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Redoing optical simulations for the LION 
beamline experimental conditions

What is the sensitivity of the liquid scintillator imaging system 
to realistic lens and assembly tolerances?

Using Ansys ZEMAX OpticStudio (premium) 2024R1.00



Lens tolerances and lens tube thread details

Worst case tolerance of lateral fit of lens to tube = 0.78 mm



Zemax lens tolerances

Worst case tolerance of lateral fit of lens to tube = 0.78 mm



Zemax tolerance analysis setup

Wavelength = 440 nm
Minimise rms spot radius, use paraxial focus as compensator;

Made 50 MC runs and assumed a normal distribution of deviations.

Only this part has tolerances > 0



Zemax tolerance analysis

Wavelength = 440 nm, on-axis field, dimensions in [mm]



Zemax tolerance analysis – encircled energy

Wavelength = 440 nm



Zemax tolerance analysis – line spread

Wavelength = 440 nm

Field = 3.0 mm off-
axis



Zemax tolerance analysis – spot diagrams

Wavelength = polychromatic, 
only 20 MC runs, worst case 
shown.

Scale bar = 250 m

Fields at 0.0, 1.0 and 3.0 mm



Further work

I think we have a good idea already what the effects of realistic 
tolerances are on some aspects of image quality from this study.

In the previous worst case (1 run from 20) the image centre from a 
point source can be more than 0.5 mm away from the assumed optical 
(camera) centre.

Understand the effect of ideal but laterally shifted optics on the imaging 
of a uniform cylindrical light source using full Non-sequential raytracing.

As above but with worst MC data from sequential tolerancing.

More work needed to check these initial conclusions/trends.
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