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Resonant absorption instability
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Abstract

A new type of instability is demonstrated. It occurs when a space-charge wave develops along an electron beam that in turn
propagates in a resonant medium. The space-charge wave grows in space according to the loss associated with the resonance
namely, it is directly related to the attenuation of a pure electromagnetic mode in the medium. The spatial growth is proportional
to the square root of the current density and for a given current, it is inverse proportional to the normalized momentum to the
power of 1.5, i.e.,(γβ)−3/2.  2000 Elsevier Science B.V. All rights reserved.

According to the operating frequency, the various
acceleration approaches that are being pursued by
groups around the world, can be divided into two cat-
egories, microwave [1–8] and laser based schemes
[9–12]. The need for a high gradient on one hand
and power levels below the breakdown threshold on
the other hand, push the operating frequency upward.
From the perspective of microwave regime, the diffi-
culty with operation at higher frequencies is associ-
ated with the small transverse dimensions necessary to
maintain a single-mode in the system. This geometric
constraint imposes stringent limitations on the amount
of power that an electron beam may carry into the
system and thus on the feasibility of most microwave
or millimeter wave sources. We suggest here to com-
bine two well known effects, resistive wall instability
and resonant absorption, in order to amplify radiation
or accelerate particles. In other words, we usemicro-
scopiccavities i.e., atoms or molecules, for the gener-
ation of an instability that causes space-charge waves
to grow in space.
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Consider a background gas or a mixture of gases
that consists of atoms/molecules characterized by a
series of resonances. For sake of simplicity we shall
assume that the constituent atom has a single dominant
resonance close to the frequency where the system
is excited; all the other resonances in this region
are represented by a frequency independent dielectric
coefficientεr :

(1)ε(ω)= εr +
ω2
p

ω2
0−ω2+ 2jωω1

,

whereω0 is the resonance angular frequency,ω1 is
the resonance width andωp is the plasma frequency.
A beam of electrons is injected in this medium. Its
average velocity isv and its average density isnb.
For simplicity we shall ignore the scattering process
of these electrons with the constituents of the resonant
medium and the possible ionization of the medium by
the front of the beam. The constitutive relation of the
beam, assuming steady state (ejωt ) and variation in the
z-direction according toe−jkz, reads

(2)Jz(ω, k)=−jωε0
ω2
p,b

(ω− kv)2Ez(ω, k),
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