
 

New machine learning tool diagnoses electron
beams in an efficient, non-invasive way
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Artistic representation of a neural network superimposed on an electron beam
profile. Credit: Adi Hanuka/SLAC National Accelerator Laboratory
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Beams of accelerated electrons power electron microscopes, X-ray
lasers, medical accelerators and other devices. To optimize the
performance of these applications, operators must be able to analyze the
quality of the beams and adjust them as needed.

For the past few years, researchers at the Department of Energy's SLAC
National Accelerator Laboratory have been developing "virtual
diagnostics" that use machine learning to obtain crucial information
about beam quality in an efficient, non-invasive way. Now, a new virtual
diagnostic approach, published in Scientific Reports, incorporates
additional information about the beam that allows the method to work in
situations where conventional diagnostics have failed.

"Our method can be used to diagnose virtually any machine that uses
electron beams, whether it's an electron microscope for imaging of
ultrasmall objects or a medical accelerator used in cancer therapy," said
SLAC research associate Adi Hanuka, who led the study.

Conventional beam diagnostics are physical devices that need to interact
with the beam to measure its properties, such as intensity and shape. This
interaction often destroys or alters the beam or requires its deflection, so
it cannot be used at the same time for the actual application. Technical
limitations also prevent accurate measurements in some cases, for
instance when the beam's electron pulses are fired at a very high rate or
are very intense.

The new method has none of these limitations because it is not a physical
device. Instead, it uses a neural network—a machine learning algorithm
inspired by the neural network of the brain. Once the SLAC team had
trained the neural network on data taken with the lab's particle
accelerators, the algorithm was able to accurately predict beam
properties for experimental situations.
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https://phys.org/tags/electron+microscope/
https://phys.org/tags/accelerator/
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SLAC research associate Adi Hanuka led the development of a new virtual
diagnostic tool, a machine learning algorithm that can help optimize the
performance of X-ray lasers, electron microscopes, medical accelerators and
other devices that depend on high-quality electron beams. Credit: Efrat Eshel

The researchers demonstrated the method by comparing its predictions
with experimental and simulated data for the electron beams of the
Linac Coherent Light Source (LCLS) X-ray laser, its future upgrade
LCLS-II, and the recently upgraded Facility for Advanced Accelerator
Experimental Tests (FACET-II), three DOE Office of Science user
facilities at SLAC.

In particular, the results show that the machine learning approach helps
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in situations that are beyond the capabilities of conventional tools. In the
case of LCLS-II, for example, the neural network can provide detailed
information about each of the million electron pulses per second the
machine will produce—an unprecedented pulse rate that exceeds the
limits of present diagnostic technology. Virtual diagnostics can also
provide accurate information about FACET-II's high-intensity beam,
which is challenging to analyze with physical devices.

  More information: A. Hanuka et al, Accurate and confident
prediction of electron beam longitudinal properties using spectral virtual
diagnostics, Scientific Reports (2021). DOI:
10.1038/s41598-021-82473-0
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