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Wake-field in an array of metallic posts: Possible application for beam
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Abstract

It is proposed to use an array of metallic posts as a beam position monitor (BPM). The structure consists of a set of N �N metallic

vertical posts bounded from above and below by two horizontal metallic plates. The beam position offset from the symmetry axis is

determined by measuring the backward radiation emitted by the beam as it traverses the array. The suggested BPM’s position resolution

is dominated by the thermal noise level and the shot noise level of the detectors measuring the radiation whereas the time resolution is

dominated by their operation frequencies. In the optical regime and for ultra-relativistic beams the time resolution is of order of 10 ps i.e.

at least two orders of magnitude higher than the common time resolution in stripline BPM. Utilizing the state of the art optical detectors

the position resolution of such a BPM may reach the level of a few nanometers which is one order of magnitude better than the common

position resolution of existing systems.
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1. Introduction

One of the main considerations to be addressed in the
design of any linear accelerator is the stability of the beam’s
transverse position, as the latter may affect dramatically
the emittance growth of the beam. In particular, the future
linear collider has very stringent requirements on the
stability of the transverse position of the beam in the
accelerator. In such a collider the bunch size may be in the
nanometer scale. Therefore, a beam position monitor
(BPM) with position resolution better than 100 nm is
required in order to control the stability of the beam’s
position along the linac [1]. For example, in the Next
Linear Collider (NLC) [1] the BPMs are required to have
precision of 300 nm, accuracy of 200 mm and stability of
1 mm. In order to enable head-to-head collisions an
accurate alignment of the beams along their accelerating

path should be achieved; therefore, a high resolution BPM
is essential.
A BPM is characterized by two important properties: its

position resolution and its time resolution. The position
resolution is defined as the smallest spatial deviation of the
bunch from the symmetry axis that the BPM is able to
detect. Time resolution is the time which a BPM needs to
be ready for the next bunch detection i.e. the speed of
signal detection. So far, a variety of BPMs were developed
in accordance with the requirements and the restrictions
dictated by various laboratories all over the world [2–8].
Each BPM is designed to fulfill its particular task under
certain conditions [2–8]. However, the most often used are
the stripline and cavity BPMs. In what follows, we will
introduce a brief overview of both types.
In either stripline or cavity BPMs the monitoring process

consists of three stages: in the first stage a ‘‘pick-up
station’’ generates the signal according to the displacement
of the beam. Then this signal is transferred to the second
stage of signal detection electronics. In the latter stage
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