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Processing	  



Gaia	  spectroscopic	  processing	  

	  DPAC	  Coordina4on	  Unit	  6	  

•  5	  Countries	  
•  12	  Ins.tutes	  
•  1	  Data	  processing	  centre:	  CNES	  
•  45	  Core	  members	  

•  11	  Associate	  members	  
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CU6	  tasks	  

1.   Extract	  the	  spectra:	  transform	  the	  telemetry	  stream	  into	  calibrated	  
spectra	  that	  can	  be	  analysed.	  

2.   Calibrate	  the	  spectrograph:	  calibrate	  the	  characteris.cs	  of	  the	  Radial	  
Velocity	  Spectrometer	  

3.   Perform	  a	  single-‐epoch	  analysis	  of	  the	  spectra:	  derive	  the	  radial	  and	  
rota.onal	  veloci.es	  

4.   Perform	  a	  mul4-‐epoch	  analysis	  of	  the	  spectra:	  derive	  the	  radial	  and	  
rota.onal	  veloci.es	  

5.   Define	  the	  zero	  points:	  transform	  the	  rela.ve	  radial	  veloci.es	  into	  
absolute	  radial	  veloci.es	  (see	  G.	  Jasniewicz	  presenta4on)	  

CU4	  
Study	  of	  

mul.ple	  systems	  

CU7	  
Study	  of	  

	  	  	  	  variable	  stars	  	  	  	  	  

CU8	  
Deriva.on	  of	  

atmospheric	  parameters	  
and	  abundances	  



Spectra	  extrac.on	  (1)	  

The	  RVS	  is	  an	  integral	  field	  spectrograph:	  

→	  all	  the	  light	  entering	  the	  field	  of	  view	  is	  dispersed	  

Field	  of	  view	   Spectrograph	   Detectors	  

The	  pixels	  containing	  
the	  spectra	  of	  
stars	  V	  <	  18	  are	  
selected	  ...	  

...	  and	  transmiced	  to	  the	  ground	  



Spectra	  extrac.on	  (2)	  
Main	  tasks	  
•  Remove	  the	  background	  signals	  
•  De-‐blend	  overlapped	  spectra	  
•  Apply	  calibra.ons	  
•  Model	  CCD	  defects	  

2	  originali4es	  
•  The	  background	  is	  made	  of	  the	  sum	  of	  the	  spectra	  of	  the	  neighbouring	  

sources	  (discrete	  or	  extended).	  It	  is	  modelled	  and	  subtracted	  
•  Several	  CCD	  specifici.es	  (see	  M.	  Cropper	  presenta4on):	  

–  Charge	  trapping	  
–  Charge	  trailing	  
	  	  	  	  	  	  	  	  	  consequences,	  e.g.	  PSF	  profile	  is	  func.on	  of	  signal	  intensity	  
CCD	  effects	  are	  applied	  on	  the	  template	  (not	  corrected	  on	  the	  observed	  

spectrum)	  



RVS	  calibra.on	  (1)	  

Originality	  
No	  calibra.on	  device	  (no	  flat	  field	  lamp,	  no	  wavelength	  calibra.on	  

lamp)	  

Self	  calibrated	  instrument	  
Most	  proper.es	  of	  the	  RVS	  are	  calibrated	  using	  its	  own	  observa.ons	  

Rela.ve	  to	  absolute	  reference	  frame	  
using	  ground-‐based	  references	  

•  Wavelength	  
•  Photometric	  response	  
•  Point	  Spread	  Func.on	  
•  Scacered	  light	  



RVS	  calibra.on	  (2)	  

Example:	  wavelength	  calibra4on	  

•  Select	  suitable	  reference	  stars	  with	  
“narrow”	  lines,	  i.e.	  F,	  G,	  K	  stars	  

•  Select	  reference	  lines	  (e.g.	  non-‐
blended)	  with	  well	  known	  rest-‐frame	  
wavelengths,	  in	  each	  reference	  star	  

•  Solve	  simultaneously	  for	  the	  
wavelength	  dispersion	  law	  and	  for	  the	  
radial	  veloci.es	  →	  solu.on	  s.ll	  partly	  
undefined:	  free	  transla.on	  parameters	  

•  Degeneracy	  is	  solved	  using	  ground-‐
based	  Vr	  standard	  (see	  G.	  Jasniewicz	  
presenta4on)	  



Single	  transit	  analysis	  
deriva.on	  of	  the	  Vr	  per	  transit	  

Originality	  
Very	  different	  S/N	  ra.os:	  1000	  to	  1	  (per	  pixel)	  
All	  stellar	  types	  and	  stellar	  evolu.on	  phase	  

Single	  and	  mul.ple	  stars	  

5	  different	  modules	  
Cross-‐correla.on	  in	  direct	  space	  

Cross-‐correla.on/analysis	  in	  Fourier	  	  space	  (2	  methods)	  
Minimum	  distance	  method	  

TODCOR	  (op.mised	  for	  binaries	  –	  simultaneous	  cross-‐correla.on	  with	  
2	  templates)	  

Binarity	  diagnos.c	  Combined	  Vr	  



Mul.ple	  transit	  analysis	  

40	  epochs	  of	  observa.on	  on	  average	  over	  the	  5	  years	  of	  the	  
mission	  

Vr	  
.me	  series	  

Cross-‐correla.on	  
time	  series	  

Spectra	  
.me	  series	  

Variability	  
diagnos.c	  

Mul.plicity	  
diagnos.c	  

Variability	  analysis	  
Time	  series	  modelling	  (e.g.	  binary	  models)	  

Combina4on	  of	  the	  epoch	  spectra	  

Combined	  
spectra	  

CU4	  
mul.ple	  systems	  

CU7	  
	  	  	  	  variable	  stars	  	  	  	  	  

CU8	  
Atmospheric	  param.	  
and	  abundances	  



CNES	  

CU6	  opera.ons	  

2	  .me	  scales:	  

Daily	  processing	  
•  Process	  24h	  of	  data	  

•  Check	  the	  good	  health	  of	  the	  
instrument	  

•  Provide	  a	  first	  solu.on	  for	  the	  
calibra.ons	  and	  the	  Vr	  

Cycle	  processing	  
•  Process	  all	  data	  since	  the	  beginning	  

of	  the	  mission	  

•  Itera.vely	  improve	  the	  calibra.ons	  
and	  Vr,	  with	  more	  epochs,	  i.e.	  more	  
informa.on	  on	  the	  sources	  (and	  
refined	  informa.on	  from	  the	  other	  
CUs)	  

ESAC	   Astrometry	  
Photometry	  
Sources	  charac.	  

DFL	  

CU6	  IDT-‐DFL	  

DFL	  

Cal,	  Vr,	  Spe	  

Heidelberg	  



Performances	  



Vr	  specifica.ons	  &	  S/N	  performance	  

V	   Vr	  
km/s 

B1V 7 1 
B1V 12 15 

G2V 13 1 
G2V 16.5 15 

K1	  III	  MP 13.5 1 
K1	  III	  MP 17 15 

V	   S/N 
/ transit 

S/N 
/ mission 

6 150 1000 
10 20 150 
12 8 50 
14 2 10 
16 2 

End	  of	  mission	  specifica4ons	   G2	  V	  



Vr	  performances	  versus	  crowding	  

δV	  =	  	  0	  
δV	  =	  -‐0.25	  
δV	  =	  -‐0.75	  
δV	  =	  -‐1.25	  
δV	  =	  -‐2.25	  
δV	  =	  -‐3.25	  

Wilkinson, Vallenari, Turon, Munari, Katz et 
al., 2005, MNRAS, 359, 1306 

In	  dense	  areas	  the	  neighbouring	  spectra	  will	  overlap	  
→	  impact	  on	  Vr	  performances	  	  	  



Spectroscopic	  survey	  

•  Stellar	  and	  interstellar	  parameters	  
–  Radial velocities    V ≤ 17   ~ 150 106 
–  Rotational velocities   V ≤ 13   ~     5 106 

–  Atmospheric param.   V ≤ 13   ~     5 106 
 and much fainter with spectro-photometer 

–  Abundances    V ≤ 12   ~     2 106 

–  Interstellar reddening   V ≤ 13   from 862 nm DIB 

•  Diagnostics 
–  Binarity/multiplicity, variability, … 



Scien4fic	  returns	  



Scien.fic	  harvest	  (1)	  
Kinematics and dynamics  

•  Halo streams and merger relics 
→ σVr ≤ 10 km/s  K2 III ~ 20 kpc 

•  MW mass/gravitational potential 
→ RGB tip ~50 kpc      AGB/CH stars ~60 kpc 

•  Spiral arms 
→ σVr ≤ 5 km/s   B stars ~ 2.5 kpc   Cepheid ~ 6-10 kpc 

Chemical composition 
•  Chemical tagging 
→ [α/Fe]  V ≤ 12      G2V ~250 pc         K0III ~1.5 kpc 

•  “Extreme” pop. II stars 
→ K III: discriminate [Ca/H] = -4.0/-3.0        ~ 5-7 kpc 



Scien.fic	  harvest	  (2)	  

•  Binaries  
→ ~106 spectroscopic  ~105 eclipsing (~25% SB 2 → masses) 

•  Variable stars 
→ “Long” period classical Cepheids: σVr ≤ 7 km/s      ~20-40 kpc 

... And much more in  
Wilkinson, Vallenari, Turon, Munari, Katz et al., 2005, MNRAS, 359, 1306 


