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Plasma undulators have been considered as insertion devices for emission of incoherent 

extreme ultraviolet (XUV) and X-ray radiation. The typically broad radiation bandwidth of 

such devices limits the source brightness and makes it difficult for the free-electron laser 

(FEL) instability to develop. In this work, using multi-dimensional electromagnetic 

particle-in-cell (PIC) simulations, we demonstrate that a plasma undulator generated by the 

beating of a mixture of high-order laser modes propagating inside a plasma channel, leads to 

a few percent radiation bandwidth. The strength of the undulator can reach unity, the period 

can be less than a millimeter, and the total number of undulator periods, which is generally 

limited by the phase slippage, can be significantly increased by a phase locking technique 

based on the longitudinal density modulation. Polarization control of such an undulator can 

be easily achieved by appropriately choosing the phase of the laser modes. According to 

analytical estimates and simulations, in the fully beam loaded regime, the electron current in 

the plasma undulator can reach 0.3~kA level, making such an undulator a potential candidate 

towards a table-top FEL. 

 
Fig. 1. (Left) Schematic of the plasma channel undulator. Three y-polarized Hermite-Gaussian modes 

propagate in a matched parabolic plasma channel. The profile of the total intensity oscillates with a wavelength 

proportional to the Rayleigh length of the pulse. The focusing fields of the induced plasma wakefield serve as an 

undulator. Electrons injected into the wakefield will experience undulator oscillations and emit bright radiation. 

(Right) The on-axis radiation spectra of the electron beam with taper and without taper using modes m0 = 0 and 

m1 = 1. The green dashed line corresponds to the case of the modes m0 = 0 and m1 = 3 with taper.  
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