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DISCLAIMER

@ No Optics Institute @ ULiege

® Research shown here carried out at Space sciences,
Technologies, and Astrophysics Research (STAR) Institute

@ Not an overview of ULiege photonics activities, also
carried out at

CSL (Centre Spatial de Liege): design, metrology, diffractive
optics, solar cells, nano-structures, sensing, etching, etc

CESAM (Complex and Entangled Systems from Atoms to
Materials): quantum optics, nano-materials, etc

probably others...



EXOPLANETS DOING THE DANCE

8 YEARS OF HIGH-CONTRAST IMAGING MONITORING

—HR8799 and its four giant planets—

20 au Jason Wang /
2009-07-31 Christian Marois




EXOPLANET IMAGING CHALLENGES

The star never turns off —> need specialized instruments to access
HIGH CONTRAST (from 1,000 to 10,000,000,000)
at SMALL ANGULAR SEPARATION (below 1 arcsec)




STELLAR CORONAGRAPHY
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VORTEX CORONAGRAPH

perfect on-axis cancellation
for a circular aperture

no vortex/ -
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THE VORTEX PHASE MASK

@ Scalar vortex

* helical piece of glass

e Vector vortex = spatially
variant half wave plate

* liquid crystal polymers

» subwavelength gratings

* photonic crystals




GENESIS OF THE ANNULAR GROOVE PHASE MASK

e 4-quadrant PM — sub-wavelength grating = annular groove PM

Rouan et al. (2000)

e Advantages:
* clear 360° discovery space

e achromaticity




GRATING DESIGN/OPTIMIZATION

Rigorous Coupled Wave Analysis

L band. Period = 1.42 um, angle = 3.00°
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MANUFACTURING DIAMOND AGPM @ UPPSALA

Diamond = ultra broadband transparency + many other convenient properties

1. diamond coated with Al 2. e-beam pattern transferred
and Si layers (sputtering) with solvent-assisted moulding

8 o
)

i Ly Foll i photoresist spin coating baking

replicated
from e-beam

thin Al layer

apply stamp ethanol bath
Al etching

Si etching

Diamond

3. reactive ion etching B etching

Vargas Catalan et al. (2016)




MWIR/LWIR TESTING ON VODCA BENCH

« Vortex Optical Demonstrator for Coronagraphic Applications »

Laser Source

Shutter
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Jolivet et al. (2019)




on the back side

Anti-reflective grating

&
-
O
oc
-
-
LL]
O
O
e
)
oz
<
LL]
>=
S
LLI
SIS
<

uoildafal yead




CURRENT STATE-OF-THE-ART

Broadband filter (3.5 - 4.0 ym)
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10+ SCIENCE-GRADE AGPMS NOW PRODUCED, RANGING FROM 2 TO 13 pm

Jolivet et al. (2019)



NEXT STEP: CONQUER THE WORLD

2013 (L) @@ 2015 (L+M)




THE VORTEX WORKS!

First light at Large Binocular Telescope (Arizona)

Defrére et al. (2014)



DETECTION OF CLOSE COMPANIONS

Milli et al. (2017)

VLT/NACO: confirmation of a close brown
dwarf companion around HD 206893

Serabyn et al. (2017)
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Keck/NIRC2: first image of
the brown dwarf companion
around HIP 79124




SEARCH FOR PROTO-PLANETS IN YOUNG DISKS

10/2016
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Reggiani et al. (2018)




EXT DESTINATI

ELT - 38m
(2025)

VLT - 8m
(2001)




BELGIUM CONTRIBUTING TO ELT/METIS

# LIEGE

universiteé

Science and
Technology
Facilities Council

centra 1
multidisciplinary centre for astrophysics?
UNIVERSITY OF

MICHIGAN

3 + s Ef‘ E?i-\\ |
Universitat R -4 j
@ zu Koln IR 4,;-)/
+
;ﬁ- P

ETH:z(rich

7
-
O
=
=
gV
O
n
—

1

METIS Pl




THE ELT’S NEW NEEDS
Pa oPa

topological charge

Period not constant, breaking
Z0OG condition —> need to
discretize the pattern




CHARGE-4 DESIGNS

15 periods on x-axis 60 periods on x-axis

90°

n with straight lines

Construction with curvec

Delacroix et al. (2014)




GRATING OPTIMIZATION: FDTD SIMULATIONS

MEEP simulations of charge-4 vortex (L. Konig, work in progress)

z = above grating
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FIRST CHARGE-4 COMPONENTS: DONE!

First manufactured charge-4 mask

' WD=89mm EHT= 3.00 kV
| | Probe= 100pA 23 Feb 201

Transitions between sectors

shows up in 2D null depth map

0

0

10°

101}

Normalized PSF radial profile

40
Pixels

102}

— Off-axis PSF
— Attenuated PSF (Rejection ratio=290.0)

60




Hsiao et al. (2017)

Shalaev et al. (2015)

Devlin et al. (2017)
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Chen, Zhu & Capasso (2020)




ON OUR WAY TOWARDS IMAGING OTHER EARTHS

Physical separation (AU)
-1.0 -0.5 0.0 0.5 1.0

ELT/METIS end-to-end simulation
alpha Centauri A + two Earth twins
Sh observation @ 10pm

)
w
Physical separation (AU)

14 1.2 1.0 0.8 0.6 04 0.2 O -0.2 -04 -0.6 -0.8 -1.0 -1.2 -1.4
A RA (Arcsec)




