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spectral resolution
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METIS instrument baseline

= coronagraphic capabilities

ALL MODES WORKING AT
ELT’S DIFFRACTION LIMIT
USING SCAO
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Detectors & fields-of-view



Extremely large ...
Instrument!

« ~ 700 FTE
o ~25 M€ hardware budget

14 yrs development

1:1 scale model

METIS Pl



METIS timeline

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Phase C (FDR)

Phase B (PDR)

Phase D1 (SubSys MAIT) On-site Assy
Phase D2 (Sys MAIT)
O < < < < Comm
PDR FDR  PIPFDR | Start SysAlV PAE
now: working on first light
subsystems MAIT mid-2029
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Cryostat @ Zirich Derotator @ Dwingeloo Integration hall getting ready @ Leiden




High-contrast immaging modes

ring
g . . ) apodizer vortex phase
(ring-apodized) vortex coronagraph mask _
— L, M & N bands —
\_ J
ELT Primary
M1 CFO-PP1
. 0
! i
: \N/
: ] i
|
(deil;:-ml\gile) ' 2;’::5;:: Derotator Chopper
ELT-FP1 CFO-FP1
| |
WFS Camera
& . )
apodizing phase plate vector
— L & M bands — APP
— ),

CFO-PP2 \

Lyot
stops

LMS-PP1

N0

Beamsplitter

CFO-FP2

LMS
R~100,000

IMG-LM
Camera

IMG-N
Camera

classical vortex




Wavefront control strategy

© SCAO provides > 90% Strehl at LMN bands
Dry air +
| | | | . .
@ NCPA minimised by design, monitored with focal-plane WFS
e water vapour seeing — chromatic wavefront errors, acting like NCPA
adaptive non-common
optics path aberrations

I Science came

Telescope

| » . focal-plane
wavgfront
. sensing

Ada tWe O ptics e m o e e e e !

wavefront measured here



Absil+2022 (SPIE)

WV seeing adding to AO residuals

AO only AO + WV (L band) AO + WV (N band)

~140 nm RMS WFE ~25 nm RMS additional WFE ~300 nm RMS additional WFE



Delacroix+2022 (SPIE)

End-to-end HCI simulations

1-hr simulation @ 1 kHz
1 screen saved every 300 ms

: Lmag = 6 star: 7.3 x 108 e-/s
WV seeing, Sleololslinl | L bckg: 2.7 x 108 e-/s/pix
NCPA, etc DIT = 300 ms, no detector noise

COMPASS

12,000
Instantaneous

coronagraphic
PSFs

12,000 SCAO
residual phase
screens

Observing Raw contrast +
sequence ADI contrast
(12,000 frames) curves

PROPER + field rotation (40°) VIP
Optical propagation HCI image processing
library (python) package (python)

HEEPS

(https://github.com/vortex-exoplanet/HEEPS)



https://github.com/vortex-exoplanet/HEEPS

METIS vs 10-m class telescopes @ L band

2 © Olivier Absil, University of Liege, 2022
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Famous systems, revisited...

METIS L-band simulations...

@ Characterise planets with dynamical
mass measurements

(cf Lacour & Franson’s talks)
* follow-up of Gaia and RV planets

e METIS will detect a handful of each kind
(Quanz+2015, Wallace+2021)

* tidally heated super-eccentric planets
also look promising (Dong+2013)

@ Follow-up directly imaged planets at
R=100,000

... how imagine feeding that to R=100,000 IFS!




2D maps of exoplanet atmospheres

Doppler tomography with high-resolution IFS (R = 100,000)

From brown dwarf cloud maps... to clouds in giant planets atmospheres!

Simuloted E~ELT Observations
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Crossfield+2014 Snellen+2014

Your weather forecast on beta Pic b, starting 2029, and much more
(cf Xuan’s talk)



Targeted survey(s): ice-line giant planets

@ Goal: constrain the long-
period end of RV planet
distribution

@ METIS can resolve the water
ice line up to ~100 pc

* Dbetter sensitivity than NIRCam
within 10 au

@ Two kinds of mini-surveys

* nearby moving groups: targeted
search, sensitive to beta Pic c
and HD 206893 c analogs

 Sco-Cen: star-hopping RDI
strategy on a larger population
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Simulated METIS L-band coronagraphy (same targets)
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A shot at Earth-like planets?

@ Tlerrestrial regime accessible at N band around a Cen, if WV seeing corrected
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Impact of WV seeing at N band

@ Ability to correct for WV seeing in real time will be driving rocky planet yield

* simulations below assume partial correction of WV seeing for various conditions

~10% of time (TBC) ~90% of time (TBC)

N-band simulatijon with WV seeing assuming A10-Hz correction of first 20 Zem]de modes (focal-plane WFS)
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Is the detection of a temperate planet likely?

Table 4. Optimized observation plan for the candidate stars in the N2

@ Using Kepler occurrence rates Bowens+2021)

band.
0 .
* 5O+ A) Chance Of flndlng d IOW_maSS temperate Star Observation number Month  Yield increase
planet around a Cen in two 1h visits a Cen A ! - 0.477
Sirius 1 — 0.277
* 1-night blind survey of six most promising nearby acenB ; . 0z
stars yields 1+ temperate mini-Neptune on average Procyon 1 - 0.061
a Cen A 2 3 0.050
a Cen B 2 3 0.045
N2 Band Heat Map SCAO-Only Altair 1 _ 0.043
iF Expected Planet Yield: 1.14 NEES Siféus R g 2 883?
a LEen .
14 r0.12 Procyon 2 2 0.022
"o 1 0.10 a Cen B 3 4 0.020
x ' Sirius 4 11 0.018
51 0.08 a Cen A 4 9 0.018
p- a Cen B 4 6 0.015
f 0.06 Altair 2 2 0.014
B Procyon 3 4 0.010
& 0.04 7 Ceti 1 - 0.008
Altair 3 4 0.006
0.02 Procyon 4 6 0.005
Altair 4 6 0.002
Bowens+2021 0.00

2000 400 600 800 1000 1200
Planet Temperature (K)



Rocky planet atmospheres with IFS+HCI (L band)

@ Proxima b potentially accessible using HCI+CCF at R=100,000 in 10 hours

« HDO could even be detected if photon-noise limit can be reached (Molliére & Snellen 2019)

@ A couple more promising targets . Zhang et al. 2024
* Planets from NEA 450
@ Target Planets
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Protoplanetary disks

. MWC758 with NIRC2 (simulation) MWC758 with METIS (simulation)
@ One of the prime

science cases of
METIS

@ Probe detalls of disk
structures

d"HP (i
d"HP> (i

e monitor their
movement

 connect with presence
of protoplanets

d5%> (0 d5%> (0

Simulation credits: C. Baruteau + V. Christiaens



Forming planets & CPDs

@ Simulations of CPD detection at
100 PC (Chen & Szulagyi 2022)

30 au protoplanet illustrated here

* |ooks promising for super-Jupiters

@ CO gas line from CPD also
detectable at R=100,000 (oberg+2023)

@ Next frontier: magma oceans on
forming rocky planets in nearby
young associations Bonati+2019)
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Expect the unexpected!
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