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PIONIER in a nutshell
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e Combines four telescopes of VLTI
(4 UTs or 4 ATs)

e Near-infrared 1.6um H-band with small

A PIONIERing interferometer

In a grand display of astrophotonics, the light from four telescops
at the Very Large Telescope Interferometer (VLTI) in Chile was col
bined in late October for the first time, by the Precision Integrate:
Optics Near-infrared Imaging ExpeRiment (PIONIER). The visiting

| instrument, developed at the Laboratoire d’Astrophysique de

spectral resolution =20

e Based on integrated optics technology

e Provides sensitive imaging capabilities at
high spatial resolution =2mas

Grenoble (LAOG) in France, complements the two existing VLTI
instruments that combine light from two and three telescopes.
Before even reaching PIONIER, the light paths from the four
1.8-meter auxiliary telescopes at the VLTI had to be controlled to
less than a micron. Each of PIONIER’s four alignment units, seen
above in the foreground, focuses one of the incoming VLTI beam
into an optical fiber. The fibers channel the light into the heart o
the instrument: an integrated optics beam combiner, developed
LETI, a French Atomic Energy Commission laboratory, in collaborg

PIONIER installed at the focus of VLTI as of 2010



PIONIER in a nutshell

ANR 2006 (R&D 10) 240 k€
Univ. JF - Grenoble 115 k€
ANR 2010 (Exozodi) 37 k€
PNPS 40 k€
PNP 23 k€
Labex OSUG 8 k€
Labex FOCUS 20 k€
Salaries (2009-2014) =500 k€

Total consolidated

=1 100 k€

® Proposition made in 2009 by IPAG to ESO
e First Light and Science in Oct. 2010
e Exploited as a visitor-instrument 2010-2014

e Total consolidated cost is approximately
1 million euros

e Project initiated by local funding (UJF)

e National funding (ANR, INSU) support the
project and the operations



PIONIER and stellar formation
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1. Multiplicity of Massive Stars

Cumulative number
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Angular separation (mas)

e Massive stars are key component of stellar
feedback on the Univers.

e The 1-50 AUs is an uncharted territory for
multiplicity.

e 107 O-type stars observed with PIONIER

e 45 companions detected < 100mas
(only 5 were known)

e Overlap between RV and Visual Binaries

e 9 O+0 systems are followed to measure
accurate dynamical masses and distances



1. Multiplicity of Massive Stars

Most massive stars are born as part of a close binary
system.

Y

=» Early trends are compatible with disk
fragmentation through gravitational instabilities.

Kratter+ 2010 *

e Global multiplicity is 0.87 before un-biasing.

e 100% of luminosity classe V are close binaries
(versus 80% and 60% and for class Ill and I).

\ 4

Given the multiplicity property, almost all massive
stars will interact with a companion.

Sana+ 2014, submitted

=» Fundamental aspect of the stellar feedback.




2. Circum-stellar disks of Herbig stars
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2. Circum-stellar disks of Herbig stars

MWC2g97 HD45677 HDg8922
N e 50 Herbig stars observed with all VLTI
4 S L 0 configurations
HD100546 HD50138 HD100453 e 12 targets with intensive imaging
campaign
P N
’ ~ e e Statistical analysis on-going
Kluska+ 2013
Interferometric imaging Radiative Transfer

(PIONIER) modelling (PRODIMO)

e Unexpected extended emission in some
stars (scattering on outer disk ?)

e Comparison with detailed modelling for
the most resolved targets




3. Hot debris disks around AFGK stars

Kalas+ 2005, Boley+ 2012
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e Cold, outer debris disks are observed at all
wavelengths.

e EXOZODI refers to the hot and warm dust in
the inner regions of planetary systems

e |n the solar system, the zodiacal dust has a tiny
mass but dominates the luminosity.

e FLUOR, K-band, 42 stars, 8 year survey
e PIONIER, H-band, 88 stars, 1 year survey

e Unveil any near-IR excess >0.75%



3. Hot debris disks around AFGK stars

Ertel+ 2014 in prep.
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e A possible scenario involves a link with the
outer planetary system.




4. Pre-main sequence of low-mass stars

Le Bouquin+ 2014
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e Model-independent masses and
distance 0.90 £0.05 Mo and

0.30 £0.01 Mo

e Flux ratio in near-IR bands
f=0.239 £0.004

e Comparison with models is limited by the
accuracy on Teff

e GAIA will provide the flux ratio in visible...
allowing to compute the V-H and V-K colors

of each component.



More about PIONIER results

« submitted: H. Sana, et al., "Southern Massive Stars at High Angular Resolution: Observational
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o 2011A&A...535A..68A: Absil O., Le Bouquin J-B, et al, "Searching for faint companions with VL

PIONIER science meeting and » 2011A&A...536A..55B: Blind N., Boffin H., Berger J-P. et al, "The symbiotic star SS Leporis: Mill
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MAIN MENU Welcome to the PIONIER and VLTI community days

The presentations are avallable in PDF in the “program™ pages.

e Workshop in Grenoble in January 2014

e http://vlti-pionier.sciencesconf.org

e http://ipag.osug.fr/pionier

MY SPACE
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A glimpse on other stellar physics studies

Imaging the symbiotic binary SS Lep

Blind+ 2011
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“PIONIER has provided a
new view on symbiotic stars”
(H. Boffin, ESO)

Observations of the fast-rotator Altair
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“PIONIER/VLTI does not have enough
spatial resolution to probe the gravity
darkening” (A. Merand, ESO)

Imaging eta Car

“No change of mass-loss over the last 15 years and
no strong binary effect at apastron”.
(J. Groh, Geneva Obs.)

Imaging the Mira star R For

600-400-200 0

“To understand the complex
environment of AGB stars, imaging large
samples of stars and/or time series are
needed” (C. Paladini, Belgium)
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