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The incoherent linear and non linear radiation at ω=4γ2ωL  is usually
evaluated  by calculating
the emitted intensity by each single electron and then summing all
contributions at the collector.
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If the laser pulse is long enough, collective effects can develop.
The system electron beam + laser pulse behaves like a free-electron
laser with an electromagnetic wiggler.

In particular, if the time duration of the laser pulse ΔTL is larger than a few
gain lengths, i.e. if

                                      ΔTL> (10) Lg/c

the electron of the beam can bunch and the f.e.l. instability can develop.

The coherent radiation is expected to have a spectrum bandwidth very
much narrower than the incoherent radiation, a less broad angular distribution
and (if the saturation is reached) a  larger intensity.
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To evaluate the collective effects:

The field or potential  (instead of the intensities) 
must be calculated and summed at the collector, 
taking into account possible interferences

In the trajectories of the electrons, the collective 
fields must be taken into account
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3-d equations

             single mode treatment

             Slowly Varying Envelope Approximation

              Averaged on radiation and laser wavelengths

Space charge effects neglected

Electrons modelled with macroparticles

Relativistic equations in the lab frame
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Laser system:

 Laser pulse characteristics:

wavelength λ=0,8 µm, power 1TW, time
duration T=5 ps
Circular polarization, focal spot diameter
w0 >20 micron

z0 =  πw0
2/4λL > 2,5 mm Rayleigh length
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Guided pulse:    g(r,t) step function
Gaussian pulse:
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Laser pulse:  time duration up to 5 psec, power 1-3 TW, varying w0, 
                          λ=0,8-1 micron

Electron  beam  counterpropagating respect the laser pulse
Q=1nC, Lb=100-300micron, radius σ0=10-20 micron, I=1-2,5 KA 
          Energy=15 MeV (γ=30) , transverse norm emittance up to 3 mm mrad,
            δγ/γ=10-4.

                                 ρ=5 10-4           gain length           Lg= 100-150 micron

Radiation       λ=3,5 Ang           ZR=1-4m

                      ρbar=2              no quantum effects
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3-d code

Fourth order RKG for the particles

Explicit finite differences scheme for
the Schroedinger equation
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Start from noise

As usually for three-d codes, it is time-consuming
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Lethargy    phase

Exponential growth90 degree rotation in
phase\space

Saturation
Post saturation
phase
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W0=1000, emitt=1,11 δγ/γ=10-4
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the transverse normalized emittance for different w0

We have considerable emission also in
violation of the Pellegrini criterion  for a
static wiggler. In fact, the emittances
considered largely exceed the value
γλ/4π, that in this case is 8,5 10-4 micron.
On the other hand, on the basis of the
fact that Lg/ZR=1.2 10-4, the criterion of
Pellegrini can be rewritten in a
generalized form for both static and
optical undulators as

where α=

and gives εn<0.25

πγλαε 4// RgRN LZ≤

)/(ωρωd
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Conclusions

  The growth of collective effects in the back scattering Thomson process
 is possible provided that:

A  low-energy , high-brigthness electron beam is available
with short gain length

The optical  laser pulse is long enought to permit the bunching and the
instauration of the instability.

In the interaction region the laser  transverse and longitudinal profiles are
flat.


