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The progress and use of laser-plasma accelerators in many applications depends substantially on the possibility to provide extended quasi-monoenergetic acceleration of short electron bunches to high energies. One of the possible approaches to produce stable and controllable acceleration of electrons is based on the external injection of electron bunches into the wakefield generated in a moderately nonlinear regime by a short intense laser pulse propagating in guiding structures, such as a plasma channel or a gas filled capillary waveguide.
The inhomogeneity of a comparatively short-wavelength laser wakefield tends to increase the energy spread of finite length electron bunches, but at the same time it can lead to the effects of electron bunching in energy distribution and in space. To produce monoenergetic, low emittance acceleration of electron bunches the bunch sizes have to be much smaller than the wavelength of the accelerating wakefield. Existing electron injectors, such as photocathode radio-frequency guns producing electron bunches with a duration of the order of one picosecond, do not fit these requirements, especially for the wakefield driven by femtosecond short wavelength solid state lasers. Even the shortest bunches of lengths of about a few tens of microns, which can be delivered by state-of-the-art photo-injectors, are comparable in length with the plasma wave length of the wake field generated by one micron wavelength lasers. That is why the problem of the electron bunch compression in the wakefield before its acceleration is an important current task in order to get high quality accelerated electron bunches. 

In this work, a possibility to produce a single high energy electron bunch of submicron size with low energy spread and emittance is analyzed. We investigate the proposed scheme of injection of a low energy bunch in front of the laser pulse, which can provide so effective bunch compression that the electron bunches, with lengths of the order of several tens of microns, delivered by electron photo-injectors, can be compressed down to submicron lengths and even to subfemtosecond durations. Accelerated in the same wakefield to high energies, these single short electron bunches are of the highest interest, for example, for electron microscopy with attosecond resolution or for the generation of attosecond x-ray pulses. 
The compression and acceleration of an external electron bunch into the laser wakefield was studied using 3D modelling with the LAPLAC code and compared to analytical predictions. It was shown, for a normalized laser amplitude of 1.4 in a plasma channel, that the nonlinear laser pulse dynamics together with the finite laser spot size influence the electron bunch compression and acceleration due to the reduction of the laser pulse group velocity. The transverse electron bunch dynamics due to the bunch emittance, radial forces of the wake, plasma lens effect, and also loading effect are important and determine the final electron bunch density and charge, which can restrict considerably the compressed sizes of the trapped and accelerated bunch. The dynamics of the electron bunch were illustrated with a set of realistic parameters where the accelerated bunch acquires an energy of the order of 2 GeV, and 1% energy spread with sub-micron sizes. 
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