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Abstract: The optical design and the tolerance analysis of a 400mm-aperture, f/3, three-mirror 
freeform telescope for the MESSIER surveyor mission is presented. Due to its linear-astigmatism-
free characteristic, the telescope provides a wide field of view. Also, the tolerance analysis 
indicates the manufacturing and the alignment of the telescope is achievable. 

 
1. Introduction 

The MESSIER surveyor mission is a small space mission to survey extremely low surface brightness universe at 
wavelength range from 200nm to 1000nm [1]. Since a low PSF wing level is important, an obstruction-free optics 
is essential for this mission. Also, an all-reflective telescope with a wide field of view is desirable because 
scattering problem related lens systems can be avoided. Considering all these requirements, a linear-astigmatism-
free three-mirror freeform telescope design was selected for the mission [2]. 

 
2. Optical design 

Figure 1 shows the side view of the telescope and the RMS spot size over a 4.5° x 1.5° field of view. The aperture 
diameter and the focal ratio of the telescope are 400mm and f/3, respectively. The aperture stop is located at M2 
and the optical design satisfied the linear-astigmatism-free condition [3]. All three mirrors are freeform and 
symmetric with respect to the plane of paper. 

 

 
Figure 1. Side view and RMS spot diameter of the MESSIER telescope. 

ITh2A.6 Design 2021 © OSA 2021



3. Tolerance analysis 

Sensitivity analysis result is shown in table 1. Also, Fig. 2 shows Monte-Carlo simulation result. The requirement 
for the analysis is 80% encircled energy diameter less than 10 micrometers.  

 
Table 1. Sensitivity analysis result of the MESSIER telescope 

 

Parameter Tolerance Limit Parameter Tolerance Limit Parameter Tolerance Limit 

M1 tilt ±0.290 arcmin M3 tilt ±0.618 arcmin M3 y-decenter ±0.296 mm 

M1 tilt ±0.312 arcmin M3 tilt ±4.388 arcmin M1-M2 despace ±0.711 mm 

M1 tilt ±1.074 arcmin M1 x-decenter ±0.107 mm M2-M3 despace > ±1 mm 

M2 tilt ±2.073 arcmin M1 y-decenter ±0.109 mm M1 surface error 0.121 μm RMS 

M2 tilt ±2.090 arcmin M2 x-decenter ±0.157 mm M2 surface error 0.080 μm RMS 

M2 tilt ±1.229 arcmin M2 y-decenter ±0.159 mm M3 surface error 0.150 μm RMS 

M3 tilt ±0.598 arcmin M3 x-decenter ±0.284 mm   

 

 
Figure 2. Monte-Carlo simulation result of the MESSIER telescope. 
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