Diameter determinations
from VINCI usin g global
calibration solutions

Jeff Meisner, Sterrewacht Leiden

Note that this is an electronic version of a poster, even though it looks like a slide
show. | simply prepared my work in this manner and posted the following 14
pages (printed in black & white) up as a “poster.” Thus you need not read the
pages in order; in fact some of the illustrations for one page are to be found on a
totally different page! Also note that the separate list of diameter solutions
presented on that poster has been now moved to a website (but please read this
poster in order to understand the origin of the numbers obtained) at:

http://www.strw.leidenuniv.nl/~nevec/VINCI/meisner/




Abstract

VINCI is the test and commissioning instrument of the VLT interferometer (VLTI). It operates in the
K band (2.0 - 2.4 microns) using delay-scanning. Optical fibers serve as spatial filters, beam
combiner, and photometric pick- offs. Although intended as a test and commissioning instrument,
VINCI has produced many scientifically useful results during its 4 years of operation resulting in well
over a dozen papers in refereed journals.

Visibilities from VINCI raw data are obtained using coherent integration. These raw visibilities are
interpreted using a global solution algorithm which simultaneously solves for calibration (transfer
function) fluctuations and stellar diameters. Using this system, 15500 successful visibilities have
been processed on 296 objects, including science objects and calibrators. Half of these objects
were successfully observed at least 15 times and on at least 5 separate nights, providing a fruitful
database for cross-calibration.

The standard approach to calibration based on observations of "calibrator" stars having assumed
diameters, is challenged in the present work. No a priori diameters are input to the algorithm, which
relies on baseline diversity to simultaneously solve both for diameters of stars having well-behaved
characteristics, and a quasi-static transfer function subject to various hardware fluctuations. The
success of this approach depends on a diversified schedule of observing the same target on
different nights in conjunction with a mixture of other targets, so that all visibilities can be "cross-
calibrated.”

The results thereby obtained consist mainly of uniform disk diameters, but additionally the algorithm
detects specific departures from that model. In about 20 cases, we detect a "zero- baseline power"
significantly smaller than unity, probably due to circumstellar emission. Diameter variations of
several pulsating stars were also observed. Visibilities beyond the first null were obtained for
several objects, thus directly constraining the magnitude of limb-darkening in these cases. Among
the uniform disk diameters obtained, about one third had formal errors of better than 1%.



Steps In processing

* VINCI data files are indexed and organized into 16991
“observations.” Auxilliary information in the files is used to
check for self-consistency, with some bookkeeping errors
repaired, and some observations flagged as “unreliable” so
that their results can be discounted.

 Each observation is processed using the “quasi-coherent”
method (see below) to obtain a spectrum of correlated flux,
which has been normalized relative to the photometry
measured during the interferometric exposure. We obtain
15437 successful results.

e Each spectrum is processed to remove second order
dispersion, a substantial effect when a large (> 50m) delay-
line offset causes one beam to pass through much more air
than the other. (Note that first-order dispersion and OPD
jitter are removed by the processing method)



* The real part of the corrected spectrum is summed over
optical frequency to obtain an estimate of the peak value of
the envelope (complex magnitude) of the fringe in delay-
space, which we identify as the raw (uncalibrated) visibility.

* An intricate algorithm analyzes the set of raw visibilities
obtained in conjunction with the projected baselines and
other auxilliary information. A simultaneous solution is
sought for the diameters of 276 stars, and a calibration
(transfer function) applying to each of 842 nights (or parts of
nights). No a priori diameters of “calibrator” stars are used.
Each star may be used as a “calibrator” unless there is a
reason to believe that its visibility curve does not follow that
of a uniform disk of some diameter.

* |n addition to uniform disk diameters, some stars are flagged
as having a “proper calibration” (or “zero-baseline power”)
significantly less than unity, often due to circumstellar
emission. In some cases a systematic variation of diameter
over epochs or unusual visibility functions are observed and
reported to the astronomer for further examination.
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Visibility estimation, 2/2

Estimation of visibilities from
coherently-integrated correlated spectra
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For each_
observation

2199.03393 epspeg 15.79 139.07 0.6062 +/-
2199.05861 tcet 14.39 139.95 0.5850 +/-

2199.07050 betcet 14.14 139.71 0.6340 +/-

=1 >199.07966 psiphe 15.22 139.87 0.6000 +/-
2199.08948 etacet 13.68 139.90 0.6492 +/-

2199.10147 arcet 12.34 140.53 0.6252 +/-

Table of observations
Date/time Target Baseline V raw Visibility
.0106
.0025
.0080
.0039
.0138
.0093

Solution Method
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Table of objects

Target Diameter

estimate

Proper calibration
Flag Estimate

raqr 17.82 +/- .077 Y .973 +/- .004

i psiphe 7.77 +/- 15 n 1.007+/- .001
pileo 4.62+/- 1.1 n .973 +/- .273
pi.eri 4.74 +/- .025 n .999 +/- .003
phi2ori 1.93 +/- .11 n .984 +/- 117
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Compute residual
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Solution
Algorithm

Updates

Diameters Calibrations

Date/time interval
2198.25390 - 2198.34564 .6229 +/- .0037
=1 2199.00812 - 2199.38525 .6563 +/- .0026
2200.01287 - 2200.38361 .6518 +/- .0029
2201.10308 - 2201.38383 .6312 +/- .0028
2202.05024 - 2202.38494 .6357 +/- .0025
2202.79759 - 2203.38227 .6245 +/- .0022
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Proper calibration or “Zero-baseline power”
<1 due to circumstellar emission

Star A L2/L1
rr aql 859 +/- .011 16
r scl .958 +/- .007 .04
rlep .840 +/- .013 19
raqr 962 +/- .001 .04
omicet .576 +/-.010 e

L1 = Light from photosphere
L2 = Circumstellar emission

At medium to large spatial frequencies,
the visibility of the star is reduced by the
proper calibration A where

A = L1/(L1+L2)

This is always solved for, and flagged
when significantly less than unity. We
find significant proper calibrations in the
case of 5 Mira’s, probably due to H20
and CO molecular emission near the
edges of the K band. Averaged over the
passband of VINCI, we have tabulated

the circumstellar emission L2 relative to
the photospheric emission L1.



Visiility __ flep diam= 16.01  pemeterprovercaioraion — Here are two details of two
proper calibration solutions
< 1. Such a determination
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Observing diameter variations over time.
(x-axis is Julian Day — 2450000)
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From the original poster Postscript, electronic version:
The original poster contained the solution shown on the left which was a

Observation of an elllptlcal star: (weighted) least-squares fit to the data points shown. It was generated by
Apparent diameter (from inverting UD visibility function) the algorithm using all of theé available data without editing (the intended
: * ; . . ; procedure!). However the X< was poor (3.7*DF) and the fit is obviously
goes _as SII’](Z PA) from th_e minor axis t.O the major axis. unacceptable. The solution was reworked by removing from consideration
Here is the solution | obtained for alf eri: data from baselines shorter than the 141 meter M0O-B3 baseline which
2A=2.417 mas 2B=1.148 mas supplied the most precise diameter points. Also the 3 “precise”, but
anomolous data points from one night, JD %563, were removed. The result
> . . is a more satisfying fit shown below, with x= =15.8 with 44 DF (implying

_ : D;#am YS- ',DA 19r al‘fen,lanq fit — _| that the raw error level had been somewhat overestimated). The solution
2.5 Lol k] T 1 '\ —{] paraameters are: 2A=1.937 mas 2B=1.265 mas, major axis at

B T | ]l PA=146.7°. However we do not yet claim this as a trustworthy result due

B if Data from UT I o the somewhat subjective criteria for removal of certain datapoints.
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Likewise, here is a solution for the observed non-
circularity of L2 pup. However in this case the

| position angle coverage is insufficient, and the
solution is poorly constrained. There are many sine
waves that could reasonably fit these data!
However we believe we have detected an actual
ellipticity, and the solution shown is close to a
lower limit on the magnitude of that ellipticity, even
though the axis of the ellipse isn’t well constrained.

Diam vs. PA for L2 pup, and fit
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Visibilities found beyond the first null
(visibility curves shown correspond to the uniform disk model, no limb-darkening)
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Uniform Disk Diameter Solutions:
A few caveats:

These are not the final results! They are the raw output of the algorithm at its
current stage of development.

A good number of the stars cannot be described by a single “diameter” (for
instance, pulsating stars observed at a limited number of epochs, elliptical stars
observed at a limited range of position angles, and stars with an undetected
proper calibration) and the numbers reported are invalid. A few invalid results
have been spotted and marked with an ‘I'. But there are many more.

Many of the solutions smaller than 2 mas must be considered unresolved. The
non-zero diameter printed is simply a maximum-likelihood solution, but a

diameter of zero is not excluded with any degree of confidence. In these cases a
‘U’ has been supplied to indicate “unresolved.”

The errors reported here are often too optimistic. That is because the algorithm
currently does not take into account the correlation of calibration errors from
observations conducted on the same night, which prevents reduction of these
errors by averaging. A newer version of the algorithm will deal with this problem

properly.

The list that was presented at the conference is not included directly in this
document, but has been posted on the NEVEC website. That will allow improved
solutions of these diameters to later be posted as they are obtained. Find it at:

http://www.strw.leidenuniv.nl/~nevec/VINCI/meisner/




