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Structure of talk

Idea Formalism Results



Idea





Can we go the other 
way around?!



Knowledge of DM 
distribution!



Training phase

Real-data phase



Formalism







Geodesic deviation



Geodesic deviation

leading-order screen-space
derivatives

convergence+ shear

Shear + 
flexion+2.flexion+…inf



Geodesic deviation

leading-order screen-space
derivatives

Roulette formalism



Solution via series expansion

Our job is therefore to determine αm
s , βm

s , ᾱm
s , β̄m

s





Determine these by machine learning!







Results



Theory Simulator

Machine learning

Visualisation tool

Clarkson (2016): Roulette theory

Normann & Clarkson (2020): Recursion relations

Normann, Schaatun, Solevåg-Hoti (2022): 
diversity of  theoretical results

Schaatun, Normann, et al. (2023): 
Simulation

bachelor thesis 
(2022)

bachelor thesis 
(2023)

Schaatun, Normann, Solevåg-Hoti (2023): 
On mapping DM

Results



Visualisation tool





Visualisation tool



Visualisation tool



ML



MACHINE LEARNING

Centering

Lens & source parameters

Ray-trace simulation

Roulette calc.

Amplitudes

Images

Roulette simulation Roulette images

ML-modell

Estimated amplitudes

Roulette simulation Estimated 
image

ψ̂ (x, y)

Evaluation

Validation

ML-training ML-prediction Function fitting

Reference imageCentering

Cannonical image

Real images



MACHINE LEARNING

Ray-trace Roulette

ML

Ray-trace Roulette

ML



MACHINE LEARNING



MACHINE LEARNING



MACHINE LEARNING

Learning rate to high!



Future work

Theory Visualisation ML

Roulette 2.0

Cluster lenses

Critical curves / caustics

systematics

Real data



Thank you for your 
attention!
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