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ACherenkov wake confined by perfectly reflecting transverse walls is amplified if the dielectric medium
is active. Because of the multiple-reflections process, the effective gain of the wake is enhanced compared
to a ray propagating in a straight line. Higher enhancement occurs when the electron velocity is close to the
Cherenkov velocity. This Cherenkov wake can then accelerate a second bunch of electrons trailing the first.
Gradients larger than 1 GV/m are predicted before saturation becomes a major impediment
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In the category of structureless acceleration schemes,
there are two main conceptual mechanisms which may be
divided according to the origin of the energy: in one case,
the energy source is an intense laser pulse [1] injected in a
plasma and the particles are accelerated by the trailing
space-charge wake. In the second paradigm, the laser pulse
is replaced by an intense electron beam [2] as the energy
source—the acceleration itself is again facilitated by the
emerging space-charge wake. In a third alternative, a
similar trigger bunch generates a Cherenkov wake in a
dielectric-loaded waveguide—this is a structure-based
acceleration scheme and is called dielectric wakefield
acceleration [3–5]. Before describing our novel paradigm,
let us briefly recapitulate the amplification process in a laser
since, as we shall shortly assert, a similar amplification may
be designed for a Cherenkov wake.
In its most simplistic description, the amplification proc-

ess in a laser (light amplification by stimulated emission of
radiation) may be conceived in terms of the interaction of a
(stimulating) photonwith an atom in a resonant excited state.
By that, we mean that the outmost external electron of the
atom,during the interactionprocess, is not in thegroundstate
but rather in an excited state, such that the energy difference
between the two energy states corresponds to the energy of
the impinging photon. After the collision, the bounded
electron returns to the ground state and two identical photons
emerge. In what follows, we refer to an ensemble of excited
atoms as an activemediumsince the process described above
may occur a multiple number of times—becoming a col-
lective rather than a single particle process. As such, the
amplification process, within the framework of a linear and
macroscopic theory, may be conceived in terms that the
change in the radiation intensity in an infinitesimal layer (Δz)
is proportional to the density of excited atoms (population
inversion density Δn), the cross section for stimulated
emission (σst), and the local radiation intensity. Subject to
these assumptions, an electromagnetic pulse grows expo-
nentially with a gain parameter α ∝ Δnσst. In other words,
the energy of the electromagnetic pulse has increased at the
expense of the energy stored in the active medium.

In the past, we suggested [6,7] to employ the energy
stored in an active medium to amplify a Cherenkov wake
initiated by a trigger bunch. In the 1999 study [6], we
examined the boundless case and, later in 2001 [7], we
considered a confined interaction (Fig. 1) in a parametric
way by postulating (i) an effective impedance that relates
the guided power with the accelerating field on axis and
(ii) that the gain of the Cherenkov wake is identical to that
of an electromagnetic pulse injected in the same structure.
Experimentally [8], in 2006, we demonstrated that a single
train of bunches (Ref. [9]) may directly gain weak amounts
of energy from a boundless active medium [10].
In this Letter, we demonstrate a new paradigm that has

the potential of elevating the accelerating gradient by
several orders of magnitude. Contrary to the scheme
mentioned above where the system operated below
Cherenkov velocity ðβ < βC ≡ 1=

ffiffiffiffi
εr

p Þ and the wake
propagated in a virtually boundless environment, in what
follows, the beam velocity is above the Cherenkov velocity
and the radiation is transversally confined. Its essence is
energy transfer from an active medium to a Cherenkov
wake, which experiences multiple reflections from the
confining walls. Because of the multiple-reflections proc-
ess, the net gain is enhanced compared to that of a plane
wave propagating in a straight line.

FIG. 1 (color online). Schematic of the conceived concept. A
trigger bunch generates a weak wake that is amplified by the
medium which in turn accelerates a trailing bunch. The shown
amplification is greatly downsized compared to the estimated
values.
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