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Data sampling
● Sampling of in total 40.000 simulations using 

ASTRA with the parameters in the table below

● Bold parameters are varied within given ranges

● Code published on Zenodo



  

First Model: AutoEncoder

Normalized slice charge densities:

Input-Output pairs:

Loss:



  

AutoEncoder: Evaluation



  

Problem,: Similar samples



  

Similar samples 
We might need more phase space information
Idea*: slice emittance alone is insufficient to fully describe the slice phase spaces. 
So the data needs to be enriched with more information, which can be done by

(1) adding 2 out of three twiss parameters per slice

→ Would triple input dimensionality 

(2) adding the mismatch parameter for the i-th slice

→ Would double input dimensionality

*Credits to Xiangkun from PITZ for the idea Mismatch parameter



  

Improvements with misalignment

(1) Faster convergence in training 
and final MSE train error reduced 
by 1 order (~10-4)

(2) Neglectable error difference 
between results on 20 and 40 slices

(3) Improved parameter predictions

(4) Reduction of encoder complexity
Before: 488.900 parameters
Now: 235.364 parameters

(1) (2)

(3)

L1 encoding error per input parameter on test set. 
Left: without misalignment (N=40). Right: with misalignment (N=20) 

Conditions:
● Encoder architecture fixed
● Data with and without misalignment

parameter
● Input dimension 80 vs 120/60



  

Ansatz: Experiment with Variational Auto Encoder (VAE) models

β-VAE Objective:

Figures from https://mbernste.github.io/posts/vae/

⋅β 



  

My December



  

VAE Experiments – Latent Space



  

VAE Experiments – Latent Space

TSNE projections of the trained VAE’s latent space for betas (l.t.r.)
 1.9E-4, 3.9E-6, 3.9E-7



  

Reconstruction Results

VAE



  

My VAE 
experiment
covers this

To be 
done still



  

Next Steps (1)

Pulse shaping in close collaboration with Denis

ML starting point:



  

Next Steps (2)
● Preprocessing of experimental data by student 

assistant (starting tomorrow)
● Some experimental data samples available 

already
● Start with benchmarking on exp. data



  

Actual

Now
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