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Abstract

The free electron laser oscillator (FELO) can be modelled by the master equation. Using the well-known one-
dimensional FEL equations, the diffusion-like master equation is already given and solved with approximations. This
paper provides an exact solution using the convolution with Green’s function. The simulations are performed using the
parameters of Mark III FELO. Flattop electron bunches are injected and the evolutions of longitudinal structure are
compared with the turns. The validity is discussed after the saturation. The concept for an XFELO using mirrors of crystals
with the very narrow bandwidth is presented by K. -J. Kim. The proposed master equation is the same type as the time-
dependent Schrodinger equation of harmonic oscillator. The solution is presented by using the popular method in
Quantum Mechanics text-books. At last section, the quantum master equation for FELOs is discussed.
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Table 1: Operation Parameters of Mark 11

Beam energy 42 MeV
Beam current 30A
Undulator parameter 1.0
Undulator period 23 cm
Number of period 47
Colson parameter 7.792
Laser wavelength 3.32 ym
Gain 1.17
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Figure 1: The temporal pulse shapes at the wiggler exit are
shown in the electron beam frame. The radiation escapes
from the electron pulse.
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Figure 2: The optical pulse shapes between 50 pass and
100 pass are simulated and shown in ref. [5].
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Figure 3: The spike in a pulse shape is shown by the
intended change of imaginary parts.
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Figure. 4: This similar pulse shape in the case of single-
pass high-gain FEL is shown in ref. [7].
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