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We demonstrate that x-ray radiation emitted by relativistic electrons scattered by a counter-propagating

laser pulse guided by an adequate Bragg structure surpasses by about 2 orders of magnitude the energy

generated by a conventional free-space Gaussian-beam configuration, given the same e beam and injected

laser power in both configurations.
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X-ray sources based on Compton scattering of a laser
from a relativistic counterpropagating electron beam have
been recently drawing increasing interest due to several
potential advantages over undulators and wigglers [1],
among which are compact size, significantly lower opera-
tion cost, and reduced e-beam energy requirement (tens
MeV vs GeV). In recent years, several groups have re-
ported successful x-ray generation relying on Compton
scattering. In 2000, at the Brookhaven National
Laboratory Accelerator Test Facility (BNL ATF) collabo-
rators reported [2] generation of 6.5 keV photons by scat-
tering a 60 MeV e beam from a 10:6 �m CO2 laser. A
collaboration at the Lawrence Livermore National
Laboratory, at the PLEIADES facility, demonstrated gen-
eration of 78 keV x-ray photons [3] using a 57MeV e beam
and a 820 nm Ti:sapphire laser. An all-optical setup was
reported more recently [4], employing a 800 nm
Ti:sapphire laser split into two pulses: one used for the
acceleration of electrons (5 MeV) and the second, counter-
propagating pulse, used for Compton scattering. The
emerging photons were measured to be in the range of
0.4 to 2 keV.

In order to ensure maximum field along the interaction
region, in all Compton x-ray experiments, the free-space
laser beam is focused to the size of the e beam cross
section—see Fig. 1. Consequently, optical focusing of the
laser limits the interaction region to about twice the
Rayleigh length, being typically on the order of 1 mm
[2,3] implying a relatively broad spectrum. Thus, any
design is a compromise between two conflicting require-
ments: on the one hand a strong focusing is accompanied
by strong field, facilitating high intensity x ray but a
relatively broad spectrum; on the other hand, weak focus-
ing leads to weak emission yet to a relatively sharp spec-
trum, as the interaction region is relatively long.

In this Letter we demonstrate that it is possible to avoid
these conflicting requirements by replacing the free-space
focused laser system with a configuration that employs a
Bragg structure to guide the laser pulse [5–7]. Illustrated in
Fig. 2, a Bragg waveguide consists of a subwavelength
vacuum core, where the interacting electrons move, a

matching layer [5] and a series of Bragg layers both
ensuring tight radiation confinement—facilitating an elec-
tric field in excess of 1½GV=m� [6]. For the same laser
power as in free-space, the predicted x-ray intensity is by at
least 1 order of magnitude higher and an important by-
product is a significantly narrower spectrum. Furthermore,
the Bragg waveguide can be designed to support a TEM
mode within the vacuum core [5], which is important for
keeping the maximal emission on axis as well as a higher
degree of spatial uniformity which in turn reflects in a
sharper spectrum. A different Bragg design was shown to
be suitable for optical acceleration, by facilitating a TM01

mode within the vacuum core [6]. Relying on these two
designs, the overall proposed setup is presented in Fig. 3.
The all-optical process consists of two stages: first, the
e beam is accelerated in an optical Bragg accelerating
structure using a copropagating TM01 laser, after which
the Compton scattering process takes place in a second
Bragg waveguide, supporting a TEM laser propagating
antiparallel to the e beam.
Having described the basic configuration, it is important

to emphasize several details. In order to be able to consis-
tently compare the proposed Bragg waveguide setup with a

FIG. 1 (color online). Conventional Compton scattering setup.
The laser is focused to a cross section of tens of microns. The
interaction is limited by the Rayleigh length (zR), which is
typically at the order of 1 mm. The interaction between the
e beam and the focused laser results in the emission of x ray,
which forms a narrow cone having an opening angle of 1=�.
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