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Abstract: Initially proposed by Labeyrie (1996) through the concept of a hypertelescope, the pupil densification is convenient to enhance the high dynamic range imaging properties of an
interferometer. This pupil remapping technique transforms the sparse entrance pupil in a compact pupil, which provides a Point Spread Function (PSF) with a single diffraction peak
compatible with a focal plane coronograph. In addition, the pupil densification is suitable with a monolithic telescope equiped with an Adaptive Optic (AO). This new concept, called
Densified Aperture Masking (DAM), can be mounted on the VLT-NACO. A similar imaging mode, called Sparse Aperture Masking (SAM), is currently used on NACO (Tuthill, Lacour).
Both techniques benefit from a better resolution and a higher contrast compared to those obtained with the full pupil of the VLT. Contrary to SAM which needs a non-redundant pupil to
exploit the Fourier information (visibility, phase, cloture), DAM provides a direct focal image closed to the diffraction limit on a narrow field of view, and uses a pseudo-deconvolution
technique to restore the image of the source. A preliminary design is presented here to underline the advantage of DAM, thanks to a larger number of sub-apertures which increase the field
of view and the dynamic range, for exoplanet detection and extended source imaging.

From Fizeau to the pupil densification
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The beam sizes are increased, the beam positions are preserved
The high spatial frequencics seen by the baselines are saved.
The low spatial frequencies of each sub-apertures are not used.

Numerical application on NACO
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Optical schemes: Fizeau vs pupil densifier

Fizeau interferometer
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Depth factor
The Clean Field (CLF) is defined
by the diffraction function
of the array of sub-apertures circumscribed
within a circular diaphragm:
Airy(r) ~ 0.1 * 1(-3)
rin resels, >>1

‘The darkest area is located to the half-radius of
the Clean Field (CLF) because of the aliasing
effect.

2B, /28
‘The number of telescopes equals to
Ntel=pi/4*(By,,/By,;,)"2

arcsec = B, /2B, resels,

Then we define the Depth factor:

Kd=Airy(B, /2B,y (-3)
/B
Kd~0.6"N,y*(-3/2)

(Lardiére)

First image reconstruction

Parameter Definition Unit DAM DAM DAM DAM DAM DAM DAM SAM 9SAM18

Bmax Mask Maximum baseline (mm) 1 10 10 10 10 10 10 10 10 Grid of holes simulating the image
Bmin Mask  Minimum baseline (mm) 01 015 025 05 1 2 3 216 07 interferometer's mimrors

DiMask  Telescope diameter (mm) 002 003 005 01 02 04 06 1156 0465

DoMask  Telescope diameter (mm) 01 015 025 05 1 2 3 1156 0465 Typectatossope \ Densifier

K Mask Reduction factor 800 800 800 800 800 800 800 800 800 — T {c [i Porsrio]
Bmax Maximum baseline (m) 8 8 8 8 8 8 8 8 8 V=3 |\
Bmin Minimum baseline (m) 008 012 02 04 08 16 24 173 056

Di Telescope diameter (m) 0016 0024 004 008 016 032 048 0.9248 0372 " Deasitiod
Do Telescope diameter (m) 008 012 02 04 08 16 24 09248 0372 - 1 -
G_max Maximal densification factor 5 5 5 5 5 5 5 1 1 ’ Mi2

Gamma  Densification factor 5 5 5 5 5 5 5 1 1

Go Intensification vs Fizeau 25 25 25 25 25 25 25 1 1 Densified Aperture

Lambda  Central wavelength (um) 22 22 22 22 22 22 22 22 22 Masking (DAM)

Resel Resolution element (mas) 57 57 57 5 57 57 57 57

CLF Clean field of view (mas) 5672 3782 2269 1134 567 284 189 262 810

CF Coupled field of view (mas) 28361 18908 11345 5672 2836 1418 945 491 1220

DIF Direct imaging field of view mas) 7000 4727 2836 1418 709 355 236 491 1220 . .

Nresels Number ofgrege\s in the image Erese?) 10000 4444 1600 400 100 25 11 21 204 Optical designs of NACO-DAM

Ntel Number of telescope 15000 6667 2400 600 150 38 17 9 18 Bafling

si Input collective surface area (m'2) 302 302 302 302 302 302 302 605 196 | T

Fp Flux / pixel (average) 105 2E-05 6.E-05 3.E-04 1E-03 4E-03 O.E-03 4E-03 2E-04 i |

Gs Intensification vs input surface 754 754 754 7154 754 754 754 60 20 oo e ! .

Gp Intensification per pixel 3E-04 6E-04 2E-03 6.E03 BE02 1601 2E-01 4.E-03 2E-04 I |

Kd Depth factor (dynamic range) 8.E-07 3.E-06 1.E-05 1.E-04 8E-04 G.E-03 2E-02 5E-03 5.E-03 { l{

Clean Field of View (CLF)
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Microlenses

Microlenses

Microlenses
array

densification

Residual pistons:
OPDstd = lambda’2
Scintillation:

FLUstd = 20%
Read-out noi:
RONavg = l.e-2

Photon noise
Vnoise = 1000v/pxl

Lambda =2.2

di=0.12m
do=126m
Bmax=8m
Bmin=1.26 m
Densificatior
Intensification
Resel = 56.7 mas
DIF = 398 mas
L

Richardson-Lucy
without acceleration,
without regularisation,
2000 iterations

=> To be improved

Contact: fpatru@eso.org, jgirard@eso.org



