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Compact FEL SOURCES?

G. Dattoli 

&

E. Di Palma, I. Spassovsky



? A Definition of Compact and Low cost FEL 
has not been given yet?

Such a definition is not even straightforward
(wave-length range, brightness (peak and 

average), choice of the accelerating devices, 
undulator architecture…)



Solutions

⬧ High gradient accelerators

⬧ «New» acceleration mechanisms

⬧ «New» undulator Solutions,

⬧ «Smart» Use of the higher harmonic 
generation mechanism

⬧ Poli-Harmonic Undultors…



High Gradient (Plasma…)
Physics Reports 937 (2021) 1–73

⬧ Undulator design for a laser-plasma-
based free-electron-laser

⬧ Ghaith; Couprie, ;Oumbarek-Espinos; Andriyash; 
Massimo; Clarke; Courthold; Bayliss; Bernhard; 
Trunk; Valléau; Marcouillé; Chancé; Licciardi; Malka; 
Nguyen; Dattoli.

⬧ The design criteria for these FEL devices have 
been fixed …but…In the following we will not 
report on FPAD



Special Issue "Oscillator-Amplifier Free Electron Lasers an 
Outlook to Their Feasibility and Performances“

MDPI SPECIAL ISSUE
DATTOLI, CURCIO and GIULIETTI EDS.

https://www.mdpi.com/journal/applsci/
special_issues/Oscillator-

Amplifier_Free_Electron_Lasers

The conception of FEL compact device 
developed in the issue belong to 

NFAT
(NEXT FUTURE AVAILABLE 

TECHNOLOGIES)

https://www.mdpi.com/journal/applsci/special_issues/Oscillator-Amplifier_Free_Electron_Lasers


Scenario



A. Curcio
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…A. Curcio
FEL 1d Python
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E. Di Palma et al.
ENEA



CLS WEBINAR
November 10 (2021)

Operating Region



…

⬧ Flying undulators/ Pulse compression
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Flying und.

⬧ …

WEBINAR November 
10 2021



Georgia Paraskaki et al. (DESY)

Oscillator Amplifier Schemes

and NLHG

Advanced Scheme to Generate MHz, Fully Coherent FEL Pulses at nm Wavelength

Current FEL development efforts aim at improving the control of coherence at high repetition rate while 

keeping the wavelength tunability. Seeding schemes, like HGHG and EEHG, allow for the generation of fully 

coherent FEL pulses, but the powerful external seed laser required limits the repetition rate that can be 

achieved. In turn, this impacts the average brightness and the amount of statistics that experiments can do. In 

order to solve this issue, here we take a unique approach and discuss the use of one or more optical cavities 

to seed the electron bunches accelerated in a superconducting linac to modulate their energy. Like standard 

seeding schemes, the cavity is followed by a dispersive section, which manipulates the longitudinal phase 

space of the electron bunches, inducing longitudinal density modulations with high harmonic content that 

undergo the FEL process in an amplifier placed downstream. We will discuss technical requirements for 

implementing these setups and their operation range based on numerical simulations

https://sciprofiles.com/profile/1644165


…From the past

⬧ .
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Non Linear Harmonic 
generation
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Two Harmonic Coupled beams

⬧ .
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E. SABIA et al.
(ENEA)



MULTI-BEAM ENERGY 
PROPOSAL

⬧ . Shine 
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