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IOTA + The Electron Lens

FIG. 2.  Electron lens scheme. Electrons, produced in a
thermionic source (1), travel with the circulating proton beam

()

The Integrable Optics Test
Accelerator (IOTA)

Stancari, G, et al. Beam physics research with the IOTA electron lens. Journal of Instrumentation, 16(05), PO5002.

Test Stand being researched at UChicago



UChicago Setup
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University of Chicago. 14th International Particle Accelerator Conference.



Thermionic Electron Source
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Planar Diode Model

p=V, = Ul o Strlsts




Neural Networks

o  Goal: approximating some unknown function

o Loss function: Defining what the function

needs to minimize

o Training: Adjusting weights to lower loss

Hidden Layers



Physics-Informed
Neural Networks

Small data @ Big data

Lots of physics Some physics

No physics

Karniadakis, G. E., Kevrekidis, I. G, Lu, L., Perdikaris, P, Wang, S., & Yang, L. (2021). Physics-informed

Data

Physics

machine learning. Nature Reviews Physics, 3(6), Article 6. https://doi.org/10.1038/542254-021-00314-5

Observational bias Inductive bias Learning bias

Symmetry Conservation laws Dynamics



Results: The PINN
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Results: The PINN
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Conclusion + Next Steps

KD
>

Takeaways

2
>

Future Focus

PINN model proof of concept demonstrated; will greatly speed
up simulation time

Model behaviour around x = O a notable issue

Generating data based on the thermionic source beam

Developing a PINN for the thermionic source

o Parameterize based on current density

Possible generalization to other accelerator components
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¢ Appendix: Planar Diode
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¢ Appendix: Loss Function
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k,, k, = constant coefficients (to weight the losses)

f=model output (J or ¢) based on weights and biases (6)



’ Appendix: Training Curves *
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’) Appendix: Training Curves ’)

train/loss
tag: train/loss

0.02

6e3 |

1e-3

5e-4 |

9e-5

4e5 |

8e-6 |

3e-6 !



Electric Potential (proportional)

1.2

1.0

0.8

0.6

0.4

0.2

0.0

K4

Analytical Function
Model Output

0.50
Distance (scaled)

0.75

1.00

aaaaaaaaaa

]
]

Electric Potential (proportional)

Appendix: Early Trials ’)

N

A7

[
20k

Analytical Function
Model Output

1072 10°
Distance (scaled)



¢  Appendix: IOTA Layout Y
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FIG. 1. IOTA ring layout. The lens will be installed in the
DR line with zero dispersion.



