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Outline

Particle Accelerators as Radiation Sources;

Production mechanisms of radiation generated by electron beams;
Research activities on radiation sources at LNF (Sabina @SPARC-
Lab), at Roma1 (SISSI2.0@Elettra), and INFN-Ferrara (THECNO-
CLS);

PhD thesis opportunities;



Particle Accelerators as Radiation Sources

Radioisotope  lonBeam Synchrotron PBT
Production, __Amly:h. L0% Radiation, 032_ _Accelerators,

32% e 0.2%

Nondestructive
Inspection, 7.5%

Particle accelerators generate radiation in a broad spectral
range (THz-X-Ray) with exceptional properties: high
brightness, temporal and spatial coherence, ps-pulsed
structure, high repetition rate, and excellent stability.

Their outstanding performance enables experiments and
cutting-edge research beyond the reach of conventional
laboratory sources.

The pursuit of ever-higher performance has driven few
generational advance in accelerator physics and
technology.
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* About 50.000 particle accelerators operate worldwide (CERN info),
mostly for scientific, industrial and medical applications.

°* Among these, many of them accelerate electrons in the sub-
GeV/GeV range to produce synchrotron radiation
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(a)

Particle Accelerators as Radiation Sources

Sources
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* Bending Magnets in Storage Rings to produce
bright broadband radiation from THz to hard X-rays
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Terahertz/Infrared Radiation:
From the production to photonics applications

<— Increasing Frequency (v)

192“ 1922 1?2" 10'8 10‘6 10’4 1012 10'0 1 1|06 1|04 102 100 v (Hz)
Frequency: 0.1 -100THz
y rays X rays Microwave AM Long radio waves Wave[ength: 3mm-3 Hm
Radi
o — , : 1°WTVCS o Energy: 0.4 — 400 meV
1%  qgP* a2 10—10 o | '104 1072 10° 10* 10° 108 A (m)

et Visible spectrum T THZ/IR MuttidiSCiplinarity

Farmaceutic Medical
And Food

Imagin
Security SIS

e
400 500 600 700

Increasing Wavelength (1) in nm —

Innovative
Material Space

Investigatio ) Applications

Particle

Acceleration Detectors




Dedicated THz/IR Facilities in the World

ALS, Berkley (CA)
IRSR for Microspectroscopy

)
®
Santa Barbara (CA)
UCSB THz/FIR Free
Electron Laser Source

(Not Exhaustive List!)

DIAMOND, Uk ELBE/FELBE High-Power
B22 Miriam Beamline THz Facility, Dresda,
. Germany
SOLEIL, Orsay, ® SISSI and THz TeraFermi
France @ Elettra, Trieste
® SMIS Beamline
NSLS, BNL, Upton, NY, USA DA®NE - SINBAD
IRSR for Microspectroscopy SABINA THz/MIR
FEL
@ SPARC_LAB,
Frascati (RM)
.

LNSL, Sao Paulo, Brasil
IMBUIA IR Beamline

THz @ Phoang
Accelerator
Laboratory, Korea

CAEP THz FEL facility ® .

Peking University,
China

ANSTO, Melboumn
THz-FIR Beamline

Spring-8, Harima Japan
IRSR for
Microspectroscopy

ISIR THz FEL @ Osaka
University, Japan



Towards the Fourth Generation Light Sources: Elettra 2.0 and
SISSI 2.0 (Synchrotron Infrared Source for Spectroscopy and
Imaging) Beamline

* Elettra 1.0 is a third generation synchrotron light

source with:

- astoragering of 259.2m

- operation energy of 2 and 2.4 Gel/

- 28 beamlines available for external users

Major upgrade towards the realization of a
‘Diffraction Limited SR' light source
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SISSI 2.0 Beamline Design: Source Properties

100 um ~ 3THz

Observation
Screen
® Section of the Storage Ring

dedicated to SISSI 2.0
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* Dipolar contribution of the
magnetic lattice provided
with:

» Longitudinal Gradient
Bending Dipoles

» Reverse Bendings

™ )
SRW Simulations to

calculate the SR Electric Field
in Near Field Regime

\_ J

Magnetic Field (T)

L L L L 1 L L
-2.5 -2 -1.5 -1 -0.5 0 0.5
Longitudinal Position

MaKT0/5/yd



Designh of the Optical Beamline: SISSI| 2.0 Beamline

Laboratory Shig.l’ai g Front-End Optics

/
/
,Wa
y:
y
/
/
/

N/ M9 (Plane-Parabolic) M6 (Conical) M5 (Plane)
M10 (Parabolic) / d: 10280 mm d:4180mm  §: 3033 mm
d: 13780 mm 0-45° 0=45° 9 i
0=45° >
n ﬁ M3 (Plane)
¥ Focal Point F1 d: 2350 mm

~ d: 8360 mm ~ ‘3 =45° (Sagittal Angle)
X

M8 (Plane-Parabolic) M7 (Plane) M4 (Cylindrical
0: 9813 mm d: 4613 mm d: (26‘('30 mm )
M12 (Parabolic) 0=45° PEE 6=45°
d: 15780 mm
0=45° BM804#02
.-
X / M1 (Plane)j
Focal Point F2
d: 15380 mm M1l (Plane) d: 700 mm M2 (Plane)
d: 14780 mm 0=30° d: 1350 mm
0=45° 0=45°




SABINA: THz/IR Beamline @ SPARC_LAB

SABINA:

SOURCE OF ADVANCED BEAM IMAGING FOR NOVEL APPLICATIONS

* GOAL: Enhancement of the SPARC_LAB research facility -

increase of the uptime and improvement of the accelerator
performances:

|. Technological plant renewal

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

[1l. Development of a Spectroscopy and Imaging user facility:

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

* STATUS: kick off Sept. 2019, project finalization: end of 2026

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

Scientific Responsibility: Lucia Sabbatini and llaria
Balossino (INFN-LNF) and the SPARC LAB group
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FEL Beamline Layout
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Sabina Optical Scheme
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Experimental doctoral theses available on SISSI 2.0 and Sabina projects:
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Development of the beamlines, their performances characterizations and first optical experiments
contact: stefano.lupi@roma.infn.it




EIC PATHFINDER OPEN TECHNO-CLS 1ECHNO-CLS

o “Crystal-based gamma-ray light ~~5%-5-;%;2;:‘::‘;5;5:13 \\J
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* The project started on 1 June 2022 and has a duration of 5 years.

CONTACTS: L. Bandiera (bandiera@fe.infn.it) and G. Paterno (paterno@fe.infn.it)
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The INFN CORAL experiment: Crystal RadiatOrs for Accelerators

" The main objective of CORAL is to design, fabricate, and experimentally validate optimized
crystalline radiators capable of generating photon fluxes exceeding 10" y/s within selected
energy bands ranging from hundreds of keV to several hundreds of MeV—an upper energy

range that remains beyond the reach of current state-of-the-art technologies.
A

\

J

CSN5

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




Standard Magnetic Undulator

vs Crystal Light Source

Classical scheme:
magnetic undulator in a
free electron laser
Soft X-rays (10 keV)
A, ~ cm

Innovative scheme:
Crystalline undulator->
Hard X-rays and gamma
rays (100 keV - 10 MeV)

A, << mm
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A Crystal Undulator is a small, passive and sustainable
element that does not require either magnets or power

supply

B, (Photons/s mrad” mm’ 0.1%BW)

G.A. 101046458

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

* Monte Carlo simulation for CLS optimization;
Mechanical design and realization of
Periodically Bent Crystals;

* Experimental tests on beam and data analysis.

Contact: bandiera@fe.infn.it



Application 1: High-intensity gamma

beams @ 1-20 MeV obtained with e-beam up to 200
MeV.

Photon-induced fission, nuclear waste transmutation and energy
production, production of medical and industrial isotopes.

Crystal targets are ideal companions of plasma wakefield
accelerators to realize intense table-top photon sources.

Target e —y n
(bremsstrahlung) ¢
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Intense e- beam ‘ ]
V.

D. Alesini, INFN Workshop Transizione Energetica 2024 «Prospettive
di trasmutazione, fissione controllata e caratterizzazione di materiali
con acceleratori di elettroni di alta intensita»

Possibility of thesis:

Application 2: Gamma  fluxes

above 10" y/s at energy > 100 MeV, well beyond the
capabilities of current sources.

High-energy nuclear physics, searches beyond the Standard
Model, and muon pair production above the 211 MeV threshold,
for next-generation muon sources (collaboration with ETH Zurich).
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« Simulation of radiation emission and/or thermo-mechanical stress induced in crystalline target

o Experimental tests on beam and data analysis

o Conceptual design of a scheme for interaction of channeling radiation with e-beam from MESA accelerator

CONTACTS: L. Bandiera (bandiera@fe.infn.it) and G. Paterno (paterno@fe.infn.it)
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