
Compact FELs

EuPRAXIA is developing 
strategies for short period 
undulators, such as in-vacuum 
cryogenic and superconducting 
undulators. 

Ultrafast science 

The ultrashort x-ray pulses 
made available by the plasma 
accelerator-driven FEL open 
up a whole new range of 
possibilities to measure 
ultrafast processes in nature 
that can be analyzed at the 
electronic level without 
perturbation. 

Fast photon detection 
technology  

The detector technology for 
ultrafast photon science has to 
be adapted to the plasma beam 
features.

Challenges & Innovation potential of EuPRAXIA
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A free-electron laser (FEL) is a source of 
coherent (i.e. laser-like) radiation. It works 
by sending a beam of high-energy electrons 
down a tube surrounded by a series of 
magnets with alternate polarities. This 
magnet array, called undulator, causes the 
electrons to undergo a sinusoidal motion 
and emit synchrotron radiation due to their 
acceleration in the transverse plane. The 
emitted radiation interferes constructively in 
the successive oscillations, creating a beam 
of coherent tunable high-intensity x-rays. 

The periodic magnetic field of an undulator 
is created by either permanent magnets or 

electromagnets (superconducting or warm 
magnets). The FEL performance depends on 
the beam properties and undulator quality. 

FELs driven by conventional electron 
accelerators are currently used in material 
sciences, nanotechnology, electronic 
materials processing, microfabrication, and 
biochemistry, to name but a few of their 
applications. 

EuPRAXIA investigates the application of 
plasma accelerators as drivers for a FEL, 
paving the way towards FEL light sources 
of laboratory size for femtosecond time-
resolved experiments. 

Technology

Diagram: Scheme of a free-electron laser

Magnetic undulator for a free-electron laser. 
© DESY, Heiner Müller-Elsner

SPARC_LAB free-electron laser at 
Laboratori Nazionali di Frascati 
(Italy). Credit: INFN-LNF
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The development of an FEL for EuPRAXIA must overcome the intrinsic limitations of 
plasma-accelerated electrons, such as the large energy spread and divergence. At the 
same time, EuPRAXIA offers a unique opportunity for innovation in FEL technology. 
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