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Development of the high quality electron source using the staged Laser
Wakefield Acceleration
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Stable and monoenergetic electron beams are necessary for ultrafast electron imaging with using laser
wakefield acceleration. Quasi-monoenergetic electron beams, which have electron energy of ~MeV, are
generated by using staged laser wakefield acceleration driven by two coaxial laser pulses. Furthermore,
electron energy spectra changed by controlling the injection timing of two pulses.

1. Introduction

Laser Wakefield Acceleration (LWFA), the
particle acceleration method by the plasma wave
driven by intense laser pulses, has a high
accelerating gradient (~100 GeV/m), and it can
generate electron beams with large charges (~nC),
ultra-short pulse duration (~fs), and low emittance.
Thanks to these characteristics, LWFA has been
expected as a high quality electron source for single
shot electron imaging of ultrafast phenomena on
materials science. In application of LWFA to the
ultrafast electron imaging, stable and repeatable
electron beams which have narrow energy spread
are necessary. However, electron beams form
LWFA has a thermal energy bunch, and less
stability.

Recently, we have obtained the low divergence
electron beam which has the pointing stability by
control of the preformed plasma by applying the
outside magnetic field. In order to generate
guasi-monoenergetic electron beams, we had the
experiments of the two staged LWFA. In this paper,
we present results of the above experiments.

2. Stable electron injection from LWFA
The instability of electron beams has been
considered as a problem because LWFA use plasma

as an acceleration medium. However, stable
electron injection is enabled by control a
propagation of the high intensity laser pulse with
the plasma optics positively. High intensity
ultra-short laser pulses (~10 fs) produced by CPA
(Chirped Pulse Amplification) method have
pre-pulse (ns~ps) ahead a main pulse. The
collecting intensity of the main pulse decreases by
diffracting it because of a refractive index gradient
made by pre-plasma which is produced by a

pre-pulse, and its collecting profile is worsened.
Due to this the electric charge of electron beams
decreases, and a collecting profile, repeatability also
turns worse. The condition of the pre-plasma is
controlled by applying the outside magnetic field (B
~ 0.2 T) to the gas target, the collecting of the main
pulse is stabilized, and the generation of the stable
electron beams is succeeded[1]. These electron
beams have the pointing stability as good as 0.3
mrad(rms) and controllability of the electron beam
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Fig.1: Direction control of electron beam by external
magnetic field (B=0.2 T).



direction by control of the outside magnetic field as
shown in Fig.1[2]. Furthermore, generation of the
guasi-monoenergetic electron beam has been
observed by activating the laser wakefield in the
deep plasma channels with their length of ~1 mm
because of the pre-plasma having an optical
waveguide function like an optical fiber[3][4].
These techniques support the staged laser
acceleration as the stable electron injector at the
first stage of the multi staged acceleration.

3. Staged Laser Wakefield Acceleration

Generally, electron beams occurring by plasma
wave breaking have thermal energy spectra, and it
is a problem in applying to the electron imaging.
Recently, the staged LWFA is studied in order to
improve these energy spectra into
quasi-monoenergetic one with keeping their high
stability. The staged LWFA is consisted of two
coaxial wakefields, one is the nonlinear wake-field
for injecting electron bunches, and the other is the
linear wakefield for narrowing electron energy
spectra by phase rotation.

The experiment of the staged LWFA was
performed at P3 800 nm Ti: sapphire chirped pulse
amplification (CPA) laser system at Osaka
University. An outline of the experimental set up is
given in Fig.2. The laser system generate with the
pulse energy up to 660 mJ, 30 fs pulse width. The
laser pulse was divided into two pulses and focused
to the gas target with /3.5 off-axis parabolic mirror
(OAP) and f/20 OAP. The pulse with short focus
length produced the first wakefield to generate
electron bunches, the other with long focus length
produced the second wakefield for additional
acceleration. Helium gas is used as the target, its
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Fig.2: Setup of the staged LWFA.
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Fig.3 : Image of Energy Spectrometer

density ~10" cm,

The formation of the channel by the long focus
pulse was observed behind the focus point of the
short focus pulse, and the long scattering light
behind the strong scattering light was observed. It
means electron is injected at the point of strong
scattering light by the short focus pulse, and the
long wakefield for additional acceleration is
produced by the long focus pulse. As given in Fig.3,
generation of quasi-monoenergetic (~MeV) electron
beams by the staged LWFA was confirmed.
Moreover, electron energy spectra changed by
changing the injection timing of two pulses. These
results clarified the fact that electron generated at
the first wakefield are additionally accelerated by
the second wakefield, and quasi-monoenergetic
electron energy can be controlled by the injection
timing of two pulses.

4. Summary

We have studied the staged LWFA for the
ultrafast single shot electron imaging. Stability and
repeatability are important for the multi staged
acceleration.  Although electron beams had
problems in their pointing stability and repeatability,
we could obtain the repeatable low divergence
electron beams which have the pointing stability of
0.3 mrad (rms) and controllability of their direction
by control of the outside magnetic field.
Quasi-monoenergetic electron beams, which have
electron energy of ~MeV, are generated by using
staged laser wakefield driven by two coaxial laser
pulses. Furthermore, electron energy spectra
changed by controlling the injection timing of two
pulses. That supports ultrafast electron imaging
systems as a high quality electron source.
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