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General layout of a Fizeau interferometer
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e Input pupils defined by
vectors OP,,

e QOutput pupils defined by
vectors O'P’
1<n<N
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~ Image of a sky object projected onto the sky

Most general Object-Image relationship :

2

HZN:;,an exdio,] exdiké(s,,s)]| dg

(9= || Oflso) PSF(s-0)

So U Qg

with ‘i(so S)=s,OP. —sO'P'. /m‘

 PSF(s) : PSF of an individual collecting telescope, projected back
onto the sky

« a_:amplitude transmission factor of the n'" telescope

* ¢, : phase-shift along the n' interferometer arm for cophasing or
nulling purpose

« k=217 : wavenumber of monochromatic electro-magnetic field
 m : optical compression factor between telescopes and their relay
optics
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Golden rule of Fizeau interferometers

First-order approximation

B OO0 o000
Necessary condition| O'P’ = mOP, > 0O O 0 O©
coo ©00°

Pupil In Pupil Out

Object-Image relationship

(9 =[PSK(s) F9]LOE)]

Invariant PSF over the Field of view (FoV)

2

F(s) = PSK(9

N
> a, exdio,] exr{i k sOPn]
n=1
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Examples of application

« Effect of pupil aberrations

e Deviations from the “golden rule” : non-
homothetic exit pupil combiners

o XM

Instrumentation
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T
Effect of pupil aberrations
» Develop all vectors at 2"d-order, nput puptls
e.g. T =) I s
s= cosusinv =v O'P, =1y ([L+dz, /F Bl § —O¢ ‘ ‘ z
cosucosv =1-u?/2-v?/2 dz, = E?ﬁmﬁ?&?ors
e Insert into the OPD : (lescopes
ss) = dz,—dz/m + Uk, +vay, —[ux, +vy,Jrdz, Flm Outputpuplls
~ dz, (W2 +v2)/2 -dz,(u?+v?)/2m i F
« Use general Object-Image relation: | -
(9= [] O) PS(s-s,)> a, extlig,Jexdliki(so. o)) dg B‘ |- Z
* No longer a convolution operator ! ol Foca
combiner plane
(exit pupil plane)
N
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Pupil aberration: 2 telescopes

Achievable FoV PSF at PSF at PSF at
FoV centre 0.3 arcsec 0.6 arcsec

2.5 arcsec

29S0Je G'Z
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Pupil aberration: 8 telescopes

Achievable FoV PSF at PSF at PSF at
FoV centre 0.3 arcsec 0.6 arcsec

© ® ©
® ®
© B ©

2.5 arcsec

Z
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Different combining schemes

From collecting telescopes

: B
From collecting telescopes
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A
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Axially Combined Interferometer (ACI)
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Co-axial combination by

means of a balanced
set of beamsplitters

e Extinguishes all

g \ diffracted light
N ) i originating from central
— star = Only leaves
planet photons
» Specific Object-Image
relationship
) l

l Focal plane

Z
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Crossed -cubes nuller (CCN)

o See the “Cheapest nuller in the World”:
— One talk on Thursday afternoon, 2 posters on Wednesday afternoon
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Pseudo -images of a companion

Imaging and nulling properties of )’

2.5 arcsec 20m 10 mm

Planet
Fake sky objects Telescope array Phase-shifts maps
2.5 arcsec 2.5 arcsec 2.5 arcsec

< n
< L

Planet

photons
only ‘

Axial combiner Maximal densification Fizeau interferometer
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Conclusion

* A simple Fourier optics formalism allows fast evaluation of
nulling Fizeau interferometers performance

— Including PSF, achievable Field of view (FoV), nulling maps and
pseudo-images

— Whatever is the telescope number N

— In presence of optical defects (pupil aberrations)

— Also applicable to non-Fizeau interferometers

e Simple formalism, no actual Fourier or Fresnel transforms
required (gain in accuracy and computing time)

e Simulations show that that the most efficient nulling schemes

should use axial combiners or multi-axial combiners with
maximal densification (e.g. Crossed-cubes nuller)
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Perhaps one synthesis paper some day...
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