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High-brightness electron beams are crucial for tremendous scientific applications, such as linear colliders,
free-electron lasers (FEL) and accelerator-based coherent terahertz (THz) radiation sources. For these appli-
cations, precise manipulation of the beam longitudinal phase space (LPS), namely shaping the beam temporal
and energy profiles, is of great importance. Here we present a novel method for tailoring the beam LPS by
means of self-generated plasma wakefields. Physically, the passage of the beam through a plasma section ex-
cites a strong longitudinal wakefield that acts to remove or imprint any time-energy correlation. Based on this
solution, we experimentally demonstrate that a plasma-based passive “dechirper” can be utilized to remove
the beam’s linear energy chirp, leading to a tenfold reduction in the beam energy spread. Additionally, we
demonstrate that by properly adjusting the density, the plasma can also act as a tunable “linearizer” to signif-
icantly compensate for the nonlinear energy chirp imprinted on the beam, resulting in a fourfold reduction
in energy spread. Furthermore, we propose that a plasma-based “modulator” can also imprint a sawtooth pe-
riodic energy modulation on the beam. Such energy modulation is then effectively converted into the beam
density modulation by means of magnetic optics, forming micro-bunches with tunable picosecond spacing
and a bunching factor as high as 0.8, which can be used to produce narrowband THz radiation with ener-
gies ranging from mJ to 10 mJ. These plasma-based advanced LPS manipulation techniques will significantly
improve the performance of accelerator-based scientific facilities.
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