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Outline 

ÅSolar Orbiter/Metis  
ïGeneral introduction 
ïInstrument description 

ÅCalibration facility and setup 
ÅInstrument Calibrations 

üVignetting function (Flat-Field)  

üVLDA Photon Transfer Curve  

üVL & UV Imaging & Radiometric Performance 

üVL Polarimeter Performance 

üStray-light Suppression Performance and internal occulter centering 

ÅConclusions 
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In short 

It works! 
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Metis Coronagraph 

Å Polarized VL imaging @ 580 - 640 nm 

Å UV HI Ly h  imaging @ 121.6 ± 10 nm 

Å FoV  (1.5̄ Ö 2.9̄ annular, 1.6 ς 3.0 R
í 

@ 0.28 AU) 

Å Spatial sampling element Җ пллл ƪƳ όнл) @ 0.28 AU 

Å Time resolution җ м ǎŜŎ 

Å Simultaneous VL and UV imaging 

CPC 

MPPU 

HVU 

MOU 

Units: 

MOU  METIS Optical Unit (boom and telescope) 

MPPU METIS Power Processing Unit 

HVU   High Voltage Unit 

CPC    Camera Power Converter 
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Solar disk 
rejection mirror 

M0 

M1 

IO 

M2 

IF UVDA 

VLDA 

IEO 

Solar disk light 

VL channel calibration 
Session 11b Thursday 15:00 
Marta Casti 

Posters 
P62 F. Frassetto: Optical performance 
P71 V. Da Deppo: Alignment procedure 

Metis Stray-lighty 
Session 8b Wednesday 
14:40 Federico Landini 

Metis Opto-mech Layout 
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Å AIT/AIV and calibrations were performed at the OPSys (Optical Payload System) 
facility, an INAF laboratory hosted by ALTEC S.p.A. in Torino. 

Å OPSys: three communicating clean rooms which host the SPOCC (Space Optics 
Calibration Chamber)  

 

 

 

 

 

 

 

 

 

 

Å SPOCC is a solar divergence simulator that can operate in air and in vacuum.  
	

Ground Calibration Facility 
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Metis in the  
Space Optics Calibration Chamber (SPOCC) 
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Metis in the  
Space Optics Calibration Chamber (SPOCC) 
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Ground Calibrations 

üVignetting function (VL Flat-Field)  

üVLDA Photon Transfer Curve  

üVL & UV Imaging & Radiometric Performance 

üVL Polarimeter Performance 

üStray-light Suppression Performance  

üInternal occulter centering 
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Vignetting Function & VL Flat Field 
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Vignetting Function & Flat Field 

+x-axis -x-axis 

Metis Internal Occulter Å = 5.0 mm 
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Signal [DN]

Equation y = a + b*x

Plot Average PTC

Weight Instrumental

Intercept 84.07434 ± 0.9982

Slope 0.11936 ± 2.64455E-4

Residual Sum of Squares 103774.9374

Pearson's r 0.99963

R-Square(COD) 0.99927

Adj. R-Square 0.99926

VLDA Photon Transfer Curve  

  Average 

Gain 

[ADU/e-] 
0.119 

Consistent with calibrations at MSP 
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VL Measured Efficiency 

Component Efficiency Error Reference

M1 0.9 0.02

M2 0.9 0.02

IFA 0.886 0.001 INAF Fineschi et al. 22/092016

Polarimeter 0.33 0.05

METIS- ATI-TNO-011 (estim.: 0.27)

0.33 Measued on the EBB with Muller 

SpectroPolarimeter

QE 0.5 0.05

METIS-MPS-AT-03b-PFM-RP0005 

Issue 1 rev 1. Sect 6.10, Figure 6.29 

Total efficiency 0.118 0.012

Estim. Tot. Eff. 0.096 METIS- ATI-TNO-011 (Tab.14-1 )

Visible-light

METIS-ANT-NCR-018 Appendix 1

INF 28/07/2016
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VL Vignetting Normalization 

Metis IO Å= 5 mm 

Vignetting =  
= Meas. Throughput [phot. detect./phot. in] / Efficiency 

  
(Efficiency = 0.10°0.01 from components measurements) 
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Off-axis Metis in SPOCC 

VL or UV Source 

Pinhole(s) 

45̄  Folding-mirror 

Collimated beam axis 

2-m focal-length collimating mirror Metis 

Metis set-up for VL and UV Measurements 
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VL Imaging Performance 

Target: 
200-mm pinhole ³ 4  
SPOCC collimator f.l. = 2030 mm 
VL effective f.l. = 200 mm 
Demagnification = 0.098 
 
ǎƛƳǳƭŀǘƛƴƎ п άŀǊǘƛŦƛŎƛŀƭ ǎǘŀǊǎέ  
with 20-mm FWHM on VLDA 
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VL Imaging Performance  
vs Field-of-View 

2.8º    2.6º           2.4º            2.2º            2.0º           1.8º           1.6º 

Å Inner Field-of-View Ý 
     Diffraction from IEO vignetting 
 
 
 
Å Outer Field-of-View  Ý 
     Optical aberrations 

Natural diffraction 
due to the highly 
vignetted inner FOV 
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VL Imaging Performance  
vs Field-of-View 

VL Imaging Performance  
Þ 

well within requirements 
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VL Radiometric Response 

Metis off-pointed at 2.2̄ sees an 
άŀǊǘƛŦƛŎƛŀƭ {ǳƴέ ŀǘ м !¦  
VL Radiometric Response = 
 
VLDA signal (DN/s/pxl)/Input Radiance (W/cm2/ sr) 
 

VL Throughput @ FOV 2.2̄ = 
 = (1.9 ° 0.2) e-2 

 
(estimate based on component-level: 2.3 e-2) 
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1.8º            2.2º                2.7º 

UV-analog Imaging Performance vs FoV 
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The UV imaging performances, when the  UVDA is 
operated in analog mode, are limited in spatial 
resolution to: 3-4 pixel Ý 80-100 arcsec 

UV-analog Imaging Performance vs FoV 

Cfr. 
P62 F. Frassetto: Optical performance 
P71 V. Da Deppo: Alignment procedure 
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Component Efficiency Error Reference

M1 0.54 0.12 Bear 02/10/2016 (T=0.77) &

M2 0.54 0.12
IFN 29/09/2016 (T=0.77); IFN 09/09/2017 

(T=0.59); IFN 10/01/2017 (T=0.54)

IFA 0.24 0.04

INAF Fineschi et al. note 22/092016

Selected FM=0.24 (email by E. Antonucci Tue, 

27 Sep 2016)

MgF2 window

QE

Total efficiency 0.013 0.004

Efficiency w/o QE 0.07 0.02 0.36

Estim. Eff. w/o QE 0.16

Eff. Estim./Meas. 2.27

UV (121.6 nm)

MPS private communication0.18

UV Throughput Estimated from Components Measurements 
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UV Throughput  
E2E Measurements vs Estimated from Components Measurements 

Response Efficiency [DN/phot.In]  = (6.6 ° 0.1)e-1 [DN/s/pxl/phot.In]  
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UV Throughput Measured during Defocus Test 
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UV Response Efficiency 

Response Efficiency = (6.6 ° 0.1)e-1 [DN/s/pxl/ phot.In] = 
 

=  
wŜǎǇƻƴǎŜ ¢ƘǊƻǳƎƘǇǳǘ ώ5bκǎκǇȄƭκǇƘƻǘΦLƴϐ  όƳŜŀǎǳǊŜŘ Ϫ Cƻ± Ґ мΦӯΣ нΦн ̄Σ нΦт ̄ ύ
±ƛƎƴŜǘǘƛƴƎϪ Cƻ± Ґ мΦӯΣ нΦн ̄Σ нΦт ̄ όŘŜǊƛǾŜŘ ŦǊƻƳ ±[ ǊŀŘƛƻƳŜǘǊƛŎ ŎŀƭƛōǊŀǘƛƻƴύ 
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VL Polarimeter Calibration 

Artimino, 5 Sept 2015 G. Naletto  -  METIS Project status: approaching instrument CDR 26 


