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Abstract: A previous experiment [1] has shown that the use of two colliding pulses in a collinear geometry [2] 
can produce a stable source of electrons that is also easily tunable in energy.  
 
We report here results of recent experiments [3] with two laser beams colliding with an angle, thus having the 
advantage of protecting the laser system from any feedback. It not only confirms those earlier results but also 
proves that the charge and energy spread of the beam are also controllable independently of its energy.  
 
Phase space volume of the injected particles can indeed be varied independently of the main accelerating 
structure, by changing the intensity or the polarization of the injection pulse. Charge can therefore be controlled 
together with the energy spread of the beam. Energy spread of the beam can also be reduced by changing the 
ratio between injection phase width and plasma wavelength. The good agreement between PIC simulations and 
experimental observations indicates that all the physical processes are well understood.  
 
By adjusting the charge loaded in the wakefield, we have been able to observe experimentally, for the first time 
to our knowledge, the “beam loading” effect. Beam loading is of crucial importance because it is the 
phenomenon which limits the charge and the beam quality in plasma based accelerators [4]. In our experiment, 
beam loading manifests itself through the decrease of the electron beam energy, the reduction of dark current and 
the increase of the energy spread for large beam charge [5]. 3D PIC simulations are compared to the 
experimental results and confirm the effects of beam loading. It is found that, in our experimental conditions, the 
trapped electron beams generate decelerating fields on the order of 1 GV/m/pC and that beam loading effects are 
optimized for trapped charges of about 20 pC.  
 
This first stable and fully tunable source is a major step towards a usable source of electrons generated by laser-
plasma accelerators and for the design of future accelerators [6]. The first application of this source has been the 
fine characterization of the electron spectrum with a high resolution spectrometer which shows a relative energy 
spread in the 1% level [7]. The second being a detailed study of the beam loading which shows that optimum 
current of few tens of kA are suitable to achieve high quality electron beam. 
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