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The METIS context
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Baseline coronagraphic modes
• Rationale


- small IWA (compensate long wavelengths)


- high throughput (compensate thermal background)


- robust performance (cope with ELT uncertainties)


- high TRL in the thermal infrared


• Two main coronagraphic modes


- LMN-band (apodized) charge-2 vector vortex - small IWA + 
high throughput


- LM-band grating-vector APP - small IWA + robustness

ELT

CVC

RAVC

APP

~% leakage

~‰ leakage
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HCI + IFS modes (R = 100,000)

Expected raw contrast ranging from 10−3 to 10−5 inside the image slicer

0.93’’

0.58’’ 0.93’’

0.58’’

APP-LMS CVC-LMS

IWA ~ 60 mas at 
4µm

IWA ~ 20 mas at 4µm
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MAIT status

METIS Apodizing Phase Plates: Design, manufacturing
and inspection report

E-REP-NOVA-MET-!!"# $.% $&/%’/!%!(

Figure !-": The final APP-IMG optic upon first inspection in the SRON clean room.

) Inspection, tests and analysis after delivery

).$ APP-IMG
In this section we report on our own inspection and tests of the final delivered optics. This also includes a
detailed simulation of the image through beam propagation, including all defect types described above.

).$.$ Visual inspections

Upon delivery, the APP-IMG was first inspected in the clean room at Space Research Organisation
Netherlands (SRON), where another high magnification polarization microscope was available to confirm
some of the findings reported by CLJ. At NOVA, the optic was again inspected visually. Previously, many
small scratches had been observed on the non-functional laminated samples and here too these could be
observed under the right lighting conditions. The scratches are most easily visible above the dark chrome
mask, and much less so in the clear aperture, as presented in Fig. 8-2. However, we have since learned
that this is typical for CaF2. This material is relatively brittle and therefore prone to small scratches during
polishing, and CLJ indeed confirmed that these were present already upon the delivery of the optics.

As requested, the residual LCP and adhesive material were removed after the lamination of the
substrates. Generally, the side of the optic looks clean, with some small residuals directly on the glass-
adhesive interface layer, between the chamfers of the two substrates. This is also shown in Fig. 8-3.

).$.! Overall throughput: Transmission spectrum

The overall throughput of the APP-IMG optic was measured in the Varian FT7000e Fourier Transform
spectrometer at the NOVA optical lab. The resulting transmission spectrum is presented in Fig. 8-4.

As expected, the absorption feature at 3.4 µm limits the throughput severely in short-L-band. The L’

and M-band throughput is better. For these three bands the average transmission is 36%, 64% and 67%,
respectively. The mean overall throughput is 59%.

There is a small chance that these numbers include a partial blockage of the spectrometer beam by the
chrome mask, which would reduce the overall transmission equally over all wavelengths, but we have
been careful to prevent this.
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ST videocon meeting 

 

E-MIN-NOVA-MET-1020 298 14/08/2025 

 

 

   
Lyot mask - pattern has been transferred to a single piece all aluminum  
 

● All wheel units are assembled (mechanical parts & black coating). Cabling in pipeline 
for September. 

 
Pupil wheel, black coated (left). Remaining 4 wheel units already assembled (right). 
 
 

● Radiation shields 
All radiation shields (40K & 70K) are finished and assembled. 
This means, all parts of the IMG except the two cameras from IOF are built and are at 
MPIA.  
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Integration into subsystems in 2026

Ring apodizer

Vortex

gvAPP

Lyot stops

HCI system-level tests in 2028
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End-to-end simulations

12,000 SCAO 
residual phase 

screens

PROPER

12,000 
instantaneous 
coronagraphic 

PSFs

Observing 
sequence  

(12,000 frames)

+ field rotation  
(default 40°)

Raw contrast + 
contrast curves

VIP

COMPASS

ScopeSim

Optical propagation 
library (python)

HCI image processing 
package (python)

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

Lmag = 6 star —> 7.3 × 108 e-/s 
L bckg: 2.7 × 105 e-/s/pix

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

WV seeing, 
NCPA, etc

https://github.com/vortex-exoplanet/HEEPS
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Main simulated effects
• SCAO residuals


- COMPASS simulator (incl. wind-load pointing jitter, residual petal piston, …)


• Other atmospheric effects


- atmospheric dispersion


- water vapour seeing (see next slides)


• NCPA (see next slides)


• Pupil-related effects


- ELT exit pupil stability, segment reflectivity, misaligned segments


• Miscellaneous


- coronagraph imperfections, vortex center glow, finite stellar size, …

Poster: Pourcelot
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Non-common path aberrations

• Combination of static, quasi-static, and dynamic


• Phase aberrations


- main quasi-static source: chromatic beam wander 


- main dynamic source: water vapour seeing (next slide)


• Amplitude aberrations


- quasi-static Talbot effect from chromatic beam wander

Median NCPA level ~ 100 nm

with ~ 30 nm variation due to CBW

1h observing sequence around meridian

K-band
L-band
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Water vapour seeing
• Variable column density of water vapour


- blown by wind —> WV seeing


• Highly chromatic in mid-IR 


- K-band SCAO not correcting LMN bands perfectly


- up to 300nm rms additional WFE at N band

wind

wind

AO only AO + WV (L band) AO + WV (N band)
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Asymmetric pupil WF sensing & control
• FP wavefront sensing using IMG science camera


• Lift phase retrieval ambiguity with asymmetric 
pupil mask —> ‘instantaneous’ retrieval


• Control baseline = leaky integrator, but also 
exploring reinforcement learning
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N-band classical vortex coronagraph

(Nmag = 0, 10 Hz closed-loop, 20 modes)

Poster:  
Orban de Xivry

Poster: Taskin
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Mock data cubes

CVC-L data cube, no photon noise 
300 ms/frame (real-time rendering)

0.8’’  
(small part of the 

full IMG FoV)
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L-band comparison with 10m-class telescopes

on-sky data

cADI simulations (incl. background)

all effects

SCAO only

5 mag

}all with vortex

< 10−5 at 0.1’’
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⍺ Cen with N-band CVC

0.55 au

1.1 au

⍺ Cen after 5-h ADI,  
WV seeing perfectly corrected

two 1 REarth planets injected

⍺ Cen after 5-h ADI,  
WV seeing not corrected
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⍺ Cen at N band: detection limits

background noise, ⍺ Cen, 5 hours

Earth twin (4x insulation) Earth twin

VLT/NEAR candidate JWST/MIRI candidate

More science in posters (Chauvin & Hinkley)
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Only 4 years to go to first light!
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107th STC, DG Update, 22-23.10.2025

2026 2027 2028 2029 2030

CRY

WCU

CFO

SCAO

IMGLMS PAE
System-level testing

start  
comm

(incl. HCI modes)

ELT construction 70% completed

today shipping


