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Introducing the participants

Milky Way LMC
stellar mass ~ 6 x 101 M, ~ 3 x 10° M,
total mass ~ 102 M, ~ (1-2) x 10" M,
peak Veirc 250 km/s 100 km/s
disc scale radius 3 kpc 1.5 kpc
distance to centre 8 kpc 50 kpc
morphological type barred spiral barred irregular?

# of satellites ~ 30 ~ 10
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Stellar tidal streams in the Milky Way

leading arm
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DECalS+Gaia [Price-Whelan+ 2019] GalStreams database [Mateu 2023]



Local effects of the LMC: deflection of stellar streams

s - Orphan—Chenab stream: no remnant, spans > 200° on the sky.
7 Proper motion is misaligned with the stream track in the southern
25 .
8 . g art of the stream due to a close encounter with the LMC.
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https://www.youtube.com/watch?v=sBKpwQR7JJQ

Effect of the LMC on the Sagittarius stream

model without LMC observations model with
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Global perturbation: mechanism

The Milky Way is pulled towards the LMC,
but the displacement is not uniform in space.
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Global perturbation: mechanism

The Milky Way is pulled towards the LMC,
but the displacement is not uniform in space.

In the MW-centred reference frame, outer halo
appears to move up (dipole perturbation).

Milky Way reflex velocity

velocity [km/s]

-2.0 -1.5 -1.0 -0.5 0.0
time [Gyr]

N-body sims [Garavito-Camargo-+ 2021,
see also Petersen & Pefiarrubia 2020],
linear response theory [Rozier+ 2022]



Global perturbation: mechanism

The Milky Way is pulled towards the LMC,
but the displacement is not uniform in space.

In the MW-centred reference frame, outer halo
appears to move up (dipole perturbation).
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Global perturbation: predicted and observed signatures

Aplp

density polarization [Conroy+ 2021]
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Sensitivity of the MW halo deformation to velocity anisotropy

30 < D [kpc] < 60 60 < D [kpc] < 120 30 < D [kpc] < 60 60 < D [kpc] < 120

[Vasiliev 2024 — N-body sims; originally found by Rozier+ 2022 using linear response theory]
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Dissecting the force field
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Accuracy of orbit reconstruction in the evolving potential
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Accuracy of orbit reconstruction in the evolving potential
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Dynamical mass measurements: LMC ™
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Dynamical mass measurements:
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NB: neglecting the LMC biases the
MW mass up by 10-20% [Erkal+ 2020]
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Perturbations in the MW disc

[ ]
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LMC induces a noticeable warp in the MW
disc at distances 2 15 kpc, qualitatively sim-
ilar to the observed one (but smaller in am-
plitude; see also Laporte+2018a,b).



Perturbations in the MW disc
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LMC induces a noticeable warp in the MW
disc at distances 2 15 kpc, qualitatively sim-
ilar to the observed one (but smaller in am-
plitude; see also Laporte+2018a,b).

The warp will become much stronger in the
future, the disc will be significantly heated,
and the stellar halo will increase 4x in mass.
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Changes in satellite orbits caused by the LMC

could be quite substantial!l  shown are Galactocentric distances in the past 3 Gyr

blue: without LMC; red: with LMC; green: energy evolution with LMC; green frame: LMC satellites
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" Changes” in the orbit of Andromeda caused by the LMC

In fact, the reflex velocity of a few tens km/s
imparted on the Milky Way by the LMC

has implications even for the estimate of

the Local Group (MW-Andromeda) mass

via the "timing argument” [e.g. Pefiarrubia+ 2016].

The two galaxies are assumed to fly apart from
[nearly] the same point in the early Universe,
then turn around and are now approaching each
other. The combined mass of MW-+M31 is con-
strained by their present-day relative velocity.

separation [kpc]

1000

800

600

400

200

o
Q@
<
o
g
S

/5

YA /
\ [
\[\/

V' D=780, v;aq = —115, vtan =70

2 4

6

8 10
Time [Gyr]

12

14

16



" Changes” in the orbit of Andromeda caused by the LMC

In fact, the reflex velocity of a few tens km/s
imparted on the Milky Way by the LMC

has implications even for the estimate of

the Local Group (MW-Andromeda) mass

via the "timing argument” [e.g. Pefiarrubia+ 2016].

The two galaxies are assumed to fly apart from
[nearly] the same point in the early Universe,
then turn around and are now approaching each
other. The combined mass of MW-+M31 is con-
strained by their present-day relative velocity.

The recent LMC-induced change in the relative
velocity of MW-M31 thus affects the inference
about their past orbit and mass.
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" Changes” in the orbit of Andromeda caused by the LMC

The corrected velocity implies a less eccentric orbit
of M31 and a lower Local Group mass.

Inferred Local Group mass including travel velocity of MW disk

Penarrubia+ 2016
vdM+ 2012
—— vdMGO8 Dist. + HST PM
Cepheid Dist. + HST PM
—— Cepheid Dist. + Gaia PM
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Past trajectory of the LMC

is very sensitive to the Milky Way mass, LMC mass, and its current pos/vel!
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Past trajectory of the LMC

is very sensitive to the Milky Way mass, LMC mass, and its current pos/vel!
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Past trajectory of the LMC

is very sensitive to the Milky Way mass! a second pericentre passage is possible!
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Second-passage scenario and the plane of satellites

examples of possible past orbits

Many Milky Way satellites have similar 400 g Carina . Grusll
orbital planes [Kroupa+ 2005; Pawlowski+ 2012]: 350
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