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Synopsis

» QOverview of the Gaia mission and DR2:

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

» Scientific highlights:

Kinematic complexity of the disk
Accretion history of the halo

Search for new objects (streams, satellites)
Measurement of gravitational potential
Internal kinematics of stellar structures
Hypervelocity stars




Overview of Gaia mission
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» Scanning the entire sky every couple of weeks soe
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» Astrometry for sources down to 21 mag gu

» Broad-band photometry/low-res spectra Eox

» Radial velocity down to ~ 15 mag (end-of-mission) e

300 400 560 660 760 860 960 1000 L.loo
Wavelength [nm]

&I[ Gaia Focal Plane
o 106 CCDs = 938 million pixels ~ 2800 cm?
26

T
L

@8 0. an- iy 2000

[Source: ESA]



Overview of Data Release 2

Based on 22 months of data collection

Total number of sources: 1.69 x 10°

Sources with full astrometry (parallax o,

proper motions figs«, fs): 1.33 x 10°

Colours (Ggp, Ggp): 1.38 x 10°
Radial velocities: 7.2 x 108
Effective temperature: 160 x 10°

Stellar parameters (Ro, Ly): 77 x 10°
Extinction and reddening: 88 x 10°
Variable sources: 0.55 x 10°
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Gaia sky in color




Measurement uncertainties
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Parallax:

€w 2 0.05 — 0.1 mas

Proper motion: ¢, 2 0.1 — 0.2 mas/yr
Line-of-sight velocity: ey = 0.5 km/s

RV measurements only for stars with
Ter € [3500 = 6900] K and Grys < 12 (G < 13)

radial velocity uncertainty [km/s],

systematic error
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Gaia parallaxes and the absolute distance scale
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The

Number of stars
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Kinematic complexity in the disk
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» Moving groups in velocity space ‘
[Gaia Collaboration: Katz+2018] =—> H‘; -2 g
more clearly seen in action space. 5 e 3
=02 Coma Berenices s
» Bar pattern speed constraints “oo0 = e :
e 5 e C:
[Monari+2018] I ko el =l |
-150 -100 =50 0 50 100 150 K 0.7 0.8 0.9 1.0 11 12
. . Ugsg [km s71] angular momentum L, [8kpc x 220 km s~1]
» Perturbations from spiral arms [Trick+2018]
[Quillen+2018; Hunt+2018] . -
> Tests of spiral structure theories ; 7
[Sellwood+2018] g £ .
10
=.125 200 8 04 o0& o4 o8 T T
54 Myr U, u.n:‘7
o s.:";:O ’Cal::rt: _E 150 oz o P
2 _5 4 .:". aDDCEntrE' i’% 100 - o B
\ x . .
-109 .5 50 N " e .
s N _ o
10 -5 0 5 10 -1000 -500 0 500
T 050,

s = Jeire (ks kpg)
[Quillen+2018] [Monari+2018] = [Sellwood+ 2018]



Vertical perturbations and the disk seismolog
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: o perturbation from a (2 — 10) x 10 M, satellite
crossing the disk 200 — 400 Myr ago (Sgr dSph?)
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[Laporte+2018, see also Binney & Schénrich 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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Finding substructures with Gaia
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Stars with w < 0.3, 1 < Ggp — Grp < 1.5, |uq| < 3.5, |us| < 3.5 (mainly distant halo)

# of sources per square degree



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

b [deg]
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Phlegethon stream [ibatat2018]

proper motion selection

----- best fit orbital model
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Finding new satellite galaxies

CMD

Proper Motions

Stellar Density
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Measuring 6d phase-space coordinates and orbits of

Satellite galaxies Globular clusters

eccentricity
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Constraining the Milky Way potential

M(r <R) (10" M)

15

1.0

05

0.0

Previous Studies
© Kochanek 1996
Kochanek 1996 (w/0 Leo I)
Wilkinson & Evans 1999
Sakamoto et al 2003
Battaglia et al 2005
Xue et al 2008
Gnedin et al 2010
* Watkins et al 2010
Watkins et al 2010 (without Draco)
McMillan 2011
Deason et al 2012a
Deason et al 2012b
Kafle et al 2012
o Gibbons et al 2014
= Gibbons et al 2014
o EHW 2015 (with DGs)
A Kupper et al 2015
+ McMillan 2017
® Watkins et al 2018 (Gaia)
» Watkins et al 2018 (Gaia + HST)
© Posti & Helmi 2018
0 Sohn et al 2018
© Malhan & Ibata 2018 (GD 1, Gaia)
A Vasiliev 2018
v Vasiliev 2018 (at 80kpc)
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Globular cluster dynamics

[Eadie & Juric 2018; see also Watkins+-2018; Posti & Helmi 2018]
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Constraining the mass of the Large Magellanic Cloud
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5d kinematics of the Orphan stream deflected by LMC flyby (erkal+2015]



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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Hypervelocity stars

Stars ejected from the Galaxy with v > Vecape by:

» tidal disruption of a binary star by the central supermassive black hole [Hiis 198s]
> dissolution of a binary after SN explosion
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Summary

Gaia is awesome! (if used wisely)




