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Imaging with interferometryImaging with interferometry
● Squared visibility (V²)Squared visibility (V²) ● If NIf N

tel tel > 2> 2

Closure phaseClosure phase

● If spectrographIf spectrograph
Spectra,Spectra,
Differential phases,Differential phases,
Differential visibilityDifferential visibility

● If well-sampled UV If well-sampled UV 
planeplane
Image synthesisImage synthesis
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Image-reconstruction limitsImage-reconstruction limits

ProblemsProblems

● NN
pixelspixels

 >> N >> N
observationsobservations

● Weak phasesWeak phases
(1/3 information 3T)(1/3 information 3T)

● Bad UV samplingBad UV sampling
● ConvergenceConvergence

WorkaroundsWorkarounds
● RegularizationRegularization
● PriorPrior
● Field-of-viewField-of-view
● SymmetriesSymmetries
● Spectral coverageSpectral coverage
● Phase referencingPhase referencing
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Limits: noiseLimits: noise

● Example : disk simulation « observed » with VLTI/AMBERExample : disk simulation « observed » with VLTI/AMBER

ModelModel
Simulations AMBERSimulations AMBER
Reconstruction MIRAReconstruction MIRA

Noise
Noise
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Limits: UV planeLimits: UV plane

UV coverage

UV coverage

● Example : disk simulation « observed » with VLTI/AMBERExample : disk simulation « observed » with VLTI/AMBER

ModelModel
Simulations AMBERSimulations AMBER
Reconstruction MIRAReconstruction MIRA



workshop, F. Millourworkshop, F. Millour, , 22/03/201122/03/2011, , 77  

Available image-Available image-
reconstruction softwarereconstruction software
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● Many free parameters:Many free parameters:

● Super-parameter,Super-parameter,

● prior,prior,

● Initial imageInitial image

● Convergence?Convergence?

NN
parametersparameters

 >> N >> N
obsobs

=> regularization=> regularization
    priorprior

Millour et al. 2009Millour et al. 2009

And also:And also:
●  WISARDWISARD
●  MACIMMACIM
●  VLBMEMVLBMEM
●  CASACASA
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Available image-Available image-
reconstruction softwarereconstruction software

Works straight out of the boxWorks straight out of the box
● MIRAMIRA : Univ. Lyon: Univ. Lyon (E. Thiébaut)(E. Thiébaut)
● BBMBBM : MPIFR: MPIFR (K.-H. Hofmann)(K.-H. Hofmann)
● BSMEMBSMEM : Univ. Michigan: Univ. Michigan (F. Baron)(F. Baron)
● WISARDWISARD : JMMC: JMMC (M. Vannier)(M. Vannier)
● MACIMMACIM : Univ. Sydney: Univ. Sydney (M. Ireland)(M. Ireland)

No OIFITS interfaceNo OIFITS interface
● AIPSAIPS : NRAO: NRAO
● CASACASA : ESO: ESO
● VLBMEMVLBMEM : Caltech: Caltech
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Is your UV planeIs your UV plane
suitable for imaging ?suitable for imaging ?

NO !
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Is your UV planeIs your UV plane
suitable for imaging ?suitable for imaging ?

Maybe
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Is your UV planeIs your UV plane
suitable for imaging ?suitable for imaging ?

Maybe
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Is your UV planeIs your UV plane
suitable for imaging ?suitable for imaging ?

Chances are good...

...but will depend on your data accuracy
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Developments in OI imagingDevelopments in OI imaging

● WISARDWISARD
● Imaging software developed at JMMCImaging software developed at JMMC

● Self-CalibrationSelf-Calibration
● A way of getting closer to phase-referencingA way of getting closer to phase-referencing

● ANR « POLCA » (Lyon, Nice, Grenoble, Paris)ANR « POLCA » (Lyon, Nice, Grenoble, Paris)
● Sparse sampling developmentSparse sampling development
● Better description of interferometric dataBetter description of interferometric data

● OthersOthers
● Baron, Monnier et al. developmentsBaron, Monnier et al. developments
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The differential phaseThe differential phase

Precision 10Precision 10-2-2 radians (6 radians (6µµas)as)
butbut

● Air chromatic dispersion
● Instrumental problems
(stability, dichroics, polarizers)

PrinciplePrinciple
● 2-telescopes phase as a function of λ 
● Some hase information lost :

● Constant
● Slope
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γ² Velorum (Millour et al. 2007) AMBER phases report (2007)
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Hyperspectral imagingHyperspectral imaging
3 Pup : supergiant A[e] star3 Pup : supergiant A[e] star

●  Dust (Inner sublimation rim)Dust (Inner sublimation rim)

●  Gas (circumstellar disk)Gas (circumstellar disk)

Gas and dust disks Gas and dust disks 
detecteddetected

Millour et al. 2011Millour et al. 2011
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Hyperspectral imagingHyperspectral imaging

self-calibration : differential phases in self-calibration : differential phases in 
the image-reconstruction process!the image-reconstruction process!

Gas and dust disks Gas and dust disks 
characterizedcharacterized

3 Pup : supergiant A[e] star3 Pup : supergiant A[e] star

Millour et al. 2011Millour et al. 2011
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Millour et al. 2011Millour et al. 2011

How does it work?How does it work?

● To be refined:To be refined:
● Performances,Performances,
● Error estimates,Error estimates,
● Initial guess,Initial guess,
● Convergence,Convergence,
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22ndnd generation VLTI generation VLTI

● GRAVITYGRAVITY
● 4T, bande K4T, bande K

● R=30, 300, double champR=30, 300, double champ

● Le centre GalactiqueLe centre Galactique

● MATISSEMATISSE
● 4T, bandes L, M et N4T, bandes L, M et N

● R=30, 300, 2500R=30, 300, 2500

● Des images dans l'infrarouge thermiqueDes images dans l'infrarouge thermique

GRAVITY

Adapté d'une présentation de MATISSE

MATISSE / AGN

MATISSE / YSO



Thanks !Thanks !
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