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Ariel – A Quick Review

• ARIEL is the M4 mission of ESA Cosmic Vision program 
to survey exoplanet atmospheres through infrared 
transit spectroscopy

• All-aluminum telescope design, operating at 
cryogenic temperature (< 50 K). Off-axis, 
unobscured optical design

• Two instrument modules: a spectrometer
(1.95–7.8 μm), and a combined fine guidance 
system/visible photometer/NIR spectrometer

• PI: Prof. G. Tinetti, University College London, UK

• Italian Co-PIs: G. Micela, INAF-OAP, P. Malaguti, INAF-OASBO 
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Logo and Artist’s rendering of the ARIEL 
spacecraft from Phase A (credit: 

ARIEL/Science Office)



Ariel Project Timeline
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Year 1 Summary of Activites

Ariel Phase B1 (Preliminary definition), leading 
to Mission Adoption by ESA

• Telescope performance requirements, mirrors 
reflectivity and throughput analysis

• Off-axis design refinement, discussions about 
moving to a free-form definition of the mirror 
surfaces

• Preliminary STOP analysis

• Primary Mirror Technology Development Activity 
(TDA), on aluminum samples and PTM (M1 
technology demonstrator):
• Mirrors substrate thermal stabilization
• Machining and polishing
• Optical coating qualification
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150 mm samples being 
loaded in a cryochamber
(credit: G. Morgante/INAF 
OASBO)

Loading of the PTM in a 
cryochamber for testing 
(credit: CSL)

AFM image of coated sample
(Credit: CNR-IFN Padova)



Year 2 Summary of Activites – 1

Ariel Telescope and mirrors opto-mechanical analysis and design

Involvement in the following activities:

• Simulation of the effects of mirrors surface errors on the optical 
performance of the telescope, to set manufacturing tolerances

• Simulations of mechanical misalignments of the telescope mirrors to set  
ground alignment tolerances

• STOP analysis

• Preparation of the technical documentation for the Prime Contractor Tender 
for manufacturing of the Telescope (won by Leonardo S.p.A.)

• Planning and design of the tests to verify the thermal stabilization procedure 
on additional prototypes of the primary mirror
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Year 2 Summary of Activites – 2

Mirrors optical coating qualification and performance assessment

• Validation tests of the coating of the telescope primary mirror 
prototype. The coating had already been qualified on samples during 
the previous phase of the mission

• Analysis of the measurements and tests on the samples coated 
alongside the prototype mirror

• Building of a setup and procedures for review of samples reflectivity, 
to assess lifetime durability of the coating

• Evaluation of the expected end-of-life throughput performance of the 
telescope
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Telescope Opto-mechanical Analysis

Opto-mechanical design: integration of 
optics into mechanical structures to form 
an optical instrument, guaranteeing the 
shape and position of the surfaces of an 
optical system

STOP Analysis: analysis of Structural, 
Thermal and Optical Performance, the 
iterative analysis and design process to 
reach optical performance requirements 
from mechanical and optical design review
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Diagram of STOP Analysis process flow



Telescope Opto-mechanical Analysis

Statistical analysis of the effects of mirrors 
surface errors on the Telescope optical 
performance

• Each mirror represented as sum of Zernike 
polynomials

• Inverse sensitivity analysis to find initial 
tolerances

• MonteCarlo analysis with Zernike coefficients 
sampled randomly from initial tolerances

• Telescope performance (PSF Encircled Energy) 
computed for each random realization

• Statistical analysis of results
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Zernike polynomials on elliptical aperture (left) and 
coefficients from inverse sensitivy analysis (right)

Histograms of 
RMS distributions 
of MC realizations 
for each mirror



Telescope Opto-mechanical Analysis

Statistical simulation of the effects of 
mirrors displacements on Telescope 
optical performance

• Flight case: analysis of the effects of 
mirrors displacements during flight from 
MonteCarlo simulation

• Each case is optimized using 
compensators (M2 adjustment 
mechanism and line-of-sight tilt)

• Targets: Telescope performance (Encircled 
Energy), exit pupil displacement
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Ariel Telescope 
optical layout

Correlation matrix of tolerance parameters and 
performance targets 



Telescope Opto-mechanical Analysis

STOP Analysis

• Analysis of thermo-mechanical 
deformations of the Telescope 
assembly under various conditions 

• The deformations are then applied 
to the optical model to assess the 
impact on performance

• STOP Analysis results are then fed 
back to mechanical teams for 
design refinement
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Analysis of thermo-elastic 
deformation through FEM 
(top) and optical performance 
(bottom). Credit: Universidad 
Politecnica de Madrid, Centre 
Spatial de Liege



Telescope Opto-mechanical Analysis

Verification of the thermal stabilization procedure on the new 
prototypes of the primary mirror for phase B2 of the mission

• Continuation of the Technology Development Assessment program started 
during phase B1

• Two additional demonstrators of primary mirror manufacturing 
technologies
• Machining (Single Point Diamond Turning)

• Polishing

• Substrate thermal stabilization
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M1 Phase B2 Breadboard 
draft drawing (Credit: L. 
Carbonaro, INAF)



Optical Coating Qualification

Coating of the Primary Mirror demonstrator

• Verification of coating process consistency on 
samples

• Coating durability tests on the demonstrator
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Sample 14*

Sample 15*

Sample 16 ✓ ✓

Sample 18 ✓ ✓ ✓

Sample 19 ✓ ✓ ✓

Sample 20 ✓ ✓ ✓

PTM ✓

M1 Demonstrator and 
samples on the coating tray 
(Credit: CILAS Arianespace)

Adhesion test on the M1 
Demonstrator (Credit: 
MediaLario)

Coating test matrix



Telescope Throughput Model

Update of the Telescope throughput 
model

Evaluation of the expected end-of-life 
throughput performance of the 
telescope

• using measured reflectivity data from 
coating qualification

• scattering losses from surface roughness 
and particulate contamination

• absorption losses from molecular 
contamination
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Work on Other Missions

• Review of the opto-mechanical design and 
analysis of the Visible Channel of Metis1, and 
the Optical Head of EnVisS2.

• Design and development of a tool to 
automatically identify visible stars on Metis 
images from the commissioning phase. 
Estimation of WCS transformation sets to 
map image pixels to celestial coordinates 
from large collection of images. 

1 PI: Prof. Marco Romoli, Università degli Studi di Firenze, Italy

2 PI: Dr. Vania Da Deppo, CNR-IFN Padova, Italy
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Geometric calibration parameters for a 
series of Metis Images
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Conclusions

Next Steps

• Ongoing work on Telescope design, tolerance analysis and STOP 
analysis

• Phase B2 M1 prototypes manufacturing and testing

• Study of ageing in storage of coated samples for environmental 
stability

• Thesis writing
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