











Definitions

Biased estimator
- estimator whose average is different from the expected value
- example: modulus of the visibility estimator:
v+ a2
In a more general sense, any source of misinterpretation of the data

Systematic error

- error (realization of) which i1s common to different realizations of an
estimator or to different estimators

- example: X,...X are random variables affected by the noises N,...N,

and S .
X, =X, +N,+S

: : : . I
S 1s a systematic noise or error. It does not average down to zero in —ZX i
IS

1
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Sources of visibillity biases (some)

polarization
e loss of coherence
« differential polarization changes (reflexion angles)

dispersion of refraction of index (also called longitudinal dispersion or dispersion)
* loss of coherence
« differential dispersion changes (aerial pathlength in the visible)

vibrations
« fringes get blurred

atmospheric turbulence
* loss of coherent energy over each telescope pupil
e differential piston
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Sources of visibillity biases (some)

calibrator visibility
* misknowledge of the source geometry (uniform, limb-darkened disk)

 misknowledge of the source size

Instrument field of view
e single-mode instrument with object lightwave projected on the lobe of

the waveguide
* limited interferometric field of view
e problem for extended objects
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Sources of phase biases (some)

dispersion of refraction of index (also called longitudinal dispersion or dispersion)
* bias of the differential phase
e case of non-evacuated delay lines in the blue and in the mid-IR (water
vapor, ...
e case of long lengths of single-mode fibers
«  bias of the closure phase in wide-band (?)

closure phase
* time delays in the measurement of the central fringe of each baseline
e fluctuations of delay in non-common paths after beam splitting
e extended objects with limited field of view (case of a binary system)
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Differential polarization effects

Differential birefringence: phase delay between the two polarization axes
S and P

C=Vx

COS(A—;D)I INONONON =

B AD

Differential rotation: differential rotation of polarization planes between
the two interferometer arms.

s 2|cos(A0)

C=
1+ cos*(AO) op

(polarizer on S or P )
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Sources of polarization 1ssues

* Sources:
— Optical coatings -> phase shifts between S and P
— Reflections -> polarization rotations

* Solutions:
— Matched coatings
— Same sequences of reflections

These traditional solutions are enough to make sure the contrast is large.

Calibration however remains necessary because the fringe contrast on a point
source 1s never 100%.

Phase shifts and rotations depend upon the source direction: calibrators need to
be chosen near the science target
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Examples of dispersion in long single-mode fibers

Normalized intensity
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The real interferometer set-up
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Interferometric field of view
The golden rule of interferometry, W. Traub, 1986:
The field of view is maximum when the interferometer entrance and exit pupils
are homothetic.
Optical solution = Fizeau type beam combiner
In this case only, the image is the convolution of the object by the psf.
Otherwise the convolution relation 1s lost.
Major drawback with diluted apertures = the psf1s diluted over a large number of

peaks which 1s not favorable for sensitivity (trade-off between sensitivity and
field of view)
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The field of view 1ssue

* The field of view is limited either by the interferometer configuration,
the spectral resolution (interferometric field of view) and/or the lobe of
the single-mode fiber

e This is not an 1ssue for point-like sources like calibrators

 However it 1s an issue for sources with an extent larger than the
interferometric field of view -> the visibility of the source is
overestimated

« The effect needs to be taken into account for the modeling.

* A good modeling of the effect needs to be done if the source is
observed with both UTs and ATs or with different baselines at the
same spectral resolution.

VLTI EuroSummer School Guy Perrin -- Biases and systematics 14 June 2006 34










Limb darkening

Stellar photospheres are not
uniform but darker on the limb

Limb darkening of
the solar
photosphere in the
visible

The limb darkening makes the star

appear smaller than it is actually

A correction has to be taken into
account to produce an equivalent
uniform disk (UD) diameter

UD Visibilities are an excellent

approx1mat10n at hlgh VISIblhty Uniform disk Limb darkened disk
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Precision on diameters: direct methods

Demonstrated accuracy ~ 0.5% in K

e.g. Kervella et al. (2003) with 60m baseline on a Cen A
(6, p=8.5mas) and a Cen B (6, ;=6.0mas)

Extrapolated to a 200m baseline and in the J band this means that VLTI
should be able to measure all stellar diameters larger than 1mas with
an accuracy better than 0.5%

But calibrators for VLTI should rather be 0.1 mas sources
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Precision on diameters: indirect methods

All indirect methods aim at predicting the zero-magnitude diameter
(0,.,) as a function of a color (or spectral type) indicator

e Stellar diameter follows from 6.=6,__ x 10™°

Typical error 1s ~ 5% if all types of stars are taken into account

The prediction error can be reduced to ~1.2% for carefully selected
A0 through MO giants, using accurate photometry and atmosphere
modeling (e.g. Borde¢ et al. 2002)

Empirical surface brightness relationships for selected dwarfs
(Kervella et al. 2005) : best correlation for dereddened (B-L)
colors: residual error better than 1%, can be as low as 0.5%
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Rejecting bad data

Alpha Her
Super giant star of type M5 Ib

Alpha Her
Super giant star of type M5 Ib
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Examples of selection criteria:
- reject data for which the instrument was not stable (varying transfer

function)
- (probably) reject data for which statistical distributions of x? are not

gaussian

Examples will be shown in L11
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Errors and biases on fringe contrasts

measurements

Wide band vs. Monochromatic estimator
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Correlated noise and relative interferometry

If different sets of visibilities have calibrators in common then different
measurements have errors in common*

When fitting data, measurements cannot be assumed independent

< Lower accuracy on fitted parameters (correlated errors do not average down to
Zero)

However, systematic errors can be disentangled from statistical errors to improve
accuracy on parameters

* may be true for data acquired in different spectral channels (AMBER)
* common pixels
* same piston noise
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Correlated noise and relative interferometry

—  Calibrator diameter noise

—— Other noises (measurement noise)

V T 7 . E=

Absolute visibilities are consistent with a constant value:
- absolute diameter (e.g.) can be determined whose accuracy is limited by that of
calibrator(s)

The periodic modulation is compatible with relative visibilities
- relative diameter (e.g.) variation can be determined

Rather than using several calibrators, use of a single stable calibrator may be a good
strategy to detect tiny variations
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