
Wavefront Sensing for METIS 
Workshop: WFSensing in the VLT/ELT era II 

Padova, 02. - 04. October 2017 

Thomas Bertram (MPIA) 
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METIS: Mid-infrared E-ELT Imager and Spectograph 

• Imaging + low / med. resolution Spectroscopy  
@ L/M band (2.9 - 5.3 µm) 
@ N/Q band (7.0 – 19.0 µm) 

• High resolution IFU @ L/M band 
• Coronography for High Contrast Imaging (HCI) 
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Observing in the Thermal Infrared  

= managing the background 

 Chopping 

 Baffling / masking 

 Cryogenic Instrument 
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SCA 

SCA PP1:  
Field Selector 

CFO 

Optical Overview 

CFO PP1: 
masks,   

CFO-CST 

CRY- 
WIN 

Dichroic IMG-LM FP1: 
Detector 

(LM) (NQ) 

IMG-NQ FP1: 
Detector 

IMG-NQ PP1: 
Filters, Lyot, APP 

Collimator 

LMS PP4: Main 
Dispersion 

LMS FP4:  
Detector 

LMS PP3: Pre  
Dispersion 

IF
U

 

LMS 

Spectral  
IFU 

IMG 

CFO-AOP 

De-rotator 
CFO-K1, K2, 

K3 

CFO FP1 

CFO PP2:  
CFO-CHO 

CFO FP2:  
Mask / vortex 

LMS  
PP1:  
Mask 

WCU FP1 

SCA FM1 

IMG-LM PP1: 
Filters, Lyot, APP 

LMS FP3:  
Mask 

IFU  
(LMS FP1, 
PP2, FP2) 

LMS  
pickoff 

CFO-CM1 

CFO-FM1 

CFO-CM2 

CFO-CM3 

CFO- 
FM2 

CFO-FM3 

CFO-CM4 CFO-CM5 

CRY 

LU1 

LU2 

SCA PP2  
Modulator 

Filters 

SCA FP2: 
Pyramid 

      SCA PP3 
Detector 

LU3 

PIL 

PIL 

Analyzing optics 

Movable point-
sources (WCU FP2) 

WCU 
Integrating 

Sphere  
(WCU FP2) 

WCU PP1 
Mask(s) 

Autocollimator 
(WCU FP2) 

SCA FP1 
SCA FM2 
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Science  

• Exoplanets (direct imaging, chemistry) 

• Protoplanetary disks, formation of planets 

• Supermassive black holes 

• Solar System  
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Adaptive Optics for METIS 

• Single Conjugate Adaptive Optics 

• Near Infrared 

• 74 x 74 Subapertures  

• Strehl: ≥ 93% @ 10μm, ≥ 60% @ 3.7μm 
(mK = 10mag, median seeing, 30deg Zenith distance) 

• < 2 mas tip-tilt jitter for HCI 

• NCPA 
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Wavefront Sensor Trade-off  

Shack-Hartmann WFS vs. Pyramid WFS 

• Fragmentation of the E-ELT Pupil 

• WFS Performance  

• Technical and Programmatic Considerations 
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Pupil Fragmentation 
• Spider dissects pupil in 6 

fragments. No overlapping 
subapertures. 

• Introduces unknowns for 
wavefront reconstruction. 
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Differential Piston 
• Fragment sticks out wrt. actual wavefront in pupil  

• Detrimental for Contrast, Strehl … 
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Phase Ambiguity 



Workshop: WFSensing in the VLT/ELT era II, Padova, 02.-04.Oct.17  - Thomas Bertram 12 

M
id

 In
fr

ar
ed

 E
-E

LT
 Im

ag
er

 a
n

d
 S

p
ec

tr
o

gr
ap

h
 

WFS Performance 
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Technical Considerations 

• NIR Detector  
– Pyramid WFS with existing Leonardo SAPHIRA eAPD device 

• Cryogenic Modulator 
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It´s a …        Pyramid! 
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Field selector 

Modulator 

Filter wheel 

Pyramid 

Detector Unit 
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THANK YOU! 


