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Summary

• Model description

• Mathematical derivation

� Seeded FEL Green functions

� Evaluation of the bunching

• An example for FERMI case
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Model Model DescriptionDescription

Modulator RadiatorChicane

Seed Laser

Electron
bunch

FEL 
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Model Model DescriptionDescription
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We start from: 

MathematicalMathematical derivationderivation of the of the 

Green Green FunctionsFunctions
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Initial Condition
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FEL radiation along the undulator
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We calculate the inverse Laplace

transform to find the Green functions

MathematicalMathematical derivationderivation of the of the 

Green Green FunctionsFunctions
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Green functions are found by analytical inverse Laplace transforming

without using approximations.

Green function for Seeded FEL with linear chirp and curvature:

Green function for Bunching with linear chirp and curvature:
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SeededSeeded FEL Green FEL Green FunctionFunction
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BunchingBunching Green Green functionfunction
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BunchingBunching at at radiatorradiator entranceentrance

Modulator RadiatorChicane

Seed Laser

Electron
bunch

FEL 

Bunching Amplitude

We use the formula:
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This formula does not take into account phase dependent energy spread

induced in the non zero length modulator.
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BunchingBunching at at radiatorradiator entranceentrance

Bunching Phase

Modulator RadiatorChicane

Seed Laser

Electron
bunch

FEL 

Contributions to phase:
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AnAn exampleexample forfor FERMI caseFERMI case

Bunching Amplitude with respect to the fundamental

3 3 MeVMeV150 150 keVkeV30 30 µµmm1140 1140 MeVMeV

Peak Peak toto peak peak 

modulationmodulation
EnergyEnergy

spreadspread
R56R56EnergyEnergy

0.0230.0230.140.140.450.45BBnn

20 20 101011BunchingBunching
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AnAn exampleexample forfor FERMI caseFERMI case

Bunching Phase at radiator entrance
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AnAn exampleexample forfor FERMI caseFERMI case

Electric Field Envelope Wigner Function after 400 radiator periods
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FB The Flat bunch presents the 

shortest bandwidth

The curvature on the electrons

energy distribution gives a 

frequency chirped FEL pulse

The bunch with larger curvature 

yields a shorter pulse with strong 

frequency chirp
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ConclusionConclusion and work and work extensionsextensions

Results:

Work extensions:

+ Full treatment with uncorrelated energy spread

+ Estimate the effect of resistive wall and roughness wakefields in the radiator

+ Green function expression for FEL with energy chirp and curvature on the 

electrons starting from:

+ Evaluation of the bunching at the radiator entrance in both amplitude and phase.

- Seed

- Bunching


