
VEGA: Visible spEctroGraph and polArimeter for the CHARA array
 Visible instruments are much more sensitive to atmospheric conditions, vibrations, etc.!

 based on GI2T/REGAIN interferometer (Mourard+1994); installed at CHARA in September 2007

 Will be decommissioned in early 2021! SPICA to be installed in late 2021.

 main features: high spatial (0.3 mas) and spectral (up to R=30000) resolution; 2-4 telescopes

 records dispersed fringes in multi-speckle regime -> spectrum, squared visibilities and differential 
visibilities and phases can be extracted. No closure phase capability (in 2T and 3T) due to detector 
saturation (Mourard et al. 2012).

 Instrument papers:
 Mourard et al. (2009, 2011) – main instrument papers
 Mourard et al. (2006, 2008, 2010, 2012) – SPIE technical reports
 Ligi et al. (2013) – data flow from observation planning to science-ready data

 Science cases:
 Fundamental stellar parameters – angular diameters (fast rotators, cepheid pulsations), binary stars
 Circumstellar environments – Be stars, B[e] stars, interacting binaries (β Lyr)



 2 to 4-beam visible combiner (550-850 nm)

 group delay tracking:
 VEGA internal – real-time processing of science 

output, need V2 > 0.3 
 CLIMB external for 2T/3T - ideal
 MIRC-X external for 4T

VEGA in CHARA lab

need LDCs in the 
path when using 
VEGA+CLIMB or 
VEGA+MIRC-X



 IOT – Interface Optical Table
 BCP – Beam compressors, also for accurate 

equalization of internal optical path
 BCF – Beam configuration
 CAU – Calibration and Alignment Unit
 IPS – Image and Pupil Sensor - reference 

device for recording images of the four image 
and pupil planes simultaneously

VEGA interface table



VEGA instrument layoutIOT functions:
 geometrical adaptation of the beams
 control of the longitudinal position of the CHARA 

pupils + reimaging on VEGA spectrograph 
entrance slit

 equalization of the internal optical paths
 alignment and calibrations (Th-Ar)

VEGA IOT



VEGA spectrograph
 fed by vertically aligned CHARA beams (5 

mm diameter, 10 mm apart) – fringes
appear as horizontal lines

 off-axis parabola forms coherent focus at 
spectrograph entrance slit – wide enough 
for ~1-2 speckles, slit vertical dimension ~4 
arcsec on sky

 Cyl1 and Cyl2 mirrors resample horizontal 
fringes

 Collimator, a grating, and cameras for 
reimaging the spectrum

 spectral resolution:
 medium: R = 5000 (60 km/s); Δλ = 45 nm
 high: R = 30000 (10 km/s); Δλ = 8 nm



VEGA fringes

 multi-axial beam combination in dispersed 
fringe mode -> spatio-spectral encoding of 
fringes in a redundant linear configuration 
(cf. AMBER, MIRC) 

 spectrum is extracted by collapsing 2D flux

 the interferometric observables are 
recovered in post-processing using the 
cross-spectrum method

spectral density (power spectrum)



VEGA fringes

3T mode 4T mode

 multi-axial beam combination in dispersed 
fringe mode -> spatio-spectral encoding of 
fringes in a redundant linear configuration 
(cf. AMBER, MIRC) 

 spectrum is extracted by collapsing 2D flux

 the interferometric observables are 
recovered in post-processing using the 
cross-spectrum method



VEGA fringes

3T mode 4T mode

 auto-correlation -> V2

 V2 estimated from the energy of high 
frequencies in the power-spectrum

 need to calibrate for absolute visibility scale

 useful for stellar diameters - ideal range 0.4 
– 1.0 arcsec (minimum ~0.15 mas)

V²

 multi-axial beam combination in dispersed 
fringe mode -> spatio-spectral encoding of 
fringes in a redundant linear configuration 
(cf. AMBER, MIRC) 

 spectrum is extracted by collapsing 2D flux

 the interferometric observables are 
recovered in post-processing using the 
cross-spectrum method



VEGA fringes

3T mode 4T mode
 inter-correlation – differential data – V(λ) and φ(λ)

 spectral resolution recovered by computing cross-
spectrum between a narrow sliding spectral channel and 
the whole spectral band

 V(λ) – size of line-emitting region for each λ bin

 φ(λ) – photocenter displacement for each λ bin

 useful for emission lines – circumstellar structure and 
kinematics

 dispersed fringe mode -> spatio-spectral 
encoding of fringes in a redundant linear 
configuration (cf. AMBER, MIRC) 

 spectrum is extracted by collapsing 2D flux

 the interferometric observables are 
recovered in post-processing using the 
cross-spectrum method



data

model



VEGA limitations
 Limitations set by detector (iCCD) saturation and multi-speckle approach

 Saturation – need to use neutral density filters for bright stars – prevents from acquiring sufficient SNR to 
measure closure phases in 3T/4T mode

 Speckle mode – need good seeing conditions – ideally > 1 photon/speckle/exposure


 spectrum recovered from VEGA is unreliable due to detector saturation and not fully understood spectral PSF –
might be influencing visibilities for objects with very strong line emission (Tallon et al. 2014, SPIE)

 limiting magnitudes – Sect. 4.4 of Mourard et al. (2009) – depend strongly on conditions, the object itself, and the 
spectral resolution (for differential measurements) 

 the calibrator problem - need for calibrators <0.15 mas (for 300 m baselines) to get V2 > 0.8

 portion of visible light has to be separated and used for tiptilt/AO



Science with VEGA

https://lagrange.oca.eu/fr/publications-vega



Planning observations

 Do you want differential data, calibrated V2, or both? 
 differential only – consider using high spectral resolution for very bright targets
 calibrated + differential – need to use medium spectral resolution and calibrators

 adapt baselines to the observed target – if the object is highly resolved in continuum, VEGA will 
have trouble

 one VEGA observation takes 10-15 minutes – calibrated bracket 30-45 minutes

 Measurement of differential vis. and phase data is highly sensitive to seeing and atmospheric 
piston on long baselines – in practice mostly 2T mode on the inner pairs

 Measuring of V2 data is easier - 3T mode is routinely used



Planning observations

 VEGA observations are scheduled in ~week-long runs and performed on-site or remotely by the 
VEGA team (Nice, France)

 if your program is considered for the run -> prepare .asprox file and describe priorities and 
observing strategy

 The observations are ordered in a queue based on priority and conditions – ‘service mode’ – you 
don’t have to do anything

 It is up to the PI to reduce the data using the VEGA pipeline (idl) 

Observing with VEGA

 3 offsets: carts, BC1 (CLIMB table), VEGA internal offset
 scanning for CLIMB fringes with carts -> BC1 moved to find fringes on VEGA
 target has to be bright enough for VEGA and CLIMB with LDCs!!!
 VEGA internal offset – VEGA can operate without CLIMB, but performance is much worse



Processing your data

1) learn French (some manuals, obs. logs, and communications are in French only)
2) check the observing log - https://lagrange.oca.eu/fr/news-vega
3) ask D. Mourard to set up an account on pc-datarvega (Mount Wilson)
4) on pc-datarvega run idl -> vegadrs (VEGA data reduction system)
5) follow steps to reduce data in auto-correlation and/or inter-correlation mode
6) (calibrate V2 data with calibrator observations)











 vega_gen_conf_file 2019-02-26_SCI.cmd
 csh lance_ac_2019.02.26.csh – takes some time to run

to inspect individual blocks, run idl -> vega_select_file – blocks 
with low SNR or wrong OPD should be discarded

 repeat for CALs
 calibrate V2 of SCI using known 

diameters of CALs
 idl -> vega_post_ac_raw -> 

vega_post_ac_cal





 vega_gen_conf_file 2019-02-26_SCI.cmd
 csh lance_ic_2019.02.26.csh

if bad blocks were selected 
based on AC processing, make 
sure to discard them for IC 
processing

idl -> vega_post_ic



What to check

 if AC looks bad (no fringe in cumul plot) – IC will not work
 if AC looks good:

 estimate the number of speckles entering the spectrograph entrance slit per esposure – this is 
based on seeing – ~20 speckles in bad seeing (5cm), ~7 speckles in good seeing (15 cm) 

 check the number of photons per wavelength bin (NBPHOT) -> estimate photons/speckle –
recommended that is is >1 – if not, widen the wavelength bin

VEGA tips

 start with 2T mode on short baselines with medium spectral resolution and go on 
from there

 VEGA is very sensitive to seeing – select targets for different conditions – targets 
close to the magnitude limit will be difficult unless there are excellent conditions

 do not attempt 4T mode without MIRC or 2T/3T mode without CLIMB



SPICA

 built on the combination of the new AO systems, single mode fibres for spatial filtering, and 
modern EMCCD detectors.

 It will operated in LR (R=300) and MR (R=3000) dispersed fringes of 6T (15 baselines).
 It is assisted by a H-band fringe tracking system.
 many science goals but the top level requirements are given by the idea of a large survey of 

stellar fundamental parameters.



VEGA data

high-resolution data centered on Hα medium-resolution data with 
a model overplotted

calibrated V2 for diameter 
measurement
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