Nuclear Instruments and Methods in Physics Research A 410 (1998) 549 - 561

NUCLEAR
INSTRUMENTS

IN PHYSICS
RESEARC

Section A

Characterization of plasma accelerators with RF linac terminology

A. Ogata®*, J.B. Rosenzweig®, M. Ferrario®

* High Energy Accelerator Research Organization (KEK), Oho, Tsukuba, Ibaraki 305, Japan
® Department of Physics and Astronomy, University of California, Los Angeles, CA 90095, US4
¢ Laboratori Nazionali di Frascati (LNF) dell'INFN, Via E. Fermi, 40, I-00044 Frascati, Roma, ftaly

Abstract

The physics of plasma acceleration is described by using RF linac terminology such as shunt impedance, filling time,
transit time factor, etc. It is shown that some differences between conventional RF accelerators and plasma accelerators
make it difficult to import the RF linac terminology directly into the new field. For example, the shunt impedance is of
limited use and the filling time is no use in wake-field accelerators with single-drive beams or single-pump pulses. The
beatwave accelerator, a driven oscillator system, has in a sense more similarity to RF linacs than wake-field accelerators.
It was shown that plasma wave decay due to collisions and modulational instability seriously deteriorate the quality

factor. « 1998 Elsevier Science B.V. All rights reserved.

1. Introduction

Recent efforts have shown that plasma acceler-
ators can have an acceleration gradient exceeding
a GeV/m [1]. A further concern, now that the
principle of the acceleration has been proven, is to
clarify the performance of those accelerators in
other parameters than the gradient, e.g. the current,
emittance, and energy spread of the accelerating
beams, etc. As the final goal of the plasma acceler-
ator field is the construction of a linear accelerator
(linac) based on plasma acceleration which can be
used for real applications, and thus we must exam-
ine the possible performance in rigorous and
understandable terms.
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Radio-frequency (RF) linacs have a history of
roughly 50 years. Their performance estimation
and design procedures are well established and
described in textbooks [2]. This paper aims to
apply the design criteria and terminology of the RF
linacs to plasma accelerators. This will enable us to
import procedures developed in the field of RF
linacs into the design of laser-plasma accelerators,
and will also be useful for RF accelerator physicists
as a guide to understanding plasma accelerators.

This paper consists of eight sections. The next
section (Section 2) itemizes the differences between
plasma accelerators and conventional RF linacs.
To clarify the discussion, parameters of a laser
wake-field accelerator (LWA) and a plasma wake-
field accelerator (PWA) are given in Section 3.
A physical picture of the plasma wave propagation
is then given in Section 4. We then move the topic
to the decay of the plasma wave, which limits the
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VI. ACCELERATOR DESIGN






