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Overview  of  the  Gaia-­‐ESO  Survey  
  
The  precision  of  dynamical  measurements  
(radial  velocities)  

  
Focus  on  young  clusters  

www.gaia-­‐eso.eu  



Survey  Co-­‐PIs:    
Gerry  Gilmore  &  
Sofia  Randich  
 
350+  Co-­‐Is    
(mostly,  but  not  only,  
from  Europe)  
90+  institutes  

www.gaia-­‐eso.eu  



  Large  Public  Spectroscopic  Survey     FLAMES  
    300  (240+60)  nights    over  5  (4+1)    years;                                    
    12/2011  (P88)  -­‐  9/2016    (P97)++;  Visitor  Mode  

  
>105  stars.  
  All  populations  
  of  the  MW:  
  Halo  
  Bulge    
  Thick  &  Thin  discs    
  Open  clusters  
              

  GAIA-­‐ESO  SURVEY  IN  A    
NUTSHELL   



  

  
            
  
            
  

 Giraffe,  132  fibers  
  R=16000-­‐   

  403-­‐ -­‐900  
  V<19,  S/N  >  10-­‐15  

UVES,  6/8  fibers    R=42,000,    
520/580  nm  

416-­‐617/475-­‐678  
V<16.5,  S/N  >  30    

  GAIA-­‐ESO  SURVEY  IN  A    
NUTSHELL   



Giraffe  and  UVES  spectra   Products    
      -­‐  RVs  (+variability),  vsini  
      -­‐  Teff,  log  g,  [Fe/H],  [X/Fe]  (Li,   ,  Fe-­‐,  s-­‐,..)      
      -­‐  stellar  properties  (activity,  Macc   
  
Uniform  analysis:    
  
               homogeneous  overview    

  GAIA-­‐ESO  SURVEY  IN  A    
NUTSHELL   



Cluster  formation  and  dynamics:  
complement  Gaia  astrometry  
Stellar  evolution  and  stellar  ages:    
calibrate  and  refine  models  
Thin  Disc  :    chemical  evolution  as  a  
function  of  age  and  Galacto-­‐centric  radius  

  Open  Cluster  
Science   



  Survey  Progress      

Roughly  50%  of  what  we  hoped  for  has  now  been  achieved  
>10K  Giraffe  spectra,      ~1K  UVES  spectra  in  open  clusters  



  Survey  Progress      

11  young  (<200  Myr)  
clusters  have  been  
observed  so  far    (+  
several  older  clusters)  
  
iDR2  data  now  available  
from  first  18  months    
  
About  7k  spectra  in  8  
clusters  
  
Most  taken  with  HR15  
setup:    647-­‐697nm  

Observed  
Planned  



  The  radial  velocity  precision  of  
the  Giraffe  spectra  

RVs  calculated  at  
CASU  (Jim  Lewis  and  
Sergey  Koposov)  
  
Analyse  short-­‐term  
repeats  at  Keele  
(Richard  Jackson)  
  
Semi-­‐empirical  
model     uncertainty  
depends  on  SNR  and  
vsini  

|   RV|  

SNR  

  =  B[1  +  (vsini/C)2]/SNR    



  Non-­‐Gaussian  wings  in  the  
uncertainty  distribution  

Gaussian  

Well  described  by  
-­‐distribution  

with   =5  

  =  B[1  +  (vsini/C)2]/SNR  ;    B=5.44,  C=22.2  km/s  

Normalised  uncertainty  



  Evidence  for  an  additional  
systematic  RV  uncertainty  

Wings  agree,  but  
core  is  broader  

Short-­‐term  
repeats  

2002  
>=1  day  repeats  

2  =  A2  +  B2  [1  +  (vsini/C)2]2  /SNR2    

Average  values:  
  
A=0.25  km/s  
Minimum  uncertainty  in  
single  RV  
  
B=5.44  km/s  
SNR  important  if  <20  
  
C=  22.2  km/s  
vsini  important  at  this  value  



  Uncertainty  depends  on  stellar  
effective  temperature  

B  

Teff  (K)  

1640  
721   1771  

2312  

870  

559  

Hotter  stars  have  fewer  
spectral  lines  

2  =  A2  +  B2  [1  +  (vsini/C)2]2  /SNR2    



  No  evidence  for  any  specific  
  age  dependence  

RV/ 2  

Log  (Age/Myr)  

RV  differences  
normalised  by  
estimated  
uncertainty  



NGC  2516:    150  Myr  
Relaxation  time  ~100  Myr  
Mass  segregation  observed  

RV  uncertainties  
Median  0.25  km/s  

Observed  dispersion  
~  1km/s  
Resolved!  

NGC  2516  



Convolve this with intrinsic velocity models and fit 
with maximum likelihood 

Binary model 
convolved with 
normal distribution 
(sigma=0.31 km/s) 
 
Binary parameters 
from Raghavan et al. 
2010;  f=0.46 
 
 
 

Maximum  likelihood  modelling  accounts  for  
uncertainties  and  binaries  



Line  of  sight  velocity  
dispersion  (just)  
consistent  with  King  
model  fits  to  spatial  
density  

No  equipartition  is  
apparent,  despite  
mass  segregation?  
  
Virial  mass  is  3  times  
measured  mass!  



NGC  2264:  Young  cluster/association  ~5  Myr  

NGC  2264  

Complex,    resolved  RV  structure  



  
different  spatial  population,  
but  dispersed  kinematics.  
  
Detached  kinematic  
population  is  less  widely  
distributed.  

1802  individual  stars  
to  play  with!  
  
Median  RV  
uncertainty  of  Li-­‐rich  
stars  is  0.33  km/s  



Courtesy  of:  Rigliaco,  Wilking  et  al.  2014  in  prep.  

Stellar  dispersion  
1.5  km/s  

Gas  dispersion  
0.5  km/s  

Rho  Ophiuchus:  1  Myr  cluster  
Partly  embedded  in  parental  gas  

13CO  GES  RVs  



De Zeeuw et al. 1999, AJ 117, 354  

Gamma2 Vel (WC8+O8III)  similar distance and co-
moving with Vela OB2 B-stars and surrounding low-mass 
PMS stars  Jeffries et al. 2009, MNRAS, 393, 538  

Gamma2 Vel 
Age 5.5 +/- 1 Myr 

Vela OB2 

10 deg. 



Selecting a sample in the GES 
1802 observations of 1242 individual targets 
Li offers a kinematically unbiased selection of members  

Li EW 
(A) 

V-I Jeffries et al. 2014, A&A, 563, A94 



203 Li-selected 179 
SNR>20,  0 <RV < 40 km/s 

Selecting a sample 
1802 observations of 1242 individual targets 

V 

V-I 



Single  component     
poor  fit  

Two-­‐component  fit  
  
A  =  0.34  km/s  (virial  eqbm.)  
B  =  1.60  km/s  (unbound)  

  

Jeffries et al. 2014, A&A, 563, A94 



More Li 
depletion here? 

Population A appears OLDER than Population B, 
perhaps by a few Myr (and older than 10 Myr). 

A difference in Li depletion? 

Li EW 
(A) 

V-I 
20 Myr 

10 Myr 



NGC  2547:    age  35  Myr  

Gamma 
Vel B 

NGC2547 

Kinematically  separate  population  
has  Li-­‐rich  stars,  so  <20  Myr.  
  
Identify  with  Gamma  Vel  B  

2  degrees    South  of  
Gamma  Vel  

Sacco et al. 2014 in prep. 



Second  population  
matches  Gamma  Vel  B  in  
the  CMD  and  in  terms  of  
Li  depletion  
  
Evidence  for  an  extended  
Vela  OB2  population  
  
But  why  only  low-­‐mass  
stars?  



The  dynamics  of  young  clusters  
from  the  Gaia-­‐ESO  Survey  

Gaia-­‐ESO  50%  complete,  has  observed  11  
young  clusters/SFRs  
RV  precision  ~0.3  km/s;  well  characterised  
Cluster  kinematics  are  resolved  
Some  key  results  so  far:    

                No  equi-­‐partition  in  NGC  2516  
                RV/spatial/age  structure  in  NGC  2264/   Vel  
                Stellar/gas  dispersion  discrepancy  in     Oph  
                              

www.gaia-­‐eso.eu  


