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Introduction: Coherent Transition Radiation

Transition Radiation (TR) is emitted when charged particle passesﬂ o

from one medium into another with different index of refractive. /4 /‘ S
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in the near field (imaged by a lens system): in the near field:
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TR becomes coherent and detectable when multiple electron radiate

Both far-field and near-field CTR measurements contain the phase-
in phase. i.e. microbunching -> optical range

space information of electron bunches.
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Introduction: Experimental setup
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Results & analysis: Reconstruction pipeline

electron bunch representation:

A set of macroparticles {p;,i = 1,2, ...,n}. Each p; = (x;, Vi, Z;, qi, Vi)-

The reconstruction algorithm finds best set of (x;,y;,z;), to
Initial
simultaneously minimize the loss function, defined by \ (0, v 2:) /
[RAP AR A

Loss = a[CTR;(k,x,y) — CTRy(k, x, 3’)]2 + BlIF; (k)| — |Fo(k)|]2 Theoretical calculation
_which is the difference between measured and reconstructed Predicted CTR and Observed CTR and
|F (k) |F (k)
1. Multi-A CTR images \/
2. form factor |F (k)| Loss ] < threShC"dE/ Reconstructed
Here q; = Q/N, Q is total charge measured by the e- spectrometer, y; Function J Converged! \ X0 Vi Zi}
is the Lorentz factor, whose distribution is measured by the e- Optimizer
(gradient descent)"

magnetic spectrometer.
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Results & analysis: Reconstruction result
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Results & analysis: Uniqueness discussion

K-means Clustering (K=4) in 2D Voxel Latent Space
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We generate ~1000 solutions, classify them into four groups
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using principal component analysis and K-means clustering

algorithm.
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Results & analysis: all-optical approach
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An estimation of total charge can be derived from reconstruction

performance analysis.



Results & analysis: Generative Neural Network

(differentiable simulation)
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Conclusion & outlook: into higher phase space & NNs

We performed our second-generation CTR experiments:

* More A-resolved CTR images & CTR spectrum (450-750nm)
* Quasi-real-time reconstruction

e All optical approach

* Generative neural network

* PINN
‘ Higher-dimensional phase space
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Interferometry of two COTR sources contains the information of beam divergence.
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