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OPEN CLUSTERS science case   
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                      Core science cases 
1- Formation of  open clusters 
2- Disruption of  open clusters 
3- Open cluster as tracers of  the MW disc and  
    its chemical evolution 
4- Star formation and early stellar evolution 
5- Stellar evolution 

For all : HR required, R=20000 
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                      Core science cases 
1- Formation of  open clusters 
    Dynamical properties (RV + UVW) as function of   
     age, metallicity, position 
     Two SF regions : Great Cygnus Rift, Per OB1 
     with 20+ clusters 
2- Disruption of  open clusters 
3- Open cluster as tracers of  the MW disc and  
    its chemical evolution 
4- Star formation and early stellar evolution 
5- Stellar evolution 
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                      Core science cases 
1- Formation of  open clusters 
2- Disruption of  open clusters 
    Large sample, different age and Rgc to probe 
     dependencies 
    Uses same clusters of  goals 3, 4 
3- Open cluster as tracers of  the MW disc and  
    its chemical evolution 
4- Star formation and early stellar evolution 
5- Stellar evolution 
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                      Core science cases 
1- Formation of  open clusters 
2- Disruption of  open clusters 
3- Open cluster as tracers of  the MW disc and  
    its chemical evolution 
    Large sample of  clusters at all Rgc, at all [Fe/H],  
     with age>100 Myr 
     Derive [Fe/H], detailed abundances, combine with 
     homogeneous distances and ages 
4- Star formation and early stellar evolution 
5- Stellar evolution 
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                      Core science cases 
1- Formation of  open clusters 
2- Disruption of  open clusters 
3- Open cluster as tracers of  the MW disc and  
    its chemical evolution 
4- Star formation and early stellar evolution 
    Clusters with age < 500 Myr, cool stars to measure [Fe/H], 
     Li, mass accretion rate, chromospheric activity  
                                  (see FRASCA) 
5- Stellar evolution 
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                      Core science cases 
1- Formation of  open clusters 
2- Disruption of  open clusters 
3- Open cluster as tracers of  the MW disc and  
    its chemical evolution 
4- Star formation and early stellar evolution 
5- Stellar evolution 
     Test stellar evolution models with clusters. 
      Same target list of  goals 3 & 4 



OCs and the MW disc  
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Dias+2002, web update 2016 
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Donati et al. 2015 

BOCCE 

M. Netopil et al.: On the metallicity of open clusters. III. Homogenised sample
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Fig. 4. RMD of the open clusters. The circles represent spectroscopic
data (HQS in black). Photometric metallicities are shown with triangles,
with larger symbols for results that are based on at least two photometric
systems. The dashed line shows the metallicity plateaus and the step-
like discontinuity found by Lépine et al. (2011), and the solid lines are
the fits to our spectroscopic cluster data using the complete sample for
the inner disc and the mean value for the outer area (see Table 3). The
grey area is the error range of the mean metallicity that we derived with
a running average on the complete spectroscopic sample, as discussed
in the text.

ability to belong to the thick disc (Reddy et al. 2013). Assigning
a weight to objects that might not represent the chemical char-
acteristic of a particular position (e.g. owing to migration or ec-
centric orbits), however, could lead to a misleading conclusion
as well. A detailed analysis of the cluster orbits was performed
for only a limited number of objects. NGC 6791 is probably the
most outstanding object for its age and metal-richness (7 Gyr,
[Fe/H] ⇠ 0.4 dex, at RGC ⇠ 7.7 kpc). The dynamical study by
Jílková et al. (2012) resulted in a low probability that the clus-
ter originates from the very inner disc (RGC = 3–5 kpc) and mi-
grated outward to the present-day location. However, owing to
the eccentric orbit, the cluster spans Galactocentric distances
from about 5 kpc to 9 kpc.

The age, which is known for all objects with acceptable ac-
curacy, could be a useful criterion to select a proper subsample
that reflects the true chemical property of a particular Galactic
position. But the unequal distribution of the cluster ages does not
allow tracing the RMD in detail; almost all objects younger than
500 Myr are located within RGC ⇠ 9 kpc. Another di�culty in the
correct interpretation of the RMD might arise if there are as yet
unobserved ’key’ objects. For example, without the availability
of data for the outermost clusters, a flattening of the metallicity
gradient cannot be concluded at all. We therefore have to work
with this biased sample, but we tried to overcome the di�culties
by at least including (complete sample) and excluding (cleaned
sample) the strong over- and underabundant objects in the anal-
ysis. A comparable approach by including and excluding single
objects was already used by Twarog et al. (1997) to see the ef-
fects on the derived gradients.

We used the quantitatively derived transition radius by Yong
et al. (2012) as a limit to determine a linear fit of the RMD for the
inner disc as given in Table 3. It is quite evident that the inclusion
of the six deviating points results in a somewhat steeper gradi-
ent. Obviously, the derived gradients could be artificial if the pro-
posed step function (see Fig. 4 and discussion before) is real. We
therefore split the data set into the distance ranges RGC  9 kpc
and 9<RGC < 12 and derived linear fits as well. As suggested by

Table 3. Derived metallicity gradients based on open cluster data.

Range N ZP Slope Notes
< 12 kpc 88 +0.72 ± 0.08 �0.086 ± 0.009 all data
< 12 kpc 82 +0.54 ± 0.07 �0.066 ± 0.007 a

 9 kpc 64 +0.71 ± 0.14 �0.085 ± 0.017 all data
 9 kpc 61 +0.51 ± 0.12 �0.061 ± 0.015 a

9 – 12 kpc 24 +0.52 ± 0.39 �0.068 ± 0.037 all data
9 – 12 kpc 21 +0.41 ± 0.29 �0.054 ± 0.028 a

> 12 kpc 12 �0.04 ± 0.12 �0.016 ± 0.007 all data
> 12 kpc 10 �0.26 ± 0.07 b

 0.5 Gyr 35 +0.62 ± 0.12 �0.079 ± 0.015 all data
1 – 2.5 Gyr 18 +0.74 ± 0.11 �0.082 ± 0.013 all data
1 – 2.5 Gyr 17 +0.63 ± 0.12 �0.072 ± 0.013 a

Notes. Zero points (ZP) and slopes of the linear fits.(a) Excluding the
strong over- or underabundant objects as discussed in the text. (b) Mean
metallicity excluding the most distant objects Berkeley 29 and Saurer 1.

Corder & Twarog (2001), the comparison of the results for both
subranges might be a critical test for the existence of this con-
siderable break and discontinuity in the RMD. Both subranges
show a comparable slope within the errors, regardless of whether
the deviating points are included or excluded. This means that
the results favour a roughly constant decline of the metallicity
and not a sharp break. Although the inclusion of the deviating
points results in larger errors for the little sampled outer range,
the correlation coe�cient of 0.36 gives a randomness probabil-
ity of only 8 %. For the inner range, a gradient exists without any
doubt, and the probability that the gradient comes from a random
sample is one per mille and even an additional factor of 50 lower
if the deviating overabundant objects are included. However, the
large number of objects at the solar circle clearly dominates the
analysis. More cluster data beyond RGC ⇠ 9 kpc would therefore
be helpful to improve the results in that distance range.

Even fewer objects cover the outer disc (RGC � 12 kpc), and
this sample also includes the most distant objects Berkeley 29
and Saurer 1, which are well separated from the other clusters.
We derived a mean metallicity excluding the two distant objects
(see Table 3 and Fig. 4), but provide a linear fit over the complete
distance range as well. The mean value intersects with the gra-
dients derived for the inner disc at RGC ⇠ 11.3 kpc or ⇠ 12.2 kpc,
depending on whether the gradient for the complete or for the
reduced sample is used. These values agree with other studies of
the transition radius (e.g. Carraro et al. 2007; Friel et al. 2010;
Yong et al. 2012).

To further investigate the RMD, we employed a running av-
erage by starting with the innermost cluster. This approach was
recently used by Genovali et al. (2014) to study the fine structure
of the metallicity gradient based on Cepheids. We grouped the
sample either by a constant number of 15 clusters or by a max-
imum distance range of 1 kpc, whichever criterion was fulfilled
first. This kind of selection takes the well-sampled area around
the solar circle into account, but also less populated Galactocen-
tric distances. The defined groups cover a mean distance range
of 0.5 kpc close to the solar circle (7–9 kpc), but the number
of included objects per group drops to fewer than five beyond
RGC ⇠ 11.5. We derived the running average and the standard de-
viations for the complete sample and for the list that excludes the
deviating objects. Figure 5 shows the residuals after subtracting
the respective gradients for the range RGC < 12 kpc. The values
estimated above for the transition radii are also confirmed by this
figure. However, as already mentioned, the coverage of objects
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OCs and the MW disc  
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Ø Age ≥ 3-500 Myr 
           è red clump 
Ø Observe cluster central region & external 
Ø Sample also in |Z| 
Ø Sample as far as Vlim permits 
Ø >10 stars (small) & some×100 (large ang. size) 
Ø Include all possible very old (some Gyr) 
Ø Sample anticentre 
 
    Synergy with field disc survey – TBD 
          è include also small clusters 
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OCs and  
the MW disc  

Preliminary selection of  
   a- clusters 
   b- target stars  
Simulation of  fibre 
   allocation 
   
Positions, photometry,  
membership updated 
with Gaia DR2 
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OCs and  
the MW disc  
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Goal #3 
 Galactic structure 
 and evolution 
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Proposed v1.0 
WEAVE 
(goal #3) 
 
Gaia-ESO iDR4 

WEAVE Science Case                                                                                             Date: 22 July 2015 

WEAVE –SCI-000  Version 4 
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Fig.5 GAIA-ESO observed sample (DR5) vs Galactocentric distance (courtesy S. Randich) 

 

 

7.3.1 Essential data set 
 
This set is defined to populate the plots [Fe/H] vs z, RGC and age described in the previous section. We select clusters 
that cannot be easily targeted in other surveys,  located in external regions, at large Galactocentric distances, and at high 
z, where the chemical gradient and in general the disc properties are ill defined.  We add to this sample, old clusters (age> 
4Gyr), due to their rarity and their importance as tracers of the early epochs of disc formation. In details the selection 
criteria are: 

x clusters with RGC < 7.5 kpc and |z| > 100 pc (all age > 300 Myr) 
x clusters with RGC > 11 kpc (all z and all age > 300 Myr) 
x clusters with |z| > 400 pc (all RGC and all age > 300 Myr) 
x clusters with ages > 4 Gyr (all z and all RGC) 

To this list we  add six additional clusters by their intrinsic scientific interest: 
x IC4756 
x Melotte 7 
x NGC2423 
x NGC2437 
x NGC7245 

x NGC6603: one of the most metal-rich clusters known ([Fe/H]= +0:43) and perhaps the most metal-rich at its 
galactocentric distance (5.5 kpc). See http://arxiv.org/abs/1504.01240. It has an age of 300-400 Myr, enough to 
have red giants. 

 
The sample amounts to 57 candidate clusters. A further selection based on the field image makes us to retain or reject 
the clusters.  The total amount of "accepted" essential clusters is 39.  8 of them are regarded as calibrators (see Section 
8) and listed in Table 7. The remaining 31 OCs  are listed in Table 4.   
 

DR5 

courtesy S. Randich 



Other surveys - complementarity   
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APOGEE- OCCAM 
(only giants, 
 only few stars/cl 
 no Li 
 no n-capture?) 
 
WEAVE  
Goal #3 
(giants/dwarfs 
 10-100 stars/cl) 



Target clusters selection 
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For each goal : selected list of  clusters 
  - Essential set 
  - Optimal set 
  - Ideal set 
plus calibrators  
 
WL regions : blue arm:  473 - 545 nm  
                       red arm:    595 - 685 nm  
 
Exposure times : 3x1hr : SNR>70 in red arm 
 



Target clusters selection 
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Goals 
 #3 
Gal. Structure 
 #4 
early cl. evol. 
 



Target stars allocation 
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 - Young & very young (nearby) 
 - Old(er) & sparse 
 - Old & concentrated 
     
 - More than 1 cluster in 1 WEAVE field 
   (studied multiplicity of  selected clusters) 
 
 
   Used e.g. 2MASS, APASS (WEAVE will have Gaia) 
   Run configure v1.0  
   Checked fibre allocation effectiveness 



Target stars allocation : easy case 
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 - Young & very young (nearby)  ✔ 
 - Old(er) & sparse                       ✔ 
 - Old & concentrated                  ✔ ✔ 
     
 - More than 1 cluster in one WEAVE field       ? 
 
 
    

✔ 

Zdanevicius+2010, 1.5 sq.deg. 

 

Fig.5 Selected targets and allocated fibers in NGC 752 

The preliminary target list is in NGC752.dat 

 

 

 

6 TEST CASE 4: OLD, MORE CONCENTRATED CLUSTERS  
 

 

 

6.1 NGC 6705 
The cluster NGC 6705 appears to be too clustered to be properly sampled by WEAVE. The tool  configure 

picks only a 100 stars in the center of the cluster. We did tests with the cluster off-center (a slight offset  

 

 

 

 

 

 

NGC 752  ( D~500 pc ; age = 1 Gyr) 

1deg x 1deg 



Target stars allocation : difficult case 
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 - Young & very young (nearby)  ✔ 
 - Old(er) & sparse                       ✔ 
 - Old & concentrated                  ✔ ✔ 
     
 - More than 1 cluster in one WEAVE field       ? 
 
 
    

✔ 

King 1 
(D=1900 pc, 
 age=2 Gyr) 
          
 
Majaess 8 
(unstudied) 
FSR 0496 
(1 kpc, 1 Gyr) 
FSR 0494 
(5 kpc, 2 Gyr) 
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SURVEY calibrators (Gaia Benchmark stars, Kepler/CoRoT fields,  
a few open and globular clusters)  – TBD 
 
Intra-survey :  
  well studied OCs 
  range of  metallicity  
  range of  distances/ages  (giants vs dwarfs)  
 
Test of  parameters :  
  Kepler, K-2 clusters (log g) 
 
Inter-surveys :  
  APOGEE  
  Gaia-ESO 



Calibrating clusters   

23 31 May 2016 Italian WEAVE Workshop - Roma 

NGC 6791 : 
 Kepler, APOGEE 
 most metal-rich 
M67 : 
 APOGEE, Gaia-ESO 
 Sun-like 



Data products   
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Ø  Defined by Advanced Processing System (APS) : 
       RV, atmospheric parameters, metallicity 

       + Si, Ca, V, Fe, Ni (only FGK stars) 
Ø  Independent pipeline for young stars: 

        Li, chromospheric activity indices  

Ø  Desirable : 
        Li, C, α(O, Ca, Mg, Si, Ti), Fe-peak (Ni, Cr, Co, Ni),  

        odd-Z (Na, Al),  neutron-capture (s: Zr, Y, Sr, Ba, La,Nd; 
        r: Eu, Sm) 

        APS ? contribution ? 
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GLOBULAR CLUSTERS science case   

About 160  
GCs in MW 

- Important ”per se” (oldest, metal-poorest stellar clusters) 
- Test of  stellar evolution models & astrophysical processes 
- Connection with the halo 
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Fig. 4 Metallicity distribution of stars in the disk (lower panel), inner halo (middle panel), and outer halo
(top panel) from Ivezić et al. (2008), compared to the distribution of Galactic globular clusters. Filled
circles are field stars from Ivezic et al., and red solid lines are the generalised histograms for globular
clusters. All distributions are normalised to unity integrating over the whole range

producing globular clusters played a very important role in the formation of stars in
galaxies, and might have substantially contributed to the reionisation of the universe
at z ≥ 6 (Ricotti 2002; Schaerer and Charbonnel 2011).

4.2 Chemical composition

The order-of-magnitude estimates of the previous section suggest that a large fraction
of the Milky Way stellar halo is formed by debris of proto-clusters. This result is sup-
ported by the good agreement, especially for the inner halo, between the metallicity
distribution of halo globular clusters (data from the Harris 1996 catalogue) and of
the Milky Way halo, as determined from in situ observations (Ivezić et al. 2008; see
Fig. 4).

Element-to-element abundance ratios provide a crucial clue about the origin of the
stars. For instance, the overabundance of α-elements with respect to Fe has been used
to conclude that the majority of field halo stars cannot have formed in objects such as
present-day dSph’s (see Shetrone et al. 2003; Tolstoy et al. 2009). On the other hand,
there is no known difference between the chemical composition of first-generation
stars of globular clusters and that of field halo stars. This is discussed at length in the

     field halo stars                                              (Adibekyan+2012, Chen 2000,  
     GCs                                                                  Gratton+2003, Jonsell +2005,  
 (Gratton+2012, Ivezic+2007)                             Pompeia+2008, Carretta+2010,  
                                                                              Kirby+2011) 

 Metallicity                                                            α-elements 

Chemistry:  GC ≈  halo field stars ? 
26 31 May 2016 Italian WEAVE Workshop - Roma 



O & Na : GCs ≠ field 
nothing   peculiar                      O,Na anticorrelation 

Gratton et al. 2003                                Carretta et al. 2009a,b 

Second 
generation 
(SG) 
 
 
First 
generation 
(FG) 
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Use WEAVE GCs 
for comparison with 
candidate escapees … 

K. Lind et al.: A globular cluster escapee in the Galactic halo
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Fig. 2. Mg and Al abundances of normal field stars and five GCs com-
pared to 22593757-4648029 (red square with error bars). The average
metallicity is listed after the cluster name. Abundance data represented
with plus signs are taken from Worley & Cottrell (2010; NGC 362),
Marino et al. (2009, 2011; M 22), Norris & Da Costa (1995; ! Cen),
Yong et al. (2005; NGC 6752), Carretta (2006; NGC 2808), Carretta
et al. (2009; NGC 2808), and Cohen & Kirby (2012; NGC 2419). GES
recommended data are marked with bullets. Arrows indicate upper
limits.

Ca, and Ti, are compatible with the standard 0.4 dex [↵/Fe]-
enhancement characteristic of metal-poor stars, Mg falls approx-
imately 0.8 dex below the expected value. In contrast, Al is in-
stead enhanced to 1 dex above solar. As discussed below, this is
compatible with the most extreme populations found in GCs and
we argue that the star is a GC escapee. It was discovered in a
sub-sample of ⇠7300 FGK stars (half of all GIRAFFE targets)
with detectable Mg and Al abundances in the disk and halo field.
Based on a simple two-component fit to the metallicity distribu-
tion function of this sub-sample (peaks at [Fe/H] = �1.6 ± 0.5
and [Fe/H] = 0.24 ± 0.36), we expect an approximate halo
fraction of 5�10%, i.e. a few hundred stars. Finding one such
chemically unusual star among them is not inconsistent with es-
timates of GC escapees in the halo of 3% (Martell et al. 2011),
noting that there are also two other marginal candidates with
[Mg/Fe] ⇠ 0, [Al/Fe] ⇠ 1, and [Fe/H] = �0.6/�1.3. We omit
these additional stars from the discussion and plots because of
the significantly lower S/N of their spectra.

While we consider a GC origin of 22593757-4648029 the
most likely explanation for its non-typical abundance patterns,
one may speculate on alternative reasons, e.g., mass transfer
from a binary companion in the field. The so-called CEMP-
s stars (e.g. Lucatello et al. 2005) are a class of metal-poor
stars believed to have been polluted with gas transferred from
an AGB companion. These are characterised by enhancement in
carbon and slow neutron-capture elements. The spectral range
does not allow a stringent constraint on [C/Fe], but the upper
limit [Y/Fe] < 0.11 excludes strong s-process enhancement.

Further, CEMP stars are not characterised by low Mg abun-
dances; no star in the sample presented by Allen et al. (2012,
including literature studies) has sub-solar [Mg/Fe]. According to
Ventura et al. (2011), AGB stars with ⇠6 M� produce the most
extreme Mg-Al-Si nucleosynthesis. If such a star was once a bi-
nary companion to our presumably old and low-mass field star,
the system would have an unusual mass ratio.

Low [Mg/Fe]-ratios are commonly found in dwarf
spheroidal galaxies at this metallicity, but are then accom-
panied by similarly low ratios of other ↵ elements, like Ca, Si,
and Ti, with respect to Fe (see e.g. Koch & McWilliam 2008;
Kirby et al. 2009). No [Al/Fe] enhancement has been found (nor
is it expected) in these systems.

In Fig. 2, we compare the Mg and Al abundances of the
field star to six di↵erent GCs. M 22 and NGC 3621, like most
GCs, display no striking Mg-Al anti-correlation and the lowest
[Mg/Fe] values of these clusters are far from that of 22593757-
4648029. NGC 6752, NGC 2808 and ! Cen all show strong ev-
idence of multiplicity and internal He variations, having at least
triple main sequences and extended horizontal branches (e.g.
Piotto et al. 2007; Milone et al. 2013; King et al. 2012). As seen
in Fig. 2, the [Al/Fe] ratios in the most highly polluted stars in
these clusters are as high as that of 22593757-4648029, while
the [Mg/Fe] ratios of stars in NGC 2808 and ! Cen are almost
as low. However, NGC 2808 is too metal-rich to well match the
metallicity of 22593757-4648029, making!Cen the more likely
parent GC. Unfortunately, there are surprisingly few Mg abun-
dance measurements published for this otherwise well-studied
GC. The fact that [Mg/Fe] ratios as low as �0.36 can be found in
Galactic clusters is evidenced by the peculiar object NGC2419,
where the record holder has [Mg/Fe] ⇡ �1 (Mucciarelli et al.
2012; Cohen & Kirby 2012). This cluster, however, is instead
too metal-poor to be a plausible parent.

It is easily realised that chemistry alone in not conclusive,
because as many as 50 GCs have [Fe/H] within ±0.20 dex of
the field star (Harris 1996, 2010 edition) and most of them lack
Mg and Al data. However, further insight can be obtained from
the known kinematics of the star (see Table 1) and about half of
the candidate GCs with matching metallicity (D. Casetti2). We
proceed under the assumption that the progenitor cluster is still
intact, while evidence has also been found in the inner halo for
disrupted GCs (Bernard et al. 2014).

We assess the likelihood that the star was previously inside a
known GC by integrating the current orbit of the star and the GC
5 Gyr back in time in the Milky Way potential and look for close
encounters. Following the work of e.g. Johnston et al. (1999)
and Price-Whelan & Johnston (2013), the energy of the star
during a close encounter is computed as E = 1

2�V
2 + �GC(�r)

where �V is the relative velocity of the star to the cluster and �r
is the distance from the cluster to the star. Encounters within rGC
and with E < 0 are consistent with the star having been tidally
stripped with a relative velocity smaller than the escape velocity,
while encounters within rGC and E > 0 are consistent with the
star having been ejected with a velocity of approximately

p
2 E.

We proceed to Monte-Carlo sample the proper motions, radial
velocities, and distances of the star and of the clusters accord-
ing to their error bars. Then, for each Monte-Carlo sample,
we determine whether encounters occurred within the tidal ra-
dius and record the star’s energy at the time. The fraction of
Monte-Carlo samples with close encounters and E < 1

2 V

2
ejection

1 Mg and Al abundance data for NGC 362 were determined using
spectra and stellar parameters obtained by Worley & Cottrell (2010).
2
http://www.astro.yale.edu/dana/gc.html
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Gaia-ESO 
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HR chemodynamical survey 
Figure 3‑12: Possible area coverage strategy for the HR chemo-dynamical survey.  
Each black dot is a WEAVE tile, making a total footprint of  ~2300 WEAVE fields  
or ~6800 deg2, of  which 5000 deg2 are at galactic latitudes |b|>30°.  

…two target selections, one centred on 
the main sequence turn-off  (MSTO), and 
the other capturing the red giant and 
horizontal branches. The magnitude range 
used here will be 12<G<16, to allow S/
N>60 per resolution element to be reached in 2h 
of  integration in WEAVE’s red arm, and S/
N>30–40 per resolution element in the blue.  

29 31 May 2016 Italian WEAVE Workshop - Roma 



HR chemodynamical survey + GCs 
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GCs & WEAVE 

blue arm:  
404 - 465 nm 
      or 
473 - 545 nm 
     plus  
red arm:     
595 - 685 nm 
 
 
LR: 5000 
HR: 20000  

31 31 May 2016 Italian WEAVE Workshop - Roma 
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/Users/angela/Dropbox/WEAVE/GC_weave.dat
NAME Mess. Rsun E(B-V) V_HB (m-M)v M_Vt c r_t r_h l b

NGC6838 M71 4.0 0.25 14.48 13.8 -5.61 1.15 8.899 1.67 56.75 -4.56
NGC6218 M12 4.8 0.19 14.6 14.01 -7.31 1.34 17.28 1.77 15.72 26.31
NGC6254 M10 4.4 0.28 14.65 14.08 -7.48 1.38 18.47 1.95 15.14 23.08
NGC6205 M13 7.1 0.02 14.9 14.33 -8.55 1.53 21.01 1.69 59.01 40.91
NGC5904 M5 7.5 0.03 15.07 14.46 -8.81 1.73 23.63 1.77 3.86 46.8
NGC6341 M92 8.3 0.02 15.1 14.65 -8.21 1.68 12.44 1.02 68.34 34.86
NGC5272 M3 10.2 0.01 15.64 15.07 -8.88 1.89 28.72 2.31 42.22 78.71
NGC6366 - 3.5 0.71 15.65 14.94 -5.74 0.74 11.93 2.92 18.41 16.04
NGC6535 - 6.8 0.34 15.75 15.22 -4.75 1.33 7.697 0.85 27.18 10.44
NGC7078 M15 10.4 0.1 15.83 15.39 -9.19 2.29 27.3 1.0 65.01 -27.31
NGC7089 M2 11.5 0.06 16.05 15.5 -9.03 1.59 12.45 1.06 53.37 -35.77
NGC6779 M56 9.4 0.26 16.18 15.68 -7.41 1.38 10.55 1.1 62.66 8.34
NGC6712 - 6.9 0.45 16.25 15.6 -7.5 1.05 8.527 1.33 25.35 -4.32
PAL1 - 11.1 0.15 16.4 15.7 -2.52 2.57 3.715 0.46 130.06 19.03
NGC5466 - 16.0 0.0 16.52 16.02 -6.98 1.04 15.68 2.3 42.15 73.59
NGC5053 - 17.4 0.01 16.69 16.23 -6.76 0.74 11.43 2.61 335.7 78.95
NGC5024 M53 17.9 0.02 16.81 16.32 -8.71 1.72 18.37 1.31 332.96 79.76
NGC6934 - 15.6 0.1 16.86 16.28 -7.45 1.53 7.455 0.69 52.1 -18.89
NGC4147 - 19.3 0.02 17.02 16.49 -6.17 1.83 6.085 0.48 252.85 77.19
NGC6402 M14 9.3 0.6 17.3 16.69 -9.1 0.99 7.72 1.3 21.32 14.81
NGC6760 - 7.4 0.77 17.46 16.72 -7.84 1.65 15.19 1.27 36.11 -3.92
PAL11 - 13.4 0.35 17.46 16.72 -6.92 0.57 4.421 1.46 31.81 -15.57
PAL5 - 23.2 0.03 17.51 16.92 -5.17 0.52 7.583 2.73 0.85 45.86
NGC5634 - 25.2 0.05 17.68 17.16 -7.69 2.07 10.57 0.86 342.21 49.26
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WHAT NEXT ? 
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Ø Refine strategy for observations 
Ø Refine cluster selection 
Ø Time allocated to clusters ? 
Ø Define man-power 
Ø Define tasks 
Ø  SV plans 
Ø Early science candidate projects 


