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Abstract
We present the first steps of a design of the optimal parameters for a full Bragg X-Ray free electron laser (BX-FEL).
Aiming towards a future source of coherent X-ray radiation, operating in the strong Compton regime, we envisage the
system to be the seed for an advanced light source or compact medical X-ray source. Here we focus on the design of
the accelerator parameters: maximum gradient, optimal accelerated charge, maximum efficiency, and ‘wake coefficient’,
which relates to the decelerating electric field generated due to the motion of a charged-line or train of charged-lines.
Specifically, we demonstrate that the maximum efficiency has optimal value and given the fluence of the materials, the
maximum accelerated charge in the train is constant. These two results might be important in any future design.
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1. Introduction

X-ray sources based on Compton scattering of a laser from a
relativistic counter-propagating electron beam (e-beam) have
recently drawn increasing interest due to several potential ad-
vantages over magnetostatic free electron lasers (FELs), such
as compact size, low-cost operation, and reduced e-beam en-
ergy requirements. Recent work[1] demonstrated that X-ray
radiation emitted by relativistic electrons scattered by a
counter-propagating laser pulse guided by an adequate Bragg
structure (spontaneous emission) surpassed by about two or-
ders of magnitude the intensity generated by a conventional
free-space Gaussian-beam configuration, given the same
e-beam and injected laser power in both configurations.

Acc. Laser 

X-Ray 

Wiggler 
Laser 

Figure 1. Schematic of an all-Bragg system. On the left, the Bragg accelerator supports a co-propagating TM01 mode which accelerates the e-beam. The
latter is injected into another Bragg structure which supports a TEM mode (inside the vacuum core) counter-propagating to the electrons, which as a result
generates X-ray radiation.
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Based on this configuration, we proposed a Bragg
configuration based X-FEL operating in the collective
regime. The full system consists of three main components
(Figure 1): an optical injector bunches the electrons to
the accelerator Bragg structure which supports a TM01
mode. The co-propagating laser which accelerates the
electrons is dumped at the end. Next, the electrons are
transported into a second Bragg waveguide. This structure
supports a TEM laser mode in the vacuum core (TM mode
at the Bragg layers) counter-propagating to the e-beam –
the latter acts as an electromagnetic (EM) wiggler. The
scattering of free electrons with a counter-propagating TEM-
like laser mode generates X-ray radiation – inverse Compton
scattering.
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