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The second Gaia data release

e (Gala mission overview
e Gaia DR2 content and limitations

e A few (biaised!) applications




The Gaia mission

ESA cornestone mission

5 years (+) of mission

3 instruments

e Astrometry

e Spectrophotometry
e Spectroscopy (RVS)

> 1 billion stars 3 < G <20.7

~ 70 observations per source



Gaia instruments and measurements
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Teamwork to deliver the promise of Gaia

* 17+ years of effort

* 450 scientists and
€ngineers

e 160 1nstitutes

e 24 countries and ESA
* 6 data processing centres
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Gaia data processing
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The Gaia schedule
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Gaia DR2 content

Parallaxes and
proper motions

Photometry
Variables

Radial velocities
SSOs

Astrophysical
parameters

Systems

Spectra

Epoch data

DR1
(Sept 2016)
Hip/Tyc priors

G
3 000

More DRs to be planned: mission extension !

DR2
(25 April 2018)
Full Sample

G, Gpp, Grp
550 000
RVs at Grys<12

pre-selected asteroids

for G <17 : Teff, Ag
Radii and luminosities
from integrated phot

DR3

(2021)
e

e
++

++
New SSOs

Classification + parameters
from BP/RP + RVS spectra

Non-single catalogue
Extended objects

Mean BP/RP spectra
Mean RVS spectra

DR4
(TBD)
—

++
++
e
++

o+

Exoplanet list

e

All epoch data



DR2 completeness
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Arenou et al. 2018
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DR2 astrometry
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Typical parallax precision:
* G=15:0.03 mas

e G=17:0.1 mas

e G=20: 0.7 mas

Still single-star solution
Systematics below 0.1 mas
Global zero point ~ -0.03 mas

Spatial correlations at ~ 1 and
~ 20 degree scales
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Lindegren et al. 2018
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DR2 astrometry : formal uncertainties

57
2| Regimes of G:
_ 1 A: Too bright
% 031 B: Partly saturated
0 (unreliable)
§ 01 C: Detector and
T o005 | calibration limited
ool D: Photon limited
oo | E: Too faint
0% DAQ 4 6 8 10 12 14 16 18 20 22 (not published)

G magnitude

Provided: formal uncertainties
estimated from internal consistency of the measurements
do not represent the total error
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DR2 astrometry : small scale systematics

Quasi-periodic patterns imprinted by the Gaia scanning law

F F

LMC
A - - -
PRy
Sy

Median parallax (in mas) Correlation p(a,d)

Characteristic period ~ 0.6 deg, RMS variation ~ 0.03 mas

Arenou et al. 2018, Lindegren et al. 2018
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DR2 astrometry : bright stars PM systematics

Proper motion difference versus Hipparcos
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Global rotation ~ 0.15 mas yr!
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DR2 astrometry : quality indicators

precision
A

reliability

consistency

Precision: parallax_error, pmra_error, pmdec_error (internal!)
Reliability: visibility_periods_used

Consistency: Renormalised Unit Weight Error (see Gaia DR2 Known issue page)

Lindegren et al. 2018
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DR2 photometry
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DR2 photometry : main issues

BP/RP excess flux

«— crowded spectrophotometry
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DR2 photometry : calibrations

G fading of ~ 3 mmag / mag
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Arenou et al. 2018
Weiler 2018
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DR2 radial velocities

Katz et al. 2018

Median(Vr error) [km/s]
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More than 7 million Vr
e Only for ~ 3550 < Teff <6900 K

e Zero point at ~ 0.1 km/s

e Systematics as a function of magnitude
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DR2 variables

Specific object soo  Specific object

studies RRL - studies CEP
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Specific object
studies LPV
200
w @ 551 thousand variables identified
spitia % » many more to come in future
. k0 @ Subset classified by variability type
B » based on 2+ transits

@® Opverlapping subset studied in detail
» based on 12+ transits

Holl et al. 2018
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DR2 astrophysical parameters
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Teff, A, E(G,,-Gy,), luminosity, radius based only on G, G, G, and parallax

— strong degeneracies

21
Andrae et al. 2018



Lots of documentation to read !

e Preliminary solution with associated limitations

single star solution, calibration issues, ...

* Complex selection function

scanning law, on-board limitations, pre & post processing filtering
» Uncertainties and covariance matrix
* Several systematics

parallax zero point, small and large scale systematics,...

photometry in crowded fields, faint Ggp, G magnitude drift,...

 Many artefacts

stars closer than proxima, excess flux

Gaia Collaboration, Brown et al. 2018
https://www.cosmos.esa.int/web/gaia/dr2-papers
https://www.cosmos.esa.int/web/gaia/dr2-known-issues
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Gaia Photometric Science Alerts

started publishing alerts in July 2014

Scan coverage on 03 Dec 2018

Alerts

«last 7 days Gaial6aye
,older alerts 11.5 ' '
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http://gsaweb.ast.cam.ac.uk/alerts 23
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Gaia DR2 Science applications

> 410 papers on astro-ph using Gaia DR2 (~ 2/jours)

Stellar Systems & Exoplanets
ISM

Clusters
Single object

SS0s

Validation

Stellar Evolution

Survey Calibration
Survey Survey Enhancement

Distance Scale Target selection

QSOs & Reference Frame

Local Group

Galactic Structure & Kinematics
Streams

25



Gaia DR2 H-R diagram

Temperature (K)
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Clusters — empirical isochrones

32 open clusters
log(age)

95

Mg

Gap — Gpp

Gaia Collaboration, Babusiaux, van Leeuwen et al. 2018

Mg

4

14 globular clusters

-0.5 25
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Clusters — empirical isochrones

Hyades & Praesepe
— logiage)
N - ian

8.89

8.88

8.87

8.86
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104

Ggp — Grp
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Gaia Collaboration, Babusiaux, van Leeuwen et al. 2018



Variability in the HRD

Gaia Collaboration, Eyer et al. 2018

crédit ESA/Gaia/DPAC/CU7

Absolute G-band Magnitude
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Motion in the colour-magnitude diagram
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Cepheids distance scale

I.ISEHU: T T T T T T T T T T T T T T T T E
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5 - _ Planck16+ACDM -
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0.1 0.1

parallax zeropoint (mas)

Reiss et al. 2018

See also Shanks et al. 2018 on this H , debate

+ Groenewegen et al. 2018 on the Cepheids distance scale with Gaia DR2
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Gaia-Enceladus e ast big merger shaping both the halo and the thick disk?

Gaia HR diagram Gaia Toomre diagram

Log star density per 10 km s™' % 10 km s~ bin

- the'tn > 200 km/s
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A Merger simulation
APOGEE spectroscopic data
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302" w T
0.1 - o
0.0 - Ll
0.1 . | <
-2 1 0 . L D
[Fe/H] 450 -300 -150 0 150 300
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Helmi, Babusiaux et al. 2018, Belokurov et al. 2018++: the Gaia Saussage, Haywood et al. 2018: where is the inner halo?



Stellar streams in the halo
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Evans et al. : implications of Gaia-Enceladus / Sausage for the DM

Necib et al. : 42+25% of the accreted DM is in kinematic substructre
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The perturbed Milky Way disk
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The perturbed Milky Way disk
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The Milky Way circular velocity curve

FEilers et al. 2018

400 . - .
®  Eilers et al. 2018 (this work) ===+ 27 linear fit bulge
Y Huang et al. 2016 —— 1. all stellar components + halo thin disk
350 7 Lopez-Corredoira et al. 2014 halo: MFW-profile fit thick disk -
& Kafle et al. 2012 all stellar components

b |
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(R,)=0.30+0.03 GeV cm™

pDM
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The disc flare due to the Sgr dSph repeated passage ?
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Thomas et al. 2018
CFIS data on Laporte et al. 2018 simulation



Globular Clusters

Y (kpe)

o

0.5 1

=1

Z (kpc)

X ikpc)

Used to derive the mass of the MW + DM:
Watkins et al. 2018, Posti & Helmi 2018

£ ikpc)

Gaia Collaboration, Helmi et al. 2018
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Dwart spheroidals

apocenter [kpc]
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Orbit determinations :
Gaia Collaboration, Helmi et al. 2018
Fritzetal. 2018

MW galaxies

Classical dwarfs 4
O M3l galasdies
®¥ LG palacies
10° 104 10° 10° 107 10° 107
M(r < rp)(Mg)
Torrealba et al. 2018
Discovery of Antlia 2 38



No more need for DM in dSph ?
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Velocity dispersion predicted by a model where dSph are at their first passage

Hammer et al. 2018



Gravitational lenses

[1] 113440540-210322576  [2] 160600231-233321780 [3] 203B02T03-400813720 [4] 21411014684-314107480 [6] D43814870-121T714747  [6] 1118148024+ 07450B086

Blé|@(z|s]0

[7] 143832276546007T151687 [B] OG3036992-373011005 [9] 1424381084 225800258 [10] 040821731-535350204 ([11] 153725327-301017053 [12] 113100013-441850035

[13] D14710176+ 463042874 [14]) 02325331953-211726000 [15] OR1602164-530T22070 [16] 17443308+ 214054818 [17] 065004044+ 162008685 [18] 1B2244510-541451730

Search for gravitational lens systems in Gaia DR2

Delchambre et al. 2018
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More than yesterday, less then tomorrow...

Parallaxes and
proper motions

Photometry
Variables
Radial velocities

SSOs

Astrophysical
parameters

Systems

Spectra

Epoch data

DR2
(25 April 2018)
Full Sample

G, Ggp, Grp
550 000
RVs at Grys<l12

pre-selected asteroids

for G <17 : Teft, Ag
Radi1 and luminosities
from integrated phot

DR3

(2021)
——

e
++

++
New SSOs

Classification + parameters
from BP/RP + RVS spectra

Non-single catalogue
Extended Objects

Mean BP/RP spectra
Mean RVS spectra

DR4
(TBD)
-

++
++
++
++

-

Exoplanet list

e

All epoch data
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