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The temperature distribution and heat flow in the planar optical Bragg acceleration structure, fed by a
train of high-power laser pulses, are analyzed. Dynamic analysis of a high-repetition rate train of pulses
indicates that the stationary solution is an excellent approximation for the regime of interest. Analytic
expressions for the temperature and heat distributions across the acceleration structure are developed.
Assuming an accelerating gradient of 1 GV=m and a loss factor similar to that existing in communication
optical fibers 1 dB=km �tan�� 10�11�, the temperature increase is less than 1 K and the heat flow is of the
order of 1 W=cm2, which is 3 orders of magnitude lower than the known technological limit for heat
dissipation. Obviously, using materials with a significantly higher loss tangent may lead to unacceptable
temperatures and temperature gradients as well as confinement difficulties and phase mismatch.
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I. INTRODUCTION

Motivated by the availability of solid-state lasers with
increasing wall plug to light efficiencies, optical accelera-
tion of charged particles is a subject of recent interest.
Acceleration is facilitated by laser light rather than by
microwave radiation, and accordingly, the acceleration
structure must be made of dielectric materials as these
have lower loss and are less susceptible to breakdown
compared to their metallic counterparts. An example of
an open optical structure is the LEAP [1] crossed laser
beam experiment where the interaction between the
crossed laser beams and the particles is limited by slits to
satisfy the Lawson-Woodward theorem [2,3]. Another ex-
ample is the traveling wave acceleration structure, where a
laser pulse is guided in a dielectric structure with a vacuum
tunnel bored in its center. This concept can be implemented
by a two-dimensional photonic band-gap structure [4], and
recently it was suggested [5] to use Bragg reflection wave-
guides [6–8], designed specifically for the speed-of-light
mode.

In Ref. [5], it was demonstrated that optical Bragg
acceleration structures, either planar or cylindrical, having
typical transverse dimensions of a few microns, exhibit
high performance as acceleration structures and, therefore,
seem to be promising candidates for future optical accel-
erators. In this study, we focus on the planar optical Bragg
acceleration structure illustrated in Fig. 1. The laser light is
guided in a vacuum core of width 2Dint, so that the wave
propagates along the z axis, and no variations are assumed
along the y axis (@=@y � 0). The core is surrounded by
dielectric layers with alternating permittivity, having
a width equal to the transverse quarter-wavelength
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�] with the exception of the innermost layer.
This first layer is a matching layer whose width is deter-

mined so that the structure supports the speed-of-light TM
mode required for the acceleration process [5].

Transition from operation at radiation wavelengths of a
few centimeters to a few microns requires examining a
wide spectrum of phenomena which are insignificant in the
former regime. For example, structures that operate at a
wavelength of a few centimeters are machined today with
an accuracy of microns. In the future, it will not be possible
to maintain a difference of 4–5 orders of magnitude be-
tween the operating wavelength and the achievable toler-
ance, since this would entail engineering of a surface at the
atomic level. As a result, the size of irregularities may be of
the same order of magnitude as the microbunches, and they
may generate wake fields [9,10] that, in turn, may alter the
dynamics of electrons. Fortunately, the electromagnetic
properties of materials at wavelengths that are significantly
smaller than 0:1 �m do not differ dramatically from these
of the vacuum. Consequently, a reduction on the sensitivity
to manufacturing tolerances may be expected.

Another aspect that may have a critical impact on the
performance of a dielectric acceleration structure and will
be investigated here is the heat dissipation and the tem-
perature increase associated with electromagnetic power
loss. As a central component of a future optical accelerator,
the acceleration structure ought to withstand the manifes-

FIG. 1. Planar optical Bragg acceleration structure.*Electronic address: levi@ee.technion.ac.il
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