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Bernard Lyot invented coronography to see faint
objects near a bright source. For his historical
recording of solar prominences and corona, he blocked
the total flux of the most resolved stellar disk, our
T, AMBER, K hand

sun's. . @ 1500 resolution
On a dec=-60° star

Here we describe a way to make out faint details in the RRAEtIE haselines
vicinity of all the other stellar disks, by “blocking”, not - =
the flux, but the correlated flux of the disk.

We show here that this method theoretically permits

the detection of faint companions to stars in a region
smaller than the Airy disc, which makes it //
complementary with coronography. We show the first / 7
attempts at detection we made using the AMBER e introduced | '?

instrument on the ESO's VLTI. 7 meinod (nereafis visihility finctionieTesstelEn
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Visibility function of a star of 3.4-mas star Visibility amplitude of a star of 3.4—-mas star Visibility phase of a star of 3.4-mas star

Simple case: the complex visibility of a resolved
star is given by | . N NN The Argand diagram on the left shows the

- " ’ visibilty vectors at 3 baseline distances typical
of the above observation (colored lozenges).
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Any deviation from a centrosymmetric shape

| | _ _ will result in a non-zero phase. Let us
where J1 is the Bessel function of the first kind. Let's use a examine the simple case where we

two-aperture interferometer. As we increase the baseline, the e PP U P ) I P P e “perturbate” the Bessel function at left by

amplitude of the complex visibility of the interference fringes saselin (meters | saseine (meters introducing a faint, pointlike source in the
goes through zeroes while the phase switches abruptly from O vicinity of the star.

to 180° and back.
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Visibility phase of a star of 6-mas star
Visibility function of a star of 3.4-mas star Visibility amplitude of a star of 3.4-mas star  with a companion 1e-04 fainter and 10-mas away

If we add a faint companion of flux _ _ Optical interferometry
ratio ' at distance , the equation o ok " ] / IS unable to measure

becomes: oa—— : the phase with a 2-
' g telescope experiment.
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However, the situation
o changes with 3

The faint companion adds a small binary signature to the ' : telescopes or more...

visibility shape. Although the amplitude is not appreciably | e T e T e

changed, as shown by the argand diagram and the zoomed Baseline (meters)

Insert at right, the phase now changes before and after the 2

Pi phase jump. -

- - - From Phase to Phase Closure Disk+companion Phase Pt Mt
The faint companion has a strong influence on the closure nearitaE V) T Vel Vel

: (ni2 + n23 —ni3)m
: - Phase cannot be calibrated on ground
phase near the nulls: | interferometers because of the random Example of Phase —

SO EE e ) closure of a binary
= (g, - @)+ ®° system, around the

rsin|2mus| ~ 2 first visibility null

tan O (Ll ) — / —> (p u ) By 2T[ us - With 3 telescopes, we get the closure phase: with a flux ratio of
V*\u)—l—rcos(Znus) D =) 0y 1% , for different

- c == distances from the

around visibility nulls, this phase signature becomes significant: - The closure phase is independent of star, measured in
atmosphere and coincides with the phase star radii.

() (UO) ~ T[S/ R*Z 180 closure of the object:

Hence, it always exists frequency intervals around nulls, where the phase (BRS R R
signature of the companion is larger than any systematic error and can be /, . . 060 06 0.62
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[For 3thours Integration time: 2
®c being proportional to r/\V*, there is no gain in SNR In the A= 1.65 m - _
null. We still have to integrate enough to get the signal out ;ﬁeame;;ggrﬁ;ggg% CIEDY . SE1)Y Ob_servatlons.
of photon and detector noises. y N o Compare with theoretical plot above: the

. . D andlransmissionidog, Stienl smooth transition IS compatible with a faint
Fibered interferometers have a field of view (FOV) of 1 0.9 (midHISClE J} e R oy P
disk. The FOV combined to the necessity to reso transmission 10%) Stehl 09 . T2 CONpailiSiE
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the time, otherwise the detecior. (RIS =z Detection at 2.2um of the companion of

In the photon noise regime, the error on ll; wtnieriise ine detecior | > _ Siek
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Sig Pup: SB1 binary,
period 257 days

Giant Primary, mass
unknown

Secondary: too faint for

Reduced mass of the
system: 0.164 Msun

Hipparcos: inclination of
the orbit of the primary
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Dedicated observations: AMBER, 2009-2010: 10 SB1 stars with giant primary+6 Singles

idl_hip107315_200194860_1 _ {dl_hip107315_200194860_2 How to retrieve the companion's

idl_hip107315_200194860_6 idl_hip107315_200194860_6 idl_hip107315_200194860_6
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UV coverage Diameter fit (black dots) Closure phase
Diameter: 7.6375+0.036 mas

Two-pass method: Notes:
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Real part

1) position of the zeros of the real part of the bispectrum, giving now use the real and imaginary parts

a first good estimate of the star's diameter 2) The separation not well constrained (coupling with dlameter) /

3) We found that AMBER's phase closure was badly biased by ' /

dichroic used to feed the IRIS instrument, now replaced in 2010! Si

then, the precision on closures has improved tenfolds/ Iy j
o s A

2) Then, fit of diameter+1 companion flux and separation.

1) The argument of the bispectrum is not optimal for fit, we will from

Imaginary part
flux ratio: 3.3E-3

parameters:

- the stellar radius R*

- the flux ratio r between the star and the
companion,

- the separation s of the companion,

- and the position angle PA

The 4 parameters may be extracted from
a modeling of the closure phase variations
as a function of both the spatial frequency
and the wavelength.

The spectrum of the companion is then
obtained by multiplying the flux ratio by
the spectrum of the primary.

All this is by definition model-dependent !
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