.8 x 1072 em? DM-Proton Coupling ¢, < (0.3 GeV) ™2

Fuzzy Dark Matter

Particle Mass

mg > 2.9 x 10721 eV de Broglie Wavelength

)\dB 5 0.5 kpC
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Ultra-Light Axion Fuzzy Dark Matter Constraints

Ultra-light Axion FDM

-8
Using the most conservative estimate of the fuzzy 0 MW Satlites ||
dark matter subhalo mass function, our analysis Sﬁf‘:;\ >
robustly rules out masses below 102" eV e
This constraint can be interpreted as a lower limit % e 2
on the ultra-light axion mass, assuming negligible % ~ =
self and SM coupling S 10700 2 Q
3 P 4?0//

Implies that the dark matter de Broglie wavelength 07 2 o S
is smaller than the sizes of the faintest galaxies Lo~ =| Preliminary e
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Dark Matter Paradigm  Parameter Constraint Derived Property Constraint

Warm Dark Matter

Interacting Dark Matter

Thermal Relic Mass

Velocity-independent
DM-Proton Cross Section

mwpmMm > 6.5keV

o0 < 8.8 x 1072 cm?

Free-streaming Length Ag < 10 A~ kpe

~

DM-Proton Coupling ¢, < (0.3 GeV) ™2

Fuzzy Dark Matter

Particle Mass

mg > 2.9 x 10721 eV

de Broglie Wavelength

)\dB 5 025 kpC
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Conclusions and Future Outlook

The abundance of MW satellite galaxies is consistent with CDM down to a halo mass scale of ~108 Mo

Combining a state-of-the art MW satellite selection function with cosmological simulations and a

galaxy—halo connection model yields the strongest cosmological constraints to date on warm,
interacting, and fuzzy dark matter

These constraints will continue to improve with future satellite discoveries, including from Vera C.
Rubin Observatory, and advances in our (currently conservative) galaxy—halo connection modeling

None of the models we consider are distinguishable based on the abundance of ultra-faint galaxies
alone; additional data (e.g., kinematics and density profiles) and combinations with other small-scale
probes (e.g., strong lensing and stellar streams) will be needed to break degeneracies

This work is one step towards robustly constraining the matter power spectrum on small scales, which
will have implications for many additional DM models and inflationary physics

13



