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Observing near a star's visibility NullObserving near a star's visibility Null

VLTI, AMBER, K band VLTI, AMBER, K band 
@ 1500 resolution@ 1500 resolution
On a dec=-60° star On a dec=-60° star 
With aligned baselinesWith aligned baselines

The area of interest is a two-dimensional “raster scan” over the first null of the visibility function of a stellar The area of interest is a two-dimensional “raster scan” over the first null of the visibility function of a stellar 
disk (blue lines) due to both the spectral bandwidth (radial extent) and earth rotation (supersynthesis disk (blue lines) due to both the spectral bandwidth (radial extent) and earth rotation (supersynthesis 
effect, depends on the declination of the star).  effect, depends on the declination of the star).  

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 
Sun's.

Here we describe a way to make out faint details in the 
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 
attempts at detection we made using the AMBER 
instrument on the ESO's VLTI.

From “Flammes du Soleil”, by B. Lyot

We introduced the Phase Closure Nulling We introduced the Phase Closure Nulling 
method (hereafter PCN) in Chelli, Duvert, method (hereafter PCN) in Chelli, Duvert, 
Malbet & Kern 2009, A&A 498, 309.Malbet & Kern 2009, A&A 498, 309.  

Simple case: the complex visibility of a resolved 
star is given by
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where J1 is the Bessel function of the first kind. Let's use a 
two-aperture interferometer. As we increase the baseline, the 
amplitude of  the complex visibility of the interference fringes 
goes through zeroes while the phase switches abruptly from  0 
to 180° and back.

The Argand diagram on the left shows the The Argand diagram on the left shows the 
visibilty vectors at 3 baseline distances typical visibilty vectors at 3 baseline distances typical 
of the above observation (colored lozenges). of the above observation (colored lozenges). 

Any deviation from  a centrosymmetric shape  Any deviation from  a centrosymmetric shape  
will result in a non-zero phase. Let us will result in a non-zero phase. Let us 
examine the simple case where we examine the simple case where we 
“perturbate” the Bessel function at left by “perturbate” the Bessel function at left by 
introducing a faint, pointlike source in the introducing a faint, pointlike source in the 
vicinity of the star. vicinity of the star. 
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If we add a faint companion of flux 
ratio r, at distance s, the equation 
becomes:
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The faint companion adds a small binary signature to the The faint companion adds a small binary signature to the 
visibility shape. Although the amplitude is not appreciably visibility shape. Although the amplitude is not appreciably 
changed, as shown by the argand diagram and the zoomed changed, as shown by the argand diagram and the zoomed 
insert at right, the phase now changes before and after the 2 insert at right, the phase now changes before and after the 2 
Pi phase jump.Pi phase jump.

Optical interferometry 
is unable to measure 
the phase with a 2-
telescope experiment.

However, the situation 
changes with 3 
telescopes or more...

The faint companion has a strong influence on the 
phase near the nulls:
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around visibility nulls, this phase signature becomes significant:

Hence, it always exists frequency intervals around nulls, where the phase 
signature of the companion is larger than any systematic error and can be 
measured

From Phase to Phase Closure
- Phase cannot be calibrated on ground 
interferometers because of the random 
atmospheric phase φ.
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- With 3 telescopes, we get the closure phase:
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- The closure phase is independent of 
atmosphere and coincides with the phase 
closure of the object:

Φ
c
 = Φo

12
 + Φo

23
 + Φo

31

Disk+companion Phase 
closure near the null 

Example of Phase 
closure of a binary 
system, around the 
first visibility null 
with a flux ratio of 
1% , for different 
distances from the 
star, measured in 
star radii.  

Performances?Performances?
Φc being proportional to r/V*, there is no gain in SNR in the 
null. We still have to integrate enough to get the signal out 
of photon and detector noises.

Fibered interferometers have a field of view (FOV) of 1 Airy 
disk. The FOV combined to the necessity to resolve the 
parent star imposes a maximum recoverable separation of 

                   (max100 R* for VLTI)

In the photon noise regime, the error on the flux ratio is 
given by (S is the Strehl ratio and K the total number of photons):

(worse than direct detection) 

smax / R*≈B /D
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Right: performances with Right: performances with 
VLTI/AMBER. VLTI/AMBER. 

For 3 hours integration time at For 3 hours integration time at 
λλ= 1.65 = 1.65 μμmm
The curves in the top box  are The curves in the top box  are 
for an AT, transmission 1%, for an AT, transmission 1%, 
Strehl 50% (upper curve), AT Strehl 50% (upper curve), AT 
and transmission 10%, Strehl and transmission 10%, Strehl 
0.9 (middle curve), UT 0.9 (middle curve), UT 
transmission 10%, Strehl 0.9 transmission 10%, Strehl 0.9 
(lower curve). The dotted (lower curve). The dotted 
curves are for a use with a curves are for a use with a 
fringe tracker, 12 s integration fringe tracker, 12 s integration 
time, otherwise the detector time, otherwise the detector 
integration time is 200ms. The integration time is 200ms. The 
lower box presents an lower box presents an 
estimate of the baseline estimate of the baseline 
needed to resolve the stars needed to resolve the stars 
(hence be able to use PCN) (hence be able to use PCN) 
as a function of magnitude.as a function of magnitude.

Early Observations:Early Observations:
Compare with theoretical plot above: the Compare with theoretical plot above: the 
smooth transition is compatible with a faint smooth transition is compatible with a faint 
companion:companion:

Detection at 2.2Detection at 2.2μμm of the companion of m of the companion of 
Sigma Puppis with only 3 snapshots Sigma Puppis with only 3 snapshots 
observations of 5 minutes each; before, observations of 5 minutes each; before, 
during and after the first null (using the during and after the first null (using the 
spectral dimension to increase the frequency spectral dimension to increase the frequency 
coverage)coverage)

Sig Pup: SB1 binary, 
period 257 days

Giant Primary, mass 
unknown

Secondary: too faint for 
spectroscopy, distance 
unknown

Reduced mass of the 
system: 0.164 Msun

Hipparcos: inclination of 
the orbit of the primary

Several possible projected Several possible projected 
separations (5.5, 11, 17 separations (5.5, 11, 17 
mas) mas) 

Flux ratio: ~100Flux ratio: ~100

2 independent solutions 2 independent solutions 
intersect the reduced intersect the reduced 
mass curve (black):mass curve (black):

- with flux ratio if  - with flux ratio if  
secondary is a MS starsecondary is a MS star
- independently, with PA - independently, with PA 

Both give a 2.2 Msun A2v Both give a 2.2 Msun A2v 
star + 5 Msun K5III giantstar + 5 Msun K5III giant

See Duvert et al, 2010, See Duvert et al, 2010, 
A&A 509, A66:A&A 509, A66:

Dedicated observations: AMBER, 2009-2010: 10 SB1 stars with giant primary+6 SinglesDedicated observations: AMBER, 2009-2010: 10 SB1 stars with giant primary+6 Singles

Two-pass method:

1) position of the zeros of the real part of the bispectrum, giving 
a first good estimate of the star's diameter 

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

Notes:

1) The argument of the bispectrum is not optimal for fit, we will from 
now use the real and imaginary parts 

2) The separation not well constrained (coupling with diameter)

3) We found that AMBER's phase closure was badly biased by a 
dichroic used to feed the IRIS instrument, now replaced in 2010! Since 
then, the precision on closures has improved tenfolds! 

Diameter: 7.6375±0.036 mas

UV coverage Diameter fit (black dots) Closure phase Real part Imaginary part

flux ratio: 3.3E-3

How to retrieve the companion's How to retrieve the companion's 
parameters?parameters?

The double system is characterized by 4 The double system is characterized by 4 
parameters: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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