PIONIER

JB Le Bouquin, Lazareff, Berger, Zins, Traub, Millan-Gabet ...

for the full PIONIER team
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TheVery Large Telescope Interferometer
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Context in 2009

Actual image ot Altair tfrom the
¢ AtVLTI CHARA Interferometer

® 4 telescopes already available since 2007

® |nstruments for 2 or 3 telescopes only

® Next-generation projects planned for 2014
(at best, GRAVITY and MATISS)

~
o At LAOG:
® Expertise and interest in imaging Monnier et al Science 2007
interferometry
® 4 telescopes IONIC beam combiner Epsilon Aurigae Eclipse (CHARA-MIRC)

Y- 2008, Pre-Eclipse - UT2009Nov03 UT2009Dec03

available on-the-shelve: a result from
several years of R&D

Milliarcseconds

= Room for a fast project: _ V _
The principle of PIONIER has been " \liarcseconds * " illarcseconde " Milarcseconds

approved by STC at spring 2009. Kloppenborg et al Nature 2010
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The PIONIER proposition to ESO

Proposition made in 2009 by the LAOG :

® Build an instrument to combine the light of 4 telescopes of
VLTI, using the visitor-instrument framework.

® On sky by end of 2010, with only few days of commissioning.

® Exploit this instrument with few weeks per semester over the
201 1-2014 periods.

Funding and collaboration

® First: Local funding (UJF), and then national (CNRS, INSU, ANR)
® Camera from W. Traub and R. Millan Gabet (JPL).

® |ntegrated optics component is direct heritage from |0 years
of local research in instrumentation (CNRS, INSU, ANR).
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Description of the instrument
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The IONIC 4 beam combiner

(where the real show takes place)

Prism and relay

Input fibers IONIC combiner (Benisty et al, A&A 498, 2009) optic
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IONIC is a collaboration between LAOG and CEA/LETI. This component
is the result of more than |0 years of laboratory research (LAOG and
LETI) and sky validations (IOTA,VLTI)... and numerous PhD students !
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First lights and first fringes : October 25,2010
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PIONIER at VLTI
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* Commissioning : October, 20-24 2010

* PIONIER has been * Science since November 2010
commissioned and is (3 runs in P86)
working in the H-band ® 25nights scheduled in P87
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Extension to the K-bana

Dichroics

V'
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Extension to the K-band

e ANR EXOZODI

® Dichroic (15 keuros) + travels ?
Already ordered.

® Postdoc position related to FLUOR/PIONIER observations
+ observing missions

® Other aspects

® Component (30 keuros)
One already available from internal research (not so good
transmission). Looking for a new one

® Optics (10 keuros)
From other funding of PIONIER, design on-going.

® Timeline for K-band implementation
® Commissioning in October 2011 (1 week)
® So first proposals in March 201 |

® On-going discussion with ESO to secure the comm. time.
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PIONIER ... some pictures

JB Le Bouquin, Lazareff, Berger, Zins, Traub, Millan-Gabet ...
for the full PIONIER team
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Integration at LAOG : January - September 2010

Project Management
+ Administration

camera dewar ... stress !!
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Packing and departure to Chile - October 2010
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Installation on site : October, 20-24 2010
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PIONIER in the press
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A PIONIERing interferometer
In a grand display of astrophotonics, the light from four telescopes
at the Very Large Telescope Interferometer (VLTI) in Chile was com-
bined in late October for the first time, by the Precision Integrated-
Optics Near-infrared Imaging ExpeRiment (PIONIER). The visiting
instrument, developed at the Laboratoire d/Astrophysique de
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 CNRS arcd
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 beams
into an optical fiber. The fibers channel the light into the heart of  §i it iy CHRS
the instrument: an integrated optics beam combiner, developed at
LETI, a French Atomic Energy Commission laboratory, in collabora-
tion with LAOG. Housed under the folded metal cover to the left of the alignment units, the combiner, smaller than a credit card,
interferes each beam with all the others (see the inset). The 24 combiner outputs are then focused onto a detector in the brass I eI 4N NN
cryostat.

The interference output of PIONIER will have the resolving power of a virtual telescope some 100 meters across. The first images
are anticipated in early 2011. Among the topics that PIONIER willstudy are protoplanetary and debris disks, hot Jupiters, and stellar s
surfaces. (Photo courtesy of Bemard Lazareff/LAOG/OSUG/UJF/CNRS and the European Southern Observatory; inset courtesy of

LAOG/UJF and CEA/LETI, photo © CNRS Photothéque/Emmanuel Perrin) 4 = ste de s SeegesON

To submit candidate images for Back Scatter, visit http:
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PIONIER - DRS

JB Le Bouquin
for the PIONIER team
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Preparation and Observation :an ESO look and feel

Control panels

® PIONIER is visitor instrument, and therefore
is not obliged to follow the ESO flow... but we
tried to stick on it !

® Use p2pp, BOB, VLI-software...

® Observations at Paranal are supported by an
ESO astronomer, in charge of VLI-l only
(actually JP. Berger).

® ESO pay one travel from Europe per run.

® Limited support from ESO for the hardware
side (N2 filling only), no intervention on the
instrument.

® PIONIER observer should be aware of all
aspect of observation: alighment, operation,
drs, .... better to be 2 persons.
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PIONIER is in the data-flow of optical interferometry

ESO Proposal PIONIER is included/ Mool i o
I . . (o] Jul (0]
(next is March, 30) compatible with the | & 90
mage reconstruction
tools from |MMC.

Observations

=) (Visitor-mode only)

|

,searchCaI =k Data Reduction
= (automatic)

Image reconstruction

algorithm with user-
interface... !
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Existing Pipeline

raw data

® Data are transferred from wpnr to the laptop
of the observer.

® Current pipeline process the data from RAW
until final, calibrated, science-ready OIFITS
files (IAU standard for interferometry).

® Kappa-matrix, dark and fringe data are
associated automatically.

® Diameters of calibration stars are recovered
automatically from the JMMC catalogue
=> almost no-user interaction.

® Run in real-time : science-ready data can be
analyzed ~|0min after observation
=> real-time decisions.

® The spectral calibration is currently not (fully)
implemented in the pipeline.
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Some diameters

© LITpro from JMMC
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80-Cet - MOl HIPI 14421 - K2l SAO 111120 - G5V
H=1.4 H=1.73 H=3.0

3.02 mas 2.28 mas 0.96 mas

= 3.017 +/- 0.0] mas = 2.175 +/- 0.02mas = 0.77 +/- 0.1 mas
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Precision visibility: work in progress

PIONIER uses a FLUOR-like method to form and analyze the fringes (scanning method),
and therefore it should achieve a similar precision on v2 ~ [ %.

Tranfer-Function Vis2 (black) and Scientific Obs. (colors)
averaged in the range =[1.7,1.73Jum
(color=target, symbol=setup)
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Current performances are at ~5% when
everything is OK, and sometimes ~20%.

First tests show that PIONIER is not
affected by biases related to low SNR.

Possible origins of limitations:

e vibrations in the PIONIER piezo
(being investigated)

* vibrations in the ATs

* detector weird effects...

* next runs are focused on finding
a setup for best calibration.
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Detector is not fully understood

High SNR data,
good quality

50

-100

100

High SNR data,

Y 50
detector saturation ?

=50

-100

PICNIC camera is used in a special way (non-destructive up-the-ramp
mode), in order to achieve sufficient frame rate and good noise... but we are
strongly limited by the detector dynamic.
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PIONIER DRS - summary

® PIONIER has a fully integrated data-flow, from observation
preparation to data-analysis.

® Current version of the DRS is a “robust but non-accurate”
way. It is not tuned for high visibility.

® We may face issues that are not only DRS limitation : work
should be done in the data acquisition chain (detector
readout mode) and perhaps hardware (piezo).

® Similar concept than FLUOR, so the PIONIER DRS can
(more) benefit from experience learned at FLUOR... we
should discuss !!

® Next PIONIER run (in few days) is dedicated to define the
best instrumental setup to make precise visibility.
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