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First)idea)of)“PIONIER”)…

Then)the)idea)get)lost)for)about)6)years…)

…)so)let’s)jump)directly)to)2009.



Context)in)2009
General'

•OLBIN)enters)the)era)of)imaging)instrument)

• The)game)is)mainly)in)the)US)with)CHARA/MIRC.)

•Current)sensi1vity)cannot)reach)YSO)
At'VLTI'

•Working)beLer)and)beLer)!!)

• 4)telescopes)already)available)since)2007)
•Next3genera1on)projects)planned)for)2014 
(GRAVITY)and)MATISS))

At'IPAG'

•Exper1se)and)interest)in)imaging)interferometry)

•Difficul1es)to)run)some)projects)with)AMBER/MIDI 
(T3Tauri,)exozodial)disks,)faint)companions))

• 4)telescopes)IONIC)beam)combiner)available)on3
the3shelve:)a)result)from)several)years)of)R&D)

•Room)for)a)fast)project.))Star1ng)date):)mid)2009)??

The context: milliarcsecond angular 
resolution astronomy

Astrophysical topics requesting 
marcsec astronomical resolution 
are numerous;

Optical long-baseline 
interferometry is an important 
tool

Current sensitivity sets 
restriction mostly to stellar 
physics but things are 
considerably improving

Imaging through aperture 
synthesis is requested to tackle 
complex phenomenons

Monnier et al Science 2007

Kloppenborg et al Nature 2010Kloppenborg et al Nature 2010VLTI as an imager
until 2010: limited imaging 
capability
Competition is strong since 
2006 (MIRC at CHARA)
The gain  from 3 to 4 T is not 
just “adding one telescope”
4 telescopes (AT or UT) 
operational (superb  VLTI 
group)
Second generation instruments 
Gravity and Matisse to come 
around 2014

Niche for a visitor instrument

ELTVLT3I



The)proposi1on)to)ESO

Proposi3on'made'in'2009'by'IPAG'to'ESO'

•Build)an)instrument)to)combine)the)light)of)4)telescopes)of))VLTI,)
using)the)visitor3instrument)framework.)

•On)sky)by)end)of)2010,)with)few)days)of)commissioning.)

• Exploit)this)instrument)with)few)weeks)per)semester)over)the)
201132013)period.

Ini3al'funding'and'collabora3on'

•First:)Local)funding)(UJF),)and)then)na1onal)(CNRS,)INSU,)ANR))
•Camera)on)loan)from)W.)Traub)(JPL).)

• Integrated)op1cs)component)is)direct)heritage)from)the)research)
in)instrumenta1on)(CNRS,)INSU,))ANR))made)at)LAOG.

Special)courtesies)to)JP)Berger,)PI)of)the)project)at)that)1me



Ini1al)science)objec1ves

•Massive)young)stellar)objects)(Herbig)Ae)Be))

• Low)mass)young)stellar)objects)(T)Tauri))

• Debris)disks)around)Main)Sequence)stars)(EXOZODI))

• Binaries,)faint)companions)and)Hot)Jupiters

J.-B. Le Bouquin et al.: PIONIER: a 4-telescope visitor instrument at VLTI 3

Table 1. Summary of the scientific requirements compared to the al-
ready demonstrated performances. Error is defined as the accuracy for
one calibrated data point.

Topic Sp. Band Mag. V2 error CP error
Herbig AeBe disks H,K > 5 5% 5deg
T Tauri disks H,K > 7 5% 2deg
Debris disks H,K - 1% 1deg
Faint companions H,K - - 0.5deg
Hot Jupiters H,K - - 0.03deg
Demonstrated H 7.5 (AT) 15 – 3% 0.5deg

gular separation range from 5 to 100 mas with a typical dynami-
cal range of 1:200 in one hour of observation (Absil et al. 2011,
in prep). These characteristics are complementary to the on-
going radial velocity and adaptive optics surveys. We have ini-
tiated several surveys from massive to low mass stars, including
young stars and stars in nearby moving groups, with the goals
to reveal previously unknown faint companions and, when pos-
sible, to determine dynamical masses.

Deep integration on few selected targets will permit to as-
sess what is the best possible dynamic range achievable, until
possibly reaching the planetary regime (1:1000). If successful
PIONIER will have the means to separate the flux contribution
of the planet from that of its parent star and potentially obtain
low spectral resolution information. In order to achieve such a
result, systematic biases on the closure phase estimate have to
be hunted down and understood at the unprecedented level of
0.03 deg.

2.4. High level specifications

The specifications of PIONIER have been defined as a trade-
o� between the requirements for the key astrophysical programs
and the technical contraints due to the project small size and
fast timeline. A summary is presented in Table 1. We used the
experience gained with IONIC-3 (Berger et al. 2003), VINCI (Le
Bouquin et al. 2004, 2006), and AMBER to make the following
strategic choices:
– the combination of 4 telescopes (6 baselines) simultaneously,
– the use of an integrated optics beam combiner,
– operation in the H- and K-band,
– a small spectral dispersion across few channels,
– a fast readout of the camera.

As built, PIONIER matches all these requirements except for
the K band extension which is contemplated in the future. The
instrument has been integrated and commissioned with the H-
band integrated beam combiner that was already available at the
IPAG laboratory (Benisty et al. 2009).

3. Instrument description

Figure 2 summarizes the key elements of the PIONIER instru-
ment. Functionally, it consists of the following subsystems.

3.1. Injection and Optical Delay Unit (IOPDU)

The Injection and Optical Delay Unit (IOPDU) injects the free-
space beams from the VLTI into optical fibers. It includes a tip-
tilt correction, an OPD modulation and a polarization control.
The IOPDU is made of four strictly identical arms, one per VLTI
beam.

1. A dichroic mirror extracts the required band from the VLTI
beams, while other wavelengths are used to feed the infrared
VLTI guiding camera IRIS. The translation stage that sup-
ports this optics has two observing positions (the H-band and
K-band dichroic) and a free position to let the beam pass un-
a�ected when PIONIER is not in use.

2. A modulation of the optical path length is introduced by a
mirror mount in a Physik Instrument (PI) piezo translation
stage. It provides an OPD range of ±400 µm.

3. The tip-tilt mirror, mounted on PI piezo devices, allows the
beam angle to be corrected up to a frequency of 100 Hz with
a range of ±200” (laboratory angle, corresponding to ±13
times the size of the PSF).

4. A Lithium-Niobate plate of 1mm thickness allows the polar-
ization phase-shift between the vertical and horizontal axis
to be controlled. The amount of phase-shift is accurately
adjusted by tilting di�erentially the plates in the individual
beams.

5. The o�-axis parabola focuses the light into the single mode,
polarization maintaining fiber.

PIONIER’s fast tip-tilt correction comes in addition to the
one provided by the telescopes. It mainly compensates for the
additional contributions coming from the tunnel turbulence. The
IRIS guiding camera provides the beam angle of arrival mea-
surements at a rate from 100 Hz to 1 Hz depending on the target
brightness (Gitton et al. 2004).

3.2. The Integrated Optics Beam Combiner (IOBC)

The Integrated Optics Beam Combiner (IOBC) takes as input the
signals from the IOPDU, and delivers 24 interferometric outputs.

The IOBC is fed by polarization maintaining single-mode H-
band fibers, whose lengths have been equalized with an accuracy
of 20 µm. Consequently, these fibers introduce a negligible dif-
ferential chromatic dispersion. The polarization phase-shift be-
tween the vertical and horizontal axes (i.e. the neutral axes of
the IO chip, aligned with those of the fibers) is of the order of
1 fringe. It is compensated by the Lithium-Niobate plates of the
IOPDU.

The design of the IOBC is described in detail in Benisty
et al. (2009). The four incoming beams are split in three and
distributed in the circuit in a pairwise combination. A so-called
“static-ABCD” combining cell is implemented for each base-
line. It generates simultaneously four phase states (almost in
quadrature). Consequently, 24 outputs have to be read. The low-
chromaticity phase shift is obtained through the use of specific
waveguides with carefully controlled refraction index. This com-
biner can be used both in fringe-scanning mode (VINCI-like) or
ABCD-like mode. There is currently one combiner available in
the H band and one that is being developed for the K band (Jocou
et al. 2010).

3.3. Imaging Optics and Dispersion Unit (IMODU)

The Imaging Optics and Dispersion Unit (IMODU) images the
24 outputs of the IOBC onto the camera’s focal plane, with or
without spectral dispersion in the perpendicular direction (1, 3
or 7 spectral channels across the H band). This unit is the one
that was used with the IONIC-3 instrument at IOTA (Berger
et al. 2003). Its image quality permits to focus about 80% of
the flux into a single pixel of the PICNIC camera (pixel size
40 µm). If needed, a Wollaston prism can separate the linear ver-
tical and horizontal polarization states. The angle between the
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(1)))An)instrument)en1rely)based)on)proved)concepts
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(1)))An)instrument)en1rely)based)on)proved)concepts

• 1)fringe)scan)lasts)500ms)

• One)observa1on)=)5)files)
of)100)scans)

• Fringe)visibility)is)
computed)as)an  
energy)in)the)PSD



The)PIONIER)fringes)remind)you)something)?

VLTI)2010

IOTA)2002



(2)))A)short)but)realis1c)schedule, 
A)small)but)efficient)team

•“green)light”)from)ESO:)End)of)2009)

• Integra1on:)Jan.)2010)3)Sep.)2010)
• First)proposals)accepted:)Aug.)2010)
• First)Light)and)Science:)Oct.)2010)
• First)43UTs)fringes)obtained)for)the)103
year)anniversary)of)the)VLTI)first)fringes)
(March,)17,)2011).

PIONIER)installed)at)the)focus)of)VLTI)as)of)2010

108 December 2010    Physics Today www.physicstoday.org

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 
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
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
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 will study are protoplanetary and debris disks, hot Jupiters, and stellar
surfaces. (Photo courtesy of Bernard Lazareff/LAOG/OSUG/UJF/CNRS and the European Southern Observatory; inset courtesy of
LAOG/UJF and CEA/LETI, photo © CNRS Photothèque/Emmanuel Perrin.)

To submit candidate images for Back Scatter, visit http://www.physicstoday.org/backscatter.html.
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•Total)consolidated)cost)is)
approximately)1)million)euros



Cryogeny

Mecha)+)Op1cs

Two)interven1ons)on)the)
camera)dewar)...)stress)!!

Electronic

Sorware)/)Control

Project)Management 
+)Administra1on

(2)))A)short)but)realis1c)schedule, 
A)small)but)efficient)team



(3)))A)close)collabora1on)with)ESO)Paranal/Garching

•Support)for)sorware)development)(see)below))

• Technical/Financial)support)for)integra1ons)
•Great)reac1vity)to)problems,)some1mes)using)
pieces)of)other)instruments!)

• Paranal)is)now)in)charge)of)daily)alignment

•Minimal)interfaces)and)load)on)VLTI)by)design)

• Serve)as)demonstrator)for)new)genera1on)
control)hardware)(envisioned)for)ELT))

•Debug)the)VLTI)with)4T)
• Feedback)on)polarisa1on)in)VLTI)and)AMBER

PIO
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(3)))A)close)collabora1on)with)ESO)Paranal/Garching

ESO)and)Paranal)teams)celebra1ng)the)first)
fringes)of)PIONIER,)and)the)first)43telescope)
fringes)of)VLTI)in)october)2010.



If)we)were)back)in)2009,)just)arer)the)ESO)agreement,)
what)would)we)do)the)same)way)?  

what)would)we)change)in)the)project)?



(1))Hire)postdocs)for)immediate)produc1vity

•About)30%)of)VLTI)science)1me)(40)nights)/)semester))

•Complementary)to)AMBER)(mainly)asked)for)seeing)0.6”))

• S1ll)increasing)in)P93)because)open)in)delegated)visitor3mode)

• So)far)a)total)of)277n)scheduled)on)PIONIER)at)VLTI

P71 P91

2011 2012 2013

VINCI
AMBER

MIDI

PIONIER

2004



(1))Hire)postdocs)for)immediate)produc1vity

•Only)4)ar1cles)in)2011,)then)5)in)2012,)and)7)in)2013)
•11)ar1cles)(over)19))are)from)peoples)outside)the)ini1al)science)team)

•The)most)important)ar1cles)(3)Large)Programs))are)s1ll)in)prepara1on



(2))Request)more)technical)1me

Figure 7. Example of the transfer function of a good-quality night dedicated to precision visibilities (2012-04-29). The
square visibilities for two baselines (top A1-C1 and bottom C1-B2) are plotted versus di�erent parameters, namely:
time (left), seeing (middle) and pupil rotation angle (right). Colors are for di�erent stars (all calibration stars, almost
unresolved). Data have been divided by the average transfer function of the night. True average instrumental visibility is
of the order of V 2 � 0.75.

challenged by the lack of spectral lines and their intrinsic broadening. On active stars, the intrinsic radial velocity
jitter may easily hide the signal of a faint companion. Moreover, compared with adaptive optics, the access to
smaller separations and therefore shorter periods increases the possibility of determining the dynamical masses
of the components.

We have initiated several surveys from massive to low-mass stars, including young stars and stars in nearby
moving groups. Deep integrations on a few selected targets permit assessing what is the best possible dynamic
range achievable. It is around 1:300 around bright stars such as � Pic, Fomalhaut or ⇥ Ceti.12 The dynamic is
typically lower around fainter stars such as TW Hya (1:20) or T Cha (1:100).

Note that calibration stars sometimes popup as interferometric binaries with nearly equal flux ratio. This is
all the more true for spectral types A and earlier. Indeed, these binaries are hard to detect from the analysis of
the spectral energy distributions as the two components have similar temperature. As of June 2012, PIONIER
reported 12 bad calibrators. According to the dedicated webpage of JMMC¶, it is the most e⇤cient instrument
to do so.

5. LESSON LEARNED
5.1 Performances
Usefulness of the small spectral dispersion
PIONIER features a mode with an unusually small spectral dispersion (3 channels across the H-band). Although
this was not really expected, this mode appears to be a very good compromise. For Young Stellar Object, it
provides valuable diagnosis to disentangle the hot photosphere from the cool environment, without sacrificing too
much of the sensitivity. When searching for binaries, it enlarges the usable field-of-view by reducing bandwidth
smearing up to about 50mas, just bridging the gap with classical AO-assisted imaging. This mode is also very
well suited to precision visibilities, where it mitigates chromatic issues without reducing too much the frame-
rate (critical to achieve high-precision calibration). Nevertheless the larger spectral dispersion of 7 channels

¶JMMC badcal: http://apps.jmmc.fr/badcal

Stability)of)the)transfer)func1on)versus)various)parameters

V2

seeing&(”)*me&&(days) alt+az&&(deg)

black&=&calibs

During)the)first)year:)to)beLer)characterise)the)system):)

• the)main)effect)to)calibrate)was)discovered)in)Summer)2012.)

• SMALL)spectral)dispersion)only)tested)first)on)Mai)2011.

During)all)the)life1me)of)the)instrument,)to)beLer)explore)the)capabili1es)
that)were)voluntarily)discarded)during)integra1on:)

•ABCD)data)analysis)could)have)served)as)prototype)for)GRAVITY.)
• External)groupe)tracking)for)AMBER)never)aLempted)(could)reach)H~8.5)



(3))Fully)automated)maintenance)procedure

•Easier)to)train)new)people)(about)10)PhD/postdoc)have)been)trained))
• Save)travel)effort)by)allowing)remote,)with)basic)support)from)Paranal)

• Easier)and)faster)to)fully)delegate)opera1on)to)ESO

26-OCT-2011 Ten Years VLTI : Pionier Scientific Results 5

Context > Instrument > Comm > Results > Perspective
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3. If necessary, rotate the Niobate plates so that the envelopes overlap (first order 
correction), by actuating on the crude rotation (see Figure 13). You should unscrew 
the blocking screw first, rotate the Niobate, and then re-screw the blocking screw. 
This step should not be necessary if the Niobate have been aligned within the past 
weeks. 

4. If necessary, rotate the Niobate plates so that the phases overlap, by actuating on the 
fine rotation (check that the blocking screw is screwed, see Figure 13). The contrast of 
the natural light envelope (white) should be maximal. 

5. If necessary, perform the alignment on two other baselines (it is necessary to touch 3 
plates to align the 6 baselines). 

 

 

A phase shift 
between the two 
polarizations can be 
seen both in the 
envelop (left) and 
the zoom on the 
central fringe 
(right). In that case 
plate #2 has to be 
adjusted manually 

 

 

The phase shift 
between the two 
polarizations has 
been corrected. 

 
 
 

26-OCT-2011 Ten Years VLTI : Pionier Scientific Results 7

Context > Instrument > Comm > Results > Perspective

� Birefringence
� Pol-maintaining fibers are 

birefringent
� OPDs not aligned for two 

polarizations
� Requires pol splitting and 

separate detection
� Birefringence compensation

� Birefringent plates (LiNbO3) on 
optical path with adjustable 
inclination

� Phases (group and fringe) can be 
aligned � detected together

� Better S/N and speed

Be
fo
re

A
r
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Daily)polarisa1on)alignment)
with)the)Lithium)Niobate)
plates)(x4).



Altogether,)are)we)happy)?
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Table 1. Summary of the scientific requirements compared to the al-
ready demonstrated performances. Error is defined as the accuracy for
one calibrated data point.

Topic Sp. Band Mag. V2 error CP error
Herbig AeBe disks H,K > 5 5% 5deg
T Tauri disks H,K > 7 5% 2deg
Debris disks H,K - 1% 1deg
Faint companions H,K - - 0.5deg
Hot Jupiters H,K - - 0.03deg
Demonstrated H 7.5 (AT) 15 – 3% 0.5deg

gular separation range from 5 to 100 mas with a typical dynami-
cal range of 1:200 in one hour of observation (Absil et al. 2011,
in prep). These characteristics are complementary to the on-
going radial velocity and adaptive optics surveys. We have ini-
tiated several surveys from massive to low mass stars, including
young stars and stars in nearby moving groups, with the goals
to reveal previously unknown faint companions and, when pos-
sible, to determine dynamical masses.

Deep integration on few selected targets will permit to as-
sess what is the best possible dynamic range achievable, until
possibly reaching the planetary regime (1:1000). If successful
PIONIER will have the means to separate the flux contribution
of the planet from that of its parent star and potentially obtain
low spectral resolution information. In order to achieve such a
result, systematic biases on the closure phase estimate have to
be hunted down and understood at the unprecedented level of
0.03 deg.

2.4. High level specifications

The specifications of PIONIER have been defined as a trade-
o� between the requirements for the key astrophysical programs
and the technical contraints due to the project small size and
fast timeline. A summary is presented in Table 1. We used the
experience gained with IONIC-3 (Berger et al. 2003), VINCI (Le
Bouquin et al. 2004, 2006), and AMBER to make the following
strategic choices:
– the combination of 4 telescopes (6 baselines) simultaneously,
– the use of an integrated optics beam combiner,
– operation in the H- and K-band,
– a small spectral dispersion across few channels,
– a fast readout of the camera.

As built, PIONIER matches all these requirements except for
the K band extension which is contemplated in the future. The
instrument has been integrated and commissioned with the H-
band integrated beam combiner that was already available at the
IPAG laboratory (Benisty et al. 2009).

3. Instrument description

Figure 2 summarizes the key elements of the PIONIER instru-
ment. Functionally, it consists of the following subsystems.

3.1. Injection and Optical Delay Unit (IOPDU)

The Injection and Optical Delay Unit (IOPDU) injects the free-
space beams from the VLTI into optical fibers. It includes a tip-
tilt correction, an OPD modulation and a polarization control.
The IOPDU is made of four strictly identical arms, one per VLTI
beam.

1. A dichroic mirror extracts the required band from the VLTI
beams, while other wavelengths are used to feed the infrared
VLTI guiding camera IRIS. The translation stage that sup-
ports this optics has two observing positions (the H-band and
K-band dichroic) and a free position to let the beam pass un-
a�ected when PIONIER is not in use.

2. A modulation of the optical path length is introduced by a
mirror mount in a Physik Instrument (PI) piezo translation
stage. It provides an OPD range of ±400 µm.

3. The tip-tilt mirror, mounted on PI piezo devices, allows the
beam angle to be corrected up to a frequency of 100 Hz with
a range of ±200” (laboratory angle, corresponding to ±13
times the size of the PSF).

4. A Lithium-Niobate plate of 1mm thickness allows the polar-
ization phase-shift between the vertical and horizontal axis
to be controlled. The amount of phase-shift is accurately
adjusted by tilting di�erentially the plates in the individual
beams.

5. The o�-axis parabola focuses the light into the single mode,
polarization maintaining fiber.

PIONIER’s fast tip-tilt correction comes in addition to the
one provided by the telescopes. It mainly compensates for the
additional contributions coming from the tunnel turbulence. The
IRIS guiding camera provides the beam angle of arrival mea-
surements at a rate from 100 Hz to 1 Hz depending on the target
brightness (Gitton et al. 2004).

3.2. The Integrated Optics Beam Combiner (IOBC)

The Integrated Optics Beam Combiner (IOBC) takes as input the
signals from the IOPDU, and delivers 24 interferometric outputs.

The IOBC is fed by polarization maintaining single-mode H-
band fibers, whose lengths have been equalized with an accuracy
of 20 µm. Consequently, these fibers introduce a negligible dif-
ferential chromatic dispersion. The polarization phase-shift be-
tween the vertical and horizontal axes (i.e. the neutral axes of
the IO chip, aligned with those of the fibers) is of the order of
1 fringe. It is compensated by the Lithium-Niobate plates of the
IOPDU.

The design of the IOBC is described in detail in Benisty
et al. (2009). The four incoming beams are split in three and
distributed in the circuit in a pairwise combination. A so-called
“static-ABCD” combining cell is implemented for each base-
line. It generates simultaneously four phase states (almost in
quadrature). Consequently, 24 outputs have to be read. The low-
chromaticity phase shift is obtained through the use of specific
waveguides with carefully controlled refraction index. This com-
biner can be used both in fringe-scanning mode (VINCI-like) or
ABCD-like mode. There is currently one combiner available in
the H band and one that is being developed for the K band (Jocou
et al. 2010).

3.3. Imaging Optics and Dispersion Unit (IMODU)

The Imaging Optics and Dispersion Unit (IMODU) images the
24 outputs of the IOBC onto the camera’s focal plane, with or
without spectral dispersion in the perpendicular direction (1, 3
or 7 spectral channels across the H band). This unit is the one
that was used with the IONIC-3 instrument at IOTA (Berger
et al. 2003). Its image quality permits to focus about 80% of
the flux into a single pixel of the PICNIC camera (pixel size
40 µm). If needed, a Wollaston prism can separate the linear ver-
tical and horizontal polarization states. The angle between the

10 - 1%

Technically)we)achieved)exactly)the)
proposi1on)made)10)years)ago.

We)reached)most)of)the)top)level)
requirements)and)performances.



The)future)of)PIONIER

Primary'goals'of'PIONIER'are'“achieved”'

•Debug)and)validate)the)VLTI)with)4)telescopes)
•Provide)a)sensi1ve)imaging)instrument)

•Observe)a)large)sample)of)YSO)with)the)ATs)
(more)than)30)Herbig)and)15)T)Tauri)

Preliminary)Images  
of)YSO)(talk)Kluska)

Large)Surveys)of)YSO, 
(talk)Berger)  
O3stars, 
(talk)Sana)  
debris)disks 
(talk)Augereau))

…

RAPID detector 
(talk Guieu)

Current'agreement'with'ESO'for'opera3on'at'Paranal'
un3l'Sept.'2014''What’s'next'?''Shall'we'stop'?)

•Move)to)another)interferometer)?)

•Keep)this)simple)combiner)at)VLTI)?)

•Push)for)a)smart)upgrade)of)PIONIER)to)make)it)
complementary)to)GRAVITY/MATISSE)?

!
!
•  PIONIER!is!a!4"beams"recombiner"opera/ng!at!the!VLT!

at!Cerro!Paranal,!Chile.!

•  It!can!combine!the!ATs!or!the!UTs.!

•  It!operates!in!near-infrared":!H!and!K!bands.!

•  It!provides!6!baselines!and!3!independant!closure!
phases!

•  The!longest!baseline!is!about!140m.!!

•  The!best!resolu/on!is!about!2mas.!

•  Its!limit!magnitude!is!Hmag"="9.!

2.  VLTi/PIONIER!

ELT"

ESO!

"
•  Evolu/onnary!status!:!!
•  ½!of!the!survey!done.!!
•  8!objects!are!sufficiently!resolved!to!be!imaged.!!

•  Imaging!:!!
•  Applying!the!new"imaging"method"with!success!
•  Resolving"the"inner"parts"of"the"YSOs.!Informa/ons!on!the!

symmetry!of!the!inner!parts.!
•  Inner!rim!ver/cal!structure,!dust!distribu/on,!accre/on…!

•  Finding!an!indica/on!on!the"temperature"of"the"inner"parts"of!
the!environement.!

•  Values!of!the!stellar!flux!ra/o!for!resolved!objects.!

•  Next!:!from!the!images!to!the!physical!modelisa/on!of!the!objects.!

5.  First!results!"
"
•  55"Targets"

•  Selected!from!exis/ng!SEDs!(e.g.Malfait!et!al.!1998)!
•  Young!objects!
•  NIR!excess!

•  2!aims!:!!
•  StaDsDcs":"

•  Size!vs.spectral!type!?!
•  Temperature!of!the!environement!?!
•  Stellar!flux!ra/os!

•  Imaging":"">10!imaging!targets!
•  Reavealing!the"morphology"of"inner"parts"of"

dusty"disks"around!intermediate!mass!stars.!

4.  Survey!

First"images"from"the"PIONIER/VLTI"opDcal"interferometry"imaging""
survey"of"Herbig"Ae/Be"stars!

J.!Kluska1,*,!F.!Malbet1,!J.fP.!Berger2,!M.!Benisty1,!B.!Lazareff1,!J.fB.!Le!Bouquin1,!F.!Baron3,7,!C.!Dominik4,!A.!Isella5,!A.!Juhasz6,!!
S.!Kraus7,!R.!Lachaume8,!F.!Ménard1,9,!R.!MillanfGabet5,!J.D.!Monnier7,!C.!Pinte1,!W.fF.!Thi1,!E.!Thiébaut10,!G.!Zins1.!

1!Ins/tut!de!Planétologie!et!d’Astrophysique!de!Grenoble!(IPAG),!France,!2!ESO!San/ago!de!Chile,!Chile,!3Georgia!State!University,!4University!of!Amsterdam,!5California!Ins/tute!of!Technology,!!
6Leiden!Observatory,!Leiden,!The!Netherlands,!7University!of!Michigan,!8Poni/ficia!Univ.!Católica!de!Chile,!9UMIfFCA!,!CNRS!y!U.!de!Chile,!10Université!de!Lyon!1.!

*!Efmail!:!jacques.kluska@obs.ujffgrenoble.fr!!

"

•  Infrared"excess":"Young!stellar!objects!(YSOs)!are!known!to!have!an!infrared!excess!in!their!spectral!energy!
distribu/on!(SED)!due!to!their!dusty!and!gaseous!environement.!!

•  Complex" geometry" :" The! SED! of! the! inner! parts! of! the! disks! could! be! fised! by! numerous! models! with!
different!geometries!(puffedfup!inner!rim!(Isella!&!Nasa!2005),!disk!winds!(e.g.!Bans!&!Königl!2012),!dusty!
halo!(Vinkovic!et!al.!2003),!etc…).!!

•  Dust"sublimaDon":"The!dust!sublima/on!temperature!is!around!1500K.!The!corresponding!emission!peaks!in!
the!near!infrared!(NIR).!Observing!in!the!NIR!tells!us!about!the!first!Astronomical!Units!(AUs)!of!the!objects.!

•  High"angular"resoluDon":"To!constrain!the!geometry,!high!angular!resolu/on!instruments!observing!in!the!
NIR!are!mandatory.!

1.  Inner!parts!of!Young!stars!

"

•  Aperture! synthesis! :! Image! reconstruc/on! aims! to!
make!a"synthesis"of"a"telescope"of"140m"of"diameter.!!

•  Model"independant"
•  Two"components" separaDon" :"Separa/on!of! the" star"

and!its"environement.!!
•  ChromaDcity" :! The! different! spectral! indexes! of! the!

two! components! in! the! NIR! induce! a! strong!
chroma/city!of!the!observables."

•  Method!:!Retrieving"the"stellar"flux,"the"environment"
spectral"index"and"the"image"

3.  Image!reconstruc/on!

Aknowledgments!:!ANR!POLCA!is!funding!the!PhD!of!J.!Kluska!
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The!stellar!flux!ra/o!F*!and!the!color!temperature!T!are!directly!derived!from!the!interferometric!observa/ons!(see!Sect.!3).!
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PIONIER)science)mee1ng

Have)a)nice)mee1ng)!

Program > PIONIER Meeting 

Monday 13,   9:30-12:30 --- Session YSO 

 • 09:30 Introduction (JB Le Bouquin)        
 • 10:00 UJF Director for Research (TBC)        
 • 10:15 Review Young Stellar Object (JP.Berger)        
 • 11:00 T-Tauri (F.Anthonioz)        !

11:15 Coffee Break 

 • 11:30 Imaging YSO (J.Kluska)        
 • 11:45 T-Cha (J.Olofsson)        
 • 12:00 GG-Tau (E.di Folco)        
 • 12:15 Infrared variability of protoplanetary disks (A.Juhasz)        !
Monday 13,  13:45-17:00 --- Session High Dynamic and multiplicity 

 • 13:45 Review Debris disks (JC.Augereau)        
 • 14h30 Review High contrast companions (O.Absil)        
 • 15:15 Companions to AF stars (S.Borgniet)        !

15:30 Coffee Break 

 • 16:00 Review Massive stars (H.Sana)        
 • 16:45 Orion multiplicity (R.Grellman)        !
Tuesday 14,  09:00-12:30 --- Session Stellar Physics 

 • 09:00 Review Mira stars (C.Paldini)        
 • 09:45 Review Symbiotic binaries (H.Boffin)        
 • 10:30 Supergiants (M.Montarges)        !

10:45 Coffee Break 

 • 11:15 Eta Car (J.Groh)        
 • 11:30 Achernar (A.Domiciano)        
 • 11:45 Altair (Merand)        
 • 12:00 Review Cepheids (P.Kervella)        !
Tuesday 14,  13:45-17:00 --- Session "Explorations" 

 • 13:45 Attempt toward GC (S.Yazici)        
 • 14:00 Attempt toward GC (T.Paumard)        
 • 14:15 Review Data reduction (JB.Le Bouquin)        
 • 14:45 JMMC support to PIONIER (G.Mella)        
 • 15:00 Reliable model fitting (R.Lachaume)        
 • 15:15 A nuller upgrade for PIONIER: is it a bad idea?  (S.Lacour)        !

15:30 Coffee Break 

 • 16:00 The RAPID detector upgrade (S.Guieu)        
 • 16:15 Discussion on the future of PIONIER       
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