
WEAVE:  
STELLAR SURVEYS 
Milano, Science with MOS spectrographs 

Angela Bragaglia 
INAF-OAS Bologna 



WEAVE consortium 
WEAVE = WHT Enhanced Area Velocity Explorer 



WEAVE Characteristics 

Fibre-to-fibre minimum distance: 1 arcmin (è problems with clusters) 
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                                 R~5000 (mostly) for RV 
                                                         to mag~21 
R~20000 (mostly) for abundance 
               to mag~16 
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WEAVE: Nothern multiplex 

only X-wide field & X-high multiplex optical high-resolution in 
Northern Hemisphere   (cf Maunakea Spectroscopic Explorer, 2025+) 



WEAVE-Gaia connection 

Ø  WEAVE	(stellar)	is	the	first	survey	with	target	selec7on	from	Gaia	DR2+	and	
building	on	Gaia	DR2+	results	

Ø  Gaia	DR2	real	catalog	(real	data	quality,	real	target	densi7es,	etc)	:	evolu7on	of	
target	selec7on		

Ø  Gaia	DR2	findings		(e.g.	Enceladus,	new	clusters)	in	target	selec7on	and	footprint	



WEAVE timeline 

Ø  Complete survey plans: mid Q2/2019  
Ø  Survey readiness review: Q2/2019  
Ø  Early science project definition (first year of observations) 
Ø  Construction complete: Q3/2019  
Ø  Assembly and integration at WHT complete: Q4/2019 
Ø  First engineering light: Q1/2020 
Ø  First science light: Q2/2020  
Ø  Science verification begins: mid Q3/2020 
Ø  Surveys begin: begin Q3/2020 
Ø  2019-2024: 5 years of WEAVE surveys (70% of  available 

time), plus TAC time (30%) which may also include using WEAVE  
Ø  Post-2024: not defined, but likely continued use of  WEAVE 

instrument (not necessarily current surveys)  



WEAVE mission for the Milky Way 

(Figure for Gaia-ESO survey, see Gilmore, Randich et al. 2012, The Messenger, 147, 25) 

28 The Messenger 147 – March 2012

calibration and ESO archive re-analysis to 
ensure maximum future utility.

Why not just wait for Gaia? 

The Gaia mission will provide photometry 
and astrometry of unprecedented pre-
cision for most stars brighter than G = 20 
mag, and obtain low resolution spectra 
for most stars brighter than 17th magni-
STCD
�3GD�jQRS�@RSQNLDSQX�C@S@�QDKD@RD� 
is likely to be in 2016, with spectropho-
tometry and stellar parameters to follow 
K@SDQ��@MC������ENQ�SGD�jM@K�B@S@KNFTD
�
Crucially, Gaia has limited spectroscopic 
capabilities and, like all spacecraft, does 
not try to compete with large ground-
based telescopes at what they do best. 

A convenient way of picturing the Gaia–
ground complementarity is to look at  
the dimensionality of data which can be 
obtained on an astrophysical object. 
Larger amounts of information of higher 
quality are the goal, to increase under-
standing. Figure 2 gives a cartoon view  
of this information set. There are four 
basic thresholds which we must pass. 
3GD�jQRS�HR�SN�JMNV�@�RNTQBD�DWHRSR��HSR�
position, and basic photometric data. 
Photometric surveys, such as those 
underway at VISTA and VST will deliver 
this information. The second is to add  
the time domain — motions, including 
parallax, providing distances and speeds. 
Here Gaia will be revolutionary. The  
third threshold is radial velocity, turning 
motions into orbits. While Gaia will pro-
vide radial velocities, the magnitude limit 
is three magnitudes brighter than that  
of the astrometry and the precision is 
much below that of proper motions. Here 
the Gaia-ESO will be crucial to supple-
ment Gaia spectroscopy. The fourth 
threshold is chemistry, and astrophysical 
parameters. These latter two both re- 
quire spectroscopy, which is the key 
information from the Gaia-ESO Survey.

Gaia-ESO Survey samples and observa-
tional strategy

The Gaia-ESO Survey observing strat- 
egy has been designed to deliver the  
top-level survey goals. The Galactic inner 
and outer Bulge will be surveyed, as  
will be the inner and outer thick and thin 

evolution of the Galaxy and its compo-
nents, involves three aspects: chemical 
DKDLDMS�L@OOHMF��VGHBG�PT@MSHjDR�
 timescales, mixing and accretion length 
scales, star formation histories, nucleo-
synthesis and internal processes in  
stars; spatial distributions, which relate  
to structures and gradients; and kinemat-
ics, which relates to both the felt, but 
unseen, dark matter, and dynamical his-
tories of clusters and merger events.  
With Gaia, and stellar models calibrated 
on clusters, one will also add ages for 
�RKHFGSKX�DUNKUDC��jDKC�RS@QR��ENQ�SGD�jQRS�
time. Manifestly, a spectroscopic survey 
returning data for very large samples is 
QDPTHQDC�SN�CDjMD�VHSG�GHFG�RS@SHRSHB@K�RHF-
MHjB@MBD�@KK�SGDRD�CHRSQHATSHNM�ETMBSHNMR�
and their spatial and temporal gradients. 

The Gaia-ESO Survey is that survey. 
,NQDNUDQ��HS�VHKK�@KRN�AD�SGD�jQRS�RTQUDX�
yielding a homogeneous dataset for  
K@QFD�R@LOKDR�NE�ANSG�jDKC�@MC�BKTRSDQ�
stars, providing unique added value. The 
RODBHjB�SNO�KDUDK�RBHDMSHjB�FN@KR�HS�VHKK�
allow to be addressed include:
–  Open cluster formation, evolution, and 

disruption;
–  Calibration of the complex physics that 

affects stellar evolution;
–  Quantitative studies of Halo substruc-

ture, dark matter, and rare stars;
–  Nature of the Bulge;
–  Origin of the thick Disc;
–  Formation, evolution, structure of the 

thin Disc;
–  Kinematic multi-element distribution 

function in the Solar Neighbourhood.

Gaia-ESO Survey legacy overview

This VLT survey delivers the data to sup-
port a wide variety of studies of stellar 
populations, the evolution of dynamical 
systems, and stellar evolution. The Sur-
vey will complement Gaia by using the 
GIRAFFE+ UVES spectrographs to meas-
ure detailed abundances for at least  
12 elements (Na, Mg, Si, Ca, Ti, V, Cr, Mn, 
%D��"N��2Q��9Q��!@��HM�TO�SN��� ����jDKC�
stars with V < 15 mag and for several ad -
ditional elements (including Li) for more 
metal-rich cluster stars. Depending  
on target signal-to-noise (S/N) and astro-
physical parameters, the data will typically 
probe the fundamental nucleosynthetic 
channels: nuclear statistical equilibrium 
(through V, Cr, Mn, Fe, Co), and alpha-
chain (through Si, Ca, Ti). The radial 
velocity precision for this sample will be 
0.1 to 5 kms–1, depending on target,  
with, in each case, the measurement pre-
cision being that required for the rele- 
vant astrophysical analysis. The data will 
resolve the full phase-space distribu- 
tions for large stellar samples in clusters, 
making it possible to identify, on both 
chemical and kinematic grounds, sub-
structures that bear witness to particular 
merger or starburst events, and to fol- 
low the dissolution of clusters and the 
&@K@BSHB�LHFQ@SHNM�NE�jDKC�RS@QR
�

The survey will also supply homogene-
ously determined chemical abundances, 
rotation rates and diagnostics of mag-
netic activity and accretion, for large 
samples of stars in clusters with precise 
distances, which can be used to chal-
lenge stellar evolution models. Consider-
able effort will be invested in abundance 

Astronomical Science

Gaia

2-D 3-D 5-D 12+ D6-D

Position Parallax Proper
motions Spectrum Astrophysical

parameters

Ultra-precision,
over years Distance Transverse

velocities
Radial velocity
+  chemistry

Ages, histories,
astrophysics

Stellar orbits, star formation history, origin of the elements, Galaxy assembly,....
dark matter, cosmological initial conditions, fundamental physics, solar system(s)

Gaia-ESO

Figure 2. Diagrammatic representation of the out-

puts of the Gaia and Gaia-ESO surveys, showing 

how they are complementary.

Gilmore G. et al., The Gaia-ESO Public Spectroscopic Survey

HR Spectro Survey    



WEAVE mission for the MW 

Ø  Combine (spectroscopic) stellar 
parameters plus RV with Gaia PLX, PM, 
photometry: get ages, e.g. to constrain 
the mass assembly of the MW disc(s) with 
time  

Ø  Derive distances where errors on Gaia 
parallax are killing 

Ø  Chemo-dynamical labelling (tagging) 
with all main nucleosynthetic channels, to 
deconstruct galactic stellar populations 

Gaia Collaboration (Babusiaux, C. et al.): Gaia Data Release 2

Table 3. Reference data for 14 globular clusters used in the construction
of the combined HRD (Fig. 3).

NGC DM Age [Fe/H] E(B � V) Memb
(Gyr)

104 13.266 12.75a �0.72 0.04 21580
288 14.747 12.50a �1.31 0.03 1953
362 14.672 11.50a �1.26 0.05 1737

1851 15.414 13.30c �1.18 0.02 744
5272 15.043 12.60b �1.50 0.01 9086
5904 14.375 12.25a �1.29 0.03 3476
6205 14.256 13.00a �1.53 0.02 10311
6218 13.406 13.25a �1.37 0.19 3127
6341 14.595 13.25a �2.31 0.02 1432
6397 11.920 13.50a �2.02 0.18 10055
6656 12.526 12.86c �1.70 0.35 9542
6752 13.010 12.50a �1.54 0.04 10779
6809 13.662 13.50a �1.94 0.08 8073
7099 14.542 13.25a �2.27 0.03 1016

Notes. Data on distance moduli (DM), [Fe/H] and E(B–V) from Harris
(1996), 2010 edition, (a) Dotter et al. (2010), (b) Denissenkov et al. (2017),
(c) Powalka et al. (2017) for age estimates. Memb: cluster members with
photometry after application of photometric filters.

Fig. 4. Comparison between the HRDs of 47 Tuc (NGC 104,
Age = 12.75 Gyr, [Fe/H] =�0.72), one of the most metal-rich globu-
lar clusters (magenta dots), and M 67 (NGC 2682, Age = 3.47 Gyr,
[Fe/H] = 0.03), one of the oldest open clusters (blue dots).

4. Details of the Gaia HRDs

In the following, several field star HRDs are presented. Unless
otherwise stated, the filters presented in Sect. 2.1, including
the E(B � V) < 0.015 mag criteria, were applied. The HRDs
use a red colour scale that represents the square root of the
density of stars. The Gaia DR2 HRD of the low-extinction stars
is represented in Fig. 5. The approximate equivalent temperature
and luminosity to the GBP � GRP colour and the absolute Gaia
MG magnitude provided in the figure were determined using
the PARSEC isochrones (Marigo et al. 2017) for main-sequence
stars.

Figure 6 shows the local Gaia HRDs using several cuts in
parallax, still with the filters of Sect. 2.1, but without the need
to apply the E(B � V) < 0.015 mag extinction criteria, as these
sources mostly lie within the local bubble.

4.1. Main sequence

The main sequence is very thin, both in fields and in clusters.
This is very clearly visible in Fig. 7, which shows the HRDs of

Fig. 5. Gaia HRD of sources with low extinction (E(B–V) <
0.015 mag) satisfying the filters described in Sect. 2.1 (4 276 690
stars). The colour scale represents the square root of the density of
stars. Approximate temperature and luminosity equivalents for main-
sequence stars are provided at the top and right axis, respectively, to
guide the eye.

the Hyades and Praesepe clusters (ages ⇠700 Myr), which accu-
rately overlap, as has previously been noticed in van Leeuwen
(2009) and confirmed in Gaia Collaboration (2017). This figure
shows the very narrow sequence described by the stars in both
clusters, as well as the scattering of double stars up to 0.75 mag-
nitudes above the main sequence. The remaining width of the
main sequence is still largely explained as due to the uncertain-
ties in the parallax of the individual stars, and the underlying
main sequence is likely to be even narrower.

The binary sequence spread is visible throughout the main
sequence (Figs. 5 and 6), and most clearly in open clusters
(Fig. 7, see also Sect. 6). It is most preeminent for field stars
below MG = 13. Figure 8 shows the main-sequence fiducial of
the local HRD shifted by 0.753 mag, which corresponds to two
identical stars in an unresolved binary system observed with the
same colour but twice the luminosity of the equivalent single
star. See Hurley & Tout (1998), for instance, for a discussion
of this strong sequence. Binaries with a main-sequence primary
and a giant companion would lie much higher in the diagram,
while binaries with a late-type main-sequence primary and a
white dwarf companion lie between the white dwarf and the
main sequence, as is shown in Fig. 5, for example.

The main sequence is thicker between 10 < MG < 13
(Figs. 2, 5 and 6). The youngest main-sequence stars lie on the
upper part of the main sequence (in blue in Fig. 2). The subd-
warfs, which are metal-poor stars associated with the halo, are
visible in the lower part of the local HRD (in red in Fig. 2, see
also Sect. 7).

The main-sequence turn-off variation with age is clearly
illustrated in Fig. 2, and the variation with metallicity is shown

A10, page 7 of 29

Gaia DR2 HRD: ~4.2 million low-extinction, well-behaved stars 
(Gaia Collaboration, Babusiaux et al. 2018) 



WEAVE stellar surveys 

Ø Galactic Archaelogy (lead V. Hill) 
    complement Gaia 
    complement MOONS, 4MOST in North (& APOGEE) 
    - LRhighlat ; HRhighlat 
    - LRdisc ; HRdisc (also thick disc) 
    - Open Clusters (lead A.Vallenari) 
    - (Globular Clusters) 
    - (calibration) 
Ø SCIP (lead J. Drew) 
     Galactic plane Stellar, Circumstellar, and Interstellar Physics 
    |b|< 4o ; massive	stars,	ISM,	YSO,	SFRs 
Ø WD (lead B. Gaensicke) 
    10-20 per FoV at G=21 (LR) : flux/tellurics calibrators & science 
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Preliminary 5-yr fibre hours 



StellarCircumstellarInterstellarPhysics 

" (mostly) LR Survey on Galactic Plane, in synergy with GP surveys:  
       b<4o;  ugri+Hα , 20th mag  VPHAS+ ESO; UVEX (ugr, some HeI ) & IPHAS (riHα) North 

    

SCIP	LR	footprint,	colored	according	to	expected	coverage	in	first	Gaia	release		
 

Cygnus & Anticentre HR regions 



StellarCircumstellarInterstellarPhysics goals 
Only in MW we can access individually examples of the less well-described and 
short-lived phases in stellar evolution, even for sub-solar mass objects and study at 
maximum resolution the relationship between stars and the interstellar medium.  
(LR) spectroscopy advantages over photometry alone: RVs (systemic, orbital); stellar 
parameters and metallicity, evidence of chemical peculiarity, IS absorption features, 
constraints on CS/nebular matter, mass transfer/loss, magnetic activity signature 
 
Ø  Study environmental effects on star formation 
Ø  Map extinction and ISM 
Ø  Study the life-cycles of massive stars 
Ø  Study mass-loss across HRD 
Ø  Determine consequences of binary interaction 
Ø  Study cooling WDs 
Ø  Study X-ray emitting binaries and gravitational wave sources 
 
Targets: OBA stars (including emission line stars and RSGs), ionized nebulae and 
diffuse ISM, young stars, WDs and compact binaries, Cepheids 



MW surveys: some key questions 

              Structure formation on sub-galactic scale 

Ø  Halo: in situ vs accreted   
Ø  What is the total mass  of the Milky Way? What is the shape of the Galactic gravitational 

potential?  
Ø  Where   are the most metal-poor stars in the Milky Way, what are their properties, and what 

do  they tell us about the physics of the early Universe?  
Ø  dSph and UDFs : the role of disrupted dwarfs  

Ø  Dark matter 
Ø  How much substructure does the Galactic dark matter distribution have within 20–50 kpc?  

How do they interact with cold streams?  

Ø  Discs: respective roles of hierarchical formation and  secular evolution in shaping the 
Galaxy 
Ø  what are the roles of spirals (+ number of arms, pitch angle, pattern speed?) and the 

bar (length, pattern speed?) 
Ø  How do clusters form and dissolve, populating the MW ? 
Ø  what is the chemical evolution traced by the open clusters?  



Gaia DR2 “surprises” - halo 
Helmi+2018: Gaia DR2 (+APOGEE) Gaia-ESO 

Ø Gaia+SDSS	data:	”Gaia	Sausage”	contribu7ng	to	50%	mass	of	the	halo	within	25	kpc	
(Belokurov+2018,	Lancaster+2018,	Kruijssen+2018)	

Ø Gaia-Enceladus	retrograde	stars	are	on	the	blue	sequence	(Helmi+2018)	
Ø Inner	30	kpc	the	stellar	halo	could	be	largely	dominated	by	a	single,	ancient,	

extremely	radial	merger	10	Gyr	ago,	of	high	mass	(10		9-10		M¤	)	
Ø [α/Fe]	vs	[Fe/H]	different	from	thick	disk:	long	las7ng	SF	
Ø High	e	stars	with	abundances	of		dwarf	satellites	(Mackereth+2018,	using	APOGEE)	



Gaia DR2 “surprises” - disk 

Ø  The disk is out of equilibrium state (Antoja+ 2018; Kawata+ 2018; Trick+ 
2018) 

Ø  Bending modes excited by dark matter halo ? (Chesquers 2018) 
Ø  Vertical waves from a perturbing satellite (Sagittarius ?) ? (Binney & Schoenrich 2018,    

Bland-Hawthorn+ 2018) 
Ø  Perturbations created by spiral arms ? (Hunt+ 2018, Quillen+ 2018) 
Ø  Bar perturbations ? (Gaia Collaoration+ 2018) 

LETTER
https://doi.org/10.1038/s41586-018-0510-7

A dynamically young and perturbed Milky Way disk
T. Antoja1*, A. Helmi2, M. Romero-Gómez1, D. Katz3, C. Babusiaux3,4, R. Drimmel5, D. W. Evans6, F. Figueras1, E. Poggio5,7,  
C. Reylé8, A. C. Robin8, G. Seabroke9 & C. Soubiran10

The evolution of the Milky Way disk, which contains most of the 
stars in the Galaxy, is affected by several phenomena. For example, 
the bar and the spiral arms of the Milky Way induce radial migration 
of stars1 and can trap or scatter stars close to orbital resonances2. 
External perturbations from satellite galaxies can also have a role, 
causing dynamical heating of the Galaxy3, ring-like structures in the 
disk4 and correlations between different components of the stellar 
velocity5. These perturbations can also cause ‘phase wrapping’ 
signatures in the disk6–9, such as arched velocity structures in the 
motions of stars in the Galactic plane. Some manifestations of 
these dynamical processes have already been detected, including 
kinematic substructure in samples of nearby stars10–12, density 
asymmetries and velocities across the Galactic disk that differ from 
the axisymmetric and equilibrium expectations13, especially in the 
vertical direction11,14–16, and signatures of incomplete phase mixing 
in the disk7,12,17,18. Here we report an analysis of the motions of 
six million stars in the Milky Way disk. We show that the phase-
space distribution contains different substructures with various 
morphologies, such as snail shells and ridges, when spatial and 
velocity coordinates are combined. We infer that the disk must 
have been perturbed between 300 million and 900 million years ago, 
consistent with estimates of the previous pericentric passage of the 
Sagittarius dwarf galaxy. Our findings show that the Galactic disk is 
dynamically young and that modelling it as time-independent and 
axisymmetric is incorrect.

Gaia is a European Space Agency (ESA) mission that was designed 
primarily to investigate the origin, evolution and structure of the Milky 
Way, and has recently delivered the largest and most precise census of 
positions, velocities and other stellar properties of more than a billion 
stars. By exploring the phase space (positions and velocities) of more 
than six million stars within a few kiloparsecs of the Sun in the Galactic 
disk from Gaia data release 2 (DR2; see Methods)19, we find that certain 

phase-space projections (Figs. 1a, 2) have many substructures that 
had not been predicted by existing models. These substructures had 
remained blurred until now, owing to the limitations on the number of 
stars in and the precision of previously available datasets.

In Fig. 1a we show the projection of phase space in vertical position 
and velocity, Z–VZ. The stars follow a curled, spiral-shaped distribution, 
the density of which increases towards the leading edge of the spiral. 
Figure 1b, c demonstrates that this ‘snail shell’ pattern is still present 
when the stars are colour-coded according to their radial and azimuthal 
velocities, VR and Vφ, which implies a strong correlation between the 
vertical and in-plane motions of the stars. The pattern is particularly 
pronounced in the case of Vφ (Fig. 1c), even up to VZ ≈ 40 km s−1. 
Furthermore, we see a gradient of different values of Vφ across the spiral 
shape, which follows the density variations. Details of the relationship 
between the snail shell and the other velocity features observed in the 
solar neighbourhood are shown in Extended Data Fig. 1.

The spiral shape in Fig. 1a is clearly reminiscent of the effects of 
phase mixing in two dimensions that have been discussed in several 
areas of astrophysics20–22 and in quantum physics23, but never in the 
context of dynamical models of the Galactic disk. This process can be 
better understood by using a toy model. Consider a Galaxy model in 
which the vertical potential of the Galaxy can be approximated by an 
anharmonic oscillator (see equation (1) in Methods). In this approxi-
mation, the vertical frequencies of oscillation ν depend on the ampli-
tude of the oscillation A and the Galactocentric radius R, to first order22 
(see equation (2) in Methods). By assuming that stars follow a simple 
harmonic oscillation with these frequencies, their movement over time 
t is described by Z = Acos[φ(t)] and VZ = −Aνsin[φ(t)] (where φ(t) is 
the orbital phase), which traces an oval shape in the clockwise direc-
tion in the Z–VZ projection. However, stars revolve at different angular 
speeds depending on their frequency. Thus, an ensemble of stars will 
stretch out in phase space, with the range of frequencies causing a spiral 

1Institut de Ciències del Cosmos, Universitat de Barcelona (IEEC-UB), Barcelona, Spain. 2Kapteyn Astronomical Institute, University of Groningen, Groningen, The Netherlands. 3GEPI, Observatoire 
de Paris, Université PSL, CNRS, Meudon, France. 4Université Grenoble Alpes, CNRS, IPAG, Grenoble, France. 5INAF—Osservatorio Astrofisico di Torino, Pino Torinese, Italy. 6Institute of Astronomy, 
University of Cambridge, Cambridge, UK. 7Università di Torino, Dipartimento di Fisica, Torino, Italy. 8Institut UTINAM, CNRS UMR6213, Université Bourgogne Franche-Comté, OSU THETA Franche-
Comté Bourgogne, Observatoire de Besançon, Besançon, France. 9Mullard Space Science Laboratory, University College London, Dorking, UK. 10Laboratoire d’astrophysique de Bordeaux, 
Université Bordeaux, CNRS, Pessac, France. *e-mail: tantoja@fqa.ub.edu

Fig. 1 | Vertical positions and velocities of the stars. The plots show 
the distribution of stars in the vertical position–velocity (Z–VZ) plane 
from our sample of Gaia data for stars with Galactocentric radii of 
8.24 kpc < R < 8.44 kpc. a, Two-dimensional histogram in bins of 
∆Z = 0.02 kpc and ∆VZ = 1 km s−1, with the darkness of the colour scale 

proportional to the number of stars. b, Z–VZ plane coloured as a function 
of median radial velocity VR in bins of ∆Z = 0.02 kpc and ∆VZ = 1 km s−1. 
c, Same as b, but for the azimuthal velocity Vφ. VR and Vφ are positive 
towards the Galactic anticentre and the direction of Galactic rotation, 
respectively.
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Disk perturbations 

Antoja+ 2018 



 A few million stars to unravel MW history 

LR	disk:		|b|<6	
	1.5x106	stars	–		on	210+405	LoS	

 HR	disk:	1,800	deg2	with	15<|b|<30	to	ensure	
	coverage	of	discs	

N(Gmag<16)/deg2 



WEAVE Galactic Archaelogy plan 

WEAVE reaches farther &  
with denser coverage than 
Gaia-ESO, APOGEE, GALAH 
 



  GA : LR high latitude 

Ø  Goal	1.	Forma7on	scenarios	for	the	Galac7c	stellar	halo:	in-situ	or	accreted?				Dist=10-35	kpc	to	
trace	the	break	of	the	halo	

Ø  Goal	2.	Outer	halo	survey	with	RGB	stars			
Ø  Goal	3.	Total	mass	of	the	Milky	Way	out	to	200	kpc	through	Jeans	analysis	
Ø  Goal	4.	The	shape	of	the	Galac7c	gravita7onal	poten7al	within	50–100	kpc	from	7dal	streams.	Dist	

>	50	Kpc	
Ø  Goal	5.	Chemo-dynamics	of	Milky	Way	dwarf	satellite	galaxies															
Ø  Goal	6.	Halo	sub-structure.	Dist	<	30	Kpc	
Ø  Goal	7.	Metal-poor	stars	and	the	earliest	phases	of	metal-enrichment.	
Ø  Goal	8.	Large	scale	mass	assembly	of	the	thick	disc		

        |b|>30°, V<20 + color cuts, ~1–2×106 stars  (number of streams > 30)  
        Tracers : old MSTO (D<30 kpc) ; RGB (100 kpc) ; BHB & RRLyr ; EMPS (MoU with PRISTINE) 
  
        Pointed survey :  
          dwarf galaxies + streams + UDFs to V<21 
         (also repeated observations to get binaries with |dRV| > 2 km/s) 



GA : LR disc 

A	galac7c	plane	experiment	to	constrain	the	disc	poten7al,	including	departures	from	
axisymetry	(spiral	arms,	bar,	…),	moving	groups,	study	of	accre7on	events,	study	of	
radial	migra7on,	etc	
				|b|<	6o,	550	LOS,		RV	to	2	km/s	to	discriminate	streams	with	5-10	km/s	
				WEAVE	Privileged	access	to	outer	disc	(clearly	not	in	equilibrium):	also	HR,	|b|<	10°	
						Tracers:	RGB	and	red	clump	stars	



WEAVE HR surveys 

Ø  Goal	1.	Probing	the	assembly	of	the	Galac7c	discs	with	
chemical	labelling	and	ages		

Ø  Goal	2.	Chemical	labelling	of	streams,	groups	and	
substructures	in	the	Galac7c	halo		

Ø  Goal	3.	History	of	the	chemical	enrichment	in	the	Galac7c	disc	
Ø  Goal	4.	Stellar	clusters	(GA-OC	sub-survey	already	organized)	



WEAVE HR surveys : halo & disc(s) 

Ø  Goal:	Chemical	tagging	

Ø  High	la7tude	Halo:	searching	for	streams	+	first	stars	
							Assuming	500	streams	cross	the	solar	neighbourhood	&	100	members	each	needed		
									to	characterize	them	
								→	5x10	4	halo	star	→		target	5	x10	5	stars	
								Given	the	density	of	halo	stars	at	magnitudes	12<V<16	(~10	/deg2)	
										→	high-laOtude	survey		5000	deg2	(	at	|b|>30-40)	
Ø  Intermediate	la7tude	survey	mapping	the	thick	disk	
									MSTO	stars	selected	from	Gaia	
									Assuming	0.1	dex		thin/disk	separa7on,	an	error	on	[α/Fe]	abundances	of	0.05	dex	
									Nmin=3,000	stars	per	(RGC,	[Fe/H],	Z)	box	
								→	1800	deg2	with	15<|b|<30°	to	insure	RGC,Z	coverage	
										→		6x106 thick disc stars		
Ø  HR	(+LR)	Globulars	
 



WEAVE HR surveys : halo & disc(s) 
Ø  90%	of	the	HR	survey	is	within	the	GDR2	5-D	sample		
Ø  Target	selec7on:	G<16	including	Gaia	parallaxes	(G<17	an7center)	
Ø  Giants:	all	stars	with	MG	<	1.5	
Ø  MS:	all	stars	1.5<MG<4.5		
 



GA - Open Clusters 

Ø  Goal 1. Formation of open clusters and associations à FGK stars in Cygnus 
Ø  Goal 2. Disruption of open clusters 

Ø  chemical tagging of young clusters in the field 
Ø  Chemical tagging of the halo of open clusters 

Ø  Goal 3. OCs as tracers of the Galactic disc and of its chemical evolution à old OCs 
(age >500 Myr) 

Ø   As tracers of disk perturbations 
Ø  Goal 4. Early stellar evolution à nearby OCs 

Ø  lithium (nuclear ages, mixing, etc) 
Ø  accretion, activity: evolution and effect of environment 
Ø  Expansion vs contraction 

Ø  Goal 5. Stellar evolution at later stages 
Ø  Stellar population, binary confirmation, PMS  

In red : science case/target selection revision based on Gaia DR2 data 
 
  Italy : INAF Padova, Bologna, Catania, Arcetri (+ Barcelona, Bordeaux) 



Updates in the Open Clusters census 

Ø  Revised	census	for	1200+	OCs	
							based	on	Gaia	DR2		
							(see	Cantat-Gaudin+	2018a)		
Ø  60	new	OCs	(and	32	of	those		
						have	D¤<	2	kpc)	
Ø  More	new	OCs	by		Koposov	+	2017;	

Castro-Ginard+	2018;		Dias+	2018;	
Cantat-Gaudin+	2018b	

Ø  Are	we	really	complete	inside		
							2	kpc?	
	
	
	
	
	
					New	OC	:	Gulliver	1	(in	blue),	seen	
														close	to	Ruprecht	91	(in	yellow)	

WEAVE FoV 
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 Updates in Open Clusters parameters 
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Cantat-Gaudin+2018a:  
Gaia DR2 PLX, PM revision for 1200 Ocs 
PLX uncertainty: 84% <5% ; 94% <10% 

Bossini+2018:  
Bayesian age determination (BASE9) for 
270 OCs 
 



Data policy 

Ø  Open data access inside the Consortium for all “nominal” products 
Ø  Proprietary period of 1 year for additional data products (CDPs) 

Ø  First public data release after 2 years from survey beginning 

Ø  Then every year  

Ø  PI-projects with WEAVE are analysed by the WEAVE pipeline   

                           


