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Context




Scientific.drivers turn into technical

fequirements
Stellar and \
circumstellar
- : oplanet detection Understand GRAVITY
environments Planet formation , :
+AGN in the strong regime

¥

* Imaging (NT) ® Sensivity e High contrast ® Sensivity

e High resolution ¢ Imaging (NT) e NIR-MIR ® Imaging
spectroscopy * High contrast e High contrast

e Visible to mid IR e Mid infrared ® Phase reference

imaging/astrometry




4 x8mUT
4 x1.mAT
Bmax = 160m

Instruments:

PIONIER: 4T (H, R~40)
AMBER: 3T (H,K, R ~12000)
MIDI: 2T (N R~ 300)

6x1m

Telescopes
Bmax = 330m

Instruments:

CLIMB: 3T (H, K, R~5)
MIRC: 4-6T (H,K, R ~40)
PAVO: 3T (R R~ 100)
VEGA: 3T (B,V,R ~1500 -
30000)

6 x 0.12 Siderostats
(+ 4 1x1.8 Keck O?)
Bmax = 79m (437m)

Instruments:

V,R: 4-6T, R ~ 80

8-10m class
AO corrected
telescopes



gram of an
ferometer

nger

\

Functional dia
optical

Beam Quality Control




Beam reuting strategies

@ - Minimising losses

@ Minimising # of pixels
Minimisi i

R e Le bouquin++ 2014

@ Minimising chromaticity

@ Ensuring photometric
calibration




Beam combining functions
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Beam combining functions
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TheWTONIER v instrument
at VLTI




PIONIER at VLTI
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Functions in a long baseline

optical Tterferometer

Y junction X P!lise shifting device
Coupler

P122= @2’ + W
@122 = @'+ /2
Pi2= Qi3+ M= Q22+ /2

Telescope 1 Telescope 2

Benisty et al. 2007
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More telescopes needed + spectral resolution




Débris disk science:
lon visibilities

high pré‘
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XXX:
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Calibration is key




Understanding polarisation

prbwation

e Angularly close calibrators (< 1deg) Ny 3
eImportant margin for progress. A

e Scientific polarisation measurements
| Lazareff et al. 2012




Exoplanet science:
precisiomglosure Phase
| e

Monnier 2007 Predicted CP signal
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Observed Intrinsic Atmosphere
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Exoplanet science:
-|osure phase

Absil et al. 2012

precisior

Systematics not entirely undersT®§

: median

- Residual atmospheric fluctuation
phase effects '

- Chromatic effects dominating
(atmosphere, finer dispersion)

- Mitigation with multiple
calibrator strategy and medium
resolution

\\\\\\\\\\\\\\\\\\\\\\\\
the dayside only

- Increase photon efticiency

- Crosstalk, polarisation Zhao et al. 2014

Best CP precision ~ 0.1 deg




\
N

\

GRAVITY: Hunting for the
Galactic Center black-hole
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Light ray We look
looks like " from here
it comes

from here ...

\J

But actually
comes from
here




GRAVITY core science
case Thelyoung stars

oaradox

best fitting GR orbit minus best fitting Keplerian one
o[VLT NACO

Keck AO

ARA [uas]

The S2 - pericenter
passage

2018.7 e R,A, [ll] 2014 2015 2016 2017 2018 2019 2020 2021

Primar
ir

Probing the BH last
stable orbit




GRAVITY concept
A
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IRS7, K=6.5,

» 5.57 separation,
AO wavefront
reference

~ -
. . .
IRS16C, K=9.7, /

5 >
1.23 " separation, A

fringe tracking : o ; A
phase reference . -

. Galactic Center
Black Hole,
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Key Photonics developments
e K band (2-2.4 micron) cryogenic integrated optics

* Metrology compatible |O
* Fluoride fibers polarisation control
e Fluoride fibers differential delay lines




TY at Paranal







ePolarisation control

*Fiber difterentialfiber delay line

DDL: stroke 4mm, resolution 1micro

. ?“l‘__r;.-i_,"_._, ’ $_ < ) L AN
B=== |~ 4 Guiding receivers __

FDDL (2)

EE E2000 Connector

FPR: 180 deg amplitude
accuracy, 2 degree




The revo\u\tion of avalanche IR

RAPID o

Also:

* Pixel size of 30pm - ' E L E X
* Almost flat Quantum Efficiency from 0.4 to ~3 / 3.2pm ! ESO announcement: S

¢ Frame rates of 1600 Hz, full frame ! The fattest NIR detector ever made (i think). ; ! g

e Noise of ~2 electrons per frame ! 15042

Operated in a compact Pulse-Tube Cryo-cooler at ~80K (first one at Paranal) -> No
nitrogen re-feeling.
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Promises of photonics for
coherent combination




Science directions

Fundamental stellar physics (PLATO)

Asteroseismology synergy

Kinematics of accretion/ejection
VISIBLE Star-Environment interaction

Polarimet
+ High spectral resolution

Dust characterisation I% ﬁ ﬁ (> 30000)

: : :\5 Higher angular
High dynamics — il : resglution (Igonger

go?

Planet formation baselines)

Exoplanet & Brown dwarfs in HZ
If %I All science - PLATO

Mid-IR Incregged imaging
capability (more tel)

AGN

Planet formation Sensitivity
Exoplanet

All science
Enable time resolved imaging

Strong lensing (Novae, hydrodynamics, convection)

SMBH mass measurements




Thermal emission from
small dust grains

Circumplanetary accretion @ i
0.02 AU = 0.2 milliarcsel

Zhaohuan Zhu,
Barbara Whitney,
Robin Dong

For nearby star-forming
regions

Gaps 5AU!
~50 milliarcseconds




: nulling

Separation [mas]

Sana ++ 2014

Bew Bjeq

High dynamic range




Imaging:\the 10 telescopes

Labeye 2008 (LETI)

Jovanovic++ 2012 B

e \Wafer size limitation: higher index
® Losses limitation

e Switchyards

* Hybridation 3D-2D Minardi :+ 2014 e
* Direct imaging wé";? .

e | arge format (512) low noise detectors . ‘ii%

injection g g
L 4x4
pixel
detector




Lacour ++ 2013 |

ic range: nulling

High dyn

Chromatic and polarisation control



Infrastructure photonics
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* Fiber beam transportation
e Delay lines

larger. Here we demonstrate a monolithic waveguide as long as 27 m (39 m optical path length),

and featuring broadband loss rate values of (0.08+0.01) dBm ™' measured over 7 m by optical




Integratedsspectral dispersion
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Lecoarer ++ 2009

eEfficiency
eIntegration with combiners




More'developments

@ Polarisation control -"Segientific polarisation
@ Low-loss visible and MID-IR combiners

® Switchyards

@ On-chip photonic modulation

@ Hybridation

@ APD matrices with higher number of pixels




Conclusion

\
- @ Gigantic progress of photonics detector technology enable
combination of ~ 8T: we

uld be ok for existing facilities

@ ... but mostly in the near-infrare
VISION)

d alternatives in visible e.g

@ Breaking Limitations in dynamic range (closure phase, nulling) will
require pushing technology and calibration strategy

@ PFl sets new frontier in terms of imaging, phasing requirements

@ (re-)activate R&D (beam propagation, delay, coherent spectral
resolution)

@ Prototyping facility needed (e.g not easy to use VLTI for R&D)




