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High-intensity X-ray sources are essential diagnostic tools for science, technology and medicine.

Such X-ray sources can be produced in laser-plasma accelerators, where electrons emit short-

wavelength radiation due to their betatron oscillations in the plasma wake of a laser pulse. In this

contribution, we demonstrate, through particle-in-cell simulations and radiation post-processing

that a train of sub-femtosecond pulses of X-ray betatron radiation can be emitted by a spatially

modulated relativistic electron bunch within the laser wakefield acceleration process.

0 5 10
0

1

2

3

0

0.5

1

1.5

2

10
-19

λd = λm/3, a0,m=0.2

Figure 1: Betatron radiation pulse train.

The modulation is achieved by the interaction of

the trapped electron bunch with a co-propagating

laser beam which drives the betatron oscillations

because the transverse electric field of the modula-

tor dominates over the transverse field of the wake

wave. As a result, the accelerated electron bunch is

micro-bunched. Its density spikes positions corres-

pond to the vortexes of the betatron oscillations of single electrons. It means that the betatron

radiation is continuously emitted by the set of microbunches separated by the factor of the half

of the modulator pulse wavelength. Such a feature is then imprinted in the temporal profile of

the emitted X-ray pulse. Figure 1 shows the example of the radiation spectrogram where the

modulator pulse is of the third harmonic frequency of a Ti:sapphire laser. The distance between

pulses within the train is set by the wavelength of the modulator pulse; it is 440 as in this case.

The spectrogram is calculated from the sampled electron trajectories using the method based on

the Liénard-Wiechert potentials [1].

Potential applications include a stroboscopic sampling of ultrafast fundamental processes.

For example, it can stimulate the development of polychromatic X-ray diffraction in solid-state

physics or of sampling of warm dense matter [2] in laboratory astrophysics. Generally, the

image observed at the detector would be composed of a series of sharp and fuzzy regions which

enables to extract the dynamics of the process, knowing the delay between the sampling pulses.
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