
Guided Electromagnetic Discharge Pulses Driven by
Short Intense Laser Pulses

M. Ehret1, Ph. Bradford2, M. Bailly-Grandvaux2,
H. Ahmed4, J.I. Apiñaniz1,  T. Chodukowski5, A. Curcio1, A. Huerta1, M. Krupka6,
R. Lera1, A. Morabito1, A. Morace3, P. Puyuelo Valdés1, M. Rosiński5, Z. Rusiniak5,

A. Shubham6, Ch. Vlachos2, I.M. Vladisavlevici7, N. Bukharskii11, J.-L. Dubois2,
E. d’Humières2, K. Matveevskii8, M.O. Cernaianu12, D. Ursescu12, D. de Luis1,

G. Schaumann9, T. Pisarczyk5, N. C. Woolsey10, and G. Gatti1, Ph. Korneev11, J. Santos2

1 CLPU (Centro de Láseres Pulsados), Villamayor, Spain
2 Univ. Bordeaux, CNRS, CEA, CELIA (Centre Lasers Intenses et Applications),

UMR 5107, Talence, France
3 Institute of Laser Engineering (ILE), Osaka University, Osaka, Japan

4 Science and Technology Facilities Council (STFC) Rutherford Appleton Laboratory, Didcot, UK
5 Institute of Plasma Physics and Laser Microfusion (IFPiLM), Warszawa, Poland

6 Prague Asterix Laser System (PALS), Praha, Czech Republic
7 ICAM, West University of Timisoara, Timisoara, Romania

8 University of Twente, Enschede, the Netherlands
9 Institut für Kernphysik, Technische Universität Darmstadt, Darmstadt, Germany

10 Dept of Physics, York Plasma Institute, University of York, Heslington, UK
11 independent researcher

12 Extreme Light Infrastructure-Nuclear Physics (ELI-NP), 'Horia Hulubei' National R&D Institute
for Physics and Nuclear Engineering (IFIN-HH), Măgurele, Romania

mehret@clpu.es

We present a new set of data on the controlled generation of strong electromagnetic fields
from laser-plasma interactions, in particular those streaming along a guiding structure
within a solid density target.
The transient electromagnetic fields are driven by ultra-intense sub-ps laser pulses of
several tens of Joule at intensities above 1019 W/cm2. We review previous work on the
matter and unify two fields of research that, until recently, have been investigated
separately: discharge pulses and longer time-scale return currents. We present new details
of discharge pulses with 10s of ps FWHM and kA amplitudes. Experimental data are
compared to a novel model [1] able to describe the dispersion relation of electromagnetic
discharge pulses.
The results are relevant for many applications in science and technology, e.g. the
controlled generation of THz radiation [2, 3]. Successive return currents of similar
amplitude but longer pulse duration can be used as a quasi-static source of electromagnetic
fields in high power laser experiments [4], a key technology for the phase-space
modulation in laser-driven accelerators and laboratory astrophysics studies relying on
magnetised plasma. Our description of the dynamics of pulsed currents will enable the
development of new platforms.
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