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Synopsis

Overview of the Gaia mission and DR2:

scientific instruments, catalogue contents,
measurement uncertainties, caveats and limitations.

Kinematic complexity of the disk
Accretion history of the halo ¥
Search for new objects (streams, satellltes) .
Internal kinematics of stellar structures .
Measurement of Milky Way gravitational potential



Astrometry 101
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How Gaia astrometry works
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Overview of Gaia mission

» Scanning the entire sky every couple of weeks zo
» Astrometry for sources down to 21 mag Eo

» Broad-band photometry/low-res spectra S
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» Line-of-sight velocity down to ~ 15 mag (end-of-mission) °*
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Overview of Data Release 2

» Based on 22 months of data collection

vy

vVvvyVvyyy

Total number of sources: 1.69 x 10°

Sources with full astrometry (parallax =@,

proper motions figs, fs): 1.33 x 10°

Colours (Ggp, Ggp): 1.38 x 10°
Line-of-sight velocities: 7.2 x 10°
Effective temperature: 160 x 10°

Stellar parameters (R, Ly): 77 x 10°
Extinction and reddening: 88 x 10°
Variable sources: 0.55 x 10°
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Measurement uncertainties
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Gaia parallaxes and the absolute distance scale
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The “golden” 6D
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Kinematic complexity in the disk
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Vertical perturbations and the disk seismolog
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Phase-space spiral [antoja+2018]
perturbation from a (2 — 10) x 101° M, satellite
crossing the disk 200 — 400 Myr ago (Sgr dSph?)
[Laporte+ 2018]
[Darling & Widrow 2018]
[Binney & Schénrich 2018]

[Bland-Hawthorn+ 2018]
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Radially-anisotropic population in the stellar halo

Evidence for a major merger with a > 10° M, satellite ~ 8 — 10 Gyr ago
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Radially-anisotropic population in the stellar halo
Evidence for a major merger with a > 10° M, satellite ~ 8 — 10 Gyr ago

(kinematics + metallicity)
[see also Kruijssen+2018 for globular clusters]
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Radially-anisotropic population in the stellar halo

Evidence for a major merger with a > 10° M, satellite ~ 8 — 10 Gyr ago

Galact:ic disc

high positive spin
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Finding substructures with Gaia
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Finding streams with Gaia
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Finding streams with Gaia
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Finding streams with Gaia
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Finding streams with Gaia
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Finding new streams with Gaia
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Mo [mas yr=1]

Ms [mas yr-1]

Phlegethon stream [ibatat2018]
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A census of stellar streams in the Milky Way
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A census of stellar streams in the Milky Way
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Finding new satellite galaxies

CMD

Proper Motions
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Determination of cluster membership
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Determination of cluster membership
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Probabilistic membership determination

A hard cutoff in PM space is not always possible
and is conceptually unsatisfactory.
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A more mathematically well-grounded alternative:
gaussian mixture modelling.
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where the mean PMs & and dispersions ¥ of the cluster and foreground
distributions, and the fraction of cluster members g, are all inferred by
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Internal kinematics of globular clusters

Rotation found in ~ 10 — 20 clusters,

transverse velocity dispersion measured

in ~ 60 — 100 clusters (outer regions)
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Internal kinematics of the Large Magellanic Cloud

rotation, velocity dispersion from ~ 10° stars at 50 kpc

[credit: ESA/Gaia/DPAC
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Measuring 6d phase-space coordinates
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Distribution of globular clusters in action space
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Distribution of globular clusters in action space

polar (J, =0)
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Distribution of globular clusters in action space

Kliment Redko, “Uprising”




Swiss connection

https:/fwww.zuerich.com/en/visit/lenin

Welcome,
Zlrich, Switzerland. ThingstoDo WheretoStay CityoftheLocals Visitor Info

Lenin (1870 - 1924) - the
Russian Revolutionary
Leaderin Zurich

Before the Russian Revolution, Lenin and his wife
spent ayear in exile in Zurich. They lived on the
Spiegelgasse close to Cabaret Voltaire

During the First World War, Lenin lived with his wife Nadeshda Krupskaja at Spiegelgasse
14 in Zurich for about a year - acommemorative plaque on the house serves as a
reminder. He finished his work "Imperialism as the Highest Stage of Capitalism" in Zurich.
He spent a lot of his time in Zurich’s libraries. However, in his free time, he and his wife are
said to have loved driving up to the top of the Ziirichberg hill, lying in the grass and eating
Swiss chocolate. Whether Lenin visited the Cabaret Voltaire, the birthplace of Dadaism,
is still unknown but has fuelled speculation as to whether Lenin was a secret Dadaist

When the February revolution broke out in Russiain 1917, Lenin left his exile in
Switzerland and returned to his homeland.

Address

Lenin Gedenktafel
Spiegelgasse 14
8001 Ziirich
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Constraining the Milky Way potential
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v Vasiliev 2018 (at 80kpc)

50 100 150
R (kpc)

Globular cluster dynamics

[Eadie & Juric 2018; see also Watkins+-2018; Posti & Helmi 2018]

Y

Veirc[kms™t

1.2

11

1.0

D
N

0.9

S

0.8

0.7

210 220 230 240 250 260 270
Veire(Ro) [kms™]

300

250+

200

[
o wu
S o

[
o

o

<)
o]
=
S
=
o]
N
o
N
o

GD-1 stream [Malhan & Ibata 2018]



Constraining the mass of the Large Magellanic Cloud
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Summary

The Universe is even more exciting after Gaia DR2!




