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Quasi-monoenergetic electron bunch generation by laser

accelerator for x-ray sources
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Generation of x-rays by Thomson scattering between short laser pulse and electron beam by
laser wakefield accelerator is a new approach for ultrashort pulse x-ray sources. X-ray generation
by scattering between laser pulse and electron beam was already studied(1). In Thomson scattering,
scattered light between laser pulse and high energy electron beam is used. When a laser pulse is
scattered by electrons, the photon frequency of the scattered light is given as 4g2w0, where g is
relativistic factor and w0 is the frequency of the laser pulse. To generate narrow spectral band
x-ray, monoenergetic electron beam is needed. The pulse duration of x-ray is the maximum of the
interaction length between laser pulse and electron bunch. To generate short x-ray, short pulse
laser and short bunch length electron beam are needed. Electron bunch length from the typical radio
frequency photocathode electron beam source is around 1 ps. The electron beam by laser wakefield
accelerator is a good candidate for ultrashort electron bunch. Due to the narrow acceleration region
the electron bunch length can be as short as 10 fs in laser wakefield accelerator.
X-ray generation by Thomson scattering between laser and electron beam from laser wakefield

accelerator was already demonstrated(2). The energy spectrum of x-ray is very wide due to the
wide electron beam energy spectrum. To generate narrow spectral band x-ray, monoenergetic
electron beam is needed. To generate such monoenergetic electron beam, self modulated laser wake
field acceleration was studied. Using the 2 TW (energy 1.4 J, pulse duration 700 fs)
Nd/Glass;Ti:sapphier hybrid laser system, multi-MeV quasi-monoenergetic electron beams were
generated in the self-modulated laser wake field accelerator(SM-LWFA) regime. Laser beam was
focused on the top of gas nozzle. The back pressure of the nozzle was 10 bar and N2 gas was
used. To measure the electron energy spectrum, permanent magnet and LANEX film was used as a
electron energy spectometer. In the SM-LWFA regime, the electron beam has a very wide energy
spectrum (energy spread E/DE ~ 100%). This scheme was used in first demonstration of x-ray
generation as in Ref. (2). Due to this wide electron energy spectrum, x-ray spectrum in Ref. (2)
was very wide. To make quasi-monoenergetic electron beams, a small pinhole was used as an
energy collimator. Due to low divergence of high energy electron beam, we could get
quasi-monoenergetic electron beams as in Fig. (1). Using this electron energy spectrum, we can
generate much narrow band x-ray.
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Figure 1. The electron beam energy spectrum. Back pressure was
10 bar. Gas was N2.
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