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METIS INSTRUMENT BASELINE

๏ Imaging at 3 – 19 μm. The imager (FoV ~ 10’’) includes: 
• low resolution slit spectroscopy  

• coronagraphy for high contrast imaging 

๏ High resolution (R ~ 100,000) integral field spectroscopy at 3 – 5 μm (FoV ~ 1’’) 
• incl. a mode with extended Δλinstant ~ 300 nm 

• can be combined with coronagraphy  

๏ All observing modes work at the diffraction limit of the 39m ELT with a single 
conjugate AO system. BERTRAM’S TALK (MON 17:40)
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METIS TIMELINE

≥9 partners, ~90 M€ total budget

Executive Summary E-REP-NOVA-MET-1173 1-0 07/03/2019 
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Figure 27 Project schedule from phase B kick-off in September 2015 until the final acceptance of METIS by ESO 
[RD32]. 

The critical path is defined by the design and delivery of the CFO and CCS, the delivery of the 
cryostat, and the system AIT. The METIS project schedule includes margin, which for the 
critical path adds up to approximately one year over the remaining project duration. This 
margin can be broken down over the different phases and project levels as follows:  

Phase C: 1 – 4 months;  sub-system MAIT: 1 – 24 months;  system AIT: 9 months. 

 

6.4 Project Cost 
The estimated total cost of METIS is 91.4 M€, as summarized in Table 11.  This estimate 
includes labor, hardware, and travel, as well as contributions from ESO, and necessary 
investment in prototyping, testing, and lab infrastructure.  Due to evolution of science 
requirements, the evolution of ELT/METIS interfaces, new insights in ELT performance, and 
the lack of sufficiently detailed cost estimates at the start of phase B, both labor and hardware 
costs increased notably during phase B. While the labor will be provided mostly by the 
Consortium partners, most of the cost of hardware and travel is expected to be provided by 
ESO.  The current best estimate of hardware (plus travel) is 16.92 M€ [RD01], which does 
not include a generic contingency allocation, nor extra costs for the envisioned options SLAO 
or GeoSnap (see sections 6.6.3 and 6.6.4). The hardware:labor ratio is 1:4.5. 
Table 11 The total cost of METIS including labor, hardware and travel [RD01].  We assume 125k€ as an average 
cost per FTE, including overheads.  The assumed ESO effort includes 5 FTE for the direct ESO contacts (CH/RS/SR), 
10 FTE for the follow-up team (10 persons at the 10% level over 10 years), and 5 FTEs for the ESO WP on detector 
procurement, NGC and RTC.  

Item unit multiplier Cost 
Labor Consortium 

125,000 €/FTE 
564 70.50 M€ 

Labor ESO 20  2.50 M€ 
Hardware deliverables 14.75 M€  14.75 M€ 
Travel Consortium ~207 k€/yr 10.5 yr 2.17 M€ 
Infrastructural investment 1.5 M€  1.5 M€ 

TOTAL   91.42 M€ 
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HIGH-CONTRAST IMAGING MODES

(Ring-Apodized)  
Vortex Coronagraph

Apodizing Phase Plate

ELT VC APPRAVC

(log scale)

+ Classic Lyot Coronagraph



NCPA MITIGATION

๏ At design level 
• SCAO dichroics after derotator and pupil stabilization 

• gravity invariant design, few moving parts 

• atmospheric dispersion partly compensated (fixed ADCs) 

๏ Sensing / correction 
• focal-plane wavefront sensing: QACITS & PSI 

• compensation through PyWFS modulator and slope offsets 

• typical timescale ~ 10 sec to 1 min

WFS

SCIENCE 
CAMERA



QACITS IN A NUTSHELL

๏ Tailored to vortex  
coronagraph 

๏ Measure asymmetry  
in coronagraphic PSF 

๏ Reconstruct pointing  
error based on a  
nonlinear model 

๏ Control accuracy ~0.01 λ/D rms  
demonstrated at Keck and VLT
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PSI IN A NUTSHELL

๏ Reconstructed PSF ≠ measured PSF due to NCPA 

๏ Use SCAO residuals as source of diversity to infer pixel-wise 
amplitude and phase of NCPA

WFS
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END-TO-END HCI SIMULATIONS

12,000 SCAO 
residual phase 

screens

PROPER

12,000 
instantaneous 
coronagraphic 

PSFs

Mock observing 
sequence  

(12,000 frames)

+ field rotation (40°)

Raw contrast & 
ADI sensitivity 

curves

VIP

COMPASS

SimMETIS

Optical propagation 
library (python)

HCI processing 
package (python)

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

mL=5 star: 1.83 × 109 e-/s 
L bckg: 2.75 × 105 e-/s/pix 
DIT = 300 ms, no detector noise

HEEPS
(https://github.com/vortex-exoplanet/HEEPS) DELACROIX’S POSTER (MON 18:00)

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


EXPECTED PERFORMANCE VS ERROR SOURCES

DELACROIX’S POSTER (MON 18:00)

(speckle noise only - no background)

specification



INFLUENCE OF SCAO LAG

CANTALLOUBE’S TALK (WED 14:40)

Wind-driven halo 
not included

current baseline



METIS VS 10M-CLASS TELESCOPES

on-sky data (vortex coronagraph)

simulations  
(with background & shot noise)

SCAO residuals only

all errors



๏ Terrestrial regime accessible around a handful of stars 
• here illustrated for the case of alpha Centauri A

DETECTING EARTH-LIKE PLANETS AT 10µm

0.55 au  
(warm Earth)

1.1 au 
(temperate Earth)

5h ADI sequence on alpha Cen 
(no ELFN noise)

© S. Quanz



USING HCI+IFU ON PROXIMA CEN

๏ Proxima Cen b in reflected light 
• 1.1 REarth, 0.3 albedo, 50% illumination 

• Earth-like atmosphere 

๏ HCI+IFU at 3.8µm 
• 20 mas angular resolution 

๏ Assume 1:500 raw contrast at 2 λ/D 
• based on RAVC performance

© I. Snellen

10h simulation



MORE SCIENCE
Circumstellar 

Disks

History of the
Solar System 

Exoplanets

Star Formation & 
Stellar Clusters

Evolved 
Stars

AGNs

Angular resolution:  
20 mas at 3.5 µm

Sensitivity:  
21 mag (1 µJy) at L band



PERSPECTIVES: USING MACHINE LEARNING FOR METIS HCI

๏ Image processing 
• Reformulated planet detection in supervised learning framework (Gomez Gonzalez et al. 2018) 

• Merge HCI and HR spectroscopy in common ML framework 

๏ Focal-plane wavefront sensing 
• Learn mapping from focal-plane image to phase aberration with deep neural network 

• Explore likelihood-free inference & invertible neural networks 

• Build model-independent version of PSI 

๏ Predictive control 
• Use machine learning to build robust, model-free predictions

ORBAN’S POSTER (THU 16:00)



ANNOUNCEMENTS

https://exoplanet-imaging-challenge.github.io



ANNOUNCEMENTS

๏ 3 PhD fellowships at ULiège 
• Development of next-generation vortex coronagraphs 

• Application of deep learning techniques to exoplanet imaging 

• Development of focal-plane wavefront sensing techniques using machine learning 

๏ A couple of postdoc positions to be opened next year
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GO RAPTORS!
NBA FINALS 

GAME 5 TONIGHT 
RAPTORS LEADING 3-1


