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Abstract

The evolution of power in FELO is usually calculated in the code which the FEL basic equations are integrated step by
step in the forward direction. If such a conventional code is used, the tracking simulations for x-ray FELO become very
severe time-consuming tasks. There is a strong demand for a simpler and faster code. In a textbook on FEL, a small-gain
is usually calculated to develop a perturbation expansion of FEL pendulum equations. The perturbation quantity ¢ which
is proportional to electric field is limited in the region of ¢ <<1. Here we propose a code adopting approximate equations
until second order of ¢ . The code show the saturation is caused in the region of around ¢ =1. This paper is arranged as
follows. The second section will introduce a theoretical model. Then we will examine three examples: two infrared FELOs

and an XFELO. We will compare the results of the code with the literatures.
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Table 1: Simulation Parameters for IR-FELO

Parameter Value

Beam Energy 80 MeV
Energy Spread 0.2 %
Normalized emittance 10 u m-rad
Peak Current 200 A
Electron Bunch Length 0.5 pC
Undulator Period 45 mm
Number of Undulator 16

Laser Wavelength 1.6 nm
Rayleigth length 0.35 m
Cavity loss 1 %
Output coupling efficiency | 6 %
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Figure 1: Each figure shows electron distribution in low-
gain FEL. (Cited from Ref. [4].)
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Figure 2: Final electron distribution in phase space at input
electric field e=0.063, 0.63, 1.888, 3.777.
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Figure 3: The gain as a function of passes is shown.
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Figure 4: The power evolution as a function of passes is
shown.
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Table 2: Simulation Parameters for Mark3 FELO

Parameter Value Unit
Beam Energy 42 MeV
Normalized emittance 87 n m-rad
Peak Current 30 A
Undulator Periods 23 mm
Number of Undulator 47

Laser wavelength 3.323 4 m
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Figure 5: The power evolution as a function of passes.
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Figure 7: Simulation results by time-dependent code are
shown. (Cited from Ref. [4].)
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Figure 6: The gain as a function of passes is shown.

Figure 8: Schematic of an XFELO shows its basic
operating principle. (Cited from Ref. [6].)
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Table 3: Simulation Parameters for X-ray FELO

Parameter Value Unit
Beam Energy 7 GeV
Energy Spread 1.4 MeV
Normalized emittance 0.2 1 m-rad
Peak Current 10 A
Electron Bunch Length 1.0 pS
Undulator Periods 17.6 mm
Number of Undulator 3000
Laser wavelength 0.1 nm
Output Coupling 8 %
Bragg Mirror Reflectivity 85 %
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Figure 9: The power evolution as a function of passes is
shown.
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