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Toward a radiopure 
optical readout
Studies for low radioactivity cameras and optics



• Photo camera and optics 
are among the dominant 
contributions to the 
expected electron recoil 
background in CYGNO


• Background from camera 
and optics cannot be 
reduced with a passive 
shielding


- dedicated R&D is needed

Background contributions
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• The components of a Teledyne BS Prime camera have been 
singularly analyzed


- Dominant contributions from some mechanics (easy to replace) but, 
mostly, from the CMOS sensor

Photo camera radioactivity



• Further investigations indicate that all cooled CMOS sensors 
show a 3-4 Bq from 40K, but it comes from the protective glass 
avoiding water condensation due to the sensor cooling


- a possible solution by providing the manufacturer a low-radioactivity 
protection window to be mounted on the sensor (at least Teledyne 
seems collaborative on this idea)

Photo camera radioactivity



• Radioactivity in the optics come from the glasses used to 
produce the lenses


• High purity glasses by Heraeus (Suprasil, etc.) have been proved 
to be suitable for building radiopure optical windows for low-
background experiments (e.g. CUORE)


• Unfortunately, all Heraeus glasses share the same optical 
properties, while suppressing achromaticity and other 
distortions require many materials with different properties to 
be used together 

• the LOBRE S.r.l. company (Brescia, Italy) agreed to perform 
some feasibility study, considering PMMA and polycarbonate 
as additional materials

Optics radioactivity



Optics specifications



• A report was produced by LOBRE, proposing an optical scheme 
with 12 lenses and a total length of 390 mm


• On paper, all specs can be met with an acceptable optical 
performance

The Lobre report



• The LOBRE report (costed 6.1 k€ in 2022) is not conclusive 
concerning the technical feasibility of the optics (possibility to 
meet the required mechanical tolerances, etc.)


• A second study (15 k€ + VAT) has been commissioned, for an 
executive design including the analysis of the mechanical 
tolerances


• Total cost can be an issue:


• a first estimate was discouraging (up to 72 k€ + VAT for a single 
prototype, 30-40 k€ +VAT per unit in the final production)


• the company investigated alternative machining techniques that could 
reduce significantly the costs -> 2 single-lens prototypes have been 
commissioned (6 k€ + VAT) to check if the required tolerances can be 
met on PMMA and PC

Next steps


