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We investigate the dynamics of electrons counterpropagating along a radially polarized optical Bessel
beam (OBB). (i) It is shown that a significant fraction of the electrons can be transversally trapped by the
OBB even in the case of “unmatched” injection. Moreover, (ii) these transversally trapped particles (TTPs)
can be transported without loss along many thousands of wavelengths. As long as there is full longitudinal
overlap between the electrons and laser pulse, this transport distance is limited only by the length of the
OBB region. (iii) The unique profile of the transverse field components facilitates guiding either
azimuthally symmetric pencil beams or annular beams. Space charge tends to totally suppress the annular
beams, and it reduces the amount of charge trapped on axis for pencil beams. (iv) Assessment of the
emittance of the TTPs alone reveals typical values of 10–50 pm. In fact, our simulations indicate if we trace
the emittance of those particles that are trapped from the input to the output of the OBB, we find that this
emittance is conserved. (v) We developed an analytic model whereby we average over the fast oscillation
associated with the counterpropagating electrons and OBB. The resulting Hamiltonian has a Bessel
potential J21ðuÞ, which, when operated in the linear regime near equilibrium, causes rotation of the phase
space. A Kapchinskij-Vladimirskij beam-envelope equation is derived including space-charge and
emittance effects. Relying on conservation of the longitudinal canonical momentum, the energy spread
in the interaction region is determined in terms of the OBB intensity and the electron energy.

DOI: 10.1103/PhysRevAccelBeams.23.081301

I. INTRODUCTION

Guiding charged particles in vacuum along significant
distances plays a pivotal role in many systems such as
radiation sources, accelerators, and electron microscopes.
Essentially, there are three types of transport systems:
electrostatic systems are used primarily in electron micro-
scopes and magnetostatic elements are used in high-energy
accelerators. In a small, but by no means less important
fraction, radio-frequency quadrupoles are used to both
transport and accelerate either electrons or ions. In the
present study, we demonstrate that a laser Bessel beam can
transport efficiently a counterpropagating electron beam in
vacuum. This may provide a highly useful alternative
means for guiding electrons, especially for situations where
it may be undesirable or impractical to have relatively large
structures, such as magnets or metal components, near the
electron beam. An example might be ultracompact electron

beam applications where conventional magnetic or electro-
static focusing cannot be used.
The notion of using optical beams to manipulate the

trajectory of electrons is certainly not new. For example,
there are various ways high-energy electrons can be
focused with optical beams that rely on nearby structures
[1,2]. The fields created within two colliding laser pulse can
change the energy of subrelativistic electrons [3]. Optical
micromanipulation of micron-sized particles using Bessel
optical beams has been demonstrated [4]. What distin-
guishes our 8scheme from these other methods are (i) it
occurs in free space with no nearby structures, (ii) it is
designed to guide relativistic electrons, and (iii) it can be
easily scaled to long interaction lengths, e.g., many meters.
Before we investigate the dynamics of the transport by an

extended focus Bessel beam, it is useful to briefly review
the essentials of acceleration of electrons by a focused
beam in vacuum. The first hint regarding electron accel-
eration by a focused laser beam is in the work of Boivin and
Wolf [5], where they investigated the electromagnetic field
(Gaussian beam) in the vicinity of the focal point and found
that a significant longitudinal electric field develops. In
their words, “It seems plausible that such strong longi-
tudinal fields could be used for accelerating charged
particles. However, because of the considerable complexity
of the field in the focal region, the practical feasibility of
such a proposal must await a more detailed study.”
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