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Abstract

A research project has started in 2018 at the electron-storage ring facility, NewSUBARU, aiming at demonstrating the
monocycle free-electron laser scheme proposed in the past [Phys. Rev. Lett. 114, 044801 (2015)]. The project involves a
sub-15-fs near-infrared laser source that modulates the energy of electrons passing through a taper undulator installed in
the facility. This report describes the specification of the laser system developed and under operation for the project. A
beam transport system for guiding and focusing the laser beam inside the undulator is described as well. A beam position
monitor that allows simultaneous monitoring of the electron beam and laser beam positions inside the undulator has been
developed, which is necessary for the fine alignment of the propagation direction of the laser beam. All the systems
presented here as well as the timing-control system reported elsewhere have been successfully implemented, as verified
by the detected coherent undulator radiation from a microbunch formed after the energy modulation with the laser field
followed by the density modulation in a magnetic chicane.
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Figure 1: Developed setup delivering a femtosecond near-
infrared laser pulse compressed down to 13 fs into the
undulator placed inside the electron-storage ring facility,
NewSUBARU.
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Figure 2: Schematic diagram of the optical setup guiding
the compressed laser pulses into the storage ring, involving
a plano-convex lens for other user application with a focal
length optimized for it. Components labeled @ and &
are the same as those in Fig. 1.
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Figure 3: Schematic drawing of the spatial position
monitor built for the two beams inside the undulator.
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Figure 4: A CMOS-camera image showing the spatial
intensity distributions of the laser beam and SR
(synchrotron radiation generated in the undulator), which
are overlapped with each other. A cross sectional view
along the ordinate is shown on the right, depicting the
intensity distributions in cases with (solid line) and without
(broken line) the laser beam for clarity.
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Figure 5: A streak-camera image visualizing the temporal
intensity distributions of the laser pulse and SR
(synchrotron radiation emerging from the undulator)
which are overlapped with respect to each other. A cross
sectional view along the time axis (ordinate) is also shown
on the right for clarity.
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Bandpass filter

Figure 6: Schematic diagram of the detection scheme for
the coherent undulator radiation. CR and Af stand for
coherent radiation and fundamental wavelength of an
undulator, respectively.
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