
To Commemorate Alberto

Pino



The Survivor of an Epoch



I Had The Privilege to work 
with the leading “heros”

 Alberto Renieri
Was one of them

Notwithstanding…



 1976 amplification of a CO2 laser, propagating with an 
electron beam moving in an undulator magnet

 1977 FEL oscillator in the IR 
 1976-78 Colson produced the FEL pendulum equation
 1977- Bambini -Renieri Introduce the Hamiltonian picture

of FEL
 1984-Bonifacio Pellegrini Narducci opened the way to

fourth generation synchrotron radiation sources

A bit of hystory





 It is a device conceived to steel power to an electron 
beam and transform it into coherent (?) e.m.
radiation

 It produces laser like radiation
 Its phenomenology is not dissimilar from those of

travelling wave tubes
 The growth of the FEL intensity is the result of an

instability (…Renieri (1981)…)
 FEL induced beam heating SATURATION

What is an FEL?







 saturation is a complex mechanism Landau 
damping plays a role 

Storage Ring FEL Landau Damping Renieri
Limit
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The beam is circulated many times inside  and acquires, at 
each interaction, a certain amount of spread

The laser re-starts after a damping time



RENIERI LIMIT
1979-1980
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 The Storage Ring is a complex environment
 electrons move inside the vacuum chamber
 generate wake fields. These fields called 

“wakes”
 The saw-tooth (microwave) instability 

manifests itself through an anomalous 
increase of the beam energy spread 

STORAGE RINGS



 The Boussard criterion: threshold beam current 

Renieri 1998-2001
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Renieri 1998-2001

Energy spread FEL power Measurements on the Super-ACO FEL



 The SR-FEL dynamics displayed  complex phenomena, going well beyond the 
mere generation of coherent radiation.

 The non linear effects in accelerators and the associated instabilities make 
the study of the relevant dynamics very much interesting.

 The study of the competition of different instabilities has opened an entire 
new world. 

 FEL may contribute to the regulation of
 saw-tooth, head tail instabilities, Touscheck beam lifetime…  The relevant 

studies  dynamics taught us how the whole system (in Storage Rings and 
other accelerator as well) should be considered from a unitary point of view, 
and within this context the FEL appears as one of the intrinsic feedback 
mechanisms contributing to the electron-beam equilibrium with the 
accelerator environment. 

 Alberto Renieri has been a decisive contributors to these 
studies.



1998-2001



 FEL INTEGRAL EQUATION

Renieri (1981)
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 Power growth

Growth, Saturation, Induced Energy 
spread

Renieri (1990-2000)
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Energy spread and Intensity growth



 Induced Energy Spread

…
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 The derivation of the previous relations can be 
framed within different analytical models, Ginzburg-
Landau, asymptotic solution of pendulum field 
equations, wise combination of numerical and scaling 
relations…. Whatever the procedure is, they 
represent the result of a non common ability of 
combining physical intuition and analytical means to 
provide results of practical interest. Alberto mastered 
all these aspects and left an important lesson for all of 
us as man and scientist.

Renieri (1981-2000)



2018 Annus Horribilis
Franco and Amalia Left us





They were distinguished members of
the “Frascati FEL school”

They thaught me a lot
….
 I am now moving go around looking at 

empty offices…
 It is time for me to quit

…







 7th FEL prize after
 J. M. J. Madey
 W. Colson
 T. Smith, L. Elias
 P. Sprangle, N. Vinokurov
 R. Phillips
 R. Warren
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