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Ponderomotive Electron Acceleration in Vacuum
Using Radially Polarized Laser Pulse
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An electron bunch generated by laser ponderomotive acceleration in vacuum has extremely short bunch
length, small energy spread and small longitudinal emittance. Especially, bunch length is in a range of
sub-femtosecond. It is expected to be an extremely short electron source. Electron scattering can be
suppressed by longitudinal fields of tightly focused laser pulse and acceleration efficient can be improved
by using radially polarized laser pulse. Assignment of initial electrons for the ponderomotive acceleration
scheme is a difficult problem. We propose new experiments using dense electrons produced by laser wake

field acceleration scheme as an initial electrons target.

1. Introduction

Direct electron acceleration by electromagnetic
waves such as a laser beam field had been proposed
and studied theoretically [1-4] since the concept of
optical maser (laser) was developed. In the so called
relativistic ponderomotive acceleration scheme,
electrons in the laser field are quivering in the
transverse direction by the electric field and in the
longitudinal direction by the magnetic field and
then are pushed in longitudinal direction [5].
Because an ultra short laser pulse has a large
intensity gradient and a large longitudinal
ponderomotive potential, it can accelerate electrons
in longitudinal direction. However most electrons
are scattered by transverse ponderomotive force of
the focused laser beam [6]. Radially polarized laser
pulse has a donut-shape transverse intensity profile
so that electrons near the laser axis can be trapped
by the transverse ponderomotive potential and
transverse electron scattering is effectively
suppressed [7,8]. In addition, the longitudinal
component of the electric field near the laser focus
effectively accelerate electrons in the longitudinal
direction [3,8] and also suppress transverse electron
scattering [9]. Numerical simulations show that the
ponderomotive acceleration scheme can produce

high quality electron bunches characterized by an
extremely short electron bunch, small energy spread,
small transverse and longitudinal emittances [7-9].

The laser ponderomotive acceleration scheme in
vacuum is expected for not only ultra short electron
bunch generation but also electron bunch
compression, high speed electron beam sweeping,
and so on.

The electron ponderomotive scattering and
acceleration was observed experimentally [10-12].
In these experiments, relativistic electron
acceleration was principally demonstrated and
observed electron scattering angle was agreed with
the theoretical prediction [11,12]. However, the
number of electrons accelerated was not enough for
applications, because it is difficult that a large
amount of initial electrons are placed within the
focused region. We propose new experiments of the
ponderomotive acceleration scheme.

2. Numerical Simulation

In order to estimate electron acceleration with
our 25fs, 40TW Ti:Sapphire laser system,
numerical simulations were conducted. Electron
motion in the radially polarized laser pulse was
calculated by sixth order Runge-Kutta method.



Initial electrons with the kinetic energy from OMeV
to 5MeV are distributed around the laser axis.
Initial position of the eletrons was determined with
respect to the initial energy so that the electrons
overlap laser pulse around the focal point. Laser
power was supposed at 20-40TW. Focal spot size
was 6um. Figure 1 shows the energy dependence of
angler distribution of electrons. Electrons are
accelerated with narrow can be obtained.
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Fig. 1. Simulation results of laser normalized vector
potential of the laser pulse at (a) a;=2 and (b) a,=5.
Initial electron kinetic energy is 0 MeV (red dots), 1
MeV (green dots), and 5 MeV (blue dots), respectively.
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3. Ponderomotive Acceleration Experiment
3.1 Experimental setup

The target is an electron beam produced by the
laser wakefield acceleration (LWFA) that can
control the electron spectrum. The first laser pulse
produces dense low energy electrons extracted from
a gas jet target. The initial electrons have short
bunch length and the second laser pulse accelerate
the electrons by the relativistic ponderomotive
acceleration scheme as shown in Fig. 2. The second
laser pulse is radially polarized which is converted
from linearly polarized Gaussian mode by eight
segments 1/2) wave plate as shown in Fig. 3.
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Fig. 2. Experimental setup
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Fig. 3. Production of radially polarized laser pulse.

3.2 Preliminary experiment

We have constructed laser system, laser transport
and focusing system, and electron transport line for
the LWFA experiments. Figure 4 (a) shows the
focusing system for two laser pulses. It was
observed that the linearly polarized Gaussian laser

pulse was converted to the radially polarized laser
pulse as shown in Fig. 4 (b) and (c). Transmission
efficiency of the wave plate was 90%.
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Fig. 4. (a) Focusing system. (b) Laser spot pattern of
linearly polarized pulse. (c) Radially polarized laser
pulse

3. Summary

We have been preparing the experiment of
relativistic ~ laser ponderomotive  acceleration
scheme with the radially polarized laser pulse.
Conversion of the polarization of ultrashort high
intense laser pulse was confirmed by preliminary
experiment.
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