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In this study we investigate the properties of the electromagnetic wake-field generated by an
electron bunch moving in the vicinity of an optical structure of finite roughness. The model
employed consists of a metallic cylindrical waveguide to which grooves ofrandomwidth, height,
and location are attached. Based on this model analytic expressions have been developed for the
average energy emitted per groove and for its standard deviation. As expected, both quantities are
virtually independent of the momentum in a highly relativistic regime and the average energy
emitted per groove is proportional to the roughness parameter. Moreover, it has been found that the
standard deviation of the energy emitted per groove is proportional to the standard deviation of the
roughness parameter to the power of 1/4. The cumulative effect of surface roughness was studied
resorting to both periodic and quasiperiodic structures—significant differences in the spectrum have
been observed only for low frequencies. ©2004 American Institute of Physics.
@DOI: 10.1063/1.1687974#

I. INTRODUCTION

Exactly as a bunch of electrons moving in a slow-wave
structure generates a wake-field, motion of a similar bunch in
a metallic pipe with a rough surface excites an electromag-
netic ~EM! signal. This field may become detrimental to the
generating bunch or trailing ones either by affecting the lon-
gitudinal or the transverse dynamics of the electrons. Specifi-
cally, it may increase the transverse emittance or even en-
large the offset from axis and in certain conditions, it may
even affect the energy spread. A shorter bunch may have a
more significant impact in particular if its length is compa-
rable to the irregularities of the surface as may be the case in
future optical accelerators.

In order to envision the obstacles we may encounter in a
future optical accelerator, we need to bear in mind that the
acceleration structure of the next linear collider designed to
operate atX band is machined with an accuracy of about 1
mm, therefore, there are four orders of magnitude between
the operating wavelength and the typical surface roughness.
This difference will be difficult to maintain in the case of a
vacuumoptical accelerator operating at 1mm since it entails
engineering the structure at the atomic level~1 Å!. In fact,
most likely, both the bunch’s size and the structure’s rough-
ness will be of the same order of magnitude. It is the purpose
of this study to investigate the impact of the surface rough-
ness on the wake-field of a moving bunch when both are of
the same order of magnitude.

So far, the effect of the surface roughness was studied
resorting primarily to periodic structures.1–16 Most of these
studies, describe the surface roughness in terms of a periodic
array of obstacles on a cylindrical tube—its dimensions be-
ing smaller than the tube radius by at leasttwo orders of
magnitude. The resulting wake-field generated is usually

characterized in terms of the coupling impedance—which is
proportional to the average effective electric field experi-
enced by the bunch along its path of motion. In order to put
our study in the adequate context, a brief overview follows
with emphasis on the concepts and results developed1–16 in
the past decade in the context of microwave machines.

Kurennoy et al.1 have developed a general theory of
beam interaction with small discontinuities of the vacuum
chamber of an accelerator. Based on this general approach,
analytical expressions for the real and the imaginary part of
the coupling impedances were developed. Although, the
study was restricted to small holes, the method remains valid
to other small discontinuities such as enlargements or irises.
These impedances were extended4 to include the calculation
of the beam coupling impedances of small obstacles protrud-
ing inside the vacuum chamber of an accelerator at frequen-
cies for which the wavelength is large compared to a typical
size of the obstacle. Few analytic results for both three-
dimensional and axisymmetric obstacles protruding inside
the beam pipe were obtained. For example, it was shown that
the longitudinal coupling impedance for axisymmetric irises
having a semielliptic profile in the longitudinal chamber
cross section, with depthh and length 2a along the beam is
Z(k)52 jkZ0h2/(4R). Where k is the wave number,Z0

5120p (V) is the impedance of free space andR is the
radius of the circular beam pipe. Evidently, the resulting im-
pedance is independent of the iris thickness.

Another study aimed for the evaluation of the coupling
impedance employing a so-called small-angle approximation
has been published by Stupakov.7 It provides us with the
longitudinal impedance for small obstacles of arbitrary shape
located on the surface of a circular pipe made of a perfectly
conducting material. It is assumed that the height of the pro-
trusion is much smaller than the pipe radius and that the
angle between the surface of the obstacle and the unper-
turbed surface of the pipe is small—in other words, sharpa!Electronic mail: samer@tx.technion.ac.il
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