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Test Facility composed by a high brightness electron linear accelerator and a
high power laser (FLAME)
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Ultrashort electron bunches

BASIC LINAC LAYOUT
D (—

PHOTOINJECTOR SOLENOIDS RF SECTIONS

2 Ok 400,0k
3 14
2,0x10 § 200,0k.
11,5k g-n . 0,0,
E 0’0' M E;
E 110k ¢ 3, -200,0k-
6. & 3 pm - 0" _400,0kA
;) 0X10-3‘ (3 um == 10 fs) ] o
’ -600,0k
- . . 0,0 : : - :
.40, 0 -20,0p 0,0 40,04 -20.0u 0.0

z [m] z[m]



Applications: Free Electron Lasers

FEL : Single Spike Regime

« Ultrashort radiation
0, <2mL.1p — = 1um pulses for fast dynamic
’ microscopy (protein

motion, fast chemical

(2009)



Applications: Laser / Plasma Wakefield Acceleration

Electric field Witness electrons lon bubble

For cheaper and compact accelerators. World record: 100 GeV / m

PWFA : Driver PWFA e LWFA : Witness
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Applications: Ultra-fast Electron Diffraction

surface

Atomic-level view of melting (2003). Femtosecond crystallography (2014).

Ultra-fast Electron Diffraction

o, <30um =100 fs

DESY, R. J. Dwaine Miller,
Science 343 (2014)



Compression Technigues: Chicane buncher (magnetic compressor)

Positive chirp F S
(energy slew)

Low-energy e-

/ at the head

z z
High-erergy e-
at the tail \

Chirped, uncompressed bunch Compressed bunch
A
Low-energy e- take longer paths, L
arrive later than centroid =D

High-energy e- take shorter paths,
arrive earlier than centroid

Pro: Compression at high energy Used in : LCLS, XFEL,

SACLA, FERMI@QELETTRA,
Cons: CSR emission — brightness loss PSI, ...



Compression Techniques: Ballistic compressor

o
Chirper Cavity

Used in : REAGE (DESY),
Pegasus (UCLA), ...,

Pro: needs only a cavity

Cons: it works only at low energy



Compression Techniques: Velocity Bunching

Gun

RF-Compressor SLAC structure

QUORUROOONNN0 DOONUNODONNND SLAC structure

SRSl g

—

Developed here in Milano

Studies or Test : PLEAIDES

(LLNL), FLASH, XFEL (DESY),
NERL (Tokyo Univ.), PSI
Operative: SPARC, Tsinghua

University



Compression Techniques: Velocity Bunching

RF-Compressor SLAC structure

Gun QUORNNONONNN0 OOOUNNODONNND sACstructure
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Compression Techniques: Velocity Bunching

RF-Compressor SLAC structure
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Compression Techniques: Velocity Bunching

RF-Compressor SLAC structure

Gun QODURRO00NNND DOUNRNODONNND szAC structure
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Genetic Algorithms - Terminology

Genetic Algorithms are a family of stochastic optimization methods, their structure is
inspired by the evolutionary theory of Darwin
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Genetic Algorithms - Terminology

Genetic Algorithms are a family of stochastic optimization methods, their structure is
inspired by the evolutionary theory of Darwin
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Personal activities
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Ultracold beam (preliminary) — quantum FEL
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High harm. cav. for very cold beams (preliminary) — quantum FEL
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High harm. cav. for very cold beams (preliminary) — quantum FEL
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3) LINAC: GIOTTO + Astra, Risultati
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3) LINAC: GIOTTO + Astra, Risultati
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3) LINAC: GIOTTO + Astra, Risultati

Emittanze ed inviluppi traversi
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3) LINAC: GIOTTO + Astra, Risultati
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Algoritmi Genetici - Funzionamento
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