Surveying the Galaxy

ESA’'s upcoming Gaia mission
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Predicting the future...
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It is always wise to look ahead,
but difficult to look farther
than you can see.
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The Sun is a normal G2V
stars.

Maybe, but it is unusually
massive (most stars are M
dwarfs) and it departs
systematically from field
solar twins in its chemical
composition

(but cf. Onehag et al.
(2011) for a solar twin
in the open cluster M 67).

A[X/Fe] (Sun — <solar twins:)
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Chemically, the Sun departs
from most solar twin we know. AL
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Meléndez et al. (2009)




_ thin and thick disk

The Milky Way is a normal
(barred) spiral.

Probably, but its primary
satellites are unusually
luminous and star-forming:
the Magellanic Clouds

(cf. Holmberg 1969)



The Milky Way is a typical
result of DM-driven
hierarchical structure
formation (?).

Belokurov et al. (2006)



Some milestones on the way

Halo stars (chemically: Chamberlain & S
Aller 1951) 510 cal stal
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population jozen Galactic populations.

(Rich, McWilliam, Fulbright; Ryde;
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Inner/outer halo (SDSS-SEGUE: Carollo
et al. (2007), but see Schonrich et al. 2011)




Is there a Thick disk?
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A unique population in terms of its chemistry, dynamics and age!
THE ASTROPHYSICAL JOURNAL, 751:131 (6pp), 2012 June 1 doi: 10.1088/0004-637X/751/2/131

© 2012. The American Astronomical Society. All rights reserved. Printed in the U.5.A.

THE MILKY WAY HAS NO DISTINCT THICK DISK

Jo Bovy!'*, HANs-WALTER Rix2, AND Davip W. Hocg?3
! Institute for Advanced Study, Einstein Drive, Princeton, NJ 08540, USA; bovy@ias.edu
2 Max-Planck-Institut fiir Astronomie, Kénigstuhl 17, D-69117 Heidelberg, Germany
3 Center for Cosmology and Particle Physics, Department of Physics, New York University, 4 Washington Place, New York, NY 10003, USA
Received 2011 December 6; accepted 2012 March 30; published 2012 May 15




High Precision Parallax
Collecting Satellite

(1989-1993)

Where are the 100s of building blocks
predicted by DM-driven structure

formation in ACDM cosmology?
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Springel et al. (2005)




A prerequisite
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Are dynamical/chemical properties of stars conserved?
Yes (or the most part).

Dynamics: interactions with specific structures (e.g. the
bar) can lead to changes in the orbits.

Chemistry: Glant stars dregde up processed material from
the interior; stars can receive matter from a companion;
atomic diffusion can change the surface composition.



astrometry for 1 bllllon stars -
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courtesy of U. Munari

photometry Tor 109 stars (V < 20)
radlal Velocmes for 108 stars

il stellar parameters for-107 stars, .
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How does it work?

mr[arcsec] = 1/d[pc]
(I pc =3.261ly)

Parallax of nearest star: 7 = 0.7687 arcsec
= 768700 nas

Parallax of Galactic centre: = = 118 pnas
Parallax of nearest satellite (LMC): m = 20 npas

Gaia best accuracy: ~10 uas
(“resolving a coin on the Moon”)

Distant stars

Parallax
motion

PL
Parallax
angle

Near star

Earth's motion around Sun



uas astrometry from space

\‘s —

Same principle as HIPPARCOS (1989-1993),
but two orders-of-magnitude more precise.

Satellite spin axis

Two telescopes with LOSs separated by a
106.5° basic angle.

2

Precession of the \
spin axis in 63 days\‘

Observe the whole sky by having the
satellite’s spin axis precess around the Sun.

The ideal place for this: L2 outside of Earth’s
orbit, 1.5 million km away. Consecutive_x
Lissajous orbit around L2 avoiding Earth  ****
eclipses during 6 years.

Transfer to L2: 4 month (eclipse-free) >


NSLmovie-BH_GaiaForAll08.mp4

Gaia’s telescopes
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* 2 off-axis telescopes
* 1.45 x 0.5 m? aperture
* 35 m focal length
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M4/M’'4
(combiners)

* single focal plane
* 106 CCDs totalling 938 Mpixels
* 0.93 x 0.42 m?
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Gaia’s focal plane

Astrometric
field

Sky mapper
@l —— BAM & WFS

M4/M'4
S / beam combiner
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BP/RP (330-1050 nm)

) : Red & blue
80 pixels in two photometer

arms (blue and red)  getectors
with dispersions

between 50 A and RVS
300 A detectors

A L
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RVS (847-874 nm)

R=11500 down to 11t /
magnitude, Photometer \“*
5500 below. prisms :
i ) RVS grating -—/
Typically 80 observations and afocal
over 5 years (binarity, field corrector /
variability!). M5 & M6

fold mirrors



Gaia’s CCDs
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What Gaia will not provide
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% Radial velocities below V = 15
Combined data
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# Chemical abundances below
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Teff=5000K

Teff=4000K

feh resid
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Bailer-Jones (2009:
GAIA-C8-TN-MPIA-CBJ-048)

c = ([M/H] residual) = 0.5




Known science highlights
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Stellar populations,
moving groups,

60 million binaries,
(eclipsing ones!);
the Sun’s cradle

m 10s of

S 1000s
;2) (with

= different
& biases)

the bar, DM, ...
D
<
<
500 000 S
quasars 2
(RF!) g
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accurate orbits
for 300000 asteroids,
incl. perihelion precession
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Knowledge beyond astrometry
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Need to collect complementary information only
photometry/spectroscopy can provide to

* reach the desired astrometric accuracy,

« complete the 6D phase-space information with v,_4,

» reach Gaia’s Galactic-evolution science goals.

E.g., the identification of Galactic building blocks in the
outer halo cannot be achieved on kinematics alone
(Brown et al. 2005).



Ground-based follow-up
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The Gaia-ESO survey: Galactic Astrophysics via VISTA Imaging,
Gaia Astrometry, and Eso SpectrOscopy

PI: Gerry Gilmore!
Steering Group: James Binney?, Piercarlo Bonifacio”, Annette Ferguson®, Sofia Feltzing'?,

: Eva Grebel'?, Amina Helmi'®, Geraint Lewis?®, Alejandra Recio-Blanco?, Hans-Walter Rix!®
The Gala-ESO SUI V ey (20 1 1 -20 1 6) Matthias Ste,inmetz”, Nic Walton® ' ’ ’

Col: C. Allende Prieto!'®, T. Antoja!?, J. Alves*?, F. Arenou’, M. Asplund®, C. Babusiaux?,
C. Bailer-Jones?, B. Barbuy®®, M. Bellazzini'%, V. Belokurov!, T. Bensby'®, 0. Bienayme®,
J. Bland-Hawthorn?¥, A. Brown'?, J. Caballero®!, E. Caffau™!2, F. Calura®, L. Casagrande®’,
N. Christlieb!2, C. Chiappini'!, M. Colless?, M. Correnti’®, M.Cropper®, J. Drew®, 8.
OO : ht t th V L T 1 Van Eck®®, B. Edvardsson®, N.W. Evans!, K. Eriksson®®, B. Famaey®, M. Fellhauer®!, I.
3 nlg S a e ery arge e eSCOpe Ferreras®, F. Figueras (& Spanish Gala network)'”", G. Fiorentino!?, C. Flynn?*, P. Francois’,
. . K. Freeman®®, B. Gaensicke?”, F. Garzon®, 8. Geier®?, D. Geisler?, B. Gibson®®, J. Gonzalez
to Obtaln Observatlons Of 105 StarS Hernandez'®; A. Gomboe®', A. Gomez”, M. Groenewegen®™, F. Grundahl*?, B. Gustafsson®,
P.Hadrava®, D. Hadzidimitriou?®, N. Hambly?, P. Hammersley**, M. Haywood”, U. Heber"?,
. . G. Hensler*?, V, Hill*, 8. Hodgkin', R. Ibata®, M. Irwin', R. deJong!!, P. Jonker®®®, A,
Of all mature Galactlc populatlons Jorissen®®, D. Katz’, D. Kawata®, S. Keller®, R. Klement!?, A. Koch®*, M. Kontizas®®, S.
Koposov!, A. Korn®, P. Koubsky™, R. Lallement®?, P deLaverny?, B. Lemasle'?, K. Lind"’,
in'Situ P. Lucas®, H. Ludwig'?, T. Lueftinger??, J-B. Marquette®®, G. Matijevic®”, R. McMahon!,
. L Minchev!!, D. Minniti*®, L. Monaco?!, D. Montes'®, M.J. Monteiro®®, N. Mowlaviil, A.
Muceiarelli*®, U, Munari®®, R. Napiwotzki®, G. Nelemans®', J. Palous™, E. Pancino'®, J.
1 f b : : M Penarrubia®®, G. Piotto®®, H. Posbic’, A. Quirrenbach'?, C. Reyle’, N. Robichon’, A.
value OI O Semng tlme: 30 € Robin®, F. Royer’, G. Ruchti®*", A. Ruzicka®?, §. Ryan®, N. Ryde!?, N. Santos?®, L.M. Sarro
Baro*, L. Sbordone®%7, R. Schdnrich®’, G. Seabroke®, 8. Sharma?3, G. De Silva?¢, M.
Smith!*?, C. Soubiran?, 8. Sousa®, E. Tolstoy'*, C. Turon (& French Gaia network)”, M.

Walker!®, K. Venn?®, R. Wyse?®, M. Zoceali®, D. Zucker?, T. Zwitter®
lIocA Cambridge, UK; 2Thearetical Physics, Oxford, UK; 3Edinburgh, UK; 40OCA Nice, France; SMSSL,
UCL, UK; 8U Herts, UK; TObs Paris, France; #0bs Strasbourg, France; ® Obs Besancon, France; 1°MPILA,
LIP Potsdam, Germany; 127 AH TUniv. Heidelberg Germany; JBKapteyn Inst.
den, NI; 1*INAF Bologna, Italy; °IAC, Canary Islands, Spain; !"Univ Barcelona,
ain; “Lund Univ, Sweden; °Uppsala Univ, Sweden; ?' Univ Concepcion, Chile;
lia; 2*Univ Sydney, Australia; 24 AAO, Australia; 2ANU, Australia; 2 Univ Vic-
iblianza, Slovenia; 2% Johns Hopkins Univ, USA; 2 Univ Athens, Greece; WINAF
e Astrobiologia, Madrid, Spain; ?LATMOS/IPSL, Versailles, France; 3*ESO;
Paris. France; 3 Tniv. Catolica, Chile; 37N.'[P.A, Garching, Germany; 3BCfA, USA;
niv Sao Paolo, Brazil; 410bs de Geneve, Switzerland; 42IoA Univ Vienna, Aus-
ina; “UNED, Madrid, Spain; LUniv Bologna, Italy; 4Bcaup Porto, Portugal;
B, Brussels, Belgium; **Univ Aarhus, Denmark; *'SRON, N1; ¥ Univ. Nijmegen,
gen-Nuernberg, Germany; S Univ Leicester, UK; 34 ast Inst Acad Sci, Prague,

cs, Preston, UK; **GREAT Chair, ESA Gaia GST.

Korn 2004




Gaia, Gaia-ESO and...

Complement dynamics
with chemistry!

Homogeneous re-analyses : 100 000
of the ESO archive at medium spectral resolution

Major upcoming/future efforts include APOGEE, HERMES and 4MOST.
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