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Abstract

In recent years, the advancement of electron synchrotron light sources has been crucial for synchrotron
radiation users. Improving electron beam qualities, such as stability and intensity, has been key to
generating high-brightness photon beams. To achieve a brighter photon beam, electron synchrotron
accelerators have been undergoing significant design changes. A critical aspect of their design is precise
control of particle trajectories and correction of errors to achieve a stable electron beam and,
consequently, a high-intensity photon beam. One interesting approach in this field is the use of neural
networks to correct the electron beam position in the storage ring, a process known as beam control. In
this study, a convolutional neural network model has been developed for the first time to control the
ELETTRA 2.0 storage ring, a synchrotron light source in Italy. The performance of this model, based on
machine learning techniques, is approximately 6% better than the ISVD method, while also
demonstrating high robustness to real-world data.

Keywords: Machine learning, Convolutional neural network, Artificial neural controller, Orbit control,
Elettra 2.0 storage ring
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1. Machine Learning (ML)

2. Computer Vision

3. Natural Language Processing
4. Bending Magnet

5. Undulator

6. Wiggler

7. Beam Position Monitor (BPM)
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7. Dispersion
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1. Kicker

2. Focusing Quadrupole Magnet
3. Defocusing Quadrupole Magnet
4. Chromaticity

5. B (Beta Function)

6. Twiss Parameters
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1. Iterative Singular Value Decomposition (ISVD)
2. Support Vector Machine
3. Random Forest
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7. Mean Squared Error (MSE)
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9. Closed-Loop Control Systems (CLCS)
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4. Trained

5. Normal Mean Absolute Error (NMAE)

6. Support Vector Regression (SVR)

7. Kernel Functions
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1. Artificial Neural Controller (ANN)
2. Rectified Linear Unit (ReLU)
3. Max Pooling
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