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Single-Shot Reconstruction of Electron Beam
Phase-Space in a Laser Wakefield Accelerator

Thursday, 10 November 2022 13:30 (20 minutes)

We report on a single-shot longitudinal phase-space reconstruction diagnostic for an electron beam in a laser
wakefield accelerator via the experimental observation of distinct periodic modulations in the angularly re-
solved spectrum. Such modulated angular spectra arise as a result of the direct interaction between the ultra-
relativistic electron beam and the laser driver in the presence of the plasma wakefield. A constrained theoret-
ical model for the coupled oscillator, assisted by a machine learning algorithm, can recreate the experimental
electron spectra, and thus fully reconstructs the phase-space distribution of the electron beam. In particu-
lar, it reveals the slice energy-spread of the electron beam, which is important to measure for applications
such as XFELs. In our experiment, the root-mean-square slice energy spread retrieved is bounded at 17 MeV,
corresponding to 1.7-4.2% relative spread, despite the overall GeV energy beam having ~100% relative energy
spread.

Acknowledgments

Primary authors: MA, Yong (University of Michigan); STREETER, Matthew J.V. (Imperial College Lon-
don); ALBERT, Felicie (Lawrence Livermore National Laboratory); BOURGEOIS, Nicolas (Central Laser Facil-
ity); CIPICCIA, Silvia (Diamond Light Source); COLE, Jason M. (Imperial College London); DANN, Stephen J.
D. (Central Laser Facility); GERSTMAYR, Elias (Imperial College London); GONZALEZ, Isabel G. (Lund Univer-
sity); HIGGINBOTHAM, Andrew (University of York); HUSSEIN, Amina E. (University of Michigan); JAROSZYN-
SKI, Dino A. (University of Strathclyde); FALK, Katerina (Helmholtz-Zentrum Dresden-Rossendorf); KETTLE,
Brendan (Imperial College London); KRUSHELNICK, Karl (University of Michigan); LEMOS, Nuno (Lawrence
Livermore National Laboratory); LOPES, Nelson C. (Imperial College London); LUMSDEN, Caroline (University
of York); LUNDH, Olle (Lund University); MANGLES, Stuart P. D. (Imperial College London); MILLER, Kyle
(UCLA); MORI, Warren (UCLA); NAJMUDIN, Zulfikar (Imperial College London); QIAN, Qian (University of
Michigan); RAJEEV, Pattathil. P. (Central Laser Facility); SEIPT, Daniel (Helmholtz Institut Jena); SHAHZAD,
Mohammed (University of Strathclyde); SMID, Michal (ELI Beamlines); ROMAN, Spesyvtsev (University of Strath-
clyde); SYMES, Dan R. (Central Laser Facility); VIEUX, Gregory (University of Strathclyde); WILLINGALE, Louise
(University of Michigan); WOOD, Jonathan C. (Imperial College London); THOMAS, Alec G. R. (University of
Michigan)

Presenter: MA, Yong (University of Michigan)

Session Classification: WG1: Laser-Plasma Wakefield Acceleration

Track Classification: Working Group Parallel Sessions: WG1 Oral: Laser-Plasma Wakefield Acceler-
ation



