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OCs in the Galaxy
HR (+LR) survey in GA
Immediate goal: to get chemical abundances and Vrad

OC survey



OCs census
Important to estimate star formation, cluster 
disruption, disk properties
Known Ocs are about 3000 (Kharchenko+2013)
A large number of apparent overdensities  are 
detected using IR or  other photometric surveys 
(2MASS Skrutskie et al. 2006; Froebrich et al. 
2017; Dambis 2017 with IPHAS-APASS, 
Liu+2017 Pan-STARRS: 400 candidates)
Assuming uniform OC distribution, the current 
sample might be complete inside 1.5-1.8 Kpc 
(Buckner & Froebrich 2014)
Estimates of the number of OCs are of the 
order of 100,000 (Bonatto+2006, Bica & 
Bonatto 2011, Lada & Lada 2003, Chen et al. 
2004,Piskunov et al. 2006, R¨oser et al. 2010). Only 1.5% of old OCs are inside

500pc from the Sun (Joshi+2016)

Piatti+2017



Netopil + 2015

Pre-Gaia Ocs: parameters



Their  birth, internal kinematics/ 
dynamical evolution, evaporation,  
disruption, self-pollution (if any)      

trace the Galactic environment
Æ Tidal field (Berentzen & Athanassoula 2011, 

Kupper et al 2010)

Æ interaction with giant molecular 
clouds & spiral arms

(Gieles et al 2006, Kujissen+2011)  +  stellar 
evolution effects (infant mortality)

Depletion  of OCs  in SV older than 1Gyr: 
dissolution time

Mass(radius)-age relation: clarify the 
disruption process (de Grijs & Anders
2006; Chandar et al. 2010, Baumgardt & Makino 
2003)
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OCs formation and disruption

NGC 2516 Jordi+2017



Disk metallicity Gradient and Radial 
Migration

Anders 2017 Jacobson+2016

G1, 
Mucciarelli+2017 

The older OCs trace the kinematics/structure of the disk
Tracing the spiral structure (Carraro+2017, Moitinho + 2010,  

Dias&Lepine2005, Molina-Lera+2017 on Sag-Car Arm )
Clusters age , metallicity,  positions, orbits should be 
compared with field star properties, to  trace the   disk 
chemical gradient Æ disk formation  and evolution 
process ( Minchev+2015, Jacobson+2016,  Bragaglia+ 2006, 
Cantat+2016)



OCs of extragalactic origin?
A lot of recent work devoted to 

detect signs of mergers in the (outer) disk 
(Ibata+2017, Ruchti & Reed 2016)

Reconstructing orbits of Ocs (+chemical 
tagging) can provide information about 
their origin
Saurer 1 and Be 29  extragalactic origin in 
the past 4-5 Gyr? (Reddy+2016,  
vandePutte+2010)

Reddy+(2016)

Cantat+2016



How do stars and clusters form ?Æ Science Goal 1Æ FGK stars in Cygnus: 
19 objects
How do clusters dynamically evolve to populate the MW field? Æ science 
Goal 2
How OCs trace the structure (spiral arms, warp…)? Æ science Goal 3 (age 
>500 Myr): 25 Ocs +16 (anticenter)

How OCs trace the kinematics and dynamics of the disks?
What is the shape of abundance gradients and their time evolution in the MW ?

Can we put further constraints on stellar physics to safely use stars as fossils  
for the Galactic formation and evolution? Æ science Goal 4 Ænearby Ocs: 
25 objects
Diagnostic

Kinematics: membership, distances, orbit reconstruction
chemical information, completeness

WEAVE OC questions



Preliminary Target Distribution

Galactic 
structure

Cluster structure
Stellar evolution

Cluster 
formation



Calibrators
Metallicity inter-survey calibration
About 18 Ocs spanning a large range in

[Fe/H]=-0.38(NGC 2420) ; +0.32 (NGC 6791)
Different spectral types (giants + MS)

Kepler & Kepler 2 : 4 OCs
Gaia-ESO: 8 OCs
APOGEE: 6 Ocs 

TNG HARPS+GIANO proposal 
for high resolution optical and
IR spectroscopy 
(Origlia, Bragaglia, Lucatello, Vallenari, Frasca)

NGC 6791 Platais et al 2011



OPR2.5 Target selection

Criteria: selecting on wide areas to detect exchaping stars
High priority on known members -Æusing Gaia data
Preliminary selection done on existing catalogs (APASS, 2MASS, VPHAS)
Old Ocs: 1700 target stars per FOV; 900 fibers allocated



Status after DR1
Using  Gaia DR1 data for preliminary assesment
Development and testing of tools for new OC detection, 
membership,  preliminary paramter determination from 
photometry
More than 400 OC candidates in TGAS (d<2 Kpc) 
7 Ocs observed by GES
150 Oc analysed (Cantat et al  2017 submitted)

46 pc : Δπ/π=1%  Hyades
46 pc Internal dispersion resolution

300 pc:  Δπ/π=10% 
(Gaia Collab., van Leewen+2017)



Jordi+2017

New Cluster detection 



Gaia DR2  view of OCs

-

•

Target selection done with DR2
DR2 performances 
Systematic errors <100 μas
Typical parallax precision:
G = 15, 30 μas; 
G = 18, 150 μas;
G = 20, 700 μas

DR2: Derive distances + pm of individual stars in OCs  - little systematics and 
correlations:  

- at 2% for   d < 500 kpc (G=16)
-at 10% for  the vast majority of OCs inside 2 kpc Æ more accurate  orbits

Small velocity dispersion in OCs (1 - 2 km/sec) Æ studies of the internal dynamics 
require ~ 0.5 km/sec:   (d<1000-3000 pc)
Improving the census: new Ocs discovered and asterisms discarded
Parallaxes, membership, exquisite photometry Æ Ages



Conclusions
Gaia and complementing surveys will bring us in the 
6D domain for 1 billion stars + chemistry and 
fundamental parameters for millions of stars –a 
revolution in MW  and OC science
WEAVE will add new dimensions: its contribution is 
fundamental to go from the local to the Galactic 
scale


