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The discovery of MW dwarfs
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Ultra-faint dwarfs VS stellar clusters

Milky Way Dwarf Galaxies
Classical Globular Clusters
Faint Ambiguous Satellites
Ursa Major II/UNIONS 1

Smith et al. 2024
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Discovery of ambiguous systems
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Discovery of ambiguous systems

THE ASTROPHYSICAL JOURNAL, 953:1 (23pp), 2023 August 10
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Six More Ultra-faint Milky Way Companions Discovered in the DECam Local Volume
Exploration Survey

Are these ambiguous systems DM-

dominafted dwarf galaxies or DM-free
stellar clusters?

OPEN ACCESS

CrossMark

The Discovery of the Faintest Known Milky Way Satellite Using UNIONS

Simon E. T. Smith' @, William Cemy2 , Christian R. Hayes3 . Federico Sestito' @, Jaclyn Jensen
Alan W. McConnachie'* @, Marla Geha® ®, Julio F. Navarro' @, Ting S. Li*®, Jean-Charles Cuillandre® ©, Raphaél Errani®,
Ken Chambers’ @, Stephen Gwyn3 . Francois Hammer® @, Michael J. Hudson”'*"' @ Eugene Magnier7 0, and

Nicolas Esser Nnicolas.esser@ulb.be



UMa3/Ul
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Ursa Major III/UNIONS 1: The Darkest Galaxy Ever Discovered?
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UMa3/U1: DM dominated...
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Milky Way Dwarf Galaxies
Classical Globular Clusters
Faint Ambiguous Satellites
Ursa Major IlI/UNIONS 1

. o E I7Q mass-to-light ratio of several thousands!

Based on one epoch of 11 stars
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UMa3/U1: DM dominated... or notl
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No Observational Evidence for Dark Matter Nor a Large Metallicity Spread in the
Extreme Milky Way Satellite Ursa Major III/UNIONS 1
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UMa3/U1: DM dominated... or notl
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No Observational Evidence for Dark Matter Nor a Large Metallicity Spread in the
Extreme Milky Way Satellite Ursa Major III/UNIONS 1

William Cerny' @, Daisy Bissonette” @, Alexander P. Ji>** @, Marla Geha' @, Anirudh Chiti*’®, Simon E.T. Smith’ ®,
2.3

m  Multi-epoch measurements!

Unresolved binaries: issue that affects
oarticularly the faintest systems with less
fracers and lower velocity dispersions...
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DELVE1 and Erilll
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Eridanus III and DELVE 1: Carbon-rich Primordial Star Clusters or the Smallest Dwarf
Galaxies?”
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Unresolved binaries

fiducial, Mlim=1
— fiducial, M“m=3

—-—- short period, M

lim ™

0.4 0.6 0.8
binary fraction

Figure 9. Ratio of measured velocity dispersion o over the intrinsic dispersion
00, plotted with respect to binary fraction in a simulated galaxy of intrinsic
dispersion op = 4 kms~ . For the solid and dashed curves, the binary population
follows the fiducial period distribution (jti0g p = 2.24, 019g p = 2.3, P in years)
while different absolute magnitude limits are assumed. For the dot-dashed
curve, the binary population has a mean period of 10 yr and a more peaked
period distribution (p10g p = 1, 010g p = 0.5). The measured dispersions were
calculated by an interactive 3o -clipping routine.

Minor et al. 2010
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Unresolved binaries

Unresolved binaries prevent
reliable DM content estimates,

and hence constraints on DM
candidates (cf. Joe Silk’s talk)

Minor et al. 2010
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Binaries and dark matter

What is tThe inferplay between DM and binary stars?
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Binaries and dark matter

What is tThe inferplay between DM and binary stars?
Weak, gravitational energy exchanges

If DM is less massive than stars: frictionl!
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Binaries and dark matter

van den Bosch (Astr 610)
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Binaries and dark matter

Strongest in environments with large DIVI density BUT

Ultra-faint dwarf galaxies!
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Friction on binaries

Compute friction for the combined CoM + relative velocity

Nicolas Esser Nnicolas.esser@ulb.be



Friction on binaries

Compute friction for the combined CoM + @lative velocity
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Friction on binaries

Apply for both stars, move to the CoM frame and see how

the binary orbifal parameters evolve.
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Friction on binaries

fi = —47G? pgmm; In A A (ﬁ) v—é,

o/ U;

(2

Two regimes: close and wide binaries
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Friction on binaries

Two regimes: close and wide binaries

Nicolas Esser Nnicolas.esser@ulb.be



Friction on binaries

Two regimes: close and wide binaries
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Friction on binaries

Two regimes: close and wide binaries

Average over orpits 1o get secular

change, assuming small perturbation

Nicolas Esser Nnicolas.esser@ulb.be



Wide binaries
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Wide binaries
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Close binaries

Ty = [87rpdm In A\/5M3/2u (
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Close binaries

Ty = [87rpdm In A\/EM3/2/L (

1
3
mq

1012 yr (100 GeV/cm3> (

Pdm

Unsurprising: close
binaries have smaller
friction

Nicolas Esser Nnicolas.esser@ulb.be



In short:

DM friction affects wide binaries:
reduces semi-major axis and overall

INCreases eccentricity. But it does
Nnot affect close binaries (they move
Too fast).




Effect on a population
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Effect on a population
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Eridanus III and DELVE 1: Carbon-rich Primordial Star Clusters or the Smallest Dwarf
Galaxies?”

Joshua D. Simon' ®, " i3 ®, Alexander P. Ji**®, Andrew B. _Pace6 . 1erese 1. Hapsen7 , William Cerny®
Ivanna Escala"”®, S . Koposov'*'""'2@ | Alex Drlica-Wagner*™'*® Sidney Mau'*'>®, and Evan N. Kirby'®¢

We consider different mass-to-light ratios: ~3, ~10, ~30 and

upper limit.
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INaries

Initial distribution of b
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Raghavan et al. 2010
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Inttial distribution of binaries

We do our best: we

use what we know...
i, - \I=s

Raghavan et al. 2010
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Evolution of binaries

Fvolve under friction for 13
Gyr and look at the final

semi-major axes and
eccentricities
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Results: upper limit M/L

| Initial
1 Final

Assumes ” po'c ARl and, cPEITO
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Results: M/L D

| Initial
1 Final
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Results: M/L D
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Effect on a population

Effect of friction Is stronger

at low DM content!
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Effect on a population

Effect of friction Is stronger
at low DM content!
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FUTUre

Orospects”?




velocity
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