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a b s t r a c t

We investigate three operation regimes in dielectric laser driven accelerators: maximum efficiency, maximum
charge, and maximum loaded gradient. We demonstrate, using a self-consistent approach, that loaded gradients
of the order of 1 to 6 [GV/m], efficiencies of 20% to 80%, and electrons flux of 1014 [el/s] are feasible, without
significant concerns regarding damage threshold fluence. The latter imposes that the total charge per squared
wavelength is constant (a total of 106 per μm2). We conceive this configuration as a zero-order design that should
be considered for the road map of future accelerators.

© 2018 Elsevier B.V. All rights reserved.

The road map for a future linear collider was drawn recently [1] and
it includes several schemes: plasma wake field acceleration (PWFA) [2],
laser wake-field acceleration (LWFA) [3,4] and two-beam accelerator
(TBA) [5,6]. In the first case a short electron bunch generates a plasma
wake and the latter accelerates a trailing bunch. A similar wake is
generated by a laser pulse in the second paradigm. In the framework
of the third one, a driving bunch generates an electromagnetic wake
which in turn accelerates a trailing bunch. Concerns of space-charge
effects, low efficiency and modest luminosity, excluded the dielectric
laser accelerator (DLA) from the list of viable alternatives. While the
gradients experimentally demonstrated by the plasma based paradigms,
are incredibly high comparing to what was conceived feasible before
the pioneering work of Tajima and Dawson [7], there is still a long and
rough road to overcome plasma instabilities at the necessary repetition
rate and positron acceleration in the framework of these schemes.

Recent developments in fabrication [8,9] and experimental demon-
strations [10,11] showed a realization towards high gradients of DLA
(∼1 GV/m), dictated by the damage fluence threshold that materials
can withstand. However, in order for the DLA to be further considered
as a viable alternative, even higher gradients are required, as well as
a considerable amount of accelerated charge with decent efficiency.
Therefore, understanding its optimal operation regimes opens up a path-
way to further DLA applications. This optimal operation is facilitated
by the fact that the dielectric structure is not exposed to the entire
laser energy flux since a significant part of the latter is absorbed by
the electrons – thus the required high efficiency.

In this study we present the results of a self-consistent optimization of
the operating parameters of an idealized acceleration module [12]. Sub-
ject to some simplifying assumptions that will be specified subsequently,
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our analysis indicates that loaded gradients approaching the 6 GV/m
level are definitely feasible, efficiencies exceeding 50% are achievable
and with current laser technology the required luminosity of a linear
collider is already in reach. It is important to emphasize already at this
stage that high efficiency implies significantly lower electromagnetic
energy density in the dielectric near the vacuum tunnel thus reducing
the concerns of fluence damage or other non-linear effects.

Our analysis assumes a 1 μm laser though indications (shown subse-
quently) are that a CO2 laser (10.6 μm) may perform reasonably well. For
the numerical examples presented, the acceleration structure is adopted
to be a dielectric

(

𝜀𝑟 = 2.1
)

loaded waveguide, whereby for a given
dielectric (fused Silica) and vacuum tunnel radius

(

𝑅int
)

, the external
radius

(

𝑅ext
)

is set by imposing single mode (TM01) operation and phase
velocity equal to the speed of light in vacuum. Note that in our specific
configuration, imposing the group velocity sets 𝑅int and vice versa. This
choice of structure was made because of the analytic relations between
the various parameters. Further, the laser pulse is conceived to be ideal
in the sense that its rise and fall times are negligible comparing to its
duration (𝜏𝑝).

With regards to the electron bunch, it is conceived to consist of a
single point-charge (𝑞) ignoring in the process space-charge effect. We
discuss the latter in the last section and we present some of the main
results of our analysis in the case of a train of micro-bunches; in any
event, the single macro-particle case represents the best case scenario.
We consider only the case of full overlap between the laser pulse that
propagates at group velocity 𝑐𝛽gr < 𝑐 and the relativistic bunch that
moves practically at the speed of light (𝑐). Furthermore, both the laser
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