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Abstract

Energy recovery linac(ERL) based free electron lasers(FELs) are possible candidates of high-power EUV sources for
lithography and have merits of energy recovery, low dumped beam power and activation compared with those based on
ordinary linear accelerators. An ERL-based EUV-FEL has been designed with the target of 10-kW power generation by
the EUV-FEL study group in Japan. To check this design, we perform simulations of off-crest acceleration in the main
superconducting linac, bunch compression in the 1% arc and chicane, SASE-FEL in the undulators and bunch
decompression and energy recovery in the 2" arc and main linac. As a result, we demonstrate that, after producing the
FEL output power of more than 10 kW, the electron beam is successfully transported to the exit of the main linac just
before the dump line without any beam loss. This result greatly enhances the feasibility of the high-power ERL-based

EUV-FEL light source.
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Figure 1: Image of the designed ERL-based EUV-FEL.
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Figure 2: Betatron and dispersion functions from the
main-linac entrance to the chicane exit (upper) and the
time-momentum distributions with the beam parameters
at the main-linac entrance, the 1% arc entrance and the
chicane exit obtained by simulation of the bunch
compression using the 1% arc and chicane (lower).
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Figure 3: Current and normalized horizontal and vertical
slice emittances in the bunch at the exit of the chicane.
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Figure 4: Results of the FEL simulation: (a) the FEL
pulse energy without and with tapering as function of
the undulator section length, (b) the FEL temporal
profile and (c) the FEL power spectrum for the tapered
undulators at the distance of 100 m from the FEL
entrance.
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Figure 5: Time-momentum distributions in the electron
bunch (a) before and (b) after the FEL.
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Figure 6: Betatron and dispersion functions from the
FEL exit to the exit of the main linac (deceleration
phase).
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Figure 7: Energy spread and bunch length from the FEL
exit to the main-linac exit (upper) and the time-
momentum distributions at the FEL exit, the 2" arc exit
and the main-linac exit obtained by simulation of the
bunch decompression and energy recovery (lower).
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Figure 8: Horizontal and vertical beam sizes from the
FEL exit to the main-linac exit (upper) and the
transverse position distributions at the FEL exit, the 2™
arc exit and the main-linac exit obtained by simulation
of the bunch decompression and energy recovery
(lower).
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