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The effect of the surface roughness on a moving electron bunch is considered by resorting to a
model of a metallic structure with random perturbations on its surface. Based upon this model,
analytic expressions have been derived for the average energy emitted per groove~EPG! and for its
standard deviation. For a relativistic bunch, both quantities are shown to be virtually independent of
the momentum. Moreover, it has been found that the standard deviation of the EPG is proportional
to that of the roughness parameter to the power of 1/4. ©2004 American Institute of Physics.
@DOI: 10.1063/1.1644031#

The acceleration structure of a linear collider, designed
to operate at theX band, is manufactured with precision to
about 1 mm. The four-orders-of-magnitude difference be-
tween the operating wavelength and the typical surface
roughness will be difficult to maintain in the case of a
vacuumoptical accelerator operating at 1mm, since such a
difference implies surface engineering at the atomic level~1
Å!. In fact, both the size of the bunch and the roughness of
the structure are anticipated to be of the same order of mag-
nitude, leading to a significantly different regime of opera-
tion compared to that of a machine driven by amicrowave
source. This letter presents the main results of a study on the
impact of the surface roughness upon the wake field of a
moving bunch whose size is comparable to the dimensions of
the surface roughness.

Several studies were conducted in the past on the effects
of the surface roughness on wake fields, considering either
single obstacles or periodic structures. For example,
Kurennoyet al.1 developed a general theory of beam inter-
action with small discontinuities of the vacuum chamber of
an accelerator. Expressing the effective electric field experi-
enced by a moving bunch along its path in terms of a cou-
pling impedance, they derived analytic expressions for small
discontinuities to the first order of a perturbation theory. The
analysis was extended2 to obstacles protruding inside the
drift pipe of an accelerator for wavelengths exceeding the
obstacle’s typical size. Later, an evaluation of the coupling
impedance employing the so-calledsmall-angle approxima-
tion, was presented by Stupakov3 for the case of small ob-
stacles of arbitrary shape. Located on the surface of a circu-
lar pipe manufactured of ‘‘perfectly conducting’’ material,
the surface of these obstacles was assumed to form a small
angle with its counterpart~in other words, sharp objects were
not considered!. In addition to impedance calculations, the
problem of the wake field generated by a relativistic particle
traveling along a beam pipe with a rough surface was revis-
ited by means of a standard theory based on hybrid modes
excited inside a periodically corrugated waveguide of
circular4 and rectangular5 cross sections.

In this context it is important to point out that for de-
cades research in this area has been focused on the fields of
medical ultrasonics, radar imaging, optics, etc.6,7 In all these

applications the configuration differs significantly from the
one used in this study. First, it is assumed that the incident
field forms a plane wave. Second, both the incident and the
scattered waves operate at a single frequency or over a
narrow-band spectrum, and the calculations are confined ac-
cordingly to a narrow domain. Third, analytic solutions of
scattering of electromagnetic waves from random rough sur-
faces are obtained with the aid of thesmall-perturbation ap-
proximation. None of these assumptions is valid where a
charged particle is involved: the source~point charge! is a
superposition of plane waves, the frequency spectrum is
broad, and consequently the assumption of a small perturba-
tion is not necessarily relevant.

Within the framework of our investigation, a quasiana-
lytic approach facilitating a relatively simple evaluation of
the wake field due to surface roughness of arbitrary size has
been developed. It is based on a theory published about a
decade ago in the context of quasiperiodic traveling output
structures for high-efficiency, high-power microwave
sources.8–10 The model involved a cylindrical waveguide of
constant internal radius (Rint), to which a series of grooves
are attached; their geometric parameters, i.e., width, depth,
and location, are assumed to berandomlydistributed, and in
principle, they can be large on the scale of the typical wave-
length of the radiation driving system. As will be shown,
calculations based upon the suggested model lead to evalua-
tion of the average energy emitted by the bunch in terms of a
so-calledroughness parameterand the standard deviation of
this average is also obtained. Details of this study will be
published separately11—here we focus on the principles of
the model employed and on some of the main results.

Consider a metallic structure consisting of a random
number (N) of grooves attached to a waveguide of the ear-
lier type, as illustrated in Fig. 1. The center of thenth groove
is located at the coordinatezn , its width is denoted bydn ,
and its external radius byRext,n . An electron bunch of radius
Rb , length Lz , and total chargeQ, is moving along the
symmetry axis of the structure at a constant velocityv0 ,
generating a current density denoted byJz(r ,z;t).

As the only component of the current density is parallel
to thez axis, it suffices to consider the longitudinal magnetic
vector-potential Az which satisfies the nonhomogeneous
wave equation. Its solution has two components: the so-
called primary field determined by the current density witha!Electronic mail: samer@techunix.technion.ac.il
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