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r@uato_{re LESIA I. Aperture masking
Redundant pupil

Optical Transfer Function
= pupil autocorrelation
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r@uato_{re LESIA I. Aperture masking

Redundant pupil

Optical Transfer Function
= pupil autocorrelation

s e Coherent

. m telescope .

Telescope pupil )~ 0.55 um summing
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Adaptive optics
Speckle interferometry
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r@uato_{re LESIA I. Aperture masking

Non redundant pupil

Aperture mask on the Keck telescope : Tuthill et al. 2000

Non-redundant Point Spread Optical Transfer
pupil mask Function Function
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I’@vato_fre LESIA I. Aperture masking

Recent results

Sparse Aperture Masking at VLT (Lacour et al., 2011) L4

-
-

I

50 high-contrast detection limits
at /D of 2.5 x 1073 (AL = 6.5) for HD 92945

-3 _
and 4.6 X 107 (AL = 5.8) for HD 141569 .
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I’@vgtoire LESIA II. FIRST concept

Pupil remapping

Input Pupil Monotade Output Pupil
fibers _-}-
\%};
Redundant configuration Non redundant configuration +
+ Corrugated wavefront Plane wavefronts

Perrin et al., 2006

The entire pupil can be used
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I’@vatoire LESIA II. FIRST concept

Spatial filtering
% W

Fibers

............................................................. IIIJ eCthIl
efficiency +
Differential
pistons

Redundant
Entrance Pupil

+ Self calibration algorithm

Non Redundant Exit Pupil
+ Filtered Wavefront

No Speckle noise
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I’@vato_fre LESIA III. FIRST - 18
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I’@uato_?re LESIA III. FIRST - 18
Self calibration algorithm

2 x 9 fibres

Redundant telescope Non-redundant recombination
entrance pupil

36 complex equations
w; =V, e' X GG, e! PP

versus

Non redundant case :
36 complex visibilities
+ 9 complex gains
= 45 unknowns
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I’@uatofre LESIA I11. FIRST - 18

Self calibration algorithm

i
.

L

@
Vo,

8
&

2 x 9 fibres

e

&
Gy,

O

Redundant telescope Non-redundant recombination
entrance pupil

° (]
36 complex equations Solution Lacouretal, 2007
:V elq)ijx G G el(Pj_Pi) e (1) 1-10 000100000000 &
Mij ij i~ are(ig) 0 1-1 0 0 0100000000 o1
s liig) 1 0-1 0 0 0010000000 Gre
sea i) 000 1-1 0100000000 b
arg(us) 00 1-1 00001000000 i
versus 58] fig) 0000 1-1000100000 I
arg(ju7) 01 0-1 00000100000 arg(V4)
arg(us) | =] 10 0-1 00000010000 || arg(Ve)
g (feg) 001 0—-1 00001000O00D0 arg(V3)
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it iy 01 00-10000010000 SV
S IS PR siglis) 1 00 0=1 0000001000 arg(Ve)
36 CompleX VlSlbllltleS arg(pis) 0010 0-1000000100 arg(V%)
. arg(fi1a) 0100 0-1000000010 arg(Va)
+ 9O CompleX gains arg(fiys) 1000 0-1000000001 arg(V)
| - __
- "
= 45 unknowns

Invertible matrix
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Telescope focus plan

I’@uatmre LESIA I11. FIRST - 18
“v'

CCD

Fiber
bundle

VEGAS Workshop - 15.02.2013
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Optical setup

DM

PBS

M1

M2

-

Anamorphosis




I’@uato_{re LESIA I11. FIRST - 18

Optical setup

0.60m
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I’@vatofre LESIA III. FIRST - 18

Injection Optimization

PARIS
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I’@uato_?re LESIA IV. Results
FIRST light !

Lick Observatory, Mount Hamilton
On the 3-m Shane telescope
Behind Adaptive Optics system
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I’@uqtpire LESIA IV. Results
Results - First light 2010
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I’@\@’gonre LESIA IV. Results
Optical setup

V-grooves

Fiber bundle
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I"@vato?re LESIA IV. Results
Data reduction

Optical path
difference

Vega with FIRST-18 (10.2011)
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I’@uato_?re LESIA IV. Results

Data reduction

Optical path A Spatial frequency
A gifference

NIRRT
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I’@uato_{re LESIA IV. Results

An interesting quantity

Source

O Intrinsic

. object phase Atmospheric
s \ + Instrumental

A Measurement

Pockets of
warm air cause
optical phase
delays

f
¢, =P, \P2_P1)

Telescope 1

(3-1)

Closure
Phase
Triangle

f
P;_,=P; ,t \Pa_Pz)

Telescope 2
(3' 1) Telescope 3

Monnier, 2006 (p3— = (1)3

1+[P3_P1)

Closure Phase = ¢, ,+9, ,— ¢, , = &, +P, ,—D, ,

The closure phase does not depend on atmospheric turbulence
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I’@uato_?re LESIA IV. Results
Binary simulation A/D at 600nm

A/D at 900nm

/

Separation :
A/D at 750nm
X~b52 mas, Y=0

Flux ratio :
p=0.9 - Armag~0.3 mag
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I’@wﬁp_{re LESIA IV. Results

Binary simulation

Phase

A/D at 600nm

V2 A/D at 900nm
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I’@uqtp{re LESIA IV. Results
Binary simulation

Closed triangle
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I’@vato_fre LESIA IV. Results

Dynamic range

Baldwin and Haniff, 2002

dynamic range oc baselines Lacour, 2011
o (Cp) Le Bouquin and Absil, 2012
Large number of Good accuracy on the
baselines CP measurements

T v <=
'( J:;, |r .
\‘|‘ a |

Pupil remapping Spatial filtering
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I’@vatoire LESIA IV. Results
Results - Capella

Aldebaran
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Closure Phase (degrees)
R
Closure Phase (degrees)

Diffraction limit of a 3-m

teleSCOpe at 700nm : 6 1 1 1 1 1 1 ] 1 1 6 1 1 1 1 1 1L 1 1
48 mas 0.65 0.70 0.75 0.80 ' 0.65 0.70 0.75 0.80

Wavelengths (um) Wavelengths (um)

0.1 Calibrator 50ms 4minl0s

Capella [0 BLIAT (BRD=B0MAs | g Amin10s
flux ratio~1)
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I’@vato_{re LESIA IV. Results
Results - Capella

Calibrated closure phase

H Mean error bars
SO | ‘
S W
s JUAL s L L m 0.9° ‘ 1.0°
I R e
= YN ||-'Wh!'”| il - | 30
3 | B brated -
i rate
Diffraction limit of a 3-m [ '
telescope i
at 60011m . 4:1 mas _4 PO T 1 TN T TR TN T N N NN TN TN N TN T TN T N TN

at 850nm : mas 0.65 0.70 0.75 0.80

Wavelengths (um)

0.1 Calibrator 50ms 4minl0s

Capella [0 BLIAT (BRD=B0MAs | g Amin10s
flux ratio~1)
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I’@vato_fre LESIA V. Results
Results - Capella

Capella
:++l+l+ll+tlllll|llll|llll
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I’@vato_{re LESIA IV. Results
Results - Capella

Calibrated c
200 T | L L |
+ -

i # ] Mean error bars

I Capella | Aldebaran
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telescope at 700nm : - ot 4
R i SO
- 0.65 0.70 0.75 0.80

Wavelengths (um)

0.1

Aldebaran Calibrator 50ms 4minl0s

Capella 0.4

Binary (sep~56mas

flux ratio~1) 50ms 4min10s

VEGAS Workshop - 15.02.2013

[ 11



I’@uqtp{re LESIA IV. Results
Capella closure phases
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I’@vq’gpig‘e LESIA IV. Results

O

Capella closure phases
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I’@uatofre LESIA IV. Results
Results - Capella

Fitted Parameters :
* Spectral flux ratio p for every spectral channel
* Angular separation r

* Position angle 6

J
Results : oo
* Separation ~ 57 mas +- 0.5 mas I
* Position angle ~ 110° +- 1° 55: 19.10 |
é 16.10 X
. : X
Need of an astrometric calibrator 5ol ]
— Algol
45_ 1 1 1 1 | 1 1 1 1 | 1 1 1 1
-30 -25 -20 -15
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I’@uatofre LESIA IV. Results
Results - Capella

Fitted Parameters :

* Spectral flux ratio p for every spectral channel
* Angular separation r

* Position angle 6

Results : o

* Separation ~ 57 mas +- 0.5 mas

* Position angle ~ 30° +-1° l

mas

30 :
Need of an astrometric calibrator
— Algol 251

Rotation : -81° +-0.5° i

20 1 | 1 |

35 55
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I’@uqtpire LESIA IV. Results

Results - Capella
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I’@uatofre LESIA VI. Summary
Promising results

New chapter in a long story

[. An original idea — Perrin et al., 2006

II. Performance simulations — Lacour et al. 2007
II1. Prototype and lab results — Kotani et al. 2009
IV. First on-sky results — Huby et al., 2012

V. Binary detection at the diffraction limit

Next steps

Implement the self-calibration algorithm

Image reconstruction

To increase the stability : accuracy +

To develop FIRST-30 : number of baselines +

FIRST on an 8-10m telescope - SUBARU (July 2013)
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