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Abstract

The pulse length of free electron lasers (FELs) is usually dominated by the bunch length of the electron beam, or
more precisely, the length of the region where microbunches are generated. It is thus possible to reduce the FEL pulse
length by shortening the microbunched region in the electron beam. It should be noted, however, that monocycle FELs
are not theoretically realized, only by shortening the microbunched region, because of the so-called slippage effect. To
overcome this difficulty, we have proposed a couple of ideas to counteract the slippage effect and realize the monocycle
FEL [1,2], and are planning to carry out proof-of-principle experiments to demonstrate the fundamental principles, in
the storage ring of NewSUBARU synchrotron radiation facility. This paper reviews the fundamental concept to realize
the monocycle FELs and describes the outline of the demonstration experiments.
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Figure 1: Fundamental mechanism (SC3) to realize the
monocycle FELs.
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Figure 2: Accelerator layout to realize the MCHG FEL based on the SC? mechanism.
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Table 1: Parameters Assumed in the Numerical Simulation
to Evaluated the Light Source Performance Expected in the
MCHG FEL

Parameter Value Unit
Electron Beam
Energy 1.5 GeV
Normalized Emittance 0.5 mm-mrad
Bunch Charge 0.3 nC
Bunch Length 100 fs
Energy Spread 0.05 %
Taper Undulator
Period 100 mm
Central K Value 15.83 -
Taper Rate 6.95 %o/m
Number of Periods 30 -
Seed Pulse
Central Wavelength 800 nm
Pulse Length 2.7 fs
Pulse Energy 5 m]
Rayleigh Length 3.9 m
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Figure 3: Evaluated performances of the MCHG FEL:

(a,b) temporal profiles of the on-axis electric field and total

power of radiation, (c) spectrum of the photon flux.
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Table 2: Parameters Supposed in the Proof-of-Principle
Experiments in NewSUBARU

Parameter Value Unit
Electron Beam

Energy 1 GeV

Natural Emittance 37 nm-rad

Coupling Constant 1 %

Energy Spread 0.04 %
Taper Undulator

Period 150 mm

Central K Value 8.93 -

Taper Rate TBD

Number of Periods 24 -
Seed Pulse

Central Wavelength 800 nm

Pulse Length TBD

Pulse Energy TBD

Rayleigh Length 3.9 m
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Figure 4: Outline of the proof-of-principle experiments planned in NewSUBARU storage ring.
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