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The laser wakefield accelerator (LW
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Fig. 3. ALPHA-X beamline used in the experiments. 

Fig. 4. Thomson scattered laser radiation from the plasm
diameter He gas jet is indicated by the dashed lines. 
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structure. However, a train of two or mo
accurately reproduce the observed features: t
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Fig. 8. Measured CTR spectra for 1 fs bunches (at sour
but which then drift to 11.5 fs at the CTR foils.  

The measured spectra are consistent with
additional 0.5 pC ultra-short bunches with 
delays. Fig. 9 shows the CTR spectra calcula
[17] PIC simulations, which indicate a strong
µm due to multiple electron bunches with tem
of 2 fs and PIC Simulation-2 where there is
indicates the presence of a solitary bunch.  

Fig. 9. Simulated spectra corresponding to Fig.2. I
distributions of particle-in-cell (PIC) simulations using t
[17] with experimental parameters. 
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coherent radiation source for wavelengths down to the XUV, 
with a gain parameter ρ as high as 0.03, which would give 
amplification for LWFA electron bunches with realistic 
energies and emittances. 

In the ICL the undulation period depends on the ion density, 
electron energy and oscillation amplitude, in contrast with the 
FEL, where it is fixed by magnet spacing and periodicity. 
Similar to the FEL, the gain parameter is given by

18 3 2 1/30.13[( / )( /10 cm )( / m) ]m f bn Rβρ η η γ μ−≈ , where the 
electron bunch density, nb = 1016 - 1020 cm-3, the betatron 

amplitude, 
1/21/2 2 1/4

0 0R rβ βγ γ −=  = 1 – 10 μm, for an electron 

beam Lorentz factor, γ  = 102 – 103, with coupling parameters  
ηm = 0.01-0.1, ηf  = 10-6-0.1, and rβ, the betatron amplitude 
[20]. With 100-200 MeV low energy spread electron beams 
from a LWFA (Fig. 5) [16] and low emittances [15], and high 
density bunches, nb = 1020 cm-3, with the betatron amplitude 
Rβ = 10 μm and γ = 300, the gain parameter ρ = 0.02 for λ > 5 
μm. [20]. For these parameters the betatron wavelength 
(which is the analogue of the undulator wavelength) 

2pβλ λ γ=  for a background plasma density of 1.8×1019 cm-

3 is  ≈200 μm, which gives a gain length of 0.5 mm, and a total 
length to saturation of the order of 1 cm.  

III. CONCLUSION 
We have explored several unique coherent radiation sources 

based on laser-plasma interactions, some operational and some 
suggested. These can be quite intense and efficient sources 
and can produce very short duration pulses, down to a single 
cycle. Furthermore,   they can be built around the same laser, 
which suggests that one could produce a very useful 
compendium of radiation sources for applications that require 
tunable ultra-short pulses for pump-probe time resolved 
studies. 
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