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It is demonstrated that a Bragg waveguide consisting of a series of dielectric layers may form an excellent
optical acceleration structure. Confinement of the accelerating fields is achieved, for both planar and cylindrical
configurations by adjusting the first dielectric layer width. A typical structure made of silica and zirconia may
support gradients of the order of 1 GV/m with an interaction impedance of a few hundreds of ohms and with
an energy velocity of less than 0.5c. An interaction impedance of about 1000V may be obtained by replacing
the Zirconia with a(fictitious) material of«=25. Special attention is paid to the wake field developing in such
a structure. In the case of a relatively small number of layers, it is shown that the total electromagnetic power
emitted is proportional to the square of the number of electrons in the macrobunch and inversely proportional
to the number of microbunches; this power is also inversely proportional to the square of the internal radius of
the structure for a cylindrical structure, and to the width of the vacuum core in a planar structure. Quantitative
results are given for a higher number of dielectric layers, showing that in comparison to a structure bounded by
metallic walls, the emitted power is significantly smaller due to propagation bands allowing electromagnetic
energy to escape.
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I. INTRODUCTION

Indications that solid-state lasers will reach wall-plug to
light efficiencies of 30% or more, make a laser-driven
vacuum-accelerator increasingly appealing. Since at the
wavelength of relevant lasers, dielectrics may sustain a sig-
nificantly higher electric field and transmit power with re-
duced loss comparing to metals, the basic assumption is that
laser acceleration structures will be made of dielectrics.
Closed optical structures and near-field accelerators with di-
mensions comparable to the wavelength are both being con-
sidered. Examples of these two are(a) the LEAP[1] crossed
laser beam accelerator where the interaction between the
crossed laser beams and the particles is limited by slits to
satisfy the Lawson-Woodward theorem[2,3] and(b) the two-
dimensionalphotonic band-gap(PBG) concept where a laser
pulse is guided in a vacuum tunnel bored in the center of a
two-dimensional transverse periodic structure[4].

Motivated by the low-loss of Bragg dielectricplanar mir-
rors used in high-power lasers, it is suggested that this con-
cept be harnessed in order to confine the laser-field in an
optical one-dimensional PBG acceleration structure. Its es-
sence is to form a hollow optical waveguide, either planar or
cylindrical, consisting of an almost perfect reflector com-
prised out of an array of dielectric layers. Lithography, which
would result in planar structures, and optical fiber drawing
are manufacturing techniques that seem well suited for such
laser driven structures that have typical dimensions of a few
microns.

The theory of Bragg reflection waveguides was developed
by Yeh et al. [5,6], and recently there has been a growing
interest in using such cylindrical structures as low-loss opti-
cal fibers in long distance communications. Asymptotic
analysis of these so called “hollow Bragg fibers” shows that
for large radii the cylindrical structure is strongly analogous
to a planar structure[7,8]. Investigation of the propagating
modes was also performed[9,10], and fabrication of Bragg

fibers was demonstrated[11,12]. In the aforementioned pa-
pers the configuration considered is of a vacuum tunnel bor-
dering a Bragg mirror, i.e., quarter-wavelength alternating
dielectric layers. Hence, the resulting propagation modes re-
semble those of a hollow metallic waveguide. A basic re-
quirement for an acceleration structure is that it will support
the propagation of a mode with longitudinal wave number
skz=v /cd, which will accelerate ultrarelativistic particles. It
is one of the purposes of this study to adapt the design pro-
cedure so that this unique mode is confined for a given laser
wavelengthl0.

Further insight into the nature of such future acceleration
structures is gained by analysis of the electromagnetic wake
field generated by a macrobunch traversing the device. The
wake field, as a side effect of having charged particles in
high velocity motion, may cause undesirable results. A sig-
nificant effort has been directed in recent years to the analy-
sis of wakes generated by electron bunches in the vicinity of
dielectric structures. However, these studies focus on
dielectric-loaded structures withmetallic boundaries such as
the partially dielectric loaded planar transmission line
[13,14], the partially dielectric loaded rectangular waveguide
[15,16] and the partially dielectric loaded cylindrical wave-
guide[17,18] (and more recently Ref.[19]), which are illus-
trated in Fig. 1. Pure dielectric structures were investigated
in Ref. [20], where a vacuum tunnel inside a homogeneous
dielectric material was considered, and in Ref.[21] a general
method for treating cylindrical structures with a vacuum tun-
nel and arbitrary surrounding geometry was presented.

The organization of the paper is as follows. The first part
of this paper treats thehomogeneoussolutions of the wave
equation within the Bragg reflection waveguide, required for
ensuring adequate propagation of the accelerating electro-
magnetic wave injected from an external source. In Sec. II
the acceleration structures are described in detail, and the
homogeneous electromagnetic problem is formulated under
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