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Abstract. We describe a coronagraphic technique that can be used with an array of telescopes in space. It
generalizes the use of Lyot’s Masks and Roddier & Roddier’s Phase Masks (Roddier & Roddier 1997) to an
array of telescopes without the densification of the pupil recently proposed by Labeyrie et al. (1999) and Guyon
& Roddier (1999, 2000). The proposed method consists of using an ensemble of masks set on the principal
diffraction peaks of the point spread function. The best efficiency is obtained for a redundant configuration of
the apertures. A linear array configuration is proposed for solving the problems of chromatism associated with
phase mask coronagraphy and permits image reconstruction via tomographic techniques. A numerical simulation
is made for a one-dimensional array of telescopes.
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1. Introduction

The Darwin (ESA) and the Terrestrial Planet Finder TPF
(NASA) are space interferometry projects with similar ba-
sic specifications and two scientific objectives. One is to
realize a space interferometer which will perform high an-
gular resolution imaging and spectroscopy relevant to gen-
eral astrophysics (globular cluster cores, protostellar disks,
mass loss by evolved star etc.). The other objective is to
detect and characterize Earth-like extra-solar planets and
to search for spectral signatures suggestive of life. The in-
strumental requirements for Darwin or TPF depend on
the science objectives: general astrophysics or the detec-
tion and characterization of Earth-like planets.

The direct detection and study of an earth-like planet
orbiting a nearby star is an ambitious observational
project. However, innovative studies have shown that such
an objective is conceivable (Leger et al. 1996; Mennesson
& Mariotti 1997): spectral signatures of life may be found
in the infrared, such as those of H2O and O3 (Leger 1993;
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Léger et al. 1999) or in the visible (Labeyrie et al. 1999;
Schneider 1999). Several hundred of dwarf stars are lo-
cated within 15 pc from our solar system. The instru-
ment must resolve at least the typical separation of 0.05–
0.1 arcsec which corresponds to an orbit of 1AU semi ma-
jor axis, around a star 20–10 pc away.

The main difficulty for direct detection of dim sources
like terrestrial extra-solar planets comes from the bright-
ness ratio between the parent star and the planet. It is of
the order of 109 in the visible wavelength domain and of
the order of 106 in the infrared domain. Direct detection
of Earth-like planets could only be achieved by removing
most of the star diffracted light, which is the aim of the
so-called coronagraphic or nulling methods.

The coronagraphy technique was first invented by Lyot
(1930, 1939) for solar corona observations. Applied to stel-
lar observations, it provides direct imaging capabilities, re-
ducing the star diffracted light in the whole field (Bonneau
et al. 1975; Smith & Terrile 1984; Malbet 1996).

Up to now, several concepts have been proposed, bring-
ing a richness of instrumental ideas about the number and
the diameter of the telescopes, the baseline configurations

Article published by EDP Sciences and available at http://www.aanda.org or 
http://dx.doi.org/10.1051/0004-6361:20010263

http://www.edpsciences.org/
http://www.aanda.org
http://dx.doi.org/10.1051/0004-6361:20010263


C. Aime et al.: The multiple mask coronagraph 681

and the nulling or coronagraphic methods. The Darwin
project is a nulling interferometer based on Mariotti’s con-
cept (Mennesson & Mariotti 1997).

The TPF instrument is not completely defined yet and
several concepts are still under study, using coronagraphy
or nulling interferometry. The instrument envisioned for
TPF consists of an infrared interferometer, operating from
7 microns to 20 microns, with baselines between 75 m and
200 m and with either a few large telescopes or many small
ones (TPF Science Working Group 1999).

Stellar coronagraphy has been recently improved by
Roddier & Roddier (1997) who proposed the use of π
phase shifting masks instead of occulting masks and also
by Gay & Rabbia (1996) who proposed and developed the
Achromatic Interfero Coronagraph (AIC): an achromatic
π phase shift is introduced by means of a focusing cat’s
eye in an arm of a Michelson interferometer (Baudoz et al.
2000a,b,c).

We introduce in this paper the Multiple Mask
Coronagraphy technique (MMC), which is a generaliza-
tion of coronagraphy to the purpose of interferometry.
This approach can take the advantage of the Roddier &
Roddier’s phase mask.

The paper is organized as follows: Sect. 2 gives an
heuristic presentation of coronagraphic techniques and
its application to diluted apertures. Coronagraphy with
a large monolithic aperture is first presented, and gen-
eralized to an array of telescopes. The interest of the
use of an array of masks, set on the peaks of the Point
Spread Function (PSF) of a redundant array of telescopes
is proposed here as an efficient solution to the problem.
Section 3 gives a numerical one-dimensional simulation for
a redundant linear array of telescopes. Advantages and
drawbacks, in particular chromatic problems and image
reconstruction are discussed in Sect. 4. Conclusions are
given in Sect. 5.

2. General considerations on coronagraphic masks
adapted to the telescope aperture
configuration

We give here an heuristic presentation of Lyot’s corona-
graphic technique applied to an array of telescopes. We
introduce first the basic method applied to a monolithic
aperture and generalize it to diluted apertures. This will
lead us to show the fundamental interest of redundant
apertures, combined with multiple masks for direct extra-
solar planet detection.

2.1. General equations for coronagraphy

We recall in this section some well known results about
coronagraphy (Malbet 1996) and give the Fourier op-
tics formalism used in this paper. Following Guyon and
Roddier notations, four planes are involved in the coro-
nagraphic method, as illustrated in Fig. 1: A (telescope
aperture), B (telescope focus), C (conjugate plane of the

Fig. 1. Illustration of the planes denoted A, B, C and D in the
body of the paper. A) telescope aperture, B) telescope focus
where the Lyot mask is set. C) image of the entrance pupil
where the Lyot’s stop (diaphragm) is applied. D) final image
plane. Lenses used between planes are not represented

telescope pupil) and D (plane of the final coronagraphic
image).

There is a Fourier transform operation between each
of the four planes (from A to B, from B to C and from
C to D). For clarity, we neglect the scaling factors in the
notation of the Fourier transforms (convenient units and
axes orientation should be used). We denote by P0(r) the
actual pupil function in plane A. The amplitude ΨB(r)
of the wave after the coronagraphic mask of transmission
(1− εM(r)) is proportional to:

ΨB(r) = P̂0(r) [1− εM(r)] = P̂0(r)− εP̂0(r)M(r) (1)

where the positive function M(r) describes the central
part of the mask: M(r) is 0 outside the mask and 1 inside.
ε = 1 for Lyot’s mask and ε = 2 for Roddier & Roddier’s
mask.

In plane C we assume that the Lyot’s stop is a di-
aphragm corresponding to the telescope aperture P0(r).
The overall effect is then:

ΨC(r)=Ψ̂B(r)P0(r)=P0(r)−
(
εP0(r) ∗ M̂(r)

)
P0(r). (2)

For a perfect coronagraphic effect, we would like the quan-
tity εP0(r)∗M̂(r), that appears as a subtractive wavefront,
to be equal to 1 everywhere within the support of P0(r).
This is what we examine in the following sections.

2.2. Coronagraphy with a monolithic aperture

Let us assume first that we have a huge monolithic tele-
scope P0(r) of surface (Σ). In plane B, the coronagraphic
mask set on the core of the Airy disk must have a surface
s of the order of (1/Σ). In plane C, its diffraction figure
M̂(r) has a maximum amplitude s ∼ (1/Σ) and extends
over a surface of the order of Σ.

In fact, M(r) is smaller than the telescope resolution,
so that M̂(r) extends over a region larger than the tele-
scope aperture P0(r) and may be considered to a first
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approximation as uniform over the aperture domain.
The result of the convolution

(
P0(r) ∗ M̂(r)

)
is then

roughly:(
P0(r) ∗ M̂(r)

)
∼ (1/Σ)× Σ ∼ 1. (3)

The order of magnitude is satisfactory. The term ε = 2
(Roddier & Roddier) allows the use of smaller masks
which provide a flatter subtractive wavefront and there-
fore better cancellation of the star light.

2.3. Coronagraphy with an array of telescopes

For the purpose of infrared planet detection, an array of
telescopes seems necessary: we assume that N small tele-
scopes of surface S are distributed over the same surface
(Σ). The overall resolution of this array is thus compara-
ble to that of the previous huge monolithic telescope: the
surface of a coronagraphic mask must remain comparable
to the instrument resolution s ∼ (1/Σ).

In that case, with a single small mask, the coronagra-
phy is not efficient; indeed, the order of magnitude of the
convolution product in plane C is then:(
P0(r) ∗ M̂(r)

)
∼ (N × S)/Σ = q. (4)

This result is too low by a factor 1/q = Σ/(N ×S) where
q corresponds to the so-called filling factor (Roddier &
Ridgway 1999). The amplitude in plane C is therefore not
cancelled. Several solutions have been proposed to over-
come this problem for interferometric arrays of telescopes.

In the Labeyrie’s hypertelescope concept, the pupil,
which consists of numerous apertures, is first densified and
a single mask can be used (Boccaletti et al. 2000; Labeyrie
1996). The image is directly provided by this densified
pupil, to the detriment of the field of view which is reduced
in proportion to the densification ratio.

Another solution is proposed by Guyon & Roddier
(2000). The pupil is only densified for coronagraphic pur-
poses and a single phase mask is used. The exit pupil is
then rediluted to avoid the field of view limitation.

2.4. Coronagraphy with a redundant array
of telescopes and multiple masks

The alternative approach we propose in this paper is to
consider a redundant configuration of the array of tele-
scopes combined with an array of Lyot or Roddier &
Roddier masks (instead of an unique mask). This makes it
possible to recover the factor 1/q so that

(
P0(r) ∗ M̂(r)

)
remains close to 1. The masks are set on the maxima of
the PSF of the diluted array. We shall see that the best
efficiency of this technique is obtained with a redundant
configuration.

Let us assume that P0(r) is an array of N telescopes
set at regular intervals as shown in Fig. 2. We denote by d

the separation between the telescopes. To cover the surface
(Σ) with these N telescopes, we have approximately:

Σ ∼ (N × d2). (5)

In plane B, the amplitude ΨB(r) shows many peaks of sur-
face ∼(1/Σ) each, at separation (1/d), within the diffrac-
tion envelope of surface ∼(1/S) due to the elementary
apertures S (Fig. 2). Multiple masks are used: a corona-
graphic mask is set on each of these principal diffracted
peaks. Each mask has a surface ∼(1/Σ) and covers a frac-
tion of the peak surface. The number K of masks to use
is of the order of the number of peaks within the first
diffraction envelope of the elementary apertures S:

K ∼
(

1/S
1/d2

)
∼
(
d2/S

)
∼ (Σ/(NS)) . (6)

In this case, the mask function M(r) describes the po-
sitions and shape of the array of masks. The Fourier
transform M̂(r) therefore consists of peaks of amplitude(
K ×

(
1
Σ

))
, with separation d. These peaks are within the

envelope corresponding to a single mask diffraction pat-
tern, which is of the order of (Σ) or somewhat larger, since
each mask is smaller than the array resolution.

If the pupil is periodic, M̂(r) will roughly ressemble
the pupil function itself, at least for the main features,
with peaks at separation d corresponding to the actual
apertures. We can write:(
P0(r) ∗ M̂(r)

)
∼
(
K

Σ

)
× (NS) ∼ 1 (7)

and the dilution factor 1/q of relation 4 is compensated
for by the use of multiple masks.

The best result is obtained for a redundant aperture. If
the telescope configuration is not redundant, the elemen-
tary apertures will not correspond to the peaks of M̂(r)
and the efficiency of the convolution will be reduced. One
dimensional numerical simulations for redundant and non
redundant apertures are given in the next section.

3. Numerical simulations for one-dimensional
apertures

We present in this section a one-dimensional illustration
of the technique. We briefly give the results for a mono-
lithic aperture and then generalize it to diluted apertures
with multiple masks. The notations used are similar to
that of Sect. 2, in which we substitute the one-dimensional
variable x to the two-dimensional one, r. The numerical
simulations are made using Mathematica (Wolfram 1999).

3.1. One-dimensional monolithic aperture

Replacing P0(r) by Π
(
x
L
)
, where Π(x) is the function

equal to 1 for |x| ≤ 1/2 and equal to 0 elsewhere, Eq. (2)
becomes:

ΨC(x)=
[
Π
(x
L
)
−ε×Π

(x
L
)
∗
(

sinπax
πx

)]
×Π

( x
L
)
. (8)
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Fig. 2. The planes A, B, C; the symbol F denotes the Fourier transform. Top left: redundant pupil of 9 telescopes of diameter
D = 1, with separation d = 5. Top center: the PSF in plane B shows an ensemble of peaks of separation 1/d = 0.2, that
spread over a region of diameter 1/D = 1. Top right: image of the pupil (when the coronagraphic multiple mask is not used).
Bottom center: the array of masks is set on the principal diffraction peaks of the PSF: the illustration shows the function
M(r), the mask transmission is 1 − εM(r), see Eq. (1). Bottom right: the Fourier transform of the mask function M̂(r)
presents a periodic structure with a separation of the peaks equal to the telescope separation d = 5. In plane B, the product is
applied between the wave amplitude and the masks transmission function. It corresponds in plane C to a convolution product
between their Fourier transform

We can obtain an analytic expression for ΨC(x) making
use of the Sinus Integral function defined by:

Si(x) =
∫ x

0

sin t
t

dt (9)

to express the convolution product in relation 8. Then
ΨC(x) may be rewritten as:

ΨC(x) = [Π
( x
L
)
− ε

π
(Si [πa(x+ L/2)]

−Si [πa(x−L/2)])]×Π
(x
L
)
. (10)

This expression may be useful for an analytical study of
a slit aperture telescope and it may be straightforwardly
generalized to a two dimensional rectangular aperture.

3.2. One-dimensional fully redundant array
of telescopes

We now consider that the telescope is an array of N re-
dundant apertures, each of diameter L, with a separation
d between aperture centers. The overall array length is:
L = (N − 1)d+ L.

The aperture transmission may be written as a sum of
shifted elementary apertures:

P0(x) =
N∑
k=1

Π
(
x− kd+ (N + 1)d/2

L

)
· (11)

The constant shift (N+1)d/2 is used to center the overall
aperture.

The corresponding amplitude in the focal plane B takes
the form of a grating diffraction pattern, with peaks at
multiples of 1/d, that spread within the diffraction pattern
of a single aperture.

P̂0(x) =
(

sin(πLx)
(πx)

)(
sin(πNdx)
sin(πdx)

)
. (12)

Multiple Lyot’s or Roddier & Roddier’s masks are then
set on the peaks of P̂0(x), as explained in Sect. 2.2, to ob-
tain the amplitude ΨB(x). Assuming that we use an odd
number K of masks, we can write:

ΨB(x) =
(

sin(πLx)
(πx)

)(
sin(πNdx)
sin(πdx)

)

×

1− ε×
(K−1)/2∑

k=−(K−1)/2

Π
(
x− k/d

a

) (13)
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Fig. 3. Amplitude in plane B before and after the application
of the π phase masks, for an odd number of telescopes (N = 7)

Fig. 4. Amplitude in plane B before and after the application
of the π phase masks, for an even number of telescopes (N = 8)

where we recall that ε = 1 or 2 according to the type
of masks (Roddier & Roddier’s or Lyot’s), and a is the
width of the masks. An illustration of P̂0(x) and ΨB(x) is
made for a redundant array of N = 7 (Fig. 3) and N = 8
telescopes (Fig. 4).

In plane C the expression of the wave becomes:

ΨC(x) = P0(x)− ε P0(x) ∗
[

sin(πax)
(πx)

sin(Kπx/d)
sin(πx/d)

]
· (14)

This amplitude consists of the subtraction of two terms:
the first one is the pupil itself, and the second one a coro-
nagraphic term. Illustrations are shown in Fig. 5 for an
array of 7 telescopes for Roddier & Roddier’s Masks.

A second mask is then set in plane C, assumed equal
to the entrance aperture and forms Ψ′C(x):

Ψ′C(x) = ΨC(x) ×
N∑
k=1

Π
(
x− kd+ (N + 1)d/2

L

)
· (15)

A simulation of the amplitude at the exit pupil is shown
in Fig. 6. In plane D, the final image of an unresolved
star can be written as the quantity |ΨD(x)|2. A numerical
simulation is given in Fig. 7.

3.3. One-dimensional partially redundant array
of telescopes

With a partially redundant configuration, the MMC tech-
nique remains usable (with a reduced efficiency), as long
as the amplitude in plane B presents sharp periodic peaks
to set the multiple masks on. A simulation for a partially
redundant aperture (elementary telescopes separated by
distances proportional to (1, 3, 2, 7, 1, 1) is given in
Figs. 8 and 9. The computation is made for Roddier &
Roddier’s Phase Masks. Although the coronagraphic term
εP0(x) ∗ M̂(x) still operates, the result is not as good as
for a fully redundant aperture.

For a non redundant array, in which the separation
between apertures is not a multiple of a common value,
the intensity in plane B does not show periodic peaks
(Fig. 10), and the MMC technique cannot be applied.

4. Advantages and drawbacks of the technique

4.1. Phase mask chromatism and size optimization

Phase masks coronagraphy suffers from two main draw-
backs: the precision of the phase shift and the sensitiv-
ity to the mask dimension, as explained by Roddier &
Roddier (1997).

The extinction capability strongly depends on the pre-
cision of the π phase shift: Guyon & Roddier (2000) have
shown that if a phase error δφ is introduced by the phase
mask, the leaking flux fraction is proportional to δφ2, as-
suming a total extinction of the amplitude inside the exit
pupil with optimized entrance pupil apodization.

If the phase mask is made with a plate of refractive in-
dex n or with a λ/4 shifted back mirror, the phase shift is
intrinsically chromatic. This is a problem for broad band
observations (from 5 µm to 15 µm for atmosphere charac-
terization with TPF).

Phase mask coronagraphy is also more sensitive to a
variation of the mask size compared to Lyot’s coronag-
raphy, as shown in Fig. 11 for a redundant linear array
without apodization.

These results are similar for a monolithic aperture and
for a redundant linear array with multiple masks.

For a one dimensional monolithic aperture there is a
single optimal diameter for the Phase mask: aPM = 0.27
first diffraction lobe. For the Lyot mask, there are sev-
eral minima: aLyot = 0.64; 1.62; 2.61; 3.61. Note that the
minima do not correspond to the zeros of the diffraction
pattern.

For a one-dimensional redundant linear array, the op-
timal mask size also depends on the number of masks K.
As described in Sect. 2.4, the number of peaks depends
on the ratio of the separation to the telescope diameter
(here d/L for the one dimensional simulation). Since K
must be an integer, this ratio d/L must be optimized for
an optimal coronagraphic effect (this was not done in the
present analysis).

With 13 masks and the same array configuration as in
Fig. 5 , we obtain the optimal values:
aLyot = 0.68; 1.66; 2.69 and aPM = 0.29.
This greater sensitivity of the Phase Mask compared to
the Lyot mask becomes a limitation for broad band ob-
servations, since the mask size must be adapted for the
wavelength dependent PSF.

4.2. Linear arrays: An optimal configuration

The solution we propose in this paper to overcome the
above problems is to consider a linear configuration of
telescopes. In this case, the spatial information is only
significant along the array direction and the transverse
direction can be used to disperse the light. Illustrations
of a dispersed polychromatic PSF for a redundant linear
array is shown in Fig. 12.
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Fig. 5. This figure illustrates the subtraction of the amplitudes in plane C Eq. (14). Top left: the pupil consists of 7 equi-spaced

telescopes. Top right: the coronagraphic term εP0(x) ∗ M̂(x) Eq. (14) is computed for K = 13. Bottom left: the result of
the subtraction ΨC(x), the amplitude diffracted outside of the apertures is clearly visible. Bottom right: the exit pupil Ψ′C(x)
after the application of the diaphragm in plane C. Both a and K must be optimized for best coronagraphic effect. The figure
is given for Roddier & Roddier’s phase masks

Fig. 6. Exit pupils after the application of the Lyot stop.
Top: Lyot’s occulting mask. Bottom: Roddier & Roddier’s
Phase Mask. The masks size has been optimized in plane B
to reduce the residual energy inside the apertures in plane C.
The overall residual curvature visible from an aperture to an-
other is due to the width of the mask (enveloppe of the coron-
agraphic term, see Eq. (14)) whereas the curvature inside each
aperture depends on the number of masks used

The coronagraphic masks may then be applied af-
ter the dispersion of the light. With such a linear con-
figuration, it seems easier to overcome the chromatism

Fig. 7. Light intensity in plane D (Logarithmic scale) for the 7
aperture array and 13 masks. Full line: without coronagraphy.
Dashed line: with Lyot’s masks. Dotted line: with Roddier &
Roddier’s masks

problems. The phase masks can be adapted for each wave-
length. A mirror reflection phase mask may be used after
the light dispersion, as illustrated in Fig. 12:

The width of the masks is optimized and proportional
to λ, and the thickness (or depth) is equal to λ/4.

However, in this presentation, we have not considered
the transverse dimension of the entrance pupil and an ad-
ditional phase error exits: in the (x, λ) plane, a monochro-
matic image will be spread over a finite width in the λ
direction, corresponding to the spectroscopic limitations.
Although several limitations still remain with phase mask
techniques, a linear array may provide a favorable config-
uration to solve the chromatism problems.
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Fig. 8. Use of the MMC technique with a partially redundant
array. Top: the pupil is made of 7 apertures with separations
proportional to (1, 3, 2, 7, 1, 1). Center: coronagraphic term.
bottom: resulting amplitude in plane C before the application
of the Lyot’s stop (see Fig. 5 for comparison)

Fig. 9. Top: resulting amplitude Ψ′C(x) after application of the
Lyot’s stop for the 7 apertures of Fig. 8. The result is fair but
for the 4th elementary telescope aperture. If such an aperture
configuration were to be used this aperture would have to be
occulted by the Lyot’s stop. Bottom: resulting intensity in
plane D (dotted line), compared to the intensity without MMC
(full line)

4.3. Transmission map

The residual flux for an off-axis unresolved source has been
studied by Guyon & Roddier (2000) for a densified aper-
ture with phase mask. We obtain the same expression at
the origin (from 0 to 2 marcsec) from our simulations with
a redundant linear array and MMC as shown in Fig. 13
(just replacing the telescope diameter by the array base-
line).

FR = C +
(

8B
5λ

)
× θ2 (16)

Fig. 10. Top: this figure illustrates the impossibility of using
the MMC technique with a fully non redundant pupil in which
no separation is a multiple of an other one. Bottom: the PSF
of the array does not show identifiable periodic peaks to set
the multiple masks

Fig. 11. Normalized residual energy in the exit pupil as a
function of the mask diameter in units of PSF dark rings
for a redundant linear array of 7 telescopes with multiple
masks. Comparison for multiple Phase masks and multiple
Lyot masks, with Lyot stop identical to the entrance pupil (no
apodization). The Phase mask technique is more sensitive to a
variation of the mask size. The minimum of residual energy in-
side the exit pupil as a function of the mask size is sharper for
Roddier & Roddier’s technique (full line) than for Lyot mask
(dashed line)

Fig. 12. Left: illustration of the (X,λ) dispersed polychro-
matic PSF for the same array, using cylindrical optics and a
spectroscopic device. Right: schematic view of possible re-
flection phase masks. The width of the masks is proportional
to the wavelength and the thickness is λ/4
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Fig. 13. Overall residual flux for an off-axis unresolved source
(transmission map) as a function of the angular position θ in
marcsec (7 telescopes, d = 2.5 m, baseline = 70 m, λ = 10 µm).
A polynomial function is fitted to the 70 computed points in
this simulation

where B denotes the baseline of the interferometer, θ the
angular position of the source and C is a constant at
origin. Using apodized apertures, this constant should ap-
proach zero. This is another limitation of the phase mask
technique: an additional leaking flux proportional to θ2

exits if the on-axis star is resolved (a typical Sun at 10 pc
has an angular size of ∼1 marcsec). This behaviour in θ2

might be considered as insufficient for a nulling interfer-
ometer. However, the coronagraphic technique leads to a
true image and does not require the same extinction fac-
tor, because the signal is not integrated. Indeed, consid-
ering Fig. 7, the residual stellar flux at a possible planet
position is already of 10−3 to 10−4, depending on the exact
position. First attempts we have made with apodization
(not given here) show that a factor of 10−6 may be ob-
tained. However, it does not seem interesting to go deeper
into our one-dimensional simulation. A more realistic two-
dimensional simulation combined with apodization would
be preferable and remains to be done.

4.4. Multiwavelength image reconstruction

For a given number of telescopes, the resolution is opti-
mized in one direction for a linear array. A very good cov-
erage of the 2D frequency plane may be obtained during
the rotation (at least for concentric circles) and a tomo-
graphic reconstruction of a two dimensional image is pos-
sible (Touma et al. 1995; Martin et al. 1987). The principle
of the image reconstruction consists of the inversion of the
set of projections of the object (Radon transform) given
by the interferometer during its rotation. This technique
may profit from the immense work developed for tomo-
graphic medical imaging (Barret 1984; Deans 1983).

An example of what could be obtained with a rotating
linear array is shown in Fig. 14. The jitter of the rota-
tion axis is a problem which has been already studied and
overcome (Touma et al. 1992a,b). The tomographic recon-
struction method seems perfectly adapted to the analysis

Fig. 14. Set of projections obtained by rotating the linear array
of telescopes (Radon plane or sinogram). This monochromatic
simulation is made for two planets orbiting around a star. The
white stripes correspond to the forbidden zones of the masks

of complex images like multiple planetary systems with
exo-zodiacal dust disks.

The redundant configuration of the telescope is neces-
sary for best coronagraphic efficiency. As a drawback, the
best frequency coverage that may be needed for general
astrophysics purpose is not obtained. However, a minor re-
configuration of the array may break the redundancy and
may allow to switch from the planet observation mode
with MMC, to the general astrophysics imaging mode.
A trivial example for a 4 aperture array is to shift from a
(2, 2, 2) redundant configuration to the well known (1, 3,
2) configuration, just by moving the second telescope.

5. Conclusion

We have described in this paper a technique called MMC
that permits the implementation of stellar coronagraphy
with a space based array of telescopes. An original aspect
of the technique is that it does not require the use of den-
sified pupils, unlike other recently-proposed techniques.

The MMC technique is similar to Lyot’s coronagraphy,
but differs in the fact that multiple masks are set on the
main diffraction peaks of the PSF. This array of masks
is necessary to remove the stellar light in the whole field.
Instead of using Lyot’s opaque masks, the technique can
take advantage of π phase masks proposed by Roddier
and Roddier. A redundant configuration of the telescopes
is necessary for best coronagraphic efficiency.

The present paper is mainly concerned with the basic
presentation of the MMC technique, and several impor-
tant points have not been developed in this preliminary
study.

The numerical simulation made for a one-dimensional
aperture is very simple. A more realistic two-dimensional
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simulation, in which all the parameters of the corona-
graphic device could be taken into account and optimized,
is certainly needed. Our simple simulation however shows
that the star light extinction factor is similar to that ob-
tained with a full aperture.

It will be of great interest to use the apodization of the
entrance aperture proposed by Guyon & Roddier (2000).
The apodization may compensate the residual curvature
of the amplitude inside the apertures and from one aper-
ture to another. This can greatly improve the coronagra-
phy efficiency, at the expense of a small loss of resolution
and a reduction of the transmitted light for the planet.
This apodization must be considered in terms of maxi-
mization of SNR.

At the moment, our proposed concept for TPF/Darwin
would be to consider a rotating redundant linear array
coupled with MMC using Roddier & Roddier phase masks
and apodization. The linear configuration is necessary to
solve the chromatism problems by means of transverse
dispersion.

Three acquisition modes are possible with such a
configuration: a multiwavelength image reconstruction is
achievable by rotation of the array using robust tomo-
graphic methods. However, two acquisitions in orthogonal
directions are sufficient for planet detection and position-
ing. Once the planet is detected, the linear array may be
orientated in the planet direction for optimized resolution
and spectroscopic acquisition. This mode allows the very
long observing times required for atmosphere characteri-
zation.
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