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Abstract

Beginning with Madey’ s pioneering work, there have been many papers on quantum-mechanical treatments of free
electron laser (FEL). After the Lorentz transformation is performed from laboratory frame to Bambini-Reninieri frame,
the motion of electrons can be treated non-relativistic. The low-gain FELs is discussed for numerical solution. In the latter
section, the quantum regime of high gain FEL is also presented for numerical solution.
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Figure 1: The exchange between electron momentum af / \ / \
states via the electromagnetic field in discrete amounts is -
shown.
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Figure 2: The transition probabilities are plotted along the
0'Y),
1%

normalized distance Z at p = 0.2 for (a) § = 1/2p (b)
== H|¥), §=1/p (c) 6 =3/2p.
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Figure 3: The evolution of radiation intensity is shown in
the case of p =10, § = 0.
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Figure 4: The electron momentum distributions are shown.

The right figure shows in the case of Z = 0 and the left
figure shows in the case of z = 10.
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Figure 5: The bunching process along the z-axis are shown
in the case of |c(—1)|, |c(0)], |c(1)| from left.
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Figure 6: The graphs show growth rate against detuning
for different value of quantum FEL parameters rho.
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Table 1: Set of Design Parameters

QFEL parameter 0.2

Pierce parameter 6x107
Beam energy y 36

Peak current 863A
Normalized emittance | 0.05nm-rad
Radiation wavelength | 2A
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Figure 7: Ultracold electron source.
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Figure 8: Wakefield undulator based on a sinusoidal
dielectric waveguide is shown.
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