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Fundamental Physics on Small Scales
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Fundamental Physics on Small Scales
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Snowmass Cosmic Probes of Dark Matter Report (2209.08215, incl. EN)



Census of the Faintest Galaxies
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symphony Zoom-in Simulation Suites
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Milky Way-est Zoom-in Simulations

e 20 high-resolution cosmological zoom-
in simulations of Milky Way-like systems

e All realizations include analogs of the
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Empirically Modeling the Galaxy—Halo Connection

Theoretical uncertainties parameterized and fit to the data:

Physical Ingredient

Assumptions

Parameterization

Free Parameter?

Satellite Luminosities

Abundance match to GAMA survey
Extrapolate luminosity function
Lognormal (My |Veax) distribution

Smooth galaxy formation efficiency

Non-parametric
Faint-end slope «

Constant scatter oy
Mpeak_M 50

— 1
fgal 2 [1+( V204

)|

No
Yes (« 18 free)
Yes (o 1s free)

Yes (Mo, 0qal are free)

Satellite Sizes

Kravtsov (2013) galaxy size model

Lognormal (7| ,|Rvir) distribution

ri2 = A (Rvir/Ro)"

Constant scatter og

Yes (A, n are free)
Yes (or 1s free)

Size reduction set by stripping r /2 = 1172 (Vimax / Viee)? No (8 =0)
Baryonic Eftects Nadler et al. (2018) disruption model Pdistupt — p(lﬁ/sipt Yes (5 1s free)
Correspond to disrupted subhalos None No
: FW host + 1cal fricti In A = —In(msub / Mhos N.
Orphan Satellites NFW host dynal.mca .I‘ICtIOIl | nf 1; 1/ 110;))7 0
Stripping after pericentric passages Msub ~ — Tg;‘: ( M;Z‘; ) No
Pdisrupt SEt by time since accretion paistupt = (1 = ace)® No (O =1)

EN et al. 2019 (1809.05542), 2020 (1912.03303), 2021 (2008.00022), 2024 (2401.10318)



Linear matter power spectrum
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Simultaneously infer subhalo mass
galaxy-halo connection to constrain

Constraints on Dark Matter Physics
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EN et al. 2021 (DES Collaboration, 2008.00022)
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Warm Dark Matter Forecsasts

Degeneracy between warm dark
matter and galaxy formation cutoff
can be broken by lensing data
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Two complete satellite populations probe ~20
keV WDM, or linear matter power spectrum
suppression of ~10% at kK ~ 50 Mpc-1

EN et al. 2024 (2401.10318)
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Subhalo Mass Function Forecasts
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Seyond-CDM Zoom-in Simulations

Initial conditions from linear theory Halo and subhalo populations
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Seyond-CDM Zoom-Iin Simulations
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| inear Matter Power Spectrum Forecasts
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EN, et al., in prep.



Predictions for Upcoming Surveys

Rubin LSST will detect most remaining
Milky Way satellites in the South

Star-galaxy separation using Roman
and Euclid will increase purity

Continued spectroscopic fo
crucial to obtain dynamical
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Spectroscopic surveys are already
complementing this effort (e.g., DESI
LOW-Z: ~20k dwarf redshifts, z < 0.03)
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Tsiane et al. in prep. (DESC Collaboration, incl. EN)



.+ Dwarf galaxies are a'l.(‘ey small-scale féétdf _galéxy formation, dark matter, énd inflation” |
.. Understandi-hg the dwarf .galaxy—‘hélb COnnection is a step toward disgéveryof ﬁew phySiéé ..
e Fifs{ Ii'nea,r matter power spectrum.reconstruction usmg dwar-,f gaIaXiés, is within r.ea'c':_h. |

: Smalleét écale set by minimum galaxy Iuminosityﬁ- Statist.ical error set by ,sur'vey v'.olume:. " ..

. Robust theof_étical modelin'g of dwarf gal,axy data will bridge LSS and near-field cosmology
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