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Abstract

A new scheme for X-ray free electron lasers (XFELSs) is presented, which makes it possible to generate an isolated
monocycle X-ray pulse. This scheme is based on coherent emission from a chirped microbunch when passing through a
strongly tapered undulator, and the pulse lengthening by optical slippage intrinsic to the lasing process of FELs, can be
effectively suppressed through destructive interference of electromagnetic waves emitted at individual undulator periods.
Numerical simulations show that an isolated monocycle X-ray pulse with the wavelength of 8.6 nm and the peak power
of 1.2 GW can be generated if this scheme is applied to a 2-GeV and 2-kA electron beam.
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Figure 1: Principle to generate a monocycle pulse in FELs.
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Figure 2: Accelerator layout to realize the proposed MCHG scheme (top) and schematic illustration of the current profile
and electric field of radiation seen at the entrances and exist of respective sections (bottom).
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Figure 3: Simulation results for n = 7 (8.6 nm), o.,/y =
5x 1075 and AK/K = 0.5.
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Table 1: Parameters for the undulator and dispersive sec-
tions assumed in Fig. 3; Ay, N and K denote the period
length, period number and K value of the undulators, and
Rs5¢ denotes the dispersive strength.

Section | A,(mm) N K Rs6(mm)
(i) 170 1 3.13 0.015
(ii,v) 27 60 221~3.69 -
(iif) i ) ; 0.20
(iv) 81 2 139 0.024
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Figure 4: Peak power (a,b) and pulse length (c,d) plotted as
a function of m for different values of o /7.
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