Sparse Aperture Masking

SAM
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NACO@ the VLT: NAOS

NAQOS is an adaptive optics
system equipped with both
visible and infrared, Shack-
Hartmann type wavefront
Sensors.

NGS maximum distance 55”

Dichroics: VIS, IR-N20C80, IR-
N90C10, IR-JHK, IR-K

Operates also with LGSFE +
WFES + STRAP unit




Pupil tracking

e CONICA Pupil Mask C18-280
W | DRAWN DY: Teler Tuthll | DATE: 13720105
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Uses of the SAM masks

NAOS/CONICA Masks

Narrowband Imaging (bright
targets)

Broadband Imaging (fainter
targets)

Optical Interferometric
Polarimetery (differential
measurement at high contrast
ratio)

Faint companion detection at
high contrast ratio and high
resolution
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Diffraction pattern Fourier transform

1000

500_

—
M

mas
=}
NI

-500

=y
[=]
o
o

& T S

mas mas-1

Phase deconvolved from
atmospheric/instrumental piston
(closure phase)

modeles /

dotted: CP error = 1 deg

E @ ® ©F
05 3 104 dashed: CP error = 0.1 deg
00 3 | solid: CP error = 0.01 deg
o ] e —
E E =100 detection (10) = 2.5107° X o(CP)
B
0.1 E A H - =
W - deétection s -
&1 g 1 N
023 g ‘.&)31 03_
E _E [0 =
005 ] @ ®) of Qa -
0.0 E, 10-4{
0.05; é ::
T B0 666 ™ ™ e B1B6G H0E8 ™ T T GBS 00 B8 ™ =
Spatial frequency (mas-1) b e H L 2 e G R J4-

Separation (A/D)



2
(3

Phase (um)
o
o

Phase & Closure Phase

A poafh oms o o F &L 8
s MWTWMuxmm“ﬁ%“*f“’wﬂmfg@ﬂ%ﬁ&f%W"Mfybﬁ@éLdﬁ”?‘*”’f




Detection: HD135549B
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Detection: HD135549B
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Fit of a binary system

Error bars : 0.3 degrés => Dynamic range of 7e-4




super-resolution: CS Cha

@ Detection at 0.4 A/D on a 8.2mag star Iin
K band :
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Transition disk : T Cha
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Transition disk : T Cha
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Transition disks: companions or
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[ i - FLChadata ]
5__ B 5-_ 5: :
A @ ® ]
7] [ [} r 7
® o 4 @ of ©® OF :
E ] E E f
> B > r > r 7
—5_— - _5-_ -5: :
O-1deg © -05deg = 05deg © 1deg | ()2deg ( -1deg ( 1deg ()2deg|
u (meters) 0.0 : . ; u (meters)
a b) — C .
HD100456 ) ) .ha (Cieza et al. 2012)
__ 005t .
o
g 3 HD 142527A
c g, 0.00 *
- =
o 55:?&8%%%%’ 201p
<
-0.05¢ %2012 1
-0.10 y

-0.10 -0.05 0.00 005 0.10
ARA (arcsec)




21/10/2013 *

OHP Cdnferen'ce -- September 2013 -

20



FIRST — Fibered Imager foR a Single Telescope

Pupil remapping

Input Pupil

Redundant configuration
+ Corrugated wavefront

Monomode

Output Pupil

Non redundant configuration +
Plane wavefronts

Spatial Filtering

Perrin et al., 2006
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+ Filtered Wavefront

" Turbulence
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FIRST — Fibered Imager

Banc de test en laboratoire
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Pupille d’entrée
redondante

Pupille de sortie
non-redondante




FIRST — Fibered Imag

Objectif : Haute dynamique & haute résolution angul Optical path

difference

Technologie : fibre optique monomodes
Sur le ciel a I’obsevatoire Lick (CA)
L’année prochaine sur le telescope SUBARU (HI)
Collaborateurs
— UC Berkeley (Gaspard Duchéne)
— SETI (Franck Marchis)
— SUBARU telescope (Olivier Guyon)
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Integrated optical
waveguides

:C redundant

x output pupil

< j 1-D non-
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SWavegUidefabrication particulars

5.4 MHz repetition rate
800 nm laser wavelength
35-45 nJ pulse energies

<50 fs long pulses

Femtosecond
Laser

Motion
Control
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« First astrophysical Result: Capella observations
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« Flux ratio of Capella between 600 and 8




FIRST — Fibered Imager foR a Single Telescope
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FIRST — Fibered Imager foR a Single Telescope
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The optical transfer function

En Tk,n Sk

Sk= Tk,n En



The optical transfer function
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12 telescope beam combiner

a7 “78L

Input Pupil

||
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Redundant configuration
+ Corrugated wavefront

NTT Electronic



Photon noise

Ny

Coronagraphy Ex: Planet/star flux ratio : 1°6:

Ny

Differential Imaging

N

Pupil Masking
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SNR Planet if photon separated: N
SNR Planet if photon not separated:

Dynamic range

Robustness to phase error




Nulling

1/2 5/6
C(12-56)

Closure







Nulling

ABCD

ABCD

y A

Flux [arbitraty]
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Lacour et al. (Astro-ph for now)



CONCLUSION

@ Pupil masking allows high precision
measurement. But be careful of « over-
Interpretation ».

@ Astrophotonics can push the idea one
step further, by discretization of the OTF

@ But photon noise is still a primordial
ISsue



