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From synchrotron to FEL radiation 

K � 1 ! wiggler : also ✓ & 1
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K ' 1 ! undulator : ✓ ⌧ 1
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FEL: laser from an e-beam in a magnetic field 

Accelerators 



Letardi FEL Chart: beam energy vs. γ wavelength 
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We observe sort of saturation of photon energy with the e-beam 
energy è novel acceleration technologies (see M.Ferrario) 



Reasons to go beyond state of the art 
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A) reduce the size of the accelerator using different 
accelerating schemes (see M.Ferrario) 
(High gradient, Plasma accelerators,…) 
 
B) reduce the undulator length using novel 
technologies (Superconducting, Cryogenic 
Permanent Magnet, R.F. Undulators,….) 



First stage of this Thesis subject 
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a)  Study and define scaling laws describing the qualities of the e-beam 
accelerated through the plasma sections 

b)  Matching out of plasma with beam size ~ 1 µm, all the way down to the 
undulator entrance with 1 µm accuracy è control of energy spread Δγ/γ 
and emittance growth 

c)  Scrutinize (with experim. input) the back-ups for coping with large Δγ/γ: 
•  Lengthening the outcoming bunch over the slice that lases, to 

reduce Δγ/γ 
•  Transverse gradient undulators with a dispersive chicane 



Undulator technologies: PPMU, SCU, CPMU 
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ü  ~ 40-50 % gain in peak field compared 
with standard PM undulators 

ü  better vacuum performance because 
cold, and better radiation 

     damage resistance 



Novel undulators: cost reduction 
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Activity in collaboration with SLAC & with 
the SBAI Department, Univ. “La Sapienza” 



RF undulators 

8 We wish to address this technology 



Further stages of this Thesis subject 
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a)  Undulator choice to be deployed as a FEL driven by Plasma 
acceleration stages, a systematic comparison study among: 

•  Conventional undulators 
•  Superconducting undulators 
•  Cryogenic permanent magnet undulators 

b)  Research and development on innovative technologies such as 
RadioFrequency and Laser undulators 

c)  Making use of a broad tools range: from exact analytical and 
semi-analytical scaling laws through start-to-end simulations 
including the full transport chain and also realistic (higher 
order…) corrections 

Per ogni altra informazione: federico.nguyen@enea.it 
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Livingston Chart: new technologies’ need 

Subsequent replacements of 
old for new systems according 
to an ideal Growth Law 
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