
Radiation Sources from relativistic electron beams: Compton 
Back-scattering,  Free Electron Lasers, THz radiators

• Research activities on radiation sources at LNF (EupraXia, SPARC-Lab, Sabina), Roma1 

(Sissi), Milan-LASA (Star, BriXinO)

Presented by V.Petrillo–  INFN-Milan

• Emphasis on radiation sources generated by Electron Beams of High Phase Space 

• Density (i.e. peak and/or average brightness, ) such as Free-Electron laser, Compton 

• Sources and Synchrotrons

• Contributions from L.Serafini, S. Lupi (La Sapienza), L. Bandiera (INFN-Ferrara), Sparc 

• and EupraXia team



Radiation spectrum



Radiazione TeraHertz

1THz

l=20 mm- qualche mm

http://www.google.it/url?source=imgres&ct=tbn&q=http://www.jlab.org/news/articles/2002/Tlight.jpg&usg=AFQjCNGnrIZ_gUtxx07mgcixkWlI6VrkUQ


SABINA (SOURCE OF ADVANCED BEAM IMAGING FOR NOVEL APPLICATIONS)
: FEL in the terahertz range in commissioning @LNF

• GOAL: Enhancment of the SPARC_LAB research facility at LNF INFN 
(Frascati, Italy) → increase of the uptime and improvement of the 
accelerator performances:

I. Technological plant renewal

II. Substitution of the ancillary systems and upgrade of the facility in 
terms of technology

III. Creation of two user facilities:

FLAME: High power laser for solid target experiments

THz/IR FEL: radiation source for optical spectroscopy (pump 
probe), also at cryogenic T

• FUNDS: Project co-founded by Regione Lazio 
within POR-FESR 2014-2020 funds and INFN

Monochromatic Light 
with ps/sub-ps time 

duration

Tunable Frequency 
between 3 – 30 THz

Tunable Polarization 
Linear, Circular and 

Elliptical 

Project leader: Lucia.Sabbatini@lnf.infn.it
Other informations on possible experimental thesis:

                                      Alberto.Petralia@enea.it

mailto:Lucia.Sabbatini@lnf.infn.it


FEL Beamline Layout

SPARC LINAC

Beamline Dogleg:
‐ 2 Bending Magnets
‐ 1 Quadrupole Triplet
‐ 1 Set of Quadrupole for 

beam matching

APPLE X Undulators
E- gun

S1 band
S2 band

C band

S-Band RF 
deflector

Quadrupole triplet
(Focusing)

Open Research Activity:
Simulation and propagation of the THz/IR 
radiation produced by the FEL undulators

Applications:
Realization of a beamline to Transport 

THz/IR radiation to an external user facilitystefano.lupi@roma1.infn.it

Information: stefano.lupi@roma1.infn.it
Experimental and simulative PhD thesis 

mailto:stefano.lupi@roma1.infn.it
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Why Terahertz
• lTHz=100 microns>>Le-beam

à Relaxed conditions with respect to NIR/VIS Laser
• Same laser for e-beam and THz production:
à Low jitter and good synchronization
• Surface  Resistence increases with w1/2

à Breakdown effects at higher electric field

• Multiple THz production mechanisms

Acceleration
Cavity

1) TERA (THz-ERA): THz Technology for Particle Acceleration

Stefano Lupi and Massimo Petrarca, INFN and Sapienza University

Other ways for producing terahertz radiation;:
Terahertz (THz) Radiation Projects

PhD Proposal (experimental and theoretical): 
Development of THz Technology for THz Acceleration

From Acceleration Cavities to Detectors

stefano.lupi@roma1.infn.it massimo.petrarca@uniroma1.it



BriXSinO:  Energy Recovery SC Linac @ LASA Milan

(45 MeV, 5 mA CW, 225 kW) at the project stage



BriXSinO  ERL   TeraHertz Oscillator

PhD thesis (theoretical and simulative)
Double source of THz and X-ray

Petrillo@mi.infn.it



Infrarosso

10 THz-400 THz

l=800 mn-20 mm

Generatori:

Corpi caldi

Rilevatori: Termocamere

Sole

http://images.google.it/imgres?imgurl=http://www.gpsworks.it/images/immagine.gif&imgrefurl=http://www.gpsworks.it/termografia.html&usg=__oiuU5gluN9FEpgXt4i1LIHfiEzE=&h=242&w=411&sz=53&hl=it&start=8&um=1&tbnid=mqggGET7ACL_aM:&tbnh=74&tbnw=125&prev=/images%3Fq%3Dinfrarosso%2Bfotografia%26hl%3Dit%26rlz%3D1T4RNWN_itIT264IT267%26sa%3DG%26um%3D1


Introduction to ELETTRA 2.0

• Elettra is a third generation synchrotron light source, 
located at Trieste,Italy, with:
‐ a storage ring of 259.2 𝑚
‐ operation energy of 2 and 2.4 𝐺𝑒𝑉
‐ 28 beamlines available for external users

A major upgrade towards what is called the 'ultimate' 
light source is currently underway for this facility

The upgrade allows for a 
great reduction of 

transverse emittance

‐ Higher brilliance:

‐ Increased coherence

Replacement of magnetic 
optics:

new modified multi bend 
achromats dipoles with 

reverse bending

➢ SISSI (Synchrotron Infrared Source for Spectroscopy and Imaging): 
Beamline involved in the upgrade and one of the first to be funded



SISSI 2.0; project leader: stefano.lupi@roma1.infn.it 

• The SISSI infrared beamline at Elettra extracts the IR and visible components of synchrotron 
radiation generated by bending magnets to perform spectroscopy, microspectroscopy and 
imaging. PhD experimental thesis at ELETTRA 

• The new magnetic layout introduces several 
steep variations in the magnetic field

Complicated interference effects between 
conventional synchrotron radiation and 

Edge radiation appear

Open Research Activity:
Analysis of the Interference effects by 

means of numerical simulations
Applications:

Radiation characterisation and optical 
beamline extraction design



Visibile e Ultravioletto Vicino

1014 Hz-1017 Hz

l=800 nm-10 nm

Lampada di Wood

Sole

http://images.google.it/url?source=imgres&ct=tbn&q=http://www.shroud.it/VOLTOUV.JPG&usg=AFQjCNFNSn_PipX0aue2S7w3m0Me4CJp4Q


SPARC_Lab

First demonstration of FEL 
light from plasma beam driven 
accelerator

Contact people:
Riccardo.Pompili@lnf.infn.it
Mario.Galletti@lnf.infn.it
Alberto.Petralia@enea.it

mailto:Riccardo.Pompili@lnf.infn.it
mailto:Mario.Galletti@lnf.infn.it
mailto:Alberto.Petralia@enea.it


The motion of the electrons in the plasma 
waves produces
the Betatron radiation, with a spectrum 
extended  from visible to X-rays.

Betatron source: EuAbs

In the plasma wave electron can even undulate in a synchron way
increasing the radiation coherence, already presented by

Contact:  Andrea.Rossi@mi.infn.it

Enrica.Chiadroni@lnf.infn.it

mailto:Andrea.Rossi@mi.infn.it
mailto:Enrica.Chiadroni@lnf.infn.it


Ultravioletto Lontano e Raggi X

1017 Hz-1020 Hz

l=10 nm-0.01 nm

Generatori:

Tubi Roentgen

Sincrotroni

FEL

Betatrone

http://images.google.it/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/thumb/e/e4/Roentgen-x-ray-von-kollikers-hand.jpg/220px-Roentgen-x-ray-von-kollikers-hand.jpg&imgrefurl=http://it.wikipedia.org/wiki/Raggi_X&usg=__eyxR8WIR8zqxuKeGodpxVDYhIOM=&h=345&w=220&sz=16&hl=it&start=8&um=1&tbnid=QxIVfnsRd91boM:&tbnh=120&tbnw=77&prev=/images%3Fq%3Draggi%2Bx%2Bmolli%26hl%3Dit%26rlz%3D1T4RNWN_itIT264IT267%26sa%3DN%26um%3D1


Collisore elettrone-fotone altamente

asimmetrico e compatto* (cfr. LHC)

Fascio secondario di fotoni prodotto grazie al 

boost di Lorentz del sistema di riferimento del 

centro di massa elettrone-fotone.

Alta qualità del fascio di elettroni, ma basso 

repetition rate.

*10 m, 10 M$

Progetti in costruzione: a Cosenza: STAR

Inverse Compton Scattering 
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Collision between 
electrons and photons

Contact: Luca.Serafini@mi.infn.it

Alberto.Bacci@mi.infn.it

mailto:Luca.Serafini@mi.infn.it
mailto:Alberto.Bacci@mi.infn.it


BriXSinO  ERL Compton Scattering

Contact: Illya.Drebot@mi.infn.it

Alberto.Bacci@mi.infn.it

mailto:Luca.Serafini@mi.infn.it
mailto:Alberto.Bacci@mi.infn.it


Standard Magnetic Undulator for 
intense X-ray sources

18

Classical scheme:  magnetic 
undulator in a free electron 

laser
Soft X-rays (10 keV)

λu ⁓ cm

G.A. 101046458 

X-ray γ-ray

Not covered by standard sources

To create a powerful LS in the range λ<< 1Å, new approaches

and technologies are needed (ICS, Gamma factory ….)



Free Electron laser at EuPRAXIA@SPARC_LAB, LNF



PhD Thesis Projects on FELs at EuPRAXIA@SPARC_LAB, LNF
Project leader: Massimo.Ferrario@lnf.infn.it

Massimo.Ferrario@lnf.infn.it      Luca.Giannessi@lnf.infn.it
Petrillo@mi.infn.it
Alberto.Petralia@enea.it
Federico.nguyen@enea.it
1) Seeded free-electron laser for the generation of UV ultrashort coherent 
pulses from a plasma-wake accelerator (ARIA)
2) Design of a narrow bandwidth, seeded free-electron laser for the 
generation of VUV light (ARIA)
3) Undulator design
4) Wakefield effect on radiation

A. Ghigo, A. Curcio
5) Possibility of using the betatron radiation to seed  an X-ray FEL  (AQUA)

mailto:Massimo.Ferrario@lnf.infn.it
mailto:Luca.Giannessi@lnf.infn.it
mailto:Petrillo@mi.infn.it
mailto:Alberto.Petralia@enea.it
mailto:Federico.nguyen@enea.it


Raggi Gamma

>1020 Hz

l<0.01 nm

Generatori:

Cariche in moto

Decadimento e+-e-
PET

confronto tra 

depresso, normale, 

AD



Symmetric Compton Scattering A new idea by L. Serafini

Luca.Serafini@mi.infn.it

A particular regime in ICS where the spectrum
of the X or gamma-rays can be changed from 
white….

….to extremely monochromatic.

Other contacts:

Illya.Drebot@mi.infn.it
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• The project started on 1 June 2022 and has a duration of 5 years.

EIC PATHFINDER OPEN TECHNO-CLS
“Crystal-based gamma-ray light 

sources”G.A. 101046458 

INFN Contact: Laura Bandiera, bandiera@fe.infn.it



electron

positron

crystalline plane

positron

Trapping particles inside crystal channels
If the particle beam is nearly parallel to the crystallographic planes, it can be 

trapped in the planar potential well

If the crystal is periodically bent, the particle 
beam follows the bending



A Crystalline Undulator
Silicon and Germanium

A periodically bent 
crystal can be realized 

via thin film 
deposition



Standard Magnetic Undulator
vs Crystal Light Source

26

Classical scheme:  

magnetic undulator in a 

free electron laser

Soft X-rays (10 keV)

λu ⁓ cm

G.A. 101046458 

Innovative scheme: 

Crystalline undulator-> 

Hard X-rays and gamma 

rays (100 keV - 10 MeV)

λu << mm

Korol, A.V., Solov’yov, A.V. Eur. Phys. J. D 74, 201 (2020).

A Crystal Undulator is a small, passive and sustainable
element that does not require either magnets or power
supply Contact: bandiera@fe.infn.it

PhD thesis: 
• Monte Carlo simulation for CLS optimization; 

Mechanical design and realization of 
Periodically Bent Crystals; 

• Experimental tests on beam and data analysis.
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