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Laser-driven relativistically transparent plasmas – normally opaque, overdense plasmas that become 

transparent to the driving laser due to relativistic effect – promise compact, efficient particle (ion and 

neutron) and radiation (x-ray) sources. However, the existing studies have mostly focused on these 

secondary sources leaving their primary driver i.e. the direct laser-electron coupling in relativistically 

transparent plasmas least understood. Here, by irradiating ultra-thin nanometer foils with a unique 

second-harmonic, high-contrast, petawatt-class laser pulse, we experimentally demonstrate significantly 

enhanced electron acceleration in relativistically transparent plasmas proportional to the amount of laser 

transmission in contrast to the dense opaque plasmas. The resulting electron beam also displays a unique 

doughnut-shaped profile consistent with the divergence of the transmitted laser (Fig. 1). Numerical 

simulations uncover a multi-stage fast electron dynamics modulated by the onset of relativistic 

transparency. Shortly before the relativistic transparency turns on, the electrons undergo a phase-space 

rotation extracting sufficient energy from the interfering incident and plasma-reflected laser waves to 

overcome the rear plasma-sheath barrier. Subsequently, they get injected into the transmitted laser pulse 

acquiring an additional energy boost and the doughnut-like beam profile from the ensuing vacuum laser 

acceleration. With the in-depth understanding of this fundamental laser-plasma process, further 

developments of compact laser-based sources may become possible. 

 

 

Figure 1. Conceptual illustration of MeV electrons from nm foils undergoing relativistic transparency. A 

400nm, 50fs laser pulse (intensity of              ) irradiates ultrathin, nanometer targets at normal 



incidence. An optical fiber, positioned at the laser beam center, collects a small portion of the light reflected from 

the target (inset ‘a’). The transmitted laser beam is captured by a calibrated MACOR sheet and used as a 

calorimeter. The electrons, shown by tiny spheres, gain energy while co-propagating with the transmitted laser 

pulse, as indicated by a change of their color from blue-to-red. During propagation, the low energy electrons are 

deflected away from the central laser-axis by the ponderomotive force of the transmitted laser pulse. An electron 

spectrometer measures kinetic energy spectrum of the on-axis electrons as they pass through a hole in the MACOR 

sheet (raw trace shown in the inset ‘c’). The spatial profile of the electron beam (inset b) is captured by replacing 

MACOR with a stack of image-plates (IP-stack). 

 

 

 


