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Where do I work?

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

EXIN

BASIC LINAC LAYOUT

PHOTOINJECTOR SOLENOIDS RF SECTIONS



Applications: Free Electron Lasers

FEL : Single Spike Regime

LCLS,Y.Ding, et al. PRL 102 

(2009)

Tunable laser with frequency ranging from microwaves to X-rays

• Ultrashort radiation

pulses for fast dynamic 

microscopy (protein 

motion, fast chemical 

reactions, …)



Applications: Laser / Plasma Wakefield Acceleration

PWFA : Driver
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PWFA e LWFA : Witness

Driver bunch or 
Laser pulse

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

E 164 SLAC-R-799 

(2004)



Applications: Ultra-fast Electron Diffraction

Ultra-fast Electron Diffraction

DESY, R. J. Dwaine Miller, 

Science 343 (2014)

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



Compression Techniques: Chicane buncher (magnetic compressor)

Used in : LCLS, XFEL, 

SACLA, FERMI@ELETTRA, 

PSI, …

Pro: Compression at high energy

Cons: CSR emission → brightness loss



Compression Techniques: Ballistic compressor

Used in : REAGE (DESY), 

Pegasus (UCLA), ..., 

Pro: needs only a cavity  

Cons: it works only at low energy



Compression Techniques: Velocity Bunching

Developed here in Milano

Studies or Test : PLEAIDES 

(LLNL), FLASH, XFEL (DESY), 

NERL (Tokyo Univ.), PSI 

Operative: SPARC, Tsinghua 

University
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Compression Techniques: Velocity Bunching
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Compression Techniques: Velocity Bunching

Laminar Velocity Bunching:



Genetic Algorithms are a family of stochastic optimization methods, their structure is 

inspired by the evolutionary theory of Darwin

Genetic Algorithms - Terminology

Gene
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Machine parameter
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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

Gene

Chromosome

Population

Idoneity function

Machine parameter

Parameters set

Proposed solutions

Tracking with Astra
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Ip=1[A] x 1[pC]; εn,x = 0.035 um  

Δγ/γ = 7.3 e-06; σz = 0.152 mm

Ultracold beam (preliminary) – quantum FEL





High harm. cav. for very cold beams (preliminary) – quantum FEL

Ip=1[A] x 1[pC]; εn,x = 0.035 um  

Δγ/γ = 7.3 e-06; σz = 0.152 mm

GIOTTO solution by M. Rossetti Conti



High harm. cav. for very cold beams (preliminary) – quantum FEL

Ip=1[A] x 1[pC]; εn,x = 0.035 um  

Δγ/γ = 7.3 e-06; σz = 0.152 mm



3) LINAC: GIOTTO + Astra, Risultati

Andamento dell’idoneità
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Vincolo di laminarità

Funzione di idoneità



Compressione

3) LINAC: GIOTTO + Astra, Risultati



Emittanze ed inviluppi traversi

3) LINAC: GIOTTO + Astra, Risultati



Energia cinetica ed energy spread

3) LINAC: GIOTTO + Astra, Risultati
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