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Recently, multi-pulse ionization injection schemes such as the Two-Color [1] and the Resonant 

Multi-Pulse Ionization Injection (ReMPI) [2] were conceived and numerically tested. Those 

techniques are able to generate ultra-bright electron beams with unprecedented transverse quality in 

pure laser wakefield acceleration. In any ionization injection scheme proposed so far, a linear 

polarization is selected for the laser pulse devoted to the electron extraction by field ionization. The 

linear polarization, in fact, minimizes the particle transverse momentum after the interaction with the 

laser, thus offering the possibility to achieve the lowest possible emittance. As a result, the emittance 

along the pulse polarization direction results much higher than its component in the perpendicular 

direction, where the field amplitude is negligible. This asymmetry of the transverse momentum 

distribution evolves in an asymmetry of the beam spatial distribution, which drives detrimental 

effects during the beam acceleration in the plasma, its defocusing in the subsequent exit downramp 

and (eventually) in the downstream magnetic transport beamline. 

We show, by means of analytical results and numerical simulations, that axially symmetric electron 

beams can indeed be obtained in high-quality multi-pulse ionization injection schemes, providing 

that an overlapping between two perpendicularly polarised pulses of different wavelengths is 

foreseen. We also show that if the long-wavelength (wave-driver) pulse do partially overlap with the 

short-wavelength perpendicularly polarized (ionization) pulse, a matched condition exists in which 

the rms momenta along the two perpendicular direction are equal. An additional, low-amplitude 

long-wavelength pulse can be added in the case of not adequate overlapping between the driver and 

the ionization pulses. 
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