Principles of interferometry

6. Types of interferometers

MTF of a real interferometer
The Fizean recombination
The classical Michetson recombination
Other methods to carry the radiation phase

- single-mode optical fibers

- heterodyning the radiation
Delay lines, coherencing or cophasing
Field-of-view of an interferometer
Polarisation effects
The densified pupil Michelson recombination
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Fibres optiques
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Coude du Foresto, Ridgway ,Mariotti
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3 telescope beain combiners

Coaxial scheme:
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Main characteristics:

e Temporal encoding of fringes {coaxi
combination}.
o Pairwise beam combination.

(Severi et al, Torino,1999)

: 2 examples under development

Multiaxial scheme:

Main characteristics:
al e Spatial encoding of fringes.
e Alltogether beam combination.
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SFO - Bordeaux

Optique intégrée : fonctions de recombinaison d’un interféromeétre

Malbet et al, Astr Astr. Suppl., 138, 1, 1999

|
|

Coupleur 3 canaux + photometrie Coupleur 2 canaux photo'r_netrie
(gravure’sur silicium) . ((echangeionique) tued

JPh. Berger, These, Universite Joseph Fourier, 199 (LAOG)
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The VLTI Delay Line
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\ Rails / Power supply

\ Motor magnet

Retroreflector (Ritchey-Chretien type, “cat’s eye”)
mounted on a moving carriage.
* OPD range: > 120 meters » OPD resolution: <20 nm
» Maximum velocity: 0.5 m/sec « Velocity accuracy:1 um/sec
* Field of view: 200 arcsec
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SFO - 1999 - Bordeaux

Détection directe (1) : photocentre étoile-planéte

at long wavelength

Mesure interférométrique différentielle du déplacement
du photocentre étoile-planéte a deux longueurs d’onde

Source : The Keck Interferometer, Science Requirements Document,
Rév. 2.2, May 98, G. van Belle & G. Vashist
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« “Jupiters” chauds (1300-600 K) a A = 1.6-10 um
« distance 0.15 au de I’étoile, éloignée de < 10 pc
» magnitudeK < 10 : 1000 étoiles cibles

» résolution spectrale 100 : CH,, H,0, NH,

« précision différentielle : 103 radians

SFQ - Bordeaux - 1999

Imagerie par densification de pupille (5)
(Labeyrie 1996)
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CFHT Adaptive Optics Bonnette & Monica

Double star, separation=0.38" Megnitude=10.7 H Band, Tinteg=40seconds

Seeing=0.7" @ 0.5p Strehl Ratio=30% Maximum Likelihood

Closed Loop + Déconvolution

7. Effects of the Earth’a atmosphere -

11
-11  -055

» Overview on atmospheric coherence loss

» Parameters: rO(A), TO(A), 60(A), LO, 10

» Adaptive optics, principle

— Zernike polynomials description of wavefront
— Strehl ratio S

» Effects on interferometric observables

— gpeckled fringes and visibility degradation

— piston noise

* Fringedispersion & group delay
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8. Methods of light recombination

Beams from telescuées

« Internal metrology in an interferometer

« Image plane recombination
- dispersed fringes & spectral analysis
- pupil reconfiguration (N gescopes > 2)

« Pupil plane recombination
- Double Fourier spectral analysis

~ « Integrated optics recombiners

* Dual-beam (dual-feed) operation
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Size of P Cyg’s Envelope versus Doppler-Shift across Hoe

-600 -450 -300 -150 +150 4300 +- :ll

'D\}\FF"

hology of P Cyg Wind Projected
ng to GI2T Observations.

orrespond + mas, gular Scale is
Siyening king a Distance of 1.8 0.1 kpe.
The Projected Position of the Detected Blob is at

4 R, to the South of P Cyg but its Absolute Position
in the E-W Direction Remains Unknown.

nd Hel6678 Bnyél@pes are Given
ric Radius Assumed as 76 £ 15 Rg

Angular Diameter of P Cyg in Ho and Hel6678

Pictorial Representation of P Cyg as

a Function of Doppler-shift Across Ho
Emission Line : the Slide Calipper
Represents the Interferometric Process
to Estimating the Equivalent Uniform
Disk Size of P Cygni

P Cyg august 4th 1994
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» Noise sources
- signal photon noise

- detector read-out noise
- Sensitivity & accuracy
Phase determination

- differential
- phase closure

9. Signal detection & noise sources, sensitivity

« From measured to real visibility : calibration
« Expression of the interferometric signal : amplitude & phase

- background (thermal) noise

- atmospheric noises (piston, scintillation)

Summer school on Space and Ground- based Optical Interferometry - Leiden, Sept. 18-22, 2000
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Exposure time = Atmospheric piston stability (ca. 50 ms)
Long integration if fringe tracking (hours ?)

Transmission = 0.3 to 0.01
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Photometric
signal
for calibration

FLUOR Instrument is installed
on IOTA interferometer, on Mt Hopkins

FLUOR conceptual design

Telescope

Telescope
2

Photometric
sig|
for calibration

nal

Interferometric
signal

Interferometric
s'gnal

Coude du Forento, Manotti, Ridgway 1993
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represeet the true visibility phases that would be measured in the absence of turbulence.

Figure 1. Measured phases for a simple three-element interferometer. ¢¢ 12, $0,23 and 0,31
#;, 6, ard 05 are phase errors associated with each telescope.
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SFO - Bordeaux - 1999

Détection directe (3) : annulation interférométrique de I’étoile
(nulling)

TR

e Bracewell 1979
« Angel 1986, 1997
* Mariotti 1997,1999(+)

Exo-lumiére zodiacale : & A =10 um, brillance de la
lumiére zodiacale du Syst. sol. est 300 x Flux(Terre)

Simulations de nulling,

3 planétes telluriques a

Systéme solaire 4 10 pc, A = 10 um 10 pc, modulation interne
Menesson et al 1998 Menesson 1999
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