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Milky Way progenitors are conserved in the orbital phase space

Helmi et al. (1999) | Sanderson et al. (2015)



Giant stars in Gaia and H3 spectroscopic survey  Naidu et al. (2021)
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ne dark-matter halo may be tilted due to ancient mergers
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ne dark-matter halo may be tilted due to ancient mergers

Naidu et al., arXiv:2103.03251
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The outer halo of the Milky Way is

ohly asymmetric

Density map of Gaia/WISE-selected K giants between 60 kpc and 180 kpc ~ Conroy et al. (2021)
See also: Belokurov et al. (2019) | Garavito-Camargo et al. (2019, 2020) | Petersen & Penarrubia (2020)
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DM direct detection rates are affected by velocity substructures

Necib et al. (2019, Gaia-Sausage-Enceladus)
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see also Evans et al. (2019), O'Hare et al. (2020)
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DM direct detection rates are affected by velocity substructures
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| I T TTTTTT

I 1

I I T TTTTIT

MW lIsolated; Model 1
MW; Model 1
MW+LMC; Model 1
MW lIsolated; Model 2
MW; Model 2
MW+LMC; Model 2

AN N [N (N (N N [N (N N (N (N ([ (NN [N N (U (NN [ N NN [ N N (NN (N (N N N N N S

6.5 7.0 1.5 8.0 8.5 9.0 9.5 10.0

WIMP mass (Gev/c?)




'.. ]@r [earwwg are oravitationa

amtcmmao SENSItVE Lo IMPACES
ol dark-matter substructure



Possible first detection of a dark dark-matter subhalo

Bonaca et al. (2019)
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Possible first detection of a dark dark-matter subhalo

Bonaca et al. (2019)
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Stream impact sites can constrain the structure of DM subhalos

GD-1 perturber
(Bonaca et al. 2019]
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Juter disk molecular clouds
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Globular clusters
(Baumgardt & Hilker 2018)

Dwarf galaxies

(McConnachie 2012}
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Stream impact sites can constrain the structure of DM subhalos

GD-1 perturber
— (Bonaca et al. 2019]
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Stream impact sites can constrain the structure of DM subhalos

GD-1 perturber
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Stream impact sites can constrain the structure of DM subhalos
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Precision dynamics of streams can localize dark-matter structures
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Precision dynamics of streams can localize dark-matter structures

~ + MM spectroscopy
I&ﬁz (Bonaca et al. 2020)  /5°
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Precision dynamics of streams can localize dark-matter structures

~ + MM spectroscopy
:&ﬁ: (Bonaca et al. 2020)  /5°
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Precision dynamics of streams can localize dark-matter structures

~ + MM spectroscopy
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Multiple Components of the Jhelum Stellar Stream™ Bonaca et al. (2019]
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Stream
perturations
are common
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‘Variations in the Width, Density, and Direction of the Palomar 5 Tidal Tails’
Bonaca, Pearson, Price-Whelan et al. (2020)



Stream
perturations

are comimaon

‘Multiple Components of the Jhelum Stellar Stream™ Bonaca et al. (2019) "Broken into Pieces: ATLAS and Aliga Uma as One Single Stream”
S TR P By e i e - - 4 | Lietal. (2021)
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The statistics of stream gaps can limit the DM particle mass

(1] streamsinthe LSST Foog)ilﬂt: Drlica-Wagner, Mao, ..., Bonaca, ... arXiv:1902.01055
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[2] minimum detectable subhalo:
2 10 °M
(Nora Shipp]

[3] subhalo encounter rates:
N-body + disk (Erkal et al
2016)
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The statistics of stream gaps can limit the DM particle mass
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[3] subhalo encounter rates:
N-body + disk (Erkal et al
2016)
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