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MANTRA 1

Our local stellar halo formed
hierarchically from the
accretion of many low mass
dwarf galaxies



STELLAR HALO HIERARCHICAL FORMATION
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THE GAIA-SAUSAGE-ENCELADUS

Motions of 7,000,000 Gaia stars
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Belokurov+18, Helmi+18
(see also, e.g. Gilmore+02,

Deason+13, for pre-Gaia
"hints")

A 4

T_merger ~ 10-11 Gyr (e.g.
Gallart+2019)

Stellar mass ~7x108 (e.g. Naidu+2020)
~1/3 MW-like galaxies in Auriga

simulation have GSE-like halo
(Fattahi+19)



THE GAIA-SAUSAGE-ENCELADUS

Motions of 7,000,000 Gaia stars

L )

Galactic disc
%’ g
£ i
- .
S .
.; o "d"k. - 3~ " 2 .- a :
o L R L
LR A S 1—};?-.
89 41 .__'E‘] o N
=~ s i b
o |: The Sausage
i;o the centre of the Galaxy from the centre of the Galaxy R

>

-200 0 200
radial motion, km/s

Belokurov+18, Helmi+18
(see also, e.g. Gilmore+02,
Deason+13, for pre-Gaia
"hints")

0.0 T T | I

In-Sittf Halo

I 1 ] 1 I

s 0 T2 4
L, [103 kpc km s™1]

Naidu+20 (see also, e.g. Malhan+2022)



Y [kpe]

THE GAIA-SAUSAGE-ENCELADUS

0.9 Gyr

Z [kp]

9 :
—40

Y [klgc]

30

Amarante+22

9 0

4
Lz [10° kpc km /s]

Amarante+22 (see also
Koppelman+20, Naidu+21)



[Mg/Fe]

Naidu+21 (see also, e.g.
Kruijssen+19, Horta+21 )

0.0 T ; T
Accreted B (b
*0.5; ‘ . ‘ B
T
w
~ -10F .
E F
~ L
S
II:'|—‘|.5
§ L
T S Y £ o
o0k 1Kraken i
287 = ) z 2
L, [103 kpc km s™1]
0.6 T T T
©
[ Accreted |
B R 0.0
[Fe/H]

KRAKEN/HERACLES (?)

Au-24
(MW-like)

Auriga simulation

0909099 -

Merger1
(Kraken-like)

Merger 2
(GSE-like)

0.13

0.5

078 12
Redshift

Orkney+22

Logy0 SFR [Mg yr—1]



[Mg/Fe]
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The stellar halo is inhabited by <‘(\‘)
stellar streams of accreted objects \Y
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Andromeda Galaxy PandAS survey N-body simulation of a stellar halo

Martin et al. 2013
Surface Brigthness map through star count
colour-coded by metallicity

Is everything that is thin on the sky a stream?

Bullock & Johnston 2005

Simulated surface brightness map
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Bernard+16
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OUTER DISC OVERDENSITIES

Laporte, Koposov, Belokurov 2022
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MANTRA 3

The Galaxy can be considered in a steady

state (equilibrium)



Stellar disc
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CHALLENGES

Mantra 1: Our local stellar halo formed hierarchically from the accretion of
many low mass dwarf galaxies.

How do we find the earliest and small accreted satellites?

M GSE analog [2infan = 0.9, Mpeax = 3.8 x 109 M) M3 [Zinfan = 3.3, Mpeax = 1.4 % 108 M,] W N =3 mergers [Mpea/Mg > 108]
[ M1 [Zinran = 1.9, Mpeak=1.2 % 109M,] M4 [zingan = 4.9, Mpgax = 6.6 X 10" Mol N =7 mergers [10¢ > Myea/Mg > 107]
B M2 [Zigtan = 2.8, Mpeax = 2.4 x 108 Mg] M5 [Zinfan = 1.6, Mpeax = 4.8 x 108 M,] B N =22 mergers [Mpea/Mo < 107]
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CHALLENGES

Mantra 2: The stellar halo is inhabited by stellar streams of accreted objects

What are the origin of other substructures identified in the outer disc?
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SDSS-V and other future 399 250 200 150 100

spectroscopic surveys will help us to

answer that! Laporte, Koposov, Belokurov 2022



CHALLENGES

Mantra 3: The Galaxy can be considered in a steady state (equilibrium)

Transient wake

200 L~
200 kDo
UU KPC

Collective reponse

Garavito-Camargo, Besla, Laporte+21

Basis Function Expansions is a great tool to
understand the non-equilibrium of the MW (see
also, e.g. Lilleengen+23)

For example, it helps to quantify the magnitude
of a perturbation versus idealized profiles. On
other words, disentangle the contribution of,
e.g., the disc's self-gravity, dark matter wakes,
and how these affect the MW
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