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Gaia: mapping the Universe
CDR complete: launches May 2013

 Hipparcos Gaia 

Magnitude limit 12 20 mag 
Completeness 7.3 – 9.0 20 mag 
Bright limit 0 6 mag 
Number of objects 120 000     26 million to V = 15 
    250 million to V = 18 
  1000 million to V = 20 
Effective distance 
limit 

1 kpc 1 Mpc 
Quasars None 5 x 105 

Galaxies None 106 – 107 
Accuracy 1 milliarcsec 7 µarcsec at V = 10 
  10-25 µarcsec at V = 15 
  300 µarcsec at V = 20 
Photometry 
photometry 

2-colour (B and V) Low-res. spectra to V = 20 
Radial velocity None 15 km/s to V = 16-17   
Observing 
programme 

Pre-selected Complete and unbiased 
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The Challenge of Gaia
transformational science
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Dates are illustrative only

… not so far away now … 

Proposal
Concept & Technology Study

Mission Selection

Re-Assessment Study

Phase B1

Scientific operation

Launch May 2013

Final

Studies

Mission Data Processing  

Implementation 

Data Processing

Definition

Operation

Mission Products
Intermediate

Selection of Prime Contractor (EADS Astrium)

Phase B2
Phase C/D

Software Development 
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Figure adapted from original of Michael Perryman and François Mignard

Science Alerts from
end 2013 and 1st data 
release 2016 (tbc)
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Gaia Image Gallery
http://www.rssd.esa.int/index.php?project=GAIA&page=Image_gallery 

http://www.rssd.esa.int/index.php?project=GAIA&page=Image_gallery
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GREAT ESF RNP 
Scientific Community Building

● Development led by team from GST and DPACE
— Included science contributions from the respondees to the 

Sep 2008 expressions of interest call
● Funds conferences, workshops, exchanges, schools
● Key science remit inclusive across Gaia science

— Origin, structure, evolution of the Milky Way
— Stellar Astrophysics
— Galactic Dynamics
— Galactic Archaelogy
— Star formation and evolution
— Fundamental physics 
— Extrasolar planets and non single stars
— Solar system
— The IT data challenge
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GREAT ESF Research 
Network Programme

● Provides funds for the GREAT research network: 
— Feb 2010 – Jan 2015 with a budget of ~€750K

● The Programme provides financial support for the 
following activities:
— Science meetings (workshops, conferences or schools) 

organised either by the Programme Steering Committee 
or following an open call for proposals

— Grants for short and exchange visits awarded following 
an open call for applications

— Publication of information brochures and leaflets, 
scientific books and meeting proceedings etc
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ESF RNP
● ESF networking programmes are 'Open'

— Encouraged to involve the wider community
— Ideal for the concept of including those that are not co-

applicants in other network activities
● Period of call is science over 2010 – 2015  

— Thus, can factor in access to 'early' Gaia data releases
— Access to Gaia science alert streams
— Can also consider science programmes requiring 

preparatory work (theory, simulations, observational)
● Calls are published at http://www.great-esf.eu 

— Short visits can be proposed at any time, whilst for 
workshops/ conferences/ exchanges: two calls/year

http://www.great-esf.eu/
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GREAT-ESF Meetings 2011
range of topics to be covered

http://great.ast.cam.ac.uk/Greatwiki/GaiaScienceMeetings 
See this link also for the final reports from each meeting 

http://great.ast.cam.ac.uk/Greatwiki/GaiaScienceMeetings
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GREAT Initial Training Network
http://www.great-itn.eu 

● FP7 Initial Training Network Proposal
— 13 main nodes: IoA Cambridge, Leiden, Lund, Barcelona, 

Heidelberg, MPIA (Heidelberg), Leuven, Geneva, PKU 
(Beijing), CAUP (Porto), CNRS (Bordeau/Bescancon), 
INAF (Bologna, Padua), AMU (Poznan)

— 19 Associate nodes (of which 4 are industrial partners)
— €4.3M : Funds 17 Early Stage Researchers
— 4 year duration: 1 March 2011 – 28 February 2015
— Much of the research relevant to GCDS and this meeting

● GREAT ITN complementary to GREAT ESF RNP
— Opportunity for joint networking activities

● Kick-off meeting: 13-14 Apr 2011 in Cambridge

http://www.great-itn.eu/
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The GREAT ITN: Project Goals
● Science Theme: Unravelling the Milky Way – from the 

Galaxy to Asteroids
— WP3: the origin and history of the milky way
— WP4: the stellar constituents of the milky way
— WP5: planetary systems, worlds near and far
— WP6: grand challenges

● Increase the European potential in scientifically 
exploiting Gaia

● Develop multi-wavelength, multi-domain techniques 
incorporating information from Gaia

● Transfer best practice in the use of new IT techniques
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GREAT and Gaia Data Access
● Community input into the data access design process

— Via Great wiki: 
http://great.ast.cam.ac.uk/Greatwiki/GaiaDataAccess 

● Opportunity to provide individual and GREAT WG 
input 
— Examples of science usage as to how the Gaia data might 

be used and how it will be accessed
● Input received will be used in the scoping and 

development of the Gaia data access and archive 
systems
A chance for EGAPS / VVV / GPS etc requirements 

http://great.ast.cam.ac.uk/Greatwiki/GaiaDataAccess
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GREAT Working Groups
http://great.ast.cam.ac.uk/Greatwiki/CategoryWorkgroups   

http://great.ast.cam.ac.uk/Greatwiki/CategoryWorkgroups
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● GREAT Chemo-Dynamical Survey – concept  
— Outputs including theory and observational campaigns
— GCDS Kick-off meeting held in Paris (Apr 2010)

– http://great.ast.cam.ac.uk/Greatwiki/GreatCds/GcdsParisApr2010 

● 8-m VLT/ FLAMES proposals: Gilmore & Randich
— Gaia-ESO survey – see http://www.gaia-eso.eu 
— 300 nights over 5 years from Jan 2012

● 8-m & 4-m initiatives – instrumentation proposals
— 4MOST – WF spectrograph on VISTA (de Jong)
— WEAVE – WF spectrograph on WHT (Dalton)
— MOONS – near IR MOS on the VLT (Cirasuolo)

GREAT Chemo-Dynamical Survey 
an example GREAT WG initiative

http://great.ast.cam.ac.uk/Greatwiki/GreatCds/GcdsParisApr2010
http://www.gaia-eso.eu/
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GREAT Chemo Dynamical Survey 
Background & Rationale

● March 2009 GREAT meeting
— http://www.ast.cam.ac.uk/GREAT/events/cam-mar09/cam-mar09.html 

● Chemical Tagging Working Group
— http://great.ast.cam.ac.uk/Greatwiki/WGA3ChemicalTagging  

● Discussion identified need for High Resolution 
Spectroscopy
— In context of Gaia: amount and type of data required 
— Key science drivers
— Routes to obtain data
— Need for associated theory

http://www.ast.cam.ac.uk/GREAT/events/cam-mar09/cam-mar09.html
http://great.ast.cam.ac.uk/Greatwiki/WGA3ChemicalTagging
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GCDS: Galactic Science Drivers
the fossil record of galaxy assembly: 1st stars to now
● relative importance of mergers and accretion in building the 

disk(s) and bulge
● chemo-dynamic structure of Galactic components

— interface between disk, bulge/bar, halo
— importance of radial mixing in the disk(s)
— ancient dissolved and surviving substructures, streams

● fossil record of chemical evolution of stellar pops
— chemical signature of ancient accretions
— properties of metal-poor popIII stars

● evolutionary history of stellar components
— IMF, SFH, tagging the chemical development
— the role of star clusters

● detailed chemo-dynamics of surviving satellites  
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Milky Way Halo
● Studies of the inner and outer halos

— How different are they (Corollo et al 2010 c.f  
Schronrich, Asplund, Casagrande 2010)?

— Matching with models
38                 30              23

Bullock & Johnston 2005

300 x 300 kpc

  

Lambda CDM models
predict large-scale
substructure in L

*

galaxies like M31 
and MW
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Belokurov et al  (2006 etc) – this figure is the SDSS DR7 release. This shows turnoff 
stars (selected by colour) – where blue is closer, red further

Galaxy substructure and satellite 
accretion
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The Galactic Disk

● Evidence for Mixing
— Radial migration due to transient spiral arms, impact of bars
— Metallicity variations, distributions

● Metallicity distribution function of young and old stars 
with Rgal → test of radial migration (c.f. Schönrich & 
Binney, 2009) 

Bar + Spiral (Minchev et al 2010)
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Chemo-Dynamical 
Encoding

Bensby et al. 2007
Famaey et al. 2005

Grey: Hercules; black: thick disk; open: thin disk 

Hercules star chemistry similar to field stars thus a dynamical 
group, not a group with a common chemical birth site
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Building (parts of) the Halo

Compilation from
Tolstoy et al 2009

● Fossil record 
from 
chemistry 

● 0.2 dex 
required

● R=20,000 
and S/N ~50 
required
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The Initial GCDS Survey Concept
see http://great.ast.cam.ac.uk/Greatwiki/GreatCds  

● Low Resolution Component 
— R=5000 – Chemo-Kinematics – 5 x 106 stars 

– Map the thick/thin Disk / Halo / Bulge components
– Radial velocities to ~2 kms-1 and [Fe/H] to 0.2 dex

● High Resolution: (< 1kms-1 and ~0.05 dex in [Fe/H])
— good wavelength coverage eg. 4800-6800A; abundances: light 

elements, alpha-elements, r-  s-process and heavy elements
— R=20000 – Halo: 5 x 104  (Chemical-Labelling)
— R=20000 – Bulge: 5 x 104

— R=40000 – Disk:  2 x 105 (Chemical-Tagging)
– Field Disk & Open clusters 

AMBITIOUS SCALE

http://great.ast.cam.ac.uk/Greatwiki/GreatCds
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GREAT Chemo-Dynamical Survey
GCDS Kick-off meeting (27 Apr 2010)

http://great.ast.cam.ac.uk/Greatwiki/GreatCds/GcdsParisApr2010

● The Science Experiments
— SE1: Mass Distribution of the Galaxy 
— SE2: Galaxies formation and evolution traced by chemistry 
— SE3: Clusters and star formation and evolution 
— SE4: Additional and Legacy Science 

● Development of these proceeding – see 
— http://camd08.ast.cam.ac.uk/Greatwiki/GreatCds/GcdsSe1
— http://camd08.ast.cam.ac.uk/Greatwiki/GreatCds/GcdsSe2
— http://camd08.ast.cam.ac.uk/Greatwiki/GreatCds/GcdsSe3
— http://camd08.ast.cam.ac.uk/Greatwiki/GreatCds/GcdsSe4

THE INCLUSIVE ELEMENT of GCDS

http://great.ast.cam.ac.uk/Greatwiki/GreatCds/GcdsParisApr2010
http://camd08.ast.cam.ac.uk/Greatwiki/GreatCds/GcdsSe1
http://camd08.ast.cam.ac.uk/Greatwiki/GreatCds/GcdsSe2
http://camd08.ast.cam.ac.uk/Greatwiki/GreatCds/GcdsSe3
http://camd08.ast.cam.ac.uk/Greatwiki/GreatCds/GcdsSe4
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GCDS: status updates – to Dec 2010
● May 2010: WHT spectro upgrade development
● July 2010: ESO issued call for large (300 night) 

spectroscopic surveys (LoI deadline 15 Oct 2010)
● July 2010: ESO issued call for spectroscopic 

instrument upgrades 
● The GREAT community involved in these

— Response to the ESO VLT survey call (Gilmore & Randich)
— 4-m MOS spectrographs for WHT (WEAVE: Dalton) and 

VISTA (4mMOSST: De Jong) (with associated surveys) 
— 8-m VLT (FLAMES-IR: includes Bonifacio)

● Nice GCDS Science Workshop (Nov 2010)
— http://cassiopee.oca.eu/spip.php?article324/ 

http://cassiopee.oca.eu/spip.php?article324/
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GCDS-MW: Key Drivers
The Gaia-ESO survey: Galactic Astrophysics via VISTA Imaging,

Gaia Astrometry, and Eso SpectrOscopy

● Combines key cases from:
— SE1: Mass Distribution of the Galaxy 
— SE2: Galaxies formation and evolution traced by chemistry

● Key aims: kinematic studies of the halo, chemistry of the disk
— Quantify thick disk and halo abundance and kinematic 

gradients
— Distribution functions due to the inner bar and spiral arms

● Determine the relative importance of assembly and accretion
● Bulge-disk interface: (secular) origin of the thick disk
● Halo-disk interface: (merger) origin of the halo & thick disk
● Direct constraints on the disk and halo potential
● LoI submitted to ESO (Oct 2010) – PI: Gilmore 
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GCDS-OC: Key Drivers
Open Star Clusters: the path from molecular clouds to the

MW disc population

● Key science from
— SE3: Clusters and star formation and evolution

● Key aims: kinematic and chemical studies of a large sample 
of Open Clusters and cluster members – to: 
— understand how clusters form; evolve, dissolve, and 

populate the Milky Way
— calibrate complex physics that affect stellar evolution;
— measure the Galactic metallicity gradient at different ages 

with unprecedented accuracy, thereby setting constraints 
on models of disc formation

● LoI submitted to ESO (Sep 10): PI Randich 
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Gaia-ESO Survey
http://great.ast.cam.ac.uk/GESwiki 

● ESO public survey
— Public data products

● Co lead: Gilmore/ Randich
● 250 co-Is: pan-european
● 300 nights over 5 years

— Starts Jan 2012
— Overlaps: Gaia 1st releases

● 105 Giraffe (R~20K) spectra
● 104 UVES (R~47K) spectra

http://great.ast.cam.ac.uk/GESwiki
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Gaia-ESO Survey Components

● Bulge Survey: K giants/ Red Clump (I=15) 
— Fe-peak (Fe, Cr, Mn, Co, Ni) α (Mg, Si, Ca, Ti) p-capture (sc, V)

● Halo/ thick disk survey: r=17-18 F stars (thick disk/ 
halo) and K giants for outer disk/ halo streams
— Probe gravitational potential of the galaxy

● Thin disk dynamics: rad vels to I-19: spiral arm/ bar 
dynamics

● Solar Neighbourhood: UVES obs of FG stars < 2kpc
● Open Clusters: young (velocity fields to <0.5 kms-1 

for evolution history) to old (cluster destruction 
theories from kinematics, mass functions) 
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Slide: Sofia Randich 
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Slide: Sofia Randich 

Red: GES sample

● Precise abundances and kinematics for a large samples 
of OCs – nearby (increased impact with Gaia) and far 
(for abundance gradients)

● 100 OCs in all phases of evolution (~1Myr to ~10 Gyr)
from WEBDA database, Dias et al (2010 version), Kharchenko (2005)

Survey design – open clusters
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Slide: Sofia Randich 
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Gaia-ESO survey accuracies

● Radial velocities: 0.1 – 1 kms-1 for cool stars, 5 kms-1 
for hot stars

● Rotation: 10%
● T

eff
: 50-200 K

● Log g: 0.15 – 0.3 dex
● [Fe/H], [X/Fe]: ~0.1 (UVES), ~0.2 (Giraffe)
● Average [Fe/H], [X/Fe] for the clusters to ~0.03 dex
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Role of VPHAS/ IPHAS in Gaia-ESO

● Provision of supporting optical data: bulge and plane
— Especially relevant for the open cluster, thin disk and bulge 

science themes
— Possibility to accelerate VPHAS observations of OCs fields

● Added value science – combinations of imaging/ 
spectral data

● Involvement of people
— e.g. Drew on Gaia-ESO Steering Group
— Involvement of many others – plenty of work to do

http://www.gaia-eso.eu 
http://great.ast.cam.ac.uk/GESwiki/GESHome 

Plus email to Gerry Gilmore/ Sofia Randich for access

http://www.gaia-eso.eu/
http://great.ast.cam.ac.uk/GESwiki/GESHome
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Conclusions
● Gaia set to revolutionise our understanding of the 

nearby Universe
— ground based spectroscopy adds significant value

● The European galactic astronomy community well 
organised through the GREAT network

● Ambitious survey programmes underway
— Gaia-ESO survey

● New build instrumentation understudy
— MOONS, 4MOST, WEAVE

More on the above in presentations at the GREAT Plenary – June 2011:
http://great.ast.cam.ac.uk/Greatwiki/GreatMeet-20110621 

http://great.ast.cam.ac.uk/Greatwiki/GreatMeet-20110621
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