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CERN maintains a dense and diverse physics programme with numerous experiments requiring a broad spec-
trum of beam types to be produced and provided by the accelerator chain. This combined with the requests for
higher beam intensities and smaller emittances at an overall better beam quality makes accelerator operation
more and more challenging. The way forward is to exploit automation techniques and improved modelling
to boost machine flexibility, availability, and beam reproducibility.

Ideally, one would realise optimisation based on closed-form physics models. However, these are not always
available or exploitable. One possible workaround is to rely instead on sample-efficient optimisation algo-
rithms. Sample efficiency is key here given the cost of beam time and the impact on the physics experiments
during machine setting up.

This contribution introduces various sample-efficient optimisation algorithms and demonstrates their appli-
cation to accelerator operation at CERN. Among others, numerical optimisation and diverse reinforcement
learning algorithms, including model-free and model-based variants as well as energy-based models employ-
ing quantum annealing, are discussed together with their application to beam steering tasks, beam optics
matching, noise cancellation, or radio-frequency parameter tuning for CERN’s accelerator complex.

Another stream of research is modelling hysteresis, eddy currents, complicated magnetic structures, such as
the pole-face windings in the CERN Proton Synchrotron and many more with their impact on beam using
machine learning techniques, and to build inverse models in a second step to control the accelerators. The
first results of this endeavour will also be presented.

Authors: SCHENK, Michael (CERN); KAIN, Verena (CERN)

Co-authors: GODDARD, Brennan (CERN); FERNANDEZ-COMBARROALVAREZ, Elias; VELOTTI, Francesco
Maria (CERN); VALENTINO,Gianluca (University ofMalta (MT)); ZEVIDELLAPORTA,Giovanni (CERN); WULFF,
Joel Axel (Lund University (SE)); LI, Kevin Shing Bruce (CERN); GRECH, Leander (University of Malta (MT)); Dr
GROSSI, Michele (CERN); POPA, Mircea-Marian (University Politehnica of Bucharest (RO)); Mr MADYSA, Nico
(CERN); BRUCHON, Niky (CERN); HIRLAENDER, Simon (IDA Lab, University of Salzburg (A)); DrVALLECORSA,
Sofia (CERN)

Presenter: SCHENK, Michael (CERN)

Session Classification: Applications in Particle Physics

Track Classification: Particle Physics


